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ARASTIRMA MAKALESI RESEARCH ARTICLE

Soyanmin Farkh Gelisim Donemlerinde Uygulanan Yaprak Giibresinin Yaprak Alani,
Klorofil ve Besin I¢eriklerine Etkisi*

Effects of Foliar Fertilizer Applications on Leaf Area, Chlorophyll and Nutritional Content at
Different Growth Stages of Soybean

Cenk Burak SAHIN", Necmi ISLER?

Oz

Optimum biiylimenin saglanmasi ve yiiksek verim icin bitkiler, bitki besin elementlerinin toprakta alinabilir
formda ve yeterince var olmasina gereksinim duymaktadir. Ancak, Akdeniz Bolgesi gibi kireg icerigi ve pH’s1
yiiksek topraklarda bulunan makro ve mikro besin elementlerinin bitkiler tarafindan alimi kisitli olmakta, bazi
durumlarda ise bitki tarafindan kullanilamamaktadir. Bu gibi topraklarda gerekli besin elementinin, 6zellikle mikro
bitki besin elementlerinin yaprak giibresi seklinde verilmesi bitkinin daha hizli ve etkili sekilde faydalanmasini
saglamaktadir. Bu ¢alismada, soya bitkisinin (Glycine max L.) farkli gelisim donemlerinde (V3, R1, R3) yaprak
giibresi seklinde verilen ¢inko ve demir besin elementlerinin klorofil igerigi (SPAD), yaprak alan indeksi (LAI) ve
soya bitkisinin kimyasal kompozisyonuna etkisi incelenmistir. Deneme, 2018 ve 2019 yillarinda ikinci tiriin olarak
Amik Ovasi (Hatay) kosullarinda boéliinen boliinmiis parseller deneme desenine gore ii¢ yinelemeli olarak
ylriitiilmiistiir. Ana parsellere ¢esitler (Arisoy, Bravo, Nazlican), alt parsellere gelisim donemleri (V3, R1, R3) ve
alt alt parsellere giibre uygulamalar1 (Kontrol, Cinko, Demir, Cinko + Demir) yerlestirilmistir. Soya bitkisine farkli
gelisim donemlerinde uygulanan demir ve ¢inko yaprak giibreleri, kontrol grubuna gére SPAD ve LAI degerlerini
artirmistir. En yiiksek klorofil i¢erigi (SPAD degeri) Nazlican x R3 x Zn + Fe (36.03) uygulamasindan alinirken,
en yliksek yaprak alan indeksi degeri ise Bravo x V3 x Fe (7.57) uygulamasindan alinmigtir. Klorofil igerigi
tespitinde (SPAD degerleri) generatif donem Olgliimlerinde yiiksek sonug¢ alinirken, yaprak alan indeksi
Olciimlerinde ise vejetatif donem daha iyi sonu¢ vermistir. Yaprak besin elementi igerikleri ydniinden
incelendiginde ise generatif donemde yapilan uygulamalar neticesinde ¢inko ve demir birikimleri daha fazla
olmustur. Sonug¢ olarak, kiregli topraklarda soya bitkisinin ihtiyaci olan mikro besin elementlerinin yaprak
giibrelemesi ile karsilanabilecegi goriilmiistiir.

Anahtar Kelimeler: Klorofil igerigi, LAI, Demir, Cinko, Glycine max L., Yaprak giibresi

'*Sorumlu Yazar/Corresponding Author: Cenk Burak Sahin, Hatay Mustafa Kemal Universitesi Ziraat Fakiiltesi Tarla Bitkileri Boliimii, Hatay-Tiirkiye. E-
mail: cbsahin@mku.edu.tr OrcID: 0000-0001-6270-8184.
2Necmi Isler, Hatay Mustafa Kemal Universitesi Ziraat Fakiiltesi Tarla Bitkileri Boliimii, Hatay-Tiirkiye. E-mail: nisler@mku.edu.tr OrcID: 0000-0001-5877-
7830.
Atif/Citation: Sahin, C.B., Isler, N. (2022). Soyanin farkli gelisim donemlerinde uygulanan yaprak giibresinin yaprak alani, klorofil ve besin igeriklerine etkisi.
Tekirdag Ziraat Fakiiltesi Dergisi, 19(4), 712-723.
*Bu ¢aligma Doktora tezinden 6zetlenmistir.
©Bu ¢alisma Tekirdag Namik Kemal Universitesi tarafindan Creative Commons Lisansi (https://creativecommons.org/licenses/by-nc/4.0/)
kapsaminda yaymlanmustir. Tekirdag 2022
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Abstract

Plants need all plant nutrition elements to be available and adequate level in soil for optimum growth and yield
production. The uptake of macro and micro nutrients by plants is limited or they can not be beneficial for plants
in calcareous soils with high pH such as being in Mediterranean Region. In such situations, management strategies
such as foliar spray can be useful to benefit of plants from them particularly under soil-limed condition with
restricted micronutrients uptake. In this study, it was aimed to evaluate the effects of foliar-applied zinc and iron
on chlorophyll content, leaf area index (LAI) and chemical composition of soybean (Glycine max L.) at different
growth stages. Field experiments were conducted over during the second crop seasons of the years 2018 and 2019
under the conditions of Hatay Province. The experiment was designed as split-split plot design with three
replications. Varieties (Arisoy, Bravo, Nazlican) were placed in main plots, growth stages (V3, R1, R3) in sub-
plots and foliar fertilizers (control, zinc, iron, zinc + iron) in sub-sub-plots. Foliar application of iron and zinc
increased chlorophyll content and LAI values at different stages of growth in contrast to control (untreated) groups.
The highest SPAD value (36.03) was obtained from Nazlican x R3 x Zn + Fe treatment and the highest LAI (7.57)
was obtained from Bravo x V3 x Fe treatment. Generally, the higher results of SPAD value were observed in
reproductive stages while the higher results of LAI were observed in vegetative stages. Leaf zinc and iron
accumulations were higher in reproductive stages. As a result of this study, it was observed that micro nutrients
needed by soybean plant can be supplied with foliar applications in calcareous soils.

Keywords: Chlorophyll contents, LAI, Iron, Zinc, Glycine max L., Foliar fertilizer

713



Sahin & Isler
Soyanin Farkli Gelisim Doénemlerinde Uygulanan Yaprak Giibresinin Yaprak Alani, Klorofil ve Besin igeriklerine Etkisi

1. Giris

Fabaceae familyasindan bir bitki olan soya (Glycine max L.), Dogu Asya topraklarinda uzun yillar boyunca
onemli bir besin kaynag olarak kullanilmustir. Igerdigi yag (~%20), protein (~%40), mineral madde ve vitaminler
nedeniyle insan ve hayvan beslenmesi icin kayda deger bir yere sahiptir. Koklerinde yer alan Bradyrhizobium
Jjaponicum bakterisi, havanin serbest azotunu fikse edebilme 6zelligine sahiptir. Bu sayede soya hem kendi azot
ihtiyacini saglamakta hem de topragin yapisim diizeltmektedir (Ramadan ve ark., 2020; Sahin ve Isler, 2021).

2019 yilinda; Diinya’da 120 milyon ha alanda 334 milyon ton soya iiretimi gerceklesmistir. Uretimin %86.1°i
Amerika kitasinda gerceklesmis ve en onemli iiretici iilkeler sirasiyla Brezilya (114.3 milyon ton), ABD (96.8
milyon ton) ve Arjantin (55.2 milyon ton) olmustur. Tiirkiye’de ise 353 bin da alanda 150 bin ton soya {iretimi
gergeklesmistir. 203 bin da alanda yaklagik 90 bin ton iiretimiyle Adana ilk sirada yer alirken, onu 88 bin ha alanda
40 bin ton iiretimi olan Mersin takip etmistir (Unakitan ve Aydin, 2012; Anonim, 2021a; Anonim, 2021b).

Demir ve ¢inko, bitki gelisimi i¢in 6nemli olan mikro besin elementlerindendir. Yiiksek pH ve kire¢ igeren agir
biinyeli topraklarda yeterli miktarda mikro besin elementi olsa da bitki tarafindan alinimi sinirli olmaktadir. Bu
gibi durumlarda yapraktan yapilacak giibre uygulamasi en iyi secenek olarak one ¢ikmaktadir (Kinaci ve
Gulmezoglu, 2007; Sahin ve Isler, 2021). Mikro besin elementlerinin yaprak giibrelemesi seklinde uygulanmasi,
toprak giibrelemesine kiyasla daha etkili bir yontemdir. Bitki bu uygulamaya daha hizli tepki vermektedir (Zayed
ve ark., 2011).

Cinko bitkilerde RNA, DNA ve protein sentezi ile klorofil {iretimi ve nodiil olusumu gibi baz1 fonksiyonlarda
onemli bir rol oynamaktadir (Sawan ve ark., 2008; Marschner, 2012; Yadavi ve ark., 2014; Oztiirk ve ark., 2020).
Ayrica, ¢inko ve demir, bitkinin fotosentez ve solunum gibi farkli metabolik siireglerinde hayati bir 6neme sahip
olmasinin yaninda oksijen ve elektron transferlerinde yer alan birgok enzim i¢in kofaktér gorevi gormektedir
(Zaheer ve ark., 2020). Klorofil iiretiminde ve polenin fonksiyonunda ¢inkonun gerekli elementlerden biri oldugu,
demirin ise enzimatik aktiviteyi (sitokrom, feredoksin, peroksidaz gibi) artirdig1 bildirilmistir (Ghasemian ve ark.,
2010).

Baklagillerde simbiyotik azot fiksasyonunda (SAF) 6nemli bir gdrevi olan nitrogenaz enziminin yapisinda
demir elementi yer almaktadir. Bundan dolayi, topraktaki demir miktar1 ve bitki tarafindan alinimi1 SAF’1 direkt
olarak etkilemektedir. Ayrica, demir eksikligine bagli olarak biyolojik azot baglanmasi ve bakterilerin etkinligi de
olumsuz etkilenmektedir (Chhonkar ve Chandel, 1991; Terry ve Jolley, 1994). Demir eksikliginin oldugu
durumlarda seker pancarinda klorofil i¢eriginin, beta-karoten miktarinin ve fotosentetik pigment sayisinin énemli
derecede diistigi bildirilmistir (Sheykhbaglou ve ark., 2018). Biitiin bunlarin sonucunda tohum verimi ve
kalitesinde dnemli derecede azalmalar olabilmektedir (Roomizadeh ve Karimian, 1996; Goos ve Johnson, 2000;
Heitholt ve ark., 2003; Wiersma, 2005; Ma ve Ling, 2009).

Akdeniz Bolgesi'nde genellikle toprak organik madde igerigi diisiik olmasma karsin, kire¢ ve pH yiiksek
olmaktadir. Bu tiir topraklarda ¢inko ve Ozellikle de demir eksikligi en biiyiik problemlerden biri olarak
goriilmektedir (Caliskan ve ark., 2008). Yapilan bu ¢alismada, topraktan demir ve ¢inko giibresinin bitki tarafindan
almimi smirlt oldugu i¢in bu besin elementleri tek tek ve birlikte yapraktan giibreleme seklinde verilmistir. Soya
bitkisinin farkli gelisim donemlerinde yapilan bu uygulamanin yaprak alan indeksi, klorofil ve yapraklarin besin
elementi igerikleri lizerine etkisi incelenmistir.

2. Materyal ve Metot
2.1. Materyal

Bu ¢aligmada bitki materyali olarak Arisoy, Bravo ve Nazlican soya ¢esitleri kullanilmistir (7ablo I). Deneme,
2018 ve 2019 yillarinda Hatay Mustafa Kemal Universitesi Ziraat Fakiiltesi Arastirma ve Uygulama Alaninda
(36°15'13.3"N, 36°30'08.7"E; 96 m) ikinci iiriin kosullarinda ytiriitiilmiistiir. Deneme alan1 toprak pH’s1 hafif alkali,
kireg icerigi yiiksek ve organik madde igerigi ise disiiktiir (7ablo 2).
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Tablo 1. Denemede kullanilan cesitlerin bazi bitkisel ve morfolojik ozellikleri*

Table 1. Some botanical and morphological characteristics of the cultivars used in the experiment

Ozellikler Arisoy Bravo Nazlican
Biiyiime Tipi Indeterminate Indeterminate Indeterminate
Bitki Biiyiime Sekli Yar1 Dik Yar1 Dik Dik
Ana Sap Tiiy Rengi Sarims1 Kahve Sarims1 Kahve Sarims1 Kahve
Cicek Rengi Beyaz Mor Mor
Yaprak Rengi Koyu Yesil Koyu Yesil Koyu Yesil
Yan Yaprakeik Sekli Uggen Uzun Oval Uzun Oval
Bakla Rengi Kahve Kahve Koyu Kahve
Tohum Sekli Yuvarlak Yassi Yuvarlak Yassi Uzunca
Tohum Hilum Rengi Siyah Siyah Gri

Tablo 2. Deneme topraginin bazi kimyasal ve fiziksel ozellikleri

Table 2. Some chemical and physical properties of the field soil

. 2018 2019

Analiz —= . — n
Ekim Oncesi Hasat Sonrasi EKkim Oncesi Hasat Sonrasi

pH 7.91 7.88 7.83 7.63
Kireg (%) 20.57 21.19 24.63 21.66
Fe (ppm) 3.54 2.78 9.10 8.75
Zn (ppm) 0.76 0.23 0.29 0.21
OM (%) 1.50 1.84 1.12 1.58
Tekstiir Killi-tinli Killi-tinl Killi-tinlt Killi-tinlt

Meteorolojik veriler incelendiginde 2018 ve 2019 yillarinin uzun yillar ortalamast ile benzer oldugu, yillar arasinda
6nemli bir farkin bulunmadig1 goriilmiistiir (Sekil 7).

35

30 ———“—_

25 | — - A O

20 N

15

10

. '

0 — - -
© o O © & O W o O 0 o O w o O
S S 2 S S ¢ S © P2 S S X o o 2
A & 5D & a H & & H & a b & a b
Haziran Temmuz Agustos Eylil Ekim

Toplam Yagis (mm) Ortalama Sicaklik (°C)

Figure 1. Meteorological data of the field area (2018, 2019 and long year average “UYO”)

Sekil 1. Deneme alaninin meteorolojik verileri (2018, 2019 ve uzun ydlar ortalamas: “UY0”)
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2.2. Metot

Deneme, boliinen boliinmiis parseller deneme desenine gore 3 yinelemeli olarak ve 2 yil siireyle (2018, 2019)
yiiriitilmiistiir. Ana parsellere ¢esitler (Arisoy, Bravo, Nazlican), alt parsellere soyanin gelisim donemleri (V3 =
ii¢ gergek yaprakli donem, R1 = gigeklenme baglangici, R3 = bakla baglangici) ve alt alt parsellere ise yaprak
giibreleri (Kontrol, Zn, Fe, Zn + Fe) yerlestirilmistir. Her parsel 5 m uzunlugundaki 4 siradan olugsmus ve 70x15
cm mesafe ile ekim elle gergeklestirilmistir. Denemenin ilk yilinda 07.06.2018 tarihinde ve ikinci yilinda ise
12.06.2019 tarihinde ekim yapilmistir. Ekim 6ncesinde tohumlar Bradyrhizobium japonicum (100 kg tohum: 1 kg
bakteri) ile asilanmigtir. Calismada ¢inko elementi (116 ppm) ¢inko siilfat ve demir elementi (116 ppm) ise demir
selat-EDDHA formundan hazirlanmstir.

Cinko, demir ve bunlarin karisimlari sivi formda ilk yilda; V3 déneminde (06.07.2018), R1 doneminde (Arisoy
ve Bravo 13.07.2018; Nazlican 16.07.2018) ve R3 doneminde (08.08.2018) ve ikinci yilda; V3 doneminde
(09.07.2019), R1 doneminde (Arisoy ve Bravo 17.07.2019; Nazlican 19.07.2019) ve R3 déneminde (09.08.2019)
uygulanmistir.

Denemenin biitiin agamalarinda yabanci ot miicadelesi elle yapilmis, su ihtiyact damla sulama sistemiyle
giderilmistir. Hasat islemi denemenin ilk yilinda 03.10.2018 (Arisoy ve Bravo) ve 10.10.2018 (Nazlican)
tarihlerinde; ikinci yilinda ise 02.10.2019 (Arisoy ve Bravo) ve 09.10.2019 (Nazlican) tarihlerinde kenar tesirleri
cikarildiktan sonra elle yapilmaistir.

Klorofil igerigi 6l¢iimleri, Minolta SPAD-502Plus marka-model tasinabilir el tipi klorofil metre ile her giibre
uygulamasindan yedi giin sonra yapilmistir. Yaprak alan 6l¢timleri, R4 doneminde alinan yapraklardan Li-Cor LI-
3100C marka-model alan 6l¢iim cihaziyla yapilmistir.

Zn ve Fe analizi icin, soya bitkisinin R4 gelisim déneminde toplanan yapraklar {i¢ defa distile su ile yikanmis
ve 55°C’da 72 saat siireyle kurutulmustur. Kurutulan yaprak drnekleri dgiitiildiikten sonra etiketlenerek MP-AAS
cihaz okumasi i¢in saklanmistir. Cihaz okumasi dncesinde on hazirlik iglemi uygulanmigtir: Her 6rnekten 0.5 g
tartilmig ve 8 mL nitrik asit eklenerek hot platede 1sitilmistir. Isinan 6rneklere 2 mL hidrojen peroksit eklenmistir.
Ornekler acik sartya dénmeye basladiginda 5 mL ultra saf su eklenmis ve bir siire bekletilmistir. Son olarak
ornekler filtre kagidi yardimiyla balon jojelere siiziilmiis ve son hacim saf su ile 25 mL’ye tamamlanarak falkon
tiiplere aktarilmistir.

Boliinen boliinmiis parseller deneme desenine goére R v4 programi yardimiyla varyans analizi yapilmistir.
Ortalamalar arasindaki karsilastirmalarda Duncan ¢oklu karsilastirma testi kullanilmistir.

3. Arastirma Sonuclari ve Tartisma

Klorofil igerigi (SPAD), yaprak alan indeksi (LAI), yaprakta Zn ve Fe miktarlar1 bakimindan her y1l i¢in ayr1
ayr1 yapilan varyans analiz sonucu 7ablo 3’te verilmistir.

Klorofil i¢erigi bakimindan ¢esitlerin ikinci yili harig biitiin bagimsiz degiskenlerin istatistiki olarak énemli bir
etkiye (p < 0.05) sahip oldugu goriilmiistiir. Interaksiyonlar incelendiginde ise yalnizca Cesit x Giibre
interaksiyonun denemenin ilk yilinda énemli (p < 0.05) oldugu tespit edilmistir (7ablo 3). En yiiksek SPAD degeri
Nazlican x R3 x Zn + Fe uygulamasindan (36.03) elde edilmistir. Interaksiyonlar icerisinde bu degeri, 35.02 ile
Nazlican x R3, 34.17 ile R3 x Zn + Fe ve 32.62 ile Nazlican X Zn degerleri takip etmistir. Biitiin interaksiyonlarda
Nazlican gesidi ve R3 dénemi 6n plana ¢ikmustir (Sekil 2). Iki yillik ortalama SPAD degeri ise 30.48 bulunmustur
(Tablo 4). Baz1 arastirmacilar tarafindan 6zellikle R3 ve R5 donemlerinde uygulanan demir gilibresinin SPAD
degerlerini artirdig1, ¢inko uygulamasimin da demire benzer sekilde SPAD degerleri iizerinde 6nemli bir etkiye
sahip oldugu ve bu degerleri artirdig1 bildirilmistir (Heitholt ve ark., 2003; Wasaya ve ark., 2017). Kobraee ve ark.
(2011) ve Bin ve ark. (2016), yaprak klorofil i¢eriginin Zn ve Fe besin elementlerinin alimina baglh olarak pozitif
yonde etkilendigini rapor etmislerdir. Bu aragtirmacilarin aksine Sohrabi ve ark. (2012) ise yaptiklar1 ¢alisma
sonucunda yapraktan Fe uygulamanin SPAD degerleri iizerine 6nemli bir etkisi olmadigini (p > 0.05) bildirmistir.
Mevcut galisma, Sohrabi ve ark. (2012) disindaki aragtirmacilarla uyum igerisinde olmustur.
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Tablo 3. Incelenen ézelliklere ait ANOVA tablosu

Table 3. ANOVA table of the investigated parameters

VK D SPAD LAI Zn Fe

KOz018 KO2019 KO20i3 KO2019 KOz018 KO2019 KO2018 KOz019
Blok 2 16.31 33.71 4.00 9.98 449.10 184.73 574.72 230.30
Cesit 2 102.69* 45.936d 1.19*  14.68**  5061.573** 2801.38**  23558.26**  10212.06**
Hata I 4 12.36 8.43 0.13 0.05 58.86 14.50 124.94 11.72
Donem 2 344.71**  195.67**  8.55%* 8.24%* 1119.63** 734.07** 8201.83** 11919.21**
CxD 4 1.746d 4.8906d 6.69%*% 2 T4%* 1005.31%** 232.19%* 2904.64%* 3322.72%*
Hata IT 12 5.25 7.94 0.26 0.03 26.06 5.80 55.21 12.69
Giibre 3 10.66* 15.78**  2.39%%  10.60**  2255.56**  1627.87**  2429.22%* 2221.52%*
CxG 6 2.826d 1.196d 1.30** 4.71%* 767.09** 180.76** 2442.71%** 357.03**
DxG 6 8.85% 4.176d 1.06** 1.93** 376.76** 290.10** 1096.72%* 1168.51**
CxDxG 12 2.066d 0.836d 1.09%*  1.95%* 845.86** 163.10%* 878.22%* 267.15%*
Hata 111 54 2.88 2.52 0.30 5.58 10.38 16.90 25.64 19.76

VK: Varyasyon kaynaklari; SD: Serbestlik derecesi; KO: Kareler ortalamasi. * p < 0.05, ** p <0.01, 6d: Onemli degil.

Tablo 4. Bagimsiz degiskenlere ait klorofil icerigi (SPAD) ve yaprak alan indeksi (LAI) degerleri

Table 4. Chlorophyll content (SPAD) and leaf area index (LAI) values of independent variables

i SPAD LAI

Faktorler 2018 2019 Ortalama 2018 2019 Ortalama
Cesitler

Arisoy 2774£0.51 C  3020£047 28974037 5.65:0.16 A 5.94+018 C  5.79+0.12
Bravo 20.69+0.53 B 31.75:0.46 30.72+037 535:0.18 B 7212024 A 6.28+0.18
Nazlican 31112058 A 32.40+047 31.75:038 5.6820.15A 6.53+0.18 B 6.10+0.13
CV (%) 11.9 33 6.6 33

Donemler

V3 27534044y 29.16:033 7 28.34£029 6.11£0.14x 6.65£020y 6.37+0.12
RI 27934031y 31.38+034y 29.65:031 5.42+0.13y 6.99£022x  6.2040.15
R3 33.0840.45x  33.824043 x 33444031 5.16£0.182 6.04+0217 5.60:0.14
CV (%) 7.8 27 9.2 27

Giibreler

Kontrol  29.42+058b  30.34:055b 29.87+040 5514022b 6.06£0.19b  5.79+0.14
Zn 3033£0.58a 32.07+0.58a 31.194042 5.81+0.18a 7.14£020a 6.47+0.16
Fe 29512076 ab 31.76+047a 30.63:047 5.77+0.17a 7.06£024a 6.41=0.17
Zn+Fe  2880:076b 31.63£0.60a 30212052 5.16£0.18b 6.97+029b 5.56+0.17
CV (%) 5.7 8.5 9.8 8.5

Ortalama  2951:033 31455028 30.48:023  556£0.09  6.560.12  6.0620.08

CV: Degisim katsayist; A, B, C gesitler arasindaki, x, y, z donemler arasindaki ve a, b, ¢, d giibreler arasindaki farkliliklar

gostermektedir.
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Figure 2. Chlorophyll content (SPAD) and leaf area index (LAI) values of interactions

Sekil 2. Interaksiyonlara ait klorofil icerigi (SPAD) ve yaprak alan indeksi (LAI) degerleri
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Cesit, donem ve giibre bagimsiz degiskenlerinin ve bunlarin interaksiyonunun yaprak alan indeksi (LAI)
degerleri iizerine 6nemli bir etkisi (p < 0.05) oldugu tespit edilmistir (7ablo 3 ve 4). En yiiksek LAI degeri Bravo
x V3 x Fe uygulamasindan (7.57) elde edilmistir. interaksiyonlar igerisinde bu degeri, 6.98 ile Bravo x V3, 6.88
ile V3 x Zn ve 6.91 ile Bravo x Fe degerleri takip etmistir. Biitiin interaksiyonlarda Bravo ¢esidi ve V3 donemi
on plana ¢ikmistir. Karisim seklinde uygulanmasi yerine Zn ve Fe’in ayr1 ayr1 uygulanmasi daha etkili olmustur
(Sekil 2). iki yillik ortalama LAI degeri ise 6.06 bulunmustur (Tablo 4). Caliskan ve ark. (2008), Rotaru ve Sinclair
(2009) ve Kahrariyan ve ark. (2013), Fe uygulamasmin yapraktan yapilmasi durumunda LAI iizerine dnemli (p <
0.05) ve pozitif bir etkisi oldugunu, soya gelisiminin bu uygulamadan etkilendigini bildirmistir. Ozellikle R4 ve
sonrasi donemlerde artan dozlarda Fe uygulamasinin LAI’yi de artirdigini rapor etmislerdir. Ayrica, Wasaya ve
ark. (2017) ve Pejuhan ve Comakli (2018) Zn ve Fe uygulamalarmin soyada LAI iizerinde dikkate deger bir
etkisinin bulundugunu ifade etmislerdir. Mevcut ¢aligmada, Zn ve Fe gibi besin elementi uygulamalarinin bu
arastirmacilara paralel sekilde olumlu etkileri oldugu goézlenmistir.

Yaprak Zn ve Fe icerikleri iizerine ¢esit, donem ve giibre bagimsiz degiskenlerinin ve bunlarin
interaksiyonunun énemli bir etkisi (p < 0.05) oldugu tespit edilmistir (Tablo 3 ve 5). Interaksiyonlar icerisinde en
yiiksek Zn igerigi Arisoy x R3 x Zn + Fe uygulamasindan (87.35 ppm) elde edilmistir. Onu sirasiyla Bravo x Zn
(76.16 ppm), R3 x Zn + Fe (70.44 ppm) ve Arisoy x R3 (67.15 ppm) uygulamalart takip etmistir. Demir
uygulamasinda ise en yiiksek Fe igerigi Arisoy x R3 x Fe uygulamasindan (192.95 ppm) elde edilmis, onu Arisoy
x R3 (154.30 ppm), Arisoy x Fe (136.33 ppm) ve R3 x Fe (132.88 ppm) uygulamalar: takip etmistir. Her iki
uygulama igerisinde de en yiiksek Zn ve Fe birikimlerinin R3 déneminde oldugu, ikinci sirada ise R1 déneminin
geldigi goriilmistiir (Sekil 3). Vejetatif doneme kiyasla generatif donemle birlikte yaprak gelisiminin artmasi, bu
donemde uygulanan besin elementinin daha fazla birikmesinin muhtemel nedeni olarak goriilebilir.

Tablo 5. Bagimsiz degiskenlere ait yaprak Zn ve Fe icerikleri

Table 5. Leaf Zn and Fe contents of independent variables

. Zn (ppm) Fe (ppm)
Fakorler 2018 2019 Ortalama 2018 2019 Ortalama
Cesitler
Arsoy  72.98+4.02 A 4222+136B  57.60+2.78 119.67+6.44 A 116.4555.67 A 118.06+4.26
Bravo 71745318 A 54.00:225 A 62.874220 72.8043.05C 104.02+323 B  88.41+2.88
Nazlican  51.85:1.62B 36.74=194 C 4429+154 78.49+3.67B  83.13:1.79C  80.80+2.04
CV (%) 11.7 8.6 12.4 3.4
Donemler
V3 62344255y  40.00+2.03z 51.1742.09 78.46+£3.127  92.28+1.70y  85.37+1.94
R1 62274327y  43.95:220y 53.11£224 85194526y  89.18+2.17z  87.18+2.83
R3 71.96424x  49.0142.22 x  60.48+2.73 107.3247.15x 122134596 x  114.72+4.70
CV (%) 7.8 5.4 8.2 3.5
Giibreler
Kontrol  58.47+2.16 ¢ 36.89+1.41d 47.68:1.95 80.74+3.78d  89.87+344c  8530+2.61
7n 71.08£4.46b  54.08:2.60a 62.57+2.81 86.98:532c  97.88+3.76b  92.43+331
Fe 57.0943.05c 39.43+2.14c 4826+221 103.25:892a 108.93+6.74a 106.09+5.55
Zn+Fe  75.47+477a 4688£2.61b 61.174333 90.32:7.06b  108.11£5.53a  99.21+4.60
CV (%) 49 9.3 5.6 44
Ortalama 65522200  4432:128 5492£139  9032:333  101.19:2.60  95.76:2.14

CV: Degisim katsayisi; A, B, C gesitler arasindaki, x, y, z ddnemler arasindaki ve a, b, c, d giibreler arasindaki farkliliklar

gostermektedir.
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Figure 3. Leaf Zn and Fe contents of interactions

Sekil 3. Interaksiyonlara ait yaprak Zn ve Fe icerikleri

720



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2022, 19(4)

4. Sonug

Kireg icerigi ve pH’s1 yiiksek topraklarda bulunan besin elementlerinin bitkiler tarafindan alimi kisitli olmakta veya
bitki hi¢ alamamaktadir. Bu gibi topraklarda, uzun vadede toprak islahi yapilabilecegi gibi kisa vadede ise yaprak
giibrelemesi yoluyla bu besin elementlerinin verilebilmesi miimkiindiir. Yaprak giibrelemesine bitkilerin tepkisi hizl
olmakla birlikte toprak 1slahina gére maliyeti de daha diisiiktiir.

iki y1llik yiiriitiilen bu arazi calismasinda soya bitkisinin farkli gelisim dénemlerinde uygulanan ¢inko, demir
ve karigimlarinin etkisi incelenmis ve pozitif sonuglar alinmigtir. SPAD igerigi bakimindan en yiiksek deger
Nazlican x R3 % Zn + Fe uygulamasindan (36.03) alinirken LAI agisindan Bravo x V3 x Fe uygulamasi (7.57) 6n
plana ¢ikmistir. SPAD o6l¢iimlerinde daha ¢ok generatif donemlerde yiiksek sonug alinirken, LAI 6l¢timlerinde
vejetatif donem daha iyi sonug vermistir. Yaprak besin elementi igerikleri yoniinden incelendiginde ise generatif
donemde (sirasiyla R3, R1) yapilan uygulamalar neticesinde Zn ve Fe birikimleri daha fazla olmustur. Bunun
muhtemel nedeninin vejetatif doneme kiyasla generatif donemle birlikte yaprak ve bitki gelisiminin artmasi oldugu
sOylenebilir. Sonug olarak, kirecli topraklarda soya bitkisinin ihtiyact olan besin elementlerinin yaprak
giibrelemesi ile karsilanabilecegi goriilmiistiir.

Tesekkiir

Yazarlar olarak Hatay Mustafa Kemal Universitesi Bilimsel Arastirma Projeleri Koordinatorliigii’ne (HMKU BAP)
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Tozlayier Olarak Kuntra (Karasakiz) ve Vasiliki Uziim Cesitlerinin Kullanildig
Bozcaada Cavusu (Vitis vinifera L.) Uziim Cesidinde Verim ve Kalite Ozelliklerinin
Belirlenmesi*

The Determination of Yield and Quality Characteristics of Bozcaada Cavusu (Vitis vinifera L.)
Grape Variety Using Kuntra (Karasakiz) and Vasilaki Grape Varieties as Pollinators

Esra SAHIN?, Alper DARDENiZ>*

Oz

Yiiriitiilen bu arastirmada, tozlayici olarak Kuntra (Karasakiz) ve Vasildki {iziim cesitlerinin kullanildig:
Bozcaada Cavusu (Vitis vinifera L.) {iziim gesidinde verim ve kalite 6zelliklerinin belirlenmesi amaglanmustir.
Bu kapsamda; ortalama verim (g omca™), salkim eni (cm), salkim boyu (cm), salkim sikligi (1-9), salkim
agirhig (g salkim™), salkim boyu/salkim eni, salkim sayisi (adet omca™), tane eni (mm), tane boyu (mm), tane
agirhig (g tane™), tane boyu/tane eni, tane sayisi (adet salkim™), ortalama ¢ekirdek sayisi (adet tane™), kabuk
kalinligi (mm), kabuk rengi (L, Chroma ve °Hue), suda ¢6ziinen kuru madde (%SCKM), pH, %asitlik ve
olgunluk indisi (%SCKM %easitlik ) incelenmistir. Arastirma, 10 tekerriir ve her tekerriirde birer omca olacak
sekilde planlanmistir. Tozlayici olarak Kuntra (Karasakiz) iiziim g¢esidinin kullanildigi bagda Bozcaada Cavusu
{iziim gesidinin ortalama verim (2756.1 g omca™), salkim eni (10.22 cm), salkim boyu (13.85 c¢m), salkim
agirligr (280.16 g salkim™), tane eni (20.73 mm), tane boyu (23.12 mm), tane agirhg (6.63 g tane™) ve tane
say1s1 (40.36 adet salkim™) 6zellikleri, tozlayici olarak Vasilaki {iziim ¢esidinin kullanildig1 bagdakine kiyasla
daha yiiksek bulunmustur. Diger yandan tozlayici olarak Vasilaki tizim ¢esidinin kullanildigi bagda Bozcaada
Cavusu liziim ¢esidinin salkim boyu/salkim eni (1.498), tane boyu/tane eni (1.140), kabuk kalinligi (0.086
mm), %SCKM (%18.17), pH (3.51) ve olgunluk indisi (31.42) 6zellikleri, tozlayict olarak Kuntra (Karasakiz)
tiziim ¢esidinin kullanildig1 bagdakine kiyasla daha yiiksek bulunmustur. Tozlayict olarak Kuntra tiziim gesidi
kullanilarak kurulmus bagda Bozcaada Cavusu {iziim ¢esidinin tane sayisi ve ortalama veriminin daha yiiksek
olmasi, tane gelisimi ve olgunlugu nispeten geciktirmistir. Boylece Bozcaada Cavusu liziim ¢esidinin daha geg
tarihte hasat edilmesiyle birlikte, Bozcaada’daki sinirli hasat periyodunun da uzatilmasina katki saglanabilecegi
sonucuna varilmistir.
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Abstract

In this research, it was aimed to determine the yield and quality characteristics of Bozcaada Cavusu (Vitis
vinifera L.) grape variety using Kuntra (Karasakiz) and Vasilaki grape varieties as pollinators. In this context;
average yield (g vinestock™), cluster width (cm), cluster length (cm), cluster compactness (1-9), cluster weight
(g cluster™), cluster length/width, cluster number (number vinestock™?), berry width (mm), berry length (mm),
berry weight (g berry™), berry length/berry width, number of berry (number cluster?), average number of seeds
(number berry?), the thickness of grape skin (mm), color of grape skin (L, Chroma and °Hue), total soluble
solids (%), pH, acidity (%) and maturity index (TSS% acidity% ) parameters were investigated. The research
was planned as 10 replications with one vinestock in each replication. In the vineyard established with Kuntra
variety as pollinator, average yield (2756.1 g vinestock™), cluster width (10.22 c¢m), cluster length (13.85 cm),
cluster weight (280.16 g cluster™), berry width (20.73 mm), berry length (23.12 mm), berry weight (6.63 g/berry)
and the number of berry (40.36 number cluster™) of Bozcaada Cavusu grape variety were found to be higher
than those from the vineyard established with Vasilaki variety as pollinator. Alternatively in the vineyard
established with Vasilaki variety as pollinator, cluster length/cluster width (1.498), berry length/berry width
(1.140), the thickness of berry skin (0.086 mm), TSS% (18.17%), pH (3.51) and maturity index (31.42) of
Bozcaada Cavusu grape variety were higher than those from the vineyard established with Kuntra variety as
pollinator. The higher berry number and average yield of Bozcaada Cavusu grape variety in the vineyard
established with Kuntra variety as pollinator relatively delayed the development of berry and maturity. Thus, it
was concluded that with the later harvest of the Bozcaada Cavusu grape variety, it could contribute to the
extension of the limited harvest period in Bozcaada.

Keywords: Bozcaada Cavusu, Kuntra (Karasakiz), Vasilaki, Quality, Yield.
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1. Giris

Diinyada ve Tiirkiye’de ekonomik anlamda biiyiik 6éneme sahip olan tarim dallarindan biri de bagciliktir.
Gegmisten giliniimiize kadar insan beslenmesinde de biiyiik yeri olan asmanin (Vitis vinifera L.) anavatanm
Anadolu—Kafkasya olup, diinyada yetistirilen ¢ogu {iziim ¢esidinin kokeni bu bolgelerdir (Celik ve ark., 1998;
Acikbas ve Bellitiirk, 2016; Bahar ve ark., 2019). Standart sofralik {iziim ¢esidi olan Cavus liziimii, basta
Bozcaada/Canakkale, Marmara ve Ege Bolgeleri, I¢ Bat1 Karadeniz ve I¢ Anadolu Bélgesi’ndeki belirli baz1 bag
yorelerimiz olmak iizere iilkemizin hemen her yerinde yetistirilmektedir (Tangolar ve ark., 1996; Anonim, 1997;
Uslu ve Samanci, 1997a; Kiract ve ark., 2002; Dardeniz, 2002; Dardeniz ve ark., 2011). Canakkale ilinin
Bozcaada ilgesinde yetistiriciligi yogun olarak yapilan Cavus iliziimi ada iklimi ve toprak kosullarinin etkisi
altinda diger Cavus liziim ¢esitleriyle kiyaslandiginda daha kaliteli ve {istiin 6zelliklere sahip olmasindan dolay1
Bozcaada Cavusu olarak adlandirilmaktadir (Uslu ve Samanci, 1997a; Uslu ve Samanci, 1997b; Dardeniz ve ark.,
2011).

Arifpasa, Beyaz erolan, Bulut iiziimii, Hocahasan, Honiisii, Feslegen, Karagevrek (Biizgiilii), Kocabogan ve
Tahannebi tiziim ¢esitleri gibi morfolojik erdisi fizyolojik disi ¢i¢ek yapisina sahip Bozcaada Cavusu tiziim
¢esidi de kendi ¢igek tozlari ile déllenme yetenegine sahip olmamasi sebebiyle, bag tesisinde mutlaka tozlayici
(babalik) gesitlere ihtiya¢ duyulmaktadir (Oraman, 1965; Oraman, 1972; Agaoglu, 1999; Dardeniz ve ark., 2011).
Bozcaada kosullarindaki Bozcaada Cavusu baglarinda tozlayici gesit olarak yogun sekilde Kuntra (Karasakiz,
Mavrupalya, Makbule) ve Vasilaki (Anadolu Yapincagi, Altintag) tiziim ¢esitleri, ok az miktarda da Cardinal
iizim c¢esidi tercih edilmektedir (Anonim, 1997; Dardeniz, 2002; Celik, 2006; Dardeniz ve ark., 2011). S6z
konusu tozlayici cesitler Bozcaada Cavusu {iziim baglarinda tek bagina kullanilmakla birlikte, farkli tozlayici
cesitlerle de tesis edilmis baglar mevcuttur.

Asmalarda tozlayici cesitlerin polenlerinin ana bitkinin tane ve tohum 6zelliklerine etki ettigi bilinmektedir.
Polen kaynaklarinin endosperm ve embriyo (xenia) ile ¢evre dokulari (metaxenia) iizerine etkileri ile ilgili
caligmalar farkl arastiricilar tarafindan farkli tiir ve gesitlerde yillardir yapilmaktadir (Al-Delaimy ve Ali, 1970;
Nyéki, 1980; Samaan ve ark., 1981; Denny, 1992; Kumar ve Das, 1996; Fotiric ve ark., 2003; Ansari ve ark.,
2010; Sabur, 2011; Silveira ve ark., 2011; Sabir, 2015; Sabir ve ark., 2020).

Bu arastirma, Canakkale ili Bozcaada ilgesi Papazbah¢e mevkiinde karsilikli konumda bulunan ve tozlayict
olarak Kuntra (Karasakiz) ve Vasilaki tiziim ¢esitlerinin kullanildigi Bozcaada Cavusu (Vitis vinifera L.) {iziim
¢esidinde verim ve kalite dzelliklerinin belirlenmesi amactyla yiiriitilmistiir.

2. Materyal ve Metot
2.1. Bag lokasyonu ve iiziim cesitleri

Aragtirma, 2018-2019 yillarinda, Canakkale ili Bozcaada ilgesinin Papazbah¢e mevkiinde, 39°49°14""—
39°49°15”" N enlem ile 26°01°41""— 26°01°43"" boylam koordinatlarinda kargilikli bir konumda bulunan Bozcaada
Cavusu iiziim gesidinin yetistirildigi iki farkli bagda yiiriitiilmiistiir (Seki/ 1). Arastirmanin gergeklestirildigi bag
alanlar1 denemenin kuruldugu yilda 50 yasinda ve toprak 6zellikleri birbirine benzer durumdadir.

Baglarda bitki sira arasi ve sira iizeri mesafeleri 140 cm x 140 cm olup, orta yiiksek goble terbiye sekli
kullamlmaktadir. ki bagda da Bozcaada Cavusu iiziim ¢esidi SBB Amerikan asma anaci {izerinde asili olarak
yetistirilmistir. Arastirmamn yuriitiildiigii birinci bagda tozlayici ¢esit olarak 2/4 oraninda Kuntra (Karasakiz), ikinci
bagda ise yine ayn1 oranda Vasilaki iiziim ¢esidi bulunmaktadur.

Orta erkenci sofralik bir {iziim ¢esidi olan Bozcaada Cavusu’nun taneleri kehribar sarisi, oval sekilli, iri taneli (6
g) olup, 1-3 adet ¢ekirdek ihtiva etmektedir. Taneler ¢eside 6zgii aromali, ¢ok sulu ve ince kabukludur. Salkimlar
¢ok iri (450-500 g), kanatli konik ve salkim siklig1 bakimmdan seyrek yapidadir. Morfolojik erdisi fizyolojik disi
cicek yapisma sahip olmasi nedeniyle bag tesisinde mutlaka tozlayici (babalik, dolleyici) iizim gesidine yer
verilmelidir. Bozcaada’da tozlayici gesit olarak 2/4 veya 2/6 oranlarinda Kuntra (Karasakiz) ile Vasilaki tozlayici
cesitleri kullanilmaktadir. Kuntra, kisa budanan, orta mevsimde olgunlasan siyah saraplik—siralik bir cesit olup,
taneleri kirmizimst mor renkli, yuvarlak sekilli, iri taneli (3 g), 1-3 adet ¢ekirdekli olup, salkimlar1 kanatli konik, iri
(330 g) ve sik yap1 olusturmaktadir. Kisa budanan, orta mevsimde olgunlagan beyaz saraplik—siralik bir gesit olan
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Vasilaki, kahverengi benekli (kinali) sar1 renkli, yuvarlak sekilli, orta iri (2.5 g) ve 1-3 adet gekirdekli taneler
meydana getirmektedir. Salkimlar silindirik, kiigiik orta irilikte (200 g) ve salkim sikligi bakimindan sik yapidadir
(Celik, 2006).

Figure 1. Satellite image of the vineyards located in Papazbahge local district of Bozcaada, Canakkale
(Google Earth, 2020)
Sekil 1. Canakkale ili Bozcaada ilcesi Papazbahge mevkiinde bulunan baglara ait uydu goriintiisii

(Google Earth, 2020)

Ayni iireticiye ait iki bagda da 6nceki yilin sonbahar déneminde sira {izerlerine, dekarda 2—3 ton olacak sekilde,
ihtimar ettirilmis kiigiikbas hayvan giibresi uygulanmistir. Bozcaada Cavusu iiziim ¢esidi ve tozlayici gesitlerinde,
kasim-aralik aylarinda yapilan aralama budama (¢irpma) ile yillik dallar ilk etapta 5-6 goze kadar indirilmis, mart
ay1 igerisinde yapilan esas kig budamasinda ise yillik dallar 2-3 g6z tizerinden kisa olarak budanmistir. Kis budamasi
sonrasinda dip agma uygulamasi yapilmig, ilkbahar déneminde ise sira aralari iki defa toprak frezesiyle ¢apalanmustir.
Yaz budamalarina mayis ay1 ortalarindan itibaren dip siirgiinii ve u¢ alma uygulamalariyla baglanilmis, haziran ay1
icerisinde ise obur siirgiinii ve koltuk alma uygulamalar1 da gergeklestirilmistir. Yapilan biitiin kiiltiirel islemler ayn1
iiretici tarafindan ayn1 zaman ve is giiciiyle gergeklestirilmistir.

2.2. Yontem ve incelenen parametreler

Tozlayicr olarak Kuntra (Karasakiz) ve Vasilaki iiziim ¢esitlerinin kullanildig: iki bag alaninda da, 10’ar adet
Bozcaada Cavusu iiziim ¢esidi omcalari belirlenmistir. Arastirmanim yiriitiildiigi 2018 ve 2019 yillarinda, tiztimlerin
6nolojik olgunluk seviyesine geldigi 7 Agustos tarihinde gergeklestirilen hasat ile birlikte verim ve kalite degerleri
tespit edilmistir. Bu kapsamda, ortalama verim (g omca™), salkim eni (¢cm), salkim boyu (cm), salkim sikligi (1-9),
salkim agirhgr (g salkim™?), salkim boyu/salkim eni, salkim sayis1 (adet omca™), tane eni (mm), tane boyu (mm),
tane agirligi (g tane ™), tane boyu/tane eni, tane sayisi (adet salkim™), ortalama cekirdek sayisi (adet tane™t), kabuk
kalinhg1 (mm), kabuk rengi (L, Chroma ve °Hue), %SCKM, pH, %asitlik ve olgunluk indisi (%SCKM %asitlik1)
parametreleri incelenmistir. Salkima ait 6zellikler, arastirmanin yapildig1 Bozcaada’daki baglarda belirlenmis olup,
her bir salkimdan salkimi temsil edecek taneler alinarak ‘COMU Ziraat Fakiiltesi Bahge Bitkileri Boliimii Pomoloji
Laboratuvari’na getirilip taneye ait dzellikler incelenmistir.

2.2. Istatistik analizler

Yapilan bu arastirma, tesadiif parselleri deneme desenine gore 10 tekerriirlii ve her tekerriirde bir omca yer alacak
sekilde planlanmistir. Elde edilen bulgular ‘SAS 9.1.3. Portable’ istatistik paket programi kapsaminda varyans
analizine tabi tutulmus, ortalamalar arasindaki farklar LSD ¢oklu karsilagtirma testiyle p<0.05 diizeyinde
degerlendirilmistir.

3. Arastirma Sonuclari ve Tartisma

3.1. Tozlayict Olarak Kuntra (Karasakiz) ve Vasiliki Uziim Cesitlerinin Kullanidigi Bozcaada Cavusu Uziim
Cesidi Baglarinda Ortalama Verim ile Salkim Ozelliklerine Ait Bulgular

Tozlayici olarak Kuntra (Karasakiz) ve Vasilaki tiziim ¢esitlerinin kullanildigi Bozcaada Cavusu tiziim ¢esidi
baglarinda ortalama verim ile salkim &zelliklerine ait bulgular, Tablo 1 ve Tablo 2’de sunulmustur. Verilen
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bulgular hem yillar bazinda hem de iki yilin ortalamasina gore incelendiginde; Bozcaada Cavusu iiziim ¢esidinde
ortalama verim, salkim eni, salkim boyu, salkim sikilig1 ve salkim agirligi degerlerinin tozlayici olarak Kuntra
kullanilan bagda daha yiiksek oldugu goriilmektedir.

Iki yilin ortalama verilerine gére Bozcaada Cavusu iiziim ¢esidinin ortalama verimi tozlayici cesit olarak
Kuntra’nmin (2756.1 g omca?) kullanildig1 bagda Vasilaki’nin (1753.5 g omca?) kullanildig1 bagdan daha yiiksek
olmustur.

Salkim eni ve salkim boyu bakimindan da sonug¢ benzer olmus ve tozlayici olarak Kuntra iiziim ¢esidinin
kullanildig1 bagdan elde edilen salkimlarin eni ve boyu (sirasiyla 10.22 cm ve 13.85 cm) tozlayict olarak
Vasilaki iiziim ¢esidinin kullanildig1 bagdan elde edilen verilere (sirasiyla 8.11 cm ve 12.03 cm) kiyasla daha
fazla olmugtur (Tablo 1).

Ozen ve ark. (1996)'min 1991 ve 1995 yillar1 arasinda yiiriitmiis olduklar1 bir arastirmada, Kuntra iiziim
cesidiyle tozlanan ve 5SBB Amerikan asma anaci iizerine asili Bozcaada Cavusu iiziim ¢esidinden 5080.0 g
omca* verim ve 315.6 g salkim agirlig1 degerleri elde edilmistir. Ozen ve ark. (1996)’mn bildirdigine benzer
sekilde, bu arastirmadan elde edilen verim (2756.1 g omca™?) ve salkim agirhigi (280.2 g salkim™) degerleri,
tozlayici olarak Kuntra’nin kullanildigi bagda daha yiiksek olmustur. Arastirmadan alinan ortalama verim ve
salkim agirligi degerlerinin Ozen ve ark. (1996)’nin bildirdigi degerlerin altinda seyretmesinin, arasgtirmanin
kuruldugu yilda deneme baglarinin 50 yasinda olmalari ve ekonomik Omiirlerini tamamlamalarindan
kaynaklanabilecegi diistiniilmektedir.

Benzer egilim salkim agirliginda da goriilmiis ve iki yilin ortalamasina gore Bozcaada Cavusu iiziim
cesidinin salkim agirhgmnm, tozlayict olarak Kuntra iiziim gesidinin kullanildign bagda (280.2 g salkim™)
Vasilaki iiziim ¢esidinin kullanildig1 bagdan elde edilene (154.4 g salkim™) kiyasla daha yiiksek oldugu tespit
edilmistir.

Bozcaada Cavusu iiziim ¢esidinin ortalama veriminin tozlayici olarak Kuntra (280.2 g salkim™) tozlayici
gesidinin kullanildig1 bagda Vasilaki (154.4 g salkim™) tozlayici ¢esidinin kullanildig1 bagdan yiiksek olmas:
salkim agirh@inin ortalama verimi biiyliik olglide etkileyerek arttirdigini géstermektedir. Tozlayic1 olarak
Vasilaki (1.498) tiziim ¢esidinin kullanildigi Bozcaada Cavusu baginda salkim boyu/salkim eni oraninin, Kuntra
(1.362) liziim gesidinin kullanildigi Bozcaada Cavusu bagindan elde edilen orana kiyasla daha yiiksek oldugu
belirlenmistir (Tablo 2).

3.2. Tozlayict Olarak Kuntra (Karasakiz) ve Vasiliki Uziim Cesitlerinin Kullanildig1 Bozcaada Cavusu Uziim
Cesidi Baglarinda Tane ve Tane Olgunluguna Ait Bulgular

Tozlayict olarak Kuntra (Karasakiz) ve Vasilaki {iziim ¢esitlerinin kullanildig1 Bozcaada Cavusu iiziim ¢esidi
baglarinda tane ve tane olgunluguna ait bulgular Tablo 3, Tablo 4, Tablo 5 ve Tablo 6’da sunulmustur.

Iki yillik veriler incelendiginde; Bozcaada Cavusu iiziim cesidinde tane eni, tane boyu ve tane agirligi
kriterleri bakimindan ortalamalar arasindaki farklarin 6nemli oldugu bulunmus ve Kuntra iziim c¢esidinin
kullanildig1 bagda bu degerlerin daha yiiksek oldugu saptanmistir. Tane eni, tane boyu ve tane agirlig1 degerleri
Kuntra gesidinin kullanildig1 bagda sirasiyla 20.73 mm, 23.12 mm ve 6.63 g, Vasilaki ¢esidinin kullanildig:
bagda ise yine sirasiyla 19.48 mm, 22.19 mm ve 5.78 g olarak kaydedilmistir

Tozlayici olarak Vasilaki (1.140) {iziim ¢esidinin kullanildig1 bagda Bozcaada Cavusu iiziim g¢esidinden elde
edilen tane boyu/tane eni oraninin, tozlayici olarak Kuntra (1.115) iiziim ¢esidinin kullanildig1 bagdaki Bozcaada
Cavusu tiziim gesidine kiyasla daha yiiksek oldugu belirlenmistir (Tablo 3).
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Tablo 1. Tozlayici olarak Kuntra ve Vasiliki iiziim cesitlerinin kullamildigi Bozcaada Cavugsu iiziim ¢esidi baglarinda ortalama verim ile salkima ait bazi fiziksel ozellikler
Table 1. Average yield and some physical characteristics of cluster in Bozcaada Cavusu grape variety vineyards where

Kuntra and Vasildki grape varieties are used as pollinators

Ortalama verim Salkim eni Salkim boyu Salkim sikhig1
Tozlayia cesitler (g omca™) (cm) (cm) (1-9)
2018 2019 Ort. 2018 2019 2018 2019 Ort. 2018 2019 Ort.
Kuntra (Karasakiz) 3243.5 2269.3 a 2756.1a 9.96 a 1047 a 1430 a 13.40a 13.85a 5.91 595a 5.93
Vasilaki 2210.9 1296.1 b 17535b 8.04b 8.17b 12.60 b 1146 b 12.03b 6.14 520b 5.67
LSD (0.05)* oD 721.83 867.71 0.9324 1.1700 1.4284 1.0831 0.9519 OD 0.4488 OD

OD: Onemli degil. LSD (0.05): 0.05 diizeyinde 6nemli. Ort.: Ortalama.

Tablo 2. Tozlayict olarak Kuntra ve Vasiliki iiziim ¢esitlerinin kullanildigr Bozcaada Cavusu iiziim ¢esidi baglarinda salkima ait bazi fiziksel ozellikler
Table 2. Some physical characteristics of cluster in Bozcaada Cavusu grape variety vineyards where Kuntra and Vasildki grape varieties are used as pollinators

Salkim agirhgi . Salkim sayisi
Tozlayici gesitler (0 salkllgn‘l)g Salkim boyu/salkim eni (adet och‘l)
2018 2019 ort. 2018 2019 ort. 2018 2019 ort.
Kuntra (Karasakiz) 2745a 285.8a 280.2a 1.443 1.280b 1.362b 11.40 6.90 9.15
Vasilaki 174.0b 134.9b 154.4b 1.571 1.424a 1.498 a 12.00 9.40 10.70
LSD (0.05)* 67.880 61.357 51.474 OD 0.1044 0.0823 OD OD OD

OD: Onemli degil. LSD (0.05): 0.05 diizeyinde énemli. Ort.: Ortalama.
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Ozen ve ark. (1996)’nin 1991 ve 1995 yillar1 arasinda yaptig1 calismada, Kuntra’yla tozlanan ve 5BB
Amerikan asma anaci tizerine asili Bozcaada Cavusu iiziim cesidine ait tane agirhigi 5.91 g olarak tespit
edilmistir. Yiriitiilen bu arastirmanin bulgularinda, tozlayici olarak Kuntra tiziim cesidinin kullanildig1 bagdan
elde edilen tane agirlig1 degerinin Ozen ve ark. (1996)’nin elde ettigi degerler ile benzer oldugu goriilmektedir.

Aragtirmanin yuriitildigi iki yilda da tozlayici olarak her iki liziim c¢esidinin kullanildig1 baglardaki
Bozcaada Cavusu liziim ¢esidinde tane sayisi azalmis, en fazla azalis ise tozlayici olarak Vasilaki iiziim ¢esidinin
kullanildigi Bozcaada Cavusu iiziim ¢esidinde goriilmiistiir. Tane sayisindaki bu azalig ortalama verimi de
etkilemis olup, ilk yi1la nazaran ikinci yilda bir disiis s6z konusu olmustur. Tozlayici olarak Vasilaki (25.87 adet
salkim™) {iziim ¢esidinin kullanildig1 Bozcaada Cavusu iiziim ¢esidi salkimlarina kiyasla, tozlayici olarak Kuntra
(40.36 adet salkim™) iiziim ¢esidinin kullanildig1 Bozcaada Cavusu iiziim gesidi salkimlarinda tane sayisinin
daha yiiksek oldugu belirlenmistir. Diger yandan tane kabuk kalinlig1 tozlayici olarak Vasilaki {iziim ¢esidinin
kullanildig1 bagda (0.086 mm) Kuntra iiziim ¢esidinin kullanildig1 bagdan (0.075 mm) daha yiiksek olmustur
(Tablo 4).

Kuntra tozlayict liziim ¢esidi Bozcaada Cavusu iiziim ¢esidinden daha ge¢ bir tarihte ciceklenmekte, bu
nedenle ki budamasinin bir ay kadar dncesinde yapilmasi gelenegi Bozcaada’da halen siirdiiriilmektedir
(Dardeniz ve ark., 2011). Ancak aragtirmada, deneme amacl kiyaslama yapilabilmesi i¢in Kuntra tozlayici tizim
¢esidinin kis budamasi Bozcaada Cavusu iliziim ¢esidiyle aym tarihte (mart ay1) yapilmistir. Bu nedenle,
¢iceklenme zamanlariin ¢akismamasindan dolay1 literatiire gore tane oraninin daha diisiik olmasi beklenebilir.
Fakat tozlayici olarak Kuntra liziim ¢esidinin kullanildigi Bozcaada Cavusu liziim ¢esidinin tane oraninin,
tozlayici olarak Vasilaki tiziim ¢esidinin kullanildigi Bozcaada Cavusu liziim ¢esidine gore daha yiiksek oldugu
saptanmistir. Arastirmanin yapildigt yillarda tozlayici olarak Kuntra {iziim c¢esidinin kullanildigi Bozcaada
Cavusu iiziim cesidinin somak ve salkim boyutlarinin daha iri olmasinin, tutan tane sayisinin da daha yiiksek
olmasina yol agmis olabilecegi diisiiniilmektedir.

Farkli yontemlerle tozlanma uygulamalarinin gergeklestirildigi dnceki arastirmalarda; farkli {iziim ¢esitlerinin
polenleriyle tozlanan ¢esidin tane eni, tane boyu, tane agirligi, tohum eni, tohum boyu, tohum agirligi ve tane
basina tohum sayisiyla birlikte, tane sayilarinin 6énemli derecede degisebildigi bildirilmektedir (Sabir, 2011;
Sabir, 2015; Sahin ve Sabir, 2016; Sabir ve ark., 2020). Marasal1 ve Ergiil (1997), liziim ¢esitlerinde (Hasandede,
Hamburg misketi, Kalecik karasi ve Narince) uygun tozlayici gesitlerle kontrollii yabanci tozlama sonucundaki
tane tutumu ve ¢ekirdek olusturma oraninin, agikta tozlanma ve kendileme uygulamalarina kiyasla daha yiiksek
oldugunu ve yiiksek tane tutumuna ulasmada polen kaynaginin 6nemli oldugunu belirtmislerdir. Farkli tozlayict
liziim cesitleriyle tozlanma sonucunda tozlama yapilan cesitlerin tane (Sabir ve ark., 2020) ve c¢ekirdek
(Sabir, 2015) 6zelliklerinin farkli polen kaynaklariyla degisim gdstermesi, xenia ve metaxenianin mevcudiyetini
ortaya koymaktadir. Yiiriitillen bu aragtirmada, Bozcaada Cavusu iiziim ¢esidinin tane eni, tane boyu ve tane
agirhigr degerleri tozlayici olarak Kuntra iizim ¢esidinin kullanildigi bagda tozlayici olarak Vasilaki {iziim
¢esidinin kullanildig1 bagdakine kiyasla daha yiiksek bulunmustur. Tane basina ortalama ¢ekirdek sayisinda ise
onemli bir farklilik tespit edilememis ancak, tozlayici olarak Vasilaki tiziim g¢esidinin kullanildig1 bagdan elde
edilen degerler biraz daha yiiksek olmustur.

Bozcaada Cavusu iiziim ¢esidinin ¢icek yapisi ve dollenme biyolojisinden dolayi, kendi polenleriyle
tozlanmasi sonucunda dollenme meydana gelmediginden kiigiik ve c¢ekirdeksiz, partenokarpik taneler
olusturmaktadir. Fakat tozlayici (babalik) cesitlere bagli olarak c¢ekirdekli ve daha iri taneler meydana
gelmektedir. Farkli tozlayici gesitlerin Bozcaada Cavusu ilizim ¢esidinin tane ve g¢ekirdek ozellikleri tizerine
olas etkisinin xenia ve metaxeniadan kaynaklanip kaynaklanmadiginin konu iizerinde yapilacak olan benzer
detayli ¢aligmalarla ortaya konulabilecegi diisliniilmektedir.
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Tablo 3. Tozlayict olarak Kuntra ve Vasiliki iiziim gesitlerinin kullanildigi Bozcaada Cavusu iiziim ¢esidi baglarinda taneye ait baz fiziksel ozellikler

Table 3. Some physical characteristics of berry in Bozcaada Cavusu grape variety vineyards where Kuntra and Vasildki grape varieties are used as pollinators
Tane eni Tane boyu Tane agirhgi e R
Tozlayicl gesitler (mm) (mm) (g tane™)
2018 2019 Ort. 2018 2019 Ort. 2018 2019 Ort. 2018 2019 Ort.
Kuntra (Karasakiz) 20.28 21.17 a 20.73 a 22.30 23.94 a 23.12a 6.44 6.82a 6.63a 1.100b  1.131  1.115b
Vasilaki 19.10 19.85b 19.48 b 21.81 22.57b 22.19b 5.59 5.96 b 5.78b 1.143a  1.137 1.140a
LSD (0.05)* OD 0.4076 0.7237 OD 0.5998 0.8742 OD 0.3925 0.5487 0.0234 OD 0.0185
OD: Onemli degil. LSD (0.05): 0.05 diizeyinde 6nemli. Ort.: Ortalama.

Tablo 4. Tozlayict olarak Kuntra ve Vasiliki iiziim ¢esitlerinin kullanildigr Bozcaada Cavusu iiziim ¢esidi baglarinda tane sayisi ile taneye ait baz fiziksel ézellikler
Table 4. Number of berry and some berry physical characteristics in Bozcaada Cavusu grape variety vineyards where

Kuntra and Vasilaki grape varieties are used as pollinators
Tane sayis1 Ortalama ¢ekirdek sayisi Kabuk kalinhg:
Tozlayicl gesitler (adet salkim™2) (adet tane™) (mm)
2018 2019 Ort. 2018 2019 Ort. 2018 2019 Ort.
Kuntra (Karasakiz) 40.73 a 39.99a 40.36 a 1.315 1.420 1.367 0.070 0.080 0.075b
Vasilaki 30.11b 21.62 b 25.87hb 1.431 1.491 1.461 0.084 0.088 0.086 a
LSD (0.05)* 10.041 9.6439 7.8143 OD OD OD OD OD 0.0093
OD: Onemli degil. LSD (0.05): 0.05 diizeyinde énemli. Ort.: Ortalama.
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Farkli iizim gesitleriyle tozlanan Bozcaada Cavusu iiziim cesidinde taneler olgunlastikca tane kabuk
kalinliginda azalmalar goriildiigii belirtilmektedir (Dardeniz ve ark., 2011; Eren, 2015). Eren (2015)’in Bozcaada
Cavusu liziim cesidinde farkli mevkilerin etkisini arastirdigi ¢calismasinda, Sulubah¢e mevkiinden elde edilen
tanelerin olgunlugu yiiksek oldugundan, diger mevkiilere kiyasla daha ince kabuklu taneler elde edilmistir. Bu
sonuglara gore; tozlayici olarak Vasilaki tiziim ¢esidinin kullanildigi bagda olgunluk indisi degeri yiiksek olan
Bozcaada Cavusu iiziim c¢esidinin daha ince tane kabuk kalinligina sahip olmasi beklenmektedir. Ancak bu
arastirmada tozlayici olarak Vasilaki tiziim ¢esidinin kullanildigi bagdaki Bozcaada Cavusu iiziim ¢esidinde hem
olgunluk indisi daha yiiksek olmus hem de daha kalin kabuklu taneler meydana gelmistir. Bu durumun tozlayict
etkisinden kaynaklanma olasilig1 lizerinde farkli ¢alismalarin planlanmasi uygun olacaktir.

Tiiketiciler tarafindan kabuk kalinliginin ince olmasi istenilen bir 6zellik olmasina ragmen, ince kabuklu
tizimler disaridan gelen fiziksel etkilere karsi daha hassastirlar. Bozcaada Cavusu {iziim ¢esidi gibi ince bir
kabuga sahip {izim cesitlerinde hasat, kasalama, nakliye ve muhafaza gibi farkli asamalarda daha dikkatli
olunmalidir. Dardeniz (2002), Bozcaada’da deniz {iizerinden gelen nemli riizgarlar ile nispi nemin artis
gostermesi sonucunda Bozcaada Cavusu iiziim c¢esidinin daha ince bir kabuk yapisina sahip oldugunu ve
kalitesinin de 6nemli 6l¢iide artig gosterdigini belirtmistir.

Bozcaada Cavusu cesidinin tanelerinde tane kabuk rengi parametrelerine bakildiginda, tozlayici olarak
Vasilaki (26.83) ¢esidinin kullanildig1 bagdan elde edilen tanelerin Kuntra (25.28) iiziim ¢esidinin kullanildig:
bagdan elde edilen tanelerden daha parlak oldugu ve tozlayici olarak Kuntra (°H; 118.4) iiziim ¢esidinin
kullanildig1 bagda yesil rengin, tozlayict olarak Vasilaki (°H; 115.4) tiziim ¢esidinin kullanildigi bagda ise
sarimsi—yesil (kehribar saris1) rengin hakim oldugu tespit edilmistir (Tablo 5).

Eren (2015) verimin diisiik oldugu Sulubah¢e mevkiinde bulunan Bozcaada Cavusu iiziim ¢esidi tanelerinin
daha sar1, verimin yiiksek oldugu Ova ve Cayir mevkiilerindeki Bozcaada Cavusu iiziim ¢esidi tanelerinin ise
daha yesil renkli oldugu sonucuna varmistir. Ortalama verimi yiiksek olan ve tozlayict olarak Kuntra iiziim
¢esidinin kullanildigr Bozcaada Cavusu iiziim ¢esidi tanelerinde yesil rengin, ortalama verimi diisiik olan ve
tozlayici olarak Vasilaki {iziim ¢esidinin kullanildig1 Bozcaada Cavusu liziim ¢esidi tanelerinde ise sarimsi—yesil
(kehribar saris1) rengin hakim oldugu yoniindeki bulgularimiz, Eren (2015)’in ¢aligma sonuglariyla benzerlikler
tasimaktadir.

Bozcaada Cavusu ¢esidinin %SCKM ve pH igeriklerinin tozlayici olarak Vasilaki (sirasiyla %18.17 ve 3.51)
tiziim gesidinin kullanildig1 bagda Kuntra (sirasiyla %17.17 ve 3.43) {iziim ¢esidinin kullanildigi bagdan elde
edilene gore yiiksek oldugu belirlenmistir.

Tozlayict olarak Vasilaki (31.42) {iziim ¢esidinin kullanildigi Bozcaada Cavusu iiziim ¢esidine ait tanelerin,
tozlayici olarak Kuntra (27.64) iiziim ¢esidinin kullanildigi Bozcaada Cavusu {iziim g¢esidine ait tanelere gore
daha olgun olduklar1 belirlenmistir.

Uriin yiikiiniin fazla oldugu omcalara ait iiziimlerin olgunlagmasinin iiriin yiikii az olanlara nazaran daha geg
oldugu bir¢ok ¢aligmada belirtilmistir (Dardeniz, 2001; Dardeniz, 2014; Sezen ve Dardeniz, 2015). Yapilan bu
arastirmada tozlayici olarak Kuntra {iziim ¢esidinin kullanildig1 bagda omca yiikii fazla olan Bozcaada Cavusu
iziim ¢esidinin %asitlik degerinin daha yiiksek, diger yandan %SCKM ve olgunluk indisinin daha diisiik oldugu
belirlenmistir. Bu nedenle, s6z konusu tozlayici ¢esidin kullanildigi bagda Bozcaada Cavusu {liziim ¢esidinin
olgunluk indisi tozlayici olarak Vasilaki tiziim ¢esidinin kullanildig1 bagdakinden daha diisiik kalmistir (Tablo 6).

Ozen ve ark. (1996)’'min 1991 ve 1995 yillarinda yiiriitmiis olduklar1 ¢alismada, SBB anaci iizerine asili ve
Kuntra tozlayict ¢esidiyle tozlanmakta olan Bozcaada Cavusu liziim ¢esidine ait %SCKM degeri %18.8,
olgunluk indisi ise 39.7 olarak belirlenmistir. Yiiriitiilen bu arastirmada ise %SCKM degeri %17.17 ve olgunluk
indisi 27.64 olarak bulunmustur. Elde edilen bu degerlerin Ozen ve ark. (1996)’nin bulgularina kiyasla daha
disik olmasinin, omcalarin yaglar1 ile yiiklerindeki farkliliktan, yildan, mevkiiden ve iiziim hasadinin
muhtemelen farkl: tarihlerde yapilmasindan kaynaklanmis olabilecegi diisiiniilmektedir.
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Tablo 5. Tozlayict olarak Kuntra ve Vasiliki iiziim cesitlerinin kullanildigr Bozcaada Cavusu iiziim ¢esidi baglarinda taneye ait kabuk renk degerleri

Table 5. Skin color values of berry in Bozcaada Cavusu grape variety vineyards where Kuntra and Vasildki grape varieties are used as pollinators
Tozlayicl cesitler L C (Chroma) "H (Hue)
2018 2019 Ort. 2018 2019 Ort. 2018 2019 Ort.
Kuntra (Karasakiz) 24.99b 25.58 b 25.28b 5.76 6.45a 6.10 117.4a 119.4 118.4a
Vasilaki 26.88a 26.78 a 26.83 a 5.85 6.01b 5.93 112.9b 117.9 115.4b
LSD (0.05)* 0.8978 0.3834 0.4083 OD 0.2382 OD 2.9313 OD 2.0398
OD: Onemli degil. LSD (0.05): 0.05 diizeyinde 6nemli. Ort.: Ortalama.

Tablo 6. Tozlayict olarak Kuntra ve Vasiliki iiziim cesitlerinin kullanildigi Bozcaada Cavusu iiziim ¢esidi baglarinda taneye ait bazi kimyasal ozellikler

Table 6. Some chemical properties of berry in Bozcaada Cavusu grape variety vineyards where Kuntra and Vasildki grape varieties are used as pollinators
SCKM 4 Asitlik Olgunluk indisi
Tozlayci cesitler (%) P (%) (%SCKM %asitlik)
2018 2019 Ort. 2018 2019 Ort. 2018 2019 Ort. 2018 2019 Ort.
Kuntra (Karasakiz) 1751b 16.83 17.17b 3.54 3.32b 3.43b 0.695 0.573 0.634 25.70 29.57b 27.64b
Vasilaki 18.87a 17.46 18.17a 3.53 349a 351a 0.655 0.534 0.595 29.72 33.12a 3142a
LSD (0.05)* 1.1475 OD 0.8806 OD 0.1272 0.0787 OD OD OD OD 3.3389 3.0115
OD: Onemli degil. LSD (0.05): 0.05 diizeyinde énemli. Ort.: Ortalama.
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Eren (2015)’in yapmis oldugu calismada, verimi yiiksek olan Ova mevkiinde yetistirilen Bozcaada Cavusu
iizim cesidi tanelerinden diisiik olgunluk indisi, verimi diisiik olan Sulubah¢e mevkiindeki Bozcaada Cavusu
iiziim ¢esidi tanelerinden ise yiiksek olgunluk indisi degerleri elde edilmistir. Mevcut aragtirma sonuclarina gore,
tozlayici olarak Kuntra {iziim ¢esidinin kullanildig1 bagda yiiksek ortalama verime sahip Bozcaada Cavusu iiziim
cesidi tanelerinde olgunluk indisinin daha diisiik oldugu belirlenmistir. Tozlayici olarak Vasilaki iziim ¢esidinin
kullanildig1 bagda diisiik ortalama verime sahip olan Bozcaada Cavusu iiziim ¢esidinin tanelerinde olgunluk
indisinin daha yiiksek seyretmesi 6nceki aragtirma bulgularini destekler niteliktedir.

4. Sonug¢

Aragtirma bulgularia gore; tozlayici olarak Kuntra iiziim ¢esidinin kullanildigi bagda Bozcaada Cavusu
izlim ¢egidinin ortalama verimi, salkim agirlig1 ve tane agirligi daha yiiksek olmustur. Buna ek olarak tane sayisi
yiiksek, daha sik ve kompakt salkimlar elde edilmistir. Ayrica, tozlayici olarak Kuntra iizim g¢esidinin
kullanildig1 bagdaki Bozcaada Cavusu iiziim ¢esidi, Vasilaki {iziim ¢esidinin kullanildig1 bagdakine gore daha
ince kabuk kalinligina sahip taneler olusturmustur. Bu durumun tiiketici begenisi acisindan daha uygun, ancak
nakliye ve muhafaza agisindan dezavantajli olabilecegi diisiiniilmektedir.

Ancak, tozlayici olarak Kuntra {iziim ¢esidinin kullanildigi bagda Bozcaada Cavusu iiziim cesidinin tane
sayis1 ve ortalama veriminin daha yiiksek olmasi nedeniyle, tanelerde agirlikli olarak yesilimsi renk hakim
olmakta ve tanelerin ¢eside 6zgii sarimsi—yesil renk (kehribar sarisi) almasi biraz gecikebilmektedir. Bununla
birlikte, tozlayici1 olarak Kuntra tiziim ¢esidinin kullanildig1 bagdan elde edilen Bozcaada Cavusu iiziim ¢esidi
tanelerinin %asitligi yiiksek; pH, %SCKM ve olgunluk indisi daha diisiik seviyede kalmaktadir.

Biitin bu nedenlerden dolay1, tozlayici olarak Kuntra {izim ¢esidinin kullanildigi Bozcaada Cavusu tiziim
¢esidinin en az 4-5 giin daha gec hasat edilmesinin, ¢esidin renk ve olgunluk 6zellikleri agisindan uygun
olabilecegi ileri siiriilebilir. Bozcaada’daki bagcilar arasinda Bozcaada Cavusu iiziim c¢esidinde ideal olarak
25-30 adet tane bulunduran ve “Seldiren salkim” olarak tabir edilen salkimlar tercih sebebidir. Tozlayici olarak
Vasilaki iiziim ¢esidinin kullanildig1 bagda Bozcaada Cavusu iiziim g¢esidinden 25.87 adet salkim™ tane sayisi
saglanmasi bakimindan, seldiren salkim 6zelligine yakinlagilmigsa da, bu bagdan elde edilen ortalama verim
tozlayici olarak Kuntra iiziim ¢esidinin kullanildigi bagdan alinandan daha diisiik kalmistir.

Tozlayict olarak Kuntra {iziim ¢esidi kullanilarak kurulmus bagda Bozcaada Cavusu iiziim ¢esidinin tane
say1st ve ortalama veriminin daha yiiksek olmasi, tane gelisimi ve olgunlugu nispeten geciktirmistir. Boylece
Bozcaada Cavusu iiziim ¢esidinin daha ge¢ tarihte hasat edilmesiyle birlikte, Bozcaada’daki sinirli hasat
periyodunun da uzatilmasina katki saglanabilecegi sonucuna varilmistir.
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Contact Toxicity of Hypericum Extracts against Rhyzopertha dominica (Fab.)
(Coleoptera: Bostrichidae)

Hypericum Ekstraktlarinin Rhyzopertha dominica (Fab.) (Coleoptera: Bostrichidae)'ya Karsi
Kontak Toksisitesi

Cennet YAMANY, Seyda SIMSEK?
Abstract

Medicinal and aromatic plants have popular recently to investigate their usability as natural resources in many
areas due to their superior biological activity properties. Hypericum genus contains important medicinal plant
species known worldwide. In this study, the ethanol extracts from different plant parts (flower, leaf and stem) of
three Hypericum perforatum L., Hypericum heterophyllum Vent., Hypericum scabrum L. were screened for their
toxicity against adults of Rhyzopertha dominica (Fab.) (Coleoptera: Bostrichidae), an important insect of stored
grains in many regions of the world. Insecticidal activity was analyzed at 10 % concentration of ethanol extracts,
and measurements were taken at three different exposure times (24, 48 and 72 hours). Considering the factors
analyzed on this insect, Hypericum species, plant part, exposure time as well as the interaction of Hypericum
species and plant part displayed a statistically significant effect. The mortality values of extracts from H.
perforatum, H. heterophyllum and H. scabrum varied from 44.8 % to 88.9 %, 26.0 to 78.8 %, 26.1 % to 50.3 %
for adult of R. dominca, respectively, after 72 h. H. perforatum showed a stronger effect than other species.
Among plant parts, the leaf showed superior mortality on this insect. In addition, the mortality rate increased
with increasing exposure time. According to the interaction between Hypericum species and the plant part, the
leaf of H. perforatum (79.4 %) displayed the strongest mortality, followed by the leaf of H. heterophyllum
(70.6 %). After 72 hours, the highest mortality was recorded in the leaf parts of H. perforatum. The current
results showed that the extracts, in particular, the leaf extracts of H. perforatum and H. heterophyllum, may be
evaluated as a new natural potential product of plant-derived insecticide because of its high mortality impact
against R. dominica.

Keywords: Hypericum perforatum, Hypericum heterophyllum, Hypericum scabrum, Rhyzopertha dominica, Insecticidal
effect
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Oz

Tibbi ve aromatik bitkiler, iistiin biyolojik aktivite 6zelliklerinden dolayr birgok alanda dogal kaynak olarak
kullanilabilirliklerini arasgtirmak igin son zamanlarda popiiler hale gelmistir. Hypericum cinsi diinya ¢apinda
bilinen 6nemli tibbi bitki tiirlerini igermektedir. Bu ¢aligmada, ii¢ Hypericum tiiriiniin (Hypericum perforatum L.,
Hypericum heterophyllum Vent., Hypericum scabrum L.) ¢igek, yaprak ve govde kisimlarindan elde edilen
etanol ekstraktlari, diinyanin birgok boélgesinde depolanmig tahillarin 6nemli zararlist olan Rhyzopertha dominica
(Fab.) (Coleoptera: Bostrichidae) erginlerine karsi toksisiteleri agisindan degerlendirilmislerdir. Bécek 6ldiiriicii
aktivitesi, %10 etanol ekstrakt konsantrasyonunda analiz edilmis ve 6l¢timler, ii¢ farkli zamanda (24, 48 ve 72
saat) alinmustir. Bu tiir iizerine analiz edilen faktorler degerlendirildiginde Hypericum tiirleri, bitki kism1, maruz
kalma siiresi ve Hypericum tiirleri ile bitki kismi arasindaki etkilesimin istatistiksel olarak onemli bir etkisi
oldugu gorilmiistiir. H. perforatum, H. heterophyllum ve H. scabrum'dan elde edilen ekstraktlarin 6liim degerleri,
72 saat sonra R. dominca ergini i¢in sirasiyla %44.8 ila %88.9, %26.0 ila %78.8 ve %26.1 ila %50.3 arasinda
degismistir. H. perforatum diger tiirlere gore daha giiclii etki gostermistir. Bitki kisimlar1 arasinda yaprak, tiir
tizerinde Ustlin 6lim orani gostermistir. Ek olarak, maruz kalma siiresinin artmasiyla 6liim orani artmistir.
Hypericum tiirleri ile bitki kismi arasindaki etkilesime gore en yiiksek 6liim oranin1 H. perforatum yapragi
(%79.4) gosterirken, onu H. heterophyllum yapragi (%70.6) izlemistir. 72 saat sonra, en yiiksek 6liim H.
perforatum’un yaprak kisimlarinda kaydedilmistir. Mevcut sonuglar, ekstraktlardan, 6zellikle H. perforatum ve
H. heterophyllum'un yaprak ekstraktlarinin, R. dominica'ya kars: yiiksek mortalite etkisi nedeniyle bitki kaynakli
insektisitin yeni bir dogal potansiyel {iriinii olarak degerlendirilebilir.

Anahtar Kelimeler: Hypericum perforatum, Hypericum heterophyllum, Hypericum scabrum, Rhyzopertha dominica,
Insektisit etki
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1. Introduction

One of the important pests among the stored grain insects is Rhyzopertha dominica (Coleoptera:
Bostrichidae), known as lesser grain borer R. dominica is one of the insects that cause significant damage to
many stored products. Larvae of this pest damage the product by eating the inside of the grain or living in flour
and flour products. Adults are harmful by gnawing the outside of the grains (Dissanayaka et al., 2020). In some
studies both in Turkey and other countries, it is reported that the adults cause weight loss in the stored grains and
the damage reaches the economic level after 122 days from the contamination (Malagon and Trochez, 1985;
Togantimur and Ozder, 2019). During the storage period, especially stored grain insects damage cereal grains
both qualitatively and quantitatively, which causes degradation of seed, food or forage. The economic damage of
insects that cause economic loss in granaries is 5-10% in developed countries, and this rate is higher in
developing countries, which means an important economic loss (Hernandez Nopsa et al., 2015). In addition,
these pests cause food contamination and cause serious problems for the food industry and human health (Wu et
al., 2019, Sular et al., 2019).

Synthetic chemicals such as pesticides, fumigants and insecticides have been actively used management
stored grain pests for a long time (Kostyukovsky and Shaaya, 2013). These chemical products have caused very
important problems such as air pollution, change of balance in the ecosystem, harm to living health, emergence
of resistant pests and other. So, recently, scientists have focused to search for new and natural products to control
against pests for both these reasons and high costs (Damalas and Eleftherohorinos, 2011; Paoli et al., 2015). To
control pests, scientists are looking for low-cost, organic products that are residue-free in nature and are less
harmful to human health. Therefore, it has become popular to investigate the toxic effects of various plant
species against pests (Guru-Pirasanna-Pandi et al., 2018; Zaka et al., 2019; Lampiri et al., 2020). Because, plant-
derived materials are natural products, they are less harmful to the environment and living things (Sodaeizadeh et
al., 2010).

Hypericum species (Hypericeae), which is in the group of medicinal plants contain the extremely significant
phytochemicals such as phenolic acid, flavonoids (hyperin, hyperoside, luteolin), napthodianthrones (hypericin,
protohypericin, pseudohypericin), phloroglucinols (hyperforin), xanthones and essential oils (Napoli et al.,
2018). Hypericum perforatum are rich in napthodianthrones and phloroglucinols which exhibit many biological
activities (Barnes et al., 2019; Lazzara et al., 2020). The type and amount of chemical components belonging to
plants can vary in different parts (flower, leaf, stem, root etc.) of plants, which causes efficacy differences among
plant parts (Sarrou et al., 2018), and even organic solvent varieties (Khan et al., 2017).

As known, H. perforatum and H. scabrum are economically important species that are actively used in many
areas of the pharmaceutic in most countries (Zorzetto et al., 2015). Also, a few studies were reported about
insecdisidal effect of both Hypericum species (Tozlu et al., 2011; Rouis et al., 2013; Dastagir et al., 2016). In
previous studies, there have been reports of the usability of Hypericum species to control of insects and their
larvae (da Silva et al., 2013; Binia$ et al., 2016; Erdogan and Yildirim, 2016; Puthur et al., 2019). Additionally,
Hypericum extracts from H. perforatum and H. scabrum had a strong toxicity on insects, especially against many
Coleopteran insects such as Tribolium castaneum, Trogoderma granarium, Callosobruchus analis, Sitophilus
oryzae, R. dominica (Tozlu et al., 2011; Dastagir et al., 2016). But, there is still inadequate information regarding
their toxic effects against adults of R. dominica. Moreover, there are no references of insecticidal effect of
extracts with organic solvent from different plant parts of H. scabrum and H. heterophyllum on the Coleopteran
insects in stored grains. In current study, the ethanol extracts from H. heterophyllum, an endemic to Turkey, was
first time used against R. dominica. The aim of this study was to analyze the toxic effect on R. dominica,
important stored product insect, of ethanol extracts from different plant parts (flower, leaf, stem) of Hypericum
species (H. perforatum, H. heterophyllum, H. scabrum).

2. Materials and Methods
2.1. Plant materials

Hypericum perforatum, H. heterophyllum and H. scabrum were collected aerial parts of each species
including more than 30 individuals at 100% flowering period from their natural habitats (Turkey) showed in
Table 1. Collection of plants was done between 11:00 and 13:00. The flowers, leafs and stem parts of the plants
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were separated, and dried under shade at 20 & 2 °C for analysis. The plant materials were determined by Prof. Dr.
Osman Tugay (Department of Pharmaceutical Botany, Faculty of Pharmacy, Selguk University). Voucher
specimens are kept in KNYA Herbarium of the Selguk University, Faculty of Science, Konya, Turkey
(Herbarium numbers: 28281, 28282, and 28283, respectively).

Table 1. Habitat and collection status of the Hypericum species

Collection Latitude Longitude Altitude

Species Location time (N) (E) (m)
Hypericum Corum, Yesilgat Village 01.07.2017  40°41°16 34°7°51 1372
perforatum

Hypericum Yozgat, Bozok University 04.07.2017 30946°42 34°47°5] 1332
heterophyllum® Campus o

Hypericum Yozgat, Gelin Kayast 13.06.2017 3995020  34°%5°44 1401
scabrum

It is endemic to Turkey.

2.2. Extraction of plant samples for analysis

The aerial parts (flower, leaf and stem) of the Hypericum species were used for the extraction. The aerial
parts were dried under shade and mechanically ground with a blender. 4 g (three replicate) of each grounded
plant materials were extracted individually in 40 mL of 100% ethanol at 40 °C for 24 h (Yaman, 2020). The
resulting solutions were filtered through whatman paper and the solvent was removed on a rotary evaporator at
temperature bellow 40°C.

2.3. Insect source

Stock cultures of insects were obtained from the Department of Plant Protection, Yozgat Bozok University.
Wheat grains were used for feeding of R. dominica adult. The stock cultures of insects were incubated at 27+2
°C. Adult individuals were taken into these jars and left to feed. These stock cultures were incubated at 27+2 C°
in dark conditions. Within 45 days, a new generation of adults emerged, and randomly selected adult individuals
were used in the study (Abay et al., 2012).

2.4. Contact toxicity

The 10% concentration of Hypericum extracts which dissolved with acetone, and used for contact effect
according to method used by Gokce et al., (2010). The 1 ul amount of the extracts was applied topically to each
insect by micro-aplicator. For control, 1 ul insect-1 of acetone solvent was treated. The experiment was plotted
in complete randomized design while six replications were set up for each assay after the insects were taken
from stock cultures at a random age, ten adults were transferred to each petri dish. At the end of the application,
the insects were incubated with the food under the conditions mentioned above, and the mortality was recorded
after 24, 48 and 72 h of exposure. The mortality rates were calculated as %.

2.5. Statistical analysis

No mortality was observed in the control applications of all species. The same vials were examined for
mortality at the different exposure intervals (24, 48, and 72 hours), so mortality data were analyzed by using one-
way analysis of variance (ANOVA) with Hypericum specie, plant part and exposure time as the main effects.
Percent mortality data were expressed as mean values and standard error (+SE). It was used Levene’s test to
check homogenity of variances before ANOVA tests. Also, data given in percentages were subjected to arcsine
(VX) transformation before statistical analysis. Differences between the means were compared by Duncan’s
multiple range tests using SPSS 20.0 Statistical software at 0.01 level.

3. Results and Discussion

Non-synthetic natural origin materials such as crude extracts and essential oils with secondary metabolites
from plants, and other biomolecules from microorganisms have been suggested as alternatives for controlling R.
dominica adults. In this work, ethanolic extracts from flower, leaf and stem parts of Hypericum species were
evaluated against this insect.
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Mortality of R. dominica adults was significantly affected from all main effects (Hypericum species, plant
part and exposure time) and Hypericum species x Plant part interaction (P < 0.01). However, the associated
interactions within exposure time were not significant (P > 0.32). The plant part among all main effects
displayed the highest F value (F=66.75) (Table 2).

Table 2. Habitat and collection status of the Hypericum species

R. dominica
Source df F P
Hypericum species 2 21.98 <0.01**
Plant part 2 66.75 <0.01**
Exposure time 2 23.90 <0.01**
Hypericum species x Plant part 4 13.61 <0.01**
Hypericum species x Exposure time 4 1.19 0.32
Plant part x Exposure time 4 0.58 0.68
Hypericum species x Plant part x Exposure time 8 0.77 0.63
Error 135

total df =162. p<0.01. **

A very high mortality was observed as a result of the factors examined on the control of this insect. The
mortality of R. dominica varied from 19.3 to 88.9% for all exposure intervals, and was found to increase with
increasing exposure time in all extracts (Table 3). After 72 h of exposure, leaf extracts of H. perforatum (88.9%)
and H. heterophyllum (78.8%) displayed strong toxic effect, and were statistically in the same group.

When the efficacy of the tested Hypericum species on these insects is examined, H. perforatum (52.2%) was
found to be powerful effective than other Hypericum species, but there was no statistical difference between H.
perforatum and H. heterophyllum (48.2%) (Table 3). In a recent study, Yaman and Simsek (2021) investigated
the effect of acetone extracts of Hypericum species on R. dominica, and found the highest mortality in H.
perforatum as 42.3%. But, in currently study, ethanol extracts of H. heterphyllum displayed the high toxic effect
on R. dominica. To the best of our knowledge, H. heterphyllum, an endemic species to Turkey, was analysed
first time toxicity of its ethanolic extracts on this pest, had only a few studies about pest management. For
example, Hernandez Nopsa et al. (2015) reported that H. heterophyllum exhibited the stronger inhibition zone
against Paenibacillus larvae than other many Hypericum species. Yaman and Simsek (2021) recorded that H.
heterophyllum displayed high toxic effect on stored grain pests. In fact, many scientists have investigated
usability in pest control of some Hypericum species. Erdogan and Yildirim (2016) indicated that Hypericum
calycinum L. exhibited about 60% mortality against Myzus persicae Sulzer. Puthur et al. (2019) declared that
Hypericum japonicum Thunb. displayed 85% mortality on S. oryzae. Binia$ et al. (2016) notified that aqueous
extract of H. perforatum inhibited the feeding activity on larvae of Leptinotarsa decemlineata. da Silva et al.
(2013) recorded that Hypericum carinatum Griseb. was high toxicity against Aedes aegypti.

Table 3. Mortality effect of ethanol extracts from flower, leaf and stem parts of Hypericum species on
Rhizopertha dominica adults after 24, 48 and 72 h of exposure time.

Exposure time

Source df >ah 48h 7on Average Average

Control 00 c 00 e 00 d 00 e

Hypericum Flower 24.1£041 b 36.3£0.27 cd 44.8+0.26 ¢ 35.1 cd

perforatum Leaf 62.0+£0.54 a 87.4+0.58 a 88.9+0.54 a 794 a 52.2a
Stem 258+146 b 42.2+0.80 c 56.7+0.33 bc 416 cd

Hypericum Flower 19.3£0.22 b 22.3+037 d 26.0+0.26 d 225 d

heterophyllum Leaf 56.840.26 a 76.2+0.46 ab  78.8£0.15 a 706 ab 48.2 ab
Stem 30.4+1.68 b 60.5£0.51 b 63.74021 b 51.5 bc

Hypericum Flower 26.0£0.26 b 38.0+0.26 cd  41.5£0.24 ¢ 35.2 cd

seabrum Leaf 32.840.63 b 41.3+£0.54 ¢ 50.3+0.45 bc 415 cd 33.3b
Stem  20.9+0.27 b 22.5+0.30 d 26.1£0.18 d 23.2 d

Exposure time average 33.1b 47.4 ab 53.0a

Means followed by the different letter are significantly different (Duncan test at 0.01).

741



Yaman & Simsek
Contact Toxicity of Hypericum Extracts against Rhyzopertha dominica (Fab.) (Coleoptera: Bostrichidae)

Our results indicated that the efficacy of Hypericum extracts varies among the Hypericum species tested, and
it was extremely related with the plant parts. Similarly, Haouas et al. (2008) reported that the effect of flower and
leaf parts against Tribolium confusum Jacquelin Du Val. varied by eight Chrysanthemum species which had
different toxic effects among themselves.

The plant parts among all main effects had a statistically significant effect on R. dominica. Moreover, the leaf
(63.8 %) displayed the stronger mortality than other plant parts (Figure 1). In fact, it was recorded that it is twice
as effective as flower (38.8 %) and stem (30.9 %) parts. Looking at previous studies, many scientists have
reported that the leaf part of plants has a superior insecticidal activity compared to other plant parts (Batish et al.,
2008; Chauhan et. al., 2015; Alvi et al., 2018; Simsek et al., 2019; Yaman and Simsek, 2021).

u Flower
m Leaf
Stem

Figure 1. Toxic effect of the flower, leaf and stem parts from Hypericum species against Rhizopertha
dominica adults

When examining the interaction between the Hypericum species and plant part, the leaf part of H. perforatum
exhibited the strongest mortality (79.4 %) followed by the leaf part of H. heterophyllum (70.6 %). Yaman and
Simsek (2021) were notified that leaf part of Hypericum species was more effective against R. dominica than
their other parts. On the contrary, Dastagir et al. (2016) found that different plant parts of H. perforatum had no
mortality against R. dominica. This was obviously proven in previous studies that different solvent extracts of a
species had different toxicologic effects on insects. According to the results of Kisa et al. (2018) notified that
methanol extract of Olea europaea L. leaf had stronger toxicity on T. confusum than its ethanol extract.
Boussaada et al. (2008) revealed that some Asteraceae plant extracts showed high mortality on adults of T.
confusum, and their effect varied with different solvents.

4. Conclusions

In search for the detection of strong toxic botanical plant raw material against stored product insects, safe for
botanic use and preparations, the insecticidal effects presented in this study reveals the opportunity to valorize
toxicity of plant parts in order to identify superior the Hypericum species. Our results indicate that 10%
concentration of flower, leaf and stem extracts with ethanol from H. perforatum, H. heterophyllum and H.
scabrum from Turkey were screened for insecticidal activity and we identified two extracts with potent toxic
activity against R. dominica. The results indicated that the leaf extract of H. perforatum and H. heterophyllum
can be useful in controlling adults of R. dominica. In the future, H. perforatum and H. heterophyllum can be
evaluated as insecticide because of both its potential effect in controlling R. dominica. For the practical
application of the extracts from the leaf parts of these Hypericum species, including phyto-constituents, further
studies are necessary to shed light on the safety and efficacy.
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Oz

Bu calisma kapsaminda; tarim isletmelerindeki isgiicii varliginin belirlenerek sermaye unsurlarina dagiliminin
tespit edilmesi amaglanmigtir. Sermayenin dagiliminin bilinmesi tarim isletmecilerinin iiretime yonelik planlama
yapabilmeleri agisindan 6nemlidir. Benzer sekilde makroekonomik 6lgekte tarim sektoriine yonelik planlamanin
gergeklestirilebilmesi ve politika 6nerilerinde bulunulabilmesi i¢in sermayenin unsurlara gére dagiliminin tespit
edilmesi gerekmektedir. Tiirkiye’de faaliyet goésteren tarim isletmelerinin ekonomik faaliyetlerin kayit altina
alinmamasi nedeniyle ¢alismada kullanilan verilerin elde edilmesi i¢in yiiz yiize anket uygulanmistir. Anketten
elde edilen birincil veriler Ankara ili Beypazari ilgesindeki 2019 {iretim yilina aittir. Calisma bulgularina gére
toprak ile alet-makine sermayesinin etkin kullaniminin iggiiciiniin planlanmasina ve yonetilmesine bagli olarak
degistigi belirlenmistir. Tarim isletmelerinin toprak sermayesi ile dogru orantili olarak igletmelerdeki kaynaklarin
etkili kullanilabilmesine yo6nelik teknoloji yatirnmlari artmistir. Dolayisiyla isletme 6lgegine gore alet-makine
sermayesinde de artis gdzlemlenmistir. Tarim isletmelerinde toprak ve alet-makine sermayesinin verimli
kullanilmasi para sermayesinin etkinligini artirmigtir. Para sermayesi incelenen kiiciik 6l¢ekli isletmelerde; isletme
i¢i isgilicii basma 1.500,0 TL ve mevsimlik isgiicii bagina 306,1 TL degerinde sermaye karsiliginin oldugu
belirlenmistir. Orta 6lgekli isletmelerde; isletme igi iggiliciine 8.214,3 TL ve mevsimlik iggiiciine 1.163,1 TL; biiyiik
6lgekli isletmelerde isletme i¢i isgiiciine 29.868,1 TL ve mevsimlik iggiiciine 3.407,6 TL degerinde para sermayesi
ayrilmaktadir. Elde edilen bu degerlere gore isletme i¢i isgliciiniin kirsal alanda istihdam yaratma ve
stirdiiriilebilirlik agisindan daha avantajli oldugu tespit edilmistir. Kirsal alanda para sermayesini degerlendirerek
yeni yatirim alanlarinin olusturulmasi kalkinma agisindan yeterli bir ¢dziim degildir. Sermayenin planlamasina
yonelik eylemlerin yani sira; isgiiciinii mesleki olarak siniflandirmak ve beseri sermaye diizeyini artirmak,
kayitdist istihdami azaltmak, tarimsal ihracati gelistirmek, yabanci sermaye yatirimlarinin tarim sektoriine
yonlendirmek, kirsal alanda sosyal refahi artirmak da gerekmektedir. Tespit edilen bulgulara gore g¢alisma
kosullarinin iyilestirilmesi, yeni istithdam alanlarinin yaratilmasi, isgiicliniin orgiitlenmesi bagliklarina ydnelik
politika 6nerilerinde bulunulmustur.
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Abstract

Within the scope of this study, it is aimed to specify the labor force in agricultural enterprises and to determine
their distribution with respect to capital components. Being acquainted with the distribution of capital is important
for agricultural operators to plan for production. Similarly, it is necessary to determine the distribution of capital
according to the factors in order to carry out the planning for the agricultural sector on a macroeconomic scale and
to propound policy recommendations. Due to the fact that the economic activities of the agricultural enterprises
operating in Turkey are not recorded, the face-to-face survey method was applied to obtain the data used in the
study. The primary data obtained from the survey belong to the 2019 production year in the Beypazari district of
Ankara. According to the findings of the study, it has been determined that the effective use of land and tool-
machine capital varies depending on the planning and management of the workforce. In direct proportion to the
land capital of agricultural enterprises, technology investments for the effective use of resources in enterprises
have increased. Therefore, an increase was observed in the tool-machine capital according to the scale of the
enterprise. The efficient use of land and tool-machine capital in agricultural enterprises has increased the efficiency
of money capital. It was determined that in small-scale enterprises within which money capital was examined,
there was a capital provision of 1.500.0 TL per in-house workforce and 306.1 TL per seasonal workforce. In
medium-sized enterprises, 8.214,3 TL is allocated to the in-house workforce and 1.163,1 TL to the seasonal
workforce, whereas in large-scale enterprises 29.868,1 TL of money capital is allocated for the in-house workforce
and 3.407,6 TL for the seasonal workforce. According to these obtained values, it has been determined that the in-
house workforce is more advantageous in terms of employment generation and sustainability in rural areas.
Creating new investment areas by making use of money capital in rural areas is not an adequate solution for
development. In addition to the actions taken for the sake of capital planning, it is also necessary to classify the
workforce in terms of occupational manner and increase the level of human capital, reduce informal employment,
improve agricultural exports, direct foreign capital investments to the agricultural sector, and increase social
welfare in rural areas. According to the findings, policy recommendations were made on the topics of improving
working conditions, creating new employment areas, and organizing the workforce.

Keywords: Efficiency, Employee, Labor, Capital, Agriculture
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1. Giris

Tarim igletmeleri; iiretim i¢in gerekli olan tiim faktorleri bir araya getirerek isglicliniin yardimiyla insanlarin
beslenmesine yonelik temel gida maddelerinin ve sanayi isletmelerine yonelik hammaddelerin iiretilmesini saglayan
iktisadi birimlerdir. Tarimsal tiretimin karmasik bir yapiya sahip olmasi nedeniyle iiretim agamasinda alman kararlar
son derece dnemlidir (Giinden ve Miran, 2008). Isletmeci tarafindan alman kararlar; iiretime yonelik faaliyetlerin
gerceklestirilmesi ve siirdiiriilebilmesi i¢in tarim igletmecilerinin sahip olduklar fiziksel ve finansal kaynaklarmn gesitli
varliklara yatirilmasin saglar. Isletmede kullamlan bu varliklar; duran ve donen varliklar olarak ikiye ayrilmaktadir.
Duran varliklar; isletmedeki iiretim faaliyetlerinin baslatilmasi ve siirdiiriilmesi i¢in gerekli olan arazi, makine, bina
gibi kaynaklara yapilan yatirimlari ifade eder. Duran varliklarin likiditeleri diigiiktiir. Dénen varliklar ise isletme
faaliyetlerine yonelik aksakliklarin ve eksikliklerin bertaraf edilmesini saglayan, likiditesi yiiksek yatirimlardir. Dénen
varliklar; isletmenin kasa ve/veya banka hesabinda bulunan para, alacaklar vb. unsurlardan olugsmaktadir (Alagoz,
1993).

Tarim isletmelerinde duran varliklar ve donen varliklar; isletmenin biiyiikliigline, tipine, bolgenin iklimsel
ozelliklerine, cevre kosullarina, dogal kaynaklara yakmlik diizeyine, igletmecinin sahip oldugu yetenekler ve
yeterliliklere, {iretim siirecinde yer alan isgiiciiniin nitelik ve niceliksel varligna bagl olarak degisiklik gostermektedir.
Tiirkiye’de tarimsal iiretime yonelik kullanilan faktorler igerisinde en kit olani isletme sermayesidir (Tosun ve Glines,
2018). Tarmmsal isgliciiniin verimli ve etkin ¢aligmasi isletmedeki sermaye yapisina bagli olarak degisiklik
gostermektedir. Isletme sermayesinin kisith olmasi da isgiiciiniin ¢alisma performansim olumsuz etkileyerek verimli
ve etkin ¢aligma olanaklarmnin azalmasma neden olmaktadir. Dolayisiyla igletmelerdeki sermaye ve isgiicli varlig
karsilikli etkilesim icerisindedir. S6z konusu etkilesim icerisinde isgiliclinii diger sermaye unsurlarindan ayiran en
biiyiik 6zelligi sahip oldugu dinamik yapisinin yani sira stoklanamayan bir maliyet unsuru olmasidir. Tarimsal {iretim
stireglerine katilan isgiicli; uzmanlasma diizeyi, teknoloji kullanma yetenegi, teknik bilgi diizeyi, tiretimde katma deger
yaratma durumuna gore isletme sermayesinin etkin kullanilmasina ve maliyetlerin azaltilmasina yonelik olumlu katki
saglayabilecek 6zelliklere sahiptir.

Tarim isletmelerindeki isgiicii varligma yonelik sermayeye dagilimmm bilinmesi iiretim planlamasinin
yapilabilmesi, liretim maliyetlerinin minimize edilmesi, tarim isletmelerine yonelik yeni projelerin ve politikalarin
gelistirilebilmesi i¢in 6nem arz etmektedir. Fakat tarim isletmelerinin yaklasik %95.00’inde ekonomik faaliyetlerin
kayit altina alinmamasi nedeniyle hem sermaye yapilarinin hem de isgiiciiniin varligmm bilinmemekte ve basarili bir
planlamanin yapilmasi engellenmektedir. Bu ¢alisma kapsaminda séz konusu problemlere dikkat ¢ekmek, mikro
6lgekte problemleri degerlendirmek ve pilot bir ¢alisma ortaya koymak amaglanmistir. Bu amag dogrultusunda Ankara
ili, Beypazari ilgesinde anket uygulanarak tarim isletmelerine ait sermaye varliklarma ve iggiicii verilerine ulagilmustir.
Birincil verilerin elde edilmesinde isletmecilerin beyanlar esas almmustir. Caligma alanindaki tiretim deseni dikkate
alinarak isletmelerin sermaye ve isgiicii varliklar1 hesaplanmistir. Incelenen tarim isletmelerinin bitkisel iiretimde én
plana ¢ikmalar1 nedeniyle isletmelerde 6zellikle bakim ve hasat donemleri i¢erisinde yogun isgiicii kullanildig: tespit
edilmistir. Bir iretim donemi i¢erisinde hem igletme i¢i hem de isletme dis1 ¢alisan iggiicii varligna diisen sermaye
degeri hesaplanmustir. Elde edilen sonuglar kapsaminda istihdam edilen isgiicii ve lretimde kullanilan sermaye
unsurlar1 degerlendirilmistir.

2. Materyal ve Metot

2.1. Materyal

Caligma alan1 Ankara’nin sebze iiretiminde 6nemli ilgelerinden biri olan Beypazari’dir. Toplam sebze iiretim
potansiyeli degerlendirildiginde Beypazari’nin 6zellikle havug, 1spanak, marul ve yesil sogan iiretimde 6nemli bir rol
iistlendigi goriilmektedir. Bu nedenle aragtirma alan1 gayeli olarak secilmistir. Calisma kapsaminda birincil verilerin
toplanmasi igin yiiz yiize anket uygulanmis ve 2019 yili iiretim dénemine ait veriler kullamlmustir. Incelenen
isletmelerde tiretim deseni igerisinde; bugday, arpa, yesil sogan, kabak, domates, tere, kirmizi pancar, marul, 1spanak,
pirasa, biber, turp, havug, roka, maydanoz, dereotu, patlican, brokoli, karnabahar, aycicegi ve nohut iiriinleri
bulunmaktadir. Ikincil verilerin derlenmesinde ise konu ile ilgili yapilmis calismalardan, projelerden ve raporlardan
faydalanilmgtir.
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2.2. Metot

Calisma kapsaminda 6rnek sayisinin belirlenmesinde tabakali tesadiifi 6rnekleme yontemi tercih edilmistir.
Anket sayisinin belirlenebilmesi i¢in agsagidaki Esitlik 1’den yararlanilmigtir (Yamane, 1967).

Y(Nh = Sh)?

"= NTLDZ 1 3 (Nh+ShY) (Es.D)

dZ

z2

DZ

Formiilde; n: Ornek sayisi, N: Ana kitledeki isletme sayis1, Nh: h’inc1 tabakadaki isletme sayis1, Sh: h’inci
tabakanin varyansi, d: Ana kitle ortalamasindan izin verilen hata pay1, z: Hata oranina gore standart normal dagilim
tablosundaki z degerini ifade etmektedir.

Ornek hacminin belirlenmesinde %35.00 hata pay1 ve %90.00 giiven sinirlar1 igerisinde ¢alistimistir. Ankara
Beypazan ilgesindeki toplam 1.555,0 tarim isletmesi popiilasyonu olusturmustur. Ornek hacminde toplam 79
anketin yapilmasi gerektigi belirlenmistir. Belirlenen 6rnek hacminin tabakalara dagitilmasinda Esitlik 2
kullanilmistir (Yamane, 1967). Orneklemde yer alan tarim isletmeleri igerisinde 10 da altinda arazi varhigi olan
isletmeler ortalama degerlerdeki sapmanin engellenmesi amaciyla 6rnege dahil edilmemistir (Tablo 1).

n= (N,S, *n)/z Ny * 5 (Bs.2)

Tablo 1. Isletme genislik gruplarina giore ornek isletmelerim sayist

Table 1. The number of sample agricultural enterprises according to enterprise size groups

Isletme Genislik _ Ana Cercevedeki _ Ornege Cikan Isletmelerin Ortalama
Gruplan (da) Isletme Sayisi (Adet) Isletme Sayisi (Adet) Genigsligi (da)
10-40 319 5 23.8
41-130 700 29 90.2
131+ 446 45 287.3
Toplam 1.465,0 79 198.3

Incelenen tarim isletmelerinin ekonomik degerlerinin analiz edilmesi icin sermayenin fonksiyonlaria gére
smiflandirma yontemi kullanilarak tarim ekonomisi alaninda kullanilan sermaye hesaplama yontemlerinden
yararlanilmigtir. Sermaye degerlerinin hesaplanmasina yonelik {iretici beyanlari ve ¢aligma alanindaki cari alim-
satim degerleri esas alinmuistir.

Arazi Sermayesi; toprak sermayesi, arazi islah sermayesi, bina sermayesi ve bitki sermayesinin toplamini ifade
etmektedir. Anket yapilan donemin iiretim sezonu disinda olmasi ve tarlalarda ekili tirliniin olmamasi nedeniyle
arazi sermayesi igerisinde yer alan bitki sermayesi hesaplamalara déhil edilmemistir.

Toprak Sermayesi: isletmelerin sahip olduklar1 tarla, bag ve meyve arazilerinin toplamini ifade etmektedir.
Ciplak toprak degerinin yani sira topraga bagl dogal kaynaklardan (su kaynaklar1 vb.) yararlanma hakki da toprak
sermayesi igerisinde yer almaktadir (Acil ve Koylii, 1971). Isletmecilik faaliyetlerinin homojen sekilde
degerlendirilebilmesi i¢in tiim toprak sahiplikleri hesaplamalara dahil edilmistir. Bu nedenle isletmelerin miilk
arazi degerlerine kiraya ve/veya ortakliga tutulan arazi degerleri de eklenmistir (Unliier, 2017).

Arazi Islah Sermayesi: isletmelerin toprak verimliligini artirmak ve mevcut yapisal 6zelliklerini korumak
amactyla gerceklestirilen sulama faaliyetlerini ve drenaj tesisati gibi yapim islerini igeren degerlerden
olusmaktadir (Biilbiil, 1973; Erkus ve ark., 1995). Arazi 1slahina konu olan yeni tesisatlar i¢in piyasa fiyatlar
iizerinden hesaplama yapilirken, eski tesisatlar igin kullanim kayiplar1 ve yeniden kurulum maliyetleri tizerinden
hesaplamalar gergeklestirilmistir (Erkus, 1979).

Bina Sermayesi: tarimsal iiretim siireglerine yonelik dolayli katkilarda bulunmaktadir. Uretimde dogrudan
kullanim1 olmasa bile bina sermayesi; isletme i¢i isgiicliniin, isletmede iiretilen iiriinlerin, isletmedeki sermaye
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unsurlarmin korunmasina imkan saglamaktadir (Bilbiil, 1973). Bina sermayesinin hesaplanmasinda insaat
maliyetleri ve yipranma paylar iireticilerin beyanlari esas alinarak gergeklestirilmistir.

Sabit Isletme Sermayesi: alet makine sermayesi ve hayvan sermayesinin toplamindan olusmaktadir. Anket
yapilan tarim isletmelerinin tamaminin bitkisel iiretim faaliyetinde bulunmasi nedeniyle sabit isletme sermayesi
icerisinde hayvan sermayesi hesaplanamamistir. Bu nedenle incelenen isletmelerde sabit isletme sermayesi alet
makine sermayesi ile esittir.

Alet Makine Sermayesi: isletmelerdeki teknoloji kullanimina bagl olarak aktif sermaye igerisindeki orani
degisen sermaye unsurudur. Tarimsal iiretimin farkli agamalarinda isgiiclinii ikame eden teknoloji kullanimi,
isletmelerin verimlilik diizeylerini dogrudan etkilemektedir (Giines, 2004). Deger hesaplanirken yeni alet
makinelerin giincel piyasa fiyatlari, eski alet makinelerin de ilgili zamandaki piyasa fiyatlari dikkate alinmustir.

Malzeme ve Mithimmat Sermayesi: liretim faaliyetlerinin gergeklestirilmesine yonelik igletmenin ambarinda
bulunan girdilerin ve satilmak iizere ayrilan ya da stok edilen iiriinlerin tamamim kapsamaktadir. Uretim
faaliyetlerinde kullanilan girdilerin giincel piyasa fiyatlari, isletmede tiretilerek satilmak {izere ya da isletmede
yeniden kullanilmak {izere stoklanan iiriinlerin ¢iftlik avlusu fiyatlar1 izerinden malzeme ve mithimmat sermaye
degeri hesaplanmistir (Erkus, 1979).

Para Sermayesi: aktif sermaye igerisinde likidite orani en yiiksek olan ve isletmecinin istedigi zaman,
isletmedeki girdi ihtiyaglarina bagli olarak kolaylikla diger sermaye tiirlerine doniisiimiinii saglayabilecegi
sermaye bilesenidir (Bilbiil, 1973; Erkus, 1979). Para sermayesi; isletme biiyiikligiine, liretim desenine,
isletmenin organizasyon yapisina (Unliier, 2017), isletmecinin yoneticilik becerilerine, iklimsel ve cografi
kosullarin 6zelliklerine gore degiskenlik gostermektedir. Para sermayesi; isletme kasasinda bulunan nakit para ve
alacaklar karsiligindan, bor¢larin ¢ikarilmasi ile elde edilmistir.

Toplam Isletme Sermayesi: bir iiretim dénemi igerisinde isletme sahiplerinin gayrisafi hasilay1 elde etmek igin
yaptiklart tim masraflarin (degisen ve sabit masraflar) toplamidir. Aktif sermayenin faizi toplam isletme
sermayesine dahil edilmez (Erkus, 1979).

Toplam Aktif Sermaye: tarimsal iiretim faaliyetlerinde kullanilan biitiin sermaye unsurlarinin toplamimn ifade
etmektedir (Inan, 1994). Arazi sermayesi, sabit isletme sermayesi ve doner isletme sermayesinin toplami toplam
aktif sermayeye esittir.

Calisma kapsaminda isgiicli ¢esitlerinin smiflandirilmasinda Bayramoglu ve Bozdemir (2020) tarafindan
hazirlanan “Tarim Sektdriinde Isgiicii Terminolojisinin Tanimlanmas1” ¢alismasindan yararlanilmistir. Tarim
isletmelerinde siniflandirilan isgiicii basina diisen sermaye dagiliminin hesaplanabilmesi i¢in her bir sermaye
unsuru Erkek Isgiicii Birimi (EIB)ne boliinmiistiir. Isletmedeki niifusun isgiiciine katihimini belirlemek igin
kullanilan “Erkek Isgiicii Birimi” katsay1lar1 Tablo 2’de verilmistir.

Tablo 2. Erkek isgiicii birimi (EIB) hesaplamada kullanilan katsayilar

Table 2. Coefficients used in calculating male labor unit (MLU)

Yas / Cinsiyet Kadin Erkek
0-6 - -
7-14 0.50 0.50
15-49 0.75 1
50-+ 0.50 0.75

(Agik ve Demirci, 1984)

3. Arastirma Sonuglari ve Tartisma

Tarm isletmelerinde iiretime katilan kisiler; sermayenin ve dogal kaynaklarin etkin kullaniminda 6nemli role
sahiptirler. Uretimde yer alan kisilerin yetenekleri ve yeterlilikleri sahip olunan beseri sermaye diizeyini ifade
etmektedir. Isletmelerin sahip olduklar1 beseri sermaye diizeyi; egitim ve saglik bilesenleri ile 6l¢iilmektedir (Bozdemir
ve Bayramoglu, 2020). Egitim diizeyi; teknik bilginin ve teknolojinin kullanimi, ise yonelik uzmanlasma, gida
giivenligi, kayiplarmn ve atiklarin azaltilmasi, iklim degisikligi, liretime yonelik su kullanimi gibi konularda
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farkindahigin artirilmasi ve isletmede sahip olunan kaynaklarin etkin kullanimi agisindan 6nemlidir. Bu sebeplerle
tarim igletmelerinde istihdam edilen isgiiciiniin nitelikleri isletme sermayesinin etkin ve verimli kullanimini
saglayacaktir. Isgiiciiniin niteliklerinin belirlenmesine ve gelistirilmesine katki saglayacak en énemli faktor;
isletmelerde istihdam edilen kisilerin egitim diizeyi, liretime yonelik teknik bilgileri ve teknoloji kullanimlaridir.

Calisma kapsaminda incelenen isletmelere ait yas gruplari ve egitim durumu Tablo 3’te verilmistir. Hem igletme
ici hem de isletme dis1 isgiicii varliginin ilkokul diizeyindeki egitim kategorisinde yogunlastigi goriilmektedir. Tarimda
istihdam edilen kisilerin egitim diizeyinin artmasinin; katma degerli iiretim gerceklestirmeye ve teknolojiyi verimli
kullanmaya katki sagladig1 bilinmektedir (Kilig ve Kiymaz, 2014). isletme ici isgiicii varlig1 incelendiginde; lise ve
iiniversite diizeyinde egitim almig ve tarimsal iiretim faaliyetlerinde yer alan kisilerin de tarimsal {iretim siireclerine
katildiklar1 goriilmektedir. Egitim diizeyi yiiksek olan (lise ve tiniversite) niifusun %11.85’1 tarimsal faaliyetlere ek
olarak tarim dis1 faaliyetlerden de gelir elde etmektedirler. Bu isletmeciler tarimsal faaliyetlerin siirdiiriilebilirligini
saglamak i¢in mekik gb¢ yapmaktadirlar. Ayrica egitim diizeyi yiiksek niifusun %88.15°1 bir tiretim dénemi igerisinde
li¢ farkli liretim faaliyeti gerceklestirerek, sahip olunan kaynaklari en etkin bigimde kullanmaya ¢aligmaktadirlar.

Tablo 3. Incelenen tarim igletmelerindeki isgiiciiniin egitim durumu

Table 3. Educational status of the labor in the surveyed agricultural enterprises

Tsgiicii Egitim 7-14 Yas 15-49 Yas 50-+ Yas isletmeler Ortalamasi
Varligi Durumu Erkek Kadin Toplam Erkek Kadin Toplam Erkek Kadin Toplam Erkek Kadin Toplam
8:;{13’32“ 000 000 000 000 003 003 002 000 002 00l 00l 003
lkokul 080 140 220 103 100 203 087 104 191 092 105 197
islet
ST Ortaokul 040 000 040 017 034 052 040 031 071 032 030 062
I¢i Isgiicti
Lise 040 100 140 045 034 079 080 044 124 065 044  1.09

Universite 0.60 0.00 0.60 0.28 0.21 0.48 0.31 0.40 0.71 0.32 0.30 0.62

g'ggi?’azar 000 000 000 000 097 097 000 000 000 000 035 035
flkokul 360 560 920 566 517 1083 691 856 1547 624 713 1337
Mf;’gsﬂik Ortaokul 200 000 200 203 179 38 362 173 536 294 165 458
Lise 000 000 000 000 000 000 020 016 036 011 009 020
Universite ~ 0.00 000 000 000 000 000 000 000 000 000 000 000
g'ggi?’azar 000 000 000 000 000 000 000 000 000 000 000 000
flkokul 000 000 000 010 000 010 031 009 040 022 005 027
1];;11?111 Ortaokul 020 000 020 000 000 000 033 000 033 020 000 020
Lise 000 000 000 003 000 003 004 000 004 004 000 004
Universite 000 000 000 000 000 000 004 000 004 003 000 003
g'ggi?’azar 000 000 000 000 100 100 002 000 002 001 037 038
flkokul 440 700 1140 679 617 1297 809 969 1778 7.38 823 1561
TlsgiT Ortaokul 260 000 260 221 214 434 436 204 640 346 195 541
Lise 040 100 140 048 034 083 104 060 164 080 053 133

Universite 0.60 0.00 0.60 0.28 0.21 0.48 0.36 0.40 0.76 0.34 0.30 0.65

Calisma kapsaminda incelenen isletmelerin sermaye yapilart ve sermayenin oransal dagilimi Tablo 4°te, erkek
isgiicii biriminin (EIB) dagilimi ise Tablo 5’te incelenmistir. Toplam sermayenin dagilimindan en yiiksek pay1 alan
sermaye unsuru toprak sermayesidir. Kiiciik 6lgekli igletmeler (10-40 da) kategorisinde toprak sermayesinin
pay1 %54.11, orta 6lgekli isletmelerde %67.64 ve biiyiik 6lgekli isletmelerde %70.29°dur. Toprak sermayesinin orani
arttik¢a kullanilan alet-makine sermayesinin verimliligi ve etkinligi de artmaktadir. Tarim igletmelerinde alet-makine
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altyapisinin giiclenmesi gelirin artirilmasi ve sosyal standartlarin iyilestirilmesini saglarken; tarimsal faaliyetler i¢in
gelistirilen yeni teknolojilerin igletmeciler tarafindan kullaniminin yayginlastirarak daha kaliteli ve pazar isteklerine
uygun {retim yapilmasina, emek yogun calisma kosullari igerisinde islerin kolaylastirilmasina, iiretim maliyetlerinin
azaltilarak uluslararasi diizeyde rekabet giiciiniin artirilmasina da dogrudan katkida bulunur (Anonim, 2010; Baran ve
Akbayrak, 2013; Dogan Oz ve Saner, 2021).

Toprak sermayesi gibi para sermayesi de isletmenin 6lgegine gore degisen dzellikler gdstermektedir. Kiigiik 6l¢ekli
isletmelerde para sermayesinin orani (%0.56) en diisiik sermaye unsurunu olusturmaktadir. Para sermayesinin diisiik
olmasi yani isletmelerin likiditesinin kisitli olmasi, isletmecinin etkin karar almasini engellemektedir. Para
sermayesinin yetersiz olmasi; gerceklestirilmesi planlanan yeni yatirimlarin ve isletmeye yonelik modernizasyon
projelerinin gecikmesine veya uygulanamamasina neden olacaktir. Ayni zamanda is kalitesini artirmaya yonelik insan
kaynaklarina yapilacak yatirimlar para sermayesinin yetersiz olmasi nedeniyle gerceklestirilemeyecek; bu siirecte ise
yonelik motivasyon kayiplar1 olusacaktir. ise yonelik motivasyon kayiplari da hem isletme ici hem isletme disi
isgiiciiniin siirdiiriilebilir istihdamini olumsuz etkileyecektir. Tarim igletmelerinde para sermayesinin yetersiz olmast
hizli ve etkin kararlarin alinmasini engelledigi gibi diger sermaye unsurlarinin da atil kalmasina neden olacaktir. Bu
durum etkin ve verimli ¢alismay1 zorlastirarak tarim isletmelerinde gizli ve yapisal igsizlik problemlerini meydana
getirecektir. S6z konusu mevcut problemler tarimsal istihdama yonelik sorunlarin artmasina neden olacaktir. Kirsal
alanda istihdama yonelik yasanan sorunlar kentsel alanlara ydnelen isgiicii hareketliliginin bir sonucu olarak diger
sektorleri de etkileyecektir. Mikroekonomik diizeyde var olan problemler iilke ekonomisine yonelik negatif etkiler
meydana getirecek ve uluslararasi diizeyde rekabet giiciinii olumsuz etkileyecektir.

Tablo 4. Incelenen tarim igletmelerinde sermayenin dagilim

Table 4. Distribution of capital in the examined agricultural enterprises

isletme Gruplar (da)
Sermaye Gruplari 10-40 41-130 131-+ Isletmele{i(());‘ talamas
TL % TL % TL % TL %
Toprak
) 289.000,0  54.11 893.655,2 67.64 2197.0889 7029 1597.8481  77.36
Sermayesi
Arazi Islah
A Sermayesi 15.600,0 2.92 55.724,1 4.22 53.066,7 1.70 51.670,9 2.50
Sermayesi  Bina 950000  17.79 98.551,7 746 1348444 431 1190000 576
Sermayesi
Toplam 399.600,0  74.82 1.047.931,0  79.31  2.385.0000 76.30 17685190  85.62
Alet Makine
Sabit sletme  Sermayesi 128.600,0  24.08 253.172,4 19.16  672.955,6  21.53  484.4051  23.45
Sermayesi  1ostam 128.6000  24.08 2531724 1916 6729556 2153  484.4051  23.45
Malzeme ve
Miihimmat 2.860,0 0.54 4.270,3 0.32 49815 0.16 4.586,2 0.22
Déner Sermayesi
Isletme Para
Sermayesi Sermayesi 3.000,0 0.56 15.862,1 1.20 62.888,9 2.01 41.8354 2.03
Toplam 5.860,0 1.10 20.132,4 152 67.870,4 2.17 46.421,6 2.25
Toplam Isletme 134.460,0 25.18 273.304,8 2069 7408259  23.70 474.888,6 22.99
Sermayesi
ggPrLigeAkm 5340600 10000 13212359 10000 3.1258259 10000 20655094  100.00

Incelenen tarmm isletmelerinde EIB degerlerine gore isletme ici isgiiciine katilim disinda mevsimlik isgiiciiniin
iiretimde etkin rol aldig1 goriilmektedir. Mevsimlik isgiiciiniin 15-49 yas grubunda yogunlagmasi tarimda ¢alisan geng
niifus sayismin artmasi ve tretimde etkinligin artirilmas: agisindan 6nem arz etmektedir. Geng niifusun tarimsal
faaliyetlere katilimmin saglanmasi uzun vadede isletmelerin siirdiiriilebilirligine katki saglayacaktir. Ayrica tarimsal
iiretime yonelik verilecek egitimlere, diizenlenecek faaliyetlere ve planlanacak projelere geng niifusun déhil edilmesi;
kirsal alanda ise yonelik yetenekler ve yeterliliklerin gelistirilmesi agisindan daha etkili olacaktir. Incelenen
isletmelerin bitkisel {iretimde uzmanlasmis olmasi nedeniyle isletmeler 6zellikle bakim ve hasat donemleri igerisinde
yogun mevsimlik iggiicii istihdami gerceklestirmektedirler. Bitkisel iiretim isletmelerinde yil igerisinde iiretimin
kesintiye ugramasi nedeniyle 6zellikle kiiciik dlcekli isletmelerde daimi isgiicii istihdamina ihtiya¢ duyulmamaktadir.
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Calisma kapsaminda belirlenen daimi isgiicii; biiyiik 6lgekli veya bir iiretim yili igerisinde farkli dénemlerde tiretim
faaliyetleri gerceklestiren, seracilik faaliyetlerinde bulunan isletmelerde istihdam edilmektedir.

Tablo 5. Incelenen tarum isletmelerinde EIB'nin dagiim:

Table 5. Distribution of MLU in the examined agricultural enterprises

isletme a
Genisligi 10-40 41-130 131-+ Isletmeler‘ Ortalamasi
o e {o)
Isgiicii (da)
Cesidi Yas
Gruplarl Erkek Kadin Toplam Erkek Kadin Toplam Erkek Kadin Toplam Erkek Kadmn Toplam
/ Cinsiyet
7-14 - - - - 0,02 0,02 - - - 0,00 0,01 0,01
1$1'etme ici 15-49 1,20 0,30 1,50 1,14 0,44 1,58 1,31 0,32 1,63 1,24 0,36 1,60
Isgiicii 50-+ 03 020 050 028 005 034 040 008 048 035 008 043
Toplam 1,50 0,50 2,00 1,42 0,51 1,93 1,71 0,39 2,11 1,59 0,44 2,03
7-14 - - - - - - - - -
. 15-49 0,20 - 0,20 0,14 - 0,14 0,69 0,07 0,76 0,46 0,04 0,49
Daimi Isgiicti
50-+ - - - - - - - - -

Toplam 0,20 0,00 0,20 0,14 0,00 0,14 0,69 0,07 0,76 0,46 0,04 0,49

7-14 - - - - - - - - -
Mgvsimlik 15-49 5,60 4,20 9,80 7,69 595 1364 1062 7,83 1846 9,23 691 16,14
Isgiicti 50-+ _ _ _ _

Toplam 5,60 4,20 9,80 7,69 595 1364 1062 7,83 1846 9,23 691 16,14

Calisma kapsaminda elde edilen sermaye degerlerinin EIB’ye béliinmesi sonucunda; sermaye ¢esitlerinin isgiicii
varligima dagilimi belirlenmis, hesaplanan degerler Tablo 6’da incelenmistir. Sermaye ¢esitlerinin isgiicii varligina
dagilimi ayn1 zamanda ¢ikty/girdi iliskisinin bir sonucu olarak isgiicii verimliliginin degerlendirilmesine de imkéan
saglamustir. Incelenen isletmelerde istihdam edilen daimi isgiicii varliginmin diisiik olmas1 nedeniyle sermaye degerleri
yiiksek ¢ikmistir. Bu nedenle iggiiciiniin isletmelerdeki etkinliginin degerlendirilmesinde; isletme i¢i isgiiciliniin ve
mevsimlik isgiictiniin Giretime katilimlari igletme faaliyetlerine yonelik daha net bilgiler elde edilmesini saglayacaktir.
Isgiicii cesitlerinin toprak sermayesine dagihmu incelendiginde; kiigiik &lgekli tarimsal {iretim yapan isletmelerde
mevsimlik isgilicli bagma 29.489,8 TL degerinde sermaye diistiigli gériilmektedir. Bu deger orta 6lgekli isletmelerde;
65.527,2 TL ve biiylik olgekli igletmelerde 119.047,6 TL dir. Kiigiik dl¢ekli isletmelerde ortalama arazi genisliginin
23.80 da olmast ve aile isgiictiniin tiretime etkin katilmasi nedeniyle, kisi bagina diisen sermaye degeri diisiiktiir. Ayrica
kiigiik 6lgekli isletmelerde; alet-makine sermayesine yapilan yatirimlar diisiik oldugu i¢in emek yogun iiretim siireci
s6z konusudur. Teknoloji kullanimmin ve arazi genisliginin arttig1 biiyiik dlgekli isletmelerde isgiicii basma diisen
toprak sermayesinin (119.047,6 TL) ve alet-makine sermayesinin (36.463,6 TL) degerinin arttig1 goriilmektedir.

Isgiicii cesitlerine gore kisi bagina diisen para sermayesinin degeri incelendiginde; kiigiik 6lgekli isletmelerde
isletme i¢i isgiicliniin 1.500,0 TL ve mevsimlik isgiictiniin 306,1 TL oldugu goriilmektedir. Orta 6lgekli isletmelerde;
isletme ici isgiiciine 8.214,3 TL ve mevsimlik isgiiciine 1.163,1 TL ile biiyiik 6l¢ekli isletmelerde isletme ici isgiiciine
29.868,1 TL ve mevsimlik isgiiciine 3.407,6 TL degerinde para sermayesi ayrilmaktadir. Birlesmis Milletler Gida ve
Tarm Orgiitii (Food and Agriculture Organization of the United Nations — FAO)’nun 2014 yilinda yayinlanan
raporuna gore kiiglik olgekli igletmeler (aile ciftliklerinin) diinyadaki 10 ciftlikten 9’unu olusturmaktadir. Bu degere
gore toplam 570 milyon olan kiigiik 6lcekli igletmeler; toplam gida iiretiminin yaklasik %80.00'ini karsilamaktadir.
Giincellenmis verilere gore diinyada 608 milyondan fazla kiigiik dlgekli tarim isletmesinin oldugu, toplam tarim
arazilerinin %75.00’inde tiretim yapildig1 ve gidanin yaklasik %80.00’inin tiretildigi tahmin edilmektedir (Anonim,
2021a). Tarimsal isletmelerin yapilarinin belirlenmesine yonelik 2018 yilinda yapilan aragtirmaya gore toplam tarim
isletmelerinin  %5.30’u yalnizca biiyiikbas-kiiciikbas hayvancilik faaliyetlerinde bulunmakta, toplam tarim
isletmelerinin %80.70’1 100 da’dan kiiciik isletme biiyiikliik gruplarinda yer almaktadir (Anonim, 2021b). Kiigiik
Olcekli isletmelerinin sayilar ve iiretim potansiyelleri incelendiginde siirdiiriilebilir tarimsal {iretimde etkin rol aldiklar
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goriilmektedir. Kiigiik 6lgekli isletmelerin yogunlastig1 Tiirkiye tarim sektoriinde para sermayesi; is siireclerinin ve ise
yonelik yatirimlarin gerceklestirilmesi icin 6nemli bir kaynak olup hem isveren hem de isgiler tarafindan iyi
degerlendirilmesi gerekmektedir. Para sermayesinin kiiciik o6lcekli igletmelerde yonetilebilmesi isletmelerin
stirdiiriilebilirliginin saglanmasi ve kirsal istthdamin korunmasi agisindan énemlidir.

Tiirkiye’de istikrarli biiyiimenin ve yatirim olanaklarmin kisitlanmasi, niifusun biiyiimesi, i¢ ve dig goglerin
istihdam piyasalarma etkisi, teknoloji kullanimina bagl olarak verimliligin artmasi, yapisal katiliklarin gériilmesi gibi
nedenlerle ekonomik bilyiimeye paralel olarak istihdam yaratma kapasitesi zayiflamistir (Kara ve Duruel, 2010). Yeni
yatirimlarin gergeklestirilmesi agisindan para sermayesi degerlendirildiginde kirsal alanda yeni istihdam alanlarinin
yaratilmast agisindan firsatlar ortaya ¢ikacaktir. Kiiciik 6l¢ekli igsletmelerde iggiicii bagina diigen yatirim maliyeti daha
az olacagindan bu isletmelerin desteklenmesi ve korunmasi gerekmektedir. Desteklemeler isci ve igverene dogrudan
iicret iadesi olarak verilebilecegi gibi sosyal giivenlik primi olarak da 6deme yapilabilir (Betcherman ve ark., 2010).
Fakat sosyal giivenlik prim destegi isveren ve is¢inin kayit altina alinmasma imkan saglayacagi i¢in tarim sektorii
acisindan daha avantajhidir.

Tablo 6. Incelenen tarim isletmelerinde sermaye cesitlerinin iggiicii varligina dagilim (T, L/EIB)

Table 6. Distribution of capital types to labor in the examined agricultural enterprises (TL/MLU)

Arazi Sermayesi Sabit isletme Sermayesi Déner isletme Sermayesi

isletme 0 oo Toplam
Genisligi "%;‘;:'/gi’;;“’ " T - " ” WAl isletme T“;:?ﬂ a’;:“f
(da) Toprak Arazi Islah Bina Alet Makine 228 Para Sermayesi
Sermayesi Sermayesi Sermayesi WELE Sermayesi ELE Pk Sermayesi VEHED
Sermayesi
Isletme ici Isgiicii 144.500,0 7.800,0 47.500,0 199.800,0 64.300,0 64.300,0 1.430,0 1.500,0 29300 67.230,0 267.030,0
Daimi lsgiicii 1.445.0000 78.0000 475.0000 1.998.0000 643.000,0 643.000,0 143000 15.000,0 293000 672.300,0 26703000
fstetme e gimik
10-40 Dist [l 20.489.8 15018 9.693,9 407755 131225 131225 2918 306,1 598,0 137204 54.495.9
Isgiicii sglict
TOplam 28.900,0 1.560,0 9.500,0 39.960,0 12.860,0 12.860,0 286,0 300,0 586,0 13.446,0 53.406,0
Isletme Dist
Toplam Isgiici 24.0833 13000 79167 33.3000 107167 107167 2383 250,0 4883 112050 445050
Istetme igi Isgiicii 462.785.7 28.857,1 51.035,7 5426786 131.107,1 1311071 22114 82143 10.425,7 1415329 684.211.4
Daimi i}guui} 6.479.000,0 404.000,0 714.500,0 7.597.500,0 1.835.500,0 1.835.500,0 30.960,0 115.000,0 145.960,0 1.981.460,0 9.578.960,0
Istetme e simiik
41-130 Disi Isgilca 65.527,2 4.086,0 7.226,3 76.839,4 18.563,8 18.563,8 3131 11631 1.476,2 20.040,1 96.879,5
isgiicii
L?:"i’:nm 648711 40451 71539 76.070,1 18.378,0 183780 3100 11514 14614 19,8304 95.9095
Toplam Isgiicii 56.895,7 3.5478 6.274,4 66.717,9 16.118,6 16.118,6 2719 1.009,9 1.2818 17.400,3 84.118,2
Isletme lgi Isgiicii 1.043.4723 25.203,2 64.042,2 1132717,7 319.609,5 319.609,5 23659 29.868,1 32.234,0 351.8435 1.484.561,1
Daimi fsgiicii 29079118 70.235,3 17847056 3.156.617,7 890.676.5 8906765 65032 83.235,3 89.828.5 980.504,9 41371226
Isletme ey simiik
131+ Dist Tegtes 1190476 28754 73064 129.229.4 364636 36.463,6 269,9 34076 36775 401411 1693705
Isgiicii
]‘oplam 114.365,5 27623 7.019,1 124.146,9 35.029,5 35.029,5 2593 3.2736 35329 38.562,4 162.709,3
iletme Dist
Toplam Isgiicii 103.069,1 24894 6.325,8 111.884,3 31.569,5 31.569,5 2337 2.950,2 3.1839 34.753,4 146.637,7
istetme ici fsgtici 7734119 25.4430 58.220,7 857.075,6 2342536 234.2536 2.2500 201238 223737 256.627,3 11137029
Daimi Igiicii 4.126.228,2 193.248,0 394.008,6 4.713.484,7 1.221.8347 1.221.834,7 16.025,7 90.577,1 106.602,8 1.3284375 6.041.922,2
- sletme
Isletmeler Dist Mevsimlik 93.732,6 32385 74281 104.399,3 284155 28.4155 287,2 23874 26745 31.090,0 135.489,3
Ortalamast Isgc Isgiici
L?:"i’:nm 907875 31571 72256 1011702 275138 275138 2796 23064 25860 30.009,7 131.2699
Toplam Isgiicii 81.120,3 2.802,7 6.407,6 90.330,5 245778 245778 248,0 2.067,0 23151 26.892,9 117.2234
4. Sonug

Kisi bagina yiiksek gelir elde eden tarim isletmeleri alet-makine sermayesini ve toprak sermayesini verimli kullanan
isletmelerdir. Tarim isletmelerinde kullanilan teknolojinin etkinliginin artirilmasi ve bu alanda verimli calisacak
isgiicliniin tahsis edilmesi iiretim kapasitesinin artmasina ve sektoriin rekabet gliciiniin artirilmasina katki saglayacaktir.
Fakat tarim sektoriinde teknoloji kullanimimin yayginlasmasi ayn1 zamanda istihdam kayiplarina da neden olacaktir.
Isgiicii kayiplarmin minimize edilmesi ve kirsal niifusun tarimsal istihdam alanlarinda tutundurulmasi igin para
sermayesinin igletmeciler tarafindan iyi yonetilmesi ve yeni istthdam alanlarinin olugturulmasima katk: saglayacak
sekilde yatinmlara donistiiriilmesi gerekmektedir. Para sermayesinin etkin degerlendirilebilmesi igin istihdam
yapisina yonelik ihtiyag analizlerinin yapilmasi ve girisimcilik ekosistemini destekleyecek bir uygulamanm kirsal
alanlarda kurulmasi gerekmektedir.

Kirsal alanda istihdam olanaklarinin saglanabilmesi i¢in para sermayesi tek bagina yeterli degildir. Ayn1 zamanda;
isglicliniin mesleki olarak smiflandirilmasina verimliliginin artirilmasina, kayitdisi istthdamin minimize edilmesine,
tarimsal ihracatin gelistirilmesine, yabanci sermaye yatirimlarinin tarim sektoriine yonlendirilmesine, kirsal alanda
sosyal refahin artirilmasina da ihtiyag duyulmaktadir. isgiiciiniin 6rgiitlii faaliyetlerinin artirilarak; ézliik haklarmin
korunmasi, ¢alisma kosullarinin iyilestirilmesi gerekmektedir. Caligma kosullar1 diizenlenirken ¢aligma saatleri de goz
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ontinde bulundurulmalidir. Ciinkii ¢aligma saatlerinin fazla oldugu isgiicli piyasalarinda yeni istthdam yaratma
potansiyeli diisiiktiir. Dolayisiyla tarimsal iiretim faaliyetlerine katilmak istemeyen isgiicli yeni calisma alani
arayislarina girerek, kentsel alanlara go¢ etme egilimini artiracaklardir. Meydana gelen gog¢ olgusu kirsaldaki
isgiiciiniin diger sektorlere vasifsiz isgiicli olarak katilmasina, sosyo-ekonomik refahin bozulmasina, garpik kentlesme
sorunlarinin olugmasina, yapisal igsizligin artmasina neden olacaktir.

Para sermayesinin degerlendirilmesi ve yeni yatirimlar agisindan kirsal alanlar avantajli bolgelerdir. Diger
sektorlere kiyasla tarim sektoriinde alet-makine kullanimina bagl olarak verimlilik daha diisiiktiir ve katma degerli
iiretime yonelik yapilacak yatirimlar kisithdir. Emek yogun {iiretim siireclerini igerisinde bulunduran tarimsal
faaliyetlere yonelik gerceklestirilecek yatirimlarin maliyetleri daha diisiik olacaktir. Bir kisi igin istihdam yaratma
maliyeti 2021 y1l1 i¢erisinde ortalama 418.595,0 TL olarak belirlenmistir. Tarim sektériinde istihdam yaratma maliyeti
83.056,0 TL olup ortalama yatirim maliyetinin altinda bir degere sahiptir. Bu durum tarim sektdriine yapilan
yatirimlarin maliyet avantaji saglarken ayni zamanda daha ¢ok kisinin istihdamina katkida bulunulacaginin bir
gostergesidir. Yapilan yatiimlar ayni zamanda kirsal alanda gizli issizlik problemlerinin azaltilmasma katki
saglayacaktir. Benzer sekilde yeni yatirim alanlarinda istihdam edilmek {izere kisilere egitimlerin verilmesi ve ise
yonelik uzmanlagmanin saglanmasi ile yapisal igsizlikten kaynaklanan problemlerin de ¢6ziimiine katkida
bulunulacaktir. Kirsal alanda gerceklestirilen yatirimlarda daimi ve mevsimlik iggiiciiniin ¢alisma alanlarinin
degerlendirilmesi ve yatirimlarin ¢esitlendirilmesi dnemlidir. Hayvancilik islerinde daha ¢ok daimi isgiiciiniin istihdam
edilmesi nedeniyle; belirli bir bilgi diizeyi, deneyim ve yeterlilige sahip olan isgiiciiniin benzer alanlarda istihdam
edilmesi gerekmektedir. Sonug olarak, tarim igletmelerindeki sermaye yapisinin isgiicii etkinligine dnemli katkilarmin
oldugu belirlenmis olup, tarmm igletmeleri i¢in yapilacak yeni yatirimlarmn bu etkinligin artirilmasinda katki saglayacagi
bilinmektedir. Tarim isletmelerinde yeni yatirimlarin yapilabilmesine yonelik gerekli planlama ve desteklenmelerin
saglanmasi, sektdrel igbirliklerinin artirilmasi gerekmektedir. Bununla birlikte, tarimsal istihdamda ¢alisma kosullart,
orgiitlenme, meslek tanimlamasi gibi konularda yapilacak iyilestirmelerin tarim igletmelerindeki sermaye etkinliginin
artirllmasinda katk1 saglayacag agiktir.
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Assessment of Meteorological and Agricultural Drought Analysis in Kirklareli province

Kirklareli ili Meteorolojik ve Tarimsal Kuraklik Analizlerinin Degerlendirilmesi

Fatih BAKANOGULLARIY, Erdem BAHAR?, Cantekin KIVRAK?, Mehmet GUR*
Abstract

The Global warming in the world cause to the climate change in this century. Agriculture is one of the sectors that can be
most affected by climate change. Agricultural production is affected by precipitation and temperature variables.
Due to the changes in these two parameters, the increase in the temperatures and the changes in the amount of
precipitation in parallel with this disrupt the ecological balance and bring along the problems of desertification and
drought. Agricultural production is highly dependent on meteorological factors in Thrace region. For this reason,
it is expected that changes in climatic factors will affect the agriculture of the region positively or negatively. The
aim of this study is to determine the frequency and severity of meteorological and agricultural drought with two
indexes between 1963-2019 years in Kirklareli province. Standardized Precipitation Evapotranspiration Index
(SPEI) was used to determine monthly, seasonal, six monthly and annual agricultural drought. According to annual
agricultural drought results, it was calculated ten years mild arid (1969, 1985, 1986, 1990, 1991, 1992, 1993, 2011,
2016, and 2019), five years moderate arid (1983, 1989, 1996, 2008, and 2015), one year severe arid (1994), and
two years extreme arid (2000 and 2001). Another drought index which is Standardized Precipitation Index (SPI)
was used to determine meteorological drought. According to annual meteorological drought results, Eight years
mild arid (1964, 1969, 1982, 1985, 1986, 1990, 1991, and 2011), seven years moderate arid (1983, 1989, 1992,
1993, 1994, 1996, and 2008), and two years extreme arid (2000, 2001) was figured out. According to linear
correlation analysis, a good correlation was obtained for SPI and SPEI values, between annual, six monthly
(Spring-Summer), and three monthly only winter and spring periods (R?=0.871, R?=0.901, R?=0.974, and
R?=0.919), respectively. In the 57-year observation period; 18 years were determined as the arid year with SPEI
index and 67% of these total arid years (12 arid years) occurred and 17 years were determined as the arid year with
SPI index and 76% of these total arid years (13 arid years) occurred, between 1982 and 2002 years. The SPEI
drought index which use precipitation, temperature and evapotranspiration data could give much good results to
policy makers in drought mitigation policies in terms of giving results that are more accurate in agricultural
production and drought assessments.
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Oz

Diinyadaki kiiresel 1sinma bu yiizyilda iklim degisikligine neden olmaktadir. Tarim, iklim degisikliginden en fazla
etkilenebilecek sektorlerden biridir. Tarimsal {iretim yagis ve sicakliktaki degisimlerden etkilenir. Bu iki parametre
deki degisimler, sicakliklarin artmasi ve buna paralel olarak yagis miktarindaki diizensizlikler ekolojik dengeyi
bozmakta, ¢ollesme ve kuraklik sorunlarint beraberinde getirmektedir. Trakya bolgesinde tarimsal iiretim biiyiik
6l¢lide meteorolojik faktorlere baglidir. Bu nedenle iklim faktorlerindeki degisikliklerin bdlge tarimini olumlu
veya olumsuz yonde etkilemesi beklenmektedir. Bu ¢aligmanin amaci, Kirklareli ilinde 1963-2019 yillar arasinda
meteorolojik ve tarimsal kurakligin sikligini ve siddetini iki indeks ile belirlemektir. Aylik, mevsimsel, alt1 aylik
ve yillik tarimsal kuraklig1 belirlemek igin Standardize Yagis Evapotranspirasyon indeksi (SPEI) kullanilmustir.
Yillik tarimsal kuraklik sonuglarina gore, on yil hafif kurak (1969, 1985, 1986, 1990, 1991, 1992, 1993, 2011,
2016 ve 2019), bes yil orta kurak (1983, 1989, 1996, 2008 ve 2015), bir yil siddetli kurak (1994) ve iki yil asir
kurak (2000 ve 2001) y1l olarak hesaplanmigtir. Meteorolojik kuraklig1 belirlemek icin bir diger kuraklik indeksi
olan Standardize Yagis Indeksi (SPI) kullanilmistir. Yillik meteorolojik kuraklik sonuglaria gére, Sekiz yil hafif
kurak (1964, 1969, 1982, 1985, 1986, 1990, 1991 ve 2011), yedi yil orta kurak (1983, 1989, 1992, 1993, 1994,
1996 ve 2008) ve iki yil asir1 kurak ( 2000, 2001) yil olarak hesaplanmistir. Dogrusal korelasyon analizi
sonuclarma gére, SPI ve SPEI degerleri igin yillik, alt1 aylik (Ilkbahar-Yaz) ve ii¢ aylik sadece kis ve ilkbahar
donemleri arasinda sirasiyla (R?=0.871, R?=0.901, R?=0.974 ve R?=0.919) iyi bir korelasyon elde edildi. 57 yillik
gozlem periyodunda SPEI yontemi ile de 18, SPI yontemi ile 17 yil kurak yil olarak belirlenmistir. Bu toplam
kurak yillarin (SPEI 12 yil) %67 (SPI 13 yil) %76 gibi biiyiik bir bolimii 1982 ile 2002 yillar1 arast meydana
gelmigtir. Tarimsal {iretim agisindan yagis, sicaklik ve evapotranspirasyon verileri ile hesaplanan SPEI kuraklik
indeksi tarimsal tiretim ve kuraklik degerlendirmelerinde daha hassas sonuglar verdigi i¢in kurakligin azaltilmasi
politikalarinda karar vericilere daha iyi degerlendirme imkan1 verebilir.

Anahtar Kelimeler: iklim degisikligi, Kuraklik indeksleri, Evapotranspirasyon, Yagis, Trakya bolgesi
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1. Introduction

Changes observed in the amount of precipitation and its distribution in the growing season from year to year
cause significant changes in crop production and productivity in the Thrace Region. Even if the total precipitation
is sufficient, the irregular distribution of precipitation may cause to decrease the performance of genotypes with
high yield potential. Konukgu et al. (2020) stated that the yield during the development period of the modelled
plant could be sensitive for the variation of meteorological factors. Calculations for the sensitivity analysis helped
us understand how plants reacted to the meteorological changes in the research locations, and changes in
temperature, precipitation and radiation were the most important variables that affected the plant's phenological
stages. The insufficiency of available water resources and the observed and expected negative effects of global
warming make it necessary to consider the resistance to drought of and effective water use ability as the main
features in the selection of genotypes to be cultivated in the Thrace Region. The decrease and deterioration in
quality and yield due to drought will adversely affect the economy of the region and the country. Decreasing the
income to be obtained from the unit area in plant production will speed up the use of Thrace lands for non-
agricultural purposes. Thus, the extent of the existing environmental problem will expand further. Drought is one
of the most costly disasters in the world that affects a large number of people every year (Wilhite, 2000). At the
same time, drought is cited as an environmental disaster. In some studies, it is mentioned that deficiencies in
precipitation cause decreases in, the convenient water usage capacity (Wilhite, 2000; Koustroulis et al., 2011;
Rossi, 2000). There are different definitions of drought based on precipitation, soil moisture or potential
evapotranspiration (Tiirkes, 2019; Heim, 2002; Svoboda et al., 2002; Wilhite, 1985).

In general, drought is defined as the periods when precipitation, groundwater or surface waters in a region are
less than the expected amount (average). Drought is directly proportion with temperature increase and inversely
proportion with precipitation increase (Caldag et al., 2004). Drought is the main abiotic stress factor and low
moisture during grain filling period affected bread wheat yield and yield component (Oztiirk and Korkut, 2017).
Drought is classified as meteorological, agricultural, hydrological and socioeconomic. Standardized Precipitation
Index (SPI) is commonly used to determine the severity of meteorological drought. SPI is based on converting and
applying long term precipitation records to normal distribution and this index calculates dry and wet periods in
different time periods (Dai, 2011). The Standardized Precipitation Evapotranspiration Index (SPEI) has been
developed to evaluate the severity of agricultural drought by taking into account the evapotranspiration and
meteorological drought in the environment where the crop is located (Vicente-Serrano, 2010a). In the
determination of meteorological and agricultural drought, SPI and SPEI indexes have been conducted by different
researchers on issues such as analysis, monitoring and comparison of the drought's spatial and temporal distribution
(Alkan and Tombul, 2022; Sener, 2021; Bakanogullari, 2020; Falzoi et al., 2019; Keskiner et al., 2019; Tefera et
al., 2019; Bae et al., 2018; Cetin et al., 2018; Chen et al., 2018; Camalan et al., 2017; Tong et al., 2017; Nedealcov
et al., 2015; Stagge et al., 2015; Bakanogullart and Yesilkdy, 2014; Kwak et al., 2013; Tiirkes and Tatli, 2009;
Wilhite et al., 2007).

The first objective of this study is to determine meteorological and agricultural droughts were analyzed using
SPI and SPEI indices from 1963 to 2019. For these purpose, monthly mean total precipitation and monthly mean
air temperature data recorded at the Meteorological service in the Kirklareli city were used in different time periods
(monthly, seasonal, 6 months and yearly). The second objective is to examine the drought results were evaluated.

2. Materials and Methods
2.1. Study area and meteorological data

Karklareli province locates in the northwest part of Turkey. It is also in the northern part of Marmara Region. It
neighbors with the provinces of Tekirdag in the south and Edirne in the west. The north of the province is entirely the
Bulgarian border and the east is entirely the Black Sea. In addition, Kirklareli province locates between the longitudes
of 26° 52" and 28° 07" with latitudes of 41° 13' and 42° 06' (Figure 1).
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G

Figure 1. Kirklareli map and location of country (The map is rearranged from the Google Earth).

Climate of Kirklareli province differs according to the regions with the effect of Strandzha Mountains and the
Black Sea. The Black Sea climate is observed in the north-facing parts of the Strandzha Mountains. Summers are
cool, winters are cold and the air temperature difference between the seasons is low. Terrestrial climate is observed
in the inner parts. Summers are hot, winters are cold and sometimes snowy. The temperature difference is high
between summer and winter seasons. Terrestrial climate is dominant in the centre of Kirklareli, which is located
on the southern part of Strandzha Mountains. In the study, 57-year (1963-2019) monthly precipitation data and
monthly average air temperature data obtained from the Kirklareli Meteorological Service were used. Monthly
average values of these data are given in Figure 2.
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Figure 2. Long term monthly precipitation and mean air temperature data in Kirklareli
2.2. Standardized Precipitation Index (SPI)

SPI was developed by McKee et al. (1993) to define primarily a meteorological drought. With the help of the
index, which is calculated based only on the precipitation values, dry periods can be monitored as well as the wet
period. SPI is obtained by dividing the difference of precipitation from the mean by the standard deviation within
a specified time frame.
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X=X
Pl = ——— (Eq.L).
]

In Equation 1, Xi,j shows the precipitation (mm) in the month j, the average precipitation in the month Jj (mm),
and oj shows the standard deviation of the month in j. SPI values can be calculated for different periods (such as
1, 3,6, 9, 12, 24, 48 months). However, precipitation data may not conform to the normal distribution for 12
months or less. For this reason, each data set is adapted to the Gamma function. The Gamma distribution is then
transformed to a Gaussian distribution (standard normal distribution with mean zero and variance of one), which
gives the value of the SPI for the time scale used (Bakanogullar1 and Yesilkoy, 2014, Tiirkes and Tath, 2009). The
classification of drought indices is given in Table 1.

Table 1. Drought categories of SPEI and SPI

Drought Category Symbols SPEI & SPI Values
Extreme wet EW >-2.00
Severe wet SW 1.50 - 1.99
Moderate wet MowW 1.00-1.49
Mild wet Miw 0.50-0.99
Near normal NN -0.49-0.49
Mild drought MiD -0.99 - -0.50
Moderate drought MoD -1.49--1.00
Severe drought SD -1.99 - 1.50
Extreme drought ED <--2.00

2.2. Standardized Precipitation Evapotranspiration Index (SPEI)

SPEI was developed by Vicento Serrano et al. (2010a) to evaluate the severity of agricultural drought, taking
into account plant evapotranspiration and meteorological drought. It is easy to calculate and based on the standard
precipitation index (SPI) calculation basis.

SPEI is expressed as the difference (D) between the monthly or weekly potential evapotranspiration (PET) and
precipitation (P). This difference (D) is the excess or lack of water for the month (i) analysed and is calculated
using Equation 2.

Di=Pi-PETi (Eq.2).

The following steps should be followed to calculate the potential and actual evapotranspiration according to
the Thornthwaite (1948) method.

a) Monthly mean temperature indices are determined according to the average temperature of each month.
i= @ (Eq.3).
In Equation 3, Where; i, monthly mean temperature index, t is the average monthly temperature (°C).

b) By adding the temperature indexes for each month, annual temperature index is found.

[=Y12i k=1-12 (Eq.4).
In Eq.4, Where; | is annual temperature index; i is monthly mean temperature index; k is the month of operation

c) Potential Evapotranspiration,

PET=16*(10*t)/1)= (Eq.5).
a = (0.000000675x13) — (0.000077+12) + (0.01792xI) +0.49239 (Eq.6).

In Equation 5; PET, potential evapotranspiration (mm / month); t, monthly mean air temperature (°C); I, annual
temperature index; a is the coefficient that is also given the calculation method in Equation 6.
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d) InEquation 7, To find the corrected Potential Evapotranspiration (DPET, mm / month), it is sufficient to
multiply the evapotranspiration and latitude correction coefficient of each month. The latitude correction
coefficient (G) is a value that varies according to average sunshine times and is prepared in a tabular format by
Thornthwaite (1948).

DPET= (PET*G) (Eq.7).

The results found by both methods (SPEI and SPI) in the research basin were classified according to the drought
categories given in Table 1.

The SPI and SPEI analyses were conducted by Rstudio software programme with the SPEI package. Potential
evapotranspiration (PET) and climatic water balance (BAL) data were calculated by Rstudio to complete the SPI
and the SPEI.

SPEI is calculated similar to SPI1. However, a three-parameter distribution is needed to standardize D-series as
D-values can have negative values. Globally, the three-parameter log logistic distribution has been found to be a
better fit for SPEI at all-time scales using Kolmogorov—Smirnov test (Vicente-Serrano et al. 2010b). The drought
severity classification based on SPEI values is similar to the SPI classification and it can be defined at multiple
scales.

3. Results and Discussion

In this study; meteorological and agricultural droughts were analyzed using SPI and SPEI indices from 1963
to 2019. Annual drought analyses were given in Figure 3. Three and six monthly drought analysis results with both
index were given in Figures 5 and 6. Monthly drought analyses by both indexes were given by details in Figure
9.

The annual drought analysis by Figure 3 (top) SPI showed that 17 years were arid, 16 years were wet and 24
years were normal by the drought classification (Table 1) in the Kirklareli province. It indicates that approx. 30 %
of the last 57 years were under arid conditions. The content of the arid years is categorized as follows; 8 years mild
arid (1964, 1969, 1982, 1985, 1986, 1990, 1991, and 2011), 7 years moderate arid (1983, 1989, 1992, 1993, 1994,
1996, and 2008), 2 years extreme arid (2000, 2001). In Figure 3(below), The SPEI showed that 18 years were arid,
19 years were wet and 20 years were normal by the drought classification from 1963 to 2019 in the Kirklareli
province. Evaluation of annual agricultural drought with SPEI index categorized as 10 years mild arid (1969, 1985,
1986, 1990, 1991, 1992, 1993, 2011, 2016, and 2019), 5 years moderate arid (1983, 1989, 1996, 2008, and 2015),
1 years severe arid (1994), 2 year extreme arid (2000 and 2001). It indicates that approx. 32 % of the last 57 years
were under arid conditions. Depending on global warming and climate change, it was determined as a moderate
and severe arid year in 1983, 1989 and 1994, and severe arid year in 2000 and 2001 in Kirklareli province. This
situation may indicate that droughts will gradually increase in frequency and severity in the coming years (Figure
3).
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Figure 3. Comparison of long-term drought indices SPI (top) and SPEI (below) annual for Kirklareli
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Figure 4. The relationship between annual SPI and SPEI index for Kirklareli

The followings Scatter diagram between SPI and SPEI are given in Figure 4 in order to compare the results of
both indices calculated using 57 years climatological data at Kirklareli. According to analysis, the determination
coefficient (R?) between the annual SPI and SPEI drought indexes was determined as 0.871 and was found
statistically significant. Tong et al. (2017) conducted a drought analyses study at Xilingol pastures in Northern
China with SPEI and NDVI indexes between 1961 and 2015 period for monthly, seasonal, biannually and annually.
The results showed a 98% positive correlation between the annual SPEI and NDVI. They stated that the
meteorological drought had a negative impact on plant vegetation development in arid and semi-arid regions.
Alkan and Tombul (2022) conducted, a drought analyses were performed using data from 14 meteorological
stations gathered between January 1989 and July 2020 in SPI and SPEI, based on 3-4-6-12 monthly scales. SPI
and SPEI are common indices used for drought tracking. The coefficient of determination (R?) was found to be

0.954 and used to analyze the regression between the annual SPI and SPEI.
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Figure 5. Comparison of long-term drought indices SPI1-6 (top) and SPEI-6 (below) for Kirklareli

Figure 5 presents the time series of SPI index (top) and the SPEI index (below) calculated by considering
6 months data from autumn to winter and from spring to summer meteorological and agricultural drought for
Kirklareli. Considering for two season, According to SPI, it was determined in autumn-winter season 14 years
arid which of were 1 years severe, 5 years moderate, 8 years mild arid, in spring-summer season 18 years arid
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which of were 1 years extreme and severe, 3 years moderate, 13 years mild arid. According to SPEI, it was
determined in autumn-winter season 11 years arid which of were 3 years severe, in spring-summer season 12
years arid which of were 1 years extreme and severe. In both methods, the number of arid years in spring-
summer periods were more than autumn-winter periods. In this figure, it could be given an idea for
conventional production which were cereal and oils plant rotations for agricultural drought in Kirklareli.
Considering the additional data requirements of SPEI, it is more likely that SPI can be used to identify, analyze
and monitor droughts in any climatic zone of the world (Vicente-Serrano et al., 2010a)

According to the SPI index in 3-monthly (seasonal) drought assessments (Figure 6 (top)); while no drought
observed in any of the four seasons for a total of 21 (1966, 1971, 1973, 1974, 1975, 1977, 1979, 1997, 1998,
1999, 2003, 2005, 2006, 2007, 2009, 2010, 2012, 2014, 2015, 2017 and 2018) years, at least one season was
arid in all the other years. In arid years, drought was determined in 13 years winter, 17 years spring, 17 years
summer and 18 years autumn seasons. According to the SPEI index (Figure 6 (below)); in 1966, 1971, 1973,
1974, 1975, 1977, 1979, 1981, 1987, 1995, 1997, 1998, 2005, 2006, 2009, 2014, and 2017 there was no
drought in any of the four seasons for a total of 17 years. However, at least one arid season observed in all the
other years. In drought years, drought has been determined in 16 years winter, 15 years spring, 17 years summer
and 20 years autumn season. Nedealcov et al. (2015) compared the temporal and spatial distributions of drought
for 3 and 6 monthly periods with SPEI and SPI indexes in Moldova between the 1980-2014 periods. In temporal
distribution both index showed similar results. However, differences observed in SPEI values in terms of
drought length and intensities. Because SPEI values uses not only precipitation but also evapotranspiration.
Keskiner et al. (2019) have produced meteorological drought maps at 5 and 10 repetition times in Seyhan Basin
by use of 63 meteorological station long-term annual time scale data for SP1 and PNI (Percent of Normal Index)
indexes. They stated that PNI method is more sensitive than SPI method. Addition of the SPEI index to such
basin-based drought analysis studies, contribute to monitoring agricultural drought as well as meteorological
drought.

Series 1
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Figure 6. Comparison of long-term drought indices SP1-3 (top) and SPEI-3 (below) for Kirklareli

The evaluation between seasonal (three monthly) and six-monthy SPI and SPEI drought data which is
estimated with 57 years meteorological data for Kirklareli province, linear correlation analysis results are given
in Figure 7 and 8. According to the determination coefficient (R?) between the three monthly (seasonal) and
six-monthly between SPI and SPEI drought indexes was changed from 0.833 to 0.988. And it they were found
statistically significant, respectively. Tefera et al. (2019) indicated that SPI and SPEI showed strong and
significant relationship at 1-month (r = 0.69) and 3-month (r = 0.7) timescales. The linear relationship at 12-
month and 24-month timescales(r = 0.83 and r = 0.79, respectively). Falzoi et al. (2019) the trends of the (SPI)
and (SPEI) have been also evaluated. The similarities and differences between the indices of the two regions
were then considered. In most stations of both zones, there is a statistically significant trend of increase in the
SPI and decrease in the SPEI. Nevertheless, the trend of indices averaged over stations of the two indices is
not significant in either of the two climatic zones considered.
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Figure 7. The relationship between seasonal SPI and SPEI index for Kirklareli
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Figure 8. The relationship between SP1-6 and SPEI-6 index for Kirklareli

According to Kirklareli monthly bases SPI index drought assessment (Figure 9(top)); April of 2018 observed
as the most severe arid month (-3.69). 2008 of February (-3.49) followed this month. During the observation
period, June observed as the most arid month, with 21 years. April was the least drought-determined month with
the 14 times, during the period. According to the monthly drought assessment with the SPEI index (Figure 9
(below)); the most severe arid month determined as 1994 of April (-2.85) and 2010 of August (-2.46) followed this
month. November observed most arid month with the 23 times repetition of drought, during the observation period.
This month was followed by December with 22 times drought. The number of agriculturally drought months,
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monitored with SPEI index, determined more than the number of meteorologically drought months monitored with
SPI index.

Series 1
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Figure 9. Comparison of long-term drought indices SPI-1 (top) and SPEI-1 (below) for Kirklareli

4, Conclusions

In this study, monthly, seasonal, 6-monthly and annual drought analyzed by SPI (meteorological) and SPEI
(agricultural) drought indexes for the period of 1963-2019 in Kirklareli province. The linear relationship between both
index values were estimated and compared. A strong relationship was found between SPI and SPEI. Furthermore, an
important relationship (R? = 0.974, R?=0.919 R?=0.901) was figured out between seasonal winter and spring, six
monthly (Spring-Summer) periods.

According to annual evaluation results; ten years mild arid (1969, 1985, 1986, 1990, 1991, 1992, 1993, 2011, 2016,
and 2019), five years moderate arid (1983, 1989, 1996, 2008, and 2015), one year severe arid (1994), and two years
extreme arid (2000 and 2001) observed with the SPEI index. SPI index analyses showed that, eight years mild arid
(1964, 1969, 1982, 1985, 1986, 1990, 1991, and 2011), seven years moderate arid (1983, 1989, 1992, 1993, 1994,
1996, and 2008), and two years extreme arid (2000, 2001) Considering the annual periods according to the SPEI and
SPI index, drought is severe and very frequent from 1982 until 2002 (SPEI 12 years, SPI 13 years). This process
corresponds to 67% of the drought for SPEI and 76% of the drought for SPI observed during the 57-year observation
period. This is an important indicator of change in climatic cycles.

In the monthly, 3-monthly and 6-monthly analyses of the SPEI index, there was a decrease in drought category
intensity compared to the SPI index severity data. However, more sensitive results were obtained in this index by using
temperature and evapotranspiration data. In order to examine and reduce drought in terms of agriculture, monthly,
seasonal and semi-annual drought analysis of SPEI index should be done. Moreover, drought analysis of the cultivated
plants based on vegetation periods, could contribute to more realistic and healthy results in the region.

The weaknesses of the SPI compared to the SPEI is that SPI relies on precipitation as input data. However, SPEI
takes into account evapotranspiration, temperature, including precipitation. So while SPI analyzes meteorological
drought, SPEI estimates agricultural drought. Thus, it would be appropriate to use this method for the determination of
agricultural droughts on the basin and for future drought projections and making more accurate policies for regional
decision makers.

Generally, there are various stages of crop development, and each stage lasts around 1 or 3 months. Therefore, it is
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better to focus on short-term drought conditions, such as 1- and 3-month time scales of SPEI, which are related to crop
development.
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Determination of the Effects of Some Additives Added to the Mixture of Diesel and
Safflower Biodiesel on Exhaust Emissions*

Motorin ve Aspir Biyodizeli Karisimlarma Ilave Edilen Bazi Katki Maddelerinin Egzoz
Emisyonlarina Etkilerinin Belirlenmesi

Seda SAHIN **, Hakan Okyay MENGES*
Abstract

In this study, linas, a newly developed variety of safflower plant, were used for biodiesel production. Fuel
properties and exhaust emission values of biodiesel fuel (Bigo) and alternative blended fuels containing different
volumetric amounts of diesel (M1qo), biodiesel (B1og) and n-butanol (BU) or n-pentanol (P) (diesel / biodiesel / n-
butanol and diesel / biodiesel / n-pentanol) were evaluated in comparison with the reference fuel diesel (Miog). In
addition, in the study, the effects of 2-ethylhexyl nitrate (EHN) on fuel properties and emission values have been
examined by adding EHN cetane improver additive to mixture fuels at a concentration of 2000 ppm. Exhaust
emission tests of all fuels and mixtures were carried out in a four-cylinder, four-stroke, and direct injection diesel
engine at different speeds and full load conditions. According to the results of the research, the fuel properties of
diesel, biodiesel, and blended fuels have been determined that comply with biodiesel and diesel fuel standards.
Density values of these fuels were determined between 0.830 to 0.8885 kg m, kinematic viscosities 2.83 and 4.57
mm?s?, calorific values 40.13 and 43.4 MJ kg%, water content 48.015 and 499 ppm, cetane numbers 48.8 and 55.8,
cloud point, cold filter plugging point, and pour point -13.9 and -1.4 °C, -22 and -10 °C, -15 and <-20 °C,
respectively. While CO, CO;, and NOy emissions of blended fuels show lower values compared to diesel fuel, it
has been determined that there are certain rates of increases in HC and O, emissions. It was determined that the
high NOx emissions of biodiesel decreased with the addition of high alcohols to the blend fuels. In general, it has
been determined that the fuel properties and emission results of blends containing pentanol show better results
than fuels containing butanol. The 2-Ethylhexyl Nitrate additive used in the blend was effective in improving the
emissions.
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Oz

Bu ¢alismada, biyodizel iiretimi igin aspir bitkisinin yeni gelistirilmis bir ¢esidi olan linas kullanilmistir. Biyodizel
(B1oo) yakiti ve hacimsel olarak farkli oranlarda motorin (Mioo), biyodizel (B) ve n-biitanol (BU) veya n-pentanol
(P) ihtiva eden alternatif karigim yakitlarinin (motorin/biyodizel/ n-biitanol ve motorin/biyodizel/ n-pentanol),
yakit oOzelikleri ve egzoz emisyon degerleri referans yakit motorin (Migo) ile karsilastirmali olarak
degerlendirilmistir. Aragtirmada ayrica karisim yakitlarma 2000 ppm konsantrasyonunda 2-etilhekzil nitrat (EHN)
setan iyilestirici katkisi ilave edilerek EHN nin yakit 6zellikleri ve emisyon degerlerine etkileri incelemistir. Tiim
yakit ve karisimlarina ait egzoz emisyon testleri, dort silindirli, dért zamanli ve direkt enjeksiyonlu bir dizel
motorda farkli hizlarda ve tam yiik kosullarinda gerceklestirilmistir. Arastirma sonuglarina gére motorin, biyodizel
ve karigim yakitlarina ait yakit 6zelliklerinin, biyodizel ve motorin yakiti standartlariyla uyum igerisinde oldugu
tespit edilmistir. Bu yakitlara ait yogunluk degerleri 0.830 ile 0.8885 kg m3, kinematik viskoziteleri 2.83 ile 4.57
mm?s?, 1s1l degerleri 40.13 ile 43.4 MJ kg™, su icerikleri 48.015 ile 499 ppm, setan sayilar1 48.8 ile 55.8,
bulutlanma, SFTN ve akma noktalar1 ise sirasiyla-13.9 ile -1.4 °C, -22 ile -10 °C, -15 ile <-20 °C arasinda
belirlenmistir. Karisim yakitlarina ait CO, CO; ve NOy emisyonlari motorin yakitina gére daha diisiikk degerler
gosterirken, HC ve O emisyonlarinda ise belli oranlarda artislar oldugu tespit edilmistir. Karisim yakitlarina
yiiksek alkollerin eklenmesiyle biyodizelin yiiksek olan nox emisyonlarinin diistiigii belirlenmistir. Genel olarak
pentanol ihtiva eden karisimlarin yakit 6zellikleri ve emisyon sonuglarinin biitanol ihtiva eden yakitlara gére daha
iyi sonucglar gosterigi tespit edilmistir. Karisimlarda kullanilan 2-Etilhekzil Nitrat katki maddesi emisyonlart
iyilestirmede etkili olmustur.

Anahtar kelimeler: 2-etilhekzilnitrat, Biyodizel, Egzoz emisyonu, n-biitanol, n-pentanol
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1. Introduction

Energy is one of the most important consumption items of our age and an indispensable civilization tool.
Energy consumption, which is one of the most important needs of countries with a high level of development,
tends to increase continuously. Therefore, countries need to produce and use renewable energy sources in order to
meet their energy needs without harming the environment. The concepts of biomass, biofuel and bioenergy are
very broad and interact with each other. Bioenergy can be produced from biomass as solid, liquid and gas.

Agricultural products constitute the source of biofuel energy, which has an important potential among
renewable energy sources. These products consist of oilseed crops such as sunflower, rapeseed, soybean, safflower,
cotton; carbohydrate crops such as potatoes, wheat, barley, rye, maize, sugar beet, sugarcane, sweet sorghum; fiber
plants such as flax, kenaf, hemp, miscanthus (elephant grass). In addition to these plants, agricultural residues such
as branches, stems, straw, roots, bark and animal residues are also used in biofuel production (Narin, 2008).

In recent years, the use of fossil fuels in the industry and transportation sector has led to an increase in
Greenhouse Gas emissions and global warming (Jiagiang et al., 2019; Ogiit et al., 2022). Since changes in engine
design to reduce harmful emissions will be costly, the use of alternative fuels, which are less polluting than
petroleum and its derivatives, has gained great importance in internal combustion engines (Kaplan et al., 2009;
Ozer, 2014). Liquid fuels are used in the transportation sector, which has a large share in world energy consumption.
Vegetable oils, biodiesel produced from these vegetable oils, and bioalcohols produced from biomass are the
leading liquid biofuels that can be used as an alternative to fossil-based liquid fuels (Yilmaz and Atmanli, 2016).

They can also be used as fuel additives to increase the low-temperature fluidity of biodiesel (Atmanli et al.,
2015; Lietal., 2015; Sahin et al., 2015). Higher alcohols such as butanol (C4) and pentanol (C5) can be considered
as competitive alternative fuels today due to their liquid nature, high oxygen content and production from
renewable biomass. (Kumar and Saravanan, 2016). Higher alcohols are effective to reduce properties such as
kinematic viscosity and density. In order to meet the increasing energy demand and control environmental
pollution, sustainable policies have begun to be adopted that allow diesel fuels to be mixed with biodiesel,
biobutanol, biopentanol or such fuels with diesel fuel (Kumar and Saravanan, 2016).

There are 15 safflower cultivars (Yenice 5-38, Dinger 5-18-1, Remzibey-05, Zirkon, Balci, Linas, Olas,
Goktiirk, Asol, Hasankendi, Yektay, Zirkon, Olein, Kog, Safir and Servetaga) registered as domestic seeds in
Turkey (Arslan et al., 2019; Culpan and Arslan, 2022). Linas variety safflower plant has a spiny structure, flower
color is yellow-orange and seed color is cream color. The average yield is 300-350 kg da!, the average oil content
(within the seed) is 37-38%, and linoleic and oleic fatty acids are 71% and 18%, respectively. Linas variety
safflower plant was registered by Trakya Research Institute in 2013 (Arslan et al., 2019). As the linas variety
safflower plant used in this study is resistant to cold, it is suitable for the climatic conditions of Turkey. The most
distinctive feature of safflower oil is that it has low saturated fatty acids and high unsaturated fatty acids (Arslan
and Bayraktar, 2016). In addition, high oil and fatty acid ratios are suitable for biodiesel production. The physico-
mechanical properties of Linas variety safflower seed are given in Table 1.

Keskin et al. (2013) examined the engine performance and exhaust emission values of fuel A (60% diesel, 30%
biodiesel, 5% ethanol, 5% butanol) and fuel B (40% diesel-50% biodiesel-5% ethanol-5% butanol) mixture fuels,
which they tested in a single-cylinder, four-stroke diesel engine under full load conditions, in comparison with
diesel fuel. As a result of the study, they stated that the emission values of the blended fuels showed a significant
improvement compared to the diesel fuel and that the emission values of fuel B, carbon monoxide (CO) and,
hydrocarbon (HC), decreased by 87.01% and 87.50%, respectively.

Atmanli (2016a) used diesel fuel (D), waste oil biodiesel (B) and propanol (Pro), n-butanol (nB), and 1-
pentanol (Pn) fuels, which are in the high alcohol group, as fuel mixtures. Determined the effects on engine
performance and exhaust emission values in a 4-cylinder turbocharged and water-cooled diesel engine. He stated
that the addition of alcohol to the mixtures decreased the NOx emission values, however, it increased the CO
emissions. In addition, when the researcher compared the blend fuels in terms of HC emission reduction, it was
determined that the D40B40Pn20 fuel gave the best results.

771



Sahin & Okyay Menges
Determination of the Effects of Some Additives Added to the Mixture of Diesel and Safflower Biodiesel on Exhaust Emissions

Table 1. Some physico-mechanical properties of safflower (linas variety) seed

Class Name Unit Values
Thickness (mm) 2.99+0.23
Width (mm) 4.01+0.44
Geometric Lenght (mm) 7.47+0.63
Properties Geometric mean diameter (mm) 4.46+0.26
Sphericity (%) 59.94+ 3.36
Projected area (mm?) 26.17
Gravimetric Porosity (%) 40.68
Properties Density (g Ith) 549+9.65
Mass of 1000 seeds (9) 39.72+ 0.75
Aerodynamic Terminal velocity (ms?) 3.77£0.27
Characteristic
Mechanical Fracture resistance (N mm-?) 10.65+ 1.43
Property
Chemical Moisture (% w.b.) (%) 5.6
Properties

Tleri (2016) aimed to investigate the effect of EHN addition on fuel properties, engine performance, and exhaust
emission values of blended fuels by adding cetane improver 2-Ethylhexyl nitrate (EHN) at 500, 1000, and 2000
ppm concentrations to D70S20B10 (70% diesel, 20% sunflower oil and 10% n-butanol) and D70S20P10 (70%
diesel, 20% sunflower oil and 10% 1-pentanol) blended fuels. It was determined that the NOXx values of the blended
fuels with the addition of EHN decreased by 0.26% to 5.26%. He stated that CO emissions increased by 7.16% to
23.46% depending on the increase in EHN concentration. Compared to diesel fuel, D70S20B10 and D70S20P10
blended fuels reported increases of 133.29% and 153.1%, respectively, in HC emissions.

Ors (2016) investigated the effects of diesel fuel, soybean oil biodiesel, and butanol blends on engine
performance and exhaust emissions in a single-cylinder direct injection diesel engine. Mixture fuels were obtained
by adding 5% (BU5), 10% (BU10), and 15% (BU15) butanol to soybean oil biodiesel (BUQ) by volume. It was
stated that the addition of 15% butanol (BU15) to soybean oil biodiesel reduced NOx, particulate matter (PM),
and CO emissions by 16%, 24%, and 49%, respectively, compared to diesel fuel. It was determined that the HC
emission and specific fuel consumption values (average 10%) increased as the butanol ratio increased in the
blended fuels.

In this study, biodiesel (Bigo) fuel and alternative blended fuels (diesel/biodiesel/n-butanol and n-butanol)
containing diesel (M1qo), biodiesel (B) and n-butanol (BU) or n-pentanol (P) in different volumetric ratios were
investigated. It is aimed to evaluate the fuel properties and exhaust emission values of these fuels in comparison
with the reference fuel diesel (M1oo). The study also investigated the effects of EHN on fuel properties and emission
values by adding 2-ethylhexyl nitrate (EHN) cetane improver additive at a concentration of 2000 ppm to the blend
fuels. Linas variety safflower is a newly developed variety and there is no biodiesel study on this subject. High
alcohol additives were used to improve the kinematic viscosity and cold flow properties of safflower biodiesel.
Since it was recommended to use less than 20% of these high alcohols in previous studies, the rates were
determined accordingly. Since high alcohol addition reduces the cetane number, the effect of EHN additive as
cetane improver was investigated.

2. Materials and Methods

The study consists of the following steps. These;

* Obtaining oil from safflower seeds; Extraction of oil from safflower (linas variety) seed was carried out in 3
stages as crushing, annealing and squeezing. The seeds were first pre-treated in a crushing machine and then heated
and annealed, cold pressed in a 200-ton hydraulic press to obtain oil and pulp.

* Production of safflower oil methyl ester (biodiesel) from the obtained crude safflower (linas variety) oil by
transesterification method, preparation of mixtures (MgsB1oBUs, MgoB1oBU1o, M7oB10BU2, M75B20BUs,
M70B20BU10, MeoB20BU2g) containing diesel, biodiesel (10% and 20%) and n-butanol (5%, 10% and 20%) by
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volume, preparation of mixtures containing diesel, biodiesel (10% and 20%) and n-pentanol (5%, 10% and 20%)
by volume MgsB1oPs, MsoB10P10, M70B10P20, M75B20Ps, M70B20P10, MeoB2oP2o),

* Obtaining mixed fuels with EHN addition by adding 2000 ppm 2-ethylhexy! nitrate (EHN) to all prepared fuel
mixtures (MgsB1o0BUs+EHN, MgsB1oPs+EHN,  MgoB1oBU1g+EHN, MgoB1oP1o+EHN, M7B1oBU2+EHN,
M70B10P20+EHN, M75B20BUs+EHN, M75B2oPs+EHN, M7oB20BU10+EHN, M7oB2oP10+EHN, MgoB2oBU2+EHN,
MeoB20P2o+EHN), exhaust emission tests were carried out of reference fuel diesel, biodiesel, and blended fuels.
All fuel blends were mixed homogeneously before starting the experiments.

2.1. Biodiesel Production

Biodiesel production from safflower oil was made by transesterification method. In the production of safflower
(linas variety) oil methyl ester (biodiesel), PLC supported pilot production facility which was established within
the scope of DPT 2004/7 project at Selguk University Faculty of Agriculture, Department of Agricultural
Machinery and Technologies Engineering was used (Ogiit et al., 2004).

Figure 1 shows the methyl ester (biodiesel) production stages of safflower oil produced by the
transesterification method from crude safflower oil.

(a) crude oil (b) glycerol (c) wash water (d) biodiesel

Figure 1. Safflower (linas variety) oil methyl ester (biodiesel) production steps

To produce biodiesel, methoxide was obtained by mixing 20% of crude safflower oil with methyl alcohol
(CH30OH) and 3.5g of NaOH per liter of oil. Crude safflower oil was heated to 55°C and methoxide was added to
it. It was waited for 8 hours for the glycerol in the oil, which was mixed for 60 minutes, to precipitate and the
glycerol was separated. The temperature was increased up to 75°C and the remaining methyl alcohol in the crude
biodiesel was removed. Washing process was applied at 50°C and wash water was separated from methyl ester.
Finally, drying process at 100°C was applied and biodiesel was obtained.

2.1.1 Preparation of fuel blends

Blended fuels without EHN were prepared by homogeneously mixing diesel, biodiesel, and n-butanol (C4H100)
and n-pentanol (CsH120), which are in the high alcohol group, at certain volumetric ratios with a homogenizer. In
addition, mixed fuels with EHN addition were obtained by adding 2000 ppm cetane improver 2-Ethylhexyl nitrate
(EHN) to these blend fuels, which were re-prepared at the same volumetric proportions. Diesel fuel is symbolized
as “M”, safflower biodiesel “B”, n-butanol “BU”, n-pentanol “P”, and 2- Ethylhexyl nitrate “EHN” for ease of
use. The numbers added in the form of indices under the symbols represent the mixing ratios of the fuels.

2.1.2 Determination of fuel properties

In the study, kinematic viscosity, density, calorific value, water content, flash point, cloud point, cold filter
plugging point, pour point, copper strip corrosion tests of safflower biodiesel and blended fuels were performed.
Fuel properties have been determined according to the device and working methods given in Table 2.
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Table 2. Specifications of Test Devices

R L Devices b Unit 11 Manufacturer Standard
Characteristic range accuracy
Kem Kyoto
. Kem Kyoto 3 X EN ISO 3675 EN
Density DA-130N 0.0000 - 2.0000 gcm +0.0001 Electronic, 1SO 12185
Japan
Kinematic Koehler Ambient Koehler
viscosit K23377 temperature — °C +0.01 Instrument EN ISO 3104
y 150 Company, US
Ambient Koehler
Flash point Eigg% temperature - °C +0.01 Instrument EN :28 gg%g EN
370 Company, USA
Kem Kyoto Kem Kyoto
Water content y 10pg-100mg ug +0.01 Electronic, EN ISO 12937
MKC-501 Japan
Calorimeter IKA C 200 0-40.000 J +0.0001 IKA, UK DIN 51900
with Tanaka
Cold filter Tanaka AFP- refrigerant o EN I1SO 3015 EN
. . C +0.01 Scientific
plugging point 102 down to 1ISO 3016
-60°C Limited, Japan
. Koehler
Copperstrip - Koehler 0-190 °C +0.01 Instrument EN 1SO 2160
corrosion K 25330
Company, USA
Cetane Number Core Lab 0- 100 Core Lab CFR ASTM D 613-18

CFR Dresser

Dresser, USA

2.2 Test unit

The engine tests carried out to determine the exhaust emission values of diesel, safflower biodiesel, and blended
fuels were carried out in the engine test set up within the Department of Agricultural Machinery and Technologies
Engineering, Faculty of Agriculture, Selguk University. Test setup; It consists of engine, hydraulic dynamometer,
magnetic pick-up, S type load cell, fuel meter, exhaust emission device and control unit. The tests were carried out
on a 4-stroke, 4-cylinder, direct injection diesel engine with a turbocharger system. After the test engine was ready
for the tests, full load-differential speed tests were applied to the test engine in order to determine the exhaust
emission values of the fuels. Technical specifications of the diesel engine used in the research are given in

Table 3.

Table 3. Technical specifications of the diesel engine used in the research

Name

Technical specifications

Brand and model

Rated Power @2300 rpm
Maximum torque

Total Engine Capacity
Diameter Stroke

Number of Cylinders

Minimum Specific Fuel Consumption
Aspiration

Number of Valves Per Cylinder
Compression Ratio
Combustion System

Cooling system

Timosan 4DT-39T-185C
85 HP

340 Nm

3908 cm®

104 mm x 115 mm
4

160 g HPh!
Turbocharger

2

17:01

Direct Injection
Water Cooled
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2.2.1 Exhaust emission measuring device

“Mobydic” brand exhaust emission device was used in the exhaust emission measurements of the test material
fuels. The transmission of the exhaust emission data to the device was carried out by a probe attached to the exhaust
outlet. The technical features of the emission device are shown in Table 4.

Table 4. Technical Specifications of Exhaust Emission Device

Measurement Parameters  Unit  Measurement range

(0] ppm 0-10
CO; %Vol 0-20
HC ppm 0 - 20000
(07) %Vol 0-21
NOx ppm 0—5000

3. Results and Discussion

3.1 Fuel Properties

Necessary tests were carried out to determine the compliance of the obtained safflower biodiesel with EN
14214 and diesel fuel with TS 3082 EN 590 standards. The results of the analysis are given in Table 5 and it has
been found that the fuel properties are in accordance with the standards. In the measurements made, the viscosity
of safflower biodiesel is 4.57 mm? s, its flash point is 160° C and its density is 0.888 g cm, which is within the
limit values according to EN 14214. In the copper strip corrosion test, 1a indicates light orange, almost the same
colour as the newly polished strip. The kinematic viscosity values decreased with the use of butanol and pentanol
higher alcohols. EHN contribution, on the other hand, was effective in increasing the heating values and cetane

numbers.
Table 5. Fuel properties of safflower biodiesel and blended fuels
Kinematic Water  Calorific  Flash Cloud  Pour Copper
Fuels viscosity Density content Values Point CFPP  Point  Point Cetane Strip
(mm?*s?)  (gem®) (ppm) (Mjkg?!) (°C) (°C) ({9) (°C) _ Numbers Corrossion
M10o 2.97 0.830 48 45.17 68 -22 -13.9 >-20 554 la
Bioo 4,57 0.8885 363 40.67 160 -11 -2.6 -15 53.6 la
MssB10BUs 2.81 0.8379 368 43.84 38 -13 -3.2 >-20 523 la
MegsB1oBUs+EHN 2.8 0.8377 358 44.01 39 -11 2.1 >-20 54.9 la
MgoB10BU10 2.66 0.8368 489 43.24 37 -12 -3.2 >-20 519 la
MegoB10BU1o+EHN  2.65 0.8365 470 43.43 38 -11 -2.2 >-20 54.7 la
M7oB10BU20 2.54 0.8339 499 42.40 36 -12 -3.2 >-20 49.2 la
M70B10BU20+EHN  2.52 0.8337 425 43.21 37 -11 -2 >-20 49.7 la
M75B20BUs 2.81 0.8384 347 43.23 39 -13 -3.2 >-20 521 la
M7sB20BUs+EHN  2.76 0.8382 325 43.86 40 -11 -2.5 >-20 553 la
M70B20BU10 2.79 0.8375 354 42.78 38 -12 -2.5 >-20 513 la
M70B20BU10+EHN  2.75 0.8372 347 43.31 39 -10 -1.4 >-20 534 la
MeoB20BU20 2.62 0.8351 410 41.42 37 -12 -3.4 >-20 48.8 la
MeoB20BU20+EHN  2.57 0.8348 406 42.10 38 -11 -2.3 >-20 49.3 la
MgsB10Ps 2.83 0.8388 332 43.91 50 -14 -3.3 >-20 525 la
MgsB1oPs+EHN 2.82 0.8382 326 44.10 51 -12 -2.4 >-20 55.8 la
MgoB10P10 2.76 0.8375 350 43.50 49 -13 -3.3 >-20 522 la
MgoB1oP10+EHN 2.74 0.8373 333 43.96 50 -11 -2.6 >-20 554 la
M70B10P20 2.75 0.8347 384 42.68 48 -13 -3.5 >-20 495 la
M70B10oP20+EHN 2.66 0.8342 363 42.77 49 -10 -2.7 >-20 504 la
M75B20Ps 2.82 0.8383 426 43.84 51 -14 -35 >-20 525 la
M75B20Ps+EHN 2.78 0.8381 397 43.96 52 -12 -2.2 >-20 55.6 la
M70B20P10 2.81 0.8379 439 43.64 50 -13 -4.2 >-20 515 la
M70B20P10+EHN 2.8 0.8375 403 43.84 51 -12 -2.9 >-20 53.9 la
MeoB20P20 2.71 0.8367 493 42.49 49 -13 -4.2 >-20 493 la
MeoB20P20+EHN 2.7 0.8362 461 42.88 50 -11 -3 >-20 50.7 la
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3.2 Exhaust Emission Test Results

3.2.1 Change of carbon monoxide (CO) values

The variation of CO emission values of diesel (Mog), biodiesel (Bigo), and blended fuels (EHN added — non-
additive) in exhaust emission tests performed under full load conditions depending on engine revolution speed

(min1) given in Figures 2, 3 and 4.

20000 7
— ¢ M;ssBioBUs MssB10BUs5+EHN

15000 - ’ M7sB20BUs MysB2oBUs+EHN
£
= 8 ~ % MissB1oPs ~® MssBuoPs+tEHN
o 10000 1 T\
O WL\ —+—M?7sB20Ps —= M7sB20Ps+tEHN

5000

0
7
%

Engine speed, mint

Figure 2. Change in carbon monoxide (CO) emission values of Mioo, B1oo, and mixed fuels (containing 5%
BU or P) depending on engine speed

20000 7
—¢— MssB1oBUs MssB1oBUs5+EHN
15000 1 ’ MsB2oBUs M>sB2oBUs+EHN
=
> . —%— M;ssB10Ps ~®  M;sBioPs+tEHN
g 1 —+— MysBaoPs = MsB2oPs+EHN
5000
0

Engine speed, min-t

Figure 3. Change in carbon monoxide (CO) emission values of Mioo, B1oo, and mixed fuels (containing 10%
BU or P) depending on engine speed
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Figure 4. Change in carbon monoxide (CO) emission values of Mioo, Bioo, and mixed fuels (containing 20%
BU or P) depending on engine speed

As aresult of the comparison of the values of diesel (M1qo) and safflower biodiesel (B1go) fuels, the CO emission
values of Mg fuel showed higher values than Bigo Were determined that at all engine speeds. In addition, the
difference between the values of both fuels decreased depending on the increase in the engine speed. While the
CO emission value of Bigo fuel was 1800 ppm at 1300 min-* engine speed at which the maximum engine torque
has obtained, this value increased by 400 ppm (22.2%) in Mg fuel and became 2200 ppm.

A similar situation is also valid for blended fuels containing 10% and 20% biodiesel by volume. As biodiesel
ratio increased (10% and 20%) in blended fuels (with or without EHN additives) containing the same proportion
of butanol or pentanol by volume, the average CO emission values of the combustibles in all cycles decreased
between 0.3% and 3.8%. This result is similar to the work of Acaroglu and Kdose (2020); Yesilyurt et al. (2018).

When the CO emission values of the blended fuels containing diesel, biodiesel, and alcohol in the same
proportion by volume were compared, it was determined that the CO emission values of the blended fuels
containing butanol were higher than the fuels containing pentanol. For example, while the CO emission value of
MeoB20BU2o blended fuel containing 5% butanol at 1300 min engine speed was 2000 ppm, this value was realized
as 1800 ppm with a 10% decrease combustible containing pentanol (MeoB2oP20) instead of butanol, which has the
same ratios. Ileri (2016) reported that the average CO emission values of D70S20B10 and D70S20P10 fuels increased
by 20.35% and 8.76%, respectively, compared to diesel fuel.

When the average of all cycles examined, CO emissions decreased between 5.5% and 9.1% with the increase
of alcohol content in all blended fuels containing both butanol and pentanol (with or without EHN additive).
Similar results were also reported by Tiiccar et al. (2014); Yesilyurt et al. (2018). Higher viscosity and density
result in weaker atomization and poor fuel distribution in the combustion chamber, resulting in incomplete
combustion and higher CO formation (ileri, 2016).

The addition of EHN additives to the fuels slightly increases the CO emission values. Atmanli (2016b); leri
(2016); Imdadul et al. (2016a) is similar to the studies. When EHN is added, HO and H.O: levels decrease and
negatively affect OH and CO oxidation. 2-ethylhexyl nitrate (EHN) also causes increased diffusion combustion
mixture with locally high equivalence ratios (Rashed et al., 2016)
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3.2.2 Change of carbon dioxide (CO2) values

13 - /- —
11 /// - ) - ==
g 9 —— — ——
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Figure 5. Change in carbon dioxide (CO2) emission values of Mioo, B1oo, and mixed fuels (containing 5% BU
or P) depending on engine speed
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Figure 6. Change in carbon dioxide (CO2) emission values of M1oo, B1oo, and mixed fuels (containing 10% BU
or P) depending on engine speed

The variation of CO. emission values of diesel (M1q0), biodiesel (B1og), and blended fuels (EHN added — non-
additive) in exhaust emission tests performed under full load conditions depending on engine revolution speed
(min') given in Figures 5, 6 and 7.

CO, emissions of all test fuels decreased with increasing engine speed. As the engine speed increases, the air
movements and turbulence in the cylinder increase. Thus, it is easier for the fuel injected into the cylinder to form
a mixture with the air. Alcohol blends reduced the viscosity of diesel fuel and provided better pulverization of the
blend fuel (Yapmaz et al., 2021)
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Figure 7. Change in carbon dioxide (CO2) emission values of Moo, B1oo, and mixed fuels (containing 20% BU
or P) depending on engine speed

As a result of the comparison of the values of diesel (Migo) and safflower biodiesel (Bioo) fuels, the CO;
emission values of Miqo fuel showed lower values than Bigo were determined that at all engine speeds. While the
CO; emission value of the Bioo fuel was 11.7% at 1300 min engine speed at which the maximum engine torque
has obtained, this value has determined as 10.98% in the Miqo fuel. Nanthagopal et al. (2018); Tillem (2005)
reported that CO, emission values of biodiesel are higher than diesel fuel. In the study of Acaroglu and Kose
(2020), they stated that biodiesel fuel (B100) and mixtures (B5 and B7) contribute to combustion since the amount
of oxygen is higher than diesel fuel (D100) and the density of biodiesel is higher of than diesel fuel, the total fuel
mass increases, the CO, emission values are slightly higher. A similar situation is also valid for blended fuels
containing 10% and 20% biodiesel by volume. As the biodiesel ratio increases (from 10% to 20%) in the blended
fuels containing the same proportion of butanol or pentanol by volume, the average CO, emission values of the
combustibles in all cycles increased between 0.2% and 5%. This result is similar to Sahin and Ogiit (2018);
Yesilyurt et al. (2018) studies. When the CO, emission values of blended fuels containing diesel, biodiesel, and
alcohol (butanol or pentanol) at the same volume by volume are compared, the CO. emission values of blended
fuels containing butanol are higher than fuels containing pentanol. For example, while the CO; emission value of
the MgoB20BU2 blended fuel containing 20% butanol at 1300 min! engine speed was 10.83%, this value decreased
slightly to 10.54% in the same combustible containing pentanol instead of butanol (MgoB2oP20).

According to the results of the research, the CO, emission of the blended fuels gave similar results to the Moo
fuel, and a decrease was observed in the emission values when compared to the Bigo fuel. The reduction in CO;
emissions for blend fuels may be due to oxygen content and hydrogen molecules in the fuel structures.

CO, emissions decreased with an increase of alcohol content (5, 10, and 20 %) in all blended fuels containing
both butanol and pentanol. Similar results have also been reported by Lujaji et al. (2011); Yesilyurt et al. (2018).
Since there are fewer carbon atoms in the structure of high alcohols than diesel fuel, the CO, emission decreased
between 3.7% and 6.9% when the average of all cycles was taken as the alcohol content in the mixtures increased.
It has been observed that there is a decrease in CO; emissions with the use of EHN additive in fuel mixtures.

3.2.3 Comparison of oxygen (O2) emission values

The variation of O, emission values of diesel (Migo), biodiesel (B1oo), and blended fuels (EHN added — non-
additive) in exhaust emission tests performed under full load conditions depending on engine revolution speed
(min) given in Figures 8, 9 and 10.
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Figure 8. Change in oxygen (O2) emission values of Moo, B1oo, and mixed fuels (containing 5% BU or P)
depending on engine speed
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Figure 9. Change in oxygen (O2) emission values of Moo, B1oo, and mixed fuels (containing 10% BU or P)
depending on engine speed
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Figure 10. Change in oxygen (O2) emission values of Moo, B1oo, and mixed fuels (containing 20% BU or P)
depending on engine speed

As aresult of the comparison of the values of diesel (M10) and safflower biodiesel (Bioo) fuels, the O, emission
values of Mg fuel showed lower values than B1go were determined that at all engine speeds. While the O, emission
value of the Bigo fuel was 4.27% at 1300 min engine speed at which the maximum engine torque has obtained,
this value has determined as %3.82 in the Migo fuel. Aydin et al. (2012); Tillem (2005); Yesilyurt et al. (2018)
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stated that the least O, emission value among all fuels and mixtures was obtained from standard diesel fuel (M1qo).
Agbulut et al. (2019) also reported that diesel fuel causes the lowest O, emission since there is no oxygen in its
molecular content. A similar situation is also valid for blended fuels containing 10% and 20% biodiesel by volume.
As the biodiesel ratio increases (from 10% to 20%) in the blended fuels containing the same proportion of butanol
or pentanol by volume, the average O, emission values of the combustibles in all cycles increased between 0.3%
and 12.8%. This result is similar to Yesilyurt et al. (2018) studies.

O, Emissions of all test fuels increased with increasing engine speed (especially between 2200 rpm and 2500
rpm). The reasons for this increase in O, emission are the decrease in the time allocated for combustion at high
speeds and the insufficient amount of oxygen to react (Yiiksel et al., 2019).

When the O, emission values of blended fuels containing diesel, biodiesel, and alcohol (butanol or pentanol)
at the same volume by volume are compared, the O, emission values of blended fuels containing butanol are
relatively lower than fuels containing pentanol. For example, while the O, emission value of the MgoB20BU2o
blended fuel containing 20% butanol at 1300 min-! engine speed was 5.96%, this value decreased slightly to 5.44%
in the same combustible containing pentanol instead of butanol (MgoB20P20). Yesilyurt et al. (2018) also found a
similar relationship in their studies. O, emissions decreased with an increase of alcohol content (5, 10, and 20 %)
in all blended fuels containing both butanol and pentanol. Similar results have also been reported by Yesilyurt et
al. (2018). In general, it has been determined that O, emissions are reduced somewhat by adding EHN additives
to blended fuels.

3.2.4 Comparison of nitrogen oxide (NOx) emission values

The variation of NO, emission values of diesel (M1qo), biodiesel (B1og), and blended fuels (EHN added — non-
additive) in exhaust emission tests performed under full load conditions depending on engine revolution speed
(mint) given in Figures 11, 12 and 13.
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Figure 11. Change in nitrogen oxide (NOx) emission values of Moo, B1oo, and mixed fuels (containing 5% BU
or P) depending on engine speed

As a result of the comparison of the values of diesel (M1o) and safflower biodiesel (Bigo) fuels, the NOx
emission values of Myqo fuel showed lower values than B1go were determined that at all engine speeds. While the
O, emission value of the B1go fuel was 1214 ppm at 1300 min! engine speed at which the maximum engine torque
has obtained, this value has determined as 886 ppm in the M1qo fuel. The reason why the NOy emission value is
higher in B1oo fuel compared to diesel is the higher oxygen content it contains. Altun (2010); Tillem (2005) reported
in their studies that the combustion temperature of biodiesel fuels increases as a result of containing more oxygen
than diesel fuel, and this causes an increase in NOx emissions due to the high amount of oxygen that can be oxidized
with nitrogen in the environment.
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Figure 12. Change in nitrogen oxide (NOx) emission values of Mioo, B1oo, and mixed fuels (containing 10%
BU or P) depending on engine speed
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Figure 13. Change in nitrogen oxide (NOx) emission values of Mioo, B1oo, and mixed fuels (containing 20%
BU or P) depending on engine speed

A similar situation is also valid for blended fuels containing 10% and 20% biodiesel by volume. As the
biodiesel ratio increases (from 10% to 20%) in the blended fuels containing the same proportion of butanol or
pentanol by volume, the average NOx emission values of the combustibles in all cycles increased between 1.3%
and 11.6%. This result is similar to Manu and Mahla (2014); Resitoglu (2010) studies.

It has been observed that the use of butanol and pentanol in blended fuels reduces NOx emissions compared to
diesel fuel. Yesilyurt (2020) found that fuels containing alcohol have lower NOx emissions than diesel fuel. Altun
(2010) reported that reductions in NOy emissions were detected in blended fuels containing high percentages of
alcohol (10-20%) compared to diesel fuel, and that the cooling effect, combustion temperature and NOx emissions
were reduced due to the low calorific value and high evaporation heat of alcohol fuels.

When the NOy emission values of blended fuels containing diesel, biodiesel, and alcohol (butanol or pentanol)
at the same volume by volume are compared, the NOx emission values of blended fuels containing butanol are
relatively lower than fuels containing pentanol. For example, while the NOy emission value of the MgoB20BU2o
blended fuel containing 20% butanol at 1300 min-* engine speed was 767 ppm this value decreased slightly to 679
ppm in the same combustible containing pentanol instead of butanol (MgoB2oP20). Atmanli (2016a); Nanthagopal
et al. (2018) also found a similar relationship in their studies.

When the average of all cycles examined, NOx emissions decreased between 30% and 40% with the increase
of alcohol content in all blended fuels containing both butanol and pentanol (with or without EHN additive).
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Similar results found by Manu and Mahla (2014); Yilmaz et al. (2014) also have been reported in their study. The
addition of EHN additives to the fuels slightly decreases the NOx emission values. Similar results were also
reported by Atmanli (2016b). Although nitrogen molecules in the chemical structure of EHN accelerate NO
production, increasing the cetane number shortens the duration of the premixed combustion phase, increasing the
ignition delay and reducing the ignition delay. As a result, the combustion temperature and thermal NOx are
reduced. Also, the increase in the cetane number accelerates the generation of free radicals, which promotes the
formation of free radicals, which can remove hydrogen atoms from mixtures that restrict the oxidation of
hydrocarbon and nitrogen atoms, thus reducing NOx (Imdadul et al., 2016b).

3.2.5 Comparison of hydrocarbon (HC) emission values

The variation of HC emission values of diesel (Miog), biodiesel (Bigo), and blended fuels (EHN added — non-
additive) in exhaust emission tests performed under full load conditions depending on engine revolution speed
(min) given in Figures 14, 15 and 16.
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Figure 14. Change in hydrocarbon (HC) emission values of Moo, B1oo, and mixed fuels (containing 5% BU or
P) depending on engine speed
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Figure 15. Change in hydrocarbon (HC) emission values of Moo, B1ioo, and mixed fuels (containing 10% BU
or P) depending on engine speed
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Figure 16. Change in hydrocarbon (HC) emission values of Moo, B1oo, and mixed fuels (containing 20% BU
or P) depending on engine speed

As a result of the comparison of the values of diesel (M100) and safflower biodiesel (B1oo) fuels, the HC emission
values of Migo fuel showed higher values than Bigo were determined that at all engine speeds. While the HC
emission value of the Bigo fuel was 8 ppm at 1300 min engine speed at which the maximum engine torque has
obtained, this value has determined as 14 ppm in the Mg fuel. Since diesel (M1go) does not contain oxygen in its
molecular content, HC emissions are higher than B1oo fuel. Similar results were also reported by Aydin et al. (2012);
Rajasekar (2016).

A similar situation is also valid for blended fuels containing 10% and 20% biodiesel by volume. As the
biodiesel ratio increases (from 10% to 20%) in the blended fuels containing the same proportion of butanol or
pentanol by volume, the average HC emission values of the combustibles in all cycles decreased between 6% and
29%. Imdadul et al. (2016b) also obtained similar results in the study.

When the HC emission values of blended fuels containing diesel, biodiesel, and alcohol (butanol or pentanol)
at the same volume by volume are compared, the HC emission values of blended fuels containing butanol are
relatively higher than fuels containing pentanol. For example, while the HC emission value of the MgB2oBU2o
blended fuel containing 20% butanol at 1300 min* engine speed was 14 ppm this value increased to 18 ppm in the
same combustible containing pentanol instead of butanol (MgoB20P20). While the average HC values of butanol-
containing blended fuels (with and without EHN additives) increased up to 55% compared to Miqo fuel, it was
determined that fuels containing pentanol were at low or very close values. It is also seen in the study conducted
by Atmanl (2016a) that fuels containing butanol increase HC emissions more than fuels containing pentanol.

When the average of all cycles examined, HC emissions decreased between 1% and 29% with the increase of
alcohol content in all blended fuels containing both butanol and pentanol (with or without EHN additive). This
can be explained by the low cetane number and high evaporation temperature of alcohols. Since the low cetane
number and high heat of evaporation cause the ignition delay and shortening of the combustion time, complete
combustion cannot take place, and as a result, HC emission occurs. Yilmaz et al. (2014) reported that an increase
in butonal ratio by volume increases HC emission, Imdadul et al. (2016b) reported that an increase in pentanol by
volume increases HC emission. Similar relationships were found by Kumar and Saravanan (2016); Nanthagopal
et al. (2018); Rajasekar (2016); Zhu et al. (2016) and suggested the use of high alcohols at low rates to improve
emissions.

When the averages of the fuel mixtures in all cycles are examined, the HC emissions of the blend fuels with
the addition of EHN increased compared to the blend fuels without the addition of EHN. The addition of EHN to
the mixtures increases the cooling effect in the cylinder, which leads to high HC emissions. In addition, this
increase is due to the decrease in oxidative free radical formation. EHN helps increase the cetane number of the
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mixture, but also shortens the time available for the fuel-air mixture (Imdadul et al., 2016b); Imdadul et al. (2017))
reported that the addition of EHN to pentanol fuel mixtures increased the HC emission values.

4, Conclusions

The lowest average CO emission value was obtained in B1go with 4012 ppm, and in MgoB2oP2o fuel with 4056
ppm from blended fuels. The highest CO emission value was found in M1qo fuel with 5293 ppm, and the highest
value in MgsB1oBUs+EHN combustible with 4850 ppm among blended combustibles.

The lowest average CO- emission value of 8.23% was found in M7B1oP20+EHN fuel. The fuel that gave the
highest CO, emission value was Bioo with 9.32%, and M7sB20BUs combustible with 9.29% in blended fuels.

* The lowest average HC emission value was found 9.9 ppm in Bigo fuel and 12.6 ppm in M7sB2Ps fuel from
blended fuels. The highest HC emission was obtained from MzoB10BU2+EHN combustible with a value of 26.9

ppm.

* The lowest average O, emission value of 6.59% was found in MgsB1oBUs+EHN fuel, and the highest O, emission
value was determined in MgoB2oP20+EHN fuel with 8.09%.

» The lowest average NOx emission was determined at 576 ppm in M7oB1oP20+EHN fuel. The highest value
obtained from Bigo with 1089 ppm, and M7sB20BUs with 1047 ppm among mixed fuels.

It has been determined that the 2-Ethylhexyl Nitrate additive, which is used as an additive in the mixtures, has
positive effects on improving emissions.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Laktik Asit Bazh Propolis ilavesinin Taze Cilek Suyunun Raf Omriine Etkisi
The Effect of Lactic Acid Based Propolis Addition on The Shelf Life of Fresh Strawberry Juice

Merve Gozde ALBAS!, Basak GURBUZ?", Esra BOLUK?, Didem SOZERI ATIK* Hasan
Murat VELIOGLU®, ibrahim PALABIYIK®

Oz

Cilek antosiyaninler, karotenoidler, vitaminler, flavonoidler, aroma ugucular1 ve fenolik madde igerigi yiiksek
dogal bir antioksidan ve diger biyoaktif fitokimyasallar1 igermektedir. Cilek ¢abuk bozulan bir meyvedir ve
depolama siiresince antioksidan kaybi, insan sagligina olan faydalarini azaltmaktadir. Giiniimiizde ¢ilek, meyve
suyu olarak da gokea tercih edilmekte ancak raf dmriiniin kisa olmasi 6nemli bir sorun teskil etmektedir. Meyve
suyu isleme teknolojisi ve kullanilan kimyasal maddeler, triiniin besin igerigine olumsuz etkisi olabilir. Bu
calismada, cilek suyuna dogal bir koruyucu madde olarak laktik asit bazli propolis ekstrakti farkli oranlarda
(%0, %0.4, %0.7 ve %1) ilave edilmistir. Calismada propolis soliisyonunun koruyucu etkisi 14 giine kadar test
edilmistir. Elde edilen 6rneklerde pH, toplam aerobik mezofilik bakteri (TMAB), kiif-maya, renk, toplam fenolik
madde ve duyusal analizleri gergeklestirilmistir. Depolama sonunda en diisiik pH degeri %1 propolis ekstrakti
ilaveli 6rnekte 2.20 olarak dlciilmiistiir. Orneklerin kiif ve maya sayilar1 4.86-7.36 log kob/mL arasinda degisiklik
gostermistir. Cilek suyuna eklenen propolis konsantrasyonu arttik¢a drneklerin kiif-maya sayilarinda azalmalar
tespit edilmistir. Depolamanin 14. giinii en diisiik TMAB say1s1 %0.7 propolis ektrakti ilaveli 6rnekte 2.90 log
kob/mL olarak ol¢iilmiistiir. Cilek sularina ilave edilen propolis ekstrakti orani arttikga orneklerin TMAB
sayilarinda azalmalar oldugu belirlenmistir. Cilek sularmin fenolik madde igerikleri 512.85 GAE mg kg™ ile
2896.19 GAE mg kg™ arasinda belirlenmis ve ¢ilek sularma ilave edilen propolis ekstrakt: oran1 arttikca toplam
fenolik madde igeriklerinin arttig1 saptanmistir (p<0.05). Optimum olarak %0.7 propolis soliisyonu ilaveli ¢ilek
suyu ornegi tercih edilmistir. Bulgulara gore, laktik asit bazli propolis ekstraktinin ¢ilek suyu ve potansiyel olarak
diger meyve sularinda dogal bir koruyucu olarak kullanilabilecegi tespit edilmistir.
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Abstract

Anthocyanins, carotenoids, vitamins, flavonoids, aroma volatiles, and phenolics are among the natural antioxidants
and other bioactive phytochemicals found in strawberries. Strawberry and strawberry juice is a perishable fruit,
and as a result of the loss of antioxidants during storage, its health advantages to humans are diminished. It is now
frequently used as strawberry fruit juice. The technique employed in juice processing, as well as the chemicals
utilized, may have a negative impact on the nutritional content of the product. In this study, propolis extraction,
lactic acid-based propolis extract was added to strawberry juice at varied rates (%0, %0,4, %0,7 ve %1), which
has a high solvent effect and is not detrimental to health. The preservation effect of propolis emulsion on strawberry
juice was tested in this study for up to 14 days. Strawberry juice was added with lactic acid-based propolis extract,
which is non-toxic to humans, at various rates (%0, %0.4, %0.7 and %1). In the samples obtained, pH, total viable,
mold-yeast, color, total phenolic substance and sensory analyzes performed. At the end of storage, the lowest pH
value was measured as 2.20 in the sample with 1% propolis extract. The mold and yeast levels ranged from 4.86-
7.36 log cfu/mL in the samples. As the concentration of propolis added to the strawberry juice increased, it was
determined that the number of mold yeasts in the samples decreased. The sample with 0.7% propolis extract had
the lowest total number of organisms on the 14th day of storage, with 2.90 log cfu/mL. It was determined that as
the ratio of propolis extract added to strawberry juices increased, there was a decrease in the total number of viable
samples. The phenolic content of strawberry juices was determined between 512.85 GAE mg kg and 2896.19
GAE mg kg, and it was determined that the total phenolic content increased as the ratio of propolis extract added
to the strawberry juices increased (p<0.05). Strawberry juice with 0,7% propolis solution is prefered as optimum.
Propolis can be utilized as a natural preservative in strawberry juice or other fruit juices instead of chemical
preservatives, according to the findings.

Keywords: Strawberry juice, Propolis, Phenolics, Functional foods, Natural preservatives
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1. Giris

Cokga tiiketilen liziimsii bir meyve olan ¢ilek; kendine has renk, tat ve aromasi ile popiiler meyveler arasinda
yer almaktadir (Padula ve ark., 2013). Cilek, mineral ve vitamin igeriginin yiiksek olmasinin yan sira
antisiyoninler ve fenolik bilesenler gibi serbest radikallere karsi koruma saglayan antioksidan bilesikleri de yiiksek
diizeyde ihtiva etmektedir. Cilekler saglikli esansiyel yag asitleri kaynagidir ve cilek ¢ekirdegi doymamis yag
asitleri bakimindan zengindir (Giampieri ve ark., 2012). Cilek yiiksek diizeyde fitokimyasal bilesikler igermesi
sebebiyle kanser, kalp ve damar hastaliklarina kars1 koruyucu, bagisiklik sistemini giigclendirici, dis ve cilt sagligini
iyilestirici etkilere sahiptir (Caglar ve Demirci, 2017). Cilekler genellikle taze veya dondurulmus olarak
tiketilmektedir. Ayrica cilekler; regel, jole, piire, sarap, nektar, konsantre ve meyve suyu gibi ¢esitli islenmis
iriinler seklinde de mevcuttur (Muley ve Singhal, 2020).

Meyve sulari, beslenme ve saglikla olan iliskisi sebebiyle insan diyetinde 6nemli bir rol oynamaktadir.
Giliniimiiz tiiketicileri uygun maliyete yiiksek besinsel ve fonksiyonel kaliteye ve uzun raf dmriine sahip meyve
sularini tercih etmektedir (Yildiz ve ark., 2021). Fakat meyvelerin yiiksek karbonhidrat igerigi ve enzim aktivitesi
sebebiyle bozulmaya karsi olduk¢a hassastirlar. Ozellikle mayalarin neden oldugu gida bozulmalari, maya
aktivitelerinin bir sonucu olarak organoleptik, fiziksel ve duyusal 6zelliklerinde gézle goriiliir veya saptanabilir
degisikliklerden olusmaktadir. En bilinen degisiklikler sekerli veya sekersiz asitli iceceklerde meydana gelir ve
paketleri deforme edebilen veya patlatabilen bol gaz iiretimi, bulaniklik, tortu veya partikiil olusumu, hafif bir
fermantasyon kokusunun hakim oldugu kotii tatlara (alkol, karbondioksit ve esterler) sebep olabilmektedir.
Giliniimiizde gidalarin mayalar tarafindan bozulmasi, gida endiistrilerinde gidanin maliyetini ve bulunabilirligini
etkileyen en 6nemli sorundur (Tyagi ve ark., 2014).

Meyve sularimin raf dmrii, meyve suyu uygun isleme teknolojisi kullanilmadig: siirece ¢esitli mikrobiyal,
kimyasal, fiziksel ve enzimatik degisikliklerle smirlanabilir (Bates ve ark., 2001). Kimyasal veya sentetik
antimikrobiyal ajanlarin ve gida koruyucularimin kullanimi, enfeksiyon ve mikrobiyal gelismeyi kontrol etmek igin
kullanilan en eski tekniklerdir. Bununla birlikte sentetik ajanlarin zararl etkileri ile artan kanitlar sebebiyle eklenen
koruyucularin miktarini azaltmak i¢in siirekli talep vardir (Burt, 2004). Isil islem ise yasal gereklilikleri karsilamak
ve meyve suyu bozulmalarini engellemek igin yaygin olarak kullanilmasina ragmen uygulanan sicaklik
degerlerinin triinlerin besin igerigi iizerindeki olumsuz etkileri, 1s1l olmayan gida isleme tekniklerini aragtirmak
icin motivasyon haline gelmistir. Bu baglamda, 1s1l olmayan islemler, islenmis iiriiniin besinsel ve fonksiyonel
ozelliklerini korumak, gerekli mikrobiyal inaktivasyon seviyesini saglamak ve iiriiniin raf émriinii uzatmak igin
giiclii bir alternatif haline gelmistir (Guerrou;j ve ark., 2016).

Propolis, bal arilarmin salgilarina topladiklari cesitli bitki tomurcuklarindan elde ettikleri reginelere
karistirllarak trettikleri ve kovanlarin yapiminda kullandiklart ¢ok fonksiyonlu bir malzemedir (Giimiis ve
Apaydin, 2018); (Yang ve ark. 2017). Propolis eski zamanlardan beri farkli alanlarda kullanilan dogal bir maddedir.
Ham propoliste 300’{in iizerinde bilesen saptanmistir. Propolis bilesiminde; kafeik asit fenetil ester (CAPE),
artepillin C, kuersetin, galangin, kaempferide gibi biyoaktif bilesenler bulunmaktadir (Shapla ve ark., 2018).
Propolis bu bilesikler sayesinde, antiviral, antimikrobiyal, antioksidan, antiinflamatuvar (6dem azaltici)
antitimoral, immiinomodiilator (bagisiklik modiiler) ve hepatoprotektif (karaciger koruyucu) aktiviteler gibi ¢esitli
nitelikler saglamaktadir (Isla ve ark., 2011).

Modern diinyada propolis sekerlemelerin, biyofarmasétiklerin, kozmetiklerin bir bileseni olarak kullanilmakta
ve dogal bir koruyucu olarak popiilerlik kazanmaktadir. Biyoaktif bilesenlerin kaynagi olan propolis gida ve
iceceklerde raf dmriinii arttirmaya ayrica tiiketici sagligini iyilestirmeye yardime1 olmaktadir (Gtiler ve ark., 2022);
(Osés ve ark., 2016). Fakat propolisli tirtinlerin keskin aroma ve tadi sebebiyle duyusal problemi olarak
goriilmektedir. Propolis ekstraklar1 hazirlanirken uygun ¢oziicii segilmesi ve gidaya gore dozunun ayarlanmasi
onemli parametrelerdir (Yakut ve Atasever, 2021).

Cin’de yapilan bir ¢aligmada, portakal suyunda kullanilan koruyucu maddelerle (sodyum benzoat, potasyum
sorbat gibi) etil alkol bazli propolis ekstraktinin koruyucu etkisi karsilastirilmistir. Benzer oranlarda propolis
soliisyonu ve kimyasal koruyucular eklenmis ve propolis katkilt iiriinlerde bakteri gelisiminin énemli oranda
engelledigi belirtilmistir (Yang ve ark., 2017).
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Benzer bir galismada, elma suyuna propilen glikol bazli propolis ekstrakti ile beraber hafif 1s1 islemi
uygulanmustir. Propolis ekstrakti ve 1s1 etkisiyle bakteriyel gelisimin 6nemli 6l¢iide 6nlendigi ve diisiik pastorize
elma suyu elde edilebilecegini ifade edilmistir (Luis-Villaroya ve ark., 2015).

Vanilin ve geranioliin ile zenginlestirilmis ¢ilek sularinin kalite parametreleri {izerine etkisi incelenen bir
calismada; vanilin ve geranioliin mikroorganizma gelisimini azalttig1, vanilin ilavesiyle toplam fenolik madde
iceriginin arttig1 tespit edilmistir (Cassini ve ark., 2016).

Literatiir bilgilerine gore, ¢ilek suyu antosiyanin ve C vitamini gibi saglikla ilgili bilesiklerin iyi bir kaynagidir
ve bu sayede yiiksek antioksidan aktivitelere sahiptir. Giliniimiiz meyve suyu endiistrisinde patojen
mikroorganizmalarin gelisimini sinirlandirmak igin pastérizasyon iglemi uygulanmaktadir. Pastdrizasyon,
mikrobiyal patojenlerin ve bozulma organizmalarini engellese de meyve sularinda renk, aroma, vitamin ve mineral
kayb1 gibi istenmeyen degisiklikler olugturmaktadir. Bilingli tiiketiciler, kimyasal ve sentetik koruyucu madde
icermeyen daha taze ve saglikli gidalari tercih etmektedirler. Bu nedenle, giiniimiiziin pazar talebine hitap
edebilmek icin ¢ilek sularinin mikrobiyal giivenligini saglayabilecek etkili dogal koruyucularin kullanimi umut
verici firsatlar sunmaktadir. Ancak meyve sularinda dogal koruyucu olarak kullanilan propolislerin ¢6ziiciilerinin
sagliga zararl etkileri ile karsilasilmaktadir. Bu caligmada ise literatiir ve sektorden elde edilen bilgiler
dogrultusunda saptanan eksikliklerden yola ¢ikarak, propolis ekstraksiyonu i¢in ¢oziicii etkisi yliksek ve sagliga
zarar1 olmayan laktik asit bazli propolis solventi temin edilmis ve farkli oranlarda taze ¢ilek suyuna eklenmistir.
Elde edilen meyve sularinin, fenolik bilesen analizi ile toplam fenolik madde miktari, kiif-maya ve TMAB
analizleri, pH, renk 6l¢iim analizleri ve duyusal analiz sonuglar1 degerlendirilmistir.

2. Materyal ve Metot
2.1. Materyal

Laktik asit bazli alkolsiiz propolis ekstrakt1 piyasadan (Apil0, Apipark Aricilik Uretim A.S, Tiirkiye) temin
edilmistir. Cilek suyu (Cilekevi, Alacaoglu/Liileburgaz) yerel ¢ilek tarlasindan toplanan mahsullerden elde
edilmistir. Laktik asit bazli propolis ekstrakt1 ilaveli ¢ilek sular1 Tekirdag Namik Kemal Universitesi Gida
Laboratuvarinda {iiretilmistir. Cilek sularinin toplam fenolik madde tayininde; Folin Ciocalteu Reaktifi (FCR),
(Sigma-Aldrich) ve Na2COs (Sigma-Aldric), mikrobiyolojik analizlerinde; serum fizyolojik, PDA (Patato Dextroz
Agar; Merck, Darmstadt, Almanya) ve PCA (Plate Count Agar; Merck, Darmstadt, Almanya) kullanilmigtir.

2.2. Yontem
2.2.1. Propolis ekstrakti eklenmis cilek suyu iiretimi

Cilek sularmna %0, %0.4, %0.7 ve %] oranlarinda laktik asitli propolis soliisyonu ve %1 laktik asit (LA)
eklenmistir. Hazirlanan ¢ilek suyu 6rnekleri +4 °C 14 giin depolanmis ve depolamanin 0, 7 ve 14. giinlerinde
orneklerin analizleri yapilmistir.

2.2.2. pH Analizi

Laktik asit bazli propolis eksrakti ile giiclendirilmis ¢ilek suyu orneklerinin pH degeri kalibrasyonu
tamamlandiktan sonra pH metre (Interlab, Turkey) ile dl¢iilmistiir (Atik ve ark., 2021).

2.2.3. Mikrobiyolojik Analizler

Orneklerden 1 mL alinarak 9 mL’lik steril %85°lik serum fizyolojik sivisina ilave edilmis ve seri diliisyonlar
hazirlanmigtir. Kiif-maya sayimmi igin %10’luk tartarik asit %1 eklenen PDA (Patato Dextroz Agar; Merck,
Darmstadt, Almanya) agar kullanilmigtir. Hazirlanan besiyerleri 25 °C’de 5 giin inkiibasyona birakilmistir. TMAB
sayimi i¢in PCA (Plate Count Agar; Merck, Darmstadt, Almanya) agar kullanilmis ve besiyerleri 30 °C’de 2 giin
inkiibe edildikten sonra olusan koloniler sayilmistir (Cassani ve ark., 2017).

2.2.4. Toplam Fenolik Madde Analizi

Orneklerin toplam fenolik madde miktarim belirlemek icin Folin-Ciocalteu ayraci kullanilmustir. Ornek
filtrattan 0,5 mL aliip tizerine 7 mL su ve 0,5 mL Folin-Ciocalteu ¢ozeltisi eklenerek karistirilmis ve 3 dakika
bekletilmistir. Ardindan 5 mL %20’lik doymus Na,COsz ¢ozeltisinden eklenerek 25 °C’de su banyosunda
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bekletilen 6rnekler 720 nm dalga boyunca, sahit 6rnege karsi okunmustur. Sonuglar gallik asit ile ¢izilmis standart
egri ile hesaplanmis ve mg GAE/kg olarak verilmistir (Askin ve ark., 2015).

2.2.5. Renk Analizi

Orneklerin renk 6lgiimii CIELab (Konica Minolta CR-5, Japan) renk &lgiim cihazi kullanilarak yapilmistir.
Cihazin kalibrasyonunun ardindan &rnekler sivi numuneler i¢in uygun kaba yerlestirilmis ve L*, a* ve b* degerleri
okunmugtur (Buvé ve ark., 2018).

2.2.6. Duyusal Analiz

Orneklerin duyusal analizleri Barkaoui ve ark., (2021) tarafindan sunulan kriterlere gére yapilmistir.
Orneklerin  duyusal degerlendirmesi depolamanin ilk giinii 7 panelist tarafindan gerceklestirilmistir.
Degerlendirmede bulunan panelistler 6rnekleri 1 (hi¢ begenmedim), 1-2 (begenmedim), 2-3 (orta derecede
begendim), 3-4 (begendim) ve 4-5 (¢ok begendim) seklinde puanlamislardir.

2.2.7. Istatistiksel Analizler

Hazirlanan 6rnekleri incelemek icin ANOVA (tek yonlii varyans analizi), JMP 5.0.1 (SAS Institute) programi
kullanilarak yapilmistir. p<0.05 derecesine gore 6nemli ¢ikan veriler arasindaki fark Tukey ¢oklu karsilastirma
testi kullanilarak belirlenmistir.

3. Arastirma Sonuclari ve Tartisma

Meyve ve tiirevlerinde mikrobiyolojik bozulmaya neden olan en 6nemli etken kiif ve mayalardir. Mezofilik
mikroorganizmalar, TMAB mikroorganizma sayisinin bir gostergesidir ve endojen mikrofloranin ve iiriiniin maruz
kaldig1 kontaminasyon hakkinda bilgi vermektedir (Ponce ve ark., 2008).

Sekil 1’de laktik asit bazli propolis soliisyonu eklenmis ¢ilek suyu orneklerinin pH 6l¢timleri verilmistir.
Orneklerin pH degerleri 3.10 ile 1.98 arasinda bulunmustur. Tiim ¢ilek suyu 6rneklerinde depolama siiresinin 7.
giliniinde pH degerlerinde diisiisler gozlenmistir (p<0.05). Depolama periyodunun sonunda %0.4 ve %0.7 propolis
ekstrakti ilave edilmis 6rneklerin pH degerlerinde artis gézlenirken %1 propolis ekstrakti ilaveli 6rneklerde diisiis
tespit edilmistir.

H0.Gin m7.Gin m14.Gun

4
Aa . A A
B,a @ B,b /2 Bbc Aa Ac
C:b C,bC C,c B’b

2
1
0

K 0.4% 0.7% 1%

Figure 1. pH analysis results of samples

Sekil 1. Orneklerin pH analiz sonuclart

Tablo 1’de laktik asit bazli propolis soliisyonu eklenmis ¢ilek suyu 6rneklerinin TMAB, kiif-maya sayilar
verilmistir. Orneklerin kiif-maya sayilarinin 4.86 log kob/mL ile 7.36 log kob/mL arasinda oldugu bulunmustur.
Avalos-Llano ve ark. (2020) taze meyvelerde ve meyve sularinda kiif ve maya sayilarinin en fazla 7 log kob/g
oldugunu belirtmistir. Bizim ¢alismamiz sonucunda olusan mikroorganizma sayilart bu sinirin altindadir. Tim
¢gilek suyu Orneklerinde farkli konsantrasyonlarda (%0.4, %0.7 ve %1) depolama periyodunun 7. giiniinde kiif-
maya sayilar1 artig gdstermektedir (p<0.05). 14 giinliik depolama siiresinin sonunda 7. giine gore kontrol ve %0.4
propolis ekstrakti iceren Ornegin kiif-maya sayisinda dnemli bir fark gozlenmezken (p>0.05), %0.7 ve %1
konsantrasyonlardaki propolis ekstrakti iceren orneklerin kiif-maya sayilarinda 6nemli azalma saptanmistir
(p<0.05). Laktik asit ilaveli ¢ilek suyunun (LA) kiif-maya sayis1 7 log kob/mL olarak tespit edilmis ve depolama
stiresince herhangi bir fark olmadig1 saptanmustir (p<<0.05). Cilek suyuna eklenen propolis konsantrasyonu arttikca
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orneklerin kiif-maya sayilarinda azalmalar tespit edilmistir. Depolama periyodunun sonunda, %1 propolis ilaveli
cilek suyu Orneginde en diisiik kiif-maya canliligi belirlenmistir. Farkli oranlarda propolis igeren cilek suyu
orneklerinin TMAB sayilart incelendiginde tiim 6rneklerde depolama boyunca 6nemli azalmalar gergeklesmistir
(p<0.05). Orneklerin TMAB sayilar1 2.90 log kob/mL ile 5.63 log kob/mL arasinda degismistir. LA &rneginin
TMAB sayisi 3.49 log kob/mL olarak tespit edilmis ve depolama siiresince herhangi bir fark olmadig1 saptanmistir
(p<0.05). Buradan propolisin laktik asit ¢oziiciisii lizerinde de mikroorganizmalar1 inhibe ettigi goriilmektedir.
Yiiksek fenolik madde igerigi ve bakteriler tarafindan olusan metabolitler farkli bakterilerin gogalmasini
onleyebilmektedir. Peinado ve ark. (2015) saglikli gilek piireleri iiriinleri elde etmek igin izomaltuloz, pektin, sitrik
asit ve 1s1l islemin koruyucu etkilerini inceledikleri ¢aligmalarin sitrik asit gibi gida koruyucularinm kullaniminin
mikroorganizmalarin gelismesini 6nledigini bildirmiglerdir. Portakal suyunun raf omriinii dogal koruyucu
ekleyerek iyilestirmek i¢in yapilan bir ¢alismada etanol bazli propolis ekstrakti ilavesinin 6nemli dl¢iide inhibisyon
etkisinin oldugu tespit edilmistir (Yang ve ark., 2017). Bu sonuglar bizim ¢alismamizda elde ettigimiz sonuglar ile
benzerlik gostermektedir.

Tablo 1. Kiif-maya ve TMAB analiz sonuclar
Table 1. Mold-yeast and TMAB analysis results

0.giin 7.giin 14.giin

K 6.24+0.028:0 7.36+0.11A2 7.09+0.02A4

Kiif-maya %0.4 5.31+0.058¢ 7.1240.21A2 6.66+0.10AP
%0.7 5.28+0.01B¢ 7.03+0.4872 5.32+0.008<

%1 5.24+0.00A°¢ 5.29+0.02Ab 4.86+0.0184

LA 7.00+0.12A2 7.00+0.1074 7.03+0.1072

K 4.58+0.21A2b 3.60+0.04B2 3.58+0.2682

TMAB %0.4 4.82+0.24A2 3.36+0.22B2 3.78+0.1682
%0.7 5.63+0.39A2 3.16+0.18B2 2.90+0.068°¢

%1 5.04:+0.4372 3.46:+0.04B2 2.93+0.03B:bc
LA 3.49+0.00~P 3.65+0.21A2 3.48+0.02A2

Biiyiik harfler ayn1 6rneklerin depolama siireleri arasindaki farki, kiigiik harfler ise ayn1 depolama zamanina sahip

orneklerin farkli konsantrasyonlar arasindaki farki gdstermektedir (p<0.05).

Orneklerin renk analiz sonuglar1 Tablo 2°de verilmistir. Cilek suyu &rneklerine L*, a* ve b* (p<0.05) degerleri
tizerine laktik asit bazli propolis ekstrakti ilavesinin ve depolama siiresinin etkisinin istatistiksel olarak 6nemli

oldugu belirlenmistir.

Tablo 2. Renk analiz sonuclari

Table 2. Color analysis results

0.giin 7.giin 14.giin
K 7.68+0.02A2 5.95+0.0082 3.70+0.02¢4
L* degeri %0.4 6.55+0.03Ab 4.75+0.02B¢ 4.61+0.01¢2
%0.7 5.85+0.01A¢ 4.83+0.028Bb 4.54+0.01C
%1 5.42+0.02A4 4.24+0.0084 4.18+0.02¢¢
a* degeri K 28.00+0.0172 25.83+0.0082 18.49+0.04C¢
%0.4 27.02+0.07AP 23.04+0.02B¢ 22.2540.02¢2
%0.7 25.77+0.11A¢ 23.4340.02Bb 22.24+0.00¢2
%1 25.10+0.04A4 21.42+0.02B4 20.9440.03¢0
b* degeri K 12.98+0.0372 9.97+0.0182 6.10+0.00¢¢
%0.4 11.01+0.03AP 7.86+0.058¢ 7.66+0.06%2
%0.7 9.81+0.07A¢ 8.02+0.0480 7.614+0.05¢2
%1 9.09+0.03~4¢ 7.03+0.058¢ 6.97+0.0480

Biiyiik harfler aym 6rneklerin depolama siireleri arasindaki farki, kiigiik harfler ise aym depolama zamanina sahip

orneklerin farkli konsantrasyonlari arasindaki farki gostermektedir (p<<0.05).
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Orneklerin L* degerlerinin depolama siiresince genelde azaldigi, 0. giinde propolis ekstrakt1 ilavesinin L*
degerini diisiirdigii ancak 14 giin depolama sonunda propolis ekstrakti ilavesi arttikca L* degerinin arttigi
gozlenmistir (p>0.05). Pozitif degerlerinin ¢ilek suyuna 6zgii kirmiziligi gosterdigi a* degerlerinin depolama
periyoduyla ve propolis ekstrakti ilavesiyle azaldigi goriilmiistiir ancak 14 giinliik depolama sonunda a* degerleri
en yiiksek ¢ilek sularinin propolis ekstrakt ilaveli drnekler oldugu goriilmiistiir. Orneklerin b* degerlerinin ise
depolama siiresince azaldig1 gozlenmistir. Ancak b* degeri ile propolis ekstrakti ilavesi arasinda herhangi bir
korelasyon gozlenmemistir. Peinado ve ark. (2015) dogal korucularla ¢ilek piireleri iiretimi gerceklestirdikleri
calismada depolama zamaninin artmasina bagli olarak L*, a* ve b* degerlerinin diistiigiinii belirtmislerdir.
Depolama sirasinda renk parametrelerindeki bu azalma ¢ilegin renginden sorumlu baslica fenolik bilesenler olan
kirmiz1 antosiyanin pigmentlerinin bozulmasina bagli olarak gergeklestigi diistiniilmektedir.

Sekil 2° de toplam fenolik madde sonuglar1 verilmistir. Orneklerin toplam fenolik madde igerikleri 2896.19
GAE mg kgt ile 512.8571 GAE mg kg arasinda degisim gdstermistir. Cilek sularina ilave edilen laktik asit bazli
propolis ekstrakti orani arttik¢a ¢ilek sulariin toplam fenolik madde igerikleri de artis gdstermistir (p<0.05). Yang
ve ark. (2017) portakal suyunun raf émrinii propolis ekstrakt1 ekleyerek inceledikleri ¢alismada propolisin fenolik
icerigine bagli olarak portakal sularinin toplam fenolik madde igeriginin arttigini belirtmislerdir.
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Sekil 2. Orneklerin toplam fenolik madde icerigi (mg GAE/kg)

Figure 2. Total phenolic content of samples

Tablo 3’te laktik asit bazli propolis ekstrakti eklenmis ¢ilek suyu 6rneklerinin duyusal degerlendirme sonuglari
verilmistir. Cilek suyu 6rneklerinin tat, koku, renk, eksilik ve genel kabul edilebilirlik 6zellikleri tizerine propolis
ekstrakti ilavesinin etkisinin istatistiksel olarak O6nemli (p<0.05) oldugu belirlenmistir. Tim duyusal
parametrelerde propolis ekstrakti ilavesiz ¢ilek suyu kontrol 6rnegi ile %0.4 ve %0.7 propolis ekstrakti ilaveli
orneklerde istatistiksel agidan 6nemli bir fark gériilmemistir (p>0.05). Bu sonug, ¢ilek suyuna %0.7’¢ kadar laktik
asit bazli propolis ekstrakt1 ilave edildiginde propolisin duyusal agidan fark edilemeyecegini gostermektedir. %1
propolis ¢ozeltisi ilave edilen 6rneklerin tiim 6zellikler agisindan aldig1 puanlar diger 6rneklere gore daha diisiik
bulunmugtur (p>0.05). Ek olarak, ¢ilek sularmin tat ve koku ozellikleri incelendiginde 6rneklerin propolis
miktarina bagli olarak hafif diisiisler gézlenmis fakat genel begeni puanlarini etkilememistir. Gidalarda ac1 ve
buruk tadin olugmasinda fenolik bilesikler 6nemli etkendirler. Bu sebeple, %1 propolis ekstrakti ilaveli ¢ilek suyu
orneklerinin kontrol 6rnegine gore daha az puanlar almasinda propolis igerisindeki yiiksek fenolik madde
iceriginin etkili oldugu diisiintilmektedir. Luis-Villaroya ve ark. (2015) yaptiklar1 ¢alismada ticari elma suyuna
propilen glikol bazli propolis ekstrakti (%0.005, %0.01 ve %0.02) ilave etmisler ve propolis ilave edilen 6rneklerin
duyusal puanlarinin kontrol 6rnegine gore daha diisiik oldugunu ve daha az begenildigini fakat 6rneklerin
icerisindeki propolis oranlari panelistlere belirtildikten sonra iirtinii alma isteklerinin pozitif oldugunu
belirtmislerdir. Fakat bizim ¢alismamizin aksine ¢ok daha az oranlarda propolis ekstrakti eklemelerine ragmen
triinlerin duyusal olarak begenilmemesinin propolisin ¢oziiciisii kaynakli oldugu diigiiniilmektedir. Kontrol elma
suyunun daha ¢ok begenilmesinin nedenlerinden biri elma sularina ilave edilen propilen glikol bazli propolis
ekstraktinin tadindan dolay1 oldugu sdylenebilir. Bu agidan laktik asidin de gidalarin duyusal 6zelliklerinde pozitif
etkiye sahip oldugu goriilmiistiir ve propolisin aci tadin1 iyi maskeledigi tespit edilmistir.
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Tablo 3. Duyusal degerlendirme analiz sonuglart

Table 3. Sensory evaluation analysis results

K %0,4 %0,7 %1
Tat 4.14+1.217A 3.28+1.1178 3.00+£1.157B 2.00+1.008
Koku 4.00+1.154 3.85+0.694 2.85+0.6978 2.42+0.978
Renk 4.42+0.78" 4.14+1.06" 4.14+1.06" 4,00+1.00°
Eksilik 2.71£1.1178 4.28+0.954 3.28+1.25%8 2.4241.398
Genel begeni 3.71£1.1178 4.00+1.15 3.28+0.48"B 2.14+1.065

Biiyiik harfler duyusal kriterlerin 6rneklerin konsantrasyonlari arasindaki farki temsil etmektedir (p<0.05).

4. Sonu¢

Cilek suyu tretiminde mikroorganizma gelisimini inhibe etmek i¢in pastdrizasyon iglemine alternatif olarak
dogal bir koruyucu madde olan propolis ¢ilek suyunun raf 6mriinii uzatmak ve kalitesini iyilestirmek i¢in 6nemli
bir potansiyele sahiptir. Ancak propolisin dogal koruyucu madde olarak kullanilacak c¢alismalarda ¢oziict
secimleri dikkate alinmalidir. Ozellikle gida endiistrisinde kullanilacak soliisyon ya da ekstraktlarin toksik etkisi
bulunmayan ¢oziiciilerle hazirlanmasi, alinmasi beklenen fayda ile paralel bir sekilde 6nem kazanmaktadir. Cilek
suyu iiretiminde mikroorganizmalara karsi 1sil islem yerine propolis ekstraktt kullanilmasi ¢ilek meyvesinin
antioksidan ozelliklerini korumasini ve tiim bu faydali 6zelliklerin meyve suyuna gegisini desteklemektedir. Bu
durumda elde edilen sonuglar dogrultusunda, gilek suyu iiretiminde laktik asit bazli propolis ekstrakti kullaniminin
faydali ve giivenli koruyucu madde olarak 1s1l igleme alternatif basarili bir ¢6ziim oldugu diistiniilmektedir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Tiirkiye’de Yetistirilen Pekin Ordeklerinde Biiyiime Hormonu Geni Polimorfizmi*

Growth Hormone Gene Polymorphism in Pekin Ducks Reared in Turkey

Candan ERiS', Cengiz ELMACI*

Oz

Molekiiler genetik alanindaki gelismeler ¢iftlik hayvanlariin morfolojik ve fizyolojik birgok 6zelliklerini
etkileyen genlerin veya belirteglerin tanimlanmasina yol agmistir. Bu 6zelliklerin molekiiler temeli, fonksiyonel
genomik yontemlerle ortaya ¢ikarilmakta ve belirteg destekli seleksiyon (MAS) yoluyla ¢iftlik hayvanlarinda
genetik 1slah programlarini gelistirme firsatlar1 saglamaktadir. Hayvanlarda c¢esitli verim ve iireme
performanslarinin MAS yoluyla arttirilmasi amaciyla cesitli aday genler iizerinde durulmaktadir. Uzerinde durulan
bu aday genlerden birisi de biiyiime hormonu genidir. Bu ¢alismanin temel amaci, Pekin 6rdeklerinde biiyiime
hormonu geninin 2., 3. ve 4. intronlarindaki polimorfizmleri arastirmaktir. Bu amagla Bursa Uludag Universitesi
Ziraat Fakiiltesi Tarimsal Uygulama ve Arastirma Ciftliginde yetistirilen her iki cinsiyetten (79 erkek ve 38 disi)
toplam 117 adet yetiskin Pekin 6rdeginden alinan kan 6rnekleri materyal olarak kullanilmistir. Biiylime hormonu
geninin 2., 3. ve 4. intronlarindaki genetik polimorfizm, li¢ primer ¢ifti ile PCR-RFLP yonteminde BsmF1
restriksiyon enzimi kullanilarak arastirilmistir. Kesim sonras1 elde edilen DNA pargalarinin ayrimi igin  %2’lik
agaroz jel elektroforezi uygulanmistir. PCR-RFLP analizleri sonucunda sadece 2. intron bolgesinde polimorfizm
belirlenmistir. 2. intron bdlgesinden ¢ogaltilan parganin BsmF1 restriksiyon enzimi ile kesimi sonucu bu bolgede
TT (765 be), CT (765, 593 ve 172 bg) ve CC (593 ve 172 bg) olmak iizere ii¢ genotip tespit edilmis ve T ve C
allellerinin frekanslar1 da sirasiyla 0,75 ve 0,25 olarak hesaplanmistir. Caligilan populasyonda biiylime hormonu
geni 2. intron bolgesinde gozlenen degerlerle beklenen degerler arasindaki farklilik istatistiksel olarak 6nemli
olmadigindan (P>0.05) ele alinan populasyonun Hardy-Weinberg dengesinde oldugu anlagilmistir. 3. ve 4.
intronlarda ise genetik varyasyon gézlenmemistir. Biiylime hormonu genin 3. ve 4. intronlarina ait sirastyla 442
be ve 1378 bg’lik bolgelere ait PCR firiinleri de BsmF1 restriksiyon enzimi ile muamele edilmis, ancak bu enzime
ait kesim bolgesine rastlanmamig ve bu nedenle {izerinde ¢aligilan populasyonda 3.ve 4.intronda tek tip genotip
elde edilmistir. Dolayistyla bu iki bolgenin BsmF1 lokusu bakimindan monomorfik oldugu anlagilmistir. Bu ve
onceki ¢aligmalarda biiylime hormonu geninin 2. intron bolgesinde gosterilen genotipik varyasyon, bu bdlge ile
cesitli verimler arasindaki iliskileri konu alan daha ¢ok ¢alisma yapilmasi gerekliligini de ortaya koymaktadir.
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Abstract

Advances in molecular genetics have led to the identification of genes or markers that affect many morphological
and physiological characteristics of farm animals. The molecular basis of these traits is revealed by functional
genomic methods and provides opportunities to develop genetic improvement programs in farm animals through
marker assisted selection (MAS). Several candidate genes are being studied with the aim of increasing various
yield and reproductive performances in animals through MAS. One of these candidate genes is the growth hormone
gene. The main purpose of this study was to investigate polymorphisms in the 2", 3" and 4" introns of the growth
hormone gene in Pekin ducks. For this purpose, blood samples taken from a total of 117 adult Pekin ducks of both
sexes (79 males and 38 females) raised in Bursa Uludag University Faculty of Agriculture Agricultural Application
and Research Farm were used as material. Genetic polymorphism in the 2", 3 and 4" introns of the growth
hormone gene was investigated using the BsmF1 restriction enzyme in the PCR-RFLP method with three primer
pairs. Samples were carried out in 2% agarose gel electrophoresis to separate the DNA fragments obtained after
the digestion. As a result of the researches, polymorphism was determined only in the fragment amplified from
the 2" intron region. As a result of the digestion of the amplified fragment from the 2" intron region with BsmF1
restriction enzyme, three genotypes, namely TT (765 bp), CT (765, 593 and 172 bp) and CC (593 and 172 bp)
were determined in this region and the frequencies of the T and C alleles were calculated as 0.75 and 0.25,
respectively. Since the difference between the values observed in the 2™ intron region of the growth hormone gene
and the expected values in the studied population was not statistically significant (P>0.05), it was understood that
the population in studied was in Hardy-Weinberg equilibrium. No genetic variation was observed in the 3 and 4%
introns. PCR products belonging to the 442 bp and 1378 bp regions of the 3™ and 41" introns of the growth hormone
gene, respectively, were also treated with BsmF1 restriction enzyme, but the cleavage region of this enzyme was
not found, so there was only one genotype was obtained in the 3" and 4" introns of the studied population.
Therefore, it was understood that these two regions are monomorphic in terms of BsmF1 locus. The genotypic
variation shown in the 2" intron region of the growth hormone gene in this and previous studies also reveals the
need for further studies on the relationships between this region and various yields.

Keywords: Growth hormone (GH) gene, PCR, RFLP, Genetic variation, Polymorphism, Pekin duck
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1. Giris

Kanatl sektoriinde modern yetistiricilik uygulamalarinda en 6nemli amaglardan birisi {izerinde durulan verim
yonii bakimindan (etgi-yumurtaci) performansi yiiksek olan hatlar ya da irklar elde etmektir. Herhangi bir hayvanin
verimlilik degeri, o hayvanin belli bir donem igerisinde tiriinlerinin kalitatif ve kantitatif olarak 6lgiilebilen bazi
iiretim isteklerini karsilayabilmesiyle belirlenmektedir.

Diger birgok tiirde oldugu gibi kanatli sektoriinde de et kalitesi 6nemli ekonomik 6zelliklerden birisidir. Son
yillarda molekiiler genetik alanindaki gelismeler ve bunlarin ¢iftlik hayvanlarinda uygulanabilme olanagi, biiyiime,
karkas ve et kalitesiyle ilgili 6zellikleri etkileyen genlerin ya da bu 6zellikler ile iligkili olabilen belirteglerin
tanimlanmasina firsat saglamistir (Chang ve ark., 2012; Bhattacharya ve Chatterjee 2013; Huang ve ark., 2013).
Bu nedenle molekiiler genetik alanindaki bu gibi gelismeler ve dolayisiyla canlinin genotipini saptama
yontemlerinin gelistirilmesi, bu gibi 6zellikleri etkileyen genlerin daha kolay ve hizli bir sekilde belirlenmesi
olanagmi da saglamaktadir. Boylece, ¢esitli kanatli tiirlerinde 6zellikle biiyiime, yumurta verimi ve kalite
Ozellikleri tizerinde etkili olan ¢ok sayida aday genin kantitatif 6zellik lokus (QTL, Quantitative Trait Loci)
calismalariyla ortaya ¢ikarilmasi 6nemli bir amag haline gelmistir. Molekiiler genetik alanindaki bu gibi gelismeler
aday genlerin kolaylikla belirlenmesine ve belirte¢ destekli seleksiyonda (MAS, Marker Assisted Selection)
kullanilmasina olanak saglamaktadir.

Hayvanlarda ¢esitli verim ve iireme performanslarinin MAS yoluyla arttirilmasi amaciyla ¢esitli aday genler
iizerinde durulmaktadir. Uzerinde durulan bu aday genlerden birisi de biiyiime hormonu (BH) genidir (Supakorn
ve Pralomkarn, 2013). Biiyiime hormonu, BH geni kontroliinde hipofizin 6n lobundan salgilanan ve somatropin
olarak da adlandirilan bir proteindir. Biiyiime hormonu, biiyiime yeteneginde olan biitiin viicut hiicrelerini
uyarmakta olup 6zellikle kemik ve kas dokularinda etkilidir. Dolayisiyla biiyiime hormonu, kas gelisimi, kemik
biliylimesi ve gelisimi, yag igerigini ve metabolizmasinin diizenlenmesi gibi bir¢ok fizyolojik fonksiyonlari
bulunmaktadir (Ohlsson ve ark., 1998; Bauman, 1999; Zhang ve ark., 2007; Ge ve ark., 2012). Bunlarin diginda
biiylime hormonunun, bagisiklik sistemi iizerinde de etkili oldugu bilinmektedir (Gala, 1991). Diger taraftan
hayvanlarla yapilan ¢alismalar bu hormonun eseysel farklilasma, eseysel olgunluk, gametogenesis ve ovulasyon
gibi olaylarla da ilgili oldugunu géstermektedir (Hull ve Harwey, 2001). Kanatlilarda biiylime hormonunun,
gelisme iizerindeki olduk¢a dnemli etkilerinin yant1 sira ayni zamanda yumurta verimi, yaslanma ve iireme {izerine
de 6nemli etkileri bulunmaktadir (Kansaku ve ark., 2003). Biiyiime hormonunun bu gibi fonksiyonlari nedeniyle
¢ok sayida tiirde konuyla ilgili ¢esitli arastirmalar yapilmistir.

BH genin yapisi, baliklarda, siganlarda, farelerde, koyunlarda, sigirlarda ve insanlarda ¢alisilmistir (Barta ve
ark., 1981; Woychik ve ark., 1982; Byrne ve ark., 1987; Du ve ark., 1993; Das ve ark., 1996). BH geninin niikleotid
icerigi kanatlilarda ilk kez Tanaka ve ark. (1992) tarafindan bildirilmistir. Biitiin memelilerde BH geni 2-3 kb
biiyiikliigiinde olup 5 exon ve 4 introndan olusmaktadir (Jing ve ark., 2006). Ordeklerde ise BH geni 5.25 kb
biiyiikliigiinde olup 5 ekzon ve 4 introndan olusmakta olup yapisal olarak memeli ve tavuk BH genlerine benzerdir.

Biyokimyasal polimorfizm g¢iftlik hayvanlar1 arasinda belli bir vasif i¢in goriilen gok sekillilik olarak tarif
edilmektedir (Soysal ve ark., 2005). Ciftlik hayvanlarinda sigir, kegi, koyun, kanatli gibi tiirlerde yapilan
caligmalar BH geninin oldukga polimorfik oldugunu gdstermis ve birgok polimorfik bolge saptanmistir (Lucy ve
ark., 1993; Malveiro ve ark., 2001; Sheng-Wai ve ark., 2007; Zhang ve ark., 2014, Dettori ve ark., 2015).
Polimorfik ozelliklerin ortaya c¢ikarilmasi ve ¢esitli verim oOzellikler ile arasindaki olasi genetik baglantiy1
belirlemeye yonelik ¢ok sayida calismalar yapilmistir (Soysal ve ark., 2005). Kuhnlein ve ark. (1997), Beyaz
Leghorn tavuklarinin 12 varyetesinden 219 adet tavukta, ti¢ farkli genetik 6zellik (Marek hastaligina direng, Avian
16kozise direng ve yumurta verim 6zellikleri) se¢ip, RFLP yontemi ile bityiime hormon genindeki polimorfizmleri
Sacl ve Mspl enzimlerini kullanarak incelemislerdir. Bu ¢aligma sonucunda tespit edilen toplam 16 allelin bes
tanesinde beklenen frekanslarin tizerinde oldugu ve bu bes allelden A1 ve A5 allelleri ile kulugkada kalma stireleri
ve yumurta sayisi arasinda pozitif bir iligski oldugu bildirilmistir. Bir bagka ¢caligmada dort farkl tavuk irkimin tiim
CBH geni ile galisan Nie ve ark. (2005) toplam 46 SNP tanimlamiglardir. Bu SNP’lerin, dort adedi 5’UTR
bolgesinde, bir tanesi 3° UTR bolgesinde, bes tanesi ekzonda ve geri kalan 36 adeti de intronik bolgelerde
belirlenmistir. Yapilan bu ¢aligmada 3. intronda bulunan G+1705A SNP’nin her yastaki viicut agirligi ve dort
farkli yasin iiglindeki gévde uzunluk 6l¢iimii ile anlamli bir sekilde iligkili oldugu gézlenmistir. Stephen ve ark.
(2001) Cin yerli tavuklarinda, Jafari ve ark. (2015) Iran yerli tavuklarinda biiyiime hormonu geni polimorfizmini
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calismislar ve PCR-RFLP yontemi ile calistiklari 1. intron bdlgesinde genetik varyasyon tespit ettiklerini
bildirmiglerdir. Bu ¢alismalar tavuklarda BH geninin polmorfik oldugunu da ortaya koymaktadir.

Huoyan kazlarinin BH geninin 2. ekzonunu PCR-SSCP yontemiyle inceleyen Zhang ve ark. (2014), iki farkl
SNP ve 10 genotip (AA, BB, CC, DD, AB, AC, AD, BC, BD ve CD ) tespit etmiglerdir. Caligmalarinda genotipler
ile ¢esitli verim dzellikleri arasindaki iligkileri inceleyen aragtirmacilar bazi et {iretim performanslari ile genotipler
arasindaki iliskileri anlamli bulmuslar ve bu genotiplerin Huoyan kaz1 iiretiminde belirteg destekli seleksiyonda
aday gen olarak kullanilabilecegini ifade etmislerdir.

Ordeklerde bu konuda yapilan arastirma sayisi1 oldukga simirlidir. Pekin drdeklerinin de i¢inde oldugu cesitli
ordek irklariyla yapilan ¢aligmalarda incelenen populasyonlarda BH geninin promotor bolgesinde ve diger bazi
bolgelerinde polimorfizm saptanmustir (Kansaku ve ark., 2008; Wu ve ark., 2012; Hiyama ve ark., 2012; Wu ve
ark., 2014; Zhang ve ark., 2015; Mazurowski ve ark., 2015). Cesitli 6rdek populasyonlarinda yapilan ¢alismalarda
BH genindeki polimorfizmler ile 6rdeklerin dol verimi (Chang ve ark., 2012) karkas agirligi, biiylime ve karkas
ozellikleri (Wu ve ark., 2012), yumurtlama performansi (Wu ve ark., 2014), yumurta verimi (Zhang ve ark., 2015)
ve bazi1 viicut 6zellikleri arasinda gii¢lii iliskiler oldugu ortaya konulmustur. Benzer sekilde Hiyama ve ark. (2012),
yaptiklar1 ¢aligmada BH geninin promotor bélgesindeki varyasyonun, BH-mRNA’s1 ekspresyon diizeyinin
degisimine neden olarak yumurtlama performansini etkiledigini bildirmektedir.

Tiirkiye’de 2017 yili itibariyle 6rdek varligi 492 bin olup, 6rdek yetistiriciligi %31°lik bir pay ile en ¢ok Bati
Marmara Bolgesi’nde yapilmaktadir. Ortadogu Anadolu Bolgesi (%11) ve Bati Karadeniz Bolgesi (%10) 6rdek
sayis1 en fazla olan diger bolgelerdir. Tiirkiye’de en fazla 6rdek yetistiriciligi yapilan il; %24 ile Balikesir’dir.
Ordek say1s1 agisindan; Mus (%8) ve Samsun (%6), Balikesir’den sonra gelen en 6nemli illerdir (Anonim, 2018).
1984 yilinda Tiirkiye’ye Cin’den getirilen Pekin &rdekleri Antalya Kepez Su Uriinleri Uretme Istasyonu’nda
cogaltilarak, iilkenin her tarafina yayilmistir. Buna bagli olarak Tarim Bakanlig1 iiretme istasyonlarinda 6rdek
yetistiriciligi baslatilmis ve iiretilen palazlar ¢iftgilere dagitilmistir (Sekeroglu ve Ozen 1997).

Bu arastirmada Pekin 6rdeklerinde PCR-RFLP yontemi kullanilarak, érdek BH geninin bazi bolgelerindeki
olast polimorfizmlerin aragtirilmasi amaglanmigtir. Ayrica, mevcut populasyonda BH geni bakimindan olasi
polimorfizmler incelenerek bu lokus bakimindan yeterli genetik varyasyonun olup olmadigi da ortaya
¢ikarilacaktir. Varyasyonun yeterli bulunmasi halinde ise, daha sonra bu SNP (tek niikleotid polimorfizmi)
belirtecleri ile gesitli verimler arasindaki iliskiler arastirilacaktir.

2. Materyal ve Metot
2.1. Kan Orneklerinin Ahmmasi ve DNA Ekstraksiyonu

Bu arasgtirmada Bursa Uludag Universitesi Ziraat Fakiiltesi Tarimsal Uygulama ve Arastirma Ciftliginde
yetistirilen 117 adet Pekin 6rdeginden(799 ve 384) alman 5-10 ml kan 6rnegi materyal olarak kullanilmigtir.
DNA ekstraksiyonu amaciyla kullanilan kan ornekleri, 6rdeklerin kanat alti toplardamarindan (vena cutena)
dogrudan antikoagulantli (K3 EDTA’l1) vakumlu tiiplere alinarak soguk zincir altinda laboratuvara getirilmistir.
DNA ekstraksiyonu yapilincaya kadar kan 6rnekleri -20°C’de korunmustur. DNA ekstraksiyonu Macherey Nagel
NucleoSpin® Blood marka ticari kit yardimiyla, igeriinde verilen ekstraksiyon yontemi takip edilerek
tamamlanmustir.

2.2. PCR Ile Hedef DNA Bdlgelerinin Cogaltilmast

PCR asamasinda biiyiime hormonu geninin 2. 3. ve 4. intronlarindan iizerinde durulan hedef bolgelerin
cogaltilmasi amaciyla Wu ve ark. (2012) tarafindan belirtilen {i¢ farkli primer ¢ifti kullanilmistir (Tablo 1). PCR
tiiplerindeki toplam hacim 25pul olacak sekilde PCR reaksiyon karigimi hazirlanmistir (12.5 plL 2XMaster Mix,
1.25 pL ileri ve geri primerlerin her birinden ve 1,25 pL. genomik DNA’dan olusan karigim ddH2O ilave edilerek
25 uL hacime tamamlanmistir).

Aragtirmada 2., 3. ve 4. intronlarda yer alan hedef DNA bélgelerinin ¢ogaltilmasinda kullanilan PCR islemi
kosullar1 93°C’de 3 dakika, 94°C’de 1 dakika, X°C’de (her bir primer seti i¢in Onerilen erime 1s1s1, TM) 30 saniye
(Tablo 1), 72°C’de 90 saniye 35 dongii ve son olarak 72°C’de 5 dakika olacak sekilde uygulanmistir. PCR agamasi
sonucunda hedef DNA bdlgelerinin gogaltilip cogaltilmadigi %1°lik agaroz jel elektroforezi ile kontrol edilmistir.
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Tablo 1. PCR ile ¢ogaltilan hedef gen bolgeleri ve kullanilan primerler (Wu ve ark., 2012)

Table 1. Target gene regions amplified by PCR and primers used (Wu ve ark., 2012)

Primer Primer sirasi(5°-3’) PCR iiriinii Hedef bolge Tm (°C)
GHF1  GAGACGTACAAAGAGTTCG 765 be 2. intron 53
GHR1 CTGGGAATTCTTGTTGGTG

GHF2  ACAGGGAAGGATGATGCC 442 bg 3. intron 56
GHR2  AGCCAGGACTGGATGAGAAC

GHF3  TTTTGGCACCTCAGACAG 1378 bg 4. intron 58

GHR3  GGCGGCACTTCATCACCT

2.3. PCR Uriinlerinin Restriksiyon Enzimiyle Kesimi

Biiylime hormonu geninin 2., 3. ve 4. intron bolgelerindeki allellerin belirlenmesi amaci ile gen bolgelerine ait
PCR firiinleri BsSmF1 restriksiyon enzimi (Thermo Fisher Scientific) ile kesim islemine tabi tutulmustur.
Restriksiyon enzimi ile kesim asamasinda PCR tiipleri igerisindeki hedef DNA bdlgelerine 6zgii cogaltilmig 25 pl
hacmindeki PCR iiriinlerinin 12,5 pl’lik kismi tizerine 10,5 pl restriksiyon enzimi igeren bilegenler (170 ul ddH20
+30 pl CutSmart + 10 pl BsmF1 ) eklenmistir. PCR sonucunda elde edilen BH geninin 2., 3. ve 4. intron bélgelerine
ait lirinler restriksiyon enzimi ile birlikte 65°C’de 1 saat inkiibasyona birakilmistir. Kesim isleminden sonra elde
edilen DNA pargalarinin ayristirilmasi i¢in 6rnekler %2’lik agaroz jel elektroforezinde yiiriitiilmiistiir. RFLP
sonuglari ethidyum bromiir ile boyanarak jel goriintiileme sisteminde UV 151k altinda goriintiilenmistir.

2.4. Istatistik Analiz

BH geni bakimindan allel gen frekanslarinin ve genotip frekanslarinin hesaplanmasinda ve populasyonun
Hardy-Weinberg dengesinde olup olmadiginin kontrol edilmesinde populasyon genetigi analiz programi olan
PopGene32 (PopGene version 1.31) programi kullanilmigtir (Yeh ve ark., 2000).

3. Arastirma Sonuglari ve Tartisma

BH geninin 2. intron (765 bg) bolgesinde BsmF1 enzimi kesimi sonucu ii¢ genotip deseni beklenmektedir (Sekil
1a). Bu ¢alismada BH geninin 2. intron bdlgesinden ¢ogaltilan 765 b¢ uzunlugundaki hedef bolgenin BsmF1
restriksiyon enzimi ile kesimi ile TT (765 bg), CT (765 bg + 593 bg + 172 bg) ve CC (593 bg + 172 bg) olmak
tizere li¢ genotip elde edilmistir (Sekil 1b).

172 be 172 he 172b¢ 172 b¢
393 be 593 be
593bc 593 be
765 be 765 be
I I
1T CT ccC
(@) (b)

Figure 1. Expected genotypes and fragment lengths in 2" intron after restriction enzyme cleavage(a) and
BsmF1 genotypes in the 2" intron of the growth hormone gene(b)

Sekil 1. Restriksiyon enzimi kesimi sonucu 2 . intronda beklenen genoipler ve parca uzunluklari(a) ve
biiyiime hormonu geni 2. intron bélgesindeki BsmF1 genotipleri(b)

Biiyiime hormonu geninin 2. intronundaki BsmF1 genotiplerin beklenen ve gbzlenen degerleri, gen frekanslart
ve khi-kare(y?) degeri Tablo 2°de verilmistir. Bu ¢alismada kullanilan 117 adet Pekin 6rdegi populasyonunda T
allellinin frekansi (0.75) , C allelinin frekansindan (0.25) daha yiiksek bulunmustur (Tablo 2). TT genotip frekansi
(0.55) ile CT (0.41) genotip frekanslart nispeten birbirlerine yakin bulunurken, CC (0.04) genotipinin frekansi
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oldukca diigiikk bulunmustur. BH geni 2. intron bolgesinde gozlenen degerlerle beklenen degerler arasindaki
farklilik istatistiksel olarak onemli olmadigindan (P > 0.05) ele alinan populasyonun Hardy-Weinberg dengesinde
oldugu gdzlenmistir.
Tablo 2. Biiyiime hormonu geni 2. intron bolgesindeki genotiplerin beklenen ve giozlenen frekanslary, allel
frekanslari ve P degerleri

Table 2. Expected and observed frequencies of genotypes in the 2nd intron region of the growth hormone
gene, allele frequencies and P values

Genotip frekanslar: Allel
Cinsiyet n Gozlenen Beklenen P frekanslari
TT CT CcC TT CT CC degeri T C
Q 79 40 36 3 42.10 31.14 5.76 0.1506 0.73 0.27
(0.51) (0.45) (0.04) (0.533) (0.394) (0.073)
) 38 24 12 2 23.71 12.61 1.68 0.6921 0.79 0.21
(0.63) (0.32) (0.05) (0.624) (0.332) (0.044)
Q3 117 64 48 5 65.81 43.88 7.31 0.2975 0.75 0.25

(0.55) (0.41) (0.04) (0.563) (0.375) (0.062)

Bu ¢alismada Pekin 6rdeklerinde BH geninin 2., 3. ve 4. intron bolgelerinde, BsmF1 genotipleri bakimindan
olasi polimorfizmler incelenmistir. BH genin 3. ve 4. intronlarina ait sirasiyla 442 bg ve 1378 bg¢’lik bolgelere ait
PCR iriinleri de BsmF1 restriksiyon enzimi ile muamele edilmis, ancak bu enzime ait kesim bolgesine
rastlanmamis ve bu nedenle iizerinde ¢alisilan populasyonda 3.ve 4. intronda tek tip genotip elde edilmistir.
Dolayisiyla bu iki bolgenin BsmF1 lokusu bakimindan monomorfik oldugu anlasilmastir.

Incelenen kaynaklarda 6rdek BH geninin 2., 3. ve 4. intron bdlgesindeki BsmF1 polimorfizmlerinin
tanimlanmasina yonelik karsilastirilabilir oldukga az ¢aligma oldugu goriilmiistiir. Bununla birlikte bu ¢alismadan
elde edilen BH genine yonelik sonuglar Wu ve ark. (2012) ve Mazurowski ve ark. (2015) yaptiklar: ¢aligmalar ile
karsilastirilabilir. Bu ¢alismalarda kullanilan toplam 7 6rdek populasyonundan elde edilen allel frekanslar1 bu
caligmadan elde edilen frekanslardan farklilik gostermektedir. Farkli 6rdek populasyonlarinda elde edilen farkli
genotipik dagilim genellikle bu populasyonlarin genetik gegmisine dayandirilmaktadir (Wang ve ark., 2011).

Wu ve ark. (2012) ti¢ farkli 6rdek irki ile yaptiklari ¢alismada BH geninin 3. ve 4. intron bélgelerinde bu
caligmada elde edilen sonuglara benzer sonuglar elde edilmisler ve 3. ve 4. intron bolgelerinde BsmF1 enzimine
ait kesim bolgesi bulamamuislar ve tek tip genotip gézlemislerdir. Bununla birlikte BH geninin 2. intron bolgesi ile
de calisan aragtiricilar bu bolgede BsmF1 restriksiyon enzimi sonucu bu ¢alismada oldugu gibi TT, CT ve CC
olmak tizere 3 genotip tespit etmislerdir. Caligtiklar1 ti¢ irkta da T allelinin yaygin oldugunu belirten arastiricilar
T alleli frekansin1 0,4868-0,6596 araliginda bulmusglardir. Arastiricilar, galisilan populasyonda BH geninin 2.
intron bolgesindeki BsmF1 tanima bolgesinin seleksiyona olanak verecek diizeyde polimorfizm gosterdigini ve bu
nedenle de gesitli verimler ile iliskisinin incelenmesi gerektigini bildirmislerdir. Mazurowski ve ark. (2015) Pekin
ordeginin de dahil oldugu 4 farkli 6rdek irkinda BH geninin 2. intron bolgesi ile yaptiklar ¢aligmalarinda PCR-
RFLP yontemiyle BsmF1 genotiplerini incelemislerdir. Yapilan ¢aligmada Muscovy trkinin iki farkli hattinda C
alleli frekans1 1 ve 0.944 olarak bulunmustur. Mullard ve Pekin 6rdegi irklarinda ise T alleli frekansi sirasiyla 0.82
ve 0.47 olarak hesaplanmistir.

Kanatli hayvanlarda verim 6zellikleri BH geni gibi ¢evre kosullarindan ¢okga etkilenen kantitatif bir 6zelliktir.
Bu nedenle BH gen polimorfizmi tavuk (Zhang ve ark., 2007), bildircin (Johari ve ark., 2013), kaz (Zhao ve ark.,
2011) ve 6rdek (Wu ve ark., 2012; Mazurowski ve ark., 2015) gibi ¢esitli kanatl tiirlerinde ¢alisilmistir. Bu kanatl
tiirlerinde BH geninin DNA sirasinda yiiksek derecede polimorfik oldugu saptanmistir. Ornegin Chang ve ark.
(2012) ordek BH geninin 2087 bg’lik bolgesinde 19 SNP tespit etmisler ve her bir SNP’nin en az bir 6rdek dol
verimi 6zelligi ile iliskili oldugunu gostermislerdir. Mazurowski ve ark. (2015), 6rdek BH geninin 2. intronundaki
bazi SNP’lerin biiylime ve karkas 6zelliklerini etkilediklerini bildirmislerdir.

Ancak farkli kanathi tiirlerinde BH geni 3. ve 4. intronlarinin da aralarinda oldugu ¢esitli gen bdlgelerinin
polimorfik oldugu bildirilmistir. Cesitli aragtiricilar tarafindan genellikle tavuklarda 1. intronda, kaz ve tavuklarda
3. intron’da, tavuklarda 4. intron’da polimorfizm gozlenmistir (Nie ve ark. 2002; Zhang ve ark. 2007; Wu ve ark.,
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2012; Ghelghachi ve ark., 2013). Hiyama ve ark. (2012) Myanmar 6rdekleri BH geni promotor bélgesinde
yaptiklart ¢aligmada tespit ettikleri varyasyonlarin ¢cogunun tavuk ve hindilerin promotor bolgesi ile benzer diziler
tasidigini tespit etmislerdir. Kansaku ve ark. (2008) 6rdeklerde BH geni promotorunun distal bolgesinin tavuk ve
hindi promotor bdlgesi ile benzerlik gostermemesine ragmen proksimal bdlgesinin benzerlik gosterdigini
saptamiglardir.

Genel olarak 6rdek biiyiime hormonu geni yapisal olarak tavuk bityiime hormonu genine benzerdir. Tavuklarda
yapilan BH geni bolgeleri de dikkate alinarak 6rdeklerde de BH geni galigmalari arttirilmali ve ekonomik verim
ozellikleri ile iliskilendirilmelidir. Ordek irklarmda bu bdlgelerin ele alindig1 caligma say1sinin nispeten az oldugu
ve arttirllmasi gerektigi acik olarak goriilmektedir.

4. Sonug

Aragtirilan kaynaklarda 6rdek populasyonlarinda BH geninin 2. intron bdlgesinde PCR-RFLP yontemiyle
belirlenen polimorfik bolge hakkinda ¢ok az bilgi bulunmaktadir. Bu arastirma Tiirkiye’de Pekin 6rdeklerinde
biiyiime hormonu geni polimorfizmine yonelik bilinen ilk ¢alisma olmasi nedeniyle énemli olup, bu konuda
yapilan ¢alismalara da katkilar saglayacagi distiniilmektedir. Bu arastirmadan elde edilen sonuglar ve daha dnce
yapilan ve literatiirde verilen sonuglara dayanarak, BH geninin 2. intron bolgesinde yiiksek derecede polimorfizm
oldugunu séylemek miimkiindiir. Bu polimorfik bdlgenin biliyiime ve karkas Ozellikleri ile baz1 biyometrik
ozellikler tizerine olan etkileri biitiinciil olarak ele alindiginda ilgili SNP bdlgesinin bu 6zellikler i¢in 6nemli bir
molekiiler belirte¢ olarak kullanilabilecegini diisiindiirmektedir. Bu ve onceki ¢aligmalarda biiylime hormonu
geninin 2. intron bolgesinde gosterilen genotipik varyasyon, bu bolge ile ¢esitli verimler arasindaki iligkileri konu
alan daha ¢ok ¢aligma yapilmasinin gerekliligini de ortaya koymaktadir.
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Impacts of Different Processing Techniques on Chemical and Mineral Components of
Wild-Grown Edible Mushroom (Lactarius semisanguifluus R. Heim & Leclair)

Farkl1 Isleme Tekniklerinin Yabani Olarak Yetisen Yenilebilir Mantarin (Lactarius
semisanguifluus R. Heim & Leclair) Kimyasal ve Mineral Bilesenleri Uzerine Etkileri

Emine AYDINY", Ismail Bulent GURBUZ?2
Abstract

Lactarius semisanguifluus R. Heim & Leclair (L. semisanguifluus) is one of the wild-grown edible mushroom
types. Wild-grown edible mushrooms are widely consumed or sold by people in fresh form. However, due to the
high respiration ratio and moisture content, the mushrooms lose their quality immediately after harvest. This causes
their shelf life to be very short. For this reason, it is necessary to know the best storage conditions as well as its
nutritional content. The objective of this study was to investigate the effects of different treatment techniques
(drying, canning, and freezing) on the chemical components (dry matter, crude protein, crude fats, ash, and total
carbohydrates) and the mineral matters (Na, K, Mg, Ca, P, Fe, Mn, Cu, and Zn) of the L. semisanguifluus. The
results show that the moisture content varied between 8.86% to 90.43% (w/w) in the fresh, dried, canned and
frozen mushroom samples. The protein content of the with and without processed samples was in the ranged of
1.21% and 18.53%. The ash and fat content of the all samples ranged from 2.79% to 5.94% and from 0.53% to
7.99%, respectively. Additionally, the carbohydrate content was found to be between 0.85 and 58.68%. The energy
values of the all samples were estimated to be between 27.56-380.75 kcal 100g™* and 115.63-1608.20 kJ 100g™.
Potassium (108.6-2367.4 mg 100g™) and phosphor (37.4-182.7 mg 100g™) were the most abundant minerals in
the analysed samples. The chemical composition of the frozen samples had the closest results to the fresh samples.
The results of the present research showed that L. semisanguifluus has a high nutritional quality especially the
freezing process is the best protection technique rather than the canning process and was suitable especially for
consumption in low caloric diets. Based on overall evaluations, it can be deduced that especially dried mushroom
samples can be used in powder form (such as spices and enrichment component in many food formulations) in the
production of various food products due to their high nutritional components.
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Impacts of Different Processing Techniques on Chemical and Mineral Components of Wild-Grown Edible Mushroom (Lactarius semisanguifluus R. Heim &
Leclair)

Oz

Lactarius semisanguifluus R. Heim & Leclair (L. semisanguifluus) yabani olarak yetisen yenilebillir bir mantar
turtidiir. Yenilebilir yabani mantar cesitleri insanlar tarafindan genellikle taze olarak tiiketilir ya da satilir. Ancak,
yiiksek solunum orani ve nem miktar1 nedeni ile mantarlar hasattan hemen sonra kalitesini kaybeder. Bu da raf
Omiirlerinin ¢ok kisa olmasma neden olmaktadir. Bu nedenle, mantar gesitlerinin besinsel igeriginin yanisira en
iyi saklama kosullarinin da belirlenmesi gerekmektedir. Bu ¢alismanin amaci, yabani olarak yetisen ve insanlar
tarafindan sevilerek tiiketilen, yenilebilir bir mantar ¢esidi olan L. semisanguifluus’a uygulanan farkli igleme
tekniklerinin (kurutma, konserve ve dondurma) kimyasal bilesim (kurumadde, ham protein, ham yag, kiil ve
toplam karbonhidrat) ve mineral madde (Na, K, Mg, Ca, P, Fe, Mn, Cu ve Zn) miktar iizerindeki etkilerini
belirlemektir. Elde edilen sonuglara gore; taze, kurutulmus, konserve edilmis ve dondurulmus mantar
numunelerinde nem igeriginin %8.86 ile %90.43 arasinda degistigi tespit edilmistir. Islenmis ve islenmemis
orneklerin protein igerigi %1.21-18.53 arasinda belirlenirken, kiil ve yag igerikleri ise sirasi ile %2.79-5.94
ve %0.53-7.99 olarak belirlenmistir. Ayrica, 6rneklerin karbonhidrat igeriklerinin %0.85-58.68 oldugu ve enerji
degerlerinin kcal cinsinden 27.56-380.75 kcal 100g™? arasinda kJ cinsinden ise 115.63-1608.20 kJ 100g-toldugu
tespit edilmistir. Analiz edilen mantar 6rneklerinde potasyum (108.6-2367.4 mg 100g™) ve fosfor (37.4-182.7 md
100g?) en bol bulunan mineraller olarak gézlenmistir. Caligmada dondurulmus mantar érnekleri kimyasal bilesim
acisindan taze 6rneklere en yakin sonuglar1 vermistir. Mevcut arastirma sonuglari, L. semisanguifluus’un yiiksek
besinsel kaliteye sahip oldugunu ve 6zellikle diisiik kalorili diyetlerde tiiketimine uygun oldugunu gdstermistir.
Calisma sonucunda elde edilen tiim veriler degerlendirildiginde ise 6zellikle Kurutulmus mantar 6rneklerinin sahip
olduklar1 yiiksek besinsel igerik nedeniye cesitli gida iriinlerinin iretiminde toz seklinde (birgok gida
formiilasyonunda baharat ve zenginlestirme bileseni gibi) kullanilabilecegi sonucuna varilabilir.

Anahtar Kelimeler: Lactarius semisanguifluus, Yabani mantar, Besinsel bilesen, isleme, Kurutma, Konserveleme, Dondurma
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1. Introduction

According to the previous obtained knowledge, mushrooms are widely distributed throughout the world
(Aryantha et al., 2010). They contain edible, medicinal and poisonous species (Omer and Alfaig, 2020). 70,000
fungi are described by researchers all around the world, and approximately 10,000 of them are fleshy mushrooms.
Among them, 2,000 species are recognized as edible and only 33 of them are cultivated (Mukerji and
Manoharachary, 2010). Edible mushrooms are considered to be delicious due to their nutritional, medicinal and
organoleptic properties (Gonzalez et al., 2020; Dogan and Dogan, 2021). Mushrooms are recognized as important
sources of fiber, micronutrients and functional compounds (Wasser, 2002; Xu et al., 2011; Valverde et al., 2015).
Addition to this, flavour compounds such as alcohols, ketones, aldehydes and cyclic compounds, are major flavour
components of mushrooms (Costa et al., 2013; Politowicz et al., 2018). They have, for that reason, been used as
a food and food-flavouring agent for centuries (Kalyoncu et al., 2010). The significance of edible mushrooms is
increasing day by day due to their nutritional and pharmacological properties (Diez and Alvarez, 2001).

Edible mushrooms, which have significant amounts of protein (Bach et al., 2017), draw attention with its low
caloric content, large quantity of dietary fibre, and low-fat ratio (Gonzalez et al., 2020). Considering edible
mushrooms containing unsaturated fatty acids, phenolic compounds, tocopherols, ascorbic acid, and carotenoids,
they can be accepted as a food source which can be used to prevent and treat diseases (Pereira et al., 2012). In
previous studies, their positive effects on health, including their antimicrobial, antioxidant, antidiabetic (Dogan et
al., 2021), anticancer, antiobesity, antibiotic (Freidman, 2016), antihypertensive, anti-inflammatory, antiviral,
hypoglycaemic, hypolipidemic and immunomodulatory activities, were analysed (Rathore et al., 2017). Therefore,
some of them are used as drugs in ethno-medicine.

Because of their sensorial properties and nutritional value, the consumption of wild edible mushrooms is
increasing nowadays. Wild growing edible mushrooms have been a popular food source in most of European
countries (Kalac, 2009). Turkey has a great potential for wild-grown edible mushrooms which are collected by the
local community not only for home consumption in order to meet the requirement of protein but also for
breadwinning. Mushrooms have been known as a valuable foodstuff since ancient times. The moisture content of
fresh mushrooms is approximately 88-91%. With their easy digestible proteins, they have distinctive
characteristics compared to vegetables (Erkel, 2000). Many scientists, who have studied wild edible mushrooms,
reported that they contained high protein and low energy content (Barros et al., 2007a). Besides, mushrooms
contain low carbohydrate and fat (Erkel, 2000).

Mushrooms contain varied minerals which can be used by the body to carry out various biological functions
throughout the human body (Zeng et al., 2012). The mineral components of mushrooms vary hinge on species and
ecosystems (Genccelep et al., 2009). Due to this reason, the mineral elements in mushrooms is unlike from plants
in many respects. As a result of the rise of post-harvest changes, edible mushrooms have a short shelf life as
approximately 1-3 days at room temperature (Barros et al., 2007b). As well as aroma and texture properties, visual
appealing, such as the surface colour and appearance properties, indicates the freshness of mushrooms (Burton
and Noble, 1993).

Considering all these results, a variety of conservation methods are used to ensure that people, who consume
mushroom as a source of protein, are able to access it for a longer time. Manzi et al. (2004) reported that without
seasonal limitations, drying and freezing treatments could be used to increase storage stability and to ensure
mushroom consumption. Partially high protein content and lack of physical preservation to prevent water loss or
microbial attack are related to high respiration ratio and moisture substance of mushrooms; the shelf life of
mushrooms is, therefore, shortened due to post-harvest changes such as browning, cap opening, stipe elongation,
increased cap diameter, weight loss, and texture damage (Fernandes et al., 2012). For this reason, mushrooms are
generally used in processed form (Jaworska and Bernas, 2009) such as dried, frozen or canned form. The
mushrooms are also can be used in the production of biscuits (Farzana and Mohajan, 2015), instant noodle (Arora
et al., 2018), chips (Dogan et al., 2020), beef patties (Ceron-Guevara et al., 2019), and snack (Rachappa et al.,
2020).

Lactarius semisanguifluus R. Heim & Leclair is sold in the local bazaar in Tiirkiye. This popular wild-grown
edible mushroom is locally called “Kanlica”, “Melki” and “Cintar”. L. semisanguifluus is preferred by local people
for its aroma and taste. These properties, along with its comparatively easy availability, makes L. semisanguifluus

809



Aydin & Gurbuz
Impacts of Different Processing Techniques on Chemical and Mineral Components of Wild-Grown Edible Mushroom (Lactarius semisanguifluus R. Heim &
Leclair)

one of the most sought mushrooms for human consumption. Since mushrooms are collected for human
consumption as a food, it is required to know the best storage forms (due to their short shelf life) as well as their
nutritional value. Within this scope, the objective of this study is to determine the changes in the chemical
composition (moisture, ash, crude protein, fat, and macro-micro mineral matters), and the carbohydrate content
and energy values of the L. semisanguifluus treated with different processes (drying, canning, and freezing).

2. Materials and Methods
2.1. Materials
2.1.1. Sample collection

A total of 20 kg L. semisanguifluus were collected from Keles, Bursa in Tiirkiye (39°52'N 29°12'E). The Figure 1
shows the photograph of the L. semisanguifluus. The altitude of this location is 1200 m which is the neighbour of
Uludag mountain. The forest in the area where the mushrooms are collected; it consists of pine, oak, hornbeam,
hawthorn, and occasionally poplar and plum trees. When the mushrooms were collected, it was noted that they were
in the same maturity levels with the uniform shape, size, and health conditions to provide homogeneity.

Figure 1. Surface and inside photograph of the L. semisanguifluus
2.2. Methods
2.2.1. Preparation of samples

In this study, the L. semisanguifluus samples were prepared according to Aydin et al. (2017). Drying, canning, and
freezing processes were applied to L. semisanguifluus. The mushroom samples were harvested with their pileus and stipe.
After the cleaning treatment, the mushrooms were wiped on blotting paper to remove excess water and then sized. Only the
pileus of the mushrooms was used which was the similar size. Before applying any process, the moisture, ash, crude protein,
fat, carbohydrate and energy value of the fresh mushrooms were analysed. After these analyses, for the first step (drying), the
mushrooms were dried at +40° C for approximately 24 h in a hot air oven dryer, as described by Aydin et al. (2017). Then,
they were ground together in a coffee grinder (MKM®6, Bosh, Germany) and sieved through a 60 mm sieve to obtain the
mushroom powder. All the mushroom powder was stored in glass jars and kept in +4° C prior to analysis. In the second step
canning was applied, as described by Aydin et al. (2017). The cleaned and cut mushrooms were boiled in boiling water for
30 minutes. After 30 minutes, the mushrooms were drained and put into glass jars while the mushrooms were still hot. Jar
caps were closed immediately and the samples were allowed to rest while cooling so that the mushrooms could be kept safe
until the analyses. The last step (freezing) was applied, as described by Barros et al. (2007b). After cleaning and cutting
procedures, the mushrooms were put into freezer bags and stored at -20° C prior to analysis.

2.2.2. Morphological properties of samples

To determine the morphological properties of L. semisanguifluus, the pileus width (cm) and stipe length (cm) of
the mushrooms were measured with a ruler, and the stipe diameter was measured with a calliper. In order to weigh the
mushrooms (g), the analytical balance was used.

2.2.3. Colour properties of samples

Colour values were read with a chromameter (Konica Minolta CM-3600d, Japan). Before the measurement, the
standard white plate was used to calibrate it. The measurement procedure was applied not only to the pileus surface
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but also to the pileus inside of the fresh, dried and frozen samples. The colour measurements were performed on 30
mushroom samples and the average of the measurement results was given. According to the measurement results, L*
means the lightness of the mushroom and ranges from black to white (0-100). A negative value of a* indicates green,
while a* positive number indicates red-purple colour. A positive b* value indicates yellow, while a negative b* value
indicates blue (Nakilcioglu-Tas and Otles, 2020).

2.2.4. Chemical properties of samples

The moisture, ash, crude protein, and fat contents of the fresh and processed samples were determined according
to the AOAC Method No: 930.04, 930.05, 978.04 (Nx6.25), 945.16, respectively (AOAC, 1990). The total
carbohydrate content was estimated by using the Equation (Eq.) 1 (FAO, 2003):

Total Carbohydrate = 100 - [Moisture (g) + Ash (g) +Protein (g) + Fat (g)] (Eq. 1)
The total energy value was calculated according to the Eq. 2 and Eq. 3 (Italian Law, 1993):

Total Energy (kcal) = 4 x [Protein (g) + Carbohydrate (g)] + 9 x [Fat (g)] (Eq. 2)

Total Energy (kJ) = 17 x [Protein (g) + Carbohydrate (g)] + 37 x [Fat (9)] (Eq. 3)

2.2.5. Mineral composition of samples

The macro and micro mineral contents (Na, K, Mg, Ca, P, Fe, Mn, Cu, and Zn) of the samples were designated by
inductively-coupled plasma-optical emission spectrometry (ICP-OES) (3100XL; Perkin Elmer Optima, San Jose,
California, USA) according to Sarikurkcu et al. (2012).

2.2.6. Statistical analyses

The obtained results were subjected to statistical analysis. For this purpose, JMP IN 7.0.0 (SAS, Cary, North
Carolina, USA) software was used. The data were presented as the mean + standard deviation of three replicates. When
significant differences were determined (p < 0.05), the least significant difference (LSD) test and analysis of variance
(ANOVA) was used to identify the differences among the means. Dendrogram graphics were also created for some
analyses, to identify groups that are close to each other were determined. For this purpose, the Hierarchical Clustering
Method-Wards technique run in the JMP In 7.0.0. In the graphics, the colours indicate that from the smallest to the
largest in blue, grey, and red colour tones from light to dark.

3. Results and Discussion
3.1. Physical properties of samples
3.1.1. Morphological properties of samples

In order to examine the morphological properties, 30 mushroom samples were used. All measurements were given
in Table 1. For this purpose, firstly, analyses were made to measure the weight, pileus width, stipe length and stipe
diameter (38.46 g, 8.61 cm, 2.99 cm and 2.67 cm, respectively) of the clean mushroom samples. These results are
similar with those reported by Peksen and Karaca (2000) who found the mushroom weight as 31.43 g, the pileus width
as 8.62 cm and the stipe length as 2.60 cm.

Table 1. The morphological properties of wild edible mushroom L. semisanguifluus*

samole Mushroom Pileus Stipe Stipe
P Weight (g) Width (cm) Length (cm) Diameter (cm)
Fresh 38.46+0.75 8.61£1.06 2.99+1.18 2.67+£3.42

* Number of samples=30

3.1.2. Colour properties of samples

In order to observe the colour values visually in more detail, the colour value results L. semisanguifluus by
sample type are given in Figure 2. Fresh, canned, and frozen mushrooms colour value was characterized not only
by the colour of the pileus surface but also by the inside of the pileus. The pileus surface of the fresh samples was
found significantly higher (P<0.05) in L* value as compared to those of the other samples indicating a lighter
colour. The lower L* values for the canned samples indicated a darker colour than the other samples. On the other
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hand, the whole parts of the samples were used for the detection of the colour value of the dried samples. In the
dried samples; L*, a* and b* values were observed as 43.78+0.09, 6.61+0.10 and 20.35+0.07, respectively.
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Figure 2. Colour value results of L. semisanguifluus by sample kind
*L: Lightness of the sample, 100=white, 0=black; *a: Redness when the values are positive and greenness when
the values are negative; *b: Yellowness when the values are positive and blueness when the values are negative.

L. semisanguifluus has a remarkable orange yellow colour. As reported by Kalac (2013) compared to plants,
mushrooms lack chlorophyll and anthocyanins, and carotenoids are not common in mushrooms. Noticeable colour
differences, mostly darkening, appear in some types after the mechanical damage of fruit body tissues. These kinds
of changes are usually caused by enzymatically catalysed oxidation of different polyphenols to quinones.

The frozen mushroom samples were statistically higher (P<0.05) in a* values than the fresh and canned
mushrooms. These results showed that the frozen mushrooms had a redder pileus surface. The b* values of the
frozen samples are significantly higher (P<0.05) than the fresh and canned samples. When the inside colour of the
pileus of the fresh samples was examined, they were found to be significantly higher (P<0.05) in L* value. The
canned and frozen samples had similar colours inside their pileus; they appeared to be darker than the fresh
mushroom samples. The fresh mushrooms had significantly lower a* and b* values inside their pileus. As a result
of the drying process, the dried samples lost lightness and had lower L*, a* and b* values than the fresh, canned,
and frozen samples. A similar result was also found by Peksen and Karaca (2000) who determined the L*, a* and
b* values as 42.03, 2.15 and 16.44, respectively.

3.2. Chemical properties of samples

Table 2 demonstrate the results of the physicochemical properties of the L. semisanguifluus. The moisture
content ranged between 8.86% to 90.43 in all the samples. As expected, the dried mushroom samples had
significantly (P<0.05) lower (8.86%) moisture value than the other samples due to the processing method. By
contrast, the canned mushroom samples had the highest (90.43%) moisture value; however, there were no
significant differences (P<0.05) between the fresh, canned, and frozen samples. In the presented research, the mean
result for moisture value was found to be 89.57% (not including the dried sample results). This data was almost
the same as the one reported from Greece on L. semisanguifluus as 89.59% (Jedidi et al., 2017). Owing to the
dehydration process, the moisture content of the dried samples was detected very low (8.86%). The aim of the
drying process of agricultural products; is to prevent the formation of biochemical reactions and the development
of microorganisms in the product by removing the free water in the fresh product (Karacabey et al., 2020). Dried
products are among the important processed foods because they have long storage periods (Sahin et al. 2012).

Table 2 shows the ash contents of the samples. The highest value of the ash content was found in the dried
samples (5.94%), while the ash content of the other samples ranged from 2.79% to 4.75 %. The values within all
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the samples showed significant differences (P<0.05). Kalac (2013) reported that the ash content of mushrooms
ranged between 6-12% dry weight (dw). The amount of ash in the current study was observed to be below this
value. The ash quantity was found to be 5.94 only in the dried samples. Similar ash contents (5.90%) of L.
semisanguifluus were found in fresh and frozen samples by Kalogeropoulos et al. (2013).

Table 2. Chemical properties of fresh and processed L. semisanguifluus”

e Moisture Ash Crude Pi’Ptein Fat
(%) (%) (%) (%)
Fresh 89.86+0.142 4.75+0.322 3.344+0.42° 1.20+0.40°
Dried 8.86+0.06° 5.94+0.722 18.53+0.082 7.99+0.172
Canned 90.43+0.152 2.79+0.05¢ 1.21+0.27¢ 0.53+0.05¢
Frozen 88.4242.802 3.99+0.18b¢ 2.25+0.12¢ 0.65+0.02¢

“Estimated dry weight basis

™ Protein conversion factor Nx6.25

Mean values represented by the same letters within the same column are not significantly different at P<0.05.
Data are expressed as means + standard deviations (n=3).

The protein levels of the samples were demonstrated in Table 2. According to the results, compared with the
fresh, frozen, and canned samples, the dried samples had the highest concentration of protein (18.53%). This fact
might be partially due to the decrease in the moisture value. The protein content of the fresh mushrooms was found
to be approximately 1.5 and 2.5 times higher than that of the canned and frozen samples. The values within all the
samples showed statistically significant differences (P<0.05). Jedidi et al. (2017) reported the level of crude protein
in Lactarius deliciosus as high as 18.09% dw, which was similar to our results. The protein contents of the other
samples were estimated using the fresh samples. The fresh samples had the highest concentration of protein
(3.34%), followed by the frozen (2.25%) and canned (1.21%) samples. Barros et al. (2007b) reported that while
the boiling procedure could cause an important reduce in the protein content of the mushroom, the protein content
remained almost stable during air-drying. 1.58% protein content was found in the freeze-dried L. samisanguifluus
by Kalogeropoulos et al. (2013). Barros et al. (2007a) reported in another study that T. portentosum and L.
giganteus had high protein levels (2.12%, 3.40%, respectively). As reported by Mendil et al. (2005) dried
mushrooms had 17.5% protein content. This is similar to the protein content of the dried samples which were
measured in this study. As expected, the drying procedure considerably increased the nutritional components ratio
by decreasing the water content. In spite of that, if values are estimated on a fresh basis, lower ash, crude protein,
and fat contents can be observed. The same results were observed in other studies which focused on different
mushroom types (Manzi et al., 2004). On the other hand, Bano and Rajarathnam (1982) reported that protein
contents of mushrooms depended on the compound of the substratum, size of pileus, harvest time, and species of
mushrooms.

As can be viewed in Table 2, the fat concentration of the canned (0.53%) and frozen (0.65%) samples had
nearly the same values. These results showed that the fresh samples had higher fat value (1.20%) than the other
samples. According to these results, the process of canning and freezing decreased the fat content approximately
in half. The same pattern was observed by Kalogeropoulos et al. (2013) who found out that the freeze-dried L.
samisanguifluus samples had low fat (0.39%) content. In the study published by Barros et al. (2007a) it was
reported that wild mushrooms, in general, had a lower quantity of fats compared to commercial mushrooms. Figure
3A shows the results of the cluster analysis of the chemical composition of the samples. According to the graphics
processed mushrooms were divided into two group. Assessing on the chemical content, including the frozen
samples, the fresh and canned samples were in a same group, differently than the dried samples. As expected, the
chemical characteristics of the dried samples were intensive than the other group.
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Figure 3. Hierarchical Clustering Analysis-Dendrogram for all processed wild grown edible mushroom
samples concerning the content of (A) chemical analyses, (B) macro and micro mineral contents.

The carbohydrate contents and energy values of L. semisanguifluus are shown in Table 3. The highest level of
carbohydrate was observed in the dried samples (58.68%), followed by the canned (4.69%) and frozen (5.03%)
samples. The values within all the samples showed statistically significant differences (P<0.05). Kalogeropoulos
et al. (2013) also declared the carbohydrate content as 7.88% in their study.

Table 3. Distribution of carbohydrate contents and energy values by processing kind of sample

Carbohydrate Energy Energy
Sample (%) (kcal 100g) (KJ)
Fresh 0.85+0.18° 27.56+2.49° 115.63+3.12¢
Dried 58.68+1.55% 380.75+1.328 1608.20+5.41%
Canned 4.69+0.07° 33.61+4.92° 142.03+2.97°
Frozen 5.03+0.03° 29.82+0.13° 126.06+4.88¢

Mean values represented by the same letters within the same column are not significantly
different at P<0.05. Data are expressed as means + standard deviations (n=3).

The energy value (Table 3) was found to be significantly higher in the dried samples than the other samples.
The energy values of the fresh, canned, and frozen samples were similar and statistically non-significant. While
the energy value was found to be lowest in the fresh samples with a value of 27.56 kcal 100g?, the highest energy
value was found in the dried samples (380.75 kcal 100g™). With the exception of the dried samples, similar results
were found by Kalac et al. (2009). It was also reported by Kalac (2009) that low dry matter and lipid contents
resulted in low energy values of mushrooms.

As reported by Barros et al. (2007a), wild mushrooms are good sources of protein and have low amounts of
fat, making them an ideal foodstuff. Compared to their protein and carbohydrate contents, mushrooms have a very
low-fat content (Wani et al., 2010). Likewise, the high protein, carbohydrate, and low-fat ratio of edible wild
mushrooms have been previously evaluated by other researchers (Diez and Alvarez, 2001). Being a rich source of
protein and carbohydrate content, they fall between most legumes and meat (FAO/WHO, 1989) and can be a
perfect substitute food used in low-calorie diets for their low contents of fat and energy (Barros et al., 2007a).

The macro and micro mineral compositions of the samples are displayed in Table 4. According to the results,
the most abundant macro mineral was found to be K, (ranging from 108.6 mg 100g* to 2367.4 mg 100g™* dw),
followed by P, Mg, and Na. As mentioned in the last research, it was reported that mushrooms contained a wide
ratio of mineral components, particularly P and K (Barros et el., 2007b).

The Fe element (0.58-9.4 mg 100g™!) was detected as the most abundant micro mineral in the samples. On the
other hand, the micro minerals (Fe, Cu, Zn, and Mn) were found to be statistically (P<0.05) similar in the canned
and frozen samples. Aloupi et al. (2012) reported that L. semisanguifluus contained Fe, Cu, Zn, and Mn (0.48 mg
100g?, 0.93 mg 100g7, 7.04 mg 100g%, and 0.51mg 100g~, respectively). The amounts of mineral contents vary
according to the species, age, and the diameter of the fruiting body (Wani et al., 2010). According to the Food and
Drug Administration (FDA), the daily intake of macro minerals should be 4700, 1250, 1300 and 420 mg for K, P,
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Ca and Mg elements, respectively. This amount should be 11, 18, 2.3 and 0.9 mg for the micro elements Zn, Fe,
Mn and Cu, respectively (Anonymous, 2019). Considering these amounts, it is seen that especially the dried
mushroom investigated in this present study provides an important part of the daily macro and microelement needs.

Table 4. Macro and micro mineral composition of fresh and processed L. semisanguifluus
Macro Minerals (mg 100g™)

Samples
P Na K Mg Ca P
Fresh 7.78+1.8P 244 5+1.8b 12.046.0% 4.19+2.1P 57.5£3.9
Dried 38.0+£2.12 2367.449.92 13.50£1.22 21.244.12 182.7+£7.52
Canned 5.8442.1°¢ 108.6:+2.6¢ 5.7941.6¢ 3.8+5.5b¢ 37.441.8¢
Frozen 7.15+1.20 221.9+1.9¢ 9.70+1.6° 3.042.1¢ 52.6+5.3¢
Micro Minerals (mg 100g™)
Samples
P Fe Mn Cu Zn
Fresh 1.2740.9° 0.2340.11° 0.2140.04° 0.7140.64°
Dried 9.4+2.62 0.79+1.412 0.58+0.712 3.92+3.98
Canned 0.65+£2.1¢ 0.12+0.05¢ 0.13+£0.07¢ 0.18+0.57¢
Frozen 0.58+1.2¢ 0.12+0.07¢ 0.17+0.06° 0.144+0.47¢

Mean values represented by the same letters within the same column are not significantly different
at (P<0.05). Data are expressed as means + standard deviations (n=3).
All the mineral concentrations were determined on a dry weight basis.

According to the results of the dendrogram graphs (Figure 3B), based on the mineral content, the canned and
frozen samples showed similar characteristics. The dried mushrooms were in a different group than the other
samples. Various authors reported that wild edible mushrooms were highly nutritional and were compared
extremely with meat, egg, and milk (Adejumo and Awosanya, 2005). Accordingly, people living in rural areas
believe that wild mushroom has an equal nutritional value with meat. As a result, despite the fact that wild
mushrooms grow spontaneously in many regions of Turkey, they should be consumed carefully. It is very
important to know the edible species in terms of human health.

4. Conclusions

Due to the mushrooms lose their quality immediately after harvest, it requires some process to prevent its
deterioration. In this study, the changes in the chemical and nutritional values as well as morphological properties
of L. semisanguifluus, the wild-grown edible mushroom which was treated with different processes, were
determined. According to the results, all processing techniques influenced the nutritional value of the mushroom.
In present study, the drying method significantly increased the nutrient concentration by decreasing the water
content. The freezing and canning procedures revealed poor decreased chemical results compared to the fresh
samples. The results of the present study indicated that in order to protect the nutritional properties of mushrooms,
the freezing process is the best protection technique rather than the canning process, and consequently recommend
frozen mushrooms, which are frozen under suitable conditions, in terms of nutritional value. In conclusion, due to
its functional properties, high nutritional values, low contents of fat and energy, and the composition of mineral
matter, L. semisanguifluus is an excellent food that can be suitable for use in the diet with its functional compounds,
and other nutritional values. The canned and frozen mushrooms can be used to prepare the meal in that shape and
that dried mushroom can, however, be milled as a flour and can be used to production of some food such as biscuit,
cracker, bread, noodle, snack and chips as an additive which would help take advantage of its nutritional values.
It was concluded that L. semisanguifluus can be processed with different techniques and can be used not only for
household consumption but also in food industry.
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Determination of the Application Parameters of Spraying Drones for Crop Protection in
Hazelnut Orchards

Findik Bahgelerinde Bitki Koruma Uygulamalarinda ilaglama i¢in Kullanilan insansiz Hava
Araglarinin Uygulama Parametrelerinin Belirlenmesi

Hasan Berk OZYURT?, Hiiseyin DURAN?, ilker Hiiseyin CELEN **
Abstract

Hazelnut, which has the most common cultivation area after almonds and walnuts among the shell fruits in the
world, contains high levels of fat, protein, carbohydrates, various minerals and vitamins. Hazelnut has a broad
growing area around the world, and Turkey accounts for 58% of world production with 776,000 tons annually.
With this production capacity, Turkey ranks first in hazelnut production over the world. Harmful insects in
hazelnut trees are the main factors that reduce hazelnut yield and quality. Pesticides are sprayed with backpack
sprayers in the fight against these pests in hazelnut trees. Farmers are directly exposed to pesticides in these
practices, which use high amounts of pesticides and water. In recent years, the use of unmanned agricultural
vehicles in agriculture has increased. Drones are also used in pesticide applications in agriculture. In this study,
the suitability of pesticide applications with the drone in hazelnut fields in Giresun province in terms of field
conditions and spraying efficiency was investigated. In September 2021, applications were made with DJI Agras
MG-1P model spraying drone in a selected hazelnut orchard in Uzgur village of Giresun province. The drone has
4 Teejet XR11001VS fan jet nozzles. Water-sensitive papers were placed on different regions on the hazelnut trees
to be sprayed for drop measurements. In the experiments, hazelnut trees were sprayed using water at different
heights and spraying rates. 6 flights were carried out at 1.5 and 2 meters altitudes and 1, 2 and 3 L.da™! spray rates,
and three hazel trees were sprayed as three repetitions in each flight. After the flight trials, the water-sensitive
papers were scanned on the scanner, and the volume median diameters and the number of droplets per square
centimetre were calculated in the DepositScan software. As a result of the analyses done, it was observed that the
applications performed at 1 L.da* and 2 L.da™* spray rates would not be sufficient in terms of spraying efficiency.
As the drone flight altitude increased, the accumulation of the drops on the inner leaves decreased. In terms of
drop distribution, the most homogeneous application parameter was found to be 1.5 meters high above the upper
leaves of the hazel trees and 3 L.da™* spray rate.
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Oz

Diinyada kabuklu meyveler arasinda badem ve cevizden sonra en yaygin ekilis alanina sahip meyve olan findik,
icerisinde yiiksek oranda yag, protein, karbonhidrat, gesitli mineraller ve vitaminler icermektedir. Findik, diinyada
genis bir yetisme alanina sahiptir ve Tiirkiye, yillik 776.000 ton iiretimle diinya iiretiminin %58’ini kargilamaktadir.
Bu iiretim kapasitesi ile Tiirkiye, diinyada findik iiretiminde birinci siradadir. Findik agaglarinda zararli bocekler,
findik verimini ve kalitesini diigiiren etmenlerin baslicalaridir. Findik agaclarinda bu zararlilarla miicadelede sirt
plilverizatorleri ile pestisit uygulamalar1 yapilmaktadir. Yiiksek miktarda ilag ve su kullanimi ile yapilan bu
uygulamalarda, ciftgiler direkt olarak pestisitlere maruz kalmaktadir. Son yillarda insansiz tarim araglarinin
tarimda kullanim alani artmugtir. insansiz hava araglari tarimda pestisit uygulamalarinda da kullanilmaktadir.
Yapilan calismada Giresun ilindeki findik arazilerinde insansiz hava araglari ile pestisit uygulamalarmin arazi
kosullar1 ve ilaglama etkinligi agisindan uygunlugu arastirilmigtir. 2021 Eyliil ayinda Giresun iline bagli Uzgur
kdyiinde segilen bir findik bahgesinde DJI Agras MG-1P model ilaglama i¢in kullanilan insansiz hava araci ile
uygulamalar yapilmistir. Insansiz Hava Araci iizerinde Teejet XR11001VS yelpaze hiizmeli memeler
kullanilmistir. Piiskiirtme yapilacak findik agaglarinin {izerindeki farkli bolgelere damla &lgiimleri igin suya
duyarli kagitlar yerlestirilmistir. Denemelerde farkli yiikseklik ve ilaglama normlarinda findik agaglar1 lizerine su
kullanilarak piiskiirtme yapilmistir. 1.5 ve 2 metre yiiksekliklerde ve 1, 2 ve 3 L.da™? piiskiirtme normlarinda toplam
6 ucus gerceklestirilmis, her ucusta {i¢ tekerriir olarak {i¢ adet findik ocag1 ilaglanmistir. Ugus denemelerinden
sonra suya duyarli kagitlar yazicida taranarak DepositScan yaziliminda ortalama damla caplart ve
santimetrekaredeki damla sayilar1 hesaplanmistir. Yapilan analizler sonucunda, 1 L.da? ve 2 L.da? piiskiirtme
normunda yapilan uygulamalarin ilaglama etkinligi acisindan yeterli olmayacagi gozlenmistir. THA ucus
yiiksekligi arttikga damlalarin i¢ yapraklardaki birikimi azalmistir. Damla dagilimi agisindan en homojen
uygulama parametresi 1.5 metre yiikseklikte ve 3 L.da™® piiskiirtme normu olarak bulunmustur.

Anahtar Kelimeler: Findik, insansiz hava arac1, Drone, {laglama, Hacimsel ortalama ¢ap, Pestisit, Damla
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1. Introduction

Nuts (Corylus avellana L.) are the third fruit with the most common production area after almonds and walnuts
among nuts (Bars, 2018). It contains 64% vegetable oil, 16.5% protein, 14% carbohydrates, various minerals and
vitamins (Anil et al., 2018). There is 634 kcal energy in 100 gr hazelnuts which can meet 22% of the daily protein
needs of an adult. It has a wide cultivation area throughout the world as Southern and Eastern Europe, Central
Asia, North Africa, and America. With an annual production of 776000 tons, Turkey meets 58% of the world's
consumption and ranks first in the total production amount (Anonymous, 2020a). Hazelnut cultivation in Turkey
is most common in Ordu, Giresun, and Samsun in the Eastern Black Sea Region; in addition, 386194 quarries exist
in the provinces of Sakarya and Diizce (Anonymous, 2020b).

Harmful insects seen in hazelnut orchards are at the top of the factors that reduce the yield and quality of
hazelnut (Uzundumlu et al., 2017). Around 250 hazelnut pests have been detected worldwide, causing a vital
economic loss (Kilig, 2014). Hazelnut Skunk (Palomena Prasina L. ) and Nut worm (Curculio nucum L.) are two
species with the highest damage level in Turkey (Ates and Kagar, 2021). Oztiirk and Islam (2019), in their study
in old and new hazelnut production areas, reported that producers struggled against pests such as powdery mildew,
hazelnut worm, wood borer, cone mite, hazelnut sprout moth.

Chemical control against pests in hazelnut trees is usually carried out with a back sprayer for reasons such as
the uneven terrain of the lands and irregular tree arrangement. As the terrain slope increases in hazelnut orchards,
the use of pesticides also increases (Uzundumlu et al., 2017). Although these pesticide applications are effective,
the damage to living and the environment has always encouraged researchers to develop new techniques (Celen et
al., 2020). To cover every surface of the trees, farmers apply pesticides using excess water and pesticides. In this
case, both economic and environmental damages occur with excessive pesticide use, and non-target areas are also
exposed to pesticides with spray drift. In addition to these problems, the farmers who spray with the backpack
sprayer should wear suitable clothes, masks, gloves, etc. In cases where they do not use protective clothing, they
are directly exposed to the sprayed chemical. This situation causes health problems both in the short and the long
term.

Unmanned aerial vehicles have been helping manufacturers in agriculture for many years. As the developing
technology increases the efficiency of drone components such as batteries, control, and propellers, their use in
agriculture has become even more economical and attractive. Today, drones are used in agriculture for remote
sensing, monitoring of pests and plant health, fertilization, and spraying. In the production of field and horticultural
crops, a drone equipped with a multispectral camera takes images on the land with a camera. A field map is created
with those images, and it can be determined in which region the plants are healthy and in which they are unhealthy.
Alike, cameras can detect the rust spots on the leaves, and fungal diseases can be prevented. Besides, drones also
detect the health of the soil with remote sensing (Sari, 2022). In addition to its imaging function, drones also find
a place in agriculture in the field of application. Especially in recent years, aerial spraying has been made possible
by mounting a small liquid tank, pump, and spray nozzles on drones. Thus, drones can apply pesticides in cases
where it is difficult to enter the field with a tractor or various spraying equipment (Celen et al., 2020).

The use of drones in pesticide applications has begun to find a place in all kinds of agricultural production.
Research on this subject has spread to the entire field of agricultural sciences. The efficacy of pesticide applications
for horticultural crops has also been investigated in recent years. Relatively low amounts of water used during
spraying application by drones have made the research on the effectiveness of the spray widespread. Li et al. (2021)
applied pesticides at two different spray rates (46.8 L ha® and 93.5 L ha) with drones to fight against Scolytinae
on almond trees and compared spray deposition and surface coverage values with an air-assisted sprayer. As a
result of the study, they stated that while there was more spray deposition on the lower leaves in ground spraying,
there was more spray deposition on the upper leaves in the application with a drone. Considering the biological
efficacy of the application, they concluded that both applications managed to keep the effect of the Scolytinae
below the economic damage threshold. The researchers stated that with a proper spray rate and height adjustment,
drones can be used in horticulture, but more studies are needed to be performed. Chojnacki and Pachuta (2021)
investigated the effects of different parameters on the droplet distribution of pesticide applications with drones in
cherry trees. In the study, the downwash effect created by the propellers affected the droplet distribution, allowing
the pesticide to deposit more in the middle and lower parts of the tree. In the application made with twin-angle
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spray nozzles, more pesticide deposition was observed compared to the application with a single-outlet spray
nozzle. The authors concluded that the downward thrust created by the propellers of the drone had a positive effect
on the distribution of droplets in the trees. Irfan et al. (2021) examined the droplet distribution in pesticide
applications with drones on mango trees. They stated that the shape and structure of the tree also had a significant
effect on the droplet distribution besides the drone parameters. As can be deduced from the research, the
effectiveness of pesticide applications in pesticide applications by drones in orchards varies depending on the flight
route, flight speed, height, pesticide rate, droplet size, tree shape, and plant spacing (Wang et al., 2019).

The irregular and sloping terrain in hazelnut orchards and low efficacy of the ground spraying have made drone
use for spraying purposes in hazelnut orchards in the Black Sea Region attractive. The operator can control the
spraying drone with the remote control from the outside without entering the hazelnut orchard. In this way, both
faster and safer spraying can be practiced on sloping lands, and the operator is not directly exposed to pesticides
as ground spraying.

It was aimed to investigate the suitability of pesticide applications with drones to reduce the adverse impacts
of various pests in hazelnut orchards in the Black Sea Region, in terms of field conditions and spraying efficiency.

2. Materials and Methods

Drone spraying trials in hazelnut (Corylus colurna) orchards were carried out in a hazelnut orchard in Uzgur
Village of Giresun province in September 2021 at the coordinates of 40 53' 12" North 38 21' 28" East (Figure 1).
In order to eliminate the influence of the wind and temperature on spraying quality, spraying trials were carried
out in a day with calm and clear weather. In addition, temperature, humidity, and wind speed values were recorded
during the applications.

Figure 1. Satellite Image of the Trial Site

DJI Agras MG-1P model spraying drone was used. This spraying drone has 8 rotors, and each rotor has 2
propellers. There is a 10-liter chemical tank on it, and the pesticide is sprayed from 4 spray nozzles with 2 electric
diaphragm pumps. Spray nozzles are Teejet XR11001VS flat fan nozzles with 110-degree spray angle, which are
preferred in ultra-low volume spraying applications generally used in drones (Figure 2). According to catalogue
values, 1-hectare area can be sprayed with a 10-minute flight at 10 L ha* spray rate.

The spraying drone is controlled by a licensed operator with a remote control device. Before starting the
application, the operator determines the boundaries of the area by walking around, thanks to the GPS in the remote
control device. Then land borders, flight parameters, and spray rate on the screen on the remote control device are
set. When the application begins, the spraying drone automatically takes off and sprays pesticide on the route
created before. To assist this automatic flight, the drone has a built-in GPS and a radar system used to help it avoid
obstacles. Radars are positioned on the front, back, and side of the drone. The front and rear radars detect the slope
of the terrain and ensure that the height of the drone remains constant relative to the ground. The radar on the side
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allows for a more precise height adjustment. Although the precision of the GPS on the drone is about 2 meters
during flight, this value is not enough to prevent overlaps and stay on the flight path. To provide more precision,
an external RTK station connected to the spraying drone and the remote control device simultaneously during the
flight is used. Thanks to this station, the position precision of the spraying drone increases to 2-3 cm. The technical
specifications of the spraying drone are shown in Table 1.

Table 1. Technical specifications of DJI Agras MG-1P model spraying drone

Features Values
Total Weight 9.7
Dimensions (mm) 1460 x 1460 x 578 mm (arms open, without propeller)
780 x 780 x 578 mm (arms closed)
Maximum Power Consumption (W) 6400
Airtime (minutes) 20
Lowest Height Over Plant (mm) 1500
Type and Number of Spray Nozzles Teejet XR11001VS 4 pcs
Flow rate of spray nozzles (I sec™) 0.379
Tank Capacity (liter) 10
Spray Width (m) 4
Maximum Spraying Rate (m s?) 7
Maximum Flight Speed (m s) 12
Battery Capacity ( mAh) 12000
Battery Weight (kg) 4

80 )| | 7 5 UuZANLYAN

tar e |4 5 6 7 8 | 10 | 12 | 16| 18| 20 | 25 | 30 | 35
so°|m° km/h | km/h | km/h | km/h | kmih | kb | kewh | kb | kmvh | km/h | km/h | km/h | km/h
10 [JENEEN 023 | 690| 552| 460| 394| 345 27.6| 230| 173| 153| 138| 110| 92| 79
XR8001 15 [E[F| 028 | s840| 672| s560| 480| 420| 336| 280| 210| 187| 168| 134| 112| 96
xrit001 20 [E[E| 032 | 960/ 768| 640| 549 480 384| 320/ 240| 213| 192| 154| 128| 110
25 [E|F| 036 | 108 | 864| 720| 617| 540| 432| 360| 270| 240| 216| 173| 144| 123
(100) 30 | F 039 | 117 | 936| 780| 669| 585 468| 390| 293| 260| 234| 187| 156| 134
20 |F 045 | 135 | 108 | 900| 771| 675| 540| 450| 338| 300| 270| 216| 180| 154

Figure 2. Features of Spray Nozzles

In order to observe how the droplet distribution changes at different heights and spraying rates in the trials,
spraying was carried out at two different heights (1.5 m - 2 m) and 3 different spray rates (1 Lda*-2Lda'-3L
da). The height values were considered as the distance from the upper leaves of the hazelnut trees, and the values
of the spray rate were set from the menu on the remote-control device screen. It was applied as three repetitions
for each height and spray rate value. The trial plan is shown in Table 2.

Table 2. Trial Plan

Trial No. Height (m) Spr?g;%? ate Code Pressure (bar)
1 15 1 Al 0.5
2 2.0 1 A2 0.5
3 15 2 Bl 0.5
4 2.0 2 B2 0.5
5 15 3 C1 0.5
6 2.0 3 C2 0.5

In order to examine the droplet distribution in hazelnut orchards with a drone, water-sensitive papers measuring
26 x 76 mm were used (Anonymous, 2022a)

For this purpose, the spraying drone sprayed three hazelnut trees in a single flight. After the take-off, the drone
flew on the left side of the tree line, turned back from the end of the tree line, and continued flying on the right
side of the tree line. During each trial, the drone took off from the starting point, started spraying at a distance of
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5 meters from the trees in the planned route, after turning from the end of the tree line, it returned by spraying,
stopped spraying at a distance of 5 meters from the tree line and returned to the starting point (Figure 3). The
reason for creating a 5 meters buffer zone is to avoid the effect of the irregularity of the water rate that comes to
the nozzles during the cut-off stage.

AN
9

Figure 3. Flight route of the drone

In order to monitor the distribution of droplets delivered to different regions on the hazelnut tree, each tree was
divided into 9 separate sections on the horizontal and vertical axis, and a water-sensitive paper was attached to a
leaf with paper clips in each section. The separated regions on the tree are shown in Figure 4.

After each flight, the water-sensitive papers on the sprayed trees were collected and placed in sealed packages.
After the test flights were over, all water-sensitive papers were scanned in a scanner at 600 dpi resolution and
transferred to the computer. By using DepositScan software, droplet diameters, percentage of spray coverage,
number of droplets per unit area, and the total number of droplets on water-sensitive papers were calculated (Zhu
et al., 2011). The values measured on water-sensitive paper belonging to an experiment were transferred to Excel
and graphed and the Coefficients of Variation were calculated.

Figure 4. Regions Where Water Sensitive Papers Are Placed
3. Results and Discussion

A total of 6 flights were executed with the drone, and three hazelnut trees were sprayed in each flight to perform
three repetitions. In total, 162 water-sensitive papers were collected from 18 trees. Droplet analyses were
performed in DepositScan software and graphed in the Excel program. In the droplet analysis, Dvg.1, DVos, DVog
values, the number of droplets per cm 2, the variation of the coverage percentages with the flight altitude and spray
rate were examined, and the coefficients of variation were calculated.

Table 3 shows the average droplet diameters of the droplets deposited on water-sensitive papers as the result
of the trials. According to these results, the lowest average droplet diameter of 238 um was obtained in the A2
trial, and the highest average droplet diameter of 341 pm was obtained in the A1l trial. According to international
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droplet classification criteria (Anonymous, 2022b), these droplet diameters vary between medium and coarse sizes.
Although the promised droplet size is stated as "fine" in the catalogue of the spray nozzle used, the droplets are
larger than normal due to low pressure, since spraying is performed at ultra-low spray rates and low pressures.

Table 3. Change of volumetric mean diameter Dvos values (um)

OUTER MIDDLE CENTRE OUTER MIDDLE CENTRE

Al A2

UPPER 3225 310 266.5 UPPER 355 240 2243

MIDDLE 343 300 294.5 MIDDLE  235.6 257.6 174

LOWER 3325 584 316.6 LOWER 1853 254.3 217.3
B1 B2

UPPER 299 382 455.6 UPPER 305.5 313.25 356.75

MIDDLE 412 268 340.6 MIDDLE  295.25 339 288.75

LOWER 294 260 331.6 LOWER  256.25 283.75 289.75
C1 c2

UPPER 144 219.3 314.3 UPPER 422 333 302

MIDDLE 333 268.6 353 MIDDLE  262.6 377.3 150.6

LOWER 292 262.3 285 LOWER 302 400 265.6

The lowest coefficient of variation obtained was 9% in trial B2, and the highest was 27% in trial Al. The

coefficient of variation of all trials was calculated as 13%. According to these results, it can be said that there is
uniformity in the mean droplet diameters. Table 4 shows the droplet densities on the water-sensitive papers
calculated with the DepositScan software.

Table 4. Change in the number of droplets in cm2 (number of droplets cm?)

Outer Middle Centre Outer Middle Centre
Al A2
Upper 10.0 114 2.0 Upper 3.9 7.7 6.9
Middle 9.9 115 55 Middle 31 6.7 5.0
Lower 7.2 16.3 5.9 Lower 11 1.5 3,4
Standard Variation Standard Variation
Average Deviation Coefficient Average Deviation Coefficient
8.9 42 47.4 44 2,4 54.3
B1 B2
Upper 17.3 41.5 20.2 Upper 16.2 31.7 8.4
Middle 147 4.9 14.7 Middle 17.1 9.0 5.7
Lower 142 13.6 6.4 Lower 7.6 8.9 111
Standard Variation Standard Variation
Average Deviation Coefficient Average Deviation Coefficient
16.4 10.6 64.6 12.9 8.0 62.5
C1 C2
Upper 23.0 15.8 171 Upper 42.0 20.8 16
Middle 16.6 10.0 16.6 Middle 19.3 30.6 21
Lower 17.0 142 16.8 Lower 1.7 16.6 6.4
Standard Variation Standard Variation
Average Deviation Coefficient Average Deviation Coefficient
16.3 34 20.6 16.3 13.6 83.3

According to these results, the highest droplet density was obtained in trials C1 and C2, where the highest

spray rate per hectare. In regards to the coefficients of variation, the highest value was obtained with 83.3% in trial
C2 and the lowest value with 20.6% in trial C1. Considering the coefficients of variation in other trials, the only
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value that can achieve uniformity is the spray application made at a spray rate of 3 L da™* and from a height of 1.5
meters.

Considering the 3D graphics in Figure 5 and the droplet density results in Table 4, it is seen that the droplet
density increases towards the upper and outer leaves of the trees. In drone flight parameters, the altitude value is
loaded to the controller and drone based on the height from the ground. To spray at a distance of 1.5 meters from
the upper leaves of the tree, the height of the hazelnut trees was considered as 4 meters and the drone altitude was
set as 5.5 m. At different tree heights, the drone was able to maintain the distance determined with the help of
radar and distance sensors. However, the decrease in droplet deposition on the lower and central leaves is because
of the low penetration ability of the droplets produced by the drone. In addition, tree height and leaf density also
disable the droplets to reach the inner and central leaves. When the flight distance is upgraded to 2 meters from
the upper leaf, droplet densities in A2, B2, and C2 trials are lower than in Al, B1, and C1 trials, which is another
result of the low penetration ability.
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Figure 5. Number of droplets per cm 2accumulated in different parts of hazelnut trees in the experiments

Inthe A, B, and C trials, it was observed that when the spray rate increased, the droplet densities also increased.
While droplet densities reached the lowest values as 1.1-6.9 droplets cm in trial A2, they reached the highest
value as 10-23 droplets.cm?in trial C1- Although densities in the range of 16-42 droplets cm were observed in
the middle-outer parts in the C2 trial, low depositions were obtained in the inner and central parts. These obtained
values raise doubts about the biological efficacy that may occur in the application of pesticides by drone. In Table
5, the minimum droplet densities required for biological efficacy in different pesticides according to Syngenta
Crop Protection AG are shown.

Table 5. Minimum droplet densities required for biological activity in different pesticides (Syngenta Crop
Protection AG)

Pesticide Application Minimum Number of Droplets.cm™
Insecticides 20-30
Pre-Emergence Herbicides 20-30
Contact Herbicides 30-40
Fungicides 50-70

Considering the values in the table and the results of the drone spraying experiments in hazelnut trees, the
droplet densities required for the effective application could not be provided in A and B trials conducted with 10
L ha! and 20 L ha* spray norms. The minimum droplet densities required for insecticides, which are the pesticides
used most extensively on hazelnut trees at both heights, at 30 L ha spray rate, are within the limit values. Although
the results obtained from trial C1 performed at the height of 1.5 meters show the most uniform distribution, new
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studies are needed to determine whether insecticides are effective in these parameters. Tough better droplet
densities were observed in the outer and middle regions in trial C2, low densities observed in the leaves in the
centre and inner parts raise questions about the efficacy of the insecticides.

4. Conclusions
In line with these findings, the following conclusions can be obtained;

- Low-volume spraying applications are not sufficient to deliver the spray droplets to the inner leaves in
hazelnut trees. Spraying trials with higher spray rates need to be performed (4-5-6 L ha)

- The deposition of the droplets on the inner leaves decreases when the altitude of the drone increases.
Uniform droplet distributions were observed at a flight altitude of 1.5 meters.

- To sustain better penetration ability of the droplets, spray applications can be made with larger droplets
and at lower flight speeds.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Domates Bakteriyel Benek Hastah@min Biyolojik Miicadelesinde Farkh Bacillus Tiirlerinin
Kullanim

Use of Different Bacillus Species in the Biological Control of Tomato Bacterial Speck Disease

Ozgiir GULDOGAN?, Benian Piar AKTEPE?, Yesim AYSAN®

Oz

Pseudomonas syringae pv. tomato’ nun neden oldugu Bakteriyel Benek Hastahgi domateste verim kayiplarma neden olan 6nemli
bir bakteriyel hastaliktir. Bu hastalik son yillarda domates yetistirilen tarla ve seralarda hatta ticari fideliklerde sorun
olusturmaktadir. Hastaligin miicadelesinde tohum uygulamalari 6nemli bir hastalik miicadele stratejisidir ve antagonist
mikroorganizmalari kullanarak biyolojik tohum uygulamalar etkili ve gevre dostu bir miicadele seklidir. Bu ¢aligmada, domates
alanlarindan izole edilen antagonist bakteriyel mikroorganizmalarla hastaligin biyolojik miicadele olanaklar1 arastirtmustir.
Antagonistleri izole etmek i¢in Mersin ili Erdemli ve Toroslar ilcesinde domates bitkisinin yetistigi alanlardan toplam 36 adet
toprak ve kok 6rmekleri toplanmugtir. Bu 6rneklerden bakteriyolojik tekniklere gore yapilan izolasyonlarda toplam 323 adet aday
antagonist bakteri izolat1 elde edilmistir. Bu izolatlarm antimikrobiyal etkileri in vitro petri denemeleriyle incelenmis ve 12 izolat
2.3-11.0 mm arasinda inhibisyon zonu olusturarak patojenin gelisimini baski altma almustir. In vitro ¢alismalarda basarih bulunan
12 adet antagonistik bakteri izolat1 patojenle suni olarak bulastiriimis tohuma uygulandiginda hastahigm %33-95 oraninda azaldigi
ve hastalik siddetinin %28-95 arasinda baskilandigi saptanmustir. Uygulamalar tohum ¢imlenmesinde olumsuz bir etki
yaratmamustir. En basarili bulunan dort antagonist bakteri izolatlariyla yapilan ikinci biyolojik tohum uygulamasi denemesinde,
hastalik %81-100 oraninda baskilanmustir. Béylece basarih antagonistlerin etkisi ikinci kere kanitlanmugtir. Bu basarili izolatlarm
tar ¢alismalarmda MALDI-TOF MS tekniginden faydalaniimistir ve yapilan tam testlerine gére antagonistlerin Bacillus subtilis,
Bacillus pumilus ve Paenobacillus polymyxa oldugu belirlenmistir. Yapilan bu ¢aligmayla, antagonist ozellikteki Bacillus
tiirlerinin domateste Bakteriyel Benek Hastaligimin miicadelesinde biyolojik tohum uygulamasi olarak basartyla kullanilabilecegi
gosterilmigtir. Gelecekte antagonistik Bacillus izolatlarin yesil aksamdaki bu hastaligi engelleme orani, etki
mekanizmalari ve diger antagonistlere, bitki patojenlerine olan etkileri arastirilmalidir. Pratikte kullanimi igin kitle
uretimleri, ruhsat ve patent alma gibi detayli caligmalara da ihtiya¢ vardir. Antagonistlerle ek denemeler
yapildiktan sonra bu hastaligin entegre yonetiminin bir pargasi olarak kullanilabilecegi sonucuna varilmistir.

Anahtar Kelimeler: Antagonist, Bakteriyel benek, Biyolojik miicadele, Domates, Tohum uygulamalari
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Abstract

Bacterial Speck Disease caused by Pseudomonas syringae pv. tomato is an important tomato bacterial disease that causes yield
losses. In recent years, the disease has been a problem in tomato growing areas such as greenhouses and open fields and also
commercial nurseries. Seed treatment is an important disease management strategy in the control of the disease, and seed
treatments using by antagonistic microorganisms are an effective and environmentally friendly disease control method. In the
research, biological control possibilities of the disease were investigated with antagonistic bacterial microorganisms isolated from
tomato fields. In order to isolate the antagonists, a total of 36 soil and root samples were collected from the tomato plant growing
areas in Erdemli and Toroslar districts of Mersin province. A total of 323 candidate antagonist bacterial strains were isolated from
these samples in their isolations according to bacteriological techniques. The antimicrobial effects of these strains were investigated
by in vitro petri dishes, and 12 antagonistic strains formed an inhibition zone between 2.3-11.0 mm and suppressed the growth of
the pathogen. The strains reduced the disease incidence by 33-95% ratios and disease severity by 28-95% ratios when the twelve
strains, which were successful in in vitro tests, were applied to tomato seeds as biological seed treatments. Applications did not
have a negative effect on seed germination. In the second biological seed treatment experiment with the four most successful
antagonistic bacterial strains, the disease was suppressed by 81-100% ratios. Thus, the effect of successful antagonists has been
proven for the second time. The MALDI-TOF MS technigque was used in the identification of the successful antagonistic strains,
it was determined that the antagonists were identified as Bacillus subtilis, Bacillus pumilus and Paenobacillus polymyxa. It has
been shown in the study that Bacillus species with antagonist properties can be used successfully as biological seed treatments in
the control of Bacterial Speck Disease on tomatoes. It should be investigated in the further research that the effect of the antagonistic
Bacillus strains on the inhibition of the disease on foliage parts of tomato, their mechanism of action and the effects on other
antagonists, plant pathogens. There is also a need for detailed studies such as mass production, obtaining licenses and patents for
its practical use. It was concluded that the antagonistic strains can be used in part of the integrated disease management programs
after the additional experiments are performed.

Keywords: Antagonist, Bacterial speck, Biological control, Tomato, Seed treatment.
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1. Giris

Domates (Solanum lycopersicum L.) Solanaceae familyasinda bulunan ve anavatani Giiney ile Orta Amerika
olan énemli bir bitkidir. Giiniimiizde sofralik, kurutmalik veya sanayilik olarak yiizlerce farkli 6zellik ve tipte
domates ¢esidi diinya capinda yaygin bir sekilde yetistirilmektedir. Ulkemizde ise tiim yil boyunca hem ortii
altinda hem de ac1k alanda sofralik ve sanayilik domates iiretimi yapilmaktadir. Tiirkiye Istatistik Kurumu (TUIK)
verilerine gore iilkemizde Ortii altinda sebze yetistiriciligi 1950’1 yillarda baslamis olup, 1990’dan sonra hizli bir
sekilde artis gostermistir. Ortii alt1 sebze yetistiriciligindeki bitki tiirleri karsilastirildiginda en biiyiik pay1 domates
almaktadir. Ulkemizin tiim tarimsal alanlarinda agikta yetistiriciligi yapilmasina ragmen ortii alti yetistiriciligi
daha ¢ok Ege ve Akdeniz kiy1 seritlerinde yapilmaktadir (Anonim, 2021).

Bircok kiiltiir bitkisinde oldugu gibi domates yetistiriciliginde de hastalik ve zararlilar mevcuttur. Domates
bitkisinde hastaliga neden olan pek ¢ok bakteriyel, fungal ve viral etmen sorun olusturmaktadir. Pseudomonas
syringae pv tomato (Okabe) Young, Dye ve Wilkie’nun neden oldugu Bakteriyel Benek Hastaligi da domates bitkisinde
gortilen bakteriyel hastaliklarmdan biridir. Bitkisel iiretim faaliyetleri agismdan 6énemli bir paya sahip olan Bakteriyel Benek
Hastalig1 domatesin pazar degerini diistiren ve verimi azaltan bir hastaliktir (Mc Carter ve ark., 1983; Devash ve ark., 1980; Miller
ve Jones, 2014). Pseudomonas syringae pv. tomato domates yapraklarinda ve gévdede kara lekeye yani nekroza neden olan Gram
negatif bir bakteridir (Jones ve ark., 1991). Etmen, bitkinin tiim toprak tistii organlarinda belirti olusturabilir. Baslangicta fidelerin
kotiledon yapraklarmda goriilen hastalik, gergek yapraklara ve sap kismma sigrar ardindan ilerleyen zamanda tiim fidelerin
kurumasma yol agabilir. Ozellikle értii altmda yapilan domates yetistiriciliginde, govde ve yan dallardaki lekeler kahverengi-siyah
renkte uzunca ve ylizeyseldir. Turfanda domates yetistiriciliginde en 6nemli zararm ¢igeklerde olusturur ve hasta gigeklerin
oliimiiyle meyve tutumunu engelleyeceginden biiyiik {iriin kayiplari olusur (Miller ve Jones, 2014; Aysan Ve ark., 2019). Hastahk
tohum kaynakl olarak ya da daha 6nceki {iriinlerden tarlada kalan hastalikli bitki artiklarmdan bulasma ile saglikli fidelerin
enfeksiyonu baglar. Domates tohumlarinda uzun siire yasammi siirdiiren bu patojen tohumun ¢imlenmesi esnasinda
popiilasyonunu arttirir ve tohum kabugundan gercek yapraklara bulagarak hastaligin yayilmasma neden olur (Aysan ve ark., 2005).
Bulasma sonucunda hastalik etmeni bulasik fideler araciligiyla tarlaya aktarilir, boylece etmen uygun kosullar oldugunda
epidemilere yol agar. Toprak iistii aksamdaki enfekteli bulagik bitki artiklarindan saglikli bitkiye giris yaralardan olur (Aysan ve
Saygili, 2008; Miller ve Jones, 2014). Bakteriyel etmenler tarafindan enfekte edilen bitkilerdeki ekonomik kayiplarm 6niine
geemek veya baski altinda tutmak bazen oldukga zordur. Cevresel kosullar hastalik gelisimini desteklediginde standart tedaviler
her zaman etkili degildir (Jardine ve Stephens, 1987). Bu nedenlerle bakteriyel hastalik miicadelesinde en basarili yol kiiltiirel
6nlemler, tohum uygulamalar1 (Horuz ve Aysan, 2018; Umarusman ve ark., 2019), kimyasal (Jardine ve Stephens, 1987; Saad ve
Hassan, 2000) ve biyolojik miicadeleyi kapsayan entegre miicadele yontemlerinin kullamlmasidir (Jones ve ark., 2007). Entegre
miicadele uygulamalarinda farklt miicadele teknikleri bir arada kullanilarak geleneksel pestisitlerin kullanimint azaltilir bdylece
tarmmin yapildigi ekolojik cevreye daha az zarar verilir, ekonomik kazang saglanir ve tarimin siirdiiriilebilir olmasimna katki saglanir.
Biyolojik miicadele giiniimiizde ekolojik dengenin korunabilmesi agisindan stratejik 6nem arz eden bir konuma gelmistir. Bu
nedenle ¢ahigmamizda domatesin tamamen kendi habitatindan, ticari olarak domates yetistiriciligi yapilan tarla, sera ve ev
bahgelerinde yetistirilen domates bitkilerinin kok ve kok bolgesi topragindan antagonist bakteriler izole edilmis ve Pseudomonas
syringae pv. tomato’nun neden oldugu Bakteriyel Benek Hastaliginin biyolojik miicadelesinde kullanim olanaklari aragtirilmugtir.

2. Materyal ve Metot
2.1. Patojen bakteri izolatinin gelistirilmesi ve viriilensliginin artirilmast

Cukurova Universitesi Bitki Koruma Béliimii Bakteriyoloji Laboratuvar kiiltiir koleksiyonunda bulunan ve Prof.
Dr. Yesim Aysan tarafindan Pseudomonas syringae pv. tomato olarak tanilanan Y A-845 kodlu izolat bu ¢aligmada
patojen olarak kullanilmistir. Uzun siire derin dondurucuda saklanan patojen bakterinin viriilensligi azalabileceginden
bu izolatin viriilensliginde artis saglamak amaciyla domateste patojenite testi yapilmistir (Lelliott ve Stead, 1987). Y A-
845 kodlu izolatin 48 saatlik kiiltiiriinden hazirlanan 108 hiicre/ml yogunlugundaki siispansiyon, domates fidelerine €l
piilverizatérii ile yaprak altindan piiskiirtiilerek bulastiriimistir. Iklim odasinda (22°C’de, %75 nem, 8/16 saat
aydinlik/karanlik) muhafaza edilen domates bitkilerinin yapraklarinda benek belirtileri gozlendikten sonra
bakteriyolojik tekniklere gore tek bir lekeden patojen bakteri izolasyonu yapilmistir (Lelliott ve Stead, 1987). Koch
postulati agamalar1 tamamlandiktan sonra viriilensligi artirllmis YA-845 kodlu izolatin gram reaksiyonu, KB besi
yerinde floresan pigment iiretimi ve LOPAT Kkarakterleri (Lelliott ve Stead, 1987) belirlendikten sonra ileriki
caligmalarda kullanilmak {izere egik olarak hazirlanmig YDC agar besi yerinde +4 °C’de buzdolabinda saklanmustir.
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2.2. Aday antagonist bakterilerin izolasyonu

Mersin ili, Erdemli ve Toroslar il¢elerinde 18 iiretim alanindan, 36 adet kok ve kok bolgesi topragindan aday
antagonist izolasyonu yapilmistir. Domates bitkisinin kok bolgesindeki toprak partikiilleri temizlenip kilcal
koklerden pargalar alinmistir. Her bir tiretim alanindan elde edilen kilcal kdkler birlestirilmis ve pagal yapilarak
10 gr kokten izolasyonlar yapilmistir. Kok bolgesi topragi ise gazete kagidi iizerine serilerek oda sicakliginda
kurutulmus ve ardindan 0.2 mm deliklere sahip elekten gegirilmistir. Bir iiretim alanindan elde edilen toprak
ornekleri birlestirilerek tek bir rnek haline getirilmis ve 10 gr topraktan bakteri izolasyonu yapilmustir. izolasyona
hazir hale gelen 10’ar gr’lik toprak ve kok ornekleri 90 ml Saline Buffer (%085 NaCl ¢dzeltisi) icerisinde oda
sicakliginda 200 dev/dak’da caligan calkalayicida en az 3 saat calkalanmistir. Calkalanan 6rneklerden 1ml alinarak
9ml salin buffer iceren tiiplere seyreltme serileri hazirlanmistir. Her bir seyretmeden 100ul alinarak 3 tekrarl
olacak sekilde TSA besi yerine ekim yapilmistir. Petrilerin 25°C’de 48 saat inkiibasyonundan sonra gelisen
koloniler incelenerek sekil ve renk olarak farkli morfolojik gelisim gosteren kolonilerden TSA besi yerine
saflastirmalar yapilmistir (Martinez-Cano ve ark., 2022).

2.3. Aday antagonistlerin Pseudomonas syringae pv. tomato’ya antibakteriyel etkisinin belirlenmesi

Domates koklerinden ve domates yetistirilen topraktan izole edilen 323 adet aday antagonist bakteri ve
Cukurova Universitesi Bitki Koruma Béliimii Bakteriyoloji Laboratuvari kiiltiir koleksiyonunda bulunan
Xanthomonas tiirlerine antagonist 6zelligi saptanmig olan 14 adet bakteri izolatinin Pseudomonas syringae pv.
tomato’ya antibakteriyel etkisi in vitro petri denemeleriyle incelenmistir. Aday antagonistler TSA besi yerine ¢
nokta inokulasyonu ile ekilip (Mitchell, 1992; Horuz ve Aysan, 2018) 25°C’de 48 saat inkiibasyona birakilmustir.
Benzer sekilde, besi yerinde 48 saatlik taze gelistirilen Pseudomonas syringae pv. tomato izolatinin
spektrofotometrede 10° hiicre/ml yogunlugundaki siispansiyonu hazirlanmistir. Besi yerinde {i¢ nokta
inokulasyonuyla gelistirilen aday antagonistlere 15-20 cm uzakliktan el piilverizatorityle patojen bakteri
slispansiyonu piiskiirtiilmiistiir. Her aday antagonist izolat1 patojen bakteriye karst ii¢ tekrarli olarak test edilmistir.
Kontrol olarak ii¢ adet TSA besi yerine herhangi bir aday antagonist bakteri asilamasi yapilmadan sadece patojen
bakteri piiskiirtmesi yapilmistir. Inkiibatérde 25°C’de 48 saat inkiibe edilen petrilerde olusan inhibisyon zonlar
mm olarak dlgiilerek kaydedilmistir. Inhibisyon zonu olusturan aday antagonist bakteriler in vivo tohum
denemeleri i¢in segilmistir.

2.4. Bakteriyel antagonistlerin tohum kokenli bakteriyel benek hastaligina etkisi

In vitro petri denemelerine gore antibakteriyel etkisi saptanmis 12 adet bakteriyel antagonist suni olarak
Pseudomonas syringae pv. tomato ile bulagtirilmis domates tohumlarindaki hastaligi baskilama orani tohum
denemeleriyle aragtirtlmistir. Denemeye alinan 12 adet antagonist igerisinde en bagarili bulunan ve farkli yerlerden
izole edilen dort antagonistle tohum sayilar1 artirilarak ikinci bir deneme daha kurulmustur. YA-845 kodlu
Pseudomonas syringae pv. tomato izolat1 TSA besi yerinde 25°C’de 48 saat gelistirildikten sonra yaklasik 2.9x10°
hiicre/ml (dansiyometre 1.27 degerinde) yogunlugunda bir siispansiyon hazirlanmigtir (Aktepe, 2021). Herhangi
bir kimyasalla ilaglanmamis domates tohumlar1 hazirlanan bu patojen bakteri siispansiyonuna 30 dakika siireyle
daldirilarak bulastirilmistir (Horuz ve ark., 2018; Karabiiyilk ve Aysan, 2019). Tohumlar patojen bakteriyle
bulastirildiktan sonra tiilbentten gecirilerek siiziilmiis ve 20x20 ebatlarinda tahta cerceveler iizerine yayilarak
bulastirma islemi tamamlanmuistir. Negatif kontrol uygulamasi olarak ilk denemede 105, ikinci denemede 150 adet
domates tohumu sadece steril suya daldirilmis ve ekimi yapilmustir. In vitro denemelerde antimikrobiyal etkiye
sahip oldugu belirlenen 12 adet antagonistin 48 saatlik taze kiiltiirinden dansiyometreyle (2.0 degerinde)
siispansiyonlar1 ayri ayri hazirlanmistir. Yaklasik bir saat once patojenle bulagtirilmis domates tohumlar
hazirlanan antagonist siispansiyonuna 30 dakika stire ile daldirilarak muamele edilmistir. Bu siire sonunda siizgecle
siiziilen antagonistlerle uygulama gérmiis bulasik tohumlar steril torfla dolu plastik kiivetlere ekilmistir. ilk
denemede, her bir antagonist uygulamasi i¢in 3 tekrar ve her tekrarda 35 tohum olacak sekilde deneme kurulmustur.
Her bir antagonist icin toplamda 105 adet tohum kullanilmistir. Tkinci denemedeyse yine 3 tekrar, her tekrarda 50
tohum olmak iizere her uygulama i¢in 150 tohum kullanilarak deneme kurulmustur. Uygulama gérmiis tohumlarin
ekildigi kiivetler %75 nem ve 25+°C’de muhafaza edilmistir. Yaklasik olarak 14 giin sonra ¢imlenen tohumlardan
gelisen fidelerin kotiledon yapraklar giinliik olarak incelenerek pozitif kontrole ait uygulamada gozle goriiliir
hastalik belirtileri olustugunda degerlendirme yapilmigtir. Tohumlar ¢imlendikten sonra pozitif kontrol
uygulamasindaki fidelerin kotiledon yapraklardaki lekeler ortaya ¢iktiginda bitkiler hasta olarak kabul edilmistir.
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Her bir antagonist bakteri uygulamasinda hasta bitki sayilar1 ¢imlenen bitki sayilarina boliinerek her tekerriiriin
hastalik %’si hesaplanmistir. Antagonist bakterinin hastalig1 baskilama etkisi Abbott formiilii (% etki= (kontrol-
uygulama) /kontrol) x 100) kullanilarak yapilmistir (Karman, 1971). Bu hesaplama sonucunda antagonistin fide
iizerindeki hastalik ¢ikisina etkisi % olarak hesaplanmistir. Antagonist bakterinin fidelerde olugturdugu hastalik
siddetini degerlendirirken Aysan (1999) tarafindan gelistirilen 0-3 skalasi (0: kotiledonlarda leke yok, 1:
kotiledonlarda 1 leke var, 2: kotiledonlarda 2 veya 3 leke var, 3: Kkotiledonlarda 4 ve daha fazla leke var)
kullanilmistir. Degerlendirmelerden sonra her uygulamanin bir tekerriiriindeki hasta bitkilerden patojen bakteri
izolasyonu yapilarak tiitinde asir1 duyarlilik testi (HR) ile hastalik belirtilerinin Pseudomonas syringae pv.
tomato’dan kaynaklandigi ispatlanmistir. Elde edilen skala degerleri, Townsend-Heuberger formiilii kullanilarak
ylizde hastalik siddeti degerlerine doniistiirilmistiir (Karman, 1971). Antagonist bakterilerin hastalik siddetini
azaltma oran1 Abbot formiilii ile hesaplanmistir. Yapilan uygulamalar arasindaki istatistiki farklar ANOVA
istatistiki programinda LSD ¢oklu karsilastirma testi ile (p<0.05) ortaya konulmustur.

2.5. Bakteriyel antagonistlerin tohum cimlenmesine etkisi

Tohuma yapilan uygulamalarda ilagsiz domates tohumlari plastik kiivet igindeki steril torflara ekilerek uygun
kosullarda ¢imlenmeleri saglanmistir. 14 giin sonunda kotiledon yapraklar olustuktan sonra steril torflara ekilen
ve ¢imlenen tohum sayilart not edilmistir. Antagonist uygulamalari yapilmig tohumlarm ¢imlenme %’si
hesaplanarak pozitif kontroldeki ¢imlenme yiizdesi ile karsilagtirilmigtir. Antagonistlerin ¢imlenmeye % etki
Abbott formiiliine gore hesaplanmistir. Anova istatistik programinda LSD ¢oklu karsilagtirma testinde p<0.05
6nem diizeyinde uygulamalar arasindaki istatistiki farklar hesaplanmstir.

2.6. Bakteriyel antagonistlerin tanist

Denemede kullanilan antagonistlerin tanisi Tryptic Soy Agar (TSA) besi yerine ¢izildikten ve 48 saatlik
inkiibasyon sonrast MALDI-TOF MS ile yapilmistir. Glinlimiizde mikroorganizmalarin tanisinda yaygin olarak
kullanilan MALDI-TOF MS teknolojisi (Soylu ve ark., 2020) ile antagonist bakterilerin tanis1 Prof. Dr. Soner
SOYLU’nun denetiminde Mustafa Kemal Universitesi Bitki Saglig1 Klinigi Arastirma ve Uygulama Merkezi’nde
yapilmistir. MALDI-TOF MS’ de mikroorganizmalarin protein yapilarinin kiitle spektrometresindeki izolasyonu
ve m/z degerlerine gbre bulunan spektralarin grafiksel goriintiilerinin sistemin kendi veri tabanindaki referans
organizmalara uyumuna gére mikroorganizmalarin cins ve tiirleri tanilanmaktadir (Pavlovic ve ark., 2012).

3. Arastirma Sonuglar1 ve Tartisma
3.1. Patojen bakteri izolatimin gelistirilmesi ve viriilensliginin artirilmast

Patojen bakteri, YA-845 kodlu Pseudomonas syringae pv. tomato izolatindan hazirlanan 106 hiicre/ml
yogunlugundaki siispansiyon domates fidelerinin yaprak altina piiskiirtiildiikten sekiz giin sonra etrafi sar1 hale ile
cevrili siyah lekeler tipik Bakteriyel Benek Hastaligi belirtileri gozlenmistir. Bakteriyolojik tekniklere gore tek bir
lekeden patojen bakteri izolasyonu yapilmis ve viriilensligi artirilmig bu izolatin dort adet saf kiiltiirii elde
edilmistir. Patojen bakterinin gram negatif, floresan tipte koloni olusturdugu ve LOPAT karakterine (+ - - - +) gore
Pseudomonas syringae oldugu teyit edilmistir. Patojenite testiyle de Pseudomonas syringae pv. tomato oldugu
belirlenmistir.

3.2. Aday antagonist bakterilerin izolasyonu

Mersin ilinden alinan 36 adet toprak ve kok drneginden bakteriyolojik tekniklere gore yapilan izolasyon islemi
sonunda farkli morfolojik karaktere sahip toplam 323 adet aday antagonist bakteri izolat1 saflagtirilmistir. Bu
izolatlarin 70 adedi Erdemli ilgesinden alinan kok 6rneklerinden, 88 adedi ise toprak 6rneklerinden izole edilmistir.
Toroslar ilgesinden alinan kdok 6rneklerinden 75 adet ve toprak drneklerinden 99 adet olmak iizere bu ilgeden 174
adet aday antagonist saf olarak elde edilmistir. Mersin ilinden izole edilen 323 aday antagonistin 145 adedi domates
bitkisinin kok bolgesinden ve 178 adeti domates iiretimi yapilan topraktan izole edilerek saflastirilmistir

3.3. Aday antagonistlerin Pseudomonas syringae pv. tomato ’ya antibakteriyel etkisinin belirlenmesi

Domates koklerinden ve domates yetistirilen topraktan izole edilen 323 adet aday antagonist ve Xanthomonas
tiirlerine antagonist 6zelligi saptanmis 14 adet bakteri izolat1 olmak iizere toplam 337 adet aday antagonist
bakteriyle yapilan in vitro petri denemelerinde, 12 izolatin Pseudomonas syringae pv. tomato’ya antibakteriyel

etkisi saptanmistir. TSA besi yerinde olusan inhibisyon zonlar1 ortalamasinin 2.3 ile 11.0 mm arasinda degistigi
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saptanmugtir. Xanthomonas tiirlerine antagonistik dort izolat Pseudomonas syringae pv. tomato’nin da besi yerinde
gelisimini baski altina almistir. Mersin ili Erdemli ilgesinden bes izolat ve Toroslar ilgesinden iki izolatin
antibakteriyel 6zellige sahip oldugu belirlenmistir. Izole edilen antagonist dzellikteki yedi bakteriyel izolatn besi
topraktan ikisi kokten elde edilmistir.

3.4. Bakteriyel antagonistlerin tohum kékenli bakteriyel benek hastaligina etkisi

Tablo 1°de gorildiigii gibi, domates yetistirilen topraktan izole edilen OG/6-8 kodlu izolat 11.00 mm,
Xanthomonas tiirlerine antagonist 6zelligi saptanmis AE/2-6 kodlu izolat 10.60 mm ve YL/4-3 kodlu izolat 10.00
mm, domates kokiinden izole edilen KG/8-9 kodlu izolat 9.60 mm, yine topraktan izole edilen OG/6-14 kodlu
izolat 9.30 mm inhibisyon zonu olusturarak besi yerinde patojenin gelisimini engellemistir. OG/7-1, Surug/4-3,
OG/7-13 ve YL/5-3 kodlu izolatlar sirasiyla ortalama 7.60, 7.60, 7.30 ve 6.00 mm inhibisyon zonu olustururken
TOH/4, OG/6-7 ve KG/6-6 kodlu izolatlar 3.60, 2.30 ve 2.30 mm inhibisyon zonu olugturmustur.

Tablo 1. Patojen bakteriye karst antagonistik etki gésteren izolatlar

Table 1. Isolates with antagonistic effects against pathogenic bacteria

Inhibisyon Zonu

izolat Kodu Yer Toprak/Kok Domates Cesidi ort (mm)
0G/6-8 Erdemli Toprak Miras F1 11.00
AE/2-6 C.U. Bitki Kor. Bél. Bakteriyoloji Lab. kiiltiir koleksiyonu izolat: 10.60
YL/4-3 C.U. Bitki Kor. Bél. Bakteriyoloji Lab. kiiltiir koleksiyonu izolat: 10.00
KG/8-9 Toroslar Kok Lapgin 9.60
0G/6-14 Erdemli Toprak Miras F1 9.30
0G/7-1 Erdemli Toprak Android F1 7.60

Surug/4-3 C.U. Bitki Kor. Bsl. Bakteriyoloji Lab. kiiltiir koleksiyonu izolat: 7.60
0G/7-13 Erdemli Toprak Android F1 7.30
YL/5-3 C.U. Bitki Kor. Bél. Bakteriyoloji Lab. kiiltiir koleksiyonu izolat: 6.00
TOH/4 C.U. Bitki Kor. Bél. Bakteriyoloji Lab. kiiltiir koleksiyonu izolat: 3.60
0G/6-7 Erdemli Toprak Miras F1 2.30
KG/6-6 Toroslar Kok Lapgin 2.30

Tablo 2’de goriildugii gibi, Pseudomonas syringae pv. tomato ile bulasik domates tohumlarina 12 bakteriyel
antagonistin uygulandigi birinci denemede Bakteriyel Benek Hastaligi %27.65-94.72 oraninda baskilanmustir.
Sadece patojen bakteriyle bulastirilmis domates tohumlar1 ¢imlendiginde gelisen fidelerin %26.07’sinin kotiledon
yapraklarinda lekelerin oldugu ve pozitif kontrolde yer alan lekeli fidelerdeki hastalik siddetinin ortalama %15.55
oldugu hesaplanmistir.

Tablo 2. Antagonistlerin domateste bakteriyel benek hastaligina etkisi (birinci deneme)

Table 2. Effect of antagonists on bacterial pith disease in tomatoes (first trial)

izolat Kodu Hastalik Orani (%) % Etki Hastalik Siddeti (%) % Etki
0G/6-7 1.23% 95.30 0.82°¢ 94.72
0G/6-14 4,61 84.73 4.61% 70.32
Surug/4-3 451 82.70 2.63°¢ 83.08
OG/7-13 6.23 76.10 3.66°¢ 76.46
YL/5-3 6.66 ° 74.45 3.70°¢ 76.20
KG/8-9 6.91 < 73.49 2.62°¢ 83.15
TOH/4 7.50 bed 71.23 4.17°¢ 73.18
KG/6-6 8.18 bed 68.62 5.08 67.33
0G/7-1 8.45 bed 67.59 6.52 bc 58.07
YL/4-3 10.27 b 60.60 340° 78.13
0G/6-8 11.07% 57.53 5.17 ¢ 66.75
AE/2-6 17.38 33.33 11.25%® 27.65
Pozitif Kontrol 26.07 2 - 15552 -

*Farkl1 harfi igeren ortalamalar LSD(0.05) testine gore istatistiksel olarak farklidir.
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Istatistiksel olarak incelendiginde AE/2-6 kodlu izolat hari¢ tim uygulamalar tohum kokenli bakteriyel
hastalig1 engellemede basarili bulunmustur. OG/6-7 kodlu izolat hastaligi %95.30 diizeyinde baskilayarak en
basarili uygulama olarak belirlenmis ve tek bir istatistiki grupta yer almistir. ikinci istatistiki grubu OG/6-14,
Surug/4-3, OG/7-13, YL/5-3 ve KG/8-9 kodlu izolatlar olusturmustur. Bu bes izolat hastaligi %73.49-84.73
oraninda baskilayip hastalik siddetini %76.20-83.15 oraninda azaltmistir. TOH/4, KG/6-6 ve OG/7-1 kodlu
izolatlar da diger bir etkili grubu olusturmus ve hastalik ¢ikisint %67.59-71.23, hastalik siddetini %58.07-73.18
oraninda azaltmiglardir. YL/4-3 ve OG/6-8 kodlu izolatlar Bakteriyel Benek Hastaligin1 %57.53-60.60 ve hastalik
siddetini de % 66.75-78.13 diizeyinde engellemistir. Istatistiksel olarak en basarili bulunan ilk iki grupta yer alan
alt1 izolat dort farkli iiretim alaninda izole edilmistir ve her birinden seg¢ilen dort antagonistle yapilan ikinci tohum
denemesinde bu izolatlarin basarisi bir kez daha teyit edilmistir. Tablo 3’te gortldiigii gibi KG/8-9, Surug/4-3,
YL/5-3 ve OG/6-7 kodlu izolatlarla yapilan ikinci denemede pozitif kontrol uygulamasinda yer alan fidelerin %
24.90’1nda hastalik goriiliirken antagonist bakteri uygulamasi yapilmis tohumlardan gelisen fidelerin %4.24-4.68’1
hasta olarak belirlenmistir. Antagonistlerle yapilan tohum uygulamalar1 hastaligi %81.16-100.00 oraninda
baskilamistir. Benzer sekilde hastalik siddeti de %53.32-100.00 oraninda azalmistir.

Tablo 3. Antagonistlerin domateste bakteriyel benek hastaligina etkisi (ikinci deneme)

Table 3. Effect of antagonists on bacterial pith disease in tomatoes (second trial)

Izolat Kodu Hastalik Oram (%) % Etki Hastalik Siddeti (%) % Etki
KG/8-9 0.00 ¢ 100.00 0.00° 100.00
Surug/4-3 4,24 ¢ 82.97 1.63° 90.96
YL/4-3 4610 81.44 2.80° 53.32
0G/6-7 4.68° 81.16 2510 86.08
Pozitif Kontrol 24.90% - 18.042

*Farkl harfi iceren ortalamalar LSD(0.05) testine gore istatistiksel olarak farklidir.

Detayli arastirmalar i¢in se¢ilen dort antagonist ile yapilan in vitro ve in vivo deneme sonuglar1 Tablo 4’te toplu
olarak goriilmektedir. Mersin ili Toroslar ilgesinde ev bahgesinde yetistirilen domates topragindan elde edilen
KG/8-9 kodlu izolat in vitro denemelerde 9.60 mm’lik inhibisyon zonu olusturmus, tohum kokenli inokulumdan
kaynakli hastalik olusumunu ilk denemede %73.49 ikinci denemede tamamen (%100) baskilamigstir. Mersin ili
Erdemli ilgesinde serada yetistirilen domates topragindan elde edilen OG/6-7 kodlu izolat ise 2.30 mm ile en kiiglik
inhibisyon zonuna sahip olmasina ragmen hastalig1 %95.30 ve %81.16 oraninda baskilamistir.

Tablo 4. Secilen antagonistlerin domateste bakteriyel benek hastaligina etkisi (In vitro ve In vivo test)

Table 4. The effect of selected antagonists on bacterial spot disease in tomatoes (In vitro and In vivo Test)

. Birinci Deneme Ikinci Deneme
izolat Kodu Inhibisyon Hastahk Hastahk Hastahk Hastahik
Zonu (mm) Oraninda Siddetinde Azahs Oraninda Siddetinde
Azalis (%) (%) Azalis (%) Azalis (%)
0G/6-7 2.30 95.30 94.72 81.16 86.08
Surug/4-3 7.60 82.70 83.08 82.97 90.96
YL/4 -3 6.00 74.45 76.20 81.44 53.32
KG/8-9 9.60 73.49 83.15 100.00 100.00

3.5. Bakteriyel antagonistlerin tohum ¢imlenmesine etkisi

Tablo 5’te goriildiigi gibi herhangi bir uygulama yapilmamis pozitif kontrolde bulunan domates
tohumlarinin %98.24’s1 ¢imlenmistir. Istatistiksel olarak degerlendirildiginde, pozitif kontrol, 0G/7-1, OG/6-8,
KG/8-9, AE/2-6 ve TOH/4 uygulamalar pozitif kontrol ile ayni grupta yer almis ve ¢gimlenmeye olumsuz bir etki
yapmadiklar1 belirlenmistir. Bu uygulamalarda ¢imlenme oranit %82.45 ile %98.24 arasinda olmustur. Diger
uygulamalarda (0G/6-14, OG/7-13, OG/6-7, YL/5-3, KG/6-6, Suru¢/4-3ve YL/4-3) ¢imlenmedeki azalig
istatistiksel olarak dnemli bulunmustur.
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Tablo 5. Biyolojik tohum uygulamalarinin cimlenmeye etkisi (birinci deneme)

Table 5. Effect of biological seed treatments on germination (first trial)

1zolat Kodu Cimlenme Oram (%) Cimlenmedeki Azals (%)
Pozitif Kontrol 98.24%" -
TOH/4 93.86% 4.40
AE/2-6 85.96%° 12.50
KG/8-9 84.213¢ 14.28
0G/6-8 82.45%cd 16.07
0G/7-1 82.4530d 16.07
Surug¢/4-3 78.07° 20.53
YL/4-3 78.07bd 20.53
KG/6-6 71.93¢ 26.87
YL/5-3 66.66%f 31.58
0G/6-7 56.14°f 42.85
0G/7-13 54.38f 44.64
0G/6-14 51.751 47.32

*Farkl1 harfi igeren ortalamalar LSD(0.05) testine gore istatistiksel olarak farklidir.

Tablo 6’da secilen antagonistlerle (KG/8-9, OG/6-7, YL/4-3 ve Surug/4-3) daha fazla tohum sayisiyla yapilan
ikinci denemede YL/4-3 ve Surug/4-3 kodlu izolatlarin istatiksel olarak tohum ¢imlenmesine herhangi bir olumsuz
etki yaratmadig1 saptanirken KG/8-9 ve OG/6-7 kodlu izolatlar ¢cimlenmesi sirastyla %37.24 ve %26.89 diizeyinde
azaltmistir. Tim veriler birlikte degerlendirildiginde, YL/4 -3 ve Surug¢/4-3 kodlu izolatlarin hem Bakteriyel Leke
(Xanthomonas euvesicatoria) hem de Bakteriyel Benek Hastaligini (Pseudomonas syringae pv. tomato)
engelleneme yeteneginde oldugu ve tohum ¢imlenmesine herhangi bir olumsuz etkisinin olmadig1 bu ¢alismayla
ortaya konmustur. Domates tohumlarindaki Xanthomonas euvesicatoria ve Pseudomonas syringae pv. tomato
popiilasyonunu azaltmak igin gelecekte YL/4 -3 ve Surug/4-3 kodlu izolatlarin biyolojik tohum uygulamalari
olarak kullanimi basar getirebilecektir

Tablo 6. Secilen antagonistlerle yapilan tohum uygulamalarinin ¢cimlenmeye etkisi

Table 6. The effect of seed treatments with selected antagonists on germination

izolat Kodu Cimlenme Orani (%) Cimlenmedeki Azals (%)
Pozitif Kontrol 96.66% -

Surug/4-3 92.002 4.82

YL/4-3 85.332 11.72

0G/6-7 70.66° 26.89

KG/8-9 60.66" 37.24

*Farkl1 harfi igeren ortalamalar LSD(0.05) testine gore istatistiksel olarak farklidir.

Dost mikroorganizmalar olarak adlandirilan, bitki hastaliklarinin biyolojik miicadelesinde kullanilan
antagonist bakteriler (Aktepe, 2018), bakteriyofajlar (Cemen ve ark., 2018) ve funguslar (Tekiner ve ark., 2019)
ile ilgili arastirmalar son yillarda biiyiik dnem kazanmistir. Gida giivenligi, ¢evre ve insan sagligi ile siirdiirebilir
tarim konularma verilen 6nem arttikca biyolojik miicadele arastirmalart da dikkat ¢ekmeye baglamistir. Dost
mikroorganizmalar organik veya geleneksel iiretim yapilan alanlarda toprak mikrobiyal aktivitesini artirarak
toprak yapis1 ve dzelliklerini iyilestirir ayrica bitkinin hastaliklara kars1 daha dayanikli olmasini saglar. Bu durum
domateste yapilan pek ¢ok arastirmayla ortaya konmustur. Solucan giibresi kullanimiyla toprak mikrobiyatasi
zenginlestirilmis ve domateste Bakteriyel Benek Hastaligina kars1 direng saglanmistir (Karnez ve ark., 2021).
Diger bir arastirmada Bacillus pumilus ve Bacillus amyloliquefaciens adli antagonist bakteriler tohuma
uygulandiginda domateste Bakteriyel Benek Hastaligina karsi1 dayaniklilik mekanizmasi harekete gegirilmistir
(Lanna-Filho ve ark., 2017). Dost mikroorganizmalarin kullanildig1 bir diger alan da bakira direng gelistirmis
patojen bakteri popiilasyonun yaygin oldugu iiretim alanlaridir. Ornegin Giiney Afrika’da bakira direng gelistirmis
Pseudomonas syringae pv. tomato popiilasyonuyla miicadelede entegre hastalik yonetiminde Bacillus subtilis
izolatlar1 basariyla kullanilmistir (McLeod ve ark., 2017). Silva ve ark., (2008) Acinetobacter johnsonii, Bacillus
amyloliquefaciens, Bacillus pumilus, Bacillus sphaericus, Paenibacillus macerans ve Staphylococcus aureus adli
antagonist bakterileri tohuma uygulayarak tohum kokenli Pseudomonas syringae pv. tomato popiilasyonunu %44
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oraninda kontrol altina almiglardir. Ji ve ark., (2005) domateste Pseudomonas syringae pv. tomato popiilasyonunu
baski altina almak i¢in antagonist bakterilerden Bacillus pumilus SE34, Pseudomonas fluorescens 89B-61 ve
Pseudomonas syringae Cit7 kodlu izolatlarini koke, tohuma ve yesil aksama uygulamislardir. Hastaligin %12-%83
diizeyinde baskilandigini bildirmislerdir. Lanna-Filho ve ark., (2017)’nin yaptig1 arastirmada Pseudomonas
syringae pv. tomato miicadelesinde endofitik yasayan Bacillus pumilus ve Bacillus amyloliquefaciens antagonist
bakterileri kullanildiginda bitkide dayaniklilik mekanizmasinin tesvik edildigini gostermisler ve Bakteriyel Benek
Hastaligi 62% oraninda baskilandigin1 saptamiglardir. Bu ¢alismada da farkli Bacillus tiiriine ait izolatlar
kullanilarak tohum kokenli hastaligt baskilama yetenekleri arastirilmis ve oldukga basarili sonuglar elde edilmistir.
Hatta Bacillus subtilis YL/4 -3 ve Bacillus subtilis Surug¢/4-3 kodlu izolatlarin hem Bakteriyel Leke hem de
Bakteriyel Benek Hastaligini engelleme yeteneginde oldugu belirlenmistir. Bu aragtirmada her ne kadar bu
izolatlarin etki mekanizmalari ortaya konmamis olsa da timit var sonuglar oldugu aciktir. Gelecekte bu izolatlarin
yesil aksamda hastalig1 engelleme etkileri ve etki mekanizmalari ile diger antagonistlere, bitki patojenlerine ve
insanlara olan etkileri arastirilmalidir. Pratikte kullanimi igin kitle iiretimleri, ruhsat ve patent alma gibi detayli
calismalara da ihtiyag vardir.

3.6. Bakteriyel antagonistlerin tanisi

MALDI TOF MS ile yapilan tan1 sonucunda, YL/4 -3 ve Surug¢/4-3 kodlu izolatlarin indeks degeri 1.976 ve
1.876 olarak belirlenerek Bacillus subtilis ile tiir diizeyinde tam eslesme saglanmistir. OG/6-7 kodlu izolat 1.974
indeks degeri ile Bacillus pumilus olarak KG/8-9 kodlu izolat 1.984 indeks degeri ile Paenobacillus polymyxa
olarak tanilanmistir. Bu iki bakteri tiirliniin antimikrobiyal etkiye sahip oldugunu gosteren farkli ¢aligmalar
bulunmaktadir. Cakar ve Tozlu (2022) yaptiklar1 ¢alismada iki Bacillus pumilus (RK-103 ve TV-67C) izolatinin
patateste verim kayiplarina neden olan toprak kaynakli kuru ¢iiriiklik etmeni Fusarium oxysporum'un biyolojik
miicadelesinde timit var oldugu belirtilmistir. Yapilan baska bir ¢alismada da Paenobacillus polymyxa’nin genis
bir konukgu araligina sahip bitki biiyiimesini tegvik eden antagonistik kok bakterilerinden (rizobakter) biri oldugu
bildirilmistir (Timmusk ve ark., 2005).

4. Sonug

Bu c¢alismada, Pseudomonas syringae pv. tomato’nun tohum kaynakli bulagikligini azaltmak i¢in yerel
antagonistler kullanilarak yapilan biyolojik tohum uygulamalarinin etkinlikleri arastirilmistir. Domates
koklerinden ve domates yetistirilen topraktan izole edilen 323 adet aday antagonist ve Xanthomonas tiirlerine
antagonist 6zelligi saptanmig 14 adet bakteri izolati olmak iizere toplam 337 adet aday antagonist bakteriyle
yapilan in vitro petri denemelerinde, 12 izolatin Pseudomonas syringae pv. tomato’ya antibakteriyel etkisi
saptanmistir. Patojenle bulasik domates tohumlarina 12 bakteriyel antagonistin uygulandigi birinci denemede
Bakteriyel Benek Hastaligi %28-95 oraninda baskilanmigtir. Detayli arastirmalar i¢in segilen dort antagonist
(KG/8-9, Surug/4-3, YL/5-3 ve OG/6-7) ile yapilan ikinci denemede, tohuma uygulanan antagonitler
hastaligi %81.16-100.00 oraninda baskilamistir. Cimlendirme denemelerinde ise KG/8-9, Surug¢/4-3 ve YL/5-3
kodlu izolatlarin ¢imlenmeye herhangi bir olumsuz etki yapmadiklari belirlenmigtir. MALDI TOF MS ile yapilan
tan1 sonucunda, YL/4 -3 ve Surug/4-3 kodlu izolatlar Bacillus subtilis, OG/6-7 kodlu izolat Bacillus pumilus ve
KG/8-9 kodlu izolat Paenobacillus polymyxa olarak tamilanmistir. Domates tohumlarindaki Xanthomonas
euvesicatoria ve Pseudomonas syringae pv. tomato popiilasyonunu azaltmak igin gelecekte YL/4 -3 ve Surug¢/4-3
kodlu izolatlarin biyolojik tohum uygulamalar1 olarak kullanimi bagar1 getirebilecegi sonucuna varilmistir. Bu
antagonistlerin yesil aksamdaki hastaligi1 baskilama diizeyi, diger domates patojenlerine, tohum ve yesil aksamdaki
antagonistlere ve hedef dis1 canlilara da etkisi aragtirilmalidir. Ayrica kitle tiretimleri, ruhsat ve patent alma
konusunda daha detayli yapilacak incelemelere de ihtiyag vardir.

Tesekkiir
Bu ¢aligmada kullanilan antagonist bakteri izolatlarin MALDI-TOF MS ile tanisin1 yapan saym Prof. Dr. Soner
SOYLU’ya tesekkiir ederiz.
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Commercialization of Pigeon Pea Production: Its Determinants and Constraints

Abraham FALOLA!, Ridwan MUKAILAZ*, Taiwo Funmilola LAWALZ2, Michael
Ayodele AKINSUY 4

Abstract

Commercialization of neglected and underutilized species is a reasonable pathway to food security, employment
growth, and reducing poverty. Pigeon pea is one of the underutilized crops with great economic value and health
benefits. Despite its potential, pigeon pea is still a minor crop. This study, therefore, examined the level of pigeon
pea commercialization, influencing factors of the commercialization of pigeon pea production and the constraints
faced in its commercialization in Nigeria. The descriptive statistics, the household commercialization index, and
the Tobit regression model were used to analyse primary data collected from 160 randomly selected pigeon pea
farmers. The results showed that the mean household commercialization index was 29.2%, implying that the
farmers still had a gap of a minimum of 45.8% to attain a high level of commercialization in pigeon pea production.
The positive influencing factors for the commercialization of pigeon pea production were access to credit, farming
experience, farm size, farm output, extension services, the use of farm machinery, and pesticides. The distance to
the market had a negative influence on the commercialization of pigeon pea production. Farmers' major challenges
in commercializing pigeon pea production included a lack of credit, insufficient extension contacts, a poor
transportation system, pests and diseases, high production input costs, inadequate storage facilities, and insufficient
access to timely market information. Therefore, this study recommends encouraging pigeon pea commercialization
by the government and non-governmental organizations through the provision of farm credits, production inputs,
a good transportation system, and an improved agricultural extension system.
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1. Introduction

Food insecurity is a global challenge, especially in many developing countries (FAO, IFAD, UNICEF, WFP
and WHO 2021; Mukaila et al. 2022a). The challenge has grown due to the COVID-19 pandemic as recent
statistics show that 30% of the world population lacks adequate access to food while up to 811 million people are
hungry (FAO, IFAD, UNICEF, WFP and WHO 2021; World Bank 2022). The report further revealed that hunger
is on the increase in almost all African countries as the continent hosts over one-third of the world's hungry people,
with sub-Saharan Africa having the highest level of prevalence of undernutrition. Nigeria is not immune to this
menace, as the prevalence of food insecurity in the total population between 2014-2016 and 2018-2020 was about
36.5% and 57.7%, respectively (FAO, IFAD, UNICEF, WFP and WHO 2021). This could affect achieving the
second Sustainable Development Goal of zero hunger by 2030 if proper and immediate measures are not in place.
Thus, this situation calls for the need for farmers and other relevant stakeholders in agricultural development to
diversify their attention from the production of conventional crops to the neglected and underutilized species (NUS)
to enhance food availability, affordability, and consequently food security. It would further enhance farmers’
income and enable sustainable agriculture (Ghosh, 2021).

The NUS are the crops that have been given insignificant attention or ignored by policymakers, plant breeders,
and agricultural researchers (Padulosi et al., 2013). They have great opportunities to alleviate food insecurity and
poverty among low-income communities and worldwide. They can also assist in making agricultural production
more enduring to climate change, advancing agricultural development and empowering rural farming households
(Padulosi et al., 2013). Among the NUS is pigeon pea (Cajanus cajan). It is a leguminous crop with many
impressive socioeconomic, nutritional, and health benefits. The crop has a high protein content that is comparable
with those in other legumes like groundnut and cowpea and is also rich in minerals and fibre content (Emefiene et
al., 2014). Thus, it can help in fighting malnutrition. It also has tremendous medicinal value, including the
prevention and treatment of gynaecological cancers and menopausal symptoms, as well as the treatment of
coronary heart disease angina and fractures (Odeny, 2007). Studies have also revealed that its health benefits also
include the ability to boost heart health, prevent anaemia, manage blood pressure, and stimulate growth. It can also
help to eliminate inflammation, increase energy, strengthen the immune system, improve digestion, and reduce
obesity (Ayenan et al., 2017a). Apart from these, pigeon pea serves as animal feed. The leaves, seeds, and seed
processing by-products are rich in protein, which is used in livestock feed (Waldman et al., 2017). In addition to
its nutritional values, pigeon pea can adapt to dry conditions, is suited to different production systems and cropping
cycles, and is more resistant to diseases (Valenzuela, 2011). However, its production in Nigeria has been largely
at the subsistence level despite the good ecological and edaphic conditions of the country, which can support its
production in large quantities for commercialization (Ezeaku et al., 2016).

Agricultural commercialization is the share of farmers’ output that is taken to the market for public
consumption. Agricultural commercialization involves the transition of agricultural production from a subsistence-
oriented level to an increasingly market-oriented level (Yaro et al., 2017). It involves a deliberate action by a
farmer to use his limited factors of production in a manner that the larger portion of the crop produced is for
exchange or sale (Falola et al., 2017). Agricultural commercialization is premised on the goal of increasing the
income of farm households, thus reducing unemployment, poverty, and food insecurity levels in local communities
and at the global level (Abdullah et al., 2019; Adepoju, 2018; Carletto et al., 2017). It also enhances the food
supply in urban areas and has a large welfare impact (Ogutu and Qaim, 2019). Studies have also established that
farmers who commercialize their production have a better standard of living than those who operate at a
subsistence level (Rabbi et al., 2019; Tipragsa and Schreinemachers, 2009). This calls for the need to concentrate
on market-oriented production of not only common crops but also neglected and underutilized species in many
countries.

Understanding factors driving the commercialization of underutilized species is a key component of designing
strategies for improving their level of production. Over the years, many studies have focused on the levels of
commercialization of common (conventional) crops and their determinants (Abdullah et al., 2019; Gbaguidi et al.,
2013; Asuming-Brempong et al., 2013; Falola et al., 2017; Hailua et al., 2015) with little or no emphasis on
underutilized species. As regards the pigeon pea, the few studies were on its profitability, farmers' practices, and
preferred traits. Emefiene et al. (2014) assessed the profitability of pigeon pea production in Nigeria and reported
that pigeon pea production was a profitable venture. While analysing farmers’ practices and preferred traits of
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pigeon pea production in Benin, Ayenan et al. (2017b) noted that pigeon pea could augment food security,
environmental protection and alleviate poverty among farming households. They, however, lamented that the crop
is still a minor crop in West Africa. The case is not untrue about Nigeria despite its good ecological and edaphic
conditions that are suitable for pigeon pea production.

Based on the foregoing, the broad objective of this study is to investigate the commercialization level of pigeon
pea production. The specific objectives are to describe pigeon pea farmers’ socioeconomic characteristics;
determine the current level of commercialization of pigeon pea production by the farmers; identify the
determinants of the level of commercialization; and identify the constraints to pigeon pea production
commercialization. This would allow relevant policy intervention to enhance the production of neglected and
underutilised crops to solve the food insecurity menace. It would also enhance farmers’ well-being and the growth
of the rural economy.

2. Materials and Methods
2.1. Study area and data collection

The study was conducted in EKiti state, located in the southwest region of Nigeria. The state lies between
latitudes 70°151°N and 80°51°N and longitudes 40°51°E and 50°451°E. It shares a national border with Kwara
State, Kogi State, Ondo State, and Osun State. The state is blessed with good ecological and edaphic conditions
that are suitable for agriculture. Agriculture is the mainstay of the state as the majority of its population engages
in farming and allied activities. Some of the food crops grown in large quantities in the area are cassava, yam, and
grains such as maize and cowpea. Other notable crops cultivated in commercial quantities in the study area are
kola nuts and fruits of various kinds. However, pigeon pea is grown as a minor crop in some farming communities
of the state.

Primary data were used for the study. The target population were farmers involved mainly in pigeon pea
production. The snowball technique was used to sample the respondents. The strategy entails expanding the sample
by starting with a respondent who assists in the identification of other potential respondents (Kirchherr and Charles,
2018; Biernacki and Waldorf, 1981). The choice of this technique was premised on the quest to interview only
farmers involved in pigeon pea production. Using this technique, 160 pigeon pea farmers were reached in seven
farming communities (Table 1). Data saturation was considered reached when new respondents provided no
additional information. When new respondents supplied no further information, it was considered that data
saturation had been reached. (Kirchherr and Charles, 2018; Mason, 2010; Guest et al., 2006). The field survey was
conducted between March and May 2021.

Table 1. Sample distribution

Communities Number of Respondents

Omuo (Oke-lloro, Egunje, Omodowa, Apoge, Adumari) 65
Isan Ekiti 23

Omu EKkiti 10

ljelu Ekiti 12

Ese 15

Olorunda 18

Odilowo 17

Total 160

2.2. Data analyses

Descriptive statistics, the household commercialization index (HCI), and Tobit regression were used to analyse
the data. Descriptive statistics analyses such as means, percentages, and frequency distribution were used to
describe the socioeconomic profile of the pigeon pea farmers and to identify the barriers to the commercial
production of pigeon peas. The HCI was employed to examine the degree of market-oriented production of pigeon
pea by the farmers.

The HCI is the ratio of the gross value of farm products sold to the value of the ones produced (Onyebinama,
2012; Falola et al., 2022a). It shows the extent to which a producer is commercialization-oriented, with a value
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ranging between 0 and 1. This was converted to percentage for easy understanding and interpretation. A closer
HCI value towards 100 suggests a high level of commercialization, while an index of 0 indicates that the pigeon
pea farmer is operating for consumption only (subsistence agriculture). The model is specified as:

_ s
HCT =22 x 100% (Eq. 1)

Where:
GVS is the Gross value of pigeon pea sold
GVP is the Gross value of pigeon pea produced

The levels of commercialization of pigeon pea production by the farmers were grouped into three, following
Asuming-Brempong et al. (2013). These were: low when < 30% of the output was sold, medium when 30%-75%
was sold, and high when >75% was sold.

Tobit regression was used to identify the driving factors of the commercialization of pigeon pea production. The
Tobit model can be used to estimate the expected value of Y; censored at 1, as a function of a set of independent
variables (Oladele, 2005). The model was expressed as:

yi=BX; + u u; ~ N (0,02) (Eqg. 2)
yi=max(0,y)), yi=y ify; >0 =0 (Eq.3)

The conceptual model of both Equations (2) and (3) is a stochastic and simultaneous decision model (Adesina
and Zinnah, 1993). If y* > 0, the observed qualitative variable, that is, the commercialization index (Yi) becomes
a continuous function of the independent variables. But if y* < 0, the observed qualitative variable (y;) will take a
zero value. Equations (2) and (3) represent a censored distribution of the data.

yi is the HCI. The explanatory variables include:

X1 = Sex (dummy)

X2 = Age (years)

X3 = Educational level

X4 = Farm size (hectares)

Xs = Farming experience (years)

Xes = Membership of farm-based organization (1 if yes, 0 if otherwise)
X7 = Access to credit (Amount in NGN, N)

Xsg = Distance to market (Km)

Xo = Farm output (kg)

X1 = Use of farm machinery (1 if yes, O if otherwise)

X11 = Non-farm income (Amount in NGN)

X12 = Access to extension services (number of extension contacts)
Xis = Fertilizer (kg)

X4 = Pesticides (litres)

3. Results and discussion
3.1 Socioeconomic characteristics of the respondents

Table 2 shows the socio-economic characteristics of the pigeon pea farmers. The majority of the pigeon pea
farmers were of the male gender. A major proportion of the pigeon pea producers were above 50 years of age;
18.2% were within 31— 40 years of age; a lesser proportion was within 41 — 50 years of age; and the least (3.1%)
fell below 30 years of age. Their average age was 52.5 years, suggesting that the pigeon pea farmers were relatively
advanced in age. The majority of the farmers were married and had a large household of nine people. The large
household size is a result of the polygamous and extended nature of rural sub-Saharan African households
(Mukaila et al., 2022b). Most of the farmers were literate, with 55.6% having a secondary school education while
25.6% had primary education. The farm size of the respondents ranged from 0.42 hectares to 3.6 hectares. A large
proportion of the farmers had between 1.01 and 2.00 hectares. Further analysis showed that the mean farm size
was 1.76 hectares, indicating that pigeon pea production was on a small scale. This supports the assertion of Gbigbi
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(2021) that Nigerian farmers were small-scale farmers. The major source of farmland used for pigeon pea
production among the farmers was through inheritance. About 46% of the farmers had been in pigeon pea
production for more than 10 years. Further analysis showed that the average farming experience of the farmers
was 15.3 years. This indicates that pigeon pea production is an age-long venture among the respondents, and
farmers are equipped with the required skills. The majority of the farmers were members of farm-based
associations. However, only 11.9% of the farmers had access to credit. This could lower their level of investment
in agricultural production as capital is an important factor in agricultural production activities (Falola et al., 2022b;
Mukaila et al., 2021). The major source of funds used by the farmers (87.5%) was personal savings. Meanwhile,
all the farmers used both hired and family labour for their farming operations.

Table 2. Socio-economic profile of the pigeon pea farmers

Variables Category Frequency Percentage
Sex Male 98 61.25
Female 62 38.75
Age <30 5 3.1
31-40 29 18.2
41 -50 28 175
51 -60 49 30.6
> 61 49 30.6
Marital status Single 1 0.6
Married 123 76.9
Widowed 36 22.5
Household size 4-8 67 41.9
9-12 93 58.1
Education level No formal education 41 25.6
Primary education 89 55.6
Secondary 30 18.8
Farm size <1.00 42 26.3
1.01 -2.00 75 46.9
2.01-3.00 29 18.1
>3.01 14 8.8
Ownership of farmland Inheritance 82 51.2
Purchase 51 20.6
Hire/rent 45 28.1
Farming experience <10 86 53.8
11-20 30 18.8
21-30 42 26.2
>31 2 1.3
Membership in farm-based Member 116 72.5
associations Not a member 44 215
Access to credit Had access 19 11.9
Did not have access 141 88.1
Source of capital Owned funds 140 87.5
Friends/relatives 1 0.6
Cooperative society 19 11.9
Source of labour Both family and hired 160 100.0

3.2 Analysis of the extent of pigeon pea commercialization

Table 3 summarizes the value of the pigeon pea produced, consumed, or sold by a typical farming household.
Analyses revealed that a typical farming household (operating on 1.76 hectares) produced an average of 2.746
tonnes, out of which about 1.945 tonnes were consumed. For this study, the quantity consumed includes those used
as food, given out as gifts, stored for the future season, or lost at harvest. Meanwhile, only 0.801 tonnes of the
pigeon pea produced were sold. Investigations from the field also revealed that a tonne of pigeon pea was sold for
N485,850 (USD 1,168.27) in the study area. Thus, the values of the pigeon pea produced, consumed, and sold by
a typical farming household were USD 3,208.08, USD 2,272.29, and USD 935.79, respectively. Despite the low
level of commercialization among pigeon pea farmers, pigeon peas contributed significantly to their income. Thus,
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a high commercialization level of pigeon pea will further enhance farmers' economic status and consequently
improve the rural economy and lower rural poverty.

Table 3. Summary of pigeon pea produced, sold and consumed by the respondents

Variable Mean Quantity (tonnes) Value (N) Value (USD)
Quantity produced 2.746 1,334,144.1 3,208.08
Quantity consumed 1.945 944,978.25 2,272.29

Quantity sold 0.801 389,165.85 935.79

Mean HCI 29.2% - -

Table 4 summarizes the HCIs of the respondents by their levels. The HCI of the farmers ranged from 0 —93.3%.
Analyses revealed that 32% of the respondents had HCls of 0%, implying that they produced mainly for their
family consumption. Meanwhile, the modal group (66.9%) was composed of those with HCIs of not more than
30%. In other words, they had low HCIs. Further analysis showed that the average HCI of the pigeon pea farms
was 29.2%. About 36.9% of the farmers were operating above this average, while 63.1% were either operating
below or exactly at that level. The average HCI obtained in this study implies that over two-thirds (69.8%) of the
pigeon pea produced was consumed by the farming households while only 29.2% was available to the members
of the public to compete through market forces. It also indicates that the farmers still have a gap of a minimum of
45.8% (75% - 29.2%) to attain a high level of commercialization in pigeon pea production.

Table 4. Farmers’ distribution based on household commercialization indices

HCI (%) Freguency Percentage Min. Max.
<30.0 107 66.9 0 30.0
30.1-75.0 46 28.8 333 74.3
>75.00 7 4.4 76.0 93.3
Total 160 100 0 93.9

3.3 Determinants of commercialization of pigeon pea production

Table 5 shows the factors that influenced the commercialization of pigeon pea. Eight variables were found to
be significant factors related to pigeon pea commercialization. They were farm size, farming experience, distance
to market, access to credit, and farm output. Others were the use of farm machinery, extension services, and
pesticides. Farm size had a positive influence on the commercialization of pigeon pea production (P < 0.05). This
implies that farmers who had large farmlands were able to produce pigeon pea in quantities that were market-
oriented. In other words, this implies that farmers who had limited farmland were less likely to engage in the
commercial production of pigeon pea. This is because farm output depends on the size of land under cultivation,
ceteris paribus. Farming experience was very highly significant (P < 0.01) in determining the commercialization
of pigeon pea production. This implies that farmers who have more experience in pigeon pea production produce
more of the crop for the market than those who do not. This could be because experienced farmers are likely to be
acquainted with relevant agribusiness skills, especially as regards input sources and market outlets, which may
help them in managing production and marketing risks (Falola et al., 2022a).

Access to credit was highly significant (P < 0.05) and positively influenced farmers’ ability to commercialize
pigeon pea production. This indicates that farmers who have access to credit are more able to operate their farms
at a market-oriented level. Farmers’ ability to produce at a commercial level could largely involve high financial
costs, which may be difficult for those who do not have much financial strength to undertake. This may explain
why access to credit has a significant positive effect on the commercialization of pigeon pea production. This
supports Falola et al. (2022a), who recently reported that access to credit positively influences household
commercialization. Distance to the market had a significant but negative effect on the commercialization of pigeon
pea (P < 0.01). This suggests that the farther the farm is from the market, the fewer farmers produce at a market-
oriented level. This may be due to the possibility of postharvest loss that such farmers are likely to incur in the
form of spoilage or degradation during handling, storage, and transportation between farm and market outlets
(Affognon et al., 2015).
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As expected, Table 5 further shows that the higher the farmers’ output, the more they had left for the market
(P < 0.01). Farmers who have a higher output would have more pigeon peas to be channelled to the market for
public consumption. Similarly, the use of machinery had a positive and significant (P < 0.05) influence on the
commercialization of pigeon pea production. This implies that farmers who used farm machinery in their
production had more pigeon peas for the market than their counterparts. This could be because the use of machinery
tends to improve agricultural productivity and consequently increase the quantity taken to the market (Mamudu et
al., 2012; Nin et al., 2003). Likewise, the use of pesticides had a positive and significant influence on the
commercialization of the crop (P < 0.10). This suggests that farmers that controlled pests on their farms with
pesticides had more pigeon peas to sell in the market than those who did not control pests on their farms. This
could be because infestation of pigeon pea by pests would result in low productivity and postharvest loss; thus,
controlling pests would enhance the output and, consequently, the quantity available for commercial purposes.
Access to agricultural extension services had a positive influence on the commercialization of pigeon pea
production (P < 0.05). In other words, those who had access to extension services produced more for the market
than those who did not. This could be due to the possibility of receiving training on how to operate their farms
beyond the subsistence level (Falola et al., 2017).

Table 5. Factors influencing commercialization of pigeon pea production

Variables Coefficient  Standard error t-value
Constant 0.1176 0.0527 2.23
Sex -0.0051 0.0060 -0.85
Age 0.0053 0.0065 0.82
Educational status -0.0091 0.0263 -0.35
Farm size 0.0153** 0.0065 2.35
Farming experience 0.3337*** 0.0878 3.80
Membership in farm-based associations 0.0217 0.0267 0.81
Access to credit 0.0235** 0.0106 2.22
Distance to market -0.0341*** 0.0122 -2.80
Farm output 0.2336*** 0.0778 3.00
Use of farm machinery 0.0577** 0.0267 2.16
Non-farm income -0.0091 0.0262 -0.35
Access to extension services 0.0497** 0.0252 1.97
Fertilizer 0.2030 0.1534 1.32
Pesticides 0.0337* 0.0178 1.89

LR chi 2(14) = 54.13
McFadden's pseudo R? = 0.2898
Log likelihood = -657.92576
Prob > chi2 = 0.0000

3.4 Constraints to commercialization of pigeon pea

Table 6 shows the constraints to the commercial production of pigeon pea as perceived by the farmers. The
table shows that the most severe constraint perceived by the farmers was inadequate access to credit. The majority
of the farmers complained that the reason they could not produce at a commercial level was that they did not have
adequate access to credit facilities. Some complained that they did not have the collateral that most financial
institutions usually requested to be eligible for loans. Some reported that the problem was due to the high-interest
rates being charged by banks, which they could not afford. Others lamented that the problem was due to the absence
of financial institutions, like banks, in their area (rural). Another major constraint perceived by the respondents
was the lack of access to extension services. About 72% of the farmers lamented that they did not have adequate
agricultural extension contacts. This, according to them, debars them from adequate training for the economic
potential of pigeon pea production compared to other crops. Other major challenges highlighted by the respondents
include poor storage facilities, poor transportation systems, high costs of inputs, incidences of pests and diseases,
and inadequate access to timely market information. These findings are in line with some previous studies (Esan
and Ojemola, 2018; Jaganathan and Liu, 2014; Dasbak et al., 2012; Marin et al., 2004).
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Table 6. Perceived constraints to the commercial production of pigeon pea

Constraints Frequency  Percentage
High cost of inputs 88 55.0
Poor road network/transportation problem 108 67.5
Inadequate access to credit 120 75.0
Poor storage facilities 97 60.6
Incidences of pests and diseases 83 51.9
Lack of extension contacts 115 71.9
Inadequate access to timely market information 92 57.5

4. Conclusions

Most of the previous studies on factors influencing the commercialization of crop production in sub-Saharan
Africa (especially West Africa) have largely focused on conventional crops, with little emphasis on underutilized
ones. This study bridges the gap by examining the determinants of commercial production of pigeon pea (a minor
crop) in Nigeria. The study reveals that the current level of household commercialization of pigeon pea production
is low despite its untapped potential. The study further reveals that the significant factors influencing commercial
production of the crop were access to credit, farming experience, farm size, distance to market, farm output,
extension services, and use of farm machinery and pesticides. It also reveals that the major constraints limiting the
effort of the farmers in producing the crop on a commercial scale include inadequate access to credit, lack of
extension services, poor transportation systems, poor storage facilities, and the high cost of inputs. Addressing
these challenges would enhance the commercialization of pigeon pea production. When this is done, there would
be more pigeon peas available for public consumption, which would consequently enhance food security.

Based on these findings, there is a need for policies that will encourage the commercial production of pigeon
pea. The government, through the Ministry of Agriculture, should encourage farmers to invest in pigeon pea
production by making inputs such as improved pigeon pea seeds, farm machinery, pesticides, and storage facilities
available to them at subsidized rates. Besides, agricultural extension services should be overhauled to disseminate
useful information on the commercialization of the crop. These could include the recruitment of more agricultural
extension agents and providing incentives for them to carry out their responsibilities effectively. It could also be
done by creating awareness of innovations in pigeon pea production through radio and television programmes and
print media such as daily newspapers. In addition, financial institutions such as banks should encourage pigeon
pea producers by enhancing their access to credit facilities. These could include providing loans at no or low
interest rates and reducing the bottlenecks involved in loan acquisition by farmers. In the same vein, the farmers
could be given grants as this will help them expand their pigeon pea farms. Moreover, the transportation system
in farming communities should be improved. There should be construction and/or rehabilitation of roads to
enhance the easy and effective movement of farmers and their products. Similarly, the Ministry of Transportation
and other relevant agencies could provide vehicles in the farming communities, as this will ease the transportation
of output to the urban market, where the farmers would get good prices for the products. It is worthy of note that
this study analysed the commercialization of pigeon pea production in terms of output. More studies should be
carried out to consider it from the perspective of the inputs used in pigeon production. To ensure the effectiveness
of such studies, effort should be made to delineate the inputs used in pigeon pea production, given that the crop
could be intercropped with other crops.
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