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OZET

Bu caligmanin amaci, Ankara Giiveng Havzasi’nin cografi bilgi sistemi (CBS), uzaktan algilama (UA) ve istatistik
yaklasimlar kullanarak ¢ok kriterli degerlendirme ile erozyon risk siiflarinin belirlenmesi ve haritalanmasidir. Calisma
havzasi yaklasik 17.3 km?’lik bir alan1 kapsamaktadir. Erozyon risk siniflarinin belirlenmesi amaciyla havzada toprak
erozyonunun meydana gelmesinde etkili olan yedi adet parametre (bilinye, toprak derinligi, yagis, arazi kullanimi,
yiikseklik, egim ve bitki oOrtiisii) ve bu parametrelere ait alt kriterler dikkate alinmistir. Parametrelere ait veriler i¢in
calisma alaninin 1:25000 6lgekli sayisal temel toprak haritasi ve topografik harita kullanilmistir. Arazi kullanimi-arazi
Ortiistiniin ve bitki Ortiistiniin belirlenmesi amaciyla Landsat 7 uydu goriintiisiinden yararlanilmistir. Parametrelerin
onceliklerinin belirlenmesinde analitik hiyerarsik siireg (AHS) teknigi, alt kriterlerin dnceliklerinin belirlenmesinde ise
Z-Skor istatistik analizi tekniginden faydalanilmigtir. Nihai olarak ise dort siniftan olusan erozyon duyarlilik siiflarinin
belirlenmesinde dogrusal kombinasyon teknigi kullanilmistir. Elde edilen analiz sonuglarina gore havzanin % 45.9’unun
cok siddetli erozyon riskini tagidig belirlenmistir.

Anahtar Kelimeler: Analitik hiyerarsik siireg; Dogrusal kombinasyon teknigi; Erozyon risk belirleme; Z-Skor

Erosion Risk Prediction Using Multi-Criteria Assessment in Ankara
Giivenc¢ Basin
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ABSTRACT

The aim of this study is to determine erosion risk classes and to generate their map in Ankara Giiveng Basin using
geographic information system (GIS), remote sensing (RS) and statistical approaches with method of multi-criteria
decision-making. Basin covers about 17.3 km? In order to determine erosion risk classes, seven criteria (texture,
soil depth, precipitation, land use, elevation, slope and vegetation) that influence the occurrence of soil erosion, and

JOURNAL OF AGRICULTURAL SCIENCES 23 (2017) 285-297

TARIM BIiLIMLERi DERGISI —



Gok Kriterli Degerlendirme ile Ankara Giveng Havzasi’'nda Erozyon Risk Tahminlenmesi, Demirag Turan & Dengiz

sub-criteria of that seven criteria were taken into consideration. 1:25000 scale digital soil map and topographic map
were used. In addition to that, Landsat 7 satellite images were used to generate the land use and vegetation cover
map. Analytical hierarchy process (AHP) technique was used to determine the priorities of the each criteria while, the
Z-score statistical analysis technique was used to determine the priorities of the sub-criteria. Finally, linear combination
technique was used to determine classes of erosion risk. According to the obtained results, 45.9% of the basin area was

identified as under high erosion risk.

Keywords: Analytical hierarchy process; Determining erosion risk; Linear combination technique; Z-Score

1. Giris

Toprak erozyonu bugiin diinyada tarimi, dogal
kaynaklar1 ve ¢evreyi tehdit eden en Onemli
problemlerden birisidir. Aslinda erozyon, dogal
jeomorfolojik bir siiregtir. Ancak insan etkisi
sonucu erozyon, hizlandirilmis hale doniismiistiir.
Hizlandirilmis erozyon da cevreye olan baskiy1
artirarak, Onemli bir ¢evresel problem haline
gelmistir. Eger toprak erozyonunun mekansal
ve zamansal biyiikligi bilinirse, yOnetimsel
uygulamalar bu problemi en aza indirmek icin
etkili bir sekilde gergeklestirilebilir. Herhangi bir
havzada erozyon siirecleri ve erozyon oranlarini
belirlemek amaciyla toprak erozyon modelleri
gelistirilmekte ve uygulanmaktadir. Toprak
erozyonu tahmini ve degerlendirilmesi ile ilgili
1930’dan beri pek ¢ok ¢alisma yapilmis ve birgok
model gelistirilmistir (Lal 2001). En yaygin
olan modellerden bazilar1 evrensel toprak kaybi
esitligi (USLE) (Wischmeier & Smith 1978) ve
revize edilmis toprak kaybr esitligi (RUSLE)
(Renard et al 1991)’dir. Erozyon verimlilik etkisi
hesaplamasi (EPIC) (Williams et al 1990), Avrupa
toprak erozyon modeli (EUROSEM) (Morgan et
al 1992) ve su erozyonu tahmin projesi (WEPP)
(Flanagan & Nearing 1995) gibi bircok model,
toprak kaybi tahmininde kullanilmasinin yani
sira alanin erozyona karsi duyarlilik durumlarini
belirlemek amaciyla da CORINE (1992),
ICONA (1997), LEAM (Manrique 1988) gibi
bir¢cok erozyon risk degerlendirme modelleri de
gelistirilmigtir. Biitiin bu yontemlerle ne kadar
toprak kaybinin olabilecegi veya herhangi bir
yoOnetim senaryosu altinda erozyon riskine dair
¢ikarimlar yapilabilmesi s6z konusudur. Arazi

© Ankara Universitesi Ziraat Fakiiltesi

bozulmasimi azaltmak ve toprak kaynaklarinin
sirdiiriilebilir bir sekilde kullanilmasini saglamak
amaciyla toprak koruma tedbirlerinin alinmasi
gerekmektedir. Tedbirlerin alinmasi igin 6ncelikle
erozyon alaninin erozyon risk dagilim haritalarinin
yapilmas1 gerekir. Boylelikle toprak erozyonuna
kars1 gerekli yonetim planlamalar1 ve ¢aligmalari
yapilabilmektedir.

Toprak erozyonunu hesaplamak veya risk
dagilimlarinin belirlemek igin iklim, bitki Ortiisi,
arazi kullanimi, fiziki cografya oOzellikleri gibi
cesitli parametreler ele alinmistir. Zhang et al (2013)
tarafindan yapilan ¢aligmada cografi bilgi sistemleri
(CBS) ve uzaktan algilama (UA) teknolojileri
kullanilarak yagis, toprak, topografya ve vejetasyon
parametrelerinin  erozyon {izerindeki etkileri
degerlendirilmistir. Wu & Wang (2007) analitik
hiyerarsik siire¢ (AHS), uzaktan algilama ve cografi
bilgi sistemlerini bir arada degerlendirmigler ve
erozyona etki eden toprak tipi, yagmur yogunlugu,
arazi sekli, derin vadi yogunlugu, arazi egimi, bitki
oOrtiisii, maden sahasi, su ve toprak koruma seviyesi
ve arazi kullanimi faktorlerini ele almislardir. Aym
calismada toprak erozyonu risk derecesinin tematik
katmanlarinin CBS ile yapildigi ve her tematik
katmanin agirligina ise AHS ile karar verildigi
belirtilmistir.

Bu calisma ile Ankara Giiveng Havzasi
icerisinde dagilim godsteren arazilerin erozyon risk
durumlarmin belirlenmesi ve dagilim haritalarinin
olusturulmast  amacglanmisti. Bu  dogrultuda,
toprak erozyonunu etkileyen toprak derinligi,
toprak biinyesi, bitki Ortiisii indeksi (NDVI),
egim, yagis, yilikseklik ve arazi kullanimindan
olusan yedi faktdr ve bunlara ait alt faktorler
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dikkate alinmistir. Faktorler arasindaki iligkilerin
degerlendirmesinde ¢ok kriterli yaklasimlarindan
olan AHS uygulanmis ve alt faktorlerde ise Z-Skor
analizi yapilarak kriterler ayni 6l¢ege konulup artik
birlikte toplanabilir, yani kombine edilebilir hale
getirilmistir. Boylece bu teknik ile erozyon riski
degerlendirmesi ¢aligmalarma yonelik yeni bir
yaklagim gelistirilmistir.

2. Materyal ve Yontem

2.1. Calisma alam

Calisma alan1 Giiveng Goleti’ne ait su toplama
havzasidir. Giliveng Goleti Ankara-Yenimahalle-
Giiveng Koyii’nde yer almaktadir. Calisma alaninin
lokasyon haritasi Sekil 1 olarak sunulmustur. Havza
yaklasik 17.3 km? alana sahiptir (Sekil 1).

KARADENIZ
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Sekil 1- Calisma alaninin lokasyon haritasi

Figure 1- Location map of the study area
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Giliveng Havzasi yazlari sicak ve kurak, kislari
soguk ve yagislidir. Ankara Meteoroloji Midiirligii
verilerine gore (1975-2013) yillik ortalama yagis
399.5 mm, uzun yillar ortalama sicakligr ise 12.04
°C’dir (MGM 2013). Havzanin deniz seviyesinden
olan yiikseltisi 1040 m ile 1440 m arasindadir.
Ozellikle Havza alanmin yaklagik % 50’si 1200-
1350 m yiikseklik arasinda yer almaktadir. Ayrica
alanin yaklasik % 46’smin 11°-30° arasinda egim
degerlerine sahip oldugu belirlenmistir.

Havzanin bati ve orta kesiminde Paleosen
yaslt kil ve kirectasi ara katmanlart ile Saribeyler
formasyonu dagilim gostermistir. Bu birimler az
gecirimli  6zellige sahiptir. Havzanin yukari su
toplama alaninda kireg tast ile marn kayaglarindan
olusan  tabakalar = bulunmaktadir. = Buralarda
yeralti suyu verimliliginin olduk¢a zayif oldugu
goriilmiistiir (DSI 1969).

Havzanin giineybatisi ile kuzeydogusu Orhaniye
formasyonu ve Saribeyler formasyonu iizerinde
yer almistir. Orhaniye formasyonu orta derecede
verimlilige sahiptir. Havzanin glineydogusunda siltli
kumtasi ile Dikmendere formasyonu ylizeylenmistir.
Formasyonlarin birbirlerine temas ettigi yerlerde
yer yer su kaynaklar1 bulunmaktadir (MTA 1994).

2.2. Yontemler

Havzanin erozyon risk dagilimlarinin belirlenmesinde,
havzada oncelikli olarak erozyona etki edebilecek
parametreler tanimlanmis ve alana ait detayl toprak
haritasinda yer alan her bir haritalama tinitesi igin
erozyon duyarliliginin  oranlari  hesaplanmistir.
Erozyon risk haritalarmim olusturulmasma yonelik
caligmalarda da cok kriterli karar verme yontemi
uygulanmis ve uygulanmaya da devam etmektedir.
Buna yonelik birgok teknik olmasina karsin bu
calismada ¢ok kriterli erozyon risk degerlendirmesi
teknigi olarak dogrusal kombinasyon teknigi
kullanilmstir (Patrono 1998).

Dogrusal kombinasyon tekniginde, erozyona
etki eden kriterlerin her birine bir agirlik degeri
aktarilmistir. Bu agirlik degerleri, kriterlerin goreceli
onemine gore belirlenmistir. Sonrasinda bu kriterler
alt kriterlere ayrilmis ve bu alt kriterler kendi iginde

ayr1 bir sayisal degerlendirmeye tabi tutularak
alt kriter puanlar1 saptanmistir. Daha sonra bu alt
kriter puanlari, ait oldugu kriterin agirlik degeri ile
carpilmistir (Dengiz & Sarioglu 2013). Calismada,
alt kriterlere ait degerler Z-Skor yontemiyle, ait
oldugu kriterin agirlik degeri ise AHS yontemi ile
belirlenmistir.

Boylece kriterler ayn1 oOlgege konularak
birlikte toplanabilir, yani kombine edilebilir
hale getirilmisti. Bu teknikteki erozyon riski
degerlendirmesi yaklagimina ait matematiksel ifade
Esitlik 1°de verilmistir.

§=2,.W.x) (M

Burada; S, erozyon risk puani; /¥, i parametrenin
agirlik degeri; X, i parametresine ait Z-Skor alt kriter
puant; n, ele alinan parametrelerin toplam sayisidir.

Ele alinan kriterler alt faktorlere ayrilarak 1 ile
4 arasinda agirlik degerleri verilmistir. Erozyon
risk smiflamasma yonelik modelde kullanilan
parametreler ve alt faktorlere ait agirlik puanlar
Cizelge 1’de belirtilmistir. Alt faktor, erozyonun risk
ihtimalinin yiiksek olmasi durumunda 1, erozyonun
risk durumu az ise 4 degerini almistir. 1 ile 4
arasindaki degerler ise erozyonun risk derecesine
gore degismektedir (Cizelge 1).

Erozyon risk degerlendirmesinde dogru ve
karsilastirilabilir sonuglar elde etmek zordur. Bu
nedenle toprak erozyon risk degerlendirmesinde
belirlenen alt faktorler, CBS ile sayisal bir model
olan Z-Skor birlestirilmistir. Z-Skor’da doniisiim
kurallarinda 6zel bir uygulama yapilmaktadir.
Degisken alt parametreler igin Z-Skor metodu
kullanilarak standartlastirma yapilmistir. Z-Skor
degeri bazen standart puanlar seklinde de ifade
edilmektedir.

Standartlastirma her bir alt parametreden,
ortalama farkinin alinmasi ve elde edilen degerin
standart sapmaya boliinmesi ile belirlenmistir.
Boylece, Z-Skor ham verileri standart hale
dontismiis  ve birim  farkliliklarini  ortadan
kaldirmistir. Z-Skor hesaplanmast Esitlik 2°de
verilmistir.
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Cizelge 1- Erozyon risk siniflamasina yonelik modelde kullanilan parametreler ve alt faktorlere ait agirhk

puanlari
Table 1- Weighted values for parameters and sub factors which are used in model for determination of erosion
risk class
Biinye Egim (%) Arazi kullanimi Yagis (mm)
Alt faktor Alt faktor Alt faktor Alt faktor
Smif agwrlhik — Simif agirlik — Simif agwrlik Smif agwrlik
puani puant puani puant
Kil 1 0-7 4 Kuru tarim 1 <60 4
Kil-tin 4 7-13 3 Mera 3 60-90 3
Kumlu-kil 3 13-20 2 Meyve ve 2 90 -120 2
fundalik
Tin 2 20-46 1 Su yiizeyi 4 120 -160 1
Zayif mera 2 >160 1
Zayi1f orman 3
Yiikseklik (m) Toprak derinligi (cm) Bitki yogunlugu (%)
Alt faktor Alt faktor Alt faktor
Swnif’ agirlik Stnif agirlik Swnif’ agirlik
puant puant puant
Derin
1340-1440 4 (90 +) 4 0-50 1
Orta derin
1240-1340 3 (90-50) 3 50-70 3
Sig
1140-1240 2 (50-20) 2 70-100 4
) Cok si1g
1040-1140 1 (20-0) 1
Xij — i Calismada degerlendirmeye alinan kriterlerin
Zij = o (2) agirlik puanlart AHS teknigi ile belirlenirken
. o oo . asagidaki adimlar izlenmistir.
Burada; Zij, faktorlerin skor degeri; xij, o . . .
parametrelerin  agirhk  degerleri; pij, agirhk Birinci adimda kriterlerin etki durumu goz

degerlerinin ortalamasi; oi, agirlik degerlerinin
standart sapmasidir.

Ana kriterlerin her birine ait agirlik puanlarmin
belirlenmesinde degerlendirmeye alinan kriterlerin
birbirlerine gore 6nemi dikkate aliarak Saaty (1980)
tarafindan gelistirilen AHS teknigi kullanilmustir.
Bu teknik ile parametreler ikili karsilastirilip
oncelik degeri belirlenmistir. Ayrica bu teknik karar
alternatifinin se¢ilmesinde, hem nicel hem de nitel
faktorlerin dikkate alimmmasia imkan vermektedir.
Ikili kargtlagtirmalara dayah goreceli dnceliklendirme
olgegi Cizelge 2’de verilmistir (Saaty 1980).

onlinde bulundurularak ikili karsilastirmalarin

yapildig1 matrisler olusturulmustur (Esitlik 3).

all al2... aln
A=|a2l a22... a2n 3
anl an2... ann

Burada; A4, karsilastirma matrisi, a, hiyerarsinin
bir iist diizeydeki elemanina 6nemi (i, j= 1, 2,..., n);
Ikili karsilastirma matrisinin 6zellikleri, a= 1/aij ,
aij > 0 (i, j= 1, 2,..., n); karsilastirmalar matrisinin

tutarhligy, a = aa, 1,j, k=1,2,...,n).
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Cizelge 2- AHS tekniginde tercihler icin kullamilan ikili karsilagtirmalar 6lcegi (Saaty 1980)

Table 2- The pairwise comparisons scales used for the preferences in the AHP (Saaty 1980)

Sozel tercih hiikmii Aciklama Deger
Esit tercih edilme iki faaliyet amaca esit diizeyde katkida bulunur 1
Kismen tercih edilme Tecriibe ve yarg: bir faaliyeti digerine gore kismen tercih ettiriyor 3
Oldukga tercih edilme  Tecriibe ve yargi bir faaliyeti digerine gore oldukea tercih ettiriyor 5
Kuvvetle tercih edilme  Bir faaliyet degerine gore kuvvetle tercih ediliyor ve baskinligi uygulamada 7
rahatlikla goriinliyor
Kesinlikle tercih edilme Bir faaliyetin degerine gore tercih edilmesine iliskin kanitlar ¢ok biiyiik bir 9
giivenirlige sahip
Orta degerler Uzlagma gerektiginde kullanilmak tizere iki ardisik yargi arasmna diisen degerler 2, 4, 6, 8
Ters (karsit) degerler Bir eleman bagka bir elemanla karsilastirildiginda yukaridaki degerlerden
birisi atanir. Bunlardan ikinci eleman birinci eleman ile karsilastirildiginda ters
degere sahip olur
Ikili karsilastirma hiikiimleri kesin olarak tutarli Yontemin son asamasinda, elde edilen

ise, A ikili karsilastirmalar matrisinin girdileri hata
icermez ve Esitlik 4’ te oldugu gibi ifade edilir.

wi
ajj= pres “4)

Burada; W, A ikili karsilagtirmalar matrisi
vasitastyla hesaplanmig olan i elemanina iligkin
oncelik deger; Wj, A ikili karsilastirmalar matrisi
vasitastyla hesaplanmig olan j elemanina iligkin
oncelik degerdir.

Esitlik  4’ten  faydalanilarak  Esitlik 5
olusturulmustur.
ayay =ﬁ-%:&=a-- 4,j,k=1,2,...,n) (5)

Wi Wi W/ !

Burada; Ikili karsilastirmalar matrisinin kosegen
elemanlari degeri 1 olup (a.=1 (i, j, k=1, 2,..., n))
seklinde ifade edilmistir.

Matrisin olusturulmasindan sonra karsilastirilan
parametrelerin her birinin 6nceliginin hesaplanmasinda
ilk 6nce ikili kargilagtirmalar matrisinin her stitunundaki
degerler toplanmustir. Daha sonra ikili kargilagtirmalar
matrisindeki her bir eleman, bulundugu siitunun toplam
degerine boliinmiistiir. Bunun sonucunda normalize
edilmis ikili karsilagtrmalar matrisi elde edilmistir.
Son asamada da normalize edilmis ikili karsilagtirmalar
matrisinin her bir satiindaki elemanlarin aritmetik
ortalamasi hesap edilmistir.

ozvektoriin tutarlilik kontroliiniin yapilmasi islemi
gerceklestirilmistir. Ikili karsilastirmalar matrisi
(A), oncelik vektori (W) ile ¢arpilarak yeni bir
vektor elde edilmistir. Yeni vektoriin her bir
elemanint dncelik vektdriinde buna karsilik gelen
degere bolerek ikinci bir yeni vektor hesaplanmigtir.
Son vektor degerlerinin aritmetik ortalamasi
alinarak maksimum ozdegere (A ) ulasilmistir.
Kumar & Ganesh (1996) maksimum 6zdegerin ikili
karsilagtirmalar matrisindeki elemanlarin sayisina
(n) yakin olduk¢a sonucun da o kadar tutarli
olacagini belirtmislerdir.

Tutarlilik oran1 Esitlik 6’da verilen tutarlilik
indeksi (TI)’ne gore hesaplanmistir.

Ti: Amax-n (6)

n—1

Ayrica tutarlilik oranmi hesaplayabilmek igin
rastgele (tesadiifi) indeksi degeri belirlenmistir. AHS
teknigindeki tutarhilik oraninin  hesaplanmasinda
kullanilan (Esitlik 7) ve matris boyutlarina gore degisen
rastgele indeks degerleri Cizelge 3’te verilmistir.

Ti
TO = — @)
Tutarlilik  kontrolli, yargilarda olabilecek
hatalarin  tanimlanmasina  olanak  saglamistir.

Yontemin gecerli olmasi igin Saaty (1980) tutarlilik
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Cizelge 3- AHS teknigindeki tutarhhk oraninin hesaplanmasinda kullamilan ve matris boyutlarina gore

degisen rastgele indeks degerleri (Saaty 1980)

Table 3- Random index used in measured consistency ratio and which varies functionally with size of matrix in

the AHP (Saaty 1980)

n 1 2 3 4 5 6 7

8 9 10 11 12 13 14 15

Ri  0.00 0.00 058 09 1.12 124 132

141 145 149 151 148 1.56 157 1.59

oraninin 0.10 (% 10) veya daha kiiciik olmast
gerektigini, eger bu oran 0.10’dan biiyiik ise ikili
karsilagtirma matrislerinin yeniden olusturulmasi
gerektigini belirtmistir.

Her bir haritalama {initesi i¢in dogrusal
kombinasyon teknigi ile hesaplanan degerler
Cizelge 4’e gore siniflandirilarak alanin erozyon
duyarlilik haritasi olusturulmustur.

Cizelge 4- Erozyon duyarhhik smiflar1 ve siniflara
ait degerleri

Table 4- The casses of erosion sensitivity and values
of the classes

Tanmimlama Swnif Deger
Az veya hi¢ yok El >0.2567
Orta E2 0.2566-0.1092
Siddetli E3 0.1091-0.000
Cok siddetli E4 <0.0000
Yapilan ~ erozyon  riskini  degerlendirme

caligmasinda belirleyici olabilecek toplam yedi
parametre dikkate alinmisti. Bu parametrelerin
dikkate alinmasinda 6zellikle suyun toprak icerisinde
depolanmasi, ylizey akisi ve toprak taginimina etkisi
olan arazi ve toprak 6zellikleri etkili olmustur. Ayrica
bu parametreler, yaygin olarak CORINE, ICONA,
LEAM, WEPP, EUROSEM, EPIC gibi bir¢ok farkli
modelsel ¢alisma igerisinde de kullanilmiglardir.
Arastirmada kullanilan parametreler sirastyla egim,
biinye, arazi kullanimi, yagis, toprak derinligi,
yiikseklik ve bitki ortiisii ylizey kaplama orani
seklindedir. Kriterlere ait veriler i¢in ¢alisma alaninin
1:25000 olgekli sayisal temel toprak haritast ve
ANKARA H29d2 paftasi icerisine giren 1:25000

Olgekli topografik haritast kullanilmigtir. Topografik
haritalarin sayisallastirilmasinin  yani sira katman
sorgulama ve analiz islemlerinde ArcGIS 9.3v cografi
bilgi sistemi programindan yararlanilmistir. Arazi
kullanimi ve bitki ortiisii yogunlugunun belirlenmesi
amactyla Landsat 7 uydu goriintiisti, yagis erozyon
faktoriintin ~ belirlenmesinde  fournier  indeksi
kullanilmistir (CORINE 1992). Fournier indeksinin
belirlenmesinde 1970-2013 yillarma ait meteorolojik
verilerden yararlanilmistir (MGM 2013). indeksin
hesaplanmasinda Esitlik 8 kullanilmustir.

Fl=3— (8)

Burada; Pi, i ayindaki toplam yagis (mm); 1;,
yillik ortalama yagis miktart (mm)’dir.

Erozyonsiirecinde dnemli bir faktérolanegimve
biinye alt siniflarinin belirlenmesinde Van Zuidam
(1986) tarafindan belirtilen siniflandirmadan
yararlanilmis ve egim, alana ait sayisal yiikselti
modelinden iretilmistir. Toprak derinlik siniflar
ise TUGEM (2008) dikkate alinarak hazirlanmstir.
Toprak derinligi ve tekstiir verileri Dengiz &
Baskan (2005) tarafindan yapilmis ¢alismadan elde
edilmistir. Bitki Ortiisii yogunluk smiflamasinda
ICONA (1997)’dan yararlanilmistir. Yiikseklik
parametresinin ise bireysel olarak degil de ikili
karsilastirma matrisinde egimin derecesi ile birlikte
ele alindiginda, erozyona olan etkisi bakimindan
ozellikle suyun kinetik enerjisindeki artis veya
azalisa neden olmasi1 dolaysiyla da topragi tasima
kapasitesi ilizerine etki etmesi ydniinden onemli
faktor oldugu diisiiniilmiistiir. Bu nedenle havzanin
kendine ait ylikselti degiskenlikleri dort sinifa
ayrilmistir.
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3. Bulgular ve Tartiyma

Analitik hiyerarsik siire¢ teknigi, c¢ok kriterli
problemlerin  ¢oziilmesinde kullanilan  giiclii
bir aractir. Ayrica agirliklarin  belirlenmesinde
faydalanilan diger yontemlerle karsilastirildiginda
tutarsizligin 6l¢limiine olanak saglamasi bakimindan
onemlidir. Karar verme siire¢lerinde AHS nin tek
basma kullanimi, incelemeye konu olan alandaki
mekansal farkliliklar1 yansitamadigi icin yetersiz
kalmaktadir (Carver 1991; Malczewski 1996).
Bu eksiklik CBS ile giderilmis bdylece, sonuclar
haritalanma olanag1 bulmustur. Yapilan bu calismada
da belirtilen hususlar goz Oniinde tutularak her
parametrenin alt parametreleri belirlenmis, Z-Skor
ve CBS analizleri ile degerlendirmeleri yapilmistir.

Caligma alaninda toprak erozyonuna neden
olabilecek oncelikli parametreler dikkate alinarak CBS
ile UA teknikleri yardimiyla matematiksel (AHS ve
DKT) ve istatistiksel (Z-Skor) yaklasimlar kullanilarak
havzanin erozyon risk durumu degerlendirilmistir.
Arastirma sahasinda Landsat 7 uydu goriintiileri
yardimiyla bitki Ortiisii yogunlugu ve arazi kullanim
desenine yonelik parametreler belirlenmistir. Havzanin
biiyiik bir kismini kuru tarim (% 45) ve mera (% 35)
olustururken, geri kalan kismini ise fundalik, zayif
orman ve ¢iplak kaya olusturmaktadir (Sekil 2). Ayrica
% 74 liniin bitki ortiisii yogunlugu bakimindan % 0-50
arasinda oldugu belirlenmistir.

Caligma alaninda toplam alanin % 50’sinde
egimin % 10°dan az, % 10’unda ise egimin
% 20’den fazla oldugu belirlenmistir (Sekil 3).

Toplam alanin yaklasik % 63’iinde ise yiikseltinin
1120 mile 1300 m arasinda oldugu belirlenmistir.

Toprak derinlik dagilim haritast Sekil 4’te
verilmistir. Buna goére toplam alanin yaklasik
% 60’mn ¢ok si1g ve si1g, % 9.35’inin ise derin
oldugu belirlenmistir.

Havzanin toprak biinyesi dagiliminda ise toplam
alanin yaklastk % 58’inin killi-tin ve kumlu-kil,
% 36’smun ise killi tekstiire sahip topraklar oldugu
haritalandinlmistir (Sekil 5). Kumlu-kil ve killi-
tin biinyeli topraklar, kil biinyeli topraklara gore
erozyona daha fazla duyarlhdir.
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Sekil 2- Calisma alaninin arazi kullanim haritasi

Figure 2- Land use map of the study area
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Sekil 3- Calisma alaninin egim haritasi

Figure 3- Slope map of the study area

Havzanin uzun yillara ait yagis degerleri dikkate
alindiginda FI degeri 37.68 olarak bulunmustur. Bu
deger FI smiflamasia gore 1. smifa girmektedir.
Ayrica alt faktor agirllk puani ise 4 olarak
belirlenmistir (Cizelge 2).
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Sekil 4- Calisma alaninin toprak derinlik haritasi
Figure 4- Soil depth map of the study area

Tiim  parametrelerin  alt  parametreleri
belirlenirken ~ Z-Skor  analizi  yonteminden
yararlanilmis ve elde edilen sonuglar Cizelge 5’te
verilmistir.

Calisma alanmnin erozyon riskine yonelik
duyarlilik  siniflarinin ~ belirlenmesinde  segilen
kriterler igin yapilan ikili karsilastirmalara dayali
olarak elde edilen agirlik degerleri Cizelge 6’da
sunulmustur.

Cizelge 6’dan goriilecegi lizere, 0.358 agirlik
degeri ile bu uygunluk kriterlerinden egim kriteri en
yiiksek agirliga sahip kriter olarak ortaya ¢ikmustir.
Bu kriteri sirastyla arazi kullanimi (0.179), toprak
biinyesi (0.156), yagis faktorii (0.116), yikseklik
(0.092), toprak derinligi (0.060) ile bitki Ortiisii
kriterlerinin (0.033) izledigi belirlenmistir. Bu
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Sekil 5- Calisma alaninin biinye haritasi

Figure 5- Texture map of the study area

kriterlerin ikili kargilagtirmalarina ait ortalama
tutarhilik oraninin ise 0.09 oldugu belirlenmistir.

Yapilan AHS
agirliklandirmasinda egimin en yiiksek degeri

analizi sonucu kriterlerin

almasmin 6nemli nedeni, sliphesiz ki toprak
erozyonunun olusmasinda 6nemli belirleyicilerden
biri olmasidir. Ozellikle toprak yiizeyinde herhangi
bir koruyucu 6rtlii bulunmamasi durumunda, egim
artisina bagli olarak yiizey akisi, dolayisiyla toprak
tasiniminda artis meydana gelmektedir (Dengiz &
Akgiil 2005). Bu nedenle toprak-su muhafazasi
tedbirleri alinmadan veya ¢ok az tedbirler alinarak
islemeli tarimin yapilabilmesi i¢in kritik egim olan
% 10-12°yi gegmemesi gerekmektedir (S6nmez

1994).
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Cizelge 5- Secilen alt faktorlerin Z-Skor degerleri
Table 5- Z-Score map of the selected subfactors

Arazi kullanim Egim Erozivite Biinye

Stnif Z-Skor degeri  Sinif (%) Z-Skor degeri  Sinif Z-Skor degeri Sinmif Z-Skor degeri
Kuru tarim -1.1554 0-7 1.1619 <60 1.3805 Kil -1.1619
Mera 0.6419 7-13 0.3873 60-90 0.6135 Kil-tin 1.1619
Meyve ve fundalik -0.2567 13-20 -0.3873 90-120  -0.1533 Kumlu-kil Tm ~ 0.3873
Zay1f mera -0.2567 20+ -1.1619 120-160  -0.9203

Zay1f orman 0.6419 >160 -0.9203

Su ylizeyi 1.5406

Ciplak kaya -1.1554

g:l]i;e(];l;k Z-Skor degeri ;051 ;a(l;i)ermllgl Z-Skor degeri gllrtlllc;)(/(z)ﬁunlugu Z-Skor degeri
1340-1440 1.1619 Derin -0:3873 (90+) 1.1619 0-50 1.0910
1240-1340 0.3873 Orta derin (90-50) 0.3873 50-70 02182
1140-1240 -0.3873 S1g (50-20) -0.3873 70- 0.8728
1040-1140 -1.1619 Cok s1g (20-0) -1.1619

Cizelge 6- Parametrelere ait agirhik degerlerinin belirlenmesine yonelik AHS teknigi hesaplamalari

Table 6- Calculations of AHS technique to determine weighted values for parameters

Ikili karsilastirmalar matrisi

Egim Biinye Arazi Yagus Yiikseklik Toprak derinligi  Bitki ortiisii
(%) (%) kullanim (mm) (m) (cm) (%)
Egim (%) 1.000 4.000 6.000 7.000 2.000 3.000 7.000
Biinye (%) 0.250 1.000 2.000 3.000 2.000 5.000 2.000
Arazi kullanim 0.166 0.500 1.000 7.000 2.000 5.000 7.000
Yagis (mm) 0.142 0.333 0.142 1.000 2.000 5.000 7.000
Yiikseklik (m) 0.500 0.500 0.500 0.500 1.000 3.000 2.000
Toprak derinligi (cm) 0.333 0.200 0.200 0.200 0.333 1.000 5.000
Bitki ortiisti (%) 0.142 0.500 0.142 0.142 0.500 0.200 1.000
Toplam 2.5 7.0 9.9 18.8 9.8 22.2 31
Normalize edilmis ikili karsilastirmalar matrisi
Egim Biinye Arazi Yagus Yiikseklik Toprak derinligi  Bitki ortiisii
(%) (%) kullanim (mm) (m) (cm) (%)
Egim (%) 0.400 0.570 0.606 0.372 0.204 0.135 0.222
Biinye (%) 0.100 0.142 0.202 0.159 0.204 0.222 0.060
Arazi kullanim 0.060 0.071 0.101 0.372 0.204 0.222 0.222
Yagis (mm) 0.050 0.047 0.014 0.053 0.204 0.222 0.222
Yiikseklik (m) 0.200 0.071 0.050 0.026 0.102 0.135 0.060
Toprak derinligi (cm) 0.133 0.028 0.020 0.010 0.030 0.040 0.161
Bitki ortisi (%) 0.050 0.071 0.014 0.007 0.051 0.009 0.032
Oncelik vektor
. o . oo Oncelik
Normalize edilmis satirlar toplami Normalize edilmis satirlar ortalamast vekiGrii
Egim (%) 2.509 2.509/7 0.358
Biinye (%) 1.089 1.089/7 0.156
Arazi kullanim 1.252 1.252/7 0.179
Yagis (mm) 0.812 0.812/7 0.116
Yiikseklik (m) 0.644 0.644/7 0.092
Toprak derinligi (cm) 0.422 0.422/7 0.060
Bitki ortiisii (%) 0.234 0.234/7 0.033

Maksimum 6zdeger (\) = 7.8, Tutarlilik indeksi (TT)=0.13, Tutarlilik orani (TO)=0.09

max
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Egimin hemen ardindan ikinci en yiiksek agirlik
degerini arazi kullaniminin alinmasit da yaklagimin
dogrulugunu gostermektedir. Ciinkii dogal siirecler
igerisinde genellikle yiliksek egimli arazilerden
taban arazilere stirekli toprak taginiminin meydana
gelmesi olagan bir islem olarak goriilmekte ve toprak
olusum stireci igerisinde telafi olabilmektedir. Fakat
glinimiizde toprak erozyonu ve arazi bozulumu
kavrami ozellikle arazilerin plansiz, amag¢ dist ve
yanlis kullanimlarindan dolay1 olugmaktadir.

Dogrusal kombinasyon teknigi dikkate alinarak
olusturulan c¢alisma alanina ait erozyon risk haritasi
Sekil 6°’da ve her bir erozyon risk siniflarinin alansal
ve oransal dagilimlari ise Cizelge 7’de verilmistir.
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Sekil 6- Calisma alaminin erozyon risk haritasi

Figure 6- Erosion risk map of the study area

Cizelge 7- Erozyon risk smiflarinin alansal ve
oransal dagilimi

Table 7- Spatial and proportional distribution of
erosion risk classes

Erozyon risk sinifi Alan (ha) Oran (%)
El 650 37.5

E2 259 15.0

E4 795 45.9
Golet 28 1.6
Toplam 1732 100

Buna goére havzanin yaklasik % 45.9’u ¢ok
siddetli erozyon riski ile karsi karsiya kalirken
alanin % 37.5’inde ise erozyon riski bulunmadigi
belirlenmigtir. Ayn1 havzada Dengiz et al (2009)
farklt modelsel yaklasimla yaptiklari erozyon risk
¢alismasinda, alanin % 44.4 {iniin yiiksek erozyonun
riski altinda oldugunu buna karsin toplam havzanin
% 42.0’sinin ise ¢ok az risk tasidigini veya hig risk
tagimadigini belirlemislerdir. Calismalarin sonuglari
karsilastirildiginda, birbirleri ile olduk¢a yakin
paralellik gosterdigi goriilmektedir.

Havzada erozyon riskinin yiiksek oldugu yerler,
egimi fazla yamag araziler iizerinde ve koruyucu
bir bitki 6rtiistiniin olmadigr veya ¢ok zayif oldugu,
hatta yer yer kuru tarim olarak kullanilan alanlar
oldugu belirlenmistir.

4. Sonuclar

Bu calisma ile Giliveng Havzasi’nda erozyona
etki eden parametrelerin degerlendirilmesinde
¢ok kriterli karar verme yontemlerinden biri
olan AHS ve dogrusal kombinasyon tekniginden
yararlanilmigtir.  Yapilan ¢alisma  sonucunda;
havzanin % 45.9’unun siddetli ve ¢ok siddetli
erozyon riski altinda oldugu, alanin % 15’inin orta
diizeyde ve % 37.5’inin ise erozyon tehlikesine
yonelik risk tagimadigi belirlenmistir. Siddetli
erozyon riski altinda olan alanlar genellikle egimi
yiiksek, s1g toprak derinligine sahip, bitki ortlisiince
zayif ve 6zelikle yer yer kuru tarim olarak kullanilan
alanlardir. Buna karsilik erozyon riski ¢cok az veya
hi¢c olmayan alanlar1 ise genellikle yiiksek diizliik
araziler ile havzanin kot seviyesi en diisiik yeri olan
golet etrafinda yer alan, hafif egimli bitki ortlisiince
kapli alanlar olugturmaktadir.

Bu calisma UA, CBS, AHS ve Z-Skor teknikleri
tarafindan erozyon risk durumunun ortaya
konulabilecegini gostermektedir. Bu yaklasimla nicel
olarak bir alanda erozyon tehlikesi belirlenmistir.
Elde edilen sonuglar farkli yeni bilimsel ¢aligmalara
ve yerel yoneticilere bilimsel veri saglayacaktir.
Modelden elde edilen sonuglara gore, calisma
alaninin genis alanlarda siddetli erozyon tehlikesi
ile karst karstya oldugu belirlenmistir. Bdylece
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siddetli erozyon alanlari, acil miidahale gerektiren
yerler olarak belirlenmistir. Diger alanlarin ise acil
koruma ¢aligmalarina 6ncelik verilmelidir.

Havzada 6zellikle egimin fazla olmasi nedeniyle,
erozyona en fazla etki eden faktér egim olarak
belirlenmistir. Etkili olan diger 6nemli faktorler ise
arazi kullanimi/arazi ortiisii, toprak tekstiird, yagis,
ylkseklik, toprak derinligi ve bitki ortiisii olmustur.
Erozyona hassas olan alanlarda bu faktérlerin de
g6z Oniinde bulundurularak topraklarin taginimini
engelleyici tedbirlerin alinmasi gerekmektedir.

CBS ve UA teknikleri, yeni yontem ve
modellerle giin gectikce artan bir 6neme sahip
olmustur. Erozyona etki eden faktdrlerin ¢ogunda
CBS ve UA tekniklerinin kullanilmasi, analizlerin
yapilmasinda ve haritalarin  olusturulmasinda
kolayliklar saglamistir. Bu teknigin kullanilmasi
verilere daha kisa siirede ulasilmasina, analiz
ve sorgulama iglemi ile haritalarin iretilmesine
olanak tanimistir. Bu tekniklerin kullanimlarinin
yaygin hale getirilmesi, yerel yoneticilerin ve bilim
adamlariin daha hizli ve dogru olarak sonuglara
ulagmasina imkan saglayacaktir.
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OZET

Bu calisma, Borgka Baraji rezervuarinda yeni olusmus sediment birikim sahalarindan birindeki penetrasyon direnci (PD)
degerlerinin yatay ve diisey dogrultudaki uzaysal degiskenliginin belirlenmesi amaciyla yiiriitiilmiistiir. Aragtirma sahasinda
50 m x 10 m araliklarla 91 grid olusturulmus ve her bir gridde 80 cm’lik derinlik boyunca 10 cm’lik artiglarla belirlenen 8
katmanin PD degerleri dl¢iilmiistiir. Tiim katmanlarda PD’nin uzaysal degiskenligi jeoistatistiksel yontemlerle belirlenmistir.
Her bir katman i¢in PD’ne ait semivaryogramlar olusturulmus ve buna bagl olarak krigleme haritalari tiretilmistir. Caligma
sonunda PD’nin yiizey katmaninda (0-10 cm) en yiiksek degeri aldig (0.75 MPa) ve derinlikle beraber kademeli olarak
azaldigi ortaya konulmustur. Tanimlayici istatistikler ve jeoistatistiksel analiz sonuglari, ¢cevresel faktorlerden 6nemli seviyede
etkilenen ve 6l¢iim zamaninda daha kuru olan yiizey katmanindaki PD degerlerinin diger katmanlara nazaran daha degisken
oldugunu gostermistir. PD’nin uzaysal degiskenligi, ilgili semivaryogramlarin sill, nugget ve range degerleri ile krigleme
yoluyla iiretilen yiizey haritalari tim katmanlarda farklilik gostermistir. Jeoistatistiksel range degerlerinin en kisasi (40.8 m)
yiizey katmaninda (0-10 cm) ve en uzunu (173.3 m) ise ikinci katmanda (21-30 cm) hesaplanmistir. Bunun yaninda en yiiksek
nugget etki (% 44) tigiincii katmanda (21-30 cm) ve en diisiigii ise (% 13) ikinci katmanda gergeklesmistir. Benzer ¢aligmalarin
farklt birikim sahalarinda ve daha fazla degiskenle tekrar edilmesinin, bu alanlardaki uzaysal degiskenligin gelisiminde ve
derecesinde etkili olan mekanizmalarin anlasilmasinda yararl olacag: diisiiniilmektedir.

Anahtar Kelimeler: Jeoistatistik; Krigleme; Sediment; Semivaryogram; Sikisma
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ABSTRACT

This study was conducted to analyze vertical and horizontal spatial variability of penetration resistance (PR) in recently
deposited sediments at Borgka Dam reservoir. Ninety-one grids with 50 m by 10 m were located and PR was measured
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to a depth 80 cm by 10 cm increment (8 layers) within each grid. Spatial variation of PR was assessed by geostatistical
techniques in all 8 layers. Semivariograms of PR were constructed for all the layers and corresponding kriging maps
were built. The PR values were greater in surface layer (0-10 cm) and gradually decreased by depth. Mean PR was
greatest (0.747 MPa) in surface layer and lowest (0.413 MPa) in 61-70 cm (layer 7). Results from exploratory statistics
and geostatistical analyses showed that the PR values were more variable in surface layer compared to those in deeper
layers due to that the surface layer was drier at the sampling and that affected by environmental factors in a greater extent.
All the studied layers exhibited differences in spatial variation of PR as sill, nugget, and range values of corresponding
semivariograms and kriging-predicted surface maps showed. The shortest geostatistical range (40.8 m) occurred of
surface layer while longest (173.3 m) occurred for second layer (11-20 cm). The nugget effect was greatest (44%) in
third layer (21-30 cm) while lowest (13%) in the surface layer. The same study may be repeated with more variables to
understand mechanisms behind development and extent of spatial variation in these newly deposited sediments.

Keywords: Compaction; Geostatistics; Kriging; Sediment; Semivariogram

1. Giris

Insan miidahalelerinin s6z konusu olmadig1 nehirlerde
sediment giris ve ¢ikist dengededir (Morris & Fan
1998). Ancak barajlar gibi nehrin dogal akis rejimini
degistiren yapilar nedeniyle denge bozulmakta, suyun
akis hizinin ve tagima giicliniin azaldigi rezervuar
sahalarinda kademeli olarak sediment birikimi
gerceklesmektedir (Bravard et al 2014). Baraj
rezervuar sahalarinda biriken sedimentler genellikle
kum, silt ve kil iriligindeki parcaciklardan olugsmaktadir
(Kamarudin et al 2009).

Sediment birikim sahalarindaki penetrasyon
direnci (PD) olgiimleri birikim siiresine gore
farklilik  gdstermektedir. Sediment birikiminin
ilk asamasinda kil ve silt tanecikleri parcaciklar
aras1 koprii marifetiyle gevsek bir matriks iginde
yerlesmektedirler (Morris & Fan 1998). Fakat
zamanla ortama dahil olan yeni sedimentlerin
kendi agirliklari nedeniyle olusturduklari basing,
poroziteyi ve bosluk oranini azaltip hacim agirligin
arttirarak PD’nin yiikselmesine neden olmaktadir
(Arega & Hayter 2008; Narantsetseg et al 2014).

Rezervuar sahalarinda biriken sedimentlerin
orijinleri farkli oldugundan sediment o6zellikleri
onemli derecede degiskenlik  gdstermektedir
(Walling & Moorehead 1989; Morris & Fan 1998;
Xu 2000). Bu nedenle sediment oOzelliklerinin
istatistiksel anlamda degerlendirilmesinde, bir
parametrenin uzaysal dagilimmi ve uzaysal
davranisini karakterize eden, bu bilgileri kullanarak
incelenen degiskenin drneklenen noktalar arasindaki
degerini tahmin eden ve tahminleme hatasini en aza
indirgemede kullanilabilen jeoistatistiksel analizler

© Ankara Universitesi Ziraat Fakiiltesi

tercih edilmektedir (Webster & Oliver 1992;
Cabezas et al 2010; de Groot et al 2011).

Deriner Baraji’nin 2012 yilindan itibaren su
tutmaya baglamasi ile Borgka Baraji rezervuarina
ulasan su miktarinda o6nemli diizeyde azalma
meydana gelmis ve buna bagli olarak rezervuar
sahasinin 6nemli bir kisminda sediment birikim
alanlar1 belirgin bir sekilde ortaya ¢ikmugtir. Bu
birikim sahalarindan biri de Coruh Nehri’nin
membaina dogru ve Borgka Baraji’na yaklagik 20
km mesafede olusmus ve bu durum simdiye kadar
iizerinde ¢alisilmamis olan yeni sediment birikim
sahalarinda arastirma yapma firsati sunmustur.

Bu ¢alismanin amaci, Borgka Baraji rezervuar
sahasinda olugsmus yeni sediment Dbirikim
sahalarinda PD’nin (i) derinlige bagl olarak
degisimini incelemek, (ii) wuzaysal bagimmlilik
derecelerini belirlemek ve (iii) dagilim haritalarini
olusturmaktir. Bdylece yeni biriken sedimentlerdeki
sikisma stireci hakkinda simdiye kadar literatiirde
yer almayan bilgilere ulasilmasi amaglanmustir.

2. Materyal ve Yontem

2.1. Calisma alanminin genel ozellikleri

Calisma Coruh Nehri tlizerinde kurulmus olan Borcka
Baraj1 rezervuar alaninda olusan sediment birikim
alanlarindan birinde yiritilmiistiir (Sekil 1). Soéz
konusu alan Borgka Barajinin 20 km giineyinde ve
Artvin sehir merkezi ¢ikisinin 3 km kuzeyindedir.
Caligma alaninin denizden yiiksekligi ise yaklasik
190 m’dir. Coruh havzasi, yilda tasinan yaklasik 5.8
milyon m* sediment miktari ile toprak erozyonunun
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en yogun oldugu havzalardan birisidir (Sucu & Ding
2008). Borgcka Baraji'min 2006 yilindan itibaren su
tutmaya bagslamast ile beraber yaklagik 10.84 km?’lik
bir rezervuar alan1 olugsmustur. Rezervuar sahasindaki
sedimentin  kaynagimm1 Coruh havzast boyunca
erozyonla tasman materyal ile yol yapimi ve baraj
ingaat1 esnasinda nehre atilan hafriyat olusturmaktadir.
Coruh havzasinin ortalama egimi % 30’un tizerinde
olup (Zengin et al 2009; Akinci et al 2013; Yavuz
Ozalp et al 2013) havza smrlar igerisinde oldukga
yiiksek oranlarda bozuk ormanlar ve c¢iplak alanlar
mevcuttur (Pekal & Tilki 2010). Calisma alanindaki
sedimentlere ait bazi fiziksel ve kimyasal ozellikler
incelendiginde alandaki yaygin tekstiir smifinmn killi
tin oldugu, pH degerleri bakimmdan hafif alkalin,
organik madde igerigi bakimindan diisiik ve agregat
stabilitesi bakimindan ise zayif smifinda yer aldig
belirlenmistir (Cizelge 1).

Sekil 1- Borcka Baraji rezervuar sahasi ve calisma
alam

Figure 1- Location of Borcka Dam reservoir and the
experimental field

Cizelge 1- Calisma alanina ait sediment 6zellikleri
(n=182)

Table 1- Sediment properties of the study site (n=182)

Sediment ézelligi Ortalama Degiskenlik

katsayist (%)
Kil (%) 35.12 44.14
Kum (%) 23.53 106.16
Silt (%) 41.34 31.35
pH 7.71 2.00
Organik madde (%) 1.06 36.11
Agregat stabilitesi (%) 17.47 67.34

2.2. Ornekleme yéntemi ve penetrasyon direng
degerlerinin ol¢iilmesi

Yaklasik 300 m uzunlugunda ve 120 m genisligindeki
3.6 ha’lik ¢aligma alan1 Dogu-Bat1 ve Kuzey-Giiney
dogrultularinda 50 m x 10 m’lik gridlere boliinmiis
ve gridlerin kesistigi 91 noktada penetrasyon direnci
(PD) ol¢iilmistiir (Sekil 2). PD’nin belirlenmesinde
her 1 cm’lik derinlikten 6l¢iim degeri alabilen bir

} T Sediment
birikim

Coruh Nehri

NN
Sekil 2- Calisma alaninin topografyasi ve 6rnekleme
noktalari

Figure 2- Topography of the experimental field and
location of sampled points

300
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dijital penetrometre (Eijelkamp Penetrologger)
kullanmilmistir. Elde edilen Ol¢iimlerden her bir
o6rnekleme noktasii¢in 0-10 cm, 10-20 cm, 20-30 cm,
30-40 cm, 40-50 cm, 50-60 cm, 60-70 cm ve 70-80
cm’lik katmanlar icin ortalama PD hesaplanmustir.
Orneklerin  tane  biiyiiklik  dagilimlarmin
belirlenmesinde Bouyoucos hidrometre yontemi
(Gee & Bauder 1986), organik madde igeriginin
belirlenmesinde 1slak yakma yontemi (Mulvaney
1996), suya dayanikli agregatlarin belirlenmesinde
Yoder slak eleme yontemi (Dane et al 2002) ve
pH’larin belirlenmesinde ise 1:2.5 sediment:su
stispansiyonu kullanilmistir (Conklin 2005).

2.3. Tammlayici istatistikler ve jeoistatistiksel
yontemler

Veri setinde yer alan tim degerlere tanimlayici
istatistiksel analizler uygulanmistir. Bu amagla,
her bir katman i¢in en disiik ve en yiiksek deger,
ortalama, standart sapma, carpiklik ve basiklik
degerleri hesaplanmistir. Bunun yaninda verilerin
normal dagilima uygunluklarinin belirlenmesinde
Shapiro-Wilk W Testi uygulanmistir. Normal
dagilima uygunluk analizinde artik (residual)
degerler kullanilmistir (Montgomery et al 2012).
PD bakimindan katmanlar arasindaki farkliligin
belirlenmesinde tek yonlii varyans analizi
(ANOVA) ve ortalamalarin karsilagtirilmasinda
asgari 6nem derecesi (LSD) ¢oklu karsilastirma testi
kullanilmistir. Uygulanan istatistiksel analizlerde
JMP 5.0 yazilimindan yararlanilmistir.

PD’nin her katmandaki uzaysal bagimliligi,
semivaryogram analizi yardimiyla belirlenmistir.
Semivaryogram belli bir h mesafesi ile birbirlerinden
ayrilan 6rnek ciftleri arasindaki varyansin mesafeyle
olan iligkisini gostermektedir. Diger bir ifade ile
semivaryogram, Ornekleme ¢iftleri arasindaki
mesafenin bir fonksiyonu olarak uzaysal bagimlilig
tanimlamakta ve matematiksel olarak Esitlik 1 ile
ifade edilmektedir (Journel & Huijbregts 1978).

y(h) = ——

v 2i=alZ () = 20 + WP (1)

Burada; y(h), semivaryans; N(h), h, mesafesi
ile ayrilan 6rnek g¢iftlerinin sayisi; Z(xi), incelenen

Ozelligin i noktasindaki 6l¢tim degeri ve Z(xi+h)
ise incelenen ozelligin (i+h) noktasindaki 6lgiim
degeridir.

Standart bir varyogramin tanimlanmasinda ti¢
temel parametre kullanilmaktadir, bunlar; nugget
varyans (c,), sill (c,+c) ve range (r)’dir. Nugget
varyans, Ornekleme Olgeginde agiklanamayan
varyasyonu temsil etmektedir. Bu varyans sadece
6l¢tim hatalarindan ve mikro 6lgekli varyasyondan
kaynaklanmaktadir. Sill, varyogram ile elde
edilebilen en yiiksek varyans degeridir ve sansa bagl
siirecin varyansini tahmin etmektedir. Range ise
ornek c¢iftlerinin birbirleriyle iliskili olabilecekleri
en yiiksek mesafe ya da uzaysal iligkinin siirt
olarak tanimlanmaktadir.

Incelenen yapinin en énemli uzaysal 6zelliklerini
elde etmek icin varyogram modellerinden kiiresel
ve issel modeller deneysel varyogram olarak
belirlenmistir. Bu modeller Esitlik 2 ve Esitlik 3’te
tanimlanmistir (Oliver & Webster 2014).

Kiiresel model igin;

() = cq + 3h 1 (h)3 b <

Ymi) =G5 7o \F =T

Ym(h) =co+ ¢ h>r
Eksponansiyel model i¢in;

Yn(h) = co + ¢ [1 = exp(CD)] 3)
Burada; /=|h|, oOrnek ¢iftleri arasindaki

mesafeyi (lag); ¢, nuget varyanst; ¢, uzaysal olarak
iliskilendirilen varyansi ve » ise range degerini ifade
etmektedir.

Her bir katman icin PD’nin uzaysal
dagilimlarinin haritalandirilmasinda, yakin ornek
degerlerinin agirliklt ortalamasini esas alarak
orneklenmeyen noktalarin  degerlerini  tahmin
eden Kriging interpolasyon yontemi kullanilmistir
(Goovaerts 1999). Bu yontem Esitlik 4 ile ifade
edilmistir.

2(Sp) = XA AZ(S) 4)

Burada; Z(S)), incelenen 6zelligin i noktasindaki
Olglim degerini; 4, i noktasindaki Olgiilen degere
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verilmesi gereken agirhgi; S, tahmini yapilan
noktay1 ve N ise Z(S0 )’nun tahmininde kullanilan
komsu veri sayisidir. Jeoistatistiksel analizlerin
uygulanmasinda GS+10 yazilimi  kullanilmigtir

(Gamma Design Software 2014).

3. Bulgular ve Tartisma

3.1. Tammlayici istatistikler

Veri setinde yer alan degerlere ait ortalama, standart
sapma, en diisiik ve en yiliksek deger ile degisim
genigligi degerlerini igeren tanimlayict istatistik
sonuglari Cizelge 2°de verilmistir.

Penetrasyon direnci (PD) degerlerine ait en
yliksek ortalama (0.75 MPa) ve standart sapma degeri
(0.12) yiizey katmaninda (0-10 cm) hesaplanmustir.
Standart sapma degerinin yliksek olmasi, PD’nin
bu katmanda heterojen bir dagilim gosterdiginin bir
Olciistidiir. Bunun yaninda 31-40 cm’lik katmandan
itibaren standart sapma degerlerinde kademeli olarak
bir azalma goriilmiistiir. Ust sediment katmanindaki
PD degerlerinin diger katmanlara nazaran daha
genis bir aralikta yer aldigt (0.62), derinlik artisina
bagli olarak bu araligin daraldig1 ve en alt katmanda
en disiik seviyeye indigi (0.22) belirlenmisgtir.
Olgiim hatas1 veya u¢ degerlerin dagilim histogrami
yardimiyla belirlenip veri setinden ¢ikarilmasindan
sonra (32 deger) yapilan normal dagilim uygunluk
analizinde, tiim katmanlardaki PD degerleri normal
dagilim gostermistir (Cizelge 2).

PD degerlerinin yiizey sediment katmaninda
(0-10 cm) daha heterojen bir dagilim gdstermesine
basta sicaklik olmak {izere riizgar ve su seviyesindeki
degisimler gibi c¢evresel faktorlerin neden oldugu
diisiiniilmektedir. Ust katmanda farkli derecelerde
meydana gelen kurumalar, PD’nin bu katmanda daha
heterojen bir dagilim gostermesiyle sonuc¢lanmistir.
Birikim sahasinin mikro topografik yapisindaki
farkliliklar,  yiizey  sediment  katmanindaki
heterojenligin diger bir nedeni olabilir. Mikro
topografyadaki degisikliklerin suyun ve riizgarin
tasima giiciinii etkileyerek taneciklerin farkl: yerlerde
ve farkli oranlarda birikmesine ve PD’nin de ¢alisma
alaninda 6nemli seviyede degiskenlik gostermesine
neden oldugu diisiinlilmektedir. Arastirmacilar su
seviyesindeki degisimlerin (Powell et al 2001; Lu
et al 2010) ve riizgarin (Zhang et al 2011), sediment
birikim sahalarindaki tane biyiiklik dagilimim
ve bunun dogrudan bir sonucu olarak ta PD’ni
(Buchanan et al 2010) etkiledigini bildirmektedirler.

3.2. Varyans analiz sonuglart

Calisma alanindaki PD  degerlerinin  birikim
katmanlarina gore ©Onemli seviyede farklilik
gosterdigi belirlenmistir (f= 110; P<0.01). Birikim
katmanlar1 arasindaki bu farkliligin derecesini
belirlemek amaciyla yapilan g¢oklu karsilastirma
testinde, Ust sediment katmanindaki (0-10 cm)
PD’nin en yiiksek seviyede oldugu (0.75 MPa) ve
derinlige bagli olarak bu degerin diisme egiliminde
oldugu belirlenmistir (Sekil 3).

Cizelge 2- Her bir sediment katmanindaki penetrasyon direnci degerlerine ait istatistiksel parametreler

Table 2- Statistical parameters of penetration resistance values for each sediment layer

Katman Standart Degisim Shapiro-Wilk
(cm) Ortalama sapma En diigiik  En yiiksek  genisligi  Carpiklik  Basiklik W-test
0-10 0.75 0.12 0.45 1.07 0.62 -0.41 -0.19 0.98%
11-20 0.51 0.09 0.34 0.76 0.42 0.07 1.71 0.97%
21-30 0.47 0.10 0.32 0.73 0.41 0.48 0.15 0.97%
31-40 0.46 0.11 0.30 0.82 0.52 0.48 0.55 0.96%
41-50 0.44 0.09 0.31 0.68 0.37 0.18 1.12 0.96%
51-60 0.42 0.07 0.32 0.64 0.32 0.24 1.78 0.97%
61-70 0.41 0.07 0.32 0.65 0.33 0.14 1.97 0.96 %
71-80 0.42 0.06 0.33 0.55 0.22 0.14 1.78 0.97%

%4 6nemli degil
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Sekil 3- LSD coklu karsilagtirma testi sonucuna
gore penetrasyon direnci degerleri bakimindan
katmanlar arasindaki farkhhklar (Asgari Onem
Derecesi-LSD, 0.029)

Figure 3- The differences between layers in respect to
the penetration resistance values according to the LSD
test (Least Significance Difference-LSD, 0.029)

Olusumu uzun yillar alan rezervuar sedimentleri,
kendi agirligi ve yillar itibariyle eklenen sediment
miktarindan dolay1 zaman icerisinde sikigma egilimi
gostermektedirler (Morris & Fan 1998). Ancak
caligma alanindaki sediment birikim sahasi yeni
olustugundan dolay:1 tane dizilisleri derinlik boyunca
ilk birikim kosullarini yansitmaktadir. Morris & Fan
(1998), kil ve silt igerigi yiiksek olan sedimentlerin
genis bosluk oranlarina sahip gevsek bir matris

olusturma egiliminde oldugunu bildirmektedir. Bu
nedenle ozellikle sicaklik gibi gevresel faktorlerin
etkisinde kalmayan alt katmanlarin bu gevsek
dizilisten dolayi diisiik PD’ne sahip olmas1 beklenen
birsonugtur. Ustsedimentkatmaninda PD degerlerinin
yiiksek ¢ikmasinin temel nedeninin dogrudan giines
15181 ve riizgara maruz kalmasindan dolayr meydana
gelen nem kayiplari oldugu diistiniilmektedir. Bu
konuda yapilan caligmalarda arastirmacilar nem
icerigindeki azalmaya bagli olarak PD degerlerinde
bir artis oldugunu bildirmektedirler (Kilig et al
2004; Vaz et al 2011; Turgut & Oztas 2012). Bunun
yaninda 1slanma-kuruma siireglerinin iist katmanda
daha etkili olmas1 taneciklerin daha siki bir sekilde
paketlenmesine (Dexter et al 1984; Hadas 1990) ve
buna bagli olarak PD’nin bu katmanda daha yiiksek
degerler almasina neden olmustur.

3.3. Jeoistatistiksel analiz sonuglar

3.3.1. Semivaryogram ve uzaysal otokorelasyonlar

Sediment birikim katmanlarindaki PD degerleri
icin  olusturulan izotropik semivaryogramlarin
jeoistatistiksel parametreleri Cizelge 3’te verilmistir.
Ornek sayisimin 150’nin altinda olmasi, PD’nin y&ne
bagli olarak degisiminin (anisotropy) belirlenmesine
engel olmustur (Goovaerts 1999). Bu nedenle
degisimin mesafeyle iliskilendirildigi izotropik
modeller kullanilmigtir (Sekil 4).

Cizelge 3- Her bir sediment katmanindaki penetrasyon direnci degerlerine ait semivariygram modelleri ve

model parametreleri

Table 3- The semivariogram models and model parameters of penetration resistance values in each sediment

layer
Sediment
katmam (cm)  Teorik model C, c+C Range (m) c/C+C r

0-10cm  Ussel 0.00220 0.01660 40.80 0.13 0.753
11-20cm  Ussel 0.00420 0.01417 173.30 0.30 0.693

21-30cm  Kiiresel 0.00377 0.00852 136.10 0.44 0.842

31-40cm  Kiiresel 0.00424 0.01158 102.70 0.37 0.837

41-50cm  Kiiresel 0.00129 0.00848 106.40 0.15 0.778

51-60 cm  Kiiresel 0.00101 0.00590 114.90 0.17 0.829

61-70cm  Kiiresel 0.00140 0.00756 96.20 0.19 0.717

71-80 cm  Kiiresel 0.00088 0.00462 100.40 0.19 0.719

C,» nugget varyans; C, yap1 bileseni; 1*; modele ait regresyon katsayisi
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Sekil 4- Sediment katmanlarindaki (a, 0-10 cm; b, 10-20 cm; ¢, 20-30 cm; d, 30-40 cm; e, 40-50 cm; f, 50-60
cm; g, 60-70 cm; h, 70-80 cm) penetrasyon direnci degerlerine ait semivaryogram modelleri

Figure 4- The semivariogram models of penetration resistance values in the sediment layers (a, 0-10 cm; b, 10-20
cm, ¢, 20-30 cm; d, 30-40 cm; e, 40-50 cm; f, 50-60 cm; g, 60-70 cm; h, 70-80 cm)

Model parametreleri incelendiginde nugget
degerlerinin 11-20 cm (0.00420), 21-30 cm (0.00377)
ve 31-40 cm (0.00424) derinligindeki katmanlarda
daha yiiksek oldugu goriilmiistiir. Diger bir ifadeyle bu
katmanlarda iki nokta arasindaki mesafenin sifir oldugu
durumda bile bir degiskenlik ortaya c¢ikmistir. Bu
degiskenligin kaynaklari 6l¢tim ya da 6rnekleme hatast
(Jemo et al 2014; Oliver & Webster 2014), incelenen
ozelligin 6rnekleme araligindan daha kisa mesafelerde
degiskenlik gostermesi ve ¢alisma alaninin dogasinda
var olan degiskenliktir (Jemo et al 2014). S6z konusu
katmanlarda agiklanamayan degiskenligin nedeninin,
stkisma anlaminda henliz dengeye ulasmamus
sedimentlerin kendisini meydana getiren materyallerin
farkli orijinlere sahip olmasindan kaynaklanan dogal
degiskenlik oldugu diisiintilmektedir. Degiskenligin

uzaysal bagimliligmin (otokorelasyon) bir gdstergesi
olan nugget/sill oranmmin (C/C+C), % 25’in altinda
olmasi uzaysal bagimliigm kuvvetli, % 25-75
arasinda olmasi orta ve % 75’den biiylik olmasi ise
zayif oldugunu gostermektedir (Li & Reynolds 1995;
Chien et al 1997). Caligma sahasinin 11-20 cm, 21-
30 cm ve 31-40 cm’lik katmanlarindaki C/C+C
degerlerinin sirasiyla 0.30, 0.44 ve 0.37 oldugu, bu
nedenle soz konusu katmanlarda 6lglilen PD’ndeki
degisimin orta diizeyde uzaysal bagimlilik gosterdigi
belirlenmistir. Diger yandan 41-50 cm derinligindeki
katmandan itibaren, dlgiilen dzellik yiiksek diizeyde
uzaysal bagimlilik gostermistir. Semivaryogramlarda
belirlenen diger bir model parametresi ise range
degeridir. Oliver & Webster (2014) range degeri
icerisinde kalan noktalarm birbirleriyle iligkili
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oldugu, bu degerin disindaki mesafelerde kalan
noktalarin ise uzaysal olarak bagimsiz oldugunu
bildirmektedirler. Bu ¢alismada sediment katmanlari
icerisinde en diisiik range degeri (40.80 m), standart
sapma degerinin en yiiksek oldugu yiizey katmaninda
(0-10 cm) hesaplanmistir. Cambardella et al (1994)
range degerinin aktif lag mesafesinden biiyiik olmasi
durumunda oOrnek sayisinin uzaysal bagimliligin
tahmin edilmesi i¢in yetersiz oldugunu bildirmektedir.
Calismada 21-30 cm ve 31-40 cm’lik katmanlar igin
hesaplanan range degerlerinin (sirastyla 173.30 m ve
136.10 m) aktif lag mesafesinden (120 m) yiiksek
olmasi nedeniyle s6z konusu katmanlardaki 6rnekleme
sayisinin (91) yetersiz oldugu sonucuna vartlmistir.
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3.3.2. Krigleme ve penetrasyon direng degerlerinin
uzaysal dagilimi

Calisma alanindaki sediment birikim katmanlarinin
daha iyi karsilagtirilabilmesi igin dagilim haritalarinda
smif araliklart her katmanda ayni alinmistir. Kriging
interpolasyon yontemi ile olusturulan PD degerlerine
ait tahmin haritalar incelendiginde yiizey katmaninin
(0-10 cm) diger katmanlardan farkli bir dagilim
gosterdigi goriilmistiir. PD yiizey katmaninda 0.510
MPa’nin altina diismezken alt katmanlarda ise 0.650
MPa’nin iizerine ¢ikmamistir (Sekil 5). PD yiizey
katmaninda daha yiiksek degerlerler alsa da range
degerinin daha disiik olmasinin bir sonucu olarak,
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Sekil 5- Sediment katmanlarindaki penetrasyon direnci degerlerinin uzaysal dagilim haritalar:

Figure 5- The spatial distribution maps of penetratin resistance values in the sediment layers
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dagilim haritasinda alt katmanlardaki gibi kademeli
degisimler yerine ani yiikselmeler ve diismeler
gorilmiistiir.

Her ne kadar ornek sayisiin yetersizliginden
dolayr degisimin yonle iliskisi (anisotropy)
incelenememis olsa da alt katmanlarda PD’nin kuzey-
giiney ve dogu-batt yonlerinde bir artig egiliminde
oldugu fakat yiizey katmaninda bu egilimin net
olarak goriilmedigi belirlenmistir. Deriner barajinin
su tutmaya baslamasina kadar gecen siire icerisinde
sediment birikimi rezervuar golii tabaninda meydana
gelmistir, ancak rezervuar sahasindaki su seviyesinin
diismesiyle beraber birikim sahalar1 ylizeye
cikarak cevresel faktorlerin etkisi altinda kalmig
ve bu durumdan en fazla etkilenen kisim ise yiizey
katmani olmustur. Bu nedenle yiizey katmanindaki
sedimentler birikim kosullarin1 yansitan &zelliklerini
kaybetmis, ancak ¢evresel faktorlerden daha az
etkilenen alt katmanlar bu 6zelliklerini yansitmaya
devam etmiglerdir. Sediment birikim sahalarinda
nehir yatagma dogru gidildik¢e biriken materyalin
ortalama ¢ap degerlerinin (Morris & Fan 1998) ve
buna bagl olarak PD degerlerinin arttig1 (Buchanan
et al 2010; Ecemis & Karaman 2014) bilinmektedir.
Calisma alanmin giiney ve bati kisimlart nehir
yatagina daha yakin olmasindan dolay1 bu alanlarda

biriken materyalin daha iri par¢aciklardan olusmasi,
alt katmanlarda PD degerlerinin bu alanlarda yiiksek
¢tkmasini agiklamaktadir.

PD degerlerine ait l¢iim degerleri ile krigleme
sonucunda elde edilen tahmin degerlerinin ortalama
ve standart sapma degerleri Cizelge 4’te verilmistir.
Her bir katmandaki ortalama PD’nin farklilik
gostermedigi, ancak krigleme sonucunda elde
edilen verilerin standart sapma degerlerinin daha
diisiik oldugu belirlenmistir. Tahmin edilen degerler
ile 6lctim degerleri arasindaki korelasyon katsayisi
bu degerlerin 45° hat boyunca birbirlerinden ne
ol¢iide farklilik gdsterdiginin iyi bir gostergesidir
(Ersahin & Brohi 2006). Bu amagla yapilan
degerlendirmelerde korelasyon katsayisinin 0-10
cm derinligindeki katmanda 0.47 ve 11-20 cm’lik
katmanda ise 0.54 olarak hesaplanmistir, ancak
21-30 cm’lik katmandan itibaren korelasyon
katsayisinin 0.70’in {izerinde oldugu belirlenmistir.
Elde edilen bulgular, yeni birikmis sedimentlere
ait PD’nin uzaysal dagilimlarinin belirlenmesinde
mevcut ornekleme mesafelerinin (50 m x 10 m) ilk
iki katman i¢in yetersiz oldugunu yani 6rnekleme
mesafesinin daha kisa tutulmasi gerektigini, ti¢lincii
katmandan itibaren ise s6z konusu Ornekleme
mesafesinin yeterli oldugunu gostermektedir.

Cizelge 4- Olgciilen ve modelde tahmin edilen degerlerin karsilastirmalar

Table 4- Comparison of actual and estimated values

Degisken Ortalama Standart sapma

(cm) Olciilen Tahmin edilen Olciilen Tahmin edilen

0-10 0.75 0.75 0.12 0.04 0.47
11-20 0.51 0.51 0.09 0.05 0.54
21-30 0.47 0.47 0.10 0.06 0.73
31-40 0.46 0.46 0.11 0.07 0.75
41-50 0.44 0.44 0.09 0.07 0.82
51-60 0.42 0.42 0.07 0.05 0.86
61-70 0.41 0.41 0.07 0.05 0.80
71-80 0.42 0.42 0.06 0.05 0.86

¢, capraz dogrulama korelasyon katsay1s1

4. Sonuclar

Mevcut enerji yatirimlari programi kapsaminda
Coruh nehri iizerinde on adet baraj ve hidroelektrik

santrali planlanmaktadir. Bunlardan ilk {i¢ tanesi
(Muratli, Borcka ve Deriner Barajlart) tamamlanarak
enerji Uretimine baslamistir. Ancak, barajlarin
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ekonomik Omriinii 6nemli 6lgiide etkileyen
sediment ozelliklerinin belirlenmesi ile ilgili su
ana kadar herhangi bir ¢aligma yapilmamistir. Bu
calisgma s6z konusu alanda sediment birikimi ile
ilgili ilk ¢alisma olma niteligindedir. Su tutmaya
basladigi 2007 yilindan beri Bor¢ka Baraji
Rezervuar sahasinda onemli seviyede sediment
birikimi gerceklesmistir. Ozellikle mevsime bagli su
seviyesindeki diismelerle bu birikintiler rezervuar
sahast boyunca kendini gostermektedir. Biriken
sedimentin bilyiik bir kisminin ince yapili oldugu ve
yilin belirli dénemlerinde bu birikim sahalarinin su
altinda kaldig1 gozlemlenmistir.

Sediment katmanlarindaki penetrasyon direnci
(PD) degerlerine ait tamimlayic1 istatistikler
incelendiginde, ylizey sediment katmaninin hem en
yiiksek ortalama PD degerine sahip oldugu hem de
incelenen &zellik bakimindan en heterojen katman
oldugu goriilmiistiir.

PD bakimindan sediment katmanlar1 arasindaki
farkliligim  belirlenmesinde ~ varyans  analizi
kullanilmistir. Analiz sonuglar1 PD’nin ylizey
katmaninda en yiiksek deger aldigini, beklenenin
aksine derinlige bagl olarak dnemli seviyede diisme
egiliminde oldugunu gostermistir.

PD degerlerinin uzaysal degisimi jeoistatistiksel
yontemler kullanilarak belirlenmistir. Semivaryogram
analizleri sonucunda model parametrelerinin her
bir katmanda farkli oldugu, 6rnekleme noktalar
arasindaki varyansin mesafeye bagli olarak
degiskenlik sergiledigi ve PD degerlerinin ylizey
sediment katmanmi disindaki tiim katmanlarda
nehre dik dogrultuda artis gosterdigi belirlenmistir.
Modellemelerin  giivenilirliklerinin ~ sorgulandig:
capraz dogrulama testlerinde ise uygulanan krigleme
yonteminin (blok kriging) ilk iki katmanda (0-10 cm
ve 11-20 cm) giivenilir sonuglar vermedigi ancak
ticlincii katmandan (21-30 cm) itibaren modelin
giivenilirliginin arttig1 gorillmiistir.

Benzer c¢alismalarin daha fazla degiskenle
rezervuar sahasindaki diger sediment birikim
sahalarinda  yuriitilmesi ile hem rezervuar
sahasinin geneli hakkinda hem de bu alanlardaki
uzaysal degiskenligin gelisim derecesinde etkili

mekanizmalarin  anlagilmasi
olacagi diisiiniilmektedir.

noktasinda yararl
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ABSTRACT

Discovery of new eco-friendly methods for insect pest management is very important in integrated pest management
program. Contact toxicity of six plant extracts i.e. Acanthus dioscoridis L. (Acanthaceae), Achillea millefolium
L. (Asteraceae), Bifora radians Bieb. (Apiaceae), Heracleum platytaenium Boiss (Apiaceae), Humulus lupulus L.
(Cannabaceae) and Phlomoides tuberosa (L.) Moench (Lamiaceae), were tested on the 1% to 4™ instar larvae of
Colorado potato beetle (Leptinotarsa decemlineata Say. (Coleoptera: Chrysomelidae)). The H. platytaenium and
H. lupulus extracts were the most effective among the tested extracts, so dose-response bioassay was carried out
only with H. lupulus and H. platytaenium against larval stages of Colorado potato beetle. The H. platytaenium
extract was the most effective extract with calculated LD, values 0.126, 0.204, 0.206 and 0.458 uL insect!, LD,,
values were calculated as 0.345, 0.342, 0.402, 0.566 pL insect™ for 1%, 2", 3 and 4™ instars larvae respectively.
These results indicate that H. platytaenium and H. lupulus extracts have great potentials as insecticides in the
management of larvae of L. decemlineata.

Keywords: Colorado potato beetle; Plant extracts; Heracleum platytaenium; Humulus lupulus; Contact toxicity
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OZET

Zararli bocekler ile miicadelede yeni ¢evre dostu metodlarin kesfi entegre zararli yonetiminde ¢ok onemlidir. Farkli
familyalara ait alt1 bitki ekstraktinin (Acanthus dioscoridis L. (Acanthaceae), Achillea millefolium L. (Asteraceae),
Bifora radians Bieb. (Apiaceae), Heracleum platytaenium Boiss (Apiaceae), Humulus lupulus L. (Cannabaceae) and
Phlomoides tuberosa (L.) Moench (Lamiaceae)) kontakt toksisiteleri patates boceginin (Leptinotarsa decemlineata
(Coleoptera:Chysomelidae)) 1-4 donem larvalarina karsi laboratuvar kosullarinda test edilmistir. H. platytaenium ve
H. lupulus ekstraktlari test edilen ekstraktlar arasinda tiim larval donemler i¢in en yiiksek toksik etkiye sahip olmustur.
Calismanin ikinci kisminda, H. lupulus ve H. platytaenium ekstraktlarin ile Patates boceginin farkli larva donemlerinde
doz-etki ile denemeleri yiiritilmiistiir. H. platytaenium ekstrakti en yiiksek toksik etkiye sahip olmus ve bu bitki
ekstrakti i¢in LD, degerleri birinci, ikinci, tigiincli ve dordiincii donem larvalar i¢in sirastyla 0.126, 0.204, 0.206 ve
0.458 uL bocek™' olarak, LD, degerleri ise 0.345, 0.342, 0.402, 0.566 pL bocek™ olarak hesaplanmustir. Bu sonuglar /.
platytaenium’un patates bocegi ile miicadele de potansiyele sahip oldugunu gostermektedir.

Anahtar Kelimeler: Patates bocegi; Bitki ekstrakti; Heracleum platytaenium; Humulus lupulus; Kontakt toksisite

1. Introduction

Colorado potato beetle (Leptinotarsa decemlineata
SAY) (CPB) is a polyphagous insect-pest causing
damage to various Solanaceae plants including
potato, tomato and eggplant (Hsiao 1978; Hare 1990).
In absence of control tactics, yield loss can rise to
even 100% (Christie et al 1991). This cosmopolitan
insect is spread over an area of 12 million km?in the
world including North America, Asia and Europe
(Alyokhin 2009). It feeds on different sections of the
host plants and is also vectors of certain viral plant
diseases e.g. potato spindle tuber viroid (PTSVD)
(Borror & DeLong 1966; Kismal1 1973; Jolivet et al
1988; Booth et al 1990).

A variety of insecticides are registered for the
management of CPB. Extensive use of insecticides
against this pest has led to serious problems
like resistance, phytotoxicity and environmental
contamination problems (loannidis et al 1991;
Stewart et al 1997; Mota-Sanchez et al 2000). CPB
has developed resistance to 54 insecticides belonging
to different chemical classes with various modes of
actions (Whalon et al 2013). These problems have
led to exploration of different control methods like
bio-pesticides including plant-based compounds
against this pest. Although promising outcomes
were reported with plant extracts especially acute
toxicity and also behavioral effects (Hough-

© Ankara Universitesi Ziraat Fakiiltesi

Goldstein 1990; Scott et al 2003; 2004; Gokge et
al 2005; 2006; 2012), however limited numbers of
commercialized natural products are available for
use (Hassan & Gokge 2014).

In previous studies, H. lupulus and B. radinas
were tested against CPB using total methanol
extracts (Gokge et al 2006; 2007). However, in
the current study, these plants species were treated
with solvent using maceration technique. This
technique allows to obtain all available secondary
plant metabolites using a larger amount of solvent
(Hassan & Gokge 2014) comparing with the
previous studies. The other plant species (Acanthus
dioscoridis, Achillea millefolium, Heracleum
platytaenium and Phlomoides tuberosa) used in this
study have not been not tested against CPB yet. The
objectives of the current study were to evaluate the
contact toxicities of six different plant extracts on
various larval stages of CPB and to calculate LD,
and LD, values for the most promising extracts.

2. Material and Methods

2.1. Materials

Plant species, extracted parts and places of
collection are presented in the Table 1. As described
in Gokge et al (2005), the plants were collected in
the summer or spring months of 2009. After the
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separation of leafs, stems and cones from other
parts, they were placed over blotting paper and kept
under room temperature (25 °C) in dark conditions
for two weeks. Subsequent to drying process, the
plant materials were grounded into small pieces
using a mill (M 20 IKA Universal Mill, IKA Group,
Wilmington, NC, USA) and then they were put into
5 liter glass jars and protected in a dark room at
15£5 °C until they were used.

2.2. Preparation of plant extracts

Plant extracts were obtained through the maceration
method as described in Alkan & Gokee (2012).
Two hundred grams of each plant species were put
into a 5 liter glass jar and hexane, ethyl acetate,
and methanol were separately added into the jar
in an order according to their polarity range. Plant
materials were firstly treated with hexane for 48
hours; and then the plant suspension was filtered
through Whatman™ No 4 filter paper to obtain
hexane fraction. After this process, ethyl acetate was
added to the jars, and the plant materials were left
again in this solvent for 48 hours at room conditions.
Ethyl acetate fraction was filtered through the filter
paper followed by separation from plant materials.
Lastly, methanol was added to the plant materials and
incubated as described above and then the filtration
of the suspension was also repeated for methanol
fraction. Excess solvents in the suspensions were
evaporated using a rotary evaporator (RV 05 Basic
1-B, IKA® werke GmbH & Co. KG, Germany) and
plant residues of A. dioscoridis, H. platytaenium
and P. tuberosa were obtained. The H. lupulus, B.
radians and A. millefolium extracts were prepared
using the same technique but only methanol was

Table 1- Plant species and their parts used in the study

Cizelge 1- Calismada kullanilan bitkiler ve kisimlar:

used as a solvent. All plant extracts were diluted
with 70% acetone solution to give the concentration
of 15% plant extract/acetone (w v''). Plant extracts
prepared were transferred to glass tubes and then
stored at 4 °C in the refrigerator.

2.3. Rearing of potato beetles

Larvae of CPB were reared at Gaziosmanpasa
University, Faculty of Agriculture, Plant Protection
Department. CPB colony was continuously reared
on potato plants (Solanum tuberosum L. cultivar
Granola) which were planted at Gaziosmanpasa
University Research Station in Tasliciftlik, Tokat,
Turkey. The field was designated for the organic
potato production and there was no pesticide
application for 3 years prior to the initiation of
this project and no pesticide was applied during
the study. Granola cultivar was planted in a 0.2 ha
potato field. When the potato plants reached to 3 to
5 leaves stage adults of test pest were released into
the field and all required stages for the studies were
collected from the field.

2.4. Single dose contact toxicity screening tests

Single dose contact toxicity of plant extracts were
separately tested on 1%, 2", 3™ and 4™ instars larvae
of CPB. Identification of larval stage was carried
out using Boiteau & Le Blancthe (1992)’ key. An
extract suspension (15% w v'') was applied at
a 2 pL insect! ratio to the dorsal of larva using a
micro-syringe 25 pL microsyringe connected to a
microapplicator (Hamilton® Company, Reno, NV).
Ten larvae were treated in each replication. After the
treatment, 10 larvae were transferred into a 90 mm
in diameter glass petri dish in which potato leaflets

Botanical name Family Part used Place collected
Humulus lupulus Cannabaceae Cone Tokat
Heracleum platytaenium  Apiaceae Leaf, stem Trabzon
Achillea millefolium Asteraceae Leaf, stem, flower Tokat
Acanthus dioscoridis Acanthaceae Leaf, stem, flower Erzincan
Phlomoides tuberosa Lamiaceae Leaf, stem, flower Erzincan
Bifora radians Apiaceae Leaf, stem Tokat
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were provided. In the control group, the larvae were
treated with 70% acetone at 2 uL insect’! dose. An
insecticide with spinosad active ingredient was
used as a positive control, which was applied at
2 pL insect! dose as described above. Spinosad
(Laser™, Dow Agro Sciences®) was prepared with
water at recommended dose for larvae (0.1 mL L)
After the application, the larvae were incubated at
2542 °C, 60£5% relative humidity (RH) and a 16:8
(Light: Dark) photo period. Mortality of larvae
was recorded after 24 hours after treatment (HAT).
Bioassays were set up in the randomized complete
block design. Experiment was repeated on three
different days (blocks) and in each replication all
treatment contained three subset groups.

2.5. Dose-response bio-assay

Based on the single-dose screening test results,
dose-response bioassays were carried out with H.
platytaenium and H. lupulus extracts that showed
high contact toxicity to CPB larvae. These plant
extracts were tested against various stages on potato
beetle larvae (1%, 2", 3 and 4™ instars larvae) in 6
different doses. The doses ranging from 10 to 200 g
L1 (10, 25, 50, 75, 100 and 150 g L*! for the 1*t, 21
and 3" instar larvae, 50, 75, 100, 150, 175 and 200 g
L for the 4" instars larvae) for H. lupulus and from
5to 250 g L' (5, 10, 25, 50, 100 and 150 g L' for
the 1% instar lavae, 25, 50, 75, 100, 125 and 150 g !
for the 2" and 3 instar larvae, 125, 150, 175, 200,
225 and 250 g L' for the 4" instars larvae) for H.
platytaenium were prepared with 70% acetone and
applied to the larvae at 2 pL insect! dose as stated
above. In the control group, the larvae were treated
with 70% acetone at 2 pL insect! dose. Randomized
complete block experimental design was used in this
study and each block comprised all tested doses and
control. Whole treatments were repeated three times.
Each trial consisted of 7 treatments i.e. six doses and
control group that contained three subset groups.

2.6. Statistical analysis

Single-dose contact toxicity screening test results
were firstly converted into percent mortality and then
were subjected to arcsine transformation. Variance

analysis was carried out with transformed data, and
additionally, the differences among treatments were
analyzed by means of Tukey multiple comparison
test (P<0.05). All statistical analyses were conducted
with MINITAB® Release 16 package program.
Dose-response bioassay results were analyzed using
Polo-PC probit package program (LeOra 2002), and
confidence intervals were determined with LD, and
LD,, values.

3. Results and Discussion

3.1. Single dose contact toxicity screening tests

All tested plant extracts caused some contact toxicity
to larvae of L. decemlineata, ranging from 1.5% to
100%. Among the tested plant extracts, H. lupulus
showed the greatest contact toxicity to 1% instar
larvae with 97.8% mortality 24 HAT. Heracleum
platytaenium was the second most effective
extract with 94.0% mortality rate. Mortality rates
significantly between the treatments (F= 86.87;
df= 7, 16; P<0.05). Unlike 1% instar larvae in 2"
instar larvae, the greatest mortality was observed
when treated with H. platytaenium followed by H.
lupulus. After 24 hours, mortality rate was 100% in
case of H. platytaenium extract followed by 89.8%
mortality recorded in case of H. lupulus extract
(Table 2).

Insecticidal activities of the plants belonging
to Heracleum genus against important insect
pest species were previously reported by other
researchers. Metspalu et al (2001) tested Heracleum
sosnowskyi and A. millefolium against different
stages of L. decemlineata larvae under laboratory
conditions. They reported that the greatest contact
toxicity was seen in H. sosnowskyi extract with
80% mortality. However their findings were not
comparable to our studies possibly due to variation
in way of extraction of plant extracts and polarity
of solvents used for extractions (Ghosh et al 2012).

Chemical analysis of plants belonging to H.
platytaenium genus showed that the leaves contained
intensive secondary metabolite compounds such
as octyl acetate, octyl butyrate, (z)-4-octenyl
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Table 2- Contact toxicity of the plant extracts (15% w v') on various development stages of Leptinotarsa

decemlineata larvae after 24 hours

Cizelge 2- Bitki ekstraktlarinin (% 15 w v!) Leptinotarsa decemlineata’'min farkli gelisme donemleri tizerine 24

saat sonundaki kontakt toksisiteleri

% Mortality+SD*

Treatment l.instar 2. instar 3. instar 4. instar
Control 0.00+0.00 b! 0.00+0.00 ¢ 0.00+0.00 ¢ 0.00+0.00 ¢
Acanthus dioscoridis 1.49+1.12 b 1.49+1.12 ¢ 0.00+0.00 ¢ 1.49+1.12 ¢
Achillea millefolium 2.18+1.79 b 4.32+0.20 ¢ 1.49+1.12 ¢ 0.00+0.00 ¢
Bifora radians 1.49£1.12 b 1.49£1.12 ¢ 0.00+0.00 ¢ 0.00+0.00 ¢
Heracleum platytaenium ~ 94.00+4.76 a 100.00+0.00 a 100.00+0.00 a 3.33+0.00 ¢
Humulus lupulus 97.82+1.79 a 89.74+1.57 b 95.68+0.20 b 48.90+£0.93 b
Phlomoides tuberosa 1.49+1.12 b 1.49+1.12 ¢ 1.49+1.12 ¢ 0.00+0.00 ¢
Spinosad 99.63+1.12 a 94.82+0.63 ab 87.10+£0.84 b 90.77+1.41 a

!, different letters following means in the same column indicate statistical significance from each other (Anova P<0.05, Tukey test);

* standard deviation

acetate, (z)-4-octenyl butyrate, octyl 3-methyl
butyrate (=octyl isovalerate), octyl hexanoate,
octyl octanoate, hexyl 2-methylbutyrate, hexyl
3-methylbutyrate (=hexyl isovalerate), decyl acetate
and many others. Among these elements, octyl
acetate and octyl butyrate have a major share (Iscan
et al 2004) and both are very important essential
oils (Carroll et al 2000) thus playing role in insect-
pests’ management (Koul et al 2008). In H. lupulus;
humulene, caryophyllene and myrcene are the
major constituents which are terpenes in nature thus
playing significant role in insect-pests’ management
(Bernotiené et al 2004; Koul et al 2008). These
chemicals could play an important role in toxicity
of this plant species to CPB larvae.

Contact toxicity of H. lupulus extract was also
very high and the mortality rate of 3* instar larvae
was treated with this extract was 95.7% 24 HAT.
Similar activity with H. lupulus extract on the 3%
instar larvae was also reported by Gokge et al (2007)
who observed 91% mortality on their study.

The 4" instar larvae are the most destructive
stages of CPB and cause serious damages on green
parts of the plant (Wale et al 2008). The chemical
standard spinosad as expected was the most
effective treatment against this larval stage. Among
the plant extracts, the most effective was H. lupulus

with 48.9% mortality 24 HAT but this rate was
lower than the mortality rates seen in the first three
stages. Similarly, Gokge et al (2006) reported that
the first three larval stages were more sensitive than
4™ instar larvae and adult insects. Scott et al (2003)
tested plant extracts belonging to Piperaceae on
CPB adults and larvae and they concluded that last
stage larvae, pupae and adults were less sensitive
than early stage larvae were. The results of the above
studies are in accordance with our results. Varying
contact toxicity effects of the plant extracts to CPB
larvae could be related with physiological changes
in developing larvae (Karakog & Gokge 2012).

3.2. Dose-response bioassay

Treatment of larval stages of CPB with various
concentrations of H. platytaenium and H. lupulus
extracts produced different LD, and LD, values. For
1% instar larvae, 0.126 pL insect' LD, was calculated
in case of H. platytaenium extract while that obtained
with H. lupulus extract was 0.150 pL insect! (Table
3). There was no significant difference among the
treatments (P<0.05). The LD, values were 0.274 and
0.345 pL insect! for H. lupulus and H. platytaenium
extracts, respectively. For the 2™ instar larvae,
similar results were observed among treatments i.e.
LD, values were i.e. 0.168 pL insect' and 0.204 uL
insect”! for H. lupulus and H. platytaenium (P<0.05).
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Additionally, no significant difference was also
observed among LD, values of these plant extracts.
In the 3" instar larvae, calculated LD,  was 0.206
uL insect”! for H. platytaenium extract and 0.149 pL
insect! for H. Ilupulus extracts with no significant
difference among the treatments (Table 3). These
results showed that LD, and LD, values increased
according to developmental stages of larvae as
expected. This could be related to morphological and
physiological changes in the beetle larvae as there is a

considerable size difference especially between 1% and
3" instars. Therefore, more plant extract is required to
produce 50% or 90% mortality in the tested larvae,
which leads to bigger LD, or LD, values. Similarly,
Gokee et al (2006) stated that LD, and LD, values
increased according to larval stages of CPB. Dose-
response bioassay with H. platytaenium extract on 4%
stage larvae showed that LD,  and LD, values were
0.458 and 0.566 pL insect’, respectively.

Table 3- Results of dose-response bioassays of Heracleum platytaenium and Humulus lupulus extracts on
various development stages of Leptinotarsa decemlineata larvae after 24 hours

Cizelge 3- Heracleum platytaenium ve Humulus lupulus ekstraktlarimin 24 saat sonunda Leptinotarsa
decemlineata 'nin farkl gelisim dénemleri iizerindeki doz-etki denemeleri sonuglar

LD, (uL insect”) LD,, (uL insect”)
* 50 90
Plant Larval term Slope+SD (Fudicial limit) (Fudicial limit)
_ 0.126 0.345
st =+
1 instar larvae 2.927+0.234 (0.087-0.190) (0.220-0.928)
. 0.204 0.342
nd
. 2" instar larvae 5.710+0.460 (0.154-0.285) (0.256-1.073)
H. platytaenium 0.206 0.402
rd ) ‘
3" instar larvae 7.443+0.578 (0.189-0.226) (0.358-0.461)
' 0.458 0.566
th . )
4" instar larvae 14.034+1.733 (0.438-0.485) (0.524-0.660)
. 0.150 0.274
st
1* instar larvae 4.901+0.405 (0.137-0.164) (0.242-0.324)
) 0.168 0.308
nd +
H. lupulus 2" instar larvae 4.853+0.426 (0.152-0.185) (0.267-0.378)
3" instar larvae 2.767+0.243 0.149 o

(0.118-0.189)

(0.311-0.776)

*, standard deviation

4. Conclusions

Evaluation of the plant extracts contact toxicities
against the most destructive larval stages of CPB
showed that especially H. platytaenium and H.
lupulus were as effective as the chemical standard,
spinosad, up to 4" instar larvae, and that the extracts
obtained from those plants could be used in the
control of Colorado potato beetle. This research
is a core study; therefore it is considered that the
study will become more significant with the help of
other disciplines, which enable the purification and
characterization of the active compound(s). That

will definitely help further development of these
plant extracts by the industry.
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ABSTRACT

The seed metering mechanism is the most important unit of potato planters. Accuracy of row plant spacing depends on
the ability of the seed metering mechanism. The ability of the seed metering mechanism is directly associated with the
constructive and operational variables of the planter. This study was conducted to evaluate the effects of different cups
sizes (C1<C2<C3), different seed sizes (25 to 45 and 45 to 65 mm), different shapes (oblong and spherical), and angular
speeds (0.9, 2.04 and 3.18 rad s™) on the seed metering mechanism in a full automatic potato planter. The cup, angular
speed, seed size and shape have an important role on the efficiency of the seed metering mechanism. The seed spacing
uniformity was determined including doubles and skips. The coefficient of variation (CV%) was used to determine the
seed spacing uniformity. The values of CV% for cups were 29.24, 23.76 and 26.11% for C1, C2 and C3, respectively. C3
has the highest percent value of doubles and the lowest percent value of skips. The seed spacing uniformity of oblong
potato seeds was better than that of spherical potato seeds. The percent value of doubles increased and percent value of
skips decreased for oblong potato seeds, opposite to the spherical potato seeds. The seed size of 45-65 mm gave a better
seed spacing uniformity than the other seed size. It was observed that the seed size of 25-45 mm had higher percent value
of doubles. The seed spacing uniformity tended to increase as the angular speed reduced. The CV% values of angular

speed were 22.83, 24.90 and 31.39% for 0.9, 2.04, 3.18 rad s, respectively. As the angular speed increased, percent

value of doubles decreased and percent value of skips increased.

Keywords: Seed metering mechanism; Seed spacing uniformity; Laser measurement system; Doubles; Skips
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OZET

Tohum dagitma diizeni patates dikim makinalarinin en temel kismini olusturmaktadir. Sira {lizeri tohum dagilim
diizgiinliigiindeki dogruluk, tohum dagitma diizeninin kabiliyetine baglidir. Tohum dagitma diizeninin bu kabiliyeti yapisal
ve calisma sartlarina direkt olarak baglidir. Bu ¢alisma, tam otomatik bir patates dikim makinasinda farkli biiytikliikte
kepgelerin (C1<C2<C3), farkl biiyiikliikteki tohumlarin (25 ile 45 mm ve 45 ile 65 mm arasi), farkl sekildeki tohumlarin
(uzun ve kiiresel) ve farkl agisal hizlarin (0.9, 2.04 ve 3.18 rad s') tohum dagitma diizeni {izerine etkisini belirlemek
icin yirttilmistiir. Kepgelerin, agisal hizin, tohum biiyiikliigiiniin ve seklinin tohum dagitma diizeni iizerine 6nemli bir
etkiye sahip oldugu goriilmiistiir. Denemede, tohum dagilim diizgiinliigi, ikili atma ve bos birakma belirlenmistir. Tohum
dagilim diizglinliigiinii belirlemede varyasyon katsayisi (% CV) kullanilmistir. C1, C2 ve C3 kepgeleri i¢in en biiyiik % CV
degerleri sirayla % 29.24, 23.76 ve 26.11 olarak bulunmustur. C3 kepcesiyle en biiyiik ikili atma ve en kiigiik bos birakma
degerleri elde edilmistir. Uzun tohumlardan elde edilen tohum dagilim diizgiinliigiiniin kiiresel tohumlara gore daha iyi
oldugu belirlenmistir. Uzun tohumlarda ikili atmanin arttig1 ve bos birakmanin azaldig1 goriilmistiir. Kiiresel tohumlarda
ise bunun tam aksi goriilmiistiir. 45-65 mm araligindaki tohumlardan elde edilen % CV degerlerinin 25-45 mm araligindaki
tohumlardan elde edilen % CV degerinden daha diisiik oldugu belirlenmistir. 25-45 mm araligindaki tohumlarin ikili
atmay1 artirdig1 goriilmiistiir. Agisal hizdaki azalma tohum dagilim diizgiinliigiinde iyilesmeye neden olmustur. Farkli agisal
hizlardan elde edilen % CV degerleri; 0.9, 2.04, 3.18 rad s! i¢in sirasiyla % 22.83, 24.90 ve 31.39 olarak bulunmustur.
Agcisal hizdaki artis ikili atmada azalisa ve bos birakmada artisa neden olmustur.

Anahtar Kelimeler: Tohum dagitma diizeni; Tohum dagilim diizgiinliigii; Lazer 8lgiim sistemi; Tkizlenme; Bos birakma

1. Introduction

Potato is an important food crop for humans and
animals due to its desirable starch, protein and
vitamins contents. The potato is used as a versatile
vegetable and in the industry. The potato is grown
in many countries around the world and in different
climates (Taheri & Shamabadi 2013; Potato 2015).
The potato acreage in Turkey is 125030 ha resulting
in a harvest of 3.9 million tonnes of tubers and yield
is 31.6 tons per ha for the year 2013 (FAO 2015).
The most common potato varieties in Turkey
have yellow flesh are Marabel, Marfona, Granola,
Latona, Adora, Atlas, Fabula, Lady Rosetta, Lady
Claire, Russet Burbank, Shepody, Agria and Van
Gogh. According to regional conditions in Turkey,
traditional and modern methods are used in the potato
production. Traditional potato production is difficult,
time consuming and labor intensive. Therefore,
most of the farming operation for this crop has been
mechanized to reduce the cost of production. There
are three main stages in potato production: planting,
cultivating, and harvesting. Planting has an important
effect on the potato yield. Planting is performed by
hand, semi-automatic planters, and fully automatic
planters. Planting done by hand is time-consuming

© Ankara Universitesi Ziraat Fakiiltesi

and requires a great deal of labor. Semi-automatic
potato planters have a suitable performance and
low labor and less time-consuming compared to
planting by hand. Labor and time-consuming in fully
automatic potato planters are the lowest level. Results
achieved in potato planting by machine depend on
complex relationships between the technical quality
of machine performance and the ability to work fast
with a minimum demand for labour (Culpin 1992;
Steele et al 2010). The fully automatic potato planters
release potato seeds in furrows at desired certain
spacing and depth. A potato planting machine has
many different parts such as frame, wheels, seed
metering mechanism, furrow openers, covering
discs, and the seed spacing adjustment gear. Among
these parts, the seed metering mechanism is a
crucial one. Accuracy of in-row seed spacing is the
main parameter of the seed metering mechanism.
Because, improvement of plant spacing uniformity
leads to high yield, and to facilitate harvesting and
post-harvest operations (McPhee et al 1996; Pavek
& Thornton 2003). The plant uniformity affects
development, yield and seed quality of plant (Bussan
et al 2007; Gilliioglu & Arioglu 2009). Seed spacing
uniformity has very important role for evaluating a
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potato planter performance (Zoraki & Acar 2000;
Seyedbagheri 2006). To increase yield and quality
of potato, uniform seed spacing is required (Klassen
1974; Klassen 1975). Rupp & Thornton (1992)
found that a 10% decrease or increase in the optimum
plant number leads to reduce yield from 2% to 12%.
Furthermore, they said that increasing skips and
doubles reduced economic return compared with
uniform seed spacing. Deep planting and diseased
seed can cause skips to increase (Cross & Ohms
1967; James at al 1973). However, James et al (1975)
determined that 88% of skips were due to the lack
of seed. Some researchers found that the skips were
mainly caused by mechanical deficiencies of the
potato planter (Misener 1979). James et al (1973)
found that 10, 20 and 30% of skips led to 0, 5.6 and
11.1% average yield loss, respectively. However,
potato yield is a good criterion along with the market
value of tubers in the proto production. Therefore,
the physical properties of potato tubers also have an
important role in appearance at markets. Tuber size is
more important indication of marketable yield than
the total tuber yield. Some researchers have showed
that seed spacing uniformity plays a major impact
on marketable yield (Schotzko et al 1983; Thornton
et al 1983; Rex et al 1987; Rupp & Thornton 1992;
Creamer et al 1999; Love & Thompson-Johns 1999).
Getachew et al (2012) determined the effect of
seed spacing on total yield and marketable yield of
potato in Ethiopia. They found the highest total tuber
yield at seed spacing of 10 cm whereas marketable
tuber yield at seed spacing of 10 cm had the lowest
value. Similarly, Love & Thompson-Johns (1999)
determined that seed planted at seed spacing of 8
cm resulted in more potato yields than those of seed
planted at spacing from 15 to 91 cm. But, they said
that the market value decreased due to increasing
percent of small potatoes. Naturally, accuracy of seed
spacing changes depending on the size and shape
of cups. However, although many works were done
on potato planters, studies on the effect of cups on
seed spacing uniformity are limited. Buitenwerf et
al (2006) studied on cup-belt planter and stated that
the geometry of cups should be focused. In addition,
previous research (Khairy 1997; Altuntas 2005; Al-
Gaadi & Marey 2011) showed that there was an effect
of ground speed, and different seed sizes and shapes

on seed spacing uniformity. Altuntas (2005) reported
that in-row spacing uniformity decreased as ground
speed increased. Khairy (1997) found that when the
ground speed was higher than 3.6 km h™!, seed spacing
uniformity became worse. Similarly, Al-Gaadi &
Marey (2011) determined that the lowest and the
highest mean values of CV% were 28.73 and 54.53%
for ground speed of 1.80 and 3 km h', respectively.
Sieczka et al (1986) stated that high planting speeds
reduced performance of potato planter. Buitenwerf
et al (2006) determined that potato shape had an
important effect on seed spacing uniformity.

The objective of this study was to determine
the effect of three various size cups, three different
angular speeds, and two several seed size and shape
on the seed spacing uniformity, skips and doubles;
and then to develop a measurement system suitable
for laboratory and field studies.

2. Material and Methods

2.1. Potato planter, cups, and angular speeds

The experiments were conducted at the laboratory of
Agricultural Farm Machinery Department, Ataturk
University, Erzurum, Turkey. The laboratory
temperature and relative humidity were measured as
9 °C and 25%, respectively. A full automatic potato
planter (Model: YN-08 Kenan Ertugrul, Nevsehir,
Turkey) (Figure 1) was used in the experiments.

\\ /
\ Plastic bowl

Laser measurement system

Figure 1- Potato planter and test rig

Sekil 1- Patates dikim makinast ve deney diizenegi
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The potato planter consists of two rows. The seed
metering mechanisms are placed under the hopper,
and driven by ground wheels. The seed metering
mechanism consists of a vertical disc, cups, holding
pins, and torsion springs. The 14 cups, 14 holding
pins, and 14 torsion springs are attached with equal
angles to the vertical disc.

The seed metering mechanism works like a water
mill. The cups, attached to vertical disc, clutch potato
seeds in the bottom of seed hopper while the vertical
disc rotates. Then, seed entering into the cup is kept
by the holding pin, and transferred out of the seed
hopper. After vertical disc revolves 190°, the holding
pin is opened by the pin-position cam. So, potato
seed drops into furrow (Figure 4). The force exerted
by helical spring was 11.96+0.96 N. The cups with
three different sizes (Figure 2) (small, middle and
big is C1, C2 and C3, respectively) were used in the
experiment. All cups were made of cast iron. The
dimensions of these cups are presented in Table 1 and
Figure 3. Three angular speeds for the seed metering
mechanism were determined by taking into account
the maximum and minimum forward speeds and seed
rates of the potato planter, because while the ground
speed and seed rates change, the angular speeds of
the seed metering mechanism change. So, the angular
speeds of the seed metering mechanism were selected
as 0.9, 2.04 and 3.18 rad s'. The seed rates were 120,
273 and 425 seed min' for these angular speeds,
respectively. These angular speeds were provided by
an AC three phase inverter which changed the rpm
of the three-phase electric motor attached by a roller
chain to the axle of the vertical disc.

Figure 2- Cups used in the experiment

Sekil 2- Denemede kullanilan kepgeler

Table 1- Selected dimensions of the cups

Cizelge 1- Kepgelerin se¢ilmis boyutlart

Cups A mm B mm C mm D, mm E mm
Cl 50 40 50 45 15
C2 64 54 64 54 21
C3 76 65 76 65 25
A E
- B -
» N /\ i
_/ ':3

Figure 3- Dimensions of the cups

Sekil 3- Kepgelerin boyutlart

2.2. Seed material

Agria and Marfona cultivars were used as seed
materials in the experiments. These cultivars
had different shapes from each other. Until the
experiments were conducted, the potato seeds were
stored in a warehouse under appropriate conditions.
The potato seeds were separated into two groups.
The first group was between 25-45 mm seed size,
and the second group was between 45-65 mm
seed size. Some physical properties of seeds were
presented in Table 2.

Shape factor (Sf) was determined with Equation
1 (Buitenwerf et al 2006).
G.2
S = ExlOO% )

Where; a, b and ¢, length, width and height of the
seed as mm, respectively. The a, b and ¢ dimensions
have a relationship of c<b<a (Mohsenin 1986).
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Table 2- Some physical properties of Marfona and Agria*

Cizelge 2- Marfona ve Agria 'nin bazi fiziksel ozellikleri*

Agria Marfona

25-45 mm 45-65 mm 25-45 mm 45-65 mm
a, mm 60.97+4.02 70.88+3.53 50.18+3.43 56.94+5.68
b, mm 43.10+1.56 49.42+3.42 43.89+3.51 51.65+2.61
¢, mm 36.07+2.58 41.5442.93 41.57+£2.52 44.41+2.06
D, mm 45.54+1.39 52.55+2.35 45.0242.28 50.69+2.61
Mass, g 54.53+3.40 83.58+12.29 53.43+4.94  7491<£11.16
Shape factor 242.33+44.57  246.70+£27.65 138.92+16.80 142.08+23.30
Percent sphericity 75+4.00 74+3.00 90+3.00 89+5.00

* values are presented as mean+standard deviation; a, b and ¢, dimensions of the principle axes; Dp, geometric mean diameter

Sphericity (S) and geometric mean diameter D)
were determined by Equation 2 and 3 (Mohsenin
1986).

_ (abo)'/3

Sp — x100% 2)

b 3)

p=(abc)'/?

2.3. Measurement system

The measuring system was composed of two main
parts: 1) Laser measuring unit used to determine the
seed spacing uniformity, doubles, and skips, and 2)
angular speed measuring unit (Figure 4).

Cup

Holding pin

Half effect sensor

Pin position cam
Computer

Electronic circuit

Figure 4- Measurement system
Sekil 4- Olciim sistemi

The laser measurement unit consists of a light
dependent resistor (LDR), a laser pointer, a pipe
of 80 mm diameter, and an electronic circuit. The
laser measurement unit was attached under the cups.
The unit measures time intervals between seeds
falling down from cups (Boydas & Uygan 2012).
Seeds passed through the pipe create a signal, and
this signal is sent to the electronic circuit, then to
the digital port of datalogger. So, a square wave is
obtained from the unit. The time interval between
two peaks of a square wave is used to determine
seed spacing uniformity, percent value of skips, and
percent value of doubles (Figure 5).

Figure 5- The square wave obtained from falling
seeds

Sekil 5- Diigen tohumlardan elde edilen kare dalga

Angular speed measuring unit consists of a
half effect sensor, neodymium magnets, and an
electronic circuit. The magnets were positioned
in the circumference of the vertical disc. The
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half effect sensor was placed exactly in front of
the magnets (Figure 6). While the vertical disc
rotated, a square wave was obtained from the half
effect sensor. This signal was sent to the electronic
circuit (Figure 7). The rpm of the seed metering
mechanism and two threshold values giving
doubles and skips were determined with the help of
the half effect sensor. The time between two square
waves was shown with “t” (Figure 7). The value
of t changed depending on the change in angular
velocity of the seed metering mechanism. The
value of t was calculated with a program written
in MATLAB.

Magnet

)+ Half effect sensor

Figure 6- Half effect sensor, and magnets ranked
the circumference of the seed metering mechanism

Sekil 6- Half effect sensor ve tohum dagitma diizeni
etrafina dizili miknatislar

Time, s

A \R
W Magnet

Figure 7- The square wave obtained from half effect
sensor

Sekil 7- Hallf effect sensérden elde edilen kare dalga

Time intervals obtained from the laser
measurement system and time intervals obtained
from the half effect sensor should be equal,
theoretically. However, it is not possible in
practice, and time intervals obtained from the laser
measurement system change due to skips, doubles
and irregular drops (Figure 5). To find the percent
value of doubles and skips, two threshold values,
named as ¢, and ¢, were used. The 7, and t_were
determined by using the Equation 4 and 5.

(<tx07 )
t>tx 1.5 (5)

If the time interval obtained from the laser
measurement system is less than the ¢, there is
doubles. If the time interval obtained from the laser
measurement system is higher than the £, there is
skips. Therefore, the values of 0.7 and 1.5 were
chosen for safety. For example, the time interval
obtained from the half effect sensor is 5 s (t= 5 s), the
time intervals obtained from the laser measurement
systemare 7,12, 3,17, 8, and 2 s, respectively. To find
skips and doubles, these values were divided by the t
value. It gets 7/5= 1.4, 12/5=2.4, 3/5=0.6, 17/5=3 .4,
8/5= 1.6, and 2/5= 0.4. The value of 1.4 is between
0.7 and 1.5, then there are no skips and doubles in this
time interval. When we consider the value of 2.4, we
see the two skips. For the value of 0.6 is smaller than
0.7, there is one doubles (Equation 6).

N, 100

Percent value of doubles= (6)

Where; N, total number of doubles and N, total
number of time intervals obtained from half effect
sensor (Equation 7).

N, 100
s. (7)

Percent value of skips=

Where; N, total number of skips.

The ¢, t, N, and N, values were determined
with the aid of a program written in MATLAB
(Mathworks 2011).

To determine coefficient of variation of seed
spacing or irregularity in the time interval, coefficient
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of variation (CV%) was used, and calculated as
shown in Equation 8.

SD.100

CV% = ()

Where; SD, standard deviation of time intervals
obtained from the laser measurement system; X ,
mean of time intervals obtained from the laser
measurement system.

The values obtained from the measuring systems
were sent as digital data to the computer via a
datalogger. The measuring system had an accuracy
of 0.01 seconds.

2.4. Statistical analysis

This study was a factorial design consisting of three
levels of cup, three levels of angular speed, two
levels of variety, and two levels of seed size with
three replications. As stated above, the coefficient of
variation of seed spacing, percent value of doubles

and skips were calculated. For each replication, the
seed metering mechanism was rotated 10 times.
The data was analyzed using analyses of variance
(ANOVA) and comparison of means was made with
Duncan’s Multiple Range Test.

3. Results and Discussion

Table 3 shows the effects of the cups, angular
speeds, varieties, and sizes on the values of CV%,
percent value of doubles and skips. According to
results of the ANOVA, the variety, the cup, the size
and the angular speed, and two way interactions of
cup x angular speed (C x A) had significant effect
on the values of CV%. In addition, the cup, variety,
size, and angular speed affected the percent value
of doubles and skips. There were no significant
interactions for the percent value of doubles and
skips. On the other hand, as seen from Table 3, the
interactions other than C x A were not significant,
therefore they were not taken into considerations.

Table 3- Analysis of variance of cup, seed variety, seed size, and angular speed on values of CV%, and the

percent value of skips and doubles

Cizelge 3- % CV, ikili atma ve bos birakma tizerine kepge, tohum ¢esidi, tohum biiyiikliigii ve agisal hizin varyans analizi

CcV, % Doubles, % Skips, %
Variation sources DF MS P MS P MS P
Cup (C) 2 271.967 0.0001! 127.708 0.0001 63.851 0.0001
Variety (V) 1 425.667 0.0001! 6.211 0.0011 88.408 0.0001!
Size (S) 1 141.587 0.0000  323.837 0.0001 15.177 0.0001!
Angular speed (A) 2 718.372 0.0001! 4.980 0.0001 9.354 0.0001!
Replication 2 1.648 0.795 1.050 0.129 0.046 0.953
CxV 2 10.517 0.238 0.141 0.754 0.203 0.810
CxS 2 12.983 0.171 0.131 0.770 1.169 0.301
CxA 4 30.141 0.0041! 0.366 0.572 0.667 0.597
VxS 1 0.016 0.963 0.002 0.946 0.019 0.889
VxA 2 10.276 0.245 0.298 0.553 0.042 0.957
SxA 2 18.761 0.080 0.117 0.791 0.017 0.983
CxVxS 2 6.899 0.387 0.719 0.243 0.351 0.694
CxVxA 4 2.638 0.831 0.049 0.983 0.012 1.000
CxSxA 4 4.598 0.635 0.355 0.587 0.285 0.878
VxSxA 2 4.062 0.570 0.243 0.616 0.739 0.466
Error 74 7.178 0.499 0.958
Total 107

12l significant at 1% level of probability; DF, degrees of freedom; MS, mean square
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3.1. Effect of the cups on the seed spacing
uniformity, doubles and skips

The effect of cups on value of CV%, percent value
of doubles and skips was statistically significant
(P<0.01). The highest value of CV% was determined
as 29.24% for C1 (Table 4). The lowest value of
CV% was determined as 23.76% for C2. The small
cup showed more variability of spacing than the big
cup. So, it can be said that C2 for potato seeds in the
range of 25 to 65 seed size would be appropriate. The
doubles and skips were observed as the main source
of deterioration of the seed spacing uniformity, the
highest percent value of doubles was determined as
6.90% for C3. The lowest percent value of doubles
was determined as 3.13% for C1. However, when
looking at percent value of skips, the highest percent
value of skips was determined as 5.07% for Cl1.
There was no statistically significant difference
between C2 and C3 for percent value of skips. As
the highest percent value of doubles was 6.90% for
C3, the highest percent value of skips was 5.07%
for C1. It was shown that the effect of the skips was
greater than that of doubles on value of CV%.

Table 4- Effects of cups, seed varieties, seed sizes
and angular speeds on values of CV%, percent
values of skips and doubles

Table 4- % CV, ikili atma ve bog birakma iizerine kepge,
tohum c¢esidi, tohum biiyiikliigii ve acisal hizin etkisi

Treatments CV, Doubles, Skips,
% % %
Cl 29.24a" 3.13¢ 5.07a
Cups Cc2 23.76¢c  495b 2.94b
C3 26.11b  690a 2.62b
LSD 1.26 0.33 0.46
Potato varietics Agria 2439b 523a 264D
Marfona 28.36a 4.75b 4.45a
Potato sizes, 25-45  27.52a 6.73a 3.17b
mm 45-65 2523b 326b 392a
0.9 22.83c¢ 535a 3.06b
Angular speeds, 2.04 2490b 5.02a 351D
rad s 318 3139a 461b 4.08a
LSD 1.26 0.33 0.46

*, means in a single column without the same letter are
significantly different at the 5% level using the LSD test

3.2. Effect of potato shape on the seed spacing
uniformity, doubles and skips

The results of the effect of seed shape on value of
CV%, percent value of doubles and skips are given in
Table 4. The statistical results show that the seed shape
affected the seed spacing uniformity, doubles and
skips. The highest value of CV% was determined as
28.36% for Marfona, while the lowest value of CV%
was determined as 24.39% for Agria. Oblong shaped
Agria had less variability of seed spacing than spherical
shape Marfona. Similarly, Buitenverf et al (2006)
showed that the standard deviation of round balls was
higher than oblong seeds. In contrast, Al-Gaadi &
Marey (2011) found that Hermes variety of potato with
spherical shape indicated significantly lower value of
CV% than oblong shape Sponta variety of potato.
The percent values of doubles were 5.23% and 4.75%
for Agria and Marfona, respectively. The difference
between Agria and Marfona was 0.48% for doubles.
The percent values of skips were 2.64% and 4.45%
for Agria and Marfona, respectively. The difference
between Agria and Marfona was 1.81% for skips.
Skips were the main source of disturbance of the seed
spacing uniformity. It was observed in experiments
that it was more difficult to keep spherical potato
seeds on the cup than oblong potato seeds, because,
the spherical potato seeds could fall down easier than
oblong potato seeds. In addition, this showed that
oblong seeds were clutched by holding pins better than
spherical seed, and most probably, oblong seeds were
grabbed by cups better than spherical seeds.

3.3. Effect of potato size on the seed spacing
uniformity, doubles and skips

It was determined that seed size was an important
parameter on the seed spacing uniformity. The results
of values of CV%, and percent values of doubles and
skips affected by seed size are shown in Table 4. As
the seed size increased, the seed spacing uniformity
increased. The highest value of CV% was determined
as 27.52% for 25-45 mm seed size. The lowest value
of CV% was determined as 25.23% for 45-65 mm
seed size. Misener (1982) found that as the seed size
increased, the accuracy of seed spacing increased.
The highest percent value of doubles was obtained
from 25-45 mm seed size with 6.73%. The lowest
percent value of doubles was obtained from 45-65
mm seed size with 3.26%. These results agree with
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the results reported by Al-Gaadi & Marey (2011).
They found that percent value of doubles were 5.35,
4.18 and 3.31% for 35-45, 45-55 and 55-65 mm seed
size, respectively. As potato size increased, percent
value of skips increased. The highest percent value
of skips obtained from 45-65 mm seed size was
3.92%. The lowest percent value of skips obtained
from 25-45 mm seed size was 3.17%. These results
were supported by Al-Gaadi & Marey (2011). They
determined that percent value of skips had a range
from 5.19 to 7.30%. Misener (1982) compared the
cup type and pick type potato planters in terms of
various seed size. He showed that percent values of
skips and doubles ranged from 3.8 to 9.2 and from 6.6
to 23.7, respectively. Misener (1982) and Altuntas et
al (2004) determined that as the size of seed increased,
the number of skips increased. In addition, they found
that small seeds increased the number of doubles.

3.4. Effect of angular speed on the seed spacing
uniformity, doubles and skips

The accuracy of the seed spacing uniformity tended
to increase as the angular speed reduced. The value
of CV% ranged from 22.83 to 31.39% (Table 4). The
highest value of CV% was found as 31.39% for the
angular speed of 3.18 rad s'. The lowest value of
CV% was found as 22.83% for the angular speed of
0.9rads'. The seed spacing uniformity was the best in
lower angular speed as indicated by the seed spacing
uniformity values. Research results of Misener
(1979), Altuntas (2005) and Al-Gaadi & Marey
(2011) agree with these results. However, Buitenwerf
et al (2006) and Sieczka et al (1986) stated that as the
speed increased, the accuracy of seed spacing became
better. Al-Gaadi & Marey (2011) determined that the
values of CV% were 28.73, 37.10, and 54.53% for
the ground speeds of 1.80, 2.25, and 3.00 km h,
respectively. Entz & LaCroix (1984), Sieczka et al
(1986) and Misener (1982) stated that the coefficient
of variation of seed spacing obtained from different
potato planters ranged from 20% to 80%. Misener
(1979) stated that the values of CV% for the pick type
potato planter ranged from 55.3 to 68.7% while the
values of CV% for the cup type potato planter ranged
from 59.2 to 87.1%. The change of angular speed was
significantly affected the percent value of doubles
and skips. The highest percent value of doubles for
the angular speed of 0.9 rad s' was determined as

5.35%. The lowest percent value of doubles for the
angular speed of 3.18 rad s was found as 4.61%. As
the angular speed increased, percent value of doubles
decreased. The highest percent value of skips for
the angular speed of 3.18 rad s' was determined as
4.08%. The lowest percent value of skips for the
angular speed of 0.9 rad s was obtained as 3.06%.
Increase of the angular speed caused the percent
value of skips to increase. Misener (1979) found
that the pick type planter gave fewer doubles at the
lower ground speeds. He also stated that, except
two planters, all the other planters operating in the
ground speed range of 5.6 to 7.2 km h' produced
doubles more than skips. Al-Gaadi & Marey (2011)
determined that percent value of doubles and skips
were 5.93, 4.62 and 2.29%, and 3.91, 5.74 and 9.11%
for the ground speed of 1.80, 2.25, and 3.00 km h',
respectively. These results agree with our results. The
effect of C x A interaction on CV% was significant.
Plot of this interaction is presented in Figure 8. From
this figure, it can be seen that CV% value of C2 was
lower than those of the other cups for the angular
speed of 0.9 rad s™..
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Figure 8- Plot of C x A interaction on CV, % value
of angular speed

Sekil 8- Agisal hizin % CV iizerine C x A interaksiyon
grafigi

4. Conclusions

A full automatic potato planter with the seed
metering mechanism with the vertical disc was
tested at different cups, angular speeds, seed sizes
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and shapes in laboratory. The laboratory tests
showed that the cup, the angular speed, potato
sizes and potato shapes have significant effect
on the seed metering mechanism. The best seed
spacing uniformity was obtained from C2. Both
small and large cups disturbed the seed spacing
uniformity. As cup size increased, percent value of
doubles increased, although percent value of skips
decreased. The effects of seed shapes and seed
sizes on the seed spacing uniformity, and percent
values of doubles and skips were significant. The
seed spacing uniformity of oblong potato seeds
was better than that of spherical potato seeds. Skips
value of oblong potato seeds was lower than that
of spherical potato seeds. Nevertheless, the percent
value of doubles obtained from oblong potato
seeds was slightly higher than that of spherical
potato seeds. Small potato seeds led to an increase
in the value of CV%. The reason for this was the
doubles. The angular speed influenced seed spacing
uniformity significantly. Increasing the angular
speed decreased the seed spacing uniformity. As the
angular speed increased, percent value of doubles
decreased and percent value of skips increased.
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Abbreviations and Symbols

a b, c Dimensions of seed, mm
ANOVA  Analysis of variance

(A Coefficient of variation, %
Dp Geometric mean diameter, mm
LDR Light dependent resistor
N Total number of spacing
N, Number of t,

N, Number of t_

SD Standard deviation

S, Sphericity, %

S, Shape factor, %

Lt,t Time, s

X, Mean of time intervals, s
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ABSTRACT

Microtubule organization was compared between the Arabidopsis thaliana TUB-GFP and MBD-GFP mutants. Plant
height and primary root length were measured, and microtubule dynamics were examined by confocal laser scanning
microscopy after UV-B radiation to reveal changes in microtubules. Damage caused by UV-B was comparable between
transgenic lines and wild-type plants, although transgenic lines were more sensitive to UV-B than the wild-type. Spots
and depolymerization of microtubules were detected in both TUB-GFP and MBD-GFP plants; however, MBD-GFP
showed better adaptation of changes induced by UV-B treatment. These results indicated that UV-B inhibits the growth
and development of transgenic lines, and the inhibitory effects might result from changes in microtubules, as determined
by comparison between the TUB-GFP and MBD-GFP lines.

Keywords: Microtubules; UV-B radiation; Arabidopsis thaliana TUB-GFP; Arabidopsis thaliana MBD-GFP

UV-B Isigina Maruz Birakilmus TUB-GFP ve MBD-GFP Arabidopsis
thaliana Mutantlarinda Mikrotubuliis Olusumunun Karsilastirilmasi
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OZET

Bu ¢alismada, TUB-GFP ve MBD-GFP Arabidopsis thaliana mutantlarinda mikrotubuliis olusumu karsilastirilmistir.
Mikrotubuliislerdeki degisimleri belirlemek tizere UV-B 1s1gina maruz birakildiktan sonra bitki boyu ve ana kok
uzunlugu 6l¢lilmiis ve odaktas lazer goriintiileyici mikroskopla mikrotbuliis hareketi izlenmistir. Yabani bitkilere gore,
transgenik hatlar UV-B’ye daha duyarli olmasina karsin, UV-B 1s1ginin neden oldugu zararlanmanin transgenik hatlar ile
yabani tip bitkilerde karsilastirilabilir sekilde olustugu belirlenmistir. MBD-GFP, UV-B’nin neden oldugu degisikliklere
daha iyi uyum gostermesine karsin hem TUB-GFP hem de MBD-GFP bitkilerinin mikrotubuliislerinde beneklenme ve
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depolimerizasyon oldugu belirlenmistir. 7UB-GFP ve MBD-GFP hatlarinin karsilagtirilmasiyla elde edilen bu sonuglar,
UV-B’nin transgenik hatlarda biiyiime ve gelismeyi engelledigini, bu engellemenin mikrotubuliislerdeki degisimlerden

kaynaklanabilecegini gdstermistir.

Anahtar Kelimeler: Mikrotubuliisler; UV-B 1sin1; Arabidopsis thaliana TUB-GFP; Arabidopsis thaliana MBD-GFP

1. Introduction

Microtubules (MTs) are cylindrical polymers
composed of o- and [-tubulin heterodimers.
They are essential for growth and development,
participating in several cellular processes such as
cell division, intracellular transport, and signal
transduction in plants (Granger & Cyr 2000;
Sedbrook 2004). MTs are highly dynamic structures
and undergo transitions between states of growth,
shrinkage and pause (Kawamura & Wasteneys
2008). However, abiotic stress is one of the
environmental stresses. Plants undergo changes in
MTs in response to exposure to abiotic stress. For
example, when Lolium rigidum leaves were treated
with high pressure, MTs in epidermal cellular arrays
changed from random to organized arrangements in
cells in which the length was greater than the width
(Cleary & Hardham 1993). When the epidermal
cells in the cotyledons of A. thaliana are touched by
a fine glass or tungsten needles, depolymerization of
MTs is induced to form a microtubule-depleted zone
surrounding a dense patch of GFP-tubulin beneath
the needle tip (Hardham et al 2008). Alterations
of turgor disrupt MT organization along with the
appearance of crystallization and the distortion of
MT arrangement (Shi et al 2011).

Ultraviolet-B radiation (UV-B, 280-320 nm)
is an abiotic stress present in the environment.
It affects the morphogenesis of plants, modifies
plant structure, promotes the production of various
secondary metabolites (Rozema et al 1997), and
induces changes in the plant cytoskeleton. Previous
studies have assessed the effects of UV-B on the
cytoskeleton. Han (2002) showed “partition bundle
division” in mitotic cells of wheat exposed to UV-
B. This research showed that protoplast MTs in
wheat seedlings were significantly depolymerized

© Ankara Universitesi Ziraat Fakiiltesi

under UV-B, leading to the appearance of spots
and dispersive MTs (Guo et al 2010). Chen & Han
(2015) showed that actin filaments participate in
the process of “partition bundle division” in wheat
seedlings injured by enhanced UV-B, supporting
that MTs are injured by UV-B treatment (Krasylenko
et al 2012). These studies indicate that UV-B has a
severe impact on the plant cytoskeleton, especially
on the MTs of the cytoskeleton. The damage to
MTs affects the growth and development of plants
exposed to UV-B radiation.

TUB-GFP was generated by the fusion of green
fluorescent protein (GFP) to the N-terminus of A.
thaliana B-tubulin 6. Its incorporation into MTs as a
functional protein analog allows analysis of changes
in MT dynamics in response to low concentrations
of drugs in A. thaliana epidermal cells (Nakamura
et al 2004; Wasteneys & Yang 2004). MBD-GFP
consists of GFP fused to the microtubule binding
domain of microtubule associated protein 4 (MAP4).
It allows visualization of MT dynamics not only in
mammals, but also in the leaf epidermis of fava
bean, A. thaliana, and tobacco. It can label MTs
in roots and shape dwarf phenotypes in the plants.
The expression of GFP-MBD does not affect the
phenotype of the plants (Marc et al 1998; Granger &
Cyr 2000; Granger & Cyr 2001; Wasteneys & Yang
2004). Furthermore, GFP, as a reporter, is important
for monitoring MT dynamics in A. thaliana
seedlings, and it allows direct observation of MT
dynamics in vivo. The comparison of TUB-GFP and
MBD-GFP is useful for the study of MT dynamics
and signaling in response to different kinds of stress.
However, the effects of TUB-GFP and MBD-GFP
on MTs under UV-B treatment are unclear. Here,
we used 4. thaliana TUB-GFP seedlings and A.
thaliana MBD-GFP seedlings to compare MT
dynamics in response to UV-B treatment.
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2. Material and Methods

2.1. Plant materials and growth conditions

Wild-type (Arabidopsis thaliana L. Col-0), TUB-
GFP, and MBD-GFP plants were used. Seeds were
surface-sterilized with 1% sodium hypochlorite for
5 min and rinsed several times with sterilized water.
Sterilized seeds were germinated on plates containing
5 Murashige and Skoog medium (Hopebio) with 1%
(w v!) sucrose at 4 °C for 3 days, and plants were
grown at a temperature of 22 °C and 60-80% humidity
under a photoperiod of 16 h light and 8 h dark (100-
120 pmol m? s) placed vertically for 4 days.

2.2. Ultraviolet-B radiation treatment

There were two treatments with three replicates
as follows: wild-type, TUB-GFP and MBD-GFP
without UV-B treatment; and wild-type, TUB-GFP
and MBD-GFP with UV-B treatment. UV-B lamps
(Huaqiang, 40 W) were set vertically above the
plates. The intensity was controlled by modifying the
distance between the lamp and the plates. The dose
was 4.53 kI m? d! (4 h) for 6 days to reach 27.2 kJ
m?(Krasylenko et al 2012; Krasylenko et al 2013).

2.3. Plant height and primary root length
quantification

At 6 days after UV-B treatment, 20 seedlings per
replicate were randomly selected from each plate, and
plant height and primary root length were recorded.

2.4. In vivo microtubule observation

Before the observation, seedlings were placed in the
darkroom for at least 12 h under standard growth
conditions (Voigt et al 2005). The morphologic
variations of MTs were observed using a confocal
laser scanning microscope (FV-1000, Olympus,
Japan). Images were analyzed using the FV10-
ASW 1.7 Viewer supplied with the confocal laser
scanning microscope and Photoshop CSS5.

2.5. Statistical analysis

Data analysis was performed with SPSS 17.0 and
Original 8.0. Statistical significance was estimated
at P<0.05 according to Duncan’s multiple range test.
Data are expressed as the mean+SD.

3. Results

3.1. Comparison between the phenotypes of TUB-
GFP seedlings and MBD-GFP seedlings exposed
to UV-B radiation

Figure la shows the appearance of clustered
leaves and short petioles in plants without UV-B
treatment in TUB-GFP compared with wild-type
plants. MBD-GFP was similar to the wild-type, as
reported previously (Granger & Cyr 2001) (Figure
1a). Figure 1b shows dwarf phenotypes and smaller
leaves in plants exposed to UV-B in TUB-GFP;
clustered leaves and shorter petioles were more
obvious than those observed in TUB-GFP in Figure
la. Figure 1b shows the inhibitory effect of UV-B
on MBD-GFP compared with MBD-GFP in Figure
la. However, the inhibitory effects on TUB-GFP
were more distinct than those on MBD-GFP. Figure
1b shows the curled-down leaf phenotype of wild-
type seedlings compared with that of seedlings in
Figure la.

Figure 1- Comparison between TUB-GFP
Arabidopsis seedlings and MBD-GFP Arabidopsis
seedlings exposed to UV-B radiation; a, Without
UV-B treatment (CK), the Arabidopsis seedlings
from left to right are TUB-GFP, MBD-GFP,
and wild-type; b, With UV-B treatment (B), the
Arabidopsis seedlings from left to right are TUB-
GFP, MBD-GFP, and wild-type

Sekil 1- UV-B Isigina maruz bwakilmis TUB-GFP
Arabidopsis fideleriyle ve MBD-GFP Arabidopsis
fidelerinin  karsilastiriimasi;;  a, UV-B 15181
uygulanmamis (CK), soldan saga dogru TUB-GFP,
MBD-GFP ve yabani Arabidopsis fideleri; b, UV-B
15181 uygulanmis (B), soldan saga dogru TUB-GFP,
MBD-GFP ve yabani Arabidopsis fideleri
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3.2. Comparison between plant height and primary
root length of TUB-GFP and MBD-GFP exposed
to UV-B radiation

Plant height and primary root length in the presence
or absence of UV-B were randomly measured in
the present study. In Figure 2, quantitative analysis
showed that TUB-GFP plants were significantly
shorter than wild-type and MBD-GFP plants,
whereas plant height was comparable between
MBD-GFP and wild-type plants that were not
exposed to UV-B radiation. Under UV-B radiation,
the plant height of TUB-GFP showed the greatest
reduction. MBD-GFP plants were shorter than
wild-type plants. The plant height was significantly
changed compared with that of the control (P<0.05).
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Figure 2- Comparison between the plant height
of TUB-GFP and MBD-GFP exposed to UV-B
radiation, data represent the mean+SD (n= 3)

Sekil 2- UV-B sigina maruz bwrakilmis TUB-
GFP ve MBD-GFP bitkilerinin bitki boylarinin
karsilastiriimasi, ortalama=SD (n= 3)

The effects of UV-B on primary root length in
TUB-GFP and MBD-GFP were also investigated
(Figure 3). Quantitative analysis revealed that the
primary root length of TUB-GFP was significantly
shorter than that of others without UV-B, and
the primary root length of MBD-GFP was not
significantly different than that of the wild-type
plants. In plants exposed to UV-B radiation, the
primary root length of TUB-GFP was decreased.

The primary root length of MBD-GFP was also
decreased, although it was greater than that of TUB-
GFP. The primary root length was significantly
changed compared with that of the control (P<0.05).

e
R uvs
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Primary root length (ci

TUB-GFP
Treatments

MBD-GFP

Figure 3- Comparison between the primary root
length of TUB-GFP and MBD-GFP exposed to
UV-B radiation, data represent the mean+SD (n=3)
Sekil 3- UV-B wsigina maruz bwrakilmis TUB-GFP
ve MBD-GFP bitkilerinin ana kok uzunlukiarinin
karsilagtiriimasi, ortalama+SD (n= 3)

3.3. In vivo visualization of microtubules in TUB-
GFP and MBD-GFP under UV-B treatment.

Based on the results described above, we compared
the microtubule dynamics of TUB-GFP and MBD-
GFP in response to UV-B treatment by confocal
microscopy. In this experiment, we observed
the microtubule dynamics of stomata. Total
fluorescence was intense in TUB-GFP, and guard
cells were symmetrical in the absence of UV-B
(Figure 4a). However, UV-B treatment caused
severe depolymerization of MTs and a reduction in
total fluorescence in TUB-GFP. Guard cells were
asymmetric, twisted and patched MTs were observed
in stomata (Figure 4a’). By contrast, MTs in guard
cells of MBD-GFP appeared radial and fluorescence
intensity was high without UV-B (Figure 4b).
Exposure to UV-B caused the appearance of spots,
the depolymerization of MTs, and a reduction in
fluorescence in guard cells of MBD-GFP (Figure
4b").
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CK B

Figure 4- Microtubule dynamics of stomata in TUB-
GFP and MBD-GFP exposed to UV-B radiation
(Scale bar= 10 pm); a, a' show the microtubule
dynamics of stomata in TUB-GFP without UV-B
treatment (CK) and with UV-B treatment (B),
respectively; b, b’ show the microtubule dynamics
of stomata in MBD-GFP without UV-B treatment
(CK) and with UV-B treatment (B), respectively
Sekil 4- UV-B sigina maruz bwrakilmis TUB-GFP
and MBD-GFP stomalarinda mikrotubuliis hareketi
(Olgek boyutu= 10 um); a ve a' siraswyla UV-B 15181
uygulanmamis (CK) ve UV-Buygulanmis (B) TUB-GFP
stomalarindaki mikrotubuliis hareketi; b ve b' sirasiyla
UV-B 5181 uygulanmamis (CK) ve UV-B uygulanmis
(B) MBD-GFP stomalarindaki mikrotubuliis hareketi

4. Discussion

The effects of UV-B radiation have attracted
significant attention. UV-B radiation inhibits the
growth and development of plants, and causes
changes in architecture, such as curled leaves and
other leaf changes, shorter petioles, and decreased
stem elongation among others (Robson & Aphalo
2012; Robson et al 2015). Hectors et al (2010)
reported that UV-B resulted in transient changes
in the length: width ratio of A. thaliana leaves. In
the present study, the same characteristics were
observed in the transgenic 4. thaliana TUB-GFP and
MBD-GFP; however, the extent of the changes was
different (Figure 1). Previous studies suggested that

UV-B decreases stem elongation and inhibits root
growth (Jansen 2002; Robson et al 2015), which is
consistent with the present results shown in Figure
2 and 3. These phenotypes reflect the resistance
to stress in plants and their protective effects in
response to UV-B stress. The phenotypes of TUB-
GFP and MBD-GFP exposed to UV-B indicate
damage to MTs caused by UV-B, and this damage
was more severe in 7UB-GFP than in MBD-GFP.
These results support that MTs play a critical role
in the growth of plants and their adaptation to the
environment, and could be used as an indicator of
UV-B associated damage.

Leaves are the principal direct recipient site in
plants exposed to UV-B, and the responses of leaves
to UV-B, and the effects of UV-B on stomata were
significant. Therefore, we observed the MT dynamics
of stomata in our study. In Figure 4a’, guard cells
appeared asymmetric and showed a deformed kidney
shape, with patches and depolymerization of MTs
under UV-B, compared with Figure 4a. In Figure
4a, MTs were not arranged radially, which may be
caused by stomatal movement (Yu et al 2001; Lucas
et al 2000). Figure 4b’ shows depolymerization of
MTs and their disappearance compared with Figure
4b. MTs are necessary for maintaining the kidney
shape of guard cells (Yu et al 2001). Under UV-B
stress, MTs aggregated in MBD-GFP, whereas they
appeared patched and depolymerized, leading to
slower growth in TUB-GFP. These results indicated
that depolymerization of MTs is one of the main
factors leading to the effects described above, and
MBD-GFP could be better adapted to the changes
induced by UV-B.

Studies have shown that UV-B induces
MT depolymerization and leads to a series of
effects (Guo et al 2010; Krasylenko et al 2012;
Krasylenko et al 2013). However, the mechanisms
of depolymerization of MTs under UV-B remain
unclear. Abiotic stress is one of the factors causing
MT reorientation, such as drought, turgor pressure,
and osmotic stress (Bisgrove 2008; Hong et al
2010; Liu et al 2014).Turgor pressure maintains cell
tension, regulates stomatal opening and closing, and
is closely related to the growth of plant cells. At the
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same time, turgor pressure regulates MTs (Iwata
et al 2001; Yu et al 2001; Liu et al 2014). When
stomata close, fewer MT structures are detected
in guard cells and MTs are disassembled (Eisinger
et al 2012). UV-B could change the membrane
permeability of guard cells, and induce stomatal
closure (Zhang & Zhou 2009). Therefore, MTs are
closely related to turgor pressure, and MTs can be
altered under UV-B, leading to changes in plants.
This implies that UV-B may indirectly affect turgor
pressure and lead to changes of MT dynamics,
causing changes in the plants.
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ABSTRACT

This study was conducted to determine genotypic variation among sorghum cultivars grown under similar ecological
conditions for seed vigor, salt (NaCl) and drought stresses. A seedling survival test was also performed in a pod
experiment to investigate genotypic differences in terms of sorghum drought tolerance. In seven sorghum cultivars, seed
vigor was determined using electrical conductivity and accelerated ageing tests. Also, germination rate and seedling
growth of these cultivars were evaluated under salt and drought stress induced by PEG 6000 at water potentials of
0.0 (distilled water), -1.8, -3.6, -7.2 and -10.8 bar. The results showed that there was a significant difference in seed
vigor of sorghum cultivars grown at same ecological conditions. Akdar1 produced more vigorous seeds than the other
cultivars. The significant relationship between accelerated ageing and laboratory emergence (r= 0.967**), and between
electrical conductivity and germination percentage (r= -0.873**) were determined. The suitable tests for germination
and emergence potential in sorghum were electrical conductivity and accelerated ageing, respectively. Increasing NaCl
and PEG levels inhibited germination and seedling growth. Germination, root length and shoot length were higher,
whereas mean germination time was lower, in NaCl solution compared to in PEG solution at the same water potential.
In salt, drought and seedling survival tests, Aldar1 showed the better performance than the others. It could be concluded
that seed vigor is not a reliable indicator of germination performance under salt and drought stress conditions and that
genetic differences may play an important role in stress tolerance.

Keywords: Sorghum bicolor L.; Accelerated ageing; Salinity; Drought; Germination; Cultivar

Sorgum Cesitleri Arasinda Tohum Giicii, Tuz ve Kurakhk Stresi
Bakimindan Genotipik Varyasyonun Belirlenmesi
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OZET

Bu ¢alisma ayni ekolojik kosullarda yetistirilen sorgum gesitleri arasinda tohum giicii, tuz (NaCl) ve kuraklik stresi
bakimindan genetik farkliliklarin belirlenmesi amaciyla yiirttiilmistiir. Ayrica sorgum gesitleri arasinda kuraklik stresine
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toleransin belirlenmesi amactyla saksi denemesi olarak fide canlilik testi yapilmistir. Incelenen 7 sorgum gesidinde
tohum giicii, elektriksel iletkenlik ve hizli yaglandirma testleriyle belirlenmistir. PEG 6000 ve NaCl kullanarak su tutma
giicii 0.0 (saf su), -1.8, -3.6, -7.2 ve -10.8 bar olarak ayarlanan soliisyonlarda gesitlerin ¢imlenme ve fide gelisimi
incelenmistir. Arastirma sonuglarina gore, ayni ekolojik kosullarda yetistirilen sorgum ¢esitlerinin tohum giicleri arasinda
onemli farkliliklarin oldugu belirlenmistir. Akdart gesidi diger cesitlere gore daha giiglii tohum tretmistir. Tohum gii¢
testlerinden hizli yaslandirma ile laboratuvar ¢ikisi arasinda (r= 0.967**) ve elektriksel iletkenlik ile ¢imlenme arasinda
(r=-0.873*%*) 6nemli iligkilerin oldugu belirlenmistir. Sorgum ¢esitlerinin ¢imlenme potansiyelini belirlemede elektriksel
iletkenlik testi, ¢ikis performansinin belirlenmesinde ise hizli yaslandirma testi uygun bulunmustur. Artan NaCl ve
PEG konsantrasyonlar1 ¢gimlenme ve fide gelisimini engellemistir. NaCl ile karsilastirildiginda, PEG soliisyonlarinda
¢imlenme, kok ve siirglin uzunlugu daha yiiksek, ortalama ¢imlenme siiresi daha kisa bulunmustur. Tuz, kuraklik ve
fide canlilik testlerinde, Aldar1 ¢esidinin diger ¢esitlerden daha yiiksek performans gostermistir. Sonug olarak, tohum
glic testlerinin tuz ve kuraklik stresinde ¢gimlenme performansi i¢in glivenilebilir olmadigi ve genetik farkliliklarin stres

toleransinda 6nemli rol oynadig: sdylenebilir.

Anahtar Kelimeler: Sorghum bicolor L.; Hizli yaglandirma; Tuzluluk; Kuraklik; Cimlenme; Cesit

1. Introduction

Sorghum (Sorghum bicolor (L.) Moench), a crop
native to Sub-Saharan Africa, is widely used for
multiple purposes, such as feed, food, fiber and
fuel (Tari et al 2013). Sorghum is adapted to semi-
arid tropical regions and produces a reasonable
yield under high temperatures, high radiation, high
evaporative demand, unreliable and irregular rainfall
and soil properties of low fertility and low water
holding capacity, all of which cause detrimental
effects on seed germination and seedling growth as
well as plant survival (Doggett 1988; Mutavaa et al
2011).

Osmotic stress created by salinity and drought
represents one of the major yield constraints in many
parts of the world (Araus et al 2002; Munns 2002;
Kandil et al 2012). This type of stress adversely
affects crop plants at all life cycle stages, with
germination and seedling establishment being more
sensitive than subsequent growth stages (Khan &
Gulzar 2003; El Naim et al 2012). Drought and salt
stress tolerance in sorghum has been investigated in
previous studies by Smith et al (1989), Igartua et al
(1994), Maiti et al (1994), Kaur Gill et al (2002) and
Ambika et al (2011); however, limited information
about the relationship between germination
performance under these stresses and seed vigor of
sorghum.

© Ankara Universitesi Ziraat Fakiiltesi

A germination test determines the viability of
seeds but it fails to estimate field performance, as
the seedbed conditions at planting are less than
optimum. The seedbed conditions can impose
moderate to severe stress on the seed, thereby
delaying or preventing germination (TeKrony &
Egli 1991). These stress conditions can lead to
decreased emergence rates, namely, lower values
reported by the germination test. Seed vigor tests,
including emergence, osmotic stress generated
by NaCl and PEG, temperature, conductivity and
accelerated ageing provide more sensitive measures
of physiological seed quality, which more accurately
reflect a seed lot’s potential performance (McDonald
1993; Milosevic et al 2010).

This study aimed to investigate differences
in seed vigor of sorghum cultivars grown under
the same ecological conditions and to determine
whether seed vigor influences germination under
drought and salt stress conditions.

2. Material and Methods

This study was conducted at the seed science
laboratory of the Field Crops Department,
Agricultural ~ Faculty, Eskisehir =~ Osmangazi
University, Turkey. Seeds of sorghum cultivars
Aldari, Akdari, Beydari, Gozde-80, Greengo, Leoti
and Rox were harvested from the experimental
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fields at Eskisehir Osmangazi University in 2011.
All of the seeds were stored at 4 °C prior to the start
of the experiment.

Germination test: Four replicates of 50 seeds
from each cultivar were germinated on three
rolled filter papers with 10 mL of distilled water.
Each rolled paper was placed in a sealed plastic
bag to prevent moisture loss. Seeds were allowed
to germinate at 25+1 °C in the dark for 10 days.
Seeds were considered to have germinated when
the emerging radicle was at least 2 mm long.
Germination percentage (GP) was recorded every
24 h for 10 days. Mean germination time (MGT)
was calculated to assess the speed of germination
(ISTA 2003).

Salt and drought stres: Germination and early
seedling growth of the cultivars were studied under
osmotic potentials of -1.8, -3.6, -7.2 and -10.8 bar,
produced by either NaCl or polyethylene glycol
(PEG 6000) (Michel & Kaufmann 1973). NaCl
concentrations had the electrical conductivity (EC)
values of 5, 10, 20 and 30 dS m™'. The germination
test results were used as a control.

For the seed vigor tests accelerated ageing (AA)
test, electrical conductivity (EC) test, emergence
test and seedling survival test were conducted as
detailed below.

Accelerated ageing (AA) test: Two hundred
seeds were sampled from each cultivar. Using an
ageing temperature and time combination of 45
°C for 144 h, the AA test was performed in plastic
boxes (11x11x4 c¢m) to which 40 mL of distilled
water was added (Hampton & TeKrony 1995).
Seeds were uniformly distributed on wire mesh
trays (10x10x3 cm), which were placed inside the
boxes. After ageing, 50 seeds per replicate were
allowed to germinate on filter paper at 25+1 °C in a
dark growth chamber for 10 days.

Electrical conductivity (EC) test: The electrolyte
leakage was measured for four replicates of 50
weighed seeds from each ageing combination. Seeds
were immersed in 50 mL deionized water at 25+1
°C for 24 h (ISTA 2003). The electrical conductivity
of soaked water was measured using a conductivity

meter (Model WTW Cond 314i, Germany). Results
were expressed in puS em™ g to take into account
any variability in seed weight among the seed lots.

Emergence test: Four replicates of 50 seeds from
each cultivar were sown at a 2 cm depth in sand-
filled seedling trays (30x20x7 cm) to determine
laboratory emergence percentage (LEP) under
salinity stress. Seedlings were grown in an incubator
set at 25+1 °C for 10 days. The emerged seedlings
(identified by the appearance of hypocotyls at the
surface) were counted at ten days after sowing.

Seedling survival test: Seven sorghum cultivars
were tested for water stress tolerance at the seedling
growth stages described by Hameed et al (2010).
Ten seeds were sown at a depth of 1.5 cm in a
plastic pot (24x19 cm) filled with an equal quantity
of field soil. All of the pots were irrigated to the
soil water holding capacity every other day during
the experiment. Once each plant reached the stage
where it had 5 leaves, irrigation was no longer
provided. Data were recorded for percent wilting
due to drought for 15 days.

The experiment was arranged in a completely
randomized design (CRD) with four replicates and
50 seeds per replicate. Germination percentage data
were subjected to arcsine transformation before
analysis of variance was performed using the
MSTAT-C program (Michigan State University).
The differences among the means were compared
using the LSD values (P<0.05).

3. Results and Discussion

The standard germination test showed significant
differences among the sorghum cultivars. The
lowest germination rate was obtained in Gozde
80 (89.5%), while higher values were obtained
from Akdar1 and Leoti with 100% than the others
(Figure 1). When the germination decreased EC
values increased considerably. The highest EC
value was recorded in G6zde 80. Accelerated ageing
resulted in decreased germination in all cultivars.
Significant decreases in germination percentage of
Gozde 80 and Greengo were detected. The highest
germination percentage in the accelerated ageing
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test was detected in Akdari (96.5%). The laboratory
emergence test demonstrated that the Gozde 80 had
the lowest emergence percentage (79.0%), while
Akdar1 was superior to all of the other sorghum
cultivars. Correlation coefficient between laboratory
emergence and accelerated ageing was positive and
significant (r= 0.967**). The cultivars with lower
germination percentages had lower emergence
percentages but higher electrical conductivity
values. Significant and negative correlation
coefficient (r= -0.873**) were determined between
germination percentage and electrical conductivity.
In other words, germination and emergence of
sorghum cultivars were negatively correlated
with electrical conductivity. The conductivity test
has been suggested as a method to evaluate seed
vigor of pea and soybean (Hampton & TeKrony
1995). Furthermore, this test has been routinely
used for other crops in seed laboratories due to its
simplicity and potential for rapid implementation.
Our findings indicate that electrical conductivity
might be a satisfying indicator of seed vigor of
sorghum cultivars, as similar results were obtained

100 -
80 -

60 -

20

from the accelerated ageing test. Soares et al
(2010) reported that the electrical conductivity test
should only be used if the seed lots with low vigor
have been identified. The detrimental effect of
accelerated ageing was more prominent in Gozde
80 and Greengo. These results agree with those
reported by Santipracha et al (1997) in corn and
Cisse & Ejeta (2003) in sorghum. Furthermore,
they confirm that genetic differences may play an
important role in determining seed vigor. Based on
the results of the accelerated ageing test along with
laboratory emergence, the sorghum cultivars were
arranged as Akdari>Leoti>Beydari>Rox>Aldari>G
reengo>Gozde 80 in terms of decreasing seed vigor.
The electrical conductivity test results suggested a
different sequence as Akdari>Aldari>Leoti>Greeng
o>Rox>Beydari>Gozde 80 (Figure 1).

A significant (P<0.05) two-way interaction
(genotype and NaCl) was found for all investigated
characters under salt stress. The germination
percentage was significantly reduced at NaCl levels of
20 dS m''. The minimum germination were detected

L 4
4

*\//\

0 T T
Aldari Akdari Beydari Go6zde-80

Greengo Leoti Rox

Figure 1- Germination percentage (0), laboratory emergence (o), germination after accelerated ageing (A)
at 45 °C for 144 h and electrical conductivity (¢) for 24 h results for the seven sorghum cultivars used in this
study, significant correlation coefficients between germination and electrical conductivity (r= -0.873%%),
laboratory emergence and accelerated ageing (r= 0.967%*) were determined

Sekil 1- Arastirmada kullanilan sorgum cesitlerinin ¢imlenme yiizdesi (D), laboratuvar ¢ikig (®), 45 °C’de 144
saat hizli yaglandirma sonrasi ¢imlenme (A) ve 24 saat sonra elektriksel iletkenlik (), ¢imlenme ve elektriksel
iletkenlik arasinda (r=-0.873%%*), laboratuvar ¢ikisi ve hizli yaglandirma arasinda (r= 0.967*%*) énemli korelasyon
katsayilart belirlenmigtir
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in Gozde 80 (7.5%), while the highest germination
percentage (74.0%) was detected in Aldari at the NaCl
concentration of 30 dS m™ (Table 1). The MGT was
delayed by increasing the degree of salinity stress, on
NaCl level of 20 dS m™ retarded MGT considerably
compared to lower levels of NaCl. Due to insufficient
germination, the MGT was not calculated at 30 dS
m', except in Aldari. The most rapid germination
at 20 dS m™ occurred in Aldari after 2.67 d. NaCl
adversely affected the germination percentage and
mean time to germination in sorghum cultivars, and
inhibitory effects of NaCl on germination could be
detected at 30 dS m. Among the sorghum cultivars,
Akdar1 had the highest emergence percentage
(98.0%) in the control treatment, while Beydart
had the highest emergence proportion (85.0%) at
the NaCl level of 10 dS m'. At the highest salt
concentration, the maximum emergence percentage
was recorded in Leoti (13.0%) (Table 1). The final
germination percentage was markedly reduced at the
NaCl level of 20 dS m™ however mean germination
time increased as NaCl levels increased. However,
Tabatabaei & Anagholi (2012) found that NaCl levels
between 0 and 15 dS m™! did not adversely affect the
germination percentage. Similar results were reported
by Francois et al (1984), Maiti et al (1994), Faheed et
al (2005) and Kandil et al (2012) whom determined
that germination and seedling growth were reduced
in saline soils with responses varying depending on
the cultivar while NaCl diminished the germination
of seeds by creating an external osmotic potential,
thereby preventing water uptake. Increased drought
stress resulted in decreased germination and seedling
growth, especially at salinity levels higher than -7.2
bar, which is in line with earlier observations made by
Kaur Gill et al (2002). Saint-Clair (1976) determined
a close relationship between germination under
drought stress induced by PEG and field drought
tolerance in 11 sorghum cultivars.

Generally, increasing salinity levels decreased
root length except Rox, and Greengo and Leoti
exhibited the longer roots than the others. Root
growth was not detected in Aldari, Akdart and Rox
at 20 dS m™!' NaCl. The shoot lengths of nearly all of
the sorghum cultivars did not change significantly

at salinity levels up to 20 dS m™. None of the
genotypes observed in this study were able to grow
shoots at salinity levels of 30 dS m™. At 20 dS m™,
Leoti was superior to the other cultivars, exhibiting
a shoot length of 6.87 cm. Greater reductions in
seedling fresh weight due to NaCl were significantly
prominent at 20 dS m’', and no shoot growth was
observed at 30 dS m™'. NaCl enhanced shoot growth
at salinity concentrations up to 10 dS m*! but
inhibited shoot growth dramatically at 20 dS m™.
Seedling dry weight showed a trend similar to that
of fresh weight, and Leoti, Greengo and Gozde 80
produced seedling dry weights at 20 dS m™'.

Drought stress induced by PEG adversely
affected germination and seedling growth of
sorghum cultivars. Higher germination rates were
obtained in Aldar1 (28.5%) and in Beydar1 (13.0%)
at a PEG level of -10.8 bar (Table 2). Increased
drought stress delayed the mean germination time.
The shortest MGT (2.49 d) at -7.2 bar was observed
in Aldari. Seedling growth of the sorghum cultivars
was severely influenced by increasing drought stress.
No shoot and root development and subsequently
no seedling fresh and dry weights were observed
at a drought stress level of -7.2 bar in all cultivars.
Leoti and Gozde 80 developed shoots and roots
at drought stress levels of -1.8 and -3.6 bar. As no
shoot growth was recorded under higher levels of
drought stress, seedling fresh and dry weights were
not evaluated. Each increase in PEG level caused
a remarkable decrease in seedling fresh weight for
all cultivars. However, the changes in seedling dry
weight of Beydari, Gézde 80, Greengo and Leoti
due to drought stress were not significant. Apparent
genetic differences were found among the sorghum
cultivars subjected to salt and drought stresses with
respect to seedling growth. Root and shoot length, in
addition to seedling fresh and dry weight, decreased
under increasing salt and drought concentrations. In
terms of germination and seedling growth, cultivars
were arranged in the following order, based on
performance under NaCl stress as Aldari>Greengo
>Rox>Beydari>Leoti>Akdari>Go6zde 80. The order
of cultivars under drought stress was Aldari>Greeng
o>Beydari>Rox>Leoti>Akdari>Gozde 8§0.
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Table 1- Germination and seedling growth of sorghum cultivars under different NaCl levels*

Cizelge 1- Farkli NaCl seviyelerinde sorgum ¢egitlerinin ¢imlenme ve fide gelisimi*

Seedling Seedling

Sorghum  NaCl  Germination MGT  Emergence Root length Shoot length fresh weight  dry weight

cultivars ~ (dS m™) (%) (d) (%) (cm) (cm) (mg plant’)  (mg plant’)
0 100.0+£0.00  1.96+0.02 88.0+5.65 10.52+0.72 11.17+0.38  85.87+5.13  10.40+0.33
5 96.5+3.41  2.03+£0.05 73.0£5.03 11.52+1.16 9.42+0.68  63.20+£6.25  9.00+0.55
Aldart 10 92.542.51  2.11+0.07 49.0+6.83 10.67+0.57 7.46+0.80  50.20+6.17  8.35+0.36

20 89.5£2.51  2.67+£0.23 2.0+2.30 - - - -
30 74.0+4.32  4.16£0.26 0.0+0.0 - - - -
98.0+£2.82  2.59+0.08 98.0£2.30 8.57+£1.17 8.41£0.42  84.77£8.73  8.60+0.64

5 96.0£3.65  2.89+0.11 95.0£2.00 8.15+0.98 8.45+0.34  66.42+5.26  7.27+0.49

Akdar1 10 90.0£5.41  3.19+0.06 84.5£3.41  7.75£0.51 7.36+0.26 52.42+3.00  6.62+0.26
20 64.0£8.79  4.71+£0.15 49.0+6.00 - - - -
30 21.5+6.40 - 7.0+6.00 - - - -

96.5+£3.00  2.18+0.06 92.0+0.0  10.83+1.59 7.22+0.31 24.02+£0.55  7.97+0.25

5 91.543.41 2.26+0.05 88.0+10.83 11.31+0.96 6.63+£0.54  31.02+2.03  8.05+0.36

Beydar1 10 86.0+4.00  2.65+0.07 85.0+£3.82  9.76+0.99  7.33+£0.52  27.55+2.43  7.30+0.54
20 67.0+6.63  3.37+0.20 59.0+6.00 4.224+2.82 2.86+1.91 9.82+6.57 2.95+£1.97

30 31.5+£9.00 - 12.0+3.26 - - - -
0 78.5+£5.25  2.94+0.11 79.0£6.83 13.26+1.09 8.57+0.49  73.90+7.71  7.72+0.43
5 73.54£9.00  2.75+0.12 64.0£5.65 12.56+0.19 9.42+0.74  71.65£2.31  6.97+0.12
Gozde 80 10 63.5+£7.72  3.15+£0.32 58.0£6.92 12.36+0.67 9.32+0.53 61.15+4.21  6.27+0.17
20 32.0+0.0 - 23.0+£6.00 3.37+3.93  2.67+3.11 31.60+4.77  3.60+0.54
30 7.5+4.72 - 4.0+3.26 - - - -
99.0+£1.15  2.14+0.15 84.0+6.53 12.61+1.56 9.33+0.87  58.75+18.13  6.52+2.52
5 90.5£5.74  2.70+£0.25 63.0£9.45 12.15+1.31 8.35+0.34  41.67+4.40  4.35+0.55

Greengo 10 82.5+4.43  2.41+0.12 21.0£8.24 11.62+0.83 7.07+0.68  75.20+4.66  8.60+0.70
20 72.0+£4.89  3.97+0.31 0.0+0.0 7.50£0.55 3.78+0.73 32.22+£2.88  4.65+0.36
30 44.5+10.87 - 0.0+0.0 - - - -

0 100.0+£0.00  1.99+0.03 94.0£2.30 11.18+1.55 10.25+0.86  77.52+4.13  9.37+0.09
5 100.0£0.00  2.13+0.03 94.0+2.30 9.27+0.32 12.71+0.28  68.90+4.75  8.30+0.45
Leoti 10 97.0+1.15  2.26+0.12 78.0£5.16  9.65+0.49 12.16+0.54  50.77+5.41 7.75+0.44
20 89.0+2.00  3.27+0.07 65.0£3.82  7.28+0.31  6.87+0.35 26.02+1.54  5.07+0.35
30 31.0+8.08 - 13.0+6.83 - - - -
97.0£3.46  1.96+0.13 91.0£8.24 9.66+0.67 7.92+0.45 88.47+£7.36  9.35+0.46
96.0£3.26  1.95+0.09 78.0£8.32 10.13+0.61 7.97+0.65 79.32+8.35  8.37+0.82
Rox 10 90.5£1.91  2.33+0.09 43.5+10.63 10.18+0.58 7.35+0.75 69.32+£9.07  7.42+0.79
20 69.0+£8.08  3.78+0.09 0.0+0.0 - - - -
30 43.0+10.00 - 0.0+0.0 - - - -
LSD,  (P<0.05) 7.58 0.19 7.87 1.56 1.09 7.61 0.93

*, data represent mean+standard deviation (SD) of four replicates
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Table 2- Germination and seedling growth of sorghum cultivars under different drought stress*

Cizelge 2- Farkli kuraklik streslerinde sorgum ¢egitlerinin ¢imlenme ve fide gelisimi*

Sorghum PEG Germination MGT Root length ~ Shoot length Seedlin.gfr esh Seedli.n g dry
cultivars (bar) (%) @) (cm) (cm) weight weight
(mg plant”) (mg plant”)
0 100.0£0.00  1.96+0.02 10.52+0.72 11.17+0.38 85.87+5.13  10.40+0.33
-1.8 96.0+1.63 1.70£0.13  11.57+1.04 6.62+0.27 29.00+1.41 9.42+0.20
Aldart -3.6 99.0£1.15 1.99+0.07  8.83+1.35 4.50+0.21 22.00+0.81 7.42+0.28
-7.2 91.5£7.18 2.49+0.21 - - - -
-10.8 28.5+4.12 - - - - -
0 98.0+2.82  2.59+0.08 8.57+1.17 8.41+0.42 84.77+8.73 8.60+0.64
-1.8 94.5+4.12 3.02+0.12  7.10%1.00 5.56+0.45 16.75+1.50 6.17+0.45
Akdart -3.6  89.5+2.51 3.56+0.46  6.45%0.87 2.60+0.17 11.75+1.25 4.07+0.18
=72 33.5£7.54 - - - - -
-10.8  0.00+0.00 - - - - -
0 96.5+£3.00 2.18+0.06  10.83+1.59 7.224+0.31 24.02+0.55 7.97+0.25
-1.8 98.5£1.00  2.03+£0.07 11.95+0.44 6.75+0.20 26.75+2.36 9.02+0.45
Beydari -3.6 97.0+3.46 2.19+0.20  8.83%1.25 5.46+0.64 23.00+3.74 7.45+0.55
<72 76.0£6.53  2.84+0.31 - - - -
-10.8 13.0£5.77 - - - - -
0 78.5£5.25 2.94+0.11 13.26%1.09 8.57+0.49 73.90+7.71 7.72+0.43
-1.8 84.0£8.79  2.57+0.16 11.08+0.28 9.28+0.90 29.00+2.16 7.00+0.00
Gozde 80 -3.6 70.0£9.09  2.94+0.06 10.41+0.24 7.38+0.45 28.25+1.70 6.25+0.50
-7.2 27.0+£3.82 - - - - -
-10.8 0.00+0.00 - - - - -
0 99.0+1.15  2.14+0.15 12.61+1.56 9.33+0.87 58.75+18.13  6.5242.52
-1.8  96.5£1.00 1.39+0.15  9.77+1.36 8.82+0.46 25.50+3.78 8.00+0.57
Greengo -3.6  92.0+4.89 1.92+0.08  9.51+1.48 5.87+0.96 28.00+4.76 7.25+0.50
=72 74.5+7.72 2.60+0.06 - - - -
-10.8 14.5+8.38 - - - - -
0 100.0+0.0 1.99+0.03  11.18+1.55 10.25+0.86 77.52+4.13 9.37+0.09
-1.8 99.5£1.00 1.91+£0.02  13.33+1.74 9.90+0.24 37.00+3.16 8.50+0.57
Leoti -3.6  99.0+2.00 2.00+£0.05 11.16+0.58 8.60+0.54 33.75+3.94 7.50+£0.57
=72 92.043.65 2.50+0.17 - - - -
-10.8 3.0+£3.82 - - - - -
0 97.0£3.46 1.96+0.13  9.66+0.67 7.92+0.45 88.47+£7.36 9.35+0.46
-1.8 97.5+2.51 2.02+0.05  9.01+0.51 7.42+0.24 30.00+2.70 8.00+0.00
Rox -3.6 96.0£1.63  2.25+0.19  9.60+1.36 6.12+0.35 30.25+2.50 8.25+0.50
=72 36.0£7.11 - - - - -
-10.8 4.5+1.91 - - - - -
LSD,  (P<0.05) 6.38 0.20 1.23 0.57 6.14 0.74

*, data represent mean+standard deviation (SD) of four replicates
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In the seedling survival test, the sorghum
seedlings started wilting 11 days after the drought
incubation. Significant differences among the
cultivars were determined (P<0.05). Aldari and
Rox were the last cultivars to wilt while Akdar1 and
Gozde 80 died earlier (Table 3). Genotypic variation
among the sorghum cultivars was determined.
Seedlings began wilting after 13 days following
drought incubation. The wilting sequence, from
late to early, among cultivars was recorded as Alda
r>Rox>Beydari>Leoti>Greengo>Gozde 80>Akdari,
indicating that Akdar1 was the first cultivar to wilt.

Table 3- Mean seedling wilting day of sorghum
cultivars subjected to drought stress in the pod
experiment

Cizelge 3- Saksi
uygulanan sorgum ¢esitlerinin ortalama fide kuruma
stiresi

denemelerinde kuraklik stresi

Sorghum cultivars Mean seedling wilting day (d)

Aldart 15.36"
Akdart 13.68¢
Beydari 14.26>
Gozde 80 13.92¢
Greengo 14.22%
Leoti 14.25b
Rox 15.14%

*, different letters in each column indicate significance at P<0.05

4. Conclusions

Differences in seed vigor were observed among
the sorghum cultivars grown under identical
conditions. By contrast, seed vigor was not related
to the germination tests under salt and drought stress
conditions, thereby suggesting that the cultivars
with vigorous seeds did not perform better under
the investigated stresses. This result suggests that
there is no relationship between seed vigor and
germination under abiotic stress conditions. Thus,
it was concluded that seed vigor test results are not
a reliable indicator of seed performance under salt
and drought stress conditions.
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ABSTRACT

‘Williams” is the highly quality pear cultivar mostly produced in the Egirdir region of Turkey. ReTain (15%
aminoethoxyvinilglycine, AVG) is a plant growth regulator used to control pre-harvest drop and increase fruit
weight and firmness. The objective of this study was to determine the responses of AVG treatments on the pre-
harvest drop and fruit quality of ‘Williams’ pear. Pear trees of the cultivar ‘Williams’ were sprayed 30, 21 and 7
days before commercial harvest (DBH) with AVG, at doses of 100, 125 and 150 mg L', and assessed for pre-harvest
drop, yield, maturity, delay in harvest, fruit quality, ethylene production and respiration rate at the harvest time.
Fruit samples were analyzed for fruit quality parameters which are: fruit width, fruit weight, soluble solids content
(SSC), titratable acidity (TA), fruit firmness, fruit colour, fruit macro and micro elements content. Maturation of
the 30 and 21 DBH AVG-treated fruits were delayed 3-4 days compared to the 7 DBH AVG-treated and control
groups. The pre-harvest drop decreased with all AVG applications by approximately 38-100% in comparison with
the control group fruits. AVG treatments increased fruit size (7-10%), fruit weight (26-41%) and fruit firmness
(2-16%) of ‘Williams’ pear. AVG application reduce ethylene production and respiration rate and it was found that
the applications enhance the ethylene production and respiration rate by approximately (100%) compared to the
control fruits on the harvest date. Results of this study indicated that 30 DBH and 21 DBH AV G-treatments at 100
mg L' can be recommended for ‘Williams’ pear cultivar on both pre-harvest fruit drop, as well as in harvest date
and fruit quality.

Keywords: Pear; Harvest time; Fruit quality; ‘Williams’; Pre-harvest drop; AVG
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OZET

‘Williams” armudu Tiirkiye’nin Egirdir bolgesinde tiretimi fazla olan kaliteli bir gesittir. ReTain (% 15 aminoetoksi-
vinilglisin, AVG), hasat 6nii meyve dokiimiiniin kontroliinde, meyve agirligi ve meyve eti sertliginin artirilmasinda
kullanilmakta olan bir bitki bitylime diizenleyicisidir. Bu ¢aligsma, ‘Williams’ armudunda hasat 6nii meyve dokiimii ve
meyve kalitesi tizerine AVG uygulamalarinin etkilerini incelemek amaciyla yiiriitiilmiistiir. Bu amacla, tahmini hasat
zamanindan (THZ) 30, 21 ve 7 giin dnce 0, 100, 125, 150 mg L' dozlarinda AVG armut agaglarina puiskiirtme seklinde
uygulanmigtir. Hasat onii meyve dokiimii, verim, olgunluk, hasat tarihinin gecikmesi, meyve kalitesi, meyvelerin etilen
tiretimi ve solunum hizlar1 hasat zamaninda incelenmistir. Hasat edilen meyvelerin kalite parametreleri olarak meyve
¢ap1, meyve agirligl, meyve eti sertligi, meyve rengi, suda ¢oziinebilir kuru madde, titre edilebilir asitlik ve meyvelerde
makro-mikro elementler analiz edilmistir. THZ 30 ve 21 6nce uygulanan AVG uygulamalart ile meyve olgunlugu kontrol
grubuna ve THZ 7 &nce uygulanan AVG uygulamalarina gore 3-4 giin gecikmistir. AVG uygulamalari ile hasat oni
meyve dokiimii % 38-100 arasinda oldukc¢a azalmis olup meyve boyutu (% 7-10), agirligi (% 26-41) ve meyve sertligi de
(% 2-16) artmistir. AVG uygulamalar meyvelerdeki etilen {iretimi ve solunum hizini da kontrol grubuna gére neredeyse
% 100 yavaglatmistir. Sonug olarak, ‘Williams’ armut ¢esidinde, gerek hasat 6nii meyve dokiimii, gerekse hasat zamanti
ve meyve kalitesi bakimindan THZ 30 ve 21 giin 6nceki 100 mg L""lik uygulamalarin en uygun uygulamalar oldugu

tavsiye edilmektedir.

Anahtar Kelimeler: Armut; Hasat zamani; Meyve kalitesi; ‘Williams’; Hasat 6nti dokiim; AVG

1. Introduction

Pre-harvest drop of pears happens because the
fruit developed an immaturity, and in most cases,
economic damage usually causes a serious
economic loss. A good quality ‘Williams’
(Bartlett) pear should have a fruit medium large-
large conical neck; the middle part is wide. Light
green peel, a thin, hollow stem with rust coloured
surroundings, eating death are yellow. The flesh
is white, fine-textured, like butter type, very juicy,
sweet and aromatic and the quality is excellent.
Suppressing ethylene production in ‘Williams’
pears may increase yields by reducing premature
fruit abscission, and indirectly increase fruit size
by delaying harvest of slower-maturing fruit.
‘Williams’ growers often use the synthetic auxin,
naphthaleneacetic acid (NAA), which can compress
pre-harvest abscission, however can also result in
fruit softening. Reducing fruit ethylene production
may reduce the incidence of premature ripening
on the tree, enhance the storage life, and reduce
the rate of ripening of ‘Williams’ pears (Clayton
et al 2000). AVG (aminoethoxyvinylglycine)
inhibit ethylene biosynthesis pathway (Kim et al
2004), and can thus compress ethylene production

© Ankara Universitesi Ziraat Fakiiltesi

in many climacteric fruits (Yang et al 1982). Pre
and post-harvest applications of AVG have been
evaluated as a tool to enhance production and
quality attributes of climacteric fruits (Cetinbas et
al 2012). AVG delaying the harvest of fruits result
in them being larger and thus increases the yield.
Delay in harvesting may convenience flexibility in
labor, packaging and fruit processing, storage and
marketing (Amarante et al 2005).

Pre and post-harvest treatments with AVG
inhibited ethylene production and delayed harvesting
of pears (Romani et al 1983) and peaches (Cetinbas
& Koyuncu 2011). With the ‘Barlett’ pear, pre-
harvest AVG treatments either 14 or 7 days before
harvest did not affect ethylene production at harvest,
but delayed changes in skin colour, softening and
starch content (Clayton et al 2000). Andreotti et al
(2004) found that pre-harvest treatment with AVG at
125 mg L' delayed maturation of ‘Abbe Fetel” pears
by 5 to 15 days.

Therefore, this study was conducted to
determine the effects of AVG applications different
doses, sprayed 30, 21 and 7 days before commercial
harvest, on pre-harvest drop, fruit maturity and fruit
quality of ‘Williams’ pears.
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2. Material and Methods

2.1. Plant material

The trials were conducted at the Fruit Research
Station of Egirdir, Turkey in 2011-2012. Uniform
10-years-old pear trees of the cv. ‘Williams’, grafted
on Quince C rootstock and spaced at 1.5x4 m were
used. The experiment was designed in completely
randomized blocks of 4 replications, using a single
tree for each treatment.

2.2. AVG treatments

ReTain was (Valent BioScience Corporation)
sprayed at 0 (water+surfactant), 100, 125, 150 mg
L' plus 1% (v v') Tween 20 as a surfactant onto
fruits and leaves around the fruits until runoff. The
spraying was performed with a hand pump sprayer
at 7,21 and 30 days before (DBH) in 2011 and 2012.
Application time and dose of AVG were determined
according to Cetinbas & Koyuncu (2011).

2.3. Fruit maturity and harvest determination

When the pear fruits firmness were 80 to 89 N,
fruits were harvested at a commercial stage of
maturity. AVG-treated fruits and untreated fruits
were harvested separately and picked into specially
designated bins. After each harvest pick, fruit was
transported to the Pomology Laboratory of Fruit
Research Station. Fruits were harvested 2 times
from 21 to 24 September 2011 (I. year) and from 19
to 23 September 2012 (II. year).

2.4. Yield and pre-harvest drop determination

The yield was determined at harvest as per tree kg
in the first and second year. In order to determine
the pre-harvest drop rate, existing fruits on each
tree were identified one month before commercial
harvest (DBH) and then, twice every week. Fallen
fruits were counted under the trees in the first and
second year. The results were expressed as percent

(%).

2.5. Fruit quality determination

Fruit width, fruit weight and fruit firmness: The
measurement of twenty fruits were determined

using digital calipers for fruit width (mm). Fruit
weight (g) was measured by a digital scales sensitive
to 0.01 g. Fruit firmness (Newton) was measured
by using a texture analyser (Lloyd Instruments LF
Plus) incorporating an 8 mm diameter probe.

Soluble solid content (SSC) and titratable acidity
(TA): The rates of SSC were measured by a digital
refractometer (Palette PR-32 Atago). TA by manual
titration with 0.1 N NaOH and expressed as g malic
acid 100 g'.

Fruit colour: The colour of the fruit was measured
with a colorimeter (Minolta CR-300). Peel colours
were evaluated as CIE L*, a*, b* C*, h°.

2.6. Respiration rate and ethylene production
determination

Ethylene production (uL kg' h') and respiration
rate (uL kg! h') were defined pear of close to the
jar after 1 day. Measurement of respiratory rate was
done with gas analizator. Ethylene production was
determined by using gas chromatography with a
flame ionization detector (Gunes et al 2001).

Fruit mineral composition determination: The
mineral contents of the fruit samples were analyzed.
Samples were washed thoroughly with fountain
water, dilute acid (0.2 N HCI) and distilled water
to remove surface residues, and dried at 70+5 °C.
Dried samples were ground with a stainless-steel
mill for analytic procedures. The P, K, Ca, Mg, Fe,
Cu, Mn, Zn and B concentrations were determined
by Inductively Coupled Plasma Atomic Emission
spectrometry (Perkin Elmer Optima, Germany)
method. Nitrogen was determined by the Kjeldahl
(Gerhardt, Germany) procedure. The resulting data
was expressed as a percentage of dry tissue (%) for
N, P, K, Ca, Mg, whereas Fe, Cu, Mn, Zn and B
were recorded as milligrams per kilogram of dry
fruit.

2.7. Statistical analysis of results

The experiment was based as a completely
randomized blocking pattern as four replications and
was assigned as one tree for each replication. The
data was statistically analyzed (Duncan’s multiple
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range test at P< 0.05) using SPSS (V.18; Statistical
software, SPSS. Inc., USA) software program. Fruit
colours and fruit mineral compositons were done
during two years and the data presented here are the
mean results of these years.

3. Results and Discussion

3.1. Fruit maturity and harvest

Considering fruit firmness and colour, ‘Williams’
pear harvests of all treatments were performed at
harvest maturation in our study. The 30 DBH and
21 DBH AVG treatments were harvested later than
control and 7 DBH AVG-treated fruits (In the first
and second year). Control and 7 DBH AVG-treated
fruits were harvested on the 21% September while
30 and 21 DBH AVG applied fruits were harvested
on the 24th September (in 2011). In 2012, fruits
were harvested on the 19" September (control and
7 DBH AVG-treated fruits) and 23 September (30
and 21 DBH AVG-treated fruits). Consequently, it
was observed AVG treatments delayed harvest time
by 3 days. It was reported in many studies done with
pears and apples that AVG applications delay harvest
time showing similarities with our findings (Clayton
et al 2000; Schupp & Greene 2004; Greene 2006;
Petri et al 2006; Rath et al 2006; WooklJae et al 2006;
Kang et al 2007; Whale et al 2008). Phan-Thien et
al (2004) showed the effect of 125 mg L' of AVG
sprayed onto ‘Gala’ and ‘Pink Lady’ apples in the first
5 to 12 days delayed ripening by 5 to 7 days. In a
study conducted in a commercial orchard of ‘Arctic
Snow’ nectarines, application of 125 mg L' AVG 7
days before anticipated first harvest gave a 2.75 day
harvest delay based on standard commercial maturity
criteria (Rath & Prentice 2004).

3.2. Yield and pre-harvest drop

In both years, AVG treatments increased fruit yield.
AVG concentrations x application times interaction
on the yield was found to be statistically significant
(P<0.05) in 2011. In the second year (2012), AVG
had not significant effects on yield (Table 1). The
highest yield was found in the plot submitted to 30
DBH-100 mg L' AVG treatment (in the first year).

In both years, as illustrated in Table 1, pre-harvest
fruit drop was influenced significantly by AVG
concentrations and application times (P<0.05).
The highest pre-harvest fruit drop was observed in
7 DBH-control fruits (in 2011). In 2012, fruits of
the 21 DBH-control were higher than the others. In
both years, the pre-harvest drop was not observed
after treatment with 150 mg L' AVG concentration
at 21 DBH (Table 1). Karagal1 (2009) reported that
pre harvest drop depends on the plant species and
its variety. Hot or cold weather conditions, late time
fertilization with high nitrogen content, drought and
high soil water level, low boron and magnesium
levels in the soil increase pre harvest drop ratio.
Cultural practices are not enough to prevent pre
harvest drop. Plant growth regulators must be
used to prevent pre harvest drop. In our study,
AVG treatments were used in an orchard which
has regular cultural practice and AVG treatments
were used to control pre harvest drop. The effects
of AVG applications on pre-harvest fruit drop and
yield are highly significant in our research. It was
determined that pre-harvest fruit drop was reduced
by AVG treatments. Pre-harvest fruit drop has never
been detected after 30 DBH-150 mg L' and all
doses of 21 DBH applications. Accordingly, it was
found that the aforementioned applications enhance
the fruit yield as compared to the other applications.
The percentage of pre-harvest fruit drop decreased
in parallel with the increase in treatment doses. In
one of his studies regarding AVG’s effectiveness on
pre-harvest apple drop control, Greene (2006) stated
that increase in AVG is directly correlated with its
concentration, meaning increase in dose. Greene
(2006) also reported that the most appropriate and
effective time to apply the treatment is 2-3 weeks
before the estimated harvest. It was revealed in our
study, in line with the results of many researchers,
that AVG prevents or reduces the pre-harvest fruit
drop (Greene 2006; Petri et al 2006; Rath et al 2006;
WooklJae et al 2006; Kang et al 2007; Whale et al
2008). These results are considered to be important
for the prevention or reduction of pre-harvested
losses approximately 10% of pre-harvest drop.
We also believe the results affect pear growers
favourably on economic aspects.
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Table 1- The effect of AVG treatments on yield and pre-harvest fruit drop in the ‘Williams’ pear, 2011 and

2012

Cizelge 1- AVG uygulamalarimin ‘Williams’ armudunda verim ve hasat onii meyve dékiimiine etkisi, 2011 ve 2012

Application time’ AVG concentrations  Yield (kg tree!) Pre-harvest drop (%)
(mg L") 2011 2012 2011 2012
0 830ac 9.65 2492a 8.52b
30d 100 1246a 1681 0.00b 251c¢
125 9.07a-c 16.06 0.00b 0.79 ¢
150 7.74bc  13.05 2.54b 0.00 ¢
0 7.53bc  11.71 25.60a 1643 a
21d 100 11.18ab 14.04 0.00b 0.00 ¢
125 6.69bc  11.84 4250 0.00 ¢
150 7.02bc 1571 0.00b 0.00 ¢
0 442 ¢ 12.62 2690 a 13.12 a
7d 100 535¢ 1324 6.06b 1.96¢
125 6.63bc  13.68 3.49Db 7.90b
150 7.73bc 1432 4.75b 0.84 ¢
Time
30 9.39 12.82  6.87 2.96
21 8.10 12.62  7.46 13.12
7 6.03 12.77 10.30 5.96
AVG concentrations
0 6.75 12.17 25.81 12.04
100 9.66 13.77 2.02 1.49
125 7.46 13.86 2.58 2.90
150 7.50 1292 243 0.28
P values
Time (T) 0.016 0.951 0.747 0.477
Concentrations (C) 0.184 0.381 0.000 0.000
TxC 0.027 0.867  0.000 0.000

!, days before harvest (DBH); in each column, values followed by the same letter are not significantly different at P<0.05 level

according to Duncan’s multiple range test

3.3. Fruit quality

Fruit width, fruit weight and fruit flesh firmness: In
both years, AVG applications significantly (P<0.05)
increased fruit width and weight in “Williams’ pear
cultivar. The heaviest fruits were obtained from
21 DBH-100 mg L' (380.46 g in first year and
335.00 g in second year) AVG dose (Table 2). AVG
applications increase ‘Williams’ pear fruit width and
weight and it was found that the applications enhance
the fruit width by approximately 7-10% and fruit
weight by 26-41% in comparison with the control
group fruits. Petri et al (2006) states AVG enhances

fruit weights of ‘Gala’ and ‘Fuji’ apples as compared
to the control group. Greene (2006) also expresses
that AVG-applied fruits are generally bigger since it
helps fruit remain on the tree for a longer time. In
our study, the biggest pears were obtained from the
application of 21 DBH-100 mg L' and 21 DBH-150
mg L', Venburg et al (2008) stated that continuing
research has extended and refined the use of AVG in
apples and stone fruit. AVG’s ripening and harvest
delay effect have been investigated, examining the
effect of harvest delay on fruit size and yield. When
the untreated fruit and ReTain-treated fruit were
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harvested at the same stage of ripening, the fruit
size in the ReTain treatment was larger due to the
7 days delay. In the ReTain treatments, the mass
of small size fruit per tree (<65 mm) was reduced
and the mass of larger size fruit per tree (>65
mm) was increased. In addition, the overall yield
was 11% greater treatment. In both years, AVG
treatments had a significant influenced on fruit flesh
firmness. In 2011, Fruit flesh firmness was affected
significantly by AVG concentrations and application
times (P<0.05). In 2012, Fruit flesh firmness was
influenced significantly by AVG concentrations
(P<0.05) (Table 2). In first year, the harder fruits
were found after 21 DBH-100 mg L' (88.72 N)
and 7 DBH-100 mg L' (88.30 N) AVG treatments.

However, the fruit firmness-increasing effect of AVG
concentrations was more distinctive in the second
year experiments. The 125 mg L' AVG treatment
determined the highest fruit firmness values (88.39
N) at the harvest. This was followed by 100 and
150 mg L' AVG doses (Table 2). Similarly to our
findings, the dose of 125 mg L' AVG enhanced the
fruit firmness before the harvest time of ‘Tsugaru’
apples (WooklJae et al 2006). Besides, it was stated
that AVG application has favourable impact on fruit
firmness of different apple types such as ‘McIntosh’,
‘Spartan’, ‘Spencer’ (Bramlage et al 1980), ‘Gala’
and ‘Jonagold’ (Wang & Dilley 2001). In a study
done with ‘Bartlett’ pear, Clayton et al (2000) states
that AVG boosted fruit firmness. Keeping the pears

Table 2- The effect of AVG treatments fruit width, weight and flesh firmness in ‘Williams’ pear, 2011 and 2012
Cizelge 2- AVG uygulamalarimin ‘Williams’ armudunda meyve ¢apina, agirligina ve sertligine etkisi, 2011 ve 2012

. Fruit width Fruit weight Fruit flesh firmness
Application time! AVG concentrations (mm) (@) )
(mg L") 2011 2012 2011 2012 2011 2012
0 70.73 £ 7420cd 189.13f 22633e¢ 78.04c 84.71
30d 100 78.07 ¢ 8294ab 266.54c 315.17a-c 82.12a-c 88.44
125 77.03cd 82.54ab 25228 cd 314.00a-c 86.32ab  89.25
150 74.04 ¢ 77.17b-d 21723e 257.67c-e 86.52ab 90.12
0 70.60 f 72.50cd  193.12f 241.00de 76.77cd  84.31
21d 100 86.17 a 84.75 a 380.46a 335.00a 88.72a 89.54
125 80.83 b 84.29ab  303.19b 326.67ab 8592a-c 88.15
150 81.17b 83.07ab  302.54b 330.00a 87.49ab  85.57
0 69.88 f 70.73 d 185.03f 203.67e¢ 8l.62a-c 84.34
7d 100 7483 de  78.5la-c 23394de 263.33c-ec 88.30a 85.23
125 7648 cd  79.30a-c 239.06d 302.33a-d 8530a-c 87.76
150 81.80b 77.40b-d 293.95b 265.67b-e 8445a-c 86.54
Time
30 74.97 79.21 231.30 278.29 85.25 88.13
21 79.69 81.15 294.83 308.17 84.73 86.89
7 75.74 76.48 237.99 258.75 84.92 85.97
AVG concentrations
0 70.40 72.48 189.09 223.67 78.81 84.45b
100 79.69 82.06 293.65 304.50 86.38 87.74 a
125 78.11 82.04 264.84 314.33 85.85 88.39a
150 79.00 79.21 271.24 284.44 86.15 8741 a
P values
Time (T) 0.045 0.117 0.008 0.054 0.832 0.225
Concentrations (C) 0.000 0.000 0.000 0.000 0.006 0.030
TxC 0.000 0.001 0.000 0.000 0.000 0.108

!, days before harvest (DBH); in each column, values followed by the same letter are not significantly different at P<0.05 level

according to Duncan’s multiple range test
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under shelf life conditions and cold storing them
protect their hardness more effectively than the
control group fruits. As a kind of flavoured pear,
‘Williams’ directly takes place both in domestic
and foreign market. Hence a portion of shelf life
is consumed during transport. In accordance with
the data obtained from this study, it is probable
that increase in fruit firmness may have favourable
impact on shelf life of fruits, thus reducing effects of
loss of quality during transportation.

Soluble solid content (SSC) and titratable
acidity (TA): In both years, AVG concentrations X
application time interaction on the SSC and TA in was

found to be statistically significant (P<0.05) (Table
3). In the first year, compared to only 21 DBH-AVG
treated fruits showed lower values of SSC, while in
the second year all AVG applications determined
the same effect. In both years, AVG treatments had
unstable effects on TA (Table 3). The effect was
reported as variable depending on concentration
of AVG application, time of application, variety
and environmental conditions (Bramlage et al
1980). AVG applications reduced the SSC amount,
however, no effect has been detected at quinic and
malic acid amount (Drake et al 2005). Furthermore,
Clayton et al (2000) reported that AVG applications

Table 3- The effect of AVG treatments total soluble solids (SSC) and titratable acidity (TA) in ‘Williams’

pear, 2011 and 2012

Cizelge 3- AVG uygulamalarvmin ‘Williams’ armudunda suda ¢oziinebilir kuru madde (SCKM) ve titre edilebilir

asitlige (TA) etkisi, 2011 ve 2012

Application time' AVG concentrations SSC (%) T4 (%)
PPACAROMME o 1 1) 2011 2012 2011 2012
0 1440 ¢ 16.90 a 045c-e 0.62a
30d 100 1557 a 1330cd 049a-d 042cd
125 15.03a-c 12.83d 0.42de 0.48b-d
150 1593 a 1543ab 040e 0.63 a
0 1530a-c 1493bc 048a-d 0.59ab
21d 100 1450bc  14.37b-d 0.44c-e 0.49b-d
125 1493 a-c  13.00 ¢ 0.55a 0.41d
150 1530a-c 14.07b-d 0.55ab  0.54 a-c
0 1437 ¢ 1523ab  044c-e 0.59ab
74 100 1543ab  13.97b-d 0.47b-d 0.51a-d
125 1527a-c 13.03cd 0.38¢ 0.51 a-d
150 1527 a-c 14.60b-d 0.51a-c 0.60 ab
Time
30 15.23 14.62 0.44 0.54
21 15.01 14.09 0.50 0.51
7 15.08 14.21 0.45 0.55
AVG concentrations
0 14.69 15.69 0.46 0.60
100 15.17 13.88 0.47 0.47
125 15.08 12.96 0.45 0.47
150 15.50 14.70 0.49 0.59
P values
Time (T) 0.695 0.654 0.016 0.467
Concentrations (C) 0.056 0.000 0.697 0.000
TxC 0.029 0.000 0.000 0.003

I days before harvest (DBH); in each column, values followed by the same letter are not significantly different at P<0.05 level according

to Duncan’s multiple range tests
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increase SSC amount and reduce the amount of TA,
which has also been observed in our results.

Fruit colours: AVG concentrations X application
times interaction on the fruit colour component L*, b*
and C* values was found to be statistically significant
(P<0.05). AVG concentrations on the h° values in
was found to be statistically significant (P<0.05).
AVG treatments had no significant influenced on
a* values (Table 4). L* values decreased with AVG
treatments. The highest L* value was observed in
control fruit groups. The AVG applications increased
b* value (yellowness). AVG effected on late ripening
and also on late colouration of fruits, for this reason

in our study b* value increased. The highest C* value
(49.33) was determined in 30 DBH-100 mg L' AVG
fruits. The only AVG concentrations reduced h°
values (Table 4). However, all AVG concentrations
were included same group in statistics. The effect
of AVG applications on fruit coloration resulted
differently in several studies. The colouration was
delayed for ‘Redfree’, ‘Gala’ and ‘Golden Delicious’
varieties with AVG applications, while red colour
was not affected in ‘Rome’ variety. Greene (2006)
stated that decrease in red color is correlated with
delay in maturation rather than the prevention of red
color development.

Table 4- The effect of AVG treatments fruit colour (L*, a*, b*, C* and h°) in ‘Williams’ pear (2011 and 2012

means)

Cizelge 4- AVG uygulamalarimin ‘Williams’ armudunda meyve rengine (L*, a* b* C* and h°) etkisi (2011 ve

2012 ortalamalari)

AVG concentrations

Fruit colour

Application time'

(mg L") L* a* b* Cc* h°
0 6845a  -10.23 45.04a-d  4699b-d  101.90
100 6550bc  -11.13 47.14a 4933 a 102.21
30d 125 64.05 ¢ -10.40 46.02a-c  4834ac  101.22
150 64.17 ¢ -8.12 46.18 a-c  48.08a-c  98.54
0 68432  -9.93 4534a-d  47.05b-d  100.93
- 100 63.59 ¢ -10.62 46.60ab  49.13ab  101.20
125 62.88 ¢ -8.87 4574a-c  4857ac  98.65
150 64.72 ¢ -9.02 4635a-c  4896ab  99.09
0 67.86ab  -9.41 45.02a-d  4652cd  100.93
y 100 63.27 ¢ 756 46.63b-d  47.01b-d  97.34
125 63.03 ¢ 9.60 44.12¢d  46.83b-d  100.11
150 62.49 ¢ -5.43 43.25d 4531d 95.29
Time
30 65.54 29.96 46.10 46.42 100.97
21 64.91 9.61 46.01 48.43 100.14
7 64.16 -8.00 4426 48.18 98.42
AVG concentrations
0 68.25 9.85 45.13 46.85 101.48 a
100 64.12 9.77 46.12 48.49 100.25 ab
125 63.32 9.62 45.09 47.91 99.9a b
150 63.79 752 4526 47.45 97.64 b
P values
Time (T) 0.275 0.076 0.000 0.000 0.094
Concentrations (C) 0.000 0.085 0.386 0.079 0.041
TxC 0.000 0.133 0.011 0.002 0.094

!, days before harvest (DBH); in each column, values followed by the same letter are not significantly different at P<0.05 level
according to Duncan’s multiple range test
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3.4. Ethylene production and respiration rates

As showed in Table 5, ethylene production rate
was influenced significantly (P<0.05) by AVG
applications in 2011 and 2012. In the first year,
the ethylene production of all application time in
control group fruits illustrated the highest value
(5.46 pL kg' h'', 4.05 pL kg' h'and 3.63 pL kg!
h'!, respectively) while 30 DBH-100 mg L' AVG
fruits had the lowest value (0.22 uL kg h'"). In the
second experiment year, all of the control groups
determined ethylene production. In 2011, AVG
concentrations X application time interaction on the

fruit respiration rates were found to be statistically
significant (P<0.05). In 2012, respiration rates
of fruits were influenced significantly by AVG
concentrations (P<0.05). All the AVG-treated fruits
showed the lowest respirations rates in 2011 and
2012. Besides all AVG applications were included
in the same group in statistics (Table 5). Similar
to our findings, Clayton et al (2000) and Bregoli
et al (2002) stated that AVG decreases the amount
of ethylene and the respiration rate of ‘Bartlett’
pear, ‘Jersey Mac’ apple, ‘Red Haven’ peach,
respectively. They also specified that the application
doses showed similar impact.

Table 5- The effect of AVG treatments on ethylene production rate and respiration rate in ‘Williams’ pear,

2011 and 2012

Cizelge 5- AVG uygulamalarmmin ‘Williams’ armudunda etilen iiretimi ve solunum hizina etkisi, 2011 ve 2012

. Ethylene production  Respiration rate
Application time' ;IWII/GL(,zncentmtzons (uL kg’ h) (uL kg’ h')
£ 2011 2012 2011 2012
0 3.63a 4.00ab 4299b  42.02
30d 100 022b 0.00c 6.20 ¢ 1.99
125 035b 0.00c 439¢ 1.45
150 029b 0.00c 6.81c 1.76
0 405a 430a 59.11ab  51.68
21d 100 027b 0.00c 6.89¢ 1.72
125 0.36b 0.00c 8.14 ¢ 1.59
150 0.53b 0.00c 4.15¢ 1.42
0 546a 2700 78.88a  62.10
74 100 027b 0.00c 549¢ 1.74
125 030b 0.00c 6.33 ¢ 1.686
150 031b 0.00c 520¢ 1.51
Time
30 1.12 1.00 15.10 11.81
21 1.30 1.08 19.57 14.10
7 1.58 0.68 23.97 16.76
AVG concentrations
0 438 3.66 60.33 5193 a
100 0.25 0.00 6.19 1.82 ab
125 0.34 0.00 6.28 1.56b
150 0.38 0.00 5.39 1.57b
P values
Time (T) 0.860  0.840 0.755 0.220
Concentrations (C) 0.000  0.000 0.000 0.017
TxC 0.000  0.000 0.000 0.097

!, days before harvest (DBH); in each column, values followed by the same letter are not significantly different at P<0.05 level

according to Duncan’s multiple range test
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3.5. Fruit mineral composition

Effects of AVG applications on ‘Williams’ pear
mineral composition were given in Table 6 and 7
(in 2011 and 2012 means). Interactive effects of
AVG concentrations and application times on the
calcium were (P<0.05). Nitrogen and phosphorus
were influenced significantly (P<0.05) by AVG
concentrations. The average nitrogen contents
were 0.31-0.50% and phosphorus contents were
determined between 0.088-0.110%. Potassium and
magnesium were not found statistically significant

(P<0.05) (Table 6). AVG treatments showed
different effects on calcium contents. 30 DBH-125
mg L' AVG-treated fruits and 30 DBH-control
fruits had the highest calcium (0.083 and 0.085%)
contents (Table 6). Effects of AVG concentrations
and application times on other mineral contents
(iron, copper, manganese, zinc, boron) were not
statistically significant (Table 7). Even though
not many studies are done regarding the effect of
AVG applications on micro and macro elements of
fruits, Butar (2013) observed that AVG treatments

Table 6- The effect of AVG treatments on fruit mineral composition (nitrogen, phosphorus, potassium,
calcium, magnesium) in ‘Williams’ pear (2011 and 2012 means)

Cizelge 6- AVG uygulamalarmin ‘Williams’ armudunda meyvenin mineral iceriklerine (azot, fosfor, potasyum,

kalsiyum, magnezyum) etkisi (2011 ve 2102 ortalamalari)

Application time' AVG concentrations  Nitrogen Phosphorus ~ Potassium  Calcium  Magnesium
(mg L") (75)
0 0.31 0.091 0.81 0.085a  0.057
304 100 0.41 0.110 0.86 0.064b  0.049
125 0.40 0.110 0.84 0.083a  0.056
150 0.35 0.100 0.81 0.064b  0.049
0 0.34 0.092 0.78 0.061 b 0.052
2ld 100 0.39 0.100 0.78 0.062b  0.053
125 0.37 0.100 0.84 0.063b  0.053
150 0.32 0.100 0.81 0.068 ab  0.050
0 0.31 0.088 0.75 0.067 ab  0.052
7d 100 0.31 0.100 0.78 0.070 ab  0.052
125 0.50 0.100 0.88 0.059b  0.056
150 0.37 0.090 0.75 0.076 ab  0.052
Time
30 0.36 0.099 0.79 0.074 0.052
21 0.35 0.098 0.82 0.063 0.052
7 0.38 0.095 0.80 0.068 0.053
AVG concentrations
0 0.32b 0.090 b 0.80 0.070 0.054
100 0.39ab 0.100 a 0.82 0.060 0.051
125 0.42a 0.100 a 0.83 0.070 0.055
150 0.35ab 0.096 ab 0.77 0.070 0.050
P values
Time (T) 0.201 0.555 0.377 0.051 0.862
Concentrations (C) 0.031 0.030 0.198 0.771 0.124
TxC 0.201 0.354 0.485 0.026 0.462

!, days before harvest (DBH); in each column, values followed by the same letter are not significantly different at P<0.05 level

according to Duncan’s multiple range test
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affect nitrogen, manganese and iron contents and
this effect was noticeably seen in 150 mg L' AVG
treatment of ‘Jersey Mac’ apple. At the end of 3 days
shelf life, and 500 mg L' and 1000 mg L' doses
of after-harvest AVG-applied ‘Fuji’ and ‘Granny
Smith’ apples, nitrogen amount was found to reduce
in ‘Granny Smith’ variety, while increase at 500 mg
L' AVG application and decrease at 1000 mg L-!
AVG application on ‘Fuji’ apple. On the other side, it
was determined that Ca amount increases with AVG
treatments of ‘Fuji’, Mg amount increases only after
500 mg L! treatment and both Ca and Mg amounts
increase only after 1000 mg L' AVG application

on ‘Granny Smith’ variety (Fadhil 2007). Karacali
(2009) stated that pre harvest drop may occur if the
phosphorus level decreases and a fruit with high
quality can contain phosphorus 11 mg 100 g™'. In our
study AVG treatments increased phosphorus levels
and fruits contained 10-11 mg 100 g™ phosphorus. It
was identified that AVG applications have an effect
on the macro elements of fruit. AVG concentrations
increased nitrogen contents from 32% to 38% on
average and phosphorus contents from 0.090% to
0.099% on average. Referring to the micro elements
of fruits, AVG applications were not found to be
effective on micro elements.

Table 7- The effect of AVG treatments on fruit mineral composition (Iron, copper, manganese, zinc, boron)

in ‘Williams’ pear (2011 and 2012 means)

Cizelge 7- AVG uygulamalarimin ‘Williams’ armudunda meyvenin mineral igeriklerine (demir, bakir, mangan,

¢inko, bor) etkisi (2011 ve 2012 ortalamalari)

Application time' AVG concentrations Iron Copper Manganese Zinc Boron
(mg L) (mg kg')
0 12.74 8.48 3.51 8.56 14.43
30d 100 12.76 8.75 2.71 8.57 12.36
125 11.87 8.58 3.00 8.80 13.49
150 12.13 8.64 2.48 7.86 11.74
0 11.50 9.28 2.70 8.38 14.54
1d 100 16.38 8.43 2.89 8.47 14.14
125 13.53 9.04 2.97 8.69 13.89
150 12.22 9.62 3.18 9.34 15.15
0 12.02 8.64 3.08 8.30 13.93
7d 100 13.31 9.34 3.34 9.64 14.87
125 11.89 9.91 3.36 9.43 14.11
150 12.57 9.23 3.07 8.07 14.67
Time
30 12.06 8.61 2.92 8.45 13.00
21 13.88 9.09 2.94 8.72 14.45
7 12.45 9.28 3.21 9.11 14.35
AVG concentrations
0 12.71 8.80 3.10 8.41 14.30
100 13.85 8.84 2.98 8.87 13.79
125 12.52 9.17 3.11 8.97 13.86
150 12.12 9.16 291 8.76 13.85
P values
Time (T) 0.149 0.147 0.539 0.581 0.083
Concentrations (C) 0.467 0.689 0.923 0.882 0.931
TxC 0.582 0.516 0.900 0.983 0.533

!, days before harvest (DBH); in each column, values followed by the same letter are not significantly different at P<0.05 level

according to Duncan’s multiple range test
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4. Conclusions

Considering all results together, in respect to pre-
harvest fruit drop and fruit quality, AVG applications
were found to be significant for ‘Williams’ pear
and, the most significant application time and doses
were considered to be 100 mg L' treatment 30 and
21 days before the estimated harvest. High AVG
treatment concentrations were used in the study.
They were effective also for fruit quality but low
AVG concentrations can be advised for human
health and environmental conditions.
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ABSTRACT

The seasonal changes of carbohydrate content were monitored in the leaves of ‘Okitsu’, ‘Clausellina’, and ‘Silverhill’
satsuma cultivars budded on the sour orange (Citrus aurantium L. var. Yerli), Carrizo and Troyer citranges (Poncirus
trifoliata Raf. x Citrus sinensis Osb. var. Troyer and Carrizo) during the 2010 and 2011 seasons. The seasonal changing
trends of leaf soluble sugar contents of 3 satsuma cultivars budded on different rootstocks were similar. The sucrose was
the most abundant soluble sugar. Carbohydrate contents had a maximum level at dormant period, and remained at low
level during summer. In this period, the sharp decrease in leaf total carbohydrate concentration of ‘Okitsu’, ‘Clausellina’
and ‘Silverhill’ occurred in April with a rate of 27.9%, 22.6% and 21.0%, respectively. Accumulation of carbohydrate
in leaves generally started after mid summer and continued until the end of year. The rootstocks were found to be not
significant for total soluble sugar, starch and total carbohydrate concentration in most of the months. The cultivars had
a significant effect on carbohydrate fractions of leaves compared to rootstocks. The scion-rootstock combination was
significant on total carbohydrate concentration of leaves in all months investigated.

Keywords: Satsuma; Cultivar; Rootstock; Non-structural carbohydrates; Leaf tissue

Farkli Anaclar Uzerine Asih Baz1 Satsuma Cesitlerinin Yapraklarinda
Karbonhidrat Fraksiyonlarimin Degisimi
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OZET

2010 ve 2011 yillarinda ‘Okitsu’, ‘Clausellina’ ve ‘Silverhill’ satsuma g¢esitlerinin yapraklarindaki karbonhidrat
iceriklerinin mevsimsel degisimi iizerine Troyer ve Carrizo sitranjlart (Poncirus trifoliata Raf. x Citrus sinensis Osb.
var. Troyer ve Carrizo) ile Yerli turung (Citrus aurantium L. var. “common”) anacinin etkisi ortaya konmustur. Farkli
anaclar iizerine asili 3 satsuma cesidinin karbonhidrat igeriklerinin mevsimsel degisimi birbirlerine benzer olmustur.
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Sakaroz yapraklarda en baskin indirgen seker olarak belirlenmistir. Yapraklarin karbonhidrat igerikleri dinlenme
doneminde maksimum seviyelerde iken, Yaz periyodunda diisiik seviyelerde yer almistir. ‘Okitsu’, ‘Clausellina’ ve
“Silverhill” gesitlerinde yapraklarmn toplam karbonhidrat igerikleri nisan ayinda gesitlere gére sirastyla % 27.9, % 22.6
ve % 21.0 oranlarinda keskin bir azalma gostermistir. Yapraklarda karbonhidrat birikimi genellikle yaz ortasindan sonra
baslamis ve bu durum yilsonuna kadar devam etmistir. Anaglar arasinda toplam seker, nisasta ve toplam karbonhidrat
icerigindeki farkliliklar ¢ogu aylarda istatistiksel olarak dnemsiz bulunmustur. Yapraklardaki karbonhidrat fraksiyonlari
iizerine gesitlerin etkisi anaglardan daha ¢nemli olmustur. Ornekleme yapilan tiim aylarda yapraklardaki toplam
karbonhidrat igerigi lizerine anag-kalem kombinasyonunun etkisi 6nemli bulunmustur.

Anahtar Kelimeler: Satsuma; Cesit; Anag; Karbonhidratlar; Yaprak dokusu

1. Introduction

Rootstocks have had a substantial role in the
development of the citrus industry in the world.
Rootstock utilization is necessary for solving both
limiting and restricting factors of citrus production
(soil, climate, disease, and pests, etc.) and meeting
producers and consumers demands such as
productivity, earliness, shorter juvenility, fruit
quality (Davies & Albrigo 1998). The researchers
have demonstrated that citrus rootstocks have
differently influenced the growth and development,
including yield, fruit quality, and tolerance to stress
caused by biotic and abiotic factors of budded
cultivars in relation to ecological conditions (Stenzel
et al 2003; Filho et al 2007).

In deciduous trees, the root system is the major
storage organ for carbohydrates. In evergreen
citrus, the root system may be the major storage
organ for carbohydrates, but high concentrations
of carbohydrates can also be found in the leaves
(Goldschmidt 1999). The crop load inversely effects
the accumulation of reserves and under heavy crop
load causing depletion of it may cause to tree
collapse and the triggering of an alternate bearing
habit (Monerri et al 2011). There are correlations
between accumulation of carbohydrates and flower
formation in some experiments, but carbohydrate
levels are not the sole factor regulating citrus
flowering (Garcia-Luis & Guardiola 2000).
Although the evidence is still mostly indirect, it
may be concluded that the level of carbohydrates
is often a major factor limiting fruit set (Monerri
et al 2011). The decrease in carbohydrate levels

© Ankara Universitesi Ziraat Fakiiltesi

during the flowering and fruit set period, which is
accelerated by heavy flowering, shows that reserve
carbohydrates are indeed utilized to sustain the early
stages of reproductive development. The energy
demand during the flowering and fruit set period
may be more than the supply of carbohydrates from
current photosynthesis and tree reserves. This occurs
especially in abundant flowering and heavy initial
fruit set. The costs of reproduction require the use of
stored reserves in addition to current photosynthate
(Goldschmidt 1999).

High levels of starch stored during the fall and
carbohydrate status of trees are indicative of their
vitality and photosynthetic capacity. It was reported
that changes in such patterns could reflect variations
in physiological performance and could be useful
in understanding the physiology of trees affected
by environmental stress (Wong et al 2003). It is
important to know carbohydrate reserve status for
experiments involving manipulation of the carbon
balance of fruit trees (McQueen et al 2004). Annual
patterns of carbohydrate storage and mobilization
vary among species and genotypes based on
growing conditions, growth characteristics, crop
load and other factor (Spann et al 2008).

Sour orange (Citrus aurantium L. var. Yerli) has
been widely used for citrus production in Turkey. On
the other hand, Carrizo and Troyer citranges [ Citrus
sinensis (L.) Osb. x Poncirus trifoliata (L.) Raf.]
are currently the most important citrus rootstocks
all over the world, mainly due to their tolerance to
tristeza virus (Forner-Giner et al 2003). The effect
of these three rootstocks on seasonal carbohydrate
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variability in citrus species is not yet completely
clarified. This study was conducted to determine
the role of cultivar, rootstock and cultivar-rootstock
interaction on seasonal carbohydrate changes in leaf
tissues in Eastern Mediterranean Region of Turkey.

2. Material and Methods

The experiment was conducted at the experimental
farm of Mustafa Kemal University in Dortyol,
Hatay, Turkey (36° 09" E, 36° 51' N; 9 m above
the sea level) in the 2010 and 2011 growing
seasons. ‘Okitsu’, ‘Clausellina’, and ‘Silverhill’
satsuma cultivars were budded on the sour orange
(So), Carrizo (Cc) and Troyer (Tc) citranges. The
experimental orchard was established with one year
old budded young trees in five replicates with 7x7 m
plots in November 1998 and February 1999.

On a monthly basis leaf samples were collected
from the fruitless shoots of each mandarin cultivar
trees on each rootstock during the entire year. Leaves
were sampled from the summer flush of the previous
year, which were about 5-6 months old at January
(form January to June), and from the spring flush
of the current season, which were about 3-4 months
old at July (from July to December). Sampled leaves
were decontaminated by washing with a detergent
solution, tap water and rinsed with distilled water.
Then, samples were dried to a constant mass at 65-
70 °C and homogenized by particle size reduction to
<0.5 mm, then stored at 4 °C until extraction.

The soluble carbohydrates (fructose, glucose,
and sucrose) were analyzed by high-performance
liquid chromatography (HPLC) similar to the
procedures of Kafkas et al (2007). The sugars
were detected using a refractive index detector
and quantified by the external standard method.
Total sugar and starch contents were determined
using the anthrone method with spectrophotometric
assay, according to the procedure described by
Kaplankiran (1984). Concentrations of total sugar
and starch were summed to give an estimate of
total non-structural carbohydrate. All carbohydrate
results were expressed as glucose equivalents
according to dry mass basis (%).

The carbohydrate data collected in 2010 and
2011 from the leaves of three mandarin cultivars
budded on different rootstocks and were subjected
to the analysis of variance using GLM procedure of
SAS software (SAS Institute Inc., North Carolina,
USA). Mean separations were carried out by a
Tukey test and assessed at the 5% significance level.

3. Results and Discussion

The results showed that the seasonal changing
trends of leaf soluble sugar contents of 3 satsuma
cultivars budded on different rootstocks were similar
(Figure 1, 2, 3). The sucrose was the predominant
soluble sugar in different satsuma cultivars. The
sucrose concentrations decreased steadily from
maximum concentrations (January) until June
for ‘Clausellina’, and until July for ‘Okitsu’ and
‘Silverhill’. In this period, the sharp decrease in leaf
sucrose concentrations of ‘Okitsu’, ‘Clausellina’
and ‘Silverhill” happened after flowering in
April (39.6%, 39.8% and 43.1%, respectively).
Accumulation of sucrose in leaves generally started
after mid summer and continued until the end of
year. During the whole year, the mean leaf sucrose
concentrations changed in ‘Okitsu’ between 1.74%
(Cc) and 1.85% (Tc), in ‘Clausellina’ between 1.78%
(Tc) and 2.00% (So), and in ‘Silverhill’ between
1.94% (So) and 2.13% (Cc). Seasonal pattern of
fructose and glucose concentrations were almost
similar for all mandarin cultivars. Considering all
rootstocks, in dormant period maximum fructose
and glucose levels approximated 1.49% and 1.69%
in ‘Okitsu’, 1.49% and 1.70% in ‘Clausellina’,
and 1.98% and 1.97% in ‘Silverhill’, respectively.
Also, the minimum concentrations were 0.23%
for fructose and 0.09% for glucose in ‘Okitsu’,
and were similar with 0.31% for both fructose and
glucose in ‘Clausellina’ and ‘Silverhill’, during
July and August. Throughout the entire season, the
mean contents of fructose and glucose in leaves
were the highest level with 0.81% (Cc) and 0.69%
(Cc and So) in ‘Okitsu’, 0.86% and 0.80% (So) in
‘Clausellina’ and 0.86% (Tc) and 0.88% (Tc and So)
in ‘Silverhill’.
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Figure 1- Seasonal variation in soluble sugar content in leaves of ‘Okitsu’ cultivar budded on different

rootstocks

Sekil 1- Farkli anaglar iizerine asili ‘Okitsu’ ¢esidinin yapraklarindaki ¢oziinebilir seker iceriklerinin aylik

degisimi

In this study, the level of sucrose in the leaf
tissues of all satsuma cultivars budded on different
rootstocks was higher than those of fructose and
glucose throughout the entire year. It is well known
that sucrose is the major translocated sugar in the
most of plants. During the active growing period
(from June to August), the photosynthate produced
by leaves is not stored but is mobilized and
transported as sucrose to various sinks for growth
and metabolism (Quick & Neuhaus 1997).

The total soluble sugar content was high level
at dormant period, and remained low level during
summer. The sharp decrease in total soluble sugar
concentration of leaves occurred in April and
May. The cultivars had a significant effect on total
soluble sugar concentration of leaves compared to
rootstocks. The rootstocks were found to be not
significant for total soluble sugar concentration

in most of the months. The cultivar x rootstock
interactions was significant on leaf total soluble
sugar content within year, but August (Table 1).

In general, the starch level was lower than total
soluble sugar level in leaves. The highest leaf starch
contents were observed in winter (5.51%) with the
lowest values obtained in late summer (2.00%) and
early autumn (1.98%). The effect of cultivars on
leaf starch content was higher than those of both
rootstocks and scion-rootstock relation. There was
no consistent significant difference in starch content
of leaves among rootstocks, except for November
(Table 2).

Total carbohydrate concentration of leaves
showed a decrease from dormant period to mid or
late summer, and then accumulation started until
the end of year. In fruit development, a sharp fall in
total carbohydrate concentration occurred in April
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Figure 2- Seasonal variation in soluble sugar content in leaves of ‘Clausellina’ cultivar budded on different
rootstocks
Sekil 2- Farkli anaglar iizerine asili ‘Clausellina’ ¢esidinin yapraklarindaki ¢oziinebilir seker iceriklerinin aylik
degisimi
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Figure 3- Seasonal variation in soluble sugar content in leaves of ‘Silverhill’ cultivar budded on different
rootstocks
Sekil 3- Farkli anaglar iizerine asili “Silverhill’ ¢esidinin yapraklarindaki ¢oziinebilir seker igeriklerinin aylik
degisimi
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Table 1- The effect of cultivar, rootstock and scion-rootstock combination on total soluble sugar content of
leaves in different cultivars (%)

Cizelge 1- Farkli gesitlerin yapraklarindaki toplam seker icerigi iizerine ¢esit, anag ve ¢esit-anag kombinasyonunun
etkisi (%)

Months
Source i 2 3 7 5 6 7 3 9 J0 11 2 Mean
Cultivars
Okitsu 8.10 724 603 481 310 276 224 282 376 438 695 177 5.00
Clausellina 8.60 777 684 574 455 372 307 288 400 422 6.19 7.63 5.43
Silverhill 8.48 810 734 621 541 425 320 279 368 447 590 7.85 5.64
HSD (5%) ns 052 0.89 055 041 036 0.53 ns ns ns 0.65 ns -
Rootstocks
Carrizo citr. 8.86 783 7.10 547 423 357 306 251 391 473 621 7.89 5.45
Troyer citr. 8.02 745 701 590 457 347 259 311 382 380 6.17 744 5.28
Sour orange 8.31 783 610 539 425 369 287 287 371 455 6.65 791 5.34
HSD (5%) 0.67 ns 0.87 ns ns ns ns 0.43 ns 0.77 ns ns -
Scion-rootstock combination
Okitsu
Carrizo cit. 8.68 751 595 436 306 286 241 233 362 375 692 752 491
Troyer citr. 8.16 7.10 682 507 3.1 263 216 335 330 413 6.86 7.60 5.02
Sour orang. 7.47 7.13 531 500 3.12 278 217 278 437 526 7.06 8.18 5.05
Clausellina
Carrizo cit. 9.26 785 7.06 597 417 372 377 252 396 498 6.59 8.58 5.70
Troyer citr. 7.68 7.14 676 597 498 359 261 3.13 436 3.56 575 6.35 5.16
Sour orang. 8.87 833 671 528 450 384 284 298 369 411 624 796 5.44
Silverhill
Carrizo cit. 8.64 813 830 609 546 411 299 268 415 545 512 7.56 5.72
Troyer citr. 8.21 8.12 745 667 563 418 300 285 382 370 592 839 5.66
Sour orang. 8.60 805 627 589 513 446 360 284 306 427 6.66 7.59 5.53
HSD (5%) 1.23 1.01 134 1.04 0.83 091 0091 ns 0.82 1.12 1.09 0.84 -

ns, non-significant

Table 2- The effect of cultivar, rootstock and scion-rootstock combination on starch content of leaves in
different cultivars (%)

Cizelge 2- Farkl ¢esitlerin yapraklarindaki nisasta icerigi lizerine ¢esit, anag ve ¢esit-anag¢ kombinasyonunun
etkisi (%)

Months

Source i 2 3 7 5 6 7 3 9 J0 11 2 Mean
Cultivars
Okitsu 4.46 513 502 315 218 213 206 176 191 247 3.07 4.60 3.16
Clausellina 4.55 542 580 404 288 232 241 201 190 254 382 502 3.56
Silverhill 4.73 539 571 410 329 291 262 224 214 267 372 5.00 3.71
HSD (5%) ns ns 0.53 0.50 047 0.63 040 042 ns ns 0.46 ns -
Rootstocks
Carrizo citr. 4.76 545 532 380 265 246 228 199 191 254 384 503 3.50
Troyer citr. 442 507 561 369 286 250 236 192 202 250 327 4.67 341
Sour orange 4.57 542 560 380 284 239 245 209 200 263 349 493 3.52
HSD (5%) ns ns ns ns ns ns ns ns ns ns 0.54 ns -
Scion-rootstock combination
Okitsu
Carrizo cit. 4.61 5.19 472 312 202 203 178 175 1.68 232 328 4380 3.11
Troyer citr. 4.46 478 528 296 196 240 212 156 195 252 3.00 422 3.10
Sour orang. 431 541 505 335 254 195 229 197 209 256 295 479 3.27
Clausellina
Carrizo cit. 4.88 540 552 377 284 256 250 1.87 2.08 2.64 4.08 5.12 3.60
Troyer citr. 4.17 528 558 395 317 216 215 211 204 243 336 481 343
Sour orang. 4.62 559 630 440 264 225 260 205 157 254 402 512 3.64
Silverhill
Carrizo cit. 4.80 575 571 450 3.09 281 256 236 198 2.65 418 5.15 3.80
Troyer citr. 4.62 5.14 598 415 344 294 281 210 2.08 256 346 498 3.69
Sour orang. 4.77 528 544 364 334 297 247 225 234 280 352 4.86 3.64
HSD (5%) ns ns 1.14 1.02 1.09 ns 0.92 ns ns ns 0.83 ns -

ns, non-significant
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and May with 27.9-33.8% for ‘Okitsu’, 22.6-24.0%
for ‘Clausellina’ and, 21.0-15.6% for ‘Silverhill’.
The amounts of total carbohydrate reduced in 25.4-
25.8%, 24.1-22.5% and 21.5-22.9% rates for Cc, Tc
and So, respectively, in April and May as compared
to the previous month. The effect of cultivars on
total carbohydrate concentration in leaves was
almost similar with rootstocks. Rootstocks had no
significant effect on leaf total carbohydrate content,
but January, August, October and November. The
scion-rootstock combination was significant in total
carbohydrate concentration of leaves in investigated
all months (Table 3).

The reported seasonal patterns of carbohydrate
in citrus trees (Goldschmidt 1999; Monerri et al
2011) were similar to those seen in satsuma trees
grown in Eastern Mediterranean conditions. In
this study, the carbohydrate content of the leaves
in investigated all satsuma cultivars budded on
different rootstocks continuously decreased from
January to mid or late-summer, then gradually
began to rise during autumn and winter. The
carbohydrate concentration of leaves returned
to similar levels over winter. The concentration
of carbohydrate in leaves declined sharply in
April and May. This may suggest that these

Table 3- The effect of cultivar, rootstock and scion-rootstock combination on total carbohydrate content of

leaves in different cultivars (%)

Cizelge 3- Farkl cesitlerin yapraklarindaki toplam karbonhidrat icerigi iizerine ¢esit, anag¢ ve ¢esit-anag

kombinasyonunun etkisi (%)

Months

Source I > 3 4 5 6 7 8 9 10 11 12 Mem
Cultivars
Okitsu 12.57 1237 11.04 796 527 488 431 458 567 6.85 10.02 1237 8.16
Clausellina 13.16 13.20 12.64 9.78 743 6.04 549 488 590 6.75 10.01 12.65 8.99
Silverhill 13.22 13.49 13.05 1031 870 7.16 581 503 581 7.14 962 1284 9.35
HSD (5%) ns 0.67 1.07 0.69 0.62 0.57 0.57 ns ns ns ns ns -
Rootstocks
Carrizo citr. 13.62 13.28 1242 927 6.88 6.03 534 450 582 726 10.05 1291 8.95
Troyer citr. 1244 12.52 12.63 9.59 743 597 495 503 585 630 945 12.11 8.69
Sour orange 12.88 13.26 11.70 9.19 7.09 6.08 532 496 571 7.18 10.14 12.84 8.86
HSD (5%) 0.80 ns ns ns ns ns ns 044 ns 084 058 ns -
Scion-rootstock combination
Okitsu
Carrizo cit.  13.29 12.70 10.66 7.48 5.08 4.89 4.19 4.08 529 6.08 10.19 12.32 8.02
Troyer citr. ~ 12.62 11.88 12.10 8.04 5.08 5.03 428 491 525 6.65 986 11.81 8.13
Sour orang. 11.78 12.53 10.36 8.35 5.66 4.73 446 475 646 7.81 10.01 1298 832
Clausellina
Carrizocit.  14.13 13.26 12.57 9.74 7.01 6.28 627 439 6.04 7.62 10.66 13.71 9.31
Troyer citr. ~ 11.85 12.42 12.34 992 8.15 575 476 523 640 599 9.10 11.16 8.59
Sour orang. 13.49 1391 13.01 9.68 7.14 6.09 544 503 527 6.65 1025 13.08 9.09
Silverhill
Carrizo cit.  13.44 13.88 14.01 10.59 8.55 6.92 555 504 6.14 810 930 1271 9.52
Troyer citr.  12.84 13.27 13.43 10.82 9.07 7.12 581 495 589 626 938 1336 9.35
Sour orang. 13.37 13.32 11.72 9.53 847 743 6.07 509 540 7.07 10.17 1245 9.18
HSD (5%) 1.11 1.08 157 137 1.17 146 086 081 1.16 1.12 093 1.05 -

ns, non-significant
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carbohydrates were transported from the leaves to
support active growth such as bud break, primary
root growth, shoot expansion, leaf emergence and
enlargement, flowering, and fruit and seed set
(Goodman et al 1990). Carbohydrates mobilized
during the spring flush of growth. The seasonal
carbohydrate profile of the leaves of satsuma
cultivars showed seasonal patterns that closely
relate to seasonal changes in phenological and
physiological activities.

Under Eastern Mediterranean conditions, in
citrus bud break occurred at early spring as from
the second half of March and then vegetative
development such as shoot expansion, young leaf
and root growth began. Citrus flowering happened
primarily during the spring following the inductive
winter season. In citrus, anthesis occurred as
from mid April after the flower bud induction and
differentiation of floral organs processes, which
begins at the first stages of bud swelling and
sprouting. Thus, carbohydrate reserves are used
primarily for vegetative growth. Spann et al (2008)
reported that the extent to which reserves are used to
support vegetative versus reproductive growth early
in the season depends on their temporal relationship
with growth. Nzima et al (1997) showed that
developing fruits serve as competitive sinks for
available metabolites. During the period of fruit
abscission (May and June), in which competition
for carbohydrates is considered to be a limiting
factor for fruit retention, fruit nutrition is supported
by current photosynthesis and stored reserves
(Goldschmidt 1999).

In other reports it has been noticed that
different rootstocks affect citrus tree physiology
especially net photosynthetic rates (Gonzalez-Mas
et al 2009; Sheng et al 2009). However, there is
not sufficient study about the effect of rootstocks
on accumulation of carbohydrate changes in citrus
plant tissues. In this study, there was no consistent
significant difference in starch content of leaves
among rootstocks, except for November, and the
rootstocks were found to be not significant for
total soluble sugar and carbohydrate concentration
in most of the months. It has been reported that

the soluble sugar, starch and total carbohydrate
content of ‘Washington Navel’ leaves (Yildirim
2003) and ‘Navelina’ roots (Lliso et al 2004) was
affected by the rootstocks, but that the effect of
rootstocks on soluble sugar and starch content
of ‘Marsh Seedless’ leaves (Acikalin et al 2009)
was not found in most of the samples time. The
scion-rootstock combination had a higher effect
on carbohydrate content of leaves in investigated
all months, except for starch, than those of both
cultivar and rootstock. This finding is supported
that rootstock and scion have affected each other
in terms of activities for physiological events.
Likewise, the effect of rootstocks on tree canopy
volume changed according to cultivars in this
study (not show data). For example, So rootstock
in ‘Okitsu’, Tc rootstock in ‘Clausellina’, and
both So and Tc rootstocks in ‘Silverhill” obtained
lower canopy volume than those of used in study
other rootstocks. However, the mean carbohydrate
concentration of leaves in ‘Okitsu’ budded on So
rootstock, which is low yield and short shoot, was
higher than those of Cc and Tc rootstocks. Also,
in June and July carbohydrate loss of leaves in
‘Clausellina’ budded on Tc rootstock, which is high
fruit set after June drop, was higher than those on
Cc and So rootstocks as compared to the previous
month. But, the differences in carbohydrate content
of leaves in ‘Silverhill” among rootstocks were not
related to crop load.

4. Conclusions

This investigation indicated that there was
carbohydrate loss largely in the vegetative and
generative development phases in satsuma cultivars
budded on different rootstocks. The carbohydrate
production and accumulation in satsuma trees
should be increased at the previous year for
using next spring. The rootstock used should be
considered at fertilization program because of the
citrus rootstocks have different abilities to utilize
plant nutrient elements. In addition, satsuma trees
should not have problems of nutrients especially in
the first months of the growth.
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ABSTRACT

The aim of this study was to determine the most suitable areas for small ruminant production in the Karaburun
area in Izmir province, Turkey. To this purpose, an inquiry model was first developed using remote sensing and a
geographic information system. In developing the model, legal and technical factors were taken into consideration,
and eight evaluation criteria (distance from settled areas, distance from lakes or similar water sources, distance from
protected water catchment basins, distance from wind energy generators, distance from irrigation and drainage canals,
slope, aspect-direction of slope-and land use class) and three evaluation classes in relation to these criteria (suitable,
conditionally suitable and unsuitable) were planned. Later, the model was used to test the suitability of the study area
in general and five sample farms in that area for suitability. According to all of the criteria of evaluation, 3.54% of the
42,707.15 ha study area was found to be suitable for small ruminant production, 2.78% was conditionally suitable, and
93.60% was unsuitable. As for the five sample farms in the study area, none of them was found to be suitable according
to all of the evaluation criteria. In addition, suggestions were made for the functionality and effectiveness in use of the
geography information inquiry models used in the choice of places for small ruminant production.

Keywords: Remote sensing; Geographic information system; Small ruminant production; Farm location; Karaburun

Uzaktan Algilama ve Cografi Bilgi Sistemi Kullanilarak Kiiciikbas
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OZET

Bu arastirmada, Izmir ili Karaburun yéresinde kiigiikbag hayvancilik isletmeleri i¢in en uygun alanlarin belirlenmesi
amaclanmisti. Bu amagla, ilk olarak uzaktan algilama ve cografi bilgi sistemi kullanilarak bir sorgu modeli
gelistirilmistir. Modelin gelistirilmesinde, kiigiikbas hayvancilik isletmeleri i¢in uygun yer segimine iliskin yasal ve
teknik esaslar dikkate alinarak, sekiz degerlendirme 6lgiitii (yerlesim yerlerine uzaklik, gél ve benzeri su kaynaklarina
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uzaklik, su havzalari koruma alanlarma uzaklik, riizgar enerji santrallerine uzaklik, sulama ve drenaj kanallarina
uzaklik, egim, baki ve arazi kullanim sinifi) ve bu 6lgiitlere iliskin ti¢c degerlendirme sinifi (uygun, kosullu uygun
ve uygun degil) ongoriilmistiir. Sonra, gelistirilen sorgu modeli ile arastirma alan1 genelinin ve bu alan igerisindeki
mevcut bes drnek igletmenin uygunlugu sorgulanmistir. Tiim degerlendirme dlgiitlerine gore, 42,707.15 ha’lik arastirma
alanmnin % 3.54’tniin kiigiikbag hayvanciligin yapilmasma “uygun”, % 2.78’inin “kosullu uygun” ve % 93.60’min
ise “uygun olmayan” alanlar oldugu belirlenmistir. Arasgtirma alanindaki mevcut bes 6rnek isletmenin yerlerinin ise
tiim degerlendirme 6lgiitlerine gore hicbirinin uygun olmadig: belirlenmistir. Ayrica aragtirmada, hayvancilik isletmesi
yerlerinin se¢iminde kullanilacak cografi bilgi sistemi sorgu modellerinin islevselliginin ve kullanim etkinliginin

arttirilmasina yonelik 6neriler sunulmustur.

Anahtar Kelimeler: Uzaktan algilama; Cografi bilgi sistemi; Kiigiikbas hayvancilik; Isletme yeri; Karaburun

1. Introduction

As the world’s population increases rapidly and
industrialisation causes a decrease in the quality of
water, air and soil, it becomes increasingly difficult
to meet the needs of large societies for food. Thus,
in order to provide this increasing population with
sufficient and balanced nutrition, developing the animal
husbandry sector has become of strategic importance
for all countries of the world (Unal et al 2013). In the
rapidly developing animal husbandry sector, there has
been an increase in the number of animals on farms
and a corresponding increase in waste from those
farms, creating large problems for the environment. If
necessary measures are not taken, it is unavoidable that
the waste originating from animal production activities
will pollute the environment, the groundwater, and
surface water (Ongley 1996; Mutlu 1999; Karaman
2006; Cayir et al 2012).

Although Turkey has more small ruminants than
most countries in the world, the amount of yield
is low compared with more developed countries.
One of the main reasons for this is that the choice
of location and the design of shelters on livestock
farms are not appropriate. Thus recent scientific
studies of livestock farming enterprises have
pointed to mistaken practices with regard to the
location of animal shelters and shelter construction
(Kaymaker et al 2005; Alkan et al 2013). Also, there
is no accepted decision mechanism in Turkey for the
choice of location of livestock farming enterprises,
and therefore this choice is left to the farmers’
own knowledge and physical resources. In animal

© Ankara Universitesi Ziraat Fakiiltesi

production, the choice of location for production with
optimum profit and minimum environmental damage
is of the utmost importance (Karaman 2006; Boyact
etal 2011). However, scientific studies in this country
of choice of location for animal production activities
are extremely limited (Cicek & Senkul 2006).

Many studies have been conducted on the
analysis by the Geography Information System
(GIS) of spatial data such as crop cover, slope
and aspect obtained by the remote sensing (RS)
technique (Aranoff 1989; Yomralioglu 2000;
Kurucu et al 2004; Alsancak 2005; Dasdemir
2006; Demirkesen 2007; Susam & Karaman 2007;
Toreyen et al 2011; Cengiz et al 2013). At the same
time, inquiry models to determine suitable locations
for animal production have been developed, and
are starting to be used along with RS and GIS
techniques (Zeng & Hong 2008; Beyazit et al 2011;
Terfa & Suryabhagavan 2015).

The objective of this study was to determine
the most suitable locations in the Karaburun, Izmir
area for small ruminant production from a legal and
technical standpoint with the help of RS and GIS
techniques.

2. Material and Methods

2.1. Determination of the research area

Choice of location in small ruminant production is
of great importance according to the type of animal
being kept, especially for hair goats. In selecting
the study area, account was taken of the numbers
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of different goat breeds being kept in the various
districts of Izmir province, in the Aegean Region of
Turkey. According to statistics for the year 2014, the
number of hair goats, 35,600, constituted 15.1% of
the total number of goats (235,834 hair and angora
goats), giving it greater potential than other districts
in the province (TUIK 2014). In addition, a variety of
spatial factors affect animal production in this area.
For this reason, Karaburun district in the province of
Izmir was seen to be suitable for this research. The
location of the research area is shown in Figure 1.

Eﬁ*‘%’ﬁ‘@‘*

by -ﬂr‘ufﬁ’*
ik RNy
SR

Figure 1- Location of the study area

Sekil 1- Aragtirma alaninin konumu

Table 2- Map data used in the study

Subsequently, five farms, which were the subject
of a study by Unal et al (2015) in the Karaburun
area, were considered for analysis of the suitability
of location of current small ruminant production
using the GIS inquiry model which was developed.
These farms were registered with the Izmir Sheep
and Goat Breeders’ Association, and had 100 or
more animals. The coordinates of these sample
farms are given in Table 1.

Table 1- Coordinates of the locations of sample
farms in the study area (Unal et al 2015)

Cizelge 1- Arastwma alamndaki drnek isletmelerin
konumlarmna iliskin koordinat degerleri (Unal et al 2015)

Samp ’iif arm Longitude Latitude
1 26°22°09.04”E  38°39°18.12” N
2 26°21°38.98”E 38°38°31.55”N
3 26°2330.26” E  38°33°29.15” N
4 26°23°33.657E 38°31°31.13”N
5 26°26°39.61”E  38°28°40.89” N

Karaburun district, which formed the study area,
is located in the northern part of the Urla peninsula,
which extends into the Aegean Sea. It is surrounded
on the west, north and east by the sea, with the district
of Urla to the south (Karaburun Kaymakamlig
2015). Karaburun district area covers an area of
42,707.15 ha (Izmir 11 Ozel idaresi 2011).

Table 2 shows the map data used in the
development of the model, which consisted of the
type and format of data, the coordinate system
and the source of the data. Also, safety strips were
created for 14 wind turbine generators planned in the
study area, and the coordinates of these generators
were used as material (ARI-ES 2015).

Cizelge 2- Arastirmada kullanilan harita verilerinin tanimlanmasi

Data Data source Data type and format  Coordinate system
Slope map

Land use map Izmir i1 Ozel idaresi Numerical/Shape file UTM, ED50,

Map of land classification according to law ~ (2011) 6 degrees

No. 5403 on soil protection and land use

DEM map, (ASTER GDM Version 1, 30 Japan Space System Raster/GeoTIFF WGS84

metre resolution) (2015)
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2.2. Numerical data for the research area

Numerical data for the research area were taken
as ED 1950 UTM 35 N conversions for the map
projection system, and therefore there was no need
for a separate correction of coordinates. In order
to obtain data on the aspect of land in the study
area, raster data of ASTER GDEM Version 1, was
used (Japan Space System 2015). This raster data
is provided in Geo TIFF format and with WGS84
projection, and so the coordinate system was
converted to ED 1950 UTM 35 N and cell size
was corrected to 30x30. After that, aspect data
were obtained using the DEM map on the program

ArcGIS10.2.2 created according to these data and
taking the borders of Karaburun district as a base.
Slope data were obtained from a 1/100,000 scale
shape file map previously created for the study area
(Izmir 11 Ozel Idaresi 2011).

2.3. Predicted evaluation criteria in the inquiry
into suitable choice of location

In this study, eight different evaluation criteria and
three different evaluation classes were planned,
taking account of legislation on the choice of
suitable locations for small ruminant production
and information in the literature. These are defined
in Table 3.

Table 3- Evaluation criteria and categories planned in the inquiry for choice of suitable location for small

Ruminant farms

Cizelge 3- Kiigiikbas hayvancilik isletmeleri i¢in uygun yer se¢imi sorgulamasinda ongoriilen degerlendirme

olciitleri ve siniflart

Evaluation classes

Evaluation criteria  Values for criteria Unsuitable andltzonally Suitable References
suitable*
SB (2000); Cevre
1) Distance from >500 m <500 m 500-1000m  >1000m  Dokanh@ (1986);
inhabited areas Tarim ve Kdyisleri
Bakanlig1 (2006)

2) Distance from >300 m <300 m 300-600 m >600m  Olgun (2011)
water sources
3) Distance from
irrigation and >100 m <100 m - >100 m Olgun (2011)
drainage canals
4) Distance from Distance of
wind turbine safety  specified safety <300 m - >300 m ETKB (2015)
strips strip

Specified Inside definite, Outside
5) Distance from di tances of short-distance  Inside long- long-
water catchment . or medium- distance distance iZSU (2002)

. defined protection .
basin protected areas arcas distance protected areas  protected
protected areas areas
MWPS (1982);
-6° 0, _600° 0,

6) Slope 2-6% >60% 30-60% <30% Olgun (2011)

South or southeast NOrth, South,
7) Aspect ortheast, east, - southeast, Olgun (2011)

west, orthwest southwest

Land not suitable  Land suitable Ma.rgmal .Sengo.nc% et a}l (20(.)9);

8) Land use class for aericulture for aericulture - agricultural  Izmir Il Ozel Idaresi
£ £ land 011)

*, on condition of extra measures being taken
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2.4. Development of the inquiry model

An inquiry model was developed using GIS on data
derived from images provided by RS with the aim of
determining suitable locations where small ruminant
rearing could be practiced in the study area. The
program ArcGIS10.2.2 was used for all operations at
this stage. In the inquiry according to the first five
planned evaluation criteria (distance from inhabited
areas, distance from lakes or similar water sources,
distance from protected water catchment basins,
distance from wind energy generators and distance
from irrigation and drainage canals), a buffer zone
analysis was made according to the evaluation classes
of these criteria. The inquiry according to the other
three evaluation criteria (slope, aspect and land use
class) was made according to the evaluation classes
in the layers with the help of the “Select” tool. In this
way the eight new data layers obtained were joined
and converted to a single layer. Later, an inquiry of the

DATA LAYERS

1# Layer

farm location was made according to the evaluation
classes using “Query builder” according to single
layer analysis logic, and the results were interpreted
by mapping (Tdreyen et al 2011).

3. Results and Discussion

3.1. The inquiry model

Figure 2 shows layer and attribute information of the
inquiry model which was developed concerning the
eight evaluation criteria (model layers) and the three
evaluation classes relating to these criteria (attributes
of the model layers) taking account of the legislation
and technical basis for the choice of a suitable location
for small ruminant rearing in the study area. In this
model, layers were created according to environmental
factors. However, it is possible to carry out this enquiry
according to more layers including socio-economic
factors (Terfa & Suryabhagavan 2015).

FEATURES

. ‘ Suitable H Conditionally suitable || Unsuitable |

2ndLayer
‘ Conditionally suitable || Unsuitable |
3 Layer
—s [ suiable] | || Unsuitable |
Suitability .
cepmiingriog /AL, [Suble| [ - || nuiable |

generators

St Layer
EEE——

‘ Suitable H Conditionally suitable H Unsuitable ‘

catchment basin
protected areas

6™ Layer
EE—

| Suitable‘ ‘ Conditionally suitable || Unsuitable |

T Layer

——

|Suitable‘ ‘ - || Unsuitable |

Suitability

_8"Layer || gyitable | 2 H Unsuitable |

regarding land
class

Figure 2- The inquiry model
Sekil 2- Gelistirilen sorgu modeli

i
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3.2. Suitability according to evaluation criteria in
the research area

Table 4 gives the spatial and proportional
distribution of the suitability of each evaluation
criterion according to the suitability maps produced.
It was seen that according to the land use class
criterion 78.4% of the study area was unsuitable
for small ruminant rearing, and 65% was unsuitable
because of the criterion of aspect. Also, according to
the criterion of inhabited areas, 12.1% of the study
area was unsuitable for small ruminant production
(Table 4). Sustainable animal farming which does
not damage the environment does not seem possible
in areas which were unsuitable according to the
laws which were taken as a basis in this study, or on
a scientific basis (MWPS 1982; Ongley 1996; SB
2000; Olgun 2011).

3.3. Suitability of the study area according to all
evaluation criteria

The model which was developed was questioned as
to the suitability of the study area for small ruminant
production according to the eight evaluation

criteria as a whole, and the results are given in
Figure 3. The suitability of the study area for small
ruminant production according to this suitability
map is shown in Figure 4 along with spatial and
proportional distribution. It was found that 3.54% of
the 42,707.15 ha study area was classed as suitable
according to the total of the evaluation criteria,
2.78% as conditionally suitable, and 93.68% as
unsuitable (Figure 3-4).

Setting up small ruminant farms in unsuitable
areas will have a negative effect on inhabited areas,
water sources, water storage basins and irrigated
areas. This will threaten environmental cleanliness
and hygiene, as well as human health. In addition,
the land use classification of these areas and the
land slope and aspect are not suitable for these farm
structures (shelters and service structures). This
will cause damage to crop production areas, the
structures will increase the cost of construction, and
the shelter will make the inspection of internal and
external conditions difficult (MWPS 1982; Ongley
1996; Zeng & Hong 2008; Olgun 2011).

Table 4- Suitability of the study area for small ruminant production according to the planned evaluation

criteria

Cizelge 4- Arastirma alammn éngoriilen degerlendirme dl¢iitlerine gore kiigiikbas hayvancilik isletmeleri igin

uygunluk durumu

Evaluation classes

Evaluation criteria Unsuitable Conditionally suitable Suitable
(ha) % (ha) % (ha) %
1) Distance from inhabited areas 5,151.34 12.1 2,821.56 6.6 34,734.24 81.3
2) Distance from water sources 407.63 1 924.71 2.2 41,374.80  96.9
3) Distance from irrigation and drainage 558.55 13 Not ) 4214859 987
canals applicable
4) Distance from wind turbine safety strips ~ 359.64 0.8 NOt - 42,347.50  99.2
applicable
3) Distance from water catchment basin - 751 5g 1y 8159.84  19.1 2981587  69.8
protected areas
6) Slope 1,341.84 3.1 4,854.59 114 36,501.22 855
7) Aspect 27,752.18 65 NOt - 14,954.97  35.0
applicable
8) Land use class 3349221 784 Not ; 921494 216
applicable
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[ SUITABLE

4280000
4280000

1/100.000

4270000

4260000

450000 460000

Figure 3- Map of the suitability of the study area
for small ruminant rearing and location of existing
sample farms

Sekil 3- Arastirma alammin  kii¢iikbas hayvancilik
isletmeleri i¢in uygunluk haritasi ve mevcut ornek
isletmelerin konumu

3.4. Suitability of the location of the sample farms
in the research area

The locations in the study area of the five sample
small ruminant farms are shown in Figure 3. The

1,512.82 ha

1,189.01 ha (%2.78) (%3.54)

B UNSUITABLE

B CONDITIONALLY SUITABLE

B SUITABLE

40,030.60 ha
(%93.68)

Figure 4- Spatial and proportional distribution of
suitability for small ruminant rearing in the study
area

Sekil 4- Arastirma alanmin  kiigiikbas hayvancilik
isletmeleri igin uygunluk durumunun alansal ve
oransal dagilimi

locations of these farms were analyzed with the help
of the inquiry model according to each evaluation
criterion, and the results are given in Table 5.

When the locations of the sample farms were
examined according to the totality of the eight
evaluation criteria, it was found that none of
the locations of the farms was suitable for small
ruminant rearing (Figure 3). When they were
examined according to the evaluation criteria
individually, it was seen that there was no risk in
any of the farms according to criteria 2-5, but that

Table 5- Suitability of locations of sample farms in the study area according to each criterion individually

Cizelge 5- Arastirma alamindaki mevcut ornek isletmelerin konumlarimin her bir degerlendirme él¢iitiine gore

uygunluk durumu
Evaluation criteria
S 1) Distance  2) Distance 3) Dls.tafzce‘ 4) Dlst(.znce 5) Distance from
. . from irrigation from wind  water catchment 8) Land
£ from inhabited from water ; . . 6) Slope 7) Aspect
S and drainage  turbine basin protected use class
o areas sources .
canals safety strips areas
NS CS § NS CS S NS S NS S NS CS S NS CS §S NS § NS S
1 X X X X X X X X
2 X X X X X X X X
3 X X X X X X X X
4 X X X X X X X X
5 X X X X X X X X
NS, not suitable; CS, conditionally suitable; S, suitable
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according to criterion No. 1, the locations of farms
No. 3 and 5 were not suitable. It was also seen that in
general, the locations of the farms were not suitable
according to criterion No. 7 (except for farm No. 1)
and according to criterion No. 8 (except for farm
No. 3) (Table 5). It has been reported that farms
closer than 500 m to an inhabited area constitute
a social and environmental health risk (SB 2000;
Karaman 2006; Unal et al 2013). It has been shown
that farms on land with a northerly, north-westerly,
westerly or easterly aspect will encounter difficulties
in benefitting from winter sun and protection from
summer sun and winter winds (Olgun 2011).

4. Conclusions

The present study was conducted to determine the
most suitable areas for small ruminant production in
the Karaburun district of Izmir province according
to legal and technical evaluation criteria, and a GIS
inquiry model was developed for locational data
provided by the RS technique. Using this inquiry
model, locations which were potentially suitable for
small ruminant production were determined and the
suitability of the locations of existing sample farms
was analyzed. In farms established in the locations
determined as suitable, it will be possible to conduct
faming activities in a way which is better for animal
welfare, prevents environmental damage and is
more economic and sustainable.

The following recommendations are presented
for the more successful choice of a suitable location
for animal farming. In order to determine suitable
locations where all kinds of animal farming can
be practiced over wider areas, there is a need
for scientific research to be conducted on the
development of more inclusive evaluation criteria
in the GIS model. Taking into account such factors
as geological factors (mechanical and hydraulic
characteristics of the ground, groundwater sources,
etc), ownership, the characteristics of the breeds
of animal reared or their environmental needs,
sources of water and feed, market conditions, or
economic factors such as building costs, there will
be a wider range of inquiry possibilities with inquiry
models which will be developed. In this way, it will

provide very effective evaluation in the choice of
suitable locations for farms. If the GIS models
developed are used in setting up livestock farms, the
new farms which are given permission to operate
in suitable locations will be able to carry on their
activities under more suitable conditions. In this
way a contribution will be made to more productive,
profitable and sustainable animal production. In
order to increase the functionality and effectiveness
in use of this type of inquiry model, it is of great
importance that universities and public and private
institutions should work together with farming
organizations such as associations and cooperatives.
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Genel

Tarim Bilimleri Dergisi, tarim bilimleri alaninda ve yazim dili Ingilizce olan 6zgiin arastirma makaleleri yayinlar. Sonuglar1 6nceden
bilinen ve yenilik getirmeyen arastirma makaleleri, taksonomi ile sadece durum tespitine dayanan ve yoresel ¢alismalar ile veri ve
anket analizine dayanan ¢aligmalar derginin kapsami digindadir. Basilacak makalelerin daha dnce higbir yerde yayinlanmamis olmasi
ve yayin haklarinin verilmemis olmasi gerekir. Dergide yayimlanacak makalelerin her tiirlii sorumlulugu yazarina/yazarlarina aittir.

Yayimlanmasi i¢in gonderilen eser, yayin ilkeleri dogrultusunda Bageditor tarafindan 6n incelemeye alinir. Baseditor, dergide
yaymlanabilecek nitelikte bulmadigr makaleleri editorlere/hakemlere gondermeden yazara/yazarlara iade karari verme hakkina
sahiptir. Ayrica yazim kurallarina uymayan veya anlatim dili yetersiz olan makaleler, diizeltilmek lizere yazara/yazarlara iade edilir.
Degerlendirmeye alinan makaleler, incelenmek {izere en az 2 hakeme gonderilir. Hakem degerlendirmesinden gecen makalelere
ait diizeltmeler, diizeltmeler listesiyle birlikte en fazla 30 giin igerisinde sisteme yiiklenerek gonderilmelidir. Bu stireden sonraki
gonderimler kabul edilmez. Yazarlara makaleleri hakkindaki editor ve hakem goriisleri ve onerileri 8 hafta icerisinde bildirilir.
Baseditér, hakem raporlarini ve/veya istenilen diizeltmelerin yeterli olup olmamasimi dikkate alarak makalenin yayimlanip
yayimlanmamasina yonelik nihai karar vericidir.

Makalede isimleri yer alan tim yazarlar, yayim haklarini Tarim Bilimleri Dergisine verdiklerine dair Makale Gonderme ve
Telif Hakki Devir Sézlesmesini imzalamalidir. Makalenin yayimlanmas: kabul edildikten sonra makale metninde, yazarlarinda
ve yazarlarin siralamasinda degisiklik yapilamaz. Makale sunum ya da islem ticreti alinmamakla birlikte, yayima kabul edilen
makaleler icin, sorumlu yazar Ankara Universitesi adina agilmis banka hesabina 400 TL yatirmalidir. Makaleden sorumlu yazara
banka hesap numarasi, makalenin basima kabul edilmesinden sonra bildirilir.

Makale Yiikleme

Hazirlanan makaleler; sadece makaleden sorumlu yazar (makalenin yayim baslangicindan basim sonrasindaki her tiirlii yazigmalarda
sorumlulugu bulunan) tarafindan Tarim Bilimleri Dergisi web sayfasindaki ¢evrimi¢i Makale Gonderme ve Degerlendirme
Sistemi kullanilarak elektronik ortama yiiklenmelidir. Makale yiikleme bolimiiniin “Bagvuruyu Yiikle” bolimiinde pdf
formatindaki makale dosyasina ilave olarak “Ek Dosyalar” boliimiine asagidaki dosyalarin da yiiklenmesi gerekir.

v' Makalenin pdf ve Word (2003 veya daha iist versiyonlari) formatindaki dosyasi. Sisteme yiiklenen makalenin hem pdf
formatinda ve hem de Word formatinda iletisim, ad-soyad, kurum gibi yazarlari tanitict bilgiler bulunmamalidir.

v Tiim yazarlar tarafindan imzalanmus ve pdf formatinda taranmis olan “Makale Gonderme ve Telif Hakki Devir Sézlesmesi”.
Yayima kabul edilmesi durumunda bu formlarin ash da posta ile editore gonderilmelidir.

v" Yazar Makale Kontrol Listesi (pdf formatinda),
v’ Yazarlarin ad-soyad, kurum ve iletigim bilgilerini igeren Word dosyas1,

v Gerekiyorsa Etik Kurul Raporu eklenmelidir.

Derginin Kapsam

Tarim Bilimleri Dergisi, tarim bilimleri alaninda yapilan 6zgiin arastirmalari ve yeni bulgular1 igeren makaleleri yayimlar. Sonuglar:
onceden bilinen ve yenilik getirmeyen arastirma makaleleri, taksonomi ile sadece durum tespitine dayanan ve yoresel ¢aligmalar
ile veri ve anket analizine dayana ¢alismalar derginin kapsami disindadir. Derleme makaleler, yayin komisyonunun ¢agrisi tizerine
hazirlanmigsa normal inceleme ve degerlendirme siirecinden gegirilerek yayimlanir.

Makale Hazirlama

Makaleler, A4 boyutundaki kagidin tek yiiziine 12 punto Times New Roman yaz1 tipinde ve ¢ift satir aralikli yazilmalidir. Sayfanin
saginda, solunda, altinda ve istiinde 3’er cm bosluk birakilmalidir. Makalenin her sayfasi ve satirlari numaralandirilmalidir. Yazar
ad(lar)1 agik olarak yazilmali ve herhangi bir akademik unvan belirtilmemelidir. Editérler kurulu, anlatim dili yeterli olmayan
makaleleri degerlendirme dis1 tutabilir. Yazar(lar)in makale gondermeden once eseri dil yoniinden bir dil bilimciye incelettirmesi
tavsiye olunur. Siralama olarak, Ingilizce 6zet ve pesinden Tiirkge 6zet verilir. Bu durum sekil ve gizelge baslhiklari icin de gegerlidir.

Makale; Tiirkge Baslik, Tiirkge Ozet, Anahtar Kelimeler, ingilizce Baslik, Ingilizce Ozet, Keywords, 1.Giris, 2. Materyal ve
Yontem, 3.Bulgular ve Tartisma, 4.Sonuglar, Tesekkiir (varsa), Kisaltmalar ve/veya Semboller (varsa), Kaynaklar boliimleri ile
Sekil ve Cizelgelerden olugmalidir. Boliim adlar1 koyu yazilmalidir.

Makale, “Kaynaklar” boliimii dahil 16 sayfay1 gegmemelidir. Yazar(lar), bu kisimlarin olusturulmasinda derginin web sayfasindaki
Makale Hazirlama Sablonunu kullanmalidir.

Bashk: Kisa ve agiklayict olmali, 14 punto ve koyu, kelimelerin ilk harfi biiyiik olmali, ortalanarak yazilmali ve 15 kelimeyi
gecmemelidir. Ingilizce baslik Tiirkge basligi tam olarak karsilamali, 13 punto ve koyu yazilmalidir.




Ozet ve Anahtar Kelimeler: Tiirkge ve ingilizce zetlerin her biri 300 kelimeyi gegmemelidir. Tiirkge ve ingilizce 6zetlerde
sirastyla “Ozet” ve “Abstract” kelimeleri kullanilmalidir. Ozet, ¢alismanin amacini, nasil yapildigini, sonuglar1 ve sonuglar iizerine
yazar(lar)n yaptig1 degerlendirmeleri igermelidir. Ozetlerin 1 satir altina, her anahtar kelimenin ilk harfi biiyiik digerleri kiigiik
harflerle, miimkiinse baslikta kullanilmayan, ¢aligmay1 en iyi bicimde tanimlayacak ve aralarinda noktalr virgiil (;) olacak sekilde
en fazla 6 anahtar kelime yazilmalidir.

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

2. Materyal ve Yontem: Kullanilan materyal ve yontem ayni baslikta verilmelidir. Alt bashik verilecekse boliim numaras: ile
birlikte numaralandirilmali (2.1. gibi) ve italik yazilmalidir. Yeni veya degistirilmis yontemler, ayni konuda ¢alisanlara aragtirmay1
tekrarlama olanagi verecek nitelikte agiklanmalidir.

3. Bulgular ve Tartisma: Elde edilen bulgular verilmeli, gerekirse ¢izelge, sekil ve grafiklerle desteklenerek bulgular agiklanmalidir.
Elde edilen bulgular tekrardan kagmilmast amactyla ya cizelge ya da grafik olarak verilmelidir. Istatistiki olarak énemli bulunan
faktorler, uygulanan istatistik analiz teknigine uygun karsilastirma yontemi ile yorumlanarak ilgili istatistikler {izerinde harflendirme
yapilmalidur. Istatistiki analiz yonteminin dogru secilmedigi ve/ya analizin geregi gibi yapilmadig1 durumlarda Baseditor makaleyi
degerlendirme disinda tutabilir. Bulgular tartisilmali ancak gereksiz tekrarlardan kaginilmalidir. Bulgularin baska arastirmalarla
benzerlik ve farkliliklart verilmeli, nedenleri agiklanmalidir.

4. Sonuclar: Elde edilen sonuglar, bilime ve uygulamaya katkisiyla birlikte kisa ve 6z olarak verilmelidir. Giris ile Bulgular ve
Tartisma boliimiinde verilen ifadeler bu kisimda ayni sekilde tekrar edilmemelidir.

Tesekkiir: Gerekli ise miimkiin oldugunca kisa olmali ve yapilan katki ifade edilerek verilmelidir.

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

Kaynaklar: Eserde yararlanilan kaynaklara iliskin atif metin iginde “(Yazarm soyadi y1l)” yontemine gore yapilmalidir. Ornek:
(Doymaz 2003), (Basunia & Abe 2001). Yazara atif yapilirsa sadece yayinin y1li parantez igine alinmalidir. Ornek: Doymaz (2003)’e
gore ya da Basunia & Abe (2001). Ug ya da daha fazla yazar i¢in makale icindeki atifta “et al” kullanilmalidir. Ornek: (Lawrence
et al 2001) veya Lawrence et al (2001)’e gore. Ayn1 yazarin ayni yil iginde 1’den fazla yayini varsa, yildan sonra kiigiik harfler
verilmelidir. Ornek: (Akpinar et al 2003a). Aym yazarin birden fazla yaymina atif yapilacaksa yildan sonra noktali virgiil (;) isareti
ile ayirt edilmelidir. Ornek: (Akpmar 2007; 2009; 2013). Birden fazla atif yapilirsa atiflar arasinda noktali virgiil (;) kullanilmali
ve eskiden yeniye dogru yil sirasina gore verilmelidir. Ornek: (Perl et al 1987; Bailly et al 1996; Copeland & McDonald 2001;
Goel & Sheoran 2003). Eger bilginin, kaynagin belirli bir sayfasindan ya da sayfalarindan alindig: belirtilmek istenirse (Hardeman
& Jochemsen 2012, s 657-674; Naess 1991, s 34) bi¢iminde gosterilmelidir. Kaynaklarda Anonim ya da Anonymous seklinde
gosterim yapilmamalidir.

Kaynaklar bolimiinde metin iginde atifi yapilan tiim kaynaklar alfabetik olarak (yazarlarin soyadlarina gore) ve orijinal dilinde
verilir. Ayn1 yazara birden ¢ok atif yapiliyorsa 6nce tek isim, sonra iki isim ve sonra da ii¢ ve daha fazla yazarli kaynak sirasina
gore hepsi kendi iginde eskiden yeniye y1l sirasina gore verilmelidir. iki veya daha fazla yazarh eserlerin bildiriminde son yazardan
once “&” kullanilmalidir. Ornek: Lawrence K C, Funk D B & Windham W R (2001). Dergi isimleri kisaltma yapilmadan tam ad1
ile ve italik yazilmalidir. Kongre kitaplarinda Tiirk¢e ya da yabanci dilde 6zeti yayinlanmis ¢aligmalara atif yapilamaz. Makaledeki
yanlis atif ve kaynak gosterimlerine ait sorumluluk yazar(lar)a aittir. Kaynaklar boliimiindeki her bir kaynagin sonuna nokta (.)
konmamalidir.
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Lawrence K C, Funk D B & Windham W R (2001). Dielectric moisture sensor for cereal grains and soybeans. Transactions of the
ASAE 44(6): 1691-1696

Akpinar E, Midilli A & Bicer Y (2003a). Single layer drying behaviour of potato slices in a convective cyclone dryer and
mathematical modelling. Energy Conversion and Management 44(10): 1689-1705
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Tez:

Koyuncu T (1992). Tarim arabalarinda kullanilan ¢arpma etkili frenlerin arastirilmasi. Yiiksek lisans tezi, Ankara Universitesi Fen
Bilimleri Enstitiisii (Basilmamig), Ankara

Berbert P A (1995). On-line density-independent moisture content measurement of hard winter wheat using the capacitance method.
PhD Thesis, Crandfield University (Unpublished), UK

Tam Metin Kongre/Sempozyum Kitabi:

Yagcioglu A, Degirmencioglu A & Cagatay F (1999). Drying characteristics of laurel leaves under different drying conditions. In:
Proceedings of the 7th International Congress on Agricultural Mechanization and Energy, 26-27 May, Adana, Turkey, pp.
565-569

Kara Z & Beyoglu N (1995). Konya ili Beysehir yoresinde yetistirilen tiziim gesitlerinin goz verimliliklerinin belirlenmesi tizerine
bir arastirma. Tiirkiye I1. Ulusal Bahge Bitkileri Kongresi. Bildiriler (I1): 3-6 Ekim, Adana, s. 524-528

Sekiller ve Cizelgeler: Sekil, grafik, fotograf ve benzerleri “Sekil”, sayisal degerler ise “Cizelge” olarak belirtilmelidir. Ttiim sekil
ve cizelgeler makalenin sonuna yerlestirilmelidir. Sekil ve ¢izelgelerin boyu tek sayfa diizeninde en fazla 16x20 cm ve ¢ift siitun
diizeninde ise genisligi en fazla 8 cm olmalidir. Sekil ve ¢izelgelerin boyutu baskida ¢ikabilecek ¢oziiniirlilkte olmalidir. Aragtirma
sonuglarmni destekleyici nitelikteki resimler 600 dpi ¢oziintrliigiinde ”jpg” formatinda olmalidir. Renkli resimler yerine gri ya da
siyah tonlu resimler tercih edilmelidir. Cizelgelerde diisey ¢izgi kullanilmamali ve makale hazirlama sablonunda belirtildigi gibi
hazirlanmalidir. Her ¢izelge ve sekle metin igerisinde atif yapilmalidir. Tiim ¢izelge ve sekiller makale boyunca sirayla sadece Table 1
ve Figure 1 kismi koyu olacak sekilde numaralandirilmahidir. Cizelge ve sekil basliklar1 ve agiklamalart kisa ve 6z olmalidir.
Cizelge ve sekillerin ingilizce bashklari, Tiirkce bashigin hemen altma italik olarak yazilmals, ilk yazilan Tiirkge baslik yazis1 koyu
olmalidir. Sekil ve ¢izelge baslik yazilari 9.5 punto, sekil ve ¢izelgelerin igindeki yazilar 9 punto, ¢izelge alt1 yazilar 8 punto Times
New Roman yazi karakterinde olmalidir. Sekillerde yatay ve diisey kilavuz ¢izgiler ve rakamlar bulunmamalidir. Ancak istatistiksel
karsilastirmalar yapiliyorsa kiigiik harfler bulunabilir. Cizelge ve sekillerde kisaltmalar kullanilmis ise hemen altina bu kisaltmalar
aciklanmalidir. Sekil ve ¢izelge basliklar ile ¢izelge alt1 yazilarmin sonuna nokta (.) konmamalidir.

Birimler: Tiim makalelerde SI (Systeme International d’Units) 6l¢im birimleri kullanilmalidir. Ondalik kesir olarak nokta
kullanilmalidir ( 1,25 yerine 1.25 gibi). Birimlerde “/” kullanilmamali ve birimler arasinda bir bosluk verilmelidir (m/s yerine m s,
J/s yerine J s, kg m/s? yerine kg m s 2 gibi). Say1 ile sembol arasinda bir bosluk birakilmalidir (4 kg N ha', 3 kgm 's2,20 N m,
1000 s, 100 kPa, 22 °C ve % 29 gibi). Bu kuralin istisnalar1 diizlemsel agilar i¢in kullanilan derece, dakika ve saniye sembolleridir
(°, " ve "). Bunlar sayidan hemen sonra konmalidir (10°, 45°, 60” gibi). Litrenin kisaltmas1 “1” degil “L” olarak belirtilmelidir.
Ciimle sonunda degillerse sembollerin sonuna nokta konulmamalidir (kg. degil kg).

Formiiller ve Esitlikler: Formiiller numaralandirilmali ve formiil numarasi formiiliin yanina saga dayali olarak parantez iginde
gosterilmelidir. Formiillerin yazilmasinda Word programi matematik islemcisi kullanilmali, ana karakterler 12 punto, degiskenler
italik, rakamlar ve matematiksel ifadeler diiz olarak verilmelidir. Metin igerisinde atif yapilacaksa “Esitlik 1” biciminde verilmelidir
(...iliskin model, Esitlik 1’ de verilmistir).
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