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Serhat Gokhan Durna, Ali Kayahan

BAZI BiYOLO)iK iNSEKTISITLERIN TRiBOLiIUM CASTANEUM (HERBST)
(COLEOPTERA: TENEBRIONIDAE) UZERINDEKi ETKILERI

Oz:

Bu caligmada bitkisel bir insektisit olan Azadirachtin, bunun yaninda ento-
mopatojen fungus olan Verticillium lecani, Metarhizium anisopliae, Beauveria
bassiana, Paecilomyces fumosoreus etken maddeli ticari preparatlarin Tribolium
castaneum (Herbst) (Coleoptera: Tenebrionidae) tizerindeki etkileri aragtirilmis-
tir. Denemelerde biyolojik insektisitlerin 6nerilen dozlar1 uygulanarak 1, 3, 5, 7,
14 ve 21 giin sonra canli-6lii bireyler sayilmig ve 6lim ytizdeleri hesaplanmustir.
Uygulamalardan sonra Abbott formiiliine gore bu insektisitlerin etki dereceleri be-
lirlenmigtir. Sonuglara gore; 21. giinde yapilan sayimlarda 6liim yiizdeleri sirasty-
la %71.58, %42.11, %63.16, %53.68, %36.84 olarak hesaplanmistir (Abbott). Elde
edilen veriler incelendiginde uygulanan biyolojik preparatlarin zararli izerinde 14.
giinden itibaren etkili olmaya basladig1 saptanarak zararlinin kontroliinde kullani-
labilecegi kanisina varilmigtir.

Anahtar Kelimeler: Azadirachtin, Depo Zararlisi, Entomopatojen Fungus, Un biti
e

EFFECTS OF SOME BIOLOGICAL INSECTICIDES ON TRIBOLIUM CASTANEUM
(HERBST) (COLEOPTERRA: TENEBRIONIDRE)

ABSTRACT:

In this study, the effects of Azadirachtin which is a herbal insecticide, besides that
Verticillium lecani, Metarhizium anisopliae , Beauveria bassiana, Paecilomyces fumo-
soreus which are entomopathogenic fungi on the Tribolium castaneum (Herbst) (Co-
leoptera: Tenebrionidae) were investigated. In the trials, the recommended doses of
biological insecticides were applied, live-dead individuals were counted after 1, 3, 5, 7,
14 and 21 days and death percentages were calculated. After trials, the effect degrees
of these insecticides were determined according to the Abbott formula. According to
the results; in the counts made on the 21st day, death percentages were calculated as
71.58%, 42.11%, 63.16%, 53.68%, 36.84%, respectively (Abbott). When the data obtai-
ned were examined, it was determined that the applied biological preparations started
to be effective on the pest from the 14th day, and it was concluded that they could be
used in the control of the pest.

Keywords: Azadirachtin, Stored Pests, Entomopatogenic Fungi, Red Flour Beetle
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Bazi Biyolojik insektisitlerin Tribolium castaneum (Herbst)...

1. GIRIS

Diinya geneline son yillara bakildiginda niifus yogunlugu giin gegtikce artmak-
ta ve buna bagli olarak ihtiya¢ duyulan besin miktarinda da artislar gézlenmekte-
dir. Bu sebeple insan beslenmesinde 6nemli bir yeri olan tarimsal iiretimden yiik-
sek verim elde etmek i¢in farkli yontemlerin gelistirilmesi ve bu alandaki tarimsal
zararlilardan korunmasi 6nemlidir (Scholler ve ark., 1997; Azizoglu ve ark., 2011).
Bahsedilen bu tarimsal zararlilarla uzun siiredir kimyasal savagim devam etmek-
tedir (Jackson ve Jaronski, 2009). Son yillarda yapilan ¢aligmalara bakildiginda ise
yogun sekilde kimyasal kullanimi insan sagligi, gida giivenligi ve cevre tizerinde
olumsuz etkiler olusturmaktadir (Moore ve Prior, 1993; Arthur, 1996; Zettler ve
Arthur, 2000; Ayvaz ve ark., 2008; Teng ve ark., 2013; Zhang ve ark., 2016; Tang ve
ark., 2018; Perez-Parada ve ark., 2018; Al-Ghaim ve ark., 2019).

Tarimsal iiretimde tahil tiretimi hem diinyada hem de tilkemizde ilk siralarda
yer almaktadir. Ulkemizde iiretilen tahillarin basinda bugday ve arpa gelmektedir.
Yaklagik 73 milyon dekar alanda tarimi yapilan bugdaymn yillik tiretimi 20 mil-
yon tondur. Ikinci iiriin olan arpanin ise yaklagik 26 milyon dekar alanda tari-
m1 yapilmakta olup, yillik 7 milyon ton tretildigi gériilmektedir (Anonim, 2019).
Bahsedilen bu tahillarin hasattan itibaren tiiketilinceye kadar en az kayip verdi-
rilerek depolanmasi ve korunmasi gerekmektedir. Burada tiriinlerin kalitesini ve
kantititesini olumsuz yoénde etkileyen organizmalarin ve ortamdaki miktarlarinin
belirlenmesi 6nem arz etmektedir (Bagc1 ve ark., 2014). Depo zararlilar: iirtinlerde
dolayli veya dogrudan sekilde beslenerek zarar yapabilmektedir. Bunlar tiriinde
tohumluk 6zelliginin diigmesine, agirlik kayiplarina, kalite ve besin degerlerinde
olumsuz yonde degisimlere yol acarak ticari degerinin diismesine neden olmakta-
dirlar (Boxall, 2001).

Depo zararlilarindan olan un biti Tribolium castaneum, depolanan triinlerin
ozellikle de bugdaydan elde edilen tiriinlerde (un vb.) zararli olmakta birlikte diin-
ya ¢apinda yaygin bir zararlidir. Bu tir ayn1 zamanda makarna, kurutulmus mey-
velerde, biskiivi ve findik gibi tiriinlerde de zarar olugturmak suretiyle kayiplara
neden olmaktadir (Sinha ve Watters, 1985; Mills ve Pedersen, 1990; Karunakaran
ve ark., 2004). Ayn1 zamanda bu zararli ¢ok yiiksek iireme potansiyeline sahiptir
(Prakash ve ark., 1987).

Bu ve buna benzer zararhilarin ekonomik kaybinin 6niine gecebilmek igin
ureticiler degisik yontemleri tercih etmektedir. Depolanmis dirtinlerin korunma-
s1 amaciyla genellikle pestisitler (6zellikle insektisitler) kullanilmaktadir. Depo
zararlilarini yok etmek amaciyla kullanilan insektisitler zararlilara kars1 etkili bir
yontem olsa da ¢evre ve insan sagligini olumsuz yonde etkilemektedir (Emekgi ve
Ferizli, 2000). Kimyasal savasimda kullanilan fumigasyon yontemi diinyada ve iil-
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kemizde depolanmus iirlin zararlilariyla miicadelede sik sik tercih edilmektedir. Bu
yontem hizli ve diisiik maliyeti sayesinde bahsedilen zararlilarla savasimda ¢6ziim-
ler saglamaktadir (Banks, 1994). Kimyasal miicadele disinda uygulanan miicadele
yontemleri konusunda en yaygmn uygulamay: hermetik depolama ve havalandir-
ma almaktadir (Donahaye, 2000). Bunun yaninda son yillarda diisiik ve yiiksek
sicakliklardan yararlanma da kimyasal igermeyen diger bir uygulama yontemidir
(Fields, 1992). Bu yontemlerin yaninda depolanmis iiriin zararlilari ile miicadele
de entegre miicadele yontemleri s6z konusudur (Adler, 2004).

Tarimsal {iriinlerde ortaya ¢ikan sorunlar yogun sekilde uygulanan kimyasal
miicadeleye alternatif yontemlerin gelistirilmesi gerekliligini ortaya c¢ikarmustir.
Mikrobiyal savasim, zararlilarla miicadelede ¢ogunlukla kullanilan yontemlerin-
dendir (Lacey ve Goettel, 1995). Bu miicadele yontemi icerisinde yer alan entomo-
patojen funguslar 6nemli bir yer tutmaktadir. Bu entomopatojenlerin ticari olarak
da satis1 yapilmakta ve bunlar zararli organizmalarla savasimda 100 yili askin bir
stiredir basarili sekilde kullanilmaktadir (Sevim ve ark., 2015). Glniimiize kadar,
yaklasik 90 cinse ait 700 entomopatojenik fungus tiirti tanimlanmakla birlikte, Be-
auveria bassiana, Metarhizium anisopliae, Isaria fumosorosea (=Paecilomyces fu-
mosoroseus) ve Verticillium lecanii gibi bazi tiirler birgok tilkede ¢ok fazla sayida
zararliyla savasimda siklikla uygulanmaktadir (Rath, 2000; Meyling, 2008). Bahse-
dilen yararli grubu diger savasim yontemlerinden farkli olarak degisik avantajlara
(zararlinin her déoneminde etkili olma, memeliler tizerinde diistik toksisite goster-
me vb.) sahip olmasinin yaninda kimyasal insektisitlere oranla daha geg etki etme,
fazla nem ihtiyaci, fungisitlerle birlikte kullanilamama gibi dezavantajlar1 da vardir
(Sevim ve ark., 2015). Entomopatojen funguslar bocekleri enfekte ederken ¢o-
gunlukla deri, trake ve yaralanmis viicut bolgelerini tercih ederler. Buna ek olarak
sindirim sistemi ve diger a¢ikliklar yoluyla da enfeksiyon gerceklestirebilmektedir.
Bahsedilen funguslar ilk olarak bir spor iretir, iiretilen spor bocek kiitikulasina
niifuz eder ve burada ¢imlenir. Bocegin hemoseline ulasan sporlar toksin iireterek
bocegin Sliimiine yol acar (Shah ve Pell, 2003; Goettel ve ark., 2005; Batta ve Ka-
vallieratos, 2018; Karaborklii ve ark., 2014). Tarimda zararli boceklere kars: giiglii
bir insektisit etki gosteren ve yaygin olarak kullanilan bitki tiirii Azadirachta indi-
cadir. Bu bitki boceklerde 6liim oranlariin artmasina sebep olurken; yumurtla-
ma, beslenme ve gelisimleri tizerinde de olumsuz etkileri goriilmektedir. Buradaki
olumsuz etkilerin 6zellikle zararlilar tizerinde arttig1 da bildirilmistir (Castagnoli
ve ark., 2005; Charleston ve ark., 2006; Seljasen ve Meadow, 2006; Gé¢men ve ark.,
2007; Duso ve ark., 2008; Ugak ve ark., 2014; Sayeda ve El-Mogy, 2011; Schneider
ve ark., 2017).

Bu caligmada bitkisel bir insektisit olan Nimbecidine (0,3 g/l Azadirachtin),
entomopatojen fungus olan ve ticari olarak piyasada bulunan Nibortem (% 1,5
Verticillium lecani strain, 1x108 konidi/ml), Met52 (Metarhizium anisopliae, 1x108
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konidi/ml), Nostalgist (% 1,5 Beauveria bassiana strain, 1x108 konidi/ml), Priority
(% 1,5 Paecilomyces fumosoreus strain, 1x108 konidi/ml) ticari preparatlarinin T.
castaneum Uzerindeki etkileri aragtirilmistir. Bu ¢alismada depo zararlilarina kargi
uygulanan kimyasallarin kullanimini ve ¢evreye olan olumsuz etkilerinden dolay1
alternatif miicadele etmenlerinden olan biyoinsektisitlerin etkilerinin belirlenmesi
amaglanmustir.

2. Materyal ve Yontem

Bu ¢aliymada denemenin ana materyallerini un biti (Tribolium castaneum) ve
Nimbecidine (0,3 g/l Azadirachtin), Nibortem (% 1,5 Verticillium lecani strain,
1x108 konidi/ml), Met52 (Metarhizium anisopliae, 1x108 konidi/ml), Nostalgist
(% 1,5 Beauveria bassiana strain, 1x108 konidi/ml), Priority (% 1,5 Paecilomyces
fumosoreus strain, 1x108 konidi/ml) olusturmaktadir. Kontrol grubu olarak saf su
kullanilirken; kullanilan insektisitler Agrobest Grup firmasindan temin edilmistir.

2.1 Tribolium castaneum Uretimi

Tribolium castaneum ergin bireyleri Yozgat Bozok Universitesi, Ziraat Fakiil-
tesi, Bitki Koruma Béliimii'nde tretilmekte olan stok kiiltiirden saglanmistir. Bu
kitle tiretimden alinan bireyler (erkek-disi), icerisinde 1:1:1 oraninda biskiivi:ke-
pek:un karigimi bulunan 10x15x10 cm 6l¢tilerindeki plastik kaplara alinmis ve yu-
murta birakmast i¢in bekletilmistir. Denemelerde kullanilan ergin bireyler bu kitle
iretimden saglanmistir.

2.2 Denemelerin Kurulmasi

Bu caligmada bitkisel bir insektisit olan Nimbecidine (0.3 g/l Azadirachtin),
bunun yaninda entomopatojen fungus olarak gérev yapan, Nibortem (% 1.5 Ver-
ticillium lecani strain, 1x108 konidi/ml), Met52 (Metarhizium anisopliae, 1x108
konidi/ml), Nostalgist (% 1.5 Beauveria bassiana strain, 1x108 konidi/ml), Priority
(% 1.5 Paecilomyces fumosoreus strain, 1x108 konidi/ml) ticari preparatlar: kulla-
nilmistir. Bu insektisitler kullanilirken tizerindeki 6nerilen dozlar hazirlanmig ve
karisim igin saf su kullanilmistir.

Tribolium castaneum ergin bireyleri denemede kullanilmak tizere ayr1 bir petri
kaplar1 igerisine samur fir¢a yardimiyla 10%ar adet olacak sekilde alinmistir. Hazir-
lanan soliisyonlar petri kabinin tamamina yayilacak sekilde piiskiirtillmis ve her
bir bireyin tizerine soliisyon geldigine emin olduktan sonra petri kaplarina bocek-
lerin beslenebilecekleri kadar biskiivi:kepek:un karigimindan ilave edilmistir. Bu
denemelerde 6 cm ¢apindaki petri kaplar1 kullanilmigtir. Denemeler her bir pre-
parat (kontrol uygulamasi d4hil) 10 tekerriirli ve her bir tekrarda 10 birey olacak
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sekilde diizenlenmistir. Uygulama yapildiktan 1, 3, 5, 7, 14 ve 21 glin sonra petri
kaplar: i¢indeki 6lil ve canli bireyler sayilmis ve kaydedilmistir. Yapilan tiretimler
ve denemelerin tamami 25+1 °C, %60+5 orantili nem 16:8 (aydinlik:karanlik) ay-
dinlatma kosullarina sahip odada gerceklestirilmistir.

2.3 Istatistiksel Analizler

Canli ve 6lii bireyler tizerinden 6liim oranlarini belirlemek i¢in Abbott for-
miili kullanilmig ve 6liim oranlarinin yiizdesi hesaplanmustir. Elde edilen verilere
bakilarak uygulamasi yapilan bitkisel yaglarin T. castaneum tzerindeki etkinlik-
leri belirlenmigtir. Daha sonra canli bireyler tizerinden varyans analizi (ANOVA)
yapilmis ve ortalamalar arasindaki farkliliklar TUKEY coklu karsilagtirma testine
gore karsilagtirilmistir. Verilerin analizleri Minitab (ver. 16) istatistik uygulamasi
kullanilarak degerlendirilmistir.

(Kontroldeki canh birey sayisi — Uygulamadaki canh birey savist)
Abbott = x 100
Kontroldeki canh birey sayist

(Abbott, 1925).
3. Bulgular ve Tartisma

Denemelerin ilk asamasinda T. castaneum’a kars1 uygulanan biyolojik prepa-
ratlarin zararli tizerindeki 6liim oranlar1 belirlenmistir. Denemelerden elde edilen
verilere gore canli ve 6lii bireyler izerinden 6liim oranlarini belirlenmistir. Biyolo-
jik preparatlarin etkileri incelendiginde; 14. giinde yapilan sayimlarda 6liim ytz-
deleri sirastyla %55.21 , %29.17, %40.63, %31.25 ve %27.08 olarak hesaplanmustir
(Cizelge 1). Elde edilen verilere gore T. castaneum tizerinde en etkili olanlarin Aza-
dirachtin ve M. anisopliae etken maddeli biyoinsektisitler oldugu gortilmektedir.
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Cizelge 1. Uygulanan biyolojik insektisitlerin Tribolium castaneum tizerindeki et-
kileri (Abbott) (%)

Table 1. Effects of applied biological insecticides on Tribolium castaneum (Abbott)
(%)

Zaman  Nimbecidine Nibortem Met52 Nostalgist Priority
1.glin 5 0 0 0 0

3. glin 15 1 3 1 1

5. giin 24 3 9 6 3

7. glin 46.47 10.10 20.20 10.10 7.07
14.giin ~ 55.21 29.17 40.63 31.25 27.08
21.giin  71.58 42.11 63.16 53.68 36.84

Canli bireyler tizerinden yapilan istatistiksel analiz degerlendirildiginde uy-
gulamalar arasinda T. castaneum'u etkilemesi bakimindan istatistiksel bir farkin
oldugu gozlenmistir (P<0,05). Sayimlarin on doérdiincii glintinde en diigitk canl
birey sayis1 Azadirachtin etkili maddeli insektisitte gozlenirken; bundan sonra en
az canli birey sayis1 M. anisopliae etken maddeli insektisitte goriilmiistiir. Uygula-
nan diger insektisitlerin etkinlikleri de ¢izelgede verilmistir (Cizelge 2).

Cizelge 2. Uygulanan biyolojik insektisitlerin Tribolium castaneum tizerindeki et-
kileri (Canl1 birey sayilar1)

Table 2. Effects of applied biological insecticides on Tribolium castaneum (Num-
ber of live individuals)

1. giin 3. giin 5. giin 7. gilin 14. giin 21. giin
Nimbecidine 9.5+0.167b  8.5+0.373b  7.6£0.499b  5.3+0.396 ¢ 4.3+0.367 ¢ 2.7#0.213 ¢
Nibortem 10.0+0.00a  9.9+0.100a  9.7+0.213a  8.9+0.379ab  6.8+0.249b 5.5+0.269 bc
Met52 10.0+0.00a  9.7+0.213a  9.1+0.348a  7.9+0.567 b 5.7+0.539bc  3.5+0.373 de
Nostalgist 10.0+0.00a  9.9+0.100a  9.4+0.267a  8.9+0.407ab  6.6+0.340 b 4.4+0.267 cd
Priority 10.0+0.00a  9.9+0.100a  9.7+0.213a  9.2+0.249ab  7.0+0.333b 6.0+0.258 b
Kontrol 10.0£0.00 a 10.0£0.00 a 10.0£0.00a  9.94+0.100 a 9.6£0.221 a 9.5£0.224 a
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*Aym siitundaki farkl harfler uygulamalar arasinda istatistiksel bir farkin oldugunu goster-
mektedir (Fl_g -y Pl_gu.n:0.00]; F3_g 915/ P3_g ,0.001; FS_g.n:8.42 / Ps_g ,+0.001; F7_g 1849/

P, .:0.001; F,,  :24.05/P,,  :0.001;F,  :7823/P,  :0.001).

Bitkisel kokenli pestisitlerin zararlhlar tizerindeki etkilerini aragtirmak tizere
son yillarda ¢alismalarin arttig1 goriilmektedir. Bu ¢alismalarda en ¢ok tizerinde
durulan gruplar Meliaceae, Rutaceae, Asteraceae, Labiateae, Piperaceae, ve Anno-
naceae familyalaridir (Schoonhoven, 1982; Jacobson, 1989; Isman, 1995). Giinii-
miizde ticari olarak piyasada bulunan Azadirachtin, Neem agac1 (Azadirachta in-
dica, Meliaceae)’ ndan elde edilmistir ve pek ¢ok zararli bocege karsi beslenmeyi ve
bitylimeyi engelleyici olarak kullanilmaktadir (Isman, 1997; Kismali ve Madanlar,
1988; Castagnoli ve ark., 2005; Charleston ve ark., 2006; Seljasen ve Meadow, 2006;
Gogmen ve ark., 2007; Duso ve ark., 2008; Ugak ve ark., 2014; Sayeda ve El-Mogy,
2011; Schneider ve ark., 2017). Bunun yaninda Pimpinella anisumdan elde edilen
bir fenilpropanoid olan trans-anetholiin Coleoptera, Hymenoptera ve Lepidoptera
takimindan bir¢ok zararl: tiire etkili oldugu bilinmektedir (Sara¢ ve Tung, 1995 a;
b; Ho ve ark., 1997a; b; Kelm ve ark., 1997). Tarimsal zararllarla savagimda kulla-
nilan biyopestisitlerin etkileri tam olarak bilinmese de onlar tizerinde degisik etki-
lere sahip olduklar: goriilmektedir. Bu sebeple kullanilan biyoinsektisitlerin dozu,
konsantrasyonu ve uygulama siklig1 olduk¢a 6nemlidir (Bakkali ve ark., 2008).

Tarimda zararli olan boceklere karsi savasimda yukaridaki uygulamalara ek
olarak fungus, viriis, bakteri, protozoa ve nematodlar gibi etkili ve ¢evreye dost
mikrobiyal patojen kullanilmaktadir. Entomopatojen fungus olarak adlandirilan
ve diger entomopatojenlere gore daha genis konuke¢uya sahip olan funguslarin Le-
pidoptera, Homoptera ve Diptera takimlarindaki bocekler tizerinde etkili oldukla-
r1 bilinmektedir (Deacon, 1983). Bitki tizerinde entomopatojen fungus ile enfekte
olmus olan zararli organizmalar topraga gectiklerinde toprak igerisinde 6nemli
diizeyde fungus rezervini olusturmaktadir. Buna ek olarak toprak ortami UV 1$1n-
larina karsi tampon gorevi gordiigii igin funguslar uzun siire canliligini korumak-
tadir (Samson ve ark., 1988; Keller ve Zimmermann, 1989). Bahsedilen funguslar-
dan olan B. bassiana, tarimsal ekosistemde toprakta ¢ok sik rastlanmakta ve diinya
genelinde yayilis gosteren, genis konukgu yelpazesine sahip entomopatojenik bir
fungustur (McCoy, 1990; Roberts ve St. Leger, 2004; Rehner, 2005).

Calisma sonucunda elde edilen verilere bakildiginda depolanmis irtinlerde
ekonomik zarara neden olan T. castaneum’a karsi bir bitkisel insektisit ve dort en-
tomopatojen fungusun etkileri ayr1 ayr1 belirlenmistir. Sonuglara gére uygulanan
biyolojik preparatlarin (6zellikle funguslar) bahsedilen zararli tizerinde 14. giinden
itibaren etkili olmaya basladiklar1 saptanmus ve etkilerin sonraki glinlerde daha da
arttig1 gozlenmistir.
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4. SONUC

Caligma sonunda elde edilen veriler incelendiginde T. castaneum tizerinde en
etkili preparatlarin Azadirachtin ve M. anisopliae etken maddeli biyoinsektisitler
oldugu goriilmektedir. Laboratuvar ortaminda petri kaplar: icerisinde yiiriitiilen
bu caligmada elde edilen sonuglar incelendiginde piyasada bulunan bazi biyolojik
insektisitlerin un biti iizerinde etkili oldugu gozlenmistir. Uriinlerin depolandig:
kosullar ele alindiginda uygulanan biyoinsektisitlerin etkisi agisindan, bocegin ya-
sadig1 alanin boyut olarak bityiimesi, uygulanan biyolojik insektisitlerin depolan-
mus iiriinlerde nasil bir etki gosterecegi (6zellikle funguslar) gibi parametrelerde
ortaya cikmaktadir. Bu sebeple biyoinsektisitlerin etkisini daha iyi belirlemek ad:-
na, ¢aliymada kullanilan preparatlarin depo kosullarinda da denemelerinin yiiri-
tillmesi gerektigi diistiniilmektedir.
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EFFECT OF PRODUCTION SYSTEM ON SOME MEAT QUALITY TRAITS OF PEKIN
DUCKS

ABSTRACT:

A total of 240 day old Pekin ducks were reared in indoor and free-range sys-
tems to determine the effect of production system on some meat quality traits. At
14 weeks of age, 16 birds (1 male, 1 female per pen) were slaughtered and carcass
traits were determined after an 8-hr fasting period. Ducks achieved a live weight
between 2600 and 2800 grams. Production system did not significantly affect the
carcass part ratios and edible inner organ ratios. Meat pH and color was mea-
sured on breast and thigh meat after 12 hours at 4°C. There were not significant
differences between the meat color (L*, a* and b*) of breast and thigh meat among
production systems.

Keywords: Pekin duck, Production system, Meat color, pH, Carcass
o o %

YETISTIRME SISTEMININ PEKIN ORDEKLERINDE BAZI ET KALITESI
OZELLIKLERI UZERINE ETKISI

Oz:

Toplam 240 adet giinliik yasta Pekin 6rdegi, yetistirme ssteminin bazi et kalitesi
ozelliklerine etkisini belirlemek i¢in entansif ve gezintili sistemde yetistirilmistir.
14 haftalik yasta, 18 saatlik a¢ birakma periyodundan sonar 16 hayvan (her b6lme-
den 1 disi, 1 erkek) kesilmis ve karkas 6zellikleri belirlenmistir. Ordekler 2600 ve
2800 gram arasinda degigsen canli agirliklara ulagmiglardir. Yetistirme sisteminin
karkas parca ve yenilebilir i¢ organ oranlari tizerindeki etkisi 6nemsiz bulunmus-
tur. Et rengi ve pH’s1 but ve gogiis etinde, 4°C'de 12 saat bekletildikten sonar 6l¢iil-
mustiir. Yetistirme sistemleri arasinda, but ve gogiis etinde et rengi (L*, a* ve b*)
bakimindan farkliliklar 6nemli bulunmamuistir.

Anahtar Kelimeler: Pekin ordegi, Yetistirme sistemi, Et rengi, pH, Karkas

ek
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1. INTRODUCTION

The popularity of alternative poultry species is increasing in many countries
(Isguzar et al., 2002). Related to this, number of ducks raised to 1.131 billion from
561 million between 1990 and 2014. The share of ducks in total poultry species
(chicken, duck, goose and turkey) also increased to 4.85% from 4.77% in this peri-
od. Total duck meat production in 2013 was about 4.367 million tonnes. Asia has
the highest production and accounted about the 83.81% of total duck meat where-
as Europe had the share of 11.2% in 2013 (FAO, 2017). Ducks are mostly produced
for meat because they are easy to raise and have resistance to many of common
poultry diseases (Omojola, 2007). Pekin and Muscovy (mostly in France) are the
main species used for meat production. Also mule ducks are produced mostly in
France for fatty liver production (Baeza, 2005).

There are various systems used for duck production in the World. For examp-
le, developed countries prefer ducks to produce in fully controlled intensive hou-
ses or with access to outdoors. Also, sometimes they have an option of water for
swimming (Baeza, 2005). Production in intensive systems resulted in remarkable
increases in productive efficiency, but these systems had a negative effect on ani-
mal welfare (Mench, 1992). Therefore, use of ducks in extensive or semi-intensive
systems improves the welfare of birds. On the other hand, foraging ability of the
ducks make them natural controllers of weed and pests on field crops, particularly
rice. Therefore, duck and ricc productions could be combined (Edar et al., 1996).
These rice-duck and fish-duck combined systems are common in Asian Countries.
However, there are also farms which only aimed to produce duck meat (Adamski
etal, 2011).

There are non-genetic factors affecting slaughter, carcass and meat quality traits
and production system is one of the important ones (Meluzzi et al., 2009). Effect
of outdoor and indoor systems on some slaughter traits (live weight and slaughter
weight, edible organ weights, carcass part weights and ratios, meat color and pH)
of ducks were investigated in this study.

2. Material and Methods

This study was performed at the Research Farm of Ondokuz Mayis University
Agricultural Faculty. A total of 240 day old ducklings were bought from a commer-
cial farm and transferred to house after hatching. Ducklings were randomly placed
to pens in windowed house which heated with infrared heaters. One side of the
house had access to outdoor area. Each system (outdoor and indoor) had 8 pens
and each pen had 15 ducklings. Pens were in dimensions of 3.5 x 3.5 m. Each pen
had own feeder and drinker. Wood shavings were used as litter material. Lighting
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program was started with 24-h lighting for first 3 days and incrementally decrea-
sed to 20 hours untilthe end of 2 weeks and then remained constant until 3 weeks.
From this age to slaughter approximately 14 hours of natural lighting was applied.
When ducks reached 3 weeks of age, birds in the outdoor system had access to out-
door pens. Outdoor areas of each pen were in dimensions of 14 x3.5 m.

Feed and water were ad libidum. Commercial broiler chicken diet was used as
feed (Crude protein ratio 23% and 12.8 MJ Metabolized Energy).

At 14 weeks of age, 16 birds (1 male, 1 female per pen) were weighed and sla-
ughtered after an 8-hr fasting period. Hot-carcass weights were recorded after sla-
ughter. 12 hours chilling at 4°C was applied to carcasses and cold carcass weights
were determined. Carcass parts were recorded as ratio to cold carcass weights.

Breast and thigh meat pH was measured at 3 different points after 12 hours at
4°C (Model PC 510, Cyber scan, Singapore). Meat color (L* a* b*) was evaluated
with a colorimeter (Konica Minolta CR-400 colorimeter) at 2 different points of
breast and thigh meat.

2.1 Statistical analysis

Data was analyzed with the software SPSS with OMU license (Version 16). Va-
riance analysis with a factorial arrangement (production system and sex) was used
to test the effects of production system, age, and the interactions between produ-
ction system, age and gender. Data was subjected to arc-sine transformation, and
genotype and slaughter age means were separated using Duncan’s multiple range
test. A level of P<0.05 was considered statistically significant.

3. Results and Discussion

Body weights and carcass weights of the ducks and dressing percentages after
slaughter for both systems were given in Table 1. Ducks achieved to a mean live
weight around 2800 g both in free-range and barn conditions. As an expected re-
sult, males were higher than females in both systems, but the differences were not
significant. These values were lower than the results of Adamski et al. (2011) who
found the live weight of Pekin ducks around 3 kg at 7 weeks of age. Origin of the
birds is the most important factor on live weight gain. Selection in live weight and
feed conversion shortens the production period and increases the achieved live
weight in this period. However, there were no reported studies on the selection of
Pekin ducks reared in Turkey. Isguzar et al. (2002) reported the mean body weight
of Turkish Pekin ducks between 1.8 and 2.0 kg at 12 weeks of age. Results obtained
in this study were similar to these findings. Cold dressing percentages obtained in
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barn conditions were relatively higher than free-range system, but the difference
was not significant. Our cold dressing percentage results were between 68.02 and
71.77% and similar to the findings of Erisir et al. (2009) who reported the cold
dressing percentages of Pekin ducks between 68.2 and 70.3 %.

Table 1. Some slaughter traits of ducks in different production systems

Cizelge 1. Farkl: yetistirme sistemindeki 6rdeklerin bazi kesim 6zellikleri

Production  Gender Live weight —Hot carcass Cold carcass  Hot dressing  Cold dress-
system (g) weight (g) weight (g) percentage  ing percent-
(%) age (%)

Free-range M 2884.4 2048.8 1962.0 71.03 68.02

F 2745.2 1998.4 1900.8 72.80 69.24
Barn M 2869.5 2103.0 2015.0 73.29 70.22

F 2617.2 1878.4 1799.2 71.77 71.77
SEM 91.24 70.84 66.63 0.41 0.32

Effects

Production system NS NS NS NS NS
Free-range 2814.8 2023.6 1931.4 71.75 68.51
Barn 2729.3 1978.2 1895.1 72.44 69.41
Gender NS NS NS NS NS
Male 2877.8 2072.9 1985.6 72.01 68.99
Female 2681.2 1938.4 1850.0 72.14 68.89

Heart, liver, gizzard and abdominal fat and total edible inner organ weights,
and their ratios to cold carcass weight are given in Table 2. Production system did
not have a significant effect on heart, liver, gizzard and total edible inner organ wei-
ght and ratio and abdominal fat weight. Sex had a significant effect on heart weight
but did not affect other traits. Total weights of edible inner organs were 146.9 g for
males and 137.8 g for females and 147.3 g for free-range system and 140.8 g for
indoor system. However, the differences were not significant and the ratio of edible
inner organs was similar in outdoor and in indoor birds and in both genders. This
was related to the similar live weights of birds in both systems and genders. Edible
inner organs ratio was around 5% and this was similar to the findings of Onbasilar
et al. (2013) who found the ratio between 5 % and 5.5 % but lower than the results
of Adamski et al. (2011) who found the ratio between 7% and 8%.
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Table 2. Effects of production system and gender on edible inner organs

Cizelge 2.Yetistirme sistemi ve cinsiyetin yenilebilir i¢ organlara etkisi

Production Gender Heart Liver Gizzard Abdominal  Edible inner  Edible inner
system weight ~ Weight weight fat organ weight  organ ratio
(® (® (® (® (® (%)
Free-range M 16.4 50.8 83.6 9.2 150.8 52
F 15.0 49.5 78.5 11.5 143.0 52
Barn M 17.3 55.3 78.0 6.0 150.6 53
F 15.2 38.0 81.6 4.4 134.8 5.2
SEM 0.798 1.914 3.143 1.494 3.795 0.001
Effects
Production system NS NS NS NS NS NS
Free-range 15.8 50.2 81.3 10.2 147.3 5.1
Barn 16.0 44.5 80.3 5.0 140.8 5.1
Gender NS * NS NS NS NS
Male 16.0 51.6 79.3 8.0 146.9 5.1
Female 14.6 44.0 79.2 7.6 137.8 52

* P<0.01, NS: Insignificant, M: Male, F: Female, SEM: Standard Error of Means.

Carcass part weights and ratios are given in Tables 3 and 4, respectively. Car-
cass part weights was not significantly affected by production system and gender,
but ducks reared in barn condition had significantly higher breast ratio (P<0.01)
and lower thigh ratio (P<0.05). Breast is the most edible an preferred part of the
poultry carcass. Therefore, breast ratio is an important factor for consumption. In
chicken broilers, it is over 35% (Yamak et al., 2014). While previous studies repor-
ted duck breast ratios to be between 28% (Onbasilar, et al., 2013) and 32% (Erisir
etal., 2009). This study found breast ratios of 34.3 % for free-range birds and 36.2%
for indoor birds. Indoor birds had significantly higher breast ratios than free-range
birds (P<0.05). Thigh ratio was significantly affected by production system and
ducks reared in free-range system had significantly higher thigh ratio (P<0.01).
Thigh ratios in this study were similar to those reported by Onbasilar et al. (2013),
which were between 16.81% and 17.72%, but lower than the values of Erisir et al.,
(2009) which were around 20%.
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Table 3. Effects of production system and gender on carcass part weights

Cizelge 3. Yetistirme sistemi ve cinsiyetin karkas parca agirliklarina etkisi

Production  Gender  Breast Thigh B ack Neckweight Wing weight
system weight (g) weight (g) weight (g) (g)
®
Free-range M 668.4 367.9 438.3 233.5 262.3
F 658.9 349.0 408.0 216.8 255.3
Barn M 742.4 341.1 422.3 247.9 267.9
F 645.3 311.3 377.6 219.9 257.2
SEM 28.254 10.727 16.124 8.907 7.769
Effects
Production system NS NS NS NS NS
Free-range 663.7 358.5 423.2 225.1 258.8
Barn 668.4 324.5 397.4 232.3 262.0
Gender NS * NS NS NS
Male 701.3 356.0 431.1 240.0 264.8
Female 652.1 330.2 392.8 218.4 256.3

*: P<0.01, NS: Insignificant, M: Male, F: Female, SEM: Standard Error of Means.

Table 4. Effects of production system and gender on carcass part ratios

Cizelge 4. Yetistirme sistemi ve cinsiyetin karkas parka oranlarina etkisi
Production Gender Breast Ratio  Thigh Ratio Back NeckRatio WingRatio

system (%) (%) Ratio (%) (%)
(%)

Free-range M 34.0 18.8 22.4 11.9 13.4
F 34.6 18.5 21.4 11.5 13.5

Barn M 36.6 17.1 20.9 12.3 13.5
F 359 17.3 21.0 12.2 14.3

SEM 0.466 0.266 0.336 0.220 0.234
Effects

Production system * > NS NS NS

Free-range 34.3 18.6 21.9 11.7 13.5

Barn 36.2 17.2 21.0 12.2 13.9

Gender NS NS NS NS NS

Male 352 18.0 21.7 12.1 13.4

Female 35.2 17.9 21.2 11.8 13.9

* P<0.01, **: P<0.05, NS: Insignificant, M: Male, F: Female, SEM: Standard Error
of Means.
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Table 5. Effects of production system and gender on breast and thigh meat color
(L*. a*. b*) and pH values

Cizelge 5. Yetistirme sistemi ve cinsiyetin gogiis ve but etinin renk ve pH’ina etkisi

Production Breast meat color Thigh meat color Breast  Thigh
system Gender L* a* b* * a* b* pH pH
M 51.85 9.60 264 4777 11.62 342 596 6.77
Free-range E 5451  9.09 342 5143 11.36 541 6.09 6.63
M 5394 9.2 287 4836 1161 315  6.07 6.97
Barn F 5488  9.10 3.20 49.07 1134 332 6.12 6.87
SEM 0.960 0289 0307 0.788 0361 0355 0039  0.068
Effects
Production system (PS) NS NS NS NS NS NS NS NS
Free-range 5318 934 303 49.60 1149 442  6.03 6.70
Barn 5446 9.1 306 4876 1146 324  6.10 6.91
Gender (G) NS NS NS NS NS NS NS NS
M 5278 939 274 4803 1162 330  6.01 6.86
F 5469 9.9 331 5025 1135 437 611 6.75

NS: Insignificant, M: Male, F: Female, SEM: Standard Error of Means

Table 5 represents the meat color and pH values. Production system and gen-
der all had not significant effects on color and pH values of breast and thigh meat.
Meat quality is affected by genetic and environmental factors (Rehfeldt et al., 2004).
Meat color is important for consumers (Fanatico et al., 2007) and can be affected
by gender, age of the bird, genotype, feed content, intramuscular fat, moisture of
the meat, pre-slaughter conditions and stress, and processing variables (Yang and
Jiang, 2005). There were not significant differences between L*, a* and b* values
of breast and thigh meat of ducks reared in different systems. pH is another im-
portant factor affecting meat quality and shelf life. Environment becomes more
favorable for bacteria when pH value rises and this results with decreased shelf life
for the meat (Aberle et al., 2001). Similar to meat color values, pH values of breast
and thigh meat were not affected by production system or gender.

4. CONCLUSION

According to results obtained from the study showed that using free-range sys-
tems for duck production is more suitable for animal welfare. Although, there were
not significant differences slaughter and carcass traits of ducks reared indoor or
free-range. Therefore, according to the demands of duck meat market, free-range
system could be more compatible for duck meat production.
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THE EFFECTS OF ORGANIC AND CONVENTIONAL GROWING TECHNIQUES ON
TOMRATO

ABSTRACT:

This study aims to determine the changes in the yield and physiological para-
meters of the organic and conventionally grown tomatoes (Solanum Lycopersicum
cv. Sencan 9). In the study carried out according to randomized block experiment
design, tomato fruits were grown organic and conventional in two different green-
houses. In the light of the results obtained, significantly higher chlorophyll content
(37.09 CCI) and average fruit weight (165.82 g) were obtained from the tomatoes
grown conventionally than those grown organically. Leaf stoma conductivity, fruit
shape index, and yield in terms of organic and conventional cultivation were dif-
ferent from each other. As a result of the study, significant increases on yield could
be achieved by increasing the variety of organic fertilizers and applying organic
farming following its technique.

Keywords: Chlorophyll content, Stoma conductivity, Solanum lycopersicum
ek
ORGANIK VE GELENEKSEL YETISTIRME TEKNIKLERININ DOMATESE ETKILERI
0z:

Bu caligmada, organik ve geleneksel olarak yetistirilen domateslerin (Solanum
lycopersicum cv. Sencan 9) verim ve fizyolojik parametrelerindeki degisimlerin
belirlenmesi amaglanmustir. Tesadiif bloklar: deneme desenine gore yiiriitiilen ¢a-
lismada, domates meyveleri organik ve konvansiyonel olmak tizere iki farkli serada
yetistirilmistir. Elde edilen sonuglar 151§1nda, organik olarak yetistirilenlere gore
geleneksel olarak yetistirilen domateslerden onemli 6l¢tide daha yiiksek klorofil
icerigi (37.09 CCI) ve ortalama meyve agirligi (165.82 g) elde edilmigtir. Organik
ve konvansiyonel yetistiricilik agisindan yaprak stoma iletkenligi, meyve sekli in-
deksi ve verimi birbirinden farkli bulunmustur. Calisma sonucunda organik giibre
gesitliliginin artirilmas: ve teknigine uygun organik tarim uygulanmasi ile verimde
onemli artislar saglanabilecegi goriilmiigtiir.

Anahtar Kelimeler: Klorofil icerigi, Stoma iletkenligi, Solanum lycopersicum

ek

ANAJAS, 2022, Cilt 37, Sayi 1, Sayfa 23-36



The Effects of Organic and Conventional Growing Techniques on Tomato

1. INTRODUCTION

Content of carbohydrates, organic acids, amino acids, vitamins, pigments, vari-
ous mineral substances, phenolic compounds, and high antioxidant activity, which
are essential for human nutrition, tomatoes make a significant contribution to the
strengthening of the immune system (George et al. 2011; Sénmez and Ellialtioglu,
2014). Tomato cultivation can be done both organically and conventionally. Sig-
nificant increases have been detected in many bioactive compounds beneficial in
human nutrition when grown organically (Oztiirk and Ozer, 2019).

Increasing soil vitality is one of the most important issues for organic vegetable
growing. With the initiation of microorganism activities in the soil, events such as
mineralization of nutrients that are important for plant growth, nitrogen fixation,
phosphorus solubility, production of plant hormones, and prevention of harmful
microorganisms occur (Altin and Bora, 2005; Alagoz et al. 2020).

Monoculture applications, excessive fertilization, insufficient soil cultivation,
not leaving fallow, and lack of green manuring threaten soil vitality. The most su-
itable way to improve the soil structure is to enrich the soil with organic matter
(Ttizel et al., 2011; Zhang et al., 2012). Although it requires extra knowledge and
skills with organic path plant nutrition, the physical and chemical structure of the
soil with green manure recovered and increased efficiency are provided (Besirli et
al., 2009; Nesmeyanova et al., 2013; Patil et al., 2014; Ragozo et al., 2014; XieFeng
et al., 2014). The most effective method in green fertilization is to plant various
leguminous plants in the soil in autumn and winter and mix them with the soil
during full bloom. It is stated that, nematode populations, which are the leading
soil-borne pests, and some disease factors decrease with the use of green manure
plants, and soil structure strengthens against these diseases and pests (Besirli et al.,
2001; Larkin, 2013; Thakur, 2013; Azimzadeh et al., 2014).

High relative humidity and weed control are one of the most important prob-
lems in organic vegetable cultivation in a greenhouse. Many of the organisms that
cause disease live in high humidity conditions. In organic greenhouse farming,
where conservation comes to the fore, every stage of plant cultivation is kept under
control, and optimal environmental conditions are provided. Shade and mulch are
used to prevent the plant from becoming stressed throughout the growing season.
(Stephens, 2003; Ozer, 2017). Different mulching applications in vegetable crops
provide advantages in disease and pest control and yield (Radics et al., 2004; Unlii
et al. , 2006; Ozer, 2017). The relative humidity in the greenhouse soil not cove-
red up by evapotranspiration causes the rigging. Ascending from the lower leaves
of the plant, relative humidity increases the spread of fungal diseases (Ekinci and
Dursun, 2006; 2009; Jodaugiene et al., 2014). In farming, the preservation of soil
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moisture, reduction of the product cost, protection and development of soil struc-
ture, weed control, temperature changes, and control of diseases and pests can be
achieved by mulching (Unlii et al., 2006; Ekinci and Dursun, 2009; Jordén et al.,
2010).

When it comes to organic vegetable production, the first year is crucial due to
the loss of yield casued by the use of intensive same chemical fertilizers. Growing
organic vegetables requires a process. First and foremost, the organic matter and
vitality of the soil should be raised in the organic farming process. This study aims
to determine the effects of some physiological parameters and yield elements of to-
matoes grown by organic and conventional methods in greenhouses where organic
vegetable cultivation has been carried out for 17 years.

2. Materyal ve Yontem
2.1 Plant materials

The field research were carried out in greenhouses created at the Research and
Implement Center of the Agricultural Faculty of Ondokuz Mayis University in
Samsun, Turkey (41°37’ N, 36°21" E, and 137 m altitude), in 2018. Sencan 9 (So-
lanum Lycopersicum L.) tomato cultivar, which is produced according to organic
cultivation procedures, was used as plant material. Broad bean (Vicia faba L. cv.
Golyaka) was grown for green manuring.

2.2 Greenhouse process

Two greenhouses with a width of 6 m, and a length of 20 m, and a side height
of 3 m were chosen for the study. They have been used for organic production for
17 years. In one greenhouse, organic cultivation was used, whereas in the other,
conventional cultivation was used.

The green manure was used as a bottom fertilizer in the greenhouse where or-
ganic cultivation is done. Therefore, broad bean seeds were planted on November
15, 2017. When the broad bean plants were in full bloom (April 15, 2018), they
were crushed with the hoeing machine (12.6 kg wet broad bean per m?) and mixed
into the soil at a depth of 25 cm.

Organic fertilization (from commercial or natural sources) was made in the
greenhouse where organic farming was carried out after the findings of the soil
analysis were determined. (Kacar and Inal 2008) (Table 1). While creating the fer-
tilization program, the amount of nutrients removed by the tomato from the soil
(20-30 kg da' N, 3-8 kg da* P,O,, 30-60 K,O, 3-6 kg da”* MgO and 10-20 kg da™
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CaO) was taken into account (Salk et al., 2008). The 2.5 mg L ! doses of liquid com-
mercial organic fertilizer (NPK, bio-organic fertilizer) were applied to the plants
by drip irrigation method 10 days interval from the planting of the seedling. In the
greenhouse, only Helicoverpa armigera pests were seen. For this reason, an insec-
ticide, which has an organic active ingredient (Laser, Dow AgroSciences; approval
for in organic agriculture), was used twice.

Table 1. Some physical and chemical characteristics of the soil.

Cizelge 1. Topragin baz fiziksel ve kimyasal 6zellikleri.

pH EC OoM N K Ca Mg Na Mn Zn Cu Fe
(ds (%) (%) (ppm) (ppm) (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)
m-1)
Conven- 7.36 0.95a 1.54 0.12 72.71 93.33 167.20 504.45 15.59b 10.00a 3.06 11.94b
tional a b a a
Treatments
Organic 6.52 0.81b 3.15 0.09 890.60 1038.67 134.40 495.28 17.72a 8.87b 3.05 1743 a
b a b b
Analysis Planting 6.69 0.87b 2.19 0.10 1049.1a 1118.0a 190.80 565.25 20.04 10.13a 335 1521a
Time b b a a
First 6.89 0.87b 2.51 0.12 716.55b 890.0 b 110.40 408.78 19.22 9.23ab 294 13.45b
flowering b a c c
Last har- 7.25 0.92a 2.34 0.11 879.31b 1040.0 151.20 525.57 10.72 8.95b 2.87 1540a
vest a b ab b b
Main affect
Significan- | Treat- * * * * ns ns * ns * * ns *
ce (interac- | ments
tion)
Analy- * * * ns * * * * ns * ns *
s i s
Time

*: P<0.05, ns: non-significant. The differences among the means shown with the same
lowercase letter in the same column were not significant

The di ammonium phosphate (18% N and 46% P,O,) was applied to 2.3 kg per
120 m? one month before the planting of the seedling as bottom fertilization in the
greenhouse, where conventional cultivation was made. 17.000 mg L' urea fertilizer
(46% N) was applied to the plants by drip irrigation method 15 days interval from
the planting of the seedling., 13.500 mg L triple superphosphate (42% P,0,) from
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the first fruit set was given with a 20-day interval., Total herbicide (Roundup) was
used in weed control in the greenhouse where conventional production was made.
Eforia 247 (Sygenta) was used as an insecticide against Helicoverpa armigera pest.
In addition, Antracol WP70 (Bayer) was used as a precaution against fungal dise-
ases in the greenhouse.

The irrigation of the plants was provided by drip irrigation at regular intervals
in both greenhouses. Tomato seedlings were planted on May 3, 2018, with a row
spacing of 45 cm, a row of 50 cm, and a wide row of 90 cm. The air temperature, soil
temperature, and relative humidity values in the greenhouse were measured regu-
larly (30 da day') from planting to the end of harvest with data loggers (KT100,
Kimo, France) (Table 2). The axillary buds and yellowed or diseased leaves in to-
matoes were pruned in the growing period. The leaves under the harvested clusters
were also removed completely.

Table 2. Greenhouse climatic date.

Cizelge 2. Sera iklim degerleri.

Greenhouse air temperature
(«)C)

Soil temperature (°C) Greenhouse air humidity (%)

Mean Highest ~ Lowest Mean Highest ~ Lowest | Mean Highest ~ Lowest

Organic
24.82a 2941a  16.0l1a* | 2561 29.15a  1856a | 6845b  81.02b  54.64b

Conventional
2442b  29.28b  15.46Db 25.06 28.68b 17.15b 7223 a 90.30a 57.13a

The differences among the means shown with the same lowercase letter in the same
column were not significant (*: P<0.05)

2.3 Statistical

The research was conducted using a three-replication randomized block trial
design, with nine measurements taken in observation plants in each repetition.
SPSS 15.0 statistical analysis program was used to evaluate the data obtained as a
result of the study. The differences between the averages obtained were determined
by t-test analysis.

3. Results and Discussion
3.1 Some physical and chemical characteristics of the soil
Significant statistical differences were determined between the biochemical

properties of soil samples taken at different stages of cultivation (planting, first
flowering, and last harvest) from conventional and organic greenhouses (P<0.05).
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According to the results, the highest pH (7.36), EC (0.95dS m™), N (0.12%), Mg
(167.20 ppm) and Zn (10 ppm) were measured in the greenhouse where conven-
tional cultivation was carried out. In the greenhouse where organic cultivation
was carried out, the highest organic matter (OM; 3.15%), Mn (17.72 ppm) and Fe
(17.43 ppm) values were obtained, while the significant effects of K, Ca, Na and Cu
values on the applications were not determined (Table 1).

It is reported that organic fertilizer applications have a regulating effect on soil
pH (Demirtas et al., 2012). In our study, the pH values in the greenhouse where
organic cultivation is carried out decreased from 7.36 to 6.52 (Table 1). It is known
that the most important application that leads to salinity increases in the soil in
greenhouse cultivation is fertilization. It is also an important parameter for moni-
toring the mineralization of organic matter (DeNeve et al., 2000). With a similar
study, mushroom compost waste was applied to the parcels where tomato cultiva-
tion was carried out, and soil samples were taken from each parcel at the end of the
production season and analyzed. According to the findings, there was an increase
in the amount of organic matter, Mg, K, P, and salt in the parcels where mushroom
compost was spread, as well as a decrease in the pH values. (Demirtas et al., 2007).
In our study, the slow mineralization of organic fertilizers does not increase the EC
value much, while the rapid increase in EC value with the use of chemical fertili-
zers is thought to be caused by rapid mineralization.

The way to increase soil vitality is to enrich the soil with organic matter. It
can be significantly boosted, especially with the addition of organic matter deri-
ved from green manure soil organic C and microbial biomass content. . In parallel
with this increase, significant increases in yield occur (Alagéz and Ozer, 2018).
Green manure has been shown to increase the productivity of crop plants by im-
proving the soil physical and chemical properties, in addition to increasing the
organic substances imparted to the microorganism activity to soil(Bong et al. 2014;
Sensing, 2014; Krobel et al. 2014; Patil et al. 2014; Xiefeng et al . 2014; Pintoa et
al.2017). Similar results are obtained by providing improved results of the study
showed that the yield increase of the soil with conventional composting similar
values were obtained.

3.2 Greenhouse climatic date

When the temperature within the greenhouse and the average values were
compared statistically, there were significant differences between the greatest and
lowest temperature values of the therapy (P0.05). According to the results, the
temperature in the greenhouse where organic cultivation took place was 16.01
degrees Celsius, whereas the temperature in the greenhouse where conventional
cultivation took place was 15.46 degrees Celsius.
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When we examined the soil temperature values in the greenhouses where
both cultivation was done, a statistically significant difference was found between
the average, highest and lowest temperature values (P<0.05). The highest average
(26.31°C) and the lowest (18.56°C) soil temperature values were measured in the
organic farming greenhouse (Table 1). These values may have resulted from the use
of mulch in the greenhouse where organic cultivation is carried out. It is reported
that the soil temperature increases significantly with the use of mulch, but the soil
temperature values are less affected by the outdoor conditions, providing a stable
temperature for the plants (Ozer, 2017). The average temperatures were higher in
our study in which similar results were obtained, while the highest (29.15°C) and
the lowest (17.15°C) soil temperature values were obtained since mulch was not
used in the greenhouse where conventional cultivation was performed.

When the relative humidity value in the greenhouse was examined, the highest
relative humidity value (average; 71.23, the highest; 90.30, the lowest; 57.13) was
measured in the greenhouse with conventional cultivation (P<0.05). Our findings
are assumed to be attributable to the absence of mulch in the greenhouse where
conventional cultivation was carried out. Since the whole soil surface was covered
with mulch in the greenhouse where organic farming was practiced, evaporation
of water on the soil surface was prevented (Table 2). Mulch has been shown in stu-
dies to have impacts such as conserving soil moisture, weed management, and mo-
derating rapid temperature swings, in addition to controlling diseases and pests.
(Carter and Johnson, 1988; Abak et al., 1991; Unlii et al, 2006; Ekinci and Dursun,
2009; Jordan et al., 2010; Mu et al., 2014). Similarly, in our study, no disease was
discovered during the cultivation period in the greenhouse where organic cultiva-
tion was carried out. The main reason for this is because the usage of mulch in the
greenhouse reduces relative humidity levels. It has been observed that the risk of
disease is low, especially due to the decrease in relative humidity in the greenhouse.

3.3 Properties of some nutrient elements of tomato fruits

When the nutritional values of organic and conventionally grown fruits were
examined, it was significantly affected by the macro and micro nutrient cultivation
technique (P<0.01). In the study, the highest N (3.91g / 100g), K (5.04g / 100g) Ca
(249.76 mg / 100g), Fe (1.53 mg/ 100g) and C (0.14 mg / 100g) values was obtained
from conventional production systems, the high P (329.69 mg / 100g), Mg (192.82
mg / 100g) and Zn (0.45mg / 100g) values were measured in organically grown
tomato fruits (Table 3).
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Table 3. Properties of some nutrient elements of tomato fruits.

Cizelge 3. Domates meyvelerinin bazi besin elementlerinin 6zellikleri.

N g/100g K g/100g P mg/100g Ca mg/100g Mg mg/100g Fe mg/100g Cu mg/100g Zn mg/100g

Organic 3.5+0.05b 4.6+0.12b 329.7+0.11a 189.8+0.09b 192.8+0.03a 1.30+0.02b 0.12+0.01b 0.45+0.01a*

Conventional 3.9+0.06a 5.0£0.09a 279.7+0.13b 249.7+0.11a 172.8+0.04b 1.53+0.01a 0.14+0.01a 0.43+0.01b

*: The differences among the means shown with the same lowercase letter in the same
column were not significant (P<0.01)

Gozitkara and Kaplan, (2018) N (2.13-2.27%), P (0.20-0.24%), K (3.87-4.15%),
Ca (0.18-0.23%), Mg (0.11-0.12%) determined the values of Fe (27.40-32.59 mg /
kg), Cu (4.32-5.56 mg / kg) and Zn (15.83-18.55 mg / kg) in tomatoes of different
genotypes, they Similarly, Roe et al. (2013) in tomatoes N (0.71 g/ 100g), K (1257
mg / 100g), P (94 mg / 100g), Ca (45 mg / 100g), Mg (57 mg / 100g), Fe (1.45 mg
/ 100g), Cu (0.41 mg / 100g) and Zn (0.56 mg / 100g) contents were determined.
In both cultivation methods, except for Cu and Zn values, the mineral contents of
the fruits were determined by Roe et al. (2013) was found to be higher than the
values determined. In the studies using organic fertilizers, it is reported that the
mineralization of organic nutrients is significantly slower (Toor et al. 2006). In our
study, it is thought that the nutritional element values in fruits are lower compared
to conventional cultivation due to the slow mineralization of green fertilization
applied to the soil.

3.4 Properties of yield and some physiological parameters of tomato

Organic and conventional growing plants of leaf chlorophyll content, leaf sto-
matal conductance, average fruit weight, and fruit shape index and yield values
were determined (Table 4). Among these parameters, only the effect of cultivation
type on leaf chlorophyll content and average fruit weight was found to be signifi-
cant (P<0.05). Conventionally grown from plants had a significantly higher chlo-
rophyll content as compared to those grown organically (37.09 CCI) and average
fruit weight (165.82g) was obtained. Although there was no significant difference,
in the organically grown plants had a higher values in terms of leaf stomatal con-
ductance (365.69 mmol m?s™), fruit shape index (1.19) and yield (4.26 kg plant™)
compared to conventional grown plants.
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Table 4. Properties of yield and some physiological parameters of tomato.

Cizelge 4. Domatesin verim 6zellikleri ve bazi fizyolojik parametreleri.
Leaf chlorophyll Stomatal conductivity Average fruit wei- Fruit shape Yield

Treatments content (CCI) (mmol m?s) ght (g) index (kg plant)
Organic 31.72+1.75b 359.11+11.25 138.83£14.76 b 1.14+0.07 4.03+0.13
Conventional 37.09+2.04 a 365.69+11.84 165.82+£05.79 a 1.19+0.02 4.26+0.28

*: The differences among the means shown with the same lowercase letter in the
same column were not significant (P<0.05)

There are many factors affecting the yield in plant cultivation. It is reported
that there is a positive and significant relationship between stomatal conductance,
which is one of the most important, and yield. It has been reported that stomatal
conductivity and yield values are associated with higher soil organic matter and
soil microorganism activity (Alagéz and Ozer, 2018). In addition, it has been re-
ported that green fertilization application increases the the organic matter of the
soil and improves the physical and chemical properties of the soil, thus increasing
the productivity of plants (Duyar, 2014; Krobel et al., 2014; Patil et al., 2014; Xie-
Feng et al.,, 2014; Pintoa et al., 2017). The residence time in soil of nitrogen pro-
vided from synthetic fertilizers is much shorter in all conditions. The continuous
presence of nitrogen released by slow mineralization in the root zone ensures that
the plant continues its development uninterruptedly (Ozdemir and Sezer, 2013). It
is stated that the nutrients obtained from organic fertilizers have lower availability
and mineralization rates (Toor et al., 2006). However, the C / N ratio of the orga-
nic waste to be used affects the mineralization time. Especially if the C / N ratio is
higher than 25/1, mineralization slows down (Ozeker and Ulutiirk, 2006). In our
study, lower but similar leaf stomata conductivity and yield values were obtained in
conventionally grown plants using broad bean as green fertilizer in the greenhouse
where organic cultivation was carried out. It is thought that the low yield values of
organically grown plants are due to the slow mineralization of organic substances.
Especially, the quick nitrogen mineralization may be the reason of the high content
of leaf chlorophyll in conventional cultivation.

4. CONCLUSION

With the work we have carried out, it has been observed that significant inc-
reases in yield and quality can be achieved by performing organic farming in ac-
cordance with its technique. The fact that tomatoes, which are crucial in human
nutrition, have lower plant nutrient levels as compared to the conventional cul-
tivation technique of organic cultivation, and it is thought to be due to intensive
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chemical fertilization. The slow mineralization of organic matter explains why this
effect is limited in organic farming. This view is especially, supported by the fact
that organic and conventional cultivation have no significant effect on leaf stomatal
conductivity and yield values, because conventional cultivation does not have a
protective claim such as protecting the plant against diseases and pests. In con-
ventional cultivation, pesticide is definitely applied considering the damage they
will cause. In organic farming, protection is more prominent, considering these
damages. Soil vitality is generally not important in conventional farming because
fertilizers given dissolve quickly and respond to your needs. In organic farming,
microorganisms perform the mineralization of nutrients. Therefore, considerable
decreases in yield in organic farming have occurred as a result of this issue not
being taken into account in the application of these two cultivation techniques in
previous studies. . In our study, the increase in yield provided by organic farming
techniques applied in the greenhouse where organic farming has been carried out
for 17 years has been found remarkable.

As a result, in tomato cultivation, which has an important place in human nut-
rition, in terms of plant nutrients, fruits have lower values in organic cultivation
compared to conventional cultivation. It is thought that this effect is due to the use
of intensive chemical fertilizers in conventional farming. In organic farming, this
effect is more limited due to the slow mineralization of organic matter.
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Emine Selvi, Vedat Dagdemir

GUMUSHANE iLi KELKIT ILCESINDE KONVANSIYONEL VE ORGANIK SILAJLIK
MISIR URETIM MALIYETI

Oz:

Bu arastirmada 2017 yilinda Giimtishane ili Kelkit ilcesinde organik ve konvan-
siyonel silajlik misir iiretim maliyetini hesaplamak amaclanmigtir. Konvansiyonel
silajlik misir diretimi yapan 43 ve organik silajlik musir tiretimi yapan 17 tarim is-
letmesine uygulanan anketlerden elde edilen veriler kullanilmigtir. Silajlik misirin
maliyeti konvansiyonel ve organik {iretim yapan isletmelerde sirasiyla 0.086 b kg
ve 0.072 b kg! olarak hesaplanmistir. Devlet destegi ¢ikarildiktan sonra silajlik mi-
sirin maliyeti konvansiyonel ve organik iiretim yapan isletmelerde sirasiyla 0.061
b kg ve 0.035 b kg olarak bulunmugtur. Konvansiyonel ve organik silajlik misir
ortalama satis fiyati sirasiyla 0.150 kg ve 0.165 b kg olarak tespit edilmistir. Or-
talama net kar konvansiyonel ve organik tiretim yapan isletmelerde sirasiyla 307.23
b da’ve 362.84 b da"' olarak hesaplanmistir. Devlet destegi ¢ikarildiktan sonra or-
talama net kar konvansiyonel ve organik tiretim yapan isletmelerde sirasiyla 426.18
b da've 509.74 1 da! olarak bulunmustur.

Anahtar Kelimeler: Kelkit, Konvansiyonel ve organik iiretim, Maliyet, Net kar,
Silajlik masir

e 2k

CONVENTIONAL AND ORGANIC SILAGE MAIZE PRODUCTION COST IN KELKIT
DISTRICT OF GUMUSHANE PROVINCE

ABSTRACT:

In this research, it was aimed to calculate the organic and conventional silage
corn production costs in Kelkit district of Glimiishane province in 2017. The data
obtained from the questionnaires applied to 43 farms producing conventional si-
lage corn and 17 farms producing organic silage corn were used. The cost of silage
maize was calculated as 0.086 b kg' and 0.072 b kg in conventional and orga-
nic production enterprises, respectively. The cost of silage maize after government
subsidy was found to be 0.061 b kg and 0.035 b kg! in conventional and organic
production enterprises, respectively. The average selling price of conventional and
organic silage maize was 0.150 b kg! and 0.165 b kg'!, respectively. Average net
profit was calculated as 307.23 b da! and 362.84 b da! in conventional and organic
production enterprises, respectively. The average net profit after government sub-
sidy was 426.18 b da! and 509.74 b da™! in conventional and organic production
enterprises, respectively.
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Keywords: Kelkit, Conventional and organic production, Cost, Net profits, Silage
maize

s
1. GIRIS

Tarim triinleri, insan beslenmesinin vazgecilmez kaynaklaridir. Gelismemis
bir¢ok iilkenin ekonomik kalkinmasi, tarim sayesinde olmustur. Artan niifusla
birlikte tarimin 6nemi bityiik oranda anlagilmistir. Ntifusun artmasiyla birlikte ar-
tan gida talebini kargilamak i¢in kimyasal kullanim artmigtir (Eraslan vd, 2010).
Tarimda kullanilan kimyasal ilag ve giibre kullanimi ¢evre ve insan sagligi iizerinde
olumsuz etki yaratmis, bu olumsuz etkiyi en aza indirmek igin son yillarda organik
tarima hizli bir gecis gerceklesmistir (Merdan ve Kaya, 2013).

Organik tarim, tiretimde higbir kimyasal girdi kullanmayan, dogadaki denge-
yi koruyan, toprak verimliligini saglayan, zararlilar1 ve hastaliklar1 kontrol altina
alan, dogal kaynaklarin optimum kullanimi ile optimum verim alinan bir iiretim
sistemini ifade etmektedir. Organik tarim, insan, ¢evre ve ekonomik olarak siir-
diiriilebilir tarimsal tiretim sistemini biitlinlestiren bir yaklagim olarak diistiniil-
mektedir (Ak, 2004). Konvansiyonel tarim, giiniimiizde yaygin olarak uygulanan,
genetik olarak degistirilmis yitksek verimli bitki ¢esitlerinde kimyasal girdilerin
yogun bir sekilde kullanilmas: ile siirdiiriilen {iretim sistemidir. Her agamasi kayit
altina alinan organik tarimsal iirtinler, {ireticiden tiiketiciye kadar gecen her bir
slirecte sistematik bir yaklasim ve standart ile tiretilirken, konvansiyonel @iriinlerde
herhangi bir yasal yiikiimliiliik ve kontrol islemleri bulunmaz.

Tiirkiye'nin dogal yapisi, iklim kosullar ve yiiriitiilen geleneksel tarimin gelis-
mislik diizeyi dikkate alindiginda organik tarim a¢isindan 6nemli bir yere sahip
oldugu anlagilmaktadir. Tiirkiyede Mus, Agri, Bitlis, Hakkari, Van, Ardahan, Gii-
miishane, Igdir ve Bayburt gibi illerin kendiliginden organik {iretim potansiyeline
sahip olduklar1 ortaya konulmustur (Merdan ve Kaya, 2013).

Insanlarin kaliteli ve dengeli beslenmesi agisindan hayvansal proteinlerin
6nemi ¢ok biiyiiktiir. Hayvanlarin protein ve kalite bakimindan yiiksek degere
sahip kesif ve kaba yemlerle beslenmesi gerekmektedir. Ozellikle hayvancilik agi-
sindan kaba yem a¢i1g1 6nemli bir sorun olusturmaktadir (Yildirim, 2015). Belir-
li bir verimin saglanmasi ve yeterli beslenme i¢in 6zellikle de siit hayvanlarinin
her mevsimde dengeli beslenmesi gerekmektedir. Hayvancilikta dengeli beslenme
acisindan kuru ve kesif yemlerin yani sira yesil yas yemlere de ihtiyag vardir. Yesil
ve yas yemler ¢ogunlukla ilkbahar ve yaz aylarinda temin edilmektedir. Yesil ye-
min yetersiz oldugu donemlerde ise yesil yem ihtiyacinin karsilanmasi ancak silajt
yapilmis yem bitkileri ile saglanalabilmektedir (Tuvang ve Dagdemir, 2009).
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Silaj; su icerigi yliksek yesil yem bitkilerinin, parcaciklara kiyilarak, havasiz or-
tamda siit asidi bakterilerinin etkinligine birakilarak fermantasyona ugratilmalar1
yoluyla elde edilen bir nevi hayvan tursusu da denilebilecek yem ¢esididir (Ano-
nim, 2008). Hayvanlarin severek tiikettikleri silaj, taze yesil ot bulunmayan mev-
simlerde isletmeler icin ucuz ve tatminkar bir yem kaynagidir (Yildirim, 2015).
Silajlik misir bircok yeme gore sindirimi daha kolaydir ve bu nedenle diinyanin
birgok yerinde sigirlarin ve koyunlarin beslenmesinde, ozellikle siit sigirlarinda
yaygin bir sekilde kullanilmaktadir (Akdemir vd., 1997).

Hayvansal iiretimin temel sorunlarindan birisini yitksek girdi maliyetleri olus-
turmaktadir. Bu sebeplerden dolay1 ucuz ve kaliteli silajlik misir yeminin saglan-
masi igletmenin karliligi agisindan énemlidir. Uretim maliyetlerinin hesaplanma-
s1, tarim isgletmelerinin karar mekanizmalarinda fayda saglamakla birlikte devletin
gelir, fiyat, destekleme vb. tarim politikalarina kars1 da 6nemli bir dayanak olus-
turmaktadir (Tas¢1 ve Oguz, 2014). Tarimsal tiriin maliyetleri, isletmelerde fiziki
tretim girdilerinin kullanim seviyelerinin belirlenmesi, is giiciiniin planlanmasi,
finansman programlarinin yapilmasi ve tiriin biit¢elerinin hazirlanmasinda yaygin
olarak kullanilmaktadir (Demircan vd., 2005).

Dogu Karadeniz Bolgesinde organik siit hayvancilig: ilk olarak Guimiigshane
Kelkit ilgesinde uygulamaya konulmustur. {lk ciddi yatirim 2003 yilinda organik
stit iretimi ile 6zel sektor eliyle Dogan Organik A.S. tarafindan gerceklestirilmis
olup Tiirkiye'nin en biiyiik organik siit tiretme tesisi Giimiigshane’nin Kelkit ilce-
sinde kurulmustur (Merdan ve Okuroglu, 2014). Bu nedenle arastirmanin kapsa-
mini, Gimishane ili Kelkit ilcesinde faaliyet gosteren konvansiyonel ve organik
silajlik misir diretimi yapan isletmeler olusturmustur. Organik ve konvansiyonel
stit sigirciliginda 6nemli bir yere sahip olan arastirma bélgesinde gerekli olan yem
temini i¢in organik ve konvansiyonel silajlik misir iretim maliyeti analizinin yapil-
masy, iki farkl tarim sisteminin ekonomik olarak avantaj ve dezavantajlarini ortaya
koymast agisindan yararli olacag diistintilmektedir.

Calisma da Giimiishanenin Kelkit ilcesinde tiretimi yapilan organik ve kon-
vansiyonel silajlik misir tiretim maliyetini hesaplamak ve iki maliyet arasindaki
farki ortaya koymak amaglanmustir. Iki iiretim seklinde de net gelirin kargilagtiril-
mas1 yapilarak hangi tiretim seklinin daha karli oldugunu ortaya koymakta amag-
lar arasindadir.
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2. Materyal ve Yontem
2.1 Materyal

Aragtirmada kullanilan birincil veriler, 2017 yilinin Nisan-Ekim aylarinda
silajlik musir tiretiminin yapildigi Giimiishane ili Kelkit ilcesinde konvansiyonel
silajlik misir iiretimi yapan 43 isletme ve organik silajlik musir tiretimi yapan 17
isletme ile yiiz-yiize yiritiilen anket ¢aligmasindan elde edilmistir.

Calismayla ilgili ikincil verileri ise daha 6nce yapilmis ulusal ve uluslararasi
aragtirma makaleleri, il ve ilge Tarim ve Orman Mudirliiklerinin Cift¢i Kayzt Siste-
mi (CKS) kayitlar1 ve konuyla ilgili istatistiki bilgiler olusturmustur.

2.2 Metot
2.2.1 Arastirma bolgesinin belirlenmesi

Aragtirmada konvansiyonel ve organik silajlik misir iiretim maliyetlerinin kar-
silagtirmali analizi yapilacagindan, organik silajlik misirin yalniz Kelkit ilcesinde
yapilmasi sebebiyle arastirma bolgesi Kelkit ilgesi olarak belirlenmistir (Anonim,
2019).

2.2.2 Ornegi olusturacak isletmelerin segimi

Konavansiyonel isletme sayis1 belirlenirken, if¢i kayit sisteminde kayitli olan 2
ile 33 da arasi isletmeler dikkate alinmistir. isletme sayisi belirlenirken, gifci kayit
sisteminde kayith olan, 2 ile 33 da arasi isletmeler dikkate alinmigtir. 2 da altinda
olan arazilerin ¢ok kii¢iik, 33 da tistiinde arazilerin ise ¢ok biiyiik olmasi sebebi-
yle popiilasyonu temsil etmeyeceginden dolay: isletme sayisina dahil edilmemistir.
2017 yilinda Kelkit ilcesinde toplam 113 isletme olmakla birlikte 11 isletme 2-33
da sinirlar1 diginda kaldig icin 102 isletme degerlendirmeye alinmistir. %90 gii-
ven araliginda ortalamadan %10 sapma ile 6rnek hacmi 43 olarak hesaplanmis ve
anket yapilmistir. Ornek sayisinin belirlenmesinde formiil 1 kullanilmistir (Cigek
ve Erkan, 1996). Kelkit ilcesinde organik silajlik misir tiretimi yapan 17 isletme ile
tam sayum yapilarak veriler elde edilmistir.

n=N.s?2/(N-1)*D?*+s* (1)
n: 6rnek buyikligi
N: popiilasyonu olusturan isletme say1s1
s” isletme arazi genisliklerinin gosterdigi varyansi (53.109)
d: Ornek ortalamasi ile popiilasyon ortalamasi arasindaki farkin hata pay1 (x*0.1)
x: Isletme bagina ortalama arazi miktar1 (da) (x=13.9)
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z: Kabul edilen hata oranina gore standart normal dagilim tablosundaki cetvel de-
geridir (z=1.65).

D2 d?/7* (1.9321/2.7225 = 0.7096).

n=102*53.109/ (101 * 0.7096) + 53.109 = 43

2.2.3 Verilerin hazir hale getirilmesi ve ekonomik analizlerde uygulanan yéon-
temler

Anketlerden elde edilen veriler tartili ortalama olarak dikkate alinmustir. Islet-
melerde toplam girdi miktari, toplam silajlik misir ekim alanina boliinerek birim
alana diisen ortalama miktar ve masraflar saptanmustir.

Silajlik musir tiretim maliyeti hesaplarken, bir tiretim déneminde yapilan iire-
tim masraflari toplanmigtir. Uretim masrafinda degisken masraflar; toprak hazirla-
ma, glibreleme, ¢apalama, ilaglama, hasat, nakliye, silaj yapma masraflari ve doner
sermaye faizi, sabit masraflar ise; kira bedeli ve genel idare gideri olarak hesaplan-
mustir (Karagolge, 2013; Tuvang ve Dagdemir, 2009).

Niifus ve is giiciiniin degerlendirilmesinde, aile is giicii ve yabanci is giicliniin
isletmede ki toplam ¢aligma siireleri dikkate alinmis olup yabanci is giicii ticret-
leri {izerinden hesaplamalar yapilmistir (Sipahioglu, 2014). Isgiicii istekleri saat
cinsinden hesaplanmis, makine siirliciistiniin ticreti, makine iicretine dahil edildigi
icin iscilik masraflarinin hesabinda ayrica dikkate almmmamistir (Tanrivermis,
2000).

Isletmelerin hepsinde sulama yapilmakla birlikte su parasi ddenmemekte,
sulama yapilirken iscilik i¢in 6denen fiyat maliyette dikkate almmustir. ilaglama
masrafi hesaplanirken silajlik misir iiretiminde kullanilan tarimsal miicadele ilag
bedeli ve ilaglama is¢iligi dikkate alinmustir.

Isletmelerde ¢alisan isciler yas ve cinsiyet bakimindan farkli oldugundan, bun-
lar1 karsilagtirmaya elverisli duruma getirebilmek igin erkek is birimi (EIB™) kul-
lanilmis ve mevcut is giicti varlig1 hesaplanmustir.

Déner sermaye faizinin hesaplanmasinda, T.C. Ziraat Bankasrnin 2017 yilinda
bitkisel tiretim i¢in belirlemis oldugu kredi faiz oran1 %14.50dir. Bu oraninda yari-
s1alinarak %7.25 iizerinden degerlendirme yapilmustir. Bu yontem, tiretim masraf-
larinin tretim déonemine yayilmis oldugu gerceginden hareket edilerek benimsen-
mistir (Giindogmus, 1998; Savasan, 2007; Kiziloglu ve Kizilaslan, 2016).

[ EiB: Erkek is birimidir. Burada 15-49 yas arasi erkek=1,15-49 yas arasi kadin=0.75, >50 yas erkek=0.75, >50
yas kadin 0.50 ve 7-14 yas arasl cocuk=0.50 erkek is birimi sayilmaktadir (Acil ve Demirci, 1984; Kiziloglu,
1991; Dagdemir, 2005, Karagolge, 2013).
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Tarla kiras1 hesaplanirken silajlik misir iiretimi yapilan bélgelerin ortalama
kira bedelleri dikkate alinmistir. Makine ¢eki giicii masraflarinin belirlenmesin-
de arastirma alanindaki makine kiralama degerleri gider olarak dikkate alinmigtir
(Tanrvermis ve Giindogmus, 2001). Silajlik misir iiretiminde genel idare giderleri
degisken masraflar toplaminin %3.00U alinarak hesaplanmistir (Kiziloglu ve Dag-
demir, 2010; Karagolge, 2013).

1 kg silajlik misir maliyeti, dekara toplam tiretim masraflarinin dekara verime
boliinmesiyle hesaplanbmuistir. Silajlik misir iiretiminden elde edilen net kar, elde
edilen toplam {iriin degerinin tiretim masraflar1 toplamindan ¢ikarilmasiyla bu-
lunmugtur (Dagdemir ve Ozgelebi, 1995; Kumbasaroglu ve Dagdemir, 2011).

3. Bulgular ve Tartisma
3.1 Isletme yoneticisinin sosyo-ekonomik yapist

Incelenen isletmelerde yoneticilerin ortalama yas1 birbirine gok yakin olmakla
birlikte konvansiyonel ve organik tiretim yapan igletmelerde yoneticilerin ortalama
yast sirastyla 50 ve 49 olarak belirlenmistir.

Konvansiyonel ve organik silajlik misir iiretimi yapan isletme yoneticilerinin
ilkokul mezunu olanlar sirasiyla %39.50 ve %41.20, lise mezunu olanlar sirastyla
%48.80 ve %35.30 ve iiniversite mezunu sirastyla %7.00 ve %23.70dir. Okur yazar
olmayanlarin orani konvansiyonelde %4.7 olup organik isletmelerde yoktur. Or-
ganik silajlik misir tiretimi yapan isletmelerin daha fazla egitim aldiklar1 belirlen-
mistir.

Kiziloglu ve Kizilarslan (2016) tireticilerin egitim durumlarini incelemisler ve
%64.04’t ilkokul mezunu, %20.22’sini ortaokul, %8.99’u lise ve {izeri egitimden
mezun olan grup, %6.74’tiniin ise herhangi bir okul mezunu olmayan ancak oku-
ma yazma bilen treticiler olduklarini tespit etmislerdir.

Konvansiyonel silajlik misir Giretimi yapan igletme yoneticilerinin %81.40’1n1n
sosyal giivencesi oldugu belirlenirken bu oran organik silajlik misir iretimi yapan
isletmeler de %82.40 olarak tespit edilmistir.

Anket sonuglarina gore isletme yoneticilerinin sosyal giivence tiirii olarak
konvansiyonel silajlik misir tiretimi yapan isletmelerin %32.56’s1 emekli sandigi,
%32.56’s1 Bag-Kur, %18.60%1 yesil kart ve %16.28’i emekli sandig1 giivencesinde,
organik silajlik misir {iretimi yapan isletmelerin %41.18’1 Bag-Kur, %35.29’unun
SSK, %17.64’11 yesil kart ve %5.89’u emekli sandig1 giivencesinde olduklari tespit
edilmistir.
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Dagdemir ve Yildiz (2017) ¢aligmasinda isletmelerin %88.80’lik payla sosyal
glivenceye sahip oldugunu, %11.20’lik payla sosyal giivenceye sahip olmadigini
tespit etmislerdir.

Yapilan ¢alismada konvansiyonel silajlik misir tiretimi yapan igletme yonetici-
lerinin %65.10’u tarim dis1 gelire sahipken %34.90’1nin tarim dis1 gelire sahip ol-
madig1 goriilmiistiir. Organik silajlik musir tiretimi yapan isletmelerin %65.70’i ta-
rim dis1 gelire sahipken %35.30’unun tarim dis1 gelire sahip olmadig1 goriilmistir.

Dagdemir ve Yildiz (2017) ¢aligmasinda isletmelerin %83.60’lik payla tarim
dis1 gelire sahip olduklarini, %16.40’lik payla tarim dis1 gelire sahip olmadiklarini
belirlemistir.

Konvansiyonel ve organik silajlik misir tiretimi yapan isletmelerin sirasiyla or-
talama 9.00 ve 8.00 yul silajlik misir tiretimi yaptiklar: tespit edilmistir.

Merdan (2014) ¢alismasinda ireticilerin organik tarimla ugragma siirelerini
incelemis, organik tarim treticilerinin yeterli tecriibeye sahip olmadiklar: sonu-
cuna ulagmigtir.

3.2 Isletmelerin aile is giicii potansiyeli

Incelenen isletmelerde aile is giicii miktar1 EIB olarak hesaplanmustir. Caligma
sonuglarina gore konvansiyonel silajlik misir tiretimi yapan isletmeler de aile is
giicli ortalama 3.87 EIB olarak bulunmustur. Aile is giicii erkekler igin 2.42 EIB,
kadinlar igin 1.45 EIB olarak hesaplanmistir. Organik silajlik musir iiretimi yapan
isletmelerde aile is giicii ortalama 4.68 EIB olarak bulunmustur. Bunun 2.79 Ei-
B’ini erkekler, 1.89 EiB’ini ise kadinlarin olusturdugu hesaplanmistir. Bélgede is-
letmelerin ¢ogunu kii¢iik aile isletmeleri olusturdugundan yapilan cesitli tiretim
faaliyetlerinin is giicii talepleri genellikle aile is giicii ile karsilanmaktadir.

Tuvang ve Dagdemir (2009) silajlik misir maliyetini hesaplarken ortalama aile
is giiciinii 4.06 EIB olarak belirlemistir. Kiziloglu ve Dagdemir (2010) beyaz lahana
tiretim maliyetini hesaplarken ortalama aile is giiciinii 4.18 EIB olarak belirlemis-
tir.

3.3 Arazi miilkiyet durumu

Tarla arazisi miktar: sulu, kirag¢ ve nadas arazi toplamindan olusmaktadir. Kon-
vansiyonel silajlik misir iiretimi yapan isletmelerin ortalama tarla ve ¢ayir arazi
buytikligii sirasiyla 36.32 ve 5.86 dekardir. Organik silajlik musir diretimi yapan
isletmelerin ortalama tarla ve ¢ayir arazi buytkliga sirasiyla 58.82 ve 7.58 dekar-
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dir. Bolgede tarla arazisi oraninin ise %88.58 oldugu tespit edilmistir (Cizelge 1).
Cizelge 1. [sletmelerde arazi varliginin kullanim1

Table 1. Use of land assets in businesses

Konvansiyonel (da) Organik (da)
_Uretimiglemleri  Ortalama % Ortalama %
Tarla Arazisi 36.32 86.11 58.82 88.58
- Sulu Arazi 9.57 22.68 15.13 22.78
- Kirag Arazi 24.61 58.34 38.93 58.62
- Nadas Arazisi 2.14 5.07 4.76 7.17
Cayir Arazisi 5.86 13.89 7.58 11.42
_Miilk Arazisi 42.18 100.00 66.40 100.00

Kaynak: Orijinal hesaplamalar

Isletmelerin arazi miilkiyet durumu incelendiginde, konvansiyonel silajlik mi-
sir diretimi yapilan isletme arazisinin %49.94’tinii miilk araziler, %50.06’s1n1 orta-
ga-kiraya tutulan araziler olusturmaktadir. Organik silajlik misir iiretimi yapilan
isletme arazisinin %58.71’ini miilk araziler, %41.29’unu ortaga-kiraya tutulan ara-
ziler olusturmaktadir. Isletme arazisi igerisinde konvansiyonel ve organik silajlik
musir dretimi yapan isletmelerin silajlik misir tiretim alanlar1 sirasiyla ortalama
22.98 ve 38.11 dekar olarak tespit edilmistir (Cizelge 2). Calismanin yapildig:
bolgede goc¢ fazla olmakta, araziler ise satilmamaktadir. Bundan dolay: kiraya ve
ortaga verilen arazi miktar: yiiksek ¢tkmaktadir.

Tuvang ve Dagdemir (2009) ¢aligmalarinda isletme arazisini 120.78 dekar, bu-
nun da %4.31’inin ortaga ve kiraya tutulan arazi oldugunu bulmuslardir. Askan vd
(2018) caligmalarinda bolgede ortalama miilk arazi varligini 31.20 dekar, ortalama
isletme arazisini 39.39 dekar olarak hesaplamiglardir.

Cizelge 2. [sletmelerde arazi miilkiyet durumuna gore dagilim

Table 2. Distribution of enterprises by land ownership status

Arazi Mevcudu Konvansiyonel (da) Organik (da)

Ortalama % Ortalama %
Miilk Arazi 4218 49.94 66.40 58.71
Ortaga-Kiraya Tutulan 42.28 50.06 46.71 41.29
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Isletme Arazisi 84.46 100.00 113.11 100.00
Ort. silajlik misir tiretim alani 22.98 38.11

Kaynak: Orijinal hesaplamalar
3.4 Isletmelerde tarim girdilerinin temin edildigi yerler

Konvansiyonel silajlik misir iiretimi yapan igletmelerin %95.34’tinde yabanci
ot ilac1 kullanildig1 ve %4.70’inin yabanci ot ilact kullanmadig: tespit edilmistir.
Ureticilerin yabanci ot ilacini temin ettikleri yerin %100’iniin bayiler oldugu go-
rillmistiir. Ureticilerin %4.70’i kimyasal giibreyi bayilerden karsilarken %95.30’u
kooperatiflerden kargilamaktadir. Ureticilerin %60.46’s1 tohumu Ilge Tarim ve Or-
man Midiirliiklerinden karsilarken, %39.54ii kooperatiflerden temin etmislerdir.
Organik silajlik misir tiretimi yapan isletmeler ilag ve giibre kullanmamaktadirlar.
Ureticiler tohumu ilge Tarim ve Orman Miidiirliigii araciligi ile Dogan Organik
A.S. den temin etmektedirler.

Tuvang ve Dagdemir (2009) ¢aligmasinda iireticilerin ilaci en ¢ok bayilerden
(%50.91), giibreyi kooperatiflerden (%33.67), tohumu en ¢ok Ilge Tarim ve Orman
Miidiirliiklerinden (%45.24) temin ettiklerini bulmustur. Tki galigmada da isletme-
lerin tarim girdilerini temin ettikleri yerler paralellik gostermektedir.

3.5 Isletmelerede silajlik musir iiretim sebebi ve uygulanan miinavebe

Konvansiyonel silajlik musir iiretimi yapan igletmeler silajlik misir iiretimini
%41.86 oraninda siit hayvancilig1 ve %27.91 oraninda satmak i¢in iiretirken, orga-
nik silajlik misir iiretimi yapan igletmeler silajlik misir tiretimini %70.59 oraninda
satmak ve %29.41 oraninda stit hayvancilig i¢in trettiklerini belirtmislerdir (Ci-
zelge 3).

Kiziloglu ve Kizilaslan (2016) ¢aligmalarinda tireticilerin %94.38’inin isletme
hayvanlarina yem saglama nedeni ile iiretim yaptiklar1 sonucuna ulagsmislardir.

Cizelge 3. Isletmelerin silajlik misir {iretim sebebi

Table 3. Distribution of silage corn production costs by cost items and cost calcu-
lation

. __Konvansiyonel  Organik Toplam
Uretim Sebebi

Adet % Adet % Adet %
Ev Hayvanciligi 9 20.93 0 0.00 9 11.67
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Siit Hayvancilig 18 41.86 5 29.41 23 30.00

Besi Hayvanciligt 4 9.30 0 0.00 4 3.33

Satmak 12 27.91 12 70.59 24 31.67
_Toplam 43 100.00 17 100.00 60 100.00

Kaynak: Orijinal hesaplamalar
Aragtirma  bolgesinde organik ve konvansiyonel isletmeler birlikte
dissiiniildiigiinde en yiiksek %30.00 orani ile yonca-bugday-misir miinavebesi

uygulanmigstir (Cizelge 4).

Tuvang ve Dagdemir (2009) caligmalarinda %32.75 oraniyla en fazla aygice-
gi-bugday-misir miinavebe sisteminin uygulandigini tespit etmislerdir.

Cizelge 4. Isletmelerde uygulanan miinavebeler

Table 4. Alternations applied in businesses

Miinavebe Konvansiyonel Organik Toplam

Adet % Adet % Adet %
a- Yonca- Bugday-Misir 14 32.60 4 23.50 18 30.00
b- Misir-Fig-Yonca 9 20.90 1 5.90 10 16.66
c- Yonca-Arpa-Misir 6 14.00 4 23.50 10 16.66
d- Fig-Bugday-Misir 6 13.90 3 17.60 9 15.00
e- Bugday-Arpa-Misir 2 4.70 2 11.80 4 6.66
f- Digerleri 6 13.90 3 17.60 9 15.00

_Toplam 43 100.00 17 100.00 60 100.00

Kaynak: Orijinal hesaplamalar
3.6 Isletmelerde materyal masraflar:

Tohum; Bir torbada bulunan tohum adedi 50 000 olup 6 dekar alana atilmak-
tadir. Dekara kullanilan tohum miktar: 8 333.3 adettir. Bir torba tohumun fiyat:
ortalama 195 b olup bir dekara atilan tohum bedeli 32.49 Hdir. Giibre; Konvansi-
yonel iretim yapan isletmelerin kimyasal giibre kullanimi 10.88 kg da™* iken ciftlik
glibresi kullanimi 2 650 kg da*dir. Organik tiretim yapan isletmeler ise kimyasal
glibre kullanmamakta olup giftlik giibresi kullanimi 3 110 kg da*dir. Konvansi-
yonel ve organik {iretim yapan igletmeler sirasiyla 3.37 ve 3.25 yilda bir kez ciftlik
glibresi kullanmiglardr.
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Daha 6nce yapilmis olan ¢alismalarda dekara kimyasal giibre kullanimi ince-
lendiginde Uzundumlu ve Topgu (2012) 56.99 kg, Kumbasaroglu ve Dagdemir
(2010) 21.00 kg, Kiziloglu ve Erem Kaya (2008) 40.00 kg, Bayramoglu vd (2005)
51.00 kg oldugu belirtilmistir. Arastirma bolgesinde hesaplanan giibre kullanimi
diger ¢alismalarla kiyaslandiginda, uygulama miktarinin daha az oldugu anlasil-
maktadir.

Yabanci ot; Konvansiyonel igletmelerde yabanci otla miicadelede kimyasal ilag
kullanim miktar1 200 ml/dadir. Organik isletmelerde kimyasal ila¢ kullanilma-
maktadir.

Sulama; Konvansiyonel ve organik isletmelerde sulamanin yilda sirasiyla orta-
lama 3.53 ve 3.76 kez oldugu, su i¢in para 6denmedigi belirlenmistir.

Tuz ve Naylon; Konvansiyonel isletmelerde silaj yapimi i¢in tuz ve naylon mas-
rafi yapilmigtir. Organik isletmelerde bu masraf kalemi yoktur.

3.7 Silajlik misirda maliyet hesabi

Konvansiyonel ve organik silajlik misirin tiretiminde sirasiyla degisken mara-
flar toplami 339.78 b ve 215.51 b, sabit masraflar toplami 71.49 b ve 68.45 b olup
toplam tiretim masraflar1411.27 b da! ve 283.96 b da™* olarak hesaplanmustir. Orta-
lama silajlik misir verimi sirasiyla 4 790 b da! ve 3 920 kg da™! olup birim tiriin bagi-
na tretim maliyeti 0.086 b kg ve 0.072 b kg "dir. Organik silajlik misirin tretimi
yapan isletmelerde bigme, nakliye ve silaj yapma Dogan Organik A.S. tarafindan
yapilmakta olup organik isletmelerde bu harcama kalemi yoktur (Cizelge 5).

Savagan (2007) caligmasinda dekara iiretim masraflar1 toplamini 247.88 b, sila-
jlik musir verimini 4 400 kg da' ve 1 kg silajlik misir maliyetini 0.06 b olarak hes-
aplamustir. Tuvang ve Dagdemir (2009) ¢alismalarinda birim alana yapilan silajlik
musir liretim masrafi toplami 341.01 b da™', ortalama silajlik misir verimini 5 166
kg da! ve silajlik misir maliyetini 0.066 b kg olarak hesaplamiglardir. Kiziloglu
ve Kizilarslan (2016) ¢alismasinda dekara silajlik misir diretim masraf toplamini
519.64 b, verimi 3 685 kg da! ve silajlik misir maliyetini 0.14 b kg olarak hesapla-
muslardir. Paksoy ve Ortasoz (2018) ¢alismalarinda silajlik misir verimini ortalama
5 188,89 kg da! ve silajlik misir maliyetini 0.11 b kg olarak hesaplamiglardur.

Devlet destegi ¢ikarildiktan sonra konvansiyonel ve organik silajlik misirin
tretiminde tiretim masraflar1 toplami sirasiyla 292.32 b da! ve 137.06 b olarak
hesaplanmis olup birim {irtin basina tiretim maliyeti sirasiyla 0.061 b kg ve 0.035
b kg 'dir (Cizelge 6).
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Tuvang ve Dagdemir (2009) ¢alismalarinda devlet destegi ¢iktiktan sonra birim
alana yapilan silajlik misir tiretim masrafi toplami 264.34 b da’!, ortalama silajlik
mustr verimini 5 166 kg da™' ve silajlik misir maliyetini 0.051 b kg olarak hesap-

lamiglardir.

Cizelge 5. Silajlik misir iretim masraflarinin masraf kalemlerine gore dagilimi ve

maliyet hesabi

Table 5. Distribution of silage corn production costs by cost items and cost calculation

Konvansiyonel Organik
Masraf Kalemleri Tsgiicii Kullannmi  Masraf Isgiici Kullanomi  Masraf(b da™)
(saat da™) (bda?) (saat da')
Insan Makine Insan Makine
1-Toprak Hazirlama Masrafi 85.37 85.37
- Stirim masrafi - 0.50 31.25 - 0.50 31.25
- Diskaro, tirmik masrafi - 0.33 31.56 - 0.33 31.56
- Ekim masrafi - 0.16 22.56 - 0.16 22.56
2- Bakim Masrafi 53.02 63.89
- Giibre Masraft 0.50 0.33 8.98 058 038 11.30
- Capalama masrafi 8.00 1.10 23.25 8.00 1.10 42.71
- Su masrafi 1.02 9.88 102 9.88
- Yabanci ot ilact masrafi - 0.16 10.91 - - -
3- Hasat, Nakliye ve Silaj Yapma
Masrafi 110.01 0.00
- Hasat yapma ve toplama masrafi - 1.00 80.00 - -
- Silaj tagima ve silaj yapma mas-
rafi - 091 24.74 - -
- Tuz ve naylon masrafi 1.06 - 5.27 - -
4- Materyal Masrafi 68.41 51.68
- Tohum masrafi 32.49 32.49
- Hayvansal giibre masrafi 15.72 19.19
- Kimyasal giibre masrafi 10.88 -
- Yabanci ot ilact masrafi 3.00 -
- Naylon ve tuz masrafi 6.32
5 - Toplam (1+2+3+4) 316.81 200.94
6- Doner Sermaye Faizi (%7,25) 22.97 14.57
7-Toplam  Degisken Masraf
(5+6) 339.78 215.51
8- Genel Idare Giderleri (%3,00) 10.19 6.47
9- Tarla Kirast 61.30 61.98
10- Toplam Sabit Masraflar
(8+9) 71.49 68.45
11- Uretim Masraflar1 Toplam
(7+10) 411.27 283.96
12- Silajlik musir verimi (kg da™) 4790 3920
13- 1 kg silajik misirin maliyeti
() (11/12) 0.086 0.072

Kaynak: Orijinal Hesaplamalar
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Cizelge 6. Devlet destegi ¢ikarildiktan sonra silajlik musir tiretim masraflarinin
masraf kalemlerine gore dagilimi ve maliyet hesab1

Table 6. Distribution of silage corn production costs according to cost items and
cost calculation after the government support is removed

; Konvansiyonel Organik

Masraf Masraf
(bda) (BHda?)

1-Toprak Hazirlama Masrafi 85.37 85.37

2- Bakim Masrafi 53.02 63.89

3- Hasat, Nakliye ve Silaj Yapma Masrafi 110.01 -

4- Materyal Masrafi 52.16 19.19

- Tohum masrafi* 16.24 -

- Hayvansal giibre masrafi 15.72 19.19

- Kimyasal giibre masrafi 10.88 -

- Yabanci ot ilaci masrafi 3.00 -

- Naylon ve tuz masrafi 6.32 -

5 - Toplam (1+2+3+4) 300.56 168.45

6- Doner Sermaye Faizi (%7,25) 21.79 12.21

7- Toplam Degisken Masraf (5+6) 322.35 180.66

8- Genel Idare Giderleri (%3,00) 9.67 5.42

9- Tarla Kirast 61.30 61.98

10- Toplam Sabit Masraflar (8+9) 70.97 67.40

11- Uretim Masraflar1 Toplami (7+10) 393.32 248.06

12- Devlet tarafindan verilen dekara destek* 101.00 111.00

13- Devlet tarafindan verilen destek diisiildiikten sonra iiretim

masrafi (11-12) 292.32 137.06

14- Silajlik musir verimi (kg da™) 4790 3920

__15- 1 kg silajlik misirin maliveti (b) (13/14) 0.061 0.035

Kaynak: Orijinal Hesaplamalar

*Konvansiyonel iiretim yapan isletmelere tohum bedelinin %0.00’si, organik iiretim yapan is-
letmelere tohum bedelinin tamamu Ilge Tarim ve Orman Miidiirliigii tarafindan desteklenmek-

tedir. Devlet dekara direkt olarak silajlik musir ekim destegi (90 b da’'), mazot giibre destegi
(11 6 da’') ve organik silajlik musir ekim destegi (10 b da™') vermektedir.

3.8 Konvansiyonel ve organik silajlik misir tiretimi yapan isletmelerde birim
alandaki net kar hesabi

Konvansiyonel ve organik silajlik misir tiretimi yapan isletmelerde dekara tirtin
degeri sirasiyla 718.50 b da! ve 646.80 b da’!, tiretim masraflar1 411.27 b da! ve
283.96 b da olup net kar 307.23 b da™' ve 362.84 b da™! olarak bulunmustur. Uretici
eline gecen ortalama triin satis fiyat: sirasiyla 0.150 b kg ve 0.165 b kg "dir (Ci-
zelge 7).
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Konvansiyonel ve organik silajlik misirin tirtin maliyeti ile tirtiniin satis fiyatt
arasindaki fark sirasiyla 0.064 (0.150 - 0.086) b kg!' ve 0.093 (0.165 - 0.072) b kg’
Udir. Her iki tiretici de silajlik misir tiretiminden kar etmekte olup organik tireticil-
er daha fazla kar etmektedir.

Savagan (2007) ¢aligmasinda silajlik misir maliyetini 0.06 b kg, ¢ift¢inin eline
gecen silajlik misir diretim fiyatini ise 0.05 b kg olarak belirlemistir. Maliyet fiyatt
ile ¢ift¢inin elde ettigi ortalama fiyat arasinda kilogram bagina 0.01 £’lik bir zarar
oldugunu aciklamistir. Tuvang ve Dagdemir (2009) ¢alismasinda iftci eline gecen
silajlik musir satig fiyatini ortalama 0.062 b kg! olarak tespit etmistir. Briit iiretim
degerini 320.29 b da’!, briit kar1 52.32 b da™! ve net kar1 -20.72 b da™* olarak hesap-
lamiglardir. Paksoy ve Ortasoz (2018) ¢alismalarinda silajlik misir maliyetini 0.11
b kg, satis fiyatin1 0.122 b kg™, net kar1 ise 0.012 b kg™ olarak hesaplamiglardur.

Cizelge 7. Isletmelerin silajlik misir iiretiminde net kar diizeyleri

Table 7. Net profit levels of enterprises in corn production for silage

Konvansiyonel Organik
Masraf Tiirleri
Tutar (b da™) Tutar (b da™)

1-Degisken Masraflar 339.78 215.51

2- Sabit Masraflar 71.49 68.45

3- Uretim Masraflar1 (1+2) 411.27 283.96

4- Satis Fiyat: (b kg™) 0.150 0.165

5- Verim (kg da™') 4790 3920

6- Uriin Degeri (4*5) 718.50 646.80

7- Uriin Maliyeti (b kg") 0.086 0.072

8- Net Kar (6-3) 307.23 362.84

Kaynak: Orijinal Hesaplamalar

Devlet destegi ¢ikarildiktan sonra konvansiyonel ve organik silajlik misir ire-
timi yapan isletmelerde dekara tiriin degeri sirasiyla 718.50 b da' ve 646.80 b da”!,
tiretim masraflar1 292.32 b da! ve 137.06 b da™! olup net kar 426.18 b da™! ve 509.74
b da! olarak bulunmustur (Cizelge 8)

Devlet tarafindan dekara yapilan tohum ve destek primi diisiildiikten sonra
konvansiyonel ve organik silajlik misir maliyeti ile iirtintin satis fiyat1 arasindaki
fark 0.089 (0.150 — 0.061) b kg ve 0.130 (0.165 - 0.035) b kg "dir. Organik islet-
melerin konvansiyonel isletmelere gore her iki durumda da daha fazla kar elde
ettikleri tespit edilmistir.
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Paksoy ve Ortasoz (2018) ¢aligmalarinda silajlik misir maliyetini 0.11 b kg™,
satis fiyatin1 0.122 b kg'!, devlet destegini ise 0.014 b kg olarak hesaplamiglardur.
Tuvang ve Dagdemir (2009) ¢alismalarinda devlet destegi diistitkten sonra silajlik
musirin maliyeti ile tirlintin satis fiyat: arasindaki farki 0.011 b kg™ olarak hesapla-
muglardir.

Cizelge 8. Devlet destegine gore isletmelerin silajlik misir tiretiminde net kar
diizeyleri

Table 8. Net profit levels of enterprises in corn production for silage, according
to government support

Konvansiyonel Organik
" Masraf Tiirleri Tutar (bda™) Tutar (b da™)
1-Degisken Masraflar 322.35 180.66
2- Sabit Masraflar 70.97 67.40
3-Verilen Destek 101.00 111.00
4- Uretim Masraflari ((1+2)-3) 292.32 137.06
5- Satig Fiyat1 (b kg™) 0.150 0.165
6- Verim (kg da™) 4790 3920
7- Uriin Degeri (5%6) 718.50 646.80
8- Uriin Maliyeti (b kg™) 0.061 0.035
9- Net Kar (7-4) 426.18 509.74

Kaynak: Orijinal Hesaplamalar

Cizelge 9da silajlik misir iiretiminde ve pazarlamasinda kargilagilan sorunlar
swrastyla; girdi fiyatlarinin yiiksek olmasi, yabani hayvanlarin tiriine zarar vermesi,
yabanci is giicii ficretlerinin fazla olmasi ve sulama suyunun yetersiz olmasi olarak
belirtilmistir. Ayrica 6zellikle organik iiretim yapan igletmelerde misir silaji satis
fiyatinin diisiik oldugu belirtilmistir. Konvansiyonel isletmeler pazarlama sorunu
yagarken organik tretim yapan isletmeler sozlesmeli iireticileri olduklar: i¢in bu
sorunla kargilasmamuistirlar (Cizelge 9).

Kiziloglu ve Kizilarslan (2016) silajlik misir Giretiminde kargilastiklar sorunlari
sirastyla pazarlama sorunu, zararlilarla miicadelede ne yapacagini bilememe, yete-
rince sulama sinirini bilememe, tarimsal kuruluglardan yararlanamama ve teknik
bilgi azligindan kaynaklanan sorunlar olarak tespit etmislerdir.
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Cizelge 9. Ureticilerin silajlik misirin iretimi ve pazarlanmasinda karsilagilan so-
runlar

Table 9. Problems encountered by producers in the production and marketing of
maize for silage

Konvansiyonel Organik
_Ureticilerin Sorunlar1 Adet % Adet %
Girdi Fiyatlarinin Yiiksekligi 42 97.60 16 94.10
Yabani Hayvanin Zarar Vermesi 40 93.02 16 94.10
Iscilik Ucretlerinin Yiiksekligi 25 58.13 9 53.00
Sulama Suyunun Yetersiz Olmas1 22 51.16 15 88.20
Satig Fiyetinin Diigitk Olmasi 14 32.53 16 94.10
Pazarlama Sorunu 11 25.50 - -
Arazinin Pargali Olmasi 10 23.25 6 35.20
Tarimsal Kuruluglar ile Tligki 5 11.62 - -
Teknik Bilgi Diizeyinin Yetersi-
2ligi 4 9.30 - -
Sulama Kanalinin Olmamasi 2 4.00 2 11.70
Tarimsal Ekipman Yetersiz 1 2.32 1 5.88
_Zamaninda Hasat Yapilamamas1 - - 4 23.50

Kaynak: Orijinal hesaplamalar
3. SONUG VE ONERILER

Konvansiyonel {iretim yapan isletmeler {iriinleri pazarlanmada zorluklar yasa-
masina ragmen organik tiretim yapan isletmeler sozlesmeli iireticiler olduklari i¢in
triinlerini pazarlamalar1 daha kolaydir. Organik silajlik misir iiretimi yapan tireti-
cilerin konvansiyonel silajlik misir tiretimi yapan isletmelerden daha karli olmasi
bolgenin kirsal kalkinma politikalarinin merkezine organik tarimi tagiyabilecektir.
Sozlesmeli tiretim yayginlastirilarak bolgede organik iiretim artirilabilir ve bolge
giftgisinin tarimsal geliri daha yukarilara taginabilir.
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Nurcan Memis, Seid Hussen Muhie, Ebrima S. Njie, G6zde Sahin, ibrahim Demir

EFFECT OF ULTRASONIC TREATMENT ON SEED GERMINATION AND SEEDLING
EMERGENCE IN SEVEN VEGETABLE SPECIES

ABSTRACT:

This research was performed to determine the effect of ultrasonic treatment
on seed germination, seedling emergence and mean germination and emergence
times in seeds of watermelon, melon, leek, pepper, carrot, tomato and aubergine.
Ultrasonic treatment (US) was applied at a dose of 50 kHz for 30 minutes, hydrop-
riming treatment (HP) was carried out using distilled water, and untreated seeds
were used as control (C). Mean germination percentages were 85% in US treated
seeds, 82% in HP and 78% in C. Corresponding values for seedling emergence
were 83, 75 and 72% respectively. The maximum advantages obtained from US in
germination were observed in watermelon (13%), carrot (11%), pepper (13%), leek
(10%), and pepper (7%) compared to C and HP seeds, respectively. Advantages in
seedling emergence obtained by US were greatest in watermelon (20%), leek (22%)
and tomato (13%) compared to C and for pepper (14%), tomato (12%), melon
(11%), watermelon (10%) and leek (10%) compared to HP. US treatment reduced
both germination and emergence times. Results showed that US treatment was
more positive effect on seedling emergence than germination. It has been determi-
ned that US treatments have the potential to increase the germination and seedling
quality of vegetable seeds.

Keywords: Seed priming, Mean germination time, Seed quality
o o %

ULTRASONIK UYGULAMASININ YEDI SEBZE TURUNDE TOHUM CIMLENMESI
VE FiDE CIKISINA ETKISI

Oz:

Bu arastirma, karpuz, kavun, pirasa, biber, havug, domates ve patlican tohum-
larinda ultrasonik uygulamanin tohum ¢imlenmesi, fide ¢ikist ve ortalama ¢im-
lenme ve ¢ikis stireleri tizerine etkisini belirlemek amaciyla yapilmistir. Ultrasonik
uygulama (US) 30 dakika boyunca 50 kHZ dozunda uygulanmisg, hidropriming
uygulamasi (HP) distile su kullanilarak yiratilmis, uygulama yapilmayan tohum-
lar ise kontrol (C) olarak kullanilmigtir. Ortalama ¢imlenme ytizdeleri US uygu-
lanmis tohumlarda %85, HP'de %82 ve C'de %78 olmustur. Fide ¢ikig oranlar1 i¢in
karsilik gelen ortalamalar sirasiyla %83, 75 ve 72 olarak kaydedilmistir. US uygu-
lamasinin C’ye gore maksimum avantaj olusturdugu tiirler karpuz (%13), havug
(%11), ve biber (%13) HP’ye gore ise pirasa (%10) ve biber (%7) olmustur. Fide
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¢ikisinda US uygulamasinin C tohumlarina gore en avantajli oldugu tiirler karpuz
(%20), pirasa (%22) ve domates (%13), HP’ye gore ise biber (%14), domates (%12),
kavun (%11), karpuz (%10) ve pirasa (%10) olmustur. US uygulamast hem ¢imlen-
me hem de fide ¢ikis zamanini azaltmistir. Sonuglar US uygulamasinin fide ¢ikis
tizerinde ¢imlenmeye gore daha olumlu bir etkisi oldugunu gostermistir. US uy-
gulamasinin sebze tohumlarinin ¢imlenme ve fide kalitesini artirma potansiyeline
sahip oldugu ortaya konulmustur.

Anahtar Kelimeler: Tohum uygulamalari, Ortalama cimlenme zamani, Tohum
kalitesi

ek
1. INTRODUCTION

Rapid germination is an important feature for successful transplant production
in vegetable seeds. Slow and erratic germination may cause non-uniform and small
sized seedlings. Various pre-treatment techniques including priming are used to
accelerate germination (Farooq et al., 2019) and obtain well-developed transplants
from vegetable seeds (Demir, 2002). Seed priming techniques involve physio-
logical methods which consist of imbibing seeds until verge of radicle emergence
(Mavi and Demir, 2004; Ermis et al., 2016; Dutta, 2018). During priming, seeds are
allowed to imbibe the targeted priming media, which may consist of macro and
micro nutrients, growth regulators, osmoticum or water, for a certain amount of
time (Farooq et al., 2019).

There are some other physical seed-enhancing methods used in seed techno-
logy such as ultrasound waves. This treatment involves the application of sound
frequencies in the inaudible range (20-100 kHz) to interact with material/seeds in
air or water. Ultrasound treatment is used to inactivate microorganisms in food
technology (Pingret et al., 2013) and to stimulate germination in various crop
seeds (Rinaldelli, 2000; Yaldagard et al., 2008; Gossous et al., 2010; Miano et al.,
2015; Miano et al., 2016; Moosavi et al., 2018). Ultrasound treatment generates
microscopic tiny voids in a liquid medium resulting in bubbles containing water
or gas. These bubbles expand and then implode. This is called cavitation and is
responsible for most of the ultrasonic effect. Ultrasound treatments are conside-
red environmentally friendly with high potential for quality improvement in seeds
(Yaldagard et al., 2008). Gossous et al. (2010) found that treated pepper and wa-
termelon seeds had higher seed moisture than untreated ones. Mechanical stress
originating from the ultrasonic vibration promoted germination in cucumber and
rice seeds (Takahashi et al., 1991). Miano et al. (2016) also found positive effects on
germination of barley seeds. The objective of this study was to investigate the effe-
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cts of ultrasonication on germination and vigour of watermelon, melon, pepper,
tomato, carrot, leek and aubergine seeds.

2. Material and Methods

Seeds of watermelon (Citrullus lanatus Matsum and Nakai cv. Crimson Sweet),
melon (Cucumis melo L. cv. Kirkagac), carrot (Daucus carota L. cv. Maestro F1),
leek (Allium porrum L. cv. Inegol), tomato (Solanum lycopersicum L. cv. H2274),
pepper (Capsicum annuum L. cv. Sera Demre), and aubergine rootstock (Solanum
melongena L cv. Vista F1.) were obtained from commercial companies. Seed mois-
ture content was determined according to ISTA rules (ISTA, 2016). Seed moisture
contents ranged between 5.2 and 7.5%. Seeds were kept at 5 °C in airtight lamina-
ted foil packets until use.

Ultrasonic treatment (US) was carried out on 300 seeds in each species. Seeds
were weighed and placed in perforated mash cloths, dipped into distilled water and
treated with 50 kHz ultrasonication for about 30 minutes at 20 °C in dark. Then
seeds were left for 24 hours in the water without sonication before being dried at
room temperature for about 24 hours until the initial weight was reached. The
other 300 seeds in each species were kept in distilled water for 24 hours at 20 °C
without sonication and were considered HP (hydroprimed). Untreated seeds were
evaluated as control (C).

Standard laboratory germination tests (SG) were conducted on three replicates
of 50 seeds for control, HP and US treated seeds. Seeds were placed between damp
filter paper (Filtrak, Germany). Germination tests were carried out at 20 °C for car-
rot and leek, and 25 °C for watermelon, melon, pepper and aubergine in the dark.
Two mm radicle emergence was calculated in daily counts. Normal germination
(seedlings with developed root and shoot structures) percentages were evaluated
after 14 days for watermelon, leek, aubergine, tomato pepper, and carrot and after
8 days for melon.

The mean germination/emergence time (MGT/MET) was calculated based on
frequent daily radicle emergence counts using the formula

MGT/MET =X n.t/ Zn

where n = number of seeds newly germinated (2 mm radicle emerged) or seed-
lings emerged at time t; t = days from planting, ¥n = final germination/emergence

The seedling emergence (SE) test was determined by sowing seeds 3 cm deep in
seedling trays with compost (Plantaflour, GmbH, Germany). The trays were placed
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in a growing cabinet where the temperature was maintained at 22+2 °C. Light was
provided 16 hours per day (72 pMm-1second-1). Daily emergence (appearance
of cotyledons to surface) was counted for calculation of MET values but normal
seedling percentages (well-developed root and shoot structures) were counted af-
ter 20 days. The experiment was conducted with a completely randomised design
and means were compared using the Duncan Multiple Range test with the SPSS
program at 5% level.

3. Result and Discussion

Ultrasonication increased germination percentages in watermelon, carrot, and
pepper significantly different compared to control (P<0.05). The difference betwe-
en hydropriming and ultrasonic treatments was not significant (P>0.05) for all
species, except leek. The highest germination percentages in hydroprimed seeds
are in aubergine, carrot, tomato and melon seeds with 94, 90, 86 and 85 %, res-
pectively, while corresponding values in the same species were 97, 90, 86 and
90% with ultrasonic treatment (Table 1). Overall mean values were highest for
ultrasonic treatment at 85%, followed by HP at 82% and lowest in control at 78%.

The variation in response to ultrasonication for germination percentages that
we observed in our work was also reported by earlier reports. Goussous et al.
(2010) reported that treatment was effective on wheat, chickpea and watermelon
but not on pepper seeds. Miano et al. (2015) found ultrasound treatments did not
have any significant effect on some barley seed lots. Treatment enhanced seed vi-
gour and seedling growth in switch grass seeds (Chen et al., 2012). This shows that
ultrasonication effect based on species differences. It may be linked to seed coat
structures because energy densities are deposited at the site of impact causing phy-
sical impacts in plant cells during ultrasonication (Yaldagard et al., 2008). Seed
coat surface and structures may also be influential on US effect. Some vegetable
seed surfaces can be hard and do not allow oxygen and water absorption (Demir,
1997) or the pericarp may contain some substances inhibiting germination (Les-
kovar et al., 1999) that ultrasonic waves eliminate.

Seedling emergence percentages showed that ultrasonic treatment increased
germination percentages significantly compared to control in four species (water-
melon, leek, tomato, pepper). US seeds had higher seedling emergence but were
not significant for the other species (Table 2). Ultrasonic treatment stimulated se-
edling emergence in five species compared to HP treatment. Except aubergine and
carrot seeds, the differences in emergence between ultrasonic and hydroprimed
seeds were significant (P<0.05) and were 10% and higher in the other species. The
highest difference was observed in pepper seeds at 14%. Tomato and melon seeds
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followed at 12 and 11%, respectively. For melon and pepper seeds, HP seeds had
lower emergence than control seeds at 5 and 8%. Seedling emergence percentages
changed between 37 and 91% for C, 49 and 94% for HP, and 59 and 94% for US
seeds. Leek seeds had the lowest and aubergine seeds had the highest emergence
in all three cases. The mean values for C, HP and US seeds were 72, 75 and 83%,
respectively (Table 2). The higher effect of ultrasonic treatment on seedling emer-
gence showed that treatment was more effective on seed vigour than germination
(Tables 1 and 2). Emergence conditions in most cases are less optimum than for
germination and seed performance under nonoptimal conditions is related to seed
vigour features (Ozden et al., 2019). The effect of ultrasonication on seed vigour
was also confirmed in earlier reports about seeds from different species (Gossous
et al., 2010; Shekari et al., 2015).

Time to germination (MGT) was significantly reduced by ultrasonic treatment
(P<0.05) compared to both HP and C seeds (Table 3). The fastest germinating
species were melon and aubergine in all three cases. Watermelon, leek, carrot and
pepper were slow germinators. Mean seedling emergence time was also longest in
leek, pepper, carrot and watermelon in all cases (Table 4). Similar to germination
time, aubergine and melon seeds had the shortest emergence time among the spe-
cies. Leek seeds were the slowest with 9.4 and 11.4 days emergence time, while
melon seeds were the fastest emerging in 4.3 and 5.6 days. Goussous et al. (2010)
found the stimulating results in watermelon and pepper seedling emergence po-
tential.

Table 5 shows the advantages of ultrasonic treatment compared to HP and C.
Ultrasonic treatment was beneficial for both germination and seedling emergence
compared to C and HP seeds. The advantage of US was higher for seedling emer-
gence (SE) than germination. Total advantages of US were 52 and 25% germinati-
on and 72 and 57% seedling emergence compared to C and HP seeds, respectively.
The highest total advantage of US was obtained in pepper, leek and watermelon
seeds at 40, 45 and 43% in all four cases. The lowest advantage of US was obtai-
ned in aubergine seeds with 6% in total.

Reduced time to germination and emergence shown by lower MGT and
MET values due to ultrasonication can be valuable and is related to successful
transplant size of vegetable seeds (Demir et al., 2008). Faster germination is re-
lated to transplant size or field emergence potential in diverse vegetable species
seeds (Demir et al., 2008; Mavi et al., 2010; Ozden et al., 2019). From that point
of view, ultrasonication is considered an easy, cheap and convenient treatment to
achieve faster emergence and obtain well-developed seedlings in modules and
field sowing conditions. The extra benefit of ultrasonication (US) compared to
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hydropriming (HP) indicated that the treatment provided advanced benefit compa-

red to than HP (Table 2). This is valuable data for successful transplant production.
In the meantime, different treatment times and seeds from other vegetable species

need to be investigated.

Table 1. Changes in germination percentage (%) of control (C), hydroprimed (HP)
and ultrasound (US) vegetable seeds.

Species C HP US
Watermelon 58° 71% 71%
Melon 85? 85° 90°
Carrot 79° 90* 90?
Leek 712 64> 742
Tomato 812 86° 86°
Pepper 75 81 88
Aubergine 95° 94 97°
Mean 78 82 85

* Means with different letters in the same line were significantly different at 5%.

Table 2. Changes in seedling emergence (%) of control (C), hydroprimed (HP) and
ultrasound (US) vegetable seeds.

Species C HP uUs
Watermelon 61° 71° 81°
Melon 83 78° 89°
Carrot 77* 81* 81*
Leek 37¢ 49> 59°
Tomato 69° 70° 82¢
Pepper 85° 77¢ 91°
Aubergine 91* 94* 94*
Mean 72 75 83

* Means with different letters in the same line were significantly different at 5%.

Table 3. Changes in mean germination time (MGT, day) of control (C), hydropri-
med (HP) and ultrasound (US) vegetable seeds.

Species C HP US
Watermelon 5.4° 5.3° 4.6
Melon 1.6° 1.7 1.3
Carrot 4.7° 4.6 3.9°
Leek 4.4¢ 3.8° 3.22
Tomato 2.9° 3.6° 2.0°
Pepper 3.7° 3.6° 3.0°
Aubergine 1.9° 1.5 1.3

* Means with different letters in the same line were significantly different at 5%.
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Table 4. Changes in mean emergence time (MET, day) of control (C), hydroprimed
(HP) and ultrasound (US) vegetable seeds.

Species C HP uUs
Watermelon 8.7° 8.5° 7.5%
Melon 5.6 4.5° 4.3%
Carrot 9.12 9.4> 9.2
Leek 11.4¢ 9.4 10.5°
Tomato 6.2" 5.9° 5.7
Pepper 10 9.5 9.4°
Aubergine 6.0° 5.1° 5.2¢

* Means with different letters in the same line were significantly different at 5%.

Table 5. Advantage of US treatment for germination percentage (GP) and seedling
emergence (SE) compared to control (C) and HP treatment. The values were obta-
ined by subtracting C (US-C) and HP (US-HP) values from US.

Species Us-C US-HP

GP SE GP SE
Watermelon 13 20 0 10
Melon 5 6 5 11
Carrot 11 4 0 0
Leek 3 22 10 10
Tomato 5 13 0 12
Pepper 13 6 7 14
Aubergine 2 1 3 0
Total 52 72 25 57

4. CONCLUSION

This study showed that ultrasonic treatment advanced seed germination and
seedling emergence in seven different vegetable species. This is reflected not only
in total percentages but also in germination and emergence time. The effect va-
ried among the species. However, the beneficial effect was more for emergence
than germination in most of the species. The present data is valuable for successful
transplant production. Moreover, ultrasonic treatment can be used as a cheap and
easy method for other vegetable seeds.
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CHEMOMETRIC APPROACH TO THE NUTRITIVE VALUE OF SOME SORGHUM
(SORGHUM BICOLOR L. MOENCH) CULTIVARS

ABSTRACT:

This study aimed to determine which nutritional traits are a key to indicate
the nutritive value of some sorghum cultivars by chemometric techniques such
as principal component analysis (PCA) and cluster analysis (CA). Based on their
genotype, seven sorghum (Sorghum bicolor L. Moench) cultivars (sorghum [Rox
and Early Sumac], sudangrass [Gozde] and sorghum x sudangrass hybrid [Jumbo,
Grazer, Hayday and El Rey]) were denoted. Nutritional traits used were comprised
of neutral detergent fibre (NDF), acid detergent fibre (ADF), crude protein (CP),
Ca, P, K and Mg that determined by near-infrared spectroscopy analysis and diges-
tible dry matter (DDM), dry matter intake (DMI), metabolizable energy (ME) and
relative feed value (RFV) calculated by empirical equations. The NDF and ADF
contents showed a negative relationship with ME and RFV. The CP content was ne-
gatively correlated with NDF and ADF but positively correlated with ME and RFV.
The PCA generated two significant principal components (PCs). PC1 (59.51%)
and PC2 (20.31%) described 79.83% of the total variation with eigenvalues of 6.55
and 2.23 in the sorghum cultivars, respectively. The PC1 was more representatives
of the cultivars (Grazer, Hayday, Early Sumac and Go6zde) and the calculated traits
(DDM, DMI, ME and RFV). PC2 was characterized by Ca and Mg, while ADE,
NDF and K with negative loadings in each of the PCs were the most representatives
of most cultivars. CA grouped cultivars and traits into two clusters. The P, DDM,
DMI, ME and RFV were the most important among components, defining impor-
tant traits of cultivars to improve feeding of ruminants.

Keywords: Cluster analysis, Feed value, Forage quality, Forage sorghum, Princi-
pal component analysis

e 2k

BAZI SORGUM (SORGHUM BICOLOR L. MOENCH) CESITLERININ BESIN
DEGERLERINE KEMOMETRIK YAKLASIM

0z:

Bu caligma, temel bilesen analizi (TBA) ve kiimeleme analizi (KA) gibi kemo-
metrik tekniklerle, bazi sorgum cesitlerinin besleyici degerini gostermede hangi
besinsel 6zelliklerinin anahtar ara¢ oldugunu belirlemeyi amaglamistir. Genotip
bazinda yedi sorgum (Sorghum bicolor L. Moench) (sorgum [Rox ve Early Sumac],
sudanotu (Gozde) ve sorgum x sudanotu hibriti [Jumbo, Grazer, Hayday ve El
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Rey]) ¢esidi incelenmistir. Numune setinde, yakin kizilétesi spektroskopi (NIR)
ile belirlenen notr deterjanda ¢6ztinmeyen lif (NDF), asit deterjanda ¢oziinmeyen
lif (ADF), ham protein (HP), Ca, P, K ve Mg ve ampirik denklemlerle hesaplanan
sindirilebilir kuru madde (SKM), kuru madde tiiketimi (KMT), metabolize edi-
lebilir enerji (ME) ve nispi yem degerine (NYD) ait veriler incelenmistir. NDF ve
ADF igerikleri, ME ve NYD ile negatif iligki gostermistir. CP icerigi, NDF ve ADF
ile negatif, ME ve RFV ile pozitif korelasyon gostermistir. Veri kiimesinin TBA,
iki 6nemli temel bilesen (TB) tiretmistir. TB1 (%59.51) ve TB2 (%20.31), sorgum
cesitlerinde sirastyla 6.55 ve 2.23 6z degerleri ile toplam varyasyonun %79.83'"tinil
tamimlamigtir. TB1, gesitlerin (Grazer, Hayday, Early Sumac ve Gozde) HP ve P ha-
ricinde, hesaplanan 6zelliklerini (SKM, KMT, ME ve NYD) daha ¢ok temsil etmis-
tir. TB2 ise Ca ve Mg ile karakterize edilirken, TB1 ve/veya TB2'de negatif yiikle-
melere sahip ADF, NDF ve K, ¢cogu ¢esitleri daha fazla temsil etmistir. KA, cesitleri
ve besinsel 6zellikleri iki gruba ayirmustir. Gevis getiren hayvanlarin beslenmesini
iyilestirme bakimindan gesitlerin 6zelliklerini tanimlayan bilesenler arasinda en
onemlileri P, DDM, DMI, ME ve RFV olmustur.

Anahtar Kelimeler: Kiimeleme analizi, Temel bilesen analizi, Yem degeri, Yem
kalitesi, Yemlik sorgum

e 2k

1. INTRODUCTION

Sorghum (Sorghum bicolor L. Moench) is the most important food and feed
crop after maize, wheat and barley and thus, is used for both the grain and fora-
ge to provide an important nutrient source to the human and animal population
(Ritter et al., 2007; Singh et al., 2017). As such, it has conducted studies on the
adaptability, stability, and nutritive value of forage sorghum cultivars (Farré and
Faci, 2006; Jahansouz et al., 2014; Pinho et al., 2015; Singh et al., 2014, 2017; Uzun
etal,, 2017). Sorghum as a forage crop has received considerable attention in many
regions of the world because their nutrient contents are well balanced in certain
cultivars (Bean et al., 2013; Badigannavar et al., 2016; Uzun et al., 2017). Moreover,
in the considerable studies, some forage sorghum cultivars have found to be more
tolerant to abnormal growing conditions, and consequent higher in yield and qu-
ality (Farré and Faci, 2006; Kim et al., 2010a,b; Jahansouz et al., 2014; Pinho et al.,
2015; Uzun et al., 2017). Therefore, cultivar choice is a very important management
decision for forage production and animal operations (Ouda et al., 2005; Pinho et
al.,, 2015; Uzun et al., 2017).

Multivariate or chemometric analyses such as principal component analysis
(PCA) and cluster analysis (CA) concomitantly evaluate a set of characteristics
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considering the correlations between variables, enabling better interpretations of
the information extracted from a data set, which provided by analysing and/or cal-
culating (Bro et al., 2012; Shin et al., 2012; Santos et al., 2019). While PCA shows
relationships among groups of variables in a data set and/or relationships that exist
between objects (Jolliffe and Cadima, 2016), CA detects groups of similar objects
described by several qualitative and/or quantitative variables (Saracli et al., 2013;
Drab and Daszykowski, 2014). Also, Drab and Daszykowski (2014) noted that the
two-way clustering, extended with a colour map, enables a detailed interpretation
of the studied treatments in terms of the variables that contribute most to the clus-
tering tendency. In several studies that used one or both PCA and CA, some sorg-
hum cultivars have been assessed in terms of agro-morphological diversity throu-
gh quantitative and qualitative phenotypic traits (Chikuta et al., 2015; Mofokeng
et al., 2017; Hamidou et al., 2018; Mulima et al., 2018; Martiwi et al., 2020). The
evaluation of sorghum cultivars especially in terms of nutritive value is very im-
portant (Singh et al., 2014, 2017; Uzun et al., 2017) because farmers are interested
in sorghum cultivars with higher nutritive value for domestic ruminants in many
countries of the world, including Turkey. Forage quality indicators (FQI) such as
crude protein (CP), acid detergent fibre (ADF), neutral detergent fibre (NDF), di-
gestible dry matter (DDM), dry matter intake (DMI), metabolizable energy (ME)
and relative feed value (RFV) as well as some mineral contents such as calcium
(Ca), phosphorus (P), potassium (K) and magnesium (Mg), which are closely asso-
ciated with animal productivity, are mainly considered in determining nutritional
value of forages (Singh et al., 2014; Uzun et al., 2017; Aydin et al., 2019).

In the previous studies (Bliimmel and Reddy, 2006; Singh et al., 2014, 2017), it
has been reported that substantial variation in the feed value or nutritional quality
of dual-purpose sorghum cultivars. Singh et al. (2014) have indicated that hybrids
(686A x IS 697, 685A x ICSR 89 and 685A x GP 65072) are nutritionally superior in
terms of CP, DDM, DMI and RFV. In our previous study, when some sorghum cul-
tivars were compared for the yields of dry matter (DM), DDM and CP, they ranked
in the following order: Rox = Early Sumac < G6zde = Grazer = Hayday = Jumbo =
El Rey and also, the Jumbo and Grazer cultivars had higher ADF and NDF values,
and lower DMI, ME and RFV compared to the other sorghum cultivars (Uzun et
al., 2017). However, these variables evaluated by univariate analysis are considered
limited for evaluating each of the variables individually compared with multivaria-
te or chemometric analyses (Bro et al., 2012; Shin et al., 2012; Jolliffe and Cadima,
2016). Although the nutritional quality of forage crops is undoubtedly an impor-
tant and widely debated topic, these FQI and minerals have yet to be extensively
classified using PCA and CA. Because mutual correlations among many of the
analysed nutritional traits generate redundant information and create difficulties
in interpretation (Jolliffe, 2002; Jolliffe and Cadima, 2016), correlation analyses are
essential for assessing the relationships among the studied traits (Mofokeng et al.,
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2017). Therefore, this study aimed to determine which nutritional traits mentioned
above can be a key means to indicate the nutritive value of some sorghum cultivars
by chemometric techniques such as PCA and CA. Also, in this study, we examined
the mutual relationships between the nutritional traits of the sorghum cultivars
and thus, possible mechanisms behind the relationships.

2. Material and Methods

We have conducted a study, which evaluated some agronomic (plant height, the
number of leaf and tiller, and dry matter yield) traits as well as nutrient contents
(CP, NDE, ADE Ca, P, K and Mg) and FQI (DDM, DMI, ME and RFV) respon-
ses to irrigation in two maize and seven sorghum cultivars (including sorghum,
sudangrass and sorghum x sudangrass) for two years (Uzun et al., 2017). In that
study, we have presented a detailed description and the nutritional traits of seven
sorghum cultivars. Therefore, the procedures to group the cultivars and nutritional
traits were the same applied by Uzun et al. (2017). The database of this study was
from the control treatment and comprised of NDF, ADEF, CP, Ca, P, K and Mg and
also, DDM, DMI, ME, and RFV calculated by empirical equations (Moore and
Undersander, 2002). The analysis and calculation protocols performed in triplicate
were described in detail by Uzun et al. (2017). Based on their genotypes, seven
sorghum (sorghum [Rox and Early Sumac], sudangrass [G6zde] and sorghum x
sudangrass hybrid [Jumbo, Grazer, Hayday and El Rey]) cultivars grown in se-
mi-humid climatic zone of Samsun, Turkey (B6liik, 2016) were denoted.

The statistical methods as PCA and CA are common applied in the evaluation
of the nutritional quality of forage sources to enhance the interpretation and vali-
dity of results (Aydin et al., 2019; Santos et al., 2019). Based on the objective of this
study, these statistical methods were selected and applied. As such, in the present
study, the data (Table 1) belong to the nutritional traits of each sorghum cultivar
were used for the chemometric approach to the nutritive value by PCA and CA.
Multivariate analysis was done for the classification and discrimination of the sor-
ghum cultivars based on PCA and CA in which sorghum cultivars were combined.
Also, these data were subjected to Pearson’s correlation analysis. While PCA was
to determine the relatedness of traits, hierarchical CA was performed according to
similarity measures to simultaneously identify the associations between cultivars
and the studied nutritional traits (defined as nutrient content and FQI).

Pearson correlation analysis for all nutritional traits was used to study the rela-
tionship between the variables. PCA was also used to indicate the sources of varia-
tion differentiating the sorghum cultivars in terms of the studied nutritional traits.
Before performing PCA, the suitability of data for PCA was assumed using the Ka-
iser-Meyer-Olkin (KMO) test and Bartlett’s test. Thus, a new set of seven orthogo-
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nal variables was generated by PCA (Jolliffe, 2002). The correlation and PCA were
performed using the Correlate and Dimension Reduction, respectively of a statis-
tical package program (IBM SPSS Statistics version 21, SPSS Inc., Chicago, IL). The
mean of six repetitions (n=12) of each sorghum cultivars at two years (N=84) was
used as the cases. in the present study, two-way clustering that assumed a hierar-
chical clustering applied independently to data objects and variables using the se-
lected linkage approach and similarity measure was used (Drab and Daszykowski,
2014). As such, the replication values of each trait for each cultivar were subjected
to hierarchical two-way clustering analysis (unweighted pair-group) using the JMP
statistical program (SAS Institute Inc. USA). Thus, both the sorghum cultivars and
the nutritional traits (defined as nutrient content and FQI) were clustered accor-
ding to similarity measures to simultaneously identify the associations between the
species and the nutritional traits. The clustering method, distance type, and scale
type used in the cluster analysis (Saragli et al., 2013) were group average (unweigh-
ted pair-group), euclidean and none or if any, standard deviation (SD), respectively
computed by the cophenetic correlation coefficient (CCC). The CCC is the Pear-
son correlation between the actual distances and the predicted distances based on
a particular hierarchical configuration. When CCC had a value of 0.75 or above,
the clustering was considered useful.

3. Results and Discussion

We reported previously that seven cultivars of sorghum exhibited significant
differences in terms of some nutritional and chemical parameters (Uzun et al.,
2017). This study examined the mutual relationships between nutritional traits in
the same sorghum cultivars and also, interpreted via the PCA and CA analysis the
possible mechanisms behind the relationships. Therefore, the data matrix of the
studied nutritional traits (CP, NDF, ADF, Ca, P, K and Mg determined by NIR and
DDM, DMI, ME and RFV calculated by empirical equations) of these sorghum
cultivars were subjected to PCA and CA, a chemometric approach (Shin et al.,
2012).

Correlations displaying the relationship among these variables are presented
in Table 2. The CP was negatively correlated with NDF (r = -0.598) and ADF (r =
-0.625) while positively correlated with ME (r = 0.625) and RFV (r = 0.625). Howe-
ver, there was a strong relationship between the CP with these parameters (P <
0.01). The relationships between the ADF and NDF, ME (r = -1.000 and r = -0.872,
respectively) and RFV (r = -0.945 and r = -0.978, respectively) were very strong
and negative (P < 0.001). The ME value had a positive and strong correlation with
RFV (r = 0.945; P < 0.001). There was a strong and positive relationship between
the DDM with DMI, ME and RFV (r = 0.858, r = 1.000 and r = 0.945, respectively;
P <0.001).
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Table 1. The nutritional traits (defined as nutrient content and forage quality indi-
cator) of the sorghum cultivars and the overall mean of the variables evaluated in
these sorghum cultivars (% of DM, except for ME, Mj kg-1 DM)

Traits’ Jumbo Grazer Hayday Gozde ElRey Rox Early Overall
Sumac

ADF 4372+487  408+346 39.9¥4T14 4055417 42358362 36.7X2.92 36.9+2.67 402444
NDF 71.346.03  68.4+3.49 66.9+6.23  67.9+6.01  71.144.78 63.4£3.38 63.6£3.30 67.5+£5.58
CP 6.7+2.08 7.2£1.67  7.2+1.16 6.3+0.99 6.4+1.23  7.8£1.02  8.0£1.16 7.1£1.48
DDM 54.4+3.79 571270 57.8+323  57.4£3.25  55.8+2.82 60.3£2.28 60.2£2.08 57.6+3.46
DMI 1.7+0.16 1.840.09  1.8+0.18 1.8+0.16 1.740.13  1.940.10  1.9+0.10 1.840.15
ME 7.3+0.65 7.7+0.46 7.8+0.55 7.8+0.55 7.5+0.48 8.3+0.39  8.2+0.35 7.8+0.59
REV 71.9£11.80 78.0+7.20 81.4+£12.47 79.5£11.56 73.5+8.75 88.9+7.59 88.3+7.16 80.2+11.23
Ca 0.5+0.14 0.6+£0.18  0.5+0.27 0.5+0.13 0.5£0.19  0.7£0.08  0.6=0.20  0.6+0.18
P 0.3+0.05 0.2£0.02  0.2+0.03 0.2+0.03 0.2+0.03  0.3+0.03  0.3+0.03 0.2+0.04
K 1.7+0.39 1.0£0.32  1.3+0.25 1.1+0.28 1.1£0.46  0.8£0.23  1.1£0.35 1.1£0.40
Mg 0.2+0.04 0.2+£0.08  0.2+0.06 0.2+0.07 0.2£0.11  0.3£0.05  0.2+0.06  0.2+£0.08

Values represent the mean * standard deviation (n= 12 for each sorghum cultivars
and n= 84 for overall mean) of each sample analysed in duplicate. ADF: Acid deter-
gent fibre, NDF: Neutral detergent fibre, CP: Crude protein, DDM: Digestible dry
matter, DMI: Dry matter intake, ME: Metabolizable energy, RFV: Relative feed value,
Ca: Calcium, P: Phosphorus, K: Potassium, Mg: Magnesium

Table 2. Pearson correlation coefficients between the nutritional traits (defined as
nutrient content and forage quality indicator) sorghum cultivars

ADF NDF CP DDM DMI ME REV Ca P K Mg
ADF |

NDF  0.872" 1

CP -0.6257  -0.598" 1

DDM  -1.000"" -0.872""  0.625" 1

DML _0.858™ -0.996™"  0.591"  0.858" 1

ME -1.000"" -0.872""  0.625" 1.000"  0.858"" 1

REV_.0.945" -0.978""  0.625" 0.945™  0.978"  0.945" 1

Ca -0.062™ _ -0.038™ _ 0.317 0.062 _ -0.013™ _ 0.062" _ 0.002" 1

P -0.144™  -0.207" 0.139™  0.144™  0.241" _ 0.144™ 0.221° -0.516" 1

K 0.134™  0.080™ _ 0.128™  -0.134™  -0.047"  -0.134™ -0.077"_ -0.485 _ 0.395 1

Mg -0.650" -0.475 0.408' 0.650"  0.435  0.650"  0.5317 0552 -0.159 -0.451" 1

ADF: Acid detergent fibre, NDF: Neutral detergent fibre, CP: Crude protein, DDM: Digestible
dry matter, DMI: Dry matter intake, ME: Metabolizable energy, RFV: Relative feed value, Ca:
Calcium, P: Phosphorus, K: Potassium, Mg: Magnesium, ns: Nonsignificant; *: P < 0.05, **: P
< 0.01, ¥ P < 0.001 (Two-tailed test)
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The relationship between the ADF or DDM and Mg was negative and strong (r
=-0.650; P < 0.01), whereas NDF showed a negative and week correlation with P
and Mg (r= -0.475; P < 0.05). The CP content of the cultivars exhibited a negative
and week correlation with Ca (r = 0.317) and Mg (r = 0.408; P < 0.05). The DMI
level was positively and strongly correlated with ME and RFV (r = 0.858 and r =
0.978, respectively; P < 0.001), while positively and weekly correlated with P and
Mg (r = 0.241 and r = 0.435, respectively; P < 0.05). The Mg level exhibited a positi-
ve and strong correlation with ME, RFV and Ca (r = 0.650, r = 1.531 and r = 0.552,
respectively; P < 0.01) but a negative and week correlation with the K content (r =
-0.451; P < 0.05). The Ca content showed a negative correlation with P (r = -0.485;
P <0.01) and K (r = -0.485; P < 0.05). The P content was positively correlated with
K (r=0.375; P < 0.05).

The correlation analysis indicated that the relationship between some of the
studied nutritional traits was mutual and complicated. The ME and RFV of forages
are complex nutritional traits, which have many components contributing to its
totality (Aydin et al., 2019) because there was a positive and strong correlation
between these quality indicators. The NDE, ADF and Ca contents of the cultivars
played an important role in the relation between the analysed and calculated traits
with the highest-value correlation coefficient among the nutritional parameters
(Muir et al., 2007; Moreas et al., 2015; Aydin et al., 2019). As predictors of forage
quality, the RFV is calculated using NDF and ADF correlated with intake and the
digestibility of the forages, respectively (Muir et al., 2007). The nutritional traits
correlated positively with ME and RFV may be attributed to the positive correlati-
on between carbohydrates with total calories and fat with fibre in some sorghum
varieties (Moreas et al., 2015). The results of the correlation analysis supported the
idea that higher CP and low cell wall contents (NDF and ADF) are indicative of
good fodder quality (Singh et al., 2017). The negative correlation between NDF
and ME or RVF may be related to the variation noted in the DMI (% body weight)
of the sorghum varieties due to variability in their NDF contents (Singh et al., 2017;
Aydin et al., 2019).

The results of PCA and CA suggested that significant diversity existed among
sorghum cultivars for the nutritional traits studied. Indeed, the results that indica-
ted differences among the cultivars for the nutritional traits and clustering based
on these traits classified the sorghum cultivars into two main clusters. PCA of the
dataset generated two significant PCs. The statistical loadings (or scores) of these
PCs are presented in Table 3. In Figure 1, different locations are used to represent
the positive and negative correlations, respectively between the analysed charac-
teristics within a component (Table 3). The PCs having only eigenvalues of >1.0
were considered significant to describe most of the total variations of data (Jollifte,
2002). The loadings corresponding to the PCs indicate that it has high contributi-
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ons from three groups. PC1 (59.51%) and PC2 (20.31%) described 79.83% of the
total variation with eigenvalues of 6.55 and 2.23 in the sorghum cultivars, respec-
tively (Figure 1). These variables were closely related to each other, characterizing
PC1 as an index for determining FQI. Based on the correlation matrix loadings (>
0.75 and positive factor loadings) of the variables (Table 3), DDM, DMI, ME and
RFV contributed most strongly to PC1, while CP and P contributed less strongly.

Table 3. Eigen analysis of the correlation matrix loadings of the experimental vari-
ables on the significant principal components (PCs)

Traits PC1 PC2
Crude protein 0.697 0.002
Acid detergent fibre -0.975* -0.018
Neutral detergent fibre -0.940 -0.127
Digestible dry matter 0.975 0.018
Dry matter intake 0.928 0.179
Metabolizable energy 0.975 0.018
Relative feed value 0.978 0.133
Calcium 0.140 -0.853
Phosphorus 0.165 0.755
Potassium -0.144 0.750
Magnesium 0.662 -0.554

Bold values represent strong (> 0.75) and positive factor loadings *-, negative corre-
lation
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Figure 1. Scatter diagram based on loading plots of principal components (PCI and
PC2) for the nutritional traits (defined as nutrient content and forage quality indica-
tor) sorghum cultivars. ADF: Acid detergent fiber, NDF: Neutral detergent fiber, CP:
Crude protein, DDM: Digestible dry matter, DMI: Dry matter intake, ME: Metabo-
lizable energy, RFV: Relative feed value, Ca: Calcium, P: Phosphorus, K: Potassium,
Mg: Magnesium.

Figure 2 depicts the score plots of nutritional traits generated from compa-
ring the sorghum cultivars based on PC1 and PC2. Based on scores, group I was
composed of nutritional traits with positive loadings for PC1 and PC2 (CP, DDM,
DMI, ME, RFV and P), group II included nutritional traits with positive loadings
for PC1 and negative loadings for PC2 (Ca and Mg) and group III was composed
of nutritional traits with negative loadings for PC1 (ADF, NDF and K). The results
with relation to correlation confirmed the idea that the plots in PCA depicted the
correlation of variables and objectives (Shin et al., 2012). The PCA results indica-
te that the PC1 were fewer representative of the cultivars and the calculated FQI
(DDM, DMI, ME and RFV), except for CP and P, while PC2 was characterized by
Ca and Mg and that the ADE, NDF and K with negative loadings in the PC1 and/
or PC2 were more representatives of most cultivars. Although high values for the
calculated FQI characterized the Early sumac, Hayday, Jumbo and El Rey cultivars,
the other cultivars were somewhat in the middle and less tightly clustered than
either group. Therefore, either PC1 or PC2 did not enable the Early sumac, Hayday;,
Jumbo, and El Rey cultivars to be separated from the other cultivars associated
with nutritional traits from groups 1 and 2, respectively.

Differently to PC1, in the PC2, no mutual relationship was observed between
the K content and other nutritional traits while Ca and Mg were related to op-
posite quadrants, indicating the negative association between the K content. This
relationship may represent a decrease in the K content when Ca and Mg increase.
Indeed, an imbalanced intake of Ca, Mg, P and K is common in forage crops and
consequently in ruminants (Masters, 2018) due to a mechanism called nutrient
antagonism (Senbayram et al., 2016). For example, when K or Ca concentration in
the soil-root interface is high, the plant’s ability to take up sufficient Mg is limited
even if its concentration in the soil solution is high (Senbayram et al., 2016; Mas-
ters, 2018). This result suggested that the sorghum cultivars were important and
enough since they described the current variation for the nutritional traits. Our
PCA results shows that the variations among the cultivars resulted from especially
quality indicators because the ME, RFV and RFQ were dominated an important
part of the total variance. These notions are a significant forage species effect, as
also revealed previously (Aydin et al., 2019).

ANAJAS, 2022, Cilt 37, Sayi 1, Sayfa 67-82



Chemometric Approach to the Nutritive Value of Some Sorghum (Sorghum...

[
3.0 | A
[
| a8 9
v [
20 0 |
v [
I L
v v | Co
1.0 ov A
- LI
o v [ ] q
= a o 0o
s of----- .~ a___" @ _ o _________
a v ()
o .‘4 @] + (@ 4 +
E . N | ‘e
A 4 t.
1.0+ |
N N e !
= [
[
-2.0 |
[
| O
[
304 |
1 1 I : 1 1 1
30 20 10 o 10 20 30
PC1 (59.51%)

Figure 2. Score plots of principal components (PC1 and PC2) for the nutritional
traits (defined as nutrient content and forage quality indicator) sorghum cultivars.
V: Jumbo, B: Grazer /\: Hayday;. [1: Gozde; ®: El Rey, %: Rox, O: Early

sumac.

The variables that had a high correlation with one or more variables increased
the commonality, and thus the PCs extracted explained much of the variable var-
iance, as also noted by Santos et al. (2019), who used PCA in nutritional epidemi-
ology studies. Figure 2 depicts the score plots of nutritional traits in the cultivars
generated from comparing the groups based on PC1 and PC2. The traits of groups
I and II were strongly related to the Early sumac, El Rey and Rox cultivars, while
group II was related to the other cultivars. Also, groups I and II were weekly related
to the Grazer, Hayday and Jumbo cultivars. The position of the nutritional traits
in the score plot was consistent with the cultivars clustering in the CA and also,
demonstrates that PC1 described the calculated traits, except for P, distribution
between the cultivars. PC2 does not enable to be separated all the cultivars, which
were associated with the variables from group II.
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The CA and dendrogram are presented hierarchical relationships between the
species in the dataset in terms of similarity or dissimilarity of their attributes rep-
resented by the parameters (Figure 3). CA grouped (CCC = 0.924) genotypes into
two clusters (A and B) based on 11 nutritional traits. The cultivars in Cluster A
(Jumbo, Grazer, El Rey, Hayday and Gozde) and Cluster B (Rox and Early Sumac)
had no similarity. Also, the cultivars in two sub-groups of Cluster A, (Jumbo in the
sub-group I and Grazer, El Rey, Hayday and Gozde in the sub-group II) had differ-
ences. The nutritional traits were grouped (CCC = 0.808) into two main Clusters
(I and II) with two sub-groups, respectively. While Cluster I was included NDE,
DDM, RFV and ADE, Cluster II was composed of CP, DMI, ME, Ca, P, K and Mg.
The CP and ME contents of the cultivars included in Cluster I differed the studied
minerals and DMI. Based on the colour intensity of the dendrogram, the similarity
between Cluster I and Cluster II in terms of the nutritional traits is reduced. This
may be related to the association between the calculated traits and the analysed
traits (Mofokeng et al., 2017).

The CA results and dendrogram suggests this separation can provide a visual
idea about variability presented in the seven cultivars. Accordingly, this confirmed
that the accumulation of nutrients in fodder crops is influenced by certain fac-
tors such as plant species and variety (Singh et al., 2017; Aydin et al., 2019). Our
results are consistent with the findings of Mulima et al. (2018) who reported that
promising sorghum genotypes can be identified from cluster means recorded for
each trait. Classification of these cultivars revealed large variation for the studied
nutritional traits in the entire set as well as among the different pure and hybrid
cultivars, as also noted by Upadhyaya et al. (2010) and Chikuta et al. (2015). It has
been suggested that sorghum cultivars from different clusters would provide a gen-
eration of different purpose sorghum genotypes or availability of genetic variability
for efficient selection (Abdel-Fatah et al., 2013; Chikuta et al., 2015; Mulima et al.,
2018). Such a notion might also be suggested based on the CA results of our study.
Therefore, the present study might play a significant role in filling up the gaps on
these sorghum cultivars and in providing the trait-specific cultivars for use by the
breeders because Sorghum bicolor comprises of weedy and cultivated annual forms
that are fully inter-fertile (Upadhyaya et al., 2010; Chikuta et al., 2015; Martiwi et
al., 2020). Thus, the evaluation and use of these new cultivars in their breeding pro-
gram may contribute the sorghum improvement activities across the globe (Burow
et al., 2012). Santos et al. (2019) noted that, based on that the theoretical rationale
and assumptions for using chemometric and univariate methods as well as the in-
terpretation of results are different, these techniques should not be equal statistical
methods. The results of the previous study, which the data analysed as univariate
(Uzun et al., 2017), and our current study, was confirmed this notion.
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Figure 3. Dendrogram that derived from hierarchical clustering analysis of the nutri-
tional traits (defined as nutrient content and forage quality indicator) of the sorghum
cultivars. The horizontal and vertical dendrogram are the clusters of nutritional traits
(CCC = 0.808; Delta = 0.186; Distance value = 0.504 - 1.701) and sorghum cultivars
(CCC = 0.924; Delta = 0.209; Distance value = 0.002 - 1.885), respectively, according
to similarities in the studied parameters. The intensity of colour histogram indicates
the highest (light white, amount = 88.93) and the lowest (dark black, amount = 0.16)
strength of similarity. ADF: Acid detergent fibre, NDF: Neutral detergent fibre, CP:
Crude protein, DDM: Digestible dry matter, DMI: Dry matter intake, ME: Metabo-
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lizable energy, RFV: Relative feed value, Ca: Calcium, P: Phosphorus, K: Potassium,
Mg: Magnesium, Early S.: Early Sumac.

4. CONCLUSIONS

The present study reports on the employment of PCA and CA as chemometric
approaches, to discriminate and classify field-grown sorghum cultivars based upon
their nutritive value (FQI and mineral contents). The techniques used in the study
proved useful in obtaining effective characteristics, with two PCs and two clusters
considered important in explaining the relationship and similarity among the nut-
ritional traits and cultivars, respectively. The variables such as DDM, DMI, ME and
RFV were the most important traits among the selected components, defining as
important characteristics in the selection of cultivars to improve the feeding of the
domestic ruminants. Because very significant and strong positive correlations were
observed among the calculated nutritional traits, these traits should be selected for
strategic improvement in breeding programs. From the result of this study, it can
be suggested that a combination of analysed and calculated traits may be useful
in studying the genetic diversity of sorghum for conservation, breeding and other
crop improvement activities. Moreover, the presence of vast diversity among the
studied cultivars clearly shown by the distant relationships among the genotypes
may be appealing to researchers, farmers and end-users.
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Recep Kadir Sivri, Taner Yildiz

TOTAL COSTS, LABOR REQUIREMENTS AND WORK EFFICIENCIES IN SECOND
FODDER CORN SILAGE PRODUCTION IN TURKEY: A CASE STUDY FROM
SAMSUN PROVINCE

ABSTRACT:

This study was carried out to determine the total costs, labor requirements,
and work efficiencies in the second fodder corn silage production mechanization
using survey and time measurement method in Carsamba town of Samsun district
in 2018. The total variable and fixed costs are calculated as 3047.70 TL ha' and
7986.60 TL ha, respectively. The share of variable and fixed costs in total produ-
ction costs was determined as 27.59 and 72.41%, respectively. Among the variable
costs, the highest share was obtained by fertilization (9.54%) and spraying proces-
ses (4.18%). The highest share of the fixed costs was family labor (24.53%). The
highest and the lowest labor requirements were found for harvesting (4.98 h ha)
and transportation (1.76 h ha'), respectively. The highest work efficiency was ob-
tained for transportation (0.57 ha h'). It has been shown, in particular, that good
mechanization planning can minimize variable costs, resulting in more profitable
production through the optimal utilization of agricultural machinery.

Keywords: Aftercrop, Corn, Labor requirement, Silage, Total cost, Work efficiency
e

TURKIYE’DE iKiNCi URUN SiLAJLIK MISIR URETIMiNDE TOPLAM MASRAFLAR,
iS GUCU GEREKSINIMLERI VE iS BASARILARI: SAMSUN iLi ORNEGI

Oz:

Bu ¢alisma; 2018 yilinda Samsun ili Carsamba ilgesinde, ikinci tiriin musir silajt
iretim mekanizasyonunda toplam masraflar, is giicii gereksinimleri ile is bagarila-
riin anket ve zaman ol¢timleriyle belirlenmesi amaciyla yapilmistir. Toplam de-
gisken ve sabit masraflar sirasiyla 7986.60 TL ha! ve 3047.70 TL ha'! olarak hesap-
lanmustir. Degisken ve sabit masraflarin toplam tiretim masraflar1 igindeki paylar1
ise, sirasiyla %27.59 ve %72.41 olarak belirlenmistir. Degisken masraflar icinde en
yiiksek pay giibreleme (%9.54) ve ilaglama (%4.18) islemlerinden elde edilmis-
tir. Sabit masraflardan aile is glicii gereksinimi, en yiiksek paya sahip olmustur
(%24.53). En yliksek ve en diistik is giicii gereksinimleri sirasiyla hasat (4.98 h ha!)
ve nakliye (1.76 h ha!) islemlerinde bulunmustur. En yiiksek is basaris1 nakliyede
elde edilmistir (0.57 ha h'). Ozellikle iyi mekanizasyon planlamasinin, degisken
masraflari en az diizeye indirebilecegi ve tarim makinalarinin optimum kullanimi
yoluyla daha karli iretim yapilabilecegi sonucuna varilmistir.
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1. INTRODUCTION

To meet the increasing animal protein requirements linked to the high popula-
tion in Turkey, meat and milk products obtained from ruminant animals lead the
list of sources. It will be possible to bring these animal production amounts to the
desired levels by increasing quality feed production. One of these feed sources is
silage, prepared from different materials including corn, an indispensable element
among sources of roughage feed and the most important for ruminant animal ra-
tions. Silage made from corn, which comes to the fore due to being the most easily
ensilaged material among green plant matter, is effective in meeting the nutritional
requirements of milk herds, especially. The digestive system of ruminant animals
has the feature of being able to digest high levels of roughage like silage (Kilig,
2004). Silage corn planting has increased in Turkey in recent years; for example,
a 4-5% increase occurred from 2017 to 2018. Of the total corn planting area, 75%
is for grain and 25% is for silage corn production (Anonymous 2018). {zmir has
had the highest corn silage production since 2017. Samsun province ranks ninth
in corn silage production and meets 3.21% of the corn silage production in Turkey
(Table 1). Almost half of corn silage produced in Samsun is being cultivated in
Bafra and Carsamba counties.

Table 1. Corn silage production amounts according to provinces in Turkey (ton-
nes)

Cizelge 1. Tiirkiyede illere gore silajlik misir tiretim miktarlari (ton)

Provinces 2013 2014 2015 2016 2017 2017 (%)
Izmir 2.427.316 2.512.303 2.601.432 2.608.225 2.678.156 11.46
Konya 1.150.112 1.229.601 1.348.829 1.468.100 1.650.455 7.06
Kars 13.891 13.822 15.082 31.260 1.560.992 6.68
Balikesir 1.115.062 1.129.647 1.239.092 1.344.726 1.491.653 6.38
Aydin 1.007.014 993.041 1.040.328 1.049.221 1.248.066 5.34
Bursa 1.026.769 1.053.791 1.071.359 1.091.513 1.122.868 4.80
Sakarya 746.119 784.366 839.174 835.615 883.661 3.79
Canakkale 713.290 791.179 746.976 752.050 818.938 3.50
Samsun 644.858 691.655 768.299 741.639 750.990 3.21
Other provinces  6.826.126 6.858.619 7.174.409 7.402.168 7.718.465  47.78
TOTAL 18.094.45 18.815.03 19.920.00  20.369.678  23.373.725 100.00

Source: Anonymous, 2018
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2. Corn Silage Production and Status in Turkey

Silage production in Turkey began for the first time in 1931 in Atatiirk Forest
Farm in Ankara and continued until the 1970s on state farms before becoming po-
pular among private enterprises. In Turkey within the ten years from 2007 to 2016,
a two-fold increase occurred in area and yield values. These seed areas focused on
regions and large enterprises with production in a more economic sense. Corn
silage cultivation can be done in nearly all regions of Turkey (Tezel, 2018).

Currently, silage production may be mechanized in nearly all stages, from
sowing to harvest, transport to silage pits, and distribution as animal feed. A large
variety of agricultural tools and machinery are used from the simplest to the most
complicated in this mechanization chain.

Expenses for the production of an agricultural product comprise the produc-
tion costs. Among the elements comprising production costs in agricultural pro-
duction (land, seeds, pesticides, fertilizers, irrigation, agricultural machinery, buil-
dings, labor etc.), the most important are machinery costs, which can reach to 50%
depending on the level of use of machinery in the enterprise. For corn silage pro-
duction, all stages require intense mechanization, especially the harvest. With con-
tinuously increasing energy and machinery outgoings, mechanization planning is
important for profitable production. In countries like Turkey, where agricultural
regions are widely dispersed, this planning must be done with greater care.

Attention needs to be paid to scientific operating methods for effective use of
mechanization inputs, with an important share of inputs used in plant production
like seeds, fertilizer, and pesticides. This research aimed to determine the labor
requirements, work efficiencies, and costs of mechanization processes of second
fodder corn silage cultivation in Carsamba plain, one of the most important plant
production areas in Turkey.

3. Material and Methods
3.1 Material
3.1.1 Trial area

Samsun province, located on the deltas where the Yesilirmak and Kizilirmak
Rivers flow into the Black Sea in the Central Black Sea region, has 958.000 hec-
tares’ area. Nearly 104.000 enterprises perform agricultural production on nearly
47% of this area. The research was completed in collaboration with the enterprises
on Carsamba Plain formed by rich alluvium soils carried by the Yesilirmak river
(Figure 1).
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Vezirksprii

Figure 1. Location of Carsamba within Turkey (Yildiz, 2016)
Sekil 1. Tiirkiyede Carsambanin Konumu (Yildiz, 2016)

The Carsamba plain is 15 m above sea level and is located between 41°11'56"
North latitudes and between 36°43'36" East longitudes. It is 37 km from Samsun
provincial center. The area of Carsamba plain completely formed by the Yesilir-
mak, covers 70.818 hectares. Of this, 53.300 hectares are used as agricultural land.
Wheat, corn, vegetables, sunflowers, feed plants, hazelnuts, and rice are the most
important agricultural products in Carsamba, which has a high plant cover. The
province has warm summers and mild and rainy winters with the typical Black Sea
climate. Due to the effect of the sea, there is no great temperature difference be-
tween the summer and winter months. The average annual temperature is 15-17°C.
The annual precipitation is 600-700 mm of the precipitation occurs from October
to the end of December. The coastal strip has little snowfall, which does not last
long. Based on mean values for many years, the coldest months are January and
February, and the hottest months are July and August (Anonymous, 2019).

3.2 Methods
3.2.1 Determination of agricultural enterprises to be surveyed

According to the Ministry of Agriculture and Forestry, in arsamba county,
where the research was completed, a total of 150 enterprises cultivated corn silage
as a secondary fodder after the primary product in 2018. The questionnaires were
filled in face-to-face with the producers in these agricultural enterprises. Addi-
tionally, the Republic of Turkey Ministry of Agriculture and Forestry statistics and
previous studies were used.
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3.2.2 Calculation of production costs for second fodder corn silage

When calculating variable costs related to plant production activities, attention
should be paid to their physical amounts and unit prices. Information about use
of the physical inputs related to these costs may be obtained from the enterpri-
se or accountancy records, research results from the region or from information
collected directly from agricultural enterprises by surveys (Kiral et al., 1999). The
research noted the input amounts for fuel and oil related to machinery used in me-
chanized processes from soil processing to transport and storage, fertilizer, seeds
and pesticides and related unit prices, along with unit manpower and labor fees
in the region. Fixed costs noted interest, depreciation, taxes and village common
outgoings (Dinger, 1976).

3.2.3 Time measurements

In enterprises, measurements were made with the aid of a chronometer begin-
ning with soil processing and seedbed preparation, to determine the labor force
requirements related to other agricultural processes, work efficiency and total costs
expended during production. The number of observations required per unit area
was determined with the following equation (Kobu, 2010).

2
4D u'r:ExE -[Exy

N =
Ix;

where,
N= Number of observations required for each procedure
n= Number of observations completed

X .= Observation value
3.2.4 Determination of labor requirements and work efficiencies

According to the above equation, 10 enterprises had time measurements taken
in three repeats with the values classified into three sections according to the stan-
dard parcel (h ha') and grouped as follows (Kadayifcilar ve Dinger, 1972; Beyhan
ve Pinar, 1996; Yildiz, 2000):

1) Basic Time (BT):
a) Basic time to tillage (tBT)
b) Basic time to sowing (tBT,)
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¢) Basic time to fertilizing (tBT,)
d) Basic time to spraying (tBT,)
e) Basic time to harvest with a two-row silage machine (tBT,)

f) Basic time to transportation and carriage (tBT,)

2) Auxiliary time (AT): Necessary time spent found by combining a variety of time
segments (h ha'). Auxiliary time was classified in subsections for standard parcels
(Yaldiz, 2000).

These are:

a) Auxiliary time to tillage (tAT)

b) Auxiliary time to sowing (tAT)

¢) Auxiliary time to fertilizing (tAT3)

d) Auxiliary time to spraying (tAT,)

e) Auxiliary time to harvesting with two-row silage machine (tAT,)

f) Auxiliary time to transportation and carriage (tAT,)
3) Unavoidable time losses (UTL)

Time measurements were completed with a CASIO brand digital hand chro-
nometer. The arithmetic means of the time measurements were taken and results
were analyzed (Beyhan ve Pinar, 1996). To calculate labor requirements and work
efficiencies, arithmetic means of measurements of the time segments for each pro-
cess were used. To determine work efficiency in the field, effective working time
(EWT) was noted. To determine effective working time (EWT), basic time (BT)
and auxiliary time (AT) were added to calculate principal time (PT) (Beyhan and
Pinar, 1996; Yildiz, 2016).

PT =BT +ATPT =BT+ AT (hha')..ccoooiiiiiii e (1)
The following equation.was used to calculate effective working time (EWT)
EWT =BT+ AT+ UTLEWT =BT+ AT+ UTL (hha')....ooviiniennnn, (2)

Unavoidable time loss (UTL) was determined as a percentage of the principal

time obtained by adding basic and auxiliary time (Caran 1994, Beyhan and Pinar,
1996; Yildiz, 2000; Yildiz, 2016).
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B eeeeeeeeeeesess s sseeseseesessemsasssseeeeesseseesemeeseeeeseneneesseeeeeeseeneeneeseneneneneeenens 3)
UTL = 100 FT
where;

P is a multiplication factor showing variations according to the machine used
and labor power. In this study for labor manpower P was 1, while for machine
power P was 6 (Caran, 1994; Beyhan 1996; Beyhan ve Pinar, 1996; Yildiz, 2000;
Yildiz and Tekgiiler 2012).

The working efficiency per unit area (WPA) in the study with the different en-
terprises were determined with the following equation linked to the effective wor-
king time (EWT).

WPA =

The following equation was used to calculate the utilization coefficient of time
(UC) by using effective working time and basic time.

%) = —— 5
R L (5)

Time measurements were completed with a CASIO brand digital hand chrono-
meter. The arithmetic mean of the time measurements was taken and results were
analyzed.

4. Results and discussion
4.1 Findings related to general features

The general features of enterprises surveyed are given in Table 2. When Tab-
le 2 is investigated, mean silage land size ranged from 10-175 da, with enterpri-
ses having mean 40.70 da. While the mean parcel number in Turkey is 4, for the
second fodder corn silage area in the research, the mean was identified as 2.90
(Anonymous, 2016). When looking at the educational levels of enterprises, it was
discovered that a large proportion of 75% were primary school graduates, while the
remaining 25% were middle school graduates (Table 2).
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Table 2. General features of second fodder silage corn production

Cizelge 2. Ikinci iiriin silajlik misir iiretiminde genel &zellikler

Minimum Maximum Mean Std. deviation

Age 33.00 62.00 48.10 7.07
Experience 15.00 40.00 28.55 7.09
Population 3.00 8.00 5.25 1.52
Education

Primary School (%) 75.0

Middle School (%) 25.0
Silage land size 10.00 175.00 40.70 37.00
Number of parcels 1.00 6.00 2.90 1.29

4.2 Findings related to production costs

Costs were divided into two categories in the research: Variable and fixed costs,

as shown in Table 3.

Table 3. Cost elements and profit table for second fodder silage corn mechanization

Cizelge 3. Ikinci iiriin silajlik misir {iretim mekanizasyonu i¢in masraflar ve karlilik tablosu

Variable Costs (VC) Mean (TL ha™) %
Tillage 105.30 1.07
Sowing 245.60 2.50
Fertilizing 1052.20 10.71
Spraying 461.10 4.69
Harvesting 377.80 3.84
Transportation and Marketing 446.10 4.54
Irrigation 310.20 3.16
Interest on Variable Costs (Circulating Capital Interest)*  102.09 1.04
Total Variable Costs 3100.39 31.55
Fixed Costs (FC) Mean (TL ha™) %
General Administrative Expenses™ 91.30 0.93
Family Labor Cost Equivalent 2706.00 27.54
Land Rental 2466.20 25.10
Depreciation 139.98 1.42
Capital Interest 606.80 6.17
Repair and Maintenance 621.80 6.32
Taxes-Village Common Expenses 46.00 0.47
Insurance (TL Year) 48.80 0.50
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Total Fixed Costs 6726.88 68.45
TOTAL COSTS (Production Costs, PC) 9827.27 100.00
Yielg (kg ha') 40049.10

Price (TL) 1.95

Gross Agricultural Production Value (GAPV) 78095.75

Gross Profit (GAPV-VC) 74995.36

Net Profit (GAPV-PC) 68268.48

Relative Profit (GAPV PC") 7.95

Unit Cost (TL kg™!) 0.28

*Variable cost interests (circulating capital interest): represents production cost inte-
rest and opportunistic costs. Simply, if the production input amounts had been used
in an alternative area, a certain amount of interest income would have been obtained.
The use of these inputs in production means interest income is not received. As a re-
sult, it is necessary to assess this as a cost (Kiral et al., 1999).

** General administrative outgoings: Taken as 3% of variable costs

-The Republic of Turkey Central Bank January 2018 interest 13.62, the Republic of
Turkey Central Bank January 2018 inflation 12.14, reel interest rate 1.48.

-Tractor depreciation 0.0416 (The Turkish Association of Agricultural Machinery
and Equipment Manufacturers, 2018)

-Other tools-machinery depreciation (The Republic of Turkey Directorate of Revenue
Management, 2018): 0.2

-Building depreciation (The Republic of Turkey Directorate of Revenue Management,
2018): 0.02

When Table 3 is investigated, total variable costs comprised 31.55% and total
fixed costs comprised 68.45%. The highest variable cost was fertilizer at 10.71%,
with the lowest variable cost of 1.04% for variable cost interest. Another study in
Pasinler county in Erzurum identified variable costs comprising 78.58% (Tuvang
ve Dagdemir, 2009). The reason for this difference may be explained that the enter-
prises do not obtain many tools-machinery at cost externally; in other words, they
pay their own tool and machinery costs. Family labor costs had the highest value
at 24.36%, while taxes-release protection had the lowest value at 0.84% (Table 3).

The highest variable cost for enterprises was fertilizer (1052.20 TL ha''), while
the lowest variable cost was capital investment interest (102.09 TL ha™'), with yield
of 40,049.10 kg per hectare. The unit cost value of the product was calculated as
0.28 TL kg™ (Table 3). A study comparing the yield and economic aspects of second
fodder corn silage under conditions in Cukurova region found the highest yield
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was obtained with the reduced soil processing method, with the lowest yield ob-
tained from directly planted areas. The highest profit (2097.40 TL ha'), was identi-
fied for the reduced soil processing method with the lowest profit (1667.60 TL ha™)
obtained with the bandwidth soil tillage method (Karaagag et al., 2010). Another
study from Cukurova region of wheat and second fodder corn silage identified
highest income was from wheat with straight seeding (2916.90 TL ha™). For second
fodder corn silage, the highest income (3222.00 TL ha'') was identified for seeding
with chisel (Karaagag et al., 2016).

4.3 Findings related to labor requirements and work efficiencies

At the measured times, basic, auxiliary, basic and effective working and un-
avoidable time losses were calculated according to a standard parcel with 1 ha size
(66.67 mx 150 m) as h ha!, while area work efficiency is given in ha h™! units on Ta-
ble 4. Table 4 shows that harvest (3.76 h ha') has the highest basic time (E) require-
ments, whereas transport processes (1.50 h ha') have the lowest basic time (E). The
lowest auxiliary time was for harvest again (0.94 h ha') and transport (0.16 h ha™').
The lowest time loss was 0.10 h ha™* for transport. Table 4 also shows that, the high-
est effective working time (EW'T) was for harvest (4.98 h ha') with lowest EWT for
transport (1.76 h ha'). When assessed in terms of area work efficiency, transport
had the highest value of 0.57 ha h™'. Two different trials in the Thrace region for
sunflower and corn silage with four different soil processing methods determined
the highest work efliciencies were 5.4 ha h'' and 0.341 ha h*, respectively. (Baran
et al., 2014; Baran et al., 2016). A study of second fodder corn silage and triticale
silage in conditions in Central Anatolia, found the lowest labor requirement was
0.20 h ha' for corn silage, with highest work efficiency of 4.93 ha h' for direct
seeding (Bayram and Ozgoz, 2016).

Table 4. Labor requirements and area work efficiencies needed for second fodder silage
corn production mechanization

Cizelge 4. Ikinci iiriin silajlik mustr iiretim mekanizasyonunda gereksinim duyulan is giicii
gereksinimleri ve alan i§ bagarilar:

Tillage Sowing Fertilizing Spraying Harvesting Transportation ~ TOTAL
EﬁTl;]a") 223 Eﬁ%ﬁ,‘) 255 EET&") 2.69 Eﬁi}l) 177 Eﬁ%a") 3.76 ZET&‘) 1.50 ﬁi;mso
Eﬂl{a Ly 046 Eﬂlza by 08 Eﬁ{;ﬁ 4y 075 Eﬂ;a 4 056 Eﬁ%a") 0.94 Zﬁéﬁ Ly 016 ﬁﬂf”z
f];r};a") 2.69 f;lzia") 3.40 f}?ﬁa") 3.44 f}’lrl;a") 2.33 g}lﬂia,l) 4.70 S}Tfla") 1.66 El;"[a‘fl&ZZ
&T}i’ y 016 (L}J]ThLa 5y 020 (L}JlThL; y 021 (L}I]ThLa« y 014 (L}J)ThL; y 028 &T}]L;l) 010  YUTL=1.09

hha!
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EWT EWT EWT EWT EWT EWT,

1 2 3 5 6 =
(hha') 2.85 (hha') 3.60 (hha) 3.65 (h hai) 247 (hha) 4.98 (hha') 1.76 Ei\ng 19.31
WPA, WPA, WPA, WPA WPA, WPA
(hah) 0.35 (hah) 0.28 (ha h},) 0.27 (ha hj) 0.40 (hah) 0.20 (ha hﬁ) 0.57
UCz, UCsz, UCz, UCz, UCz UCz,

(%) 78.25 %) 70.83 %) 73.70 %) 71.66 (%) 75.50 (%) 85.23

In this study completed in conditions in Carsamba, the highest area work effi-
ciency was 0.57 ha h*! for transport, with lowest for harvest (0.20 ha h'). Research
about silage production, and transport in Thrace Region performed measurements
in three different enterprises. In conclusion, only one enterprise was found to be
appropriate from a technical aspect (Kayisoglu and Tan, 1994). Research using one
and two-row silage machines identified the area work efficiency was 0.15-0.36 ha
h'! for a one-row machine at different ground speeds, while it was 0.26-0.54 ha h™!
for a two-row machine. They identified the product work efficiency as 8.4-20.5 t
h! for one-row machines and 14.7-30.2 t h™! for two-row machines. Additionally,
the increased production work efficiency values linked to increased tractor speeds
was stated to increase labor requirements (Bilgen and Sungur, 1991). Under the
conditions in the Aegean Region, second fodder corn silage cultivation after wheat
emphasized that the best results were identified after soil processing combination
trials using rototiller and cultivator. They found that direct seeding method was
the most advantageous method in terms of fuel consumption and work efficiency
(Sungur et al.,1994). When Table 4 is investigated, the utilization coeflicient of
time value is seen to be highest for transport processes (85.23%). The reason for
this is the selection of land close to silage pits and animal holdings and the com-
pletion of transport processes in serial manner with collective work. Additionally,
increasing the capacity of trailers used for transport was effective in the high levels
of utilization coefficient of time for transport. The lowest utilization coefficient of
time value was found as 70.83% for sowing process (Table 4). The reason for this
can be explained as a result of difficulties filling the seed deposits and other replen-
ishment procedures.

5. CONCLUSION

One of our greatest problems is meeting the food needs of an ever increasing
global. Currently when agricultural land has reached its final limits, water and ot-
her natural resources are being consumed. In this situation, the only way is to inc-
rease yield from agricultural production. The way to increase yield is to mechanize
processes in all areas. Animal husbandry has begun to develop in the research regi-
on in recent years. As a result, an increase in the planting of feed plants has occur-
red in recent years. Climate features are very suitable for second fodder cultivation
and have led to intensive use of mechanization processes. Good planning of the
mechanization chain from soil processing to harvesting will contribute to reducing
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avoidable time losses. In addition to minimum soil processing, direct seeding on
stubble has begun which will provide positive effects in terms of costs, labor requ-
irements and work efficiencies. The number of enterprises fertilizing according
to the results of soil sampling was identified to be at very low levels. Fertilizing
according to soil sampling results will contribute to preserving natural resources
and may be beneficial to reduce fertilizing costs. The use of higher capacity pes-
ticide depots and crop protection machinery with wider width will contribute to
increasing work efficiency.
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m Gilden Balc

KIREC STRESI KOSULLARINDA MELATONIN UYGULAMALARININ CiLEKLERDE
BAZI MiNERAL ELEMENTLERIN ALIMI UZERINE ETKILERI

Oz:

Bu ¢aligma, farkli dozlardaki melatonin (MEL) uygulamalarinin (0, 5, 10 M)
kiregli ortamda yetistirilen cilek fidelerinin yaprak, gévde ve koklerindeki bazi
mineral element icerikleri tizerine etkilerini belirlemeyi amaclamistir. Deneme
“Albion” ¢ilek gesidine ait frigo fideler kullanilarak 1:1 oraninda torf perlit ve %1
oraninda kireg ilave edilmis karisimla doldurulan saksilarda yiirtatilmustiir. Farkl
gelisim agamalarinda kireg stresine kars1t MEL uygulamasinin etkilerini incelemek
amaciyla 3 farkli donemde (4 yaprakly, ¢igeklenme ve meyve) alinan yaprak, govde
ve koklerde fosfor (P), kalsiyum (Ca), magnezyum (Mg) ve demir (Fe) element-
lerinin miktarlar1 ICP-MS cihazinda belirlenmistir. MEL uygulamalari ile birlikte
ozellikle kiregli ortamda yetistirilen ¢ilek fidelerinde ortamin pH’sinin yitkselme-
sine ragmen P ve Fe aliminin artti81 belirlenmistir. Sonu¢ olarak MEL uygulama-
larinin yiiksek pH kogullarinda mineral element alimini destekleyerek stres etkile-
rini hafiflettigi ve 10 uM dozun daha iyi sonucu verdigi tespit edilmistir.

Anahtar Kelimeler: Cilek, Melatonin, Mineral element, pH
o o %

THE EFFECTS OF MELATONIN APPLICATIONS ON THE INTARKE OF SOME
MINERAL ELEMENTS IN STRAWBERRIES UNDER ALKALINE STRESS
CONDITIONS

ABSTRACT:

The aim of this study is to determine the effects of different doses of melatonin
(MEL) applications (0, 5, 10 uM) on certain mineral element intake of the straw-
berry seedlings grown in calcareous stress conditions. The experiment was condu-
cted in the pots filled with the lime-added mixture at the rate of 1% and peat perlite
at the rate of 1:1 with frigo seedlings belonging to “Albion” strawberry variety. In
order to examine the effects of MEL application against alkaline stress in different
developmental stages, samples were taken from leaves, stems and roots taken in 3
different periods (4 leaves, flowering and fruiting). In these samples, the quantities
of phosphorus (P), calcium (Ca), magnesium (Mg) and iron (Fe) elements were
determined in the ICP-MS device. It has been determined that MEL applications
support mineral element intake in strawberries under the effect of alkaline stress
and generally 10 uM dose gives better results.
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Keywords: Strawberry, Melatonin, Mineral element, pH
e o 2
1. GIRIS

Diinyanin hemen hemen her yerinde yetistirilmekte olan ¢ilek, Rosales takima,
Rosaceae familyasi, Fragaria cinsi igerisinde yer alir ve tiztimsti meyveler icerisin-
de 6nemli bir yer tutmaktadir. Cilek bitkisi (FragariaXananassa Duch.) ¢ok yillik,
otsu, herdem yesil olup lezzeti, vitamin ve mineral madde kapsamu ile diinyada
milyonlarca kisinin tercih ettigi meyveler arasindadir. FAO 2018 verilerine gore
diinyada 372 361 ha'lik bir alanda 8 337 099 ton ¢ilek tretilmistir (FAO, 2021).
Uretimde ilk siray1 Amerika Birlesik Devletleri alirken (1 266 272 ton) sirastyla
Meksika (653 639 ton) Tiirkiye (440 968 ton) ve Ispanya (344 679 ton) takip et-
mistir (FAO, 2021). Tirkiye degisik iklim ve toprak karakterleri yoniinden c¢ilek
yetistiriciliginde énemli bir potansiyele sahiptir. 2019 yili TUIK verilerine gére
Tiirkiyede toplam 16 102 da alanda 440 968 ton gilek iiretilmistir (TUIK, 2021).
Uretimde ilk siray1 toplam ¢ilek tiretimin % 38.2” litk kismuini kargilayan Mersin
(168 654 t) alirken, bunu Aydin (67 402 t) Antalya (560 669 t) ve Bursa (484 65t)
izlemistir.

Uygun iklim ve toprak sartlar1 basarili bir cilek yetistiriciligi icin 6n kosul-
dur. Bitkinin beslenmesi, bitylimesi ve gelismesi i¢in 6nemli oldugu bilinmektedir
(Albregts ve Howard, 1980; Almaliotis ve ark., 2002). Cilekte besin elementi alimi-
n1 etkileyen faktorler arasinda iklim, toprak, genotip ve kiiltiirel uygulamalar yer
almaktadir. Bunlar arasinda toprak nemi, sicaklik, 11k yogunlugu, toprak pH’sy,
toprakta besin elementlerinin seviyesi, organik madde, mikorizal ve mikrobiyal
varlig1 yer almaktadir (May ve Pritts, 1990).

Dikim yilindan itibaren meyve vermeye baslamas: nedeniyle, gilekte vejetatif
gelisme verim ve kalite agisindan énemlidir. Iyi bir vejetatif gelisme sonucunda
cileklerde govde sayis1 cogalmakta, yaprak alani artmakta bunun sonucunda bitki-
lerin bol miktarda fotosentez tiriinii depolayabilmesi sonucunda verim de artmak-
tadir (Darrow, 1965). Bu nedenle bitki organlarindaki besin elementi miktarindaki
artigin generatif aktivite ve verimde artiga neden oldugu bilinmektedir (Agaoglu,
1986).

Kiregli topraklardaki CaCO3 varlig1 azot, fosfor, magnezyum, potasyum, man-
gan, ¢inko, bakir ve demirin kimyasini ve alinabilirligini dogrudan veya dolayli
olarak etkiler. Bu topraklarda genellikle mikro besin element eksiklikleri, yitksek
ve yaygindir. Boyle topraklarin potansiyel verimliligi, yeterli su ve besin maddele-
rinin temin edilebildigi yerlerde yiiksektir. Kiregli topraklarda yetersiz beslenme-
den kaynaklanan kloroz ve bodur biiytime siklikla goriilmektedir (Kagar, 2012).
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Yiiksek pH’l1 topraklarda ¢ilek yetistiriciligi olduke¢a zordur. Cileklerin opti-
mum diizeyde gelistigi toprak pH’st 6.0-6.5dir (Cakaryildirim,2004; Kepenek,
2002). Kiregli topraklarda cilek yetistiriciligi yapildiginda verim kayiplari, bitki
gelisiminde yavaslama ve kloroz gibi olumsuzluklarla kars: karsiya kalinmaktadir
(Hancock 1999).

Melatonin (MEL) ilk olarak 1958 yilinda sig1ir beyin tistii bezinden izole edilen
bir indol amindir (Lerner ve ark., 1958). Karanlik ortamlarda daha fazla salgilanan
MEL, hayvan ve insanlarda giin ve yil icerisinde zamanin algilanmasinda gorev
yapmaktadir. MEL hormonu giinliik ritmi diizenlemek, antioksidan ve antikan-
sorejen etkileri nedeniyle son yillarda insan beslenmesinde olduk¢a 6nem kazan-
maktadir (Yakupoglu ve ark., 2018; Aguilera ve ark., 2015). Uzun siire omurgali
hayvanlarda bulunduguna inanilan MEL 1995 yilinda yapilan iki farkli ¢alisma bit-
kilerde de bulundugunu gostermistir (Dubbles ve ark., 1995, Hattori ve ark., 1995).
Bitkilerin tohum ve meyvelerinde MEL igeriginin daha yiiksek oldugu bildirilmis-
tir. Bunun MELin antioksidan savunma mekanizmasinda gorev yapmasindan kay-
naklandig: digiiniilmektedir (Korkmaz ve ark., 2018).

Calismada, yiiksek pH kosullarinda yetistirilen ¢ilek bitkilerine digsal MEL
uygulamalarinin mineral element alimi tizerine etkilerinin belirlenmesi amagla-
muigtir.

2. Materyal ve Yontem
2.1 Bitki Materyali ve Biiytime Ortami

Bu ¢alisma Yozgat Bozok Universitesi ait deneme alanindaki 1sitmasiz serada
yurttilmustiir. Denemede nétr giin gileklerden olan “Albion” ¢esidi kullanilmistir.
Oldukga verimli ve kaliteli olan Albion cesidi yiiksek rakimli yerlerde basarili bir
sekilde yetistiriciligi yapilmaktadir (Balc1 ve ark, 2017).

Calisma 2 litrelik potlara (165x155x140 mm) 1:1 (w:w) oraninda torf perlit ka-
risimi1 doldurularak yiirtitillmustiir. Kontrol grubundaki potlara kireg ilavesi yapil-
may1p kireg stresi uygulanan gruba agirlik bakimindan %1 CaCO3 ilave edilmistir.
Yetistirme ortamlarinin kontrol grubunun pH’lar1 7.74 iken %1 Kirec ilavesi ya-
pilan ortamlarin 8.41 olarak belirlenmistir. Ortam pH’lar1 Kagar (2012)’ya gore
belirlenmistir.

Frigo fideler 28.03.2018 tarihinde potlara dikilmistir. Denemede ¢ilek fideleri
bir kez “Nutritect 18-18-18 TE” ticari giibre ile (15.05.2018) giibrelenmistir.
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2.2 Melatonin Uygulamast

Denemede 3 farklt MEL dozu (0, 5 ve 10 uM) degerlendirilmistir. Hazirlanan
¢ozelti 151k gecirmeyecek sekilde muhafaza edilip bitki kok bolgesine fide bagina
150 ml olacak sekilde 2 kez uygulanmistir. Birinci uygulama dikimden hemen son-
ra can suyu seklinde (28.03.2018) verilirken ikinci uygulama ise 4 yaprakli asama-
da yapilmistir.

2.3 Orneklerinin Alinmasi ve Mineral Elementlerin Belirlenmesi

Farkli gelisim asamalarindaki cilek fidelerinde kireg stresine karst MEL etkisi-
ni belirlemek amaciyla iig farkli ddsnemde sékiimler yapilmustir. Tlk sokiim, gilek
fideleri 4 yaprakli olduklar1 donemde (25.04.2018), ikinci sokiim dikimden iki ay
sonra ¢iceklenme doneminde (25.06.2018) ve son sokiim ise dikimden ti¢ ay sonra
(26.07.2018) meyve asamasinda yapilmuistir.

Mineral element analizi i¢in bitki parcalar1 ayr1 ayr1 kese kagidina konularak
etiivde 650C de 5 giin kurutulmus, 6giitillmiis ve Yozgat Bozok Universitesine ait
Bilim ve Teknolojileri Uygulama ve Arastirma Merkezinde (BILTEM)de Falandysz
ve ark. (2001) gore 6rnekler hazirlanmigtir. Hazirlanan 6rneklerde ICP-MS (ICAP-
QC modelinde) cihazinda fosfor (P), kalsiyum (Ca), magnezyum (Mg) ve demir
(Fe) element okumalar yapilmigtir.

2.4 Verilerin Degerlendirilmesi

Deneme tesadif parsellerinde faktoriyel deneme desenine gore iig tekerriirlii
(her tekerriirde 10 bitki), iki uygulamali (kontrol ve kire¢ uygulamasi) ve 3 doz (0,
5,10 uM) olarak kurulmustur. Arastirma siiresince elde edilen tiim verilerin orta-
lamalarinin hesaplanmasinda “Microsoft Office XP EXCEL” programi kullanilmas,
istatistiki analizler SPSS 20.0 paket programinda degerlendirilmistir. Istatistiksel
analiz sonucunda farklilik gosteren ortalamalar arasindaki farkliligin belirlenme-
sinde ayn1 paket programi kullanilarak Duncan Multiple Range Test (Duncan ¢ok-
lu karsilastirma testi) uygulanmustir. Sonuglarin, istatistiksel degerlendirilmesinde
farklar arasindaki 6nemlilik diizeyi 0.05 olarak belirlenmistir.

3. Bulgular ve Tartisma

3.1 Fosfor (%)

Kiregli ortamda MEL uygulamasinin ii¢ farkli donemde cilek fidelerinin yap-
rak, govde ve koklerindeki P igerikleri Cizelge 1'de verilmistir. Elde edilen veriler

incelendiginde ti¢ donemde de MEL uygulamasinin P alimi {izerine 6nemli etkileri
oldugu belirlenmistir.
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Her ti¢ donemde de yapraklardaki P alim, yetistirme ortamindaki kire¢ mik-
tar1 artik¢a azalmigtir. Birinci sokiim déneminde yaprakta en yiiksek P miktar1 %0
kire¢/10 uM MEL grubundaki bitkilerde (%0.49), en diisitk %1 kire¢/0 uM MEL
grubundaki bitkilerde (%0.26) belirlenmistir. Cigeklenme dénemindeki sokiimde
en yliksek P igerigi 0 kire¢/0 uM MEL uygulamasindaki (%0.34) bitkilerden, en
diisiik %1 kire¢/0 pM MEL uygulamasindaki (%0.11) bitkilerden elde edilmistir.
Son sokiimde ise en yiiksek P icerigi 0 kire¢/5 uM MEL uygulamasinda (%0.29)
en disiik %1kire¢/0 uM MEL uygulamasinda (%0.11) belirlenmistir (Cizelgel).
Kiregli ortamda yetistirilen cileklere disardan uygulanan MEL yapraktaki P alimini
arttirdigy gorilmiistir (Cizelgel).

Birinci sokiimde govdedeki en yiiksek P icerigi %0.54 (0 kire¢/10 pM MEL)
olurken en diisiik %0.11 (%1 kire¢/0 pM MEL) olarak belirlenmistir. Cigeklenme
doneminde yapilan sokiimde gévde en yiiksek P igerigi 0 kire¢/5 pM MEL gru-
bundaki bitkilerde (%0.33), en diisiik %1 kire¢/0 uM MEL grubundaki bitkilerde
(%0.09) tespit edilmistir. Meyve doneminde yapilan sokiimlerde govde de en yiik-
sek P igerigi yine 0 kire¢/5 uM MEL uygulanan bitkilerden (%0.27) elde edilirken
en diisitk %1kire¢/0 uM MEL ve %1 kireg/10 uM MEL uygulamalarindan (sirasiyla
%0.08 ve 0.08) elde edilmistir (Cizelge 1).

Koklerdeki P igerigine bakildiginda ilk sokiimde en yiiksek deger %0.33 olarak
(0 kire¢/10 pM MEL) belirlenirken en diisiik %0.12 (%1 kire¢/0 uM MEL) olarak
belirlenmistir. Ciceklenme déneminde koklerdeki P igerigi %0.16-0.07 araliginda
(strasiyla 0 kire¢/0 uM MEL ve %1 kire¢/0 uM MEL) degismistir. Meyve dénemin-
deki sokiimlerde ise en yiiksek igerik 0 kire¢/10 uM MEL uygulamasindaki bitki-
lerden (%0.17) elde edilirken en diigiik icerik %1 kire¢/0 pM MEL uygulamasinda
(%0.03) belirlenmistir. Diger sokiimlerde oldugu gibi kirecli ortamlarda MEL uy-
gulamalarinin P alimi tizerine olumlu bir etki yaptig1 belirlenmistir (Cizelge 1).

Cilek yetistiriciliginde P iceriginin yapraklarda %0.25-0.40 (May ve Pritts,
1990), goévdede %0.21-0.52 (Demirsoy ve ark., 2010; Demirsoy ve ark., 2012; Er-
soy ve Demirsoy, 2006; Ferree ve Stang,1988), koklerde %0.19-0.52 araliginda (Er-
bildirilmigtir. Yetistirme ortaminin pH sinin artmasi P alimi azalmaktadir (Kagar,
2012). Denemede kire¢ uygulamasiyla birlikte P aliminin azaldig1 gorillmektedir.
Bununla birlikte digsal MEL uygularinin yiiksek pH’l1 ortamda yaprak, govde ve
koklerde P alimini destekledigi agik¢a goriilmektedir. Zahedi ve ark. (2020) tuz
stresine maruz kalan ¢ileklerde digsal MEL uygulamasinin P alimini artirdigini
belirtmislerdir. Ayrica gesitli streslere maruz birakilmig biber, hiyar, domates ve
elmalarda yapilan ¢alismalarda digsal MEL uygulamalar1 P alimini artirdigi rapor
edilmistir (Liang ve ark., 2018; Liu ve ark., 2016; Sarafi ve ark., 2017; Zhang ve
ark.,2017).
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Cizelge 1. MEL uygulamalarinin kiregli ortamda yetistirilen ¢ilek fidelerinin P ele-
ment iceriklerine etkisi

Table 1. The effect of MEL applications on P element content of strawberry seed-
lings grown in alkaline stress

Doz
Uygulama Yaprak Govde Kok
e (M) P

0 0.38b 0.22¢ 0.15d
KONTROL 5 0.29¢ 0.20d 0.15d
o 10 0.49a 0.54a 0.33

1. SOKUM
0 0.26¢ 0.11e 0.12e
%1 K 5 0.17d 0.19d 0.21b
10 0.12d 0.28b 0.18¢
0 0.33a 0.22b 0.16a
KONTROL 5 0.24b 0.33a 0.11d
o 10 0.18¢ 0.17d 0.12¢

2. SOKUM
0 0.11e 0.09 0.07e
%1 K 5 0.16¢ 0.21c 0.15b
10 0.13d 0.08e 0.15b
0 0.26¢ 0.23¢ 0.12b
KONTROL 5 0.29a 0.27a 0.16a
o 10 0.26¢ 0.08¢ 0.17a

3. SOKUM
0 0.11e 0.08e 0.03¢
%1 K 5 0.27b 0.13d 0.12b
10 0.13d 0.24b 0.13b

* Aymi siitunda yer alan ve aym harfle baslayan ortalamalar arasmdaki farklilik
Duncan testine gore istatistiksel olarak énemsizdir (P<0.05).

3.2 Kalsiyum (%)

Calisma boyunca yapilan ti¢ s6kiimde de yaprak, gévde ve koklerdeki kalsiyum
(Ca) igerikleri tizerine MEL uygulamalarinin 6nemli etkisi oldugu belirlenmisgtir
(Cizelge 2).

Yapraklardaki Ca icerigini inceledigimizde biitiin sokiimlerde en yiiksek ige-
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rik %1 kire¢/0 MEL uygulamalarinda belirlenmistir (Cizelge 2). Birinci sokiimde
yapraktaki Ca icerikleri %4.38-2.23 araliginda (sirasiyla %1 kire¢/0 uM MEL ve
0 kire¢/10 uM MEL) degismistir. Her iki grup kendi icerisinde degerlendirildi-
ginde MEL uygulamalarinin Ca igeriklerini disiirdigii gorilmistiir. Cigeklenme
doéneminde yapilan sokiimde yaprak Ca icerigi %3.06-2.15 araliginda (sirastyla%]1
kire¢/0 pM MEL ve 0 kire¢/5 pM MEL belirlenmistir. Bu dénemde kontrol bit-
kilerine uygulanan 10 pM MEL uygulamasinin Ca igerigini artirirken, %1 kireg
uygulanan bitkilerde Ca icerigini azalttig1 tespit edilmistir (Cizelge 2). Meyve do-
neminde yapilan sokiimde ise yaprak Ca igerigi %3.99-1.96 araliginda (sirastyla%]1
kire¢/0 uM MEL ve 0 kire¢/10 uM MEL) bulunmustur. Kontrol grubunda 5 uM
MEL uygulanan bitkilerin Ca igerigi ayni grupta bulunan bitkilere gore daha yiik-
sek bulunmustur. %1 kire¢ uygulanan bitkilerde ise digsal MEL uygulamalari1 Ca
iceriklerini diistirmistiir (Cizelge 2).

Cizelge 2. MEL uygulamasinin Ca elementinin alimi tizerine etkisi

Table 2. The effect of MEL applications on Ca element content of strawberry seed-
lings grown in alkaline stress

Uygulama (I?liz) Yaprak Govde Kok

0 2.86d 1.48e 2.16¢
KONTROL 5 2.53¢ 1.24f 2.15¢
1 SOKUM 10 2.23f 1.92¢ 2.62b
0 4.38a 3.05a 2.65b
%1 K 5 4.02b 2.07b 2.93a
10 3.39¢ 1.70d 2.64b
0 2.28d 1.49d 1.54c
KONTROL 5 2.15e 1.83b 1.49d

2. SOKUM 10 2.84b 1.73c 1.51cd
0 3.06a 1.91a 2.27a
%1 K 5 2.88b 1.76¢ 1.85b
10 2.78¢ 1.40e 1.40e
0 1.96e 1.76e 1.54d
KONTROL 5 2.61c 1.82d 1.76¢
o 10 1.89f 2.14¢ 1.35¢

3. SOKUM

0 3.99a 2.28b 2.53b
%1 K 5 3.54b 2.73a 2.58a
10 2.36d 2.09¢ 2.60a
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* Aym siitunda yer alan ve aym harfle baslayan ortalamalar arasindaki farklilik
Duncan testine gore istatistiksel olarak onemsizdir (P<0.05).

Govdedeki Ca igerikleri ilk sokiimde %3.05-1.48 araliginda (sirasiyla%]1 ki-
re¢/0 MEL ve 0 kire¢/0 MEL) degismistir (Cizelge 2). Bu sokiimde digsal MEL
uygulamasi kontrol grubunda 10 uM MEL dozu Ca igerigini artirirken, %1 kireg
grubunda ise tim MEL uygulamalar1 Ca igerigini azalttig1 gorillmistiir. Cigceklen-
me déneminde yapilan s6kiimde govdelerdeki Ca igerigi %1.91-1.40 araliginda
(sirasiyla %1 kire¢/0 MEL ve %1 kire¢/10 uM MEL ) tespit edilmistir. Bu sokiim
tarihinde kontrol grubundaki bitkilerde digsal MEL uygulamalar1 gévdedeki Ca
igerigini arttirirken %1 kire¢ uygulamasindaki bitkilerde azaltmistir (Cizelge 2).
Meyve déneminde yapilan sokiimde govde Ca igerigi %2.73-1.76 araliginda (sira-
styla %1kire¢/5 uM MEL ve 0 kire¢/0 MEL) degistigi gortlmiistiir (Cizelge 2). Bu
sokiimde kontrol grubunda tiim MEL uygulamalari, %1 kire¢ grubunda ise 5 uM
MEL uygulamasinin Ca igerigini arttirdig1 goralmiistiir (Cizelge 2).

Koklerdeki birinci sokiim tarihindeki Ca igerigi en yiiksek %2.93 ile %1ki-
re¢/5MEL uygulamasinda belirlenirken en diisiik kontrol grubu 0 ve 5 uM MEL
uygulamalarinda (sirastyla % 2.16 ve 2.15) belirlenmistir (Cizelge 2). Ca igerigini
kontrol grubunda 10 uM MEL dozu, %1 kire¢ grubun da ise 5 uM MEL dozu artir-
mustir (Cizelge2). Meyve donemi sokiimiinde ise koklerdeki Ca igerigi %2.60-1.35
araliginda (swrasiyla %1kire¢/10 uM MEL ve 0 kire¢/10 uM MEL belirlenmistir
(Cizelge 2). Bu sokiim tarihinde kontrol grubunda en yiiksek en yiiksek Ca igerigi
5 uM MEL dozu artirirken, %1 kire¢ grubunda ise tiim MEL uygulamalarin Ca
igerigini artirmigtir (Cizelge 2).

Cilek yetistiriciliginde yaprak Caigeriginin %0.7-1.7 oldugunu (Cline 1991;May
ve Pritts 1990), govdede %0.33-1.74 (Demirsoy ve ark., 2010; Stanisavljevic ve
ark., 1997), koklerde %0.18-0.85 (Demirsoy ve ark. 2010) araliginda tespit etmis-
lerdir. Bu veriler ¢ilek fidelerinde elde ettigimiz veriler ile uyumlu oldugu goril-
mektedir. Calisgmamizin sonunda kiregli ortamlarda digsal MEL uygulamalarinin
Ca igerigini genel olarak yapraklarda ve govdede azaltirken koklerde artirmigtir
(Cizelge 2). Agir metal stresine karst MEL uygulanan biberlerde Ca igerigi yaprak-
ta azalirken govde ve koklerde artmistir (Sarafi ve ark., 2017). Bununla birlikte Liu
ve ark., (2016) domateste yaptiklari calismada ise MEL uygulamalarinin Ca igerigi
tizerine etkisi olmadig1 rapor edilmistir. Kuraklik stresine maruz birakilan elma
fidanlarinda MEL uygulamalar: kontrol grubunda Ca igerigini diistiriirken, kurak
sartlarda Ca igerigini artirmustir (Liang ve ark., 2018). Tuz stresi kogullarinda yetis-
tirilen ¢ileklerde yapilan ¢aligmada ise MEL uygulamalarinin Ca igerigini arttirdig1
bildirilmistir (Zahedi ve ark., 2020).
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1.3 Magnezyum (%)

Calismamiz boyunca yapilan ti¢ sokiimde de gileklerde yaprak, govde ve kok-
lerdeki Mg igerikleri tizerine MEL uygulamalarinin 6nemli etkisi oldugu belirlen-
mistir (Cizelge 3).

Yapraklardaki Mg icerigi dikimden yaklagik bir ay sonra yaptigimiz ilk so6-
kiimde 9%0.84-0.60 araliginda belirlenmistir (sirasiyla %1kire¢/0 MEL ve %1 ki-
re¢/10 uM MEL). Bu s6kiimde MEL uygulamalar1 her iki grupta da Mg iceriklerini
azalttig1 goriillmistiir (Cizelge3). Ikinci sokiim tarihinde yapraklardaki Mg icerigi
9%0.63-0.31 araliginda (sirastyla 0 kire¢/10 uM MEL ve %1kire¢/5 uM MEL) tespit
edilmistir. Bu sokiim tarihinde her iki grupta da 10 uM MEL uygulamast Mg ice-
rigini arttirdigr goriilmiistir (Cizelge 3). Meyve doneminde yapilan sokiimde Mg
igerigi %0.50-0.30 araliginda (sirasiyla %1 kire¢/10 uM MEL ve 0 kire¢/5 uM MEL)
oldugu gorillmustiir. Bu donemde yapilan digsal MEL uygulamalar1 Mg icerigini
kontrol grubunda azaltirken %1 kire¢ grubunda ise artirmistir (Cizelge 3).

4. Cizelge 3. MEL uygulamasinin Mg elementinin igerigi tizerine etkisi

Table 3. The effect of MEL applications on Mg element content of strawberry
seedlings grown in alkaline stress

Uygulama (131?;) Yaprak Govde Kok
0 0.81b 0.38d 0.38¢
KONTROL 5 0.69d 0.38d 0.44d
10 0.76¢ 0.45¢ 0.57b
1. SOKUM
0 0.84a 0.49b 0.35f
%1 K 5 0.75¢ 0.52a 0.63a
10 0.6e 0.46¢ 0.47¢
0 0.46b 0.24¢ 0.34c
KONTROL 5 0.45b 0.46b 0.35b
L 10 0.63a 0.50a 0.32d
2. SOKUM
0 0.46b 0.27d 0.31e
%1 K 5 0.44c 0.31c 0.39a
10 0.47b 0.17f 0.26f
0 0.35d 0.31a 0.34b
KONTROL 5 0.31le 0.29bc 0.37a
o 10 0.30f 0.28¢ 0.33¢
3. SOKUM
0 0.40c 0.30b 0.31d
%1K 5 0.43b 0.26d 0.27¢
10 0.50a 0.29bc 0.26¢
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* Aym siitunda yer alan ve aym harfle baslayan ortalamalar arasindaki farklilik
Duncan testine gore istatistiksel olarak onemsizdir (P<0.05).

Govdedeki Mg igerigi ilk sokiim tarihinde %0.52-0.38 araliginda (sirasiyla
%1kire¢/5 uM MEL ve 0 kire¢/0 pM MEL) belirlenmistir. Bu dénemde gruplar
kendi igerisinde degerlendirildiginde MEL uygulamalarinin Mg icerigini arttir-
dig1 goriilmektedir (Cizelge 3). Cigeklenme doneminde yapilan sokiimde govde
Mg igerigi %0.50-0.17 araliginda (sirastyla 0 kire¢/10 uM MEL ve %1 kire¢/10 uM
MEL) tespit edilmistir. Kontrol grubunda 10 uM, %1 kire¢ grubunda 5 uM MEL
dozlarinin Mg icerigini arttirdig1 gortilmektedir (Cizelge 3). Meyve doneminde ya-
pilan sékiimde govdedeki Mg icerigi %0.31-0.26 araliginda (sirasiyla 0 kire¢/0 pM
MEL ve %1 kire¢ 5 uM MEL) oldugu gériilmiistiir. Bu donemde MEL uygulamala-
riin her iki grupta da gévde Mg icerigini azalttig1 belirlenmistir.

Kokteki mg iceri ilk sokiim tarihinde % 0.63-0.38 araliginda (sirasiyla %1 ki-
re¢/5 uM MEL ve %1 kire¢/0 uM MEL) belirlenmistir. Bu donemde her iki grupta
da MEL uygulamalarinin kokteki Mg igerigini artirdig1 gézlenmistir (Cizelge 3).
Cigeklenme doneminde yapilan sokiimde kok Mg icerigi %0.38-0.26 araliginda
(strasiyla %1 kireg/5 uM MEL ve 0 kire¢/0 uM MEL) oldugu tespit edilmistir. Bu
tarihte her iki grupta da 5 uM MEL dozunun Mg igerigini artirdig1 belirlenmis-
tir (Cizelge 3). Ugiincii sokiim tarihinde kékteki Mg igerigi %0.37-0.26 araliginda
(sirasiyla 0 kire¢/5 uM MEL ve %1 kire¢/10 uM MEL) oldugu goriilmiistiir. Bu
sokiimde kontrol grubunda 5 pM MEL uygulamasiin Mg icerigini artirirken %1
kire¢ grubunda tiim MEL uygulamalarinin Mg icerigini azalttig1 gorilmustir (Ci-
zelge 3).

Cilek yetistiriciliginde, yaprak Mg iceriginin %0.2-0.5 (May ve Pritts 1990),
govdede %0.09 - %0.19 (Stanisavljevic ve ark., 1997; Ersoy ve Demirsoy, 2006 ),
kokte %0.15-%0.23 olarak (Stanisavljevic ve ark., 1997; Ersoy ve Demirsoy, 2006)
araliginda belirlenmigtir. Mg alim1 pH 7-8.5 araliginda en yiiksek seviyeye ¢ikmak-
tadir (Kagar, 2012) denemede yetistirme ortamlarimizin pH araligi bu seviyeler
icerisinde yer aldigindan Mg iceriginin diger ¢aligmalara gore daha yiiksek ¢iktig
distintilmektedir. Cileklerde tuz stresine karst MEL uygulamalarinin Mg icerikle-
rini artirdig1 rapor edilmistir (Zahedi ve ark.,2020). Yine hiyarlarda ve biberlerde
yapilan ¢aligmalarda MEL uygulanan stres grubundaki bitkilerin Mg igerigi artig1
gorilmustiir (Zhang ve ark., 2017; Sarafi ve ark., 2017). Domateste yapilan bir ¢a-
lismada ise digsal MEL uygulamasinin Mg icerigini azalttig1 rapor edilmistir (Liu
ve ark., 2016). Liang ve ark. (2018) yaptiklar1 bagka bir ¢aligmada ise MEL uygula-
malarinin elmalarda Mg icerigine etkisinin olmadigini bildirmislerdir.
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3.4 Demir (ppm)

Denememizde yapilan {i¢ sokiimde de ¢ileklerde yaprak, govde ve koklerdeki
demir (Fe) igerikleri tizerine MEL uygulamalarinin énemli etkisi oldugu belirlen-
mistir (Cizelge 4).

Cizelge 4. MEL uygulamasinin Fe elementinin igerigi tizerine etkisi

Table 4. The effect of MEL applications on Fe element content of strawberry seed-
lings grown in alkaline stress

Doz

Uygulama Yaprak Govde Kok
'8 (uM) P
0 28.27b 22.85¢ 78.52b
KONTROL 5 26.89¢ 22.52¢ 71.86¢
o 10 29.32a 36.71a 111.33a
1. SOKUM
0 23.79d 19.92d 57.59¢
%1 K 5 22.70e 27.41b 54.52¢
10 28.74b 22.85¢ 64.94d
0 23.27¢ 20.73¢ 43.52¢
KONTROL 5 24.40a 24.10b 52.28a
o 10 21.16d 31.14a 45.21b
2. SOKUM
0 18.43f 14.38e 30.97e
%1 K 5 23.80b 18.43d 44.29¢
10 19.37¢ 18.22d 37.59d
0 24.69b 25.96¢ 45.09
KONTROL 5 29.38 a 29.28a 54.42d
o 10 23.15¢ 28.03b 65.21a
3. SOKUM
0 20.72d 16.48f 39.68f
%1 K 5 20.36 d 18.65¢ 59.53¢
10 20.478 d 20.79d 61.21b

* Aymi siitunda yer alan ve aym harfle baslayan ortalamalar arasmdaki farkhilik
Duncan testine gore istatistiksel olarak onemsizdir (P<0.05).

Yapraklardaki Fe icerigi birinci sokiimde 29.32-22.70 (sirasiyla 0 kire¢/10 pM
MEL ve %1 kire¢/5 uM MEL) ppm araliginda degismistir. Bu sokiim tarihinde
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ozellikle 10 uM doz MEL uygulamast her iki grupta da Fe igerigini arttirmigtir
(Cizelge 4). Cigeklenme doneminde yapilan sokiimde yapraklardaki Fe igerigi
24.40-19.37 ppm araliginda (sirastyla 0 kire¢/5 uM MEL ve %1 kire¢/10 uM MEL)
belirlenmistir (Cizelge 4). Bu sokiim déneminde ise 5 uM MEL dozu yapraklarda
Fe igerigini yiikselttigi tespit edilmistir (Cizelge 4). Meyve déneminde yapilan so-
kiimde yapraktaki Fe icerigi 29.38-20.36 ppm araliginda ( 0 kire¢/5 uM MEL ve
%1 kire¢/5 uM MEL ) bulunmustur. Bu tarihte kontrol grubunda 5 uM MEL doz
uygulanan bitkilerde Fe icerigini artirirken %1 kire¢ grubu aynu istatistiki grupta
yer almustir (Cizelge 4).

Govdede ki Fe icerigi birinci sokiimde 36.707-19.923 ppm araliginda ( sirastyla
0 kire¢/10 pM MEL ve %1 kire¢ 0 MEL) belirlenmigstir. Bu sokiimde digsal MEL
uygulamalarinin 6zellikle %1 kire¢ uygulanan bitkilerde Fe alimini olumlu yonde
etkiledigi gorilmustiir (Cizelge 4). Cigeklenme doneminde yapilan sokiimde Fe
icerigi 31.144-14.382 ppm araliginda (sirasiyla 0 kire¢/10 uM MEL ve %1 kire¢/0
uM MEL) tespit edilmistir. Son sokiim donemimde govde Fe icerigi 29.284-16.480
ppm araliginda (sirasiyla 0 kire¢/5 pM MEL ve %1 kire¢/0 MEL) oldugu gorilmiis-
tiir. Bu 2 sokiimde de MEL uygulamalarinin gévde Fe igerigini arttirdig: belirlen-
mistir (Cizelge 4).

Koklerde Fe igerigi ilk sokiim tarihinde 111.326-54.523 ppm araliginda (sira-
styla 0 kire¢/10 uM MEL ve %1 kire¢/0 MEL) oldugu belirlenmistir. Cigeklenme
donemimde govdede Fe igerigi 52.283-30.973 ppm araligimda (sirastyla 0 kireg/5
uM MEL ve %1 kire¢/0 uM MEL) tespit edilmistir. Meyve déoneminde koklerdeki
Fe igerigi 65.207-39.683 ppm araliginda (sirasiyla 0 kire¢/10 uM MEL ve %1 ki-
re¢/0 MEL) bulunmustur. Yapilan bitiin s6kiimlerde 6zellikle 10 uM MEL doz
uygulamasimin Koklerdeki Fe icerigini arttirdig gorillmustiir (Cizelge 4).

Yapilan ¢alismalarda gileklerde yaprakta Fe icerigi 246.1-1383.2 ppm (Ersoy
ve Demirsoy, 2006; Demirsoy ve ark., 2012; May ve Pritts 1990) govdede 230.7
-2362.3 ppm (May ve ark.. 1994; Ersoy ve Demirsoy, 2006; Demirsoy ve ark.,
2012), kokte Fe icerigi 400.6-2700 ppm (Ersoy ve Demirsoy, 2006; Demirsoy ve
ark., 2012; May ve ark., 1994) arasinda degistigini bilmektedir. Agir metal stresi-
ne maruz birakilan biberlerde digsal MEL uygulamalarinin yaprak ve koklerde Fe
icerigini arttirdig1 gorillmistiir (Sarafi ve ark., 2017). Domateste yapilan bir ¢alis-
mada digsal MEL uygulanan bitkilerin Fe igerikleri kontrol grubundaki bitkiler ile
ayni istatiksel grupta yer aldiklar1 bildirilmigtir (Liu ve ark., 2016). Elmada yapilan
bir caligmada digsal MEL uygulamalar kurak sartlarda Fe alimini azaltmis kontrol
grubunda ise 6nemli bir etkisi olmamigtir (Liang ve ark., 2018).
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4. SONUC

MEL hormonu giinliik ritmi diizenlemek, antioksidan ve antikansorejen etki-
leri nedeniyle son yillarda insan beslenmesinde olduk¢a 6nem kazanmaktadir. Bit-
kilerde tohum ve meyvede MEL igeriginin daha fazla olmasi, MELin antioksidan
savunma mekanizmasinda gorev yapmasindan kaynaklandig: disiiniilmektedir.
Bir¢ok ¢alismada bitkilerin olumsuz ¢evre kosullarnda MEL {iretimini arttirdig:
bildirilmigtir. Cevresel stres sartlar1 altinda yapilan yetistiricilikte bitki gelisimini
ve verimliligini siirdiirmek esastir. Bu nedenle stres kosullarina kars: tolerans: ar-
tirmak i¢in bazi bitki biiyiime diizenleyicilerinden faydalanilmaktadur.

Yiiksek pH sartlarinda yiiriitiilen ¢caligmada ¢ileklerin bazi mineral element ali-
m1 incelendiginde digsal MEL uygulamalarinin 6zellikle P ve Fe alimini artirdigt
goriilmistiir. Kirecli topraklardaki CaCO3 varlig: 6zellikle fosfor ve demirin ali-
nabilirligini dogrudan veya dolayl: olarak etkilediginden olduk¢a 6nemli bir etki
yaptig1 goriilmektedir. Genel olarak 10 uM MEL dozunun yiiksek pH kosullarinda
incelenen mineral elementlerin alimi iizerine daha olumlu sonuglar verdigi goriil-
mustir.

Tesekkiir

Bu ¢alisma, Yozgat Bozok Universitesi Proje Koordinasyon Uygulama ve Aras-
tirma Merkezi tarafindan 6602b-ZF/19-331kodlu proje ile desteklenmistir. Mali
destekleri icin tesekkiir ederim.

KAYNAKLAR

Aquilera, Y., Herrera, T, Liébana, R, Rebollo-Hernanz, M, Sanchez-Puelles, C, Martin-Cabrejas, M.A,, 2015. Impact
of Melatonin Enrichment during Germination of Legumes on Bioactive Compounds and Antioxidant Activity.
Journal of Agricultural and Food Chemistry, 63: 7967-7974.

Agaodlu, S, 1986. Uzimst Meyveler. A.U. Zir. Fak. Yayinlar:984, Ders Kitabi 290.

Albregts, E.E, Howard, C.M,, 1980. Accumulation of nutrients by strawberry plants and fruit grown in annual hill
culture. Journal of the American Society for Horticultural Science, 105(3): 386-388.

Almaliotis, D., Velemis, D, Bladenopoulou, S., Karapetsas, N., 2002. Leaf nutrient levels of strawberries (cv. Tudla)
in relation to crop vield. Acta Horticulturae, 567: 447-450.

Balc, G, Kog, A, Keles, H, Kilic, T, 2017. Yozgat kosularinda bazi cilek cesitlerinin performanslarinin
degerlendirilmesi. Meyve Bilimi, 4(2):6-12.

Cakaryildinim, N., 2004. Cilek. http://www.aeri.org.tr/PDF/Bks-7-12.pdf.

Darow, G.M, 1965. The strawberry: History, Breeding and Physiology http:/www.nal.usda.gov/pgdic/Strawberry/
book/bok9teen.htm.

Demirsoy, L, Demirsoy, H, Balci, G, 2012. Different growing conditions affect nutrient content, fruit yield and
growth in strawberry. Pakistan Journal of Botany, 44 (1): 125-129.

Demirsoy, L, Demirsoy, H, Ersoy, B, Balci, G, Kizilkaya, R, 2010. Seasonal variation of NPK and Ca Content of
Leaf, Crown and Root of Sweet Charlie Strawberry under Different Irradiation. Zemdirbyste-Agriculture, 97(1),
23-32.

Dubbles, R, Reiter, R}, Klenke, E, Goebel, A, Schnakenberg, E., Ehlers, C, 1995. Melatonin in ediple plants
identified by radioimmunoassay and by high performance liquid chromatography-mass spectrometry.

ANAJAS, 2022, Cilt 37, Say 1, Sayfa 97-112



Kireg Stresi Kosullarinda Melatonin Uygulamalarinin Cileklerde Bazi Mineral...

Journal of Pineal Research, 18:28-31.

Ersoy, B, Demirsoy, H, 2006. Degisik gélgeleme uygulamalarinin Camorosa ilek cesidinde bazi elementlerin
mevsimsel dedisimine etkileri izerine bir arastirma. OMU Ziraat Fakultesi Dergisi, 21(1): 82-88.

FAO.2020. http://www.fao.org/faostat/en/#data/QC (erisim tarihi, 01.03.2021).

Ferree, D.C, Stang, E. |, 1988. Seasonal plant shading, growth and fruiting in “Earliglow” strawberry. Journal of the
American Society for Horticultural Science, 113(3): 322-327.

Hancock, J.F, 1999. Strawberries. Printed and Beund in the UK at University Pres, Cambridge P 231.

Hattori, A, Migitaka, H., Masayaki, I, Itoh, M., Yamamoto, K, Ohtani-Kaneko, R, Hara, M, Suzuki, T, Reiter, R}, 1995.
Identification of melatonin in plant seed its effects on plasma melatonin levels and binding to melatonin
receptors in vertebrates. International Journal of Biochemistry and Molecular Biology, 35:627-634.

Kacar, B,, 2012. Soil Analysis. Nobel Publisher, ISBN 6053951841, Ankara, Turkey, s:466.

Kepenek, K, Koyuncu, M.A, Koyuncy, F, 2002. Bazi cilek cesitlerinin Isparta kosullarinda adaptasyonu. Bahge, 31
(1-2):17 - 23.

Korkmaz, A, KoklU, §, Yakupodlu, G. 2018. Investigating the effects of melatonin application on the ageing
process of pepper seeds. Acta Horticulturae, 1204, 9-16.

Lerner, AB, Case, .0, Takahashi, Y., Lee, TH,, Mori, W., 1958. Isolaion of Melatonin, the Pineal factorthat lightness
melanocytes. Journal of American Chemical Society, 80:2587-2592.

Liang, B, Ma, C, Zhang, Z, Wei, Z, Gao, T, Zhao, Q, Ma, F, Li, C, 2018. Long-term exogenous application of
melatonin improves nutrient uptake fluxes in apple plants under moderate drought stress. Environmental
and Experimental Botany, 155:650-661.

Liy, J, Zhang, R, Sun, Y, Liy, Z, Jin, W, Sun, Y., 2016. The beneficial effects of exogenous melatonin on tomato fruit
properties. Scientia Horticulturae, 207:14-20.

May, G.M, Pritts, M.P, 1990. Strawberry nutrition. Advances in Strawberry Production 9,10-24.

Sarafi, £, Tsouvaltzis, P, Chatzissavvidis, C, Simos, A, 2017. Melatonin and resveratrol reverse the toxic effect
of high boron (B) and modulate biochemical parameters in pepper plants (Capsicum annuum L.). Plant
Physiology Biochemistry, 112:173-182.

Stanisavljevic, M., Gavrilovic-Damjanovic, J., Mitrovic, O, Mitrovic, V, 1997. Dynamics and contents of minerals in
some strawberry organs and tissues. Acta Horticulturae, 439(2): 705-708.

TUIK, 2020. https://biruni.tuik gov.tr/medas/?kn=92&locale=tr. (Erisim tarihi 01.03.2021).

Yakupoglu, G, KOKLU, S, Korkmaz, A. 2018. Bitkilerde Melatonin ve Ustlendigi Gorevler. Kahramanmaras Sitc
imam Universitesi Tarim ve Doga Dergisi, 21(2):264-276.

Zahedia, M.S, Hosseinib, M.S,Abadiac, |, Marjani, M., 2020. Melatonin foliar sprays elicit salinity stress tolerance
and enhance fruit yield and quality in strawberry (Fragaria x ananassa Duch.). Plant Physiology and
Biochemistry, 149:313-323.

Zhang, R, Sun, Y, Liu, Z, Jin, W, Sun, Y, 2017. Effects of melatonin on seedling growth, mineral nutrition, and
nitrogen metabolism in cucumber under nitrate stress. Pineal Research, 62212403,

ek

https://doi.org/10.7161/0muanajas.924483 d



2 Gllden Bala

ANAJAS, 2022, Cilt 37, Sayi 1, Sayfa 97-112



d

——
——

A Anadolu Tarim Bilimleri Dergisi,
3 Anadolu Journal of Agricultural Sciences
O —

vwﬁ‘ﬁ,
Mayis 0N

Al

e-ISSN: 1308-8769, ANAJAS February 2022, 37(1): 113-126

Sulu Kosullarda Yetistirilen Bazi Kavuzsuz Arpa
Genotiplerinde (Hordeum Vulgare L. Var. Nudum
Hook. F.) Verim ile Verime Etkili Karakterler
Arasindaki iliskiler

Relationships Between Yield and Yield Efficient
Characters of Some of Hulless Barley Genotypes
(Hordeum Vulgare L. Var. Nudum Hook. F.) Grown in

Irrigated Conditions

Soner YUKSEL?, Saime UNVER iKINCIKARAKAYA2

1Gecit Kusagi Tarimsal Arastirma Enstitist Midarligu, Eskisehir, Turkiye
« soner.yuksel@tarimorman.gov.tr «

> 0000-0002-0984-0765

2 ankara Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Béliimii, Ankara, Tiirkiye
« sunver@agri.ankara.edu.tr ¢ > 0000-0001-8561-9002

Makale Bilgisi / Article Information

Makale Tiirdi / Article Types: Arastirma Makalesi / Research Article
Gelis Tarihi / Received: 26 Nisan/ April 2021
Kabul Tarihi / Accepted: 17 Aralik /December 2021
Yil/Year: 2022 | Cilt-Volume:37 | Sayi-Issue:1 | Sayfa/Pages:113-126

Atif/Cite as: Yiksel, S. ve Unver, Ikincikarakaya, S. “Sulu Kosullarda Yetistirilen Bazi Kavuzsuz Arpa Genotiplerinde (Hordeum
Vulgare L. Var. Nudum Hook. F) Verim ile Verime Etkili Karakterler Arasindaki lliskiler - Relationships Between Yield and
Yield Efficient Characters of Some of Hulless Barley Genotypes (Hordeum Vulgare L. Var. Nudum Hook. F) Grown in Irrigated
Conditions”. Anadolu Tarim Bilimleri Dergisi - Anadolu Journal of Agricultural Sciences, 37(1), Subat 2022: 113-126.

https://doi.org/10.7161/0muanajas.928274

Sorumlu Yazar/Corresponding Author: soneryuksel@tarimorman.gov.tr

https://doi.org/10.7161/0muanajas.928274+




Soner Yiiksel, Saime Unver ikincikarakaya

SULU KOSULLARDA YETISTIRILEN BAZI KAVUZSUZ ARPA GENOTIPLERINDE
(HORDEUM VULGARE L. VAR. NUDUM HOOK. F.)) VERIM iLE VERIME ETKILi
KARAKTERLER ARASINDAKI ILISKILER

Oz:

Bu ¢alisma, 10 kavuzsuz arpa genotipinin tarla sartlarinda ve sulu kogullarda
verim ile verime etkili karakterler arasindaki iligkilerin incelenmesi amaciyla 2013
ve 2014 yetistirme sezonunda Eskisehir Geg¢it Kugag1 Tarimsal Arastirma Enstitiisti
Miudirligi arazisinde ylritilmistir. Denemeler ti¢ tekrarlamali olarak tesadiif
bloklar1 deneme desenine gore kurulmugtur. Arastirmada; incelenen genotiple-
rin verim degerlerinin yaninda; verim, bayrak yaprag: alani, bayrak yaprag: yesil
kalma siiresi, sap uzunlugu, tist bogum arasi uzunlugu, basak boyu, metrekarede
basak say1si, hasat indeksi, birim alan tane verimi, bagakta tane sayisi, metrekarede
biyolojik verim, bagakta tane verimi, steril basake¢ik sayisi, fertil bagak¢ik sayisi,
toplam basakgik sayisi, bin tane agirligi, hektolitre agirligi, protein orani, 2.5 mm
elek stil, ¢ikis siiresi ve bagaklanma giin sayis1 arasindaki iligkiler incelenmistir.
Korelasyon analizi sonuglarina gore; birim alan tane verimi ile metrekarede ba-
sak sayist (r=0.294*) ve hasat indeksi (r=0.268*) arasinda olumlu ve 6nemli iligki
saptanmustir. Bagakta tane sayisi ile bazi parametreler (bagakta tane verimi, fertil
basakeik sayisi, toplam bagakeik sayisi, hektolitre agirligi ve basaklanma giin say1-
s1) arasinda 6nemli ve pozitif korelasyonlar belirlenmistir. Verime en fazla olumlu
etkisi olan karakterlerin metrekarede basak sayisi ve hasat indeksi oldugu sonucu-
na varilmigtir.

Anahtar Kelimeler: Korelasyon, Tarla, Sulu, Parametre
e L

RELATIONSHIPS BETWEEN YIELD AND YIELD EFFICIENT CHARACTERS OF
SOME OF HULLESS BARLEY GENOTYPES (HORDEUM VULGRARE L. VAR.
NUDUM HOOK. F.) GROWN IN IRRIGATED CONDITIONS

ABSTRACT:

The study was carried out to determine relationships between 10 hulless barley
genotypes grown in irrigated conditions in terms of yield and yield components
in the field conditions at Eskisehir Transitional Zone Agricultural Research Ins-
titute in 2013 and 2014. A randomized block design was used with 3 replications
in each treatment. Relations of flag leaf area, flag leaf duration, stalk length, pe-
duncle length, spike length, number of spike per m?, harvest index, grain yield per
unit area, number of grain per spike, biological yield per m?, grain yield per spike,
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number of infertile and fertile spikelet, number of total spikelets, thousand-gra-
in weight, hectoliter weight, protein content, over sieve 2.5 mm, emergence time,
days for heading parameters to yield parameter were examined. According to the
correlation analysis results; positive and significant relationships were determined
between grain yield per unit area and the number of spikes per m?(r = 0.294*) also
between grain yield per unit area and yield index (r=0.268*). Therefore, significant
and positive correlations were determined between the number of grain per spike
and some parameters (grain yield per spike, number of fertile spikelets, hectoliter
weight, days for heading). It was concluded that the characters having the most
positive effect on yield are the number of spikes per m?*and the harvest index.

Keywords: Correlation, Field, Irrigated, Parameter
o 2 2
1. GIRIS

Tiirkiye; arpanin (Hordeum vulgare L.) gen merkezlerinden birisidir. Diin-
ya arpa treticisi iilkeler arasinda ilk 10 iilke icerisinde yer almaktadir (Anonim,
2020). Daha ¢ok kislik olarak yetistiriciligi yapilmaktadir. Tiirkiye’de arpanin
2020 yilinda 3.0 milyon hektar ekilis alan1 ve 8.3 milyon ton {iretimi mevcuttur.
Bu iiretim miktari ile arpa tiim tahillar icerisinde %11,5 pay ile bugdaydan sonra
(%28) ikinci sirada yer almaktadir (TUIK, 2021).

Kavuzsuz arpa ile ilgili gerek tiretimi ve 1slahi gerekse gida, yem ve endiistri-
yel alanlarda degerlendirilmesi hususlarinda arastirmalar devam etmektedir. Be-
sinsel lif kaynaklart ve B-glukan degerleri yoniiyle kavuzsuz arpa oldukga zen-
gindir (Yal¢in ve ark.,2006). Enerji icerigi ve yiiksek sindirilebilir protein miktari
(Anonymous, 1994). Ekmek imalatinda pagalda kullanilabilmesi, i¢erdigi ¢dziine-
bilir lifler ile plazma kolestroliinii azaltict 6zelligi sebebiyle kavuzsuz arpaya olan
ilgi artmaktadir (Ottekin ve ark.,1996). Kavuz bulunmamasi 6glitme teknolojisi
acisindan kolaylik saglamaktadir. Kepek ve una kolaylikla ayrilabilmesi klasik
bugday 6giitme ekipmanlar1 ve metodlari ile daha kolay olmaktadir (Karaduman,
2006). Ulkemizde yiiriitiilen kavuzsuz arpa 1slah ¢aligmalari sonucunda 2012 yi-
linda Ozen, 2014 yilinda Yalim isimli iki kavuzsuz arpa gesidi Ankara Tarla Bit-
kileri Merkez Arastirma Enstitiisti Midiirligii tarafindan tescil edilmis olup 2020
yilinda ise Giildeste kavuzsuz arpa ¢esidi Adana Dogu Akdeniz Tarimsal Aras-
tirma Enstitiisii ve Osvit cesidi ayn1 yil Tareks Tar. Ur. A.G.ith.Tic.A.S. firmasi
tarafindan tescil edilerek milli ¢esit listesinde yer almistir (Anonim, 2021).

Bu ¢alismada, Eskisehir sulu kosullarinda Ozen cesidi ile 9 adet kavuzsuz arpa
hattinin verim ile verime etkili karakterler arasindaki iligkilerin belirlenmesi he-
deflenmistir.
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2. Materyal ve Yontem

Aragtirma, Eskisehir Gegit Kusagi Tarimsal Arastirma Enstitiisi deneme arazi-
sinde, 2012-2013 ve 2013-2014 iiretim yillarinda gergeklestirilmistir. Denemenin
yurtildigi alanin denizden ytiksekligi 780 m olup, 39° 46” dogu boylaminda ve
30° 31” kuzey enlemleri arasinda yer almaktadir.

Eskisehir ilinde karasal iklim hakimdir. Uzun yillar ortalamasina gore yagis
miktar1 326.8 mmdir. Denemenin yiiriitilldagii 2013 ve 2014 yillarindaki yetistir-
me donemlerine ve uzun yillara ait aylik yagis ve sicaklik verileri (Anonim, 2014)
Cizelge 1'de verilmistir Tklim verileri degerlendirildiginde, iki yil arasinda yagis
miktar1 agisindan yaklagik 45 mnrlik bir farklilik meydana gelmis, ilk yil mayis
ayinda bagaklanma donemindeki yetersiz yagis yillar arasinda iklimsel agidan fark-
liliklar meydana getirmistir.

Cizelge 1. Denemenin yiiriitiildigi yillar ve uzun yillara ait meteorolojik veriler

Table 1. The meteorological data of the experiment and long terms averages

2012-2013 2013-2014 Uzun Yillar
Aylar Ort. Ort. Ort.
(Yagls) %;t).Nem Sicaklik. (Yaglg) (Cz/r; Nem Sicaklik Yagl@) Sicaklik

mm 0 Q) mm ° Q) M e
Ekim 16.1 78.1 14.2 65.0 65.6 9.8 25.0 114
Kasim 14.5 92.3 7.3 15.0 73.5 6.7 30.3 5.7
Aralik 73.2 95.1 2.2 1.5 76.0 1.7 45.7 14
Ocak 18.5 93.6 1.7 21.0 81.0 3.6 38.3 -1.3
Subat 254 88 5.6 5.0 62.3 5.5 32.3 0.2
Mart 30.6 59.8 7.6 19.1 69.0 7.9 33.1 4.6
Nisan 26.8 63.2 11.5 51.4 63.7 13.0 35.1 9.2
Mayis 5.8 51.5 18.6 31.2 63.3 16.3 433 14.1
Haziran  36.5 53.6 20.2 63.7 64.1 19.8 29.1 18.6
Temmuz 0.8 52.8 21.6 20.4 57.8 23.7 13.8 21.9
Toplam  248.2 293.3 326.8
Ortalama 11.05 10.80 8.58

Ekim 6ncesinde deneme alaninda 3 farkli derinlikten alinan toprak 6rnekleri-
nin analizi, Eskisehir Gegit Kugag1 Tarimsal Arastirma Enstitiisii, Toprak-Su Aras-
tirmalar1 Bolimii Laboratuvarinda yapilmis ve bu analizlere ait sonuglar Cizelge
2de verilmistir.

ANAJAS, 2022, Cilt 37, Say! 1, Sayfa 113-126



Sulu Kosullarda Yetistirilen Bazi Kavuzsuz Arpa Genotiplerinde (Hordeum Vulgare... SSiVA

Cizelge 2. Toprak ozellikleri

Table 2. Soil properties

- Toplam . Organik Yarayish Yarayisht
Derinlik(em) - pH P00 Kireg®) ST b0 y(lig &) K oy(lfg da)
0-30 8.1 0.30 7.49 1.7 5.31 103.4
= 30-60 8.0 0.28 8.91 1.0 1.67 77.3
i 60-90 8.1 0.25 9.62 0.9 0.95 63.4
. Toplam . Organik Yarayish Yarayislh
Derinlik(cm) ~ pH Tulz %) Kireg(%) Magdde(%) P Oy(lig da) K Oy(ig da)
0-30 7.4 0.131 8.1 1.7 4.7 97.9
= 30-60 7.5 0.089 9.0 0.9 2.2 75.2
: 60-90 7.6 0.048 10.52 0.4 2.5 55.4

Denemenin birinci yil kuruldugu alandan alinan numunelerde yapilan analiz-
lere gore toprak biinyesi killi, kire¢ ve organik madde igerigi bakimindan orta, ya-
rayish fosfor bakimindan zayif ve yarayish potasyum bakimindan ise zengin zel-
lige sahiptir. Denemenin ikinci yil kuruldugu alandan alinan numunelerde yapilan
analizlere gore toprak biinyesi tinl, kire¢ ve organik madde igerigi bakimmdan
orta, yarayish fosfor bakimindan zayif ve yarayish potasyum bakimindan ise zen-
gin ozellige sahiptir. Bu ¢alismada Ozen isimli tescilli kavuzsuz arpa ¢esidi ile do-
kuz adet kavuzsuz arpa hatt1 deneme materyali olarak kullanilmis olup kullanilan
kavuzsuz arpa genotipleri Cizelge 3'de verilmistir.

Cizelge 3. Denemelerde kullanilan kavuzsuz arpa genotipleri

Table 3. Hulless barley genotypes used in experiments

Sira No Genotipler

SB90704

ICB 100811

MOLA/BERME]JO”S”//NISPERO

ICB 100819

Bugar

K-247/2401-13//Radikal/Vavilon LF7

Roho/Masurka//ICB-103020
CYCLONE/4/YAA560.2//LUTHER/BK259/3/NGYAK-8/PLAISANT
CYCLONE/4/YAA560.2//LUTHER/BK259/3/NGYAK-8/PLAISANT
OZEN

O 0 NN U R W N =

—
(=}

Arastirma, Tesadiif Bloklar1 Deneme Deseninde 3 tekrarlamali olarak ve sulu
kosullarda yiirtitillmistiir. Sulama islemi bitkilerin sapa kalkma dénemi ve bagak-
lanma 6ncesi olmak {izere yagmurlama sulama sistemi kullanilarak iki kez yapil-
mis ve her sulamada yaklagik 50 mm su verilmistir. Caliymada incelenen genotip-
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lerin verim degerlerinin yaninda; bayrak yaprag: alani, bayrak yaprag: yesil kalma
stiresi, sap uzunlugu, tist bogum arasi1 uzunlugu, basak boyu, metrekarede basak
say1s, hasat indeksi, birim alan tane verimi, metrekarede biyolojik verim, basakta
tane sayisi, bagakta tane verimi, steril basakeik sayisi, fertil bagakeik sayisi, toplam
basakeik sayisi, bin tane agirligi, hektolitre agirligy, protein orani, 2,5 mm elek tistil,
ciks siiresi ve basaklanma giin sayis1 degerleri arastirilmistir.

Her iki yilda tarla denemeleri nadastan sonra ekilmistir. Ekim 6ncesi deka-
ra 3 kg azot ve 7.6 kg fosfor, iist gilibre olarak sapa kalkma doneminde 3 kg azot
kullanilmistir. Deneme i¢in metrekareye 450 tohum gelecek sekilde ekim normu
hesaplanmistir. Ekim islemi deneme mibzeri ile sira aras1 20 cm (6 sira) ve parsel
alani (5x1,2) 6 m? olarak gerceklestirilmistir. Ekimler ilk y11 06 Mart 2013 tarihinde
ve ikinci y1l ise 18 Subat 2014 tarihinde gerceklestirilmistir.

3. Bulgular

Incelenen karakterlere iliskin birinci ve ikinci y1l ortalama degerleri ve stan-
dart hatalar1 Cizelge 4’de verilmistir.

Sulu kogullarda 2013 ve 2014 yillarinda iki yetistirme déneminde incelenen
ozelliklere iligkin verilerin ortalamalar1 alinarak, suluda 6zellikler aras1 korelasyon
katsayilar1 hesaplanmis ve sonuglar1 Cizelge 5de verilmistir.

Korelasyon analizi sonuglarina gore; bayrak yaprag: alani ile bagakta tane ve-
rimi ve steril basak¢ik sayisi arasinda olumlu ve 6nemli iligki saptanmigtir. Bayrak
yaprag yesil kalma stiresi yoniinden ise olumsuz ve 6nemli iligki belirlenmistir.

Bayrak yaprag: yesil kalma stiresi ile protein orani (r=0.951**) arasinda olum-
lu ve 6nemli iliski saptanmustir. Sap uzunlugu, tist bogum arasi uzunlugu, basak
boyu, hasat indeksi, basakta tane sayisi, basakta tane verimi, hektolitre agirlig1 ve
basaklanma giin sayisi arasinda ise olumsuz ve 6nemli iliski belirlenmistir.

Yapilan korelasyon analizi sonuglarina gore; sap uzunlugu ile {ist bogum arasi
uzunlugu, basak boyu, basakta tane sayisi, bagakta tane verimi, hektolitre agirligi ve
basaklanma giin sayisi arasinda olumlu ve 6nemli iligki saptanmigtir. Metrekarede
basak sayis1 ve protein orani yoniinden ise olumsuz ve 6nemli iligki belirlenmistir.

Ust bogum aras1 uzunlugu ile énemli ve pozitif korelasyonlar basak boyu, ba-
sakta tane sayisi, basakta tane verimi, 2.5 mm elek iistii ve bagaklanma giin saysi
arasinda belirlenmigtir. Olumsuz ve 6nemli iliski metrekarede basak sayis1 ve pro-
tein oraninda hesaplanmustir.
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Bagak boyu ile basakta tane sayisi, bagakta tane verimi, fertil basakeik sayisi,
toplam bagakeik sayisi, hektolitre agirlig1 ve bagaklanma giin sayis1 arasinda olum-
lu ve 6nemli iligki saptanmustir. Metrekarede basak sayisi, protein orani ve 2.5 mm
elek iistii arasinda ise olumsuz ve 6nemli iligki belirlenmistir.

Korelasyon analizi sonuglaria gore; metrekarede basak sayisi ile birim alan
tane verimi arasinda olumlu ve 6nemli iligki saptanmustir. Bin tane agirlig1 yoniin-
den ise olumsuz ve 6nemli iligki belirlenmistir.

Hasat indeksi ile onemli ve pozitif korelasyonlar; birim alan tane verimi, bagak-
ta tane sayisi, bagakta tane verimi ve basaklanma giin sayisi arasinda belirlenmistir.
Olumsuz ve 6nemli iliski bin tane agirlig1 ve protein oraninda tespit edilmistir.

Metrekarede biyolojik verim, bin tane agirlig1 ve protein orani arasinda olum-
lu ve onemli iliski saptanmigtir. Bagaklanma giin sayis1 arasinda ise olumsuz ve
onemli iligki belirlenmistir.

Bagakta tane sayisi ile 6nemli ve pozitif korelasyonlar basakta tane verimi
(r=0.727**), fertil basake¢ik sayisi, toplam basak¢ik sayisi, hektolitre agirlig ve
basaklanma giin sayis1 arasinda belirlenmistir. Olumsuz ve 6nemli iliski bin tane
agirligi, protein orani ve elek iistli (r=-0.708**) olarak saptanmustir.

Korelasyon analizi sonuglarina gore; basakta tane verimi ile hektolitre agirlig
ve bagaklanma giin sayist olumlu ve 6nemli iligki saptanmustir. Protein orani yo-
niinden ise olumsuz ve 6nemli iligki belirlenmistir.

Fertil bagakeik sayisi ile toplam basakeik sayist (r=0.913**) arasinda olumlu ve
onemli, bin tane agirligi ve 2.5 mm elek {istii arasinda ise olumsuz ve 6nemli iliski
belirlenmistir.

Toplam basakeik sayis ile bin tane agirligi ve 2.5 mm elek tstii arasinda olum-
suz ve 6nemli iligki bulunmustur.

Korelasyon analizi sonuglarina gore; bin tane agirlig1 protein orani ve 2.5 mm
elek tistii arasinda olumlu ve 6nemli iligki saptanmigtir. Basaklanma giin sayis1 yo-
niinden ise olumsuz ve 6nemli iligki belirlenmistir.

Hektolitre agirlig: ile bagaklanma giin sayisi arasinda olumlu ve 6nemli iligki
saptanmustir. Protein orani arasinda ise olumsuz ve 6nemli iligki belirlenmistir.

Protein orani ile 6nemli ve pozitif korelasyon bulunamazken, olumsuz ve
onemli iligki bagaklanma giin sayisinda r=-0.852** hesaplanmustir.
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Cizelge 4. Kavuzsuz arpa genotip ve hatlarinda sulu kosullarda incelenen karakter-
lere iliskin ortalama degerler ve standart hatalar1

Table 4. Standard errors and average values of hulless barley genotype ve lines
characters examined in rainfed and irrigated conditions

Genotipler  Yillar CS BGS m’BS BYA
Gl 2013 12,67 + 058 7867 + 058 400.00 =+ 1323 529 * 0.60
2014 1333 + 058 8200 + 1.00 43500 + 17.00 9.18 + 0.51
G2 2013 1433 + 058 7800 + 1.00 33500 + 1732 817 £ 0.38
2014 1367 + 058 8300 + 1.00 360.00 * 8.66 9.00 = 0.25
@& 2013 1267 + 058 7833 + 058 37000 + 1732 638 £ 0.86
2014 1233 + 058 8267 + 115 35333 + 4252 795 + 0.40
G4 2013 12,67 + 115 7700 =+ 200 360.00 =+ 2291 10.14 =+ 0.61
2014 12.00 + 1.00 81.67 + 153 36500 <+ 30.00 748 + 0.75
G5 2013 13.67 + 058 79.00 + 1.00 336.67 + 2309 935 + 0.62
2014 12,67 + 058 8167 + 058 446,67 £ 6212 858 + 0.99
G 2013 1233 + 058 7833 + 058 33333 + 3753 794 £ 0.58
¢ 2014 12.67 t_ 0.58  81.33 t_ 1.15 31000 + 21.79 11.73 + 1.43
G7 2013 1200 + 100 7833 + 0.58 35667 + 3055 891 £ 0.81
2014 12,67 + 058 8267 + 058 250.00 £ 3775 950 + 0.87
Gs 2013 1233 + 058 7533 + 0.58 336.67 + 2466 893 + 0.87
2014 1233 + 1.15 8300 + 1.00 366.67 + 2021 10.50 =+ 0.25
Go 2013 13.33 i_ 0.58 77.33 i_ 0.58 32000 + 18.03 8.65 £ 0.89
2014 1267 + 153 8233 + 058 24833 + 2021 750 + 0.50
G10 2013 1233 i_ 0.58 77.33 i_ 0.58 400.00 + 2500 7.28 £ 0.82
2014 11.67 =+ 058 8200 <+ 173 34167 <+ 1893 823 + 1.12

CS: Cikas siiresi, BGS: Basaklanma giin sayisi, m?BS: Metrekarede basak sayisi, BYA:
Bayrak yapragi alam

Cizelge 4. Kavuzsuz arpa genotip ve hatlarinda kuru ve sulu kogullarda incelenen
karakterlere iliskin ortalama degerler ve standart hatalar1 (devam)

Table 4. Standard errors and average values of hulless barley genotype ve lines
characters examined in rainfed and irrigated conditions (continue)

Genotipler Yillar BYYKS SAPU UBAU m’BV
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Gl 2013 51.38 i_ 1.89 5833 i_ 461 16.97 i 1.37  620.00 i 36.06
2014 3462 + 013 91.67 + 153 21.67 + 029 54333 + 37.86
@ 2013 5134 + 120 6137 + 409 2010 * 0.80 576.67 *= 5.77
2014 3550 + 038 90.00 + 500 26.00 * 0.00 70333 * 40.41
G 2013 5028 + 022 5243 £+ 396 1690 £ 121 676.67 * 20.82
2014 3550 + 011 93.00 =+ 700 2333 £ 058 69333 * 4041
G4 2013 4540 + 1.64 5233 + 416 1593 + 047 79333 + 47.26
2014 3671 + 017 8333 + 379 2333 £ 0.58 62667 * 25.17
2013 4841 <+ 113 6047 <+ 057 2127 £ 042 800.00 = 10.00
o 2014 3548 + 038 8433 £+ 513 2033 £ 153 786.67 * 49.33
G6 2013 5295 + 023 5433 + 214 1840 £ 260 69333 * 577
2014 3560 + 027 7767 + 208 21.67 £ 208 576.67 * 45.09
G7 2013 5243 + 035 62.00 + 458 1837 £ 047 60333 * 20.82
2014 3618 + 020 10533 *+ 8.08 26.00 * 1.00 71333 * 41.63
Gs 2013 4798 + 134 7170 £+ 356 21.83 £ 133 960.00 % 30.00
2014 3617 + 036 91.67 + 416 2400 =+ 1.00 730.00 * 20.00
Go 2013 48.46 i_ 0.21  72.50 i_ 390 23.20 i 1.81 756.67 i 25.17
2014 3553 + 040 106.00 + 1.73 2933 + 231 64333 + 49.33
G10 2013 4726 + 070 5120 + 095 1815 * 126 790.00 * 55.68
2014 3553 + 026 8133 + 351 2200 + 1.00 586.67 * 28.87

BYYKS: Bayrak yaprag: yesil kalma siiresi, SAPU: Sap uzunlugu, UBAU: Ust bogum aras
uzunlugu, m’BV: Metrekarede biyolojik verim

Cizelge 4. Kavuzsuz arpa genotip ve hatlarinda kuru ve sulu kogullarda incelenen
karakterlere iliskin ortalama degerler ve standart hatalari (devam)

Table 4. Standard errors and average values of hulless barley genotype ve lines
characters examined in rainfed and irrigated conditions (continue)

Genotipler  Yillar BATV HI BSKB TBS

Gl 2013 17590 + 1890 29.69 + 1.23 8.17 + 057 2357 = 031
2014 19357 + 17.23 3148 + 194 9.50 + 050 2690 + 1.13

@ 2013 21838 + 17.62 2830 + 090 8.68 + 025 2837 = 0.74
2014 19373 + 7.49 3094 + 097 7.83 + 076 2223 * 196

G3 2013 19943 =+ 11.87 2941 + 1.72 6.10 + 044 2150 = 1.56
2014 219.68 + 19.11 3177 + 129 1033 + 058 2647 + 131

G4 2013 161.02 + 2.84 2746 + 128 7.67 + 028 2677 + 123
2014 20047 + 1836 3216 + 1.02 9.17 + 058 27.17 + 195
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G5 2013 22063 + 11.55 26.14 = 0.92 8.40 + 095 2483 * 0.38
2014 24208 + 34.63 3201 = 0.24 9.17 + 029 2827 + 251
G6 2013 159.37 i_ 7.18  26.59 i 0.55 8.63 i_ 1.05  28.40 i_ 0.20
2014 17893 + 16.81 31.05 + 2.09 8.00 + 050 2253 + 1.48
G7 2013 20392 + 341 2971 * 0.80 7.13 + 028 2210 + 132
2014 19447 + 13.05 30.27 + 272 9.50 + 050 2377 + 049
Gs 2013 194.03 i_ 14.76  25.45 i 1.18 8.82 i_ 0.16  23.87 i_ 0.25
2014 21883 + 632 3175 + 254 983 + 029 2527 + 0.80
Go 2013 18847 + 21.83 2279 + 046 7.78 + 043 2207 = 025
2014 163.13 + 933 27.69 + 1.58 9.83 + 1.04 2350 * 1.15
G10 2013  271.63 + 1740 3354 = 0.50 6.03 + 055 1987 = 0.21
2014 17835 + 17.60 32.02 = 3.39 8.00 + 050 2047 * 0.06

BAT'V: Birim alan tane verimi, HI: Hasat indeksi, BSKB: Basak boyu, TBS: Toplam
basakg¢ik sayisi

Cizelge 4. Kavuzsuz arpa genotip ve hatlarinda kuru ve sulu kosullarda incelenen
karakterlere iliskin ortalama degerler ve standart hatalar1 (devam)

Table 4. Standard errors and average values of hulless barley genotype ve lines
characters examined in rainfed and irrigated conditions (continue)

Genotipler Yillar FBS SBS BTS BTV
Gl 2013 21.40 i_ 0.10 2.00 = 0.00 21.80 i_ 231 074 i_ 0.05
2014 2463 + 1.18 230 + 0.17 2783 + 1.26 122+ 0.15
@ 2013 2620 + 089 240 = 026 2527 + 227 095 =+ 0.03
2014 2007 + 194 223 =+ 0.06 2167 + 115 095 <+ 0.06
G3 2013 1933 + 154 223 + 0.06 1827 + 083 075 <+ 0.08
2014 2423 + 1.34 223 + 0.12 2683 + 202 135 + 023
G4 2013 24.33 i_ 126 243 =+ 0.15 21.07 i_ 0.64 0.89 i_ 0.06
2014 2500 + 166 227 + 0.25 2667 + 252 124 + 0.13
G5 2013 2450 =+ 0.78 223 =+ 021 1980 + 151 080 =+ 0.07
2014 2583 + 2.80 247 + 035 2733 + 1.15 1.09 + 0.08
G6 2013 2590 + 132 267 = 0.61 2147 <+ 145 070 <+ 0.07
2014 20.17 + 176 243 + 021 2267 + 1.15 1.08 + 0.01
G7 2013 19.63 i_ 046 253 =+ 0.29 1940 i_ 144 0.84 i_ 0.09
2014 2153 + 045 230 + 020 2433 + 0.58 128 + 0.09
Gs 2013 2160 + 0.61 227 =+ 0.38 21.27 + 042 1.07 + 0.05
2014 23.10 + 0.85 223 + 0.06 2633 + 0.58 1.13 + 0.06
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G9 2013 20.00 + 026 213 + 012 1953 + 1.03 1.00 =+ 0.04
2014 2140 + 106 217 +* 006 21.67 + 115 1.09 =+ 0.09
G10 2013 1777 + 006 223 + 021 1927 + 042 084 =+ 0.06
2014 1827 + 006 223 + 006 2467 + 153 1.09 =+ 0.13

FBS: Fertil basakgik sayisi, SBS: Steril basakg¢ik sayisi, BTS: Basakta tane sayisi, BT'V:
Basakta tane verimi

Cizelge 4. Kavuzsuz arpa genotip ve hatlarinda kuru ve sulu kosullarda incelenen
karakterlere iliskin ortalama degerler ve standart hatalar1 (devam)

Table 4. Standard errors and average values of hulless barley genotype ve lines
characters examined in rainfed and irrigated conditions (continue)

Genotipler Yillar ~ BTANE HLT PO EU
Gl 2013 38.33 i 1.15  75.68 i 147 15.79 i_ 0.61 34.53 i_ 1.15
2014 3713 + 039 7869 + 024 791 + 082 4173 + 4.28
& 2013 39.00 + 200 76.80 + 140 1599 + 057 4473 + 391
2014 41.67 + 116 7748 + 173 9.01 + 053 6513 =+ 4.69
2013 42.67 + 208 7527 + 1.03 159 + 021 7047 =+ 3.10
@ 2014 41.15 + 0.85 7543 + 047 891 + 051 4422 = 340
G4 2013 44.33 i 1.15  70.03 i 0.55 15.26 i_ 0.13 5293 i_ 2.14
2014 3842 + 105 78.00 + 021 773 + _0.65 50.23 + _5.09
G5 2013 41.00 + 265 7503 + 0.88 1641 + 032 5980 * 0.87
2014 3677 + 060 7836 + 090 822 + 0.58 4152 * 842
G6 2013 39.67 + 115 7564 + 172 1613 =+ 032 3387 + 151
2014 4008 + 088 7773 + _1.04 880 + _0.04 63.62 =+ _1.23
G7 2013 42.33 i 2.89 7413 i 0.38 15.94 i_ 0.12  64.80 i_ 1.64
2014 4407 + 282 7723 + _1.20 10.18 + _0.38 60.05 + _5.92
a8 2013 4800 + 173 7644 + 114 1683 + 0.85 5427 * 435
2014 3662 + 095 7840 + 045 839 + 050 5092 + 3.99
G9 2013 4733 + 115 7771 + 027 16.86 + 0.17 60.00 * 3.61
2014 4588 + 099 868 + 115 990 + 1.04 6627 + 483
G10 2013 4433 + 208 7260 + 044 1479 + 038 6147 * 5.80
2014 3995 + 058 7879 + 120 871 + 093 6419 + 3.75

BTANE: Bin tane agirligi, HLT: Hektolitre agirligi, PO: Protein orani, EU: 2.5 mm
elek iistii

Cizelge 5. 2013 ve 2014 yillarinda sulu kosullarda yetistirilen kavuzsuz arpa geno-
tiplerinin incelenen 6zelliklere iliskin korelasyon katsayilar:

Table 5. Correlation coefficients of hulless barley genotypes characteristics grown
with irrigated conditions in 2013 and 2014
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*:9%5, **:%1 seviyesinde onemli. 1:BYA: Bayrak yapragi alani, 2:BYYKS: Bayrak yap-
ragi yesil kalma siiresi, 3:SAPU: Sap uzunlugu, 4:UBAU: Ust bogum arast uzunlugu,
5:BB: Bagsak boyu, 6:m’BS: Metrekarede basak sayisi, 7:HI: Hasat indeksi, 8:BATV:
Birim alan tane verimi, 9:m2BV: Metrekarede biyolojik verim, 10:BTS: Basakta tane
sayst, 11:BTV: Basakta tane verimi, 12:SBS: Steril basakg¢ik sayisi, 13:FBS: Fertil ba-
sakgik sayisi, 14:TBS: Toplam basak¢ik sayisi, 15:BTANE: Bin tane agirlig, 16:HLT:
Hektolitre agirhigi, 17:PO: Protein orani, 18:EU: 2.5 mm elek iistii, 19:CS: Cikis siire-
si, 20:BGS: Basaklanma giin sayis

4.SONUC

Bu arastirma Eskisehir kogsullarinda 9 adet kavuzsuz arpa hatt ile bir adet ka-
vuzsuz arpa ¢esidinin sulu kosullarda iki yil stire ile yiriitillerek verim ve verim
Ogeleri belirlenmistir. Caligmada ele alinan ozellikler yoniinden genotipler kar-
silagtirildiginda 6nemli farkliliklar saptanmistir. Elde edilen verilerle korelasyon
analizi yapilmis ve tane verimi ile iligkili 6zelliklerin belirlenmesi amaglanmustir.
Sonug olarak tane verimi ile olumlu ve 6nemli iliskisi belirlenen metrekarede ba-
sak sayis1 ve hasat indeksi ozelliklerinin kavuzsuz arpa islah ¢alismalarinda goz
ontine almmast yeni ve tistiin 6zellikli cesitler gelistirilmesinde faydali olacaktir.

Ozellikle son yillarda iilkemizde gida endiistrisinde énem kazanan kavuzsuz
arpanin sulu kosullara uygun yeni ¢esitlerinin gelistirilmesi igin yapilacak 1slah
caligmalarinda denememizden elde edilen verilerin 1slahgilara yol gosterebilecegi
distiniilmektedir.
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SILAJLIK MISIRDA UYDU GORUNTULERINDEN ELDE EDILEN BiTKi SU
TUKETiIMI VERILERI iLE VERIM TAHMINi

Oz:

Bitkisel tiretim alanlarindaki bitki su titketiminin (ET) belirlenmesi ve verimin
tahmin edilmesinde uzaktan algilama tekniklerinin kullanilmas: giderek yaygin-
lagsmaktadir. Hasat dncesinde verimin hassas bir bigimde tahmin edilebilmesi i¢in
uzaktan algilanmis veriler ve bitki verimine dayanan istatistiksel modellere ihtiya¢
bulunmaktadir. Bu ¢aliymanin amaci Landsat 8 uydu goriintiilerinden yararlani-
larak silajlik misirin gelisme dénemi boyunca ET degerlerinin izlenmesi ve bu ET
degerlerinin verim ile olan iliskisinin ortaya konulmasidir. Arastirma 2014 yilinda
Sultansuyu Tarim Isletmesi Miidiirliigii Isletmesine ait silajlik musir iretim alanla-
rinda gergeklestirilmistir. Caligmada silajlik misir ET degerleri Evapotranspiras-
yon Haritalamasinda Yiiksek Céziiniirliik ve Igsel Kalibrasyon Modeli (METRIC)
ile hesaplanmigtir. Aragtirmadan elde edilen sonuglara gore, agustos ayinun ilk hat-
tasina ait uydu goriintiilerinden elde edilen ET degerleri kullanilarak yapilan verim
tahmini arazide gerceklesen verim degerleriyle biiyiik bir uyum (RMSE=1.52 ton
ha) igerisindedir. Sonug olarak gerceklestirilen bu aragtirma ile farkl tarihlerdeki
Landsat 8 uydu goriintilleri METRIC modeli ile iglenerek silajlik misirin verim
degerleri basarili bir bicimde tahmin edilebilecegi ortaya konulmustur.

Anahtar Kelimeler: Bitki su tiiketimi, Landsat 8, METRIC, Silajlik misir, Uzak-
tan algilama, Verim tahmini

e ok

SILAGE MRAIZE YIELD ESTIMATION WITH EVAPOTRANSPIRATION DATA
OBTRINED FROM SATELLITE IMAGES

ABSTRACT:

Remote sensing techniques are becoming widespread to the estimation of crop
evapotranspiration (ET) and yield in the crop production areas. Remotely sensed
data and statistical models based on crop yield are needed to accurately estimation
of crop yield before the harvest. The aim of this study is monitoring the ET values
of silage maize during the crop growing period by using Landsat 8 satellite images
and determine the relationship between ET and yield. This research was carried
out in the silage maize fields of Sultansuyu Agricultural Enterprise Directorate in
2014. Silage maize ET values were calculated by using the Mapping EvapoTrans-
piration at High Resolution and Internalized Calibration (METRIC) model. Ac-
cording to the results of this study, estimated yield values by using the ET values
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obtained from the satellite images of the first week of August is in great agreement
with the measured yield values (RMSE=1.52 ton ha'). As a conclusion, it has been
revealed that silage maize yield values can be estimated precisely by processing
Landsat 8 satellite images on different dates with the METRIC model.

Keywords: Evapotranspiration, Landsat 8, METRIC, Remote sensing, Silage ma-
ize, Yield estimation

%%
1. GIRIS

Diinya niifusu, yapilan en giincel tahminlere gore 8.0 milyara yaklagmistir.
2050 yilinda ise bu rakamin 9.7 milyara ulagacagi tahmin edilmektedir (Parashar
ve Parashar, 2020). Artan niifusla birlikte gelen beslenme ve kisi bagina diisen su
kaynaklarindaki azalma sorunu su kaynaklarinin planlanmasi ve yonetimini gi-
derek 6nemli bir hale getirmistir (Droogers ve ark., 2010). Tarim, 6zellikle kurak
ve yar1 kurak bolgelerde, su kaynaklarinin en bityiik kullanicist durumundadir
(Al-Gaadi ve ark., 2016). Tarimsal sulama yonetiminde agir1 su kullanimy, su iletim
randimanin disiik olmasi, bilingsiz sulama gibi sorunlar dikkate alindiginda su
kaynaklarinin etkin kullanilmas: giderek 6nem kazanmaktadir (Cakmak ve ark.,
2006). Bu kapsamda su kaynaklarinin yonetimi, sulama sistemlerinin planlanmast,
sulama programlamasi ve evapotranspirasyonun (ET) belirlenmesi gerekmektedir.
Bunlarin bagarilmasinda ET en 6nemli parametrelerden birisidir (Gowda ve ark.,
2008).

Tanim olarak ET, topraktan buharlagan su ile bitki blinyesinde bulunan suyun
terleme yolu ile atmosfere iletilmesidir. Ozellikle kurak ve yar1 kurak bélgelerde,
tarimda kullanilan sulama suyunun bityiik bir boliimii ET ile atmosfere iletilmek-
tedir. Bu kapsamda ET’nin hassas bicimde belirlenmesi mevcut su ile en yiiksek
bitkisel tiretimin elde edilmesi i¢in olduk¢a 6nemlidir (Koksal ve ark., 2010). ET,
toprak su biitgesi ile en dogru olarak ol¢iliir, en hassas toprak su biitgesi hesap-
lamalari ise tartili lizimetre sistemleri kullanilarak belirlenebilmektedir. Ancak,
tarla denemeleri ile belirlenen ET, tartili lizimetreler ile belirlenenden daha fazla
hataya aciktir (Allen ve ark., 2011a, b). Ayrica ET tarla seviyesinde mikro meteo-
rolojik yontemler (Eddy Kovaryans, Bowen Orani vb.) kullanilarak belirlenebil-
mektedir (Mengistu ve Savage, 2010). Fakat bu sistemler ile yapilan ET 6l¢ctimleri
noktasaldir ve sadece arastirmanin yapildigi tarim arazilerinin bulundugu ¢evre
kogullarini yansitmaktadir. S6z konusu ET ol¢timleri daha ¢ok ET tahmin mo-
dellerinin dogrulanmas i¢cin kullanilmaktadir. ET tahmin modelleri ise biiytik
alanlar ic¢in ozellikle tam sulama kosulunu saglamaktadir (Allen ve ark., 1998).
Ancak su eksikligi olan tarim arazileri i¢in bu modeller ¢ogunlukla iyi sonug
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vermemektedir. Clinkil yagis ve sulamaya bagli olan su eksikligi ve ET, bir tarim
arazisinden digerine ve bir bitkinin yetisme donemi icerisinde farkliliklar goste-
rebilmektedir. Bolgesel 6lcekte ET’nin tahmin edilmesi konumsal ve zamansal
bilginin sinirli olmasindan dolay: olduk¢a zordur. Giiniimiizde uydu goriintiileri
yardimiyla bu eksiklik giderilebilmektedir (Santos ve ark., 2008). Uydu goriin-
titleri kullanilarak farkli vejetasyon diizeyine sahip bolgelerde dahi ET haritalar:
olusturulabilmektedir. Bu kapsamda, ET nin belirlenmesi i¢in Evapotranspirasyon
Haritalanmasinda Yiiksek Coziiniirliik ve Igsel Kalibrasyon (METRIC) modeli
(Allen ve ark., 2007), Tarim arazileri i¢in Yiizey Enerji Dengesi Algoritmas: (SE-
BAL) modeli (Bastiaanssen ve ark., 1998), ki Veri Kaynagina Sahip Enerji Dengesi
(TSEB) modeli (Norman ve ark., 1995) ve Basitlestirilmis Yiizey Enerji Dengesi
(SSEB) (Senay ve ark., 2011) gibi pek ¢ok ET tahmin modeli gelistirilmistir. MET-
RIC, SEBAL modelinin temelleri tizerine kurulmus bir ET tahmin modelidir ve
gelistirilen bu modeller arasinda en fazla tercih edilenlerden birisidir. Al-Gaadi ve
ark. (2016) yaptiklar1 ¢alismada arazide 6lgiilen ET degerleri ile METRIC mode-
li ile tahmin edilen ET degerlerinin birbiriyle uyumlu olduklarini belirtmislerdir.
French ve ark. (2015) ise TSEB ve METRIC modelleri kullanilarak pamuk bitkisin-
de su kullaniminin belirlenmesi amaciyla yaptiklari ¢alismada ise METRIC mode-
linin TSEB modeline gore daha hassas sonuglar verdigi belirtilmistir.

Bu caligmanin amaci, uzaktan algilama tekniklerinin silajlik misirin gelisme
donemi boyunca su titketiminin belirlenmesi ve hasat 6ncesi verim tahmininde
kullanilma olanaklarinin degerlendirilmesidir. Calisma Sultansuyu Tarim Isletme-
si Mudirlagiine ait silajlik misir iiretim alanlarinda gerceklestirilmistir. Bu kap-
samda 2014 yil1 silajlik misir yetisme donemini kapsayan 11 adet Landsat 8 uydu
goruntiisi METRIC modeli kullanilarak islenmistir.

2. Materyal ve Yontem
2.1 Materyal

Bu ¢aligma Malatya ili, Ak¢adag ilcesi sinirlari icerisinde olan Sultansuyu Ta-
rim Isletmesi Miidiirliigii tarim arazilerinde 2014 yilinda silajlik musir yetistirilen
parseller i¢in yiirtitillmistiir. Alanda su kaynagi, sulama kanali ve kanaletlerin-
den olusan bir sulama sebekesi ve derin kuyulardan temin edilmektedir. Calig-
ma alaninin vaziyet plani ve ¢aligmada kullanilan silajlik misir tiretim alanlari
Sekil 1'de verilmistir. Calisma alanindaki topraklar killi tin ve kil biinye 6zelligi
gostermektedir. Calismada silajlik musir iiretilen A, B, C, D ve E parsellerine iligin
veriler kullanilmistir. Bu parsellerin alanlar1 14.3 ha ile 30.0 ha arasinda degisim
gostermektedir (Cizelge 1).
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Cizelge 1. Caligma parsellerine ait silajlik misir verim degerleri

Table 1. Silage maize yield values of the study plots

Parsel A B C D E
Parsel Alani (ha) 25.60 14.30 25.60 16.10 30.00

2014 yilinda sulama uygulamalar1 A, B, C ve D parsellerinde dairesel hareketli
yagmurlama sulama sistemi ile gerceklestirilirken E parselinde ise portatif yag-
murlama sulama sistemi kullanilarak gergeklestirilmistir. Calismada silajlik misir
¢esidi olarak Bolson kullanilmistir. Silajlik misirin ekimi 14-22 Nisan 2014 tarih-
leri arasinda gergeklestirilmistir. TAGEM (2016)’ya gore silajlik misirin baslangig
doénemi 29 giin, gelisme dénemi 35 giin, orta dénemi 50 giin ve son donemi 10 giin
olarak dikkate alinmugtir. Silajlik musir bitkisinin hasad1 28 Agustos-2 Eyliil 2014
tarihleri arasinda gergeklestirilmistir.

Sekil 1. Sultansuyu Tarim Isletmesi Miidiirliigii silajlik musir iiretim alanlari

Figure 1. Silage maize production areas of Sultansuyu Directorate of Agriculture
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Bolgede en yiiksek ve en diisiik ortalama sicaklik degerleri sirasiyla 34.3 °C
(Temmuz) ve -2.4 °C (Ocak) olarak gerceklesmistir. Caligma bolgesi igerisinde
en yiiksek yagis Nisan ayinda meydana gelmektedir ve yillik toplam yagis 421.0
mmdir. Calisma alani uzun yillar ikim verileri dikkate alindiginda, Thornthwai-
te iklim siniflandirmasina gore yar1 kurak ozelligi gostermektedir (Thornthwaite,
1948). METRIC modeli i¢in gerekli olan saatlik ve giinliik iklim verileri Meteoro-
loji Genel Mudirligirne bagl Erha¢ Havalimani istasyonundan elde edilmistir.
Uzaktan algilanmig veri olarak ¢alisma alanini kapsayan 11 adet Landsat 8 uydusu-
na ait multispektral ve termal goriintiiler kullanilmigtir. Landsat 8 uydusu 30 m ko-
numsal ¢oziiniirlitkte goriintii saglamaktadir. Termal banttaki yersel ¢oztintrligi
ise 100 mdir (Roy ve ark., 2014).

2.2. Yontem
2.2.1 METRIC modeli ile bitki su tiiketimi hesaplamalar:

Bitki su titketimi hesab1 enerji dengesi tabanlit METRIC modeli kullanilarak
gerceklestirilmistir. Yiizey enerji dengesinin genel bi¢imi Esitlik 3’te verigmistir.

LE=R,-G-H ()

Burada, LE; gizli 1st akist ve H; hissedilebilir 1s1 akisini ifade et-
mektedir. Egitlikteki tiim birimler watt m-*dir. Yiizey enerji dengesi-
ne gore, Rn vyeryiiziinde depolanarak, LE, G ve Hde kullanilmaktadir
(Allen ve ark., 2005; Allen ve ark., 2007). Yer ylizeyindeki Rn, gelen ve giden rad-
yasyon akisinin fark: alinarak hesaplanmaktadir (Esitlik 4)

Ro=(1-a) X Rsd +RIL —RIT ~(1-¢) X RIY @

Burada, o; Yiizey albedosu (birimsiz), RS|; Gelen kisa dalga boylu radyasyon
(w m?), RL|; Gelen uzun dalga boylu radyasyon (w m?), RL1; Giden uzun dalga
boylu radyasyon (w m?) ve g; Genis bant emissivitesidir (birimsiz). G, yeryizii-
niin 1sinmasinda kullanilan enerjiyi temsil etmektedir. G, Esitlik 5 kullanilarak he-
saplanmigtr.

G = (000647 X (T, - 272.15) - 0.0955 X NDVI - 0.05) X R, ()

Burada, T:: yiizey sicakligi, NDVI: Normalize Edilmis Vejetatif Degisim Indek-
sidir. H, bitki tizerindeki belirli bir yiikseklik ile bitki seviyesi arasindaki 1sinin
degisimine sebep olan enerjiyi agiklamaktadir. Enerji dengesine gére Rn'nin bir
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bolimii bu degisimde kullanilmaktadir. H hesabina iliskin yaklasim Esitlik 6’teki
gibidir.

H=pxCxdl xrah™ (6)

Burada, p; havanin yogunlugu (kg m™), C; hava sabitesi (J kg K'), dT; ytizey
sicaklig ile atmosfer sicaklig: arasindaki fark (°C), rah; aerodinamik direnctir (s
mt).

Bu ¢alismada uydu goriintiisiiniin ¢ekildigi andaki LE degeri Esitlik 3 yardi-
miyla hesaplanmistir. Elde edilen bu deger Esitlik 7 yardimiyla anlik ET degerine
dontstiralmustiir.

ET,, =3600 X LE x }7! @]

Burada, A; buharlagmanin gizli 1s1s1dir ve Esitlik 8deki gibi hesaplanmaktadir.

A = (2501 - 0.00236 X (T, - 273)) x 106 8)

METRIC modelinde ET,  degerinin giinliik ET (ET)) degerine doniistiiriilme-
sinde ETrF katsayisindan yararlanilmaktadir. ETrF hesabinda, bitki katsayis1 (Kc)
yaklagimini dikkate alinmaktadir. ETrE anlik ET degerinin (ET, ), ayn1 zaman di-
limindeki saatlik uzun boylu referans bitki su tiiketimine (ET ) oranidir (Esitlik 9).
ET ise giinliik hesaplanan ET degerinin ETrF ile diizeltilmesiyle elde edilmektedir
(Esitlik 10).

E Tins
ETrF = 2= O

ET, = ETrF X ETrgu (10)

Burada, ETr; uzun boylu referans bitki su tiketimidir. Glinliik ve saatlik olarak
ETr’nin hesaplanmasinda ASCE-EWRI (2005)de esaslar1 verilen Standardize Pen-
man Monteith esitliklerinden yararlanilmistir.

Aylik ve mevsimlik ET haritalar: tarimda kullanilan toplam su miktarinin be-
lirlenmesinde olduk¢a 6nemlidir. Uydularin zamansal ¢oziinirliigi 6l¢tistinde
goruintiiniin ¢ekildigi tarihteki ETa degerleri belirlenebilmektedir. Bu arastirmada
ardigik iki uydu goériintiisti arasindaki ETanin hesaplanabilmesi i¢in goriintii ta-
rihlerindeki ETrF degerleri enterpole edilmistir. Bu degerler ait oldugu giindeki
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ETr .y degeri ile diizeltilerek giinlik ET degerleri elde edilmistir. Elde edilen
ETa degerleri yigisimli olarak toplanarak mevsimlik ET degerleri hesaplanmustir.
Kullanilan bu yontem uydu gorintiilerinin diizenli araliklarla temin edilebilmesi
durumunda mevsimlik ETanin belirlenmesinde basarili sekilde uygulanabilmek-

tedir (Singh ve ark., 2012).

Calisma parsellerinde su stresinin belirlenmesi amaciyla oransal bitki su tiike-
timi (RET) yaklasimi kullanilmigtir (Esitlik 11). Bu amagla silajlik misirin farkls
gelisme donemlerindeki ETa ve ETc degerlerinin ortalamasi alinip birbirine oran-
lamistir. Boylelikle her bir ¢alisma alaninda gerceklesen oransal bitki su titketimi
degerleri belirlenmistir.

ETa
RET=— (11)

Caligma alanina ait vaziyet plani sayisallastirilmis ve vektor formatinda kayde-
dilmistir. Islenmis uydu gériintiileri olugturulan vektér ile gakigtirilarak nihai ha-
ritalar olusturulmustur. Son olarak uydu goriintiilerindeki ¢aliyma alanini iceren
boliimler kesilerek alinmistir, béylece nihai haritalar elde edilmistir. Uydu goriin-
tillerinden ETa ve ETrF verilerinin elde edilmesi i¢in ¢aligma parsellerine ait hiicre
degerlerinin ortalamasi alinmustir.

2.2.2 Standart bitki su tiiketimi hesaplamasi

Caligmada potansiyel bitki su tiiketimi (ET) hesaplamalar1 Allen ve ark.
(1998)de onerilen ve standart kosullar1 temsil eden bitki su tiiketimi i¢in gercek-
lestirilmigtir (Esitlik 12).

ET. = Kc x ET, (12)

Yukarida verilen esitlikteki Kc; bitki katsayisi, ETo; kisa boylu bitki i¢in referans
bitki su titketimidir. Kc degerleri bitkiye 6zgiidiir ve yetisme donemi igerisinde
farklilik gostermektedir. Calisma kapsaminda kullanilan silajlik misir Kc degerleri
Allen ve ark. (1998)den alinmustir. Bu degerler uzun yillik giinliik ortalama riiz-
gar hiz1 ve oransal nem verileri ve ortalama en yiiksek bitki boyu dikkate alinarak
Allen ve ark. (1998)de verilen yonteme gére bolge kosullarina uyarlanmustir. ET,
hesaplamalar1 ise ASCE EWRI (2005)% gore gerceklestirilmistir.
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3. Bulgular ve Tartisma
3.1 METRIC ile hesaplanan bitki su tiiketimi degerleri

Aragtirmada, 2014 yilina ait Landsat 8 uydu gortntiileri (11 adet) islenmis ve
olusturulan ETa haritalar1 Sekil 2'de verilmistir. Buna gore, 4 Mayis 2014 tarihine
ait uydu goriintiisiinde A, C ve D parsellerindeki ortalama ETa degerleri sirasiyla
5.75, 4.71 ve 6.48 mm gilin-1diir. B ve E parsellerinde ise ETa degeri yaklasik 1.0
mm gin-1diir. Parseller arasindaki ETa farklilig1 dikkate alindiginda A, C ve D
parsellerinde silajlik misir sulamasinin basladigi, B ve E parsellerinde ise sulama-
nin bu tarih itibari ile baglamadig1 yorumu yapilabilir.

29 Mayis 2014 tarihindeki uydu goriintiisiine ait ETa haritas: incelendiginde,
A parselindeki ETa degeri 4 May1s 2014 tarihine gore azalarak ortalama 0.82 mm
giin™ olarak gerceklesmistir. Benzer bicimde C parselinde ET azalarak bu tarihte
yaklasik 1.62 mm giin"diir. D parselindeki ETa 3.59 mm giin! iken E parselinde
ise 4.80 mm giin!' olarak hesaplanmustir. E parselindeki ETa degerinin 4 Mayis
2014 tarihine gore yaklagik 4 mmnr’lik artis gostermesi bu parselde yetistirilen silaj-
lik misirda sulamanin basladig1 yorumu yapilabilir.

14 Haziran 2014 tarihinde ¢aligma parselleri arasinda en yiiksek ETa degeri
6.33 mm giin™ ile D parselinde gerceklesirken, en diisiik ETa degeri ise 1.71 mm
giin™ ile A parselinde gerceklesmistir.

21 Haziran 2014 tarihine ait ETa haritas: incelendiginde, A parselinde sulama
suyu miktarinin arttirilarak ortalama ETanin 5.76 mm giin seviyesine ulastig
goriilmektedir. E parselinin belirli bolgelerinde ETa gerceklesirken belirli bolge-
lerinde ise neredeyse gerceklesmedigi belirlenmistir. Bu durum E parselinde su-
lama suyu uygulamalarinda birtakim aksakliklar meydana geldigini gostermek-
tedir. Benzer durum C parselinde de goriilmektedir. Parselin belirli kisimlarinda
ETa yiiksek iken geri kalan kisimlarinda daha az gerceklesmesi belirtilen parselde
de sulama uygulamalarinda eksikliklerin yaganmuis olabilecegini gostermektedir.
Temmuz ay1 boyunca tiim parsellerde uygulanan sulama suyu miktarlari genel ola-
rak arttirilmigtir.

Yar: kurak iklim 6zelligine sahip bolge kogullar: altinda silajlik musir icin tah-
min edilen ETc degerleri, uzaktan algilama teknikleri yardimiyla tahmin edilen
ETa degerlerinden yaklasik 2 mm daha yiiksek gerceklesmistir. Temmuz ay iceri-
sinde en yitksek ETa degeri 7 Temmuz 2014 tarihinde 8.02 mm giin™ ile D parse-
linde, en diisiik ETa ise 23 Temmuz 2014 tarihinde 5.42 mm giin™! ile C parselinde
belirlenmistir. 8 Agustos 2014 tarihindeki giinlik ETc degeri 8.23 mm iken A, B,
C, D ve E parsellerine ait glinlik ETa degerleri sirasiyla 6.45 mm, 7.58 mm, 4.53
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mm, 7.25 ve 7.64 mm olarak hesaplanmistir. Temmuz ve Agustos aylarindaki ETa
haritalar1 incelendiginde A ve C parsellerinde sulama uygulamalarinin diizenli
yapilmadig1 gorillmektedir. Parsellerin belirli bolgelerinde ETa degeri fazla iken
diger taraflarda az olmasi sulama ile ilgili problemlerin yasandigini gostermekte-
dir. Silajlik misirin yetistirilme dénemi boyunca ETa degerleri genel olarak ETc
degerlerinin altinda kalmistir.
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Sekil 2. Sultansuyu Tarim Isletmesi Miidiirliigii Tarim Arazilerine ait 2014 yili Eva-
potranspirasyon Haritalar
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Figure 2. Evapotranspiration Maps of Sultansuyu Agricultural Enterprise Directorate
Agricultural Lands in 2014.

3.2 Potansiyel ve gercek bitki su tiiketimi bulgularimin karsilastirilmast

Calisma alaninda silajik misirin 2014 yili  gelisme doénemi boyun-
ca gerceklesen yagis miktar: ve hava sicakhign Sekil 3’te grafik olarak veril-
mistir. Baglangic doneminde 2.0 mm (28 Nisan 2014) ve gelisme donemi
21 Mays-6 Haziran 2014 tarihleri arasinda toplam 23.5 mm ya-
g1s gerceklesirken, meteorolojik kayitlarda orta ve son doénem i¢in ya-
g1s bulunmamaktadir. Buna gore silajik musirin yetisme doénemi boyun-
ca toplam 255 mm vyagis gerceklesmistir. Hava sicakliklari genel olarak
baslangi¢ doneminden son doneme dogru gidildikge artis gostermistir. Silajlik mi-
sirin yetisme mevsimi boyunca en yitksek hava sicakligi 14 Agustos 2014 tarihinde
40.8 °C olarak gerceklesirken, en diisiik hava sicakligi 21 Mayis 2014 tarihinde 18.6
°C olarak ger¢eklesmistir.

Baslangic  Gelisme Orta Son Baslangic  Gelisme Orta Son
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Sekil 3. Silajlik misirin gelisme donemlerine gore calisma alaminda gerceklesen yagis
ve glinliik en yiiksek ve en diisiik hava sicakligi degerleri.

Figure 3. Precipitation and daily maximum and minimum air temperature values in
the study area during the development stages of silage maize.

Sekil 4’te Malatya ili iklim kogullari altinda, silajlik misirin 2014 yetisme mevsi-
mi boyunca giinlitk ETc degerlerinin degisimi verilmistir. Ayni zamanda Sekil 4’te
uydu goriintiisiine dayali bir bicimde METRIC modeli ile elde edilen, mevsimlik
ETa degerleri harita olarak ve giinliik ETa degerleri ise grafik olarak, parsellere gore
ayr1 bicimde verilmigtir. Burada ETc ile ETa grafiklerinin farki, ETc>ETa (su eksik-
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ligi) olan donemlerde egik ¢izgilerle ve ETc<ETa (asir1 su) olan dénemlerde dolgu
ile boyanarak belirtilmigtir. Ayrica Sekil 4’te silajlik misirin baglangig, gelisme, orta
ve son donemleri diigey cizgilerle ayrilmistir.

Silajlik misirin yetisme donemi (22 Nisan 2014- 28 Agustos 2014) i¢in en yiik-
sek ETc degeri 20 Haziran 2014 tarihinde 10.98 mm giin™' olarak tahmin edilmistir.
Bu tarihte giinliik en yiiksek hava sicakliginin 34.7 °C olmasi, ETc degerini olduk¢a
yiksek seviyeye ¢ikartmistir. 2014 yilinda silajlik misir yetisme donemin boyunca
en diistik ETc degeri ise 8 Mayis 2014 tarihinde 0.92 mm giin™' olarak hesaplanmus-
tir. Yapilan tahmine gore, silajlik misirin mevsimlik ETc degeri 819.25 mm mev-
sim "dir.

A parselinde silajlik misirin baslangi¢ donemindeki ortalama ETa degeri 3.92
mm giin' iken ayn1 dénemde ortalama ETc degeri 1.34 mm giin"diir. Belirtilen
donem i¢in ¢aligma alaninda 6nemli bir yagis olayinin gerceklesmemesi bu parsel-
de asir1 sulama uygulandigini gostermektedir. Caligma parselinde silajlik misirin
gelisme donemi sirasindaki en yiiksek ETa ve ETc degerleri 20 Haziran 2014 ta-
rihinde sirasiyla 6.68 ve 10.98 mm giin™' olarak hesaplanmistir. Bununla birlikte,
ayn1 donem igerisinde ETa degerinin 0.68 mm giin™' seviyesine kadar geriledigi (6
Haziran 2014) belirlenmigstir. Bu durum belirtilen zaman araliginda A parselinde
sulama yapilmadigini ve bu tarihten 6nce gerceklesen yagislarin yeterli olmadigi-
n1 gostermektedir. Gelisme doneminin sonlarina dogru ETa degerlerinin 2.0 mm
seviyesinden 6.0 mm seviyesine yiikselmesi bu parselde sulama uygulamalarina
agirlik verildiginin bir gostergesidir. Fakat buna ragmen ETa degerleri stirekli ola-
rak ETcden diisiik olarak gerceklesmistir. Silajlik misirin orta dénemi incelendi-
ginde, bu parselde ortama ETa ve ETc degerleri sirasiyla 6.35 mm giin” ve 9.19
mm giin™ olarak hesaplanmistir. Her ne kadar ETanin geldigi seviye sulama uygu-
lamalarina devam edildigini gosterse de bu donemde ETanin ETcden daha digiik
olmas1 uygulanan sulama suyu miktarlarinin bitkinin ihtiyacini karsilamadigini
gostermektedir. Genel olarak orta donemde ETc, ETadan yaklasik 2.5 mm giin™!
daha yiiksek tahmin edilmistir. Orta donemde ETc ile ETa arasindaki en distik
fark ekimden sonraki 105. glinde gergeklesmistir. Bu tarihteki ETc ve ETa deger-
leri sirasiyla 7.95 ve 6.54 mm giin"dir. Silajlik misirin son déneminin baglarinda
ET a¢ig1 olmasina ragmen daha sonra sulama uygulamalari ile bu dénem i¢in ET
agiginin azaldigi gozlenmistir. Sekil 4’te verilen A parseline ait mevsimlik ETa ha-
ritasina gore METRIC modeli ile tahmin edilen en yiiksek ve en distik sezonluk
ETa degeri sirasiyla 675.44 ve 444.33 mmdir. Mevsimlik ortalama ETa ise 580.17
mmdir. Mevsimlik ETanin dagilimi incelendiginde parsel alaninin %53.3’tinde
mevsimlik ETa 500-600 mm arasinda dagilim gostermistir. Bu degerler genellikle
A parselinin kuzey-bat1 boliimlerinde ger¢eklesmistir. Caligma alaninin %40.6’1ik
bolgesinde mevsimlik ETa 600 — 675.4 mm arasinda gerceklesmistir. Bu degerler
genellikle A parselinin kuzey-dogu bélgelerinde yogunluktadir. A parselinin kuzey
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bolgesindeki mevsimlik ETa degerleri genel olarak parselin giineyinde gergekle-
sen degerlerden daha yiiksektir. Sekil 4 incelendiginde parselin kuzey bolgesinden
tretim alanina su girisi oldugu goriilmektedir. Bu durum caligma parselinin kuzey
bolgesindeki ETa’larin gliney bolgesindeki ETalardan daha yiiksek gerceklesme-
sinin agiklayicisidir. Parselin geri kalan %6.1’lik kisminda mevsimlik ETa 444.53
ile 500 mm arasinda gerceklesmistir. Bu degerler dikkate alindiginda parseldeki
ETalar genel itibariyle es dagilim gostermemistir.

Calisma alanindaki B parselinin toplam alani 25.6 ha olmasina kargin silajlik
mustr yetigtirilen alan 12.0 hadir. Bu ¢aligma kapsaminda ETa degerleri sadece su-
lanan alandan hesaplanmustir. B parseline ait ETa ve ETc grafikleri incelendiginde
silajlik misirin baglangic doneminde genel olarak ETa degerleri ETcden bir miktar
yiiksek olarak gerceklesmistir. Baglangic donemi boyunca ortalama ETa degeri 1.71
mm gin'dir. Yagis kosullar1 degerlendirildiginde, silajlik misirin baslangi¢ déne-
mi sirasinda B parselinde sulama yapilmadig1 anlasilmaktadir. Bu parselde silaj-
lik misirin baglangi¢c donemindeki ortalama ETa ve ETc degerleri sirasiyla 1.71 ve
1.34 mm gin"'dir. Gelisme déneminde ETanin genel olarak artis gostermesi B
parselinde sulama yapildigini gostermektedir. Ancak genel olarak ETanin ETcden
diisiik seyretmesi sulamanin yetersiz oldugunu belirtmektedir. Ozellikle, ekimden
sonraki 31. ve 38. giinler ile ekimden sonraki 53. ve 60. giinler arasindaki dénem-
lerde ETada goriilen azalma bu donemlerde atmosferin nem talebindeki artiga kar-
sin sulama eksikligi ile su stresinin arttigini gostermektedir. Ele alinan bu parselde
orta donemin yaklagik olarak ilk yarisinda silajlik misir su stresinin devam ettigi
ve ikinci yarisinda uygulanan sulama suyu ile ETc ile ETa farkinin nispeten azal-
dig1 goriilmektedir. Bu donemdeki ortalama ETa ve ETc degerleri sirasiyla 6.78 ve
9.19 mm giin"ditr. Mevsimlik ET haritas: incelendiginde B parselinde dairesel
hareketli sulama sisteminin yarim daire bigiminde isletildigi acik bir bi¢cimde go-
rilmektedir. Bu parsele ait en yiiksek ve en diisiik mevsimlik ETa degerleri sirasiyla
336.83 ve 746.38 mmdir. Parsel icerisinde mevsimlik ETanin dagilimi incelendi-
ginde, parsel alaninin %30.7’lik kisminda mevsimlik ETa 500-600 mm arasinda
gerceklesmistir. Calisma parselinin %29.1’inde ise mevsimlik ETa degerleri 600-
700 mm arasinda ger¢eklesmistir. B parselinde 500-700 mm arasinda ger¢eklesen
mevsimlik ETa degerleri genel olarak parsel sinir1 ile parsel ortasinda kalan bol-
gelerde meydana gelmistir. Caligma alaninin 1.98 ha'lik kisminda mevsimlik ETa
700-800 mm arasinda tahmin edilmistir. Bu degerler incelendiginde ¢alisma ala-
ninin genellikle orta bolimlerinde yer aldig1 goriilmektedir. Parselin orta boliim-
lerinde yiiksek ETa degerlerinin goriilmesi bu alanda taban suyu seviyesinin yiik-
sek oldugu ve yapilan sulamanin yiizey akisa gecerek ETa’y1 yiikseltmis olabilecegi
veya dairesel hareketli sulama sisteminin isletilmesi sirasinda birtakim sorunlarin
meydana geldigi seklinde yorumlanabilir. Calisma alanmin %19.7’lik kisminda
mevsimlik ETa 400-500 mm arasinda degisim gostermektedir. Mevsimlik ETa ha-
ritast incelendiginde bu degerlerin genellikle ¢caligma parselinin sinir bolgelerinde
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gerceklestigi goriilmektedir. Bu parselde genel olarak parsel kenarlarindan parsel
ortalarina dogru gidildik¢e mevsimlik ETa degerlerinin arttig1 goriilmektedir. Bu
durum sulamanin yeknesak bir bigimde yapilmadiginin bir gostergesidir.

Sekil 4’te verilen bir diger ¢alisma parseli olan C parseli incelendiginde silajlik
musirin baglangic donemindeki ortalama ETa degeri 3.45 mm giin” iken bu do-
nemde hesaplanan silajlik misir bitkisinin ortalama ETc degeri 1.34 mm giin "diir.
Silajlik misirin baglangic donemindeki ETa degerleri genel olarak ETcden yaklagik
2 mm giin" daha fazla gerceklesmistir. Bu durum silajlik misirin baglangi¢ done-
minde asir1 sulama yapildiginin gostergesidir. Gelisme déneminin baglamasiyla
birlikte ETa degerleri diizenli olarak ETc degerinden dusiik gerceklesmistir. Bu
donemdeki en yiiksek ETa 20 Haziran 2014 tarihinde 6.77 mm giin™' iken en dii-
stik ETa ise 22 May1s 2014 tarihinde 1.36 mm giin™' olarak ger¢eklesmistir. Silajlik
musirin orta doneminde gergeklesen ETa ile tahmin edilen ETc degerleri arasindaki
fark diger donemlerden daha yiiksek gerceklesmesi bu donemde ET agiginin daha
fazla oldugunu ve kisintili sulama uygulamasinin yapildigini gostermektedir. Mev-
simlik ETa haritas1 incelendiginde parselin belirli kisimlarinda ET yiiksek ve geri
kalan kisimlarinda daha diigiiktiir. Bu durum C parselinde sulama uygulamalarin-
da es dagilim sorunlarinin oldugunu gostermektedir. Bu parseldeki mevsimlik en
diisiik, en yliksek ve ortalama ETa degerleri sirasiyla 270.9, 691.2 ve 490.0 mmdir.
Caligma parselindeki mevsimlik ETa dagilimi incelendiginde parselin %44.1’inde
mevsimlik ETa 400 ile 500 mm arasinda gerceklesmistir. Mevsimlik ETa haritasi
incelendiginde bu degerlerin genel olarak parselin orta ve kuzey boliimleri arasin-
da kalan alanlarda gergeklestigi goriilmektedir. Calisma parselinin %36.0’lik kis-
minda (9.27 ha) ETa degerleri 500-691.2 mm arasinda tahmin edilmistir. Bu du-
rum incelendiginde parselin belirli bolgelerinde mevsimlik ETa degerlerinin daha
yiiksek olmasi dairesel hareketli sulama sisteminin bu bolgelerdeki ¢alisma hizinin
daha yavag gerceklestigi seklinde yorumlanabilir. Parsel igerisinde mevsimlik ETa
dagiliminin farklilik géstermesi bu parselde sulamanin diizensiz yapildiginin bir
gostergesidir.

Calisma alanlarindan D parselinde silajlik misirin baslangic déonemindeki or-
talama ETa degeri 5.60 mm giin"diir. Bu dénemde gerceklesen ETa degerlerinin
ETc degerlerinden ortalama 4.20 mm giin' fazla olmasi bu parselde asir1 sulama
uygulandigini gostermektedir. Bu dénemde en yiiksek ETa ve ETc degerleri sira-
styla 7.86 ve 1.80 mm giin "diir. Silajlik misirin gelisme donemindeki sulama uygu-
lamalari sayesinde genel olarak ETa degerleri ETC’ye yakin olarak gerceklesmistir.
Bu donemin baslarinda D parselinde yaklagik 0.77 mm giin' fazla sulama suyu
uygulanmistir. Bu donem igerisinde ekimden sonraki 53 ile 60. giinleri arasinda ise
ETa, ETcnin altinda kalmigtir. Fakat bu fark, ayni zaman dilimi i¢in, diger ¢calisma
parsellerinde ger¢eklesen farktan daha azdir. Orta donemdeki ortalama ETa degeri
7.65 mm giin™' olarak gerceklesirken bu donemde hesaplanan ortalama ETc degeri
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9.19 mm giin "diir. Bu durum belirtilen dénem i¢in kisintili sulama uygulamasinin
gerceklestigini gostermektedir. Mevsimlik ETa haritas: incelendiginde parselin
%’liik kisminda ETa ytiksek iken geri kalan %4’liik kisimda ETa daha disiiktiir. Bu
durum incelendiginde dairesel hareketli sulama sistemi belirli bir tarihe kadar par-
selin tamamu (25.6 ha) i¢in ¢alistirilmis daha sonra parselin 3/4’liik alani (19.2 ha)
i¢in caligtirildigr anlagilmaktadir. Parseldeki ET nin biiytik bir kismi bu alandan
geldiginden ETa degerleri sadece %’liik alan i¢in dikkate almmistir. D parselinde
gerceklesen en yiiksek ve en diisitk ETa degerleri sirasiyla 926.3 ve 400.0 mmdir.
Calisma parsellerinde gerceklesen 900 mm ve tizeri mevsimlik ETa degerleri sa-
dece D parselinde tahmin edilmistir. Bu degerler D parselinin %5.8’lik kisminda
meydana gelmistir ve genel olarak parselin orta boliimlerinde meydana gelmistir.
Parselin %23.8 ve %23.2’lik kisminda mevsimlik ETa degerleri sirasiyla 600-700 ve
800-900 mm arasinda belirlenmistir. Bu degerler genel olarak parselin orta boliim-
lerinde yer alan 900 mm'nin tizerinde gergeklesen mevsimlik ETa degerleri ile par-
sel sinirlar arasinda gerceklesmistir. Caligma parselinin %20.1°lik kisminda 700-
800 mm arasinda degisen mevsimlik ETa degerleri tahmin edilmistir. Bu degerler
900 mm tizerinde gergeklesen mevsimlik ETa degerlerinin bulundugu alanin genel
olarak ¢evresinde gerceklesmistir. Agirlikli olarak parsel ortasindan parsel sinir-
larna dogru gidildikce mevsimlik ETa degerlerinin azaldig1 goriilmektedir. Bu
durum incelendiginde dairesel hareketli sulama sistemine ait yagmurlama baslik-
larinin diziliminde hatalarin oldugu veya dairesel hareketli sulama sistemindeki
su basmcinin istenen seviyede olmadig: seklinde yorumlanabilir. Sonug olarak D
parselinde mevsimlik ETa dagilimi diizensiz olarak gerceklesmis ve sulama yekne-
sak bir bicimde yapilamamuigtir.

Calismadaki E parseli incelendiginde silajlik misirin baglangic donemindeki
ortalama ETa degeri 2.75 mm giin""diir. Bu dénemde genel olarak ETa degerleri
ETcden yiiksek olarak gerceklesmistir. Bu durum silajlik misirin baglangi¢ done-
minde agir1 sulama yapildigini gostermektedir. Silajlik misirin gelisme doneminin
ilk yarisinda ETa degerleri ETc degerlerinden daha yiiksek iken gelisme done-
minin ikinci yarisinda ETa degerleri ETc degerlerinden daha disiiktiir. Gelisme
doneminin ikinci yarisinda ETa degerlerinin artis gostermeyip ETc degerlerinin
artisa devam etmesi bu dénemde E parselinde sulama yapilmadigini géstermek-
tedir. Silajlik musir gelisiminin orta doneminde ETc degerleri ETa degerlerinden
yiiksektir. Bu durum silajlik misirin orta déneminde kisintili sulama yapildiginin
gostergesidir. Bu donemde ortalama ETa 6.94 mm giin"' iken ortalama ETc 9.19
mm giin"diir. Mevsimlik ETa haritas1 incelendiginde E parselinde en yiiksek ve en
diisiik mevsimlik ETa degerleri sirasiyla 834.1 ve 311.8 mmdir. Caligma parselinin
%31.8’lik kisminda mevsimlik ETa 700-800 mm arasindadir ve genel olarak par-
selin orta kisminda gerceklesmistir. Caligma parselinin %40.9’luk kisminda ger-
ceklesen mevsimlik ETa degerleri 600-700 mm arasinda degisim gostermektedir.
Tahmin edilen bu degerler genel olarak mevsimlik ETa degerlerinin 700-800 mm
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arasinda olan bolgelerin yakininda gerceklesmistir. Calisma parselinin sinir bol-
gelerinde mevsimlik ETa degerleri ise genel olarak 500-600 mm arasinda degisim
gostermigstir. Bu durum incelendiginde calisma parselinin merkezinden sinir bol-
gelere dogru gidildik¢ce mevsimlik ETa degerleri azalmaktadir. Bu durum sulama-
nin yeknesak bir sekilde yapilmadigini gostermektedir.

Calisma alanindaki tahmin edilen ETa degerlerinin, ETc degerlerinden ge-
nel olarak diisiik olmasi 2014 yili silajlik misir tiretim sezonunda kisintili sulama
uygulandigimin bir gostergesi olabilir. Silajlik musir parsellerinden elde edilen ve-
rim degerleri yetersiz sulama yapildiginin bir diger gostergesidir. Bolgede silajlik
misirin potansiyel verimi hektara 58.0 ton seviyesindedir (TUIK, 2016). Caligma
parsellerinin her birinden elde edilen verim bu diizeyin altindadir (Cizelge 2).
Bununla birlikte ETc ve ETa degerleri arasindaki farkliligin kaynaklar1 arasinda
yetistirilen misir ¢esidinin Allen ve ark. (1998) tarafindan 6nerilen Kc katsayilariy-
la uyumlu olmamasi gosterilebilir. Sonuglardaki uyumsuzlugun diger bir sebebi,
METRIC modeli ile tahmin edilen ETa degerlerinin arazi kosullarinda ger¢eklesen
degerlerden farkli olabilmesidir. Droogers ve ark. (2010)da METRIC modelinde
ETa degerlerinin yaklagik olarak %10 hata ile tahmin edilebildigi belirlenmistir.

Cizelge 2. Silajlik misirin farkli gelisme donemlerindeki ETa / ETc degerleri.

Table 2. ETa / ETc values of silage maize at different growth stages.

Baslangig Gelisme Orta Son Verim
Donemi Donemi Donem  Donem (ton ha)
A 240 0.36 0.69 0.89 13.57
B 0.81 0.48 0.74 0.90 23.31
Cc 3.09 0.99 0.83 0.93 26.67
D 1.86 0.61 0.56 0.74 7.32
E 137 0.79 0.76 0.96 30.57
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Sekil 4. Silajlik musirin bitki su tiiketimi (ETc), METRIC modeli kullamilarak tahmin
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edilen gercek bitki su tiiketimi (ETa) degerlerinin yetisme donemi boyunca degisim-
leri ve mevsimlik ET haritalart.

Figure 4. Crop evapotranspiration (ETc) of silage maize, changes in the actual crop
water consumption (ETa) values estimated using the METRIC model during the
growing season, and seasonal ET maps.

3.3 METRIC modeli ile belirlenen gercek bitki su tiiketimi ile silajlik misir verimi
arasindaki istatistiksel iliski

Silajlik musirin farkli gelisme donemleri i¢in hesaplanan ETa - ETc oranlar1
(ETa/ETc) ve parsellere ait silajlik misir verim degerleri Cizelge 2'de verilmistir.
ETa/ETc degeri 1.0den biiyiik oldugunda asir1 sulamayi, 1.0den kii¢iik oldugunda
ise sulama eksikligini belirtmektedir. Cizelge 2 incelendiginde, ETa/ETc degerleri
0.36 ile 3.09 arasinda degisim gostermektedir. Silajlik misirin baslangic déneminde
genel olarak tiim ¢aligma parsellerinde asir1 su uygulamas: gerceklesmistir.

Silajlik misirin gelisme déneminde genel olarak kisintili sulamanin uygulan-
dig1 bir vejetasyon donemi olmugstur. Belirtilen donem igin en fazla su eksikligi A
parselinde ger¢eklesmis ve ETa/ETc degeri 0.36 olarak hesaplanmustir. Bu donem-
de en fazla sulama uygulamasi D parselinde gerceklesmis ve bitki su ihtiyacinin
neredeyse tamami kargilanmustir.

Silajlik misir gelisiminin orta déneminde tim ¢alisma parsellerinde kisintili
sulama uygulamasi gerceklestirilmistir. En yiiksek su kisit1 C parselinde gergekle-
sirken, en distik su kisit1 D parselinde gergeklesmistir. Bu parseller i¢in ETa/ETc
degerleri sirasiyla 0.56 ve 0.83 olarak hesaplanmuistir.

Son dénemde tiim parsellerde su kisiti uygulamasi: devam etmesine ragmen,
caligma parsellerinde meydana gelen ET a¢181 orta doneme goére daha azdir. Silaj-
lik musir gelisiminin son déneminde herhangi bir yagis olayinin gergeklesmemis
olmasi bu dénemde uygulanan sulama suyunun orta dénemde uygulanan sulama
suyundan daha fazla oldugunu gostermektedir. Son déonemde en fazla su eksikligi
C parselinde gerceklesirken en diisiik su kisit1 E parselinde gerceklesmistir. Bu par-
seller icin hesaplanan ETa/ETc degerleri sirasiyla 0.74 ve 0.96dur.

Silajlik misirin farkli gelisme donemlerindeki uydu goriintiilerinin ¢ekim ta-
rihleri ve ETa/ETc degerleri ile verim degerleri arasinda yapilan istatistiksel anali-
zin R* degerlerinin silajlik misir yetigme sezonu boyunca degisimi Sekil 5’te veril-
mistir. Silajlik misirin baslangig, gelisme, orta ve son dénemlerinde sirasiyla 1, 2, 7
ve 1 adet uydu goriintiisii bulunmaktadir. Sekil 5 incelendiginde ETa/ETc ile verim
arasindaki iligkiye ait R* degerleri 0.11 ile 0.97 arasinda degisim gostermektedir.
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En disiik R* degeri 4 Mayis 2014 tarihindeki uydu gériintiisiinden elde edilirken
en yitksek R* degeri 1 Agustos 2014 tarihindeki uydu goriintiisiinden hesaplan-
mustir. Genel olarak silajlik musir baslangi¢c déneminden son doneme dogru gi-
dildikce ETa/ETc ile verim arasindaki iliskinin R* degeri artmaktadir. Camoglu ve
ark. (2018)’ de silajlik misirin gelisme donemi boyunca farkli spektral vejetasyon
indeksleri kullanilarak verim tahmini gerceklestirilmistir. Calisma elde edilen so-
nuglara gore silajlik misir hasat tarihine yaklasildik¢a verim tahmininin bagarisi
arttig belirtilmigtir.

Genel olarak silajlik misirin farkl gelisme donemlerindeki ETa/ETc degerleri
kullanilarak hasat 6ncesinde verim tahmini yapilabilir. Fakat herhangi bir donem-
de yapilacak olan verim tahmininin bagaris1 farklilik gosterebilmektedir. Genel
olarak silajlik misir verim tahmininde en yitksek RMSE 4 Mayis 2014 tarihine
ait ETa/ETc degerleri kullanildiginda 8.12 ton ha™ olarak hesaplanirken en diisiik
RMSE 1 Agustos tarihine ait ETa/ETc degerleri kullanildiginda 1.52 ton ha™ olarak
belirlenmistir. Silajlik misirda Agustos ayinin ilk haftasindaki uydu gortintiisii kul-
lanilarak elde edilen ETa/ETc degeri y = 83.653x-48.886 formiiliinde kullanilirsa
silajlik misirda verim tahmini yaklagik %3 hata ile tahmin edilebilir.

Orta ve son déneme ait ETa/ETc degerleri ile verim arasindaki iligki incelendi-
ginde genel olarak ETa/ETc arttig1 zaman verim artmis ve ETa/ETc azaldig1 zaman
verim azalmigtir. Orta ve son dénemdeki ETa/ETc degerleri ve verim arasinda ya-
pilan istatistiksel analize gore R? sirasiyla 0.79 ve 0.81 (P<0.01) olarak hesaplan-
mustir. Buna gore uzaktan algilama ile elde edilecek olan ETa degerleri Kc ve ETo
ile hesaplanan ETc ile oranlanarak orta donem ve son donem icin silajlik misirda
verim bagariyla tahmin edilebilir. Fakat orta donem (50 giin) son dénemden (10
giin) daha uzun oldugu igin ¢aligma alaninin daha fazla goriintillenme potansiyeli
bulunmaktadir. Son dénemin daha kisa olmasi uydularin zamansal ¢oziinirligi
olgiistinde galisma alaninin gortnti ¢ekimi gerceklesmeyebilir. Buna gore orta do-
nemden elde edilecek verilerin daha kiymetli oldugu seklinde yorumlanabilir.
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Sekil 5. Uydu goriintii tarihlerindeki ETa/ETc ile Verim arasindaki iliskiye ait belirle-
me katsayisinin silajlik misir yetisme sezonu boyunca degisimi

Figure 5. Variation of the coefficient of determination of the relationship between
ETa/ETc and yield in satellite image acquired dates during the silage maize growing
season
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Sekil 6. Silajlik misirin farkh gelisme donemlerine ait ETa/ETc ile Verim arasindaki
istatistiksel iliskiler.

Figure 6. Statistical relationships between ETa/ETc and Yield in different growth sta-
ges of silage maize.

4. SONUC VE ONERILER

Bu ¢alismada, Landsat 8 uydu goriintiilerinde METRIC modeli uygulanarak,
silajlik misirda su kullanimi ve verim tahminin belirlenme olanaklar: aragtirilmis-
tir. Bu kapsamda METRIC modelinin bir ¢iktis1 olan ETrF ve ETr’ye dayali olarak
giinliik ve mevsimlik ETa degerleri hesaplanmistir. Silajlik misirin farkli gelisme
donemlerine ait bu degerler ETc ile oranlanarak her bir ¢alisma parselinde nem
ac181 belirlenmistir. Hesaplanan bu degerler, verim ile kargilastirilarak silajlik mi-
sirda verim tahmin modelleri olugturulmustur.
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Calisma kapsaminda olusturulan ETa haritalar1 bityiik tarim alanlarinda daha
az ig giicii ve zamanla bitki su kullanimi etkin bir bi¢cimde belirlenebilmektedir.
Bu kapsamda sulama miihendisleri ve arastirmacilar i¢in sulama suyunun takip
edilmesinde ve suyun tarim alanlarindaki konumsal ve zamansal dagiliminin be-
lirlenmesinde kullanilabilir. Ayrica, agustos ayinin ilk haftasina ait uydu goriintii-
sti kullanilarak yapilacak verim tahmini ile silajlik misirin nihai verimi %97 dog-
rulukla tahmin edilebilir. Erken donemde yapilacak verim tahminlerindeki hata
orani daha yiiksek olsa da bu tahminler en yiiksek toplam verimin elde edilmesi
amaciyla tedbir alinmasina olanak saglayabilir.

Landsat 8 uydu goriintiileri ile silajlik misir yetistirilen tarim alanlarindaki
giinliik ve mevsimlik ETanin belirlenmesi ve bu alanlardan elde edilen nihai tirtin
miktarmin tahmini etkin bir bicimde yapilabilmektedir. Gelecekte yapilacak ¢alis-
malarda yar1 kurak bolge kosullar1 altinda tarla diizeyinde belirlenen ET degerleri
ile uydu goriintiilerinden tahmin edilen ET degerleri karsilastirilarak degerlendi-
rilmesi gerekmektedir. Landsat 8 uydu goriintiilerinin konumsal ¢6ziiniirliigi (0.1
ha) sadece biiyiik 6lgekli tarim arazilerinin izlenmesine olanak saglamaktadir. Bu
kapsamda Landsat 8 uydusunun kiiciik 6lgekli tarim arazilerinde uydu goriintiile-
rine dayali METRIC modelinin kullanilmasini sinirlandirmaktadir. Fakat giinii-
miizde bu ¢oziiniirlitkte termal banda sahip bagka bir uydunun bulunmamaktadir.
Ayrica Landsat 8 uydu goriintiilerine ait zamansal ¢oziiniirliigiin 16 giin olmas: iki
uydu goriintiisii arasinda gerceklesen ETanin belirlenmesinde 6nemli bir kisittir.
Bu dogrultuda iki uydu goriintiisii arasindaki ETa degerlerinin belirlenmesi i¢in
daha hassas modellerin gelistirmesine ihtiya¢ bulunmaktadur.
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Abdulrazak Ghazal, Mehmet Bozoglu

DETERMINANTS OF FOOD CATEGORIES EXPENDITURE OF THE REFUGEES:
CASE OF SAMSUN URBAN DISTRICTS, TURKEY

ABSTRACT:

Household expenditure on food categories is affected by cultural, socio-demog-
raphic, and economic factors. The aim of this study is to examine the determinants
influencing the refugee households’ total food expenditure for vegetables, fruit,
dairy products, meat products, and cereals. The primary data were gathered from
the surveys conducted with 252 Syrian and Iraqi refugee households residing in
Samsun province in the period of October 2019 - March 2020. Multiple linear reg-
ression analysis was carried out to estimate the determinants for food expenditure
of the refugee households. The results indicated that the weekly food expenditure
of refugee households was 311 TL which represents 38% of the household income.
The food expenditure was dominated by meat, vegetables, fruit, dairy products,
and cereals, respectively. The model results revealed that socio-demographic vari-
ables as household size, length of stay in Samsun province, economic variables as a
level of income, and behavioral variables as purchasing out of season and the was-
ted amount had significant effects on the food expenditure of refugee households.

Keywords: Refugee household, Food expenditure, Determinants, Multiple Linear
Regression, Samsun, Turkey

e 2k

MULTECILERIN GIDA KATEGORILERINE YONELIK HARCAMALARINI ETKILEYEN
FAKTORLER: SAMSUN KENTSEL iLCELER ORNEGI, TURKIYE

Oz:

Gida kategorilerine iligkin hane halki harcamalar: kiiltiirel, sosyo-demografik
ve ekonomik faktorlerden etkilenmektedir. Bu ¢aligmanin amaci, siginmaci hane
halklarinin sebze, meyve, siit tirtinleri, et tiriinleri ve tahillar kategorilerine ait top-
lam gida harcamalarini etkileyen faktorlerin belirlenmesidir. Aragtirmanin birincil
verileri, Samsun ilinde ikamet eden 252 Suriyeli ve Irakli siginmaci hane halki ile
Ekim 2019-Mart 2020 déneminde yapilan anketlerden elde edilmistir. Siginmact
hanelerin gida harcama kategorilerinin belirleyicilerini tahmin etmek i¢in ¢oklu
dogrusal regresyon analizinden yararlanilmistir. Sonuglar, siginmaci hane halkla-
rinin haftalik ortalama gida harcamasi 311 TL olup, bu hanehalki gelirinin %38'ina
tekabiil ettigini gostermektedir. Gida harcamalarinda en yiiksek payi sirasiyla et,
sebze, meyve, siit tiriinleri ve tahillar almaktadir. Model sonuglarina goére sigin-
maci hanehalklarinin gida harcamalarini; sosyo-demografik degiskenlerden hane
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halki biiyiikligii ve Samsun ilinde ikamet siiresi, ekonomik degiskenlerden gelir
diizeyi ile davranigsal degiskenlerden sezon disi satin alma ve israf edilen gida mik-
tar degiskenlerinin istatistiki olarak 6nemli etkileri s6z konusudur.

Anahtar Kelimeler: Siginmaci hane halki, Gida harcamasi, Belirleyiciler, Coklu
Dogrusal Regresyon, Samsun, Tiirkiye

e 2k

1. INTRODUCTION

In the world, the number of immigrants and refugees has increased gradually
due to war, internal conflicts, and poverty during the last two decades. Globally,
Turkey is known as the biggest country hosting Middle Eastern refugees. The
number of refugees in Turkey increased from 0.7 to 3.9 million in the period of
2013-2019 (Anonymous, 2019). Syrian and Iraqi refugees are the largest immig-
rant groups in Turkey. Migration to another country has an important impact on
consumer behavior due to a new society and culture. Many factors influence food
consumption behavior, including culture, social, values, and economic factors
(Ramya and Ali, 2016). Therefore, marketers have tried to understand the new
consumption behavior of immigrants as the most powerful determinant of consu-
mer behavior (Cleveland and Chang, 2009).

Consumer behavior can be defined as the process involved when individuals
or groups select, purchase, evaluate, acquire, use or dispose of products, services,
ideas or experiences to satisfy needs and desires and to fulfil consumers’ wants
and desires (Solomon et al., 2006; Schiffman and Kanuk, 2007; Noel, 2009; Khan,
2007; Ramya and Ali; 2016). There is no single theory of consumer behavior in-
terpreting consumer behavior. Instead, there are various theories, models, and con-
cepts making up this field (Peter and Donnelly, 2007). Different factors such as
social, personal, cultural, psychological and economic influence purchasing beha-
vior whereas each type of these factors can be divided into sub-factors (Kotler and
Armstrong, 2012; Schiffman and Kanuk, 2007; Noel, 2009; Khan, 2007; Ramya
and Ali; 2016).

Food consumption behaviors and influencing factors have been examined by
the researchers. Thus, Kotler and Armstrong (2012) examined the effects of the
demographic factors on consumer behavior and found that many factors such as
income, age, occupation, gender, race, level of education, religion, social class,
family size and nationality could influence buying behavior of the consumers.
Pilgrim (1957) stated that food perception includes three factors as psychological
effects, sensory attributes, and environmental effects. More specially, the different
studies were conducted to understand the factors influencing the households’ fruit
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and vegetable consumption. Dibsdall et al. (2003) stated that age, employment,
gender, smoking, and marital status affected consumers’ attitudes towards access,
affordability, and motivation to eat fruit and vegetables. Baker and Wardle (2003)
conducted a study on the factors influencing fruit and vegetable consumption and
confirmed the differences in fruit and vegetable consumption based on gender.
While Cox et al. (1998) reported that consumers could increase their fruit and
vegetable consumption, this was only weakly associated with intention to do so.
Balasubramaniyam (2015) examined the heterogeneity of food consumption pat-
terns among different ethnic groups in Ontario (Canada) and found that there was
heterogeneity among different ethnic groups on fruit and vegetable consumption
and duration of residence and type of residence had a significant impact on a few
categories of food.

Determinants of household food expenditures are still essential in most studies
on consumer purchasing behavior. In Turkish studies, household size and compo-
sition, education, age and gender of the household head, seasonal and regional dif-
ferences were determined as important determinants for food expenditure (Akbay
et al. 2007). Moreover, food consumption patterns change considerably as long
as the level of education and welfare increase. Bilgic and Yen (2013) found that
age influences food expenditure positively; better educated households deman-
ded more protein products (meat) and married consumers demanded more dairy
products. Jacobson et al. (2010) suggested that there is a significant relationship
between household income, household size, and age regarding food expenditure.
Venn et al. (2018) identified that income has a higher impact on food expenditure
than education. Ball et al. (2006) also found that education level significantly and
positively influenced vegetable and fruit intake.

Immigrants and refugees have different desires, buying methods, and product
preferences. Therefore, understanding the food consumption behaviors of immig-
rants has become one of the potential issues in marketing fields. Dustmann et al.
(2017) revealed that the legalization programs may increase the level of immigrant
consumption in the host country, where this process will affect positively both the
host country’s economy and the immigrants’ degree of socioeconomic integration.
Aljaroudi (2018) revealed that immigrants tend to balance the maintenance of the-
ir traditional habits and the variables of household income, level of education, pro-
fession of parents, and age of children, which have statistically positive impacts
on consumption. Mbombo-Dweba et al. (2017) stated that traditional food plays a
significant role in the dietary patterns of sub-Saharan immigrants in South Africa.

The current study could contribute to the literature in a number of ways. First-
ly, this study investigated the factors influencing food expenditure for five catego-
ries, whereas most studies focus on one or two food categories. Secondly, the cur-
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rent study focused on the refugee household population hosting in Turkey. Several
studies have examined Turkish people’s food expenditure; however, no studies
have addressed the food expenditures of refugees in Turkey. The aim of this study
was to examine the determinants influencing the refugee households’ expenditures
on foods. The main research questions of this study are given as follows: (i) How
much do the refugee households spend on food categories? (ii) What are the fac-
tors influencing their food expenditure?

The purpose of the study was to test the following hypothesis:

H,. There are differences among Syrian and Iraqi refugee households’ food ex-
penditures.

H,. Socio-demographic variables have a significant influence on food expenditure.
H,. Economic variables have a significant influence on food expenditure.
H,. Behavioral variables have a significant influence on food expenditure.

2. Material and Methods

2.1 Research Area, Sampling and Data Collection

The research area was chosen as the central urban districts (Canik, Ilkadim,
and Atakum) of Samsun province of Turkey to explore the factors influencing food
expenditure of Syrian and Iraqi refugees There were about 680 Syrian and Iraqi
families residing in the selected districts. All of the refugees came from Syria and
Iraq after 2011 when the conflict had started.

The level of accuracy is an important determinant of sample size. The larger
the sample size, the more accurate your estimates are (Kumar, 2009). The sample

household size from the refugee population was determined as 252 using a random
sampling design given in Formula 1 (Tejada and Punzalan, 2012):

N
n=
1+Ne®

(M

Where
n : sample size

N:680
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Z :1.96 for the confidence level 95%
e : 0.05 acceptance level of sampling error

n= 680 / 1+680 (0,05)?

Face-to-face semi-structured interviews and structured questionnaires were
used to collect research data from refugee households between October 2019 and
February 2020. The sample respondents from the refugee households were above
18 years old and responsible for buying food.

2.2 Data Analysis Method

The data were collected, edited, coded, and became ready to be analyzed. In
addition, the data were analyzed using the software programs EXCEL and SPSS 25.
Different methods were used to achieve the objectives of the research. The desc-
riptive analysis was used to explain variables and multiple linear regression analy-
sis was carried out to estimate the relationship between dependent variable and
independent variables. Linear multiple regression (LMR) analysis is a statistical
technique for understanding the impact of independents variables on dependent
variable(s). Also, multiple linear regression analysis is an appropriate technique
to obtain our objectives because all the variables in this model are metric. Multi-
collinearity test refers to the correlations among three or more independent vari-
ables. Multicollinearity refers to the correlations among three or more indepen-
dent variables. There must be no correlation among the independent variables.
The relationship between the food expenditure of the refugee households and a set
of variables such as socio-demographic, economic, and behavioral variables was
investigated.

In this section, the relationship between the total weekly food expenditures of
the refugee households and a set of socio-demographic, economic, and behavioral
variables were estimated using a multiple linear regression model to obtain the
research objectives.

ExpSharefi = p + aSocDem, + 0 Eco, + & Beh, + &i (2)

Where ExpSharefi represents the food expenditure of refugee households i we-
ekly. SocDem, is a vector of socio-demographic variables including nationality,
gender, marital status, household size, age, education level and, length of stay
in Samsun province. Eco, denotes a vector of economic variables including job
status, number of workers per household, income, and cash assistance providing
by the Turkish government. Beh, is a vector of behavioral variables including the
number of meals daily, buyer, purchasing out of season, listing through shopping,
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payment method, and waste food. f refers to a constant value. a, 8 and,  represent
regression coefficients for socio-demographic, economic, and behavioral variab-
les, respectively. i denotes the error terms.

Table 1 shows the definition and description of all variables used in the mo-
del (multiple linear regression). The current study used eight socio-demographic
variables.

Table 1. Definition of variables and sample means

Cizelge 1. Degiskenlerin ve drnek ortalamalarin tanimi

Variable

Definition and Description

Dependent variable
Food expenditure

Total weekly expenditure on five food categories (TL)

Dummy Independent variables

Nationality I Traqi, O otherwise
Gender 1 male, 0 otherwise
Marital status
Married 1 married, 0 otherwise
Single 1 single, 0 otherwise
Divorced 1 divorced, 0 otherwise

Level of education
Illiterate
Primary
Secondary
High school
University
Postgraduate

District
Canik
Ilkadim
Atakum

Job status
Unemployed
Employed
Student
Cash assistance

Buyer
Father or mother
Father and mother
Children

1 illiterate, 0 otherwise

1 primary, 0 otherwise

1 secondary, 0 otherwise

1 high school, 0 otherwise
1 graduate, 0 otherwise

1 postgraduate, 0 otherwise

1 Canik, 0 otherwise
1 Ilkadim, 0 otherwise
1 Atakum, 0 otherwise

1 unemployed, 0 otherwise

1 employed, 0 otherwise

1 student, 0 otherwise

1 if take assistance, 0 otherwise

1 father or mother, 0 otherwise
1 father and mother, 0 otherwise
1 children, 0 otherwise
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Number of meals
Two meals
Three meals
Four meals
Purchasing offseason
Never
Very Rarely
Rarely
Occasionally
Frequently
Always
Doing list for shopping
Never
Very Rarely
Rarely
Occasionally
Frequently
Always
Type of payment

1 two meals, 0 otherwise
1 three meals, 0 otherwise

1 four meals, 0 otherwise

1 never, 0 otherwise

1 very rarely, 0 otherwise

1 rarely, 0 otherwise

1 occasionally, 0 otherwise
1 frequently, O otherwise

1 always, 0 otherwise

1 never, 0 otherwise

1 very rarely, 0 otherwise

1 rarely, 0 otherwise

1 occasionally, 0 otherwise
1 frequently, 0 otherwise

1 always, 0 otherwise

1 cash way, 0 otherwise

Continuous Independent variables

Age Age in years
Household size Number of individuals in the household

Length of stay in Samsun Number of years residing at Samsun

Workers per household Number of workers in the household
Income Monthly income (TL)
Waste food Amount of weekly wasted food (TL)

3. Results and Discussion
3.1 Descriptive Results and Definition of Variables

Descriptive statistics for the respondents’ socio-demographic characteristi-
cs were given in Table 2. The results show that 44.8% and 55.2% of the refugee
respondents were Syrian and Iraqi, respectively. The Iragi population in Samsun
was greater than the Syrian population. The share of male and female respondents
was 62.3% and 37.7%, respectively. While 51.2% of the respondents were married,
47.2% and 1.6% were single and divorced, respectively. The average age of the
respondents was 30 years. The average household size was 5. Relative to the educa-
tional level, the majority of respondents (47.2%) had bachelor’s degrees, 21.8% and
14.3% of the respondents completed high school and postgraduate, respectively.
Only 5.2% had no formal education, and 5.2% had formal education. The majority
of the respondents (61.1%) settled in the central district of Ilkadim, 20.6%, and
18.3% were settled in Atakum and Canik districts, respectively. About half of the
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respondents (47.2%) have lived in Samsun province for about 3 years, 28.6% for
3-4 years, 22.2% for 5-6 years, and 2% for more than 6 years. The great wave of
migration started after 2014.

Considering the economic characteristics of the respondents, while 38.5% were
employed, 35.7% and 25.8% were students and unemployed, respectively. While
51.2% of refugee households had no employee, 32.9% had one worker, 13.5% had
two workers and 2.4% had three workers. About 36.1% of refugee households re-
ported that their monthly income was above TL 3000, 29% had monthly income
between TL 2000 and 3000, 18.7% had between TL 1500 and 2000 and, 16.3% re-
ported that their monthly income was below TL 1500. The majority of respondents
84.9% did not benefit from cash assistance, while only 15.1% of them received it.
The number of household members must be at least 5 to achieve cash assistance.

About 75.8% of respondents, 7.9% of father and mother, and 16.3% of child-
ren were in charge of purchasing. The half of respondents (49.6%) had daily three
meals, 43.7%, and 6.7% had two and four meals, respectively. According to the
results, 27.8% of the respondents bought rarely and occasionally off-season foods.
The results show that 21.4% of respondents do shopping list occasionally, 19.4%
never, and 8.7% rarely do them. Finally, the majority of respondents (22.1%) used
credit/bank cards for shopping, whereas 77.9% paid cash. 41.3% of the refugee
households had food waste, whereas 58.7% did not.
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Table 2. Descriptive statistics for socio-demographic, economic, and behavioral
variables

Cizelge 2. Sosyo-demografik, ekonomik ve davranigsal degiskenler i¢in tanimla-
yicl istatistikler

Variables No. of Respondents  Percent (%)
Nationality Syrian 113 44.8
Iraqi 139 55.2
Gender Male 157 62.3
Female 95 37.7
Marital status Married 129 51.2
Single 119 47.2
Divorced 4 1.6
Age group
18 — 25 years 100 39.8
26 — 35 years 79 315
36 — 45 years 44 17.5
5 More than 45 29 11.2
'§ Household size Less than 3 29 11.5
& From 3 to 4 64 254
E From 5 t0 6 95 377
'q?) ) More than 6 64 25.4
.§ Level of education Ill@terate 13 52
1% Primary 13 5.2
Secondary 16 6.3
High school 55 21.8
University 119 47.2
Postgraduate 36 14.3
District of residence  Canik 46 18.3
Ilkadim 154 61.1
Atakum 52 20.6
Length of Less than 3 years 119 47.2
stay in Samsun From 3 to 4 years 72 28.6
From 5 to 6 years 56 222
Above of 6 years 5 2.0
Job-status Unemployed 65 25.8
Employed 97 38.5
Student 90 35.7
Number of workers None 129 512
° 1 worker 83 32.9
g 2 workers 34 13.5
% 3 workers 6 2.4
@ Monthly household =y oo ypan 1500 TL 41 16.3
income 1500 -2000 TL 47 18.7
2000-3000 TL 73 29.0
More than 3000 TL 91 36.1
Benefit from cash  Yes 38 15.1
assistance No 214 84.9
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Who makes a purc-  Father or mother 182 75.8
hase? Father and mother 19 7.9

Children 39 16.3

Two meals 110 43.7

E::llszzzfn Three meals 125 49.6
Four meals 17 6.7

Never 42 16.7

Very Rarely 41 16.3

Purchasing Rarely 70 27.8

= off-season foods Occasionally 70 27.8
-§ Frequently 19 7.5
% Always 0 0.0

. Never 49 19.4

. . Very Rarely 34 13.5
Dl;)r?hga:ehst of food Rarely 2 37

p Occasionally 54 21.4

Frequently 46 18.3

Always 30 11.9

Payment type in Cash 183 77.9

food shopping ATM card 52 22.1

Food wast Yes 104 413

ood waste No 148 58.7

Table 3 shows the weekly food expenditures of the refugee households. The
weekly expenditure on five food categories was 311 TL, accounting for 38% of
the total household income. The distribution of food expenditure was as follows;
28% on meat, 26% on vegetables, 18% on fruit, 14% on dairy products, and 13%
on cereals.

Table 3. The refugee households’ weekly food expenditure by food categories

Cizelge 3. Hanelerin gida kategorilerine gore haftalik gida harcamalar1

Food categories Average expenditure Percent (%) from food  Percent (%) from the
(TL/week) expenditure total income

Vegetables 82 26.0 10.0

Fruit 57 18.0 7.0

Dairy products 45 15.0 6.0

Meat 87 28.0 11.0

Cereals 40 13.0 5.0

Total 311 100.0 38.0

Table 4 shows the differences in food expenditure between Syrian and Iraqi
refugees for each food category. The average weekly food expenditure was TL 296
by Syrian and TL 325 by Iraqi. There are statistically significant differences in total
food expenditure of the refugee groups (p<0.05). The average weekly vegetable ex-
penditure Syrian was TL 81 by and by was TL 83. The average weekly fruit expen-
diture by Syrian and Iraqi and Iraqi were TL 58 and 56, respectively. The average
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weekly dairy products expenditure was 43 and 46 TL, respectively. The average
weekly meat expenditure was TL 77 by Syrian and TL 99 by Iraqi, respectively and
there are statistically significant differences in their meat expenditures (p<0.05).
The average cereal expenditure was TL 36 by Syrian and TL 43 by Iraqi, respec-
tively and there are statistically significant differences in their fruit expenditures
(p<0.05). Therefore, the hypotheses H1 as there are differences among Syrian and
Iraqi refugees’ food expenditures can be accepted partly.

Table 4. Food expenditure by Syrian versus Iraqi refugees

Cizelge 4. Suriyeli ve Irakli miiltecilerin gida harcamalari

Food categories Syrian refugees Traqi refugees p-value
Mean Std. Dev. Mean Std. Dev.
Vegetables 81 33.68 83 35.77 0.63
Fruit 58 28.10 56 24.20 0.55
Dairy products 43 20.94 46 18.65 0.15
Meat 77 38.81 99 36.55 0.00*
Cereals 36 17.66 43 16.04 0.00*
Total 296 108.12 325 100.78 0.02**

X X mean that significant difference at 1%, 5%, and 10%, respectively.
3.2 Food Expenditure Model Results

The Multiple Linear Regression (MLR) model was used to investigate the fac-
tors influencing the weekly food expenditure of the refugee households. Before es-
timating the regression model, multicollinearity among the independent variables
was tested. Multicollinearity was tested by using VIF values. If variance inflation
factor (VIF) is greater than 10, then there is multicollinearity and vice versa. All
VIEF values are less than 10 and this refers that there is no multicollinearity among
the independent variables.

Table 5 shows ANOVA results and includes two main values as F test and its
significance level. F test equals 7.346 and the significance level (p<0,01) show that
there is a significant linear relationship between the dependent and independent
variables. The R adjusted equals 0.480 and it means that 48% of the variation in the
total food expenditure was explained by variation in the independent socio-de-
mographic, economic, and behavioral variables.

The model results show that the constant value is 43.142 and this means if all
independent variables of the model are zero, the weekly food expenditure of the
households equals 43.142 TL.
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The findings show that various variables had significant effects on food expen-
diture. In general, the variable of household size had a statistically positive influen-
ce on the food expenditure (p<0.01). As the household increases one member, the
weekly food expenditure increases by 17.726 TL. These findings were supported
by Jacobson et al. (2010). However, Deaton and Paxson (1998) found different re-
sults as food expenditure decreases as household size increases. We also found that
income level had a statistically positive effect on the refugee households” weekly
food expenditure (p<0.01). One TL increase in the monthly income leads to an
increase in weekly food expenditure by 0.021 TL. These results were consistent
with the results of other studies (Akbay et al., 2007; Venn et al., 2018; Kirkpatrick
and Tarasuk, 2003; Abdel-Ghany et al., 2002). In addition, the findings ensure the
importance of income in the food expenditure. Different studies support our fin-
dings, and how low incomes limit access to adequate food and increase the level
of poverty (Dharmasena et al., 2016). The findings revealed that the waste amount
of food had a statistically positive effect on the refugee households” weekly food
expenditure (p<0.01). One TL increase in the waste food leads to an increase in
weekly food expenditure by 0.941 TL. Gob status and cash assistance were not
statistically significant on the food expenditure. Our results are inconsistent with
Antelo et al. (2017) whereas, unemployment status had a negative impact on Spa-
nish households” food consumption. Dharmasena et al. (2016) also, indicated that
unemployment increases level of food insecurity and poverty. These findings can
be explained that some researchers had another resource of the income. On the
other hand, cash aids are seen as insufficient according to the needs of the refugees.

The variable of the length of stay in Samsun province had a statistically nega-
tive effect on the refugee households’ weekly food expenditure (p<0.05). One year
increase in the duration of stay in Samsun leads to a decrease in the weekly food
expenditure by 6.325 TL. Moreover, the variable of purchasing oft-season had a
statistically significant positive effect on the weekly food expenditure (p<0.05). The
households who purchase occasionally off-season foods expended weekly more
by TL 31.993. However, the households who purchase off-season foods frequently
expended weekly more by TL 47.556.

However, the variables of nationality, gender, marital status, age, education
level, district, job status, number of workers in the household, cash assistance,
number of meals daily, buyer, listing before shopping, and payment method did
not have a statistically significant influence on the weekly food expenditure of the
refugee households.

According to the findings, household size and length of stay in Samsun had sta-
tistically significant associations on food expenditure. Therefore, H2. Hypothesis
as socio-demographic variables have a significant influence on food expenditure

https://doi.org/10.7161/0muanajas.948692 d



Abdulrazak Ghazal, Mehmet Bozoglu

can be partly accepted. Level of income had statistically significant associations on
food expenditure. Therefore, H3. Hypothesis as economic variables have a signi-
ficant influence on food expenditure, can be partly accepted. Finally, the variables
of purchasing food products off-season and food waste had statistically significant
associations on food expenditure. Therefore, H4. Hypothesis as behavioral variab-
les have a significant influence on food expenditure can be partly accepted.

The refugees left their countries and moved to Turkey. This crisis can influence
the food expenditure negatively. The refugees in Turkey are facing different crises
such as, economic, social, and other crises. The economic crises have negative im-
pact on the food consumption and expenditure. The food expenditure of the refu-
gees has been influenced by these crises. Brinkman et al. (2009) indicated that the
economiic crisis reduces both the quantity and quality of food consumed.

Table 5. Regression results of weekly food expenditure model

Cizelge 5. Haftalik gida harcama modelinin regresyon sonuglar1

Independent Variables Coefficients Std. Error t-test p-value
(Constant) 43.142 41.735 1.034 .303
Nationality -.071 11.509 -.006 995
Gender 18.295 11.078 1.651 .100
Single 4.314 16.015 .269 .788
Divorced 8.696 46.590 .187 .852
Age .881 .652 1.350 178
Household size 17.726 2.661 6.660 .000*
Primary 19.644 34.292 573 .567
Intermediate -18.993 32.577 -.583 .561
High -5.314 27.108 -.196 .845
Bachelor 821 25.365 .032 974
Graduate 12.022 27.750 433 .665
Atakum 10.369 18.428 .563 574
lkadim 20.545 18.705 1.098 273
Length of stay -6.325 3.125 -2.024 .044**
Employment 22.892 13.910 1.646 .101
Student 17.562 14.865 1.181 239
N. of workers 12.470 7.537 1.655 .100
Income .021 .003 6.273 .000*
Cash assistance -21.210 16.178 -1.311 191
Father And mother -3.537 20.203 -.175 .861
Children -11.864 15.637 -.759 449
Three Meals 12.562 10.907 1.152 251
Four Meals -2.953 22.973 -.129 .898
Very Rarely 20.335 17.627 1.154 .250
Rarely 21.347 16.703 1.278 .203
Occasionally 31.993 17.415 1.837 068>
Frequently 47.556 23.469 2.026 .044**
Very rarely list 12.830 18.218 .704 482
Rarely list -6.266 21.328 -.294 .769
Occasionally list 8.965 16.995 .528 .598
Frequently list -.091 17.617 -.005 .996
Always list 7.845 19.785 397 .692
Payment Way 9.041 13.689 .660 .510
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Waste amount 941 .356 2.639 .009*
Model summary R?=0.555, Adjusted R?= 0.480
ANOVA results F=7.346, Sig = 0.000

a. Dependent Variable: Food Expenditure Weekly
X B mean that significant at 1%, 5%, and 10% levels, respectively.
4, CONCLUSION

In this paper, we aimed to estimate the food expenditure of Syrian and Iraqi
refugees in Samsun province of Turkey. Food expenditure of Syrian and Iraqi refu-
gee households was analyzed using LMR. This paper included expenditure on ea-
ten food at home. It is difficult to comprise all food categories in one study. There-
fore, the current study included expenditure on five food categories as vegetables,
fruit, dairy products, meat products, and cereals. This study is one of few studies
conducting on the food expenditure of refugees in Turkey. This study is based on
three groups of variables such as socio-demographic, economic, and behavioral
variables to examine the influencing factors on the weekly food expenditure.

The first step was to estimate expenditure on food weekly. According to the
results, the total food expenditure of refugees’ households was 311 TL represen-
ting 38% of the total household income. These results showed high expenditure
comparing with total income. There were significant differences in both total food
expenditure and grouped food expenditure between Syrian and Iraqi refugees. We-
ekly food expenditure of Iraqi households was greater than Syrian households. It
was concluded that the economic status of Iraqi was better than Syrian refugees.
Except for fruit, the expenditure by Iraqi refugees was greater than Syrians for the
remaining categories. Despite Syrian and Iraqi refugees descend from near are-
as and speak the same language, their food expenditure behaviors were different.
There were statistically significant differences in the food expenditure patterns of
Syrian and Iraqi refugees. Iraqis provide the most consideration to meat products,
whereas Syrians provide the most consideration to vegetable products.

The research concluded that household size, length of stay in Samsun province,
level of income, purchasing oft-season foods and wasted food amount had statis-
tically significant impacts on the food expenditure of the refugee households. The
surprising finding was that educational level was not an influential factor. This is
explained by the fact that the refugees in the host country (Turkey) do not take
salaries aligned with the educational levels. These results are consistent with other
studies suggesting that food expenditure was associated with financial resources
such as household income (Venn et al., 2018).
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The share of food expenditure in the budget for refugee households was high
compared with the total income. Therefore, the refugee households should dec-
rease the share of food expenditures in their budgets regarding to their incomes
and food patterns. The refugees should pay attention to expend more on fruit and
cereals to decrease the expenditure of meat products. The food policies should be
established based on understanding the factors influencing their food expenditure.
Therefore, it is necessary to evaluate the status of food consumption and expendi-
ture of refugees.
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IMPACT OF GENDER DISCRIMINATION ON ECONOMIC ASSET ACCUMULATION
OF SMALLHOLDER RICE FARMERS PARTICIPATING IN USAID MARKETS II
PROGRAMME IN NIGERIA’S KANO STATE

ABSTRACT:

Women's control of assets is linked to favorable development outcomes at the
household and individual levels, which are crucial for poverty alleviation. The goal
of this study is to give agricultural development programs advice on how to in-
corporate gender and assets into intervention design, implementation and assess-
ment.The research empirically used Oaxaca-Blinder decomposition technique to
isolate the impact of gender discrimination on economic asset acquisition among
USAID MARKETS II rice farmers in Nigeria’s Kano State. A structured question-
naire complemented with an interview schedule using an easy-cost-route appro-
ach was used to collect cross-sectional data set for the 2018 rice cropping season
from 189 participating farmers selected through a multistage sampling technique.
The collected data were analyzed using both descriptive and inferential statistics.
From the empirical evidence, it was established that gender differentials had both
an effect and an impact on the economic capital acquisition of the two gender
groups with a disadvantage or negative consequence on the female farmers. Besi-
des, in isolating the impact of the gender differential, it was observed that gender
discrimination due to gender inequality in access and control of productive re-
sources accounts for a major part of the gap in the economic capital acquisition,
thus affected women’s economic capital accumulation. Thus, the study suggests a
mechanism of gender budget mainstreaming in order to establish gender equality
and equity, thereby enhancing the growth and development of the farm economy
and the aggregate economy of the state in particular and the nation in general.

Keywords: Access, Resorces, Equality, Gender, Programme, Nigeria
e

CiNSIYET AYRIMCILIGININ NiJER'IN KANO EYALETINDE USAID PiYASALARI II
PROGRAMINA KATILAN KUCUK OLCEKLI PIRINC CIFTCILERININ EKONOMIK
VARLIK BIRiKiMi UZERINDEKI ETKISi

Oz:

Kadmlarin varliklar1 kontrol etmesi, yoksullugun azaltilmasi icin ¢ok 6nem-
li olan hane ve bireysel diizeylerde olumlu gelisme sonuglariyla baglantilidir. Bu
¢aligmanin amaci, toplumsal cinsiyet ve varliklarin miidahale tasarimina, uygu-
lanmasima ve degerlendirilmesine nasil dahil edilecegine dair tarimsal kalkinma
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programlarina tavsiyelerde bulunmaktir. Arastirma, USAID MARKETS arasinda
cinsiyet ayrimciliginin ekonomik varlik edinimi tizerindeki etkisini izole etmek
i¢cin ampirik olarak Oaxaca-Blinder ayrigtirma teknigini kullandi. Nijerya'nin
Kano Eyaletindeki II piring ¢iftcileri. Cok asamali bir 6rnekleme teknigi ile secilen
189 katilimer giftgiden 2018 piring mahsul sezonu igin kesitsel veri seti toplamak
i¢in kolay maliyet-yol yaklagimi kullanan bir gériisme programu ile tamamlanan
yapilandirilmis bir anket kullanildi. Toplanan veriler hem tanimlayici hem de ta-
nimlayict kullanilarak analiz edildi. ve ¢ikarimsal istatistikler. Ampirik kanitlar-
dan, cinsiyet farkliliklarinin, iki cinsiyet grubunun ekonomik sermaye kazanimi
tizerinde hem etkisi hem de etkisi oldugu ve kadin giftgiler tizerinde dezavantajli
veya olumsuz bir sonucu oldugu tespit edilmistir. Ayrica, toplumsal cinsiyet fark-
liliginin etkisinin izole edilmesinde, ekonomik sermaye kazanimindaki boslugun
onemli bir bolimiini {iretken kaynaklara erisim ve kontrolde cinsiyet esitsizligi-
ne bagli cinsiyet ayrimciliginin olusturdugu ve dolayisiyla kadinlarin ekonomik
sermaye birikimini etkiledigi gortilmistir. Bu nedenle ¢alisma, toplumsal cinsi-
yet esitligini ve esitligini tesis etmek ve boylece tarim ekonomisinin ve 6zel olarak
devletin ve genel olarak ulusun toplam ekonomisinin biiyiimesini ve gelismesini
artirmak i¢in toplumsal cinsiyete dayali biitgeyi ana akimlastirma mekanizmasi
onermektedir.

Anahtar Kelimeler: Erisim, Kaynaklar, Esitlik, Cinsiyet, Program, Nijerya

ek

1. INTRODUCTION

When describing resources that individuals, families, or other entities (groups,
corporations) hold, the term “asset” is often used extremely loosely. Conventional,
privately held productive and financial wealth, as well as social, geographic, and
market access advantages that impart economic advantage, are defined as assets by
Carter and Barrett (2006) and Johnson et al. (2015). Another way assets are dis-
cussed in international development literature is through the Sustainable Liveliho-
ods paradigm (Njuki et al., 2014; Olney et al., 2015; Johnson et al., 2016). Natural
(land, water), physical (agricultural and household durables), financial (cash or
savings), human (health, knowledge, skills), and social (group membership, social
networks) capitals are recognized in this framework, and these capitals are posited
to underpin households’ ability to engage in livelihood strategies. The ownership
and control of an asset are important aspects of its definition (Johnson et al., 2016).

Women’s control of assets is linked to favorable development outcomes at the
household and individual levels, which is crucial for poverty alleviation (Quisum-
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bing et al., 2015; Johnson et al., 2016). Gender equality is a foundation for add-
ressing the difficulties of poverty reduction, sustainable development, and good
governance, rather than a goal in and of itself (Sadiq et al.2020b).For many ye-
ars, development interventions focused on raising incomes to alleviate poverty.
However, a growing body of evidence now emphasizes the importance of assets for
poverty reduction (Naschold, 2012 and 2013; Paris et al.,2015), as well as for in-
dividuals’ and households’ current and long-term well-being (Schreiner and Sher-
raden, 2007; Johnson et al., 2016). There is also research on the value of women’s
wealth ownership and control for a variety of development outcomes, both for wo-
men and their families (Meinzen-Dicket al., 2011; Paris et al., 2015). Men, on the
other hand, have a general advantage in asset ownership due to the gender norms
that regulate asset ownership, which implies they own more assets and assets of
higher value than women (Deere et al., 2013; Quisumbing et al., 2015; Johnson et
al., 2016).

While increasing women’s assets has become a global development priority
(FAO, 2011; Meinzen-Dick et al., 2011; Deere et al., 2013; Savath et al., 2014; van
den Bold et al., 2015), few agricultural initiatives evaluate their effects on individu-
al or household assets. By influencing who participates (and who does not), as well
as how and how much they benefit, assets can impact the design, implementation,
and outcomes of programs. The gendered allocation of assets is governed by socie-
tal standards, although it is not unchangeable. Agricultural development programs
have the potential to change the asset distribution between men and women. This
could be accomplished directly, for example, through direct wealth transfers to
women or through training, possibly in conjunction with attempts to change atti-
tudes. It can also happen inadvertently, as a result of projects’ downstream effects
on gendered income control and investment prospects. These latter consequences
may be inadvertent, but if women’s access to or control over assets is weakened,
they may suffer poor consequences.

Because the majority of impoverished women in Africa live in rural regions, re-
searching their empowerment status and the factors that influence it is a useful tool
for conquering poverty (Obayelu and Chime, 2020). In rural Nigeria, there is little
empirical research on multidimensional women’s empowerment. As a result, this
study provides a clear understanding of the drivers of women’s empowerment in
rural Nigeria, and its findings will serve as guiding documents for policymakers as
they design gender-responsive intervention programs and implement true gender
mainstreaming in Nigerian rural development policy. Furthermore, the findings
would add to the expanding body of information on women’s empowerment in
Nigeria’s Kano state, the country as a whole, and the developing globe, particularly
through empirical studies. Thus, this research on the isolating impact of gender
discrimination on economic capital asset accumulation was conceptualized. The
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specific objectives were to describe the socio-economic profile of the respondents;
determine the effect and impact of gender differential on economic capital asset
accumulation; and, isolate the impact of gender discrimination on the economic
capital accumulation.

2. Materials and Methods

Nigeria’s Kano state is located in the northern section of the country, with la-
titudes ranging from 10° 33 to 12° 37N and longitudes ranging from 07° 34 to 09°
25E of the Greenwich meridian time. Northern-Guinea savannah and Sudan sa-
vannah, respectively, characterize the northern and southern regions of the state’s
vegetation. The annual rainfall ranges from 600-1200 mm in the Northern-Guinea
savannah to 300-600 mm in the Sudan savannah. Furthermore, arable crop growth
seasons in the Sudan savannah region range from 90 to 150 days, whereas they
range from 150 to 200 days in the Northern-Guinea savannah region. The state’s
population is expected to be 9.4 million people (NPC, 2006), with a population
growth rate of about 3.5 percent per year. The state has over 1,754,200 hectares of
arable land. The state is well-known for its commercial activities, with the majority
of its residents working in agricultural commodities trading.

A multi-stage sampling technique was used to select 195 farmers from the pro-
ject sites as a representative sample size. The purposive selection of six (6) parti-
cipating Local government areas (LGAs) out of the nine (9) LGAs designated for
USAID MARKETS II program in the state was based on a high concentration of
smallholder rice producers in the first stage. Bunkure, Garun-Mallam, Kura, Dam-
batta, Bagwai, and Makoda are the LGAs chosen. Secondly, five (5) participating
localities were chosen at random from each of the identified LGAs. In the third
stage, nine (9) farmers were chosen at random from Bunkure, Garun-Mallam, and
Kura LGAs, while four (4) farmers were chosen at random from Dambatta, Ba-
gwai, and Makoda LGAs. Thus, a total of 195 farmers constituted the representa-
tive sample size. However, only 189 questionnaires were deemed legitimate, thus
subjected to examination. The data for the 2018 rice cropping season was gathered
using a well-structured questionnaire complemented with interview schedule. Ob-
jectives I, II and III were achieved using descriptive statistics; Chow-test and Ave-
rage treatment effect; and, Endogenous switching regression and Oaxaca-Blinder
decomposition models, respectively.

Empirical model:
1. Chow F-statistic test

Following Amaefula et al. (2012); Sadiq et al.(2020a&b); Sadiq et al.(2021), the
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F-statistics tests for the test for effect of gender differential, test for homogeneity of
slopes, and test for differences in intercepts are given below:

To isolate the effect of gender differential, the error sum of squares for asset
function of: (i) women gender (ii) men gender (iii) pooled data without a dummy
variable (iv) pooled data with a dummy variable ( men =1, women =0) area as
follows:

Test for effect of gender differential: F*= w (1)
(Ze3+Ls3
Where and are the error sum of square and degree of freedom respectively for
the pool(women and men), and are the error sum of square and degree of freedom
respectively for the women group, and, and are the error sum of square and degree
of freedom respectively for the men group.

If the F-cal is greater than the F-tab, it implies that the gender differential has an
effect on the economic capital asset accumulation of the women gender.

_ [E=i-(Eai+T 3] /ey

(Fel+Tel)imy+r,

(2)

Test for homogeneity of slope: F*

Where and are the error sum of square and degree of freedom respectively for
the pool (both women and men gender) with a dummy variable.

If the F-cal is greater than the F-tab, it implies that gender differentialbrings
about a structural change or shift in the economic capital assetparameter.

_Eed-relis-

Test for differences in intercepts: F* T
E E* .'RJ.

(3)

If the F-cal is greater than the F-tab, it implies that the assetof the women group
differs from that of the men group.

2. Average treatment effect (ATE)
It depicts the average outcome difference between units assigned to care and

units assigned to placebo (control). The following equation is based on Lokshin
and Sajaia(2011); Wang et al.(2017); Sadiq et al.(2020a&b); Sadiq et al.(2021):

Gender index of the womenis given by: £ (yl,. |] =L X ) (4)
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Gender index of the men is given by: E(yll. |] =0; X) (5)

Gender index of the women if there is no gender differenceis denoted by:

E(vl=1; ()

Gender index of the men if there is gender differenceis denoted by:
E(y,|1=0,X) @)

Where:

E(.) = Expectation operator
»,; = Capital of the women farmers(dependent variable)

Y,,; = Capital of the men farmers(dependent variable)
I = Dummy variable (1 = women, 0 = men)

x = Explanatory variables that is common to both women and men farmers.
ATT = E(yll = 1) — EQyyill = LX) vt e e e e e v e (B)

ATU =E(yull = LX) = EQyg T = LX) e v e v v s e s e (9)
Average Treatment effect on Treated = ATET
Average Treatment effect on Untreated = ATEU

Equations (8) and (9) were further simplified as:
Ny

1
ATT = E;[p{}‘ﬂ'f ER T TE PR I 159 ) [ o 11 )

1 r
ATU = EE;‘;l[p[ynlf =0 X) —p( oy [T = 0 X0] e e e

Where, and are number of women and men farmers respectively, and = pro-
bability.

Endogenous switching regression model: Y = Capital asset (TLU, Dead stock
and CI);= Age (year); = Marital status (married =1, otherwise=0);= Educational le-
vel (year);= Secondary occupation (yes= 1, otherwise=0); = Household size (num-
ber); = Rice farming experience (year); Extension contact (yes=1, otherwise=0);
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= Mixed cropping (yes= 1, otherwise=0);= Length of participation in MARKETS
IT (year); = Duration of adoption of Urea displacement project (UDP)(year); =
proportion of farm size cultivated under UDP (%);= Total livestock unit (TLU)
(Camel=1.0; Horse=0.8; Cattle=0.7; Donkey=0.5; Sheep & Goat =0.1; and, Chic-
ken=0.01); = Commercialization index (CI)(ratio of marketed surplus to marke-
table surplus); = Rice farm size (ha); and, = Dead stocks (capital assets); = Inter-
cept;= Regression coeflicient; and, = Stochastic.

3. Oaxaca-Blinder decomposition model

With reference to Marwa (2014); Revathy et al.(2020); Sadiq et al.(2020a&b);
Sadiq et al. (2021) the degree to which the capital asset disparity between women
and men farmers can be explained by differences in observed human capital cha-

racteristics was investigated using the standard Oaxaca-Blinder technique (Oaxaca
1973; Blinder 1973). The following are the capital asset functions:
L

In¥z= By + 5 z B = PR g -3
i=1
i
In¥y, =5, + 5 z B PPN o I 3
i=1

Where, = average capital asset value of women farmers; = average capital asset
value of men farmers; X;_n = explanat; and,

Thetotaldifferencecanbeexplainby,............c.cooooii

(14)
The Oaxaca-Blinder decomposition equation is,
mPe—In¥y = (Tp) oo, (15)
alnVe—IFy (16)

Where the first and the second terms respectively, captured the endowment
effect (characteristics differences between the women and men) and the discrimi-
nation effect.
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3. Results and Discussion
3.1 Socio-economic profile of the farmers

Based on the mean age values of the working population vis-a-vis 42 years and
36 years for men and women, respectively, it can be suggested that the women
working population is much younger than that of their men counterparts (Table 1).
However, both fall within the economically active age group; the working category
of the women folk is more promising than that of men who are ageing. This showed
a drift of farm labour to white-collar jobs among the much younger male farmers,
thus living farm activities behind for women, a vulnerable group constrained by
gender stereotype. Besides, there is little or no hope of labour replacement among
the men folk due to farm labour migration to preferred white-collar jobs. Thus, it
is very obvious that in the near future, women folk will champion the upstream
rice supply chain in the studied area: the future of rice farming will be in the hands
of farm women. Furthermore, there is improvement in women involvement in the
upstream rice supply chain against the odd of gender stereotype as indicated by
the women to men percentage ratio of 39:61%. The possible reasons might be the
program tacit focus on women and youth, and women folk steadfast against the
vicious cycle of poverty.

It was observed that the married population of women folk is more than that of
their men counterparts as evidenced by the married percentage ratio of women folk
which is marginally higher than that of their men counterparts i.e. 93.15:90.52%.
Besides, on the average, the women farmers maintained a larger household size (11
persons) than their men counterpart (8 persons). By implication, the women folk
have more family responsibilities to carter for as against their men counterpart.
When male farmers make money from crop sales, they either reinvest it in incre-
asing agricultural output or spend it on personal items. Their earnings have little
effect on the quality of food available to their families. When women farmers make
money, even if it is a small amount, it is more likely to be spent on the family’s food
(Sadiq et al., 2020b).

The average literacy level of the women folk is very poor as against their men
counterparts who on the average acquired post-primary education as indicated by
the year of schooling ratio of 2:8 years in respect of women and men. By implica-
tion, the innovation reception level of the women farmers is affected, thus making
them inescapable from the vicious cycle of poverty. This poor educational level
of women folk is expected as gender stereotype-religion and culture attached less
value and importance to girl child education. Some societies see education expen-
diture on a girl child as a waste of resources- money. An Indian proverb goes that
raising girls is like watering someone else’s lawn. From the moment they are born,
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girl children are viewed as a burden rather than a joy. As a result, women have a low
literacy rate. According to a World Bank cost-benefit analysis, if women obtained
the same level of education as males, farm yields would improve by 7 to 22%, while
improving women’s elementary schooling alone might raise agricultural output by
24% (Kumari, 2020). Also, it allows women to earn more money. According to a
recent International Labor Organization (ILO) report, each additional year in edu-
cation increased a woman’s earnings by roughly 15%, compared to only 11% for a
man (Kumari, 2020).

In terms of experience, male farmers had more longevity of experience in rice
production, thus more experienced than women. This may be attributed to their
advantage in access and control over productive resources due to gender stere-
otype, thus making them efficient mangers in resource allocation. Likewise, the
comparative advantage benefit of gender inequality among male farmers makes
them highly engaged in enterprise diversification as a safety and income security
measures compared to their female counterparts. Women have limited access to
marketing facilities and services, limiting their ability to expand their sources of
revenue. Despite the fact that women contribute as traders, hawkers, and street
vendors, gender issues in marketing are not well addressed. They are not given
the opportunity to receive training in marketing skills such as negotiations, price
fixing, and book keeping.

Since the upstream rice supply chain is program-driven, both genders had
adequate access to extension contact as indicated by the extension contact per-
centage ratio of 99.14:98.63% for men and women respectively. For the duration
of participation in the program-MARKETS II, there is not much difference but
the men have put in more months-6 months than the women. This suggests easy
access to information vis-a-vis exposure owing to gender stereotype. Likewise, for
the length of adoption of UDP, the men category had adopted the technology for
more than a year compared to their women counterpart. Farm women must be
exposed to the most recent innovations in farming technology in order to improve
their technical abilities, which leads to higher production on the farm and at home.
Despite the fact that farm women have made their presence felt in all aspects of
agriculture, socio-cultural norms often prevent them from having outside expo-
sures such as field trips, mass media, information, farm periodicals, technology,
stakeholders, organizations, and so on.Despite men involvement in the program
and adoption of innovation before the women category, findings showed that the
proportion of the farm size adopted under UDP by women category is marginally
higher than that of their men counterpart.

For the TLU, the livestock asset unit of the men category is higher than that of
their women counterpart by 40%. Likewise, the dead-stock asset of the male gen-

ANAJAS, 2022, Cilt 37, SayI 1, Sayfa 169-188



Impact of Gender Discrimination on Economic Asset Accumulation... SNVAS)

der is higher than that of the female gender by 62.1%. Both genders on the average
are marginal farmers; with a potential rice yield of 47.28 and 39.44 quintals for men
and womenrespectively. However, both genders have a low marketable surplus, ne-
cessitating a return to market to shore-up for household and farm consumptions.

Table 1. Socio-economic profile of the genders

Ttems Male Female t-stat
Mean SD Mean SD
Gender 0.613757 - 0.386243 - -
Age 42.00862 8.485936 | 36 10.82179 2.501%F
Marital status 0.905172 0.421637 | 0.931507 0.254338 -1.157™
Educational level 7.534483 3.034981 2.178082 3.683079 7.152°*
Primary occupation 0.87931 0.516398 | 1 0 -2.9770%
Secondary occupation 0.422414 0.918937 | 0.164384 0.373188 4.260°**
Household size 8.206897 6.008328 11.08219 7.086281 -3.160%%*
Experience (rice) 16.02586 5.846176 6.60274 5.987811 8.875%%*
Extension contact 0.974138 0 0.657534 0.477818 4964+
Mixed cropping 0.991379 0 0.986301 0.117041 1.00™
Length of participt. in MKT11 3.931034 1.080123 | 3.369863 1.230479 3.146°%F
Length of adoption of UDP 3.422414 2.321398 | 2.452055 1.716271 33167
% of farm under UDP 48.92241 5.163978 | 56.23288 32.02409 -0.578%
Co-operative membership 0.896552 0 1 0 -2.7637%%
TLU 1.443793 1.065327 | 0.865753 0.802762 2.113%
CI 0.703465 0.097963 | 0.706389 0.159194 -6.081*%*
Rice farm size 0.869138 1.008949 0.597123 0.520557 3.418%%*
Dead-stock (¥) 100379.1 145448.5 | 38097.12 49857.72 32517
Yield (quintal) 47.27852 23.85093 39.43951 24.10239 2.279**

Source: Field survey, 2018
Note: ****** NS yneans significant at 1%, 5%, 10% & Non-significant, respectively.

3.2 Effect of gender differential on economic capital asset accumulation

A cursory review of the results showed that gender differential has effect on the
TLU-livestock asset accumulation, dead-stock asset accumulation and commer-
cialization level-marketable surplus of the men folk as indicated by their respec-
tive F-statistics which are within the acceptable marginof 10% degree of freedom
(Table 2). Besides, for the homogeneity of slope, gender differential viz. gender
inequality i.e. head advantage of access and control of productive resources against
the women folk brought about a structural change in the resource endowment of
the men farmers as evidenced by the respective calculated F-statistics of the assets,
which are different from zero at 10% probability level. Furthermore, for the test of
heterogeneity of the intercept, except TLU, it was observed that there is a difference
in the managerial efficiency of women against the men vis--vis dead stock asset
accumulation and commercialization level as indicated by their respective F-statis-
tics which are within the plausible margin of 10% probability level. This difference
in the managerial efficiency with men being better managers than the women is
largely due to gender stereotype viz. religion and cultural phenomenon which pla-
ce women in the back seat of household responsibility.
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Table 2. Effect of gender differential on asset accumulation

Asset Ttems ESS DF Test F-stat

TLU Female 31.0235 71
Male 222.837 114 1 21.49387%**
Pooled 283.3548 186 11 15.94064***
Pooled with dum- | 280.9491 186 111 1.592674™
my

Dead-stock Female 92.04461 71
Male 99.08724 114 1 18.29603***
Pooled 210.0343 186 11 9.082321***
Pooled with dum- | 205.962 186 111 3.677609***
my

CI Female 1.18 71
Male 2.675372 114 1 29.60103***
Pooled 4.472253 186 11 15.79673***
Pooled with dum- | 4.338005 186 111 5.756132***

my
Source: Field survey, 2018
Note: ¥ ** * NS yneans significant at 1%, 5%, 10% ¢~ Non-significant, respectively.

3.3 Impact of gender differential on economic capital asset accumulation

A cursory review of the treatment-effect estimations viz. nearest-neighbor
matching showed that gender differential has a negative significant impact on the
livestock asset’s accumulation (TLU)- differed cash reserve of women folk as in-
dicated by its estimated ATE coefficient which is within the acceptable margin of
10% (Table 3). This implies that gender inequality and gender stereotypes, mani-
festations of religious and cultural barriers hinder women folk access to and cont-
rol of productive resources, thus affected their physical ownership possession of
livestock-differed cash reserve in the studied area. The consequence of the gender
differential makes the TLU of the women folk to be 0.48 less than that of their men
counterpart as evidenced by the estimated ATE coefficient value of -0.48. Therefo-
re, on the average, it can be inferred that due to the gender differentials, the men
farmers have livestock possession comparative advantage of four heads of sheep/
goats and eight chickens against their female counterpart. Furthermore, because of
the gender status of a farmer as a woman, the women farmers lost a TLU of -0.559
while the men farmers gained a TLU of 0.435 because of their gender status as male
as indicated by the plausibility of ATET and ATEU coefficients respectively at 10%
probability level. Thus, on the average,the equivalent livestock possession lost by a
woman farmer is five heads of sheep /goats and six chickens. Whereas, for the male
gender, on the average, the equivalent livestock possession gained is four heads of
sheep/ goats and four chickens.

For the treatment-effect estimation, both between (ATE) and within (ATET/
ATEU) viz. regression estimation, propensity score matching, and inverse-proba-
bility weight, the empirical evidences showed no impact of gender differential on
livestock asset’s possession (TLU) of the women folk as evidenced by their respe-
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ctive ATE and ATET/ATEU which were not different from zero at 10% degree of
freedom.

For the dead-stock, the nearest-neighbor estimation showed gender differential
to have negative-significant impact on the dead-stock accumulation of the women
folk, thus plummeted their dead-stock possession by 3¥37328.73 against their male
counterpart as indicated by its ATE coeflicient which is within the acceptable mar-
gin of 10% probability level (Table 3). Thus, it can be inferred that gender inequa-
lity and gender stereotype due to cultural and religious constraints affected women
farmers’ acquisition of dead-stock viz. farm production implements, thus inhibit
their active involvement in the upstream supply chain of rice production in the stu-
died area. Besides, due to the gender differential, the women folk lost dead-stock
assets worth 3¥40437.26 against their male counterpart that gained 3¥35372.50 due
to advantage of gender inequality by the latter. The foregoing loss and gains were
based on the negative and positive significant of the ATET and ATEU coeflicients
respectively. For the treatment-effect estimation viz. regression adjustment and
propensity-score matching, between the gender categories, it was observed that
inspite of the declined dead-stock accumulation worth of the women folk against
their men counterpart; gender differential has no impact on the dead-stock asset
accumulation as indicated by their respective ATE coefficients which were not dif-
ferent from zero at 10% probability level. Within the women category, a lost due
to gender differential was observed in the dead-stock accumulation of both regres-
sion adjustment and propensity-score matching estimations as evidenced by the
negativity of their respective ATETs coeflicient. However, the impact of gender dif-
ferential on dead-stocK’s asset lost shown by the regression adjustment estimation
was not significant while that of propensity-score matching was significant, thus
translate into assets lost of 3¥11322.08 as revealed by its estimated ATET coefficient
of 11322.08. Besides, within the male category, gender differential brought about
a gain in their dead-stock assets accumulation as evidenced by the positivity of
both the regression adjustment and propensity-score matching ATEUs estimation;
except that it has a significant impact in the former and a non-significant impact
in the latter.

The regression adjustment and inverse-probability weights of the treatment-ef-
fect estimations showed that gender differential has a positive-significant impact
on the commercialization level-marketed surplus of the women folk, thus making
their marketed surplus higher than that of their men counterpart by 0.085 and
0.044 respectively, as evidenced by their respective ATE coefficients which were
within the acceptable margin of 10% probability level (Table 3). The possible re-
ason may be attributed to women’s adequate utilization of market intelligence as
both categories fully participate in co-operative association. Women folk in the
studied area are active in marketing supply chain, thus vibrant observant of market
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outlook and market information against their male counterparts who are more
active in the upstream aspect of rice enterprise-production. This didn’t come as
a surprise as gender inequality-cultural and religious phenomena are barriers to
women’s access to and control of productive resources, which is very pertinent
in the upstream supply chain of rice production. Thus, owing to the gender ste-
reotype which gives them some leverage to participate in the downstream supply
chain, they tend to explore the potentials of the downstream supply chain so as to
delineate themselves from the vicious cycle of poverty as they belong to the weaker
section of the society-vulnerable group. Furthermore, it was observed that due to
the proficient utilization of market intelligence, they gained a marketed surplus of
0.136 as indicated by the regression adjustment estimated ATET coefficient which
is positive and is within the acceptable margin of 10% degree of freedom. Besides,
the ATEU estimated coefficient of the regression adjustment showed a loss in mar-
keted surplus for the men category due to gender differential, but the influence was
non-significant as indicated by the negativity and non-plausibility of its estimated
ATEU parameter at 10% degree of freedom. Though non-significant (ATET), the
empirical evidence from the inverse-probability weight showed that due to gender
differential, the women folk lost a marketed surplus of 0.037 which would have
been gained if not for gender differential. Likewise, the negative-significant of the
ATEU coeflicient implied that the men category lost a marketed surplus of 0.066. A
similar result was shown by the propensity-score matching ATEU estimated coefi-
cient that revealed a plummeted marketed surplus lost of 0.037 for men as eviden-
ced by its negativity and plausibility at 10% probability level. The possible reason
may be attributed to poor market intelligence of the men gender. It is noteworthy
to mention that between the gender categories of the treatment effect estimation
viz. propensity-score matching and nearest-neighbor matching, gender differential
has no impact on commercialization-marketed surplus of women as indicated by
their respective ATE estimated coefficients which were not different from zero at
10% probability level. Within each category, ATET/ATEU estimated coefficients of
nearest-neighbor matching are not within the plausible margin of 10% probability
level, thus implies non-significant impact of gender differential on commercializa-
tion level of the studied genders. Likewise, for the women group, the ATET coef-
ficient of the propensity-score matching showed no significant impact of gender
differentials on the commercialization level of the women folk as evidenced by the
parameter which is not different from zero at 10% degree of freedom.

Table 3. Impact of gender differential on asset accumulation

Ttems Coefficient [ t-stat Coefficient [ t-stat Coefficient [ t-stat I

TLU Regression adjustment Propensity-score matching Nearest-neighbor matching Inverse-probability weight
ATE 704§536 0.29148 1.21% -0.0974(0-2462) 0.40™ -0.4824 041581 2.43** -0.0042(0.1581 0.03™
ATET (F) -0.7700(0.4792) 161N -0.1927(0.1670) 1.15% -0.5586(0.2971) 1.88% -0.1666(0.1591) 1.05™
ATEU 0.0928(0.3062) 0.30™ 0.0377(0.3557) 0.11% 0.4347(0.2066 2.10%* 0.0469(0.1655) 0.28%
(M)

Mean (F) | 1.1713(0.1895) .18

Mean 1.5248(0.2230) 6.84

(M)
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Dead
stock
ATE -32802.58(21115.19) 1.55™ -8676.74(21528.74) 0.40™ -37328.73(15398.26) 2.42%%
ATET (F) -25614.48(32077.65) 0.80™ -11332.08(3361.32) 337 -40437.26(15160.55) 2.67°°%
ATEU 37326.12(21975.1) 1.70% 7014.26(29953.35) 0.23% 35372.5(19679.19) 1.80%
(M)
Mean (F 53413.97(12348.58) 4.337%%
M e an | 86216.55(17597.48) | 4.90°%
g
ATE 0.0845(0.0283) 2997+ 0.0110(0.0136) 0.81F 0.0158(0.0261) 0.61% 0.0439(0.0205) 2.14**
ATET (F) | 0.1364(0.0386) 3.53% ~0.0298(0.0495) 0.60™ 0.0170(0.0316) 0.54™ ~0.0371(0.0334) 111V
ATEU -0.0520(0.0349) 1.49% -0.0366(0.0039) 9.327 -0.0150(0.0290) 0.528 -0.0658(0.0165) 3.97%%%
(M)
Mean (F) | 0.7411(0.0209) 35307 0.7632(0.0138) | 5495~
Mean 0.6566(0.0198) 33114 0.7192(0.0152) 47.157%%
(M)

Source: Field survey, 2018
Note: % ** * NS ypeans significant at 1%, 5%, 10% & Non-significant, respectively.
F= Female; M=Male

3.4 Economic capital asset gap due to gender discrimination

The result of the gender differential on the TLU showed that gender discrimi-
nation- a structural difference accounted for 89.21% of the TLU (livestock’s as-
set accumulation) differential between women farmers and men farmers (Table
4). The endowment effect, a socio-economic related characteristics, accounts for
10.79% of the TLU gap differential. . Likewise, the gaps in dead stock and commer-
cialization index (CI)-marketable surplus between the two gender groups majorly
owe to gender discrimination. The structural difference called gender discriminati-
on and endowment effect respectively accounted for 64.54 and 35.46%; and, 83.26
and 16.74% in respects of dead-stock asset and CI gaps between the female and
male farmers (Table 4). Besides, the contribution of the different factors towards
the economic capital asset accumulation difference between the two strata is due
to the differences of the regression coefficients of the independent variables of the
respective asset accumulation endogenous switching regressions.

For the TLU, the empirical evidences showed endowed related factors of the
farmers viz.marital status, secondary occupation, household size, length of adop-
tion of UDP, proportion of farm size adopted for UDP, CI and dead-stock contri-
buted favourably to the women farmers, while age, educational level, rice farming
experience, mixed cropping, extension contact, length of participation in MAR-
KETS II and farm size contributed favourably to the men farmers. In the case of
dead-stock asset, the contribution of endowment related factors-age, secondary
occupation, household size, length of participation in MARKETS II, proportion of
farm size adopted under UDP and TLU favoured the women folk while the cont-
ribution of marital status, educational level, rice farming experience, mixed crop-
ping, extension contact, length of adoption of UDP, CI and farm size favoured the
men farmers. For the CI, the endowment related factors such as secondary occupa-
tion, household size, rice farming experience and proportion of farm size adopted
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for UDP contributed favourably to the women stratum, whereas age, marital sta-
tus, educational level, mixed cropping, extension contact, length of participation
in MARKETS II, proportion of farm size adopted for UDP, TLU and rice farm
size contributed favourably to the men stratum. Therefore, it can be inferred that
secondary occupation and household size; and, educational level, mixed cropping
and extension contact; are the distinct endowment related factors that favourably
contributed to women and men farmers respectively.

The mean values of the women and men farmers cum the gaps for the TLU-li-
vestock asset, dead-stock asset and CI-marketable surplus are 0.866, 1.444 and
0.578; :¥38097.12, ¥100379.10 and ¥:62282; and, 0.706, 0.704 and 0.003 respe-
ctively. Out of the TLU gap of 0.578, the difference due to superior endowment
of the men farmers is 0.062 while the difference due to gender discrimination is
0.516. Out of the dead-stock asset gap of :¥62282, superior endowment of the men
farmers accounted for 3¥22084.10 while 3¥40197.90 owes to gender discrimination.
Out of the CI gap of 0.003, superior endowment of the women folk is 0.001 while
gender discrimination is 0.002. Thus, it can be concluded that the consequence of
gender discrimination viz. gender inequality and gender stereotype made the wo-
men folk to lost TLU- livestock asset index of 0.516, approximately five sheep/goats
plus two chickens; dead-stock asset value of 3¥40197.90; and, a marketable surplus
0f 0.002%. The discrimination values represent 59.57, 105.1 and 0.35% of the actual
average values of TLU, dead-stock asset and CI respectively.

Given the endowment-related factors at women farmers’ disposal, if given equ-
al access and control to productive resources as their male counterparts-gender
equality-coupled with an environment free of gender stereotypes, the actual avera-
ge TLU-livestock asset index, dead-stock asset, and CI should be 1.38, 378295.07,
and 0.704, respectively.

The parts of the TLU and CI gaps that can be explained by the differences in
covariates are positive among the women folk while in the case of the dead-stock
asset it is negative among the women group. For the former, it implies that relative
to the men group, the women farmers, on the average, have fewer characteristics
that are associated with higher TLU and CI indexes,whereas, for the latter, the wo-
men folk in relation to the men group have more characteristics that are associated
with higher dead-stock asset accumulation.In a closely related research, Mukasa
and Salami (2016a) found a productivity gap due to gender differential in a cross-
country survey in sub-Saharan Africa viz. Nigeria, Uganda and Tanzania. They
inferred that closing the gender productivity gap would increase productivity gains
by 2.8, 10.3 and 8.1 in Nigeria, Uganda and Tanzania respectively. Consequently, it
raised monthly consumption per adult equivalent and minimized poverty among
women folk. Similarly, Tabari and Elmi (2015) reported that gender inequality had
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a negative effect on the economic growth in Iran. They opined on the need to re-
duce gender gaps to enhance economic growth. In the same vein, a large number
of studies (Partoviet al., 2009; Oseniet al., 2013; Palacios-Lopez and Lopez, 2015;
Mukasa and Salami, 2016b) confirmed that gender inequality impeded economic
growth. Thus, the exemption of women from opportunities affects not only them
but the entire society.

Table 4. Asset gap due to gender discrimination

Ttems Mean TLU coefficient Dead stock coefficient CI coeffi-
cient
F M E M F M F

Intercept -0.71919 -3.06056 7.482071 8.594221 0.565293
Age 36 42.00862 0.002161 0.00393 -0.00489 0.005693 0.002587
Marital status 0.931507 0.905172 0.281696 0.211937 -0.64163 0.424961 -0.09228
Educational Tevel 2.178082 7.534483 0.061744 -0.04673 0.032958 0.045559 0.009791
Secondary occupation 0.164384 0.422414 -0.05756 -0.34272 -0.3437 0.091354 -0.03238
Household size 11.08219 8.206897 0.024403 0.036157 0.052377 -0.0081 0.00704
Experience (rice) 6.60274 16.02586 0.027569 -0.00288 0.015272 -0.00104 -0.00211
Extension contact 0.657534 0.974138 0.383868 -1.1513 1.206927 0.520235 0.058605
Mixed cropping 0.986301 0.991379 0.581011 0.62163 1.715577 -0.27569 0.031247
Length of participation in MKT11 3.369863 3.931034 0.008869 0.161084 -0.02051 0.017336 0.007361
Length of adoption of UDP 2.452055 3.422414 -0.02499 0.063991 0.000755 0.004601 0.003037
% of farm under UDP 56.23288 48.92241 0.007426 -0.00117 0.007798 -0.00059 0.000513
TLU 0.865753 1.443793 - - -0.22585 0.139846 0.007528
CI 0.706389 0.703465 0.197918 0.390265 -0.68731 0.681053 -
Rice farm size 0.597123 0.869138 0.089065 0.458525 0.443063 0.507596 0.017749
Dead-stock (¥) 38097.12 100379.1 -0.07612 0.3145 - - -0.00881

Source: Field survey, 2018

Table 4. Continued ........................
Ttems CI coef- [ TLU decomposition Dead stock decompo- | CI decomposition

ficient sition
M BeXr — %) | XulBr—Bad) | B — X)) | Xu(Br— )| Br&e —Xw)[ Xu(Br - Ba)

Intercept 0.441498 2.341371 -1.11215 0.123795
Age -0.00393 -0.01298 -0.0743 0.029373 -0.44453 -0.01554 0.273913
Marital status 0.046638 0.007418 0.063143 -0.0169 -0.96545 -0.00243 -0.12574
Educational Tevel 0.005866 -0.33072 0.817287 -0.17653 -0.09494 -0.05244 0.029572
Secondary occupation 0.004633 0.014851 0.120459 0.088685 -0.18377 0.008356 -0.01564
Household size -0.00262 0.070165 -0.09647 0.150599 0.496301 0.020243 0.079318
Experience (rice) 0.005348 -0.25979 0.487928 -0.14391 0.261467 0.01992 -0.11958
Extension contact 0.172066 -0.12153 1.495466 -0.38212 0.668933 -0.01855 -0.11053
Mixed cropping -0.05731 -0.00295 -0.04027 -0.00871 1.9741 -0.00016 0.087789
Length of participation in MKT11 -0.01435 -0.00498 -0.59836 0.01151 -0.14877 -0.00413 0.085338
Length of adoption of UDP -0.00491 0.024246 -0.30452 -0.00073 -0.01316 -0.00295 0.027194
% of farm under UDP 0.000392 0.054286 0.420527 0.05701 0.410229 0.003752 0.005939
TLU 0.004686 - - 0.13055 -0.52799 -0.00435 0.004104
CI - 0.000579 -0.13531 -0.00201 -0.9626 - -
Rice farm size 0.014661 -0.02423 -0.32111 -0.12052 -0.05609 -0.00483 0.002684
Dead-stock (X) 0.018389 4741.05 -39210.3 - - 548.7793 -2730.28
Endowment effect 4740.465 -0.3837 548.7262
Discrimination effect -39206.2 -0.69843 -2729.93
Overall effect 43946.62 -1.08213 3278.66
% from overall effect 10.78687 -89.2131 35.45818 64.54182 16.73629 -83.2637
Gap -0.57804 -62282
Contribution to Gap -0.06235 0.515687 -22084.1 -40197.9 0.000489 -0.00243
‘Without Discrimination 1.381441 1.381441 78295.07 78295.07 0.703955 0.703955
% of Disc. In asset 59.56515 105.514 0.34468

Source: Field survey, 2018
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4. CONCLUSION AND RECOMMENDATIONS

Based on the findings, it can be inferred that gender differential has both effect
and impact on the economic capital acquisition of women folk. Furthermore, in
isolating the impact, the empirical evidence showed that the differential-gap in the
economic capital asset acquisition between the two groups owes majorly to a struc-
tural difference called gender discrimination. Thus, gender inequality in access and
control to productive resources and gender stereotype have succeeded in inducing
gender discrimination affecting women folk access to economic capital asset accu-
mulation. Gender mainstreaming and equality are now more important than ever
to empower women with equal access to and control over productive resources,
services, technology, credit, and information in order to increase agricultural pro-
duction.Therefore, onus lies on the stakeholders- international, national and local
institutions to strive toward effecting gender equality and equity, a precursor for
growth and development for a virile society viz. gender budget mainstreaming.
Furthermore, all stakeholders should be made aware of gender issues so that they
can participate in the development of gender-sensitive policies, projects, and prog-
rams. Thus, it becomes imperative to narrow the gender gap inorder to enhan-
ce economic growth and development in the studied area in particular and the
country in general. Generally, most of these interventions need legislative support
and changes in agricultural policies. Others will depend on intra-household relati-
onships which are less amenable to government intervention viz. targeted support
tilted towards women producers could play an important role.

REFERENCES

Amaefula, C, Okezie, CA. and Mejeha, R.(2012). Risk attitude and insurance: A causal analysis. American Journal
of Economics, 2(3): 26-32

Blinder, A.S.(1973)Wage discrimination; reduced form and structural estimates. journal of Human Resources,
8(4):436-455.

Carter, M.R. and Barrett, C.B.(2006).The economics of poverty trapsand persistent poverty: An asset-based
approach. Journal of Development Studies, 42(2):178-199.

Deere, C.D, Oduro, A.D, Swaminathan, H. and Doss, C.(2013).Property rights and the gender distribution of wealth
in Ecuador,Ghana, and India. The Journal of Economic Inequality, 11:249-265.

FRO (20M)The state of food and agriculture 2010-201. Women inagriculture; Closing the gender gap for
development. FAO: Rome.

Johnson, N., Njuki, ], Waithanji, £, Nhambeto, M., Rogers, M. and Kruger, E.H.(2015). The gendered impacts of
agricultural assettransfer projects: Lessons from the Manica smallholder dairy development program.
Gender, Technology and Development, 19(2):145-180.

Kumari, V.(2020).Gender issues in agriculture and strategies for mainstreaming. A Lecture Module submitted to
National institute of Agricultural extension Management (MANAGE), Hyderabad, India.

Lokshin, M. and Sajaia, Z.(2011).Impact of interventions on discrete outcomes: Maximum likelihood estimation of
the binary choice models with binary endogenous regressors. The Stata Journal, 11(3): 11-21.

Marwa, B.(2014).Estimation of gender wage differentials in Eqypt using Oaxaca Decomposition technique. Paper
Presented at the 34th Annual MEEA Meeting in Conjunction with the Allied Social Science Association
(ASSA), Philadelphia,January 3-6, 2014, Pp. 1-26

Meinzen-Dick, R, Johnson, N, Quisumbing, A, Njuki, ], Behrman, J,Rubin, D, and Waithanji, E.(2011). Gender, assets,

ANAJAS, 2022, Cilt 37, SayI 1, Sayfa 169-188



Impact of Gender Discrimination on Economic Asset Accumulation... SN

and agriculturaldevelopment programs: a conceptual framework, CAPRi Working Paper No. 99. Washington,
DC: International Food Policy Researchinstitute.

Mukasa, A.N. and Salami, A.0.(2016a).Gender equality in agriculture: What are really the benefits for sub-Saharan
Africa? Africa Economic Brief 7(3)1-12

Mukasa, A.N. and Salami, A.0.(2016b).Gender productivitydifferentials among smallholder farmers in Africa; A
cross-country comparison. Working Paper Series No.231, African Development Bank, Abidjan, Cote d'Ivoire.

Naschold, F(2012). The poor stay poor-household asset poverty trapsin rural semi-arid India. World Development,
40(10):2033-2043.

Naschold, F.(2013). Welfare dynamics in Pakistan and Ethiopia-Doesthe estimation method matter? journal of
Development Studies, 49(7):936-954.

National Population Commission (NPC)(2006). Report on Census Survey. Abuja, Nigeria.

Njuki, J, Waithanji, E, Sakwa, B., Kariuki, |, Mukewa, E. and Ngige, J.(2014).A qualitative assessment of gender and
irrigation technology in Kenya and Tanzania. Gender and Technology Development, 18(3):303-340.

03xaca, R.(1973). Male-female wage differentials in urban labor markets. International Economic Review, 9:693-
709.

Obayelu, OA. and Chime, A.C(2020). Dimensions and drivers of women's empowerment in rural
Nigeria. International Journal of Social Economics, 47(3):315-333.

Olney, D, Pedehombga, A, Ruel, M. and Dillon, A.(2015).A 2-yearintegrated agriculture and nutrition and health
behavior change communication program targeted to women in Burkina-Faso reduces anemia,wasting,
and  diarrhea in children 3-12.9 months of age at baseline: Acluster-randomized controlled trial. Journal
of Nutrition.

0Oseni, G, Corral, P, Goldstein, M. and Winters, P.(2013).Explaining gender differentials in agricultural production
in Nigeria.Background Paper: levelling the field-improving opportunitiesfor women farmers in Africa. World
Bank and ONE Report.

Palacios-LOpez, A.and Lopez, R.(2015).The gender gap inagricultural productivity: The role of market imperfections.
The Journal of Development Studies, 51(9):1175-1192.

Paris, T, Pede, V, Luis, ], Sharma, R, Singh, A, Stipular, J. and Villanueva, D.(2015).Understanding men’s and
women'’s access to andcontrol of assets and their implications for agricultural development projects: A case
study in rice farming households in eastern UttarPradesh, India, IFPRI discussion paper 01437. Washington,
DC:International Food Policy Research Institute.

Partovi, B, Amini, S. and Goodarzi, A.(2009).The effect of gender inequality on economic growth in Iran. Journal
of Economic Modeling, 3(3):51-76. (In Persian)

Quisumbing, AR, Rubin, D, Manfre, C, Waithanji, E, van den Bold, M., Olney, D. and Meinzen-Dick, R.(2015). Gender,
assets, and marketoriented agriculture: Learning from high-value crop and livestockprojects in Africa and
Asia. Agriculture and Human Values, 32().

Revathy, N., Thilagavathi, M. and Surendran, A.(2020).A comparative analysis of rural-urban migrants and non-
migrants in the selected region of Tamil Nadu, India. Economic Affairs, 65(1): 23-30.

Sadig, M.S, Singh, I.P. and Ahmad, M.M.(20203).Rice vield differentials between IFAD participating and non-
participating farmers in Nigeria's Niger State. Economic Affairs, 65(4): 01-15.

Sadig, M.S,, Singh, I.P, Ahmad, M.M. and Kumari, V.(2020b).Effect of gender on income gap among fish farmers in
Nigeria's Kogi State. Atattirk Universitesi Kadin Arastirmalari Dergisi (Atatiirk University journal of Woman'’s
Studies), 2(2): 27-45

Sadig, M.S,, Singh, I.P, Ahmad, M.M. and Orifa, M.0.(2021).Impacts of farmers-herders conflict on livelihoods of
farming households in Nigeria's middle-belt region. Moroccan Journal of Agricultural Science, 2(1): 14-24

Savath, V., Fletschner, D., Peterman, A. and Santos, F.(2014).Land, assetsand livelihoods: Gendered  analysis — of
evidence from Odisha State inindia, IFPRI discussion paper 01323. Washington, DC: International Food Policy
Research Institute.

Schreiner, M. and Sherraden, M.(2007). Can the poor save? Saving andasset building in individual development
accounts. New Brunswick, NJ,US: Transaction.

Tabari, AN. and Elmi, ZM.(2015).The effect of gender discrimination on economic growth in the Middle East
and North of Africa with emphasis in Iran. Been A Conference Paper Submitted to International Student’s
Conference of Economics, held at University of Mazandaran, Babolsar, Iran on October 10th- 11th, 2015. Pp.
1-16

https://doi.org/10.7161/0muanajas.950236 d



Sanusi M. Sadig, Invinder P. Singh, Muhammad M. Ahmad, Ado Garba, Mahmud Sarki

Thevenon, O. and Del Pero, A.S.(2014).Gender equality (f)or economic growth? effects of reducing the gender
gap in education on economic growth in OECD Countries. Retrieved from http://www.researchgate.net

vanden Bold, M., Pedehombga, A, Ouedraogo, M., Quisumbing, A.R.and Olney, D.(2015).Can integrated agriculture-
nutrition programschange gender norms on land and asset ownership? Journal of Development Studies.

Wang, A, Nianogo, R.A.andArah, O.A. (2017).G-computation of average treatment effects on the treated and the
untreated. BMC Medical Research Methodology, 17(3): 1-5.

ok

ANAJAS, 2022, Cilt 37, Sayi 1, Sayfa 169-188



b Anadolu Tarim Bilimleri Dergisi,
x Anadolu Journal of Agricultural Sciences
r

S —
—vf e-ISSN: 1308-8769, ANAJAS February 2022, 37(1): 189-202 D

~—
Mavis

f

A

A Study on Land Market in Turkey After the New
Land Law

Tarkiye’de Yeni Arazi Yasas! Sonrasi Arazi Piyasalari
Uygulamalari Uzerine Bir Arastirma

Senol OZDEMIR?, Metin TURKER?, Hasan SANLI3, Hiiseyin Tayyar GULDAL% Ahmet
OZCELIKS

1 Ministry of Agriculture and Forestry, General Directorate of Agricultural Reform, Lodumlu, Ankara, Turkey
« senolozdemir68@yahoo.com « > 0000-0002-9126-9114

2 Ministry of Agriculture and Forestry, General Directorate of Agricultural Reform, Lodumlu, Ankarga, Turkey
» metin.turker@gmail.com ¢ > 0000-0002-5488-0918

3 Ministry of Agriculture and Forestry, General Directorate of Agricultural Reform, Lodumlu, Ankara, Turkey
« hasansanli@gmail.com > 0000-0003-3077-7710

“Ankara University, Faculty of Agriculture, Department of Agricultural Economics, Ankara, Turkey
* htguldal@ankara.edu.tr « > 0000-0003-4477-3980

5 Ankara University, Faculty of Agriculture, Department of Agricultural Economics, Ankara, Turkey
« aozcelik@agri.ankara.edu.tr « > 0000-0003-4562-7723

Makale Bilgisi / Article Information

Makale Tiirii / Article Types: Arastirma Makalesi / Research Article
Gelis Tarihi / Received: 25 Haziran / June 2021
Kabul Tarihi / Accepted: 8 Aralik / December 2021
Yil/Year: 2022 | Cilt-Volume:37 | Sayi-Issue:1 | Sayfa/Pages:189-202

Atif/Cite as: Ozdemir, S, Turker, M, Sanli, H, Glldal, H. T. ve Ozcelik, A. “A Study on Land Market in Turkey After the New Land
Law - Turkiye'de Yeni Arazi Yasas! Sonrasi Arazi Piyasalari Uygulamalar Uzerine Bir Arastirma”. Anadolu Tarim Bilimleri Dergisi
- Anadolu Journal of Agricultural Sciences, 37(1), Subat 2022: 189-202.
https://doi.org/10.7161/0muanajas.957445

Sorumlu Yazar/Corresponding Author: htguldal@ankara.edu.tr

d https://doi.org/10.7161/0muanajas.957445!




Senol Ozdemir, Metin Tirker, Hasan Sanli, Hiiseyin Tayyar Gildal, Ahmet Ozcelik

A STUDY ON LAND MARKET IN TURKEY AFTER THE NEW LAND LAW
ABSTRACT:

The small, shared, fragmented, and dispersed structure of Turkey's agricultural
lands has negatively affected farms’ effective and efficient management. Developed
and developing countries have been involved in many legal and institutional struc-
tural formations, including new techniques and theories since their establishment,
but they have experienced difficulties in controlling the market for agricultural
lands administratively. To solve these problems, which happened in the Turkish
agriculture sector and create a sustainable land market, the Soil Conservation and
Land Use Law numbered 5403 was issued in 2005. With the regulation made in
2014, it has become a new law that can create different effects. In this study, the
socio-economic characteristics of the farmers who bought and sold agricultural
land (240 farmers) in September, October and November of 2019 in Karaman, as
well as their opinions on the land market and developments after new land law
were examined. While determining the sample size, all the farmers who traded in
the specified region were interviewed on the specified date. While 27.52% of the
farmers stated that the land size affects the land price, 23.85% of them stated that
efficiency was the second most crucial factor on the land price. It was determined
that 45.83% of the sellers sold their land to pay their debts and 66.67% of the lands
sold were paid in cash. The Chi-square independence test was used in the analysis
of data. As a result of the analysis, a relationship was found between the perso-
nal interests of the farms in agricultural activities, their educational status, their
non-agricultural income, and their status as the seller or buyer of the land. This re-
lationship supports that farmers who are actively involved in agricultural produc-
tion are important actors in the land purchase and sale market. It will be beneficial
to take into account the opinions of the farmers in this group in the studies to be
carried out on the land market.

Keywords: Land Division, Land Market, Land Sale, New Land Law
o o %

TURKIYE’DE YENi ARAZi YASASI SONRASI ARAZI PiYASALARI UYGULAMALARI
UZERINE BiR ARASTIRMA

6z
Tiirkiyede tarim arazilerinin kiigiik 6l¢ekli, hisseli, par¢ali ve daginik yapida ol-

masl, tarim igletmelerinin etkin ve verimli yonetimini olumsuz etkilemektedir. Ge-
lismis ve geligmekte olan tilkeler, kurulduklarindan bu yana yeni teknik ve teorileri
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de i¢ine alan yasal ve kurumsal bir¢ok yapisal olusum i¢cinde olmus, ancak yonetim-
sel olarak tarim arazilerinin piyasasinin kontrol altina alinmasinda zorluklar yasa-
muslardir. Tirkiye tariminda da yasanan bu sorunlari ¢6zebilmek ve siirdiirtilebilir
bir arazi piyasasini olusturabilmek i¢cin 2005 yilinda 5403 sayili Toprak Koruma ve
Arazi Kullanimi Kanunu ¢ikarilmigtir. 2014 yilinda yapilan diizenleme ile farkls
etkiler yaratabilecek yeni bir yasa haline gelmistir. Bu ¢alismada, Karaman ilinde
2019 yili Eylil, Ekim ve Kasim aylarinda tarim arazisi alim-satimi gergeklestiren
tireticilerin sosyo-ekonomik 6zellikleri ile arazi piyasasina iliskin goriisleri ve yeni
arazi yasasi sonrasi olusan yapisal gelismeler incelenmistir. Orneklem biiyiikliigii
belirlenirken, belirlenen bélge ve tarihte alim satim yapan tiim tireticilerle goriistil-
miigtiir. Ureticilerin %27,52’i arazi biiyiikliigiiniin fiyata etki ettigini belirtirken,
%23,85’1 verimin fiyat iizerinde en 6nemli ikinci faktér oldugunu belirtmislerdir.
Saticilarin %45,83’iiniin arazisini borglari icin sattig1 ve satisi yapilan arazilerin de
%66,67’sinin bedelinin pesin olarak 6dendigi tespit edilmistir. Verilerin analizin-
de ki-kare bagimsizlik testi uygulanmistir. Analiz sonucunda isletmelerin tarimsal
faaliyetlerle bizzat ilgilenme durumlari, egitim durumlari, tarim dist gelirlerinin
durumu ile arazilerin saticisi veya alicis1 olma durumlar: arasinda anlaml bir iligki
tespit edilmistir. Bu iliski, tarimsal iiretimde aktif olarak yer alan tireticilerin arazi
alim-satim piyasasinin énemli aktorleri olmasini desteklemektedir.

Anahtar Kelimeler: Arazi Boliinmesi, Arazi Piyasasi, Arazi Satisi, Yeni Arazi
Yasasi

ek
1. INTRODUCTION

Agricultural lands have been used by human beings as shelters, living spaces
and food production areas in line with human needs and priorities to feed the
rapidly increasing population for centuries. On the other hand, the needs and pri-
orities of human beings have changed in line with the demands depending on time,
place, and development situation. The more efficient and productive use of agricul-
tural lands has remained an unchanging issue.

With the increase in pressures on agricultural lands, meeting the land needs
of different sectors from agricultural land caused some of the land to go out of
agriculture and some of it not to be used efficiently, which has revealed the need
for land management in rural areas. The fragmentation of agricultural lands by
inheritance prevents the efficient use of the lands.

As aresult of the destruction of the “landlord” system in Europe after the Fren-
ch Revolution and the agricultural reform studies for the distribution of state lan-
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ds, the problem of land fragmentation arose. Over time, land consolidation works
and land management began to be used as an effective tool in solving the fragmen-
tation caused by the investments needed in the public sector. In many European
countries, legal regulations have been made regarding the use of agricultural lands,
and efforts have been made to prevent businesses from turning into uneconomic
production units. For example, in England, agricultural land is transferred to the
eldest brother by inheritance, while in France, the brothers leave it to one of the in-
heritors within the scope of their decision, and the heir is provided with favorable
conditional loans to make it easier for the heir to pay his shares of the inheritance
to other heirs. (Latruffe and Le Mouel, 2006). In Germany, measures were taken to
protect farmers’ scales with the “Administrative Control of the Change of Owners-
hip of Farms Law” enacted in 1961 (Winkler, 1992).

The prevalence of small-scale farms, and fragmented and scattered land were
the main structural problems with agricultural land in Turkey (Tanrivermis and
Sanly, 2008; Tiirker, 2011; Tiirker, 2017). In 2019, 3 million farms cultivated 23.2
million hectares of agricultural land, and the average land area of farms was 5.9
hectares. The farmland consisted of 10 parcels and 13 shareholders cultivated
the farmland (Anonymous, 2019a). These statistics reveal that the land structure
in Turkey is very fragmented and the farms are small-scale. Along with this, the
amount of agricultural land operated in the form of tenancy, half-ownership, or
sharecropping, the conditions of which are determined in an uncontrolled manner
and increasing, and the farms engaged in agricultural production without land are
becoming widespread.

Many legal regulations have been made regarding the sustainable use and pro-
tection of agricultural lands. Throughout the history of the Turkish Republic, the
most important law for agricultural land management is the “Soil Conservation
and Land Use Law” numbered 5403, which was issued in 2005 (Anonymous, 2004).
This law aims to classify, protect, develop, and prevent the division of land and
agricultural lands under the determined land sizes and use them according to the
principles of sustainable development. Until 2008 in Turkey, village-based and irri-
gation investment-oriented simple land consolidation was implemented. After this
date, consolidation projects were accelerated, and basin-based and multi-purpose
consolidation practices were implemented. To date, many studies have determined
the positive effects of land consolidation activities on producers in Turkey (Koral
and Giiney, 1996; Ozyazici, 2007; Sénmezyildiz, 2013). However, the regulations
and practices were unable to address the structural problems and the formation
of a solid agricultural land market (Tiirker and Gencel, 2010; Tiirker, 2017). Until
2012, approximately 4.2 million hectares of land were consolidated (Anonymous,
2019a; Anonymous, 2019b). It has been observed that the consolidation projects
have solved the problem of fragmentation, but not the shareholding problem and
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have not increased the scale of the farm with the current practice. With inheritance
and sales, land divisions continued in the consolidated agricultural areas (Tiirker,
2011; Tirker et al., 2014; Tirker, 2017). The protection and development of agri-
cultural lands, the classification of their lands, the minimum agricultural land and
the agricultural land with sufficient income, and the principles and procedures en-
suring the planned use of agricultural lands in accordance with the environmental
priority sustainable development principal have been determined by the Law of
the Amendment of the Law on Soil Conservation and Land Use Law” (No. 6537,
adopted on 30/4/2014), (Anonymous, 2014). It has been claimed that the new in-
heritance law is essential in that it covers different issues than the regulations made
so far. It gives one year to the heirs in the transfer of ownership by inheritance,
prolonging the transfer process (Kavasoglu and Sayin, 2016).

This research aims to determine the farmers’ perspectives on the new land law
and their socio-economic characteristics who bought and/or sold agricultural land
in the province of Karaman in 2019. The research results are thought to be an
important reference for both researchers and lawmakers, as well as evaluating the
changes, regulations and developments that took place in 2014 when the last legal
regulation on the agricultural land market was issued.

2. Material and Methods

This research was conducted in Karaman, which is one of Turkey’s most im-
portant agricultural provinces regarding its strategic location, agricultural produc-
tion, and agro-based industry. Although there are 6 districts and 154 villages in the
province and there are 13,088 farmers registered in the farmer registration system.
In 2020, the total land assets of Karaman province were 885,100 ha and 36.95%
of them were agricultural lands. The land width of land consolidated in Karaman
province until 2020 was 73,503 ha, while the ongoing land width was 181,182 ha
(Anonymous, 2020).

In this study, primary data was obtained from the survey with 120 sellers and
120 buyers in 44 villages where land was purchased and sold in the province of Ka-
raman in September, October and November 2019. While determining the sample
size, all the farmers who traded in the specified region were interviewed on the
specified date. Survey questions were prepared for both buyers and sellers to deter-
mine the socio-economic structure and agricultural production characteristics of
the farmers, obtain information about the land purchase and sale, and determine
their opinions on the land legislation. In addition to these data, publications and
websites belonging to public institutions operating in the study area and previous
domestic and foreign studies on the subject of the study were also utilized.
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The Chi-Square test of independence was used to analyze the data obtained
within the scope of the study (p<0.05). The Chi-square test is one of the most wi-
dely used tests among nonparametric tests. There are different application areas. If
it is desired to reveal the existence of a relationship between two qualitative vari-
ables, it is necessary to resort to the chi-square test of independence (Bakan and
Biiyiikbese, 2004). Chi-square test of independence aims to test the similarity of
the frequencies (Gij) observed in the 2x2 or r x ¢ type cross-charts to the theore-
tical frequencies (Tij) calculated according to the marginal probability approach
(Bircan et al., 2003).

Hypotheses tested in the chi-square test of independence were given as follows;
H : There is no relationship between variables.

H : There is a relationship between variables.

Chi-square test statistic

is calculated according to the below formula (1):

G;i—T; 2
xZ:Z': JT“J) (1)
13}
The calculated chi-square statistic is then compared with (r-1) (c-1) degrees of

freedom (df) with the chi-square value found from the table, and if p-value<0.05, it
is decided that the H (null) hypothesis is rejected (Cémlekgi, 2001).

3. Result and Discussion

In Table 1, the socio-economic characteristics of the farmers who are land sel-
lers and buyers were specified. While 86.67% of the sellers were men, this rate was
94.16% for buyers. While 45.00% of the land sellers stated that they have been
engaged in agricultural activities for 31 years and more, 35.83% and 23.33% of
the buyers have been engaged in agricultural activities for 21-30 and 31 years and
more, respectively. Whether the farmers are sellers or buyers has a relationship
with the number of years they have been engaged in farming and this was tested by
chi-square analysis, and a significant relationship was found between the duration
of experience of the farmers and whether they were buyers or sellers (p-value =
0.002).

It was determined that 51.66% of the sellers and 45.83% of the buyers were
primary school graduates. As a result of the analysis, a statistically significant rela-
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tionship was found between the education status of the farmers, whether they are
sellers or buyers (p-value = 0.000).

Table 1. Socio-Economic characteristics of farmers

SELLER BUYER

n % n %
Gender
Woman 16 13.33 7 5.84
Man 104 86.67 113 94.16
Total 120 100.00 120 100.00
Experience
0-10 7 5.83 16 13.34
11-20 20 16.67 33 27.50
21-30 39 32.50 43 35.83
31+ 54 45.00 28 23.33
Total 120 100.00 120 100.00

X*=15.149  p-value=0.002 (<0.05)
Education
Literate 15 12.50 0 0.00
Primary School 62 51.66 55 45.83
Secondary School 24 20.00 25 20.83
High School 14 11.67 31 25.83
University 5 4.17 9 7.51
Total 120 100.00 120 100.00
X>=23.004  p-value=0.000 (<0.05)

Having any agricultural engineer in the family
Yes 15 12.50 21 17.50
No 105 87.50 99 82.50
Total 120 100.00 120 100.00
Having non-agricultural income
Yes 59 49.16 23 19.17
No 61 50.84 97 89.83
Total 120 100.00 120 100.00

X’ =24.007  p-value=0.000 (<0.05)

While 87.50% of the sellers did not have an agricultural engineer in their fa-
mily, this rate was 82.50% among the buyers. While it was found that 49.16% of the
land sellers had non-agricultural income, the rate of those with non-agricultural
income among the buyers was 19.17%. As a result of the analysis, a statistically
significant relationship was found between the farmers’ non-agricultural income
status and their status as a seller or a buyer (p-value = 0.000) (Table 1.).

Information on the agricultural activities of the farmers is given in Table 2.
While the rate of sellers who received training in agriculture was 18.33%, this rate
was 26.67% for buyers. As a result of the analysis, a statistically significant relati-
onship was not found between the farmers’ education on agriculture and whether
they are sellers or buyers (p-value = 0.122). While 65.83% of the sellers were per-
sonally interested in their agricultural activities, this rate was determined to be
higher for the buyers (90.83%). A statistically significant relationship was found
between the farmers’ interest in agricultural activities and whether they are sellers
or buyers (p-value = 0,000). Also, 29.17% of the sellers benefit from the agricultu-
ral consultancy service, while this rate was determined as 39.17% for the buyers.
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Table 2. Information on agricultural activities of farmers

Seller Buyer

n % n %
Having any agricultural education
Yes 22 18.33 32 26.67
No 98 81.67 88 73.33
Total 120 100.00 120 100.00

X =2.389  p-value=0.122 (>0.05)
Being personally involved in agricultural activities

Yes 79 65.83 109 90.83
No 41 34.17 11 9.17
Total 120 100.00 120 100.00

X =22.095 p-value=0.000 (<0.05)
Being a beneficiary of the agricultural agency’s services

Yes 35 29.17 47 39.17

No 85 70.83 73 60.83

Total 120 100.00 120 100.00

Having an agricultural insurance

Yes 69 57.50 82 68.33

No 51 42.50 38 31.67

Total 120 100.00 120 100.00
X*=3.018  p-value=0.082 (>0.05)

Being involved in livestock

Yes 32 26.67 44 36.67

No 88 73.33 76 63.33

Total 120 100.00 12 100.00

0
X*=2.773  p-value=0.096 (>0.05)

It was found that 57.50% of the sellers and 68.33% of the buyers had agricultu-
ral insurance. As a result of the analysis, a statistically significant relationship was
not found between the farmers’ with agricultural insurance and their status as a
seller or a buyer. (p-value = 0.082). Also, 26.67% of the sellers dealt with animal
husbandry, while this rate was 36.67% for the buyers. A statistically significant rela-
tionship was not found between the farmers’ dealing with livestock and their status
as a seller or buyer (p-value = 0.096) (Table 2.).

Within this research, the information about the reasons for the farmers’ selling
the land was also stated. While 45.83% of the sellers were determined to sell their
lands to pay their debts, 21.67% of them were determined to start another business,
and 10.83% of them sold their lands because they had low income from agriculture
(Table 3). Also, Aksu (2017) found that 16% of the farmers sold their lands because
of their debts, 15% fragmented land and 11% left farming.

Table 3. Information on the reasons for the farmers to sell land

n %

Starting another farms 26 21.67
Sharing heritage 9 7.50
Pay debt 55 45.83
Having trouble with the neighboring land owner 7 5.83
Migrate from the village 9 7.50
Low income 13 10.83
Inability to process the big land 1 0.84
Total 120 100.00
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Information about the reasons for the farmers’ buying of land was given in
Table 4. It was determined that 80.83% and 11.67% of the buyers bought land to
expand farms and establish a new farm.

Table 4. Information on the reasons for the farmers to buy the land

n (%)
Expanding farms 97 80.83
Non-agricultural activity 7 5.83
Establishing a farm 14 11.67
Investing in the future 2 1.67
Total 120 100.00

In Table 5, information about the factors affecting the purchase and sale price
of the land was specified. While 27.52% of the farmers stated that the size of the
land affects the land prices, 23.85%, 16.82% and 16.51% of them stated that yield,
payment terms, and being close to the road affect the land prices.

Table 5. Information on the factors affecting the purchase and sale price of the land

n %

Productivity 78 23.85
Size 90 27.52
Proximity to the road 54 16.51
Seller’s congestion status 40 12.23
Buyer’s attitude 10 3.07
Payment terms 55 16.82
Total 327 100.00

While 30.83% of the farmers stated that the field was registered without title
deed or in the name of the deceased, they had more than one share and some
shareholders could not be reached, 28.33% of the farmers stated that the title deed
transactions were the main reasons. The rate of farmers who state that they do not

have a problem with excessive bureaucracy on purchasing or selling agricultural
land was 20.83% (Table 6.).

Table 6. Information on the most common problems in the land trading

n %
Deed transfer (bureaucracy) 34 28.33
Title deed registration problem (shareholder, registration on behalf of 37 30.83
the dead, inability to reach the owner)
Tax procedures (high tax and title deed fees) 3 2.51
Difficulty in payment 15 12.50
Mortgage 6 5.00
No problem 25 20.83
Total 120 100.00

While 20.83% of the sellers stated that they sold their lands within 10 days after
deciding to sell their land, 21.67%, 25.83% and 25.83% of the sellers sold their lan-
ds between 11-20 days, 21-30 days and 31-60 days, respectively (Table 7).
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Table 7. Information on how many days after the decision is made to sell the land

Day n %

1-10 25 20.83
11-20 26 21.67
21-30 31 25.83
31-60 31 25.83
61-90 7 5.84
Total 120 100.00

In Table 8, the information of the farmers about the properties of their lands
sold was listed. While 80.83% of the farmers stated that their lands had separate
title deeds and the landform was smooth, 78.33% of those who migrated from
the village sold their lands, 53.33% of them sold their land to their neighbors and
55.83% of them had irrigation facilities. The Chi-square test result shows that there
was a statistically significant relationship between the farmers’ opinions about the
new land law and the problematic situations in the land transferred through inhe-
ritance (p-value = 0.004) (Table 8.). Another study stated that the irrigation of the
land and its proximity to the center were the most critical factors affecting the land
price (Aksu, 2017). Also, Karakayaci (2016) found that the land was fertile, it had
accessible irrigation opportunities and land market, the land was close to the road,
and the land was close to the city center, increased value of the land.

Table 8. Information about the characteristics of the lands sold

Yes % No % Total %
Being a corner parcel 24 20.00 96 80.00 120 100.0
Neighbor to the buyer 64 5333 56 46.67 120 100.0
Possibility of irrigation 67 5583 53 44.17 120 100.0
Having a detached title deed 97 80.83 23 19.17 120 100.0
Land shape being smooth 97 80.83 23 19.17 120 100.0
The immigrant village has land 94 7833 26 2167 120 100.0
Being the land of the village under consolidation 67 5583 53 44.17 120 100.0
Being the land of the expropriated village 9 7.50 111 92.50 120 100.0
Being close to the industrial facility 6 5.00 114 95.00 120 100.0

The sale of agricultural land was carried out within free market rules. Only the
state has imposed restrictions on the division of agricultural lands under the deter-
mined scales of the new land law, and the state has been given the task of mediation
between the land sellers and buyers if requested. There is no developed institutio-
nal structure for land sales and leases. The research results show that while 75.00%
of agricultural lands were sold through familiar relatives and friends, 10.00% of
them were advertised and sold through real estate oftices (Table 9).

Table 9. Advertisement methods of those who want to sell agricultural land

n %
Via real estate agents 12 10.00
Internet 1 0.84
Through those who buy land in the village- in the district 7 5.83
Through the headman 10 8.33
Through familiar friends and relatives 90 75.00
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Total 120 100.00

According to the research results, while 66.66% of the lands were sold in cash,
27.50% of remaining lands were paid in cash and the rest were paid in installments
(Table 10).

Table 10. Methods of payment of the land price of the buyer to the seller at the end
of the sale

n %
Payment in installments through the bank 2 1.67
Some in cash, the other in installments 33 27.50
All'in cash 80 66.66
Payment to the creditor in return for debt 5 4.17
Total 120 100.00

While 90.40% of the farmers who think that there was a problem with the new
land law stated that there was a problem in the inherited land, this rate was 68.40%
and 60.00% for those who have no idea about the new land law and those who
think that the law is good, but its implementation was not sufficient (Table 11.).

Table 11. Information about the opinions of the farmers about the new land law
and the problem of the land transferred by inheritance

Opinion/ Problem Yes No Total

n % n % n %
No idea 26 68.40 12 31.60 38 100.00
Good but not enough 18 60.00 12 40.00 30 100.00
Not good 47 90.40 5 9.60 52 100.00

x>=11.251  p value=0.004 (<0.05)

4. CONCLUSION

This research reveals the socio-economic structures of land sellers and buyers,
who are important actors in the agricultural land market in the country, the factors
affecting the prices of agricultural lands, sales processes, the role of intermedia-
ries and access to finance. This study presents valuable results, such as the current
problems for the land market and the new land law assessment.

This study concluded that there was a significant relationship between the far-
mers’ ‘interest in agricultural activities, the duration of the farmers’ experience, the
education status of the farmers and their non-agricultural income status, and the
status of being a land seller or buyer. This relationship supports that farmers who
are actively involved in agricultural production are important actors of the land
purchase and sale market. It will be beneficial to take into account the opinions of
the farmers in this group in the studies to be carried out on the land market.

The fact that the farmers sold their lands for reasons such as establishing anot-

https://doi.org/10.7161/0muanajas.957445 d



Senol Ozdemir, Metin Tirker, Hasan Sanli, Hiiseyin Tayyar Gildal, Ahmet Ozcelik

her farm, migrating from the village and earning a low income may be an indicati-
on of the decrease in agricultural production, migration from rural to urban areas
and increasing rural poverty. However, most of the land buyers aimed to expand
their farms. This result can be interpreted as a sign that agricultural production in
the region is shifting from small family farmers to larger farmers.

The fact that most of the farmers made land sales announcements through the-
ir relatives and friends shows that there is no developed system for the sale of land
in rural areas. For a stronger agricultural land market, there is a need to establish
an organization that will serve in areas such as land development, land valuation,
land sales and lease, and access to financial resources.

The research results show that new land laws are not sufficient and work on a
voluntary basis. Incentives and penal sanctions are not sufticient. Therefore, a legal
regulation should be made to eliminate the deficiencies. Priority should be given
to working with international institutions, and financial models such as “Heritage
Loan” and “Land Acquisition Loan” should be developed by examining developed
country practices in this regard.
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FARKLI DOZLARDA DENiZ YOSUNU UYGULANMIS ANADOLU ADAGAYI (SALVIA
FRUTICOSA MILL.’NDA FENOLIK MADDE iCERIGI, ANTIOKSIDAN KAPASITE VE
ANTIOKSIDATIF YANITLAR

Oz:

Dogal ve zengin besin icerigi nedeniyle tarimda deniz yosunu uygulamalarina
olan ilgi giin gectik¢e artmaktadir. Bu nedenle deniz yosunu uygulamalarinin kul-
lanim alani ve dozlari ile ilgili calismalarin yayginlagtirilmasina ihtiya¢ duyulmak-
tadir. Ozellikle adagay1 gibi tibbi ve aromatik bitkiler sinifina giren bitki tiirlerinde
dogal igerikli dirtinlerin kullanimi 6nemlidir. Anadolu adagay1 (Salvia fruticosa
Mill.), diger adagayu tiirleri icerisinde fenolik madde icerigi ve antioksidan kapa-
sitesi yiiksek olan tiirlerden biridir. Bu kapsamda ¢aliymamizda Anadolu adagay1
(Salvia fruticosa Mill.) bitkisinde farkli dozlarda (SW-1: 0.25 g/L, SW-2: 0.5 g/L,
SW-3: 1 g/L ve SW-4: 2 g/L) deniz yosunu uygulamalarina bagli olarak toplam fe-
nolik madde igerigi, antioksidan kapasite ve antioksidatif enzim (SOD ve CAT) ya-
nitlari incelenmistir. Calisma sonuglarina gore 1 g/L deniz yosunu uygulamasinin
Anadolu adagay1 (Salvia fruticosa) bitkilerinde stres olugturmadig: ve ayni zaman-
da toplam fenolik madde igerigi ve antioksidan kapasite bakimindan istatistiksel
olarak anlamli sonuglar verdigi gozlenmistir. Bundan sonraki ¢alismalarda, farkli
deniz yosunu igeriklerinin Anadolu adacay1 (Salvia fruticosa) bitki tiirii tizerindeki
etkileri, gesitli dozlar ve uygulama sekilleri denenerek ¢aligmalarin detaylandiril-
masi Onerilmistir.

Anahtar Kelimeler: Deniz yosunu, Anadolu adagayi, Antioksidatif metabolizma
o o %

TOTAL PHENOLIC CONTENTS, ANTIOXIDANT CAPACITY AND ANTIOXIDATIVE
RESPONSES IN SALVIA FRUTICOSA MILL. TRERTED WITH DIFFERENT DOSES
OF SERWEED

ABSTRACT:

The interest in seaweed applications in agriculture is increasing day by day due
to its natural and rich nutritional content. However, there is a need to expand stu-
dies on the use and doses of seaweed applications. It is important to use products
with natural ingredients, especially in plant species that fall under the class of me-
dicinal and aromatic plants such as Salvia fruticosa. Salvia fruticosa Mill. have high
phenolic content and antioxidant capacity. In our study, the total phenolic content,
antioxidant capacity and antioxidative enzyme (SOD and CAT) responses in Salvia
fruticosa plant were investigated depending on seaweed applications at different
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doses (SW-1: 0.25 g/L, SW-2: 0.5 g/L, SW-3: 1 g/L and SW-4: 2 g/L). According
to the results of the study, it was observed that 1 g/L seaweed application did not
cause stress in Salvia fruticosa plants and at the same time gave statistically signi-
ficant results in terms of total phenolic content and antioxidant capacity. In future
studies, it has been suggested to elaborate the studies by testing the effects of diffe-
rent seaweed contents on Salvia fruticosa, various doses and application methods.

Keywords: Seaweed, Salvia fruticosa, Antioxidative metabolism
e o
1. GIRIS

Ulkemizde ve diinyada gerek kullanim alanlar1 ve iiretimi, gerek piyasadaki
hacmiyle giin gectik¢e 6nem kazanmakta olan tibbi ve aromatik bitkiler, icerdi-
¢i etken maddeler nedeniyle insan saglig: icin fayda saglayan fonksiyonel gidalar
olarak kullanilmaktadir (Acibuca ve Budak, 2018). Igerdikleri biyoaktif bilesikler,
ozellikle fenolik maddeler nedeniyle dogal bir antioksidan kaynag: olarak kabul
edilmektedirler (Sindhi ve ark., 2013). Bu sayede fenolik maddeler igeren tibbi ve
aromatik bitkilerin serbest radikal stipiiriicii olarak bir fonksiyona sahip oldugu
ifade edilmektedir (Tusevski ve ark., 2014).

Tiirkiye, mevcut cografi konumu ve tarimsal potansiyeli dolayisiyla tibbi ve
aromatik bitkilerin yetistiriciliginde 6nemli bir ayricaliga sahiptir. Tiirkiye flora-
sinda 10.000 den fazla aromatik bitkinin bulundugu bilinmektedir (Tiirkan ve ark.,
2006). Ancak bu bitkiler genellikle iilkemizin dogal florasinda yer alir ve farkli
iklim ozelliklerine sahip bolgelerde gelisen bu tiirlerin etken madde igerigi yetis-
tigi ortama gore degisiklik gosterir. Gida, ilag gibi pek ¢ok sektorde kullanilan bu
etken maddeler nedeniyle tibbi ve aromatik bitki yetistiriciliginde standart tiriin
elde edilmesi ve bu konuda stirdiirtilebilir tarimin yayginlastirilmas: gerekmekte-
dir (Karik ve ark., 2013). Bu nedenle glinimiizde tibbi ve aromatik bitki yetistirici-
liginde dogal giibre/ biyo giibre kullanimi 6nemli bir yere sahiptir.

Deniz yosunu, organik giibreler igerisinde etkinligi kanitlanmis bir tirtindiir ve
verimliligi artirmak i¢in kullanilmaktadir. Organik giibre olarak kullanilan deniz
yosunu oziitlerinin, makro element olan N,PK ve mikro besin elementleri olan Fe,
Cu, Zn, Mo, Mn igerdigini ayn1 zamanda biinyesinde hormon(oksin ve sitokinin),
vitamin ve amino asitleri icerdigi bilinmektedir (Shukla ve ark., 2019). Gintiimiiz-
de deniz yosunu 6ziitlerinin tarimda organik giibre olarak kullanimi, diinya ¢apin-
daki toplam pazarin %33’tinden fazlasini olusturmaktadir ve 2022'de 894 milyon
€ luk bir degere ulagacag: tahmin edilmektedir (EL Boukhari ve ark., 2020). Son
yillarda giderek artan bir popiilariteye sahip olan deniz yosunu 6zitleri, bitkisel
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driniin kalitesini artirma, bitki biiytimesini ve gelismesini olumlu etkileme gibi
olumlu fizyolojik etkilere sahip olmasi nedeniyle tibbi ve aromatik bitki yetistiri-
ciliginde 6nem kazanmistir (Kumar ve ark., 2012). Fakat bu konuda yapilan aras-
tirmalar, hali hazirda tarimi yapilan tibbi ve aromatik bitki gesitlerini tam olarak
karsilamamakta olup deniz yosununun uygulama sekilleri ve dozlarinin hangi bit-
kide hangi etkiyi yaratacag heniiz belirlenmemistir. Tibbi ve aromatik bitkilerde
organik tiretime artan talep dogrusunda bu uygulamalarin yayginlastirilmasi ve
aragtirilmasi gerekmektedir.

Anadolu adagay1 (Salvia fruticosa Mill.) iilkemizin kuzeybatisindan giineyba-
tisina kadar uzanan bolgede farkli lokasyonlarda yayilis gosteren ve ticari 6nemi
olan tibbi ve aromatik bir tiirdiir. Icerdigi etken maddelerden dolay1 saglik alanin-
da kullaniminin artmast ve bitkinin yapraklarinin ¢ay olarak tiiketilmesi Anadolu
adagay1 bitkisinin popiileritesini giin gectikce arttirmaktadir. Lamiaceae (Balliba-
bagiller) familyasina ait bu bitki icerdigi hos, keskin kokusundan dolay1 farmo-
koloji ve parfiimeri sanayisinde de biiyiik 6neme sahiptir. Anadolu adacay1 (Sal-
via fruticosa) Trakyada, Bat1 ve Glineybati1 Anadoluda yetisen, yumusak sik tiiylii
ve grimsi renkte yapraklar tagtyan bir ¢alidir. Yapraklardan elde edilen ugucu yag
(elmayag1) %60 kadar 1,8-cineole tasir ve bu bakimdan tibbi adagayindan (Sal-
via officinalis L.) daha degerlidir (Baytop 1996). Anadolu adagay1 bitkisinde de-
niz yosunu uygulamasina ait literatiirde gecen bir ¢alisma mevcut degildir, bunun
tizerine adagay1 bitkisinin yetistirilmesinde deniz yosununun spreyleme yoluyla
yapraklara uygulanmasina yonelik arastirma sorusu olusmustur. Dolayisiyla, bu
calismanin amaci farkli dozlarda (SW-1: 0.25 g/L, SW-2: 0.5 g/L, SW-3: 1 g/L ve
SW-4: 2 g/L) deniz yosunu uygulanmis Anadolu Adagay1 (Salvia fruticosa Mill.)
bitkisinde toplam fenolik madde igeriginin ve antioksidan kapasitenin belirlenme-
sidir. Caligmamizda ayrica bitkinin superoksit dismutaz (SOD) ve katalaz (CAT)
enzim aktiviteleri ile enzimatik antioksidatif yanitlar: takip edilmistir.

2. Materyal ve Yontem

Bu ¢alisma, Bursa Uludag Universitesi Ziraat Fakiiltesi Bahge Bitkileri Bolii-
mi'nde Aragtirma ve Uygulama alaninda gergeklestirilmistir. Calismamizda gelik-
ten tiretilen ve UludagAgro firmasindan alinan Anadolu adagay: (Salvia fruticosa
Mill.) fideleri kullanilmistir. Adagayi fideleri 1:1 oraninda perlit: torf karsimi iceren
14 x 12 cm lik saksilara dikilmistir. Fidelere diizenli sulama uygulanmis olup iki
hafta sonra deniz yosunu uygulamalar: yapraklara spreyleme yoluyla yapilmuistir.
15 Temmuz- 15 Agustos 2020 tarihleri arasinda toplamda 1 ay boyunca iki giinde
1 kez yapraklara spreyleme yoluyla farkl: dozlarda (SW-1: 0.25 g/L, SW-2: 0.5 g/L,
SW-3:1 g/L ve SW-4: 2 g/L) deniz yosunu uygulanmistir. Caliymamizda kullanilan
deniz yosununun icerigi asagidaki cizelgede verilmistir (Cizelge 1).
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Cizelge 1. Calismada kullanilan deniz yosunu igerigi (Leili Alga600 toz deniz yo-
sunu)
Table 1. Seaweed content used in the study (Leili Alga 600 powder seaweed)

Organik madde % 35-45

KO % 18
Yogunluk 0.5-0.55 g/cm’
Dogal bitki hormonlar1 (PGR) 600 ppm
Alginik asit %12-15

pH 911

Uygulama sonunda bitkiler hasat edilerek agagida belirtilen analizler gercek-
lestirilmigtir.

2.1 Toplam fenolik madde icerigi ve antioksidan kapasite tayini

Bir miktar (2 g) bitki 6rnegi 1/80/10 oraninda HCl/metanol/su i¢cinde homojen
hale getirilmistir (Vitali ve ark., 2009). Ardindan su banyosunda 2 saat inkiibas-
yona birakilmis ve 3500 rpm de 10 dk santrifiij edilmistir. Toplam fenol icerigi,
DPPH siipiirme aktivitesi ve CUPRAC analizlerinde kullanilincaya kadar -80°C'de
saklanmusgtir.

Toplam fenolik madde igeriginin belirlenmesinde, Apak ve ark. (2008) tara-
findan aciklanan bir yontem kullanilmistir. Bu yontemde, ekstre edilen bitki 6r-
neklerinden 100 ul alinarak 2000 ul ye su (dd H,O) ile tamamlanmugtir. Ardin-
dan tizerine Lowry C eklenerek 10 dk beklenmistir. Lowry C ¢ozeltisi, 0.1 mol/L
NaOH iginde %2 lik Na,CO, olacak sekilde hazirlanan Lowry A ¢ozeltisi ile %1 lik
NaKC,H,O, iginde %0.5 lik CuSO, olacak sekilde hazirlanan Lowry B ¢6zeltisinin
50:1 (v/v) oraninda karistirilmasiyla olusturulmustur. Sonrasinda 6rnek iceren ka-
risim, 250 pl Folin-Ciocalteu reaktifi ile reaksiyona sokulmustur. Ardindan 6rnek-
ler karigtirilarak 30 dakika inkiibasyona birakilmis ve 750 nmde absorbans 6l¢timii
yapilmustir. Gallik asit standart olarak kullanilarak kalibrasyon egrisi hazirlanmis
(y=0,2768x - 0,0394 R* = 0,9882) ve bu egriye gore érneklerin toplam fenol icerigi
mg gallik asit esdegerleri (GAE)/g taze agirlik olarak ifade edilmistir.

Bu ¢aligmada antioksidan kapasitesinin (AC) belirlenmesinde CUPRAC ve
DPPH yontemleri kullanilmistir. CUPRAC yonteminde (Cu(II) iyonu indirge-
yici antioksidan kapasite), Apak ve ark. (2008) tarafindan aciklanan bir yontem
kullanilmistir. Bu yontemde 2,9-dimetil-1, 10-fenantrolin (Neokuproin-Nc)’in Cu
(II) ile meydana getirdigi Cu (II)-neokuproin kompleksinin 450 nmde Cu (I)-neo-
kuproin gelatina indirgenme kapasitesinden faydalanilir. Ekstre edilen 6rnekler saf
su (dd H,0) ile ImL ye tamamlanur. Uzerine 102 M CuCl, ve 7.5x10° M neokupro-
in ve 1 M NH Ac ilave edilerek 6rnekler 30 dk karanlikta bekletilmistir. Ardindan
450 nmde nihai absorbans: 6l¢limii yapilarak pmol Trolox esdegeri (TE)/g taze
agirlik olarak ifade edilmistir. Standart olarak trolox kullanilmistir (y = 1,3506x +
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0,0195 R* = 0,9612).

Numunelerin DPPH serbest radikal siiptirme aktivitesi, Boskou ve ark., (2006)
tarafindan ifade edilen yonteme gore yapilmistir. Bu yontemde, ekstre edilen bitki
ornekleri, 6x10° M DPPH radikalinin metanolik ¢6zeltisi ile karistirilmigtir. Daha
sonra reaksiyonun 30 dakika boyunca karanlikta gerceklesmesine izin verilmigtir
ve 515 nmde absorbans 6l¢tilmiistiir. Farkli Trolox konsantrasyonlar: kullanilarak
standart egri hazirlanmistir (y = 5243,4x - 3,5267 R* = 0,994). Sonuglar pmol Tro-
lox esdegeri (TE)/g taze agirlik olarak ifade edilmistir.

2.2 Antioksidatif Enzim (SOD ve CAT) Aktivite Tayini

Ardi¢ ve ark. (2009) tarafindan uygulanan yonteme gore bitki materyalinin
ekstraksiyonu gerceklestirilmistir. 3ml tampon ¢ozeltisi (Tampon Cozelti: 1 mM
EDTA ve % 2 PVP igceren 50 mM Na-fosfat tamponu (pH: 7.8) igerisine 1 gr don-
durulmus bitki pargast konularak buzlu havanda homojenize edildikten sonra 4°C
de 14.000 g de 40 dk kadar santrifiij edilmistir. Elde edilen siipernatantlar analiz-
lerde kullanilincaya kadar -80°C de muhafaza edilmistir.

Stiperoksitdismutaz (SOD) aktivitesinin tayininde Beuchamp ve Fridovich
(1971)’in belirledigi yontem kullanilmistir. 0.1 mM EDTA, 10 mM metiyonin, 0.1
mM p-Nitro Blue Tetrazolium (NBT), 5 uM riboflavin den olugan 20 mM sodyum
fosfat tamponuna 50 uM enzim ekstrati eklenerek 300 pmol m? s 1g1k altinda
15 dakika boyunca inkiibasyon gergeklestirilmistir. Isik altindan alinan 6rnekle-
rin 560nm’de absorbans degerleri elde edilerek % inhibisyonu belirlenmistir. Bir
SOD f{initesi ise % 50 inhibisyon saglayan enzim miktar1 olarak tanimlandigi i¢in
konsantrasyon degerleri tiniteye ¢evrilmistir. Elde edilen {inite degerleri, toplam
protein icerigine oranlanmis ve enzim aktivitesi U/mg protein olarak belirlen-
mistir. SOD standarti1 olarak sigir eritrositlerinden ele edilen bir SOD kiti (SOD
S7446, Sigma-Aldrich, USA) kullanilmistir.

Katalaz (CAT) aktivite tayini, Lester ve ark. (2004)’ nin yontemine gore ger-
ceklestirilmistir. Hidrojen peroksitin katalaz enziminin etkisi ile su ve oksijene
parcalanmas1 sonucu gerceklesen bu yontem 240 nm dalga boyundaki absorbans
diististintin spektrometre de izlenmesi usuliine dayanir. 20 mM sodyum fosfat tam-
ponu (pH 6.8) ve 15 mM H,O, (Fluka % 3’lik H,0,)’na 0.1 ml enzim ekstrakti
konularak enzim aktivitesi baslatilmistir. Ol¢iim, 3dk igerisinde meydana gelen
absorbans degerlerinin azalisin belirlenmesine yonelik yapilmistir. Reaksiyonun
baslangi¢ ve bitis anindaki degerleri, 240 nm dalga boyunda absorbans dl¢timii ile
belirlenmistir. Ardindan, asagida verilen formiile gére U/mg protein olarak hesap-
lanmistir; (Ekstriksiyon katsayisi, € 40 mmol/L.cm). Toplam protein igeriginin
belirlenmesinde Bradford (1976) tarafindan gelistirilen spektrofotometrik yontem
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kullanilmisgtir.
CAT Aktivitesi: [(AAbs xVtoplam)/€ x t x Venzim x 1] / TP

€ : 40 mmol/L.cm, Vtoplam: Toplam hacim (3ml), Venzim: Reaksiyona konu-
lan enzim hacmi (0,1 ml),

t: Reaksiyonun gerceklestigi stire (3 dk), I: Kiivete ait 151k yolu (1 cm), TP: Total
protein miktar1 (mg protein taze agirlik)

2.3 Istatistiksel Analizler

Bu ¢alisma tesadiif parselleri deneme desenine goére 5 tekerriirlii olarak yiirii-
tillmistiir. Aragtirma sonuglarinin varyans analizleri SPSS 22.0 paket programi
(IBM Corp., Chicago, IL) kullanilarak yapilmistir. Ortalamalar arasindaki farkli-
liklar ise a: 0.05 anlamlilik diizeyinde gergeklestirilmistir.

3. Bulgular ve Tartisma

Bu ¢alismada, spreyleme yoluyla farkli dozlarda deniz yosunu (SW-1: 0.25 g/L,
SW-2: 0.5 g/L, SW-3: 1 g/L ve SW-4: 2 g/L) uygulanmis Anadolu Adagay1 (Salvia
fruticosa) fidelerinin antioksidan kapasitesi ve toplam fenolik madde icerigi belir-
lenmistir. Ayn1 zamanda, fidelerin enzimatik antioksidatif savunma sisteminde yer
alan siiperoksit dismutaz (SOD) ve katalaz (CAT) aktivitelerindeki degisimler de
takip edilmistir.

Sekil 1 de farkli dozlarda deniz yosunu uygulanmis Anadolu adagay: fidele-
rinde toplam fenolik madde igerigine ait sonuglar verilmistir. Calismamizda yap:-
lan varyans analizlerine gore deniz yosunu uygulamalarina ait dozlar ile Anadolu
adagay1 nin toplam fenolik madde igerigi arasinda istatistiksel olarak anlamlilik
bulunmustur (Cizelge 2). Buna gére SW-1: 0.25 g/L ve SW-2: 0.5 g/L dozlarinda
spreyleme yoluyla gerceklestirilen deniz yosunu uygulamalarinda Anadolu ada-
cay1 bitkilerinde toplam fenolik madde igeriginde kontrole gére azalis meydana
gelmistir (p<0.05). Bu iki dozda elde edilen toplam fenolik madde igerikleri si-
rastyla 66.24 + 9.87 mg GAE/100 gr taze agirlik ve 67.59 + 8.75 mg GAE/100 gr
taze agirlik olarak belirlenmistir. SW-3: 1 g/L ve SW-4: 2 g/L dozlarinda ise top-
lam fenolik madde igeriginde istatistiksel olarak kontrole gére anlamli bir degi-
sim gozlenmemistir. Salvia fruticosa Mill nin toplam fenolik madde igerigi 1 g/L
deniz yosunu uygulamasinda 84.44 + 9.11 mg GAE/100 gr taze agirlik, 2 g/L deniz
yosunu uygulamasinda ise 87.97 + 9.83 mg GAE/100 gr taze agirlik olarak belir-
lenmigtir. Nitekim Senol ve ark. (2010) nin Salvia cinsine ait 55 taksonda fenolik
madde igerigini belirledigi ¢calismada Salvia fruticosa Mill. nin 87.86 + 4.54 mg
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Salvia tiirlerine gore yitksek degerler icerdigi belirtilmektedir. Hem kontrol hem de
Senol ve ark. (2010) nin arastirma sonuglari ile karsilagtirildiginda ¢alismamizda

gerceklestirdigimiz SW-3: 1 g/L ve SW-4: 2 g/L deniz yosunu uygulamalarinda da
Salvia fruticosa Mill. nin toplam fenolik madde igerigi icin benzer deger araliklar

GAE/g toplam fenolik madde igerigine sahip oldugu ve Salvia fruticosa’nin diger
elde edilmistir.

Ruveyde Yilmaz, Aysegul Akpinar, Asuman Cansev
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0.25 g/L, SW-2: 0.5 g/L, SW-3: 1 g/L and SW-4: 2 g/L) of seaweed (mg GAE/100 gr

fresh weight)

deniz yosunu uygulanmis Anadolu Adagay: (Salvia fruticosa Mill.) bitkilerinde top-

lam fenolik madde igerigi (mg GAE/100 gr taze agirlik)
Figure 1. Total phenolic content in Salvia fruticosa treated with different doses (SW-1:

Sekil 1. Farkl: dozlarda (SW-1: 0.25 g/L, SW-2: 0.5 g/L, SW-3: 1 g/L ve SW-4: 2 g/L)
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Cizelge 2. Deniz yosunu dozlarina gore dl¢iim yapilan parametrelerin varyans
analizi (ANOVA tablosu). Cizelgede yer alan rakamlar, a: 0.05 seviyesinde F dege-
rini temsil etmektedir.

Table 2. Analysis of variance of parameters measured according to seaweed doses

(ANOVA table). The numbers in the table represent the F value at the a: 0.05 level.

Bagimsiz degisken
Baglhmli degisken Deniz yosunu dozlar1
Toplam Fenolik madde igerigi 8.178 (P<0.05)
CUPRAC 8.781 (P<0.05)
DPPH 25.966 (P<0.01)
SOD aktivitesi (U/mg protein) 27.727 (P<0.01)
CAT aktivitesi (U/mg protein) 22.414 (P<0.01)

Sekil 2 de ise farkli dozlarda deniz yosunu uygulanmis Anadolu adagayi
fidelerinde CUPRAC ydntemine goére belirlenen antioksidan kapasiteye ait
sonuglar yer almaktadir. Caligmamizda yapilan varyans analizlerine gore deniz
yosunu uygulamalarina ait dozlar ile Anadolu adagayr nin CUPRAC antioksidan
kapasitesi arasinda istatistiksel olarak anlamlilik bulunmustur (Cizelge 2).
Elde edilen sonuglara gére Anadolu adagay1 bitkilerinde CUPRAC yontemiyle
belirlenen en yiiksek antioksidan kapasite, SW-3 (1 g/L deniz yosunu) uygulamasi
yapilmis fidelerinde gézlenmistir (p<0.05). Budeger 71.61 + 7.8 umol TE/g olarak
belirlenmistir. Spreyleme yoluyla SW-1: 0.25 g/L, SW-2: 0.5 g/L ve SW-4: 2 g/LL
dozlarinda gergeklestirilen deniz yosunu uygulamalarinda ise Anadolu adagay1
bitkilerindeki antioksidan kapasite (CUPRAC) birbirine benzer sonuclar vermis
olup istatistiksel olarak hepsinde kontrole gore azalis gozlenmistir (p<0.05).
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Sekil 2. Farkli dozlarda (SW-1: 0.25 g/L, SW-2: 0.5 g/L, SW-3: 1 g/L ve SW-4: 2
g/L) deniz yosunu uygulanmis Anadolu Adagay: (Salvia fruticosa Mill.) bitkilerinde
CUPRAC yéntemine gore belirlenen antioksidan kapasite degerleri (umol TE/g).

Figure 2. Antioxidant capacity (CUPRAC) in Salvia fruticosa treated with different
doses (SW-1:0.25 g/L, SW-2: 0.5 g/L, SW-3: 1 g/L and SW-4: 2 g/L) of seaweed (umol
TE/g).

Calismamizda, farkli dozlarda deniz yosunu uygulanmis Anadolu adagayr fi-
delerinde DPPH yontemine gore belirlenen antioksidan kapasite degerleri ise Se-
kil 3 de verilmigtir. Calismamizda yapilan varyans analizlerine gore deniz yosunu
uygulamalarina ait dozlar ile Anadolu adagayr nin DPPH antioksidan kapasitesi
arasinda istatistiksel olarak anlamlilik bulunmustur (Cizelge 2). DPPH yontemi-
ne gore en yliksek antioksidan kapasite, CUPRAC yonteminde oldugu gibi SW-3
(1 g/L deniz yosunu) uygulamasinda belirlenmistir (p<0.05). DPPH y6nteminde
belirlenen en diisiik antioksidan kapasite ise SW-1: 0.25 g/L deniz yosunu uygu-
lamasinda gozlenmistir (p<0.05). Antioksidan kapasiteyi 6l¢gmek i¢in ¢ok sayida
yontem kullanilmaktadir (Pellegrini ve ark. 2003; Huang ve ark., 2005; Somogyi
ve ark. 2007). Caliymamizda kullandigimiz DPPH y6ntemi, bitkiler ve gidalarin
antioksidan kapasitesini belirlemek i¢in arastirmacilar tarafindan yaygin olarak
kullanilan bir yontemdir (Scalzo, 2008). Cesitli Salvia tiirlerinin DPPH radikal-
lerine kars1 kayda deger bir siipiirme aktivitesi gosterdigi cesitli caligmalarda da
gosterilmistir (Bozan ve ark., 2002; Senol ve ark., 2010). Caligmamizda antioksidan
kapasitenin belirlenmesinde CUPRAC ve DPPH yontemleri kullanilmis olup elde
edilen sonuglar Anadolu adagay: bitkisinde bu iki yontem arasinda kuvvetli bir
iliski oldugunu gostermektedir.
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Sekil 3. Farkli dozlarda (SW-1: 0.25 g/L, SW-2: 0.5 g/L, SW-3: 1 g/L ve SW-4: 2
¢/L) deniz yosunu uygulanmis Anadolu Adagay: (Salvia fruticosa Mill.) bitkilerinde
DPPH yontemine gore belirlenen antioksidan kapasite degerleri (umol Trolox esde-
geri (TE)/g taze agirlik)

Figure 3. Antioxidant capacity (DPPH) in Salvia fruticosa treated with different do-
ses (SW-1: 0.25 g/L, SW-2: 0.5 g/L, SW-3: 1 g/L and SW-4: 2 g/L) of seaweed (umol
TE/g fresh weight).

Bu ¢aligmada farkli dozlarda deniz yosunu uygulamalarina bagl olarak Ana-
dolu adagay1 bitkilerindeki antioksidatif yanitlar da takip edilmistir. Sekil 4 de
farkl1 dozlarda deniz yosunu uygulanmis adagay fidelerinde SOD aktivitesine ait
sonuglar verilmistir. Caliymamizda yapilan varyans analizlerine gére deniz yosunu
uygulamalarina ait dozlar ile Anadolu adagay1 nin SOD aktivite degerleri arasinda
istatistiksel olarak anlamlilik bulunmustur (Cizelge 2). Buna gore en yitksek SOD
aktivitesi SW-4 (2 g/L deniz yosunu) uygulamasinda gozlenmistir (p<0.05). 2 g/L
deniz yosunu uygulamasinda Anadolu adagay: bitkilerinde gézlenen bu artis, ok-
sidatif stres varliginin bir gostergesidir. Nitekim antioksidatif savunma sisteminde
ilk basamakta yer alan siiperoksit dismutaz (SOD), serbest radikalleri etkisiz hale
getiren 6nemli bir enzimdir (Michalak 2006). Benzer sekilde SW-1 (0.25 g/L deniz
yosunu) uygulamasinda da SOD aktivitesinin kontrole gore istatistiksel olarak ar-
tis gosterdigi tespit edilmistir. SW-2 (0.5 g/L deniz yosunu) ve SW-3 (1 g/L deniz
yosunu) uygulamalarinda kontrole gore SOD aktivitesinde herhangi bir degisim
gozlenmemistir.
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Sekil 4. Farkl: dozlarda (SW-1: 0.25 g/L, SW-2: 0.5 g/L, SW-3: 1 g/L ve SW-4: 2 g/L)
deniz yosunu uygulanmis Anadolu Adagayi (Salvia fruticosa Mill.) bitkilerinde belir-
lenen SOD aktivite degerleri (U/mg protein)

Figure 4. SOD enzyme activity in Salvia fruticosa treated with different doses (SW-1:
0.25g/L, SW-2: 0.5 g/L, SW-3: 1 g/L and SW-4: 2 g/L) of seaweed (U/mg protein).

Bitkilerin antioksidatif yanitlarinda SOD enzimiyle birlikte diger antioksidan
enzimlerin biri ya da bir ka¢1 da ayn1 anda aktif olabilir (Xu ve ark. 2010). Bu
nedenle calismamizda CAT enzim aktivite yanitlar1 da incelenmigstir. Caligmamiz-
da yapilan varyans analizlerine gére deniz yosunu uygulamalarina ait dozlar ile
Anadolu adagay1 nin CAT aktivite degerleri arasinda istatistiksel olarak anlamlilik
bulunmugtur (Cizelge 2). Farkli dozlarda (SW-1: 0.25 g/L, SW-2: 0.5 g/L, SW-3: 1
g/L ve SW-4: 2 g/L) deniz yosunu uygulanmis Anadolu adacay: fidelerinde belir-
lenen CAT aktivitesine ait sonuglar Sekil 5 de verilmistir. CAT aktivitesi sonugla-
rina ait en yiiksek deger SW-4 (2 g/L deniz yosunu) uygulamasinda tespit edilmis-
tir (p<0.05). Elde edilen bu sonug, Sekil 4 de belirtilen SOD aktivite degerleri ile
paralellik gostermekte olup, 2 g/L deniz yosunu uygulamasinin Anadolu adagay1
bitkilerinde oksidatif strese neden olabilecegini de diisiindiirmektedir. Bununla
birlikte, SOD ve CAT aktivite degerleri incelendiginde 1 g/L deniz yosunu uygula-
masinin herhangi bir oksidatif strese neden olmadig1 gozlenmistir.
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Sekil 5. Farkli dozlarda (SW-1: 0.25 g/L, SW-2: 0.5 g/L, SW-3: 1 g/L ve SW-4: 2 g/L)
deniz yosunu uygulanmis Anadolu Adagayi (Salvia fruticosa Mill.) bitkilerinde belir-
lenen CAT aktivite degerleri (U/mg protein)

Figure 5. CAT enzyme activity in Salvia fruticosa treated with different doses (SW-1:
0.25 g/L, SW-2: 0.5 g/L, SW-3: 1 g/L and SW-4: 2 g/L) of seaweed (U/mg protein).

4. SONUC

Icerdigi etken maddelerden dolay: kullanimi oldukga yayinlasan Anadolu ada-
cayl (Salvia fruticosa Mill.) bitkisi, toplam fenolik madde igeriginin ve antioksidan
kapasitenin yiiksek olmasi, fitokimyasal olarak diger adagay: tiirlerine gore daha
fazla arastirilmaya deger kabul edilmistir (Senol ve ark. 2010). Ancak Anadolu
adacay1 bitkisini metabolik siireclerinde farkli dozlarda deniz yosunu uygulama-
larinin etkisi bilinmemektedir. Deniz yosunu uygulamalarinin Anadolu Adagay1
bitkisinin antioksidan kapasitesi ve toplam fenolik madde igerigi tizerine etkile-
rini inceleyen daha 6nce yapilmig herhangi bir ¢alisma olmadig: i¢in bu caligma
ilk verileri olugturmaktadir. Bu nedenle mevcut ¢aligma literatiire 6nemli veriler
sunmaktadir.

Deniz yosunu 6zleri, ge¢misten giiniimiize verimliligi artirmak i¢in kullanil-
maktadir (Rathore ve ark., 2009; Frioni ve ark., 2018). Ancak tibbi ve aromatik
bitkilerde deniz yosunu uygulamalarina ait veriler son yillarda arastirilmaya basla-
mistir. Ornegin Shafie ve ark. (2021) Civanpergemi (Achillea millefolium L.) bitki-
sinde tarla ve sera kosullarinda farkli dozlarda (1, 2, 3 ml/L) yapraktan spreyleme
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olarak uygulanarak gelisim ve bilyiime tizerine yapilan caligma gergeklestirilmis-
tir. Arastirma sonuglarinda, 3ml/L deniz yosunu uygulamasinda bitkinin biiyime
ve gelisme, siirglin taze agirligi, toplam klorofil igerigi, karotenoid miktari, fenol
ve flavonoid, antioksidan aktivitesinde artis gozlendigi tespit edilmistir. Anado-
lu adagay1 (Salvia fruticosa Mill.) bitkilerinde gerceklestirdigimiz ¢aligmada da
spreyleme yoluyla 1 g/L deniz yosunu uygulamasinin toplam fenolik madde ve
antioksidan kapasite ile antioksidatif yanitlar bakimindan incelendiginde Anado-
lu Adagay: bitkilerinde en ideal sonuglar1 verdigi gorillmektedir. Bundan sonraki
caligmalarda da, farkli deniz yosunu igeriklerinin Anadolu Adagay: gibi 6nemli
tibbi ve aromatik bitkiler tizerindeki etkileri, ¢esitli dozlar ve uygulama sekilleri
denenerek ¢alismalarin detaylandirilmasi 6nerilmektedir.

Tesekkiir

Bu galigma Bursa Uludag Universitesi BAP Kooridnatorliigii tarafindan destek-
lenmistir (Proje No: FHZP-2021-499) ve ‘Anadolu adacay1 (Salvia fruticosa Mill.)
bitkisinde deniz yosunu uygulamalarinin meydana getirdigi metabolik etkilerin
belirlenmesi’ isimli yiiksek lisans tez ¢aligmasinin bir kismini olusturmaktadir.
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