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Sakine CETIN TANER, Eyiip KOKSAL, Emre TUNCA

METRIC YAKLASIMINDA ALTERNATIF SOGUK VE SICAK HUCRELERIN
EVAPOTRANSPIRASYON HARITALAMA UZERINE ETKILERININ
DEGERLENDIRILMESI

0z:

METRIC modeli ile evapotranspirasyon (ET) heritalarinin elde edilmesin-
de hem uydu verileri hem de meteorolojik veriler girdi olarak kullanilmaktadr.
Hissedilebilir 1s1 akis1 (H) hesaplamalart METRIC modelinin en 6nemli asamala-
rindan biridir. Cogu modelde H hesab1 soguk ve sicak hiicreler ad: verilen iki ug
kosula dayal1 bir kalibrasyon islemi icermektedir. Kalibrasyonda soguk ve sicak
hiicreye ait cok sayida parametre kullanilmaktadir. Kullanilan parametrelerin han-
gisinin ET haritasina hangi diizeyde etki ettigini belirlemek 6nemlidir. Bu ¢aligma,
yari-kurak iklim kogullarina sahip Suluova tarim arazileri i¢in yuriitilmistiir. Ca-
lismada 25 Haziran 2007 ve 4 Temmuz 2010 tarihli LANDSAT 5-TM uydu goriin-
tiileri ve Meteoroloji Genel Miidiirligiinden (MGM) temin edilen iklim verileri
kullanilmistir. Uydu goriintiilerinin islenmesi ve ET haritalamasinda METRIC
modeli kullanilmistir. Caligmanin amaclari; farkli soguk ve sicak hiicre kombinas-
yonlarinin ET haritalarinda neden oldugu farkliliklarin degerlendirilmesi ve soguk
ve sicak hiicrelere ait Normalize Edilmis Vejetatif Degisim Indeksi (NDVI), Yiizey
Sicakligr (Ts), Net Radyasyon (Rn), Toprak 1s1 akisi (G) ve albedo (a) parametre-
lerinin her birinin ET haritalarina etkisinin belirlenmesidir. Caligma kapsaminda
uydu goriintiilerinde birden fazla soguk ve sicak hiicre se¢imi yapilarak ET harita-
lar1 elde edilmistir. Soguk ve sicak hiicrelerden birer tanesi en uygun u¢ kosullar1
ve diger hiicreler ise kullanici hatas1 sonucu segilebilecek u¢ kosullar: temsil et-
mektedir. Caligmada her iki uydu gériintiisiinde de elde edilen ET haritalarindan
birer tanesi en uygun ET haritasi olarak dikkate alinmigtir. Daha sonra en uygun
ET haritas: ile digerlerinin karsilastirilmast istatistiksel yontemlerle yiiriitiilmiis-
tiir. Analizler sonucunda, hata {izerine 25 Haziran 2007 tarihli uydu gériintiisiinde
sicak hiicre parametrelerinin, 4 Temmuz 2010 tarihli uydu goriintiisiinde ise so-
guk hiicre parametrelerinin daha etkili oldugu tespit edilmistir. Calismadan elde
edilen sonuglara gore, net radyasyon ET haritalarinda hata miktarinda 6nemli rol
oynamaktadir.

Anahtar Kelimeler: Enerji Dengesi, Evapotranspirasyon, Kiimeleme Analizi,
METRIC, Sicak ve Soguk Hiicre, Uzaktan Algilama.
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EVALUATION OF THE EFFECTS OF ALTERNATIVE COLD AND HOT CELLS ON
EVAPOTRANSPIRATION MAPPING IN THE METRIC

ABSTRACT:

Both satellite data and meteorological data are used as inputs to obtain eva-
potranspiration (ET) maps with the METRIC model. Sensible heat flux (H) cal-
culations are one of the most important stages of the METRIC model. In most
models, the H account called the hot and cold calibration process based on pixels
comprises two end conditions. Many parameters of cold and hot pixels are used in
calibration. It is important to determine which of the parameters used affect the
ET map at what level. This study was carried out for Suluova agricultural lands in
semi-arid climatic conditions. In the study, LANDSAT 5-TM satellite images da-
ted 25 June 2007 and 4 July 2010 and climate data obtained from the The Turkish
State Meteorological Service (MGM) were used. METRIC model was used for the
processing of satellite images and ET mapping. The aims of the study; evaluation of
the differences caused by different combinations of cold and warm cells in ET maps
and the analysis of each of the Normalized Difference Vegetation Index (NDVI),
Surface Temperature (Ts), Net radiation (Rn), Soil Heat Flux (G) and albedo (a)
parameters of cold and hot pixels. It is to determine the effect on ET maps. In study,
ET maps were obtained by selecting more than one cold and hot pixel in satellite
images. One of the most suitable extreme conditions of cold and hot pixel others
represents user error that extreme conditions can be selected. One of the ET maps
obtained in both satellite images in the study was considered the most suitable ET
map. Statistical methods carried out a comparison of the most appropriate ET map
with the others. As a result of the analysis, it was determined that the hot pixel
parameters were more effective in the satellite image dated June 25, 2007 and the
cold pixel parameters in the satellite image dated July 4, 2010. Overall, Rn plays an
essential role in the error in ET maps.

Keywords: Cluster Analysis, Energy Balance, Evapotranspiration, Hot and Cold
Pixels, METRIC, Remote Sensing.

L2 2
1. GIRIS

Evapotranspirasyonun (ET) dogru bir sekilde tahmini bitki su ihtiyacinin be-
lirlenmesinde, su kaynaklarinin planlanmasi ve yonetiminde, 6zellikle su kaynak-
larinin kit oldugu kurak ve yari-kurak bélgelerde su tasarrufu agisindan oldukga
onemlidir. Etkin bir su yonetimi, basarili bir su tasarruf planinin en temel bilesen-
lerinden biridir (Mondejar-Jimenez et al., 2011; Ferrari et al., 2010). Giiniimiizde
uzaktan algilama uydu verileri araciligiyla uydu goriintiisiiniin her bir hiicresinde-
ki ET hakkinda zamansal ve mekansal olarak bilgi edinmeye olanak tanimaktadir
(Lin et al., 2011; Irmak and Kamble, 2009; Ramos et al., 2009).

ANAJAS, 2022, Cilt 37, Sayi 2, Sayfa 219-242
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Son zamanlarda ET nin mekansal dagilimini belirlemek i¢in gelistirilmis farkls
yontemlerden bahsedilmektedir (Choi et al., 2009). Bastiaanssen (1995) tarafindan
gelistirilen Arazi icin Yiizey Enerji Dengesi Algoritmasi (SEBAL) modelinden, Al-
len et al. (2005) tarafindan tiretilen Evapotranspirasyonun Haritalanmasinda Yiik-
sek Coziiniirliik ve Igsel Kalibrasyon Modeli (METRIC), toprak yiizeyindeki enerji
biitgesinden elde edilen ET’nin mekansal ve zamansal dagilimini tahmin etmek-
tedir (Mokhtari et al., 2013). Ayrica bir¢ok aragtirmaci tarafindan belirtildigine
gore, uzaktan algilama teknikleriyle ET haritalama yari-kurak bolgelerde dogru ve
diisiik maliyetle ET tahminine olanak saglamaktadir (Allen ve Bastiaanssen, 2005;
Chavez et al., 2009; Conrad et al., 2007; Hendrickx et al., 2007; Tasumi et al., 2005b;
Trezza, 2006). ET’yi tahmin etmek i¢in kullanilan enerji dengesi modelleri termal
kizil6tesi radyansa dayanan yiizey sicakligy verisine ihtiya¢ duymaktadir. Ayrica
METRIC modeli iki u¢ kosula gore i¢sel kalibrasyon islemlerini igermektedir. Bu
ug kosullar sicak ve soguk kosullar olarak adlandirilmaktadir (Allen et al., 2007).
Ek olarak hissedilebilir 1s1 akist (H) ve yiizey sicaklig1 atmosfer sicakligi farki olan
dT’nin i¢sel kalibrasyonu, yiizey sicakligi (Ts) ve albedonun (a) atmosferik dogru-
lamasini ortadan kaldirmaktadir (Tasumi et al., 2005a, b).

SEBAL farkli iklim kosullarina sahip 30'dan fazla {ilkede uygulanmis ve gesitli
calismalarda modelin dogrulugunun anlik ET igin %67 ile %95 arasinda oldugu,
giinliik ET igin %70 ile %98 arasinda oldugu bildirilmistir (Bastiaanssen et al.,
2005). Ek olarak, lizimetre 6lgiimlerine gore, ET tahmininde METRIC modeli-
nin hata orani ise giinliik, aylik ve yillik bazda ortalama %10 oldugu belirtilmistir
(Allen et al,, 2005). Ayrica, %14.7, %8.1, %1.5 ve %-7.4 olan hatalar farkli sulama
yonetimleri ve farkl: bitki tipleri tizerinde METRIC modeli ile elde edilen ET tah-
minleri, toprak su biitgesi yonteminden elde edilen ET ile karsilastirilarak rapor
edilmigtir (Chavez et al., 2007). Onceki ¢aligmalar yeterli bulunmasina ragmen,
iklim kosullar1 ve bitki cesitliligi gibi sebeplerden dolayr modelin uygulanabilirligi
ve hata kaynaklarinin arastirilmasi tavsiye edilmektedir (Gowda et al., 2008). Ha-
talar parametreler tizerine uygulanan gesitli istatistiksel analizlerle tanimlanarak
azaltilabilir (Nakane and Haidary, 2010; Mokhtari et al., 2013).

Yapilan aragtirmalarda enerji dengesinin énemli bilesenlerinden hissedilebilir
1s1 akusinin, sicak ve soguk hiicre olarak adlandirilan iki referans noktaya ist dii-
zeyde duyarli oldugu belirlenmistir. Bu nedenle SEBAL ve METRIC gibi modeller-
de uygun sicak ve soguk hiicre se¢cimi ET’nin dogru tahmini i¢in olduk¢a 6nem-
lidir (Timmermans et al., 2007; Long et al., 2011; Bastiaanssen, 1995; Wang et al.,
2009). METRIC modeline gére sicak ve soguk kosulu saglayan hiicreler tarim ara-
zilerine denk gelen hiicrelerden elle segilmektedir (Allen et al., 2005; 2007; Gowda
et al., 2008). Bilindigi gibi bir uydu goriintiisii cok fazla sayida hiicreden (Ornegin
LANDSAT 5 i¢in 3.5x107 adet) olugsmaktadir. Bu nedenle bu se¢im oldukea zor
ve zahmetlidir. Bu amagla bazi aragtirmacilar soguk ve sicak hiicre se¢iminde or-
tak bir goriintii isleme yaziliminda otomatik olarak se¢imler yapmiglardir. Fakat
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caligmalarinda arastirmacilar en giivenilir se¢imin elle secim oldugunu 6zellikle
vurgulamaktadirlar (Allen et al., 2013). Bu ylizden sicak ve soguk hiicre seciminde
yapilacak olan hata, kalibrasyona gerek duyan dT, rah, H gibi parametrelerin hesa-
binda dolayisiyla da ET haritalarinda hatalara neden olacaktir.

Bu ¢aligmanin amaci, soguk ve sicak hiicre se¢ciminde yapilan hatalarin ET ha-
ritalarina etkisinin tespit edilmesi ve ET haritalamada soguk ve sicak hiicrelerin
seciminde hataya neden olan parametrelerin cesitli istatistiksel analizlerle deger-
lendirilmesidir. Caligma yari-kurak iklim kogsullarina sahip Amasya ili, Suluova
ilgesi i¢in yiiriitiilmiis ve LANDSAT 5-TM uydu goriintiileri kullanilmigtir.

2. MATERYAL VE YONTEM
2.1. Materyal
2.1.1. Calisma Alanina iliskin Bilgiler

Caligma Amasya iline bagli Suluova ilcesi tarim arazileri i¢in yiritilmistir
(Sekil 1). Suluova, Amasya'nin 25 km batisinda yer almaktadir. Baglica temel ge-
¢im kaynagini tarim ve hayvancilik olusturmaktadir. lge alaninin %59u tarim
arazisi, %16’s1 cayir-mera, %9.8’i orman-galilik ve %15.2’si kirag alanlardan olus-
maktadir. Suluovanin baslica su kaynaklar: Tersakan Irmag1 ve Yedikir Barajidir.
Ayrica bazi kéylerde sulama amacli kullanilan suni goletler bulunmaktadir. Yedikar
Baraju ile birlikte sulu tarima gegilen Suluova ilgesinde, sanayi bitkilerinin yaninda
bag ve bahce tarim1 (meyvecilik, sebzecilik) yapilmaya baslanmustir.

Sekil 1. Calisma Alani Cografik Konumu

Figure 1. Geographical Location of the Study Area

ANAJAS, 2022, Cilt 37, Sayi 2, Sayfa 219-242
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2.1.2. Caligmada Kullanilan iklim Verileri

Bu ¢alismada uydu gériintiilerinin islenmesinde saatlik iklim verilerinden ya-
rarlanilmistir. Atmosfer sicakligr (Ta), atmosferik basing (P), oransal nem (RH),
gilines radyasyonu (Rs) ve riizgar hiz1 (u) verileri Meteoroloji Genel Mudiirliigine
(MGM) bagli Amasya meteoroloji istasyonundan temin edilmistir. Son 30 yillik
iklim verilerine gore ortalama sicaklik degeri 13.7 °C iken ortalama oransal nem
degeri %60dir. Ortalama yillik toplam yag1s degeri ise 460.0 mmdir.

2.1.3. Calismada Kullanilan Uydu Verileri

Bu ¢aligma i¢in Amasya merkezli 25 Haziran 2007 ve 4 Temmuz 2010 tarihli 2
adet LANDSAT 5-TM uydu goriintiisii temin edilmistir. LANDSAT 5-TM uydu-
sunun spektral ¢oziiniirliigi 0.45-12.5 um, radyometrik ¢oziiniirliigii 8 bit, zaman-
sal ¢oziiniirligl 6 giin, tarama genisligi 185x170 km ve yoriinge yiiksekligi 705.0
km’ dir. LANDSAT 5-TM uydusu, 1 tanesi termal olmak {izere toplam 7 banda
sahiptir (Anonim, 2020).

2.2.Yontem

2.2.1. Uydu Gériintiilerinde Sicak ve Soguk Hiicrenin Se¢ilmesi ve ET
Haritalama

Calismada ET’nin haritalanmasinda uydu gériintiileri ve iklim verileri kullani-
larak yiizey enerji dengesine dayanan METRIC modeli kullanilmistir. Enerji den-
gesinin genel esitligi Esitlik 1'de verildigi gibidir. Esitlikte gizli 1s1 akis1 (LE), net
Radyasyon (Rn), hissedilebilir 1s1 akis1 (H) ve toprak 1s1 akis1 (G)'nin birimleri W
m? cinsindendir (Allen et al., 2002; Tasumi et al., 2005a; Allen et al., 2005, 2007;
Kjaersgaard et al., 2009; Mokhtari et al., 2013).

LE=Rn-H-G (D

Calismada 6ncelikle Rn hesabinda kullanilan vejetasyon indekslerinden albedo
(a), Normalize Edilmis Vejetatif Degisim Indeksi (NDVI), Toprak Yansimalarini
Dikkate Alan Vejetasyon Indeksi (SAVI) ve Yaprak Alan Indeksi (YAI) ve termal
bant verisi ile vejetasyon indekslerine dayanan yiizey sicaklig: (Ts) hesaplamalar1
detaylar1 Allen et al. (2007)de verildigi gibi yapilmistir. METRIC modeli, H hesa-
binda tiirbiilanshi degisim siiregleri ve termal konveksiyonu dikkate alan standart
Monin-Obukhov teoremini esas almaktadir. H Esitlik 2'de verildigi gibi hesaplan-
mustir. Burada, p havanin yogunlugu (kg m~), Cp hava sabitesi (J kg K'), dT yii-
zey sicaklig ile atmosfer sicakligr arasindaki fark (°C) ve rah aerodinamik direnctir
(s m!) (Bastiaanssen et al., 1998; Bastiaanssen and Boss, 1999; Bastiaanssen et al.,
2001; Allen et al., 2005, 2007).
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H:pxcpx dT (2)

Tah

Rah ve H paremetreleri uydu goriintiisiiniin her bir hiicresinde birbiriyle ilis-
kili ve belirsizdir. Bu nedenle hesaplamalarinda iterasyona gerek duyulmaktadir.
Yiizey sicakligr ve atmosfer sicakligi parametrelerinden olusan dT hesabinda ise,
METRIC modelinin belirttigi gibi, soguk ve sicak olmak iizere iki ug nokta ara-
sinda kalibrasyon islemine ihtiya¢ duyulmaktadir. Model ug¢ kosullarin dogru bir
sekilde belirlenmesi ile daha yiiksek dogrulukla goriintii islemeye olanak sagla-
maktadir. METRIC modeline gore, bu ug¢ kosullar tarimsal alanlardan belirlen-
mektedir. Clinkii 30 m’lik ¢6ztiniirlitkte, dogal alanlarla karsilastirildiginda ta-
rimsal alanlarda farklilik daha azdir. Kalibrasyon noktalar: toprak tamamen bitki
ortiistiyle kapl vejetasyon durumu yiiksek ve bitki ortiisiintin bulunmadigr ¢iplak
veya cok az vejetasyona sahip tarim alanlarindan belirlenmektedir. Toprak tama-
men bitki ortiisiiyle kapli yesil vejetasyona sahip alanlarda Ts ve dT degerleri yiik-
sek buharlagmadan dolay: diisiiktiir. Bu kosulu saglayan yerler soguk kosul olarak
adlandirilirlar. Bitki 6rtiisiinden yoksun, kuru ve ¢iplak toprak ozelliklerine sahip
yeni siiriilmiis bir toprak yiizeyinin ¢ok fazla isisnmasindan dolay1 Ts ve dT deger-
leri yiiksektir. Bu kosulu saglayan yerler ise sicak kosul olarak adlandirilmaktadir
(Allen et al., 2013). Bu ¢alismada belirlenen soguk hiicreler; NDVI degeri yiik-
sek (0.75-0.85 arasinda), Ts degeri diisiik (295-297 °K arasinda) ve sicak hiicreler;
NDVT degeri diisiik (0.08-0.17 arasinda), Ts degeri yiiksek (316-320 °K arasinda)
tarim alanlarindan goriintiiler incelenerek gozle segilmistir. dT degerleri ile ayni
hiicrelerin Ts degerleri kullanilarak elde edilen dogrusal regresyonla dT=a+bTs
esitliginin a ve b katsayilar1 belirlenmistir. Ardindan uydu goriintiisiiniin her bir
hiicresi igin ilk dT hesabi yapilmustr.

Bu ¢aligmada soguk ve sicak hiicre se¢imleri, yukarida verilen temel yaklagim-
lara gore, ele alinan iki uydu gériintiisiiniin her biri i¢in belirlenmistir. Béylece
secilen bu hiicreler her bir uydu goriintiisii icin esas soguk (C1) ve sicak (H1) hiic-
reler olarak dikkate alinmigtir. Buna ek olarak, C1 ve H1 kullanilarak iiretilen ET
haritalar1 esas ET haritalar1 (ET1) olarak degerlendirilmistir. METRIC ve SEBAL
gibi modellerde soguk ve sicak hiicrelerin gesitli algoritmalarla otomatik olarak
secilmesi iizerine yapilmis bazi ¢alismalar bulunsa da, Allen et al. (2013)e gore
tecriibeli bir uzman tarafindan gozle se¢im en giivenilir olanidir. Bu alanda yapilan
¢aligmalarin bityiik bir cogunlugunda soguk ve sicak hiicre se¢imi gozle yapilmak-
tadir. Ancak, biyiik bir uydu goriintisiinde, ¢esitli filtreleme teknikleri uygulansa
ve yukarida yer verilen temel yaklagimlar dikkate alinsa bile, se¢imde kimi zaman
hata yapilabilmektedir. Bu ¢alismada her bir uydu goriintiisii igin, farkli soguk ve
sicak hiicreler belirlenmistir. C1 ve Hl'den farkli olarak, 25 Haziran 2007 tarihli
uydu goriintiisii i¢in 5 adet soguk hiicre (C2, C3, C4, C5 ve C6) ve 5 adet sicak hiic-
re (H2, H3, H4, H5 ve H6), 4 Temmuz 2010 tarihli uydu goériintiisii i¢in 4 er adet
soguk hiicre (C2, C3, C4 ve C5) ve sicak hiicre (H2, H3, H4 ve H5) belirlenmistir.

ANAJAS, 2022, Cilt 37, Say1 2, Sayfa 219-242



Sakine CETIN TANER, Eyiip KOKSAL, Emre TUNCA

Calismada farkl: tarihlerde sicak ve soguk hiicre sayisi ayni degildir. Clinkii hataya
sebep olabilecek sicak ve soguk hiicreler ¢aligmaya dahil edilmistir. Boylece 25 Ha-
ziran 2007 tarihli uydu gérintiisii i¢in, soguk ve sicak hiicre kombinasyonlari ile
toplam 36 farkli ET haritas: (ET1, ET2,....ET36), 4 Temmuz 2010 tarihli goriintii
i¢in toplam 25 farkli ET haritas1 (ET1, ET2,....ET25) hazirlanmustir (Cizelge 1 ve
2).

Cizelge 1. 25 Haziran 2007 tarihli uydu goriintiisii i¢in farkli sicak ve soguk
hiicrelerden elde edilen ET haritalarinin kisaltmalar:

Table 1. Abbreviations of ET maps obtained from different hot and cold pixels
for satellite image dated June 25, 2007

Sicak
Hiicre

Soguk H1 (esas) H2 H3 H4 HS5 H6

Hiicre

C1 (esas) ET1(esas) ET2 ET3 ET4 ETS ET6

C2 ET7 ET8 ET9 ET10 | ET11 | ETI2
C3 ET13 ET14 | ET15 | ET16 | ET17 | ET18
C4 ET19 ET20 | ET21 | ET22 | ET23 | ET24
Cs5 ET25 ET26 | ET27 | ET28 | ET29 | ET30
C6 ET31 ET32 | ET33 | ET34 | ET35 | ET36

Cizelge 2. 4 Temmuz 2010 tarihli uydu gériintiisii icin farkli sicak ve soguk
hiicrelerden elde edilen ET haritalarinin kisaltmalar1

Table 2. Abbreviations of ET maps obtained from different hot and cold pixels
for satellite image dated July 4, 2010

Sicak
Hiicre
Soguk H1 (esas) H2 H3 H4 HS
Hiicre
C1 (esas) ETl(esas) ET2 ET3 ET4 ET5
C2 ET6 ET7 ETS8 ET9 ETI10
C3 ETI11 ET12 | ET13 | ET14 ETI15
C4 ETI16 ET17 | ET18 | ETI19 ET20
CS5 ET21 ET22 | ET23 | ET24 ET25
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ET haritalarini elde etmek igin, her bir soguk ve sicak hiicre kombinasyonu
kullanilarak, her bir kombinasyon i¢in ayr1 bir H hesab1 yapilmistir. Bu hesaplama
icin, Allen et al. (2007)de verilen yontemler izlenmistir. ilk olarak her bir kombi-
nasyon i¢in Ts ve dT” ye iliskin kalibrasyon denklemleri elde edilmistir. Bu denk-
lemlerin elde edilmesinde bu hiicrelerin Ts, Rn, G ve zom degerleri kullanilmak-
tadir. Bu islemin ardindan stabilite dogrulamasinin tamamlanmast igin iterasyon
islemleri ytrutilmustir. Elde edilen H haritalar1 kullanilarak yukarida a¢iklandig:
gibi, giinlitk ET haritalar1 olusturulmustur.

2.2.2. Istatiksel Analiz ve Degerlendirme

Bu ¢alismada bir dizi istatistiksel analiz yapilmistir. Calismada uydu goriintiile-
ri islenerek gesitli haritalar elde edilmistir. Bu haritalar1 olusturan sayisal verilerle
istatistiksel analiz yapilabilmesi igin, bu sayisal verilerin harita formatinda degil,
numerik formatta kullanilmas: gerekmektedir. Bu amagla, uydu goriintiilerinde
caligma alani olan Suluova tarim arazileri kesilerek ayrilmis, ardindan bu alanin
sayisal verileri, her bir hiicre bazinda, koordinatlarina gére metin dosyas: olarak
kayit edilmistir. Son olarak bu sayisal degerler istatistiksel analizlerin yiiriitiilecegi
yazilimlara aktarilmistir.

Caligmada enerji dengesinin temel parametreleri olan NDVI, Ts, Rn ve G ara-
larindaki iligkilerin degerlendirilmesi amaciyla regresyon analizleri yiiriitiilmiis ve
dagilim grafikleri hazirlanmistir. Ardindan Cizelge 1 ve 2’ de kisaltmalar: verilen
ET haritalarinin her birine ait olan sayisal veriler koordinatlar1 temel alinarak ista-
tistiksel analiz yapilmak {izere, ilgili yazilimlarda yan yana siitunlara yerlestirilmis-
tir. Her bir uydu goriintiisii icin ET1 veri dizisi ile diger ET veri dizilerinin (ET2,
ET3, ET4....) kargilagtirmasi ve uyumunun degerlendirilmesi i¢in r* (determinas-
yon katsayis1) ve RMSE (hata kareleri ortalamasinin karekokii) hesaplamalari ya-
pilmustir.

Calismada elde edilen RMSE degerleriyle soguk ve sicak hiicrenin NDVI,
Ts, Rn, G ve o parametreleri arasinda korelasyon analizi sonucunda korelasyon
katsayilar1 belirlenmistir. Boylece her iki uydu goriintiisiinde hata {izerine etkili
parametreler daha kolay belirlenerek yorumlanmistir. Farkli soguk ve sicak hiicre
kombinasyonlarina gore hazirlanan ET haritalarinda, esas olarak goz 6niinde tutu-
lan ET1’ e gore hataya NDVI, Ts, Rn, G ve a parametrelerinin hangisinin daha faz-
la etki ettiginin belirlenmesi i¢in kiimeleme analizleri yliriitilmistir. Kimeleme
analizleri bir 6nceki agamada hesaplanan RMSE degerlerine gore yapilmistir. Kii-
meleme analizi istatistiksel bir yazilim (SPSS 21.0) kullanilarak gerceklestirilmistir.
Kiimeleme analizinde kiime sayis1 6nceden bilinmediginden hiyerarsik kiimeleme
analizi kullanilmigtir. Kimeleme analizinde kareli oklit uzakligiyla degiskenlerin
aralarindaki yakinlik uzaklik iligkisine gore, degiskenlerdeki benzerlikler belirlen-
meye c¢aligilmistir. Caligmada kiimeleme analizi yapilmasindaki amag, degisken
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sayisint daha aza indirip, degiskenlerin hataya etkisini daha kolay yorumlayabil-
mektir. Boylece, soguk ve sicak hiicre seciminin ET haritalamada neden oldugu
hatanin en ¢ok hangi enerji dengesi bileseninden kaynaklandig: belirlenmistir.

3. BULGULAR VE TARTISMA
3.1. Referans Bitki Su Tiiketimi Bulgular1

Calisma alanina en yakin meteoroloji istasyonlar1 olan Amasya i¢cin MGM
Amasya istasyonundan temin edilen iklim verileri kullanilarak, ASCE EWRI
(2005) ve Allen et al. (1998)’ de verilen yontemler esas alinarak, 25 Haziran 2007
ve 4 Temmuz 2010 tarihleri i¢in saatlik ve giinliik ETr degerleri hesaplanmigtir.
Hesaplanan giinliik referans ET degerleri sirasiyla 7.3 mm ve 6.62 mmdir. Uydu
goriintiisiiniin kayit edildigi saatteki ETr degerleri ise 0.68 mm h've 0.70 mm h!
olarak hesaplanmustir.

3.2. Calisma Alaninin Sicak ve Soguk Hiicre Bulgular:

Caligmada esas olarak belirlenen sicak ve soguk hiicre degerleri ve diger si-
cak ve soguk hiicre degerleri Ts ve NDVT haritalarina bagli olarak belirlenmistir.
Belirlenen soguk ve sicak hiicrelere iliskin Ts, NDVI, Rn ve G degerleri Cizelge 3
ve 4’te verildigi gibidir. 25 Haziran 2007 ve 4 Temmuz 2010 tarihli uydu goériintii-
stinde esas soguk hiicrenin (C1) Ts degeri diger soguk hiicreler i¢in belirlenen Ts
degerlerinin en diisiigii (25 Haziran 2007 ve 4 Temmuz 2010 uydu goriintiisii i¢in
sirastyla 295.559 °K ve 298.292 °K), esas sicak hiicrenin (H1) Ts degeri diger sicak
hiicreler i¢in bulunan Ts degerinin ise en biiyligtidiir (25 Haziran 2007 ve 4 Tem-
muz 2010 uydu goriintiisii i¢in sirastyla 319.359 oK ve 317.845 °K). Ortalama sicak
ve soguk hiicreler sirasiyla genel olarak 25 Haziran 2007 tarihli uydu goriintiisiinde
295.559-297.592 °K ve 317.080-319.359 °K arasinda degisirken, 4 Temmuz 2010
tarihli uydu goriintiisiinde 298.292-299.947 °K ve 315.541-317.845 °K arasinda de-
gismektedir. Bhattarai et al., (2017)'de yapilan bir ¢caligmada, ET haritalanmasinda
sicak ve soguk hiicrelerin se¢iminde otomatik bir yaklagim kullanilmistir. Bu yak-
lasimda sicak ve soguk hiicre Ts degerlerini se¢mede 273-335 °K arasi degerler baz
almmistir. Bu caligmada elde edilen sicak ve soguk hiicre bulgularinin daha 6nce
yapilan bu ¢alisma ile uyumlu oldugu tespit edilmistir.
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Cizelge 3. 25 Haziran 2007 tarihli uydu goriintiisii i¢in belirlenen soguk ve
sicak hiicrelerin Ts, NDVI, Rn, G ve a degerleri

Table 3. Ts, NDVI, Rn, G, and a values of cold and hot pixels determined for
the satellite image dated June 25, 2007

Soguk Hiicre (C), Sicak Hiicre (H) Ts (°K) NDVI Rn(Wm?) | G(Wm?) o
C1 (esas) 295559 0.810 635.646 45.349 0231
C2 296650 0.861 662.941 37.432 0.189
C3 296.698 0.850 663.281 39.610 0.189
C4 297592 0.845 618.724 41.678 0.233
C5 295593 0.802 652.087 46.836 0.214
Cé 296 893 0.807 656.095 48.127 0.201
H1 (esas) 319.359 0.126 518.812 129225 0.215
H2 317.080 0.097 537.164 126.738 0.212
H3 318.604 0.115 532.085 128.806 0.206
H4 318224 0.135 539.250 128.533 0.201
HS5 318463 0.091 539.181 127422 0.207
Hé 319.357 0.168 568.928 130921 0.160

Cizelge 4. 4 Temmuz 2010 tarihli soguk ve sicak hiicrelere iligkin belirlenen
soguk ve sicak hiicrelerin Ts, NDVI, Rn, G ve a degerleri

Table 4. Ts, NDVI, Rn, G and a values of cold and hot pixels determined for
cold and hot pixels dated July 4, 2010

Soguk hiicre (C), Sicak hiicre (H) Ts (°K) NDVI Rn (Wm?) G(Wm?) o
C1 (esas) 298.292 | 0.784 709.547 52.844 0.122
C2 298.987 0.824 642,517 47379 0.191
c3 298.606 0.813 689.407 48.610 0.141
C4 299947 0.800 654.964 53264 0.172
C5 299223 0.864 637.090 39.190 0.191
H1 (esas) 317.845 0.079 531.210 126.120 0.204
H2 315.541 0.117 578.055 123.648 0.168
H3 315928 0.101 583.292 124.245 0.159
H4 316.697 0.109 571.685 125309 0.167
H5 317.081 0.100 556.439 125.677 0.181

Calismada 25 Haziran 2007 tarihli uydu goriintiisii i¢in esas olarak belirlenen
soguk ve sicak hiicrenin Rn ve G degerleri sirasiyla 635.646 W m™ile 45.349 W m
ve 518.812 W m™ ile 129.225 W m*dir (Cizelge 3). Cizelge 4’te belirtildigi gibi, 4
Temmuz 2010 tarihine ait goriintiide soguk ve sicak hiicre i¢cin Rn ve G degerleri
ise sirastyla 709.547 W m™ ile 52.844 W m™ ve 531.210 W m™ ile 126.120 W m™
olarak belirlenmistir.
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3.3. Calisma Alaninin NDVI ve Evapotranspirasyon Haritalar

Caligmada esas olarak segilen sicak ve soguk hiicre ile islenen, Amasya ili, Sulu-
ova ilgesine ait 25 Haziran 2007 tarihli goriintiiye iliskin NDVI ve ET haritalar1 $e-
kil 2'de verildigi gibidir. Haritalardan goriildiigii gibi, genel olarak NDVI degerleri-
nin yiiksek oldugu alanlarda ET degerleri de yiiksek degerler almistir. Blindigi gibi,
tarim alanlarinda gergeklesen ET degerlerinin tespit edilmesinde bitki katsayisi ve
referans bitki su tiiketimi degerleri carpilmaktadir (Allen et al., 1998). METRIC
modelinde ETr, yonca bitkisinin referans bitki su tiiketimi, ETrF ise, yonca bit-
kisinin bitki katsayis1 olarak tanimlanmaktadir. METRIC modelinde soguk hiic-
renin ETrF degeri 1,05 olarak alinmaktadir (Allen et al., 2007; Allen et al., 2013).
Bu nedenle gelisim seviyesi yiiksek iyi sulanan bir bitkinin ET degerleri ETo*1,05
degerine yakin olacaktir. Calisma alaninda elde edilen ETr degerlerine gore, calis-
mada ET degerleri yiiksek olan tarim alanlar1 daha ¢ok ET nin potansiyel durumda
oldugu sulu tarim arazilerini gostermektedir. Bu alanlarin Ts degerlerinin soguk
hiicrenin Ts degerlerine yakin oldugu tespit edilmistir. ET haritasinda genel olarak
ET degerlerinin diisitk oldugu yerler, sicak hiicreye yakin Ts degerlerine sahip bitki
ortiisiinden yoksun ¢iplak topraklari ifade etmektedir.

ET (mm/giin)

(T

(tr]

0 lom 4.0 lom 100 o

Sekil 2. 25.06.2007 tarihli uydu goriintiisiine ilisgkin Amasya-Suluova ilgesi
NDVI ve ET haritalar:

Figure 2. NDVI and ET maps of Amasya-Suluova district related to satellite
image dated June 25, 2007

Caligmada esas olarak segilen sicak ve soguk hiicre ile METRIC modeli kullani-
larak elde edilen 4 Temmuz 2010 tarihli goriintiiye ait NDVI ve ET haritalar1 Sekil
3de verilmistir. NDVI ve ET arasinda 25 Haziran tarihli goriintiiden elde edilen
sonuglarla benzer bir iliski s6z konusudur. Fakat genel olarak 2010 yilinda elde
edilen haritalarda 2007 yilindan daha diisiik degerlere sahip NDVI ve ET degerleri
tespit edilmigtir.
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Sekil 3. Amasya-Suluova ilgesine ait 4 Temmuz 2010 tarihli NDVI ve ET ha-
ritalar

Figure 3. GNDVI and ET maps of Amasya-Suluova district dated July 4, 2010
3.4. Istatistiksel Analiz ve Degerlendirme

Caligmada enerji dengesinin temel parametreleri (NDVI, Ts, Rn ve G) arasin-
da iligkileri gosteren dagilim grafikleri, regresyon denklemleri ve determinasyon
katsayilar1 Sekil 4 ve 5’te verilmistir. 25 Haziran tarihli uydu gériintiisiinden elde
elde edilen r* degerleri NDVTI ve Rn arasinda 0.4404, NDVI ve G arasinda 0.8324,
NDVI ve Ts arasinda 0.6169, Rn ile Ts arasinda 0.5484, Rn ile G arasinda 0.4679, G
ile Ts arasinda 0.8128 olarak bulunmustur (Sekil 4). 4 Temmuz 2010 tarihli gériin-
tiiden elde edilen haritalardan elde edilen degerlere gore r* degerleri NDVI ve Rn
arasinda 0.3820, NDVI ve G arasinda 0.7785, NDVI ve Ts arasinda 0.5382, Rn ile
Ts arasinda 0.5874, Rn ile G arasinda 0.4082, G ile Ts arasinda 0.8021 olarak sap-
tanmugtir (Sekil 5). r”nin genellikle + 1'e yakin olmasi degiskenler arasinda pozitif
yonlii giiglii bir dogrusal iligskinin varligini isaret etmektedir. Burada genel olarak
enerji dengesi bilesenlerinden NDVTI ile G arasinda ve G ile Ts arasinda pozitif
yonlii giiclii bir iliski mevcuttur.
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Sekil 4. 25 Haziran 2007 tarihli goriintii icin enerji dengesi parametrelerinden
olan NDVI, Ts, Rn ve G arasinda iliskileri gosteren dagilim grafikleri, regresyon
denklemleri ve determinasyon katsayilari

Figure 4. For the image dated June 25, 2007, distribution charts showing the
relationships among energy balance parameters NDVI, Ts, Rn, G, regression equ-
ations, and determination coefficients

https://doi.org/10.7161/0muanajas.920580 @



METRIC Yaklagiminda Alternatif Soguk ve Sicak Hicrelerin Evapotranspirasyon Haritalama...

L] ¥= 100,00« SRLA) e ¥ I;I;::r;.-).-u.;‘:"”
) W 0,800 3
i n=3E6585
15
5 g
I "
3 L]
-
m
s
| o m " i L 100
Bn [W/m)
- ™ [ER-VoT R F
W TR+ LHLED awn
- A= BATH L] nadBGSES
na3B658% e
- - 1
k E 108
i o
i E =
[
a8
-
]
a m 4 L o .
An [Wfm')
k7% EL PR LY
- Ll |
1L
5 -
- B
H -
W5
()
m
L e
] 0l T [T [T | o = o = o e e "
[ O]

Sekil 5. 4 Temmuz 2010 tarihli goriintii i¢in enerji dengesi parametrelerinden
olan NDVI, Ts, Rn ve G arasinda arasinda iligkileri gosteren dagilim grafikleri,
regresyon denklemleri ve determinasyon katsayilari

Figure 5. Distribution graphs showing the relationships among energy balance
parameters NDVI, Ts, Rn, G for the image dated July 4, 2010, regression equations,
and determination coefficients

Calismada her iki uydu goriintiisii i¢in elde edilen esas ET1 sayisal veri seti ile
diger ET sayisal veri setleri (ET2, ET3, ET4....) arasinda hesaplanan r* degerleri
Cizelge 5’te verilmistir. Cizelgede verilen r* degerlerine gore, esas olarak secilen
soguk ve sicak hiicreyle haritalanan ET1 ve diger ET’ler arasinda yiiksek anlaml
iligkiler tespit edilmistir.
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Cizelge 5. 25 Haziran 2007 ve 4 Temmuz 2010 tarihli goriintiilere ait ET1 ile
diger ET kombinasyonlari arasinda r* degerleri

Table 5. 1* values between ET1 and other ET combinations from images dated
June 25, 2007, and July 4, 2010

25 Haziran 2007 04 Temmuz 2010
r? rl rl r? r! rl r!

ET1 | 1.000| ET10| 0.988 ET19 | 0.980 | ET28 | 0.99% | ET1 | 1.000 | ET10 | 0.967 | ET19 | 0.966
ET2 | 0991 ET11| 0994 ET20 | 0999 |ET29 | 0589 | ET2 | 0.995 | ET11 | 0.998 | ET20 | 0.970

ET3 | 0.992| ET12| 0990 ET21 | 0989 |ET30 | 0992 | ET3 | 0.997 | ET12 | 0.991 | ET21 | 0.976
ET4 | 0990 ET13| 0989 ET22 | 0990 |ET31 | 0590 | ET4 | 0996 | ET13 | 0.994 | ET22 | 0.963
ETS5 | 1.000| ET14| 0997 ET23 | 0989 |ET32 | 0990 | ET5S | 0.998 | ET14 | 0.993 | ET23 | 0.968
ET6 | 0.988| ET15| 0989 ET24 | 0987 |ET33 | 0590 | ET6 | 0973 | ET15 | 0.996 | ET24 | 0.966
ET7 | 0.987| ET16| 0987 ET25 | 0990 |ET34 | 0590 | ET7 | 0.961 | ET16 | 0.976 | ET25 | 0.969

ETS | 0.975| ET17| 0997| ET26 | 0999 |ET35 |0989 | ET8 | 0.966 | ET17 | 0.963
ET9 | 0.987| ET18| 0.997| ET27 | 0999 |ET36 | 0998 | ET9 | 0.964 | ET18 | 0.968

Calismada elde edilen diger bir bulguda, esas ET1 ile diger ET ler arasinda elde
edilen RMSE degerleridir (Sekil 6 ve 7). Sekil 6da goriildigi gibi, 25 Haziran 2007
tarihli goriintiide RMSE degeri en diistik (0.079) olan yani ET1 ile en iyi uyumu
gosteren ET kombinasyonu ET5 olarak tespit edilmistir. RMSE degeri en yiiksek
(0.930), yani ET1’le kiyaslandiginda hata orani daha yiiksek olan ET kombinasyo-
nu ET12 olarak bulunmugstur. 4 Temmuz 2010 tarihli gortintii kullanilarak esas
soguk ve sicak hiicre ile elde edilen ET1 ile diger ET karsilastirildiginda hata orani
en az olan yani RMSE’si en diigiik (0.145) ET kombinasyonu ET15 olarak tespit
edilirken, hata orani en yiiksek, en yiiksek RMSE ye (0.833) sahip ET kombinas-
yonu C2 soguk hiicresi ve H1 sicak hiicresi kullanilarak olusturulan ET6 olarak
olarak tespit edilmistir (Sekil 7).
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Sekil 6. 25 Haziran 2007 tarihli uydu goriintiisiinden elde edilen esas ET1 ile
diger ET kombinasyonlar1 arasindaki RMSE degerleri

Figure 6. RMSE values between base ET1 and other ET combinations obtained
from satellite image dated June 25, 2007
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Sekil 7. 4 Temmuz 2010 tarihli uydu goriintiisiinden elde edilen esas ET1 ile
diger ET kombinasyonlar1 arasindaki RMSE degerleri

Figure 7. RMSE values between base ET1 and other ET combinations obtained
from satellite image dated July 4, 2010

Calismada 25 Haziran 2007 ve 4 Temmuz 2010 tarihli uydu goriintiisii i¢in
RMSEsi en yiiksek olan ET kombinasyonu (25 Haziran 2007 uydu goriintiisiinde
ET12 ve 4 Temmuz uydu goriintiisii i¢cin ET6) ile esas ET (her iki goriintiide de
ET1) goriintiileri birbirinden ¢ikarilarak fark haritalar1 olusturulmustur. Olustu-
rulan fark haritalar1 hatali olarak soguk ve sicak hiicre secilerek elde edilen ET
haritalariyla karsilagtirilmistir. Elde edilen fark haritalar1 ve NDVTI haritalar1 Sekil
8 ve 9'da verildigi gibidir. 25 Haziran 2007 uydu goriintiisiinden elde edilen NDVI
ve fark ET haritalarindan gorildiigi gibi, NDVI degeri yliksek olan yerlerde esas
ET1 ile hatas1 yiiksek olan ET12 arasinda daha diisiik fark tespit edilmistir (Sekil
8). NDVI diisiik olan yerlerde ise fark degeri daha yiiksek olarak belirlenmistir. 4
Temmuz 2010 uydu goriintiisiinde diger goriintiiyle benzer olarak, genel olarak
vejetasyon yogunlugu yiiksek olan yerlerde, esas ET1 ile hatasi yiiksek ET arasinda
daha diigiik fark bulunmustur. Vejetasyon yogunlugu diistik olan yerlerde ise fark
daha yiiksek tespit edilmistir (Sekil 9).
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Sekil 8. 25 Haziran 2007 tarihi i¢in hesaplanan fark haritasi ve NDVT haritas:

Figure 8. Difference map and NDVI map calculated for June 25, 2007
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Sekil 9. 4 Temmuz 2010 tarihli uydu gérintiisii i¢in olusturulan fark haritas:
ve NDVT haritas:

Figure 9. The difference map and NDVI map created for the satellite image
dated July 4, 2010

Calismada, esas ET1 ile diger ET kombinasyonlar: arasinda elde edilen RMSE
degerleriyle soguk ve sicak hiicrenin Ts, Rn, G, NDVI ve a degerleri arasinda kore-
lasyon analizleri yapilmstir. Yapilan korelasyon analizi sonucunda her iki goriintii
i¢in hesaplanan korelasyon katsayilar1 Cizelge 6 ve 7'de verildigi gibidir. 25 Hazi-
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ran 2007 tarihli goriintii i¢in elde edilen RMSE degerleri ile Ts, Rn, G, NDVI ve a
degerleri arasinda yapilan korelasyon analizi sonucunda hata tizerinde sicak hiicre
parametrelerinin soguk hiicre parametrelerinden daha etkili oldugu tespit edilmis-
tir. Sicak hiicre parametrelerinden hata {izerinde en duyarli parametreler sirasiyla
a, Rn, NDVI, G ve Tsdir. Yurtsever (1984)e gore gozlem sayist (n) 36 oldugunda
korelasyon katsayisinin anlamli olmas i¢in 0.05 diizeyinde 0.321 olmasi, 0.01 dii-
zeyinde 0.413 olmasi yeterlidir. Bu nedenle, burada soguk hiicrenin a, G, NDVI
ve Rn degerleri hem 0.05 diizeyinde hem de 0.01 diizeyinde anlamli bulunmustur.
Sicak hiicrenin a, Rn, NDVI ve G degerleri de 0.05 ve 0.01 diizeyinde anlamli ola-
rak tespit edilmistir.

Cizelge 6. 25 Haziran 2007 tarihli uydu goriintiisii i¢in belirlenen RMSE de-
gerleriyle soguk ve sicak hiicrenin Ts, Rn, G, NDVI ve a degerleri arasindaki ko-
relasyon katsayilar1

Table 6. Correlation coefficients between RMSE values determined for satellite
image dated June 25,2007, and Ts, Rn, G, NDVT, and a values of cold and hot pixels

Soguk Hiicre r degerleri Sicak Hiicre r degerleri
RMSE-Ts 0.137 RMSE-Ts 0.291
RMSE-Rn 0.419 RMSE-Rn 0.614
RMSE-G -0.454 RMSE-G 0.441
RMSE-NDVI 0.432 RMSE-NDVI 0.589
RMSE-a -0.511 RMSE-a -0.676

Cizelge 7. 25 Haziran 2007 tarihli uydu goriintiisii i¢in belirlenen RMSE de-
gerleriyle soguk ve sicak hiicrenin Ts, Rn, G, NDVI ve a degerleri arasindaki ko-
relasyon katsayilari

Table 7. Correlation coefficients between RMSE values determined for satellite
image dated June 25, 2007, and Ts, Rn, G, NDVI, and a values of cold and hot pixels

Soguk Hiicre r degerleri| Sicak Hiicre r degerleri
RMSE-Ts 0.57 RMSE-Ts 0:115
RMSE-Rn -0.743 RMSE-Rn -0.15
RMSE-G -0.311 RMSE-G 0.087
RMSE-NDVI | 0431 | RMSE-NDVIT | -0.135
RMSE-o 0.746 RMSE-a 0.158
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Cizelge 7'de goruldigi gibi, hata tizerinde soguk hiicrenin Ts, Rn, G, NDVI
ve a parametreleri, sicak hiicrenin Ts, Rn, G, NDVI ve a parametrelerinden daha
etkili oldugu saptanmustir. Soguk hiicre parametreleri iginde hataya en duyarl
parametreler sirasiyla a, Rn, Ts, NDVI ve Gdir. Mokhtari et al., 2013de yapilan
bir ¢calsmada METRIC modeli ile elde edilen ET haritasinda, modelin dT, Ts, Rn,
H, a, G ve hava sicakligina (Ta) olduke¢a duyarli oldugunu gostermigtir. Yurtsever
(1984)% gore gozlem sayisi (n) 25 olan veri setlerinde korelasyon katsayisinin an-
lamli olmast i¢in 0.05 diizeyinde 0.381 ve 0.01 diizeyinde 0.487 olmasinin yeterli
oldugu belirtilmektedir. Cizelgeden goriilldiigi gibi, 4 Temmuz 2010 tarihli uydu
goriintiisiinde soguk hiicrenin a, Rn ve Ts degerleri 0.01 diizeyinde anlamli, NDVI
degeri 0.05 diizeyinde anlamli bulunmugtur. Fakat sicak hiicrenin hi¢bir parametre
degeri anlamli bulunmamigtir.

Caligmanin istatistiksel olarak degerlendirilmesinde son agama kiimeleme ana-
lizi olmustur. Kiimeleme analizi, hataya neden olan parametreleri belirlemek ve
esas uydu goriintiisiine benzer olan kombinasyonlari ortaya ¢tkarmak amacryla ya-
pilmistir. Enerji dengesi bilesenlerinden H’nin belirlenmesinde etkin rol oynayan
ve hataya neden olabilecek en temel parametreler girdi olarak se¢ilmistir. Bu amag-
la esas ET kombinasyonu ile hatali ET kombinasyonlar1 arasinda belirlenen RMSE
ile soguk ve sicak hiicrelere iliskin belirlenen NDVI, Ts, Rn, G ve a parametreleri
ile kiimeleme analizi yapilmistir. Her iki goriintii i¢in yapilan kiimeleme analizi
sonucu elde edilen dendogramlar $ekil 10 ve 11'de gosterildigi gibidir.
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Sekil 10. 25 Haziran 2007 tarihli gortintiiye ait kiitmeleme analizi sonuglar:

Figure 10. Results of cluster analysis for the image dated June 25, 2007
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Sekil 11. 4 Temmuz 2010 tarihli goriintiiye ait kiitmeleme analizi sonucunda
elde edilen dendrogram

Figure 11. Dendrogram obtained as a result of the cluster analysis of the image
dated July 4, 2010

25 Haziran 2007 tarihli goriintii i¢in elde edilen dendograma gore (Sekil 10),
RMSE, NDVI, Ts, Rn ve G parametrelerine gore esas ET1 ile benzer 6zelliklere sa-
hip kombinasyonlar ET25, ET5, ET2 ve ET29 olurken, ET1 ile kareli 6klit uzaklig:-
na gore en uzak kiimeler ET24, ET36, ET30 ET6, ET18 ve ET12 olarak tespit edil-
mistir. Buna gore benzer olan kombinasyonlarin NDVI, Ts, Rn, G ve a degerlerine
bakilacak olursa, hata degerlerinin birbirine yakin olan kombinasyonlarda oldugu
goriinmektedir. Benzer olmayan yani uzak olan kombinasyonlarin hata degerle-
rinin ise genel olarak daha yiiksek oldugu goriilmektedir. Ayrica benzer olmayan
kombinasyonlarin hepsinin sicak hiicresinin (H6) ayni, soguk hiicrelerinin fark-
I1 oldugu goriilmektedir. Bu nedenle 25 Haziran tarihli goriintiide hataya neden
olan parametrelerin daha ¢ok soguk hiicre seciminden kaynaklandig: sdylenebilir.
4 Temmuz 2010 tarihli uydu goriintiisii icin yapilan kiimeleme analizi sonucunda
(Sekil 11), ET1 ile benzer 6zelliklere sahip ET kombinasyonlar1 ET11, ET6, ET21
ve ET 164dur. Kareli 6klit uzaklig: hesaplanarak belirlenen ET1% en uzak ET kom-
binasyonlar1 ET19, ET20 ve ET 17dir. Esas ET1e en yakin ET kombinasyonlari-
nin hepsinde sicak hiicre degerlerinin ayni, soguk hiicre degerlerinin farkli oldugu
saptanmigstir. O halde soguk hiicre se¢iminin yapilan hatada fazla etkili olmadig1
bu uydu goériintiisiinde belirlenmigtir. ET1%e en uzak benzer olmayan ET19, ET20
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ve ET17’nin soguk ve sicak hiicredeki NDVI, Ts, Rn, G ve a degerleriyle degerlen-
dirme yapilirsa, benzer olmayan ET kombinasyonlarinda soguk hiicrelerin ayni,
sicak hiicrelerin farklilik gosterdigi saptanmigstir. Bu durumda sicak hiicrenin ET
tizerindeki hatalar tizerine daha etkili oldugu belirlenmistir.

4. SONUC

METRIC modeli yari-kurak alanlarda ET’nin mekansal ve zamansal dagilimini
belirlemek igin uygun bir yiizey enerji dengesi modeli olarak bilinmektedir. Eva-
potranspirasyon ise enerji dengesi modellerinde en temel bilesendir. Ayrica ET nin
belirlenmesi sirasinda H'nin hesaplanmasi, diger enerji dengesi bilesenlerinden
daha karmagik islemler dizini icermektedir. Bu islemler igerisinde dT ve zom he-
sabindaki i¢sel kalibrasyonlar, rah hesabindaki stabilite dogrulamasi ve H'ye ulas-
madaki iterasyon islemleri s6z konusu hesaplama dizininin karmagik boliimlerini
olusturmaktadir. METRIC modelinde kalibrasyon islemleri soguk ve sicak hiicre
gibi iki u¢ kosul kullanilarak tamamlanmaktadir. Bu kosullar iyi tanimlandiginda
ET haritalar1 dogru bir sekilde elde edilebilecektir. Bu nedenle, METRIC model ile
ET haritalamada sicak ve soguk hiicre se¢imi, meydana gelebilecek olasi hatalarin
oniine ge¢mek agisindan oldukga 6nemlidir. Bu amagla hataya neden olan kaynak-
larin arastirilip ortaya konmasi gerekmektedir.

Bu caligmadan elde edilen sonuglara gore, LANDSAT 5-TM uydu goriintiileri
ve iklim verileri enerji dengesine dayanan modeller kullanilarak ET haritalama
amaciyla kullanilabilir. Bu ¢aligmada iki goriintii icin yapilan kiimeleme analizleri
ve korelasyon analizleri sonucunda, her iki goriintiide de hata {izerine etkili olan
parametreler farkli bulunmustur. Her iki uydu goriintiisiinde hataya duyarl pa-
rametrelerin farkli olmasinin nedenleri arasinda goriintii tarihleri, ekim deseni,
arazi kullanim durumunun farklilik gostermesi sdylenebilir. Fakat ¢alismada iki
uydu goriintiisiinde de hataya en duyarli parametreler igerisinde net radyasyonun
onemli rol oynadig: belirlenmistir. Bu konunun netlesmesi i¢in daha genis ¢apl
yer gozlemlerinin de dahil edildigi birtakim ¢alismalara ihtiya¢ duyulmaktadir.
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CETONIA AURATA L. (COLEOPTERA, SCARABAEOIDER, CETONIIDAE) GELISIMI
UZERINDE CYCLAMEN COUM SUBSP. COUM MILLER BITKI KOK &ZUTLERININ
ANTIFEEDANT VE TOKSIK ETKILERI

0z

Bu aragtirmanin odak noktasi, koklerin ezilmesiyle elde edilen hamurun Cycla-
men coum subsp. coum Miller) insektisidal etkinligini degerlendirmek ve toksisite
seviyelerine sahip bilesikleri belirlemektir. C.coum kimyasal bilesikleri gaz kroma-
tografisi/kiitle spektrometrik (GC/MS) analizleri kullanilarak gergeklestirilmistir.
C.coum subsp.'nin ham metanolik ekstraktlarinin etkisi. 1, 2 ve 3 instar besleme
ve performans iizerine coum root. Cetonia aurata L larvalar arastirildi. Kok sal-
casl ile besleme, 8-10 giinliik 6nemli olmayan biiyiime sonrasinda larvalarin %
77.77+2.32- 94.13 £6.45 % 6lim orani ile sonuglanmigtir. 20, 40, 80 ve 160 mg/ml
kok konsantrasyonu ilave edilmis ortam igeren kok macunu, larvalara kars1 giiclii
beslenme Onleyici ve toksik aktivite sergilemistir. 1. 2. ve 3. instar larvalar i¢in
8-10 giin iizerinden hesaplanan antifeedant indeksi 58, 86, 54,09'dan 55,78'e ve
kok konsantrasyonu 20'den 160 mg / ml'ye yiikselmistir. Son ii¢ konsantrasyon, 20
mg ml konsantrasyonla 144.16 mg tiiketimle beslenmeyi engelledi 3. Inst., 80 mg/
ml konsantrasyonla 45.83 mg tiiketim 2. Inst. 20 mg ml konsantrasyon ile sirasiy-
la 77 mg tiiketim ve altinda, sadece 160 ekstrakt soliisyonu 1. inst larva i¢in 39.5
ile beslenmeyi engellemistir. K6k macununun toksisitesi, 20, 40, 80 ve 160 mg ml
konsantrasyonda bitki kokii ham ekstraktini iceren diyetlerle beslenen larvalarin
yiiksek 6liim orani, diisiik bitylime oranlar1 ve diisiik agirlik kazanimi ile kendini
gostermistir. GC-MS analizine gore, C.coum subsp. coum n-Heksadekanoik asit,
(%13.52), Oktadekanoik asit, (%52.09) ve 3.39 2-Amino-9-(3,4-Dihidroksi-5-Hid-
roksimetil-Tetrahidro-Furan-2-Yl)- ile alkolik 6ziit 3,9- (%13.46 ). Caligmanin
sonuglari, sentetik insektisitlere alternatif olarak kullanilabilecek olasi bir dogal
pestisit kaynaginin potansiyelinin ortaya ¢ikarilmasi agisindan olduke¢a 6nemlidir.

Anahtar Kelimeler: Altin Bocegi, Stklamen, Biyolojik Miicadele.
o %
ANTIFEEDANT AND TOXIC EFFECTS OF CYCLAMEN COUM SUBSP. COUM
MILLER ROOT EXTRACTS ON THE GROWTH OF CETONIA AURATA L.
(COLEOPTERA, SCARABAREOIDER, CETONIIDAE)
RABSTRACT:
The focus of this research is to evaluate the insecticidal efficacy of pulp obtai-

ned by crushing the roots from Cyclamen coum subsp. coum Miller and to identify
compounds with toxicity levels. Chemical compounds of the C.coum plant were
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carried out using gas chromatography/mass spectrometric (GC/MS) analyses. Ef-
fect of crude methanolic extracts of C.coum plant. 1, 2 and 3 instar feeding and
feeding performance were investigated with Cetonia aurata L larvae. Feeding with
root paste resulted in a mortality rate of 77.77+2.32-94.13+6.45% of larvae after
8-10 days of non-significant growth. Root paste containing 20, 40, 80 and 160 mg/
ml root concentration added media showed strong anti-nutrition and toxic activity
against larvae. Antifeedant index calculated over 8-10 days for 1st, 2nd and 3rd
instar larvae increased from 58.86, 54.09 to 55.78 and root concentration incre-
ased from 20 to 160 mg ml. The last three concentrations inhibited feeding with
consumption of 144.16 mg at a concentration of 20 mg ml 3. Inst., consumption of
45.83 mg at a concentration of 80 mg/ml 2. Inst. With a concentration of 20 mg ml,
consumption of 77 mg and below, respectively, only 160 extract solutions preven-
ted feeding with 39.5 for 1st inst larvae. The toxicity of root paste was manifested
by high mortality, low growth rates and low weight gain of larvae fed diets conta-
ining the crude extract of plant root at concentrations of 20,40,80 and 160mg ml.
Based on GC/MS analysis, C.coum subsp. coum n-Hexadecanoic acid, (13.52%),
Octadecanoic acid, (52.09%) and 3.39 2-Amino-9-(3,4-Dihydroxy-5 Hydroxymet-
hyl-Tetrahydro-Furan-2-Y1)- with alcoholic extract 3, 9- (13.46%). The results of
the study are very important in terms of revealing the potential of a possible na-
tural pesticide source that can be used as an alternative to synthetic insecticides.

Keywords: Rose Chafer, Cyclamen, Biological Control.

k%
1. GIRIS

Bocekler en biiyiik hayvan grubudur (Tsakas, 2010). Yiiksek Arktik'ten tropi-
kal yagmur ormanlarina, petrol havuzlarindan buzullara, yiizeyin bir mil altinda-
ki madenlerden magaralardan denize kadar degisen habitatlarda bocekler vardir
(Resh ve Cardé., 2003). Zararli bocekler, larvalar veya yetiskinler gibi gesitli gelisim
agamalarinda, bitkilerin farkli kisimlarina koklerine, govdelerine, yapraklarina sal-
dirirlar ve bitkiye zarar verirler. Bocek zararlilari, tarimcilar tarafindan tretilen
drlinler i¢in insanlara en bityiik rakiptir ve genis alanlarda bu zararli yonlerini gos-
terirler (Oerke ve Dehne, 2004). Bu organizmalarin neden oldugu hasar, herhan-
gi bir bitki tiiriiniin verimliliginin azalmasindaki en 6nemli faktorlerden biridir.
Tarlada (hasat 6ncesi) ve depolama sirasinda (hasat sonrast) kayiplar meydana ge-
tirirler (Oerke, 2006). Tiim diinyada mahsulleri zararhilardan korumak i¢in goste-
rilen tiim ¢abalara ragmen, kaynaklanan kayiplar yillik olarak% 10-20'ye ulasabilir
(Ferry ve ark., 2004). Zararlilardan korunmak hala ¢6ziilmesi gereken bir sorun
olmaya devam etmektedir. Ot¢ul boceklerin, her yil diinyanin toplam mahsul iire-
timinin beste birini yok etmekten sorumlu oldugu bildirilmektedir. Yiyecek teda-
riki her zaman insanligin kars: kargiya oldugu bir zorluk olmustur. Bu zorlugun
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temel taglarindan biri, zararli boceklerden kaynaklanan rekabettir. Gelismekte olan
tilkelerde, bocek zararlilarindan kaynaklanan rekabet sorunu, gida iiretimindeki
% 1'lik artisa kiyasla insan popiilasyonundaki hizli yillik artisla (% 2.5-3) daha da
karmagik hale gelmektedir. Su anda, sentetik bocek dldiiriiciiler, hagereleri kontrol
etmek i¢in en ¢ok kullanilan mekanizmalardir. Bununla birlikte, geleneksel sen-
tetik bocek oldiirticiilerle iligkili direng, toksisite ve ¢evre kirliliginin gelismesine
iliskin endiseler bizi yeni bilegikler aramaya zorlamaktadir (Coscolla, 2004). Cev-
reyle ilgili endiselerin giderek artmasi ve geleneksel pestisitlerin zararl: etkileri ko-
nusunda yiikselen biling sayesinde dogal zararli kontrol metodlarina yonelis hizla
artmaktadir. “Biyolojik pestisit” ve “biyopestisit” terimleri, mevcut ¢evre bilinci ve
halkin endisesini en aza indirme anlaminda popiilerlik kazanmaktadir. Biyopesti-
sitler hayvanlar, bitkiler, bakteriler veya ¢esitli mineraller gibi bir¢ok dogal madde-
den elde edilen ve zararlilarla miicadelede kullanilan tiriinlerdir. (Benbrook ve ark.,
2014). Otgul boceklerle birlikte evrimlestikleri, etkilesim ve kendilerini savunacak
mekanizmalar gelistirdikleri i¢in sentetik bocek ilaglarina alternatif olabilecek bit-
kilere dikkat ¢cekilmektedir (Wink, 2003). Bu bakimdan bitkiler, ikincil metabolitler
olarak adlandirilan genis bir yelpazede farkli kimyasal bilesikleri sentezleyebilirler
(Howe ve Jander, 2008); bunlarin ¢ogu yeni dogal pestisit kaynaklar: saglaryabilir
(Schoonhoven ve ark., 1998; Isman, 2002, Isman, 2006). Ayrica, dogal bilesiklerin
kullaniminin bildirdigi ana avantajlar arasinda, daha dar toksisite spektrumu ve
daha az cevresel etki 6ne ¢ikmaktadir (Jermy, 1990). Bu bilesikler, biyosentetize
edildiklerinde, herhangi bir biyo amplifikasyon vakas: bildirilmeksizin enzimatik
yollar1 takip ederek kolaylikla bozunurlar (Regnault-Roger, 2003). Bécek zararlila-
r1, son elli yilda esas olarak sentetik bocek oldiiriiciilerle kontrol altina alinmistir.
Bocek oldiriicti bilesiklerin ¢ogu, organoklorinler, organofosfatlar, karbamatlar ve
piretroidler olmak tizere dort ana sinifa girer. Bunlarin diginda giiniimiizde kulla-
nilan baglica siniflar organofosfatlar ve karbamatlardir (Ware, 1982; Dorow, 1993).
Insan ve gevre dahil hedef dis1 organizmalar {izerinde pestisit direnci ve olumsuz
etkiler sorunlar1 vardir (Rembold, 1984; Franzen, 1993; FAO, 1992). Organoklor-
lu insektisitlerin kullanimi gelismis iilkelerde yasaklanmis ve hagere kontroliiniin
alternatif yontemleri aragtirilmaktadir (Franzen, 1993). Botanik, iimit verici bir
hasere kontrol bilesikleri kaynagidir. Bocek oldiiriicii maddeler igeren bitki ha-
vuzu, muazzam (Jacobson, 1975a). Bunlar olaganiistii ilgi uyandird: son yillarda
potansiyel dogal bocek kaynaklar: olarak kontrol ajanlari. Bugiin 2000'den fazla
bitki tiirii bazi bocek oldiirticti aktiviteye sahip oldugu bilinmektedir (Jacobson,
1989). Insan tarafindan kullanilacak ilk bocek 6ldiiriiciiler bitkilerdendi. en erken
donemden beri bilinen biyolojik aktiviteleri kaydedilen siireler (Smith ve Secoy,
1975). 17. yuzyilin ortalarinda, piretrum, nikotin ve rotenon olarak kabul edildi
etkili bocek kontrol ajanlar (Crosby, 1966) Botanik bocek dldiiriiciiler genellikle
zararlilara 6zgiidiir ve dahil olmak tizere hedef olmayan organizmalar i¢in nispe-
ten zararsizdir. Ayrica biyolojik olarak pargalanabilir ve zararsizdirlar. cevre (Rem-
bold, 1994). Boylelikle zararlilarin gansi bu tiir maddelere kars: direng gelistirme
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olasilig1 daha distiktiir (Schmutterrer, 1995). Bitki kokenli pestisitler, geleneksel
olarak kullanilan sentetik pestisitlerden ¢ok daha giivenlidir. Boceklerin biyolo-
jik kontroliine yonelik yaklasimlar; mevcut dogal diismanlarin korunmasi, yeni
dogal diismanlar getirerek kalici bir niifus olusturmak (klasik biyolojik kontrol)
veya mevsimsel olarak toplu yetistirme, periyodik salim ile dogal diisman niifusu
tizerinde "etkisiz" olabilecek bir salim gibi maddeleri icermektedir.

Siklamen, 17. yiizy1l baslarinda Bat1 Avrupa'ya getirilmis ve 18. yiizyila kadar
birkag tiirii kiiltiire alinmigtir. Daha sonra ekonomik 6nemi artmis ve Cyclamen de
1slah ¢alismasi baslatilmigtir (Mathew ve Ozhatay, 2001; Amini, 2014). Ulkemizde
ise ilk zamanlar gigek soganlarinin dogadan sokiilerek ticareti yapilmakta iken, son
yillarda bu durumun 6niine ge¢mek icin kiiltiire alma ve yeni cesit gelistirme ¢a-
lismalar1 baglatilmistir (Karagtizel ve ark., 2007). Cyclamen cinsi geleneksel olarak
Primulaceae familyasinda Siniflandirilirken Myrsinaceae familyasi igerisine dahil
edilerek yeniden taksonomik olarak siniflandirilmistir (Jalali ve ark., 2012;). Cyc-
lamen cinsi, batida Balear adalarindan, doguda fran'a ve Kafkaslara; kuzeyde Alp,
Karpat daglar1 ve Kirimdan giineyde 6n Asya ve Kuzey Afrikaya (Anadolu, Isra-
il, Cezayir, Libya ve Tunus) kadar yayilis gosterir. Bu cinse bagl tiirler iilkemizin
degisik yorelerinde "domuz ekmegi, domuz turpu, domuz agirsagi, dag menekse-
si, Cyclamen, tavsan kulagi, deve tabani, buhur otu, buhur meryem, yer somunu,
dana gobegi, kir meneksesi, kostebek, kostitkopen, kostitkopegi, kuskusa, menekse
kokii, tavsan pagasi, topalak "isimleri ile taninmaktadir. Cyclamen, diinyada 22
tir ile yayilis gostermekte olup (Gray-Wilson, 2002) iilkemizde dogal olarak 10
tirt yetismektedir. Tiirkiyenin giineyinde bulunan Toroslar ve Amanos daginda,
Osmaniye gevrelerinde, Trakya'da Istranca daglarindan Karadeniz kiyis1 boyunca
Rusya sinirma oradan da Kafkasya'ya uzanan bolgede yaygin olarak yetismektedir.
Dogu Karadenizde Galanthus woronowii, Cyclamen parviflorum ve Cuha cigekleri
(Primula sp.) ile birlikte yayilis gostermektedir. C. parviflorum'a yaprak sekli ba-
kimindan benzese de yaprak st yiizeyinde ki giimiisii desenlerle ayrilmaktadir.
Osmaniye gevrelerinde de C. pseudibericum ile ayn1 ekosistemde yetismektedir.
Soguga dayanikli ve ticari degeri yiiksek olan bir tiirdir.

Cetoniinae alt ailesi, en iyi kismi tropik bolgelerde dagilmis olan yaklagik 2.500
cesidi igerir (Paulian ve Baraud 1982). Avrupa'da yaklasik 20 tiir vardir. Bu alt ai-
lenin pek ¢ok {iyesi parlak ve belirgin renk desenlerine sahiptir ve tiirlere gore 6r-
neklerin yalnizca renge gore belirlenmesi genellikle olasidir. Rose chafer'lar hizla
ucabilirler; kanat kasalar1 asagidayken ugarlar. Polen, nektar ve ciceklerle, 6zellikle
de giillerle beslenirler. (Karolyi ve ark., 2009) Mayistan haziran veya temmuz ay1-
na kadar sicak giinesli giinlerde giillerin iginde ve bazen eyliil gibi ge¢ aylarda da
kargilanabilirler (Lovett ve Jessop, 1982). Hirvatistan'in kiy1 kesimindeki son on
bes yilin her bélimiinde, Cetoniinae (Coleoptera, Scarabaeoidea, Cetoniidae) alt
ailesinden bok boceklerinin olgun seftalilere zarar verdigi goriildii. Cigeklere ve
olgun meyvelere zarar veren bocekler olarak kabul edilmislerdir (Endrédi, 1956;
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Miksic, 1965). Incir zararlis1 olarak tanimlanmiglar, son zamanlarda siddetli bir
seftali meyvesi zararlis1 olarak kaydedilmislerdir (Baric ve ark., 2008). Bu bocekler
yeterince direncli olduklar: i¢in bocek 6ldiiriiciilerle zararlar1 engellenemez. Bu
caligmada C.coum subsp. coum Mill yumrusunun (Cyclamen'den) elde edilen kok
oziitleriyle olusturulan macun yapay besinle genel otobur, Cetonia aurata, giil , In-
cir seftali ve meyve cigekleri tizerindeki baglica zararli olan bocek larvalarina kargi
beslenmeyi 6nleyici ve bitylimeyi 6nleyici etkilerini C. aurata (Coleptera: Chryso-
melidae) tizerinde arastirilmasi amac¢lanmistir.

2. MATERYAL VE YONTEM
2.1. Bitki Kokiiniin Toplanmasi

Cyclamen coum subsp. coum Miller bitkisinin kokleri, Bayat Koyii, Ordu, findik
ve musir bah¢esinden toplamdi. Kokler topraktan kazma yardimiyla sokiildii ve
plastik kaplarla konarak laboratuvara getirildi. Laboratuvarda ¢gamurlu kokler 6nce
cesme su ile ytkandi ve sonrada distil su ile ytkand1 daha sonra kurutma kagitlar
tizerinde kurutuldu.

2.2. Boceklerin Toplanmasi

Cetonia aurata ‘nin 1. 2. ve 3. instar larvalar1 koyun agilinda depolanmis 3-4
yillik koyun giibre-toprak karigimindan toplanmistir. Toplanan larvalar icerisinde
koyun giibresi ve toprak karisimi bulunan plastik (25x30x20) kaplarla laboratuva-
ra getirildi. Bocek larvalar1 L16 (26 ° C): D8 (20 ° C) foto siiresi, yaklagik 2500 liiks
aydinlatma ve yaklasik % 70 + 10 bagil nem olan organik iklim dolabinda deneyler
kurulana kadar bekletildi. Bu larvalar havug lapast ile [Daucus carota L. (Apiace-
ae)] haftada 2 kez beslendi. Tiim larvalar deneyler olusturulmadan 6nceki hafta
boyunca sadece bir kez beslendiler. Thorsten ve ark., (2003)% gore birinci, ikinci ve
t¢lincii larva dénemlerine ait larvalarin net agirliklar: hesaplandi sirastyla (mini-
mum ila maksimum aralik) boceklerimizde ise sirasiyla 1. instar 104 agirlik (90 ila
133) 2. inst 310 (130-740) 3. inst 2.26 (646-3.980) agirliklarindaydi.

2.3. Bitkinin Kok Oziitleriden Besiyerlerinin Hazirlanmasi

Bitki numunelerinin koékleri yikanip kurutulduktan sonra blenderde iyice parca-
land1. Kar beyaz bir piire olustu. Sonra bu piirenin tizerine % 95 lik saf etil alkol ilave
edildi. Cozelti + 4 derecede 2 giin bekletildi. Karisimin konsantrasyonu ve atik piirenin
agirhigr belirlendi. Temiz bir cam beherde 600 gr. karisim olusturuldu. Bu karisim 200
gr musir unu, 200 gram bugday unu ve rendelenmis 200 gram taze havug piiresi birbiri-
ne iyice karigtirildiktan, sonra olusturulan bu karisim bes esit par¢aya boliindii. Her bir
parga iizerlerine Etil alkol icinde bulunan kok piiresinden ve 6ziitiiniinden; Kontrol, 20
mg ml, 40 mg ml, 80 mg ml, ve 160 mg ml olmak tizere konsantrasyonlar olusturuldu.
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Su kullanilmadi ¢linkii havug piiresi zaten su ihtiva ediyordu. Olusan macun yapigkan
ve yari kat1 kivamdaydi bu macun  konik seklinde plastik kaliplara yerlestirildi. Daha
sonra 30 = 1 °C' de ve %70-80 r.h.'de icerdikleri alkolden ve icerilen maddelerin denge-
lenmeleri i¢in bir inkiibatore aktarildilar. 48 saat boyunca her macun diski kurutuldu
boylece alkoluda uzaklastirild: kuru her bir besiyer 25 ila 30 g agirhigindaydi. Bu yon-
tem Xie ve ark. (1996) tarafindan belirlenen yontem baz alinarak ve motifiye edilerek
hazirlanmistir (Sekil 1).

Sekil 1. A) Cyclamen coum subsp. Coum kiok ornekleri B) C. aurata Saglikli
larvalar C) Kok Macunu

Figure 1. A) Cyclamen coum subsp. Coum root samples B) C. aurata healthy
larvae C) Root paste

Toplanarak laboratuvara getirilen ve deneyler i¢in bekletilen bocekler, 500
ml'lik karanlik siselerin her birinde 20 adet 1. 2. ve 3. dénem arasindaki gecis lar-
vast her bir siseye tartilarak birakilan diyete yerlestirildi. Deneyde tiiketilen yiye-
cek miktarina gore, mutlak caydiricilik katsayisi formiil kullanilarak hesapland:
(Kielczewski ve ark., 1979) katsay1 = (C - T) :( C + T) x 100, burada T deneysel
varyanttaki tirtillar ve C aurata' nin agirhigi kontrol varyantinda tiiketilen yiyecek.
Degisiklikler test edilen tirtillarin viicut agirlig1 ve miktar: mg viicut agirhigi artis:
basina yenen yiyecekler de not alinmis. Test edilen tiim larvalar 12: 12 saatlik bir
foto periyodunda 26 + 2 ° C ve % 60 bagil neme tabii tutulmustur. (Thiery and
Frachon, 1997; Lipa, 1975). Olii larvalar hemen ortamdan uzaklagtirildi ve biyolo-
jik analizler i¢in deney setleri 8-10 giine kadar giinliik olarak kontrol edildi. Tiim
deneylerde 1. 2. ve 3. inst. larva 6liim orani yiizdesi FAO (2004) tarafindan tavsiye
edilen Abbott'un (1925) formiilii kullanilarak degerlendirildi (Sekil 2). Tiim testler
¢ kez yapildu.
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Sekil 2. Abbot formiilii
Figure 2. Abbot formula

2.4. Bitki Koklerinden Olusturulan Besinlerin GC / MS Analizi

Etanol 6zii, sodyum siilfat (2g) ile siiziildii ve ¢ozelti igerisine nitrojen fokurda-
tarak 1 ml'ye konsantre edildi. Cikarilan materyal, GC-MS analizi i¢in alindi. Gaz
kromatografisi - Kiitle spektroskopisi (Agilant 6890 / Hewlettpackard 5975) elekt-
ron darbe (EI) modu ile donatilmistir. Helyum, 1 mL / dakikalik bir akis hizinda
tasiyici gaz olarak kullanildi. Sicaklik 80 °C'de 5 dakika programland: ve ardindan
15 o C/ dak hizla 300 °C'ye ¢ikarild1. Enjektor ve el detektoriiniin (70eV) sicaklig
sirastyla 280 ° C ve 300 °C idi. 29uL'lik her bitki 6ziitii, bir Hamilton giringas: ile
GC / MS'ye manuel olarak enjekte edilmistir.

2.5. Istatistiksel Testler

Laboratuvar ¢alismalar1 sonucunda elde edilen veriler kullanilarak Statistica
Yazilimi varyans analizine (ANOVA) tabi tutulmustur (Statistica, 1997). Elde edi-
len sonuglar tretim ve ¢ikis orani Tukey testi kullanarak tek yonlii analiz edildi.
Tiim testler i¢in 0,05 anlamlilik diizeyi kullanildi.
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3. BULGULAR
3.1. Bitki Oziitlerinin Antifeedant Kat Sayilar1

Bu ¢aligmada kullanilan Kok oziitlerinin 20 mg ml 40 mg ml 80 mg ml 160
mg ml konsantrasyon besinlerin, 1. 2. ve 3. Instar C. aurata larvalar tizerindeki
antifeedant etkisini belirlemek i¢in Kielczewski formiilii kullanild: (Kielczewski ve
ark., 1979). Gorildigi tizere hesaplanan antifeedant sonuglarinda; C.aurata larva-
larinin titketmis oldugu besin miktar: Tablo 1'de gosterilmistir. Bu ¢aligma sonug-
larina bakildig1 zaman C. Coum kok macununun 40 mg ml konsantrasyonun en
yiiksek 60.66 gibi bir antifeedant etki olarak 2. instar larvalara gosterdigi benzer
sekilde 20, 80 ve 160 mg/ml konsantrasyonlarda 2. inst larvaya 58.86, 54.09 ve
55.78 bir antifeedant etki gosterdi. 1. ve 3. larvalarin besinden daha ¢ok yedigi yani
antifeedant etki oldukga diisiik bir degerde oldugu gézlendi. C. Coum kok macu-
nunun tiim konsatrasyonlar1 en diisiik 2.500 gibi bir antifeedant etki olarakl. ins-
tar larvalara gosterdigi benzer sekilde 20 mg ml konsanrasyonlarda 3. inst larvaya
17.81 diisiik bir degerde antifeedant etki gosterdi. C.aurata larvalarmin titketmis
oldugu besin miktar1 beslenmesi de Cyclamen coum kdk macununun 40-80 ve 160
mg ml konsantrasyonun ilaveli kok macunuyla sinirliyds.

Cizelge 1. C. aurata larvalarinin beslenmesi iizerinde C. coum subsp. coum 4
farkli konsantrasyonundaki bitki kok macununu antifeedant etkileri (1. Instar, 2.
Instar ve 3. Instar)

Table 1. Antifeedant effects of plant root paste at 4 different concentrations of
C. coum subsp. coum on feeding of C. aurata larvae (1st Instar, 2nd Instar and 3rd
Instar)

Bitld Kok Bild  Deney kapina yerics ol & Catans Larva bayms besa TR STE birlarvaign  S10gw bir larva igin
macumun farks lusm  yiyecek (mg) whinm defismi(mg  vicut sgulEnm vizdedesk
Lonsantrasyom (mg) dnsinden) i (me dnsinden)
Ceownrubsp oot Limst  Zims  Simst  Limt  Zimw Sim et Zimt Simt Lt Zim st Lmst | it Simt Lt Zmst St
Coun
Contal N VY T ¥ R T R ] [52 = = Bl [EEE R R P N BT T T3 1a45 318
Tomzml ot 2038 L6gs Mm@ 58 55 130 3686 DAL W 243 2L 202 B8 430
Tmgml e U R U R T T L TR ¥} TEN W66 W66 803 e 4% [GET X ST T T R )
Wmgml wot 250 182 LI M2 25 H7 Fa0 MG mam 6 43 327 231l 54 2136 6
3

60 mzml 238 1530 9 BT 362 355 3443 5508 4633 395 4366 1583 240 651 26067 4512 2221 5610

3.2. Bir Bocek Larvasinin Bitki Kok Oziitii icerikli Besinden 8-10 Giin
Icinde Tiiketmis Oldugu mg Besin

Aragtirmamizin bu béliimiinde deney siselerine birakilan farkli konsantrasyon
ilaveli C. coum subsp. Coum. kok macunlarindan C. aurata larvalarinin, 8-10
glin icerisinde tiiketmis olduklar1 besin miktarinin, bir adet larvaya diisen kismi
hesaplanarak Tablo 1'de gosterildi. Bu degerlere bakildiginda en fazla, “larva bagi-
na tiiketilen besin miktarinin” 144,16 mg tiiketim ile 20 mg/ml konsantrasyon 3.
Inst., 45.83 mg tiiketim 80 mg ml konsantrasyon ile 2. Inst. ve 77 mg tiiketim
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20 mg ml konsantrasyonla 1. Inst larvalarin bulundugu deney kabinda oldugu
goriilmektedir. Bunu yani sira en az besin titketimi 39.5 mg 1. inst larva 37.66 mg
ile 2. inst larva ve 75.83 mg ile 3.instar larvalarin bulundugu deney kaplarinda
gerceklesmistir. Caligmada kullanilan test bitki 6ziit konsantrasyonun bulundugu
deney kaplarinda larva bagina tiiketilen besin miktarinin bir birine yakin deger-
lerde oldugu tespit edildi.

3.3. Farkli Konsantrasyon Icerikli Kok Macununun Insektisidal Aktivitele-
rinin Karsilastirilmasi

Farkl1 konsantrasyonlarda 20-40-80-160 mg/ml hazirlanan bitkinin kok 6ziit-
leri karistirilarak olusturulan kok macunlar1 C. aurata 1. 2. ve 3. inst. Larvalar1
tizerinde 6nemli etkilere sahip (P <0.05) oldugu tespit edildi. Beslenme yoluyla be-
lirlenen insektisidal aktivite, degerinin en diisiik oldugu konsantrasyonu 40 mg ml
kok macunuyla ile % 75.88 +£3.57gibi bir oranla 3. inst larvaya oldugu tespit edildi.
Bunula birlikte 2. ve 3. inst larvalara kars1 40-80 ve 160 mg ml konsantrasyondaki
kok macunlari besinleriyle beslenen larvalar hemen hemen ayni degerde oldugu
bir toksitite tespit edildi (Tablo 2. Sekil 6.) Deneyde kullanilan tiim bitki kok 6ziit-
leri macunu C. aurata larvalar: (1. 2. ve 3.) inst larvalar1 tizerine LC50 degerleri %
77.77+2.32- 94.13 £6.45 aralifinda oldukgea yiiksek bir oran insektisidal goriildil.
Larvalar bu besinle beslenmelerinin ardindan larvalarin morfolojilerinde oldukga
farklik degisikliklerin oldugu gozlendi. Ozellikle élen larvalarin boylarinda ki-
salma renklerinde kararma ve larvalarin {izerindeki tiiylerin dokiildiigi, larvalar
agirhik kaybi oldugu tespit edildi (Sekil 3).

Cizelge 2. Dort farkli konsantrasyonundaki bitki kokii macununun ve kontro-
lun C. aurata larvalari tizerindeki toksisite etkileri

Table 2. Toxicity effects of four different concentrations of root paste and cont-
rol on C. aurata larvae

€. conm subsp. Coum linztar 2 instar 3 instar linztar 2 instar 3 instar
Lk macunumm
Farlh konzantrasyonlan
.Kontral 20 0 0 20+4.76 133,45 15+ 6.84
2lmgml 0 0 0 83+ 33.74 T6+ 4726 T6.83+6.23
40 me'ml 20 10 0 TT.77£2.32 8235204 T5.BR 357
80mz/ml 20 20 20 85.56 £6.43 0411+ 4.63 0413 £6.45
160 mgml 20 0 0 BEEExED D 28,23+6.84 8823328
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3.4. Cyclamen coum subsp. coum Mill Yumrusunun Etanal Oziitlerinin
GC-MS analizi

C.coum subsp. coum Mill yumrusunun ¢oziicii oziitlerinde tutma stireleri
(RT), molekiiler formiilii, molekiiler kiitleleri (MW) ve konsantrasyonlar (%) ile
aktif esaslar Sekil 4 ve 5'de sunulmustur. C.coum subsp. coum Mill etanol 6ziiti 25
ana kimyasal bileseni tanimladi. Arum italicum etanol 6zitiiniin bilesikleri, ve bu
bilesiklerin tutulma indisleri, yiizde bilesimleri, kimyasal yapilar1 ve aktiviteleri
Tablo 3. de verilmigtir. Sonuglar, Octadecanoic acid, (% 52.09), n-Hexadecanoic
acid, (% 13.52), 2-Amino-9-(3,4-Dihydroxy-5-Hydroxymethyl-Tetrahydro-Fu-
ran 2-Y1)-3, 9-, (% 13.46), 2-Furancarboxaldehyde, 5-(hydroxymethyl)-, (% 1.36),
3-Deoxy-d-mannoic lactone, ( % 2.90), 2,4(1H,3H)-Pyrimidinedione, 5-methyl,
(% 1.17), olarak ana bilesikler tespit edilmistir. Bu kimyasal bilesenlerin yiizdeleri
Sekil 4 ve 5'de gosterilmektedir. Kimyasal bilesenlerin yiizdelerine ve 6nceki ¢a-
ligmalara dayanarak, 1.2. ve 3. C aurata larvalari {izerindeki antifeedant etkisini,
insektisidal tokside etkisi viicut agirhigindaki degisim ve tiiketilen besin gibi akti-
viteler larvalar tizerindeki aktiviteleri farkli formiillerle degerlendirilmistir.

Sekil 3. A) Beslenmenin sonucunda 6lii Larvalar B) Bitki 6ziitii olmayan Kok Macunun-
dan Beslene Saglikli larvalar. C) Besinlerle beslenen olii larvalarin viicutlarimdaki renksizlik
ve deformasyonlar Oklar Saglikli ve olii Boceklerin en son sekmekteki atik maddelerin yerini
gostermekte D) Deney boyunca 8-10 giinliik kontroller E) Beslenen 3. Instar larvanmn viicu-
dunda olusan biiziilme ve deformasyon

Figure 3. A) Dead Larvae as a result of feeding B) Healthy larvae fed from Root Paste
without Plant Extract. C) Discoloration and deformations in the bodies of dead larvae that
feed on food Arrows show the location of the waste materials in the last bounce of healthy and
dead Insects D) 8-10 day checks throughout the experiment E) Shrinkage and deformation in
the body of the fed 3rd instar larva
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5 Hydroxymethyl

n-Hexadecanoic acid

2-Amino-2-(34-Dibydroxy- 3-Deoxy-d-mannoic lactone

Octadecanoic acid

2-Furancarboxaldehyde,
S-{ hydroscymethyl)-

Sekil 5. C.coum subsp. coumn Mill yumrusunun GC/MS sonucunda tespit edilen

onemli bilesiklerden bazilari

Figure 5. Some of the important compounds detected by GC/MS of C.coum subsp.

coum Mill tuber

Cizelge 13. C.coum subsp. coum Mill, bitkisinin yumrularindan elde edilen

ethanol ekstraktlarinin GC/MS ile tespit edilen bilesikleri.

Table 3. Compounds of ethanol extracts obtained from tubers of C.coum

subsp. coum Mill plant detected by GC/MS.

R.Time | Area Arest Height Heighti [ Mame
1 3.172 | 560188 0.27 421555 0.98 Formiczcid, 2-propenyl ester [CAS)
2 3.200 | 312808 0.15 202202 0.47 2-methylozzole
3 3.393 | 219821 0.11 135501 0.32 1,3-Dioxol-2-one, 4, S-dimethyl-
4 3594 | 2415147 | 1.17 581120 1.35 2,4[1H 3H}-Pyrimidinediane, 5-methyi- [CAS)
) 3.736 | 257105 0.14 138454 0.32 Cyclopentznal [CAS)
5 3.906 | 311336 Q.15 144005 0.33
7 3.967 | 232625 0.11 171635 0.40 2,3-Dihydro-3, 5-dihydroxy-6-methyl-4H-pyran-4-one
2 3.983 | 274680 0.13 156033 0.26 Octanoicacid
El 4.170 293588 0.14 100177 0.23 1,2-Berzenadiol [CAS)
10 4351 | 2809547 136 775934 1.80 2-Furancarboxzldehyde, S-[hydroxymethyl |- [CAS)
11 4.466 | 301923 0.15 164347 0.38 Nonanoicacid [CAS)
12 £.097 | 1300721 Q.63 366282 0.85
13 6.111 | 27902704 | 1346 1457231 3.39 Z-AMINC-3-3,4-DIHYDROXY-5-HYDROXYMETHYL-
TETRAHYDRO-FURAN-2-YL}-3,3-
14 6.461 | 251217 0.12 122838 0.25 2,7-DIMETHYL-4 5-OCTANDIOL
15 6.650 | 299887 0.14 127149 0.20
16 7.302 | 6008151 2.90 410828 0.95 3-Deoxy-d-mannoic lactone
17 7.630 | 3051815 1.47 3053218 0.71
18 B8.697 | 522307 0.25 232055 10.54 Tetradecanoic cid [CAS)
19 9.772 | 267738 0.13 128456 0.20 Pentade canoic acid
20 10.885 | 3B0Z69E7 | 1352 95975233 23.20 n-Hexad ic acid
21 11.873 | 1134452 0.55 482648 1.1% Heptadecanoic acid [CAS)
22 12.933 | 107944342 | 52.09 25189628 58.57 Octadecangicacid
23 15.387 1292330 | 0.62 2B5E5E
24 18.925 | 20702708 | 993 742278
25 22.135 | 508792 0.25 183943 0.43 Stigmast=-5,23-dien-3.betz.-ol
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4. TARTISMA

Bitkilerden elde edilen oziitler yeni toksinlerin ve/veya beslenmeyi 6nleyici
maddelerin kesfi son zamanlarda bilim insanlarinin ilgisini ¢ekmis ve potansiyel
bir yontem olarak vurgulanmistir. Bilim insanlarimin “ekolojik olarak giivenli pes-
tisitlerin” gelistirilmesi i¢cin Ham bitki 6zlerinin taranmast i¢in yeterli benzer ¢a-
ligmalar yapilmaktadir. Béceklere kars: botanik bocek 6ldiirticiiler olarak biyolojik
aktivite i¢in test edilen bir ¢ok birki 6zii bu alanda kullanilmaktadir (Wheeler, ve
ark.,2001) Biiyiime inhibisyonu gibi etkiler goz oniine alindiginda, potansiyel bo-
tanik insektisitleri tararken ¢oklu biyoanaliz tiirleri gibi diger sonuglarla her zaman
iliskili olmayabilir (Akhtar, ve Isman, 2004) Bu nedenle, mevcut arastirmada, Asa-
g1dakiler dahil birgok etki tiiriinti degerlendirdik: 1) Toksisite 2) larvalarin bireysel
besin tiiketimi 3) Beslenme caydiriciligi (Antifeedant) ve  3) Bitki 6ziindeki etkili
olabilecekk bilesiklerin litertiir yardimiyla ortay cikarilmasi (GC/MS analizi ile).

Farkli Cyclamen tiirleri {izerine yapilan erken aragtirmalar triterpenoid sapo-
ninler, bir piperidin alkaloidi ve sterollerin izolasyonu ile sonuglanmstir (Yayli ve
ark., 1998; Mihci-Gaidi ve ark., 2010). Genel olarak daha fazla saponin icerigine
sahip bitkilerin iyi sitotoksik aktivite gosterdigine, yani toplam saponin icerigi ile
sitotoksik aktivite arasinda dogrudan bir korelasyon olduguna inanilmaktadir.
Bazi triterpen saponinleri ve glikozitleri iceren birka¢ Cyclamen tiiriiniin kimyasal
bilesimi hakkinda bazi ¢aligmalar vardir (Altunkeyik ve ark., 2012; Mammadov,
2014). Ayrica, C. repandum ve C. mirabile gibi baz1 Cyclamen tiirlerinin analjezik,
antiinflamatuar ve antimikrobiyal aktiviteleri bildirilmistir (Mammadov, 2014).
Cyclamen yumrularinda bol miktarda toksik saponin bulunur. (Zeybek ve Zeybek,
1994). Ticari olarak 6nemli bilesikler olarak saponinler, gida, kozmetik ve ilag en-
diistrisi antikanser, antioksidan, antihipertansif, (Mammadov, 2014). C.coum
subsp. coum Mill. Bitkisinin yumrularindan elde edilen etanolik ¢6zelti GC7MS
analizi sonucunda n-Hekzadekanoik asit larvisidal etki 6zelligine sahiptir (Falo-
dun ve Choudhary 2009). Ilging bir sekilde, S. tightum'un EtOAc dziitleri, S. litto-
ralis'in farkli patojenik asamalarina kars: en giiglii bocek oldiiriicii aktiviteye sahip
oldugunu bildirmislerdir. Yapilan bu ¢alismada S. tightum EtOAc oziitiiniin dort
ana bilesigi, ¢esitli mindr elementlere ek olarak cis-13-oktadekenoik asit, sebasik
asit, pentametoksi flavon ve n-heksadekanoik asit olarak tespit edildi. Bildigimiz
kadariyla bu, bu zararli1 bocegin neden oldugu cesitli hastaliklarin biyokontrol stra-
tejileri i¢in yeni bir yol acabilecek olan, pamuk yaprak solucan: S. littoralis'in kont-
roliinde S. tightum'un potansiyelini a¢iklayan ilk rapordur ( El-Sayed ve ark., 2020).
GC-MS analiz isaretleri, bocek oldiiriicti aktiviteden potansiyel olarak sorumlu
olan 6nemli sivrisinek oldiiriicii bilesikleri, yani N-hekzadekanoik asit (%13.6040)
(Senthilkumar ve ark., 2011); Z,Z-9,12 dektadekadienoik asit (%33,74); 9-eikosin
(%10.832); heptacosane (%5.148); tetraterakontan (%5.801); ve 7-heksileikosanin
(% 5,723) da bocek dldiiriicii aktivitede rol oynadig: diistintilmektedir. Vivekanan-
dhan ve ark. yaptiklar1 bir ¢aligmanin sonucunda, standartla degerlendirmedeki
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ana bilesigin N-heksadekanoik asit oldugunu gostermislerdir ve yukaridakilere
dayanarak, B. bassiana-28 miselyal 6ziinden elde edilen N-heksadekanoik asidin
oOziite bocek oldiiriici aktivite veren ana metabolit olabilecegi sonucuna vailmuistir.
(Vivekanandhan ve ark., 2018). Onceki calismalarda bocek dldiiriicii 6zellikler igin
kullanilan 6 kimyasal, Gliserin, 2-Hidroksi-gama-butirolakton, Toplamda% 28,7
ile neofitadien, n-Hekzadekanoik asit, cis-Vaccenic asit ve Oktadekanoik asit. Tim
bu kimyasal bilesenlerin larvisidal aktivite lizerinde dogrudan etkileri vardir ve
orada larvisidal aktivite siirecinde sinerjik olarak hareket edebilen diger birgok bi-
lesiktir. Benzer sekilde, Ravi ve arkadaglar1 (2018),Bu bitki 6ziinden elde edilen
¢oklu kimyasal bilesigin larvasit 6zelliklerini tartigmislar. Daniel ve ark. yaptiklari
caligmalarda metabolitler 5-hidroksimetil-2-furanoik asit, dipikolinik asit ve mo-
nometil dipikolinat, B. bassiana nin etil asetat 6ziinden izole edildi, ve insektisit
aktivitesi sonuglari, B. bassiana oziitlerinin A. diaperinus kontroliine bir alternatif
oldugunu gosterdi (Daniel ve ark., 2019). Bu sonuglar 15181 altinda Cyclamen.coum
subsp. coum Mill, yumrularindan elde edilen etanol oziitiiniin GC/MS sonugla-
rinda Octadecanoic acid, n-Hexadecanoic acid tespit edilen bilesiklerin arasinda
olup bu bilesiklerin yiiksek diizeyde larvasit insektisidal ve toksitesinin oldugu
bir ¢ok ¢aligmada gosterilmistir. Her bitki tiirdi, yalnizca herhangi birinden degil,
bir dizi ikincil metabolitin ekspresyonu yoluyla kendisini bocek hasarina kars: bir-
¢ok yoldan korur ve konsantrasyonlarina bagli olarak bir bocek ilaci eylemi ger-
ceklestirebilir (Silva ve ark., 2003). Bu durumda, S. molle'den elde edilen ikincil
metabolitler, 6zellikle bir aktif bilesigi izole etmeden X. luteola tizerindeki b6cek
oldiirticti etkiyi artirabilir. Bu botanik insektisit, bitkinin ikincil metabolizmasin-
dan tiiretilen molekiillere sahip oldugundan, faydali bocekler tizerinde sinirli bir
etki gosterirler; ayrica memeliler ve insanlar i¢in nadiren toksik olmalarimin yani
sira farkli etki mekanizmalarina sahip olduklar: i¢in boceklerde direng gelisimi
sinurlidir (Regnault-Roger ve ark., 2005). Ayrica, bu biyoinsektisit biyolojik olarak
pargalanabilir, yenilenebilir bir karaktere sahiptir ve haserelere kars1 dogal direnci
azaltmak, bu hagerenin kentsel agactaki stirdiiriilebilir yonetimine katkida buluna-
bilir. S. molle’'de bunlar esas olarak kostik oleoresinlerdir. Clevenger distilatorii
kullanan Dikshit ve ark. (1986) S. molle yapraklarinin %2.1-2.3 yag icerdigini be-
lirlemigtir. Huerta ve ark. (2010), S. molle yapraklarindan elde edilen etanol ve su
ekstraktlarinin toksisitesini, karaaga¢ yapraklarina da zarar veren X. luteola yetis-
kinlerinin, S. molle yapraklarindan elde edilen ekstraktlara iigiincii déonem larvala-
rindan daha fazla etkilendigini gostermektedir. Yukarida belirtilen ¢alismalar, S.
molle ekstraktlariin insektisit etkilerinin bitki kistmlarina, bitkinin olgunluk du-
rumuna, ekstraksiyon, uygulama yontemi, ve bocekleri hedef alin, her halitkarda
aragtirmaya deger umut verici sonuglarla. Kullanilan bitkinin olgunluk durumuna
gore, X. luteola larvalarinin daha yiiksek 6liim orani, geng S. molle yapraklarindan
elde edilen oziitlerde meydana geldi; bu, yapraklarin bu olgunluk durumunda
daha yiiksek aktif bilesik konsantrasyonu ile agiklanabilir. Cyclamen L. (Primula-
ceae) cinsine ait birkag tiir, biyolojik 6zellikleri nedeniyle geleneksel tipta yaygin
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olarak kullanilmaktadir, ancak bu bitki tizerinde ¢ok az arastirma yapilmistir. Cyc-
lamen tiirlerinin fitokimyasal taramasi, bu bitkinin yumrularinin triterpenoid sa-
poninler agisindan zengin oldugunu ortaya ¢ikarmigtir (Altunkeyik ve ark., 2012).
Farkli ¢oziiciilerle ekstrakte edilen Cyclamen coum yumrugunun saponin bilesikle-
ri, TLC ile farkli profil gostermistir (Ahmadbeigi ve Saboora, 2009). Cyclamen sa-
poninin sitotoksik, spermisidal, antimikrobiyal, analjezik ve antiinflamatuvar 6zel-
likleri farmakolojik ¢caligmalarla gosterilmistir (Yayli ve ark., 1998). C. hederifolium
Aiton yumrular1 doviiliip belli bir miktar suyun i¢ine konur, daha sonra siiziilen su
tiitiin fideligine verilerek zararl bocekleri oldiiriicii olarak kullanilmaktadir (Os-
born, 2003). Clinki bitkiler biinyelerindeki saponinleri, ¢evreden gelebilecek za-
rarli etkenlere kars1 kendilerini savunmada kullanmaktadirlar (Fidan and Diindar,
2007). Saponinlerin boceklere karst olan toksitesinin, bitkiyi bocek saldirilarina
kars1 korudugunu gostermektedir (Kiigiikkurt ve Fidan, 2008). Cyclamen bitki
ekstrakt: uygulanan hastalarda, siniizoitlerdeki mukus membranlar tizerindeki
mukosiliyar tasimanin belirgin sekilde arttig1 da bulunmugtur (Piskunov ve ark.,
2009). Bu ¢alismalar, bitkinin patolojide koruyucu ve tedavi edici ajan olarak kul-
lanilmasinin giderek daha 6nem kazandigini gostermektedir. Yumrulari tipta, koz-
metikte kullanilmakta ve gen kaynag olarak yararlanilmaktadir (Piskunov ve ark.,
2009). Saponinlerin kimyasal yapisi Genelde amorf ve renksiz olan, fakat kristal
yapida ve beyaz renkte tiirleri bulunan saponinler; su, etil alkol, metil alkol gibi
polar ¢oziiciillerde ¢oziinen molekiillerdir (Fidan ve Diindar, 2007). E. obliqua lar-
valar1 tizerindeki farkli safliktaki ¢ay saponinlerinin mide toksisitesini degerlen-
dirmek (Zeng ve ark., 2018). Sonuglar ayrica ¢ay saponinlerinin bocek 6ldiriicii
ozelliklere sahip oldugunu ve% 99 safliga sahip cay saponinlerinin E. obliqua lar-
valarinda ham etanol ekstraktindan 2.2 kat daha yiiksek mide toksisitesi gosterdi-
gini dogrulad: (Zeng ve ark., 2018). Yapilan bir ¢caligmada , ¢ay saponin ile mua-
mele edilmis yapraklar, E. obliqua larvalarinin orta bagirsaginda ciddi hasara
neden olmustur. Orta bagirsagin temel islevleri arasinda sindirim enzimlerinin
tretimi ve besin alimi yer alir. sindirilmis Griinler (Akai ve ark., 1984; Serrio,
ark.,1995). Boceklerin orta bagirsagindaki peritrofik matris (PM) esas olarak kitin
ve proteinlerden olusur ve sindirimi destekledigi ve asindirici gidalardan koruma
sagladigy disiiniilmektedir. partikiiller ve enterik patojenler (Agrawal ve ark.,
2014). Sonuglar, ¢ay saponinlerinin orta bagirsak epitel hiicrelerinde fizyolojik ve
morfolojik hasara neden olabilecegini gostermektedir. Cay saponinlerinin emil-
mesinden sonra hiicreler, enerji detoksifikasyonu i¢in vakuolizasyon ve vezikiil
salinimi sergilediler. Cay saponinlerinin agir1 toksisitesi, orta bagirsakta daha kii-
¢itk mikrovilluslara ve hiicre 6liimiine yol agar. Bu ¢alismada kullanilan bitki yum-
rularinda saponin ve diger bocek 6ldiiriicii bilesiklerin oldugu tespit edilmistir.
Saponin ve bazi bitki bilesikleri bocekte olusan bazi enzimleri ve gelisme molekiil-
lerinin sentesiniz durdugu ve boylece boceklerin ya larva donemimde veya pupa
evresinde gelisemedigi 6ldiigiinii rapor etmislerdir (Akai ve ark., 1984; Serrdo ve
ark., 1995). Saponinler ve diger bilesikler olan ¢ok ¢esitli bocek zararlilarina kar-
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s1 hizli galisan ve gligli bir etki sergiledikleri i¢in acik bocek oldiirticti aktivitelere
sahiptirler. En ¢ok gozlenen etkiler, artan 6liim orani, diisitk gida alimy, kilo kaybs,
gelisimde gecikme ve morfolojik hasarlardir. Daha 6nce, tarla bitkilerinin bocek
zararlilarinin yani sira depolanmig tahil éirtinlerinin y6netimi igin ¢esitli kaynak-
lardan (6rnegin bitkiler, mikroplar) maksimum ¢evre dostu molekiilleri dahil et-
mek igin ¢esitli yaklagimlar kullanilmigtir. Ornegin, farkli entomopatojenlerin
(6rn., Mantar, bakteri) uygulanmasi, bocek zararlilarina kargi bircok bocek ilact
kombinasyonu ile arastirildi ve mitkemmel sundular. Sonuglar. Ayrica, bitki 6zleri
(yaprak, stirglin, ¢icekten) da siirekli olarak otgullarin ve depolanmis tahil bocek
zararlilarinin yonetimi i¢in kullanilmaktadir. Bu nedenle, bitki metabolitlerinin
farkli bitki parcalarindan karakterizasyonu ve izolasyonuna odaklanilmistir. Bun-
dan sonra bu metabolitler kategorize edildi potansiyellerine ve faaliyetlerine gore
farkli siniflara ayrilmigtir. Karakterize edilen metabolitlerin bir kismi, bocek zarar-
Iilarinin farkl yasam evrelerine kars1 bocek oldiiriicii etkiler verirken, bazi mole-
kiiller antimikrobiyal aktiviteler sergilemistir. Bu metabolitlerin ana bocek oldiirii-
cii bileseni saponin molekiilleriydi ve bu saponinler, steroidal veya triterpenoid
saponinler olarak karakterize edilmistir. Bu saponinler, sap emme ve ¢igneme da-
hil olmak tizere tarla ve depolanmig tahil haserelerinin gesitli enzimatik faaliyetle-
rini bozarak bocek zararlhilarinin bitytimesinin engellenmesinde 6nemli bir rol oy-
narlar. Bu nedenle, ticari tekniklerin gelistirilmesine ciddi bir ihtiya¢ vardir.
Saponin izolasyonu ve saflagtirmasi ve saponin molekiilleri ile ¢esitli bocek enzim-
lerinin yani sira duyarli bocek hiicrelerinin etkilesimini derinlemesine aragtirmak.
Bu tiir arastirmalar, bocek bagisiklik sisteminin molekiiler yollarini bulmaya da
yardimc olabilir. Daha sonra, bu yollar farkli molekiiler yaklagimlarla kullanilabi-
lir. Bocek zararlilarinin genetik yapisinin degistirilebildigi ve bocek zararlilarinin
yonetiminde ¢ok yardimec olabilir.  Bizim ¢aligmamizda da bdceklerde olusan
olim yiizdesinin ytiksek olusu bu ve diger bazi bilesiklerden oldugu kanaatindeyiz.
Ayrica bu bitki yumrular: dost bir ¢evre ve boceklere yani zararlilara kars: kullani-
labilecek bir potansiyele sahip oldugu gorilmektedir. Caligmamizda kullandigimiz
bitki yumrusu saponin ve diger bilesikleri biinyesinde bulunduran 6nemli bir bo-
cek oldiiriicti olarak kullanilama potansiyeli vardir. Sonug olarak, , test edilen C.
coum subsp. Coum bitki kok 6ziitil gogu durumda minimum toksisite ile C. aurata
larvalariin etkili beslenme caydiricilar: oldugunu gostermektedir. Sonuglarimiz,
bilesiklerin etkinligini iyilestirmede ve tarim i¢in yeni, toksik olmayan bécek kont-
rol ajanlarinin tasarlanmasinda yararli olan bazi yapi-aktivite iligkilerini 6nermek-
tedir. Gigli besleme caydiric1 6zellikleri nedeniyle sera veya tarladaki bitkileri
korumak icin kullanilabilirler.
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Sekil 4. Toksisite degerlerinin grafiksel gosterimi
Figure 4. Graphical representation of toxicity values

5. SONUC

Dogal tiriinlerin kullanimi, C. aurata larvalarinin kontrolii i¢in 6nemli bir al-
ternatif beslenme 6nleyici olarak diisiiniilebilir. Sonuglar Bu ¢alismadan C. coum
subsp. Coum bitki kok 6ziiti , mitkemmel beslenme onleyici ve toksite aktiviteye
sahiptir ve bu tibbi bitkilerde bulunan sekonder metabolitler, bu aktiviteden so-
rumludur. Bununla birlikte, beslenmeyi 6nleyici aktivite ve bunun hedef olmayan
organizmalar iizerindeki etkileri ve saha degerlendirmesi icin daha fazla aragtir-
maya ihtiya¢ vardir. Buna gore, mevcut aragtirmanin sonuglari yeni, daha spesifik,
biyolojik olarak pargalanabilir dogal bilesiklerin se¢ilmesi i¢in temel olusturabilir.
Bitki kokenli bocek olduriictiler ve antifeedantlar, zararli boceklerin kontroli icin
potansiyel degere sahiptir. Bocek direnci, hagere dirilisi ve hedef olmayan orga-
nizmalar tizerindeki zararli etkiler sorunlarini sinirlayabilirler. Sonuglar C. aurata
bocegi larvalarinina karsi 6nemli toksik ve beslenmeyi 6nleyici etkiler ortaya ¢1-
kardi. Bu bilesiklerin bazilari, minimum toksisite ile boceklerin beslenme davrani-
sint hedefleyen ticari bocek kontrol ajanlari olarak gelisme potansiyeline sahiptir.
Ancak bunlarin faydali organizmalar, insanlar i¢in giivenlik ve gevresel akibetler
tizerindeki etkilerinin belirlenmesi gerekmektedir.
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FARKLI YUKSEKLIKLERDEN TOPLANAN PEMBE LADENIN (CiSTUS CRETICUS L.)
UCUCU YAG ORANI VE KiIMYASAL BILESENLERININ BELIRLENMESI

0z

Bu arastirma Tekirdag ilinin Kumbag, Yenikdy ve U¢makdere mevkilerinde genis
bir alanda yayilis gosteren pembe laden bitkisinin (Cistus creticus L.) ug¢ucu yag orani
ve bu yagin kimyasal bilesimini belirlemek amaciyla 2019 yilinda yiiritilmistir. Bu
amagla farkli yiiksekliklerden toplanan (0, 50, 100 ve 150 m) pembe laden bitkisinin
yapraklar1 oda sicakliginda kurutulmus ve numunelerden Clevenger cihazi yardimiyla
ugucu yag tayini yapilmistir. Ucucu yagin kimyasal bilesimi GC/MS cihaz ile ince-
lenmistir. Aragtirma sonucuna gore, ugucu yag bilesiminin %73,03'tint (= %1) temsil
eden 13 bilesen tanimlanmis ve yagin ana bilesenlerini kamfen (%19,45) ve a-pinen
(%13,85) olusturmustur. Ulkemizin birgok bélgesinde yayilig gosteren Cistus tiirlerinin
iiretimi yapilip, ugucu yaglarinin aktif bilesen miktar1 ve igerigi belirlenebilirse gida
katki maddelerine, sentetik antioksidanlara ve ilag etken maddelerine dogal bir alter-
natif irtin olabilecekledir.

Anahtar Kelimeler: Cistus creticus L., Pembe laden, Ugucu yag, Rakim.
%

DETERMINATION OF ESSENTIAL OIL CONTENT AND ITS CHEMICAL
COMPOSITIONS OF PINK ROCK ROSE (CISTUS CRETICUS L.) COLLECTED FROM
DIFFERENT ALTITUDES

ABSTRACT:

This research was conducted in 2019 to determine the essential oil content and
chemical composition of pink rock rose (Cistus creticus L.) which is spread over a wide
area in Kumbag, Yenikoy and Ugmakdere of Tekirdag. For this purpose, the leaves of
the Cistus creticus L. plant were collected from different altitudes (0, 50, 100 and 150
m) and dried at room temperature, and essential oil content was determined in the
samples with the help of Clevenger Apparatus. Chemical composition of the essential
oil was examined with GC/MS. According to the research results, 13 components rep-
resenting 73.03% (=1%) of the composition of the essential oil were identified, and the
main components of the oil were camphene (19.45%) and a-pinene (13.85%). Cistus
species, which are spread in many regions in Turkey, are produced, and if the amount
and content of the chemical compositions of essential oils could be determined, they
could be an alternative to food additives, synthetic antioxidants and active pharmaceu-
tical ingredients.

Keywords: Cistus creticus L., Pink rock rose, Essential oil, Altitude.
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1. GIRIS

Cistaceae (Ladengiller) familyasi, 8 cins ve 180 tiir ile, basta Bat1 Akdeniz Bol-
gesi olmak tizere, Kuzey Yarimkiirenin iliman ve suptropik bolgelerinde yayilis
gostermektedir (Arrington ve Kubitzki, 2003; Agueda ve ark., 2006). Bu familyaya
dahil olan Cistus L. tiirti diinyada 58 tiirle temsil edilirken; Tiirkiyede, dogal ola-
rak yetisen 5 tiirle (Cistus creticus L., Cistus parviflorus Lam., Cistus salviifolius
L., Cistus monspeliensis L. ve Cistus laurifolius L.) temsil edilmektedir (Sargin ve
Selvi, 2016). Cistus tiirleri Diinyada asirlardir geleneksel tipta kullanilmaktadir
(Jeronimo ve ark., 2020). Laden, iilkemizde halk arasinda, laden otu, pamukla ve
pamukluk gibi yoresel isimlerle bilinmektedir. Bitki basta ishal olmak tizere mide
yaralari, yiiksek ates, kisirlik tedavisi, cesitli zithrevi hastaliklar, romatizmal hasta-
liklar, seker hastaligy, idrar yolu enfeksiyonlari, spazm ¢oziicii ve hemostatik olarak
kullanilmaktadir (Yesilada, 1997; Polat ve Satil, 2012; Sargin ve Selvi, 2016).

Farkli Cistus tiirlerinde yapilan calismalarda, Cistus villosus ve Cistus salviifo-
lius ugucu yaglarinda nonterpen, Cistus creticus ve Cistus monspeliensis tiirlerinde
labdan-tip diterpen igeriginin zengin oldugu bildirilirken, Cistus creticus bitkisinin
kimyasal bilesiminde ise tanenler, heterozitler, tri-terpenler, flavonoitler ve sapo-
nozitlerin bulundugu tespit edilmistir (Sahraoui ve ark., 2013; Politeo ve ark., 2018;
Sekeroglu ve Gezici, 2020). Ayrica iilkemizde dogal olarak yetisen Cistus creticus L.
tiiriiniin zengin polifenolik madde igerigi sayesinde antibakteriyel, antioksidan ve
DNA koruyucu oldugu da bildirilmistir (Kilig ve ark., 2019).

Pembe (tiiylii) laden (Cistus creticus L.), ladengiller familyas: igerisinde yer
alan 1 metreye kadar boylanabilen sik dalli, yaz-kis yesil, bodur ve ¢ali formunda
olan bir bitkidir. Haziran-temmuz aylarinda 4-5 cm ¢apinda disk seklinde ¢icekler
acan bu bitkinin yapraklar: yapiskanl bir yapiya sahiptir (Anonim, 2021). Pembe
ladenin en ¢ok yetistigi yerler Tiirkiye'nin Ege ve Akdeniz bolgeleridir. Akdeniz
tilkelerinden sonra Avrupa ve Amerika'ya kadar ¢ok genis bir alana yayilmuistir.
Tiirkiye'nin Akdeniz, Karadeniz, Ege ve Marmara bolgesinde (Sekil 1) yabani ola-
rak yetisen pembe laden iilkemizin diger bolgelerinde de yetisebilir.
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Sekil1.Cistus creticus LninTiirkiye florasindaki dagilim haritasi(TUBIVES, 2021)
Figure 1. Distribution map of Cistus creticus L. in the flora of Turkey (TUBIVES, 2021)

Bitkinin kullanilan kisimlar1 yapraklari ve ugucu yagidir. Diinyanin bir¢ok
yerinde laden tiirlerinin (Cistus incanus, Cistus ladanifer, Cistus creticus ve Cistus
canadensis) ugucu yagy, distilasyon suyu ve ekstraksiyonlari gesitli ticari isimler al-
tinda gida takviyesi olarak satilmaktadir (Pattabanoglu, 2018). Avrupada antiviral
pastil ve kig ¢aylarinin karisiminda yogun olarak Cistus spp. tiirleri kullanilmakta-
dir (Sekeroglu ve Gezici, 2021). Ayrica fumigant olarak kullanildig: belirtilen bitki-
nin parfiimlerde fiksatif olarak da degerlendirildigi ve bunun diginda unlu mamul-
ler, alkolsiiz igecekler, dondurma ve sekerlerde aroma verici olarak da kullanildig:
bildirilmektedir. (Costa ve ark., 2009; Viuda-Martos ve ark., 2011).

Bu arastirmada Tekirdag ilinin Kumbag, Yenikoy ve Ugmakdere mevkilerinde
genis yayilis gosteren ve bu alanlarin farkli yiikseltilerinden toplanan pembe laden
bitkisinin ugucu yag oranlari ve kimyasal bilesenlerinin saptanmasi amaglanmistir.

2. MATERYAL VE YONTEM
2.1. Materyal

Aragtirmada farkl: yiiksekliklerden toplanmus Cistus creticus L. genotiplerinin
yapraklar1 materyal olarak kullanilmigtir. Bu amagla 2019 yili Haziran ayi igerisin-
de ¢iceklenmis laden bitkileri Kumbag-Uc¢makdere yol giizergahi izerinde denize
bakan yamaglardan 0-150 m yiikseklik araliginda toplanmigtir (Sekil 2). Genotip-
lere ait lokasyon bilgileri Cizelge 1'de verilmistir.
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Cizelge 1. Cistus creticus L. genotiplerinin toplandigi lokasyonlar

Table 1. Cistus creticus L. locations where the plant is collected

g;n. Toplandig1 Yer Koordinat Yﬁl;:;{“k Yil
1 Tekirdag-Siileymanpasa-Kumbag  40°52'01"K27°27'35"D 0 2019
2 Tekirdag-Siileymanpasa-Kumbag 40°51'44" K 27°27'27"D 50 2019
3 Tekirdag-Siileymanpasa-Yenikdy 40°52'29" K 27°27'23"D 100 2019
4 Tekirdag-Sarkéy-Ucmakdere 40°50'56"K 27°26'21"D 150 2019

Sekil 2. Cistus creticus L. genotiplerinin yaprak ve ¢icegi (Orijinal)

Figure 2. Leaf and flower of Cistus Creticus L. (Original)
2.2. Yontem

2.2.1. Ugucu Yagin Elde Edilmesi

Toplanan Cistus creticus L. yapraklarinin bozulmas: ve ¢iirlimesinin engellen-
mesi amaciyla 6rnekler oda sicakliginda kurutulmus ve yapraklarin nem orani %8-
12 arasina indirgenmistir. Kurutulmus olan 100 g yaprak kii¢iik parcalara ayrildik-
tan sonra 3 saat boyunca Clevenger cihazi ile su distilasyonuna tabi tutulmustur
(Dirican ve Telci, 2016). Elde edilen ugucu yaglarin kimyasal bilesenleri belirlenin-
ceye kadar buzdolabinda +4 °C'de muhafaza edilmigtir.

2.2.2. GC-MS Analizi

Farkl: yiiksekliklerden toplanan genotiplerden elde edilen ugucu yag bilesenle-
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rinin belirlenmesi amaciyla Gaz Kromatografisi/Kiitle Spektrometresi, bagil yiiz-
delerin belirlenmesi i¢in ise Gaz Kromatografisi yontemi kullanilmistir. Bu amagla
hekzan ile hazirlanan (%10 h/h) 6rnekler 40:1 split orani ile 1 pL olarak sisteme
enjekte edilmistir.

2.2.3. Gaz Kromatografisi (GC) Calisma Esaslar1

Sistem: Agilent 7890B GC System

Kolon: Agilent HP-Innowax (60 m x 0.25 mm i¢ ¢ap x 0.25 pum film kalinlig1)
Dedektor: Alev Iyonlagma Dedektorii (FID)

Enjeksiyon sicakligi: 250°C

Dedektor sicakligr: 250°C

Sicaklik programi: 60°C (10 dak), 4°C/dak. 220°C (10 dak) 1°C/dak 240°C,
Toplam 80 dak

Tastyic1 gaz: Helyum (0.7 mL/dak)

2.2.4.Gaz Kromatografisi/kiitle Spektrometresi (GC/MS) Calisma Esaslar1
Sistem: Agilent 7890B GC 5977B Mass Selective Dedector System

Kolon: Agilent HP-Innowax (60 m, 0.25 mm i¢ ¢ap, 0.25 pum film kalinligr)
Enjeksiyon sicakligi: 250°C

Iyon kaynag sicakligi: 230°C

Iyonizasyon modu: EI

Elektron enerjisi: 70 ev

Kiitle aralig1: 35- 450 m/z

Sicaklik programi: 60°C (10 dak), 4°C/dak. 220°C (10 dak) 1°C/dak 240°C,
Toplam 80 dak

Tastyic1 gaz: Helyum (0.7 mL/dak)
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Belirlenen bilesenler Wiley 9-Nist 11 Mass Spectral Database yontemine gore
tanimlanmustir (NIST, 2011).

2.3. Verilerin Degerlendirilmesi

Aragtirma sonucundan elde edilen veriler varyans analizine tabi tutulmus ve
ortalamalar arasindaki farkliliklarin 6nem diizeyini belirlemek i¢in LSD testi (%5)
kullanilmgtir. Verilerin analizinde TARIST istatistiki analiz programindan fayda-
lanilmigtir.

3. BULGULAR VE TARTISMA

Tibbi ve aromatik bitkilerde ugucu yag oranlari bitki tiirlerine, gelisme donem-
lerine ve bitkinin aksamina gore (yaprak, dal, gicek vb.) degisiklik gostermektedir
(Katar ve ark., 2018; Pattabanoglu, 2018). Yapilan ¢aligmada farkl: ytiksekliklerden
toplanan pembe laden bitkisinin yapraklarinin ugucu yag orani %0.13-0.14 (w/w)
arasinda degismistir (Cizelge 2). Abu-Orabi ve ark. (2020), pembe laden (Cistus
creticus L.) tliriiniin yaprak ve cicek tomurcuklarindan elde ettikleri 6rneklerin
ugucu yag oranlarini sirastyla %0.02 (w/w) ve %0.01 (w/w) olarak saptamiglardir.
Bechlaghem ve ark. (2019), Cistus ladaniferus, Cistus albidus ve Cistus monspe-
liensis tiirlerinin yaprak, gicek ve govdelerinden elde etkileri 6rneklerin ugucu yag
oranlarini sirastyla %0.08 (w/w), %0.02 (w/w) ve %0.003 (w/w) olarak tespit etmis-
lerdir. Ayrica Mohammed ve ark. (2018), Cistus ladanifer tiirtintin yapraklarindan
elde edilen 6rneklerin ugucu yag oranint %0.10-0.20 arasinda saptamis olup bu
sonug ¢alismamiz limitleriyle ortiigmektedir.

Calismada Cistus creticus L. tiiriiniin ugucu yag bilesiminin %73.03'tinii (= %1)
temsil eden 13 bilesen tanimlanmistir (Cizelge 2). Bu bilesen miktarini Demetzos
ve ark. (1995) Cistus creticus L. tiiriinde %75.56, Demetzos ve ark. (1997) Cistus
creticus subsp. eriocephalus alt tiiriinde %73.9, Ogiitveren ve Savas Tetik (2004b),
Cistus parviflorus L. tiiriinde %89.4, Mohammed ve ark. (2018) Cistus ladanifer
var. maculatus tirtinde ise %88.67 olarak belirlemislerdir.

Tespit edilen bilesiklerden kamfen en yaygin monoterpenlerden biri olup yapi-
lan galigmada ortalama %19.45 olarak belirlenmistir (Cizelge 2). Abu-Orabi ve ark.
(2020) yaptiklari ¢alismada Cistus creticus L. tiriintin yaprak kisimlarinda kamfen
miktarint %9.3, Bechlaghem ve ark. (2019) Cistus ladaniferus tiirtinde %12.2, Mo-
hammed ve ark. (2018) Cistus ladanifer tiiriinde ise %17.7 olarak saptamiglardir.
Pattabanoglu (2018), Kastamonu ekolojik kosullarinda denizden 800 m yiiksek-
likten topladigr Cistus laurifolius (defne yaprakli laden) tiriinde kamfen oranini
%22.36 olarak belirlemistir. Kamfen bilesigi Cistus spp. tiirlerine gore oldukea ge-
nis bir varyasyon gostermektedir.
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a-pinen bircok Cistus spp. tiirtinde bulanan monoterpen bir hidrokarbon-
dur (Mediavilla ve ark., 2021). Yapilan ¢aligmada en yiiksek a-pinen orani 100 m
yiikseklikten toplanan genotiplerden elde edilmistir (%14.07). Abu-Orabi ve ark.
(2020) yaptiklar: galismada Cistus creticus L. tiirtiniin yaprak kisimlarinda a-pinen
oranint %19.4 olarak saptamislardir. Bechlaghem ve ark. (2019) bu bilesigi Cistus
ladaniferus tiirtinde %12.2, Verdeguer ve ark. (2012), Cistus ladanifer tiiriinde ise
9%4.70 olarak belirlemislerdir. a-pinen bilesigi Cistus spp. tiirlerinde oldukea degi-
siklik gostermistir.

Antimikrobiyal ve antiviral 6zellikler gostererek viriis ve bakterilerin viicut-
tan atilmasini saglayan terpineol-4 bilesigi (Seidakhmetova ve ark., 2002) birgok
Cistus spp. tiriinde bulunmaktadir. Yapilan ¢alismada farkls yiiksekliklerden top-
lanan Cistus creticus L. tiiriinde terpineol-4 igerigi %7.83-8.80 arasinda degismis
ve en yiiksek deger 150 m yiikseklikten toplanan bitkilerde kaydedilmistir (Cizelge
2). Zidane ve ark. (2014), yaptiklari ¢alismada Cistus libanotis tiiriinde terpineol-4
bilesiginin diger bilesenlere gore fazla bulundugunu ve %18.70-24.91 arasinda de-
gistigini bildirmislerdir. Ayrica Cistus ladanifer tiiriinde bu bilesigin diger Cistus
spp. tiirlerine gére daha az bulundugu (%6.3) bildirilmistir (Zidane ve ark., 2013).

Yapilan aragtirmada tespit edilen bir diger bilesen ortalama %5.63 degeriyle
3-karen olmustur. En yiiksek 3-karen orani deniz seviyesinden toplanan bitkiler-
den elde edilmistir (Cizelge 2). Abu-Orabi ve ark. (2020) yaptiklar: calismada Cis-
tus creticus L. tliriiniin yaprak kisimlarinda 3-karen igerigini %5.9 olarak belirle-
mislerdir. Mohammed ve ark. (2018) Cistus ladanifer tiriinde bu bilesigin oranini
%5.23 olarak saptamislardir. Bu sonuglar Cistus spp. tiirlerinde 3-karen oraninin
yakin degerlerde oldugunu géstermektedir.

B-pinen monoterpeni yapilan ¢alismada ortalama olarak %5.05 olarak saptan-
mis ve en yliksek deger 150 m yiikseklikten toplanan bitkilerde kaydedilmistir.
Abu-Orabi ve ark. (2020) yaptiklar: ¢aligmada Cistus creticus L. tiiriiniin yaprakla-
rinda -pinen miktarini %6.30 olarak belirlemislerdir. Yapilan diger aragtirmalarda
bu bileseni Pattabanoglu (2018) Cistus laurifolius (defne yaprakli laden) tiiriinde
%5.08, Gomez ve ark. (2005) Cistus ladanifer tiirtinde %4.4 olarak belirlemislerdir.
Yapilan literatiir arastirmasina gore Cistus tiirlerinde B-pinen miktar birbirine ya-
kin degerler gostermistir.
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Cizelge 2. Cistus creticus L. tiiriiniin ugucu yag oranlari ve kimyasal bilesenleri

Table 2. Essential oil content and its chemical compositions of Cistus creticus L.

Yiikseklik (m) 1] 50 100 150

Ucucu Yag (%, w/w) 0.13b 0.14a 0.14a 0.14a Ortalama %SD:
No Bilesenler Bagl yiizde (%) A
1 Kamfen 1990a 18.64¢c 2001a 19.24b 19.45 ==
2 a-pinen 1401b 13.67¢ 14.07a 13.65¢ 13.85 e
3 Terpineol-4 813b 783d 806¢c 880a 821 i
4 3-karen 6.63a 5.89b 498¢ 500¢ 5.63 b
5 B-pinen 496¢c 5.05b 4.69d 350a 5.05 *x
6 a-terpinen 457d 467¢ 513 541a 4.95 i
7 o-simen 342d 4.01c¢ 4.63b 4.78a 421 *%
8 Bornil asetat 386¢ 380¢ 398b 443a 402 ¥
9 Vindiflorol 250b 287a 2461 214¢ 249 43
10 Terpinen-4-ol 1.73a 166a 1.50b 1.54b 1.61 ¥
11  n-biitinl siklo hekzan 1.22b 120b 1.25b 133a 125 *
12 a-campholenal 1.23 1.19 1.26 119 122 ns
13 p-simen 1.01d 106¢ 111b 121a 1.09 e
Toplam 73.17 71.54 73.13 74.22 73.03

+2> %1, **: %1 diizeyinde 6nemli, *: %5 diizeyinde onemli, ns: 6nemsiz, Ayni harfle gosterilen
ortalamalar arasinda fark yoktur.

Yapilan ¢alismada ortalama a-terpinen igerigi %4.95 olarak saptanmis ve yiik-
seklik arttik¢a bu bilesigin de arttif1 belirlenmistir (Cizelge 2). Abu-Orabi ve ark.
(2020) yaptiklar1 caligmada Cistus creticus L. tiiriintin yaprak kisimlarinda a-ter-
pinen oranini %0.6, Bechlaghem ve ark. (2019) Cistus ladaniferus tiiriinde %0.8,
Zidane ve ark. (2014), Cistus libanotis ve Cistus ladanifer tiirlerinde sirasiyla %7.3
ve %1.8, Pattabanoglu (2018), Cistus laurifolius (defne yaprakli laden) tiiriinde ise
9%0.45 olarak belirlemistir. Literatiire gore a-terpinen bilesigi Cistus spp. tiirlerine
gore oldukga genis bir varyasyon gostermektedir.

Pembe laden bitkisinde o-simen icerigi %3.42-4.78 arasinda degismis ve rakim
arttik¢a o-simen bilesiginin de arttig1 gozlemlenmistir (Cizelge 2). Yapilan literatiir
aragtirmalarinda Cistus creticus L. tiiriinde o-simen ile ilgili net bilgilere ulasilama-
mis olup, Mohammed ve ark. (2018), Cistus ladanifer tiiriinde bu bilesigin icerigini
%1.26 olarak saptamiglardir.

Yiikseklige bagli olarak arttig1 belirlenen bornil asetat bilesigi ortalama %4.02
olarak belirlenmigstir (Cizelge 2). Abu-Orabi ve ark. (2020) yaptiklar: ¢alismada
Cistus creticus L. tiirliniin yaprak kisimlarinda bornil asetat oranini %0.7, Bechla-
ghem ve ark. (2019) Cistus ladaniferus tiiriinde %0.8, Zidane ve ark. (2014), Cistus
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libanotis ve Cistus ladanifer tirlerinde %0.34-0.70 arasinda, Pattabanoglu (2018),
Cistus laurifolius (defne yaprakli laden) tiiriinde ise %1.24 olarak belirlemistir.
Bornil asetat bilesigi Cistus spp. tiirlerinde olduk¢a degisiklik gostermistir.

Ugucu yagin bilesiminde bulanan bir diger bilesen %2.49 ortalama degeriy-
le viridiflorol olmustur (Cizelge 2). Demetzos ve ark. (1997) yatiklar1 ¢aligmada
Cistus creticus L. tiirlinde viridiflorol oranini %5.4 olarak belirlemislerdir. Ayrica
Pattabanoglu (2018), Cistus laurifolius (defne yaprakli laden) tiirtinde viridiflorol
oranint %0.73, Zidane ve ark. (2013) ise %2.8 olarak bildirmislerdir. Yapilan kay-
nak aragtirmasi sonuglarini gore laden tiirlerinde viridiflorol orani olduk¢a degi-
siklik gostermistir.

Ucucu yagin bilesenlerinden terpinen-4-ol antibakteriyel etkiye sahip olup
(Demir, 2019) yapilan ¢alismada en yiiksek miktar deniz seviyesinden toplanan
genotiplerden elde edilmistir (%1.73). Abu-Orabi ve ark. (2020) yaptiklar1 ¢alisma-
da Cistus creticus L. tiirinde terpinen-4-ol miktarini %0.4 olarak belirlerken, Pat-
tabanoglu (2018), Cistus laurifolius (defne yaprakl laden) tiiriinde %1.87, Ogiit-
veren ve Savas Tetik (2004a) yine defne yaprakli ladende %1.30, Verdeguer ve ark.
(2012), Cistus ladanifer L. tiriinde %6.37, Gomez ve ark. (2005) Cistus ladanifer
tiiriinde ise %1.8 olarak belirlemislerdir. Terpinen-4-ol igerigi ayn1 laden tiirlerin-
de dahi ytiksek varyasyon gosterebilmektedir.

Farkli rakimlardan toplanan pembe laden bitkisinde n-biitiril siklo hekzan
icerigi %1.20-1.33 arasinda degismis ve en yiiksek deger 150 m yiikseklikten top-
lanan bitkilerde kaydedilmistir (%1.33). Yapilan literatiir arastirmalarinda Cistus
creticus L. tirtinde n-biitiril siklo hekzan ile ilgili net bilgilere ulasilamamis olup,
Mohammed ve ark. (2018) Cistus ladanifer tiiriinde bu bilesigin icerigini %5.95
olarak saptamglardur.

Yapilan literatlir aragtirmalarinda Cistus creticus L. tiiriinde a-campholenal
igerigi tizerine net bilgilere ulagilamamis olup yapilan ¢aliymada ortalama %1.22
olarak belirlenmistir (Cizelge 2). Buna ilaveten Cistus ladanifer tiiriinde a-camp-
holenal oran1 %2.20 (Verdeguer ve ark., 2012), Cistus ladaniferus tiirtinde ise %1.0
(Bechlaghem ve ark., 2019) olarak rapor edilmistir. Ege bolgesinde genis bir ya-
yilim gosteren Izmir kekigi (Origanum onites L.) bitkisinin yapraklarindan elde
edilen ekstraktta eser miktarda a-campholenal (%0.01) tespit edilmistir (Kutlular,
2007).

Yapilan ¢aligmada miktar olarak tespit edilen en diisiik bilesen p-simen olmustur (ort.
9%1.09). Abu-Orabi ve ark. (2020) yaptiklar1 ¢alismada Cistus creticus L. tiiriinde p-simen
oranint %0.90, Verdeguer ve ark. (2012) Cistus ladanifer tiiriinde %1.17, Pattabanoglu
(2018) ise defne yaprakli ladende (Cistus laurifolius L.) %0.93 olarak saptamislardir. Arastir-
mada tespit edilen p-simen orani diger Cistus spp. tiirleri ile uyum i¢indedir.
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4. SONUC

Tibbi bitkiler fonksiyonel olmalar: sebebiyle geleneksel tipta kullaniminin ya-
ninda farkli iiretim alanlarinda da kullanilmaktadir. Ozellikle dogadan toplanan
tibbi bitkilerin yetistigi ekolojik kosullar, yiikseklik ve yoneyler bu bitkilerin kim-
yasal bilesenini dogrudan etkilemektedir. Cistus spp. gibi tibbi 6neme sahip bitki-
lerin antibakteriyel ve antiviral 6zelliklerinin saptanmasi bu bitkilerin endiistriyel
triinlere donistiriilmesine katk: saglayabilecektir.

Bu ¢aligmada Tekirdag ilinin belli bolgelerinden toplanan pembe laden (Cistus
creticus L.) bitkisinin ugucu yaginin miktar ve bilesenleri ortaya konulmaya ¢ali-
silmistir. Ucucu yag bilesenlerinin antimikrobiyal ve antioksidan aktivite goster-
meleri sebebiyle her biri ayr1 6neme sahiptir. Calismada Cistus creticus L. tiiriinin
ucucu yaginda 13 bilesen saptanmis ve rakim degistikce bu bilesen miktarlarinin
degistigi belirlenmistir. Ulkemizde yaygin olarak anason, kimyon, defne, nane, ke-
kik, biberiye ve lavanta vb. tibbi ve aromatik bitkilerden ucucu yag tiretilmekte
ve kullanilmaktadir. Ulkemizin bir¢ok bélgesinde Cistus spp. (Cistus creticus L.,
Cistus parviflorus Lam., Cistus salviifolius L., Cistus monspeliensis L. ve Cistus lau-
rifolius L.) tiirti dogal olarak yetisebilmektedir. Etkin bir tarimsal planlama ile bu
bitkilerin tarimsal {iretimi yapilir ve kullanimi saglanir, ugucu yaginin aktif bilesen
miktari ve igerigi belirlenebilirse gida katki maddelerine, sentetik antioksidanlara
ve ilag etken maddelerine dogal bir alternatif iiriin olabilecekledir.
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EFFECT OF COMBOUTEA (KOMBUCHA) AND MiX MiCROORGANISMS CULTURE
COMBOUTEA PRODUCTION WASTE ON BASAL RESPIRATION AND MiCROBIAL
BIOMASS CARBON CONTENT OF SOILS

ABSTRACT:

This study aims to determine the effects of comboutea and lyophilized comboutea
culture on soil some soil biological features. This study was carried out on 2 different
soils as a pot experiment in the greenhouse. 4 doses of comboutea (0, 10, 20, 30 ml/
pot) and 4 doses of lyophilized comboutea culture (0, 0.25, 0.50, and 0.75 mg/pot) were
applied on the soils with 4 kg soil in apiece pot. At the end of the experiment, basal
respiration (BR) and microbial biomass carbon (MBC) analyzes were made in the soils
taken from the pots. According to the analysis results, it was observed that upregulati-
on in the amount of comboutea and lyophilized waste of comboutea culture caused an
improvement of BR and MBC of soils based on the soil texture.

Keywords: Comboutea, Microbial Biomass Carbon, Soil Respiration, Soil, Soil Bio-

logy.
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COMBOUTER (KOMBUCHA) VE COMBOUTEA URETiM ATIKLARI KARISIK
MiKROORGANIZMA KULTURUNUN TOPRAKLARDAKI TOPRAK SOLUNUMU VE
MIKROBIYAL BIYOKUTLE KARBON iCERIGI UZERINE ETKISI

0z

Bu ¢alismanin amaci, kombu ¢ay ve liyofilize edilmis kombu ¢ayi kiiltiiriiniin top-
ragin baz1 biyolojik ozellikleri tizerindeki etkilerini belirlemektir. Bu ¢aliyma serada
saks1 denemesi olarak 2 farkli toprak tizerinde gerceklestirilmistir. 4 kg toprak bulunan
saksilara 4 doz kombu ¢ay1 (0, 10, 20, 30 ml/saks1) ve 4 doz liyofilize eilmis kombu ¢ay1
kaltird (0, 0.25, 0.50 ve 0.75 mg/saks1) uygulanmistir. Deneme sonunda saksilardan
alman topraklarda toprak solunumu ve mikrobiyal biyokiitle karbon analizleri yapal-
mustir. Analiz sonuglarina gore, kombu ¢ay1 ve liyofilize edilmis kombu ¢ay1 kiiltiirii-
niin toprak tekstiiriine bagl olarak toprak solunumunu ve mikrobiyal biyokiitle karbon
igerigini artirdig1 belirlenmistir.

Anahtar Kelimeler: Kombu Cay1, Mikrobiyal Biyokiitle Karbon, Toprak Solunumu,
Toprak, Toprak Biyolojisi.
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1. INTRODUCTION

Soil is a living matter. The reason why soil is a living matter is the organisms that
live in and on it. For the microbial population in the soil to maintain its viability, it
must have suitable conditions for these living organisms. (Askin et al., 2004; Kizilkaya
and Askin, 2007). The use of microorganisms plays an important role in sustainab-
le husbandry practices, on the other hand, the increasing use of microorganisms in
agriculture is evident (Malek, 1971; Kizilkaya et al., 2003; Cakmakgi et al., 2007). Soil
microbial biomass and CO, production are widely accepted as markers of soil quality.
Microorganisms provide the cycle of plant nutrients by reducing the need for chemi-
cal fertilization as far as possible, therefore, their importance in agriculture is great.
For this reason, microorganisms are used as microbial fertilizers in agriculture due to
their beneficial effects on development (Ismailcelebioglu, 1969; Emtiazi et al., 2004).
Microorganisms that promote plant growth, as well nitrogen fixation and phosphate
solubility, promote plant growth through the synthesis of herbal hormones and vita-
mins, inhibiting ethylene synthesis, increasing nutrient intake and resistance to stress
conditions, and decomposition of soil organic matter (Naruala et al., 2000; Saravanan
et al,, 2008).

Comboutea is a beverage, and it is a fermentation product composed of mushro-
oms, black tea, and sugar. (Marzban et al, 2015). Comboutea is a conventional beverage
used in various parts of the world, mainly in Asian countries. Also, it is claimed that
comfort may have many beneficial effects on human health (Murugesan et al., 2009;
Marzban et al, 2015). Comboutea is a sweetened black tea which is fermented with
acetic acid bacteria and yeast culture. Comboutea has a complex chemical compositi-
on and contains vitamins, organic acids, enzymes, polyphenols, and several micronut-
rients (Kumar and Joshi 2016; Emiljanowicz and Malinowska-Panczyk, 2020).

Microorganisms are supreme alternatives for sustainable agriculture (Malek, 1971;
Kizilkaya et al., 2004; Cakmake et al., 2007). Microbial activity of soil and soil fertility
are closely related, so the conversion of nutrients (C, N, P, and S) from organic to mine-
ral structure is turning through microbial biomass in the soil (Frankenberger and Dick,
1983). This study aimed to exhibit the effects of the comboutea and lyophilized waste of
comboutea culture on Soil Respiration (basal respiration-CO, production) and Micro-
bial Biomass Carbon of soils.

2. MATERIAL AND METHODS
2.1. Material
2.1.1. Experiment Soil

In this study, two different soil samples were used. One of the soils was from
Corlu district of Tekirdag province (soil A) and the other soil was taken from Bafra
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district of Samsun province (soil B). The methods used to determine some para-
meters of the soil are given in Table 1.

Table 1. Analysis applied to determine some parameter of soil samples used in
the experiment (Rowell, 1996)

Analysis Methods
Texture (% clay. silt. sand) Bouyoucos hydrometer method
pH 1:1 (w/v) in soil: water suspension by pH-meter
EC 1:1 (w/v) in soil: water suspension by EC-meter
CaCOs Scheibler calcimetric method
Organic matter Modified Walkley-Black method
Total N Kjeldahl method
Available P 0.5M NaHCOQ: extraction method

2.1.2. Comboutea

Comboutea was used in 2 different forms in the trials. The first was used dire-
ctly by the manufacturer in the form offered to the market. The second form was
used as waste, and mixed microorganism cultures were frozen in liquid nitrogen,
they were lyophilized at -80 °C for 3 days and the cell water was removed and used
as cultures that show activity when combined with water.

2.2. Methods

This study was designed and conducted as a pot trial, and it was made in the
greenhouse under controlled conditions. The experiment was conducted in Sam-
sun Ondokuz Mayis University, Department of Soil Science and Plant Nutrition
research and application greenhouse. Comboutea and lyophilized comboutea cul-
ture were applied to two different soil types, both in terms of physical and chemical
contents.

In the experiment, the pot was filled with 4 kg soil of oven on dry weight.
Then, 4 doses of comboutea (0, 10, 20, 30 ml) and lyophilized comboutea culture
(0, 0.25, 0.50, and 0.75 mg) were added on the soils. The water lost from the pots
was added every day by weighing. Wheat plants were grown in test pots, and at the
end of greenhouse experiment (138th day) the plants were harvested. At the end
of the experiment, fresh soil samples were taken from each pot to determine the
microbial biomass carbon and soil respiration of the soils.

MBC was determined by the SIR (substrate-induced respiration) method by
Anderson and Domsch (1978). BR at field capacity (CO, production at 22 °C wit-
hout the addition of glucose) was measured, as reported by Anderson (1982).
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All determinations were performed in triplicate, and all values reported are
averages of triplicate determinations. The routines of the SPSS 21.0 statistical prog-
ram were used for the statistical analysis.

3. RESULTS AND DISCUSSION
3.1. Soil Physical and Chemical Properties

The major physical and chemical contents of the soils in the current study are
presented in Table 2. Accordingly, one of the trial soils is sandy loam and acid rea-
ction, and the other is loam and alkaline.

Table 2. Physical and chemical properties of trial soils

Soil Properties Soil A Soil A
Sand, % 63.03 42.15
Tosturs i’ 1553 1500
Texture Class Sandy loam Loam
pH 5.80 8.01
EC 013 0.10
CaCOs <1 T8
Organic matter 1.84 1.10
Total N 0.11 0.10
Available P 17.00 322

3.2. Properties of Comboutea

The mineral contents of comboutea were determined by Acmelabs (Acme
Analytical Laboratories (Vancouver) Ltd. 1020 Cordova St. East Vancouver BC
V6A 4A3 Canada in ICP-MS, and results are given in Table 3. According to the
analysis results, it was determined that comboutea contains nutrients, especially P,
and contains potentially toxic heavy metals (Cd, Pb...) in very traces.
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Table 3. Minerals content of comboutea

Ag < 0.5 ppb Er < 0.1 ppb Nb < 0.1 ppb Sn 2.4 ppb
Al 5041 ppb Eu < 0.1 ppb Nd < 0.1 ppb Sr 282.1 ppb
As <5 ppb Fe 192 ppb N1 55 ppb Ta < 0.2 ppb
Au < 0.5 ppb Ga < 0.5 ppb P 3470 ppm Tb < 0.1 ppb
B 1421 ppb Gd < 0.1 ppb Pb 4 ppb Te < 0.5 ppb
Ba 70.8 ppb Ge < 0.5 ppb Pd <2 ppb Th < 0.5 ppb
Be < 0.5 ppb Hf 0.2 ppb Pr < 0.1 ppb Ti <100 ppb
Bi1 < 0.5 ppb Hg <1 ppb Pt < 0.1 ppb Tl 0.3 ppb
Br 68 ppb Ho < 0.1 ppb Rb 352.9 ppb Tm < 0.1 ppb
Ca 46.6 ppb In < 0.1 ppb Re < 0.1 ppb U < 0.2 ppb
cd < 0.5 ppb K 128 ppm Rh < 0.1 ppb v 2 ppb
Ce 0.3 ppb La 0.1 ppb Ru < 0.5 ppb w < 0.2 ppb
Cl 11 ppm Li 9 ppb 8 12 ppm ¥ 02 ppb
Co 0.9 ppb Lu 0.1 ppb Sb 0.6 ppb Yb < 0.1 ppb
Cr 275 ppb Mg 18.7 ppm Sc 18 ppb Zn 11 ppb
Cs 1.0 ppb Mn 4828 ppb Se <5 ppb Zr 152 ppb
Cu 29 ppb Mo 2 ppb S1 19584 ppb

Dy < 0.1 ppb Na 17.6 ppm Sm < 0.2 ppb

While producing comboutea, non-pathogenic bacteria and yeasts are used in
the fermentation period. (Mayser et al., 1995; Mo et al., 2008; Jayabalan, 2010).

Bacteria:

Acetobacter xylinus (synonym: Gluconacetobacter xylinus)

Acetobacter aceti

Acetobacter pasteurianus

Yeasts:

Schizosaccharomyces pombe (synonym: Schizosaccharomyces malidevorans)

Saccharomycodes ludwigii

Saccharomyces cerevisiae (synonym: Saccharomyces aceti, Saccharomyces capen-
sis, Saccharomyces chevalieri, Saccharomyces hienipiensis, Saccharomyces italicus,
Saccharomyces norbensis, Saccharomyces ole)

Kloeckera apiculata (synonym: Hanseniaspora uvarum,)

Zygosaccharomyces rouxii (synonym: Kluyveromyces osmophilus, Saccharomyces
rouxii)

Zygosaccharomyces bailii (synonym: Saccharomyces bailii, Saccharomyces ele-
gans)
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Brettanomyces bruxellensis (synonym: Brettanomyces abstinens, Brettanomyces
bruxellensis, Brettanomyces custersii, Brettanomyces intermedius, Brettanomyces
lambicus, Dekkera intermedia, Dekkera bruxellensis)

Pichia membranaefaciens (synonym: Candida valida, Pichia alcoholophila)

Candida kefyr (synonym: Candida macedoniensis, Candida pseudotropicalis,
Kluyveromyces cicerisporus, Kluyveromyces fragilis, Saccharomyces marxianus)

Candida krusei (synonym: Endomyces krusei, Saccharomyces krusei, Issatchenkia
orientalis)

Microorganisms (yeast and bacteria) used in the production of comboutea
synthesize various organic acids, amino acids, and vitamins, it is also contained
in the final product. Organic acids in the content of comboutea tea are given in
figure 1, amino acids in figure 2, vitamins in figure 3, and tea polyphenols in
figure 4.

40
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Figure 1. Various organic acids within comboutea (Blanch, 1996; Srinivasan,
1997; Dufresne and Farnworth, 2000; Sreeramulu et al. 2000; Jayabalan et al. 2007;
Mo et al. 2008)
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Figure 2. Various aminoacids within comboutea (Jayabalan, 2010)
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Figure 3. Various vitamins within comboutea (Bauer-Petrovska ve Petrushev-
ska-Tozi, 2000)
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Figure 4. Various tea polyphenols within comboutea (Jayabalan, 2010)

Both the lactic acid contained in comboutea and the lactic acid synthesized
by the waste microbial mixed culture used by lyophilization (Emiljanowicz and
Malinowska-Panczyk, 2020) has a very strong sterilizing feature, suppresses
the population of pathogenic bacteria, and accelerates the mineralization of soil
organic matter. At the same time, lactic acid prevents the reproduction and spread
of Fusarium, which negatively affects vegetative productivity in agriculture. As a
result, it increases the resistance of plants to pathogens.
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3.3. Biological Properties of Soils

3.3.1. Basal Respiration (BR)

The effects of comboutea applied from the soil and lyophilized waste comboutea
culture on BR in 2 different soils with sandy loam and loam are given in figure 5
and table 4. According to the results, it was determined that comboutea applied to
the soil at increasing levels increased the amount of BR in both sandy loam and
loam soils, depending on the increasing doses of comboutea and lyophilized waste

comboutea culture dose.

# Sandy Loam Scil =Loam Soil
0,45
0,40 "
= 035 =
Lo |
to
~ 0,30
£03
-
=0
B 025 .
o :
= 0,20 = ; . —=
] =] S ] ] =] k=
T E E P 2 P
= = & 8 5 8 o«
= = =

Figure 5: The effects of comboutea applied from the soil and lyophilized waste

comboutea culture on soil respiration

ANAJAS, 2022, Cilt 37, Say1 2, Sayfa 275-292



Murat DURMUS, Ridvan KIZILKAYA

Table 4: The effects of comboutea applied from the soil and lyophilized waste
comboutea culture on soil respiration

Applications Dioses Sandy Loam Soil Loam Soil
1] 0.358£0.033 0372 £0.006
. 10 mlpot 0.366 £0.021 0.383£0.013
Chbaulis dunli] 20 mlpot 03510029 039120013
30 mlipot 0365 =0.019 0.439=0.028
0 0.358£0.033 0.379=0.006
Lyophilized waste comboutea 0.25 pripot 0373 £0.025 0403 =0.020
culture applied 0.50 pr/pot 0395 £0.010 0408 =0.006
0.75 gripot 0.424 £0.011 0.441 £0.021

The numbers are the mezn of 3 parallels and are given with standard deviations.

Variance Analysis Table and L&D Tast Resuls

Source af giﬂlaf Mean Sguare F value i:gg:;ggf g;f:“-;
abaohie fraquency Z 0.001 0.001 1.676 ni 02028
Soils (8) 1 0.010 0.010 24 6TQ¥** D001 0.016
application [4) 1 0004 0004 10.114** 0.0037 0016
SxA 1 0.001 0001 2405m 0.1279 -
doses () 3 0013 0.005 L2.5104** IEHE 0.023
Sx 3 0001 0.000 0.875 ni 0.4672 -
AxD 3 0.002 0001 1.601 m 02089
SxAxD 3 0.002 0001 1.757 mi 01757
Ermot 30 0012 0000
General 47 0049 0.001

HEEPD 001, **P<0.01, *P<0.05, ninot important

Although the applications applied to sandy loam textured soil and loam soil
give similar results on BR, it has been determined that the effect of waste kombu
tea cultures by lyophilizing sandy loam to textured soil on BR is more pronounced.
It was determined that 0.75 g/pot comboutea culture increased BR by 18.5%
compared to control. However, when comboutea is applied directly to the soil as a
product, the most effect was determined in loamy soil and 30 ml/pot application
dose, the increase in BR at this dose compared to control was determined to be
15.8%.

CO, production which is determined in soils refers to the amount of CO2
produced as a result of the respiration of soil creatures, and this is also called soil
respiration. Soil creatures (soil fauna and microflora) produce a very large amount
(2/3) of CO, produced in soils, and some (1/3) of it is produced by plant roots
(Haktanir and Arcak, 1997). For this reason, the determination of CO, production
is also a frequently used evaluation method in determining the biological activity of
soils (Anderson, 1982). It has been determined that the increases in soil respiration
as a result of the application of both comboutea and lyophilized waste comboutea
culture vary according to the soil texture. Also, it was determined that the increases
in soil respiration as a result of the applications increased root respiration due to the
increased plant growth. As a result of the addition of comboutea or waste lyophilized
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kombu tea culture to the soils, it has been determined that microbial respiration
also increases as root respiration as a result of the microorganism population in the
soil. Dhull et al. (2004), observed the changes in biological activity in the soil by
applying organic fertilizers and chemical fertilizers in different doses and mixtures
to the soil. At the end of the study, they reported that organic fertilizer applications
significantly increased soil respiration. Garcia-Gil et al. (2004), the physical
(aggregation), chemical (pH, EC, total organic C and C fractions), and biological
(microbial biomass C, soil respiration, dehydrogenase, phosphatase, p-glycosidase,
and urease) properties were investigated. At the end of the study, they determined
that aggregate stability, soil respiration, dehydrogenase, urease, and phosphatase
activity were higher in soils where plants were grown compared to the control
soil. Many studies show that (Hadas et al., 2004; Parfitt et al., 2005; Joergensen
and Potthoff 2005; Kaur et al. 2005; Kizilkaya et al., 2007) organic origin materials
applied to soils increase the amount of CO, production and report that the reason
for this increase is narrow C:N and nutrient-rich organic materials.

3.3.2. Microbial Biomass Carbon (MBC)

The effects of comboutea applied from the soil and lyophilized waste comboutea
culture on MBC in 2 different soils with sandy loam and loam are given in figure 6
and table 5. According to the results, it was determined that comboutea applied to
the soil at increasing levels increased the amount of MBC in both sandy loam and
loam soils, depending on the increasing doses of comboutea and lyophilized waste
comboutea culture dose.

= Sandy Loam Soil  ®Loam Soil
16
14
12

10

MBC (mg CO2-C g-1 dry soil)

0 ml/pot
10 ml/pot
20 ml/pot
30 mipot [EEEEREES S
0 mg/pot
0.50 mg/pot =

Figure 6. The effects of comboutea applied from the soil and lyophilized waste
comboutea culture on microbial biomass carbon
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Table 5. The effects of comboutea applied from the soil and lyophilized waste
comboutea culture on microbial biomass carbon

Applications Doses Sandy Loam Soil Loam Soil
0 5 EI7+1,491 11,247=0,547
" L0 mlpot 11,550=0,798 11,483=0,163
Comboutea applied 20 mlipot 14,905£1,245 12.670= 1,166
30 ml'pot 15,253x£0,454 13.308=0,193
0 EI7=1.491 11.247=0,947
Lyophilized waste .23 gr'pot B.354=0.53% 11,369=0.525
comboutea culture applied (.50 gr'pot 11,280+1,034 11,824=0.565
0.75 gripot 13,154£0,770 12,711£0,334

The numbers are the mean of 3 parallels and are mven with standard deviations,

Variance Analyeis Table and LED Test Results

Source df ggﬁaij Mean Square F vahe EEE::.I{;' E.f‘:]D)
absolute frequency 2 3,028 1.514 2,031 mi 0.1472
Sails (3) 1 0,0106 0,106 0,149 ni 0,7080 3
application (A) 1 16,522 16,972 17 GoEes 0,0001 0,686
SxA 1 7,530 7.530 10,098%8 0,0037 0,969
dosaz (D) 3 75.757 25252 33.853%¢ 0, 0000 0,969
=D 3 15,202 5,067 6, 726% 0,0015 1,371
AxD 3 7.616 2.539 3,404* 0.,0297 1371
SyAxD 3 3146 1049 1.406 m 0.2595 -
Error 30 21371 0.746
General 47 151,679 3,227

RAPD.001, ** P01, *P<0.05, ninot important

Even though the applications applied to sandy loam textured soil and loam
soil give similar results on MBC, the effect of the applications on the sandy loam
textured soil is more pronounced compared to the loamy soil. It was determined
that 0.75 g/pot lyophilized waste comboutea culture in sandy loam soil increased
the MBC content by 33.9% compared to the control soil. In the same soil, as a result
of 30 ml/pot application of directly kombu tea, it was determined that the MBC
content increased by 55.4% compared to the control soil.

The population of soil microorganisms is in a very tight relationship with the
physicochemical properties of soils. Cultural activities such as organic matter or
waste applications on soils can also affect the population of these microorganisms
(Vekemans et al., 1989). Although the population of soil microorganisms is
sufficient when similar organisms are compared with each other, this population
does not make sense when the whole soil microflora is evaluated. For this reason, the
determination of the biomass of microorganisms such as total microbial biomass C
is one of the most frequently used parameters when evaluating the microbiological
properties of soils (Rogers and Li, 1985; Vekemans et al. 1989; Nannipieri et al.
1990). Albiach et al. (2000), applied 5 different organic materials (municipal solid
waste, humic acid, vermicompost, waste sludge, and sheep manure) to the garden
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soil, they investigated the effects of soils on enzyme activities (dehydrogenase,
alkaline phosphomonoester, phosphodiester, aryl sulfatase and urease), and
microbial biomass content end of 4. and 5. years, then it was determined that all
of these organic residues in general cause an increase in soil enzyme activities and
microbial biomass, and the highest effect was obtained from urban solid waste,
sheep manure, and waste sludge application, respectively.

Bastida et al. (2008), examined the effect of organic materials with different
stabilization degrees on the size, efficiency, and structure of the microbial
population in the soil. At the end of the research, they found that compost
application significantly increased the microbial biomass carbon in the soil.

4. CONCLUSION

The effects of comboutea and lyophilized waste comboutea cultures applied to
soils on the biological properties of soils are generally positive. However, these
positive effects are generally more pronounced in sandy loam soils. The main
source of the increase in soil biological properties, after the application of both
comboutea tea and waste lyophilized culture on soils is directly related to the
introduction of microorganisms to the soil through and the entry of some organic
compounds and nutrients in the product. When evaluated the amount of carbon
dioxide production, it is seen that the comboutea culture applied by lyophilization
increases the CO, production more than the comboutea applied as a direct
product. This may be due to the low pH of the comboutea product, which is not
lyophilized and in liquid form, as well as the microorganisms that synthesize acid
in comboutea. It may have had a negative effect on plant root development in the
low pH environment.

On the other hand, microbial biomass carbon, in contrast to that of carbon
dioxide production, in lyophilized comboutea application resulted in lower MBC
content compared to liquid culture application in both soil types. The reason for
this is the number of microorganisms populations in the lyophilized waste culture
and it can be thought that the liquid culture may have a more active microorganism
population.

It is clear that comboutea product, whether as liquid culture or as lyophilized
waste, has a positive effect on the vitality and microorganism activities of soils.
However, more detailed studies are required to reach a definitive conclusion.
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BAKIR UYGULAMASININ BRACON HEBETOR (HYMENOPTERA:
BRACONIDAE)'UN GELIiSiM SURESI, VERIM, ESEY ORANI VE OMUR
UZUNLUGUNA ETKILERININ BELIRLENMESI

0z:

Bakir uygulamasinin Bracon hebetor (Hymenoptera: Braconidae)un gelisim
sliresi, verim, esey orani ve omiir uzunlugu tizerindeki etkisi laboratuvar kosul-
larinda aragtirilmistir. Son evre Achroia grisella (Lepidoptera: Pyralidae) larvalar:
konukeu olarak kullanilmistir. Ug farkli konsantrasyonda bakir (50, 100 ve 200
mg kg') konukgu tiiriin yapay besinine ilave edilmis ve denemeler bu konukgular
lizerinde yetistirilen parazitoitlerde gergeklestirilmistir. Bakir uygulamas: sadece
200 mg kg™ konsantrasyonunda bakir i¢eren grupta bulunan disilerin gelisim sire-
sinde uzamaya neden olurken, erkeklerde énemli bir etki belirlenmemistir. Ayrica,
bakir parazitoitlerin verim, esey orani ve dmiir uzunlugunda 6nemli herhangi bir
degisiklige neden olmamugtir.

Anahtar Kelimeler: Bracon hebetor, Gelisim siiresi, Verim, Esey orani, Omiir
uzunlugu.

e %

DETERMINATION OF THE EFFECTS OF COPPER TREATMENT ON
DEVELOPMENT PERIOD, FECUNDITY, SEX RATIO AND LONGEVITY OF BRACON
HEBETOR (HYMENOPTERA: BRACONIDAE)

ABSTRACT:

The impact of the copper treatment on developmental period, fecundity, sex
ratio and longevity of Bracon hebetor (Hymenoptera: Braconidae) was examined
under laboratory conditions. Late instar larvae of Achroia grisella (Lepidoptera:
Pyralidae) were used as host species. Three different concentrations (50, 100 and
200 mg kg™') of copper were added to the synthetic diet of host species and parasi-
toids reared on these hosts were used for the experiments. Treatment with copper
prolonged the development period of females at only 200 mg kg™ concentration,
but no significant effect determined for males. Moreover, copper applications did
not make any significant change in fecundity, sex ratio and longevity of parasitoids.

Keywords: Bracon hebetor, Developmental period, Fecundity, Sex ratio, Longe-
vity.

https://doi.org/10.7161/0muanajas.966119 d



Bakir Uygulamasinin Bracon hebetor (Hymenoptera: Braconidae)'un Gelisim Stresi...

1. GIRIS

Agir metaller yerkiirenin olagan bilesenleridir ve yer kabugunun agindiric
6geleri ile volkanik aktiviteler agir metallerin ortaya ¢ikmasina katkida bulunan
dogal olaylardir. Toprak, kaya, sediment, ve su gibi ortamlarda normal degerlerde
bulunabilen bu metallerin konsantrasyonu, hizla artan insan niifusunun
ihtiyaglarini karsilamak i¢in gerceklestirilen endiistriyel aktiviteler, evsel, tarimsal,
medikal ve teknolojik uygulamalar sonucunda artmakta ve farkli yollarla
organizmalara alinarak onlarin yasamsal faaliyetlerini etkilemektedir (Nummelin
ve ark., 2007; Azam ve ark., 2015).

Bocekler yaklagik bir milyon tanimlanmus tiiriiyle hayvanlar alemindeki en
biiyiik sinifi olusturmaktadir (Stork, 2018). Karasal tiir ¢esitliliginin ve biyokiitlenin
biiyiik bir kismini olugturmalar: ve pek ¢ok besin zincirinin ana bileseni olmalar
nedeniyle ekosistemin yapisi iizerinde oldukea etkilidirler (Lindqvist ve Block,
1997; McGeoch, 1998). Son yillarda yapilan ¢alismalarda bazi bocek tiirleri
gevre kalitesinin indikatorleri olarak ve/veya farkli kimyasal maddelerin canlilar
tizerindeki etkilerini gozlemek igin yiiriitiilen laboratuvar ¢alismalarinda model
organizma olarak kullanilmistir. Bu ¢alismalar arasinda agir metallerin bocekler
tizerindeki degisik etkilerine yonelik ¢alismalar olduk¢a dikkat ¢ekicidir. Elde
edilen sonuglar, agir metallerin bocegin biyokimyasal kompozisyonu (Ortel,
1991; Wu ve ark., 2006; El-Sheikh ve ark., 2010; Emre ve ark., 2013; Baghban ve
ark., 2014; Yilmaz ve Giindiiz, 2021), enzim aktivitesi (Migula ve ark., 2004; Li ve
ark., 2005; Emre ve ark., 2013; Suganya ve ark., 2016), bagisiklik sistemi (Ooik ve
ark., 2007; Sun ve ark., 2011; Giindiiz ve ark., 2020), hayatta kalma (Nieminen
ve ark., 2001; Gao ve ark., 2012), tireme (Gao ve ark., 2012), solunum (Ortel ve
Vogel, 1989), biiylime ve gelisme (Gintenreiter ve ark., 1993; Ye ve ark., 2009;
Safaee ve ark., 2014) gibi 6zelliklerini etkiledigini gostermistir. Bu ¢alismalardan
yola ¢ikilarak, bu ¢aligmada kiigiik balmumu giivesi larvalarina besin yolu
ile farkli konsantrasyonlarda bakir verilerek, bu larvalar iizerinde yetistirilen
parazitoit Bracon hebetor (Say, 1836) (Hymenoptera: Braconidae)un gelisim
siiresi, verim, esey orani ve dmiir uzunlugu gibi yasamsal faaliyetlerinin etkilenip
etkilenmediginin belirlenmesi hedeflenmistir.

2. MATERYAL VE YONTEM

Bu ¢aligmada parazitoit tiirii olarak Bracon hebetor (Say, 1836) (Hymenoptera:
Braconidae), konukgu olarak Kiigitk Balmumu Giivesi, Achroia grisella (Fabricius,
1794) (Lepidoptera: Pyralidae)’nin son evre larvalar1 kullanilmigtir. Parazitoit ve
konukgu tiirtiniin stok kitltiirleri hazirlanarak ¢alismalara baglanmigtir.
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2.1. Konukgu Kiiltiirlerinin Hazirlanmasi

Konukeu olarak kullanilan A. grisella stok kiiltiirlerini hazirlamak i¢in Biyoloji
Boliimii Hayvan Fizyolojisi Arastirma Laboratuvarrnda bulunan kiiltiirlerden elde
edilen erginler kullanilmistir. Kiiltiirlerin hazirlanmasinda besin olarak Bronskill
(1961) tarafindan gelistirilen ve Sak ve ark. (2006) tarafindan modifiye edilen
yapay besin icerigi kullanilmistir. Yapay besin ortamina bakir ilave etmek icin
oncelikle 2000 ppm konsantrasyonunda bakir iceren stok ¢6zelti hazirlanmis, daha
sonra bu ¢o6zelti kullanilarak 50, 100 ve 200 mg kg bakir iceren yapay besinler
hazirlanmigtir. Konukeu kiiltiirlerini olusturmak i¢in hazirlanan yapay besinden
cam kavanozlara konulmus ve her kavanoza 10-15 adet A. grisella ergini ilave
edilerek kavanozlarin agiz kisimlari hava sirkiilasyonunu dnlemeyecek sekilde bir
bez ile kapatilmistir. Hazirlanan kiiltiirler 2542 °C sicaklik, % 65+5 bagil nem ve
16:8 (A:K) fotoperiyot kosullarina sahip laboratuvarda muhafaza edilmistir. Bu
islem diizenli araliklarla her hafta tekrarlanarak bu kiiltiirlerden elde edilen son
evre larvalar denemelerde kullanilmstir.

2.2. Parazitoit Kiiltiirlerinin Hazirlanmasi

Parazitoit B. hebetor stok Kkiiltiirlerinin kurulmasinda Giindiiz ve Giilel
(2005)’in kullandig1 yontemden yararlanilmistir. Bunun icin igerisinde bir adet
konukeu larvast ve %50 oraninda seyreltilmis bal ¢ozeltisi emdirilmis pamuk
toplar bulunan deney tiiplerine bir ¢ift parazitoit konulmustur. Hazirlanan tiipler
yukarida belirtilen laboratuvar sartlarinda tutulmus ve bu islem belli araliklarla
tekrarlanarak yeni parazitoit kiiltiirleri hazirlanmustir.

2.3. Bakirin Parazitoitin Gelisim Siiresi, Verim, Esey Orani1 ve Omiir
Uzunluguna Etkisinin Belirlenmesi

Agir metallerin parazitoitin yumurtadan ergine kadar olan gelisim siiresi, verim
ve esey oranina etkisini belirlemek i¢in, yeni ergin olmus disi ve erkek parazitoitler
¢ift olusturularak agir metal iceren besinle beslenmis konuke¢u larvasi ve bal
emdirilmis pamuk toplar bulunan deney tiiplerine konulmustur. Parazitoitler
bulunduklar: tiiplerden giin agir1 ¢ikarilarak ayni sekilde hazirlanan yeni tiiplere
aktarilmistir. Aktarma islemi disi parazitoit Oliinceye kadar stirdiirtilmiis ve
hazirlanan tiipler yukarida belirtilen laboratuvar kosullarinda tutulmustur.
Tiiplerdeki parazitlenmis konukeular her giin kontrol edilerek parazitoitlerin ergin
olmast i¢in gecen siire, bir disiden elde edilen ergin parazitoit sayisi ve eseyleri
belirlenerek kaydedilmistir. Yeni ergin olan 0-24 giin yaslh erkek ve disi parazitoitler
ayr1 ayr1 deney tiiplerine konularak bunlara besin olarak balli pamuk verilmis ve
omiir uzunlugu denemelerinde kullanilmistir. Denemeler her bir konsantrasyon
icin 3 kez tekrarlanmistir.
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2.4. Elde Edilen Verilerin Istatistiksel Olarak Degerlendirilmesi

Bakir uygulamasinin parazitoitin gelisim siiresi, verim, esey orani ve dmiir
uzunlugu iizerindeki etkisi tek yonlii varyans analizi (One Way ANOVA)
kullanilarak kargilagtirilmig, bu testten elde edilen sonuglarin 6nemli olmast
halinde ortalamalar “Student-Newman-Keul (SNK) Testi” kullanilarak ayrilmistir.
Ayni grupta bulunan erkek ve disi parazitoitlerin omiir uzunluklarinin
karsilagtirilmasinda ise “Bagimsiz-Orneklem T testi” kullanilmig ve p=0.05 giiven
sinir1 esas alinmigtir.

3. BULGULAR VE TARTISMA

Bakirin disi ve erkek parazitoitlerin gelisim siiresine etkisi ile ilgili sonuglar
Sekil 1'de gosterilmistir. Sekil 1 incelendiginde, bakur ilavesinin 200 mg kg bakir
iceren grupta bulunan disilerin gelisim siiresinde uzamaya neden oldugu (P<0.05),
ancak diger gruplarda bulunan disilerde 6nemli bir degisime neden olmadig:
goriilmektedir (P>0.05). Ayrica, erkeklerin gelisim siirelerinin kontrol grubunda
bulunanlar ile benzerlik gosterdigi belirlenmistir (P>0.05).

a &
I I S
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100 200
Bakir konsantrasyonlan (mg/kg)

z=Disl

m ERKEK

Gelisim Stresi  (2in)

KONTROL

Sekil 1. Bakirin B. hebetor'un gelisim siiresine etkisi. Ayn1 eseyde ayni harfle
gosterilen ortalamalar arasindaki fark 6nemsizdir (One-way ANOVA, P > 0.05).

Figure 1. Effect of copper on developmental time of B. hebetor. Means within
the same sex followed by the same letter are not significantly different (One-way
ANOVA, P > 0.05).

Kazimirovaveark. (1997) benzer sekilde Ceratitis capitata (Diptera: Tephritidae)
tiirine besin yolu ile agir metal verdiklerinde bu konukeular tizerinde yetistirilen
parazitoit Coptera occidentalis (Hymenoptera: Proctotrupoidea: Diapriidae)’in
gelisiminin bundan olumsuz etkilenmedigini belirlemiglerdir. Buna kargin
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Ye ve ark. (2009) konukcu besinine ilave edilen bakirin besin zinciri yolu ile az
miktarda aktarilarak Nasonia vitripennise (Hymenoptera:Pteromalidae) gegtigini
ve parazitoitin bilyiime ve gelisimini olumsuz etkiledigini tespit etmislerdir. Ye
ve ark. (2009) bu olumsuz etkinin bakirin dogrudan olusturdugu stresten ziyade
konuk¢unun besinsel agidan yetersiz hale getirilmesinden kaynaklandigini ifade
etmislerdir. Homona coffearia (Lepidoptera: Tortricidae) ile gerceklestirilen
caligmada da besine bakir (12.5-150 ppm) ilave edildiginde larval gelisim siiresinin
uzadig gozlenmistir (Sivapalan ve Gnanapragasam, 1980). Singh ve Bhupinderjit
(2017) ise farkli konsantrasyonda kadmiyum kloriir ¢ozeltisine maruz birakilan
rat dokularinda yetistirilen Chrysomya megacephala (Diptera: Calliphoridae)
larvalarinda gelisimin yiiksek kadmiyum konsantrasyonlarinda daha uzun
stirdigt tespit etmislerdir. Ayrica, Cohn ve ark. (1992), D. melanogaster (Diptera:
Drosophilidae) ile yaptiklar: ¢aligmada farkli kursun konsantrasyonlarina maruz
birakilan hem erkek hem de disi boceklerde gelisimin yavasladigini belirlemislerdir.
Agir metallerin boceklerin gelisimine etkileri ile ilgili olarak bildirilen tiim bu
¢alisma sonuclarinin birbirinden farkli olmasi ¢aligmalarda kullanilan bocek
tiirlerinin, hayat evrelerinin, uygulanan agur metal konsantrasyonlarinin,
uygulanma seklinin ve siiresinin farkli olmasindan kaynaklanmis olabilir.

Bakirin B. hebetor'un toplam verim ve esey oranina etkisiyle ilgili olarak,
Sekil 2 ve Sekil 3 incelendiginde, bakir uygulanan gruplar ile kontrol grubunda
bulunanlar arasinda hem verim hem de esey orani agisindan istatistiksel acidan
onemli herhangi bir farklilik bulunmadig: goriilmektedir (P>0.05).

80
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Sekil 2. Bakirin B. hebetor'un verimine etkisi. Ayni harfle gosterilen ortalamalar
arasindaki fark 6nemsizdir (One-way ANOVA, P > 0.05).

Figure 2. Effect of copper on fecundity of B. hebetor. Means followed by the
same letter are not significantly different (One-way ANOVA, P > 0.05).
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Sekil 3. Bakirin B. hebetor'un esey oranina etkisi. Ayni harfle gosterilen ortala-
malar arasindaki fark 6nemsizdir (One-way ANOVA, P > 0.05).

Figure 3. Effect of copper on sex ratio of B. hebetor. Means followed by the
same letter are not significantly different (One-way ANOVA, P > 0.05).

Bakur cesitli metabolik aktivitelerin siirdiiriilmesi i¢in gerekli esansiyel bir iz
elementtir. Bu yiizden viicut dokularindaki bakir miktar: diger esansiyel olmayan
metallere gore daha kolay sekilde diizenlenebilir (Hunter ve Johnson, 1982). Ayrica
konukguya besin yolu ile verilen bakir parazitoite onun verim ve esey oranini
etkileyecek diizeyde ge¢memis olabilir. Bu agiklamalar verim ve esey oranlarinda
farklilik belirlenmemis olmasinin nedenini anlamamiza yardimeci olabilir. Bununla
birlikte, Ye ve ark. (2009) yaptiklar1 ¢alismada konukgu yoluyla parazitoite gecen
diisiik miktardaki bakirin verimi olumsuz etkiledigini gostermislerdir. Bir baska
caligmada ise, Scotia segetum (Lepidoptera: Noctuidae) tiirliniin larvalarina besin
yoluyla bakir verildiginde verimin azaldigy gosterilmistir (Zelenayora, 1986).
Bakirin kullanildigs ve bocek veriminin olumsuz etkilendigi bu iki ¢aligmada
elde edilen sonuglarin bulgularimizdan farkli olmasi ayni agir metalin bocekler
tizerindeki etkisinin tiirden tiire, konsantrasyona ve uygulanma sekline gore farkli
oldugunu gostermektedir.

Disi ve erkek parazitoitlerin émiir uzunluklar1 bakir uygulanan gruplarda
kontrol grubu ile benzer bulunmugtur (P>0.05) (Sekil 4). Ayni grupta bulunan disi
ve erkeklerin 6miir uzunluklar: karsilagtirildiginda ise, 100 mg kg bakir iceren
grup disindaki tiim gruplarda eseyler arasinda onemli farkhiliklar belirlenmistir
(P<0.05).
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Sekil 4. Bakirin B. hebetor'un 6miir uzunluguna etkisi. Ayni eseyde ayni harfle
gosterilen ortalamalar arasindaki fark 6nemsizdir (One-way ANOVA, P > 0.05).

*: Ayni konsantrasyonda (*) ile gosterilen ortalamalar arasindaki fark 6nemli-
dir (t testi, P < 0.05).

Figure 4. Effect of copper on longevity of B. hebetor. Means within the same
sex followed by the same letter are not significantly different (One-way ANOVA,
P> 0.05).

*: Means within the same concentration followed by (*) is significant (t test, P
<0.05).

Agir metal uygulamasinin 6miir uzunluguna etkisi ile ilgili olarak Kazimirova
ve ark. (1997) yaptiklart ¢alisma sonucunda kadmiyum ve kursunun disi parazi-
toitin 6miir uzunlugunu arttirdigini, bakirin ise degistirmedigini belirlemislerdir.
Bulgularimizin aksine, agir metallerin farkli bocek tiirlerinde 6miir uzunlugunu
azalttigina yonelik pek ¢cok ¢aligma yapilmistir (Schmidt ve ark., 1991; Moe ve ark.,
2001; Al-Misned, 2003; Cervera ve ark., 2004; Mircic ve ark., 2010).

4. SONUC

B. hebetor larva ektoparazitoiti bir tiirdiir. Disi parazitoit yuamurtalarini konuk-
cu larvasi tizerine birakir ve birakilan yumurtalardan ¢ikan larvalar ergin 6ncesi
gelisiminin tamamini bu konukeu larvas: iizerinde tamamlar. Bu nedenle konuk-
¢udan alinan besin maddelerinin ¢esidi ve miktar1 parazitoit agisindan olduk¢a
onemlidir. Ergin 6ncesi donemde alinan besinin parazitoitin geligme siiresi, verim,
esey orani, 0miir uzunlugu ve biyokimyasal kompozisyon gibi degisik 6zelliklerini
etkiledigi daha 6nce yapilan ¢alismalarda gosterilmistir.
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Bu ¢alismada kiigiik balmumu giivesi olarak bilinen A. grisella larvalarinin
besinine farkli konsantrasyonlarda bakir eklenerek, bu konukgular tizerinde ye-
tistirilen parazitoitlerin gelisim stiresi, verim, esey orani ve dmiir uzunlugu gibi
yagamsal Ozelliklerinin bu uygulamadan etkilenip etkilenmedigi arastirilmistir.
Calisma sonucunda sadece en yiiksek bakir konsantrasyonunda bulunan disilerin
gelisim siiresinde uzama oldugu, buna kargin aragtirilan diger 6zelliklerde 6nem-
li bir degisme olmadig: belirlenmistir. Biyolojik 6zelliklerin etkilenmemis olmasi
bakirin esansiyel bir element olmasi ve/veya konukeu besinine ilave edilen bakirin
oldukg¢a az miktarda parazitoite gegmis olmast ile iligkili olabilir. Caligmada elde
edilen sonuglar bu konuda yapilan bazi ¢aligmalar ile benzerlik, bazilar ile farklilik
gostermektedir. Bu durum agir metalin etkisinin bocek tiiriine, gelisim evresine,
agir metalin tiiriine, konsantrasyonuna, uygulanma sekli ve siiresine gore degisik-
lik gostermesiyle agiklanabilir.
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Gutama Girja URAGO, Mehmet BOZOGLU

LITERATURE REVIEW ON FARMERS’ ACCESS TO AGRICULTURAL CREDITIN
ETHIOPIA

ABSTRACT:

Agriculture is one of the important sectors that contribute to the economy of
a country. It contributes the largest portion of the Ethiopian Gross Domestic Pro-
duct, followed by the industry and service sectors, respectively. Farmers’ access to
credit is essential to increase agricultural productivity and modernize agriculture.
The purpose of this study was to review the recent literature related to the access to
credit of farmers in Ethiopia. The reviewed literatures were obtained from Google
Scholar, Science Direct, Web of Science, FAO, and World Bank. According to re-
viewed literature, the variables of age, gender, education level, family size, land size,
number of livestock owned, years of membership to a lending institution, distance
from the credit center, and income level of farmers were determined as affecting
factors for farmers’ access to credit. The impact of access to credit on farm produ-
ctivity was found to be positive and significant. The literature revealed that most
of the farmers were credit constrained and had loan demand. If the constraints
were removed and farmers could access enough credit, agricultural productivity
would be increased and agricultural income would be improved. Therefore, the
government has to support microfinance institutions in order to provide credit to
farmers, and women empowerment should be ensured for fair credit access.

Keywords: Determinants, Access to Agricultural Credit, Literature Review,
Ethiopia.

e

ETIYOPYA'DA CIFTCILERIN TARIM KREDILERINE ERIiSiMi UZERINE LITERATUR
INCELEMESI

(oY4

Tarim, iilke ekonomilerine katki saglayan 6nemli sektorlerden biridir. Etiyop-
yada Gayri Safi Yurti¢i Hasila'nin en bityiik kismini tarim olusturmaktayken, onu
sirasiyla sanayi ve hizmet sektorleri izlemektedir. Tarimsal verimliligi artirmak ve
tarimi modernlestirmek icin ciftcilerin krediye erigimi bityitkk 6nem tagimaktadir.
Bu ¢alismanin amaci, Etiyopya'da ¢iftcilerin krediye erisimiyle ilgili gtincel literatii-
riin gozden gegirilmesidir. incelenen literatiir Google Scholar, Science Direct, Web
of Science, FAO ve Diinya Bankasi'ndan elde edilmistir. Incelenen literatiire gore
yas, cinsiyet, egitim diizeyi, aile bityiikligii, arazi bityiikligii, hayvan sayisi, orgiit-
lerine tiyelik siiresi, kredi merkezine uzaklik ve ciftcilerin gelir diizeyi degiskenleri,
giftcilerin kredi erigimini etkileyen faktorler olarak belirlenmistir. Krediye erisimin
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tarimsal verimliligi tizerindeki etkisi olumlu ve anlamli bulunmustur. Literatiire
gore ciftcilerin biyilik bir kisminin kredi kisithiligi ile birlikte kredi talebi buluin-
maktadir. Kisitlamalar kaldirilirsa ve ciftciler yeterli krediye erisebilirse, tarimsal
verimlilik artacak ve bunun sonucunda tarimsal gayri safi yurtici hasila iyilesecek-
tir. Bu nedenle, hiikiimet ciftcilere kredi saglamak i¢in mikrofinans kuruluslarini
desteklemeli ve adil kredi erigimi i¢in kadinlarin desteklenmesi gerekmektedir.

Anahtar Kelimeler: Etiyopya, Etkili faktorler, Literatiir Taramasi, Tarim Kredi-
sine Erisim.

L
1. INTRODUCTION

Agriculture is one of the most important economic sectors that play vital role
in ensuring internal food security, employment growth, and poverty reduction
(Soubbotina & Sheram, 2000). Agriculture has been considered as a crucial eco-
nomic sector in both rural and urban areas (E. Saqib et al., 2018). In addition,
agricultural production still accounts for a large proportion and contribute to the
employment of most workers. Also, the agricultural sector has strategic importan-
ce in terms of producing nutrients, supplying raw materials to the industry, and
providing foreign exchange through exports (Baser & Bozoglu, 2018). Therefore,
it is important to support farmers in order to increase agricultural production.
One of the fundamental tools that are used to support farmers is providing ac-
cess to agricultural credit. However, farmers in rural areas of developing countries
still find it difficult to obtain credit to increase their production (Yadav & Sharma,
2015). Difficulties in raising funds in rural areas resulted in a decline in produ-
ction, gross domestic production (GDP), and the national food security of poor
countries (Guirkinger & Boucher, 2008). Therefore, access to agricultural credit is
considered as an important factor in economic development, especially for low-in-
come farmers (Ellis, 2000).

Based on the United Nations Population Division's World Urbanization Pros-
pects as 2019, about 79% of the Ethiopian population lived in rural areas and was
mainly operating farm to generate income and food (World Bank, 2018). Since
most of the population have lived in rural areas, the government has been targeting
the agricultural sector to improve national income. The vision of the Growth and
Transformation Plan IT (GTP II) is to become a lower middle-income country by
2025. This plan mainly targets improving the agricultural sector to speed up its
contribution to national income. The Economic Development Sector section of
GTP II deals, inter alia, with agricultural and rural transformation. In particular,
bringing a significant shift in agricultural productivity, building productive capa-
city, and thereby enhancing the sector's contribution to the economy and stabili-
zing the macroeconomy are the objectives of this plan (FAO, 2016).
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Providing credit for farmers is one of the tools used to build the productive
capacity of farmers so that they can efficiently produce and contribute to the eco-
nomy of the country. Removing farmers’ credit constraints and allowing them to
get access to enough credit are substantial. The value of output per acre of cons-
trained farmers would be increased by 60%, relative to their current productivity
level, if all types of credit constraints could be alleviated (Mukasa et al., 2017). This
implies that providing enough access to credit for farmers to build their productive
capacity is one of the main instruments to transform the country from a low-inco-
me country to a lower middle-income country.

Lack of agricultural credit is one of the major problems that smallholder far-
mers are facing (Admassie, 2004). Farmers require financial resources to purchase
improved agricultural inputs and farm implements in order to increase output and
income and break the cycle of poverty. Investments of farmers in these techno-
logies cannot be realized unless organizations and systems capable of providing
adequate rural financial services to farmers are in place. As a result, efforts to deve-
lop agriculture may suffer in the absence of a strong financial foundation to incre-
ase access to credit for smallholder farmers.

1.1. Objectives of the Study

This study aims to review access to agricultural credit of farmers in Ethiopia by
systematically arranging published and unpublished research. In particular, this
review analyzes the previous literature from a descriptive perspective and sum-
marizes and compares determinants of access to agricultural credit in Ethiopia.
This study can help future researchers and policymakers by introducing several
interrelated aspects related to agricultural credit in one place. Researches on the
characteristics of agricultural credit, the determinants of access to agricultural cre-
dit, the impact of agricultural credit access on productivity and output, and some
related issues are discussed and summarized. In particular, this paper can help po-
licymakers/banks/lending institutions in Ethiopia to understand and take action
on current issues related to the status and performance of agricultural credit. This
article also puts forward the future prospects of this Ethiopian agricultural credit
market research.

Most of the researches that were conducted in Ethiopia were kept in different
libraries within the country rather than being published on different journals. The-
refore, many researches may not be accessed using a search engine on the internet.
However, the research and journals related to agricultural credit issues and acces-
sed through Google Scholar, Science Direct and Web of Science were collected and
critically reviewed to describe agricultural credit access in Ethiopia and identify
factors affecting access of farmers to credit and the impact of credit on agricultural
productivity.
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2. MATERIAL AND METHODS

Google Scholar, Science Direct, and Web of Science were used to search for
relevant and recent literature on access to agricultural credit of farmers in Ethiopia.
In addition, the most reliable data collectors like FAO and World Bank were used
as source of data to analyze current statistics related to the agricultural credit mar-
ket in Ethiopia. The related literature collected from these sources for review were
about 39, and 10 of them were selected for critical review. The collected literature
was discussed to provide insights about farmers’ access to credit in Ethiopia.

Admassie (2004) reported the agricultural finance performance in Ethiopia by
categorizing the time period as Imperial period (before 1974), Derg period (1974-
1987), and Post-reform period (after 1987). The history of formal financial sector
development started when the Imperial Charter established the State Bank of Et-
hiopia in 1942. During that time, smallholder farmers only received about 7.5%
of the total agricultural finance. After Post-reform, the percentage of farmers who
had access to credit increased to 33.3% (Mukasa et al., 2017). Waje (2020) reported
that only 36.54% of farmers had access to agricultural credit in 2019.

Table 1 introduced the summary of the title, study area, model and publisher of
critically reviewed researches. Most of researchers tried to approach the farmers’
access to credit and impact of credit on farm productivity through probit and logis-
tic regressions. The detailed outputs of their model were discussed in section 3.

Table 1: The summary of most critically reviewed literatures

Authors and

Vear Title Study area Method Publisher
Abateetal RuralFinance and Agricultural Technology Ethiopia Probit model World Development
(2016) Adoption in Ethiopia: Does the Instiutional (nonparametric
Design of Lending Organizations Matter? kemnel- baszed
matching, five-
nearest-neighbors
matching and
radius matching.)
Gebeyehuetal Impactof Agncultural Credit on Maize Oromia Probit Regression Ethiopian Journal of
(2019) Productivity among Smallholder Farmers Model Apphed Science and
Technology
Gel huetal De # sof Access to Agricultural Credit Oromia Probit Regression Internationaljournal
(2019) among Small holder Maize Farmers Model of Horticulture,
Agriculture and Food
science
Waje Determinants of Access to Formal Credit in Rural Southern Probit Regression Economics
(2020) Areas of Ethiopia Mation, Model
Nationalities
and Peoples
Region
o = " Southern -
Argaw Analysis of Determinants of Access to Credit Nation. Logistic Journal of Economics
(2017) among Smallholder Farmers T 2 Regression Model and Sustamable
Nationa lities Dateionin s
and Peoples 3
FRegion
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Zeosf;ye el Determinants of Access to Credit Among Small Amhara Logistic JoL‘;r;ai ;f:Ec::}:om)c :
¢ ) Scale Itrigation User Farmers Repression Model el
= Development
Amanuel & Determinants of microfinance loan utilization by Som.‘.hem ladependent Joumal of
i < Nation, Double-Hurdle
Degye smalholder farmers < - Development and
Nationalities Model 3
(2018) Agricultural
and Peoples 5
2 Economics
Region
Mulatuetal Smallholder Farmers” Credit Participation Southern Independent Joumal of
(2020) Nation, Double-Hurdle Agricultural
Nationalities Model Economics and Rural
andPeoples Development
Region
Mulkasa etal Credit constraints and farmm productivity Ethiopia African Development
- Endogenous
(2017) ) Banlk
Regime
Switching
Regression Model
International
Ak A Review ofthe Performance of Agricultural et Conferenceon The
5 Finance in Ethiopia: Pre- and Post-Reform Ethiopia P Agrarian Constraint
(2004) = Analysis R
Periods E: and Poverty
Reduction.

3. RESULTS AND DISCUSSION
3.1. The Concept of Agricultural Credit

Various scientific papers introduced different definitions for agricultural credit.
Singh Yadav (2017) defined credit as “the ability to command other people’s capital
in exchange for a promise to repay at a later date’. Therefore, credit is comprised of
two components: “ability to borrow” and “willingness to borrow”. In other words,
obtaining power over the use of money in the present in return for a pledge to re-
pay it at a later date is referred to as credit. It can also be considered as an economic
good to be produced, managed and marketed. Thus, credit involves a temporary
transfer of wealth. Credit to farmers can be categorized into cash credit (loans gi-
ven to farmers by financial institutions), and non-cash credit, which comprises the
supply of inputs to farmers by companies, individual businessmen, etc., for which
these farmers make payments after harvesting (Kuwornu, 2013).

Agricultural credit, according to Nwaru (2004), is "the present and temporary
transfer of purchasing power from one who owns it to another who wants it, allowing
the latter to command another person’s capital for agricultural purposes while re-
maining confident in his willingness and ability to repay at a specified future date".
In other words, it is the monetization of promises and the exchange of cash in the
present for a promise to repay with or without interest in the future. If there is no
willingness and ability to repay, the promise to repay at a future date would be po-
intless. It can also be defined as one of several vehicles used to finance agricultural
transactions. Loans, notes, bills of exchange, and acceptances of banker are examp-
les of these instruments. This type of financing is tailored to the specific financial
needs of farmers, allowing them to secure equipment, plant, harvest, market, and
do other things necessary to keep their farms running.
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Agricultural credit has been an essential component of modernization and
commercialization of agriculture and the rural economy (Abedullah et al., 2009).
The introduction of easy and low-cost credit is the quickest way to increase agri-
cultural output. As a result, meeting the credit needs of the farming community
has been a top priority for all governments. Agriculture is more reliant on credit
than any other economy sector due to seasonal variations in farmer returns and a
changing market (Vogt, 1978). Therefore, credit is the important element that has
to be considered as the main input for agricultural improvement.

3.2. Agricultural Credit Use

During the Imperial regime (1960s-1974), roughly half of all domestic cre-
dit for agriculture was distributed through two intermediary institutions such as
the Grain Corporation and Farmers’ Cooperatives (Abate et al., 2016; EEA, 2000).
These intermediaries received credit funds from state-owned banks and extended
low-interest loans to farmers. However, as with most of the directed credit prog-
rams implemented elsewhere during the same period, efforts to extend agricultural
credit to small farmers were unsuccessful (Abate et al., 2016). Agriculture received
between 42 and 65% of total domestic loans during this time, with smallholder far-
mers receiving only about 7.5%. The majority of agricultural credits went to large
and influential farmers (Admassie, 1987, 2004).

Despite the fact that the socialist regime (1974-1991) continued the tradition
of assigning specialized financial institutions, smallholder farmers did not fare any
better during this time. They were denied credit because larger state-run farms
were given priority (Abate et al., 2016). For example, during the regime’s period
of 1974-1984, approximately 89% of agricultural credits were channeled to state
farms, while private smallholder farmers received only 11% (EEA, 2000). Further-
more, near the end of the socialist era, the depletion of capital faced by some of
these lending institutions resulted in the abolition of the negligible credit shares to
smallholder farmers (Ahma et al., 2010).

The post-reform period, which began with the Structural Adjustment Program
to correct all types of financial distortions, did not fare any better. The total share of
agricultural credit shrank significantly in the years following the economic reform
(Abate et al., 2016). It was estimated that there was about a $3 billion credit shor-
tage in the overall economic system (Amha & Peck, 2019). Furthermore, it appears
that smallholder agriculture is suffering more than other sectors of the economy
from the financial crisis. However, while agriculture contributed approximately
41% of total GDP in 2010/2011, the sector’s share of total lending was only about
14 %. As a result, over the last two decades, the average credit-to-aggregate value
of total agricultural production has been only 6% (Abate et al., 2016).
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According to Getahun (2001), the source of agricultural credit in Ethiopia
mainly categorized under two main categories. These are informal and formal fi-
nancial sectors such as Commercial Bank of Ethiopia, and Agricultural and In-
dustrial Development Bank. It is estimated that approximately 1% of all farmers
use institutional credit. The huge percentage of agricultural loans emanate from
non-institutional sources of agricultural loans such as private money lenders, other
farmers, middlemen, neighbors, friends, relatives, and merchants. However, over
the decades, the percentage of farmers who have access to credit has increased to
33.3 percent, with 66.6 percent of those who were credit constrained owing to risk
concerns and transaction costs(Mukasa et al., 2017). Furthermore, the percentage
of farmers who have credit access increased to 36.54% (Waje, 2020). Despite the
improvement in credit access, it is obvious that there is still no enough credit access
as expected.

3.3. Determinants of Agricultural Credit Access

According to the literature, level demographic, socioeconomic, and instituti-
onal variables of farmers influence the access to credit. Age, gender, family size,
number of livestock owned by the farmer, distance of credit institution from farmer
house, educational attainment of the farmer, and family size and income level are
commonly regarded as factors influencing agricultural credit access in Ethiopia.

Table 2: Factors influencing farmers’ credit access

Tesfayeet al.

Dependent Variable(s) 52 Gebeyehu et al. Argaw (2017) Mulatu et al.
(Credit access or use) Waje 2020)  (3919) @019) (2020)
Independent Variables

Age 0.082% 0.0174% 0.123%%% -0 .1001%** -0.012

Gender 0398 0.6845% 0.798 0.40903 0.681*

Marital Status 0.129 07307 0304

Education 0.000%** 07494 0.133* 0.101*#

Family zize 0953 0.464* 0.187**

Land size 0417 0.889 127+ 0251**

Income level 0.725 111# 000172

Mombenhip T emdt goz7e 0.0936%++

Collateral 0.001*#* 0.00034

Saving Culture 0.000+** 0.0026

Livelihood diversification  0.000*** 0.1535%##

Connectionto lenders 0.000%**

Dietince from 02237%x 0.103 04203 00545+

credit source

Livestock owned 0 23516%%* 0.109

Experience of credit use 0.072%

Extension service 0.000%** 03121%*# 0013 0.038**

Interest to credit

(borrowing)

Availabilty of social 0300

network

Dependency ratio -0.199

Attitnde towards risk 0321

Lending procedures -3.0003%

Repayment period -3.4194%

F:erceptlon loan provision 134+

time

Perctzptlon on o group 0,760+

lending

Note; *#*_ **and * 1 significant at 1%, 3% and 10% level, respectmely
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3.3.1. Age

Gebeyehu et al. (2019) used the probit model to conduct research in Horro
Guduru Wollega Zone of Oromia and revealed that the age of farmers was
negatively and significantly associated with the probability of accessing credit at a
10% significance level. According to the marginal effect, an increase in the age of
a farmer by one year reduced the probability of farmer’s access to credit by 0.69%.
Therefore, older farmers had a larger capital base and were less likely to seek credit.
Gebeyehu et al. (2019) result was in line with the findings of Mpuga (2004) who
found that younger farmers were more likely to borrow because their investments
were more active, energetic, and aggressive. Argaw (2017) also revealed that credit
users and non-user farmers had an average age of 44.9 and 49.2 years, respectively.
The difference in the age of the farmer among the groups was significant at the 1%
probability level. In addition, (Waje, 2020) supported the negative relationship
between the age of the farmer and credit access. Older farmers were less likely to
get credit because older smallholder farmers were not expected to repay the credit
they borrowed. According to the probit regression marginal effect estimation, the
probability of accessing credit has decreased by 1.1% every year as farmers are
getting older. On the other hand, age was an insignificant variable in the output of
the ordered logit model used by Nouman et al. (2013) and the probit model used
by Mulatu et al. (2020). The literature showed that the age of a farmer could be a
significant variable and negatively affect the access to credit of farmers, and while
others found that age of a household was an insignificant variable.

3.3.2. Gender

Mulatu et al. (2020) found that gender had positive and significant relationship
with access to credit at 5% level of significance. The probit model output revealed
that changing a dummy from female to male farmer increased the probability of
credit access by 18.6% assuming all other variables remain constant. This research
was consistent with Ayele & Goshu (2018) as they also found gender of farmer as
a significantly influencing factor, namely, keeping other things constant, being a
male farmer increased the loan size by 6% at a 10% of significance level. According
to Gebeyehu et al. (2019), male-managed farms increased the probability of acces-
sing credit from formal sources by 24.89% compared to female-managed farms. In
addition, Awunyo-Vitor & Abankwah (2012) show that men were more likely than
women to obtain credit. The number of credit users in female-managed farms was
lower than the number of credit users in male-managed farms and was significant
at 1% probability level (Argaw, 2017). The implication shows that women had few
assets, small landholdings, and low productivity limiting their access to credit.
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3.3.3. Education

According to the probit regression model result of Waje (2020), education had a
positive and significant influence on the farmers’ access to the credit process at a less
than 1% probability level. The findings have showed that smallholder farmers who
received formal education were more likely to have access to credit than those who
did not. This result was consistent with Argaw (2017) who found that a one-unit
increase in the farmer’s education level resulted in a 0.033 increase in the farmer’s
likelihood of obtaining credit from microfinance institutions (MFIs). There was a
positive relationship between the education level of farmers and the probability of
accessing to credit (Amanuel & Degye, 2018; Asante-Addo et al,, 2013; E. Saqib et
al,, 2018; Mohamed, 2003; Mulatu et al., 2020). In contrast, Gebeyehu et al. (2019)
found that educational level had a negative and statistically significant (at 5%)
relationship with the probability of farmers accessing to credit. Similarly, Nouman
& Syed (2013) and Muhammed (2013) also found a negative relationship between
the education level of farmers and the probability of accessing to credit. The reason
for these findings was that a large proportion of agricultural credit interventions,
such as MFIs, were aimed at poor farmers, and an educated individual could join
to run their own business and earn income.

3.3.4. Family Size

According to E. Saqib et al. (2018)’s finding, a one-member increase in family
size increased access to credit for a farmer by 0.059 units. Argaw (2017) revealed
that household size influenced farmers' access to credit in a positive and significant
way at a 10% probability level. The logit model result showed that a one unit
increase in family members generated a 0.116% increase in the likelihood of credit
access of farmer. These results were consistent with Mulatu et al. (2020) who found
that the amount of loan earned by a household increased by 301.30 birr for every
additional family member. The reviewed literature showed that the increase in
family size had a significant and positive relationship with farmers’ credit access.

3.3.5. Land Size of Farm

The results of E. Saqib et al. (2018) showed that the total landholding of the
farmer was a significant factor in access to credit of the farmer, implying one acre
increases credit availability by 0.216 units. Similarly, Nouman & Syed (2013) found
a positive relationship between the total land holding of farmers and access to
credit. Argaw (2017) found that one unit increase in the cultivated land holding
of the farms produced a 0.318% increase in the probability of credit access for the
household. Ayele & Goshu (2018) found the size of landholding as a significant
determinant factor for microfinance loan utilization of farmers. According to
these findings keeping everything else constant, as the size of the landholding
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increased by 1 hectare, the likelihood of using a microfinance loan increased by
36.1%. Furthermore, Mulatu et al. (2020) supported the positive coefficient of
the landholding size of the farmer when regressed as an independent variable to
determine its effect on credit access probability. However, Gebeyehu et al. (2019)
and Waje (2020) revealed that farmers’ landholding size was not a significant factor
to influencing agricultural credit access by using the probit regression model.

3.3.6. Distance from Credit Source

Mulatu et al. (2020) found that distance between households' residences and
microfinance service provision centers was a significant negative factor at the
5% level on farmers’ access to credit. The probit model result showed that every
kilometer distance from the institution reduced the likelihood of household
participation in the credit service by about 1.8%, assuming all other variables
remained constant. Gebeyehu et al. (2019) also found that farmers’ perceptions
of the distance between credit institutions and their homes had a negative and
significant effect at 1% level on the likelihood of credit access. The likelihood of
obtaining agricultural credit from a formal source decreased by 8.85% for every
additional kilometer traveled. Farmers who faced a long distance between their
home and the credit institution were less likely to obtain credit. These results were
in line with those reported by Tang et al. (2017), who found that every kilometer
between the nearest bank and the village reduced the likelihood of borrowing
credit from formal lenders by 1%. Furthermore, Mulatu et al. (2020) stated also
that the distance between credit provision centers and households' residence had a
significantly negative relationship with credit participation.

3.3.7. Livestock Owned

Number of livestock had positive relationship with access to credit and amount
of loan (Mulatu et al., 2020) because lender institution suggests guaranties for
securing against crop failure and other related risks to ensure loan repayment
results. Furthermore, livestock was viewed as an informal collateral farmer check
to enable other participants to join the community pursuing a larger loan amount
since it is used for risk sharing in the event of loan default (Haji & Tilahun, 2013).
In contrast, Gebeyehu et al. (2019) found that the amount of livestock in the
farmer's tropical livestock unit had a significant (<1%) negative impact on the
likelihood of household credit access. A unit increase in overall livestock reduced
the likelihood of farmers obtaining agricultural credit by 6.074%. This result was
in line with Doreen & Philip (2014) and Girma & Abebaw (2015) who found a
negative relationship between the number of livestock owned by households and
the probability of accessing credit.
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3.3.8. Membership to Credit Institutions

The number of years of participation in formal credit also had a significant
positive impact on the likelihood of accessing formal credit. A one-year increase
in membership of a formal credit institution increased the likelihood of access to
credit of the farmer by 3.70% (Gebeyehu et al., 2019). This result is also supported
by Mpuga (2004) who found that farmers’ access to formal credit institutions
was positively influenced by experience of the household head in credit use. In
addition, experience of credit use of farmers had a positive effect on credit access
and was statistically significant in determining access to credit process at a 10%
probability level (Tesfaye & Worku, 2019; Waje, 2020). This suggests that the more
credit-experienced a farmer is, the easier it is to obtain formal credit.

3.3.9. Income Level

The non-and/off-farm income of the farmer was found to be a significant factor
that influences farmer’s access to formal credit (Argaw, 2017). The significant
positive coefficient for off-farm income generation in the logit model suggested
that oft-farm income generation increased the likelihood of the farmer obtaining a
loan from formal financing sources. Increasing off-farm activities had increased the
likelihood of engaging in credit markets by 0.267. Farmers’ chance of successfully
participating in formal credit markets increased as their oft-farm income increases
(Muhongayire et al., 2013). However, E. Saqib et al. (2018) found that, although the
effect was negligible, monthly income had a negative significant effect on access
to agricultural credit in Pakistan. However, due to the fact that most Ethiopian
farmers do not have monthly basis income, that case has not yet been revealed in
Ethiopia.

3.4. Impact of Agricultural Credit Access on Productivity and Output

The agricultural sector in the modern era is critical for economic development.
Existing literature introduces different approaches about impact of agricultural
credits on productivity and output. Zuberi (1989) revealed that farmers could use
modern agricultural technology if they were given credit for purchasing modern
inputs. Many developed countries has recognized the advantages of modern
agricultural technology. However, the use of modern farm technology to increase
agricultural output has increased financing needs of the farmers (Mellor, 1966).
The quickest way to increase agricultural production is to provide easy and cheap
credit (Abedullah et al., 2009). Credit helps for disaster relief as well as the purchase
of seed, fertilizer, cattle, and farm implements (Yusuf, 1984). The use of modern
technology increased credit demand, which resulted in an increase in agricultural
productivity among small farmers (Saboor et al., 2009). Credit availability aided
the adoption of yield-enhancing technologies. Credit programs were used by
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governments to boost agricultural output (Adams and Vogel, 1986). Saleem and
Jan (2011) stated that credit disbursed for seed, fertilizers and pesticides, irrigation,
and tractors was found to be strongly and positively correlated to agricultural gross
domestic product. Credit has a positive relationship with agricultural productivity
because it allows farmers to purchase superior quality or high yield variety seeds,
fertilizers, and pesticides, and agricultural yield increases as a result of timely and
adequate inputs (Rahman et al., 2014).

In Ethiopia, some researchers proved the strong and positive relationship
between access to credit and agricultural productivity. Mukasa et al. (2017) stated
that about 66.6% of Ethiopian farmers were credit constrained and if those farmers
could access enough credit, their productivity would increase gradually. The
model results showed that removing credit constraints would result in significant
productivity gains of around 60% in Ethiopia. So, to improve agricultural and/
or farm productivity, the government should provide enough credit to farmers.
According to Gebeyehu et al., (2019) access to credit increases maize productivity
by 26.6% via increasing the use of improved maize seed by 37.4%, fertilizer by
47.8% and hired labor by 33.6%. Therefore, the critical instrument to boost
agriculture is to provide enough credit to farmers.

4. CONCLUSION

Agriculture plays a significant role in increasing national income due to the
fact that the largest proportion of populations are residing in the countryside
and operating farm to generate income and food. With the traditional farming
system, without accessing credit, increasing farm yield is difficult. Transforming
agriculture from traditional farming system to modernized systems needs credit to
buy improved farm inputs. So, the access of farmers to agricultural credit is crucial
to improve agricultural productivity.

Modernizing agriculture to improve productivity led to more credit demands.
The farmers who demand for credit to buy seeds, pesticides, fertilizer and also
cover operation costs are not accessing enough credit. The largest proportion
of Ethiopian farmers are constrained from getting access to credit due to many
reasons. Among these reasons, the literature mainly focused on socio-economic
factors of farmers. Some researchers also revealed that risk factors and transaction
costs are the main reasons that make credit access more difficult. The farm
productivity would increase gradually if the existing constraints were removed and
the farmers got access to credit.

Many researchers have tried to approach the issue of farmers’ access to credit
using different models. The mostly used models were probit and logistic regression
models. Furthermore, some researchers used independent double-hurdle,
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nonparametric kernel- based matching, five-nearest-neighbors matching, and
radius matching models to identify factors affecting farmers’ access to agricultural
credit and impact of credit on farm productivity. Age, gender, education level,
distance from credit institution, farm size, number of livestock owned, income
level and years of membership to cooperatives were all among significant factors
affecting access to credit. According to the reviewed literature, agricultural credit
access had a positive impact on farm productivity.

In view of the reviewed literature, the followings are recommended to improve
access of farmers to the credit in Ethiopia:

- The government should have to expand microfinance institutions to reach
farmers who are in need of credit to boost their productivity.

- The women empowerment is also important so that females have fair access
to credit like the male farmers.

- There is a need for further research into the impact of agricultural credit
in Ethiopia, the efficiency of policy instruments in improving farmers’ access to
credit, and the satisfaction of farmers with the current microfinance institutions
scheme.
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ARTVIN, GIRESUN, ORDU iLLERINDE SOFRALIK VE RECELLIK INCIR
SELEKSIYONU

0z:

2013-2014 yillarinda “Karadeniz Bélgesi Incir Seleksiyonu” projesi gerceve-
sinde Artvin, Giresun ve Ordu illerindeki incir popiilasyonu i¢inden sofralik ve
regellik olarak degerlendirmeye uygun 44 genotip selekte edilmistir. Bu tiplerde
ortalama meyve agirlig1 (g), meyve indeksi (mm), suda ¢6ztiniir kuru madde mik-
tar1 (SCKM) (%), ostiol agikligi (mm),meyve kabuk rengi ve kabugun soyulma
durumu incelenmigtir. Selekte edilen tiplerin ortalama meyve agirligi 13.75 -92.91
g, ortalama meyve indeksi 0.7-1.3 mm, ortalama ostiol agiklig1 0.00-13.31 mm ve
ortalama SCKM oran1 % 9-20 arasinda degismistir. Meyve kabugu rengi mor ve
sar1-yesil renk tonlarinda, meyve kabugu soyulma durumu ise kolay-orta ve zor
soyulan gruplarin iiiinde de yer almistir. Selekte edilen 44 adet incir tipinde yapi1-
lan Tartili Derecelendirme Metodu sonucunda, 6 adet sofralik (08 ARD 07, 28 ES
08, 28 GR 04, 28 GR 01, 52 MRK 05 ve 52 MRK 06 ), 1 adet regellik incir (28 GR
01) genotipi iimit var olarak dne ¢ikmustir.

Anahtar Kelimeler: Ficus carica, Incir, Seleksiyon, SCKM, Meyve Agirhigi, Ostiol.
2 o %

SELECTION OF FRESH AND JAM FIG IN PROVINCE ARTVIN, GIRESUN AND
ORDU

ABSTRACT:

The types of 19, 14 and 11 has been selected in Artvin, Giresun and Ordu,
respectively within the scope of the project “ The Selection of Fig in the Black Sea
Region". The fruit weight and index, TSS (total soluble solid), the ostiol distance,
the color of fruit peel and the peeling condition has been examined. The average
fruit weights between 13.75-92.91 g, the fruit index 0.7-1.3 mm, the ostiol distance
0.00-13.31 mm and the soluable dry matter in the water of the types 9-10 % which
were selected have been found. The fruit peel takes place in the colors of purple
and yellow- green and in the three groups of easy, middle and hard peeled ones. As
a result of the Weighted Rating Method was made on 44 selected fig types; 6 fresh
figs and 1 jam fig were found as suitable genotypes.

Keywords: Ficus carica, Fig, Selection, SCKM, Fruit Weight, Ostiole.

ko
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1. GIRIS

Incir, Urticales takiminin Moracae familyasinin Ficus cinsinden olan Ficus
carica tiriidiir. Cok sayida yabani ve kiiltiir alt tiirleri bulunmaktadir (Cagamer ve
Saygil, 2011). Bu alt tiirlerden meyvecilik bakimindan en 6nemli olan1 ‘Anadolu
inciri’ denilen Ficus carica L! dir (Hepaksoy ve ark., 2004). Incirin Anadoluda
bulunan yabani bir formu da Ficus carica erinosyce olup, incirin iki kiiltiir formu
olan E c. caprificus (erkek incir) ile Fc. domestica (disi incir)nin F c. erinosyce’den
meydana geldigi diisiiniilmektedir (Tiirk, 1995). Subtropik iklim meyvesi olan incir,
Akdeniz havzasi, Iran ve Kuzey Kafkasyadan Hazar Denizine kadar olan bolgede
yetismektedir. Anavatan1 Anadolu olan incirin diger bolgelere buradan dagildig
diistiniilmektedir (Ozbek, 1978). Ashinda incir bir subtropik iklim bitkisidir.
Ancak kigin yapragini déken bir tiir olup az miktarda da olsa kis soguklamasina
gereksinim duydugundan iliman iklime sahip bir¢ok yerde yetisebilmektedir
(Sahin ve Urel, 1992).

Anadoluda yetistiriciligi cok uzun zamandir yapilan 6nemli meyve tiirlerinden
biri de incirdir. Ulkemiz hem kurutmalik incir hem de sofralik incir iiretiminde
ve ihracatinda en 6nemli iilkelerin basinda gelmektedir (Caliskan, 2012). Ayrica
Tiirkiye, diinyanin en biiyiik ve en kaliteli incir {ireticisi olup toplam 1 315 588 ton
olan diinya iiretiminde, 310 000 ton ile ilk sirada yer almaktadir. Ulkemizi sirasiyla
225 295 ton ile Misir, daha sonra Fas (153 472 ton), Iran (130 328 ton) ve Cezayir
(114 092 ton) takip etmektedir (Alper, 2006; FAO, 2019). Ulkemizde Ege Bélgesi
incir yetistiriciliginde 6n plana ¢ikmaktadir. Akdeniz, Giiney Dogu Anadolu ve
Dogu Karadeniz Bolgesi sahil seridi de énemli bir populasyona sahiptir. Incir, I¢
Anadolunun nehir kiyilarindaki bazi mikroklima alanlarinda da yetismektedir.
(Dilek ve Aksoy, 1992).

Ulkemizde yetistirilen incirlerin % 70’i kuru incir olarak degerlendirilmektedir
(Aksoy ve ark., 2003). Sofralik incir ticaretinde de Bursa ili basta olmak {izere
Mersin ve Hatay illeri disinda tiretim pek yayilmamustir (Caliskan ve Polat, 2008).
Aslinda Ege Bolgesi disinda, Akdeniz, Marmara ve Karadeniz sahil seridinde
incir yetistiriciligi genelde diger meyve tiirleriyle karisik veya sinir bitkisi olarak,
yerel cesitlerle yapilmaktadir. Bu cesitler renk, aroma ve tat bakimindan biiyiik
bir zenginlige sahiptir. Yerel ¢esitlerin isimlendirilmesinde de genel olarak
bulunduklar1 yerin, agiz agikligi durumunun, olgunlagma doneminin, kabuk
renginin ve bahge sahibinin adi yaygin olarak kullanilmaktadir (Caliskan ve
Polat, 2012). Mevcut yerel ¢esitler ile yapilan iiretim ise o bolgenin ihtiyaglarini
kargilayacak sekilde olmaktadur.

Son vyillarda, diinya piyasasinda kuru incire oldugu gibi sofralik incire olan
talepler de artis egilimindedir ve Tirkiyenin sofralik incir ihracat potansiyeli
heniiz tam olarak kullanilamamaktadir.
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Ulkemizdeki bu zengin incir populasyonun degerlendirilmesi icin yapilan
aragtirma projelerinden biri olan bu ¢aligmada Dogu Karadeniz Bolgesinde
Artvin, Giresun ve Ordu illerinden sofralik ve recellik olarak tiiketilen, evlerin
bahgesinde en fazla 2-3 agactan olugan yerel incir tiplerinin arasindan (belirlenen
amaglar dogrultusunda) iistin 6zellik gosterenler selekte edilmistir. Daha sonra
tartili derecelendirme yontemine gore genetik cesitliligi temsil edecek sekilde
amaglarimiza uygun iistiin 6zellik gosteren yoresel incir genotipleri belirlenmistir.

2. MATERYAL VE YONTEM

Seleksiyon galismasi iki yil siiresince (2013-2014) Artvin, Giresun ve Ordu
illerinde yiiriitiilmiistiir. Seleksiyonda ostiol agikligi, meyve iriligi, tat, meyve
kabugunun soyulma durumu ve meyve eti sertligi kriterleri baz alinarak Artvin,
Giresun, Ordu illerinden sirasiyla 19, 11 ve 14 incir tipi selekte edilmistir. Selekte
edilen tipler hem sofralik hem de regellik olarak ayr1 ayr1 Tartili Derecelendirme
Metodu ile degerlendirilmistir. Bu metoda gore 6ne ¢ikan genotipleri belirlemek
i¢in yapilan meyve analizleri, géreceli puanlar, sinif araliklari ve puanlama sistemleri
Cizelge 1 ve 2de verilmistir. Regellik incirler icin ayr1 tartili derecelendirme
yapilirken, yoresel istekler ve 6zellikle Karadeniz bolgesindeki beklentiler dikkate
alinmustir.

Cizelge 1. Sofralik incir genotiplerinde tartili derecelendirme yontemine gore
uygulanan puanlama sistemi (Sahin ve ark., 1994, Aksoy ve ark., 2003, Aksu Uslu
ve ark., 2018)

Table 1. Characteristics of table fig types used for modified weighted ranked method

Ozellikler Goreceli Puan Sumd Smuf Puam
2013 2014
Cok Bityik 127.83-106.06 1021.36-E3 B4 4
Bivik 106.03-B4 28 B3.83-63.31 10
Meyve Afirhi (g) 30 Orta £4.27-62.30 5 78 B
Kigik 61.49-40.72 &
Cok Kigilk 40.71-18.54 2
Meyve Sekh 10 Uzun-Oval 0.9 <09 10
Kiiresel 05-1.1 0.9-1.1 B
Basik-Oval =11 =1.1 &
SCREIL 58 I0 Tok FERT] T721 Cok 10
Orta 17-12 20-14 Orta &
Az 11-6 13-7 2
Rank 10 Mor Renk Tonlan 10
Sari-Vegil 7
Dstiol Akl (mm) T3 Tok Ak [EENET] T 93680 ]
7.36-439 6.30-416 &
Az Aok 4.89.243 4.25-191 B
Kapah 141> 1.90= 10
Kabugun Soyulma Dummo s Holay 10
Orta &
Zor 2
TOFLAM 100

https://doi.org/10.7161/0muanajas.968849 d



Artvin, Giresun, Ordu lllerinde Sofralik ve Recellik incir Seleksiyonu

Cizelge 2. Regellik incir genotiplerinde tartili derecelendirme yontemine gore
uygulanan puanlama sistemi

Table 2. Characteristics of jam fig types used for modified weighted ranked method

Ozellikler Géreceli Puan Sumif Smif Puam
2013 2014
Bityitk 62.50-48.00 46.78-14.4 7
Mayve Afrhi () 35 Orta 47.99-33 49 34432209 10
Eiigitk 33.48-18.98 22.08-9.70 4
Uzun-Oval 0.9 0.9 10
Meyve Jekli 15 Kiiresel 0.58-1.1 0.9-1.1 ]
Basik-Chal 1.1 =1.1 2
Cok 23-18 27-21 1
SCEM (%) 25 Orta 17-12 20-14 6
Az 11-8 13-7 2
Mor Fenk Tonlm 10
Renk 10 San-Vesil 5
Apk 6.23-416 6.13-410 2
Ostiol Agtklif: (mm) 15 Orta 415208 409204 1
Kapah 207 2.03 10
TOPLAM 100

2.1. Tartili Derecelendirme Metodunda Kullanilan Meyve Analizleri

Meyve agirligi, 0.01 grama duyarli hassas terazide; meyve indeksi (meyve eni/
meyve boyu) ve ostiol agiklig1 6l¢iimleriise 0.01 milimetreye duyarli digital compass
ile her tipten 15 adet meyve 6rneginde dl¢tilmistiir. Meyve sekli; basik (oblate),
kiiresel ve uzun-oval (pyriform) meyve olmak tizere 3 grupta toplanmuistir. Meyve
sekil indeksi (sekli) meyve eninin meyve boyuna béliitnmesi ile hesaplanmustir.
Buna gore indeks degeri 1.1'den biiyiik meyveler basic meyve, 0.9-1.1 arasinda
deger alan meyveler kiiresel, 0.9dan kiiciik olan meyveler ise uzun-oval sekilli
meyveler olarak degerlendirilmistir (Aksoy ve ark., 1992). Suda Cozlintir Kuru
Madde Miktar1 (% SCKM), el refraktometresi ile 6l¢tilmiistiir. Meyve kabuk rengi
ve meyve kabugu soyulma durumu gézlemsel olarak mor rengi tonlari ve sari-yesil
olarak siniflandirilmistir. Meyve kabugu soyulma durumuna gore genotipler yine
gozlemselolarak kolay, orta ve zor seklinde siniflandirilmistir.

3. BULGULAR VE TARTISMA
3.1. Illere Gore Selekte Edilen Incir Genotipleri

Seleksiyon ¢aligmasinin yiiriitiildigi Artvin, Giresun, Ordu illerinde selekte
edilen incirlerin lokasyon bilgileri ve bazi yoresel karakterizasyonlar: kayit altina
alinmustir (Cizelge 3, 4 ve 5) . Cizelge 3de goriildigii gibi Artvin il merkezinden
3, Yusufeli il¢esinden 4, Ardanug ilgesinden 5, Hopa ilgesinden 7 tip olmak izere
toplam 19 tip belirlenmistir. Giresun il merkezinden 3, Gorele ilgesinden 4, Eynesil
ilcesinden 2, Espiye ilgesinden 3 tip Kesap il¢esinden 1, Bulancak ilgesinden 1
tip olmak {izere toplam 14 tip belirlenmistir (Cizelge 4). Ordu il merkezinden
3, Pergembe ilcesinden 3, Fatsa ilgesinden 3, Unye ilgesinden 2 tip olmak iizere
toplam 11 tip secilmistir (Cizelge 5).
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Cizelge 3. Selekte edilen incir tiplerinin yer bilgileri ve bazi yoresel tanimla-
malar1 (Artvin ili)

Table 3. Fig types’s local name, location information and some charecterictics
(Province of Artvin)

Tip No Tige Koy Mahalle Varesel Karakteristik Ozellilderi ve Isimleri

0B YS01 Yusufeli IshanBagh Artvin pathean imciri

0EYS02 Yusufeli fzhanBazh Tilis inciri (bayaz)

0EYS03 Vusufeli Cevreli Kehribar rexkli, m ey 2 eti ke, yanksa ok, kum incr tadmda
0E ARD 04 Ardanug Ferhatl Hara imeir, tath

08 ARD 03 Ardanug Farhath Lof incir, bayaz, yasmurda vanbma ohnor

08 ARDO6 Ardanug Farhath Ag incir (bayaz), kawm ayma kadar afagta kalyor

08 ARD 07 Ardanug Farhath Asilkara imeir, iri

08 ARD 08 Ardanug Ferhail Pathican mciri

OB MRE 09 Meskez Seyitler Beyaz incir (Beyaz patlcan)

0E MRE 10 Merker Seyitler Pathcan meiri

OEMRE 1L Merkez Seyitler Beyaz incir

OEHP13 Hopa Cumburiyet 2 frtia veriyor, pathcan jeldmde, osticl yanbrayor

0EHP 14 Hopa Kemalpaza Bayaz, mayvasti yumngak kabuksart

0EHP 13 Hopa Kemalpaza Pathcan

OEHF 16 Hopa Osta Hopa Kugok kisaboyunlupathiean, osticl kapals, kabuk sert, orts y i gk
OEHP 17 Hopa Orta Hopa San kiigik ineir, gok tath d=2il, astiol kapals

OEHP IS Hopa Sahin Tepesi Cift veren kara incir (nisan-skim), ostiolkapal

OEHP 19 Hopa Sakin Tepesi Bal inciri (beyaz bal)regellik incir

0EYS20 Yusufeli Merkez Iri, kahversngi soffabik

Cizelge 4. Selekte edilen incir tiplerinin yer bilgileri ve bazi yoresel tanimlama-
lar1 (Giresun ili)

Table 4. Fig types’s local name, location information and some charecterictics
(Province of Giresun)

Tip No Tige Koy Mahalle Yéresel Karakteristik Ozellikleri ve Isimleri
2EGRO1 Girele Cavuzha Beldea Kipik kisabovimupathcan

28GRO2 Ghrele Cavugha Balden Davul ineiri, beyaz, ostiol kapah

28GRO3 Gorele Cavuzlo Beldea Horasan man yagmwradayamkh

28GRO4 Gérele Cavugha Balden Uzun boyimlu iri pathan

2BEY 05 Eynesil Eekiktepe Biyik Horza

28EY 06 Eynesil Aralik Beyaz ineir, meyve ti goktath

2BESO8 Espiye Esentepe Mah Pathean mein

JE8ES09 Espiye Fazmlpay Mevki Beyazineir, tath

2BES10 Espiye Adabik Mah Iri beyaz meir

JEKS11 Kegap Yolagn Ipek ineiri

2EMEE 12 Merkez Eonak yam Giresun patheam

JEMRE 13 Morkez Erik liman Istanbul (beyasz) incin, kisa kadar devam edivor
2EMEE 14 Merkez Enk liman Defrmen-Afpkmon

28BL15 Bulancak Kiagtikla Boyunsuz patlican
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Cizelge 5. Selekte edilen incir tiplerinin yer bilgileri ve baz1 yoresel tanimla-

malar1 (Ordu ili)

Table 5. Fig types’s local name, location information and some charecterictics

(Province of Ordu)

Tip No Tlce Koy Mahalle Yoresel Karakteristk Ozellikleri ve Lsimleri
52P§BO1 Pergembe Kurtahug Patlican (kara) incir

52P§BO2 Perjembe Kurtahay Beyazregellic incir

32PSBO3 Pargambe Caytapa Hafif bovunlubeyaz mar

32 MRE 04 Merkez Saray Mah. Uzun boyunlu pathean, osticldeagilmaaz
52 MEE 05 Merkez Burhanettin Inbeyazmer

32 MERE 06 Markez Burhansttn KTU saleksryonda | numara, kisgik pathcan
52FT07 Fatsa Bolaman Palazh Mak Cok esla kusa boyunla pathean

52 FT 08 Fatsa Balarman Palash Mah Eoara regellik kighk ineir, ham meir
S2FT09 Fatsa Bolaman Givecmhk Kurunecuk wnan (Boymlu ipek men gbi)
SIUN 12 Unye Giiven Ciftlifn Bevaz meyve etl pathean

| SIUNI13 Unye Giiven Ciftlif Bevazineir

3.2. Selekte Edilen Genotiplerin Meyve Ozellikleri

Meyvelerde, 2013-2014 yillarinda yapilan analizlerin sonuglarinin ortalama
degerleri Cizelge 6da verilmistir. illere gore ortalama meyve agirliklari; Artvin
ilinde en yiiksek 71.58 g, Giresun ilinde 52.92 g, Ordu ilinde 92.91 g, en diisiik
meyve agirliklar1 ise 13.75 ve 18.07 olarak Artvin ilinden alinan tiplerden elde
edilmistir. Aksu ve ark. (2018), Sinop ilinden alman incir tiplerinde meyve
agirliklar: 16.44-62.05 g arasinda; Polat ve Caligkan (2008), bazi incir gesit ve
genotiplerinde meyve agirliklarini 30.0-52.4 g; Simsek ve ark. (2017) 47.68-72.68 g;
L. Hssaini ve ark., (2020), 12.4-87.03 g arasinda bulmugslardir. Bolgemizde yapilan
calismalardan Islam ve ark. (1997); Giresun ilinde Degirmen, Ipek, Istanbul, Pamuk
ve Patlican yerel incir cesitlerinde yaptig1 caliymada ortalama meyve agirliklarin
40.40-65.00 g arasinda bulmuglardir. Diger bir ¢alismada Bostan (2002); Ordu,
Giresun ve Trabzon illerinden selekte ettigi yerel incir ¢esitlerinde (Agustos,
Beyaz, Beyaz Torasan, Degirmen, Ipek, Istanbul, Kara Torasan, Kara Patlican,
Kus, Pamuk ve Patlican) meyve agirligini 11.35-65.00 g arasinda tespit etmistir.
Karadeniz ve ark. (2016) Ordu ilinde 40 yerel siyah incir tipinde yaptig1 ¢alismada;
50 m yiiksekliklerde ortalama meyve agirligini 58.45 g, 250 m yiiksekliklerde 58.29
g olarak kaydetmistir. Karadeniz ve Bak (2016), Karadeniz Bolgesinde klonal
siyah incir seleksiyonu ¢alismalarinda da ortalama meyve agirliklarinin 30.84-
90.92 g arasinda degistigini belirtmislerdir. Yine Karadeniz Bolgesinde Trabzon
Vakfikebirde yapilan ¢alismada da Patlican, Kara Patlican, Kara Torasan ve
Beyaz Torasan yerel incir ¢esitlerinde ortalama meyve agirhiklarinin 30.00-59.18
g arasinda degistigini ifade edilmistir (Bostan ve Islam, 1999). Calismada selekte
edilen genotiplerin meyve agirliklarinin literatiir ile uyustugu hatta daha agir
meyveler oldugu gorilmektedir.

Seleksiyon ¢alismasinin yiiritildiigi 3 il incelendiginde meyvelerdeki SCKM
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% 9-19 arasinda degismistir. Farkli caligmalarda da en diigiik-en yiitksek SCKM
degerleri, %15.1-21.0, % 18.00-23.00, %15.10-21.00, %8.00-21.70, %20.67-23.87,
%9-24, %12-21.3 olarak bulunmustur (Islam ve ark., 1997, Bostan ve Islam,
1999; Bostan, 2002; Karadeniz ve Bak, 2016; Simsek ve ark., 2017; Aksu ve ark.,
2018; Koyuncu, 2004). Caligmada selekte edilen genotiplerin SCKM degerlerinin
literatiir ile genel olarak benzer oldugu gorillmektedir.

Caligmada ostiol genisligi 08 HP 14 (0.0 mm), 08 HP 18 (0.15 mm) ve 28 GR
01 (0.65 mm) kodlu tiplerde 1 mm’nin altinda ¢ikmustir. Polat ve Caligkan (2008),
¢alismalarinda kullandiklar1 gesitlerde ostiol agikligini 0.8 - 2.4 mm; Sahin ve
ark. (1994), 3.17 - 6.15 mm; Bostan (2002), 1.5-4.0 mm; Gozlekci (2010), 1.73-
5.48 mm arasinda 6l¢miislerdir. Simgek ve ark. (2017) ostiol genisligini 1.53-5.96
mm, Pourghayoumi ve ark. (2012) da ¢alistiklar cesitlerde 5.53-7.01 mm olarak
olgmiislerdir.

Selekte edilen meyvelerde kabuk rengi mor rengi tonlar1 ile sari-yesil
renklerinde; meyvelerin sekil indeksleri de kiiresel agirlikli olup basik, uzun-oval
olarak farkliliklar gostermistir.

Meyve kabugunun soyulma durumu ise genel olarak kolay soyulabilen
cikmistir. Yapilan diger calismalarda da meyve sekli ve kabugun soyulma kriterleri
benzer sekilde degerlendirilmistir (Pourghayoumi ve ark., 2012; Hssaini ve ark.,
2020; Aljane ve Ferchichi, 2010; Assaf ve ark.,2000).

Seleksiyon ¢aligmasinin yiiritildiagi illerden Ordu ili meyve agirlig yoniinden,
Giresun ili SCKM oraniyla, Artvin ili de ostiol agikliginin en diisiik olmasi ile 6ne
cikmistir (Cizelge 6, Sekil 1).
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Cizelge 6. Selekte edilen incir tiplerinde yapilan meyve analizleri (2013-2014)

Table 6. The fruit characteristics of selected types of Ficus carica (2013-2014)

Tip Meyve Kabuk Meyve Indeleszi ve Meyve Kabugn
Rengi Seldi Soyulma Durama

08Y501 Mor Fank tonlan 1.0 (Kirasel) Zor
0BY502 Mor Fenk tonlan 1.1 (Kiarasel) Kolay
0BY503 Mor Rank tonlan 1.1 (Kiraszel) Eolay
08 ARD 04 Mor Fank tonlan 1.3 (Basik) Orta
08 ARD 05 San-Yegil 1.0 (Kirasal) Kolay
08 ARDOG San-Yegil 1.2 (Basik) Eolay
08 ARD 0T Mor Fank tonlan 1.2 (Basik) Orta
08 ARD 08 Mor Renk tonlan 0.9 (Eiresel) Zor
08 MEE 09 San-Yegil 1.1 (Kiraszel) Eolay
08 MRE 10 Mor Renk tonlan 1.1 (Eiresel) Eolay
08 MRE 11 San-Yesi 1.1 (Eiiresel) Eokiy
08HP 13 Mor Benk tonlan 1.1 (Kiiresel) Ekuy
08 HP 14 San-Yegl 1.2 (Basik) Eolay
08HP 15 Mor Benk tonlan | 0.9 {Eiuresel) Eokiy
08HP 16 Mor Renk tonlan 1.0 (Eiresel) Zoar
08HP17 Sars Yesi 1.1 (Eiiresel) Ecky
08HP18 Mor Renk tonlan 1.3 (Basik) Orta
08HP19 San Yesil 1.1 (Eiiresel) Eoky
08 Y5210 Mor Renk tonlan 1.2 (Basik} Eolay
18GR01 Mor Fenk tonlan 0.8 (Uzun-Onal) Kolay
18GRO2 San-Yegil 1.1 (Eiresel) Eolay
I8GRO03 Mor Renk tonlan 1.1 (Eiresel) Zor
28 GRO4 MorBenk tonlan | 0.9 (Eiiresel) Eckiy
I8EY 05 Mor Renk tonlan 1.1 (Eiresel) Zor
IBEY 06 San-Yegl 1.2 (Basik) Orta
18ES08 Mor Fenk tonlan 0.7 (Uzun-Cral) EKolay
2B ES 09 San Yesi 1.0 (Eiiresel) Ecky
2BES10 San-Yesil 1.1 (Efiresel) Orta
2BKS11 San-Yesi 1.2 (Basik) Eokiy
28 MREK 12 Mor Renk tonlan 0.8 (Uzun-Oral) Eolay
I8 MRK13 San-Yesil 1.0 (Eiiresel) Eolay
IEMRK 14 San-Yegil 1.3 (Bazik) Kaolay
28BL15 Mor Renk tonlan 1.1 (Eiiresel) Orta
S1PSBO1 Mor Renk tonlan 0.9 (Eiiresel) Eolay
£1PSEO2 San-Yagil 1.2 {Basik) Kolay
5£1P5B03 San-Yesil 1.1 (Eiiressl) Eolay
SIMREK 04 MorRenktonlan | 0.8 (Uzun-Onal) Kolay
S2IMRK 05 San-Yegil 1.1 (Eiirasel) Kolay
SIMRE 06 Mor Renk tonlan 0.9 (Eiiressl) Eolay
SIFTOT7 MMor Renk tonlan 0.9 (Kiirasal) Kolay
S1FTO08 Mor Renk tonlan 0.9 (Eiiressl) Eolay
EIFTO09 San-Vagil 0.9 (Eitrasal) Kolay
51UN12 MMor Renk tonlan 1.0 (Eiiresel) Eolay
§1UN13 San-Vegil 1.1 (Eitrasal) Kolay

40,00

30,00

1Artvin
20,00
4 Giresun
0,00

MA SCKM 0A

Sekil 1. Artvin, Giresun ve Ordu illerinden selekte edilen genotiplerde ortalama meyve
agirligl, SCKM ve ostiol agikliginin grafiksel karsilastirilmasi (2013-2014)

Figure 1. The average fruit weight, TSS and ostiole distance for the selected types for
Artvin, Giresun, Ordu (2013-2014)
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3.3. Tartil1 Derecelendirme Analizleri

Tartili derecelendirme metodu, degerlendirme sekilleri dikkate alinarak
sofralik ve regellik olmak iizere iki farkli sekilde uygulanmistir (Cizelge 1, 2). Tartili
derecelendirme puanlamalari, tiplere ait her bir 6zelligin kendi sinif araligindaki
degeri ile goreceli puanlar ¢arpilarak hesaplanmistir. Cizelge 7 ve 8de iig ile ait
sofralik incirler ve regellik incirler i¢in iki yilin ortalamas: seklinde hesaplanan
Tartili derecelendirme puanlar1 goriilmektedir. Sofralik tiiketim i¢in 775 puan
ve Usti, regellik tipler i¢in 800 puan ve iizeri puan alanlar {imitvar tipler olarak
belirlenmistir. Sofralik tipler olarak 08 ARD 07, 28 ES 08, 28 GR 04, 28 GR 01, 52
MRK 05 ve 52 MRK 06; regellik tip olarak 28 GR 01 6ne ¢ikan genotipler olmustur.
28 GR 01 kodlu genotip hem sofralik hem de regellik olarak éne ¢ikan favori tip
olmugtur (Sekil 2).

Cizelge 7. Sofralik incirlerde meyve analizlerine gore ortalama tartili derece-
lendirme puanlar1 (TDP) (2013-2014)

Table 7. Table fig types ranking according to the modified weighted ranked
method, underlying characteristics and average of total points (2013-2014)

Tip TDP Tip TDP
28 GRO1 900 OENMEK 11 &08
2EMEK 12 730 s2P$B03 595
08EHF135 725 QS HP17 580
22 MRE 06 720 OEHP19 580
28 GR.O4 713 2BEY 06 568
52 MRK 04 705 Z8K§$ 11 565
2BEY 05 S90 2EES OB 560
S2FT OB 585 52FT 09 sS40
08 YS01 5TE OB HP 16 230
S20UN13 675 08 ARDOS 525
OEHFP13 655 28 MRE 14 520
52PSBO1 &30 28BL 15 5320
08 ARDOE &543 OB HPF 14 520
28GR O3 3% 08 YS03 03
520N 12 633 OSHP18 00
08 ¥YS02 623 S52PSB 02 458
52FTO7 18 2EMREK 13 470
2ZEESO9 &10 08 ARD 04 415
08 MREK 10 610
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Cizelge 8. Regellik incirlerde meyve analizlerine gore ortalama tartili
derecelendirme puanlar: (TDP) (2013-2014)

Table 8. Jam fig types ranking according to the modified weighted ranked
method, underlying characteristics and average of total points (2013-2014)

Tip TDP Tip TDP
S2MREKOS 2870 08 MRK 10 620
28BES 08 830 0B HP 13 620
S2MREKO06 830 08YS 02 680
28GR 04 815 08 ARD OS5 675
28GR 01 800 28 EY 05 665
0S8 ARD 07 s00 28 BL 15 665
52 MRK 04 770 S2 013 660
08 YS20 T&EO 08 YS 01 655
2B ESO0% 760 28 ES 10 650
28 MRK 12 750 s2 PSBO2 635
S2PSB 01 T3S S2ZFIos S00
S20N12 -35 28EKS11 605
28 MRK 13 735 0S8 HP 19 s8s
OENMRE 11 730 OSHP17 585
08 MRK 09 720 28 GR O3 s8s
52 PSB 03 720 S2 FT 09 ss5
2B EY 06 715 2ZEMNMRK 14 540
OSHP1S 715 0S8 YS 03 525
28 GRO2 705 08 ARDO6 515
S2FT o7 695 OBSHFP1S8 510
08 HP 14 690 OSHP 16 490
08 ARD OS 690 08 ARD 04 475
4.SONUC

Caligmanin sonucunda Artvin, Giresun ve Ordu illerinden belirlenen amaglar
dahilinde selekte edilen 44 incir tipinden 6 adet sofralik (08 ARD 07, 28 ES 08,
28 GR 04, 28 GR 01, 52 MRK 05 ve 52 MRK 06 ), 1 adet regellik incir (28 GR 01)
genotipi limitvar olarak 6ne ¢ikmistir. Bu genotiplerin kaybolmasini énlemenin
yaninda, ayni kogullarda performanslarinin izlenmesi ve muhafaza edilmeleri
amaciyla kislik odun ¢elikleri ile gogaltilarak deneme bahgesi kurulmustur. Segilen
genotipler halen devam etmekte olan Seleksiyon 2 ¢aligmasinin materyalini
olusturmaktadir.

Tesekkiir

Bu makalede yer alan ¢alismanin gergeklesmesinde destek saglayan Tarimsal
Aragtirmalar ve Politikalar Genel Miidiirligii ile Bahge Bitkileri Daire Bagkanligrna
tesekkiir ederiz (Proje No: TAGEM/BBAD/2013/A08/P07/02).

Yazar Katki Oranlar:

Caligmanin Tasarlanmasi (Design of Study): NAU (%80), MO (%20), EA (%0)

Veri Toplanmasi (Data Acquisition): NAU (%80), MO (%0), EA (%20)
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Veri Analizi (Data Analysis): NAU(%80), MO (%5), EA (%15)
Makalenin Yazimi (Writing up): NAU(%90), MO (%5), EA (%5)

Makalenin Génderimi ve Revizyonu (Submission and Revision): NAU (%95),
MO (%5), EA (%0)
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Sekil 2. Tartili Derecelendirme Metodu ile segilen incir genotipleri

Figure 2. Selective the weighted ranking method results in selection types
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DETERMINATION OF THE DIRECT AND INDIRECT EFFECTS OF FEED
CHARACTERISTICS ON THE METABOLIZABLE ENERGY OF NATURAL PASTURE
HRY

ABSTRACT:

The aim of this study is to examine the direct, indirect and total effects of nutrient
content properties on metabolizable energy contents of natural pasture feeds using
path analysis. For this aim, the relationship between metabolizable energy and eight
feed nutrient characteristics such as acid detergent lignin (ADL), acid detergent
fiber (ADF), neutral detergent fiber (NDF), crude fiber, crude protein, ether extract,
ash, and the nitrogen-free extract (NFE) was used for 48 grassland plants samples
obtained from natural pastures of Ankara. According to the results of path analysis,
the most significant effects on metabolizable energy were reported in crude fiber, acid
detergent lignin, crude protein, ash, and nitrogen-free extract. In addition, both acid
detergent lignin and neutral detergent fiber had a negative and significant impact on
metabolizable energy. As a result, acid detergent lignin and neutral detergent fiber can
be presented as prediction criteria to predict metabolizable energy.

Keywords: Correlation, Path Analysis, Path Coefficient, Direct Effects, Indirect Effect.
e e

MERA SAMANI iCiN YEM OZELLIKLERININ METABOLIZE EDILEBILIR ENERJiSi
UZERINE PATH ANALIZ

6z

Bu caligmanin amaci, dogal mera samaninin metabolize edilebilir enerji icerikleri
tizerine besin maddesi igerigi 6zelliklerinin dogrudan, dolayl ve toplam etkileri Path
analizi kullanarak incelemektir. Bu amagla, Ankara'nin dogal meralarindan alinan 48
bitki 6rnegi i¢cin metabolize edilebilir enerji ile ADL, ADE, NDF, ham seliiloz, ham
protein, eter ekstrakt, kiil ve NFE gibi yem besin maddesi 6zelligi arasindaki iliskiler
kullanilmigtir. Path analizi sonuglarina gore, ham seliiloz, ADL, ham protein, kil ve
NFE’nin metabolize edilebilir enerji tizerinde en 6nemli etkileri oldugu bulunmustur.
Ayrica ADL ve NDF, metabolize edilebilir enerji {izerinde negatif ve anlaml bir etkiye
sahip oldugu belirlenmistir. Sonug olarak, metabolize edilebilir enerjiyi tahmin etmek
i¢cin ADL ve NDF tahmin kriteri olarak 6nerilebilir.

Anahtar Kelimeler: Korelasyon, Path Analizi, Path Katsayisi, Dogrudan Etki, Do-
layl: Etki.

ok
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1. INTRODUCTION

The general aim of animal nutrition is to provide nutrients that will increase
the productivity of the livestocks. Feed intake is one of the most important factors
that will increase the productivity of animals. Variation in feed quality due to a
variety of factors such as genetic structure of feed material, season, differences in
storage conditions, and sampling errors of feed material used can have a significant
impact.. As a result of the evaluation of all these factors, it is difficult to find the
standard feeding values of feeds. There are many factors affecting the quality of
feed that this will increase the quality of livestock. These factors, such as acid
detergent lignin (ADL), acid detergent fiber (ADF), neutral detergent fiber (NDF),
crude fiber (CF), crude protein (CP), ether extract (EE), ash (A) and nitrogen-
free extract (NFE), metabolizable energy (ME) can affect the productivity and the
quality of food from animal origins.

There is a close relationship between the nutrient content of feeds and energy.
ADF and NDF affect the digestibility of feeds. Thus, they also affects energy values.
ADF and NDF can be determined in a short amount of time. In addition, relative
teed value (RFV) can be calculated by ADF and NDF which help to determine the
feed quality of roughages as given below (Rohweder et al. 1978).

Dry matter intake (DMI)=(LiveWeight=LW%)=120/(NDF%) (1)
Dry matter digestibility (DMD)(%)=88.9-(0.779xADF%) (2)
Relative Feed Value (RFV)=(DMDxDMI)/1.29 (3)

In most cases, those with higher potential for these factors are chosen as feed
materials. Therefore, it is necessary to determine the factors affecting these features,
which play a crucial role in the selection, and the effect levels of these factors.

In statistical models with two or more variables, cause-effect relationships are
generally emphasized, and if there is a functional relationship between variables,
the degree and functional form of the relationship are tried to be determined. To
determine these effects of factors, many statistical methods such as regression and
correlation analysis can be used (Onder and Abaci, 2015). The common method
to determine these relationships is correlation analysis (Gul et al., 2019). It is not
always possible to explain the relationships between the factors affecting the feature
under consideration with a simple correlation coefficient. Because the relationship
between two variables can be affected by a third variable or more variables (Gul et
al., 2019; Tahtali et al., 2011). These effects, which are defined as direct and indirect
effects, need to be determined. Path analysis was used to determine the direct and
indirect effects between variables more accurately (Alpar, 2013). Path analysis
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differs from other multivariate methods in that it considers not only direct but also
indirect effects in order to determine the effects and artificial effects (Isci Guneri
etal., 2016).

When the literature is examined, no other study has been found that examines
the direct and indirect effects on the relationships between feed nutrient contents
and metabolizable energy. For this reason, the aim of this study was to determine
direct and indirect effects of the feed nutrient content characteristics such as acid
detergent lignin, acid detergent fiber, neutral detergent fiber, crude fiber, crude
protein, ether extract, ash, and nitrogen-free extract, and metabolizable energy.

2. MATERIAL AND METHODS

The feed material used in the study consists of natural pasture feeds taken from
various parts of Ankara province in Turkey (Saricicek, 2020). Plant samples from
natural meadows were taken every 15 days in May, June, July and August and
analyzed. Plant nutrient analysis (CP, ash, EE, CF) were performed according to
AOAC (1990).

Metabolic energy value was determined for ruminants according to Menke et
al. (1979) using the following formula.

ME,M]J / kgDM = 2.20 + 0.136GP + 0.057CP + 0.002859EE? (4)

where; GP: 24 h net gas production (ml/200mg DM), CP: Crude protein (%),
EE: Ether extract (%).

NEL value was determined using the formula MJ / kgDM = 0.101GP + 0.051CP
+ 0.11EE for ruminants, according to Menke and Steingass (1988). In addition,
ADE NDF and ADL analysis were made according to Van Soest et al. (1991) by
using Ankom device.

Determining the relationship between metabolic energy and other nutrient
contents is important for the preparation of the correct ration formulation.
Multivariate statistical methods can be used to determine this relationship. There
are many multivariate statistical tecniques such as regression analysis, correlation
analysis. Investigating the relationship and the degree of this relationship is within
the scope of correlation analysis. The correlation coefficient obtained, one of the
variables being the result and the other being the explanatory variable, appears as
a measure that also expresses the level of influence of these variables on each other.
However, even in this case, it is not possible to determine the relationship between
the two variables completely. However, there are also nonlinear relationships
apart from linear relationships between variables. The process of analysis and

https://doi.org/10.7161/0muanajas.980656 d



Determination of the Direct and Indirect Effects of Feed Energy...

interpretation of nonlinear relationships is difficult. Therefore, a path analysis
technique, in which all relationships are considered linear, is proposed according
to this assumption (Kayali, 2013).

The path coefficient, whose formula is given below where Y and X used as
a dependent variable and independent variable respectively, was proposed by
(Wright, 1921). Path analysis is a multivariate technique that enables to estimate
direct and indirect effects between explanatory and response variables in the
model (Mitchell, 1992). There are two main components of path analysis, which
are namely the path coefficients representing the mathematical part and the path
diagram representing the visual part (Isci Guneri et al., 2016). The standardized
regression coefficient found by Wright, which is also a path coefficient, was used to
calculate the direct and indirect effects of the correlation coefficient.

P=2, %)

The path coefficient including direct and indirect effects can be shown with
the path diagram. The important and hardest part of path analysis is to logically
construct a path diagram. Even if there is no need for a path diagram in practical
studies, it would be useful to find direct and indirect effects, from the type of
correlation, between explanatory and response variables (Pedhazur, 1997; Isci
Gunerij et al., 2016). If there is a path coefficient greater than 1 in the path diagram,
this situation indicates that there is a balancing mechanism (negative effect) in the
system. Path coefficients greater than 1 are not unilaterally significant due to this
negative effect (Li, 1975; Isci Guneri et al., 2016).

Figure 1 shows that a path diagram to reveal direct and indirect effects between
some feed characteristics and metabolizable energy content. In Figure 1, direct and
indirect effects are shown as a one-way arrow and two-way arrow, respectively.

Figure 1. Path diagram of metabolizable energy and other feed nutrient con-
tent characteristics
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INFE-ME = PME-NFE T TA-NFE * PME-A T TCP-NFE * PME-CP T TEE-NFE * PME-EE T TADL-NFE * PME-aDL T

TNDF-NFE * PME-NDF + TADF-NFE * PME-ADF + TCP-NFE * PME-CF 6)

Fa-ME = PME-4 T 'NFE-A * PME-NFE T TCP-A * PME-CP T VEE-4 * PME-EE T FADL-A * PME-4DL T 'NDF-4 *
PME-NDF + TADF -4 * PME_ADF T TCF-a * PME_CF (6h}
FcP-ME = PME-CP + TNFE-CP * PME-NFE T TA-CP * PME-A T TEE-CP * PME-EE T TADL-CP * PME-ADL +

PNDF-CP * PME-NDF + FADF—CP * PME-ADF + TCF-CP * PME-CF &)
FEE-ME = PME-EE T TNFE—EE * PME-NFE T Ta—EE * PME-A T FCP—EE * PME—cP T FaDL-EE * PME-aDL T

INDF-EE * PME-NDF T FADF-EE * PME-ADF T FCF-EE * PME-CF @)
FADL-ME = PME-ADL T FNFE-ADL * PME-NFE T FA-ADL * PME-A T FCP-ADL * PME-CP T FEE-ADL * PME-EE T
PNDF-ADL * PME-NDF T TADF-ADL * PME-ADF T FCF-ADL * PME-CF 10y
INDF-ME = PME-NDF T 'NFE-NDF * PME-NFE T FA-NDF * PME-A T 'CP-NDF * PME—cP T FEE-NDF * PME-EE T
FADL-NDF * PME-ADL T TADF-NDF * PME-ADF + FCE-NDF * PME—CF (11)
TADF-ME = PME—ADF T TNFE-ADF * PME-NFE T TA-ADF * PME—A T TCP-ADF * PME—CP T TEE-ADF * PME-EE T
TADL-ADF * PME-aDL + TNDF-ADF * PME-NDF + TCF-ADF * PME-CF 12)
TcP-ME = PME-CF T INFE—CF * PME-NFE T Ta_cF * PME-A T Tep-cF * PME-cP T TEE-CF * PME-EE + TaDL_CF *
PME-4DL + TNDF—CF * PME-NDF + FADF —CF * PME-ADF 13

The matrix given below iz used to calculate the path coefficients [16].

PME-NFE 1 RnrE—4 ' TNFE-CF L [rmE-nEe

-, r 1 r Ly Sy
e S B - s
PME-CF TCF_NFE TCF-A 1 TME-CF

The path equations for the path diagram in Figure 1 showing the relationship
between ME and feed properties are as follows.

All statistical analysis were performed by using R software (R Core Team,
2020). For descriptive statistics “psych” package were used (Revelle 2020). The
package for path analysis was used “lavaan” and the related packages for drawing
path diagrams, “semPlot” and “lavaanPlot” were used (Rosseel, 2012; Epskamp,
2019; Lishinski, 2018).

3. RESULTS AND DISCUSSION

Shapiro-Wilk normality test was used to test of normality of the variables. All
the variables were determined to be normally distributed (p>0.05). Descriptive
statistics for data set were given in Table 1.

https://doi.org/10.7161/0muanajas.980656 d



Determination of the Direct and Indirect Effects of Feed Energy...

Table 1. Descriptive statistics of the data

CF  ADF NDF ADL  CO CP CA  NEE ME

(26) (26) (24) (%%) (%) (%) (%) (%4) (kealkeg DM)
N 48 48 48 48 48 43 48 48 48
Mean 3992 4332 3327 938 157 1313 736  37.80 218090
Std. Deviation 706  7.82 10.13 368 022 206 448 849 33036
Minimum 2035 2979 3631 440 130 1044 146 2229 158043
Maximum 34357 3967 7308 1628 213 1841 1814 3212 299371

Pearson correlation coefficients and significance level of correlation coefficients
between whole variables are given in Table 2.

Table 2. Pearson correlation coefficient between feed characteristics and meta-
bolizable energy of feed nutrient contents

CF ADF NDF ADL co CP CA NFE ME
(%0) (%a) (%a) (%a) (%0) (%a) (%a) (%0) (kcalkg DM}
CF (%) 1
ADF (%) 8397 1
NDF (%) 828" 973 1
ADL (%) 833" 91377 810" 1
CO (%) 0106  -0.008 0.052 0.152 1
CP (%) _637* 572" _s505% _626" 0265 1
CA (%) 427 0272 291% 423" 302" -607"" 1
NFE (%) -o06*  _7o2™ 7RO _E43" 0211 637 743" 1
g’;&){k‘:ﬂkﬁ -804*  _066"* _880** (0088 584 _322° 776" 1

**_ Correlation 15 significant atthe 0.01 level (2-tailed). *. Correlation is significant atthe 0.03 level (2-tailed).

Table 2 shows that the correlation coefficients between all variables, with the
exception of ether extract, and between crude protein and ether extract, NFE and
ether extract, metabolizable energy and ether extract, ash and ADF, were statistically
significant (p<0.05). Among the significance correlations, the coefficients between
crude fiber and ADF (r= 0.939**) were determined to be the highest, whereas the
coeflicients between ash and NDF (r= 0.291*)were found to be the lowest.

Direct, indirect and total effects calculated between each explanatory variable
and ME are shown in Table 3.

Table 3. Direct and indirect effect of the feed nutrient contents characteristics
on metabolizable energy

Pathwaysz Effect value p-valoe

The relations of crode fiberand metabolizable enersy

Dhract effect -p.999 0.434
Indirect effect over ATIF _0.758 0.000
Indirect effact ova MDF -0.339 0.000
Indirect effect ova ADL 0.019 0.000
Indirect effact over crudeoil 0.008 0.469
Indirect effect over crudeprotein 0216 0.000
Indirect effect over crudeash .0.394 0.007
Indirect effact over NFE 1.3189 0.000
Total indirect effect 0.10%

Total correlation -0.894 0.000
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The relations of ADF and metabolizable energy

Direct effect

-0.806 0.000
Indirect effect over crude fiber -0.938 0.000
Indirect effect over NDF -0.336 0.000
Indirect effect over ADL -0.018 0.000
Indirect effect over crude oil -0.001 0.954
Indirect effect over crude protein 0.187 0.000
Indirect effect over crude ash -0.251 0.072
Indirect effect over NFE 1215 0.000
Total indirect effect -0.161
Total cormelation -0.967 0.000
The relations of NDF and metabolizable energy
Direct effect -0.365 0.008
Indirect effect over crude fiber -0.927 0.000
Indirect effect over ADF -0.786 0.000
Indirect effect over ADL -0.018 0.000
Indirect effect over crude oil 0.004 0.724
Indirect effect over crude protein 0.195 0.000
Indirect effect over crude ash -0.269 0.055
Indirect effect over NFE 1.210 0.000
Total indirect effect -0.590
Total correlation -0.955 0.000
The relations of ADL and metabolizable energy
Direct effect -0.020 0.834
Indirect effect over crude fiber -0.932 0.000
Indirect effect over ADF -0.736 0.000
Indirect effect over NDF -0.332 0.000
Indirect effect over crude o1l 0.012 0.303
Indirect effect over crude protein 0.225 0.000
Indirect effect over crude ash -0.390 0.008
Indirect effect over NFE 1.293 0.000
Total indirect effect -0.860
Total comelation -0.880 0.000
The relati of crude oil and metabolizable energy
Direct effect 0.077 0.181
Indirect effect over crude fiber -0.106 0.469
Indirect effect over ADF 0.007 0.954
Indirect effect over NDF -0.019 0.724
Indirect effect over ADL -0.003 0.303
Indirect effect over crude protein 0.087 0.079
Indirect effect over crude ash 0.048
Indirect effect over NFE 0.156
Total indirect effect
Total commelation 0552

_The relations of crode protein and metabolizable energy

Direct effect 0401
Indiract affect over crudafiber 0000
Indirect effect over ADF 0.000
Indirect effect over NDF 0.000
Indirect effect over AT 0000
Indirect effect over crudeoil 0.ove
Indirect effect over crudeash 0.000
Indirect effect over FMFE Q.000
Total indirect effact
Total corxealation 0.000

The relations of cronde ash and metabolizable enerey

Dhirect effect -D.923
Indirect effect over crudefiber -0.428
Indirect effect over ADF -0.215
Indirect effect over MDF -0.106
Indirect effect over ADL -0.00E
Indirect effec over crudeoil 0.023
Indirect affect over crudeprotem. 0.199
Indirect effact over INFE 1.139
Total indirect effect 0.601
Total correlation -0.322
The relations of NFE and metabolizable energy

Direct effect -1.533
Indiract effect over crude fiber 0905
Indirect effect over ADF 0.639
Indirect effect over MDF 0.2BB
Indirect effect over ADL 0.017
Indirect effec over crudeoil -0.016
Indirect affect over crude proteim -0.209
Indirect effect over cTudeash D.6E6
Total indirect effect 2.309
Total corrslation 0.776
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According to Table 3, when the direct effects are examined, it is seen that all
variables except for ether extract have negative effects. Ether extract has a positive
direct effect on metabolizable energy with a value of 0.077 and the p-value of this
effect is 0.181. NFE has a negative direct effect on metabolizable energy with a
value of -1.533.

In the present study, path analysis was used to determine the direct and indirect
effects for the feed nutrient contents characteristics such as ADL, ADF, NDF, CF,
CP, EE, A and NFE and ME. According to Li (1975) and Isci Guneri et al. (2016),
path coeflicients greater than 1 are not unilaterally significant due to the negative
effects of the mechanism. Other negative direct effects between feed characteristics
and metabolizable energy are ADF, NDE, ADL, crude protein and ash with the
values of -0.806, -0.365, -0.020, -0.328, -0.923, respectively. Of these negative direct
effects, only ADF and NDF were found to be statistically significant (p<0.05). There
is no study about the naturel pasture hay within the scope of path analysis. Sayan
et al. (2004) reported the correlations between ME and in vitro characteristics
such as A, CP, EE, CF, NFE, ADF and NDE. The highest and the most significant
correlations are between EE(0.783), CF(-0.851), ADF (-0.892) and NDF (-0.760),
respectively. However, Sayan et al. (2004) emphasized that according to Menke and
Steingass (1988), it would be more appropriate to consider the amount of NDF or
ADF compared to EE, CE, A in meeting the roughage fiber needs of ruminants,
therefore, ADF and NDF are more important parameters. Furthermore, ADF and
NDEF affect the digestibility of feeds. Thus, it also affects energy values. ADF and
NDF can be determined in a short time. In addition, in the present study, there
is a significant indirect effect on metabolizable energy for ether extract, crude
fiber, ADL, crude protein, ash and NFE (p<0.05). Canbolat and Kahraman (2009)
compared the in vitro gas production, metabolizable energy (ME), organic matter
digestibility (OMD), relative feed values (RFV) for the legume forages and they
reported the relationship between ME and CP (0.756), EE (0.353), ADF (-0.832),
NDF (-0.795) within the scope of correlation analysis, respectively. Of these
relationships, only EE was found to be statistically insignificant (p<0.01).

4. CONCLUSION

In vivo digestion trials are expensive and require a long time to determine
the metabolizable energy (ME) value in feed. However, it is very important
that the parameters to be used in determining the ME values of feed materials
such as roughages and industrial residues are reliable and that they are obtained
economically and practically. For this reason, researchers have conducted many
studies on which parameters are more important in predicting ME.

According to the results, ADF and NDF have the highest effect on metabolizable
energy in the feed evaluation process. In addition to the direct effects of ADF and
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NDF on metabolizable energy, other feed properties have indirect effects through
ether extract, crude fiber, ADL, crude protein, ash and NFE. Especially in the
literature, NDF or ADF amounts instead of crude protein, ether extract, crude
fiber are shown as reliable parameters to estimate metabolizable energy. Therefore,
researchers interested in animal nutrition should take into account that ADF and
NDF are important selection criteria in their work to predict metabolizable energy.
The RFV method developed for quality control in roughage is used. The ADF and
NDF contents of feeds are used to calculate the RFV value. RFV is currently an
important guide in marketing and determining the quality of roughage. In this
way, ADF and NDEF, which are among the nutrient contents of the feed, support the
results as important criteria as feed evaluation criteria.

Acknowledgements

This work was supported by the Turkish Ministry of Agriculture and Forestry
as a TAGEM-16 / ARGE-13 project.

Author Contribution Rates

Design of Study (Calismanin Tasarlanmasi): CT (%25), ZS (%50), HO (%25)
Data Acquisition (Veri Toplanmast): ZS (%100)

Data Analysis (Veri Analizi): CT (%50), HO (%50)

Writing up (Makalenin Yazimi): CT (%33), ZS (%34), HO (%33)

Submission and Revision (Makalenin Génderimi ve Revizyonu): CT (%40), ZS
(%20), HO (%40)

REFERENCES

Alpar R, 2013. Applied Multivariate Statistical Methods (4" edition): Detay Anatolia Yayincilik. ISBN: 978-605-5437-
42-8.

AOAC, 1990. Sample Preparation (950.02) Official Methods of Analysis, Association of Official Analytical Chemists,
15" edition, Washington DC, 1990.9;93:217-222.

Canbolat, O, Karaman, S, 2009. Comparison of in Vitro Gas Production, Organic Matter Digestibility, Relative
Feed Value and Metabolizable Energy Contents of Some Legume Forages. Journal of Agricultural Sciences,
15(2), 188-195.

Epskamp S., 2019. semPlot: Path Diagrams and Visual Analysis of Various SEM Packages’ Output. R package
version 11.2. https://CRAN.R-project.org/package=semPlot.

Gul S, Keskin M, Guzey Y.Z, Behrem S, Gunduz Z., 2019. Path Analysis of the Relationship Between Weaning
Weight and Some Morphological Traits in Awassi Lamb. Kahramanmaras Sutcu Imam University Journal Of
Agriculture and Nature, 22 (Suppl 2), 431-435.

IBM Corp. Released, 2012. IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp.

Isci Guneri O, Goktas A, Kayali U, 2016. Path analysis and determining the distribution of indirect effects via

https://doi.org/10.7161/0muanajas.980656 d



Determination of the Direct and Indirect Effects of Feed Energy...

simulation. Journal of Applied Statistics, 44:7 1181-1210.

Kayali, U, 2013. Path analysis and a simulation study about the distribution of indirect effects. MSc Thesis. Mugla
Sitki Kocman University.

Li C.C, 1975. Path Analysis a Primer, The Boxwood Press, Pacific Grove, CA.

Lishinski A, 2018 lavaanPlot; Path Diagrams for Lavaan Models via DiagrammeR. R package version 0.5.. https./
CRAN.R-project.org/package=lavaanPlot.

Menke KH, Raab L, Salewski A, Steingass H, Fritz D, Schneider W, 1979. The estimation of the digestibility and
metabolizable energy content of ruminant feeding stuffs from the gas production when they are incubated
with rumen liquor in vitro. The Journal of Agricultural Science, 93(1), 217-222.

Menke KH, Steingass H. 1998. Estimation of the Energetic Feed Value Obtained from Chemical Analysis and in
vitro Gas Production Using Rumen Fluid. Animal Research and Development, 28, 7-55.

Mitchell R, 1992. Testing evolutionary and ecological hypotheses using path analysis and structural equation
modelling. Functional Ecology, 6(2), 123-129.

Onder H., Abaci S.H., 2015. Path Analysis for Body Measurements on Body Weight of Saanen Kids. Journal of the
Faculty of Veterinary Medicine, Kafkas University, 21(3), 351-354.

Pedhazur £/, 1997. Multiple Regression in Behavioral Research: Explanation and Prediction. Harcourt Brace
College Publishers. FortWorth, TX.

R Core Team, 2020. R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL: https://www.R-project.org/.

Revelle, W, 2020. psych: Procedures for Personality and Psychological Research, Northwestern University,
Evanston, Illinois, USA, https:/CRAN.R-project.org/package=psych Version = 2.012,.

Rohweder DA, Barnes RE, Jorgensen N., 1978. Proposed hay grading standards based on laboratory analysis for
evaluating quality. Journal of Animal Science, 47(3), 747-759.

Rosseel Y, 2012. lavaan: An R Package for Structural Equation Modeling. Journal of Statistical Software, 48(2). 1-36.
URL http:/www.jstatsoft.org/v48/i02/.

Saricicek Z., 2020. Determination of botanical composition, nutrient content, feed value and quality parameters
in between May-August months of natural grasslands of Ankara province. Black Sea Journal of Agriculture.
3(4), 267-277.

Sayan Y, Ozkul H, Alcicek A, Coskuntuna L, Onenc S.S, Polat M, 2004. Comparison of the parameters using
for determination of metabolizable energy value of the roughages. Journal of Agriculture Faculty of Ege
University. 41(2), 167-175.

Tahtali Y, Sahin, A, Ulutas Z, Sirin E., Abaci S.H,, 2011. Determination of Effective Factors for Milk Yield of Brown
Swiss Cattle Using by Path Analysis. Journal of the Faculty of Veterinary Medicine, Kafkas University 17(5),
859-864.

Topal M., Emsen B, Dodologlu A, 2008. Path analysis of honey yield components using different correlation
coefficients in caucasian honey bee. Journal of Animal and Veterinary Advances, 7(11), 1440-1443.

Van Soest PJ, Robertson JB,, Lewis BA, 1991. Methods for dietary fiber, neutral detergent fiber, and nonstarch
polysaccharides in relation to animal nutrition. Journal of Dairy Science, 74(10), 3583-3597.

Wright S, 1921. Correlation and causation. Journal of Agricultural Research, 20, 557-58

ANAJAS, 2022, Cilt 37, Sayi 2,



- e Anadolu Tarim Bilimleri Dergisi,
H ) = Anadolu Journal of Agricultural Sciences
%%%— ,\w@”\ e-ISSN: 1308-8769, ANAJAS June 2022, 37 (2): 341-360

Identification of Rice Leaf Blight Disease by
Using Image Processing Techniques

Celtik Yanikugi Hastaliginin Gorintd isleme Teknikler
Kullanilarak Tespit Edilmesi

Oguzhan SOYDAN!', Alper TANER?

'Ondokuz Mayis Universitesi Ziraat Fakiiltesi Tarim Makinalari ve Teknolojileri Blimi, Samsun
« oguzhan@kut-san.com.tr « > 0000-0003-4722-8267

20ndokuz Mayis Universitesi Ziraat Fakltesi Tarim Makinalari ve Teknolojileri Béliimi, Samsun
« alper.taner@omu.edu.tr ¢ > 0000-0001-8679-2069

Makale Bilgisi / Article Information

Makale Tiirii / Article Types: Arastirma Makalesi / Research Article
Gelis Tarihi / Received: 29 Adustos / August 2021
Kabul Tarihi / Accepted: 24 Ekim / October 2021
Yil/Year: 2022 | Cilt - Volume: 37 | Sayi-Issue:2 |Sayfa/Pages: 341-360

Atif/Cite as: Soydan, O. ve Taner, A. "Identification of Rice Leaf Blight Disease by Using Image Processing Techniques".
Anadolu Journal of Agricultural Sciences, 37(2), June 2022: 341-360.

Sorumlu Yazar / Corresponding Author: Alper TANER

https://doi.org/10.7161/omuanajas.987368 d



0guzhan SOYDAN, Alper TANER

IDENTIFICATION OF RICE LEAF BLIGHT DISEASE BY USING IMAGE
PROCESSING TECHNIQUESHAY

ABSTRACT:

In rice plant, accurate and timely detection of diseases helps to start agricultural
practices on time and thus reduces economic losses significantly. For this purpose,
image processing techniques were used to identify and classify the rice leaf blight
disease (Pyricularia oryzae Cav.). In image processing, a clustering method was
used for the segmentation of the diseased part, the non-diseased part and the
background. Images of rice leaf blight disease were taken both from the ground and
with the aid of a drone. Levenberg-Marquardt training algorithm was preferred
in artificial neural networks model. While the RMS, R* and error values of the
test data of MEITG proposed for identification were 0.000017, 0.9999 and 0.019%,
respectively, they were found as 0.000007, 0.9999 and 0.002% for MERITD. The
MCITG and MCRITD models presented for classification were found to have
classification success rates of 92.2 percent and 100 percent, respectively. The results
obtained for the identification and classification of rice leaf blight disease show the
teasibility and effectiveness of the proposed model.

Keywords: Artificial Neural Networks, Rice Leaf Blight Disease, Disease
Detection.

e %

CELTIK YANIKLIGI HASTALIGININ GORUNTU iSLEME TEKNIKLERI
KULLANILARAK TESPIT EDILMESI

0z

Celtik bitkisinde, hastaliklarin dogru olarak ve zamaninda tespiti, zirai miicadele
uygulamalarinin zamaninda baslatilmasina ve boylece ekonomik kayiplarin 6nemli
oOlgiide azalmasina yardimci olmaktadir. Bu amagla, ¢eltik yanikligi hastaliginin
(Pyricularia oryzae Cav.) tanimlanmasi ve siniflandirilmasi i¢in gériintii igleme
teknikleri kullanilmigstir. Goriintii islemede, hastalikli kisim, hastalik olmayan kisim
ve arka planin segmentasyonu igin bir kiimeleme yontemi kullanilmigtir. Celtik
yanikligr hastaligy goriintiileri, hem yerden hem de dron yardimiyla almmigtir.
Yapay sinir aglar1 modellerinde, Levenberg-Marquardt egitim algoritmasi tercih
edilmigtir. Tanimlama i¢in 6nerilen Model TYGAnin test verilerine ait RMS, R? ve
hata degerleri sirastyla 0.000017, 0.9999 ve %0.019 bulunurken ModelTDUGAnin
ise 0.000007, 0.9999 ve %0.002 olarak bulunmustur. Siniflandirma i¢in 6nerilen
ModelSYGA ve ModelSDUGA modellerinin simiflandirma basarilar: sirasiyla
%92.2 ve %100 olarak elde edilmistir. Celtik yaniklig1 hastaliginin tanimlanmasi ve
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siniflandirilmast igin elde edilen sonuglar, 6nerilen yontemin uygulanabilirligini ve
etkinligini gostermektedir.

Anahtar Kelimeler: Yapay Sinir Aglar, Celtik Yaniklig1 Hastahgi, Hastalik Tes-
piti.

L
1. INTRODUCTION

Grains are the most widely used product group and they have an important
place in human and animal nutrition. Rice plant, which is differentiated from other
grains with its ability to germinate in water and to benefit from oxygen dissolved
in water, is difficult to grow; however, its economic return is quite high (Oztiirk
and Akgay, 2010). Rice (Oryza sativa L.) is the second most consumed product
in the world after wheat and is an essential nutrient for approximately 3.5 billion
people. With the increase in population, the demand and consumption of rice also
increase. Rice diseases cause large amount of loss in yield (Abed-Ashtiani et al.,
2012). In order to meet the increasing food demand, rice production needs to be
increased by more than 40% until 2030 (Khush, 2005; Roy-Barman and Chattoo,
2005). The nutrient content of rice includes protein, carbohydrate, fat and many
vitamins (Juliano, 1985; Verma and Shukla, 2011; Alvaro et al.,, 2018).

Rice grows better between latitudes 35° South and 45° North, at an altitude
of 1500 m above the sea, in low water permeability, deep, loamy, soil conditions
which are rich in nutrients and which have a pH between 4.5 and 7.5 (Siirek, 2002;
Xiongs et al., 2011). While the rice production area was 167.249.103 hectares in
2017, the amount of production was 769.657.791 tons. China, India, and Indonesia
are in the top three in rice production, meeting 68% of world rice production. In
our country, 900.000 tons of rice were produced in 109.505 hectares in the same
year. 71% of this production occurred in the Marmara region, while the Western
Black Sea region of the Black Sea region covered 26%. These two regions constitute
97% of the total rice production in Turkey. Rice yield has been 460 kg/da in the
world and 822 kg/da in our country (Anonymous, 2019). Rice production in our
country has changed over the years. Factors such as climatic conditions, breeding
techniques, and insufficient cultural treatments cause fluctuations in yield.

There are many problematic diseases in rice farming. Three major diseases
that can cause economic problems in our country are rice leaf blight disease
(Pyricularia oryzae), crown rot (Fusarium moniliforme) and brown spot disease
(Helmithosporium oryzae) (Siirek, 1995; Prajapati et al., 2017). Rice diseases have a
devastating effect on rice production. In addition, they are also a big threat for food
safety. The most important of these diseases is rice leaf blight disease. Its symptoms
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on the plant are seen on the leaves, ligule, sheath, nodes, panicle, peduncle, and
grain husk. These symptoms are generally diamond-shaped, with two pointed
ends, gray in the middle, with brown-reddish spots around; on the legule, they look
like tightened with a thread, on the stalk they appear as an oil stain and petroleum
green colored mold develops on these stains; no grains but white colored husks
develop on the panicle (Bonman, 1992; Siirek, 2002; Devi and Neelamegam, 2018).

If the disease progresses, the plant may dry out completely, and sometimes no
crops may be taken from the field. In addition to reducing the amount of product
taken, the disease can also reduce the quality of the products. The disease can be
carried with seeds, plant waste and soil (Siirek, 2002; Elmaci, 2012). Factors such
as high relative humidity (over 80%), excessive nitrogen fertilization, late planting,
high plant density, use of cold irrigation water and dehydration of the plant play an
important role in the emergence of the disease (Feakin, 1971). By paying attention
to these negativities, the disease is fought with cultural measures and chemical
methods such as growing resistant varieties, alternate planting, removing diseased
plant residues from the field after harvesting (Siirek, 2002). Rice leaf blight disease
can cause loses of ranging from 30 to 100% in both the world and our country
under suitable conditions (Gobelez, 1953; Feakin, 1971; Kihoro et al., 2013). For
this reason, the diagnosis and identification of rice diseases play a very important
role in ensuring high quality and high yields (Yang et al., 2017).

In many countries, agriculture is one of the major sources of income for people.
The plants needed are grown by farmers depending on environmental conditions.
However, farmers are faced with many problems such as natural disasters, water
scarcity, and plant diseases (Pantazi et al., 2019). Most of the problems can be
reduced by providing some technical features, detecting diseases on time and
taking precautions can increase productivity and therefore the need to seek experts
may not be necessary (El-kazzaz et al., 2015). Recently, the identification and
classification of plant diseases has become one of the important research topics in
agriculture (Yusof et al., 2018).

It is very important to recognize plant diseases in order to prevent the losses in
the amount of agricultural product and yield (Kim et al., 2018). Studies conducted
on the recognition of plant diseases mean that diseases are observable visible
patterns in plants (Astonkar and Shandilya, 2018). The process of identifying plant
diseases is more difficult with the traditional method. The traditional method
requires more process time, more workload and experience and knowledge of
experts in plant diseases. In order to eliminate these negativities, it is necessary to
find out leaf diseases with new methods and techniques in evaluating agricultural
products, increasing market value and meeting quality standards. Early and
accurate identification and diagnosis of plant diseases is an important factor in
plant production and enables reducing both qualitative and quantitative losses in
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crop yvields. For this purpose, a large number of advanced techniques such as image
processing and artificial neural networks are used for disease detection. Image
processing techniques are one of the methods used for identifying plant diseases
(Singh and Misra, 2017; Singh et al., 2018).

Image processing steps for disease recognition include image acquisition,
image pre-processing, image fragmentation, feature extraction and finally
classification (Kamal et al., 2018). These techniques can only be applied on the
external appearance of infected plants (Patricio and Rieder, 2018). In most plants,
leaves are generally an important source for detecting plant diseases. Symptoms of
plant diseases vary for different plants. Plant diseases are different in terms of color,
size and shape and each disease has its own unique characteristics. Some diseases
are yellow, while some are brown (Barbedo et al., 2016). Some diseases have the
same shapes, but different colors, while some have the same color but a different
shape. After finding out the diseased and non-diseased normal parts, the features
related to the disease can be found (Sladojevic et al., 2016).

Artificial neural networks (ANN) are used in many of the studies conducted
in the field of engineering for model development. ANN is used especially in
modelling non-linear and complicated structures and efficient results are obtained.
While many of the models obtained with classical methods in similar structures
give insufficient results, ANN models give more successful results. ANN has
important potential in the classification and identification of agricultural products
(Dubey et al., 2006; Visen et al., 2002).

The structure of ANN is made up of three layers; input, hidden and output, which
consist of neurons and are connected to each other with weights (Figure 1). Weights
are determined by a large number of existing learning algorithms. Backpropagation is
a learning algorithm and it is one of the most widely used. Backpropagation algorithm
is used to minimize the total error by changing the weights. The inputs coming from
the previous layer are multiplied with the weights of the corresponding links. Each
neuron processes the inputs weighted with a transfer function in order to produce its
output. Transfer function may be linear or non-linear. The data are grouped into two
as a training and test set. In this way, the weight values which minimize the difference
between actual and estimated output values are found (Kalogirou, 2001).

| Input Layer | | Hidden Layer | Qutput Layer

Figure 1. General structure of ANN.
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Manual detection of plant diseases occurs as the observation of experts with
the naked eye or testing in the laboratory and requires visual observation expertise,
while laboratory testing is a time consuming and expensive method (Mohanty
et al., 2016; Shrivastava et al., 2019). Disease detection process is difficult with
this method, and sometimes there is also a possiblity of making mistakes while
identifying the disease type (Mahlein, 2016). Rice plant production has been
decreasing gradually in recent years due to the insufficiency of suitable methods to
detect rice plant leaf diseases (Pinki et al., 2017). To overcome this, a suitable and
rapid identification system for rice leaf diseases is required.

The present study recommends a method to identify rice leaf blight disease
by using diseased images. For this purpose, the data set was prepared by taking
the images of rice plant from cultivated areas. Background elimination for image
processing was performed by preprocessing. The parts of diseased and non-
diseased leaves were determined and ANN techniques were used for classification.

2. MATERIAL AND METHOD

In the study, images of rice leaf blight disease (Pyricularia oryzae cav.) were
used as material. Of the 250 images used, 200 were taken from the ground and 50
were taken remotely with a drone.

The drone used in the study (DJI Mavic Pro) has a camera which can take
photos in 2.3 inches and 12.3 megapixel resolution and record 4K video with C4K
(4096 x 2160) and UHD (4K 3840 x 2160) resolution. The camera which was used
for taking images from the ground (Lenovo Moto Z (XT1650-03)) has a resolution
of 13.0 megapixels and was used as fixed on a specially designed apparatus (Figure
2).

Adobe Photoshop program and MATLAB program (Image Processing Toolbox)
were used for image processing and MATLAB (Neural Network Toolbox) program
was used for artificial neural network modelling.

Rice leaf blight disease was first identified by experts through ground
observations. Images were taken after the disease was confirmed. The images
were obtained with two different methods as from the ground and remotely with
drone. The images taken were processed with image processing programs and the
diseased parts were determined. In the study, these parts were evaluated as actual
diseased areas (ADA) and diseased areas obtained with image processing (DAIP).
Image taking started from the fourth week of May (the first appearance of the
disease) and continued until the end of July. Images were taken on sunny, windless
and rainless days. Ground images were taken with a camera placed on an apparatus
designed to be vertical to the land surface. Images from the ground were taken
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from 80, 120 and 140 cm, depending on the growth period of the plant. Remote
image taking with drone was carried out with a camera placed on the drone. The
images were taken from 200 cm high with drone.

Figure 2. The drone used in the study.

In the methods of image taking from the ground and remote image taking with
a drone, classifications were made based on the severity of the disease. The ground
image acquisition method consists of 10 classes, while the drone remote image
acquisition method consists of 4 classes. Disease severity was determined by taking
weighted averages separately for both methods.

2.1. Image Processing

Image processing was carried out by taking the image, filtering the image,
turning the image into a gray image, thresholding the image and determining
the dimensions of the image (Gonzalez and Woods, 2008; Agin and Taner, 2015).
Filtering was carried out to remove the unwanted spots and stains on the image.

2.2. Obtaining Gray Images

The images of plants can be green in different shades depending on water,
fertilizer and climatic conditions. Using colorful images in image processing may
cause various problems in the differentiation of diseased and non-diseased areas
(Husin et al., 2012). The images were converted into gray images in order to solve
these problems and reach more accurate problems quickly.

2.3. Obtaining Black and White Images

Black and white images were obtained by converting the areas corresponding
to gray tone (non-diseased) into black and the rest of the areas (diseased) into
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white with appropriate thresholding value on the gray image. The appropriate
thresholding value was determined by reducing all of the green areas until they
became black in steps 0f 0.01 from 1 to 0. With black and white image, non-diseased
areas were obtained as black and the diseased areas were obtained as white.

2.4. Determining the Diseased Areas

With the image processing commands applied in the previous steps on original
images, spatial losses occur, especially when removing disease-free areas from
the image. Later, diseased areas obtained with image processing (DAIP) were
measured in pixels.

All diseased areas in the image were cropped to the tolerance threshold of 25%
in order to identify the actual diseased areas (ADA) with minimum loss. Later,
the diseased areas were transferred to a white background in the same size as the
original image and the actual diseased areas (ADA) in these images were identified
(Figure 3).

The severity of the disease on the image was calculated by proportioning the
diseased areas in the image, that is, the total number of pixels that make up that
area, to the number of total pixels forming the image.

Black-White Image of The Diseased
Image Area Detected

Figure 3. Image processing application example.
2.5. Artifical Neural Networks

In the study, models were developed for both image taking methods, image
taking from the ground and remote image taking with drone with artificial neural
networks (ANN) in order to estimate the diseased areas obtained with image
processing (DAIP) and actual diseased areas (ADA). In addition, classes were
created according to the severity of disease in the methods of image taking from
the ground and remote image taking with drone. These classes were classified with
ANN.
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2.6. Estimation of the Diseased Areas with Artificial Neural Networks

In the present study, ANN techniques were used to estimate the actual diseased
areas (ADA). In ANN method, the diseased areas obtained with image processing
(DAIP) were included as input data, while actual diseased areas (ADA) were
included as output data.

In the ANN model developed with image taking from the ground (MEITG),
a total of 200 data - 160 for training, 10 for validation and 30 for test - were used.

In the ANN model developed with remote image taking with drone (MERITD),
a total of 50 data - 37 for training, 3 for validation and 10 for test - were used.

In both methods, the input and output data used were normalized between 0
and 1 (Purushothaman and Srinivasa, 1994). For normalization;

Y = ¥min

Ymax = ¥Ymin (1)

.Y?‘IO?"

formula was used. In order to obtain the actual values from normalized values,
(y) values were calculated from the same formula.

In ANN models, Feed Forward Backprop, Multilayer Perceptron (MLP)
network structure was used. Back propagation (BP) algorithm in this network
improves the performance of the network by changing the weights and minimizes
total error (Jacobs, 1988; Minai and Williams, 1990). Levenberg-Marquardt (LM)
algorithm was used as training algorithm (Levenberg, 1944; Marquardt, 1963).

In the development of ANN models, tansig, logsig and linear (purelin) transfer
functions were used in hidden and output layers (Vogl et al., 1988).

2.7. Classification with Artificial Neural Networks

There were 10 classes in the method of image taking from the ground, while there
were 4 classes in the method of remote image taking with drone. Feed Forward Back
Propagation network structure was used in the classification of output parameters
(Jacobs, 1988; Minai and Williams, 1990). Levenberg-Marquardt (TrainLM) and
Scaled Conjugate Gradiant (TrainSCG) training algorithms were used (Levenberg,
1944; Marquardt, 1963). Hyperbolic Sigmoid Tangent was used in the hidden layer,
while Softmax Transfer function was used in the output layer (Bishop, 1995).
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In the ANN model of image taking from the ground method (MCITG), 117
data were used for training, 32 data were used for validation and 51 data were
used for testing. In the ANN model of remote image taking with drone method
(MCRITD), 30 data were used for training, 5 data were used for validation and 15
data were used for testing.

The classification was grouped into two;“accurate” and “inaccurate”. The neuron
number of the output layer of ANN was chosen as the number of classes. While the
network was trained with the training set, the over-learning status was prevented
by checking with the validation set. The success of the network was checked with
test set.

Models with single hidden layer were tested in this study. The optimum
number of neurons was found by increasing the number of neurons in the hidden
layer (Taner et al., 2010). The networks were compared by increasing the number
of neurons 10 times, from 10 to 100. Ten more trials were made, ranging from
five less neurons to five more neurons of the network that passed the test with
minimum errors. Next, the network with the lowest error was chosen.

After the training of the network was successfully terminated, the network
was tested with test data (Kalogirou, 2001). The success of ANN models was
determined with the total error value of the network. Error Matrix was used to
express the success of the network numerically (Bishop, 1995).

2.8. Determining the Performance of Estimation Models

In order to find out the performances of the results, RMSE and R2 values,

which are based on mean error concept and which are widely used, were calculated
with the following formulas (Bechtler et al., 2001).

1/2

RMSE = (%Z(Xli — Xi)z) (2)
RZ=1- [(Z(Xli - Xi)z)/(Z(Xu)z)] (3)
i=1 i=1

The relative error between the actual values and estimated values was calculated
with the help of the following equation (Bagirkan, 1993).
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X11)

_F
=1

2.9. Assessment of Classification Success

Classificaton success is generally determined with the total error value of the
network. For success in classification networks, it must be shown whether the
specific classification was done correctly. Error matrix was used to express the
state of success numerically (Figure 4). Accuracy (A), sensitivity (S), precision (P)
and F score calculations were used (Gribskov and Robinson, 1996) to evaluate the

classification networks.

NTP
" NTN + NFP

Prediction

(5]

o NTN NTP+NTN
©  NTP+NFN NTN + NFP T

NFP + NFN
T

Observation

Figure 4. Error matrix.

3. RESULTS AND DISCUSSION
3.1. ANN model in image taking from the ground (MEITG)

In the ANN model, the structure of the network is (1-7-1), and it was designed
as 1 input layer, 1 hidden layer and 1 output layer (Figure 5). Levenberg-Marquardt
training algorithm was used for the training of the network. The best results were
obtained by using tansig transfer function at the hidden layer and by using purelin
transfer function at the output layer in the hidden structure of the network. The
lowest training error value was obtained at 537 epoch number for the network.
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| Input Layer| |Hidden Layer| | Output Layer |

Figure 5. Network structure of MEITG.

Performance values of MEITG model were obtained at the hidden layer with 7
neurons with the lowest relative error. In the obtained ANN model, while R* value
was found as 0.999999 and RMSE value was found as 0. 000007 for training, R* value
was found as 0.999999 and RMSE value was found as 0.000017 for test (Table 1).

Table 1. MEITG performance values.

Number of Training Validation Test
Neurons RMSE R? RMSE R RMSE R
7 0.000007 0.999999 0.000405 0.999998 0.000017 0.999999

ADA test data set and ANN estimated values were compared. It was found that
the test data results obtained from MEITG model were compatible with the ADA
data (Figure 6).

14 - Million

ADA
|\

Figure 6. Actual and estimated test data of the diseased areas in image taking
from ground.
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Estimated values of ADA data were obtained with the developed MEITG
model. The results obtained from ANN model and ADA results were compared
with each other. The coefficient (R?) of the relationship between these test data was
found as 99.99% (Figure 7). An average relative error value of 0.019% was obtained
between ADA data and test data obtained from ANN model.

Training: R=0.9999 Test: R=0.9999
0.9 0.9
508 0.8
2 5
S 0.7 Bo7
c’m 0.6 306
g 05 E 0.5
£ 04 " o4
=
< 0.3 a 03
g 02 0.2
0.1 0.1
02 04 06 08 1 02 04 06 08
ADA Data ADA Data
a. Training data set b. Test data set

Figure 7. Regression analysis for training and test sets in in image taking from
ground.

3.2. ANN Model in Remote Image Taking with Drone Method (MERITD)

In ANN model, the structure of the network is (1-5-1) and it was designed as
1 input layer, 1 hidden layer and 1 output layer (Figure 8). Levenberg-Marquardt
training algorithm was used for the training of the network. In the structure of the
network, tansig was used in the hidden layer, while purelin transfer functions were
used in the output layer. The lowest training error value was obtained at 943 epoch
number for the network.

DA<

| Input Layer| | Hidden Layer| | Output Layer|

Figure 8. Network structure of MERITD.
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Performance values of MERITD model were obtained at the hidden layer with
5 neurons with the lowest relative error. In the ANN model obtained, while R?
value was found as 0.999999 and RMSE value was found as 0.0000005 for training,
R? value was found as 0.999999 and RMSE value was found as 0.000007 for test
(Table 2).

Table 2. MERITD performance values.

Number of Training Validation Test
Neurons RMSE R? RMSE R? RMSE R?
5 0.0000005 0.999999 0.000004 0.999999 0.000007 0.999999

ADA test data set and ANN estimation values were compared. It was found
that the test data results obtained from MERITD model were compatible with the
ADA data (Figure 9).

7 - Million
6 .
5 N
4 =
P
CER
2 u
1] —o—Actual =—e=ANN
0 T T T T T T T T 1
— o o =+ w 0 ~ -1 [=} =1
= = =] 3 = = = [ 3] =
Test Data

Figure 9. Actual and estimated test data of diseased areas in remote image ta-
king with drone.

With the help of the developed MERITD model, estimated values of ADA
data were obtained. The results obtained from ANN model and ADA results were
compared with each other. The coefficient of the relationship between these test
data (R?) was found as 99.99% (Figure 10). 0.002% average relative data was found
between ADA data and the test data obtained from ANN model.
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Figure 10. Regression analysis for training and test sets in remote image taking
with drone.

3.3. Classification in Image Taking from the Ground Method (MCITG)

There were 2 independent variables and 10 dependent variables in this study.
Feed Forward Backpropagation, Levenberg-Marquardt training algorithm, and as
transfer function Hyperbolic Sigmoid Tangent function in the hidden layer and
Softmax functions in the output layer were used in the classification with ANN.
The networks were trained with training set, they were checked with the validation
set and the training was terminated before the training was overlearned. The
success of the network was checked with the test set. Termination cycle limit of the
training algorithm was chosen as 1000 and validation was made in all trainings. 6
consecutive validation errors were set as the criterion to terminate training and the
training was set to stop when the calculated training error became 0.

Networks were initially trained by increasing the number of neurons from 10
to 100 by 10. By re-training from the 5 lower and 5 higher of the best result found
here, it was found that the network with 25 neurons gave the best result at 286 epoch
number. In the training set, 111 of the 117 data were classified correctly, while 6
were classified incorrectly and an accuracy of 94.9% was obtained. In the test set,
47 of the 51 data were correct, 4 were classified incorrectly and an accuracy of
92.2% was obtained (Table 3). Disease severity in this model was found as 18.61%.
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Table 3. Test set classification results of MCITG.

3.4. Classification in Remote Image Taking with Drone (MCRITD)

There were 2 independent variables and 4 dependent variables in this study. Feed
Forward Backpropagation, Levenberg-Marquardt training algorithm, and as transfer
function Hyperbolic Sigmoid Tangent function in the hidden layer and Softmax
functions in the output layer were used in the classification with ANN.

Networks were initially trained by increasing the number of neurons from 10 to
100 by 10. By re-training from the 5 lower and 5 higher of the best result found here, it
was found that the network with 44 neurons gave the best result at 18 epoch number.
In the training set, all of the 30 data were classified correctly, and an accuracy of 100%
was obtained. In the test set, all of the 15 data were classified correctly, and an accuracy
of 100% was obtained (Table 4). Disease severity in this model was obtained as 27.73%.

Table 4. Test set classification results of MCRITD.
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Classification was made with ANN and performance was evaluated (Table 5).
Sensitivity and accuracy values were found to be very high in both training and test
sets for MCITG. F Score was also found to be high enough. Since classification was
obtained with 100% accuracy in MCRITD, performance values gave the highest
value.

Table 5. Comparison of Model performances.

Set Model Accuracy Sensitivity Precision F Score
Training MCITG 0.9487 0.9397 09517 0.9457
Test 09216 0.9208 09556 0.9379
Training s 1.0000 1.0000 1.0000 1.0000
Test 1.0000 1.0000 1.0000 1.0000

Accuracy alone is insufficient to show the success of the classification model.
While evaluating the classification success of the models, both sensitivity and
precision should be taken into consideration together. High sensitivity and
precision are expected from a successful classification model. F score is an
important parameter for evaluating sensitivity and precision together. When
evaluated in general, it was found that both models were reliable enough to be
used.

Many studies have been carried out using ANN to detect rice leaf blight
disease. In these studies, the success of detecting the disease was 79.71% (Billah et
al., 2007), 70% (Phadikar and Sil, 2008), 95.48% (Yang et al., 2017), 99% (Ramesh
and Vydeki, 2019).

4. CONCLUSION

Image processing and ANN are valuable methods that can be used in theory
and practice in the field of agriculture. In the present study, both methods were
used together and an innovative approach was presented to develop the estimation
and classification skills of ANN.

Of the ANN-based models proposed, MCITG could successfully classify 10
disease classes through image recognition, while MCRITD could effectively
classify 4 disease classes. In areas with rice leaf blight disease, it was found that the
proposed ANN models (MEITG and MERITD) could identify the diseased areas
accurately and effectively. These models have a good training performance and
recognition ability.
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It would be appropriate to increase the number of high-quality images to
increase the identification accuracy of rice diseases further. In addition, it may also
be suggested to make use of other neural network architectures and deep learning
algorithms.
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PLACENTAL TRAITS, AND PLASMA CONCENTRATION AND PLACENTAL MRNA
EXPRESSION OF IGF-I IN BAFRA SHEEP BREED WITH DIFFERENT BIRTH TYPE

ABSTRACT:

Insulin-like growth factors (IGF) promote follicle development, ovulation, and
embryonic development and affect placental and fetal growth and development in
many mammalian species. Therefore, this study aims to determine the relationship
between birth type, plasma concentration, and placental mRNA expression of
IGF-1in Bafra ewes. A total of 30 ewes with single (n=15) or twin (n=15) gestation
and at least 2 offspring were used as experimental animals. Before mating, blood
samples were collected from the jugular vena of all ewes. Following lambing,
birth type, live weight, and sex of lambs and placental traits have been recorded.
A commercial ELISA kit was used to measure plasma IGF-I concentration
levels. IGF-I gene expression level has been determined by real-time quantitative
polymerase chain reaction. No difference was observed between single and twin-
bearing sheep in terms of placental weight and various cotyledon characteristics
in the study. In contrast, total cotyledon weights were lower in singleton gestation
those in twins (P<0.05). Similarly, the total and medium cotyledon number and
cotyledon efficiency of Bafra ewes with single deliveries were lower than Bafra
sheep with twin births (P<0.05). Although the birth type had no affect on both
placental gene expression level and plasma concentration of IGF-I, sheep that gave
birth to twins exhibited 0.908 times more gene expression than those which gave
single births. The study results showed that birth type did not affect plasma IGF-I
concentration and placental IGF-I gene expression level in Bafra sheep breed but
changed placental characteristics.

Keywords: IGF-1, Gene Expression, Placenta, Birth Type, Fetal Development.
2 o %

FARKLI DOGUM TIPINE SAHIP BAFRA IRKI KOYUNLARDA PLASENTAL
OZELLIKLERI VE IGF-I'IN PLAZMA KONSANTRASYONU VE PLASENTAL MRNA
EKSPRESYONU

06z

Insiilin benzeri biiytime faktorleri (IGF), bircok memeli tiiriinde folikiil
gelisimini, oviilasyonu ve embriyonik gelisimi destekler ve plasental ve fetal
biiylime ve gelismeyi etkiler. Bu nedenle, bu ¢alismada Bafra koyunlarinda
dogum tipi, plazma konsantrasyonu ve IGF-I'in plasental mRNA ekspresyonu
arasindaki iligkinin belirlenmesi amaglanmistir. Deney hayvani olarak tekiz
(n=15) veya ikiz (n=15) gebeligi olan ve en az 2. dogumunu yapmis toplam 30
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bas koyun kullanilmistir. Ciftlesmeden 6nce tiim koyunlarin jugular venasindan
kan ornekleri alinmigtir. Kuzulamadan hemen sonra dogum tipi, canli agirlik,
cinsiyet ve plasenta ozellikleri belirlenmistir. Plazma IGF-I konsantrasyonu, ticari
bir ELISA kiti kullanilarak belirlenmistir. IGF-I gen ekspresyon seviyesi, gercek
zamanli kantitatif polimeraz zincir reaksiyonu ile belirlenmistir. Caligmada
plasenta agirlig1 ve cesitli kotiledon 6zellikleri agisindan tekiz ve ikiz koyunlar
arasinda bir farklilik tespit edilmemistir. Ancak, toplam kotiledon agirliklar: tekiz
gebelerde ikizlere gore daha diistiktii (P<0.05). Benzer sekilde, tekiz dogum yapan
Bafra koyunlarinin toplam ve orta kotiledon sayisi ve kotiledon verimi, ikiz dogum
yapan Bafra koyunlarindan daha distiktii (P<0.05). Dogum tipi, hem plasental gen
ekspresyon seviyesini hem de IGF-I'nin plazma konsantrasyonunu etkilemese de,
ikiz doguran koyunlar, tekizlere gore 0.908 kat daha fazla gen ekspresyonu sergiledi.
Sonug olarak, Bafra koyun irkinda dogum tipinin plazma IGF-I konsantrasyonunu
ve plasental IGF-I gen ekspresyon diizeyini etkilemedigini, ancak plasenta
ozelliklerini degistirdigi tespit edilmistir.

Anahtar Kelimeler: IGF-1, Gen Ekspresyonu, Plasenta, Dogum Tipi, Fotal Ge-
lisim.

L
1. INTRODUCTION

Bafra sheep is a crossbreed of Chios (75%) and Karayaka (25%) sheep breeds
(Yakan and Unal, 2010). Body-color is white and covered with fleece. Black spots
are seen around the mouth, eyes, and ears. They are generally raised in the middle
of the Black Sea Region and are well suited to the harsh climate, poor pasture, and
severe climatic conditions. Lambs of Bafra breeds are grown for meat production
(Yakan, 2008; Yakan and Unal, 2010). Average live weight is 62 kg, height at
withers 68 cm, body length 71 cm (Yakan, 2008).

Except for their role in cell metabolism, proliferation, and differentiation,
Insulin-Like Growth Factors I (IGF-I) has the greatest impact on reproductive
processes. IGF-I is particularly important in fetal and postnatal development
(Igwebuike, 2010). Previous studies have found the presence of the IGF family in
the uterus and placenta of sheep (Stevenson et al., 1994; Reynolds et al., 1997).
Watson et al. (1994) reported the presence of mRNAs for IGF-I in sheep embryos
throughout preimplantation development from the post-fertilization zygote stage
to the blastocyst stage. Similarly, Stevenson and Wathes (1996) showed that the
expression of mRNA for IGF-I was maximal in the mucosal layer of the oviduct
within which early embryonic development takes place.

IGF-I plays an important role in the division and proliferation of IGF-I
granulosa cells and increases the capacity of FSH and LH to bind to their receptors
in granulosa cells (Behl and Kaul 2002; Mazerbourg and Monget, 2018). It also
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shows that IGFs have a synergistic effect on the induction of granulose cells by
providing FSH regulation (Behl and Kaul 2002; Mazerbourg and Monget, 2018).
IGF- 1 is the most thoroughly evaluated amongst the various growth factors being
investigated for their role in ovarian follicular dynamics in the mammalians
(Hastie and Haresign, 2006). Previous studies have shown that IGF-I regulates
its effects on ovarian activity or follicular development either alone or in
harmony with gonadotropins secreted from the pituitary gland (Behl and Kaul,
2002; Mazerbourg and Monget, 2018). In addition, IGF-I increases the activity
of gonadotropin hormones by affecting granulosa and teka cells in the ovarian
follicles (Taketani et al., 2008).

IGF-I is an important factor that promotes follicle and oocyte development,
ovulation and embryonic development in many mammalian species (Behl and
Kaul 2002; Mazerbourg and Monget, 2018). Additionally, the gene expression
level of IGF-I, which is associated with cell proliferation in placental tissue, may
affect placental and fetal growth and development (Igwebuike, 2010). Therefore,
the aim of this study is to determine the relationship between birth type, placental
characteristics, plasma concentration and placental mRNA expression of IGF-I in
Bafra ewes.

2. MATERIAL AND METHODS

The experimental procedures were approved by the Local Animal Care and
Ethics Committee of Ondokuz Mayis University, Samsun, Turkey, ensuring
compliance with EC Directive 86/609/EEC for animal experiments (Date: July
10, 2018, Approve number: 68489742-604-E.15277). A total of 30 Bafra ewes,
which have single (n=15) or twin (n=15) gestation and at least 2 offspring, have
been used as experimental animals in the present study.

Approximately 10 ml of blood was taken from the jugular vein using a
vacutainer in sterile heparin tubes 1 day before mating from all ewes used in the
experiment. Collected blood was centrifuged at 3400 rpm for 10 minutes at 4 °C
and plasma samples were stored at -20 °C until analysis of Insulin-Like Growth
Factor I (IGF-I). All ewes were submitted to natural mating and housed under the
same conditions. Following lambing, birth type, live weight and sex of lambs were
recorded within 12 h after parturition. Each ewe was left to deliver the placenta
naturally and placentas were collected from single or twin gestations immediately
after delivery; care was taken to ensure that any placental weight (PW) taken
were of the total placenta with any fluid being removed before weighting. The
cotyledon samples to be used in RNA isolation from the collected placenta were
isolated, weighed and stored at -80 °C until analysis of the placental IGF-I gene
expression. Furthermore, the total cotyledon numbers (TCN) and total cotyledon
weights (TCW) of placental cotyledons dissected from the chorioallantois were
also counted and determined. The diameter of cotyledon were measured with a

https://doi.org/10.7161/0muanajas.1024849 d



Placental Traits, and Plasma Concentration and Placental mRNA Expression...

digital compass and divided into three categories as small (<20 mm diameter),
medium (20-30 mm diameter) and large (>30 mm diameter). The total cotyledon
surface area (TCSA) was calculated after the measurements of all the cotyledons
in each placenta as cm? with the following formula: radius squared of cotyledon
[((CWi+ CL) / 4)’] x 3.14 (m) x TCN. PE was calculated as the ratio of kid BW
to PW for each doe (Sen and Onder 2016). Additionally, placental efficiency (PE;
lamb BW / PW), cotyledon efficiency (CE; lamb BW / TCSA) and cotyledon
density (CD; TCN / PW) were calculated for each ewe.

Pre-mating plasma IGF-I concentrations of sheep with different birth types were
determined using the commercial ELISA kit (SunRed, sheep IGF-I ELISA kit) in
accordance with the test procedure recommended in the kit. IGF-I concentrations
in plasma samples were determined by using an ELISA reader (ThermoScientific)
device adjusted to 450 nm wavelength. In the reading process, the device was
zeroed according to the control (blind) wells and then the measurement process
was performed. The concentration of IGF-I in plasma samples was calculated
according to the concentration of the standards and their respective OD (optical
density) values using the standard linear regression curve equation (Figure 1).

y =0,0052x +0,374

R*=0,9335

Figure 1. Standard linear regression curve for calculation of the plasma IGF-I
concentration

A commercial RNA kit (NucleoSpin® RNA kit) was used for RNA isolation
in cotyledon samples and the process was carried out as recommended by the
manufacturer of the commercial kit. After genomic DNA was eliminated by
digestion with DNase I (Thermo Scientific, Waltham, USA), the RNA quality and
quantity were determined using NanoDrop 2000 (Thermo Scientific, Waltham,
USA), all RNA samples showed A260/A280 values within the range of 2.01 to
2.08 and A260/ A230 values above 2. Commercial cDNA kit (BIORAD iScript
cDNA, 1708890) and Thermal Cycler (BIORAD) device were used for cDNA
synthesis and the analysis was done as recommended by the manufacturer of
the commercial kit. Primer and reference gene base sequences in the 5 ‘and 3’
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directions used in Real-Time PCR are shown in Table 1.

Serial No Oligonucleotide Name Base Sequence 5°-3°
20191003-79 Primerpair 1-F ATGGGCATTTCCCCAATGA
20191003-80 Primerpair 1-R GCAATCTACCAACTCCAGGGT
20191003-81 Primerpair 1-exon2-F TCATCTTCCTCCTGGGTCCTT
20191003-82 Primerpair 1-exon2-R GTCACTCACACACCTTGTTGC
20191003-83 GAPDH-F GCAAGTTCCACGGCACAG
20191003-84 GAPDH-R TCAGCACCAGCATCACCC

Table 1. Primer and reference gene base sequences in the 5 ‘and 3’ directions
used in Real-Time PCR

In detail, the PCR was carried out in a reaction system of the total volume of
50 pL containing 25 pL premix TaqTM, 17.5 puL 0.1% 114 DEPC water, 2.5 pL.
forward primers (10 umol/L), 2.5 pL reverse primers (10 umol/L) and 2.5 uL cDNA
template. PCR procedure was carried out as follows: 98 °C for 4 min, followed by
32 cycles 0f 98 °C for 40 s, 60 °C for 40 s, 65°C for 30 s, and then 90 °C extension
for 10 min, finally 4 °C to terminate the reaction. Relative quantification of all
transcripts was performed by qRT-PCR using the real-time PCR system. Real-
time quantitative PCRs were run with SYBR Premix Ex TaqTM II. The reaction
system was in a total volume of 10 pL containing 5 pL 2 x SYBR Premix Ex Taq
I1, 0.4 uL forward primer (10 pmol/L), 0.4 pL reverse primer (10 umol/L), 0.2 pL.
50 x ROX Reference Dye, 3 uL 0.1% DEPC water and 1 pL template cDNA. PCR
amplification was carried out as follows: a denaturation of 98 °C for 30 s, followed
by 40 cycles of 98 °C for 5 s, specific annealing temperature 60°C for 30 s. The
2724t method was used to analyze the mRNA expression levels.

The effects of birth type on placental characteristics and plasma concentration
and placental mRNA expression of IGF-I were analyzed using a completely
randomized design by the General Linear Model (GLM) procedure of the SPSS
package program. Significant differences between means were tested using
Duncan’s test and results were computed as mean + s.e.m. Statistical significance
was considered at P<0.05.

3. RESULTS AND DISCUSSION

The sheep placenta has multiple cotyledonal structures that consist of maternal
and fetal tissues and provide the circulation between dam and offspring (Igwebuike,
2010). The cotyledons on the sheep placenta are structures randomly distributed
on the placental surface and positioned separately from each other (Igwebuike,
2010; Sen, 2021). The structures formed by the fetal-induced cotyledons on the
sheep placenta by settling on the carancula of the uterus endometrium are called
placentomes (Redmer etal., 2004). This structure carries out all circulation activities
between dam and offspring. Therefore, the determination of cotyledon numbers
on the placenta after birth is an indication of the number of placenta occurring
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during gestation, but also an indicator of the circulation rate between offspring
and dam. The binding of fetal originated cotyledons to the uterus in sheep is 25-
30 weeks of pregnancy (Redmer et al., 2004). Growth restrictions (insufficient
nutrition, abnormal environmental conditions and abnormal endocrinal activity,
etc.) that occur between the days may affect the final cotyledon number of the
placenta (Wathes et al., 1998; Redmer et al., 2004; Sen et al., 2013). Restrictive
interventions in the last period of pregnancy may affect the morphology and size
of cotyledons rather than the number of cotyledons (Vatnick et al., 1991). In the
current study, there were no significant differences between singleton and twin
gestation ewes in terms of mating weight, but lamb birth weight of ewes giving
birth to singletons is higher than those giving birth to twins (Table 2). Also, some
differences were detected between the placental characteristics of Bafra sheep that
gave birth to single and twins (Table 2). Total cotyledon number and medium
cotyledon number were found to be statistically significant between the birth type
groups, and the total and middle cotyledon number of single-birth Bafra sheep was
found to be lower than that of twin-birth Bafra sheep (P <0.05). However, there was
no statistical difference between the two experimental groups in terms of placental
weight, large cotyledon number and small cotyledon number. Additionally, there
was a difference in terms of various efficiency features of placenta and cotyledon
of Bafra lambs with single or twin birth type (Table 3). The cotyledon efficiency
of single bearing sheep was found to be lower than the cotyledon activity of twin
sheep (P <0.05). However, no significant differences were detected in terms of
placental efficiency and cotyledon activity density. The results obtained show that
lambs born single and twin in Bafra sheep have different placental features, so it is
thought that this difference may be due to the type of birth.

Table 2. The weight characteristics and placental components of Bafra lambs
with single or twin birth

Birth type

Traits Single Twin
MW (kg) 48.05+2.11 48.17x2.15
BW (g) 4207.02+324.232 3676.42+151.14%
PW (g) 320.53+40.09 326.00+55.00
TCW (g) 94.75+£8.61¢ 135.60+ 15.30°
TCN 30.86+3.74% 41.78£7.50*
SCN 16.00+3.54 19.00=4.33
MCN 8.00=0.62% 14.56+£3.702
LCN 7574102 833+1.61

*b Different superscript letters in the same line indicate a significant difference (p < 0.05).
BW= birth weight, PW = plasental weight, TCW = total cotyledon weight, TCW = total average
cotyledon number, SCN = small cotyledon number, MCN = medium cotyledon number, LCN = large

cotyledon number.
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Table 3. Various efficiency features of placenta and cotyledon of Bafra lambs with
single or twin birth

Birth type
Traits Single Twin
PE 14.03x1.75 30.70x7.75
CE 17.84+1.35% 30.86+4.66°
CD 0.107+0.017 0.154+0.029

a.b Different superscript letters in the same line indicate a significant difference (p < 0.05).
PE = placental efficiency. CE = cotyledon efficiency. CD = cotyledon density

Previous studies have shown that the nutritional level of the mother affects the
placental development and lamb birth weight in the middle period of pregnancy
when placental development and growth occur in sheep (Sen et al, 2013). This
situation shows how important placental functions are in order to continue fetal
growth in the last period of pregnancy. It has been reported to be one of the main
factors regulating fetal and placental growth due to the effects of IGF-I on cell
proliferation and activity in mammals (Igwebuike, 2010). Some studies have
reported that the regional production centre of insulin-like growth factor family
and its member IGF-I in sheep are placenta and uterus (Stevenson et al., 1994,
Reynolds et al., 1997). Watson et al. (1994) reported that IGF-I gene expression
level can be effective in embryonic development and placentation. Although it has
been stated that IGF-I plays an important role in the regulation of fetal growth,
there is not much information about the importance of this factor in many births
and postnatal periods. In the current study, the relationship between the differences
in the type of delivery in the Bafra breed sheep with the placental features and
IGF-I gene expression level was investigated. Although the IGF-I gene expression
levels in the placental tissue of Bafra breed sheep with different birth types showed
similarity (single; 4.01 &+ 0.89 and twin 4.19 £+ 0.87, Figure 2), twin-bearing sheep
showed 0.908 times more gene expression than those of single-bearing sheep
(Figure 3). Although the Bafra breed sheep used in the experiment were exposed
to single or twin births in the previous breeding season, in the same enterprise
and under similar breeding conditions (care, feeding, etc.), the differences in birth
patterns are thought to be due to differences in placental characteristics.
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Figure 2. Placental tissue gene expression levels of IGF-I in Bafra ewes with
singleton or twin bearing

25

X

|

O &

Singleton Twin

Figure 3. Placental mRNA expression fold change of IGF-I gene in Bafra ewes
with singleton or twin bearing.

IGF-I is a potential regulator in the stimulation of protein metabolism,
metabolic processes such as glucose transport, glycogen and triglyceride synthesis,
and mitogenic activity, myogenesis, cell differentiation, physical injuries, muscle
and bone formation (Besnard et al., 1996). Apart from its roles in cell metabolism,
proliferation and differentiation, IGF-I exerts its most important effects in
reproduction processes (Behl and Kaul, 2002). Although IGF-I is one of the most
important growth factors affecting ovarian activity and follicular development,
studies have reported that IGF-I is significantly expressed in mammalian ovaries
(Hastie and Haresign, 2006). Moreover, many in vitro and in vivo studies show
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that IGF-I is a stimulator of ovarian follicle development (Baker et al., 1993; Zhou
et al., 1997; Mazerbourg et al., 2003). Studies reveal that there is an IGF system
in ovarian development and activity (Behl and Kaul 2002; Hastie and Haresign,
2006; Mazerbourg and Monget, 2018). The role of IGF-I in the ovaries is to ensure
the proliferation of granulosa cells in the ovarian follicles and to increase the effect
of follicle stimulating hormone (FSH) through steroidogenesis by granulosa cells.
The presence of follicular IGF-I, which controls the sensitivity of granulosa cells
to gonadotropins, is regulated by the synthesis and proteolysis of IGF-I binding
proteins under the control of FSH (Mazerbourg and Monget, 2018). IGF-I plays
a controlling role in the actions of growth hormone as well as gonadotropin
hormones (FSH and LH) in ovarian activities (Behl and Kaul 2002). In the current
study, the effect of IGF-I on ovarian activity was tried to be clarified and it was
hypothesized that plasma IGF-I concentration before mating could affect ovarian
activity, increasing the number of ovulations and increasing the multiple birth rate.
In the study, the plasma IGF-I concentration did not affect birth type in Bafra
ewes and the plasma IGF-I concentrations of singleton and twin Bafra sheep were
determined as 146.1+36.1 ng/ml and 143.9+£36.9 ng/ml, respectively (Figure 4).
The similarity in plasma IGF-I concentration in Bafra sheep with different birth
types may be due to the fact that the sheep were subjected to a similar feeding
regimen. Nutritional status is a key regulator of the circulating and tissue insulin-
like growth factor (IGF) system. Previous studies reported that plasma IGF-I
level is regulated by the nutritional state, and serum concentration of IGF-I falls
in malnutrition and responds immediately to refeeding (Wathes et al., 1998;
Reynolds et al., 1997).

200

175

ng/ml

Simgleton Twin

Figure 4. Concentration of plasma insulin-like growth factor I (IGF-I) in Bafra
ewes with singleton or twin bearing.
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4. CONCLUSION

Although the results of the present study showed that the gene expression level
of IGF-I in the placental tissue is similar in Bafra ewes with different birth types,
the gene expression fold change in gene expression of IGF-I was higher in twins
than in singletons. This indicates that there may be a relationship between the
changing level of IGF-I gene expression in the placental tissue and the birth type.
Moreover, placental characteristics were affected by the birth type and lamb birth
weight. It is the most significant indicator of how much the placental growth and
development realized at the optimum level during pregnancy can affect lamb birth
weight. Although the lambs used in this study were obtained from Bafra ewes that
gave birth at similar parity and age and were raised on the same farm, it is thought
that the differences in placental characteristics are entirely due to the differences
in birth type.
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THE EFFECT OF USED DIFFERENT WASTE GROWING MEDIA ON SOILLESS
LETTUCE CULTIVATION

ABSTRACT:

This study investigated the effects of reusing the growing media (TSW; tomato stalk
waste, PTSW; pretreated tomato stalk waste, Peat + Perlite, Cocopeat) used in soilless
agriculture on soilless lettuce cultivation. Significant effects of growing media on stem
diameter, root length, total dry weight, yield, titratable acidity, SSC and Vitamin C
values of lettuce (Maritima) grown without soil were determined (p<0.05; p<0.01). As
a result, the highest root length (33.63 cm), total dry weight (27.22 g) and yield (558 g
plant™) were obtained from TSW medium. The highest titratable acidity values (1.05 g
100 mL*) and Vitamin C (391.6 mg 100 g"') were obtained from PTSW medium. It has
been determined that TSW and PTSW media can compete with growing commercial
media, especially in yield and quality. The second use of the growing medium created
from tomato waste significantly reduced the production costs. As a result, it has
been determined that tomato waste (TSW) is a good alternative for productivity and
profitability instead of a commercial growing medium.

Keywords: Cocopeat, Peat, Perlite, Tomato Waste, Cost, Gross Profits.
e sk

KULLANILMIS FARKLI YETISTIRME ORTAMLARININ TOPRAKSIZ MARUL
YETISTIRICILIGINE ETKISI

0zZ:

Bu caligmada, topraksiz tarimda kullanilan yetistirme ortamlarinin (DA; domates
sap atig1, ODA; 6n iglem gérmiis domates sap atig1, Torf + Perlit, Hindiscan cevizi lifi)
tekrar kullaniminin topraksiz marul yetistiriciligi tizerindeki etkileri arastirilmistir.
Topraksiz olarak yetistirilen marulun (Maritima) gévde ¢ap1, kok uzunlugu, toplam
kuru agirlik, verim, titre edilebilir asitlik, suda ¢oziinebilir kuru madde ve C vitamini
degerleri tizerine yetistirme ortamimnin O6nemli etkileri belirlenmistir (p<0.05;
p<0.01). En yiiksek kok uzunlugu (33.63 cm) toplam kuru agirhk (27.22 g) ve
verim (558 g bitki') DA ortamindan elde edilmistir. En yiiksek titre edilebilir asitlik
degerleri (1.05 g 100 mL"') ve C vitami (391.6 mg 100 g') ODA ortamindan elde
edilmistir. DA ve ODA ortamlari, 6zellikle verim ve kalite agisindan ticari yetigtirme
ortamlar1 ile rekabet edebilir durumda oldugu belirlenmistir. Domates atiklarindan
olusturulan yetistirme ortaminin ikinci kez kullanilmasimnin dretim maliyetlerini
onemli 6lciide azaltmistir. Sonug olarak, ticari yetistirme ortami yerine domates
atiginin (DA) verimlilik ve karlilik yoniinden iyi bir alternatif oldugu belirlenmistir.

Anahtar Kelimeler: Hindistan Cevizi Lifi, Torf, Perlit, Domates Atig1, Maliyet, Briit
Kar.

ok

https:/doi.org/10.7161/0muanajas.1027549 d



The Effect of Used Different Waste Growing Media on Soilless Lettuce Cultivation

1. INTRODUCTION

Lettuce, which is in the group of vegetables whose leaves are eaten, is one of the
vegetables with the highest production (520,000 tons) and consumption (Islek and
Kuzucu; TUIK 2021). Salad and lettuce, which can be grown outdoors in all regions
of our country (except for June and August), are grown throughout the year in
greenhouses and low plastic tunnels to take advantage of the high prices, especially
in winter. Since lettuce is a vegetable that can grow in a short time, continuity in the
market can be ensured by periodically planting and harvesting it, especially under
the greenhouse (Sénmez, 2010; Islek and Kuzucu 2018).

In greenhouse vegetable cultivation, traditional techniques have caused an
increase in environmental pollution and soil-based problems. This situation has
led producers to soilless cultivation systems (Leonardi, 2004). Today, water scarcity
is experienced globally and affects crop production significantly. The use of soilless
cultivation systems in agriculture gains tremendous importance in preventing
water scarcity that occurs on a global scale (Saragoglu et al., 2020). The soilless
cultivation technique is much more controlled than the classical cultivation
technique. Solid media culture is widely used in commercial plant cultivation.
Many growing media are used in soilless farming. The cost of materials used
in solid media culture is one of the most important reasons for preference. The
material must be readily and continuously available and inexpensive. Coconut
fiber and rock wool are the most commonly used materials in solid media culture
in Turkey. The costs of these imported materials are pretty high (Dénmez et al.,
2016). There is no commercially available, cheap and suitable environment for
soilless agriculture in our country (Varis and Eminoglu, 2003). With the increase
in agricultural production globally and in our country, vegetable harvest waste and
agricultural industry waste increase yearly. These plant-based wastes are a severe
source of organic matter; they also have significant potential in the plant nutrients
they contain. At the same time, these wastes can also be used as a plant growing
medium with appropriate mixtures (Citak et al., 2007; Ozer and Uzun, 2013).

Approximately 13 million tons of tomatoes are produced in our country (TUIK
2021). According to one study, tomato greenhouses in Antalya produce 112 tons
of waste as dry matter each year (Kiirkli et al., 2004). Considering that soilless
agricultural areas in Turkey exceed 8000 decares and the most critical species
produced in these areas is tomato, it will transform tomato waste into a growing
medium with a simple system. This study aims to help primarily producers create
a growing environment by using their waste.
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2. MATERIALS AND METHODS
2.1. Experimental Site

The study was carried out at Ondokuz Mayis University, Faculty of Agriculture,
Horticulture. Lettuce seedlings (Lactuca sativa var. crispa ‘Maritima’) were planted
in bags inside the growing trays (5 m long, 25 cm wide) in the glass greenhouse
(4x8.8m) on October 15, 2019.

In the study, four different growing media were used. Tomatoes were grown in
the same growing media before. Two different growing media (TSW; tomato stalk
waste and PTSW; pretreated tomato stalk waste) obtained from tomato wastes
were used. In addition, growing bags consisting of a mixture of Cocopeat and
peat+perlite (peat+perlite; 65%+ 35%) were used as control commercial growing
media. At the beginning of the study, all media were used precisely, except for
the TSW environment. Tomato waste was added as a 10% volume reduction was
detected in the previous growing period in the TSW medium. Tomato wastes
were prepared from post-harvest fresh tomato waste grown in our greenhouses.
First, tomato wastes were ground on an 8 mm sieve (Bilgin et al., 2016). Physical
analyses such as organic matter, bulk weight, water holding capacity, and chemical
analyses such as EC and pH (Table 1) were performed (Kacar and Inal 2008, Giilser
and Pekgen 2003). Tomato stem waste to be used directly was disinfected with
formaldehyde. It was carried out by spraying a mixture of formaldehyde (540 ml)
and water (20 L) onto the waste. At the end of this process, repeated four days later,
the tomato wastes (TSW; 21 L/bag) were bagged, waiting for three fertilizers. The
dry weight of tomato waste was 91.3 g m-1 (leaf and stem), and the dry weight of 1
growing bag was determined as 25.2 kg.

Table 1. Physical properties of growing media

Growing media pH (msEr::m-l) Drgm}i;;n ateer c:;zt;:}(olg) C/N (%) \\'eigl?th[l;zml)
TSW 6.6 0.9 a* 713b 63c 2749a 0.12b
PTSW 5.7 06b 636b 46¢ 16.95b 027a
Peat + Perlite 58 05b 469¢ 132b 2237b 034a
Cocopeat 62 05b 99.0a* 43 a* 32.19 a* 0.08b

*: p < 0.05. TSW: Tomato stalk waste, PTSW: pretreated tomato stalk waste

Pretreated tomato stem waste; tomato waste was determined by considering
the C:N ratio (Table 1). Accordingly, 210 liters of tomato waste were wetted with
a solution (100 L) obtained from a mixture of urea (1 kg), barnyard manure (3
kg), granulated sugar (1 kg) and forest soil (5 kg). Then a pile was formed and
covered with transparent nylon. The pile was regularly temperature-controlled to
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complete the semi-composting process. While the heap temperature was 12.1 oC
at the beginning, it reached its highest, 62.6 oC, at the end of the process. Then the
cooling process started and the temperature dropped to 11.1 °C. Next, pretreated
tomato waste (PTSW) was packed into grow bags (21 L/bag).

Table 2. Macro and micronutrient solutions and ratios to be applied in soilless
culture (Hoagland ve Arnon, 1938; Day, 1991)

Elements mg/l Chemicals used
N 150 Ammonium nitrate NH,;NOj; (%e33)
Stock K 150 Potassium nitrate KNO; (%13 N, %46 K)
(A) Ca 150 Calcium nitrate 5Ca(NO5), NH,NO; 10E,0 (%15.5 N, %19 Ca)
Fe 5 Tron chelate Na, Fe-EDTA (%12.5Fe)
P 40 Phosphoric acid H,PO, (%685)
Mg 50 Magnesium sulfate MgS0,.7TH,0 (%10Mg)
Stock Zn 0.50 Zinc sulfate ZnS0,.7H,0
(B) Mn 0.75 Ma.r_tga.ngse sulfate MnS0, H,0
B 04 Boric acid H,BO,
Cu 0.10 Copper sulfate CuS0,5H,0
Mo 0.05 Ammonium molybdate (NH,)6Mo,0,, 4H,O0

TSW, PTSW, Peat+Perlite and Cocopeat were prepared by opening drainage
and ventilation holes in the growing bags. Growing media bags were placed in the
greenhouse in 5.5 m long, 25 cm wide, and 1.5% inclined channels. Macro and
micronutrients used in fertilization were prepared as stock solutions in 2 tanks
with a volume of 300 liters (Table 2). Fertilization was done five times a day and at
20-minute intervals throughout the growing period. Fertilization application with
a drip irrigation system was carried out at 2 hour intervals. E.C. and pH were mea-
sured continuously in the growing environment’s drained water from the seedling
planting to the harvest. When the salinity was high, the environments were only
washed at 10-minute intervals. In this way, the salinity of the environment is redu-
ced. In addition, water was passed through the environments once a week for 10
minutes with the irrigation tank.

In the study, greenhouse temperature (°C), relative humidity (%) and tempera-
ture values of growing media were measured from planting to the end of harvest
with a data logger (KT100, Kimo, France) during the growing period. The measu-
rement values are given in Table 1. as mean, highest and lowest values.

Table 3. Indoor air temperatures, relative humidity and light intensity value

Temperature (°C) Humidity (%) Light (lux)
Average 16.53 69.38 2930
Highest 2348 97.56 7383
Smallest 7.43 36.77 181
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Seedlings of the Bandita F1 tomato variety (40 cm between rows and 30 cm
in rows) were planted in their growing bags on October 15, 2019. On the day
of planting, only vital water (200 ml/plant) was given to the plants and nutrient
solution was started to be given the following day of planting. Pruning was carried
out to remove the yellowed and diseased leaves with the shoots emerging from the
leaf axils, which are widely used in tomato cultivation. The old leaves under the
harvested clusters were wholly removed by paying attention to leaving five fruits
per cluster. 2 leaves are left under the next green fruit cluster. It has been applied
in any other maintenance, spraying and cultural processes necessary during the
growing period. Seat purchase was made once or twice a week.

2.1. Determination of Plant Characteristics

Plant height, stem diameter and the number of leaves were measured at 15-
day periods. The plant height was determined in cm with a ruler and the stem
diameter in mm with a caliper. Root length values were measured in cm at the end
of harvest in lettuce plants. Leaves and roots separated from the plant were placed
in small paper bags separately and placed in an oven at 80 °C. The drying process
was carried out for at least 48 hours. It was decided whether the drying process
was completed by applying the weight change method on the samples that did not
complete their drying in this period. When it was understood that the samples
were dehydrated, the dry weights of the leaves, root and stem were weighed with a
balance sensitive to 0.01 g.

Leaf chlorophyll content (CCI) and stomatal conductance (mmol m-2 s-1)
were measured with a chlorophyll meter (CCM-200, Opti-Sciences, USA) and
porometer (SC-1, Decagon Devices, The USA), respectively in young, middle-aged
and old leaves. The fruits from the first harvest to the last harvest date were weighed
using an electrical balance with 0.1 g accuracy. The yield per plant (g plant-1)
was calculated by adding all weights. While calculating the yield values, the fresh
weights of the harvested lettuce plants were calculated by weighing them in grams.
To measure soluble dry matter, ten fruits from each replication were cut into slices,
crushed with an electric mixer to prepare pulp and filtered through cheesecloth
to get clean juice. Juice samples were read on a digital refractometer (PAL-1,
McCormick Fruit Tech. Yakima, ABD), with soluble solid content expressed as a
percentage (%). Titratable acidity was measured by taking 10 ml of juice, diluting
with 10 ml of distilled water and titrating it with 0.1 N sodium hydroxide (NaOH)
to an endpoint of 8.1 pH. Titratable acidity was expressed as citric acid (g citric acid
100 ml-1) based on the NaOH volume used in the titration. A 25 g tomato sample
from each replication was taken to determine vitamin C. Samples were crushed
with a Waring commercial blender (Blender 8011ES, ABD) by adding 25 ml oxalic
acid (0.4%), and the filtrate was filtered with filter paper. The amount of vitamin
C (L-ascorbic acid) was measured with a spectrophotometer at a wavelength of
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518 nm (AOAC 1995) using the titrimetric method 2.6-dichloroindophenol. The
results (wet weight of vitamin) were given in mg vitamin C 100 g-1 fresh weight.
The lettuce skin color of the tomatoes was measured as Chroma and hue angle
on equatorial sides of fruits using a colorimeter (Minolta, model CR-400, Tokyo,
Japan) in 10 randomly selected fruits from each replicate plot (McGuire, 1992).

2.2. The Method Used to Calculate Production Costs and Profitability

The research was conducted at the Ondokuz Mayis University Faculty of
Agriculture trial area, using pre-existing equipment and environment. It is known
that fixed costs will not be affected when the inputs used in production change.
For this reason, depreciation, preservation costs, land rent, etc. Fixed costs are not
considered, and only variable costs are taken into account. The differences in the
variable costs of the change in the lettuce production environment were examined.
For the same reason, the cost of the farmyard was calculated in the research, and
the marketing and transportation costs were not included in the calculation. The
study was carried out in a trial area of approximately 10 m?.

Depending on the production, costs that increase or decrease are called variable
costs (Cinemre, 2013). Variable costs in tomato production in soilless agriculture;
production environment preparation, seedling cost, agricultural control
(fertilization), maintenance expenses and labor costs (planting, maintenance, etc.),
irrigation and labor cost, revolving fund interest. It was the revolving fund interest
of T.C. It was calculated over half of the loan interest rate opened by Ziraat Bank for
crop production (Kiral et al., 1999). In the lettuce production process, drugs that
are expected to be included in variable costs were not required.

While comparing the profitability of lettuce production in soilless agriculture
in different environments, the gross profit calculation was used (Eq.1). For this,
first of all, the Gross Production Value (GPV), which is obtained by multiplying the
product price with the yield values, was calculated, and then the variable costs were
subtracted from the GPV and the gross profits was reached (A¢il and Demirci, 1984;
Kral et al., 1999; Tanrivermis, 2000). Gross profits show the unit income provided
to the business in the event of activity and reflect the relative advantages of the
activities relative to each other (Cinemre, 2013). For this reason, the gross profit
calculation method was used in the study to compare the profitability of different
lettuce production environments in soilless agriculture and the profitability of
production activities.

Griss profits =GPV = Variable COSES (V€ ).s:. cuuninissmms i iosuns s5s dusieshassnss s 6wh 5048540 1 s 600 £25 sk a0ss (Eq.1)

The production environments used in the research can participate in
the production activity during the two production cycles. For this reason,
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while calculating the production costs, the variable costs of these production
environments were accepted as semi-variable costs. The calculated costs were
divided into two and the study was carried out. Prepared production environments
were used in the production of two different products.

For this reason, lettuce can be included in the production period 3 times in the
same production environment in the relevant period. However, in this study, the
growing process of lettuce was observed during only one production period in the
soilless agriculture trial area. For this reason, while calculating the costs of lettuce
production, the typical costs (tomato waste grinding process and production
environment preparation) were calculated by dividing them into three. Other cost
elements may differ according to the production period. In addition, approximately
15% loss occurred due to tomato production in the volume weight of tomato waste
(TSW) prepared at the beginning. Therefore, the same amount of waste was added
before the start of lettuce production and included in the costs.

2.3. Statistical Analysis

The experiment data were analyzed using a split-plot design with 9 plants
in each replication with three replications. Experimental results were assessed
through Microsoft Excel 2010 and SPSS 15.0 software. Means were compared with
Duncan’s multiple range tests at p < 0.05 and p < 0.01.

3. RESULTS AND DISCUSSION

Significant effects of different growing media (TSW, PTSW, Peat+Perlite and
Cocopeat) on stem diameter, root length and total dry weight were determined.
The highest stem diameter (19.12 mm) values were obtained in the coconut fiber
medium, while the lowest stem diameter (13.59 mm) values were determined from
the PTSW medium. The maximum root length and total dry weight values were
measured from TSW medium. Other environments showed similarities between
root length and total dry weight values (Table 4). In the study investigating the
effects of different fertilizers in organic lettuce cultivation, it was determined that
the plant height values in lettuce varied between 18 and 25.3 cm. In the same study,
it was reported that the leaf number values ranged from 23.7 to 59.3 (Tiizel et al.,
2012). Although similar values were obtained in our study, no statistical difference
was determined between the applications. Can et al. (2019) investigated the effects
of different bat fertilizers on lettuce cultivation, and stem diameter values varied
between 21-29 mm. In the study in which the salt tolerance of different varieties in
soilless lettuce cultivation was determined, it was determined that the dry weight
value increased despite the decrease in root dry fresh weights with the increase in
salt concentrations (Bartha et al., 2015; Saragoglu et al., 2020). In our study, the
highest root length value was determined in the medium (TSW) with the highest
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EC (0.9 ms cm-1) value (Table 1) among the growing media. TSW environment
was determined in the total dry weight values for which we obtained similar values
(Table 4).

Table 4. Effects of different growing media on stem diameter, plant height,
number of leaves, root length and total dry weight of lettuce

When the effects of growing media on leaf chlorophyll content, leaf stomatal

Growing media Stem diameter Plant height Number of  Root length To_tal dry
(mm) (cm) leaves (cm) weight (g)
sw 16.43 ab 22.40 36.00 3363a 2722 a*
PTSW 13.59b 2217 37.33 28.87ab 19.57b
Peat + Perlite 15.52ab 22.70 35.67 18.93b 19.82b
Cocopeat 19.12a 2097 3467 19.80b 20.50b
Significance ok ns ns * *

*: p<0.05.*: p=<0.01. ns: non-significant

conductivity and yield values were examined, only the yield values were statistically
significant (p<0.01). The highest leaf chlorophyll content (7.63 CCI), leaf stomatal
conductivity (138 mmol m? s?) and yield value (558 g plant-1) were obtained
from TSW application. The lowest yield value was determined from Peat+Perlite
medium with 410 g (Table 5). One of the factors affecting stomatal conductivity
is salt stress. Plants exposed to salt stress tend to reduce water loss through
transpiration (Munns and Tester, 2008; Bartha et al., 2015). Another important
factor is irrigation irregularity. Insufficient moisture on the soil surface increases
the tendency of stomata to close. Plants with high stomatal conductivity reach
the highest yield (Ozer, 2017a). In our study, although the EC values of the TSW
medium were high and the water holding capacity of the medium was low, the
stomatal conductivity values were higher. Although the stomatal conductivity
was not statistically significant, its highness significantly affected the yield. While
the average yield values ranged between 288-345 g in lettuce grown in soil, it was
determined that it varied between 332 and 584 g in soilless lettuce cultivation
(Cakmak, 2011; Tiizel et al.,, 2012). Similar yield values in growing media were
found and the amount of organic matter (Table 1) was high.
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Table 5. Effects of different growing media on kroma, hueo. leaf chlorophyll
content, stomatal conductance and yield of lettuce

Growing media Leaf chlorophyll Stomatal conductance Yield
content (CCI) (mmol m-2 s-1) (g plant-!)
TsW 7.63 138 558a
PTSW 6.80 127 535ab
Peat + Perlite 745 120 410b
Cocopeat 7.02 124 478 ab
Significance ns ns ok

*2 p</0.05. %% p</0.01. ns: non-significant

The effect of different growing media on color values (Chroma and Hueo) in
soilless lettuce cultivation was insignificant. However, the highest color (Chroma;
30.31 and Hueo; 134.9) values were determined from TSW (tomato stalk waste)
media. The application of PTSW (pretreated tomato stalk waste) resulted in the
highest statistically significant titratable acid (1.05 g 100 mL-1) and vitamin C
(391.6 mg 100 g-1) contents. Peat + Perlite medium had the highest soluble solid
content determined from Peat + Perlite medium with 4.17%. In addition, the lowest
titratable acid (0.62 g 100 mL-1), water-soluble dry matter (3.53%) and vitamin C
(281 mg 100 g-1) values were determined from the coconut fiber medium (Table
6). Tiizel et al. (2012) found similar Croma (28-35) and Hue (123-125) values to our
results. A study investigating the effects of different salt concentrations on soilless
lettuce cultivation stated that vitamin C values varied between 9.95-6.91 mg g-1.
Although our results are similar to the findings of Saragoglu et al., (2020), it is
thought that the increased vitamin C content is due to stress conditions. Because,
while the water holding capacity, organic matter content and EC values (Table 1)
of the cocopeat medium gave better results, vitamin c and titratable acidity values
decreased. In his study, Ozer (2017b) stated that vitamin C and titratable acid
values increased in tomatoes, especially under stress conditions. Contrary to these
results, soluble solid content was measured in Peat+Perlite medium, which has
lower values in terms of organic matter (Table 1-6). It is stated that the titratable
acidity values of organic and conventionally grown lettuce in soilless cultivation
vary between 0.09 and 0.17 %. In the same study, it was determined that SSC
values (2.90-3.50%) were similar to our study (Cakmak, 2011). A similar study
determined that the application of waste mushroom compost to the soil decreased
the vitamin C values and increased the SSC values. In the study where vitamin C
values ranged from 9.10 to 12.10 mg 100 g-1, SSC values (4.40-4.60 %) were similar
to our study (Polat et al., 2004).
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Table 6. Effects of different growing media on pH, titratable acidity, soluble
solids content (SSC), vitamin C of lettuce

Growing media Chroris e Tit(‘;tla;giggit}' S8C (%) (;g?géﬂg?)
TSW 3031 1349 0.72 ab 3.78 ab 2776b
PTSW 26.76 1354 105a 3.93 ab 391.6a
Peat + Perlite 2515 137.1 044b 417a 3283 ab
Cocopeat 26.01 136.8 062b 353b 2810b
Significance ns fis % ® *

*:p < 0.05.%: p<0.01.ns: non-significant

Table 7 shows the variable costs and profitability analysis of lettuce produced
in different growing environments. The mixture of Cocopeat and peat+perlite was
taken ready-made. The tomato waste (TSW) and pretreated tomato waste (PTSW)
were the subjects of the study and were prepared by the researchers. For this
reason, while no grinding process was applied for Cocopeat and T+P, the cost of
the grinding process was calculated as 3.35 TL for 1 production period of lettuce
grown with TSW and 2.09 TL for PTSW. Agricultural control and maintenance
expenses and labor costs accounted for the largest share of variable costs in all
production environments. The production environment with the highest total
variable cost was cocopeat (TSW) (184.05 TL), followed by pretreated tomato
waste (PTSW), peat and perlite mixture and tomato waste (TSW) production
environments, respectively. The environments with the highest average yield per
plant in the production area were tomato waste (TSW) (558 g/plant) and pretreated
tomato waste (PTSW) (535 g/plant) prepared by the researchers (Table 5). The yield
values of lettuce produced in ready-made production environments (peat+perlite,
cocopeat) were low (Table 4). Since lettuce is a product sold by the market, this
situation is not expected to affect the gross production value. However, it is expected
that the lettuce obtained from TSW and PTSW production environments with
higher yield and leaf number will be larger, more attractive and therefore have a
high market value and demand. During the production period, the selling price of
lettuce per kg was determined as 3 TL. As a result, the highest profit (48.19 TL) was
obtained from tomato waste (TSW) among lettuce production environments in
soilless agriculture. The main reason for the higher profitability of this production
environment is that the production environment preparation costs are lower than
other methods (11.98 TL) (Table 7). It should be noted that the values calculated
here are valid for a production period. The producers’ incomes who can produce
during the three production periods will also be higher, although they may vary
depending on the applications and costs in the production period.
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VARIABLE COSTS (VC) (TL} TSW PTSW  Peat+ Perlite Cocopeat
Lettuee waste grinding process 335 209 a.00 0.00
Production environment preparation 853 2028 20.10 44.59
Seedling cost 13.20 1320 1320 13.20
Agricultural control 52.20 5220 5220 52.20
Maintenance expenses and labor cost 43.70 43.70 43.70 43.70
Trrigation and labor 21.60 21.60 21.60 21.60
Revolving fund interests 713 7.65 7154 876
TOTAL VC 14981 16073 15834 18405
Yield (number) 66.00 66.00 6600 66.00
Price 3.00 3.00 3.00 3.00
GROSS PRODUCTION VALUE (GEV) 195.00 198.00 198.00 198.00
Variable costs 149.81 160.73 158.34 184.05
GROSS PROFITS 48.19 3727 3966 13.85

Table 7. Effects of different growing media (TSW, PTSW, Peat + Perlite, Coco-
peat) on cost and profitability analysis.

4, RESULTS

According to the results, although the volume weight of the growing media
obtained from tomato waste decreased compared to Cocopeat, it came to the fore,
especially in yield and quality criteria. It was determined that the TSW medium,
in particular, stood out in terms of total dry weight, root length and yield valu-
es. It was determined that vitamin C and titratable acidity values were higher in
pretreated tomato wastes (PTSW). It has been found that tomato waste contribu-
tes to waste management and profitability as a growing medium. In addition, it
offers significant advantages that the wastes can be competitive with commercial
growing media when they are used repeatedly.

As a result, considering the profitability of different production environments
in lettuce production, the number of plant leaves and plant yields, both tomato
waste and pretreated tomato waste production environments can be recommen-
ded to producers as an income-generating alternative to the imported cocopeat
production media our country. In lettuce production, plant yield and the number
of leaves may decrease in the next production period, but this situation is not expe-
cted to affect the market value of lettuce. In addition, while the planting frequency
is higher in soilless agriculture under normal conditions (30 cm between rows and
40 cm between rows), this area (30 cm between rows and 50 cm between rows) was
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kept less frequently in the experimental area. In real life, producers are expected to
plan their production areas most rationally and thus in a way that will maximize
efficiency. This situation is expected to be effective in increasing profitability.
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SAMSUN'UN ONDOKUZ MAYIS iLCESI ASAGI ENGIZ HRVZASININ BAZI
TOPRAKLARININ ISISAL OZELLIKLERINiN iNCELENMESI

0z

Kiiresel 1sinma toprak sicakliginin ve topraklarin 1sisal &zelliklerinin
degisimini siirekli olarak etkilemektedir. Bu nedenle, farkli toprak ve iklim
kosullarinda topraklarin sicaklik rejiminin diizenlenmesi ve tahmin edilmesi
yontemlerinde 1sisal 6zelliklerin belirlenmesi gereklidir. Bu arastirmada, arazide
belirlenen sicaklik 6lgiimlerine gére, Cambisol, Leptosol, Fluvisol ve Vertisol
topraklarin 1sisal ozellikleri bulunmustur. Arastirma topraklarinda 1sisal
yayium fazla olup, agirlikli ortalamaya gére 1.53 -10°-3.22-10° m* sn™' araliginda
degismektedir. Maksimum 1s1sal yayim degeri Lithic Leptosol toprakta 3.22 -10¢
m? sn' olarak saptanmistir. Hacimsel 1s1 kapasitesi ise agirlikli ortalamaya gore
2.390 -10%-2.755-10° ] m” °C" araliginda degismekte olup, Calcic Vertisol toprakta
maksimum, Lithic Leptosol toprakta ise minimum degere sahip olmaktadir. Elde
edilen verilere gore, hacimsel nem iceriginin hacimsel 1s1 kapasitesini etkileyen
temel faktér oldugu goziikmektedir. Topraklarin 1s1 iletkenliginin, 1s1sal yayinima
ve hacimsel 1s1 kapasitesine bagli olarak 3.989-7.852 watt m™' °C' araliginda
degistigi belirlenmistir. Maksimum 1s1 iletkenlig degeri Calcic Vertisol, minimum
deger ise Dystric Cambisol toprakta saptanmustir. Arastirma topraklarinin yiizey
horizonlarinda 1s1 akis: tipik giinliik degisim gostermis ve 1s1 akisi degerleri 08:00-
18:00 ve 20:00-06:00 saatlerinde sirasiyla 25.536-240.807 watt m* ve -241.557 watt
mile -24.350 watt m~2araliklarinda belirlenmistir.

Anahtar Kelimeler: Isisal Yayinim, Hacimsel Ist Kapasitesi, Ist Iletkenligi, Yiizey
Is1 Akagt.

ek

INVESTIGATION OF THERMAL CHARACTERISTICS OF SOME SOILS OF THE
ENGIZ BASIN IN THE ONDOKUZ MAYIS DISTRICT OF SAMSUN

ABSTRACT:

Global warming is constantly affecting the change of soil temperature and
thermal properties of soils. Therefore, it is necessary to determine the thermal
characteristics in the methods of improving and predicting the temperature regime
of soils in different soil and climatic conditions. In the present study, according to
the temperature measurements determined in the field, the thermal properties of
Cambisol, Leptosol, Fluvisol and Vertisol soils were found. The thermal diffusivity
is more in the research soil and varies between 1.53 :10¢-3.22:10°m? sn™! according
to the weighted average. The maximum thermal diffusivity value was determined
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as 3.22-10° m? sn™' in Lithic Leptosol soil. In addition, the volumetric heat capacity
varies according to the weighted average in between 2.390 -106-2.755-10° ] m* °C
!, and Calcic Vertisol has a maximum value in the soil whereas Lithic Leptosol
has a minimum value in the soil. According to the obtained results, it seems that
the volumetric moisture content is the main factor affecting the volumetric heat
capacity. It has been determined that the thermal conductivity of soils varies from
3.989 t07.852 watt m* °C", depending on the thermal diffusivity and volumetric
heat capacity. The maximum thermal conductivity value was determined in Calcic
Vertisol whereas the minimum value was determined in Dystric Cambisol soil.
The heat flow showed typical daily variation of in the surface horizons of soils
and values of heat flow at 08:00-18:00 and 20:00-06:00 were determined 25.536-
240.807 watt m? and -241.557 watt m? -24.350 watt m?, respectivly.

Keywords: Thermal Diffusivity, Volumetric Heat Capacity, Thermal Conducti-
vity, Surface Heat Flow.

1. GIRIS

Topragin termal 6zellikleri, 1s1 iletkenligini, hacimsel 1s1 kapasitesini ve 1s1sal
yaymimu gibi faktorleri icermektedir. Bu oOzellikler toprakta is1 taginimini ve
depolanmasini iyilestirmek icin gerekli yontemlerin belirlenmesinde 6nemli
faktorler olmaktadir. Isi iletkenligi, bir topragin 1s1 iletiminin hizini ifade ederken,
hacimsel 1s1 kapasitesi birim toprak hacminin sicakligini bir derece artirmak
icin gereken 1s1 miktaridir. Isisal yaymnim, topragin isi iletkenliginin topragin
hacimsel 1s1 kapasitesine oran1 olup, 1sinin toprakta ne kadar hizli hareket ettigini
ifade eder (Hillel, 2004). Bu 6zellikler, toprak sicakliginin dagilimini, toprakta su
depolamasini, tohum ¢imlenmesini, mikrobiyal aktiviteleri, yiizey enerji dengesini
ve topragin potansiyel iklim dalgalanmalarina kars: direnci dahil olmak {izere
toprak olusum siireglerini etkilemektedir (Richard ve Cellier, 1998; Hillel, 2004;
Adhikari ve ark., 2014). Bitki ortiisii ve kalintilari, topragin su igerigi, biinye vb. gibi
faktorler topragin termal 6zelliklerini farkl diizeylerde etkilemektedir. Sindelar ve
ark. (2019) tarafindan, misir (Zea mays L.) @irtinii kalintilarinin uzaklagtirilmasinin
ve iirtin kalintilarinin uzaklagtirilmasi sonrasi ekilen kislik cavdar (Secale tahil L.)
bitkisi ortiisiiniin topragin termal Ozelliklerine etkisinin belirlenmesine ait bir
aragtirmada, kontrol topragin 0-5 cm derinliginde 1s1 iletkenkigi ve hacimsel 1s1
kapasitesi, sirasiyla 1.11 W m™ K ve 2.875 MJ m” K* oldugunu saptanmistirlar.
Uriin kalintilar1 uzaklagtirilmayan ve uzaklastirilan durumlarda olusan bitki
ortiisiinde, topragin ortalama 1sisal yayiniminin ise sirasiyla 0.40£0.09 mm? sn™' ve
0.39+0.04 mm? sn! oldugunu belirlemislerdir.

Topragin 1sisal yayinimi, topragin isisal iletkenligine ve hacimsel 1s1
kapasitesine bagli olarak degismektedir. Artan 1s1 iletkenligi (topragin 1s1 transferi
ozelligi) ile 1sisal yayimim da artmakta ve derin toprak horizonlarinin sicaklig,
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yuzey sicaklik degisimlerine daha duyarli hale gelmektedir. Tersine, termal
kapasitedeki (toprak sicakligini yiikseltmek i¢in gereken 1s1 miktarindaki) bir artis,
1s1sal yayinimda bir azalmaya yol agmakta ve dolayisiyla degisen dis kosullara karsi
toprak profilinin derinliklerindeki sicaklik degisimini azaltmaktadir. Bu nedenle,
topragin sicaklik duyarliliginin bir gostergesi olan 1sisal yaymim, topragin st
transferi (151 iletkenligi) veya 1s1 ataletindeki (1s1 kapasite) degisimlerin bir sonucu
olarak farkli degerlere sahip olabilir. Ayrica, topragin hem 1s1 iletkenligi hem de
151 kapasitesi toprak nem igerigine gore 6nemli diizeyde degistigi i¢in, topraklarin
1s1sal yayinimi bityiik 6lgiide nem igerigine de baglidir. Herhangi bir topragin farkli
nem icerigine sahip olmasi durumunda, 1sisal yayinimin degisim araligi, toprak
biinyesine, hacim agirligina ve organik madde igerigine bagh olarak degismektedir
(Parikh ve ark., 1979; Abu-Hamdeh, 2003; Roxy ve ark., 2010; Arkhangel'skaya
ve ark., 2015; Arkhangelskaya ve Lukyashchenko, 2018; Arkhangelskaya, 2020).
Topragin 1s1sal 6zelliklerinden biri olan hacimsel 1s1 kapasitesi, topragin hacimsel
su icerigi, hacim agirlig1 ve organik karbon konsantrasyonuyla pozitif bir iliskiye
sahip olabilir (Abu-Hamdeh, 2003; Adhikari ve ark., 2014; Lu ve ark., 2014). Bitki
gelisiminde ve modellenmesinde 1s1sal 6zelliklerin 6nemli oldugunu géz 6niine
alarak, Fu ve ark. (2020) tarafindan yapilan bir modelleme arastirmasinda, bitki kok
bolgesinde topragin 1s1 kapasitesi, 1s1 iletkenligi ve dielektrik sabitesi irdelenmis;
¢ toprakta yapilan deneysel degerlendirmeler sonucunda, yapilan modellerin
genel olarak kok bolgesinin bu 6zelliklerinin mekansal ve zamansal degisimlerini
tanimlayabildigini gostermiglerdir.

Topragin 1s1 iletkenligi, toprak enerji dengesini, 1s1 rejimini ve topraktaki
fiziksel, kimyasal ve biyolojik siirecleri tahmin etmek i¢in énemli bir parametre
olup, deneysel ve teorik yontemlerle belirlenmektedir (Peters-Lidard ve ark., 1998;
Wilson ve ark., 2002; Christensen ve ark., 2013; Ju ve Hu, 2018; Zhou ve ark.,,
2020; Wang ve ark., 2021; Zhang ve ark., 2021; Wang ve ark., 2022). Schjenning
(2021), bozulmamis topragin 1si iletkenliginin ol¢iimleri ve tahminine ait
yaptig1 bir arasgtirmada, kuru ve su ile doygun topragin 5-85 cm derinliginde 1s1
iletkenligi degerlerini belirlemistir. Topragin su ile doygunluk derecesinin 0.01 ile
0.98 arasindaki degisiminde, 1s1 iletkenliginin 0.18-0.298 Watt m-1 K-1 arasinda
degistigini ve elde edilen degerlerin literatiir verileriyle tam olarak ortiismedigini
gostermistir. Ayrica, 1s1 iletkenligiyle topragin su ile doyma derecesi, hacim
agirligy , organik madde ve kil miktar1 arasinda ikinci dereceden polinom iliskisi
olusturulmus; hacim agirligi, organik madde ve kil miktarinin 6nemli, silt ve
kum miktarinin ise énemli olmayan (P> 0,05) etkisi vurgulanmistir. Toprakta
organik maddenin ayrismasi, denitrifikasyon ve sera gazi emisyonu ile iliskili olan
biyotik ve abiyotik siiregler sicaklik degisimine bagli oldugundan, 1s1 iletkenliginin
bu siiregler tizerindeki etkileri toprak-bitki-atmosfer sistemi modellerinde
birlestirilmektedir (Hansen ve ark., 1991; 2012; Nkongolo ve ark., 2010; Dutta
ve ark., 2018; Taghizadeh-Toosi ve ark., 2019). Giiniiniizde yerkiirenin 6énemli bir
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sorunlarindan olan sera gazi emisyonlarinin ve kiiresel 1sinma olaylarinin tahmin
edilmesine yonelik modelleme ¢alismalarinda, 1s1 iletkenliginin gerekli ve 6nemli
bir parametre oldugu bir ¢ok arastirmaci tarafindan belirtilmigtir (Dutta ve ark.,
2018; Nkongolo ve ark.,2010). Fu ve ark.(2021), topragin su tutma egrilerini tahmin
etmek i¢in deneysel “is1 iletkenligi-su tutma (TCWR)” yaklagimu ile topraklarin 1s1
iletkenligi ve toprak 6zellikleri (hacim agirligi, biinye, organik karbon) verilerini
kullanmiglardir. Topragin 1s1 iletkenligi tizerine, topraklarin bulunduklar: ekolojik
degiskenlere bagli olarak gelisim siirecleri sonrasinda karakter kazanmasiyla
olusan farkli toprak cesitleri de etkili olmaktadir. Kodesova ve ark. (2013), Cek
Cumbhuriyetini temsil eden toprak cesitlerinin termal 6zellikleri tizerine yaptiklari
caligmada, diger toprak gesitlerine nazaran en digiik 1s1 iletkenligini Stagnic
Cernozem ve Dystric Cambisol topraklarda belirlemiglerdir.

Bu aragtirmada, Samsunun Ondokuz Mayzs ilgesi sinirlar1 igerisinde yer alan
Asag1 Engiz havzasinda dagilim gosteren Cambisol, Leptosol, Fluvisol ve Vertisol
topraklarin 1sisal 6zelliklerinin (6zgiil ve hacimsel 1s1 kapasitesi, 1s1sal yayinim, 1st
iletkenligi, ytizey horizonlarda 1s1 akig1) belirlenmesi amaglanmistur.

2. MATERYAL

Calisma Samsun-Engiz havzasinin Asagi alt havzasinda gergeklestirilmis
olup, 4590000-4598000K ve 250000-258000D (WGS84, Zone 37, UTM m)
koordinatlarinda yer almaktadir (Sekil 1). Yiikseklik deniz seviyesinden 0 m ile
603 m arasinda degismektedir.

Su temini i¢in 6nemli bir rezerv olan Samsun-Engiz Havzasi, tarim, orman,
mera ve yerlesim gibi farkli arazi kullanim ve arazi tiirlerine sahiptir. Bélgenin
cografi alani yaklasik 4758 ha ‘dir. Caligma alani gesitli topografik ozelliklerden
olusmaktadir. Ozellikle, arazi sekli dag, tepeler ve ovalar ile karakterize edilir ve
Giineybat1 ve Giineydogu bolgeleri dik yamaglarla karakterize edilir. Calisma ala-
nina ait uzun yillar meterolojik verilerine gore (1986-2020) yillik ortalama sicaklik
13.8 °C; yillik ortalama yagis 717.5 mm ve yillik ortalama buharlagma degeri ise
752.31 mmdir. Newhall modeline gore toprak ve sicaklik rejimi hesaplandiginda
toprak nem rejimi ustic ve sicaklik rejimi ise mesic olarak belirlenmistir (Turan ve
ark., 2018). Havzanin ana ¢ok yillik Nehri Engiz Cayrdir ve diger diizensiz akan ne-
hirlere (Erikli, Elmacukuru ve Késedik) sahiptir (Imamoglu ve ark., 2014). Alanda
yaygin bityiik toprak gruplari olarak kahverengi orman ve gri kahverengi podzolik
topraklar dagilim gosterirken, aliivyon topraklari ise havzadaki kii¢lik parcalari
kapsar (Dengiz ve Sarioglu, 2011). Bu topraklar [USS Working Group WRB (2015)
siniflamasina gore ise Cambisol, Leptosol, Vertisol ve Fulvisol topraklar olarak si-
niflandirilmistir (Kapur ve ark., 2018). Ekilebilir araziler ¢ok sinirlidir ve genellikle
havzanin Kuzey kisimlarinda bulunan neredeyse diiz bir alanda bulunurken, hav-
za alanmin Gliney ve Glineydogu kisimlarinda orman ve mera alanlar1 yogundur.
Erozyon sorunu, kismen kademeli topografyas: ve uygun olmayan tarim-orman,
tarim-mera yonetimi uygulamalari nedeniyle bolgede yaygindir.
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Sekil 1. Caligma alani lokasyon haritasi
Figure 1. Study area location map

3. YONTEM

Aragtirma alaninda yer alan Cambisol, Leptosol, Fluvisol ve Vertisol toprak
profillerinden horizon esasina gore toprak ornekleri alinmigtir. Genel olarak A/
Bw/C horizon dizilimine sahip olan Dystric ve Vertic Cambisol (Profil 1 ve Profil
2) topraklardan alt1 adet, agilan iki profilin (Profil 3 ve 4) toprak siniflamadaki
karsilig1 olan Lithic Leprosol (A/Cr1/C2) topraklara ait alt1 adet, Ap/A2/AC/C
horizon dizilimine sahip Clayic Fluvisol (Profil 5) topraklardan 4 adet ve Clacic
Vertisol (Profil 6- Ap/A2AB/Bss/Ck) topraklardan ise 5 adet olmak iizere 21 adet
toprak orneklemesi yapilmistir. Alinan toprak orneklerinde biinye, hidrometre
yontemiyle (Bouyoucous, 1951); hacim agirligi, alinmis bozulmamis toprak or-
neklerinde (Blake ve Hartge, 1986); elektriksel iletkenlik, saturasyon ¢amurunda
kondaktivi metre aleti kullanilarak belirlenmigtir (Soil Survey Staff, 1992). Orga-
nik madde Walkley-Black yonteminin Jackson tarafindan modifiye edilmis sekli
ile yapilmustir (Jackson, 1958). Hacimsel su icerigi, gravimetrik nem degerlerinden
hesaplanmustir.
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Topraklarin 1s1 iletkenligi katsayisi2=aCi. (7) ifadesine gore hesaplanmigtir.
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4. BULGULAR VE TARTISMA
4.1. Topraklarin Siniflamasi, Baz1 Fiziksel ve Kimyasal Ozellikleri

Aragtirma alanmi topraklarinin bazi fiziksel ve kimyasal ozellikleri Cizelge 1de
gosterilmistir. Topraklarin pedolojik siiregleri sonrasinda kazanmis olduklar: genetik
horizonlarin varli veya yokluguna gore gen¢ veya olgun olarak nitelendirilebilinir
(Dengiz, 2010). Bu baglamda, Profil 3, 4 ve 5 nolu topraklar toprak olusum siirecinin
baslangi¢ everelrinde olmalar1 ve yiizey alti tan1 horizonlar1 icermemeleri nedeniyle
TUSS Working Group WRB (2015) gore Lithic Leptosol ve Clayic Fulvisol olarak
siniflandirilmiglardir. 1 ve 2 nolu profiller ise geng topraklara gore ozellikle profil
igerisinde striiktiirel bir gelisim gostermeleri (cambic horizon olusumu-Bw) daha ileri
seviyede olduklar1 toprak reksiyonlarinda ve kil igeriklerindeki farkliliklardan dolay:
TUSS Working Group WRB (2015) gore sirasiyla Dystric Cambisol ve Vertic Cambisol
olarak tanimlanmiglardir. 6 nolu profil ise tiim profilin %40 ve tzeri kil icermesi ve
kayma yiizeyleri olusumu (Bss) ve profil icerisinde sekonder kireg birikim 6zellikleri olan
kire¢ miselleri ve kire¢ nodiilleri nedeniyle de Calcic Vertisol olarak siniflandirilmistir.
Arastirma topraklarinnda tuzululuk problemi buklunmamakta ve EC degerleri 0.11
dS m™ ile 0.62 dS m™ arasinda degismektedir. Topraklarin organik madde igerikleri
yoniinden en yiiksek %5.79 ile Clayic Fulvisol topraklarda belirlenirken en digiik
%2.28 ile Lithic Leptosol (Profil 3) de belirlenmstir. Fakat tiim topraklarin organik
madde oranlari profil igerinde derine dogru azaldig: goriilmektedir. Topraklarin profil
igerisinde en fazla kil ierikleri Calcic Vertisol topraklarda belirlenirken, kum igerikleri
yoniinden en fazla Lithic Leptosol (Profil 3) de oldugu belirlenmistir. Topraklarin gerek
organik madde gerekse de kil igerikleri hacim agirliklarini ve su sutma kapasitelerini
dogrudan etkileyen faktorlerdir. Topraklarin hacim agirliklari genellikle derine dorgu
bir artis oldugu goriilmektedir. En yiiksek hacim agirliklar: 1.42 -1.67 gr cm™ ile Lithic
Leptosol (Profil 4) topraklarda belirlenmistir. Ayrica hacimsel su icerigi yoniinden ise
yine Lithic Leptosol (Profil 4) en diisiik degerlere sahip olup 0.29-0.31 cm’cm™ arasinda
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Cizelge 1. Topraklarin bazi fiziksel ve kimyasal 6zellikleri

Table 1. Some physical and chemical properties of soils

Horizon| Dermlik EC oM Biinye HA a
(em) (dSm™) (&) Kil Eum | Silt {erem™ {em’em™)
%2 %2 %5)
Profil 1 Drystric Cambhisal
Ap 0-16 0.40 512 [ 4749 | 1892 | 3338 130 031
2 18-40 0.24 240 [ 4941 | 1949 | 3110 148 0.37
Bw 40-81 0.19 094 | 63.70 | 1073 | 2537 121 0.44
C 81+ 0.13 011 | 2498 | 6087 | 1415 132 0.43
Profil2 Vertic Cambizol
A 0-22 0.42 4.08 [ 43.50 | 2368 | 32.82 1.2 0.32
Bw 22-30 0.36 27 | 43.59 | 2345 | 32.96 1.46 0.31
C1 30-81 015 037 | 4174 | 2546 | 3280 148 036
2 81+ 038 0.17 | 48.00 | 19.33 | 32.67 1.33 0.38
Profild Lithic Leptosal
A 0-2 036 22 3386 | 47689 | 1825 147 031
Crl 39-72 0.15 114 | 1254 | 6891 | 1835 154 0.28
2 73+ 011 042 | 10357 | &1.61 782 155 0.44
Profild Lithie Leptosal
A 0-20 036 370 | 3612 | 3481 | 2907 143 0.29
Cr 20-40 0.13 170 | 1896 | 6835 | 1249 167 0.29
Cr2 40+ 0.16 146 | 2069 | 67.05 | 1232 142 031
Profil 3 Clayic Fulvisol
Ap 0.58 579 | 47.91 | 18.55 | 33.34 1.41 0.35
A7 0.62 245 | 4767 | 2212 | 302 1.42 0.38
AC 0.30 1.88 | 3068 | 2440 | 3592 1.30 0.36
C 77 0.49 173 | 3956 | 22.13 | 3831 119 0.38
Profil§ Calcic Vertisol
Ap 0-16 0.56 495 | 57.42 | 11.25 | 31.33 1.36 0.37
A2 16-46 031 284 | 6154 | 930 | 2918 133 0.45
AR 46-88 048 128 | 6377 | 8351 | 2772 133 038
Bas §E-124 0.39 115 | 6343 | 915 | 2742 1.40 0.41
Ck 124+ 033 049 | 6048 | 1231 | 272 151 036

EC-slaktirikzal ilatkanlik; OM-orzanik madde; HA-hacim afwli, S-hacimssl nem iperigi
4.2. Arastirma Alani Topraklarinin Isisal Yayinim Degerleri
Aragtirma alani topraklarinin horizonlarinda 6lgiilen sicaklik degerlerine

dayanarak, (4) ifadesiyle hesaplanan 1sisal yaymim katsayis1 degerleri Cizelge 2'de
verilmistir.
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Cizelge 2. Topraklarin sicaklik (°C), amplitiit (°C) ve 1s1sal yayinim katsayist
(m?sn!) degerleri

Table 2. Temperature (°C), amplitude (°C) and thermal diffusion coefficient
(m? sec?) values of soils

Horizon Deermlik, Siwcakhk
o= MMinimum Maksimurn | Ortalama A a-10"
Profill Drystric Cambisal
] 115 47 282 5.5 -
Ap a-16 113 317 29 4.1 154
2 16-40 20.6 1.7 249 1B 2.06
Bw 40-E1 19.8 234 2132 1.2 1.22
C Bl+ 17.2 204 1.3 1.1 -
Profil2 Vertic Cambizol
] 21.2 30.1 238 6.3 -
A 0-22 193 215 227 4.8 1440
Bw 22-50 184 242 216 2. 1.09
1 50-B1 162 213 19.7 1.6 2.12
o] El+ 15.1 1E.5. 17.1 1.4 -
Profil3 Lithic Leptosol
il 238 144 2B.5 58 -
A 0-29 227 283 252 3.1 1.06
Crl 28-72 194 21.1 19.3 1.8 3.25
] Fis 11.5 15.6 14.0 1.6 -
Profil4 Lithic Leptosol
il 231 358 30.3 55 -
A 0-20 204 30.2 26.0 4.2 1.8
Cr 20-40 213 284 25.1 33 358
2 40+ 194 253 222 3.1 -
Profil 3 Clayic Fulvisol
] 23.1 EEX 29.E 4.0 -
Ap 0-14 21, 30.5 27.6 2. 1.29
AZ 208 182 26.6 1.6 247
AC 198 245 231 12 2.51
C 77 164 233 22 1.0 -
Profilé Caleic Vertizol
] 228 EEX- 294 5.2 -
A 0-16 217 292 253 39 1.61
AT 16-46 20.3 27. 4.8 2. 2.B5
AB 46-88 19.8 23.7 222 1.5 3.03
Bss BE-124 18.7 210 20.2 08 2.58
Ck 124+ 16.5 19.0 18.2 0.8 -

A= Tratcimsm— Lorsatama - toprak horizonlanna it sacakhk amplitiitidi, 13134 vayinm katsaysl

Cizelge 2'den goriildiigii gibi, toprak &zelliklerine, iklim ve dolayisiyla sicaklik
degisimine, toprak horizonlarinin ortalama ve maksimum sicaklifina 6nemli
diizeyde baghh olan sicaklik dalgalarinin amplitiitii; tim toprak profillerinin
horizonlarinda 0.8-6.3°C araliginda degismektedir. Asag1 katmanlara dogru
ortalama sicakligin ve maksimum sicakligin azalmasi, amplitiitiin degerlerinin
diisiik olmasina neden olmaktadir. Toprak profillerinin tiim horizonlarinda 1sisal
yayinim katsayist ise 1.06-10° m?sn™ ile 3.58-10° m*sn™ arasinda degismektedir.
Tiim toprak horizonlarindaki 1sisal yaymnim katsayilarinin karsilastirilmasindan
gorildigh gibi, 1s1sal yaymimin maksimum degeri 3.58-10° m? sn™'; minimum
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degeri ise 1.06:10° m? sn' olarak, Lithic Leptosol (4. profil) topragin sirasiyla
Cr (20-40 cm) ve A (0-29 cm) horizonlarinda (3. profil) saptanmigtir. Horizon
derinligi ve horizon ylizeylerindeki sicaklik degerlerinin degisimi, 1sisal yaymimi
onemli diizeyde etkilemektedir. Arastirma topraklarinda; derinligi fazla, yiizey
sicaklik dalgalanmalar: diisiik olan horizonlarda, 1sisal yayimim genellikle yiiksek
olmaktadir. Toprak ozelliklerine, aragtirma bolgesinin iklim kosullarina, 1sisal
yayinimin belirleme yontemine bagl olarak, 1sisal yayinim katsayisi farkli diizeyde
degisiklik gostermektedir. Passerat de Silans ve ark.(1996) tarafindan, 1s1sal yayinim
katsayis1 farkli yontemlerle (harmonik, Laplace doniigiimii, diizeltilmis Laplace
doniisiimii, homojen olmayan toprak sisteminde Lettau yontemi) belirlenmis ve
topragm 0-28 cm katmaninda 1sisal yaynimin 0.27:10° m* sn’! -1.40- lO""m sn’!
olusum siireclerinde 6nemli faktor oldugunu, 26 m toprak derinliginde 1s1sal
yaymimin 1.1.10°m? sn™ ile 1.6-10° m? sn! (veya 0.011-0.016 cm? sn™') arasinda
degistigini gostermislerdir. Bazi literatiir kaynaklarinda ise 1sisal yaymniminin
0.77-107 m? sn' ile 10.09:-107 m? sn-' araliginda degistigi belirlenmigtir
(Arkhangelskaya ve Lukyashchenko, 2018; Arkhangelskaya, 2020).

Genel olarak, 1s1sal yayinim katsayis1 iklim faktérleriyle beraber, nem, hacim
agirligy, organik madde miktari, toprak biinyesi (kil, silt, kum), tuz miktar1 gibi
toprak ozelliklerine 6nemli diizeyde bagli olup; nem, kil, tuz miktari, hacim agirlig1,
tuz miktarryla pozitif, organik madde miktariyla ise negatif iliski gostermektedir.
Fakat toprak o6zelliklerinin diizensiz degisimi ve bir birine olan karsilikli etkisi;
ayrica her bir 6zelligin 1sisal yayinima etkisinin belirlenmesini zorlagtirmakta ve
bazi durumlarda imkansiz yapmaktadir (Tikhonravova, 2007; Arkhangel'skaya ve
Umarova, 2008; Arkhangelskaya ve Lukyashchenko, 2018; Arkhangelskaya, 2020).
Bu ise, kil, kumlu killi tin, kumlu tin, killi tin biinyeye sahip arastirma profillerinde
1s1sal yayinim katsayilarinin farkli degerlere sahip olmasina neden olmaktadir.

4.3. Topraklarin Ozgiil ve Hacimsel Is1 Kapasitesi ve Is1 Iletkenligi

Aragtirma topraklarinin kati kismindaki organik ve mineral maddenin 6zgiil
151 kapasitesinin sirasiyla Cg,org = 0.46 cal gr'°C'=1925.928 ] kg °C've Cé,min
=0.18 cal gr'°C'=753.624 ] kg’ °C" (1cal = 4.1868 ]) oldugu goz oniine ali-
narak, her horizonun®-degerlerine bagli olarak (5) ifadesine gore 6zgiil 1s1
kapasitesi belirlenmek-  tedir. Ornegin, Dystric Cambisol topragin Ap (0- 16
cm) horizonu igin, 6zgiil 1s1 kapasitesi C, = 0.46cal gr' °C"* .0.0512+0.18 cal gr''
°C' (1-0.0512)=0.194336¢al gr' °C™! ~813. 646] kg' °C' olarak bulunur. (6) ifade-
sine gore, Dystricgére Cambisol topragin Ap (0-16 cm) horizonu igin hacimsel
151 kapasitesi ise C, = 0.194336 cal gr' °C" .1.50 gr cm™ +1.00 cal cm™ °C™" .0.31
= 0.601504cal cm 3 "C1 = 2.518.10° Jm>°C" olur. Tim toprak horizonlarina ait
belirlenen 6zgiil ve hacimsel 1s1 kapasitesi; topragin 1sisal yayimim ve hacimsel
151 kapasitesine bagl olarak (7) ifadesine gore hesaplanan 1s1 iletkenligi katsayisi
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degerleri Cizelge 3'de verilmistir.

Cizelge 3. Topraklarin 6zgiil ve hacimsel 1s1 kapasitesi ve 1s1 iletkenligi katsayis
degerleri

Table 3. Specific and volumetric heat capacity and thermal conductivity coef-
ficient values of soils

Horizon Derinlik, C o 10° 4,
o el o - : wattm™ °C
e Jm™eC

Profil 1 Drystric Cambisol

Ap 0-16 B11.646 2.518 3.878
2 18-40 7B1.738 2.706 5.574

Bw 40-81 T64.644 2.767 3.376

Cc Bl+ 734914 2.72

Profil2 Vertic Cambizol

A 0-22 BO1.44 2.510 B.534

Bw 22-50 754 445 2475 2.698

Cl 50-B1 757.942 2.629 5.573

c2 El+ TE3.484 2.651 -

Profil3 Lithic Leptosol

A 0-29 780.153 2445 2.592

Crl 29-72 T66.988 2.353 7647

C2 T2+ 770271 2.805 -

Profil4 Lithic Leptosol

A 0-20 796.993 2354 6.732

Cr 20-40 773.553 2.508 £.971
2 40+ 770.740 2.392 -

Profil 3 Clavie Fulvisol

Ap 0-16 B21.500 2.624 3.3B5

AZ 16-57 7B2.345 2.702 6.674

AC 57-77 775663 2516 6315

C 77+ 771905 2.512 -

Profil 6 Caleic Vertizol

Ap 0-16 B11.633 2653 4.27

AZ 16-46 7B6.917 2931 B.353

AB 45-B8 780.353 2.62 7.966

Bss BB-124 775312 2.BO2 7.22

Ck 134+ 771.091 2.672 -

Aragtirma topraklarinda 6zgil 1s1 kapasitesi 754.445 ] kg' °C"' ile 821.500 ]
kg' °C'araliginda degismektedir. Ozgiil 1s1 kapasitesinin maksimum degeri Clayic
Fluvisol topragimn Ap, minimum degeri ise Vertic Cambisol topragin Bw horizo-
nunda belirlenmistir. Ozgiil 1s1 kapasitesi, topraklarin kat1 ve mineral kismindeki
organik maddenin fonksiyonu olup, asag1 toprak horizonlarinda organik madde
miktarinin azalmasina uygun olarak azalma eylemi gostermektedir. Hacimsel 1s1
kapasitesi toprak horizonlarinin 6zgil 1s1 kapasitesi, hacim agirlig1 ve hacimsel
nem igerigine bagl olarak, 2.353-10° J m> °C"' - 2.931-10°] m°C'araliginda de-
gismektedir. Hacimsel nem igerigi, hacimsel 1s1 kapasitesini etkiyen temel faktor
olup, bu iki parametre arasinda dogrusal iligki bulunmaktadir. Bazi horizonlarda
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hacimsel nem igeriginin dar araliklarda degisimi, hacimsel 1s1 kapasitesinin de dar
aralikta degisimine neden olmaktadir. Ornegin, kislik bugday tarlasi topraklarinin
deneysel 1sinmasinin topragin hidro-isisal 6zelliklerine ve 1s1 akigina etkisininin
incelenmesine ait bir arastirmada, toprak derinligi arttik¢a hacimsel 151 kapasitesin
arttigini, varyasyonun ise azaldigi gosterilmis; arastirma topraginin 5 cm ve 40
cm derinliginde hacimsel 1s1 kapasitesinin sirasiyla 1.81 J cm? K* ve 2.13 J cm”™
K oldugu belirlenmistir (Ju ve Hu, 2018). Wang ve ark. (2021) ise, topragin diger
1s1sal Ozelliklerini de kapsayan bir arastirmada, genel olarak topraklarin hacimsel
151 kapasitesinin 0.5-10° -5.0-10° ] m K'! araliginda degistigini vurgulamislardr.

Toprakta 1s1 iletimi hizinin gostergesi olan 1s1 iletkenligi, aragtirma toprakla-
rinda 2.592 watt m™ °C" ile 8.971 watt m™ °C" araliginda degismektedir. Mak-
simum 1s1 iletkenligi degeri Lithic Leptosol (Profil 4) topragin Cr (20-40 cm),
minimum deger ise Lithic Leptosol (Profi 3) topragin A (0-29 cm) horizonunda
saptanmigtir. Toprak horizonlarina gore 1s1 iletkenliginin agirlikli ortalamas: goz
oniine alindiginda, 1s1 iletkenligi degerleri i¢in Lithic Leptosol (Profil 4) > Vertisol
(Profil 6) > Fluvisol (Profil 5) > Lithic Leptosol (Profil 3) > Vertic Cambisol (Profil
2) > Dystric Cambisol (Profil 1) siralamasi belirlenmistir. Topraklarin 1s1 iletken-
liginin agirlikli ortalamasina gore ise, bu siralama Vertisol > Leptosol > Fluvisol >
Cambisol bigiminde olur. Siralamanin farklilik gostermesinin nedeni, profillerin
farkli (topografik) konumlara, horizonlarin ise farkli gelisim ve karakteristiklere
sahip olmasinin yani sira farkli derinlik ve 1s1 iletkenligine sahip olmast olabilir.
Aragtirma topraklarinda 1sisal yayinim yiiksek oldugundan 1s1 iletkenligi degerleri
de yiiksek bulunmustur. Is1 iletkenligi, 1s1sal yayinim ve hacimsel 1s1 kapasitesiyle
dogrusal iliskide oldugundan, aragtirma topraklarinda da bu parametrelerin artis1
1s1 iletkenliginin de artigina neden olmaktadir. He ve ark. (2017), 1st iletkenligi-
ne ait modelleme ¢alismasinda, farkli biinyeye sahip 47 toprak érneginde yapilan
368 test sonuglarina gore, 1s1 iletkenliginin 2.16-8.03 watt m™ °C" araliginda de-
gisitigini belirlemislerdir. Ayrica, silt+kum bileseninin 1s1 iletkenliginin artisinda
etkileyeci faktorlerden biri oldugunu ve 1s1 iletknligine ait veri tabani ve deneysel
metodolojileri kapsayan literatiir kaynaklar1 sunmuslardir.

Topraklarin 1s1sal, fiziksel ve kimyasal 6zellikleri arasindaki korelasyon ilskiler
SPSS Statistics 17.0 paket programinda hesaplanmis ve Cizelge 4de verilmistir.
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Cizelge 4. Topraklarin 1s1sal, fiziksel ve kimyasal 6zelliklerine iligkin korelas-
yon degerleri matrisi

Table 4. Correlation values matrix for thermal, physical and chemical proper-
ties of soils

. : Cs

A | Car | "8 4 6 | Bc | oM | Kt | st | Kem | HA

1 1 | 0000 | 0.084 [0.082%%| 0.020 | 0.025 | 0208 | 0163 | 0249| 0212 | 0164
c,, |ooso| 1 o000 0005 fosare] 0350 0078 0.786%| 0233 | 0.693++| 0361
C,: |-0083[0000| 1 |-0.083|-0082|0533%|0066% 0180 | 0318 | 0255 |-0.306
a  |0082* 0005 |-0083| 1 |-0140|-0.109|-0104| 0311 |0205| 0343 | 0225

** Korelasyon 0.01 diizeyinde anlamli; *Korelasyon 0.05 diizeyinde anlamli

Arastirma topraklarinin 1s1 iletkenligiyle toprak 6zellikleri arasinda ¢ok zayif
(r<0.2); 1sisal yaymmim katsayist arasinda ise ¢ok yiiksek pozitif iliski (0.982**)
belirlenmistir. Teorik olarak, (7) ifadesinden de gortldigii gibi, 1s1 iletkenligi
katsayisiyla 1s1sal yayinim katsayisi arasinda, bu parametrelerin degisim araliginda,
artan fonksiyonel iliski mevcuttur. Toprak ozelliklerinin diisik ve dar aralikta
degisimi, korelasyon katsayilarinin zayif ve ¢ok zayif olmasina neden olabilir.
Topraklarin hacimsel 1s1 kapasitesiyle, hacimsel nem igerigi ve kil miktar1 arasinda
anlamli diizeyde sirasiyla cok yitksek (0.941**) ve yiiksek (0.786**) pozitif
korelasyon iligkileri belirlenirken, kum miktariyla anlamli diizeyde yiiksek negatif
korelasyon iligkisi (-0.693**) belirlenmistir. Ayrica diger toprak 6zellikleriyle zayif
ve ¢ok zayif iligkiler bulunmustur. Topraklarin yiizey alti horizonlarinda 6zgiil
151 kapasitesinin ¢ok diisiik degisimi, hacimsel ve 6zgiil 1s1 kapasiteleri arasindaki
iliskinin bulunmamasina neden olabilir. Bununla birlikte yapilan ¢alismada,
topraklarin 6zgiil 1s1 kapasitesiyle, EC ve OM degerleri arasinda anlaml diizeyde
sirastyla orta (0.533%) ve ok yiiksek (0.966** ); diger 1s1sal ve toprak ozellikleriyle
ise ¢cok zayif ve zayif korelasyon iliskiler saptanmigstir. Genel olarak, topraklarin
1s1sal Ozelliklerinin degisiminde, iklim faktorleri daha etkili olmaktadir.

4.4. Topraklarin yiizey horizonlarinda 1s1 akisi

Toprakta 1s1 akigi 1s1 iletkenligi ve sicaklik gradyaninin (dolayisiyla sicaklik
dalgalarinin amplitiitiiniin) fonksiyonu olup, toprak 6zelliklerine ve sicaklik de-
gerlerine bagli olarak degisim gostermektedir. Aragtirma topraklarinin yiizey ho-
rizonlarindaki amplitiit ve 1s1 iletkenligi degerlerini géz oniine alarak, yilizey hori-
zonlardaki giinlitk

b gl :, 2 /
(@@= .Tf = 863635?1 =73-10" .ﬂ?_l) 151 akin degederi  glf)= AAE[COS :‘

ifadesine gore hesaplanmis ve Cizelge 5de verilmistir.
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Cizelge 5. Topraklarin yiizey horizonlarinda 1s1 akis1 [q (0,t), watt m™?]

Table 5. Heat flow in surface horizons of soils [q (0,t), watt m™]

Topraklar

Saat Dystric Vertic Lithic Lithic Clayic Calcic
Cambisol Cambisol Leptosol Leptosol Fluvisol Vertisol
(Profil 1) (Profil 2) (Profil 3) (Profil 4) (Profil 5) (Profil 6)

10:00 103.880 176.240 89.780 132.321 72.055 105.793
12:00 141.937 240.807 122.671 180.797 98.453 144.551
14:00 141.678 240.367 122.447 180.466 98.273 144.287
16:00 103.172 175.039 89.168 131.418 71.564 105.072
18:00 36.814 62.458 31.817 46.893 25.536 37.492
20:00 -39.481 -66.983 -34.122 -30.291 -27.386 -40.209
22:00 -105.119 -178.342 -90.850 -133.898 -72.915 -107.055
24:00 -142.379 -241.557 -123.053 -181.360 -98.760 -145.002
02:00 -141.204 -239.562 -122.037 -175.863 -97.944 -143.805
04:00 -101.910 -172.897 -88.077 -129.811 -70.689 -103.787
06:00 -35.105 -55.558 -30.340 -44.716 -24.350 -35.751
08:00 41.177 69.859 35.588 52.450 28.562 41.935

Toprak yiizeyindeki 1s1 akisi, sicaklik degisimine 6nemli diizeyde bagh
oldugundan, arastirma topraklarinin yiizey 1s1 akist degerleri farklilik
gostermektedir. Is1 iletkenligi, amplitiit ve 1sasal yayinim degerlerine uygun olarak,
yiizey 1s1 akigt Vertic Cambisol toprakta en yiiksek; Clayic Fluvisol toprakta ise en
diisiik diizeyde gerceklesmistir. Giiniin 08.00-18.00 saatlarinda yiizey 1s1 akis1 alt
horizonlara dogru ger¢eklesmektedir. Téim toprak profillerinde yiizey 1s1 akisinin
tipik giinlitk degisim gosterdigi gozitkmektedir. Giiniin 14.00-16.00 saatlarinda alt
horizonlara dogru gerceklesen 1s1 akist daha fazla olmaktadir.

Bitki ortiisii, glines 1ginlarinin toprak ytizeyindeki dagilimi, golgelenme gibi
faktorler yiizey 1s1 akisinin genis aralikta mekéansal degisimine neden olmaktadir
(Shao ve ark. 2008; Colaizzi ve ark. 2016; Ju ve Hu, 2018). Peng ve ark. (2015), 1s1
akimi yogunlugunun belirlenmesinde ”levha yontemi“ kullanarak, topragin 2 cm;
6cm ve 10 cm derinliklerinde 1s1 akiginin sirasiyla = - 75 - 150 watt m? ; = - 49 -
130 watt m™? ve = - 24 - 70 watt m*araliginda degistigini gostermislerdir. Li ve ark.
(2018) tarafindan bitki ortiisii altinda bulunan toprakta yapilan bir arastirmada,
toprakta ylizey 1s1 akiginin  oldugu saptanmuis; toprak enerji bilangosunun belirlen-
mesinde ytizey 1s1 akisinin 6nemli bir faktor oldugu gosterilmistir. Is1 akisinin fark-
11 yontemlerle belirlendigi diger bir ¢aligmada (Lu ve ark. 2018) ise, 4 mm toprak
katmaninda 6l¢iilen 1s1 akiginin maksimum 448.8 watt m? oldugu saptanmustir.
Giilser ve ark. (2019) ise, toprak sicakliginin yiizey 1s1 akisina bagl olarak degisi-
mine ait bir arastirmada, 0-10 cm toprak katmaninda giinliik 1s1 akisini -41.033-
239.742 watt m? araliginda belirlemislerdir.
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5. SONUC

Samsun'un Ondokuz Mays ilgesi sinirlari icerisinde yer alan Asagi Engiz hav-
zasinda dagilim gosteren Cambisol, Leptosol, Fluvisol ve Vertisol topraklarin 6zgiil
ve hacimsel 1s1 kapasitesi, 1s1sal yaymnim, 1s1 iletkenligi, yiizey horizonlarinda 1s1 aki-
s1 belirlenmistir. Isisal 6zelliklerin degerlendirilmesinde, topraklarin belirlenmesi
zor olmayan sicaklik, organik madde, hacim agirlig1, hacimsel nem igerigi verile-
rinden ve topragin temel 1s1 taginimi denkleminin ¢éziimiinden elde edilen sonug-
lardan kullanilmistir. Topraklarin 1sisal yayinimi fazla olup, sicaklik dalgalarinin
ampliitiidii ve horizon derinliklerine baglh olarak degisim gostermistir. Hacimsel
nem igeriginin artigi, hacim agirliginin artisi ile karsilagtirlldiginda, hacimsel 1s1
kapasitesinin artisini daha fazla etkilemektedir. Isi iletkenliginin degisimi ise, 1s1sal
yayinim ve hacimsel 1s1 kapasitesine bagli olmaktadir. Topraklarin yiizey horizon-
larinda 1s1 akiginin belirlenmesinde Fourier 1s1 iletim yasas1 goz 6niine alinmistir.
Is1 akig1 yiizeye veya asag1 katman yoniinde gerceklesmis ve tipik giinliik degisim
gostermistir. Elde edilen 1sisal parametre degerlerinden, aragtirma topraklarinda
optimum sicaklik alaninin olusturulmasi ve korunmasi yontemlerinin belirlenme-
sinde, toprakta 1s1 tasinimini modellenmesinde kullanilabilir.

EK . (8) ifadesinin detayl tiiretilmesi

Fourier 1s1 iletim yasasina (Fourier 1822) gore, topraktaki 1s1 akis1 asagidaki
gibi ifade edilir:
=D gy
cxX
(2) ifadesi (E1) de verine konursa,

q=—4 ﬂi{Tc +Ae_\.‘jg EiIl[*YJ,)E*-CO!\l}:*/:,A{*\{){Ee_TE ain[—xJ%er}f
\/Eé’ J_cos —\J:-F(JII}—/A\{EQ ‘l’:|:su1[—\J:+(gz |+cos J;+ :|
JAJEe J_|:'\/_COS[—+\.J77(J!I}*AAJEE J‘_{ccs —+x —ﬂ—a\

(E2) 1fadesinden, topraklarm yiizey horizonlarmdak: (X = 0 ) 1s1 akigm: hesaplamak igin

w Fra
glt)= AA\E{cos[?— (urﬂ (€3) clde edilir
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SURVIVAL RATE OF YOUNG PEAR TREES IN DIFFERENT ROOTSTOCK AND
CULTIVAR COMBINATIONS UNDER FIELD CONDITIONS: PRELIMINARY
RESULTS

ABSTRACT:

This study was carried out to determine the effects of 7 different rootstocks
on rootstock diameter (mm), stem diameter (mm), and plant survival ratio (%)
of some pear cultivars between 2019-2021. Rootstocks, cultivars, research years,
and their interactions significantly affected all examined parameters in the study,
except for the interaction of year x rootstock x cultivar. The ‘Deveci’/BA29 and
‘Deveci’/OHxF333 had the largest rootstock and trunk diameters, while the
'Williams'/MC had the smallest. The Fox11l and OHxF333 rootstocks had the
highest plant survival ratios, whereas the MC rootstocks had the lowest. In terms
of cultivar, the maximum plant survival ratio was found in the ‘Deveci. At the end
of the first 3 years after planting, there was a decrease in the survival ratio of the
plants. ‘Williams’ had the lowest rootstock diameter, trunk diameter and survival
ratio. The highest trunk diameter was in the OHxF333, BA29, Fox11 and Farold40
rootstocks, and the cultivar was in the ‘Deveci. Plant survival ratios in quince
clonal rootstocks were slightly lower than in pear rootstocks. This is due to the graft
incompatibility between quince rootstocks and some pear cultivars. Compatible
inter-stock with rootstock and cultivar should be employed to overcome this
incompatibility problem caused by localized graft incompatibility. According to
the findings of this study on young plants, it is required to extend the research and
conduct additional observations in order to give more precise recommendations.

Keywords: Pear, Rootstock, Cultivar, Rootstock Diameter, Trunk Diameter,
Survival ratio.

e

GENC ARMUT AGACLARININ ARAZI KOSULLARINDAKI FARKLI ANAC VE CESIT
KOMBINASYONLARINDA YASAMA ORANI: iLK SONUCLAR

0z

Bu aragtirma bazi armut gesitlerinin anag ¢ap1 (mm) ve govde ¢ap1 (mm) gelisi-
mi ile bitki yasama orani1 (%) tizerine 7 farkli anacin etkilerini belirlemek amaciyla
2019-2021 yillar1 arasinda yiritilmiistiir. Arastirmada incelenen tiim parametre-
ler iizerinde y1l x ana¢ x ¢esit interaksiyonu hari¢ anaglarin, gesitlerin, arastirma
yillariin ve bunlarin interaksiyonlarinin 6nemli etkisi olmustur. En yiiksek anag
cap1 ve govde ¢ap1 ‘Deveci’/BA29 ve ‘Deveci’/OHxF333 kombinasyonunda belirle-
nirken en disiik ise ‘Williams’/MC kombinasyonunda belirlenmistir. Bitki yasama
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orani en yiiksek anaglarin Fox11 ve OHxF333, en diisitk MC anacinin oldugu be-
lirlenirken, yagama orani en yiiksek ¢esidin ise Deveci oldugu belirlenmistir. Di-
kimden itibaren ilk 3. y1l sonunda fidan yasama oraninda azalma olmustur. Aras-
tirmada anag ¢api, govde ¢ap1 ve yagama orani en diisiik ¢esit Williams olmugtur.
Govde gapi en yiiksek olan anaglarin OHxF333, BA29, Fox11 ve Farold40, ¢esidin
ise Deveci oldugu belirlenmistir. Bitki yasama orani ayva klon anaglarinda armut
anaglarindan biraz daha diisitk olmustur. Bu durum ayva anaglari ile bazi armut
cesitleri arasinda goriilen ag1 uyusmazligindan kaynaklanmaktadir. Yerlesik ag1
uyusmazligindan kaynaklanan bu uyusmazIlik problemini ¢6zmek i¢in anag ve ¢e-
sit ile uyugur ara-anach fidanlar kullanilmalidir. Geng bitkiler tizerinde yiiriitillen
bu ¢alisma sonuglarina gore daha dogru tavsiyelerde bulunulabilmesi i¢in arastir-
manin daha uzun siire devam ettirilmesi ve gozlemlerin yapilmasi gerekmektedir.

Anahtar Kelimeler: Armut, Anag, Cesit, Anag Capi, Govde Cap, Yasama Orani.
1. INTRODUCTION

Pear fruit (Pyrus communis L.) is an important fruit species that can be grown
in all temperate regions in the world (Jackson, 2003; Hancock and Lobos, 2008; Da
Silva et al., 2018). Generally, pear trees are propagated via vegetative methods in
which various kinds of grafting and budding are the most appropriate methods of
propagation (Rahman et al., 2017). Rootstock use is an essential need in modern
fruit production and breeding due to their ability to pursue their normal life un-
der adverse biotic and abiotic factors (Hartmann et al., 2011; Dolkar et al., 2018).
Quince rootstocks such as Quince A, Quince C, BA29, Adams, Sydo, have been
used for quality fruit production of pear and facilitate cultural practices as they are
dwarfed compared to the pear seedlings or pear clonal rootstocks (Sharma et al.,
2009; Ozturk and Ozturk, 2014). Besides the quince rootstocks, Pyrus rootstocks
such as Pyrodwarf, BP, OHXE, Farold, and Fox series have been widely used due to
their many strong characteristics but produce larger trees than quince rootstocks
(Jackson, 2003; Stern and Doron, 2009; Francescatto et al., 2010).

When grafting on different genera in pear growing, graft incompatibility may
occur. The early or late occurrence of graft incompatibility after grafting causes
significant economic losses to growers and decreases the survival ratio of trees
in the short or long term (Ermel et al., 1999; Hartmann et al., 2011). The short or
long-term survival rate of grafted fruit trees is the main factor determining the va-
lidity of grafting (Reig et al., 2018). Apart from the compatibility or incompatibility
between rootstock and scion, the survival rate depends on the resistance to clima-
tic conditions of the rootstock (Lepsis et al., 2013), pest and disease (Hudina et al.,
2014; Shaltiel, 2018; Habibi et al., 2022), soil conditions and salinity (Okubo and
Sakuratani, 2000). Grafted fruit trees with good graft compatibility and the ability
to form a vascular system will survive for many years and continue their normal
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lives without any restrictions (Mauro et al., 2022). Quince rootstocks had a lower
survival ratio than pear rootstocks with lower graft incompatibility, and different
rootstock and cultivar combinations had significantly different survival ratios (Oz-
turk, 2021a). Symptoms of graft incompatibility in fruit trees include low survival
ratio, poor growth, early yellowing of leaves, cracking of bark tissues, and swelling
at the grafting union in the pear orchard (Jackson, 2003; Chen et al., 2016). An
important way to increase the survival ratio of pear trees is to use appropriate ro-
otstocks as well as to grow on pear-based rootstocks and their own roots (Baviera
et al., 1988; Goldschmidt 2014). The survival rate of pear trees varies according to
rootstocks and cultivars, and the survival ratio decreases as the orchard age prog-
resses (Arzani, 2004; Hudina et al., 2014; Rahman et al., 2017; Ozturk, 2021a). It is
still debated that grafted pear trees, like most fruit trees, do not survive for many
years due to delayed graft incompatibility (Rasool et al., 2020).

Appropriate planting density and proper rootstock selection are essential stra-
tegies for optimum vegetative and generative development and fruit quality from
fruit trees (Pasa et al., 2015; Hepaksoy, 2019). It affects the cultivar grafted on the
rootstocks used in pear production at different levels. The resulting differences ma-
inly depend on the growth vigor of the tree, yield (Massai et al., 2008, Iglesias and
Batlle, 2011) and orchard management (Webster, 2002), differences in tree habitus,
and development under certain environmental conditions (Costes et al., 2006).
The performance of the rootstock used in production may vary. However, little is
known about the reasons why the performance of the rootstock to be used in pro-
duction changes over time (Meszaros et al., 2019). Appropriate rootstock selection
is significant in increasing the fruit yield and quality of the ‘Deveci, ‘Santa Maria,
‘Williams’ and ‘Abate Fetel, which have an important place in pear production in
Turkey, for both the producers to obtain maximum income and the consumers to
consume quality products. In addition, when appropriate cultivation techniques
and rootstock selection are not used for these cultivars, yield reductions, undesi-
rable lower quality fruits, low SSC content, insufficient coloring and weak flavor
may occur.

The aim of this study is to determine the effects of rootstocks on plant growth
and the survival ratio of some standard pear varieties grafted on different quince
and pear rootstocks during 2019-2021.

2. MATERIAL AND METHODS
2.1. Material
This study was carried out at the Bafra Agricultural Research Center of Ondo-

kuz Mayis University (41°33'50" N, 35°52'23" E and 20 m altitude) in 2019-2021.
Orchard was established with 1-year-old saplings at 1.5x3.5 m with dwarf rootsto-
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cks and 3.0x3.5 m distances with semi-dwarf and seedling rootstocks. In the study,
‘Deveci, ‘Williams), ‘Santa Maria’ and ‘Abate Fetel’ pear cultivars grafted on BA29,
Quince A and Quince MC quince clone rootstock, and OHxF333, Fox11, Farold40,
and seedlings of pear rootstocks were used. The plants were irrigated with drip
irrigation between May 15th and September 15th. Fertilization was done with 15-
30-15+ME fertilizer at the beginning of summer and 20-20-20 NPK-containing
fertilizer in autumn with drip irrigation. Weed control was carried out by mulching
the black ground on the row and regularly breaking the weeds with a rotovator
between the rows. The properties of the experimental area soil were recorded as
2.73-10% clay (low), 13.21-20% silt (moderate), 6.5-20% sand (moderate), pH 7.5
(slightly alkaline), 0.2-0.3 dS/m salt (no salt), 0.3-0.5 organic matter (low), 3-6%
lime (CaCO3) (less), 0.03-0.06% N (less), 5-10 ppm P (medium) level and the soil
depth was more than 1 meter.

2.2. Methods

Rootstock diameter (mm) by measuring 10 cm below the grafting union and
trunk diameter by measuring the trunk from approximately 20 cm above the soil
level (mm) with a digital caliper (Mitutoyo CD-20CPX) sensitive to 0.01 mm was
determined at the end of the growing season of all trees in each replication in each
cultivar/rootstock combination (Ozturk and Ozturk, 2014). The number of dead
plants at the end of each year was divided by the number of plants planted in the
orchard establishment to determine the plant survival ratio (Ozturk et al., 2009;
Hudina et al., 2014)

2.3. Statistical analysis

The research was established in a randomized block design with 3 replications
and 10 plants with dwarf rootstocks, and 5 plants with semi-dwarf and vigorous
rootstocks in each replication. The obtained data were analyzed in the IBM SPSS
21.0 statistical package program, and the differences between the averages were
determined using the ‘Duncan Multiple Comparison Test” at p<0.05 level.

3. RESULTS AND DISCUSSION

Rootstocks, cultivars, and research years had a significant effect on rootsto-
ck diameters of ‘Deveci, ‘Williams, ‘Santa Maria’ and ‘Abate Fetel’ pear cultivars
grafted on different pear and quince clone rootstocks and pear seedling rootstock.
In the study, except for the year x rootstock x cultivar interaction, all interactions
significantly affected rootstock diameter. It has been determined that the rootstock
diameter varies between 30.54 mm - 44.50 mm in terms of rootstock average, 32.71
mm - 42.88 mm in terms of cultivar average, and 30.71 mm - 47.33 mm in terms
of years average. The highest rootstock diameter was observed in the OHxF333
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(44.50 mm), the lowest was in the MC quince rootstock (30.54 mm) in terms of
rootstock average. In terms of cultivar average, the highest rootstock diameter was
determined in the ‘Deveci’ (42.88 mm), while the lowest was found in the “Wil-
liams’ (32.71 mm) pear cultivars. Depending on the growth and development of
the plants, the highest rootstock diameter was determined in the 2021 year (47.33
mm) in terms of years averages (Table 1).

Table 1. Effect of different rootstocks on rootstocks diameter (mm) of pear cul-
tivars

. Years
Rootstocks Cultivars 2010 2020 2021 Mean
Deveci 38.65 52.52 53.27 48.15a*
Quince BA29 Williams ) 31.77 34.71 36.60 34.36 cde
Santa Maria 3415 4116 4274 39.35 abed
Abate Fetel 33.21 4439 47.02 41.54 abe
Deveci 3353 4551 47.96 42.33 abc
. A Williams 2272 2728 27.54 25.85e
Quince Santa Maria 2897 4235 44.08 38.46 abed
Abate Fetel 32.56 42.60 45.05 40.07 abc
Deveci 38.16 41 46 4221 40.61 abc
Quince MC Williams ) 16.35 14.50 16.19 15.68f
Santa Maria 3226 3595 4417 37.46 abed
Abate Fetel 24.41 28.58 32.25 28.42 de
Deveci 3446 3582 54.75 41.68 abe
Foxli Williams 31.39 34.08 53.86 39.78 abc
Santa Maria 31.88 33.69 48.13 37.90 abcd
Abate Fetel 31.20 32.52 60.25 41.32 abe
Deveci 37.15 45 80 62.47 48.47 a
Williams 36.41 4329 47.17 42.20 abe
OHxF333 Santa Maria 3342 43 .60 4587 40.96 abc
Abate Fetel 3545 44.1% 59.14 46.26 ab
Deveci 31.95 4181 58.46 44.07 abe
Farold 40 Williams ) 3241 4135 53.44 42.40 abc
Santa Maria 3039 43 48 4628 40.05 abe
Abate Fetel 28.26 37.61 55.97 40.62 abc
Devect 26.88 2594 47.76 34.86 bede
Seedling Williams ) 19.96 24.05 41.93 28.65 de
Santa Marnia 28.03 2977 4983 35.88 bede
Abate Fetel 23 84 2874 61.00 37.86 abed
Main Effects of
BA29 3444 defg 4320¢ 44 90 be 40.85b
QA 29.44 fgh 39.44 cde 41.16cd 36.68 ¢
MC 27.80gh 30.12 fgh 33.70efg 30.54d
Rootstock Foxll 3223 fg 34.03 efg 54.25a 40.17b
OHxF333 3561 def 4422bc 53.66a 44.50 a
Farold40 30.75fgh  41.06cd 53.54a 41.78b
Seedling 2468h 28.13 gh 50.13 ab 34.31¢
Devect 34.40def 41.84bc 52.41a 42.88a
Cultivar Williams ) 2729g 3133 efg 39.53¢cd 32.71¢c
Santa Marnia 31.30efg 38.57cd 4587b 38.58Db
Abate Fetel 29.85fg 36.95 cde 51.53a 39.44b
Year 30.71 c** 37.17b 47333
Year 0.001 Yearx Cultivar 0,006
Rootstock 0.001 Rootstock x Cultivar 0,001
Cultivar 0,001 Year x Rootstock x Cultivar 0.887
Year x Rootstock 0,000

*: Differences between means with different letters in the same column are significant.
**: Differences between means with different letters in the same line are significant.
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In terms of cultivar average, the highest rootstock diameter was determined
in the ‘Deveci’ (42.88 mm), while the lowest was found in the ‘Williams™ (32.71
mm) pear cultivars. Depending on the growth and development of the plants, the
highest rootstock diameter was determined in the 2021 year (47.33 mm) in terms
of years averages (Table 1). Rootstock diameter ranged from 15.68 mm to 48.47
mm in terms of rootstock x cultivar. In terms of rootstock x cultivar interaction,
the highest rootstock diameter was in the ‘Deveci’/BA29 (48.15 mm) and ‘Deveci’/
OHxF333 (48.47 mm), while the lowest in the ‘Williams’/MC (15.68 mm) com-
bination. Rootstock diameter ranged from 24.68 mm to 54.25 mm in the year x
rootstock interaction. Rootstock diameter in 2021 was highest in the Fox11, the
OHxF333 and the Farold40 rootstocks (54.25 mm, 53.66 mm and 53.54 mm, res-
pectively), and lowest in the pear seedling rootstock (24.68 mm) in 2019. The roo-
tstock diameter ranged from 27.29 mm to 52.41 mm in year x cultivar interactions.
The highest rootstock diameter was detected in the ‘Deveci’ (52.41 mm) and ‘Abate
Fetel’ (51.53 mm) in the 2021 year, and the lowest was in the ‘Williams’ (27.29 mm)
in 2019 (Table 1).

In the research, it can be said that the difference between the years in terms of
rootstock diameter is due to the increase in the growth and development of the
plants from year to year. Gercekcioglu et al. (2014) reported that the difference in
tree growth was due to the age of the trees and the increase in growth and deve-
lopment. Tatari et al. (2020), who stated that rootstock diameter differs according
to research years, also reported that rootstock diameter increased in the following
research years. The difference in the diameter of rootstocks and cultivars can be
attributed to the variations in growth characteristics as well as the genetic diffe-
rences of rootstocks and cultivars. Differences in growth vigor of rootstocks also
show themselves in diameter development. While the diameter values of strongly
growing rootstocks were high, the diameter values of weakly growing rootstocks
were low (Jackson, 2003). Francescatto et al. (2010) noted that the effect of ro-
otstocks on trunk diameter of the ‘Carrick’ pear cultivar grafted on 14 different
rootstocks was significant. The researcher stated that the rootstock diameter of
the ‘Packham's pear cultivar grafted on 7 different rootstocks was the lowest in the
EMC rootstock. In the ‘Williams’ pear cultivar grafted on 16 different rootstocks,
the lowest rootstock diameter was in the EMC and the highest was in the Melli-
forme rootstock (Francescatto et al. 2010). Giacobbo et al. (2010) reported that the
effect of rootstocks on trunk diameter was significant in ‘Carrick’ pear cultivars
grafted on 13 different quince and 1 pear rootstocks. Ozturk and Ozturk (2014)
stated that the effect of rootstocks on the trunk diameter of the ‘Deveci’ pear graf-
ted on different rootstocks is important, and also, the highest rootstock diameter
was in the BA29 and the lowest in the MC rootstocks. Machado et al. (2016) stated
that the rootstock diameter varies according to the varieties and that the rootstock
diameter was the lowest in the ‘Williams’ from 3 different pear cultivars grafted on
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the EMC quince clonal rootstock. The researcher reported that rootstocks™ effect
on rootstock diameter is significant and the Quince C rootstock is the most dwarf
growing rootstock among the quince rootstocks. Askari-Khorosgani et al. (2019)
reported that rootstocks and research years had a significant effect on rootstock
diameter in the ‘Shahmively pear cultivar, and they stated that quince rootstocks
had a lower rootstock diameter than pear rootstocks. Ozturk (2021b) stated that
the rootstock and research years significantly affected the rootstock diameter of the
‘Deveci’ pear. He reported that the rootstock diameter was the lowest in the MC
rootstock. It can be stated that the rootstock diameter results obtained from this
study are compatible with the other studies that partially included the rootstocks
and cultivars used in this study.

The effects of rootstocks, cultivars, and research years were significant on the
trunk diameter of ‘Deveci, ‘Williams, ‘Santa Maria, and ‘Abate Fetel pear cultivars
grafted on different pear and quince clonal rootstocks and pear seedling rootsto-
cks. In the study, other interactions had a statistically significant effect on trunk
diameter except for year x rootstock x cultivar interaction. In terms of rootstock
average, the trunk diameter ranged from 27.59 mm to 37.72 mm, from 28.00 mm
to 37.28 mm in cultivar averages, and in terms of year’s average, it ranged from
25.07 mm to 43.52 mm. Among the examined rootstocks, the highest trunk dia-
meter was detected in the OHxF333, BA29, Fox11 and Farold40 rootstocks (37.72
mm, 36.36 mm, 36.12 mm and 35.36 mm, respectively), while the lowest was in
the MC quince clonal rootstock (27.98 mm) and the pear seedling rootstock (27.59
mm). While the trunk diameter was the highest (37.28 mm) in the ‘Deveci, the
lowest was in the ‘Williams’ cultivar (28.00 mm). The highest trunk diameter was
found in the 2021 year (43.52 mm) depending on the growth and development of
the plants between the research years (Table 2).

In terms of rootstock x cultivar interactions, the trunk diameter ranged from
14.12 mm to 43.34 mm. As regards to the rootstock x cultivar interactions, the
highest stem diameter was determined in the ‘Deveci’/OHxF333 (43.34 mm) and
‘Deveci’/BA29 (43.11 mm), and the lowest in the ‘Williams/MC (14.12 mm). In
terms of year x rootstock interactions, trunk diameter varied between 19.41 mm
and 51.47 mm. The highest trunk diameter was determined on the Fox11 rootstock
(51.47 mm) in 2021 and the lowest in the seedling rootstock (19.41 mm) in the
2019 year. The trunk diameter ranged from 22.11 mm to 49.47 mm concerning the
year x cultivar interactions. The highest trunk diameter was detected in the ‘Deve-
ci’ (49.47 mm) cultivar in 2021 (Table 2).

In studies determining the performance of cultivars’ grafted on different roo-
tstock in pear, the effect of rootstocks, cultivars, and research years on trunk di-
ameter was found to be statistically significant. Furthermore, these studies noted
that the growth vigor of quince rootstocks is generally lower than that of pear roo-
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tstocks. Loreti et al. (2002) stated that the trunk diameter of the ‘Conference’ pear
cultivar grafted on BA29 was higher than that of Quince MA and MC rootstocks.
Stiropoulos (2006) stated that the trunk diameter of the 'Williams' pear cultivar
grafted on different rootstocks was higher in the pear rootstock than the quin-
ce rootstocks, and also he reported that BA29 was the weakest growing rootstock
among the quince rootstocks examined in terms of trunk diameter.

Table 2. Effect of different rootstocks on trunk diameter of pear cultivars

Raotstocks Culfivars ETE] 102‘1{:!1’4 2031 Mean
Deveci L b 4710 iln4 4311 a*
. - Wilkame 2518 31354 3332 30,25 bed
Smance HASS Sanrz Maria 2272 3333 3030 A4.56ab
Abate Fetal 2683 i0l3 4619 A730ab
Dreveci 2318 3741 4932 3681 ab
5 Wilkams 17.08 2430 26.02 22 A6 de
mice:] Santa Mara 2401 3520 4233 1385 abe
Abate Fetel 2757 12 4473 A7.14ab
Deveni 2206 3433 4033 4. 74ab
Quinea MC Wilkame 1258 L4040 1370 1412¢
Sanrs IMaria 2T88 37462 4059 A830ab
Abate Fetal 2056 2088 321.50 2768 hed
Devect 3027 3027 5146 AT734ab
Foxii Wilkams 2645 2768 ERRTY 429 abe
Santa Mana 2238 3033 4533 A4.68ab
Abate Fetel 2643 21.70 8038 15.17ahb
Deveni ils4 37.81 6T 43.34a
. Wilkame 2091 3362 4354 A6.30ab
i Sanrs Mania 2630 3182 40,13 3308 abed
Abate Fetal 2033 3683 18189 A3.06ab
Dreveci 2774 3413 32.26 33.04 ab
Fanald 4 Wilkams 2633 3158 47 64 A5 19ab
Santa Mana 28.07 321 43.44 3591 ab
Abate Fetel 2267 2634 4752 3231 abed
Deveci 2048 2197 32l 2755 hed
Seedline Wilkame 17.14 L8 33.80 2324 ede
= Sanrs Iaria 1904 2085 4383 25.5Thed
Abate Fetal 1280 2080 4400 21793 hed
hlam Effects of
BAID 2733 def 3849.:d 4236t 6364
A 1108 3401 de 40.73 b A256h
BAC 11 54ef 2848 def 3243 de 2798 ¢
Bootstock Foxll 2790 d=f 20 00 def ilATa A16.12a
OH=F333 2028 def 3321 de 4%hG6ab AT71a
Farold40 26.21 daf 3206 de 47.82ab Af26a
Seading 1041F 26.71 def 3664 ed 2750 ¢
Deveci 2750 de 34 Bhe 190.47a AT718a
Cubtivar Wilkams ile 2607 .:I'_:.S.'I:Ic 28.00c
Santa Mana 2608 3183 cd 42521 3373hb
Abate Fetel 2452e 4. Me 43 98 ab MH53h
Year 50T ex* 3240 43.52a
Year 00o1 Yearx Culkivar Qa1
Baootstock 0001 Footstock v Culdvar 0001
Culrear 0.001 Yearx Bootstock = Cultrear 0254
Yearx Hootstock n.ool

*: Differences between means with different letters in the same column are significant.
**: Differences between means with different letters in the same line are significant.
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Evaluating rootstocks for ‘Conference’ and ‘Doyenne du Comice’ pear cultivars
in high density planted pear orchards. Maas (2008) cited that the effect of roots-
tocks on the trunk diameter of cultivars was significant. Emphasizing that there
are significant differences in trunk diameters of different pear cultivars grafted on
Quince A. Ertiirk et al. (2009) determined that the cultivar with the highest trunk
diameter was ‘Coscia’ and the lowest was in the ‘Williams’ The trunk diameter of
the ‘Williams’ pear cultivar grafted on different rootstocks was the highest on the
seedling rootstock and the lowest on the Quince C (EMC) quince clonal rootstock
(Francescatto et al., 2010). The trunk diameter of the ‘Comice’ pear cultivar was
higher in the BA29 than that of the MC rootstock (Sugar and Basile, 2011). Ozturk
and Ozturk (2014) who stated that the effect of rootstocks on the trunk diameter
of the ‘Deveci’ pear grafted on different rootstocks was significant, reported that
the highest trunk diameter was in the BA29 and the lowest in the pear seedling
rootstocks. Machado et al. (2016) reported that the trunk diameter of 3 different
pear cultivars grafted on the EMC quince clonal rootstocks varied depending on
the cultivar and research years, and the ‘Williams/EMC had the lowest turnk di-
ameter. Askari-Khorosgani et al. (2019) reported that the trunk diameter of the
‘Shahmively’ pear cultivar grafted on different rootstocks was thicker on pear roots-
tocks than on quince rootstocks. Ozturk (2021b), who stated that the rootstock and
research years had a significant effect on the trunk diameter of the ‘Deveci’ pear,
reported that the trunk diameter was the highest in the BA29 rootstock. It has been
emphasized in similar studies that the effects of rootstocks on the trunk diame-
ters of the cultivars grafted on them were significant and that the trunk diameters
of the cultivars grafted on vigorous rootstocks were higher than those grafted on
weak rootstocks (Jackson, 2003; Urbina et al., 2003; Maas, 2008; Sugar and Basile,
2011; Askari-Khorosgani et al., 2019; Ozturk, 2021a, b).

Rootstocks, cultivars, and research years statistically affected the survival ratio
of ‘Deveci, ‘Williams, ‘Santa Maria’ and ‘Abate Fetel’ pear cultivars were grafted on
different rootstocks. In the study, other interactions had a statistically significant
effect on plant survival ratio except for the year x rootstock x cultivar interaction.
The survival ratio varied between 87.96% - 99.54% in terms of rootstock average,
88.57% - 98.94% in terms of cultivar averages, and 91.17% - 97.60% in terms of
years average. Among the examined rootstocks, the highest survival rate was de-
tected 99.54% in the Fox11 and 99.07% in the OHxF333 rootstock, and the lowest
in the MC quince clone rootstock (87.96%). The highest survival ratio in terms of
cultivars was determined in the ‘Deveci’ (98.94%) and the lowest in the ‘Williams’
(88.57%). The highest survival ratio was determined in 2019 and 2020 (97.60% and
96.33%, respectively) and the lowest (91.17%) in the 2021 year, in terms of years
(Table 3).

In terms of rootstock x cultivar interactions, the survival ratio ranged from
66.67% to 100.00%. The lowest survival rate in terms of rootstock x cultivar in-
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teraction was found in the ‘Williams/MC (66.67%) followed by ‘Williams’/QA
(75.56%) scion/rootstock combinations (Figure 1, Table 3). In terms of year x ro-
otstock interactions, the plant survival ratio varied between 76.39% and 100.00%.
The highest plant survival ratio in 2019 was recorded in the Fox11, OHxF333, Fa-
rold40 and seedlings (100.00%, 100.00%, 100.00% and 97.92%, respectively), in
2020 it was observed in the Fox11, OHxF333 and Farold40 (100.00%, 100.00% and
97.22%) and in 2021 were in the Fox11 and OHxF333 (98.61% and 97.22%, respe-
ctively), lowest survival ratio was determined in the MC (76.39%) rootstock in the
2021 year. The plant survival ratio ranged between 80.94% and 100.00% in terms
of year x cultivar interactions. In terms of year x cultivar interactions, the highest
survival ratio was found in the ‘Deveci’ (100.00%) in 2019 and 2020, and the lowest
was in the ‘Williams’ (80.94%) in 2021 (Table 3).

a a a a a a a a a a a
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Figure 1. Pear trees survival ratio in various rootstocks x cultivars combinations

The plant survival ratio decreased as the research years progressed in this study.
In addition, it was determined that the plant survival ratio among rootstocks was
lower in quince rootstocks than in pear rootstocks. The cause for the decrease in
the combinations with low plant survival ratio, which was found to reduce the
growth and development of fruit trees from year to year, can be linked to the age
of the trees. However, according to Mauro et al. (2022), weak connection and for-
mation of vascular system after some years led to abnormal and restricted growth
of fruit trees, and graft incompatibility may be the reason for the decrease in plant
survival ratio when the pear is grafted on quince. When closely related species or
cultivars are grafted onto each other, the survival rate increases, while the survi-
val ratio in distant relatives decreases. Graft incompatibility is among the reasons
for the low graft success ratio and survival ratio. In addition, when the pear is
grafted on quince, the decrease in survival ratio does not occur immediately due
to graft incompatibility. The reason for the decrease in survival rate, especially in
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the following years, is called delayed graft incompatibility. It is stated that the in-
compatibility occurring in the pear/quince graft combination is the localized graft
incompatibility.

Table 3. Effect of different rootstocks on plant survival ratio of pear cultivars

Rootstocks Culiivar: — e Mean
D L0000 10000 L0000 109,00 a®
. Wilkams 9000 90.00 00,00 000 e
Quince BAZS Suts Maiz U567 8778 8778 T4 abe
Abats Fatal 100.00 10000 10000 109,00 2
Deveci 100.00 0000 0000 10000 2
Willians 8300 7833 6333 755 4
Quence A Suts Maiz 0444 0144 0144 9444 ab
Abate Fetel 100.00 9567 9295 96.54 ab
Devect 10000 100.00 77,78 9159 ah
. Willians 75.00 75.00 50,00 66.67 ¢
Quince MC Sartz Mz 100.00 100,00 7778 2150 ab
Alsats Fatal 10000 10000 100.00 LHL00 2
Deveci 100.00 0000 0000 10000 2
il Willsarms 100.00 100.00 o 49 9515 ab
Santn Meria 100.00 100.00 10000 100.00 2
Alata Faral 100.00 100.00 100.00 100,00 1
Devecd 100.00 100.00 10000 100.00 2
e Williaens 10000 100.00 100.00 LMLO0 2
Sartta Mliria 100.00 100.00 100.00 109,00 2
Abate Fatel 100.00 10000 £2.499 9630 ab
Drveci 10000 10000 10000 160,00 a
Wilkams 10600 100-00 8567 9555 ab
Farcld 40 Sarta Mazia 100,00 10000 10000 10400 »
Abate Fatel 100.00 9LE7 oL67 2441 ab
Deveci 100.00 100.00 10000 100.00
_ Wilkams 10600 100-00 214 W05 ab
simndtng Saritz Wiz 10000 100-00 100,00 1400 2
Abate Fetel 9167 §3.33 7509 5333 ¢
Main Effects of
BALF GEETa  Gaddbe | Mk [THE] ]
oA 196k 0236cd 8768 of fl6dc
MC 0375 0375 7630F 4796 d
Boclstock Faxll 100.00 2 100002 996la 99540
DHzF333 100002 10000e 9712 29078
Farold40 100000 & 8782 a 8458 be AT.50 ab
Ssedling 97023 0583 b 2020 de 2435 be
Dievect 10000 2 000 6834k Woia
Williams 9285k 9100 b g0 557e
. Saria Lmia 43.7% ab 4746 2b 4428 ah V6.8 ak
Alate Fatal 938lab  958Sab 9265k 95850 b
Tex TEla  953a [TNED)
Teur BTl Tear 5 Cultiver 0058
Bootstock 0001 Footztock x Cultivar 0.0
Cuctvar 0. Yaar x Bootstock 1 Cultive 0344
Year xBootstock 0002

*: Differences between means with different letters in the same column are significant.

**: Differences between means with different letters in the same line are significant.
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This incompatibility can be eliminated by using rootstock and used for in-
ter-stem compatibility with the scion (Jackson, 2003; Hartmann et al., 2011; Bo-
dens and Breyne, 2012). The lowest plant survival ratio was detected among the
cultivars in the ‘Williams’ and the highest in the ‘Deveci’ cultivar. The ‘Williams’
cultivar, which had a lower plant survival ratio, showed graft incompatibility with
some quince rootstocks (Dondini and Sansavini, 2012) and pear clone rootstocks
such as Fox11 (Hudina et al., 2014). Similar to our findings, a significant difference
of rootstocks and cultivars combinations on the survival ratio of pear saplings has
been reported by Ozturk (2021a) in pear and quince rootstocks. He cited that the
survival ratio was higher in the pear rootstock than the quince rootstock in the
nursery conditions and also reported that the survival ratio was lowest in BA29
quince rootstock, while the highest was in the Fox11 pear rootstock. The low sur-
vival ratio of some pear clone rootstocks like Farold40, which were grafted with
some pear varieties, was also related to how resistant the rootstock is to the adverse
conditions of area ether biotic or abiotic combination of both factors apart from
compatibility. They are more compatible with the quince clonal rootstocks (Moo-
re, 1984; Shaltiel, 2018). In addition, the low survival rate of MC in our research
may be related to the cold-hardy features of rootstock as Pyrus communis seedling
rootstocks showed a higher survival rate than quince rootstocks, especially MC in
the Baltic region (Lepsis et al., 2013), or it can be due to partial incompatibility of
‘Williams’ with quince rootstocks according to Baviera et al. (1988) and Ciobotari
etal. (2010). In a research, it was observed that the secondary metabolites like cate-
chin, arbutin and prunasin on pear/quince combinations were increased after four
years of grafting. Variations in the expression of genes encoding enzymes, polarity,
the physical structure of the graft, ecological conditions, plant growth regulators,
virus and fungal infections are also the factors that suppress survival of grafted
pear trees especially in pear and quince combinations (Hudina et al., 2014; Habibi
et al,, 2022). In another study on the incompatibility of some pear and quince sci-
on/rootstock combinations, Mosse and Herrero (1951) noticed that even growth
and development of grafted trees are normal for a few years. However, due to the
weakness of the union's mechanical structure, the trees will not survive as normal
ones and their lives will be terminated after some years, the same idea mentioned
by Rasool et al. (2020). A study carried out in Pakistan reported that the survival
rate at the end of the growing season was 73.10 % in Williams and 44.55 % in Santa
Maria as they were grafted on quince and local pear rootstocks (Rahman et al.,
2017). The research was conducted to investigate the survival ratios of some Asian
pear cultivars on European pear seedlings and some genotypes, and all Asian pear
cultivars showed good performance and survival ratio on European pear seedling
rootstocks (Arzani, 2004). The results regarding the plant survival ratio reported in
this study are compatible with those obtained in other studies on similar subjects.
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4. CONCLUSION

Rootstocks, cultivars, and research years had a significant impact on the pa-
rameters examined in this study, in which the effects of some standard pear va-
rieties grafted on different rootstocks on rootstock diameter, stem diameter deve-
lopment, and plant survival rate were investigated. According to the examinations
made between 2019-2021 in the established orchard in 2018, the highest rootstock
diameter was observed from the OHxF333, and the cultivar was in the ‘Devect’
The highest stem diameter was in the OHxF333, BA29, Fox11, and Farold40, and
the cultivar was in the ‘Deveci. The lowest rootstock diameter was determined in
the QA and the pear seedling, and the lowest trunk diameter was in the MC and
the pear seedling. The highest plant survival ratio was observed in the Fox11 and
OHXxF333 rootstocks, and the lowest was in the QA rootstocks. The highest survi-
val ratio was determined in the ‘Deveci’ cultivar. The ‘Williams’ cultivar had the
study’s lowest rootstock diameter, stem diameter, and plant survival ratio. In ad-
dition, the plant survival ratio was slightly lower in quince clone rootstocks than
in pear rootstocks. This is due to the graft incompatibility between some quince
rootstocks and pear cultivars. In such cases, to solve graft incompatibility, a com-
patible inter-stock with both rootstock and cultivar should be used. As a result, it
is necessary to do extensive study and make detailed observations to make precise
decisions based on the results.
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FARKLI AYCICEGI CESITLERINE AIT TOHUMLARIN BAZI FiZIKSEL VE RENK
KARAKTERISTIKLERI iLE MEKANIK DAVRANISLARININ BELIRLENMESI

0z:

Bu ¢alismada, Tunca, Tarsan-1018 ve Reyna ay¢icegi gesitlerine ait tohumlarin
bazi fiziksel ve renk karakteristikleri ile mekanik davranislari incelenmistir.
Calismada kullanilan Tunca, Tarsan-1018 ve Reyna aygcicegi cesitlerinin nem
icerikleri sirasiyla %5.92, %6.58 ve %6.05 (k.b) olarak belirlenmistir. Aygicegi
cesitlerinin fiziksel 6zellikleri icinde geometrik, hacimsel karakteristikleri ile renk
karakteristikleri ile beraber farkli hizlar ve eksenlerdeki mekanik davranislari
incelenmistir. L* parlaklik degerlerinin Tunca gesidinde daha yiiksek oldugu
belirlenmistir. Aycicegi cesitlerine ait tohumlarin sikistirma testleri kapsaminda
kirilma kuvveti, deformasyon, kirilma enerjisi, sertlik ve kirilma giicti; 30, 60
ve 90 mm dk' yiikleme hizlar1 ve uzunluk ve genislik yiikleme eksenleri i¢in
incelenmistir. Tunca ¢esidinde 30 mm dk' hizindaki kirilma kuvveti degerleri
diger cesitlere gore daha yiiksek, Tunca ve Tarsan-1018 gesitleri i¢in ise genislik
ekseni boyunca kirilma kuvveti degerleri daha yiiksek bulunmustur. Ay¢iceginin
islenmesi, son iiriin kalitesi ve tiiketici istekleri acisindan tohumlarin hasat sonrasi
teknolojileri icin baz fiziksel ve renk karakteristikleri ile mekanik davraniglarinin
g6z dniinde bulundurulmas: gereklidir.

Anahtar Kelimeler: Aycicegi, Kiiresellik, Kroma, Kirilma Enerjisi.
2 o %

DETERMINATION OF SOME PHYSICAL AND COLOR CHARACTERISTICS AND
MECHANICAL BEHAVIOR OF DIFFERENT SUNFLOWER CULTIVARS’ SEEDS

ABSTRACT:

In this study, some physical and color characteristics and mechanical behaviors
of the seeds of Tunca, Tarsan-1018 and Reyna sunflower cultivars were examined.
In the study, the moisture contents of Tunca, Tarsan-1018 and Reyna sunflower
cultivars used in the study was determined as 5.92%, 6.58% and 6.05%, respectively.
As the physical charactersitics; the geometric, volumetric and color characteristics
of sunflower cultivars and also, their mechanical behavior at different loading
rate and axes were investigated. It was determined that the L* brightness values
were higher in Tunca cultivar. For the rupture force, deformation, rupture
energy, firmness and rupture power related with the compression tests of seeds
of sunflower; 30, 60 and 90 mm min™ loading speeds were used at the length and
width loading axes. Rupture force values at 30 mm min™ loading rate were found
higher in Tunca cultivar than other cultivars, while rupture power values along
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the width axis were found higher for Tunca and Tarsan-1018 cultivars. In terms
of processing of sunflower, end product quality and consumer demands, some
physical and color characteristics and mechanical behavior of seeds of sunflower
varieties for post-harvest technologies should be considered.

Keywords: Sunflower, Sphericity, Chroma, Rupture Energy.
1. GIRIS

Aycicegi (Helianthus annuus L.), kuraklik ve diisiik sicakliklara kars1 dayanikli
olmasi, bir¢ok toprak tipine adapte olmasindan dolay: {ilkemiz genelinde tiretilen
yagli tohumlu bitkiler arasinda ilk sirada yer almaktadir (Arioglu ve ark., 2010).
Yagl tohumlar, icerigindeki yiiksek yag, protein, karbonhidrat ve ¢esitli mineral
maddeler sayesinde gida, yem ve enerji sektorii gibi cesitli platformlarda hammadde
olarak kullanilmaktadir (Kadakoglu ve Karli, 2019). Aycicegi, icerdigi doymamis
yag asitleri oraninin yiiksek (%69) olmasi sebebiyle beslenme degeri en yiiksek
olan bitkisel yaglardan bir tanesidir. %40-45 oraninda elde edilen kiispesi, %30-
40 oraninda protein igermekte olup énemli bir yem olarak hayvan beslenmesinde
kullanilmaktadir. Aygicegi yagi, diinya bitkisel yag iiretiminin yaklagik %9unu
olusturmaktadir. Aycicegi yag, sabun ve boya sanayisinde kullanilmaktadir
(Anonim, 2019). Aycicegi bitkisinin hasat sonu kalan kok, sap ve diger kisimlar
topraga karistirillarak organik giibre olarak kullanilabilmektedir. Kuruyan tabla
yaprak ve sap artiklar1 yakacak olarak kullanildiktan sonra, kiillerde yiiksek oranda
potasyum bulundugundan topraga serpilerek 6zellikle potasyum ihtiyacinin biiyiik
capta giderilebilmektedir (Giil ve ark., 2018).

USDA verilerine gore, diinyada 2019/2020 yilinda 26.3 milyon hektar alanda
aygicegi ekimi yapilmig ve 2 ton verim elde edilmistir (Anonim, 2020). TUIK
verilerine gore yaglik aycicegi, 2010 yilinda iilkemiz genelinde 5 514 000 dekar
ekiminden 1 170 000 ton yaglik tiretim gerceklesmis ve verim 212 kg da™! iken. 2020
yilinda ise 6 508 696 dekar alanda 1 900 000 ton iiretim gerceklesmis ortalama
verim ise 292 kg da™’a cikmustir (TUIK, 2021).

Aycicegi tohumlarmnin bazi fiziksel ve renk karakteristikleri ile mekanik
davraniglars; hasat esnasinda, hasat sonrasi isleme, tasima ve depolama iglemleri
i¢in gerekli ekipmanlarin tasarimi ve projelenmesi agisindan biiyiik bir 6nem
tagimaktadir (Baryeh, 2001).

Aycicegi konusunda bir¢ok arastirmaci tarafindan ¢alismalar yurttilmistir.
Ashwini ve Vikas (2012), aygicegi tohumlarinin neme bagl olarak bazi fiziksel
ozelliklerinin degisimini; Babi¢ ve ark. (2012), alt1 aycicegi hibrit ¢esidine ait
tohumlarinin fiziksel 6zelliklerini; Malik ve Saini (2016), aycicegi tohumlarinin
bazi fiziksel 6zellikleri tizerine ¢alima yapmuglardir. Bu, ¢aligmada, Tiirkiye'ye
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ozgi i farkli aygicegi cesidinin daha 6nce ¢alisilmamasi nedeniyle, bu ¢aligmada
Tunca, Tarsan-1018 ve Reyna yaglik aygicegi cesitlerinin bazi fiziksel ve renk
karakteristikleri ile mekanik davraniglar1 bir arada incelenmis ve karsilagtirilmistir.

2. MATERYAL VE METOT

CGaligmada kullanilan aygicegi tohumlari, Tokat Gaziosmanpaga Universitesi
Ziraat Fakiiltesi Tarla Bitkileri Boliimii tarafindan 2013 yilinda Tokat Ili, Erbaa
[lgesinde vyiiriitillen bir aragtirma sonucu elde edilen tohumlardir. Caligmanin
yuritildagi 2013 yili dénemine (Ocak-Aralik) ait ortalama sicaklik 14.5°C,
ortalama bagil nem %70.44 ve ortalama toplam yagis miktar: ise 312.9 mmdir.
Aragtirmanin yiiraitilldigii toprak ise; hafif alkali, orta kiregli, tuzsuz, fosfor seviyesi
orta ve potasyum bakimindan yeterlidir. Aycigegi tohumlar1 hasattan sonra oda
sicakliginda 20-24°C depolanmustir. Aycicegi cesitlerine ait tohumlarla ilgili bazi
fiziksel ve renk karakteristikleri ile mekanik davranislari ile ilgili denemeler, Tokat
Gaziosmanpasa Universitesi, Ziraat Fakiiltesi, Biyosistem Miithendisligi Boliimii
Biyolojik Malzeme Laboratuvarinda yiiriitiilmiistiir. Calismada incelenen tiim
ozellikler i¢in yapilan 6l¢lim ve analizler icin, 6rneklerden kirik ve zarar gormiis
olanlar ayrilmigtir. Calismada tescil edilmis ti¢ farkli yaglik aycicegi cesidi olarak.
Tunca, Tarsan-1018 ve Reyna kullanilmistir (Sekil 1).

Tunca gesidi, orta erkenci olgunlagsma grubunda yer almakta ve verimi ¢ok
yiiksektir. Hektolitre agirligi ve yag orani yiiksek olup, kuraga tolerans da yiiksektir.
Bu ¢esidin {iretici firmas: Limagrain Tohumculuk A.§dir. Tarsan-1018, erkenci
olgunlagan grupta olup, Marmara, Ege Karadeniz, Akdenizde kuru sartlarda, I¢
Anadolu Bolgesinde ise sulu sartlarda yetistirilmesi 6nerilmektedir. Yag orani ve
tane verimi yliksek olup, Biotek Tohumculuk A.S. tarafindan tretilmistir. Reyna
cesidi, erkenci ve erken hasada gelen bir ¢esit olup, kuruma 6zelligi ¢ok hizhidir.
Kuraklik tolerans: oldukga yiiksek, Ayni zamanda stres ve olumsuz kosullara karsi
da yiiksek toleranshdir. Zayif ve kumsal topraklarda rakiplerinden daha yiiksek
performans gosteren bu gesidin {iretici firmasi ise May Agro Tohumculuk A.Sdir
(Sahin, 2015).
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TUNCA TARSAN-1018

REYNA

Sekil 1. Calismada kullanilan ay¢igegi gesitlerine ait 6rnekler

Figure 1. The sample for sunflower cultivars used in the study

Aycicegi cesitlerine ait 6rneklerin nem igerikleri, tohumlarin etiivde 105+£1°C
sicaklikta 24 h kurutulmasiyla kuru baza gore belirlenmistir (Suthar ve Das, 1996).
Tunca, Tarsan-1018 ve Reyna gesitlerinin nem igerikleri sirasiyla %5.92, %6.58 ve
%6.05 olarak belirlenmistir. Aycicegi cesitlerine ait tohumlarda fiziksel 6zelliklerin
belirlenmesi i¢in 100%r adet 6rnek alinmus; uzunluk (U), genislik (G) ve kalinlik
(K) degerleri 0.01 mm hassasiyetli dijital kumpas yardimiyla belirlenmistir (Sekil
2). Cesitlerin tek tohum agirliklar1 0.001 g hassasiyetli dijital hassas elektronik bir
teraziyle belirlenmistir. 1000-tane agirliklar: i¢in 3 tekrarli alinan 100 adet 6rnek
agirliklar: ortalamasi kullanilmigtir. Cesitlere ait tohumlarin geometrik ortalama
¢ap (GOQ) ve kiiresellik (KR); ylizey alan1 (YA), tane hacmi (TH) i¢in asagidaki
esitliklerden yararlanilmistir (Mohsenin, 1980).

GOG= (UGK)"? (1)
KR=(GOG/U)100 2)
YA= 1 (GOC)? 3)
TH=n /6 (UGK) (4)
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TUNCA TARSAN-1018

Sekil 2. Aycicegi tohumlarinin boyut 6l¢timlerine ait 6rnekler

Figure 2. Examples of size measurements of sunflower seeds

Cesitlerin gercek hacim agirhiginin (GHA) belirlenmesinde siv1 yer degistirme
metodu kullanilmistir (Mohsenin, 1980). Bu amagla denemede akiskan siv1 olarak
suya gore daha az absorbe 6zelligine sahip olan Toluen sivis1 kullanilmigtir (Sagilik
ve ark., 2003). Yigin hacim agirhig1 (YHA) igin ise hektolitre yontemi uygulanmis-
tir. Porozite (bosluk orani) degeri (%PR) Mohsenin (1980)e gore, YHA ve GHA
degerleri goz 6niine alinarak belirlenmistir.

Aycicegi tohumlariin renk 6zellikleri i¢in CIE L*, a* ve b* renk skalalar1 be-
lirlenmistir. Renk olgiimlerinde, Minolta, model CR-400 (Tokyo, Japonya) renkél-
¢er cihazi kullanilmistir. Renk skalasina gére kirmizilik-yesillik (a*) degeri, sar1-
lik-mavilik (b*) degeri 6l¢iimil yaninda kroma degeri ise KRM=(a?+b")"? formiili
ile belirlenmistir (McGuire, 1992). Uriiniin kroma degeri (KRM) tohumlarin canli
ya da pastel tonuyla ilgili bir belirte¢ olup pastel tonlar, 0 degerine canli tonlar ise
100 degerine yakindir (Giinaydin, 2020).

Aycicegi tohumlarinin mekanik 6zellikleri icinde, farkls siirtiinme yiizeyleri ola-
rak galvanizli sac, PVC, kontrplak, laminant ve lastik tizerindeki statik siirtiinme
katsayilar stirtlinme 6l¢tim diizeni kullanilarak belirlenmistir. Siirtiinme katsayist
degeri (p) bir kol ile egimlendirilen yiizeyden tohumlarin harekete basladig: andaki
egim acist (tana) dikkate alarak ol¢tilmiistiir (Yilmaz ve Altuntas, 2021) (Sekil 3).

Sekil 3. Statik stirtiinme katsayist 6l¢iimii.

Figure 3. Static friction coefficient measurement
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Statik yig1lma agis1 (SYA) igin 300 mm ¢ap ve 500 mm yiikseklik 6l¢iilii iistten ve
alttan agik bos bir silindir kullanilmistir. Silindir tohumlar ile tepeleme doldurulup,
bir diiz plaka ylizey tizerinde bir koni olusturana kadar yavasca yiikseltilmistir.
Olugan koninin egim agisl, statik yigilma agis1 olarak belirlenmistir (Kaleemullah
ve Gunasekar, 2002).

SYA =tan” (h/71) (5)
Burada, h koni yiiksekligi (cm) ve r koni taban yarigapini (cm) gostermektedir.

Aycicegi tohumlarinin mekanik o6zellikleri i¢inde sikistirma testi olgiimleri
i¢in, biyolojik materyal test Ol¢iim cihazi kullanilmis olup, bu cihaz; bir
bilgisayar programiyla ¢alistirilmakta, bast ve ¢eki dinamometresi (Sundoo ¢eki
dinamometresi (Model SH-500, 0.1 N hassasiyetli, Cin), dijital hiz @nitesi, bir
Olgim cetveli standina sahip motorlu ve otomatik kontrolli bir cihazdir. Farkli
aycicegi cesitlerine ait tohumlarin iki farkli eksen (uzunluk ve genislik ekseni) ve
ti¢ farkls hizdaki (30 mm min, 60 mm min, 90 mm min™) kirilma kuvveti (KK),
test cihazi tizerinden grafik olarak alinabilmektedir (Sekil 4). Kalinlik ekseni ile
ilgili birgok 6n deneme yapilmis, ancak biyolojjk materyal test cihazinda hassas
6l¢iim alinamamus, dolayisiyla genislik ekseni ¢alisma harici birakilmistir. Biyolojik
materyal test cihazinda bulunan hiz ayarlama ve sabitleme paneli ile belirlenen
hizlar sabit tutularak degerler okunabilmektedir. Kirilma enerjisi (KE), sertlik (SR)
ve kirilma giicii (KG) degerleri ise asagidaki esitlikler yardimiyla bulunabilmektedir
(Braga ve ark., 1999; Khazaei ve ark., 2002; Altuntas ve ark., 2010).

KE=(KK DF)/2 (6)
SR= KK/DE, (7)
KG = [2e ] )

Esitliklerde; SR: Sertlik KE: kirilma enerjisi (N mm), KK: kirilma kuvveti (N),
DF: Deformasyon (mm), KG, kirilma giicti (W); HZ, yiikleme hizi (mm min™).

Sekil 4. Aycicegi tohumunun iki farkli (U, G) eksenel boyutunda uygulanan
sikistirma testi.

Figure 4. Compression test applied in two different (L, W) axial dimensions of
sunflower seeds
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Aycicegi cesitlerine ait hasat sonrasi bazi fiziksel ve renk karakteristikleri ile
mekanik davraniglarinin belirlenmesinde temel istatistik 6l¢iimler i¢in, ortalama
ve standart hata degerleri bulunmustur. Cesitlere ve mekanik testlere yonelik
istatistiksel hesaplamalarda ti¢ faktorli faktoriyel deneme deseni kullanilmustir.
Veriler i¢in varyans analizi 6ncesi normalite testi yapilarak analiz i¢cin uygunlugu
belirlenmistir. Varyans analizlerinde, ¢esit karsilastirmalarinda tek yonlii varyans
analizi, birden fazla faktoriin kullanildig1 mekanik testlerde ¢ok faktorlii varyans
analizi yapilmistir. Tim varyans analizlerinde, Duncan ¢oklu kargilagtirma testi
yapilarak cesitler ve ok faktorlii uygulamalarda her bir faktoriin etkisini belirlemek
i¢in Split File (veri ayirma ve segme testi) testi uygulanmigtir (SPSS, 2000).

3. BULGULAR VE TARTISMA
3.1. Fiziksel Ozellikler

Aycicegi cesitlerine ait tohumlarin boyut ozellikleri, geometrik ortalama cap,
kiiresellik, yiizey alani gibi geometrik 6zelliklerine ait degerler ve varyans analiz
sonuglari, Cizelge 1'de verilmistir.

Cizelge 1. Aygigegi cesitlerinin geometrik ozelliklerine ait istatistiksel sonuglar.

Table 1. Statistical results of the geometrical characteristics of sunflower cultivars

Aycicegi U (mm) G (mm) K (mm) GOC (mm) KR (%) YA(mm?)
cesitleri
Tunca 11.40=0.05b** 5.58+0.09c** 3.32+0.04b* 5.93+0.06b** 48.98+0.7Tb** 110.85+£2 10b**

Tarsan- 12.62+0.05a%* 6.030.06b** 3.47+0.03a* 6.39+0.03a** 478240 47b** 128.76+1.39a**
1018
Reyna 11.42+0.07b** 6460 08a** 3.40+0.03ab* 6.28+0.05a** 56.54+0.39a%* 124 39+1 98a**

F degeri 142.04 32.73 4.04 26.04 70.17 25.57

U: Uzunluk (mm) , G: Genislik (mm) K: Kalinlik (mm), GOC: Geometrik ortala-
ma ¢ap (mm), KR: Kiiresellik (%), YA: Yiizey Alani(mm?) *: p<0.05, **: p<0.01. Aym
siitundaki ayni harfler aras: fark onemsizdir.

Aycigegi cesitlerinin uzunluk, genislik, geometrik ortalama cap, kiiresellik
ve yiizey alani iizerinde gesitler arasinda p<0.01 diizeyinde, kalinlik boyutunda
ise p<0.05 diizeyinde istatistiksel olarak farkliliklar gézlenmistir. Tarsan-1018
¢esidinde uzunluk (12.62 mm), Reyna ¢esidinde ise genislik (6.46 mm) degerleri,
diger cesitlere gore daha yiiksek degerler vermistir. Kiiresellik degeri; %56,54
degeri ile en yiiksek Reyna ¢esidinde belirlenirken yiizey alani (128.76 mm?*) en
yiitksek Tarsan-1018 gesidinde bulunmustur (Cizelge 1).
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Jafari ve ark. (2011), nem igerigi %6.3 olan Shamshiri cesidi ay¢icegi tohum-
larinda; uzunluk genislik ve kalinhik degerlerini sirasiyla 22.80 mm, 7.06 mm,
3.98 mm olarak, geometrik ortalama c¢ap, kiiresellik ve ylizey alanini ise sirasiy-
la 8.58 mm, %37.91, 235.20 mm? olarak belirlemislerdir. Vo¢a ve ark. (2008),
% 5.29 nem igerigindeki Alexandra cesidi aygicegi tohumlarinda; uzunluk ge-
nislik, kalinlik ve kiiresellik degerlerini sirasiyla 9.61 mm, 4.82 mm, 3.20 mm
ve %54.24 olarak belirlemiglerdir. Giil ve ark. (2017), Bafra, Vezirkoprii, Hav-
za, Merzifon, Corum Merkez ve Turhalda bulunan yetistiricilerden 2015 yilin-
da aldiklar1 ortalama nemi %7.9 olan yaglik aygicegi orneklerinde yaptiklari ¢a-
lismada ortalama tane uzunlugu, genisligi ve ve kalinligini sirasiyla 10.8 mm,
5.1 mm, 2.9 mm olarak belirlemislerdir. Malik ve Saini (2016), PSH-996 ¢esidi aygice-
¢&i tohumlarinda %7.60 nem iceriginde uzunluk genislik, kalinlik ve ytizey alan1 deger-
lerini sirasiyla 11.33 mm, 6.84 mm, 4.76 mm ve 161.00 mm? olarak belirlemislerdir.

Babi¢ ve ark. (2012), 2009 hasat sezonunda alt1 aygigegi hibrit ¢cesidinden (Kra-
jisnik, Perun, Pobednik, Sumadinac, Bacvanin ve NS-H-111) uzunluk, genislik,
kalinlik, geometrik ortalama ¢ap ve yiizey alan1 degerleri Sumadinac hibrit gesidi
i¢in sirastyla; 9.80 mm, 4.72 mm, 2.95 mm, 5.14 mm, 83.92 mm? Krajisnik ¢esidi
i¢in 9.31 mm, 4.80 mm, 3.42 mm, 5.32 mm, 102.30 mm? Bac¢vanin ¢esidi i¢in ise
10.67 mm, 5.92 mm, 3.98 mm, 6.29 mm, 125.50 mm? olarak bildirmislerdir. As-
hwini ve Vikas (2012), KBSH-44 ¢esidinde yaptiklar1 aragtirmada %10 nem ice-
rigindeki aycicegi tohumlarinin uzunluk, genislik ve kalinlik degerlerini sirasiyla
12.54 mm, 5.57 mm, 3.88 mm olarak gozlemlemislerdir.

Aycigegi tohumlarinin fiziksel 6zellikleri ierisinde hacimsel ozellikleri olarak
tek tane agirligy, bin tane agirligy, tane hacmi, y1gin hacim agirlig, tane hacim agir-
1181 ve poroziteye ait degerler, Cizelge 2'de verilmistir.

Cizelge 2. Aycicegi cesitlerinin hacimsel 6zelliklerine ait istatistiksel sonuglari.

Table 2. Statistical results of the volumetric properties of sunflower cultivars

Aycicegi TDA (mg)  BDA (g) TH (mn’) YHA (kg n3) GHA (kg nr3) PR (%)
cesitleri
Tunca 91.08+1.55a 111.94a* 110.88+3.16b* 451.82+3.59a* 1784.00=97.34b 73.59+1.49b**
ok * * * Hx

Tarsan- 87.33+161a 109.85a* 138.75£223a% 359.56+2.05b* 223863£69.78a*  83.77+0.40a**
1018 L] * #* * *

Reyna 7747£152b 96.84b**  131.72+3 21a* 328214293c* 1924 23+74.16b 82 610 66a**
ok * * sk

F degeri 2029 2040 2493 481.80 819 3320

TDA: Tek tane agirlik (mg), BDA: Bin dane agirligi (g), TH: Hacim (mm3), YHA:
Yigin hacim agirhigi (kg m?), GHA: Gergek hacim agirligr (kg m™), PR: Porozite (%)
**: p<0.01. Aymi siitundaki ayni harfler aras: fark onemsizdir.
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Aycicegi cesitlerinin tek dane agirligs, bin dane agirligi, tane hacmi, yigin ha-
cim agirhigy, tane hacim agirlig1 ve porozite tizerinde gesitler arasinda p<0.01 diize-
yinde istatistiksel olarak farkliliklar gézlenmistir. Tunca gesidinde tek tane agirlig
(91.08 mg), Tarsan gesidinde ise tane hacmi (138.75 mm?®) degeri diger cesitlere
gore daha yiiksek bulunmustur (Cizelge 1).

Jafari ve ark. (2011), nem icerigi %6.3 olan Shamshiri ¢esidi aygcicegi
tohumlarinda; tek dane agirligini 0.15 g, tane hacmini ise 347.10 mm?® olarak
bildirmiglerdir. Voéa ve ark. (2008), 2006 sezonunda toplanan %5.29 nem
icerigindeki Alexandra gesidi aycicegi tohumlarinda; tek tane agirligini 0.0524 g
olarak; Giil ve ark. (2017) ise nemi %7.9 olan yaglik aygicegi tohumlarinin bin
dane agirligini ortalama 56.6 g olarak belirlemislerdir. Malik ve Saini (2016), PSH-
996 ¢esidi aygigegi tohumlarinda %7.60 nem igeriginde tane hacmi, yigimn hacim
agirligy, tane hacim agirligi, porozite ve bin dane agirliklarini sirasiyla; 192.61 mm?,
342.30 kg m?, 581.33 kg m~, % 41.12 ve 73.40 g olarak belirlemislerdir.

Babi¢ ve ark. (2012), yigin hacim agirligy, tane hacim agirlig: degerlerini Suma-
dinac, Krajisnik, Bacvanin hibrit gesitleri i¢in sirasiyla; 419.37 kg m~, 649.48 kg m™;
398.90 kg m?, 581.13 kg m™; 330.10 kg m?, 502.74 kg m~ olarak bildirmislerdir.
Perun, Pobednik, NS-H-111 gesitleri igin ise sirasiyla; 424.62 kg m?, 642.41 kg m?;
449.86 kg m?, 701.21 kg m?, 435.35 kg m*, 663.89 kg m~ olarak bildirilmistir. As-
hwini ve Vikas (2012), KBSH-44 ¢esidinde (%10 nem igerigi) aycicegi tohumlarinin
tane hacim agirhigy, yigin hacim agirhigi ve porozite degerlerini sirasiyla; 769.2 kg m?,
435 kg m?, % 43.5 olarak gozlemlemislerdir.

Calismada bulunan sonuglara gore, Tunca ve Tarsan 1018 gesitlerindeki y1gin
hacim degerleri Jafari ve ark. (2011)’in verdigi sonuglardan daha yiiksek, Babi¢ ve
ark. (2012)’in verdigi sonuglardan ise daha diisiik bulunmustur.

3.2. Renk Ozellikleri

Aycicegi gesitlerinin renk karakteristiklerine ait degerler, Cizelge 3’te verilmis-
tir. Tunca ¢esidine ait renk karakteristiklerinden L* a* ve b* degerleri sirasiyla
23.44, 0.88 ve 1.50 olarak belirlenirken; Reyna ¢esidinde bu degerler 21.82, 0.81
ve 1.24 olarak degismistir. L* ve a* renk karakteristikleri tizerine ¢esitler arasinda
fark 6nemsizken b* ve kroma renk karakteristigi izerine cesitler arasinda p<0.01
diizeyinde farklilik gozlenmistir. L* parlaklik degerlerinin Tunca ¢esidinde daha
yiiksek oldugu belirlenmistir.
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Cizelge 3. Aycicegi tohumlarinin cesitler bazinda renk karakteristiklerine ait
istatistiksel sonuglari.

Table 3. Statistical results of the color characteristics of sunflower seeds on the
basis of cultivars

Aycicegi L¥ a* b* Kroma

cesitleri (KRM)
Tunca 23444031 0.88+0.032s 1.50+0.10a%* 1.75£0.09a**
Tarsan-1018 22.43+0.82m 0.82+0.04=s 0.73+0.09c** 1.12+0.08c**
Reyna 21.8240 28=s 0.81=0.03ns 1.2440.08b** 1.49+0.08b**

F degeri 2.36 1.26 2037 14.43

**: p<0.01, ns: onemsiz. Aym siitundaki aym harfler arasi fark énemsizdir.
3.3. Mekanik Davranislar

Tunca, Tarsan-1018 ve Reyna gesitlerine ait tohumlarin mekanik davranislari igin
statik stirtlinme katsayzsy, statik yigilma agisi, mekanik kuvvet karsisindaki kirilma
kuvveti, deformasyon, kirilma enerjisi, sertlik ve kirilma giicti degerleri incelenmistir.

Statik siirtiinme katsayilar: tiim gesitlerde en yiiksek kontrplak yiizeyde, en
diisiik deger ise tiim ¢esitlerde laminant siirtiinme yiizeyde elde edilmistir. Aycicegi
tohumlarinin PVC, galvanizli sac, laminant, kontrplak ve lastik yiizeylerdeki
stirtinme katsayist degerlerinde ¢esitler arasindaki farkin istatistiksel olarak p<0.01
seviyesinde 6nemli oldugu gozlenmistir. Aycicegi cesitlerinde statik yigilma agis1
degerleri 9.42° ile 10.64° araliginda bulunmustur. En yiiksek yigilma agis1 degeri,
Tunca gesidinde 10.64° ile bulunurken, en disitk deger ise Tarsan-1018 gesidinde
9.42° olarak belirlenmistir (Cizelge 4).

Cizelge 4. Aygicegi cesitlerinin statik slirtiinme katsayis1 ve statik yigilma agis1
degerleri.

Table 4. Static friction coefficient and static angle of repose values of sunflower
cultivars

Avcicegi PVC Galvanizli sac Laminant Kontrplak Lastik Statik
cesitleri Yigilma
Acsi ()

Tunca  0.296+0.003b** 0.3294£0.003c** 0.26140.003c** 0.380+0.005¢c** 0.354+0.003b** 10.64+0.34=

Tarsan- 031320.004a** 0.388+0.005a** 0.268+0.000b** 0.514+0.005a** 0412+0.005a** 9.42+031==
1018
Reyna  0.300+£0.003b** 0.370+£0.003b** 0.277+0.003a** 0.420+0.003b** 0.364+0.003b%*  9.98+0.40

F degeri 6.739 67.351 11.218 227116 73.107 3.01

PVC: Polivinil kloriir, **: P<0.01, ns: 6nemsiz. Aym siitundaki ayni harfler aras
fark onemsizdir.
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Khodabakhshian ve ark. (2010), %7 nem icerigindeki Shahroodi ¢esidi ay¢icegi
tohumlarinda ortalama statik stirtiinme katsayis: degerlerini, galvanizli sac, lastik,
kontrplak yiizeyler i¢in sirasiyla; 0.38, 0.50 ve 0.46 olarak bildirmistir.

Aycicegi cesitlerine ait farkli yiikleme hizlari ve yiikleme eksenlerindeki
kirilma kuvveti degerleri, Cizelge 5te verilmistir. Cizelge 5e gore, Tunca
¢esidinde 30 mm min* hizindaki kirilma kuvveti degeri diger ¢esitlere gore daha
yiitksek, Tunca ve Tarsan-1018 ¢esidi i¢in de genislik ekseni boyunca kirilma
kuvveti degeri daha yiiksek bulunmustur. Yiikleme hizlarina gore kirilma kuvveti
degerleri 90 mm min™ yiikleme hizinda diger yiikleme hizlarina gore daha
yiitksek bulunmustur. En yiiksek kirilma kuvveti degeri, Tarsan ¢esidinde 90 mm
min yiikleme hizinda 49.85 N ile gozlenmis, en diisiik kirilma kuvveti degeri
17.32 N ile Reyna gesidinde ve 60 mm min™ yitkleme hizinda gézlenmistir.

Cizelge 5. Aygicegi cesitlerine ait kirilma kuvveti degerlerinin farkl ytikleme
hizlar ve yiikleme eksenlerine gore degisimleri

Table 5. Changes of rupture force values of sunflower cultivars according to
different loading speeds and loading axes

Axgiceg cesitlen Yiikdleme iz Kinlma Euvveti (egit ortalemas)

(HI) mmmin'y  (EE) N}

30 46 30+3 Bla*= 4074+ 1 56a%*
Tunca 60 41.21+1.77ab**

40 34.71+1.24b%*

30 41.55+3.58= 45.68=2.62a%
Tarzan-1018 1) 45 624 75=

o0 40 855 18~

30 21 421 28b** 21.3520.75h%*
Reyna 1) 1732+1 30c**

a0 25300 46a%=
TYilkleme ekseni ortzlamasy 15 G
Tunca 33031 (db** 48 46=2 18a%%
Tarsan-1018 26 460 62h== 64 001 42a%*
Reyna 24.49+0.50a%* 18.20=1.12b=*
Tilkleme lun ortzlamas:
30 36.42+225=
1] 34722 35=
o0 36.62+2 10=

**: p<0.01, ns: 6nemsiz.

Aycicegi esitlerinde farkli yiikleme hizlar: ve yiikleme eksenlerindeki defor-
masyon degerleri, Cizelge 6da verilmistir.
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Cizelge 6. Aycicegi cesitlerine ait deformasyon degerlerinin farkl yiikleme hi-
zlar1 ve ytikleme eksenlerine gore degisimleri

Table 6. Variations of deformation values of sunflower cultivars according to dif-
ferent loading speeds and loading axes

Awcicedi cesitler Yiddeme buzs (HZ) Deformasyon (Cesit ortalamas

(mm mit') (DF) (mm)

30 0.89=0.03p** 0.99=0.020**
Nmea 60 0.90=) 02 ab*+*

20 1.09=) Dfa**

30 1000 02c** 1140 02a%*
Tarsan-1018 60 L110.03b**

20 1.320 03 a**

30 1090 04b** 1.17+0.02a**
Reyna 60 1070 .02b**

20 1.33) 040+
Yiikdeme ekseni ortalamaz u G
Nmca 1.0820.04a** 0.90=0.02b**
Tarsean-1018 1.1820.04~ 1.10=0.03=
Reyna 1.20:£0.04~ 1.140.03=
Yiikdleme huzs ortalam as
30 0.99=0.02c**
60 1.06=0.02b**
20 1.2520.03a**

**: p<0.01, ns: 6nemsiz.

Cizelge 6’ya gore, Reyna gesidinde farkli yiikleme ekseni ve hizlarindaki defor-
masyon degerleri diger gesitlere gore daha yiiksek bulunmustur. Yiikleme hizlarina
gore deformasyon degerleri 90 mm min™ yiikleme hizinda diger hizlara gore daha
yiiksek bulunmustur. En yiiksek deformasyon degeri, Reyna ¢esidinde 90 mm min™!
yiikleme hizinda 1.33 mm ile gézlenmis, en diisitk deformasyon degeri 0.89 mm ile;
Tunca gesidinde ve 30 mm min™! yiikleme hizinda gozlenmistir.

Aycicegi cesitlerinde 6zellikle mekanik olarak tirtin islemede etkili olan kirilma
enerjisinin, farkli yiikleme hizlar1 ve yiikleme eksenlerindeki degisimi, Cizelge 7'de
verilmistir.
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Cizelge 7. Aycicegi cesitlerine ait kirilma enerjisi degerlerinin farkli yiikkleme
hizlar1 ve yiikkleme eksenlerine gore degisimleri

Table 7. Changes of rupture energy values of sunflower cultivars according to
different loading speeds and loading axes

Aygigeg gesitlen Yikleme hizi (HZ) Kinbna enerjist Cestt ortalamas:

(mm min) (KE) (N mm)

30 2093201 2001£0.810**
Tunca 60 2021071

20 18.88=1.19%

30 20941 89b%* 2398x1.37a%*
Tarsan-1018 60 24 812 4T0**

20 32.17£3.14a%*

30 11.38=0.50p** 12.59+0.56c**
Reyna 60 0510 86b**

a0 16.809+0.50a%*
Yiikleme ekseni ortalamas: u G
Tunca 12.01£1.02b* 22.00+1.13a*
Tarsan-1018 13.770.70b%* 36.18+1.34a%*
Revna 14.630.60a** 10.550.78b**
Yiikleme huzi ortalamas:
30 17.75£1.00b%
60 18.18+122b*
20 22.6521.43a*

* p<0.05, ¥ p<0.01, ns: onemsiz.

Cizelge 7’ye gore, Tarsan-1018 cesidinde kirilma enerjisi diger gesitlere gore
daha yiiksek bulunmugtur. Yiikleme hizlarma goére kirilma enerjisi degerleri
90 mm min" yitkleme hizlarinda diger yiikleme hizlarina gore daha yiiksek bu-
lunmugtur. En yiiksek kirilma enerjisi degeri, Tarsan-1018 ¢esidinde 90 mm min™!
yikleme hizinda 32.17 N mm ile gozlenmis, en diisiik kirilma enerjisi degeri ise
9.51 N mm ile Reyna gesidinde ve 60 mm min™ yiikkleme hizinda gézlenmistir.

Aycicedi cesitlerine ait mekanik testlerde, ozellikle mekanik olarak triiniin
islenmesinde etkili olacak sekilde farkli yiikleme hizlar ve yiikleme eksenlerindeki
sertlik degerleri, Cizelge 8'de verilmistir.
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Cizelge 8. Aycicegi cesitlerine ait sertlik degerlerinin farkli yiikleme hizlar: ve
yiikleme eksenlerine gore degisimleri

Table 8. Variations of hardness values of sunflower cultivars according to
different loading speeds and loading axes

Axcigepl gegitlen Yilkleme iz (HZ)  Serthlc Cesit ortalamasy

{mm min- ") (SR (I mm )

30 32.24=4 11a%** 42 76=2.00a%*
Turca &0 423522 42b**

o0 33.70=231b**

30 41.50=3.72= 41.05=2.50a%%
Farsan-1018 a0 42 54=4 92

o0 39.03=4 43

30 20.57=1.72a% 18.57=0.73b**
Revaa &0 15.93=1.00b*

o0 19.22=0.61ab*
Yitkleme eksemi ortalamas: U G
Turca 31.64=1.35b** 33.89=2.42z%*
Farsan-1018 22.77=0.70b%* 30.33=134a%%
e 21.24=0.98a** 15.90=0.83b**
Yiikleme lum ortalamas:
30 38.1322.56~
&0 33.61=2.45%=
a0 30.65=1.98=

*: p<0.05, **: p<0.01, ns: onemsiz.

Cizelge 8e gore, Reyna gesidinde farkll hizlarindaki sertlik degerleri diger
cesitlere gore daha diisiik bulunmustur. En yiiksek sertlik degeri, Tunca gesidinde
30 mm min™ yiikleme hizinda 52.24 N mm™ ile gozlenmis, en diisiik sertlik degeri
ise 15.93 N mm ile Reyna ¢esidinde ve 60 mm min yiikleme hizinda gozlenmistir.

Aycicegi cesitlerine ait farkli yiikleme hizlari ve yiikleme eksenleri icin 6zellikle
mekanik olarak iiriiniin iglenmesinde etkili olan kirilma giicii degerleri, Cizelge
9da verilmistir. Cizelge 9a gore, Tarsan-1018 gesidinde farkli yiikkleme hizlar
kirilma giicii degerleri diger gesitlere gore daha yiiksek bulunmustur. Yiikleme
hizlarina gore kirilma giici degerleri 90 mm min" yiikleme hizlarinda diger
yiikleme hizlarina gére daha yiiksek bulunmustur. En yiiksek kirilma giicii degeri,
Tarsan-1018 ¢esidinde 90 mm min™' yiikleme hizinda 0.0374 W ile gozlenmis,
en disiik kirilma giicii degeri ise 0.0054 W ile Reyna ¢esidinde ve 30 mm min™
yiikleme hizinda gézlenmistir.
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Cizelge 9. Aycicegi cesitlerine ait kirilma giicii degerlerinin farkli yiikleme hi-
zlar1 ve ylikleme eksenlerine gore degisimleri

Aycigem cegitlern Tikleme iz (HZ) Emmlma giicii esit ortalamas)

(mm min ) (KG) (W)

30 0.0116=0.0010c*= 0.0194=0.0009b**
Tunca 60 0.0206=0 00090

o0 0.0260=0.000%a*=

30 0.0104=0.0008c™= 0.0235=0.0021a%*
Tarsan-1018 60 0.0228=+0.0024b**

90 0.0374=+0.003%a*=

30 0.0054=0.0003c*= 0.0110=0.0008c**
Reyna &0 O 008720 000 7b**

o0 0.0190=0.0004a%=
Yiildeme ekzeni ortalamasy U G
Tunca 0.0168=0.0015k*= 0.0220=0.0010a"=
Tarsan-1018 0.013320.0011b** 0.0337=0.0031a**
Reyna 001210 0003 0.0099=0.0013=
Tiikleme = ortalamas)
30 000910 .0006c*=
60 0.0174=0.0012b**
o0 0.027 50001 6a**=

*: p<0.01, ns: onemsiz.

Altuntas ve Erdogan (2017), yenibahar meyvesinin sikistirma degerleri i¢in
60 mm min™ hizindaki kuvvet uygulamasiyla kirilma kuvveti degerleri uzunluk (X)
ekseninde 25.74 N, genislik (Y) ekseninde 27.40 N ve kalinlik (Z) ekseninde 38.48 N
olarak bildirmislerdir. Babi¢ ve ark. (2012), NS H111 aygicegi hibrit cesidinde %5.9
nem igeriginde deformasyon degerini 0.988 mm olarak belirlemislerdir.

SONUC

Yaghh tohumlarindan aygigegi tohumlariin hasat-harman mekanizasyonu
ile hasat sonrasi iiretim teknolojisine yonelik olarak bazi fiziksel ve renk
karakteristikleri ile mekanik davraniglarinin bilinmesi, bu amaca yonelik
kullanilacak makine ve ekipman ile kullanilacak sistemlerin tasariminda dikkate
alinmasi gerekmektedir. Bu ¢alismada, aycicegi cesitlerinden Tunca, Tarsan-1018
ve Reyna gesitlerinin sirasiyla %5.92, %6.58 ve %6.05 nem igeriklerinde elde edilen
bazi bulgular asagida 6zetlenmistir.

-Tarsan-1018 gesidinde uzunluk (12.62 mm), Reyna ¢esidinde ise genislik
(6.46 mm) degerleri diger ¢esitlere gore daha yiiksek bulunmustur. Kiiresellik
degeri (%56,54) en yiiksek Reyna c¢esidinde belirlenirken yilizey alam
(128.76 mm?) en yiiksek Tarsan-1018 ¢esidinde daha yiiksek bulunmustur.

- Tunca gesidinde tek tane agirlik (91.08 mg), Tarsan-1018 gesidinde ise tane
hacmi (138.75 mm?®) degerleri diger ¢esitlere gore daha yiiksek bulunmustur.

- Aycicegi cesitlerinde yigilma acisi degerleri 9.42° ile 10.64° araliginda bulun-
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mustur. En yiiksek yigilma acis1 degeri, Tunca cesidinde 10.64° ile bulunurken, en
diisiik deger ise Tarsan-1018 gesidinde 9.42° olarak belirlenmistir.

- L* parlaklik degerlerinin Tunca ¢esidinde daha yiiksek oldugu belirlenmistir.

- Farkli yiikleme ekseni ve hizlarindaki deformasyon degerleri Reyna ¢esidinde,
diger gesitlere gore daha yiiksek bulunmustur.

- Farkli yiikleme hizlar1 kirilma giicii degerleri Tarsan-1018 gesidinde, diger
gesitlere gore daha yiiksek bulunmustur

Aycicegi hasadinda, siniflandirmada, igleme ve paketlemede kullanilacak ekip-
man, makine ve sistemlerin tasarim ve projeleme ve gelistirilmesi fiziksel ve renk
oOzellikleri yaninda mekaniksel davraniglarinin belirlenmesi 6nem arz etmektedir.
Caligma verileri bu anlamda, aygigegi tohumlarinin hasat, siniflandirma, tasgima
isleme ve depolama ¢aligmalarinda mithendislik verisi olarak dikkate alinmalidir.

Yazar Katki Oranlar:

Caligmanin Tasarlanmasi (Design of Study): ENG (%25), EA (%50), HG (%25)
Veri Toplanmasi (Data Acquisition): ENG (%20), EA (%10), HG (%70)

Veri Analizi (Data Analysis): ENG (%60), EA (%30), HG (%10)

Makalenin Yazimi (Writing up): ENG (%60), EA (%30), HG (%10)

Makalenin Gonderimi ve Revizyonu (Submission and Revision): ENG (%60),
EA (%30), HG (%10)
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