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Physicochemical Properties of Zivzik and Gorumlu Pomegranates

Mehmet KARAASLAN"', Giilsah izoL*

Harran Universitesi Ziraat Fakiiltesi Gida Mihendisligi Bolimii*
iletisim: mehmetkaraaslan@harran.edu.tr

Abstract

One of the largest pomegranate plantation areas in the World is Anatolia where is also
considered as to be the native lands of pomegranate cultivation. Even though presence of many
pomegranate accessions in the region only Hicaz variety has world-wide reputation and is
generally used for production of pomegranate juice concentrate. The objective of this study is
illuminating the physicochemical properties of special pomegranate types grown in the Eastern
and Southeastern regions of Anatolia. Four different pomegranate varieties namely Zivzik, Ali
Aday, Haci Hesin, Radisu were assayed for their phenolic, anthocyanin, ascorbic acid contents
and antioxidant activities. The anthocyanin compositions of pomegranates were identified by
using HPLC system equipped with photodiode array detector. Results indicated that these
pomegranate varieties have comparable natural compound and ascorbic acid contents, and they
have higher antioxidant activity than the other pomegrante varieties and fruit types. The HPLC-
PDA analysis revealed that there are at least three individual anthocyanins such as Cyanidin 3,5 —
diglucoside, Pelargonidin 3,5 —diglucoside, Cyanidin 3 —glucoside in assayed pomegranates.

Keywords: Pomegranate, Zivzik, Anatolia, Phenolic compounds, Anthocyanins

Zivzik ve Gériimlii Narlarinin Fizikokimyasal Ozellikleri

Ozet

Dinyanin en genis nar plantasyon alanlari arasinda Anadolu bulunmaktadir ve ayni zamanda bu
topraklar nar bitkisinin ilk kilttre alindigi bolgeler arasinda sayillmaktadir. Bélgede ¢ok sayida nar
tipleri bulunmasina ragmen 06zellikle Hicaz narlari diinya ¢apinda taninmaktadir ve genellikle bu
cesit narlar meyve suyu konsantresi yapiminda kullanilmaktadir. Bu ¢alismanin amaci Dogu ve
Guneydogu Anadolu yorelerinde yetistirilen bazi nar tiplerinin fizikokimyasal 6zelliklerinin
ozelliklerinin tespit edilmesidir. Zivzik, Ali Agay, Haci Hesin, Radisu olmak Uzere dort farkh nar
¢esidi fenolik, antosiyanin, askorbik asit ve antioksidan igerikleri bakimindan incelenmistir.
Narlarin antosiyanin kompozisyonlari fotodiot detektor kullanilarak HPLC (HPLC-PDA) vasitasiyla
tespit edilmistir. Elde edilen sonuglara gore tzerinde ¢alisilan narlar 6nemli élglide dogal bilesikler
ve askorbik asit icermekte ve ayrica ylksek antioksidan aktiviteye sahiptirler. HPLC-PDA analizine
gore narlarda Siyanidin 3,5-diglukozit, Pelargonidin 3,5-diglukozit, Siyanidin 3-glukozit antosiyanin
bilesikleri bulunmaktadir.

Anahtar sozciikler: Nar, Zivzik, Anadolu, Fenolik bilesikler, Antosiyaninler

Introduction
tannins, anthocyanins), which are known
Demand to pomegranate products to act as natural antioxidants and
seemed to reach new heights reflecting antimicrobial agent. Thus, these natural
the depth of its ‘health promoting’ antioxidants can protect humans against
perception among people. Pomegranate the oxidative stress and reduce
fruit is one of the most important sources consequently the risk of chronic diseases
of phenolic compounds (polyphenolic (Gil et al., 2000; Faria, 2007; Lansky and



Newman, 2007). Spreading of reports
indicating its medicinal properties (Curtis
CL et al., 2004) serves better appreciation
of the nutritional value of pomegranates.

Pomegranate (Punica granatum L.) is
generally considered to have originated
in the vicinity of the Southeastern
Anatolia, mid-mesapotomia and Persia.
The total pomegranate production of
Turkey is around 250.000 tons per annum
as of 2012. The
pomegranate

most prevalent

variety cultivated in
Anatolia is Hicaz. Hicaz pomegranate is
specifically  suitable to  industrial
processing because of its high acidity,
high fruit juice yield, and bright red color.
The origin of Hicaz pomegranate variety
is Alanya where is located at the South
West region of Anatolia and this variety
scientific

was subjected to many

investigations. In additition to this, Hicaz

pomegranates are the major raw
material of fruit juice concentrate
imported to European and North

American countries from Turkey. Even
though Hicaz variety is the most common
variety cultivated all over the Anatolia
there are many other pomegranate types
locally produced and consumed. These
varieties await for studies shedding light
on their physicochemical properties and
the introduction to the people on the
World caring better quality diet and
nutrition. Especially Sirnak (Gorumlu) and
Siirt  (Zivzik)
diverse and rich flora of plants including

regions known for the

fruit-bearing trees.
Although

types/varieties have been cultivated in

pomegranate
many pomegranate
Eastern Anatolia only a few studies was
carried out for determining

physicochemical properties of these

pomegranate types (Poyrazoglu et al.,

Karaaslan ve izol

2002; Glindogdu et al., 2010; Gozlekci et
al., 2011).

The objective of this study was to
assesss physicochemical properties of
special pomegranate varieties grown in
Gorumlu and Siirt namely Haci Hesin, Ali
Aday, Radisu and Zivzik pomegranates,
respectively. In this study physical and
chemical

properties of pomegranate

varieties grown in the Eastern and
Southeastern regions of Anatolia were
investigated. In addition, the fruits were
divided three classes as small, medium,
large and the effects of fruit size on the
physico-chemical characteristics of the
fruits were investigated.The individual
anthocyanin compounds present in
pomegranate cultivars were examined by

using HPLC.
Materials and Methods
Plant material

Zivzik pomegranate fruits used in this
study were obtained from the plantation
areas located in Sirvan province of Siirt.
The other three pomegranate types (Haci
Hesin, Ali Agay, Radisu) were collected
from trees

grown in pomegranate

plantation areas located in Gorimli
province of Sirnak. Pomegranate fruits
were immediately transferred to the
laboratory and stored at 4°C until used in
experiments.

chemical

Determination -physical

properties of pomegranates

pH analyses of samples were carried
out using a pH meter (Fisher sci. model
10 (Denver, U.S.)),
completed with Hunter Lab colorimeter

color analyses were



(Color Quest XE, USA), Brix° values of the
samples were determined using a ABBE
(Atago Brand).
value of the samples were measured as
described by Yenice (1974) and titrable
acidity of the samples

refractometer Formol

Determination of total phenolic content
(TPC)

TPC of arils were determined by the
Folin-Ciocalteu method with gallic acid
standard. Briefly, 30 pl of sour cherry
extract were pipetted into test tubes
containing 2.370 ml deionized water and
150 pl Folin-Ciocalteu’s reagent were
added onto the mixture (Karaaslan et al.,
2011). The mixture was then vortexed
and kept at dark for 8 minute. Then 450
ul saturated Na,CO; was added and
allowed to stand for 30 minutes in the
dark medium. The absorbance of each
read at 750 nm
spectrophotometer (Libra, Biochrom, UK)

sample was in a
against the blank. Various concentrations
of gallic acid solution (from 50 to 500
pug/ml) were used to plot a calibration
curve. Results were expressed as mg
gallic acid equivalent per gram
pomegranate (mg GAE/kg).

Determination of total anthocyanins (TA)

TA contents of the sour cherries were
determined by using pH-differential
method (Wrolstad, 1976). The results
were expressed as cyanidin-3- glucoside
(mg/kg)
equation.

according to the following

A AxMWxDFx1000
B Exl
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where A = (Aysz0 - Awroo)pn 10 = (Arsao -
Ax700)pn a5, MW (molecular weight)=445.2
g/mol; DF=dilution factor; I=path length
in cm; € (molar extinction coefficient
)=29,600 in L/mol/cm for cyanidin-3-
glucoside.

Radical DPPH scavenging capacity

The free radical scavenging capacities

of sour cherries were measured
according to DPPH method reported by
Blois (1958) with minor modifications. A
0.1 ml of each extract was pipetted onto
2.9 ml of DPPH solution (0.1 mM in
ethanol). After 30 minutes of incubation
at room temperature the absorbance at
Radical

scavenging capacity was expressed as

517 nm was measured.
percent scavenging effect according to
the following formula.

DPPH Scavenging Effect (%) = [(Ac -
As)/Ac] x 100
Purification of phenolics
Anthocyanin and non-anthocyanin
phenolics were purified on a C-18
Cartridge (Finisterre, Teknokroma) using
a vacuum manifold. Previously, cartridge
was activated with 5 ml ethyl acetate
(EtaC), 5 ml methanol (0.01% HCI, v/v)
and 2 ml acidified water (0.01% HCI)
respectively. A 1 ml sample extract was
loaded and then the cartridge was firstly
washed with 2 ml acidified water (0.01%
HCl, v/v). After the cartridge was well
dried by means of nitrogen, the cartridge
was washed with 5ml EtaC to elute non-
anthocyanin  phenolics; and finally
washed with 2 ml MetOH (0.01% HClI,
v/v) to within

elute anthocyanins



separate test tubes. The EtaC and MetOH
extracts were put in a water bath (40 2C)
and solvents were removed under a
stream of nitrogen. Phenolics were
dissolved in acidified water (0.01% HCI),
filtered through 0.45 um PVDF filter and
transferred to vials.

HPLC analysis of phenolic compounds

Identification and quantifaction of
phenolic compounds were performed on
Waters 2795 HPLC (Waters, USA)
equipped with a Waters 2996 photodiode
array detector. Autosampler (Set at 7°C)
controlled with EMPOWER™ 2
software. of

was
Samples (mixtures
anthocyanin and non-anthocyanin, 1:1,
v/v) were injected into Supelcosil
(Supelco) LC-18 (25 cm X 4.6 mm X 3um)
column. The mobile phase was a mixture
of 0.1% (v/v) trifluoroacetic acid in water
(A) and 0.1% (v/v) trifluoroacetic acid in
acetonitrile (B). Column temperature was

35°C and flow rate was 1 ml min-1. The

Karaaslan ve izol

280 320
Identification of phenolic compounds was

and nm  wavelengths.
carried out by comparing retention times
and spectral data of separated peaks
with
Working

those of authentic standards.

standard  solutions  were
prepared in the concentration range from
0.01 to 0.5 mg/ml diluting with 0.1% (v/v)
trifluoroacetic acid in water solution.
Quantitative determination were carried

out using calibration curves of standards

(neochlorogenic acid: y= (3E + 0.7)x, R®
0.9933; catechin: y = (5E + 0.6)x, R’
0.9965; epicatechin: y = (5E + 0.6)x, R®
0.9989; caffeic acid: y = (SE + 0.7)x, R®
0.9991; cyanidin-3- glucoside: y = (5E +
0.7)x, R* = 0.9971; cyanidin-3-rutinoside:
y = (5E + 0.7)x, R® = 0.9980).
anthocyanins lacking reference standards

For
(cyanidin-3-sophoroside, cyanidin-3-
glucosylrutinoside), identification
done according to their retention times,

was

polarity, characteristic spectra and

previous reports (Garofuli¢ et al., 2013;
Kirakosyan et al., 2009; Simunic et al.,

gradient conditions were 5%, 35%, 75%, 2005; Tomas-Barberan, 2001) and
75%, 5% and 5% of solvent B at 0, 45, 47, quantification was done according to the
52, 54 and 65 minutes, respectively. cyanidin-3-glucoside and  cyanidin-3-
Anthocyanins were detected at 520 nm; rutinoside calibration curves.
non-anthocyanins were detected at both
Table 1. Physical properties of four pomegranate cultivars.
Cultivars FW (g) FL(cm) FD(cm) AL (cm) AD (cm) HGW (g) JY (%) AP (%)
Zivzik 261:8°  7.1#0.1° 7.7t0.1° 1.04+0.01 0.80:0.01 41.65:0.5 38+0.6 55:0.6°
c c d b
Haci Hesin ~ 317+31° 7.5+0.2° 8.2+0.3° 1.1620.02 0.92#0.1° 51.81#1.9 44#0.7 6520.9°
b b a
Ali Agay 281+18%  7.4+0.2° 7.940.2° 1.21#0.02 0.88+0.1° 59.37#1.5° 46+1.6 66%1.7°
a b a
Radisu 275+17°  7.3#0.2° 7.8#0.2° 1.1+0.2° 0.86:0.1° 48.17+0.8° 35:0.9 52+1.2°
b

abcd

Different letters in the same column indicate statistically significant difference (p<0.05).



Results and Discussion
Physical properties
The physical characteristics of Zivzik,

Haci  Hesin, Ali

pomegranate cultivars are given in Table

Aday and Radisu
1. Average fruit weights of pomegranate
cultivars are ranged from 26 g (Zivzik) to
317 g (Haci Hesin). Similarly, a study was
carried out to determine the physical
properties of pomegranates grown in
town of Siirt

Pervari reported that

pomegranate  fruit weight ranges
between 197 and 310 g (Kazankaya et al.,
2003). These values are close to the
results presented in this study. Juice yield
was measured in order to determine the
appropriateness of pomegranates for
industrial processing. The highest juice
found in Ali Aday

pomegranates (46 %) and the lowest

yield  was

juice vyield value was determined in
Radisu pomegranates (35 %). Gozlekci et
al. (2011) reported that juice yield of
some Anatolian pomegranate cultivars
and 48 % which is
comparable to our findings presented in

are between 37 %

this study. Hundred grain weight refers to
approximate size of grain and juice yield
and also influences consumer perception
of better quality pomegranate fruit. The
higher hundred seed weight indicates the
higher fruit vyield and this type
pomegranates are more suitable for
industrial use. In this study it was found
that Ali Agay has the highest hundred
grain weight (HGW) (59.37 g) and Zivzik
has the lowest HGW (41.65 g). Gozlekci
et. al (2011) reported that HGW ranges
between 35.56 and 45.29 g for the
varieties they examined. Especially, it was
determined in this study that Hacr Hesin

Karaaslan ve izol

and Ali Agay varieties grown in Gorimli
region have higher grain size and more
suitable for fresh consumption and thus
these pomegranates have higher HGW
compared to the HGW data presented in
the previous studies. Physical properties
of three different size (small, medium
and large) pomegranates are displayed in
Table 2.
differences were observed among three

Statistically significant
different size (small, medium and large)
pomegranates investigated in this study
within the measured parameters such as
weight, length (p<0.05). This indicates
that the difference in size of the fruit
have an effect on physical properties.

Physical and chemical properties of
pomegranate juice

The Brix°, pH, titrable acidity and color
intensity values of the pomegranates
belonging to different cultivars are shown
in Table 3.
(p<0.05)
pomegranate cultivars. The highest total

Significant  differences

were found among the
soluble solids content was in Zivzik (18.4
Brix’) and the lowest was in Ali Aday
(16.5 Brix°). Our results were higher than
values observed by Tehranifar et al.
(2010) (11.37-15.07° Brix), while our data
were in agreement with values (between
14.7 and 17.9) reported by Cam et al.
(2008). The pH values ranged between
3.39 (Ali Agay) and 3.63 (Haci Hesin). The
titrable acidity content varied from 0.96
% (Zivzik) to 1.33 % (Ali Aday). Similar
results were reported by Glindogdu et al.
(2010) ( between 0.47% and 1.08%) for
the pomegranates grown in Siirt.

It was determined that color intensity
value was almost 1.5 fold higher in red
Zivzik  (4.4)

colored pomegranates



and Ali
Aday (2.6) pomegranates (p<0.05) (Table

compared to Hacr Hesin (3.0)

3). The formol values found in Zivzik, Ali
Aday and Radisu pomegranate juice were
16.2, 14,5, 15.1, 13.5 (mL 0.1 mol
NaOH/100 mL), respectively (Table 3).

Our results were higher than values
observed (9.16 mL 0.1mol NaOH/100 mL)
by Unal et al. (1995), were in agreement
with values (4-20 mL 0.1 mol NaOH/100
mL) reported by Tirkmen and Eksi
(2010). These data demonstrated that
the cultivar type was the main parameter
influencing the physical and chemical
properties of pomegranates. However,
the composition of the fruit is dependent
on the climatic conditions of the region,

pre and postharvest  agricultural
practices, the degree of maturation
stage, altitude and the storage and

transport conditions (Poyrazoglu et al.,,
2002; Ozgen et al., 2008; Tezcan et al.,
2009). These factors affect biochemical
reactions, gene expression, enzyme
synthesis, and regulation of biochemical

pathways involving in  secondary
metabolite accumulation during cell and
plant growt.

The physical and chemical

characteristics of different size (small,

Karaaslan ve izol

medium and large) of Zivzik, Haci Hesin,
Ali  Agay
cultivars

and Radisu pomegranate
in Table 4.

Statistically significant differences were

are described

not observed between three different

size medium and large)
titrable
acidity and color intensity of fruit
(p<0.05). These findings indicatethat the

difference in size of the fruit does not

(small,

pomegranates for Brix°, pH,

have an effect on some chemical
properties. There was no statistically
significant difference in Zivzik, Haci Hesin,
and Radisu pomegranates in terms of
their Brix° values on the contrary to Al
Agay pomegranates. On the other hand,
titrable acidity of Haci Hesin, Ali Agay,
and Radisu was different from each other
for the fruits at different sizes while there
was no variation among the Zivzik
The

highest color intensity value of different

pomegranates at various sizes.
sizes in Radisu pomegranates was found
in small sizes (Table 4). pH value of small
and medium size Ali Agay pomegranates
similiar while for size

were large

pomegranates were different (p<0.05).

Table 2. Average fruit weight (FW), fruit length (FL), fruit diameter (FD), aril lenght (AL), aril
diameter (AD), hundred grain weight (HGW), juice yield (JY) and aril proportion (AP) %

of different size pomegranate cultivars

Cultivars Size FW(g) FL(cm) FD(cm) AL(cm) AD(cm) HGW(g) IY(%) AP (%)
S 159+7° 5.9+0.05° 6.420.04° 0.9+0.01° 0.8+0.01° 37.6£0.74°  36%1° 54+2°
Zivzik M 2544+5° 7.240.05° 7.8+0.07° 1.0+0.01° 0.7+0.01° 41.7+0.55°  36+1°  56+1°
L 370+9° 8.0£0.07° 8.7+0.08° 1.0+0.01° 0.8+0.01° 455+0.99°  35#1° 54+1°
S 147+6° 6.0+0.09° 6.6+0.06° 1.0+0.01° 1.0+0.12° 48.6+3.20°  44+1®  65%1°
Haci M 326+13°  7.8+0.12° 8.6+0.16" 1.1+0.03° 0.8+0.09° 51.3+3.78°  46+1°  66£2°
Hesin
L 476+48° 8.5+0.23° 9.4%0.32° 1.1+0.04° 0.8+0.06° 55.4+3.17°  4142° 63+2°
s 158+8° 6.1+0.09° 6.5+0.14° 1.1+0.03° 0.8+0.02° 53.3+2.63° 55+2°  67+2°
AliAgay M 266+13°  7.3+0.15° 7.9:0.17° 1.1+0.02° 0.8+0.01° 59.2¢1.39%  40+2°  67+3°
L 418+17°  8.5+0.13° 9.2+0.15° 1.2+0.03° 0.9+0.02° 65.542.91°  45+2°  63+3°
S 175+9° 6.3£0.12° 6.8+0.15° 1.0+0.01° 0.8+0.01° 43.5+¢1.19° 39+1°  57+2°
Radisu M 251+8° 7.340.10° 7.79+0.17°  1.2+0.02° 0.8+0.01° 49.5+¢1.47°  35+1%°  48+2°
L 397+26°  8.3+0.23° 8.9+0.19° 1.0+0.03" 0.8+0.01° 51.4+0.82°  34#2°  49+1°

abcd

L

Different letters in the same column indicate statistically significant difference (p<0.05). (Small; S, Medium; M, Large;
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Table 3. Avarage brix, pH, titrable aciditiy and color intensity value of pomegranate juice

Pomegranate Brix® pH Titratable Color Formol value(mL 0.1 M
Juice Acidity (%) Intensity NaOH/100 mLfruit juice)
Zivzik 18.4+0.1° 3.55°  0.96+0.03°  4.4+0.2° 16.2+0.3°

Haci Hesin 17.9¢0.2° 3.63°  1.03+0.02°  3.0:0.4™ 15.1+0.7°

Ali Agay 16.5+0.1° 3.39°  1.3320.04° 2.6+0.5° 14.5+2°

Radisu 17.9+0.1° 3.527  1.2240.05°  3.9:0.5° 13.540.9°

< pifferent letters in the same column indicate statistically significant difference (p<0.05).

Table 4. Average brix, pH, titrable aciditiy and color intensity value of different size

pomegranates
Variety Size Brix® (%) pH Titratable acidity (%) Color Intensity
S 18.5+0.1° 3.51° 1.03+0.04° 5.1+0.3°
Zivzik M 18.4+0.1° 3.59" 0.92+0.05° 4.740.4°
L 18.4+0.1° 3.56™ 0.93+0.04° 3.6+0.7°
S 17.8+0.04° 3.57° 1.06+0.04° 3.3+0.1°
Haci Hesin M 17.9+0.4° 3.62° 1.12+0.01° 1.7+0.1°
L 18.1+0.4° 3.72° 0.91+0.03° 0.9+0.1°
S 16.5+0.2°° 3.35° 1.34+0.05%° 1.340.1°
Ali Agay M 17.0+0.2° 3.36° 1.47+0.07° 0.6+0.1°
L 16+0.3" 3.46° 1.18+0.04° 0.840.01°
S 18.3+0.1° 3.47° 1.3+0.04° 5.9+0.01°
Radisu M 17.640.3° 3.50% 1.21+0.04° 5.6:0.01°
L 17.9+0.2° 3.59° 1.17+0.15° 5.6+0.02°

< pifferent letters in the same column indicate statistically significant difference (p<0.05) (S; Small, M; Medium, L;

Large)

Total phenolics, total anthociyanins and (735 mg GAE/L)
differences in the phenolic contents of
pomegranates were statistically
significant (p<0.05). Ozgen et al. (2008)
reported that total phenolic content
ranges from 1245 to 2076 mg GAE/L for

different cultivars are displayed in Table the

respectively. The
antioxidant activities of pomegranates

The total phenolic compounds, total
anthocyanins, antioxidant and ascorbic
acid content of the pomegranates from

pomegranates grown in

5. The total phenolic content is one of
the most important parameters for
appraising pomegranate characterization.
Phenolic compounds prevents oxidation
of fatty acids, vitamins and enzymes in
cells (Harborne and Williams, 2000;
Martens and Mithofer, 2005; Zaouay et
al., 2012). The highest total phenolic
compounds were found in Zivzik (973 mg
GAE/L) pomegranates, and followed by
Radisu (927 mg GAE/L), Haci Hesin (786
mg GAE/L) and Ali Agay pomegranates

Mediterranean region of Turkey. Total

phenolic compound of eight
pomegranate cultivars grown in Turkey
were measured at the value of between
208.3 mg GAE/100 mL and 343.6 mg
GAE/100 mL as reported by Cam et al.
(2008). This can be related to the varietal
studied

harvesting time and performing time of

factors of the cultivars,
the experiments, maturity status, genetic
diversity of the metabolic pathways
amount of

responsible for varied



phenolics biosynthesis (Tehranifar, 2010).
(2003)
among widely consumed fruit juices in

Gunduc et al. reported that

Turkey; total phenolic compound of
turnip juice is 772 mg/L, and cherry juice
is around 797 mg/L. The data presented
in this study for total phenolics content
were among 927 and 973 mg GAE/L. The
phenolics

content of the assayed

pomegranates juice in this study were
higher than those of fruit juices reported
previously (Gonduc et al. 2003).
Anthocyanins contribute to the
formation of red, blue or purple colors in
many fruits and they are well-known
compounds for their antioxidant activity
(Tehranifar et al.,, 2010; Mena et al.,
2011; Zaouaya et al., 2012). The highest
total

detected in Zivzik pomegranates (145 mg

amount of anthocyanin  was

cyanidin-3-glucoside/L),  the lowest
anthocyanins was detected in yellow-pink
colored Ali Agay pomegranates (64 mg
GAE/L) (Table 5). Moderately significant
differences were found between cultivars
in terms of their anthocyanins content.
(2003) were
reported that total anthocyanin content

Vardin and Fenercioglu

of Suru¢ pomegranate cultivars are 8.9
mg/100 mL and for some Tunisian
total
anthocyanin content was found between
50.52 and -490.42 mg/L as reported by
Zaouay et al. (2012). The difference in
anthocyanin content of pomegranate

pomegranate  cultivars  the

cultivars largely is due to differences in
cultivar, maturation stage, production
region and climatic conditions (Gil et al.
1995; Borochov-Neori et al., 2009).

Karaaslan ve izol

In this study, the differences in
antioxidant activitiy (DPPH, antioxidant
ability to scavenge free radical) among
the pomegranate cultivars were found
(p<0.05).

Antioxidant activity of Zivzik, Haci Hesin,

statistically non-significant

Ali Adgay and Radisu pomegranates was
found as 86%, 88%, 87% and 87%,
respectively (Table 5). Mousavinejad et
al., (2009) has been reported antioxidant
activity for Iran pomegranates among
18.6-42.8% (according to DPPH), Cam et
al. (2009)
activity of eight pomegranate cultivars

reported that antioxidant

grown in Turkey ranges between 73.02%
and 91.8% (according to DPPH method).
Our result were higher than the data
reported by Mousavinejad et al. (2009),
and was similiar to those reported by
Cam et al. (2009). The difference in
antioxidant activity might be variety
specific and stems from the differences in
their total
content.

phenolic and anthocyanin

Vitamin C content and anthocyanins
content were well correlated. Total
anthocyanins content and total phenolic
compounds were highest in varieties
whichs variety also have the highest
vitamin C concentration. The lowest total
anthocyanins, vitamin C and phenolics
content was found in Ali Agay (Table 5).

Thus it can be concluded that there was a

close relationship between the total
anthocyanins content, total phenolic
compounds and vitamin C content

(Gardner et al., 2000; Tehranifar et al.,
2010).
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Table 5. Average total phenolic content, total anthocyanin content, antioxidant activity % and
acorbic acid value of different pomagranate varieties

Variety Total phenolic Total anthocyanin Antioxidant activity = Ascorbic acid
(mg GAE/L) (mg cyanidin-3- (%) (mg/100 mL)
glucoside/L)
Zivzik 973+12° 14516 ° 86+0.3° 16 +1.1°
Haci Hesin 786+53° 93+9° 88 +0.6° 9.7+0.6°
Ali Agay 735+40° 64+13° 87 +0.7° 3.240.6°
Radisu 927+29° 144+10° 87+0.5° 12+1.0°

abcd

total
antioxidant

Total
anthocyanins

phenolic compounds,
content,
activity and ascorbic acid of three
different size (small, medium and large)
of pomegranate are displayed in Table 6.
Highest total
Zivzik pomegranate was found in small
size pomegranates (1043 + 33 mg GAE/L)
(p<0.05). Total

antioxidant

phenolic compounds in

anthocyanins content,
DPPH) and
ascorbic acid content in different size of
Zivzik
statistically insignificant (Table 6). It can
be concluded that
pomegranates depending on their sizes is

activity (%

pomegranate  were  found

classification of
not useful way of classification for
presuming their phytochemical contents.

As classified small, medium and large
in Haci Hesin pomegranate juice was
found total phenolic compounds 988, 702
and 582 mg GAE/L respectively; total
anthocyanins content 103 , 70 and 34
cyanidin-3- glucoside mg /L; ascorbic acid
value 13, 59 and 10 mg/100 mL
respectively. The effect of fruit size on

phytochemicals content was found
statistically significant in Haci Hesin
pomegranates for total phenolic

compounds, total anthocyanins content

Different letters in the same column indicate statistically significant difference (p<0.05).

and vitamin C (p<0.05). It was observed
that small (13 mg/100 mL) and large (10
mg/100 mL) Haci Hesin pomegranates
had higher ascorbic acid content than
medium  size (5.9 mg/100 mL)
pomegranates.

For Ali Agay pomegranates statistically
significant properties are total phenolic
compounds, total anthociyanin content
and ascorbic acid value (p<0.05). Small,
medium and large size of Ali Agay
pomegranate juice was found average
total phenolic compounds 707, 614 ve
577 mg GAE/L
anthocyanins content 36, 19 ve 25 mg

respectively; total

siyanidin-3-glukozit/L respectively;
ascorbic acid content 7, 1.4 ve 1.1
mg/100 mL respectively.

It was observed that there are
significant  difference in  phenolics
content of Zivzik, Ali Agay, Haci Hesin and
Radisu pomegranate fruits at different
sizes. In all  four investigated
pomegranate varieties, it was found that
the small size pomegranates have the
highest phenolics content compared to
bigger size pomegranates. This situation
indicates that importance of fruit size on

assessing their phenolic contents.
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Table 6. Averages and error standard of total phenolic content, total anthocyanin content and %
antioxidant activity and ascorbic acid value of different size pomegranate fruits

Variety Size  Total phenolics Total anthocyanins Antioxidant Ascorbic acid
(mg GAE/L) (mg cyanidin-3- activity (mg/100 mL)
glucoside/L) (%)
S 1043+33° 17445° 85+0.7° 1741.8°
Zivzik M 951+16° 147+11° 85+0.9° 16+1.4°
L 974+9° 128+18° 85+0.8° 1440.4°
S 988+15° 103+2° 90+1.1° 1341.8°
Haci Hesin M 702+6" 70+2° 89+1.2° 5.9+1.2°
L 582+6° 34+1° 90+0.5° 10£1.2%°
S 707+12° 36%1° 90+2.3° 7+1.7°
Ali Agay M 614+6" 1940.6° 89+1.8° 1.4+0.04°
L 577+11° 25+2° 89+1.7° 1.1+0.02°
S 1060+12° 216+2° 86+1.2° 1241.2°
Radisu M 966+18° 195+1° 86+1.1° 10+0.6°
L 1000+10° 191+2° 87+2.3° 13+1.1°

®d Different letters in the same column indicate statistically significant difference (p<0.05). (S; Small, M; Medium,

L;Large)

Identification of Anthocyanins Present in
Pomegranate Fruits

Anthocyanin compositions of
pomegranate arils are given in Table 7.
The major anthocyanin in Zivzik, Haci
Hesin and Ali Agay pomegranate cultivars
was cyanidin-3,5-di-glucosides (Figure 1).
For Radisu pomegranate dominant
anthocyanin was determined as to be
cyanidin-O-glucoside. Highest amount of
cyanidin 3,5-diglucoside was found in
Zivzik pomegranate (42.28 mg/kg) (Table
7) and followed by Radisu and Haci Hesin.
Mousavinejad et al. (2009) concluded

that dominant anthocyanins present in
eight Iranian pomegranates were
delphinidin  3,5-diglucoside (372-5301
mg/L), cyanidin-3,5-diglucoside (242-
2361 mg/L) and pelargonidin  3,5-
diglucoside (7-90 mg/L). Difference in
pomegranate varieties in terms of their
anthocyanin compositions is thought to
be the first reason for this observed
variation, in addition to this, harvest
time, agricultural practices, soil type and
structure, storage conditions may be
effective on the amount of anthocyanin
(Mousavinejad et al., 2009).

Table 7. Anthocyanin composition of Pomegranate arils (mg/kg)

Pomegranate Cyanidin 3-5, Pelargonidin Cyanidin -O- Total
diglucoside 3-5, diglucoside diglucoside

Zivzik 42.28+2.1 14.51+0.9 27.70£1.3 84.49

Haci Hesin 24.64+1.1 7.55+0.4 16.35+1.2 48.55

Radisu 33.68+1.7 25.93+1.2 55.12+2.3 114.73

Ali Agay 13.88+0.7 5.02+0.2 6.6710.3 25.57

10
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Figure 1. A typical HPLC chromotogram showing the resolved anthocyanin composition of Ali
Agay pomegranate fruit. (1) Cyanidin 3,5 —diglucoside, (2) Pelargonidin 3,5 —diglucoside, (3)

Cyanidin 3-glucoside.

Conclusion

In conclusion, it was found that the
Zivzik pomegranate cultivar grown in
wide areas in Sirvan region is suitable for
both fresh consumption and industrial
processing. On the other hand, Haci
Hesin, Ali Agay and Radisu
grown in Gorumlu are found to be
suitable for fresh consumption. It was
moreover suggested that, Radisu and
Zivzik
suitable for processing in the fruit juice

pomegranates are especially
industry due to their rich red colour and
high anthocyanin, titratable acidity and

soluble solids content.

References

Akbarpour, V., Hemati, K., and M.
Sharifani, 2009. Physical and
chemical properties of
pomegranate (Punica granatum L.)
fruit in maturation stage.
American-Eurasian  Journal  of
Agricultural &  Environmental
Science, 64: 411-416.

Borochov-Neori, H., Judeinstein, S.,

Tripler, E., Harari, M., Greenberg,
A., Shomer, [, and D. Holland,

11

2009. Seasonal and cultivar

variations in antioxidant and
sensory quality of pomegranate
(Punica granatum L.) fruit. Journal
of Food Composition and Analysis,
22:189-195.

Curtis, C.L., Harwood, J.L., Dent, C.M.,
and B. Caterson, 2004. Biological

the  benefit

nutraceutical supplementation in

basis  for of
arthritis. Drug Discovery Today, 9:
165-172.

Cam, M., Hisil, Y., and G. Durmaz, 2008.

Classification of eight pomegranate

juices based on antioxidant
capacity measured by four
methods. Food Chemistry,
112:721-726.

Faria, A., Monteiro, R., Mateus, N.,

Azevedo, I., and C. Calhau, 2007.

Effect of pomegranate (Punica
granatum) juice intake on hepatic
oxidative stress. European Journal
of Nutrition, 46: 271-278.

Gardner, P.T., White, T.A.C. McPhail,
D.B.,, and G.G. Duthie, 2000. The
relative contributions of vitamin C,
carotenoids and phenolics to the
antioxidant potential of fruit juices-

dietary flavonoids and phyto-



estrogens. Food Chemistry, 68:
471-474.
Garofuli¢, I.E., Dragovi¢-Uzelac, V.,

Jambrak, A.R., and M. Juki¢, 2013.
The effect of microwave assisted
extraction on the isolation of
anthocyanins and phenolic acids
from sour cherry Marasca (Prunus
cerasus var. Marasca). Journal of
Food Engineering, 117: 437-442.

Gil, M.l., Garcia-Viguera, C., Artes, F., and

F.A. Tomas-Barberan, 1995.
Changes in Pomegranate juice
pigmentation  during ripening.

Journal of Agricultural and Food
Chemistry, 48:4581-4589.
M.l., Tomas-Barberan, F.A., Hess-
Pierce, B., Holcroft, D.M. and A.A.
Kader, 2000. Antioxidant activity of

Gil,

pomegranate  juice and its
relationship with phenolic
composition and processing.

Journal of Agricultural and Food
Chemistry, 48: 4581-4589.
Gozlekci, S., Saracoglu, O., Onursal, E.,
and M. Ozgen, 2011. Total phenolic
distribution of juice, peel, and seed
extracts of four pomegranate
cultivars. Pharmacognosy
Magazine, 7: 161-164.
Gindogdu, M., H.,,

Sensoy, Sirvan

ve R..G.
(Siirt)
Narlarin

Yilmaz,
2010.
Yoresinde  Yetistirilen
Pomolojik Ozellikleri. Yiiziinciiyil
Tarim Bilimleri Dergisi, 20:138-143.
Gunduc, N., and S.N. EL, 2003. Assessing
Antioxidant Activities of Phenolic
Compounds of Common Turkish

Food and Drinks on In Vitro Low-

Density Lipoprotein  Oxidation.
Journal of Food Science, 68:2591-
2595.

12

Karaaslan ve izol

Harborne, J.B., and C.A., Williams, 2000.
Advances flavonoid

1992.

in
researchsince
Phytochemistry, 55:481-504.

Karaaslan, M., Ozden, M., Vardin, H., and
H, 2011.
fortification of yogurt using grape

LWT-Food
Science and Technology, 44, 1065-
1072.

Kazankaya, A., Glindogdu, M., Askin,
M.A., and Muradoglu, F., 2003.
Pervari (Siirt) Narlarinin Meyve
Ozellikleri. IV. Ulusal Bahge Bitkileri
Kongresi, Eyltl 08-12, Antalya,141-
143.

Kirakosyan, A., Seymour, E.M., Urcuyo

Turkoglu., Phenolic

and callus extracts,

Llanes, D.E., Kaufman, P.B., and
S.F. Bolling, 2009. Chemical profile
and antioxidant capacities of tart
cherry products. Food Chemistry,
115, 20-25.

Lansky, E.P., and R.A. Newman, 2007.
Punica granatum (pomegranate)
and its potential for prevention
and treatment of inflammation and

cancer. Journal of
Ethnopharmacology, 109: 177-
206.

Martens, S., and A. Mithofer, 2005.

Flavones and flavone synthases.
Phytochemistry, 66, 2399-2407.
Mena, P., Garcia-Viguera, C., Navarro-
Rico, J., Moreno, D.A., Bartual, J.,
Saura, D., and N. Marti, N, 2011.
Phytochemical characterisation for
industrial use of pomegranate
(Punica granatum L.) cultivars
grown in Spain. Journal of the
Science of Food and Agriculture,
91:1893-1906.
Mousavinejad, G.,

K.,

Emam-Djomeh, Z,

Rezaei, and M.H.H.



Khodaparast, 2009. Identification
and quantification of phenolic
compounds and their effects on
antioxidant activity in
pomegranate juices of eight
Iranian cultivars. Food Chemistry,
115:1274-1278.

Ozgen, M., Durgac, C., Serce, S., and C.
Kaya, 2008. Chemical and
antioxidant properties of
pomegranate cultivars grown in
the Mediterranean region of
Turkey. Food Chemistry, 111:703-
706.

Ozguven, A.l, Talli, H., Coskun, M., and Y.
Dagkan, 1997. Fruit characteristics
of some Mediterranean and
Aegean pomegranate varieties
under ecological conditions of
Adana, Turkey, Acta Horticulturae,
ISHS, 441: 345-350.

Ozkan, Y, 2003. Determination of
pomological characteristics  of
Niksar  district  pomegranates
(Punica granatum L.) of the Tokat
province, Acta Horticulturae, ISHS,
598:199-203.

Poyrazoglu, E., Gokman, V., and N. Artik,
2002. Organic acids and phenolic
compound in pomegranates
(Punica granatum L.) grown in
Turkey. Journal of Food
Composition and Analysis, 15: 567-
575.

Simunic, V. Kovac, S., Gaso-Sokac, D.,
Pffannhauser, W.,, and M.
Murkovic, 2005. Determination of
anthocyanins in four Croatian
cultivars of sour cherries. European
Food Research and Technology,
220: 575 - 578.

Tehranifar, A., Zarei, M., Nemati, Z.,
Esfandiyari, B., and M.R.

13

Karaaslan ve izol

Vazifeshenas, 2010. Investigation
of physico-chemical properties and
antioxidant activity of twenty
Iranian  pomegranate  (Punica
granatum L.) cultivars. Scientia
Horticulturae, 126:180-185.

Tezcan, F., Gultekin-Ozguven, M., Diken,

T., Ozcelik, B., and F.B. Erim, 2009.
Antioxidant activity and total
phenolic, organic acid and sugar
content in commerical
pomegranate juices. Food
Chemistry, 115: 873-877.

Tomas-Barberan, F.A., Gil, M.l., Cremin,

P., Waterhouse, A.L., Hess-Pierce,
B., and A.A. Kader, 2001. HPLC-
DAD-ESIMS analysis of phenolic
compounds in nectarines, peaches,
and plums. Journal of Agricultural
and Food Chemistry, 49: A4748-
4760.

Tirkmen, 1., and A. Eksi, 2010. Brix

degree and sorbitol/xylitol level of
authentic pomegranate (Punica
granatum L.) juice. Food Chemistry,
127:1404-1407.

Unal, C., Velioglu, S., and B. Cemeroglu,

1995. Tirk nar sularinin bilesim
Ogeleri. Gida, 20: 339-345.

Vardin, H., and H. Fenercioglu, 2003.

Study on the development of
pomegranate juice processing
technology: clarification of
pomegranate juice.  Nahrung,
42:300-303.

Wrolstad, R.E.,1976. Color and pigment

analyses in fruit products. Station
Bulletin 624, Agricultural
Experiment Station, Oregon State
University, Corvallis.

Yenice, E.,1974. Visne sularinda kalite

faktorleri Uzerinde arastirmalar.



Doktora Tezi, Ankara Universitesi
Ziraat Fakdiltesi, 127s.

Zaouaya F, Menab, P, Garcia-Viguerab, C,,
M. Marsa, 2012. Antioxidant
activity and  physico-chemical

14

Karaaslan ve izol

properties of Tunisian grown
pomegranate (Punica granatum L.)
cultivars. Industrial Crops and
Products,40:81—-89.



Harran Tarim ve Gida Bilimleri Dergisi 18 (1), 15-24, 2014
ISSN 0099246, Research Article

The Use of Colour Cue for Investigating the Ability of Laying
Hens to Regulate Methionine Intake from Drinking Water*

Sahin CADIRCI*

Department of Animal Science, Faculty of Agriculture, Harran University, Sanliurfa, Turkey1
iletisim: scadirciuk@yahoo.co.uk

Abstract

The appetite of laying hens for methionine and the hens’ ability to regulate methionine
intake in drinking water were investigated. Birds were subjected to the combinations of
diet adequate or deficient in methionine and methionine-treated or normal water. In
regimen A, birds were fed diet adequate in methionine and normal water was provided
from bottles. In order to enable laying hens to differentiate between the water-supply
bottles containing normal and methionine-treated water, colour cues and training of the
birds were introduced in Regimens B, C, and D. The birds were allowed to become
accustomed to the colour cue of their water supply bottles, and to the physiological
effects of their diet and drinking water, then, followed a “free choice” part of the
experiment. The concentration of methionine in treated water was 0.15% (w/v) in
Regiment E, and 0.30% (w/v) in Regiment F. Feeding a diet deficient in methionine resulted
in a substantial reduction in the intake of both feed and water. When the drinking water
was then supplemented with methionine, both feed and water intake was restored to the
normal level, moreover, methionine consumption equalled or exceeded that attained
when methionine was supplied in the feed alone. Finally, the hens were fed a methionine-
deficient diet and were offered a choice of both normal and methionine-treated water.
The hens fed methionine-deficient diet were able to select for water supplemented with
methionine in preference to pure water by using colour cues. However, birds were not
able to regulate methionine consumption for their optimum requirements from drinking
water.

Key words: Laying hen, methionine, regulate, drinking water, colour cue

Renk Belirteci Kullanilarak Yumurta Tavuklarinin igme Suyundan Metiyonin
ihtiyacini Diizenleyebilme Kabiliyetlerinin incelenmesi

Ozet

Yumurta tavuklarinin  metiyonine istek ve i¢gme suyundan metiyonin alimlarini
diizenleyebilme kabiliyetleri incelenmistir. Tavuklar metiyonince yeterli veya yetersiz yem
ile normal veya metiyonin karisimi su kombinasyonlarina tabi tutulmustur. Tavuklara A
beslenme doéneminde metiyonince yeterli yem ve siselerden normal su verilmistir.
Tavuklarin B, C ve D beslenme donemlerinde normal ve metiyonin karisimi suyu ayirt
edebilmeleri icin renk belirteci kullaniimistir. Tavuklarda yem ve icme suyunun fizyolojik
etkileri farkli renkteki su siseleri kullanilarak iliskilendirilmistir. Daha sonra denemenin
serbest secim dénemine gecilmistir. Metiyoninle muamele edilmis su konsantrasyonu E
déneminde % 0.15 ve F doneminde % 0.30’dir. Metiyonince yetersiz besleme yem ve su
tiketiminde dnemli azalmayla sonuglanmistir. icme sularina metiyonin eklendiginde yem
ve su tiketimi normal seviyesine gelmistir. Diger taraftan metiyonin tiketimi sadece yem
ile verildigi zamandaki miktara esit ya da yem ile verildigi seviyeyi ge¢cmistir. Sonunda
tavuklara metiyonince yetersiz yem verilerek normal ve metiyonin karisimi su sunulmustur.
Metiyonince yetersiz yemle beslenen tavuklar renk belirteci vasitasi ile metiyoninli suyu
normal suya tercih etmislerdir. Ancak, tavuklarin igme suyundan metiyonini ihtiyaglari
dogrultusunda alabilme yetenegi gbzlenmemistir.

Anahtar sézciikler: Yumurta tavugu, metiyonin, diizenlemek, igme suyu, renk belirteci

*Arastirmacinin Doktora Tezinden Uyarlanmistir.
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Introduction

Methionine is an essential amino
acid which means it can not be
synthesised by poultry at all. In

contrast, non-essential amino acids can
be synthesised from essential amino
that
requirements, and other non-essential
Often, the
methionine requirement

acids are in excess of

amino acids. literature
discusses
together with requirements for other
sulphur amino acids, mainly cysteine.
This is partly because methionine and
cysteine are metabolically related to
each other: methionine is readily
converted to cysteine (Ensminger,
1992). The other reason is the difficulty
of assessing the true requirement for
methionine due its complicated role in
different metabolic pathways. It is
and egg

production, for the building of body

needed for maintenance

proteins and feather proteins (Pack,
1996).
limiting amino acid in commercially

Methionine is also the first

prepared corn-soybean and wheat-
soybean meal layer rations (Leong and
McGinnis, 1952; Harms and Damron,
1969; Fisher and Morris, 1970; Schutte
and Van Weerden, 1978; Schutte et al.,
1983, 1984, 1994;
Hellwig, 1995). Thus, methionine must

Waldroup and
be included in corn-soybean or wheat-
soybean diets to meet requirements.
For this a synthetic source is commonly
used. Once the compound feed is
mixed, both its amino acid content and
also the extent to which it will meet
the requirements of all the hens in any
given flock are fixed. Cadirci et al,,
(2009) that fed

methionine deficient diet are able to

showed layers
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select for water supplemented with
methionine in preference to pure
water by using of two colour cues.
However, birds consumed methionine
from drinking water well above their
requirements. A possible reason for
this could be that the total effect of
the deficient feed plus plain water and
the deficient feed plus supplemented
water were associated with different
colours, thus the colour of plain water
supply bottle also meant methionine
deficiency, which the birds might have
associated with metabolic discomfort
(El Boushy and Kennedy, 1987). To
avoid this possible association, a new
colour had been introduced during the
training period of this study. In this
way this new colour would “mean” the
effects of  methionine

(arising the
combination of deficient feed plus

adverse

deficiency from
plain water), instead of the colour
designating plain water (when paired
Thus in the

choice situation, neither the treated,

with adequate feed).

nor the plain water would have a
“history” of causing discomfort to the
birds previously. Therefore, it was
expected that if the birds can regulate
methionine intake from water, they
might not drink more from the treated
than their

requirements, but they would quench

water what satisfies
their thirst from the plain water (which
now would not be associated with
adverse effects).

The aims were to determine if hens

can correct a feed deficient in
methionine by choosing the
methionine-treated water, while

maintaining normal feed intake and to
determine if the hens can regulate



methionine-treated
water in order to satisfy their optimum

consumption of

methionine requirement.

Material and Method

Eighteen fully feathered 68 weeks
old Isa Brown laying hens were taken
randomly from a 1000-hen commercial
laying stock. The birds were distributed
into two groups (group 1 and group 2)
of equal number, and placed singly in
cages. The grouping of birds was
in order to eliminate the
colour effect on their choice. The body

weights (mean and SEM) of the two

necessary

groups at the beginning of the
experiment (2143.90 + 92.23 g and
2087.80 + 79.82 g) were not

significantly different (P>0.05). Plastic
water bottles (2000 ml) fitted with
nipples at the base was used to supply
water. According to the plan of the
feeding bottles in three
different colours (yellow, red and blue)

regimens,

and waste water collector cups were

provided for each cage. Also, one
individual feeding trough was located
for each cage, placed in the usual feed
trough used for flock-based feeding.
The sides of the cages were closed with
3-ply wood. Two feed formulations
(Feed 1, the

ingredients nutrient

Feed 2) were used,

and estimated
contents of which are shown in Table
1.
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Table 1. The ingredient-and calculated

nutrient composition of feeds 1 and 2.
Ingredient Feed 1 Feed 2
composition [g/kel [g/kel
Wheat (10.4 % CP) 714.0 712.8
H.P. Soya (46.2 % CP) 137.3 139.8
Limestone 90.3 90.3
Maize Oil 36.7 37.1
Dicalcium phosphate 11.4 11.4
NaCl 3.7 3.7
Vit/Min. Premix* 2.5 2.5
Yolk Colour A? 1.0 1.0
DL-Methionine 1.6 -
L-Lysine HCI 1.5 1.4
Calculated nutrient composition
Crude protein 140.0 140.0
Calcium 37.5 37.5
Total Phosphorus 5.5 5.5
Sodium 1.8 1.8
Lysine 7.2 7.2
Methionine 3.7 2.1
Methionine + cystine 6.4 4.8
ME [kcal/kg] 2900 2900

! The composition of vitamins and minerals in the premix
provided the following amounts per kilogram of diet:
vitamin A, 2400000 1U; vitamin D3, 1200000 ICU; vitamin
E (a-tocopherol acetate), 1600 IU; nicotinic acid, 4000
mg; pantothenic acid, 1600 mg; vitamin B, 1000 mg;
hetrazeen, 800 mg; iron (FeSO,), 0.40%; cobalt (CoSO,),
100 mg; manganese (MnO), 3.20%; copper (CuSO,), 0.20
%; zinc (ZnO), 2.00%; iodine (Caly), 400 mg; selenium
(Na,Se0s), 60 mg.

2

Contains: canthoxanthin, ethyl ester of B-apo-8-

carotenoic acid, citronaxanthin.
H.P. = high protein

Hens were given water in bottles
coloured accordingly to the treatment
and the birds were trained to recognise
which bottle
supplemented water or plain water.

has methionine
For group 1: plain water was given in
yellow bottles with a 140 g/kg protein
feed supplemented with methionine
(F1), or in blue bottles with the same
feed
supplementation (F2); treated water

without methionine

was given in red bottles with feed



without methionine supplementation
(F2). For group 2: plain water was given
in red bottles with a 140 g/kg protein
feed supplemented with methionine
(F1), or in blue bottles with the same
feed
supplementation (F2); treated water

without methionine
was given in yellow bottles with feed
without methionine supplementation
(F2). The experiment consisted of six
regimens (A-F). To determine normal
feed-, water and methionine intake,
birds were fed an adequate feed (Feed
1) for 7 days (regimen A). During this
time each hen received plain water. To
induce a methionine deficiency, the
birds were subsequently transferred to
a methionine-deficient feed (Feed 2),
and were given plain water for one day
(regimen B).
In order to avoid the possible
association of the future “choice”-
colours (red and yellow) with the
feeling of discomfort, the water bottles
this The
following day, the birds were given the
(deficient) feed
methionine,

were blue in regimen.

same and water
containing thereby
training the hens to recognise and
correct the deficiency through drinking
water (regimen C). The following day,
the birds the

adequate feed (Feed 1), and received

were returned to
plain water in order to train them that
once their methionine need is satisfied
there is no need for a supplement from
the D).

Subsequently, the birds were returned

drinking water (regimen

again to the deficient feed (Feed 2) and
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water containing methionine (regimen
C). This was in order to emphasise that
the methionine deficiency of the feed
can be corrected from the (treated)
drinking water. The above four-day
cycle was repeated three more times.
After the last cycle, there was one
additional day when feed without
methionine supplementation and plain
water was given from blue bottles
(regimen B). The response to training
ten days by
offering the hens a choice of plain and

was then tested for

methionine supplemented water from
the
containing treated water (regimen E).

appropriately coloured bottles

Until the end of regimen E, treated
water always contained 0.15%
methionine. To test the birds’ response
to methionine concentration in the
drinking water, the above ten-days
testing period was repeated with
methionine content increased to 0.30%
(regimen F). The regimens of the
experiment are summarised in Table 2.
Food and water intakes were recorded
daily. Eggs laid each day were weighed.
Body weights were measured at the
beginning and end of the experiment.
All data were obtained on an individual
hen basis. The results of experiment
was analysed statistically using the
analysis of variance procedures of the

statistical programme Genstat-5
(release 4.2), copyright 1994, Lawes
Agricultural Trust (Rothamsted
Experimental  Station).  Significant

differences were tested further using
Least-significant difference multiple
range test to determine the differences
among treatments.



Table 2. Training regimen of birds
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Regimens Diet Bottle colour
Feed Water Group 1 Group 2
A (7 days) F1 plain yellow red
4-day B (1 day) F2 plain blue blue
cycle C (1 day) F2 treated*® red yellow
repeated D (1 day) F1 plain yellow red
three times C (1 day) F2 treated* red yellow
B (1 day) F2 plain blue blue
E (10 days) F2 plain and yellow red
treated* red yellow
F (10 days) F2 plain and yellow red
treated** red yellow

F1 =140 g/kg CP feed supplemented with methionine.

F2 = 140 g/kg CP feed without methionine supplementation.

*treated water contains 0.15% methionine.
**treated water contains 0.30% methionine.

Results and Discussion

The body weights (mean and SEM)
at the beginning and end of the
experiment were 211390 + 58.74 g
and 1989.20 + 54.62 g, respectively the

JES
! I\ /I ~I\\

Intake [g]

difference was not significant (P>0.05).
The average rate of egg production and
egg weight during regimens A and F
was 95.00 %HD and 80.00 %HD, and
63.90 g and 62.80 g, respectively.
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Figure 1. Daily changes in feed intake and water consumption in association with the six feeding

regimens.
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Figure 2. Daily changes in methionine intake in association with the six feeding regimens.

The daily feed and water intakes
during each of the 44 days are
presented in Figure 1, and the

estimated methionine intake in the
same period is shown in Figure 2. Each
point is the mean + SEM of the results



from eighteen birds. Common in both
figures those four distinct phases can
be observed, corresponding to the
regimens of the feeding. During the
first seven days, when the birds
received plain water and Feed 1
(adequate methionine content), the
standard errors were small and the
birds’ appetite for water and feed was
without dramatic changes. At day 8§,
when the birds received plain water
and Feed 2 (inadequate methionine
content), they lost appetite for food
and water. The decrease was more
apparent by the following days of
regimen B (days 12, 16, 20, and 24).
When the birds received methionine-
treated water (0.15%, w/v), or Feed 1
(regimens C and D) their appetite for
feed and water increased up to the
level of that in regimen A. When
repeating the treatment, the same
responses were observed. During the
days when hens were on regimen B,
feed intake had a greater variability

which diminished when they
proceeded to regimens C and D, that is
when they received Feed 2 and

methionine-treated water or Feed 1. At
the end of the training period, birds
increased their water intake more

Cadirci

apparently than at the beginning. This,
perhaps, indicates that they have
learnt the benefit of treated water and
colour cue. It has to be noted,
however, that the birds were probably
responding to thirst, as indicated by
the water intake depression which
gradually increased each time they
progressed onto regimen B. By day 25,
it appeared that all birds had become
trained to recognise, with the help of
colour cues, which bottle has
methionine-supplemented water or
plain water, and it was decided to test
the birds for their ability to regulate
the consumption of methionine-
treated water to satisfy their
methionine requirement. The pattern
of methionine intake (Figure 2) follows
the pattern of food and water intake
(Figure 1) wuntil the beginning of
regimen F, when, increasing the
methionine concentration in treated
water resulted in a slight decrease of
water intake, and initially a slight
decrease in feed intakes but an
increase of methionine intake. There is
a significant correlation (r=0.761)
between feed intake and water
consumption.

Table 3. Feed-, water-, and methionine intakes during the regimens of the experiment.

Regimens
A B C D E F
(7 days) (5days) (8 days) (4days) (10 days) (10 days)

Feed intake 107.7° 72.3° 99.8" 110.8° 98.6" 101.2°
[g/day]

Water intake 151.4° 89.7° 1553  172.6° 160.7" 148.6°
[ml/day]

Methionine intake 398.5°°  151.8°  442.4°  409.8" 348.3° 544.2°
[mg/day]

abcd

Values are mean of n=18.

Feed-, total water-, and methionine
intakes during the regimens of the
experiment are shown in Table 3. The
comparison of values shows that
regimen had significant (P<0.001)
effect on intake of feed, water and
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Values within a row with no common superscript differ significantly (P<0.001).

methionine. When receiving deficient
diet (regimen B), all three intakes of
the birds reached their lowest in the
experiment. Additionally, other feed
intakes did not show significant
differences from the control value



during the experiment (P>0.05). Water
intake also returned to the control
level in regimen C, showed a significant
increase in regimen D, and returned
gradually again to the value of regimen
A (P>0.05). The feed and water intake
data indicate that the source of
methionine did not influence normal
appetite, and birds are able to recover
their appetite within a day. Similarly to
feed and water intakes, methionine
intake also showed normal values (as
in regimen A) once methionine was
supplemented to the diet (regimens C
and D) (P>0.05). Subsequently,
methionine intake decreased when the
birds moved to the first choice period
(regimen E), however, giving the birds
0.30% methionine treated water during
the second choice period (regimen F)
resulted in an average of 145 mg/day
more methionine consumption which
was significantly greater (P<0.001)
than the methionine intake during
regimen A and the rest. Comparing
regimen B to A, it is apparent that the
size of methionine deficiency during
regimen B was 62% of the intake in

Cadirci

regimen A. Moreover, the appetite for
food was depressed by an average 32%
during regimen B. However, excess
methionine was not paired with a
similarly substantial change in feed
intake. Comparing regimens A and F,
an average of 145 mg over-
consumption of methionine can be
observed, a significant difference
(P<0.001), but this results only an
average of 6 g decrease in feed intake,
a not significant difference (P>0.05).

Water intake proportions during the
choice period are presented in Table 4.
The birds’ proportional consumption
from treated water was random (i.e.
not significantly different from 50%;
P>0.05) in regimen E (first choice
period). In contrast, during regimen F
(second choice period) the difference
from 50% was significant (P<0.05). In
addition, the high preference for
treated water in regimen F resulted in
an overall proportion of choices made
in favour of methionine-treated water
significantly different (P<0.05) from
50%.

Table 4. Intake proportions of treated water during the choice period of the experiment.

Regimens
"E (5 days) *F (5 days) ®Mean water intake proportions
57.1 n.s. 73.5s. 65.3 s.

Water intakes are expressed as percentage of total (treated + untreated) water intake.

s. Difference from 50% is significant (P<0.05).
n.s. Difference from 50% is not significant (P>0.05).
Values are mean of “n =18, and ®n=36.

Cadirci et al., (2009) demonstrated
that more than 90% of the choices
were made in favour of methionine-
treated water. In contrast, in this
study, although the birds clearly have
learned to recognise the supplemented
water by the end of the training
period, the choices made in favour of
methionine-treated water were only an
average 57.10% in the first choice
phase (regimen E). When progressing
to the next choice period (F), this
figure increased to 73.50%. A possible
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explanation can be that as neither
bottles (red or yellow) were previously
associated with the adverse effect of
methionine deficiency, the birds drank
at random from both at the beginning
of the first choice phase. However,
after a while (towards the end of
regimen E), birds began to feel the
difference between the two drinks in
their metabolic effects, and began to
discriminate in favour of the treated
water. It might be that at this time,
treated water was chosen already in a



much higher proportion than the
average figure, but the full effect on
the result has only become apparent
by the second choice period (regimen
F).  Further evidence for this
explanation is provided by the daily
methionine intake results. It is clear
that from the middle of the first choice
period, birds increased their
methionine consumption so that by the
last two days of the regimen, they have
reached the level of methionine intake
during the control period (regimen A).
Feed and water intakes behaved in a
similar manner. The reason behind this
is that the correcting of methionine
deficiency resulted in the “repair” of
feed intake and, consequently, water
intake.

A further observation in this
experiment was that, increasing
methionine concentration from 0.15%
to 0.30% resulted in an increase of the
intake from methionine-treated water,
and decrease from plain water. The
overall outcome was a decreased total
water intake. The increase of
concentration plus the increasing
choice from treated water resulted in
increasing total methionine
consumption indicating that, below the
harmful levels, there is no upper limit
of methionine consumption by the
birds. Thus, in practice, birds seem
unable to regulate their methionine
intake once the requirement s
satisfied. This presumption is
supported in the review by Hughes
(1979) in which he noted the lack of
evidence available that the birds will
keep their intake below upper limits.

In theory, the intake of a nutrient is
kept within lower and upper limits set
by metabolic needs and maximal
nutritional requirements. The nutrient
deficit caused by the decreased intake

to well below the lower limit has
harmful physiological effects, which
can be reversed by an inflow of the
nutrient. As a result, well-being
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improves, which reinforces the
animal’s behaviour in selecting the
appropriate food (Hughes and Wood-
Gush, 1972; McFarland, 1973). This
phenomenon is called ‘positive post-
ingestional feedback’. Indeed, there is
evidence (reviewed by Hughes, 1979)
that, in the case of several nutrients,
the domestic fowl is able to keep
nutrient intake above the lower limits
necessary for growth, maintenance and
production. In contrast, it appears that
in practice, the final Ilimit on
consumption is not set by metabolic
requirements but by palatability and,
eventually, by adverse physiological
effects (Hughes, 1979). Active rejection
of a nutrient at high dietary levels was
only showed in the case of phosphorus
(Holcombe et al., 1976). Methionine
intake seems to be governed by the
same mechanisms since the results of
this study suggest that there seems to
be no upper limit for methionine
intake, at least within the range of
concentrations used here which were
below the harmful concentration of
10g/kg (Katz and Baker, 1975). The
birds have carried on drinking from the
methionine-treated water even after
having satisfied their requirement.

A reduction of average body weight,
egg production and egg weight was
also observed. Feed intake over the 37
days of the training and choice periods
(regimens B-F) was an average of 97 g,
i.e. 10 g less than in regimen A. Thus, it
might be expected that a whole range
of nutrients were in undersupply, and
the above changes were a
consequence of this. It is likely that
there were birds which were always
deficient in methionine because of not
choosing treated water at all, as
suggested by the fact that the choices
(averaged over all birds) made in
favour of methionine-treated water
have reached a maximum of only
73.50%. It is likely that these birds
contributed more to the decrease in



performance than those choosing
methionine-treated water during the
choice period. In these birds, body
protein turnover would have been
used to supply the amino acids. This
assumption is based on the report of
Boorman (1979) that a mechanism
exists in birds which temporarily
prevents the distortion of the plasma
and tissue amino acid levels. Thus, an
amino acid deficiency results in the net
catabolism of body proteins in order to
supply the amino acids to prevent a
distortion in the plasma and tissue
amino acid levels. In support, Harms
and lvey (1992) and Harms and Russell
(1995), for example, reported that
hens receiving an amino acid deficient
diet reduce their performance. It was
also demonstrated (Harms and Russell,
1998) that, after the methionine
depletion period, at least three weeks
are needed to return to normal egg
production.

Conclusion

The main conclusions of the study
are that the source of methionine is
insignificant in terms of feed intake,
and that layers can express an appetite
for methionine in drinking water with
the aid of a cue and adequate training.
However, the birds were unable to
regulate their methionine consumption
from treated water.
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Ozet

Dengesiz nufus artigi, dengesiz tiketilen petrol, kdmir ve tlrevleri, bilingsiz tarimsal uygulamalar
her gecen giin diinyanin dogal dengesini bozmaktadir. Bunun en agik belirtileri iklim degisiklikleri,
cevre kirligi ve bunlarin sonucunda nedeni bilinmeyen birgok hastaliklarin otaya ¢ikmasidir. Bu
calisma ile aniz yakmanin topraktan salinan karbondioksite etkisinin belirlenmesi amaglanmistir.
Toprakta salinan karbondioksit miktari dlcimiinde yaygin olarak kullanilan Lundegradh metodu
kullaniimistir. Aniz yakmadan sonra toprakta karbondioksit saliniminda diisis saptanmistir. Bu
distsin nedeni, topragin 0-3 cm derinliginde yasayan mikroorganizmalarin yasamlarinin blyik
Olclide azalmasindan kaynaklanmaktadir.

Anahtar Kelimeler: Karbondioksit salinimi, aniz yakma, toprak mikroorganizmalari

Effects of Stubble Burning on the Carbon Dioxide Emission

Abstract

Increased population, excesive use of petrolium, coal and its derivatives and inappropriate
agricultural practices disturb the balance of the world environment. Climate change,
environmental pollution and many unknown diseases are the clear signs of these disturbance. In
this study we aim to investigate the effects of burning stubble on the soil CO, release from the
soil surface. The most commonly used Lundegradh method has been used for measusing the
amount of CO, releasedon daily bases. In the research a decrease in CO, releasement was
observed after burning stubble. The reason why released CO, decreased in soils under burned
stubble originates from the substantil reduction in microbial activitieswithin the 0-3 cm soil depth
are

Keywords: CO, Emission, stubble burning, soil microorganisms

Girig islemeyi kolaylastirmasi basta olmak
lzere bircok gerekce gosterilmektedir.

Ulkemizin bir¢cok bélgesinde oldugu Gerek Ulkemizde gerekse yurtdisinda,
gibi, Glneydogu Anadolu bdlgesinde de bugday hasadi sonrasi arta kalan anizin
bugday hasadi sonrasi kalan aniz bilingsiz yonetimi  farkli sekillerde olmaktadir
bir sekilde yakilmaktadir. Genellikle aniz (Girsoy, 2012). Tahillarin hasadi sonrasi
yakmaya; anizi isleyecek uygun aletin kalan anizin yonetimiyle ilgili en yaygin
olmamasi, anizli isleme sonucunda ekim kullanilan yontem anizin yakilmasidir.
sirasinda makinelerinin ayaklarinin Gerek cevreye gerekse topragin yapisina
tikanmasi ve aniz yakmanin toprak olan olumsuz etkilerinden dolayi higbir
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zaman tavsiye edilmeyen anizin yakilmasi

topragin  kolay islenmesinden dolayi

cgiftciler tarafindan tercih edilmektedir
(Cerit ve ark., 2002). Verimli bir topraktaki
canhlar ¢ogunlukla topragin ilk 0-3 cm
Aniz

derinliginde yasamaktadir.

yakilmasiyla topragin verimliligini

saglayan bu canlilar 6nemli dlglide sayilari
azalmaktadir.

Ayrica organik madde

toprak  canllarinin onemli besin

kaynagidir ve toprak kalitesi ve verimliligi
icin blyldk 6nem tasimaktadir (Scheffer,

1998). Aniz, topragin organik madde
ihtiyacinin  saglanmasi  agisindan son
derece  Onemlidir.  Anizin  yakilmasi

nedeniyle topragin fiziksel ve kimyasal
Ozelliklerini iyilestiren toprak organik
maddesi yildan vyila azalmaktadir. Aniz
yakma isleminden gecen bir topragin
verimli olabilmesi i¢in organik maddece
zenginlestirilmesine gerek vardir. Bu ise
ekonomik olarak girdilerin artmasina
sebep olmaktadir (Temel, 2012).
Yurdumuzda bugdaygil ekimi yapilan
arazi miktari 1999 istatistiklerine gore
13.441.500 ha'dir. Bugdaygil hasadindan
saplari

kalintilar

sonra ¢ogu vyillarda bugdaygil
balyalandiktan sonra
yakilmaktadir. Bu kosularda birim alanda,
yakma ile yok edilen bugdaygil kalintisi
miktarini net olarak ifade etmek oldukca
gictiir.  Ulkemiz kosullarinda, anizla
birlikte saplarin da yakilmasi durumunda
ortalama 3.500 kg/ha,

yakilmasi durumunda ise anizin bigilme

sadece anizin

ylksekligine bagh olarak ortalama 1.000
kg/ha  bugdaygil  kalintisi
belirtilmektedir. bir
vermek gerekirse, yakilan bugdaygil aniz

yakildig

Genel ortalama

ve saplari ile hektardan ortalama 1.500-

2.000 kg/ha sap, saman, ot, v.b.
seklindeki bitkisel materyalin yakildig
soylenebilir. Bugdayzgil alanlarinin
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(13.441.500 ha) %30'unun yakildig kabul
edilirse, yaklasik 4 milyon hektar aniz
tarlasinda 6.000.000-8.000.000 ton anizin
yakildigi soylenebilir. Yakilan aniz alani
tiim anizlarin %20'sini olustursa dahi, her
yil 2.68 milyon hektardan daha fazla aniz
yakilmakta veya 4.020.000-5.360.000 ton
sap-saman gibi artiklar organik madde
olmadan vyakilmaktadir (Temel, 2012;
Sayin, 1989).

Son yillarda endistriyel, tarimsal ve
fosil yakit kullanimi gibi insan aktiviteleri
sonucunda olusan sera gazlarinin (CO2,
NH4 N20) miktari daha da
artmaktadir. Atmosferik CO2’ in en
onemli kaynagi topraktir. Sera gazlarina
bagli
dolayi, topraktaki karbonun tutulmasi ile
C02

tasimaktadir.

ve

olarak artan kiiresel Isinmadan

saliniminin  azaltilmasi  6nem

Toprak organik karbon

icerigi, azaltlmis toprak islenmesi,
glbreleme, topragin atiklarla
birlestirilmesi, topragin biyolojik

cesitliliginin gelistiriimesi, samanla ya da
kuru yaprakla ortme gibi toprak yénetim
uygulamalari toprakta C tutulmasinda
o6nemli rol oynamaktadir (Rastogi ve ark.,

2002).

Dinyadaki topraklar atmosferdeki
karbon miktarinin iki katindan fazla
karbon icerir. Tarim topraklarinda

bulunan karbon miktari 170 Gt'dir, tim
bitki ortist 550 Gt C icerir (Rastogi ve
2002; 2000).
Ormansizlasmaya bagli CO2 emisyonu

ark., Paustian ve ark.,
atmosferik CO2’nin 6nemli bir kaynagi
olarak gorilar (Rastogi ve ark., 2002;
Robertson, 1987; Luizao ve ark., 1989) ve
bitki ortisi yilda toplam 100 Gt C,
atmosfer ve toprak solunumu yilda 50-75
Gt C dretir 2002;
Kicklighter ve ark., 1994). Diinya capinda

(Rastogi ve ark.,

hasat alinan topraklarda toplam C kaybi



54 Gt olarak tahmin edilmektedir, bu
olayda otlaklarin ve tropik ormanlarin
katkisi
Hindistan’da, toprakta

sicakliklarinin ~ 6nemli vardir
1998).
saklanan toplam karbon miktari 23.4—
27.1 Gt'dir, bu miktar dinyadaki tim
topraklarda tutulan karbon miktarinin
%1.6-1.8 kadaridir (Rastogi ve ark., 2002;
Gupta ve ark., 1994).

Karbondioksidin topraktan ayrilmasi

(Mosier,

toprak solunumu yoluyla gergeklesir. Bu
olay biyolojik olarak mikrobik solunum,
kok solunumu ve toprak yiizeyinde ya da
bitki ortusi bulunan ince katmanlarda
gorilen faunal solunum seklindedir (Jong
ve ark., 1974; Edward, 1975). Biyolojik
olmayan islem ise yuksek sicakliklarda
gbze carpan kimyasal oksidasyonu igerir

(Bunt ve Rovira, 1954). Toprak
mikroflorasi organik maddelerin ¢lirimesi
sonucunda artis gosteren CO2’nin

%99’una katki saglar (Reichle ve ark.,
1975). Toprak faunasinin katkisi ise daha
azdir (Macfadyen, 1963). Bununla birlikte
kok
solunumunun

solunumu
%50 ‘sine katki
1970).

gostermistir

toplam toprak
saglar
(Macfadyen, Yapilan bazi
ki;

yumusakligi ve sertligi, sicakhgi, nemi,

calismalar topragin
pH’sl, mevcut C ve N icerigi topragin CO2
ve salinimini  etkilemektedir
1975).
amaci; aniz yakmanin topraktaki CO2

dretimini
(Wildung ve ark., Galismanin
salinimina etkisini arastirmaktir.
Materyal ve Metot
37009’'54.00

39000'22.00
boylaminda ve deniz seviyesinden 494 m

Calisma, kuzey

enleminde, dogu
yikseklikte yer alan Harran Universitesi
arazilerinde
Cc02

Arastirma ve Uygulama

ylritilmustir. Topraktaki
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emisyonunu belirlemede, Tesarova ve
Gloser tarafindan 1976 yilinda olusturulan
1994 wyilinda Kleber
modifiye edilen Lundegradh metodu
kullanilmistir (Yilmaz, 1999; Kleber, 1997).
karbondioksit
graniller  haldeki

(Soda-Lime)

ve tarafindan

Lundegradh metodunda
baglayicisi  olarak
sonmius kireg

kullanilmaktadir.

Metodun Olgiim Prensibi:

Granller haldeki sodyum hidroksit
(NaOH) topraktan ¢ikan karbondioksit
gazini asagidaki sekilde baglamaktadir.

2NaOH +CO, ->NaCO;+ H,0 (1)

Ca(OH), +CO, ->CaCO; + H,0 (2)
Sodyum  hidroksit etlivde 105

derecede 48 saat kurutuldu. Kurutma

isleminden sonra hassas terazide tartild.
40 grami alinip ylzey alani 100 cm2,
derinligi 3cm olan bir PVC kaba konuldu
ve toprak ylzeyinden 0-3 cm yukarida
olacak sekilde (ayakliklarla desteklenerek)
birakildi. Toprak yiizeyine birakilan ve
icerisinde sodyum hidroksitin bulundugu
kabin Gzeri 31 cm yikseklige, 23 cm capa
sahip ve bir tarafi agik olan silindir ile
kapatildi.

Gunes isinlarindan dolayl silindirin
Isinmasini azaltmak igin 50 X 50 cm
blyiikliginde PVC levhalar ile ortalda.
Ornegin konulacagi yerde yesil aksam
(bitki) varsa bu bitkiler kesildi. Yedi glinliik
ekspozisyondan ornekler
105

derecede 48 saat kurutuldu ve tartildi.

sonra

laboratuvara getirilerek etlvde

Absorbe edilen karbondioksit miktari
tartim farkindan hesaplandi.

Bu esnada olusan su agirligindan
hesap yapilir. 1 mol karbondioksit (44
gram) reaksiyon esnasinda 1 mol su (18
Bundan dolayi

gram) cekmektedir.



tartilan diferansin 1,4 ile carpildi [(44+18)
/ 44 =1,4] (Edwards, 1982).

Arazi ¢alismasi, ayni toprak serisinde
iki farkli parselde ve her bir parselde 10
tesadifi  paralel ile ylrGtilmastdr.
Parsellerin biri kontrol amagh olup striim
disinda hicbir islem (ekim, gibreleme,
v.b)

ise geleneksel

ilaglama, sulama yapilmamistir,

digerinde yontemlerle
bugday ekimi yapilmis ve hasattan sonra
isletme sahibi tarafinda anizin yakildig
parseldir.

Aragtirma Bulgulari ve Tartisma

2011 wyilina ait toplam ve aylik CO2
emisyon verileri Cizelge 1’'de, haftalik
salinimlarin dagilimi Sekil 1’de verilmistir.
CO2 salinimlarinin élglimlerinde kullanilan

Yilmaz ve ark.,

bitki
koklerince, ne kadarinin organizmalarca

karbondioksitin  ne  kadarinin

salinimini ayirmak, kullandigimiz metotla
degildir.
(organik madde igerigi, C/N orani, tekstdr,

mimkin Toprak ozellikleri
striktir, kire¢ miktari, pH, v.b) ve iklim
nem v.b.) bagh
birlikte,

salinan karbondioksitin yaklasik %50’si

faktorlerine (sicaklik,
olarak degismekle toprakta
bitki koklerince ve %50’si organizmalarca
salindigi daha Once yapilan c¢alismalarda
belirtilmektedir.

Cizelge 1 incelendiginde, kontrol
parselinden salinan toplam CO2, 24 989
kg/ha/yil, bugday ekiminin yapildigi ve
hasattan sonra anizin yakildig parselde
ise salinan toplam CO2 52 540 kg/ha/vl,

kontrol ile bugday arasindaki fark 27 551

Lundegradh metodunda, toprak kg/ha/y1ICO2 olarak tespit edilmistir ve bu
ylizeyinde hem bitki koklerince hem de sonug literatir bilgilerince
organizmalarca  salinan  total CO2 desteklenmektedir.
Olcllmektedir. Salinan total
Cizelge 1. 2011 yilina ait aylik CO, emisyon verileri

kg/ha/ay CO, kg/ha/ay CO2
Tarih Kontrol* BuédayB Fark | Tarih Kontrol | Bugday | Fark
Ocak 2011 2042 2842 800 Temmuz 2011 2116 2935 820
Subat 2011 1580 2752 1172 | Agustos 2011 1809 3123 1314
Mart 2011 2318 4301 1983 | Eylul2011 1700 3500 1800
Nisan 2011 2004 6427 4423 | Ekim2011 2243 5105 2862
Mayis 2011 2375 8935 6559 | Kasim 2011 2108 3323 1214
Haziran 2011 2725 6570 3844 | Aralk 2011 1969 2728 759
Toplam 24989 52540 27551

* kontrol parselinde salinan CO; k bugday ekiminin yapildigi ve hasattan sonra anizin yakildigi parselde salinan CO,
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Sekil 1. 2011 yilina ait haftalik CO, emisyonundaki dagilim

Sekil 1 incelendiginde, toprak nemi ve
sicakligin uygun oldugu dénem ile bitki
en yogun oldugu
araliginda  (Mart-Haziran)
karbondioksit
Uygun mikroorganizma kosullari yaninda

gelisiminin zaman
yogun  bir
salinimi gbzlenmistir.

yogun kok gelisimi ve bitki solunumun bu

zaman araliginda daha etkili oldugu
soylenebilir. Bitki gelisiminin
tamamlandigi dénemden sonra

karbondioksit saliniminda ani bir diistsiin
olmasi bu savin kaniti olarak gosterilebilir.
ile birlikte karbondioksit
salinimi daha da azalmistir. Kisa siirede

Aniz yakma

mikroorganizmalarin tekrar yasam ortami
bulmasi ile kontrol parseline paralel bir
salinim gozlenmistir. Toprak isleme ile
birlikte beklenildigi karbondioksit
salinimi tekrar pik yapmistir. Aniz yakma

gibi
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isleminden sonra sinirh  da olsa
karbondioksit salinimindaki disis toprak
mikro-organizmalari sayisindaki bir

azalmanin gostergesidir.
Sonug
Tarim topraklarin verimliligi agisinda

bir
bulunmaktadir. Bugdaygillerin hasadinda

organik maddenin ayri énemi
sonra yakilan aniz, topragin fiziksel ve
kimyasal 6zelliklerine olan olumsuz etkisi
yaninda, toragin
de

Bu arastirma da,

mikrobiyolojik

aktivitesini olumsuz yonde

etkilemektedir. aniz
yakma isleminden sonra, karbondioksit
saliniminda disus olmustur.
Karbondioksit salinimindaki bu diisis, aniz
yakmanin

topragin mikrobiyolojik




de
etkilemektedir tezini desteklemektedir.

aktivitesini olumsuz yonde
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Tuzdan Etkilenmis Topraklarin Yakin Kizil6tesi Yansima
Spektroradyometre Ve Elektromanyetik indiiksiyon Teknigi
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Ozet

Harran Ovasi sulamaya agildiktan sonra yapilan bilingsiz sulama topografya, iklim, toprak
ozellikleri ve zayif drenaj kosullari nedeniyle yaklasik 17000 ha' lik alanda toprak tuzluluguna
neden olmustur. Tuzluluk, topografya, taban suyu seviyesi ve giibreleme ve sulama gibi tarimsal
uygulamalar nedeniyle kisa mesafede alansal ve zamansal olarak degisim gostermektedir. Bu
topraklarda problemin boyutunun belirlenebilmesi ve uygun toprak amenajman yontemine karar
verilebilmesi icin olduk¢a zaman alici ve masrafli olan siki 6rnekleme ve laboratuar analizleri
gerekmektedir. Bu tur zorluklar hassas tarim uygulamalarinda kullanilan tekniklerle
asilabilmektedir. Bu ¢alismada, Harran ovasinda tuzdan etkilenen 90 noktada goriilebilir ve yakin
kizilétesi yansima spektroradyometre (VNIRS) yéntemi ve Elektromanyetik indiiksiyvon (EM)
metodu ile toprak tuzluluk derecelerinin belirlenebilme potansiyeli arastiriimistir. EM teknigi igin,
EM-38 aleti kullanimi tuzlu arazilerde gergeklestirilmistir. VNIRS okumalari laboratuar
kosullarinda VNIRS spektroradyometre ile 2 mm’lik hava kurusu topraklar taranmis ve yansimalar
ve elektriksel iletkenlik (ECe) degerleri arasindaki kalibrasyonlar Kismi En Klgik Kareler
Regresyon (PLSR) teknigiyle belirlenmistir. Genel olarak her iki teknikte orta seviyede basaril
sonuglar Uretmislerdir. Kalibrasyon modellerinin birebir dogrulama (Cross Validation)
degerlendirme sonuglarina gore toprak tuzluluklarinin tahmin edilmesinde elde edilen R’
degerleri 0.80 ve 0.91 arasinda degismistir. EM teknigiyle yapilan galismalarda ayni drneklerde
ECa ve ECe degerleri arasinda yapilan dogrusal olmayan regresyon degerlerine ait R’ degerleri ise
0.47 ve 0.79 arasinda bulunmustur.

Anahtar Kelimeler: Harran Ovasi, Toprak Tuzlulugu, Toprak Yonetimi, VNIRS, EM-38

Investigation Of The Potential Use Of Near Infrared Reflectance Spectroradiometer
And Electromagnetic Induction Technique For The Characterization Of Salt Affected
Soils

Abstract

After Harran Plain was opened to irrigation soil salinity problems were detected in a total of
17000 ha area because of unsuitable irrigation practices, topographical and climate, soil
properties and poor drainage conditions. Soil salinity may show significant spatial and temporal
variation in a short distance in the field because of topography, ground water level, fertilizer and
irrigation. Intense sampling and analyses which is time consuming and expensive may be
required to determine the level of the problem in these soils and find convenient soil
management practices. These kinds of difficulties can be overcome using precision agriculture
techniques. In this study, possibility of soil salinity determination using visible and near infrared
reflectance spectroscopy (VNIRS) and electromagnetic induction techniques were investigated
in 90 soil samples collected from the salt affected fields in the Harran Plain. For EM-38 technique
the calibration of EM-38 were performed in the field. VNIRS scanning's in the laboratory
conditions 2 mm air dried soil samples were scanned using VNIRS spectro-radiometer on and the
calibrations between Electrical conductivity values and reflectance's were performed using
Partial Least Square Regression Analyses (PLSR). Overal both techniques provided moderately
successful results. According to cross validation results, R’ values in the estimation of soil salinity
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changed between 0.80 and 0.91.. In the studies performed with EM technique for the same
samples, R’ values obtained from non-linear regression results between ECa (using EM-38
readings) and ECe values were found between 0.47 and 0.79.

Key words: Harran Plain, Soil salinity, Soil management, VNIRS, EM-38

Giris

Toprak tuzlulugu topraklarin
bozunmasina ve bitkilerde verim kaybina
neden olan o6nemli bir ozellik olup
Dilinyadaki toplam sulanabilir alanlarin %
20'sini etkilemektedir (Ghassemi ve ark.,
1995). Yizden fazla llkede yaklasik 1.5
milyar ha toplam islenebilir arazi, tuzluluk
ve alkalilik nedeniyle bozunmus
bulunmaktadir.  Bu oran Ulkemizde
yaklasik 1.5 milyon ha civarindadir (Ding
ve ark., 1999). Kok bolgesinde tuzlarin
birikimi, bitki gelisimini dramatik olarak
etkileyerek verim kayiplarina neden
oldugu gibi topraklarin fiziksel yapisini
olumsuz etkilediginden toprak verimliligini
de olumsuz etkiler (Howari ve ark., 2002;
Muhammad ve ark., 2008).

Sulamanin yapildigi kurak ve yari kurak
alanlarda toprak tuzlulugu sorunu ortaya
cikabilir.  Harran  Ovasinda  tuzdan
etkilenmis alanlar ovanin cevresine gore
nispeten alcak olan yaklasik 18.000 ha
alani kaplamaktadir (Cullu ve ark., 2010).
Zayif drenaj ve uygun olmayan sulama
kosullari  toprak profilinden tuzlarin
yikanmasini 6nler, yer alti suyunun ylizeye
yaklasmasina neden olur ve problemi
artirir. Bu alanlarda topraklar killi tekstir
ve yiiksek buharlasma nedeniyle kapilarite
ile kolaylikla yiizeye gikabilen tuzlu taban
suyundan (1-1.5 m yakininda)
etkilenmektedir. Ovadaki tuzluluk
bitkilerde 6nemli verim kayiplarina neden
olmaktadir (Cullu, 2003).

Toprak tuzlulugu genellikle toprak
iletkenliginin saturasyon ¢camurunda, yada
farkl toprak su karisimlarindan elde edilen
ekstraklarda elektriksel iletkenlik (ECe)
degerlerinin 6lcimi ile belirlenmektedir
(Richard, 1954). ECe > 4 dS m™ den biiyiik
degerlere sahip topraklar tuzlu olarak
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siniflandirilir. Bu degerlerin Ustlinde bitki
gelisimi olumsuz etkilenir. Toprak ECe
degeri toprak kalite parametresi olarak
degerlendirilir (Andrews ve ark., 2004 ).
Kalitsal nedenler ya da insan etkisi ile
toprak degiskenleri ve toprak tuzlulugu
onemli oOlcide zamansal ve mekansal
olarak degiskenlik gosterebilir (Isaaks ve
Srivastava, 1989). Genelde kisa
mesafelerdeki degisimler glibreleme ve
sulama gibi insan faktorleri nedeniyle
olusurken, ana materyal, topografya gibi
kaltsal nedenler ile daha uzun aralik ve
mesafelerdeki degiskenlik meydana
gelmektedir. Elektromanyetik indiksiyon
teknigi son zamanlarda toprak
tuzlulugunun degerlendiriimesinde
kullanilmistir  (Corwin ve Lesch, 2003;
Kaman ve ark., 2012; Yegidil, 2013). VNIRS
metodu da son zamanlarda toprak
degiskenlerinin  tahmininde  basariyla
kullanilmaktadir (Ginal ve ark., 2007;
Bilgili, 2011; Tekin ve Timsavas, 2012;
Senol ve Akgil, 2012). VNIRS metodu
tuzluluk karakterizasyonunda ve
tahminlerinde de kullanilmistir (Howari ve
ark., 2002). Bu ¢alismada, Harran Ovasi
mevcut tuzlu alanlarinda EM ve VNIRS
metodu kullanilarak toprak tuzlulugunun

tahmin edilebilme potansiyeli
arastiriimistir.
Materyal ve Metot

Calisma alani, Sanlurfa ili Harran

ovasinda yer almaktadir. Ovada Cullu ve
ark. (2010) tarafindan belirlenen yaygin
olarak tuzluluk ve alkalilik problemi olan
alanlari temsil edecek bicimde 90 adet
toprak  Ornegi  rastgele  6rnekleme
sistemine ve toprak tuzlulugu siddeti
dagilimina goére 0-30 cm derinlikten
ahnmistir (Sekil 1). Calisma alaninda vyari



kurak iklim hakim olup ortalama sicaklik,
yagis ve buharlasma sirasiyla; 17 °C, 365
mm ve 1848 mm' dir. Toprak genelde kireg
ana materyal UGzerinde olusmus ve
demirce  zengindir.  Topraklar ince
tekstlrli ve disik organik madde ve
yiksek kireg icerigine sahiptir (Aydemir,
2001). Hava kurusu toprak ornekleri 2
mm’ lik elekten gegirilmis ve hazirlanan
saturasyon camurundan alinan ekstraktan
elektriksel iletkenlik (ECe; dS m™) ve pH
degerleri okunmustur (Richard, 1954).

Gorlilebilir ve Yakin Kizilétesi Yansima
Spektroradyometre  (VNIRS) Tekniginin
Calismada Kullaniimasi

Araziden toplanan ve 2 mm'lik
elekten gecirilen toprak ornekleri VNIRS
spektroradyometre ile (Sekil 2) 350 nm ile
2500 nm arasinda 1 nm spektral
¢Ozundrlik ile yansimalari elde edilmistir.
Bu sekilde her bir spektruma ait toplam
2150 adet veri elde edilmistir. Hava

TUZLULUK SINIFLARI

TuzSUZ
A s
RGN N"j ORTA
{
§ s KBS L - TUZLUALKA
KOPRULGHe "
1'\ ~._GUNBAL —_
)| D\ R MAMUCA N\
{ wuLunce ‘“WEPE ‘n‘*ﬂq{nucnx S
f \ = N
StéTNIIEPE | Y o Rl
V= ZEMEPKOY [ % SRR
) usuRi, L VARDWLI EESOREN N
( R = e
i TYRIOK o
: m\%_.n PR\‘ GQZRE“ Mgwau UM’%OBAT
3’ \ N\ s GEKSENOREN \
\ \ ALK S sl
— N\ @ cuncora ) W cu)}( JZLUK
y MER‘ a wtss \ i {
2 {
YK \
wmcnmwﬁk i)

(= @RU’“Jl EJGDAW%PEW—KM”LT&L
/
/ |

y | Bakar 2, VAN
BATAEEERT s TAHILBAL ] LA
\ ° WA G oucui.zi: [tfo%mu A ‘L(IH?T
ool | K“P % @W‘i" J
_ LUC 1Qumu \
e
) DURGMALI [ uzuifioL )
smrmi"""“ / EFERKOV/ 08 vnufkr.pw
4 A\\V j swca *M“AR/ASKG 10 ~w§: ',‘"(
// = l é ~ AT ""_‘AC ,’
/ ™ o2
K i _YALIU ‘Z 2 w&f{«wu B
A2 C KAPA} 5
S - - o \
0153 6 9 12 a
o — w— ilometers

Bilgili ve ark.,

kurusu topraklar 4 cm capindaki optik
petri kaplara konularak kabin altindan
Tungsten Quartz Halojen lamba isiglyla
yatay olarak 55 derecelik bir acidaki
sensorden 4 cm mesafede aydinlatiimistir
(Sekil 2). Topraklar her bir petri 6rnek
icindeki tekstiire bagh farklklari (toprak
icerisinde farkh blyUklikteki taneciklerin

acisal  farkliigl)  ortadan  kaldirmak
amaciyla drnekler 90° derece
dondirilerek 5 ilave okuma daha

yaptimistir. Yansimalar optimize edildikten
sonra ve aletin kalibrasyonu spektralon
(beyaz katman) kullanilarak yapilmis ve
eger okumalar arasi fark varsa alet
yeniden kalibre edilerek okumalara devam
edilmistir. Her bir érnekten elde edilen 10
okumanin ortalamasi edilmis ve her bir
ornek icin temsili bir yansima elde
edilmistir. Spektral yansimalarin daha
sonra birincil tlrevleri Savitzky-Golay
transformasyonu uygulanarak alinmis,
ayrica spektral okumalar her 10 nm' de bir
ortalamasi alinarak azaltiimigtir.

MAMUCA

SULTANTEPE

UGURLY YARDIMCI

KORUKLU

0153 6 9 12 b

O — — ilometers.

Sekil 1.a) Harran ovasi farkli tuzluluk sinifindaki topraklarin dagilim alanlari (Cullu ve ark., 2010)
b) Farkh tuzluluk siniflarina sahip alanlardaki 6rnekleme yerleri
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Elektromanyetik indiiksiyon Teknigi

Elektromanyetik indiksiyon metodu
toprak elektriksel iletkenligini dolayh
yoldan o6lcen bir uzaktan algilama
teknigidir. Birbiriyle 1 m uzaklkta bir tane
gonderici bir tanede alici bobinden
olusmaktadir. Bobinler arasi mesafe 1 m
olmasi nedeniyle vyatay ve dikey
pozisyonda toprakta yaklasik 0.75 ve 1.5 m
derinlikten  okuma  yapilabilmektedir
(Corwin ve Lesch, 2003; Kaman ve ark.,
2012; Yegiil, 2013).

iletici bobinden gonderilen akimla
zamanla toprakta degisen bir manyetik
alan  olusur. Zeminde aktif hale
getirildiginde bu manyetik alan kiiresel
elektrik akim  ¢emberleri  olusturur.
Toprakta bu akimlarin blylkliglu toprak
katmanindaki topragin  elektriksel
iletkenligi ile orantilidir. Her bir akim
¢emberi icinde olusan akimin degerine
orantisal ikincil bir manyetik alan olusur.
Bu  sinyallerin  toplami  elektriksel
iletkenlige bagli olarak voltaja
dénistirdlir. ikincil ve birincil akim
arasindaki oran toprak
elektriksel iletkenligiyle orantilidir.

materyalinin
Alici

Bilgili ve ark.,

bobin ikincil manyetik alanin fazini ve
biyikligini  olger.  ikincil  alanin
blyikligu ve fazi kil miktari, su muhtevasi
ve tuzluluk gibi toprak o6zelliklerinin bir
sonucu olarak farklilik gdsterecektir.

Elektrik akim ¢emberlerinin biylkIGgi
civardaki topragin EC siyle dogrudan
orantilidir. Her bir akim ikinci bir manyetik
alan olusturur, bu olusan akimlarin bir
kismi geri donerek alici bobinine ulasir. EM
okumalari ile toprak oOzellikleri arasindaki
iliskiler regresyon denklemi ile
modellenmektedir (Corwin ve Lesch, 2003;
Kaman ve ark. 2012, Yegiil, 2013).

Bu calismada EM okumalari ve izafi
elektriksel iletkenlik degerleri (ECa), EM-
38 aleti kullanilarak arazide topraklar
yaklasik tarla kapasitesi nem seviyesinde
iken elde edilmistir (Sekil 2). Daha sonra
laboratuar sonuglarindan elde edilen
elektriksel iletkenlik (ECe) degerleri ile alet
kalibre edildi. Bu kalibrasyon regresyon
denklemi ile saglanmistir. Toprak EC
degerleri ve EM-38 okumalari arasindaki
iliskiler dogrusal olmayan regresyon
analizleri ile iliskilendirilmistir.

Yiiksek Coziinirlikte Gorilebilir - Yakin Kizil6tesi Yansima Spektroradyometresi ve érnek bir

toprak yansimasi
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EM-38 Aleti ; dikey pozisyonda izafi elektriksel iletkenlik okuma

Sekil 2. a) Laboratuar ortaminda VNIRS ve b) Arazide EM-38 aletinin kullanilmasi

Istatistiksel Modelleme

Temel Bilesenler Analizi
Component Analysis- PCA)

Bir veri matrisi azaltma yontemi olarak,
fazla sayida birbirleriyle korelasyonlu olan
data setlerinin varyans yapisini ayristirarak
daha az sayida bu degiskenlerin dogrusal
bilesenlerinden olusan, yeni ve
birbirleriyle korelasyonlu olmayan
degiskenlere donlstirme teknigidir. Bu
analizin sonucunda orijinal data setinde
yer alan ve data seti icerisinde varyansi en
fazla agiklayan daha az sayida degisken
elde edilir ve bunlar birbirleriyle
korelasyonlu degildir (Esbensen, 2010).

(Principla

Kismi En Kii¢lik Kareler Regresyon
Modeli (Partial Least Square Regression-

PLSR)

Toprak  vyansimalari  ve  toprak
elektriksel iletkenligi arasindaki
kalibrasyon kismi en kigik kareler
regresyon analizi ile yapilmistir. Bu metod
iki matris (X wve Y) arasindaki iliskiyi
dogrusal c¢ok degiskenli bir modelle

acitklamakta ve VNIR yansima spektroskopi
tekniginde sik¢a kullaniimaktadir. Bu
calismada, X degiskeni toprak yansimasini
Y degiskeni toprak tuzluluk parametresini
temsil  etmektedir. Cok  degiskenli
regresyon modeline kiyasla PLRS teknigi
spektral veri gibi aralarinda énemli 6l¢lide
korelasyon bulunan X degiskenlerinin
oldugu veri setlerini
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degerlendirebilmektedir (Esbensen, 2010).
PLSR regresyon modelleri hem birebir
dogrulama (Cross Validation) hem de
bagimsiz veri setleri kullanarak gecerlilik
acisindan dogruluklari kontrol edilmistir.
Toprak yansimalarinin kullanildigi PLSR
modelleri ile yapilan toprak tuzluluk
degerlerinin tahminleri R? (karar verme
katsayisi, coefficient of determination),
hata kareler ortalamasinin  karekoki
(RMSEP) ve performansin sapmaya orani
(RPD) parametreleri kullanilarak
degerlendirilmistir. RPD degerleri bagimsiz
dogrulama amach kullanilan (validasyon)
data setindeki referans  6rneklerin
standard sapmasinin, hata kareler
ortalamasinin karekék(i (RMSEP) degerine
orantilanmasiyla elde edilmistir.

Z (Ztah min Zg(’jzlem)2
i=1

RMSEP =

n-1
RPD= Standard sapma/RMSEP

Chang ve ark. (2001) toprak
ozelliklerinin  VNIRS teknigi ile tahmin
kalitelerini RPD degerlerine bagl olarak 3
gruba ayirmistir. 2 den biyiik (RPD > 2.0),
1.4-2.0 arasinda ve 1.4 den kiigik (RPD<
1.4), bu degerler sirasiyla mikemmel,



kabul edilebilir ve zayif tahminler olarak
siniflandinimustir.

Arastirma Bulgulari ve Tartisma

Toprak Tuzluluk Parametreleri

Araziden alinan toprak o6rneklerinin
tuzluluk degiskenlerinin (EC, pH) ve EM
okumalarinin ¢alisma alanindaki
dagihmlari ve temel istatistikleri Cizelge 1'
ve Sekil 3 de sirasiyla gosterilmektedir.

Bilgili ve ark.,

katsayillarina gore arazide en fazla
degiskenlik sirasiyla ECe, EM ve pH
degerlerindedir (Cizelge 1). Cizelge 2

toprak tuzluluk parametreleri ve EM-38
okumalari arasindaki korelasyon iliskilerini
vermektedir. Buna gore toprak ECe
degerleriyle EM okumalari arasinda pozitif
iliski (p<0.01) elde edilirken, toprak ECe
degeri ve pH arasinda 6nemli derecede
negatif iliski elde edilmistir (p<0.01). Bu

Buna gore her ¢ degiskende arazide genis  veriler  tuzluluk  siddeti  dagiliminin
bir dagihm gostermis ve elde edilen belirlenmesinde hizli ve daha az masraf
sonuclara gore topraklar tuzsuz, tuzlu ve gerektiren  degerler olarak  dikkati
tuzlu-alkali gibi farkli tuzluluk siniflari  ¢cekmektedir.
seklinde gruplanmistir. Varyasyon
Cizelge 1. Toprak tuzluluk parametrelerinin tanitici istatistikleri
(n=90) Min Medyan Ortalama Max Stdsapma vK'
ECe 0.59 3.79 9.53 52.8 12.54 131
pH 7.14 7.98 7.95 8.48 0.31 3.9
EM-38 30 143 169 575 105 62
"Varyasyon katsayisi (%) (Standart sapma/Ortalama*100)
-~ =
= o e
-r o™
o | 24 | v | =
© -
o | o - B -
o™ -—
e 4 [To 0 -
vl | vl —I - M
a1 T T T - [ I I 1 [ I I I I I 1
0 10 20 30 40 SO 70 75 80 85 0 200 400 600
EC dS m-1 pH EM- 38

Sekil 3. Toprak tuzluluk parametreleri (ECe, pH)

ve EM-38 okumalarinin sonuglarina ait dagilimlar
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Cizelge 2. Degiskenler arasindaki korelasyonlar

ECe
ECe 1
pH -0,35**
EM-38 0.60**

pH EM-38
1
-0.28** 1

* [statistiksel olarak p<0.05 seviyesinde 6nemli
** jstatistiksel olarak p<0.01 seviyesinde 6nemli

Spektral Karakterizasyon

Araziden toplanan toprak &rnekleri
VNIRS spektroradyometre teknigi
kullanilarak taranmis ve Sekil 4 arastirilan
toprak orneklerinin 350 nm ile 2500 nm

arasindaki ham yansimalari ve birincil
turevlerini gostermektedir. Toprak
tuzluluk parametrelerine paralel olarak

farkh tuzluluk seviyelerine sahip toprak
orneklerine ait yansima degerleri de
onemli 6l¢lide degiskenlik gostermektedir.
Toprak yansima karakteristiklerini
etkileyen temel toprak o6zellikleri toprak
suyu, kil tipi ve muhtevasi, organik madde
ve Fe- Al oksitlerdir (Bowers ve Hanks,
1965). Ayrica bazi 6rnekler daha farkli
dalga boylarinda farkli sekil ve adsorpsiyon
pikleri de  saglamaktadir.  Bunlarin
¢ogunlugu calhsma alaninda mevcut
olabilecek farkli tuz minerallerinin varligi
ve konsantrasyonu ile alakal
olabilmektedir (Crowley, 1991; Howari ve
ark., 2002). Topraklarin yansimalarinin
birincil tlirevlerini alma yansimalari ve
pikleri daha belirgin ve ayirt edilebilir hale
getirmistir (Sekil 4b).
Ham yansima

Bilesenler analizi

sonra  baz
gorilmustir

degerlerine  Temel
(PCA) uygulandiktan

orneklerin  gruplandig
(Sekil 5a). Bu gruplanan
orneklerin detayli incelemesi
yansimalarinin diger topraklardaki
yansimalara goére farkli oldugu ve farkh
dalga boylarindaki bantlarda 6nemli
adsorpsiyon pikleri gostermis oldugu
gorulmektedir (Sekil 5b). Bu ornekler
ozellikle diger toprak orneklerine ait
yansimalardan farkh olarak 1440, 1750,
1940 ve 2200 nm civarinda adsorpsiyon
pikleri gostermektedir. Bu pikler
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topraklardaki jips minerallerinin varhgini
gostermektedir ve jips minerali igerigi
yuksek topraklarin varhigi hakkinda bilgi
vermektedir (Howari ve ark., 2002;
Farifteh ve ark., 2006). Sekil 4b jips
minerali muhtevasi yiiksek topraklara ait
yansimalari gostermektedir. Jips
muhtevasinin varligl ve karakterizasyonu
onemlidir. Jips muhtevasinin varhgi toprak
tuzlulugu ve alkaliligini  6nlemede
onemlidir. Jips alkali topraklarin islahinin
temel bir girdisidir. Yeterli oranda jips
muhtevasi kapsayan topraklar yiksek
muhtevalarda sodyumun topragin fiziksel
ozelliklerinin asinmasi ve dispersiyon gibi
olumsuz etkilerinden etkilenmeyebilir
(Aydemir ve Sonmez, 2008). VNIRS
yontemiyle elde edilen bulgulara gore,
ylksek miktarlarda jips iceren topraklarin
dagihmi tespit edilebilmektedir. Bu durum
Ozellikle tuzlu-alkali ve alkali alanlarin
iyilestirilmesinde kullanilabilecek bilgilere
1sik tutmasi agisindan énemlidir.

Toprak Tuzlulugunun Tahmini

Goriilebilir - Yakin Kizilétesi Yansima
Spektroradyometre Tekniginin Kullaniimasi

Toprak orneklerine ait ham yansimalar,
birincil tlirevleri ve her 10 nm'de bir
ortalamasi alinmis yansima degerleri ve
toprak elektriksel iletkenlik degerleri
arasindaki iliskiler Kismi En Kiguk Kareler
Regresyon Teknigi (PLSR) ile
modellenmistir.  Toprak  tuzlulugunun
tahmin edilebilme potansiyeli hem birebir
dogrulama teknigi hem de bagimsiz data
setleri kullanilarak test edilmistir. Bagimsiz
validasyon tekniginde o6rnekler farkli iki
data setine ayrilmistir; drneklerin % 70’ i
model kalibrasyonunda kullanilirken, geri



kalan % 30 o6rnek kurulan modellerin
dogrulugunu 6lgmek amaciyla validasyon
setinde kullaniimistir.

Hem birebir dogrulama hem de
bagimsiz dogrulamanin test edildigi PLSR
modellerine ait tahmin katsayi (R?) ve
tahminlere ait hata kareler ortalamasinin
karakoku (RMSEP) degerleri Cizelge 3' de
gosterilmistir. Buna gore en yiiksek R ile
en disliik RMSEP degerleri ve sonug olarak
en iyi tahminler birebir dogrulama igin her
10 nm de bir ortalamasi alinmis yansima
degerlerinin kullanildigi modelden elde
edilirken (R’=0.91, RMSEP=5.0),
yansimalarin birincil tlrevlerinin
kullanildigi model bagimsiz data setlerinin
kullanildigi dogrulama tekniginde en iyi
tahmin sonuclar saglamistir (R’= 0.81,
RMSEP=6.97).

Bilgili ve ark.,

Tahminlerin kalitesini gosteren diger
bir parametre olan RPD degerleri de
Cizelge 3 de verilmistir. Yansimalarin
birincil tirevlerinin ve bagimsiz data
setlerinin validasyonda kullanildigi
modeller toprak tuzlulugu i¢cin mikemmel
tahminler saglamistir (RPD=2.12), oteki
taraftan hem ham yansimalarin hem de
her 10 nm'de kisaltimis ham yansima
degerlerinin kullanildigi modellerden elde
edilen tahminler kabul edilebilir seviyede
kalmistir. Orta kategorideki tahminler
farkh kalibrasyon ve yansima analiz
stratejileri kullanilarak iyilestirebilir, fakat
zayif kategorideki yer alan tahminler ise
glvenilir olmayabilir (Chang ve ark., 2001).
Genel olarak basarili sonuglar yiksek ECe
araliklarina (0.59 ile 52 dS m™) ve spektral
yansimalar ile toprak tuzluluk muhtevalari
arasindaki korelasyonlara atfedilebilir.

Cizelge 3. Kismi En Ki¢lik Kareler Regresyon Teknigi (PLSR) ve farkli spektral yansimalar
kullanarak toprak tuzluluk (ECe) degerlerinin tahmini

BiREBIR DOGRULAMA TAHMIN*

Spektral islem** R RMSEC™ R*  RMSEP? R’ RMSEP*  RPD*
Ham yansima 0.99 1.011  0.89 5.74 0.69 8.16 1.82
Birincil tiirev 0.92 4.95 0.80 7.48 0.81 6.97 2.12

10 nm de bir ortalamasi
alinmis ham yansimalar 0.98 2.45 0.91 5.00 0.60 9.46 1.57

T Bagimsiz data seti kullanarak yapilan tahminler; “Toprak yansimlarinin tabi tutuldugu 6n islemler; fKalibrasyon modeli
karar verme katsayisi; ~ Kalibrasyon modeli hata kareler ortalamasinin karakoki; *Birebir dogrulama tespit katsayisi;
PBirebir dogrulama Hata Kareler ortalamasinin karekoki ; “ Bagimsiz data seti kullanarak elde edilen karar verme katsayisi;
" Bagimsiz data seti kullanarak dogrulama hata kareler ortalamasi karakakii; *Performansin sapmaya orani degerleri (Ratio

of Performance to deviation).
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Sekil 4. a) Toprak 6rneklerine ait ham yansimalar ve b) yansimalarin birincil tirevleri
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Sekil 5. a) Temel Bilesenler analiz sonucu ve b) Jips minerali igerigince yiiksek olan topraklara ait
yansimalar
Elektromanyetik indiiksiyon Teknigi ilkinde tim giinlerden (1, 2 ve 3. giin) elde
(EM) ile Toprak Tuzluluk Degerlerinin  edilen dlgciimlerin birlikte degerlendirildigi
Tahmini model yaklasimi ve ikincisinde her bir giin

EM teknigiyle  toprak  tuzluluk
degerlerinin tahmini icin 3 farkh ginde
(1.,2. ve 3. glin) arazi 6rneklemeleri EM-38
aleti kullanarak arazide toprak
orneklemeleri ile ayni anda
gerceklestirilmistir. Bu nedenle ¢alismada
iki farkli model yaklasimi test edilmistir.
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icin ayri ayri modeller olusturulmustur (1.
gln toplanan 6rnekler icin ayri model, 2.
gilin toplanan 6rnekler i¢in ayri model ve 3.
giin toplanan ornekler igin ayri bir model).
EM-38 okumalari sonucu elde edilen izafi
toprak iletkenlik degerleri (ECa) ile
laboratuar analizleri sonucu elde edilen



elektriksel iletkenlik (ECe) degerleri
arasindaki iliskiler ve toprak tuzlulugunun
tahmini dogrusal olmayan regresyon
teknigi ile modellenmistir. Elde edilen
model sonuglar ve modellerin
dogrulugunu gosteren karar verme katsayi
degerleri (R?) Sekil 6' da gosterilmektedir.
R? degerleri 0.47 ile 0.79 arasinda degisim
gostermistir. Her bir 6érnekleme glini igin
ayri modeller olusturma yaklasimi daha
yiksek R®> degerleri (R’=0.51-0.79)
saglayarak tim glinlerin birlestirilmesi ile
elde edilen data igin yapilan modelden
daha ylksek dogruluk (R*=0.47)
gostermistir. Daha 6nce Antalya-Kopriicay
sulama sahasindan rastgele segilen 22
noktadaki (0-1 m derinlikte ortalama ECe
degeri= 5.40 dS m™) EM-38 okumalari ile
laboratuar analizleri sonuglariyla elde
edilen toprak elektriksel iletkenlik (ECe)
degerleri arasinda farkl toprak derinlikleri
(1 m ve 2 m) icin olusturulan dogrusal
regresyon modellerinden arastirmacilar
sirasiyla R® degerleri 0.82 ve 0.91 elde
etmislerdir (Kaman ve ark. 2012). Bu
arastirmacilar  tarafindan elde edilen
sonuglarinin dogrulugunun mevcut
calismadaki modellerdeki sonuglardan
daha ylksek olmasi, bu arastirmacilarin
daha homojen ve dar bir alanda ve dusik
bir 6rnekleme sayisi ile (n=22) ¢alismasina,
buna ragmen mevcut ¢alismalar ise daha
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blyilk bir calisma alaninda daha fazla
toprak tiplerinin data setinde yer aldig
daha fazla toprak ornegi ile (n=90)
calisilmis olmasina baglanabilir.

Hem VNIRS hem de EM tekniginin
arastirma alanlarinda toprak tuzlulugunun
tahminlerinde orta seviyede basaril
bulunmustur. VNIRS ile elde edilen tahmin
sonuglarinin basarisi  genel  olarak
uygulanan farkh spektral islemlere bagli
olarak farkhlik gostermistir ve en iyi
sonuglar birncil turevleri alinan ve her 10
nm aralkta ortalamasi alinan spektral
yansimalarin kullanildigi modellerden elde
edilmistir. EM  tekniginin basarisi
ornekleme zamanina bagh olarak farklilik
gostermistir ve en iyi tahmin sonuglar
farkh 6rnekleme gilnlerinde elde edilen
sonuglarinin birlestirilmesinden ziyade her
ornekleme glinii i¢cin ayri modellerin
kurulmasindan elde edilmistir. Her iki
metotla elde edilecek  sonuglarin
basarisinin arttirilmasi icin farkli toprak
karakteristiklerine sahip toprak vyapilari

icin farkhh modellerin kurulmasi ile elde
edilebilir. Sonu¢ olarak bu metotlarin
kullanilmasi ile Harran QOvasi ve benzeri

sekilde tuzluluktan etkilenmis alanlarda
toprak tuzlulugunun karakterize edilmesi
ve arazide haritalanmasi daha hizh ve
ekonomik olabilecektir.
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Sekil 6. EM — 38 okuma sonucu elde edilen ECa degerleri ve ECe degerleri arasindaki dogrusal
olmayan regresyon modelleri a) 1. glin i¢in b) 2. glin igin c) 3. giin igin ve d) Tum glinler

icin kurulan modeller
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Ozet

Etilenin meyve olgunlasmasindaki rolinin bilinmesi, olgunluk slrecinin kontrol edilmesinde,
etilen engelleyici maddelerin kullanimini glindeme getirmistir. Bugiin bu amag i¢cin meyvecilik
sektoruniin gelistigi Ulkelerde, bitkilere disaridan uygulandigi zaman, etilen sentezini engelleyen
bilesikler meyve kalitesini korumak ve gelistirmek amaciyla kullaniimaktadir. Etilen engelleyici
olarak bilinen 1-metilsiklopropen (1-MCP) meyve, sebze ve sus bitkilerinde olgunlasma ve/veya
yaslanmayi etkileyebilmektedir. 1-MCP’nin bulunusundan bu yana 1-MCP’nin etki mekanizmasi,
uygulanmasi ve etilenin etkilerinin kismen veya buyik Olgiide ortadan kalkmasina yonelik ¢ok
saylda calisma yapilmis ve yapilmaktadir. Bu makalede 1-MCP ile ilgili yapilan calismalar
derlenmistir.

Anahtar kelimeler: Meyve, 1-MCP, fizyoloji

Use of 1-methylcyclopropene (1-MCP) in Fruits

Abstract

The recognition of the role of ethylene in fruit ripening , in controlling the maturity process has
brought the use of ethylene inhibitor on the agenda. Today,in countries where the fruit industry
is progressed for this purpose , when applied externally to the plant,compounds that preventing
the ethylene synthesis is used in order to improve and protect of the fruit quality. 1 -
methylcyclopropene (1 -MCP ) is known as Ethylene inhibitors, may affect maturation and / or
aging in fruits, vegetables and ornamental plants. Since presence of 1 — MCP, there are numerous
studies made and still gonig on partially or largely so as to eliminate the effects of ethylene and
it’s implementation, action mechanism of 1 — MCP. The studies related to 1 -MCP has been
compiled in this article.

Key words: Fruit, 1-MCP, physiology.

Giris Bitki bliyime dlzenleyiciler, bir bitkide
bir veya daha fazla fizyolojik olaya etki

Pazar isteklerine uygun kalitede (riin eden dogal ya da sentetik bilesiklerdir.
yetistirmek ve hasattan sonra meyve Kirazda meyve iriligini ve kalitesini
kalitesini muhafaza etmek icin arttirmak icin giberellik asit (GA3), 2,4-
yetistiriciler, kalite parametrelerini olumlu diklorofenoksipropionik asit  (2,4-DP),
yonde etkileyen bazi blylmeyi 3,5,6-trikloro-2-pyridyloksi  asetik  asit

dlzenleyici [AVG, gibberellinler, (3,5,6-TPA), 2,4-diklorofenoksi asetik asit
jasmonatlar, pro-ca (prohexadione (2,4-D), 2,4,5 triklorofenoksi propiyonik
calcium), sentetik oksinler asit (2,4,5 TP), etephon, paclobutrazol
(klorofenoksiasetik asit), salisilik asit ve 1- (PP333), naftalen asetik asit (NAA) gibi
metilsiklopropen (1-MCP)] maddeleri farkh sentetik oksinler, 1-metilsiklopropan
kullanmaktadirlar (Stern ve ark., 2007). (1-MCP) ve aminoetoksivinilglisin (AVG)
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kullanilmaktadir (Webster ve ark., 2006;
Stern ve ark., 2007).

Etilenin  meyve olgunlasmasindaki
rolliniin  bilinmesi, olgunluk sirecinin
kontrol edilmesinde, etilen engelleyici
maddelerin kullanimini glindeme
getirmistir. Buglin bu amag icin meyvecilik
sektorinin gelistigi Ulkelerde, bitkilere
disaridan uygulandigi zaman, etilen
sentezini engelleyen bilesikler meyve
kalitesini korumak ve gelistirmek amaciyla
kullanilmaktadir (Webster ve ark., 2006;
Singh ve Khan, 2010).

Gaz halinde dogal bir bitki blylime
diizenleyicisi olan etilen, 06zellikle
klimakterik meyve tirlerinde
olgunlasmayi hizlandirmaktadir. Meyve
turlerinde olgunlasma hizi  ortamdaki
etilen konsantrasyonu ile  dogru
orantilidir. Meyvenin etilen algilamasini
onlemede; sicakligit mimkin olan en
disuk dereceye distirmek, Cco,
konsantrasyonunu yiikseltmek, kontrolli
atmosferde muhafaza, derim sonrasi
sicaklik uygulamalari yaninda bazi glimus
tiyosulfat ve 1-methylcylopropene (1-
MCP) gibi kimyasal madde uygulamalari
kullaniimaktadir. Ozellikle 1-MCP
uygulamalarinin elmalarda sogukta
muhafaza sirasinda meyve eti
sertligindeki distisi ve kabuk yanikhgi
oranini  azalttig, agirhk  kayiplarini
engelledigi pek cok calismada
belirtilmistir (Dongfang vd. 2003).

Mcp’nin Ozellikleri

1-MCP bitkisel Grinlerin kalitesini ve
raf Oomriini uzatmaya vyarayan, genel
anlamda etileni inhibe eden ve
yaslanmayi geciktiren bir madde olarak
bilinmektedir.  Standart sicaklik ve
basingta, molekil agirhgr 54, formili
C4H6 olan bir gazdir. 1-MCP, bitkiye
uygulandiginda, etilen ahlcilarina
baglanarak, etilenin bu bolgeye
baglanmasini engellemekte ve bu nedenle
etilenle iliskili biyokimyasal tepkimelerin
hizini yavaslatmaktadir (Sisler ve Serek
1997, Watkins 2006).
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1-MCP Kuzey Carolina
Universitesi’nden Edward Sisler ve Sylvia
Blankenship adli arastiricilar tarafindan
bulunmus, 1996’da patenti alinmigtir
(Blankenship ve Dole, 2003). Bu iki
arastirici yaptiklari ¢alismalar sonucunda
1996 yilinda 1-MCP, siklopropen (CP), 3-
metilsiklopropen (3-MCP) ve 3,3-dimetil-
siklopropen  (3,3- DMCP)'nin etilen
aktivitesini engelledigini ve bunlardan 1-
MCP’nin 3-MCP ve 3,3-DMCP’den daha
aktif ve stabil olmasindan dolayi en iyi
sonucu verdigini belirlemislerdir (Sisler ve
ark., 2001) . 1-MCP’nin ticari boyutta ilk
uygulamasi Florolife anonim sirketi lisansi
ile Gretilen a-cyclodextrin ile sis
bitkilerinde yapilmistir.

1-MCP’nin ticari olarak gaz formunda
pazarlanan Urlnl, SmartFresh, sivi
formda pazarlanan Grind ise Harvista'dir.
SmartFresh’in genellikle hasattan sonra
meyvelere uygulandigi ve meyvelerde
hasat sonu raf ve depo Omrinin
uzamasina neden oldugu bildirilmektedir
(Singh ve Khan, 2010). Harvista ise
elmalarda hasat oncesi uygulamalari ile
hasat 6ni dokiimii ve hasat sonrasi raf ve
depo omrindn artmasina neden
olmaktadir (Watkins ve ark., 2010). Ancak
bu Urinlerden Harvista, yalnizca ABD ve
bazi Latin Amerika Ulkelerinde tescillidir.

1-MCP ile ilgili olarak zehirlilik testleri
yapilmis, hayvanlara agiz ve cilt yoluyla
temas ettirilerek uygulanmis, gbz ve
deride patolojik veya o6lumcil higbir
etkiye rastlanmamistir. Kapali bir yerde
farelere uygulanan 1-MCP’nin, solunum
acisindan zehirlenmeye sebep olmadigi

bildirilmistir ~ (Hacker 2002). 1-MCP,
belirlenebilir kalinti birakmayan givenli
bir Griin olup kiglk veya buylk

miktarlardaki Urin gruplar i¢in rahathkla
kullanilabilmektedir (Blankenship 2001).
1-MCP; ABD, Kanada, Avustralya,
ingiltere, ispanya, italya, Almanya, Fransa,
Cin, israil, Turkiye, Hollanda gibi 30’a
yakin llkede meyve vyetistiriciligi ve
muhafazasinda kullaniimaktadir. Ozellikle
elma, kayisi, avokado, kivi, mango,
nektarin, papaya, seftali, armut, Trabzon



hurmasi, erik ve ananas icin hasat sonrasi
kullanimi onaylanmis olup elma, kivi, muz
ve Trabzon hurmasinda yaygin olarak
kullanilmaktadir (Watkins, 2006).

Watkins (2002), bu maddenin etilenin

fizyolojisi ile iliskili olarak meyve ve
sebzelerin  Uzerine  olan  etkilerini
Ozetlemis ve 1-MCP’nin kimyasal

anlamda etilen reseptorlerini tuttugunu

ve etilen baglanmasi  engellenerek
aktivasyonu  gergeklesmedigini  ifade
etmistir.

1-MCP,  drinlere  uygulandiginda,
etilen alicillarina (Reseptorlerine)
baglanarak, etilenin bu bolgeye

baglanmasini engellemekte ve bu nedenle
etilen ile iliskili biyokimyasal tepkimeleri
yavaslatmaktadir. Arastiricilar 1-MCP’nin
reseptorler ile uyusmasinin, etilenden
yaklasik 10 kat daha fazla oldugunu
(Blankenship ve Dole, 2003) ve etilen ile
kiyaslandiginda cok daha disik
konsantrasyonlarda bile aktif olabildigini,
ayrica bircok tirde etilen biyosentezini
etkiledigini (Sisler ve Serek, 1997)
belirtmislerdir.

Mcp’nin Meyvelerde Kullanimi

1-MCP, etilenin etkisini engelleyen bir
bilesik oldugu igin, etkisi dncelikle yogun
etilen Ureten elma, armut, avokado ve
muz gibi meyve tirlerinde arastiriimis;
sebzelerdeki etkisine yonelik calismalar
ise, etilen lretimi orta diizeyde olmasina
karsihk, etilene duyarliigi yiksek olan
domateslerle baslamis ve daha sonra
brokoli, hiyar, kavun ve yaprakli sebzeler
gibi etilene karsi duyarlihgl yiiksek olan
turlerle devam etmistir (Watkins 2006).

1-MCP kullanimi, tiketici icin kaliteyi
koruma acisindan elma depolama
teknolojilerinde  bir  atihm  olarak
gorilmektedir. 1-MCP’nin nispeten kisa

sirelerle  (2-24 saat) gaz halinde
uygulandigl, cok disik
konsantrasyonlarda bile etkili oldugu,

toksik olmadigi ve neredeyse hi¢ kalinti
birakmadigl  belirtilmistir  (Huber vd.
2003).
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1-MCP’nin, meyve, sebze ve sis
bitkilerinde olgunlasma ve yaslanmanin
yani sira etilen dretimi, solunum siddeti,
renk degisimi ve yumusamayi geciktirdigi
bilinmektedir (Watkins ve Miller 2005).
Elmalarda meyve eti sertligi, seker ve titre
edilebilir asitlik kapsami gibi kalite
kriterlerinde muhafaza siresince olusan
degisimleri yavaslatmaktadir (Huber vd.
2003).

1-MCP’nin koruyucu etkileri tir, cesit
ve hatta bitki kisimlarina, uygulama
siresine, sicakliga ve uygulanacak metoda
bagh olarak degisiklik gostermektedir. 1-
MCP, bazi drinlerde etilen Uretimini
azaltirken (kayisi, cilek, erik ve avokado)
bazi Urlnlerde (Fuji, Red Delicious ve
Granny Smith elma cesitlerinde) inhibe
ettigi ifade edilmistir. ( Dong ve ark.,
2002).

Tam bir etki elde edilebilmesi icin 1-
MCP’nin yeterli uygulama siresinin 12 ile
24 saat arasinda tutulmasi gerektigi
belirtilmektedir. Fan ve Ark. (1999), 1-
MCP’nin etkili konsantrasyonunun disik
ve etilenin etkisinin engellenmesi igin
gerekli minimum gaz konsantrasyonunun
ise elmalarda 1 pl 1-1 oldugunu ifade
etmislerdir. Sen ve Tirk (2008) ise 5 ve 50
nl  1-1 konsantrasyonunda 1-MCP
uygulamasinin  olgunlasmamis  muzlar
Uzerinde herhangi bir etkisi olmazken,
500 nl 1-1 konsantrasyonunun
olgunlasmayi geciktirdigini
belirlemislerdir.

1-MCP uygulamalari ile ilgili yapilan
c¢alismalarin  bircogunda  uygulamanin
Uranlerdeki solunum oranini  azalttig
gorllmektedir. Cilekte erken hasat
edilmis meyvelerde solunum,
uygulamayla birlikte yavaslamistir (Tian
ve ark., 2000). Avokado’da ise solunumun
artmasi 1-MCP ile birlikte 6 glin kadar
geciktirilmis ve solunum orani %40 kadar
azalmistir. Ayni sekilde eriklerde de 1-
MCP klimakterik solunumu geciktirmistir
(Dong ve ark., 2002).

Meyve dokiminid o6nlemede etkili
olan maddelerin kullaniminin
sinirlandiriimasi  ve  NAA’den istenen



diizeyde sonuglarin alinamamasi,
arastiricilari alternatif maddeler aramaya
yoneltmistir.  Bu  konuda, etilenin
meyvelerde olgunlugu ve absisyonu tesvik
ettigi bilindigi icin (Bangerth, 1978;
Schupp ve Greene, 2004), daha cok etilen
sentezini engelleyen maddeler Uzerindeki
arastirmalara hiz verilmistir.

Elfving ve ark. (2006), AVG, 1-MCP ve
etephon uygulamalarinin ‘Bing’ kirazinin
kopma direnci ve et sertligi Uzerine
etkilerini inceledikleri arastirmada; AVG
uygulamalarinin kopma direncini ve diger
kalite ozelliklerini etkilemedigini, ancak
yalnizca etephon ve 1-MCP uygulamasina
ilave olarak uygulanan etephonun kopma
direncini azalttigl, et sertligini muhafaza
ettigi tespit edilmistir. 1-MCP uygulamasi
ile et sertligi 6nemli dizeyde muhafaza
edilmistir.

Disuk sicakliklarin antosiyanin
birikimini  uyarmasi  sebebiyle sicak
bolgelerde meyve hasadinin, etilen

engelleyici bir takim bliylimeyi diizenleyici
maddelerin kullanimi ile geciktirildigi ve
bu biylmeyi dizenleyici maddelerin,
renklenme (zerine (ReTain, Daminozit ve
NAA) dolayl bir etki yaptigi bilinmektedir.
AVG ve 1-MCP gibi etilen engelleyiciler,
olgunlagsmayi geciktirerek, meyvenin agag

Uzerinde kalma  sdresini  uzatarak,
istklanma siliresini de uzatmakta ve
renklenmeyi dolayli olarak

arttirmaktadirlar (Stover ve ark., 2003;
Greene, 2006).

Fan ve Mattheis (1999), Fuji elmasina
uygulanan MelA ve 1-MCP’nin, meyve
renklenmesi ve olgunlasmasi (zerine
etkilerini tespit etmeyi amaglamistir.
Etilen Uretimi, solunum orani ve renk
degisiminin 1-MCP uygulamasi ile azaldigi,
fakat MeJA uygulamasi ile etilen
Uretiminin dalgal bir degisim gosterdigi,
solunum oraninin ve renklenmenin ise,
daha onceden 1-MCP uygulansa dahi
arttigini tespit etmislerdir.

Elma ve armut meyvelerinin 1-MCP ye
tepkisini etkileyen faktorler; 1-MCP
konsantrasyonu, uygulama siresi, meyve
olgunlasmasi,  uygulama  zamaninda
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sicaklik, hasat ve uygulama arasindaki
stredir. 1-MCP’nin tesvik ettigi tepkilerin
siresi, meyve olgunlasma ve uygulama

konsantrasyonu arasindaki
interaksiyondan etkilenebilmektedir.
Olgunlasmamis meyve, 1-MCP tesvikli

tepkilerin  maksimum siiresine erismek
icin  etkili araligin  sonundaki  Ust
konsantrasyon (1ppm) kullanimini igeren
uygulamaya ihtiya¢ duyabilmektedir. 1—
MCP’nin kontrolli atmosferde fark edilir
bir tepkiyi tesvik edebilmesi igin 0,625

ppm’i asan konsantrasyonuna ihtiyag
duyuldugu ifade edilmistir (Mattheis ve
ark., 2000).

Ulkemiz armut iretiminde ve (retilen
Urlnlerin pazarlanmasi asamasinda uygun
hasat zamaninin ve Ozellikle cesitlerin
hasat sonrasi fizyolojik Ozelliklerinin
yeterince  bilinmemesi ve  ¢agdas
teknolojinin gerektirdigi sekilde
uygulanamamasi sonucu soguk zincir
boyunca c¢esitli nedenlere dayanan
bozulmalar biylik kayiplar meydana
getirmekte ve Uretimin yaklasik % 25-30
unu kullanmadan alip gétirmektedir.

Marmara bolgesinde ©6nemli  bir
Uretime sahip olan “Deveci” armut
¢esidinde  hasat  sonrasi 1-
Methylcyclopropane (1-MCP)
uygulamalarinin  muhafaza  siresince
kaliteye olan etkileri incelenmistir. Bu
amacla Canakkale Biga bolgesinden hasat
edilen armut meyvelerinde sirasiyla 312,5
ppb, 625 ppb ve 1.250 ppb dozlarinda 1-
MCP uygulamalari  gergeklestirilmistir.
Arastirma sonucunda, depolama siresi
uzadikca tim meyvelerde farkh
dizeylerde olmak (izere kalite kayiplari
meydana geldigi ve so6z konusu kalite
Ozelliklerinin depolama ve raf Omri
siresince korunabilmesi acisindan en
etkili uygulamalarin 625 ppb ve 1.250 ppb
dozunda 1-MCP uygulamalari oldugu
belirlenmistir (Sakaldas, 2014).

Canakkale kosullarinda Fuji Kiku elma

cesidinde  hasat sonrasi  depolama
periyodunda 1-Methylcyclopropane (1-
MCP) uygulamasi ile meyve kalite

ozellikleri Uzerine etkilerinin incelendigi



calismada ise meyvelere 625 ppb ve 1250
ppb dozlarinda 1-Methylcyclopropane
(1-MCP) uygulamalari gerceklestirilmistir.
Uygulama vyapilan ve  yapilmayan
meyveler 0°C ve 2°C sicakhikta %90-95
oransal nem kosullarinda 180 giin slireyle
muhafaza edilmislerdir. Arastirma
sonucunda 1-MCP uygulamasi ile farkh
sicakliklarda yapilan depolamayla olasi
enerji tasarrufu olanaklari incelenerek,
ylksek sicaklk kosullarinda depolamayla,
kalite kaybinin olmadigi ve ticari anlamda
bu uygulamayla, Ulkemiz igin enerji
tasarrufuna katki saglanabilecegi ifade
edilmistir (Kuzucu ve Aydin, 2014)
Sakaldas ve Kaynas (2011), Pink Lady

elma c¢esidinde 1-MCP’nin depolama
slresince toplam fenolik bilesik
miktarindaki degisimi (zerine etkisini

incelemislerdir. Uygulama sonucunda en
yliksek degerlerin 625 ppb dozunda 1-
MCP uygulamasina tabi tutulan
meyvelerde gorildigini ve 1.250 ppb
dozunda 1-MCP uygulamalarinin bu
parametredeki artisi daha disilik seviyede
tuttugunu belirlemislerdir.

Hasat ile 1-MCP uygulamasi arasindaki
zamanin ©6nemi, Urln tlrlerine gore
farkhilik gostermektedir. Genellikle {riin
ne kadar c¢abuk bozuluyorsa 1-MCP
hasattan sonra o kadar kisa silirede
uygulanmalidir (Able et al., 2002). Etilen
uygulanarak olgunlastiriimis muzlarda
olgunlasmayi geciktirmek icin 1-MCP ile
meyvelerin 24 saat icinde bulusmasi

gerekmektedir (Jiang et al, 1999).
Olgunlasan kayisi ve eriklerde etilen
Uretimi, yumusama ve icsel
kahverengilesme, 1-MCP’nin
depolanmadan  o6nce  degil ancak
depolanmadan sonra meyvelere

uygulanmasi ile baskilanmistir (Dong ve
ark., 2002).

1-MCP’nin bitkisel Urinlerde
difiizyonu hizli oldugu, uygulamadan 8
saat sonra elmanin gekirdek bolgesinde 1-
MCP’nin varhgina rastlanmadigi, muzlara
1 pl 1-1 konsantrasyonda 1-MCP
uygulamasindan 15 giin sonra deliksiz
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polietilen torbalarda 1-MCP o6l¢ilemedigi
ifade edilmistir (Jiang et al., 1999).

1-MCP’nin birden fazla uygulanmasi
bazi Urlnlerde etkiyi arttirirken
bazilarinda onemli bir etki
yapmamaktadir. 1-MCP’nin Redchief elma
¢esidi (Mir et al.,, 2001) ve Avokadoda
(Pesis et al, 2002) birden fazla
uygulamasi tek basina uygulamadan daha
fazla etkili olmustur.

1-MCP uygulamasinin  dezavantaji,
etilen duyarliigini  elemine etmeyle
birlikte ugucu bilesiklerin  Gretimini
azaltmasidir. Bu bilesikler, meyveye
onemli derecede lezzet ve aroma
katicidir. Bu, KA’ de uzun depolamanin
etkisine benzer olarak meyvede ucgucu
bilesiklerin  kapasitesini azaltmaktadir.
Bununla birlikte, yapilan bir calismada
‘Bartlett’ ve ‘d’Anjou’ armutlarinda 1-
MCP’nin etkisi olustugunda ugucu Gretimi
yeniden baslamistir. Armutlara 1-MCP
uygulamasinin en 6nemli faydalarindan
biri, fizyolojik bozulmalar azaltmasidir.

Ornegin; 0,625 ppm  1-MCP’nin
uygulanmasi 180 giin siiresince ylzeysel
yanikhgin gelismesini engellemis,

uygulanmis meyvelerin yaklasik %80’
saglikh bulunmustur. Meyve olgunlasmig
olsa bile 1-MCP’nin etkisi, kabuk
kahverengilesmesine, girimeye  ve
meyve kabugunda kalinti kalmasi gibi
olumsuzluklari  Onlemistir.  Bu  etki,
kullanim esnasinda olgunlasan armutlarin
pazarlanmasi ve tliketiciler tarafindan
tasima  sirasinda o6nemli  derecede
rastlanan kayiplari azaltmistir. 1-MCP’ nin
kullanimi, armutlarin depolanmasi igin
etkin bir yontem olabilecegi ifade
edilmektedir (Mattheis ve ark., 2000).

Sonug ve Oneriler

1-MCP ve meyvelerin hasat sonrasi
fizyolojileri lizerine ¢ok sayida c¢alisma
yapilmistir.  Sonuglar genel anlamda
degerlendirildiginde 1-MCP’nin ozellikle
klimakterik  oOzellik gosteren bahge
Urlnlerinde etilen aktivasyonunu onemli
oranlarda engelledigi ve yaslanmayi



geciktirdigi tespit edilmistir (Sakaldas ve
ark., 2007).

Yas meyveler icerisinde cesitler
bazinda en uygun hasat sonrasi
kosullarinin  belirlenmesi ile kayiplara

iliskin coziimler, yas meyvelerdeki kayip
oranlarinin  duglrlilmesine  yardimci
olacaktir.
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Abstract

Individual birds in a flock of poultry have the ability to select from various feed ingredients
offered and make up their own diet according to their actual needs and production
capacity. For this, animals must be able to differentiate between foods with different
nutrient compositions by vision, taste, olfaction and texture, moreover, they need to be
taught to associate the sensory properties of foods with their yields of nutrients. Birds can
improve the balance between their nutrient requirements and their nutrient intake if they
are taught to select an appropriate diet.

Key words: Diet selection, poultry, sensory differences, learning

Tavukgulukta Se¢meli Yemlemenin On Kosullar

Ozet

Kanath hayvanlara ¢esitli yem hammaddeleri sunuldugunda, strideki bireyler bunlardan
belli dizeylerde secerek liretim kapasiteleri ve gercek ihtiyaglarina gére kendi rasyonlarini
yapma kabiliyetine sahiptirler. Bunun igin, farkh besin igerikleri ihtiva eden yem
hammaddeleri hayvanlar tarafindan goriniis, tad, koku ve yapi Ozellikleriyle ayirt
edilebilmeli, dahasi, yem hammaddeleri duyusal 6zellikleri ile bunlara ait besin igeriklerini
hayvanlarin iliskilendirip 6grenmesine ihtiya¢ vardir. Eger hayvanlar uygun rasyonu
secmeyi 6grenirse, besin maddesi ihtiyaclari ile besin maddesi alimlari arasindaki dengeyi
iyilestirebilirler.

Anahtar so6zciikler: Yem secimi, kanatli hayvan, duyusal farkliliklar, 6grenme

Introduction
Poultry can be managed under
different feeding systems, depending
on the husbandry skills and the feed
available. Under natural conditions,
animals face many foodstuffs and as
not all of these are balanced
nutritionally, animals need to be able
to select appropriate amounts of each
food, in order to ingest an adequate
diet. In the case of hens, Kempster
(1916) and Rugg (1925) found evidence
for diet selection. They observed that

hens, given a choice between foods

Arastirmacinin Doktora Tezinden Yararlanilmistir.

could balance their own diets and
produce more eggs than those fed a
single food. Most experiments (e.g. by
Funk, 1932; Graham, 1932; Forbes and
Shariatmadari, 1994; Delezie et al,,
2009; Kim, 2014) demonstrate that
broilers and laying hens are able to
select an adequate diet from a choice
of two foods which are individually
inadequate (e.g. one food is higher in
protein content than required and the
other one is lower). However, Ahmed
(1984) showed that broilers selected a
nutritionally balanced diet from as
many as nine different foodstuffs. This
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diet nutrients in similar

proportions

provided

to
by

when Banta

those normally

NRC,  (1994).
Similarly, (1932)
Rhode Island Red yearling hens access
to 13 feedstuffs, the birds did not eat
at random but they selected a diet

recommended
gave

similar to the recommendation at that

time, and their performance was
satisfactory.

Chickens were domesticated from a
wild progenitor by natural selection for
making the best possible use of the
resources available to them. However,
against all this background, there are
many examples of birds that appear
not to be making appropriate choices.
These instances can often be explained
by shortcomings in the experimental
a failure to meet the

necessary principles and conditions set

design or

by the choice-feeding paradigm. The
need to adhere to these conditions in
order to demonstrate successful diet
selection might represent limitations in
the
feeding system to commercial practice.
The paper
concentrates prerequisites

implementation of the choice-
present therefore
on for

successful diet selection.

Sensory Discrimination

For animals in order to differentiate

between foods to compose an

appropriate diet, sensory cues are very
important. These can be, for instance,
colour, smell, the taste or texture of
the food. Birds rely primarily on their
vision to identify foods, but they also
use their sense of taste and “post-

|II

ingestional” factors and, possibly, both

olfaction and temperature when
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making the correct choice of food
(Gentle, 1972; Forbes, J. M. 2010).
With the use of sensory cues it is
possible to envisage a learned appetite
for an essential nutrient, thus if the
hens can be taught an appetite then
this can be used in a choice-feeding
the
between their nutrient requirements

situation to improve balance
and intake.

Vision: In common with most birds,
both young and mature chickens have
an acute sense of vision, therefore the
look of the food is a very strong signal
for them (Kilham et al.,, 1968). The
most important parameters are shape,
size and colour.

Newly hatched chickens have an
innate preference for round objects
(Frantz, 1957) and for solidity: they
peck more at a solid hemisphere than
at a flat disk, whether real or not, on a
photograph 1968).
contrast, the preference for size is

(Dawkins, In
learnt by experience. Hogan-Warburg
and Hogan (1981) observed that young
chicks, given a mixture of feed and
sand, learn to ingest primarily feed but
still ingest some sand. They suggest
that an increase in feed ingestion is
probably the result of an association
between the visual-tactile-gustatory
stimuli from the feed and the positive
long-term effects of the feed ingestion.
In addition, chickens’ preference for
feed particle size has also been
demonstrated. Portella et al.,, (1988)
noted that feed particles were selected
by broilers according to size. When
offered one large and one small corn
seed, chickens selected the larger seed
(Frantz, 1957; Schreck et al., 1963;

Dawkins, 1968; Van Prooije, 1978).



their
preferred particle size increases. When

Moreover, as chickens age,
a mixture of particles of different sizes
were offered to broilers, larger than
1.18 mm particles were selected by all
ages of birds, while at 8 and 16 days
old they favoured particles between
1.18 and 2.36 mm, and as they aged
they preferred particles larger than
2.36 mm (Portella et al., 1988). The
importance of preference for size on
food consumption was demonstrated
by Schreck et al., (1963). Reducing the
the feed

associated with decreased body weight

size of granules was
and even with increasing mortality.

It has been established that turkeys
have an overall preference for green
followed by red, yellow, blue and white
(Cooper, 1971). The

literatures on the colour preference of

in that order

chickens agree that they like natural,
reddish colours. Hess and Gogel (1954)
that light-
coloured foods, particularly pink, while
(1978)
prefer

found chickens prefer
concluded that
seed,

followed by yellow, orange and finally

Van Prooije
chickens yellow-white
orange-red. The red, red-blue and blue
seeds were only chosen in exceptional
circumstances (severe hunger).
Kennedy (1980) also observed that
adult chickens show a preference for
red and natural coloured diets over
black and green. Studies by Hess and
(1956) that
chickens could pick at dots of various

Gogel showed when

colours, they picked the most at
colours from the orange and the blue
region of the colour spectrum. An
explanation for what induces colour
preference is offered by Kennedy
(1980). He demonstrated that the
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colour of the food offered just after
hatching determined the later colour
preference of hatchling chicks. In
addition, Hurnik et al., (1971) observed
that the preferred food colour is not
the
colour. The order of preference by
adult White Leghorn hens for the
feeder was red 29%, blue 27%, green
23% and vyellow 21%, therefore red
seems to be the most preferred feeder

necessarily preferred trough

colour.

to different
were also investigated (Hurnik et al.,
1971), and the highest food intake was
the
pattern (blue, green, yellow and red),

Responses patterns

observed with most complex
with green/yellow next whereas yellow
alone resulted in the lowest intake.
Using transparent drinkers Wilcoxon
et al.,, (1971) showed that colour can
This
observation was confirmed and applied
by Cadirci et al., (2009) who fed laying

hens with food deficient in methionine

be a cue for drink as well.

and offered drinking water with or
added The
researchers demonstrated that layers

without methionine.
fed methionine deficient diet were able
to select for water supplemented with
methionine in favour to pure water by
using colour cue. The hens did not
compensate methionine deficiency by
drinking treated water when colour
cue was not used. When, however,
water bottles were coloured differently
the
contained methionine or not, and the
birds had the
between the two, they balanced their

according to whether water

learned difference

diet for methionine, even when the
position of the bottles was reversed.



However, as chickens usually spend
very little time in contact with the
visual properties of water, taste of the
drink seems to have an importance,
although colour cues are also noticed
and attended to (Gillette et al., 1980).

Thus it appears that colour is a
property which may be particularly
useful in feeding practice. For instance
by using coloured food or feeder or
cage, food consumption could be
increased (Hurnik et al., 1971, 1974),
and also trace amounts of nutrient
supplementation can be associated
with colour cue (Kutlu and Forbes,
1993). However, it has been indicated
that
necessary.

visual cues are not always

For example, when a
calcium-deficient diet is offered with
calcite, the cues are obvious. But when
the choice is between two mash diets
differing only in the presence or
absence of calcium, the cues are more
The addition

carbonate results

calcium
diet,
probably with a different taste. But if

subtle. of

in a paler

white flour is added to the deficient
diet to give the same visual aspect,
birds still exhibit a significantly greater
preference for the calcium-enriched
diet (Hughes and Wood-Gush, 1971a).
Taste: The sense of taste helps
animals to select among feeds, to
choose that which is palatable and to
avoid those that are unpalatable or
toxic. It also encourages the ingestion
of nutrients. It has been demonstrated
that taste  buds
(Lindermaier and Kare, 1959; Saito,
1966; Gentle, 1971a), and that they
have a good sense of taste (Kare et al.,
1957; Kare and Medway, 1959; Kare
and Pick, 1960; Gentle, 1971a, 1972).

chickens have
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The ability to taste, however, is not

uniformly present in all chickens.
Williamson (1964) found significant sex
differences indicating a  genetic
difference in the ability of chicks to
taste ferric chloride, and Gentle (1972)
reported that some of them are ‘taste
blind’.

Taste plays a major role in the initial
selection of feed and possibly in the
1971b).

Therefore many flavours have been

motivation to eat (Gentle,

studied to improve feed consumption,
weight gain and feed conversion
(Berkhoudt, 1985). It has been shown
(Jacobs and Scott, 1957; Williamson,
1964; Yang and Kare, 1968; Kare and
Mason, 1986; Forbes, 2010) that birds
can differentiate between the taste
gualities of sweet, salt, sour and bitter.
They have very strong preferences for
some flavours; e.g. they will not drink
solutions of saccharin, salt or quinine
(El Boushy and Van der Poel, 1994), but
like citric acid (Balog and Millar, 1989).
Interestingly, in common with most
avian species tested, chickens do not
avidly select sugar solutions, when fed
on an energy-balanced diet (Jukes,
1938; Kare and Medwat, 1959; Kare
and Pick, 1960; Kare and Rogers, 1976).
It has also been shown that even an
unpleasant flavour, such as lactate in
the case of a calcium source, can assist
chickens in making the appropriate
But
calcium is made less palatable by the

choice. if the diet containing
addition of quinine, the aversion is so
strong that the diet will be rejected
even if the bird is deficient in calcium
(Hughes and Wood-Gush, 1971b).
Changes in taste preferences of

chickens readily occur following



(Gentle,
also quickly become

experimental manipulation
1975). They
accustomed to aversive chemicals such
as dimethyl anthraniline, and many
times the natural concentration of
bitter tasting substances in the food is
required to depress food intake over
long periods, the

amount which is selected against when

compared with

choice is given (Kare and Pick, 1960).
Olfaction: Smell takes place in the
olfactory organ, which consists of the
nostrils, the taste buds which lie in the
olfactory epithelium, and the olfactory
bulbs in the brain (Bang, 1971). That
birds lack the behaviour of sniffing
indicates that they need moving air to
effect contact between odour stimuli
and receptors. Many birds have a well
developed olfactory system; pigeons,
for instance, use olfactory cues for
navigation over long distances (Kare
and Mason, 1986). There is no direct
this
olfaction in food selection, but Tucker
(1965) by
recording from the olfactory nerves -

evidence for chickens using

has shown electrical
innervating the nasal cavity of birds-
that they respond to amyl acetate.
Chickens therefore appear to have a
functional olfactory system and it
seems likely that it is used. In addition,
it has been suggested that they may
regulate their behaviour in response to
olfactory factors (Jones and Gentle,
1985).

Texture of food: The texture of food
partly means a visual effect, partly a
factor in the palatability of the food.
The effects of the shape of the food
(round/solid/granulated) have been
mentioned above. When the food is

swallowed, the texture is sensed by the

57

Cadirci

Forbes (2007)

proposed that texture is a dynamic

mouth/tongue.

feature, as foods give changing

sensations  during grinding and
swallowing. Not only the texture of the
food changes but also its temperature,
and as metabolic processes already
begins in the mouth, its taste and smell
change too. Hyde and Witherly (1993)
proposed that all these changes during
a meal, or even a swallow, have a big
impact on a food’s palatability. Thus
Forbes (2007) suggests that texture
should be considered as an additional
food,

conjunction with its sight, smell and

cue in characterising a in

taste. Pelleted forages are usually
eaten more than the same ingredients
in unpelleted form (Heaney et al.,
1963). Although much this
increment attributable the
reduction in particle size associated

of
is to
with pelleting, some improvement in
palatability is also related (Van Niekerk
et al., 1973).

Experience and nutritional needs:
The experience and nutritional needs

of the animal can alter its natural
preferences and thus food
consumption. Researches in recent

years have made it clear that animals
the
properties of foods with the metabolic

learn to associate sensory
consequences of eating those foods.
They are sensitive to a number of
nutrients and can make appropriate
choices, according to how they feel.
Therefore, for instance, if a food is
deficient or imbalanced for one or
more essential nutrients, the animal is
feels ill.  This

malnourished and

influences how much it eats.



Colour has been shown to be a
strong cue for learned aversions (e.g.
Martin et al.,, 1977) and preferences
(e.g. Kutlu and Forbes, 1993) in birds.
Although light-
coloured pink,

chickens  prefer

foods, particularly
preferences for other colours can be
induced simply by prior exposure to
them (Hess and Gogel, 1954; Taylor et
al., 1969). Thus, for example, Capretta
(1969) has managed to increase the
birds’" consumption of

food. Also, the innate preference of

red-coloured

for round
objects can be increased or decreased
(Frantz, 1957).

Memories of grinding pressures and

newly hatched chickens

the number of swallows help to recall
how much food to eat for satiety
(Miller and Teastes, 1986). Memorable
(additional e.g.;
smell, taste, colour) are more easily

foods cues, sight,
learned with regard to their eventual
metabolic properties, compared with
bland foods. Adding spices to foods
enhances palatability, even if not at
the first exposure, by making the food
subsequently more identifiable.
Post-ingestional effects also add to
the animal’s experience in choosing
food. (1961) found that
preferences different coloured
foods could be altered by noxious
of the

though initially able to influence intake

Capretta
for
stimulation crop. Flavours,
and preference, soon lose this ability
(Balog and Millar, 1989) if the birds
learn that there is no nutritional
implication of the different flavours.
The nutritional state of the birds
the

Kare and Maller

can also change preference

(1967)
observed that although chickens do not

behaviour.
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naturally exhibit a marked preference
for a sucrose solution, when fed on a
diet low in energy their sucrose intake
increased to balance the calorie intake.
When a calorie-enriched diet was again
given, the consumption of sucrose was
not reduced.

The Role of Learning in Diet Selection
by Poultry

Birds quickly learn to associate the
sensory properties of a food with the
metabolic consequences of eating it.
The fowl, for example, often initially
the feed by
recognition. This is because the chicks

rejects unfamiliar
are not fed directly by the parents,
therefore there is an elaborate system
innate behavioural
the birds
diets.

or

of
protect
noxious

patterns that
ingesting

However,
the
conspecifics subsequently modify these

from
new
experiences influence of
innate reflexes thus allowing the birds
to exploit a variety of valuable feed
sources. Therefore, not merely innate
but also the

and

preferences/aversions,
bird’s
factors play an important role when

own experience social
selecting from a choice of foods.
Only a

of experiments

Prior experience: limited

number have been

carried out to study the feeding

behaviour of chickens on choice

feeding, i.e. when they have the
opportunity for diet selection. It is now
understood that chickens are capable
of

behaviour by experience. When their

rapidly modifying their feeding

preferred grains were stuck to the
floor, newly hatched feral, commercial
and broiler chickens

layer quickly



learned to avoid them (Adret-
1985).
However, previous observations (Dun,
1977) showed that introducing choice

feeding to laying birds previously given

Hausberger and Cumming,

complete foods causes a 5% decrease
in rate of lay over the next four weeks.
Also, the sudden change from one
largely
intake and

feeding
reduced the birds’
growth (Scholtyssek,
1982). additional
observations (Kennedy, 1980; Mastika
and Cumming, 1987; Covasa and
Forbes, 1993b) have made it clear that
the characteristics of the previous diet

system to another
feed
performance

These, and

affect feed intake and performance of
birds.
experience is very important for birds

choice-fed Therefore, prior
on choice feeding (Cumming, 1987),
and it is necessary for birds to be given
the opportunity to learn the difference

between the two (or more) feeds on

offer and hence to learn their
nutritional characteristics. Mastika and
Cumming (1981) noted that once

imprinted, chickens can be introduced
to choice feeding at any age. This
that
chickens have an effective memory for

observation implies imprinted
food type. It appears that for chickens
the optimum age for imprinting is the
second week after hatching (Covasa
and Forbes, 1993a). Cumming (1987)
noted that,

introduction

whatever
the
chickens need a learning period of at

the age of

to whole grain,
least seven to ten days. In summary,
training the birds by accustoming them
to whole grains at an early age
improves their ability to select foods to
meet nutrient requirements at later

stages of growth.
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Training: In many cases birds will
learn about two foods if they are
introduced simultaneously but they
may learn more quickly if each food is
given in turn for a few days. During the
learning period, an alternating method
if the birds

distinguish between, for instance, the

can be used are to

properties of different types of mash
1993).
However, Forbes and Covasa (1995)

(Shariatmadari and Forbes,
noted that the same method in case of
choice feeding and the use of whole
grains is not useful because, although
there are obvious visual differences
the the

digestive tract of birds fed whole

between foods offered,
grains has to adapt and it undergoes
physical changes in order to facilitate
digestion. Moreover, the bird can avoid
eating grain by learning when to eat in
relation to the time of day (Pinchasov
et al.,, 1985) and wait until the normal
food is on offer (Rose et al., 1994). In
addition, Covasa and Forbes (1994b)
reported that choice-fed birds exhibit
better dietary selection than those fed
alternately.

Social interactions: Animals living
together in a group tend to copy from
each other and they are more likely to
learn about foods when they are in
groups than in individual cages. There
is also usually a leader that guides the
others to the desired food. To peck at
food, newly hatched chickens need to
be stimulated by the sight and sound
of the hen pecking (Savory et al,,
1978), i.e. social facilitation plays an
important role in the initiation of
pecking (Strobel and McDonald, 1974).
Also, visual cues are important in the
of in

synchronisation feeding



birds
and Mueller

individually caged (Hughes,
1971). (1979)

found that within five days of being

Joshua

given a choice between a calcium-
deficient food and calcite, broilers
consumed enough calcium when kept
in groups, however, individual caging
inhibited this ability even when there
was visual contact between the birds.
When the birds were then caged
after to eat

individually learning

calcium in a group, they took an
adequate amount of calcium. Similar
observations were made by Covasa and
Forbes (1994c) who compared wheat
consumption of pairs of birds to that of
single-caged birds,

significant improvement despite the

and found a
fact that individually caged birds could
see each other.

It has been suggested
1987) that for the best
selection, birds need to be in groups of

(Mastika,
result in
at least eight. A larger number of birds
seem to make no further difference in
diet selection (Rose et al., 1986). It is
now commonly accepted that group-
housed animals are more successful in
diet that their
requirements than those caged singly
(McDonald 1963; Adret-
Hausberger and Cumming, 1987).

selecting a meets

et al,

As learning is influenced by the
presence and behaviour of conspecifics
(Nicol and Pope, 1993), it seems likely
that the process of learning could be
accelerated by using experienced birds
as ‘teachers’ (Mastika and Cumming,
1987). However, Covasa and Forbes,
(1994a) that
putting birds encourages

demonstrated simply

together

wheat intake, therefore it is not
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necessary to use experienced birds as
teachers.

Conclusion

Free-choice feeding might have
great commercial potential for the
free-range poultry production. This

review aimed to highlight some of the
factors important in the process of diet
selection by poultry. These factors
must be taken into account when
practicing free-choice feeding. If given
the appropriate conditions for animals,
diet-selection

methodology can

provide a very powerful tool for

nutritional and behavioural scientists.
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HARRAN TARIM ve GIDA BiLIMLERi DERGISI
Yayin ilkesi ve Yazim Kurallan

Harran Tarim ve Gida Bilimleri Dergisi tarim alanindaki bilimsel calismalari kisa slrede
yayinlayarak tarim bilimcileri arasinda iletisimi saglamak amaciyla orijinal arastirma ve
derleme makalelerini Tiirkce ya da ingilizce olarak kabul etmektedir. Makaleler Microsoft
Office Word uyumlu programlarda hazirlanmali ve Yayin Kurulu’na elektronik olarak
ulastiriilmahdir. Hakem elestirileri (varsa) dogrultusunda diizenlenen makaleler en kisa
sirede elektronik olarak Yayin Kurulu’na gonderilmelidir. Yayinlanmasina karar verilen
eserlere yazar(lar)ca herhangi bir eklenti ya da ¢ikarma yapilamaz. Makale igerisinde dergi
basildigi haliyle goriinen hatalarin sorumlulugu vyazar(lar)a aittir. Yayin Kurulundan
kaynaklanan basim hatalari igin diizeltme yayinlanabilir.

Dergimizin ulusal ve uluslararasi diizelerde daha iyi bir yere gelebilmesi icin konu ile ilgili web
sitesinde bulunun arsiv (http://ziraatdergi.harran.edu.tr/bhd/index) kismindaki makalelerden
atif yapilmasi énerilir.

Makalenin ilk Sunusu

1. Makale taslagl editore ilk gonderilirken, tim makale ¢ift satir araliginda, sayfanin tek
yuziine, 2.5 cm bosluk birakilarak A4 (210X297) formunda, Microsoft Word programinda,
Times News Roman yazi karakterinde, 12 punto diiz metin olarak olarak hazirlanmalidir.
Her satira ardisik olarak satir numarasi verilmelidir.

2. Yazar(lar) makalenin ne tirde bir yazi (Arastirma makalesi ve derleme) oldugunu
belirtmelidir.

3. Metin genel olarak GiRiS, MATERYAL ve METOT, ARASTIRMA BULGULARI ve TARTISMA,
EKLER (Yiiksek lisans veya doktora tezi oldugu belirtilebilir; Hangi kurumlar tarafindan
desteklendigi agiklanabilir; Arastirmaya yardimci olan kisi veya kurumlar burada ifade
edilebilir) ve KAYNAKLAR seklinde olmalidir.

4. Metin icerisinde kaynak gosterimi (Yazar, yil) esasina gore yapilmalidir. 2’den fazla yazarin
bulundugu kaynaklarin gésteriminde (ilk yazarin soyadi ve ark., yil) kurali uygulanmalidir.

5. Ondalik rakamlar nokta ile ayrilmahdir (123.87; 0.987 gibi).

6. Makalelerde fotograf, grafik, cizim vb. “Sekil”, Tablolarda “Cizelge” olarak ifade
edilmelidir. Ayrica Cizelge ve Sekiller ardisik olarak numaralandiriimalidir (Sekil 1. veya
Cizelge 1.). “Sekil” ve “Cizelge” igerikleri 9 punto ile hazirlanmalidir.

7. Ozet: Tirkce ve ingilizce olarak 200 kelimeyi asmamalidir. Tiirkce ve ingilizce dzetlerin
hemen altinda en fazla 5 adet anahtar kelime bulunmalidir.

8. Kaynak gosterimi, asagida yer verilen drnekler esas alinmali ve kisaltma yapilmadan
verilmelidir

a. Kaynak dergi ise,

Celik, S., Tirkoglu, H. 2007. Ripening of traditional Orgii cheese manufactured with raw or
pasteurized milk: Composition and biochemical properties. International Journal of Dairy
Technology, 60 (4): 253-258.

b. Kaynak kitap ise,

Metin, M. 2001. Siit Teknolojisi. Ege Universitesi Basimevi, izmir, 802s.

c. Kaynak kitaptan bir bolim ise,
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Walstra, P., van Vliet, T., Bremer, C.G.B., 1990. On the fractal nature of particle gels.
“Alinmistir: Food Polymers, Gels and Colloids. (Ed) Dickinson, E., The Royal Society of
Chemistry, Norwich, UK, 369-382pp.

d. Kaynak, yazari bilinmeyen bir kaynak ise,

Anonim, 2005. Tereyag), Diger Siit Yagi Esash Siriilebilir Uriinler ve Sadeyag Tebligi, Tiirk
Gida Kodeksi, Teblig No: 2005/19, Ankara.

e. Kaynak, kongre / sempozyum / konferans kitabi ise,

Hayogluy, i., Celik, S., Tuirkoglu, H. 2010. Giineydogunun vazgecilmezi: Meyan Serbeti. 1.
Uluslararasi Adriyatik’ten Kafkaslar’a Geleneksel Gidalar Sempozyumu, 15- 17 Nisan,
1037-1038s. Tekirdag.

f. Kaynak Web sayfasi ise,

Anonim, tarih. Web linki. Erisim: tarih

9. Makale yaziminda “Uluslararasi Birim Sistemi” (SI)’ye uyulmalidir. Buna goére; g/l yerine g

I", mg/l yerine mg I'* ya da ppm kullanilmalidir. Yizde ifadeler aciklayici olmalidir.

Ornegin %3 yerine %3 (w/v), %3 (v/v), %3 (w/w) gibi.
Yayina kabul edilen makalelerin Son Diizeltmelerinde Dikkat Edilecek Hususlar

. Makalenin Kenar bosluklari; sol- 4 cm, sag, alt ve Ust- 3 cm olmalidir. Sayfa yapisi 21
cm*29.7 cm kagit ebatlarina uygun ayarlanmalidir.

. Turkece bashk 14 punto (koyu ve ortall) kiguk harflerle (kelimenin ilk harfi blyik) ve diiz
yazilmalidir. ingilizce baslik 12 punto yazilmaldir.

. Yazar isimleri Turkge baslik sonrasi 12 punto (koyu, ortali ve diiz) ve bir bosluk birakilarak
yazilmali, yazar isimlerinin sonuna adres i¢in Ust simge rakam verilmelidir. Adres satiri
yazar isimleri sonrasinda 1 bosluk birakilarak 10 punto (normal, diiz ve ortah) yazilmali ve
adres satirinin altina sorumlu yazar e-mail adresi belirtilmelidir.

. Ozet ile Anahtar kelimeler ve Abstarct ile Key words arasinda tek satir bosluk ( 10 punto,
diiz ve tek siitiin); sorumlu yazar e-mail adresi satiri ile Ozet arasinda, Anahtar kelimeler
ile ingilizce baslik arasinda iki bosluk birakilarak (10 punto, tek satir, diiz ve tek siitun)
yazilmalidir. Ozet, Anahtar kelimeler, Abstract, ve Key words paragraf yapilmadan koyu
yazilmalidir. Anahtar kelimeler ve Key words diiz ve sola dayali yazilmalidir.

. Key words ile ana metin (Giris) arasinda iki satir bosluk birakilmalidir. Ana metin giris ve
boliminden itibaren gift sitlin ve stitun araliklari 0.7 cm olmalidir. Metin yaziminda 11
punto Calibri yazi karakteri kullanilarak yazilmali, satir baslari ilk satir girintisi 0.5 cm
olmaldir. Metin ana bashklari 11 punto Calibri (ilk harf biyik, koyu) kullanilarak
yazilmahdir. Alt bashklar 11 punto italik ve normal yazilmalidir. Metin ana basliklari, metin
baslangici ve sonunda olmak Uzere 1’ er bosluk birakilmalidir. Cizelge basliklari gizelgenin
Ustlinde sekil basliklari ise sekil altinda 11 punto (asih), ilk harfleri kiicik yazilmalidir.
Satir araliklari 1.15 olmalidir.

. Cizelge-sekillerden dnce ve sonra bir satir bosluk birakilmahdir.

. Yayinlanmasina karar verilen eserler, sadece sekilsel olarak, yukarida yer alan bilgiler
dogrultusunda yeniden diizenlenmeli, yazar(lar)ca herhangi bir eklenti ya da ¢ikartma
yapilmamalidir. Makale icerisinde, dergi basildig1 haliyle, gériinen hatalarin sorumlulugu
yazar(lar)a aittir. Yayin Kurulundan kaynaklanan basim hatalari igin ise dizeltme
yayinlanabilir.
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