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ABSTRACT

Hurma olive (Olea europea L.) is known to be a product that is formed as a result of debittering that occurs in the fruits of
Erkence olive cultivars leading the removal of the bitter taste in the olive when it is still on the tree and thus making the
olive edible. “Debittering” is the term expressed as the maturation period occurring in the olive fruit while it is still on
the tree. In this study, the aim was to harvest Hurma olives from different locations of the Karaburun peninsula in order
to determine the nutritional value. For this purpose, measurements were carried out on samples in order to determine
their oil (%), protein (%), total sugars (%), reduced sugar (%), starch (%), energy (kcal 100 g'), pH, total phenolic
compound (mg cafeic acid equivalent (CAE) 100 g), mineral element (N, P, K, Ca, Mg, Fe, Mn, Zn, Cu, B) contents.
Besides, new harvested Hurma olives and dry salted ones stored for 1 year, that had been collected from three different
locations of the peninsula, were compared in terms of some chemical properties. Hurma olives were determined to
have 38.63% oil, 1.2% protein, 0.52% total sugar, 1.24% starch and the pH value of 5.52. They are regarded as a good
source of energy due to the considerably higher oil (359.8 kcal 100 g*'), phenolic compounds (288.71 mg CAE 100 g)
and mineral element content. It was found out that Hurma olives had high values in terms of mineral element content
(N 0.57%, P 0.12%, K 1.42%, Ca 0.09%, Mg 0.04%, Fe 61.44 mg kg"', Mn 5.23 mg kg, Zn 6.40 mg kg, Cu 5.53 mg
kg, B 21.27 mg kg') as well. The effects of the salt applications on phenolic compound and reduced sugar content of

the olive samples was found statistically insignificant (P>0.05). According to the results obtained, the consumption of
Hurma olive might be considered to be beneficial for human health due to its salt-free composition, nutritive compounds,

total phenolic compound content and the amount of energy it provides.

Keywords: Hurma olive; Erkence; Total phenolic compound; Nutrient composition; Dry salted; Hypertension

Agac Uzerindeyken Acihg Uzaklasan Hurma Zeytinlerin (Erkence cv.)

Besin Degeri Uzerine Arastirma

ESER BILGISI

Aragtirma Makalesi

Sorumlu Yazar: Erkan SUSAMCI, E-posta: esusamci@hotmail.com, Tel: +90 (232) 462 70 73
Gelis Tarihi: 19 Temmuz 2014, Diizeltmelerin Gelisi: 09 Mart 2015, Kabul: 09 Mart 2015

JOURNAL OF AGRICULTURAL SCIENCES 22 (2016) 471-479

TARIM BiLIMLERI DERGISi —



A Study on the Nutritional Value of Hurma Olives (Erkence cv.) that Lose the Bitterness on the Tree, Susamci et al

OZET

Hurma zeytin (Olea europaea L.), Ege Bolgesi’'nde Karaburun Yarimadasi’nda Erkence zeytin ¢esidinin meyvelerinin
agac iizerindeyken aciliklarinin kaybolarak yenebilir hale gelmeleri sonucu olusan iirlin olarak bilinmektedir. Agag
tizerindeki bu siire¢ “Hurmalasma” olarak ifade edilir. Bu ¢aligmada, tuzsuz olmasi nedeniyle saglik sorunlar1 yasayan
kisiler i¢in 6nemli bir besin kaynag1 olan Hurma zeytinin, yarimadanin farkli bélgelerinden hasat edilerek besin degerinin
ortaya konmasi amaglanmistir. Bu amagla yag (%), protein (%), toplam seker (%), indirgen seker (%), nisasta (%), enerji
(kcal 100 g, pH, toplam fenolik madde miktari (mg kafeik asit esdegeri (CAE) 100 g'), mineral madde (N, P, K, Ca,
Mg, Fe, Mn, Zn, Cu, B) analizleri gerceklestirilmistir. Ayrica ayni bolgedeki {i¢ noktadan alinan drneklerde sele tipi bir
yil muhafaza edilmis ve yeni hasat edilmis Hurma zeytinlerin bazi kimyasal 6zellikleri bakimmdan karsilastiriimasi
yapilmustir. Hurma zeytinlerin % 38.63 yag, % 1.2 protein, % 0.52 toplam seker, % 1.24 nisasta igerdigi, 5.52 pH
degerine sahip oldugu belirlenmistir. Yiiksek yag iceriginden dolay1 iyi bir enerji kaynag: (359.8 kcal 100 g') ve ayni
zamanda toplam fenolik madde igerigi (288.71 mg CAE 100 g) yiiksek bir besin oldugu tespit edilmistir. Hurma
zeytinlerin mineral madde igerigi (N % 0.57, P % 0.12, K % 1.42, Ca % 0.09, Mg % 0.04, Fe 61.44 mg kg, Mn 5.23 mg
kg, Zn 6.40 mg kg'!, Cu 5.53 mg kg, B 21.27 mg kg') bakimindan da yiiksek degerlere sahip oldugu belirlenmistir.
Hurma zeytinlerin toplam fenol ve indirgen seker igerigi iizerinde tuz uygulamalarinin etkisi 6nemsiz bulunmustur
(P>0.05). Bu bilgiler 1s181nda, icermis oldugu temel besin maddeleri, toplam fenolik madde ve enerji miktari ile birlikte
ozellikle tuzsuz olarak tiiketilmesi agisindan Hurma zeytin tiiketiminin saglik i¢in 6nemli oldugu sdylenebilir.

Anahtar Kelimeler: Hurma zeytin; Erkence; Toplam fenolik madde; Besin kompozisyonu; Sele; Yiiksek tansiyon

1. Introduction

Olive fruit does not differ from the other stone
fruits morphologically. However, it differs from
the other fruits due its low sugar content, high
oil content and bitter taste that is formed by
oleuropein (Balatsouras 1997). Olive fruit contains
high amount of phenolic compounds. Oleuropein
is the main phenolic compound existing in the
pulp fraction of the olive fruit (Ryan et al 1999;
Omar 2010). The bitter taste, that oleuropein is
responsible for, is a factor inhibiting the olive
fruit to be consumed directly. For this reason,
oleuropein needs to be removed from the fruit
with the application of several processes. Salt is
commonly used in the processing of table olives
or in the preservation of the processed olives.
This constitutes a significant importance for the
individuals that need to regulate salt intake in their
diets. The World Health Organization, that carries
out comprehensive studies intended for reducing
the salt consumption, declares that the salt intake
per day should not be more than 5 g (2 g sodium)
in order to prevent chronic diseases (WHO 2006).
There are some olive varieties in Karaburun

© Ankara Universitesi Ziraat Fakiiltesi

Peninsula, Turkey that turn into edible form losing
its bitter taste spontaneously while they are on the
tree. The phenomenon occuring in the fruit on the
tree is called “Debittering” and the olive obtained
this way is called “Hurma Olive” (Susamc1 2011).
Since Hurma olive is not a processed product and
thus it does not contain salt, it has turned out to
be a suitable option for the individuals seeking for
salt-free olives. Hurma olives, which have all the
mentioned properties, is the main source for the
people living around Karaburun Peninsula to make
money for living. Debittering is reported to occur
commercially only in Izmir/Karaburun Peninsula
and only for the olive cultivar Erkence in the
world (Tutar 2010). Besides, some olive cultivars
in Tunisia and Greece have been reported to have
similar characteristics (debittering) to Erkence
(Panagou 2006; Jemai et al 2009). Erkence is one
of the most important olive cultivar for oil and
table olive production around Izmir. This cultivar
represents a medium rate of productivity, strong
alternate bearing and early harvest characteristics
(Mete & Cetin 2006). Debittering is reported
to be depending on climate conditions (Buzcu
1969; Pamuk 1993) and soil characteristics (Tutar

472
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2010). Besides, it is stated that a fungus named
Phoma oleae is effective on the hydrolysis of
oleuropein (Panagou 2006). The formation of
Hurma olive on tree is reported to be related to
the change in the phenolic compound composition
and to the decrease in the phenolic compound
content. Especially, the differences in the phenolic
compound composition observed in the late phase
of the maturation period of Hurma olives, non-
debittered Erkence and Gemlik olive cultivars
constitute a significant effect on debittering (Aktas
et al 2013). If Hurma olives cannot be sold in a
short period of time right after harvesting, the
producers begin to store the olives after treating
them with salt and this treatment causes Hurma
olives to lose their salt-free characteristic. It is
stated that Hurma olives might be preserved in
modified atmosphere conditions at 1 °C up to
90 days without representing any flavor change
(Susamc1 2011).

In this study, nutritive contents of Hurma olive
samples that had been collected from different
locations of Karaburun Peninsula were determined.
Besides, new harvested Hurma olives and the ones
harvested a year ago and then preserved as dry salted
Hurma olives were compared in terms of chemical
properties.

2. Material and Methods

In this study, Hurma olive (salt-free) samples
were freshly harvested from different locations
of Karaburun Peninsula in November, 2010 (T )
for the evaluation of nutritional composition and
mineral element content. Besides, from only three
locations, dry salted Hurma olive samples stored
in closed plastic containers for 1 year were also
used as materials (T,). The samples were collected
in duplicates and immediately transferred to the
laboratory.

In order to determine the oil content in the
olive samples, 10 g of sample was weighed on a
coarse filter paper and was dried at 105 °C for 4.5
h. The dried samples were placed on a cartridge
with the filter paper and the oil contents were

determined through extracting the samples with
n-hexane in the Soxhelet extraction device for 8 h
according to the method given in IUPAC (1990).
The oil contents were given as percentage (%).
To determine the protein content of olive samples,
crushed and homogenized olive sample of 0.25 g
was weighed on aluminium folio, then it was kept
for 3 minutes in nitrogen/protein analyzer (LECO
FP-528, Michigan, USA) at 900 °C. Protein content
was calculated by multilying nitrogen value with
6.25 factor and results were expressed as % (AOAC
2005). Reduced sugar contents in the olive samples
were determined according to Luff-Scroll method
and given as percentage (%) (Uylaser & Basoglu
2000). Afterwards, supernatant obtained by Luff-
Scroll method was used to determine total sugar
content (TKB 1988). In the reduced sugar analysis,
pitted and homogenized olive sample of 5 g was
mixed with 5 mL potassium ferro cyanide (15%)
and 5 mL zinc sulfate (30%) solutions. Afterwards,
the mixture was made up to 100 mL with distilled
water and set aside for a night in a closed lid sample
container. The sample mixture was filtered on the
next day and 25 mL Luff solution was added to the
filtrated solution. The solution was boiled for 10
min in a heater condenser. Then, 10 mL potassium
iodate, 25 mL sulphuric acid (25%) and a few
drops of starch solution (5%) was added to the
expeditiously cooled sample solution. The solution
was titrated with 0.1 N sodium thiosulphate solution
until the color of the solution turned into creamy
yellow. Reduced sugar which consumed to sodium
thiosulphate was read to related table in method. The
results were calculated considering the volume of
the titration solution consumed for the blank sample
and the dilution carried out. In order to determine
total sugar content, 50 mL of the clear supernatant
(set aside for a night and filtered) obtained during
reduced sugar analysis was taken into a 100 mL
volumetric flask and 5 mL of hydrochloric acid was
added. The solution was shaken in the water bath
at around 70 °C for 5 min. Therefore, all sugars
in solution were converted to reduced sugar by
inversion treatment. Then it was cooled down to
20 °C and notralized with sodium hydroxide until
the pH value reaches to 6.0. The solution was filled
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to the volume with distilled water and mixed. 5
mL of this solution was taken and followed steps
as it was performed in reduced sugar analysis after
addition of Luff solution. Results were expressed
as percentage (%). Starch content was measured
with a polarimeter and expressed as percentage
(%) (TKB 1988). For this purpose, crushed olive
sample of 5 g was weighed on 100 mL flask and
twice extracted with 25 mL of 1% HCI by shaking.
This solution was kept on the boiling bath for 15
minutes and then, added 30 mL of distilled water
and cooled. Compounds which comprise of nitrogen
were precipitated with 10 mL of Wolfram acid and
flask was filled to 100 mL with distilled water.
After solution was filtered, supernatant was taken
to polarimeter tube and measured its polarization.
Starch content was calculated according to
Equation 1. Energy value per 100 g was calculated
according to Equation 2 and indicated as kcal.

Starch content (%)= (100 x ax 100) / (o) D* x1x 5) (1)

Where; a, polarization degree read on
polarimeter; (o) D?, 182.7 (polarization degree
of starch of wheat according to Ewers method); 1,
length of polarimeter tube (dm).

Energy(kcal) =
(0i1%x9)+((Total sugar%+ Starch%)x4)+(Protein%x4) (2)

pH values in the fruit pulp were measured with
a pH-meter on 50 g of olive dough that had been
prepared with pitted and homogenized in blender
(TSE 2003).

Total phenolic compound content was
determined with a spectrophotometer (UV2450,
Shimadzu, Japan) utilizing the sample preparation
method that Giling Ergdniil (2006) had wused.
Calibration curve was obtained using the standard
solutions in different concentrations prepared from
cafeic acid stock solution. One g of homogenized
olive sample mixed with 5 mL of methanol:water
(60:40) solution for 2 min. Then, it was centrifuged
at 3500 rpm for 10 min. The supernatant was taken
into a 10 mL sample tube filtering through a coarse
filter paper and the precipitate was washed with
methanol-water solution, centrifuged and filtered.

The filtered sample in 10 mL sample tube was made
up to the volume with distilled water. Once the
sample was well mixed, 0.1 mL was taken into 50
mL volumetric flask and 5 mL of distilled water and
0.5 mL Folin-Caiocalteu reagent were added. The
solution was stood for 3 minand 1 mL 0f36% Na,CO,
solution was added. Then, the sample solution was
made up to the volume with distilled water. After the
solution was kept in the dark for 2 h, the absorbance
values were read at 725 nm wavelength using UV/
VIS Spectrophotometer. The concentration values
that correspond to the absorbance values were
determined in the calibration curve for each sample
and the results were calculated as mg CAE 100 g
considering the dilution factor.

Salt content in fruit pulp was determined with
the titration of 10 g olive sample, which was pitted
and homogenized, with 0.1 N silver nitrate and
expressed as percentage (%) (TSE 2003).

Mineral element contents of the samples were
also measured in the some locations. For this, 0.3
g of the sample was weighed into the digestion
tube and, 5 mL of concentrated nitric acid and 2
mL of hydrogen peroxide were added. Samples
were digested in a laboratory microwave oven for
5 minutes at 200 psi at 180 °C, for 10 minutes at
200 psi at 240 °C. Solutions were made up to 15 mL
with distilled water. After standards were read for
calibration of every mineral, samples were read by
using ICP-OES (inductively coupled plasma optical
emission spectrometry). Results were calculated
by concidering dilution factor and were expressed
as percentage (%) for macro and mg kg for micro
nutrients (NMKL 2014).

The data from the newly harvested Hurma olives
were subjected to one way ANOVA, whereas for
the comparison of of newly harvested and salted
hurma olives, a split plot design, where year was the
main, and location was the sub plots, was used. A
statistical package (JMP for Windows ver. 5.1) was
used for both statistical analyses and the differences
between the means were determined with Student’s
t test. Mineral element contents were not compared
statistically.
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3. Results and Discussion

Results of the oil, protein, total sugar, starch, energy,
pH, and total phenolic compound contents for the
harvested Hurma olives were given in Table 1. Oil
content values varies between 33.83% and 42.26%.
Although Hurma olive is generally consumed as
table olive, it was determined that Hurma olive
had higher amount of oil than olive oil cultivars.
The amount of the Hurma olives processed for oil
production is also quite much in the region. The oil
content of Hurma olive, which is around 38.63%,
enhances its nutritive value and makes it more
valuable. Some of the important olive cultivars
produced in Turkey such as Memecik, Ayvalik,
Domat, and Gemlik contain oil in the amounts of
26%, 26%, 22%, and 28%, respectively. When
compared to these cultivars, it is obviously seen that
Hurma olive is a good source of oil (Giing Ergoniil
2006). Another study has reported that there is no
significant difference between the oil contents and
the oil quality characteristics of the debittered fruits
and non-debittered fruits of Erkence olive cultivar
(Sevim et al 2013).

Protein contents were determined between
0.89% and 1.45%. Olives generally contain protein
in the amount of 1-2% changing depending on the
variety (Garrido Fernandez et al 1997), for instance
unprocessed Memecik olives in the black mature
form contain 1.31% protein (Unal & Nergiz 2003).

Although olives have low protein content, that low
value is important due to the essential amino acid
composition. It was observed that Hurma olives
contain similar amount of protein that of the other
olive cultivars.

Total sugar content differs between 0.18% and
1.05%. Reduced sugar content in the table olives
before processing is reported be around 3-6%
(Garrido Fernandez et al 1997). Total sugar content
of the unprocessed Memecik olives in the black
mature form is reported to be 2.20% and the reduced
sugar content is reported as 1.90% (Unal & Nergiz
2003). When compared to these information in
literature, the results obtained shows that the sugar
content of the olive decreases during debittering
on tree. Tuna (2006) stated that total sugar content
comprise of highly reduced sugars in olive. These
sugars are indicated to be increasing the acidity
level in the media as a result of being converted to
lactic acid by homofermentative bacteria or to lactic
acid, acetic acid, and some other metabolites by
heterofermentative bacteria. It might be stated that
the sugars in the olive are used by the microorganisms
during debittering. Inconsistency between total
sugar and reduced sugar values for Camtepe (T )
may be explained with differences among Hurma
olive fruits due to naturally debittering (Susamct
2011).

Table 1- Comparison of the some properties of the new harvested (salt-free) Hurma olives collected from
different locations in Karaburun Peninsula (meantstandard deviation)

Cizelge 1- Karaburun Yarimadasi'nda farkl noktalardan yeni hasat edilen (tuzsuz) Hurma zeytinlerin kimi
ozelliklerinin karsilastirilmast (ortalamatstandart sapma)

Oil Protein Total sugar Starch Energy Total phenolics
Location (%) (%) (%) (%) (kcal 100 g*) pH (mg CAE 100 g")
Ambarseki-1 33.83+£0.33¢" 1.45+0.10a 0.36+0.11 cd 1.20£0.07b 316.5£2.8 ¢ 5.41+0.11 ¢  288.93%119.11
Camtepe 42.26+1.00a 1.32+0.14ab 0.45+0.06c 2.19+0.06 a 396.2+9.6a 5.70+0.03b 282.40+76.01
Eglenhoca 35.80£1.16 bc 1.24+0.06 ab 0.18+£0.08 d 1.20+0.01 b 334.6+7.1b 5.87+0.04a 282.23+£37.51
Godence 41.80+£0.94a 1.18£0.20ab 0.36+0.03 cd 0.44+0.03 ¢ 384.1£7.9a 5.67£0.04b 299.35+48.65
Kosedere 41.40+0.82a 1.13£0.04 bc 0.72+0.08b 1.20+0.17b 384.8+8.6a 5.57+0.03b 290.63+33.41
Urla 36.68+0.36 b 0.89+0.08 ¢  1.05+0.07a 1.20+0.11b 342.9+4.1b 4.88+0.06d nm
Mean 38.63 1.20 0.52 1.24 359.8 5.52 288.71

*, different letters in the same column are significant (P<0.05); nm, not-measured
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The starch content in the olive samples were
determined between 0.44% and 2.19%. The energy
values of the Hurma olive samples were also found
high due to their high content of oil. Energy values
differ between 316.5 kcal and 396.2 kcal for 100
g. Hurma olives were found to have higher values
in terms of starch in Camtepe and in terms of total
sugar in Urla when compared to the values of the
olive samples harvested from the other locations.
Hurma olives might be classified in the group of
foods having medium level of acidity and their pH
values were determined between 4.88 and 5.87 in
this study. Due to high pH and salt-free, Hurma
olives have more sensitive to spoilage in short time
after harvesting (Susamci 2011).

The phenolic compound contents of the Hurma
olive samples were found to be between 282.23 and
299.35 mg CAE 100 g'. The phenolic compound
content of the olives are affected by factors such
as variety, maturation period, cultivation locations,
seasonal climate changes, and agricultural
applications (Patumi et al 2002; Marsilio et al 2005;
Vinha et al 2005). In a study that Hurma olives
were observed during 2 years, it was reported that
the total phenolic compound content of the olives
during debittering period in the first year was around
337.7-649.6 mg gallic acid equivalent (GAE) 100
¢!, whereas it was found between the range of 29.2-
344.3 mg GAE 100 g' in the second year. In the
same study, it was stated that the natural debittering
phenomenon of Hurma olive on the tree involves
a decrease in phenolic content and a change in
phenolic composition. Even though Hurma olive
and Erkence belong to the same variety, the phenolic
compound content of Hurma olives were found
lower when compared to the phenolic compound
content of Erkence (Aktas et al 2013). Zoidou et al
(2010) reported that olives processed as dry salted
contained significant amount of oleuropein (1.2
mg fruit!). Considering that a person can consume
20 olive fruit per day, approximately of 25 mg of
oleuropein per day might be taken as safely for human
use. Boskou et al (2006) determined between 82 and
145 mg CAE 100 g! the phenolic compound content
of five different Greek olive cultivars purchased

from the local market in Athens and they reported
that 5-10 table olives might cover the daily intake
of polyphenols. Similarly, it might be suggested to
consume 5-6 Hurma olives, that are rich in phenolic
compounds, per day as an antioxidant source.
Phenolic compounds have significant benefits on
human health and Hurma olives might be regarded
as a rich source of phenolic compounds. Saija &
Uccella (2001) pointed out that the risk of having
chronic diseases are comparatively lower in the
societies where based on the Mediterranean aliment
culture. Total phenolic compound content, pH, and
reduced sugar values of the new harvested Hurma
olives and of the ones stored for 1 year were shown
in Table 2. The salt contents of the dry salted Hurma
olives were also listed in Table 2. The salt content of
the Hurma olives that had been stored as dry salted
for 1 year was determined as 6.98%. Total phenolic
compound content of the salt-free Hurma olives (T )
were determined as 290.79 mg CAE 100 g!, whereas
the mean value of the total phenolic compound
content for the Hurma olive samples that had been
stored as dry salted olives (T,) was 344.33 mg CAE
100 g'. 11.20% loss in the phenolic compound
content of the Gemlik cultivar was reported after
processed with trundle method (before processing
27491 mg CAE 100 g, after processing 244.10
mg CAE 100 g') (Irmak et al 2010). The phenolic
compound of the dry salted Hurma olives was
comparatively higher when compared to the new
harvested ones, even though they had been stored
for 1 year. This might be a result of the difference
in the climate between years. The mean pH value
of the Hurma olives preserved as dry salted was
determined as 4.71, whereas the mean pH value of
the new harvested Hurma olives was found as 5.65.
The effect of the salt application on pH values of
the olive samples was found statistically significant
(P<0.05). In the dry salt media, it might be stated
that the acidity of the Hurma olives increased due
to fermentation. The mean values for the reduced
sugar contents were determined as 0.52% for both
new harvested Hurma olives and the dry salted
ones stored for 1 year. The effect of the location
x salt application interactions on the reduced
sugar contents of the olives were found significant
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(P<0.05). Ozay & Borcakli (1996) reported in
their study, that they had aimed at producing high
quality black olive with natural fermentation, that
reduced sugars had been efficiently consumed by
microorganisms and the amount of the residues
had been changing between 0.05-0.1 g 100 mL".
As reported by Garrido Fernandez et al (1997) that
raw olives contain around 3-6% reduced sugars, it
can be said that Hurma olives have reduced sugar
content similar to olives processed with natural
fermentation.

The mineral element contents of the Hurma
olives are given in Table 3. The mineral element
content (excluding nitrogen and iron) of the olive
samples collected from Eglenhoca were found
higher than the mineral contents of the olive samples

collected from the other locations. It was reported
that the mineral element content of the olives (Ca,
K, Fe, Zn) was affected by industrial processes
and storage. Since the olives are treated with salt
during processing, sodium content in the olive fruit
was reported to increase after processing whereas
calcium, potassium, zinc contents decreased and
iron content value was flactuating. When the
mineral contents of Hurma olives were compared to
the values of Memecik cultivar olives when they are
green, brownish and black in their mature period,
it was found out that the Hurma olives contained
higher amounts of potassium, calcium, iron and zinc
(Unal & Nergiz 2003). Average value of boron in
Hurma olives was found as 21.27 mg kg™

Table 2- Comparison of some chemical characterstics of the new harvested Hurma olives (T) and the dry
salted Hurma olives (T,) stored for 1 year (mean+standard deviation)

Cizelge 2- Yeni hasat edilmis (T,) ve sele tipi bir yil muhafaza edilmis (T) Hurma zeytinlerin bazi kimyasal
ozelliklerinin karsilastirilmast (ortalamaztstandart sapma)

. Salt in fruit pul, Total phenolic compound Reduced sugar
Location (%) pup (nfg CAE]OOgI'j’) pH (%) 8
Camtepe. T, 282.40+76.01 5.70+0.03  0.72+0.06 a

T, 7.61 348.50+18.88 4.79+0.03 0.38+0.04 ¢
Godence. T, 299.354+48.65 5.6740.04  0.3240.04 ¢

T, 7.37 368.85+24.96 4.80+0.03 0.67+0.03 a
Kosedere. T 290.634+33.41 5.5740.03  0.51+0.06 b

T, 5.97 315.63£19.83 4.54+0.06  0.50+0.06 b
Mean T, 290.79 5.65a 0.52

T 6.98 34433 471b 0.52

1

", different letters in the same column are significant (P<0.05); T, new harvested Hurma olive; T,, dry salted Hurma olive that had

been stored for 1 year

Table 3- Mineral element contents of the new harvested (salt-free) Hurma olives from different locations of

Karaburun Peninsula

Cizelge 3- Karaburun Yarimadasi'nda farkli noktalardan yeni hasat edilen (tuzsuz) Hurma zeytinlerin mineral

madde icerikleri

N P K Ca Mg Fe Mn Zn Cu B
Location (%) (%) (%) (%) (%) (mgkg') (mgkg') (mgkg!) (mgkg') (mgkg!)
Ambarseki-1 043 0.09 1.00  0.06 0.03 19.68 2.99 4.84 3.65 12.28
Ambarseki-2 039 0.14 1.18  0.08 004  88.18 5.32 6.50 5.06 20.90
Tepe Bozkéy ~ 0.67  0.09 129  0.08 0.03 12.26 3.66 5.28 5.47 21.60
Eglenhoca 048 018 264 0.5 007 6053 8.20 9.04 10.93 37.04
Késedere 0.77  0.08 115 0.09 003  56.82 4.58 5.15 3.67 20.00
Saip 0.65 0.1 126  0.09 004 131.14 6.65 7.56 4.41 15.78
Mean 0.57  0.12 142 009 004 6144 5.23 6.40 5.53 21.27
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4. Conclusions

The results showed that Hurma olives contained
protein, sugar and starch in balanced amounts in
addition to its high oil content. It represents similar
characteristics with the other olive cultivars
and provides high amount of energy due to its
high oil content. It was determined that Hurma
olives contained important amount of phenolic
compound content, when it is considered as if it
was the processed table olives due to naturally
debittering. In this regard, Hurma olive is a good
source of energy and phenolic compounds. The
mineral element content of Hurma olives (K, Ca,
Fe, Zn) are comparatively higher than the mineral
element content values of Memecik cultivar olives
both before and after processing (Unal & Nergiz
2003). The possible consumption of Hurma olives
right after harvested from the tree can compensate
for the some of the natural nutrients needed by
the human metabolism. It was concluded that the
difference between the chemical properties of
the new harvested and dry salted samples stored
for 1 year was due to the changes in climate
between years and the salt concentration in the
media. Considering the olive processing methods
decrease the phenolic compound content (Irmak
et al 2010), dry salted Hurma olives would be
expected to have a lower phenolic compound
content. However, the results obtained showed
an opposite trend. This trend might be originated
from effect of factors like climate or differences
between Hurma fruits. There is a little differences
among Hurma olives (new harvested) in terms of
texture, taste due to naturally debittering (Susamet1
2011). Besides having considerable amount of
phenolic compounds, Hurma olives constitute an
importance in terms of consumer health due to its
salt-free characteristic.
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OZET

Bu ¢aligmada, havayla, suyla ve vakumla 6n sogutma yontemleri kullanilarak 5+0.005 kg agirlikta tartilarak kasalara
yerlestirilen enginarlarin tarla sicakligi olan 23.5+0.5 °C’den depolama sicakligi olan 1 °C’ye kadar sogutulmasi
saglanmistir. On sogutma zamani en kisa olan sogutma yéntemi 35 dakika ile vakumla 6n sogutma yéntemidir. Bunu
sirasiyla 58 dakika ile suyla ve 135 dakika ile havayla 6n sogutma yontemleri izlemistir. On sogutma sistemleri enerji
tilketimleri agisindan incelendiginde ise en az enerji tiiketimi 0.38 kWh degeri ile vakumla 6n sogutma sisteminde
saptanmistir. Bunu sirastyla 0.65 kWh degeri ile suyla ve 0.84 kWh degeri ile de havayla 6n sogutma sistemleri
izlemistir. Sistemlerin tiikettikleri gii¢ acisindan yapilan degerlendirmeye gore en az giicin 0.37 kW degeri ile
basingli havayla 6n sogutma sistemi oldugu, bunu sirastyla 0.48 kW degeri ile suyla ve 0.65 kW degeri ile vakumla
6n sogutmanin izledigi belirlenmistir. On sogutma islemleri sonunda suyla 6n sogutulmus iiriinlerde % 2.83 oraninda
bir agirlik artis1 gézlemlenmistir. Buna karsin basingli havayla ve vakumla 6n sogutulmus enginarlarda ise sogutma
islemi sonrasinda sirasiyla % 1.03 ve % 1.88 oraninda agirlik azalmasi meydana geldigi saptanmistir. Basingh
havayla, suyla ve vakumla 6n sogutulmus ve hi¢ 6n sogutulmamis (kontrol) enginarlar kontrollii atmosfer odasinda
30 giin, oda kosullarinda ise 15 giin boyunca bekletilmis ve meyve eti sertligi, agirlik kaybi, bozulma orani ve
genel goriiniimleri agisindan degerlendirilmistir. Buna gore enginarlarda kalite parametreleri agisindan en uygun 6n
sogutma yonteminin havayla 6n sogutma oldugu; bunu sirasiyla vakumla, kontrol kosullarinda ve suyla 6n sogumanin
izledigi saptanmistir.

Anahtar Kelimeler: Basingli havayla 6n sogutma; Enginar; Kalite parametreleri; Suyla 6n sogutma; Vakumla 6n sogutma
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ABSTRACT

The aim of the present study is to pre-cool artichokes which were placed in the cases after weighing 5+0.005 kg,
from 23.54+0.5 °C which is field temperature to the storage temperature of 1 °C through using three different pre-
cooling methods such as air blast, hydro and vacuum. The cooling method, which has the shortest pre-cooling time,
is the vacuum pre-cooling method with 35 minutes. This was followed by hydro with 58 minutes and air pre-cooling
method with 135 minutes. When pre-cooling systems were analyzed in terms of energy consumption, vacuum pre-
cooling system was determined to have the lowest energy consumption with the value of 0.38 kWh, which was followed
by hydro pre-cooling with 0.65 kWh and air pre-cooling system with 0.84 kWh. Based upon an evaluation carried out
in terms of power consumption of the systems, air blast pre-cooling method has the minimum power with the value of
0.37 kW, which was followed by hydro and vacuum pre-cooling methods with the respective values of 0.48 kW and
0.65 kW. Following pre-cooling operations, it was observed that there is 2.83% weight gain in the products exposed to
hydro pre-cooling. However, 1.03% and 1.88% weight loss was found to occur after pre-cooling operation in artichokes
pre-cooled by means of air blast and vacuum. Artichokes pre-cooled through air blast, hydro and vacuum or those which
are not pre-cooled were maintained for 30 days in modified atmosphere room while they were hold for 15 days in room
conditions; moreover, they were analyzed related to weight loss, hardness, degradation rate and overall appearance.
Accordingly, it was determined that the most suitable pre-cooling method is vacuum pre-cooling; this was followed by

artichokes pre-cooled though vacuum and hydro or those not pre-cooled.

Keywords: Air precooling; Artichoke; Hydro precooling; Quality parameters; Vacuum precooling

1. Giris

Anayurdu, Akdeniz iilkeleri olan enginar (Cynara
cardunculus L.), topragi zengin, iklimi yumusak
ve nemli olan pek cok iilkede yetistirilmektedir
(Romani et al 2006). Enginar icerdigi mineraller
bakimindan olduk¢a zengin bir sebzedir. Bol
miktarda potasyum, kalsiyum ve mangan ile A,
B1 ve C vitaminleri icermektedir. Enginar ayrica,
karacigeri temizlemesi, kani sulandirmasi, 6zellikle
LDL-kolesterolii diisiiriicii etkiye sahip olmasi ve
safranin kolay akigint saglamast gibi 6zelliklere de
sahiptir (Thompson Coon & Ernst 2003; Zhu et al
2004; Zhu et al 2005; Giinhan et al 2014).

Tarimsal iiriinler hasat edilmelerinin pesi sira
biinyelerindeki mikroorganizma faaliyetlerinin ve
etilen gazi olusumunun hizlanmasi, su kaybimin
olusmaya baglamasi ve solunumun yavaslamasi gibi
nedenlerden dolay1 bozulmaya baglarlar (Alibas
2012). Hasat islemini takip eden siiregteki bu
bozulmalarin 6niine gegilebilmesi i¢in hasat sonrasi
meyve ve sebzelerin tarla sicakligindan depolama
sicakligmma kadar hizla disiiriilmesi yani “6n
sogutulmas1” gerekmektedir (Sankat & Mujaffar
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1999; Wang & Sun 2001; Brosnan & Sun 2003; Sun
& Wang 2004; Alibas & Okursoy 2009).

On sogutma islemleri sogutulacak {iriiniin
ozelliklerine ve uygulanacak teknolojiye gore
genel olarak ti¢ farkli yontemle yapilmaktadir. Bu
yontemler; havayla, suyla ve vakumla 6n sogutma
yontemleridir (Alibas & Okursoy 2012). Havayla
on sogutma yoOntemi bilinen en eski sogutma
teknigidir. Sogutucu akiskan olarak kullanilan
havanin sogutulacak olan materyalin bulundugu
ortama gonderilmesi ile havayla 6n sogutma iglemi
gergeklestirilmektedir. Hasat sicakligindaki {iriin,
soguk havanin etkisi ile dis yiizeyden baslayarak i¢
yiizeye dogru konveksiyon yoluyla sogutulmaktadir
(Alibas & Koksal 2014). Suyla 6n sogutma
yonteminde sogutulmus su, sogutucu akiskan olarak
sisteme verilir ve trtinlerin sogumas: tipki havayla
on sogutma yontemindeki gibi konveksiyon yoluyla
saglanmaktadir (Alibas & Izli 2013). Bu yéntemin
en biliyiik avantaji gesitli iiriin artiklarinin, tarla
tozu ve kirinin iriinden yikanip temizlenmesine
ve sogutma suyuna ilave edilen klor ve iyot
¢ozeltileri gibi bazi kimyasal maddeler ile iriin
ylizeyindeki zararlt bakterilerin yok edilmesine
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olanak saglanmasidir (Alibag & Okursoy 2009).
Suyla sogutma yonteminde {iriiniin donmamasi i¢in
bazi koruma o6nlemlerinin alinmasi gerekmektedir.
Ayrica suyla sogutma yontemi ile sogutulacak
iriinlerin ve kullanilan ambalaj malzemelerinin
suya dayamikli olmas1 gerekmektedir (Alibas & Izli
2013).

Vakumla sogutma teknigi ise iiriiniin biinyesinde
bulunan suyun buharlastirilmast ile {irlin sicakliginin
hizli bir sekilde azalmasi prensibine dayanmaktadir
(Brosnan & Sun 2003; Alibas & Koksal 2014).
Sogutma sistemindeki basincin siirekli olarak
azalmasi ile materyalin biinyesindeki buharlasmanin
stirekli kalmas1 saglanmaktadir. Vakumla sogutma
islemi sirasinda, materyalin biinyesinde serbest
halde bulunan su, kaynama noktasina yakin bir
sicaklik degerinde buharlagsmaktadir (Dostal &
Petera 2004). Uriin vakuma maruz birakildiginda,
irlinlin ~ biinyesinde bulunan suyun kaynama
sicakligl diismekte ve suyun bir kismi1 yeni denge
sartlart olusana dek kaynamaktadir (Wang & Sun
2004). Vakumla sogutma isleminin baglamasi ile
materyalin i¢ kisminda bulunan su, diigiik basincin
etkisi ile kaynayarak materyalin dis kisimlarina
¢tkmakta ve dig kismindan da buharlagmaktadir.
Bu buharlagma sirasinda ortamdan 1s1 ¢ekildigi i¢in
tarimsal Urlinler sogumaktadir. Vakumla sogutma
ile sogutma siiresinde Onemli oOl¢iide azalma
saglanmaktadir (McDonald & Sun 2000; McDonald
et al 2002; Houska et al 2003; Sun & Wang 2004;
Wang & Sun 2004).

On sogutma islemlerinden sonra sogutulmus
iriinler, sogutma sicakligi korunarak ya satisa
gonderilmekte ya da soguk havada depolanmaktadir
(Alibas & Okursoy 2012). Uriiniin satisa sunulmadan
once sogutulmasi, genellikle sogutma kapasitesi
disiik olan tasiyict araglarin  sogutma yikiini
azaltmaktadir. Depolanacak iiriinlere daha dnceden
on sogutma yapilmasi, soguk depolama sirasinda
harcanan sogutma giiciinden tasarruf saglanmasina
da olanak saglamaktadir (Alibas & Koksal 2015).

Bu calismanin amaci; i) yeni hasat edilmis
enginar bitkisinin havayla, suyla ve vakumla 6n
sogutulmasinisaglamak, ii) onsogutmasiiresi, agirlik

farki, sistemlerin enerji ve gii¢ tiiketimlerini tespit
etmek ve iii) 6n sogutulmus tirtinlerin hem kontrollii
atmosfer odasinda hem de oda kosullarindaki kalite
parametrelerinin belirlenmesiyle enginar bitkisi i¢in
en uygun 6n sogutma yontemini saptamaktir.

2. Materyal ve Yontem

2.1. Orneklerin hazirlanmasi

Sogutulacak olan enginar (Cynara cardunculus L.
var. scolymus (L.) Fiori), Bursa ili Osmangazi Ilgesi
Niliifer Koy’de tiretim yapan bir ireticiden yeni
hasat edilmis olarak alinmistir. Enginarlar hasat
sicakligr korunarak hizli bir sekilde laboratuvar
ortamina taginmis ve vakit kaybetmeden 6n sogutma
islemlerine tabi tutulmustur.

2.2. On sogutma sistemleri

2.2.1. Havayla on sogutma sistemi

Genel goriiniimii Sekil 1(a)’da verilmis olan basinglt
havayla 6n sogutma sistemi; sogutma kabini, fan,
kontrol panosu ve iginde buharlastirici, yogusturucu,
kompresor, genlesme valfi ve sogutucu akiskan
bulunan sogutucu iiniteden olusmaktadir. Sogutma
kabini 2 mm kalinhigindaki galvanizli sacdan
boyutlar1 850 x 800 x 1100 mm, hacmi ise 0.748
m® olacak sekilde tasarlanmistir. Sogutma kabininin
gevresine, 12 mm kalinliginda 0.147 kJ m?h °C
181 gegis katsayisina sahip cam yiinii sartlmis olup
sogutma kabininin arka duvarma buharlastiric1 ve
buharlastiricinin hemen {izerine ise devir sayisi
1400 dakika' olan 160 mm c¢ark ¢apina sahip 5
kanatli aksiyal bir fan yerlestirilmistir. Sistem
sicakligr dijital bir kontrol panosu araciligiyla
ayarlanmaktadir. Sistemde, 13.5 mm ¢apinda,
8160 mm uzunlugunda, 0.3459 m? yiizey alanina
sahip bakir borudan yapili buharlastirict ve 12 mm
¢apinda, 16400 mm uzunlugunda, 0.6180 m? yiizey
alanina sahip bakir borudan yapili yogusturucu
kullanilmistir.

2.2.2. Suyla 6n sogutma sistemi

Genel gortinimi Sekil 2(b)’de verilmis olan suyla
on sogutma sistemi genel olarak; sogutma odasi,
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su deposu, devir-daim su pompasi, su piiskiirtme
sistemi, kontrol panosu ve icinde buharlastirici,
yogusturucu, kompresor, genlesme valfi ve
sogutucu akiskan bulunan sogutma {initesinden
olusmaktadir. Sogutma kabininin o6lgiileri, hem
sogutma kabininin hem de su deposunun etrafini
saran izolasyon malzemesi havayla 6n sogutma
sistemi ile aymi Ozelliklere sahiptir. Sogutma
odasinin tavanina, tizerinde 3 adet meme bulunan su
plskiirtme sistemi yerlestirilmistir. Su deposu ana
sasinin arka kisminda bulunmakta olup kalinlig1 2
mm olan paslanmaz g¢elik malzemeden, 980 x 780
x 700 mm boyutlarinda ve 0.5351 m?® hacminde
imal edilmistir. Su deposunun igerisine 15 mm
capindaki sarmal borulardan olusan biri 10 sarimli
digeri 9 sarimli bakir borudan yapili iki adet 450
mm c¢apinda bir serpantin seklinde buharlagtirict
yerlestirilmistir. Serpantin seklindeki buharlastiric
17.5 mm ¢apinda, 19.1 m uzunlugunda ve 1.05 m?
ylizey alanina sahiptir. Sogutucu kabinden tekrar
sisteme donen su, dogal akisiyla depoya geri
donmekte ve buradan tekrar sisteme 55 W giiciinde
bir devir-daim su pompasi yardimiyla basilmaktadir.
Sistemde; 10 mm ¢apinda, 59.28 m uzunlugunda,

(@) (b)
Sekil 1- On sogutma sistemlemleri; a, basinch havayla 6n sogutma sistemi; b, suyla 6n sogutma sistemi; c,
vakumla 6n sogutma sistemi

1.8623 m? yiizey alanina sahip bakir borudan yapil
hava sogutmali yogusturucu bulunmaktadir.

2.2.3. Vakumla on sogutma sistemi

Genel gortinimii Sekil 1(c)’de verilmis olan
vakumla 6n sogutma sistemi; vakum tanki, vakum
pompast ve iginde buharlastirici, yogusturucu,
kompresor, genlesme valfi ve sogutucu akiskan
bulunan sogutma {initesinden olusmaktadir.
Vakum tanki 6 mm kalinliginda ¢elik sacdan, 0.6
m capinda ve 1 m uzunlugunda silindirik sekilde
tasarlanmigtir. Sogutma tankinin ¢evresine havayla
sogutma sistemindeki ile ayni ozelliklere sahip
1s1 yalitim malzemesi kaplanmistir. Vakumla 6n
sogutma sisteminde, sogutma tankinin igine vakum
pompasinin etkinliginin artiritlmasi amaciyla, diisik
basinglarda iiriin tizerinden buhar halinde uzaklagan
suyun tekrar sivi hale gelerek iiriine dénmesini
saglayan 13.5 mm ¢apimda 7350 mm uzunlugunda
03116 m? yiizey alamina sahip bakir borudan
yapili buharlastirict  kullanilmistir  (Alibas &
Okursoy 2009). Sistemde 11.8 mm ¢apinda, 7.33 m
uzunlugunda, 0.2716 m? yiizey alanina sahip bakir
borudan yapili yogusturucu kullantlmigtir.

©

Figure I- Pre-cooling systems,; a, air-blast pre-cooling system; b, hydro pre-cooling system; c, vacuum pre-

cooling system
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Vakumla sogutma sisteminde, doner hareketli ve
yagli tip bir vakum pompasi kullanilmistir. Vakum
pompasi (Carpanelli MMDES80B4, Italy) sistem
basmcimin 0.67 kPa basinca kadar disiiriilmesi
amaciyla kullanilmaktadir.

2.3. On sogutma yéntemleri

Sogutulacak olan enginarlar 0.001 kg hassasiyetli bir
terazi kullanilarak 5+0.005 kg (Baster-plus, LCB-2,
Tiirkiye) olacak sekilde tartilarak plastik kasalara
yerlestirilmislerdir. Sicaklik 6l¢iimleri, hassasiyeti
0.1 °C olan bir veri toplama cihaz1 (Datalogger-10,
Tiirkiye) araciligiyla, 1 saniyede bir dl¢iim alacak
sekilde, sicaklik o6l¢lim uglarindan (prob) ikisi
kasanin merkezi, dordii kasanin sag, sol 6n ve arka
yiizeyleri, ikisi kasanin alt ve ustii, diger ikisi de
sogutma kabininin igine olacak sekilde on kanaldan
Olciim alinmasi saglanarak gerceklestirilmistir.
Tiim sogutma iglemleri kasanin merkezine konulan
iki sicaklik 6l¢iim ucunun okudugu deger 1 °C
oluncaya dek gergeklestirilmistir (Zhang & Sun
2006a; Zhang & Sun 2006b).

Havayla 6n sogutma sisteminde kullanilan fanin
hiz1 1 m s (Dincer 1995; Teruel et al 2001; Wang &
Sun 2002a; Wang & Sun 2002b), suyla 6n sogutma
sistemindeki debi ise 2.5 L dakika™ olacak sekilde
ayarlanmuglardir (Alibas & 1zli 2013; Alibas &
Koksal 2014).

Vakumla 6n sogutma sistemindeki basing
azalmast analog (Viot 69044, US) ve civali
vakum metreler kullanilarak gerceklestirilmistir.
Vakum tankinin basinct 0.67 kPa degerine kadar
diisiiriilebilmektedir.

Havayla ve vakumla 6n sogutma sistemlerinin
enerji tiketimleri tek fazli (Kaan, 001, Tirkiye),
suyla 6n sogutma sisteminin enerji tiiketimi ise
i¢ fazh elektrik sayact (Kaan, 002, Tirkiye) ile
gergeklestirilmistir.

2.4. Kontrollii atmosfer odasi (KAO) ve oda
kosullar: (OK)

On sogutulmus iiriinlerin  soguk depolama
sirasindaki dayanim siiresinin Slgiilmesi amaciyla
sicakligr 1 °C, oransal nemi % 90+£5 ve atmosfer

bilesimi ise 0:21 [(% CO,:% O,)] olan bir kontrollii
atmosfer odasi (KAO) kullanmilmistir (Alibas &
Koksal 2015).

On sogutulmus iiriinlerin satis kosullarmdaki
dayanimlarmin olgiilebilmesi igin sicaklign 22+1
°C ve oransal nemi % 55-60 olan bir laboratuvar
oda kosullarini (OK) temsil amaciyla kullanilmistir
(Akbudak & Ozer 2003; Alibas & Koksal 2015).

2.5. Kalite parametreleri

2.5.1. Sertlik 6l¢iim yontemi

Enginarin sertligi bir penetrometrenin (FT 327)
5/16"lik ucuyla “N” cinsinden ol¢iilmiistiir.
Penetrometre bir tasiyict sehpa (Bosch BS 45)
iizerine yerlestirilmigtir. Penetrometrenin iizerine
yerlestirildigi sehpanin 6l¢tim alanina yerlestirilen
enginar taglarimin st kismi penetrometre ucu ile
temas ettirilerek penetrometre kolu ve u¢ vidast
yardimiyla sikistirilmistir. Boylece sertlik degerleri
penetrometrenin kadranindan okunmustur. Her bir
yontem i¢in on ayri Ol¢iimiin ortalamasi alinarak
sertlik degeri belirlenmistir (Alibas & Koksal 2015).
On sogutma yapilmamis enginarlarin 0. giindeki
sertlik degerleri taze iiriiniin sertlik degerini vermis
ve bu deger kontrol degeri olarak kabul edilmistir.

2.5.2. Genel goriiniim testi

Tim yontemler i¢in genel gortinim 0. giinde “10”
olarak kabul edilmis ve bu deger kontrol degeri
olarak almmistir. Genel goriinlim testi, uzman
bitki fizyologlarindan olusan bir jiiri tarafindan
gerceklestirilmisti.  Genel — goriiniim  testinde
biyolojik materyal bir puanlama sistemi kullanilarak
degerlendirilmistir. Bu puanlama; 10-9: ¢ok iyi, 8-7:
iyi, 6-5: satilabilir, 4-3: satilamaz, 2-1: kullanilamaz
seklindedir (Ozer & Masatg1 2000; Ozer 2002;
Alibas & Koksal 2015).

2.5.3. Agirlik kaybt ve bozulma orant belirleme
yontemleri

Tim yontemler icin hem KAO hem de OK agirlik
kayb1 0. giinde % 0 olarak kabul edilmis ve bu
deger kontrol degeri olarak alinmistir. Agirliklart 1
kg olarak belirlenen enginarlarin, depolama siiresi
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boyunca KAO’da her 15 giinde bir ve OK’da her
5 giinde bir agirlik kaybi degerleri belirlenmistir
(Ozer & Masatg1 2000; Alibas & Okursoy 2009).

Tim yontemler i¢cin bozulma orani 0. giinde
% 0 olarak kabul edilmis ve bu deger kontrol degeri
olarak alinmigtir. Bozulma oranmin belirlenmesi
genel goriiniim, sertlik ve agirlik kayb1 degerlerinin
hepsine birden bakilarak yapilmistir (Alibas &
Okursoy 2012).

2.6. Verilerin analizi

Caligma 3 tekerriirlii olarak kurulmustur. Elde edilen
verilerin ortalamalar1 ve diger istatistik degerleri
MINITAB 13 aracilifiyla saptanmis ve sonuglar
LSD testine (P<0.01) gdére MSTATC istatistik
programi kullanilarak harflendirilmistir.

Veri toplama cihazi araciligryla dl¢lilen zamana
bagli sicaklik degerleri dogrusal olmayan regresyon
analizi yapan NLREG (NLREG 6.3) programi
(Esitlik 1) araciligiyla tahminlenmistir. Dogrusal
olmayan regresyon analizinin sonuglart sogutma
katsayisini (K ), tahminin standart hatasini (SH) ve
regresyon modeli karar katsayisini (R?) vermektedir
(Alibas & Okursoy 2009; Alibas & Okursoy 2012;
Alibas & 1z1i 2013; Alibas & Koksal 2014).

T =T +[T, xexp(K xt)] 1)

Burada; 7, veri toplama cihazi araciliiyla
olgtilen sicaklik degeri (°C); T, iiriiniin 6n sogutma
islemi sonunda ulagmasi istenen sicaklik degeri
(°C); T, materyalin sogutulmadan 6nceki sicakligt
(°C); K, sogutma katsayisi (birimsiz) ve ¢, sogutma
stiresi (s)’dir.

3. Bulgular ve Tartisma

3.1. On sogutma parametrelerinin belirlenmesi

Enginarin  havayla, vakumla ve suyla &n
sogutulmasinailiskin zamana bagli sicaklik azalmasi
Sekil 2°de verilmistir. Sekil 2’ye gore, en kisa
stireli sogutma isleminin 35 dakika ile vakumla 6n
sogutma yontemi, en uzun yontemin ise 135 dakika
ile havayla 6n sogutma yontemi oldugu saptanmustir.
Buna gore vakumla 6n sogutma yonteminin, havayla

on sogutma yontemine gore 3.86 kat daha hizli 6n
sogutma yapilabildigi belirlenmistir. Enginarin
suyla on sogutulmasi ise 81 dakika stirmiistiir.
Suyla 6n sogutma yontemlerinde belirlenen
sogutma siiresinin vakumla 6n sogutma yonteminde
belirlenen sogutma siiresine gore 2.31 kat arttigy;
havayla 6n sogutma yonteminde belirlenen sogutma
siiresine gore ise 1.67 kat azaldig1 tespit edilmistir.
Benzer sonugclar, cesitli aragtiricilar tarafindan da
ifade edilmistir (Sun & Wang 2004; Cheng 2006;
Zhang & Sun 2006b; Jackman et al 2007; Alibas &
Okursoy 2009; Alibas & Okursoy 2012; Alibas &
Koksal 2014).
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Sekil 2- Enginarin vakumla, havayla ve suyla

sogutulmasindaki zamana bagh sicakhik egrileri

Figure 2- The temperature curves depending on pre-

cooling time during vacuum, air and hydro pre-cooling

of artichokes

Enginarin havayla, vakumla ve suyla 0On
sogutulmas1 sirasinda elde edilen istatistiki
veriler Cizelge 1°de verilmistir On sogutma
denemelerinden elde edilen veriler ile sogutma
modelinin belirledigi veriler arasindaki karar
katsayisinin (R?) en yiiksek oldugu 6n sogutma
yonteminin 0.9996 degeri ile havayla 6n sogutma
yontemi oldugu tespit edilmistir. Bunu sirasiyla
0.9991 degeri ile vakumla ve 0.9930 degeri ile suyla
on sogutma yontemleri izlemigtir.

Enginarin vakumla 6n sogutulmasi sirasinda
Olciilen sicaklik, basing ve zaman arasindaki iliskiler
Sekil 3’de verilmistir. Toplam 35 dakika siiren
vakumla sogutma isleminin 4. dakikasinda basing
2.93 kPa degerine ulagsmis ve bu noktada iriinde
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Cizelge 1- Havayla, suyla ve vakumla 6n sogutma yontemlerinin 6n sogutma verileri

Table 1- The statistical data of air, hydro and vacuum pre-cooling methods

On sogutma Tahminin standart  Regresyon modeli karar Sogutma katsayisi
yontemi hatast (SH)™ katsayist (R?)™ (K)™"
HOS 0.120816" 0.9996* 0.0304295648¢
vOs 0.191241° 0.9991# 0.1288981560°
SOS 0.563272 0.9930° 0.0460402651°
*, aymi stitunda farkls harflerle gosterilen ortalamalar arasi fark 6nemlidir; **, P<0.01
100 4 100 A
90 90 1
80 80 1
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Sekil 3- Enginarin vakumla 6n sogutulmasindaki a, sicaklik-zaman; b, basin¢-zaman; ¢, basin¢-sicaklik; d,

basin¢-sicaklik-zaman grafikleri

Figure 3- The diagrams of vacuum precooling of artichoke

a, temperature-precooling time; b, pressure-precooling

time, c, pressure-temperature and d, pressure-temperature-precooling time

maksimum diizeyde buharlagsma meydana gelmistir.
Dordiincti  dakikaya kadar sabit kalan sicaklik,
parlama noktas1 adi verilen bu andan sonra hizli
bir sekilde diismeye baglamistir. Sistem minimum
basing degeri olan 0.67 kPa basinca 10 dakikada

ulasmis olup bu basing degeri vakumla 6n sogutma
isleminin sonuna kadar sabit kalmistir.

Enginarm cesitli yontemlerle 6n sogutulmasindaki
enerji tilketimi, gii¢ ve agirhik farki degerleri Cizelge
2’de verilmistir. Enginarin 6n sogutulmasindaki en
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yiiksek enerji tilketimi 0.84 kWh degeri ile havayla
on sogutma yonteminde Olgiilmistir. Bunu
sirastyla 0.65 kWh ve 0.38 kWh degerleri ile suyla
ve vakumla 6n sogutma yontemleri takip etmistir.
Enerji tiiketimi agisindan en pahali yontem
olan havayla 6n sogutma yoOntemindeki enerji
tilketiminin, en ekonomik yontem olan vakumla
on sogutma yontemine gore 2.21 kat fazla oldugu
belirlenmistir. En fazla gii¢ gereksinimi ise 0.6514
kW degeri ile vakumla 6n sogutma yonteminde
meydana gelmistir. Bunu sirasiyla 0.4815 kW
degeri ile suyla ve 0.3733 kW degeri ile havayla 6n
sogutma yontemleri takip etmistir. En fazla giiciin
harcandig1 vakumla 6n sogutma yontemindeki gii¢
gereksiniminin, havayla 6n sogutma yontemindeki
giic gereksinimine gore 1.75 kat fazla oldugu
saptanmistir. Enerji ve gii¢ tiikketimi ile ilgili
benzer sonuclar literatlir ¢aligmalar1 ile paralellik
gostermektedir (Alibag & Okursoy 2012; Alibas
& Koksal 2014). On sogutma islemlerinin
sonunda suyla 6n sogutulmus iiriinlerde % 2.83
degerinde bir agirlik artisi, havayla ve vakumla
on sogutulmus enginarlarda ise sirasiyla % 1.03
ve % 1.88 degerinde bir agirlik kayb1 saptanmustir.
Haas & Gur (1987) vakumla sogutma sirasinda
meydana gelen her 5-6 °C’lik sicaklik diisiisiiniin
marulun biinyesinde yaklasik % 1’lik bir agirlik
kaybina neden oldugunu belirlemislerdir. Agirlik
artis ve azalislarina iliskin benzer sonuglar, ¢esitli
arastiricilar tarafindan ifade edilmistir (Desmond
et al 2000; McDonald et al 2000; Desmond et al
2002; McDonald et al 2002; Jackman et al 2007;
Alibas & Okursoy 2009; Alibas & Okursoy 2012;
Alibas & Koksal 2014).

Cizelge 2- Enginarin 6n sogutma parametreleri

Table 2- The pre-cooling parameters of artichokes

3.2. Kalite parametrelerinin belirlenmesi

3.2.1. KAO muhafaza sirasindaki kalite
parametrelerinin belirlenmesi

Havayla, vakumla ve suyla o6n sogutulmus
enginarlar ile kontrol kabul edilen 6n sogutulmamis
enginarlari kontrollii atmosfer odasinda 0., 15. ve
30. giinlerde belirlenmis sertlik, genel goriiniim,
bozulma orani ve agirlik kaybi degerleri Cizelge
3’de verilmistir.

Tiim sogutma yontemleri iginde 30. giinde en
az bozulma % 25 degeri ile havayla 6n sogutma
yonteminde meydana gelmisti. Bunu sirasiyla
% 30 degeri ile vakumla 6n sogutma, % 38 degeri
ile kontrol kosullart ve % 55 degeri ile suyla 6n
sogutma yontemi izlemistir. Kontrol kosullarinda
depolanan enginarlarda olusan bozulma oraninin,
havayla 6n sogutulan enginarlarda olusan bozulma
oranina gére 130 kg t! driin kaybina; suyla 6n
sogutulan enginarlara gore ise 170 kg t!' iriin
kazancina neden oldugu tespit edilmistir.

Kontrollii atmosfer odasinda 30. giiniin sonunda
agirlik kaybr degeri agisindan en az kayba neden
olan yontemin % 12 degeri ile havayla 6n sogutma
yontemi oldugu saptanmistir. Bu degeri % 13 degeri
ile vakumla, % 15 degeri ile kontrol kosullari ve
% 18.5 degeri ile suyla 6n sogutma yonteminin
takip ettigi tespit edilmistir. Kontrol sartlarinda
KAO’da muhafaza edilmis enginarlarda 30. giinde
oOlgiilen agirlik kaybi degerinin suyla 6n sogutulan
enginarlara gére % 23 oraninda daha az oldugu
belirlenmistir.

Vakumla ve havayla 6n sogutularak kontrolli
atmosfer odasina konulan enginarlarm 30. giiniin
sonundaki genel goriinim derecesi sirasiyla “7”

On sogutma Sogutma siiresi”™ Enerji tiiketimi™ Gii¢g™ Agirlik farki™
yontemi (dakika) (kWh) (kW) (%)

HOS 135+(5.030)" 0.84+(0.0252)* 0.3733+(0.00299)° -1.03+(0.0321)°
vOS 35+(1.530)¢ 0.38£(0.0208)° 0.6514+£(0.00218)"  -1.88+(0.0451)"
sOs 81£(2.520)" 0.65+(0.0265) 0.4815£(0.00414)°  2.83+(0.0306)"

*, aymi siitunda farkls harflerle gosterilen ortalamalar arasi fark 6nemlidir; **, P<0.01
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Cizelge 3- Enginarin kontrollii atmosferde (KA) soguk depolanmasi sirasindaki kalite parametreleri

Table 3- The quality parameters of artichoke during cold storage in modified atmosphere room (MA)

On sogutma  Depolama siiresi Sertlik™ Agirlik kaybi™ Bozulma oram™  Genel goriiniim™
yontemi (giin) (N) (%) (%) (1-10)
0 48.66+(0.118)"  0.000£(0.000)'  0.000£(0.000)¢  10.000(0.000)"
oS 15 37.80+(0.147)¢ 6.000£(1.530)¢ 10.000+(2.520)° 9.000(0.289)°
30 23.154(0.206)¢  15.000+(1.730)°  38.000+(1.530)°  6.000+(0.577)
0 48.07+(0.118)"  0.000+(0.000)'  0.0004(0.000)¥  10.000+(0.000)"
HOS 15 41.96£(0.147y'  4.000£(0.577)°  3.000+(1.000)%  10.000:(0.000)"
30 2737£(0.206)  12.0004(1.530)°  25.000=(3.610)°  8.000+(0.577)
0 46.995(0.353)°  0.000£(0.000)°  0.000£(0.000)r  10.000(0.000)"
VoS 15 39.24+(0.265)  4.5004(1.040F  7.000+(1.530)*  10.000+(0.000):
30 2521£(0.353)  13.0004(1.730)°  30.000£(3.210)°  7.000(0.289)"
0 40.19£(0.088)°  0.000£(0.000)°  0.000£(0.000)F  10.000(0.000)"
SOS 15 33.48+(0.196)"  7.000+(1.530%  18.000+(1.530)  9.000+(0.289)"
30 19.94+(0.118)  18.500(1.260)*  55.000+=(2.890)*  5.000(0.000)"

*, aynt situndaki farkli harflerle gosterilen ortalamalar arasi fark onemlidir; **, P<0.01

ve “8” puan ile “iyi”, kontrol sartlarinda ve suyla
on sogutularak muhafaza edilen enginarlarin genel
goriiniim derecesi ise sirastyla “6” ve “5” puan ile
“satilabilir” olarak derecelendirilmistir.

Taze enginarin sertlik degeri (6n sogutulmamis,
0. gtin) 48.66 N olarak saptanmistir. Havayla, suyla
ve vakumla On sogutulmus enginarlarm KAO
oncesi Olgiilen sertlik degerleri ise sirasiyla 48.07,
40.19 ve 46.99 N olarak belirlenmistir. KAO’da 30.
giin sonundaki sertlik degerleri icinde taze iiriine en
yakin sertlik degeri 27.37 N degeri ile havayla 6n
sogutma yonteminde bulunmustur. Bunu sirastyla
25.51 N degeri ile vakumla 6n sogutma, 23.15 N
degeri ile kontrol kosullart ve 19.94 N degeri ile
suyla &n sogutma ydntemleri izlemistir. On sogutma
yapilmamis enginarlarda 30. giin sonunda Olciilen
sertlik degerinin, suyla 6n sogutma ydntemlerinde
saptanan sertlik degerinden % 16.1 oraninda
daha fazla oldugu saptanmistir. Suyla 6n sogutma
yontemi enginarlarin soguk depolanmasi siirecinde
sertliklerinin azalmasina neden olmustur.

3.2.2. OK muhafaza sirasindaki kalite
parametrelerinin belirlenmesi

Havayla, suyla ve vakumla 6n sogutma yontemleri
ile sogutulmus enginarlar ile kontrol kosullarina

sahip enginarlarin pazar kosullarinda dayanimlarinin
belirlenmesi agisindan nemi ve sicakligi sabit olan
oda kosullarinda (OK) bekletilmesi sonucu 0., 5.
ve 10. giinlerde olgiilen sertlik, genel goriiniim,
bozulma orani ve agirlik kaybi degerleri Cizelge
4’de verilmistir.

Havayla, vakumla ve suyla 6n sogutma yapilmis
enginarlar ile kontrol kosullarindaki enginarlarin
OK’dal0giinboyuncabekletilmelerisonucusaptanan
bozulma orani degerlerine gére en az bozulma % 7
degeri ile havayla 6n sogutma yonteminde meydana
gelmistir. Havayla 6n sogutma yontemini sirasiyla
% 13 degeri ile vakumla 6n sogutma yontemi,
% 25 degeri ile kontrol kosullart ve % 31 degeri ile
suyla 6n sogutma yontemi izlemistir. On sogutma
yapilmamis lriinlerde saptanan bozulma oranimin
suyla 6n sogutulmus enginarlarda gézlenen bozulma
oranindan % 24 daha az oldugu tespit edilmistir.
OK’da 10. giinde 6n sogutma yapilmamis iiriinlerde
saptanan bozulma oranmin havayla 6n sogutulmus
enginarlarda saptanan bozulma oranindan 3.57 kat
fazla oldugu saptanmistir. Meydana gelen agirlik
kayb1 degerlerinden yola ¢ikilarak bir ton (1000 kg)
iiriin bagina bozulan iiriin miktar1 hesaplandiginda,
on sogutulmadan satiga ¢ikarilmig tirtinlerde 10.
giliniin sonunda 250 kg iirliniin bozularak atildig1
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Cizelge 4- Enginarin oda kosullarinda (OK) depolanmasi sirasindaki kalite parametreleri

Table 4- The quality parameters of artichoke during storage in room conditions (RC)

On sogutma ~ Depolama siiresi Sertlik™ Agrlik kaybi™ Bozulma oram™  Genel goriiniim™
yontemi (giin) (N) (%) (%) (1-10)
0 48.665(0.118)"  0.000£(0.000)F  0.000=(0.000)"  10.000(0.000)"
0s 15 37.25+(0.147)¢  23.500+(0.764)°  7.000£(1.530)  7.000(0.577)
30 20.41£(0.118)  39.000£(2.520)  25.000£(2.890)"  4.333:+(0.441)¢
0 48.074(0.118)°  0.000+(0.000)F  0.000=(0.000)"  10.000(0.000)"
HOS 15 42.024(0.147)  15.500+(2.470)°  2.000=(1.000)F  9.000(0.000)*
30 36.07+(0.147)"  31.500+(1.760)°  7.000+(1.530)  7.0004(0.577)
0 46.99+4(0.353)°  0.000(0.000)F  0.000=(0.000)"  10.000(0.000)*
vOS 15 40710167 17.000+(2.000)°  4.000(1.000)"  8.000(0.577)
30 30.19+(0.147)  34.500£(2.470)°  13.000£(2.520)*  6.000 =(0.289)
0 40.19+(0.088)"  0.000+(0.000)  0.000+(0.000)"  10.000%(0.000)"
sOS 15 34.34+5(0.118)  26.000£(1.000)  15.000+(1.000%°  6.000(0.289)
30 19.204(0.088)  40.500£(2.750)°  31.000+(3.060)°  3.000(0.577)°

* ayni stitundaki farkli harflerle gosterilen ortalamalar arasi fark 6nemlidir; **, P<0.01

saptanmigtir. Ancak havayla 6n sogutulduktan
sonra pazara ¢ikarilan enginarlarda bu kaybin 70
kg oldugu belirlenmistir. Islem gérmeden pazara
¢ikarilan enginarlara gore, havayla on sogutulan
enginarlarda 10. giinde saptanan bozulma orani ile
bir ton iiriinde 180 kg iiriin kazanci saglandig tespit
edilmistir. Suyla 6n sogutularak OK’da 10 giin
boyunca bekletilen bir ton iirlinde meydana gelen
bozulma orani ise 310 kg olarak belirlenmistir.
Suyla 6n sogutularak pazar kosullarinda satisa
cikarilmis bir ton enginarda 10. giinde meydana
gelen bozulmanin, hi¢ 6n sogutma yapilmadan
pazara c¢ikarilmig enginarlarda saptanan bozulma
oranindan 60 kg fazla oldugu saptanmistir.

Calismada, en az agirlik kaybina neden olan
yontemin % 31.5 degeri ile havayla 6n sogutma
yontemi oldugu; bunu sirastyla % 34.5, % 39 ve
% 40.5 degerleri ile vakumla, kontrol sartlar1 ve suyla
on sogutma yontemlerinin izledigi belirlenmistir.

Havayla 6n sogutma yontemi uygulanarak 6n
sogutulmus enginarlar 10. gliniin sonunda “7” puan
ile genel goriinim agisindan “iyi”; vakumla o6n
sogutulmus enginarlar ise “6” puan ile “satilabilir”
olarak degerlendirilmistir. On sogutma yapilmamus
enginarlar ile suyla 6n sogutulmus enginarlarin
10 giin sonundaki genel goriiniim derecesi ise

sirastyla “4” ve “3” puan ile “satilamaz” olarak
degerlendirilmistir.

Oda kosullarinda 10. giin sonundaki sertlik
degerleri icinde taze iriine en yakin sertlik
degerinin 36.07 N degeri ile havayla 6n sogutma
yontemi oldugu belirlenmistir. Havayla 6n sogutma
yontemini sirastyla 30.19 N degeri ile vakumla,
20.41 N degeri ile kontrol kosullart ve 19.20 N
degeri ile suyla 6n sogutma yontemleri izlemistir.
On sogutma yapilmamis enginarlarda 10. giin
sonunda dlgiilen sertlik degerinin, suyla 6n sogutma
yontemine gore % 6.3 oraninda fazla oldugu tespit
edilmistir.

4. Sonuclar

Bu caligmada, enginar havayla, vakumla ve suyla
6n sogutulmustur. Sogutma siiresinin en kisa, enerji
tiiketiminin ise en diisiik oldugu sogutma yonteminin
vakumla 6n sogutma yontemi oldugu saptanmustir.
Hem enerji tiiketimi hem de sogutma siiresi
acisindan vakumla 6n sogutma yontemini sirasiyla
suyla ve havayla 6n sogutma yontemlerinin izledigi
belirlenmistir. Suyla 6n sogutulan materyallerde
sogutma iglemi sirasinda agirlik artigi, havayla ve
vakumla 6n sogutulmus materyallerde ise agirlik
kayb1 olustugu tespit edilmistir. Ayrica en fazla gii¢
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gereksiniminin vakumla 6n sogutma yonteminde
meydana geldigi, bunu sirastyla suyla ve havayla 6n
sogutma yontemlerinin izledigi saptanmuistir.

Enginarin oda ve kontrollii atmosfer kosullarinda
muhafaza edilmesinde kalite parametreleri agisindan
en uygun sogutma yonteminin havayla 6n sogutma
yontemi oldugu, bunu sirasiyla vakumla, kontrol
sartlar1 ve suyla 6n sogutma yonteminin izledigi
belirlenmistir. On sogutulmaksizin oda ve kontrollii
atmosfer kosullarinda depolanan enginarin kalite
parametrelerinin, suyla 6n sogutulmus enginarlara
gore daha yiiksek oldugu saptanmistir. Buna bagl
olarak bu calismada, enginar1 suyla 6n sogutmanin

onemli Olctide kalite kaybmma neden oldugu
belirlenmistir.
Kisaltmalar ve Semboller
HOS Havayla 6n sogutma
KAO Kontrollii atmosfer odasi
K, Sogutma katsayisi
LSD En kiiglik anlaml fark
OK Oda kosullar1
R? Regresyon modeli karar katsayisi
SH Standart hata
SOS Suyla 6n sogutma
VoS Vakumla 6n sogutma
T Veri toplama cihazi araciligryla dlgiilen
sicaklik
T, Uriiniin 6n sogutma islemi sonunda
ulagmasi istenen sicaklik
N Materyalin hasat sicaklig1
t On sogutma siiresi
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ABSTRACT

Insulin-like growth factor 1 receptor (IGF1R) signaling pathway plays a key role in the postnatal growth and
development. The tyrosine kinase receptor IGFIR forms homodimers that is activated by IGF-I which trigger
autophosphorylation of IGF1R and subsequent downstream signal transduction. The objectives of this study were
to identify, characterize and the examination of the association between silent SNP (rs41961336; C>T) within exon
7 of bovine /GFIR gene and growth traits. A total of 672 cows of four breeds was genotyped using the Polymerase
Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) method. A 7ail restriction endonuclease
was used. Among all breeds under study (Polish Holstein Friesian, Angus, Hereford, Limousine), the presence of all
three genotypes was observed only for the Angus breed. The CC genotype was the most frequent in all investigated
breeds (0.7987-0.9904) followed by CT (0.0096-0.1946). Only Angus cows were selected for association analysis.
At weaning weight adjusted to 210 days of age (WWT, ), statistically significant differences (P<0.05) were shown-
female calves with the CC genotype were heavier (+5.5 kg) than the individuals with the CT genotype. However,
individuals carrying the CT genotype had significantly higher body weight at first calving (+10.62 kg; P<0.05). The
present work failed to show association between genotypes of the /GF1R/Tail polymorphism and BWT, ADG or age
at first calving.
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OZET

Insiilin benzeri biiyiime faktorii- 1 reseptor (IGF IR) sinyal yolu, dogum sonras1 biiyiime ve gelismede énemli bir rol oynar.
IGF1R tirozin kinaz reseptérii, IGF1R 'nin otofosforilasyonunu tetikleyen IGF-I tarafindan aktive edilen homodimerleri
ve sonrasinda meydana gelen asagi sinyal transdiiksiyonu olusturmaktadir. Bu caligmanin amaci, sigir /GF IR geni iginde
bulunan ekzon 7 igindeki sessiz SNP (rs41961336; C>T) ile biiyiime ozellikleri arasindaki iliskinin tanimlanmasi,
karakterize edilmesi ve incelenmesidir. Dort farkli irktan toplam 672 adet inek polimeraz zincir reaksiyonu-restriksiyon
parga uzunluk polimorfizmi (PCR-RFLP) metodu kullanilarak genotiplenmistir. Calisilan tiim wrklar (Polonya Holstein
Friesian, Angus, Hereford, Limousine) i¢inde, her {i¢ genotip varlig1 sadece Angus irkinda gézlenmistir. CC genotipi
arastirilan tim 1rklarda en sik gozlenen genotip olmus (0.7987-0.9904) ve bunu CT genotipi takip etmistir (0.0096-
0.1946). Sadece Angus inekleri iliskilendirme analizleri igin segilmistir. 210 giinliik yasa (WWT,, ) diizeltilmis siitten
kesim agirliginda, CC genotipli disi buzagilarin, CT genotipli bireylerden istatistiki olarak daha agir olduklar1 (+5.5
kg) bulunmustur (P<0.05). Buna karsilik, CT genotipini tasiyan bireyler, ilk buzagilamada daha yiiksek canli agirlik
kazanmistir (+10.62 kg; P<0.05). Bu ¢alisma, /GF/R/Tail polimorfizminin genotipleri ile dogum agirligi, giinliik canli

agirlik kazanci veya ilk buzagilama yasi arasindaki iliskiyi gdstermede basarisiz olmustur.

Anahtar Kelimeler: Sigir; Genetik markdrler; Tirozin kinaz; Kantitatif 6zellik lokusu

1. Introduction

The insulin-like growth factor (IGF) signaling
pathway has many important roles in normal cell
growth and development. In mammals, insulin
regulates cell metabolism, whereas insulin-like
growth factor I (IGF-I) is an important regulator
of cell growth (Humbel 1990). Remarkably, all of
the components of this system (IGFs, receptors,
and binding proteins) are also expressed in bovine
mammary gland (Plath-Gabler et al 2001) and
skeletal muscle (Blum et al 2007; Micke et al 2011)
where development, nutrient uptake and utilization
is largely coordinated by growth hormone (GH) and
its main downstream effector, IGF-1. In laboratory
animals, several studies have shown that GH
treatment increases IGF-I mRNA in skeletal muscle
through STATS5 molecules (Udy et al 1997; Teglund
et al 1998; Woelfle et al 2003). IGF-I signals via the
type 1 of IGF-I receptor (IGF-IR), which is a widely
expressed cell surface ., heterotetramer held
together by disulfide bridges, highly similar to the
IR (Ullrich et al 1986). The importance of the IGF-
IR in normal mammalian development is clear from
studies in mice lacking functional receptors. Liu et
al (1993) demonstrated that igf7r null mice were
45% of the size of wild-type individuals at birth,
and died shortly due to severe organ hypoplasia
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while mouse embryonic fibroblasts cultured from
igflr null mice grew more slowly than wild-type
fibroblasts, and were unable to proliferate under
anchorage-independent conditions (Sell et al 1994).

The bovine IGF-IR, similar to human
homologue, is synthesized as a single chain
precursor composed of 1367 amino acids. The pre-
proreceptor monomer of human IGF-IR includes
a 30 residue signal peptide (residues 1 to 30) and
an Arg-Lys-Arg-Arg furin protease cleavage site
at residues 737-740, divided into one a-chain and
one B-chain. The a-chain (residues 31-736) and
195 residues of B-chain comprise the extracellular
portion of the IGF-IR and contain eleven and five
potential N-linked glycosylation sites, respectively
(Ullrich et al 1986). Subsequently, there is also a
single transmembrane sequence (residues 936-959)
and a 408 residue cytoplasmic domain (residues
960-1337) possessing intrinsic kinase activity
(Favelyukis et al 2001). Free IGF-I molecule bind to
the cysteine-rich domain of the a-subunits, leading
to the transmission of a specific signal through
the transmembrane domain to the [-subunit.
Conformational change of the transmembrane
domain causes stimulation of tyrosine kinase
activity, followed by autophosphorylation of a
cluster of tyrosine residues of the IGF-IR (Keyhanfar
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et al 2007). It is known, that IGF-I induces skeletal
muscle hypertrophy by activating the IGF-IR/IRS1/
PI3K/Akt pathway (Shi et al 2011).

Human /GFIR gene is greater than 300 kbp in
size and contain 21 exons, ten in the o-chain and
eleven in the B-chain (Ullrich et al 1986). Bovine
IGFIR homolog has been mapped to chromosome
21 (Moody et al 1996). More than 200 single
nucleotide polymorphisms (SNPs) were identified
in Bos taurus and submitted to the National Center
for Biotechnology Information (NCBI) website
(NCBI reference sequence: AC_000178.1; alternate
assembly UMD 3.1 WGS) but most of them are
located in non-coding regions. Several of these
SNPs are silent mutation or localized within 3’UTR.

The objectives of this study were to identify,
characterize and the examination of the association
between SNP within exon 7 of bovine /GFIR and
performance traits.

2. Material and Methods

The study involved a total of 672 female individuals
including Angus (n= 298), Limousine (n= 141),
Polish Holstein Friesian (n= 129) and Hereford (n=
104) cows kept on four different farms (one for each
breed) belonging to the largest co-operative firm
located in the West Pomeranian province, Poland.

Dairy cows were kept in an intensive system
in free stalls with access to the feed. A complete
Total Mixed Ration (TMR) feeding system was
used and cows had continuous access to water from
automatic drinkers. Milking took place twice a
day in the milking parlor, “side by side”, using the
ALPRO system.

Beef cows were kept in a chamber system. Only
calving cows were driven to the barn, where they
stayed with their calves for one week after calving.
After this time, dams with their offspring were
moved to the outside run. Summer feeding was
entirely based on the good pasture. In winter, the diet
consisted of grass silage and maize, haylage and hay
supplemented with minerals and vitamins. Calving
cows were additionally fed the B-1 concentrate

mixture. The animals had permanent access to water.
Data on the beef performance were collected based
on the breeding documentation (“heifer-beef cow”
charts) and the information from the farm according
to the guidelines of The Polish Association of Beef
Cattle Breeders and Producers.

Peripheral blood was taken from animals from
the external jugular vein into test tubes containing
the EDTA anticoagulant. The DNA was isolated
using MasterPure™ DNA Purification Kit (Epicentre
Technologies) according to the manufacturer’s
instructions.

A silent transition at the third nucleotide of the
codon encoding for aspartic acid (D*'; GAC >
GAT) is localized within exon 7 of the Bos taurus
IGFIR gene and submitted as rs41961336 (NCBI
2015).

Genotyping of the selected IGFIR SNP
marker was carried out using the Polymerase
Chain Reaction-Restriction Fragment Length
Polymorphism (PCR-RFLP) method. A Tail
restriction endonuclease (neoschizomer of Maell)
is able to recognize cytosine at this position. To
genotype the /GF1R/e7/Tail polymorphism, a pair
of primers (IGF1Re7F 5’ acagtgtttgggtccttagtgg 3’
and IGFIRe7R 5’ aggtgatgatgattcggttctt 3°) were
designed based on the sequence of the /GFIR gene
(GenBank Accession No. JQ715681) and then used
to amplify a 236-bp DNA fragment.

The PCR reaction volume of 20 pL contained
approximately 30-50 ng of genomic DNA, 0.5
units of 7ag DNA polymerase (FERMENTAS,
Lithuania), 1xPCR buffer with (NH,),SO,
(FERMENTAS, Lithuania), 2 mM MgCl,, 10 pmol
of each primer (IBB PAS, Poland), 200 pM of each
dANTP (FERMENTAS, Lithuania) and nuclease-
free deionized water (Epicentre Technologies,
Madison, USA). Thermal cycling conditions were
as follows: 5 min at 94 °C, 30 cycles of 94 °C for
30 s, annealing temperature (60 °C) for 30 s, and
72 °C for 40 s, followed by a final step of 72 °C
for 5 min in the Biometra thermal cycler. Amplified
fragments were digested for 3 hours at 65 °C with 5
units of 7ail restriction enzyme (10 U uL-', ACGT|;

494

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 492-499



Effects of SNP within Exon 7 of the Insulin-like Growth Factor Receptor Type 1 (/GF1R) Gene on Growth..., Szewczuk

FERMENTAS, Lithuania), and next subjected to
electrophoretic separation in 2% ethidium bromide-
stained Agarose gel (Basica LE GQT, Prona, Spain).
The length of the obtained products was compared
with the pUCI19/Mspl molecular mass marker
(FERMENTAS, Lithuania). To confirmation,
selected samples for a particular genotypes were
additionally sequenced (IBB PAS, Poland).

Association analyses between genotype and
birth weight (BWT), weaning weight adjusted to 210
days of age (WWT,, ) as well as average daily gains
between birth and weaning (ADG) following by age
and body weight at first calving was analyzed based
on the data obtained from the official recordings.

The differences between particular genotypes
were evaluated with Duncan’s test and Bonferroni’s
test (STATISTICA 10.0 PL software package,
Statsoft Inc. 2009). Statistical calculations were
performed using a General Linear Model (GLM).
As the statistical models Equation 1 and Equation
2 were used.
BWT, ADG, WWT

210°

Y= w+Gits tBYS tey, (1)

Where; Y.» analyzed trait; p, overall
mean; G, fixed effect of IGFIR genotype
(i=1,2); S, random effect of sire (j=1,...,53); BYS,,
fixed effect of birth year/season (k= 1,...,20); ¢

random error

ikt

Age and body weight at first calving,
Y= WG s +CYS +b (cBW-cBW)+e, 2)

ijklm ijklm

Where; Yle, analyzed trait; p, overall mean; G,
fixed effect of /IGFIR genotype (i= 1, 2); s, random
effect of sire (j=1,...,53); CYS,, fixed effect of year/
season of 1% calving (k= 1,...,16); b,’ regression
coefficient on birth weight of calves; ¢cBW, mean
birth weight of calves; cBW,, birth weight of a /-calf;

e random error

ijkim’®
The chi-square test was used to verify whether
each population is in Hardy-Weinberg equilibrium.

3. Results and Discussion

Among all breeds under study, the presence of all
three genotypes was observed only for the Angus
breed (Table 1). Based on the chi-square test, it was
found that genotype frequencies of IGFIR/Tail
polymorphism in all breed under study were under
genetic equilibrium. The PCR products with cytosine
at position 191 (GenBank acc. No JQ715681) were
digested by 7ail into four fragments of 141, 45, 26 and
24 bp (allele C) while allele T gave a cleavage pattern
of 167, 45 and 24 bp (Figure 1). The CC genotype was
the most frequent in all investigated breeds (0.7987-
0.9904) followed by CT (0.0096-0.1946). Due to the
TT homozygote deficiencies, C allele frequency was
very high-more than or equal to 0.9 in all population,
whereas that of T allele was only equal or less than 0.1.

Table 1- Numbers and frequencies of genotypes and alleles of the IGF1R/e7/Tail polymorphism

Cizelge 1- IGF1R/e7/Tail polimorfizminin genotip ve allellerdeki say: ve frekanslar:

Breed IGC}j' C]R/Tail ggr;otypes — Total - Allele .
Polish Holstein Friesian I;, 0.192612 0.0288 0.0(())00 1.5)?)0 0.9806 0.0194
Angus ?’ 0.2739887 0. 15 9846 0.0?)67 1.%)?)?)0 08960 0.1040
Hereford If1 0.19(;304 0.01)96 0.0%00 1.1)(();(‘)0 09951 0.0049
Limousine rf1 0.1)37?37 0.03213 0.0(())00 1.1)4(1)100 0-9894  0.0106
Total 672

n, number of cows; f, frequency
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o]

T MMMW

Ly

Figure 1- Agarose gel electrophoresis and fluorogram to distinguish 7ail restriction fragment length
polymorphism in 236-bp fragment of the bovine insulin-like growth factor receptor type 1 gene, lanes 1
and 6 - pUC19/Mspl DNA mass marker, lanes 2-4 genotypes, lane 5 PCR product without digestion

Sekil 1- 236 bp biiyiikliigiindeki sigir instilin-benzeri tip 1 biiyiime faktorii reseptorii genindeki Tail kesim par¢asini
ayirtetmek igin agaroz jel elektroforezi ve fluorogrami, hat 1 ve 6- pUC19/Mspl DNA belirteci, hat 2-4 genotipler,

hat 5 kesimsiz PCR iiriinii

Despite the fact that a total of 672 cows of three
breeds raised for meat production and one breed
used for milk production were genotyped, only
Angus cows with two groups of genotypes (CC and
CT) could be selected for further analysis. Due to
the low number of individuals in the group (n= 2),
the 7T genotype group was excluded. Results for
association analysis between /GF'1R/Tail genotypes

and studied traits in Angus are presented in Table
2. At WWT, , statistically significant differences
(P<0.05) between body weights of female calves
with the CC genotype (+5.5 kg) and the female
individuals with the CT genotype were shown.
However, individuals carrying the CT genotype
had significantly higher body weight at first calving

(+10.62 kg; P<0.05).

Table 2- Frequencies and mean values of the analyzed performance traits of Angus cows with the different

IGFIR gene variants (standard errors in parentheses)

Cizelge 2- Farkli IGFIR gen degiskenligine sahip Angus sigirlarinda analiz edilen performans ézelliklerinin
ortalama degerleri ve frekanslari (standart hatalar parantez igerisinde verilmistir)

. BWT ADG WWT,,, Age atfirst calving  Body weight at
Polymorphism  Genotype n f (ke) (ke) (days) first calving (kg)
36.61 99297 246.91* 1067.71 563.86°
IGFIR/ Tail ce 238 07987 (0.20)  (4.40) (1.27) (13.55) (2.06)
cT 58 0.1946 36.81 97843 24141 1060.72 574.48°
’ (0.42) (10.48) (2.72) (26.44) (3.57)

*, means within columns bearing the same letters differ significantly at P<0.05; f, frequency
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In the present manuscript, there was no
association between genotypes of the IGFIR/
Tail polymorphism and BWT, ADG or age at first
calving.

Multiple genes potentially influencing meat
and milk production have been investigated in
a lot of breeds in order to find interbreed and
intrabreed polymorphism and association with
production traits. However, without clearly
defined conclusions so far. The insulin-like growth
factor I receptor (IGF1R) has an important effect
on growth, carcass, and meat quality traits in
many species. In this study, we have designed,
optimized and validated protocol capable of
detecting 1s41961336 SNP within exon 7 of
bovine /GFIR. In spite of the IGFIR/Tail being
a SNP in a coding region as a silent mutation, it
could be only linked or in linkage disequilibrium
with causative polymorphisms associated to
phenotype differences. However, in addition to the
rs41961336 only few SNPs within bovine exons
are known and only one of them is potentially
missense-rs209595810. Two polymorphic sites
are recently described and validated (Szewczuk
et al 2013). According to our research carried
out in the years 2009-2011 (data not shown), a
significant part of submitted SNPs (including
unique-missense and majority of silent mutations)
was not present in breeds under study. This can
be explained by the fact that the NCBI database
contains submission from whole world often taking
into account rare native breeds or frequencies of
genotypes. Furthermore, extreme low frequency
of minor allele (MAF) of rs41961336 SNP was
demonstrated. Only Angus breed (0.010) may be
comparable to Brahman cattle (Fortes et al 2013)
in this respect. Therefore, low MAF strongly limits
the usability of this mutation in the association
studies.

Analysis of evolutionary conservation of IGF-I
and their receptors had provided insights into
essential regions, in which the tyrosine kinase
domain is highly conserved among vertebrate
species (residues 999-1274) (Le Roith et al 1993)
including an activation loop (tyrosines: Y!'!,

Y6 and Y'") (Favelyukis et al 2001). Studies
performed on humans indicated that there were
important associations of the IGFIR gene with
growth and development (Inagaki et al 2007). As is
shown by Blum et al (2007), the reduced presence
of IGFIR may have been the underlying cause of
dwarfism in calves. The association between SNP
within exon 7 and growth traits in beef cattle has not
been reported so far. For this reason, it was also the
aim of this study to validate this SNP by analyzing
the effect of the /GF'1R/Tail polymorphism on birth
weight followed by daily gaining and body weight at
different stages of live. It has been limited to Angus
breed. Cows with the CT genotype with initially
lowest WWT, = were then heavier at first calving
in comparison to CC female individuals, despite
the fact that first calving was an average of 7 days
earlier. In the present work, rs41961336 failed to
show association between genotypes and age at first
calving. Recent studies show only that rs41961336
did not revealed associations with age of puberty in
Brahman cattle (Fortes et al 2013). However, other
polymorphism-/GF1R/Mspl within exon 12-had a
significant association with WWT, in Angus cows
(Szewczuk et al 2013). No significant differences in
growth traits were observed between the genotypes
of intronic /GFIR/Taql polymorphism in Nanyang
cattle (Zhang & Li 2010). However, evidences
suggest the presence of a QTL for growth traits
on chromosome 21. Davis et al (1998), Casas et al
(2003) and Morris et al (2003) reported a significant
Quantitative Trait Loci (QTL) for birth weight in the
centromeric region of BTA21 with support interval
1-10 cM, where almost exactly in the middle the
Bos taurus IGFIR gene is localized. On the other
hand, Kim et al (2003) and Casas et al (2004) found
a QTL for birth weight with support interval 50-63
cM and relative positions at 62 or 56 centimorgans
from the beginning of the linkage group (telomeric),
respectively. As it can be seen, two QTL for the
same trait reside on the same chromosome. This
inconsistency across above mentioned studies can
partly be explained among other things by the
density and kind of the markers and the different
breeds used in the studies.
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4. Conclusions

Fine mapping around the marker site may eventually
lead to the confirmation of some of the underlying
genes associated with BW and other growth traits,
and this may provide important insights into the
biology of growth and development. For this reason,
it is reasonable to evaluate the impact of other SNPs
(more than 200) within bovine /GF' IR gene. Once an
objective has been defined and appropriate genetic
relationships determined, marker-assisted selection
may be a cost-effective option in breeding work in
a beef herds.
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ABSTRACT

The saffron, from the Iridaceae family and an autumn-flowering geophytes, is one of cormous plants. The biggest obstacle
in the development of this plant, production having the most economic value as one of the medicinal and aromatic plants,
is the insufficient bulbous used for propagation. Bacterial isolates showing capacity to grow in nitrogen-free conditions,
for hormones production (IAA, GA,) and to solubilise phosphate as microbial fertilizer were used to reproduce the
corms of saffron plants. Thus, the disappearance of saffron from the species that are under threat of extinction can be
prevented and the continuation of the species can be provided by its widespread propagation as an ornamental plant. In
this study, a total of ten treatments; (1) Achromobacter xylosoxidans strain TV-42A, (2) Brevibacillus choshinensis strain
TV-53D, (3) Myroides odoratus strain TV-85C, (4) Bacillus megaterium strain TV-87A, (5) Colwellia psycrerytreae
strain TV-108G, (6) Kluyvera cryocrescens strain TV-113C and (7) Bacillus GC group B strain TV119E, (8) Control
(untreated bacteria or hormones) (9) Control 2 [100 mg L' /BA (indole-3 butyric acid)] and (10) Control 3 [100 mg L'
GA, (gibberellic acid)] were tested to see their effects on the plant growth and development parameters of saffron. The
number of cormlet, average cormlet diameter (mm), cormlet length (mm), cormlet weight (g), macro and micro plant
nutrients (N, K, P, Mg, S, Ca, Na, Fe, Mn, Zn, Cu, Pb, B and Cd) contents of corms were determined in greenhouse
assays. Some of the bacterial applications gave growth and yields of saffron equal to or higher than the hormones
applied. Bio-fertilizers used in organic farming, increase in plant growth and development of saffron were concluded to
have positive effect.
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OZET

Safran, stisengiller (/ridaceae) familyasindan ve sonbaharda ¢igek agan, soganli bitkilerden biridir. Ekonomik degeri
yiiksek, tibb1 ve aromatik bitkilerden biri olan bu bitkinin iiretiminin gelistirilmesinde en biiyiik engel tohumluk olarak
kullanilan soganlarin yetersizligidir. Safran bitkisinin kormlarinin cogalmasida mikrobiyal giibre olarak azot fiksasyonu
yapabilme, fosfati ¢ozebilme ve hormon (IAA, GA,) iretebilme 6zelliine sahip bakteri izolatlarinin kullanimi
hedeflenmistir. Boylece, nesli tehlike altinda olan tiirlerden olan safranin yok olmasi dnlenebilir ve bir siis bitkisi olarak
tiretiminin yayginlastirilmasiyla tiirlerin devami saglanabilir. Bu ¢alismada, toplam on uygulama (1) Achromobacter
xylosoxidans strain TV-42A, (2) Brevibacillus choshinensis strain TV-53D, (3) Myroides odoratus strain TV-85C, (4)
Bacillus megaterium strain TV-87A, (5) Colwellia psycrerytreae strain TV-108G, (6) Kluyvera cryocrescens strain TV-
113C and (7) Bacillus GC group B strain TV119E, (8) Kontrol (bakteri ve hormon uygulamasiz) (9) Kontrol 2 [100 mg
L' IBA (indole-3 butyric acid)] ve (10) Kontrol 3 [100 mg L' GA, (gibberellic acid)] safranin bitki biiylime ve gelisim
parametreleri izerindeki etkilerini belirlemek i¢in test edilmistir. Sera kosullarinda, yavru korm sayisi, yavru korm ¢ap1
(mm), yavru korm uzunlugu (mm), yavru korm agirligi (g) ve kormlarin makro ve mikro (N, K, P, Mg, S, Ca, Na, Fe,
Mn, Zn, Cu, Pb, B ve Cd) besin igerikleri belirlenmistir. Safranin biiylime ve verim degerleri, bakteri uygulamalarinin
bazilarinda hormon uygulamalarindan daha yiiksek veya esit sekilde elde edilmistir. Organik tarimda kullanilan biyo-
giibrelerin, safranin bitki bilyiime ve gelisimini artirmasi lizerine olumlu bir etkiye sahip oldugu sonucuna varilmstir.

Anahtar Kelimeler: PGPR; GA,; IBA; Safran; Yavru korm

1. Introduction

Crocus sativus L. (saffron) belonging to Iridaceae
family show spread in tropical and subtropical
regions of the northern hemisphere of the world.
This species has been cultivated for 4300 years
(Escribano et al 2000). It is a perennial herbaceous
plant cultured corm in many countries bordering
the Mediterranean Sea especially in Italy, Spain,
Greece and Turkey as well as in Japan, China, Iran
and Azerbaijan (Vurdu et al 1997).

Saffron name is generally used both for the plant
and spice. Saffron is known to be economically
very important. The plant has been used by humans
for centuries due to its smell, colour and curative
effects (Tarantilis & Polissiou 1997; Lozano et al
1999; Carmona et al 2006). In the year of 1000
BC, saffron was rumoured to be used to paint the
mummies that were stored in coffin-shaped crates or
mummification in Egypt. Firstly, saffron was used
as a hair dye in Romans and as a perfume later on
(Basker & Negbi 1983).

C. sativus is to be grown in semi-arid climate
having hot and dry winds, which are similar to habitat
of the Mediterranean maquis and North America
chaparral vegetation (similar to the Mediterranean
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maquis vegetation). Plants can survive cold
winters and they may remain under snow until -10
°C in a short period of time (Chichiricco 1984;
Amirghasemi 2001).

The Crocus genus includes approximately 80
species worldwide. There are about 32 species of
Crocus genus in Turkey (Vurdu & Giiney 2004).
Some species also include subspecies between 2
and 10. A part of Crocus species bloom in autumn
and some of them bloom in spring period. About
30 of these species are grown as ornamental plants
(ipek et al 2009). Saffron cultivation area is limited
in Turkey. Saffron has been cultured in an area
of 1.5 ha in Karabiik in Turkey (Kara 2010). The
product obtained cannot even meet the domestic
consumption. Therefore, Turkey needs the saffron
corm. Some Crocus species are produced from
both corm and seeds. But, Crocus sativus L. can
only be produced from corm (Chichiricco 1984).
Saffron flowers are sterile; i.e., the plant is not able
to set viable seed. The pollen of Saffron sterility
is auto triploid (2n= 24) (Chichiricco 1984). The
propagation of corms is necessary because of the
triploid nature of Crocus sativus L. (Warburg 1957).

Corms with 2-3 cm diameter have the best
production of flowers and corms. Corm measurements
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are important in terms of the relationship between
flower number and weight of stigmas.

Modern agriculture is faced with increasing
difficulty of growing worldwide, the decline in
soil productivity and product quality, and due to
rising consumer demand. Therefore, there is need
for new and highly effective fertilizer to protect the
ecological balance of nature. In this regard, plant
growth-promoting bacteria (PGPR) could have a
very important role.

Benefits of PGPRs on plants are the inclusion
biocontrol, biological N, fixation, phosphorus
solubilisation, production of siderophore and/or
production of phytohormone encouraged directly
to improve plant growth by means of bacteria (Mia
et al 2012; Turan et al 2014). Bacteria are also
encouraging to improve plant growth such as to
suppress plant pathogens by indirect means (Kotan
& Sahin 2002; Dobbelaere et al 2003; Sahin et al
2004; Cakmake¢i et al 2006). Therefore, PGPR
application is stated to increase the plant growth and
yield as well as on improving the soil quality.

PGPRs produce phytohormones plant growth-
promoting compounds- as auxins, cytokinins and
gibberellins (Saikia et al 2006). Auxin causes cell
expansion and growth, encourages cell elongation,
tissue growth and root formation (Grunewald et al
2009). Auxin is an effective substance in cell volume
and fraction (meristem formation). Therefore, it is
effective in growth and development. In addition,
it is used to end the dormancy in the some plants
(Budak et al 1994; Kaynak & Ersoy 1997; Kaynak
& Memis 1997). Various development processes,
such as stem elongation, control various aspects of
seed germination, including dormancy break and
mobilization of endosperm reserves, are influenced
by endogenous gibberellins. Moreover, gibberellins
influence the transition from juvenile stage to mature
stage, induction of flowering, sex determination
and fruit set establishment in the reproductive
development (Taiz & Zeiger 2004).

Saffron cultivation area is limited in Turkey.
Turkey has lost importance in saffron trade. The
product obtained cannot even meet the domestic

consumption. Therefore, Turkey needs the saffron
corm. Saffron has several beautiful flowers and carries
the perennial property due to corm. Because of this
feature, the use of saffron as an ornamental plant in
flower beds, among the grass, balconies and terraces,
in the regulation of the roof garden will be of great
importance in terms of providing the continuation
of the species. There are few studies using PGPR as
plant growth promoting agent in the cultivation of
saffron (Sharaf-Eldin et al 2008; Parray et al 2013)
around world and there is no study in Turkey. The
aim of this study was to evaluate the plant growth
parameters and corm formation on saffron by using
PGPRs (Achromobacter xylosoxidans strain TV-42A,
Brevibacillus choshinensis strain TV-53D, Myroides
odoratus strain TV-85C, Bacillus megaterium strain
TV-87A, Colwellia psycrerytreae strain TV-108G,
Kluyvera cryocrescens strain TV-113C and Bacillus
GC group B strain TV119E) and hormones (indole-3
butyric acid and gibberellic acid) treatments in
saffron in greenhouse assays.

2. Material and Methods
2.1. Materials

2.1.1. Plant material

Atotal of 150 corms of saffronused in the experiments
were obtained from the Safranbolu Directorate of
District Food, Agriculture and Livestock, Karabiik,
Turkey. The corms were selected free of wounds and
rots, and as homogeneous as possible in size (2.0
to 2.5 cm). They were stored at 1-4 °C until using.
The study was conducted under the natural light in
greenhouse condition at the Faculty of Agriculture
at Atatirk University. Temperatures inside the
greenhouse were determined as 1542 °C at night and
daytime temperatures were determined as 27+2 °C.
Treated corms were planted on July 28, 2012 then
the harvest was made on 08 May 2013.

2.1.2. PGPR bacteria and hormones

All of the bacterial strains (Achromobacter
xylosoxidans ~ strain ~ TV-42A,  Brevibacillus
choshinensis strain TV-53D, Mpyroides odoratus
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strain TV-85C, Bacillus megaterium strain TV-87A,
Colwellia psycrerytreae strain TV-108G, Kluyvera
cryocrescens strain TV-113C and Bacillus GC group
B strain TV119E) were obtained from the culture
collection unit in the Department of Plant Protection,
Faculty of Agriculture at Atatiirk University (Table
1). These non-pathogenic bacterial strains had been
isolated from the rhizosphere and phyllosphere of
wild and traditionally cultivated plants growing
in Erzurum and Van Cities located in the Eastern
Anatolia Region of Turkey (Kotan et al 2005;
Erman et al 2010). The identity of all bacterial
strains used in this study was confirmed according
to fatty acid methyl esters (FAME) analysis by
using Sherlock Microbial Identification System
(Microbial ID, Newark, DE, USA) (Miller 1982).
Bacterial cultures were grown on nutrient agar (NA;
Difco™) for routine use, and maintained in Luria
Broth (LB; Difco™) with 15% glycerol at -80 °C for
long-term storage. In the previous studies, all strains
used in this study were determined that they showed
capacity to grow in N-free conditions, for hormones
production (IAA, GA,) and to solubilise phosphate
(Table 1) (Ekinci et al 2014; Kotan et al 2014;
Turan et al 2014). In addition, the effectiveness of
the commercially available indole-3 butyric acid
(IBA; Indole-3 butyric acid/SIGMA/anhydrous,
molecular weight 203.2 g) and gibberellic acids
(GA, molecular weight 346.38 g) of hormones with

the effectiveness of selected bacteria was used to
compare and was aimed to determine the degree of
activity.

2.2. Method

2.2.1. Corms surface disinfection with sodium
hypochlorite

Corms were surface disinfected to avoid the
presence of any saprophytic and/or pathogenic
microorganisms on the corm surface. Corms
disinfection was performed by dipping the corm for
3 min. in 3% sodium hypochlorite and washing four
times in sterilized and distilled water (sdH,0). The
corms were left to dry on sterile filter paper sheets
overnight in the laminar flow hood to be used in
further studies.

2.2.2. Media and growth condition

Tryptic Soy Agar (TSA, Oxoid) and Tryptic Soy
Broth (TSB, Oxoid) medium were used in the
experiments. All bacterial isolates were incubated in
TSA at 27 °C for 24 h. After the incubation period,
a single colony was transferred to 500 mL flasks
containing TSB, and grown aerobically in the flasks
on a rotating shaker (150 rpm) for at 27 °C for 48
h (Merck KGaA, Germany). Bacterial suspension
was then diluted in sdH, O to a final concentration of
1x108 cfu mL! with a turbidimeter.

Table 1- Bacterial strains, their host, nitrogen fixation (N) and phosphate-solubilising activity (P) properties
and hormones (IAA, GA)) production (ng mL™") (Ekinci et al 2014; Turan et al 2014)

Cizelge 1- Kullanilan bakteri izolatlarinin izole edildikleri bitki, azot fiksasyonu ve fosfat ¢6zebilme ozellikleri ve

hormon (144, GA,) iiretimi (ug mL")

Bacterial strains Isolated from N P G4, 144

Achromobacter xylosoxidans TV-42A Poaceae sp. S+ W+ 299.532 1.402
Brevibacillus choshinensis TV-53D Taraxacum sp. S+ S+ 362.206 1.140
Myroides odoratus TV-85C Sugar beet - - 243.893 0.324
Bacillus megaterium TV-8TA Sugar beet + - 262.163 0.608
Colwellia psychrerytreae TV-108G Poaceae sp. + - 166.856 0.000
Kluyvera cryocrescens TV-113C Allium sp. + 171.620  10.325
Bacillus GC group A TV-119E Poaceae sp. W+ + 290.349 0.509

+, positive; S+, strong positive; W+, weak positive; -, negative
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2.2.3. Coating procedure of the bacteria on the
corms

The bacteria were grown in TSB as described
above. Absorbance of the bacterial suspensions
was measured spectrophotometrically at 600 nm
and properly diluted to 1x10® CFU mL"' in sdH,O.
Approximately, 0.2 g of sucrose (10 mg mL™") was
added to each Erlenmeyer flasks, and the surface-
sterilized corms were soaked separately in this
suspension. The corms were incubated in the
flasks by shaking at 80 rpm for two hours at 28
°C to coat the corms with the bacteria. As controls
applications, untreated bacteria and hormones (100
mg L' IBA and 100 mg L' GA,) were used in this
study. Concentration of the hormone was prepared
at the rate of 100 mg L' with drinking water. After
then, the corms were soaked in these solutions for
two hours to coat the corms with the hormones and
untreated bacteria. After shaking, the corms were
taken out and air-dried on sterile Whatman filter
paper sheets overnight in the laminar flow hood.

2.2.4. Greenhouse studies

In the study, there were 10 treatments: (1)
Achromobacter xylosoxidans strain TV-42A, (2)
Brevibacillus choshinensis strain TV-53D, (3)
Myroides odoratus strain TV-85C, (4) Bacillus
megaterium  strain  TV-87A, (5) Colwellia
psycrerytreae  strain  TV-108G, (6) Kluyvera
cryocrescens strain TV-113C, (7) Bacillus GC
group B strain TV119E, (8) Control 1 (untreated
bacteria or hormones), (9) Control 2 (only IBA
treatment) and (10) Control 3 (only GA, treatment).
Research was established in a complete randomized
design with 3 replications and each replication have
5 plants. For each application, 5 saffron corms were
planted. A total of 150 corms were used, and the
study was conducted under greenhouse conditions.
Experimental soil composed of 1:1:1 ratio of soil,
sand and farmyard manure. Treated corms were
planted in black pouch having 3 litres volume.
During the study period, considering the humidity
and temperature values of greenhouse, irrigation was
performed according to the irrigation requirement of
the saffron plant.

2.2.5. Evaluation of the results

Vegetative growth of saffron plant such as the
number of days between planting and emergence,
emergence ratio (%), number of stems (number
plant'), number of leaf (number plant'), the
thickness of root collar (mm), number of cormlet,
average cormlet diameter (mm), cormlet length
(mm) and cormlet weight (g) of saffron plant were
determined. Macro and micro nutrient (N, K, P, Mg,
S, Ca, Na, Fe, Mn, Zn, Cu, Pb, B and Cd) contents
of corms were also determined. Plant samples were
oven-dried at 68 °C for 48 h and were then ground.
Potassium (K), Ca and Mg were determined after
wet digestion of dried and ground sub-samples in
a H,SO,-Se-Salicylic acid mixture. Phosphorus
(P) was determined spectrophotometrically by the
vanadomolybdophosphoric-yellow method (Lott et
al 1956). Potassium (K) and Ca were determined
by flame photometry, and Mg, Cu, Fe, Mn, Na, Zn,
Pb, B and Cd were determined by atomic absorption
spectrometry using the methods of AOAC (1990).
Boron was determined, after dry-ashing of plant
samples, spectrophotometrically at 550 nm by the
curcumin method (Odom 1992).

2.3. Statistical analysis

Data treated by the analysis of variance by using
the SPSS version 17.0 statistical software package
(SPSS Inc., Chicago, IL, USA). For the significance
level, 5% has been set to be the maximum acceptable
limit to be considered as a significant result.

3. Results

The emergence dates of saffron subjected to
different treatments were given in Table 2. The
treatments affected the emergence dates of saffron.
The earliest emergence date was obtained from M.
odoratus TV-85C and C. psycrerytrea TV-108G
bacterial strains as 48-53 days (Table 2). Emergence
of plant continued from the 1** week of September to
the 2™ week of October.

The resulting effects of the treatments on
emergence ratio and some morphological values
of saffron plant were given in Table 3. According
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Table 2- The effect of different treatments on
saffron-emergence dates

Cizelge 2- Farkli uygulamalarin safran ¢ikag siirelerine
etkisi

Number of days
Treatments between planting
and emergence
A. xylosoxidans TV-42A 50-54
B. choshinensis TV-53D 48-60
M. odoratus TV-85C 48-53
B. megaterium TV-87A 49-60
C. psychrerytreae TV-108G 48-53
K. cryocrescens TV-113C 50-54
Bacillus GC group A TV-119E 51-65
Control 1 (untreated) 50-58
Control 2 (100 mg L' IBA) 51-58
Control 3 (100 mg L' GA)) 52-65

to these results, there were no significant (P>0.05)
differences in terms of IBA, GA, and all bacterial
treatments when compared to the control treatment
on emergence ratio (%). However, emergence ratio
in GA, treatment (86.67%) was found low according
to the other treatments. It was found that emergence
ratio was approximately the same to the bacteria
treatments and IBA treatment.

The effects of the all bacterial treatments on the
number of saffron stems was significant (at P<0.001)
according to the control 3 (100 mg L' GA,). The
average number of stem of all applications was
2.65 number plant!. Minimum number of stem
(1.70 number plant') was obtained from the GA,
treatment. The maximum number of stems wre
obtained from 4. xylosoxidans TV-42A. The increase
in A. xylosoxidans TV-42A application as the
control 1, 2 and 3 were 73.9%, 60.0% and 135.3%,
respectively. B. choshinensis TV-53D, M. odoratus
TV-85C, B. megaterium TV-87A, Bacillus GC group
A TV-119E, control 1 (untreated) and control 2
(100 mg L' IBA) were located in the same group.
There were no significant (P>0.001) differences in
terms of IBA, GA, and bacterial treatments when
compared to the untreated control treatment on the
number of saffron leaf. The highest number of leaf
were obtained from A. xylosoxidans TV-42A (17.20
number plant?), C. psychrerytreae TV-108G (16.63
number plant') and K. cryocrescens TV-113C (15.60
number plant?). Average number of leaf was 14.39
number plant'. There were no significant (at P>0.05)
effects of treatments on the thickness of root collar.
According to the control treatment, the maximum
thickness of root collar (2.75 mm) was obtained from
C. psycrerytreae TV-108G bacteria treatment.

Table 3- The effects of the bacteria and hormones treatments on the emergence ratio and some morphological

values of saffron plant

Cizelge 3- Bakteri ve hormon uygulamalarinin safran bitkisinin ¢ikis orant ve kimi morfolojik ézelliklerine etkisi

Treatments Emergence Number of stems ~ Number of leaf The thickness of
ratio (%) (number plant”) (number plant”) root collar (mm)

A. xylosoxidans TV-42A 100.00+0.00 4.00+0.20 a 17.20+0.72 a 2.32+0.36

B. choshinensis TV-53D 93.33+11.54 2.47+0.12 ¢ 14.80+0.20 cd 2.57+0.19

M. odoratus TV-85C 93.33£11.55 2.40+0.00 ¢ 12.40+0.60 f 2.42+0.10

B. megaterium TV-87A 93.33+11.55 2.334+0.08 ¢ 13.80+0.00 def 2.61+0.13

C. psychrerytreae TV-108G 100.00-+0.00 3.00+0.00 b 16.63+1.38 ab 2.75+0.22

K. cryocrescens TV-113C 93.33+11.55 3.20+0.00 b 15.60+0.80 bc 2.44+0.01

Bacillus GC group ATV-119E  100.00+0.00 2.60+0.20 ¢ 13.00+0.60 ef 2.49+0.18

Control 1 (untreated) 100.00+0.00 2.30+0.30 ¢ 12.40+1.00 2.62+0.07

Control 2 (100 mg L' IBA) 100.00+0.00 2.504+0.30 ¢ 14.00£1.20 def 2.59+0.30

Control 3 (100 mg L' GA,) 86.67+23.09 1.70+0.30 d 14.10+1.10 cde 2.52+0.33

Average 96.00+9.68 2.65+0.62 14.39+1.76 2.53+0.22

F-values 0.61ns 31.60%** 11.16%** 0.95ns

ns, non-significant; ***, significant at P<0.001; difference between the means with same letter in a column is not significant
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The effects of the treatments on the number
of cormlet, cormlet diameter, cormlet length and
cormlet weight of saffron plant were given in Table
4. As shown, the bacteria except B. megaterium
TV-87A and hormones treatments significantly
(P<0.001) increased the number of saffron cormlets
according to control 1 (untreated). When the values
obtained in the yield are compared with the value
before planting, a reduction is observed. The
maximum number of cormlet was obtained from
A. xylosoxidans TV-42A (2.8 number plant') and
K. cryocrescens TV-113C (2.4 number plant?!)
application. Cormlet diameter (mm) and cormlet
length (mm) were found significant (P<0.001) in
bacteria and hormones treatments when compared to
the control 1. Also, effect of bacteria and hormones
treatments on cormlet weight (g plant') was
found significant (P<0.05). The maximum cormlet
diameter, cormlet length and cormlet weight were
obtained from B. megaterium TV-87A. However,
this application was in the same group with control
1 (untreated) treatment.

The treatments had significant effects on P, Ca, S,
K, Mg (at P<0.001) and N (at P<0.01) (Table 5). The
maximum P (1.98%) and K (1.85%) were found in B.

megaterium TV-87A treatment while the maximum
(1.80%) total N was found in K. cryocrescens
TV-113C bacteria treatment. The maximum Mg
(0.21%) was determined in Bacillus GC group
TV-119E treatment. K. cryocrescens TV-113C,
Bacillus GC group TV-119E bacteria treatments and
GA, treatments were in the same group and it was
concluded that there were no significant differences
among these treatments (Table 5).

The treatments had significant effects on Fe,
Na, Mn, Zn, Cu, Pb, Cd and B nutrient elements
at P<0.001. The maximum total Na (225.25
mg kg') was found in B. choshinensis TV-53D
bacteria treatment while the maximum Fe (157.08
mg kg') and Zn (54.60 mg kg') were found in
B. megaterium TV-87A bacteria treatment. The
maximum (35.20 mg kg') total Mn was obtained
from B. megaterium TV-87TA bacteria treatment,
but there was no significant difference between it
and the control. According to control 1 treatment,
the maximum (52.80 mg kg') total Cu and the
maximum (8.80 mg kg') total Pb were obtained
from control 2 (100 mg L' IBA) treatment.
According to the control treatment, the maximum
(21.32 mg kg') total B was determined in

Table 4- The effects of the bacteria and hormones treatments on some morphological values of saffron

corms

Cizelge 4- Bakteri ve hormon uygulamalarinin safran kormlarmin kimi morfolojik ozelliklerine etkisi

Treatments Number of cormlet  Cormlet diameter ~ Cormlet length Cormlet weight
(number plant”) (mm) (mm) (g plant”)
A. xylosoxidans TV-42A 2.80+0.40 a 10.05+0.61 de 7.51+1.01d 0.77+£0.10 b
B. choshinensis TV-53D 2.10+0.10 be 11.0340.79 cd 8.42+0.85 cd 1.37+0.20 a
M. odoratus TV-85C 2.30+0.30 be 11.23+0.28 bed 8.28+0.45 cd 1.2840.13 a
B. megaterium TV-87TA 1.40+0.00 e 12.80+0.99 a 10.00+0.03 a 1.50+0.20 a
C. psychrerytreae TV-108G 2.20+0.20 be 12.44+1.53 ab 9.69+0.33 ab 1.3840.34 a
K. cryocrescens TV-113C 2.40+0.35 ab 11.2140.65 bed 8.38+0.61 cd 1.18+0.02 a
Bacillus GC group ATV-119E  1.60+0.00 de 8.87+0.13 ¢ 8.69+0.48 be 1.33+£0.30 a
Control 1 (untreated) 2.30+0.30 be 12.42+40.47 ab 9.98+0.81 a 1.28+0.14 a
Control 2 (100 mg L' IBA) 1.90+0.10 cd 11.67+0.49 abc 9.89+0.08 a 1.21£0.14 a
Control 3 (100 mg L' GA) 1.60+0.20 de 12.32+0.08 abc 9.98+0.71 a 1.44+0.28 a
Average 2.05+0.46 11.40+1.32 9.08+1.03 1.27+0.26
F-values 10.02%** 8.44%** 6.74%** 2.97*

*, significant at P<0.05; *** significant at P<0.001; difference between the means with same letter in a column is not significant
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Table 5- Macronutrient concentrations of saffron corm (%)

Cizelge 5- Safran kormlarina makro besin elementi konsantrasyonlart (%)

Treatments N P K Ca S Mg

A. xylosoxidans TV-42A 1.60+0.10 ab 0.24+0.02e¢ 1.56+0.04c 0.62+0.03 f 0.51£0.02d 0.33£0.02 b
B. choshinensis TV-53D 1.70+£0.10 ab 0.24+0.01 ¢ 1.44+0.08d 0.62+0.02 f 0.42+0.05e¢ 0.37+0.02 a
M. odoratus TV-85C 1.60+0.20 ab 0.25+0.02¢ 1.66+0.03b 0.68+0.03 ¢ 0.43+£0.02¢  0.36+0.02 ab
B. megaterium TV-87A 1.60+0.10 ab 0.28+0.01 e 1.85£0.02a 0.70£0.01 e 0.49+0.01d 0.38+0.01 a
C. psychrerytreae TV-108G 1.30+0.10 ¢ 0.17+£0.01 f 1.12+0.02e¢ 0.37+0.02g 0.35£0.01 f  0.25+0.02 cd
K. cryocrescens TV-113C 1.80+0.10a 1.98+0.02a 0.29+0.03 f 1.50+0.03 ab 0.67+0.02a 0.20+0.01d
Bacillus GC group ATV-119E  1.70+£0.10 ab 1.66+0.08 d 0.24+0.02 f 1.47+0.03b 0.63=0.02b 0.21+0.01d
Control 1 (untreated) 1.60+0.10 ab 1.85+0.04 b 0.24+0.01 f 1.42+0.03c¢ 0.62+0.01 bc 0.20+0.02 d
Control 2 (100 mg L' IBA) 1.50+£0.10 b  1.76+£0.03 ¢ 0.26+0.02 f 1.52+0.02a 0.69+£0.01a 0.21+0.02d
Control 3 (100 mg L' GA,)  1.60+0.10ab 1.77+0.04 ¢ 0.26+0.01 f 1.20+0.02d 0.59+0.01 ¢  0.19+0.03 d
Average 1.60+0.16 1.02£0.80  0.89+0.67  1.01+0.44  0.54=+0.11 0.27+0.08
F-values 4.10%* 1725.00%**  1240.68*** 986.45%**  90.96%** 53.33%%*

** significant at P<0.01; *** significant at P<0.001; difference between the means with same letter in a column is not significant

A.  xylosoxidans

TV-42A Dbacteria treatment.

However, M. odoratus TV-85C and B. megaterium
TV-87A treatments and A. xylosoxidans TV-42A

Table 6- Micronutrient and heavy metal concentrations of saffron corm (mg kg")

Cizelge 6- Safran kormlarina mikro besin elementi ve agir metal konsantrasyonlart (mg kg')

treatment were in the same group. The maximum
(1.91 mg kg') total Cd was determined in the
control 3 (100 mg L' GA,) treatment (Table 6).

Treatments Na Fe Mn zZn Cu Pb B cd

A. xylosoxidans 187.31+£0.69 151.70+1.67 28.88+0.65 48.38+0.94 10.95+0.08 0.15+0.01 21.32+0.80  0.17+0.02
TV-42A d c c b f a g

B. choshinensis 225.2543.28 128.70+0.33 30.81+0.17 47.45+1.56 11.06+0.83 0.47+0.02 17,.26+0.28 0.35+0.01
TV-53D a g be b c b e

M. odoratus TV-  182.78+1.20 139.04+0.97 31.08+1.01 48.98+0.42 12.64+0.43 0.37+0.01 20.54+0.55 0.22+0.01
85C e d b b f e a fg

B. megaterium 206.40+2.92  157.08+0.19 35.20+£1.58 54.60+1.03 11.20+0.89 0.40+0.01 21.00+0.78  0.16+0.01
TV-87A b b a a d a g

C. psychrerytreae  191.73+3.59 185.64+1.34 14.40+0.96 27.38+0.99  7.20+0.39  0.07+0.01 13.34+0.81  0.2940.01
TV-108G c a d e g c ef

K. cryocrescens 145.01+1.08 139.54+0.49 13.53£1.00 22.96+0.16 34.31+£0.53 0.68+0.01 10.25+0.53  1.72+0.12
TV-113C g d d f b d cd
Bacillus GC group 150.1542.85 132.36+1.53 14.38+1.60 27.32+0.43 43.45+0.56 0.87+0.02 10.36+0.71  1.67+0.10
ATV-119E f f d e a d d
Control 1 138.48+1.57 135.00+£3.01 12.88+0.68 33.18+0.60 39.50+0.53 0.67+0.02 10.16+0.58  1.85+0.04
(untreated) h e d c b d ab
Control 2 (100 mg 144.00+1.64 139.00+2.03  14.08+1.5 31.08+1.01 52.80+0.24 0.88+0.02 10.34+0.25  1.80+0.05
L'IBA) g d d d a d be
Control 3 (100 mg 132.34+0.74 121.00+0.91 14.28+1.30 26.85+1.16 45.20+1.15 0.69+0.01 10.34+0.50 1.91+0.01
L' GA) 1 h d e b d a
Average 170.35431.27 142.91+£17.66 20.95+8.94 36.82+11.30 26.83+17.14 0.53+£0.27 14.49+4.82 1.01+0.79
F-values 639.62%%% 449 43%** 94 82FF*k AR [1¥¥*  23]7.43%** ]072.2%¥*¥*  ]99.73*¥*¥*  689.959%**

*** significant at P<0.001; difference between the means with same letter in a column is not significant
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4. Discussion

There are several PGPR inoculants presently
commercialized that seem to promote growth
through at least one mechanism; improved nutrient
acquisition  (Biofertilizers) or phytohormone
production (Biostimulants). In this study, a total of
seven bacterial strains and hormone applications
were tested to see their effects on plant growth
promoters of saffron.

There has no information on the number of
stems per plant so far. The number of stem is an
important character of which there was a very close
relationship between the number of stem and the
number of corm per plant. As a matter of fact, Ipek
et al (2009) reported the same finding. Deo (2003)
indicated that the large bulb had between 5-11
leaves. The average number of leaves was the same
with the findings and the treatments had enhancing
effect on the parameter. It is considered that there
may be closely related to the number of leaves and
the number of stems.

Frank (1986) stated that bulbous plants blooming
in autumn are usually blooming in the second year.
Soheilivand et al (2007), reported that Iranian
origin saffron bulbous bloomed in the second year.
Saffron bulbous of our research were not bloomed
in the first year. Findings of our research were in
accordance with these findings. As a matter of fact,
the aim of our study was to get a large number of
quality corms and to investigate the availability of
the resulting quality corms as well as an ornamental
plant. Based on the obtained results, we can
interpret that the use of these bacterial isolates in
the cultivation of ornamental plants may be one of
the important tools for decreasing the maintenance
cost and achieving sustainability in the landscapes.
Benschop (1993) determined that Crocus sativus is
the most important specie bloomed in autumn and
Crocus species is used as a garden plant and pot.
After all other flowering plants seeding in October,
they bloom bright-coloured flowers with a darker
purple colour from light pastel mauve (Willard
2002). Flowers are similar to lilies and they are at
size of tulips (Safranbolu 2015).

Bacterial inoculations increased the plant nutrient
element content. The plant nutrient elements Pb,
Cd, S and Ca that obtained from GA, application
were excluded. The highest content of K, Mg, Mn,
Zn and B were obtained from B. megaterium TV-
87A bacterial application. Furthermore, maximum
cormlet diameter, cormlet length and cormlet weight
values were obtained from this application. Corm
diameter is the most important factor affecting the
yield (Cavusoglu & Erkel 2005). Also, the highest
content of N, P and S were obtained from K.
cryocrescens strain TV-113C bacterial application.
Increasing the mineral content may be explained
by organic acids plant growth hormones and amino
acids production by plant and bacterial inoculations
(Table 1). In the study of Turan et al (2014), B.
megaterium TV-87A inoculation increased the plant
growth parameters such as fresh shoot weight, dry
shoot weight, root diameter, root length, fresh root
weight, dry root weight, plant height, stem diameter,
leaf areca and chlorophyll contents of cauliflower
transplant. Except for indole acetic acid (IAA), the
values of abscisic acid (ABA), gibberellic acid (GA)
and salicylic acid (SA) increased in the applications
by some ratio compared to the control.

Many publications have been previously
documented on plant growth promoting bacteria
(Erman et al 2010; Ekinci et al 2014; Turan et al
2014). However, the effects of the PGPR and
hormones treatments on plant growth and formation
of corm in saffron cultivation has not been enough
studied. Sharaf-Eldin et al (2008) studied the effect
of B. subtilis FZB24 on saffron (Crocus sativus
L.) corms under ex-vitro conditions in Egypt and
reported that inoculation of B. subtilis FZB24
significantly increased the leaf length, flowers
per corm, weight of the first flower stigma, total
stigma biomass and significantly decreased the
time required for corms to sprout and the number
of shoots. In addition, Parray et al (2013) stated that
some important plant growth promoting bacteria
as B. subtilis and Pseudomonas ssp., showed IAA
production, phosphate solubilisation production and
siderophore production can be used as biofertilizers
and application of these rhizobacterial strains
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may provide some benefit to saffron growers by
speeding corm growth (earlier shoot emergence)
and increasing stigma biomass. The present study
showed that some of the bacterial application
increased the plant growth parameters of saffron.
These results are in agreement with the previous
literature reports on bacteria. To our best knowledge,
there is no investigation on the effects of PGPR on
plant growth and quality of saffron in Turkey. For
this reason, our study is one of the first of its kind
in Turkey.

However, P, Ca, S, Mg, Mn, Cu, Pb and Cd
content of the plants applied bacteria decreased
whereas the uptake of K, Na, Fe, Zn and B slightly
increased (Table 5 and 6). In recent years, the
heavy metals pollution resulting from industrial
and agricultural activities has emerged as a major
problem. It was reported to be significant in the
level of the metal products as Mn, Cu, Cd, Pb and
Hg (Saharan & Nehra 2011). Contamination of soil
with Cd can negatively affect biodiversity and the
activity of soil microbial communities (Chen et al
2003). In this study, bacteria applied plants reduced
Cu, Cd, P, Ca, S and Pb concentration while the
Na, Fe, Zn, Mn, K, Mg and B were abundantly
present as compared to control. The presence of
these bacteria in the soil as biofertilizers can protect
the plant from metal toxicity and stimulate plant
growth. In addition, Mayak et al (2004) reported
that A. piechaudii having ACC deaminase activity
significantly increased the fresh and dry weights of
tomato seedlings grown in the presence of NaCl.
The bacterium reduced the production of ethylene in
tomato seedlings, which was otherwise stimulated
when seedlings were challenged with an increase in
salt concentrations.

In conclusion, the main objective was to achieve
the most and best quality corm by using some
hormones and PGPR improving the quality, growth
and the yield of saffron product. The results were
statistically evaluated. From these results, it could
be concluded that the tested bacterial strains have
some important plant growth promoting traits that
can be used as biofertilizers and application of
these bacterial strains may provide some benefit to

saffron growers by speeding corm growth (earlier
shoot emergence), and increasing the stem and leaf
biomass and number of cormlet and cormlet weight.
In conclusion, the bacteria treatments used in
research were determined as significant in terms of
plant development and corm of saffron. The bacterial
strain tested in this study may be a potential to be
used as a biofertilizer in sustainable and organic
common vetch production. The bacterial bio-
formulations used in organic farming increase plant
growth, and the development of saffron complete
that positive affect. Saffron blooms several beautiful
flowers and carries perennial feature due to the
corm. Because of these properties, saffron can be
used as ornamental plant in rock gardens, in flower
beds, in grass, in balconies and terraces and in the
regulation of the roof garden. Use of these bacterial
isolates in the cultivation of ornamental plants may
be one of the important tools for decreasing the
maintenance cost and achieving sustainability in the
landscapes. The effects of the PGPR and hormones
treatments on plant growth and formation of corm in
saffron cultivation has not been studied enough. Our
study is one of the first of its kind in this sense. The
bacteria treatments used in this study had significant
effects on plant development and corm of saffron.
Further, it is thought that further investigation
should be made by using different bacterial breeds.
Further similar study will be useful with more
material. Results should be transferred into practice
and converted into economic benefits by sharing
with employees in the crop production sector.
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ABSTRACT

This article reports the effects of using Lactobacillus plantarum AK4-11 and different grape varieties on some properties
of hardaliye. The results showed that grape variety did not have any effect on pH during fermentation period, but using
red grapes resulted in higher pH 4.10 in hardaliye after 90 day storage. On the other hand using white grape resulted in
higher brix values ranged from 12.90 to 14.00 at the end of the 14" day of fermentation. The colour results indicated
that CI and redness values were higher (2.01-2.90 and 41.84-44.50, respectively) and yellowness values were lower
(41.71-43.15) in hardaliye samples produced with red grapes. Using red grapes also increased the amount of phenolic
compounds in hardaliye samples. Results of this study indicated that using L. plantarum AK4-11 and different grape
varieties in hardaliye manufacture affected some quality parameters of hardaliye.
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OZET

Bu makale Lactobacillus plantarum AK4-11 ve farkli tiziim ¢esitlerinin hardaliyenin bazi 6zellikleri iizerindeki etkisini
aciklamaktadir. Elde edilen sonuglar tiziim ¢esitlerinin fermantasyon siiresince pH’y1 etkilemedigini ancak kirmizi tiziim
kullaniminin 90 giin depolama sonrasinda pH’y1 yiikselttigini (pH 4.10) gostermistir. Diger taraftan beyaz tiziim kullanimi
ile 14 giinliik fermantasyon sonunda 12.90 ile 14.00 arasinda daha yiiksek briks degeri dl¢iilmiistiir. Kirmizi tiziimle
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tiretilen hardaliye orneklerinin renk dl¢iim sonuglarma gore renk yogunlugu ve kirmizilik degerleri yiiksek (sirasiyla
2.01-2.90 ve 41.84-44.50) ve sarilik degeri ise digiik (41.71-43.15) bulunmustur. Hardaliye drneklerinin kirmizi iiziim
ile tiretilmesi fenolik bilesenlerde artisa sebep olmustur. Bu ¢aligmanin sonuglari, L. plantarum AK4-11 ve farkli tizim
cesitleri kullanilarak yapilan tiretimin hardaliyenin bazi kalite parametrelerini etkiledigini ortaya koymustur.

Anahtar Kelimeler: Hardaliye; Probiyotik; Uziim; Fenolik bilesikler

1. Introduction

Functional foods are thought to provide benefits
beyond basic nutrition and may play a role in
reducing or minimizing the risk of some diseases
and other health conditions (IFICF 2011). Probiotics
can be considered functional foods because they
provide health benefits beyond the traditional
nutrition function (Lin 2003). A probiotic is a viable
microbial dietary supplement that beneficially
affects the host through its effects in the intestinal
tract (Salminen et al 1998). There is evidence that
the oral consumption of probiotics might have
beneficial effects on several microbial disorders of
the gut and produces a protective effect on the gut
flora (Dembele et al 1998). The most commonly
used strains belong to the genera Lactobacillus and
Bifidobacterium (Quwehand et al 2002). Lactic acid
bacteria (LAB) are generally regarded as safe and
widely used in fermentation of a variety of food
for the flavor, texture and preservation purposes.
Certain strains can be used as probiotic organisms
possess some important properties to improve
human health (Fuller 1989). It is well documented
that probiotic bacteria inhibit the growth of various
pathogenic bacteria by producing different organic
acids such as lactic and acetic acid, hydrogen
peroxide, bacteriocins, bacteriocin like substances
and possibility biosurfactants (Gilliand & Speck
1977; Chang et al 2001). In addition, probiotic
bacteria could prevent the attachment of pathogens
and stimulate their removal from the infected
intestinal tract (Lee et al 2000). The mechanisms
of these beneficial effects are related to exclusion
of pathogenic bacteria by direct antagonism,
competition for nutrients, adhesion receptors and
stimulation of host immunity (Elmer et al 1996).

© Ankara Universitesi Ziraat Fakiiltesi

In the last decades there is a growing interest
in traditional foods all over the world. Traditional
fermented foods are essential for the well-being of
many people of the world (Hesseltine & Wang 1980).
Therefore many studies on traditional foods have
been focused on improving health benefits, quality,
safety and processing methods of these products.
“Hardaliye” is also a traditional fermented beverage
that has been produced and consumed since ancient
times in Thrace region of Turkey. It is manufactured
by lactic acid fermentation of red grape or grape
juice (Arici & Coskun 2001). Due to the LAB flora
of hardaliye; it has been classified as non-dairy
probiotic beverage (Prado et al 2008). In hardaliye
production, the grapes are washed and crushed in a
jar or barrels and 0.3-0.4% of crushed mustard seeds
and/or 0.1% of benzoic acid is added, the solution
is left to fermentation at room temperature for 10
days. After fermentation, hardaliye is removed from
mustard seeds, vine leaves and grape residues by
filtration (Arici & Coskun 2001; Prado et al 2008;
Gucer et al 2009). The color of hardaliye reflects the
original color of the grapes and has a characteristic
aroma (Arici & Coskun 2001; Coskun & Arici
2006; Prado et al 2008). Mustard seeds, K-benzoate
or Na-benzoate are used as preservative agents.
Mustard seeds and K-benzoate mixture inhibits the
yeast growth and prevents the alcohol fermentation
(Coskun 2012).

Ithas already been reported that a moderate intake
of grape products like wines or grape juices have
health protection effects (Dani et al 2009). Because
of the production technique and potentially high
grape polyphenol content, hardaliye is hypothesized
to provide antioxidative effects (Amoutzopoulos et
al 2013). Grapes and grape juice contain many of the
same biologically active phenolic compounds such
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as catechins, epicatechins, epicatechin-3-O-gallate
and dimeric, trimeric and tetrameric procyanidins,
all of which are antimutagenic and antiviral agents
(Saito et al 1998). The health benefits of catechins
and procyanidins have led to the use of grape seed
extract as a dietary supplement (Soleas et al 1997).

The objective of this study was to investigate
differences  between  traditional  hardaliye
production with natural fermentation, and
controlled fermentation with probiotic L. plantarum
AK4-11 in two different grape varieties, red (R)
and white (W). Moreover, we determined the
chemical, microbiological, sensory, and phenolic
characteristics of hardaliye samples.

2. Material and Methods

2.1. Probiotic culture

A probiotic strain, L. plantarum AK4-11, was used
as a starter culture in the production of hardaliye.
The strain was isolated from feces samples and some
probiotic properties of the strain were determined
(Bagyigit 2004). This strain was also identified
by 16S rRNA analysis (Basyigit Kilic & Karahan
2010). The strain was inoculated in de Man, Rogosa
and Sharpe (MRS) broth and incubated at 37 °C for
24 h until the cell number reached 10° CFU mL".
The cells were pelleted by centrifugation at 5000 x g
for 10 minutes at 20 °C, and the pellets were washed
in phosphate-buffered saline solution (PBS, pH 7.4)
twice. Finally, the probiotic bacterium was added in
grape juices at the level of 10 CFU mL™".

2.2. Hardaliye production

In this study, red (Demre) (R) and white (Gimrik)
(W) grape varieties were used. Hardaliye
production was carried out with three different
groups for each grape variety. The fresh grapes
were collected from local markets in Isparta,
Turkey during autumn season. The control group
was produced using grape juice, crushed mustard
seeds and cherry leaves, the first group was
produced using grape juice, L. plantarum AK4-11,
crushed mustard seeds and cherry leaves and the
second group was produced using grape juice, L.

plantarum AK4-11, crushed mustard seeds, cherry
leaves and cloves. Groups were titled as CW:
Control group produced with white grape; |W: I*
group produced with white grape; 2W: 2" group
produced with white grape; CR: Control group
produced with red grape; 1R: 1% group produced
with red grape; 2R: 2" group produced with red
grape. Hardaliye production method is presented
in Figure 1. Hardaliye was obtained 25 days after.

Obtaining grapes

v

Washing and crushing

v

Filling into the jars

.

Adding cherry leaf (0.5 g L), crushed mustard seeds
(2g L") and cloves (1 gL™")

Fermentation at 20 °C for 72 hours

'

Filtration of grape juices

'

Addition of potassium sorbate (1 g L)

|

Inoculation of L. plantarum AK4-11

!

Fermentation at 20 °C for 14 days

|

Addition of bentonite (1 g L™!) at the end of the
fermentation period and storing at 5 °C for 7-9 days

v

Bottling after sediment removing

'

Pasteurization (70 °C, 40 min), storage (5-7 °C)

HARDALIYE

Figure 1- Hardaliye production process with grape
juice, L. plantarum AK4-11, crushed mustard seeds,
cherry leaves and cloves

Sekil 1- Uziim suyu, L. plantarum AK4-11, ezilmis
hardal tohumu, kiraz yapragi ve karanfilden hardaliye
tiretim iglemi
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2.3. Chemical and microbiological analyses

The chemical analyses were performed after the
addition of L. plantarum AK4-11, 7" and 14" days
of the fermentation and 3 months of the storage.
The pH of the hardaliye samples was measured
with a pH-meter (InoLab WTW-537, Germany) and
soluble solids (°Brix) was measured by using a hand
refractometer (Atago, Japan) at 20 °C. The average
values of two measurements for pH and soluble
solids were recorded.

Microbiological analyses were carried out at the
1%, 7" and 14" days of fermentation. The preparation
of the samples and dilutions for microbiological
examinations was performed according to IDF standard
122C (Anonymous 1996; Karahan et al 2002). Ten
(10) mL of hardaliye samples suspended in 90 mL of
sterile 1/4 ringer solution. Decimal dilutions in ringer
solution were made and plated on MRS agar (Merck,
Germany) for lactobacilli counts. MRS plates were
incubated for 48 h at 37 °C. Potato Dextrose agar pH
3.5 (Merck, Germany) was used to determine the yeast
and molds. PCA agar was used for total mesophilic
aerobic bacteria (Anonymous 1998a; APHA 2002).
All analyses were performed in duplicate.

2.4. Color analyses

Spectrophotometric measurements of color were
carried out by measuring the absorbance with a
quartz cell of 1 mm path length at 420, 520 and 620
nm (SHIMADZU, UV-1601, Japan) at the end of
the 90-day storage period. The color intensity (CI),
proportions of red (R%), yellow (Y %) and blue (B%)
were determined according to the Glories procedure
(Glories 1984) by using Equations 1-4, respectively.
All samples were analyzed in duplicate.

CI: A42O+ A520+A620 ( 1 )
R%=A.,, *100/CI 2)
Y%=A,,*100/CI 3)
B%= A, *100/CI @)

2.5. Determination of phenolic compounds

At the end of the 90-day storage period, phenolic
compounds were evaluated by high performance
liquid chromatography (RP-HPLC) (Shimadzu,

Japan) with direct injection. Detection and
quantification was carried out with a SCL-10Avp
System controller, a SIL-10AD vp Autosampler, a
LC-10AD vp pump, a DGU-14a degasser, a CTO-10
A vp column heater and a diode array detector with
wavelengths set at 278 nm. The 250 x 4.6 mm i.d., 5
pm column was used (Agilent Eclipse XDB-C18).
The flow rate was 0.8 mL min™, injection volume
was 20 pL and the column temperature was 30
°C. Gradient elution of two solvents was used.
Solvent A consisted of acetic acid-water (3:100 v
v1) and solvent B consisted of methanol. The data
were integrated and analyzed using the Shimadzu
Class-VP Chromatography Laboratory Automated
Software system. The hardaliye samples, standard
solutions and mobile phases were filtered by a
0.45-um pour size membrane filter. The amount of
phenolic compounds in the extracts was calculated
as pg L' wine using external calibration curves,
which were obtained for each phenolic standard.
Standards were purchased from Sigma-Aldrich
(Steinheim, Germany). Phenolic compositions of
wines were determined by the modified method of
Caponio et al (1999).

2.6. Sensory analyses

Sensory analyses was performed at the end of
the storage period at the Department of Food
Engineering at the Suleyman Demirel University
by a group of eighteen non-smoker panellists
experienced in the sensory evaluation of fruit
juice. Hardaliye samples from each treatment was
randomly chosen and served to the panelists. The
taste (the taste of grape, clove taste, bitterness),
smell, appearance (clarity), acidity and the overall
acceptability of hardaliye samples were evaluated.
Hardaliye attribute intensities were rated on 5 point
scale.

2.7. Statistical analysis

The entire experiment was replicated two times
on separate production days. Data collected for
microbiological level, physicochemical properties
and sensory attributes were analyzed by the
statistical analysis system (Anonymous 1998b). The
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generated data was analyzed by analysis of variance
(ANOVA). Differences among mean values were
established using the Duncan’s multiple range test
and were considered significant at P<0.05.

3. Results and Discussion

In this study, two varieties of grapes were used
and three different combinations of hardaliye
were produced for each grape variety. The results
for the chemical and microbiological properties
of hardaliye samples are shown in Table 1 and 2.
The pH and brix values of the hardaliye samples
produced by two different grapes decreased until the
14" day of the fermentation. However, the values
increased at the 90" days of the storage (P<0.05).
There were not any significant differences at pH
values between the groups during the I* and 14"
days of fermentation. At the end of the 90 days of
storage, the pH of hardaliye samples produced with
red grapes was higher than that of hardaliye samples
produced with white grapes (P>0.05). Similar to our
results, Giiven & Aksoy (2009) reported that the pH
values of the hardaliye produced with only mustard
seeds, and mustard seed and clove were 4.02-3.94
and 4.06-3.91, respectively, during period between
3 and 21 day of fermentation. In another study
conducted by Aydogdu et al (2014), the pH value
of hardaliye produced from the Alphonse Lavallée
grapes was 4.27 on 1* day of fermentation and 3.96
on 10" day.

The initial brix values in hardaliye samples
produced with red grapes were higher than those
produced with white grapes. However, the brix
values in hardaliye samples produced with white
grapes were found to be higher than those produced
with red grapes at the 14" day of fermentation
(P<0.05). In this study, even though there was no
significant difference in LAB counts among the
groups of hardaliye samples produced with white
grapes (P>0.05), LAB counts were approximately
1 log CFU mL" higher in 1R and 2R groups
compared to CR group (P<0.05). The activity
of the LAB makes this beverage safe in terms of
pathogenic microorganisms (Aydogdu et al 2014).
In this study the number of yeast in all groups

Table 1- Changes in pH and solid content of
hardaliye samples during storage days (5 °C)
Cizelge 1- Depolama siiresince (5 °C) hardaliye
orneklerinde meydana gelen pH ve kurumadde
degisimi

Groups Day pH Brix

CW 1 3.7+£0.15"  16.3+2.12%®
CW 7 3.6+£0.32®%  15.7+2.51®
CW 14 3.3£0.19° 14.0+£0.84°
CW 90 3.8+0.10° 15.2+3.64®
W 1 3.7+0.14° 16.24+4.06®
1w 7 3.5+0.14®  15.6+2.27%®
W 14 3.3+0.30° 13.1+0.98°
1w 90 3.8+0.19° 15.444.87%¢
2W 1 3.7+0.08° 16.9+2.89%
2W 7 3.6+0.20° 16.7+3.71%
2W 14 3.3+0.30° 12.9+£0.42°
2W 90 3.8+0.14° 16.2+3.71%®
CR 1 3.8+0.03° 18.6+1.62¢
CR 7 3.7+0.03* 17.5+0.70*
CR 14 3.5£0.42®  9.7+0.63¢
CR 90 4.1£0.36° 11.9+6.36%¢
IR 1 3.8+0.06° 18.7+1.942
IR 7 3.7+0.05° 17.4+0.982
IR 14 3.5£0.45®  9.7+0.84¢
IR 90 4.1+£0.39° 11.547.03¢%¢
2R 1 3.7+0.04* 19.8+1.37
2R 7 3.7+0.02° 19.2+1.14*
2R 14 3.5+0.35®  9.1+0.91°¢
2R 90 4.1+0.30° 13.249.827¢

CW, control group produced with white grape juice, crushed
mustard seeds and cherry leaves; 1W, 1% group produced with
white grape juice, L. plantarum AK4-11, crushed mustard seeds
and cherry leaves; 2W, 2" group produced with white grape juice,
L. plantarum AK4-11, crushed mustard seeds, cherry leaves and
cloves; CR, control group produced with red grape juice, crushed
mustard seeds and cherry leaves; 1R, 1% group produced with red
grape juice, L. plantarum AK4-11, crushed mustard seeds and
cherry leaves; 2R, 2™ group produced with red grape juice, L.
plantarum AK4-11, crushed mustard seeds, cherry leaves and
cloves; *, values within columns with different superscript letter
are significantly different (P<0.05) (n=4)

was found to be around 6 log CFU mL"' and mold
growth were not observed in the hardaliye samples.
No significant changes were determined in all R

and W hardaliye groups for the number of total
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mesophilic aerobic bacteria throughout the 14™ days
of storage (P>0.05). Contrary to the expectations
of this study, the addition of mustard seeds, cloves
and potassium sorbate did not show a significant
inhibitory effect on the microbial count. Aric1 &
Coskun (2001) investigated physicochemical and
microbiological properties of 26 days aged hardaliye
samples collected from Kirklareli region in Turkey
and researchers reported that the LAB count
ranged 1.0x10% and 4.0x10* CFU mL". The same

Table 2- Microbiological changes in hardaliye
samples (log CFU g) during storage days (5 °C)
Cizelge 2- Depolama siiresince hardaliye érneklerinde
meydana gelen mikrobiyolojik degisimler (log KOB
g) (50

Groups Day TMAB LAB Y
CwW 1 6.6£0.53"  6.5+0.41*  6.4+0.37°
CwW 7 7.3+0.56* 6.9+0.19*  6.0+0.03*
CwW 14 7.2+0.44®  6.6£0.08°  5.9+0.74*
I 1 6.7£0.002® 6.8+0.49®® 6.4+0.03"
1A% 7 6.9+0.27*  6.4+0.94®  6.5+0.55°
1w 14 7.1£0.30®  6.1£0.79®  6.9+0.62°
2W 1 6.8£0.22"  6.8+0.53*® 6.3+0.12°
2W 7 724046  7.3+042*  6.0+0.56
2W 14 7.3+£0.24®  6.7£0.47*  5.3+0.93*
CR 1 6.6£0.11®*  5.8+0.79®  6.3+0.22°
CR 7 6.5£0.40"  5.5+0.92°  6.4+0.35°
CR 14 6.5+£0.12®  5.8+0.18%®  6.6+0.03*
IR 1 6.8+0.24®  6.7+0.23**  6.4+0.24*
1R 7  6.8£0.01®  6.8+0.04®  6.7+0.12°
IR 14  6.4+0.12° 6.5£0.25®  6.2+0.07°
2R 1 6.7+0.399® 6.7+0.37®  6.4+0.28"
2R 7 6.8+0.38%  6.6+0.61*  6.3+0.56°
2R 14  6.8£0.15®  6.6+0.11® 6.3+1.82°

CW, control group produced with white grape juice, crushed
mustard seeds and cherry leaves; 1W, 1 group produced with
white grape juice, L. plantarum AK4-11, crushed mustard seeds
and cherry leaves; 2W, 2™ group produced with white grape juice,
L. plantarum AK4-11, crushed mustard seeds, cherry leaves and
cloves; CR, control group produced with red grape juice, crushed
mustard seeds and cherry leaves; IR, 1* group produced with red
grape juice, L. plantarum AK4-11, crushed mustard seeds and
cherry leaves, 2R, 2™ group produced with red grape juice, L.
plantarum AK4-11, crushed mustard seeds, cherry leaves and
cloves; TMAB, total mesophilic aerobic bacteria; LAB, lactic
acid bacteria; Y, yeast; *, values within columns with different
superscript letter are significantly different (P<0.05) (n=4)

researchers reported that pH of hardaliye samples
manufactured in laboratory conditions dropped from
3.86 to 3.39 during the 7 day fermentation period.
Coskun & Arict (2011) reported that there were no
significant difference in total mesophilic aerobic
bacteria and LAB counts between hardaliye samples
containing white (Brassica alba (L.) Boiss) or black
(Brassica nigra (L.) Koch) mustard seeds. On the
other hand the researchers observed lower yeast and
mold counts in hardaliye samples containing black
mustard seeds. As a result of different varieties, the
year, region, and juice content in relevant studies it
is natural to see different microbiological/chemical
results (Aydogdu et al 2014). Aydogdu et al (2014)
observed a progressive reduction/increase/reduction
pattern for the aecrobic mesophilic bacteria and lactic
acid bacteria colony counts.

The color measurement results of hardaliye
samples are presented in Table 3. Results indicated
that different grape varieties and treatments affected
the CI values of hardaliye samples (P<0.05). The
CI of R groups was higher than that of W groups
(P<0.05). However, these values did not show any

Table 3- Colour changes in hardaliye samples

Cizelge 3- Hardaliye orneklerinde meydana gelen renk
degisimi

Groups CI R% Y% B%
CW  1.1+0.08 29.1+0.38> 51.6£1.06° 19.2+0.68"
W 0.7+£0.02¢  29.240.58> 51.3+1.51*  19.44+0.93¢
2W 0.8+0.09°  27.840.56" 54.4+2.50* 17.7+£1.93*
CR 2.0+£0.16° 44.5+3.39* 42.5+£2.81° 12.9+0.57°
IR 2.9+0.36* 41.841.89" 41.7+0.53* 16.4+1.36"
2R 2.4+0.22*  43.1+1.24* 43.1+0.07° 13.6+1.31°

CW, control group produced with white grape juice, crushed
mustard seeds and cherry leaves; 1W, 1% group produced with
white grape juice, L. plantarum AK4-11, crushed mustard seeds
and cherry leaves; 2W, 2" group produced with white grape juice,
L. plantarum AK4-11, crushed mustard seeds, cherry leaves and
cloves; CR, control group produced with red grape juice, crushed
mustard seeds and cherry leaves; 1R, 1 group produced with red
grape juice, L. plantarum AK4-11, crushed mustard seeds and
cherry leaves; 2R, 2™ group produced with red grape juice, L.
plantarum AK4-11, crushed mustard seeds, cherry leaves and
cloves; CI, colour intensity; R %, proportions of red values; Y %5,
proportions of yellow values; B%, proportions of blue values;
*, values within columns with different superscript letter are
significantly different (P<0.05) (n=4)
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significant difference among treatment groups for
each grape variety. As expected yellowness value
was clearly higher in W groups and red and yellow
components were also higher in R groups.

In this study, separation was achieved for
19 components including phenolic acids and
flavonoids. A previous study revealed that dark
fruit products such as juice or red wine have, on
the average, several-fold greater concentration of
polyphenols than light-coloured juices or white
wines (Makris et al 2003). Phenolic contents of six
different hardaliye (mg L) were shown in Table 4.
In our study, as expected, phenolic compounds in
the sample groups from red grape juice (R) were
higher than in the sample groups from white grape
juice (W) (P<0.05). The bioavailability of phenolic
compounds can also be affected by differences in
cell wall structures, location of glycosides in cells
and binding of phenolic compounds within the
food matrix (Hollman et al 1997). While the major
compounds in R groups were gallic, cafeic, syringic,
and coumaric acid. Gallic acid and syringic acid
were observed in all R groups and coumaric acid
was also observed in all W groups. On the other
hand, catechin, chlorogenic acid, epicatechin,
rutin, resveratrol, hesperidin, apigenin-7-glucoside,
rosmarinic acid, eriodictyol, quercetin, naringenin,
luteolin, apigenin, ferulic acid and acacetin were not
detected in any of the hardaliye samples.

Since there has not been any information in the
literature for the phenolic compounds of hardaliye,
it is difficult to compare the results for the phenolic
content determined in our study. Therefore, results
of phenolic content are compared with other
beverages. The amount of phenolic compounds of
hardaliye produced with red grapes in our study
was lower than the phenolic compounds of red
wine samples reported by Del Alamo et al (2004).
Balasundram et al (2006) mentioned in his review
article that red wines contain more than 1000 mg
gallic acid equivalents (GAE) L' of total phenolics,
compared to less than 500 mg GAE L' for most
white wines. Anthocyanins from grape skins are the
major component responsible for the color and the
higher phenolic content of red wines compared to

Table 4- Phenolic compounds of hardaliye groups
(mg L)
Cizelge 4- Hardaliye gruplarumn fenolik bilesenleri
(mg L)

Gallic Cafeic Syringic Coumaric

Groups acid aifid yaci§ acid
CW nd* nd nd 0.02+0.002¢
1w nd 0.1+£0.04*  0.1£0.07* 0.02+0.003*
2W nd nd nd 0.03+0.003*
CR 0.5+0.25" nd 1.9+0.69°  0.07+0.006°
IR 0.3£0.12*  0.7+0.35> 1.7£0.54* 0.02+0.005*

2R 0.3£0.17*  0.5+0.33> 1.2+0.74° nd

CW, control group produced with white grape juice, crushed
mustard seeds and cherry leaves; 1W, 1% group produced with
white grape juice, L. plantarum AK4-11, crushed mustard seeds
and cherry leaves; 2W, 2" group produced with white grape juice,
L. plantarum AK4-11, crushed mustard seeds, cherry leaves and
cloves; CR, control group produced with red grape juice, crushed
mustard seeds and cherry leaves; IR, 1% group produced with red
grape juice, L. plantarum AK4-11, crushed mustard seeds and
cherry leaves; 2R, 2™ group produced with red grape juice, L.
plantarum AK4-11, crushed mustard seeds, cherry leaves and
cloves; ¥nd, not detected; *, values within columns with different
superscript letter are significantly different (P<0.05) (n=4)

white wines (Mazza et al 1999). Ozkan & Baydar
(2006) mentioned that the most abundant phenolic
were catechin (17.82-33.59 mg L") as flavonoid and
gallic acid (13.25-16.39 mg L) as phenolic acid in
red wines from four different Turkish grape cultivars.
There are wide variations between the total phenolic
contents of the different fruits or vegetables, or
even for the same fruits or vegetables reported by
different authors (Balasundram et al 2006). These
differences may be due to the complexity of these
groups of compounds, and the methods of extraction
and analysis (Kalt 2001).

Data of sensory evaluation is presented in Table
5. The results showed that the addition of clove
affected some of the sensory attributes compared
with the C group. The odour acceptance of the
groups was not different among C and 1% groups,
but a 2™ group has higher odor intensity compared
with the other groups. This may be explained by the
addition of cloves into these groups. The CW and 2R
groups were received the higher taste scores and the
acidity was also higher in these groups. The overall
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Table 5- Sensory quality of hardaliye groups
Cizelge 5- Hardaliye orneklerinin duyusal ézellikleri

Sensory quality cw w 2w CR IR 2R

Clarity 3.3+1.2%" 3.6+0.9° 3.6£1.4>  2.6+0.8° 2.5+1.2¢ 3.0+0.7%
Odor 3.3+0.9° 3.1+11%  3.6+£0.9° 2.8+0.7* 3.1+0.8® 3.8+ 1.2¢
Taste 4.3+1.2¢ 3.8+1.4° 3.8t1.1°  2.6£1.1¢ 3.0+1.3¢ 4.0+1.2¢
Bitterness 1.8+0.5%® 2.1+0.9° 2.0£0.7° 1.1+0.8° 2.0+0.9* 1.1+0.9*
Acidity 3.3£1.1 3.1£1.3®  2.8+1.00  3.0£1.3®  3.3£1.2° 3.6+1.4°
Clove taste 2.5+1.1° 2.3£0.9° 3.5£1.4>  2.5+0.9° 2.3+1.1° 3.3+1.3°
Grape taste 3.8+1.32 3.0+1.2° 3.5£1.32 3.6£1.5% 3.0+1.1° 4.04+0.9°
Appearance 3.6+1.32 3.6+1.4* 4.0+1.3° 3.8+1.2° 3.8+0.92 4.6+£0.8°
The overall acceptability 3.1+1.1%® 2.8+1.1° 3.8£0.9°  3.8+1.3° 2.8+0.8¢ 4.6+0.9°

CW, control group produced with white grape juice, crushed mustard seeds and cherry leaves; 1W, 1% group produced with white grape
juice, L. plantarum AK4-11, crushed mustard seeds and cherry leaves; 2W, 2™ group produced with white grape juice, L. plantarum
AK4-11, crushed mustard seeds, cherry leaves and cloves; CR, control group produced with red grape juice, crushed mustard seeds
and cherry leaves; 1R, 1 group produced with red grape juice, L. plantarum AK4-11, crushed mustard seeds and cherry leaves; 2R,
2™ group produced with red grape juice, L. plantarum AK4-11, crushed mustard seeds, cherry leaves and cloves; *, values within rows

with different superscript letter are significantly different (P<0.05)

acceptability scores of 1% groups were lower than
that of groups C and 2. Panelists indicated that in
both W and R groups, the clove added (2") groups
received the highest scores for overall acceptability.
The results of sensory evaluation revealed that 2R
group had the best acceptability.

4. Conclusions

The effects of L. plantarum AK4-11 and grape
varieties on some properties of hardaliye were
investigated. The results of this study showed that
using red grape in hardaliye production resulted in
higher phenolic compounds, CI and redness values
and lower brix and yellowness values. The addition
of L. plantarum AK4-11 and clove caused one log
unit increase on LAB counts in hardaliye produced
with red grapes. No significant differences were
determined among groups for total mesophilic
bacteria and yeast during the fermentation and
storage period.
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ABSTRACT

The number of Eimeria oocysts per gram faeces (OPG) and number of gastrointestinal nematod (GIN) eggs per gram
faeces (EPG) depend on some factors such as gender, season and production systems. In order to determine the Eimeria
infection and some gastrointestinal nematode burdens in Maltese, Gok¢eada and Turkish Saanen goats, OPG, EPG
and packed cell volume (PCV) were investigated. Maltese breed tended to have lower parasite burden than other goat
breeds (P<0.05). In the first observation, the prevalence of Eimeria and nematodes was 100% in Gokgeada breed, while
the prevalence of Eimeria and the prevalence of GIN infection were 98% and 78%, respectively, in Maltese. It was
determined that OPG and EPG burdens were significantly affected by the age of goats and the sampling date (P<0.0193).
It was seen that OPG burden decreased as the goats get older (P=0.0157), while EPG value varied by the age of a goat
in an unsteady manner (P<0.0001). The PCV values determined in the breeds ranged from 0.23 to 0.31. Statistically
significant and positive correlation coefficients were determined between OPG and EPG r= 0.20 (P= 0.0036), and
between the PCV value and OPG r=0.41 and PCV and EPG r= 0.37 (P<0.0001).

Keywords: Gokgeada; Maltese; Turkish Saanen; Packed cell volume; Age

Kec¢i Genotiplerinin Eimeria Tiirleri ve Mide-Bagirsak Nematodlar ile
Dogal Enfestasyonlarinin Karsilastirilmasi
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OZET

Kegilerde koksidiyal ookist (OPG) ve parazit yumurtast (EPG) yiikii irk, cinsiyet, mevsim, yetistirme sistemi gibi
etmenlere gore degisebilmektedir. Bu ¢alismada Gokgeada, Malta ve Tiirk Saanen keci genotiplerinde ii¢ y1l siireyle
OPG, EPG ve kan hematokrit degeri (PCV) takip edilmistir. Malta genotipi i¢ parazit yumurtast bakimindan diger kegi
genotiplerinden 6nemli derecede diisiik diizeyde yiike sahip olmustur (P<0.05). Gokgeada kegilerinin ilk goézlemde
Eimeria ve mide bagirsak kil kurtlart bakimindan prevalanst % 100 olurken, Malta genotipinde Eimeria’da % 98, mide
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bagirsak kil kurtlar icinse % 78’lik bir prevalans tespit edilmistir. OPG ve EPG yiikii kegilerin yas1 ve drnekleme tarihine
gore istatistiksel olarak onemli diizeyde farklilik gdstermistir (P<0.0193). Kegi yasi ilerledikce OPG yiikii azalirken
(P=0.0157) EPG degerinin keci yaslarinda sistemli olmasa da farklilagtigi goriilmiistiir (P<0.0001). Kegilerde, PCV
degeri 0.25-0.31 arasinda degismistir. Calismada, OPG ile EPG arasindaki korelasyon katsayisi = 0.20 (P= 0.0036)
olarak gergeklesmis, PCV ile OPG (1= 0.41) ve PCV ile EPG arasinda da (r= 0.37) 6nemli derecede pozitif iligki tespit

edilmistir (P<0.0001).

Anahtar Kelimeler: Gokgeada; Maltiz; Tiirk Saanen; Hematokrit; Yas

1. Introduction

Parasite diseases are the leading cause of the losses
in sheep husbandry. It was reported that 60% of
the losses in sheep husbandry in USA are due to
parasite diseases (Charon 2004). Thus, research on
the parasites has been steadily increasing lately. The
most common method of controlling parasites is
the use of drugs. However, factors such as parasite
resistance and risk of residues make these control
methods questionable. Therefore, in the recent
years, different approaches have been adopted
to determine resistance or tolerance to parasites
among breeds or individuals. There are reports of
genetic variation of resistance on gastrointestinal
parasites between and within goat breeds (Chhabra
& Pandey 1991; Pralomkarn et al 1997; Baker et
al 1998; Baker et al 2001). The studies in the last
twenty years have shown that, by selection, it may
be possible to get resistant or tolerant animals to
parasite diseases (Bishop & Stear 1997; Gauly &
Erhardt 2002; Cardellino et al 2002).

Coccidiosis, caused by the protozoa of
Eimeridae family, is a contagious disease that may
lead to mortalities particularly among young animals
(Giil & Deger 2002). The disease occurs more and
progresses more gravely in young animals. This
disease, encountered frequently in the kid growing
period, hinders the progress of performance in kids
and, in some cases, it may result in death (Das et
al 2012). It is guessed that, apart from the known
clinical effects of the disease, its subclinical
effects are also high (Dinger 2001). The number of
coccidial oocysts per gram faeces (OPG) is a good
parameter to observe its subclinical stage. The OPG
burden is higher in young animals (Balicka-Ramisz

© Ankara Universitesi Ziraat Fakiiltesi

1999). It has been determined that high values might
also be reached in old animals in some regions
(Harper & Penzhorn 1999). There are also reports
of breed differences of Eimeria resistance. Chhabra
& Pandey (1991) express that Zimbabwean native
goats are more resistant to coccidiosis than Boer
goats. EPG (the number of parasite eggs per gram
of faeces) is a good parameter when determining the
presence and burden of gastrointestinal nematodes
(GIN) infection in a host. Besides, the packed cell
volume value, an indication of anemia, is regarded
as an essential means particularly when revealing
the effects of some endoparasites which feed by
sucking blood on the animal (Gauly & Erhardt
2002). Pralomkarn et al (1997) reported that goats
were more sensitive to gastrointestinal nematodes
than sheep.

In order to determine the Eimeria infection and
some gastrointestinal nematode burdens in three
goat breeds, OPG and EPG were examined in this
study. We also investigated the relationship between
OPG and EPG, and packed cell volume (PCV).

2. Material and Methods

The study was conducted on each thirty Gokgeada,
thirty Maltese and thirty Turkish Saanen goats in
the small ruminant husbandry unit at the Center
of Technological and Agricultural Research at
Canakkale Onsekiz Mart University for 30 months.
The center had a fenced area of about 0.30 ha.
Gokegeada goat is an autochthonous breed from the
Island of Gokgeada, located in the North Aegean Sea.
The breed is maintained under near feral conditions.
Maltese goats were imported into Anatolia during
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the Ottoman era. It is grown under extensive
husbandry conditions and is now widespread in
the Coastal Region of Aegean. The Turkish Saanen
goat breed is a backcross between Saanen bucks
and local does. The breed has been developed in
the last 30 years and is a relatively high yielding
genotype under intensive husbandry conditions. All
goats used in the study were adult animals with ages
between 1 and 6 years. The average live weights
(= standard deviation) were 35.9+3.1 kg for
Gokgeada goats, 41.7+7.3 kg for Maltese goats and
47.8+6.4 kg for Turkish Saanen goats. The average
daily milk yield values of the breeds were found
1.2540.27 kg in 240 days, 1.52+0.31 kg in 250 days
and 2.18 kg+0.42 in 274 days for the Gokgeada,
Maltese and Turkish Saanen, respectively. The goats
were milked twice a day, at 7 am and 7 pm. They
were fed with a concentrate in pellet form (890 g
DM kg, 210 g CPkg' DM, 2.8 Mcal ME kg' DM;
1.0 kg goat! per day) and oat hay (890 g DM kg,
82 g CP kg' DM, 2.1 Mcal ME kg' DM; 0.3 kg
goat! per day) throughout the study. Concentrate
feed was given in two equal portions during each
milking, while the oat hay was given only before
daily grazing period in group conditions. The does
stayed in the pasture between 9 am and 5 pm hours
and were housed in the barn for the rest of the day.
The goats treated for endoparasites in October 2006,
June 2007, January 2008 and May 2008 (T6lii 2009).
In the current study, the number of coccidial oocysts
(OPG) and the number of gastrointestinal nematode
eggs (EPG) per gram of faeces and the packed cell
volume (PCV) have been determined immediately
before treatment for endoparasites in all examined
goats. For this purpose, the related parameters were
observed after the first introduction of Gdkgeada
and Maltese breeds to the establishment (September
2006) and all of the three breeds in May 2007 and May
2008. Since endoparasite treatment was performed
in Turkish Saanen, no faecal samples were taken
from these animals during the measurements in
2006. The faecal sample was taken from the rectum,
brought to the laboratory and subjected to analysis.
The samples were preserved at +4 °C and, OPG and
EPG were determined with the modified McMaster
method without any distinction between species

(MAFF 1986; Cork & Halliwell 2002). A saturated
salt solution was used and the flotation technique
was utilized in faecal analyses.

The faecal consistency was also checked when
taking faeces for parasite observations. In addition,
the PCV was detected with the blood samples taken
simultaneously from vena jugularis. The PCV
was determined by means of capillary tubes and
hematocrit centrifuge (5 min. at 5,000 rpm turns)
(Cork & Halliwell 2002).

In order to fulfill the preconditions for the
analysis of variance, the OPG and EPG values
were subjected to logarithmic (Log (OPG+100);
Log (EPG+100)) transformation. A linear model
including breed (Gokgeada, Maltese, Turkish
Saanen), age (1,..,6) and sampling day (1, 2,
3) was utilized in the repeated measurement
variance analyses for all traits. TUKEY test was
utilized in the post-hoc analyses. The Pearson
correlation coefficient (r) was used to determine the
relationship among the parameters concerned. SAS
(1999) package program was used for the statistical
analyses.

3. Results and Discussion

It was determined that the number of OPG tended to
decrease in goats over the experiment years, while
fluctuations were seen in the gastrointestinal parasite
EPG (Table 1). The highest OPG value in the study
was in the Maltese in 2006, whereas the highest
EPG value was in the Turkish Saanen in 2007. In
the first observation, the prevalence of Eimeria and
gastrointestinal nematodes (GIN) was 100% in the
Gokegeada breed, while the prevalence of Eimeria
was detected as 98% and the prevalence of GIN was
78% in the Maltese breed. The prevalence of GIN
for the years 2007 and 2008, was 45-36%, 47-70%
and 70-62% for Gokgeada, Maltese and Turkish
Saanen breeds, respectively. In the other studies
conducted in Turkey, 9 to 10 Eimeria species were
determined in farm animals, while the prevalence
was around 80% (Arslan & Tiizer 1998; Deger et al
2003; Gl 2007). It might be stated that subclinical
coccidiosis is quite common in goats. Deger et al
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Table 1- The least square mean (LSM) and standard error (SE) values for the OPG, EPG and PCYV values
determined in different periods according to goat breeds

Cizelge I- Irklara gore farkli donemlerde belirlenen OPG, EPG ve PCV degerlerine ait en kii¢iik kareler ortalama

(LSM) ve standart hata (SE) degerleri

Traits Breed Gokgeada Maltese Turkish Saanen
Year LSM  SE LSM SE LSM SE
2006 346°  0.08 3.11° 0.08 - -
OPG 2007 3.220 0.09 3.06* 0.09 2.79° 0.09
2008 3.11° 0.08 2.68° 0.10 2.71° 0.09
2006 2.892 0.06 2.47° 0.06 - -
EPG 2007 2.18*  0.06 2.22%  0.07 2.36° 0.07
2008 2.57 0.12 2.52 0.08 2.59 0.08
2006 0.31*  0.006 0.25° 0.007  0.25° 0.007
PCV 2007 0.25*  0.001 0.23° 0.006  0.24® 0.006
2008 0.24 0.007  0.25 0.007  0.24 0.006

OPG, number of oocysts per gram of faces; EPG, number of parasite eggs per gram of faces; PCV, packed cell volume; **, values in
the same row without a common superscript letter are significantly different (P<0.05)

(2003) reported that the prevalence of Eimeria
oocysts ranged from 53.3% to 94.8% for goat herds
in Turkey. Arslan & Tiizer (1998) determined the
rate of cattle’s free from Eimeria species as 32%
and reported that the correlation coefficient between
bloody diarrhea and soft faeces and the OPG value
was 0.96.

It was determined that the OPG and EPG
burdens were significantly affected by the age of
goats and the sampling date (P<0.0193). It was
seen that the OPG burden decreased as the goat got
older (P= 0.0157), while the EPG value varied by
the age of a goat, although not in a systematic way
(P<0.0001). Harper & Penzhorn (1999) determined
the prevalence of Eimeria species as 88-100% in
their study performed in three different regions in
Africa. The authors reported that the highest OPG
value was detected in the goats older than 1 year old
in a region, and the highest value was in the goats
younger than 1 year old in another region. Balicka-
Ramisz (1999) determined that the goats had a lower
OPG value than kids and the values ranged from 50
to 2500. Sharkhuu (2001) reported that the highest
average number of parasites per gram of faeces as
2634 for the Mongolian goat.

The Maltese breed, which had a lower average
than the Gok¢eada breed in terms of EPG and OPG
in the first observation, had also low values in the
other observations (Table 1). In the first observation,
the median values were determined as 2784 and 923
for OPG and as 70 and 300 for EPG in Gokgeada
and Maltese breeds, respectively (P<0.05). The
Gokgeada breed had a significantly lower mean EPG
value than the other breeds in the measurements
performed in 2007 after the parasite treatment in
2006 (P<0.05). The OPG values of the Turkish
Saanen were slightly lower than those of the other
breeds, whereas the EPG value was at slightly higher
levels (P<0.05). In a study on goats aged more than
one year old, conducted in three different regions
of South Africa, the researcher found similar OPG
values in native goats and Saanen breeds, while they
found significantly higher values in the crossbreeds
(Harper & Penzhorn 1999). The authors could not
see any significant difference among the breeds, aged
less than one year. It is seen that there is a similar
case in our study. Usually intensive husbandry
conditions are more contaminated with Eimeria spp.
than extensive husbandry conditions. Therefore,
Turkish Saanen goats are more confronted with
Eimeria spp. oocysts than the other genotypes and
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for this reason Turkish Saanen goats could develop
a higher resistance to Eimeria spp. On the contrary,
the GIN eggs are more common in pastures than in
barns. This resulted with a higher infection pressure
in pasture based livestock systems. Moreover, the
Gokgeada goats are kept outdoors year around. The
lower value of the EPG’s of the Gokgeada breed
maybe an adaptation to this condition.

The PCV values determined by the breeds
ranged from 0.23 to 0.31 (Table 1). A significant
and positive relationship was determined between
the PCV and OPG (r= 0.41), and PCV and EPG
(r=0.37) (P<0.0001). The mean PCV value in goats
ranged from 0.24 to 0.28. It has been shown that
the PCV value decreases in the groups infected with
various endoparasite species (Baker 1998; Mandonn
et al 2005; Eguale et al 2009). Goossens et al (1998)
stated that PCV value ranged from 0.22 to 0.24 in
the goats infected with Trypanosoma congolense,
and that it was 0.30 in the control group. Baker et
al (1998) reported significant differences among
breeds for endoparasite burden and PCV value. It
seems that an endoparasite infection to an organism
causes a decline in the PCV value. However, the
positive relationship of PCV with OPG and EPG
in this study contradicts with this argument. That
might be because the infection was not at clinical
level, and therefore, anemia had not been formed
yet. In addition, the humoral immunity mechanism
was probably activated, so that the number of
eosinophils in infected goats increased (Mandonnet
et al 2005). Furthermore, the anemia was probably
formed in the presence of bloodsucking parasites
and as no distinction between species was made in
this study, it is not known by which gastrointestinal
nematodes the goats were infected. On the other
hand, especially the Gok¢eada goats came in a far
better environment than on the island, where the
animals may face insufficient nutrition. This could
mislead the expected relationship between OPG
and PCV, or EPG and PCV. In this regard, another
problem may be the relatively small variation of
the measured variables in the study. Therefore, the
relationships of EPG with OPG and PCV should be
repeated with larger data records.

4. Conclusions

In this study it was seen that the OPG and EPG
values which were used to observe the Eimerian
and nematode burden varied significantly by year,
age and breed. It can be speculated that animals
from Maltese breed would have lower OPG and
EPG values than the other breeds. The low values
in Maltese suggest that this breed, reared in Western
Anatolia for long years, is well adapted to the
environment in terms of endoparasites.

Acknowledgements

The authors thank TUBITAK, which provided
support for the supply of animals within the scope
of Project No. 1060411, and Gokge GAMLI,
Halil TUNCA, Tamer GARAGON, Elif DALAR
(AKYUZ), Ercan DIBEK and Raziye ISIK for
their assistance in the collection and analysis of the
samples. The last but not the least, we thank Dr.
Cem Omer EGESEL for his valuable contribution.

References

Arslan M O & Tiizer E (1998). Prevalence of bovine
eimeridosis in thracia, Turkey. Turkish Journal of
Veterinary and Animal Science 22: 161-164

Baker R L, Mwamachi D M J, Audho J O, Aduda E O
& Thorpe W (1998). Resistance of galla and Small
East African goats in the sub-humid tropics to
gastrointestinal nematode infections and the peri-
parturient rise in faecal egg counts. Veterinary
Parasitology 79: 53-64

Baker R L, Audho J O, Aduda E O & Thorpe W (2001).
Genetic resistance to gastro-intestinal nematode
parasites in Galla and Small East African goats in the
sub-humid tropics. Animal Science 73: 61-70

Balicka-Ramisz A (1999). Studies on coccidiosis in goats
in Poland. Veterinary Parasitology 81: 347-349

Bishop S C & Stear M J (1997). Modelling responses to
selection for resistance to gasto-intestinal parasites in
sheep. Animal Science 64: 469-478

Cardellino R A, Nari A & Castells D (2002). Animal health
links to recording systems. Resistance to Internal
Parasites in Sheep. ICAR technical series No:8 129-
141 URL: http://www.icar.org/docs/technical series/
tec_series_8 interlaken.pdf

526

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 522-527



A Comparison of Natural Eimeria spp. and Gastrointestinal Nematode Infections of Goat Breeds, T6lU & Savas

Charon K M (2004). Genes controlling resistance to
gastrointestinal nematodes in ruminants. Animal
Science Paper and Reports 22(1): 135-139

Chhabra R C & Pandey V S (1991). Coccidia of goats in
Zimbabwe. Veterinary Parasitology 39: 199-205

Cork S C & Halliwell R W (2002). The veterinary
laboratory and field manual. Nottingham University
Press. ISBN: 1-897676-49-2 UK

Das G, Atasoglu C, Akbag H I, Télii C, Yurtman [ Y
& Savag T (2012). Effects of kefir on coccidial
oocysts excretion and performance of dairy goat
kids following weaning. Tropical Animal Health and
Production 44: 1049-1055

Deger S, Gl A, Ayaz E & Bigek K (2003). The prevalence
of eimeria species in goats in Van. Turkish Journal of
Veterinary Animal Science 27: 439-442

Dinger $ (2001). Coccidiosis. 12. Ulusal Parazitoloji
Kongresi Kongre Kitabi. Tiirkiye Parazitoloji Dernegi
Yayimn No: 17, {zmir

Eguale T, Mekonnen G A & Chaka H (2009). Evaluation
of Variation in susceptibility of three Ethiopian faecal
sheep breeds to experimental infection with Fasciola
hepatica. Small Ruminant Research 82: 7-12

Gauly M & Erhardt G (2002). Changes in faecal
trichostrongyle egg count and haematocrit in naturally
infected Rhon sheep over two grazing periods and
associations with biochemical polymorphisms. Small
Ruminanat Research 44: 103-108

Goossens B, Osaer S, Kora S & Ndao M (1998).
Haematological changes and antibody response
in trypano tolerant sheep and goats following
experimental Trypanosoma congolense infection.
Veterinary Parasitology 79: 283-297

Giil A (2007). The prevalence of Eimeria species in goats
in 1gdir. Turkish Journal of Veterinary and Animal
Science 31(6): 411-414

Gil A & Deger S (2002). Van yéresinde koyunlarda
bulunan FEimeria tiirleri ve bunlarin prevalansi.
Turkish Journal of Veterinary and Animal Science 26:
859-864

Harper C K & Penzhorn B L (1999). Occurrence
and diversity of coccidia in indigenous, Saanen
and crossbred goats in South Africa. Veterinary
Parasitology 82(1-2): 1-9

MAFF (1986). Manual veterinary parasitological
laboratory techniques. 3rd edition. Ministry of
Agriculture, Fisheries and Food. London

Mandonnet N, Bachand M, Mahieu M, Arquet R, Baudron
F, Abinne-Molza L,Varo H & Aumont G (2005).
Impact on productivity of peri-parturient rise in faecal
egg counts in Creole goats in the humid tropics.
Veterinary Parasitology 134: 249-259

Pralomkarn W, Pandey V S, Ngampongsai W,
Choldumrongkul S, Saithanoo S, Rattaanachon L
& Verhulst A (1997). Genetic resistance of three
genotypes of goats to experimental infection with
Haemonchus contortus. Veterinary Parasitology 68:
79-90

SAS (1999). Institute Inc., SAS OnlineDoc®, Version 8§,
Cary, NC

Sharkhuu T (2001). Helminths of goats in Mongolia.
Veterinary Parasitology 101: 161-169

Toli C (2009). Farkli kegi genotiplerinde davranis,
saglik ve performans 6zellikleri iizerine arastirmalar.
Doktora tezi, Canakkale Onsekiz Mart Universitesi,
Fen Bilimleri Enstitiisti (Basilmamis), Canakkale

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 522-527

527



JOURNAL OF AGRICULTURAL SCIENCES 22 (2016) 528-538

TARIM BiLIMLERI DERGISi —

Tarim Bilimleri Dergisi Journal of Agricultural Sciences

Tar. Bil. Der.
Dergi web sayfasi: Journal homepage:
www.agri.ankara.edu.tr/dergi www.agri.ankara.edu.tr/journal

The Effect of Saline and Non-Saline Soil Conditions on Yield and
Nutritional Characteristics of Some Perennial Legumes Forages

Siileyman TEMEL?, Bilal KESKIN?, Ugur SIMSEK?®, ibrahim Hakki YILMAZ?
“Igdir University, Faculty of Agriculture, Department of Field Crops, Igdir;, TURKEY
blgdzr University, Faculty of Agriculture, Department of Soil Science and Plant Nutrition, Igdir, TURKEY

ARTICLE INFO

Research Article

Corresponding Author: Siileyman TEMEL, E-mail: stemel33@hotmail.com, Tel: +90 (533) 437 87 03
Received: 05 April 2015, Received in Revised Form: 04 August 2015, Accepted: 05 August 2015

ABSTRACT

Salinity is one of the important environmental stress factors restricting agricultural productivity and sustainability, particularly
in arid and semi-arid regions. In the evaluation of saline soils, growing of salt tolerant or resistant plants is recently a widespread
implementation. The aim of this study was to compare some yield and nutritional properties of alfalfa (Medicago sativa L.),
sainfoin (Onobrychis sativa Lam.) and bird’s foot trefoil (Lotus corniculatus L.) species cultivated in extreme saline-soil (9.80
EC dS m™) and non-saline soil (0.43 EC dS m™) conditions. For this purpose, this research was conducted in randomized
blocks design with three replications on the Igdir Plain, located in eastern Turkey, between the years of 2011-2013. Plants were
sown under irrigable conditions in 2011, and data were obtained from the examined plants during three years including the
year of sowing. In the study, leaf area index (LAI), crude protein (CP), fresh hay and hay yields differed significantly (P<0.01)
in terms of species x soil type x year interaction. In respect to plant height, all the paired interactions, but only soil type x year
interaction in terms of neutral detergent fiber (NDF) were found statistically significant. According to these results, maximum
fresh hay yields and LAI were obtained from alfalfa grown on non-saline soils in the maintenance years (2012-2013), and
maximum hay yields were determined again in alfalfa grown on non-saline soils for each of the three years and also on saline
soil in 2012. However, minimum fresh hay and hay yields were measured under saline soil conditions in the establishing year
for each of the three species. Maximum and minimum CP contents were found in alfalfa and sainfoin grown on saline soil
conditions in the establishing year (2011), respectively. Along with changing as per species, plant heights increased in the
years following the establishing year, but decreased on saline soil compared to non-saline soil. In respect of NDF content, the
highest values were determined under non saline-soils in 2012, and the lowest ones were obtained from saline soil conditions
in 2011 and 2013. As conclusion, it was determined that all species can easily grow without too much yield and quality loss in
salt-affected areas and can provide enough forage production for livestock feding.

Keywords: Feed value; Forage yield; Halomorphic soils; Salinity; Leaf area index
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OZET

Tuzluluk 6zellikle kurak ve yari kurak bdlgelerde tarimsal verimlilik ve siirdiiriilebilirligi kisitlayan 6nemli gevresel
stres faktorlerinden birisidir. Tuzlu topraklarin degerlendirilmesinde tuza toleransl ya da tuza dayanikli bitkilerin
yetistirilmesi son zamanlarda oldukg¢a yaygin uygulamalardandir. Bu ¢alismada amag, ¢ok (asir1) tuzlu (9.80 EC dS m™)
ve tuzsuz (0.43 EC dS m™) toprak kosullarinda yetistirilen yonca (Medicago sativa L.), korunga (Onobrychis sativa
Lam.) ve sarigicekli gazalboynuzu (Lotus corniculatus L.) tiirlerinin baz1 verim ve besin 6zelliklerini karsilastirmaktir.
Bu amagla, 2011-2013 yillar1 arasinda Tiirkiye nin Dogusunda yer alan Igdir Ovasinda tesadiif bloklar1 deneme desenine
gore Ui¢ tekrarlamali olarak bu aragtirma yiiriitilmiistiir. Bitkiler 2011 yilinda sulu sartlarda ekilmis ve ekim yili da dahil
3 yil boyunca veri alinmistir. Aragtirmada yaprak alan indeksi (YAI), ham protein (HP), yas ot ve kuru ot verimleri, tiir
x toprak tipi x yil interaksiyonu ag¢isindan dnemli bir sekilde farklilik gdstermistir (P<0.01). Bitki boyu bakimindan
tiim ikilli interaksiyonlar, nétr ¢oziiciilerde ¢oziinemeyen lif (NDF) agisindan ise sadece toprak tipi x yil interaksiyonu
istatisitiksel olarak dnemli bulunmustur. Bu sonuglara gére maksimum yas ot verimleri ve YAI, bakim yillarinda (2012-
2013) tuzsuz toprak kosullarinda yetisen yonca bitkisinde, maksimum kuru ot verimleri ise her {i¢ yilda da yine tuzsuz
toprak kosullarinda yetisen yonca bitkisinden elde edilmistir. Oysa minimum yas ot ve kuru ot verimleri her ii¢ tiirde de
tesis yilinda tuzlu topraklarda dl¢iilmiistiir. Maksimum ve minimum HP igerikleri ise sirastyla 2011 yilinda tuzlu toprak
kosullarinda yetisen yonca ve korunga bitkisinde bulunmustur. Tiirlere gore degismekle birlikte bitki boylart tesis yilini
miiteakiben artmis, oysa tuzsuz topraga gore tuzlu toprakta azalmistir. NDF igerigi bakimindan en yiiksek degerler 2012
yilinda tuzsuz toprak kosullarinda, en diisiik degerler 2011 ve 2013 yilinda tuzlu topraklarda elde edilmistir. Sonug
olarak ¢aligmada, tiim tiirlerin tuzdan etkilenmis alanlarda ¢ok fazla verim ve kalite kaybi olmadan kolay bir sekilde

yetistirilip, hayvan beslenmesi igin yeterli yem tiretimi saglayabildigi tespit edilmistir.

Anahtar Kelimeler: Besin degeri; Yem verimi; Halomorfik topraklar; Tuzluluk; Yaprak alan indeksi

1. Introduction

Soil salinity is one of the most serious abiotic factors
restricting productivity of field, plant diversity
and plant growth in arid and semi-arid regions,
where soil salt content is high and precipitation
is insufficient (Kazemi & Eskandari 2011). Salt
affected area throughout the world is estimated at
over 12.78 million hectares (FAO 2011). In Turkey,
there is salinity problem in 1.5 million hectares of
soils due to improper management of irrigation and
inadequate drainage (Kendirli et al 2005). In Igdir
Plain (92,200 ha), which has a microclimate feature,
more than 1/3 of the total cultivable lands have
been affected by salinity. Consequently, soil salinity
is particularly a great socioeconomic problem in
[gdir, resulting in the dislocation of populations and
forcing farmers to subsistence level of living in the
salt-affected areas (Temel & Simsek 2011). In these
areas, desired yields can not be obtained and also can
not meet roughage needs. Therefore, the quantities
of marginal areas within the suitable farmlands are
gradually increasing. Bringing these areas back into

© Ankara Universitesi Ziraat Fakiiltesi

production and ameliorating salt-affected soils by
leaching and drainage is difficult, very expensive
and has a high cost of maintenance (Hanay et al
2004). Thus, the uses of salt tolerant plants present
a useful approach in bringing these areas back
into production (Qureshi & Barrett-Lennard 1998;
Temel et al 2013). Salt tolerant plants also have
the great potential to ameliorate the saline soils. Of
course, yield and quality losses range depending
on the type of crop and the severity of the salinity
problem (Karakullukcu & Adak 2008; Ozaslan
Parlak & Parlak 2008). However, there are many
forage species that grow under saline conditions,
and lot of these have been opportunistically used as
fodder for grazing livestock and sustaining livestock
production (Grattan et al 2004).

Fodder crops not only bring the salt-affected
areas into production, but also provide a good
source of roughage for livestock feeding. For this
reason, identification and selection of salt-tolerant
forage crop varieties offers a useful approach for
increasing yield and improving the salt-affected
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areas (Qureshi & Barrett-Lennard 1998; Hameed
& Ashraf 2008). Therefore, studies for the
identification of salt tolerant plants must be carried
out in different ecolgies. For this purpose, a study
was conducted to performance and to compare some
yield and nutritional properties of some perennial
legumes forage species grown at extreme saline soil
and non-saline soil in [gdir conditions.

2. Material and Methods

2.1. Experimental site

The research was conducted on irrigable lands of
the Igdir Plain, located in eastern Turkey where
more than 1/3 of the total cultivable lands have been
affected by salinity. Long term annual precipitation,
relative humidity and temperature are 264.0 mm,
51.2% and 12.5 °C, respectively (MGM 2014).
Throughout the research years of 2011, 2012 and
2013, total annual precipitation amounts were 340.0
mm, 237.2 mm and 226.9 mm, respectively. Lowest
temperatures during winters of 2011, 2012 and
2013 were recorded as -9.0 °C, -2.9 °C and -4.0 °C,
respectively. In establishment year, average annual
total precipitation amount and relative humidity
were found relatively higher than those in 2012 and
2013 while annual average temperature was lower in
2011 when compared to 2012 and 2013. Moreover,
long-term average annual precipitation, average
temperature and relative humidity are higher when
compared to three-year average climate data of trial
years (MGM 2014).

Initial chemical and physical characteristics
of the soil (0-30 cm) belonging to the site were
determined according to the fallowing methods, and

soil characteristics of trial areas were presented in
Table 1. Soils were air dried and ground to pass a
2 mm sieve opening. Particle size distribution was
determined by the Bouyoucos hydrometer method
(Gee & Baunder 1986). The pH was measuredin 1:2.5
(soil:water) extracts according to Rhoades (1996).
The organic matter (OM) of the soil was performed
by using the Smith-Weldon method (Kacar 1994).
Available phosphorus (P) content was determined
by sodium bicarbonate (NaHCO,) extraction and
subsequent spectrophotometry (Olsen & Summers
1982). Exchangeable potassium (K), sodium (Na),
calcium (Ca) and magnesium (Mg) were determined
using an ammonium acetate extraction followed by
the atomic absorption method (Rhoades 1982a).
Boron (B) was determined as described by John
et al (1975). Electrical conductivity (EC) was
determined by a conductivity meter in saturation
extract (Rhoades 1982b).

2.2. Experimental design

Arandomized block experiment with three replicates
was conducted between 2011-2013 years. Research
was established at two locations with different
soil properties, extreme saline soil (coordinates
39°55°31.47” N, 44°27°05.54” E, EC 9.80 dS
m, ESP 11.9%) and non-saline soil (coordinates
39°54°57.36” N, 44°28°25.26” E, EC 0.43 dS m’,
ESP 8.9%), but the similar climate properties.
As the test plants, three perennial legumes forage
species with different degrees of salt tolerance were
used in this study. Alfalfa (Medicago sativa L.)
and bird’s foot trefoil (Lotus corniculatus L.) have
moderate salinity tolerance. Sainfoin (Onobrychis
sativa Lam.) has low salinity tolerance. In the study,

Table 1- Some physical and chemical soil characteristics of the experimental locations

Cizelge 1- Deneme alani topraklarin bazi fiziksel ve kimyasal ozellikleri

EC pH OM P Ca Mg  Na K B ESP
Soil type Texture
das m! % mg kg %
Non saline Clay loam 0.43 82 44 279 3640 537 552 1251 43 8.9
Saline Loamy sand 9.80 85 2.1 338 3680 549 759 1329 124 11.9

ESP, exchangeable sodium percentage; OM, organic matter
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30, 20 and 120 kg of seeds per hectare were used
for alfalfa, bird’s foot trefoil and sainfoin species,
respectively. The fodder crops were manually sown
in 30 cm row spacing with a seeding depth of 2 cm.
Sowings were done on trial plots prepared in 3 m x
4 m dimensions on 20" of April 2011. In each year,
weeds were controlled with hand hoeing as needed.

For the fertilization, the amount of nutrient
elements in soil were neglected. For the fertilization,
40 kg ha! N (ammonium sulphate) and 80 kg ha!
P O, (triple superphosphate) were given to legume
forages at sowing in the first year of the study.
For the subsequent years, 150 kg ha' P O (triple
superphosphate) for alfalfa and bird’s foot trefoil
and 50 kg ha' P,O, (triple superphosphate) for
sainfoin were applied between row after the last
harvest in season of autumn for maintenance years,
but N fertilizer was not applied. Irrigation periods
of the plants were determined with “Soil Water
Potential Measurement Device” (WaterScout SM
100 Sensor), taking soil texture classes into account.
Irrigation was started when the available moisture
level in soil dropped to 50%. Plants were irrigated
five times within one year and in every irrigation
period, about 75 mm of water was given by means
of surface irrigation method which is widely and
practically used in the region.

2.3. Data collection

Plants were harvested at the convenient growth
stages. Alfalfa, bird’s foot trefoil and sainfoin were
cut at early flowering, full flowering stages and
between early flowering and 50% flowering stages,
respectively according to the procedure described
by Tan & Serin (2012). In both locations, alfalfa
and bird’s foot trefoil were harvested three times in
2011, but four times in the maintenance years. On the
other hand, sainfoin was cut three times in 2012, but
twice in 2011 and 2013 years. All the characteristics
investigated in the study were given as average of
the cuttings. Before each harvest, plant height was
determined by taking measurements on 10 stems
selected randomly in each plot. For leaf area index
(LAI), above-ground biomass of plants grown on a
30 cm x 30 cm area was cut out from ground level

at the convenient growth stages of every plant
and immediately delivered to the laboratory. Leaf
blades were separated from the point where the leaf
sheaths combined and leaf areas were measured
with a portable leaf area measurement device (CI-
202 Portable Area Meter Model). Then, measured
leaf areas were transformed to unit areas (Yunusa
& Sedgley 1992). At each harvest, a square meter
of area was cut from the middle of each trial plot
when plants reached the planned harvest stage, and
the fresh hay weight was immediately determined.
Then, a representative sub-sample (0.5 kg) of the cut
material at each cutting period was dried at 70 °C in
an oven for 48 h and the hay yields were calculated
in metric tons ha' by comparing dried hay with
fresh hay yield. Later, dried samples ground in a
Wiley mill to pass through a 1 mm screen prior to
analyses (CP and NDF). All analyses were carried
out on duplicate samples. The nitrogen content of
the forage was measured by the Kjeldahl method and
crude protein (CP) of plant samples were calculated
by multiplying N with 6.25. Neutral detergent fibre
(NDF) was measured using the procedure described
by (Van Soest et al 1991).

2.4. Statistical analysis

The results were statistically evaluated by using
JMP 5.1 software (JMP, A Business Unit of SAS,
Cary, NC, 2003) and mean separations were made
on the basis of Duncan’s Multiple Range tests.

3. Results and Discussion

The fresh hay and hay yields differed significantly
(P<0.01) in terms of plant x soil type x year
interaction (Table 2). According to these results,
maximum fresh hay yields were measured in the
maintenace years (2012 and 2013) from alfalfa
grown under the non-saline soil conditions, and this
followed the establishing year (2011) of alfalfa plant
(55.97 t ha!) grown on non saline-soils. Maximum
hay yields were determined in alfalfa plant grown
on the non-saline soil conditions for each of the
three years. This can be explained with its genetic
characteristics depending on the properties for each
species which are able to get and store the nutritional
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elements from the soil. In addition, the differences
between species have been attributed to their cutting
numbers within the year of the plants and the hay
amount attained per cutting. Regarding this issue,
Avcioglu et al (2009) stated that the yields in alfalfa
changed depending on the varieties, climate, cultural
procedures and the number of cuttings made during
a season. In the studies conducted previously related
to the salinity, it was also reported that the yield
parameters varied among the forage species and its
cultivars (Mlay et al 2006; Tavirimirwa et al 2012;
Mohajer et al 2013).

As shown in Table 2, minimum fresh hay yields
were determined in sainfoin (9.26 t ha!) followed by
bird’s foot trefoil (15.25 t ha') and alfalfa (21.25 t
ha'') grown under saline soils in the year of 2011, and
the yield values of both species (bird’s foot trefoil
and sainfoin) were under the same statistical group
(Table 2). This can be attributed to the difference
of the plants in their tolerance to salinity depending
on the genetic characteristics of the species and the
increase in the amount of the salt ions in the soil.
In addition, this may be caused by the fact that
the examined forage species have a weak seedling
development in the first year and their tolerances
to salinity are low in the seedling stage (Torabi
et al 2011; Yarnia et al 2011). Because, while the
plants with less resistance against salinity reflects

significant yield decreases even under low salinity,
the plants with high resistance against salinity may
not reflect significant yield decreases even under
high salinity (Yurtseven et al 1996). Hence, in many
researches performed, it has been reported that low
yield in the plants is more along with increasing
salinity (Li et al 2010; Kandil et al 2012).

The results showed that minimum fresh hay
and hay yields were obtained from saline soil
conditions in the establishing year (2011) for each
of the three species. The reason of low yields in the
establishing year compared to the following years
may arise from the condition that the chemical
and physical properties of soils is worse in the first
years compared to the following years. Because,
at the saline soil conditions chosen as trial area
in our present study, no crop production had been
conducted for a long time. Therefore, this may
be caused by the fact that the soluble salts are
excessively available especially at saline soils in the
establishing year. As it is known, depending on the
soil salinity, increases in the amount of cations such
as magnesium, potassium, sodium, and in the amount
of anions such as chlorine, sulphate, carbonate
and bicarbonate are being observed. Soluble salts
which are excessively available in saline soils can
be taken easily by the plants. The salt compounds
being taken by the plant might cause toxic effect

Table 2- The fresh hay and hay yields (t ha') of forage legume species grown on saline and non-saline soil

conditions during the three years

Cizelge 2- Uc yil boyunca tuzlu ve tuzsuz toprak kosulunda yetistirilen baklagil yem bitkisi tiirlerinin yas ot ve

kuru ot verimleri (t ha'')

Soil Fresh hay yield (t ha'') Hay yield (t ha)

types Years M.s L.c O.s M.s L.c O.s
2011 5597b 34.54 fg 26.16 h 1434 a 8.76 de 8.18 ef™”

NSS 2012 61.26 a 51.42cd 49.74 d 15.03 a 10.60 ¢ 9.55 cde
2013 63.16 a 45.08 ¢ 33.55¢ 14.89 a 10.09 cd 8.64 ef
2011 21.251 15.25] 9.26 k 6.11¢g 3.53h 3.10h

SS 2012 54.44 be 37.15 fg 24.94 1444 a 9.39 cde 7.37 fg
2013 53.31 bed 38.12f 37.75 fg 12.75b 8.83 de 9.06 de

. PxS:2.62°,YxS:2.62" PxS:0.80%, Y xS:0.80™
Interaction LSD

PxY:ns, PxSxY:4.54"

PxY:ns,PxSxY:1.39"

. difference between same letters is not significant; NSS, non-saline soil; SS, saline soil; M.s, Medicago sativa; L.c, Lotus corniculatus

and O.s, Onobrychis sativa; P, plant; S, soil type; Y, year
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in plant through nutrition and deterioration of
metabolism depending on the type and amount of
salt. Moreover, excessive salt at saline soils hampers
the plant to take water from the soil, and slows down
the growth of plant by deteriorating the structure of
soil and stops it in the following stages (Glingor &
Erozel 1994). Despite having sufficient water in
soil under saline conditions, the plants are unable
to take the water due to high osmotic pressure. This
condition is being called physiological drought, and
it negatively affects the growth of plant (Ayyildiz
1990). Hence, in many researches performed, it has
been reported that serious decreases are experiences
in the fresh hay and hay yields of the forage species
being cultivated on the saline soils (Hussain et al
2009; Kandil et al 2012).

In the study, plant x soil type interaction was
found significant (P<0.01) in terms of plant height
(Figure 1). In this context, which M. sativa grown
under the non-saline soil had the highest plant
height (78.6 cm), the lowest plant height (33.0 cm)
was measured in L. corniculatus cultivated in the

extreme saline soil conditions. This difference arises
from the condition that plant species react different
againstsoil salinity (Pessaraklietal 1991). Generally,
the saline soils have a higher concentration of salt
when compared to the normal agriculture soils.
Consequently, along with increasing salinity, the
physical and chemical structure of soil is negatively
affected, and the growth and elongation of plant
slow down or even remains (Kanber et al 1992;
Glingor & Erdzel 1994; Sima et al 2013).

The plant heights were found significant
(P<0.01) in terms of plant x year interaction
and the lowest plant height was determined in
L. corniculatus (33.66 cm) in 2011 while the highest
plant height was obtained from M. sativa (77.64 cm)
in 2013 (Figure 2). This may have resulted from
the difference of species-variety depending on the
genetic characteristics of the plants. In the studies
performed regarding the subject, it was revealed
that the plant heights were different among forage
species and even among varieties of the same
species (Mlay et al 2006; Tavirimirwa et al 2012).

'Slg A\ i N GG

70 \\ -I-SS )B
[ e AN 7
g5 BN N
N\
= 40 AN //

35 E

5 W

M.s Lc 0.s

Figure 1- The effects of species x soil type interaction
on the plant height (cm). Plots followed by the same
letter are not significantly different. NSS, non-saline
soil; SS, saline soil; M.s, Medicago sativa; L.c, Lotus
corniculatus and O.s, Onobrychis sativa

Sekil 1- Bitki boyu iizerine tiir x toprak tipi
interaksiyonunun etkileri. Aynmi harfleri takip eden
cizimler arasindaki fark onemli degildir. NSS, tuzsuz
toprak; SS, tuzlu toprak;, M.s, Medicago sativa; L.c,
Lotus corniculatus and O.s, Onobrychis sativa
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Figure 2- The effects of species x year interaction
on the plant height (cm). Plots followed by the same
letter are not significantly different. M.s, Medicago
sativa; L.c, Lotus corniculatus and O.s, Onobrychis
sativa

Sekil 2- Bitki boyu tizerine tiir x yil interaksiyonunun
etkileri. Aymi harfleri takip eden c¢izimler arasindaki
fark onemli degildir. M.s, Medicago sativa, L.c, Lotus
corniculatus and O.s, Onobrychis sativa
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In addition, this may be caused by the fact that
the examined forage species have a weak seedling
development in the first year. Generally, because
seedlings of the forage crops develop weakly in
the first year, their gradations are low (Tan & Serin
2012). However, thanks to the strong root systems
that the forage crops develop in the years following
the establishing year, they can establish a better
height increase (Torabi et al 2011; Yarnia etal 2011).

In addition, the plant height differed significantly
(P<0.01) with respect to year x soil type interaction
(Figure 3). According to these results, while the
highest plant height was measured in the non-saline
soils in 2013, the lowest plant height was determined
in the saline soil conditions in 2011. And these results
obtained are in agreement with reports of Ozaslan
Parlak & Parlak (2008). After all, as non-saline soils
are more suitable for growth of plants, the plants are
able to be a stronger growth and are able to show
a better elongation (Li et al 2010). In addition, it
has been reported by different researchers that many
plant species are more sensitive to salinity in the
establishing year according to the next years and
the negative impact of the salinity is seen especially
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Figure 3- The effects of soil type x year interaction
on the plant height (cm). Plots followed by the same
letter are not significantly different. NSS, non-saline
soil; SS, saline soil

Sekil 3- Bitki boyu iizerine toprak tipi x yil
interaksiyonunun etkileri. Ayni harfleri takip eden
¢izimler arasindaki fark onemli degildir. NSS, tuzsuz
toprak; SS, tuzlu toprak

in the germination and seedling period (Torabi et al
2011; Yarnia 2011; Temel et al 2015). Due to these
reasons, it may be differed the plant heights of soil
types according to years.

In the study, the leaf are index (LAI) was found
significiant (P<0.01) in terms of species x soil type x
year interaction (Table 3). According to these results,
the highest LAI was obtained from M. sativa plant
grown under non saline-soil conditions in the years
of 2013 and 2012 that followed by O. sativa growing
on non saline-soil conditions in 2011. This may
have resulted from the difference of species-variety
depending on the genetic characteristics of the plants,
or the difference of tolerance degrees of plants against
saline stress. When Table 3 is examined, it has also
been seen that LAI values of alfalfa grown on non
saline soils were at the same statistical group in the
years of 2013 and 2012. On the other hand, the lowest
LAI values were determined in L. corniculatus (1.37
cm?) cultivated under saline soil conditions in 2011. It
can be said that this differences stem from the increase
in the amount of the salt ions causing to the salinity
of the soils (Table 1). In addition, this can be due to
the weak growth of forage species in the first year and
their strong growth depending on in the following
years. Generally, the saline soils have higher ion
concentration compared to normal soil. Therefore,
along with the increase of salt concentrations in the
soil, it becomes hard for the plants to get water from
the soil and the enlargement of cell and development
of shoots slow down. As a consequence, the plants
produce both less amounts of organic matter and
decrease their leaf sizes so as to decrease the loss of
water with transpiration (Tuteja 2007).

It has also been reported in the previous studies
that LAI differed among forage species and varieties
according to locations and years (Ag¢ikgdz 1991). For
example, it has been stated that LAI is required to be
3-5cm?inflatleafplants and 5-6 cm? in alfalfa (Nelson
1995). In fact, high LAI of sainfoin plant grown on
non saline-soils in establishing year could be due to
its large seeds compared to other species and thus due
to a better seedling growth in the first year. As it is
known, the forage crops show a weak development
in the first year, but a much better development in the
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Table 3- Leaf area index (cm?) and the crude protein contents (%) of forage legume species grown on saline
and non-saline soil conditions during the three years

Cizelge 3- Ug yil boyunca tuzlu ve tuzsuz toprak kosulunda yetistirilen baklagil yem bitkisi tiirlerinin yaprak alan
indeksi (cm?) ve ham protein igerikleri (%)

Soil Leaf area index (cm?) Crude protein (%)
types Years M.s L.c O.s M.s L.c O.s
2011 5.02¢ 2.19h 5.72 ab 16.62 ab 15.62 bedef 14.34 gh™
NSS 2012 6.14a 3.85de 5.13 bc 15.63 bedef  14.78 efgh 14.94 defgh
2013 6.28 a 2.95 fg 3.29 ef 16.28 be 15.05 defg 14.63 fgh
2011 4.47 cd 1.371 4.49 cd 17.55a 15.93 bed 13.331
SS 2012 4.90 ¢ 2.49 gh 3.06 fg 15.65 bede 14.91 efgh 14.45 gh
2013 4.56 ¢ 2.90 fg 2.88 fg 15.78 bede 13.97 lu 15.51 cdef
. PxS:ns,YxS:0.39” PxS:ns,Y xS:ns
Interaction LSD

PxY:049",PxSxY:0.69"

PxY:0.71",PxSxY:1.01™

. difference between same letters is not significant; NSS, non-saline soil; SS, saline soil; M.s, Medicago sativa; L.c, Lotus corniculatus

and O.s, Onobrychis sativa; P, plant; S, soil type; Y, year

years following the establishing year (Tan & Serin
2012). This arises from the condition of small seed of
forage species and of their low degree of competition
against weeds in the first year. On the other hand, it
has been seen that LAI in sainfoin decreased in years
following the establishing year in both soil types
(Table 3). This may have resulted from its lowering
of plant frequency due to the root rots and decrease of
area covered on soil surface at unit area.

As shown in Table 3, the crude protein (CP)
contents of the fodders obtained significantly
(P<0.01) changed in terms of species x soil type
x year interaction. While maximum CP content
(17.55%) was obtained from M. sativa grown
under saline soil conditions in 2011, this followed
again M. sativa (16.62%) grown on non saline-
soils in the year of 2011 (Table 3). This may
cause that forage species examined have higher
leaf-to-stem ratio and weaker seedling growth
in the establishing year when compared with the
maintenance years. Moreover, this may be caused
by the fact that the forage species are in tendency
to show a worse growth and a lower height increase
in the soils in which the stress factors take place.
Thus, these results obtained are in agreement with
reports of Zandi Esfahan et al (2010), Panahi et al
(2012) and Sayar et al (2014), who stated that the
forage quality of species changed depending on the

characteristics of the soil and years. For instance,
Canpolat & Karaman (2009) in their study intended
to determine the feed value of some legume fodders
determined that alfalfa had the highest CP rate
(17.84%). Minimum CP values were determined in
O. sativa (13.33%) grown on saline soils in 2011
(Table 3). As it is known, sainfoin is a perennial
species that has an economic life of 3-4 years and
show a better seedling development and height
increase in the first year when compared to alfalfa
(Tan & Serin 2012). Thus, the sainfoin plant may
have had lower CP content due to having higher
stem-to-leaf ratio in the year of establishment.
In addition, this can be explained by the genetic
properties depending on the ability of each species
to take the nutritional element from soil and their
ability to store. Because in coarse fodder there are
many factors affecting the feeding value. These
are plant characteristics, environmental factors and
cultural practices. And among plant factors, species
and variety have a significant position (Schut et al
2010; Panahi et al 2012). In the studies performed
regarding the subject, it has been revealed that CP
contents were different among forage species and
even among varieties of the same species (Mlay et
al 2006; Tavirimirwa et al 2012).

NDF content of the fodders has been found to
be significant (P<0.01) in respect of year x soil
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type interaction. According to this, while maximum
NDF percentage was found under non-saline soil
conditions in 2012 followed by 2011, minimum
values were determined under saline soil conditions
in 2011 followed by 2013 (Figure 4). Similar results
have been revealed by different researchers, and
they stated that the NDF ratio in fodders decreased
along with the increase of salinity in soil (Valipoor
Dastenai et al 2012) and also changed depending on
the years (Zandi Esfahan et al 2010; Panahi et al
2012). Generally, the plants are in tendency to show
a much better growth and height increase in the year
following the establishing year and in the soils in
which the stress factors do not take place. However,
decreases occur in the leaf/stem ratio with height
increase. Therefore, the decrease of NDF content
can be attributed to the decrease in the quality of
the stem elements and the decrease in the leaf/stem
ratio. Because physiologically, the leaves of the
plants are the organs of the plants that produce the
most organic matter and have the least structural
composites due to the density of the ratio of the
chlorophyll. However, the ratio of fibers is more in
the stems of the plants (Nelson & Moser 1994).
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Figure 4- The effects of soil type x year interaction
on the NDF content (%) of the fodders. Plots
followed by the same letter are not significantly
different. NSS, non-saline soil; SS, saline soil

Sekil 4- Yemlerin NDF igerigi (%) iizerine toprak tipi
x yil interaksiyonunun etkileri. Ayni harfleri takip eden
cizimler arasindaki fark onemli degildir. NSS, tuzsuz
toprak; SS, tuzlu toprak

4. Conclusions

As the conclusion of this 3 year study, the salinity
of soil-along with changing as per species-caused
decreases in the yield and yield parameters
of plants and a partial increase in the quality
components. Especially when alfalfa is compared
with other species, it was the least affected species
under saline soil conditions in respect of all the
examined characteristics for each of the three years.
Moreover, in years following the establishing year,
significant increases were recorded in yield and
yield components while decreases were found in the
quality components of the fodders obtained along
with changing as per species. Consequently, it can be
said that the examined species at saline soils of [gdir
Plain-which has an arid climate and where many
crop plants cannot be cultivated economically-can
be easily cultivated without high yield and quality
loss, and that it can be contributed to coarse fodder
required by the animals.
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ABSTRACT

Heavy metals are significant abiotic stress factor, affecting various response mechanisms in plants. These responses
include: changes in membrane composition, production of small molecules and free radicals, and alterations in the
activities of antioxidant enzymes and their gene expressions. For this reason, lipid peroxidation levels (MDA),
catalase enzyme activity, and gene expression profiles, quantified by real-time PCR, were analyzed in tomato
plants exposed to various concentrations (0, 80, 160, 320, 640 and 1280 uM) of Cd*" and Pb*". All concentration
of Cd™ or Pb*? contamination led to increased lipid peroxidation and catalase enzyme activity, except for 320 and
640 uM Cd*? contamination levels. As a result, gene expression patterns at the mRNA level and changes in MDA
content under different concentrations of Pb*> and Cd* contamination revealed a positive correlation, although no
correlation was found between gene expression patterns at the mRNA level and catalase enzyme activity. These
results might be explained by the regulation of genes at the transcriptional, posttranscriptional, and also translational
or posttranslational levels.
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OZET

Onemli bir abiyotik stres faktorii olan agir metaller bitkilerde ¢ok gesitli yanit mekanizmalarmi uyarabilirler.
Bu yanit mekanizmalar;; membran kompozisyonunda degisiklik, kiigiik molekiil ve serbest radikallerin iiretimi,
antioksidant enzimlerin aktivitelerinin ya da gen ekspresyonlarinin degisimini igerir. Bu sebeple, bu arastirmada
cesitli konsantrasyonlardaki (0, 80, 160, 320, 640 ve 1280 uM) Pb*'ve Cd** kontaminasyonuna maruz kalan domates
bitkilerinde lipid peroksidasyon seviyesi (MDA), katalaz enzim aktivitesi ve real-time PCR aracilig1 ile katalaz gen
ekpresyon seviyesi belirlenmistir. 320 ve 640 uM Cd*?kontaminasyonu hari¢ tim Cd*" ve Pb* kontaminasyonlart lipid
peroksidasyonuna ve katalaz enzim aktivitesinde artisa neden olmustur. Sonug olarak; ¢esitli konsantrasyonlarda Pb*" ve
Cd* kontaminasyonuna maruz kalan domates bitkisinde, CAT gen ekpresyonu ve lipid peroksidayonu arasinda pozitif
korelasyon bulunurken, CAT gen ekpresyonu ve enzim aktivitesi arasinda korelasyon tespit edilememistir. Bu durum
genlerin transkripsiyonel, posttranskripsiyonel ve ayni zamanda translasyonel veya posttranslasyonel seviyelerdeki
regiilasyonu ile agiklanabilir.

Anahtar Kelimeler: Domates (Solanum lycopersicum L.); Lipid peroksidasyonu; CAT enzim aktivitesi; Gen ekpresyonu;

Real-time PCR

1. Introduction

Pollution of the environment by heavy metals is a
serious problem throughout the world. The most
common heavy metals in the environment are
cadmium, chromium, copper, mercury, lead and zinc
and some of their main sources are emissions from
burning fossil fuels, industrial activities, automotive
emissions, pesticides usage and domestic wastes
(Kabata-Pendias & Pendias 1989).

Heavy metal contamination of economically
important plants, such as fruits and vegetables, poses
a threat to their quality and leads to alterations in
the health statuses of humans and animals. Several
researches have indicated that consumption of
vegetables loaded with heavy metals such as Cd*? and
Pb*? can generate carcinogenic effects (Trichopoulos
1997; Tirkdogan et al 2002). Climatic changes,
nature of the soil, time of harvest, and concentrations
of heavy metals in the soil are significant impacts on
assumed threats of heavy metals in vegetables (Lake
et al 1984; Scott et al 1996; Voutsa et al 1996). In
addition, post-harvest vegetables could be influenced
by air pollution during transportation and marketing,
which can lead to elevated levels of heavy metals
(Sinha et al 2005; Sharma et al 2006; 2007).

Abiotic stress factors, such as soil salinity, drought,
high temperatures, and heavy metals are known to

© Ankara Universitesi Ziraat Fakiiltesi

cause oxidative stress in plants by the production of
reactive oxygen species (ROS), suchas O, H,0,,'O,,
HO,, OH, ROOH, ROO, and RO (Smirnoff 1993).
The most important intracellular generators of ROS
are chloroplasts, mitochondria, and peroxisomes. As a
result of stomatal closure and limited CO, availability,
chloroplasts generate O,” and H,O, by the electron
acceptor of photosystem I, while singlet oxygen
is produced by the transfer of an electron from an
activated chlorophyll molecule to molecular oxygen
(Asada & Takahashi 1987; Hernandez et al 1995). It
has been estimated that, under stress conditions, 1-2%
of O, consumption leads to the formation of ROS,
which causes lipid peroxidation, membrane defects,
and instability of enzymes in higher plants (Mittler
2002; El-Beltagi et al 2010). On the other hand, it is
important to emphasize that ROS can act not only as
damaging factors, but also as protective or signaling
factors, which depend on the equilibrium between
ROS production and scavenging mechanisms (Gratao
et al 2005).

Plants are able to develop antioxidant defense
systems to protect themselves against ROS and
cope with different stress factors (Rao et al 2000).
The antioxidant system restricts and removes ROS
damage and maintains ROS homeostasis in plant
cells. The components of this system are enzymatic,
such as monodehydro ascorbate reductase
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(MDHAR), dehydro ascorbate reductase (DHAR),
glutathione reductase (GR), ascorbate peroxidase
(APX), superoxide reductase (SOD), catalase (CAT)
and non-enzymatic antioxidants, such as glutathione
(GSH), proline, carotenoids, and tocopherol (Mittler
et al 2004).

The various antioxidants have partially
overlapping functions and can functionally
compensate for each other. In this regard, SOD
dismutases O, into H,O,, which, in turn, is detoxified
by CAT, APX, or PRX. CAT is one of the enzymatic
antioxidants with the highest turnover rates among all
enzymes, and it is located mainly in the peroxisomes.
One molecule of CAT can convert approximately 6
million molecules of H,0O, to O,and H,O per minute
(Lee & An 2005). In this manner, it prevents longer
H,0, action, which could lead to cell disturbances
and DNA damage (Shim et al 2003). There have been
many reports regarding catalase enzyme activity,
lipid peroxidation (MDA), and gene expression
levels in several different plant species under stress
conditions, such as salt stress (Mittova et al 2003),
boron (B) toxicity (Cervilla et al 2007), Cu toxicity
(Cui et al 2010), and Pb toxicity in tomatoes (Wang
et al 2008), low temperature stress in wheat (7riticum
aestivum L.) (Matsumura et al 2002), Mn toxicity in
spruce trees (Picea abies L.) (Polle et al 1992), pecan
trees [Caryaillinoinensis (Wangenh.) C. Koch, cv.
Kiowa] (Henriques 2003), and Cd and Cu toxicity in
mouse-ear cress (Arabidopsis thaliana) (Skorzynska-
Polit et al 2010).

The control of gene expression in all eukaryotic
cells is a complex process that involves molecules
such as RNA polymerases, numerous transcription
factors, the DNA template, RNA produced by
transcription, and protein produced by translation,
with its attendant processing. The examination of
gene expression often involves quantifying the
abundance of a particular transcript. Contemporary
methods, such as real-time PCR, that examine
gene expression reveal the dynamic nature of this
biochemical process. Real-time PCR allows precise
measurements of mRNA steady-state levels and
provides advantages, such as very high sensitivity
and precise quantification of expression levels

under different conditions or treatments. This
method only measures immediate levels or final
accumulation of RNA in the cell. Also other modern
methods, such as microarray hybridization, or more
conventional methods, like Northern hybridization,
do not provide information about the transcriptional
activity of genes. These methods fail to quantify
the stability of the RNA or the ratio of transcription
at the specific loci under investigation. In order to
detail understanding the nature of gene expression
modulation, it is essential to evaluate alteration of
transcript and corresponding protein levels which
both are associated with a phenotypic change (Farrel
2007). As such, the experiments in the current study
were conducted in three phases. In the first phase,
after Cd*? and Pb*? stress treatments, MDA levels
were determined in order to obtain evidence that the
plants were in stress as a result of the treatments. In
the second phase of the study, the steady-state level
of CAT mRNA was determined by quantitative real-
time PCR. Finally, in the third phase, CAT enzyme
activity was determined in order to obtain an idea
about the final stage of CAT gene expression in
tomato samples exposed to different concentrations
of Cd"? and Pb*? stress.

2. Material and Methods

2.1. Plant material, growth conditions, and stress
treatment

Plant growth conditions and stress treatments
were performed as previosly reported by Soydam
Aydm et al (2013). Tomato (Solanum lycopersicum
L. ‘Falcon’) seeds were germinated and grown
hydroponically in pots containing 0.2 L of modified
1/10 Hoagland’s solution. After germination,
seedlings were transferred to pearlite and watered
with 1/10 Hoagland’s media in regular time interval
(daily). Twenty-five-day-old six tomato plants
grown in 1/10 Hoagland’s media were used for the
stress treatments. For the heavy metal application,
Pb*? and Cd*™ were added to the hydroponic solution
for 24 h at concentrations of 0 (control), 80, 160, 320,
640 and 1280 uM. Harvested tomato leaves were
ground in liquid nitrogen and used for estimation
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of lipid peroxidation, CAT enzyme activity assay,
RNA extraction, and gene expression analysis.

2.2. Estimation of lipid peroxidation

Malondialdehyde (MDA) content is a marker of
oxidative lipid injury was performed as described
and previously reported by Hodges et al (1999) and
Soydam Aydin et al (2013). ELISA microtiter reader
(SpectraMax M2) was used to read absorbance at
440 nm, 532 nm, and 600 nm. MDA equivalents
were calculated as described by Hodges et al (1999)
using Equation 1, 2 and 3.

[(Abs532,,,) - (Abs600_ . ) - (Abs532 ., -Abs600_, )1=A (1)
[(Abs440_,,-Abs600 . )x 0.0571]= B 2)
MDA equivalents (nmol mL-')= (A-B/157000) x 10° 3)

2.3. RNA extraction and cDNA preparation

RNA extraction was performed using a TRIzol
protocol followed by RNeasy mini cleanup kit
(Qiagen, Cat no: 74104). RNA quantity and
quality were measured with a NanoDropND-1000
spectrophotometer. Quality of RNA was also
confirmed by gel electrophoresis, containing 1.5%
agarose and formaldehyde. The cDNA synthesis
based on reverse transcription reactions were
performed with 2 pg of RNA and a high fidelity
cDNA synthesis kit (Roche) containing 2.5 uM
anchored oligo(dT)18, 1X transcriptor high-
fidelity reverse transcriptase reaction buffer, 20 U
protector Rnase inhibitor, 1 mM deoxynucleotide
mix, 5 mM DTT, and 10 U transcriptor high-fidelity
reverse transcriptase at final concentration. And, the
program applied was 65 °C, 10 min; 55 °C, 30 min;
85 °C, 5 min.

2.4. Real-time RT-PCR and quantification of mRNA
levels

Quantitative real-time PCR was performed with a
LightCycler® 480 System (Roche) thermal cycler.
The sequences of primers and probes (Table 1) of the
target gene catalase (CAT) and actin (ACT), which is
used for normalization, were designed based on the
sequences of tomato genes available in the databank
(NCBI 2013a; NCBI 2013b). Amplifications of

PCR product were monitored via intercalation of
hybridization probes (HyProbe, FRET probes) that
allow exact and specific identification of the target
gene. After pre-denaturation at 95 °C for 10 min,
45 cycles of 95 °C 10 s, 60 °C 30 s, and 72 °C 15
s were applied. Data collection for quantification
was accomplished during the annealing period.
Copy numbers of the genes (CAT, ACT) under
stress treatment were determined by using standard
curves. PCR efficiency for CAT standard curve was
1.937, while ACT was found to be 1.954.

Table 1- Primer and probe sequences of CAT and
Actin

Cizelge 1- CAT ve Actin igin primer ve prob sekanslari

Primer and

probe name Sequences

CAT2 F CTTTCCTCTTCGACGATATTGGTA

CAT2 S TATTCCCCAAGATTACAGGCAT

CAT2 A CCGACTCGGATTGCCTT

CAT2 R GTGATTTGCTCCTCCGACTC

CAT2 FL CAACAGGGCTGGAAAATCAACTTATGT-FL
CAT2 LC 640 AAGTTCCACTGGAAGCCCACATGT p
Actin S Fw TCTGTTTCCCGGTTTTGCTATTAT
ActinRRev  TGCATCAGGCACCTCTCAAG

Actin FL ATTCATAGCCCCCACCACCAAAC-FL
Actin LC 640 TCTCCATCCCATCAAAAAAACAAATTGACTp

2.5. Catalase enzyme activity assay

Catalase enzyme activities were performed as
previosly reported by Aebi (1984) and Soydam
Aydin et al (2013). Powdered tomato tissues were
suspended in extraction buffer and homogenates
were centrifuged at 15000 g for 20 min, and the
supernatant fraction was used for the enzyme
activity assays (Jovanovic 2006). All steps were
carried out at 4 °C. The catalase activity assay was
performed according to the method reported by
Aebi (1984), based on 240 nm absorbance.

2.6. Statistical methods

The abundance of target gene transcripts was
normalized to ACT and set relative to the control
plants (no stress exposure), according to the 244¢T
method (Livak & Schmittgen 2001). Changes in
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relative expression levels (REL) of the CAT gene were
checked for statistical significance according to one-
way ANOVA. The results were considered statistically
significant if the P value was <0.05 in Dunnett’s test.

3. Results and Discussion

In the current study, the effects of heavy metal stress
(Pb* and Cd™?) on cell membrane, gene expression
and CAT enzyme activity profiles in tomato plants
(Solanum lycopersicum L.) were analyzed. It is
known that heavy metal contamination can lead to
an increase in different forms of ROS.

Malondialdehyde (MDA) analysis was used as
a marker of oxidative lipid injury, which might have
changed in response to Cd* and Pb™ heavy metals
that led to stress in tomato seedlings. Changes in MDA
content were observed in the tomato seedlings treated
with different concentrations of Pb™, indicating that the
samples were under stress. It has been demonstrated
that increased lipid peroxidation is a characteristic
feature of oxidative stress caused by unbalanced
equilibrium between ROS production and scavenging
or defense mechanisms under heavy metal stress
(Smirnoff 1993; Mittler 2002; Lima et al 2006).

Small hydrocarbon fragments, such as ketones
and MDAs, which are considered the first evidence of
stress in plants, have been used as indicators of lipid
peroxidation or membrane damage, (Lyons 1973). In
recent studies, increased lipid peroxidation has been
observed in plants under heavy metal stress, such
as tomato (Krupa & Baszynski 1985; 1989; Quariti
et al 1997; Ben Ammar et al 2005), wheat (Malik
et al 1992), barley (Vassilev 2004), and mustard
(Gaur & Grupa 1994; Nouairi et al 2006). Results
of the current study indicate that MDA content
substantially increased with all concentrations of
Pb" contamination. The maximum level of MDA
content was determined in the samples exposed to
320 puM concentrations of Pb* contamination while
a significant decrease was measured at 1280 puM
among treated samples (Figure 1). The data also
show that ROS-induced lipid peroxidation began
in a short period of time and that the level of injury
was dependent on the exposure concentrations

of Pb" contamination. However, MDA contents,
which were obtained in the samples exposed to Cd™
contamination, showed an increase only with the 80
UM and 1280 uM Cd* concentrations. The highest
level of inhibition in MDA content was observed in
the treatment with 1280 puM Cd™. In addition, the
maximum decrease in MDA content was observed
in the tomato seedlings exposed to the 320 uM
concentration of Cd*. Surprisingly, lower MDA
levels were observed at 160, 320, and 640 uM of Cd*
treatment compared to the control samples (Figurel).

e
[ed

Malondialdehyde Equivalents (nmol mL?)
-

IEONEE[]

0
Control 80 160 320 640 1280 Control 80

DDE]

160 320 640 1280

Heavy Metal Concentration (uM)

Figure 1- Lipid peroxidation (malondialdehyde,
MDA content) in the total tissues of tomato plants
exposed to different concentrations of Pb?* and Cd**

Sekil 1- Farkli konsantrasyonlarda Pb** ve Cd**’ye
maruz kalan domates bitkisinin tiim dokularindaki
lipid peroksidasyonu (malondialdehit, MDA i¢erigi)

When evaluated SOD enzyme activity and gene
expression results of tomato samples exposed to
same concentration of Cd*? contamination in another
study conducted in our laboratory (unpublished
data), it was difficult to suggest that prevention of
lipid peroxidation in the cells of the tomato samples
exposed to 160 uM, 320 uM, and 640 pM Cd*
concentrations in the current study might result from
increased activation of antioxidant mechanisms.
Further analysis is necessary to explain this
complex connection between lipid peroxidation and
antioxidant mechanisms. Results also revealed that
lipid peroxidation induced by ROS was observed
after contamination of low (80 puM) and high
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(1280 puM) Cd*™ concentrations, which generated
an imbalance between production of ROS and
antioxidant enzyme activity or gene expression as a
component of scavenging and defense mechanisms
of ROS.

ROS have a dual action, not only acting as
protective or signaling factors, but also as oxidative
damaging factors at the cellular level due to an
imbalance between the production and removal
of ROS under stress conditions (Mittler 2002). To
combat the negative effects of this imbalance, an
enzymatic antioxidant defense system is activated
to protect plants from cellular injury with removing
excessively produced H,O, with the enzymes, such
as peroxidase (POD), glutathione reductase (GR),
superoxide dismutase (SOD), and catalase (CAT)
(Qilin et al 2009). In recent years, genes involved
in response to abiotic stress have become the main
field for biotechnological studies, as it constitutes
the basis for improving the stress tolerance of plants.
Many genes play a crucial role in responding to
environmental stresses at the post-transcriptional
level, and CAT is one of these genes that encode the
catalase enzyme. Studies about the protective activity
of CAT in response to different abiotic stresses have
been demonstrated by previous research studies
conducted with Coffea sp., oilseed rape (Brassica
napus L.), pea (Pisum sativum L.), and tomato
(Lycopersicum esculentum L.) plants (Goupil et al
2009; Qilin et al 2009; Fortunato et al 2010).

In the current study, exposure of tomato seedlings
to Pb™ and Cd™ led to significant changes in the
abundance of CAT gene transcripts, suggesting the
involvement of the gene in heavy metal tolerance
(Figure 2). To evaluate the stability of our results,
CAT transcript levels of all samples were measured
three times for each stress condition, which indicated
steady-state mRNA levels in the cells for both CAT
and the reference gene ACT. With regard to the
control and to each other, different expression levels
were recorded in all stress conditions applied. The
highest level of transcript was recorded at 320 uM
of Pb*?and 160 pM of Cd*? concentrations, and these
results were found to be statistically significant. The
lowest levels of mRNA were recorded at the 640
UM of Pb*? and 1280 uM of Cd*? concentrations.

Contamination with different concentrations
of Pb**, 80 and 320 uM Pb™ led to a statistically
significant increase in mRNA level in the tomato
seedlings compared to the control, while the 640 uM
concentration led to a reduction in the expression of the
gene; these results were statistically significant (P,=
0.001; P,= 0.001; P,= 0.000). Changes in the rate of
expression level in the catalase gene compared to the
control were statistically insignificant upon exposure
to 160 and 1280 uM of Pb™ concentrations. CAT
expression levels decreased significantly in response to
640 uM of Pb*2, which indicates that CAT was strongly
downregulated by this concentration (Figure 2). CAT
mRNA levels in the tomato seedlings increased in
response to 80 uM and 160 pM of Cd* treatments;
these results were statistically significant (P,= 0.000;
P,= 0.000) when checked for significance according
to one-way ANOVA. The 320, 640, and 1280 pM
of Cd* treatments led to a decrease in catalase gene
expression level compared to the control, but only the
640 uM and 1280 uM of Cd*? treatment results were
statistically significant (P,= 0.005; P,= 0.000) (Figure
2). When we analyzed this complex profile of gene
expression patterns at the mRNA level and changes in
MDA content under different concentrations of Pb*
and Cd* contamination, the results revealed positive
correlations between each other (Figure 1 and 2).

Ceo
124 . Dcd
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Control 80 160 320 640 1280 Conwol 80 160 320 640 1280

Normalised Expression of Catalase

Heavy Metal Concentration (uM)

Figure 2- Catalase mRNA levels in the total tissues
of tomato plants exposed to different concentrations
of Pb*" and Cd*

Sekil 2- Farkli konsantrasyonlarda Pb** ve Cd*"’ye
maruz kalan domates bitkisinin tiim dokularindaki
katalaz mRNA seviyesi
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Also, catalase enzyme activity assay revealed
different data from gene expression patterns at
the mRNA level in tomato seedlings treated with
different concentrations of Pb"™ and Cd*™
In particular, 640 pM Pb* and 80 pM Cd?
contamination levels led to a significant increase
in catalase enzyme activity, while gene expression
levels under these contamination levels were under
the control level or slightly increased (Figure 2 and
3). Increased activity of CAT enzyme indicates
the ability of the cell to scavenge increased
concentrations of H,0O,; this ability was not
weakened by Pb™ or Cd* treatment according to
the results of the current study, in accordance with
previous reports (Mead 1976). The differences
recorded in the enzyme activities of the plants under
Pb? and Cd™ stress may be due to the balance of
ROS generation and antioxidant activities that must
be achieved to enhance the protection of the cell.

e

Activity (umol H,0, mg prot™ min)

w

11| B

Control 80 160 320 640 1280 Control 80 160 320

Heavy Metal Concentration (uM)

640 1280

Figure 3- Catalase enzyme activity in the total
tissues of tomato plants exposed to different
concentrations of Pb?* and Cd**

Sekil 3- Farkli konsantrasyonlarda Pb** ve Cd’*’ye

maruz kalan domates bitkisinin tiim dokularindaki
katalaz enzim aktivitesi

The differential recovery in CAT enzyme
activity at various concentrations of Pb* treatments,
640 Pb™and 1280 pM Pb™, might imply that the
enzyme contributes to cellular defense with differing
performances, depending on the concentrations of
the heavy metals. In the current study, CAT gene

expression patterns at the mRNA level and changes in
CAT enzyme activities under different concentrations
of heavy metal treatment revealed no positive
correlation or inverse proportion. For example,
although the steady-state level of mRNA did not
change after the 160 uM Pb** treatment (compared
to control), a significant increase was observed in
enzyme activity levels at the same concentration. In
addition, while the mRNA level of CAT decreased
in tomato plants exposed to the 640 uM Pb*™
treatment, enzyme activity significantly increased,
and while the mRNA level of CAT increased in
tomato plants exposed to the 1280 uM Pb*? treatment,
enzyme activity slightly increased compared to the
control. The results suggest that a translationalpost-
translational level of control for CAT gene expression
or enzyme activity might be regulated by the
reversible modulation of the functionality of its
mRNA, depending on the supply of the methyl group
donors from glycine and serine and that production
of these amino acids is greatly enhanced by photo
respiratory carbon flow. Therefore, catalase protein
synthesis is associated with the photo respiratory and
photosynthetic pathways (Schmidt et al 2002).

4. Conclusions

Results of the current research verified that oxidative
stress alerts plant antioxidant defense systems in
unsupportable concentrations of heavy metals, and
that in most cases, the CAT gene is induced to encode
the CAT enzyme to scavenge ROS generated under
stress conditions (Lee & An 2005). The data on gene
expression and enzyme activity of CAT obtained in
the current study could provide a better understanding
of the antioxidant mechanisms in tomato plants.
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ABSTRACT

Heat shock treatments are widely used to induce microspore embryogenesis in Brassica species. In this study, the
effect of high temperature treatment (32 °C and 35 °C for 2 days) on microspore embryogenesis was investigated in six
genotypes of Turkish white head cabbage (Yalova-1, Ercis, 177 C, 177 T, 531 C, 538 C), three genotypes of Turkish kale
(Balkaya, Yanmaz, Karadere 077) and five commercial F| ornamental kale hybrids (Red Piegon, Victoria Piegon, Red
Chidori, white Kamome, and Pink Kamome). Microspore-derived embryos formation differed depending on genotype
and high temperature. The highest embryo yield was obtained as 9.92 embryo per petri dish in cv. Yalova-1, 11.13
embryo per petri dish in Pink Kamome F| at 32 °C, and 5.63 embryo per petri dish in cv. Karadere 077 at 35 °C.

Keywords: Embryo; Genotype; High temperature; Microspore culture; White cabbage; Kale

Brassica oleracea Tiirlerinde Sicaklik Soku Uygulamalarinin
Mikrospor Embriyogenesis Uzerine Etkisi
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OZET

Sicaklik sokuuygulamalar1 Brassicatiirlerinde mikrospor embriyogenesisi uyarmak amactyla yaygin olarak kullanilmaktadir.
Bu ¢alismada, 6 Turk beyaz bas lahana (Yalova-1, Ercis, 177 C, 177 T, 531 C, 538 C), 3 Tiirk yaprak lahana (Karadere 077,
Balkaya, Yanmaz) ¢esit ve genotipi ile 5 ticari F, hibrid siis lahanasi ¢esidinde (Red Piegon, Victoria Piegon, Red Chidori,
White Kamome, and Pink Kamome) yiiksek sicaklik uygulamalarmin (32 °C ve 35 °C, 2 giin) mikrospor embriyogenesisi
tizerine etkisi arastirllmistir. Mikrospor kokenli embriyo olusumu genotip ve yiiksek sicakliga gore farklilik gostermistir.
En yiiksek embriyo olusumu 32 °C’de 9.92 embriyo petri' degeri ile Yalova-1 gesidinden, 11.13 embriyo petri' degeri ile
Pink Kamome F, gesidinden ve 35 °C’de ise 5.63 embriyo petri”' Karadere 077 gesidinden elde edilmistir.

Anahtar Kelimeler: Embriyo; Genotip; Yiiksek sicaklik; Mikrospor kiiltiirii; Beyaz bag lahana; Yaprak lahana
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1. Introduction

Microspore culture can be utilized to shorten
the duration of plant breeding programs and to
obtain homozygous pure lines in Brassica species.
Different stress treatments can be applied to
flower buds, anthers or isolated microspores to
stimulate microspore derived embryo formation
(Shariatpanahi et al 2006; Tuncer & Yanmaz
2007; Yuan et al 2012; Cristea 2013). In all these
cases, conversion to the sporophytic pathway can
be induced by subjecting microspores to various
stresses. The most effective and common stress
treatment in Brassica species is the short-term
heat shock. Heat shock is more effective when
applied after microspore isolation. Gametophytic
developmental pathway can be diverted from
sporophytic pathway when optimal heat shock is
applied to the isolated microspores, and microspore
based embryo development increases (Ferrie &
Caswel 2011).

Optimal heat shock regimes vary from species
to species. For example, more successful results are
noted to be attained at 32.5 °C for 1 days in broccoli
(Carlos & Dias 2001; Yuan et al 2011) 32.5 °C for
1 days in B. oleracea var. costata (Dias & Correia
2002), 30 °C for 2 days (Wan et al 2011), 32.5 °C for
2 days (Kim et al 2012), 30 °C for 6 days (Ahmadi
etal 2012), and 32 °C for 2 days in B. napus (Prem
et al 2012; Wen et al 2012); 30.5 °C for 2 days in
B. oleracea (Winarto & Teixeira da Silva 2011), 35
°C for 1 days in B. rapa (Zhang et al 2011), 32.5
°C for 10-15 days in B. juncea (Prem et al 2005)
and 32 °C for 3 days in B. carinata (Abraha et al
2008). Brassica crops such as cabbage and kales
widely grown in Turkey. But breeding studies
on these species have progressed slightly due to
cross pollination and take many years of breeding
studies. Microspore culture technique is effective
to accelerate the Brassica breeding process abroad
countries. However, this technology can not to
be used effectively in Turkey. In this study, the
applicability of this technology has been researched
in Turkish cabbage and kale genotypes/breeding
lines which still continue breeding studies in Turkey.

The present study aimed to investigate effective
heat shock treatment in order to promote microspore
derived embryo formation by microspore culture in
different cultivars of Turkish white head cabbage
and kale and ornamental kale.

2. Material and Methods

2.1. Plant material and growing donor plants

Four breeding lines (177 C, 177 T, 531 C, 538 C),
one variety (cv. Yalova-1) and one genotype (Ercis
genotype) of Turkish white head cabbage, three
varieties of Turkish kale (Balkaya cv., Yanmaz cv.,
and Karadere cv.) and five ornamental kale hybrids
(Red Piegon F, Victoria Piegon F , Red Chidori F,
white Kamome F, and Pink Kamome F,) were used
as plant material. The plants were grown in open field
conditions. The seeds of white head cabbage and kale
were sown in May 2011 and the seeds of ornamental
kale were sown in July 2012 in peat filled multipots.
The seedlings of cabbage and kale were planted in
the field, while the ornamental kale seedlings were
planted in pots filled with peat. The donor plants in
field were watered with drip irrigation system, the
plants in 15-cm plastic pots irrigated with tap water
as required and fertilized as necessary with N:P:K
(6:4:6) fertilizer. Cabbage heads and kale plants
were harvested in October 2011 and were stored in
an unheated plastic greenhouse during the winter
months. Ornamental kales in the pots were kept in
the unheated greenhouse during winter. Buds were
harvested at the beginning of flowering. The flower
buds were collected from 80 healthy plants for each

genotype.

2.2. Isolation of microspores

Flower buds including at the late uninucleate stage
were harvested from white head cabbage (2.5-3.5
mm length), kale and ornamental kale (4.0-4.5 mm
length). A modified method of Tuncer (2010) was
used for microspore isolation. The harvested buds
were surface sterilized in 10% (v v'') bleach (sodium
hypochlorite) with a few drops of Tween-20 for 10
minutes and then rinsed three times in distilled water
(6 minutes each time). The buds (35-40 buds per
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isolation) were crushed in 3.5 mL cold NLN medium
(Lichter 1982) with 13% (w v') sucrose (hormone-
free, pH 6.1). They were then filtered through a
40 mm nylon mesh and collected in a glass beaker.
The meshes and beakers were rinsed with 6.5 mL
of the cold NLN-13 medium, and the final volume
was made up to 10 mL. The resultant suspension
was centrifuged at 4 °C, 900 rpm speed three times
for three minutes in order to increase the microspore
purity. The last pellet was re-suspended at a density
of about 4x10* microspores mL" in cold NLN-13
liquid medium (1 mL cold NLN-13 bud). Five mL
of the suspension were cultured in a sterilized glass
petri dish (6 cm diameter, 1.5 cm height).

2.3. Heat shock treatment and culture of
microspores

For each treatment and replication, 5 mL aliquots of
microspore suspension were dispensed into 60 mm
x 15 mm sterile petri dishes (200,000 microspore
petri!). In the heat shock experiment, isolated
microspores were incubated under dark conditions
at 32 °C and 35 °C for 2 days, and then maintained
at 251 °C under dark conditions. Development
stage of the embryos was observed with a binocular
microscope (Leica mark, ICC50 HD model) at the
end of culture period (three weeks after the isolation).
petri dishes were taken on to the 60 rpm orbital shaker
when globular and heart shaped embryos were visible
with naked eyes and were kept shaken for 3 weeks.

2.4. Embryogenic capacity

Three weeks after the isolation, embryos were
counted per petri and embryo development stages
were determined as percentages.

2.5. Experimental design and statistical analysis

This experiment was designed as a factorial
experiment based on a completely randomized
design with 3 replications (8 petri dish was a
replication, total 24 petri per treatment). The data
was subjected to analysis of variance using SPSS
software (ver. 13) and means were separated by
Duncan’s multiple range test (P<0.05). The results
of microspore embryogenesis were quantified in
terms of number of embryos produced per petri dish.

3. Results and Discussion

Heat shock treatment induced the embryo number
in white head cabbage (B. oleracea var. capitata
subs. alba) variety and breeding lines (Table 1). The
difference between the temperature degrees were
found to be statistically significant in all varieties
and breeding lines except Ercis population (P<0.05)
(Table 1).

The highest embryo yield at 32 °C for 2 days
was obtained from Yalova-1 cultivars (9.92 embryo
per petri) and 177 C breeding line (6.13 embryo per
petri), while 531 C (8.29 embryo per petri), 538 C
(7.13 embryo per petri) and 177 T (6.00 embryo
per petri) breeding lines were more successful at 35
°C for 2 days. It could be seen that all the varieties
and breeding lines except for Ercis population were
temperature selective (Table 1).

Table 1- Effect of heat shock treatment on
microspore embryogenesis in white head cabbage
(B. oleracea var. capitata subs. alba)

Cizelge 1- Beyaz bas lahanada (B. oleracea var.
capitata subs. alba) sicaklik soku wuygulamalarinin
mikrospor embriyogenesisi tizerine etkisi

Accessions 32°C 33 °C
Embryos petri’  Embryos petri’!
Yalova-1 9.924+0.71 aA* 3.96+0.55 bedB
Ercis 3.88+0.56 cA 2.08+0.21 dA
177C 6.13+1.13 bA 2.79+0.33 cdB
177 T 2.54+0.29 cB 6.00+1.79 abcA
531C 0.00+0.00 dB 8.29+0.29 aA
538 C 3.21+0.61 cB 7.13+1.52 abA

*, different small letters in the same column show significant
differences among the species (P<0.05) and different capital
letters in the same line show significant differences among the
temperatures (P<0.05)

The effect of heat shocks on microspore
embryogenesis in kale (B. oleraceae var. acephala)
was given in Table 2. The temperature differences
were statistically significant except for ‘Balkaya’
variety, and 35 °C treatment was more promising
in terms of microspore embryogenesis. The highest
embryo yield obtained from Karadere 077 (5.63
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embryo per petri) and Yanmaz (5.33 embryo per
petri) varieties at 35 °C (Table 2).

Table 2- Effect of heat shock treatment on microspore
embryogenesis in Kale (B. oleraceae var. acephala)

Cizelge 2- Yaprak lahanada (B. oleraceae var.
acephala) sicaklik soku uygulamalarimin mikrospor
embriyogenesisi tizerine etkisi

Accessions J2°C 33 °C
Embryos petri’  Embryos petri!
Balkaya 1.91£0.29 bA* 1.88+0.43 bA
Yanmaz 2.38+0.44 abB 5.33+0.72 aA
Karadere 077  3.59+0.49 aB 5.63+0.81 aA

*  different small letters in the same column show significant
differences among the species (P<0.05) and different capital
letters in the same line show significant differences among the
temperatures (P<0.05)

In all the varieties of the ornamental kale, heat
shock was found to be significant (P<0.05), except
Red Chidori F, and Red Piegon F,. The highest
embryo number was attained from Pink Kamome
F, variety (11.13 embryo per petri), followed by
Victoria Piegon F, variety (8.37 embryo per petri) at
32 °C. The temperature shock at 32 °C was found to
be more effective in the ornamental kale except for
white Kamome F, variety (Table 3).

Table 3- Effect of heat shock treatment on
microspore embryogenesis in ornamental kale (B.
oleraceae var. acephala)

Cizelge 3- Siis lahanasinda (B. oleraceae var.
acephala) sicaklik soku uygulamalarimin mikrospor
embriyogenesisi tizerine etkisi

Accessions 32 °C 33°C
Embryos petri! ~ Embryos petri!
Pink Kamome F,  11.13£2.46 aA*  4.00+0.52 abB
White Kamome F|  1.92+0.62 dB 4.00£1.37 abA
Red Chidori F| 4.13£1.85 cdA 5.13£2.38 aA
Victoria Piegon F,  8.37+2.01 abA  3.16+0.11 bB
Red Piegon F, 2.08+0.33 dA 0.79+0.40 cA

*, different small letters in the same column show significant
differences among the species (P<0.05) and different capital
letters in the same line show significant differences among the
temperatures (P<0.05)

Globular (Figure la), heart-shaped (Figure 1b,
Ic) and torpedo-shaped (Figure 1d, le) embryos
were observed in the microscopic examination
under microscope three weeks after the isolation.
Variation of embryo development stages in varieties
and genotypes with respect to heat shocks were
given in Table 4. It could be seen that most of the
microspores derived embryos were globular and
hearth shaped, while the formation rates of torpedo
embryos, which was the previous stage of cotyledon
embryo, were found to be low. Torpedo shaped
embryos were only observed in 538 C (12.2%) white
head cabbage variety at 35 °C, in Pink Kamome F,
(8.8%) and in Yalova-1 variety (3.3%) at 32 °C,
while cotyledon shaped embryos were not observed
at all the species (Table 4).

Figure 1- Embryo stages observed at 3 weeks after
the isolation; a, Globular embryo (35 °C, Karadere
077); b, heart-shaped embryo (Yanmaz, 35 °C); c,
heart-shaped embryo (32 °C, 177 C); d, torpedo-
shaped embryo (32 °C, Yalova-1); e, torpedo-
shaped embryo (35 °C, 538 C); f, embryoid (32 °C,
Pink Kamome F))

Sekil 1- Izolasyondan 3 hafta sonraki embriyo gelisim
asamalari; a, Globular embriyo (35 °C, Karadere
077); b, Yiirek sekilli embriyo (Yanmaz, 35 °C);
¢, Yiirek sekilli embriyo (32 °C, 177 C), d, torpido
sekilli embriyo (32 °C, Yalova-1); e, torpido sekilli
embriyo (35 °C, 538 C); f, embriyoid (32 °C, Pink
Kamome F)

Heat shock has been used as a trigger to induce
embryogenesis in Brassica microspores. In Brassica
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Table 4- The effect of heat shock on development stages of the embryos in Brassica species

Cizelge 4- Brassica tiirlerinde sicaklik soku uygulamalarinin embriyo gelisim dénemi iizerine etkisi

32°C 35°C
Accessions Percent of embryos Percent of embryos
G H T G H T
White head cabbage
Yalova-1 45.8 50.8 33 58.3 41.6 0.0
Ercis 100.0 0.0 0.0 100.0 0.0 0.0
177C 533 46.6 0.0 100.0 0.0 0.0
177T 38.8 61.1 0.0 44.0 559 0.0
531C 0.0 0.0 0.0 25.0 75.0 0.0
538C 36.1 63.9 0.0 27.7 60.0 12.2
Balkaya 100.0 0.0 0.0 100.0 0.0 0.0
Yanmaz 100.0 0.0 0.0 472 52.7 0.0
Karadere 077 100.0 0.0 0.0 49.9 50.0 0.0
Ornamental kale

Pink Kamome F, 30.6 60.4 8.8 53.3 46.6 0.0
White Kamome F| 100.0 0.0 0.0 100.0 0.0 0.0
Red Chidori F, 100.0 0.0 0.0 100.0 0.0 0.0
Victoria Piegon F, 52.0 479 0.0 100.0 0.0 0.0
Red Piegon F 100.0 0.0 0.0 100.0 0.0 0.0

G, globular-shaped embryos; H, heart-shaped embryos; T, torpedo-shaped embryos

microspores, heat shock treatments led to influence
on the cell-cycle events and synthesis of heat-shock
proteins (Hsp). These proteins interfere with the
synthesis of gametophytic proteins while those
induce synthesis of sporophytic proteins (Segui-
Simarro et al 2003; Shariatpanahi et al 2006). In
previous research, mostly the 30-35 °C heat shocks
were suggested for different time periods (18-72 h)
to stimulate microspore embryogenesis (Ferrie &
Caswell 2011; Wan et al 2011; Zhang et al 2011;
Kim et al 2012; Prem et al 2012; Cristea 2013).
Optimal heat shock regimes differed according
to the species and genotypes. In this study, these
source statements were take into consideration
and 32 °C and 35 °C temperature treatments were
applied to microspores. Tuncer (2010) reported that
treatment at 35 °C treatment is more effective in
kale, and 32 °C treatment is more effective in white
head cabbage (Ercis genotype), while ornamental
kale cv. Red Chidori F, are not temperature
selective for inducing microspore embryogenesis.

The researcher also emphasized the requirement of
repetitive studies on higher number of genotypes in
order to determine the effect of 32 °C and 35 °C of
temperature heat shocks clearly (Tuncer 2010). The
present study aimed to examine the effects of heat
shock on microspore embryogenesis more clearly
by increasing the number of varieties and genotypes
as suggested by Tuncer (2010). It was observed
that 32 °C of temperature was more effective in
cv. Yalova-1 and breeding line 177 C, while 177
T, 531 C and 538 C breeding line of white head
cabbage produced more embryo at 35 °C. Although
35 °C temperature treatment was more effective in
kale varieties, 32 °C temperature shock was more
effective in terms of embryo stimulation for the
ornamental kale.

Ferrie & Caswell (2011) reported that plant
regeneration can be provided only with healthy
embryos in cotyledon stage. Moreover, in some
studies, some exogenous factors affecting plant
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regeneration such as gibberellins, abscisic acid,
antiauxin p-chlorophenoxyisobutyric acid (PCIB),
2,3,5-triiodobenzoic acid (TIBA), osmotic pressure,
quality and age of embryos, embryo desiccation, and
cotyledon excision, were studied to identify their
influence in improving the rate of plant regeneration
(Zhang et al 2006; Haddadi et al 2008; Feng et al
2009; Zhang et al 2011). In Brassica juncea, adding
PCIB to the embryo-inducing medium not only
increased the embryo yield but also played a key role
in plant regeneration (Agarwal et al 2006; Zhang et
al 2011). Zhang et al (2011) found that a 9.6-fold
increase in plant regeneration was observed after
treatment with 40 uM of PCIB. In B. juncea, the
addition of 20 uM of PCIB led to a 5-fold increase
in the frequency of microspore embryogenesis
(Agarwal et al 2006).

In the present study, different rates of microspore
embryo formation based on the species and varieties
were obtained however plant transformation was
not ensured since the embryos were not healthy
cotyledonary embryos. In some cultures, embryo
germination experiments could not be established
due to infections, while in other cultures the
infection was not occur, embryos in which liquid
NLN-13 media were too small to be transferred to
the solid germination media. In order to overcome
sterilization problems, making different dose and
duration treatments on bud sterilization in future
studies can be recommended. Although studies
conducted on different Brassica species (Agarwal et
al 2006; Zhang et al 2011), it is thought to be useful
addition certain antiauxin to induction medium
(NLN-13) in terms of embryo maturation and
plant regeneration. Genotype is the most important
factor affecting the success in tissue culture
techniques. Further steps might focus on foreign
origin genotypes determined to be successful in
microspore embryogenesis for achieving success in
embryo yield and plant regeneration in vitro.

4. Conclusions

In conclusion, it was determined that effective
temperature regime to stimulate microspore
embryogenesis in Turkish white head cabbage,

Turkish kale and ornamental kale varied depending
on the species and breeding lines. These results
indicate that although microspore embryogenesis
was induced from microspores, it is still difficult to
apply the microspore culture technique to practical
breeding of Brassica oleracea L. genotypes with
Turkish origin. Plant regeneration could not be
achieved and therefore we are planning to do studies
towards solving this problem in the future.
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ABSTRACT

In this study, monthly and annual gross primary production (GPP) of rangelands in Cankir1 province for the period of
2000-2009 was calculated using light use efficiency (LUE) model with the inputs of satellite data and AgrometShell
module. The average production of rangelands varied seasonally and annually (from 12630 to 37701 tons) and was
approximately 17800 tons for the last ten years. The amount of rainfall and changing number of animal grazing in the
region probably led to the variation. Model performance was tested with integrated normalized difference vegetation
index (INDVI) approach which produced a moderate significant correlation (R>= 0.69, P<0.05) between LUE model
gross primary productivity (GPP) output and INDVI values. On the other hand, comparison of modelled results of annual
gross primary production (GPP) with above ground measurements, indicated that correlation between the variables were
insignificant (r = 0.60, P>0.05 for 2008, r= 0.41, P>0.05 for 2009) due to some factors such as sampled plant type, scale
differences between satellite data and ground sample size, and subjective sampling errors. This study indicates that LUE
Model together with the inputs of AgrometShell module is suitable tool for estimation of rangeland primary production.

Keywords: Biomass; Cankir1; Range; Remote sensing; Vegetation

Uydu Verisi ve AgrometShell Modiilii ile Isik Kullanim Etkinligi (LUE)
Modeli Kullanarak Cankiri ili Meralarinin Birincil Uretim Tahmini
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OZET

Bu ¢alismada, Cankirt meralarinin 2000-2009 arasindaki aylik ve yillik toplam birincil iiretimleri 151k kullanim etkinligi
modeli ile hesaplanmistir. Elde edilen bulgulara gére il sinirlart iginde kalan meralarin son on yillik ortalama birincil
uretimi yaklagik 17877 tondur ve bu iiretim hem mevsimsel hem de yillik olarak (12630-37701 ton arasi) degiskenlik
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gostermektedir. Bu degiskenligin ana sebepleri icinde bolgeye diisen yagis miktar1 ve otlayan hayvan sayisindaki
degisimler gosterilebilir. Model performansi, toplanmis normalize edilmis farklilik indeksi (INDVI) ile test edilmistir.
Test sonucuna gore, INDVI ve toplam birincil iiretim arasinda orta seviyede bir iliski (R’>= 0.69, P<0.05) bulunmustur.
Uygulanan hassaslik analizi sonuglari, orantili fotosentetik aktif radyasyonun (FPAR) en hassas degisken oldugunu
gostermistir. Diger taraftan, modelden hesaplanan yillik birincil iiretim (GPP) degerleri ve arazi caligmalar ile
hesaplanan biyokiitle arasinda 6nemsiz iliski bulunmustur (r = 0.60, P>0.05, 2008; r= 0.41, P>0.05, 2009). Orneklenen
bitki tiirleri, kisisel 6rnekleme hatalari ve uydu verileri ile 6rnekleme alani arasindaki 6lgek farkliligr iliski gikmamasinin
ana sebepleri olarak gosterilebilir. Bu ¢alisma, AgrometShell girdilerini kullanan LUE modelinin meralarda birincil
tiretim miktarinin tahmin edilmesinde iyi bir arag oldugunu ortaya koymaktadir.

Anahtar Kelimeler: Biyokiitle; Cankiri; Mera; Uzaktan algilama; Vejetasyon

1. Introduction

Rangelands are important natural resources for
livestock feeding and providing habitats for
biological diversity. Being a challenging issue,
assessing productivity and gross primary production
(GPP) of rangelands is important for their
efficient management. The employment of remote
sensing which has been the most frequently used
method utilizes two approaches; a) establishing
relationships between spectral reflectance and
biomass (Tucker et al 1983) and b) modelling
GPP from remotely sensed spectral reflectance to
estimate the amount of absorbed photosynthetically
active radiation (APAR) (Brogaard et al 2004).
A light use efficiency (LUE) approach is widely
applied concept for modelling the GPP (Goetz et al
1999; Hilker et al 2008), and expresses the GPP as
a product of the APAR. This approach is the main
component of the current study based on the idea
that biological production is directly proportional
to the photosynthetically active radiation (PAR)
absorbed by the green vegetation (Monteith 1972).

The revised model of Seaquist et al (2003)
presented in Equation 1 was used in this study,
because it includes environmental effects (drought,
temperature, pollution, nutrient deficiency, illness
etc.) as stress factors which play an important role
in biological activities of the plant and hence in the
GPP.

GPP = epxex FPAR x PAR (0

i=1

© Ankara Universitesi Ziraat Fakiiltesi

Where; GPP, gross primary production (g
m?) converted to dry plant matter (DM) through
photosynthesis; €p, LUE factor (g DM MIJ?)
expressing conversion of light energy into dry
mass; €, unitless environmental stress factor; PAR,
photosynthetic active radiation (MJ m) of sun light
in the spectral range of 400-700 nm and FPAR,
fraction of absorbed light by vegetation.

The main objective of this study was to estimate
and map annual and monthly GPPs of rangelands in
Cankir1 province using a light use efficiency model.
The following steps were also achieved by reaching
the main objective; 1) a validation of calculated
GPP by ground data and 2) performing a sensitivity
analysis of the model variables.

2. Material and Methods

2.1. Study area

The study area is Cankirt province located in the
Central Anatolia, Turkey (Figure 1). The landscape
of Cankir1 is mostly mountainous with hilly
topography covering approximately 60% of the
province. The average elevation is 723 m with hills
and plateaus interrupted by Ilgaz Mountain ranges.
Continental climate dominates the region with long
term average rainfall of 500 mm. The land is mostly
bare on the hills and plateaus, while the mountains
are covered with coniferous trees. Foot lands are
generally used for grain cultivation. Soil erosion is
prevalent across the province, which explains why
the non-cropped lands are used mostly as rangelands.
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These rangelands have some characteristics of desert
plant species, resulting from low rainfall of 300-
500 mm and over grazing (Ketenoglu et al 1983).
The botanical composition of rangelands generally
consists of short grass (Festuca sp, Poa sp.), broad
leaves (Medicago sp.) and various thorny species
(Astragalus sp.) (Kurt et al 2006).

In this study, the GPP was calculated both
monthly and annually for 10 years (2000-2009) for
the active vegetation period of a growing season
that starts with first leaf appearance and ends with
senescence. The growing season was divided into
10-day periods (dekad) totaling to 14 dekads for
each year. The first dekad starts on March 20" and
ends on March 31%. The last dekad spans from
August 1 to August 10™.

Figure 1- Location of study area and land cover
classes

Sekil 1- Calisma alant ve arazi ortiisii siniflart

2.2. Used data

The meteorological data stored in AgrometShell
module retrieved from 36 automatic weather
stations (AWS) distributed over the province of
Cankir1 and neighboring provinces (Figure 2). The
AWSs measured many weather parameters some of
which were the inputs in database of AgrometShell
module developed by FAO Environment and
Natural Resources Service (SDRN). The module
provides a toolbox for agro-meteorological crop
monitoring and forecasting (Mukhala & Hoefsloot

2004) and includes a database of weather data as
10-day average of temperature (°C), solar radiation
(Cal m?), wind speed (m s?') and 10-day sum of
rainfall (mm) as well as crop specific information
such as crop type, crop cycle length, irrigation,
etc. AgrometShell module runs a water balance
model to produce actual evapotranspiration (AET)
and potential evapotranspiration (PET) which
were used later for water stress calculation in LUE
model. Calculated PET and AET values were then
converted into grid format by the inverse distance
weighting (IDW) kriging interpolation method (Ha
et al 2011) to generate surfaces with same cell size
of 1 km of NDVI data.

.
‘Survey points (n: 41)
4 Metoroiogical stations (n:36)
@y [ Sudyarea
| Provinces borders

0 20 40 B0, e

3E 2E WE E BE ®E

Figure 2- Meteorological stations and survey points

Sekil 2- Meteoroloji istasyonlari ve sérvey noktalart

NDVI images were used as satellite data,
which is widely regarded as measurements of
surface vegetation condition and dynamics and
indicates the greenness of live vegetation (Huete
et al 2002). NDVI is numerically calculated from
(NIR-RED/NIR+RED). RED and NIR stand for
the spectral reflectance measurements acquired
in red and near-infrared regions of the spectrum,
respectively. SPOT-Vegetation (SPOT-Veg) 10-days
maximum value composite (MVC) NDVI images
(S-10 product) were used in the model. S10 data
were derived from physical products, which were
surface reflectance’s corrected for molecular and
aerosol scattering, water vapor, ozone and other gas
absorption (Holben 1986). A total of 140 composited
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SPOT 10-day MVC NDVI images, hereafter called
NDVI, covering a 10 year (2000-2009) time period
was obtained from ARTEMIS Project of Food and
Agricultural Organization (FAO) of United Nations.
The NDVI images coincided with growing season
dekads.

Vector dataset (shapefile polygon) of rangeland
borders produced earlier throughout the National
Rangeland Project (Mermer et al 2012) was used as
amask file to exclude the areas other than rangelands
for which the GPP was calculated.

Reference data were obtained from the field
surveys in both July of 2008 and 2009. Stratified
random sampling method was applied to determine
field visit locations. 1/25000 scaled topographic
map grids were used as sampling frame laid over the
rangeland polygons as upper layer in a geographic
information  software  (GIS).  Automatically
generated random points intersecting  both
rangeland polygons and map grids were selected
as sampling points. The number of sampling points
was determined by the approach that each map
grid had at least two survey locations representing
rangelands in the grid (Anonymous 2012). A total
of 41 points were identified (Figure 2) for field
measurements which included registering botanical
composition of 1 m? quadrats and cutting the live
vegetation in each quadrat. Clipped vegetation was
dried at sun for 7-10 days and then weighed as a dry
mass (g m?).

2.3. Model application

Primary production considers biomass accumulation
in vegetation as the results of succession stages
during which sun light energy is intercepted
(Monteith 1972). Primary production is deduced as
the product of radiation energy (PAR), fraction of
PAR by the plant (FPAR), conversion efficiency of
absorbed radiation into biomass (LUE factor) and
environmental factor (stress factor). Therefore, the
primary production is assumed to be proportional to
these variables (Equation 1).

Methodology used similar to the one that Seaquist
et al (2003) and Brogaard et al (2004) employed was

revised for potential evapotranspiration (PET) and
actual evapotranspiration (AET) calculations. For
the PET calculations, the FAO Penman-Monteith
(Allen et al 1998) method was used, while AET
was calculated by FAO AgrometShell water balance
model. 10-day average PAR, FPAR and stress factors
rasterized as grid format with the same spatial size of
NDVI data (1 km?) were used in the model, while LUE
factor was used as constant. Graphical representation
of the LUE model is shown in Figure 3.

NDVI
2000-2009
A 4

Veg. Rs
Cov.

4‘ AgrometShell Module Ground data

) )

Measured
Biomass

Ground
Validation
{ Water stress |

FAO-P&M
PET

‘Water Balance
(AET)

(e) ‘ | LUE Factor
| |
e=ATPT | | L)

2
GPP = ZspxsxFPARxPAR 4—'—'

=1 g g 1

Figure 3- Graphical representation of LUE model
Sekil 3- LUE Modelinin grafiksel gésterimi

2.3.1. Photosynthetic active radiation (PAR)

PAR is a part of total incoming solar radiation in
the visible spectrum (400-700 nm), which shows
distinct temporal and spatial patterns due to varying
atmospheric conditions (Uzun & Demir 2012).
Only the PAR of total solar radiation can be used by
green vegetation to produce organic matter through
photosynthesis. The common and simple method to
calculate the PAR is to proportionate solar radiation
by total radiation received at the surface. The PAR
was calculated from the solar radiation (MJ m)
which was measured at meteorological station. The
solar radiation incident on canopies tends to contain
a relatively constant fraction of PAR varying
from 45% to 50% depending on location and sky
conditions (Le Roux et al 1997). On average, 48%
of PAR ratio was used in calculations.
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2.3.2. Fractioned photosynthetic active radiation
(FPAR)

FPAR is the fraction of the absorbed PAR by the
plant canopy and can generally be calculated by
either physical models (Los et al 2005) or empirical
methods (Huete et al 2002) taking into account
of spectral vegetation indexes. The most known
index is NDVI which relates to the FPAR given in
Equation 2 (Goetz et al 1999).

FPAR=a*xbxNDVI 2)

Where; a and b, correlation coefficients. For
the FPAR calculation, empirical method was used
in this study as used by Seaquist et al (2003) and
Brogaard et al (2004). The only difference was
the use of additional coefficients. Background and
dead materials play a substantial role on the FPAR,
especially during senescence period of the plant.
The FPAR absorbed by dead material reaches by
20% (Le Roux et al 1997) and thus, the FPAR value
decreases gradually after development stage. We
therefore added the coefficient of 0.80 to the FPAR
equation to compensate dead material effects for the
period of senescence which corresponds to between
July 1% and August 10® (Equation 3). During the
initial and development stage (March 20%-July
31%), no additional coefficient was added to FPAR
equation (Equation 4).

FPAR = (1.67x(NDVI) - 0.07) x 0.80 3)
FPAR = 1.67x(NDVI) - 0.07 ()

2.3.3. LUE factor (ep)

LUE factor, regarded as empirical constant,
represents the actual efficiency of a absorbed
radiation energy used by plants to produce biomass.
Seasonal changes in LUE factor are closely related
to soil water content and phenological stage of the
plant (Prince 1991). In the case that available water
in the soil is adequate, the value of LUE factor in
early stage is higher than the one in development
stage of the plant (Le Roux etal 1997). The available
water is assumed to be adequate in the early stages
of rangeland plants in the study area. According to
Sims & Singh (1978), mean LUE values measured

for short grass species ranged between 0.42 and
0.62. Therefore a higher LUE value of 0.62 for early
stage corresponding the period of March 20-May 10
was used, while the lower LUE value of 0.42 was
used for the remaining stages of May 10-August
10. These values (Table 1) were used in the model,
because there were not any measured LUE values
for our study area where the botanical compositions
consisted of mostly short grass steppe.

Table 1- Measured mean LUE values (Sims & Singh
1978)

Cizelge 1- Olgiilmiis ortalama LUE degerleri

Species Location Mean LUE
Desert New Mexico 0.10
Desert New Mexico 0.07
Short Texas 0.51
Short Texas 0.62
Short Colorado 0.51
Short Colorado 0.42
Herbaceous Washington 0.06
Herbaceous Washington 0.04
Mixed South Dakota 0.84
Mixed South Dakota 0.79
Mixed North Dakota 1.74
Mixed North Dakota 2.00
Mixed Kansas 1.02
Mixed Kansas 0.93
Tall grass Oklahoma 0.88
Tall grass Oklahoma 1.15

2.3.4. Stress factor (¢)

The stress component of the model is presented
by lack of adequate soil moisture which plays an
important role in biological activities of the plant. A
stress factor was used in the LUE models as a part
of a scalar environment factor (¢) in which drought,
temperature, pollution, nutrient deficiency, illness
and other elements were covered (Prince 1991). The
stress factor was calculated by the ratio of actual
transpiration (AT) to potential transpiration (PT)
(Equation 5).
AT

£= pr )
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Where; epsilon, €, stress factor in the model; AT
(mm), term emphasizes evaporated water during
respiration process of plant, and PT, potential
transpiration (mm) when there is no soil water
deficit. The AT was calculated by multiplying
actual evapotranspiration (AET) with fraction of
vegetation cover (FVC) (Equation 6).

AT = AETx FVC (6)

Where; AET (actual evapotranspiration, mm),
total water loss from both soil and plant during
respiration. It was calculated based on the water
balance model that FAO AgrometShell module
performs (Mukhala & Hoefsloot 2004). The FVC
was calculated from NDVI data (Equation 7).

()

2
J— [ NDVI - NDVI, j

NDVI, - NDVI,

Where; FVC, values range between 0 and 1
corresponding non vegetation and full vegetation
cover, respectively; NDVI, pixel value of NDVI
corresponding non vegetation; NDVI, full
vegetation cover of the NDVI and NDVI, cell-
specific NDVI value in the vegetation map.

The PT is the rate of transpiration that occurs
in a large area completely covered with vegetation
with access to unlimited water supply and calculated
by multiplying the FVC with the potential
evapotranspiration (PET) and crop coefficient (Kc)
(Equation 8).

PT=Kc xPETx FVC )

Table 2- Modelled monthly and annual summed GPP
Cizelge 2- Aylik ve yillik toplam GPP

Kc incorporates crop characteristics and effects
of evaporation from the soil. A value of 0.85 was
used for the development stage of vegetation, during
which the K¢ corresponds to amount of ground cover
and plant development (Wight & Hanks 1981). For
the calculation of PET, FAO’s Penman-Monteith
method was used, which considers many parameters
related to the evapotranspiration process such as
solar radiation, air temperature, vapor pressure
deficit and wind speed (Allen et al 1998). All these
parameters were composited as 10-day average to
coincidence with NDVI data.

3. Results and Discussion

3.1. Monthly and annual production

Monthly and annual primary production calculations
with LUE model were presented in Table 2. The
rangelands were estimated to produce 17877 tons of
10 year mean annual production in approximately
301939 hectares of range area.

The 10 year figures illustrated the least production
was observed in both central and southern region of
the province (Figure 4a). Field surveys showed that
the rangelands were mostly covered by stones and the
plants were of a steppe character resulting in very low
canopy cover. On the other hand, in the northern part
and northwest regions of Cerkes and Ilgaz counties,
the rangelands produced greater biomasses than the
rest of the region (Figure 4a). Ranges in these regions
were calculated to have higher canopy covers and

GPP (ton)
Months 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
March 156 223 96 228 261 300 303 54 113 142
April 2484 2347 2044 2090 2038 1840 3342 2992 1839 1525
May 15439 4204 7765 7478 9873 7528 7038 5720 5782 6681
June 17688 4076 6492 6987 7322 8027 5871 3912 6227 3659
July 1665 249 572 502 655 789 92 146 375 529
August 269 62 121 95 151 137 3 22 52 100
TOTAL 37701 111618 170906 173801 203004 186214 166490 128463 14388 12636
560 Tarim Bilimleri Dergisi — Journal of Agricultural Sciences 22 (2016) 555-565
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dry yields which was confirmed with the field survey
results. The differences in 10 year average production
may be resulted from the changes in the amount of
rainfall and the frequency of animal grazing. The
average rainfall during growing season (throughout
2000-2009) was 156 mm, which explains the low
yield in the southern and eastern regions. However
in the northern parts of the province, where the yield
was relatively higher, average rainfall was 200 mm.
This situation supported the general conclusion that
the higher rainfall is, the more biomass the plant
produce (Figure 4a and 4b).

The number of grazing animals can be another
factor effecting variation in biomass production. There
was a gradual decrease in the animal number for 9
year-period of 2000-2008 (Figure 5). Unfortunately,
there weren’t any statistical records of number of
grazing animals for the 2009. In the 9 years, the total
number of ruminants has been decreased by 21.347%
totaling to 90539 in 2008 (Table 3). Figure 4c shows
percentage change of the animal number with respect
to the province’s counties. Positive variations in the
period explained the increases in animal number,
while negatives indicated the decreases. The animal
numbers decreased in 9 out of 12 counties, but
increased in 3 counties (Figure 4c).

It was seen that average GPP was higher in the
counties which had negative variations in the number
of animal than those which had positive variations.
Besides, the northern counties (Cerkes, Bayramdren,
llgaz, Kursunlu and Atkaracalar) had higher GPP
values as a result of higher amount of precipitation
(Figure 4b) compared to the southern counties and
lower number of grazing animals resulting in lower
grazing pressures on the live vegetation. The results
showed both rainfall and animal number exhibited
an interactive role in rangelands’ production.

3.2. Evaluation of model performance

Model performance was tested to determine
how well the LUE model estimated the GPP
of rangelands. Two approaches were used for
performance evaluation; a) comparison of field
biomass measurements with the LUE model’s
GPPs and b) regression analysis between integrated

Mean GPP (grm?)
28

-,

[ county borders

Mean rainfall (mm)
200

150

[ county borders

Difference in animal number (%)

¥ §88833cee .,z

Figure 4- a, average GPP; b, average rainfall; c,
animal number variation for 10 years (2000-2009)
by counties

Sekil 4- a, 10 yillik ortalama GPP iiretimi, b, ortalama
yagis; ¢, ilgelere gore hayvan sayisindaki 10 yullik
varyasyon

normalized difference vegetation index (INDVI)
and LUE model’s GPPs.

Relationships  between field measurements
of biomass and LUE model GPPs were tested by
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Figure 5- The number of animal between 2000-2008
in Cankir1 province (TUIK 2009)

Sekil 5- 2000-2008 yillart arast Cankwrr ilindeki
hayvan sayist (TUIK 2009)

Table 3- The number of animals by counties in 2000
and 2008 (TUIK 2009)

Cizelge 3- 2000 ve 2008 yillarinda ilgelere gore hayvan
sayist (TUIK 2009)

Counties The number of animal Difference
2000 2008 (%) *
Atkaracalar 4438 3011 -32.15
Bayraméren 3609 2092 -42.03
Cerkes 24808 17463 -29.60
Eldivan 3218 3224 0.18
Ilgaz 11572 7095 -38.68
Kizilirmak 9759 7350 -24.68
Korgun 5265 4335 -17.66
Kursunlu 9425 7986 -15.26
Merkez 14337 16360 14.11
Orta 9439 9766 3.46
Sabanozii 9900 6324 -36.12
Yaprakl 9340 5533 -40.76
Total 115110 90539 -21.34

“, positive variations in the period explained the increases in
animal number, while negatives indicated the decreases.

correlation analysis for both years. There were
moderate correlations between variables (= 0.60
and r= 0.41 for 2008 and 2009, respectively). The
relationships were insignificant for both years
(P>0.05). Unfortunately the correlations were not very
high because of the various factors such as sampled
plant types, scale differences between sampling area

and pixel size of satellite image, and measurement
errors. The sampled plant type was the most important
factor making the biomass measurements inconsistent.
For instance, herbaceous plants (Festuca sp., Poa sp.,
Bromus sp.) had high ground coverage due to their
extensive spread habit causing high NDVI values
which drove the model to calculate higher GPPs than
the that of woody plants such as thyme (Thymus sp.),
and astragalus (A4stragalus sp.). Scale differences
caused location errors between ground observations
and satellite data (NDVI) and thus low correlations,
because biomass measurements were taken from
very small site (1 m?) which was approximately
1/1.000.000 of one pixel size of NDVI data.

The second method for model evaluation was
the use of INDVI accounting for the summed NDVI
of during growing stage. The INDVI was regressed
with the GPPs calculated from the LUE model
(LUE-GPPs). The correlation was significantly high
(r= 0.83) by giving the regression coefficient of
0.69 which means that approximately 69% of total
variation in the LUE-GPPs can be explained by the
linear relationship between these variables (Figure
6). Significance test of regression explained that
there was a relationship between the variables in the
linear regression model (t= 7.4, P<0.05). According
to ANOVA test, the INDVI and the LUE-GPP were
statistically significant (Table 4).
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Figure 6- Correlation between INDVI and LUE
model GPPs

Sekil 6- INDVI ve LUE modeli GPP arasindaki
korelasyon
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Table 4- Significance test statistics for linear regression of INDVI and model GPP

Cizelge 4- INDVI ve modelin tirettigi GPP arasindaki dogrusal regresyonun anlamlilik testi

df SS MS F Significance F
Regression 1 371.75 371.75 55.40 0.00
Residual 25 167.73 6.70
Total 26 539.49
Coefficients Standard error t Stat P-value
Intercept -2.39 1.57 -1.52 0.14
INDVI 3.74 0.50 7.44 0.00

3.3. Sensitivity analysis of the model

Sensitivity analysis was performed to determine
to what extent the choice of variables affected the
model output. There is a large body of scientific
literature on various methods of sensitivity analysis
(Morgan & Henrion 1990; Shevenell & Hoffman
1993). Of the approaches for sensitivity analysis,
no single method serves as the best analysis for all
modelling efforts. The sensitivity ratio, also known
as elasticity equation, is used for the analysis in this
study (Anonymous 2001). The sensitivity ratio (SR)
shown in Equation 9 is the percentage change in
output divided by the percentage change in input for
a specific input variable. When the sensitivity ratio
is higher, the more sensitive the model output is.

o (2 (25

Where; SR, sensitivity ratio; x/, average value
calculated from the 10 year data of model variables
(FPAR, PAR and ¢); xI value for the LUE variable
was taken as 0.500 approximating the average of
highest and lowest values for the short grass steppe
(Table 1); x2, can take values of x/ variable’s

minimum and maximum values for the “worst” and
“best” case scenarios, respectively; v/, represents
the average GPP calculated from variables’ means;
2, represents the GPP calculated from the variables
one of whose value is changed in accordance with
scenarios. The minimum and maximum values of the
stated variables were used to build “Best Case” and
“Worst Case” scenarios for calculation of sensitivity
ratios (Table 5). Best and worst case scenarios
respectively denote minimum and maximum GPP
to be produced, which is directly proportional to
degree of variables in GPP equation. The minimum
and maximum values of FPAR, PAR and ¢ variables
were derived from 10 year grid data used, while the
minimum and maximum LUE values were directly
taken from empirical measurements given in the
Table 1 (Sims & Singh 1978).

For the worst case scenario, all variables have the
SR value of around 1.00, which means that biomass
produced is dominated by all variables almost
equally (Table 5). As for the best case scenario,
similar results were obtained that SR values are
smaller than 1.00 but around it. The most sensitive
variable is FPAR (SR=0.99). It is because the FPAR

Table 5- Sensitivity ratios (SR) for LUE model variables for the best case and the worst case scenarios

Cizelge 5- En iyi ve en kotii senaryolara gore LUE modeli degigkenlerinin hassasiyet orani (SR)

Worst case scenario

Best case scenario

Variables X1 X2 Y1 Y2

FPAR 0261 0.003 0.592 0.0043
PAR 8.660 6.050 0.592 0.4101
€ 0.529 0.061 0.592  0.0666
LUE 0.500 0.420 0.592 0.4883

SR X1 X2 Y1 Y2 SR
1.00  0.261 0588  0.592  1.330 0.99
1.02  8.660 10915 0592 0.741 0.96
1.00 0529 0979 0592 1.082 0.97
1.01 0505 0.620 0.592  0.720 0.94

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 555-565

563



Primary Production Estimation of Cankiri Province’s Rangelands Using Light Use Efficiency (LUE) Model..., Unal & Bayramin

is positively related to the vegetation index which is
an estimate of how much photosynthetically active
vegetation is present. As a general conclusion for
sensitivity analysis, the variables are each important
factors affecting biomass production and this
conclusion is supported by high SR values.

4. Conclusions

This study combines the outputs of AgrometShell
module and satellite NDVI data using the LUE
model approach to estimate annual GPP of Cankir1
rangelands. The 10-year average modelled GPPs
point out that annual production was approximately
17880 tons which corresponds to 11.4 g m? of dry
yield. The GPP production of the region varied
seasonally and annually. The main reasons of this
variability were rainfall and the number of animals
grazed.

Comparison of model results of annual primary
production (GPP) with ground truthing showed
that the model unfortunately did not produce
significant correlations (P>0.05) due to several
sources of uncertainty and inconsistencies such as
sampled plant types, erratic LUE values, residues’
background effect, estimation of incident PAR and
scale differences between satellite data and ground
sample size. On the other hand, integrated NDVI
approach produced higher correlation (= 0.83,
P<0.05) between the LUE model GPP output and
the INDV values. According to sensitivity analysis,
the model variables almost equally affect the GPP
production in the worst case scenario. On the other
hand the FPAR variable was the most significant
factor affecting the biomass production in the best
case.

The main advantage of the model used in this
study was that it simulates primary production
by considering the water used by plants (actual
transpiration), which was difficult parameter
to measure needing extensive ground based
measurement equipment. However, AgrometShell
module used here easily calculated this parameter
through the weather data.

The results are encouraging that the LUE model
could be applied in any rangeland region where
conventional weather and satellite NDVI data exist.
On the other hand, accurate estimation of GPP over
large areas as rangelands, pastures, and forest does
still have some drawbacks such as the effects of
varying environmental conditions on vegetation
canopy reflectance issues and the estimation of
empirical LUE factor and other stress factors. It is
apparent that GPP modelling studies will be active
research area in future to overcome those handicaps.
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ABSTRACT

Citrus fruits usually processed into juice. The main residues are peel and seeds for citrus fruits after juice production. In
order to evaluate the seeds for alternative usages; the oil content and fatty acid compositions of four mandarin (Citrus
reticulata) and three lemon cultivars (Citrus limon) were determined with respect to their harvesting times. Oil content
and fatty acid compositions of the samples were significantly (P<0.05) varied depends on cultivars and their harvesting
times for each citrus species. Oil content ranged from 21.66 to 37.75% for these seeds. These results revealed that citrus
seeds contain much more oil than many oil seeds. The citrus seeds oil combined from eight different fatty acids. The
highest fatty acid was determined as linoleic acid (35.64-37.39%) for mandarin and oleic acid (32.99-36.39%) for lemon
seed oil. These results revealed that citrus seeds could be valued as an edible oil source and other industrial area with
respect to fatty acid composition.

Keywords: Citrus seed; Fatty acid; Cultivar; Harvesting time

Tiirkiye’de Yetistirilen Baz1 Limon ve Mandalina Cesitlerinin Cekirdek
Yaglar: ve Yag Asidi Bilesimleri Uzerine Hasat Zamaninin Etkisi
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OZET

Turunggiller endiistriyel olarak genellikle meyve suyuna islenmektedir. Turunggillerin meyve suyuna islenmesi
sonucunda ortaya atik olarak 6nemli miktarda kabuk ve ¢ekirdek ¢ikmaktadir. Bu ¢aligmanin amaci bazi turunggil
¢ekirdeklerinin alternatif degerlendirme yontemlerine yol gosterecek veriler ortaya koymaktir. Bu amagla dort mandalina
(Citrus reticulata) ve ti¢ limon (Citrus limon) ¢esidine ait ¢cekirdeklerde hasat zamanina bagli yag miktart ve yag asitleri
bilesenlerinin degisimi incelenmistir. Orneklerin yag miktarlari ve yag asitleri bilesimleri her bir tiir igin gesit ve hasat
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zamanina goére onemli oranda (P<0.05) farklilik gostermistir. Analiz edilen 6rneklerin yag icerikleri % 21.66-37.75
arasinda dagilim gostermektedir. Bu veriler turunggil ¢ekirdeklerinin birgok yagli tohuma gore daha zengin yag icerigine
sahip oldugunu gostermektedir. Orneklere ait yaglarda sekiz farkli yag asidinin varhigi tespit edilmistir. Mandalina
cekirdek yaglari i¢in oransal en yiiksek yag asidi linoleik asit (% 35.64-37.39) iken limonlar i¢in oleik asit (% 32.99-
36.39) olmustur. Arastirma sonuglari turunggil ¢ekirdek yaglarinin yag asitleri bilesimi bakimindan basta alternatif
yemeklik yag kaynagi olmak tiizere farkli endiistriyel alanlarda degerlendirilebilecek onemli bir kaynak oldugunu

gostermistir.

Anahtar Kelimeler: Turunggil ¢ekirdegi; Yag asidi; Cesit; Hasat zamani

1. Introduction

Citrus species are recognized as one of the major
cultivated fruit crops. They are cultivated in tropical
or subtropical climate regions of the world (Liu et
al 2012). The main producers for citrus are Brazil,
China, Japan, Mexico, Pakistan, USA and the
Mediterranean countries. The citrus fruit production
of the world was 131,283,333 tons in 2012. Turkey
has an important place in the world citrus production
by 3,556,407 tons in 2012. Lemon and mandarin
production amounts of Turkey were 759,711 tons
and 889,293 tons in 2012, respectively (FAO 2013).

Citrus fruits have great economic value because
of their varied uses. Although many citrus fruits,
such as orange, mandarin, and grapefruit could be
eaten fresh, about one third of citrus fruit is utilized
in food industry in the worldwide (Liu et al 2012).
The residues of the juice industry are peels and
seeds. These residues, represent about 50% of the
raw processed fruit, are potential sources of valuable
by-products (Matthaus & Ozcan 2012). The peels
could be processed into jam, marmalade, essential
oil, pectin, food additive (Baker 1994, Kim et al
2004; Saidani et al 2004; Shahidi & Zhong 2005;
Yoshikawa et al 2006; Avula et al 2007; Yalgin et al
2011). On the other hand, citrus seeds generally are
not valued in food industry.

There are a lot of cultivars for each citrus
species in the world. The composition of each
citrus seeds could be significantly varied depends
on their species, cultivar, environmental conditions
and other cultural practices. The main chemical
component is oil for citrus seeds (Gorinstein et al
2001; Moufida & Marzouk 2003; Mathhaus &

© Ankara Universitesi Ziraat Fakiiltesi

Ozcan 2012). Citrus fruits are not grown for their
seed oils. Conventional vegetable oil sources are
sunflower, soybean, peanut, palm, rapeseed, corn
and olive oils (Flickinger & Matsuo 2003). These
sources are unable to meet demands of domestic
and industrial sectors. Therefore, the need exists to
investigate new alternative oil sources to supplement
the supplies from natural sources. Citrus fruit seeds
could be a good alternative to conventional edible
oil sources (Kulkarni et al 2012).

Citrus seeds contain 20.0-78.9% oil according to
the species, cultivar, and growing area (Habib et al
1986; Ajewole & Adeyeye 1993; Saidani et al 2004;
Anwar et al 2008; Waheed et al 2009; Habila et al
2012). Fatty acid composition is the main quality
parameter for edible oil. Mathhaus & Ozcan (2012)
were stated that oleic, linoleic and palmitic acids
in 17 different citrus seeds oils ranged between
12.8-70.1%, 19.5-58.8%, 5.1-28.3%, respectively.
Saidani et al (2004) were also found differences in
fatty acid composition in seed oils of five varieties
of Tunisian citrus fruits. Palmitic (21.40-39.40%),
oleic (14.90-36.60%) and linoleic acids (23.80-
40.30%) were detected as major fatty acids in all
samples. To the best of our knowledge, there are no
reports on the oil content and fatty acid composition
of lemon and mandarin cultivars studied in this
research. Additionally, there are comparative studies
on the effects of harvesting time on oil content
and composition of citrus seeds oil. Generally,
harvesting time of these citrus fruits could be
changed according to the marked demand. And,
harvesting time could lead to significant changes in
chemical composition of these fruits and their seeds.
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The aim of this study was to compare oil content
and fatty acid composition of seeds obtained from
four mandarins and three lemons cultivars during
their harvesting time.

2. Material and Methods

2.1. Material

Four mandarin (Batem Goral, Yerli Apireno, Nova
and Klemantin Fina) and three lemon cultivars
(Batem Pinari, Interdonato, Meyer) were selected
for this experiment. For each replication, 20 fruits,
from all mandarin and lemon cultivars, were
collected by hand from citrus trees growing in
Bati Akdeniz Agricultural Research Institute citrus
orchard in Antalya. The same amount of samples
were collected for three harvesting times. Samples
harvesting time were given in Table 1.

2.2. Methods

In order to determine some physical properties of
the samples; fruit weight, seed content, seed weight
were measured. The fruits were firstly peeled by
hand. After that their seeds were removed from the
fruit pulps. The seeds were washed and removed
excess water from the seeds. After that the moisture
content of the seeds were determined by drying them
up to reach constant weight in an oven at 72 °C.
And, the dried seeds were milled with a laboratory
type miller (Retch GM200) than oil of seeds was
extracted successively with petroleum ether using a
soxhlet extractor (Gerhardt, Soxtherm 2000) for 3 h.
Oil content was calculated as % on dry matter bases.

Table 1- Citrus cultivars and their harvesting times

Cizelge 1- Turunggil ¢esitleri ve hasat zamanlar

The fatty acid composition of the samples was
analyzed by gas chromatography (Agilent 5975C)
coupled to flame ionization detector and mass
spectrometry (Agilent 5975C) (GC-MS-FID). Firstly,
fatty acid methy esters (FAMEs ) were prepared
(Garces & Mancha 1993) and then injected in to GC-
MS/FID. Separations were performed using an HP
innowax capillary column (60 m, 0.25-mm i.d., 0.25
um film thickness). Helium was used as carrier gas
at a flow rate of 0.8 mL min™'. Injector and detector
temperatures were 250 and 260 °C, respectively.
The temperature programming for the column was
applied as follow; started from 150 °C and raised to
200 °C with an increment of 10 °C/minute, hold at
200 °C for 5 minute, then increased to 250 °C with 5
°C/minute increments and hold 250 °C at 10 minute
(totally 30 minutes). Sample of 1 pL was injected by
auto sampler with a split mode (1:50). The content
(percentage by weight) of fatty acids was calculated
from their corresponding integration data. MS
spectra were monitored between 35-450 amu and
the ionization mode used was electronic impact at 70
eV. The relative percentage of the components was
calculated from GC-FID peak arecas. FAMEs were
identified by comparison of their retention times with
those of the reference standards. FAMEs were further
identified by using WILEY and NIST libraries of the
GC-MS system.

2.3. Statistical analysis

Statistical analysis were performed using SAS
program to evaluate the significance of differences
in the analyzed quality parameters between cultivars
and their harvesting times at the level of P<0.05.

Cultivars I*" harvesting

2" harvesting

3 harvesting

25 October 2013
25 October 2013

Batem Goral
Klemantin Fina

10 November 2013
10 November 2013
20 November 2013
20 January 2014

25 November 2013
25 November 2013
5 December 2013
4 February 2014

Mandarin Nova 5 November 2013
Yerli Apireno 5 January 2014
Batem Pnari 15 September 2013

Lemon Interdonato 15 September 2013
Meyer 10 October 2013

30 September 2013
30 September 2013
25 October 2013

15 October 2013
15 October 2013
10 November 2013
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The experiment was conducted in randomized
design with three replications (the fruit was picked
from five different trees for each replication). Data
were expressed as means + standard error (SE).

3. Results and Discussion

In order to evaluate samples, some basic parameters
of the samples were analyzed. These physical and
chemical properties of each lemon and mandarin

fruits, depends on cultivars and harvesting time, are
presented in Table 2 and Table 3.

Seed content was significantly affected by
cultivars and their harvesting time for mandarin. Not
only amount of seeds but also total seeds’ weight per
fruit were found as the highest level for Yerli Apireno,
which is well known characteristic for this cultivar,
followed by Klemantin Fina, Nova and Batem Goral
in descending order. The dry matter content of these
seeds ranged between 38.57% (Nova) and 49.06%

Table 2- Some physical and chemical properties of mandarin depending on cultivars and harvesting time

(mean=SE)

Cizelge 2- Mandalina ¢esitlerinin hasat zamanlarina gore bazi fiziksel ve kimyasal ozellikleri (ortalama+SH)

Cultivar*  Harvesting  Fruit weight — Seed weight Seed number Seed dry matter Seed oil content
time (2) (g fruit’) Sfruit! (%) (%, DM)
Batem I 85.99+1.46  2.84+0.10 11.30%+0.90 46.88"+0.08 35.79b°+1.29
Goral 2nd 87.21%¢1.47  2.07°+0.12 12.00°+0.80 49.50+0.11 37.79%+0.27
3r 88.43°+0.58 1.299+0.01 11.80%+1.00 50.812£0.96 39.67+2.03
. 1 94.814+1.12  2.41°+0.07 15.20°+0.40 47.15°+0.22 31.224£1.20
Ef;nan“n 2 9596:2.69  2.43%:0.11 15209£0.80  47.26°0.99  35.92%£0.54
3 104.21°+1.70  2.69*+0.07 15.20%£1.00 49.40°+0.17 36.37%+1.22
1 125.70°40.67  2.11+0.05 18.50™+1.30 37.45°+0.23 32.174+0.74
Nova 2nd 122.71°43.75  2.10°+0.05 17.40%+0.60 39.51°+0.64 30.67+0.66
3 126.93:42.57  2.11°+0.03 18.30°+1.10 38.75°£0.67 33.35%+0.04
. 1t 90.97¢£1.55 2.87+0.11 20.60°£1.00 39.87+0.40 30.15%1.67
Ii)rilrleno 2nd 95.10¢+1.81  2.89*+0.02 20.60+0.80 40.19°+1.81 30.260.13
3rd 92.17°%+£3.02 2.75*+0.10 20.10*+2.10 39.69°+1.25 29.894+1.17

* mean in the same column with different letters are significantly different (P<0.05); DM, dry matter

Table 3- Some physical and chemical properties of lemon depending on cultivars harvesting time (mean+SE)

Cizelge 3- Limon ¢esitlerinin hasat zamanlarina gore bazi fiziksel ve kimyasal ozellikleri (ortalama=SH)

Cultivar* Harvesting  Fruit weight Seed weight ~ Seed number  Seed dry Seed oil content
time (g) (g fruit')  fruit' matter (%) (%, DM)
I+ 139.61°+4.88 1.77°40.00  10.00°+1.00 ~ 44.91°+0.51 22.00°+1.95
Batem Pinari 2nd 142.70* +2.22 1.70+0.06  10.20°+0.40  46.34°+0.81 21.73*+1.18
3rd 134.24+3.28 1.7140.03  8.90°+0.30 48.47+0.59  21.26+0.78
I 96.57+1.78 1.284+0.08  9.20°+0.20 43.16'+0.15  22.76°+0.70
Interdonato 2nd 100.53%+3.26 1.3990.10 ~ 9.15°+0.05  45.57°¢1.13  21.38%+1.10
3t 99.95%+0.68 1.299+0.05  9.40°+0.40 49.05%+0.18 23.65°t1.11
I 117.25°¢5.65 2.9540.03  20.70+1.10  50.69*+0.30 36.26+0.85
Meyer 2nd 122.40%+4.04 2.72°+0.11  19.00+1.20  51.69°+£0.46  37.62*+0.88
3r 123.45%+5.99 2.62*+0.06  20.40°+1.20  53.66+0.14  37.17°+0.46

* mean in the same column with different letters are significantly different (P<0.05); DM, dry matter
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(Batem Goral). Average total dry matter content of
Batem Goral and Klemantin Fina were higher than
the other mandarin cultivars. Additionally, small
differences in dry matter content were observed
between each harvesting time for the same cultivars.
Dry matter content of the seeds slightly increased
from first harvesting to third harvesting time in
Batem Goral and Klemantin Fina. On the other hand,
differences in dry matter content of Yerli Apireno and
Nova were not statistically important between their
harvesting times. Total oil contents were varied with
respect to cultivars and their harvesting time on dry
matter base. The highest oil content was determined
in Batem Goral (37.75%) and followed by Klemantin
Fina (34.50%), Nova (32.06%) and Yerli Apireno
(30.10%) in descending order. Total oil content of
the seeds increased steadily from first harvesting to
third harvesting time for Batem Géral and Klemantin
Fina. Total oil contents of the other two cultivars
were similar between their harvesting times. As
a consequence, the oil content of mandarin seeds
(30.10-37.75%) was higher than cotton (15-24%)
and soybean (17-21%) (Pritchard 1991). Anwar et
al (2008) were analyzed oil content and fatty acid
composition of four different citrus species. One of
them was mandarin (Kinnow cultivar) and it’s oil

content was determined as 31.15%. Oil contents of
Nova and Yerli Apireno seeds were similar with this
literature finding.

Both amount of seeds and total seeds weight per
fruit of Meyer cultivar were extremely higher than
other two lemon cultivars. The dry matter content of
the lemon seeds ranged from 43.16% (Interdonato)
to 53.66% (Meyer). The total oil content of the seeds
changed significantly with respect to cultivars and
their harvesting times. The average highest oil content
was determined in Meyer (37.02%) and followed
by Interdonato (22.59%), Batem Pmar1 (21.66%)
in descending order. Total dry matter content of the
lemon seeds steadily increased from first harvesting
to third harvesting time in all lemon cultivars. Oil
content of the seeds was not affected by harvesting
time for each cultivar. Reda et al (2005) determined
the oil content of lemon as 38.30%. This value
showed similarity with Meyer seed oil content in this
study. On the other hand, this value was higher than
Interdonato and Batem Pinart samples. This could
be sourced by mainly cultivar differences. Growing
condition could also affect their composition.

The fatty acid composition of the samples was
depicted in Table 4, 5 for mandarin and Table 6,

Table 4- Unsaturated fatty acid composition of mandarin seed oils depending on cultivars and harvesting

time (%, mean+SE)

Cizelge 4- Mandalina c¢ekirdek yaglarimin hasat zamanlarina gore doymamis yag asitleri bilesimi (%,

ortalama=SH)

Cultivar*  Harvesting time  Palmitoleic Oleic Linoleic Linolenic Gadoleic
1 0.55£0.000  25.56'+0.040 35.65t0.010  3.87%0.005  0.17°:0.025

]éitr‘;‘;’ 2o 0.4940.000  25.580.010 35.99%£0.035  4.35£0.005  0.24%+0.050
3nd 0450.000  27.73¢£0.080 3528£0.165  3.88%0.005  0.28%0.050

. 1 043+0.000  27.76'£0.045 35.10%£0.095  3.90%£0.010  0.22%+0.015

Ef;lamm o 0.48:0.000  26.39%0.050 37.12¢40.270  4.224£0.005  0.17°+0.030
3rd 0.545£0.000  25.93:£0.025 36.87<£0.030 42340010  0.22%+0.015
I 0.58+0.010  23.18+0.045 37.06%40.160  4.29::0.010  0.22%+0.050

Nova o 0.524£0.050  24.27+0.005 37.12¢£0.025  4.36>:0.005  0.17°+0.015
3rd 0.50:£0.000  24.170.020  37.98£0.000  4.5540.010  0.23%+0.015

Vet I 031£0.000  28.99%:0.010 34.95%£0.050  3.06™:0.000  0.30%:0.015

Apireto o 0.30<:0.000  29.18%:0.010 35.64%£0.020  2.97+0.005  0.23%+0.025
31 0.2940.000  27.97:£0.015 37.61£0.020  3.26:£0.015  0.24% +0.020

* mean in the same column with different letters are significantly different (P<0.05)
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Table 5- Saturated fatty acid composition of mandarin seed oils depending on cultivars and harvesting time

(%, meanSE)
Cizelge 5- Mandalina ¢ekirdek yaglarimin hasat zamanlarina gére doymus yag asitleri bilesimi (%, ortalama+SH)
Cultivar* Harvesting time  Palmitic Margaric Stearic Arachidic Behenic
I 26.51£0.005  0.40°+0.005 6.52°+0.020 0.61+£0.015 0.19=£0.005
Batem Goral 2nd 25.81°+0.065  0.38%+0.010 6.18%0.000 0.649+0.000 0.36+0.005
3w 24.61%£0.020  0.36°+0.000 6.76°+0.005 0.72°¢0.005 0.45+0.000
. 1 24.94¢d+0.030  0.35°+0.000 6.584+0.010 0.56=£0.000 0.18%+0.015
gfflantm 2nd 24.00+0.370  0.37%£0.005  6.51<:0.010  0.55¢+0.005  0.21¢2%0.005
3 25.28+0.000  0.35°+0.000 5.882+0.005 0.53"+£0.005 0.19%£0.010
1 26.82+0.270  0.47+0.000 6.584+0.005 0.62%+0.010 0.19+£0.000
Nova 2nd 26.54°+0.030  0.45*+0.005 5.78"+0.000 0.58+0.005 0.25%+0.005
3 25.78°+0.005  0.44*+0.000 5.59'+0.005 0.56=£0.005 0.22%4+0.010
1 23.35+0.015  0.48*+0.005 7.59°+0.015 0.70°+0.010 0.29+0.010
Yerli Apireno 2nd 22.96%0.030  0.46*+0.005 7.21°+£0.005 0.77°+0.015 0.31°+0.015
3 21.73¢£0.050  0.46*°+0.015 7.23+0.000 0.86°+0.005 0.37°+0.000

* mean in the same column with different letters are significantly different (P<0.05)

7 for lemon seeds oils. Ten different fatty acids
were examined in all samples. Statistical analysis
of the data showed fatty acid composition varied
significantly (P<0.05) with in the cultivars and their
harvesting time of the samples.

The main fatty acids determined as linoleic
and oleic acids as unsaturated and palmitic acid
as saturated fatty acid in the mandarin seed oils.
Linoleic acid, is an essential fatty acid, was the
most abundant fatty acids in all mandarin cultivars
and ranged between 34.95 (Yerli Apireno)-37.98%

(Nova). Significant differences determined between
cultivars and their harvesting time. Small increasing
was observed in linoleic acid content of the samples
from first harvesting to third harvesting time in
each mandarin cultivar. But these differences were
small according to differences between mandarin
and lemon species. The relatively few researches
were reported for fatty acids composition of citrus
seeds oil to date. El-Adawy et al (1999) analyzed
the fatty acid composition of the mandarin seed oil.
They detected eight different fatty acids, palmitic

Table 6- Unsaturated fatty acid composition of lemon seed oils depending on cultivars and harvesting time

(%, mean=SE)

Cizelge 6- Limon ¢ekirdek yaglarimin hasat zamanlarina gére doymamus yag asitleri bilesimi (%, ortalama+SH)

Cultivar* Harvesting time Palmitoleic Oleic Linoleic Linolenic Gadoleic
I 0.33%£0.000  36.93*+0.000 28.67:£0.000  4.64‘+0.000  0.25°+0.000
Batem Pinari 2nd 0.52:+0.000  36.16*+0.005 28.86+0.030  3.992+0.005 0.23%+0.050
3rd 0.52°+0.025 36.10°+0.055 28.88+0.045  4.042+0.085 0.19+0.020
I 0.33%£0.000  36.82*+0.095 28.54"+0.005  4.63%+0.020  0.25%+0.000
Interdonato 2nd 0.339+0.005  35.09°£0.025  29.19°£0.000  4.96+0.005 0.72*4+0.005
3rd 0.339+0.005  34.1290.125 31.26*+0.085  4.79°+0.010 0.38°+0.000
It 0.44°40.000  33.92°40.020  29.34'+0.015  4.40°+0.010 0.23%+0.045
Meyer 2nd 0.41°+0.005 32.182£0.015 30.97°+0.020  5.13*£0.015 0.20¢+0.020
3rd 0.43>+0.000  32.86+0.050  29.89°+0.010  4.24+0.005 0.29¢+0.015

* mean in the same column with different letters are significantly different (P<0.05)
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(28.12%), oleic (24.89%) and linoleic (38.26%)
acids were major fatty acids in the seed oils. Anwar
et al (2008) studied on the fatty acid composition
of mandarin seed oil. Linoleic acid (39.55%) was
determined as the highest fatty acid. Our results were
in agreement with the results of these studies. There
were some researches on harvesting time effects on
fatty acid composition of some plants. Ozdemir &
Topuz (2004) stated that oleic acid contents of two
avocado cultivars’ oil were increased from 47.2-
59.3% to 59.5-73.0% at three different harvesting
times. Fatty acid composition of almond cultivars
was affected significantly from harvesting time
(Piscopo et al 2010). Sakouhi et al (2011) and Dag
et al (2011) found that fatty acid composition was
affected significantly from harvesting time. Our
results also showed similarities with these reports.

Another higher unsaturated fatty acid was
oleic in mandarin seed oil. There were significant
differences in oleic acid content of the samples
depend on cultivars and their harvesting time. The
average highest oleic acid content was determined
in Yerli Apireno (28.71%), and followed by
Klemantin Fina (26.69%), Batem Goral (26.12%)
and Nova (23.87%) cultivars in descending
order. Some changes were observed according
to harvesting time of the samples. While oleic
acid content of the Batem Goral sample increased
from first harvesting to third harvesting time, this

fatty acid ratio decreased from first harvesting to
last harvesting time in Klemantin Fina seed oil.
Another quantitatively high unsaturated fatty acid
was linolenic acid, and it ranged from 2.97% (Yerli
Apireno) to 4.55% (Nova). Palmitoleic and gadoleic
acids also were detected in the seeds oils, but totally
lower than 1% in these samples.

The main saturated fatty acid was palmitic acid
in mandarin seed oils and ranged between 21.73%
and 26.82%. This fatty acid ratio was significantly
different between cultivars and their harvesting
time. The highest palmitic acid ratio was determined
in Nova and followed by Batem Goéral, Klemantin
Fina, Yerli Apireno cultivars, in descending order.
And, palmitic acid ratios of these cultivars were
decreased from first harvesting to third harvesting
time except for Klemantin Fina. The other
quantitatively higher saturated fatty acid was stearic
acid, ranged from 5.59 (Nova) and 7.59% (Yerli
Apireno). There were small differences in stearic
acid content between harvesting time of each
cultivar. This fatty acid ratio decreased from first
harvesting to third harvesting time except for Batem
Goral cultivar. Margaric, arachidic and behenic
acids contents were lower than 1% in these samples.
Margaric and behenic acids were not detected in
citrus seeds oil in previous studies (El-Adawy
et al 1999; Saidani et al 2004; Anwar et al 2008;

Table 7- Saturated fatty acid composition of lemon seed oils depending on cultivars and harvesting time

(%, mean=SE)
Cizelge 7- Limon ¢ekirdek yaglarinin hasat zamanlarima gére doymus yag asitleri bilesimi (%, ortalama+SH)
Cultivar*® Harvesting time Palmitic Margaric Stearic Arachidic Behenic

I 23.012+£0.000  0.53+0.000 5.18%+0.000 0.46°+0.000  trace
Batem Pinari 2nd 24.36+0.010  0.52°+0.005 4.942+0.010 0.44°+0.005  trace

3 24.26°+0.075  0.54*+0.015 5.0540.070 0.45°+0.020  trace

I* 22.95%+0.060  0.54*+0.005 5.50%0.000 0.46°+0.005  trace
Interdonato 2nd 22.90°+0.050  0.49°+0.005 5.72¢40.010 0.63°+0.005  trace

3w 22.91¢+0.020  0.56*+0.000 5.18+0.005 0.499+0.000  trace

I 24.65*+0.035  0.32¢+0.005 5.99+0.010 0.58+0.005  0.16°+0.025
Meyer 2nd 24.06“£0.020  0.32¢+0.000 6.00*+0.000 0.59°+0.005  0.16"+0.000

3 25.08*+0.035  0.339£0.000 5.85+0.000 0.66*+0.000  0.39*+0.005

* mean in the same column with different letters are significantly different (P<0.05)
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Matthaus & Ozcan 2012). These results could be
sourced from cultivar differences.

The main fatty acids for lemon cultivar seed
oils in the present study were determined oleic
and linoleic acids as unsaturated and palmitic acid
as saturated fatty acid. While linoleic acid was the
highest fatty acid in mandarin cultivars, oleic acid
was the main fatty acid in lemon seed oils and
ranged from 32.18% to 36.93%. This fatty acid
ratio was affected significantly from cultivars and
their harvesting time. The average highest oleic
acid ratio was determined as 36.39% in Batem
Pinar1 cultivars, followed by Interdonato (35.34%)
and Meyer (32.99%), in descending order. Small
decreasing was observed in oleic acid content of
the samples from first harvesting to third harvesting
time in lemon cultivars except for Meyer. Matthaus
& Ozcan (2012) reported oleic acid content of lemon
seed oils to be 38.5-63.6%. The oleic acid ratio in
the present study was lower than these results. On
the other hand, the present results for lemon seed
oils were quite comparable with those of reported
(36.60%) by Saidani et al (2004).

Linoleic acid content was also high in the lemon
seed oils. The average highest linoleic acid (30.07%)
was determined in Meyer cultivar seed oil and
followed by Interdonato and Batem Pinari cultivars
in descending order. Linoleic acid content of the
samples showed significant differences between
harvesting time of each cultivar. This fatty acid ratio
increased from first harvesting to third harvesting
time in Batem Pinar1 and Interdonato cultivars. On
the other hand, the highest linoleic acid ratio was
determined in second harvest sample for Meyer. The
linoleic acid content of the lemon cultivars analyzed
in the present study agreed well with those reported
(31.40%) by Saidani et al (2004). However, our
results differed from the findings (26.8-44.5%) of
Matthaus & Ozcan (2012). Besides the cultivars,
differences in linoleic acid content could be resulted
from ecology, cultural practices, harvesting time etc.
Another determined fatty acid in the lemon seeds
oils was linolenic acid. This fatty acid ratio was
significantly different between samples and ranged
from 3.99% to 5.13%. The average highest linoleic

acid ratio was determined as 4.79% for Interdonato
and this one was followed by Meyer (4.59%) and
Batem Pinar1 (4.22%). Some differences were
observed according to harvesting time of each
cultivar. While the highest linolenic acid ratios
were determined in second harvest samples for
Interdonato and Meyer cultivars, the highest value
was determined in first harvest sample for Batem
Pmar1. Palmitoleic and gadoleic acids were lower
than 1% in lemon seeds oils.

The main saturated fatty acid was also palmitic
acid in lemon cultivars seed oil and ranged between
22.90% (Interdonato) and 25.08% (Meyer). Palmitic
acid ratios showed significant differences between
samples. The highest palmitic acid for cultivars
was determined in Meyer (24.59%), followed by
Batem Pinar1 (23.88%) and Interdonato (22.92%),
in descending order. This saturated fatty acid ratio
was significantly different between their harvesting
times except for Interdonato. The lemon seeds oil
had important level stearic acid and ranged from
4.94% to 6.00% in lemon cultivars. This fatty acid
ratio was significantly different between cultivars
and their harvesting times. The highest stearic acid
ratio was determined in first and second harvest
samples of Meyer cultivar. And the lowest value was
observed in second harvest sample of Batem Pinari.
Margaric, arachidic and behenic acids contents
were lower than 1% in these samples. Qualitative
differences among the studied lemon cultivars were
only found for behenic acid that was not detected in
two of the cultivars. Behenic acid was only detected
in Meyer cultivars. This fatty acid content was
significantly increased from second harvesting to
third harvesting time in this cultivar.

4. Conclusions

Citrus seeds have considerable amounts of oil. As a
result of general evaluation, the highest oil content
could be obtained from Klemantin Fina cultivars.
Oil content of the Klemantin Fina was calculated
as 4.15 g for 1 kg fresh fruit. This cultivar was
followed by Batem Goral, Yerli Apireno and Nova
cultivars in descending order. Total oil contents of
these cultivars showed differences between each
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harvesting time of these cultivars based on fresh
fruit weight. And, the highest oil content was
determined as 4.83 g for 1 kg fresh fruit on last
harvesting time samples of Klemantin Fina. For
lemon cultivars, the average highest oil content
was calculated as 5.32 g for 1 kg fresh fruit. Fatty
acid composition of the mandarin and lemon seeds
showed significantly differences in terms of the
cultivars and their harvesting time, and the main
fatty acid were determined to be oleic, linoleic
and palmitic acid for all samples. Fatty acids have
importance in human nutrition and quality of edible
oils. The seeds, remaining after processing the fruits
into juice, could be subjected to oil extraction. This
is important for making additional profit from these
plants. Furthermore, the data could be useful for
biochemical characterization of different mandarin
and lemon cultivars.
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ABSTRACT

The effect of cadmium (Cd) toxicity was studied in four Solanaceae plants (tomato, Solanum lycopersicum L.; pepper,
Capsicum annuum L.; eggplant, Solanum melongena L., and goldenberry, Physalis peruviana L.) grown in greenhouse
under natural light conditions. The soil was treated with five levels of Cd (0, 2.5, 5, 10 and 20 mg kg™'). Except for the tomato,
the shoot and root dry biomass decreased with increasing Cd. Plant growth, bioaccumulation and translocation of Cd and
accumulation of metal nutrient ions [potassium (K), calcium (Ca), magnesium (Mg), sodium (Na), iron (Fe), manganese
(Mn), copper (Cu) and zinc (Zn)] were investigated. On the basis of the percent reductions in the shoot dry biomass, the
tomato was determined to be Cd-tolerant, and the other plants Cd-sensitive. The shoot and root Cd contents, uptakes, and
total accumulation rate (TAR) were increased with increasing rate of Cd applied, except for the shoot Cd content and root
uptake of the goldenberry. The bioconcentration factor (BCF) and the translocation factor (TF) of Cd diminished at all
plants, with the exception of the TF for tomato. With respect to Cd translocation, plant species showed a ranking as follows:
goldenberry<pepper<eggplant<tomato. The accumulation of all metal nutrient ions increased with Cd applications in the
goldenberry shoots. While the accumulation of divalent metal nutrient ions, except for Zn and Cu, increased for the pepper
and eggplant, the accumulation of K as monovalent metal nutrient ion decreased for only the pepper.

Keywords: Cadmium; Solanaceae; Accumulation; Bioconcentration; Translocation; Metal nutrient ions
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OZET

Serada ve dogal 151k kosullar1 altinda yetistirilen dort farkli Solanaceae tfamilyas: bitkisinde (domates, Solanum
lycopersicum L.; biber, Capsicum annuum L.; patlican, Solanum melongena L. ve altingilek, Physalis peruviana L.)
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kadmiyum (Cd) toksisitesinin etkisi ve bitki gelisimi, Cd’un biyoakiimiilayonu, Cd’un translokasyonu ile metal besin
iyonlarmin [potasyum (K), kalsiyum (Ca), magnezyum (Mg), sodyum (Na), demir (Fe), mangan (Mn), bakir (Cu) ve
¢inko (Zn)] akiimiilasyonu arastirilmistir. Bunun igin, deneme topragina bes farkli diizeyde Cd (0, 2.5, 5, 10 ve 20 mg
kg!) uygulanmigtir. Domates harig, diger bitkilerin govde ve kok kuru biyokiitleleri artan Cd diizeylerine bagh olarak
azalmistir. Gévde kuru biyokiitlesindeki yiizde azalma temel alindiginda; domatesin Cd’a toleransh ve diger bitkilerin
ise Cd’a duyarli oldugu tespit edilmistir. Altingilek bitkisinde govde Cd icerigi ve kok Cd alimi harig, bitkilerde govde
ve kokiin Cd igerikleri, Cd alimlar1 ve toplam akiimiilasyon oranlar1 artan Cd diizeylerine bagli olarak artmistir. Domates
icin translokasyon faktorii hari¢ tiim bitkilerde, Cd’un biyokonsantrasyon faktorii ve translokasyon faktorii azalmistir.
Kadmiyumun translokasyonuna gére bitkiler; altingilek<biber<patlican<domates olarak siralanmistir. Altingilegin
govdesinde, tiim metal besin iyonlariin akiimiilasyonu Cd uygulamalartyla artmistir. Biber ve patlicanda, Zn ve Cu harig
iki degerlikli metal besin iyonlarinin akiimiilasyonu artarken, tek degerlikli metal besin iyonu olarak K akiimiilasyonu
sadece biberde azalmistir.

Anahtar Kelimeler: Kadmiyum; Solanaceae; Akiimiilasyon; Biyokonsantrasyon; Translokasyon; Metal besin iyonlar1

1. Introduction

Cadmium which is a non-essential element for plants,
animals and humans has been a major pollutant in
both terrestrial and aquatic environments for decades.
Recent advances in industry and agriculture have
led to an increased level of Cd in agricultural soils.
Cadmium enters agricultural soil primarily through
various anthropogenic sources, such as phosphate
fertilizers, waste water, sewage sludge, and manure
(Alloway & Steinnes 1999), and in emissions
from metal-working industries, cement industries,
power stations and urban traffic (Sanita di Toppi &
Gabbrielli 1999; Wu et al 2004). The accumulation
of Cd in soil is dangerous for most living organisms.
Despite being a non-essential element for plants,
Cd is easily absorbed and accumulates in different
plant parts. The accumulation/mobility of Cd
seems to depend on the plant species and growth
stage, the concentration of added nutrients, plant
growth conditions, and/or metal combinations used
(Murillo et al 2002). In plants, the accumulation of
Cd can cause many morphological, physiological,
biochemical and structural changes including plant
growth retardation, chlorosis, necrosis (Benavides
et al 2005), reduction of root growth, biomass
production (Sanitd di Toppi & Gabbrielli 1999;
Moussa 2004), chlorophyll content (Fatoba & Udoh
2008), inhibition of photosynthesis and transpiration
(Mobin & Khan 2007; Shi et al 2010), imbalance of
water and mineral nutrition (Gouia et al 2000; Sengar
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et al 2008), induction of oxidative stress (Shamsi et al
2007; Sandalio et al 2009), and affects on membrane
structure and permeability (Sengar et al 2008).

Cadmium is easily taken up both active and
passive pathways by plants and affects several
metabolic activities in different cell compartments,
especially in the chloroplasts. These deleterious
effects include the inhibition of photosynthesis,
such as biosynthesis of chlorophyll (Stobart et al
1985; Padmaja et al 1990; Ekmekgi et al 2008) and
functioning of photochemical reactions (Krupa &
Moniak 1998). Cadmium reduces plant growth by
interrupting the plant photosynthetic activity and
nutrient balance (Zhang et al 2002; Shamsi et al 2010)
and also interferes with the uptake, translocation, and
plant use of water and mineral nutrients (Shamsi et al
2007). Cadmium ions compete with most nutrients
such as K, Ca, Mg, Fe, Mn, Cu, Zn, and nickel (Ni)
across the same trans-membrane carriers (Clarkson
& Luttge 1989; Rivetta et al 1997; Sanita di Toppi &
Gabbrielli 1999).

The accumulation of and tolerance to Cd differs
considerably amongplantspecies and their genotypes
(Romer et al 2002; Metwally et al 2005). Variations
in Cd accumulation have been observed among
wheat cultivars (Stolt et al 2002), soybean (Shamsi
et al 2008), pea (Belimov et al 2003), and maize
cultivars (Ekmekgi et al 2008). According to the Cd
accumulation level, Kuboi et al (1986) identified
three general classes of plants: low accumulators
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(Leguminosae), moderate accumulators (Graminae,
Liliaceae, Cucurbitaceae and Umbelliferae) and
high accumulators (Solanaceae, Chenopodiaceae,
Cruciferae and Compositae). Many Solanaceae
plants with a high accumulation of Cd are demanding
plants grown in areas of sensitive agriculture with a
high input of organic and mineral fertilizer.

In this study, the accumulation of Cd was
examined in four plants belonging to different
genera of the Solanaceae family. The plants include
three widely-grown vegetables, tomato, pepper, and
eggplant, and goldenberry, a lesser-known plant
that is being introduced in several regions as an
alternative crop. The main objective of the current
study was to determine the effects of Cd toxicity on
plant growth, the bioaccumulation and translocation
of Cd and the accumulation of metal nutrient ions in
these plants.

2. Material and Methods

Tomato (Solanum lycopersicum L., cv. H-2274),
pepper  (Capsicum annuum L., cv. Yalova
Corbaci-12), eggplant (Solanum melongena L., cv.
Kemer), and goldenberry (Physalis peruviana L.)
were used for the experiment, which was carried
out in a greenhouse under natural light conditions.
Seeds of each plant were germinated in seedling
vials filled with peat. Three-week-old seedlings were
transplanted at a rate of one plant per pot filled with
2 kg of air-dried soil. Some physical and chemical
characteristics of the soil used in the experiment are
presented in Table 1. The soil characteristics were
determined according to methods detailed in Page
et al (1982).

In a factorial (Cd levels and plant genera) pot
experiment, five levels of Cd (0, 2.5, 5, 10, and
20 mg kg') as cadmium chloride (CdCl,) were
added to the soil. The experiment was designed as
complete randomized design with three replications.
For basal fertilization; N, P and K, as ammonium
nitrate (NH,NO,), potassium dihydrogen phosphate
(KH,PO,), and potassium sulfate (K,SO,) was
applied at 150, 75 and 150 mg kg', respectively. All
the supplementary (CdCl,, NH,NO,, KH,PO, and

K,SO,) were incorporated into the soil by spraying
the solutions before the planting and thoroughly
mixed. During the experiment, pots were watered
daily to 70% of water holding capacity by weighing
the pots randomly.

Table 1- Some physical and chemical characteristics
of the soil used in experiment

Cizelge 1- Denemede kullanilan topragin bazi fiziksel
ve kimyasal ozellikleri

Soil properties  Method/ fraction Amount
pH 1:2.5 soil/water extraction 7.34
EC (uS cm™) Saturation extraction 508
CaCoO, (gkg')  Calcimeter 17.29
Sand (g 100 g') Hydrometer 35.8
Clay (g 100 g')  Hydrometer 21.7
Silt (g 100 g')  Hydrometer 42.5
Soil texture - loam
Org C (g kg™ Walkley-Black 6.25
N (g kg?) Kjeldahl 0.86
P (mg kg™) NaHCO,-available 12.43
K (mg kg™) NH,OAc-extractable 100
Ca (mg kg™) NH,OAc-extractable 2151
Mg (mg kg') NH,OAc-extractable 124
Na (mg kg™) NH,OAc-extractable 64
Fe (mg kg) DTPA-extractable 24.28
Mn (mg kg™) DTPA-extractable 65.27
Zn (mg kg) DTPA-extractable 2.09
Cu (mg kg™) DTPA-extractable 1.17
Cd (mg kg™) DTPA-extractable 0.04
B (mg kg™) Hot water-extractable 1.64

A fresh leaf sample was taken from the youngest
fully expanded leaf for photosynthetic pigment
analysis before harvest. After six weeks of Cd
treatment, the shoots were harvested, washed with
running tap water and three-times rinsed with de-
ionized water to remove any soil particles attached
to the plant surfaces. The roots were carefully
seperated from the soil and dipped into an aerated
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0.5 mM CaCl, solution for 15 minutes in order to
eliminate adsorbed nutrients from the root surface.
The roots were quikly washed with running tap
water and then rinsed with de-ionized water. All
shoot and root samples were dried at 65 °C to their
constant weight, and weighed for dry weight (DW)
determination and ground to powder for Cd and
metal ion nutrient analysis.

The dried tissues were digested by dry-ashing
method in a muffle furnace at 500 °C for 6 hours
(Miller 2004). The concentrations of Cd and metal
nutrient ions were determined by ICP-OES (Perkin-
Elmer Optima 2100 DV; Waltham, MA).

The Cd distribution, the Cd uptake,
bioconcentration factor (BCF), translocation
factor (TF) and total accumulation rate (TAR)
were calculated by the Equation 1, 2, 3, 4 and 5,
respectively (Ait Ali et al 2002; Shi et al 2010).

ootorrood (O30, F1CAL ) (1)

XC] ot orron @)
/[total Cd]_, 3)

Cd distribution (%)= 100x([Cd]

Cd uptake (pg plant')= DW

shoot or root’
BCF=[Cd L0100 oot

Where; [total Cd]_,, present Cd concentration in
experimental soil+added Cd concentration for each
Cd level

TF (%)= 100x[Cd],, /[Cd],, 4)
TAR of Cd (ug g' DW day")= ([Cd], xDW, )+(Cd] x
DW__)growth dayx(DW, +DW ) %)

Photosynthetic pigments were measured in
fresh leaf samples before harvest. The fresh leaf
samples (500 mg) were cut into small pieces and
were extracted with 10 mL of acetone (90% v v*)
in a homogenizer. After filtering with Whatman
No. 4 filter paper, the absorbance of the extract was
measured at 663, 645, and 470 nm using a UV-Vis
spectrophotometer (Shimadzu UV-1201; Tokyo).
The concentrations of chlorophyll a (Chl a),
chlorophyll b (Chl b), chlorophyll a+b (Chl a+b),
and carotenoids (Car) were calculated according to
the formula of Lichtenthaler (1987).

Statistical analysis of the experimental data was
performed by using ANOVA with the MINITAB

package program (Minitab Corp., State College, PA).
Multiple comparisons of means among different Cd
treatments were performed using Duncan’s Multiple
Range Test at the significance level (a: 0.05).

3. Results and Discussion

3.1. Plant growth and biomass

Visual toxicity symptom of Cd occurred as reduction
of shoots and root growth and discernible browning
and decomposing in main roots in experimental
plants, except for tomato. It was observed that these
symptoms are intensified in pepper and goldenberry,
especially at the 20 mg Cd kg™! rate.

Both genera and Cd treatment significantly
affected the shoot and root dry biomass (Figure 1).
With the increasing applications of Cd, the changes in
plant growth differed in the various Solanaceae plants.
Except for tomato, the shoot and root dry biomass of
the Solanaceae family plants significantly decreased
with increasing of Cd in comparison with the control
(Figures la and Ic). At 2.5 mg kg' Cd rate, shoot
biomass decreased by 23.5% and 26.5% for pepper
and goldenberry, respectively, but increased by 7.4%
and 3.9% for tomato and eggplant, respectively.
Moreover, shoot biomass decreased by 8.2%, 86.4%,
90.1%, and 65.5% for tomato, pepper, eggplant and
goldenberry, respectively, at the highest amounts of
added Cd. Similarly, with increasing rate of Cd, the
root biomass diminished for pepper, eggplant, and
goldenberry, but increased for tomato (Figure 1b and
1d). The reduction of shoot and root dry biomass as a
result of the increasing Cd supply might be attributed
to prominent decreases in shoot height and root
length and changes in the rate of net photosynthesis
that reduces the supply of carbohydrates or proteins.

Major differences among Solanaceae plants in
biomass production under increasing supply of Cd
to the soil might be associated with the possible
presence of differing mechanisms among plants in
the accumulation and translocation process, and
might be strongly related to genetics. On the basis
of the reduction rate in the shoot dry biomass of
the Solanaceae plants, tomato was determined to
be Cd-tolerant and the other plants Cd-sensitive
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Figure 1- Effects of cadmium on shoot and root dry biomass of Solanaceae plants (mean+SE, n=3). The bars
followed by the same letter are not significantly different for genera x Cd interaction (Duncan’s Multiple
Range Test, a: 0.05); ANOVA shows significant difference at ***, P<0.001

Sekil 1- Kadmiyumun Solanaceae bitkilerinin gévde ve kék kuru biyokiitlelerine etkisi (ortalamaxstandart hata,
n=3). Cubuklari izleyen aym harfler, cins x Cd interaksiyonu igin farkin onemli olmadgini gésterir (Duncan
Coklu Karsilastirma Testi, a: 0.05). ANOVA ya gore; ***, P<0.001

according to the scale suggedted by Shahbaz et
al (2011) as tolerant, moderately tolerant, and
sensitive for the reduction rate of <30%, 30-60%
and >60%, respectively. In support of these findings,
the reduction of shoot and root dry biomass caused
by Cd application has been demonstrated in many
plants, including tomato (Haouari et al 2012),
eggplant (Arao et al 2008), transgenic and wild
type tobacco (Daghan et al 2013), soybean (Shamsi
et al 2010), safflower (Shi et al 2010), and maize
(Ekmekgi et al 2008).

3.2. Cadmium accumulation

The shoot and root Cd contents of the four
Solanaceae  plants  significantly  (P<0.001)
increased with elevated rates of Cd application
as compared to the control, except for the shoot
Cd content of goldenberry (Table 2). The shoot

Cd contents of goldenberry, pepper, tomato and
eggplant increased in response to the increased
additions of Cd and reached to 5.0, 32.1, 69.4
and 109.3 mg kg, respectively at the highest Cd
application rate. Obviously, the root Cd contents
were much higher than those of the shoots.
Considering the Cd distribution in shoots and
roots, the goldenberry accumulated much lower
Cd in the shoots than the other experimental
plants with the increasing Cd supply (Table 2).
Differences in Cd distribution among different
plants could be explained by the presence of
different mechanisms of tolerance, physiology of
transport, and accumulation. Many researchers
have reported that Cd is accumulated more in the
roots than in the shoots of plants such as sunflower
(De Maria et al 2013), tomato (Haouari et al
2012), safflower (Shi et al 2010), soybean (Shamsi
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et al 2010), eggplant (Arao et al 2008), and
some Solanaceae plants (Thiebeauld et al 2005).
Furthermore, the shoot Cd uptake of tomato and
eggplant significantly increased with increments
of Cd supply (Table 2). The maximum shoot
Cd uptake was observed in tomato, followed by
eggplant, pepper, and goldenberry, respectively.
At all Cd levels, the root Cd uptake significantly
increased in tomato and goldenberry.

The shoot and root BCF significantly
diminished at all Cd levels as compared to the
control (Figure 2a). The present results showed
that the BCF was greater in the roots than in the
shoots (Figure 2b). Furthermore, except for the
shoot BCF of goldenberry, both the shoot and
the root BCF exceeded the critical level for a Cd-
hyperaccumulator, currently accepted as BCF> 1
(Baker 1981; Ma et al 2001).

Table 2- Effects of cadmium on Cd content and Cd uptake in shoots and roots of Solanaceae plants

Cizelge 2- Kadmiyumun Solanaceae bitkilerinde gévde ve kékiin Cd icerikleri ve Cd alimlarina etkisi

Added Cd Cd content Cd distribution Cd uptake
to soils (mg kg' DW) (%) (ug plant”)
(mg kg Shoot Root Shoot Root Shoot Root
Tomato
0 1.1j* 73] 13.1 86.9 11.51 11.7
2.5 1531 166.5 hi 8.4 91.6 168.3 d 280.4 de
5 243 gh 319.2 ef 7.1 92.9 2644 c 611.8b
10 43.8d 215.1 gh 16.9 83.1 4499 b 372.8 cd
20 69.4 c 247.6 fg 21.9 78.1 6473 a 394.1¢
Pepper
0 22j 3.0j 423 57.7 7.11 291
2.5 18.7 hi 86.2 ij 17.8 82.2 462 g 65.9 hij
5 28.7 fg 257.8 fg 10.0 90.0 43.4 gh 141.8 ghi
10 36.1e 3422e 9.5 90.5 30.1 ghi 102.8 g-i
20 32.1ef 873.0a 3.5 96.5 14.3 hi 189.8 efg
Eggplant
0 1.3 23] 36.1 63.9 6.11 34j
2.5 26.8 fg 40.9] 39.6 60.4 135.1e 48.41j
5 375¢e 139.4 hi 21.2 78.8 182.6d 163.6 fgh
10 78.4b 596.5 ¢ 11.6 88.4 96.0 f 157.3 fgh
20 1093 a 753.1b 12.7 87.3 52.7¢g 73.4 hij
Goldenberry
0 0.5] 3.4j 12.8 87.2 4.11 79]
2.5 2.1j 132.7 hi 1.6 98.4 1241 256.2 ef
5 3.1j 274.5 efg 1.1 98.9 14.1 hi 388.4c¢
10 43] 483.2d 0.9 99.1 14.3 hi 638.6b
20 5.0j 873.0a 0.6 99.4 13.9 hi 843.6 a
ANOVA: F values
Genera 493.82"" 34.37 1049.90" 132.04™
Cd 436.69™" 409.06™" 200.75™" 85.08"
Genera x Cd 87.27" 35.79"" 181.78™ 21.84™

*, values are mean of three replicates and means followed by the same letter are not significantly different for genera x Cd interaction
(Duncan’s Multiple Range Test, a: 0.05); ANOVA shows significant difference at ***, P<0.001
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The TF can be described as the translocation of
heavy metals in plants. Significant variations were
found in the TF of the Solanaceae plants. The TF
decreased from 74.5% to 3.6% for pepper, from
14.8% to 0.6% for goldenberry, and from 65.5% to
14.6% for eggplant with increasing Cd levels, but
the TF of tomato increased at the higher Cd levels
(Figure 2c). The TF of all plants was much lower than
the critical level (TF> 100%). Similar results were
found for safflower (Shi et al 2010) and sunflower
(De Maria et al 2013). When the Solanaceae plants
classified with respect to Cd translocation at the
highest Cd level, plant species showed a ranking as
follows: goldenberry<pepper<eggplant<tomato.

The total accumulation rate (TAR) of Cd
differed among all the plants. While the TAR value
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of tomato and goldenberry significantly increased
with all Cd levels in comparison with the control,
the TAR of pepper and eggplant increased up to the
5 mg kg' Cd treatment (Figure 2d). On the other
hand, the TAR for tomato was higher than for the
other plants. Similar results were obtained by,
Sharma & Agrawal (2006), who stated that the TAR
and Cd uptake are significantly increased in carrot at
the excess Cd level.

3.3. Photosynthetic pigments

Between 2.5 and 10 mg kg' Cd treatments, non-
significant changes in the photosynthetic pigment
were observed for pepper and eggplant compared
to the control (Figure 3). But the highest level of
Cd significantly decreased the Chl a, Chl a+b
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Figure 2- Effects of cadmium on a, shoot BCF; b, root BCF; ¢, TF and d, TAR of Cd in Solanaceae plants
(mean=SE, n= 3); the bars followed by the same letter are not significantly different for genera x Cd
interaction (Duncan’s Multiple Range Test, a: 0.05); ANOVA shows significant difference at ***, P<(0.001

Sekil 2- Kadmiyumun Solanaceae bitkilerinde a, gévde biyokonsantrasyon faktorii; b, kok biyokonsantrasyon
faktorii; ¢, translokasyon faktorii ve d, toplam akiimiilasyon oramina etkisi; (ortalamaxstandart hata, n= 3);
cubuklart izleyen aym harfler, cins x Cd interaksiyonu igin farkin énemli olmadgint gosterir (Duncan Coklu
Karsilagtirma Testi, a.: 0.05); ANOVA’ya gore ***, P<(0.001
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and Car content by 19.8%, 18.3%, 20.4% for
tomato, and 21.2%, 21.4%, 22.8% for goldenberry,
respectively. Additionally, any interaction of genera
and Cd affecting the Chl b content was statistically
non-significant in all plants. The reduction of
chlorophyll content in Cd-treated plants is related
to chlorophyll degradation of and/or disorders in
its biosynthesis and with the reduction of thylakoid
membrane integrity (Sandalio et al 2001). The
present findings support other research which has
revealed that reduction of photosynthetic pigments
with an increasing Cd content occurs in some plants,
including tomato (Haouari et al 2012), eggplant
(Arao et al 2008) and some Solanaceae plants
(Thiebeauld et al 2005).

=N

3.4. Metal nutrient ion accumulation

Interaction of the genera and Cd resulted in
significant variations in shoot K and Na contents for
all plants (P<0.001) (Table 3). The shoot K content
significantly increased for tomato, eggplant, and
goldenberry, reaching to levels as high as 40.65,
59.24, and 66.92 g kg, respectively. A reduction
was observed in the shoot K content of pepper;
however, this reduction was only significant for
soil treated at the level of 10 mg Cd kg™'. The effect
of the interaction of the genera and Cd addition on
the shoot Ca and Mg contents was not significant,
whereas the effect of increasing Cd supply on shoot
Ca content (P<0.05) and the effect of the genera
on shoot Mg content (P<0.001) were found to be

o
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Figure 3- Effects of cadmium on the photosynthetic pigments in leaves of Solanaceae plants (mean+SE, n=
3). The bars followed by the same letter are not significantly different for genera x Cd interaction (Duncan’s
Multiple Range Test, a: 0.05); ANOVA shows significant difference at ***, P<(.001; **, P<0.01; *, P<0.05;
ns, not significant

Sekil 3- Kadmiyumun Solanaceae bitkilerinin yapraklarinda fotosentetik pigmentlere etkisi; (ortalamaxstandart
hata, n=3). Cubuklar1 izleyen ayni harfler, cins x Cd interaksiyonu i¢in farkin onemli olmadgini gésterir (Duncan
Coklu Karsilastirma Testi, a: 0.05); ANOVA ya gore *** P<0.001; ** P<0.01; * P<0.05; ns, énemli degil
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significant (Table 3). Except for tomato, all plants
exhibited significant changes in shoot Na content.
For instance, compared to the control, while there
was no significant increase in shoot Na content of
tomato at the highest level of Cd, this parameter
in pepper, eggplant, and goldenberry significantly
increased, by 2.2-, 1.9-, and 2.4-fold, respectively.
In contrast, a significant reduction was observed in
the shoot Na content of pepper at 5 and 10 mg Cd
kg treatments as compared to control.

Of all plants in soil untreated with Cd, the shoot
Fe content was the highest in goldenberry, followed
by tomato, pepper, and eggplant, respectively

(Table 3). The shoot Fe contents of tomato tended to
decrease with increasing rate of Cd being significant
only at 2.5 mg Cd kg level. Significant increases
in the shoot Fe content were found for goldenberry
and pepper at 2.5 and 20 mg Cd kg™, respectively.
The shoot Mn content of pepper showed significant
linear increases at all Cd levels and rose up to
232.5 mg kg!, while those of tomato, eggplant, and
goldenberry significantly increased at the highest
Cd treatment, and reached to 159.0, 192.1, and 89.3
mg kg, respectively (Table 3). On the other hand,
the shoot Mn content exhibited a slight decline in
tomato and eggplant at 2.5-5 mg Cd kg™' range.

Table 3- Effects of cadmium on shoot metal nutrient ion contents of Solanaceae plants

Cizelge 3- Kadmiyumun Solanaceae bitkilerinin gévdesinde metal besin iyonu igeriklerine etkisi

Added Cd K Ca Mg Na Fe Mn Zn Cu
t((r)nzollc,lq") --------- gkg! DW --mmmmmme mg kg DW
Tomato
0 33155 13.25 3.69 673 c-f 97.8 de 129.7 def  33.1 hjj 17.1a
2.5 32.85] 11.81 3.28 680 c-f 82.1efg 1163e-h 354gh 15.8 abc
5 35.53ij 11.81 3.54 653 def 86.3 ef 101.7 gh 40.9 ef 14.5 bed
10 39.86 hi 13.33 3.06 780 cd 87.1 ef 117.1e-h  41.6ef 14.5 bed
20 40.65 ghi 14.24 4.35 840 ¢ 85.1efg 159.0¢c 41.6 ef 15.2 ad
Pepper

0 50.68 def 10.74 3.53 573 fg 86.7 ef 1199efg 592a 13.1 de
2.5 51.76 cde 11.96 3.53 473 ghi 75.1 fgh  143.0cde 36.3 gh 75¢g

5 44.64 fgh 12.48 3.66 400 hi 84.7efg  151.6cd 34.7 ghi 52h

10 41.96 gh 14.00 3.86 367 hi 783 fgh  154.0 cd 279k 39h
20 44.65 fgh 14.15 4.02 1282 a 107.5 c¢d 232.5a 16.81 4.6 h

Eggplant
0 49.60 def 12.85 2.20 573 fg 773 fgh 1133 fgh 51.4bc 14.7 bed
2.5 57.92 be 14.15 2.56 593 efg 81.3efg 101.1gh 52.5b 14.9 a-d
5 52.76 cde 13.56 2.61 560 fg 67.4 gh 91.4 hi 47.0 cd 13.0 de
10 59.32b 14.09 2.62 760 cde 81.7efg 1553 cd 47.6 cd 15.5 abe
20 59.24b 12.31 2.01 1084 b 61.8h 192.1b 45.5de 104 f
Goldenberry

0 46.60 efg 9.02 3.93 3131 118.1 be 455k 30.2 ijk 11.3ef
2.5 50.44 def 10.16 4.08 3671 143.1a 64.4 jk 389 fg 14.5 bed
5 49.52 def 11.77 4.57 687 c-f 130.0 ab 53.6k 35.6 gh 13.9 cd
10 53.80 bed 13.77 4.49 527 fgh 126.9 ab 67.61k 294 jk 16.4 ab
20 66.92 a 14.96 4.67 747 cde 122.9 be 89.3 hij 29.1 jk 16.1 abc
ANOVA: F values
Genera 88.75™" 1.28™  47.10™ 16.16™ 90.09™" 108.117 109.32" 153.76™"
Cd 9.16™ 3.30" 1.73" 56.83™ 0.22% 4347 26.61™ 8.81™
Generax Cd  5.89™ 1.18  1.66™ 10.80™" 3.86™" 4.72" 32.11™ 13.01™

*, values are mean of three replicates and means followed by the same letter are not significantly different for genera x Cd interaction
(Duncan’s Multiple Range Test, a:: 0.05); ANOVA shows significant difference at ***, P<0.001; *, P<0.05; ns, not significant
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While a significant reduction in shoot Zn and
Cu content with increasing additions of Cd was
observed in pepper, this reduction was significant
only at 20 mg Cd kg' level for eggplant (Table
3). Compared to control, goldenberry shoot Cu
content increased by all Cd treatments, but for Zn
such increases were detected only at 2.5 and 5 mg
Cd kg' levels. Although the shoot Cu content of
tomato showed a significant reduction at 5 and 10
mg Cd kg'! levels, the shoot Zn content of tomato
significantly increased parallel with the Cd levels,
except for 2.5 mg Cd kg level.

Cadmium may interfere with nutrient uptake due
toitseffect onthe permeability of plasma membranes.
Toxic heavy metals, like Cd, are regarded as
competitive ion with the transport systems operating
for divalent cations such as Ca, Fe, Mg, Cu and
Zn, as they use the same trans-membrane carriers
(Llamas et al 2000; Roth et al 2006). Therefore,
the sensitivity of some dicotyledonous plants to Cd
toxicity might be associated with Cd effects on the
influx and transport of Fe, Mn, Ca, and Mg (Yang et
al 1996). Yang et al (1996) indicated that the influx
and transport of Ca, Mg, Fe, Mn, Zn, and Cu in
plants including ryegrass, maize, white clover, and
cabbage were decreased by additional Cd. Lopez-
Millan et al (2009) stated that, with Cd treatment,
Fe, Mn and Zn accumulation increased in tomato
stems, while in the leaves only Mn accumulation
increased. The same researchers determined a
reduction of K, Fe and Cu accumulation in the
leaves, and Cu accumulation in the stems of tomato.
Moreover, Sandalio et al (2001) reported that K,
Ca, Mg, Fe, Mn, Zn, and Cu contents of pea shoots
decreased with increases of Cd in an aerated full-
nutrient media. However, Zhang et al (2002) found
that, while K, Fe, Mn, Zn, and Cu concentrations
increased in wheat genotypes at the seedling stage,
there was a reduction of Ca and Mg concentrations.
As reported by Jiang et al (2004), the nutrients
mainly affected by Cd in Indian mustard were K,
Ca, Fe, and Zn in the roots, and K, Ca and Cu in
the shoots. Obata & Umebayashi (1997) revealed
that K concentrations decreased in Cd-sensitive
kidney bean and pea with increasing of Cd, while

Mn concentrations decreased in semi-resistant rice
and maize.

4. Conclusions

The response of plants to excess Cd varied. The
phenomena of reduction of root and shoot biomass,
uptake of Cd, and bioaccumulation and translocation
of Cd were all dependant on Cd concentration and
species. On the basis of the percent reductions in
the shoot dry biomass of the four Solanaceae
plants, tomato was determined to be Cd-tolerant,
and the other plants Cd-sensitive. Moreover, when
classified by translocation of Cd at the highest level,
the order was observed as goldenberry<pepper<eg
gplant<tomato. Goldenberry and pepper exhibited
poor accumulation of Cd in their shoots. Thus, these
plants might be appropriate for cultivation in Cd-
contaminated soils. Moreover, the accumulation of
all metal nutrient ions increased in the goldenberry
shoots. The results showed that, except for Zn and
Cu, there was an increment in accumulation of
divalent metal nutrient ions for pepper and eggplant;
however, the accumulation of K as monovalent
metal nutrient ion decreased for only the pepper.
Further investigation is needed to identify the
mechanism depending on concentration and species
which is responsible for the low Cd translocation.
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ABSTRACT

This study was conducted to determine the effect of solid matrix priming treatment on 25 cabbage seed lots of various
ages in terms of enhanced germination, emergence, mean germination and emergence time, and electrical conductivity.
Solid matrix priming at a seed: vermiculite: water rate of 1:2:2.5 (w:w:w) was applied at 25 °C for 16 hours in the
dark. Matrix priming was found to increase germination and emergence, reduced mean germination, emergence times
and solute leakage. The advantages of solid matrix priming were observed more in aged than fresh seeds. The results
indicated that SMP may enhance aged cabbage seed quality.

Keywords: Seed pretreatment; Electrical conductivity; Mean germination time; Germination; Emergence

Lahana Tohum Partilerinde Kati Madde ile Priming: Yashhgin Tamiri
ve Tohum Kalitesine Olan Etkisi
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OZET

Bu calismada, kati matriks priming uygulamalariin yaslandirilmis 25 lahana tohum partisinde ¢imlenme, ¢ikis,
ortalama ¢imlenme ve ¢ikis hizi ile birlikte elektiriksel iletkenlik testine olan etkisi incelenmistir. Kati matriks priming
kosullarinda 1:2:2.5 tohum, vermikiilit ve su karisimi ortaminda olmak tizere tohumlar 16 saat karanlik ve 25 °C’de
uygulanmigtir. Matriks priming uygulamasinin ¢imlenme ve ¢ikisi artirdigi, ortalama ¢imlenme, ¢ikis hizi ile akintiy1
azalttig1 tespit edilmistir. Matriks priming’in etkisinin yaglanmamis tohumlara oranla yash tohumlarda daha avantajli
oldugu belirlenmistir. SMP’nin yagsl lahana tohumlarinda tohum kalitesini artirdigi sonucuna varilmistir.

Anahtar Kelimeler: Tohum 6n uygulamalar; Elektriksel iletkenlik; Ortalama ¢imlenme siiresi; Cimlenme; Cikis
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1. Introduction

Seed priming in solutions of low water potential e.g.
polyethylene glycol salts, has been used extensively
to increase germination and emergence percentages,
and to reduce germination and emergence times
(Heydecker & Coolbear 1977). Solid carriers, such
as vermiculite, expanded calcined clay, agro-lig and
synthetic calcium silicates have also been used for
preplant seed conditioning, which is also referred
to as solid matrix priming (Khan 1992; Parera &
Cantliffe 1992; Hacisalihoglu 2007). Both the holding
capacity and density of solid carriers and the amount
of carrier relative to seed and water used for optimum
conditioning have differed greatly (Khan et al 1992).
Solid matrix priming has been proven to increase
seed emergence percentages and seedling growth
in various vegetables (Kubik et al 1988; Khan et al
1992; Carlos et al 1993; Jett et al 1996; Wang et al
2003; Pandita et al 2010), including, tomato, pepper,
broccoli, okra and snap bean. Solid matrix priming
increased germination at sub-optimal temperatures
and increased anti-oxidative enzyme activity and
levels of antioxidants in treated seeds (Wang et al
2003; Kepczynska et al 2007).

Cabbage seeds are intolerant to seed ageing in
suboptimal storage conditions and the vigor of seed
lots may be lost in a short time (Matthews et al 2009).
Seed quality may be lost in a year or so in the event
of seed storage conditions not being ideal, which is
common in the less-developed regions of Turkey.
Seed deterioration is major cause of poor emergence
in modules and erratic emergence (Powell et al 2000),
resulted in the low quality transplant production
(Matthews et al 2012). Priming treatments are used to
rejuvenate deteriorated seed after natural or artificial
aging in different seeds (Taylor et al 1988; Powell et
al 2000; Sung & Chiu 2001). However, solid matrix
priming has been insufficiently tested for the reversal
of seed deterioration in vegetable seeds. Solid matrix
priming (SMP) can be a good means of repairing
deterioration and enhancing seedling emergence
potential, which is of great concern to transplant
producers who often use left-over seed lots (one or
two-year-old seeds). SMP offers some advantages,
including the ease at which priming can be combined

with such growth regulators as GA, (Pill & Kilian
2000), beneficial bacteria, fungicides (Parera &
Cantliffe 1992) and better aeration (Khan et al 1992).

This study was conducted to test the effect of
SMP on cabbage seeds of various ages in terms of
enhanced germination, emergence percentages and
the rate of germination and emergence, along with
electrical conductivity, as an indicator of solute
leakage amounts.

2. Material and Methods

Samples of 25 cabbage (Brassica oleracea var.
capitata) seed lots belong to the Yalova-1 cultivar
were obtained from different seed companies over
the last three years. The production years of the
cabbage lots as follows: 1 and 10 in 2014, 11 and 18
in 2013, 19 and 25 in 2012. The seeds were stored
in laminated aluminum foil papers at 5 °C until use.
The germination percentage of the seed lots ranged
between 68 and 98%. Experiments were conducted
on 50 seed samples on total, 25 of which were SMP
treated and 25 were untreated.

The solid matrix priming (SMP) treatment
carried out by mixing seed, vermiculite (No: 5) and
water at the rate of 1:2:2.5 for 16 hours at 25 °C in
100 mL plastic cups (tightly closed), stored in the
dark. After the treatment, the seeds were separated
from the vermiculite and then dried at 25 °C down
to initial seed moisture. Germination, emergence
and electrical conductivity tests were conducted
within three days of the treatment, during which the
seeds were kept at 5 °C.

The treated and untreated seeds were germinated
at 20 °C between wet paper towels (20 x 20 cm,
Filtrak, Germany) for 14 days (ISTA 2008) in the
dark. In each germination test, three replications
of 50 seeds were used. Paper towels were rolled
and placed into plastic bags in order to prevent
water loss. The germinated seeds (2 mm radicle
protrusion) were counted daily, and normal and
abnormal seedlings were determined after 14 days.

The seedling emergence percentages of both the
SMP treated and untreated samples were conducted
in a peat moss:perlite mixture of 2:1. Then, three
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replications of 50 seeds were sown in seedling trays
(25 emx 34 cm x 6 cm) ata | cm depth. The seedling
trays were watered everyday and emerge tests were
carried out at 20+1 °C for 20 days at controlled
climatic room. Light intensity was 72 pmol m?s™ in
a cycle of 16 h of light and 8 h of dark. The emerged
seedlings were controlled daily (cotyledons parallel to
surface) for 20 days. The mean germination and mean
emergence times were calculated on the basis of daily
counts using the Equation 1 and 2 (Mavi et al 2010).

MGT/MET= X (nd)/En (1)

Where; n, number of seeds newly emerged at
time d; d, days from sowing, beginning of tests.

¥n= final germination/emergence (%) 2)

For the electrical conductivity test, two
replicates of 50 seeds in SMP treated and untreated
seed samples were weighed and soaked in 40 mL of
distilled water for 8 hours at 20 °C in the dark. The
electrical conductivity of the seed soak water was
measured using a conductivity meter (Schott-Gerate,
GmbH Hofheim) and expressed as per gram of seeds
(1S cm! g). There is no accredited procedure in
ISTA rules for Brassica seeds. Therefore procedure
was conducted according to Mathews et al (2009).

A statistical analysis was performed using
SPSS to carry out (for Windows 15.0) to test to
compare mean of treated and untreated cabbage
lots. The regression values (R?) between the various
germination and emergence criteria were calculated
and the percentages were angle transformed prior to
analysis.

3. Results

SMP was found to increase the germination and
emergence percentages except lot 1, 2, 8, 10
in germination test and lot 1 in emergence test
(Figures 1 and 2). The difference between the
treated and untreated seed lots was greater in those
lots that had lower germination and were untreated.
The difference between the SMP-treated seed
germination and untreated lots was found to be
significant in 13 lots (P<0.05) in the germination

test, and in 22 lots in the emergence test (Figures 1
and 2). A greater effect of SMP was seen in the older
seeds lots that recorded seed germination at lower
percentages. SMP treatment increased germination
rates, indicated by a reduced time to germination and
emergence (Figures 3 and 4). MGT values ranged
from 39 hto 138 hin 25 seed lots. In the treated seed
lots, MGT values were reduced to 31 h and 69 h in
the fastest and the lowest germinating lots. Then the
advantage of the treatment on MGT was changed
between 8 and 69 hours. Similar effects were seen
also in the mean emergence time values, which were
lower in the treated seed lots than in the untreated
ones, in all lots except lot 22.

The electrical conductivity (EC) of solute
leakage after treatment was reduced, and a higher
germination was accompanied with lower EC values
in not only the treated, but also the untreated lots
(Figure 5). In all seed lots, SMP treatment reduced
the amount of solute leakage from the seeds. EC
affected the germination percentages in both the
untreated and treated lots, and the relationship was
highly significant (P<0.001, R>= 0.60 in untreated
lots, R>= 0.49 in treated lots).

The MGT and MET values were highly related
to the EC levels in the cabbage seeds (Figures 6 and
7). The fast germinating or emerging of seed lots
showed less solute leakage, indicating that good-
quality seeds have the potential to emerge faster,
which is related to the EC level in cabbage lots.

4. Discussion

The results of present study showed that solid
matrix priming increased germination and seedling
emergence percentages (Figures 1 and 2), reduced
mean germination and emergence times in a large
number of cabbage seed lots (Figures 3 and 4).
The seed lots used in this study were obtained
from different companies and different production
years. Solid matrix priming was found to enhance
the germination and emergence percentages in
various crop seeds, either in modules in greenhouse
or under field conditions (Parera & Cantliffe 1991;
Khan et al 1992; Jett et al 1996; Pill & Kilian 2000;
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Figure 1- The effect of solid matrix primed (SMP) treatments on germination percentages of 25 different

cabbage seed lots. An asterisks next to a lot indicates that the difference between the SMP and control
samples was significant (P<0.05)

Sekil 1- Kati madde priming’in (KMP) 25 farkli lahana tohum partisinde ¢imlenme oranina etkisi. Her tohum

partisinin tizerindeki yildiz isaretleri KMP ile kontrol érnekleri arasindaki farkin istatistiksel olarak (P<0.05)
anlaml oldugunu gostermektedir
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Figure 2- The effect of SMP on the emergence percentages of 25 cabbage seed lots. An asterisks next to a lot
indicates that the difference between the SMP and control samples was significant (P<0.05)

Sekil 2- Kati madde priming’in (KMP) 25 farkhi lahana tohum partisinde ¢ikis oramina etkisi. Her tohum
partisinin tizerindeki yildiz isaretleri KMP ile kontrol érnekleri arasindaki farkin istatistiksel olarak (P<0.05)
anlaml oldugunu gostermektedir
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Figure 3- Changes in mean germination times (MGT) of SMP (o) and control (©) cabbage seed lots

Sekil 3- Lahana tohum partilerinde KMP (®) ile kontrol (o) arasinda ortalama ¢imlenme hizi arasindaki degisim
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Figure 4- Changes in the mean emergence time (MET) of SMP (e) and control (o) cabbage seed lots
Sekil 4- Lahana tohum partilerinde KMP (®) ile kontrol (o) arasinda ortalama ¢ikis hizi arasindaki degisim
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Figure 5- The relationship between EC and SMP (e) and control (o) cabbage seed lots
Sekil 5- Lahana tohum partilerinde KMP (®) ile kontrol (o) arasinda elektriksel iletkenlik bakimindan iliski
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Figure 6- The relationship between mean germination time (MGT) and EC of SMP (e) and control (0)

cabbage seed lots

Sekil 6- Lahana tohum partilerinde ortalama ¢imlenme zamant (OCZ) ile elektriksel iletkenlik bakimindan KMP

(®) ile kontrol (o) grubu arasindaki iliski
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Figure 7- The relationship between mean emergence time (MET) and EC of SMP (e) and control (0)

cabbage seed lots

Sekil 7- Lahana tohum partilerinde ortalama ¢ikis zamani (OCEZ) ile elektriksel iletkenlik bakimindan KMP (e)

ile kontrol (o) grubu arasindaki iliski

Pandita et al 2010). Our results support the findings
of previous studies of different crops regarding the
earlier emergence of SMP treated lots. Our work
reveals two important findings: 1) solid matrix
priming can be used to repair ageing in left over
and 2) can also be used for fast and well-developed
transplant productions in cabbage seed lots.

In most seed companies, the seeds used in the
production year may not necessarily be produced
that same year. In some cases, seeds are left over

from earlier production years, and may be earmarked
for transplanting production season. In such cases,
seed ageing may occur at different rates, depending
on storage conditions (McDonald 1999), and seed
quality may decline. This seed ageing process
can be more severe in certain seeds, like cabbage.
However, if this ageing level goes down to below
70%, it appears that matrix priming treatment may
not be effective. This can be seen in control seeds
in Figure 1.
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This study revealed that seed quality, indicated by
germination percentage, and emergence percentage
and rates can be enhanced by SMP. SMP can be also
used to repair ageing and make left-over seed lots
usable. No hybrid seeds were included in the study,
although improvements in seed quality or the repair
of ageing can be more valuable in hybrid seeds due
to their high cost. One of the basic problems of solid
matrix priming is separating seeds from matrix
material after the treatment. Normally researchers
do this through sieving the material (Taylor et al
1988). In our work we separated seeds by hand.
However, large amount of seeds can be primed in
plastic perforated bags which let the seeds to take
water but not get out. So seeds after the treatment
can be easily taken out from the medium.

Fast germination and emergence following SMP
will lead to larger seedlings and well-developed
transplants in the modules (Mavi et al 2010). A
large number of studies have indicated that earlier
emergence results in larger transplants in either
greenhouse or field conditions (Mavi et al 2010;
Matthews et al 2012). One reason for fast emergence
can be the completion of the first two imbibitions
phases in the seed germination stages.

The repair mechanism of SMP or other priming
treatments may involve various biochemical
mechanisms, such as enzymes (Powell et al 2000;
Sung & Chiu 2001), hormonal activity (Kepczynska
et al 2007) or cell wall rejuvenation (McDonald
1999). In the present study, it was found that SMP
reduced EC levels in treated seeds when compared
to the control, which indicates that the treatment
helped to rejuvenate cell structure and reduce
leakage from the cell. Solid leakage is an indicator
of a compact cell structure and is used as a seed
vigor test (Matthews et al 2012).

High leakage (EC) is negatively correlated with
seedling emergence and germination percentages.
Moreover, a shorter time to germination (MGT and
MET) is well correlated with high germination and
emergence percentages. This indicates that treated
seeds germinate faster and produce larger seedlings
and such treatments repair cell wall structures that

have deteriorated as a result of ageing, resulting in
better performances in terms of germination and
emergence.

SMP was found to be effective regarding the
use of O,, cheap and easy to apply in vegetable
seeds (Khan 1992). The method is also considered
as optimum for both larger seed species, such as
beans (Parera & Cantliffe 1991), and smaller ones
(Jett et al 1996). SMP has been used extensively
to enhance emergence, however the present work
makes a new approach, using SMP for the activation
of the repair mechanism which can be used for the
recovery of cabbage seed that has suffered rapid
seed quality deterioration due to adverse conditions.
Moreover, it can be considered a valuable approach
for transplanting production companies, allowing
them to save left over seeds. The effect of SMP is
based on reducing seed leakage from the cell walls,
among other physiological changes (Kepczynska et
al 2007).

In conclusion, SMP treatments can be used
enhance stored and relatively low-quality cabbage
seed lots in terms of germination and emergence
percentages, and can be considered a valuable
method in ensuring strong, fast and high-quality
cabbage transplants. Enhancing seed quality in aged
seeds can also be used for saving left-over seeds in
the production system which can be economically
advantageous for companies.
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OZET

Chlorella vulgaris mikroalginin tiretilmesi ve biyogiibre olarak kullaniminin domates bitkisi {izerinde bitki gelisimi,
verim ve meyve kalitesine etkilerinin arastirilmasi amaciyla yiiriitiilen ¢alismada, C. vulgaris tiibiiler fotobiyoreaktorde
uretilmis ve serada organik domates (cv. Simsek) yetistiriciliginde 3 farkli formda [topraga toz alg uygulamasi (2.5 g
fide), topraga sivi alg uygulamasi (250 mL fide™"), yapraga sivi alg spreylenmesi] denemeye alinmistir. Alg uygulanmayan
bitkiler kontrol grubunu olusturmustur. Deneme tesadiif parseli deneme desenine uygun olarak kurulmus; tiretim 2014
yili Mart-Haziran aylarinda gergeklestirilmistir. Elde edilen sonuglar C. vulgaris’in biyogiibre olarak kullaniminin bitki
gelisimi, verim ve bazi meyve kalite parametrelerini (kuru agirlik, toplam suda ¢6ziintir kuru madde, titre edilebilir asit
ve vitamin C) artirdigini; kullanilan uygulamalar igerisinde dzellikle topraga kuru alg uygulamasinin daha iyi sonuglar
verdigini; doga dostu bir giibre olarak C. vulgaris’in organik tarimda kullanilabilecegini gostermistir.
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ABSTRACT

This study was carried out to examine the production of Chlorella vulgaris and its effects on growth, yield, and fruit
quality of organically grown tomato production in greenhouses, C. vulgaris was cultured in a tubular photobioreactor
system and was used in three different forms [dry algae application to soil (2.5 g seedling™), liquid algae application
to soil (250 mL seedling™), foliar spray] used as biofertilizer on tomato production (cv. Simsek). Plants with no algae
application were used as control. The experiment was designed according to randomized parcel and production was
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performed between March and June of 2014. Obtained results showed that using C. vulgaris as a biofertilizer increased
plant growth, yield and some fruit quality (dry weight, total soluble solids, titratable acidity and vitamin C); among the
used treatments, applications to soil -especially dry algae- showed better performance; C. vulgaris may be used as a

nature-friendly fertilizer in organic farming.

Keywords: Microalgae; Organic agriculture; Planth growth; Yield; Quality

1. Giris

Diinyada artan niifus ile birlikte tarim yapilabilecek
arazilerin de giderek azalmasiyla daha fazla gida
iiretimine ihtiya¢ duyulmus ve birim alandan daha
fazla iirlin elde etmek zorunda kalinmistir. Bu amagla
da kimyasal giibre kullanimi olduk¢a artmistir.
Tarim alanlarindaki bu yogun kimyasal kullanimi,
verim ve tiretimi artirmis fakat siirdiiriilebilir toprak
verimliligi ile birlikte dogal dengenin bozularak
tehlikeye girmesine sebep olmustur. Sonugta da
basta gelir diizeyi yliksek iilkelerde olmak {izere
bircok iilkede iiretici ve tiiketiciler orgiitlenerek
insanlarda toksik etki yaratmayan ve dogay: tahrip
etmeyen yontemlerle iiretilen tarimsal Girtinleri tercih
etmeye baslamislardir. Bu amagla insan ve gevreye
dost iiretim sistemlerini igeren, kimyasal giibre ve
ilaglarin kullanimini yasaklayan, organik giibreleme
ile ekim ndbeti uygulamayi, parazit ve predatorler
gibi dogal kaynaklardan yararlanmay1 tavsiye
eden ve Uretimde {irliniin kalitesinin yiikselmesini
amaglayan bir iretim sekli olan “organik tarim”
ortaya konmustur (Hekimoglu & Altindeger 20006).

Organik tarimda sinirli olan giibreler konusunda
yapilan alternatif arayiglar, alglerin giibre olarak
kullanilabilecegini géstermistir (Abetz 1980; Simsek
1995). Tk defa Norveg, Irlanda, Fransa ve Amerika
gibi denize kiyist olan ve denizsel alglerin bol
bulundugu iilkelerde mevcut algleri degerlendirmek
icin bu alglerden yararlanma yollart aranmis ve
verimsiz topraklarin degerlendirilmesinde alglerin
giibre olarak kullanimuiyla ilgili ilk adimlar atilmistir
(Whapham et al 1994; Giiner & Aysel 1996;
Kumbul 2000). Simdiye kadar yapilan biyogiibre
calismalarinda agirlikli olarak denizsel algler (kelpler)
ve Cyanophyta iiyesi filament6z algler kullanilmus,
mikroalglerin kullanimi ise geri planda kalmistir
(Sivasankari et al 2006; Selvam & Sivakumar 2014) .

© Ankara Universitesi Ziraat Fakiiltesi

Biyoteknolojik uygulanabilirligi en yiiksek
olan mikroalg tiirlerinden C. vulgaris genis c¢apta
ticarilestirilmis olup, insanlar tarafindan gida
takviyesi ve hayvanlar icin yem katki maddesi
olarak kullanilmaktadir. Chlorophyta iiyesi olan
bu alg, % 42-58 gibi yiiksek protein igerigine
sahip olmasi nedeniyle alternatif protein kaynagi
olarak goriilmekte ve bir¢ok iilke tarafindan gesitli
amaglar icin kiiltiire alinmaktadir (Safi et al 2014).
Tarimda genellikle azot kaynagi olarak kullanilan
kimyasal giibrelerin yerine, C. vulgaris gibi yliksek
protein igerigine sahip olan alglerin kullanimi,
daha ucuz ve cevre sagligina zarar vermeyen bir
uygulama olacaktir. Ancak gerek diinyada ve
gerekse iilkemizde mikroalglerin biyogiibre olarak
kullanilmas1 ile ilgili yapilan arastirmalar sinirh
sayida ve dar kapsamlidir.

Yiriitiilen bu ¢aligmada, yesil alglerden zengin
protein igerigine sahip C. wvulgaris’in tiibiiler
fotobiyoreaktdrle genis Olcekli tiretimi yapilmis
ve elde edilen biyogiibre iilkemizin bir¢ok
kesiminde yetistirilen ve biiyiik bir tarimsal 6neme
sahip domates bitkisinde denenmis, biyogiibre
uygulamasinin; bitki gelisimi, verim ve meyve
kalite parametreleri lizerine etkileri incelenmistir.
Boylelikle C. vulgaris’in 6zellikle organik tarimda
kimyasal giibrelere alternatif olarak kullanilabilecek
bir biyogiibre olup olmayacagi aragtirilmistir.

2. Materyal ve Yontem

Ekim 2013-Temmuz 2014 déneminde ytiriitiilen bu
arastirma, (I) C. vulgaris mikro alginin iiretilmesi ve
(IT) elde edilen mikroalgin serada organik domates
yetistiriciliginde biyogiibre olarak kullanilmasi
seklinde iki asamada gergeklestirilmistir.
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2.1. Chlorella vulgaris mikroalginin tiretilmesi

Kullanilan C. vulgaris tiirii Ege Universitesi (E.U.),
Mikroalg Kiiltiir Koleksiyonu’ndan (EGE-MACC)
temin edilmis ve E.U. Fen Fakiiltesi, Biyoloji
Bolimii'nde tiibiiler fotobiyoreaktdrde, Bold Basal
Medium (BBM) (pH: 6.8) kiltiiri kullanilarak
tiretilmistir (Guillard 1973; Sukatar 2002). Uretimin
ilk asamasi olan as1 kiiltiiriinde mikroalgler BBM
ortami igeren 70 mL tiip igerisinde 1 hafta inkiibe
edilmis, slire sonunda 15 giinliik araliklarla 250
mL, 500 mL ve 5 L’lik hacimlere (25 °C, 12 saat
karanlik-12 saat aydinlik, 20 pmol foton m? s
151tk siddeti altinda) aktarilmistir. Baslangigta
elle calkalama seklinde yapilan alg karistirma
igslemi, hacim biiylidiik¢e besleme sistemine hava
tiflemesi ile gerceklestirilmistir. 150 L’lik tiibiiler
fotobiyoreaktdre aktarima uygun olup olmadigini
belirlemek i¢in de 2 giin ara ile Neubauer lami
(Marienfield, 0.0025 m?) kullanilarak mikroskopta
hiicre sayimi1 yapilmistir. Kiiltiir hacminin artirilmasi
sirasinda  trinokuler mikroskoba bagli kamera
(CX31RTSF-5, Olympus) ile hiicre boyutu, rengi
ve sekline bakilmis; alglerin hiicre morfolojileri
incelenmistir.

C. vulgaris’in biiylik capli iiretiminde toplam
iiretim kapasitesi 150 L olan, ortasinda fotoperiyodu
ayarlanabilir fotosentez lambasi bulunan, her biri
195 cm uzunluk ve 5 cm ¢apa sahip yatay olarak
yerlestirilmis 20 adet akrilik borudan ve 100 L’lik
toplama tankindan olusan tiibiiler fotobiyoreaktor

Sekil 1- Tiibiiler fotobiyoreaktoriin genel goriiniimii

Figure 1- General view of tubuler photobioreactor

kullanilmistir (Sekil 1). Toplama tankindaki alg
kiltiiriiniin  sirkiilasyonunu saglamak i¢in pompa
(New Jet 3000 model, 55W, 3000 L kapasiteli,
max. su yiksekligi: 2.90 m) kullanilmigtir.
Fotobiyoreaktorde sirkiile olan kiiltiiriin akis hizi
saniyede 20 cm yer degistirme seklinde olmustur.

Tiibiiler fotobiyoreaktorde iiretim arka arkaya
2 tekrarli olarak gergeklestirilmistir. Her tekrarda,
toplama tanki ve biyoreaktdriin sterilizasyonu
¢esme suyu ve ardindan % 16’lik sodyum hipoklorit
ilaveli su ile saglanmigtir. Her tekrarda 150 L’lik
biyoreaktdre 5 L’lik C. vulgaris kiiltiiri asilanmis ve
dretim 12:12 saat (aydinlik:karanlik) dongisiinde,
25 giin stirdiiriilmiistiir. Her iki iretimde de toplama
tankindan giinlilk 6rnekler alinarak pH ve sicaklik
Olciimleri yapilmig, mikroskop altinda hiicre sayisi,
sekil ve yapisi belirlenmistir. Uretim siireci sonunda
sistem icerisindeki 100 L’lik C. vulgaris kiltiirii
sigelere aktarilmig ve -20 °C’de saklanmistir (Cirik
& Gokpinar 1993).

Elde edilen stv1 kiiltiir, biiyiik 6l¢ekli separatorde
(CTC-1-06-107, Westfalia GmbH) 10000 rpm’de
santrifiijlenmistir. Separatérden alinan alg pastasi
45 °C sicakliga ayarli etlivde kurutumus, kuru
haldeki C. vulgaris siv1 azot ile havanda 10 dakika
parcalanmistir (Zheng et al 2011). C. vulgaris
kuru ekstraktinin toplam N miktari, modifiye
Kjeldahl Metodu ile; diger elementlerin (K, Ca,
Mg) analizleri ise nitrik:perklorik asit karigiminda
yas yakilmig orneklerle yapilmistir. Potasyum (K)
alev fotometresinde; Ca ve Mg ise absorbsiyon
spektrofotometresinde tayin edilmistir (Kacar
1972).

2.2. Sera denemesi

Sera denemesi 2014 yili ilkbahar déneminde E.U.
Ziraat Fakiiltesi Bahce Bitkileri Boliimii’nde organik
tarim ¢alismalarimin yapildigi, PE ortiilii-yay galtilt
520 m*’lik seranin bir kisminda gergeklestirilmistir.
Arastirmanin  ylritildigi sera toprakli (kumlu
killi, hafif alkali, kire¢li; tuzlulugu diisiik, organik
maddece zengin) olup, kuruldugu andan bu yana
sadece organik sebze {iiretim ve arastirmalarinda
kullanilmustir.
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Arastirmada  bitkisel materyal olarak
seralarda en fazla iretilen tlir olan domates
(Solanum lycopersicum); ¢esit olarak ise ilkbahar
yetistiriciligine uygun bir salkim domates ¢esidi olan
Simsek F, (Bircan Tohum, Antalya) kullanilmistir.
Domates fideleri hazir fide firmasindan (Antalya
Fide A.S, Antalya) temin edilmis ve seraya
04.03.2014 tarihinde 90x50x50 cm mesafeler ile
¢ift siral1 olarak dikilmistir.

Arastirmada C. vulgaris’in 3 farkli uygulama
sekli [I: Topraga toz alg uygulamasi (2.5 g fide™),
II: Topraga sivi alg uygulamasi (250 mL fide"),
III: Yapraga sivi alg spreylenmesi (biyoreaktorden
¢ikan s1vi algin direkt kullanimi ve tiim yapraklarin
yikanmasi seklinde)] denenmis ve alg uygulanmayan
bitkiler IV: Kontrol grubunu olusturmustur. Deneme
tesadiif parselleri deneme desenine gore 3 tekrarl
kurulmus ve her tekrarda 12 bitkiye yer verilmistir.
Topraga kuru alg uygulamasi, dikim 6ncesi agilan
dikim ¢ukurlarina belirtilen miktarin dokiilmesi
ve tizerine fide dikilmesi seklinde; siv1 alg ise fide
dikiminden sonra fide koklerine belirtilen dozun
dokiilmesi seklinde olmustur. Topraga sivi alg
uygulamasinda fidelere dikim sonrasi ayrica can
suyu verilmemistir. Yapraktan spreyleme ile alg
uygulamasinda ise tiibiiler fotobiyoreaktdrden ¢ikan
alg direkt kullanilmis, alg tiim yapraklar yikanacak
sekilde fidelere piiskiirtiilmiistiir.

Bitkilerin beslenmesinde sadece sera topragi
iglenirken, organik tarim yonetmeligine uygun
olarak taban giibrelemesi (50 kg da! Biofarm, Caml
Yem Besicilik, Isikkent-izmir) yapilmis ve iiretim
donemi boyunca bagka giibre kullanilmamistir.
Bitkilerin sulanmasinda damla sulama ydntemi
kullanilmis (2 L h! debiye sahip boru igine entegre
damlaticili); sulama miktarmin belirlenmesinde
ise sera igerisine yerlestirilmis Class A Pan’dan
yararlantlmigtir.

Uretimde organik tarim esaslaria bagl kalinmus;
bitki bakim isleri (sardirma, koltuk alma, ¢apalama,
budama, hastalik ve zararli miicadelesi, hasat vs)
Sevgican (2002)’a gore yiiriitiilmiistiir. Tozlagmaya
yardimct olmak amaci ile vibratér kullanilmis;
haftada 2 giin sabah erken saatlerde ¢igekler

sarsilmistir. Bitki biiylimesi 7 salkim iizerinden
biliylime ucunun alinmasi seklinde durdurulmustur.

Yetistirme periyodu boyunca (15.05.2014-
30.06.2014) toplam 9 hasat yapilmis, her hasatta
konusuna gore elde edilen meyvelerin agirliklar
alinarak toplam verim (kg m?), toplanan meyvelerin
sayilart alinarak toplam meyve sayisi (adet
m?) belirlenmistir. Ortalama meyve agirhiklart
(g meyve') toplam agirlik/meyve sayisi ile
hesaplanmistir. Hasat edilen meyveler boylama
halkalarindan gegirilerek 4 farkli boya (©<3.5, 3.5-
4.5, 4.5-5.5, @>5.5) ayrilmig ve her smifa dahil
meyvelerin orani % olarak verilmistir.

03.06.2014 tarihinde 3. salkimdaki kizaran
meyveler hasat edildikten sonra uygulamalara
ait her tekerriirden 10 adet homojen meyve
secilerek kalite analizleri yapilmigtir. Meyvelerin
sertligi (N) Effegi uglu FT011 penetrometre (Fruit
Tester, Alfonsine, Italy) yardimiyla 6l¢iilmiis; bu
meyvelerin yas agirliklart aliarak, 65 °C sicakliga
ayarl etlivde kurutulup tartilmis ve kuru agirliklart
[KA (g)] belirlenmistir (Kacar 1972). Toplam suda
¢oOziinebilir kuru madde miktari’nin [TSCKM (%)]
belirlenmesi i¢in pargalayici ile pargalanan meyve,
kaba filtre kagidindan siiziildiikten sonra 1-2 damla
ornek, dijital el reflaktoremetresi (Euromex RD
645, The Netherlands) ile okunmus, yine siiziikten
alinan oOrnegin; 0.1 N NaOH ¢ozeltisi ile pH
metre (MP220, Mettler Toledo, Schwerzenbach,
Switzerland) yardimiyla titrasyonu yapilmig ve titre
edilebilir asit miktar1 [TA (mval 100 mL")] harcanan
NaOH miktar1 iizerinden hesaplanmistir (Karacali
1993). Siiztige batirilan el tipi EC (Mettler Toledo-
MC-126, Schwerzenbach, Switzerland) metre
ve masa tipi pH metre (Mettler Toledo-MP220,
Schwerzenbach, Switzerland) probu yardimi ile
meyve suyu elektriksel iletkenlik [EC (dS m™)] ve
pH degerleri belirlenmistir. Meyve vitamin C icerigi
(mg 100 mL") oksalik asit ile stabilize edilmis
orneklerin, 2-6 diklorofenlindefenol boya maddesi
ile renklendirilmesi esasina gore spektrofotometrik
(Varian Cary 100 UV-Visible spektrofotometre;
Varian, Inc., Polo Alto, California, USA) yontemle
belirlenmistir (Pearson 1970). Segilen meyvelerin
rengi renkdlgerle (Minolta CR-300, Japan) L
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[parlaklik (L)], a (pozitif a kirmizi, negatif a yesil)
ve b (pozitif b sar1, negatif b mavi) ilizerinden
belirlenmistir (McGuire 1992).

Uretim dénemi sonunda 23.06.2014 tarihinde
her uygulamadan segilen 2 bitkide bitki gelisim
ve biyomas degerlerine bakilmistir. Bitkiler
sokiilmeden toprak yiizeyinden biiylime ucuna kadar
olan govdede serit metre yardimi ile bitki boyu (cm);
dijital kumpas ile gévdenin orta yerinden gévde cap1
(mm) 6l¢iilmiis; daha sonra sokiilen bitkilerin kok
boyu odl¢lilmiis ve bitki kok, gdvde, yaprak, salkim
ve meyvelerine ayrilarak tartilip yas agirliklari, 65
°C sicakliga ayarli etiivde kurutulup tartilarak da
kuru agirliklar (g) belirlenmistir (Kacar 1972).

Hasat doneminde her tekerriirden almman geng
yapraklarin renkolgerle L, a ve b degerleri ile a ve
b degeri iizerinden hesaplanan Hue ve Kroma renk
degerleri belirlenmis, ayni yapraklarin % 80’lik aseton
ile homojenize edildikten sonra spektrofotometrik
yontem ile klorofil a, klorofil b ve toplam klorofil
degerleri (mg L) belirlenmistir (Arnon 1949).

Aragtirmadan elde edilen verilere, bir SPSS
programiolan PAWS Statics 18 istatistiksel analiz paket
programi kullanilarak varyans analizi uygulanmis ve
ortalamalar arasindaki farkliliklar belirlemek igin %
5 6nem diizeyinde Duncan testi yapilmistir. Tablolarda
olasilik (P) degerleri verilmistir.

3. Bulgular ve Tartisma

3.1. Chlorella vulgaris iiretimi ile ilgili bulgular

Yapilan her iki iretim sonucunda tiibiiler
fotobiyoreaktdrde sivi olarak toplam 200 L alg;
toplam miktarin santrifiijlenmesi ile 240.2 g pasta
kivaminda alg biyomasi ve pastanin kurutulmasi ile
de 58.42 g kuru alg elde edilmistir.

Cogaltilarak elde edilen C. vulgaris’in yapilan
element analizinde igeriginin % 5.49 N, % 0.72 K,
% 5.39 Ca ve % 0.69 Mg oldugu belirlenmistir.

C. vulgaris alginin tiibiiler fotobiyoreaktorde
tiretimi sirasinda elde edilen pH 7.2 ile 8.1 arasinda
degisim gostermistir (Sekil 2). pH’m iretim
siirecinde giderek arttigi gozlenmis ve sisteme

saf CO, verilerek pH istenilen aralikta tutulmaya
caligilmigtir. Sistemde sicaklik iki donemde de 21.3
ile 25.7 °C arasinda degism gostermistir. Uretimin
sonuna dogru hiicre sayisinda artmalara bagli olarak
sicakligin da arttign gozlenmistir (Sekil 3). Uretim
boyunca her giin yapilan hiicre sayimlari, C.vulgaris
hiicresinin 1. tretimde 464 ile 2380; II. tiretimde
311 ile 897x10* hiicre mL' arasinda degistigini
gostermistir (Sekil 4).
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Sekil 2- Tiibiiler fotobiyoreaktorde C. vulgaris’in
iiretiminde pH’nin degisimi

Figure 2- pH changes during the production of C.
vulgaris in tubuler photobioreactor
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Sekil 3- Tiibiiler fotobiyoreaktérde C. vulgaris’in
iiretiminde sicakhiin degisimi
Figure 3- Temperature changes during the production
of C. vulgaris in tubuler photobioreactor

Yiiriitiillen bu ¢calismada C. vulgaris’ten biyogiibre
elde etmek iizere bir tasarim olarak olusturulan
tiibiiler fotobiyoreaktdriin avantajlart yaninda akrilik
borularda belirli bir giinden sonra meydana gelen alg
yapismalart ve bunlarin temizligindeki zorluklar gibi
biiyiik dezavantajlari da olmustur (Naz & Gokeek
2004). Bu amagla, ilk olarak HCIl ¢ozeltisiyle
borulardaki yapisma yok edilmeye ¢alisiimis; basarili
olamayinca % 16°lik sodyum hipoklorit ile yapisma
temizlenmistir. Fakat hem kullanilan maddenin
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kimyasal olmasit hem de akrilik borularda asinma
ve matlasma yapmasi ayrica matlagma nedeni ile
iiretilen alg hiicrelerinin 15181 esit oranda alamamasi
ihtimali ile baska temizleme yontemleri denenmis ve
en etkin yontemin borularla ayni gapta siingerlerin
sistemde dondiirtilerek yapilan mekanik temizleme
sekli oldugu goriilmistir. Mekanik temizlemede
sisteme atilan siingerin borularda ilerleyebilmesi igin
pompanin giiciiniin de bu siingeri dondiirebilecek
kapasitede olmasi ve sistemdeki borularin siingeri
toplama tankina disiirebilecek sekilde tasarlanmasi
gerekmektedir.
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Sekil 4- Tiibiiler fotobiyoreaktorde C. vulgaris’in
iiretiminde hiicre sayisinin degisimi

Figure 4- Cell number changes during the production
of C. vulgaris in tubuler photobioreactor

3.2. Sera denemesine ait bulgular

C. vulgaris’in farkli uygulamalar1 kontrole gore
bitki boyu, govde capt ve kdk boyunu artirmis
ancak bu etki istatistiksel olarak (P>0.05) énemsiz
bulunmustur (Cizelge 1). En uzun bitki boyu ve en
kalin goévde cap1 topraga sivi alg uygulamasindan;
en uzun kok boyu yapraktan alg spreylenmesi
uygulamasindan elde edilmistir (Cizelge 1).

Cizelge 1- Bitki boyu, govde cap1 ve kok boyu
iizerine uygulamalarin etkisi

Table 1- Effects of treatments on plant height, stem
diameter and root lenght

Bitki boyu  Govde ¢capt Kok boyu
Uygulama (cm) (mm) (cm)
Topraga sivi 189.7 15.8 249
Topraga kuru 189.2 15.1 27.1
Yapraga sprey 186.9 14.9 28.2
Kontrol 181.8 12.4 22.2
P 0.251 0.221 0.780

Uretim dénemi sonunda sokiilen bitki organlarina
ait yas ve kuru agirliklara farkli alg uygulamalarinin
etkileri Cizelge 2’de verilmistir. Uygulamalarin
yaprak yas agirligi (P=0.024), meyve yas (P=0.004)
ve kuru (P=0.000) agirlig1 iizerine etkisi istatistiksel
olarak 6nemli bulunmustur. Kontrol uygulamasi ile
karsilastirildiginda topraga kuru alg uygulamasi en
basarili sonucu vermis ve toplam bitki yas agirligini
% 32.7, toplam bitki kuru agirligini % 32.5 oraninda
artirmistir. Dort ay siliren yetistiricilik siiresi sonunda
onceki calismalara benzer sekilde, uygulama sekli
fark etmeksizin tiim bitkilerin gelisiminin kontrol
bitkilerinden daha fazla oldugu belirlenmistir
(Kumbul 2000).

Uygulamalarm toplam verim, toplam meyve
adedi ve ortalama meyve agirhig iizerine etkisi
o6nemli bulunurken, meyve siniflandirmasi {izerine
etkisi Onemsiz bulunmustur. Alg uygulamalart
verim degerlerini artirmis; toplam verim degerleri
15.11-10.22 kg m™ arasinda degismis ve en yliksek
toplam verim topraga kuru alg uygulamasindan
elde edilmistir (Cizelge 3). Kontrol uygulamas: ile

Cizelge 2- Bitki organlarina ait biyomas degerleri (g) iizerine uygulamalarin etkisi

Table 2- Effects of treatments on biomass of plant tissue (g)

Upgulama Yaprak Géovde Salkim Meyve Kok
YA KA YA KA YA KA YA KA YA KA
Topraga sivi 733.5a 148.1 2914 56.4 447 11.8 3670.7b  256.7b 255 6.2
Topraga kuru 781.0a 161.9 357.9 658  66.9 15.8 42319a 291.5a 348 8.6
Yapragasprey  680.5a 1345 2558 504 473 11.9 34946b  2619b 343 83
Kontrol 501.2b 111.8 2542 49.7 420 9.9 2863.6 ¢ 189.2¢ 236 6.5
P 0.024 0.139  0.326 0.430 0.132 0.118 0.004 0.000 0.406 0.398
YA, yas agirlik; KA, kuru agirlik
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karsilagtirildiginda toplam verim topraga sivi, topraga
kuru ve yapraga sprey uygulamalarinda sirasiyla
%21.9,32.4, 18.1 oraninda artis gostermistir. Toplam
meyve adedi 32.4 ile 24.2 adet m™ arasinda; ortalama
meyve agirhigr 135.2 ile 118.9 g arasinda degism
gostermis; en yiiksek degerler alg uygulamalarmdan
elde edilmistir. Topraga sivi alg uygulamasinda
ortalama meyve aguliginin disiik ancak toplam
meyve adedinin yiiksek oldugu goriilmiistiir. Meyve
siiflandirilmasinda ¢ap1 5.5 cm’den biiyiik 1. boy
meyveler en fazla % 78.4 ve % 77.4 ile topraga sivi
ve kuru alg uygulamasi yapilan bitkilerden, ¢api
3.5 cm’den kiiciik olan 4. boy meyveler ise en fazla
% 4.5 ile kontrol grubundaki bitkilerden; en az
ise % 0.6 ile topraga kuru alg uygulamasi yapilan
bitkilerden alinmistir (Cizelge 3).

Verim  degerleri  kullanilan  ¢eside, iklim
kosullarina, tretim sistemine, yetistirme periyodu
gibi etkenlere bagl olarak degisebilmektedir. Genel
olarak serada konvansiyonel ¢ift {iriin (kisa donem)
yetistiriciliginde domates veriminin 8 ile 13 kg
m? arasinda degistigi belirtilmistir (Greer & Diver
2000; Sevgican 2002). Ydritilen bu c¢aligmada
verim degerleri 10.22 (kontrol) ile 15.11 (topraktan
kuru alg uygulamasi) kg m? arasinda degismis ve
serada organik tarim esaslarina gore yiiriitiilen
calismalardan elde edilen verim degerlerine benzer
sonugclar vermistir (Tiizel et al 2001; 2003). Ozellikle
alg kullanilan uygulamalarda verim degerleri
hem kontrol uygulamasma gore hem de olmasi
gereken simir degerlerden yiiksek bulunmus; ayrica
birinci smnif meyve adedi fazlalagsmistir. Ayrica
ilk hasatta kontrol grubuna ait bitkilerden sadece
1 adet meyve hasat edilirken; alg uygulamalarin

yapildig1 bitkilerde toplam 14 adet kizarmis meyve
hasat edilmistir. Bu da C. vulgaris’in biyogiibre
olarak uygulanmasinin domates bitkilerinde meyve
olusumunda erkencilik de gosterdigini ortaya
koymustur. Elde ettigimiz bu sonuglar saglikli ve
bilingli beslenme yaninda c¢evreci yaklagimlarin
onemsendigi giinlimiiz kosullarinda konvansiyonel
iretime yakin ve/veya fazla verim elde edilmesini
saglayan alg kullaniminin kimyasal giibrelemeye
alternatif olarak kullanilabilecegini gostermektedir.

Mikroalgler salgiladiklar1 selatlar sayesinde
ortamdaki besin maddelerinden bitkinin daha
iyi faydalanmasina; drettikleri organik maddeler
veya Olen alglerin ayrisarak sagladigi inorganik
maddelerle yine bitkilerin beslenmesine art1 katkida
bulunmaktadir. Ayrica mikroalglerin {rettikleri
bir takim enzimler ve hormonlarin bitki biiylime
ve geligmesi ile verimi arttirmada etkili oldugu
bilinmektedir (Ergiin et al 2010). Yiiriitilen
calismada alg uygulamasi ile kontrol bitkilerine gore
daha yiiksek verim ve bitki gelisimi elde edilmistir.
Benzer sonuglar C. vulgaris’in biyogiibre olarak
kullanildigit marulda (Article 2008) ve iiztimde
(Abd & Moniem 2008) yapilan ¢alismalarda da
belirtilmistir. Elde ettigimiz bu sonuglarin C.
vulgaris’in sahip oldugu ve yetistirilen bitkiye
aktardig1 yiiksek protein igeriginden kaynaklandigi
disiiniilmektedir. Farkli formlarda uygulanan C.
vulgaris’den verim ve bitki gelisimi agisindan en iyi
sonug topraga yapilan kuru alg uygulamasindan elde
edilmistir. Kuru alg uygulamasi dikim g¢ukurlarina
dogrudan algin verilmesi seklinde yapilmis; algin
uygulanan su ile zamana bagli olarak ¢oziinmesi
ve toprakta yavas salinimina bagli olarak ¢6ziinen

Cizelge 3- Uygulamalarinin verim degerleri iizerine etkileri

Table 3- Effects of treatments on plant yield parameters

Yffrlsnm Toplzzinecrzeyve Ortaicg:ﬁclzlgeyve Meyve simiflandirmast (%)

Uygulama (kg m?) (adet m?) (2) <35cm 3545cm  4.5-55em >55cm
Topraga stivt  13.10 b 324a 113.7b 2.2 2.7 16.7 78.5
Topraga kuru 15.11 a 313a 1352 a 0.6 5.6 16.3 77.5
Yapraga sprey 12.48 b 27.5 ab 127.1 ab 2.9 6.5 15.5 75.0
Kontrol 10.22 ¢ 242D 118.9 ab 4.5 9.8 15.4 70.3

P 0.004 0.049 0.042 0.165 0.309 0.990 0.564
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bilesiklerinin bitki tarafindan daha fazla absorbe
edilmesi nedeni ile bitki gelisimi ve verimi arttirdig1
diistinilmektedir.

Yapilan ti¢ farkl alg uygulamasinin KA, sertlik,
meyve suyu EC ve pH degeri, TSCKM, TA, renk ile
Vitamin C igerigi lizerinde kismi artig géstermesine
ragmen bu artis istatistiksel olarak Onemsiz
bulunmustur (Cizelge 4).

Farkli alg uygulamalarinin geng domates
yapraklarinda hue renk degeri hari¢ diger renk
parametreleri {izerine etkisi (P<0.05) ve aym
yapraklarda belirlenen klorofil a, klorofil b ve
toplam klorofil degerleri tizerine etkisi (P= 0.000)
onemli bulunmustur. Yiiksek L, b ve chroma;
diistik a ve hue degeri ile yapraga spreylenen alg
uygulamasi diger uygulama ve kontrol bitkilerine
gore en parlak ve en koyu doygun yesil renge sahip
olmustur. Benzer sekilde en yiiksek klorofil a, b
ve toplam Kklorofil icerigi ile yapraga spreylenen
alg uygulamasina sahip bitkilerden elde edilmistir.

topraga kuru alg uygulamasi ayni istatistiksel grupta
yer almakla birlikte en diisiik klorofil igeriklerine
sahip olmuslardir (Cizelge 5).

Fotosentez metabolizmasi iizerinde etkili bir
pigment olan klorofilin en yiiksek miktar1 yapraktan
alg spreylemesi uygulamasindan elde edilmis;
kontrol grubuna oranla klorofil a miktar1 % 59.5,
klorofil b miktar1 % 86.7 ve toplam klorofil miktar1
% 74.8 oraninda artig gostermistir. Elde edilen
bu sonuglar yapraklara uygulanan C. vulgaris
alginin bitki yapraklarinda fotosentezi arttirdiginin
bir gostergesi olmustur. Whapham et al (1993)
tarafindan yapilan benzer bir ¢alismada da en
koyu yesil yapraga sahip bitkilerin yapraktan alg
uygulanan bitkiler oldugu belirtilmistir.

4. Sonuclar

Elde edilen sonuglar genel olarak degerlendirildiginde;
tiretilen C. vulgaris alginin bitki gelisimi ve verimi
tesvik ettigi, bazt meyve kalite parametrelerini

Bunu topraga sivi alg uygulamasi izlemis, kontrolve  de arttirdigi  goriilmistir. Calismada  kullanilan
Cizelge 4- Uygulamalarin bazi meyve kalite parametreleri iizerine etkisi
Table 4- Effects of treatments on some fruit quality parameters
T4 Vitamin C
KA Sertlik EC TSCKM  (mval 100 RENK (mg 100
Uygulama (%) (N) dSm') pH (%) mL") L a b mL")
Topraga sivi 6.53 40.2 4.6 4.5 53 6.0 40.48 22.69 2693 14.0
Topraga kuru 6.01 39.9 5.0 4.6 4.5 5.6 40.84 21.75 26.55 15.0
Yapraga sprey 6.53 43.0 5.1 4.6 5.2 5.6 39.32 23.14 2596 14.2
Kontrol 5.94 40.1 4.9 4.6 4.8 5.3 40.83 22.10  26.72 12.0
P 0.113  0.137 0.350 0.240  0.366 0.089 0.431 0.382 0.815 0.499
Cizelge 5- Yaprak renk degerleri ile klorofil (a, b ve toplam) icerigi iizerine uygulamalarin etkisi
Table 5- Effects of treatments on leaf color and chlorophyll (a, b and total) content
Renk Klorofil (mg L)
Uygulama L a b Hue Chroma a b Toplam
Topraga sivi 40.83 ¢ -10.46 a 15.17 ¢ 124.59 1843 a 7.76 b 2.56b 10.31b
Topraga kuru ~ 44.08 be -12.83 b 19.94 b 122.76 23.71b 5.01lc¢ 1.81b 6.82 ¢
Yapraga sprey 47.75 a -1538 ¢ 2579 a 120.82 30.03 ¢ 12.61 a 16.02 a 28.62a
Kontrol 4475 ab -13.82bc  21.30Db 123.07 25.39b S1lc 2.10b 721¢
P 0.022 0.006 0.011 0.197 0.008 0.000 0.000 0.000
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biyogiibrenin domates disinda diger tiirlerde de
kullanildiginda olumlu sonuglar elde edilecegi
beklenmektedir.

Denemeye alinan uygulamalar icerisinde
topraga yapilan uygulamalarin (6zellikle kuru
alg uygulamasinin) daha olumlu sonuglar verdigi
goriilmiistiir. Elde edilen umutvar sonuglar dahilinde
farkli doz ve uygulama sekli ile arastirmalarin
devam ettirilmesi gerekmektedir.

Uretim boyunca yasanan sorunlar tiibiiler
sistemlerin modifiye edilerek daha iyi tasarimla
kullanilmasmi ve bununla beraber iiretimde daha
fazla artis saglanabilecegini gostermektedir.

Tarimda fazlaca kullanilan bir ¢ok kimyasal
icerikli giibre yeralti ve yer iistii su kaynaklarinda
kirlilige ve toprakta tuzlanmaya sebep olarak
tarimsal dretimi kisitlamaktadir. Yiiriitilen bu
calismada kullanilan mikroalg tamamen biyolojik
olup, cevreye zarar vermeden biyogiibre olarak
kullanilabilmektedir. Organik giibre cesitliliginin
siirl oldugu organik tarimda da alternatif bir giibre
olarak kullanimi dnerilmektedir.
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ABSTRACT

This research was carried out to determine the effects of potassium (0, 40, 80, 120 kg K,O ha'!; as potassium sulfate;
50% K,0) and magnesium (0, 20, 40, 60 kg MgO ha™'; as magnesium sulfate; 16% MgO) applied to the soil, either
separately or in various combinations, on some nutrients (N, P, K, Ca, Mg, Fe, Zn) in maize leaves grown under field
conditions in semi-arid Central Anatolia in Turkey in 2009 and 2010. The study was designed as a factorial arrangement
in randomized block design with four replications. After soil analysis of the study areas, K and Mg-fertilizers were
applied at sowing. The results showed that the K applications alone could increase the nutrient concentrations of the
leaves, and synergic relations were found between K and P, Fe, or Zn. Synergic relations were also found between Mg
and P or Fe. Generally, combined applications of K and Mg resulted in higher nutrient concentrations in the leaves
by ameliorating the antagonistic effect of poor soil K-Ca-Mg ionic balances. The leaf nutrient concentrations were
generally higher in the first year (2009) than that of the experiment than in the second year (2010).

Keywords: Maize; Leaf; Potassium; Magnesium; Nutrients
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OZET

Bu arastirma, topraga ayr1 ayri ve belli kombinasyonlarda uygulanan potasyum (0, 40, 80, 120 kg K,O ha’'; potasyum
siilfat; % 50 K,0) ve magnezyum (0, 20, 40, 60 kg MgO ha''; magnezyum siilfat; % 16 MgO)’un I¢c Anadolu’da yar1
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kurak iklim kosullarinda 2009 ve 2010 yillarinda yetistirilen misirin yapraklarindaki bazi besin elementlerine (N, P, K,
Ca, Mg, Fe, Zn) etkilerini belirlemek amaciyla yapilmistir. Denemeler tesadiif bloklarinda faktoriyel deneme deseninde
dort tekerriirlii olarak planlanmistir. Toprak analizleri yapilan deneme alanlarina K ve Mg’lu giibreler ekimde tek seferde
tabana verilmistir. Arastirma sonuglarina gore, tek bagina verilen K yapragin besin elementlerini artirmis, K ile P, Fe
ve Zn arasinda sinerjik iliskiler belirlenmistir. Diger taraftan, Mg ile P ve Fe arasinda sinerjik etkilesimler saptanmustir.
Genellikle K ile Mg un birlikte uygulanmasi topraktaki antagonistik iliskileri azaltarak yaprakta daha yiiksek besin
elementlerinin bulunmasini saglamistir. Denemenin ilk yilinda yapragin besin element igerikleri ikinci yildakilerden

daha yiiksek bulunmustur.

Anahtar Kelimeler: Misir; Yaprak; Potasyum; Magnezyum; Besin elementleri

1. Introduction

Maize, which is the third most important agricultural
product after wheat and barley in terms of its
production area in Turkey, has a mean yield of
about 7,190 kg ha' and a total yield of 4.25 million
tons produced from a cultivated area of 592,000
ha. Maize is also the eighth most important crop
after wheat, barley, sugar beet, chickpea, sunflower,
rye and beans in the province of Konya, where the
mean yield is about 7,930 kg ha! and the total yield
is 104,129 tons produced from an area of 13,138
ha (Anonymous 2009). Generally, while corn has
a high yield potential in semi-humid and semi-arid
regions, their yields can be relatively low or limited
due to inadequate soil and crop macro- and micro-
nutrient management practices, climate conditions,
and soil properties (Wang et al 2006; Kovacevi¢ et
al 2008; 2009; Zengin et al 2008; Cela et al 2010;
Stingu et al 2011). Since soils in the Konya region are
highly calcareous (CaCO,> 15%), the exchangeable
and available Ca levels are high, which results in
cultivated plants having visible or hidden K and Mg
deficiencies even if there are adequate levels of K and
Mg in the soils. Consequently, potato and sugar beet
plants have exhibited positive responses to additional
fertilization with K and Mg that was applied because
of previous failures to obtain adequate levels of K
and Mg in the plants due to the high levels of Ca in
the excessively calcareous soils around Konya and
in semi arid Central Anatolia (Zengin et al 2008;
2009). However, neither in the province of Konya nor
elsewhere in Turkey, any sufficient number of studies
on the effects of K and Mg fertilizers on the levels of
maize leaf nutrients has been conducted.

© Ankara Universitesi Ziraat Fakiiltesi

Karaman et al (1999), who investigated the
effect of fertilization with K and Mg on maize
growth and on K and Mg absorption, stated that
K-fertilization should be carried out in proportion to
Mg levels, especially in Mg-deficient soils. Spear et
al (2003), who studied the effects of growing maize
and sunflower under eight different concentrations
of K for 27 days, reported that the amount of K in
the plant decreased with increasing K concentrations
and observed Mg deficiencies. Plant species, soil,
climate and growing conditions all affected the
K uptake by the plants (Turan & Horuz 2012).
Kanyanjua et al (2006) reported that the optimal K
dose for maize in Kenya was 30 kg K O ha™'. Izsaki
(2006) examined the effects of N-P-K fertilization
applied in different doses on the levels of nutrient
elements in maize leaves in the Szarvas region of
Hungary and concluded that the doses of 206 to 232
mg K O kg increased the levels of other nutrients,
except for those of Cu, in maize leaves to a greater
extent than higher doses of 321 to 465 mg K ,O
kg!. Tan et al (2007), who investigated the effects
of K fertilizers on maize yield in China for 13 years,
found that K accumulated at significant levels in
the soil with an annual dose of 225 kg K O ha™' and
proposed that the most appropriate annual dose of
K was just 112.5 kg K,O ha'. Tomov et al (2008)
investigated the effects of a various N-P-K doses
and of manure on nutrient uptake and maize yield
in the Plovdiv region of Bulgaria. They reported
that there was a yield increase of between 35.2%
and 21.7% depending on the types and doses of the
fertilizer when compared with the control and that
2.0t02.7kgN, 0.6 to 1.2 kg P,O, and 2.0 to 2.9 kg
K, O was required to produce 100 kg of corn.
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In this study, the effects of various doses of K
and Mg and their interactions on some nutrients
concentrations of maize leaves were investigated
in Kadinhani District of Konya Province, semi-arid
Central Anatolia.

2. Material and Methods

Field trials by using a hybrid maize cultivar (Zea
mays var. indentata) Pioneer-3394 brand were
conducted in the Kadinhani District of Konya
Province in the Central Anatolia Region of Turkey
in 2009 and 2010. The experimental area was

situated at an altitude of 1100 m above the sea level.
Climate in this district is characterized by hot and
dry summers and cold and rainy winters with a long-
term (1975 to 2010 years) annual mean precipitation
of about 327 mm. Total precipitation during the
maize growth period in the experimental areas (i.e.,
between May and October) was 128.8 mm in 2009
and 117.8 mm in 2010 (DMI 2011) (Table 1).

Some physical and chemical properties of the soil
samples taken from the experimental areas are given
in Table 2. Soils were slightly alkaline, non-saline,
low in organic matter, high in lime, and clay loam

Table 1- Some climate parameters of the study years and of a long-time period in Kadinham District

Cizelge 1- Calsmanin yiiriitiildiigii yillarda ve uzun yillar ortalamasi olarak Kadinhani nin kimi iklim verileri

Months
Climate parameters Mean/ Long-term
Year May June July  August  September October Total (1975-2010)
Mean temperature (°C) 2009 1290 18.25 20.60 19.00 15.32 14.31 16.73 11.10
P 2010 14.40 18.22 22.86 24.58 19.29 17.32 19.45 :
. 2009 37.4 240 8.0 0.2 19.4 214 128.8

Total precipitation (mm) 5 146 590 02 08 04 26.0 1178 327.1
Mean air humidity (%) 2009 69 57 55 42 56 59 56.3 61.2
Table 2- Soil analysis results of maize field
Cizelge 2- Misir tarlasi toprak analiz sonuglart

Parameters 2009 2010 Method

pH (1:2.5 s:w) 7.52 7.32 pH meter

EC (1:5 s:w; uS em™) 141 180 EC meter

Organic matter (%) 1.52 1.93 Walkley-Black

Lime (%) 6.31 16.11 Scheibler calcimeter

Clay (%) 30.4 30.1 Bouyoucos (1951)

Silt (%) 26.0 34.6 Bouyoucos (1951)

Sand (%) 43.6 353 Bouyoucos (1951)

Texture Clay loam Loam -

NH,-N + NO,-N (mg kg") 15.3 15.7 Extraction with 2 N KCI

P(mgkg') 3.76 13.25 Extraction with NaHCO,

K (mg kg") 603 430 Extraction with NH,OAc

Ca (mg kg") 6401 7631 Extraction with NH,OAc

Mg (mg kg™) 285 316 Extraction with NH,OAc

K (me 100 g™) 1.54 1.10 Ca:K 20.78 34.68 12 (ideal)

Ca (me 100 g) 32.00 38.15 Ca:Mg 13.50 14.50 6 (ideal)

Mg (me 100 g) 2.37 2.63 Mg:K 1.54 2.39 2 (ideal)

Na (mg kg™) 45 143 Flame-photometer

Fe (mg kg™) 1.65 0.16 Soltanpour & Workman (1981)

Zn (mg kg) 0.55 0.42 Soltanpour & Workman (1981)

Mn (mg kg') 2.37 2.04 Soltanpour & Workman (1981)

B (mg kg™) 0.90 2.69 Kacar (1994)

Cu (mg kg™" 0.79 1.03 Soltanpour & Workman (1981)

s:w, soil water ratio

608

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 606-616



Changes in Nutrient Concentrations of Maize (Zea mays var. intendata) Leaves under Potassium..., Ertiftik & Zengin

and loam in texture. At the two locations, N was low,
extractable K and Ca were very high while Mg was
sufficient, Fe and Zn were low while Mn, B and Cu
were adequate. In addition, while the P level was low
in the first area, it was moderate in the second area
(Ulgen & Yurtsever 1974; Sillanpaa 1990).

In terms of soil fertility, the most suitable
balances between exchangeable Ca, K and Mg are
supposed to be Ca:K= 12, Ca:Mg= 6 and Mg:K= 2
(Jokinen 1981); whereas, they were determined to
be Ca:K= 20.78, Ca:Mg= 13.50 and Mg:K= 1.54
in the fields for the first year, and Ca:K= 34.68,
Ca:Mg= 14.50 and Mg:K= 2.39 in the second year.
Therefore, there were imbalances between these
cations and Ca was disproportionally high (Table
2). Thus, even if K and Mg were present in the soil
in adequate amounts, the plants could not uptake
sufficient amounts, and hidden or visible deficiency
symptoms could occur.

The basal fertilizers used in the experiments
were DAP (18% N, 46% P,0O,), urea (46% N) and
ammonium nitrate (33% N). The fertilizers to be
tested using different doses (0, 40, 80, 120 kg K,O
ha!) were potassium sulfate (50% K,O, soluble in
water) and magnesium sulfate (16% MgO, soluble in
water) at the rates of 0, 20, 40, 60 kg MgO ha!, which
were applied during sowing in the both study years.

Based on the results of the soil analysis, K and
Mg-fertilizers with the fertilizers to rectify the soil
nutrient deficiencies (100 kg P,O, ha', 5 kg Fe
ha' and 5 kg Zn ha') were applied at the sowing
depth to all the plots at once. The 200 kg N ha™! was
applied manually to the soil as a top fertilizer, using
urea (46% N) during the first hoeing and ammonium
nitrate (33% N) during the second hoeing.

Field experiments were conducted according to
a completely randomized block design in factorial
arrangement. In two years, at each of the locations
that were near to each other, 64 plots were established
with four replications of each treatment. Plots had
dimensions of 4.2 m x 5.0 m (21 m?). The row
intervals were 70 cm at sowing and planting intervals
along the rows were set at 22 cm during seed drilling.
The separation between the plots was 1 m.

Soil samples were collected from the experiment
areas, from the 0 to 30 cm soil layer, before fertilizing
and sowing. They were analyzed for; pH in a 1:2.5
soil:water solution ratio with pH-meter; electrical
conductivity (EC) in a 1:5 soil:water solution by EC-
meter (Jackson 1962); organic matter content using
the Smith & Weldon (1941) method; lime content by
the Scheibler Calcimeter (Caglar 1949); texture by
Bouyoucos Hydrometer (Bouyoucos 1951); inorganic
N (NH,-N+NO,-N) in a 2 N KCl extract by Kjeldahl
distillation; available P using the Olsen method with
a spectrophotometer (Bayrakli 1987); exchangeable
cations (K, Ca, Mg and Na) in 1 N NH,OAc solution
(Bayrakli 1987) by the ICP-AES (Inductively
Coupled Plasma-Atomic Emission Spectrometer;
Varian, Vista Axiel Simultaneous) (Soltanpour &
Workman 1981); extractable Fe, Zn, Mn, Cu in the
0.05 M DTPA+0.01 M CaClL,+0.1 M TEA (pH= 7.3)
solution (Lindsay & Norvell 1978) using the ICP-
AES; and available B in a CaCl +mannitol solution
(Kacar 1972) using the ICP-AES.

In all of the experiments, fully expanded leaves
of corncob were sampled at the time of corncob
formation and were immediately transported in
paper bags inside a cooling bag to laboratory for
analysis of the total mineral nutrients. After washing
with tap water, they were washed once more with
distilled water, then with 0.1 N HCI solution, then
further twice with distilled water and once more
again with deionized distilled water (Bayrakli
1987). Following drying at 70 °C, leaf samples
were ground and subjected to digestion by 15 mL
HNO,+5 mL HCIO, using a microwave system
(CEM, Mars 5) (Soltanpour & Workman 1981).
The amounts of total P, K, Ca, Mg, Fe, and Zn in
the extracts were determined by the ICP-AES as
described by Soltanpour & Workman (1981). One
blank and one certified reference material (1547
Peach Leaves, NIST, National Institute of Standards
and Technology, Gaithersburg-USA) were added
into the microwave set of 40 cells to confirm the
reliability of the leaf analysis (Soltanpour &
Workman 1981). Total N concentrations in the leaf
samples were determined by micro Kjeldahl method
(Bayrakl1 1987) after digesting in H,SO,+H,O,.
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Irrigation water was provided on four occasions
for a period of eight hours by sprinkler irrigation.
The sprinkler irrigation was carried out on the dates
specified in Table 3, taking into account the periods
when the plants needed water.

Table 3- Time-table for experimental procedure
Cizelge 3- Is-zaman takvimi

Experimental procedure 2009 2010
Forming of plots and 13.05.2009  10.05.2010
sowing
Top fertilizing and 1. 09.06.2009  17.06.2010
hoeing
Top fertilizing and 2. 03.07.2009  13.07.2010
hoeing

1. Irrigation 11.06.2009  18.06.2010
2. Irrigation 04.07.2009  14.07.2010
3. Irrigation 05.08.2009  12.08.2010
4. Trrigation 01.09.2009  09.09.2010
Leaf sampling 27.07.2009  02.08.2010

The statistical analysis of the data was performed
by Minitab for analysis of variance and Mstat
for separating the treatments means by LSD and
Duncan’s Multiple Range Test (Diizgiines et al 1983).

3. Results and Discussion

3.1. Nitrogen

The KxMg interaction effect was statistically
significant (P<0.01) on the total N concentration of
the maize leaves for both the first and the second
years (Table 4).

In the first year, the total N concentrations in the
leaves ranged between 2.28% (K Mg,) and 2.59%
(K,Mg,), while in the second year they were between
2.27% (K Mg) and 2.62% (K, Mg, Table 5). In
the first year, the N concentration was increased by
2.0%, compared to the control (N, P), by the K, Mg,

Table 4- Analysis of variance results for the effects of K and Mg on some nutrient concentrations of maize

leaves in 2009 and 2010

Cizege 4- Musir yapraklarinin bazi besin elementi konsantrasyonlarina K ve Mg un etkisine iligkin 2009 ve 2010

il varyans analizi sonuglart

2009
Source of . Mean of squares
variation / N P K Ca Mg
K 3 0.01990 0.00013542  0.037803™  0.0029299" 0.00005556
Mg 3 0.02695 0.00007431  0.045025  0.0014465 0.00012778
KxMg 9 0.03696™  0.00017801"" 0.028153™  0.0009225 0.00015000"
Error 32 0.01221 0.00005625  0.008185 0.0007083 0.00006458
Fe Zn
K 3 158.51" 2.086
Mg 3 106.10 5.194
KxMg 9 73.35 7.355
Error 32 39.37 3.376
2010
Source of Mean of squares
variation by N P K Ca Mg
K 3 0.064208™ 0.0005722 0.00894 0.000367 0.0006944
Mg 3 0.059952"  0.0004278 0.03000 0.002789 0.0031722™
KxMg 9 0.038876™ 0.0006667  0.03780" 0.006319 0.0021593™
Error 32 0.009485  0.0002146 0.01521 0.006173 0.0006146
Fe Zn
K 3 1495.0™ 5.289
Mg 3 265.4 1.828
KxMg 9 629.0™ 9.430
Error 32 147.0 7.597

" P<0.01; “P<0.05; Df, degrees of freedom
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treatment, while in the second year it did so by 15.4%
in the case of K, ,Mg,. The measured total N values
were considered to be slightly deficient according to
the reported optimal range of total N values (2.7% to
4.0%) for maize leaves (Jones et al 1991). Under the
current conditions, the amount of N applied (200 kg
N ha') was probably too low for growing maize. In
the first year of the experiments, the measured total
N concentration of the leaves was less than the one in
the second year (Table 5). The reason for this could be
differences in the weather conditions (Table 1), studied
soils (Table 2), and the timing of the leaf sampling
(Table 3). In both years, the N concentrations of the
leaves were slightly higher with the KxMg applications
than with applications of either K or Mg alone. This
observation may result from the better plant growth

in terms of better utilizing the N as a result of the
improvement of the initially poor K-Ca-Mg balance in
the experimental soils by the combination of KxMg
fertilizers. Samui et al (1987), Izsaki (2006) and Szulc
(2010) reported similar results.

3.2. Phosphorus

The KxMg interaction had a statistically significant
(P<0.01) effect on the total P in maize leaves in both
years (Table 4). In the first year, the total values of
P ranged between 0.110% (K Mg,) and 0.137%
(K ,,Mg,), while in the second year they were between
0.070% (K Mg,) and 0.117% (KMg,) (Table 5).
In the first year, the P concentration of the leaf was
increased as high as 14.2% comparing to the control

Table 5- Effects of K and Mg on total N, P and K concentrations of maize leaves

Cizelge 5- Musir yapraklarinin toplam N, P ve K konsantrasyonlarina K ve Mg 'un etkisi

Doses N (%) P (%) K (%)

Fertilizer i
(kg K,0-MgO ha'') 1. Year 2. Year 1. Year 2. Year 1. Year 2. Year
0 2.54 2.27 0.120 0.070 1.33 1.12
K, 2.52 2.52 0.133 0.093 1.41 1.05

K K, 2.35 2.57 0.127 0.083 1.34 1.24
K, 2.39 2.29 0.133 0.117 1.21 1.33
LSD (P<0.05) - - - - - -
0 2.54 2.27 0.120 0.070 1.33 1.12
Mg, 2.38 2.57 0.127 0.097 1.46 1.18

Mg Mg, 2.48 2.57 0.130 0.083 1.51 1.30
Mg, 2.45 2.38 0.130 0.103 1.23 1.30
LSD (P<0.05) - - - - - -
K Mg, 2.54 a* 2.27d 0.120ab  0.070 ¢ 1.33 be 1.12 cd
K Mg, 2.52a 2.27d 0.133 a 0.083 bc  1.44 ab 1.14 bed
K Mg, 2.54a 2.30 cd 0.123ab  0.113a 1.33 be 1.37a
K Mg, 2.59a 2.45 bc 0.130 a 0.110ab  1.32 bc 1.34 ab

KxMg KMg, 2.32b 246abc  0.110c¢ 0.107ab 1.24c¢ 1.16 bed
KMg, 2.57a 242bed  0.133a 0.087bc  1.31bc 1.16 bed
K Mg, 2.28b 2.44 be 0.120bc  0.117a 1.54a 1.25 abed
K Mg, 2.31b 2.52 ab 0.120bc  0.103ab 1.33 bc 1.27 abc
K, Mg, 2.53a 2.62a 0.137 a 0.103ab 1.31 bc 1.27 abc
K Mg, 2.52a 240bcd 0.123ab  0.080 ¢ 1.35bc 1.05d
Lowest 2.28 2.27 0.110 0.070 1.21 1.05
Highest 2.59 2.62 0.137 0.117 1.54 1.37
LSD (P<0.05) 0.183 0.162 0.012 0.024 0.150 0.205

* means shown with the same letters in the same column are not significant
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for K, Mg, treatment, while in the second year it
showed tremendous increase by 67.1% in the K. Mg,
case. The measured values of P were well below the
optimal P range (0.25% to 0.50%) for maize leaves
(Jones et al 1991). The phosphorous fertilization
(100 kg P,O, ha') in the current study was probably
too low to meet the P requirement of maize. In the
first year of the experiment, the P concentrations of
the leaves were found to be greater than they were
in the second year, as was the case for K and Zn
(Table 5). The reason for this observation may be due
to the differences in the weather conditions (Table
1), properties of the soils (Table 2) and the timing
of leaf sampling (Table 3) in the two successive
growing seasons. This occurred despite of smaller
amounts of available P and higher alkaline pH value
in the soil in the first year. In the second year, K
and Mg applications resulted in decreases in the P
concentration of the leaves. This could result from
a relatively lower absorption of P in the plants that
were growing better due to the improved Mg balance.
In addition, P might not be taken up in adequate
amounts by the plant due to the high pH and Ca
concentration of the soil. Blasko (2006) and Izsaki
(2006) reported similar results. Leaf P increased with
the increases in Mg doses. Aktag & Ates (1998) also
reported a synergic relation between Mg and P, while
Szulc (2009) reported that P increased in corn leaves
following an application of Mg.

3.3. Potassium

The KxMg interaction more significantly affected the
total K concentration of the leaves (P<0.01) in the first
year than in the second year (P<0.05) (Table 4). In the
first year, the K values ranged between 1.21% (K ,)
and 1.54% (KMg,), while in the second year they
were between 1.05% (K,) and 1.37% (K Mg,; Table
5). The K concentration of the leaf was increased
by 15.8 and 22.3% comparing to control in the first
and second years, respectively. Results showed that
the levels of both of the elements, K and Mg, need
to be addressed in order to improve the K-Ca-Mg
balance, which was initially poor due to the high Ca
in the region’s soils. Despite observation of no visual
deficiency symptoms, the K concentrations were just

below the deficiency threshold (1.7% to 3.0%) for
maize leaves (Jones et al 1991). This situation can
be affected by the maize variety, and differences
in soil and climate factors. Comparatively higher
K concentrations were observed in the first year.
This could be attributed to lower exchangeable Ca
was lower and higher exchangeable K resulting
in a Ca:K ratio closer (20.78 and 34.68 in the first
and second year respectively) to the ideal one (12)
in the first years experimental field (Jokinen 1981).
However, Zengin et al (2008; 2009) demonstrated
that K and Mg fertilization was necessary for sugar
beet under similar growth conditions in order to
establish appropriate Ca-K and Ca-Mg balances in
soils with excessive exchangeable Ca. Zengin et al
(2008) reported similar results for potato cultivation
in the region. Excessive Ca in the soil results in an
antagonistic interaction among the three elements
that hinders the plant uptake of K (Aktas & Ates
1998). The K and Mg treatments resulted in either
increase or decrease in the leaf K concentration in the
first growing season whereas there was a treatment
induced increase in K concentration in the second
year. In accordance with our results, Karaman et al
(1999) emphasized that importance of proportional
K and Mg treatments for a balanced Ca, Mg and K
nutrition. Hermans et al (2004), Zengin et al (2008;
2009) and Szulc (2009) have noted the different
responses of plants to K applications.

3.4. Calcium

The effect of only adding K on Ca concentration of
the leaf was statistically significant (P<0.05) in the
first year,; however, none of the applications had
a significant effect in the second year (Table 4). In
the first year, the Ca values ranged between 0.283%
(K Mg,) and 0.360% (K ,), while they were between
0.460% (K,) and 0.613% (Mg,) in the second year
(Table 6). The measured Ca concentrations were well
in the optimal Ca range (0.21% to 1.00%) for maize
leaves (Jones et al 1991). In both years, treatment
induced-changes in the Ca concentrations of the
leaves were related to the balance of K-Ca-Mg in
the soil. According to Doll & Lucas (1973) the base
saturation of a soil should be in the range of 3-5%
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for K, 65-85% for Ca, and 6-12% for Mg in order
to maintain ideal Ca, Mg and K nutrition of the
plants. Similarly, the respective saturation rates were
reported as 5%, 60% and about 10% for K, Ca, and
Mg, respectively. The ideal ratios of the exchangeable
cations should be Ca:K= 12, Ca:Mg= 6, and Mg:K=
2 to ensure adequate uptake of K, Ca and Mg from
the soil (Jokinen 1981). However, in this study, the
balances between these elements in either of the two
experimental fields were not suitable for optimal K,
Mg and Ca nutrition of plants.

3.5. Magnesium

The effects of the KxMg interaction on the total
Mg concentration of the leaves were statistically

significant in both growing seasons (Table 4). In
the first year Mg concentrations range was 0.100%
(K, and 0.117% (K ,Mg,, KMg,, K Mg/, while
in the second year it was 0.143% (K Mg, and
0.230% (K ,Mg,; Table 6). Leaf Mg concentrations
were proportional to Mg treatments in both years
whereas K treatments resulted in a decrease in
the first year and an increase in the second year.
Treatment induced increases in Mg concentrations
were detrimental in the second growing season
with as high as 60.8% in the K. Mg, case. The leaf
Mg concentrations were just about the deficiency
threshold (0.2%) for maize leaves (Jones et al 1991).
However, no Mg deficiency symptoms were evident
in the plants.

Table 6- Effects of K and Mg on total Ca, Mg and Fe concentrations of maize leaves

Cizelge 6- Misir yapraklarinin toplam Ca, Mg ve Fe konsantrasyonlarina K ve Mg un etkisi

Doses Ca (%) Mg (%) Fe (mg kg™)
Fertilizer
(kg K,0-MgO da’') 1. Year 2. Year 1. Year 2. Year 1. Year 2. Year
0 0.353a" 0486 0.113 0.143 73.19b 111.90
K, 0.310b 0.460 0.100 0.173 83.64a 118.86
K K, 0.320ab 0.580 0.116 0.183 75.86 ab 102.73
K, 0360a 0.517 0.116 0.203 70.99b 116.68
LSD (P<0.05) 0.044 - - - 10.44 -
0 0.353 0.486 0.113 0.143 73.19 111.90
Mg, 0.357 0.493  0.114 0.203 81.63 115.16
Mg Mg, 0.330 0.613  0.116 0.217 81.46 124.59
Mg, 0.350 0.517  0.115 0.213 84.94 129.73
LSD (P<0.05) - - - - - -
K Mg, 0.353 0486 0.113a 0.143d 73.19 111.90 be
K Mg, 0.353 0.500 0.117a 0.147d 76.62 73.06 d
K Mg, 0.326 0.550 0.113a 0.167cd 75.84 112.12 be
K Mg, 0.303 0.543 0.103ab 0.173 cd 87.22 13991 a
KxMg KMg, 0.337 0.503 0.117a 0.193bc 79.58 137.87 a
KMg, 0.333 0493 0.107ab 0.230a 89.87 127.57 ab
K Mg, 0.283 0.553 0.103ab 0.197bc 69.81 107.09 ¢
K Mg, 0.310 0.500 0.100b 0.150d 74.81 115.49 be
K Mg, 0.333 0.523 0.113a 0.200bc 77.14 110.83 be
K Mg 0.317 0.513 0.117a 0.207bc 78.18 122.31 abc
Lowest 0.283 0.460  0.100 0.143 69.81 73.06
Highest 0.360 0.613  0.117 0.230 89.87 139.91
LSD (P<0.05) - - 0.013 0.041 - 20.16

* means shown with the same letters in the same column are not significant
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In the second year, the balances between
exchangeable K-Ca-Mg in the study soils were
worse than in the first year, which resulted in
higher Mg contents in the leaves in the second year.
Because Mg use improved bad ratio of Ca:Mg and
Mg:K in the second year. Combinations of K and
Mg were given in different doses that raised the Mg
concentration of the leaves to higher levels than
those in the control by reducing the antagonistic
interaction. The concentrations of Mg in the
leaves were increased as the doses of K increased.
This situation is interested in Mg:K ratio in the
soil. This ratio is high than normal value, so K
applying was supported good plant growth and Mg
absorption. However Aktas & Ates (1998), Sepehr
et al (2002), Zengin et al (2008) and Szulc (2009)
have all mentioned that increasing the doses of K
applications reduced the Mg concentration of the
leaves due to the antagonistic effect.

3.6. Iron

Both K and KxMg interaction had significant effects
on Fe concentration of the maize leaves (Table 4).
The Fe concentration ranges were 69.81 (K Mg,),
89.87 mg kg (KMg,) and 73.06 (K,Mg)), 139.91
mg kg' (K,Mg,) (Table 6) in first and second
years, respectively. There was 22.8 (K.Mg,) and
25% (K Mg,) treatment induced increase in Fe
concentration in first and second years. The Fe
concentrations were in the optimal range (21 to 250
mg kg!) for maize leaves (Jones et al 1991).

As the individual effects of K or Mg fertilizers
considered, the total Fe concentration of the leaves
was first increased and then decreased upon K
fertilization, but it was proportionally increased
due to Mg fertilization. This may be attributed
to the synergistic relation of both K and Mg
with Fe (Aktas & Ates 1998). In addition, the Fe
concentrations were considerably lower in the first
year. These changes in Fe concentrations can be
related to differences in soil characteristics such
as pH and organic matter (Table 2) and climate
conditions (Table 1). As the pH value increased the
available Fe concentration would be reduced (Aktas
1991; Eyiipoglu et al 1998). Izsaki (2006) reported

that the Fe concentration of the leaves was increased
by K fertilization to maize.

3.7. Zinc

The effect of the KxMg interaction on Zn
concentration of the leaves was only statistically
significant (P< of 0.05) in the first year (Table 4).
The Zn concentration range were 15.44 (K Mg,)-
1991 mg kg' (K,) and 12.79 (K ,Mg,)-18.44
mg kg' (KMg,)) in the first and second years,
respectively (Table 7). There was a general increase
in Zn concentrations of the leaves depending on
K and Mg treatments. However, the observed

Table 7- Effects of K and Mg on total Zn
concentration of maize leaves

Cizelge 7-  Misir  yapraklarimin  toplam  Zn

konsantrasyonuna K ve Mg un etkisi

Fertilizer Doses Zn (mg ke)
(kg K,0-MgO da™*) 1. Year 2. Year
0 16.68 13.31
K, 19.91 13.55

K K, 15.59 14.06
K, 18.82 16.74
LSD (P<0.05) - -
0 16.68 13.31
Mg, 17.03 15.33

Mg Mg, 16.37 12.88
Mg, 19.52 15.40
LSD (P<0.05) - -
K Mg, 16.68ab" 1331
K Mg, 19.00a  13.18
K Mg, 18.56 a 15.16
K Mg, 17.62ab  14.39
K Mg 18.10ab  18.44

KxMg K Mg, 1636ab  14.68
K Mg, 15.44 b 16.24
K, Mg, 17.56 ab 1491
K Mg, 17.72ab  12.79
K Mg, 19.33 a 13.86
Lowest 15.44 12.79
Highest 19.91 18.44
LSD (P<0.05) 3.056 -

* means shown with the same letters in the same column are not
significant
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Zn concentrations were below the optimal Zn
concentration range (25 to 100 mg kg') for maize
leaves (Jones et al 1991). This could be attributed
to insufficient basal Zn fertilization (5 kg ha™') and
very high Zn adsorption capacity of calcareous
soils. On the other hand, Aktag & Ates (1998) have
reported that high lime contents and high pH hinder
Zn uptake of plants.

Sepehr et al (2002) and Izsaki (2006) also
reported that K increased the Zn concentration of
the leaves, as in this study. This situation can be
related to the increased plant growth induced Zn
uptake from the soil.

Asaconclusion; even if K and Mg concentrations
were adequate in the experimental soils, the maize
plants could not uptake sufficient amounts of K and
Mg elements because of the excessive Ca saturation
induced nutritional imbalances. Manipulations
of the balances among Ca, Mg, and K resulted in
enhancement in the nutritional status of maize
through synergic relations between K or Mg and
P, S, Fe, and Zn. In general, when the K and Mg
were applied together to optimize the Ca:K, Ca:Mg
and K:Mg ratios, the excessive Ca saturation related
nutritional disorders in maize can be corrected to
some extent in calcareous soils.
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Genel

Tarim Bilimleri Dergisi, tarim bilimleri alaninda ve yazim dili ingilizce olan 6zgiin arastirma makaleleri yaymlar. Sonuglar1 énceden
bilinen ve yenilik getirmeyen arastirma makaleleri, taksonomi ile sadece durum tespitine dayanan ve yoresel calismalar ile veri
ve anket analizine dayanan c¢aligmalar derginin kapsami digindadir. Basilacak makalelerin daha 6nce higbir yerde yaymlanmamis
olmas: ve yaym haklarinin verilmemis olmasi gerekir. Dergide yayimlanacak makalelerin her tiirlii sorumlulugu yazarma/
yazarlarina aittir.

Yayimlanmasi i¢in gonderilen eser, yaym ilkeleri dogrultusunda Dergi Editorler Kurulu tarafindan 6n incelemeye alinir. Dergi
Editorler Kurulu, dergide yayinlanabilecek nitelikte bulmadigi makaleleri hakemlere géndermeden yazara/yazarlara iade karari
verme hakkina sahiptir. Ayrica yazim kurallarina uymayan veya anlatim dili yetersiz olan makaleler, diizeltilmek iizere yazara/
yazarlara iade edilir. Degerlendirmeye alinan makaleler, incelenmek tizere en az 2 hakeme gonderilir. Hakem degerlendirmesinden
gecen makalelere ait diizeltmeler, diizeltmeler listesiyle birlikte en fazla 30 giin igerisinde sisteme yiiklenerek gonderilmelidir. Bu
stireden sonraki gonderimler kabul edilmez. Baseditor, hakem raporlarini ve/veya istenilen diizeltmelerin yeterli olup olmamasini
dikkate alarak makalenin yayimlanip yayimlanmamasina karar verir.

Makalede isimleri yer alan tiim yazarlar, yayim haklarini Tarim Bilimleri Dergisine verdiklerine dair Makale Gonderme ve Telif
Hakki Devir Sézlesmesini imzalamalidir. Makalenin yayimlanmas: kabul edildikten sonra makale metninde, yazarlarinda ve
yazarlarin siralamasinda degisiklik yapilamaz. Makale yayima kabul edildiginde, sorumlu yazar Ankara Universitesi adina agilnus
banka hesabma 300 TL yatirmalidir. Makaleden sorumlu yazara banka hesap numarasi, makalenin basima kabul edilmesinden
sonra bildirilir.

Makale Yiikleme

Hazirlanan makaleler; sadece makaleden sorumlu yazar (makalenin yayim baslangicindan basim sonrasindaki her tiirlii yazigmalarda
sorumlulugu bulunan) tarafindan Tarim Bilimleri Dergisi web sayfasindaki ¢evrimi¢i Makale Gonderme ve Degerlendirme
Sistemi kullanilarak elektronik ortama yiiklenmelidir. Makale yiikleme bolimiiniin “Bagvuruyu Yiikle” bolimiinde pdf
formatindaki makale dosyasina ilave olarak “Ek Dosyalar” bolimiine asagidaki dosyalarin da yiiklenmesi gerekir.

v Makalenin Word (2003 veya daha iist versiyonlari) formatindaki dosyasi. Sisteme yiiklenen makalenin hem pdf formatinda
ve hem de Word formatinda iletisim, ad-soyad, kurum gibi yazarlar tanitic1 bilgiler bulunmamalidir.

v’ Tiim yazarlar tarafindan imzalanmus ve pdf formatinda taranmis olan “Makale Gonderme ve Telif Hakki Devir Sézlesmesi”.
Yayima kabul edilmesi durumunda bu formlarin ash da posta ile editére gonderilmelidir.

v" Yazar Makale Kontrol Listesi (pdf formatinda),
v’ Yazarlarin ad-soyad, kurum ve iletigim bilgilerini igeren Word dosyas1,

v Gerekiyorsa Etik Kurul Raporu eklenmelidir.

Derginin Kapsam

Tarim Bilimleri Dergisi, tarim bilimleri alaninda yapilan 6zgiin arastirmalari ve yeni bulgular1 igeren makaleleri yayimlar. Sonuglar:
onceden bilinen ve yenilik getirmeyen arastirma makaleleri, taksonomi ile sadece durum tespitine dayanan ve yoresel ¢aligmalar
ile veri ve anket analizine dayana ¢alismalar derginin kapsami disindadir. Derleme makaleler, yayin komisyonunun ¢agrisi tizerine
hazirlanmigsa normal inceleme ve degerlendirme siirecinden gegirilerek yayimlanir.

Makale Hazirlama

Makaleler, A4 boyutundaki kagidin tek yiiziine 12 punto Times New Roman yaz1 tipinde ve ¢ift satir aralikli yazilmalidir. Sayfanin
saginda, solunda, altinda ve istiinde 3’er cm bosluk birakilmalidir. Makalenin her sayfasi ve satirlari numaralandirilmalidir. Yazar
ad(lar)1 agik olarak yazilmali ve herhangi bir akademik unvan belirtilmemelidir. Editérler kurulu, anlatim dili yeterli olmayan
makaleleri degerlendirme dis1 tutabilir. Yazar(lar)in makale gondermeden once eseri dil yoniinden bir dil bilimciye incelettirmesi
tavsiye olunur. Siralama olarak, Ingilizce 6zet ve pesinden Tiirkge 6zet verilir. Bu durum sekil ve gizelge baslhiklart icin de gegerlidir.

Makale; Tiirkge Baslik, Tiirkge Ozet, Anahtar Kelimeler, ingilizce Baslik, Ingilizce Ozet, Keywords, 1.Giris, 2. Materyal ve
Yontem, 3.Bulgular ve Tartisma, 4.Sonuglar, Tesekkiir (varsa), Kisaltmalar ve/veya Semboller (varsa), Kaynaklar boliimleri ile
Sekil ve Cizelgelerden olugmalidir. Boliim adlar1 koyu yazilmalidir.

Makale, “Kaynaklar” boliimii dahil 16 sayfay1 gegmemelidir. Yazar(lar), bu kisimlarin olusturulmasinda derginin web sayfasindaki
Makale Hazirlama Sablonunu kullanmalidir.

Bashk: Kisa ve agiklayict olmali, 14 punto ve koyu, kelimelerin ilk harfi biiyiikk olmali, ortalanarak yazilmali ve 15 kelimeyi
gecmemelidir. Ingilizce baslik Tiirkge basligi tam olarak karsilamali, 13 punto ve koyu yazilmalidir.




Ozet ve Anahtar Kelimeler: Tiirkge ve ingilizce zetlerin her biri 300 kelimeyi gegmemelidir. Tiirkge ve ingilizce 6zetlerde
sirastyla “Ozet” ve “Abstract” kelimeleri kullanilmalidir. Ozet, ¢alismanin amacini, nasil yapildigini, sonuglar1 ve sonuglar iizerine
yazar(lar)n yaptig1 degerlendirmeleri igermelidir. Ozetlerin 1 satir altina, her anahtar kelimenin ilk harfi biiyiik digerleri kiigiik
harflerle, miimkiinse baslikta kullanilmayan, ¢aligmay1 en iyi bicimde tanimlayacak ve aralarinda noktalr virgiil (;) olacak sekilde
en fazla 6 anahtar kelime yazilmalidir.

1. Giris: Bu boliimde; ¢aligma konusu, gerekgesi, konu ile dogrudan ilgili 6nceki ¢aligmalar ve ¢alismanin amaci verilir.

2. Materyal ve Yontem: Kullanilan materyal ve yontem ayni baslikta verilmelidir. Alt bashik verilecekse boliim numaras: ile
birlikte numaralandirilmali (2.1. gibi) ve italik yazilmalidir. Yeni veya degistirilmis yontemler, ayni konuda ¢alisanlara aragtirmay1
tekrarlama olanagi verecek nitelikte agiklanmalidir.

3. Bulgular ve Tartisma: Elde edilen bulgular verilmeli, gerekirse ¢izelge, sekil ve grafiklerle desteklenerek bulgular agiklanmalidir.
Elde edilen bulgular tekrardan kagmilmasi amaciyla ya ¢izelge ya da grafik olarak verilmelidir. Istatistiki olarak énemli bulunan
faktorler, uygulanan istatistik analiz teknigine uygun karsilastirma yontemi ile yorumlanarak ilgili istatistikler {izerinde harflendirme
yapilmalidir. Istatistiki analiz yonteminin dogru segilmedigi ve/ya analizin geregi gibi yapilmadigi durumlarda editérler kurulu
makaleyi degerlendirme disinda tutabilir. Bulgular tartisilmali ancak gereksiz tekrarlardan kaginilmalidir. Bulgularin baska
arastirmalarla benzerlik ve farkliliklart verilmeli, nedenleri agiklanmalidir.

4. Sonuclar: Elde edilen sonuglar, bilime ve uygulamaya katkisiyla birlikte kisa ve 6z olarak verilmelidir. Giris ile Bulgular ve
Tartigma boliimiinde verilen ifadeler bu kisimda ayni sekilde tekrar edilmemelidir.

Tesekkiir: Gerekli ise miimkiin oldugunca kisa olmali ve yapilan katki ifade edilerek verilmelidir.

Kisaltmalar ve/veya Semboller: Makalede kisaltmalardan miimkiin oldugunca kaginilmalidir. Semboller Makale Hazirlama
Sablonunda belirtildigi gibi verilmelidir. Kisaltma ve semboller metin i¢inde ilk kez kullanildig1 yerde agiklanmalidir. Uluslararas:
gegerliligi olan ve yerlesik kisaltmalar tercih edilmelidir. Kisaltmalar makalenin basliginda kullanilmamalidir. Semboller SI
sistemine gore verilmelidir.

Kaynaklar: Eserde yararlanilan kaynaklara iliskin atif metin iginde “(Yazarm soyadi y1l)” yontemine gore yapilmalidir. Ornek:
(Doymaz 2003), (Basunia & Abe 2001). Yazara atif yapilirsa sadece yayinin y1li parantez igine alinmalidir. Ornek: Doymaz (2003)’e
gore ya da Basunia & Abe (2001). Ug ya da daha fazla yazar i¢in makale igindeki atifta et al” kullammalidir. Ornek: (Lawrence
et al 2001) veya Lawrence et al (2001)’e gore. Ayn1 yazarin ayni yil iginde 1’den fazla yayini varsa, yildan sonra kiigiik harfler
verilmelidir. Ornek: (Akpinar et al 2003a). Aym yazarin birden fazla yaymina atif yapilacaksa yildan sonra noktali virgiil (;) isareti
ile ayirt edilmelidir. Ornek: (Akpmar 2007; 2009; 2013). Birden fazla atif yapilirsa atiflar arasinda noktali virgiil (;) kullanilmali
ve eskiden yeniye dogru yil sirasina gore verilmelidir. Ornek: (Perl et al 1987; Bailly et al 1996; Copeland & McDonald 2001;
Goel & Sheoran 2003). Eger bilginin, kaynagin belirli bir sayfasindan ya da sayfalarindan alindig: belirtilmek istenirse (Hardeman
& Jochemsen 2012, s 657-674; Naess 1991, s 34) bi¢iminde gosterilmelidir. Kaynaklarda Anonim ya da Anonymous seklinde
gosterim yapilmamalidir.

Kaynaklar bolimiinde metin iginde atifi yapilan tiim kaynaklar alfabetik olarak (yazarlarin soyadlarina gore) ve orijinal dilinde
verilir. Ayn1 yazara birden ¢ok atif yapiliyorsa 6nce tek isim, sonra iki isim ve sonra da ii¢ ve daha fazla yazarli kaynak sirasina
gore hepsi kendi iginde eskiden yeniye y1l sirasina gore verilmelidir. iki veya daha fazla yazarh eserlerin bildiriminde son yazardan
once “&” kullanilmalidir. Ornek: Lawrence K C, Funk D B & Windham W R (2001). Dergi isimleri kisaltma yapilmadan tam ad1
ile ve italik yazilmalidir. Kongre kitaplarinda Tiirk¢e ya da yabanci dilde 6zeti yayinlanmis ¢aligmalara atif yapilamaz. Makaledeki
yanlis atif ve kaynak gosterimlerine ait sorumluluk yazar(lar)a aittir. Kaynaklar boliimiindeki her bir kaynagin sonuna nokta (.)
konmamalidir.

Dergi:
Doymaz I (2003). Drying kinetics of white mulberry. Journal of Food Engineering 61(3): 341-346

Basunia M A & Abe T (2001). Thin-layer solar drying characteristics of rough rice under natural convection. Journal of Food
Engineering 47(4): 295-301

Lawrence K C, Funk D B & Windham W R (2001). Dielectric moisture sensor for cereal grains and soybeans. Transactions of the
ASAE 44(6): 1691-1696

Akpinar E, Midilli A & Bicer Y (2003a). Single layer drying behaviour of potato slices in a convective cyclone dryer and
mathematical modelling. Energy Conversion and Management 44(10): 1689-1705




Kitap:
Yildirim O (1996). Bahge Bitkileri Sulama Teknigi. Ankara Universitesi Ziraat Fakiiltesi Yaymlart: 1438, Ders Kitabi: 420, Ankara
Mohsenin N N (1970). Physical Properties of Plant and Animal Materials. Gordon and Breach Science Publishers, New York

Kitapta Boliim:
Firathi C (1993). An yetistirme. (Ed: M Ertugrul), Hayvan Yetistirme, Baran Ofset, Ankara, s. 30-34

Rizvi S S H (1986). Thermodynamic properties of foods in dehydration. In: M A Rao & S S H Rizvi (Eds), Engineering Properties
of Foods, Marcel Dekker, New York, pp. 190-193

Yazari Belirtiimeyen Kurum Yaynlari:
TUIK (2012). Tarim statistikleri Ozeti. Tiirkiye Istatistik Kurumu, Yaymn No: 3877, Ankara
ASAE (2002). Standards S352.2, 2002, Moisture measurement-unground grain and seeds. ASAE, St. Joseph, MI

internetten Alinan Bilgi:

FAO (2013). Classifications and standards. http://www.fao.org/economic/ess/ess-standards/en/ (Erigim tarihi:10.02.2013)

Tez:

Koyuncu T (1992). Tarim arabalarinda kullanilan ¢arpma etkili frenlerin arastirilmasi. Yiiksek lisans tezi, Ankara Universitesi Fen
Bilimleri Enstitiisii (Basilmamis), Ankara

Berbert P A (1995). On-line density-independent moisture content measurement of hard winter wheat using the capacitance method.
PhD Thesis, Crandfield University (Unpublished), UK

Tam Metin Kongre/Sempozyum Kitabi:

Yagcioglu A, Degirmencioglu A & Cagatay F (1999). Drying characteristics of laurel leaves under different drying conditions. In:
Proceedings of the 7th International Congress on Agricultural Mechanization and Energy, 26-27 May, Adana, Turkey, pp.
565-569

Kara Z & Beyoglu N (1995). Konya ili Beysehir yoresinde yetistirilen tiziim gesitlerinin goz verimliliklerinin belirlenmesi tizerine
bir arastirma. Tiirkiye 1. Ulusal Bahge Bitkileri Kongresi. Bildiriler (11): 3-6 Ekim, Adana, s. 524-528

Sekiller ve Cizelgeler: Sekil, grafik, fotograf ve benzerleri “Sekil”, sayisal degerler ise “Cizelge” olarak belirtilmelidir. Ttiim sekil
ve cizelgeler makalenin sonuna yerlestirilmelidir. Sekil ve ¢izelgelerin boyu tek sayfa diizeninde en fazla 16x20 cm ve ¢ift siitun
diizeninde ise genisligi en fazla 8 cm olmalidir. Sekil ve ¢izelgelerin boyutu baskida ¢ikabilecek ¢oziiniirlilkte olmalidir. Aragtirma
sonuglarini destekleyici nitelikteki resimler 600 dpi ¢oziiniirligiinde ”jpg” formatinda olmalidir. Renkli resimler yerine gri ya
da siyah tonlu resimler tercih edilmelidir. Cizelgelerde diisey ¢izgi kullanilmamali ve makale hazirlama sablonunda belirtildigi
gibi hazirlanmalidir. Her c¢izelge ve sekle metin icerisinde atif yapilmalidir. Tiim ¢izelge ve sekiller makale boyunca sirayla
numaralandirilmalidir (Cizelge 1 ve Sekil 1). Cizelge ve sekil basliklar1 ve agiklamalart kisa ve 6z olmalidir. Cizelge ve sekillerin
Ingilizce basliklari, Tiirkge baghigin hemen altina italik olarak yazilmali, ilk yazilan Tiirkge baslik yazist koyu olmalidir. Sekil ve
cizelge baslik yazilar1 9.5 punto, sekil ve gizelgelerin i¢indeki yazilar 9 punto, ¢izelge alt1 yazilar 8 punto Times New Roman yazi
karakterinde olmalidir. Sekillerde yatay ve diisey kilavuz ¢izgiler ve rakamlar bulunmamalidir. Ancak istatistiksel karsilagtirmalar
yapiliyorsa kiigiik harfler bulunabilir. Cizelge ve sekillerde kisaltmalar kullanilmig ise hemen altina bu kisaltmalar agiklanmalidir.
Sekil ve ¢izelge bagliklari ile ¢izelge alt1 yazilarin sonuna nokta (.) konmamalidir.

Birimler: Tiim makalelerde SI (Systeme International d’Units) 6l¢im birimleri kullanilmalidir. Ondalik kesir olarak nokta
kullanilmalidir ( 1,25 yerine 1.25 gibi). Birimlerde “/” kullanilmamali ve birimler arasinda bir bosluk verilmelidir (m/s yerine m s,
J/s yerine J s, kg m/s? yerine kg m s 2 gibi). Say1 ile sembol arasinda bir bosluk birakilmalidir (4 kg N ha',3kgm 's2 20N m,,
1000 s, 100 kPa, 22 °C ve % 29 gibi). Bu kuralin istisnalar1 diizlemsel agilar i¢in kullanilan derece, dakika ve saniye sembolleridir
(°, " ve "). Bunlar sayidan hemen sonra konmalidir (10°, 45°, 60” gibi). Litrenin kisaltmas1 “1” degil “L” olarak belirtilmelidir.
Ciimle sonunda degillerse sembollerin sonuna nokta konulmamalidir (kg. degil kg).

Formiiller ve Esitlikler: Formiiller numaralandirilmali ve formiil numarasi formiiliin yanina saga dayali olarak parantez iginde
gosterilmelidir. Formiillerin yazilmasinda Word programi matematik islemcisi kullanilmali, ana karakterler 12 punto, degiskenler
italik, rakamlar ve matematiksel ifadeler diiz olarak verilmelidir. Metin igerisinde atif yapilacaksa “Esitlik 1” biciminde verilmelidir
(...iliskin model, Esitlik 1’ de verilmistir).
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