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ABSTRACT

This study focused on the adulteration of butter by margarine. The samples of pure butter, pure margarine and replacement
of butter with margarine at a ratio of 10, 20, 30, 40, 50, 60, 70, 80 and 90% were prepared and fat constants including the
Melting Point (MP), Refractive Index (RI), Reichert-Meissl Number (R-MN), Polenske Number (PN), Saponification
Number (SN) and Iodine Number (IN) were measured for 66 samples (2 margarine types % 11 margarine replacements
x 3 replicates). The types and addition levels of margarine significantly influenced the MP, R-MN, PN, SN, IN (P<0.01)
and RI (P<0.05) of the samples. The fat constants in the samples became closer to margarine by increasing the levels
of margarine. For each margarine added samples, the MP, R-MN, SN and IN were found to be statistically significant.
According to these results, the MP, R-MN, SN and IN can be reliably used to differentiate margarine added butter from
pure butter. The results were also supported by correlation analysis. As a result of this research, taking advantage of the
R-MN, the following formula was developed to determine the addition of margarine to butter. Margarine adulteration
rate (%)= 100.73 - (3.84 x Reichert-Meissl number), (F= 12830.43**)

Keywords: Butter; Margarine; Adulteration; Analysis; Fat constants

Yag Sabitleri Kullamlarak Tereyaginin Margarinle Tagsisinin Tespiti

ESER BILGISI

Aragtirma Makalesi

Sorumlu Yazar: Songiil CAKMAKCI, E-posta: cakmakci@atauni.edu.tr, Tel: +90 (442) 231 24 91
Gelis Tarihi: 31 Mart 2014, Diizeltmelerin Gelisi: 07 Temmuz 2014, Kabul: 15 Kasim 2014

OZET

Bu arastirma, margarin ile tereyaginin tagsisinin tespitine odaklanmistir. Yag drnekleri, saf tereyagindan sade margarine
kadarki aralikta, tereyagina % 10, 20, 30, 40, 50, 60, 70, 80 ve 90 margarin katkilanarak hazirlanmistir. Yag 6rneklerinde
erime noktas1 (EN), kirtlma indisi (K), Reichert-Meissl sayis1 (R-MN), Polenske sayis1 (PS), Sabunlagma sayis1 (SS)
ve iyot sayis1 (IS) tespit edilmistir. Deneme 2 tip margarin x 11 margarin katki oran1 x 3 tekerriir olarak diizenlenmis
ve toplam 66 Srnekte yiiriitiilmiistiir. Margarin tipi ve katki seviyesi érneklerin EN, R-MS, PS, SS, IS (P<0.01) ve
KI (P<0.05) degerlerini énemli derecede etkilemistir. Orneklerin yag sabitleri margarin katki orani arttikca margarine
yaklagmustir. Margarin ilave edilen her 6rnegin EN, R-MN, SS ve IS degerleri istatistiki olarak énemli derecede farkli
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bulunmustur. Bu sonuglara gére, EN, R-MS, SS ve IS degerleri tereyagi ile margarini ayirt etmede basariyla kullanilabilir.
Bu durum korelasyon analizleri ile de dogrulanmistir. Bu arastirmanin bir sonucu olarak, tereyagina yapilan margarin
tagsisinin anlasilmasinda R-MN ile asagida gelistirilen formiil avantaj saglayabilir. Margarin tagsis orani (%)= 100.73 -

(3.84 x Reichert-Meissl sayisi), (F= 12830.43%%)

Anahtar Kelimeler: Tereyagi; Margarin; Tagsis; Analiz; Yag sabitleri

1. Introduction

Butter is a type of dairy product which is used directly
or as an ingredient in various foods (Mallia et al 2008).
Milk fat, which has important macromolecules, affects
the nutritional value, texture, flavour and shelf life of
a food product (Peggy 2005). Butter is a concentrated
source of milk fat (~ 80%) and contains water and non-
fat milk solids. Butter contains milk fat, fatty acids,
essential fatty acids, vitamin A, B-carotene and certain
minerals. It also contains conjugated linoleic acid,
which promotes immunity. As butter is nutritious, it
also offers various health benefits. Butter, as well as
having a high nutritional value, also has a pleasant
taste and aroma. Aside from all the advantages of
butter, its price is higher than other oils and fats. For
this reason in order to gain illegal profits sometimes it
can be mixed with margarine. Although in most cases
adulteration of fats and oils does not pose a threat
to public health, fundamental rights of consumers
(incorrect information and expensive fat) are violated
(Ulberth & Buchgraber 2000). Margarine is similar
to butter in appearance, but possesses several basic
differences with respect to nutritional, rheological,
flavour and fatty acid compositional properties.
Margarines and their derivatives are added to butter to
decrease the cost of butter.

Butter has a pleasant aroma that is unique. In
addition, it melts in body temperature and can be
digested easily. It plays an important role in human
nutrition because it is an important energy source and
consists of essential fatty acids. There is currently
no knowledge about the level of adulteration, even
if there are attempts to gain qualitative information
about the level of adulteration on the basis of
differences in the physical and chemical properties of
butter. This situation leads to cheating the consumers
and consumers spend more money, although the
adulterated product contains insufficient nutritional

© Ankara Universitesi Ziraat Fakiiltesi

elements. In addition, there are no clear scientific
and practical results in case of doubt. Therefore,
consumers are often helpless to act. Certain rapid,
yet expensive techniques were (Attenuated Total
Reflectance-Mid Infrared (ATR-MIR) spectroscopy)
studied for rapid estimation of butter adulteration
has been used successfully (Koca et al 2010).
Differential scanning calorimetry (DSC) technique
could be used in order to determine the adulteration
of butter with margarine (Aktas & Kaya 2001).
Also, Diraman (2006) has determined adulteration
in the butter and olive oil, by using capillary column
gas chromatography method. In order to understand
the origins of butter, the most effective methods,
qualitative and quantitative determination of sterols
and tocopherols are also indicated (Derewiaka et
al 2011). However, in this study, fast, cheap and
easy methods for understanding the adulteration of
butter by margarine were studied. Therefore, this
study, in order to solve this problem, was planned
to understand the margarine supplement, which
is cheaper than butter, on the basis of distinctive
characteristics between butter and margarine with
the help of fat constants. Fat constants values of
milk fat and margarine are very different. For
example, Reichert-Meiss] Number (R-MN) of butter
varies between 17-35 (Metin 2008), but R-MN for
vegetable oils maximum is 7 (Kurt et al 2007).
Therefore, it is thought that the fat constants values
will help determining the adulteration of butter.

2. Material and Methods

2.1. Materials

The butter was produced in the Dairy Plant of
Atatiirk University. Two different margarines,
which are used for cooking (CM) and pastry (PM),
were obtained from MARSAN (Food Industry and
Trade Joint-stock Company, Adana/Turkey). Butter

2 Tarim Bilimleri Dergisi — Journal of Agricultural Sciences
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and margarine analysis results are shown in Table
1. The samples of pure butter, pure margarine and
replacements of butter by margarine at a ratio of 10,
20, 30, 40, 50, 60, 70, 80 and 90% were prepared
and certain fat constants including Melting Point
(MP), Refractive Index (RI), R-MN, Polenske
Number (PN), Saponification Number (SN) and

Todine Numbers (IN) were measured for 66 samples
(2 different types of margarine x 11 different fat
varieties x 3 replicates).

2.2. Butter production

Butter making and the stages of preparation of fat
samples are shown in Figure 1.

Table 1- Average values of the analysis results of control fats

Cizelge 1- Kontrol yaglarin analiz sonuglart ortalamalart

Fat types
Properties B! PM CM?
Dry matter (%) 82.43+2.81b 85.93£1.92b 99.83+0.09 a
Fat (%) 81.50+2.65 ¢ 85.17+0.76 b 99.50-0.00 a
pH 4.46+0.37 a 4.77+0.21 a 4.29+0.04 a
Melting point (°C) 32.87+0.31c 40.10£0.20 b 37.06+0.42 a
Refractive index 1.4567+ 0.0007 b 1.4619+0.0016 a 1.4620+0.0013 a
Reichert-Meissl number 26.17+0.62 a 0.67+0.06 b 0.42+0.17 b
Polenske number 0.90+0.10 a 0.22+0.06 b 0.20+0.0 b
Saponification number 228.142.1 a 196.0+4.7 b 193.7+1.0 b
Todine number 32.35+0.58 b 56.88+1.26 a 56.41+1.10 a

1, butter; 2, pastry margarine; 3, margarine for cooking; different letters represent significant differences among fat types according to
the Duncan's Multiple Range Test (P<0.05); data were reported as mean + standard deviation (n= 3)

43-30% fat cream (from cow’s milk)

|

Pasteurization (83°C, 1 minute) and cooling (18°C)

Churning (14-16°C — ~ 40 minutes)
Washing with water

Working
Pure butter (Control)

Addition of margarine

Vil

10% 20% 30% 40% 350% 60% 70% B80% S0%

|

Mixing

|

Packaging

|

Storage (4= 1°C)

Control-I
(pure butter, B)

Analysis

Figure 1- Fat samples preparation process

Sekil 1- Yag rnekleri hazirlama iglemi

Control-II Control IIT
(pure margarines; PM, CM)
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2.3. Pure fat analysis

The pH value of the control fat samples was
determined electrometrically with a pH meter
(HANNA instruments, Italy). Dry matter was found
by heating in an oven at 102 °C until a constant
weight was obtained. The fat contents (%) of
margarine and butter samples were measured using
the method of James (1995).

2.4. Preparation for the analysis of fat samples and
other physicochemical analysis

Hundred grams or more of butter and margarines
were melted and allowed to stand at 45 °C to 55 °C
until the water and protein settle to the bottom. The
melted fat was filtered through dry paper in a funnel
heated by a water jacket and kept in a drying oven
at approximately 60 °C. The filtered fat, which is
free from turbidity, was poured into a wide-mouth
bottle, the bottle was closed and kept in a cool place
until it is analysed (Sherman 2009). RI, R-MN, PN,
SN and IN analysis of fat samples were determined
according to the standard methods (AOAC 1980)
and as suggested by Sherman (2009). The melting
point and refractive index analysis were made
according to Anonymous (2009) and Atamer (1993),
respectively.

R-MN is a measure of fatty acids which is volatile,
water-soluble, or C4 and C6. PN is a measure of
fatty acids which is volatile, water insoluble, or C8,
C10, and C12 (Lawson 1995). SN is an indicator of
molecular weight or size as a function of the chain
lengths of the constituent fatty acids (Lawson 1995).
MP s thelevel at which a solid fat becomes completely
liquid and clear. Each individual pure fatty acid has a
specific complete MP. Generally, MP increases with
the increasing chain length. MP decreases with the
increasing ratio of unsaturated fatty acid. IN is a
measure of the number of double bonds or the degree
of unsaturation (Lawson 1995). RI increases with
the chain length and with the increasing unsaturation
(Hamm & Hamilton 2000; Metin 2008).

2.5. Statistical analysis

The data was evaluated statistically using the
analysis of variance (ANOVA) and the differences

among the means were compared using the
Duncan’s multiple range tests (using SPSS statistical
software program version 13 (SPSS Inc., Chicago,
IL, USA; SPSS 1999). As a result the study, taking
the advantage of R-MN, a formula was developed
showing the addition of margarine to butter. We
found this formula by using the simple linear
regression model, which describes the statistical
properties of estimators from the simple linear
regression estimates, requires the use of a statistical
model. Moreover, correlation coefficients were
found between fat constants.

3. Results and Discussion

The analysis results of pure butter and pure margarine
samples (control samples) are given in Table 1. The
types and addition levels of margarine significantly
influenced MP, R-MN, PN, SN, IN (P<0.01) RI
(P<0.05) of the samples (Table 2). MP, RI, R-MN,
PN, SN and IN were found to be 32.72 and 38.59,
1.4567 and 1.4620, 26.18 and 0.55, 0.88 and 0.21,
228.14 and 194.85, 32.36 and 56.65 in butter and
margarine, respectively (Table 2). Therefore, the fat
constant results mentioned above should be based on
determining adulteration and its level. The effects of
margarine addition rates on fat constants are shown
in Figure 2-6. An increase of 10% altered samples of
butter with margarine, PM and CM samples that are
connected to both the contribution rate as well as the
correlations between the fat constants, respectively,
Tables 3 and 4 are given in the bulk.

The fat constants in the samples moved closer
to margarine by increasing the levels of margarine.
In each sample of added margarine, the MP, R-MN,
SN and IN were found to be statistically significant
(P<0.01). The fat samples of the rate of margarine
contribution and main sources of variation of
margarine have been effective on the MP, R-MN,
PN, SN and statistically IN (P<0.01), and effective
on the RI (P<0.05).

The constant values of fat samples moved closer
to those of margarine as the contribution rate of
margarine increased. In all contribution rates, MP,
R-MN, SN and the IN were statistically different
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Table 2- Average values of the analysis results related with adulterations of butter samples by margarine

(n=6)
Cizelge 2- Margarin ile tagsis yapilan tereyagi 6rneklerinin analiz sonuglari ortalama degerleri (n= 6)
Margarine
addition Melting point Refractive R-M Polenske S.N. lodine
ratio (%) index number number number
0 32.7240.19*°  1.4567+0.00° 26.18+0.09%  0.88+0.11" 228.14+2.07%  32.36+0.42°
10 33.48+0.40°  1.4573+0.00®  23.57£0.20°  0.77+0.08¢ 222.4441.47 34.80+1.24°
20 34.06+0.57° 1.4580+0.00>  20.97+0.48"  0.67+0.09" 219.20+2.411  37.40+2.12°
30 34.57+0.79¢  1.4586+0.00  18.42+0.61"  0.58+0.13¢ 216.92+2.64"  40.51+1.97¢
40 35.08x1.14°  1.4590+0.00%  15.984+0.90¢  0.55+0.09° 213.89+2.248  43.26+1.56°
50 35.73+1.11°F 1.4596+0.00¢" 13.17£0.67"  0.48+0.05¢ 209.79+2.95¢ 46.10+1.30°
60 36.44+1.29¢  1.4600+0.00¢ 10.43+0.68°  0.42+0.07° 206.53+2.25¢  48.66+0.93¢
70 37.00+1.35" 1.4605+0.00=" 8.01+0.58¢ 0.39+0.03¢ 203.83+3.02¢ 50.66+0.57"
80 37.50+1.37 1.4609+0.00" 5.16+£0.60°  0.30+£0.05° 199.8744.49¢  53.15+0.58'
90 38.02+1.49 1.4614+0.001 2.83+0.39*  0.28+0.04° 197.33+4.41°  54.78+0.80
100 38.59+1.64%  1.4620+0.00' 0.55+0.18*  0.21+0.22° 194.854£3.94*  56.65+1.23%
Margarine types (n= 33)
CM 34.90+1.52*  1.4600+0.00° 12.80+8.46*  0.52+0.22* 209.36+11.32¢  45.84+7.78¢
PM 36.59+2.44>  1.4590+0.00° 13.61+8.32°  0.48+0.21° 211.15410.49>  44.77+8.38°

Means followed with the same superscript letter within each column are not significantly different at P<0.01 probability levels; R-M

number, Reichert-Meissl number; S.N., saponification number; PM, pastry margarine, CM, margarine for cooking
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Figure 2- The effects of margarine contribution
rates on the melting point

Sekil 2- Erime noktasi iizerine margarin katki oraninin

etkisi

Margarine addition ratio (%)

rates on the refractive index

Figure 3- The effects of margarine contribution

Sekil 3- Kirilma indisi tizerine margarin katki oraninin

etkisi
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Figure 4- The effects of margarine contribution
rates on the Reichert-Meissl number

Sekil 4- Reichert-Meissl sayist iizerine margarin katki
oranmnin etkisi
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Figure 5- The effects of margarine contribution
rates on the iodine number

Sekil 5- Iyot sayisi iizerine margarin katki oraninin
etkisi
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Figure 6- The effects of margarine contribution
rates on the saponification number

Sekil 6- Sabunlasma sayist iizerine margarin katki
oraminin etkisi

from each other. This situation has demonstrated that
these four fat constants will give accurate results on
detecting the degree to which margarine is added to
butter, especially the R-MN (Table 2 and Figure 4).

R-MN of butter and margarine samples were
found average as 26.18 and 0.55, respectively
(Tables 1 and 2). These values are consistent with
the values specified by other researchers (Kurt et al
2007; Metin 2008). R-MN and PN of animal fats
decreases with the addition of foreign fat (Kurt et al
2007). RI changes from 1.4538 to 1.4578 in cow milk
fat (Metin 2008). If butter is blended with vegetable
fat, RI of butter increases. IN of milk fat is between
26-35 and the value is quite low compared to other
oils (except coconut and palm kernel oil). IN of the
milk fat increases with the addition of vegetable fats
(Metin 2008). SN of the milk fat decreases with the
addition of other fats, except coconut oil (Kurt et al
2007).

The values are very different from each other
will be of great help on the adulteration of butter
by margarine. Therefore, the fat constant results
mentioned above should be based on determining
the adulteration and its level. In this study, the
highest correlation coefficient (r=-0.999) was found
between the rate of contribution of margarine and
R-MN (Table 3 and 4). As a result of this research
study, taking advantage of the R-MN, the following
Equation was developed showing the contribution
of margarine to butter:

Margarine adulteration rate (M.A.R.) (%)= 100.73 -
(3.84 x Reichert-Meissl number), (F= 12830.43%%*)

This Equation was also supported by other fat
constants but their correlation coefficients were
lower than R-MN’s (Tables 3 and 4), therefore,
R-MN should be used. As the following, regression
equations are created for the other fat constants:

M. A. R. (%)= -416.02 + (13.04 x melting point),
(F=201.94*%*)

M. A. R. (%) =-21350.73 + (14663.50 x refractive
index), (F=193.43*%*)

M. A. R. (%)= 120 — (139.46 % polenske number),
(F=451.53%%)
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Table 3- Some correlations values between PM and calculated fat constants (n= 33)

Cizelge 3- Pastacilik margarini ve hesaplanmuis yag sabitleri arasindaki korelasyonlar (n= 33)

M. P. R.IL R-M. N. P N. S. N. I N.
M. A.R. (%) 0.988%*%* 0.872%%* -0.999%** -0.906** -0.958%*  (0.992%*
R. L 0.838**
R-M. N. 0.987** -0.870%*
P.N. -0.929** -0.719%%* 0.905%*
S.N. -0.950** -0.916** 0.958%* 0.863**
I N. 0.980%** 0.873** -0.992%* -0.895%* -0.954**

**_correlation is significant at P<0.01 probability levels; M.A.R., margarine addition ratio; M. P., melting point; R. L., refractive index;
R-M.N, Reichert-Meissl rumber; P. N., Polenske number; S. N., saponification number; 1. N., lodine number

Table 4- Some correlations values between CM and altered fat constants (n=33)

Cizelge 4- Yemeklik margarin ve degismis yag sabitleri arasindaki korelasyonlar (n=33)

M. P. R. I R-M. N. P N. S. N. I N.
M. A R. (%) 0.960%* 0.863** -0.998%** -0.956** -0.977**  0.971%*
R.I 0.728%*
R-M. N. -0.966** -0.857**
P.N. -0.928** -0.842%* 0.960%**
S.N. -0.951%* -0.822%* 0.979%** 0.953**
ILN. 0.953** 0.799** -0.976** -0.930%* -0.964**

**_correlation is significant at P<0.01 probability levels; M.A.R., margarine addition ratio; M. P., melting point; R. L., refractive index;
R-M.N, Reichert-Meissl number; P. N., Polenske number; S. N., saponification number; I. N., [odine number

M. A. R. (%)= 660.73 — (2.90 X saponification
number), (F=1130.20%%*)

M. A. R. (%)= -124.57 + (3.85 x iodine number),
(F=1571.10*%)

However, it should not be used as a criterion for
determining the adulteration of a small amount of
margarine.

4. Conclusions

According to the results, the four fat constants
including MP, R-MN, SN and IN can be reliably
used to differentiate the margarine added butter
from pure butter. This study has shown that these
four fat constants will provide accurate results on
detecting the degree to which margarine is added
to butter, particularly the related R-MN. Margarine

addition rate if it is over 20%, accurate results
can be obtained with this formula. In conclusion,
certain objective data and analytical methods were
obtained to understand the adulteration with butter
by margarine for food analysts.
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ABSTRACT

Safety of fresh-cut products is a widespread health concern and can be achieved by washing treatments with various
agents. However, use of these agents can adversely affect the product quality depending on the processing and subsequent
storage conditions. The effects of washing treatments with chlorine (50-200 mg L), hydrogen peroxide (5.00-15.0%)
and ozone (6.50 and 10.0 mg L) followed by a cold storage (15 days/4 °C) period on chlorophylls contents of fresh-cut
Beta vulgaris var. cicla (chard) were investigated by HPLC-DAD. In this study, treating samples with the sanitizing
agents resulted in reductions in both chlorophyll a and chlorophyll b contents. These reductions generally increased
with increasing the agent concentration. Chlorophyll a was found to be more sensitive than chlorophyll b to oxidation
reactions with the agents used. Chlorophyll reductions of samples treated with ozone were at the higher level than
samples treated by using other agents. Since the differences between chlorophylls contents of the samples treated with
chlorine and hydrogen peroxide are very small, hydrogen peroxide can be suggested as an alternative to chlorine for
sanitizing chard (P<0.05).

Keywords: Beta vulgaris var. cicla; Chard; Chlorophyll; Chlorine; Hydrogen peroxide; Ozone

Farkl Sanitasyon Ajanlar1 Kullanimu ile Taze, Yikanmis ve Dogranmis
Pazilarda (Beta vulgaris var. cicla) Klorofil Diizeyinin Azalmasi
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OZET

Taze, yikanmis ve dogranmus (fresh-cut) iiriinlerde gida giivenligi yaygin bir sorun olup, farkl yikama ajanlar: kullanimi
ile bu sorunun giderilmesi miimkiin olabilir. Bununla birlikte, bu ajanlarin kullaniminin proses ve daha sonra saklama
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kosullarina bagli olarak, {iriin kalitesini olumsuz etkileyebilir. Bu ¢alismada, farkli diizeylerde klor (50-200 mg L),
hidrojen peroksit (% 5.00-15.0) ve ozon (6.50 ve 10.0 mg L) yikama ajani olarak kullaniminin, soguk depolama
stiresince (15 giin/4 °C) taze, yikamis ve dogranmis Beta vulgaris var. cicla (paz1) klorofil igerigine etkileri HPLC-DAD
kullanilarak incelenmistir. Calisma sonucunda, sanitasyon (yikama) ajanlarinin kullanimi ile 6rneklerin klorofil a ve
klorofil b igeriginde diisiis belirlenmistir. Bu diisiis genel olarak kullanilan ajan konsantrasyonu degisim diizeyi ile ayn1
yonde olmustur. Klorofil a’nin, klorofil b’ye gore kullanilan ajanlardan kaynaklanan oksidasyona daha hassas oldugu
tespit edilmistir. Ozonla muamele edilen 6rneklerdeki klorofil kaybi, diger ajanlarin kullanildig: drneklere gore daha
yiiksek olarak belirlenmistir. Klor ve hidrojen peroksit ile muamele edilmis 6rneklerin klorofil i¢erigi arasindaki farklar
cok kiigiik oldugu icin, hidrojen peroksit pazi sanitasyonunda klora alternatif olarak 6nerilebilir (P<0.05).

Anahtar Kelimeler: Beta vulgaris var. cicla,; Pazi; Klorofil; Klor; Hidrojen peroksit; Ozon

1. Introduction

Washing fruits and vegetables with sanitizing
agents, like chlorine (Cl), ozone (O,), hydrogen
peroxide (H,0,), is a common practice to reduce the
number of microorganisms and to extend the shelf
life of the product. There are many scientific studies
dealing with the effects of these washing processes
most of which have focused on the microbial
inactivation efficacy (Achen & Yousef 2001; Singh
et al 2002; Garcia et al 2003; Selma et al 2007;
Zorlugenc et al 2008; Olmez 2010; Zhou et al 2012;
Elizaquivel et al 2012; Luo et al 2012). However,
very little is known about the effects of these agents
on the physical and chemical characteristics of the
produce. Use of these agents at high concentrations
in order to achieve higher microbial inactivation can
cause deleterious effects on product quality such as
losses in color, aroma, and nutritional value.

Chlorine (Cl), wusually as hypochlorous
acid HOCI, formed by dissociation of sodium
hypochlorite (NaClO) in water, is the most
commonly used disinfectant agent in the food
industry. It is quite effective in inactivation
food-borne microorganisms. However, it leads
to the formation of toxic compounds on food
contact surfaces and in wash water. For instance,
trihalomethane compounds formed by the reaction
of free-Cl with soluble organic compounds are
proved to be carcinogenic (Kim et al 1999). For this
reason, some restrictions in the use of Cl for washing
agricultural products are implemented (Beltran et al

© Ankara Universitesi Ziraat Fakiiltesi

2005). Researchers and food processors investigate
alternative applications to chlorination.

Ozone (O,) and H,O, appear to be promising
alternatives with great potential applications in the
food industry. After being used for years to disinfect
water for drinking purposes, O, was approved for
use as a disinfectant or sanitizer in food processing
(FR2001). Due to its quick decomposition to oxygen
with no safety concerns about residues, it could be
an acceptable technology to use with commodities
marketed under “organic” classification (Gabler
et al 2010). H,O, is another chemical that can be
used for disinfection of food (Kim et al 2007) and
food contact surfaces (Khadre & Yousef 2001).
Both O, and H,0, are GRAS (generally recognized
as safe) substances with high oxidation-reduction
potentials, 2.1 and 1.8 mV, respectively (Kim et al
2003). Probably, because of these strong oxidizing
activities, oxidations of color pigments such as
carotenoids (Henry et al 2000) and anthocyanins
(Simmons et al 1997) were reported.

Chlorophylls, principal color pigments in green
vegetables, have two main types, namely chlorophyll
aand chlorophyllb. Chlorophyll aisusually presentat
a concentration of 2-3 times higher than chlorophyll
b in agricultural products (Kirca et al 2006).
Minimizing chlorophyll degradation is an industrial
challenge since chlorophylls are susceptible to
chemical and physical changes during processing of
vegetables. For instance, during thermal processing,
the natural cellular structures disintegrate resulting
in amenability of the pigment to various reactions
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such as conversion of chlorophyll a and chlorophyll
b to their corresponding pheophytins (Turkmen et al
2006). Also, reactions can occur through the removal
of phytol group from chlorophylls and pheophytins
by the action of enzyme chlorophyllase, resulting in
the less stable chlorophyllides and pheophorbides,
respectively (Kirca et al 2006). Bleaching of
chlorophylls by oxidative reactions is another
means of chlorophyll degradation. Procedures,
in which strong oxidizing agents take place, may
adversely affect nutritional and chemical product
quality (e.g. may cause discoloration) depending
on the concentration and time of exposure to the
sanitizing solution.

The aim of this study was to investigate the
effects of washing treatments with Cl, O,, and H,0,
solutions on chlorophylls contents of fresh-cut chard
throughout cold storage for 15 days and to compare
these agents and their different doses in terms of
chlorophyll degradation.

2. Material and Methods

2.1. Materials

Chard (Beta vulgaris var. cicla) used in the study
was obtained from a local farmers market in
Ankara and used immediately in the experiments.
Chlorophyll a (Sigma C-5753) and chlorophyll b
(Sigma C-5878) standards were purchased from
Sigma Co (St. Louis, MO, USA). Methanol and
chloroform were obtained from Riedel-de Haen
(Seelze, Germany) whereas hexane was obtained
from Sigma Aldrich (Steinheim, Germany). All
solvents were either analytical or high performance
liquid chromatography (HPLC) grade.

2.2. Preparation of chard samples for the
treatments

Leaves that are uniform in size and color were
selected and washed under running tap water to
remove dirt, soil, etc. Midribs (white sections)
were excised with a sharp stainless-steel knife and
discarded. The rest of the leaves (leaflets) were cut
into 1.00-1.50 cm wide strips with the knife. Cut
leaf pieces were blended (mixed) for uniformity and

separated into four lots for different treatments. One
of the lots was directly used for chlorophyll analyses
(controls) whereas the others were immediately
treated with Cl, O, or H,O, solutions.

2.3. Preparation of washing solutions and
treatment procedures

High purity water (better than ASTM Type 2) obtained
from a TKA Pacific UP/UPW water purification
system (TKA Water Purification Systems GmbH,
Niederelbert, Germany) was used for preparing all
aqueous washing solutions. Washing solutions of
ClI (50, 100 and 200 mg L") and H,0O, (5.00, 10.0
and 15.0%) were prepared by appropriate dilutions
of sodium hypochlorite solution (Sigma Aldrich,
available CI 10.0-13.0%) and H,O, solution (Riedel
de Haen, 30%, v v'!), respectively. Cl levels in the
treatment solutions were determined by Cl test
strips (Quantofix, 1-100 mg L', Macherey Nagel,
Duren, Germany). The most effective ozonation
method mentioned in the literature (Kim et al 1999;
Achen & Yousef 2001; Olmez 2010), bubbling, was
used for O, treatments of chard samples. O, was
produced by a corona discharge generator (OG 20,
Opal, Ankara, Turkey) with a production capacity of
20 g h'. The generator had an oxygen concentrator
inside and used oxygen gas concentrated from the
air for O, production. The generator could be run
at two different levels, 10 and 20 g h'. Gaseous O,,
passing through silicone hose, was bubbled into the
water by the help of a stainless-steel sparger with 10
pum pore size (Solvent inlet filter, Fisher Scientific,
Fair Lawn, NJ, USA). The gas flow was controlled
at 827 mL min' by a Riteflow flowmeter (150
mm, Size 2, Bel-Art Products, Pequannock, NJ,
USA). O, concentrations in water were determined
by using indigo blue dye, which is based upon
Standard Methods (APHA, 1992). For this method,
a stock indigo solution was prepared with potassium
indigo trisulfonate (234087, Sigma Aldrich)
and phosphoric acid (Riedel-de Haen). Indigo
trisulfonate was decolorized by O, and the color
changes were measured in spectrophotometer (UV-
1601, Shimadzu, Kyoto, Japan) at 600 nm. At the
end of ozonation processes, the O, concentrations in
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water were 6.50+0.12 and 10.0+£0.14 mg L' in case
of running the O, generator at low (10 g h") and
high (20 g h") levels, respectively.

Treatments were conducted in 1-L borosilicate
glass jars containing the sanitizing solutions. For
O, treatments, gaseous O, was bubbled into the
water present in the jar. Jars containing 20 g of cut
chard sample and 800 mL of sanitizing solution
were shaken with an orbital shaker (Biosan OS-10,
Riga, Latvia) at a speed of 200 rpm. All treatments
were conducted at room temperature (22 °C)
for 15 min. This treatment time is quite long and
maybe impractical for the industry. However, it
was necessary to use an extended treatment time to
observe any detrimental effects of the agents -if they
have- to chlorophylls contents of chard.

Treated chard samples were soaked in distilled
water (1 L) for 1 min for rinsing. After removing
the excessive water with a manual salad spinner,
samples were placed in plastic zip-lock freezer bags
and stored at 4+1 °C for 15 days.

2.4. Extraction of chlorophylls and HPLC analysis

Chlorophyll extractions were carried out according
to the method of Teng & Chen (1999) with
modifications. Extraction of chlorophylls was
performed under dim light and at low temperatures
to minimize photo degradation of the pigments. All
the leaves from each treatment were homogenized
using a lab blender (Waring blender) for 1 min.
Some of the homogenized sample (~5 g) was put
into a mortar and the tissue was mashed with a
pestle. Mashed sample (0.20+0.001 g) was weighed
in a test tube, to which 3.00 mL of methanol were
added. After vortexing for 1 min at high speed, the
methanol-phase containing the chlorophylls was
transferred to a 25 mL volumetric flask. The residue
in the test tube was re-extracted with 3.00 mL of
methanol. This extraction procedure was repeated
several (6-7) times until the residue became
colorless. Then, all the extracts were pooled and
brought to volume with methanol. This crude extract
was centrifuged (Sigma, Model 2-16, Osterode,
Germany) at 4000 rpm for 10 min and filtered
through a hydrophilic PTFE Millex-LCR membrane

filter (Millipore, Bedford, MA, USA) with 0.45 um
pores into an amber flask and immediately injected
to HPLC.

2.5. HPLC analysis

HPLC analysis was carried out using a Shimadzu
system (Kyoto, Japan) consisting of a LC-20AD
pump, a DGU-20A5-E degasser and a UV-VIS
photo diode array detector (SPD-M20). The
chromatograms were recorded at 430 and 460 nm
for chlorophyll a and chlorophyll b, respectively
(Teng & Chen 1999). A Phenomenex (Torrance,
CA, USA) analytical column (C18, 5 um, 250 mm x
4.6 mm i.d.) was used in the experiments. A mixture
of methanol:chloroform:n-hexan (85:7.5:7.5) at a
flow rate of 1 mL min™ under isocratic conditions
was used as the mobile phase.

2.6. Standard solutions

Stock solutions of chlorophyll a (40 mg L)
and chlorophyll b (20 mg L") were prepared by
dissolving chlorophyll a and chlorophyll b standards,
respectively, in methanol. Standard solutions of
chlorophyll a (1.00, 5.00, 10.0, 15.0 and 20.0 mg
L") and chlorophyll b (1.00, 5.00, 7.00, 10.0 and
15.0 mg L), prepared by appropriate dilutions of
stock solutions with methanol, were injected in to
HPLC and calibration curves were prepared.

2.7. Dry matter determination

To eliminate the variations in water content
occurring due to respiration, transpiration, etc.
during storage, all calculations were made on dry
matter (DM) basis. DM contents of chard samples
were determined according to Gornicki & Kaleta
(2007), in triplicate.

2.8. Statistical analysis

The data were subjected to analysis of variance
(ANOVA) to determine the significant differences
between means by using Minitab statistical package
(v.13, MINITAB Inc., USA). Values (n= 3) were
reported as mean degradation rate + standard error.
Duncan’s multiple range test, at a significance
level of P= 0.05, was conducted for the separation
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of means by using MSTAT-C statistical software
(MSTAT 1991, Michigan State University, MI,
USA).

3. Results and Discussion

Retention times for chlorophyll a and chlorophyll
b were determined as 8.1 and 5.8 min, respectively.
Chromatograms of chlorophyll a and chlorophyll b
in untreated chard samples are shown as an example
in Figure 1.

The chlorophyll a contents in chard samples
treated with various doses of different sanitizing
agents are shown in Table 1. Chlorophyll a levels
significantly decreased just after treatments with the
agents in all samples. Statistical analysis revealed
that disinfectant doses and storage time significantly
affected the levels of chlorophyll a in chard samples.
Moreover, these factors showed a significant
interaction for Cl and H,O, treatments (P<0.05), but
not for O, (P>0.05).

orfrol2-10
Korirol2 10 dat

Chlorophyll a

mal

Mines

rolz-10
Korrol2 10 2t

Chlorophyll b

mau

Figure 1- Chlorophyll a (at 430 nm) and chlorophyll b (at 460 nm) peaks in untreated chard
Sekil 1- Islem gormemis pazida klorofil a (430 nm) ve klorofil b (460 nm) pikleri
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Table 1- Chlorophyll a contents (mg kg, DM) in chards throughout storage after treating with various
doses of sanitizers (mean =+ standard error, n=3)

Cizelge 1- Farkli sanitasyon ajanlart ile islem sonrasi depolama siiresince pazilarin klorofil a igeriklerindeki (mg
kg, KM) degisimler (ortalama + standard hata, n= 3)

Chlorophyll a
Disinfectant Disinfectant dose Storage time (days)
0 5 10 15
Control - 156502504 1333048740 1237041144 1173041494
50 mg L 1281042875 12490+828® 11820+139480 107404118
Chlorine 100 mg L™ 1269043265 11770483 112504+908¢P 10520+1965¢
200 mg L 12140+£283% 11710+54% 10770370 9837+238¢¢
Ozone 6.50 mg L 129801775 1241241908 1156713980 10022+2018¢
10.0 mg L"! 12138+2055 108954178  9369+88¢ 8705+99¢
5.00% 13260+1265 12820+£934a 11740+329480 1070044118
Hydrogen peroxide 10.0% 11990+472¢ 1168043328 11120+278B¢ 998141965
15.0% 112804296 11060+£227% 106304422 9105+238¢

“, means with different letters shown with lower case (a-c) show significant differences among sampling days (P<0.05) and means with
different letters shown with upper case (A-C) show significant differences among doses and types of the agents (P<0.05)

Chlorophyll a content decreased in all samples
including control throughout storage (Table 1). In
control samples, 15.0, 21.0 and 25.0% reductions of
chlorophyll a were observed at day 5, 10 and 15,
respectively. Chlorophyll b contents of the samples
treated by various doses of different sanitizers
during 15-day storage are given in Table 2.

Similar to the results observed for chlorophyll

a, chlorophyll b content decreased in all samples
including control throughout storage. Reduction
rates of chlorophyll b were 12.0, 17.0 and 23.0% at
day 5, 10 and 15, respectively, in control samples.
Disinfectant dose and storage time did not show
any significant interaction on chlorophyll content of

Table 2- Chlorophyll b contents (mg kg' DM) in chards throughout storage after treating with various

doses of sanitizers (mean + standard error, n= 3)

Cizelge 2- Farkli sanitasyon ajanlari ile islem sonrasi depolama siiresince pazilarin klorofil b iceriklerindeki (mg

kg, KM) degisimler (ortalama + standard hata, n= 3)

Chlorophyll b
Disinfectant Disinfectant dose Storage time (days)
0 5 10 15
Control - 5641+794 4964+66° 4682654 4344+624¢
50 mg L' 5026+1018 4200+688° 41024928 4062+1178°
Chlorine 100 mg L 46541685 4117+£1058¢ 4030888t 3781449
200 mg L™ 429777 4052+66° 3802489 3778465
Ozone 6.50 mg L"! 497041038 4570+828° 4290+1018¢ 3892+958¢d
10.0 mg L"! 4443+111¢ 38254+92P0 3628+93P° 3328+90P¢
5.00% 4617+758¢ 429649580 42334888 4118+114A8b
Hydrogen peroxide ~ 10.0% 4519+77¢ 4093+£109<® 3811486 3610+82¢
15.0% 4065+89P¢ 3830479 3779464 3497469

*, means with different letters shown with lower case (a-d) show significant differences among sampling days (P<0.05) and means with
different letters shown with upper case (A-D) show significant differences among doses and types of the agents (P<0.05)
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chard (P>0.05). Chlorophyll loss in leafy vegetables
during storage is an ordinary consequence of
senescence due to the disintegration of the plant
tissues. Reductions in green colors of lettuce (Bolin
& Huxsoll 1991), chard (Roura et al 2000), chicory
and rocket (Ferrante et al 2004) during storage were
also reported in previous studies.

3.1. Effect of Cl treatment on chlorophyll content in
chard samples throughout storage

Treating chard samples with CI solutions at various
concentrations  (50.0-200 mg L) resulted in
reductions in both chlorophyll a and chlorophyll b
contents (Table 1 and Table 2). These reductions
increased with increasing Cl concentration. At the
end of storage period (15 days), reduction rates
were 31.0, 33.0 and 37.0% for chlorophyll a and
28.0, 33.0 and 33.0% for chlorophyll b in samples
treated with Cl solutions of 50.0, 100 and 200 mg
L', respectively. Reducing chlorophylls levels
after Cl treatments in green bell peppers were also
reported by Nunes & Emond (1999). They dipped
green bell peppers into CI solutions (0.00-200 mg
L") for varying time (0-45 min) and observed that
total chlorophyll contents decreased with increasing
time of dipping and Cl concentration.

In our study, the differences between Cl doses
on chlorophyll a degradation were not significant
at the beginning of storage, but became significant
from day 5 on (P<0.01). Likewise, chlorophyll a
and chlorophyll b levels in parsley samples treated
with chlorinated (100 mg L) and ozonated (12
mg L") water significantly decreased compared
to control samples beginning from the fifth day of
storage (Karaca 2010). The author claimed that
cellular fluids released due to cutting or vigorous
washing were removed by water rinse. Kenny &
O’Beirne (2009) reported that color loss was more
pronounced in water-dipped and Cl-dipped lettuce
than the samples subjected to a milder treatment (tap-
rinsing). In intact cell tissues, chlorophyll is separated
spatially from chlorophyllase, a key enzyme in
chlorophyll metabolism. When cells of fresh produce
are ruptured, as occurs during cutting or vigorous
washing, chemical reactions are initiated that shorten
storage life (Bolin & Huxsoll 1991). Chlorophyllase

and its substrate, chlorophyll, come into contact and
chlorophyll degradation reactions occur particularly
in tissues adjacent to those that are damaged by
cutting action, when acids and hydrolyzing enzymes
of the vacuoles are released (Roura et al 2000).

In all samples including control, chlorophyll
b levels determined at day 5 were significantly
lower than those determined at the beginning of
storage. It shows that chlorophyll b degradation
takes place very rapidly in chard tissues. There were
no significant differences between chlorophyll a
contents of the samples treated with 50.0 and 100
mg L' Cl and between chlorophyll b contents of
the samples treated with 100 and 200 mg L' Cl
(P>0.05). Hence, it can be said that using higher
concentrations of Cl would not result in any
additional chlorophyll degradation, in other words,
would not cause color loss in chard. Enhancing CI
concentration can be useful for achieving higher
microbial inactivation levels. However, excessive
use of Cl can also result in higher formation of toxic
residues on produce surface and in wash water.

3.2. Effect of O, treatment on chlorophyll content
in chard samples throughout storage

Similar to the results of CI treatments, treating chard
samples with O, solutions resulted in reductions in
chlorophyll a and chlorophyll b contents (Table 1 and
Table 2). At the end of storage period, reduction rates
were 36.0 and 44.0% for chlorophyll a and 31.0 and
41.0% for chlorophyll b in samples treated with O,
concentrations of 6.50 and 10.0 mg L', respectively.
These results show the susceptibility of chlorophyll a
and chlorophyll b in chard to O,. Philosoph-Hadas et
al (1994) also claimed that chlorophylls are extremely
sensitive to oxidative compounds such as O, and free
radicals. In addition, recognizable discolorations
were reported in many products such as broccoli
(Skog & Chu 2001), lettuce (Singh et al 2002; Olmez
& Akbas 2009), spinach (Klockow & Keener 2009;
Vurma et al 2009) and Arabidopsis thaliana (Kubo et
al 1995) after O, treatments.

The chlorophyll a contents of chard samples
treated with high O, dose (10.0 mg L") were
significantly lower at day 5 than that at day zero. On
the other hand; when treated with low O, dose (6.50
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mg L), the chlorophyll a level was maintained on
the fifth day of storage and a decline was observed
at day 10. In all samples, decreases were determined
in chlorophyll b content on each day of sampling.
Reduction in chlorophyll a content was slightly
higher than that in chlorophyll b (3.00-5.00%) after
treating with both O, doses.

3.3. Effect of H,O, treatment on chlorophyll content
in chard samples throughout storage

Treating chard samples with H,O, solutions at
various concentrations (5.00-15.0%) also resulted
in reductions in both chlorophyll a and chlorophyll
b contents (Table 1 and Table 2). In samples treated
with 5.00, 10.0 and 15.0% of H,O, solutions 32.0,
37.0 and 42.0% reductions of chlorophyll a and
27.0, 36.0 and 38.0% reductions of chlorophyll b
were observed, respectively, at the end of storage.

Chlorophyll a levels determined just after
washing treatments with H O, were maintained at
day 5 after treatments with the solutions of 5.00
and 10.0% and at day 10 after treatments with
the solutions of 15.0%. There were no significant
differences between chlorophyll a contents of
the samples treated with 10.0 and 15.0% of H,O,
at day zero, 5 and 10 (P>0.05). Moreover, no
significant differences were observed between the
chlorophyll b contents of samples treated with the
solution of 5.00% H,O, and that of control at the
end of storage period (P>0.05). This means that
the solution of H,O, at 5.00% concentration did
not cause any additional loss of chlorophyll b in
chard samples stored for 15 days. The reductions
in chlorophylls content in chard samples increased
with increasing the concentration of H O, as well
as other agents. Likewise, many other researchers
(Simmons et al 1997) reported that when used as
a surface disinfectant, H,O, caused degradation of
pigments (chlorophylls, anthocyanins, etc.) and
this detrimental effect increased with increasing the
agent concentration. In addition, H,0O, is claimed to
be involved in a system (phenolic-peroxidase-H,O,
system) in in vitro bleaching of chlorophylls (Kato
& Shimizu 1987). By the function of this system,
chlorophyll is oxidized to colorless, low-molecular
weight compounds (Yamauchi et al 2004).

3.4. Comparison of susceptibilities of chlorophylls
against different sanitizing agents

For both chlorophyll a and chlorophyll b,
the differences between treatments were less
pronounced in the beginning of storage, but became
more evident on the last sampling day, especially
in the treatments with high O, dose. Chlorophyll a
and chlorophyll b retentions in chards treated with
various agents after 15-day storage are presented in
Figure 2 and Figure 3, respectively. Chlorophyll a
and chlorophyll b retentions in control samples were
75.0 and 77.0%, respectively, at the end of storage
period. Chlorophyll a retention rates in Cl, O, and
H,O, treated samples were 63.0-69.0, 56.0-64.0,
and 58.0-68.0%, respectively, at the end of storage
period. Corresponding rates for chlorophyll b were
67.0-72.0, 59.0-69.0, and 62.0-73.0%. It shows
that the decrease of chlorophyll a is slightly more
marked than that of chlorophyll b.

At the end of storage period, chlorophyll a and
chlorophyll b reductions were 32.0 and 27.0%,
respectively, in samples treated with the solution
of H,0, at 5.00%. In samples treated with 10.0 and
15.0% H,O, solutions 37.0 and 42.0% chlorophyll a
reduction and 36.0 and 38.0% chlorophyll b reduction
were observed, respectively. Similar results were
obtained for Cl and O, treatments. For instance,
in samples treated with 200 mg L' Cl, 6.50 mg L!
and 10.0 mg L' O,, chlorophyll a and chlorophyll b
reductions were 37.0 and 33.0%, 35.0 and 31.0%,
and 43.0 and 41.0%, respectively, at the end of
storage. Overall, it can be said that chlorophyll a is
more intensely degraded than chlorophyll b after
all treatments, suggesting that chlorophyll a is more
susceptible to oxidation with these agents. In previous
studies, many authors suggested that chlorophyll a is
more sensitive than chlorophyll b to heat (Weemaes
et al 1999), sulphur dioxide and ethylene (Zhou et
al 2010) treatments. Although nearly one-third of
chlorophyll a and one-fourth of chlorophyll b reduced
at the end of storage period, formation of pheophytins
was not observed after any treatments. Pheophytins
are the main degradation products of chlorophylls that
form mainly during thermal processes (Turkmen et al
2006). Probably, in the degradation of chlorophylls
with oxidizing agents such as Cl, O, and H,0,,
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Figure 2- Chlorophyll a retention in chards treated with various agents after 15-day storage [The chlorophyll
a content in untreated samples at the beginning of storage (15650 mg kg"' DM was assumed as 100%, ppm=
mg kg™)

Sekil 2- 15 giinliik depolama sonrast farkl ajanlarla muamele edilen pazilarda belirlenen klorofil a diizeyleri
[Islem uygulanmamus orneklerde depolama baslangicindaki klorofil a ierigi (kuru maddede 15650 mg kg™ % 100
olarak kabul edilmistiv, ppm= mg kg”')
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Figure 3- Chlorophyll b retention in chards treated with various agents after 15-day storage [The chlorophyll
b content in untreated samples at the beginning of storage (5641 mg kg’ DM was assumed as 100%, ppm=
mg kg™)

Sekil 3- 15 giinliik depolama sonrast farkl ajanlarla muamele edilen pazilarda belirlenen klorofil b diizeyleri
[Islem uygulanmamis 6rneklerde depolama baslangicindaki klorofil a icerigi (kuru maddede 5641 mg kg™ % 100
olarak kabul edilmistir, ppm= mg kg')
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different pathways dominate the oxidative degradation
mechanisms. Beltran et al (2005) and Lopez-Galvez et
al (2010) did not determine any significant differences
between chlorophyll contents of lettuce treated with
different agents like O,, Cl and Cl-dioxide. According
to our results, since the chlorophyll contents of the
samples treated with Cl and H,O, are so close (1.00-
5.00% difference), H,O, can be suggested as an
alternative of CL.

4. Conclusions

In conclusion, both chlorophyll a and chlorophyll b
contents decreased in all samples including controls
during storage. At the end of 15-day storage,
25.0% of chlorophyll a and 23.0% of chlorophyll
b reductions were observed in control (untreated)
samples. Chlorophyll a reductions in CI, O,, and
H,O, treated samples were 31.0-37.0, 36.0-44.0,
and 32.0-42.0%, respectively, at the end of storage.
These rates were 28.0-33.0, 31.0-41.0, and 27.0-
38.0% for chlorophyll b. Results revealed that
chlorophyll a is more sensitive than chlorophyll b
to oxidation reactions with the sanitizers used. H,O,
appears to be a good alternative of Cl in terms of
color retention in chard. In addition, O, use can be
appropriate at low dose and for short storage times.
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OZET

Bu caligmada yavag gelisen 2 etlik pili¢ genotipinin (SG1, SG2) 49 giinliik ve hizli gelisen bir ticari etlik pili¢ genotipinin
42 (FG1) ve 49 giinlik (FG2) besi siiresi sonunda besi performanslari, karkas 6zellikleri ve bazi ekonomik parametreleri
karstlastirilmistir. iki dénem yiiriitiilen denemede; her dénemde her genotipten 260, toplam 1560 (260 x 3 x 2) civciv
kullanilmustir. Civeivler her genotipte 10 tekerriir olacak sekilde yer bolmelerinde biiytitiilmiistiir. Besi siiresince gruplarda
(SG1, SG2, FG1, FG2) canl1 agirlik, yem tiiketimi, yemden yararlanma orani ve 6liim orani, besi siiresi sonunda ise kesim
ve karkas ozellikleri belirlenmistir. Uretim masraflar1 ve pilic eti satis degerlerine ait verilerden yararlamlarak gruplarda
maliyet, karlilik ve teknik etkinlik skorlart hesaplanmistir. Gruplarin teknik etkinlik skorlart stokastik sinir modeli (SSM) ile
tahmin edilmistir. SG1 ve SG2 genotipleri kesim canli agirligna (2.0-2.5 kg) 49 giinde ulagmus; yem tiiketimleri ise FG1’in
yem tiiketim diizeyine yakin olmustur. Gogiis oran1 FG1 ve FG2’de, but orani ise SG1 ve SG2’de yiiksek bulunmustur. En
yiiksek nispi karlilik FG1 grubunda olmus, bunu FG2, SG2 ve SG1 izlemistir. SG1, SG2, FG1 ve FG2’nin teknik etkinlik
skorlart 0.9632, 0.9639, 0.9664 ve 0.9699 bulunmustur (P<0.05). Net ve nispi karlilikta ilk siralarda yer alan FGI1 ve
FG2’de % 5.00 ve % 6.54 diizeyindeki 6limler 6nemli kayiplar olarak diistiniilebilir. SG1 ve SG2 genotiplerinde 49 giinliik
yasta oliim oran1 % 1.15 ve % 2.69 seviyesinde gergeklesmistir (P<0.05). Daha yavas geliserek 49 giinliik besi siiresinde
kesim agirligina ulasabilen SG1 ve SG2 genotipleri bu agidan avantaj saglamislardir.

Anahtar Kelimeler: Ticari etlik pili¢; Yemden yararlanma; Karkas 6zellikleri; Canli agirlik; Karlihik; Teknik etkinlik skoru

Comparison of Slow Growing Synthetic Broiler Genotypes with
Commercial Broilers in Terms of Growth, Carcass Traits and Some
Economic Parameters

ARTICLE INFO

Research Article

Corresponding Author: Umut Sami YAMAK, E-mail: usyamak@omu.edu.tr, Tel: +90 (541) 587 75 55
Received: 14 July 2014, Received in Revised Form: 28 August 2014, Accepted: 29 November 2014



Yavas Gelisen Sentetik Etlik Pili¢ Genotipleri ile Ticari Etlik Piliclerin Biyume, Karkas Ozellikleri..., Sarica et al

ABSTRACT

In this study, 2 slow growing broiler genotypes (SG1 and SG2) slaughtered at 49 days of age were compared with a fast
growing commercial genotype slaughtered at 42 days of age (FG1) or 49 days of age (FG2) with respect to fattening
performance, carcass characteristics and some economic parameters. The study was carried out in 2 periods and 260
chicks from each genotype in each period (a total of 1560 chicks; 260 x 3 x 2) were used. Ten replicates of chicks
from each genotype were reared on litter system. Live weight, feed consumption, feed efficiency and mortality in
groups (SG1, SG2, FG1, FG2) were determined throughout the production periods, while slaughter and carcass traits
were determined at the end of production periods. Cost, efficiency and technical efficiency scores were calculated by
using production expenses and meat sale prices. Stochastic frontier analysis (SFA) was used to estimate the technical
efficiency scores of groups. SG1 and SG2 genotypes reached to slaughtering live weight (2.0-2.5 kg) at 49 days of age,
and the feed consumptions of these 2 genotypes were similar to the consumption of F1. The breast ratio was higher in
FG1 and FG2, whereas the thigh ratio was higher in SG1 and SG2. The highest relative profit was determined in FG1
genotype and FG2, SG2 and SG1 followed this genotype, respectively. The technical efficiency scores of SG1, SG2,
FG1 and FG2 were 0.9632, 0.9639, 0.9664 and 0.9699 (P<0.05), respectively. The mortality in FG1 (5.00%) and FG2
(6.54%) can be interpreted as significant losses, although net and relative profits of these groups were superior to SG1
and SG2. At the end of 49 days, the mortality in SG1 and SG2 genotypes occurred as 1.15% and 2.69%, respectively
(P<0.05). Despite the fact that SG1 and SG2 genotypes reached to slaughtering weight at 49 days of age, they were
advantageous due to their lower mortality levels.

Keywords: Commercial broiler; Feed efficiency; Carcass traits; Live weight; Profitability; Technical efficiency score

1. Giris

Etlik pili¢ iiretimi tim diinyada 1940’11 yillardan
itibaren gelisme gostererek, domuz etinden sonra
en cok tretilen iiriin haline gelmistir (Yang & Jiang
2005). Gelecekte de bu trendin devam ederek, tavuk
eti tiretim ve tiiketimindeki artiglarin diger etlerden
daha yiiksek olacagi beklenmektedir (Anonymous
2013). Domuz eti tiiketimi olmayan iilkelerde ise
tavuk etinin pay1r % 65-70’e ulasmistir (Sarica et
al 2014a). Taleplerin tavuk eti lehine artmasindaki
onemli etkenler; tiretimin kolaylig1, arazi ihtiyacinin
distikligi, tim toplumlarda higbir yasak olmadan
tiiketilmest, tiretim siiresinin kisalig1, saglikli oldugu
imaj1 ve ucuzlugudur. Bugiin {iretimi yapilan etlik
piliclerde gelisme, yemden yararlanma ve karkas
ozelliklerinde ge¢mise gore ciddi degisiklikler
olmustur. Bu degisikliklerde seleksiyon, bakim ve
besleme ve saglik korumadaki gelismelerin 6nemli
katkilar1 bulunmaktadir. Genetik seleksiyonun
buradaki paymin % 85-90 oldugu kabul edilmektedir
(Havenstein et al 2003; Arthur & Albers 2003;
Blagojevic et al 2009).

Gelisme diizeyi, yemden yararlanma ve et
iiretimi artmasina ragmen, pili¢lerde yasama giicii

© Ankara Universitesi Ziraat Fakiiltesi

azalmis, iskelet gelisimi ve uyumu bozulmus,
kardiyovaskiiler ~hastaliklar artmis, bagisiklik
sisteminde bozulmalar goriilmiistiir (Havenstein et
al 2003; Cheema et al 2003; Decuypere et al 2003;
Bessei 2006; Shim et al 2012).

Performans  Ozelliklerine  ilave  olarak,
tiiketiciyi ve iiriin isleme endiistrisini ilgilendiren
karkas parcalarinda, yaglanma ve organoleptik
ozelliklerin degismesinde de hizli gelisme yoniinde
seleksiyonun ciddi etkileri olmustur (Remignon
& Le Bihan-Duval 2003; Phongpa-ngan et al
2014). Diger taraftan kesim yasmnin 35-40 giine
kadar digiiriilmesi hayvan haklart savunuculari,
tiketiciler, saglikgilar gibi degisik kesimlerce
sorgulanmaktadir. Ozellikle bazi Asya ve Avrupa
iilkelerindeki tiiketiciler yavas gelisen, 56-81 giin
arasinda kesilen piliclerin etlerine yiiksek fiyat
0demeyi tercih etmektedirler (Chin 2003; Fanatico
et al 2005a, 2005b; Fanatico et al 2006). Hizli
gelisen etlik pili¢ iiretimi, alternatif iretimlerle
karsilastiritlamayacak kadar etkin olmasina ragmen,
bazi iilkelerde yavas-orta diizeyde gelisen etlik pili¢
iiretimi ve bunlar i¢in uygulanan {iretim sistemleri
giderek yayginlagsmaktadir (Mikulski et al 2011;
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Chen et al 2013; Sarica et al 2014a). Biiylime, yem
tiiketimi, besi siiresi ve karkas 6zellikleri bakimindan
onemli farkliliklara sahip olan yavas-orta diizeyde
gelisen genotiplerin iireticiye ekonomik getirisi de
farklidir (Shim et al 2012). Hizli gelisen piliglerde
kesim yaginin disiikligi nedeniyle yillik iiretim
kapasitesinin artmasi, entansiflesmeye bagli olarak
yiksek yerlesim sikligi ve bagarili entegrasyon
uygulamalariyla gerceklesen kesintisiz ~{iretim
sayesinde yiiksek gelir saglanmaktadir. Bu
nedenle, et kalitesi, tiiketici talebi, hayvan refahi,
yasama giliciiniin yiiksekligi, dengeli biiytime gibi
avantajlara sahip olan yavas-orta diizeyde gelisen
etlik piliglerin hizli gelisenlerle ekonomik ac¢idan da
rekabet edebilmeleri 6nem tagimaktadir.

Bualigmada, yavas gelisen etlik pili¢ liretiminde
kullanmak i¢in melezleme yoluyla {iretilen 2
ebeveyn genotipinin (ROSS x Rhode Island Red
ve ROSS x Barred Plymouth Rock) tavuklari,
ROSS-308 ebeveyninin horozlartyla giftlestirilerek
orta diizeyde gelisen 2 genotip elde edilmistir. Bu
genotipler performans, karkas ozellikleri, yasama
giicli ve net ekonomik gelir agisindan ticari etlik
pili¢ genotipiyle karsilastirilmistir.

2. Materyal ve Yontem

Calisma, Ondokuz Mayis Universitesi Ziraat
Fakiiltesi’nde 2013  yilinin  Subat-Temmuz
aylart arasinda, 3 farkli genotiple ylriitiilmiistiir.
Bunlardan ikisi; yavag gelisen etlik pili¢ tiretimi i¢in
gelistirilmekte olan ikili melez ROSSxRhode Island
Red (ROSSxRIR) ve ROSSxBarred Plymouth Rock
(ROSSxBAR) genotiplerinin ROSS ebeveynleri
ile ¢iftlestirilmesi sonucu {retilmistir. Bu igli
melezlerden biri SG1 (ROSSx(ROSSxRIR)), digeri
ise SG2 (ROSSx(ROSSxBAR)), olarak kodlanmistir
(Yamak et al 2014; Sarica et al 2014b). Elde edilen
bu 2 genotip hizli gelisen ROSS-308 hibritleri
ile performans, karkas ozellikleri ve ekonomik
parametreler bakimindan karsilastirilmistir.

Arastirma ayni kiimeste Subat-2012’de birinci
donem, Nisan-2013’te ise ikinci donem tiretimi olmak
iizere 2 donemde gergeklestirilmistir. SG1 ve SG2
genotipleri, ebeveynlerin 35 ve 42 haftalik yaslarinda

elde edilen kulugkalik yumurtalarindan {iretilmistir.
Arastirma-uygulama  ¢iftligindeki kulugkahanede
elde edilen civeivler ile ayni giinde kulugkadan ¢ikan
ROSS-308 civcivleri alinarak deneme baglatilmistir.
Yetistirilen ~ sentetik  genotiplerin  ebeveynleri
caligmanin yiiriitildigi isletmede bulundugundan
ebeveyn yaslart bilinmektedir. Ancak, kiyaslamada
kullanilan  hizli  gelisen etlik piligler ticari
bir isletmeden alindigindan ebeveyn yaslar
bilinmemektedir. Buna ragmen, 2 iiretim dénemi ard1
sira gergeklestirilmis, her 2 donemde de etlik piligler
ayni firmadan temin edilmistir. Dolayisiyla her 2
donemde alinan hizli gelisen piliglerin ayni siiriiden
olma ihtimali olduk¢a yiiksektir. Ancak, bunu
ispatlayacak bir veri bulunmamaktadir. Her 2 iretim
donemi de 49 giin olarak uygulanmig, SG1 ve SG2
genotipleri 49. giinde, ROSS-308 piliclerinin yarist
42. giinde, diger yaris1 ise 49. giinde kesilmislerdir.
Tim genotiplerin performans kiyaslamasini daha
anlagilir kilmak igin 42. giinde kesilen ROSS-308
piligleri FG1, 49. giinde kesilen ROSS-308 piligleri
ise FG2 olarak kodlanmustir.

Deneme pencereli, yapay havalandirilan, beyaz
tasarruf ampulleri ile aydinlatilan, elektrikli infrared
wsiticilarla sitilan, 20x12 m boyutlarinda, 2.5 m
yuksekliginde bir kiimeste yiriitilmiistiir. Her
donemde her genotipten erkek-disi karigik 260’ar
civeiv (260 x 3= 780 civciv) lretime alinmistir.
Civcivler; 1.5 x 1.5 x 2.0 m (en x boy x yiikseklik)
boyutlarindaki tel ile kapali 10’ar bolmeye, her
bolmede 26 civciv olacak sekilde yerlestirilmistir.
Iki iiretim doneminde toplam 1560 civciv (780 x
2) kullanilmistir. Béylece, 2 donemde SG1 ve SG2
genotiplerinden 520’ser, ROSS-308 genotipinin
FG1 ve FG2 grubunda 260’ar civciv denemeye
almmustir.

Her bolmede birer askili tiip yemlik ve 8
nipel suluk bulundurulmustur. Yem ve su deneme
boyunca serbest olarak verilmistir. Her bdlmeye
esit agirhikta, 8 cm kalinliginda kaba rende talast
altlik olarak serilmistir. Aydinlatma; ilk giin 24
saat, 21 giine kadar 23 saat ve kesim yasina kadar
18 saat uygulanmistir. Saglik koruma uygulamalari
ticari Uretimdeki asilama programina uyularak
gerceklestirilmistir. Denemede kullanilan yemlerin
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Cizelge 1- Degisik yaslarda kullanilan yemlerin besin maddesi diizeyleri*

Table 1- Nutrients of diets used at different ages

s ettt PR s B Bk B
Ham protein (%) 23 22 21 18

ME (kcal kg™!) 3000 3100 3100 3100
Ham seliiloz (%) 4.00 4.00 4.00 6.00
Ham kil (%) 5.00 5.00 5.00 8.00

Ca (%) 1.00 0.95 0.80 0.80
Yarar. fosfor (%) 0.50 0.50 0.45 0.60
Methionin (%) 1.00 0.45 0.40 0.40
Lysin (%) 1.35 1.20 1.10 1.00

*, hesaplanmis degerler

igerikleri Cizelge 1°de verilmistir. Yemler bir ticari
fabrikadan alinmisgtir.

Denemede; canli agirhk, yem tiketimi,
yemden yararlanma orani, dlim orani, kesim ve
karkas oOzellikleri belirlenmis, iretim yapilan
donemde iiretim maliyetini belirleyen unsurlara
ait veriler ve biitin ve parcalanmis pili¢ eti
piyasa fiyatlar1 elde edilmistir. Yem tiiketimleri
ve canli agirliklar bdlmeler bazinda haftalik
belirlenmistir. Bu verilerden yemden yararlanma
oranlart hesaplanmustir. Oliimler giinliik olarak
kaydedilmis ve 6lim oranlar1 belirlenmistir. SG1
ve SG2 genotiplerinin ve FG2 ticari piliclerinin
kesimleri 49. giinde, FG1 ticari pili¢lerinin ise genel
uygulamada oldugu lizere 42. giinde yapilmistir.
SG1 ve SG2 genotiplerinde her bolmeden 2 erkek,
2 disi pili¢ kesilmistir. Her tiretim doneminde SG1
ve SG2 genotiplerinden 40’ar pili¢, toplamda 2
iiretim déneminde 160 pili¢ kesilmistir. Her {iretim
doneminde her bolmeden 4 erkek, 4 disi olmak iizere
FG1 ve FG2 genotiplerinden 5’er bolmeden toplam
80 pili¢, 2 iiretim doneminde toplam 160 pili¢
kesilmistir. Piliglerde kesim agirligi ve yenilebilir
ic organlar (kalp, karaciger ve temizlenmis taslik)
agirhigl kesim esnasinda, soguk karkas agirligi ise
karkaslar +4 °C’de 24 saat bekletildikten sonra
belirlenmistir. Yenilebilir i¢ organlarin karkas
agirligina  oranlar1t  hesaplanmistir.  Abdominal
yag diizeyi; abdominal kaslara bagli ve kloak

cevresindeki yaglar ve i¢ organlar etrafindaki yaglar
olarak belirlenmis, abdominal yagin canli agirliga
ve karkas agirligina orani hesaplanmistir (Sarica
1997; Sarica et al 2009; Sarica et al 2011). Karkas
parcalamada standart uygulama yapilmis (Yamak et
al 2014), but, gogiis, kanat, sirt ve boyun parcalart
tartilmig ve karkas agirligina oranlanarak karkas
parga oranlari hesaplanmigtir. Tiim karkas pargalari,
deri ve kemik ile birlikte tartilmigtir.

Performans ve karkas ozelliklerine ait veriler
tesadiif parselleri deneme deseninde donemleri de ele
alacak sekilde analiz edilmistir. Oran ile ifade edilen
verilere a¢1 (arcsiniis) transformasyonu yapilmistir.
Ortalama degerler arasindaki farkliliklarin coklu
karsilastirtlmast Duncan testi ile yapilmistir.
Verilerin analizinde SPSS paket programi (Version
16) kullanilmustir.

Ekonomik degerlendirmede maliyet; civciv,
yem, asi, isgilik, altlik, 1sitma, aydinlatma ve
havalandirma giderlerinden olusmustur. Gelirler
ise karkas ve karkas parca satis fiyatlarina gore
hesaplanmistir. Gelir ve gider hesabinda ayrica
yasama giicii (%) ve besi siiresi (glin) kullanilmistir.
Maliyetler her genotip igin ayri, kg pilig? ve
glinliik olarak hesaplanmistir. Bunlardan mutlak
ve nispi karlar belirlenmistir. Genotiplerde teknik
etkinligin 6l¢iimiinde stokastik sinir modeli (SSM)
kullanilmustir (Coelli et al 1998). Teknik yetersizlik;
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genotiplerdeki gergek karkas tiretim degeri ve farkl
genotipler i¢in stokastik simir modeli ile tahmin
edilen karkas {iiretim degeri arasindaki uzaklik
olarak tanmimlanmistir. SSM’de bagimli degisken
olarak “karkas tiretim degeri (TL adet!)” alinmigtir.
SSM’nin iiretim fonksiyonu tahmininde diger
sartlar sabit kilinmis, bagimsiz degisken olarak yem
(kg pili¢'") kullanilmigtir. Stokastik sinir modelinin
yapist Esitlik 1’deki gibidir (Battese 1992; Battese
& Coelli 1995; Coelli et al 1998).

In(T)) = In(X) B +V, -U,, i=1,.....260 (1)

Burada; T, i’nci pilicin Uretim degerini; X,
i 'nci pilicin girdilerini; £, girdi ile ¢ikt1 arasindaki
iliskiye ait parametreyi; U, , negatif olmayan hata
degiskenini ifade etmektedir. Bu degisken 0 ile
1 arasinda olup teknik etkinligi gostermektedir.
Formiilde yer alan V; dlglim hatasi gibi isletmenin
kontroliinde olmayan, sifir ortalamaya sahip hata
terimini ifade etmekte ve U, ’den bagimsizdir. Bu
yonteme gore; her bir civeiv igin teknik etkinlik,
gozlenen iretim degerini olmasi gereken tiretim
degerine oranlayarak bulunmaktadir.  Teknik
etkinligin hesaplanmasinda Esitlik 2 kullanilmistir:

Y @)

Y,

TE, =

Burada; TE;, i’nci pilicin teknik etkinligini; Y,
gbzlenen iiretim degerini; Yl.* , ise tahmin edilen ve
olmasi gereken iretim degerini ifade etmektedir.
Stokastik sinir modelinde Cobb-Douglas tipi tiretim
fonksiyonu kullanilmis ve parametreler “En Yiiksek
Olabilirlik” yontemi ile tahmin edilmistir. Stokastik
siir modelinin tahmininde “Front 41, Version 4.0”
paket programi kullanilmistir (Coelli et al 1998).

3. Bulgular ve Tartisma

3.1. Performans ve karkas ozellikleri

Genotip gruplarinin haftalik canl agirlik ortalama
degerleri arasindaki farkliliklar 6nemli (P<0.05)
bulunmustur. Ticari genotiplerin (FG1 ve FG2) 42
giinliik yasta ulastiklar1 canli agirliklara SG1 ve
SG2 genotipleri 49 giinliik yasta yaklasabilmislerdir.
(Cizelge 2). Birinci donem canli agirlik ortalama
degerleri ikinci doneme gore daha diisiik (P<0.05)
olmustur. Birinci donemde tiim genotiplerde
denemeye alinan civcivlerin geng ebeveyn siiriisiiniin
yumurtalarindan ~ ¢ikmalart  nedeniyle  civeiv
agirliklart daha diisiik olmustur. Ayrica yetistirme
donemleri arasindaki farkliliklar ile diger yetistirme
faktorlerinin - de canli agirhgr etkileyebildigi
bilinmektedir (Tiirkoglu & Sarica 2014). Ancak,
uygulamalar tiim genotipler i¢in her donemde sabit
tutulmustur. Ticari etlik piliclerde 2.0-2.5 kg kesim

Cizelge 2- Gruplarda yasa bagh canh agirhk (kg) degisimi

Table 2- The variation in live weights (kg) of groups at different ages

Yas (hafta)

Ciks 1 2 3 4 5 6 7
SG1 41.68b 159.73b 393.96b 621.87b 1016.74b 1455.77b 1951.76 b 2360.29 b
Grup SG2 40.74b 154.82b 388.13b 621.94b 1010.94b 1483.28b 1957.33b 2363.07b
FG1 46.55a 169.61a 455.74a 807.76a 1379.98a 2047.09a 2669.99 a -
FG2 46.69a 17492a 460.85a 817.38a 1380.04a 2033.89a 2716.49a 3295.28 a
Dénem 1 40.11 127.55 361.72 691.04 1160.70 ~ 1737.94  2263.15  2585.53
2 47.74 201.99 487.63 743.44 1233.15  1772.08  2384.64  2760.24
St. Hata 0.271 1.003 2.297 4510 6.658 8.927 10.383 13.012
Etkiler
Dél’lem sk ksk sk sk sk Od Kk Kk
Genotip sk sk sk sk ks kk Kk Kk
Donem x Genotip ok * od * od ok * *

* P<0.05; **, P<0.01; 6d, P>0.05; farkli harflerle gosterilen ortalamalar arasindaki fark 6nemlidir
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agirhigma ulagsma 40.-50. giinlerde, orta diizeyde
gelisenlerde ise 50.-60. giinlerde gergeklesirken,
yavas gelisenlerde kesim yagsi genotipik yapiya gore
degisebilmektedir (Grashorn & Clostermann 2002;
Yang & Jiang 2005; Dou et al 2009). Calismada
SG1 ve SG2 genotiplerinin, ortalama canli agirlik
degerleri, Fanatico et al (2007)’nin orta diizeyde
gelisenlerden elde ettigi degerlerden daha yiiksek
goriilmektedir. Hatta Phangpa-nagan et al (2014)’nin
hizli gelisen broiler hatlarindan elde ettikleri canl
agirlik degerleriyle benzer veya daha ytiksektir.

Genotiplerin ortalama canli agirlik degerlerinde
oldugu gibi, yem tiiketimi ve yemden yararlanma
oranlar1 tim yaslarda genotipler arasinda farkl
bulunmustur (P<0.05). FG1 ve FG2’nin 6. hafta
yem tiiketimleri ile SG1 ve SG2’nin 7. hafta yem
titketimleri benzerlik gostermistir (Cizelge 3). FG1
ve FG2’nin 7. haftada yemden yararlanma oranlari
SG1 ve SG2’nin 6. hafta yemden yararlanma
oranlari ile benzer bulunmustur (Cizelge 4). Yem
tilkketimleri bazi yaslarda donemlere gore farklilik
(P<0.05) gostermesine karsin, yemden yararlanma

Cizelge 3- Gruplarda yasa bagh yem tiiketimlerindeki degisim

Table 3- The variation in feed consumption of groups at different ages

Yas (hafta)

1 2 3 4 5 6 7
SGl 163.16b  487.07b  933.67b 164691 b 2519.05b 3545.19b 4583.88Db
Grup SG2 156.58¢c  471.99b  920.10b 1621.15b  2515.73b 3516.08b 4568.60 b
FGI 176.58a  537.67 a 1075.85a 1984.11a 3126.80a 4476.07 a -
FG2 17530a  549.28 a 1102.19a 2001.72a 3156.45a 4531.92a 589038 a
Dénem 1 133.81 514.05 985.47 1761.30 2796.83 3930.29 4917.75
2 201.99 508.97 1030.45 1865.66 2861.19 4104.35 5110.84
St. Hata 1.077 3.558 6.538 11.797 17.157 20.274 26.904
Etkiler
Genotip sk sk ek ek sk sk ek
Donem x Genotip od ok Hok od od od od
* P<0.05; **, P<0.01; 6d, P>0.05; farkli harflerle gosterilen ortalamalar arasindaki fark 6nemlidir
Cizelge 4- Gruplarda yasa bagh yemden yararlanma oranlarindaki degisim
Table 4- The variation in feed conversion ratios of groups at different ages
Yas (hafia)
)i 2 3 4 5 6 7
SGl 0.98 ab 1.26a 1.50 a 1.62a 1.73 a 1.81a 1.94
Grup SG2 0.95 be 1.24 ab 148 a 1.60 a 1.69a 1.79 a 1.93
FG1 1.00 a 1.20b 1.33b 1.44b 1.52b 1.67b -
FG2 0.94 ¢ 1.21b 1.35b 1450 1.55b 1.66 b 1.79
Dénem 1 1.05 1.42 1.44 1.53 1.63 1.75 1.91
2 0.891 1.05 1.40 1.53 1.63 1.73 1.87
St. Hata 0.006 0.008 0.011 0.011 0.009 0.008 0.008
Etkiler
Dénem HE ok * od od 6d *
Genotip * * ek sk sk ek ek
Donem x Genotip od od od od od od od

* P<0.05; ** P<0.01; 6d, P>0.05; farkli harflerle gosterilen ortalamalar arasindaki fark dnemlidir
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oranlart 4., 5. ve 6. haftalarda donemlere gore
farklilik gostermemistir. Etlik piliclerde gelisme
hizina bagl olarak, besi siiresinin yiikselmesiyle
yem tiiketimi artarken, yemden yararlanma
diismektedir (Fanatico et al 2005b). Gelisme hizt
ve besi siliresine gore yemden yararlanmada biiyiik
varyasyon goriilmektedir. Abdullah et al (2010),
3’0 hizli gelisen, 1’1 yavas gelisen 4 genotipin
43 giinlik yasta canli agirhiklarini sirasiyla;
2038, 1911, 1806 ve 1621 g, yemden yararlanma
oranlarim1 ise 2.21, 2.33, 2.49 ve 2.62 olarak
belirlemislerdir. Mikulski et al (2011), hizli ve
yavas gelisen genotiplerin 42 giinliik yasta canli
agirliklaring; 2.41 ve 1.94 kg, yemden yararlanma
oranlarini ise 1.69 ve 1.70 olarak saptamislardir.
Shim et al (2012), 4 baba ve 3 ana broiler hattindan
iiretilen ikili melez 7 broiler genotipinin 48 gilinlik
yasta canlt agirliklarint 3.09-3.40 kg; yemden
yararlanma oranlarint ise 1.74 ile 1.84 arasinda
belirlemislerdir. Calismamizda, tiim genotiplerin
gerek 42, gerekse 49 giinlik yaslarda yemden
yararlanma oranlarinin kabul edilebilir diizeyde
oldugu belirlenmistir.

Cizelge 5- Gruplarda karkas ozelliklerine ait degisim

FGI1 ve FG2 gruplarmin karkas agirliklart ve
karkas randimanlar1 SG1 ve SG2 gruplarina gore
daha yiiksek (P<0.05) bulunmus, yenilebilir i¢ organ
agirliklarinda da benzer bir durum goriilmiistiir.
FG2 grubunun ortalama karkas agirlig1 ile karaciger
ve taghk agirliklar1 FG1 grubu, SG1 ve SG2
genotiplerinden daha yiiksek (P<0.05) bulunmustur.
En diisik abdominal yag oram1 FGl grubunda
saptanmis, FG1 grubunun abdominal yag orani tim
gruplarin abdominal yag orani ortalamalarindan
farkli (P<0.05) bulunmustur (Cizelge 5).

Yenilebilir i¢ organlarin karkasin %’si olarak
verilmesi icin analizler yapilmig, ancak gercek
durumun ortaya konulmasi i¢in agirlik degerleri
tercih edilmistir. Oranlar ile agirlik degerleri
arasinda benzer egilimler goriildiigii icin boyle bir
degerlendirme yolu tercih edilmistir. Karkas agirligi,
karkas randimani, yenilebilir i¢ organ agirliklar
ve abdominal yag oranlart bakimindan dénemler
arasinda farkliliklar 6nemli (P<0.05) bulunmustur.
Karkas agirligi ve karkas randimani daha yiiksek
olan ticari genotipin abdominal yag diizeyinin de
diistik olmasi; SG1 ve SG2 genotiplerinin yavas
ve orta gelisme gosteren hatlarla benzerliginin bir

Table 5- The variation in carcass traits of groups at different ages

Ozellikler
Canly Karkas Karkas Kalp  Karaciger Tashk Abdominal Abdominal
agirlik (g) (g (%) (8 (8 (8 yag' (%)  yag’ (%)

SG1  2411.6¢ 1773.4c¢ 73.51b 14.6 b 48.5¢ 29.0b 1.80ab 2.45 ab
Grup SG2  2518.1¢ 1841.6¢ 73.13b 13.2¢c 509 ¢ 29.1b 1.93a 2.64a

FGl 27563b  2066.6b 74.95a 18.1a 59.3b 288b 1.43c¢ 191¢

FG2 3384.1a 25499a 75.38a 18.7 a 714 a 31.6a 1.70b 2.25b
Dénem 1 2662.45 1988.30  74.55 15.16 54.82 28.39 1.58 2.12

2 2872.67 212748  73.95 17.17 60.33 30.96 1.85 2.51

St. Hata 20.16 15.46 0.10 0.17 0.54 0.32 0.033 0.045
Etkiler
Donem *% sk sk * e sk Hx sk
Genotip *% #k ok Hok *k ek sk s
Dénem x Genotip od od od o HE ok od od

*, P<0.05; **, P<0.01; 6d, P>0.05; farkli harflerle gosterilen ortalamalar arasindaki fark énemlidir; !, canli agirliga oran; 2, karkas

agirligia oran
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gostergesidir. Boyle hatlarda gelisme diizeyine
bagh olarak karkas randimanmin degistigi, hizl
gelismeye paralel olarak karkas randimaninin arttigt
ve abdominal yag diizeylerinin azaldigi daha 6nceki
aragtirmalarda (Fanatico et al 2005a; Kokoszynski
& Bernacki 2008; Abdullah et al 2010; Mikulski et
al 2011) ortaya konulmustur.

Cizelge 6- Gruplarda karkas parcalarina ait degisim

SG1, SG2 ve FGI1 gruplarinin but oranlari
benzer olmasina karsin; FG1 ve FG2 gruplarinin
gbgiis oranlart SG1 ve SG2 genotiplerinden
daha yiiksek (P<0.05); yine kanat, sirt ve boyun
oranlart SG1 ve SG2 genotiplerinde FG1 ve FG2
gruplarindan daha yiiksek (P<0.05) bulunmustur
(Cizelge 6). But, gogiis, kanat gibi karkas parga

Table 6- The variation in carcass parts of groups at different ages

Ozellikler
But Gagiis Kanat Surt Boyun But Gagiis Kanat
(%) (%) (%) (%) (%) © ® ©
SG1 27.7a 36.1b 10.8 a 189a 6.7a 491.42¢c 63890 ¢ 191.92 b
Grup SG2 279a 35.6b 10.6 b 192 a 6.6a 514.87¢c 654.25¢ 195.83 b
FG1 27.6a 40.5a 9.3d 172 ¢ 52c¢ 570.71b 836.33b  192.62b
FG2 26.1b 404 a 9.6 ¢ 18.2b 5.8b 667.37a 1029.77a 243.23a
Dénem 1 28.01 38.31 9.97 17.99 5.80 555.75  765.73 196.13
2 26.68 37.97 10.22 18.73 6.36 566.44  813.90 215.68
St. Hata 0.088 0.110 0.036 0.093 0.038 4912 6.076 1.594
Etkiler
Genotip sk Kk Kk L Kk 3k kK kK
Donem x Genotip 6d 6d 6d ** ** 6d 6d 6d

* P<0.05; ** P<0.01; 6d, P>0.05; farkli harflerle gosterilen ortalamalar arasindaki fark dnemlidir

agirliklarinda da benzer bir egilim goézlenmistir.
Karkas parga oranlarinda gogiis orani disindaki
tim Ozelliklerde donemler arasinda farkliliklar
onemli (P<0.05) olmustur. Birinci doénemde
but oranlari, ikinci donemde ise kanat, sirt ve
boyun oranlari daha yiiksek belirlenmistir. Bu
caligmada ticari genotiplerin go6giis oraninin
yavas gelisen SG1 ve SG2 genotiplerinin gogiis
oranlarina gore yliksek bulunmasi, uzun siireli
seleksiyonun karkasta g6giis oraninin artmasint
sagladigi bildiren arastirmacilart (Bessei 2006;
Castellini et al 2008; Phongpa-ngan et al 2014)
desteklemektedir. Calismamizda SG1 ve SG2
genotiplerinde but oranlarin yiiksek bulunmasi,
degisik aragtirma bulgularinda da ortaya koyulan
yavas ve orta diizeyde gelisen genotiplerin yiiksek
but oranlarina benzer bulunmustur. (Castellini et

al 2008; Abdullah et al 2010; Sarica et al 2014b;
Sarica et al 2014c; Yamak et al 2014).

3.2. Ekonomik degerlendirmeler

3.2.1. Genotiplerde maliyet ve karlilik

Tim genotiplerde en ©nemli maliyet unsuru
degisken masraflar olmustur. Toplam masraflarin
% 92’sini degisken, % 8’ini sabit masraflar
olusturmus; degisken masraflar icinde en onemli
payt (% 75) yem maliyeti almistir (Cizelge 7).
Bunu, civeiv maliyeti ve iiretim donemine hazirlik
(altlik, dezenfeksiyon, vb.) i¢in yapilan harcamalar
takip etmistir. Degisken masraflar toplami dénem
basma FG2, FG1, SG2 ve SG1 i¢in sirastyla 10.241,
8.337, 8.433 ve 8.453dir. Sabit masraflar i¢inde en
ylksek pay1 faizler olusturmus, bunu amortisman
izlemistir. Sabit masraflar toplami1 FG2, SG2 ve SG1
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Cizelge 7- Gruplara ait maliyet unsurlari ve birim maliyet

Table 7- Cost elements of groups cost unit

Masrafiar SG1 5G2 FGI FG2
Deger % % Deger % % Deger % % Deger % %
Degisken masraflar
Civeiv (TL giin') ~ 0.0204 11.83 0.0204 11.85 0.0274 13.80 0.0234 1120
Yem (TL giin") ~ 0.1278 74.09 0.1274 74.03 0.1456 73.35 0.1613  77.18
iscilik (TL giin") ~ 0.0034 1.98 0.0034 1.98 0.0040 2.02 0.0034  1.63
Agtve ilag 0.0024 1.39 0.0024 1.39 0.0024 1.21 0.0024 1.15
(TL giin™)
Su (TL giin') 0.0001 0.05 0.0001 0.05 0.0001 0.05 0.0001  0.05
Isitma (TL giin") ~ 0.0042 2.44 0.0042 2.44 0.0036 1.81 0.0042  2.01
Aydinlatma 0.0001 0.05 0.0001 0.05 0.0001 0.05 0.0001  0.05
(TL giin™')
Uretime hazirltk— 103 5 97 0.0103 5.98 0.0120 6.05 0.0103 492
(TL giin")*
Degisken masraf— )38 5 59 0.0038 2.21 0.0033 1.66 0.0038  1.81
faizi (TL giin")
Toplam degisken 1255 10000 91,08 0.1721 100.00 91.05  0.1985 100.00 93.19  0.2090  100.00 92.52
masraf (TL giin™!)
Sabit masraflar
Genel idari giderler ) 1,53 37 34 0.0053 31.36 0.0046 31.72 0.0053  31.36
(TL giin™)
1 k3

E“T“ﬁ"g“u‘flf,‘;an 0.0048 28.40 0.0048 28.40 0.0041 28.28 0.0048  28.40
Faiz** (TL giin') _ 0.0068 _40.24 0.0068 40.24 0.0058 _40.00 0.0068 _ 40.24
(T;’Elzggﬁ‘;b“masraf 0.0169 100.00 8.92  0.0169 100.00 895  0.0145 100.00 6.81  0.0169 100.00 7.48
(T;’El:ur.nn_]}’)[asraﬂar 0.1894 100.00  0.1890 100.00  0.2130 100.00  0.2259 100.00
Besi siiresi (gin) __ 49.00 49.00 42.00 19.00
Toplam masraf
(TL besi domem ) 281 9.261 8.946 11.0691
Karkas agirhg: 1.773 1.842 2.067 2.550
(kg donem™)
Canli pili¢ maliyeti
CTL ko) 5235 5.028 4328 4341

*, altlik, dezenfeksiyon, is¢ilik masraflarini kapsamaktadir; **, kiimes, suluklar, yem makinesi, yemlikler i¢in hesaplanan amortisman

ve faiz masraflaridir

igin 0.828 iken, FG1 i¢in 0.606 TL donem™ olarak
hesaplanmustir. Pili¢/kg maliyeti ise FG2, FG1, SG2
ve SGI1 i¢in swrastyla 4.341 TL, 4.328 TL, 5.028
TL ve 5.235 TL olmustur. Buna gore maliyeti en
diisiik grup FG2 iken, en yiiksek grup SG1 olmustur
(Cizelge 8).

Karlilik analizleri karkas ve parga satigina
gore gerceklestirilmistir. Biitiin  karkasa gore
pazarlamada FG2 ve FGI1 genotipleri pozitif
net kara sahip iken, SG1 ve SG2 genotiplerinde
negatif net kar belirlenmistir. Parcalanmis karkas
degerlerinde ise biitiin genotiplerde pozitif net kar
bulunmustur. Nispi kar a¢isindan en yiiksek kar elde
edilen grup FG1 olmus, bunu FG2, SG2 ve SG1
gruplart izlemistir (Cizelge 8).

3.2.2. Genotip gruplarinda teknik etkinlik

Arastirmada tahmin edilen stokastik {iretim
fonksiyonu parametrelerinin isaretleri beklentiye
uygun citkmustir. Uretim fonksiyonundaki yem
degiskenine ait parametre, karkas tiretim degeri
ile yem arasinda pozitif bir iliski oldugunu
gostermektedir. Yem igin tahmin edilen elastikiyet
katsayisi 0.28 bulunmustur (P<0.01; Cizelge 9).

FGI1, FG2, SG2 ve SGI’in teknik etkinlik
skorlari, 0.9664, 0.9699, 0.9639 ve 0.9633 olarak
bulunmustur (P<0.01). Buna gére FG2 grubu en iyi
sonucu verirken, bunu FG1 izlemistir. SG1 ve SG2
genotipleri arasindaki fark ise nemsiz bulunmustur
(Cizelge 10). Ekonomik degerlendirmelerde de
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Cizelge 8- Farkh gruplarda maliyet ve karhhk
Table 8- Cost and profitability of different genotypes

Maliyet unsurlart Gelir unsurlart Net kar Nispi kar
(TL dénem™) (TL donem™)
S =
5 ) ) =
Genotipler S~ S~ 5=~ T = | = 200 &
S 27 g IS = S S 2L 2
13 5 8 s »8p ~ S = S S
52 82 & 2 3 €3 g & 23
=8 E8 §E8 8 2 g 8» 55 Egd» 5§ =28 3§ =8
B 3 = [y = < N 2> B_/E TR T ¥ 8
¥ 382 SR O OS¥ S S S8 8% S8R S5 £§3 S35 55
QAT a% KT N3 = AT T R RET Q8 8 AL Q=
SG1 8453 0.828 9.281 1.773 5235 5798 450 10280 7.979  0.563 -0.735 1.108 0.860
SG2 8433 0.828 9.261 1.842 5028 5.784 450 10.654 8289  0.756 -0.528 1.150 0.900
FG1 8337 0.609 8.946 2.067 4328 5925 450 12.247 9302 1.584 0.159 1369 1.040
FG2 10.241 0.828 11.069 2.550 4341 5.858 450 14938 11.475 1.530 0.172 1.350 1.036

*, her bir ebeveyn hatt1 i¢in agirlikli ortalama ile hesaplanmustir

Cizelge 9- Farkh gruplar icin olusturulan Cobb-
Douglass tipi stokastik sinir modeline ait parametre
tahminleri

Table 9- Parameter estimates of stochastic frontier
model for different groups

Degiskenler Parametreler Standart t- degeri
hata

Uretim fonksiyonu
Sabit 0.56 0.20 2.80%*
Ln (Yem) 0.28 0.05  5.60%*
Varyans parametreleri
o 0.22 0.06 3.67**
y 0.71 0.03 3.55%*
Log likelihood 2.83%*

* P<0.05; **, P<0.01

Cizelge 10- Farkh gruplar icin belirlenen teknik
etkinlik skorlari

Table 10- Technical efficiency scores for different
genotype and groups

Standart

Grup Ortalama Minimum  Maksimum
SG1  0.9633c  0.0025 0.959 0.968
SG2  0.9639c¢  0.0027 0.959 0.968
FG1 0.9664b  0.0026 0.962 0.974
FG2 0.9699a 0.0023 0.962 0.970

Farkli harfle gosterilen genotiplerin etkinlik skorlari arasindaki
farkliliklar 6nemlidir (P<0.05)

onemli olan 6lim oranlarinda belirgin farkliliklar
ortaya cikmustir. Hizli gelisen genotipte 42 ve
49 giinliik yaslarda % 5.00 ve % 6.54 diizeyinde
goriilen 6liim oranlari, SG1 ve SG2 genotiplerinde
49 giinliik yasta % 1.15 ve % 2.69 seviyesinde
gerceklesmistir  (P<0.05). Donemler arasinda
farklilik olmamakla birlikte, hizli gelisen genotipte
kesim yasinin artmasi (FG2) her iki donemde de
O6lim oranlarinin yiikselmesine neden olmustur.
Oliimlerde en énemli etkenin hizli gelismeye bagl
olarak goriilen metabolik bozukluklar oldugu
belirtilmektedir (Mikulski et al 2011). Shim et al
(2012), oliim oranlarmin gelisme hiz1 ile baglantili
oldugunu belirtmiglerdir. Shim et al (2012), 48
giinliik yasta gelisme hizi farkli olan piliglerde
% 6.09 ile % 13.40 arasinda 6liim ortaya ¢iktigini,
gelisme hiz1 yiiksek olan hatlarda daha yiiksek 6lim
orani goriildiigiinii ortaya koymuslardir. Mikulski et
al (2011), yavas gelisen piliglerde 65 giinliik yasta
% 2.25 ile % 2.50 arasinda 6liim oranlarina karsin,
hizli geligen pili¢lerde 42 giinliik yasta % 4.52 ile
% 6.03 arasinda Sliimler belirlemislerdir.

4. Sonuclar

Etlik pili¢ yetistiriciliginde kullanilan ebeveyn
hatlar1 ve iiretim materyalinin se¢iminde en 6nemli
husus maliyetler, 6zellikle de yem maliyetidir.
Yiiksek gelisme hizina sahip olan pilicler pazarlama
agirhigina cok erken ulagmasina karsin, yasa bagl
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olarak ortaya ¢ikan oliimler ciddi kayiplara neden
olmaktadir (Shim et al 2012). Calismamizda net
karlilik agisindan ilk sirada yer alan FG1 grubunda
% 5.00, FG2 grubunda % 6.54 diizeyindeki olimler
onemli kayiplar olarak degerlendirilebilir. Daha
diisiik gelisme diizeyine ve 7 haftalik besi siiresinde
kesim agirligma ulagan SG1 ve SG2 genotipleri
bu agidan avantaj saglamis, ticari genotipe gore
daha az kayipla iiretim saglamisglardir. Bu gorisler
dogrultusunda, benzer genotipleriizerinde ¢alisilarak
sonuglar yayginlastirilabilir. Hizli gelisen etlik pili¢
iretiminde kullanilan materyalin ebeveynleri %
100 ithalat yoluyla temin edildiginden, ulusal 1slah
calismalarinin yayginlagmasi ile elde edilebilecek
sonuglar {iilke ekonomisine katki saglayacaktir.
Ozellikle, iilkemizde fiiretimi heniiz diisiik
seviyelerde bulunan yavas gelisen etlik piliglerin
kullaniminda bu genotiplere sans verilmesi disa
bagimlilig azaltacaktir.
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Bu ¢alisma Ondokuz Mayis Universitesi Bilimsel
Arastirma Projeleri destegi (Proje NO: ZRT.1901-
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ABSTRACT

The objective of this study was to develop an algorithm based on image processing for detecting misshapen potatoes
from the mass of potatoes and obtaining homogeneous products. The database used in this research included the
digital images acquired from Agria variety of Ardabil (Iranian northern-west) potato with different sizes and shapes. A
combination of morphological features including geometrical features like length, width and features related to shape
such as roundness were taken into consideration in identifying irregular potatoes from others employing elongation
and Fourier descriptors. Using statistical principal component analysis (PCA), seven features were selected as the
most prominent for classification. The experimental results showed that the proposed method achieves a high level of
accuracy with merely seven selected discriminative features, obtaining an average correct classification rate of 98% for
training set. Additionally, regular potatoes were separated into small, medium and large categories with 100% accuracy.
According to the results, the developed algorithm based on image processing can be used in classifying products with
no proper shape.

Keywords: Classification; Image processing; Irregularity; Potato; Shape

Goriintii isleme Tabanh Akilh Algoritma Gelistirerek Sekilsiz
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OZET

Bu ¢aligmanin amaci goriintii isleme tabanli akilli algoritma gelistirerek sekilsiz patateslerin belirlenmesi ve homojen
sekilli patates elde edilmesidir. Materyal olarak fran’m kuzeybatisinda bulunan Ardabil bolgesinin Agria patates cesidinin
farkli boyut ve farkli goriintiileri kullanilmistir. Sekilsiz patateslerin belirlenmesinde uzunluk, genislik, yuvarlaklik gibi
farkl 6zellikler goz dniine alinmis ve uzama ile Fourier tanimlayicilarindan yararlanilmustir. Istatistik analize (PCA)
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dayali olarak smiflandirmada ¢ok 6nemli olan 7 dzellik se¢ilmistir. Aragtirma sonucunda 6nerilen 7 yontemin yiiksek
bir dogruluga sahip oldugu, siniflandirmada ortalama % 98 dogruluk oranimna ulastigi goriilmistiir. Ayrica patatesler
% 100 oraninda kiigiik, orta ve bilyiik gruplara ayrilabilmistir. Elde edilen sonuglara gére gelistirilen goriintii isleme
tabanli algoritma sekilsiz tirtinlerin siniflandirilmasinda kullanilabilir.

Anahtar Kelimeler: Siniflandirma; Goriintii isleme; Sekil bozuklugu; Patates; Bigim

1. Introduction

After wheat, maize, and rice, potato is the fourth
most produced food in the world. Moreover, with
over 4 million tons of potatoes Iran is ranked eighth
in the world and third in Asia after China and India
in terms of producing potato (FAO 2011). The
high variety in size and shape along with damage-
vulnerability has turned potato into a difficult crop
as far as handling and grading. As a part of food
industry the appearance and shape of the product play
a significant role. This issue is particularly important
concerning potatoes because the misshapen tubers
have a lot of losses during peeling and subsequent
processing such as cutting and drying. From of the
view of a consumer, a good product is that which has
a proper shape and appearance. Moreover, customers
and food inspectors prefer regular potatoes. Hence,
to achieve a homogeneous product, identifying and
separating irregular potatoes is required in food
production chain.

For reasons such as inconsistency, subjectivity
and variability of potato sorting by workers, manual
processes are, more often than not, considered
extremely harsh and easily affected by environmental
conditions such as changes in temperature and
moisture (Razmjooy et al 2012). Often, separation
and classification of misshapen potatoes from sound
tubers is done by workers based on their indigenous
knowledge, a fact which increases labor cost as
well as human errors and production losses (Zhou
et al 1998). In developed countries, such artificial
intelligences as machine vision, with their many
benefits, are widely used in the inspection of agri-
production (Moreda et al 2012).

Advantages such as high accuracy, high speed,
relatively low cost and repeatability have led

© Ankara Universitesi Ziraat Fakiiltesi

most modern manufactures to utilize machine
vision systems. In other words, in order to have
a better quality control in food industry, machine
vision technique has replaced other methods
(Cubero et al 2011). Regarding the application
of these systems in controlling and monitoring
agricultural productions, numerous studies have
been conducted (Aleixos et al 2002; Choudhary et
al 2008; Al-Mallahi et al 2010; Barnes et al 2010;
Liming & Yanchao 2010; Arribas et al 2011; Li et
al 2012; Nashat et al 2014).

Determining shape is one of the most common
processes of food quality assessment (Du & Sun
2004). It should be noted that shape is a major
problem in potato inspection as potato tubers
have various shapes affected by the environment
resulting in irregularities. Incoming damage to the
tuber during harvesting and transportation causes
the formation of different shapes. Potato tubers
are normally spherical or rectangular with smooth
surface while those with more outgrowth and dip
are considered to be misshapen. The shape can
be analyzed through such different methods as
invariant moments, boundary encoding, bending
energy, fractals and Fourier description among
which invariant moments and Fourier description
are most commonly used owing to the fact that they
are not dependent on scale and orientation.

As a result of the aforementioned points and
also the need for sorting out units and food factories
in Iran, particularly concerning potato production,
the aim of this research was to separate irregular
potatoes from other tubers and grade well-shaped
(regular) potatoes in various categories based on
their size and manner of offline machine vision.
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2. Material and Methods

2.1. Preparing potato samples

A set of potato tubers of Agria variety (as a common
variety) related to 2012 harvest was randomly
collected from Ardabil (Iranian northern-west)
Central Agricultural Research Center in different
sizes and shapes. The tubers were removed from
adherent clods and other waste materials during
harvesting, carrying, and packaging so that all
the samples had relative cleanliness. For the final
evaluation, potatoes were primarily classified
manually into well-shaped and misshapen with
relative irregularity as the criterion. Figure 1 shows
some of these regular and irregular potatoes. For
the ‘train and test’ method, the available data is
generally divided into two parts:training set and test
set (Bramer 2007). First, the training set is used to
construct a classifier (decision tree, neural net etc.).
The classifier is then used to predict the classification
for the instances in the test set. Accordingly, the
database was divided into two parts, a training set
and a test set, where the former was composed of
252 potatoes with 210 voted as regular and 42 as
irregular (small, medium and large sizes). The
testing set included 202 tubers with 178 regular
and 24 irregular potato tubers so as to validate the
prediction model in an offline mode. The aim of set
was to evaluate and prepare the system for real-time
applications.

(a) (b)
Figure 1- Examples of the database images: a,
regular potatoes, and b, irregular potatoes

Sekil 1- Gortintii drnekleri: a, sekli diizgiin patatesler;
b, sekli bozuk patatesler

2.2. Image acquisition system

Image acquisition system shown in Figure 2 is a
dome-shaped chamber, in which LED light bulbs
and fluorescent are used to supply the lighting
conditions. The lighting chamber is made of a
stainless steel sheet. Lighting is an important and
effective factor as far as image quality is concerned
since lighting method and light source influence
subsequent process and the obtained results. Hence,
the LED bulbs were located at an angle of 45
degrees from the potatoes as there was no shadow
around samples in this angle. Therefore, in order to
eliminate shade and other undesired information,
direct radiation was not used. The camera used in
this research was a CCD camera (SONY o200)
with the resolution of 10.1 mega pixel and 40
mm close-up lens with focal a length of 70 mm
and aperture setting of F5.6. Such a well-chosen
lighting system allowed the potatoes to be properly
recognized and analyzed in the images. Therefore,
there was no need for extra image processing. Due
to the light reflection lake, Steinbach white paper
was employed as background. The main advantage
of this type of paper is light absorption rather than
reflection. Digital images were taken with the
resolution of 3872x2592 pixels under the same
lighting condition and 12 VDC; next, they were
transferred to the hard disc of a computer via USB

Figure 2- Image acquisition system

Sekil 2- Goriintii igleme sistemi
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cable. Because of the CPU limitations, the images
were converted into 968x648 resolution by resize
operator. The images were processed and analyzed
using the image processing toolbox of MATLAB
R2012 software. The process of identifying
irregular potatoes is shown in the flowchart of
Figure 3.

Image Acquisition

-

Moise Sesmentation

Removal

S

Feature Extraction

~

Select Effective
Features

=~

Classification

P e
=

Figure 3- Flowchart of the image processing
algorithm for discriminating irregular potatoes
Sekil 3- Sekli bozuk patateslerin belirlenmesinde
kullanmilan  goriintii  isleme  algoritmasimin  akig
diyagrami

2.3. Image pre-processing and segmentation

Although our image acquisition camera produced
high contrast images, a pre-processing was
needed in order to extract the usable features
of each image for the analysis of the potato
shape. This pre-processing included noise and
background removal from the potato image
in which they have redundant information. If
noise and other undesired information were not
removed, the image analysis would face different
problems which would ultimately make it harder
to obtain homogeneity. In other words, most of

the subsequent processing such as image filtering,
boundary detection, segmentation and feature
extraction would fail to accurately determine the
objects real boundaries due to the non-uniform
illumination and noise in the image background.
Hence, correcting non uniform illumination in the
background can be useful in this regard. A linear
Gaussian low pass filter (Castleman 1996) and
morphological operations such as opening were
used to reduce the noise and obtain images with a
uniform background.

Image segmentation is the process of
partitioning a digital image into multiple
segments (set of pixels). In other words, in
segmentation, pixels are clustered into salient
image regions (i.e., regions corresponding to
individual surfaces, objects, or natural parts of
objects). The goal of segmentation is to simplify
and/or change the representation of an image
into something that is more meaningful and
casier to analyze (Shapiro & Stockman 2001).
The color of potatoe arils varies from yellow to
red, corresponding to high R values. Hence, the
segmentation used a pre-defined threshold in the
R band. In fact, segmentation was approached by
attempting to find the boundaries between regions
and use global thresholding in the red ban. The
pixels lower than this value belonged to the
background (displayed in black pixels) and higher
pixels were considered as foreground (the object
displayed in white pixels). Since the intensity
distributions of potatoes and background pixels
were sufficiently distinct (after noise removal),
it was possible to use a single (global) threshold
applicable over the entire images. Thus, the
algorithm was able to automatically estimate
the required threshold value for each image. The
results of pre-processing and segmentation and
also the boundary or contour image of a potato
are shown in Figure 4. It should be noted that both
noise removal and segmentation processes did not
take place simultaneously, rather in a tandem at a
specific stage titled pre-processing.
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(c) (d)

Figure 4- Results of pre-processing and segmentation

operations: a, original image; b, uniformed
background; c, segmented image; d, boundary of
potato

Sekil 4- On isleme ve dilimleme islem sonuclari: a,
original goriintii; b, uniform olmayan arka gériintii, c,
dilimlenmis goriintii; d, patates goriintii ¢izgisi

2.4. Extracting morphological features

2.4.1. Calculating geometrical characteristics

Extracting different features is a major stage after
pre-processing. Certain geometrical features such
as perimeter, area, length and width were calculated
from the binary images. For instance, the perimeter
can be measured by tracing the boundary of the
potato and summing all the steps of length 1 or v2
taken from Figure 4d. In fact, length 1 is the distance
between two adjacent pixels and V2 is the distance
at the corners of the boundary in rectangular shapes.
The area equaled the total number of white pixels
in the binary image. For length and width we
computed the Euclidean distance transform of the
binary image. In fact for each pixel in the binary
image, the distance transform is assigned a number
that is the distance between that pixel and the nearest
nonzero pixel of binary image shown in Figure 5.
In the two-dimensional area, the Euclidean distance
between (x,, y,) and (x, y,) was calculated by the
Equation 1 (Gonzalez & Woods 2008). Moreover,
through combining geometrical characteristics,
several features were obtained such as elongation,

roundness, extent and eccentricity which equation
exist in the appendix.

\/(xl = %)%+ (Y1 — y2)? (D

Figure 5- Length and width of a sample potato
extracted from binary image

Sekil 5- Ikili goriintiiden elde edilen érnek patatesin
uzunlugu ve genisligi

2.4.2. Extracting fourier descriptors

Describing the shapes of crops, while often simple
and easy for human eyes and brains, is difficult for
a computer. In other words, computer descriptors
are deterministic and quantitative yet, they are
subjective forman (Ying et al 2002). A 1-D functional
representation of a boundary namely signature
was employed. Regardless of how a signature is
generated, however, the basic idea is to reduce the
boundary representation to a 1-D function which
is presumably easier to describe than the original
2-D boundary (Gonzalez & Woods 2008). Thus,
as shown in figure 6 the radius signature r(k) was
obtained from potato boundaries and the starting
point in the contour was determined at the minimum
distance of r(k) on clockwise. As mentioned in the
previous section, Fourier descriptor is a common
and reliable technique for the analysis of agri-
productions shapes. Hence, after obtaining the
radius signature, it was transferred into Fourier
domain in order for coefficients to be calculated as
Fourier descriptors of the boundary.
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Figure 6- a, external boundary of a potato with
its centroid point; b, corresponding boundary
signature

Sekil 6- a, merkezinden itibaren bir patatesin dis
surlar; b, ilgili simwr isaretleri

In order to analyze the potato shapes, fast Fourier
transform of r(k) was calculated using Equation (2)
(Gonzalez & Woods 2008):

N
1 —j2mhk
F(h) = ﬁkzlr(k)e N h=012..N—1 (2)
Where; N is the number of pixels in the boundary.
The inverse Fourier transform of these coefficients

restores r(k) that is, from Equation (3) (Gonzalez &
Woods 2008):

N
r(k) = %Z F(h).e’ ™ 3)
h=1

It is known from discussions of the Fourier
transform that instead of all the Fourier coefficients,
only the first P coefficients are employed. This is
equivalent to setting F(h)= 0 for h>P —1 in
Equation (3). The result is the Equation 4 with the
approximation to r(k) (Gonzalez & Woods 2008):

P
0 =5 Y e 4
h=1

Although only P terms were used to obtain each
#(k), k still ranges from 1 to N — 1. That is meaning
the same number of points exists in the approximate
boundary, but not as many terms were used in the
reconstruction of each point (Gonzalez & Woods
2008). In this research, P was 10 meaning that the
first 10 harmonics could describe the shape of potato
tubers. Figure 7(b) shows the boundary of an irregular
potato, consisting of 2384 points. The corresponding

2384 Fourier descriptors were obtained for this
boundary using Equation (2). The objective of this
illustration was to examine effects of reconstructing
the boundary based on decreasing the number of
Fourier descriptors (Gonzalez & Woods 2008).

(a) (b) ()

(@ (e) ®
Figure 7- a, color segmented image of an irregular
potato; b, boundary of potato tuber (2384 points);
c-f, boundaries reconstructed using 72, 36, 18, and
8 Fourier descriptors, respectively. These points

are approximately 3%, 1.5%, 0.75%, and 0.34% of
2384, respectively

Sekil 7- a, sekilsiz patatesin renk dilimli gériintiisi, b,
2384 noktadaki patates siniri; c-f, 8, 18, 36 ve 72 Forier
tamimlayicilart kullanarak yeniden yapilan sinwrlardir.
Bu noktalar sirasiyla 2384 noktanin yaklasik olarak
% 3, % 1.5, % 0.75 ve % 0.34 'diir

The changes in the frequency of Potato boundary
can be represented by the harmonic components (¥ ()
in the Fourier domain. For instance, is F'(0) the average
radius, £ (1) represents the bending of an object, and
F (2) shows the elongation of the object and so on.
Interpretation of the first few Fourier coefficients of
radius boundary is summarized in Table 1.

Table 1- Shape extraction from radius boundary
Fourier coefficients

Cizelge 1- Yarigap simr Fourier katsayilarindan sekil
ctkarma

Fourier coefficient  Implied shape information

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

F(0) Average radius
F(1) Bending
F(2) Elongation
F(3) Triangle
F(4) Square
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A regular round potato has a high F(0) value
and all F(h)[h>1] near zero. An oblong potato
has high F(0) and F(2) values and all others are
close to zero. For all irregular potatoes, the entire
value of F(h)[A>1] is high, while other frequency
components near zero. In order to obtain effective
shape information, a method was employed where
harmonics was multiplied by its magnitude F(h)*h™
for an effective heuristic. It is worth mentioning
that there is a parity relationship between boundary
points in spatial and frequency domain (Tao et
al 1995). This method offered two significant
advantages and concepts. First, the operation of
F(h)*h in the frequency domain was equivalent
to the Fourier transform of r(k)’s derivative in the
spatial domain. Second, h in h*F(h) provided a
weight to enhance high frequency components, i.e.
the relatively small curve changed along the potato
boundary so that low and high frequencies could be
compared on the same scale. This concept turned
out to be quite useful in the definition of shape
separator. Accordingly, a separator S was defined as
in Equation 5 for the degree of shape irregularity
(Tao et al 1995).

10
S=ZF(h)*hm, m=12o0r3 (5)
h=0

Where; m is the order of r(k)’s derivative in the
spatial domain. It should be noted that the higher
the S, the more severe the regularity of the potato
shape. S, can be explained as the derivative of the
boundary signature, S, represents the curvature of the
boundary and S, represents the very small changes
in the boundary equivalent to the higher frequency
components. In fact, based on the visual evaluation of
the quantitative values, the separator underwent shape
transformation from. Also, values of m= 3 or higher
significantly rose to higher frequency components, i.e.
noise components. Since high-frequency components
account for the fine detail and low-frequency
components determine the global shape, the values
of m were limited to 3. Furthermore, the advantage of
using F(h)+*h is that it can greatly improve the signal-
to-noise ratio of boundary curvature which refers to
the digital nature of the boundary.

2.5. Selecting effective features

In order to reduce the dimensionality of the data set and
select the features with more effect on classification,
we employed the statistical method of principal
component analysis (PCA). PCA is a statistical
procedure elucidating the covariance structure of a set
of variables. In particular it allows for the identification
of the principal directions in which the data varies.
The advantage of PCA as an optimal linear transform
is in maintaining the subspace with the highest
variance (Smith 2002). In our study, entire the data set
was written as an MxN data matrix. The first step in
PCA was to move the origin to mean of the data titled
mean vector, which was then subtracted from the
data matrix to create the mean centered data vector.
Next, the covariance matrix was computed using
the mean centered data matrix with the subsequent
obtaining of eigenvectors and eigenvalues from the
covariance matrix. Finally, the principal components
were obtained by computing the variances of these
eigenvectors and sorting them in decreasing order.
Out of the 34 included features, seven were chosen
as the most effective in determining potato shapes:
four size-dependent features (roundness, elongation,
extent, and eccentricity) and three separators based on
Fourier descriptor (S, S,, S,).

2.6. Confusion matrix

A confusion matrix is a simple methodology for
displaying the classification results of a classifier.
The confusion matrix is defined by labeling the
desired classification on the rows and the predicted
classifications on the columns (Stehman 1997). The
diagonal elements represent the number of points
for which the predicted label is equal to the true
label, while off-diagonal elements are those that are
mislabeled by the classifier. The higher the diagonal
values of the confusion matrix the more the correct
predictions. The strength of a confusion matrix is
that it identifies the nature of the classification
errors, as well as their quantities.

2.7. Grading regular potatoes by size

After all the potatoes were classified as regular and
irregular, the well-shaped potatoes themselves were
further graded. In our study, three thresholds were
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given to the algorithm to separate three different
size grades, namely small, medium, and large as
listed below. In this case, USDA standard was used
for grading well-shaped potatoes (d is the minimum
diameter in a tuber).

d<3.8lcm Small
3.8lecm<d<5.71cm Medium
5.71<d Large

The results of grading were compared to these
three pre-classified groups. A correct classification
would show that the threshold values were
accurately chosen.

3. Results and Discussion

3.1. Morphological features

As it is demonstrated in Table 2, the main statistical
components were average and standard deviation
of all effective shape features extracted from the
testing set (178 regular and 24 misshapen potatoes).
Results indicated that because all shape features of
the irregular potatoes had high standard deviation
values, this group had a wide range of variation
compared to the regular ones.

Table 2- Shape features (mean = standard deviation) of regular and irregular potato tubers

Cizelge 2- Diizenli ve diizensiz patates yumrularinin sekil ozellikleri (ortalama + standart sapma)

Shape feature Regular Irregular
Size-shape features Roundness 1.81+0.732 1.581+0.914
Elongation 0.160+0.121 0.205+0.190
Eccentricity 0.644+0.157 0.724+0.159
Extent 0.307+0.112 0.314+0.203
Fourier-shape features S1 499.557+101.021 521.318+123.021
82 2047.478+414.781 2107.427+1246.428
S 19825.417+3933.572 21144.207+11738.426

3.2. Fourier descriptors

Fourier transform was used in order to estimate
and determine the changes in the potato boundary
signature. The main aim of using Fourier transform
was to reduce the dimensionality so that through
the translation from spatial domain to the frequency
domain, the compression of many boundary data
could be achieved. In fact, owing to the symmetric
nature of Fourier transform, at least N/2 terms
of F(h) were removed. In addition, each term of
Fourier transform had new information by itself as
Fourier coefficients are orthogonally positioned.
Results showed that, irregular tubers had a higher
F(h) magnitude compared with regular tubers.

Table 3 shows the results of classifying potato
shapes into regular and irregular under confusion

matrix for the training set where the total accuracy
is 98%. As can be seen, this amount reaches 100%
and 88.1% for regular and irregular potatoes
respectively.

Table 3- Confusion matrix of discriminant analysis
model to classify the shape of training set potatoes
using stepwise discrimination (STEPDIS procedure
of SPSS)

Cizelge 3- Diskriminant analiz karisikltk matrisi ayrimi
kullanarak incelenen patates seti seklini (SPSS’in
STEPDIS yontemi) siniflandirma modeli

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

From/to Regular  Irregular  Total % Correct
Regular 210 0 210 100
Irregular 5 37 42 88.1
Total 215 37 252 98
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Table 4 presents the accuracy values of
the developed intelligent image processing for
discriminating irregular potatoes. Identification
efficiency of irregular tubers and well-shaped tubers
were 90.3% and 98.6%, respectively. These results
indicate the fact that, by adding several size-shape
parameters to Fourier descriptors, the classification
efficiency of the shape of potato tubers rose by
1.1% compared to the study of Tao et al (1995),
who reached less than 90% efficiency in the shape
determination of potato tubers.

Table 4- Classification accuracy of the image
processing algorithm for the discrimination of
potato shape in the testing set

Cizelge 4- Incelenen patates setinde goriintii isleme
algoritmast ayriminin dogruluk siniflandirmasi

Real/estimated Regular Irregular
Regular 98.6 1.4
Irregular 9.7 90.3

3.3. Grading well-shaped potatoes

The developed algorithm was also able to grade
regular potatoes after their discrimination from
irregular tubers based on pre-defined thresholds. All
the regular potatoes of the testing set (178 tubers)
were graded as small, medium and large with 100%
accuracy. It is quite obvious that through changing
the threshold values, the system will able to grade in
different categories which is arbitrary for operators
and industry units.

4. Conclusions

In this study, we attempted to discriminate irregular
potatoes by developing an image processing
algorithm. Since only boundary information was
needed for shapes, this approach provided accurate
estimations of shapes because there was no need to
consider such image textures as blemishes within an
object. The combination of geometrical features and
Fourier descriptors proved to be effective in shape
determination. In addition, we found that only the
first 10 harmonics of Fourier transform contained
most of the tuber information. Also, through

applying Fourier descriptors there was no need to
check all the boundary points of the potatoes. What
is more, due to the symmetry of Fourier transform,
the advantage of the existing data compression on
potato boundaries was used in reducing the volume
of boundary information. The accuracy of the
discrimination of misshapen potatoes was calculated
as 98%. Also, it was concluded that the concurrent
use of size-shape features and Fourier transforms
would increase shape-classification efficiency of
potatoes. Ultimately, the applied method in this
research could probably be used in identifying
the shapes of other agricultural and horticultural
products in which case, the values of the thresholds
should be modified alongside some other details.

Appendix
Feature Formula/Explanation
Roundness Perimeter?

4.m. Area
Elongation Length — Width

Length + Width

(SemiMajor)?

Eccentricity
SemiMinor?

Extent Scalar that specifies the ratio of
pixels in the region to pixels in the
total bounding box. Computed as the
Area divided by the area of the
bounding box.
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ABSTRACT

In this study, the effects of cadmium sulphate (CdSO,), fleuresans irradiation, methyl jasmonate (MeJA) and sucrose
treatments on the production of phenolic compounds in grapevine cell suspension cultures initiated from callus from
petiole tissues of Vitis vinifera L. cvs. Gamay, Kalecik karas1 and Okiizgozii were investigated. As the elicitors of CdSO .
(0, I and 1.5 mM), MeJA (0 and 10 pM) and sucrose (0, 0.20 and 0.25 M) were applied. Cell suspensions were exposed
to visible light (10,000 lux) for fleuresans irradiation or cultured in dark constantly. Total phenolics, total flavanols,
total flavonols and anthocyanin were determined spectrophotometrically while trans-resveratrol was quantified by
HPLC. CdSO, at 1.5 mM concentration and MeJA at 10 pM concentration yielded the highest phenolic productions
in all cultivars. Especially, Kalecik Karas treated with CdSO, at 1.5 mM had the highest total phenolic (3.144 mg g™),
anthocyanin (1.672 CV g') and trans-resveratrol (3.650 ug g') contents. MeJA application at 10 uM provided the trans-
resveratrol accumulation as high as 11.681 pg g in Okiizgdzii. 0.20 M sucrose concentration resulted in the highest
total phenolics (4.215 mg g*') and trans-resveratrol (7.550 ng g') in Kalecik Karasi cultures while the most anthocyanin
accumulation (2.024 CV g') was achieved from Gamay. Darkness had strongly increased trans-resveratrol content in
all cultivars, whereas total phenolics and anthocyanin synthesis were induced by light. Elicitor applications of CdSO,,
MelJA, sucrose and fleuresans irradiation can be an efficient approach for the production of phenolics in grapevines.

Keywords: Grapevine; Cell suspension; Cadmium; Methyl jasmonate; Anthocyanin, trans-resveratrol

Asmada Hiicre Siispansiyon Kiiltiirlerine Elisitor Uygulamalar ile
Fenolik Bilesiklerin Uretilmesi
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OZET

Bu aragtirmada asmada hiicre siispansiyon kiiltiirlerinde fenolik bilesiklerin {iretiminde kadmiyum siilfat (CdSO,)
floresan radyasyonu, metil jasmonat (MeJA) ve sukroz uygulamalarinin etkileri incelenmistir. Gamay, Kalecik karas1 ve
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Okiizgozii {iziim gesitlerine ait yaprak saplarindan elde edilen kallus hiicre siispansiyon kiiltiirlerine CdSO , (0,
1 ve 1.5 mM), MeJA (0 ve 10 pM) ve sukroz (0, 0.20 ve 0.25 M) uygulanmistir. Floresan radyasyonu igin hiicre
slispansiyonlar: timiiyle karanlikta ya da 10000 lux 151k altinda tutulmustur. Toplam fenolik, toplam flavanol, toplam
flavonol ve antosiyanin igerikleri spektrofotometrik olarak; frans-resveratrol igerigi ise HPLC ile belirlenmistir.
1.5 mM konsantrasyonundaki CdSO, ve 10 uM konsantrasyonundaki MeJA biitiin gesitlerde en yiiksek fenolik bilegik
tiretimini saglamustir. Ozellikle 1.5 mM CdSO, uygulanmis Kalecik karasi en yiiksek toplam fenolik madde (3.144 mg
g, antosiyanin (1.672 CV g™) ve trans-resveratrol (3.650 pg g™') igerigine sahip olmustur. 10 uM konsantrasyonundaki
MeJA uygulamasi ise Okiizgozii ¢esidinde trans-resveratrol miktarmin 11.681 pg g gibi yiiksek bir degere ¢ikmasim
saglamistir. Sukroz uygulamalari i¢inde 0.20 M dozu en yiiksek toplam fenolik (4.215 mg g') ve trans-resveratrol
(7.550 pg g') miktarim Kalecik karasinda, en yiiksek antosiyanin birikimini ise Gamay ¢esidinde saglamistir. Karanlik
uygulamast biitlin ¢esitlerde trans-resveratrol birikimini kuvvetli bir sekilde artirmistir. Toplam fenolik ve antosiyanin
sentezinin 131k tarafindan uyarildig: belirlenmistir. Sonuglar CdSO,, MeJA, sukroz ve floresan radyasyonu gibi elisitor

uygulamalarmin tiziimde fenolik bilesiklerin tiretiminde 6nemli bir yaklasim olabilecegini gdstermistir.

Anahtar Kelimeler: Asma; Hiicre slispansiyonu; Kadmiyum; Metil jasmonat; Antosiyanin, trans-resveratrol

1. Introduction

Secondary metabolites are chemical compounds
produced by plants. These compounds are not
essential for cell structure, photosynthesis,
respiratory metabolism or other primary functions.
The main role of them is natural defense system
against biotic and abiotic stresses (Rispail et al
2005). The interest in these metabolites has increased
in recent years since many researchers reported that
certain compounds will have a positive impact on
preventing cancer and age-related disorders, such
as certain neurological diseases and metabolic
disorders (Dzhambazova et al 2011). In addition,
some compounds were implicated in important
biological functions in the body such as antioxidant
defense system, immunological regulation and
anti-inflammatory processes. Among the secondary
metabolites, phenolic compounds characterized by
having at least one aromatic ring and one or more
hydroxyl groups attached to an aromatic ring, are
one of the most important secondary metabolites
(Cartea et al 2011). Plant phenolics comprise simple
phenols, phenolic acids, coumarins, flavonoids,
stilbenes, up to hydrolysable and condensed tannins,
lignans and lignins.

Anthocyanins are an important group of natural
pigments within the flavonoid family. They play
a major role in plants by attracting insects for the
purpose of pollination, and they serve as a UV

© Ankara Universitesi Ziraat Fakiiltesi

screen for protecting the plant’s DNA from damage
by sunlight (Isley 1987). Many environmental
factors (light, temperature, nutrition, drought
and infection) have an effect on the synthesis
of anthocyanins (Ismail & Mohamed 2010).
Anthocyanins exhibit antioxidant properties, free
radical scavenging properties and suppression of
proliferation of human cancer cells (Dai et al 2007).
Thus, they are widely used in food, beverages,
cosmetics, pharmaceuticals etc. Resveratrol is a
group of polyphenolic secondary metabolites within
the stilbene family which is produced as a defensive
reaction in response to biotic and abiotic stresses
(Jeandet et al 2002). Resveratrols were detected
approximately in 72 plants species (Jang et al 1997).
They possess many functions including antioxidant
and antimicrobial activities (Daroch et al 2001).
Thus, trans-resveratrol has great potential in various
industries such as medical, pharmaceutical, food
and cosmetics.

Secondary metabolites can be obtained by
direct extraction from plant organs (leaf, root,
flower, fruit etc.) using traditional methods. On
the other hand, cell cultures are potential sources
in secondary metabolite production (Ramachandra
& Ravishankar 2002). These are reliable and
continuous techniques but the desired end
metabolite content is often low. It is possible to
increase the secondary metabolite accumulation in
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the cell cultures by application of elicitors (Qu et
al 2006; Ahmed & Baig 2014). Cadmium sulphate
(CdSO,), a heavy metal, is one of the elicitors.
Heavy metals inhibit many physiological processes
in plants (Zornoza et al 2002). Cadmium causes
oxidative stress by disruption of the electron
transport chain or induction of lipid peroxidation.
Another elicitor is fleuresans irradiation which
induces a photooxidative stress. There is no study
on the effect of these two elicitors on production of
phenolic compounds in grape cell cultures. Methyl
jasmonate (MeJA) is another compound used as an
elicitor source in order to increase the secondary
metabolite synthesis. Jasmonic acid and MeJA are
key compounds of the signal transduction system of
plant defense reactions (Krisa et al 1999). Sucrose is
a general source of carbohydrates and it is used for
creation of osmotic stress.

The aim of this study was to investigate the
effect of elicitors CdSO,, fleuresans irradiation,
MeJA, and sucrose on phenolic (total phenolic,
total flavanols, total flavonols, anthocyanin and
trans-resveratrol) accumulation in cultured cells
of Gamay, Kalecik karas1 and Okiizgozii grape (Vitis
vinifera L.) cultivars.

2. Material and Methods

Kalecik karas1 and Okiizgdzii grapevine cultivars
were chosen as plant material because they are
among red wine cultivars grown widely in Turkey.
Gamay, mostly used in studies for production of
secondary metabolites in cell suspension cultures
(Do & Cormier 1990; Larronde et al 1998; Krisa et
al 1999; Zhang et al 2002), was also selected in order
to compare our findings with previous studies and
to allow ranking the cultivars in terms of secondary
metabolite production capacities.

2.1. Callus and cell suspension cultures

Callus tissues were obtained from leaf petioles of
Gamay, Kalecik karas1 and Okiizgozii cultivars by
following procedures. The petioles were surface
sterilized with commercial bleach (15%) for 15 min
and rinsed with sterile distilled water. Petioles were

cut into 1 cm pieces and placed onto a B5 culture
medium (Gamborg et al 1968) with 30 g L! sucrose
and 8 g L' bacto agar supplemented with 0.5 mg
L' benzylaminopurine and 0.5 mg L' indole acetic
acid (Shure & Acree 1994). The pH was adjusted
to 5.75 before autoclaving. Explants were incubated
at 25 °C under dark conditions. Induced calli were
subcultured on the same media in order to maintain
sufficient stock cultures. Cell suspensions were
initiated by inoculating fresh friable fragments of
calli (2.5 g each) into 50 mL of liquid media in 250
mL Erlenmeyer flasks. Media were supplemented
with macro elements (B5 medium), micro elements
(Murashige & Skoog 1962), vitamins (Morel 1970),
0.1 mg L' naphthalene acetic acid, 0.2 mg L
kinetin, 250 mg L' casein hydrolizate and 20 g L™
sucrose. Then, they were placed in a rotary shaker
(100 rpm). Incubation conditions were 16/8 h light/
dark cycle and 6000 lux light intensity except from
fleuresans irradiation. Then, these cultures were
used for elicitor applications.

2.2. Elicitor applications

CdSO,, dissolved in water, were applied at 1.0
and 1.5 mM concentrations to cell cultures in
exponential growth phase at day 7. Studies show
that the amount of metabolite production varied
with the duration of incubation time with elicitors.
Because of the differences in metabolite levels the
cells were harvested at every 2 days until day 6. For
fleuresans irradiation, cell cultures at day 7 were
placed under continuous fluorescent light at 10,000
lux or cultured in dark (control) on shaker. Cells were
harvested to determine metabolite levels at every 3
days until day 15. For MeJA treatments, MeJA was
dissolved in 99% ethanol and added into autoclaved
media after filter-sterilization. MeJA was added to
cell culture media at day 7 of incubation at 10 uM
concentration. Cells were harvested at every 3 days
until day 15. For sucrose treatment, 0.20 M and 0.25
M sucrose concentrations were applied to cultures at
day 5. Control treatment contained only autoclaved
distilled water. The cells were harvested at every
3 days until day 15. After elicitor applications,
harvested cells were weighed and kept at -20 °C
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until the extraction and analysis. For each treatment
three replicates and three 250 mL Erlenmeyer flasks
for each replication were used in the experiments
that 54 flasks for sucrose (3 concentrations and 6
sampling dates) and 36 flasks for each CdSO, (3
concentrations and 4 sampling dates), fleuresans
irradiation (2 different irradiation regimes and 6
sampling dates) and MeJA (2 concentrations and 6
sampling dates) treatments were used and samples
were taken from the separate flasks per treatment.

2.3. Extraction of phenolic compounds from
harvested cells

Cell samples (2 g) were dried and powdered by
liquid nitrogen and were extracted with 10 mL of
96% EtOH for 24 h at 40-45 °C. The incubated
mixture is centrifuged at 4.000 rpm. Supernatant
was concentrated with the rotary evaporator until
dryness and resuspended in a methanol (Kiselev
et al 2007). Amounts of total phenolics, total
flavanols, total flavonols and anthocyanin were
determined spectrophotometrically, and trans-
resveratrol content was quantified by HPLC.
Spectrophotometric readings were performed by
a PG Instruments spectrophotometer (T70 Plus
Dual Beam/Arlington, USA) and conducted with
five repetitions. Folin-Ciocalteu reagent was used
to estimate total phenolic content (Singleton &
Rossi 1965) which was expressed as gallic acid
equivalents (mg GAE g fresh cell weight, FCW).
Total flavanols were determined by the method
of Arnous et al (2001) and expressed as catechin
equivalents (mg CE g!' FCW). Total flavonols
were determined with Neu’s reagent solution
by the method of Dai et al (1995). The flavonol
contents were expressed as rutin equivalent (mg
RE g! FCW). Anthocyanin accumulation was
determined by the method of Qu et al (2006), and
it was represented as color value (CV) which was
calculated with the Equation 1.

CV (CV g FCW) =0.1 x Absorbance x Dilution factor (1)

Separation of trans-resveratrol was performed
by the modified method of Caponio et al (1999).
Reversed phase (RP)-HPLC analysis was done
using a SCL-10Avp system controller, a SIL-10AD

vp autosampler, a LC-10AD vp pump, a DGU-14
A degasser, a CTO-10 A vp column heater, and a
Diode Array Detector set at 278 nm. The 250 x
4.6 mm i.d. 5 um column was filled with Agilent
Eclipse XDB-C18. The flow rate was 0.8 mL min-
!, the injection volume was 20 pL, and the column
temperature was set at 30 °C. For gradient elution,
mobile phase A contained 2% acetic acid; solvent B
contained methanol. The gradient program reported
by Goktiirk-Baydar et al (2011) was used. The
data were analyzed using the Shimadzu Class-VP
Chromatography Laboratory Automated Software
system. The amount of trans-resveratrol content
in the cells were calculated as pg g' FCW using
external calibration curves obtained for trans-
resveratrol standard. HPLC determinations were
done in triplicate. Data were analyzed by using
analysis of variance (ANOVA) using SPSS 16.0 for
Windows Software Package and the means were
separated by Duncan’s multiple range tests.

3. Results and Discussion

In this study, the effects of elicitor applications of
CdSO,, fleuresans irradiation, MeJA and sucrose on
phenolic accumulation in cell suspension cultures of
Gamay, Kalecik karas1 and Okiizgdzii cultivars were
determined. CdSO, treatments positively influenced
(P<0.05) the syntheses of all of the phenolics
depending on its concentrations and sampling dates
(Table 1). CdSO, treatment of 1.5 mM gave the
highest phenolic contents in Gamay (2.044 mg g)
and Kalecik karas1 (3.144 mg g') while both 1.0
and 1.5 mM treatments were suitable concentrations
for total flavanols and total flavonols in Okiizgézii.
CdSO, treatment of 1.5 mM resulted in the highest
anthocyanin (1.672 CV g') and trans-resveratrol
(3.650 pg g') in Kalecik karasi cultures. There is
no study about the effects of CdSO, applications
on secondary metabolite production of grape
cell cultures. On the other hand CdCl,, another
compound of cadmium, can be used for enhancing
phenolic compounds and tocopherols in grape cell
cultures depending on the CdCl, concentrations
and exposure times (Cetin et al 2014) that CdCl,
at 1.0 mM concentration was increased phenolics
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Table 1- The effects of CdSO, application on production of phenolic compounds in grapevine cell cultures

Cizelge 1- CdSO, uygulamasinin asma hiicre kiiltiirlerinde fenolik bilesiklerin iiretimine etkileri

Total phenolic Total flavanols Total flavonols ~ Anthocyanin Trans-resveratrol
(mgg') (mgg') (mgg') (Crg’) (hggh
GAMAY
_ 0 0.925 g* 0.064d 0.045d 0.624 1 0.721 ¢
£ 2 0.677] 0.051 ¢ 0.087b 0.699 h 0.703 ¢
§ 4 0.884 h 0.048 ¢ 0.044 d 0.787 g 0.862d
6 1.505 ¢ 0.071 ¢ 0.064 ¢ 0.685 hi 0.700 e
0 0946 g 0.085b 0.088 b 0.925 f 0.990 ¢
é 2 1.727b 0.060d 0.090 b 0.971 ef 1.236b
2 4 1.598 d 0.037 f 0.050d 1.125b 0.872d
6 0.801 i 0.031g 0.025¢ 1.037 cd 1.613 a
0 0.990 £ 0.074 ¢ 0.091b 1.013 de 1.194b
é 2 2.044 a 0.093 a 0.107 a 1.099 be 0.961 ¢
N 4 1.672 ¢ 0.060d 0.083 b 1.291 a 1.642 a
6 0.643 k 0.031¢g 0.025¢ 1.061 bed 1.261b
KALECIK KARASI
_ 0 1.330h 0.101 ¢ 0.022¢g 0.763 g 0.873 f
% 2 1441 ¢ 0.107 ¢ 0.029 fg 0.776 g 0.850 f
3 4 1474 ¢ 0.110 ¢ 0.040 ¢ 0773 g 0851 f
= _ 6 1.302 h 0.099 ¢ 0.033 ef 1.043 ¢ 1.827 ¢
§ 0 1.616f 0.076 de 0.062d 1.152d 1.672¢
% 2 2 1.284h 0.074 de 0.101 ¢ 0.928 £ 1.823 ¢
2 ED 4 2226¢ 0.082d 0.098 ¢ 1.224d 1.856¢
.8 6 2.468 b 0.147b 0.107 ¢ 1.376 ¢ 1.852¢
% 0 1.696 ¢ 0.104 ¢ 0.032 ef 1.336¢ 2331c
;E 3 2 2.017d 0.105 ¢ 0.106 ¢ 1.525b 2483 ¢
n 4 2234c 0.110 ¢ 0.138b 1.672a 3.650a
6 3.144 a 0213 a 0.219a 1.579b 3.165b
OKUZGOZU
0 1.028 f 0.045 £ 0.057 de 0.653 f 1.382¢g
Z‘E 2 1.059 £ 0.054 ef 0.063 cd 0.869d 1393 ¢
é 4 1.283 de 0.079d 0.065 cd 0.824d 2.10cd
6 1.221¢ 0.094 ¢ 0.066 cd 0.736 ¢ 2.160 cd
0 1.263 e 0.057 e 0.049 e 0.651 f 1342 ¢
é 2 1.503 ¢ 0.103 be 0.078 ab 1.269 b 1.664 ¢
< 4 1.582b 0.135a 0.082a 0.835d 2.220 be
6 1.330d 0.072d 0.058 de 1.021 ¢ 2.046d
0 1.247 ¢ 0.071d 0.071 be 1.077 ¢ 1.512f
% 2 1.524 be 0.110b 0.067 ¢ 1.317 ab 2.843 a
o 4 1.585b 0.106 b 0.080 ab 1.360 a 2962a
6 1.754 a 0.136 a 0.079 ab 1.059 ¢ 22840

* differences between means indicated by the same letters are not statistically significant (P<0.05)
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and tocopherols when cells were harvested at day 2
and 4, respectively. Cadmium toxicity can promote
altered metabolism which can include the formation
of reactive oxygen species (ROS) in plants under
stress conditions (Bergmann et al 2001). Metal ions
act as abiotic elicitors and induce biosynthesis of
phytoalexins in plant cell cultures (Radman et al
2003). Kidd et al (2001) reported that maize roots
exposed to aluminium were exuded high levels of
phenolics.

The effects of fleuresans irradiation on phenolic
accumulation varied according to types of phenolics
(Table 2). Anthocyanin biosynthesis was stimulated
considerably by light irradiation and the maximum
anthocyanin productions in Gamay (1.584 CV g')
Kalecik karas1 (1.893 CV g') and Okiizgdzii (2.667
CV g') were obtained from the cells harvested at
day 9. Light induced anthocyanin biosynthesis in
cell cultures were reported in Vitis vinifera (Zhang
et al 2002), Daucus carota (Takeda 1990) and
Perilla frutescens (Zhong et al 1993). Fleuresans
irradiation induces photooxidative stress and
anthocyanin production is expressed in response
to light treatment (Song & Lee 1998). Whereas,
the contents of total phenolics, total flavanols, total
flavonols and frans-resveratrol were the highest
on the cells incubated at dark conditions (P<0.05).
Accordingly, the maximum total phenolic, total
flavanol and total flavonol contents of cells cultured
in darkness were found as 2.448 mg g, 0.106 mg
g!' and 0.148 mg g respectively in Okiizgdzii.
The results showed that the dark condition induced
trans-resveratrol accumulation at all genotypes. The
greatest frans-resveratrol contents were detected on
Gamay (2.473 pg g') and Kalecik karasi (3.165 pg
g ") cells at days 9 and Okiizgozii cells (9.483 pg g™)
at day 6 (Table 2). Resveratrol can be found in the
cis or trans configurations. Its trans form exists in
plants, but in red wines a small amount of cis form
has been detected. The frans form may change to
cis form which it’s isomer, when after exposure to
the UV light (Lopez-Hernandez et al 2007) and high
white light (Burns et al 2002).

MeJA positively influenced syntheses of all
phenolic compounds on the grape cells (Table

3). Generally, higher concentrations of phenolic
compounds were detected at towards the end of
the culture. Total phenolic compounds were the
highest on the cells applied MeJA and harvested at
day 15 in all genotypes and their amounts changed
between 1.972 mg g' (Kalecik karasi) and 2.808
mg g (Okiizgdzii). Total flavanols, total flavonols
and anthocyanin contents of MeJA applied cells
were higher than those of the controls. MeJA also
significantly enhanced trans-resveratrol content
depending on the sampling date (P<0.05) and it was
the greatest on Kalecik karast (2.872 pg g') and
Okiizgozii (11.681 ug g') cells harvested at day 9.
Maximum anthocyanin accumulation reported after
20 uM jasmonic acid addition to Gamay cells (Zhang
et al 2002). In Vinhao grapevine cell cultures, MeJA
treatment increased stilbenic production 9-fold
compared to the control (Lima et al 2012). MeJA
induced anthocyanin accumulation in soybean
seedlings as a result of the over-expression of
chalcone synthase (Creelman et al 1992). Several
elicitors could be used in cell suspension cultures as
signaling molecules for trans-resveratrol production
such as MeJA, cyclodextrins or chitosan (Donnez
et al 2009). Jasmonic acid and MeJA are key
compounds of the signal transduction system of
plant defense reactions (Krisa et al 1999).

Sucrose treatments were applied to create
osmotic stress (Do & Cormier 1990) hence to
produce secondary metabolites. Sucrose is also
essential to induce the expression of the chalcone-
synthase gene, one of the genes in the anthocyanin’s
biosynthetic pathway (Takeuchi et al 1994). The
effects of sucrose treatments on the phenolic
compounds of grape cells were given in Table 4.
Total phenolic, total flavanol, total flavonol and
trans-resveratrol biosynthesis in Gamay cells
increased when they treated with 0.25 M sucrose
and harvested at day 9. Otherwise 0.20 M sucrose
concentration gave the highest anthocyanin content
(2.024 CV g) in Gamay. In Kalecik karasi, the
most abundant total phenolic (4.215 mg g™), total
flavanol (0.164 mg g') and total flavonol (0.418 mg
g!) contents were obtained from the cells cultured
at 0.20 M sucrose treatment and harvested at day
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Table 2- The effects of fleuresans irradiation on production of phenolic compounds in grapevine cell cultures

Cizelge 2- Isik radyasyonu uygulamasinin asma hiicre kiiltiirlerinde fenolik bilesiklerin tiretimine etkileri

Total phenolic Total flavanols Total flavonols ~ Anthocyanin Trans-resveratrol
(mg &) (mg g') (mg &) Ccrgl) (nggh
GAMAY
0 1.638 c* 0.045h 0.097 be 0771 g 1.791 ¢
3 1.637 ¢ 0.055 fg 0.071 e 0.552h 1.263 d
—g 6 1.0811 0.056 £ 0.092 ¢ 0.4351 2.104b
A 9 1.108 h 0.086 ¢ 0.059 £ 0.944 £ 2473 a
12 1.018] 0.042 i 0.074 ¢ 1.067 ¢ 2390 a
15 1.203 g 0.080d 0.069 ¢ 0973 f 1.976 b
1.262 f 0.053 g 0.088 ¢ 1.075¢ 0.974 £
3 1.480 ¢ 0.075¢ 0.098 be 1.213d 1.023 ef
%n 1.556d 0.091b 0.082d 1.384 ¢ 0.622 ¢
s 9 1.627 ¢ 0.096 a 0.090 ¢ 1.584a 0.248 h
12 1.718 b 0.090 b 0.103 ab 1.347 ¢ 1.023 ef
15 2.019a 0.094 a 0.106 a 1.477b 1.182 de
KALECIK KARASI
0 1.609 ¢ 0.042 ¢ 0.078 ¢ 1.251 fg 1971 ¢
3 1.1611 0.036 h 0.053 ¢ 1.267 efg 1.633 de
—g = 6 1.192h 0.026j 0.051 ¢ 1.235fg 1474 ¢
a _S?‘ 9 1.359¢g 0.039 f 0.054 ¢ 1.355d 3.165a
> 12 1.470 ¢ 0.038 g 0.067d 1.320 de 24420
g 15 0.806j 0.028 i 0.030 £ 1.109 h 1.632 de
e 1.741b 0.060d 0.080 ¢ 1.208 g 24110
& 3 1.486 ¢ 0.090 a 0.076 ¢ 1.360d 2483 b
%D E 6 1416 f 0.083 ¢ 0.066 d 1.736 b 1.662 d
3 9 1.510d 0.090 a 0.088b 1.893 a 2011¢
12 1.793 a 0.090 a 0.111a 1.501 ¢ 1.590 de
15 1.737b 0.086 b 0.063 d 1.293 ef 1.463 ¢
OKUZGOZU
0 1.666 g 0.072 g 0.113d 1.981 ¢ 7.890 b
3 1.785 ef 0.094d 0.121 ¢ 1.707 g 6.422d
—‘:; 6 1.1791 0.063 h 0.103 ¢ 2493 b 9.483 a
A 9 1.019] 0.081 f 0.057h 1.725 g 7.826b
12 1.752 f 0.072 g 0.081 g 1.637h 7.152¢
15 1.630 h 0.045 i 0.077 g 1.2751 7.750 b
1.822 de 0.090 ¢ 0.107 ¢ 2.179d 3.192f
3 1.800 ¢ 0.091d 0.095 f 2.149d 2384 ¢
%D 2232¢ 0.100 ¢ 0.138b 2248 ¢ 1.665 h
3 9 2.407b 0.106 a 0.104 ¢ 2.667 a 2583 g
12 2448 a 0.104 b 0.148 a 1.952¢ 2742 ¢
15 1.835d 0.080 f 0.104 ¢ 1.859 f 4351e

*, differences between means indicated by the same letters are not statistically significant (P<0.05)
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Table 3- The effects of MeJA application on production of phenolic compounds in grapevine cell cultures

Cizelge 3- MeJA uygulamasinin asma hiicre kiiltiirlerinde fenolik bilesiklerin iiretimine etkileri

Total phenolic Total flavanols Total flavonols Anthocyanin Trans-resveratrol
(mg g') (mg &) (mg g") Ccrgl) (ng g
GAMAY
0 1.738 g* 0.036h 0.098 ¢ 0.587 gh 1.198 f
3 1.804 £ 0.082 f 0.090 cd 0.531 hi 0.862 g
g 6 1.527] 0.066 g 0.049 h 0.4911 1.561d
S 9 1.769 fg 0.083 ef 0.067 g 0.720 ¢ 1.234 ef
12 1.584 1 0.091d 0.097 ¢ 0.667 ef 1.485d
15 1.675h 0.087 e 0.074 fg 0.851d 1.232 ef
1.782 f 0.098 ¢ 0.115b 0.648 fg 1.341 ¢
3 2.138¢ 0.080 £ 0.082 ef 0.637 fg 1.530d
% 2.042 ¢ 0.099 ¢ 0.074 fg 0.968 ¢ 1.962 be
S 9 2.086d 0.110b 0.085 de 1.163 a 1.900 ¢
12 2.321b 0.126 a 0.112b 1.069 b 2.083 ab
15 2478 a 0.126 a 0.155a 0.805d 2201 a
KALECIK KARASI
0 1.506 £ 0.088 ¢ 0.059 ¢ 0.541 f 1.914 cd
_ 3 1.108 h 0.089 ¢ 0.058 ¢ 0427 g 1.291f
é i~ 6 0.967 i 0.080 de 0.044 g 0.568 ef 03821
S '§/ 9 1242 ¢ 0.091 ¢ 0.050 e 0.725 ¢ 0.473 hi
2 12 0.642 k 0.082d 0.052 de 0.637d 0.562h
ED 15 0.697j 0.067 £ 0.040 g 0.595 de 1.060 g
£ 1.766 b 0.078 ¢ 0.057 cd 0.627d 2.563b
§ 3 1.697 ¢ 0.082d 0.074 b 0.571 ef 1.752 ¢
% % 1.665d 0.097 b 0.049 ef 0.728 ¢ 1.880 cd
= 9 1.556 ¢ 0.101 a 0.060 ¢ 1.056 b 2.872a
12 1.690 ¢ 0.095b 0.064 ¢ 1.123 a 1.860 de
15 1.972a 0.100 a 0.098 a 0.709 ¢ 2.000 ¢
OKUZGOZU
0 1.3301 0.050 g 0.057 ef 0.504 f 1.492 ef
_ 3 1.345 hi 0.030j 0.058 def 0.520 f 1.681 ef
% 6 1.371 gh 0.051 fg 0.053 f 0.552 2.860d
S 9 1.398 g 0.065d 0.065 be 0.616¢ 4.095 ¢
12 1.211] 0.073 ¢ 0.085a 0.549 f 2.134¢
15 1.647 £ 0.053 ef 0.059 cdef 0.627 ¢ 1.106 f
0 1.821d 0.047 h 0.060 cde 0.608 ¢ 1.854 ¢
3 1951 ¢ 0.055¢ 0.066 be 0.781d 2.963d
% 6 1.744 ¢ 0.056 ¢ 0.068 b 0.856 be 6.822b
S 9 1.622 f 0.056 ¢ 0.081 a 0.888 b 11.681 a
12 24530 0.093b 0.083 a 1.077 a 3.432d
15 2.808 a 0.101 a 0.080 a 0.821 cd 3.060d

*, differences between means indicated by the same letters are not statistically significant (P<0.05)
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Table 4- The effects of sucrose application on production of phenolic compounds in grapevine cell cultures

Cizelge 4- Asmada hiicre kiiltiirlerinde fenolik bilesiklerin tiretiminde sukroz uygulamaswnin etkileri

Total phenolic Total flavanols Total flavonols Anthocyanin Trans-resveratrol
(mgg') (mgg') (mgg') (cveg') (g g
GAMAY
0 0.740 fg* 0.024 f 0.044 0.904 de 0.964 f
= 3 1.189 ¢ 0.051d 0.066 d 0.851 de 1.235¢
= 6 1.234 ¢ 0.068 d 0.076 cd 1.029d 1.413d
S 9 1.000 ef 0.031e 0.022 fg 0.757 f 0.668 h
12 1.010 ef 0.054 d 0.061d 0.693 f 1.114 ef
15 0.808 f 0.026 ef 0.045 ¢ 0.467 g 0.553 i
0 0.650 g 0.028 ef 0.032 f 0.771 ef 0.802 g
3 2.074b 0.094 be 0.103 b 2.024 a 1.981 ¢
= 6 1.800 ¢ 0.095 be 0.103 b 1.493 b 1.934 ¢
o 9 1.633 cd 0.066 d 0.084 ¢ 1.101 cd 1.450d
12 1.605 cd 0.059d 0.080 ¢ 0.741 ef 1.022 f
15 1.900 ¢ 0.083 be 0.115b 0.765 ef 1.171e
0 0.731 fg 0.023 f 0.023 fg 1.328 be 0973 f
3 0.727 fg 0.032¢ 0.021 fg 1.056d 1.000 f
E 6 1.234 ¢ 0.054 d 0.050 e 0.752 ef 0.990 f
o 9 3.510a 0.164 a 0.361 a 1.480 b 3.740 a
12 2.457b 0.158 a 0.089 ¢ 0.765 ef 1.262 ¢
15 1.520d 0.117b 0.084 ¢ 1.288 ¢ 2.351b
KALECIK KARASI
0 1.683 ¢ 0.058 d 0.023 f 0.925 f 1.793 fg
= 3 1.879 ¢ 0.067 ¢ 0.063d 1.128 ¢ 2491 e
= 6 1.474 cd 0.075¢ 0.052 de 0.925 f 1.616 fg
S 9 1.723 ¢ 0.071 ¢ 0.065 d 0.760 g 1.894 f
12 1.417 cde 0.058 d 0.044 ¢ 0.875 f 1.040 hi
S 15 1.545 cd 0.061 cd 0.052 de 0.992 ef 1.990 f
) 0 1.588 cd 0.041 de 0.025 f 0.741 g 3.891b
s Q 3 1.088 e 0.064 cd 0.055 de 1.909 a 7.550 a
s 8 6 2.064 b 0.095 be 0.082 be 1.728 ab 1.662 fg
a o 9 2.397b 0.099 be 0.097 b 1.096 ¢ 3973 b
= 12 4215a 0.164 a 0.418 a 0.875f 3454 ¢
g 15 1.524 cd 0.041 de 0.064 d 0.925 f 3.200 cd
3 0 1.338 de 0.043 de 0.023 f 0.832 f 0.881 i
s 3 1.281 de 0.052d 0.054 de 1.459 ¢ 1.376 h
- 6 1.497 cd 0.057d 0.039 ¢ 1.819a 1.372h
a 9 1.682 ¢ 0.112b 0.083 be 1.301d 1.880 f
12 1.192e 0.057 cd 0.061d 1.213 de 1.711 fg
15 0.742 f 0.039¢ 0.034 ¢ 1.088 ¢ 0.733 j
OKUZGOZU
0 2.004 ef 0.117 cd 0.083 de 0.877 f 3472e
= 3 2.366 cd 0.109d 0.087 de 1.165d 4.855b
= 6 1.992 ef 0.096 d 0.086 de 1.013 ef 3476 ¢
S 9 1.320 h 0.075¢ 0.027 g 0.875 f 3.030 fg
12 1.0511 0.030 g 0.034 fg 0.869 f 2.283]
15 1.113 i 0.057 f 0.047 f 0.979 ef 3.190 f
0 2.073 e 0.117 cd 0.083 de 1.061 e 2.692h
3 2463 ¢ 0.098 d 0.091 de 1.496 b 2.270j
E 6 1.545 ¢ 0.103 d 0.097 de 0.912 ef 2.613h
a 9 2.067 e 0.116 cd 0.132¢ 0712 g 2940 g
12 2.151 de 0.140 b 0.112d 1.104 ¢ 4.042 cd
15 2462 ¢ 0.147b 0.163 b 1.192 ¢ 3.843d
0 1.869 f 0.094 d 0.086 de 0.979 ef 2.514 hi
s 3 2.259d 0.105d 0.121 ¢ 1.192 cd 24351
- 6 2275d 0.098 d 0.106 d 1.093 e 3.254 ef
o 9 2.686 be 0.125¢ 0.169b 1.245¢ 4172 ¢
12 2.802 a 0.137 be 0.217a 1.629 a 491b
15 2.706 ab 0.187 a 0.204 a 1.088 ¢ 5.531a

5o Tarim Bilimleri Dergisi — Journal of Agricultural Sciences  22(2016) 42-53



Elicitor Applications to Cell Suspension Culture for Production of Phenolic Compounds in Grapevine, Cetin & Baydar

12 while the greatest anthocyanin contents were
obtained from both at 0.20 M and 0.25 M sucrose
treatments as 1.909 CV g! and 1.819 CV g/,
respectively. For Okiizgozii cell cultures, 0.25 M
sucrose concentration was found as the most suitable
sucrose concentration in terms of all secondary
metabolites. The maximum trans-resveratrol
content (7.550 pg g') was obtained from Kalecik
karasi cell cultures treated with 0.20 M sucrose and
harvested at day 3, which represent a 3 fold increase
compared with the control cultures (2.491 pg g")
harvested on the same date. Similarly Larronde et
al (1998) reported that total stilbene content was 1.5
times greater at 0.10 M sucrose than that of cells
grown without added-sucrose while anthocyanin
contents increased 12-fold from control to 0.15
M added sucrose. The production of secondary
metabolites by increasing the concentration of
carbohydrates has generally attributed to increased
precursors available for secondary metabolite.
On the other hand, it was also demonstrated that
sucrose concentration of 4% decreased cell growth
and hence may stimulate metabolite biosynthesis
through an osmotic stress phenomenon biosynthesis
(Knobloch & Berlin 1983). The synthesis of
anthocyanins has been shown to be stimulated by
sucrose in cells (Hirasuna et al 1991) of grapevine,
and seems to result from an osmotic stress (Do &
Cormier 1990). The mechanisms by which plant
cells detect and respond to sucrose are very poorly
understood. It is known that sucrose was found to
modulate other metabolites such as polyphenol
accumulation in Vitis vinifera cell cultures. Ferri
et al (2011) reported the high levels of many
flavonoids and stilbenes in Barbera cell suspensions
treated with increased sucrose concentrations. The
effect of sugars on plant cells seems to be due to
the coupling of two mechanisms: osmotic stress
and disturbed cellular metabolism (Do & Cormier
1990). Trans-resveratrol contents were affected
by all sucrose concentrations and sampling dates.
Donnez et al (2009) also reported that the amount
of trans-resveratrol fluctuates widely according to
plant species, elicitor and culture conditions.

4. Conclusions

The results showed that fleuresans irradiation,
CdSO,, MeJA and sucrose are potent elicitors in cell
suspension cultures of Gamay, Kalecik karas1 and
Okiizgozii grapevine cultivars. CdSO , at 1.5 mM
concentration and MeJA at 10 puM concentration
compared to controls yielded the highest total
phenolics, anthocyanin and trans-resveratrol
productions in all cultivars while 0.20 and 0.25
M sucrose concentrations were found as the most
suitable concentrations depending on the cultivars.
Light irradiation resulted in a significant synergistic
enhancement of anthocyanin accumulation whereas
dark conditions stimulated the total phenolic,
total flavanol, total flavonol and frans-resveratrol
synthesis in all cultivars tested. Further experiments
should be studied to examine the relationship
between elicitor and metabolite production in cell
cultures. The results also demonstrate an efficient
avenue for the development of similar strategies to
advance the plant cell culture process for commercial
production.

Acknowledgements

This work was supported by funds of The Scientific
and Technological Research Council of Turkey
(TUBITAK) (No: 106 O 223).

References

Ahmed S A & Baig M M V (2014). Biotic elicitor
enhanced production of psoralen in suspension
cultures of Psoralea corylifolia L. Saudi Journal of
Biological Sciences 21(5): 499-504

Arnous A, Makris D P & Kefalas P (2001). Effect of
principal polyphenolic components in relation to
antioxidant characteristics of aged red wines. Journal
of Agriculture and Food Chemistry 49(12): 5736-
5742

Bergmann H, Machelett B, Lippmann B & Friedrich Y
(2001). Influnce of heavy metals on the accumulation
of trimethylglycine, putrescine and spermine in food
plants. Amino Acids 20: 325-329

Burns J, Yokota T, Ashihara H, Lean M E ] & Crozier A
(2002). Plant foods and herbal sources of resveratrol.

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 42-53 51



Asmada Hicre Stspansiyon Kiltirlerine Elisitér Uygulamalari ile Fenolik Bilesiklerin Uretilmesi, Cetin & Baydar

Journal of Agriculture and Food Chemistry 50: 3337-
3340

Caponio F, Alloggio V & Gomes T (1999). Phenolic
compounds of virgin olive oil: Influence of paste
preparation techniques. Food Chemistry 64: 203-209

Cartea M E, Francisco M, Soengas P & Velasco P
(2011). Phenolic compounds in Brassica vegetables.
Molecules 16: 251-280

Creelman R A, Tierney M L & Mullet J E (1992).
Jasmonic acid/methyl jasmonate accumulate in
wounded soybean hypocotyls and modulate wound
gene expression. Proceeding of the Natural Academy
of Sciences USA 89: 4438-4491

Cetin E S, Babalik Z, Hallag-Tiirk F & Goktiirk Baydar N
(2014). The effects of cadmium chloride on secondary
metabolite production in Vitis vinifera cv. cell
suspension cultures. Biological Research 47:47-53

Dai G H, Andary C, Mondolot L & Boubals D (1995).
Involment of phenolic compounds in the resistance
of grapevine callus to downy mildew (Plasmopara
viticola). European Journal of Plant Pathology 101:
541-547

Dai J, Patel ] D & Mumper R J (2007). Characterization
of blackberry extract and its antiproliferative and anti-
inflammatory properties. Journal of Medicinal Food
10(2): 258-265

Daroch F, Hoeneisen M & Gonzalez C L (2001). In vitro
antibacterial activity of Chilean red wines against
Helicobacter pylori. Microbiology 104: 79-85

Do C B & Cormier F (1990). Accumulation of
anthocyanins enhanced by a high osmotic potential in
grape (Vitis vinifera L.) cell suspensions. Plant Cell
Report 9: 143-146

Donnez D, Jeandet P, Clement C & Courot E (2009).
Bioproduction of resveratrol and stilbene derivatives
by plant cells and microorganisms.
Biotechnology 27(12): 706-713

Dzhambazova T, Kondakova V, Tsvetkov 1 &
Batchvarova R (2011). Grape secondary metabolites
benefits for human health. In: Chuen R & Chang C
(Eds). Advanced understanding of neurodegenerative
diseases. Chapter 13, pp. 285-298

Ferri M, Righetti L & Tassoni A (2011). Increasing
sucrose concentrations promote phenylpropanoid

biosynthesis in grapevine cell cultures. Journal of
Plant Physiology 168: 189-195

Trends in

Gamborg O L, Miller R A & Okajima K (1968). Nutrient
requirements of suspension cultures of soybean root
cells. Experimental Cell Research 50: 151-156

Goktiirk Baydar N, Babalik Z, Hallag Tiirk F & Cetin
E S (2011). Phenolic composition and antioxidant
activities of wines and extracts of some grape varieties
grown in Turkey. Tarim Bilimleri Dergisi-Journal of
Agricultural Sciences 17: 67-76

Hirasuna T J, Shuler M L, Lackney V K & Spanswick R
M (1991). Enhanced anthocyanin production in grape
cell cultures. Plant Science 78: 107-120

Isley P T (1987). Tillandsia: The world’s most unusual
air plants. Illustrated edition. Gardena, California,
Botanical Press.

Ismail G S M & Mohamed H E (2010). Alteration in
growth and thylakoid membrane lipid composition
of Azolla caroliniana under phosphate deficiency.
Biologia Plantarum 54: 671-676

Jang M, Cai L, Udeani G O, Slowing K V, Thomas C F,
Beecher C W, Fong H H, Farnsworth N R, Kinghorn
A D, Mehta R G, Moon R C & Pezzuto ] M (1997).
Cancer chemopreventive activity of resveratrol, a
natural product derived from grapes. Science 275:
218-220

Jeandet P, Douillet Breuil A C, Bessis R, Debord S,
Sbaghi M & Adrian M (2002). Phytoalexins from
the Vitaceae: Biosynthesis, phytoalexin gene
expression in fransgenic plants, antifungal activity
and metabolism. Journal of Agriculture and Food
Chemistry 50: 2731-2741

Kidd PSS, Llugany M, Poschenrieder C, Guns¢ B & Barceld
J (2001). The role of root exudates in aluminium
resistance and silicon-induced amelioration of
aluminium toxicity in three variety of maize (Zea
mays L.). Journal of Experimental Botany 52: 1339-
1352

Kiselev K V, Dubrovina A S, Veselova M V, Bulgakov
V P, Fedoreyev S A & Zhuravlev Y N (2007). The
rolB gene-induced overproduction of resveratrol
in Vitis amurensis transformed cells. Journal of
Biotechnology 128: 681-692

Knobloch K H & Berlin J (1983). Influence of phosphate
on the formation of the indole alkaloids and
phenolic compounds in cell suspension cultures of

Catharanthus roseus. Plant Cell Tissue and Organ
Culture 2: 333-340

Krisa S, Larronde F, Budzinsky H, Decendit A, Deffieux
G & Mérillon J M (1999). Stilbene production by Vitis

52 Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 42-53



Elicitor Applications to Cell Suspension Culture for Production of Phenolic Compounds in Grapevine, Cetin & Baydar

vinifera cell suspension cultures: Methyl jasmonate
induction and 13C biolabeling. Journal of Natural
Products 62: 1688-1690

Larronde F, Krisa S, Decendit A, Cheze C, Deffieux G
& Merillon J M (1998). Regulation of polyphenol
production in Vitis vinifera cell suspension cultures
by sugars. Plant Cell Reports 17: 946-950

Lima M R M, Ferreres F & Dias A C P (2012). Response
of Vitis vinifera cell cultures to Phaeomoniella
chlamydospora: Changes in phenolic production,
oxidative state and expression of defence-related
genes. European Journal of Plant Pathology 132:
133-146

Lopez-Hernandez J, Losada P P, Sanches Silva A T &
Lage Yusty M A (2007). Study of the changes of
trans-resveratrol caused by ultraviolet light and
determination of trans- and cis-resveratrol in Spanish
white wines. European Food Research Technology
225: 789-796

Morel G (1970). Le probleme de la transformation
tumorale chez les végétaux. Physiologium Vegetale
8:189-191

Murashige T & Skoog F (1962). A revised medium for
rapid growth and bioassays with tobacco tissue
cultures. Physiologia Plantarum 15(3): 472-497

Qu J G, Zhang W, Jin M F & Yu X J (2006). Effect
of homogeneity on cell growth and anthocyanin
biosynthesis in suspension cultures of Vitis vinifera.
Chinese Journal of Biotechnology 22(5): 805-810

Radman R, Saez T, Bucke C & Keshavarz T (2003).
Elicitation of plants and microbial cell systems.
Biotechnology and Applied Biochemistry 37: 91-102

Ramachandra R S & Ravishankar G A (2002). Plant cell

cultures: Chemical factories of secondary metabolites.
Biotechnology Advances 20: 101-153

Rispail N, Nash R & Webb K J (2005). Secondary
Metabolite Profiling. Lotus japonicus Handbook.
Chapter 7.4. pp. 341-348

Shure K & Acree T (1994). Production of 3-damascenone
precursors in cell cultures of Vitis labrusca cv.
Concord grapes. Plant Cell Reports 13: 477-480

Singleton V L & Rossi J R (1965). Colorimetry of total
phenolics with phosphomolybdic phosphotungstic
acid. American Journal of Enology and Viticulture
16: 144-158

Song J S & Lee C S (1998). An, expression of CHS, CHI,
and DFR genes in response to light in small radish
seedlings. Journal of Plant Biology 41: 277-282

Takeda J (1990). Light induced synthesis of anthocyanin
in carrot cells in suspension-II. Effects of light
and 2,4-D on induction and reduction of enzyme
activities related to anthocyanin synthesis. Journal of
Experimental Botany 41: 749-755

Takeuchi A, Matsumoto S & Hayastu M (1994). Chalcone
synthase from Camellia sinensis: Isolatyion of the
c¢DNAs and the organ-specific and sugar-responsive
expression of the genes. Plant & Cell Physiology 35:
1011-1018

Zhang W, Curtin C, Kikuchi M & Franco C (2002).
Integration of jasmonic acid and fleuresans irradiation
for enhancement of anthocyanin biosynthesis in Vitis
vinifera suspension cultures. Plant Science 162: 459-
468

Zhong J J, Yoshida M, Fujiyama K, Seki T & Yoshida
T (1993). Enhancement of anthocyanin production
by Perilla frutescens cells in a stirred bioreactor with
internal light irradiation. Journal of Fermentation and
Bioengineering 75: 299-303

Zornoza P, Vazquez S, Esteban E, Fernandez Pascual M &
Carpena R (2002). Cadmium stress in nodulated white
lupin: Strategies to avoid toxicity. Plant Physiology
and Biochemistry 40: 1003-1009

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 42-53 53



JOURNAL OF AGRICULTURAL SCIENCES 22 (2016) 54-61

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

Mineral Nutrient Content of Sweet Corn under Deficit Irrigation

Burhan KARA?, Ahmet ERTEKP®, Bekir ATAR®

“Siileyman Demirel University, Agricultural Faculty, Department of Field Crops, Isparta, TURKEY

bSﬁleyman Demirel University, Agricultural Faculty, Department of Farm Structures and Irrigation, Isparta, TURKEY
€Siileyman Demirel University, Agricultural Research Centre, Isparta, TURKEY

ARTICLE INFO

Research Article

Corresponding Author: Burhan KARA, E-mail: burhankara@sdu.edu.tr, Tel: +90 (246) 211 85 61
Received: 10 February 2014, Received in Revised Form: 18 December 2014, Accepted: 25 December 2014

ABSTRACT

The present study was conducted to determine the effects of deficit irrigation (I) (I, full irrigation; I.: 15% deficit; L
30% deficit; I,: 45% deficitand I, : 60% deficit) on mineral nutrient contents of fresh sweet corn (Zea mays saccharata)
grain in two vegetation seasons, years of 2011 and 2012, in Isparta ecological conditions. The experiment was set up
according to the Randomized Complete-Block Design with three replicates. The species of Lumina F, was used as the
sweet corn cultivar. The results revealed statistically significant effects of water deficit on mineral nutrient contents of
fresh sweet corn grain. The highest nitrogen content (2.29% in 2011 and 2.32% in 2012), the highest phosphorus content
(0.332% in 2011 and 0.331% in 2012), the highest potassium content (0.855% in 2011 and 0.837% in 2012), the highest
calcium content (0.031% in 2011 and 0.029% in 2012), the highest magnesium content (0.123% in 2011 and 0.132% in
2012), the highest iron amount (27.27 mg kg in 2011 and 26.12 mg kg in 2012), the highest copper amount (3.99 mg
kg!in 2011 and 4.12 mg kg™ in 2012) and the highest manganese amount (10.92 mg kg in 2011 and 11.68 mg kg! in
2012) were obtained from the “I, ” irrigation level. The highest zinc amount (34.77 mg kg in 2011 and 30.14 mg kg'!
in 2012) and the highest boron amount (5.389 mg kg™ in 2011 and 5.306 mg kg™ in 2012) were determined in I and I,
irrigation levels, respectively. Generally, the mineral nutrient contents were increased with water deficit up to a certain
level “IL ” and he lower irrigation levels (I;;and I, ) than “L, ” resulted in decreased mineral nutrient contents, except for
B, of sweet corn in both years.

Keywords: Sweet corn; Irrigation; Macro nutrient; Micro nutrient
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OZET

Calisma; 2011 ve 2012 vejetasyon doneminde taze seker misir (Zea mays saccharata) tanesinin mineral besin igerigine

kismtili sulamanin (S) (S, : tam sulama; S, : % 15 kisinti; S_ : % 30 kisinti; S_: % 45 kisinti ve S, % 60 kisintr) etkisini
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belirlemek amaciyla Isparta ekolojik kosullarinda yiiriitiilmiistiir. Deneme tesadiif bloklar1 deneme desenine gére ii¢
tekerriirlii olarak kurulmustur. Seker misir gesidi olarak Lumina F1 kullanilmistir. Sonuglar kisintili sulamanin taze seker
musir tanesinin mineral besin igerigine etkisinin istatistiksel olarak 6nemli oldugunu gostermistir. En yiiksek azot orani
(2011°de % 2.29 ve 2012°de % 2.32), fosfor orani (2011°de % 0.332 ve 2012°de % 0.331), potasyum orani (2011°de
% 0.855 ve 2012°de % 0.837), kalsiyum orani (2011°de % 0.031 ve 2012°de % 0.029), magnezyum orani (2011°de
% 0.123 ve 2012°de % 0.132), demir miktart (2011°de 27.27 mg kg! ve 2012°de 26.12 mg kg™'), bakir miktar: (2011°de
3.99 mg kg ve 2012’de 4.12 mg kg') ve mangan miktar1 (2011°de 10.92 mg kg ve 2012°de 11.68 mg kg™') “S,”
sulama seviyesinden elde edilmistir. En yiiksek ¢inko miktar1 (2011°de 34.77 mg kg ve 2012’de 30.14 mg kg') ve
bor miktarr (2011°de 5.389 mg kg ve 2012°de 5.306 mg kg') sirasiyla I, ve I, sulama seviyesinde belirlenmistir.
Genellikle her iki yilda da S, sulama seviyesine kadar su kisitlamastyla seker musirin besin igerigi artmistir ve S, den

daha diisiik sulama seviyelerde (S, ve S, ) bor harig tanenin mineral besin igerigi azalmistir.

Anahtar Kelimeler: Seker misir; Sulama; Makro besin; Mikro besin

1. Introduction

Sweet corn is used as a fresh or processed vegetable.
Sweet corn contains higher kernel protein, oil,
starch, sugar contents and many other nutrients than
the other maize types. Sweet corn is favorable for
fresh consumption because of its delicious taste,
delicate crust and soft and sugary texture compared
to other corn varieties. The human body needs
nutritious food to stay healthy. The foods come from
plants, fruit, vegetables, grains, legumes, nuts, seeds
and animals, diary food, eggs and meat. To maintain
good health, we need macronutrients, micronutrients,
vitamins and minerals. Macronutrients are our
main source of energy. Vitamins and minerals are
essential for the body’s many biochemical pro-
cesses. Both vitamins and minerals are needed to
maintain optimal health. Minerals assist the body in
energy production and other biochemical processes.
Minerals are critically important to the maintenance
of human health. Because the human body cannot
manufacture minerals, deficiencies are common.
Minerals supports healthy immune system, is
necessary to synthesize DNA, is essential for wound
healing, supports healthy grow and development of
body during adolescence, childhood and pregnancy
(John & Jeanne 2012).

Sweet corn requires some specific environmental
and cultural conditions such as an irrigation,
which must be respected for the high productive
and marketable yields. Corn grown mostly under

© Ankara Universitesi Ziraat Fakiiltesi

irrigated conditions in Turkey. Mineral nutrient
contents of grain is direct related to the available
nutrient in the root zone in growing period.
Available water in root zone is a significant factor
in nutrient uptake of plants. Erylice & Kilic (2001)
determined that inadequate irrigation result in
low nutrient uptake in maize. According to the
researches, to produce 1 kg of corn’s dry matter,
368 liters of water is needed (House 1985). Water
supply has a significant effect in the grain filling
period (Adrienn & Janos 2012). Drought during
this period usually leads to smaller grains, and
the amount of dry matter accumulation decreases
(Andrade et al 2005). During the seed filling period
due to transfer of food to the seeds, an increase in
growth intercepting hormones, an increase in ratio
of abscisic acid to cytokinins in leaves, a decrease
in leaf strength, an increase in the death of plant
tissues, the falling of lower bush leaves, increasing
respiration speed due to shadowing and reducing
light, decreasing the accumulation of dry matter,
and increasing the retransfer in plant are observed
(Yin et al 2000; Murchie et al 2002). Szirtes et al
(1977) stated that the grain nutrient content was
significantly determined by the weather. The most
influential factors on protein and the other mineral
nutrient content are heat units and the quantity
and distribution of precipitation in growing period
(Asghari & Hanson 1984). Barber & Jessop (1987)
found that wheat grain protein content decreased
by irrigation. Andrade et al (2005) stated that
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unfavorable water supply decreased dry matter
accumulation in corn. Many factors influence the
quality of crop products which serve as a basis for
food, the most important of which are the variety,
climatic factors and the production technology
(Nagy 2009). Grain quality parameters have come
to be more greatly preferred in recent years, making
it necessary to know the effects of agro-technical
factors on grain quality (Adrienn & Janos 2012).
The aim of this research was to evaluate the effects
of different irrigation levels on mineral nutrient
content of fresh sweet corn.

2. Material and Methods

2.1. Experimental conditions

The study was conducted in the Isparta ecological
conditions of Turkey during the 2011 and 2012

Table 1- Climatic data of the experimental area*

Cizelge 1- Deneme alaninin iklim verileri*

growing seasons. In the study, Lumina F  hybrid
cultivar was used as the sweet corn variety.

Isparta has a territorial climate (cold winters and
dry hot summers) with an annual mean rainfall of
524.4 mm. The long-term average temperature from
April to end of August is 18.5 °C. The vegetative
periods (from April to end of August) in 2011 and
2012 had average temperatures of 18.5 and 19.2
°C, total precipitation of 162.4 and 214.1 mm
respectively (Table 1). Some physical and chemical
characteristics of the experimental soil were
presented in Table 2.

Seeds were sown at 5-6 cm depths using a dibbler
in 70x20 cm row space on 9" and 5" May in 2011
and 2012 years, respectively. Each plot area was
25.2 m? and consisted of 6 rows. The experiments
were arranged according to a randomized complete
block design with three replicates.

Climatic factors Years Months Total or
April May June July August ~ average
2011 54.7 43.1 62.2 1.8 0.6 162.4
Precipitation (mm) 2012 53.2 107.4 18.1 0.8 34.6 214.1
Long term 56.6 50.8 28.4 18.4 0.8 155.0
2011 10.2 14.1 19.5 24.7 24.0 18.5
Average
2012 10.8 14.5 22.5 254 22.8 19.2
Temperature (°C)
Long term 10.8 15.6 20.1 223 23.9 18.5
2011 70.0 68.0 59.0 44.0 40.0 56.2
Relative humudity (%) 2012 57.0 66.0 46.0 42.0 43.0 50.8
Long term  64.2 50.3 53.0 45.8 44.5 51.5
* records of the Isparta Meteorology Station
Table 2- Some physical and chemical characteristics of the experimental soil
Cizelge 2- Deneme topraginin baz fiziksel ve kimyasal ézellikleri
Depth  p, FC wP EC CaCO, OM K
cm gem’ 0, GW pi asm'  gkg! gkg! cmol kg Texture
0-30 1.12 239 13.5 7.8 0.378 292 16.9 1.48 CL
30-60 1.18 24.7 14.6 7.8 0.381 221 12.8 1.13 CL
60-90 1.20 26.8 15.6 7.9 0.404 309 14.3 0.70 SiCL

P, soil bulk density; FC, field capacity; WP, wilting point; OM, organic matter; SiCL, silty-clay loam; CL, clay-loam

56
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200 kg ha' N, 100kg ha'! P and 100 kg ha' K
were applied to the rows in the form of ammonium
sulphate, triple super phosphate and potassium
chloride, respectively. The total quantity of
phosphorus and potassium was applied at the time
of sowing and nitrogen was applied in three equal
amounts at the time of sowing, 10 cm seedling
height and 35-40 cm height stages.

2.2. Irrigation

The irrigations were made on 29 June and 11 August
in the 2011, and for 2012 year were made on 13 June
and 9 August. The plants had been watered 7 and 8
times with 7 day intervals, respectively in both 2011
and 2012 (Table 3).

The 16 mm diameter lateral pipes with carrying
2 L h'! of water had inline drippers located at 33 ¢cm
intervals. Soil water contents were measured by the
gravimetric method in 30 cm increments to a depth
of 90 cm in each plot at planting, before irrigations,
and at the final harvesting date.

After sowing, the irrigation was watered using
a sprinkler irrigation system at the beginning for
uniform plant establishment. In this stage, irrigation
was carried out two times. After the emergence
of maize seedlings, subsequent irrigations were
applied according to the prescribed irrigation rates.
In study, irrigation treatments were consisted to
according to five different deficit rates of available
soil water before irrigation (1- I, , full irrigation and
K,: 1.00, 2- I,: 85% of full irrigation and K.: 0.85,
3-1,,: 70% of full irrigation and K: 0.70, 4- 1;: 55%

of full irrigation and K : 0. 55 and 5- 1, 40% of full
irrigation and K;: 0.40). Levels of irrigation water
for treatments were computed using Equation 1.

I=W <K M

Where; /, the irrigation water (mm); W, soil water
deficit in the irrigation before (mm); and K, the rate
of water cuts.

The plant water consumption (E£¢) was estimated
using Equation 2 (James 1988).

E=1+P+C-D -R+As 2)
Where; E, plant water consumption (mm); 7,
irrigation water (mm); P, the precipitation (mm);
C, the capillary rise (mm); D, the deep percolation
losses (mm); R, the runoff losses (mm); and As, the
moisture storage in soil profile (mm).

2.3. Analysis of mineral nutrient contents

When the kernel moisture was about 72% (Olsen et
al 1990), five ears in the center of each plot were
harvested manually. The cobs were immediately
frozen by liquid nitrogen to prevent changing from
sugar to starch. Later, grains were removed from
ear by using cutter, and the samples were dried
in an air-forced oven at 70 °C until became stable
weight. Then dried samples were ground to pass
through a 1-mm screen. Mineral nutrient contents
including nitrogen (N), phosphorus (P), potassium
(K), calcium (Ca), magnesium (Mg), iron (Fe),
copper (Cu), manganese (Mn), zinc (Zn) and boron
(B) were determined. N content was determined
by using Kjeldahl method. Phosphorus content

Table 3- Seasonal irrigation water, rainfall, total water and evapotranspiration (ET) of sweet corn under

different irrigation levels

Cizelge 3- Farkli sulama seviyelerinde seker misirin sulama suyu, yagus, toplam su ve buharlasma miktarlar:

Irrigation  Applied irrigation water Rainfall Total water ET

levels (mm) (mm) (mm) (mm)

(mm) 2011 2012 2011 2012 2011 2012 2011 2012
L, 151.93 181.34 102.30 160.70 254.23 342.04 239.79 406.12
55 180.78 223.50 102.30 160.70 283.08 384.20 261.50 426.12
L, 209.63 265.67 102.30 160.70 311.93 426.37 290.35 44791
L, 238.48 307.65 102.30 160.70 340.78 468.35 319.20 476.06
I 267.33 350.00 102.30 160.70 369.63 510.70 348.04 504.01
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was determined according to the Molibdovanado-
Phosphoric Acid Method (Kacar & Inal 2008).
K content was measured by Flame Emission
Spectrophotetry. Ca, Mg, Fe, Cu, Mn, Zn and B
contents were measured with an Atomic Absorbtion
Spectrofotometer.

2.4. Statistical analysis

All the data were analyzed according to the analysis
of variance (ANOVA) using SAS Statistical Package
Program; the significant differences between the

group means were separated using the LSD (Least
Significant Difference) test.

3. Results and Discussion

The effects of the different irrigation levels on the
mineral nutrient contents, except for Ca and Mg in
2011, of sweet corn were found to be significant
(P<0.05 and P<0.01) for both years. No significant
differences between the two subsequent years in all
mineral nutrient contents were found (Table 4).

Table 4- Effect on mineral nutrient contents of sweet corn of deficit irrigation

Cizelge 4- Kisith sulamanin seker misirin mineral besin igerigine etkisi

Irrigation N (%) P (%) K (%) Ca (%)

levels (mm) 2011 2012 2011 2012 2011 2012 2011 2012
L, 1.90 ¢ 193¢ 0.220 ¢ 0217 ¢ 0.689b 0.688 b 0.024 0.023 b
L 2.05b 2.06b 0.247bc  0.265b 0.744 ab 0.768 a 0.026 0.028 a
L, 229a 2.32a 0.332a 0.331a 0.855a 0.837a 0.031 0.029 a
L 1.88 ¢ 1.89 ¢ 0.284ab  0.287b 0.823 ab 0.816a 0.029 0.028 a
Lo 1.81¢ 1.80d 0.271bc  0.273b 0.814 ab 0.818 a 0.027 0.026 ab
Years 1.98 1.99 0.272 0.274 0.785 0.786 0.028 0.027
Lsd 0.118 0.057 0.055 0.027 0.150 0.075 ns 0.004
CV (%) 5.160 5.048 7.476 3.688 6.988 3.506 13.097 6.473
F value 57.42 84.01 13.00 49.75 4.50 14.34 1.85 6.65

P value 0.001 0.001 0.004 0.001 0.033 0.001 0.213 0.011
Irrigation Mg (%) Fe (mg kg!) Cu (mg kg'!) Mn (mg kg!)
levels (mm) 2011 2012 2011 2012 011 2012 011 2012
L, 0.104 0.103b 2095 b 20.88 b 3.10b 3.09¢ 6.57b 6.65 ¢
L, 0.117 0.117 ab 21.01b 21490 3.61 ab 3.68b 7.38b 7.36¢
L, 0.123 0.132a 2727 a 26.12 a 399a 412 a 1092 a 11.68 a
L 0.118 0.119 ab 25.14ab 2578 a 3.89 ab 3.80 ab 10.86 a 10.59 a
Ly 0.120 0.121 ab 23.66ab 2398ab  3.80ab 3.73 ab 8.90 ab 9.06 b
Years 0.117 0.118 23.57 23.65 3.68 3.69 8.93 9.07
Lsd ns 0.017 6.233 3.115 0.813 0.407 2.576 1.284
CV (%) 10.581 5.278 9.652 4.808 8.064 4.030 10.530 5.168
F value 1.05 8.04 4.08 13.37 4.17 19.12 13.28 61.05
P value 0.439 0.006 0.043 0.001 0.040 0.001 0.001 0.001
Irrigation Zn (mg kg!) B (mg kg'!)

levels (mm) 2011 2012 2011 2012

L, 24.19 ¢ 2446 b 5.389 a 5.306 a

L, 2527 ¢ 26.99 ab 3.761 b 3.528b

L, 29.70 b 28.55 ab 3.543 b 3.527b

L, 3477 a 30.14 a 3.223 be 3.126 ¢

Ly 28.39 be 28.45 ab 2483 ¢ 2.267d

Years 28.5 27.7 3.680 3.551

Lsd 4.344 4.122 0.741 0.370

CV (%) 5.570 5.427 7.351 3.808

F value 20.80 6.04 47.00 201.32

P value 0.003 0.015 0.001 0.001

Means in the same columns followed by the same letters are not significantly different at the 0.05 and 0.01 level as statistically. I
55% of full irrigation and I

irrigation; I, 85% of full irrigation; L., 70% of full irrigation; L,

full

100°

40% of full irrigation

407
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In both subsequent years (2011 and 2012) the
“L,” irrigation level resulted in the highest N content
(2.29 and 2.32%, respectively), the highest P content
(0.332 and 0.331%, respectively), the highest K
content (0.855 and 0.837%, respectively), the highest
Ca content (0.031 and 0.029%, respectively), the
highest Mg content (0.123 and 0.132%, respectively),
the highest Fe amount (27.27 and 26.12 mg kg,
respectively), the highest Cu amount (3.99 and 4.12
mg kg, respectively) and the highest Mn amount
(10.92 and 11.68 mg kg, respectively) (Table 4).
The highest Zn amount (34.77 and 30.14 mg kg,
respectively) and the highest B amount (5.389 and
5.306 mg kg, respectively) were obtained from I
and I, irrigation levels, respectively, in both years
(Table 4).

While the lowest N content (1.81 and 1.80%,
respectively) and the lowest B content (2.483 and
2.267 mg kg', respectively) were obtained from
I,,, irrigation level in both years, the others mineral
nutrient contents of sweet corn decreased in the
lowest irrigation level in both 2011 and 2012: the
lowest P content (0.220 and 0.217%, respectively),
the lowest K content (0.689 and 0.688%,
respectively), the lowest Ca content (0.024 and
0.023%, respectively), the lowest Mg content (0.104
and 0.103%, respectively), the lowest Fe amount
(20.95 and 20.88 mg kg!, respectively), the lowest
Cu amount (3.10 and 3.09 mg kg, respectively),
the lowest Mn amount (6.57 and 6.65 mg kg,
respectively) and the lowest Zn amount (24.19 and
24.46 mg kg'!, respectively) were obtained from the
“1,,” irrigation level (Table 4).

N content was significantly increased with the
water deficit up to “L;”. N content was decreased
in the lower water levels (I, and I,)) than “L ”
however the lowest N content was determined in
“I,,,” irrigation level in both 2011 and 2012. This
can be explained by nitrogen decrease in the root
zone due to nitrogen washing at the high irrigation
levels (I, and I,,)). On the other hand, plants can
not sufficiently benefit from nitrogen in the upper
soil layers due to low water at the lower irrigation
levels (I,and I, ). Adrienn & Janos (2012) reported
that irrigation up to a certain level significantly

increased the nitrogen content of maize hybrids.
Asghari & Hanson (1984) determined that the
nitrogen content of corn was affected from the
quantity and distribution of precipitation-irrigation-
in growing period. Barber & Jessop (1987) found
that increasing the number of irrigations up to three
reduced grain nitrogen content. Oury et al (2003)
stated that there is a negative effect of irrigation on
grain nitrogen concentration. This can be explained
by the strong association between the amount of
minerals transported by the water flow in the plant,
and transpiration (Misra et al 2006).

Water deficit up to “L ) irrigation resulted in
increased P, K, Ca, Mg, Fe, Cu and Mn content.
These minerals in the “I, " and “I” irrigation
levels were higher than “I.” and “I,)”. Drought
stress caused the concentration of P, K, Ca, Mg,
Fe, Cu and Mn decreases in sweet corn grain. The
lowest mineral contents (P, K, Ca, Mg, Fe, Cu and
Mn) were obtained from the “I,)” irrigation level,
the lowest irrigation level in both 2011 and 2012. Zn
content was increased with the increasing irrigation
water up to “I.;”. The lowest Zn content was
obtained from the “I,;” irrigation level, the lowest
irrigation level in both 2011 and 2012. Yazar et al
(2002) also reported the highest average corn grain
yield from the full irrigation treatment with 6-day
irrigation interval. Yildirnm & Kodal (1998) were
stated that applications of excessive water were
not increased grain yields at the important level.
Limited water supply during the growing season
results in soil and plant water deficits and reduces
maize yields (Patel et al 2006). Water deficit delays
physiological processes of corn, tasseling initiation
and silking, and reduces plant height and vegetation
growth of maize as a result decrease grain yields
(Singh et al 2007; Payero et al 2009).

Especially, in the dripping irrigation system,
salts in root zone and the irrigation water
accumulate at edge of wetted front (Ertek &
Kanber 2002). Therefore, in the higher irrigation
levels (I, and L) than “I ” might be decreased
to nutrient uptake of maize due to edge of wetted
front by washed of plant nutrient elements. On
the other hand, in the lower irrigation levels (I,
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and I,)) than “I " might be fall to nutrient uptake
of maize due to insufficient dissolution of plant
nutrients. Under water stress macro-micronutrients
decrease due to increased remobilization of stored
assimilates. Rezaei et al (2012) found that the Zn
concentration of grains increased with decreasing
water availability, and micronutrients such as Fe, Zn
and Cu in shoots decreased as water supply limited
but Mn concentration of grain and straw was not
or only little affected by water stress. Andrade et al
(2005) found that unfavorable water supply of corn,
the speed and duration of dry matter accumulation
decrease. Rouphael et al (2008) reported that under
water stress conditions, higher concentration of K
and Mg were observed. Some researchers stated
that the high irrigation levels resulted in decreased
mineral nutrient contents (Simonne et al 1998;
Kirnak et al 2001; Kaya et al 2003; Rouphael et al
2008). B content was decreased with the increasing
irrigation water (I, I, I.;and I ). The highest B
content was determined in “I,)” irrigation level, the
lowest irrigation level; the lowest B content was
obtained from “I, ” level, the highest irrigation level
in both 2011 and 2012. There is close relationship
between boron uptake of plants and its transport
at different plant organs with water intake of plant
(Marschner 1976). Therefore, it is possible to say
that B content of sweet corn increased with lower
irrigation levels. Zubaidi et al (1999) reported that
plants were marginally deficient in N P and Zn, but
boron concentration was high under drought stress
condition.

4. Conclusions

The results obtained from present study indicated
that irrigation levels (I, I, L, I, and I, ) had
significant effects on mineral nutrient contents (N,
P, K, Ca, Mg, Fe, Zn, Mn, Zn and B) of sweet corn.
The mineral nutrient contents were increased with
water deficit up to a certain level “L . The lower
irrigation levels (I, and I,) than “L ” resulted in
decreased mineral nutrient contents, except for B,
of sweet corn. Based on the results of the research,
it is possible to say that mineral nutrient contents of

sweet corn increased with water deficit up to “L”.

“L,” irrigation application for sweet corn can be
accepted as the optimum water level due to higher
nutrient content.
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ABSTRACT

The effect of sward structure of the mixtures and nitrogen fertilization on grass-legume silage quality was investigated
over two years. The study included Lucerne (Medicago sativa) in monoculture and in mixtures with cocksfoot (Dactylis
glomerata), tall fescue (Festuca arundinacea) and sainfoin (Onobrychis sativa). Nitrogen fertilizer was applied to the
field plots at four different rates: 0, 70, 140 and 210 kg ha''. The quality of lucerne silage was inferior to lucerne silage
mixed with grasses due to the greater content of ammonia nitrogen (NH,-N), acetic (AA) and butyric acids (BA), and
reduced content of the lactic acid (LA). Gradual increase of N fertilization significantly has increased the content of
NH,-N, AA and BA and decreased the content of LA.

Keywords: Grass-legume mixture; Silage quality; Sward mixtures; Fertilization

Cim Yapisi ve N Giibrelemesinin Cim-Baklagil Silaj Kalitesine Etkisi
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OZET

Silaj karigimindaki ¢im yapisi ve N giibrelemesinin silaj kalitesine etkisi 2 yillik bir ¢aligma ile arastirilmistir. Calismada
monokiiltiir olarak adi yonca (Medicago sativa) ve karum olarak da kamisst yumak (Festuca arundinacea) domuz
ayrig1 (Dactylis glomerata) ve korunga (Onobrychis sativa) bulundurulmustur. Azotlu giibre 0, 70, 140 ve 210 kg ha’!
dozlarinda uygulanmistir. Yiiksek diizeyde amonyak azotu (NH,-N), asetik asit (AA), butirik asit (BA) ve daha diisiik
laktik asit (LA) igerigi nedeniyle adi yonca silajinin kalitesi, adi yonca ile ¢im karigimi silajlarindan diisiik olmustur.
Artan miktarda N uygulamalar1 NH,-N, AA ve BA miktarinda 6nemli diizeyde artisa LA miktarinda ise 6nemli diizeyde
azaliga neden olmustur.

Anahtar Kelimeler: Cim-baklagil karisimi; Silaj kalitesi; Cim karisimi; Giibreleme
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1. Introduction

Silage is animal feed rich in essential nutrients,
resulting from fermentation of the chopped mass
of different plant species by lactic acid bacteria
fermentation in a given time period. The main
substrates essential for increasing of lactic acid
bacteria in number are sugars. These bacteria are one
of the most important determinants for successful
fermentation and production of high quality silage.
Contrary to grasses that typically contain sufficient
amounts of fermentable sugars, legumes are poor in
sugars, which makes them difficult to ensile. This
can be overcome by mixing legumes and grasses,
which increases the sugar content in the silo mass,
thus allowing ensiling of legumes. Therefore, the
combined cultivation of legumes and grasses is
very useful even it has some difficulties. However,
there are many factors that directly or indirectly
affect the fermentable characteristics of silage
crops. For instance, different types of plants, and
even different plant varieties, are characterized by
different contents of easily fermentable sugars and
fermentative properties, producing ensiled material
of differing qualities. Weissbach (2003) argues that
Lolium species have a high sugar content, so that
these species may be added to the silo material
of low fermentable value. Cocksfoot silage and
mixtures of cocksfoot with lucerne have better
quality characteristics than that of pure lucerne
silage. Han et al (2006) have shown that silage made
from cocksfoot and its mixtures with lucerne have
a higher content of fermentable sugars compared
to lucerne silage in two cuts. Testing a mixture of
red clover with perennial (Lolium perenne) and
annual ryegrass (Lolium multiflorum) and cocksfoot
(Dactylis glomerata), Wyss (2004), concluded that
ryegrasses had positive, and cocksfoot had negative
impacts on the silage quality. Also, the same author
Wyss (2006), comparing the fermentability of three
legumes proved that white and red clover have
higher fermentable coefficient than lucerne. Applied
cultivation techniques and practices influence the
fermentable properties of crops, and the content of
water soluble sugars. N fertilization is one of the
most common agricultural measures used to increase

crop yields; however, it often has degrading effects
on the fermentation process and silage quality. The
negative effects of nitrogen are reflected through:
increasing in the buffer capacity, the content of non-
protein nitrogen, readily soluble nitrogen and NH,-N
(Tremblay et al 2005), reduction of fermentable
sugar content in the silo material, reduction of the
digestibility of silage (Keady et al 2000), as well as
greater presence of harmful microorganisms and the
production of mycotoxins (Bijeli¢ 2009). In order to
balance between high yield and good silage quality,
it is necessary to find the levels of nitrogen that are
required to meet these two objectives.

Therefore, the aim of this study was to evaluate the
effect of botanical composition of the lucerne-grass
mixtures and fertilization with different amounts of
nitrogen on the herbage silage quality of lucerne and
it mixtures with different grasses and legume.

2. Material and Methods

2.1. Field and laboratory experiment

This study was conducted at the Institute for Animal
Husbandry, Belgrade, Serbia (44° 49" 10" N, 20° 18’
45" E) during 2010-2011. The study was organized
as a randomized complete block design with four
replications (4x4). In each replication, lucerne
(Medicago sativa) was sown in monoculture (L)
and in mixtures with grasses (Dactylis glomerata
and Festuca arundinacea) and sainfoin (Onobrychis
sativa) [LC-lucerne, cocksfoot (50:50); LCT-
lucerne, cocksfoot, tall fescue (33.3:33.3:33.3);
LCTS-lucerne, cocksfoot, tall fescue, sainfoin
(25:25:25:25)] in field plots of 10 m? N fertilizer
was applied to the field plots at four different rates:
0, 70, 140 and 210 kg ha''. Half of the N fertilizer
was applied at the beginning of the growing season
and the other half after the first cut. Prior to cutting,
samples of plant material were collected from 1
m? areas from all plots for analysis of botanical
composition. Plants were cut at the early flowering
stage of lucerne.

Silage was prepared from the second cut. After 24
h wilting, the silage mass was chopped, and ensiled
in 64 laboratory silos of 10 L volume (containers).
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To encourage better fermentation, bacterial-enzyme
inoculant was used in the amount of 10 g+2 L H,O
t! of fresh herbage. The silo containers were closed
immediately after filling. After 90 days silages
were opened and samples were taken for chemical
analyses.

2.2. Determination of silage quality

After the fermentation period, laboratory silos
were opened and two samples of silage material
were taken from each silo for chemical analysis.
Dry matter content was determined by drying the
samples at 105°C overnight. Crude protein content
was determined according to Kjeldahl (AOAC
1990). Lactic acid (LA) and volatile fatty acids
[acetic (AA) and butyric acid (BA)] were quantified
by a gas chromatographic system (GC-2014,
Shimadzu, Kyoto, Japan) equipped with flame-
ionization detector and auto sampler and injection
system, using a Nukol™ (30 mx0.53 mmx0.5 pm)
capillary column (Supelco, Sigma-Aldrich Co.)
(Faithfull 2002). Ammonia nitrogen was determined
using the distillation method using a Kjeltec 1026
analyser and the pH value was measured with a
Hanna Instruments HI 83141 pH meter. Silage
quality class was determined by the Flieg score
(Kilig 1986). Flieg score= [220+(2xsilage dry
matter (%)-15)]-40xsilage pH value. Flieg Score
values between 85 and 100 denote very good quality
silage; between 60 and 80, good quality silage.

2.3. Statistical analysis

The data obtained were analysed using two-
factorial analysis of variance (ANOVA) and the
mean differences were tested with Fisher’s Least
Significant Difference (LSD) test (StatSoft 2007).

3. Results and Discussion

3.1. Impact of sward plant mixture

The structure of lucerne mixtures during the
research changed (Table 1), depending on the sward
maturity, competitive ability of species, resistance
to various climatic conditions and their response to
applied management practices.

Table 1- Botanical composition of grass-legume
mixtures prior to cutting

Cizelge 1- Cim baklagil karisimlarimin bigim éncesi
botanik kompozisyonlart

2010 2011
L G w L G w
Mixture (M)
LC 61.0 379 11 577 312 22
LCT 647 347 06 640 346 14
LCTS 702 288 1.0 59.7 386 1.7

L, legumes; G, grasses; W, weeds

The grass-legume mixtures had no significant
impact on the content of crude protein, pH
or Flieg score of the resultant silages. Highly
significant differences occurred in the content
of NH,-N, lactic, acetic and butyric acid (Table
2). One of the most important properties for
sufficient fermentation in grasses and legumes
is content of dry matter. By increasing the DM
content, good silages can be made from legumes
and grasses even with low acidification potential.
However, DM content should be from 400-450 g
kg, everything beyond that should be avoided
(Weissbach 2003). In our research, DM content
was higher in grass-legume silages than in lucerne
silages. Obtained values did not exceed the value
of 450 g kg!, but in the second year of the study
were slightly lower (Table 3). Lucerne silage had
a significantly higher content of NH,-N compared
to the other silages. The content of NH,-N in
other silages ranged from 109.9 g kg' TN in the
lucerne and cocksfoot mixture, to 120.5 gkg' TN
in mixtures with sainfoin. The content of LA was
the highest in the silage of lucerne and cocksfoot
mixture (31.5 g kg DM) and the lowest in pure
lucerne silage (24.3 g kg’ DM). Lucerne silage
had a significantly higher content of AA and BA
compared to the other silages.

The sward mixture had significant impact on
the contents of NH,-N and lactic acid in the silages,
in the second year of study. Lucerne silage had the
highest content of NH,-N (115.4 g kg'' TN) which
was significantly higher than that of the mixture of
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Table 2- Impact of sward structure on grass-legume silage quality in 2010

Cizelge 2- 2010 yilinda ¢im-baklagil karisiminda ¢im yapisinin silaj kalitesi iizerine etkisi

Level of significance

Mixture (M) LC LCT LCTS "
DM (g kg) 4154 416.9 429.3 360.8 *
CP (g kg' DM) 167.1 168.0 173.0 165.1 ns
NH,-N (g kg’ TN) 112.8 109.9 120.5 123.5 *E
LA (g kg' DM) 315 26.6 27.3 24.3 **
AA (gkg' DM) 15.0 18.6 14.9 19.7 *x
BA (gkg! DM) 0.00 0.04 0.00 0.07 o
pH 4.8 4.8 4.8 4.8 ns
Flieg score 95.9 95.7 97.7 90.7 ns

DM, dry matter; CP, crude protein; TN, total nitrogen; LA, lactic acid; AA, acetic acid; BA, butyric acid; ns, non significant; *, P<0.05;

** P<0.01

lucerne with cocksfoot and lucerne with cocksfoot
and tall fescue. The content of LA, as in the first year
of the study, was the highest in lucerne—cocksfoot
mixture silage and lowest in the pure lucerne,
respectively. The content of BA was higher than in
the first year of the study, while the pH was lower,
what is the probably related to lower DM content.
All silages, as in the previous year, were scored as
very good quality (Table 3).

In the research of Heikkild et al (1992), the
addition of legumes to the plant mixture reduced
the content of NH.-N in silage. Therefore, silage
obtained from the mixture of meadow fescue and
timothy had a higher content of NH,-N than grass-

clover silage (48 g kg' TN and 36 g kg' TN,
respectively). However, in research by Orozco-
Hernandez et al (1997), lucerne silage had a
significantly higher content of NH,-N, from 59 and
216 gkg' TN in relation to timothy silage of 46 and
cocksfoot of 172 g kg TN. According to Lattemée
& Tamm (2002) the content of NH,-N in silage from
mixed swards increases if the legumes ratio in the
mixture increases. The physiological characteristics
of legumes, the fact that they contain more N
substances, and grasses contain more soluble
sugars, can explain the significant differences in
acid contents between lucerne silage and silage
of its mixtures (Wilman & Wright 1983). In fact,

Table 3- Impact of sward mixture on grass-legume silage quality in 2011

Cizelge 3- 2011 yilinda ¢im-baklagil karisiminda ¢im yapisinin silaj kalitesi tizerine etkisi

Level of significance

Mixture (M) LC LCT LCTS v
DM (g kg) 317.6 320.1 340.7 311.3 ns
CP (gkg' DM) 156.9 154.9 172.5 174.6 *
NH,-N (g kg' TN) 91.3 104.8 113.6 115.4 **
LA (gkg' DM) 314 27.4 27.6 25.8 **
AA (gkg' DM) 10.3 11.4 11.8 12.7 ns
BA (g kg! DM) 0.01 0.01 0.02 0.09 ns
pH 4.6 4.6 4.6 4.6 ns
Flieg score 85.2 85.2 89.8 84.2 ns

DM, dry matter; CP, crude protein; TN, total nitrogen; LA, lactic acid; AA, acetic acid; BA, butyric acid; ns, non significant; *, P<0.05;

** P<0.01
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Heikkilda et al (1992), comparing the quality of
silage of clover-grass mixtures with grass mixtures,
concluded that clover-grass mixtures contained
more CP and less crude fibre and lactic acid content.
In this study, a mixture of grass and lucerne yielded
better quality silage compared to pure lucerne. Also
a mixture of lucerne and grasses with sainfoin had
better silage performance than pure lucerne, which
is consistent with the results of Wang et al (2007),
who claim that incorporation of sainfoin into lucerne
forage improve fermentation.

3.2. Impact of nitrogen fertilization and its
interaction with sward mixtures on silage quality

N fertilization had a significant impact (P<0.01)
on the content of NH,-N, LA and BA. The control
silage had a significantly lower content of NH,-N in
comparison to the other silages, whereas the silage
fertilized with 210 kg N ha'! had significantly higher
NH,-N content compared to the silages which
received less N (Table 4). Keady & Kiely (1998)
concluded that N fertilization has a detrimental effect
on the quality of silage, because it increases the level
of protein degradation, and the content of NH,-N.
In a study of the silage quality of timothy fertilized
with 0, 60, 120 and 180 kg N ha’', Tremblay et al
(2005) concluded that the NH,-N content increased
under the influence of the fertilization by 0.85 times.

In well-fermented clover - grass silages, the LA
content ranges from 2.28-3.90%, the AA content up

to 5.5% and BA from 0-0.12 g kg"' DM (Djordjevi¢
& Dini¢ 2003). In relation to this statement, the LA
content in the silages produced in the current study
was satisfactory. The highest LA content occurred in
the control and silage fertilized with 70 kg N ha'', and
the lowest in silage fertilized with 210 kg N ha!. The
BA content was relatively low (Table 4). According
to Weissbach (2003), this could be explained by
the fact that crop fertilized with N always contains
some nitrate. That nitrate is partly reduced to nitrite
in the silo which protects silage from butyric acid
fermentation. Interaction of investigated factors
by increasing share of legumes in the mixture and
addition of N fertilizer significantly increased the
concentration of ammonia nitrogen and acetic acid
and decreased the concentration of lactic acid.

In the second year, fertilization led to significant
changes (P<0.01) in NH,-N content, and the
contents of LA and AA (Table 5). The content of
NH,-N was significantly higher in silages fertilized
with 210 kg N ha' (129.4 g kg TN) compared to
the other silages. Silages from the control and from
sward fertilized with 70 kg N ha™! contained below
100 g kg' TN of NH,-N, which is characteristic of
high-quality silage (Haigh & Parker 1985) LA and
AA contents in silage, influenced by N-fertilization,
were affected differently. Gradual increase of N
fertilization has increased the content of acetic acid
and decreased the content of lactic acid in silage.
This is probably associated with the reduction of

Table 4- Impact of N fertilization on grass-legume silage quality in 2010

Cizelge 4- 2010 yilinda N giibrelemesinin ¢im-baklagil karigiminda silaj kalitesi tizerine etkisi

o 0 70 140 210 Level of significance
N fertilization (N) kg N ha'! N Interaction MxN
DM (g kg™) 4115 3709 4224 4175 ns ns
CP (g kg!' DM) 1742 1696 1723 171.2 ns ns
NH,-N (g kg' TN) 95.0 1162 1148  140.6 o ok
LA (gkg' DM) 30.0 30.8 25.1 23.8 ** **
AA (g kg' DM) 16.7 16.6 17.4 17.5 ns **
BA (gkg! DM) 0.00 0.01 0.10 0.00 o ok
pH 4.8 4.8 4.7 4.9 ns ns
Flieg score 96.1 922 100.5 91.1 ns ns

DM, dry matter; CP, crude protein; TN, total nitrogen; LA, lactic acid; AA, acetic acid; BA, butyric acid; ns, non significant; *, P<0.05;

** P<0.01
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Table 5- Impact of N fertilization on grass-legume silage quality in 2011

Cizelge 5- 2011 yilinda N giibrelemesinin ¢im-baklagil karisiminda silaj kalitesi iizerine etkisi

N fertilization (N) 0 70 140 210 Level of sigm'ﬁcance.
kg N ha! N Interaction MxN
DM (g kg™) 3233 317.8  312.0 3366 ns ns
CP (g kg' DM) 153.1 1604 1704 1749 ns ns
NH,-N (g kg' TN) 86.5 97.7 1145 1294  ** o
LA (gkg' DM) 32.0 28.6 25.1 252 k% **
AA (gkg' DM) 10.1 9.6 12.8 11.8  ** *x
BA (g kg' DM) 0.00 0.01 0.03 0.09 ns ns
pH 4.6 4.5 4.6 4.6 ns ns
Flieg score 84.1 89.2 82.3 88.9 ns ns

DM, dry matter; CP, crude protein; TN, total nitrogen; LA, lactic acid; AA, acetic acid; BA, butyric acid; ns, non significant; *, P<0.05;

**, P<0.01

herbage water soluble carbohydrates in nitrogen
treatments (WSC) pre-ensiling (King et al 2013)
and according to Keady et al (2000) lactic acid
concentration is positively correlated with herbage
WSC. The pH of the silages was higher in the first
year of the study, which is more advantageous from
the viewpoint of quality.

The results of the present study indicate that
nitrogen fertilization had no effect on the pH value.
The authors, Keady & O’Kiely (1996), in their
research report that N fertilization increased the pH
value of the silage probably as a result of an increase
of ammonia nitrogen content, which is of an alkali
nature. In the present study, the lack of effect of
N fertilization on the pH of silage, according to
the Keady et al (2000) could be explained by an
increase in the crude protein content fraction of
the herbage at ensiling with increasing N fertilizer
rate (Bijeli¢ et al 2014). In assessing the quality of
silage according to Flieg, taking into account the
dry matter content and pH, silages were shown to
be influenced by fertilization treatment better in the
first than in the second year of the study.

The amount of NH,-N in pure lucerne silage,
mixtures thereof and from different fertilization
treatments, is usually above the established values of
100 g kg TN for high-quality silages. Considering
this fact, in the evaluation of the silage quality, it
would be beneficial to use a score that includes this
parameter of quality, especially when it comes to

ensiling plants with high protein content such as the
mixtures included in the present study.

The interaction of N-fertilization rates and sward
content in both study years had a highly significant
impact (P<0.01) on NH,-N and volatile fatty acid
contents. Lucerne and mixture silages with a higher
share of legumes had higher contents of NH,-N, AA
and BA, and lower contents of LA if fertilized with
high rates of N, which is in accordance with the
results of King et al (2013).

4. Conclusions

Flieg quality silage score showed no significant
difference in the quality of lucerne silage and its
mixtures with grasses. However, the content of
the quality parameters that are not included in the
assessment indicate that the lucerne silage was
of lower quality than silages from mixed sward.
Lucerne silage had a significantly higher content of
ammonia nitrogen, acetic and butyric acid. Although
it is not clear in the quality assessment of the silage
that adding high N rates diminished the quality of
silage, they did act negatively on the content of some
quality parameters, such as increasing the levels of
NH,-N and AA, and reducing the amounts of LA.
Considering that the main objective of nitrogen
fertilization is obtaining high yields, in order to
meet the economic aspect of production and still
get good quality silage, in the production of grass-

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 62-68 67



CimYapisi ve N Gubrelemesinin Cim-Baklagil Silaj Kalitesine Etkisi, Bijeli¢ et al

legume mixture one should opt for the lower levels
of nitrogen fertilization. In agroecological conditions
where the lucerne is superior to its mixtures in regard
to the DM yield, owing to better quality of silages
made of mixtures compared to pure lucerne silage,
the use of lucerne mixtures is justified.
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OZET

Bu arastirma Can biberinde (Capsicum baccatum var. pendulum) farkli meyve olgunluk donemlerinde hasat edilen
tohumlarin, tohum gelisimi ile tohum kalitesi arasindaki iligkilerin belirlenmesi amaciyla yiiriitiilmistiir. Biber meyveleri
2011 ve 2012 yili vejetasyon doneminde (1) yesil olum, (2) renk doniisiimii, (3) turuncu olum, (4) kirmizi olum ve (5)
asirt olum donemlerinde hasat edilmistir. Renk gelisim donemlerine gore tohum nemi % 37.2-69.0 arasinda degismis, en
diisiik tohum nemi birinci ve ikinci yilda sirastyla % 37.2 ve % 39.0 olarak asirt olum doneminde belirlenmistir. Meyve
gelisim donemlerine gore ¢imlenme orani % 0-94 arasinda degismis; maksimum ¢imlenme orani1 2011 yilinda % 94
iken 2012 yilinda % 79 bulunmustur. Ortalama ¢imlenme siiresi ise 4 ila 13 giin arasinda olmustur. Her iki y1l igin ¢ikis
orani % 1-97 arasinda degismis; maksimum ¢ikis oran1 2011 yilinda % 97 ve 2012 yilinda % 76 olarak belirlenmistir.
Buna bagli olarak ortalama ¢ikis siiresi 7 ila 18 giin arasinda degismistir. Cikis sonrasi fide boyu 3.0-5.7 cm arasinda,
fide yas agirligi 122.75-255.0 mg ve fide kuru agirhigr 8.75-33.66 mg arasinda belirlenmistir. Sonug olarak, meyvenin
olgunlasmast ile tohum kalite 6zelliklerinin arttig1 ve tohum kalitesi agisindan en uygun meyve hasat zamaninin kirmizi
olum dénemi oldugu belirlenmistir.

Anahtar Kelimeler: Fizyolojik olgunluk; Tohum nemi; Tohum giicii; Fide kalitesi
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ABSTRACT

This study was conducted to determine the relationships between the seeds harvested at different fruits maturity stages
and the seed development and quality in Aji pepper (Capsicum baccatum var. pendulum). The fruits were harvested at
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green ripe (1), breaker (2), orange ripe (3), red ripe (4) and over red ripe (5) maturity stages in 2011 and 2012 vegetation
seasons. Seed moisture content was changed between 37.2% and 69.0% based on development stage, and over maturity
stage had the lowest moisture content of 37.2% and 39.0% in both years, respectively. Germination rate was between
0% and 94% with the maximum of 94% in 2011 and 79% in 2012. The average germination time ranged from 4 to 13
days. The seedling emergence rate was between 1% and to 97% with the maximum of 97% in 2011 and 76% in 2012
that the average seedling emergence time changed between 7 and 18 days. Seedling length ranged from 3.0 to 5.7 cm,
seedling fresh weight ranged from 122.75 to 255.00 mg and seedling dry weight ranged from 8.75 to 33.66 mg. The
results showed that the seed quality increased as maturity level progressed, and the best fruit harvest date was red ripe

stage for maximum seed quality in Aji pepper.

Keywords: Physiological maturity; Seed moisture; Seed vigor; Seedling quality

1. Giris

Biber, gerek diinyada ve gerekse tilkemizde sevilerek
tiiketilen, icerdigi vitamin ve mineral maddeler
yoniinden zengin ve insan beslenmesine olumlu
katkis1 olan bir sebze tiiriidiir. Ulkemiz {iretimine
konu olan biberlerin tamamina yakini1 C. annuum
tiiriine aittir. Capsicum cinsi igerisinde yaklagik 30
tir bulunmakla birlikte Capsicum annuum L., C.
baccatum L., C. chinense Jacq., C. frutescens L., ve

C. pubescens Ruiz & Pav. tiirleri kiiltiire alinmistir
(Bosland 1994).

C. baccatum Kkiltiri yapilan bu bes tiirden
biridir ve iilkemizde meyveleri ¢ana benzedigi igin
¢an biberi veya giil biberi olarak adlandirilmaktadir.
C. baccatum turi, C. baccatum var. baccatum,
C. baccatum var. pendulum ve C. baccatum var.
praetermissum olmak lizere ii¢ alt tiire ayrilmaktadir.
C. baccatum var. pendulum alt tiriiniin meyveleri
taze tiiketim yaninda, salsa sosu, act biber sosu ve
toz biber tretiminde kullanilmaktadir (Jarret 2007).
Tiir ad1 olan ‘baccatum’ iiziimsii meyve anlamina
gelmektedir. Degisik meyve sekillerine, essiz bir
lezzete ve farkli aromalara sahip olmasina ragmen
Gliney Amerika diginda pek taninmamasi ve
yetistirilmemesi biiyiik bir kayiptir. Bitki genellikle
hizla biiyiimekte ve fazla boylanmaktadir. Ulkemizde
yetistiriciligi yapilan bir ¢esidi bulunmamaktadir.

Biberde yapilan tim c¢alismalar Capsicum
annuum tiirine ait ¢esitler lizerinde yuriitilmiistiir
(Demir & Ellis 1992; Sanchez et al 1993; Demir &
Ellis 1994; Caveroetal 1995; Yanmaz & Demir 1998;
Demir 2002; Sartyildiz 2003; Vidigal et al 2011).

© Ankara Universitesi Ziraat Fakiiltesi

Diger Kkiiltiirii yapilan biber tiirlerinde ise tohum
gelisimi ile ilgili olarak taranan kaynaklarda az
sayida ¢alismaya rastlanmaktadir. Bir diger dnemli
konu da meyve renklerinin daha objektif olarak
belirlenmesinin saglanmasidir. Cilinkii ayni bitki
tizerinde farkli gelisim evrelerindeki meyvelerin
bulundugu biber gibi tirlerde aym gelisim
donemindeki meyvelerin daha objektif olarak
belirlenmesinin daha kaliteli tohumluklarin elde
edilmesine yardimc1 olabilecegi diistiniilmektedir.

Bu calisma, Capsicum baccatum var. pendulum
tiriine ait bir hatta, farkli gelisim donemlerinde
hasat edilen meyvelerden elde edilen tohumlarin
tohum kalite degisimini belirlemek, tohumluk
gelisim siirecinde ¢ikis oranini tespit etmek ve bu
veriler 1g1ginda tiir i¢in en uygun tohumluk hasat
donemini saptamak amaciyla yiiriitiilmiistiir.

2. Materyal ve Yontem

Calisma Mustafa Kemal Universitesi, Ziraat
Fakiiltesi, Bahce Bitkileri Boliimiinde 2011 ve 2012
yillarinda yiiriitiilmistir. Bitkisel materyal olarak
siis biberi genetik koleksiyonunda bulunan MKU-
19 (Can biberi) nolu genotipi kullanilmistir (Mavi
& Mavi 2012). Tohumlar, fide dikim tarihinden
bir ay once i¢inde Klasman torf bulunan viyollere
ekilmis ve 1sitmasiz cam serada ¢imlendirilmistir.
Dikim biiyilikliigiine gelen fideler 2011 yilinda
2 Mart tarihinde, 2012 yilinda ise 10 Nisan
tarihinde onceden hazirlanmis arazideki yerlerine
dikilmigtir. Kiiltiirel islemlerin rahat yapilabilmesi
ve denemelerde kullanilacak yeterli tohumun elde
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edilebilmesi i¢in 300 adet fide 35x45 cm sira lizeri
ve arast mesafelerde dikilmistir. Dikimden hasat
sonuna kadar bitkilerde kiiltiirel islemler diizenli
bir sekilde yapilmigtir. Yetigtirme donemi boyunca
sicaklik ve nem degerleri kaydedilmistir (Cizelge 1).

Ana bitkinin ilk dort bogumu igerisindeki
meyveler (1) yesil olum, (2) renk doniisiimii, (3)
turuncu olum, (4) kirmizi olum ve (5) asir1 olum
olgunluk doénemlerinde hasat edilmis ve tohumlart
ayrilmistir. Meyve rengi her olgunluk dénemi
i¢in 30’ar meyvede Minolta renk olgerle (L*, a*
b*, hue (h*) ag1 ve C*) belirlenmistir. Elde edilen
tohumlarin kalitesi; tohum nemi, 1000 tohum
agirligl, ¢imlenme orani (%), ortalama c¢imlenme
stiresi (giin), kontrollii bozulma testi (% 24 nem,
45 °C, 24 h"), ¢ikis orani (%), ortalama ¢ikis siiresi
(giin), fide boyu (cm), fide yas ve kuru agirlig1 (mg)
ve elektriksel iletkenlik (uS cm™ g') testleri ile
belirlenmistir (Eken 2014). Fide degerlendirmeleri
tohum ekiminden 20 giin sonra yapilmustir.

Denemeler tesadiif parselleri deneme desenine
gore 4 tekerriirlii ve her tekerriirde 50 tohum olacak

sekilde yiritilmustir. Elde edilen veriler SPSS
paket programi ile variyans analizine tabi tutulmus
ve yiizde seklindeki veriler analiz 6ncesinde agt
degerine  ¢evrilmistir.  Ortalamalar  arasindaki
farkliliklar Duncan testi ile 0.05 6nem diizeyinde
karsilastirilmistir.

3. Bulgular ve Tartisma

Bugiine kadar yapilan tohum geligimi ¢caligmalarinda
meyve renkleri gozle (subjektif) belirlenmistir.
Calismamizda ise, daha sonra yapilacak
calismalarda bir 6rneklik saglamak amaciyla farkli
hasat donemlerinde meyvelerin renkleri dijital
olarak Minolta renk olgerle belirlenmigtir (Sekil
1 ve Cizelge 2). Kirmizt olum donemindeki renk
degerleri, Mavi & Mavi (2012)’nin kirmizi olum
donemindeki meyveleri ile benzer bulunmustur.
Kirmizi olum doneminin, Mavi & Mavi (2012)
tarafindan belirlenen meyve gelisim durumlar ile
karsilagtirildiginda, cigeklenmeden sonra 65. giine
denk geldigi tahmin edilmektedir. Hue a¢1 degerleri
ise Tadesse et al (2002) ile ¢ok benzer bulunurken C*

Cizelge 1- Denemenin yiiriitiildiigii Antakya ilcesine ait 2011 ve 2012 yillari iklim verileri
Table 1- The climatic data of Antakya where the experiments were conducted in 2011 and 2012

Aylik ortalama sicaklik degerleri

Yillar ve aylar Maksimum — Minimum Ortalama Ortalaama nem . Toplam yagus
(0 ) (0 o ()
Mart 26.3 3.1 13.7 64.2 143.5
Nisan 28.9 54 17.0 66.1 130.4
Mayis 30.8 11.8 20.9 64.4 65.1
2011  Haziran 325 16.6 24.7 66.7 86.3
Temmuz 35.0 22.8 27.7 65.9 0.0
Agustos 33.9 23.7 28.6 63.4 0.0
Eyliil 38.9 16.3 26.5 62.0 347
Ekim 34.6 8.8 16.8 48.5 82.5
Mart 23.8 -2.9 10.4 65.7 105.2
Nisan 333 5.7 16.9 61.1 16.5
Mayis 34.0 15.5 21.3 64.3 97.6
2012 Haziran 43.2 17.5 26.0 60.7 1.6
Temmuz 40.1 23.0 28.8 60.4 14.1
Agustos 373 232 29.4 59.2 0.0
Eyliil 38.4 19.4 27.4 58.9 0.0
Ekim 38.5 12.0 22.1 60.2 85.1
Tarim Bilimleri Dergisi — Journal of Agricultural Sciences 22(2016) 69-76 71
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degerleri daha yiiksek olmustur. Biberlerde, dijital
renk Ol¢limii ile meyve renginin en uygun sinirlari
tespit edilebilecegi ve bu donemde yapilacak hasat
ile kaliteli tohum tiretimi miimkiin olabilecektir.

+hb*
_&o

=)

g0l

Sekil 1- Farkh gelisme asamalarinda hasat edilen
Can biberi meyvelerinin 2011 (1, 2, 3, 4, 5) ve
2012 (I, I, III, IV, V) yillarindaki a* ve b* renk
degisimleri

Figure 1- a* and b* color variation in Aji peppers
harvested at different development stages in 2011 (1,
2,3,4,5) and 2012 (I, I, II, IV, V)

Cizelge 2- Can biberi meyvelerinde 2011 ve 2012
yillarinda L*, hue (h*) ag1 ve C* renk degerlerindeki
degisimler

Table 2- L*, h* and C* color variation of harvested Aji
pepper fruits in 2011-2012

Meyve L* h* C*
gelisim

Gonemleri 2011 2012 2011 2012 2011 2012
Yesilolum  65.6 63.5 109.1 114.5 52.8 49.0
Renk 68.5 67.1 994 109.4 56.8 542
degisimi

Turuncu 65.6 583 81.1 63.0 612 554
olum

Kirmizt 553 558 502 496 573 56.1
olum

Asirtolum  47.8 49.0 423 403 550 51.0

Tohum nemi 2011 yilinda yesil olum déneminde
% 59.2 iken olgunlasmanin ilerlemesi ile birlikte
turuncu ve asirt olum donemlerinde % 37.2°ye
diismiistiir. 2012 yilinda ise yesil olum déneminde
% 69.0 olan nem igerigi asir1 olum doneminde
% 39.0 olarak belirlenmistir. Genellikle biber
tiirlerinde tohum neminin % 40 seviyelerine diismesi

ile kalite artmaktadir. Demir & Ellis (1992); Blasiak
et al (2006); Pagamas & Nawata (2007); Vidigal
et al (2011), tiir ve gesitlere gore farklilik olmakla
birlikte tohum neminin % 37-50 diizeyinde oldugu
belirtilmistir. ~ Gelisim doneminin  uzamasiyla
birlikte tohum nemi azalirken, tohum agirliginda
ve kuru maddesinde artiy meydana gelmektedir.
Ote yandan tohum agirhginin yiiksek sicaklikta
yetistirilen bitkilerde diigiik kaldigi Pagamas &
Nawata (2007) tarafindan belirlenmistir. Yiiksek
sicakliklar, meyvelerin erken renklenmesin saglayip
olgunlagsma siiresini  kisaltirken biinyesindeki
tohumlarin kuru madde, yag ve karbonhidrat
birikimlerini azaltmaktadir. Yeterli gelismesini
tamamlamamis tohumlar kararmakta, tohum
agirligi basta olmak iizere ¢imlenme orani, tohum
glicii ve sonucta da tohum kalitesi diigmektedir.
Can biberinde de bu durum gozlenmis olup (Sekil
2) calismanin ikinci yilindaki tohum agirliklarinimn
nispeten diisiik kalmasinin bir nedeni olarak yiiksek
sicakliklar diistiniilmektedir (Sekil 2).
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Sekil 2- Can biberinde meyve gelisim donemlerine
gore tohumlarin tohum nemi (%) ve 1000 tohum
agirh@indaki (g) degisim
Figure 2- The change of moisture content (%) and
1000-seed weight (g) of Aji pepper seeds during fruit
development stages
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Tohum ¢imlenme orani, gelisim donemlerine
bagli olarak 2011 yilinda % 3-% 94 2012 yilinda
ise % 0-% 79 arasinda degismis ve aralarindaki fark
istatistiksel olarak (P<0.05) onemli bulunmustur.
Ozelikle gigeklenmeden sonraki yaklasik 30. giine
denk gelen yesil olum hasat doneminde tohumlarin
henliz ¢imlenme yetenegini kazanmadigi, renk
doniistimii  doneminde ise ¢imlenme kabiliyeti
kazanilmasma ragmen ¢imlenme orani ve tohum
giiciiniin diisiik kaldigi gozlenmistir. Cimlenme
oranindaki degisim her iki y1lda da meyve olgunluk
doneminin ilerlemesi ile birlikte artmis ve meyve
renginin tam kirmizi oldugu kirmizi ve asirt olum
donemlerinde maksimum seviyeye ulagmistir.

Ortalama ¢imlenme siiresi ise meyve olgunluk
donemlerinin ilerlemesiyle kisalma gostermistir
(Sekil 3). Diger arastiricilar da genelde benzer
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Sekil 3- Can biberinde meyve gelisim donemlerine
gore tohumlarin cimlenme orani (%) ve ortalama
cimlenme siiresindeki (giin) degisim

Figure 3- The change of germination percentage (%)
and germination time (day) of Aji pepper seeds during
fruit development stages

sonuglar bulmustur. Sanchez et al (1993) asir1 olgun
kirmizi dénemdeki tohumlarin ¢cimlenme oranlarinin
cesitlere bagli olarak % 49-% 93 arasinda degistigini
ve 5 ila 7 giinde ¢imlendiklerini belirtmistir. Cavero
et al (1995) ise iki farkl biber ¢esidinde tohumlarin
olgun ve asir1 olgun donemlerde % 95, yar1 olgun
donemde ise % 40-50 civarinda ¢imlendigini
tespit etmistir. Nascimento et al (2011) BRS Mari
¢esidinde (Capsicum baccatum) gigeklenmeden 70
giin sonra hasat edilen meyvelerin tohumlarmin
% 70 ¢imlenme oranmna sahip oldugunu ve
ciceklenmeden sonra 80. giinden itibaren ¢imlenme
oraninin diistiigiinii saptamistir.

Tohum ¢ikis oraninda olgunlasmanin ilerlemesi
ile birlikte yiikselme ve ortalama c¢ikis siiresinde
kisalma tespit edilmistir (Sekil 4). 2011 yilinda yesil
olum doneminde % 3, asir1 olum doneminde ise

Cikis orani (%)
Ortalama ¢ikig stiresi (giin)

Cikag orani (%)
Ortalama ¢ikis stiresi (giin)

Meyve gelisim dénemleri

Sekil 4- Can biberinde meyve gelisim donemlerine
gore tohumlarin c¢ikis orani (%) ve ortalama cikis
siiresindeki (giin) degisim

Figure 4- The change of seedling emergence rate (%)
and the average emergence time (day) of Aji pepper
seeds during fruit development stages
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% 97 olarak belirlenmistir. 2012 y1linda ise bu degerler
% 1 ve % 76 arasinda degismis ve donemler arasindaki
fark istatistiksel olarak (P<0.05) 6nemli bulunmustur.
Demir & Ellis (1992) de California Wonder ¢esidine
ait biber tohumlarinda benzer iliski gézlemistir.

Fide boyu 2011 yilinda en yiiksek (4.1 cm)
asirt kirmizi olum déneminde iken, en diisiik (3.0
cm) renk donlisimii doneminde Slgiilmiistiir. Fide
yas agirhigr da kirmizi olum donemi hari¢ olmak
lizere meyve olgunlasma donemlerine baglt olarak
artmis ancak bu artig istatistiki olarak 6nemli
bulunmamustir. Fide kuru agirligi ise en yiiksek asiri
olum (33.7 mg) ve kirmizi olum dénemlerinde (30.7
mg), en diisiik ise renk doniisiimii déneminde (21.9
mg) tespit edilmistir. 2012 yilinda, renk doniisimi
donemindeki fide boyu (3.2 cm), turuncu olum (5.5
cm), kirmizi olum (5.7 cm) ve asir1 olum (5.8 cm)
donemlerine gore daha diigiik bulunmustur. Fide
yas agirligi, en diisiik renk doniisiimii doneminde
(122.8 mg) tespit edilirken, en yiiksek turuncu olum
doneminde (238.5 mg) belirlenmistir. Turuncu
olum, kirmizi olum ve asir1 olum arasinda farklilik
onemsizdir. Fide kuru agirhgi, en diisiik renk
doniisiimii doneminde (8.8 mg) ve en yiiksek kirmizi
olum doneminde (18.3 mg) bulunmustur (Cizelge
3). Vidigal et al (2011) sadece fide boyu ile gelisme
donemlerini degerlendirmis ve ¢igeklenmeden sonra
50. glinde elde edilen tohumlarin fidelerinin en kisa
fide boyuna sahip oldugunu, diger gruplarin ise
birbirine yakin ve daha uzun fide olusturduklarini
bildirmistir. Fide kuru agirhigr ise Demir & Ellis

(1992)’in ¢aligmasindaki sonuglar ile benzerlik
gosterirken, Demir (2002)’e gore daha yiiksek
bulunmustur. Bu durumun fidelerin yetistirilme
kosullar ile iliskili olabilecegi diistiniilmektedir.

Elektriksel iletkenlik test sonuglarina gére, Can
biberinde meyve olgunlugundaki artisla birlikte
bu meyvelerden elde edilen tohumlarda elektriksel
iletkenlik degerleri azalmigtir. Elektriksel iletkenligi
800 uS cm' g' {lizerinde olan tohumlarm ekim
degerini kaybettigi, 400 uS cm™” g' altinda ise
tohum giicliniin yiiksek oldugu soylenebilir. 270-
300 uS cm?! g'ise giigli tohumlar igin kabul
edilebilir sinir olarak goriilmektedir (Sekil 5). Ancak

1000 A
dn

—&— 2011

900 + d
800 -
700 -
600 -
500 A

400 4

EC (uSem'g™)

300 +

200 4

100 +

0

Meyve gelisim donemleri

Sekil 5- Can biberinde meyve gelisim donemlerine
gore tohumlarin elektriksel iletkenlik (uS ecm™ g*)
degerindeki degisim

Figure 5- The change of electrical conductivity of Aji
pepper seeds during fruit development stages

Cizelge 3- Can biberinde farkh olgunluk donemlerinde hasat edilen biberlerin tohumlarinin, fide boyu

(cm) ile fide yas ve kuru agirhigi (mg) iizerine etkileri

Table 3- The effect of Aji pepper seeds harvested at different fruit maturity stages on seedling length (cm), and

seedling fresh and dry weight (mg)

Meyve gelisim donemleri Boy (cm) Yas agirlik (mg) Kuru agirlik (mg)
2011 2012 2011 2012 2011 2012
Yesil olum* - - - - - -
Renk degisimi 30c 320 222.1 122.8b 219b 8.8b
Turuncu olum 34b 55a 249.1 2385a 26.7 ab 18.0a
Kirmizi olum 3.7b 5.7a 239.6 2325a 30.7 a 183 a
Asir1 olum 4.1a 5.8a 255.0 2148 a 33.7a 16.8 a

*, gelisme doneminde yeterli fide elde edilememesi nedeniyle veri alinamamistir; ayni siitunda farkli harflerle gosterilen ortalamalar

arasi fark 6nemlidir (P<0.05)
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degerlerin optimize edilmesi gerekli goriilmektedir.
Bu konuda ¢ok az sayida caligma bulunmaktadir.
Demir & Ellis (1992) ve Vidigal et al (2011) tohum
olgunlugundaki ve gelisim donemlerindeki artisla
birlikte elektriksel iletkenlik degerlerinde azalma
oldugunu gostermistir ancak Vidigal et al (2011)’in
degerleri oldukga yiiksektir.

Kontrollii bozulma testi kiigiik tohumlu tiirler igin
uygun bir tohum giicii testidir. Kontrollii bozulma
testine gore ¢cimlenme orani en yiiksek kirmizi olum
doneminde % 86 ve % 43 olarak sirasiyla 2011 ve
2012 yillarinda belirlenmistir (Sekil 6). Her iki yilda
da kontrollii bozulma ¢imlenme oranlar1 gelisim

donemlerindeki artiga paralel olarak artmigtir.
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Meyve gelisim donemleri

Sekil 6- Can biberinde, meyve gelisim donemlerine
gore tohumlarin kontrollii bozulma c¢imlenme
orani (%) ve ortalama cimlenme siiresi (giin)
degerlerindeki degisim

Figure 6- The change of germination rate (%) and
germination time (day) at controlled deterioration tests
of Aji pepper seeds during fruit development stages

Ancak 2012 yilindaki yiiksek sicakliklar nedeniyle
kontrollii bozulma ¢imlenme oranlar1 daha disiik
kalmistir. Vidigal et al (2011) ise ayni mantiksal
temele dayali olan hizlandirilmis yaglandirma
testini kullanmis ve benzer sekilde erken meyve
olgunlugunda elde edilen tohumlarin hizlandirilmisg
yaslandirma testinde de diisiik degerlere sahip
oldugunu tespit etmistir.

4. Sonuc¢

Can biberinde (MKU 19 nolu genotip) yiiksek
¢imlenme kabiliyeti i¢cin tohumluk meyve hasadinin
kirmizt olum ve kirmizi renklenme sonrasindaki
10 gilin icerisinde, tohum neminin % 37-39’a
distiigii donemde yapilmasi gerekmektedir. Yiiksek
sicakliklarin tohum kalitesine olan olumsuz etkisi
gozlendiginden tohum {iretimi ig¢in, bitkilerin
gece-giindiiz sicaklik farkinin daha yiiksek oldugu
ancak gece ve giindiiz sicakliklariin nispeten
diistiik oldugu bolgelerde yapilmast dnerilmektedir.
Elektriksel iletkenlik testinin biber tohumlarinda
optimize edilmesine ihtiya¢ bulunmaktadir. Boylece
ek bir tohum giicii testi olarak kullanilmast miimkiin
olacaktir. Bu ¢alisma ile tohumluk meyve renginin
objektif bir yontemle tayini ilk kez yapilmigtir
ve diger biber tiir ve gesitlerinde kullanilmasi ve
optimize edilmesi onerilmektedir.

Tesekkiir

Bu calisma 8201 nolu proje ile MKU BAP
koordinasyon birimince desteklenmistir.
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ABSTRACT

This study was carried out to determine the effects of irrigation levels on yield and quality of paprika pepper under Harran
plain conditions of Turkey. Different water stress levels under drip irrigation system were created by applying 125% of
cumulative Class-A Pan evaporation (CAP /), 100% (CAP ), 75% (CAP.,) and 50% (CAP, ) of cumulative class-A-pan
(CAP) evaporation in every 3 days. Besides, an irrigation treatment with IRSIS (Irrigation Scheduling Information System)
computer program was created and applied as an alternative irrigation program. Three paprika pepper cultivars (Ace, King
and Queens) were tested. Experiments were conducted in randomized blocks split plots design with 3 replications in 2005
at Koruklu Station of GAP Regional Development Administration located in Harran Plain of Sarliurfa, Turkey. Applied
irrigation water amount and ET (Evapotranspiration) values for IRSIS treatment were 874 mm and 908 mm, respectively.
Applied irrigation amount and ET values of CAP . and CAP, were between 254-568 mm and 368-602 mm, respectively.
The highest yield was obtained from IRSIS treatment with 25.63 t ha™ and the lowest yield was obtained from CAP, with
11.72 t ha'. The yield was significantly affected by cultivar, irrigation and cultivar x irrigation interactions. The average
moisture, ASTA (American Spice Trade Association), capsaicin, vitamin C and beta-carotene contents were respectively
varied between 83.96 — 84.76%, between 225.76-286.22 mg kg, between 1404.11-2408.11 mg kg™ and between 77.88—
113.00 mg kg!. Beta-carotene contents were not affected significantly by the cultivars, irrigations and interactions. The
effects of irrigation and interactions on vitamin C and capsaicin were not also significant while the effects of cultivar
on vitamin C and capsaicin were significant at P<0.05 level. It was observed in this study that sufficient yield levels of
paprika peppers might be achieved through implementation of proper irrigation and care practices.

Keywords: Evapotranspiration; Vitamin C; Capsicine; Class-A pan; Deficit irrigation
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OZET

Bu c¢aligma, Harran Ovasi kosullarinda paprika biberinde sulama suyu seviyesinin verim ve kalite lizerine etkilerini
belirlemek amaciyla yiiriitilmiistiir. Farkli sulama suyu diizeyleri 3 giinde bir Class-A-Pan (CAP)’dan olan kiimiilatif
buharlagmanin % 125 (CAP ), % 100 (CAP ), % 75 (CAP,,) ve % 50 ( CAP, )’sinin damla sulama sistemi kullanilarak
uygulanmast seklinde olusturulmustur. Ayrica IRSIS paket programina gore olusturulan bir sulama programu da (IRSIS)
sulama konusu olarak secilmistir. Denemede ii¢ paprika biber ¢esidi (Ace, King ve Queens) kullanilmistir. IRSIS
konusundaki sulama suyu ve bitki su tiiketimi (ET) degerleri sirastyla 874 mm ve 908 mm’ dir. CAP ,. - CAP, konularia
uygulanan sulama suyu ve ET degerleri ise sirastyla, 568-254 mm ve 602-368 mm araliginda degisim gostermistir. En
yiiksek verim 25.63 t ha ile IRSIS (Irrigation Scheduling Information System) sulamasindan elde edilirken en diisiik
verim 11.72 t ha” ile CAP, sulamasindan elde edilmistir. Cesit, sulama ve gesit x sulama interaksiyonun verim iizerine
etkileri istatistiksel olarak onemli bulunmustur. Ortalama nem, ASTA, kapsaisin, C-vitamini ve beta-karoten igerigi
degerleri sirasiyla % 84.1, 261.1, 0.4 mg kg, 1890.4 mg kg!' and 98.9 mg kg' olarak elde edilmistir. Beta-karoten
icerikleri ¢esit, sulama ve interaksiyonlardan 6nemli diizeyde etkilenmemistir. Sulama ve interaksiyonlarm C vitamin
ve kapsaisin lizerine etkileri de 6nemsizken ¢esidin C vitamini ve kapsaisin iizerine etkileri P<0.05 diizeyinde énemli
bulunmustur. Sonuglar uygun sulama ve bakim iglemlerinin zamaninda yerine getirilmesiyle paprika biberinde arzu
edilen verim diizeylerinin yakalanabilecegini gostermistir.

Anahtar Kelimeler: Bitki su tiiketimi; C-vitamini; Kapsaisin; A-sinifi buharlasma; Kisintili sulama

1. Introduction

Irrigation is the most significant input in agricultural
activities to improve the yields. Throughout the
world, about 70% of available water resources are
allocated to agricultural activities, especially to
irrigation. Today, it is almost impossible to increase
the cultivated lands, therefore researches have to be
done to improve unit area-yields to increase the total
yields.

Sanlrfa Province of Turkey has insufficient
precipitations during the growth seasons of
vegetables. Therefore, irrigation is an essential
component of plant production activities of the
region. Irrigation scheduling (amount and timing) is
the key issue to get the highest yields per unit area.
Plant water consumption is the essential parameter
ofirrigation scheduling works and it may vary based
on climate factors and plant growth stages. Thus,
plant water consumption values should separately
be determined for each climate zone and such a
case is especially significant in arid and semi-arid
regions.

Unconscious irrigations have various negative
impacts on soil and water resources (salinity,
environmental pollution, waste of water) and

© Ankara Universitesi Ziraat Fakiiltesi

sustainability of agricultural activities. Such
irrigations also result inroot crown rot (Phytophthora
capsici L.) especially in peppers (Rista et al 1995).

Pepper is the largest culture crop in Harran Plain
of Turkey and mostly surface irrigation methods
are used in pepper irrigation. However, there is an
urgent need to move on to drip irrigation to prevent
excessive water use and resultant plant diseases.
Statistical data reveal that Turkey has about 2% of
world pepper production and of this amount 15%
is produced in GAP (Southeastern Anatolia Project)
region and of that amount 37% is produced in
Sanlurfa Province (FAOSTAT 2005).

Paprika peppers are sensitive to low temperatures
and usually considered as a proper plant for the
regions with temperature ranges between 24-30
°C. They constitute a significant raw material of
world food industry and usually consumed as
ground pepper, chili pepper and chili sauces. They
are largely consumed in developed countries,
especially in the USA. The greatest producers are
Mexico, Zambia, Hungary and Spain. Problems
experienced in production and processing of paprika
peppers in these countries enforced the search for
new production sites. Recently, Israel achieved to

78 Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 77-88



Farkli Sulama Seviyelerinin Paprika Biberinde Verim ve Kalite Uzerine Etkileri, Kirnak et al

get paprika pepper oil with new technologies and
such a development has made this oil an essential
raw material for drug and cosmetic industries.
Southeastern Anatolia Region of Turkey has highly
available climate conditions for paprika pepper
production and paprika pepper has newly been
getting popular throughout the region. Therefore,
the present study was conducted to investigate the
effects of different irrigation levels on yield, quality
and plant physiological characteristics of paprika
pepper cultivars of Ace, Queen and King.

2. Material and Methods

The present research was conducted over the
experimental fields of Koruklu Station of GAP
Regional Development Administration located in
Harran Plain of Sanlurfa Province. The station is
located at 36° 42’ North latitude and 38° 58° East
longitude and has an altitude of 410 m. Although

the province is within Southeastern Anatolia climate
zone, Mediterranean climate is dominant in the
region. Summers are hot and dry and winters are
mild and precipitated.

With regard to climate data, long-term averages
and the averages for growth period are provided in
Table 1. The region has an annual total precipitation
of 365.2 mm and of this amount 17.3% is received
in fall, 52.8% in winter, 28.8% in spring and 1.1%
in summer. Annual average temperature is 17.2 °C,
the highest average temperature is 46.8 °C and the
lowest average temperature is -16.8 °C. Annual
average relative humidity is 51% and annual total
evaporation is 1848.8 mm.

The research site has clayey soils with pH values
between 7.3-7.8, low organic matter content, high
cation exchange capacity and infiltration rates of
between 12-116 mm h'. Physical characteristics of
experimental soils are provided in Table 2. Available

Table 1- Climate data for pepper growth period and long-term averages

Cizelge 1- Biiyiime sezonu ve uzun donem iklim verileri

Climate parameter June July August September
Long-term (1929-2004)
Minimum temperature (°C) 9.4 11.0 9.2 34
Maximum temperature (°C)  45.4 46.8 46.7 44.0
Average temperature (°C) 28.0 31.4 30.4 25.6
Precipitation (mm) 2.5 0.1 - 0.1
Relative humidity (%) 35 33 36 34
Wind speed (m s™') 2.5 2.6 2.1 1.5
Growth period (2005)
Minimum temperature (°C) 15.1 20.4 20.0 14.1
Maximum temperature (°C)  38.5 43.7 43.5 32.8
Average temperature (°C) 27.4 33.0 32.1 243
Precipitation (mm) 0 0 0 0
Relative humidity (%) 359 32.8 44.7 47.0
Wind speed (m s™) 2.6 2.8 1.7 1.1
Table 2- Soil physical characteristics of the research site
Cizelge 2- Arastirma sahast toprak fiziksel zellikleri
Soil layers Particle size distribution Texture class FC PWwP WHC
(cm) Bulk density Sand Silt Clay (%) (%) (%)
(g cm?) (%) (%)
0-30 1.32 8.8 30.5 60.7 Clay 33.74 20.28  13.46
30-60 1.37 10.0 335 56.5 Clay 32.27 21.12  11.15
60-90 1.31 10.3 27.9 61.8 Clay 32.39 21.85  10.54
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water holding capacity of the soil at 90 cm soil
profile was calculated as 120 mm.

Three different world-wide common pepper
cultivars (Ace, Queen and King) were used as the
plant material of the study. Papri-Queen, Papri-King
and Papri-Ace are considered high quality cultivars
and can command relatively high prices under good
management. Papri-Queen is more disease resistant,
but lower yielding than Papri-King, so more
appropriate for small-scale farmers. Papri-Queen
seeds may have problems in uniformity, pungency
and yield and a “genetic shift” in seed may lead to
deterioration in quality (Langmead 2003). Seedlings
were planted on 10" of June. Irrigation water was
supplied from a well within the research station.
The water quality class was found to be as CS,
with medium salinity and low alkalinity (U.S.
Salinity Lab. Staff 1954). Drip irrigation was used
in irrigations.

Experimental site was prepared for planting
with a cultivator and gobble-disc in May. Three
manual hoeing were performed, the first one at
the end of June, the second one on 15" of July and
the last one on 10™ of August. A plant disease was
not encountered during the experiments. Troper
was applied at a rate of 2500 g ha' to prevent
root diseases and Mica super was applied at 1000
cc ha'! dose for weed control just before seedling
transplantation on the soil surface of experimental
plots.

Plots were 70 m long and there were 10 rows
in each plot with 70 cm row spacings and 25 cm
on-row plant spacing. A 3-meter spacing was
provided between the plots. Middle 6 rows were
hand-picked since side rows were omitted as side
effect. A drip line (with 50 cm dripper spacing and
4 L h! dripper discharge) was placed to each row.
Daily evaporations were measured through a Class-
A-Pan (CAP) within the research station. As base
fertilizer, 400 kg ha' ammonium sulphate (33%)
was applied just before sowing and 300 kg ha’
20-20-0 composed fertilizer was applied through
fertigation at five equal doses as dressing fertilizer.
Experiments were conducted in randomized blocks

split plots design with 3 replications. Cultivars
were placed in main plots and irrigation levels were
placed in sub-plots.

Seasonal water deficit treatments were
arranged as the 50% (CAP,), 75% (CAP,),
100% (CAP, ) and 125% (CAP ) of 3-days
cumulative evaporation from Class-A-Pan (CAP).
Another irrigation treatment was created by using
IRSIS irrigation scheduling program. Thus, 5
different irrigation treatments were applied to 3
different pepper cultivars. Experimental irrigation
treatments were initiated when the plant cover ratio
reached to 30% level (for better plant emergence)
(15™ of July). Until such a ratio, entire plants were
irrigated at the optimum levels with equal amounts
of water. A total of 162.5 mm irrigation water was
applied until July 15, 2005 as not to create a water
stress over the plants. IRSIS irrigation treatment
was created by using long-term meteorological
data of Akcakale meteorology station and FAO
Penman-Monteith model. Amount of water to be
applied in each irrigations was calculated by using
the Equation 1.

I=Epan*A*ch*P (1
Where; I, amount of irrigation water (L); Epan,
cumulative evaporation (mm); K_. plant-pan
coefficient (1.25, 1, 0.75 and 0.50); P, plant cover

ratio (obtained by dividing canopy width with row
spacing); A, plot size (m?).

Soil moisture measurements were taken up to
120 cm soil depth at planting, before each irrigation
and at hand picking, gravimetrically. Actual water
consumption of pepper was calculated by using
water-budget equation (Equation 2).

ET=]1+P-D+R+As 2)

Where; ET, evapotranspiration (mm); I,
irrigation water (mm); P, precipitation (mm); D,
deep percolation (mm); R, runoff (mm); As, soil
moisture variation between two sampling (mm).

Although the effective root depth of pepper
was 60 cm, soil moisture measurements were made
till 120 cm soil depth in order to consider deep
percolation and runoff was taken as zero since drip
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irrigation was used. Capillary rise was not also
taken into consideration since there were not any
groundwater problems in the field.

Plant height and stem diameter were measured
over 5 plants selected from the middle sections of
all treatment plots. Plant height was measured as the
height from the root collar to top of the plant and
average of replications was taken. A digital caliper
was used to measure stem diameters at 5 cm above
the root collar. Plant moisture analysis was carried
out in accordance 1997-ASTA Method 2.0, color
value with 1997-ASTA Method 20.1, Capsaicin
analysis with 1997-ASTA Method 21.3 (ASTA
1997), vitamin C with Ruckemann (1980), Beta
Carotene analysis with Bushway (1986) at Ankara
Municipal Food Control Laboratories.

3. Results and Discussion

3.1. Irrigation water-ET-yield relationships

A total of 162.5 mm water was applied to each
treatment until 30% plant cover level on 15" of
July. Total seasonal irrigation water applications for
the treatments IRSIS, CAP ., CAP , CAP_ and
CAP, were respectively realized as 874, 568, 506,
383 and 254 mm. Seasonal ET values varied based
on cultivars. The highest ET value was observed in
IRSIS treatment of Queen cultivar with 927 mm and
the lowest value in CAP, of Queen with 376 mm
(Table 3).

Optimal irrigation scheduling is very crucial for
conserving water, nutrients, as well as improving the
productivity and quality of the plants. Many studies
investigated the effect of irrigation frequency on
the growth and yield of paprika plants grown in the
fields (Jaimez et al 1999; Sezen et al 2006). Yildirim
et al (1994) carried out a drip irrigation study on
pepper and reported the applied amounts of waters
as between 395.4 and 718.6 mm. Kirnak et al (2003)
implemented a drip irrigation study on local peppers
of Sanlurfa Province with three different irrigation
intervals (2, 4 and 6 days) and three different
Pan-coefficients (1.25, 1.0 and 0.75) and reported
seasonal water applications of between 652-
1010 mm, seasonal ET of between 726-1069 mm.
Similar results were also observed by Degirmenci
& Sozbilici (1995) with researches over the same
plain. Wierenga & Hendrickc (1985) investigated
the impacts of irrigation levels on yield and quality
of chili peppers and observed the highest yields at
irrigation levels of between 800-950 mm.

Average marketable yield also varied based on
cultivar and irrigation water. The highest value was
observed in IRSIS treatments of Ace with 38.13 tha!
and the lowest value was seen in CAP,  of King with
8.74 t ha' (Table 4). A second degree polynomial
relationship was identified between marketable
yield and ET (Figure 1). Increasing irrigation water
resulted in increasing discard ratios.

Table 3- Irrigation water, ET and yield values for paprika pepper

Cizelge 3- Paprika biberi sulama suyu, ET ve verim degerleri

Seasonal Seasonal ET Average marketable yield Discard

Treatment  irrigation water (mm) (tha') (kg ha'!)
(mm) Ace King  Queen  Ace King  Queen  Ace King  Queen
IRSIS 874 920 907 927 38.13  19.57 2233 750 1680 700
CAP . 568 613 615 609 27.60 1450 26.48 710 1280 550
CAP 506 567 548 561 18.03  12.07 19.54 350 640 360
CAP,, 383 469 570 477 1484 1029  16.69 340 350 190
CAP,, 254 377 381 376 12.95 8.74 14.24 210 310 240
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Figure 1- ET-yield relationships for paprika pepper
cultivars

Sekil 1- Paprika biber ¢eyitleri i¢in ET-verim iligkileri

Considering the actual climate data of the
growth season, irrigation treatments (IRSIS,
CAP ., CAP,, CAP_ and CAP, ) were evaluated
by IRSIS software and effects of water deficit (Eta
ETm™) on yield (Ya Ym™) and stress periods were
investigated. Water-yield relationships and water

application efficiencies are provided in Table 4.

According to Table 4, (1) Since the water deficit
in CAP,  treatment already exceeded 50%, the

treatment should not be implemented, (2) IRSIS
evaluations based on actual seasonal data revealed
that excessive water was applied and therefore deep
percolation was seen (77 mm), (3) Yield response
factor (ky) was assumed to be 1.10 while running
IRSIS simulation model, but actual data revealed a
ky value of 1.29. Such a case indicated that lower
value was selected in IRSIS simulations for the
region.

Seasonal variations in water depletion within
root region of different irrigation treatments were
determined by IRSIS simulations and presented
in Figure 2. As indicated in figure, water deficit
was observed in all irrigation treatments, except
for IRSIS treatment, from planting to end of
flowering period with intensive vegetative
growth. Moisture depletion within the root zones
of deficit irrigation treatments increased with the
level of deficit.

Shmueli & Goldberg (1972) carried out a drip
irrigation research on peppers in Israel under dry
conditions and applied four different irrigation levels
(0.83, 0.95, 1.33 and 1.75 times of Class-A-Pan

Table 4- Evaluation of irrigation treatments with IRSIS software

Cizelge 4- IRSIS programu ile sulama uygulamalarinin degerlendirilmesi

Eta ETm! Irrigation Ya Ym™! Irrigation Drainage Runoff water
water (mm) efficiency (%)  water (mm) (mm)

IRSIS planning based on 1 794 100.0 100.0
long-term climate data
IRSIS planning based on
actual climate data of the 0.96 858 96.2 91.0 77 0
growth season
Evaluation of
CAP, , treatment with 0.74 583 65.9 98.1 11 0
IRSIS
Evaluation of
CAP,  treatment with 0.68 505 58.6 99.8 1 0
IRSIS
Evaluation of
CAP_ treatment with 0.55 363 44.0 100.0 0 0
IRSIS
Evaluation of
CAP, treatment with 0.38 220 27.0 100.0 0 0
IRSIS

Eta, actual evapotranspiration; ETm, maximum evapotranspiration; Ya, actual yiled; Ym, maximum yield
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Figure 2- IRSIS simulations of irrigation treatments a, based on long-term climate data; b, based on actual
growing season data; ¢, CAP . based on actual data; d, CAP , based on actual data; e, CAP,  based on
actual data; f, CAP_ based on actual data (FC, field capacity; RAW, readily available water; TAW, total
available water; Dep1, moisture depletion)

Sekil 2- Sulama uygulamalarimin IRSIS sulama programinda degerlendirilmesi a, uzun-yillar iklim verilerine
gore; b, 2005 yili gergek verilerine gore; ¢, 2005 yiuli gercek verilerine gére CAP ., d, 2005 yili gergek verilerine

125’
gore CAP,,; e, 2005 yili gergek verilerine gore CAP,; f, 2005 yili gercek verilerine gére CAP, (FC, tarla

kapacitesi; RAW, mevcut yarayislt Su; TAW, toplam yarayisl su; Deptl, nem azalmasi)

evaporation) and indicated a yield response factor
of 1.33. Palada & O’Keefe (2001) investigated
the response of hot pepper cultivars to levels of
drip irrigation in the Virgin Islands and observed
increasing yield trends with increasing amounts of
irrigation water. Similarly, increasing yield levels
were also reported with drip irrigation in previous
studies (Palada et al 2001; Palada & O’Keefe 2003).
Park & Jung (2000) carried out a study in Korea

and indicated the significance of moisture profile
within root region for optimum irrigation programs
especially for dry regions.

Effects of irrigation, cultivar and interactions on
yield and plant physical characteristics are provided
in Table 5. While the effects of cultivar on yield
were significant at P<0.05 level, effects of irrigation
and irrigation x cultivar interaction were found to
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Table 5- Effects of irrigation, cultivar and interactions on yield and physiological characteristics

Cizelge 5- Sulama, ¢esit ve interaksiyonlarin verim ve fizyolojik dzellikler tizerine etkileri

Treatments Mean yield Plant height Stem diameter Canopy diameter
(t ha') (cm) (mm) (cm)
Irrigations
IRSIS 25.63 a* 65.22b 13.75b 54.65b
CAP . 22.01b 67.88 a 1521 a 64.85a
CAP, 16.10 ¢ 65.00b 13.22 be 65.83 a
CAP,, 13.65 cd 66.88 ab 12.95 cd 63.88 a
CAP,, 11.72d 5944 ¢ 12.60 d 55.65b
Mean 17.82 64.889 13.549 60.978
LSD (0.05) 0.4830 2.379 0.6184 2.319
CV (%) 19.99 3.77 4.69 391
Cultivar
Ace 21.84a 68.26 a 14.46 a 6393 a
King 12.18b 63.06b 13.65a 61.13b
Queen 19.45a 63.33b 12.52b 57.87 ¢
Mean 17.82 64.88 13.549 60.978
LSD (0.05) 0.4830 2.762 1.093 2.581
CV (%) 19.99 3.77 4.69 391
Interactions
Ace x IRSIS 37.38a 65.00 de 14.00 bed 55.90 ¢
Ace x CAP, 26.89b 67.33 bede 15.00 ab 64.33 b
Ace x CAP, 17.68 cde 71.00 ab 14.90 abc 67.97 ab
Ace X CAP75 14.50 defg 72.66 a 13.53d 67.07 ab
Ace x CAP, 12.74 efgh 65.33 de 14.90 abe 64.50 b
King x IRSIS 17.89 cde 63.66 ef 13.90 cd 63.07 cd
King x CAP . 13.22 defgh 66.33 cde 1553 a 65.27b
King x CAP 11.43 fgh 60.33 fg 13.267d 65.53b
King x CAP75 9.94 gh 69.00 abed 13.900 cd 69.87 a
King x CAP,, 843 h 56.00 h 11.67 ¢ 51.83 de
Queen x IRSIS 21.63 be 67.00 bede 13.37d 55.00 cd
Queen x CAP 2593b 70.00 abc 15.10 a 64.97b
Queen x CAP 19.18 cd 63.66 ef 11.50 e 64.00 b
Queen x CAP_, 16.50 cdef 59.00 gh 1143 ¢ 54.73 cd
Queen x CAP, 14.00 defgh 57.00 gh 11.23 ¢ 50.633 ¢
Mean 17.94 64.88 13.549 60.978
LSD (0.05) 13.86 4.12 1.071 4.017
CV (%) 11.24 3.77 4.69 3.91

*, the means indicated with the same letter are not statistically significant

be significant at P<0.01 level. Average pepper yield
was observed as 17.82 t ha'. The highest yield was
observed in IRSIS irrigation with 25.63 t ha' and it
was followed by CAP . irrigation with 22.01 t ha''.
Decreasing yields were observed in CAP irrigations
with decreasing irrigation waters. While IRSIS

and CAP . were placed in different yield groups,
CAP - CAP_ and CAP, - CAP_, were placed into
same groups. The lowest yield was seen in CAP_

with 11.72 t ha'’.

While the cultivars Ace and Queen were placed
in the same yield group, King was placed in a
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different group. The highest yield was observed in
Ace with 21.84 t ha'! and the lowest yield was seen
in King with 12.19 t ha''. With regard to interactions,
while Ace x IRSIS interaction had the highest yield
with 37.38 t ha'!, King x CAP_ interaction had the
lowest yield with 8.43 t ha'.

3.2. Effects of irrigations on physiological
characteristics

While the cultivar had significant effects on plant
height and diameter at P<0.05, irrigation and
irrigation x cultivar interaction had significant
impacts at P<0.01 level. Average plant height was
observed as 64.8 cm. The highest value was seen in
CAP ., irrigation with 67.8 cm and it was followed
by IRSIS irrigation with 65.2 cm. The lowest value
was observed in CAP, treatment with 59.4 cm.
IRSIS, CAP and CAP_ were placed into the same

plant height group.

While the cultivars King and Queen were
placed into the same height group, Ace was placed
into another group. The highest plant height was
observed in Ace with 68.2 cm and the lowest in King
with 63.1cm. With regard to interactions, while Ace
x CAP_; interaction yielded the highest plant height
with 72.6 cm, the lowest value was observed in
King x CAP_ interaction with 56 cm.

Average plant stem diameter was observed as
13.5 mm with the highest value in CAP . irrigation
(15.2 mm) and the lowest value in CAP, irrigation
(12.6 mm). While IRSIS and CAP ,, were placed
into different diameter groups, CAP_ and CAP,
were placed into the same group.

While the cultivars King and Ace were
placed into the same diameter group, Queen
was placed into a different group. The highest
value was observed in Ace with 14.4 mm and the
lowest in Queen with 12.5 mm. With regard to
interactions, King x CAP . interaction yielded
the highest plant stem diameter with 15.5 mm and
Queen x CAP, interactions had the lowest
diameter with 11.2 mm.

Effects of irrigation, cultivar and irrigation x
cultivar interactions on plant canopy diameter were

found to be significant at P<(0.01 level. Average
canopy diameter was observed as 60.9 cm. The
highest value was obtained from CAP  treatment
with 65.8 cm and it was followed by CAP,
treatment with 64.8 cm. The lowest value was seen
in CAP, treatment with 55.6 cm. While IRSIS and
CAP, were placed into the same canopy diameter
group, other irrigation treatments (CAP, ., CAP,
and CAP_.) were placed into another group.

With regard to canopy diameters of cultivars,
all of them were placed into different groups. The
highest value was observed in Ace with 63.9 cm and
the lowest in Queen with 57.8 cm. Considering the
interactions, Ace x CAP  had the highest canopy
diameter with 67.9 cm and Queen x CAP, had the
lowest canopy diameter with 50.6 cm.

Yohannes & Tadesse (1998) investigated yield
and yield components of tomato under different
irrigation systems and indicated drip irrigation as
the best method for vegetable irrigation. Rista et
al (1995) reported lower root collar (Phytophthora
capcisi) incidences in drip irrigation than furrow
irrigation. Current findings regarding the entire
vegetative characteristics and their relationships
with irrigation water comply with the findings of
previous studies carried out on peppers (Bracy et
al 1995; Degirmenci & Sozbilici 1995; Cevik et al
1996).

3.3. Effects of irrigations on quality parameters

As the quality parameters of paprika peppers,
moisture content, ASTA value (color), capsicine,
vitamin C and beta-carotene were investigated.
Effects of irrigations, cultivars and interactions on
quality parameters are presented in Table 6. Mean
moisture content was observed as 84.1%, ASTA
value as 261.1, capsicine content as 0.4 mg kg,
vitamin C content as 1890.4 mg kg' and beta
carotene content as 98.9 mg kg™

While the effects of irrigations on moisture
contents were insignificant, effects of cultivar and
interactions were found to be significant. The highest
moisture content was observed in Ace with 85.3%.
The cultivars Queen and King were statistically
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placed into the same moisture content group. With
regard to moisture contents of interactions, Ace X
CAP  interaction had the highest moisture content

with 85.9% and King x IRSIS interaction had the
lowest value with 81.8%.

The highest ASTA value was observed in IRSIS
irrigation with 286.2 and it was followed by CAP,
irrigation with 282.5. The lowest value was seen
in CAP,, irrigation with 225.7. While IRSIS and

CAP, were placed into the same ASTA group,

CAP_ and CAP ,, were placed into another same
group and CAP|  was placed into a different group.

With regard to ASTA values of the cultivars,
all of them were placed into different groups. The
highest value was observed in Ace with 285.5 and
the lowest value was seen in Queen with 236.0. With
regard to interactions, Ace x CAP, had the highest
value with 327.1 and Queen x CAP, interaction
had the lowest value with 185.3. Other interactions

had values in between them (Table 6).

Table 6- Effects of irrigation, cultivar and interactions on quality parameters

Cizelge 6- Sulama, ¢esit ve interaksiyonlarin kalite ozellikleri iizerine etkileri

Treatment Moisture content ASTA Capsicine Vitamine C Beta carotene
(%) (mg kg') (mg kg') (mg kg')
Irrigation
IRSIS 83.96 ns 286.22 a* 0.44 ns 2117.88 ns 77.88 ns
CAP 83.70 264.34 b 0.53 2408.11 96.22
CAP 84.76 225.76 ¢ 0.43 1840.77 113.00
CAP_, 84.25 247.04 b 0.41 1681.11 99.11
CAP,, 84.01 282.51a 0.43 1404.11 108.44
Mean 84.140 261.178 0.452 1890.400 98.93
LSD (0.05) - 17.85 - - -
CV (%) 1.250 7.03 20.81 40.27 34.08
Cultivar
Ace 85.38a 285.56a 0.37b 1837.00 ab 92.80 ns
King 83.70 b 261.93b 0.53a 2437.00 a 116.73
Queen 83.32b 236.03 c 0.44 ab 1397.20b 87.26
Mean 84.140 261.178 0.452 1890.400 98.93
LSD (0.05) 0.8561 18.51 0.1014 685.5 -
CV (%) 1.250 7.03 20.81 40.27 34.08
Interaction
Ace x IRSIS 85.93 ab 307.33 ab 0.38 ns 2309.00 ns 72.00 ns
Ace x CAP 85.33 abc 265.36 cdef 0.37 2020.00 107.66
Ace x CAP, 8597 a 261.50 def 0.36 1715.66 105.00
Ace x CAP_ 85.16 abed 266.53 cde 0.37 1682.66 71.67
Ace x CAP,, 84.53 abcde 327.10 a 0.39 1457.66 107.67
King x IRSIS 81.83 ef 258.20 defg 0.49 2701.66 94.67
King x CAP 83.80 cde 274.80 cde 0.71 2866.66 95.67
King x CAP 85.43 abc 230.50 gh 0.55 2358.00 146.00
King x CAP, 83.43 def 260.66 defg 0.45 2201.66 136.67
King x CAP_ 84.03 cde 285.50 bed 0.45 2057.00 110.67
Queen x IRSIS 84.13 cde 293.13 be 0.46 1343.00 67.00
Queen x CAP 81.96 ef 252.86 efg 0.51 2337.66 85.33
Queen x CAP | 82.90 ef 185.301 0.37 1448.66 88.00
Queen x CAP_, 84.16 bede 21393 0.41 1159.00 89.00
Queen x CAP; 83.46 def 234.93 fgh 0.45 697.66 107.00
Mean 84.140 261.178 0.45 1890.400 98.93
LSD (0.05) 1.773 30.92 - - -
CV (%) 1.250 7.03 20.81 40.27 34.08

*, the means indicated with the same letter are not statistically significant; ns, not significant
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Effects of irrigation, cultivar and interactions on
beta carotene content were found to be insignificant.
While the effects of irrigation and interactions on
vitamin C and capsicine contents were found to be
insignificant, effects of cultivar on those parameters
were found to be significant at P<0.05 level. The
highest vitamin C and capsicine contents were
observed in cultivar King respectively with 2437.0
and 0.5 mg kg™

The quality of paprika pepper is the key to
its value and is mostly graded by the industry in
terms of ASTA value. Moisture content is a factor
effective in pricing. Burt (2006) reported a loss of
quality in terms of not only appearance, pungency,
fruit splitting and decay but more importantly of
the concentration of capsanthin, capsorubin and
some carotenoids resulting from increased water
levels. Delfine et al (2000) reported that Capsicum
annum L is one of the most susceptible crops to
water stress because of wide transpiring leaf surface
and elevated stomatal openings and yet relatively
copious amounts of water may be undesirable in
terms of resultant fruit yield and quality. The quality
of paprika therefore depends on a moisture regime
that may not be similar to the level that results in
increased yields of the crop. This poses a dilemma
for a farmer who is mindful of the fact that quality
probably counts more than yield for the paprika
crop.

4. Conclusions

Although pepper planting was performed in June,
it was pointed out in this study that paprika peppers
could reliably be produced in Harran Plain and
it could be recommended as an alternative crop
for local farmers. Irrigation program prepared
by IRSIS simulation model based on long-term
annual averages yielded reliable outcomes for the
experimental year. It was recommended that yield-
response factor (ky) should be selected as 1.29 and
used in the model accordingly. Compared to IRSIS
simulation model, water stress was observed in
Class-A-Pan-based irrigations. Since water stress
was at relatively effective levels for yield during
root development and flowering periods, the 30%

threshold canopy coverage ratio assumed for the
initiation of irrigation programs should be increased.
Since constant Kc coefficients were used in Pan-
based irrigations throughout the entire season,
increased water stress was observed. Therefore,
different coefficients should be used for each growth
period. It was observed in this study that sufficient
yield levels of paprika peppers might be achieved
through implementation of proper irrigation and
care practices.
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Abbreviations and Symbols
ASTA American spice trade association
GAP Southeastern anatolia project
CAP Class-A-pan
IRSIS lirrigation scheduling information system
FAO Food and agriculture organization
ET Evepatranspiration
ETa Actual evapotranspiration
ETm Maximum evapotranspiration
FC Field capacity
RAW Readily available water
TAW Total available water
Ya Actual yield
Ym Maximum yield
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ABSTRACT

This study was conducted to investigate the effects of year, parity and birth type (BT) on lactation milk yield (LMY),
adjusted lactation milk yield based on 150 days lactation length (LMY 150), lactation length (LL), average daily milk
yield (ADMY) and milk components (MC) of Bandirma sheep. The study was carried out with 54 ewes in 2011 and
70 ewes in 2012 under semi-intensive conditions. LMY, LMY 150, LL and ADMY of Bandirma sheep were determined
as 70.31 kg, 73.29 kg, 142.02 days and 488.19 g, respectively. The effect of the year on LL was significant (P<0.01),
but the effects of parity and BT were not significant. The effects of the year and parity were significant (P<0.01 and
P<0.05, respectively) on LMY, LMY 150 and ADMY, but the effect of BT was not significant. Fat, protein, lactose,
total dry matter (DM) and non-fat dry matter NFDM) were determined as 5.26%, 6.11%, 3.29%, 15.49% and 10.23%,
respectively. Highly significant positive correlations were determined between fat content and DM (r= 0.998; P<0.01)
and between fat content and NFDM (r= 0.949; P<0.01), whereas fat content was negatively correlated with ADMY (1=
-0.992; P<0.01) and lactose content (r=-0.957; P<0.01). Significant negative correlations (P<0.01) were found between
lactose content and other milk components except for protein content and ADMY. The results indicated that despite
being a mutton type crossbred, lactation characteristics and MC of Bandirma sheep are also considerable.

Keywords: Mutton sheep; Synthetic breed; Lactation; Parity; Birth type
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OZET

Bu arastirma, Bandirma koyunlarimin laktasyon siit verimi (LSV), 150 giin laktasyon uzunluguna gore diizeltilmis siit
verimi (LSV150), laktasyon uzunlugu (LU), giinliik ortalama siit verimi (GOSV) ve siit bilesenlerine (SB) yil, laktasyon
sirasi ve dogum tipinin etkisini aragtirmak igin gerceklestirilmistir. Arastirma, 2011 ve 2012 yillarinda sirastyla 54
ve 70 koyun ile yar1 entansif kosullar altinda yiiriitiilmiistiir. Bandirma koyunlarmim LSV, LSV150, LU ve GOSV’i
sirastyla 70.31 kg, 73.29 kg, 142.02 giin ve 488.19 g olarak tespit edilmistir. LS tizerine yilin etkisi 6nemli (P<0.01),
laktasyon siras1 ve dogum tipinin (DT) etkileri ise 6nemsiz bulunmustur. LSV, LSV150 ve GOSV iizerine yil ve
laktasyon sirasinin etkisi onemli (sirastyla P<0.01 ve P<0.05), ancak DT nin etkisi dnemsiz bulunmustur. Yag, protein,
laktoz, toplam kuru madde (KM) ve yagsiz kuru madde (YKM) igerikleri sirastyla % 5.26, % 6.11, % 3.29, % 15.49 ve
% 10.23 olarak tespit edilmistir. Siitteki yag iceriginin KM ve YKM ile korelasyonu 6nemli (P<0.01) ve pozitif (sirastyla
0.998 ve 0.949), GOSV ve laktoz icerigi ile korelasyonu ise 6nemli (P<0.01) ve negatif (sirasiyla -0.992 ve -0.957)
olarak tespit edilmistir. Siitteki laktoz icerigi protein ve GOSV harig¢ diger tiim siit bilesenleri ile 6nemli (P<0.01) ve
negatif korelasyonlar gostermistir. Et¢i bir melez tip olmasina ragmen Bandirma koyununun laktasyon 6zellikleri ve siit

bilesenleri bakimindan da dikkate deger oldugu sonucuna varilmistir.

Anahtar Kelimeler: Et koyunu; Sentetik irk; Laktasyon; Laktasyon sirasi; Dogum tipi

1. Introduction

Domestic sheep breeds in Turkey usually have
low milk yield. Despite this fact, breeders have a
tendency to milk the sheep even for a short time.
Milk yield is important for both dairy products and
rapid growth of the lambs during the suckling period
in sheep breeding. Growth performance of the lambs
is closely related to milk yield of the ewes. In mutton
type sheep, fertility is as important as the milk yield.
The ability of the lamb to reach slaughter age earlier
is closely related to the amount of milk that the lamb
receives from its mother for 2-3 months after birth.
Sheep breeding in Turkey is practiced mainly in the
form of pasture breeding. As a source of protein and
calcium, milk is an important source of nutrition for
societies with relatively lower income levels. Sheep
milk and products are usually emphasized with their
health benefits in industrialized countries.

In the Mediterranean, Balkan and Middle East
countries, milk efficiency of sheep is utilized to a
great extent. Especially in rural areas in Turkey,
local or crossbred sheep breeds are mainly kept for
milk and dairy product by local people (Unal et al
2002). Sheep breeding is practiced mainly with local
breeds and crossbred genotypes in Turkey. While
meat, milk and wool efficiency vary depending on
the breed, most of local breeds are not prolific. Only

© Ankara Universitesi Ziraat Fakiiltesi

among them, Sakiz (Chios) breed has high milk
yield and reproductive ability, while Kivircik breed
is raised for producing high quality lamb meat,
and Ivesi (Awassi) breed has high milk efficiency
(Kaymake1 2010).

The results of previous studies indicated that
year (Ozder et al 2004; Koncagiil et al 2012a),
birth type (Ozder et al 2004), live weight and breed
(Esen & Ozbey 2002; Ceyhan et al 2007), lactation
length (Kuchtik et al 2008) and parity (Koncagiil et
al 2012a) have significant effects on lactation milk
yield (LMY). Moreover, year (Ozder et al 2004),
lactation period and length (Sahan et al 2005;
Kuchtik et al 2008; Y1lmaz et al 2011; Kralickova et
al 2012) and nutrition (Morand-Fehr et al 2007; De
Renobales et al 2012) are factors affecting the milk
components as fat, protein and lactose.

Bandirma sheep is a synthetic breed originated
from German Black Headed Mutton (GBM) rams
and Kivircik (K) ewes. At first, K ewes were mated
with GBM rams to obtain F, genotype. Then, F,
ewes were divided in to two groups. The F, ewes in
the first group were mated with GBM rams to obtain
backcross offspring GBMB,. Then, Bandirma-I
genotype was obtained by pairing GBMB, ewes
with GBMB, rams (Figure 1). The F, ewes in the
second group were mated with GBMB, rams to
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obtain the backcross offspring (GBMB,F,). The
ewes and rams from GBMB F, were mated to obtain
Bandirma-IIgeno type (Figure 2). Then, all the ewes
and rams in Bandirma-I and Bandirma-II genotypes
were united as a single flock in the mating season
of 2008. The mating of ewes and rams of this single
flock were repeated to get synthetic flock named as
Bandirma sheep (Ceyhan et al 2011).

AGBM x YK

AGBM x YF;

v

4 GBMB:1 x % GBMB:

Bandirma-I|

Figure 1- The breeding scheme to form Bandirma-I
genotype

Sekil 1- Bandirma-I genotipini yetistirme semasi
JGBM x K
JGBM x 2F;
JGBMB;: x 9F,

JGBMBF; x 2GBMB;F;

Figure 2- The breeding scheme to form Bandirma-
II genotype
Sekil 2- Bandirma-II genotipini yetistirme semast

Fertility and growth performance (Ceyhan
et al 2006a; Ceyhan et al 2011), fattening
performance (Ceyhan et al 2008), primary
reproductive characteristics (Sezenler et al 2009)
and physiological reactions (Ceyhan et al 2006b)
of Bandirma sheep in Marmara Region were
investigated in details. But, not much literature
is available on lactation characteristics and milk
components of Bandirma sheep. Therefore, we
aimed to investigate some lactation characteristics

and milk components of Bandirma sheep that is
a crossbred of German Black Head Mutton and
Kivircik sheep.

2. Material and Methods

2.1. Animal material and management

The study was carried out with 54 and 70 ewes
from Bandirma sheep flock kept in Bandirma Sheep
Breeding Research Institute in 2011 and 2012. The
Research Farm is located in Balikesir province in
Marmara region of Turkey at longitude of 40° 21 E,
the latitude of 27° 52 N, and at altitude of 65 m. The
mean relative humidity in the region ranges from
20% to 88% and the ambient temperature ranges
from -14 to 42.4 °C. The annual rainfall in the
region varies from 500 to 900 mm with an erratic
distribution throughout the year (TSMS 2012).

Different feeding and management procedures
were applied to the experimental sheep at two
consecutive periods. The first period was from birth
to the end of the second months of the lactation.
During this period, care and feeding procedures of
the sheep were carried out indoor. In addition to 1
kg concentrate feed per animal, 1 kg common vetch
was given to each animal in two doses of 500 grams
in the morning and 500 grams in the evening. The
second period was from the beginning of the third
month of the lactation to the end of the lactation.
In this period, the sheep were kept mainly in the
pasture. In addition to the pasture conditions, 1 kg
common vetch was given to each animal.

The control day milk yield was taken by means
of hand-milking (one day in the morning and the
second day in the evening). The control day milk
yields were measured every 14 days until the end of
the lactation. The first control milk was measured
within the first month of the lactation. The lambs
were separated from their mothers in the evening
and the ewes were milked in the next day morning
for control milk. Then, the lambs were kept with
their mothers until the morning of the following day
and separated from each other, and then the ewes
were milked in the evening. After weaning, morning
and evening milking were done at 7 am and 7 pm,
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respectively in the same control day. The milk was
weighed with a weighing instrument sensitive to 5
g. Milking was terminated, when daily milk yield of
the sheep fell below 100 g. In every control milking,
50 mL milk sample was taken from each ewe and
kept in +4 °C for fat, protein, lactose, dry matter
(DM) and non-fat dry matter (NFDM) analyses. The
analysis of milk components (MC) was carried out
using MIRIS Dairy Milk Analyzer device.

Fleishmann method (Barillet et al 1992) was
used to obtain lactation milk yield for each ewe, and
the model described as in Equation 1.

LY +Y,
Yielszlel+Z’T”1x7;+Ynx15 (0

i=2

Where; Yield is the LMY or MC; T, is the interval
(day) from lambing to first milk control-day; T, is
the interval (day) from the (i-1)" milk control day
to (i)" milk control day; Y, is the control day milk
yield or MC in the (i)" milk control day, and the 15
is the number of days assumed to proceed from last
milk control day to the end of the lactation for a
ewe. After obtaining yields for each ewe, all yields
and milk components were adjusted to 150 days
lactation length.

2.2. Statistical analyses

A general linear model mode 1 (SAS 2000) was
used for the analyses of LMY, LMY150, LL,
ADMY and MC. Tukey-Kramer test was applied
for post hoc analyses. In the analyses, the Equation
2 was used.

= 2
Yijkl ﬂ+yl.+btj+pk+el.jkl (2)

Where; Yipd: LL, LMY, ADMY, LMY 150 or MC
(fat, protein, lactose, DM or NFDM); p, expected
mean of the trait in the analysis; y,, effect of year (i=
2011, 2012); bt,, effect of birth type (j= 1, 2; single
or twin); p,, effect of parity (k= 1st, 2nd, 3rd, 4th

and 5th lactation); € random residual.

Pearson correlation coefficients between ADMY
and MC were also calculated (SAS 2000).

3. Results

Least square means and standard errors of LL,
ADMY, LMY and LMY 150 of Bandirma sheep are
given in Table 1. The mean LL, ADMY, LMY and
LMY 150 were found to be 142.02 day, 488.19 g,
70.31 kg and 73.29 kg, respectively. ADMY, LMY
and LMY150 were significantly affected by both

Table 1- Least squares means and standard errors of LL, ADMY, LMY and LMY150 by year, BT and parity
Cizelge 1- LU, GOSV, LSV ve LSVI150 ézelliklerinin yil, DT ve laktasyon swrasina gore en kiiciik kareler

ortalamalari ve standart hatalart

LL (days) ADMY (g) LMY (kg) LMY150 (kg)

Factors n yiS; )?iS; )?iS; )?iS}
Years sk sk kk sksk

2011 54 149.82+1.446° 557.17+17.414* 83.63+£2.757° 83.57+2.6122

2012 70 135.00+1.211° 414.39+14.576° 56.28+2.308* 62.16+2.186°
BT ns ns ns ns

Single 80 141.79+1.123 575.06+17.483 70.40+2.140 73.33+2.028

Twin 44 143.03+1.561 591.17+24.260 69.51+£2.976 72.41+£2.819
Parity ns * * *

1 22 138.444+2.177 396.054+26.217* 55.45+4.1512 59.41+£3.9332

2 27 141.68+1.992 476.43+23.985% 68.12+3.797® 71.47+£3.598®

3 23 146.07+2.169 486.11+26.115% 71.28+4.134%® 72.92+3.917®

4 26 144.14+1.982 514.94+23.864° 75.4243.778> 77.24+3.580°

5 26 141.71+1.934 555.38+23.284° 79.51+3.686° 83.31+3.493"
Overall 124 142.02+2.043 488.19+24.516 70.31+£3.790 73.29+3.747

+® means within the levels of main factors with different letters differ significantly (*, P<0.05; **, P<0.01; ns, not significant); LL,
lactation length; ADMY, average daily milk yield; LMY, lactation milk yield; LMY 150, adjusted lactation milk yield according to 150
days lactation length; BT, birth type
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year (P<0.01) and parity (P<0.05). The effect of
year on LL was also significant (P<0.01), whereas
LL was not significantly affected by parity. It was
observed that ADMY, LMY and LMY 150 increased
in relation to increasing number of lactations
(parity). However, this increase from 2" parity to 5%
parity was not significant. BT did not significantly
affect LL, ADMY, LMY and LMY 150 of ewes.

The means of fat, protein, lactose, DM and
NFDM content were 5.26%, 6.11%, 3.29%, 15.49%
and 10.23%, respectively (Table 2). The effect of
year on all MC was significant (P<0.01) except for
NFDM, whereas parity and BT did not affect MC
of ewes.

Control day curves of average MC (%), milk
yield (g) and MC (g) during the lactation period

Table 2- Least squares means and standard errors of milk components (MC) by year, BT and parity

Cizelge 2- Siit bilesenlerinin (SB) yil, DT ve laktasyon sirasina gére en kiiciik kareler ortalamalar: ve standart

hatalar:
Fat (%) Protein (%) Lactose (%) DM (%) NFDM (%)
Factors n X+S, X+8S, Xt8S, X+S. X+S.
Years sk ' sk sk sk ns
2011 54 5.77+0.1232 6.40+0.097° 3.63+0.031° 16.03+0.157° 10.26+0.052
2012 70 4.80+0.103" 5.93+0.081° 2.95+0.026° 15.00+0.131° 10.22+0.043
Parity ns ns ns ns ns
1 22 5.32+0.186 6.20+0.147 3.294+0.047 15.544+0.236 10.14+0.078
2 26 5.08+0.170 6.26+0.134 3.27+0.043 15.43+0.216 10.37+0.071
3 23 5.32+0.185 6.22+0.146 3.22+0.047 15.60+0.235 10.294+0.078
4 26 5.35+£0.169 6.07+0.133 3.34+0.043 15.62+0.215 10.30+0.071
5 27 5.37£0.165 6.09+0.130 3.324+0.042 15.39+0.210 10.11£0.069
BT ns ns ns ns ns
Single 80 5.41+0.096 6.07+0.076 3.30+0.024 15.66+0.122 10.224+0.040
Twin 44 5.16+0.133 6.26+0.105 3.27+0.034 15.37+0.169 10.27+0.056
Overall 124 5.26+0.088 6.11+0.063 3.29+0.036 15.49+0.107 10.23+0.033

+b means within the same column and factor with different letters differ significantly (¥, P<0.05; **, P<0.01; ns, not significant);

NFDM, non-fat dry matter; DM, total dry matter

were presented in Figure 3a, 3b and 3c, respectively.
In Figure 3a, DM, NFDM and fat content were
found to be lower at the beginning of lactation
and then increased towards the end of lactation
period. However, the lactose content was initially
higher but decreased later on. Slight increase was
observed in the protein content during lactation
period. However, as light decrease in control day
average milk yield (CDMY) was observed during
the first two months of the lactation, and then the
decrease was higher and steady until the end of
the lactation (Figure 3b). Similarly, the amount of
MC decreased also during the lactation (Figure 3c).
On the other hand, the rate of decrease in MC was

smaller in comparison to CDMY due possibly to the
reason that total amount of MC in CDMY increased
gradually during the lactation.

CDMY and MC variation during lactation
period with regard to year, parity and BT were
presented in Figure 4. CDMY was higher for
the first two months of the lactation and then a
continuous decrease was observed until the end
of the lactation regardless of year, parity and BT.
Different lactation curves were observed for years
and parities, but not for BT. On the other hand,
increases or decreases in MC were very similar in
years, parity or BT.
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Figure 3- Control day average milk components
(%, 3a), milk yield (g, 3b) and milk components (g,
3c¢) throughout the lactation

Sekil 3- Laktasyon siiresince kontrol giinii ortalama siit
bilesenleri (%, 3a), siit verimi (g, 3b) ve siit bilesenleri
(g 3¢

Phenotypic  correlations between ADMY
and MC were given in Table 3. Negative and
significant correlations were observed between
ADMY with DM, NFDM and fat content (ranged
from -0.927 to -0.992: P<0.01), while a high and
positive correlation was found between ADMY and
lactose content (0.965; P<0.01). Highly significant
positive correlations were determined between fat
content and DM (r= 0.998; P<0.01) and between
fat content and NFDM (r= 0.949; P<0.01), whereas
fat content was negatively correlated with ADMY
(r=-0.992; P<0.01) and lactose content (1= -0.957;
P<0.01). Significant negative correlations (P<0.01)
were found between lactose content and other milk
components except for protein content and ADMY.

4. Discussion

We determined higher LL, LMY and LMY150
incrossbred Bandirma sheep in comparison to
LL, LMY and LMY150 values reported for Tuj
(Karaoglu et al 2001), Rambouillet (Ochoa-
Cordero et al 2002), Kivircik, Gok¢eada (Imroz)
and Sakiz (Ceyhan et al 2007), and for Awassi
sheep (Iniguez & Hilali 2009). On the other hand,
some authors reported longer LL, but lower LMY
in Kivirctk (Evrim et al 1992), Akkaraman and
Hamdani-Akkaraman (F ) crossbreds (Altin 2001),
Akkaraman (Esen & Ozbey 2002), Akkaraman,
Sakiz-Akkaraman (F)), Kivircik-Akkaraman (F))
and Sakiz-Karayaka (B,) crossbred ewes (Unal et
al 2002), Kivircik-Akkaraman (B, ), Akkaraman and
Sakiz-Akkaraman (B,) sheep (Mundan & Ozbeyaz
2004).The mean LMY and LL of Bandirma sheep
in present study were lower than those of Sakiz-

Table 3- Phenotypic correlation coefficients between ADMY (kg) and milk components (MC) throughout

the lactation

Cizelge 3- Laktasyon siiresince GOSV ve siit bilesenleri (SB%) arasindaki fenotipik korelasyon katsayilar

Parameters DM (%) NFDM (%) Fat (%) Protein (%) Lactose (%)
ADMY -0.986™ -0.927" -0.992™ -0.254 0.965™
DM % 0.967" 0.998™ 0.222 -0.945™
NFDM % 0.949™ 0.203 -0.856™
Fat % 0.231 -0.957"
Protein % -0.093

ADMY, average daily milk yield (kg); NFDM, non-fat dry matter; DM, total dry matter; **, P<0.01
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Figure 4- Control day average milk yields (g) and milk components (%) throughout the lactation by year,
birth type and parity

Sekil 4- Kontrol giinii ortalama siit verimi (g) ve siit bilesenlerinin (%) yil, dogum tipi ve laktasyon sirast
bakimindan laktasyon siiresince degisimi
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Akkaraman (F,) crossbreds (Esen & Ozbey 2002),
Sonmez (Kaymakei et al 2002), Tirkgeldi (Ozder
et al 2004), Awassi (Iniguez & Hilali 2009), Norduz
(Ocak et al 2009; Koncagiil et al 2012a), Zom sheep
(Koncagiil et al 2012b), Awassi, Gokgeada and
Sakiz (Kaymakg1 et al 2005), Latxa sheep (Ruiz et
al 2000), Awassi sheep (Pollott & Gootwine 2001)
and Awassi sheep (Reidal et al 2010).

The previous studies demonstrated that LL
depended on both the breed differences and the
environmental conditions where sheep were
raised. Thus, the lactation milk yield and length of
Bandirma sheep raised in semi-intensive conditions
were higher and longer than those of some mutton
type and native breeds, while lower and shorter than
those of milk type breeds and their crosses with
native breeds.

The mean ADMY of Bandirma sheep in this
study (488.19 g) was higher than those reported
for Akkaraman and Hamdani-Akkaraman (F))
crossbreds (Altin 2001), Tuj (Karaoglu et al 2001),
Akkaraman, Kivircik-Akkaraman and Sakiz-
Akkaraman (Mundan & Ozbeyaz 2004), Kivircik
and Gokgeada sheep (Ceyhan et al 2007). However,
the mean ADMY was lower than the findings
reported for Sonmez (Kaymake1 et al 2002), Sakiz
(Ceyhan et al 2007), Awassi (Al-Jundi 2010) and
Zom sheep (Koncagiil et al 2012b). Our results
demonstrated that Bandirma sheep has higher milk
yield and longer lactation period than Akkaraman
breed and its crossbreds.

Main components of milk vary based on factors
such as feeding and management, birth type, season,
lactation period, breed and breast health (Park et
al 2007). One of the most important components
of milk is milk fat. In the current study, the mean
fat content of Bandirma sheep milk (5.26%) was
higher than those reported for Akkaraman (Esen
& Ozbey 2002), Rambouillet (Ochoa-Cordero et
al 2002), Norduz (Ocak et al 2009) and Awassi
sheep (Al-Jundi 2010). On the other hand, milk
fat content found in the current study was lower
than those reported for Tuj (Karaoglu et al 2001),
Karakas (Karaca et al 2003) and Morkaraman sheep

(Yilmaz et al 2011). Yilmaz et al (2011) reported
that milk fat and protein contents were the lowest
at the beginning of lactation (6.20% and 5.72%)
and the highest at the end of the lactation (6.44%
and 6.80%) in Morkaraman sheep (Yilmaz et al
2011). Our findings in this study are consistent
with the findings of Yilmaz et al (2011). High or
low fat content in the milk is closely related to the
milk flavor and milk energy value. In particular,
ewe producing milk with enough fat content is of
great importance in fulfilling the energy needs of
the lambs during the suckling period. From this
perspective, it can be stated that Bandirma sheep is
in desired level for milk fat content in comparison
to mutton type Rambouillet, dual purpose (meat and
milk) Akkaraman and Norduz, and milk type Awassi
sheep breeds.

Protein content of milk determined in this
study (6.11%) was higher than those reported for
Rambouillet (Ochoa-Cordero et al 2002),but lower
than those reported for Norduz (Ocak et al 2009),
Morkaraman (Yilmaz et al 2011), Tiirkgeldi (Ozder
etal 2004) and Awassi (Sahan et al 2005; Murray et al
2009). The mean lactose content of Bandirma sheep
milk (3.29%) determined in this study was lower
than those of Ramboillet (5.5%; Ochoa-Cordero et
al 2002), Awassi (4.34%; Sahan et al 2005, 5.01%;
Al-Jundi 2010) and Morkaraman (5.12%; Yilmaz
et al 2011). Protein is the most expensive part of a
diet. Because the rumen manufactures protein from
amino acids, the amount of protein is considerably
more important than the quality of protein for lambs
during suckling period due to the reason that the
protein requirements are highest for growing lambs
since they are building muscle. From the results of
this study, it can conveniently be said that Bandirma
sheep produce milk with sufficient protein content
required for growth of their lambs.

High growth performance of lambs until
weaning is desired in mutton type sheep. Growth
and development of lamb during the suckling period
depends greatly on the fattening method applied
by the mother’s milk yield. To reach the desired
target body weight ina short period time as much as
possible, pre-fattening developments of lambs must
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also be well besides the survival of each lamb born
alive in order to make economic lamb fattening. The
findings in this study showed that Bandirma sheep
have sufficient milk production to ensure the growth
and development of lambs until weaning. Bandirma
sheep might also be advantageous for lamb fattening
after weaning under extensive or semi-intensive
conditions in Marmara region in addition to its being
an alternative crossbred for sheep farms benefiting
both from sheep milk and lamb meat.

5. Conclusions

Bandirma sheep can be considered sufficient in terms
of LMY, LL and ADMY in addition to its mutton
properties. On the other hand, except for lactose
content Bandirma sheep has comparable MC values
with other domestic breeds and crossbreds. It can also
be concluded that this sheep has sufficient milk yield
to suckle their lambs during pre-weaning growth
period due to the reason that CDMY was the highest
and stable during the first two months of lactation.
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ABSTRACT

The aim of this study was to determine physical, chemical and sensory properties and volatile components of butter
samples sold in Canakkale. For this purpose, color, viscosity, refractive index, melting point, moisture (%), total
acidity (%), acid degree value and fat content (%) of the samples were determined in eleven butter samples. Volatile
compounds were identified by gas chromatography-mass spectrometry. Sensory properties of samples were determined
by Spectrum™ method. There were significant differences among butter samples in terms of physical, chemical and
sensory properties. Viscosity, refractive index, melting point, moisture, total acidity and fat content of the samples
ranged between 45.40-62.0 cP, 1.3331-1.4672, 32.50-37.50 °C, 15.03-19.06%, 0.24-0.42%, 82-89%, respectively.
Diacetyl, acetoin, acetic acid, hexanoic acid, butyric acid and d-decalactone were major volatiles in butter samples. In
addition, cooked, creamy, rancid and margarine-like were the characteristic terms developed by the panelists.

Keywords: Butter; Volatiles; Sensory; Chemical properties

Canakkale’de Satilan Tereyaglarinin Ucucu Bilesenleri, Kimyasal ve
Duyusal Ozellikleri

ESER BILGiSi

Aragtirma Makalesi

Sorumlu Yazar: Yonca KARAGUL YUCEER, E-posta: yoncayuceer@comu.edu.tr, Tel: +90 (286) 218 00 18
Gelis Tarihi: 08 Ekim 2014, Diizeltmelerin Gelisi: 01 Agustos 2015, Kabul: 01 Agustos 2015

OZET

Bu calismanin amaci Canakkale’de satilan tereyagi Orneklerinin fiziksel, kimyasal ve duyusal o&zelliklerinin
belirlenmesidir. Bu amacla onbir tereyagi drneginin, renk, viskozite, refraktif indeks, erime noktasi, nem (%), toplam
asitlik (%), asit degeri ve yag icerigi belirlenmistir. Ugucu bilesenler gaz kromatografisi-kiitle spektrometresi kullanilarak
belirlenmistir. Orneklerin duyusal 6zellikleri Spectrum™ metodu ile ortaya konmustur. Fiziksel, kimyasal ve duyusal
ozellikler bakimindan &rnekler arasinda nemli farklar oldugu bulunmustur. Orneklerin viskozite, refraktif indeks, erime
noktasi, nem, toplam asitlik ve yag icerigi sirasiyla 45.40-62.0 cP, 1.3331-1.4672, 32.50-37.50 °C, % 15.03-19.06,
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% 0.24-0.42, % 82-89 arasinda degigmektedir. Diasetil, asetoin, asetik asit, hekzanoik asit, butirik asit ve §-dekalakton
tereyagi orneklerinin 6nemli ugucu bilesenleridir. Ayrica, pismis, kremamsi, ransit ve margarin benzeri panelistler

tarafindan gelistirilmis karakteristik terimlerdir.

Anahtar Kelimeler: Tereyagi; Ugucular; Duyusal; Kimyasal 6zellikler

1. Introduction

Butter has 80-90% of milk fat, 10-20% of water,
0.5-0.8% of lactose and lactic acid, 0.6-0.7% of
milk proteins and 0.14% of mineral substances
(Ugiincii 2010). It is used in processed foods as
well as pastries and meals because of its high
nutritional value and flavor make it acceptable by
consumers (Hocalar 2011). Packaging materials
and storage conditions affect physical, chemical
and sensory properties of the butter (Krasue et al
2007). Many studies aimed to investigate physical,
chemical and textural properties of butter in
processing conditions during storage (Senel 2006;
Altun et al 2011; Arslan et al 2011; Ronholt et
al 2012). Sensory characteristics of the products
as well as physical and chemical properties are
important properties for consumers. For example,
lactones generally give fruity, creamy and buttery
odors that are desired characteristics for butter.
However, hexanal was described to have an
oxidized odour and contributed to undesirable
flavour to butter (Mallia et al 2008). There were
several researches also carried out on physical,
chemical and sensory properties of butter during
processing and storage period (Abdel-Mageed
& Fadel 1994; Widder & Grosch 1997; Krause
et al 2007; Krause et al 2008; Mallia et al
2009). Nevertheless, specifically differences in
sensory properties and volatile profiles of butters
manufactured by different producers had been
discussed in limited studies (Atamer et al 2007;
Arslan et al 2011; Senel et al 2011). The main
objective of this study was to investigate and
reveal differences in some physical, chemical and
sensory properties and volatile profiles of some
butter samples provided from the local producers
in Canakkale.

© Ankara Universitesi Ziraat Fakiiltesi

2. Material and Methods

2.1. Butter samples

Total eleven commercial butters were evaluated in
this study. All samples were provided from local
market in September 2012 in Canakkale-Turkey.
Samples were packaged in plastic or aluminum foil
and samples were approximately 250-350 g. Until
analysis, all samples were stored in a freezer and
analyzed as duplicate.

2.2. Physical and chemical analysis

L, a, and b values of butter samples were determined
by using Minolta Chroma Meter CR-400 model
colorimeter (Minolta Inc., Japan). Viscosity was
measured by Brookfield viscometer (Model DV
I+ Pro, Brookfield Engineering Laboratories, Inc.,
MA, USA) integrated with circulating water bath
(GFL, Grossburgwedel, Germany) according to
Arslan et al (2011). Melting point was measured by
capillary tube method according to Nas et al (2001)
with minor modification. Refractive index was
measured by Abbe 5 Refractometer (Bellingham-
Stanly Co., Great Britain) at 40 °C. Moisture (%),
fat (%) and total acidity (lactic acid %) of butters
were determined according to Bradley et al (1992).
The acid value (AV, mg KOH g oil) of butters was
determined according to Nas et al (2001).

2.3. Analysis of volatile compounds

Representative six samples were chosen by
trained panelists for volatile analysis. Volatile
compounds from butters were isolated by
SPME technique (Pawliszyn 2012) according to
Guneser & Karagul-Yuceer (2011). Volatiles were
identified and quantified by gas chromatography-
mass spectrometry (HP 6890 GC and 7895 C
mass selective detector, Agilent Technologies,

100
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Wilmington, DE, USA). Nonpolar HP5 MS column
(J & W Scientific, Folsom, CA) was used for
separation of volatile compounds. The GC oven
temperature was programmed from 40 to 230 °C
at a rate of 10 °C min' with initial hold of 5 min
and final hold time of 20 min. Helium was used as a
carrier gas at 1.2 mL min™'. Identification of volatiles
was based on the comparison of the mass spectra
of unknown compounds with those in the National
Institute of Standards and Technology (NIST) and
Wiley Registry of Mass Spectral Data, 7th Edition
(Wiley). Amount of the compounds was calculated
from relative abundances of flavor compounds
according to Avsar et al (2004).

2.4. Sensory analysis

Spectrum™ method was used to determine the
sensory attributes of the butters (Meilgaard et al
1999). Sensory evaluation was conducted by seven
panelists. Panel members were staff and graduate
students in the Department of Food Engineering
at Canakkale Onsekiz Mart University; four were
females and three were males and ages ranged
from 27 to 45 years. The panel had approximately
200 h-experience on generation and definition of
descriptive terms for dairy foods. The terms used to
define taste and flavor of butter were shown in Table
1 (Meilgaard et al 1999; Bradley & Smukowski
2009). Duplicate samples were served in the
different sessions.

2.5. Statistical analysis

Analysis of variance (one way ANOVA) was
conducted to determine the differences among the
butter samples with respect to physical, chemical
and sensory properties. Welch test that is a non-
parametric test was used for some data which did not
meet the prerequisites (homogeneity of variance and
equality of variance) for ANOVA. Least Significant
Difference (LSD) test was used for separating
means in data. Multidimensional Scaling Analysis
(MDS, ALSCAL approach) was also conducted
to reveal differences or similarities in butters in
terms of volatile properties (Sheskin 2004). SPSS
for Windows (version 17.0, SPSS Institute Inc.,
Chicago, IL, USA) (SPSS 2008) and Minitab 16.1
(Minitab Inc., State College, PA, USA) (Minitab
2010) were used for all statistical analyses.

3. Results and Discussion

3.1. Physical and chemical properties

Physical and chemical properties of butter samples
were shown in Table 2. L, -a and b values of the
samples were significantly different (P<0.05). L, -a
and b values ranged between 88.34-96.11, 1.92-4.42
and 15.07-33.11, respectively. Sample 2 had the
lowest L and b values, meanwhile the lowest -a value
was observed in the sample 3. Hence, the highest
-a value was observed in sample 8. Similar results
were reported by other studies (Shukla et al 1994;

Table 1- Descriptive terms used for sensory evaluation of butters

Cizelge 1- Tereyaglarimin duyusal degerlendirmesinde kullanilan tanimlayict terimler

Descriptors Definition References

Cooked Aromatics associated with cooked milk Milk heated to 85 °C for 30 min.

Whey Aromatics associated with whey powder Solubilize five g whey powder in 100 mL water
Creamy Creamy aromatics associated with milk fat Milk cream

Rancid Aromatics associated with butyric acid 10 pL butyric acid in methanol

Margarine-like
Sweet aromatics

Aromatics associated with margarine
Aromatics associated with sweet

Oxidized Aromatics associated with stale/oxidized fats
Storage/plastic Aromatics associated with warechouse

Stale Aromatics associated with stale flavor

Sweet Taste sensation elicited by sugars

Margarine at 25 °C

5 mg vanillin in milk

Stored butter or vegetable oil
Assignment by panelist
Assignment by panelist

2% sucrose solution in water
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Jinjarak et al 2006). L, a and b values of butters were
determined as 88.67,-1.07 and 24.12, respectively by
Shukla et al (1994). Moreover, Jinjarak et al (2006)
revealed that no significant differences in L, a and b
values of sweet cream, whey and cultured butter. It
was found that L values of sweet cream, whey and
cultured butter were 82.62, 85.89 and 85.14, while
b values were 20.04, 20.96 and 22.46, respectively.
The color of butter is the most important sensory
quality parameter in terms of consumer preference.
The color changes depending on many processing
factors such as seasonal variations in milk content,
microbial quality and storage conditions. It was
emphasized that more yellowish color in butter
associated with natural and “easier to spread” by
consumer. Moreover, lack of color uniformity and
mottled color in butter occurred by mixed churnings
and an uneven distribution of moisture respectively
(Krasue et al 2007; Bradley & Smukowski 2009). In
the present study, samples 4 and 7 had the higher b
values than other butters.

There were significant differences in terms
of viscosity, refractive index and melting points
of butter samples. Viscosities of butters ranged
between 45.4-62.7 cP. Sample 11 had the highest
viscosity while the lowest viscosity was observed in
sample 6. Melting points of butters ranged between

31-37.5 °C. While sample 4 had the highest melting
point (37.50 °C), the lowest melting points were
observed in sample 10 and 5. The lowest refractive
indexes were observed in samples 1 and 5 (Table 2).
Sagdic et al (2004) determined the melting points
of traditional yayik butters produced from goat’s,
ewe’s and cow’s milk. The melting points were
found to be 31.75 °C, 33.05 °C and 32.05 °C for
goat’s, ewe’s and cow’s milk butters, respectively.
Fatouh et al (2003) investigated the melting point of
the various buffalo butter oil fractions obtained by
multi-step dry fractionation. They determined that
the slip melting points were ranged between 24.2-
45.0 °C for liquid and solid fraction of butter oil
that obtained at different temperatures (15-40 °C).
Glibowski et al (2008) investigated the rheological
and textural properties of some table fats. They
indicated that apparent viscosities of butter (82%
milk fat) and sweet cream butter (74% milk fat) were
457 and 427 Pa at 20 °C, respectively. Nikolova et al
(2007) investigated the refractive indexes of total 11
butter and margarine samples by using a specially
designed laser refractometer. Refractive indexes of
butter samples ranged between 1.4347-1.4491 at 40
°C. This range was in agreement with our findings in
the present study. Body and textural characteristics
of butter were also important for acceptability

Table 2- Physical and chemical properties of butter samples (n= 2, =SE)

Cizelge 2- Tereyagi orneklerinin fiziksel ve kimyasal ozellikleri (n= 2, £SE)

Colour values

L -a b

Melting
point (°C)

Butters

(cP)

Viscosity

Acid value
(mg KOH
gl oil)

Fat
(%)

Lactic acid

(%)

Moisture

(%)

Refractive
index

94.2740.47 3.15+0.17 30.05+0.15
88.34+0.78 3.49+0.12 15.07+0.18
95.31£0.15 1.92+0.05 19.38+0.14
93.23£1.13  2.75+0.16 33.14+0.59
91.05+0.14 3.04+0.05 30.31+£1.33
96.11+0.01 2.93+0.00 31.34+0.02
92.34+1.93 2.43+0.08 33.11+2.11
95.37+£1.22 4.42+0.14 31.05+0.34
93.06£1.62 3.29+0.10 27.70+1.09
93.09+2.83 3.12+0.05 30.78+1.49
91.78+0.32 2.94+0.14 29.70+0.20

37.50+0.50
32.50+0.50
32.00+0.00
33.50+0.50
31.50+0.50
33.00+1.00
33.00+0.01
33.50+0.50
33.50+0.50
31.00+1.00
32.50+0.50

O 0 9 N L kAW N =

—_ =
- o

50.05+2.35
52.65+0.25
53.05+0.15
50.65+0.15
53.30+1.50
45.40+1.30
59.25+6.25
54.35£1.15
52.75+2.65
54.10+2.80
62.70+3.70

84.0+0.01

85.0+0.01
83.5+2.12
82.0+0.01
81.5£1.50
85.0+0.01
86.5+0.70
85.0+0.01
86.0£1.00
84.0+1.00
83.0+0.01

1.3331+0.01
1.4541+0.01
1.4541+0.01
1.4552+0.01
1.3334+0.01
1.4554+0.01
1.4562+0.01
1.4672+0.01
1.4551+0.01
1.4555+0.01
1.4551+0.01

15.87+0.41
14.86+0.85
15.23+0.57
17.30+0.48
16.67+0.20
15.30+0.08
12.67+0.74
15.66+0.43
14.36+0.54
15.18+0.36
16.45+0.07

0.42+0.01
0.24+0.01
0.22+0.01
0.32+0.01
0.38+0.01
0.26+0.02
0.30+0.01
0.24+0.01
0.24+0.02
0.26+0.01
0.30+0.01

0.88+0.01
0.89+0.01
0.55+0.01
0.83+0.05
1.11+0.01
0.61+0.05
0.89+0.01
1.19+0.08
1.2240.15
0.99+0.00
1.17+0.05

LSD 4.00 0.34 3.01 1.82 0.06

0.02 1.24 0.05 0.18 ns

ns, not significant (P>0.05); SE, standard error
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by consumer. Body and textural characteristics
of butter was effected by water content, chemical
composition, fatty acid composition, polymorphism
and structure of milk fat crystal network and also
processing steps especially churning and tempering.
For example, present of globular water in small
droplets in the butter may cause an increase in
viscosity or an increase in unsaturated fatty acids
level in milk fat fraction may lead to decrease in
melting point (Wright et al 2001). It was indicated
that high quality butter should melt evenly and
disappeared slowly. Moreover, body of high quality
butter should be firm and show a distinct waxy and
close-knit texture (Bradley & Smukowski 2009).
In the present study, samples 5 and 10 had lowest
melting points. Viscosities of the samples 2, 3, 5,
7-11 were higher than other samples. Significant
differences were observed in moisture contents,
total acidities and acid values (mg KOH g oil) of
the butters (P<0.05) while there were no differences
among the samples in terms of fat content (%) (Table
2). Moisture (%), total acidity and fat (%) contents
ranged between 12.67-17.30%, 0.22-0.42 and 81.5-
86.5%, respectively. The highest moisture (17.30%)
and the lowest fat content (81.5%) were observed in
the samples 4 and 5, respectively. Sample 7 had the
highest fat content (86.5%) (Table 2).

Samples 2 and 9 had the lowest moisture contents
(14.86% and 14.36%). Our results are in agreement
with the findings of other studies (Hayaloglu 1999;
Sancak et al 2002; Arslan et al 2011). Turkish Food
Codex (Anonymous 2005) for butter, milk fat
based spreadable products and anhydrous milk fat
require up to 16% moisture and at least 80% milk
fat in butter. Moisture contents of samples 4, 5
and 11 did not comply with the Codex. Moreover,
Arslan et al (2011) showed that total acidities of
traditional butters were ranged between 0.51-3.44%.
Differences among the butter samples in terms
of acidity and acid value may also be due to the
changes in the production steps, storage periods and
microbial quality. The acid values of butter samples
ranged between 0.55-1.22 mg KOH g oil in the
present study. The lowest acid value was found in
the samples 3 and 6. Atamer et al (2007) determined

that acid values of churn butter samples which
were produced by the traditional methods ranged
between 1.06-2.67 mg KOH g oil. The amount of
lactic acid obtained from butter was related to the
composition of raw materials and washing process
used in the butter production (Atamer et al 2007).
Acid value is associated with excess of free fatty
acid due to hydrolysis of triglycerides in fat and oil.
Adequate hydrolysis of triglyceride can be favorable
for flavor formation. However, higher acid value is
an indicator of undesirable processing and storage
conditions such as high temperature and relative
humidity in storage, high lipase activity in the butter
due to insufficient thermal processing (Wilbey
2009). Low acid value and high acidity in butter
indicate low quality butter and bad preservation
condition (Bendixen 1940; Koczon et al 2008). Both
parameters effect the consumption rate of butters.
While, high acid value shows oxidation and rancidity
in butters, high total acidity (% lactic acid) can be
associated undesirable microflora and/or using of
low quality milk for the production of butter.

3.2. Analysis of volatile compounds

The major volatile compounds determined in butter
samples were acids, aldehydes, ketones and lactones
(Table 3). It was found that the amount of diacetyl
in the butter samples ranged between 64.40-648.50
ng kg'butter. Diacetyl is one of the most important
aroma compounds in butter. It is also responsible
for sweet and creamy flavor of other dairy products
such as cheese, milk and fermented milks. In
general, diacetyl was formed by lactose and citrate
metabolism of lactic acid bacteria, especially
Lactococcus lactis ssp. Lactis biovar. diacetylactis
and Leuconostoc spp. (Jay et al 2005). Other aroma
compounds that determined in butter samples at high
levels were acetic acid (except sample 9), butyric
acid and acetoin. They ranged between 15.67-62642
pg kg, 1113-89605 pg kg'and 785-3880 pg kg,
respectively. Butyric acid is formed by hydrolysis
of free fatty acid and frequently identified in many
cheese types (Parliament & McGorrin 2000; Curioni
& Bosset 2002), while acetic acid is produced by
lactose metabolism of hetero fermantative lactic
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Table 3- Some volatile compounds determined in butter samples

Cizelge 3- Tereyagi érneklerinde belirlenen bazi ugucu bilesenler

Concentration of volatiles (ug kg’ butter)

No Volatile compounds RI 6 9 11 2 4 5

1 Ethanol <600 211.8 354 3824 1053 282 543

2 Diacetyl <600 644 648.5 1134 180 157.9 4154
3 Acetic acid 615 46014 15.67 157891 13907 62642 23128
4 Acetoin 708 1818 915 2376 785 3880 2881
5 Hexanal 803 164 10.3 4.2 3.9 23.2 44.7
6 Butyric acid 832 1966.1 1113 89605 9451 19004 11787
7 p-xylene 875 209 87.7 54.01 287 69.8 168.2
8 2-Heptanone 893 857 1657 172.8 640 2366 204.5
9 Oxime methoxy-phenyl 902 707.5 184 23.7 nd nd nd

10 Pinene 937 544 436 335 95.4 1136 65.8
11 Hexanoic acid 1006 342.8 587 43747 2945 3479 2611
12 Limonene 1032 61.03 267 84.9 403 3851 1200
13 N-(2-mercaptoethyl)-1,3-thiazolidine ~ 1035  13.7 182 61.03 98.4 192.1 112.7
14 2,7,10- trimethyldodecane 1039 nd nd nd 151.8 761 113.1
15 Isoamylbutanoate 1155 204.7 218 70.2 77.3 380 396.5
16 3,5-dimethyl octane 1057 nd nd nd 58.5 1423 31.0
17 Terpinene 1061 795 61.2 122.1 2358 731 153.0
18 2-Nonanone 1092 6.8 35.1 29.81 302.1 411 123.1
19 §-Caprolactone 1096  30.9 40.0 47.85 14.57 75.1 125.9
20 Nonanal 1104 10.7 233 53.7 42.2 139 53.7
21 Octanoic acid 1172 19.0 15.7 16816 647.1 10952 916
22 Ethyl octanoate 1196 nd nd nd 46.3 167 36.9
23 d-Octalactone 1285 8.4 21.4 13.2 44.1 135 20.5
24 Decanoic acid 1362 64.7 168.6  136.8 107.5 1470 728
25 d-Decalactone 1504 5.6 15.3 8.7 8.5 157.7 16.7

* retention index on HP 5 MS column; ®, relative abundances of flavor compounds; nd, not determined

acid bacteria and/or citric acid metabolism of homo
and hetero fermentative lactic acid bacteria (Mayo
et al 2010). Similar to diacetyl, acetoin is produced
by lactic acid bacteria by using a-acetolactate
synthase and a-acetolactate decarboxylase enzymes
in lactose or citrate metabolism (Hickey et al 1983).
The amount of butyric acid and diacetyl in butter
were found 3600 pg kg, 340 pg kg, respectively
(Schieberle et al 1993). Samples 2, 4 and 5 and
sample 11 had very high amount of butyric acid
which is incompatible with Schieberle et al (1993).
This difference may be related to types of butters,
their age or storage conditions and extraction
methods of volatile compounds.

Hexanoic, octanoic and decanoic acids were
also determined in all samples. They ranged
between 342.8-43747 ng kgl, 15.7-16816 pg kg™
and 64.7-168.6 pg kg, respectively. Sample 11 had
higher amount of hexanoic and octanoic acids than
the other samples. Peterson & Reineccius (2003)
determined twenty aroma active compounds in
fresh sweet cream butter by using static headspace
extraction methods with GC-MS and GC/O
analysis. The researchers stated that the amount of
diacetyl, butyric acid and hexanoic acid in fresh
sweet cream were 6.6 pug kg, 192 ng kg'and 732
ng kg, respectively.
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Aldehydes including hexanal and nonanal were
also detected in the butters. These compounds are
formed by decarboxylation of branched-chain keto
acids by the Strecker metabolic pathways of lactic
acid bacteria and can also be formed by secondary
oxidation of fatty acids. Hexanal is well known
secondary oxidation product of linoleic acid and
nonanal can be formed by B-oxidation of oleic
acid. Both compounds cause off-flavor in milk and
dairy products (Kochhar 1996; Guneser & Karagul-
Yuceer 2011).

Limonene, pinene and terpinene were determined
at high concentrations in butters (Table 4). Terpenes
and sesquiterpenes were found in plants as secondary
metabolites. Therefore, these compounds might be
transferred directly from forage to dairy products
(Mariaca et al 1997; Viallon et al 2000). Similar to
our results, Rae-Lee et al (1991) identified limonene
and p-cymene at low levels in unsalted butter heated
at different temperatures (100-150 °C).

The other important contributors of volatiles
in butter were lactones formed by hydrolysis and
cyclisation of hydroxy-fatty acid triglycerides
(Nursten 1997; Sarrazin et al 2011). §-caprolactone,
d-octalactone and d-decalactone were identified in
butter samples (Table 3). d-caprolactone was found
at the highest concentration in sample 5 (125.9

pg kg! butter) while sample 4 had the highest
concentration of §-octalactone (135 pg kg' butter)
and 6-decalactone (157.7 pg kg! butter). In a study
conducted by Schieberle et al (1993) on different
kinds of butters, the amount of 5-decalactone and
(Z)-6-dodeceno-y-lactone were determined between
2150-5000 pg kg! butter and 57-260 pg kg butter,
respectively. Lozano et al (2007) investigated
the effect of cold storage and packaging material
on commercial butter. The researchers identified
d-hexalactone, d-octalactone, o-decalactone,
4-dodecalactone and y-nonalactone in sweet cream
butter wrapped with foil and wax parchment paper.
Researcher also observed an increase in these
lactones for both butter samples during 6 and 12
months of storage at 4 °C and -20 °C. Figure 1
shows geometric representation of butters in terms
of all volatile compounds. Butters 2, 5, 6 and 9 had
similar flavor characteristics whereas butters 4 and
11 had quite different flavor profile than others in
terms of volatile compositions.

3.3. Sensory analysis

Creamy, cooked and margarine were characteristic
attributes in butter samples (Table 4). There were
no significant differences in whey, margarine-
like, sweet aromatic and sweet attributes among

Table 4- Sensory properties of butter samples (n= 2, +SE)

Cizelge 4- Tereyagi 6rneklerinin duyusal ozellikleri (n= 2, +SE)

Sample  Cooked Whey Creamy  Rancid Margarine Sweet  Oxidized Storage/ Stale Sweet
- like aromatic plastic
1 2.03+0.23 1.15+0.27 2.31+0.21 1.19+0.31 1.25+0.44 0.56+0.24 1.12+0.31 1.69+0.40 1.28+0.28 1.4440.17
2 1.66+0.12 1.16+0.33 2.69+0.31 2.69+0.27 1.50+0.35 0.47+0.18 1.94+0.18 1.12+0.24 1.12+0.22 1.09+0.15
3 2.2240.13 1.03+0.41 2.3740.24 1.12+0.51 1.7240.35 0.19+0.13 1.03+0.43 1.44+0.36 1.50+0.23 1.254+0.22
4 2.34+0.16 1.12+0.49 2.62+0.18 1.50+0.50 1.91£0.51 0.56+0.24 1.09+0.34 0.87+0.21 1.81+0.19 1.47+0.18
5 2.84+0.20 1.344+0.40 3.19+0.27 1.53+0.23 1.56+0.44 0.59+0.27 1.31+0.37 0.87+0.31 1.41+0.26 1.47+0.18
6 2.724+0.17 0.78+0.21 3.56+0.20 0.37+0.12 2.84+0.49 1.00+0.16 0.53+0.17 1.44+0.26 0.72+0.16 1.19+0.18
7 2.28+0.20 0.81+0.26 2.72+0.28 0.91+0.21 1.91+0.34 0.37+0.18 1.47+0.19 1.31+0.21 1.22+0.22 1.1940.13
8 2.66+0.23 0.84+0.28 3.8440.17 0.53+0.17 2.75£0.50 0.69+0.23 0.31+0.12 0.28+0.14 0.62+0.24 1.65+0.17
9 2.37£0.19 0.724+0.22 3.06+0.22 0.84+0.19 2.62+0.39 0.75+0.30 0.87+0.33 0.59+0.25 1.22+0.24 1.50+0.17
10 2.50+0.22 0.94+0.36 3.25+0.23 0.28+0.09 2.34+0.45 0.69+0.26 0.41+0.15 0.18+0.07 1.03+0.31 1.59+0.17
11 1.87+0.19 0.72+£0.31 3.56+0.15 0.22+0.12 2.81+0.50 0.78+0.26 0.19+0.12 0.06+0.04 1.47+0.28 1.34+0.11
LSD value  0.53 ns 0.64 0.79 ns 0.75 0.71 0.68 ns

ns, not significant (P>0.05); SE, standard error
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Figure 1- Multidimensional scaling map of butter
samples in terms of volatile compounds

Sekil 1- Ugucu bilesenler acisindan tereyagi
orneklerine ait ¢ok boyutlu dlgeklendirme haritasi

the butters. Moreover, significant differences
were observed among the butters in terms of
cooked, creamy, rancid, oxidized, storage/plastic
and stale (P<0.05). Whey and rancid were more
intense attributes for the samples 1-5 than the
other samples (Table 4). Sample 5 had the highest
cooked aroma meanwhile sample 8 had the highest
creamy attribute. Creamy and margarine-like
attributes were higher in the samples 6-11 than
others. However some undesirable flavors including
rancid, storage/plastic, oxidized and stale were also
determined in some samples. It was also performed
a multidimensional scale analysis (MDS chart and
MDS data were not shown) for volatile compounds
and sensory attributes to reveal the relationship of
between sensory attributes and characterization of
volatile compounds. It was found that cooked, whey
and creamy intensities of butter samples were related
to diacetyl, 2-heptanone, octalactone, decalactone
and caprolactone. Moreover, octalactone closely
related with cooked and creamy flavors while the
same relationship was observed between whey,
rancid flavor and decalactone.

Unsuitable processing and storage conditions,
packaging materials and using low quality milk
in the production of butter may lead to increase

in these undesirable attributes. Krause et al (2008)
determined an increase in refrigerated/stale flavor
and a decrease in milk fat and cooked/nutty flavor
in stick and bulk butters stored at 5 °C and -20 °C
for 24 months. Sensory language for 27 commercial
butters was developed by Krause et al (2007).
They found that diacetyl, cooked, grassy, milk fat
flavors and salty taste were key characteristics for
butters. Jinjarak et al (2006) characterized sensory
attributes of sweet cream, whey and cultured butter.
Significant differences were found in yellow, shiny,
acidic odor, melt rate, porous, hard, spreadable,
cheese odor, mouth coating, nutty, cardboard odors,
acidic, nutty, diacetyl and grassy flavors of butters.
They revealed that whey butter had more nutty and
cardboard odor than sweet and cultured butters.
Hence, cultured butter had more acidic odor and
flavor, and grassy flavor than sweet and whey butter.

4. Conclusions

Some physical, chemical and sensory properties
of butter samples collected from local market
in Canakkale were investigated in this study.
Significant differences among the samples in terms
of physical, chemical and sensory characteristics
were determined. Color measurements, melting
points, acidities and viscosities of the samples
varied. In general, samples had similar refractive
indexes. On the basis of high concentrations of
diacetyl, acetic acid, acetoin, O-caprolactone,
d-octalactone and d-decalactone played important
roles in flavor of butter samples. All butter samples
had similar sensory characteristics in terms of whey,
margarine-like, sweet aromatic and sweet taste.
Further studies are needed to determine the effects
of textural properties, storage conditions, packaging
types and processing conditions on butters.
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ABSTRACT

The effect of soil and foliar Zn fertilization on two varieties of peanut’s (4rachis hypogaea) yield and some yield
components were examined in this study. Soil applications of Zn doses were 0, 10, 20 and 40 kg ha! whereas 0, 0.5, 1
and 1.5 kg ha'! Zn were sprayed to leaves. Applications of dose amounts of Zn lead to remarkable increase in yield and
100-seed weight. The effect of Zn treatment found to be statistically important at P<0.01 levels. The highest yield was
obtained at COM variety as 6580.0 kg ha™! with 0.5 kg ha! Zn foliar application. The lowest yield was measured at NC-7
variety’s control plot with 3660.0 kg ha! in 2007. Foliar application Zn was statistically determined to be important to
NC-7 variety peanut’s grain Zn concentration at P<0.05 levels in each year. The economic analyses revealed that 0.5 kg
ha™! foliar application of Zn provided maximum profit with 10271.2 USD Dollars ha™'.

Keywords: Micronutrient; Peanut; Yield; Zinc application

Dogu Akdeniz Bolgesinde Yer Fisti@inda Cinko Uygulamasinin Verim
ve Baz1 Verim Unsurlarmna Etkileri
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OZET

Bu ¢alismada topraktan ve yapraktan Zn giibrelemesinin COM ve NC-7 yerfistig1 ¢esidinde verim ve bazi verim
unsurlarina etkisi aragtirilmistir. Topraktan 0, 10, 20 ve 40 kg ha™'; yapraktan 0, 0.5, 1 ve 1.5 kg ha' dozlar1 uygulanmustir.
Zn uygulama dozlar1 verimde ve 100 dane agirhiginda 6nemli miktarda artislara neden olmustur. Zn uygulamasinin
verim ve 100 dane agirligina etkisi istatistiksel olarak P<0.01 diizeyinde 6nemli bulunmustur. En yiiksek verim 6580
kg ha'ile 0.5 kg ha' yapraktan Zn uygulamasi yapilan COM gesitinde elde edilmistir. En diisiik verim 3660 kg ha'ile
NC-7 ¢esidinin control parselinde (0 doz) dlgiilmiistiir. Yapraktan uygulamanin NC-7 ¢esidinde tanenin Zn igerigine
etkisi istatiksel olarak P<0.05 diizeyinde dnemli bulunmustur. Ekonomik analizlerde 10271.2 US Dolar ha! maksimum
gelir saglayan yapraktan 0.5 kg ha™' Zn dozu 6nerilmistir.

Anahtar Kelimeler: Mikroelement; Yerfistigi; Verim; Zn uygulamasi
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1. Inroduction

Zinc deficiency is responsible for many severe health
problems. Among them are impairments of physical
growth, immune system and learning ability,
combined with increased risk of infections (Hotz
& Brown 2004; Gibson et al 2008; Cakmak 2009;
Cakmak et al 2010). 80% of peanut production of
Turkey comes from the Cukurova region and Fe, Zn
and other micronutrient deficiency is very common
soil nutritional problem. However, Zn deficiency
is one of the widespread nutritional disorders in
crop production (Daghan et al 2013). A number of
factors affect the probability of a particular crop
developing zinc deficiency such as very high lime
content, low organic matter content, alkaline pH,
very high Zn adsorption capacity of the calcareous
soils etc. (Cakmak et al 1998; Srinivasara et al
2008). Also in soils with low Zn, the uptake of Zn is
negatively affected by N, P, K, Ca, Mg, Na, Fe, Cu
and Mn (Cakmak et al 1998; Farshid 2011; Daghan
et al 2013; Surucu et al 2013). Moreover, solubility
of Zn is more influential than its amount for the
occurrence of Zn deficiency in crops (Cakmak
2009; Rayo & Lucena 2009). Thus, zinc deficiency
has common occurrence for the soils of the world
and Turkey (Surucu et al 2013). More than half of
the Turkish soils have less than 0.5 mg kg' zinc
which is inadequate for plant growth (Cakmak et al
1998; Erdal et al 2000; Cakmak 2008).

Some researchers claimed that zinc fertilization
of alfalfa increased herbage, hay, dry matter, crude
protein yields and zinc concentration (Ceylan et
al 2009). Peanut is widely produced in Cukurova
Region of Southeastern Turkey, and micronutrients’
deficiency symptoms are common due to high
pH, lime and low organic matter content of the
soils (Irmak et al 2008). Thus, this study aims to
determine the effect of various amounts and types
of Zn application on peanut’s yield production
along with fat and protein content in high pH and
calcareous soils Cukurova Region of Turkey.

2. Material and Methods

The experiment was carried out using COM and
NC-7 peanut varieties in Adana, Turkey. The
Mediterranean climate with an average rainfall of
600 mm is dominating in the study area. Soils have
“thermic” temperature with “xeric” moisture (Soil
Survey Staff 2006). Wheat, corn, cotton, soybean,
peanut, sunflower and rapeseed are commonly
cultivated crops in the region. Soil sample was
taken from 0-30 cm depth of each experimental
plot for the analisis of routine properties. Soils
were air dried and passed through 2 mm sieve.
The DTPA (diethylene triamine pentaacetic acid)-
extractable Zn of soil (Lindsay & Norvell 1978) and
Zn concentrations of leaves and nut samples were
analized by by using Inductively Coupled Plasma
Optical Emission Spectrometer (ICP-OES, Perkin-
Elmer) (Kacar & Inal 2008). Oil contents of nuts
were analyzed according to Soxhelet method (James
1995). Protein contents of grain were analyzedsemi-
micro Kjeldahl method (AOAC 2000).

In 2006 and 2007, dose experiments were
established in split-split plot arrangement in
completely randomized block design with three
replications. In the experiment, the main plots were
varieties, sub plots were applications and sub-sub
plots were doses. The Zn fertilizer treatments were
0, 10, 20 and 40 kg Zn ha'' as ZnSO, on soil before
plowing. In the foliar Zn application rates were 0,
0.5, 1 and 1.5 kg Zn ha'. Respective amounts of
ZnSO, were dissolved in 15 L de-ionised water and
sprayed three times in twenty days interval in equal
portions after flowering started. The soil and plant
analysis data were subjected to two-way ANOVA by
SPSS 13.0 statistical package programme.The mean
separation was made by Duncan’s test at P<0.05.

Partial Budgeting and Marginal Profitability
Ratio (PB and MPR) methods were used to
determine the most economic application rate
under current market conditions (Perin et al 1976;
CIMMYT 1988). Partial budgeting process includes
the average yield, gross production rate (GPR),
fertilizer and fertilization costs, total variable input
costs (TVIC) and net income (NI) parameters.
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Marginal Profitability Analysis of applications
was conducted following the partial budgeting
process. Marginal Profitability Ratio indicates the
extra income which will be taken in return for the
invested 100 $ input towards increasing the yield
(CIMMYT 1988).

The economical analyses were performed with
the following equations:
GPR= Average Yield (kg ha') x Product Price
(kg $)
TVIC= Fertilizer Cost (kg ha') + Fertilizing labor
($ ha")
NI= GSUD-TDGM

MPR= (Extra Net Income / Extra Total Variable
Input Cost) x100

3. Results

3.1. The effect of zinc application on yield and 100-
seed weight

The results of yields of experiment plots were
presented in Table 1. The yield of NC—7 variety was
3781 kg ha'! for control treatment (0 kg Zn ha')
and increased to 5406 kg ha'upon 10 kg Zn ha'
application in 2006. Similar results were obtained

Table 1- Effect of zinc application on crop yild

Cizelge 1- Cinko uygulamasi verime etkisi

for COM variety which the yield increased from
3876 kg ha'! (control plot) to 4734 kg ha' with 10 kg
ha! soil application of Zn. Moreover, all soil applied
zinc significantly increased yield for both varieties
(Table 1).

Foliar application of Zn was also effective on
increasing yield. The yield was 3814 kg ha' in
NC-7 variety without foliar application of Zn and
increased to 4891 kg ha' with application of 0.5 kg
ha'' foliar-Zn and increased to 4953 kg ha' with 1
kg ha'! foliar-Zn application in 2006. However, the
yield of control plots for COM variety was higher
than other three foliar Zn treatments and this is most
probably due to the low sensitivity of COM variety
to foliar applied Zn. This unexpected behaviour
may be attributed to higher soil Zn concentration of
the control plots (Table 4). However, differences in
tolerance of species and varieties of some species to
Zn were reported elsewhere (Cakmak et al 1998).
Another suggestion to higher yield for control plot of
COM variety may be due to the relatively high soil
Zn content of the experimental plots. Similar results
were obtained by soil and foliar Zn applications in
2007. Soil applied Zn, at the 10 kg ha! treatment,
increased NC-7’s yield from 3840 kg ha' (control)
to 4840 kg ha'. Other Zn doses which 20 kg ha' and

Crop yield*
o Doses kg ha!
Mode of application
kg ha' NC-7 variety COM variety
2006 2007 Average 2006 2007 Average
0 3781 3840 1891 «cd 3876 4340 4108 cd
Soil 10 5406 4840 2708 ab 4734 5420 5077 ab
20 4751 5440 2385 ab 4303 5890 5096 ab
40 3912 5050 1976  be 5685 5790 5737 ab
0 3814 3660 1907 d 4738 5220 4979 ab
Foliar 0.5 4890 5360 2445  ab 4188 6580 5384 a
1 4953 5340 2477 ab 4632 5890 5261
1.5 4799 5330 4799 ab 4657 5580 5118 ab
13%
cv

Significant® (P < 0.01)
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40 kg ha! also resulted in further increases to 5440
and 5050 kg ha'! for NC-7, respectively. 10 kg Zn
ha! treatments increased the nut yield from 4340 kg
ha'! to 5420 kg ha! for COM variety. The obtained
nut yield for 20 and 40 kg Zn ha' treatments were
comparatively higher than the control treatment. 0.5
kg Zn ha'! foliar treatment in 2007 for NC-7 resulted
in 1700 kg ha'! absolute yield increase comparing
the control treatment. The gross yield obtained for
1 and 1.5 kg ha'! foliar Zn applications were 5340
and 5330 kg ha™!, respectively. The foliar application
to COM variety somehow resulted in better yield
performance for all of the treatments in the second
year.

The varying Zn application methods either to
soil or to leaves in 2006 increased 100-seed weight
for both varieties (Table 2). This increase was
detrimental for 10 kg Zn ha' treatment in NC-7
variety. However, the COM variety responded better
to increasing Zn application rates for this trait such
as 2.0, and 7.5 g absolute increase. The increasing
foliar Zn treatments resulted in better performance
in 100 seed weight for NC-7 variety. Ther were
significant improvements in size of nuts upon foliar
application of Zn. The recorded values were 105.0,
116.5, 119.9 and 118.6 g per 100 seeds for control,
0.5, 1.0, and 2.0 kg ha' treatments, respectively.
Despite similar responses were obtained for COM

Table 2- Effect of zinc applicatio on 100-seed weight

variety it was not as detrimental as NC-7 variety.
Fertilization of peanut by either way resulted in
increases in the 100 seed weight in 2007. The most
concrete performance was obtained for 10 kg Zn ha'!
treatment (128.0 g) whereas COM variety similarly
responded to all Zn rates of soil treatments (134.0-
135 g per 100 seeds). The obtained range of 100
seed weight for NC-7 upon spraying Zn was 117.0
and 125.0 g. Despite COM variety showed similar
trend to spraying, the seed size of this variety was
comperatively larger with a 100 seed weight range
of 133.0-141 g.

3.2. Effect of zinc application on oil and protein
contents of grain

Oil and protein contents of grain samples were
presented in Table 3.The oil content ranges for Soil
Zn treatments in 2006 were 41.3-45.7% and 44.4-
45.4% for NC-7 and COM varities, respectively. The
oil contents in the subsequent year were significantly
increased to ranges 46.6-48.1% and 46.2-48.0% for
the respective varieties. Spraying Zn increased the oil
contents of seeds for both varieties (45.4-47.3% for
NC-7 and 45.6-48.7% for COM) but these increases
were not significant. It is shown that Zn applications
have not affected oil contents of peanut grain in
both years. Either the soil applications or spraying
of Zn did not differ the protein content of seeds

Cizelge 2- Cinko uygulamasinin 100 tane agirligina etkisi

100-seed weight * g

Doses
Mode of application y NC-7 variety COM variety
kg ha 2006 2007 Average 2006 2007 Average
0 114.8 123.0 118.9 b 114.7 129.0 121.8 a
Soil 10 119.5 128.0 123.8 a 116.7 135.0 125.8 a
20 115.2 130.0 122.6 a 122.2 134.0 128.1 a
40 117.7 124.0 120.9 a 122.2 136.0 129.1 a
0 105.0 117.0 111.0 b 115.5 133.0 124.2 a
Foliar 0.5 116.5 125.0 120.8 a 121.3 141.0 131.2 a
1 119.9 124.0 121.9 a 119.4 142.0 130.7 a
1.5 118.6 125.0 121.8 a 121.0 135.0 128.0 a
5%
Ccv o
Significant® (P<0.01)
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in 2006, but there was relatively higher deviation
in protein content of NC-7 variety upon spraying
(Table 3). In the second year of the experiment, the
obtained protein contents were comperatively lower
by 4.6-7.3% for NC-7 and 3.5-6.7% for COM.
Despite positive relation between Zn treatments and
protein contents of both varieties, Zn application
did not affect protein content of seeds (Table 3).
Some researchers reported that Zn application had a
significant (P<0.05) effect on crude protein yield of
alfalfa (Ceylan et al 2009).

3.3. Effect of zinc fertilization on zinc content of
grain and leaf

The applicaition method, rates and year had significant
effects on leaf and seed Zn concentrations (Table 4).
Soil applied Zn was effective on both NC-7 variety’s
grain and leaf Zn concentration in 2006. The control
plot’s Zn concentration of grain was 37.0 mg kg
and raised to 55.0 mg kg ! with increasing third doses
which was 20 kg ha'. Similar to soil application,
the foliar applied Zn enhanced grain and leaf Zn
concentration of NC-7 variety which was 12.0 mg
kg at control plot and increased to 21.0 mg kg at

Table 3- Effects of zinc application on oil and protein contents of peanut grain

Cizelge 3- Cinko uygulamasinin yerfistigi tohumlarinin yag ve protein igerigine etkisi

Oil content of grain
0,

Protein content of grain
0,

Mode of application Dosg - % - - 2 -
kg ha! NC-7 variety COM variety NC-7 variety COM variety
2006 2007 2006 2007 2006 2007 2006 2007
0 443 48.1 45.4 46.2 33.2 27.3 30.2 24.9
Soil 10 44.7 47.8 46.0 47.9 33.8 27.5 29.7 242
20 41.3 46.8 44.4 47.4 33.8 27.7 29.0 25.5
40 45.7 46.6 45.9 48.0 33.2 26.7 29.4 24.0
0 44.9 46.4 46.6 48.7 31.8 259 29.5 23.9
Foliar 0.5 45.4 45.4 45.5 48.4 31.7 27.1 29.7 23.9
1 453 46.8 46.5 48.3 332 27.4 29.8 23.5
1.5 444 47.3 47.2 45.6 34.0 26.7 29.2 22.5
cv 4% 7%
ns ns

ns, not-significant

Table 4- Effects of zinc application on Zn concentrations of soil, leaf and grain samples

Cizelge 4- Cinko uygulamasi toprak, yaprak ve tane Zn icerigine etkisi

Zn concentration of soil

Zn concentration of leaf

Zn concentration of grain

Dose mg kg'! mg kg’ mg kg

kg ha! NC-7 variety COM variety ~ NC-7 variety COM variety NC-7 variety COM variety

2006 2007 2006 2007 2006 2007 2006 2007 2006 2007 2006 2007
0 0.24 1.01 020 024 14.0 7.0 24.0 6.0 37.0 74.1 34.0 80.4
10 0.20 090 0.18 035 10.0 12.0 24.0 5.0 39.0 77.9 39.0 64.7
20 0.20 096 0.18 075 15.0 6.0 17.0 6.0 55.0 72.2 42.0 1262
40 0.24 029 020 090 17.0 6.0 22.0 4.0 51.0 51.9 40.0 55.5
0 0.36 020 036 025 120 7.0 25.0 1.0 33.0 61.9 38.0 69.3
0.5 0.80 053 0.18 026 21.0 9.0 28.0 8.0 42.0 97.4 40.0 65.7
1 0.20 034 0.18 029 250 12.0 27.0 120 43.0 73.0 40.0 76.1
1.5 0.24 051 020 038 10.0 16.0 24.0 13.0  30.0 75.0 44.0 72.6

* ns * ns

*, P <0.05; ns, not-significant
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second dose which 0.5 kg ha'! foliar Zn application
in 2006. The Zn concentration of grain resembling to
leaf Zn concentration, the control plot’s 33.0 mg kg!
Zn increased to 42.0 mg kg! with foliar 0.5 kg ha™!
Zn application. Foliar application Zn was statistically
determined to be important to peanut’s grain Zn
concentration at 0.05 levels. In 2007, soil applied Zn
increased control plot’s 74.1 mg kg value to 77.9
mg kg at the second doses, 10 kg ha™' application.
The leaves Zn concentration is also increased from
7.0 mg kg (control plot) to 12 mg kg' at 10 kg ha'!
Zn treatment in the same year. The foliar application
also increased NC-7’s leaves Zn concentration of
control plot from 7.0 mg kg'to 16.0 mg kg™ at fourth
application which was 1.5 kg ha' in 2007. NC-7
variety’s grain Zn concentration rose from 61.9 mg

kg of control plot amount to 97.4 mg kg in 0.5 kg
ha'! foliar application (Table 4).

3.4. Economic analyses of zinc rates and
fertilization methods

The effects of different Zn treatments on the marginal
profit ratio (MPR) is provided in Tables 5 and 6. The
maximum profit was determined at 0.5 kg ha™! foliar
Zn application with 10271.2 $ ha'!l. Based on MPR’s
in Table 5 and 6, Zn application doses of 20 and 40
kg ha'! to soil and 1 and 1.5 kg ha! foliar spraying
resulted in higher input expenses with lower income
which gave negative MPR value. However, 10 kg
ha'! soil and 0.5 kg ha! foliar treatments revealed
positive MPR values; the latter treatment has the
maximum MPR with 1969.18% (Table 5 and 6).

Table 5- Economic analysis, partial budgeting and marginal profitability ratio of zinc dozes

Cizelge 5- Cinko dozlarimin ekonomik analiz, kismi biitceleme ve marjinal karlilik oranina etkisi

Mode of Dose Crop Gross Variable Fertilizer and  Total variable — Net income
application kg ha yield  production rate  input costs fertilization input costs (NG)
kg ha! (GSUD ($ ha') costs (TDM) (8 ha')
($ ha') ($ ha') ($ ha'')
Soil 0 3958.60 7798.40 00.00 00.00 00.00 7798.40
10 5097.70 10042.50 216.00 50.00 266.00 9884.50
20 5095.40 10037.90 432.00 50.00 482.00 9555.90
40 4825.30 9505.80 648.00 50.00 698.00 8807.80
Foliar 0 4359.70 8588.60 00.00 00.00 00.00 8588.60
0.5 5257.20 10356.70 05.40 80.00 85.40 10271.20
1 5203.90 10251.70 10.90 80.00 90.90 10160.80
1.5 5094.20 10035.60 16.30 80.00 96.30 9939.20
*, the most profitable peanut yield
Table 6- Economic analysis and marginal profitability ratio of zinc applications
Cizelge 6- Cinko uygulamalarimin ekonomik analizi ve marjinal karlilik oran
Mode of application Dose Total variable Net income (NG) Marginal
kg ha! input costs (8 ha) profitability ratio
($ ha!)
Soil 0 00.00 7798.40
10 266.00 9884.50 1320.27
20 482.00 9555.90 -104.19
40 698.00 8807.80 -346.34
Foliar 0 00.00 8588.60
0.5 85.40 10271.20 1969.18"
1 90.90 10160.80 -2018.87
1.5 96.30 9939.20 -4084.31

*, the most profitable peanut yield
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4. Discussion

Majority of the experimental soils have an
inadequate Zn concentration for crop production.
The Zn concentration of soils collected in 2006
varied from 0.18 mg kg' to 0.80 mg kg'. Except
the experimental plot of NC-7 variety which Zn was
applied 0.5 kg ha! via foliar fertilization, majority of
soils’ Zn concentration were below the critical level
of 0.5 mg kg'. The soil Zn level was 0.80 mg kg
at 0.5 mg kg! foliar fertilizer treated NC-7 variety’s
plot whereas at COM variety experiment the Zn
concentration was 0.18 mg kg both in soil and
foliar fertilizer applications. The Zn concentration
ranged from 0.20 mg kg to 1.01 mg kg'in 2007
soil samples and most of the plot’s soil Zn level
was below the critical deficiency threshold value
of 0.5 mg kg'!' (Table 4). The researches undertaken
in agricultural soils of Turkey revealed that more
than half of the Turkish soils have Zn deficiency.
Zn deficiency is more common in soils with high
phosphorous concentration or excessively fertilized
with phosphorus (Cakmak et al 2010). Irmak et al
(2008) reported severe Zn deficiency in the soils of
Cukurova region. The field experiment revealed that
both soil and foliar applications of Zn significantly
increased yield and 100-seed weight of peanut.
The averages of two yearly data for both soil and
foliar Zn treatments revealed statistically significant
increases in nut size/yield at P= 0.01 (Table 1 and
2). The positive relations between soil-Zn and yield
were reported by several researchers in different
crops (Cakmak et al 1998; Kalayci et al 1999; Togay
et al 2005; Daghan et al 2013). Some researchers
claimed that Zn fertilizers were also highly effective
in increasing grain yield of wheat and alfalfa (Erdal
et al 2003; Ceylan et al 2009; Cakmak 2010).

The increasing application of Zn both to soil and
leaves found to be statistically significant at P<(.01
for NC-7 variety. Despite there was a positive
relation between Zn application rates and 100-
seed weight for COM variety, the relation was not
statistically significant enough (Table 2). Several
authors reported increase in yield and 100-seed
weight of crops upon Zn fertilization. When Zn and
phytin acid content were considered co-application
of Zn to soil and leaves was suggested (Cakmak

2010). Some researchers studied the effect of various
Zn fertilizers on some agronomical properties
and corncob production of sweet corn (Zea mays
saccharatasturt.). The highest corncob yield was
achieved at 2.5 g L' (Borrechel) foliar treatment
with 8927 kg ha' (Biiylikkerdem & Akman 2008).
Togay et al (2005) investigated the response of yield
of various wheat species and lines to Zn application
in Van (highland with continental climate), and
determined significant effects on plant height, seed
number per spike, grain Zn concentration, 1000-
seed weight, and grain yield.

Zn concentrations in Zn treated plots and their
respective grain Zn concentrations gave statistically
significant relations at P<0.05 (Table 4). Several
researchers determined significant Zn-induced yield
(seed/nut) increases in plants (Erdal et al 2000;
Cakmak 2009; Farshid 2011). Some researchers
reported that cereal crops are inherently very low
in grain Zn and Fe concentrations (Cakmak et
al 2010). However, soil and foliar application
of Zn both in 2006 and 2007 were statistically
insignificant for COM variety’s grain and leaf Zn
concentration which may be related to low response
of COM variety to Zn fertilization or heterogeneity
of the experimental field in two successive years.
Studies undertaken in Southeastern Anatolia (semi-
arid continental climate) and Central Anatolia
(arid continental) on the effect of Zn on phytinacid
(PA), Zn and P concentrations in wheat revealed
the significance of Zn fertilization. Thus, the
regulation of P concentration and PA/Zn ratioin P
deficient calcareous soils results in inreases in the
biological availablity of Zn (Cakmak et al 1998;
Erdal et al 2000; Cakmak 2009). In this regard we
suggest 0.5 kg ha' foliar Zn application to Easthern
Mediterranean Region’s farmers for maximizing the
profit (Table 5 and 6) in peanut cultivation.
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OZET

Tuzluluk, bitkilerde gelisim ve verimi sinirlayan 6nemli abiyotik stres kosullarmm basinda gelmektedir. Kiraz
anaclarinin tuz stresi toleranslari ile ilgili bilgiler olduk¢a sinirlidir. Bu ¢alismada, tilkemizde yetistirilen ti¢ kiraz
anacinin; Colt (Prunus avium x Prunus pseudocerasus), Gisela 5 (Prunus cerasus x Prunus avium) ve Maxma (Prunus
mahaleb x Prunus avium), tuz stresine tolerans mekanizmalar1 in vitro kosullarda aragtirilmistir. Kiraz anaglarinin tuz
stresine toleranslarini belirlemek amaciyla Murashige ve Skoog (MS) ortamina 0, 25 ve 50 mM NaCl uygulanmustir.
Anaglarda; siirgiin gelisimi, lipid peroksidasyonu (MDA), membran gegirgenligi (MG), toplam antioksidan aktivitesi
(TAA), prolin icerigi, toplam klorofil icerigi, katalaz (CAT, EC 1.11.1.6) ve peroksidaz (POD, EC 1.11.1.7) antioksidan
enzim izoformlari ile Na ve Cl konsantrasyonlar1 belirlenmistir. Tuz stresi anaglarin siirgiin gelisimini ve toplam klorofil
icerigini kontrole gore azaltirken MDA igerigini, MG, TAA ve prolin igerigini artirmistir. Anaglarin stres kosullarinda
stirgiin POD enzim aktivitesi artmig ve ti¢ farkli POD izoformu elde edilmistir. Maxma anacinin POD aktivitesi diger
anaglarin POD aktivitesinden daha diisiik olmustur. Anaglarin CAT izoformlarinda ise uygulamalar ve anaglar arasinda
belirgin bir farklilik elde edilmemistir. Biitiin parametreler birlikte degerlendirildiginde, NaCl stresine Maxma anacinin
hassas, Colt anacinin orta derecede hassas ve Gisela 5 anacinin da dayanikli oldugu belirlenmistir.

Anahtar Kelimeler: Enzim izoformu; Katalaz; Kiraz anaglari; Peroksidaz; Tuz stresi
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ABSTRACT

Abiotic stress such as salinity is an important factor that limits plant growth and performance. Information regarding
the genotypic variation for salinity stress tolerance in sweet cherry rootstocks is limited. In this study, salinity tolerance
mechanisms of three sweet cherry rootstocks, namely; Colt (Prunus avium x Prunus pseudocerasus), Gisela 5 (Prunus
cerasus x Prunus avium) and Maxma (Prunus mahaleb x Prunus avium), grown widely in Turkey were investigated under
in vitro condition. The three rootstocks were cultured in vitro on MS medium supplemented with 0, 25 and 50 mM sodium
chloride (NaCl). The Shoot growth, lipid peroxidation (MDA), membrane permeability (MP), total antioxidant activity
(TAA), proline, total chlorophyll contents, catalase (CAT, EC 1.11.1.6) and peroxidase (POD, EC 1.11.1.7) antioxidant
enzyme isoforms of rootstocks were studied. Compared to the control, salinity resulted in a reduction in the shoot growth
and total chlorophyll contents. Contrary to this, MDA contents, MP, TAA and proline contents were increased by salinity.
Activity of POD in the shoot of rootstocks was increased and three different POD isoforms were exhibited under saline
conditions. The activity of POD was lower in the Maxma than the Colt and Gisela 5 rootstock. Salinity did not significantly
change the CAT isoforms of the rootstocks. Regarding the all parameters studied, the rootstocks can be classified to their

salt tolerance as sensitive (Maxma), moderately sensitive (Colt) and resistant (Gisela 5).

Keywords: Catalase; Enzyme isoform; Peroxidase; Salinity stress; Sweet cherry rootstocks

1. Giris

Sulama suyundaki tuz diizeylerine bagl olarak
diinyanin pek ¢ok yerinde 6zellikle kurak ve yart
kurak bolgelerde topraklar tuzlanmakta ve bunun
sonucu olarak bitkisel tliretimde 6nemli azalmalar
meydana gelmektedir (Singh et al 2000). Diinyada
100-110 milyon hektar (ha) olan yar1 kurak tarimsal
alanin 20-30 milyon ha’1 tuz birikiminden 6nemli
sekilde zarar gérmekte ve her yil 0.25-0.50 milyon
ha tarimsal alanda tuz birikimi sonucu tarim
yapilamamaktadir (FAO 2002).

Diinya kiraz {dretimi 2012 yili itibariyle
2,256,519 ton’ dur. Kiraz tretimi bakimindan
480,748 ton ile ilk sirada yer alan Tirkiye’yi,
Amerika Birlesik Devletleri, iran, Italya ve
Ispanya takip etmektedir. Diinya kiraz iiretiminde
% 21.3’lik payiyla birinci sirada yer alan
Tirkiye’nin kiraz iiretimindeki bu pay1 yildan yila
artis gostermektedir (FAO 2012).

Tuzluluga karsi hassas bitkiler gurubunda yer
alan (Kotuby-Amachar et al 2000) ve iilkemiz
icin onemli bir ihracat {irlinii olan kirazn,
yetistiriciliginin yogun oldugu Ege, Akdeniz
ve Marmara bdlgelerinin belirli ydrelerinde
karsilagilan tarimsal sorunlar arasinda; sulama
suyu kalitesinin her gegen giin bozulmasi, fazla

© Ankara Universitesi Ziraat Fakiiltesi

verim almaya yonelik asir1 giibreleme ve yanlis
sulama yontemlerinin kullanilmas: ilk siralarda
yer almaktadir. Bu sorunlardan kaynaklanabilecek
olas1 tuzlulagma riskine karsilik, tuz stresine
toleransli kiraz anaglarinin se¢iminde, bitkilerin
fizyolojik ve biyokimyasal mekanizmalarindaki
degisimlerin bilinmesi olduk¢a Onemlidir. Bu
nedenle 6zellikle tarimsal ag¢idan sorunlu alanlarda
stres kosullarina dayanikli anaglarin segilmesi ve
yetistirilmesi biiyilk 6nem tasimaktadir. Giderek
azalan tarim alanlarinda, strese yol agan olumsuz
¢evre kosullarina karsi bitkisel tiretimde verimliligi
artirabilmek ¢ok oOnemlidir. Verim artisi, stres
kosullarina dayanikli bireylerin segilmesi veya
1slahiyla miimkiindiir.

Abiyotik stres kosullarinda biitiin bitkilerde
oksidatif  zararlanmalar meydana  gelmekte
ve anilan bu stres kosullarina dayanmak veya
stresten kagmak i¢in bitki tiirlerinin ve g¢esitlerinin
gelistirmis olduklari mekanizmalar birbirlerinden
oldukca farklilik gostermektedir. Bu nedenle
kimi bitki tiir veya g¢esitleri abiyotik stres
kosullarindan daha siddetli etkilenirken kimi bitki
tir veya gesitleri dayaniklilik gostermektedir. Bu
farkliliklar bitki tlirleri arasinda olabilecegi gibi
ayni tiiriin farkli gesitleri arasinda da 6nemli oranda
goriilebilmektedir.
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Tuz stresine tolerans bakimindan anaclar ve
gesitler arasinda o6nemli farkliliklar gorildigi
Troncoso et al (1999), Singh et al (2000) ve Fisarakis
et al (2001) tarafindan asma anaglari, Dragisi¢
Maksimovi¢ et al (2013) tarafindan arpa gesitleri,
Turner et al (2013) tarafindan nohut gesitleri ve
Balal et al (2011) tarafindan turunggil anaclart ile
yapilan ¢alismalarda belirtilmigtir.

Abiyotik stres kosullarinda, yaprak nispi nem
icerigi ve yaprak su potansiyelinin diigmesi sonucu
bitkilerde fotosentez orami azalmaktadir (Lawlor
2001). Tuzlu kosullarda fotosentez  oraninin
azalmasmin temel sebebinin stomatal sinirlanmadan
kaynaklandig: bilinmektedir (Cornic 1996). Tuz stresi
altinda stomalarin kapanmasina bagl olarak fotosentez
orani ve igsel CO, konsantrasyonunun azalmasi
fotosentez metabolizmasimi engellemektedir. Tuz
stresinde stomalarm kapanmasi bitkilerin beslenme
durumlarini da olumsuz etkilemektedir (Oren et al
1999). Stres kosullarinda stomalarm kapanmasina
bagli olarak yapraklarm mezofil dokularinda CO,
seviyesinin hizla diismesi ve siiperoksit radikallerinin
(O,*-) artmastyla bitki dokularmda molekiiler oksijen
ile rekabet eden nikotinamid adenin diniikleotit
fosfat (NADP)’lar indirgenerek nikotinamid adenin
diniikleotit fosfat hidrojen (NADPH) birikmektedir.
Bu kosullarda bitki dokularinda NADP miktar
azalmakta ve oksijen alternatif elektron alicisi olarak
gorev yapmaktadir. Bu durumda bitki dokularinda
indirgenmis oksijen tiirevleri olan siiperoksit radikalleri
(O,*-), ve bunun indirgenmis formu olan hidrojen
peroksit (H,0,) ve hidroksil (OHe—) radikalleri
olusmaktadir (Cadenas 1989; Sairam & Saxena
2000). Aktif oksijen ¢esitleri olarak adlandirilan
bu radikaller, bitkilerde lipid peroksidasyonuna,
membran zararlanmasina, proteinlerin bozunmasina,
enzimlerin inaktivasyonuna, pigmentlerin azalmasina
ve deoksiriboniikleik asit (DNA) zincirlerinin
bozunmasina yol ac¢maktadir (Fridovich 1986;
Liebler et al 1986; Davies 1987; Imlay & Linn 1988).
Bitkilerin siiper oksit radikali ve H,O, toksisitesini
onleyebilmeleri, oksidatif strese karst dnemli savunma
mekanizmalart olan antioksidatif enzimler araciligryla
saglanmaktadir. Bitkiler, hiicrelerini toksik olan aktif
oksijen cesitlerinin zararlarindan siiperoksit dismutaz,

askorbat peroksidaz, glutasyon rediiktaz, katalaz
enzimleri ve bunlarin metabolitleri olan glutasyon,
askorbik asit, a-tokoferol ve karotenoidler araciligryla
korumaktadirlar (Liebler et al 1986; Sairam et al 1998;
Sairam & Saxena 2000). Antioksidan sistemleri giiglii
olan ¢esit veya tiirlerin stres kosullarina toleranslari
artmaktadir.

Bu calismada, ii¢ farkli kiraz anacinin (Colt,
Gisela 5 ve Maxma) in vitro kosullarda tuz stresine
toleranslart; siirglinlerin toplam klorofil igerigi,
membran gegirgenlikleri, lipid peroksidasyonu,
toplam antioksidan aktivitesi, prolin igerikleri,
katalaz ve peroksidaz antioksidan enzim izoformlar1
gibi bazi fizyolojik ve biyokimyasal parametrelerle
belirlenmesi amaglanmistir.

2. Materyal ve Yontem

Bu arastirmada, bitki materyali olarak ii¢ farkl
kiraz anacina [Colt (Prunus avium x Prunus
pseudocerasus), Gisela 5 (Prunus cerasus x
Prunus avium), Maxma (Prunus mahaleb x Prunus
avium)] ait siirgiin uglar1 kullanilmistir. Ilkbahar
doneminde bitkiler uyanmaya basladiginda
kiraz anaclarindan alinan siirgiin uglar1 ytizeysel
dezenfeksiyonunu saglamak amaciyla, % 70’lik
etanol icerisinde 2 dakika bekletilmis, daha sonra
1-2 damla Tween-20 igeren % 5°lik sodyum
hipoklorid ¢ozeltisi igerisinde 10 dakika siire ile
¢alkalanmis ve steril saf su ile her biri 5’er dakika
olmak iizere ii¢ kez yikanmistir. Doku kiiltiirii
¢alismalarinin biitlin asamalarinda temel besin
ortami olarak Murashige ve Skoog ortami (MS,
Sigma-Aldrich) + 1 mg L' BAP (benzil amino
purin) + 0.02 mg L' NAA (naftalen asetik asit) + %
3 sakkaroz + % 0.7 agar kullanilmistir (Murashige
& Skoog 1962). Besin ortamlari, pH’lar1 5.7’ye
ayarlandiktan sonra. 121 °C sicaklik ve 1.2 atm
basing altinda 20 dakika stire ile otoklavda steril
edilmislerdir. Steril edilen siirgiin uclart (20
mm) kurutma kagitlart ile kurutulduktan sonra
hazirlanan MS besin ortami igerisinde kiltiire
almmustir. Gelisen bitkiler, tuz stresi yaratmak
amaciyla 0, 25 ve 50 mM NacCl ilave edilmis MS
(800 mL i¢ hacme sahip cam kavanozlar igerisine
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100’er mL olacak sekilde dagitilmis) besin ortami
icerisinde dort hafta siireyle kiiltiire alinmistir.

Deneme tesadiif parselleri deneme desenine
gore dort tekerriirlii ve her tekerriirde 10 bitki olacak
sekilde kurulmustur. Cogaltmanin tiim agamalarinda
besin ortamlarina dikilen kiiltiirler, sicaklig1 25+1 °C
ve giin uzunlugu 16/8 saat aydinlik/karanlik ve 151k
yogunlugu 3000 lux olarak ayarlanmis olan kiiltiir
odalarinda geligsmeye birakilmislardir.

Dort haftalik gelisme doneminden sonra ortamlar
icerisinden ¢ikarilan bitkilerin bes adedinde siirgiin
boyu, siirgiin sayist ve yas agirliklart belirlendikten
sonra sabit agirliga gelinceye kadar 65 °C sicakliga
ayarl1 havali kurutma firininda kurutularak kuru
agirliklart  belirlenmistir.  Geri  kalan  bitkiler
icerisinden bir adet bitkinin tamami alinarak
membran gegirgenligi analizi Shen & Yan (2002)’a
gore hasat sirasinda yapildiktan sonra kalan bitkiler
biitiin olarak enzim izoformlarmin g¢ikarilmasi ve
diger analizler i¢in -80 °C’de muhafaza edilmistir.

Dondurulmus  bitki  Orneklerinde  lipid
peroksidasyonu (MDA) Heath & Packer (1968)
ve Sairam & Saxena (2000), toplam antioksidan
aktivite Prieto et al (1999), prolin Bates et al (1973)
ve toplam klorofil Arnon (1946) ve Withan et al
(1971) tarafindan bildirildigi sekilde belirlenmistir.
Enzim (protein) ise Gulen & Eris (2004) tarafindan
belirtildigi sekilde ekstrakte edilmistir.

Ekstraksiyon sonucunda elde edilen toplam
protein miktarinin belirlenmesinde Bradford (1976)
yontemi kullanilmistir.  Peroksidaz ve katalaz
izoenzim kaliplarinin belirlenmesi amaciyla Native-
Page yontemi kullanilmigtir. Ekstrakte edilen protein
ornekleri % 7.5’lik poliakrilamid jelde Laemmli
(1970) yontemine gore sodyum dodesil siilfat
(SDS) katilmaksizin elektroforezde yriitiilmiistiir.
Elektroforez islemi sonunda jeller POD izoenzimi
icin Wendel & Weeden (1989) ve CAT enzimi
icin Wolfe (1976)’e gore spesifik boyamalara tabi
tutulmustur.

Dért haftalik gelisme doneminden sonra ortamlar
icerisinden ¢ikarilan bitkilerin bes adedinde siirgiin
boyu, siirgiin sayist ve yas agirliklart belirlendikten
sonra sabit agirhiga gelinceye kadar 65 °C sicakliga

ayarli havali kurutma firininda kurutularak kuru
agirliklart  belirlendikten sonra kurutulmus ve
ogiitiilmiis bitki 6rnekleri mikro dalga firinda yas
yakma yontemi (HNO,+H,0,) ile yakildiktan sonra
Na fleymfotometre (Jenway PFP7, ELE Instrument
Co. Ltd) ile, Cl ise 6giitiilmiis kuru bitki 6rneklerinde
AgNO, ile titre edilerek belirlenmistir (Johnson &
Ulrich 1975).

Arastirma sonunda elde edilen veriler MINITAB
paket programi kullanilarak varyans analizi ile
degerlendirilmig, ortalamalar arasindaki farkin
onemlilik durumu ise MSTAT paket programi
kullanilarak Duncan Coklu Karsilagtirma Testi ile
belirlenmistir.

3. Bulgular ve Tartisma

3.1. Bitki gelisimi

In vitro kosullarda yetistirilen kiraz anaglarinin
yas ve kuru agirligi ile siirgiin sayisi lizerine anag
(A) ve uygulamanin (NaCl) (T) etkisi onemli
olurken ana¢ x uygulama (AxT) interaksiyonunun
etkisi dnemsiz olmustur (Cizelge 1). Tuz (NaCl)
uygulamasi ile birlikte anaglarin yas ve kuru
agirliklart ile siirgiin sayist azalmistir. Anaglarin
yas agirlik ortalamalart incelendiginde en diisiik
yas agirligin Maxma anacindan elde edildigi
goriilirken Gisela 5 ve Colt anaglart arasindaki
farkin istatistiki olarak 6nemsiz bulunmustur. Tuz
uygulamasi kuru agirligi en fazla Maxma anacinda
azaltmis (% 30.7), bunu sirastyla Colt (% 27.1) ve
Gisela 5 (% 22.8) anact izlemistir. Anaglar birlikte
degerlendirildiginde, ortalama siirgiin say1s1 50 mM
NaCl uygulamasi ile kontrole gore 6nemli oranda
azalmis, Gisela 5 ve Colt anaglarinin siirgiin sayist
Maxma anacindan daha diisiik olmustur. Anaclarin
siirglin boyu iizerine AXT interaksiyonunun etkisi
onemli olmustur. Tuz uygulamasi ile anaglarin
siirglin boyu azalmig, en kisa siirgiin boyu 50
mM NaCl uygulamas1 ile Maxma anacindan elde
edilmistir (Cizelge 1).

Tuz stresi bitkilerde bir seri fizyolojik ve
biyokimyasal silirecin olumsuz etkilenmesine
yol agar. Termaat & Munns (1986) ve Ruiz et al
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Cizelge 1- In vitro kosullarda NaCl uygulamasinin kiraz anaclarimin yas (YA) ve kuru agirhgi (KA) ile

siirgiin sayisi1 (SS) ve siirgiin boyu (SB) iizerine etkisi

Table 1- Effect of NaCl on fresh (FW) and dry weight (DW), number of shoots (NS) and shoot length (SL) of sweet

cherry rootstocks grown in vitro

NaCl YA KA SS SB
Anacglar
(mM) (g 5 bitki”) (g 5 bitki) (bitki!) (cm)
Gisela 5 0 10.50 1.45 497 330a
25 9.31 1.18 4.92 2.97b
50 10.40 1.12 3.73 3.08 ab
Maxma 0 8.40 0.88 6.35 2.50 cd
25 5.84 0.61 6.35 233 cd
50 5.21 0.66 4.55 1.98 ¢
Colt 0 11.40 1.18 5.75 3.21 ab
25 7.15 0.86 4.50 2.63¢
50 8.62 0.97 3.55 2.31d
Ortalama
0 10.10 a 1.67a 5.69 a 3.00
25 7430 0.88 b 526a 2.64
50 8.07b 0.92b 3.94b 2.46
Ortalama
Gisela 5 10.07 a 125a 4.54b 3.12
Maxma 6.48 b 0.72¢ 5.75a 227
Colt 9.05a 1.01b 4.60b 2.71
F-test
Anag (A) 9.20" 13.79* 7.66™ 55.50"
Tuz (T) 5.22" 4.67" 13.71™ 23.88"
AxT 0.96% 0.13% 0.848 3.96"

*, P<0.05; **, P<0.01; 6d, onemli degil; A, anag; T, tuz uygulamasi; AxT, interaksiyon; ayni siitundaki farkli harfler Duncan Coklu
Karsilastirma Testine gore farklarin 6nemli oldugunu gosterir; degerler dort tekerriiriin ortalamasidir

(1999)’a gore tuz stresinin bitki gelisimi iizerine
olan bu olumsuz etkileri ozmotik ve iyonik
olmak tizere iki sekilde ger¢eklesmektedir. Kiraz
anacglarinin siirgiin gelisimi, yas ve kuru agirligt
NaCl uygulamasi ile 6nemli oranda azalmistir.
Benzer sonuglar Gisela 5 anacinda Erturk et al
(2007) tarafindan, kiraz anaglarinda [GF 677
(Prunus persica x Prunus amygdalus) ve Nemared
(Prunus persica)] Sotiropoulos et al (2006a) ve
M9 elma anacinda Sotiropoulos (2007) tarafindan
da bildirilmistir.

3.2. Lipid peroksidasyonu, toplam antioksidan
aktivite, membran gegirgenligi, prolin ve toplam
klorofil igerigi

In kosullarda lipid
peroksidasyonu ve toplam antioksidan aktivitesi
iizerine AXT interaksiyonunun etkisi Onemli
olmustur (Sekil 1 ve Sekil 2). Tuz uygulamasi
Gisela 5 anacinin lipid peroksidasyonunu 6nemli
derecede artirirken, Maxma ve Colt anaglarinin lipid
peroksidasyonunda &nemli bir degisiklie neden
olmamugtir. Ortalama lipid peroksidasyonunun

vitro kiraz anaglarinin
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Maxma anacinda diger anaglara gore daha yiiksek
oldugu belirlenmistir. Abiyotik stres etmeni
ile karsilasan bitkilerde membran lipidlerinin
peroksidasyonu hiicresel boyutta stres iceren
zararlanmanin bir gostergesidir. Bu sebeple MDA
igerigi, membran lipidlerinin peroksidasyonunun
ve oksidatif zararlanmalarin bir gostergesi olarak
degerlendirilmektedir (Gunes et al 2007). Tuz stresi
altinda MDA igeriginin arttig1 ¢esitli caligmalarda
da bildirilmistir (Gunes et al 2007; Sekmen et al
2007; Eraslan et al 2007; 2008). Tuza toleranst
yiiksek olan genotiplerin diisiik MDA miktarina yani
daha az lipid peroksidasyonuna sahip oldugu, lipid
peroksidasyonu fazla olan genotiplerin ise tuza daha
fazla duyarlilik gosterdikleri cesitli arastirmacilar
tarafindan bildirilmistir. Gossett et al (1994),
tuz uygulamasi ile hassas bir pamuk cesidinde
lipid peroksidasyonunun dayanikli g¢esitten % 51
oraninda daha fazla oldugunu belirtmislerdir. Benzer
sonuglar; Kusvuran et al (2007) tarafindan kavun
genotiplerinde, Sekmen et al (2007) tarafindan tuza
hassas ve dayanikli sinirotu ¢esitlerinde ve Shalata
& Tal (1998) tarafindan ise domates genotiplerinde
bildirilmistir. Bu ¢alismada da stres kosulunda en
yiiksek MDA igeriginin Maxma anacinda oldugu
belirlenmistir. Anaglarin tuzdan etkilenme diizeyi

MDA, nmol g' YA

ab

H
Ho

25 mM NaCl
mGisela ®mMaxma  Colt

50 mM NaCl

Kontrol

Sekil 1- In vitro kosullarda NaCl uygulamasinin
kiraz anaclarmn lipid peroksidasyonuna (MDA)
etkisi [F-Test: Anac¢: **; Tuz: **; AxT: * (*¥,
P<0.01; *, P<0.05)]

Figure I1- Effect of NaCl on lipid peroxidation (MDA)
of sweet cherry rootstocks grown in vitro [F-Test:
Rootstock: ™, Treatments: ™; RxT: * ("', P<0.01; ",
P<0.05)]

ile stirgin MDA igerigi arasinda iliski oldugu,
MDA igerigindeki artisa gore yapilan siralama ile
tuza tolerans ozelliginin baglantili oldugu sonucuna
varilmistir.

Tuzuygulamasi Coltanacinin toplam antioksidan
aktivitesini azaltmig, Maxma anacinin toplam
antioksidan aktivitesinde Onemli bir degisiklige
neden olmamistir. Gisela 5 anacinda ise yiiksek
tuz diizeyine gore disik tuz diizeyinde toplam
antioksidan aktivite daha diisik olmustur (Sekil
2). Toplam antioksidan aktivite ortalama olarak
Maxma anacinda en yiiksek seviyede olmus bunu
sirastyla Colt ve Gisela 5 anaglari izlemistir. Yapilan
cesitli arastirmalarda da yetisme ortaminda NaCl
konsantrasyonunun artmasi ile bitki yapraklarinda
toplam antioksidan aktivitenin arttigi bildirilmistir
(Molassiotis et al 2006; Eraslan et al 2007).

Kiraz anaglarinin membran gegirgenligi, prolin
ve toplam klorofil igerigi iizerine tuz uygulamasimin
etkisi onemli olurken anag¢ ve AXT interaksiyonunun
etkisi istatistiki olarak ©nemli bulunmamistir.
Anaglarin membran  gecirgenligini 50 mM
dozundaki tuz uygulamasi, kontrol ve 25 mM tuz
dozuna gore Onemli oranda artirmistir (Sekil 3).
Abiyotik stres kosullarinda bitkilerin membran

TAA, mmol kg' YA

100

cde

25 mM NaCl 50 mM NaCl

B Gisela ®Maxma  Colt

Kontrol

Sekil 2- In vitro kosullarda NaCl uygulamasinin
kiraz anaclariin toplam antioksidan aktivitesine
(TAA) etkisi [F-Test: Anag: **; Tuz: %5 AxT: ** (**,
P<0.01; 6d, 6nemli degil)]

Figure 2- Effect of NaCl on non-enzymetic total
antioxidant activity (TAA) of sweet cherry rootstocks
grown in vitro [F-Test: Rootstock: *; Treatments: ™ ;
RxT: (", P<0.01; ns, non-significant)]
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Sekil 3- In vitro kosullarda NaCl uygulamasinin
kiraz anaclarinin ortalama membran gecirgenligine
(MG) etkisi [F-Test: Anac: %; Tuz: **; AxT: % (**,
P<0.01; 6d, 6nemli degil)]

Figure 3- Effect of NaCl on average membrane
permeability of sweet cherry rootstocks grown in
vitro [F-Test: Rootstock: ™; Treatments: **; RxT: ™ (",
P<0.01; ns, non-significant)]

gecirgenliginin arttigint bildiren pek ¢ok arastirma
bulunmaktadir (Alpaslan & Gunes 2001; Ismail
2004; Gunes et al 2007).

Artan dozda NaCl uygulamasi anaglarin prolin
iceriklerini kontrole goére artirmis ancak prolin
icerigindeki artis yliksek tuz diizeyinde kontrole gore
onemli olmustur. (Sekil 4). Tarmmsal ekosistemde
herhangi bir stres etmeni (agir metal toksisitesi, besin
maddesi eksikligi, kuraklik, tuzluluk vb) ile karsilagan
bitkilerin olumsuz kosullara adapte olabilmek
icin  bilinyelerinde prolin  miktarmi  artirdiklart
belirtilmektedir (Hare & Cress 1997). Tuz stresi
altinda bitkilerde prolin iceriginin arttifi Aziz et al
(1999), Tarakcioglu & Inal (2002) ve Ismail (2004)
tarafindan da bildirilmistir. Wang & Han (2009), yonca
gesitleri ile yaptiklari calismada prolin birikiminin tuza
toleransin bir sonucu olabilecegini belirtmistir.

Artan dozda NaCl uygulamasi anaglari klorofil
iceriklerini kontrole gore azaltmis ancak klorofil
icerigindeki azalig yiiksek tuz diizeyinde kontrole
gore oOnemli olmustur (Sekil 5). Tuz (NaCl)
stresinde klorofil igeriginin azalmasi, tuzlulugun
bitkiler tarafindan Mg ve Fe gibi iyonlarin alimini
olumsuz etkilemesi, bunun sonucu olarak kloroplast
olusumunun ve klorofil biyosentezinin azalmasi
seklinde agiklanmaktadir (Neocleous & Vasilakakis

Sekil 4- In vitro kosullarda NaCl uygulamasinin
kiraz anaclarinin ortalama prolin icerigine etkisi
[F-Test: Anac: %; Tuz: **; AxT: ¥ (**, P<0.01; od,
onemli degil)]

Figure 4- Effect of NaCl on avarage proline
concentrations of sweet cherry rootstocks grown in
vitro [F-Test: Rootstock:™; Treatments:” ; RxT: ™ (7,
P<0.01; ns, non-significant)]

Toplam Klorofil, mg g' YA

0,9
0.8 &
0,7 a
0,6
0,5
04 b
0,3
0,2
0,1

0

Kontrol 25 mM NaCl 50 mM NaCl

Sekil 5- In vitro kosullarda NaCl uygulamasinin
kiraz anaclarinin ortalama toplam klorofil icerigine
etkisi [F-Test: Anag: ®; Tuz: *; AxT: % (, P<0.01;
od, onemli degil)]

Figure 5- Effect of NaCl on average total chlorophyll
concentrations of sweet cherry rootstocks grown
in vitro [F-Test: Rootstock:™ Treatments:™; RxT: ™
(":P<0.01; ns, non-significant)]

2007). Sotiropoulos et al (2006b), tuz uygulamasi
ile klorofil iceriginin kiraz anaglarinda azaldigini
ancak Gisela 5’in CAB 6P’ ye gore daha fazla
klorofil icerdigini belirtmistir. Tuz uygulamasi
ile bitkide klorofil igeriginin azaldigina ait benzer
sonuglar Erturk et al (2007) tarafindan Gisela 5
kiraz anacinda ve Papadakis et al (2007) tarafindan
farkli kiraz ¢esitlerinde de bildirilmistir.
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3.3. Peroksidaz (POD) ve katalaz (CAT) enzim
izoformlart

Farkli dozlarda NaCl uygulanan kiraz anaglarinin
peroksidaz (POD) ve katalaz (CAT) enzim
izoformlar1 Sekil 6’da verilmistir. Kiraz anaglarinin
POD profillerindeki bantlarmin  farklt olarak
yogunlastig1 gézlenmistir. Peroksidaz profillerindeki
ilk bantlarda 25 ve 50 mM NaCl igeren MS ortami
iizerinde gelisen kiraz anaglarmin POD bandinin
kontrol grubuna goére daha yogun oldugu ve Maxma
anacinin diger anaglara gore daha az yogunlukta bant
olusturdugu gozlenmistir. Ozellikle 25 ve 50 mM
NaCl igeren MS ortamu iizerinde gelisen Colt kiraz
anacinin yogun bir peroksidaz bandi olusturdugu
tespit edilmistir. Peroksidaz profillerindeki 3.
bantlar sadece 25 ve 50 mM NaCl i¢geren MS ortami
tizerinde gelisen Colt anacinda ¢ok az bir yogunlukta
gozlenmistir. Anaglar arasinda POD izoformu
degerlendirildiginde en diisiik aktivasyonun Maxma
anacinda goriildiigii ve bunu sirasiyla Gisela 5 ve
Colt anaglarmin izledigi belirlenmistir.

Tuzlu ortamda POD enzim aktivasyonu ve
izoform sayisindaki artis ¢eltik yapraklarinda (Lee
et al 2001), Suaeda nudiflora’ nin kalluslarinda
(Cherian & Reddy 2003), ve MM106 elma anacinin
yaprak ve siirglinlerinde (Molassiotis et al 2006)
tespitedilmistir. Wang & Han (2009) tuzlu kosullarda
yetisen yonca cesitlerinden dayanikli olanlarin POD
aktivitelerini ve izoform sayisini artirarak tuza karst
tolerans gelistirebilecegini belirtmistir.

Go  Gas Gso Mo

Mazs Mso Co

Cy»s Cso
—» POD-1
—» POD-2

—» POD-3

(S=SSS WSS SR

Sekil 6- In vitro kosullarda NaCl uygulanan kiraz
anaclarimin peroksidaz (POD) ve katalaz (CAT)
enzim izoformlari. G, Gisela 5; M, Maxma; C, Colt;
o» kontrol; ., 25 mM NaCl; _;, 50 mM NaCl

Figure 6- Effect of NaCl on peroxidase (POD) and
catalase (CAT) antioxidant enzyme isoforms of sweet

cherry rootstocks in vitro. G, Gisela 5; M, Maxma; C,
Colt; , control; ,, 25 mM NaCl; , 50 mM NaCl

Stres  kosullarinda  bitkilerde  birikebilen
hidrojen  peroksidin (H,0,) par¢alanmasinda
(detoksifikasyonu) etkili olan enzimler katalaz,
askorbat-glutasyon dongiisiine katilan glutasyon
reduktaz ve askorbat peroksidaz enzimleridir.
Farkli dozlarda NaCl iceren ortamlar {izerinde
gelisen Gisela 5, Maxma ve Colt kiraz anaglarinin
CAT enzim izoformlari, kiraz anaglarmin katalaz
profillerinde bantlar tespit edildigini fakat bantlar
arasinda belirgin bir fark olmadigini gostermistir
(Sekil 6). Tuza toleransi farkli olan karpuz
¢esitlerinde tuz stresinin etkisini arastiran Yasar et
al (2008) tuz stresi kosullarinda CAT aktivitesinin
ozellikle tuza toleransl gesitlerde ¢ok ciddi artiglar
gosterirken duyarli ¢esitlerde ¢ok daha diisiik
seviyede artis gostermesinin tuz stresi altinda
CAT enzim aktivitesini artirma konusunda tuza
toleransli c¢esitlerin daha yetenekli olmasindan
kaynaklandigini ve bu goriisiin yaygin sekilde kabul
edildigini bildirmiglerdir. Chinta et al (2001), dut
bitkisinde tuzlu kosullarda CAT enzim aktivitesinin
arttigini, Lee et al (2001) ve Asish et al (2004) ise
tuzlu ortamlarda katalaz enzim aktivasyonunun
azaldigint belirtmislerdir. Bu durum CAT enzim
aktivitesinin bitki tir ve ¢esidi ile arastirma
kosullarina gore degisebildigini gostermektedir.

3.4. Bitki Na ve CI konsantrasyonlari

Kiraz anaglarinin Na ve Cl konsantrasyonlari
iizerine AxXT interaksiyonunun etkisi Onemli
olmustur. Uygulanan NaCl dozu arttik¢a bitki
Na ve Cl konsantrasyonlari artmistir (Sekil 7 ve
8). Tuzlu kosullarda Gisela 5 kiraz anacinin Na
ve Cl konsantrasyonlarmin Maxma ve Colt kiraz
anaglarinin Na ve Cl konsantrasyonlarindan daha
yiiksek oldugu belirlenmistir. Giines et al (2003)
asma anaclarinda, Papadakis et al (2007) farkli
kiraz cesitlerinde, Karakullukcu & Adak (2008)
nohut gesitlerinde, Karimi & Hasanpour (2014) nar
¢esitlerinde, NaCl uygulamast ile siirgiin Na ve Cl
konsantrasyonlarinin énemli oranda arttigini ve Na
ve Cl birikimi yoniinden anag veya ¢esitler arasinda
fark oldugunu belirtmislerdir. Kugvuran et al (2008),
Na ve Cl konsantrasyonlarinin tuza toleransh ve
hassas kavun genotiplerinin belirlenmesi agisindan
etkin bir parametre olabilecegini belirtmistir.
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Sekil 7- In vitro kosullarda NaCl uygulamasinin
kiraz anaclarinin Na konsantrasyonuna etkisi
[F-Test: Anac: *; Tuz: ™; AxT: ™ (*, P<0.01)]

Figure 7- Effect of NaCl on Na concentrations of sweet

cherry rootstocks grown in vitro [(F-Test: Rootstock:™
Treatments:"" ; RxT: ™" (", P<0.01)]
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Sekil 8- In vitro kosullarda NaCl uygulamasinin
kiraz anaglarmmin Cl konsantrasyonuna etkisi
[F-Test: Anac: *; Tuz: ™; A*T: ™ (*, P<0.01)]
Figure 8- Effect of NaCl on CI concentrations of sweet
cherry rootstocks grown in vitro [F-Test: Rootstock:™
Treatments:"" ; RxT: ™" (", P<0.01)]

4. Sonuc¢

Bu calismadan elde edilen sonuglara gore, tim
anaclarin siirgiin gelisimi tuz stresinden olumsuz
etkilenmigtir. ~ Stres  kosullarinda  anaglarin
fizyolojik ve biyokimyasal yapilarinda 6nemli
degisikler meydana gelmistir. Tuzluluga toleransin
belirlenmesinde siirgiin gelisimi ile uyumlu bir
sekilde siirgiin lipid peroksidasyonu, toplam
antioksidan ve POD enzim aktivitelerinin strese

dayanim mekanizmasinda se¢im kriteri olarak
kullanilabilecegi belirlenmis, stres kosulunda en
yiiksek lipid peroksidasyonu ve en diisiik POD enzim
aktivasyonu Maxma anacindan elde edilmistir.
Tim gelisim ve fizyolojik parametreler birlikte
degerlendirildiginde tuzluluk stresinden en fazla
etkilenen anacin Maxma ve en az etkilenen anacin
Gisela 5 oldugu, Colt anacinin ise tuz stresinden
orta derecede etkilendigi sonucuna vartlmigtir.
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250) tarafindan desteklenmistir.
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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 6zetlerin her biri 300 kelimeyi gegmemelidir. Tiirkge ve ingilizce 6zetlerde
sirastyla “Ozet” ve “Abstract” kelimeleri kullanilmalidir. Ozet, calismanin amacini, nasil yapildigini, sonuglari ve sonuglar iizerine
yazar(lar)m yaptig1 degerlendirmeleri igermelidir. Ozetlerin 1 satir altina, her anahtar kelimenin ilk harfi biiyiik digerleri kiigiik
harflerle, miimkiinse baslikta kullanilmayan, ¢alismayi en iyi bi¢imde tanimlayacak ve aralarinda noktal virgiil (;) olacak sekilde
en fazla 6 anahtar kelime yazilmalidir.

1. Giris: Bu boliimde; caligma konusu, gerekgesi, konu ile dogrudan ilgili 6nceki ¢aligmalar ve ¢alismanin amaci verilir.

2. Materyal ve Yontem: Kullanilan materyal ve yontem ayni baslikta verilmelidir. Alt baslik verilecekse boliim numarasi 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 cizelge ya da grafik olarak verilmelidir. Istatistiki olarak énemli bulunan
faktorler, uygulanan istatistik analiz teknigine uygun karsilastirma yontemi ile yorumlanarak ilgili istatistikler {izerinde harflendirme
yapilmalidur. Istatistiki analiz yonteminin dogru segilmedigi ve/ya analizin geregi gibi yapilmadig: durumlarda editérler kurulu
makaleyi degerlendirme diginda tutabilir. Bulgular tartigilmali ancak gereksiz tekrarlardan kagmilmalidir. Bulgularin baska
arastirmalarla benzerlik ve farkliliklart verilmeli, nedenleri agiklanmalidir.

4. Sonuglar: 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 olmalt ve yapilan katk: ifade edilerek verilmelidir.

Kisaltmalar ve/veya Semboller: Makalede kisaltmalardan miimkiin oldugunca kagmilmalidir. Semboller Makale Hazirlama
Sablonunda belirtildigi gibi verilmelidir. Kisaltma ve semboller metin i¢inde ilk kez kullanildig1 yerde agiklanmalidir. Uluslararas:
gecerliligi olan ve yerlesik kisaltmalar tercih edilmelidir. Kisaltmalar makalenin bashiginda kullanilmamalidir. Semboller SI
sistemine gore verilmelidir.

Kaynaklar: Eserde yararlanilan kaynaklara iliskin atif metin i¢inde “(Yazarin soyadi yil)” yontemine gére yapilmalidir. Ornek:
(Doymaz 2003), (Basunia & Abe 2001). Yazara atif yapilirsa sadece yayinin yili parantez igine alinmalidir. Ornek: Doymaz (2003)’e
gore ya da Basunia & Abe (2001). Ug ya da daha fazla yazar igin makale igindeki atifta “et al” kullanilmalidir. Ornek: (Lawrence
et al 2001) veya Lawrence et al (2001)’e gore. Ayn1 yazarin ayni yil i¢inde 1°den fazla yayini varsa, yildan sonra kiigiik harfler
verilmelidir. Ornek: (Akpnar et al 2003a). Ayn1 yazarin birden fazla yayimina atif yapilacaksa yildan sonra noktali virgiil (;) isareti
ile ayirt edilmelidir. Ornek: (Akpinar 2007; 2009; 2013). Birden fazla atif yapilirsa atiflar arasinda noktali virgiil (;) kullamlmalidir.
Ornek: (Perl et al 1987; Bailly et al 1996; Copeland & McDonald 2001; Goel & Sheoran 2003). Eger bilginin, kaynagin belirli
bir sayfasindan ya da sayfalarindan alindigi belirtilmek istenirse (Hardeman & Jochemsen 2012, s 657-674; Naess 1991, s 34)
bi¢iminde gosterilmelidir. Kaynaklarda Anonim ya da Anonymous seklinde gsterim yapilmamalidir.

Kaynaklar bolimiinde metin iginde atifi yapilan tiim kaynaklar alfabetik olarak (yazarlarin soyadlarina gore) ve orijinal dilinde
verilir. ki veya daha fazla yazarli eserlerin bildiriminde son yazardan 6nce “&” kullanilmalidir. Ornek: Lawrence K C, Funk D B
& Windham W R (2001). Kaynagin sonuna nokta (.) isareti konulmamalidir. Dergi isimleri kisaltma yapilmadan tam adi ile yazilma
ve italik yazilmalidir. Kongre kitaplarinda Tiirk¢e ya da yabanci dilde 6zeti yayinlanmis ¢alismalara 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. Tim 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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