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ABSTRACT

In the present study, a total of 17 indigenous entomopathogenic fungal (EPF) isolates
(Beauveria bassiana (Bals.) Vuill. — 14, Clonostachys rosea (Link) Schroers — 2, Isaria farinosa
(Holmsk.) Fr. — 1) obtained from soil samples collected from Antalya province (southwestern
part of Turkey) and three commercial EPF products [i.e. Priority” (Paecilomyces fumosoroseus),
Nibortem® (Verticillium lecanii) and Nostalgist® (Beauveria bassiana)] were evaluated for their
efficacy against the 7-10-day-old adults of Sitophilus oryzae L. (Coleoptera: Curculionidae) and
Tribolium confusum du Val. (Col.: Tenebrionidae) under laboratory conditions. All the isolates
and products were tested at 1 x 107 conidia/ml suspensions against the both insect species.
The results from the single-dose pathogenicity assays showed that three B. bassiana isolates
(BbDm-1, BbKp-1 and BbMp-1) caused mortalities 96.7%, 100% and 93.3% in S. oryzae, and
100%, 100% and 96.7% in T. confusum, respectively, 14 days after inoculation whereas all
three commercial products achieved mortalities ranging from 56.7% and 63.3% in S. oryzae
and from 56.7% and 66.7% in T. confusum. In addition, the results from molecular
phylogenetic analyses based on the ITS region sequence indicated that the three effective B.
bassiana isolates (BbDm-1, BbKp-1 and BbMp-1) showed a high similarity (99%) with other B.
bassiana isolates in GenBank. Overall results suggest that these three B. bassiana isolates
have potential for management of S. oryzae and T. confusum.

Key Words: Beauveria bassiana, Clonostachys rosea, Isaria farinosa, Sitophilus oryzae,
Tribolium confusum
0z

Bu calismada, Antalya ilinden toplanan toprak orneklerinden izole edilen toplam 17 yerli
entomopatojenik fungus (EPF) izolati (Beauveria bassiana (Bals.) Vuill. - 14, Clonostachys rosea
(Link) Schroers - 2, Isaria farinosa (Holmsk.) Fr. - 1 ve Ug ticari EPF Grln0 [Or. Priority®
(Paecilomyces fumosoroseus), Nibortem® (Verticillium lecanii) ve Nostalgist® (Beauveria
bassiana)] laboratuvar kosullari altinda Sitophilus oryzae L. (Coleoptera: Curculionidae) ve
Tribolium confusum du Val. (Col.: Tenebrionidae)’un 7-10 ginliik erginlerine karsi etkinlikleri
belirlenmistir. Tim EPF izolatlari ve ticari trinler, her iki bécek tiiriine karsi 1 x 107 conidia /
ml sidspansiyonlarda test edilmistir. Tek doz patojenite testlerinin sonuglarina goére
uygulamadan 14 gin sonra sirasiyla, ¢ B. bassiana izolati (BbDm-1, BbKp-1, BbMp-1) S.
oryzae’de % 96.7, % 100, % 93.3 ve T. confusum’da % 100, % 100, % 96.7 Olime neden
olurken, ticari preparatlar ise S. oryzae’de % 56.7 ile % 63.3 arasinda ve T. confurusum’da %
56.7 ile % 66.7 arasinda degisen 6lim oranlarina neden olmustur. Virulensligi yiksek olan g
B. bassiana izolatinin (BbDm-1, BbKp-1 ve BbMp-1) ITS bolgesinin sekans dizilimleri belirlenmis
ve GenBank Blast programi kullanilarak yapilan filogenetik analizlerden elde edilen sonuglar
GenBank’taki diger B. bassiana izolatlari ile ylksek benzerlik (% 99) gostermistir. Etki oranlari
yuksek olan entomopatojen fungus izolatlarinin S. oryzae ve T. confusum ile micadele de
kullanilma potansiyellerinin oldugu distntlmektedir.

Anahtar Kelimeler: Beauveria bassiana, Clonostachys rosea, Isaria farinosa, Sitophilus
oryzae, Tribolium confusum
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Introduction

Wheat and wheat flour are important sources
of nutrients in many parts of the world as well as
in Turkey. They are an important source of
energy, carbohydrate, protein and fiber, as well as
containing a range of micronutrients such as
vitamin E, some of the B vitamins, magnesium,
zinc, folic acid, antioxidants and phytochemicals
(Veraverbeke and Delcour, 2002). People who eat
whole grains as part of a healthy diet have a
reduced risk of some chronic diseases (FAO, 2012;
Gaesser, 2014). Humans cannot consume wheat
in its raw state, so it undergoes a number of
processing steps. Wheat and wheat flour are used
for the production of popular foods, such as
bulgur, bread, bakery products, couscous, pasta
and snacks.

Wheat and wheat flour are stored by the
manufacturers for short or long term protection
under suitable conditions from production to
consumption. However, there are many pests
that cause significant losses in quality and
guantity during this storage process; especially
insects and mites cause significant damage in
storages (Rajendran, 2002). These pests damage
the products by gnawing, eating and breaking
them and reduce their seed and commercial
value. Annual loss ratio is approximately 10% in
the world as well as in Turkey, accounting for
about 100 million tons. Fifty percent of this
damage is caused by insects. The loss rate can be
up to 100% due to storage malfunctions or
improper storage (Yildirim et al., 2001).

In Turkey, the rice weevil, Sitophilus oryzae (L.)
(Coleoptera: Curculionidae), is one of the pests of
primary infestation of stored wheat and very
destructive. Confused and red flour beetles
[Tribolium confusum Duv. and T. castaneum
(Herbst) (Coleoptera: Tenebrionidae)] are major
secondary pests of wheat flour and bakery
products. Of these two Tribolium species, the first
one is more common and dense species, due to
having more tolerance to lower temperatures
(Howe, 2008).

Control of these insects relies heavily on the
insecticides and

use of gaseous synthetic

fumigants, which has led to some problems, such
as ozone depletion, pest resurgence, pest
resistance to insecticides and lethal effects on
non-target organisms in addition to direct toxicity
to users (Pimentel et al., 2008; Talukder, 2009;
Boyer et al.,, 2012). Therefore, much effort has
been focused on alternative control materials for
potentially useful products as commercial insect-
control agents. One of the leading alternative
methods is biotechnological method such as
mating disruption (Mamay et al. (2016), mass
trapping (Mamay and Dag, 2016) and attract & kill
(Mamay and Mutlu, 2019a). Although many
studies have addressed the potential toxicity of
plant-based materials, especially essential oils and
their components as protectants for stored
products (Tunc et al., 2000; Erler, 2005; Campolo
et al., 2018), the residue effect studies of some of
them are still required. In addition, the sensory
analysis of food treated with these materials
should be evaluated since, although this aspect is
a main concern for consumers, it has been often
disregarded. Due to the negativities mentioned
above, biological control methods have become a
trend in recent years (Mamay and Mutlu, 2019b).
Microbial agents have an important place among
biological control agents including entomopathogens
such as fungi, bacteria, viruses and nematodes
2019a, b, ¢, d).
Entomopathogenic fungi (EPF) are common in

(Alramadan and Mamay,
terrestrial environments and play an important
role in the regulation of insect populations.

Therefore, they have been the subject of
intensive research for more than 100 years
(Lacey, 2017). In last three decades, they have
been developed worldwide for the control of
some insect pests, and today, some EPF products
are already available commercially (Miller, 1995;
Maina et al., 2018; Alramadan and Mamay,
2019a). However, there is increasing evidence
that habitat selection drives the pathogenicity of
EPF species (Bidochka et al., 2000). The objective
of this study was to determine the efficacy of
some indigenous isolates and commercial
products of EPF against S. oryzae and T. confusum

as potential biological control agents.
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Material and Methods

Rearing of test insects

Sitophilus oryzae and T. confusum adults were
their
maintained for about 5 vyears at the Plant

obtained from laboratory  cultures
Protection Department of Akdeniz University
(Antalya, Turkey). While S. oryzae was reared on
whole wheat kernels, T. confusum was reared on
wheat flour including 5% brewer’s yeast (by
weight) at 26 £ 2°C and 65 + 5% RH in continuous
darkness. The 7-10-day-old adults of both species

were used in the assays.

Indigenous isolates and commercial products of
EPF

All indigenous EPF isolates used in the study
were obtained from the EPF Collection of Plant

Protection Department of Akdeniz University.
They had previously isolated from soil samples
collected from the selected agricultural habitats
and their natural surroundings in Antalya
province (southwestern part of Turkey) (Table 1).
EPF agent
specifically registered for S. oryzae or T. confusum
(Batta and Kavallieratos, 2018), we chose three
commonly used commercial EPF products as a
EPF products,

Priority® (Paecilomyces fumosoroseus, 1 x 10°

Although there is no commercial

comparison. The commercial
cfu/ml), Nibortem® (Verticillium lecanii, 1 x 10°
cfu/ml) and Nostalgist® (Beauveria bassiana, 1 x
10° cfu/ml) were purchased from the local
companies in Antalya.

Table 1. Details of indigenous soil-borne entomopathogenic fungal isolates used in the study

Isolate code Species Origin Vegetation Latitude and longitude

BbKm-1 Beauveria bassiana Kumluca Olive N 36°19'17.1" E 30°20'23.0"
BbKm-2 B. bassiana Kumluca Orange N 36°22'18.8" E 30°16'29.1"
BbKr-1 B. bassiana Kemer Forest N 36°35'51.0" E 30°33'22.7"
BbDm-1 B. bassiana Demre Orange N 36°14'39.7" E 29°58'45.0"
BbFn-3 B. bassiana Finike Orange N 36°19'53.7" E 30°08'40.6"
BbKp-1 B. bassiana Kepez Forest N 36°54'50.4" E 30°37'48.4"
BbDs-2 B. bassiana Doésemalti Pomegranate N 37°00'02.4" E 30°38'16.1"
BbMp-1 B. bassiana Muratpasa Fig N 36°53'07.2" E 30°44'30.4"
BbAk-1 B. bassiana Aksu Grassland N 36°56'03.3" E 30°52'35.1"
BbSr-1 B. bassiana Serik Orange N 36°55'33.8" E 31°07'20.7"
BbMg-1 B. bassiana Manavgat Olive N 36°49'40.8" E 31°20'35.3"
BbMg-2 B. bassiana Manavgat Wheat N 36°58'58.8" E 31°14'48.5"
BbKI-1 B. bassiana Korkuteli Pear N 37°03'21.3" E 30°10'33.8"
BbGp-1 B. bassiana Gazipasa Forest N 36°12'52.0" E 32°23'45.0"
CrMg-1 Clonostachys rosea Manavgat Wheat N 36°57'49.2" E 31°16'51.9"
CrKn-1 C. rosea Konyaalti Pear N 36°53'52.7" E 30°37'50.8"
IfGp-1 Isaria farinosa Gazipasa Olive N 36°14'50.3" E 32°21'19.2"

The EPF isolates were cultured in Petri dishes
(90 mm diameter) including Sabouraud Dextrose
Agar (SDA, Merck, 108339) medium under
laboratory conditions (25 + 1°C, 75 + 5% RH, and
12:12-h L/D) for 14 days. Conidia were collected
from 10 to 14 day-old cultures by scraping inside
surfaces of dishes with a sterile scalpel into 15 ml
sterilized water containing 0.05% Tween-20
(Sigma-Aldrich®, St. MOQ). The conidial
suspensions were mixed using a

Louis,
benchtop
homogenizer (Vortex, Bohemia, New York) and a
hemocytometer was used to determine the

concentration of conidia. The spore concentration
of each of the EPF isolates was adjusted to 1 x 107
conidia/ml before using in the assays. The same
conidial concentration was prepared for each of
the commercial EPF products. Distilled sterile
water containing 0.05% Tween-20 was used as
control.

Bioassays
Two parallel experiments were conducted
according to method described by Kassaye (2010).

For each of them, 30 adults of S. oryzae or T.
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confusum in small nylon gauze bags were dipped
in each treatment solution for 5 seconds, and
then treated insects were placed in Petri dishes
(disposable plastic 90 x 15 mm) lined with filter
paper (Whatman® no: 1). Control insects were
treated with sterile distilled water containing
0.05% Tween-20. All the dishes were sealed with
Parafilm® M (Bemis, Neenah, WI) to prevent
escape of insects and kept in an incubator at 27 +
1°C and 70 £ 3% relative humidity for 24 h (Adane
et al.,, 1996). After incubation, all insects were
removed from the dishes and transferred to clean
ones containing 20 g of food (whole wheat
kernels for S. oryzae or wheat flour including 5%
brewer’s yeast for T. confusum). Then, all dishes
were covered with Parafilm and returned to the
incubator, as described above. The dishes (control
and treated insects) were checked after 5, 7, 9
and 14 days and dead insects were counted and
collected. At each observation, insects were
touched using forceps and if the insect did not
move, it was recorded as dead. To assess the
growth of fungal mycelium on the insects, which
would indicate insect mortality caused by the EPF
agents, all dead insects were removed from the
dishes and placed in new dishes lined with
moistened filter paper, incubated at 26£2°C, and
14 days
stereomicroscope to observe fungal growth on

evaluated for wup to under a
the cadavers. In all experiments, each petri dish
contained 10 unsexed adults of S. oryzae or T.
confusum and was considered as one replicate.
Three replicates were used for each treatment,
and experiments were repeated two times with
one-month interval. Thus, a total of 6 replicates
were used for each treatment throughout the
study.

Phylogenetic analysis

Considering the results from bioassays,
genomic DNA of the most virulent EPF isolates
(BbDm-1, BbKp-1 and BbMp-1) were extracted
following the modified CTAB method described by
Doyle and Doyle (1990). The PCR was performed
in a Gradient Thermal Cycler by using two

different primers based on ITS-rDNA region gene

sequences which included, ITS1 (5'-
TCCGTAGGTGAACCTGCGG- 3’) and ITS4 (5
TCCTCCGCTTATTGATATGC-3’) (White et al., 1990).
The amplified PCR products were sequenced
using the ABI 3730XL Sanger sequencing device
(Applied Biosystems, Foster City, CA) and the
BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA) in the
laboratory. The DNA
sequences of these three B. bassiana isolates

Macrogen Netherlands

were performed using the ClustalW algorithm in
the Bioedit program (Thompson et al., 1994; Hall,
1999). The nucleotide sequence of these isolates
was compared with that of the other isolates of
the related species using a Blast Bioinformatics

search of sequences in the NCBI Genbank
(Altschul et al., 1997).
Molecular  phylogenetic analyses were

conducted with MEGAS5 software (Biodesign
Institute, Tempe, Arizona) using the Maximum
Likelihood method based on the Tamura 3-
parameter model (Kimura, 1980; Tamura 1992).
These analyses were done based on the ITS region
sequence of the above-mentioned B. bassiana
isolates and the nucleotide sequence of the other
B. bassiana isolates retrieved from GenBank.

Analysis of mortality data

In all cases, no control mortality was observed
and, therefore, no correction was necessary for
the mortality data. All
transformed prior to analysis. Data were analyzed

values were arcsine

by two-way ANOVA using the general linear
model of the SPSS 23.0 Windows (IBM Corp.
2015, New York, USA). Differences among the
treatment means were compared using the
Tukey’s multiple comparison test at a significance
level of P < 0.05.

Results

Effectiveness of EPF isolates and products on
Sitophilus oryzae

The results of the pathogenicity tests with the
7-10-day-old adults of S. oryzae showed that all
tested EPF isolates and commercial products had
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different efficacy rates against adult S. oryzae
(Table 2). Mortality rates caused by isolates and
products varied over time, and differences in
mortality at each count date were generally
significant among the different fungal isolates and
products (P < 0.05). Of all the EPF isolates and
products tested, three B. bassiana isolates
(BbDm-1, BbKp-1 and BbMp-1) were most
pathogenic and caused mortalities 96.7%, 100%

and 93.3%, respectively, in adult S. oryzae at the
(14 days after
application). Even, at a shorter incubation time (9

longest incubation time
days after application), these three isolates
exhibited mortalities 80%, 73.3% and 80%,
respectively. All the remaining ones had lower
mortality rates than 65% even at the longest
incubation time (Table 2).

Table 2. Mean mortality (%) of Sitophilus oryzae adults exposed to indigenous isolates and commercial products of
entomopathogenic fungi 5, 7, 9 and 14 days after application

Isolate/Product

Mean percent mortality (+SE) from a single dose trial”

Fungal species

name 5 days 7 days 9 days 14 days
Beauveria bassiana BbKm-1 13.343.3%<B 20.0+5.7°® 40.0+10.0°cA8 60.0+10.0b<A
B. bassiana BbKm-2 6.7+3.32°C 23.346,65°dEC 40.045.7°A8 60.045.75A
B. bassiana BbKr-1 3.343.358 36.7+6.6%°A 46.7+8.8%A 60.0+5.75<¢A
B. bassiana BbDm-1 20.0+0.0%¢ 63.3+6.6°° 80.0+5.728 96.7+3.3%%A
B. bassiana BbFn-3 3.343.358 20.045,7¢A8 40.0+5.75A 46.7+8.81%
B. bassiana BbKp-1 16.7+3.32° 50.0+5.7%°¢ 73.3+3.3%8 100+0.0%*
B. bassiana BbDs-2 10.0+0.02°¢ 30.0+0.0°¢E¢ 46.7+3.32bcAB 56.7+8.81°
B. bassiana BbMp-1 16.7+3.32P 63.33.3% 80.00.0%® 93.3%3.33%cA
B. bassiana BbAk-1 0.00.0%® 20.0+0.0c948 30.0£10.0%A 46.7+6.7%
B. bassiana BbSr-1 6.7+3.320C 20.0%5,7¢48¢ 36.7+3.38 43.3+6.7%
B. bassiana BbMg-1 13.3+3.320<B 36.7+6.725A 36.7+3.3 50.0+5.79
B. bassiana BbMg-2 10.0+0.025<8 40.0+5.7%cA 40.0+5.75A 43.3+6.7%
B. bassiana BbKI-1 3.343.358 26.7+3.3bcdAB 40.0+11.5bA 46.7+6.7%
B. bassiana BbGp-1 10.0+5.720<8 20.045,7¢d48 43,3+8.80A8 56.7+13.3%
Clonostachys rosea CrMg-1 6.7+3.32b<B 36.746.725A8 36.7+8.848 43.3+8.81%
C. rosea Crkn-1 10.0+0.02°<¢ 33.343.358 46.7+3.32bcAB 56.7+6.6%A
Isaria farinosa IfGp-1 3.3+3,3b¢B 26.7+6.7bcdAB 33.3+8.8¢d8 60.0+10bA
Paecilomyces Priority® 13.33.3%c8 36.746.7°048 46,718,820 63.3+3.3%ccA
fumosoroseus
Verticillium lecanii Nibortem® 6.7+3.320C 26.7+3,3bcdB 40.0+0.0°8 60.045.75¢4A
Beauveria bassiana Nostalgist® 10.0+0.0%><¢ 26.7+6,70cdEC 33.3+3,3¢®8 56.7+3.3A
Control (dH water+Tween-20 0.0+0.0 0.0+0.0%" 0.0+0.0% 0.0+0.0°*

“In single dose trial, all the isolates and products were tested at a concentration of 1 x 107 conidia/ml.
Means in a column followed by the same lower-case letter are significantly different (P < 0.05; Tukey test).
Means in a row followed by the same upper-case letter are significantly different (P < 0.05; Tukey test).

Effectiveness of EPF isolates and products on
Tribolium confusum

Bioassays with the 7-10-day-old adults of T.
confusum showed that both indigenous isolates
and commercial products of EPF included in the
study had variable pathogenicity against the pest
and exhibited significant lethal effects compared
to the control group (P < 0.05) (Table 3). The
effectiveness was generally material
(isolate/product) and time dependent. Of the

seventeen EPF isolates tested, three B. bassiana

isolates (BbDm-1, BbKp-1 and BbMp-1) were
found the most virulence against adult T.
confusum and caused 100%, 100% and 96.7%
mortalities, respectively, 14 days after
inoculation. These three isolates also had
mortalities more than 70% at a shorter incubation
time (9 days after application). Interestingly, none
of the three commercial EPF products tested
could cause mortalities 270% even at the longest

incubation time (14 days after application).



Baki et al., 2021. Harran Tarim ve Gida Bilimleri Dergisi, 25(1): 1-12

Table 3. Mean mortality (%) of Tribolium confusum adults exposed to indigenous isolates and commercial products of

entomopathogenic fungi 5, 7, 9 and 14 days after application

Isolate/Product

Mean percent mortality (+SE) from a single dose trial*

Fungal species

name 5 days 7 days 9 days 14 days
Beauveria bassiana BbKm-1 6.7+3.3¢cdeC 13.3+3.3¢efeC 36.7+.8.8048 50.0+5.7¢%
B. bassiana BbKm-2 13.3+3,3¢deC 20.045,79f8C 36.7+3.3%8 63.343.3°A
B. bassiana BbKr-1 16.7+6.70cdeB 33.343.3bcdB 40.0+5.7°18 60.0%5.7°A
B. bassiana BbDm-1 36.7+3.3%¢ 53.346.7%°¢ 76.7+3.3% 100%0.0%
B. bassiana BbFn-3 6.743.3¢cdC 16.7+3.3%f8C 30.045.7°8 56.746.7°A
B. bassiana BbKp-1 23.343,3260 43.3%3,3%cC 76.7+3.3% 100%0.0%
B. bassiana BbDs-2 13.3+3.3¢deC 20.045,7df8C 33.3+3.3%8 56.7+3.3A
B. bassiana BbMp-1 33.343.3%P 60.0£0.0%¢ 73.3+3.3% 96.743.3%4
B. bassiana BbAk-1 3.343,3¢¢ 20.045,7df8C 26.746.7°8 46.7+3.3°A
B. bassiana BbSr-1 6.743.3¢cdeB 20.045, 798 33.36.7°4¢ 50.0+11.5A
B. bassiana BbMg-1 13.3+3,.3¢de8B 23.346.7°9A8 33.346.7°F 53.3+12¢4A
B. bassiana BbMg-2 6.743.3¢deC 13.3+3,30efBC 23.343,3bcA8 33.343.3%
B. bassiana BbKI-1 0.0+0.0%¢ 6.7+3.3¢fC 16.7+3.358 43,.3+3,3¢A
B. bassiana BbGp-1 6.743.3¢cdeB 10.0+5.7¢%® 23.346.7°8 60.0£104
Clonostachys rosea CrMg-1 3.343,3¢d¢C 13.343,3def8C 20.0+0.0°8 56.7+3.3°A
C. rosea Crkn-1 6.743.3¢deC 16.7+3.3%fC 36.743.3%8 50.0+0.0°A
Isaria farinosa IfGp-1 3.343,3¢08 10.0+0.0°%® 20.045.758 50.045.7°A
Paecilomyces Priority” 16.7+3.3bcdet 23.343,3¢deB 33.38.81°4¢ 56.7+.8.8%4
fumosoroseus
Verticillium lecanii Nibortem® 10.045.7¢deC 16.7+3.3d€fC 36.7+3.3%8 66.7+3.3bA
Beauveria bassiana Nostalgist” 20.0£0.03bed¢ 23.343,3cdeC 43.3+3,3%8 63.343.3A
Control (dH water+Tween-20) 0.0+0.0%A 0.0+0.0" 0.0+0.0% 0.0£0.0°*

“In single dose trial, all the isolates and products were tested at a concentration of 1 x 107 conidia/ml.

Means in a column followed by the same letter are significantly different (P < 0.05; Tukey test).

Means in a row followed by the same letter are significantly different (P < 0.05; Tukey test).

Phylogenetic placement of the three most virulent
EPF isolates

The DNA sequences of the three B. bassiana
isolates (BbDm-1, BbKp-1 and BbMp-1) that had
the highest virulence against both S. oryzae and T.
confusum adults in pathogenicity tests were
loaded into GenBank and the accession numbers
were obtained and used for comparison in

phylogenetic analysis. The accession numbers of
the isolates are given in Table 4. After alignment,
the ITS region sequence data set consisted of 487
aligned positions for Beauveria isolates. All the B.
bassiana isolates from Turkey and GenBank were
clustered together. The three B. bassiana isolates
had high evolutionary homology with other B.
bassiana isolates from the GenBank (Figure 1).
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Figure 1. The Maximum Likelihood tree based on the Tamura 3-parameter model showing the phylogenetic relationship
between the three Beauveria bassiana isolates (BbDm-1, BbKp-1 and BbMp-1) found to have high virulence in the
present study and other Beauveria bassiana isolates from GenBank based on ITS region sequence
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Table 4. GenBank nucleotide accessions of the three Beauveria bassiana isolates (BbDm-1, BbKp-1 and BbMp-1) that were
the most virulent EPF isolates in pathogenicity bioassays together with other Beauveria bassiana isolates retrieved

from the GenBank”

Isolate name Species Gene Accession no
BbDm-1 Beauveria bassiana ITS MT441872
BbKp-1 B. bassiana ITS MT441877
BbMp-1 B. bassiana ITS MT441880
F19-N B. bassiana ITS MG640376.1
MG562497 B. bassiana ITS MG562497.1
SHU.M.161 B. bassiana ITS KU158472.1
SHU.M.131 B. bassiana ITS KU158461.1
EABbO4 B. bassiana ITS KC753382.1
SASRI BB444 B. bassiana ITS JX110368.1
TF6-1B B. bassiana ITS JX122736.1
EABb 04/01 B. bassiana ITS DQ364698.1
CGAIPFBS-012 B. bassiana ITS KY495188.1
IISR-EPF-04 B. bassiana ITS KU363833.1
2718 B. bassiana ITS KU364353.1
HHWG1 B. brongniartii ITS JX110385.1
FUMO3 B. varroae ITS MF667767.1
B5 B. varroae ITS MH374536.1
SASRI B. brongniartii ITS JX110388.1
ARSEF 2641 B. amorpha ITS HQ880808.1
B518a B. amorpha ITS HQ880806.1
BYYC-05 B. asiatica ITS MG345071.1
BUB824 B. asiatica ITS MG642836.1
ARSEF 4622 B. australis ITS HQ880790.1
ARSEF 4598 B. australis ITS HQ880789.1
F585 B. caledonica ITS DQ529233.1
BG47 B. caledonica ITS MT180427.1
1717 B. vermiconia ITS FJ973063.1
ARSEF 7281 B. sungii ITS HQ880815.1
EFCC 5657 B. sungii ITS JX463219.1

*ITS region sequence was used to determine the genetic diversity among the isolates

Discussion

Although some previous studies have
demonstrated the occurrence of EPF on insect
pests of stored-grains and their by-products
(Odour et al., 2000; Mar et al., 2012; Barra et al.,
2013; Er et al., 2016; Batta and Kavallieratos,
2018), as far as we know, no commercial bio-
pesticides based on EPF bio-agents are registered
for use against the stored-product insect pests.
Also, there is no integration of any effective strain
(formulated or unformulated) of EPF in the
management of stored-product insects. The results
from the present study indicate that screening of
potential EPF isolates should not be limited to
those isolated from the original host. Our findings
suggest that indigenous soil-borne EPF isolates
may suppress the populations of both species and
may provide an alternative to gaseous synthetic
insecticides and fumigants used in their control.

A review of the literature revealed that there
are some studies indicating that EPF can be used
as microbial control agents against the stored
product insect pests in silo or other similar
environments. For instance, Kavallieratos et al.
(2014) tested indigenous soil-borne B. bassiana
against <2 weeks old adults of S. oryzae at two
different concentrations (2.11 x 107 and 2.11 x
108) in Greece. In the study, suspensions were
applied by three treatments: (i) sprayed on adults
of S. oryzae and set in petri dishes with food, (ii)
sprayed on adults of S. oryzae and set in petri
dishes without food, and (iii) sprayed on food and
set in petri dishes with adults of S. oryzae. The
mortality of S. oryzae adults during the overall
exposure period for the lowest, as well as for the
highest, concentrations of B. bassiana ranged
from 0 to 100%. Both in the highest and the
lowest concentrations of fungus, the mortality of
S. oryzae adults was higher when the fungus was
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applied on adults than when it was applied on
food. Higher mortality was observed when food
was absent than when food was present, in most
of the cases tested. After 14 days of exposure, all
adults were dead at both concentrations studied.
Researchers reported that the high efficacy levels
recorded in their study indicate that the tested B.
bassiana isolate could be effective biocontrol
agent against S. oryzae. In another study by
Komaki et al. (2017), seven EPF isolates (B.
bassiana (ARSEF-4984); Paecilomyces farinosus
(ARSEF-2538); Isaria fumosorosea (ARSEF-4501); .
farinosa (ARSEF-3580); Lecanicillium muscarium
(ARSEF-972 and ARSEF-5128), Mycotal extract of
L. muscarium (as positive control) and distilled
sterile water with Tween-20 (as negative control)
were tested against T. confusum adults. All EPF
different
concentrations (1 x 10° and 1 x 107 conidia/ml) on

isolates were sprayed at two
adult insects in petri dishes. The results from the
study demonstrated that the mortality rates of T.
confusum adults treated with seven EPF isolates
varied from 34.6 to 100% after 10 days of
exposure. The highest mortalities of T. confusum
adults were observed for P. farinosus (ARSEF-
2538) with 100% mortality at 1 x 107 conidia/ml
and /. farinosa (ARSEF-3580) with 97.3% mortality
at 1 x 107 conidia/ml, followed by /. fumosorosea
(ARSEF-4501), B. bassiana (ARSEF-4984) and L.
muscarium (ARSEF-5128) with 94.6% mortality.
Unlike their findings, we found that I farinosa
(IfGp-1)
collected from Antalya province and tested at 1 x

isolate obtained from soil samples
10’ conidia/ml in this study had a low mortality
rate (20% after 9 days of treatment) against T.
confusum adults.

Compared to other insect pests, the
application of EPF for the control of stored
product insect pests is likely to have important
limitations. However, some previous studies
indicate that unformulated EPF can be applied on
stored product insect pests by using aqueous
with different

concentrations either by immersing the immature

conidial suspensions

stages or adults of insects in these suspensions or
by spraying the inner surfaces of grain containers

before introduction of grains and insects (Moino
et al., 1998; Sheeba et al.,, 2001; Padin et al,,
2002; Lord, 2009; Khashaveh et al., 2011). The
review of existing literature also revealed that EPF
can be applied in combination with non-toxic
natural products and the combinations of EPF and
products may

measures to

non-toxic natural serve as

alternative  control synthetic
insecticides against stored-grain insects.

Some previous studies indicated that certain
combinations of EPF with natural products, such
as chalk powder, oven ash, charcoal and
diatomaceous earths yielded good results in the
control of S. oryzae and T. castaneum by treating
the inner surfaces of containers before
introducing the grains and insects (Batta, 2004,
2008; Batta and Abu Safieh, 2005; Stephou et al.,
2012). Although some researchers have reported
that combinations of EPF and chemical
insecticides can be used against the stored grain
insects, very few of these combinations were
effective, causing higher mortality to target insect
species than the treatments with the EPF alone or
the insecticide alone (Dal-Bello et al., 2000;
Cherry et al., 2007). Considering all these reports,
in the

unformulated and formulated EPF by immersing

present study we applied both
adults of both S. oryzae and T. confusum in their
prepared suspensions.

Finally, the present study revealed that some
indigenous strains of soil-borne B. bassiana were
more effective to adult S. oryzae and T. confusum
than the foreign origin commercial EPF products
tested. Our results also indicated that the use of
of B.

bassiana, should be seriously considered for

EPF, in particular indigenous strains
biological control because they have provided
encouraging results for the control of both

economic pests.

Conclusion

In conclusion, the present study showed that
three B. bassiana isolates (BbDm-1, BbKp-1 and
BbMp-1) recovered from soil samples and used in
laboratory bioassays caused high mortality in
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adult S. oryzae and T. confusum compared to the
other tested fungal isolates and commercial
products. For these reasons, the use of these
three B. bassiana isolates might be a useful
component in an integrated pest management
(IPM)

Further research may be carried out to test the

program against both insect species.
usefulness and effectiveness of these B. bassiana
isolates in the field.
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ABSTRACT

Presence of Trichoderma aggressivum f. aggressivum (green mold disease) either in compost
or casing soil causes significant yield losses in button mushroom (Agaricus bisporus)
cultivation. The aim of this study was to examine biotic interactions between A. bisporus and
T. aggressivum f. aggressivum in compost and casing soil. In the study, strains (brown and
white) of A. bisporus and isolates (Sem1/1 and K3) of T. aggressivum f. aggressivum were
used. Experiments of compost and casing soil were conducted according to completely
randomized design in factorial with four replications. Yield values of the experiments were
established by weighing sporophores (mushrooms) in each plot. Mean yield values of each
treatment were compared with control groups. Presence of the T. aggressivum f. aggressivum
isolates in compost and casing soil significantly (P<0.01) inhibited mycelial growth and fruiting
body formation of both strains of A. bisporus. In the presence of the T. aggressivum f.
aggressivum isolates in casing soil, average yield loss of the strains of A. bisporus was 36.41%,
while it was 29.35% in the presence of the T. aggressivum f. aggressivum isolates in compost.
Average yield loss of the white strain of A. bisporus was 49.68%, whereas it was 16.08% in the
brown strain. The study revealed that presence of T. aggressivum f. aggressivum in casing soil
could be much more negative influence on yield of A. bisporus than that of compost and
brown strain of A. bisporus could be more resistant to T. aggressivum f. aggressivum than
white strain.

Key Words: Compost, Casing soil, Green mold, Mushroom

(074

Trichoderma aggressivum f. aggressivum (yesil kuf hastaligl) nin kompost ya da orti
topraginda bulunmasi kiltir mantari (Agaricus bisporus) yetistiricili§inde 6nemli verim
kayiplarina neden olmaktadir. Bu calismanin amaci, A. bisporus ve T. aggressivum f.
aggressivum arasindaki biyotik interaksiyonlarinin kompost ve orti topragindaki etkilerinin
incelenmesidir. Calismada, A. bisporus’un irklari (kahverengi ve beyaz) ve T. aggressivum f.
aggressivum’ un izolatlar (Sem1/1 ve K3) kullanilmistir. Calismadaki kompost ve o6rtii topragi
denemeleri tesadif parsellerinde faktériyel deneme desenine gére dort tekerriirli olarak
yuritilmistir. Denemelerdeki verim degerleri her parseldeki mantar trtinlerinin tartilmasiyla
belirlenmistir. Uygulamadaki ortalama verim degerleri kontrol gruplariyla kiyaslanmistir. T.
aggressivum f. aggressivum izolatlarinin kompost ve oOrti topraginda bulunmasi, A.
bisporus’un her iki irkinin misel gelismesini ve mantar olusumlarini énemli 6lgliide (P<0.01)
engellemistir. T. aggressivum f. aggressivum izolatlarinin 6rtli topraginda bulunmasi halinde,
A. bisporus irklarinda ortalama verim kaybi % 36.41 olurken, T. aggressivum f. aggressivum
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izolatlarinin kompostta bulunmasi halinde ise bu deger % 29.35 olmustur. A. bisporus’un beyaz irkinda ortalama verim kaybi

6 49.68 olurken, kahverengi irkta ise verim kaybi % 16.08 olmustur. Calisma, T. aggressivum f. aggressivum‘un Orti
% 49.68 olurken, kah i irkta i im kaybi % 16.08 ol Cal T vum £ e

topraginda bulunmasinin, kompostta bulunmasina gore A. bisporus’un verimi Uzerine ¢ok daha fazla negatif etki

olusturabildigini ve A. bisporus’un kahverengi irkinin beyaz irka gore T. aggressivum f. aggressivum’a daha dayanikli oldugunu

ortaya koymustur.

Anahtar Kelimeler: Kompost, Ortii toprag, Yesil kiif, Mantar

Introduction

Edible mushrooms have many beneficial
effects on human health with high nutritional
properties such of
polysaccharides,

minerals (Ma et al., 2018). Agaricus bisporus

as quality proteins,

unsaturated fatty acids and

(button mushroom) is a predominant species
among the cultivated mushrooms (Potocnik et
al., 2015). A primary problem in A. bisporus
cultivation is green mold disease caused by
Trichoderma species. So far, a wide range of
Trichoderma species associated with green mold
has been isolated from A. bisporus growing
farms. However, aggressive biotypes
Trichoderma aggressivum f. europaeum and T.
aggressivum f. aggressivum caused substantial
yield losses up to 100% in A. bisporus cultivation
in Europe and North America, respectively
(Savoie et al., 2001; Samuels et al.,, 2002;
Sobieralski et al., 2012; Kosanovi'c et al., 2013).

Compost and casing soil are essential
components of A. bisporus cultivation. However,
these materials might harbour aggressive and
non-aggressive green mold fungi. Presence of
green mold fungi either in compost or casing soil
induces competition with A. bisporus for space
and nutrient (Szczech et al., 2008; O’Brien et al.,
2017).

Mycelia of A. bisporus initially grow and
colonise compost and then casing soil. As a
result, primordia and then fruiting bodies
(sporophores) of A. bisporus emerge. During this
biotic

aggressive biotypes of green mold and A.

phenomenon, interactions between

bisporus in  mushroom compost were

investigated (Mamoun et al., 2000; Williams et
al., 2003; O’Brien et al., 2017) but, miscellaneous
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views were reported. With regard to casing soil,
it was reported that various Trichoderma species
including T. aggressivum could be found in
diverse soils from orchards to protected areas
(Abd-Elsalam et al., 2010; Btaszczyk et al., 2011;
Sharma & Singh, 2014; Mirkhani & Alaei, 2015;
Jiang et al., 2016). However, biotic interactions
between aggressive biotypes of green mold and
A. bisporus in casing soil have not been
documented yet. Examining biotic associations
during the button mushroom emergence period
is crucial for determining different management
strategies. Accordingly, yield losses from green
mold disease could be reduced in button
mushroom cultivation. The aim of this study was
to examine biotic interactions between strains
(brown and white) of A. bisporus and isolates (K3
and Sem1/1) of T. aggressivum f. aggressivum in

mushroom compost and casing soil.

Material and Methods

Agaricus bisporus strains

Commercial white (192915 AG, Soc, France)
and brown (Tuscan™ 860, Slyvan, Netherlands)
in the

experiments. These strains of A. bisporus were

strains of A. bisporus were used

obtained from Ersanlar Company in Korkuteli
county, Antalya province.

Trichoderma aggressivum f. aggressivum isolates

Isolate Sem1/1 [Genbank
(http://www.ncbi.nlm.nih.gov) accession no:
MN177935) and isolate K3 (accession no:

MN177938) of T. aggressivum f. aggressivum]
were used from culture collection of Mycology
Laboratory of Bati Akdeniz Agricultural Research
Institute.
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Analysis of mushroom compost and casing soil
(2 kg) the
commercial mushroom compost and casing soil

Samples were taken from

used in the experiments. These samples were
analyzed at the Laboratory of Soil and Plant

Nutrition Department of Bati Akdeniz Agricultural
Research Institute (Table 1).

Table 1. Contents of mushroom compost and casing soil
used in the experiments

Cizelge 1. Denemelerde kullanilan mantar kompostu ve értii
topraginin igerikleri

Mushroom Casing
compost sample soil sample

pH 7.9 7.4
Moisture (%) 59.8 33.5
Dry matter (%) 40.2 66.5
Organic matter (%) 711 21.0
Ash (%) 28.9 79.0
N (%) 2.63 0.75
C (%) 41.2 17.2
C/N 15.6 22.9
P (g kg?) 6.4 0.8
K (g ke) 30.6 5.6
Ca (g kg?) 44.8 59.7
Mg (g kg?) 6.0 30.2
Fe (mg kg) 1266 1467
Mn (mg kg?) 310 543
Zn (mg kg?) 174 32
Cu (mg kg?) 38 26

Preparation of inoculum

10 mL sterile distilled water per petri plate was
added on the 5 day-old colonies of the T.
aggressivum f. aggressivum isolates growing on
potato dextrose agar (PDA). Spore suspension
was filtered through a sterile cheese cloth.
Conidia density were adjusted as 1x10° conidia
mL* for each isolate using a hemacytometer.

Providing button mushroom growing conditions
The experiments were conducted in a 20 m?
room in the basement of the Department of Plant
Health, Bati Akdeniz
Institute in Antalya Province.

Agricultural Research

Arrangement of the experiments

The experiments were set up according to
completely randomized design in factorial with
four replications (in treatments and controls).
Experimental units consisted of plastic bags
containing 2 kg compost and 650 g casing soil.

Two separate experiments were established.

15

Compost experiment

Inoculations of the T. aggressivum f. aggressivum
isolates were performed ten days later of partly
colonisation of compost by the A. bisporus strains. 3
mL inoculum (1x10% conidia mL?!) of each T.
aggressivum f. aggressivum isolate was injected
midsection of compost in the bags for each
treatment. In controls, only sterile water was used.
After incubation period at 25 °C for 18 days, 650 g
casing soil (4 cm-thick) per bag was laid over the
compost in the bag. Following this process, 25 °C
temperature with 85% relative humidity were
maintained for 10 days with watering the casing
soil. Afterwards, the temperature was reduced one
degree per day and finally room temperature was
kept at 17 °C. During this period, ventilation process
was performed by providing 15 minutes of oxygen
from the outside per hour. Mushrooms reaching to
marketing size were picked and weighed separately.
Mushroom yields were obtained for each bag in the
treatments and the controls.

Casing soil experiment

In this experiment, no treatment (inoculation)
was applied to compost.
conditions were provided as aforementioned. After

Mushroom growing

laying casing soil over the compost in the bags, 3 mL
(1x10° mL!) of each T.
aggressivum f. aggressivum isolate was injected

inoculum conidia
mid-section of the casing soil. In controls, only
After
mushroom growing conditions were maintained in

sterile water was used. inoculation,
the room as mentioned above. Mushrooms were

picked and weighed per bag.

Evaluation of the experiments

Biotic interaction between each strain of A.
bisporus and the T. aggressivum f. aggressivum
isolate was determined by comparing yield values in
inoculated plots with the controls (non-inoculated).
In addition, yield loss due to each T. aggressivum f.
aggressivum isolate was detected through these
yield comparisons for each strain of A. bisporus.
Based on the yield loss, response of the white strain
of A. bisporus to each T. aggressivum f. aggressivum
isolate was compared with the brown strain.
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Statistical analysis

Variance analysis (ANOVA) was performed
using SAS 9.1 software program (SAS Institute
Inc., Cary, NC, USA). Following ANOVA, means of
media, treatment, T. aggressivum f. aggressivum
isolates, A. bisporus strains, and their interactions
were compared with SAS MEANS statements with
Fisher’s Protected LSDg.01 test option.

Results and Discussion
Sporophores of both strains of A. bisporus are

shown in Figure 1 in order to document the
morphological differences.

Figure 1. Sporophore of the brown strain of A. bisporus with
brown cap and short-thick stipe (on the left),
sporophore of the white strain of A. bisporus with
white cap and long stipe (on the right)

A. bisporus’un kahverengi irkinin kisa saph ve
kahverenk sapkali sporoforu (solda), A. bisporus’un
beyaz irkinin uzun sapli ve beyaz sapkali sporoforu
(sagda)

Sekil 1.

In the variance analysis; the T. aggressivum f.
aggressivum isolates, media, A. bisporus strains,
A.
(inoculation), and A. bisporus strains x treatment

media x bisporus strains, treatment

interactions were found significant (P<0.01) in the
experiments (Table 2).

Table 2. Variance analysis of interactions between A. bisporus strains and the T. aggressivum f. aggressivum isolates in

compost and casing soil experiments

Cizelge 2. Kompost ve értii topragi denemelerinde, A. bisporus irklari ve T. aggressivum f. aggressivum izolatlari arasindaki

interaksiyonlarin varyans analizi

Variation sources Degree of Mean of squares
freedom

T. aggressivum f. aggressivum isolates 1 6188.02**

Media (compost and casing soil) 1 37912.52%**

T. aggressivum f. aggressivum isolates*Media 1 892.69

A. bisporus strains 1 356557.69**

T. aggressivum f. aggressivum isolates * A. bisporus strains 1 910.02

Media* A. bisporus strains 1 11011.02**

T. aggressivum f. aggressivum isolates *Media* A. bisporus strains 1 713.02

Treatment 1 385746.02**

T. aggressivum f. aggressivum isolates *Treatment 1 475.02

Media*Treatment 1 1598.52

T. aggressivum f. aggressivum isolates *Media*Treatment 1 150.52

A. bisporus strains *Treatment 1 79137.52%**

T. aggressivum f. aggressivum isolates * A. bisporus strains *Treatment 1 487.69

Media* A. bisporus strains *Treatment 1 50.02

T. aggressivum f. aggressivum isolates *Media* A. bisporus strains *Treatment 1 7.52

Error 32 576.43

Total 47

CV (%): 5.06

As a result of the inoculation of T. aggressivum
f. aggressivum isolate Sem1/1, mean yield of both
strains of A. bisporus was 485.79 g while it was
463.08 g in the inoculation of T. aggressivum f.
aggressivum isolate K3. The difference was
significant (P<0.01), indicating that T. aggressivum
f. aggressivum isolate K3 was more aggressive
than T. aggressivum f. isolate

Sem1/1 (Figure 2).

aggressivum
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This also indicates that emergence of the
fruiting body (sporophore) and thus yield of the
strains of A. bisoporus might change according to
isolate of green mold disease. Mean yield of the
strains of A. bisporus in the compost experiment
was 502.54 g, whereas it was 446.33 g in the
casing soil experiment. The difference was
significant (P<0.01) (Figure 3).
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Mean yields of A. bisporus strains (g)
485.79 a
490
480 463.08 b
470
460 l I
450
Sem1/1 K3

Mean yields of A. bisporus strains
(9)

560.62 a
388.25b

400 | |

200 | |
0 1 T 1

Brown strain  White strain

600

Figure 2. Mean yields of both strains of A. bisporus in the
presence of the T. aggressivum f. aggressivum
isolates in both experiments (LSDo.o1: 13.34)

Sekil 2. Her iki denemede T. aggressivum f. aggressivum
izolatlarinin varliginda A. bisporus irklarinin
ortalama verimleri (LSDo.o1: 13.34)

Mean yields of A. bisporus strains (g)

550 502.54 a

500 446.33 b

450 -

400 -+ . .
Compost Casing soil

Figure 3. Mean yields of both strains of A. bisporus in the
compost and casing soil experiments (LSDo.o1: 13.34)

Sekil 3. A. bisporus’un her iki irkinin kompost ve 6rtii topragi
denemelerindeki ortalama verimleri (LSDo.o1: 13.34)

This means that if the T. aggressivum f.
aggressivum isolates exist in casing soil, the yield
of strains of A. bisporus may be less than that of
compost. This finding also shows that presence of
T. aggressivum f. aggressivum isolates in casing
soil could be more destructive on sporophore
formation of A. bisporus than that of the
compost.

Yield differences of the strains were significant
(P<0.01) in the both experiments. For example,
mean vyield of the brown strain was 560.62 g in
inoculated plots of the both experiments,
whereas it was 388.25 g in the white strain

(Figure 4).

17

Figure 4. Mean yield of both strains of A. bisporus in plots
inoculated with T. aggressivum f. aggressivum
isolates (mean values of both experiments) (LSDo.o1:

13.34)
Sekil 4. A. bisporus’un her iki irkinin T. aggressivum f.
aggressivum  izolatlart  ile  inokule edilen

parsellerdeki ortalama verim degerleri (her iki
denemenin ortalama degerleri) (LSDo.o1: 13.34)

This indicates that brown strains of A. bisporus
could be affected less than the white strain in the
presence of T. aggressivum f. aggressivum
isolates either in compost or casing soil.

In the comparison of means of the both
experiments, mean yield values of inoculated and
the control plots were significantly (P<0.01)
different from each other. In the control plots,
mean yield of the strains of A. bisporus was
564.08 g, while it was 384.79 g in inoculated plots

(Figure 5).

Mean yields of A. bisporus strains (g)
564.08 a

600 - 384.79 b
400 -

200 -

0 T 1
Non-inoculated Inoculated

Figure 5. Comparison of mean yield of the strains of A.
bisporus in inoculated and non-inoculated
(control) plots (mean values of both experiments)
(LSDo.01: 13.34)

A. bisporus irklarinin  inokulasyonlu ve
inokulasyonsuz (kontrol) parsellerindeki ortalama
verimlerinin kiyaslanmasi (her iki denemenin

ortalama degerleri) (LSDo.o1: 13.34)

Sekil 5.
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The T. aggressivum f. aggressivum isolates
caused on average 36.41% vyield loss in the strains
of A. bisporus in the casing soil experiment.
However, they led to 29.35% vyield loss in the
strains in the compost experiment (Figure 6).

Mean yield losses of A. bisporus
strains (%)
36.41a
29.35D
40
20
0 - ‘
Casing soil ~ Compost

Figure 6. Compared to control plots, mean yield losses of
the strains of A. bisporus in inoculated plots in each
experiment (LSDo.o1: 3.88)

Sekil 6. Kontrol parselleriyle kiyaslandiginda, A. bisporus

bir

parsellerdeki ortalama verim kayiplari (LSDo.o1: 3.88)

irklarinin  her denemedeki inokulasyonlu

In the overall evaluation of the experiments,
yield the T.
aggressivum isolates in the both compost and

losses from aggressivum f.
casing soil experiments were significantly (P<0.01)
higher in the white strain of A. bisporus than the
brown strain. For example, mean yield loss of the
white strain in the compost and the casing soil
experiments were 45.05 and 56.21%, respectively
while they were 13.73 and 18.5% in the brown
strain

in the both experiments, respectively

(Figure 7).
56.21
60 4 45.05
3]
30 - 373 | (185
20 A
i | i o
0 White strain
Comp OS" Ca51.ng B Brown strain
soil
Mean yield losses
of A. bisporus
strains (%) |

Figure 7. Comparison of mean yield losses of the strains of
A. bisporus in inoculated plots in both experiments

Sekil 7. A. bisporus irklarinin her iki denemedeki inokuleli
parsellerdeki ortalama verim kayiplarinin
kiyaslanmasi
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Mean vyield loss of the white strain of A.
bisporus in the both experiments was 49.68%
whereas it was 16.08% in the brown strain,
indicating resistance of the brown strain to the T.
aggressivum f. aggressivum isolates in the both
experiments (Figure 8).

Mean yield losses of A. bisporus
strains (%)

49.68

60

40 ‘ 16.08

o A=
0 - . .

White strain  Brown strain

Figure 8. Mean yield losses of each A. bisporus strain in
inoculated plots (average of both experiments)
(LSDo.o01: 3.88)

A. bisporus’un her bir irkinin inokulasyonlu
parsellerdeki ortalama verim kayiplari (her iki
denemenin ortalamasi) (LSDo.o1: 3.88)

Sekil 8.

An example of the yield comparison of the
brown and the white strain of A. bisporus for each
experiment is given in Figure 9 and 10.

Figure 9. Yield of the brown strain of A. bisporus (on the
left) and yield of the white strain of A. bisporus
(on the right) when they were inoculated T.
aggressivum f. aggressivum isolate K3 in the
compost experiments

Sekil 9. A. bisporus’un kompost denemelerindeki kahverengi
irki (solda) ve beyaz irkinin (sagda) T. aggressivum
f. aggressivum K3 izolati ile inokule edildigi
parsellerdeki verimleri
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Figure 10. Yield of the brown strain of A. bisporus (on the
left) and yield of the white strain of A. bisporus (on
the right) when they were inoculated T.
aggressivum f. aggressivum isolate K3 in the casing
soil experiments

Sekil 10. A. bisporus’un ortli toprag denemelerindeki

kahverengi irki (solda) ve beyaz irkinin (sagda) T.

aggressivum f. aggressivum K3 izolati ile inokule

edildigi parsellerdeki verimleri

T.
europaeum and T. aggressivum f. aggressivum are

Aggressive  biotypes aggressivum  f.
the causal agents of green mold disease in button
mushroom (A. bisporus) production around the
world. In our study, aggressive biotype T.
aggressivum f. aggressivum was used as inoculum
source in the evaluation of the biotic interactions.
The interactions of aggressive biotypes of green
mold and A. bisporus in the compost were
investigated by several researchers (Mamoun et
al., 2000; Williams et al.,, 2003; O’Brien et al,,
2017). But, Szczech et al. (2008) stated that in the
absence of A. bisporus mycelium, T. aggressivum
f. europaeum did not grow in compost. However,
it was reported that T. aggressivum f. europaeum
had the ability to grow in compost irrespective of
absence or presence of A. bisporus (Mamoun et
al., 2000; Williams et al., 2003).

With regard to T. aggressivum f. aggressivum,
Beyer et al. (2000) reported that if given enough
the T.
aggressivum A.

bisporus could successfully colonise the compost

time to colonise compost before

aggressivum f. introduction,
and produce mushrooms. In our study, ten days
after colonisation of compost by the strains of A.
bisporus, the compost was inoculated with the T.
aggressivum f. aggressivum isolates. This means
that when the T. aggressivum f. aggressivum
isolates were introduced to the compost, mycelia
of the strains of A. bisporus had considerably
colonised the compost. Even in this case, the T.
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aggressivum f. aggressivum isolates caused
severe vyield (biomass) reduction in the both
strains of A. bisporus. This finding and our results
indicated that T. aggressivum f. aggressivum
isolates might grow in compost and lead to
significant (P<0.01) yield losses irrespective of
presence of strains of A. bisporus in compost. This
may have been related to rapidly colonising
ability of the green mold fungus. Because, quickly
colonisation of compost by T. aggressivum f.
aggressivum means inhibition of mycelial growth
of the strains of A. bisporus in compost and
consequently their sporophore formation. With
regard to this, Beyer et al. (2000) reported that in
the

aggressivum and A. bisporus, the ability of quickly

interactions between T. aggressivum f.

colonising makes T. aggressivum f. aggressivum
superior to A. bisporus. At the same time, in
compost, T. aggressivum f. aggressivum produces
(3,4-dihydro-8-hydroxy3-
methylisocoumarin) inhibiting mycelial growth of
A. bisporus (Krupke et al., 2003). In addition,
compost content might be an influence on this

a metabolite

interaction. For instance, compost with high
carbohydrate but low nitrogen may promote
development of green mold (Sharma et al., 2007).
Other pH,

conductivity, and

good compost traits (moisture,
C/N

micronutrients) can also promote mycelium

ratio, macro
growth of aggressive biyotypes of T. aggressivum
f. europaeum and T. aggressivum f. aggressivum
in compost (Beyer et al., 2000). In this context,
the
aforementioned (Table 1), which may have had an

compost we wused had good traits

influence on the development of the T.
aggressivum f. aggressivum isolates as well.
The brown strain of A. bisporus was

significantly (P<0.01) less affected by the T.
aggressivum f. aggressivum isolates than the
white strain in compost. This finding is consistent
with the results of Anderson et al. (2001). During
the interactions, the brown strain of A. bisporus

N-
brown

might have abundantly  generated

acetylglucosaminidases, which makes
strain more resilient to T. aggressivum f.

aggressivum (Guthrie & Castle, 2006). In addition,
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brown strains have the ability of degrading the
(3,4-dihydro-8-
isocoumarin) produced by T. aggressivum f.

toxin hydroxy-3-methyl
aggressivum more rapidly than white strains of A.
bisporus in interactions (Krupke et al., 2003;
Sjaarda et al., 2015). This may also have been an
impact on the difference in responses of the both
strains of A. bisporus in the compost in our study.

In the casing soil experiments, no inoculation
was performed into compost with the T.
aggressivum f. aggressivum isolates. After fully
colonization of compost by the strains of A.
bisporus, casing soil (4 cm-thick) was added to the
compost. Afterwards, the T. aggressivum f.
aggressivum isolates were inoculated into the
Significant (P<0.01)
occurred in the both strains as a result of the
biotic
bisporus and the T. aggressivum f. aggressivum

casing soil. yield losses

interactions between the strains of A.
Because, the T.

isolates in the casing soil.

aggressivum f. aggressivum isolates rapidly

colonized the casing soil and consequently
mycelium growth and then primordia and
sporophore formation of the both strains of A.
bisporus did not occur. In the comparison of both
experiments, the strains of A. bisporus formed
significantly (P<0.01) higher yield in the compost
experiment than the casing soil experiment. For
example, mean yield of the strains of A. bisporus
in the compost experiment was 502.54 g while it
was 446.33 g in the casing soil experiment. This
finding shows that presence of the T. aggressivum
f. aggressivum isolates in the casing soil may
cause significantly (P<0.01) higher yield loss than
the compost in button mushroom cultivation.
Szukdacs & Geosel (2018) reported that casing is
an essential stage for sporophore formation and
yield in button mushroom cultivation.

Casing soil with high nutritional values (e.g.
organic matter) provides continuity of vegetative
growth for A. bisporus, which does not promote
of primordia formation of A. bisporus. In fact,
nutritional stress stimulates initiating of fruiting
body formation of A. bisporus (Choudhary, 2011).
These findings indicate that A. bisporus completes
most of the vegetative growth in the compost
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while its generative growth occurs in the casing
soil without much nutritional requirement. In
these conditions, the biotic interaction between
the strains of A. bisporus and the T. aggressivum
f. aggressivum isolates in the casing soil may not
mostly have been associated with competition for
nutrients.

Trichoderma species could inhibit growth of
other fungi using various mechanisms such as
penetration of hyphae, excretion of cell wall
degrading enzymes and production of toxic
secondary metabolites. Therefore, inhibition of
the both strains of A. bisporus might have been
associated with the biochemical mechanism
aforementioned in our study. In this context, it
was reported that T. aggressivum f. aggressivum
could inhibit growth of A. bisporus by producing
2003;
Williams et al., 2003). In our study, presence of

antibiotic compounds (Krupke et al,
the T. aggressivum f. aggressivum isolates in the
casing soil led to significantly (P<0.01) higher yield
loss in the white strain of A. bisporus than the
brown strain. This indicates resistance of the
brown strain of A. bisporus to the T. aggressivum
isolates in the soil

f. aggressivum casing

experiment as well.

Conclusions

To our knowledge, the casing soil experiments
were performed for the first time with this study.
If T. aggressivum f. aggressivum isolates and
strains of A. bisporus exist together, occurrence of
biotic interactions between them is probable. As a
result, presence of T. aggressivum f. aggressivum
either in compost or casing soil inhibits mycelial
growth and sporophore formation of A. bisporus
and creates substantial yield losses in button
mushroom cultivation. Even, presence of T.
aggressivum f. aggressivum isolates in casing soil
may cause significantly (P<0.01) higher yield loss
than compost. However, brown strain of A.
to T.

aggressivum f. aggressivum isolates than white

bisporus could be more resistance

strain of A. bisporus. Considering these, in

particular, presence of green mold fungi in casing
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button
management

could be more destructive in
Thus,

strategies should be formed in particular against

soil

mushroom cultivation.

green mold in casing soil in button mushroom

cultivation.
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Introduction

Environmental stresses unfavourably influence
the growth and production of plants, especially

ABSTRACT

Salt stress is one of the most crucial abiotic stress factors and affects about 20 % of the world's
irrigated land. The present study was conducted to evaluate the combining effects of salinity
stress response at the early seedling stage, (root length, coleoptile length, shoot length,
germination rate and germination vigour) using four parents and their 4 x 4 full-diallel crosses
of bread wheat. Parents and their F2 hybrids were assessed in the laboratory under salinity
stress induced by sodium chloride (NaCl) with two treatments (0 control, 100 mMol). General
Combining Ability (GCA) mean squares were highly significant for all traits studied. The GCA:
SCA (Specific Combining Ability) rate was greater than the unit for all the traits studied and
additive genes indicated a higher contribution than non-additive genes in the inheritance of
these characters. GCA effects showed that ‘84CZT04’ was the desirable general combiner for
coleoptile length, root length and shoot length under salinity stress condition. Estimates of the
SCA effects of crosses demonstrated that 1 x 4 and 3 x 1 could be regarded as the most
desirable cross-combination for root and shoot length at both conditions.

Key Words: Combining ability, Full diallel, Segregation population, Salinity stress, Coleoptile

(074

Tuz stresi en 6nemli abiyotik stres faktorlerinden biridir ve dinyadaki sulanan alanin
yaklasik olarak % 20'sini etkilemektedir. Bu calisma, dort ekmeklik bugday ebeveyni ve
bunlarin 4 x 4 tam diallel melezlerinin erken fide asamasinda (kék uzunlugu, koleoptil
uzunlugu, surgin uzunlugu, ¢cimlenme hizi ve g¢imlenme giicti) tuzluluk stresine tepkisini
degerlendirmek amaciyla yiratilmuistir. Ebeveynler ve F2 hibridlerine sodyum klorir
(NaCl) uygulanarak (0 kontrol, 100 mMol) laboratuvar kosullarinda degerlendirilmistir.
Genel Uyum Yeteneginin (GUY) kareler ortalamasi incelenen tim ozellikler icin oldukgca
yiiksek diizeyde olumlu ve énemli bulunmustur. GUY:OUY (Ozel Uyum Yetenegi ) orani,
incelenen tim ozellikler igin bir den biylik bulunmus bu da eklemeli gen etkisinin eklemeli
olmayan gen etkisinden daha yiiksek bir katki sagladigini gostermistir. Stres kosullari altinda
‘84CZT04’ cesidi GUY etkileri yoniinden koleoptil uzunlugu, kék uzunlugu ve sirgiin
uzunlugu &zellikleri igin istenen kombiner oldugunu géstermistir. Melezlerin OUY etkilerine
iliskin tahminlerde ise, her iki kosulda 1 x 4 ve 3 x 1'in kdk ve stirgiin uzunlugu 6zellikleri igin
Umitvar melez kombinasyonlar oldugu gérilmistiir.

Anahtar Kelimeler: Kombinasyon yetenegi, Tam diallel, Agilma kusaklari, Tuzluluk stresi, Koleoptil

those that are sensitive to salinity. These stresses
cause severe changes in plant growth, physiology
and metabolism, threatening plant farming

around the world (Lunde et al., 2007; Islam et al.,
23
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2011). The losses

especially due to abiotic stress conditions, such as

in wheat production are

drought, heat stress and salinity rather than to
biotic factors (Abhinandan et al., 2018). Abiotic
stress estimated to account for over 50% of yield
losses worldwide (Alcdzar et al., 2006) Salinity is
one of the limiting factors for all plant production.
Salty soils are quite common around the world,
especially in arid and semi-arid climate regions.
Approximately 20 % of the world's irrigable
agricultural land is affected by salt (FAO, 2018).
However, Wang et al. (2003) predicted that by
2050, 50 % of agricultural land will be affected by
salinity. Salt stress is usually caused by sodium
salts and NaCl salts in particular.

At early growth stages such as germination and
seedlings stand embellishment of major plants is
sensitive and finally reduced the final yield under
salinity conditions. Therefore, high germination
rate and early vigorous growth of plant should be
preferred to grow under saline condition (Kizilgeci
and Yildirim, 2014). Germination is a significant
stage in the life cycle of plants particularly under
saline environments as it is determine the degree
of crop establishment (Vardar et al., 2014).

Bread wheat ( Triticum aestivum L.) is the world's
leading commonly grown food cereal because of
its wider adaptability and nutritional value than
other cereals (Yassin et al., 2019). It may be more
sensitive to salinity at specific developmental
stages, i.e. germination and seedling stage
(Yildirim et al., 2015); tilling and stem elongation
stage (Mass et al., 1996; Ding et al., 2018); and
anthesis and grain filling stage (Francois et al.,
1994; Abro et al.,, 2009; Zheng et al.,, 2009).
Breeders generally unwilling to use of seedling
traits for the selection of varieties, given that the
selection for yield mostly captures the optimal
characteristics of the environment. However, the
evaluation of seedling traits may accelerate the
selection process for wheat breeding. Early

seedling growth characteristics, such as
coleoptile, root length and shoot height, could be
used as preselection criteria to screening wheat
genotypes for salinity tolerance.

The diallel analysis is one of the biometrical
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techniques that have been used extensively to
gain combining abilities information in various
crops (lgbal, 2004). Diallel crosses as mating
models are often used to investigate the genetic
features of inbred lines in plant breeding studies.
Plant breeders often need overall information on
the average performance of individual inbreed
lines in crosses, known as the general combine
ability, for the consequent selection of the best
further Diallel
techniques are used for this purpose (Ghosh and

ones for breeding. crossing
Das, 2003) Diallel mating models supply useful
genetic information for breeders, such as general
combination ability GCA and specific combination
ability SCA, to help them develop appropriate
breeding and selection strategies (Makumbi,
2005; Zhang et al.,, 2005; Kizilgeci, 2020). The
present study aims to assess the combining
effects at early seedling salinity stress response
(root length, coleoptile length, shoot length,
germination rate and germination vigour) using

four parents full-diallel bread wheat crosses.

Materials and Methods

Genetic material, crosses and salinity tolerance
evaluation

Four genotypes of bread wheat containing
Ballatilla (1), Seri 82 (2), 84CZT04 (3) and HP1744
(4) were used as parents in the current study.
Salinity tolerance assessment of four spring
wheat cultivars and their full 4 x 4 diallel F2
hybrids was conducted in the laboratory of the
department of field crops at Sirnak University in
2017. Sixty seeds of each of the four parents and
their F, population (total 16 genotypes) were
surface sterilized in 10% sodium hypochlorite
solution for 10 minutes and then carefully washed
three times thoroughly with distilled water to
remove the sterilizing extract. Two different
concentrations of NaCl, 0 and 100 mMol were
used. Twenty seeds of each genotype in 10 ml salt
solution were germinated in each Petri-dish (120
mm x 20 mm) with two layers of Whatman no.1
filter paper.

All Petri-dishes were placed in the growing
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chamber at 24°C for 8 days with 18 hours light/6
hours dark photoperiod. In each of these
treatments, a randomized complete design (RCD)
with three replications was performed and placed
on different shelves in the growth room. The
number of germinated seeds on the 4™ day was
referred to as the germination rate (GR). The
percentage of germinated seeds on the 8™ day
was referred to as the germination vigour (GV).
The coleoptile length, root length and shoot
height were recorded from ten randomly selected
seedlings for each treatment of each replication

on 8™ day.

Statistical analysis

The Diallel analysis was carried on by a SAS
program (1998) with genotype and treatment as
fixed effects, in accordance with the Griffing
(1956) Method 1
reciprocals). Multiple comparisons of means of

(including parents and

data between among different salinity treatments
with genotypes were performed LSD test at 5%
significance level.

Results and Discussion

Analysis of variance and mean performance of
salinity tolerance traits

Variances estimates for general combining
ability (GCA) and specific combining ability (SCA)
of the F2 diallel crosses of bread wheat for
combined data under non-salinity and salinity
stress are given in Table 1. The differences

between genotypes were highly significant for all
studied characters. The significant differences
were observed for all traits, except the coleoptiles
length under non-salinity and salinity stress
condition. Genotype x Treatment interactions
was showed significant differences for root
length, shoot length and germination vigour. The
CV of the root length was found highly due to
increased genetic variation. The effects of GCA
were significant for all traits. The variances of SCA
were significant for root length, shoot length and
GCA x T
significant for coleoptile length, root length and

germination rate. interaction was
germination vigour, while the SCA x T interaction
was significant for root length. Reciprocal effect
(REC) was significant for the root length, shoot
height and germination vigour. Differences for
these traits may have occurred due to
cytoplasmic effects. REC x T interaction had a
highly significant difference for root length, shoot
length. The general combining ability (GCA) effect
than the
combining ability (SCA) effects for all features.
The GCA:SCA values were determined as 28.1 for

coleoptile length, 2.1 for root length, 1.4 for

was significantly higher specific

shoot length, 1.8 for germination rate and 5.5 for
germination vigour. This confirmed the large
in the
inheritance of these characters. Muralia and
Sastry (2001) reported inherited additive and
non-additive gene effects in control of wheat

contribution of additive gene action

salinity tolerance at the seedling stage.

Table 1. Mean squares due to general (GCA) and specific (SCA) combining ability and their interactions for studied seedling
stage traits in F2 diallel crosses under low and high salinity

Source DF  Coleoptile length Root Length Shoot length GR GV
Treatment (T) 1 0.131 1116.905*** 542.896*** 5221.500*** 11008.167***
Replication 4 0.032 0.539 0.207 12.500 39.042
Genotype (G) 15 0.172** 17.501*** 11.064*** 266.300** 114.567**
GxT 15 0.094 12.370*** 3.660** 86.211 81.144*
GCA 3 0.594*** 31.029%** 14.409%*** 445.667** 271.500**
SCA 6 0.021 14.512*** 10.173*** 244.694* 49.056
GCAXT 3 0.171* 14.005** 2.373 61.667 214.611**
SCAXT 6 0.136 13.898** 2.823 55.806 47.722
REC 6 0.113 13.726** 10.282*** 198.222 101.611*
RECxT 6 0.012 10.024** 5.139** 128.889 47.833
Error 60 0.060 2.451 1.326 96.589 41931
cv 9.479 23.325 14.138 17.433 7.705
GCA/SCA 28.1 2.1 1.4 1.8 5.5

*, **and *** Significance at 5%, 1% and 0.1% levels, respectively. GR:germination rate, GV:germination vigour
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Evaluation of mean performances of parents and
their F, hybrids

The mean value of examined characters for
parent and F; hybrids are shown in Table 2. Mean
value for all characteristics under salinity stress
were considerably lower than those under non-
stressed conditions. When parents' features are
examined, coleoptile length ranged from 2.26 cm
to 2.90 cm in control and from 2.15 cm to 3.08 cm
in salinity stress condition. The root length varied
from 8.55 cm to 16.57 cm under control condition
and from 2.52 cm to 4.24 cm under salinity stress.
The shoot length varied between 10.07-12.19 cm
in non-salinity and between 3.6-7.65 cm in salinity
treatment. GR ranged from 50.7% to 73.3% in
control and from 30.7% to 61.3% in salt condition.
GV varied from 86.7% to 94.7% in control and
from 57.3% to 80% in salinity treatment.
The hybrid values ranged from 2.37 cm (2 x 1) to
3.03 cm (3 x 1) in control and 2.29 cm (2 x 4) to
2.86 cm (4 x 3) for coleoptiles length in salinity
stress, 3.87 cm (3 x 1) to 13.40 cm (3 x 2) in
control and 2.12cm (2 x 3) to 4.77 cm (4 x 1) in
salinity stress for root length, 6.26 cm (3 x 1) to
12.36 cm (3 x 4) in control and 3.21cm (1 x 2) to
7.79 cm (4 x 1) in salt condition for shoot length,
50.7% (3 x 1) to 77.3 (1 x 2) in control and 44.0 %
(3 x1)to56.0% (1 x 2) in salinity stress for GR,
92% (1 x 3) to 100% (2 x 4) in control and 66.6%
(1 x 3) to 85.4% cm (2 x 4) in salinity stress for GV.

Coleoptile length was increased under stress
conditions in some genotypes. The highest
increase was seen in ‘84CZT04’ (15.8 %). Similar
to our research, Kizilgeci et al. (2010) determined
the highest coleoptile length in 100 mMol salt
‘HP1744’
genotype in terms of root length (81%) and the
(65%)
compared to control, while 3 x 1 (11%) was less

treatment. was the most affected

shoot length in salinity treatment
affected. Growth parameters that were analyzed
(root and shoot length) showed that 100 mMol
NacCl

examined. However, based on our data, 3 x 1 was

treatment caused stress at genotypes
also found to be less affected than other
genotypes, indicating that 3 x 1 is more salinity
tolerant than other genotypes. Many researchers

26

reported that in the early seedling period, salinity

stress has negative effects on root length,
seedling  length, germination rate and
germination vigour (Kizilgeci et al., 2010;

Bouthour et al., 2015; Yildirim et al., 2015; Oral et
al., 2019; Kizilgeci et al., 2020).

Ekmekci et al. (2005), with an increased salt
concentration in the growing medium, plant
water intake becomes difficult. An increase in
osmotic pressure prevents plant roots from
getting water (Ayyildiz, 1990). The first symptom
of plants not getting enough water is leaf area
decrease.

Estimates of general and specific combining
ability effects

The effects of general combining ability for
parents, specific combining ability for diallel
crosses and reciprocal
hybrids

represented in Table 3.

combining ability for
reciprocal were estimated and

‘84CZT04’ gave maximum positive GCA effect
values for coleoptile length, root length and shoot
height at both conditions. ‘84CZT04’ was found to
be best combiner for coleoptile length, root
length and shoot length. ‘HP1744’ recorded the
highest positive for germination vigour under
salinity stress. ‘Ballatilla” recorded the highest
negative GCA effect value for root length; shoot
height, germination rate and germination vigour.

The cross 1 x 4 gave maximum positive SCA
effect values for root length and shoot length at
both conditions, while the cross 3 x 4 maximum
positive SCA effect values for root length at
salinity stress. The cross 1 x 3 exhibited maximum
negative effect for root and shoot length at both
conditions, while the cross 3 x 1 showed
maximum positive effect.

The reciprocal cross 3 x 1 recorded maximum
positive effect for root length, shoot height and
germination rate at non-salinity stress. The cross
4 x 2 recorded maximum negative effect value
root length and shoot height and maximum
positive value for germination vigour under both
Griffing  (1956) that

effects can be used to identify

conditions. suggested

reciprocal
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variability due to maternal effects and sex-linked
genes.

The previous studies were presented signified
to positive and

negative effect,

indicating the presence of maternal effect

reciprocal

et al. (2004) noted that coleoptile length had high
heritability and additive gene action. Varieties
with longer coleoptiles commonly have improved
rates and vigour and produce more plants
(Rebetzke et al., 2007)

(Mahmood, 2010; Mohammad, 2012). Rebetzke

Table 2. The average value of all characteristics for parents, F2 diallel crosses and reciprocal crosses of bread wheat under
salinity and non salinity stress conditions
Coleoptile length

Parents/ (cm) Root length(cm) Shoot length(cm) Germination Rate (%) Germination vigour (%)

Hybrids C S M C S M C S M C S M C S M
1 258 231 245 9.54 2.81 6.17 10.07 5.12 7.59 50.7 30.7 40.7 94.7 57.3 76.0
2 2.26 240 2.33 8.55 2,52 553 10.66 6.71 8.68 73.3 61.3 673 96.0 773 86.7
3 2.66 3.08 2.87 16.57 4.24 10.40 12.19 7.65 9.92 61.3 49.3 553 86.7 720 79.3
4 290 215 253 11.68 2.16 6.92 1024 3.60 6.92 60.0 60.0 60.0 94.0 800 87.0
1x2 2,53 257 255 6.11 292 451 841 321 5.81 773 56.0 66.7 940 66.7 80.3
1x3 2,66 259 2.62 9.43 2.82 6.13 10.52 6.04 8.28 69.3 46.7 580 920 66.6 793
1x4 256 245 2,50 11.01 257 679 11.74 430 8.02 72.0 46.7 59.3 96.0 70.7 833
2x1 237 241 2.39 8.97 3.13 6.05 10.29 4.13 7.21 64.0 493 56.7 94.7 73.3 84.0
2x3 274 251 2,62 11.11 2.12 6.61 10.55 439 7.47 66.7 49.3 58.0 94.7 70.7 82.7
2x4 252 229 240 7.34 2.57 4.95 9.48 455 7.02 68.0 533 60.7 100.0 854 92.7
3x1 3.03 280 291 3.87 3.44 3.66 6.26 5.56 591 50.7 44.0 47.3 96.0 72.0 84.0
3x2 272 270 2,71 1340 3.76 858 1137 7.35 9.36 62.7 46.7 547 973 693 833
3x4 251 260 256 1298 451 875 1236 7.23 9.79 587 48.0 53.3 96.0 80.0 88.0
4x1 2,59 258 2,58 10.25 4.77 7.51 10.68 7.79 9.24 573 52.0 547 96.0 80.0 88.0
4x2 2.63 253 258 1220 4.12 816 11.94 7.63 9.78 54.7 453 50.0 947 66.7 80.7
4x3 279 286 283 897 437 6.67 11.58 6.98 9.28 73.3 453 59.3 933 853 89.3
Mean Parent 2.60 2.49 2.54 11.58 2.93 7.26 10.79 5.77 8.28 61.3 50.3 55.8 92.8 71.7 82.3
Mean Hybrid 2.64 2.58 2.61 9.64 3.42 6.53 1043 576 8.10 64.6 48.6 56.6 95.4 73.9 84.6
LSD (5%) ns 0.30 0.28 3.97 1.76 210 194 189 131 ns ns 11.2 ns 12.9 7.5

ns: non-significant, Ballatilla (1), Seri 82 (2), 84CZT04 (3), HP1744 (4), C:Control, S:Salt, M: Means

Table 3. Effects of general (GCA) and specific combining ability (SCA) for parents, F2 diallel crosses and reciprocal crosses

(REC)
Germination
Coleoptile length Root length Shoot length Germination rate vigour
C S M C S M C S M C S M C S M
GCA
1 -0.02 -0.05 -0.03 -1.53" -0.14 -0.84"" -0.77" -0.61""-0.69"" -2.25 -4.50" -3.38"" 0.00 -5.33" -2.67""
2 -0.13" -0.07" -0.10" -0.60 -0.34" -0.47" -0.10 -0.18 -0.14 3.75 3.83" 3.79™ 1.17 0.00 0.58
3 009 0227 016" 1.49" 0.39" 0.94™ 0.35 0.84™ 0.60"" -0.75 -1.67 -1.21 -1.92° 0.17 -0.88
4 0.05 -010" -003 064 010 0.37 0.51" -0.06 0.23 -0.75 233 079 0.75 5.17"" 296"
SCA
1x2 -0.04 0.06 0.01 -046 0.21 -0.12 -0.30" -1.31 -0.80"" 542 433 488 -158 200 0.21
1x3 0.14 -0.04 0.05 -3.43"" -041 -1.92"™ -1.72"™ -0.20 -0.96" -0.75 250 0.88 117 117 1.17
2x3  0.13 -0.10 0.02 124 -040 042 018 -056 -0.19 -2.08 -3.17 -2.63 200 -3.50 -0.75
1x4 -0.09 011 0.01 140" 041 091" 094" 094" 094™ 392 250 321 050 217 1.33
2x4 003 003 003 -040 028 -006 -0.22 056 017 -542 -583 -563" 0.67 -2.50 -0.92
3x4 -0.12 006 -0.03 -128 065 -031 058 0.55 0.57° 3.75 -3.00 038 1.08 4.00 2.54
REC
2x1  0.08 0.08 0.08 -1.43 -0.11 -0.77 -094 -0.46 -0.70° 6.67 333 500 -0.33 -3.33 -1.83
3x1 -0.18 -0.11 -0.15" 2.78" 0.31 1.24™ 2.13™ 024 119" 9.33" 1.33 533 -200 -2.67 -2.33
4x1 -0.01 -0.07 -0.04 038 -1.10"-036 0.53 -1.75" -0.61 7.33 -2.67 233 0.00 -4.67 -2.33
3x2  0.01 -0.09 -0.04 -1.14 -0.82" -0.98" -0.41 -1.48" -094™ 200 133 1.67 -133 0.67 -0.33
4x2  -0.06 -0.12  -0.09 -2.43" -0.78" -1.60"" -1.23" -1.54" -1.38" 6.67 4.00 5.33 2.67 9.33" 6.00”
4x3  -0.14 -0.13 -0.13 201" 0.07 1.04 039 0.13 026 -7.33 1.33 -3.00 1.33 -2.67 -0.67

* ** and *** Significance at 5%, 1% and 0.1% levels, respectively. Ballatilla (1), Seri 82 (2), 84CZT04 (3), HP1744 (4);
C: Control, S:Salt, M: Means
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Conclusion

This research showed a greater ratio of the
additive and additive x additive than the non-
additive genetic variance in controlling the
inheritance of all the characteristics studied under
non-stress and salinity stress level. The best
parent(s) may be chosen for a breeding program
by predicting parents' genetic merit based on the
breeding priority of main genetic effects. GCA
effects showed that ‘84CZT04’ was the desirable
general combiner for coleoptile length, root
length and shoot length, whereas HP1744 was a
good general
germination rate and germination force under

combiner for root length,
salinity stress. Estimates of the SCA effects of
crosses demonstrated that 1 x 4 and 3 x 1 could
be

combination for root length and shoot length,

regarded as the most desirable cross-

respectively. These findings could be beneficial
for plant breeders and diallel analysis could also
be used as a useful method for testing future or
existing varieties at early stage for salt stress
resistance.
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ABSTRACT

Oil seeds have a significant effect on human and animal nutrition because of their protein,
fat, carbohydrate and mineral content. This study was carried out to determination of yield,
oil and fatty acid composition of some oil sunflower (Helianthus annuus L.) genotypes in
Diyarbakir conditions in 2018. The experiment was arranged in a randomized block design
with three replications. In the study, thirteen different sunflower genotypes (Nantio,
Turkuaz, Sanbro, Sanay MR, Armada CL, Bosfora, Tarsan 1018, LG 5580, Sirena, Transol, LG
5482, Coral and Tunca) were used as plant material. In the study plant height, head diameter,
1000 seed weight, seed yield, protein content, oil content, content of saturated and
unsaturated fatty acids in the sunflower genotypes were investigated. The result showed
that significant differences were found between genotypes with respect to yield and oil
quality components. According to mean values, the highest seed yield obtained from LG-
5580 genotype (3813 kg ha?). The highest values 1000 seed weight were found from LG-
5580 (73.7 g) and Tunca (72.5 g) genotypes. The great oil content found as 44.6% from
Armada CL genotype. The highest Linoleic acid content values were found by Tunca (55.7%)
and LG-5580 (55.3%) genotypes, while the highest oleic values were determined by Bosfora
(37.8%) genotype. It was concluded that LG-5580 genotype could reliably be used in
sunflower farming under ecological conditions in Diyarbakir, Turkey.

Key Words: Sunflower (Helianthus annuus L.), Seed yield, Qil content, Fatty acid

(074

Yagh tohumlar protein, yag, karbonhidrat ve mineral icerigi nedeniyle insan ve hayvan
beslenmesinde 6nemli bir yere sahiptir. Bu ¢alisma, 2018 yilinda Diyarbakir kosullarinda bazi
yaghk aycicegi (Helianthus annuus L.) genotiplerinin verim, yag ve vyag asidi
kompozisyonunun belirlenmesi igin yapilmistir. Arastirma, tesadif bloklari deneme desenine
gore Ug tekerrurli olarak dizenlenmistir. Calismada 13 farkh aygicegi genotipi (Nantio,
Turkuaz, Sanbro, Sanay MR, Armada CL, Bosfora, Tarsan 1018, LG 5580, Sirena, Transol, LG
5482, Mercan ve Tunca) kullanilmistir. Calismada bitki boyu, tabla ¢capi, 1000 tohum agirhgi,
tohum verimi, protein igerigi, yag icerigi, aycicegi icindeki doymus ve doymamis yag
asitlerinin igcerigi arastirilmistir. Sonug, verim ve yag kalitesi bilesenleri bakimindan genotipler
arasinda onemli farkliliklar bulundugunu géstermistir. Ortalama degerlere gore, en yliksek
tohum verimi LG-5580 genotipinden (3813 kg ha™) elde edilmistir. En yiksek 1000 tohum
agirhg degerleri LG-5580 (73.7 g) ve Tunca (72.5 g) genotiplerinden saptanmistir. En ylksek
yag icerigi Armada CL genotipinden % 44.6 olarak bulunmustur. En yiiksek Linoleik asit icerigi
degerleri Tunca (% 55.7) ve LG-5580 (% 55.3) genotiplerinden bulunurken, en yiiksek oleik
degerleri Bosfora (% 37.8) genotipinde belirlenmistir. LG-5580 genotipinin, Diyarbakir ili
ekolojik kosullarinda aygicegi tariminda gtivenle kullanilabilecegi sonucuna varilmistir.

Anahtar Kelimeler: Aycicegi (Helianthus annuus L.), Tohum verimi, Yag icerigi, Yag asitleri
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Introduction

Oilseeds are rich in protein, oil, carbohydrate,
and minerals; thus, they have a significant effect on
human nutrition and animal feeding. Oil seeds also
have an important in terms of in vegetable oil
production with high and quality oil content (40-
50%). Oil seeds may generate a great source of raw
material in the industry. Sunflower is an important
oil crop both in the world and in Turkey. Sunflower
is grown in 26 million hectares of land worldwide.
Considering such a huge cultivated land, the
large
adaptation area. According to 2018 data of Turkey,

sunflower was considered to have a

sunflower farming is practiced over 734 thousand
ha land area and annual production is around 1.9
million tons (FAO, 2018). In Turkey, majority of
vegetable oil production (80%) comes from oil
seeds. Approximately 65% of vegetable oil
production comes from sunflower and the rest
from cottonseed, olive, soybean, and the other oil
seeds (Yosmanoglu, 2002; Cetin and Basalma,
2005). Vegetable oil quality largely depends on
ratio of triacylglycerol to three types of fatty acids:
saturated, monounsaturated and polin saturated,
however, nutritional, and technological
characteristics of these fatty acids depend on
softened compounds, especially on sterols and
tocopherols. Sunflower unsaturated fatty acids are
composed of oleic acid (14-43%), linoleic acid (44-
75%), and the other fatty acids (0.7%) (Baydar and
Turgut, 1999). High linoleic acid contents indicate
high quality of vegetable oils (Wagner et al., 2001).
Linoleic acid reduces saturation degree of the oil
and facilitates digestion and passes into the blood
(Kolsarici et al., 1995).

As it was in every culture crop, besides plant
genetics, physiological, morphological and
agronomic characteristics and cultural practices
significantly influence vyield and quality of
sunflower. Therefore, such characteristics and
practices should be well-known for high yield and
quality. Positive significant correlations were
reported in a previous study between linoleic acid
concentration of

(Kamal-Eldin

content and tocopherol

sunflower  genotypes and
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1997). Late
influence pollination in sunflower because of high

Andersson, sowings negatively
temperatures at flowering stage. Especially in the
seed development stage, high temperatures
affect the fatty acid composition and decrease
the oil quality (Kolsarici et al., 1987).

Daylight has positive effects on fatty acid
composition of sunflowers through different
effects on different agronomic traits (Gielen,
1992; Gallina Tosci et al., 1997). Total daylight and
day length during the development seed shell
significantly influence daily changes in oleic and
linoleic acids of sunflower oil, but temperature
does not have any effects on these parameters.
On the other hand, field and
experiments revealed that

controlled
low temperature
increased linoleic acid contents and decreased
oleic acid contents of standard cultivars (Harris et
al., 1980: Chaampolivier and Merrien, 1996).

As it was in the other cultural crops, sunflower
yield and quality could significantly be improved
by using appropriate cultivars well adapted to
regional conditions. In this study, yield, yield
components and fatty acid composition of
different sunflower genotypes were determined
under conditions  of

ecological Diyarbakir

province of Turkey.

Material and Methods

Location and duration
Experiment to determine the agronomic and

quality traits of some sunflower cultivars
registered under second-crop in Diyarbakir
ecological condition was conducted over an

experimental site located at 37°532588" N and
40°162356" E coordinates with an altitude of 670
m in 2018 growing season (Figure 1).

Soil properties

The soil samples were taken at 0-30 cm depth
before the sowing the crop for determination of
chemical and physical properties of the soil. The
soil contains 71.6% clay, 1.25% organic matter,
1.63 kg da-1 phosphorus, potassium high level,
13.02% alkaline, 0.01- 0.02% salt and pH 7.73.
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Weather information

Monthly average temperature, total rainfall and
average humidity during the experimental period
were recorded at the Turkish State Meteorological
Station Turkey. Climate information is seen in
Figure 1 during experiment temperature
fluctuated from 18.1 to 31.8 'C. The average

. 2018
g 200
Canf B
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Figure 1. Experimental area and climatic data in 2018

Plant material

A total of 13 sunflower genotypes (1-Nantio
(early), 2-Turkuaz (early), 3-Sanbro (early), 4-Sanay
MR (early), 5-Armada CL (mid-late), 6-Bosfora
(mid-early), 7-Tarsan 1018 (early), 8-LG 5580 (mid-
late), 9-Sirena (mid-late), 10-Transol (early), 11-
LG5482 (early), 12-Coral (early), 13-Tunca (mid-
early)) were used as the plant material of the
study.

Experimentation

Soil tillage was practiced over the experimental
fields before the experiments. Each four m long
plot was divided into four rows consisting of
following field spacings: 70 cm between and 30 cm
within rows. Sunflower seeds were sown by hand
in the 4th week of May as 4 seeds in a hole. 90 kg
ha N and 70 kg ha P,0s fertilizers were applied
before sowing. When plants reached a height of
10-12 cm, they were singled out in a way that each
hole had one plant. Hoeing was conducted by
taking weed density into consideration. Plants
were irrigated by five times using furrow irrigation
method. Sunflower heads were tied with punched
plastic bags allowing air ventilation against bird
damage stage. When

during grain filling
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temperature was around 25.3 'C and average
rainfall 39.13 mm.

Experimental treatments and design
The experiment was arranged in a randomized
block design with three replications.

Humudity

sunflowers were at harvest maturity, plants in
rows at each plot’s sides and plants within 50 cm
at top and bottom of each plot were reaped as
border effect and the remaining plants in 4.2 m?
area were harvested. Heads were dried out for 3
or 4 days in a shade place after the harvest and
they were blended separately.

Data collection

In a period when the seeds ripened, the heads
of the middle rows were manually harvested.
Harvested plants were stacked in bundles,
threshed. ad
measurements were performed on 15 plants

thoroughly and Counting
randomly selected from the second and third rows
of each plot. Plant height, 1000-seed weight, seed
yield, oil and protein ratio, saturated-unsaturated
fatty acid components were investigated. Protein
ratio (%) was determined with Kjeldahl method
(AOAC, 2000). Qil content (%) was measured with
the use of a Soxhlet apparatus including n-hexane
(60 °C) as an organic solvent Seed fatty acid
composition was determined with the use of gas
chromatography (GC-MS gp 2010)(Slover and
Lanza, 1979). Lon source temp: 200 °C, Interface

temp: 250 °C and Colon: Rtx®-Wax 30 meter.
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Statistics analysis

Experimental data were subjected to analysis of
variance with JMP 13.1 statistical software in
accordance with randomized blocks design with 3
replications. Significant means were compared
with the use of LSD multiple comparison test at 5%
significance level.

Results and Discussion

Variance analysis revealed that differences in
protein ratios of the genotypes were found to be
significant at p<0.05 level and the differences in
the other parameters were found to be significant
at p<0.001 level (Table 1).

Table 1. Plant height, head diameter, 1000 Seed weight, Seed yield and protein ration of sunflower genotypes in the

experimental

Genotypes Plant height Head diameter 1000 Seed-weight Seed yield Protein

(cm) (cm) (g) (kg ha'l) ratio (%)
Nantio 179.0 19.6 51.4 3043.2 18.2
Turkuaz 169.4 18.0 54.3 2946.5 18.9
Sanbro 159.2 18.4 61.4 3052.3 19.3
Sanay MR 166.4 20.0 52.0 2995.6 19.3
Armada CL 160.2 18.8 48.1 2920.3 19.0
Bosfora 137.5 21.8 70.5 3286.8 17.7
Tarsan 1018 146.4 18.1 58.4 3131.1 17.1
Lg 5580 158.3 23.3 73.7 3813.0 17.9
Sirena 157.9 21.3 69.1 3356.3 18.2
Transol 163.7 18 49.8 2434.2 17.6
LG 5485 159.9 18.2 65.3 2705.3 20.0
Coral 163.63 19 71.3 3210.6 19.1
Tunca 158.2 21.6 72.5 3658.6 18.7

Variance analysis

F value 10.81** 5.35** 12.17** 8.82%* 2.13
LSD 7.94 1.4 6.52 357.4 1.57
cv 2.95 4.22 6.32 6.82 5.04

* Significance difference at p < 0.05. ** Significance difference at p < 0.01, LSD:Least significant differences, CV: Coefficient

of variation

As the average of genotypes, plant heights
varied between 137.5 -179.0 cm with the greatest
value was obtained from Nantio genotype and the
lowest value from Bosfora genotype (Table 1).
Plant height is a significant indicator of plant
growth and development and generally vary based
on plant genetics, cultural practices and ecological
conditions (climate and soil). Sowing dates may
have significant effects on plant height of
sunflower since plants benefit more from soil
moisture and nutrients and get greater plant
heights in early sowings. Sowing dates also largely
influence plant vegetative and generative stages
(Akther et al., 2013). Tan (2014) reported that
sowing date, plant density and environmental
factors played a significant role in plant height of
long, medium, short and dwarf sunflower plants.
Oral and Kara (1989) attributed differences in plant
heights to genetic structure of the cultivars, Vega
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and Hall (2002) indicated that there might be
differences in above-ground parts of the plants in
early and late sowings. Differences in plant heights
may also be resulted from different response of
cultivars to cultural practices (Yilmaz and Kinay,
2015; Deviren and Eryigit, 2017).

There were significant differences in head
diameters of the sunflower genotypes (p<0.01),
thus different head diameter groups were formed
(Table 1). The greatest head diameter was
obtained from LG-5580 genotype (23.3 cm) and
the lowest head diameters were obtained from
Transol (18.0 cm), Turkuaz (18.0 cm), Tarsan 1018
(18.1 cm) and LG-5485 (18.2 cm) genotypes. Head
diameter directly influences seed yield. Head
diameter of sunflower may vary based on several
factors including cultivars, ecological factors, soil
conditions, growing techniques, cultural practices,
and plant genetics. Besides, head size is also largely
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influenced by temperature, soil moisture and
fertility and sowing dates. It was also reported that
of different
sunflower genotypes might be resulted from

differences in head diameter
different genetic potential of the cultivars (Khan
1989).
diameters of different sunflower genotypes as
between 15.5 — 22.9 cm and indicated that head

diameters varied with the sowing dates and late

Previous researchers reported head

sowings yielded smaller head diameters (Girbiz et
al., 2003). Kaya et al.,, (2005) indicated that
increasing seed vyields were obtained with
increasing head diameters over 16 cm. Several
researchers indicated that head diameters had
positive effects on seed yield, thousand seed
weight and oil yields (Albayrak, 2014; Ashraf, 2017,
Sefaoglu and Kaya, 2018).

The differences in 1000-seed weights of the
sunflower genotypes were found to be significant
at p<0.01 level. 1000 seed weights varied between
48.1 (Armada Cl) - 73.7 g (LG-5580). Thousand seed
weight may vary based on the genotypes and
growing conditions. Oztiirk and Kizilgeci (2018)
reported that late sowings yielded greater 1000-
seed weights than the early sowings and late
sowings significantly increased 1000-seed weights
because of low temperatures at seed-fill stage.
Previous researchers reported 1000-seed weights
of different sunflower genotypes as between 38-
83 g (Cil et al.,, 2011; Evci et al., 2011; Sefaoglu et
al., 2009; Yildiz et al., 2009; Kara et al., 2013 and
Albayrak, 2014). Present findings on 1000-seed
weights comply with those earlier ones. Mrdja et
al. (2012) showed that sunflower production in
terms of the 1000 seed weight differences
between regions was 8.69%, and they stated that
all the interactions of regional production areas
are essential.

Seed vyield is the most significant parameter in
sunflower farming. As the average of the
genotypes, seed vyields varied between 2434.2-
3813.0 kg ha! with the greatest value from LG-
5580 (3813 kg ha) and Tunca (3658.6 kg ha™)
genotypes while the lowest values from Transol
(2434.2 kg hal) and LG-5485 (2705.3 kg hal)
genotypes. Head diameter and 1000 seed weight
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are factors that directly affect seed yield. The LG-
5580 genotype, which creates a high value in terms
of seed vyield, was also at the top of the table
diameter and 1000 seed weight. There are several
factors influencing yield in sunflower farming
including plant genetics, ecological conditions,
physiological,
factors. Cultivar used in sunflower farming is the

morphological, and agronomic
most important factor influencing seed vyield
(Andrei et al., 1992). Differences in seed yields of
the cultivars are mostly attributed to vyield
potential of the genotypes and growing conditions
(Sefaoglu et al.,, 2009). Sowing date designate
flowering time and has a great impact on dry
matter accumulation and seed yield (Sofield,
1977). Therefore, optimum sowing dates should
be determined to improve seed yields and stability
in sunflower farming (Cosge and Ulukan, 2005). In
addition, cultivar characteristics, cultivarxsowing
date interactions should also be known for high
yield in sunflower farming. Previous researchers
reported significant decreased in seed yields with
increasing shifts from normal sowing dates. Alkan
(1973) reported about 25 — 35% increases in seed
yields with early sowings. Such differences in seed
yields were mostly attributed to cultivars,
temperatures at different growth stages and
environmental factors. The determination of the
sunflower genotypes suitable for the region will
provide the opportunity to obtain high-yield and
high the
environment and climatic factors of the region in

quality products because soil,

which they are grown are very useful in
determining seed yield and oil content (Gul and
Coban, 2020).

Differences in protein ratios of the genotypes
were found to be significant at p<0.05 level (Table
1). Protein ratios of the genotypes varied between
17.1 - 20.0% with the greatest value from LG-5485
genotype and the lowest value from Tarsan 1018
genotype. Protein ratios generally vary with the
genetic structure of the genotypes. Oztiirk and
Kizilgeci (2018) indicated that sowing date also
significantly influenced protein ratio and
decreasing protein ratios were reported with

delayed sowings. Present findings on protein ratios
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comply with the results of Ergen and Saglam
(2005).

There were significant differences in oil ratios of
the genotypes in Table 2. Qil ratios varied between
36.3-44.6% with the greatest value from Armada
CL genotype (44.6%). Chemical composition of
sunflower seeds may vary based on various factors
including growing conditions, temperature,
fertilization, irrigation and cultivar characteristics.
Alem et al. (2016) found that the oil content of
sunflower genotypes grown in different locations
were between 28.18-33.50%. High temperatures
at seed formation stage generally reduce oil ratios
(Gurblz et al., 2003). Low temperatures at seed
formation period and late sowings were also
reported to reduce oil ratio of sunflower seeds
1997; Patané et al., 2017).

Environmental factors, especially temperatures at

(Bange et al.,

seed development and ripening stages influence
1983).
However, temperature has varying effects on oil

oil ratio of sunflower seeds (Seiler,
ratio. Harris et al., (1978) reported decreasing oil
ratios with increasing temperatures. Oztiirk et al.
(2017) and Caliskan et al. (2002) reported that
early sowings had greater oil ratios than late
sowings. It was also reported in the other relevant
studies that oil ratios varied largely based on
cultivars and growing conditions (Stanojevic et al.,
1998; Ozer et al., 2003; Cosge and Ulukan, 2005).
Present differences in oil ratios were mostly
attributed to differences in cultivars and different
ripening groups of the cultivars. Cveji¢ et al. (2015)
reported that there are significant differences
between genotypes grown in different locations in
terms of oil content and oil yield depending on
climatic and environmental factors.

Table 2. Oil ratio and fatty acid contents of sunflower genotypes in the experimental

Genotypes rgclilo Oleic Linoleic Stearic Palmitic
(%) acid ratio (%) acid ratio (%) acid ratio (%) acid ratio (%)
Nantio 40.6 29.9 53.1 5.9 7.9
Turkuaz 36.3 32.0 53.1 4.5 7.4
Sanbro 42.5 33.6 51.8 4.4 6.8
Sanay MR 42.7 34.4 51.4 4.2 6.8
Armada CL 44.6 37.2 49.9 3.9 5.7
Bosfora 41.8 37.8 50.7 3.5 5.0
Tarsan 1018 44.0 34.2 51.5 4.3 6.6
Lg 5580 41.4 30.2 55.3 4.9 6.9
Sirena 42.4 36.8 51.6 3.8 5.7
Transol 43.2 35.4 51.5 4.3 6.0
LG 5485 37.8 35.1 51.3 4.3 6.1
Coral 40.3 32.5 53.4 4.3 7.0
Tunca 41.3 31.7 55.7 4.0 6.3
Variance analysis

F value 4,99%* 12.05** 4.23** 5.91** 10.64**
LSD 3.48 2.15 2.28 0.70 0.69
cv 5.00 3.78 2.60 9.5 6.33

* Significance difference at p < 0.05. ** Significance difference at p < 0.01, LSD: Least significant differences, CV: Coefficient

of variation

Quality bioactive compounds of oil seeds may vary based

There were significant differences in oleic acid
and linoleic acid contents of the genotypes (Figure
2). Oleic acid contents varied between 29.9 -37.8%
with the lowest values from Nantio (29.9%)
genotypes and the greatest value from Bosfora
Oil
other

genotype (Table 2). yield and chemical
fatty

composition, may vary based on triglycerols and

composition, in words, acid
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on cultivars, location and post-harvest
technologies (White, 2007). These three factors
significantly influence oil characteristics. Besides,
oil yield and chemical composition also influenced
by
environmental (abiotic and biotic) factors. Abiotic

unforeseen factors including especially

factors include growth

(humidity,

season-dependent

parameters temperature, light
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CO; levels and

agronomic factors like soil mineral contents)

intensity, moisture content,

Genotypes

(Schulze et al., 2005). These factors allow optimum
plant growth and development.

Figure 2. Average oleic acid and linoleic acid content of some genotypes in the examined

Filipescu and Stoenescu (1978) indicated that
oleic acid contents of different sunflower seeds
may depend on temperatures from flowering to
physiological maturity. The other researchers
pointed out the effects on solar radiation and day
lengths on oleic acid contents and reported
increasing oleic acid contents with increasing
temperatures in seed formation period (Samanci
and Ozkaynak, 2003). Increasing temperatures
reduce the activity of enzymes catalyzing acid

synthesis (Broun and Somerville, 1997). A unit

increase in temperatures (1 oC) in seed formation
period resulted in about 0.2% increase in oleic acid
content (Demurin et al., 2000). Increased oleic acid
contents were also reported at high temperatures
(Roche et al., 2004). Ambient temperature and soil
moisture positively influence seed oil contents
(Ylcel et al., 1977); but oil yields (Ashley et al.,,
2001; Leto, 1998) and quality (especially oleic and
linoleic acid contents) (Blamey et al., 1997)
decrease at late sowings. Differences in above-
ground parts of the plants in early and late sowings
indicate the effects of sowing date on yields (Vega
and Hall, 2002).

The greatest linoleic acid contents were
obtained from Tunca (55.7%) and LG5580 (55.3%)
genotypes and the lowest linoleic acid contents
were obtained from Armada CL (49.9%) and
Bosfora (50.7%) genotypes (Table 2). Fatty acid
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compositions are largely influenced by genetic
characteristics of the genotypes, environmental
factors, sowing and harvest dates. Latitudes of
the growing site also influence fatty acids
(Robertsan et al., 1978). Increasing temperatures
influence desaturase enzyme activity converting
oleic acid into linoleic acid, thus increase linoleic
acid content (Harris et al., 1978). It was observed
in present study that low temperatures at the end
of flowering and in seed formation periods or
short photoperiods reduced linoleic acid
contents. Popa et al. (2017) reported linoleic acid
contents at late sowing as between 59.02 - 64.11%
and indicated that linoleic acid contents increased
with delayed sowing dates. Contrarily, Flagelle et
al. (2002) reported increased linoleic acid contents
at early sowings. It was reported that linoleic acid
accumulation was observed at low temperatures
and oleic acid at high temperatures (Tremolieres
and Jacques, 1984).

There were significant differences in stearic acid
and palmitic acid contents of the genotypes (Figure
3). Stearic acid contents varied between 3.5-5.9%
with the greatest value from Nantio genotype and
the lowest value from Bosfora genotype. Of the
other important fatty acid components, stearic
and palmitic acid contents are largely influenced
by locations, genotypes, plant genetics and abiotic

factors. Increasing stearic contents at hot regions
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indicate that temperature was a significant factor
controlling stearic acid biosynthesis. Khalil, (2000)
reported significant differences in stearic acid
content of sunflower genotypes and indicated that
low temperatures at plant growth stages increased
stearic acid contents. Ahmad and Hassan (2000)
indicated that low temperatures and a smaller

Steari

Falmitic

Genotypes

number of degree-days supported stearic acid
accumulation. Popa et al. (2017) reported that
sowing date and weather conditions did not
influence stearic contents of the cultivars. It was
reported in another study that the greatest stearic
acid content was obtained from early sowing
dates (Ferfuia and Vannozi, 2015).

Figure 3. Average stearic acid and palmitic acid content of some genotypes in the examined

The greatest palmitic acid content (7.9%) was
obtained from Nantio genotype and the lowest
(5.0%) from Bosfora genotype. Qil crops do not
have constant fatty acid components and fatty acid
by
factors

composition is influenced cultivar

characteristics, environmental and
temperature. Low or high palmitic acid contents
may be influenced by temperatures at seed
formation period. High temperature in this period
was reported to increase palmitic acid contents
2015).

between investigated parameters are provided in

(Ferfuia and Vannozzi, Correlations
Table 3. Head diameter had significant and positive

correlations with 1000-seed weight and seed yield.
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Oleic acid rate had significant and positive
correlation with plant height and head diameter.
Plant height had

correlations with head diameter, seed yield and

significant and negative
1000-seed weight. There were significant and
negative correlations between oil ratio and protein
ratio. There were negative correlations also
between oleic acid and linoleic acid and between
stearic acid and oleic acid ratios. Dogan, (2010)
that

correlations with 1000-seed weight and seed yield.

reported head diameter had positive
It was reported in another study that plant height
had negative correlations with oil rate and head

diameter (Tozlu et al., 2008).
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Table 3. Correlation among yield parameters and fatty acid compositions (%) in different sunflower genotypes

PH HD 1000 SW SY OR PR 18:1 18:2 18:0 16:0
PH .
HD -0,262* .
1000 SW -0,253*  0,210**
SY -0,110*  0,459** 0,477**
OR -0,250 0,175 -0,386 0,125 .
PR 0,130 -0,083 -0,007 0,112 -0,298* .
Oleic 0,001** 0,118* -0,037* 0,149 -0,198 -0,185 .
Linoleic 0,013 0,131 -0,035 0,129 -0,131 -0,143 -0,952** .
Stearic 0,045 0,193 -0,066 0,038 -0,101 -0,245 -0,724**  -0,696
Palmitic 0,267 -0,203 -0,071 0,318 -0,206 -0,085 -0,720**  -0,633* -0,230**

PH: Plant height, HD: Head diameter, 1000 SW: Seed weight, SY: Seed yield, OR: Qil rate, PR: Protein rate, 18:1: Oleic acid,

18:2: Linoleic acid, 18:0: Stearic acid, 16:0: Palmitic acid

* Significance difference at p < 0.05. ** Significance difference at p <0.01,

Conclusion

Seed yield and fatty acid composition are the
most significant parameters in sunflower farming.
In this study, the greatest seed yield, 1000-seed
weight, head diameter and linoleic acid content
were obtained from LG-5580 genotype. It was
therefore concluded that the genotype LG-5580
could be reliably used in sunflower farming under
ecological conditions in the Diyarbakir province of
Turkey.
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Arastirma, Ekinezyanin (E. purpurea (L.) Moench) verim ve bazi tarimsal 6zelliklerini belirlemek
amaciyla, Sanliurfa kosullarinda yuritiImustir. Gozlemler 2017 yilinda dikilen bitkilerde, 2018
yaz slresince tesadifen secilen, 50 bitkide alinmistir. Sezon boyunca, bitkilere gére 1-4 bicim
alinmis ve bicimlere gére bitki boyu (5.00-70.00 cm), sap sayisi (1.00-5.00 adet ocak), yan dal
sayisi (0.00-16.00 adet bitki?), cicek sayisi (1.00-17.00 adet bitki), taze herba verimi (1.00-
270.70 g bitki?), kuru herba verimi (0.078-69.76 g bitkil), kuru yaprak verimi (0.005-22.54 g
bitki?), taze cicek verimi (1.00-76.58 g bitki!), kuru ¢icek verimi (0.014-17.79 g bitki?), taze kék
verimi (4.78-94.85 g bitki?) ve kuru kék verimi (1.35-35.73 g bitki?) gdzlemleri alinmistir.
Ayrica, kuru yaprakta ugucu yag orani, kuru kékte ugucu yag orani, kuru sapta ugucu yag orani,
kuru cicekte ugucu yag orani ve kuru rozet yaprakta ugucu yag orani ve bitki organlarina gére
ugucu yag bilesenleri dagilimi belirlenmistir. incelenen &zellikler yéniinden bitkiler arasinda
blyilik varyasyonlar saptanmis ve en yiiksek degerler birinci bicimden elde edilmistir. Genel
olarak sicaklik artisi geciken bigimlerde verimi dliistirmistur.

Anahtar Kelimeler: Echinacea purpurea, Bitkisel 6zellikler, Ugucu yag orani, Ugucu yag
bilesenleri

ABSTRACT

The research was carried out to determine the yield and some agricultural characteristics of
Echinacea (Echinacea purpurea (L.) Moench) in Sanliurfa conditions. All observations were
taken on 50 plants, selected by randomized, during the summer of 2018 in plants planted in
2017. Throughout the season, 1-4 harvests were taken according to the plants. During the
research, plant heights (5.00-70.00 cm), numbers of stem (1.00-5.00 number plant?),
branches numbers (0.00-16.00 number stem™), flower numbers (1.00-17.00 number plant?),
fresh herb yields (1.00-270.70 g plant?), dry herb yields (0.078-69.76 g plant), dry leaf yields
(0.005-22.54 g plant™), fresh flower yields (1.00-76.58 g plant™), dry flower yields (0.014-17.79
g plant®) and fresh root yields (1.35-35.73 g plant®) observations were made at each harvest.
Also besides, essential oil ratio in the dry leaf, dry root, dry stem, dry flower, and dry rosette,
and distribution of essential oil components by plant organs were determined. In terms of the
characteristics studied, large variations were detected among the plants, and the highest
values were obtained from the first harvest. Overall, it was reduced yields in delayed harvests
due to an increase in temperature.

Key Words: Echinacea purpurea, Plant characteristics, Volatile oil rate, components of
essential oil
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Giris

Ekinezya, Kuzey Amerika kokenli, Asteraceae
familyasindan cok yillik otsu bitkidir (Mat, 2002).
Amerika ve Kanada da bulunan Ekinezya tlrleri
Kuzey Amerika'nin endemik bitkilerinden biri
Ulkemizde bu bitki
kirpibasi, otu, ince

olarak  taninmaktadir.

ekinezya, erguvani kirpi
yaprakli eflatun koza gicegi, samson koku olarak
adlandirilir (Kigukali, 2012)
Ekinezya ¢ok yonli bir kullanim alanina
sahiptir. Ekinezyanin sigir ve atlarin yemlerine
ilave katki olarak verildiginde, istah acici ve
biuylimeye etkili oldugu bildirilmistir (Kindscher,
1989). Amerika Birlesik Devletleri'nde genellikle
diyet i¢in kullanilan ekinezya bitkisi; Almanya'da
ise, cogu Ekinezya Urini ilag olarak lisanslanmis
ve eczanelerde satilir durumdadir (Mat, 2002).
bitkisinden

enfeksiyonlari gidermede ve bagisiklik sistemini

Ekinezya elde edilen ilaglar;

glclendirmek icin  kullanilmaktadir. Ekinezya

turleri, Amerika vyerlileri tarafindan vyaralarin
tedavisinde, bas agrilarina ve mide agrilarina bagl
hastaliklarda ve bronsit gibi kronik hastaliklarda
kullanilmistir.  Farmakolojik etkileri tam olarak
ispatlanmamis olmakla birlikte yapilan calismalar
bagisiklik sisteminin uyarici olarak bilinmektedir
(Omidbaigi, 2002). Ekinezya bitkisinin kokinden
hazirlanan preparatlar, lst solunum yolu ve idrar
tedavisinde  kullanilir.

yolu enfeksiyonlarinin

Buglin, ekinezya tirlerinden elde edilen
preparatlar, 6zellikle Avrupa (lkeleri ve ABD basta
olmak Uzere, diinya bitkisel ila¢ pazarinda 6nemli
bir yere sahiptir (Mat, 2002). En yaygin kullanim
alanlar bitkisel ¢caydir, ayrica antioksidan etkilere
sahiptir (Gllpinar, 2009). Bu nedenlerle Echinacea
Uretimi, tarimsal alanlarda, yayginlasmaktadir.
Echinacea’nin tedavide etkisi olan, kafeik asit
ve turevleri (kikorik asit, ekinakosit ve klorogenik
asit gibi), lipofilik asit ve tirevleri (izobutilamit
olusturan alkalamitler) ve ugucu yaglaridir. Kafeik
asit ve tlirevlerinin genel olarak, antibakteriyel ve
antiviral etkiye sahip oldugunu bildirilmektedir
(Bauer, 1998; Adam, 2002; Omidbaigi, 2002).
Kuzey Amerika'ya 6zgli cok yillik bir bitki olan
ekinezya glinimizde pek c¢ok ulke tarafindan

yetistiriimekte ticareti yapilmaktadir (Parmenter
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ve ark., 1992; Bruneton, 1999; Schar, 1999).

Ulkemiz icin yeni bir bitki olan ekinezyanin

adaptasyonu ve yetistirilme tekniginin
belirlenmesi ile ilgili ¢galismalar, bazi bolgelerde,
yapilmis (Coksari, 2012; Kuglikali, 2012; Sahan,
2012; Yesil ve Kan, 2013; Ozcan, 2014; Celik,
2016; Ulutas, 2016) ancak, Sanliurfa kosullarinda
hic calisiimamustir.

Yapilan bazi ¢alismalarda ekinezyanin ekolojik
kosullara, genotipe (Mat, 2002; Yesil ve Kan,
2013) ve yetistirme teknigine (Parmenter ve
Littlejohn, 1997; Muntean ve ark., 1998; Dufault
ve ark., 2003; Kreft, 2005; Chen ve ark., 2008;
Coksari, 2012; Kicikali, 2012; Ozcan, 2014;
Soldamli, 2016; Ulutas, 2016) gore verim ve
kalitesinin degistigi bildirilmistir.

Tirkiye’de Uretimi sinirli yapilan ekiznezya
bitkisinin, uygun bdlgelerde tariminin yapilmasi;
kiicik Ureticiler icin yeni ve alternatif bir gegcim
bitkisini
sektorlerin  kurulmasina ve gelismesine katki

kaynagl olmasi, ekinezya isleyecek

saglayacak olmasi ve ihracat potansiyelinin

bir  bitkidir.
Bolgemiz kosullarinda ilk defa yapilan bu ¢alisma

yuksekligi nedenleriyle o6nemli

ile ekinezyanin Sanlurfa kosullarinda, verim
bitkisel

belirlenmistir. Bu sonuglar, daha sonra yapilacak

potansiyeli ve bazi ozellikleri
calismalara zemin olusturmasi bakimindan 6nemli
olabilir.

Bu ¢alisma, Sanliurfa kosullarinda Ekinezyanin
(E. purpurea) verim, bazi bitkisel o6zellikler ve
ugucu vyag bilesenlerini belirlemek amacyla,

yurGtilmustir.

Materyal ve Yontem

Materyal
Arastirmalarda, Echinacea cinsine ait olan
Echinacea purpurea (L) Moench tird materyal
olarak kullanilmistir. Bitki tohumlari, Ege Tarimsal
Arastirma Enstitisinden temin edilmistir.
Universitesi

Arastirma, Harran

yerleskesinde,

Osmanbey

Tarimsal
2018
yihinda yurttilmastir. Sanlurfa ili, arastirma yih

Ziraat Fakltesi

Arastirmalar ve Uygulama Alaninin’da,

ve uzun yillar iklim verileri Cizelge 1’de verilmistir
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Cizelge 1. Sanliurfa ili uzun yillar ve deneme yili iklim verileri ortalamalari
Table 1. Sanliurfa province long years and trial year climate data averages

Aylar Sicaklik/Temperature (°C) Yag|§' r.nikt.arl Oransal nem
Months Mak. Min. Ortalama Prec(/np;/::y)t/on Humidity (%)
Average

Ocak 2018 14.6 4.1 4.9 14.0 62.1
January (6)7 21.6 10.6 5.5 88.3 70.5
Subat 2018 22.7 -6.8 6.5 2.6 45.6
February uy 25.5 -12.4 6.9 69.8 66.6
Mart 2018 23.9 1.5 12.7 44.0 56.8
March Uy 29.5 -7.3 10.7 62.8 60.4
Nisan 2018 32.3 3.1 16.6 85.6 50.9
April uy 36.4 -3.2 16.1 49.3 55.4
Mayis 2018 36.5 11.5 26.9 10.2 18.2
May uy 40.0 2.5 22.1 25.8 44.7
Haziran 2018 42.7 16.0 32.7 0.0 26.4
June uy 44.0 8.3 28.0 3.4 32.6
Temmuz 2018 45.0 24.3 40.2 0.0 3.7
July uy 46.8 15.2 31.9 0.6 30.5
Agustos 2018 46.6 24.0 36.2 0.0 28.9
August uy 46.2 16.0 31.3 0.8 33.3
Eyliil 2018 40.0 20.0 33.6 0.0 24.6
September )% 42.0 11.2 26.8 2.9 36.0
Ekim 2018 37.0 5.6 24.5 17.1 18.1
October uy 37.8 2.5 20.1 25.3 46.4
Kasim 2018 25.6 -3.5 11.3 29.0 43.0
November uy 30.8 -6.0 12.8 44.5 58.8
Aralik 2018 15.1 -5.0 5.5 79.6 70.3
December uy 26.0 -6.4 7.4 78.8 69.3

Toplam 2018 282.1

Total Uy 452.3

UY: Uzun yillar/Many years

Cizelge 1'de, 2018 yili vejetasyon doneminde
saptanan  iklim  degerlerinin  uzun yillar
ortalamalarina gore, blyuk farkhliklar gosterdigi
gorilmektedir. Toplam yagis miktarinin deneme
yilinda 282.1 kg (m?), uzun yillar ortalamasinin
ise 452.3 kg (m?)! oldugu ve toplam vyagis
miktarinin deneme yilinda ¢ok daha az dustigu
gorilmektedir (Anonim, 2019). Deneme yilinda,
oransal nem (%) degerinin genel olarak, uzun
yillar ortalamalarindan distk oldugu ve sicaklik
ortalamalarinin, 6zellikle Mayis, Haziran, Temmuz,
Agustos, Eylil ve Ekim aylarinda, uzun vyillar
degerlerinden yiksek oldugu gorilmektedir.

Deneme alani topraklari pH degerinin 7.59,
oldugu, kireg, potasyum ve magnezyumca zengin,
fosfor oranin distik ve organik madde ve azotca

fakir oldugu belirlenmistir.

Yéntem
Fide yetistirilmek amaciyla ekinezya tohumlari,
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torfla doldurularak ekimi icin hazirlanan viyollere,
her goze (¢ adet tohumu olacak sekilde, Mart
(2017) ayinin ilk haftasi elle ekilmistir. Hazirlanan
viyollerin (zeri naylon ile ortiilerek fideler, soguk
ve dona karsl korunakli hale getirilmistir. Ekimden

sora gerekli bakim islemleri (sulama,
havalandirma vb.) ihtiyaca gore yapilmistir.
Ekimden bir hafta sonra viyollerde c¢ikislar

gozlenmis ve daha sonra viyollerde tek bitki
kalacak sekilde, tekleme yapilmistir. Bitki istegine
baglh olarak sulama yapilmistir.

Dikim i¢in 6nce, deneme alani toprak hazirhgi
yapiimis ve 2017 Temmuz ayinin ilk haftasi, sira
arasi 70 cm ve sira lzeri 30 cm olacak sekilde
acilan ocaklara, tek parsel halinde, fideler elle
dikilmistir. Her siraya 10 bitki gelecek sekilde,
toplam 100 bitki dikimi Dikimle
beraber, dekara 10 kg saf Azot ve Fosfor gelecek
20-20-0 tabanina gilibresi
Dikimden hemen sonra fidelere can suyu verilmis

yapilmistir.

sekilde, verilmistir.
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ve toprak nem durumuna goére sulama yapilmistir.
Gerektiginde yabanci ot miicadelesi elle yapilarak,
bitkiler yetistirilmistir. Denemenin ilk yili herhangi
bir gdzlem alinmamistir.

Denemenin ikinci yilinda da deneme alanindaki
yabanci otlar ¢apa ile temizlenmistir. 2018 yilinda,
¢tkis doneminde 5 kg/da ve 1. bicimden sonra, 5
iki defa,
Amonyum Nitrat (%26) glbresi, (st glibre olarak

Haftada bir defa sulama
Rastgele belirlenen 50 bitkide,
mayis ayindan itibaren, ilgili gozlemler alinmistir.

kg da?l saf azot gelecek sekilde,

uygulanmistir.
uygulanmistir.

Bicimler, tam ciceklenme doneminde, bitkilerin
ayri ayri ciceklenme durumlarina goére, topraktan
5 cm yukseklikten, budama makasiyla yapilmistir.
Rastgele belirlenen bitkilerde ayri ayri; sapa
kalkma zamani (glin), ilk tomurcuklanma siresi
(glin), tam giceklenme siiresi (glin), bitki boyu
(cm), sap sayisi (adet ocak?), yan dal sayisi (adet
sap™), cicek sayisi (adet sap™), taze herba verimi
(g bitki?), kuru herba verimi (g bitki?), kuru sap-
yaprak-cicek verimleri (g bitki?), taze kék verimi (g
bitkit), kuru kék verimi (g bitki), 1. bicimde kuru
sap-yaprak-cicek ucucu yag oranlari (%) ve ucucu
yag
(2012)’ye gore, belirlenmistir. Kok ve rozet yaprak

bileseni  dagihmi  goézlemleri, Kigulkali
gozlemleri vejetasyon sonunda (20.10.2018), 25
bitki sokulerek, alinmistir.

Ucucu yag oranlari, tim hasat edilen bitkilerin
edilen  orneklerde

harmanlanmasiyla  elde

yapilmistir.

Ugucu yag bilesenlerinin belirlenmesi

Kuru sap, yaprak, cicek ve kokten su buhari
distilasyonu ile elde edilen ugucu yag ornekleri,
ucucu yag bilesenleri analizleri yapilincaya kadar,
derin dondurucuda saklanmistir.

Ucucu yag asitleri kompozisyonu analizleri,
“Shimadzu GC-2030” Gaz

Nexis marka
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(MS)
dedektori ve “Teknokroma capilary column TR-
CN100 (60m X 0.25mm X 0.20um) kapiler kolonu
kullanilarak, Harran Universitesi Bilim ve Teknoloji
Uygulama ve Arastirma Merkezi’'nde (HUBTAM),
yapilmistir. Tasiyici gaz olarak helyum (1 mL

Kromotografisinde, Kitle Spektroskopisi

dakika™) kullanilmistir. Kromatografi cihazi, firin
sicakhgr 165°C 15 dk tutulmus, sonra 5°C dk?
sicaklik artisi ile 200°C ulasilmis ve 40 dakika bu
sicaklikta bekletilmistir. Analizlerde, Hexzanla
seyreltilen, ucucu yag orneklerinden 1uL enjekte
edilmis ve 1/20 split orani kullanilmistir. Ugucu
yag asitleri oranlari, pik alanlarinin oransal
dagilimi yizdesi olarak belirlenmistir. Analizlerde
WILEY, NIST ve REPLIB kiittiphaneleri kullanilarak

ugucu yag bilesenleri belirlenmistir.

Verileri degerlendirilmesi
Elde edilen verilerin, minimum-maksimum

degerleri, genel ortalamalari ve standart

sapmalari, Excel paket programi kullanilarak,

belirlenmistir.
Aragtirma Bulgulari ve Tartisma

Fenolojik gézlemler

Denemede bitkilere gore, ikinci yil ¢ikislari 11-
30 Mart 2018 tarihleri, sapa kalkma 9-21 Mayis
2018 tarihleri, ilk tomurcuklanma 14-28 Mayis
2018 tarihleri ve ilk tam ciceklenme 23.06.2018-
30.08.2018 tarihleri
Cikis, sapa kalkma, ilk tomurcuklanma ve tam

arasinda gerceklesmistir.

ciceklenme tarihlerinin bitkilere gore, degisim
bitkilerin,
olamamasindan

gostermesi, tohumdan ¢ogaltilan

genotipik  olarak homojen
kaynaklanmaktadir. Sanhurfa kosullarinda 2018
yiinda, E. purpurea'da bitkilere gore saptanan
ilk
ciceklenme giin sayilari Cizelge 2’de gosterilmistir.

sapa kalkma, tomurcuklanma ve tam
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Cizelge 2. Sanhurfa kosullarinda, E. purpurea’da bitkilere gore saptanan sapa kalkma, ilk tomurcuklanma ve tam giceklenme

giin sayisi ortalama ve standart sapma degerleri (giin)

Table 2. Determined average and standard deviation values of the number of days of stem sprouts, first budding and full

blooming in E. purpurea in Sanhurfa conditions.

Minimum Maksimum Ortalama Standart Sapma
Average Standard Deviation

2?5; tzlr';':'lfs((g;ary) 51.00 60.00 57.46 +3.87
ilk tomurcuklanma (giin
First budding (de) (gun) 57.00 75.00 66.46 6.16
Tam giceklenme (gun)/ Full blooming (day)
1.Bigim/Harvest 85.00 168.00 116.86 +28.08
2.Bigim/Harvest 8.00 60.00 27.56 +14.92
3.Bigim/Harvest 32.00 60.00 51.50 +13.26

Ortalama/Average 67.00 96.00 65.31 +18.75

Cizelge 2'de gorildigu gibi, bitkilere gore
sapa kalkma giin sayisi ortalama 57.46+3.87 gilin
olarak, ilk tomurcuklanma giin sayisi ortalama
66.46+6.16 glin olarak ve bicimlere goére tam

ciceklenme gin sayisi, 1. Bicimde ortalama
116.86+28.08 gln, 2. Bigcimde ortalama
27.56£14.92 gin, 3. Bigimde ortalama

51.50+13.26 gilin olarak saptanmistir. Bitkilere
gore sapa kalkma, ilk tomurcuklanma ve tam

ciceklenme gin sayisi degerleri arasinda
farklihklar  saptanmistir. Genel olarak, tam
giceklenme giin sayilari  yoniinden bigimler

arasinda buyuk farkhliklar gdézlenmistir. Birinci
bicimden sonra, bitkilerden sadece 16 tanesinde
yeniden c¢iceklenme olmus ve bunlardan ikinci
bicimler alinmistir. ikinci bicim alinan bitkilerden
adedi
Dolayisiyla, g¢alismaya konu olan 50 bitkiden 34

ise, sadece 6 tekrar ciceklenmistir.
tanesinden bir bicim, 10 tanesinden iki bi¢cim ve
alti tanesinden de (¢ bicim alinabilmistir. ilk
ciceklenme siresi uzun siren bitkilerde, tekrar
giceklenme gozlenmemis ve tek bigim alinmistir.
Bu durum, genotipik farkhliktan, farkli genotipli
bitkilerin artan sicaklik ve gilineslenme siresine
(Cizelge 1), farkh

kaynaklanmis olabilir. Nitekim, Kigclkali (2012)

tepki  vermelerinden

ekinezyanin bir uzun gin bitkisi oldugu ve

Cukurova kosullarinda uzun glinlerde

ciceklendigini bildirilmektedir.

Bitkisel ézellikler
Sanliurfa E.

purpurea bitkilerinde saptanan bitki boyu, sap

kosullarinda, bicimlere gore,
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sayisi, yan dal sayisi ve ¢icek sayisi minimum,
maksimum, ortalama ve standart sapma degerleri
Gizelge 3'te verilmistir.

Cizelge 3'te gorildugl gibi, E. purpurea'da
suresince 4
yapilabilmistir.  Bitki boylarinin, 1. Bigimde
ortalama 39.16+15.98 cm oldugu, 2. Bigimde
ortalama 31.50+16.47 cm oldugu, 3. Bigimde
22.00+20.81 kok
hasadinda ortalama 14.80+17.67 cm oldugu; sap

vejetasyon toplam hasat

ortalama cm  oldugu ve
sayisi degerlerinin, 1. Bicimde ortalama 1.44+0.88
adet ocak™ oldugu, 2. Bicimde ortalama 1.25+0.68
adet ocak™ oldugu, 3. Bicimde ortalama 1.00 adet
ocak™? oldugu ve kék hasadinda sap olusmadigi;
yan dal sayisi degerlerinin, 1. Bicimde ortalama
3.62+2.75 adet sap™ oldugu, 2. Bicimde ortalama
2.75+1.17 adet sap? oldugu, 3. ve 4. hasat
donemimde bitkide yan dal olusmadigl; c¢icek
sayisi degerlerinin, 1. Bicimde ortalama 3.52+4.03
adet bitki! oldugu, 2. Bicimde ortalama 2.19+2.04
adet bitki oldugu, 3. Bicimde ortalama 1.00+0
adet bitki! oldugu ve kék hasadinda ciceklenme
olmadigi belirlenmistir.

Bitki boyu, sap sayisi, yan dal sayisi ve cicek
sayisl yonlinden bitkiler arasinda ve bigimler
arasinda blylk oranda farkhliklar saptanmistir.
Genel olarak, geciken bicimlerde bitki boyu, sap
sayisi, yan dal sayisi ve cicek sayisi azalmistir.
Bitkiler blayuk farklihk,
¢ogaltilan bitkilerin genotipik olarak homojen
bir
kaynaklanabilir. Bicim siralarindaki farkhlik ise,

arasindaki tohumla

olmadiginin gostergesidir ve bundan

bitkinin yetisme donemlerinde maruz kaldigi iklim
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kosullari farklihgindan kaynaklanabilir. Nitekim,

(Cizelge 1)
incelendiginde geciken bigimlerde havanin daha

deneme alani iklim degerleri
sicak ve kurak oldugu gozlenmektedir.
Bitki boyu degerlerimiz, bazi arastiricilarin
(Ozcan, 2014; Ulutas, 2016) bildirdigi degerlerden
(60-102 cm) dusuk bulunmustur. Sap sayisi
incelendiginde, bulgularimizin  Ozcan (2014)

bildirdigi degerlere (2.10-4.12 adet ocak™) benzer,

Kiglkali (2012) bildirdigi degerlerden (2.07-2.47
adet ocak) disik oldugu gorulmektedir. Cicek
sayisi degerlerimizin ise, Ozcan (2014)'1n bildirdigi
degerlere (1.77-5.24 adet bitki) benzer, bazi
arastiricilarin - (Ktgukali, 2012; Ulutas, 2016)
bildirdigi degerlerden (13.03-47.00 adet bitki?)
disiik oldugu saptanmistir. Bu durum ekolojik
farkhliklardan, bitki
tekniginden kaynaklanabilir.

yasindan ve yetistirme

Cizelge 3. Sanhurfa kosullarinda, E. purpurea’da, bitkilerinde saptanan bitki boyu, sap sayisi, yan dal sayisi ve gicek sayisi

ortalama ve standart sapma degerleri.

Table 3. Determined average and standard deviation values of the plant height, number of stems, number of branches and
number of flowers in E. purpurea in Sanlurfa conditions.

Ornek sayisi
Bigim sirasi Number of Minimum Maksimum Ortalama Standart sapm.a
Harvest number samples Average Standard deviation
observed
Bitki Boyu/Plant Height (cm)
1.Bicim/Harvest 50 10.00 70.00 39.16 +15.98
2.Bigim/Harvest 16 5.00 70.00 31.50 +16.47
3.B¢im/Harvest 6 10.00 64.00 22.00 +20.81
Kok hasad/ 25 10.00 40.00 14.80 +17.67
Root harvest
Ortalama 24.25 8.75 61.00 26.87 17.73
Average
Sap sayisi (adet ocak™!)/Number of stems (number plant?)
1.Bigim/Harvest 50 1.00 5.00 1.44 +0.88
2.Bigim/Harvest 15 1.00 3.00 1.25 +0.68
3.Bigim/Harvest 6 1.00 1.00 1.00 +0.00
Kok hasadi/
Root harvest i i i i
Ortalama 17.75 1.00 3.00 1.23 0.78
Average
Yan dal sayisi (adet sap™t)/Number of branches (number stem™)
1.Bigim/Harvest 50 1.00 16.00 3.62 +2.75
2.Bicim/Harvest 8 2.00 5.00 2.75 +1.17
3.Bigim/Harvest
Kok hasadi/
Root harvest i i i i
Ortalama 29 1.00 7.00 3.19 +1.95
Average
Cicek sayisi (adet bitkit)/Number of flowers (number plant?)
1.Bigim/Harvest 50 1.00 23.00 3.52 +4.03
2.Bicim/Harvest 16 1.00 9.00 2.19 +2.04
3.Bigim/Harvest 6 1.00 1.00 1.00 +0
Kok hasadi/
Root harvest i i i i
Ortalama 24 1.00 11.00 2.22 +3.04
Average

Verimi degerleri

E. purpurea’da bitkilere gore, farkh bicimlerde
saptanan bitki basina taze herba verimi, kuru
herba verimi, kuru cicek verimi, kuru yaprak
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verimi ve kuru sap verimi minimum, maksimum,
ortalama ve standart sapma degerleri Cizelge 4’te
verilmistir.
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Cizelge 4. Sanliurfa kosullarinda, E. purpurea’da, taze herba verimi, kuru herba verimi, kuru gigcek verimi, kuru yaprak verimi
ve kuru sap verimi ortalama ve standart sapma degerleri.
Table 4. Determined average and standard deviation values of the fresh herb yield, dry herb yield, dry flower yield, dry leaf
yield and dry stem yield in E. purpurea in Sanlurfa conditions.

Ornek sayisi
Bigim sirasi Number of - . Ortalama Standart sapma
Minimum Maksimum .
Harvest number samples Average Standard deviation
observed
Taze herba verimi (g bitkit)/Fresh herb yield (g plant™)
1.Bicim/Harvest 50 1.60 183.1 36.06 +50.78
2.Bigcim/Harvest 15 1.00 63.18 21.80 +20.53
3.Bigim/Harvest 6 2.10 13.35 8.49 +5.00
KOk hasadi/ 25 8.73 101.85 48.28 £22.90
Root Harvest
Ortalama 24 2.9575 44.595 28.79 +19.67
Average
Kuru herba verimi (g bitki!)/Dry herb yield (g plant™)
1.Bigim/Harvest 50 0.80 69.76 8.95 +12.91
2.Bi¢cim/Harvest 17 0.10 18.23 6.41 +5.81
3.Bg¢im/Harvest 6 0.60 3.40 2.35 +1.15
KOk hasadi/ 25 2.66 35.74 15.39 +7.90
Root harvest
Ortalama 24.5 1.04 31.78 8.28 6.94
Average
Kuru cicek verimi (g bitki)/Dry flower yield (g plant?)
1.Bicim/Harvest 50 0.014 17.79 2.56 +3.13
2.Bigim/Harvest 17 0.10 8.64 2.05 +2.08
3.Bigim/Harvest 6 0.40 2.40 1.43 +0.68
Kok hasadi/
Root Harvest i i i i
Ortalama 24.33 0.17 9.61 2.01 +1.97
Average
Kuru yaprak verimi (g bitki*)/Dry leaf yield (g plant?)
1.Bicim/Harvest 50 0.005 22.54 3.19 +4.46
2.Bigim/Harvest 15 0.40 9.16 2.38 +2.61
3.Bigim/Harvest 12 0.60 1.10 0.52 +0.38
Kok hasadi/
Root Harvest i i i i
Ortalama 25.67 0.34 10.93 2.03 +2.48
Average
Kuru sap verimi (g bitki)/Dry stem yield (g plant?)
1.Bicim/Harvest 50 1.38 132.86 36.60 +50.78
2.Bigim/Harvest 16 0.10 6.98 1.97 +2.14
3.Bigim/Harvest 6 0.20 0.60 0.35 +0.15
Kok hasadi/
Root Harvest i i i i
Ortalama 24 0.56 46.81 12.97 +17.69
Average

Cizelge 4’te goruldugi gibi, taze herba verim
degerlerinin, 1. Bicimde ortalama 36.06+50.78 g
bitki! oldugu, 2. Bicimde ortalama 21.80+20.53 g
bitki' oldugu, 3. Bicimde ortalama 8.49+5.00 g
bitki? oldugu ve kdk hasadinda ortalama
48.28+22.90 g bitki* oldugu; kuru herba veriminin
1. Bicimde ortalama 8.95+12.91 g bitki! oldugu, 2.
Bicimde ortalama 6.41+5.81 g bitki* oldugu, 3.
Bicimde ortalama 2.35+1.15 g bitki! oldugu ve
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kok hasadinda ortalama 15.39+7.90 g bitki*
oldugu; kuru cicek verimi degerlerinin 1. Bicimde
ortalama 2.56+3.13 g bitki! oldugu, 2. Bicimde
ortalama 2.05+2.08 g bitki! oldugu, 3. Bicimde
ortalama 1.43+0.68 g bitki? oldugu; kuru yaprak
verimi degerlerinin 1. Bicimde ortalama 3.19+4.46
g bitki! oldugu, 2. Bicimde ortalama 2.38+2.61 g
bitki' oldugu, 3. Bicimde ortalama 0.52+0.38 g
bitki? oldugu; kuru sap verimi degerlerinin 1.
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Bicimde ortalama 36.6+50.78 g bitki* oldugu, 2.
Bicimde ortalama 1.97+2.14 g bitki oldugu, 3.
Bicimde ortalama 0.35+0.15 g bitki? oldugu
belirlenmistir. Taze herba verimi, kuru herba
verimi, kuru gicek verimi, kuru yaprak verimi ve
kuru sap verimi degeri yoniinden bitkiler arasinda
ve bicimler arasinda bulyik oranda farkliliklar
saptanmistir. Genel olarak, incelenen tiim
Ozelliklerde en ylksek ortalama degerler 1.
Bicimden elde edilmistir. Geciken bigimlerde taze
herba verimi, kuru herba verimi, kuru gicek
verimi, kuru yaprak verimi ve kuru sap verimi
degeri Bitkiler

farkhlik, tohumla g¢ogaltilan bitkilerin genotipik

azalmistir. arasindaki  blyuk
olarak homojen almadiginin bir gostergesidir ve

bundan kaynaklanabilir.  Bicimler arasindaki
farklihklar, bitkinin yetisme donemlerinde maruz
kaldig

Deneme alani

iklim  kosullarindan  kaynaklanabilir.

iklim degerleri incelendiginde,

geciken bicimlerde havanin daha sicak ve kurak

oldugu gozlenmektedir. Sicaklarin artisiyla ve bitki
gelisimi azalmis ve bu durum geciken bigimlerde
verimlerde diisme olarak kendini gdstermistir.
Benzer bulgulari Ozcan (2014), ekinezyada dusiik
sicakliklarin bitkilerin gelisimine olumlu, artan
sicakliklarin ise bitkilerin gelisimine olumsuz
etkiledigini, belirtmistir.

Verimi  degerlerimiz, genel olarak bazi
arastiricilarin (Kdgtkali, 2012; Yesil ve Kan, 2013;
2016) bildirdikleri
bulunmustur. Bu durum,
bitki  yas!

farkhligindan kaynaklanabilir.

degerlerden disuk
bitki
bolge

Ulutas,
yetistirtme
kosullari

teknikleri, ve

Taze kok verimi

E. purpurea’da kok verimi icin sokilen 25
bitkide saptanan, taze ve kuru koék verimi
minimum, maksimum, ortalama ve standart

sapma degerleri Cizelge 5’te verilmistir.

Cizelge 5. Sanliurfa kosullarinda, E. purpurea’da taze ve kuru kék verimi ortalama ve standart sapma degerleri.
Table 5. Determined average and standard deviation values of the fresh root yield and dry root yield in E. purpurea in

Sanliurfa conditions.

Minimum Maksimum Ortalama Standart sapma
Average Standard deviation
Taze kok verimi (g bitki?)
+

Fresh root yield (g plant™) 4.78 94.85 36.54 120.21

Kuru kok verimi (g bitki) 1.35 35.73 12.20 +7.04

Dry root yield (g plant™)

Cizelge 5’'te, bitkide taze kok verimi arastiricilari  (Kugikali, 2012; Ozcan, 2014)

degerlerinin 36.54+20.21 g bitki’* oldugu ve kuru
kok verimi degerlerinin ise ortalama 12.20+7.04 g
bitki' oldugu goérulmektedir. Taze ve kuru kok
verimi degeri yonlinden bitkiler arasinda buyik
bu
farklihk, tohumdan cogaltilan bitkilerin genotipik

farkhliklar gozlenmistir. Bitkiler arasindaki
olarak homojen almadiginin bir gostergesidir ve
bundan kaynaklanabilir.

Kok verimi degerlerimiz, genel olarak bazi
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bildirdikleri degerlerden disik bulunmustur. Bu
durum, bitki yetistirtme teknikleri, bitki yasi ve
bolge kosullari farkhligindan kaynaklanabilir.

Ucucu yag orani ve bilesenleri

Denemede E. purpurea bitkisinde 1. Bicimde
farkli organlarda saptanan ortalama ucgucu yag
orani ve ucucu yag bilesenleri oransal dagilim
degerleri (%) Cizelge 6’da verilmistir.
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Cizelge 6. E. purpurea’da, farkli organlarda saptanan, ortalama ucgucu yag orani ve ucucu yag bilesenleri dagilimi.
Table 6. Determined average essential oil ratio and distribution of essential oil components from
different organs in E. purpurea in Sanlurfa conditions.

Pik Alani/Peak Area (%)

Cikis
Zamani Yaprak Rozet Sap Cicek Kok
R. Time Leaf Yaprak Stem Flower Root
Rosette Leaf

Ugucu yag orani
Essential Oil Ratio (%) 0.04 0.04 0.03 0.04 0.03
Bilesen Adi/Component Name
Alpha-Pinene 11.489 - 0.42 8.20 7.47 0.65
Camphene 12.180 - - 0.41 - -
3-Hexyl Hydroperoxide 12.323 10.52 5.51 1.59 10.14 10.06
Verbenene 12.458 - - 0.30 -
2-Hexyl Hydroperoxide 12.792 14.61 5.49 191 11.28 10.19
3-Hexen-2-One 13.297 - - - - 1.82
Cyclohexyl Methyl Ketone 13.296 - - - 1.15 -
Sabinene 13.410 - 0.68 0.53 - 0.89
(-)-Beta-Pinene 13.542 - - 1.09 1.29 1.63
Myrcene 14.350 - - - - 0.54
Beta-Myrcene 14.407 - 1.49 3.38 - -
Alpha-Phellandrene 14.954 - - - 3.74
P-Cymene 16.039 - 1.13 0.49 3.52 1.57
Limonene 16.181 - - 1.74 1.59 -
Isopropylaniline 19.118 1.22 - - -
N-Ethyl-P-Toluidine 19.150 - - - 1.26
Linalool 19.907 - 0.76 - - -
Alpha-Campholenic Aldehyde 21.135 - - 1.98 - -
6-Isopropenyl-3-Methoxymethoxy-3- 21.479 i i 0.83 i i
Methyl-Cyclohexene
Pinocarveol 21.784 2.50 - 2.35 1.70 -
(-)-Cis-Verbenol 21.906 2.95 - 1.26 1.20 -
Verbenol 22.094 11.62 - 6.65 4.90 1.08
P-Mentha-1,5-Dien-8-0l 22.311 - - 0.63 - -
2,6-Dimethylocta-1,5,7-Trien-3-0l 22.760 - - 0.29 - -
Pinocarvone 22.970 - - 0.52 - -
P-Mentha-1,5-Dien-8-0l 23.245 - - 0.52 - -
Terpinen-4-0l 23.750 - - 0.71 - -
P-Cymen-8-0l 24.151 1.18 - 0.78 - -
1,5-Heptadiene, 3,3-Dimethyl-, (E)- 24.336 - - 0.47 - -
1-Alpha-Terpinyl Acetate 24.435 - - 0.34 - -
D-Myrtenal 24.670 - - 1.57 - -
Myrtenol 24.720 - 1.06 - -
Verbenone 25.276 5.25 - 1.55 1.81 -
Trans-Carveol 25.835 1.29 - - - -
Cis-Carveol 25.839 - - 1.23 - -
Carvone 27.016 - - 0.61 - -
Linalyl Acetate 27.674 - 0.94 - - -
Carvacrol 29.900 1.96 14.07 0.35 - -
Beta. Bourbonene 33.800 - 1.19 - - -
Beta-Elemene 34.025 - - 0.31 - 0.86
Caryophyllene 35.336 - 3.32 1.11 1.80 3.33
Germacrene-D 35.758 - 0.67 - 6.70 -
Trans-Alpha-Bergamotene 35.956 - - 0.56 - -
Alpha-Humulene 36.843 - 2.18 0.37 - 0.92
1,13-Tetradecadiene 37.473 - - - - 2.18
Germacrene-D 37.951 1.07 50.65 3.31 - 42.19
(E)-Beta-Farnesene 38.091 - - 0.26 - -
Tetradecan-1-Ol 38.284 - - - - 0.59
Cubedol 38.549 - - 0.27 - -
T-Muurolol 38.563 - - - 1.58
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Cizelge 6’'nin devami

Pik Alani/Peak Area (%)

Gikis Rozet
Zamani Yaprak Sap Cicek Kok
R. Time Leaf Yaprak Stem Flower Root
Rosette Leaf

Bicyclogermacrene 38.702 - 1.78 - - -
Cubedol 39.430 - - 0.38 2.40 -
(+)-Delta-Cadinene 39.742 - - 0.55 - -
(-)-1solongifolol, Acetate 39.746 - - - 3.68 -
4,8,13-Duvatriene-1,3-Diol 40.051 - - 0.30 - -
But-3-Enal, 2-Methyl-4-(2,6,6-
Trimethyl-1-Cyclohexenyl)- 41.005 i i 2.01 i i
Nerolidol 41.407 - 0.85 0.24 - -
1,5-Epoxysalvial-4(14)-Ene 41.559 3.95 - 2.99 - -
Bourbonol 41.924 - - - - 1.04
1(10),5-Germacradien-4-0l 42.000 - 0.85 - - -
Spathulenol 42.008 6.66 - 4.49 2.61 -
Caryophyllene Oxide 42.224 8.64 0.77 7.47 4.81 -
4-Bromo-1-Naphthylamine 42.432 - - 0.63 - -
Ethyl Chrysanthemate 42.656 1.36 - - - -
Salvial-4(14)-En-1-One 42.666 - - 1.24 - -
Junipene 43.120 0.53 -
Menthalactone 43.298 2.15 - - - -
Humulene Epoxide 43.312 0.59 3.27 3.15
Boronal 43.820 - - 0.66 - -
Germacrene B 43.956 - - 0.29 - -
Spathulenol 44.071 - - 0.32 - -
(+)-3-Carene, 4-isopropenyl- 44.226 - - 0.49 - -
3-Ethyl-3-Hydroxy-5alpha-
Androstan-17-One 44.388 i i 0.55 i i
Gamma-Cadinene Aldehyde 44.456 - 2.24 - - -
Aromadendrene Epoxide 44.750 - - 1.25 - -
Bicyclo[6.3.0]Undeca-1(8),9-Diene,
11,11-Dimethyl- 44.909 i i 1.07 i i
Widdrol 45.065 5.85 - 3.74 4.76 -
Alpha-Cadinol 45.125 - 0.99 - - 4.82
4-(2,4,4-Trimethyl-
Bicyclo[4.1.0]Hept-2-En-3-Yl)-Butan-  45.217 1.13 - - - -
2-One
Cyclamal 45.251 - - - 2.12
Trans-Alpha-Bergamotene 45.220 - - 1.07 - -
1,3,3-Trimethyl-2-(2-Methyl- 45.740 i i 0.75 i i
Cyclopropyl)-Cyclohexene
2,3,3-Trimethyl-2-(3-Methyl-Buta-
1,3-Dienyl)-Cyclohexanone 45.907 i i 0.28 i i
4(14)-Salvialen-1-One 46.157 - - 0.83 - -
9-Isopropyl-1-Methyl-2-Methylene-
5-Oxatricyclo[5.4.0.0(3,8)]Undecane 46.295 i i i i 2.75
6-Isopropenyl-4,8a-Dimethyl-
1,2,3,5,6,7,8,8a-Octahydro- 46.306 3.84 - - - -
Naphthalen-2-0l
Andrographolide 46.318 - - 6.92 - -
4,8,13-Duvatriene-1,3-Diol 46.467 2.93 - 2.14 - -
Shyobunol 46.513 - - - 5.75 3.47
(-)-r-Cadinene 48.362 - - 0.47 - -
Cedrol 48.468 - - 0.42 - -
9-Isopropyl-1-Methyl-2-Methylene-
5-Oxatricyclo[5.4.0.0(3,8)]Undecane 48.939 i i 0.53 i i
4,8,13-Duvatriene-1,3-Diol 49.340 - - 1.93 - -
Spiro[2.5]Octane, 5,5-Dimethyl-4-(3- 49322 543 i i i i

Oxobutyl)-
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Cizelge 6'nin devami

Pik Alani/Peak Area (%)

Cikis Rozet
Zamani Yaprak Yaprak Sap Cicek Kok
R. Time Leaf Rosette Stem Flower Root
Leaf
1-F3yclohexene-1-Propanal, 2,6,6- 49 346 i i i 275 i
Trimethyl-
(-)-r-Cadinene 49.547 - - 0.45 - -
Valerenol 50.608 - - 0.30 - -
Caryophyllene Oxide 50.914 - - - - 1.34
Boronal 51.888 - - 1.69 - -
Platambin 52.612 - - - - 2.00
Bilesen Sayisi 100 21 21 69 25 21
Component Number
Toplam/Total 93.10 96.57 98.78 93.16 93.92

Cizelge 6’da goruldigu gibi, ortalama ugucu
yag orani degerlerinin kuru yaprakta %0.04, kuru
sapta %0.03 ve kuru gicekte %0.04 ayrica, kok
hasadindan elde edilen, rozet yaprakta %0.04 ve
kokte %0.03 oldugu belirlenmistir.

Ugucu yag oranina iliskin degerlerimiz bazi
2012; 2016)
disik bulunmustur.

arastiricilarin - (Ktgukali,
bildirdikleri

Bilindigi gibi, bitkilerde ugucu yag birikimi, bitki ve

Ulutas,
degerlerde

cevre sartlarina bagli olarak degismektedir. Diger
bir ifadeyle, tirlerin genetik yapisi, yetistigi iklim
kosullari, uygulanan agronomik islemler ve
bitkinin yasi ugucu yag birikiminde o6nemlidir
(Sangwan ve ark. 2001). Bu farklihk ekolojik
bitki yasl

tekniginden kaynaklanabilir.

kosullar, genotip, ve yetistirme

Cizelge 6 incelendiginde, yaprak ucucu yaginda
tim bilesenlerin %93.10'nu olusturan 21 bilegen,
rozet yaprak ugucu yaginda tim bilesenlerin
%96.57'sini

yaginda tim bilesenlerin %99.78'ini olusturan 69

olusturan 21 bilesen, sap ugucu
bilesen, cicek ucucu yaginda %93.16'sini olusturan
25 bilesen ve kok ugucu yaginda %93.92 olusturan
21 bilesen
yaprak ucucu yaginin ana bileseninin 2-hexy/

saptandigl gorilmektedir. Ayrica,
hydroperoxide (%14.61) oldugu ve bunu verbenol
(%11.62), 3-Hexyl hydroperoxide (%10.52) ve
Caryophyllene (%8.64)

saptanmistir. Rozet yaprak ucucu yaginda en

oxide izlendigi
yuksek oranda germacrene-D (%50.65) oldugu ve
bunu carvacrol'un (%14.07) takip ettigi; kuru sap
ucucu yaginda ana bilesen olarak %8.20 oraninda
alpha-pinene ve %7.47 oraninda caryophyllene
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oxide; cicek ucucu yaginda ana bilesen olarak
%11.28 oraninda 2-hexylhydroperoxide oldugu ve
bunu %10.14 ile 3-hexyl Hydroperoxide, %7.47 ile
alpha-pinene, %6.70 ile germacrene-D ve %5.75
ile shyobunol’un takip ettigi ve kok ucucu yaginda
ana bilesen olarak %42.19 germacrene-D ve bunu
%10.19 ile 2-hexylhydroperoxide ve %10.06 ile 3-
hexylhydroperoxide  bileseninin  takip ettigi
gorilmektedir.

Bulgularimiz, E. purpurea sap ve giceklerinde
alpha-pinene’in ana bilesenler oldugunu bildiren
Ulutas (2016)'in  bulgulariyla

gorllmustir. Cicek ucgucu yaginda ana bilesen

kismen uyumlu

olarak 2-hexylhydroperoxide saptanmis, alpha-
pinene lglinci sirada yer almistir. Bu farklihk
ekolojik kosullardan, genotipten veya yetistirme
tekniginden kaynaklandigi disindlebilir. Bauer

(1998) ekinezya ugucu yag bilesenlerinin
organlara ve analiz yontemine gore
degisebilecegini  bildirmektedir.  Bulgularimiz,
yapraklarda germacrene D’nin ana bilesen

oldugunu bildiren bazi arastiricilarin (Ozcan, 2014;
2016)
bulunmustur.

Ulutas, bulgulariyla ise  uyumlu

Sonug ve Oneriler

Sonu¢ olarak, Harran Ovasi kosullarinda E.

purpurea’dan toplam 3 bicim alinabilecek
genotiplerin  oldugu, her ne kadar verim
degerlerinin literatir bulgularina gore disik

oldugu gozlense de ekolojik kosullara uygun
genotipler ve yetistirme teknikleriyle, ekinezyanin
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Sanliurfa kosullarinda yetistirilme potansiyelinin
Bu
kosullularina uygun cesitlerin belirlenmesi veya

bulundugu soylenebilir. nedenle, bolge
1slah galismalari yapilarak, bélge kosullarina uygun
cesit gelistiriimesi gerekmektedir. Ayrica, bolge
kosullarinda uygun yetistirme tekniklerinin (ekim
zamani, hasat zamani, bitki sikhgi, gibreleme
cesitleri,

gerekmektedir.

sulama sekilleri) belirlenmesi
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Calisma, 2014 ve 2015 yillarinda, farkh organik ve mikrobiyal giibre uygulamalarinin baz
pamuk cesitlerinde verim ve verim unsurlarina etkisini belirlemek amaciyla, Harran Ovasinda
organik tarim kosullarinda yiritilmiistiir. Calismada, organik ciftlik giibresi (2000 kg ha'),
glivercin giibresi (1000 kg ha') ve organik giibre mikrobiyal giibre (100 cc.100 I su)
karisimlari uygulanmistir. Calismada ST-468, BA-119 ve Candia pamuk cesitleri, bitki
materyali olarak kullanilmistir. Deneme, bolinmis parseller deneme desenine gore dort
tekrarlamali olarak ylratalmustir. Calismada bitkisel 6zelliklerden; bitki boyu (cm), odun dah
(adet bitki?), meyve dal (adet bitki?), bitki basina koza sayisi (adet bitki?) ve kiitlii pamuk
verimi (kg ha?) kriterleri incelenmistir. Calismada, kiitli pamuk veriminin 2014 yilinda,
cesitlere gore 3313.8-3490.7 kg ha* 2015 yilinda ise, 4389.0-4705.7 kg ha arasinda degistigi
belirlenmistir. Organik ve mikrobiyal glibre uygulamalarina gére kiitlii pamuk veriminin, 2014
yilinda 1879.6-4346.0 kg ha, 2015 yilinda ise 3661.1-5231.5 kg ha! arasinda degistigi ve
ozellikle mikrobiyal glibrenin verim ve verim komponentleri izerine 6nemli diizeyde etkisinin
oldugu saptanmistir. Calismada, BA-119 cesidi ile givercin glbresi+mikrobiyal glibre
uygulamasinin en yiksek verimi sagladigi belirlenmistir.

Anahtar Kelimeler: Organik tarim, Pamuk (Gossypium hirsutum L.), Mikrobiyal glibre,
Verim, Verim unsurlari

ABSTRACT

This study was carried out to determine the effects of different organic and microbial
fertilizer applications on yield and yield components of some cotton varieties under organic
farming conditions in the Harran Plain during 2014 and 2015 growing seasons. Organic cattle
manure (2000 kg ha'), pigeon manure (1000 kg ha) and microbial fertilizer (100 cc.100 I*
water) were applied to the cotton varieties in the study. ST-468, BA-119 and Candia cotton
varieties were used as plant material. The experimental design was arranged according to
complete block design with split plots as four replications. Plant characteristics determined
in the study were; plant height (cm), number of monopodial branches per plant, number of
sympodial branches per plant, number of bolls per plant and seed cotton yield (kg ha). The
seed cotton yield of varieties ranged between 3313.8 and 3490.7 kg ha™ in 2014 and between
4389.0 and 4705.7 kg ha in 2015. The seed cotton yield in organic and microbial fertilizer
applications varied between 1879.6 and 4346.0 kg ha in 2014 and between 3661.1 and
5231.5 kg hain 2015, and microbial fertilizer treatment had a significant effect on yield and
yield components. The results indicated that the BA-119 variety has the highest yield with
pigeon manure + microbial fertilizer application.

Key Words: Organic farming, Cotton (Gossypium hirsutum L.), Microbial fertilizer, Yield,
Yield components
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Giris

Pamuk bitkisi; elde edilen liflerinin tekstil
sanayisinde islenmesi sonucu, cirgirlanarak lif
pamuk, egrilerek iplik, dokunarak kumas, nihai
asama olan giysi haline getirilerek katma degeri
yuksek bir Uriin olmasi ve saglik yoninden giyim
sektérinde Ustun ozellikler tagimasi nedeniyle,
tekstil sanayisinde dinyanin en 6nemli lif bitkisi
olmasini saglamistir.

Pamuk tarimi Tirkiye’'nin  sosyo-ekonomik
yapisina ¢cok dnemli katki saglamaktadir (Ozkan ve
Copur, 2018). Pamuk tarimi sonucu tarima dayal
sanayi ve tekstil sektorl gelisme gostermektedir.

Ozellikle pamuk mamul maddesine yénelik iplik,

dokuma, boya ve konfeksiyon isletmelerinin
kurulmasi  Ulkemiz ve bolgelerin istihdam
imkanlarinin  saglanmasi, katma deger artisi,

ihracatin artisi ve sonucta ekonomik bliyimenin
saglanmasi anlamina gelmektedir.

Turkiye Uretiminden daha fazla lif tiiketen bir
Ulke olarak, diinyada Cin’in ardindan en fazla
pamuk ithal eden
(Anonim, 2013).
Amerika

Ulke konumundadir
ithalati
Devletleri

ikinci
Bu durum, pamuk

yonilinden Birlesik ve

Yunanistan gibi  bazi  Ulkelere  bagimhlik
olusturmaktadir (Glvercin, 2018).
Ulkemiz i¢in énemli bir Griin olan pamugun

uretim potansiyelinin artisinda, ylksek verim

iyi
yetistirme

yetenegine sahip genetik potansiyeli olan
cesitlerin  yetistirilmesinin yaninda,
kosullarinin optimize edilmesi de 6nem taslyan
bir faktordiar (Toklu, 2017).

yetistirme kosullarinin saglanmasinda, verim artisi

diger Optimum
ve kalitenin yikseltilmesinde alternatif bir Gretim
sekli olan, organik pamuk tarimi 6nerilmektedir.
Organik lifler, geleneksel liflerden ¢ok daha
fazla zaman, emek, maliyet degeri, bakim ve 6zel
tarim faaliyetleri gerektirir. Organik tarim
mevzuati sonucu Uretilen lifler, kumasi glivenli
hale getirmek icin yeterli degildir, ciinkii terbiye
islemleri bazi ek toksik etkilere neden olabilir. Bu
nedenle, tim Uretimin ¢evresel ve sosyal yonlerini
iceren Kiresel Organik Tekstil Standardi (GOTS)
son zamanlarda kabul edilmistir (Uygur, 2016).

Organik tarim, dogal kaynaklarin asiri tiketimi,
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tarimsal girdilerin yogun kullanimi sonucu olusan
olumsuzluklari ortadan kaldirmak icin, uygulamaya
baslanan bir tarimsal Giretim yontemidir.

dikkate
alindiginda; 2019 vyili verilerine gore diinyada
182.876 ciftci faaliyette bulunmus, 356.131 ha
180.871 milyon balya
organik pamuk lif Gretimi gergeklesmistir. 2019

Dinya organik pamuk verileri

alanda ekim yapilmis,

verilerine gore dinyada Uretilen toplam pamugun
%7’si organik pamuktur. Diinyada en fazla organik
pamuk Uretimi yapan Ulkeler; Hindistan (%47), Cin
(%21), Kirgizistan (%12), Turkiye (%6), Tacikistan
(%5), ABD (%3) ve Tanzanya (%3)dir. Tirkiye’'de
2019 istatistiksel verilere goére organik pamuk
sektoriinde 266 ciftci, 5418 ha alanda, 11652 balya
lif Gretimi yapmistir. Ayni donemde Tirkiye diinya
organik lif pamugunun %6.4’ln{ ulusal pamugun
%1’ini organik olarak tretmistir (Anonim, 2020).
Organik pamuk tretiminde amag saglikh lif ve lif

Urtnleri Uretme vyaninda cevrenin, biyolojik
cesitliligin, topragin ve c¢evrenin korunmasi
yaninda tarimsal (Uretimde slrduralebilirligin

Sardurdlebilirlik,

ekonomik, sosyal, kurumsal ve ¢evresel yonlerinin

saglanmasidir. toplumun
surekliligi ile ilgili sistemik bir kavramdir (Curteza,
2012).

GUnumizde strdurdlebilirlik kapsaminda “Yesil
Tekstiller”, Tekstiller”, “Ekolojik

Tekstiller”, “Ekolojik Tasarim”, “Cevre icin Tasarim”,

“Organik

“Surdurulebilir Tasarim (Design for Sustainability-
D4S)” “Yasam Donglst Degerlendirmesi- YDD (Life
Cycle Assessment- LCA)”, gibi bircok kavram ortaya
atilmistir (ismal, Yildirim, 2012).

Organik pamuk ve organik pamuktan yapilan
tekstil Grlinleri cevreye ve insana duyarh bir Gretim
sirecinden gecmektedir, bu nedenle organik tarim
geleneksel lretime gbre cevreye, ekonomiye ve
sosyal gelismeye olumlu katki saglayan bir liretim
bicimidir (Kalkanci, 2017).

Ulkemiz ve bolgemiz ekonomisinin gelisimine
katki saglayacagi bilinen pamuk Giretiminde, miktar
tarim

artisindan ziyade nitelik, slrdirilebilir

bilincinin olusmasini saglayan organik pamuk
tariminin bolgede uygulanmasina yonelik, yardimci
ve yol gosterici ve organik tarim alanindaki bilimsel

calismalara rehber olacak bilgi birikimini saglamak
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blyik 6nem tasimaktadir.
Bu
kullanilabilecek, farkli organik ve mikrobiyal giibre

¢alisma, organik pamuk tariminda
uygulamalarinin bazi pamuk cesitlerinde verim ve
verim unsurlarina etkisini belirlemek amaciyla

yuritilmastar.
Materyal ve Yontem

Arastirma, 2014 ve 2015 vyillarinda, Harran
Universitesi, Akcakale Meslek Yiiksekokulu organik
deneme alaninda ylritilmastir.  Calismada,
bblgede yaygin olarak yetistirilen Stonoville 468
(ST 468), BA 119 ve Candia tescilli

(Gossypium hirsutum L.) gesitleri bitki materyali

pamuk

olarak kullaniimistir.

Denemede glibre materyali olarak; kati organik
ciftlik glibresi, organik glivercin gibresi, mikrobiyal
glibre  (Bacillus  subtilis ve  Paenibacillus
azotofixans) kullanilmistir. Denemede kullanilan
glbrelerin 6zellikleri soyledir;

(Organik Ciftlik glibresi):

Yapilan analizlerde; organik madde orani % 50,

Biofarm Giibresi

toplam azot (N) % 2, organik azot (N) % 1.6, toplam
fosfor (P20s) % 2, suda ¢ozlinir potasyum (K,0) %
2, maksimum nem % 20, C/N 9-12, PH aralig 7-8
olarak saptanmistir (Anonim, 2016a).

Organik Giivercin Giibresi; Calismada kullanilan
glvercin glbresinin, %25 organik madde, %6.24
%1.19 fosfor (P,0s) ve %1.61
potasyum (K,O) icerdigi belirlenmistir. Kullanilan

toplam azot,

organik glivercin glibresi taze olmayip, bekletme
sonucu dogal olarak yanmis kabul edilen glibredir
(Anonim, 2016b).

BM Cotton Plus (Karisim Mikrobiyal Giibre): BM-
bircok bitki
etkinligini artirarak bitki gelisimini hizlandirmakta

Coton Plus, besin elementinin
ve verim Ulzerine etki etmektedir. Bu mikrobiyal
glibrede iki bakteri bulunmaktadir. Bunlar; Bacillus
subtilis ve Paenibacillus azotofixans'tir (Anonim,
2016c).

Deneme alani toprak 6zelliklerine baktigimizda;
killi tinh yapiya sahip olup 2014 ve 2015 yil toprak
analiz ortalamalarina gore su ile doygunluk orani
%66, toplam tuz orani %1.04 kirec orani (%) 26.35,

organik madde orani %1.11 ve toprak reaksiyonu
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pH:7.60 olup biraz alkali yapiya sahip topraklardir
(Anonim, 2016b).

Ana degisken olan organik glibre uygulamalari,
Biofarm (kati ciftlik glbresi), givercin gibresi,
Biofarm+mikrobiyal glibre, glvercin glbresi+
mikrobiyal glibre ve kontrol olmak tzere 5 farkl
seklinde ele alinmistir. Denemede farkli organik
glibreler saf ve karisim halinde asagidaki sekilde
uygulanmistir;

1. Ciftlik giibresi (Biofarm giibre), deneme
alanina 2000 kg ha* dozunda, ekimden bir ay
once uygulanmistir. Burada amag ekimden
once organik gubrelerin topraga karisimini

glibre
glbre

saglamak ekim
yarayishihigini

uygulamasi yapiimamistir.

ve asamasinda

artirmaktir.  Ust
2. Givercin glibresi, deneme alanina 1000 kg
ha bir ay
uygulanmistir. glibre  uygulamasi

ekimden once

Ust

dozunda

yapilmamistir.
3. Ciftlik giibresi (Biofarm giibre) + mikrobiyal

giibre, ciftlik glbresi (Biofarm gibre)
deneme alanina 1000 kg ha?! dozunda
ekimden bir ay 6nce topraga taban glibresi
olarak uygulanmistir. Ayrica, Ust glibre olarak
BM-Coton Plus (mikrobiyal giibre) hektar
basina, 10 litre mikrobiyal glibre 1000 litre su
(10 1t/100 It su) olgusiinde seyreltilmis
Mikrobiyal

hazirlanan bakteri soliisyonu aksama dogru

sekilde uygulanmistir. glbre
veya glnes i1siginin yogun olmadigi bir glinde
pamuk bitkilerine tim vylzeyi kaplayacak
sekilde puskurtilmustiar. Mikrobiyal glibre
10-15 giin ara ile 3 kez uygulanmistir.

Giivercin glibresi + mikrobiyal giibre,
glivercin gubresi deneme alanina 500 kg ha™
dozunda ekimden bir ay dnce topraga taban
glibre olarak uygulanmustir. Ayrica, Uist gliibre
olarak BM-Coton Plus (mikrobiyal giibre)
hektar basina, 10 litre tirtin 1000 litre su (10
It/100 It su) olclisinde seyreltilmis sekilde
Ust glbre olarak uygulanmistir. Mikrobiyal
glibre hazirlanan bakteri soliisyonu aksama
dogru veya giines 1siginin yogun olmadigi bir
tim  ylzeyi

glinde pamuk bitkilerine

kaplayacak sekilde puskirtilmastir.
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Mikrobiyal gilibre 10-15 gin ara ile 3 kez
uygulanmistir.

Kontrol (Kontrol parsellerine hicbir glibre
uygulanmamistir).

Pamuk yetisme donemi olan Nisan-Ekim aylari
arasinda 2014, 2015 ve uzun yillar iklim verilerine
gore, ortalama sicakligin 2014 yilh Nisan ayinda
18.3 °C, Temmuz ayinda 31.5 °C ve 2015 yili Nisan
ayinda 15.5 °C, Temmuz ayinda 32.2 °C olmustur.
En yuksek sicaklik 2014 yili Nisan ayinda 26.1 °C,
Temmuz ayinda 40.2 °C ve 2015 yili Nisan ayinda
23.0 °C, Temmuz ayinda 40.7 °C olmustur. En
disik sicakhgin 2014 yih Nisan ayinda 11 °C,
Temmuz ayinda 22.6 °C ve 2015 yili Nisan ayinda
8.5 °C, Temmuz ayinda 23.1 °C oldugu saptanmistir
(Anonim, 2016d).

Denemeler, daha oOnce li¢c yil organik soya,
pamuk ve bugday vyetistirilen, organik tarim
mevzuatina uygun olan alanda, kurulmustur.
Deneme, tesadif bloklarinda boélinmis parseller
deneme desenine gore, 4 tekerrirli olarak
ylritilmustir. Deneme, ana parsellere cesitler, alt
parsellere organik glibre uygulamalari gelecek
sekilde, her alt parsel 4 siradan olusturulmus,
parsel uzunlugu 12 m, parsel genisligi 2.8 m, sira
arast 70 cm ve sira Uzeri 20 cm olarak,
diizenlenmistir. Her bir parsel ve bloklar arasinda
da 3 m bosluk birakilmistir.

Ekime hazir hale getirilen deneme alanina 1.5 kg
da! havsiz tohum gelecek sekilde, 2014 yilinda 5
Mayis ve 2015 yilinda ise 28 Nisan tarihinde,
mibzerle ekim yapilmistir. Ekimden sonra her
parselden 3 lateral boru gececek sekilde damla
sulama sistemi dosenmis ve cikisin saglanmasi
amaciyla sulama uygulanmistir.

2014 2015

yillarinda, yabanci otlarla miicadele ve kaymak

Denemenin  yirituldugi ve
tabakasi kirma amaciyla her yil 2 kez traktor ve 8
kez el capasi uygulanmistir. Ekimden sonra, bitkiler
3-4 yaprakh olduklari donemde seyreltme ve bir
hafta sonra da tekleme yapilmistir. Deneme
organik tarim mevzuatina uygun olarak, yabanci
otlara karsi herhangi bir herbisit kullaniimamistir.
Pamugun yetisme siresi boyunca; yaprak biti
(Aphis gossypii), Trips (Trips tabaci), yaprak piresi
(Empoasca spp.), kirmizi 6érimcek (Tetranychus
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spp.), beyaz sinek (Bemicia tabaci) ve yesil kurt
(Heliothis armigera) zararhlarina karsi, organik
tarim mevzuatina uygun ilaglar kullaniimigtir. Bu
amacla, zararl yogunluguna gore, arap sabunu (3
kg 100 I'* su) ve ispirto (600 g 100 I'* su) karisimi ile
uygulama yapilmistir. Ayrica, yaprak biti, trips,
beyazsinek ve kirmizi 6rimcege karsi, zararli
yogunluguna goére Neem agacindan elde edilen
Neemazal (Azadirachta indica) 300 cc 100 I su
dozunda Ug¢ kez, glinin serin saatlerinde, bdtiin
bitki ylzeyini kaplayacak sekilde uygulanmistir.
Denemede ilk sulamaya, 2014 yilinda ekimden
40 glin sonra, 2015 yilinda ekimden 38 glin sonra
baslanilmis ve sezon boyunca toplam 9 kez sulama
yapimistir. Hasat, her iki yilda da elle yapilmis ve
iki
kozalarin

defada tamamlanmistir. Birinci el hasada
yaklasik  %60’inin
baslanmistir. 2014 yilinda el hasadi
25.09.2014 tarihinde, ikinci el hasadi ise
09.10.2014 tarihinde, 2015 vyilinda ise birinci el
hasadi 20.09.2015 tarihinde ve ikinci el hasadi ise
05.10.2015 tarihlerinde tarihinde tamamlanmustir.
Calismada bitki boyu (cm), odun dali sayisi (adet
bitkit), meyve dali sayisi (adet bitki), bitki basina

koza sayisi (adet bitki), kiitlii pamuk verimi (kg ha-

acildigr  devrede

birinci

1), kriterleri incelenmistir. incelenen &zelliklerden
elde edilen veriler Tesad(f Bloklarinda Bolinmus
Parseller Deneme Desenine gore, 2014 ve 2015
JMP 7.0.1
programinda, varyans analizine tabi tutulmus ve

yilllari ayri ayri olarak paket
onemli farkhlik saptanan ortalamalar LSD (%5)

testine gore gruplandirilmistir.

Aragtirma Bulgulari ve Tartisma

Bitki boyu

Varyans analiz sonucuna goére bitki boyu
yonlinden, cesitler arasinda her iki deneme yilinda
da 6nemli dizeyde (0.01) bir farkhligin oldugu,
glibre uygulamalarinin ve c¢esitxorganik glbre
uygulamalari etkilerinin ise, her iki deneme yilinda
da 6nemli bir etkisinin olmadigi saptanmistir. Farkli
pamuk cesitlerinde organik ve mikrobiyal gilibre
uygulanmasi sonucu elde edilen bitki boyuna iliskin
ortalama degerler ve olusan gruplar Cizelge 1'de

verilmistir.
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Cizelge 1. Farkli pamuk cesitlerine organik ve mikrobiyal glibre uygulanmasi sonucu elde edilen bitki boyuna iliskin ortalama

degerler ve olusan gruplar.

Table 1. Average values and groups formed the plant height obtained as a result of applying organic and microbial fertilizers to

different cotton varieties

Gubre uygulamalari 2014 2015
Fertilizer Cesitler/Cultivars Ort. Aver Cesitler/Cultivars Ort.

applications St-468 BA-119 Candia ’ " St-468 BA-119 Candia Aver.
1 81.87 79.40 77.85 79.70 87.30 94.35 72.02 84.55
2 80.17 83.35 78.45 80.65 85.72 95.70 77.80 86.40
3 78.05 82.95 73.20 78.06 82.65 91.15 73.67 82.49
4 78.10 85.05 72.85 78.66 92.65 89.00 76.92 86.18
5 76.90 79.37 68.88 75.05 90.77 83.90 71.45 82.04
Ort. 79.02a* 82.02a 74.24b 78.42 87.81b 90.82a 74.37c 84.33
LSD (%5) 3.55 (Cesit/Cultivars) 1.60 (Cesit/Cultivars)

1. Biofarm Gubresi (Buyik Bas Hayvan Gibresi), 2. Guvercin Gubresi, 3. Biofarm Glbresi + Mikrobiyal Gubre, 4. Glivercin Glibresi + Mikrobiyal
Glbre, 5. Kontrol. *Ayni harf grubuna giren ortalamalar arasinda LSD (%5)’e gore onemli farklilik yoktur.

1. Biofarm Fertilizer (Cattle Fertilizer), 2. Pigeon Fertilizer, 3. Biofarm Fertilizer + Microbial Fertilizer, 4. Pigeon Fertilizer + Microbial Fertilizer,
5. Control. *According to LSD(5%) there is not significant difference between the means of the same letter group.

Cizelge 1'de, 2014 yilinda, gesitlere gore elde
edilen bitki boyu ortalamasinin 78.42 cm oldugu;
uygulanan organik glibrelere gore ortalama olarak
bitki boylari 75.05 cm (kontrol) ile 80.65 cm
(Glvercin glbresi) arasinda degistigi
Cesit

interaksiyonunun 6nemsiz olmasi, gesitlerin bitki

gorilmektedir. X organik  glbre

boylarinin  organik gibre uygulamalarindan
etkilenmedigi; en disik bitki boyunun Candia
cesidi ve kontrol uygulamasindan (68.88 cm), en
yuksek bitki boyu ise BA 119 cesidine Gilvercin
(85.05

uygulamasindan elde edildigi belirlenmistir. Ayni

glbresi+Mikrobiyal glbre cm)
Cizelgeden, 2015 yilinda, cesitlere gore elde edilen
bitki boyu ortalamasinin 84.33 cm oldugu; organik
sonucu elde edilen bitki
ile 86.40 cm

arasinda

glibre uygulamalari
boylarinin 82.04 cm (kontrol)
glbresi)

(Guvercin degistigi

izlenebilmektedir. Cesitxorganik glbre
interaksiyonunun 6nemsiz olmasi gesitlerin bitki
boylarinin organik gibre uygulamalarina gore
degismedigi; en dislik bitki boyunun Candia ¢esidi
kontrol uygulamasindan (71.45 cm), en yuksek
bitki boyu ise BA 119 c¢esidine ait Glvercin glibresi
(95.70 edildigi

gorulmistir. Genel olarak, bitki boyu artisinda

cm) uygulamasindan elde
Guvercin glibresi+Mikrobiyal glibre kombinasyonu
onemli bir etken oldugu soylenebilir. Calismada,
kontrol parseline gore, uygulanan bitin glibreler
bitki boyunu artirmistir. Bulgularimiz Kumari ve
(2006)'nin

potasyumla beraber % 25 veya % 50 organik giftlik

Subbaramamma azot, fosfor ve

57

glbresi uygulamasinin bitkilerde bitki boyunu
arttirdig1 yontindeki bulgulari; Ali ve ark. (2009)'nin
pamuk bitkisinde tavuk glibresi uygulamasinin
bitki boyunu arttirdigi yoniindeki bulgular ile
Shah ve ark.
(2012)'nin bio-pestisit ve organik gilibrelerin bitki
etkide
yonindeki bulgulari; Akyol (2013)’un sivi hayvan

uyum icinde oldugu gorilmustir.

boyuna olumlu anlamda bulundugu
glibresinin Ust glbre olarak kullanildigi calismada
diger glibre uygulamalarina gore bitki boyunda
pozitif anlamda artis sagladigi yoniindeki bulgular
bizim bulgularimiz ile uyum igindedir. Organik
pamuk Uretim yontemi konusundaki metodumuz,
Harish ve ark. (2019)'nin mikrobiyal gibrelerin
sirdurilebilir bitki hastalik yonetimi ve (rin
kalitesinin arttirilmasi yoninden bulgulari ile uyum
icinde oldugu gorilmistir. incelenen literatiirler
arasinda bulgularimiza ters diisen bir sonuca

rastlanilmamistir.

Odun dali sayisi

Varyans analiz sonucuna gore; ¢esitler arasinda,
odun dali sayisi yoniinden her iki deneme yilinda
da onemli dizeyde (0.01) bir farkhligin oldugu,
2014 yihinda uygulanan organik ve mikrobiyal
glibrelerin odun dal sayisinda (0.01) diizeyinde
onemli bir farklihk olusturdugu, 2015 yilinda ise
onemli bir farkhhgin olmadigi, cesit ile organik
glibre uygulamalari arasinda 2014 vyili verileri
yoniinden o6nemli dizeyde (0.01) bir farkhhgin
oldugu ve 2015 yilinda ise 6nemli dizeyde bir
etkilesimin (interaksiyon) olmadig belirlenmistir.



Cevherive ark., 2021. Harran Tarim ve Gida Bilimleri Dergisi, 25(1): 53-64

Farkli pamuk cesitlerinde organik ve mikrobiyal
glbre uygulanmasi sonucu elde edilen odun dali

sayisina iliskin ortalama degerler ve olusan gruplar
Cizelge 2’de verilmistir.

Cizelge 2. Farkh pamuk cesitlerine organik ve mikrobiyal glibre uygulanmasi sonucu elde edilen odun dali sayisina iliskin

ortalama degerler ve olusan gruplar.

Table 2. Average values and groups formed the monopodial branches obtained as a result of applying organic and microbial

fertilizers to different cotton varieties

Glbre uygulamalari 2014 2015

Fertilizer Cesitler/Cultivars Cesitler/Cultivars

applications St-468  BA-119 Candia OtV 5268 BA119  Candia | o AVen

1 2.24d* 2.69bc 2.28d 2.40 3.04 2.61 3.70 3.12
2 2.88ab 2.43cd 3.08a 2.79 2.85 2.88 3.40 3.04
3 2.43cd 1.21f 2.83ab 2.15 2.66 3.06 3.83 3.18
4 2.33d 1.60e 2.28d 2.07 2.60 2.81 3.84 3.08
5 2.19d 1.78e 1.75e 1.90 3.03 3.05 3.56 3.22
Ort. 2.41 1.94 2.44 2.26 2.84b 2.88b 3.67a 3.13
LSD (%5) 0.1 (Cesit/Cultivars), 0.20 (Gubre/Fertilizer), 0.35 0.32 (Cesit/Cultivars)

(Cesit*Gubre/Cultivars*Fertilizer)

1. Biofarm Guibresi (Bliylik Bag Hayvan Guibresi), 2. Glivercin Glbresi, 3. Biofarm Giibresi + Mikrobiyal Gubre, 4. Guvercin Gubresi + Mikrobiyal
Gubre, 5. Kontrol, *Ayni harf grubuna giren ortalamalar arasinda LSD (%5)’e gore 6nemli farkhlik yoktur.

1.Biofarm Fertilizer (Cattle Fertilizer), 2.Pigeon Fertilizer, 3.Biofarm Fertilizer + Microbial Fertilizer, 4. Pigeon Fertilizer + Microbial Fertilizer.
5.Control. According to LSD(5%) there is not significant difference between the means of the same letter group.

Cizelge 2’den 2014 yilinda, Cesit x organik glibre
interaksiyonunun 6nemli olmasi cesitlerin odun
dali sayilarinin organik giibre uygulamalarina goére
degistigini gostermektedir. En disik odun dali
sayisi BA 119 ¢esidinin Biofarm gubresi
Mikrobiyal glibre uygulamasindan (1.21 adet bitki-

1), en yiiksek odun dali sayisi ise Candia c¢esidine

+

Guvercin gubresi uygulamasindan (3.08 adet bitki-
1) elde edildigi gérulmustur.

Ayni gizelgeden 2015 yilinda, gesitlere gore elde
edilen odun dali sayisi ortalamasinin 3.13 adet
bitki! oldugu; uygulanan organik giibrelere gore
ortalama odun dali sayilari 3.04 (adet bitki?)
(Guvercin gubresi) ve 3.22 (adet bitki?) (kontrol)
Cesit
organik gilibre interaksiyonunun 6nemsiz olmasi

arasinda degistigi izlenebilmektedir. X
cesitlerin odun dal sayilarinin organik glibre

uygulamalarina gore degismedigini

gostermektedir. En disuk odun dali sayisinin ST
468 cesidinin Glvercin glibresi + Mikrobiyal glibre
parselinden (2.60 adet bitki?), en yiksek ise Candia
cesidine Glivercin glibresi + Mikrobiyal giibre (3.84
adet  bitkit) edildigi

gorilmastir. Bulgularimiz, Shah ve ark. (2012)'nin

uygulamasindan elde

bio-pestisit ve organik glbrelerin odun dal
sayisina (adet bitki') olumlu anlamda etkide
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bulundugu; Akyol (2013)’un sivi hayvan glibresinin
Ust gibre olarak kullanildigi c¢alismasinda diger
glibre uygulamalarina gore odun dalinda pozitif
anlamda artis sagladig1 yonindeki bulgulari, kendi
bulgularimiz ile uyum icindedir. Ayrica imriz ve ark.
(2014)’nin rizobakterilerin bitki gelismesini olumlu
yonde etkiledigi yonindeki olumlu bulgular;
organik buylk bas hayvan glibresi kullandigimiz ve
olumlu sonug aldigimiz ¢alismamiz ile uyum icinde

olmustur.

Meyve dali sayisi (adet bitki™)

Varyans analiz sonucuna gore; ¢esitler arasinda,
meyve dali sayisi yoniinden 2014 yilinda dnemli bir
farklihgin olmadigi, fakat 2015 yilinda 6nemli
diizeyde (0.01) bir farkliigin oldugu, 2014 yilinda
uygulanan organik ve mikrobiyal glibrelerin meyve
dah sayisinda (0.01) dizeyinde 6nemli bir farkhlik
olusturdugu, 2015 yilinda ise 6nemli bir farklihgin
olmadigi, cesit ile organik glibre uygulamalari
arasinda 2014 ve 2015 yilinda ise 6nemli diizeyde
bir
belirlenmistir. Farkl pamuk cesitlerinde organik ve

etkilesimin (interaksiyon) olmadigi
mikrobiyal glibre uygulanmasi sonucu elde edilen
meyve dali sayisina iliskin ortalama degerler ve

olusan gruplar Cizelge 3’te verilmistir.



Cevherive ark., 2021. Harran Tarim ve Gida Bilimleri Dergisi, 25(1): 53-64

Cizelge 3. Farkh pamuk cesitlerine organik ve mikrobiyal glibre uygulanmasi sonucu elde edilen meyve dalina iliskin ortalama

degerler ve olusan gruplar.

Table 3. Average values and groups formed the sympodial branches obtained as a result of applying organic and microbial

fertilizers to different cotton varieties

Glbre 2014 2015
uyf::;?zaelfrl Cesitler/Cultivars Ort. Cesitler/Cultivars ort.
L. St-468 BA-119 Candia Aver. St-468 BA-119 Candia Aver.

applications
1 13.55 12.99 12.76 13.10a* 10.43 11.45 9.98 10.62
2 12.51 13.51 13.36 13.13a 10.13 11.95 10.40 10.82
3 10.13 12.15 11.72 11.34b 9.10 11.63 9.80 10.17
4 11.50 12.05 12.68 12.08ab 10.13 12.35 9.44 10.63
5 10.03 11.62 11.82 11.16b 10.81 11.96 9.85 10.87
Ort. 11.55 12.46 12.47 12.16 10.12b 11.87a 9.89b 11.20
LSD (%5) 1.15 (Gubre/Fertilizer) 1.04 (Cesit/Cultivars)

1. Biofarm Gubresi (Buyik Bas Hayvan Gubresi), 2. Guvercin Gubresi, 3. Biofarm Gubresi + Mikrobiyal Gibre, 4. Glivercin Glibresi + Mikrobiyal
Gubre, 5.Kontrol. *Ayni harf grubuna giren ortalamalar arasinda LSD (%5)’e gére 6nemli farklilik yoktur.

1. Biofarm Fertilizer (Cattle Fertilizer), 2. Pigeon Fertilizer, 3. Biofarm Fertilizer + Microbial Fertilizer, 4. Pigeon Fertilizer + Microbial Fertilizer,
5.Control. According to LSD(5%) there is not significant difference between the means of the same letter group.

Cizelge 3'ten 2014 vyilinda, cesitlere gore elde

edilen meyve dali sayisi ortalamasinin 12.6
(adet/bitki) oldugu; organik gubre uygulamalarina
gore ortalama meyve dali sayilari 11.16 (adet bitki
1) (kontrol) ile 13.13 (adet bitki!) (Guvercin
glibresi) arasinda degistigi izlenebilmektedir. Cesit
x organik gubre interaksiyonun 6nemsiz olmasi
cesitlerin meyve dali sayilarinin organik glibre
uygulamalarina gére degismedigi; en diisiik meyve
dali sayisinin ST 468 cgesidinin kontrol parselinde
(10.03 adet bitki?) ve en yiiksek ise ST 468 ¢esidine
Biofarm giibre uygulamasindan (13.55 adet bitki?)
elde edildigi gorulmastir.

Cizelge 3’ten 2015 yilinda, gesitlere gore elde
edilen meyve dali sayisi ortalamasinin 11.20 (adet
bitki!) oldugu; organik giibre uygulamalarina gére
ortalama meyve dal sayilari 10.17 adet bitki?
(Biofarm guibresi + Mikrobiyal glibre) ve 10.87 adet
bitki! (kontrol)

izlenebilmektedir.

arasinda degistigi

Cesit x organik glbre
interaksiyonun 6nemsiz olmasi ¢esitlerin meyve
dal sayilarinin organik giibre uygulamalarindan
etkilenmedigi; en disik meyve dahl sayisinin ST
468 cesidinin Biofarm glbresi + Mikrobiyal glibre
uygulamasindan (9.10 adet bitki?) ve en yiiksek
meyve dali sayisinin ise BA 119 c¢esidine Guivercin
glbresi + Mikrobiyal glibre uygulamasindan (12.35
adet bitki?) elde edildigi gorulmustar.

Yapmis oldugumuz cesitli gdzlemlerde, verimli
bir pamuk tarimi ve kaliteli lif icin meyve dallarinin
¢cok sayida ve kisa olmasi gerektigi sonucuna

varilmistir. Meyve dali sayisi (adet bitki?) cesidin
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genetik yapisina, tarimsal uygulamalar ve gevre
kosullarina bagli olarak genellikle 11 ile 20 arasinda
degistigi gbzlemlenmistir.

Denemede c¢esitlere,  kullanilan
cesit

interaksiyonlarina bakildiginda meyve dali sayinin

organik
glbrelere ve ile  organik glbre
yillara gore ortalamasinin; 2014 yilinda 12.16 (adet
bitki?) ve 2015 yilinda 11.20 (adet bitki) oldugu
ve bu degerlerin normal degerler arasinda oldugu
iki
bakildiginda Biofarm glibresi ve Giivercin glibresi

gorilmektedir. yihin ortalama degerlerine
uygulamalarinin, Biofarm glbresi + Mikrobiyal
glibre, Gulvercin glbresi + Mikrobiyal glibre ve
kontrol parsellerine gore daha fazla meyve

tesekkili sagladigi, bunun nedeninin, sadece
Biofarm gilibresinin uygulandigi parsellerde alt
bogumlardan itibaren meyve dali tesekkilinin
oldugu gozlemlerle sabittir.

Bulgularimiz, Kumari ve Subbaramamma
(2006)'nin azot, fosfor ve potasyumla beraber %
25 veya % 50 organik giftlik glibresi uygulamasinin;
bitkilerde meyve dali sayisini arttirdigi; Ali ve ark.
(2009)'nIn

uygulamalarinin meyve dali sayisini artirdigi; Shah

ciftlik glibresi ve tavuk glibresi
ve ark. (2012)'nin bio-pestisitlerin ve organik
glibrelerin meyve dali sayisinda artis gosterdigi;
Akyol (2013)’un sivi hayvan glibresinin (st gibre
olarak kullanimi sonucu meyve dali sayisinda artis
oldugu yoniundeki bulgulari ile uyum igcinde oldugu

gorilmustir.
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Bitki basina koza sayisi (adet bitki)

Varyans analiz sonucuna gore; gesitler arasinda,
bitki basina koza sayisi yoninden 2014 ve 2015
yillarinda 6nemli dizeyde (0.01) bir farklihgin
oldugu, 2014 ve 2015 yillarinda uygulanan organik
ve mikrobiyal glibrelerin bitki basina koza sayisinda
(0.01) duzeyinde 6nemli bir farklilik olusturdugu,

cesit ile organik glibre uygulamalari arasinda 2014
ve 2015 yilinda ise 6nemli diizeyde bir etkilesimin
(interaksiyon) oldugu belirlenmistir. Farkl pamuk
glibre
uygulanmasi sonucu elde edilen bitki basina koza

cesitlerinde organik ve mikrobiyal

sayisina iliskin ortalama degerler ve olusan gruplar
Gizelge 4’te verilmistir.

Cizelge 4. Farkh pamuk gesitlerine organik ve mikrobiyal glibre uygulanmasi sonucu elde edilen bitki basina koza sayisina iliskin

ortalama degerler ve olusan gruplar.

Table 4. Average values and groups formed the boll number obtained as a result of applying organic and microbial fertilizers to

different cotton varieties

. 2014 2015
Gubre . . Ort. . . Ort.
L;_yf Cesitler/Cultivars Aver. Cesitler/Cultivars Aver.
St-468 BA-119 Candia St-468 BA-119 Candia

1 33.65a* 31.60ab 29.93bc 31.73 27.09de 34.99a 29.39cd 30.48
2 26.25d 29.79bc 30.16b 28.73 24.90ef 33.55ab 29.85cd 29.43
3 22.08e 26.60cd 30.07b 26.25 29.90cd 32.40abc 29.94cd 30.75
4 20.00ef 22.32e 29.59bcd 23.97 34.18ab 30.84bc 32.19abc 32.40
5 16.74f 17.79f 29.04bcd 21.19 21.36g 22.04fg 21.13g 21.51
Ort. 23.74 25.62 29.76 26.37 27.48 30.76 28.50 28.91
LSD (%5)  1.72 (Cesit/Cultivars), 1.94 (Glbre/Fertilizer), 0.82 (Cesit/Cultivars), 2.03 (Gubre/Fertilizer), 3.52

3.32 (Cesit*Gubre/Cultivars *Fertilizer)

(Cesit*Gulbre/Cultivars*Fertilizer)

1. Biofarm Glibresi (Bliylk Bas Hayvan Gubresi), 2.Glivercin Glibresi, 3.Biofarm Glbresi + Mikrobiyal Glibre, 4. Guvercin Gubresi + Mikrobiyal
Glbre, 5. Kontrol. * Ayni harf grubuna giren ortalamalar arasinda LSD (%5)’e gore 6nemli farklilik yoktur.

1.Biofarm Fertilizer (Cattle Fertilizer), 2. Pigeon Fertilizer, 3. Biofarm Fertilizer + Microbial Fertilizer, 4. Pigeon Fertilizer + Microbial Fertilizer,
5. Control. According to LSD(5%) there is not significant difference between the means of the same letter group. F.A.: Fertilizer Applications.

Cizelge 4’ten 2014 yilinda, cesitlere gore elde
edilen bitki basina koza sayisi ortalamasinin 26.37
(adetbitki?) oldugu; organik giibre uygulamalarina
gore ortalama bitki basina koza sayilarinin 21.19
(adet bitki) (kontrol) ile 31.73 (adet bitki?)
(Biofarm arasinda

glbresi) degistigi

izlenebilmektedir. Cesit x organik glibre

interaksiyonun o6nemli olmasi c¢esitlerin  bitki

basina koza  sayilarinin  organik  glibre
uygulamalarina gore degistigi; en dusuk bitki
basina koza sayisinin ST 468 cesidinin kontrol
parselinde (16.74 adet bitki?), en yiksek ise ST 468
cesidine Biofarm gilbresi uygulamasindan (33.65
adet bitki?) elde edildigi gorilmustir.

Cizelge 4’ten 2015 yilinda, cesitlere gore elde
edilen bitki basina koza sayisi ortalamasinin 28.91
(adet bitki) oldugu; organik giubre uygulamasina
gore ortalama bitki basina koza sayilarinin 21.51
(adet bitki') (kontrol) ve 32.40 (adet bitki?)
(Glvercin glbresi + Mikrobiyal gibre) arasinda
degistigi izlenebilmektedir. Cesit x organik glibre
interaksiyonun 6nemli olmasi bitki basina koza

sayllarinin organik glibre uygulamalarina gore
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degistigi; en dustk bitki basina koza sayisinin
Candia cesidinin kontrol parselinde (21.13 adet
bitki?), en yiksek ise BA 119 cesidine Biofarm
gibresi uygulamasindan (34.99 adet bitki?) elde
edildigi gorilmustir.

Kumari ve Subbaramamma (2006)’'nin  azot,
fosfor ve potasyumla beraber % 25 veya % 50
organik ciftlik glibresi uygulamasinin; bitkilerde
bitki basina koza sayisini arttirdigl; Yao ve ark
(2006)’'nin Bacillus subtilis bakterisinin bitki icin
organik bagl fosfor enzimlerini aktif hale getirerek,
kok sisteminin gelismesi ig¢in etkili olan fosforu
harekete gecirdigi ve bunun da bitkide verim
Uzerine olumlu etkide bulundugu; Shah ve ark.
(2012)’'nin bio-pestisitlerin ve organik glbrelerin
bitki basina koza sayisinda artisa sebeb oldugu;
Gengsoylu (2016)’'nun organik madde iceren
glbrelerle yaptiklari ¢alismada, bitki basina koza
sayisi en yiiksek degerde elde edildigi; Tarhan
(2017)’nin humik asit uygulamasinin bitki basina
koza sayisinda istatistiki olarak ©nemli etkide
(2019)'1n

bitki

bulundugu; Daskin organik glbre

dozunun artmasi basina koza sayisini
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artirdigina iliskin bulgulari, bizim bulgularimiz ile uyum Kiitlii pamuk verimi (kg ha')
icinde oldugu gorilmistur. Bizim bulgularimiza gore Varyans analiz sonucuna gore; ¢esitler arasinda,
blylk bas hayvan glbresi ve hayvan glbresi + kitli pamuk verimi yoninden 2014 yilinda 6nemli
bacillus bakteri karisimi bitki basina koza sayisinda bir farklihgin olmadigi, fakat 2015 yilinda énemli
bir artisa sebep oldugu gorilmustir. diizeyde (0.05) bir farkhhigin oldugu, 2014 ve 2015
Bulgularimiz, Kivilcim ve ark. (2010)'nin organik  yillarinda uygulanan organik ve mikrobiyal
ciftlik glbresinin verim yoniinden diger organik  gubrelerin  kitli pamuk veriminde (0.01)
glibreler ve konvansiyonel uygulamalarla ayni diizeyinde 6nemli bir farklilik olusturdugu, cesit ile
grupta yer aldigini ve bitki basina koza sayisinda organik glibre uygulamalari arasinda 2014 ve 2015
onemli bir etkisinin olmadigi yonindeki bulgular yilinda ise 6nemli diizeyde bir etkilesimin (0.01)
ile celiski icerisindedir. Adi gegen arastiricilarin (interaksiyon) oldugu belirlenmistir. Farkli pamuk
blyikbas hayvan gibresinin koza sayisina etkide cesitlerinde organik ve mikrobiyal glbre
bulunmamasi ve diger glbrelere gore farklilik uygulanmasi sonucu elde edilen katli pamuk
gostermemesi bulgusu; hayvanlarin beslenme  verimine iliskin ortalama degerler ve olusan
sekilleri, ekolojik faktorler, cevresel faktorler ve gruplar Cizelge 5te verilmistir.
glbrelerin fermantasyon kosullarindan
kaynaklanmis olabilir.

Cizelge 5. Farkl pamuk gesitlerine organik ve mikrobiyal giibre uygulanmasi sonucu elde edilen kiitlii pamuk verimine iliskin
ortalama degerler ve olusan gruplar.

Table 5. Average values and groups formed the seed cotton yield obtained as a result of applying organic and microbial fertilizers
to different cotton varieties

GU 2014 2015
F..A.. Cesitler/Cultivars Ort. Cesitler/Cultivars Ort.
St-468 BA-119 Candia Aver. St-468 BA-119 Candia Aver.

1 3788.7b 4687.8a 4561.7a 4346.0 4693.5cd 4543.de 4358.7ef 4532.0
2 3069.5d 3623.9bc 3751.7b 3367.6 4799.9cd 4688.5d 4557.1de 4681.8
3 3148.2cd 3311.3cd 3477.8bd 3637.9 4667.1de 5006.7bc 4588.7de 4754.1
4 3450.6bcd 3774.5b 3688.7bc 3481.7 4745.8cd 5827.3a 5121.5b 5231.5
5 2118.5e 1547.0f 1973.5ef 1879.6 4198.3f 3462.1g 3322.9g 3661.1
,S\);zr. 3313.8 3388.9 3490.7 3397.8 4620.9 4705.7 4389.8 4572.1
LSD 24.64 (Gubre/Fertilizer), 42.68 23.23 (Cesit/Cultivars), 18.22 (Glibre/Fertilizer), 31.55
(%5) (Cesit*Gubre/Cultivars*Fertilizer) (Cesit*Gulbre/Cultivars*Fertilizer)

1. Biofarm Gubresi (Blytik Bas Hayvan Gubresi), 2. Guvercin Gubresi, 3. Biofarm Gubresi + Mikrobiyal Gubre, 4. Glivercin Glibresi + Mikrobiyal
Glbre, 5. Kontrol. * Ayni harf grubuna giren ortalamalar arasinda LSD (%5)’e gore dnemli farkhhk yoktur. G.U.: Gibre Uygulamalari.

1. Biofarm Fertilizer (Cattle Fertilizer), 2. Pigeon Fertilizer, 3. Biofarm Fertilizer + Microbial Fertilizer, 4. Pigeon Fertilizer + Microbial Fertilizer,
5. Control. According to LSD(5%) there is not significant difference between the means of the same letter group. F.A.: Fertilizer Applications.

Cizelge 5’ten 2014 yilinda, gesitlere gore elde Cizelge 5’ten 2015 yilinda, cesitlere gore elde
edilen kitli pamuk verimi ortalamasinin 3397.8 kg edilen kitli pamuk verimleri ortalamasinin 4572,
ha? oldugu; organik giibre uygulamalarina gore 1 kg ha? oldugu; organik giibre uygulamalari
ortalama kiitlii pamuk verimlerinin 1879.6 kg ha™ sonucu elde edilen kutli pamuk verimlerinin
(kontrol) ile 4346.0 kg ha' (Biofarm glbresi) 3661.1kgha™(kontrol)ile 5231.5 kg ha™* (Glivercin
arasinda degistigi izlenebilmektedir. Cesit x  gilbresi + Mikrobiyal glbre) arasinda degistigi
organik gilbre interaksiyonunun o6nemli olmasi izlenebilmektedir. Cesit x organik glibre
cesitlerin kitld pamuk verimlerinin organik glibre interaksiyonunun 6nemli olmasi cesitlerin kitlQ
uygulamalarina goére degistigi; en disuk kitla pamuk verimlerinin organik gilibre uygulamalarina
pamuk veriminin BA 119 c¢esidinin kontrol gore degistigi; en dusuk katli pamuk veriminin
parselinden (1547.0 kg ha'), en yiiksek ise BA 119 Candia cesidinin kontrol parselinden (3323.0 kg ha"
cesidine Biofarm gubresi (4687.8 kg hal) 1), en yuksek ise BA 119 cesidine Glivercin giibresi
uygulamasindan elde edildigi goralmistar. + Mikrobiyal giibre uygulamasindan (5827.3 kg ha')
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elde edildigi gorulmastir.

Bu bulgulara gore; en ylksek organik kuatlu
pamuk verimleri her iki yilda da BA 119 x Biofarm
glibresi (4687.8 kg ha') ve BA 119 x (Guvercin
(5827.3 kg hal)
kombinasyonunda elde edilmistir.

glbresi+Mikrobiyal gibre)
Sonuglarda
goruldtugl gibi Biofarm ve Givercin glibresinin
Mikrobiyal glibre ile karisimi sonucu diger organik
glibre uygulamalarina gore birim alandan daha ¢ok
Uriin elde edilmesine yardimci olmustur. Bunun
genetik ve ¢evresel boyutlari vardir. Genetik olarak
cesitlerin verimli olmalari ve ortama uyum
gostermeleri 6nemli ve istenen bir karakterdir.
Fakat kullanilan organik ve mikrobiyal (PGPR)
glbrelerin, toprag iyilestirmesi, mikrobiyolojik
etkinligi artirmasi, toprakta ve bitki g¢evresinde
bulunan hastalik ve zararh etkinligini azaltmasi,
verimin artisinda 6nemli bir parametredir.
(2004)’in

bakterilerin tarimsal Giretimde Urin artisina direkt
etkide (2005)’'nIn
rizobakterilerin (PGPR) verimliligi arttirdigi; Yao ve
ark. (2006)'nin Bacillus subtilis bakterisinin bitki

icin organik bagl fosfor enzimlerini aktif hale

Bulgularimiz; Gardener Bacillus

bulundugu; Cakmakel

getirerek, kok sisteminin gelismesi igin etkili olan
fosforu harekete gecirdigi ve bunun da bitkide
verim Uzerine olumlu yansidigi; Akyol (2013)’un
pamuk yetistiriciliginde sivi hayvan gibresinin Ust
glbre olarak kullanilabilecegini ve bunun
sonucunda lif veriminde artis saglandigi seklindeki
Kotan (2014)'in serbest azot fikseri,

ve organik asit

bulgulari;

hormon, aminoasit Ureten
bakterilerden olusan Bm-Coton Plus uygulamasiile
pamukta % 100’lere varan verim artisinin; Lopez
(2014)'nin

calismasinda en yiiksek kutli veriminin 8 ton ha™

ve ark. organik pamuk Uretimi
sigir glibresi dozundan elde edildigini ve bliylkbas
hayvan glbresi dozunun artisi ile verimin arttig
yonindeki bulgulari; Allavo ve ark. (2015)'nin
pamuga bitki gelisimini tesvik edici bakterilerinden
olan Bacillus bakterisini kompost gibresi ile
karistirarak, bu bakterilerin kompost giibreleme ile
karsilastirildiginda %39 daha fazla verim artisi
(2017)'nin Humik

uygulamalarinin pamukta kitli pamuk verimine

sagladigl; Tarhan asit
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(kg hal) istatistiki olarak 6nemli etkide bulundugu;

Daskin  (2019)'nin  organik glibre dozunun
artmasinin kitli pamuk verimini arttirdigi; Wang
ve ark. (2020)'nin toprak bakterileri ve

aktinomisetlerin (flament yapan, birgcok yonleri ile
bakterilere bazi yonleriyle mantarlara benzeyen,
sulfar grantllerine sahip ve gram pozitif bakteriler)
Olciide arttig
sonucunda verimde artis saglandigi yonindeki

bollugunun o6nemli ve bunun
bulgulari ile uyum icinde oldugu gorulmustdr.
Fakat bulgularimiz, Kumar ve ark. (2017)'nin
blyikbas hayvan glbresi, glines keneviri, solucan
glbresi, neem agaci kabugu ve yesil gubrenin
ekimden once topraga karisimi sonucunda kitli
pamuk verimine etkisini belirlemek amaciyla
yaptiklari ¢alismada, en vyiksek kitli pamuk
veriminin ¢iftlik glbresine kiyasla neem agaci
kabugu glibresi sonucu elde edildigi seklindeki
bulgular ile zithk gostermistir. Ciftlik gubresi
uygulamasinin neem agaci kabugu giibresine gore
katli

beklenmeyen bir durumdur. Bu durum cevresel

pamuk  veriminde  disik  ¢ikmasi

faktorler ve ciftlik glbresinin yarayish olma

formunun disik olmasindan kaynaklandig

soylenebilir.
Sonug¢
Arastirmadan elde edilen veriler 1s1g8inda,
incelenen verim ve verim komponenti degerleri,
goz o6nline alindiginda; BA 119 c¢esidinin birinci
sirada yer aldigi, bunu sirasi ile Candia ve ST 468
cesitlerinin takip ettigi sdylenebilir. Organik glibre
uygulamalarina gore; Biofarm glibresi ve Glvercin
glibresi + Mikrobiyal glibre uygulamalari pamukta
verim ve kalite farklihgina neden olmustur. Bu bilgi
ve degerler 1s1g8inda; Harran Ovasi organik Tarim
kosullarinda, surdurlebilir

tarim, ¢evrenin

korunmasi ve Uretim girdilerinin azaltilarak,
Ureticinin daha cok gelir elde edebilmesi icin
organik pamuk tariminin uygulanabilecegi; toprak
biyolojisi, birim alandan verim artisi, Grtn kalitesi,
Uretici,

pazarlama yoninden, bolge ve lke

ekonomisine katki saglayabilecegi gorisindeyiz.
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Introduction

Liquorice

Fabaceae is grown in tropical and subtropical
regions (Vibha et al., 2009). There are more than

‘Glycyrrhiza glabra’

ABSTRACT

In this study, bioactive compounds were extracted from liquorice (Glycyrrhiza glabra) and
converted to instant form by the spray dryer. The four different feed emulsions were
prepared with liquorice extract as core material, 12% maltodextrin (DE 18-20)/gum Arabic
(MD/GA) combination as the coating material. The ratio of core to wall was 1:3. The MD and
GA ratio significantly (p<0.05) affected on some parameters of final products. The
encapsulation yield and efficiency were observed to vary between range of 46.30-64.11% and
98.15-98.62%, respectively. The encapsulation yield of the feed emulsion of FEs (MD/GA:
2.25/0.75) was the highest in comparison to the values for other feed emulsions. However,
there were not find any significant differences between encapsulation entrapment of the feed
emulsions (p>0.05). The highest total phenolic substances (7.02 mg GAE per g of sample) and
antioxidant activity (60.15 mg TEAC per g of sample) were found in FE1 (MD/GA: 0.75/2.25).
This study proves the success of instant liquorice production using a spray drying technique.

Key Words: Glycyrrhiza glabra, Powder, Maltodextrin, Gum Arabic, Spray drying
0z

Bu calismada meyan kokiunden (Glycyrrhiza glabra) biyoaktif bilesikler ekstrakte edilmis ve
elde edilen ekstraktlar piskirtmeli kurutma teknigi ile toz forma doéndstiralmistir. Kurutma
yardim materyali olarak maltodekstrin (MD) ve gam arabikin (GA) farkl konsantrasyonlari
kullanilmistir. Cekirdek materyalinin kaplama materyaline orani 1:3 olarak ayarlanmis ve tim
denemelerde sabit tutulmustur. Kullanilan duvar materyali konsantrasyonu elde edilen son
Urunlerin bazi ozellikleri (zerine istatistiksel olarak etki oldugu saptanmistir (p<0.05).
Enkapsilasyon verimi ve enkapsilasyon etkinligi sirasiyla 46.30-64.11% ve 98.15-98.62%
arasinda bulunmustur. FEs (MD/GA: 2.25/0.75) emulsiyonunun kapsillime verimi diger
emiilsiyonlar ile karsilastirildiginda en yiksek bulunmustur. Fakat farkli emiilsiyonlarin
enkapsilasyon etkinligi Gzerine 6nemli derecede etkileri gorilmemistir (p>0.05). En ylksek
toplam fenolik madde igerigi (7.02 mg GAE/g toz) ve antioksidan aktivite (60.15 mg TEAC/g
toz) FE1 (MD/GA: 0.75/2.25) emiilsiyonunda bulunmustur. Bu ¢alisma, puskirtmeli kurutma
teknigi kullanarak hazir meyan koki Uretiminin basarili bir sekilde gerceklestirilebilecegini
gostermistir.

Anahtar Kelimeler: Glycyrrhiza glabra, Toz, Maltodekstrin, Gam Arabik, Puskiirtmeli
kurutma

30 Glycyrrhiza glabra varieties in the region from
the Mediterranean to the east of Europe. The
belonging to used parts of the plant are roots (Liquiritae radix),
and extracts (Liquirritiae succus) obtained from

roots. Liquorice has been used as tea in the non-
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alcoholic beverage industry throughout the world.
Its extract contains about 500 different useful
compounds such as antioxidants, saponin,
isoflavone. Therefore, it is consumed widely and
also used in the treatment of diseases. Liquorice is
evaluated as an enrichment material in different
food products and a considerable ingredient of
pharmaceutical and cosmetics (Hayoglu et al,
2017; Tung et al., 2016; Wang et al., 2015).
Liquorice tea is produced by traditional
methods and consumed daily. It is served in tea
bags containing its root or prepared traditionally
and consumed. However, its shelf life is too short.
Additionally,

unpractical

it has also a problem that is
like The

products produced by proper techniques do not

instant coffee. instant
exert the aforementioned shortcomings. Spray
drying is generally used to produce instant
It

(Moreau and Rosenberg, 1996). Other advantages

products. is cheaper than freeze-drying
are low cost, easy handling, preservation of
stability

(Reineccius, 2004). Previous data regarding the

volatile and aroma substances
microencapsulation of sour cherry juice (Garofuli¢
et al., 2017) was reported. Similarly, liquorice root
extract can be converted to instant form by spray
drying technique. Maximum microencapsulation
yield (MY), microencapsulation efficiency (ME),
and flowing property were determined in
emulsion prepared by using 100% maltodextrin as
a wall material in our previous study conducted
for finding the optimum ratio of gum Arabic to
maltodextrin (Basyigit and Hayoglu, 2019). All
properties of powders produced at the optimum
point were investigated in this previous study.
Additionally,

maltodextrin on all properties of liquorice powder

the effect of gum Arabic and

is essential to discuss in detail. Therefore, we
used a binary mix (except %100 maltodextrin) of
maltodextrin (DE 18-20) (MD) and gum Arabic
(GA) as encapsulating agent for the production of
instant liquorice in this study and investigated the
changes in Hausner ratio, colour values, water
activity, solubility, moisture content, wettability,
total
antioxidant activity of final products.

surface, and phenolic content and
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Material and Methods

Materials and chemicals

Liquorice was obtained from a local grower in
Sanliurfa province of Turkey. After drying at
ambient conditions for 7 days, it was used for
further analysis. The coating materials (MD and
GA) were obtained from Smart Chemistry (lzmir,
Turkey). The remaining chemicals used in the
analyses were purchased from Sigma and Merck
(Darmstadt, Germany).

Extraction conditions for phenolics

A 100 ml glass beaker containing 5 gram
liquorice and 50 mL water was incubated at 60 °C
for 60 min. After centrifuging at 5000 rpm for 5
min, the extract was collected and stored at -18
°C for using in the further analysis Basyigit and
Hayoglu, 2019).

0.5 g instant liquorice was mixed with 10 mL
ethanol for surface phenolic analysis (Zhang et al.,
2007), 10 ml water for total phenolic analysis
(Igyer, 2012). These mixtures were incubated at
ambient conditions for 4 min in a shaker. After
centrifuging at 5000 rpm for 5 min, the extract
was collected and stored at -18 °C for use in
further analysis.

Microencapsulation of liquorice extract

Feed emulsion solid content was adjusted
according to total soluble solid content (TSSC) of
extract. The total soluble solids content, which
was originally 4 g 100 ml?, was adjusted to 16 g
100 mL?! by adding MD and GA Basyigit and
Hayoglu, 2019). The homogenization process was
carried out for 5 min by Ultra-Turrax homogenizer
(IKA-T18 Basic, Japan). Emulsions were fed as a
100 ml mixture for spray drying. The effects of the
MD/GA ratio on the quality parameters of instant
liuorice microcapsules were investigated. The
concentrations of wall material are given in Table 1.

Microencapsulation applied by a
laboratory-type spray dryer (Buchi-B290, Flawil,
Switzerland) with a division diameter of 16.5 cm

was

and a division length of 60 cm. Conditions: air inlet
temperature 140 °C, outlet temperature 9313 °C,
the pump speed 600 | h'?, feeding rate 8 ml min.
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Table 1. The wall material concentrations

Feed Emulsion TSSC/MD/GA (g/g/g)
FE1 1:0.75:2.25

FE, 1:0:3

FE3 1:1.5:1.5

FE4 1:2.25:0.75

TSSC: Total soluble solid content, MD: Maltodextrin, GA: Gum
Arabic

Physiochemical properties of microcapsules
Microencapsulation yield and efficiency

MY (Cam et al.,, 2014) and ME (Igyer, 2012)
were calculated depending on the following
equations (Eq.1 and Eq.2):

the weight of final products
MY (%) = clght of yinalp @ 4100 (1)
the weight of initial substanses (g)
Phenolics on final products surface
ME (%) = (1 - Jinal pr f2 ) x100 (2)
Total phenolic of final products

Moisture and water activity

The moisture content was performed

gravimetrically. The  water activity was
determined by using the HygroPalm AW1 water

activity meter (Rotronic ag, Germany).

Wettability

The wettability of the products was made in
(2005) by
measuring the time to disappear from the water

accordance with Turchiuli et al.

surface using 1 g sample (100 ml, 20°C).

Solubility

The solubility of products was performed
gravimetrically (Cano-Chauca et al., 2005). Boiling
distilled water (50 mL) was mixed with the instant
product (0.5 g). After the mixture was vortexed at
ambient conditions, centrifuged at 4000 rpm for 5
min. The supernatant (25 mL) was added to a
petri dish and kept at 70 2C for 24 hours. The
following equation was used to determine the
solubility (Eq.3).

Solubility (%) = 1™ /"] 4100 (3)

Where, m1, m2, m3, S1, and S2 are the initial
weight of the petri dish (g), the final weight of the
petri dish (g), the weight of the product (g), the
initial amount of water (mL), and the final amount
of water added to the petri dish (mL),

respectively.

Density

For the bulk and tapped density, 3 g instant
liguorice was put inside the measuring cylinder
(25 mL) and the cylinder was tapped until reached
constant volume on a flat surface. The first
volume and second volume were used to
determine the bulk and tapped density
respectively (Tatar et al., 2014). The bulk and
tapped density were determined as g/mL by the
following equation (Eq.4 and Eq.5):

Products mass (4)

Bulk density (pB) =

Volume of products

Tapped denSity (’DT) = FinaliZiZ;ZtZ:l;::ducts (5)
Hausner Ratio

Hausner ratio (Turchiuli et al.,, 2005) was
calculated by the formula below (Eq.6):

Hausner ratio (HR) = z—g (6)

Where, pT and pB are the tapped density and
the bulk density, respectively.

Surface and total phenolic contents

Surface and total phenolic content of final
products were estimated spectrophotometrically
using the Folin-Ciocalteu assay in accordance with
Singleton et al. (1999).

ABTS radical scavenging activity of instant liquorice
ABTS(2,2’-azino-bis(3-ethyl-benzothiazoline-6-
sulfonic acid) radical scavenging activity of

products was made according to Dai et al. (2010).

Colour analysis

The colour difference has measured with
Colour Quest XE colorimeter (Reston, VA, USA) in
accordance with Togrul and Hayoglu (2020). The
CIE L* (lightness), a* (redness), b* (yellowness), C
and h°
determined.

(chroma), (hue angle) values were

Statistical analysis
Analyses were made in two parallel and three
replications. The obtained values were subjected
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to variance analysis (ANOVA) using the SPSS 22.0
package the
significance level of p<0.05 according to the Tukey
HSD test.

program and evaluated at

Results and Discussion

Encapsulation yield

The MY s in Table 2. The
microencapsulation yield of FE,, FE1, FE3, and FEa4
42.30, 56.90, 60.96, 64.11%,

presented

was and

respectively. All feed emulsion was found more
than 50% except FE,. It is critical that the
microencapsulation vyield for effective drying is
greater than 50% (Bhandari et al., 1997). The
encapsulation yield determined was different
than those by reported (Raisin juice) Papadakis et
al. (2006), and (Pomegranate juice) Vardin and
Yasar (2012). These authors indicated that there
were positive correlations between encapsulation
yield and the amount of wall material.

Table 2. Effects of wall concentration on yield, efficiency, moisture content, Hausner ratio, water activity, solubility and

wettability of final product

Feed Yield Efficiency (%) | Moisture Water Hausner Solubility (%) Wettability (s)
Emulsion (%) content (%) activity ratio

FE1 56.60 98.55+0.36° 2.09+0.01° 0.21+0.01° 1.534£0.01° 99.40+0.01° 212+3.542
FE> 4230 | 98.37%0.03? 1.47+0.01¢ 0.160.01° 1.40+0.01¢ 98.69+0.01¢ 234+10.61°
FEs 60.96 98.30+0.04°2 1.74+0.02° 0.20+0.01° 1.50+0.01° 99.22+0.01¢ 217+3.542

FEa 64.11 | 98.60+0.48? 1.58+0.01° 0.17+0.01° 1.43+0.01° 99.50+0.01? 231+1.41°

*The results are expressed as a mean * standard deviation of three replicates. Different lowercase letters (*9) in the same

column represent the differences among the means (p<0.05)

Moisture content and water activity

Statistically significant differences (p<0.05)
were observed among the moisture content of
feed emulsions (Table 2). As expected, there was
also a significant difference (p<0.05) among the
water activity of final products. The differences
could be attributed to the different emulsion
viscosity (Premi and Sharma, 2017). When the MD
in the emulsion is high, moisture content
decreases (Nhu Quynh et al., 2016). The moisture
content ranged between 1.47 and 2.09 % which
was sufficiently necessary to make food powder
microbiologically safe. The moisture content less
than 5% is considered as the criteria for the
instant product produced by spray drying.
Therefore, the instant liquorice could have a long
shelf life
degradation are difficult under 0.3 of water
activity (Bicudo et al., 2015).

as microbiological and chemical

Hausner Ratio

The parameter plays an important role in the
packaging and transport of the product. The
lower the Hausner ratio the higher the flowability.
The FE; exhibited the highest flowability, followed
by FE4 > FE3 > FE1 (Table 2). All samples showed
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different flowability (week or too week) because
of van der Waals and electrostatic forces core
material (Tze et al., 2012).

Solubility and wettability

Solubility is an indication of the ability to form
a solution or suspension in water for spray dried
products (Bicudo et al., 2015). The FE4 exhibited
higher solubility compared to FE1, FE;, and FEs.
The solubility of products ranged from 98.69 to
99.50%. The results were more than those by
reported Sanchez-Reinoso et al. (2017) while
working on spray drying of cocoa aroma.

Wettability is known as the water absorption
ability of encapsulated powder (Gaiani et al.,
2007). The wettability values varied from 212 to
234 sec. The results were in agreement with
Fernandes et al. (2013) while working with spray
dried rosemary essential oil (155-481 sec).
Antioxidant activity, encapsulation efficiency,
surface phenolic content and total phenolic
content

Figure 1 shows the antioxidant activity
measured by the ABTS method. The antioxidant
activities were found to be in following order: FE;
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(60.15 mg TEAC g') > FE, (56.54 mg TEAC g?) >
FE4 (51.48 mg TEAC g!) > FE3 (50.13 mg TEAC g™2).
The same order was also observed for the total
phenolic content of products (Figure 2). The total
phenolic content of products was found to vary
between ranges of 6.45-7.02 mg GAE g. Due to
the lack of information in the literature about
liguorice encapsulation, we have compared the

results with those of other products. Previous
studies on total phenolic content and antioxidant
activity of different instant products such as
pomegranate juice (8.80 mg GAE g) (Miravet et
al. 2016), Mentha spicata (81.12 mg GAE g1), and
Mentha piperita (69.85 mg GAE g) (Alasalvar,
2017) and pomegranate juice (6.03 mg TEAC g?)
(Miravet et al., 2016) were reported.

70 -
60 -
50 A
40 -
30 -
20 -
10 -

Antioxidant activity
(mg TEAC/g sample)

FE1

FE2

Emulsions

FE3 FE4

Figure 1. Antioxidant activity of final products

The lower the surface phenolic contents the

structures behaved like wall material and

higher efficiency and the higher stability. protected the bioactive compound. These results
Encapsulation efficiency was not significantly  indicated that the surface phenolic content
(p>0.05) influenced with wall material depends on not only wall material but also core
concentration (Table 2). Because, liquorice material.
contains starch and different gums. The
7,8 - - 0,112 -
2 76 g - 011 8~
2L 74 - S 2
g - 0108 82
SE 724 o E
e i 7 - 0,106 S 3
%m 6,8 - - 0104 @ g
55 66 1 - 0102 20
T o 6,4 - - 01 % g
S E 62 - 5=
2 . - 0,098 &
5,8 - - 0,096
5,6 . . . 0,094
FE1 FE2 FE3 FE4
Emulsions

Figure 2. Total phenolic and surface phenolic content of final products
GAE: Gallic acid equivalent, TEAC: Trolox equivalent antioxidant activity

Colour

Lightness values and hue angle (more yellow)
of FE, were significantly higher (p<0.05) than the
other products (Table 3). On the other hand, the
FE4 had also lower redness (a*). The decrease in
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MD concentration leads to a reduction in redness,
blueness, and Croma for instant liquorice because
of the white color of MD (Kang et al., 2019). The
hue angle was higher in FE; than the others,
indicating that FE2 was less red compared to the
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others. Furthermore, the lowest chroma was
found for instant products obtained by
formulation FE; with GA as wall material. The

Table 3. Effects of wall concentration on final product colour

results indicated that the wall material

concentration and type were significant (p<0.05)
on product colour.

Feed Emulsion L* a* b* Chroma Hue angle

FE1 74.83+0.01° 3.11+0.01¢ 26.38+0.01° 26.75+0.27 83.32+0.06"
FE>2 75.8740.012 2.55+0.49¢ 25.15+0.75°¢ 25.2740.75°¢ 84.22+0.062
FE3 74.58+0.14° 3.26+0.01° 27.83+0.09%° 28.02+0.09%° 83.30+0.01°
FEs4 73.2841.20°¢ 3.48+0.01° 28.91+0.012 29.5540.61° 83.03+0.15°

*The results are expressed as a mean * standard deviation of three replicates. Different lowercase letters (*9) in the same

column represent the differences among the means (p<0.05)

Conclusion

Liguorice extract has short shelf life resulting
from a high microbial load and preparing its extract
is not practical. However, instant liquorice showed
that low moisture content (1.47-2.09 %) and water
activity (below 0.3). Therefore, the products were
microbiologically safe range. Preparation of instant
liguorice such as instant coffee, tea is not taken
time. Furthermore, instant liquorice can be
produced using MD and GA. On the other hand, it
could be produced by using different wall
materials except for MD and GA and in the
different spray drying conditions in future studies.
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Giris

Zeytinyagi, fiziksel ve mekanik islemler sonucu
zeytin agaci (Olea europea L.) meyvesinden elde

6z

Bu calismada, zeytin yapragi ilavesinin Ayvalik cesidi zeytinden Uretilen zeytinyaginin bazi
karakteristik 6zelliklerine etkisinin tespit edilmesi amaglanmistir. Bu amagla, oda sicakliginda
12 ay siire depolanan zeytinyaglarinin serbest asitlik, peroksit degeri, toplam fenolik madde,
antioksidan kapasite, indiiksiyon siresi, 6zgiil absorbans, renk ve yag asitleri kompozisyonu
incelenmistir. Yapilan istatistiksel degerlendirmede kontrol grubu yaga oranla, yaprak
ilavesiyle Uretilen zeytinyaginin ortalama serbest asitlik, peroksit degeri, L*, a* ve b*
degerleri ile stearik asit, SFA (doymus yag asitleri) ve MUFA (tekli doymamis yag asitleri)
oranlarinda 6nemli diizeyde azalma, fenolik madde icerigi, antioksidan kapasite, indiiksiyon
siresi ile linoleik asit ve PUFA (coklu doymamis yag asitleri) oranlarinda 6nemli diizeyde
yukselme tespit edilmistir. Yapilan degerlendirmeler isiginda, yaprak ilavesiyle Uretilen
zeytinyaginin oda sartlarinda en az 12 aylk sire ile oksidatif stabilitesini korudugu, yaprak
ilavesinin yagin oksidasyon stabilitesine olumlu katki sagladigi, 6zellikle %4 (g/g) yaprak
ilavesiyle Uretilen zeytinyaginin daha uzun sureyle oksidatif stabilitesini koruyacagi sonucuna
varilmistir.

Anahtar Kelimeler: Natiirel zeytinyagi, Zeytin yapragi, Peroksit degeri, Oksidatif stabilite,
Yag asitleri bilesimi

ABSTRACT

In this study, it was aimed to investigate the effect of olive leaf addition on some
characteristic properties of virgin olive oil produced from Ayvalik variety. Forth is purpose,
olive oils were analyzed for free acidity, peroxide value, total phenolics, antioxidant capacity,
induction time, specific absorbance, color and fatty acid composition for 12 months storage
at room temperature. As a result of the statistical evaluation, compared to the control group
oil, the average free acidity, peroxide value, L *, a * and b * values and stearic acid, SFA and
MUFA ratios of olive oils produced with the addition of leaves were significantly decreased;
while a significant increase in the content of phenolic substance, antioxidant capacity,
induction time, linoleic acid and PUFA ratios were determined. It was concluded that olive
oil produced with the addition of leaves preserves its oxidative stability in the room
conditions for at least 12 months, the addition of leaves positively contributes to the
oxidative stability of the olive oil, and especially the olive oil produced with the addition of
4% (w/w) leaves will maintain the oxidative stability for a longer period of time.

Key Words: Olive oil, Olive leaf, Peroxide value, Storage stability, Fatty acid composition

edilen, yesilden sariya dogru degisen renkte
kendine 6zgl tat-koku ve aromasi olan ve rafine
edilmeden tiiketilebilen bir yagdir (Anonim, 2017;

Sakar ve Unver, 2014). Zeytinyagi bilesiminde tekli
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doymamis yag asitleri disinda, disik dizeyde
bulunan ve yagin oksidasyon stabilitesi Uzerinde
olumlu etkisi olan a-tokoferol, fenolikler, klorofil
ve karotenoidler bulunmaktadir (Carrasco-
Pancorbo ve ark., 2005; Kesen, 2019; Reboredo-
Rodriguez ve ark., 2017; Sahin, Sevgen, & Samli,
2019; Tarchoune ve ark., 2019).

Yag ve yagh gidalar, hidroliz ve oksidasyon
reaksiyonlari sonucu bozulmakta ve pargalanma
drdnleri olan serbest radikaller Grindn raf dGmrin
kisaltmaktadir. zincir

Bu baglamda, peroksit

reaksiyonlarini engelleme, serbest radikalleri
yakalama ve stabilize etme yetenegine sahip yapay
antioksidanlar (BHA, BHT, TBHQ ve propil gallatlar
gibi) Ancak, yapay

antioksidanlarin tiiketici saghgi Gzerindeki olumsuz

kullaniimaktadir.

etkileri nedeniyle (Rahila ve ark., 2018), aromatik
bitki ekstraktlarinin dogal antioksidan amaciyla
kullanimina ilgi giderek artmakta, zeytin yapragi
veya ekstraktlarinin bu amac¢ dogrultusunda
kullanimi ile ilgili ¢alismalar giderek yogunluk
kazanmaktadir (Kiritsakis ve ark., 2017; Sonda ve
ark., 2014; Tarchoune ve ark., 2019; Tirkoglu ve
Kanik, 2014).

Zeytin yapraginin yulksek biyolojik aktiviteye
sahip oldugu, fenolik madde igerigi ile antioksidan
kapasitesinin ylksek oldugu zeytin yaprag ve
ekstraktinin icerdigi hidroksitirozol, kuersetin ve
ozellikle oleuropein bilesiklerinin yemeklik yaglarin
oksidatif stabilitesini arttirdig! bildirilmistir (Harp,
2011; Kiritsakis ve ark., 2017; Sevim, 2011; Sonda
ve ark., 2014; Tarchoune ve ark., 2019). Yapilan
calismalarda Gemlik, Domat, Adana topagi, Adana
yerli (Harp, 2011) ve Sanlurfa ilinde yetistirilen
Halhali (Unver, 2018) zeytin cesitlerine ait zeytin
yapragi ekstraktlarinin (100 ve 200 ppm) DPPH
radikal tutma kapasitesinin ticari zeytin yapragi
ekstrakti ile benzerlik gosterdigi, BHT den yliksek
ve BHA ile benzer veya daha etkili oldugu
bildirilmistir. Bu nedenle vyaglarin raf omrini
uzatmak amaciyla dogal bir katki maddesi olarak
zeytin yapragi ekstraktinin kullanilabilecegi ifade

edilmistir.
Akdeniz diyetinin temel yag kaynag olan
zeytinyagi, antihipertansiyon, antiviral,

antiinflamator, hipoglisemik, niliroprotektif ve
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antikanser gibi tliketici saghgi (zerine olumlu
etkilerinin oldugu, yuksek diizeyde igerdigi tekli
doymamis yag asitleri ile biyoaktif fitokimyasallar
(fenolik bilesikler, tokoferoller, karotenoidler ve
gibi) iliskili
disinllmektedir. Bu baglamda, zeytin ve zeytin

fosfolipitler ile oldugu
yapraklarinin Akdeniz (lkelerinde vyillardan beri
halk tibbinda vyaygin bir sekilde kullanildig

bilinmektedir. Bu nedenle, Dinya zeytinyagi
tiketimi ve zeytin yapragina olan ilgi giderek
artmaktadir (Barbaro ve ark., 2014; Reboredo-
Rodriguez ve ark., 2017; Talhaoui ve ark., 2018;
Tarchoune ve ark., 2019).

Gereginden fazla olgunlasan zeytin meyvesinde
oleuropein miktarinin azalmasina bagli olarak son
Uriinde arzu edilmeyen dlizeyde tat degisiminin
bu durumu telafi etmek Uzere
uretiminde %2-3 oraninda
yapraginin meyvelere karistirildigi eskiden beri
yapilan bir

(Ranalli ve ark., 2006). Zeytin yapraklarinin ucuz,

goruldug,
zeytinyagi zeytin
uygulama oldugu bildiriimektedir

etkili ve alternatif bir antioksidan olmasi nedeniyle
yag ve yagh gida Urlinlerinin duyusal ve besinsel
niteliklerini korumada rol oynadigi ve gidalarin raf
Oomrini artirmak amaciyla kullanilabilecegi ifade
edilmektedir (Jemai ve ark., 2009; Schieber ve ark.,
2001; Unver, 2018). Yapilan calismalarda, zeytin
yapragi

miktarini

ve ekstraktinin yagin fenolik madde

yukselttigi, rafine zeytinyaginin raf
Omrinl uzattig, potansiyel dogal antioksidan
kaynagi olarak yapay antioksidanlarin ikamesinde
kullanilabilecegi bildiriimektedir (Bouaziz ve ark.,
2008; Bouaziz ve ark., 2008; Kiritsakis ve ark., 2017;
Sahin ve ark., 2019). Ayni zamanda, hasat ile
birlikte zeytin meyvesinin %10’u kadar meyve ile
toplanan (Ferreira, Barros, Soares, Bastos, &
Pereira, 2007) ve ¢ogunlukla degerlendirilemeyen
yapraklarin meyve ile birlikte degerlendirilmesi,
cevre temizligine ve bolge ekonomisine katki
saglayacagi diisiniilmektedir.

Bu

depolama/oksidasyon

calismada, zeytinyaginin

stabilitesi basta olmak

Uzere bazi karakteristik ozellikleri Gzerine etkisini
tespit etmek amaciyla, farkli oranlarda Ayvalik
cesidi zeytin yapraklari kendi meyvesinden elde
edilen uretiminde

zeytinyagi kullanilmistir.
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Uretilen zeytinyaglari 12 ay siire ile oda
sicakhiginda depolanmis ve depolama periyodu
bazi karakteristik

boyunca  zeytinyaginin

Ozelliklerinin degisimi incelenmistir.

Materyal ve Yontem

Materyal

Zeytinyag Uretiminde, Sanhurfa ili sartlarinda
tarimi yapilan Ayvalik ¢esidi zeytin meyvesi ile ayni
cesit zeytin agaci yapragi kullanilmistir (Kasim 2017
hasat yih).

Yéntem
Natiirel zeytinyagi lretimi
Zeytinyag Uretiminde, gec¢ hasat edilen (Aralik
ayl) tamamen olgunlasmis siyah ve nem orani
azalmig zeytin meyveleri (500 kg) kullaniimistir.
Zeytinyag Uretiminde, santriflj yontemi (3 fazh)
Bu
yikandiktan sonra c¢ekigli kiricilarla kirilmis ve
(<30 °C)
zeytin

kullanilmistir. islem icin zeytin meyveleri
malaksore alinarak yogurma
Bu

hamurunun en fazla 1/3’ oraninda su (20 °C) ilave

islemi
gerceklestirilmistir. asamada,
edilmistir. Yag, zeytin hamuru icinde akici hale
gelene kadar (yaklasik 45 dak) yogurma islemine
devam edilmistir. Bu islemden sonra, yagli hamur
dekantére alinarak karasu ve tortusundan
uzaklastinimistir. Daha sonra, yag fazi seperatore
alinarak 1lik su ile yikanmis ve ince tortular
uzaklastirilarak zeytinyagi elde edilmistir. Meyve
ile birlikte hasat edilen zeytin yapragi yikandiktan
sonra iki farkl oranda (%2 ve %4, g/g), kirma islemi
oncesinde meyve kitlesine ilave edilerek birlikte
parcalanmasi saglanmistir. Zeytinyagi Uretimi,
Harran Universitesi Doner sermaye isletmesi
Ebrulim Zeytinyag isletmesi’nde yapilmistir.
Renkli (amber) siselere (250 ml) ambalajlanan
zeytinyag 6rnekleri, oda sicakliginda 12 ay sire ile
depolanmis ve depolama periyodunun 1.glin, 3.ay,
6.ay, 9.ay ve 12.aylarinda asagida yer alan analizler

yapilmistir.

Serbest asitlik tayini
Bu tayin Tirk Gida Kodeksi Zeytinyagi ve Prina
Yagi Analiz Metotlari Tebliginde verilen yonteme
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gore yapilmis, sonuclar % oleik asit cinsinden
hesaplanmistir (Anonim, 2014).

Peroksit tayini

Bu islem nisasta indikatéri varhiginda yaga
doymus Kl ilave edilmesi ve 0.1 N NazS$;0s3 ile
titrasyonu sonucu hesaplanmigtir (Anonim, 2014).

Toplam fenolik madde tayini

Bunun i¢in 2.5 g zeytinyagli 5 ml hekzanda
¢ozllmis, Uzerine 5 ml metanol/su (60:40 v/v)
ilavesi ile 2 dak galkalandiktan sonra, hekzan ve
metanol/su fazlari birbirlerinden 3500 rpm 10 dak
santrifiijleme ile ayrilmistir. Metanolik fazdan 0.2
ml bir tipe alinarak saf suile 5 ml’'ye tamamlanmis,
daha sonra 0.5 ml Folin-Ciocalteu ¢ozeltisi ilave
edilmistir. Yaklasik 3 dak sonra 1 ml sodyum
karbonat ¢ozeltisi (%35, w/v) tiipe ilave edilerek,
karigim saf su ile 10 ml’ye seyreltilmistir. Cozeltinin
absorbansi 2 saat sonra sahit ¢ozeltiye karsi 725
nm dalga boyunda olcilmustir. Standart olarak
kafeik asit c¢ozeltisi kullanilmistir (Hrncirik &
Fritsche, 2004).

Antioksidan kapasite tayini
Antioksidan kapasite, DPPH’nin (2,2-diphenyl-
1-picrylhydrazil)

notrlestirilmesi isleminin

spektrofotometrik olarak Olclilmesiyle
saptanmistir. Metanolde hazirlanan (100 uM) 1.9
ml DPPH c¢o6zeltisi, yag 6rnegine eklenmesi sonucu
elde edilen karisim 15 dak karanlikta bekletildikten
517
Olcilmustlir (Jiang,

Matoba, 2005).

absorbansi
&

sonra nm dalga boyunda

Yamaguchi, Takamura,

Oksidatif stabilite élgiimi

Zeytinyaginin hizlandirilmis sartlarda oksidatif
743  (Metrohm CH,
Switzerland) cihazi kullanilarak tespit edilmistir.

stabilitesi, Ransimat

Oksidasyon olcimu icin 3.5 g yag ornegi cihaza
alinmis ve 120 °C’de 20 L h! hava akis hizinda
yagda olusan ucucu bilesikler su icinde
biriktirilerek suyun iletkenligi siirekli dlctimustar.
lletkenlik egrisinin buikildigi nokta icin gecen
sure, indiksiyon siiresi (saat) olarak kaydedilmistir

(Pullen & Saeed, 2012).
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Renk tayini

Renk tayini i¢in Hunter Lab Colourflex cihazi
kullanilmistir. Enstriimantal renk degerleri, CIE
sisteminde belirtilen L™ (parlaklik), a* (kirmizlk-
yesillik), b* (sarilik-mavilik) terimleri ile ifade
edilmistir.

Ozgiil absorbans tayini

Ultraviyole isiginda 6zglil absorbans tayini (A232
ve A7) igin yag oOrnekleri, izooktan iginde
¢Ozdurildikten sonra, yagin konjuge dien igerigi
270 nm (Az70), konjuge trien igerigi ise 232 nm
(A232) dalga boyunda Spektrofotometre cihazinda

okuma yapilmistir (Anonim, 2014).

Yag asitleri bilesimi tayini

Yag asitleri bilesim analizi icin Gaz Kromatografisi
(Thermo Trace GC Ultra) kullanilmistir (Anonim,
2014). lyi bir ayrim icin firin sicaklik programi
uygulanmistir.  Bu islem, 90 °C'de 2 dak
beklendikten sonra, 90 °C’dan 200 °C’ye dakikada
10 °C, 200 °C’den 230 °C’ye ise dakikada 3 °C
artacak sekilde ulasiimis ve bu sicaklikta 12 dakika
beklenilmistir. Kolon olarak DB-Wax kolon (30.0m
X 250mm x 0.25um), tasiyici gaz olarak He (25
ml/dak) FID 280 °C,
enjeksiyon blogu sicakhgi 250 °C, enjekte edilecek

kullaniimistir. sicaklig
ornek miktari 1ulL olarak ayarlanmistir. Tanimlama
icin, yag asitleri metil esterleri (37 adet yag asidi)
standardi (Sigma-Aldrich, St Louis, MO, USA)
kullantimistir.

Istatistiksel analizler

Calismadan elde edilen veriler,
ANOVA
onemli ¢cikan ortalamalar arasindaki farklilik Tukey

¢ift yonli
ile degerlendirilmistir. Analiz sonucu
coklu karsilastirma testi ile test edilmistir (Yildiz ve
Bircan, 1994). istatistiksel analizler icin, MINITAB
17 istatistik paket programi kullanilmistir. Calisma 3
tekerriirlQ, analizler ise paralel olarak yapiimistir.

Aragtirma Bulgular ve Tartisma

Kalite ve oksidasyon parametreleri

Kontrol ve farkh oranlarda zeytin yapragi

ilavesiyle Ayvalik cesidi zeytinden (retilen
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zeytinyaginin bazi parametrelerine ait ortalama
degerler ve olusan gruplar Cizelge 1’de verilmistir.

Serbest asitlik
Kontrol ile %2 ve %4 (w/w) oranlarda zeytin
yapragl ilavesiyle Uretilen zeytinyaglarinin

ortalama serbest asitlik (%oleik asit) degerleri
birbirinden ¢ok O6nemli diizeyde (P<0.01) farkl
bulunmus ve sirasiyla 1.1610.01, 1.14+0.01 ve
1.11+0.01 olarak hesaplanmistir (Cizelge 1). Bu
¢alisma kapsaminda Ayvalik zeytin meyvesinden
Uretilen natirel zeytinyaginin serbest asitlik
degerleri, farkli oranlarda yaprak ilavesi ile Neb
Jmel, Oueslati (Tarchoune ve ark., 2019), Ayvalik
(Sari & Ekinci, 2017; Sevim, 2011); Chemlali ve
Zalmati (Sonda ve ark., 2014), Cobrancosa
(Malheiro, Casal, Teixeira, Bento, & Pereira, 2013)
cesidi
zeytinyaginda bildirilen ortalama degerlerden

zeytin  meyvesinden (retilen natirel
daha yiksek bulunmustur. Bu calisma ile literatiir
bildirimleri arasindaki farkhlik c¢esit, meyvenin
olgunlugu ve hasat sonrasi meyvenin depolama
sartlarindan kaynaklanmis olabilir. Ozellikle ge¢
hasat edilen meyvelerde lipolitik enzim
aktivitesinin artmasina bagl olarak serbest asitlik
ylkselmektedir. Zeytinyaginin kalitesini belirleyen
serbest asitlik, yagin siniflandirma ve ticari degeri
ile ilgili bilgi vermektedir. Bu nedenle, hasattan
baslayarak yagin tretilmesine kadar gegen siiregte,
serbest asitlik artisina neden olabilecek etkenlerin
minimuma indirilmesi blylk 6énem tasimaktadir
(Sari & Ekinci, 2017; Tarchoune ve ark., 2019).
Ayvalik cesidinden elde edilen zeytinyagi
Uretiminde yaprak ilavesi, zeytinyaginda serbest
asitligin azalmasina neden olmustur. Bu baglamda,
%2 ve %4 oraninda zeytin yaprag ilave edilerek
Uretilen zeytinyagi 6rneklerinin ortalama serbest
asitlik degeri, kontrol grubu zeytinyagina oranla,
daha disik bulunmustur. Benzer sekilde, zeytin
yapragl ilavesinin Queslati cesidinden Uretilen
zeytinyaginda serbest  asitligi disurdugi
(Tarchoune ve ark., 2019), zeytin yapragi ilavesinin
Neb Jmel (Tarchoune ve ark., 2019), Ayvalik ve
Memecik (Sevim, 2011) cesidi zeytinden Uretilen
zeytinyaginin serbest asitlik degerine etkisinin

istatistiksel olarak dnemli olmadigi; ancak yaprak
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ilave oraninin artisina paralel olarak Cobrancosa asitligin  ylkseldigi bildirilmistir. Arastiricilarin
(Malheiro ve ark., 2013), Ayvalk (Sari & Ekinci, bildirimleri arasindaki bu farklilk, zeytin cesidi,
2017), Chemlali ve Zalmati (Sonda ve ark., 2014) hasat olgunlugu, tretim prosesi, iklim ve yetistirme
cesidi zeytinden Uretilen zeytinyaginda ise serbest sartlarindan kaynaklanmis olabilir.

Cizelge 1. Kontrol ve farkli oranda zeytin yapragi ilave edilerek Ayvalik gesidi zeytinden uretilen zeytinyaginin bazi
parametrelerine iliskin ortalama degerler ve olusan gruplar

Table 1. Average values and formed groups related to the investigated parameters of natural olive oil produced from Ayvalik
variety olives by adding olive leaves

Parametre Kontrol %2 yaprak katkili %4 yaprak katkil
Parameter Control 2% leaf added 4% leaf added

Kalite ve oksidasyon parametreleri
Quality and oxidation parameters
Serbest asitlik (% oleik asit)

+ a + a + b
Free acidity (oleic acid %) 1.161£0.01 1.14+0.01 1.11+0.01
Peroksit degeri (meq 02 kg-yag™?) b b
+ a + +
Peroxide value (meq Os kg fat ) 2.11+0.02 1.7840.02 1.69+0.02
Fenolik madde igerigi CAE kg-yag™?
P;Z‘:M')ﬁ:;?mgecf‘?g_;:fl ) gvag’) 160.8042.17 ¢ 188.08+2.17 225.87+2.17°
Antioksidan kapasite (%)
47.21+0.47 © 1.25+0.47 ® 79.54+0.47 @
Antioxidation capacity (%) 0 61.2510 9.54£0
::gﬂt:‘iizgrliﬂe(ﬂ)(saat) 9.110.04 ¢ 9.4540.04 ° 12.20£0.04 2
Renk parametreleri
Color patameters
L" degeri/ L* value 23.05+0.08 ® 22.08+0.08 © 21.70£0.08 ©
a’ degeri/ a* value 2.20+0.03 2 1.99+0.03° 1.49+0.03 ¢
b* degeri / b* value 9.2740.13 ¢ 10.26+0.13 11.55+0.13°
Ozgiil absorbans parametreleri
Specific absorbance parameters
K232 2.341£0.04 2.25+£0.04 2.21+0.04
Ka7o 0.21+0.01 0.21+0.01 0.20+0.01
AK -0.001+0.00 2® - 0.004+0.00" 0.002+0.00 @
Yag asitleri bilesimi (%)
Fatty acid composition (%)
Palml.tl-k aSI.t (C16:0) 13.67+0.03 13.54+0.03 13.6110.03
Palmitic acid (Cis:0)
Palmitoleic asit (C16:1)
+ + +
Palmitoleik acid (Cis.) 0.80+0.04 0.761£0.04 0.79+0.04
asi .
i::c 22’/,;‘;?8"’)) 2.8240.01° 2.7740.01% 2.75£0.01°
18:0,
8',2/"; 22};((%&1)) 68.45£0.04 68.360.04 68.28£0.04
18:1
E:g;:'; 22;((%8’2)) 11.8340.03 12.1040.03° 12.11#0.03?
18:2
a'L'.mlen!k asit (Ci8:3) 0.68+0.01 0.69+0.01 0.69+0.01
a-Linolenic acid (Cis:3)
Arasidik asit (Ca0:0)
0.48+0.01 0.49+0.01 0.49+0.01
Arachidic acid (C0.0)
>SFA 16.97+0.02° 16.79+0.02° 16.84+0.02°
SUFA 81.7610.09 81.90+0.09 81.86+0.09
>MUFA 69.25+0.04° 69.11+0.04%° 69.06+0.04°
SPUFA 12.51+0.04° 12.79+0.042 12.80+0.042

>SFA: Toplam doymus yag asitleri; YUFA: Toplam doymamis yag asitleri; YMUFA:
Toplam ¢oklu doymamis yag asitleri

Toplam tekli doymamis yag asitleri; SPUFA:

JSFA: Total saturated fatty acids; SUFA: Total unsaturated fatty acids; SMUFA: Total monounsaturated fatty acids; SPUFA:

Total polyunsaturated fatty acids
Ayni satirda farkh harflerle gosterilen ortalamalar istatistiksel olarak (P<0.05) birbirinden farklidir.

The averages shown with different letters on the same row are statistically (P <0.05) different from each other.
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Sekil 1. Kontrol ve farkli oranlarda yaprak ilavesi ile Uretilen zeytinyaginda serbest asitligin
depolama periyodu boyunca degisimi

Figure 1. The change of free acidity in the control and olive oils produced by adding
different amounts of leaves during the storage period

Kontrol ve vyaprak katkili  zeytinyaginin
depolama periyodunun 1. giiniinde serbest asitlik
degerlerinin>%1 (oleik asit) olmasi zeytin

meyvesinin gec hasat edilmesinden kaynaklandigi

dustnulmektedir. Bununla birlikte, kontrol

katkih
periyodunun 12.ayinda dahi natirel birinci sinif

ve

yaprak zeytinyaginin depolama
zeytinyagl sinifinda yer aldigl tespit edilmistir
(Anonim, 2017).

degeri, depolama periyodu boyunca ¢ok 6nemli

Zeytinyaginin serbest asitlik

diizeyde (P<0.01) artmis, kontrol grubu yagda daha
ylksek, yaprak oraninin artisina paralel olarak
yagda serbest asitlik degeri daha disik dizeyde
1).
boyunca serbest asitlik degerinin ylikselmesi Sevim
(2011) tarafindan da bildirilmistir.

seyir izlemistir (Sekil Depolama periyodu

Peroksit degeri

Yapilan bu galismada, kontrol ve farkli oranlarda
yaprak ilavesiyle Uretilen zeytinyaginin ortalama
peroksit degeri 1.69+0.02-2.10+0.02 meq O3 kg
olarak bulunmustur (Cizelge 1). Bu calismada
hesaplanan ortalama peroksit degerleri, farkh
oranlarda zeytin yaprak ilavesiyle Tunus Neb Jmel
ve Oueslati (Tarchoune ve ark., 2019), Ayvalik
(Sahin ve ark., 2019; Sari & Ekinci, 2017; Sevim ve
ark., 2013) ve Cobrancosa (Malheiro ve ark., 2013)
cesidi zeytinden Uretilen zeytinyaginda bildirilen
ortalama degerlerden daha disik bulunmustur.
Peroksit degeri, oksidasyon sonucu yagda olusan
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hidroperoksitlerin dogrudan Olgimine
dayanmaktadir (Malheiro ve ark., 2013; Tarchoune
ve ark., 2019). Tirk Gida Kodeksi Zeytinyagi ve
Pirina Yagi

Tebligi'nde natlirel zeytinyaginda

peroksit degerinin < 20 meq O; kg?! olmasi
gerektigi belirtilmistir (Anonim, 2017).

Kontrol grubuna oranla, farkl oranda (%2 ve 4)
zeytin yaprag ilave edilerek Uretilen zeytinyaginin
ortalama peroksit degerleri 6nemli dizeyde
(P<0.05) daha disuk, yaprak oraninin artisina
paralel olarak zeytinyaginin peroksit degerinde de
azalma tespit edilmis, ancak bu durum istatistiksel
olarak 6nemli bulunmamistir (Cizelge 1). Yaprak
ilavesi yapilarak Ayvalik ve Memecik (Sevim, 2011),
Cobrancosa (Malheiro ve ark., 2013), Chemlali ve
Zalmati (Sonda ve ark., 2014), Ayvalik (%5 yaprak
(Sari & Ekinci, 2017)

meyvelerinden Uretilen zeytinyaglarinda ortalama

ilavesi) cesidi  zeytin
peroksit degerlerinin yikseldigi, Tunus Oueslati
(Tarchoune ve ark., 2019) cesidi zeytinyaginda
peroksit degerinde herhangi bir farkhligin tespit
edilemedigi, ancak Ayvalik (%2 zeytin yaprag) (Sari
& Ekinci, 2017), Neb Jmel (Tarchoune ve ark.,
2019) cesidi zeytinden Uretilen zeytinyaginda ise
peroksit degerinin azaldigi bildirilmistir. Ayrica,
yapragl ekstrakt

cesidinden Uretilen zeytinyagi (Sahin ve ark., 2017;

zeytin ilavesinin  Ayvalik
Sahin ve ark., 2019) ile rafine zeytinyaginda
(Bouaziz, Feki, Ayadi, Jemai, & Sayadi, 2010)

peroksit degerinin azalmasina neden oldugu
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bildirilmistir. Bu durum, zeytinyaginin elde edildigi
zeytin cesidi, hasat olgunlugu ve hasat sonrasi
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meyvenin depolama sartlari ve siliresinden

kaynaklanmis olabilir.
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Sekil 2. Kontrol ve farkli oranlarda yaprak ilavesi ile Uretilen zeytinyaginda
peroksit degerinin depolama periyodu boyunca degisimi

Figure 2. The change of peroxide value in the control and olive oils produced by
adding different amounts of leaves during the storage period

Depolama periyodu boyunca, yaprak katkil
zeytinyaglarinda peroksit degeri, kontrol grubu
yaga oranla daha disik seyretmis ve depolama
periyodu boyunca yaglarin peroksit degerleri
yukselmistir (Sekil 2). Ayrica, %4 yaprak ilavesiyle
uretilen zeytinyaginda peroksit degeri, %2 yaprak

katkih  zeytinyagina oranla daha  dustk
bulunmustur. Depolama periyodu boyunca
peroksit degerinin ylkselmesi Sevim (2011)
tarafindan da bildirilmistir.

Toplam fenolik madde

Kontrol ve vyaprak ilavesiyle (retilen

zeytinyaginin toplam fenolik madde miktari
160.80+2.17-225.87+2.17 mg CAE kg arasinda
tespit edilmistir (Cizelge 1). Toplam fenolik madde
miktari, Neb Jmel zeytinyaginda 736 mg GA
esdeger/kg yag, Oueslati yaginda ise 528 mg
GAE/kg (Tarchoune ve ark., 2019), Chemlali ve
Zalmati cesidi zeytinden elde edilen kontrol ve %3
yaprak ilavesiyle Uretilen zeytinyaginda 101.07-
122.14 ppm ve 343.61- 355.00 ppm (Sonda ve ark.,
2014); Ayvalik zeytin gesidine ait kontrol ile %1 ve
%3 yaprak ilavesiyle Uretilen zeytinyaglarinda ise
96.06, 124.92 ve 135.23 mg CAE/kg yag (Sevim,
2011) olarak bildirilmistir. Bu bilesiklerin miktari,
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zeytinin cinsi, toprak ve iklim kosullari, olgunlasma
ve depolama sartlari gibi faktorlere bagh olarak
degismektedir (Cavalli ve ark., 2004). Fenolik
bilesikler zeytin meyvesinin rengini, besin degerini,
zeytinyaginin oksidasyonu ve mikrobiyal aktiviteye
karsi stabilitesini etkiledigi (Cavalli ve ark., 2004),
kanser, kardiyovaskiler ve norodejeneratif
hastaliklari 6nledigi (Cinquanta ve ark., 1997)
bildirilmektedir.

Kontrol katkili

zeytinyaginin toplam fenolik madde icerigi daha

grubuna oranla, vyaprak
ylksek bulunmus, ayrica yaprak oranindaki artisa
paralel olarak zeytinyaginda toplam fenolik madde
miktarinin da arttigi gortlmdastir (Cizelge 1).
Benzer sekilde yapilan galismalarda yaprak ilavesi
yapilarak Ayvalik, (Sahin ve ark., 2017; Sevim,
2011), Memecik (Sevim, 2011), Neb Jmel, Oueslati
(Tarchoune ve ark., 2019), Chemlali, Zalmati
(Sonda ve ark., 2014) cesidi meyvelerden Uretilen
zeytinyaginda toplam fenolik madde miktarinin
artisina neden oldugu bildirilmistir. Benzer sekilde,
farkli duzeyde (187, 261 ve 442 mg/ml) zeytin
yapragl ekstrakt
aycicek yagi ve soya yaginin fenolik madde icerigini

ilavesinin rafine zeytinyagi,
onemli dlizeyde zenginlestirdigi (Japon-Lujan & De

Castro, 2008) bildirilmistir.
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Sekil 3. Kontrol ve farkh oranlarda yaprak ilavesiyle Uretilen zeytinyaginda toplam
fenolik madde miktarinin depolama periyodu boyunca degisimi

Figure 3. The change of phenolics in the control and olive oils produced by adding
different amounts of leaves during the storage period

Kontrol grubuna oranla, farkh oranda yaprak
ilavesiyle Ayvalik cesidi
zeytinyaginda toplam fenolik madde miktari ¢ok
onemli diizeyde (P<0.01) daha yiksek bulunmus ve
bu durum depolama periyodu boyunca ayni

zeytinden retilen

sekilde devam  etmistir.  Ayrica, natdlrel
zeytinyaglarinda fenolik madde miktari depolama
periyodu boyunca azalmistir (Sekil 3). Benzer
degisim Sevim (2011) tarafindan Avyalik ve
zeytinyaglarinin  depolama

Memecik  cesidi

periyodunda da bildirilmistir.

Antioksidan kapasite

Antioksidan kapasite (DPPH radikal siptrici
aktivite) kontrol grubu zeytinyaginda
%47.21+0.47, %2 yaprak ilave edilen grupta
%61.2510.47 ve %4 zeytin yaprag ilaveli grupta ise
%79.54+0.47 olarak hesaplanmistir (Cizelge 1).
Antioksidan kapasite (ABTS), yaprak icermeyen
Neb Jmel ve Oueslati ¢esidi zeytinyaginda sirasiyla
69.05 ve 113.84 umol TE/g (Tarchoune ve ark.,
2019), Ayvalik cesidi zeytinden uretilen kontrol ve
1500 ppm vyaprak ekstrakti
zeytinyaginda antioksidan kapasitesinin (ABTS, %)
13.45 ve 34.09 (Sahin ve ark., 2017); gec¢ hasat
edilen (2009 yili) Ayvalik zeytin cesidine ait kontrol
%1 %3 yaprak
zeytinyaglarinin ortalama antioksidan kapasiteleri

ilave edilen

ile ve ilavesiyle (retilen
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(DPPH) ise 31.90, 43.85 ve 49.75 umol TE/100g yag
(Sevim, 2011) Oksidatif
bozulma, c¢ogunlukla depolama sirasinda ortaya
¢lkmakta, yagin kalite ve raf omrini olumsuz
etkilemektedir (Bouaziz ve ark., 2008; Bouaziz ve
ark., 2008).

Kontrol grubuna oranla, yaprak ilave edilerek

olarak bildirilmistir.

Uretilen zeytinyaginda antioksidan kapasitede
yukselme gorilmus, bu durum ilave edilen yaprak
oraninin artisina paralellik arz etmistir (Cizelge 1).
Benzer sekilde, kontrol grubu zeytinyagina oranla
farkli oranlarda (%1 ve 3) kendine ait yaprak
ilavesiyle Uretilen Ayvallk ve Memecik zeytin
cesitlerine ait zeytinyaginin DPPH radikal stipurici
aktivitesinin  yukseldigi, en yiksek degerin
meyvelere %3 oranda yaprak ilavesi ile elde edilen
yagda tespit edilmistir (Sevim, 2011). Kontrol
grubuna oranla, yaprak ilavesiyle Uretilen Neb
Jmel, Oueslati (Tarchoune ve ark., 2019) ve Ayvalik

(Sahin ve ark., 2017; Sahin ve ark., 2019) cesidi

zeytinden Uretilen zeytinyaginda antioksidan
aktivitesinin  yukseldigi  bildirilmistir.  Benzer
sekilde, zeytin yaprag ekstrakti ilavesiyle

zenginlestirilen Koroneiki ¢cesidi zeytinden Uretilen
zeytinyaginda antioksidan aktivitesinin yikseldigi
bildirilmistir (Kiritsakis ve ark., 2017). Bu calismada
elde edilen degerlerin, literatir bildirimleri ile
uyum icinde oldugu soylenebilir.
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Sekil 4. Kontrol ve farkl oranlarda yaprak ilavesiyle Uretilen zeytinyaginda
antioksidan kapasitenin depolama periyodu boyunca degisimi

Figure 4. The change of antioxidant capacity in the control and olive oils produced
by adding different amounts of leaves during the storage period

Zeytinyaginin icerdigi toplam fenolik madde

miktarina  benzer sekilde, kontrol grubu

zeytinyagina oranla, yaprak ilavesi igeren
zeytinyaginin antioksidan kapasitesi cok onemli
dizeyde (P<0.01) daha yiksek bulunmus ve bu
durum depolama periyodu boyunca devam
etmistir (Sekil 4). Ayrica, %4 oraninda yaprak
ilavesi yapilarak Uretilen zeytinyaginda antioksidan
kapasite, %2 oraninda yaprak ilavesi yapilan
zeytinyagina oranla, daha yilksek bulunmusgtur.
Benzer durum, Sevim (2011) tarafindan Avyalik ve
Memecik  cesidi

zeytinyaglarinin  depolama

periyodunda da bildirilmistir.

Oksidatif stabilite

Oksidatif stabilite, zamana bagh olarak yag
orneginin oksidasyona karsi gosterdigi direng
olarak tanimlanmakta ve Grunin raf omrd ile ilgili
bilgi vermektedir (Coppin & Pike, 2001; Tan ve ark.,
2002). Oksidatif

cogunlukla hizlandirilmis oksidasyon yontemleri

stabilitenin  belirlenmesinde
kullaniimaktadir. Bu yontemlerde yag ornegi, sabit
hava akisinda yuksek sicaklikta yagda olusan ugucu
bilesiklerin oraninda meydana gelen ani yiikselisin
belirlenmesiyle tespit edilmekte ve gecen siire
indliksiyon sliresi olarak tanimlanmaktadir (Sahin
ve ark., 2019). Ortalama indiksiyon siiresi kontrol
grubu zeytinyaginda 9.11+0.04 saat, %2 yaprak
katkili grupta 9.45+0.04 saat ve %4 yaprak katkili
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grupta ise 12.20+0.04 saat olarak 6él¢ulmustir. Bu
¢alismada kontrol ve farkli oranlarda yaprak ilave
edilerek Uretilen zeytinyaginin oksidatif stabilitesi,
Ayvalik (Sahin ve ark., 2017; Sahin ve ark., 2019;
Sari & Ekinci, 2017), Chemlali ve Zalmati (Sonda ve
ark., 2014), Cobrancgosa (2019 yili) (Malheiro ve
2013)
zeytinyaginda

ark., cesidi zeytinden elde edilen
bildirilen  oksidatif  stabilite
degerlerinden yuksek, 2010 (Ekim ayi1) yilinda
2013)

zeytinden Uretilen zeytinyaginda bildirilen deger

Cobrancosa cesidi (Malheiro ve ark,,

ile paralellik gostermektedir. Bu c¢alisma ile

literatlr bildirimleri arasindaki farklihk cesit,
meyvenin olgunlugu ve hasat sonrasi meyvenin
depolama sartlarindan kaynaklanmis olabilir.
Kontrol grubu zeytinyagina oranla, yaprak
katkili zeytinyaginin oksidatif stabilitesi ylikselmis,
yaprak oraninin artmasina paralel olarak yagin
indliksiyon sliresinde de artis tespit edilmistir.
Baska bir ifade ile kontrol grubu yaga oranla, %2
yaprak ilavesiyle Uretilen zeytinyaginin oksidatif
stabilitesinde %3.73, %4 yaprak ilave edilerek
Uretilen yagin oksidatif stabilitesinde ise %33.92
diizeyinde artis hesaplanmistir. Benzer sekilde
farkh
yapragi ilave edilmesinin Cobrancosa (Malheiro ve
ark., 2013), Ayvalik cesidi (Sari & Ekinci, 2017)
oksidatif

stabilitesini yukselttigi, ancak Chemlali ve Zalmati

yapilan ¢alismalarda, oranlarda zeytin

zeytinden  Uretilen  zeytinyaginin
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cesidi (Sonda ve ark., 2014) zeytin meyvesinden
oksidatif
dislrdgu bildirilmistir. Ayrica, zeytin yapragiilave

uretilen  zeytinyaginda stabiliteyi
oranina bagli olarak rafine zeytinyaginin oksidatif
stabilitesinde 2-7 kat artis gorildiugi ve bu artisin
yaprakta bulunan polar phenoller, oleuropein ve a-
tokoferol igeriginden kaynaklandigi (Nenadis ve
ark., 2010) bildirilmistir. Ayrica zeytin yapragi
ekstrakt
uretilen zeytinyagl (Sahin ve ark., 2017; Sahin ve

ilavesinin  Ayvalik ¢esidi zeytinden
ark., 2019) ile rafine zeytinyaginin ransimat degeri
ile Olcllen oksidatif stabilitesini yukselttigi ve
zeytin yapragi ekstraktinin potansiyel antioksidan
kaynagi olarak degerlendirilebilecegi (Bouaziz ve
ark., 2010; Bouaziz ve ark., 2008) bildirilmistir.

indiiksiyon siiresindeki degisim, yagin doymamislik

13 4
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11 -
10,5 -

L -
vl O
| |
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Induction time (hour)

dizeyi, ilave edilen zeytin yapragl cesidi, elde
edildigi mevsim ve yagin depolama sartlari ve
suresinden kaynaklanmis olabilir.

Kontrol grubuna oranla, 12 aylik depolama
periyodu boyunca yaprak ilavesi yapilarak tretilen
zeytinyaglarinda indiksiyon siresi daha ylksek
seyretmistir. Ayrica, periyot boyunca %4 yaprak
ilavesiyle Uiretilen zeytinyaginda indiksiyon siresi,
%2 vyaprak ilavesiyle elde edilen zeytinyagina
oranla, daha yuksek bulunmustur (Sekil 5). Yapilan
bir gcalismada, zeytin yapragl enzimatik hidrolizat
ekstrakti ilave edilen rafine zeytinyaginin 6 ay
depolama sonrasi indiksiyon siresinin 0.71 h
oldugu, ayni sartlarda kontrol grubu rafine
zeytinyaginin indiksiyon siresinin ise 0 h oldugu

bildirilmistir (Bouaziz ve ark., 2010).
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Sekil 5. Kontrol ve farkh oranlarda yaprak ilavesiyle (iretilen zeytinyaginda oksidatif
stabilitesinin depolama periyodu boyunca degisimi

Figure 5. The change of oxidative stability in the control and olive oils produced by
adding different amounts of leaves during the storage period

Renk parametreleri

Bu calismada natiirel zeytinyaginda en yiksek
ortalama L* degeri (parlaklik), kontrol grubu
zeytinyaginda tespit edilmistir. Yaprak ilavesi ve
yaprak oraninin artmasina paralel olarak yagda L*
degeri azalmistir. Baska bir ifadeyle yaprak ilavesi
zeytinyaginda parlakhgin  azalmasina neden
olmustur. Zeytinyagl a* degeri baglaminda, gri
bolgede yer almaktadir. Kontrol grubu yaga oranla,
yaprak ilavesiyle (retilen zeytinyaginda a* degeri
onemli diizeyde (P<0.05) azalmis ve bu deger %4
yaprak orani ilavesiyle Uretilen zeytinyaginda en
distik  degerini ilavesi

almistir.  Yaprak
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zeytinyaginda kirmizi renk tonunun azalmasina,
yesil renk tonunun artmasina neden olmustur.
Zeytinyaginda en yliksek ortalama b* degeri ise %4
yaprak ilave edilerek uUretilen zeytinyaginda tespit
edilmis, yaprak ilavesi zeytinyaginda b* degerinin
onemli dizeyde (P<0.05) yiikselmesine neden
bir
zeytinyaginda sari renk yogunlugunun artmasina

olmustur. Baska deyisle, vyaprak ilavesi

neden olmustur. Yapilan calismalarda,
ekstrakti
parlakliginin azalmasi (L* degerinin dismesi), yesil

zeytin

yaprak ilavesinin  zeytinyaginda
(a* degerinin azaldigl) ve sari renk tonunun

artmasina (b* degerinin ylikselmesi) neden oldugu



Celik ve ark., 2021. Harran Tarim ve Gida Bilimleri Dergisi, 25(1): 72-85

(Kiritsakis ve ark., 2017; Nenadis ve ark., 2010)

bildirilmistir. Bu ¢alismada elde edilen renk

degerleri, literatlr bildirimleri ile paralellik arz
etmektedir. Ayrica, vyaprak ilavesi sonucu
bu

degisimin goz ile fazla algilanamayacagi, dolayisiyla

zeytinyaginin  renk degerlerinde olusan

tiketici  begenisini  olumsuz etkilemeyecegi

kanaatine varilmigtir.

Ozgiil absorbans parametreleri

Kontrol ile %2 ve %4 yaprak ilave edilerek
uretilen zeytinyaginin Kz, degerleri arasinda
onemli bir farkhlik bulunmamis ve bu deger
sirasiyla 2.3440.04, 2.25+0.04 ve 2.21+0.04 olarak
bulunmustur. Yapilan calismalarda K32 degeri,
kontrol ile farkli oranlarda yaprak veya yaprak
ekstrakti ilave edilerek Ayvalik zeytin meyvesinden
Uretilen zeytinyaginda 1.6-2.0 (Sari & Ekinci, 2017;
Sevim, 2011); Koroneiki g¢esidi zeytinden Uretilen
zeytinyaginda 1.70-1.79 (Kiritsakis ve ark., 2017);
Cobrangosa c¢esidi zeytin meyvesinden (retilen
yagda 1.63-2.61 (Malheiro ve ark., 2013) arasinda
bildirilmistir.
Bu galismada, kontrol ile farkli oranlarda (%2 ve 4)
yaprak ilave edilerek Uretilen zeytinyaginda Ka7o
0.21+0.01-0.204£0.01
Yapilan c¢alismalarda bu deger,

degerleri, arasinda
bulunmustur.
kontrol ve farkli oranlarda zeytin yapragi veya
ekstrakti
zeytinden Uretilen zeytinyaginda 0.12-0.17 (Sari &
Ekinci, 2017; Sevim, 2011);

zeytinden

ilavesiyle elde edilen Ayvalik cesidi

Koroneiki ¢esidi
0.12-0.13

(Kiritsakis ve ark., 2017); Cobrancosa cesidi zeytin

Uretilen  zeytinyaginda
meyvesinden Uretilen zeytinyaginda 0.09-0.18
(Malheiro ve ark., 2013) araliginda bildirilmistir.
Kontrol grubu yaga oranla, yaprak ilavesiyle
Ayvalik cesidi zeytinden Uretilen zeytinyaglarinda
K232 ve Kz70 degerlerinin azaldigl, AK degerinin ise
yikseldigi tespit edilmistir. Yapilan ¢alismalarda,
farkli oranlarda (%1-5) zeytin yapragi ilavesiyle
Uretilen Dritta cesidi zeytin meyvelerden elde
edilen zeytinyaginin Kas2 degerlerinin azaldigl, Ka7o
degerlerinin ise degisim gosterdigi (DiGiovacchino
1996),
meyvesinden Uretilen zeytinyagina farkli oranlarda

ve ark., Cobrancosa cesidi  zeytin

(%1, 2.5, 5 ve 10; g/g) zeytin yaprag: ilave
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edilmesinin Kz32 ve Ka70 degerlerinde artisa neden
oldugu (Malheiro ve ark., 2013); %2 ve %5
oraninda yapragi
zeytinyaginin K232 ve K70 degerlerini azalttigi (Sari
& Ekinci, 2017), Ayvalk ve Memecik zeytin
cesitlerine farkli oranda (%1 ve %3; g/g) kendine ait

zeytin ilavesiyle Uretilen

zeytin yapragl eklenerek Uretilen zeytinyaginda
K232 degerinin, yaprak ilave oranina gore farklihk
gosterdigi, %3
zeytinyaginda K70 degerinin en yiliksek oldugu
(Sevim, 2011) bildirilmistir.

Zeytinyaginda Kz3» degeri, 6nemli bir kalite

yaprak ilavesiyle retilen

kriteri olan oksidasyonun birinci basamagini
olusturan hidroperoksitler ve konjuge dienlerin
Ka7o degeri ise, oksidasyonun ikinci

varligi;
basamagi olan karbonik bilesikler ile konjuge
trienlerin varligi ile ilgili bilgi vermektedir (Anonim,
2014). Natirel zeytinyaginda, Kz32 degerinin en
yuksek 2.5, K270 degerinin en yiksek 0.25 ve AK
degerinin <0.01 olmasi gerektigi bildirilmistir
(Anonim, 2014). Bu baglamda, kontrol ve farkli
oranlarda zeytin yaprag ilave edilerek Uretilen
zeytinyaglarinin Kzs2, Ka7o ve AK degerleri anilan

teblig ile uyumluluk arz etmektedir.

Yag asitleri bilesimi

Bu calismada, kontrol ve vyaprak ilavesiyle
Uretilen zeytinyaginin yag asitleri bilesimi %98.5
Bu
zeytinyaginin bilesiminde doymus yag asitlerinden

oraninda tespit edilmistir. baglamda,
palmitik, stearik ve arasidik asitler, doymamis yag
asitlerinden ise palmitoleik, oleik, linoleik ve a-
linolenik asitler tespit edilmistir (Cizelge 1).
Kontrol grubuna oranla, yaprak ilave edilerek
Uretilen zeytinyaginda palmitik, palmitoleik ve
oleik asit oranlari daha distk, a-linolenik, arasidik
asit ile UFA oranlariise yiksek bulunmus, ancak bu
durum istatistiksel olarak 6nemli bulunmamistir.
Diger taraftan, kontrol grubu yaga oranla, yaprak
ilave edilerek Uretilen zeytinyaginda stearik asit ile
SFA, MUFA oranlari 6nemli diizeyde (P<0.05) daha
dislik, linoleik asit ile PUFA oranlarl ise daha
yuksek (P<0.05) bulunmustur. Ayrica, ilave yaprak
yag
bilesimi Uzerinde istatistiksel olarak etkisi tespit

oraninin yiikselmesi zeytinyaginin asidi

edilmemistir. Sonda ve ark. (2014) zeytin yapragi
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ilavesi ile Chemlali ve Zalmati cesidi zeytinden
uretilen zeytinyaginda yag asitleri bilesiminin
degismedigini, Malheiro ve ark. (2013) 2010 yilinda
%10 yaprak ilavesiyle Uretilen zeytinyaginda oleik
asit oraninda 6nemli dizeyde bir azalma, palmitik
ve linoleik asit oranlarinda ise yukselme tespit
edildigini, 2009 ve 2010 yillarinda ise SFA ve PUFA
oranlarinda ytkselme, MUFA oraninda ise énemli
dizeyde azalma goruldigind; Sevim (2011) ise
yaprak ilavesiyle Uretilen zeytinyaginda stearik ve
linoleik asit oranlarinin yukseldigini bildirmistir.
Farkli oranlarda vyaprak ilavesiyle elde edilen
zeytinyaglarinda yag asitleri bilesiminin farkhlik
cesidi,
yontemi, zeytin meyvelerinin olgunluk durumu,

gostermesi  zeytin zeytinyag Uretim

hasat sonrasi meyvenin bekletilme sire ve
sicakhgi, kullanilan yapragin ait oldugu mevsim ve
kullanim oranindan kaynaklanmis olabilir (Gimeno
ve ark., 2002).

Yapilan bu galismada, kontrol grubu ile %2 ve %4
yapragi
zeytinyaglarinin yag asitleri bilesimlerinin, Tirk

zeytin ilave edilerek Uretilen
Gida Kodeksi Zeytinyagi ve Pirina Yagi Tebligi ile
uygunluk arz ettigi tespit edilmistir (Anonim,

2017).

Sonug ve Oneriler

Zeytin yaprag ilavesinin Ayvalik gesidi zeytin
meyvesinden Uretilen natirel zeytinyaginin kalitesi
ile depolama/oksidatif stabilitesinde 6nemli rol
oynayan fenolik madde iceriginde artisa neden
oldugu, yaprak katkili zeytinyaglarinin en az 12 ay
sure ile oda sicakhiginda amber sisede glivenli bir
%4
ilavesiyle Uretilen yagin ayni sartlarda daha uzun

sekilde depolanabilecegi, (w/w) yaprak
siire depolanabilecegi, yaprak ilavesiyle Uretilen
zeytinyaglarinin Turk Gida Kodeksi Zeytinyagi ve
Pirina Yagi Tebligi ile uygunluk arz ettigi sonucuna
varilmistir. Bolgede vyag (retiminde kullanilan
zeytin meyvesinin ge¢ hasat edilmesinden dolayi,
zeytinyaginin  kalite parametrelerinin (serbest
asitlik ve peroksit degerleri) yliksek oldugu ve bu
durumdan zeytinyaginin oksidasyon
parametrelerinin de olumsuz etkilendigi, meyve ile

birlikte kendine ait zeytin yapraginin Uretim
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prosesine alinmasinin yagin kalitesini olumlu
etkileyecegi ve ayni zamanda c¢evre temizligi ve
katki

bolge ekonomisine olumlu saglayacagi

dustnilmektedir.
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Bu calisma, Harran Universitesi BAP tarafindan

17120)
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desteklenmis (Proje no: ve Emine

Cikar Makale
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ABSTRACT

The aim of the study is to illuminate the possibilities of using of hawthorn (Crataegus spp) as
rootstock in loquat (Eriobotrya japonica Lindl.) growing. For this aim, cv. Hafif Cukurgébek
(HCG) was budded on the hawthorn rootstocks on 8t February, 18™ May, 7t" August, and
31t October 2019 with the chip budding method in the field conditions. The percent of bud-
take successes were recorded after 45 days of the budding operations. In the bud-take, the
top of the rootstock was cut from 10 cm above the budding point in order to sprout of the
budding. After 15 days from this cutting, the ratio of bud-sprout was recorded. In addition,
the bud shoot length and bud shoot diameter and also rootstock trunk diameter in all plants
except dormant buddings were assigned in two different times on 24 December, 2019 and 8
February, 2020. The trial was planned in a completely randomized design with 6 replications
and 10 plants per replication. Differences among means were analyzed by the Tukey's HSD
method using SAS program. The highest values of bud take (47.6 %) and sprouting (70 %)
rates were taken from budding done on 7" August, 2019. This was followed by 31 October,
2019 with 41.67 % bud take and bud sprout (% 21.43). The lowest budding success rate
(10.58 %) was taken from the buddings which were done on 8 February, 2019. In both
periods of measurement, budding done on 18" May 2019 yielded the higher values of bud
shoot length and diameter. Preliminary results of this study show that hawthorn rootstock
can be used in loquat cultivation.

Key Words: Budding success, Hawthorn, Loquat, Rootstock
0z

Bu calismanin amaci, yenidiinya (Eriobotrya japonica Lindl.) yetistiriciliginde anag olarak
alicin (Crataegus spp) kullanilmasi olanaklarini aydinlatmaktir. Bu amagla, Hafif Cukurgébek
cesidi, 8 Subat, 18 Mayis, 7 Agustos ve 31 Ekim 2019 tarihlerinde ali¢ anaglarina yonga asi
yontemiile bahge kosullarinda asilanmistir. Asilamadan 45 giin sonra asi tutma basari ylizdesi
kaydedilmistir. Tutan asilarda, asi gozinin siirmesi i¢cin asi noktasinin 10 cm yukarisindan
anacin tepesi kesilmistir. Bu kesmeden 15 giin sonra, asi sirme orani belirlenmistir. Ayrica,
durgun asilar harig tim bitkilerde asi stirglin uzunlugu ve siirglin ¢api ile anag gévde capi 24
Aralik 2019 ve 8 Subat 2020'de iki farkli zamanda olg¢llmustiir. Deneme, Tesaduf Parselleri
Deneme Desenine gore 6 yinelemeli ve her yinelemede 10 bitki olacak sekilde planlanmistir.
Ortalamalar arasindaki farkliliklar, SAS programi kullanilarak Tukey'in HSD yéntemi ile analiz
edilmistir. En yiksek asl tutma (% 47,6) ve asI siirme (% 70) oranlari, 7 Agustos 2019'da
yapilan asilamalardan alinmistir. Bunu, % 41,67 asi tutma ve % 21,43 asi siirme oranlari ile
31 Ekim 2019 izlemistir. En diisik asi basari orani (% 10.58) 8 Subat 2019'da yapilan asilardan
alinmigtir. Her iki 6lgim déneminde de 18 Mayis 2019'da yapilan asilar, daha yliksek asi
sirglin uzunlugu ve slrgin c¢api degerleri vermistir. Bu ¢alismanin 6n sonuglari, alig
anaglarinin yenidiinya yetistiriciliginde kullanilabilecegini gostermektedir.

Anahtar Kelimeler: Asi basarisi, Alig¢, Yenidiinya, Anag
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Introduction

Lindl.)
propagated mainly by budding method, and when

Loquat (Eriobotrya japonica is
it is budded mostly loquat seedling is used as
rootstock. Loquat trees on the seedling rootstocks
are very tall and large crowned. There are several
difficulties of established an orchard with such
large trees. First of all, the number of trees that can
be planted per unit area is limited and also,
operations such as pruning, spraying and fruit
picking are difficult (Polat, 1995; Crane and
Caldeira, 2006).

Researchers are conducted various
experiments to solve these difficulties in loquat
cultivation. The most important of these are the
applications that reduce the tree's vegetative
growth. The best solution for this is to use dwarf
rootstocks (Polat and Kaska, 1992 a, b). As a matter
of fact, quince rootstocks are used as a dwarf
rootstock in loquat cultivation (Lin, 2007; Hueso et
al., 2007), although it is very limited.

There is some information in the literature that
hawthorn can be used as rootstocks for loquat
(Polat, 1995); however, there is not enough
research done about this matter. It was not find
any data about what is their success rates if loquat
budded on the hawthorn rootstocks.

Only one study on the use of hawthorn
rootstocks in loquat cultivation has been found in
the literature. A study by Jamil et al., (2012) was
carried out loquat was grafted on hawthorn trees
grown naturally. Buddings were done onto wild

hawthorn trees in three different periods (mid-
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May, early June, and mid-June). In the study, the
highest budding success was obtained budding
done in mid-May 2010 (80.00%) and in mid-May
20009 (79.30%).

The goal of the current work was to determine
the budding success in loquat cultivar/hawthorn
rootstock combination and the vegetative growth
behavior on this rootstock.

Material and Method

This study was conducted during two growing
sessions 2019 and 2020 in Antakya, Hatay, Turkey.
Hafif Cukurgdbek cultivar was budded on the
hawthorn rootstocks (Figure 1 a) on 8t February,
18t May, 7™ August, and 315t October 2019 with
the chip budding method in the field conditions.
The trial was planned in a completely randomized
design with 6 replications and 10 plants per
replicate. The percent of bud-take successes were
recorded after 45 days of the budding operations.
In the bud-take, the top of the rootstock was cut
from 10 cm above the budding point in order to
sprout of the budding (Figure 1 b). After 15 days
from this cutting, the ratio of bud-sprout was
recorded. In addition, the bud shoot length and
bud shoot diameter and also rootstock trunk
diameter in all plants except dormant buddings
were determined in two different times on 24
December, 2019 and 8 February, 2020. The data of
the trial were analyses according to the completely
randomized designed (Steel and Torrie, 1980)
using SAS (2005). Differences among means were
analyzed by the Tukey's HSD method.
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b

Figure 1. a: Budding of hawthorn rootstocks with Hafif Cukurgobek loquat cultivar and b: Cutting from 10 cm

above the budding point.

Results and Discussion

Budding success

The data of bud-take and bud-sprout rates are
presented in Figure 2 and 3. The highest bud take
(47.6 %) and sprouting (70 %) rates were
determined on 7th August, 2019. This was

60
50

40

10.58 d

8t
h Feb,.Uary

18t/7 May

followed by 31% October, 2019 with 41.67 % bud
take and bud sprout (% 20). The lowest budding
success rate (10.58 %) was taken from the
buddings which were done on 8t February, 2019.
The differences between the budding success
rates of periods were found significant at P<0.01
(Figure 2 and 3).

47.62 a
41.67 b

7t 3
h 4u.§'ust Ist OCtObe s

Budding periods

Figure 2. The bud-take rates of Hafif Cukurgébek cultivar on the hawthorn rootstocks in different periods.
XFor each parameter different lowercase letters indicate significant difference by Tukey’s test at 0.01
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Figure 3. The bud-sprout rates of Hafif Cukurgdbek cultivar on the Hawthorn rootstocks in different periods.
MFor each parameter different lowercase letters indicate significant difference by Tukey’s test at 0.01

different
rootstock and cultivar characteristics, techniques

Some factor such as ecology,
of budding, and care after budding can affect to
budding or grafting success rates (Polat, 2018). For
these reasons, different results can be obtained
from varies researches conducted in different
ecological conditions with different species. Only
one study on the use of hawthorn rootstocks in
loquat cultivation has been found in the literature.
In study by Jamil et al.,, (2012), the maximum
budding success (80.00%) was taken from budding

done in mid-May. Our budding success rates

(10.58%—-47.62%) are lower than those of Jamil et
al., (2012). Due to could not found enough
literature for hawthorn rootstocks, it has been
compared with some studies on quince rootstocks.

Vegetative trait

The graft shoot length, scion and rootstock
trunk diameter are given in Table 1 and 2. In
December 2019 measurements, the mean values
of rootstock and scion diameter, and bud shoot
length were measured as 15.04 mm, 5.38 mm and
12.60 cm, respectively (Table 1).

Tablo 1. The Vegetative Growth of “HCG” Loquat Cultivar on Hawthorn Rootstock (December, 2019)

Budding periods Stock diameter

Graft shoot diameter

Graft shoot length

(mm) (mm) (cm)
8™ February, 2019, 15.39 a 478 b 11.55b
18" May, 2019 15.43 a 5.70 a 14.67 a
7% August, 2019 14.29b 5.66 a 11.57 b
Mean 15.04 5.38 12.60
Significance * *k *E

¥ Different lowercase letters within a column are indicate significant difference by Tukey’s test at 0.01 and 0.05.

In February measurements, these parameters
were measured as 15.19 mm, 5.51 mm and 14.57
cm, respectively (Table 2). In both periods of
measurement, the values of shoot length and
diameter of budding done on 18th May 2019 was
determined the higher than the other budding
periods.

89

The budding periods had effect statistically
significant on bud shoot diameter and
length(P<0.01), and on stock diameter(P<0.05).
The mean value of graft shoot length shows that
the nurseries growth is very slow and the

hawthorn rootstock reduces loquat growth.
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Tablo 2. The Vegetative Growth of “HCG” Loquat Cultivar on Hawthorn Rootstock (February, 2020)

Budding periods Stock diameter

Bud shoot diameter

Bud shoot length

(mm) (mm) (cm)
8t February, 2019, 15.53 a 490b 13.50 b
18" May, 2019 15.61a 5.83a 17.00 a
7t August, 2019 14.42 b 579 a 13.21b
Mean 15.19 5.51 14.57
Significance * *E *E

¥ Different lowercase letters within a column are indicate significant difference by Tukey’s test at 0.01 and 0.05.

Our value of the bud shoot diameter and graft
shoot length is lower than those of Jamil et al.,
(2012). In their studies, the highest shoot length
value (19.3 cm) was determined in buddings on
May 18, 2010, while the highest trunk diameter
value (12.2 mm) was determined in buddings on
May 18, 2009. This difference is expected. Because
rootstocks in the study by Jamil et al., (2012) are
20-25 vyears old. The bud shoots on these
rootstocks were growth more strongly.

Conclusion

The budding success could be affected by
several factors such as air or soil temperature,
humidity, budding period, budding type, pest and
disease (Kaska and Yilmaz, 1974; Hartmann et
al.,1990). In this study, the highest budding success
rate (47.62%) was obtained with chip budding
performed on 7™ August, 2019. It was followed by
315t October, 2019 with 41.67 % bud take. From
the results of this work, it is induced that in spite
of the difference between growth habits of the
two genera used in this study, hawthorn which is a
deciduous tree and loquat which is an evergreen
tree, there were no signs of graft incompatibility
between them, since there was a good union
between them from the first step of the study until
after about two years.

It can be concluded that hawthorn which tolerates

many environmental stresses such as drought and
unfavorable soil conditions, can be used as a
promising rootstock for loquat production either
as a dwarfing rootstock for high density orchard
plantation, or as a drought resistant rootstock for
being exploited against ongoing drought condition
nowadays all-over the world. Preliminary results of
this study show that hawthorn rootstock can be
used in loquat cultivation (Figure 4).

90

'’ :V A e &b ' ;
Figure 4. A loquat sapling on hawthorn rootstock.

Further work should be conducted to increase
budding success rates on hawthorn rootstocks and
also research should be continued to determine
the effects on fruit quality using this rootstock.

Author Contribution: The AAP designed the study,
set up the trials, conducted the study, analyzed the
data and wrote the article.
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6z

Malatya Ovasl, Ulkemizde kayisi tariminin en yogun yapildigi alan olup ovadaki kayisi agaglari,
distk ilkbahar sicakliklari ve yuksek yaz sicakliklari gibi cesitli sebeplerle kigik meyve
dokiimlerine neden olan abiyotik stres faktorleri etkisinde yetistiriimektedir. Bu ¢alismada da
soz konusu meyve dokimlerini azaltmak ve ayni zamanda meyve kalitesini iyilestirmek
amaglariyla bazi organik preparatlarin etkileri incelenmistir. Bu amagla, 2010 yilinda tesis
edilmis olan ve tamami Hacihaliloglu gesidine ait kayisi agaclarini iceren bir Uretici bahgesinde,
alti farkl organik preparat kontrol uygulamasi ile birlikte yapraktan puskiirtme seklinde
uygulanmistir. Uygulamalar, canak yapraklarin meyveden ayrildigi dénemde ve meyve
uzunlugunun yaklasik 7-8 mm oldugu dénemde yapilmis olup, yapilan uygulamalar meyve
dokimi, verim, pomolojik 6zellikler, antioksidan aktivitesi ve toplam fenolik bilesik icerikleri
Uzerine etkisi yoninden karsilastiniimistir. Calisma sonucunda, yapilan uygulamalarin
incelenen tim parametreler lzerinde etkisi oldugu gorilmdistir. Calismada, meyve dokim
orani, ilk yil % 1.50 ile 18.35 arasinda ikinci yil % 13.17 ile 26.48 arasinda degismis olup her iki
yilda da en yiiksek meyve dokim orani, kontrol uygulamasinda belirlenmistir. Sonug olarak
¢alisma kapsaminda uygulanan organik preparatlardan Ul [(OM (% 35), OK (% 15), suda
¢ozlinur Potasyumoksit (K20) (% 1), OA (% 1) ve AAS (% 8)] ve U2 [OM (% 40), humik-fulvik
asit (% 65) ve suda ¢ozlinlr Potasyumoksit (K20) (% 8)]’nin 6lglilen her parametrede 6n plana
¢iktigl, bunun yaninda denemeyi teskil eden diger tim uygulamalarin da meyve dékimini
kontrole gore dnemli dlglide azalttigl gorilmustir.

Anahtar Kelimeler:Absisyon, Meyve kalitesi, Prunus armeniaca L., Meyve Dokiimi, Verim

ABSTRACT

Malatya Plain is the area where apricot farming is the most intense in Turkey, and apricot
trees are grown in the plain under the influence of abiotic stress factors such as low spring
temperatures and high summer temperatures that cause small fruit drops for various reasons.
In this study, the effects of some organic preparations have been investigated in order to
reduce the fruit drops and also improve the fruit quality. For this purpose, in the years of 2018
and 2019, six different organic preparations were applied as foliar sprays together with
control application on apricot trees of Hacihaliloglu cultivar which were eight years old in the
first year of the study. Applications were made in the period when the leaves were separated
from the fruit and when the fruit length was about 7-8 mm and the applications were
compared in terms of their effects on fruit drop, yield, pomological properties, antioxidant
activity and total phenolic compound contents. As a result of the study, it was found that the
applications made had an effect on all the parameters examined. The fruit drop rate in the
first year of the study ranged from 1.50 to 18.35%, in the second year it ranged from 13.17%
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to 26.48%, and in both years, the control application was the application in which the fruit drop occurred at the highest level.
As a result, U1 [(OM (35%), OC (15%), water-soluble Potassium oxide (K20) (1%), ON (1%) and AAS (8%)) and U2 [OM (40%),
humic-fulvic acid (65%) and water-soluble Potassium oxide (K20) (8%)] came to the fore in each parameter measured, and all
other applications constituting the experiment significantly reduced fruit drop compared to control.

Key Words: Abscission, Fruit quality, Prunus armeniaca L., Fruit drop, Yield

Giris

Kayisinin (Prunus armeniaca L.) anavatani Orta
Asya’dan Bati Cin’e kadar uzanan ¢ok genis bir
cografik alani kapsamakta, Afganistan, Pakistan,
Tacikistan, Kirgizistan, Ozbekistan ve Bati Cin bu
cografik alanin iginde kalmaktadir (Bailey ve
Hough, 1975). Diinya yas kayisi Gretimi 2018
yilhinda 3.8 milyon ton olarak gergeklesmis olup bu
Uretim icerisinde Ulkemiz 750 bin ton ile birinci
sirada yer almistir (FAO, 2020). Ulkemizde kayisi
Uretimi yapilan iller arasinda 401 ton ile toplam
uretimin  yarnisindan  fazlasini  gergeklestiren
Malatya ili birinci sirada yer almistir (TUIK, 2020).

Malatya Ovasi; Tohma, Sultansuyu ve Firat
vadileri arasinda kalan yaklasik 830 km?lik genis
bir alani kaplamaktadir (Anonim, 2020). Malatya
ilinin kayisi Uretiminin blylk bolimid, Malatya
Ovasi'nda gerceklestiriimekte olup ovada kayisi
tarimi basta ilkbahar ge¢ donlari olmak (izere
farkh
etkilenmektedir. ilkbahar ge¢ donlarinin yani sira

abiyotik stres faktorlerinden
yaz aylarinda meydana gelen yuksek sicakliklar,
kis sonu ve ilkbahar baslangicinda meydana gelen
sicaklhk dalgalanmalari, giceklenme donemi ve ilk
meyve gelisim dbneminde hakim olabilen
rizgarlar, yagmur, dolu, su stresi yiksek bagil
nem ve cesitli sebeplerle azalan ari aktivitesi ve
ozellikle duslik sicakhklar gibi olumsuz ekolojik
kosullar cicek tomurcugu tesekkdliing,
fotoasimilat birikimini, tozlanma-doéllenmeyi ve
meyve tutumunu olumsuz yonde etkilemekte,
meyve doklimlerine neden olmakta ve dolayisiyla
verim kayiplarina yol acabilmektedir (Viti ve
Monteleone, 1991; Gradziel ve Weinbaum 1999;
Torricalles ve ark., 2000; Alburquerque ve ark.,
2003). Bayrak ve Engin (2016) kayisida tomurcuk
ve kiicik meyve dokimu tzerine yapmis olduklari
calismada, dokiilen tomurcuk ve meyvelerin genel
olarak azot, potasyum, magnezyum ve demir

eksikligi nedeniyle gergeklestigini belirlemiglerdir.
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Ozellikle bu elementler icinde azot eksikliginin
Olcide artirdigini
bitki
uygulamalari ile s6zii edilen olumsuz ekolojik

meyve dokiminli dnemli

bildirmislerdir. Agaclarin besleme
kosullardan daha az etkilenmesini ve dolayisiyla

meyve dokim siddetini azaltabilecegi ortaya
konulmustur.

Bitkilerin toprak Ustu organlar o6zelikle de
yapraklari besin elementleri ve organik bilesenleri
alarak kullanma 6zelligindedirler. Topraktan besin
elementi alinimlarinin  sinirlandigl  ve besin
gereksiniminin ylksek oldugu doénemlerde bu
uygulamalar daha da 6nem tasimaktadir (Acarsoy
ve ark., 2011). Ozellikle meyve dokiimlerinin
ilk
yapraktan yapilan besleme uygulamalarinin yogun

yasandigi meyve blylimesinin asamalari
olarak yapildigi donemlerdir. Meyve tutumunda
makro ve mikro besin elementleri 6nemli bir rol
2007). Bu

baglamda, saglikli bir tozlanma igin 6nem tasiyan

oynamaktadir (Khayyat ve ark.,
¢im borusunun gelisiminde potasyum 6nemli bir
rol oynamaktadir (Holdaway-Clarke ve Hepler,
2003). Yapraktan KNO3 glibreleme uygulamasinin
zeytinde meyve tutumu ve verimi artirdig
bildirilmistir (Inglese ve ark., 2002). Cimato ve ark.
(1990) zeytinde yapraktan azot uygulamasinin
meyve tutumu Gzerinde olumlu etki gosterdigini
ifade etmektedirler. Ayrica, Urenin azot kaynagi
olmasinin yani sira organik yapiya sahip
bulunmasi nedeniyle diger besin elementlerinin
da

bilinmektedir. Diger taraftan bir mikro element

yapraktan alinmasini kolaylastirdigi

bitki gelisimindeki etkisi nedeniyle
biri

ark.,

olan bor,
olarak kabul

2007).
uygulamalarinin, cicek tozu canliligi ve cimlenmesi

onemli iz elementlerden

edilmektedir (Khayyat ve Bor

Uzerine etkileri ©nceki c¢alismalarda ortaya
konmustur (Nyomora ve ark., 1997).

faktorlerine
farkli

olabilmektedir. Kayisi agaglar ozellikle disik ve

Meyve turlerinin stres

gosterdikleri tepkiler birbirinden
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yiksek sicaklik stres faktorlerine karsi hassas olan
ilindeki
olusturan Hacihaliloglu

tirlerden birisi olup Malatya kayisi
%60-65"ini
cesidi de hassas grupta yer almaktadir (Anonim,
2014).
Battalgazi ilcesinde Uretici sartlarinda yetistirilen
agaclarinda

yapraktan uygulanan organik menseili Grinlerin

agaglarinin
Bu nedenlerle bu c¢alisma Malatya ili
kayisi

Hacihaliloglu ¢esidine ait

meyve dokimi ve kalitesi Uzerine etkilerinin
belirlenmesi amaciyla yuratilmastar.

Materyal ve Metot

Bu galisma 2018 ve 2019 yillarinda Malatya ili
Battalgazi ilcesi Adagdéren mahallesindeki Uretici
bahgesinde yurdtilmustir. Calisma alani Malatya
Ovas! icerisinde yer almakta olup deniz
seviyesinden 720 m’dir. Calisma
alaninda kaydedilen meteorolojik veriler Cizelge

1’de verilmistir.

yuksekligi

Cizelge 1. Calisma alaninda 2017, 2018 ve 2019 yillarinda 6lgilen bazi meteorolojik degerler
Table 1. Some meteorological values measured in the study area in 2017, 2018 and 2019

Ocak Subat Mart Nisan Mayis Haziran  Temmuz Agustos Eylal Ekim
January  February  March April May June July August September  October

2017

oS 0.0 2.9 8.9 12.6 17.7 24.7 29.6 30.3 23.5 14.2

OMMS 5.8 10.3 16.5 20.4 25.5 32.6 37.7 37.8 34.5 23.1

OMNS -5.2 -6.1 0.8 4.3 9.5 13.9 17.1 17.2 11.5 5.4
2018

oS 4.2 6.4 11.5 15.1 18.9 23.7 27.7 28.1 22.4 15.5

OMMS 9.5 12.7 18.9 25.1 26.8 33.1 37.6 37.0 29.4 21.3

OMNS  -1.1 0.0 4.2 5.2 11.1 14.4 17.8 19.2 15.5 9.9
2019

oS 0.5 3.4 7.0 11.8 20.2 25.9 25.5 26.4 20.3 15.9

OMMS 4.6 9.0 12.9 18.7 28.9 35.2 34.2 35.5 29.1 24.1

OMNS -34 -2.1 1.1 5.4 10.5 16.1 16.9 17.7 11.4 7.8

0OS: Ortalama sicaklik, OMMS: Ortalama Maksimum Sicaklik, OMNS: Ortalama Minimum Sicaklik
0S: Average Temperature, OMMS: Average Maximum Temperature, OMNS: Average Minimum Temperature

Calismanin bitkisel materyalini 2010 yilinda
dikilmis olan Hacihaliloglu c¢esidine ait kayisi
agaclari olusturmustur. Denemenin ylritildiGgi
bahce 10 x 10 m sira arasi ve sira lizeri mesafe ile
zerdali ¢6glr anaci kullanilarak tesis edilmis olup
calisma stresince yetistiricilik islemleri gerektigi
gibi yuratilmustar.

Calisma kapsaminda yapilan uygulamalara ait
bilgiler Cizelge 2’de verilmigtir. S6z konusu
uygulamalar canak yapraklarin meyveden ayrildigi
doénemde ve meyve uzunlugunun yaklasik 7-8 mm
dénemde vyapilmistir. Bu

oldugu baglamda

Cizelge 2. Calisma kapsaminda yapilan uygulamalara ait bilgiler

uygulama zamani ilk yil 31.03.2018, ikinci yil ise
13.04.2019 seklinde
tesadlf bloklari deneme desenine gore kurulmusg

kaydedilmistir. Deneme

olup her bir uygulama 3 tekerrtrli ve her
tekerrirde 5 agacg olacak sekilde dizenlenmistir.

Uygulamalar vyapraklara puskirtme seklinde

yaptmistir. Uygulamalarda kullanilan organik

preparatlarin igerikleri Cizelge 2’de verilmistir.

Ayrica preparatlarin yapraklarda tutunmasini
arttirmak amaciyla vyayici-yapistirici olarak 20
ml/100 L oraninda % 100 organik silikon

kullanilmistir.

Table 2. Information about the applications performed in the experiment

No Preparat Bilgileri ve Uygulama Dozu

Ul OM (% 35), OK (% 15), suda ¢6zlinlr Potasyumoksit (K20) (% 1), OA (% 1) ve AAS (% 8) - 100 ml / 100 It
u2 OM (% 40), humik-fulvik asit (% 65) ve suda ¢6ztinlir Potasyumoksit (K20) (% 8) - 70 gr / 100 It

u3 OM (%26), OK (% 11), OA (% 4) ve AAS (% 25) - 80 ml / 100 It

us4 Ul’de belirtilen karisima 100 ml / 100 It oraninda %8’lik suda ¢6ziiniir Bor (B) ilave edilmistir

us U2’de belirtilen karisima 100 ml / 100 It oraninda %8’lik suda ¢6zlntr Bor (B) ilave edilmistir

U6 U3’de belirtilen karisima 100 ml / 100 It oraninda %8’lik suda ¢6ziiniir Bor (B) ilave edilmistir

u7 Sadece su uygulamasi yapiimigtir

OM: Organik Madde, OK: Organik Karbon, OA: Organik Azot, AAS: Aminoasit
OM.: Organic Matter, OK: Organic Carbon, OA: Organic Nitrogen, AAS: Amino acid
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Meyve dokim orani ve verim icin her bir
agacta, agaclari
yonlerinden olmak Uzere Uger dal segilmis, segilen

temsil edecek sekilde farkli

dallarda uygulama zamani ve hasat olumu

dénemlerinde meyve sayimlari  yapilmistir
(Guneyli ve Onursal, 2014). Meyve dokim orani
uygulama zamani ve hasat olumu donemlerinde
yapilan sayimlarin oranlanmasi ile hesaplanmis, %
olarak ifade edilmistir. Toplam verim ise hasat
olgunlugu déneminde her bir dalda sayilan meyve
sayisi ile ortalama meyve agirliginin ¢arpilmasi ile
elde edilen degerin dal kesit alanina bolinmesi ile
g/cm? olarak hesaplanmistir. Dal kesit alani, ilgili
dal kesit

doneminde dijital kumpas ile bogumun 5 cm

dallarin gaplarinin  hasat olumu

Uzerinden Olglilmesi ile elde edilen degerler

kullanilarak  daire  alani  formiliine goére
hesaplanmistir.

Meyve Ozelliklerinden meyve agirhgl hassas
terazi (0.01 g) ile Ol¢lilmiis gram cinsinden ifade
edilmistir. Meyve boyutlari (meyve boyu, meyve
yuksekligi ve meyve eni) dijital kumpas ile
milimetre (mm) olarak O&lgllmustir. Renk
degerleri dijital renk o6lger (3nh, NR10QC) ile
Olgilmis; L, a, b degerleri ile ifade edilmistir.
Kimyasal meyve oOzellikleri meyve 6rneklerinden
elde edilen homojenize meyve suyunda
OlgUlmustir. SCKM degeri ylzde Brix olarak el
refraktometresi (Greinorm 0-32 Brix) ile tespit
edilmistir. Titre edilebilir asitlik (TEA) Haffner ve
Vestrheim (1997) tarafindan belirtilen yonteme
gore belirlenmis ve ylzde malik asit olarak ifade
edilmistir. Toplam Fenolik Bilesik icerigi (TFBI) (mg
GAE/100 mg) Folin Ciocalteu kolorimetrik metodu
kullanilarak  spektrofotometrik olarak analiz
edilmistir (Singleton ve Rossi, 1965). Antioksidan

Aktivitesi (AA) (mM Trolox/100 mg) ise 2,2-

Diphenyl-1-picrylhydrazyl (DPPH) radikali
kullanilarak Blois’in metoduna gore
spektrofotometrik olarak incelenmistir (Blois,
1958).

Arastirma sonucunda elde edilen veriler

Duncan Coklu Karsilastirma Testine gore P<0.05
onem seviyesinde degerlendirilmistir. S6z konusu
istatistik degerlendirmeler “SPSS for Windows
23.0” (IBM Inc., Chicago, IL, USA) paket programi
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kullanilarak gergeklestirilmistir.

Arastirma Bulgulari ve Tartisma

Meyve dékiim orani ve verim

Calisma kapsaminda elde edilen meyve dékim
orani ve verim sonuglari Cizelge 3’de verilmistir.
Galismanin her iki yilinda da gerek meyve dokim
oranlarinda gerekse de verim degerlerinde
farkhhklar

edilmistir. Yillar arasinda ise uygulamalardan elde

uygulamalar arasinda 6nemli elde
edilen degerler farkliliklar gostermistir. Calismanin
ilk yihnda en yiksek meyve dékim degerleri U2
ve U7 uygulamalarindan (sirasiyla % 18.35 ve
17.58) elde edilirken, ¢alismanin ikinci yilinda en
distik deger yalnizca U7 uygulamasindan (%
26.48) elde edilmistir. En disik meyve dokim
%1.5 ile U3

uygulamasindan elde edilirken, ikinci yilda U2, U4

degeri, c¢alismanin ilk yilinda,
ve U5 uygulamalarindan (sirasiyla % 13.91, 15.44
ve 13.17) elde edilmistir. Verim degerlerinde 2018
yilinda en yiksek degerler U4, U5 ve U6 (372.36,
375.27 ve 374.51 g/cm?), 2019 yilinda ise 644.48
g/cm? ile U2 uygulamasindan elde edilmistir.Buna
karsihk en disik deger,denemenin ilk yilinda,
327.50 ve 324.67 g/cm? ile U2 ve U7, 2019
denemenin ikinci yilinda ise 399.28 ve 387.40
g/cm? ile U6 ve U7 uygulamalarindan elde
edilmistir.

Acgiklanan bulgular destekler nitelikte, humik
asit iceren bir preparatin Canino kayisi ¢esidinde
bitki gelisimini (strglin uzunlugu, yaprak alani ve
yaprak nispi klorofil icerigi) kontrole gore artirdig
(Shaddad ve ark., 2005).
¢alismada, humik asit uygulamasinin yapraklarin

bildirilmistir Ayni
N, P ve K iceriklerini istatistiksel olarak 6nemli
Olclide arttirdigini ve bu durumun fotosentez
etkinligini olumlu yonde etkileyerek meyve tutum
oranini da artirdigi bildirilmistir. Benzer sekilde,
humik asit ve fulvik asitin elma ve kayisida verimi
artirdig farkli arastiricilar tarafindan bildirilmistir
(Fathi ve ark., 2002; Fawzia - Eissa ve ark. 2003).
Ayrica, Karlidag ve ark. (2017), kayisida bor
uygulamasinin abortif cicek olusumunu azaltarak
meyve tutum oranini ve toplam verimi artirdigini
bildirmistir.
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Cizelge 3. Farkli uygulamalardan 2018 ve 2019 yillarinda elde edilen meyve dokiim orani ve verim sonuglari
Table 3. Fruit drop rate and yield results obtained from different applications in 2018 and 2019

Meyve Dokim Orani (%)

Verim (g cm??)

No Fruit Drop Rate (%) Yield (g cm?)
2018 2019 2018 2019

Ul 3.9e 17.06 b 347.38d 508.70 ab
U2 18.35b 1391 ¢c 327.50 e 644.48 a
u3 1.50f 1793 b 353.22d 420.28 b
U4 452 e 15.44 bc 372.36¢c 415.18 b
us 8.27d 13.17 ¢ 375.27 c 427.04 b
ue 6.85d 17.89b 374.51c 399.28 ¢
u7 17.58 b 26.48 a 324.67 e 387.40c

Her bir parametreye ait farkh harflerle isaretlenen degerler arasindaki farklar istatistiki agidan 6nemlidir (P<0.05)

Meyve kalite 6zellikleri

Her iki deneme vyillarinda elde edilen fiziksel
meyve kalite 6zelliklerine ait bulgular Cizelge 4’de
verilmistir. Buna goére, en yuksek meyve agirligi
her iki yilda da U2 uygulamasindan (sirasiyla 38.24
ve 37.24 g) elde edilmistir. En disik deger ise
2018 yilinda 30.76 g ile U5 uygulamasi, 2019
yiinda ise 28.41 g ile U5 ve 29.26 g ile U6
uygulamalarindan elde edilmistir. Meyve boyu
bakimindan en vyiksek deger 2018 yilinda U1l
(38.52 mm), 2019 yilinda ise U1 (37.41 mm) ve U7
(37.31
Meyve vyiksekligi icin en ylksek deger, her iki

mm) uygulamalarindan saptanmistir.
yilda da Ul uygulamasindan elde edilmistir.
Meyve boyu icin her iki yilda, meyve ylksekligi
icin ise 2018 yilinda U1 uygulamasi disindaki diger
uygulamalar arasinda istatistiki acidan dnemli bir
fark bulunmamistir. Meyve yiksekligi 2019 yilinda
ui, U2 u7
uygulamalara daha yiksek degerler gostermistir.
Meyve eni igin ilk yilda U1, U2, U3 ve U4

uygulamalarinda, buna karsilik, ikinci yilda ise Ul

ve uygulamalarinda, diger

uygulamasinda en yiiksek deger Olcilmiustir.
Renk degerlerinden L icin 2018 yilinda, a ve b
icin ise 2019 vyilinda uygulamalar
istatistiki bir fark
bulunamamistir. 2019 vyilinda ise bu degerler

degerleri

arasinda acidan o6nemli

arasindaki  farklar istatiksel olarak ©6nemli
bulunmustur. Diger renk degerlerinde ise her iki
yilda da uygulamalar arasinda énemli farkliliklar
tespit edilmistir. Calismanin ikinci yilinda 74.31 ile
en vyiksek L degeri Ul uygulamasindan elde
edilmistir. Calismanin birinci yilinda ise en yliksek
U3 (16.97) Us  (15.69)

uygulamalarindan elde edilirken, b degeri igin U3

a degeri ve
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ve U5 uygulamalar disik degerler vermis, diger
uygulamalar kendi aralarinda istatistiki acidan fark
gostermeksizin  nispeten  yliksek  degerler
gostermistir.

Bu konuda, kayisi ve farkli tiirlerde meyve
kalite ozelliklerinin gesitli organik maddelerden
yonde

tarafindan bildirilmistir. Buna gore, Bussi ve ark.

olumlu etkilendigi  bircok arastirici
(2003) "Bergeron" kayisi cesidinde; Shaddad ve
ark. (2005), Kabeel ve ark. (2005), El-Naggar
(2009)"Canino" kayisi gesidinde; MiloSevi¢ ve ark.
(2013) ‘Aleksandar’, ‘Biljana’ ‘Vera’ ve ‘Harcot’
(2016),

portakal cesidinde; Grzyb ve ark. (2012), Topaz ve

kayisi cgesitlerinde; El-Gioushy Navel

Ariwa elma  c¢esitlerinde  ¢esitli  organik

preparatlarin meyve agirhgini artirdigini
bildirmislerdir. Arastiricilar, meyve agirligindaki bu
artisin humik asit, fulvik asit, organik karbon ve
cesitli  organik maddelerin  icsel hormon
miktarlarindaki degisim ve dolayisiyla da artan
fotosentez aktivitesinden kaynaklandigini
bildirmislerdir.

Roussos ve ark. (2011) 3 farkl kayisi ¢esidinde,
farkh
meyve renk degerleri lzerine etkilerini arastirdig
bir

azalmasiyla Nafsika kayisi ¢esidine ait meyvelerin

seviyelerde seyreltme uygulamalarinin

calismada, agactaki meyve ylkinin
L degerinin arttigini, yani meyve kabuk renginin
daha acik oldugunu bildirmislerdir. Yirutilen bu

¢alismada da benzer sonuclar elde edilmistir.
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Cizelge 4. Farkli uygulamalardan 2018 ve 2019 yillarinda elde edilen fiziksel meyve kalite 6zelliklerine ait sonuglar
Table 4. Results of physical fruit quality characteristics obtained from different applications in 2018 and 2019

No MA (g) MB (mm) MY (mm) ME (mm) L a b

2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019
Ul 36.50b 35.41b 38.52a 3741a 4332a 4221a 37.83a 36.70a 76.61 7431a 7.34b 6.56 45.39a 40.58
U2 38.24a 37.24a 37.18b 36.18b 41.75b 40.52b 37.31ab 34.33b 70.72 65.06b 8.16b 8.11 44.56a 44.29
U3 33.11c 31.15c 37.29b 36.41b 4193b 40.14c 37.16abc 34.19b 7136 65.65b 16.97a 15.27 38.83bc 34.94
U4 32.82c 31.21c 37.07b 36.31b 40.63b 40.41c 37.14abc 34.17b 75.76 69.70b 9.08b 8.98 4476 a  44.29
U5 30.76d 28.41d 36.56b 3598b 40.59b 39.78c 36.52cd 33.60c 7191 66.16c 15.69a 1411 37.67c 33.87
U6 32.74c 29.26d 37.04b 36.02b 41.20b 40.21c 36.26d 33.36c 7593 69.86b 9.97b 9.27 42.65ab 39.64
U7 32.55c 30.41c 3735b 37.31a 41.12b 4194b 36.60bcd 33.67c 75.78 69.72b 12.35ab 12.22 46.20a 45.71

MA: Meyve Agirhigi; MB: Meyve Boyu; MY: Meyve Yiiksekligi; ME: Meyve Eni

MA: Fruit Weight;MB: Fruit Length;MY: Fruit Height; ME: Fruit Width

Her bir parametreye ait farkl harflerle isaretlenen degerler arasindaki farklar istatistiki agidan énemlidir (P<0.05)

Calisma kapsaminda etkinligi arastirilan farkli
uygulamalardan 2018 ve 2019 yillarinda elde
edilen kimyasal meyve kalite Ozelliklerine ait
sonuglar Cizelge 5’te verilmistir. Calismanin ilk
yilinda en ylksek SCKM degerleri U5 ve U6
uygulamalarinda (sirasiyla % 21.27 ve 21.70) elde
bu % 21.03 ile U4
uygulamasi takip etmistir. Calismanin ikinci
yilinda, ilk yila benzer sekilde, U4 (% 20.81) ve U6
(% 20.17) uygulamalarinda en yiksek SCKM
degerleri 6l¢tlmustir. En disik SCKM degeri
2018 yilinda U1, U2 ve U7, 2019 yilinda
uygulamasindan elde edilmistir. En ylksek
2018 vyilinda 4.89
uygulamalarindan elde edilirken, 2019 yilinda

edilmis, uygulamalari

ise
Ul
pH
u7
ise

degerleri ile Ul ve

U2, U4 ve U7 uygulamalarindan (sirasiyla 4.77,
4.72, 4.84) elde edilmistir.
bakimindan her iki yilda da en yiksek degerler %

Titrasyon asitligi

0.28 ile U7 uygulamasindan elde edilmis, en
dustk degerler ise her iki yilda da U4, U5 ve U6
Antioksidan
aktivitesi degerlerinde 2019 yilinda uygulamalar

uygulamalarindan elde edilmistir.

arasinda 6nemli bir farkliik bulunmazken, 2018
yilinda 0.88 umol TE/g MA ile U5 uygulamasi diger
uygulamalara gore daha

yuksek bir deger

vermistir. Benzer sekilde U5 uygulamasi 2018

yilinda 672.09 pug GAE/g MA ile en yiiksek toplam
fenolik bilesik igerigi degerini veren uygulama
olmustur.

Tarantino ve ark. (2018), Orange Rubis kayisi
cesidi farkl
etkilerini  arastirdiklari

Uzerine organik preparatlarin
calismada,

humik asit ve amino asit uygulamalarinin, SCKM

yapraktan

degerlerini kontrole goére istatistiksel olarak

onemli o6lgtide artirdigini bildirmiglerdir. Ayni
¢alismada, humik asit uygulanan kayisilarin TA
degerlerinin azaldigi ve pH degerlerinin arttig
bildirilmistir. Arastiricilar bu durumun icsel oksin
miktarindaki artisla birlikte olgunlasma hizinin
artmasi asitlerin

ve parcalanmasindan

kaynaklanabilecegini 6ne sitrmislerdir. Benzer
sekilde, ayni calismada kontrol grubunu temisil
TFBI
uygulamalara gore daha yliksek bulunmustur. Bu

eden  meyvelerin degerleri, diger
durumun kontrol grubu meyvelerinde asitlerin
parcalanmasinin daha yavas gerceklesmesinden
kaynaklandigini bildirmislerdir. Benzer sekilde, AA
degerlerinin de kontrol grubunu temsil eden
bitkilerde daha yliksek olarak bulundugunu bunun
sebebinin de TFBI ve AA arasindaki kuvvetli pozitif

korelasyondan kaynaklandigi ifade edilmistir.

Cizelge 5. Farkli uygulamalardan 2018 ve 2019 yillarinda elde edilen kimyasal meyve kalite 6zelliklerine ait sonuglar
Table 5. Results of chemical fruit quality characteristics obtained from different applications in 2018 and 2019

No SCKM (%) pH TA (%) AA (umol TE/g MA) TFBI (ug GAE/g MA)
2018 2019 2018 2019 2018 2019 2018 2019 2018 2019
U1 20.07 17.94d  4.89a 437 ab 0.24b 0.21b 0.79b 0.71 603.87b 539.86 b
U2 20.07 ¢ 19.95ab  4.80ab 4.77 a 0.22 bc 0.22b 0.77b 0.77 588.71b  585.18 ab
V! 20.30 be 1827¢  4.60bc 4.14b 0.21c 0.19 bc 0.76 b 0.68 581.13b 522.98b
U4 21.03 ab 208la  4.77ab 472 a 0.18d 0.18bcd  0.76b 0.75 576.08b 569.97 ab
us 21.27a 19.12bc  4.65 bc 4.18b 0.18d 0.16d 0.88a 0.79 672.09a 604.27a
U6 21.70 a 20.17a  4.55¢ 4.23b 0.17d 0.16d 0.76 b 0.71 576.08b 535.41b
u7 19.67 ¢ 19.46b  4.89a 4.843a 0.28 a 0.28 a 0.76 b 0.75 578.61b 572.48ab

SCKM: Suda Céziiniir Kuru Madde. TA: Titrasyon Asitligi. AA: Antioksidan Aktivitesi. TFBI: Toplam Fenolik Bilesik icerigi.
SCKM: Water Soluble Dry Matter. TA: Titration Acidity. AA: Antioxidant Activity. TFBI: Total Phenolic Compound Content.
Her bir parametreye ait farkl harflerle isaretlenen degerler arasindaki farklar istatistiki agidan énemlidir (P<0.05)
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Sonug ve Oneriler

Kayisi tariminin diinyada en yogun yapildigl
Malatya Ovasi, bazi yillar ilkbahar ge¢ donlarina,
Ozellikle son yillarda ise kiresel iklim degisikliginin
de etkileriyle ¢iceklenme ve kiglik meyve
dokimunde diisiik sicaklik ve yiksek hava oransal
nemi gibi olumsuz ekolojik kosullara maruz
kalmaktadir. Bu durum cicek ve kigcik meyve
doklmlerini arttirarak ciddi verim kayiplarina
neden olmaktadir. Bunlarin yaninda, yine son
yillarda hasat oncesi donemde meydana gelen
yuksek sicakliklar, olgunlasma sorunlarina yol

ciddi
Belirtilen sorunlarin ¢ozilebilmesi

acmakta ve kalite kayiplarina neden
olmaktadir.
adina yurdtidlen bu calismada, denemeyi teskil
eden preparatlarin meyve dokimiini azaltarak
verimi artirmak ve ayni zamanda meyve kalitesini
iyilestirmek amaciyla kullanilabilecegi sonucuna

varilmistir.

Ekler

Bu calisma Tarim Sigortalari Havuz isletmesi
AS. Genel Midirligii (TARSIM) tarafindan
“Kayisida Soguk Stresi Zararinin Don Zararindan

Ayristirlmasi ve Bu Zararin Azaltilmasi igin
Alinacak Onlemler” bashkli proje kapsaminda
desteklenmistir.

Cikar Catismasi Beyani: Makale vyazarlari,

aralarinda herhangi bir ¢ikar ¢atismasi olmadigini
beyan eder.

Katkisi:
tasarlayarak

Yazar Hiseyin Karhdag c¢alismayi

denemeleri  kurmus, Huseyin
Karlidag, ibrahim Kutalmis Kutsal, Firat Ege Karaat
ve Tuncay Kan calismayr yilritmis, Hiseyin
Karhidag, ibrahim Kutalmis Kutsal ve Firat Ege
Karaat verileri analiz etmis, Firat Ege Karaat,
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Kaynaklar

Acarsoy, N., Eryiice, N., Misirh, A., Giirbiz Kilig, 0., Kilig, H.,
& Arda, E. (2011). Farkh bilesimlerde bor, azot ve
potasyumlu vyaprak gubrelerinin Domat zeytin
cesidinde cicek tozu canliligl, ¢cimlenmesi ve meyve

98

tutumu UGzerine etkileri. Zeytin Bilimi, 2(2), 49-57.
DOI: https://doi.org/10.1501/tarimbil_0000000919

Anonim (2014). Sonug Raporu. Ulusal Kayisi Calistayi, 18-19
Kasim 2014, Malatya,
https://www.tarimorman.gov.tr/BUGEM/Belgeler/D
uyurular/kayisimail.pdf (Erisim Tarihi: 12.07.2020).

Anonim  (2020). Cografi Konum, Malatya Valiligi
http://www.malatya.gov.tr/cografi-konum  (Erisim
Tarihi: 12.07.2020).

Alburquerque, N., Burgos, L., & Egea, J. (2003). Apricot

flower development and abscission related to
chilling, irrigation and type of shoots. Scientia
Horticulturae, 98(3), 265-276. DOI:

https://doi.org/10.1016/s0304-4238(02)00202-9

Bailey, C. H., & Hough, L. F. (1975). Apricots. In J. Janick, J. N.
Moore (Ed.) Advances in Fruit Breeding. Purdue
University Press, Indiana USA.

Bayrak, M., & Engin, H. (2016). Bazi kayisi cesitlerinde
tomurcuk dokimleri ve tomurcuklardaki besin
maddeleri (izerine arastirmalar. COMU Ziraat
Fakiiltesi Dergisi, 3(1), 41-44.

Blois, M. S. (1958). Antioxidant determinations by the use of
a stable free radical. Nature, 181(4617), 1199-1200.
DOI: https://doi.org/10.1038/1811199a0

Bussi, C., Besset, J., & Girard, T. (2003). Effects of fertilizer
rates and dates of application on apricot (cv
Bergeron) cropping and  pitburn.  Scientia
horticulturae, 98(2), 139-147. DOl:
https://doi.org/10.1016/s0304-4238(02)00203-0

Cimato, A., Marrranci, M., & Tattini, M. (1990). The use of
foliar fertilization to modify sinks competition and to
increase yield in olive (Olea europaea cv Frantoio).
Acta Horticulturae, 286, 175-178. DOI:
https://doi.org/10.17660/actahortic.1990.286.34

El-Gioushy, S. F. (2016). Productivity, fruit quality and
nutritional status of Washington navel orange trees
as influenced by foliar application with salicylic acid
and potassium silicate combinations. Journal of
Horticultural Science & Ornamental Plants, 8(2), 98-
107.

El-Naggar, Y. I. (2009). Physiological studies on fertilization
of young apricot trees “Canino” cultivar. Benha,
Egypt.

Fawzia -Eissa M. (2003) Use of some biostimulants in
activation of soil microflora for yield and fruit quality

improvement of 'Canino' apricot. Journal of
Agricultural Research. Tanta University 29 (1): 175 —
194.

Fathi, M. A., Fawzia — Eissa, M., & M. M. Yahia (2002)
Improving growth, yield and fruit quality of 'Desert
Red' peach and 'Anna' apple by using some
biostimulants. Minia Journal of Agricultural Research
and Development. 22 (4): 519 — 534.

FAO (2020). FAOSTAT, Food and Agriculture Organization
Statistical Database.
http://www.fao.org/faostat/en/#data/QC (Erisim
tarihi: 12.07.2020).

Gradziel, T. M., & Weinbaum, S. A. (1999). High relative
humidity reduces anther dehiscence in apricot,
peach and almond. Hortscience, 34, 322-325. DOI:
https://doi.org/10.21273/hortsci.34.2.322

Grzyb, Z. S., Piotrowski, W., Bielicki, P., Sas Paszt, L., &
Malusa, E. (2012). Effect of organic fertilizers and soil



Karlidag ve ark., 2021. Harran Tarim ve Gida Bilimleri Dergisi, 25(1): 92-99

conditioners on the quality of maiden apple trees. I/
International Organic Fruit Symposium 1001 (pp.
311-321), 18-21 June 2012, Leavenworth, WA, USA.
DOI:
https://doi.org/10.17660/actahortic.2013.1001.35

Glneyli, A., & Onursal, C.E. (2014). Iiman iklim meyve
tirlerinde hasat kriterleri. Gida, Tarim ve Hayvancilik
Bakanhgi, Meyvecilik Arastirma Enstitasd,
Isparta/Turkey
https://arastirma.tarimorman.gov.tr/marem/Belgele
r/Yeti%C5%9Ftiricilik%20Bilgileri/l1%C4%B1man%20
%C4%B0klim%20Meyvelerinde%20Hasat%20Kriterle
ri.pdf (Erisim tarihi: 20.06.2020).

Haffner, K., & Vestreheim, S. (1997). Fruit quality of
strawberry cultivars. Acta Horticulturae, 439, 325-
332.DOL:
https://doi.org/10.17660/actahortic.1997.439.51

Holdaway-Clarke, T. L., & Hepler, P. K. (2003). Control of
polen tube growth: role of ion gradients and fluxes.
New  Phytologist, 159(3), 539-563. DOI:
https://doi.org/10.1046/].1469-8137.2003.00847.x

Inglese, P., Gullo, G., & Pace, L. S. (2002). Fruit Growth and
Olive Qil Quality in Relation to Foliar Nutrition and
Time of Application. Acta Horticulturae, 586, 507-
509. DOI:
https://doi.org/10.17660/actahortic.2002.586.105

Kabeel, H., Abdel-Latif, G. S., & Khalil, A. A. (2005). Effect of
soil application of different mineral and biofertilizer
parameters, fruit properties and leaf nutrient
content of Canino apricot trees. Journal of
Agricultural Science, Mansoura University, 30(3),
1583-1594.

Karlidag, H., Esitken, A., Turan, M., & Atay, S. (2017). The
effects of autumn foliar applications of boron and
urea on flower quality, yield, boron and nitrogen
reserves of apricot. Journal of Plant Nutrition, 40(19),
2721-2727. DOI:
https://doi.org/10.1080/01904167.2017.1381721

Khayyat M., Tafazoli, E., Eshghi, S., & Rajaee, S. (2007).
Effect of nitrogen, boron, potassium and zinc sprays
on yield and fruit quality of date palm. American-
Eurasian Journal of Agricultural and Environmental
Science, 2, 289-296.

MiloSevi¢, T., Milosevi¢, N., Glisié, 1., Boskovi¢-Rakocevié, L.,

99

& Milivojevi¢, J. (2013). Fertilization effect on trees
and fruits characteristics and leaf nutrient status of
apricots which are grown at Cacak region (Serbia).
Scientia  Horticulturae, 164, 112-123. DOI:
https://doi.org/10.1016/j.scienta.2013.09.028

Nyomora, A. M. S., Brown, P. H., & Freeman, M. (1997).
Foliar applied boron increases tissue boron
concentration and nut set of almond. Journal of the
American Society for Horticultural Science, 122(3),
405-410.

Roussos, P. A., Sefferou, V., Denaxa, N. K., Tsantili, E., &
Stathis, V. (2011). Apricot (Prunus armeniaca L.) fruit
quality attributes and phytochemicals under
different crop load. Scientia Horticulturae, 129(3),
472-478. DOI:
https://doi.org/10.1016/j.scienta.2011.04.021

Shaddad, G., Khalil, A.,, & M.A. Fathi (2005). Improving
growth, yield and fruit quality of "Canino" apricot by
using bio, mineral and humate fertilizers. Minufiya
Journal of Agricultural Research, 30(1): 317-328.

Singleton, V. L., & Rossi, J. A. (1965). Colorimetry of total
phenolics with phosphomolybdic-phosphotungstic
acid reagents. American Journal of Enology and
Viticulture, 16(3), 144-158.

Tarantino, A., Lops, F., Disciglio, G., & Lopriore, G. (2018).
Effects of plant biostimulants on fruit set, growth,
yield and fruit quality attributes of ‘Orange
rubis®apricot (Prunus armeniaca L.) cultivar in two
consecutive years. Scientia Horticulturae, 239, 26-34.
DOI: https://doi.org/10.1016/j.scienta.2018.04.055

Torricalles, A., Domingo, R., Gelego, R., & Ruiz-Sanchez, M.
C. (2000). Apricot tree response to witholding
irrigation at different phenological periods. Scientia
Horticulturae, 85(3), 201-215. DOI:
https://doi.org/10.1016/s0304-4238(99)00146-6

TUIK (2020). Bitkisel Uretim istatistikleri, Merkezi Dagitim
Sistemi, Turkiye istatistik Kurumu.
https://biruni.tuik.gov.tr/medas/?kn=92&locale=tr
(Erisim tarihi: 12.07.2020).

Viti, R., & Monteleone, P. (1991). Observations on flower
bud growth in some low vyield varieties of apricot.
Acta Horticulturae, 293, 319-326. DOI:
https://doi.org/10.17660/actahortic.1991.293.37



DOI: 10.29050/harranziraat.822395
Harran Tarim ve Gida Bilimleri Derg. 2021, 25(1): 100-108

Research Article/Arastirma Makalesi

Effects of irrigation termination dates on grain yield, kernel moisture at
harvest and some agronomic traits of maize

Sulama sonlandirma zamanlarinin misirin (Zea mays L.) tane verimi, hasatta tane nemi
ve bazi tarimsal 6zellikleri iizerine etkilerinin belirlenmesi
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ABSTRACT

This study was conducted to investigate the effects of different irrigation termination dates on
maize grain yield, kernel moisture at harvest and some other agronomic traits. The
relationships between irrigation termination dates and investigated traits were visually
assessed through biplot analysis. Experiments were conducted for two years (2016 and 2017)
with three replications in Konya-Karapinar ecological condition. Irrigations were terminated at
eight different dates (Si: R2 blister stage; Sa2: R3 early milk stage; Ss: R3 milk stage; Sa: R3 late
milk stage; Ss: R4 dough stage; Se: R5 early dent stage; S7: R5 dented stage; Ss: R5 late dent
stage). The amount of irrigation water applied to the subjects in the study varied between
458-475 mm (S1) and 738-744 mm (Ss). Irrigation water amount has been important in
differences between subjects. As a result of the study, early irrigation termination date (S1:
1046 kg / da yield and 11.7% moisture) has low harvest moisture and grain yield. However,
despite high yield levels, late irrigation termination dates had high kernel harvest moisture
levels (S7:16100 kg ha grain yield; and 18.8% moisture; Ss:16240 kg ha grain yield and 19.6%
moisture). In terms of grain yield and harvest moisture, Sa (14050 kg ha grain yield and 14.2%
harvest moisture), Ss (14170 kg ha? grain yield and 15.0% moisture) and Se (14880 kg ha™
grain yield and 16.1% moisture) treatments had similar values and were considered to be as
the most appropriate irrigation termination dates.

Kernel weight per ear varied between 150.6 (S1) and 238.7 g (S7); number of kernels per ear
varied between 677 (S1) and 741 kernels (Ss), ear lengths varied between 16.7 (S1) and 24.1 cm
(S4), thousand-kernel weights varied between 271 g (S1) and 381 g (Ss), hectoliter weights
varied between 74.3 (S1) and 78.1 kg (Sa) and number of days to physiological maturity varied
between 112.5 (S1) and 124.5 days (Ss).

Key Words: Biplot analysis, Corn, Irrigation, Last irrigation, Water stress

(074

Bu ¢alisma, farkli sulama sonlandirma tarihlerinin misir tane verimi, hasatta tane nemi ve diger
bazi tarimsal 6zellikleri Gzerindeki etkilerini arastirmak igin yuritilmuastir. Sulamanin sona
erme tarihleri ile incelenen 6zellikler arasindaki iliskiler, biplot analizi yoluyla gérsel olarak
degerlendirilmistir. Calisma Konya-Karapinar ekolojik kosullarinda iki yil (2016 ve 2017) sureyle
Uc tekerrtrli olarak ylrGtalmuistir. Sulamalar sekiz farkli tarihte sonlandirilmistir (Si: R2
blister asamasi; S2: R3 erken siit olum donemi; S3: R3 siit olum donemi; Sa: R3 ge¢ siit olum
donemi; Ss: R4 hamur olum dénemi Ss: R5 erken dis olum dénemi; S7: R5 dis olum dénemi; Ss:
R5 geg¢ dis olum donemi). Arastirmada konulara uygulanan sulama suyu miktari 458-475 mm
(S1) ile 738-744 mm (Ss) arasinda degismistir. Konular arasindaki farkhlklarda sulama suyu
miktari 6nemli olmustur. Erken sulama sonlandirma tarihlerinde hasatta tane nemi ve tane
verimi disiik olmustur (S1: 10460 kg ha™ tane verimi; % 11.7 nem). Ancak, yiiksek tane verimi
100
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seviyelerine ragmen, ge¢ sulama sonlandirma tarihleri yiiksek tane nemine sahip olmustur (S7: 16100 kg ha tane verimi; ve
% 18.8 nem; Ss: 16240 kg ha* tane verimi ve% 19.6 nem). Tane verimi ve hasat nemi agisindan Sa (14050 kg ha® tane verimi
ve% 14.2 hasat nemi), Ss (14170 kg ha! tane verimi ve % 15.0 nem) ve Se (14880 kg ha tane verimi ve % 16.1 nem)
uygulamalari benzer degerlere sahip olmus ve en uygun sulama sonlandirma tarihleri olarak belirlenmistir.

Koganda tane agirligi 150.6 (S1) ve 238.7 g (S7) arasinda; koganda tane sayisi 677 (S1) ve 741 (Ss) arasinda, kogan uzunluklari
16.7 (S1) ve 24.1 cm (Sa) arasinda, bin tane agirliklari 271 g (S1) ve 381 g (Ss) arasinda, hektolitre agirliklar 74.3 (S1) ve 78.1 kg
(S4) arasinda ve fizyolojik olum giin sayisi 112.5 (S1) ile 124.5 giin (Ss) arasinda degismektedir.

Anahtar Kelimeler: Biplot analizi, Misir, Sulama, Son sulama, Su stresi

Introduction

Maize is a warm-season crop. Among the
cereals, maize ranks third in cultivated lands and
the first in production quantity in the worldwide.
According to statistics of the year 2019, maize is
cultivated over 638 828 ha land area in Turkey
and about 6 million tons of production was
realized (Anonymous, 2019). Konya province has
the greatest maize cultivation lands (124.535 ha)
and together with Karaman and Aksaray
provinces with a similar climate became an
important grain maize production basin of the
country (Anonymous, 2019). Maize has quite a
high adaptation capacity, thus is produced in
several regions (Kirtok, 1998). In Turkey, maize is
conditions  without
but

essential in Konya and the other provinces with

grown under rain-fed

irrigation in some regions, irrigation is
similar ecologies. Efficient water use in maize
plants is negatively influenced by climate change
and such an efficient use of water is a significant
issue for sustainability of water resources and
agricultural activities (Xu and Hsiao, 2004). Konya
basin has 1.8 billion m3 available ground and
surface water potential, but annual amount of
irrigation water used in the region is around 2.6
billion m3. Therefore, there are important water
shortages in the region and such a case exerts
serious threats on sustainability of water
2009). Additionally

considering the irrigation costs in region, it is seen

resources (Anonymous,
that the irrigation termination dates is important.
In present research area, maize cultivation has
achieved a serious progress with the aid of
agricultural technologies and extension efforts.
Various innovations,

especially drip irrigation

technologies, are used in the region at a level
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above the country averages. Mazie growing
season of the region is shorter than the other
regions. Such shorter growing seasons should be
taken into consideration while selecting cultivars
to be grown and designating sowing and harvest
dates and kernel moisture level at harvest
(Vartanlh and Emeklier, 2007). Prices are lower for
high kernel moisture at harvest levels and such
high moistures also generate serious problems in
storage of maize kernels. Therefore, maize is
generally harvested toward the end of November
in the region (Sade et al., 2007). Such a case then
increases harvest losses and costs and results in
less time left for soil tillage for subsequent plants.
The ideal kernel moisture level is between 13-16%
to have less harvest losses, no problems in
marketing and storage (Vartanh and Emeklier,
2007).

Although there are several studies about maize
cultivation both in the region and in Turkey,
number of studies about the effects of irrigations
and especially of the irrigation termination dates
on kernel moisture at harvest, yield and the other
agronomic traits is quite limited. Therefore,
present study aimed to identify optimal irrigation

termination dates in maize cultivation.
Material and Methods

This study was conducted under ecological
conditions of Konya-Karapinar (37" 41' 14.40" N
and 33" 30' 13.12" E) for two years (2016 and
2017). Present research site has the greatest grain
maize cultivation production in Konya province.
The research area had a dominant terrestrial
with
precipitation of less than 300 mm. Majority of this

climate long-term  average annual

precipitation falls in winter months out of the
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When the monthly
precipitations between April — September were
evaluated (Table 1), it can be seen that the

maize growing season.

Table 1. Some meteorological data of the experimental area

research site was a marginal region in terms of
precipitation total and distribution.

Av.temp.(°C)

Max.Temp.(°C)

Min.Temp.(°C) Precipitation (mm)

2016 16.0 30.7 3.0 2.7

May 2017 15.5 30.6 33 33.0
1963-2017 15.4 30.5 0.9 354

2016 21.8 35.0 7.7 25.0

June 2017 21.0 34.4 8.0 15.6
1963-2017 19.6 34.0 5.6 253

2016 24.0 37.8 9.9 8.3

July 2017 24.3 37.9 13.9 0.0
1963-2017 22.8 36.6 8.9 8.1

2016 244 36.7 13.2 3.4

Augst 2017 23.3 36.5 7.9 29.4
1963-2017 221 32.0 5.1 4.1

2016 17.5 32.0 5.1 26.4

September 2017 20.5 35.2 5.9 0.0
1963-2017 17.5 33.1 4.9 10.1

Besides climate data, the region has also
exceptional soil characteristics. Experimental soils
were poor in organic matter and had high lime

Table 2. Some soil properties of the experimental area

contents. Soils were unsaline and had high pH
levels. Upper layers were sandy in texture (Table
2).

Depth (cm) Structure Field Wilting Point  Bulk density H EC Lime Organic
P Capasity (%) (%) (g cm™) P (dSm'?) (%) carbon (%)
0-30 SCL 20 9.6 1.37 7.8 0.42 335 0.75
30-60 C 24.5 12.6 1.30 8.1 0.45 28.7 0.64
60-90 C 28 15.4 1.22 8.2 0.44 29.4 0.35

The maize cultivar of DKC 5741 in FAO 500
maturity group, commonly grown in the region,
was used as the plant material of the study.
randomized
Eight
R2
blister stage; S2: R3 early milk stage; S3: R3 milk

Experiments were conducted in
blocks

different irrigation termination dates (Si:

design with three replications.

stage; Sa: R3 late milk stage; Ss: R4 dough stage;
Se: R5 early dent stage; S7: R5 dented stage; Ss: R5
late dent stage) were investigated. 24 plots were
generated for 8 irrigation termination dates and 3
replicates. Each plot was 5 m long and had 6
rows, row spacings were 70 cm and on-row plant
spacings were 18 cm. Sowing was performed on
30t of April in 2016 and 2™ of May in 2017. Based
on soil analysis, 100 kg ha phosphorus (P) was
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applied at sowing as triple superphosphate (20%
P) and 250 kg ha? nitrogen (N) fertilizer was
applied as three splits. Ammonium sulfate (21%
N) was used as a nitrogen source. Soil moisture
was monitored with gravimetric method and soil
moisture was brought to field capacity in each
irrigation with pressure-regulated drip irrigation.
In study, laterals that have 33 cm dripper spacing
and 2 L ht
According to the results of soil samples taken at a

dripper discharge were used.

depth of 90-120 cm after irrigation, it was
observed that there was no deep infiltration.
Amount of irrigation water, precipitation, change
in soil water and evapotranspiration applied in
each treatment are provided in Table 3.
Evapotranspiration was calculated according to
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Equation 1, considering the moisture content in
the 90 cm soil profile (Doorenbos and Kassam,
1979).

ET = | +P-Dpx CSW (1)

In eguation 1; ET= Evapotranspiration (mm), I=
Irrigation water quantity (mm), P= Precipitation
(mm), Dp= Deep percolation (mm), CSW: Change
in soil water storage (mm) between planting and
harvest.

Table 3. Amount of irrigation water, precipitation, change in soil water and evapotranspiration applied at treatments

Irrigation Irrigation Irrigation Precipitation Change in soil Evapotranspiraiton
Years

Levels Number water (mm) (mm) water (mm) (mm)

S1 7 458 36.0 55.9 549.9

S2 8 495 36.0 57.6 588.6

S3 9 542 394 40.6 622.0

Sa 10 573 39.4 35.8 648.2

2016 Ss 11 623 39.4 29.7 692.1
Se 12 658 394 28.9 726.3

S7 13 701 44.6 21.9 767.5

Sg 14 738 47.2 224 807.6

S1 8 475 48.6 59.8 583.4

S2 9 523 48.6 54.3 625.9

S3 10 563 59.8 48.6 671.4

2017 Sa 11 589 63.7 394 692.1
Ss 12 636 63.7 33.8 733.5

Se 13 674 78.0 355 787.5

S7 14 713 78.0 29.5 820.5

Sg 15 744 78.0 27.6 849.6

* S1: R2 blister stage; S2: R3 early milk stage; S3: R3 milk stage; Sa: R3 late milk stage; Ss: R4 dough stage; Se: R5 early dent

stage; S7: RS dented stage; Ss: RS late dent stage

In all treatments, initial irrigation was performed
through sprinkler irrigation to bring the soil
moisture to field capacity. Drip irrigation system
was used in the study. The last irrigations were
practiced between 1% of August (S1) and 5% of
September (Sg) in 2016 and between 3™ of August
(S1) and 7t of September (Sg) in 2017. Harvest
was performed manually on 28™ of October in
2016 and 1°t of November in 2017. Harvested ears
were threshed in a thresher and weighed to get
yield per hectare. Besides grain vyield, kernel
moisture at harvest, thousand-kernel weight,
hectoliter weight, number and weight of kernels
per ear and number of days to physiological
maturity were determined in accordance with the
methods specified by Eichelberger et al. (1989).
Experimental data were subjected to analysis of
variance with JMP 11.2.1 statistical
Significant means were compared with the aid of

software.

LSD test. GGE-biplot software was used for visual
the
irrigation termination dates and the investigated

assessment  of relationships between

traits over the average of two years (Yan, 2014).
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Results and Discussion

In the experiment, the differences between
the irrigation termination dates were found to be
significant (p <0.01) for all traits, except for
hectoliter weight.

Grain yield and kernel moisture at harvest

The earliest irrigation termination date S:
(10460 kg hat) coincided with the end of
pollination and thus resulted in a sharp decline in
grain vyield. Previous researchers worked on
deficit irrigation in maize and indicated that at the
end of pollination and right after pollination as
the most sensitive periods against water stress
(Eck, 1984). Similar with the present findings,
previous researchers working on deficit irrigation
also reported decreasing maize grain yields with
earlier irrigation termination dates (Yerdogan and
Gozubenli, 2015; Sahin, 2016).

Grain yields increased with delaying of the last
irrigation and the greatest grain yield were
obtained at Ss (16240 kg hal) treatment.
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However, such late irrigations may be been important in differences between subjects
disadvantageous in terms of kernel moisture at in terms of grain yield.
harvest (Table 4). Irrigation water amount has

Table 4. Grain yield, kernel moisture at harvest, hectoliter weight and thousand kernel weight values obtained at different
irrigation termination dates

D (GkI::aY;)ng Kernel mm(s(;:;:i at harvest Thousand-kernel weight (g)**
2016 2017 Mean 2016 2017 Mean 2016 2017 Mean
S1 11270 9640 10460d 13.5e 10.0f 11.7e 280 222 271d
S2 11440 11340 11390d 13.0e 14.0d 13.5d 334 299 317 ¢
S3 12850 12400 12630 ¢ 15.8 ¢ 13.0e 14.4c 350 323 336 bc
Sq 13100 14990 14050 b 14.1d 14.2d 14.2c 372 344 358 ab
Ss 13810 14520 14170 b 15.7c 153c 15.0c 402 352 377 a
Se 14550 15200 14880 b 16.2 ¢ 16.0c 16.1b 382 355 369 a
S7 15770 16430 16100 a 20.5a 17.1c 18.8a 406 351 379a
Sg 15850 16620 16240 a 214 a 17.8b 19.6a 411 352 381a
Mean 13580 13890 13740 16.3 14.7 15.5 367 a 330b 349
Year:ns Year:ns Year:12.8
LSD(%5) Year x ITD:ns Year x ITD:1.97 Year x ITD:ns
ITD:1050 ITD:1.39 ITD:25.6
cv 6.5 7.5 6.2

S1: R2 blister stage; S2: R3 early milk stage; S3: R3 milk stage; Sa: R3 late milk stage; Ss: R4 dough stage; Se: R5 early dent stage;
S7: R5 dented stage; Ss: R5 late dent stage, ITD: Irrigation termination dates, ns: non-significant; ** significant at P < 0.01

Kernel moistures at harvest varied with the Thousand-kernel weight
irrigation termination dates and applied irrigation As it was in grain yield and kernel moisture at
water quantities. The lowest moisture ratios were harvest, irrigation termination dates also
observed in S1 (11.7%) treatments. The highest influenced thousand-kernel weights. The lowest
kernel moistures were observed in later irrigation value was observed in S; (271 g) treatment and
termination dates (S; and Sg) (Table 4). High greatest value was observed in Sg (381 g)
kernel moistures observed in S; and Sg are not treatment (Table 4). Average thousand-kernel
desired in grain maize cultivation (Vartanli and weight was measured as 349 g and this value was
Emeklier, 2007). In Central Anatolia-like regions  similar with the values reported by Sakin et al.
with limited vegetation period, grain yields should (2016). Similar with the present findings,
be assessed together with kernel moisture and Yerdogan and Gozubenli (2015), Sahin (2016) also
harvest moisture levels should also be taken into reported that the lowest thousand-kernel weights
consideration in all the other agronomic practices. at early irrigation termination dates and
Therefore, as can be seen in Table 5, S4 (14050 kg increasing values with the Ilate irrigation
ha! yield and 14.2% moisture) and Ss (14170 kg  termination dates.
ha! yield and 15.0% moisture) treatments
seemed to be the best periods for termination of ~ Number of kernels per ear
irrigations in terms of both the grain yield and As it was in grain yield and the other vyield-
moisture content at harvest. Supporting present related parameters, early irrigation termination
findings, Klocke et al. (1996) indicated optimum dates negatively influenced number of kernels per
irrigation termination period in maize cultivation ear. The lowest value was observed at Si (677
as 2-4 weeks before physiological maturity. kernels) treatments and the highest value was
Similar with the present findings on kernel observed at Sg (739 kernels) treatment (Table 5).
moisture at harvest, Sahin (2016) also reported
high moisture levels at late irrigation terminations.
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Table 6. Kernel weight and number per ear and ear length values in obtained from different irrigation termination dates.

Kernel weight per ear(g)**

Number of kernel per ear **

Ear lenght (cm)**

b 2016 2017 Mean 2016 2017 Mean 2016 2017 Mean
S1 1741 ¢ 127.2d 150.6 d 688 666 677 e 16.1 17.2 16.7 e
S2 1715¢ 207 a-c 189.2 ¢ 720 700 710d 18.4 18.6 18.5d
S3 204.2 b 183.4 ¢ 193.8¢ 738 715 726 ¢ 20.1 20.3 20.2 ¢
Sa 196.7 bc 216 ab 206.4 bc 746 724 735b 23.1 25.0 24.1a
Ss 210.1b 202 bc 206.0 bc 752 730 741 a 22.7 23.4 23.1a
Se 221.4 ab 224.9 ab 223.2 ab 751 729 740 a 22.2 24.0 23.1a
S7 239.9a 237.4a 238.7a 741 728 735b 22.7 24.5 23.6a
Ss 241.2 a 231.6ab 236.4a 750 728 739 ab 22.3 23.9 23.2a
Mean 207.4 203.7 205.5 736 a 715 b 725 21 22.1 21.6
Year:ns Year:2.5 Year:0.87
LSD(5%) Year x ITD:27.1 Year x ITD: ns Year x ITD:ns
ITD:19.1 ITD:5.1 ITD:1.74
cv 7.9 1.2 4.6

S1: R2 blister stage; S2: R3 early milk stage; Ss: R3 milk stage; Sa: R3 late milk stage; Ss: R4 dough stage; Se: R5 early dent stage;

S7: R5 dented stage; Ss: RS late dent stage, ITD: Irrigation termination dates, ns: non-significant; ** significant at P < 0.01

Maize plants have the greatest water
requirement just beforetasseling period and
subsequent 15-20 days (Kirtok, 1998; Gonulal and
Soylu, 2019) and water deficits in these periods
together with increasing temperatures reduces

both the yield and number of kernels per ear.

Kernel weight per ear

Kernel weight per ear is directly related to
thousand-kernel weight and number of kernels
per ear (Kirtok, 1998) and it was negatively
influenced by early irrigation termination dates.
The lowest value was observed at Si treatments
(150.6 g) and the greatest values were observed
at Sy (238.7 g) treatments. The Sg treatment
(223.2 g), recommended for grain yield and kernel
moisture at harvest, was also in the same
statistical group and had high kernel weight per
ear (Table 4 and 5). Kernel weight per ear is a
significant parameter for grain yield in maize and
greatly influenced by water deficits at tasseling
and early kernel filling periods (Kirtok, 1998).
Present findings on kernel weight per ear comply
with the findings of Yerdogan and Gozubenli

(2015) and Sahin (2016).

Ear length

In study the lowest values were observed in S;
(16.7 cm) treatment and the greatest values were
observed in S7 (23.6 cm) treatment (Table 5). Ear
length is related to number of kernels per ear and

105

the factors reducing number of kernels per ear
also reduced ear lengths. Supporting present
findings, previous studies on the last irrigation in
maize cultivation (Yerdogan and Gozubenli, 2015;
Sahin, 2016) indicated that irrigation termination
at tasseling and early kernel formation periods
decreased ear lengths.

Hectoliter weight.

The average hectoliter weight was measured
as 74.5 kg in 2016 and as 77.9 kg in 2017. The
average value was 76.2 kg. Present findings
comply with the values reported by Gur and Kara
(2019) and Toklu (2017). The
differences hectoliter weights of

and Saygi
between
irrigation termination dates were not found to be
significant. The lowest value was observed at the
earliest irrigation termination date of S
treatment (74.3 kg) and S3-Sg treatments (76.5 kg
- 76.4 kg) had similar and closer values to each
other (Fig.1 a). Similar with the present findings,
Yerdogan and Gozubenli (2015) also reported the
lowest hectoliter weight of flint corn for the
earliest irrigation termination date.

Number of days to physiological maturity

Number of days to physiological maturity
the
termination dates. As the average of two years,

increased with delaying of irrigation
number of days to physiological maturity was
identified as 117.5 days. The lowest values were
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observed in early irrigation termination dates (S1:
112.5 days, Sz: 112.5 days and Ss: 113.5 days,

respectively) and the greatest values were

Hectoliter weight (kg)

S1 S2 S3 54

S5
Irrigation termination dates

S6 S7 S8

(a)

Figure 1. Hectoliter weight (a) and number of days to

m2016
w2017

different irrigation termination times (b).

Biplot assessments for the relationships between
irrigation termination dates and investigated
traits.

Biplot graph generated over two-year averages

observed at late irrigation termination dates (S7:
123.5 days and Sg: 124.5 days) (Fig. 1 b).

130,0
125,0
120,0

115,0 m 2016

52017
110,0

Number of days to
physiological maturity (day)

51 S2 S3 5S4 S5 S6 S7 S8

Irrigation termination dates

(b)

physiological maturity values in obtained at

105,0

of the
termination

for visual assessment relationships

between irrigation dates and

investigated traits was presented in Figure 2.

2
PC1=79.1%, PC2 = 18.4%, Sum = 97 5%
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GY: Grain yield; GMC: Kernel moisture at harvest; TW:Hectoliter weight; TGW: Thousand-kernel
weight; EGW: Kernel weight per ear; EGN: Kernel number per ear; EL: Ear lenght; DFM: Number

of days to physiological maturity

0.4 0.8 1.2 1.6 2.0

Figure 2. Biplot graph generated over two-year averages for visual assessment of the
relationships between irrigation termination dates and investigated traits.

the
termination

Biplot allows visual assessment of

relationships between irrigation
dates and investigated traits on a single graph
(Yan 2008). The first

component explained 79.4% and the second

and Frégeau-Reid,
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component explained 18.4% of total variation
(Figure 2). Such high explanation rates are desired
in GGE biplot graphs (Firincioglu et al., 2012) and
reliable interpretations can be made by the
researches at these high explanation rates (Yan et
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al.,, 2007). In general, diagonal genotypes are
considered to be superior over the others in the
same sector (Yan and Kang, 2003). Present biplot
had 4 sectors and 4 diagonals (S1, Sa, S7, Ss). The
second sector with S7 and Sg diagonal treatments
included GY, DFM, GMC and EGW parameters
(Figure 2). These traits have high correlations
among them and had high value in late irrigation
termination dates (S7 and Sg treatments) (Table 5
and 6). Similar with the present findings, Sahin
(2016) reported increased grain yield and kernel
moisture at harvest levels in maize with late
irrigation terminations. In biplot graph, TW and
EGN traits were placed into the 4" sector with
diagonal Ss4 treatment. The greatest TW values
were observed in S;4 and Ss treatments and the
greatest EGN values were observed in Ss and Se
treatments. There were not any traits in the 3™
sector of the graph and the first sector included
TGW and EL traits (Figure 2). In this sector, there
were not any diagonals. The greatest TGW values
were observed in Sg and S7 treatments and the
greatest EL value was observed in Ss treatment.

Conclusion

The present experimental site is the largest
grain maize production region of Turkey and also
the driest section of the country. In this region
and similar ecologies, several studies were
conducted on maize growing techniques and
various techniques were put into practice at the
end of these studies. However, number of studies
about marketing and storage of grain maize,
with

significant effect on kernel moisture at harvest

about irrigation termination dates a
and grain vyields is quite limited. Therefore, this
study was conducted to investigate the effects of
different irrigation termination dates on grain
yield, kernel moisture at harvest levels and some
other agronomic traits of maize in Central
Anatolia with limited vegetation period and water
the

significance of irrigation termination dates in

resources. Present findings revealed

maize cultivation.

Number of days to physiological maturity
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increased with delaying the irrigation termination
dates. The lowest values were observed at Si
(112.5 days) treatment and the highest values
were observed in Sg (124.5 days) treatment.

When the grain yields and kernel moisture
contents at harvest were assessed together, it
was observed that Si (14050 kg ha? grain yield
and 14.2% kernel moisture), Ss (14170 kg ha
grain yield and 15.0% kernel moisture) and Se
(14880 kg ha' grain yield and 16.1% kernel
moisture) treatments were appropriate irrigation
termination dates.
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ABSTRACT

Poultry welfare is closely related to human health and animal production which is a sensitive
process. While several statistical methods are available to measure observed variables
(stocking density), unobserved (latent) variables such as emotional, psychological situations
are typically analyzed using factor analysis. In recent years, structural equation modeling
(SEM) has been used effectively in many fields such as agriculture and livestock. SEM provides
an estimation of relationships between latent variables that cannot be measured directly.
Most of the studies published on poultry welfare highlighted the need to determine causal
relationships between latent variables (growth, physical activity, biological stress). The
purpose of this study was to examine the relationship between biological stress, physical
activity, and growth in livestock using PLS-SEM analysis. A three-factor model was conducted
with 96 animals. The PLS-SEM results revealed that 65.2% of growth can be predicted by the
independent variables (R? = 0.652), and that physical activity (y = 0.698) was found to have
more effect than biological stress (y = 0.176) on growth. Also, physical activity was
determined as the main variable for the evaluation of biological stress (y = 0.546, R? = 0.298)
and growth. Overall, the research showed the suitability of SEM for the assessment of growth
and biological stress.

Key Words: Growth, Physical activity, PLS-SEM, Poultry, Welfare
0z

Kanath refahi, insan saghg ve hassas bir siire¢ olan hayvan Uretimi ile yakindan ilgilidir.
Gozlemlenen degiskenleri (yerlesim sikhgi) 6lgmek igin gesitli istatistiksel yontemler mevcut
olsa da duygusal, psikolojik durumlar gibi dogrudan gézlemlenmemis (gizil) degiskenler tipik
olarak faktor analizi kullanilarak analiz edilir. Son yillarda yapisal esitlik modellemesi (YEM)
tarim ve hayvancilik gibi birgok alanda etkin bir sekilde kullanilmaktadir. YEM, dogrudan
Olculemeyen gizli degiskenler arasindaki iliskilerin bir tahminini saglar. Kanatli hayvan refahi
Uzerine yayinlanan calismalarin ¢ogu, gizil degiskenler (blyume, fiziksel aktivite, biyolojik
stres) arasindaki nedensel iliskileri belirleme ihtiyacini vurgulamaktadir. Bu ¢alismanin amaci,
PLS-SEM analizi kullanilarak ciftlik hayvanlarinda biyolojik stres, fiziksel aktivite ve biyime
arasindaki iliskiyi incelemektir. Calismada, 96 hayvanin bulundugu ¢ faktorlii bir model
olusturulmustur. VT-YEM sonuglari, bilyiimenin %65.2’sinin bagimsiz degiskenler (R? = 0.652)
tarafindan tahmin edilebildigini ve fiziksel aktivitenin (y = 0.698) bliyiime Uzerinde biyolojik
stresten (y = 0.176) daha fazla etkiye sahip oldugunu ortaya koymustur. Ayrica biyolojik stres
(y =0.546, R? = 0.298) ve blyiimenin degerlendirilmesinde fiziksel aktivite ana degisken olarak
belirlenmistir. Genel olarak arastirma, YEM’in biyime ve biyolojik stresin degerlendirilmesi
icin uygunlugunu gostermistir.

Anahtar Kelimeler: Bliylime, fiziksel aktivite, VT-YEM, kiimes hayvanlari, refah
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Introduction

Animal farming is a sensitive process. It seems
that modern society is concerned about food
production processes/systems. When discussing
animal welfare, the restriction of the movement
of animals, their rapid growth, high production
practices attract the
attention of the general public (Ingenbleek et al.,
2012). The health of the animals is an undisputed
need, and health is the basic requirement for

rates, and merciless

animal welfare because worse health causes less
welfare (Ma et al., 2014). Nowadays, the increase
and high price of meat consumption lead to a
different product, such as poultry, which is more
commercially effective (Gholami et al., 2020). The
costs of feeding methods in poultry have an
important share. For example, the cost of ration
in poultry can range from 55% to 75% of the total
production cost. However, some factors (genetic,
nutritional, and environmental conditions) may
play a significant role in making poultry more
efficient, such as lowering feed costs (Kryeziu et
al., 2018). Broiler meat production has experienced
a significant change in terms of nutrition,
genetics, and management, and increased yield in
the past 50 years. Therefore, broiler chickens are
reported to have the highest yield among other
meat-producing animals (Costantino et al., 2018).

There are many factors that affect broiler
chicken growth such as stress, physical activity,
immune system, and so on. These factors cannot
be measured directly but just can be indirectly
assessed by some other indicators. For instance,
the physical activity of chickens affects some
serum parameters as total cholesterol, high-
density lipoprotein (HDL), and very-low-density
lipoprotein (VLDL) (Park et al., 2018; Wu et al.,
2018). From a different viewpoint, measurements
like the total peroxide, total oxidant status (TOS),
and total antioxidant status (TAS) are used at the
evaluation of biological stress (Lykkesfeldt &
Svendsen, 2007). In addition to these poultry
growth is affected by total protein and calcium
levels also (Tesseraud et al., 2011; Fang et al.,
2017).
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Rearing in good conditions of broilers is a good
approach to decrease stress, pain, diseases, and
to increase health, activity, and welfare. Modern
broiler chickens are raised for rapid growth, and
studies have indicated that they spend about 80%
of their lifetime to rest (Weeks et al., 2000).
However, combined with immobility and fast
growth, it creates a risk factor for the evolution of
lameness and pathologies associated with the
locomotor system (Bradshaw et al., 2002) and is
likely to result in less welfare due to pain for the
chickens and commercial losses for the producer.

This increases stress and affects the vyield
negatively (Pedersen et al., 2020).
Oxidation, which occurs as a result of

metabolic events, initiates the formation of some
damage by creating free radicals in the organism.
Compounds that struggled with these damages
have been emphasized (Wei & Pang, 2005). The
balance between the production of free radicals
and antioxidant defence is important for health.
The level of free radicals, that is, being too little or
too much, can cause serious damage such as
temporary or permanent. Many mineral
substances form powerful antioxidants against
the damage of free radicals produced by the
organism (Anonymous, 2018).

Pointed out clearly in some studies in which
growth, in broiler production, is influenced by
feed type, feed

conversion rate, lighting programs, litter and

factors such as genetic,
housing type, live weight gain, and viability (Mello
et al., 2012). Poultry requirements for phosphorus
are influenced by many factors, including the
calcium level (Rama Rao et al., 1999). Phosphorus
and calcium, in many processes for animal
biology, are necessary minerals. Minerals of P and
Ca that stored in the skeleton, are founded
plentiful in animals respectively 80% and 99%.
Besides, these minerals play a crucial role not only
in bone development but also in mineralization
(Proszkowiec-Weglarz & Angel, 2013). In addition,
protein and amino acids play an important role in
achieving chicks’ balanced diet and success in

rapid growth (Beski et al., 2015).
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The many ways of evaluating animal welfare
measurement, have different advantages over
each other (Mench, 2018). There are many
studies on agriculture (Villeneuve et al., 2018) and
animal science (Drews et al., 2018), however,
previous studies have not yet presented any
suggestions on the use of multivariate modeling,
specifically SEM, in the context of poultry-based
welfare science (Collins & Part, 2013). Collins and
Part (2013) noted that, “mathematical modelling
could assist us in identifying, and tackling, any
existing or impending conflicts between, for
example, farm animal welfare, farmer livelihood,
food
legislation”, without providing any approach on a

future security and environmental
clear choice by using welfare modeling.

The current study addressing this research gap,
investigates the conditions supporting the use of
the

measurement model when establishing animal

each latent variable and respective
welfare modeling in PLS-SEM. There are many
factors that can be measured directly and
indirectly which are called indicator variables and
latent variables, respectively. PLS-SEM enable the
analysis of the relationship between observed
and latent variables together. Although PLS-SEM
is used commonly in marketing and social science
with the increasing popularity from day to day
(Hair et al., 2020). Interest in SEM by researchers
has also increased about agricultural issues
(Villeneuve et al., 2018) for instance, agricultural
research (Dogan et al.,, 2021), animal welfare
(Krugmann et al.,, 2020) and, milk production
(Heringstad et al.,, 2009). The purpose of this
study was to examine the relationship between
biological stress, physical activity, and growth in
livestock using PLS-SEM analysis.

The model is defined based on the literature.
The concept and their synthesis is shown in Figure
1.

H1. Physical activity is related to biological stress.
H2. Biological stress is related to growth.

H3. Physical activity is related to growth.
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Biological
Stress

Physical
Activity

Figure 1 Theoretical model and hypothesis
Materials and Methods

Material

The model in the present study was established
with the data obtained from two projects
numbered 12078 and 13110, which were carried
out under the same conditions and supported by
Harran University Scientific Research Commission
(HUBAK) in 2013. In these projects, trials were
established with Ross 300 broiler chickens. Two
different studies (Cetin & Go¢men, 2015; Cetin et
al., 2019) were conducted with some data on
these projects. In these experiments, a total of 96
The
parameters are used in this study: total oxidant
status (TOS), total antioxidant status (TAS), total
high-
density lipoprotein (HDL), and very-low density

broiler chickens was used. following

protein, calcium (Ca), total cholesterol,

lipoprotein (VLDL) (was determined according to
the Friedewald equation (Friedewald et al., 1972).

Method
PLS-SEM modeling

The PLS-SEM, which
structural equation modeling (SEM) family, was
developed by Wold (1982) as a “soft modeling”
compare to covariance-based structural equation
modeling (CB-SEM) (Hair et al., 2017). The PLS-SEM
is frequently called “variance-based SEM”, and it is

is a member of the

also a nonparametric technique. PLS-SEM, using

multiple indicators, estimates complex

relationships between latent variables that are

n)
(independent- €) variables. The latent variables are

endogenous (dependent- and exogenous
described by path coefficients (y) pointing to each

other.
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The PLS-SEM is composed of two models: 1)
measurement model (called the outer model)
which examines the relationship between latent
variables and their indicator variables, and 2)
structural model (called the inner model) which
examines relationships between latent variables.
In the structural model, relationships between
latent variables are indicated by arrows from
exogenous to endogenous. A PLS path model is
estimated at 2 stages: the outer models are
examined in stage 1, and the inner model is
examined in stage 2. The first stage is estimated
iteratively, but not the second stage (Hair et al.,
2017).

There are two approaches to measure for the
outer model, as a formative measurement model
and a reflective measurement model. The one is
the formative measurement model, where
causality is from indicators to the relevant latent
variable (n or §). So, formative measurement
models are caused by one or more indicators and
the direction of the arrows are connecting from
indicators to the structure. In the reflective
measurement model, the direction of the arrows
is pointing from the construct to the indicator
variables that were caused by the construct. Also,
each indicator has an error term. It is assumed
that the error terms are not valid for formative
measurement (Esposito Vinzi et al., 2010).

The endogenous variables, in an SEM model,
are affected by the exogenous variables or other
But the

variables are not affected by any other latent

endogenous variables. exogenous
variables. Finally, when considered from this
point of view, as in linear regression analysis, the
coefficient of determination (R?) is only calculated
for a dependent, in other words, the endogenous
variables, but not for exogenous (independent)
variables. The latent variables and their indicator
variables used in this study are given in Table 1.

In this experimental study, the SmartPLS (v.3.2.9)
(Ringle et al., 2015) was used to analyse and test
the hypothesis using the PLS-SEM technique. The
assessment of model results was made as
recommended by Hair et al. (2019). In the PLS-

SEM, there are two types of evaluations: 1) the

measurement model (each evaluated separately,
the reflective and the formative), and 2) the
structural model.

Table 1. Description of the latent variables (n or &), their
measurement models, and associated
measurement variables.

Latent variables Measurement (indicator) variables

Total Cholesterol
High-density lipoprotein (HDL)
Very low-density lipoprotein (VLDL)

Physical activity &
(Reflective mode)

Total antioxidant status
Total oxidant status
Total peroxide

Oxidative stress n1
(Formative mode)

Calcium (Ca)
Total protein

Growth n2
(Formative mode)
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The assessment of the reflective measurement
models

The indicator loadings should be > 0.708
(acceptable
consistency reliability (as using composite
reliability-CR) should be > 0.70; the average
variance extracted (AVE) used to evaluate the

reliability of indicators); internal

convergent validity that explains the variance of
measurement variables of the structure should be
>0.50. As the latest criteria, the cross-loadings
suggest that to testing discriminant validity for
latent variable’ indicators. They indicate that the
correlation of the indicators with its structure and
should be higher than its correlation with other
structures in the model (Hair et al., 2019).

The assessment of the formative measurement
models

Indicator collinearity (variance inflation factor-
VIF) should be <5; for weights of the indicator
should be examined in terms of statistical

significance and relevance, according to

bootstrapping procedure (Hair et al., 2019).

The assessment structural (inner) models
(R?)
referred to as the explained variance on each of

The coefficient of determination is
the endogenous constructs of all the other
constructs (endogenous or exogenous). R? values
range from 0 to 1 and are classified as >0.75-
substantial, 0.75 - 0.50-moderate, and 0.50 - 0.25-
weak. The effect sizes (f?) are described as 0.02-



Yalgin et al., 2021. Harran Tarim ve Gida Bilimleri Dergisi, 25(1): 109-119

small, 0.02-0.15-medium, and >0.35-large (Hair
et al., 2019).
Lastly, the

(p<0.05) of the parameter estimates of path

when evaluating significance
coefficients, outer loadings, outer weights are
assessed using a nonparametric bootstrapping
procedure. Bootstrap, recommended by Cheah et
al. (2018) as 5000 sub-sample to derive standard
errors to evaluate parameter estimates and, to
assess the significance of each estimate, the
than 1.65

critical t-value must be higher

(according to one-tailed test).

Total Anticxidant Status | Total Oxidant Status

N\

0.635

Biological

0.298

Results and Discussion

SmartPLS reports indicator weights/loadings,
CR, AVE, path
criterion, cross-loading,

coefficients, fornell-larcker
heterotrait-monotrait
VIF (for both

indicators and structures), t-value and p-value.

ratio of correlations (HTMT),

Three-structure/eight-indicator models, as
viewed in Figure 1 and 2, were established and

analyzed with the SmartPLS.

Total peroxide

S

0.368

/

0.261

0178

Stress

Ca
0238—

0.546
HDL
Y —gon
Total Cholesterol 4—0.953
0.754
A
VLo Physical
Activities

Figure 2. Results of PLS-SEM.

Assessing of the measurement models

There are two types of measurement models,
which reflective measurement model (Table 1)
and the formative measurement model (Table 2),
in this study. The first step in evaluating a PLS-
SEM model is to examine the outer model in an
effort to validate the measurement model (Hair
et al.,, 2019). To do this, firstly, the relationships
between structures and their indicators were
examined. The physical activity is a 3-indicator
structure. The results of the physical activity were
the value of AVE, CR, CA, and Rho_A, which were
observed as 0.774, 0.911, 0.851, 0.902, as shown
in Table 2, respectively. It was seen that the cross-

0.698
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0795
Total Protein

Growth

loading criteria were met for discriminant validity
(Table 2). The construct of the physical activity
appeared to meet the criteria according to Hair et
al. (2017).The contribution of the total cholesterol
on the construct was found higher than HDL and
VLDL. Therefore, total cholesterol had the highest
loading (0.953) and reliability (0.908) compare to
HDL (0.921-0.848) and VLDL (0.754-0.569). This
result indicated that the total cholesterol was the
best estimates for physical activity. All three
indicators of the physical activity were found to
be significant based on bootstrapping procedure
(p<0.05).
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Table 2. Assessment of construct of Physical Activity (reflective measurement model)

- Internal Consistenc
Convergent Validity ¥

v Reliability = =
9 =] a2
© » © c Q9 =
5 ® 52 £Z 5, < 2 3 < @ S o
£ c w® 5 w o3 = I c o w = 29
o ° L © <>E 2 s 2 a L P o 2 g = o
> © 5= € = S < o = 2 g = 0 &
B a c gl o2 = € X © ]
o e o = O i~ ih & g
ey Q o C
Q ] [e}
[a'4 =) o
>0.7 >0.5 >0.5 0.70-0.95
TC 0.953  0.908 [0.933, 0.963] 113.81 Yes
= >
o x
2 .= HDL 0.921 0.848 0.774 0.911 0.851 0.902 Yes [0.886, 0.941] 57.27 Yes
< O
o <
VLDL 0.754  0.569 [0.629, 0.835] 12.19 Yes

—
(@]

: Total cholesterol, HDL: High-density lipoprotein, VLDL: Very low-density lipoprotein

The latent variables of growth and biological were found to be significant (p<0.05). The
stress are established as a formative biological stress was best estimated by the total
measurement model (Table 3). There was no antioxidant status (w=0.685) compare to the total
multicollinearity among all indicators (the VIF peroxide (w=0.368) and particularly the total
values ranging from 1.11 to 3.1 and the tolerance oxidant status (w=0.261). The effects of the total
value ranging from 0.32 to 0.90). For the growth, antioxidant status with respect to the results of
the weight of total protein (w=0.795) affected the  the bootstrap procedure were significant on the
latent variable more than Ca (w=0.238) biological stress variable but not the total oxidant
measurement. Total protein and Ca indicators status and the total peroxide.

Table 3. Assessments of constructs of growth and Biological Stress (formative measurement models)

Formative Outer Weights t Value Significance 95% bootstrap VIF
Indicators (Outer Loadings) (p<0.05)? confidence interval (Tolerance Value)
Growth Calcium 0.238 (0.892) 1.933 Yes [0.072, 0.487] 3.101 (0.322)
Total Protein 0.795 (0.991) 6.889 Yes [0.548, 0.941] 3.101 (0.322)
Biological TAS 0.685 (0.852) 5.633 Yes [0.519, 0.865] 1.112 (0.899)
Stress TOS 0.261 (0.584) 0.71 No [-0.023, 1.034] 1.351 (0.740)
TP 0.368 (0.717) 1.015 No [-0.362, 0.683] 1.441 (0.694)

TAS: Total antioxidant status, TOS: Total oxidant status, TP: Total Peroxide

The assessment of the structural (inner) models cross-loading with other structures. Thus, as

Discriminant validity is established when the shown in Table 4, discriminant validity between
correlation of an indicator with the structure to structures was provided with the PLS-SEM
which it is assigned has a higher correlation than analysis.

Table 4. PLS-SEM cross-loadings test for discriminant validity

Indicators Physical Activities Biological Stress Growth
Total Cholesterol 0.953 0.527 0.876
HDL 0.921 0.456 0.661
VLDL 0.754 0.457 0.500
TAS 0.493 0.852 0.449
TOS 0.246 0.584 0.396
Total Peroxide 0.392 0.717 0.398
Ca 0.715 0.473 0.892
Total Protein 0.785 0.560 0.991

HDL: High-density lipoprotein, VLDL: Very low-density lipoprotein
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After the assumptions of reliability and validity model’s constructs was examined,
of the constructs are established, structural multicollinearity was found negligible (for both PA
model results are evaluated to define the and BS was 1.425). The path coefficients’ size and
relationships between variables. The significance and the R? values have an important
multicollinearity between variables was examined role in the assessment of the model. The path
before evaluating the structural model since path coefficients’ sizes and level of significance, which
coefficients are estimated according to OLS represent hypothesized relationships between
regression. When the relationship between the constructs, were evaluated.

Table 5. Assessment of path coefficients of the structural model

Constructs Path t Values Significant 95% bootstrap f Value
coefficients (p<0.05)? confidence interval (effect size)
PA - BS 0.546 8.353 Yes [0.402, 0.630] 0.43 (large
BS - GR 0.176 1.350 No [-0.002, 0.389] 0.06 (small)
PA - GR 0.698 7.689 Yes [0.565, 0.844] 0.98(large)

PA: physical activity, BS: biological stress, GR: growth

Evaluation of the inner (structural) model was  aforementioned criteria, all indicators used in the
implemented in step 2 (Figure 2). There are 3 model seem to be most appropriate to measure
constructs and their 3 path coefficients as the the latent variables.
model. Physical activity was the most significant Measurement results of the current study
variable for not only the biological stress but also seem to be practically suitable due to estimates
the growth. Physical activity had a more key role  and significances of the model created based on
in the growth (y=0.698, p<0.05) than for the the literature. There is some evidence that
biological stress (y =0.176, p>0.05). physical activity causes significant changes in total

Physical activity accounted for 29.8 % cholesterol, HDL, and VLDL levels (Huttunen,
(R>=0.298) of the total variability in biological 1982; Stucchi et al., 1991; Dawkins et al., 2004;
stress according to the model, and this was a Simsek et al., 2009). The fact that indicator of
moderate effect. Also, physical activity and total cholesterol seems to be the most suitable
biological stress accounted for 65.2 % (R?=0.652) indicator for estimating the physical activity in
of variation in the broiler growth (Figure 2). This terms of reliabilities, could be related to the fact
coefficient of determination (R?) was substantial. that the conducting physical exercise reduces
The effect sizes (f) of constructs were found to be total cholesterol and VLDL and increases HDL
significant as demonstrated in Table 5. (Mann et al.,, 2014), resulting in improved body

health. On the other hand, biological stress was
Assessment of measurement models affected by total antioxidant status much more,

In the model of the current study, both the total oxidant status, and total peroxide, and this
reflective measurement model and the formative situation was a desired situation in terms of body
measurement model were used. In the formative health. The increase in TAS level possibly points to
measurement models, VIF values (<3), weights, increased welfare due to the prevention of
and significance of indicators were considered oxidative damage in the body (Celi & Gabai,
appropriate. For the reflective measurement 2015). The related factors, represented by serum
model, indicators reliability and validity were total protein and calcium, contributed to growth
considered appropriate for the estimation of the in the model. This result was expected, because
relevant latent variable. The lowest load of the total protein, and calcium are generally closely
indicators of the structure was found to be 0.83 related to their effect on growth. The effect of
and passed the 0.70 thresholds very well. Based total protein on growth was estimated to be

on the literature and in accordance with the greater than calcium because, while the proteins
115
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are found in all muscles of the body (Tesseraud et
al., 2011), calcium is essential for skeletal and
bone development (Swennen et al., 2007). Also,
low calcium intake while the organism is growing
can result in sub-optimal bone mass and slowing
growth (Swennen et al., 2007). Conclusively, the
discriminant criteria of the established model
showed that related constructs are appropriate
for analysis of the model of animal welfare and
can be interpreted according to literature, as
mentioned above.

Assessment of structural model

Physical activity plays a significant role in the
growth of living organisms such as adipose, bone,
and muscle tissue (Alves & Alves, 2019). The fact
that physical activity is less or more than
optimum determines the direction of biological
stress and growth (as positive or negative). In the
current study, physical activity was the most
important factor for both biological stress and
growth. Physical activity played a more important
role in growth (y=0.698) than for biological stress
(y=0.546) according to this model, meaning that
growth is affected by the level of physical activity
more than biological stress in broiler chicken.
Strong correlations were found between physical
activity and biological stress and growth in some
previous works (Torun & Viteri, 1994; Farr et al.,
2013; Alves & Alves, 2019). As the number of
birds per m? was relatively small in the current
study (6 chicks), it was thought that there was
little stress in chickens. A negative relationship
between stocking density and biological stress
was also found in previous studies (Simitzis et al.,
2012). Also, the reason why physical activity
affects stress less than growth could be due to
the fact that chickens did not have any problem
with movement. Accordingly, it can be said that
this experimental study complies with EU welfare
standards for broiler chickens (Augere-Granier,
2019). There was a poor and non-significant
effect of biological stress on growth (y=0.176),
implying that possibly because of the low ratio of
total oxidant status/total antioxidant status of

this construct in the current study. Moreover, the
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level of ratio showed that the animals in the
experiments could be healthy (Simsek et al.,
20009).
exercise, whereas growth was not influenced by
The
considerable proportion of the variance in growth

Growth was significantly affected by

biological stress. model illustrated a
(R?=0.65) and a smaller proportion of the variance
in biological stress (0.298). Therefore, R? values
were two times higher for broiler growth than for
biological stress, indicating a more applicable
qualification of growth for the assessment of
performance, in view of this data set. Growth and
weight values can be used as a criterion to decide
the grade of welfare, that has obtained value
in intensive

particularly poultry production

farming.
Conclusions

The implementation of the PLS-SEM technique
for poultry welfare assessment is in its first steps
of improvement in welfare modeling.
Measurements of animal welfare depend on such
as body composition, cognition, dietary nutrient

levels, emotion, category of animal, physiological

status, age, physical activity based on
environmental conditions, immune system,
genetics and genomics, management, health

conditions, and biological stress. This technique
made possible to estimate growth, including the
different approaches as latent variables which are
physical activity and biological stress. The method
was also able to estimate biological stress from
physical activity. Further research is needed to
the PLS-SEM method can
provide an advantage in terms of welfare quality.
In the PLS-SEM, it is difficult to assign reasonable
measurements to the relevant latent variables in

confirm whether

order to meet the suitability requirements and to
make accurate estimates. Future research, in
addition to the existing latent variables, different
latent variables such as the immune system and
welfare, which are meaningful measurements,
are needed to establish more comprehensive and
complex models.
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HARRAN TARIM ve GIDA BiLiIMLERi DERGISI
YAZIM KURALLARI

1. Makale, Microsoft Word programinda, Calibri yazi karakterinde, 1.15 satir araliginda, 12

2.

10.

11.

12.

punto diiz metin ve tek sttun olarak yazilmalidir.
Kenar bosluklari; sol, sag, alt ve list- 3 cm birakilarak, her satira ardisik olarak satir numarasi
verilerek hazirlanmalidir.

. Yazar(lar) makalenin ne tlrde bir yazi (Arastirma makalesi, derleme, teknik not vb.)

oldugunu belirtmelidir.

. Tiirkge baslik 14 punto (koyu ve ortah) kiiclk harflerle (Bashgin sadece ilk kelimesinin bas

harfi biyiik) ve diiz yazilmaldir. ingilizce bashk 12 punto ve ortali yazilmalidir.

Yazar isimleri Adi SOYADI kuralina gére Tirkce baslik sonrasi 12 punto (koyu, ortali ve
diiz) ve bir bosluk birakilarak yazilmali, yazar isimlerinin sonuna adres icin ist simge olarak
rakam, sorumlu yazari belirtmek icin ise * simgesi verilmelidir. Adres satiri yazar isimleri
sonrasinda 1 bosluk birakilarak 10 punto (normal, diiz ve ortali) yazilmalidir.

Adres satirindan sonra 1 bosluk birakilarak yazarlarin ORCID numaralari yazilmalidir. ORCID
satirinin altina, sorumlu yazar e-posta adresi belirtilmelidir.

. Metin genel olarak;

e Oz
e Abstract,
e Giris,

e Materyal ve Metot,

e Arastirma Bulgular ve Tartisma,
e Sonuglar,

e Ekler

e Kaynaklar seklinde olmalidir.

. Ana basliklarin yaziminda koyu olarak kelimelerin sadece bas harfleri bliyik yazilmalidir.

ikincil ve Gglincil bashklarda sadece ilk kelimenin bas harfi biyiik, diger kelimeler kiigiik,
koyu degil ve italik yazilmalidir. Metin ana basliklari, metin baslangici ve sonunda olmak
Uzere 1’ er bosluk birakilmahdir. Alt basliklardan 6nce 1 bosluk birakilmali, ancak,
sonrasinda bosluk birakilmamalidir. Tim basliklar girinti verilmeden sola yasli olarak
yazilmahdir.

. Metin icerisinde kaynak gésterimi (Yazar, yil) esasina gore yapilmalidir. Metin icerisinde

iki yazarli bir kaynagin gosteriminde, metin Tirkge ise (ilk yazar soyadi ve ikinci yazar
soyadi, yil) kurali uygulanmalidir. ikiden fazla yazarin bulundugu kaynaklarin gésteriminde
(ilk yazarin soyadi ve ark., yil) kurali uygulanmalidir.

Ornegin; (Mamay, 2020), (ikinci ve Bolat, 2018); (Séylemez ve ark., 2019),

Makale ingilizce olarak yazilacaksa (ilk yazar and ikinci yazar, yil) ve (ilk yazarin soyadi
et al., yil) kurali uygulanmalidir.

Ornegin; (Séylemez, 2018), (Bolat and Mamay, 2015), (Mamay et al., 2010).

Metin icerisinde birden fazla kaynaga ayni anda atif yapilacak ise; kaynaklar
yayinlandiklari yil dikkate alinarak kronolojik olarak siralanmalidir.

Oz (ABSTRACT): Baslk sola yasli olmali, 10 punto, koyu, paragraf basinda girinti
verilmemelidir. Tiirkce ve ingilizce metin 300 kelimeyi asmayacak sekilde, 10 punto ve 1
satir araliginda yazilmalidir. Oz ile Anahtar Kelimeler ve Abstract ile Key Words arasinda tek



satir bosluk (10 punto, diz) birakilarak metnin hemen altinda en fazla 5 adet Anahtar
Kelimeler (Key Words) yazilmalidir. Key Words ile ana metin (Giris) arasinda iki satir bosluk
birakilmalidir.

13. Makalelerde fotograf, grafik, cizim vb. “Sekil” olarak, Tablolar ise “Cizelge” olarak ifade
edilmelidir.

14. Cizelge ve Sekiller ardisik olarak numaralandiriimalidir (Sekil 1. veya Cizelge 1.). “Sekil”
ve “Cizelge” icerikleri 1 satir aralikh ve 10 punto olarak hazirlanmalidir.

15. Cizelge basliklari gizelgenin Ustlinde, sekil bashklari ise sekillerin altinda ilk harf biylk
olacak sekilde 1 satir aralikli 10 punto olarak yazilmalidir.

16. Tiirkge yazilmis makalelerde Sekil ve Cizelge basliklarinin ingilizceleri, Tiirkge bashgin
hemen altinda italik olarak yazilmahdir. (Makale ingilizce olarak yazilmissa, Sekil ve Cizelge
basliklarinin Turkge karsiliklari yazilmayacaktir)

Sekil 1. Arastirma bahcgesinde tespit edilen ortalama sicaklik, ortalama nispi nem ve aylik yagis miktari
ortalamasi degerleri (2007-2011 yillari ortalamasi)

Figure 1. The average temperature, average relative humidity and average monthly rainfall data detected in the
research garden (average of the years 2007-2011)

Cizelge 2. Seftali gesitlerinin 2007 - 2011 yillari arasindaki fenolojik gdzlem sonuglari
Table 2. Phenological observation results of peach cultivars for between 2007 and 2011

Tirkgce yazilmis makalelerde Cizelge ile Sekillerin igerisinde bulunan parametrelerin
ingilizce karsiliklari bu parametrelerin hemen altina italik olarak yazilmalidir. (Makale ingilizce
olarak yazilmissa, Sekil ve Cizelgelerin icerisinde belirtilen parametrelerin Tlrkge karsiliklari
yazilmayacaktir.)

Cizelge 3. Denemede yer alan seftali gesitlerinin bazi pomolojik 6zellikleri
Table 3. Some pomological properties of peach varieties

Cesitler Meyve agirhgi(g) Meyve eni (mm) | Meyve boyu(mm) Cekirdek agirhigi (g)
Varieties Fruit weight (g) Fruit width (mm) |  Fruit length (mm) Kernel weight (g)
Cardinal 78.19 f 50.73 d 48.48 ¢ 5.06d
Cresthaven 129.58 b 61.69 bc 59.56 b 8.31 bc

17. Makale metni ve Cizelge-Sekil icerisinde bildirilen ondalik rakamlar, nokta ile ayrilmalidir.
(123.87; 0.987 vb.).

18. Cizelge-Sekillerden dnce ve sonra bir satir bosluk birakilmalidir.

19. Makale yaziminda “Uluslararasi Birim Sistemi” (SI)’ye uyulmalidir. Buna gore; g/l yerine g
I, mg/l yerine mg I'* ya da ppm kullaniimalidir. Yuzde ile belirtilen ifadeler aciklayici
olmalidir. Ornegin; %3 yerine %3 (w/v), %3 (v/v), %3 (w/w) seklinde belirtilmelidir.

20. Harran Tarim ve Gida Bilimleri Dergisi Kaynaklar listesinin bildirisinde APA Formatini
kullanmaktadir. Buna gore kaynaklar listesi asagidaki kurallar c¢ergevesinde
hazirlanmalidir.

1. DERGIi YAYINLARINA ATIF VERME

1.1. Tek yazarli makale

Mamay, M. (2015). Nar yaprakbiti [Aphis punicae Passerini (Hemiptera: Aphididae)]’nin
Sanlurfaili nar bahgelerindeki bulasiklik haritasi. Tiirkiye Entomoloji Biilteni, 5(3), 159-
166.



1.2. iki yazarl makale

Soylemez, S., & Pakyurek, A. Y. (2017). Responses of rootstocks to nutrient induced high EC
levels on yield and fruit quality of grafted tomato cultivars in greenhouse conditions.
Applied  ecology and environmental research, 15(3), 759-770. DOI:
http://dx.doi.org/10.15666/aeer/1503 759770

1.3. ikiden fazla yazarl makale

Mamay, M., Unli, L., Yanik, E., Dogramaci, M., & ikinci, A. (2016). Efficacy of mating
disruption technique against carob moth, Apomyelois ceratoniae Zeller (Lepidoptera:
Pyralidae) in pomegranate orchards in Southeast Turkey (Sanliurfa). International
Journal of Pest Management, 62(4), 295-299.

Ikinci, A., Mamay, M., Unlu, L., Bolat, I., & Ercisli, S. (2014). Determination of heat
requirements and effective heat summations of some pomegranate cultivars grown
in Southern Anatolia. Erwerbs-Obstbau, 56(4), 131-138. DOI:
https://doi.org/10.1007/s10341-014-0220-8

2. KITAPLARI KAYNAK GOSTERME

2.1. Kaynak kitap ise,

Mohsenin, N. N. (1970). Physical Properties of Plant and Animal Materials. New York:
Gordon and Breach Science Publishers.

2.2. Kaynak kitaptan bir boliim ise,
Author, A. A. (Year). Chapter title. In E. E. Editor (Ed.), Title of book: And subtitle (pp.
pages). Place: Publisher.

2.3. Editorla kitap

Yesilyaprak, B. (Ed. ). (2003). Gelisim ve égrenme psikolojisi. Ankara: Pegema Yayincilik.

2.4. Yazari bilinmeyen kaynaklari veya internet kaynaklarini kaynak olarak gosterme;

Anonymous (2005). Tereyagl, diger sit yagi esash sirilebilir Grlinler ve sadeyag tebligi. Turk
Gida Kodeksi, Teblig No: 2005/19, Ankara.

FAO, (2015). Statistical data of FAO. Retrieved from:
http://faostat.fao.org/site/567/default.asp.

3. YUKSEK LISANS ve DOKTORA TEZLERINE ATIF VERME

Doktora ya da vyuksek lisans tezlerine elektronik veri tabanlarindan, kurumsal
arsivlerden ve kisisel web sayfalarindan erisilebilir. Eger bir teze ProQuest doktora ve yiiksek
lisans tezleri veri tabanindan ya da diger bir kaynaktan erisildiyse, atifta bu bilgi verilmelidir.
Bir veri tabani servisinde mevcut olan bir doktora ya da yiiksek lisans tezi icin asagidaki
kaynak gosterme bicimi kullanilir:


http://dx.doi.org/10.15666/aeer/1503_759770
https://doi.org/10.1007/s10341-014-0220-8
http://faostat.fao.org/site/567/default.asp

3.1. Yayimlanmamis tez

Mamay, M. (2013). Determination of population development and infestation ratio of carob
moth [Apomyelois ceratoniae Zell. (Lepidoptera:Pyralidae) in pomegranate orchards
in Sanliurfa province and using mating disruption technique for its control
(Yayimlanmamis doktora tezi). Harran Universitesi Fen Bilimleri Enstitiisti, Sanhurfa.

Soylemez, S. (2014). Effects of nutrient induced salinity levels and rootstocks on plant
growing, yield and some fruit quality features at soilless grown grafted tomatoes
(Yayimlanmamis doktora tezi). Harran Universitesi Fen Bilimleri Enstitiisti, Sanhurfa.

3.2. Yayimlanmis tez
May, B. (2007). A survey of radial velocities in the zodiacal dust cloud. Bristol, UK: Canopus
Publishing.

4. SEMPOZYUM VE TOPLANTI BiLDiRILERINE ATIF VERME

Mamay, M. (2017). Population density of overwintering larvae of Carob Moth [Apomyelois
(=Ectomyelois) ceratoniae Zell. (Lepidoptera: Pyralidae)] in pomegranate orchards in
Southeastern Anatolia. SEAB 2017. Proceedings of the 3" International Symposium on
EuroAsian Biodiversity, (pp. 235), 05-08 July 2017, Minsk, Belarus.

Ikinci, A. & Mamay, M. (2017). Effects of fruit thinning on morphological, physico-chemical
properties, bioactive compounds, antioxidant activity and pest & disease control in
pomegranate fruit (Punica granatum L.) International Conference on Agriculture,
Forest, Food Sciences and Technologies, (pp. 642), 15-17 May 2017, Cappadocia,
Turkey.

Sonmez, C., Mamay, M. & Soylemez, S. (2019). Determination of the effect of different
hydroponic culture and different NH4:NO3 ratio on the density of aphid [Aphis spp.
(Hemiptera: Aphididae)] population in greenhouse lettuce. 1% International Gobeklitepe
Agriculture Congress (IGAC-2019), (pp. 599-604), 25-27 November, Sanliurfa,
Turkey.

Not: Yukarida yer alan kaynak goésterimlerde bulamadiginiz farkli materyal veya konu

bashklarindaki kaynak bildirisleri icin internetteki APA Kaynak Gosterimi ile ilgili
web sayfalarindan ya da asagidaki linkteki bilgilerden yararlanabilirsiniz.

https://libguides.library.usyd.edu.au/ld.php?content id=47913440

Sencan, i., ve Dogan, G. (2017). Bilimsel yayinlarda kaynak gdsterme, tablo ve sekil
olusturma rehberi: APA 6 Kurallarl. Tiirk Kitiphaneciligi Dergisi, Ankara.

https://www.tk.org.tr/APA/apa_2.pdf


https://libguides.library.usyd.edu.au/ld.php?content_id=47913440
http://www.tk.org.tr/APA/apa_2.pdf

HARRAN TARIM ve GIDA BiLIMLERi DERGISi
YAZAR REHBERI

1. Harran Tarim ve Gida Bilimleri Dergisi’'ne génderilen makaleler Dergi Yayin Kurulu tarafindan
belirlenen yazim kurallarina gore yazilmalidir.

2. Makaleler, Dergipark Sistemi lizerinden online olarak yiklenmelidir.

3. Tum vyazarlar tarafindan imzalanan Telif Hakki Devir Soézlesmesi ve Makale Kontrol
Listesi (sorumlu yazar tarafindan imzalanacak) makale ile birlikte sisteme yuklenmelidir.

4. iThenticate Programi Benzerlik Raporu (%20’yi ge¢memelidir) ve gerekli ise Etik Kurul
Karari makale ile birlikte sisteme yuklenmelidir.

5. Hazirlanacak olan makale metni genel olarak;

e Oz,
e Abstract,
e Giris,
e Materyal ve Metot,
e Arastirma Bulgulari ve Tartisma,
e Sonuglar,
e Ekler,
e Beyanlar
e Cikar Catismasi

¢ Yazar Katkisi

e Kaynaklar bélimlerinden olusmalidir.

6. Bashlik: Kisa ve aciklayici olmali, Calibri yazi karakterinde, 14 punto, koyu, diiz, ortalanarak ve
kiicuk harflerle (Basligin sadece ilk kelimesinin bas harfi biyik) yazilmalidir. Baslik tercihen 15
kelimeyi gecmemelidir. ingilizce baslik Tiirkge basligi tam olarak karsilamali, 12 punto ve koyu
yazilmahdir.

7. Harran Tarim ve Gida Bilimleri Dergisi'ne yayinlanmasi i¢in makalenin ilk gonderiminde yazar
isimleri, kurum isimleri, adresleri, ORCID numaralari ve e-posta bilgileri yer almamalidir.

8. Makalenin hakem degerlendirmesi tamamlandiktan ve makale Yayin Kurulu tarafindan kabul
edildikten sonra, 7. maddede yer alan yazar isimleri ve diger bilgiler, hakem Onerilerine gore
yeniden diizenlenmis olan makale sayfasi (izerine yazildiktan sonra, Dergi web sayfasinda yer alan
dizenlenmis makaleyi gonder sayfasindan Dergi sistemine yiklenmelidir. Kontrol edilmis veya
diizeltilmis olan makale, yeni bir makale gibi Dergi web sayfasindan yiiklenmemelidir.

9. Yazar isimleri Adi SOYADI kuralina gére Tirkge baslik sonrasi 12 punto (koyu, ortali ve diiz) ve
bir bosluk birakilarak yazilmali, yazar isimlerinin sonuna adres icin (st simge olarak rakam,
sorumlu yazari belirtmek icin ise * simgesi verilmelidir. Adres satiri yazar isimleri sonrasinda 1
bosluk birakilarak 10 punto (normal, diiz ve ortali) yazilmalidir. Adres satirindan sonra 1 bosluk



birakilarak yazarlarin ORCID numaralari yazilmalidir. ORCID satirinin altina sorumlu yazar e-posta
adresi belirtilmelidir.

10. 0Z: Calismanin yiiriitildigii yer ve zamanini, amacini, ydntemini ve sonuglari icermelidir. Sola
yasli, 10 punto, koyu, paragraf basinda girinti verilmemelidir. Tiirkce ve ingilizce metin 300
kelimeyi asmayacak sekilde 10 punto ve 1 satir araliginda yazilmalidir. Oz ile Anahtar Kelimeler
ve Abstract ile Key Words arasinda tek satir bosluk (10 punto, diz) birakilarak, metnin hemen
altinda en fazla 5 adet Anahtar Kelimeler (Key Words) yazilmalidir. Key Words ile ana metin
(Girig) arasinda iki satir bosluk birakilmalidir.

11. Giris: Bu bolimde; ¢alisma konusu, gerekgesi, konu ile dogrudan ilgili dnceki ¢alismalar ve
calismanin amaci verilir. Bu bélimde; calismanin konusu 6zetlenmeli, konu hakkindaki mevcut
bilgi dogrudan iliskili 6nceki ¢alismalarla degerlendirilmeli ve bilgi Uretimine ihtiya¢ duyulan
hususlar vurgulanip ¢alisma ile iliskilendirilmelidir. Son olarak ¢alismanin amaci net ve agik bir
sekilde ifade edilmelidir.

12. Materyal ve Metot: Bu bolimde; calismada kullanilan canli ve cansiz materyaller, uygulanan
yontemler, degerlendirilen dlcitler, uygulanan deneme desenleri veya 6rnekleme yontemleri ile
istatistiksel analizler gerektiginde kaynaklarla da desteklenerek, acik ve net bicimde
anlatilmalidir. Yeni veya degistirilmis yontemler, ayni konuda calisanlara arastirmayi tekrarlama
olanagi verecek nitelikte agiklanmalidir. Bu amacgla gerektiginde alt baslik kullanilmalidir.

13. Arastirma Bulgulari ve Tartisma: Calismada elde edilen bulgular sekil ve cizelgeler yardimiyla
ve istatistiksel analizlere dayali olarak acik ve net bir bicimde verilmelidir. istatistiki olarak &nemli
bulunan faktorler, uygulanan istatistik analiz teknigine uygun Kkarsilastirma yontemi ile
yorumlanarak ilgili istatistikler tGzerinde harflendirme yapilmalidir. Ayni veriler hem grafik hem
de cizelge ile verilmemeli, konuya en uygun arac¢ secilmeli, anlatimda tekrarlayan ciimle ve
ifadelerden kaginilmalidir. Tartisma kisminda, uyum ve zithk agisindan Onceki calismalarla
karsilastirilmali, doldurdugu bilgi agigl vurgulanmali, dnceki bolimlerdeki ifadelerin oldugu gibi
tekrarindan kaginilmahidir.

14. Sonuglar: Bu boélimde; elde edilen nihai sonuclar ve varsa oneriler, bilime ve uygulamaya
katkisiyla birlikte kisa ve 0z olarak verilmelidir.

15. Ekler: Calismayi destekleyen kurum ve kuruluslar ile calismaya katki saglayanlar bu kisimda
ifade edilmelidir. Ayrica, makalenin lisansistl tezlerden Uretilip Gretilmedigi, abstract olarak
kongre ve sempozyumlarda sunulup sunulmadigi da Ekler bélimiinde belirtilmelidir.

16. Beyanlar (Declarations)

Cikar Catismasi: Kisiler makalelerin etik ilkeler cercevesinde degerlendirilebilmesi ve bagimsiz bir
sirec yurutilebilmesi icin olasi ¢ikar catismalari ile ilgili olarak yayin kurulunu bilgilendirmelidir.
Ekonomik veya kisisel fayda saglanan durumlar gikar catismasini meydana getirir. Bilimsel siirecin
ve yayinlanan makalelerin glvenilirligi; bilimsel calismanin planlanmasi, uygulanmasi, yazilmasi,
degerlendirilmesi, diizenlenmesi ve yayinlanmasi sirasinda c¢ikar catismalarinin objektif bir
sekilde ele alinmasiyla dogrudan iliskilidir. Makale ile ilgili ¢cikar ¢atismasi s6z konusu degilse,
“makale yazarlari, aralarinda herhangi bir ¢ikar catismasi olmadigini_beyan eder” ifadesi
yazilmahdir.

Yazar Katkisi: Calismanin tasarlanmasi, planlanmasi, kurulmasi, ylrittlmesi, verilerin analizi ve



makalenin yazilmasinda igerige bilimsel agidan katki saglayan her bir yazarin makaleye katki sekli
belirtilmelidir. Yazar katkilari, 6rnek olarak “MM galismayi tasarlayarak denemeleri kurmus, MM
ve AA calismay yiiriitmiis, BB verileri analiz etmis, MM, AA ve BB makaleyi yazmistir” seklinde
ifade edilebilir.

17. Kaynaklar: Makalede atifta bulunulan literatiirlere Harran Tarim ve Gida Bilimleri Dergisi
Yayin Kurulu tarafindan belirlenen yazim kurallarina gore yazilmalidir.

Harran Tarim ve Gida Bilimleri Dergisi Yazim Kurallari icin

18. Kisaltmalar ve Semboller: Makale basligi ve basliklarda kisaltma kullaniimamalidir. Gerekli
olan kisaltmalar kavramlarin ilk gectigi yerde parantez icinde verilmelidir. Kisaltmalarda ve
sembollerin kullaniminda ilgili alanin evrensel kurallarina uyulmasi zorunludur.

19. Formiiller: Makalelerde formuller “Esitlik” olarak adlandirilmali ve italik olarak yazilmahdir.
Makalede birden fazla esitlik varsa numaralandirilmali, numara formiliin yaninda saga dayali
olarak parantez icinde gosterilmelidir.

20. Makaleye ardisik olarak satir ve sayfa numarasi verilmelidir.
21. Calibri karakterinde, 12 punto ve 1.15 satir aralikli yazilan makale 20 sayfayi gecmemelidir.

22. Yayinlanmasina karar verilen eserler, sadece sekilsel olarak, yukarida yer alan bilgiler
dogrultusunda yeniden diuzenlenmeli, yazar(lar)ca herhangi bir eklenti ya da cikartma
yapitimamalidir.

23. Makale igerisinde, dergi basildigi haliyle gériinen hatalarin sorumlulugu yazarlara aittir. Yayin
Kurulundan kaynaklanan basim hatalari icin ise dlizeltme yayinlanabilir.

24. Harran Tarim ve Gida Bilimleri Dergisi; yazarlardan makale génderimi, degerlendirilmesi ve
basim asamalarinda herhangi bir basim Ucreti almamaktadir.
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MANUSCRIPT WRITING RULES

1. The manuscript should be written in Microsoft Word program, in Calibri
font, 1.15 line spacing, 12 pt. plain text and a single column.

2. Margins; Left, right, bottom and top 3 cm should be left, and each row
should be prepared consecutively by giving the line number.

3. Author (s) should indicate the type of manuscript (Research Manuscript,
Review, Technical Note etc.).

4. The English title should be written in 14 pt (bold and
centered) lowercase letters (only the first word of the title is capitalized) and in plain text.
The Turkish title should be written in 12 font size and centered.

5. Author names should be written in 12 pt. (Bold, centered and plain) and a

space after the title according to the Name SURNAME rule, followed by a number as superscript
for the address and a * symbol to indicate the corresponding author. Address line should be
written after the author names, leaving 1 space and 10 pt (normal, straight and centered).

6. Authors' ORCID numbers should be written, leaving 1 space after the

address line. Under the ORCID line, the responsible author e-mail address must be
specified.

7. The text should generally be in the following form;

e Abstract

e Introduction

e Material and Method,
e Results and Discussion,
e Conclusions

e Acknowledgement

¢ References

8. Inthe writing of main titles, only the initials of the words should be capitalized

in bold. In secondary and tertiary titles, only the first letter of the first word should be
capitalized, other words should be in small, not bold and italic. There should be 1 space each,
including the main headings of the text, the beginning and the end of the text. 1 space should
be left before subtitles, but no spaces should be left after them. All titles should be left justified
without indenting.

9. Reference should be cited in the text based on (Author, year) rule. In the

presentation of a reference with two authors in the text, the rule (first author's surname and
second author's surname, year) should be applied. In the display of sources with more than
two authors (first author's surname et al., year) rule must be applied.



For example; (Bilgili, 2020), (Bilgili and vanEs, 2018); (Bilgili et al., 2019).
10. If more than one reference will be cited at the same time in the text;

Referencens should be ordered chronologically, considering the year they were
published.

11. ABSTRACT: Title should be left justified, 10 pt, bold, not indented at the

beginning of the paragraph. Turkish and English texts should be written in 10 font size and 1
line spacing, not exceeding 300 words. A maximum of 5 Key Words should be written just
below the text, leaving a single line space (10 pt., Plain) between Abstract and Keywords, and
Oz (Turkish Abstract) and Key Words. Two lines of space should be left between Key Words and
the main text.

12. Photographs, graphics, drawings, etc. should be expressed as "Figure" and
Tables as "Tables".

13. Tables and Figures should be numbered consecutively (Figure 1. or Table
1.). Contents of "Figure" and "Table" should be prepared with 1 line spacing and 10 pt.

14. Table titles should be written above the table, and figure titles should be
written below the figures in 10 pt, 1 line spacing with the first letter capital.

15. Figure and Table titles should be written in italics;

Figure 1. The average temperature, average relative humidity and average monthly rainfall
data detected in the research garden (average of the years 2007-2011) Table 2.
Phenological observation results of peach cultivars for between 2007 and

2011

16. Decimal numbers in the manuscript text and Table-Figure should be
separated by a period. (123.87; 0.987 etc.).

17. One blank line should be left before and after the table-figures.

18. Manuscript writing should comply with the "International Unit System" (SI).

According to this; Use g I-1 instead of g / |, and mg I-1 or ppm instead of mg / |. Percentages
should be descriptive. For example; It should be specified as 3% (w / v), 3% (v / v), 3% (w / w)
instead of 3%.

19. Harran Journal of Agriculture and Food Sciences uses APA Style in the
submission of the sources list. Accordingly, the list of references should be

prepared in accordance with the following rules.

19.1. Citation to journal publications;

19.1.1. Single author manuscripts;



Mamay, M. (2015). Infestation map of pomegranate aphid [Aphis punicae Passerini (Hemiptera:
Aphididae)] in Sanliurfa province pomegranate orchards. Turkey Entomology Bulletin, 5(3),
159-166.

19.1.2. Two-author manuscripts;

Soylemez, S., & Pakyurek, A. Y. (2017). Responses of rootstocks to nutrient induced high EC
levels on yield and fruit quality of grafted tomato cultivars in greenhouse conditions. Applied
Ecology and Environmental Research, 15(3), 759-770. DOI: http://dx.doi.org/10.15666/
aeer/1503_759770

19.1.3. Manuscripts with more than two authors;

ikinci, A., Mamay, M., Unlu, L., Bolat, I., & Ercisli, S. (2014). Determination of heat requirements
and effective heat summations of some pomegranate cultivars grown in Southern Anatolia.
Erwerbs-Obstbau, 56(4), 131-138. DOI: https://doi.org/10.1007/s10341-014-0220-8.

19.2. Referencing Books;

19.2.1. If the source is a book;
Mohsenin, N.N. (1970). Physical Properties of Plant and Animal Materials. New York: Gordon and
Breach Science Publishers.

19.2.2. If it is a chapter from the source book;
Author, A. A. (Year). Chaptertitle. In E. E. Editor (Ed.), Title of book: And subtitle (pp. pages). Place:
Publisher.

19.2.3. Edited book;
Yesilyaprak, B. (Ed.). (2003). Development and learning psychology. Ankara: Pegema Publishing.

19.3. Citing sources of unknown author or internet sources;

Anonymous (2005). Butter, other milk fat-based spreads and plain butter notification.
Turkish Food Codex, Communiqué No: 2005/19, Ankara.

FAO, (2015). Statistical data of FAO. Retrieved from: http://
faostat.fao.org/site/567/default.asp.

19.4. Citing Master's and Doctoral theses;

Doctorate or master theses can be accessed from electronic databases, corporate archives and
personal web pages. If a dissertation is accessed from the ProQuest database of doctoral and
master's theses or any other source, this information should be provided in the reference. For a
doctorate or master thesis available in a database service, the following citation format is used;

Unpublished thesis;

Mamay, M. (2013). Determination of population development and infestation ratio of carob
moth [Apomyelois ceratoniae Zell. (Lepidoptera:Pyralidae) in pomegranate orchards in
Sanliurfa province and using mating disruption



technique for its control (Unpublished doctoral dissertation). Harran University, Graduate
School, Sanhurfa.

Soylemez, S. (2014). Effects of nutrient induced salinity levels and rootstocks on plant growing,
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Published thesis; May, B. (2007). A survey of radial velocities in the zodiacal dust cloud. Bristol,
UK: Canopus Publishing.

19.5. Citing Symposium and Meeting Papers

Mamay, M. (2017). Population density of overwintering larvae of Carob Moth [Apomyelois
(=Ectomyelois) ceratoniae Zell. (Lepidoptera: Pyralidae)] in pomegranate orchards in
Southeastern Anatolia. SEAB 2017. Proceedings of the 3rd International Symposium on
EuroAsian Biodiversity, (pp. 235), 05-08 July 2017, Minsk, Belarus.
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Aphididae)] population in greenhouse lettuce. 1st International Gobeklitepe Agriculture
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Note: You can use the web pages related to APA Referencing Style on the internet.



Eserin Adr:

Yazar(lar);

TELIF HAKKI DEVIR SOZLESMESI

Harran Tarim ve Gida Bilimleri Dergisi Yayin Kurulu Baskanligina

a) Sunulan makalenin yazar(lar)in orijinal galismasi oldugunu;
b) Tum yazarlarin bu ¢alismaya bireysel olarak katilmis olduklarini ve bu ¢alisma icin her ttrli sorumlulugu aldiklarini;

c) Tum yazarlarin sunulan makalenin son halini gérduklerini ve onayladiklarini;

d) Makalenin baska bir yerde 6zet disinda basiimadigini veya basilmak igin sunulmadigini;
e) Makalede bulunan metnin, sekillerin ve dokiimanlarin bagkalarina ait Telif Haklarini ihlal etmedigini taahhtt ederler.

Bununla birlikte, yazarlarin veya varsa yazarlarin igvereninin;

a) Patent haklari;

b) Yazar(lar)in kitaplarinda veya diger ¢alismalarinda makalenin timinu Gcret 6demeksizin kullanma hakki;

c) Makaleyi satmamak kosuluyla kendi amaglari igin gogaltma hakki gibi fikri mulkiyet haklari saklidir.

d) Makalenin herhangi bir bolumunin baska bir yayinda kullanilmasina Harran Tarim ve Bilimleri Dergisi yayimci kurulus
olarak belirtiimesi ve Dergiye atifta bulunulmasi sartiyla izin verilir.

Ben / Biz, telif hakki ihlali nedeniyle lglincli sahislarca istenecek hak talebi veya agilacak davalarda Harran Tarim ve Gida
Bilimleri Dergisi Editérlerinin higbir sorumlulugunun olmadigini, tiim sorumlulugun yazarlara ait oldugunu, ayrica makalede
higbir sug unsuru veya kanuna aykiri ifade bulunmadigini, arastirma yapilirken kanuna aykiri herhangi bir malzeme ve yéntem
kullanilmadigini taahhiit ederim/ederiz.

1. Yazarin Bilgileri

Adi SOYADI

Kurum Adresi

ORCID Numarasi Tarih imza
2. Yazarin Bilgileri

Adi SOYADI

Kurum Adresi

ORCID Numarasi Tarih imza

Telif Hakki Devir Sozlesmesi tiim yazarlarca imzalandiktan sonra tek bir form olarak sisteme yiiklenmelidir)
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