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OZ: Bu ¢alisma, Ege Universitesi Ziraat Fakiiltesi Menemen Arastrma, Uygulama ve Uretim Cifligi arazisi topraklarimm
bulunduguMenemen Ovasi 'nda, tarimsaliiretim stratejilerininve jeomorfolojik 6zelliklerinin etkisinde degisen aliiviyal ana é zdegi
tizerindeki topraklarin verimlilik durumlarini belirlemek amaciyla 2012 yilinda ger¢eklestirilmistir. Ciftlik arazisindeki ortalama
69,2 da genisligindeki 30 parselde profil incelemesi yapilarak, ayrimli tabaka ve horizonlardan toprak ornekleri alimmistir.
Incelenen toprakorneklerinde pH degerleri 7,32-8,90 arasinda degisim gosterdigi, ortalama pH degerlerinin 7,97 olduguve toprak
reaksivonu (pH) dagilimlar dikkate alindiginda topraklarinin ¢cogunlukla hafif alkalin karakterde oldugu goriil miistiir.
Topraklarmn elektrik iletkenlikleri 586,16-2860,0 uS cm™ arasinda degisirken (ortalama 590,21 uS cm?), yaklasik %90 lik
boliimiiniin kum biinyeli oldugu belirlenmistir. Topraklarin toplam karbonat icerikleri %4 ,46-15,65 arasinda degigmekte olup
ortalama %8,57 degeri ile kire¢ bakimindan zengin sinifinda yer almaktadwr. Topraklarin organik maddesi (TOM) i¢erigi %0,05-
2,97 arasinda degigim géstermis ve ortalama organik madde icerigi %1,17 olarak belirlenmistir. TOM ag¢isindan topraklarin %60
gibi biiyiik bir béliimiiniin organik maddece fakir oldugu saptannustir. Topraklarin toplam azot degerlerinin %0,012-0,130,
almabilir fosfor miktarinin 0,15-8,06 mg kg1, potasyumun 19,6-494,7 mg kg1, kalsiyumun 1100,0-6534,0 mg kg-! ve magnezyumun
56,7-937,4 mg kg araliginda oldugu belirlenmigstir. Topraklarin alinabilir sodyum konsantrasyonu 19,2-1746,0 mg kg1, demir
1,27-34,62 mg kg, ¢inko 0,07-2,04 mg kg1, mangan 0,50-16,24 mg kg1 ve bakir 0,07-2,86 mg kg1 olarak saptanmustir. Arastirma
sonuglarmin, benzer jeolojik formasyona sahip ova topraklari igin bir rehber niteliginde olacag diisiiniilmektedir.

Anahtar kelimeler: Bitki besin elementleri, jeoistatistik, toprak analizi, toprak verimliligi.

Determination of Fertility Status of Menemen Plain Entisol Soils and Creation of Maps

ABSTRACT: This study was carried out in 2012 in the Menemen Plain, where the soils of Ege University Faculty of
Agriculture Menemen Research, Application and Production Farm are located, in order to determine the fertility status of these
soils, which changed accompanied by the agricultural production strategiesand geomorphological features, on the alluvial parent.
Soil samples were taken from different layers and horizons by conducting profile analysis on 30 parcels with an average width of
69.2 decares on the farm. The pH values of the examined soil samples varied between 7.32 - 8.90, the average pH values were
7.97, and the soil reaction (pH) was considered to be mostly slightly alkaline. While the electrical conductivity of the soils ranged
from 586.16 to 2860.0 uS cm™ (average 590.21 uS cm™), itwas determined that approximately 90% of them were sandy textured.
The total carbonate content of the soils varied between 4.46% and 15.65%, and they were in the lime-rich class with an average
value 0f8.57%. The organic matter (TOM) contentofthe soilsvaried between 0.05 - 2.97% andthe average organic matter content
was determined as 1.17%. In terms of TOM, it was determined that 60% of the soils were poor in organic matter. Total nitrogen
values of the soils were determined between 0.012 - 0.130%, available phosphorus amount in the range of 0.15 - 8.06 mg kg1,
potassium 19.6 - 494.7 mg kg calcium 1100.0-6534.0 mg kg and magnesium 56.7-937.4 mg kg-1. The extractable sodium
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concentration of the soils was determined as 19.2-1746.0 mg kg, iron 1.27-34.62mg kg, zinc 0.07-2.04 mg kg-1, manganese
0.50-16.24 mg kgt and copper 0.07-2.86 mg kg. It is thought that the results of the research can be a guide for plain soils with

similar geological formations.

Keywords: Plant nutrient elements, geostatistics, soil analysis, soil fertility.

GIRIiS

Toprak kalitesi olarak da bilinen toprak sagligi,
topraklarin verimliligini, bitki ve hayvan sagligini
ve cevre kalitesini slirdiirme potansiyelidir (Karlen
ve ark., 2019). Tarimsal uygulamalarin siirdiiriile-
bilirligi, belirli bir yonetim uygulamasma gore
topragin nasil isledigi hakkinda bilgi saglayan
toprak saghigi gostergelerindeki  degisiklikler
Ol¢iilerek degerlendirilebilir (Silveira ve Kohmann,
2020). Bu nedenle, biyokimyasal 6zellikler, tarim
uygulamalarinin etkilerinin degerlendirilmesinde

toprak sagliginin gostergeleri olarak kullanilmistir
(Celik ve ark., 2019).

Topraklarin fiziksel ve kimyasal o6zelliklerinin
belirlenmesinde ve bitkilerce gerekli olan besin
maddeleri ve beslenme durumlarinin saptanma-
sinda toprak analizlerinden faydalanilmaktadir
(Mulla ve Mc Bratney, 2001). Topraklarin verim-
lilik durumlarinin saptanmasi ile bitki gelisimiyle
iligkili ~ olarak  topraklardaki  kimyasal ve
biyokimyasal reaksiyonlarinin belirlenmesi, toprak
ve c¢evre lzerine olumlu ydnde etki yapmak
suretiyle siirdiiriilebilirligin korunmasini saglar
(Saglam ve Dengiz, 2013). Yapilan ¢aligmalar ile
tilkemizde jeolojik yapi, iklim ve bitki ortiisii gibi
ozelliklere gore farkli 6zelliklere sahip topraklarin
bulundugu belirtilmistir (Dengiz ve Giilser, 2014;
Altunbas ve ark., 2020). Bursa ilinde Basar (2001),
Konya ilinde Zengin ve ark. (2003), Ordu ilinde
Ozkutlu ve ark. (2016), Izmir ilinde Ozden ve ark.
(2020) tarafindan toprak oOzellikleri belirlenmistir.
Ozden ve ark. (2020)’e gore, Izmir ili tarm
topraklarinin %55,18’inin kumlu tin-kumlu killi tn
bilinyede, %49,60’1n1n orta alkali, %42,03’{iniin ¢ok
hafif tuzlu, %57,17’sinin kiregsiz ¢ok az kiregli,
%55,98’inin ise ¢ok az organik maddeye sahip
oldugu  saptanmistir.  Almabilir  elementler
bakimindan %28,09’unda fosfor yetersiz, ekstrakte
edilebilir elementler bakimindan %47,21’inde
potasyum zengin, %90,84’linde demir, %96,61’inde
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mangan yliksek, %44,42’sinde ¢inko, %69,92’sinde
bakir orta seviyede oldugu belirtilmistir.

Topraklarin olusum o6zelliklerine bagimli olarak
ayrimli mineral madde, yapisal goriiniim, fiziksel,
kimyasal, fizikokimyasal, mineral bilesim ve bunun
gibi Ozellikler gostermesi topraklarin birbirleriyle
0zdes olmadiklarin1 gosterir (Altinbas, 1996).
Toprak olusumu ve oOzelliklerinin degiskenlik
gostermesi, toprak 6zelliklerinde 6nemli farkliliklar
meydana getirmektedir (Askin ve ark., 2016;
Simsek ve ark., 2020). Dolayisiyla enterpolasyon
metotlart kullanilarak dogruluk oran1 yiiksek,
toprak  Ozelliklerinin ~ belirlenerek  toprak

haritalandirilmasi yapildigi belirtilmektedir
(Ozyazm ve ark., 2016; Dengiz ve ark., 2019).

Bu calismada Ege Universitesi (E.U.) Ziraat
Fakiiltesi Menemen Arastirma ve Uygulama Cift-
ligi topraklarinin pedolojik 6zellikleri ve toprak-
larin fiziksel ve kimyasal oOzelliklerinin deger-
lendirilerek, topraklarin verimlilik durumlarmmn
belirlenmesi amaglanmistir.

MATERYAL ve METOT

E.U. Ziraat Fakiiltesi Menemen Arastirma, Uygu-
lama ve Uretim Ciftligi arazisi topraklarinin
bulundugu, Menemen Ovasi 38° 26°38° 40’ kuzey
enlemleri ile 26° 40°27° 07’ dogu boylamlari
arasinda yer alip, denizden yiiksekligi 10,3 m’dir.

Menemen Ovasi topraklarinin biinyesi agirlikli
olarak tmn, kumlu tin, milli tin ve killi tindir. Bliyiik
bir kismi orta ve orta-agir bilinyeli olan ova
topraklari, eski Gediz yatagi kenarinda genel olarak
hafif, batiya dogru gidildikce agir karakter
kazanmaktadir. Menemen topraklari, agirlikli
olarak aliiviyal birikintidir. Bu topraklar, Gediz
Nehri’nin ve yan derelerinin IV. zaman iginde
yigdig1 aliivyon materyali {izerinde olusmustur
(Ozden, 2010). Ovanin %44,1'1 tuzlu ve alkali
ozellikteki topraklarla kaplidir. Ovanin tuzlu ve
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alkalilik sorunu bulunmayan bdlgeleri, ¢cok verimli
arazilerdir. Bu arazilerde, yiizey sularmin yetersiz
oldugu kosullarda, yeralti sulari tarimsal iiretim igin
yogun olarak kullanilmaktadir.

Menemen Ovasinin 5 toprak birligi ve 13 toprak
serisi ile ayrilmamis yliksek araziler grubundan
meydana geldigi belirlenmistir (Anonim, 1971).
Bolgedeki Neojen birimleri biri birine gegisli
sedimanter kayalar ile volkanitlerden olusan Alt
Miyosen-Erken Pliyosen yas araligindaki kayalarla
temsil edilir (Geng ve ark., 2001).

Calisma alaninda saptanan pedon yerleri, koor-
dinatlar1 ve denizden yiikseklikleri GPS aleti ile
belirlenmis ve 30 adet parselde pedon agilarak
ornekleme yapilmistir. Pedonlarda gézlenen ayrimli
tabaka ve horizonlardan 2012 yili haziran-temmuz
aylarinda toprak érneklemesi yapilmistir. 1,5-2 kg
toprak ornegi alinarak, laboratuvara getirilen toprak
ornekleri hava kurusu olarak kuruma sonrasinda 2
mm’lik elekten elenerek analize hazir hale
getirilmistir. Toprak biinyesi hidrometre yontemi
(Bouyoucos, 1962), toprak tepkimesi (pH), saf su
(1:2,5 toprak:su) ile doygun sekle getirilen
orneklerde pH metre kullanilarak yapilmistir
(Jackson, 1967). Kireg tayini Scheibler kalsimetresi
ile (Nelson, 1982), suda ¢oziinebilir toplam tuz (%);
saf su ile doygun sekle getirilen toprak drneklerinde
belirlenmistir (Jackson, 1967). Organik madde;
Modifiye Walkler-Black yonte-mine gore (Jackson,
1967), toplam azot (N): Kjeldahl ydntemi ile
belirlenmistir (Bremner, 1965). Alinabilir fosfor
Bingham (1949)’a gore, alinabilir Na, K, Ca ve Mg
elementleri IN NH4OAc ile calkalanarak, elde
edilen ekstraktta Na, K, Ca elementleri alev
fotometrede Mg ise atomik absorpsiyon
spektrofotometresinde Ol¢tilmistiir (Pratt, 1965),
almabilir Fe, Cu, Zn ve Mn toprak érnekleri 0,005M
DTPA c¢ozeltisi ile ekstrakte edilerek atomik
absorpsiyon spektrofoto-metresinde saptanmistir
(Lindsay ve Norvell, 1978). Calisma alanini igeren
topografik haritalar ve yer alan 47 adet parsel siniri,
yol, yerlesim, ana sulama kanallari, toprak gruplari
vb. o6geler yliksek ¢oziiniirliiklii ortofoto {izerinde
ekran sayisallagtirmasi (screen digitize) yOntemi
kullanilarak, bir Cografi Bilgi Sistemi (CBS)
yazilimi olan Intergraph GeoMedia 6.0 yazilimi

yardimiyla sayisallastirilarak koordinatli bir sekilde
bilgisayar ortamina aktarilmis ve sayisal bir altlik
harita ve veritabani1 olusturulmustur.

Jeoistatistiksel Yontemle Modelleme

Koordinatli bir sekilde agilan toprak profillerine ait
analiz verileri CBS mantikli katman mantiginda
calisan bir veri tabaninda toplanarak Kriging
jeoistatistik yontemi ile sorgulamalar1 yapilmistir.
Jeoistatistiksel yontemde modelleme (Semiva-
riogram) ve uzaysal enterpolasyon (Kriging) olmak
tizere iki asamalidir. Uzaysal bagimlilik semivari-
ogram yardimiyla ortaya koyulmaktadir. Semiva-
riogram kullanilarak uzaysal bagimlilik sayilag-
tirilabilir. Semivaryans asagida verilen esitlikle
belirlenmektedir.

2
y=12NW)2[Z-Z ]

Bu esitlikte; h: x ve x+h arasindaki ayirma
mesafesini, Zx ve Zx+h: x ve x+h bolgelerindeki
degiskenlerin Sl¢iilmiis degerlerini, N(h): h ayirma
mesafesindeki ¢ift sayisini (pair) belirtmektedir.
Belirli bir yondeki semivaryans degerleri h mesafe
degerlerine karsi grafigi ¢izilerek gosterilir. Bu
sekilde olusturulan grafige semivariogram veya
deneysel variogram denir. Semivariogramlar belli
bir h mesafesi ile birbirlerinden ayrilan drnek ¢iftler
arasindaki varyansin mesafe ile olan iligkisini
gosterir. Deneysel variogram, kullanilan 6rnekleme
ve ayirma mesafesi ile kullanilan verilere gore ¢cok
farkli sekillerde ortaya ¢ikmaktadir. Genel olarak
bir semivariogramda &rnekleme ciftleri arasindaki
mesafe (h) arttikga semivaryans degeri de artar ve
belli bir noktadan sonra az yada ¢ok sabit bir degere
ulasir. Bu noktadan sonra semivaryans degerleri
ornek ciftleri mesafe artisindan
etkilenmez. Semivariogramin  apsise  paralel
konuma geldigi bu noktadaki semi-varyans degeri
sill varyansi (Co+C) ve semivariogramin sill
varyansini yakaladigi noktadaki mesafe degeri ise
etki (range, Ao) araligi olarak adlandirilir. (Askin,
2002). Jeoistatistikte bu agirlhiklar, kestirim
hatalarinin ortalamasi sifir ve varyansi en kiigiik
olacak sekilde belirlenir. Agirliklarin bu kosullar

arasindaki
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altinda belirlenmesi islemine kriging adi verilir
(Tercan ve Sarag, 1998).

Yiiksek ¢oziiniirlikli ortofotolar tlizerine koordi-
natli olarak toprak Orneklerine ait Orekleme
noktalar1 isaretlenmistir (Sekil 1). Intergraph
GeoMedia 5.0 yazilim1 kullanilarak veri tabanina
toprak orneklerine ait laboratuar analiz verilerinin
her biri 6znitelik bilgisi olarak aktarilmistir.

Parsel sinirlar1 ortofoto goriintiileri tizerinde ekran
sayisallagtirilmasi  (screen digitize) yontemiyle
belirlenerek veri tabanina girilmistir. Analiz sonug-
lar1 GPS aleti kullanilarak koordinatlar1 belirlenen
ornekleme noktalar1 temel alinarak sayisal althik
haritaya aktarilmistir.

Toprak analiz verileri ¢aligma alani arazilerinin
tematik haritalar1 olusturulmustur. Her bir 6érnege
ait elde edilen noktasal laboratuar analiz verilerini
alansal veriye doniistiirmek igin jeoistatistik yon-
temi kullanilmistir (Mulla ve McBratney, 2001).

BULGULAR ve TARTISMA

Toprak reaksiyonu (pH) dagilimlari dikkate alindi-
ginda topraklarin tiimiine yakin bir boliimiiniin hafif
alkali karakterde oldugu goriilmektedir. Alinan
toprak orneklerinde pH ve toplam tuz degerlerinin
sirastyla  7,32-8,90 ve 586,16-2860,00 pS/cm

arasinda degistigi, ortalama olarak pH’nin 7,97 ve
toplam tuz degerinin ortalama 590,21 uS/cm oldugu
belirlenmistir (Sekil 2 ve Sekil 3). Ortalama pH
degerleri; 7,97 civarinda olup Kellog (1952)’e gore
(7,9-8,4) degerlendirildiginde orta alkali reaksiyon
gostermektedir Toprak pH’si Jackson (1967) ve
Kacar (1995)’mn, belirledikleri sinir degerler olan
7,0-7,9’a gore topraklarin %52’si kuvvetli alkali,
%44°1 hafifalkali ve %4’1i notr olarak saptanmistir.
Topragin EC (uS/cm) degerlendirme kriterleri
degerlerine gore (0-2000) tuzsuz ve (2000-4000)
hafif tuzlu smifta yer aldigit goriilmiistir
(Anonymous, 2002). Topraklarin Soil Survey Staff
(1951)’a gore topraklarin %82’si tuzsuz (%0-0,15),
%141 ¢ok hafif derecede tuzlu (%0,15-0,35),
%2’si orta derecede tuzlu (%0,35-0,65) ve %2’si
cok fazla (>%0,65) tuzlu oldugu goriilmiistiir.
Orneklemenin yapildigi haziran ay1 itibariyle
herhangi bir tuzluluk tehlikesine rastlaniimamuistr.
Ancak toprak i¢inde belirli derinliklerde yer yer tuz
kristalleri belirlenmesine ragmen toprak analiz
sonuglarinda tuzluluk tehlikesi goriilmemistir. Kum
iceriginin olduk¢a fazla olmasi tuzun toprakta
birikimini engellemektedir. Biriken tuz, sulama
suyu veya yagmurla kum biinyeli topraklarda su
gecirgenliginin yiiksekligine bagl olarak yikanip
kolayca drenaj kanallar1 vasitasiyla
uzaklastirildigindan su an i¢in sorun olusturacak
derecede tuzluluk goriilmemektedir.

Sekil 1. Toprak 6rnekleme noktalari.
Figure 1. Soil sampling points.
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Sekil 2. Topraklarm pH dagilim haritasi.
Figure 2. pH distribution map of soils.

Sekil 3. Topraklarin EC dagilim haritasi.
Figure 3. EC distribution map of soils.

Analiz edilen toprak 6rneklerinin kum, mil ve kil
iceriklerinin sirasiyla %15,28-96,00 (Sekil 4),
%1,28-73,28 (Sekil 5) ve %0,72-40,00 (Sekil 6)
arasinda degistigi ve ortalama sirasiyla 953,13,
%34,79 ve %12,08 oldugu saptanmistir. Toprak-
larin yaklagik %90°lik boliimii kum biinyelidir.
Bitki besin maddelerini yeterince igermediklerin-
den tarimsal iiretkenlik potansiyelleri diisiiktiir
(Kacar ve Katkat, 1998).

Kire¢ %4,46-15,65 arasinda degismekte olup,
ortalama CaCOs igerigi %8,57 olarak saptanmustir.
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Evliya (1960)’a gore (%5-10) kiregce zengin
sinifinda yer almaktadir. Topraklarin organik
maddesi %0,05-2,97 arasinda degisim gostermistir
(Sekil 7). Topraklarin ortalama organik madde
kapsamlart %1,17 belirlenmistir. Organik madde
bakimindan, humusga fakir (< %2) durumdadir
(Akalan, 1965). Topraklarin %60 gibi biiyiik bir
boliimii  organik maddece fakir durumdadir.
Yalnizca %40’lik bir bolimii organik madde
icerigince yeterlidir. Ancak yeterli olan %40’ lik
boliimdeki organik madde yiizdesi de sinirdadir.
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Sekil 4. Topraklarm kum (%) dagilim haritast.
Figure 4. Sand (%) distribution map of soils.
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Sekil 5. Topraklarn mil (%) dagilim haritasi.
Figure 5. Silt (%) distribution map of soils.
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Sekil 6. Topraklarm kil (%) dagilim haritasi.
Figure 6. Clay (%) distribution map of soils.
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Sekil 7. Topraklarin organik madde dagilim haritasi.

Figure 7. Organic matter distribution map of soils.

Topraklarin toplam azot igerikleri %0,012-0,130
arasinda degistigi ve ortalama %0,070 oldugu
belirlenmistir. Toplam azot topraklarin biyiik
cogunlugunda (%72) yeterli oldugu soylenebilir.
Buna gore; topraklarinin Anonymous (1990)’a gore
fakir (%0,045-0,09), orta (%0,05-0,10), iyi (%0,10-
0,15) ve zengin (>%0,15) olarak degerlen-
dirildiginde toplam azot igerigi ¢iftlik topraklarinin
bliyiik boliimii organik madde igeriginin diisiik-
ligiine de bagli olarak azot elementi noksanligi
gostermektedir (Sekil 8).

Topraklarin bitkiye yarayigli fosfor konsantras-
yonlart 0,15-8,06 mg kgl arasinda degistigi ve
ortalama 1,57 mg kg oldugu saptanmistir. Giiner
(1968), Bingham yontemi ile belirlenen fosfor sinir
degerlerine gore 1,30 ppm'den az noksan, 1,30-3,26
ppm iceren topraklar orta ve >3,26 ppm ise fosforca
zengin olarak siniflandirmaktadir. Fosfor diizeyi
yukaridaki degerler ile karsilastirildiginda, 6 6rnek
disinda topraklarin fosforca noksan ve orta diizeyde
yer aldigi goriilmiistiir. Toprak P dagilimi Sekil
9’da verilmistir.
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Sekil 8. Topraklarm toplam azot dagilim haritasi.
Figure 8. Total nitrogen distribution map of soils.
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Sekil 9. Topraklarm fosfor dagilim haritasi.
Figure 9. Phosphorus distribution map of soils.

Topraklarin alinabilir potasyum konsantrasyonlari-
nin 19,6-494,7 mg/kg arasinda degistigi ve ortalama
153,5 mg/kg oldugu saptanmuistir. Bitkiye yarayiglh
potasyum Fawzi ve El-Fouly (1980), tarafindan
yeterli (200-300 ppm) olarak onerilen degerlere
gore yaklasik %23 gibi bir oranda K yeterli olarak
tespit edilmistir (Sekil 10). Topraklarin biiylik bir
boliimii faydali potasyumca yetersizdir. Bunun
temel nedeni topraklarda potasyumu tutan ve
gerektiginde bitkiye veren kil minerallerinin

Sekil 10. Topraklarin potasyum dagilim haritasi.

Figure 10. Potassium distribution map of soils.

150

L % PEDON

i |A| parsEL MO

& CIPARSEL

= & R FAYDALL P DAGILINM HARITAST (ppes)
b oS8T

CR - EELEE

b 426530

azligindan ve toprak biinyesi gibi faktorlerden
kaynaklanabilir.

Topraklarin bitkiye yarayish kalsiyum konsan-
trasyonlarinin 1100,0-6534,0 mg/kg arasinda ve
ortalama 3546,0 mg/kg oldugu belirlenmistir. Ciftlik
topraklarinin faydali kalsiyum elementince yeterli
seviyede oldugu soylenebilir (Sekil 11). Alinabilir
Ca igin Pratt (1965), tarafindan normal (1428-2143
mg/kg) olarak bir 6rnek hari¢ (1100 mg/kg)
tamaminda belirtilen deger araliginda yer almistir.
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Sekil 11. Topraklarin kalsiyum dagilim haritasi.
Figure 11. Calcium distribution map of soils.

Almabilir magnezyum kapsamlarinin 56,7-937,4
mg/kg arasinda degistigi ve ortalama 352,8 mg/kg
oldugu izlenmektedir (Sekil 12). Alinabilir Mg
diizeyi Pratt (1965)’e gore yeterli grup (160-350
mg/kg) olarak gosterilen degerlere gore yaklasik
%72 diizeyinde Mg’ca yeterli seviyededir.

Topraklarin alinabilir sodyum konsantrasyonlarmimn
19,2-1746,0 mg kg arasinda oldugu ve ortalama
150,1 mg kg?! oldugu belirlenmistir. Topraklarin
sodyum degerleri Loue (1968)'de belirtilmis olan
sinir degerlerine gore degerlendirildiginde ¢ok
diisiik (<34 mg/kg), diisiik (34-68 mg/kg), orta (68-

Sekil 12. Topraklarin magnezyum dagilim haritast.

Figure 12. Magnesium distribution map of soils.
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230 mg/kg), yiiksek (230-460 mg/kg) ve ¢ok yiiksek
(>460 mg/kg) siniflar igerisinde
degerlendirildiginde yiiksek (%10,8) ve cok yliksek
(%7,5) smiflama igerisinde toplam %18,3
seviyesindeki topraklarda sodyum bakimindan
yiiksek ve ¢ok yiiksek oldugu dagilimi gosterdigi
goriilmistiir (Sekil 13). Topraklardaki sodyum
elementi i¢eriginin yiiksekligi “alkalilik” zararinin
gostergesidir. Ancak bu alanlarda 6rneklemenin
yapildigi tarih itibariyle tarimsal iiretimin miktar ve
kalitesini  disiirecek Olgiide  alkalilik
olusmamistir.

zarari
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Sekil 13. Topraklarin sodyum dagilim haritasi.
Figure 13. Sodium distribution map of soils.

Topraklarin aliabilir demir konsantrasyonunun 1,27-
34,62 mg/kg arasinda ve ortalama4,97 mg/kg oldugu
belirlenmistir. Genel olarak Lindsay ve Norvel
(1978)’e gore (>4,5 mg/kg) degerlendirildiginde yak-
lasik %39 gibi bir alanda Fe yeterli olarak belirlen-
mistir (Sekil 14). Genel olarak iist horizonlardaki
daha yiiksek degerler aldig1 izlenmektedir. Ust kat-
manlarda yaklasik 0-20 cm’de Fe yapilan uygula-
malar ile art1g gosterdigi sOylenebilir.

Topraklarin almabilir ¢inko konsantrasyonlarmimn
0,07-2,04 mg/kg arasinda oldugu ve ortalama 0,48

Sekil 14. Topraklarin demir dagilim haritasi.
Figure 14. Iron distribution map of soils.
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mg kg olarak hesaplanmistir (Sekil 15). Toprakla-
rin ¢inko diizeyleri Anonymous (1990)’ya gore
yeterli (0,7-2,4 mg/kg) olarak belirtilen smnir
degerlerine gore yaklagik %45 oraninda c¢inko
yeterli olarak belirlenmistir.

Cinko konsantrasyonu da Fe ile benzerlik goster-
mis ve iist katmandaki konsantrasyonunun diger
katmanlardan (derinlik) daha yliksek deger almasi
ozellikle yapilan yetistiricilik esnasinda kullanilan
cinko katkili kompoze giibrelerden ileri geldigi
diistiniilmektedir.
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Sekil 15. Topraklarin ¢inko dagilim haritasi.
Figure 15. Zinc distribution map of soils.

Sekil 16. Topraklarin mangan dagilim haritasi.

Figure 16. Manganese distribution map of soils.

Topraklarin almabilir mangan igerigi 0,50-16,24
mg/kg arasinda degisim goOstermis ve ortalama
olarak 2,39 mg/kg olarak belirlenmistir. Lindsay ve
Norvel (1978)’e gore yeterli (>1,2 mg/kg) sinifla-
ma igerisinde topraklar %78,4 yer almistir, toprak-
larin yaklagik %21,6’lik bir bdlimii mangan ele-
mentince noksanlik gostermistir (Sekil 16). Man-
gan elementi acisindan degerlendirildiginde profil
topraginin iist katmanlarinda yiiksek oldugu ve
yetistiricilik esnasinda uygulanan hayvan giibrele-
rinin etkisiyle artig gosterdigi diisiiniilmektedir.
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Topraklarin alinabilir bakir igerigi 0,07-2,86 mg/kg
arasinda degisim gostermis ve ortalama 0,63 mg/kg
oldugu saptanmuistir (Cizelge 1). Viets ve Lindsay
(1973)a gore yapilan smiflandirmada topraklarin
yeterli (>0,2 mg/kg) olarak %85 oraninda yer aldig1
goriilmiistiir. Ayn1 sekilde Cu elementi de tist
katmanlardan ~ daha  biiyik  deger aldig
izlenmektedir. Ozellikle yapilan uygulamalarn
etkili oldugu sdylenebilir.
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Sekil 17. Topraklarin bakir dagilim haritast.
Figure 17. Copper distribution map of soils.

SONUC ve ONERILER

Topraklarin biiyiik bir bolimiiniin hafif alkali
karakterde, genel olarak biiylik cogunlugunun da
kum biinyeli oldugu ve buna bagh olarak da
organik madde bakimindan, humusca fakir sinifta
yer aldigi ve ayni sekilde azot elementi noksan-
liklar1  bulundugu belirlenmistir. Topraklarin
alinabilir sodyum bakimindan yiiksek ve ¢ok
yiiksek dagilim gosterdigi, bunun i¢in toprak 1slah1
ve yeterli sekilde drenaj sistemi Kkurularak
topraklarda sodyum elementinin giderilmesi uygu-
lamas1 yapilmas1 gerekmektedir. Elde edilen
sonuglara gore alinabilir fosfor, potasyum, mag-
nezyum, demir, bakir ve mangan elementlerinde
noksanliklarin oldugu goriilmiistiir. Bu sonuglar ile
ozellikle toprak organik madde igeriginin
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artirtlmasi, organik madde yilizdesinin arttirilmasi
icin ahir giibresi, fig, yonca, korunga gibi bitkiler
ile yesil giibreleme yapilmalidir. Ayni sekilde
eksikligi tespit edilen N, K, P, Mg, Fe, Zn, Mn ve
Cu elementlerinin yapilacak kimyasal ve organik
giibreler ile bitki tiir ve ¢esitlerine gore toprak
analizlerine dayali giibreleme uygulamalar ile
noksanlik seviyesinden yeterli diizeye getirilmesi
optimum verim ve kalite i¢in onerilir.
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ABSTRACT: Pre-harvest precipitation in some years in many cotton-growing regions may adversely affect cotton yield
and quality. The effect of carpel characters of cultivars on fall out (ground losses) and free fatty acid of seed under different
precipitation amounts were investigated. The experiment was arranged in a two-factor Randomized Complete Block Design with
four replications. The precipitation x cultivar interaction for carpel depth, free acid content and fall out were significant. Fall
out values were between 38.9 kg ha at 20 mm precipitation and 234.2 kg ha'* at 125 mm precipitation. The amount of fall out in
all varieties was negatively affected by the increase in precipitation. Gloria cultivar with a wide carpel had the lowest yield
losses on the ground.

Keywords: Carpel openness, carpel angle, fall out, cotton, free fatty acid content, precipitation.

Pamukta (Gossypium hirsutum L.) Hasat Oncesi Yagis Ko;ullar't_nda Cenet Qzellikleri, Verim
Kaywplari ve Tohum Serbest Yag Asitlerinin Belirlenmesi Uzerine Bir On Calisma

OZ: Bircok pamuk ekim bolgesinde bazi yillarda gerceklesen hasat oncesi yagislar, verim ve kaliteyi olumsuz
etkilemektedir. Farkli yagis miktarlarimn pamuk ¢esitlerinde dokiilme orani, ¢enet oOzellikleri ve tohum serbest yag asitleri
lizerine etkisi arastirdmigtiv. Deneme iki faktorlii Tesadiif Bloklari Deneme Desenine gore 4 tekrarlamall olarak diizenlenmigtir.
Cenet derinligi, serbest yag asitleri oram ve dokiilme orani yoniinden yagis x ¢esit interaksiyonu énemli bulunmustur. 20 mm
yagis kosullarinda 3,89 kg dat olan hasat kayiplarimn 125 mm de 23,42 kg da degerine ulagtigi saptanmistwr. Tiim cegitlerde
yagis miktarimin hasat kayiplarimi artirdigi belirlenmigstir. Genis ¢enet yapisina sahip olan Gloria ¢esidinin hasat kayiplarinin
daha az oldugu sonucuna vartlmustir.

Anahtar kelimeler: Cenet agikiigi, ¢enet agisi, dokiilme orani, pamuk, serbest yag asitleri, yags.
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INTRODUCTION

Effectively cotton harvest is essential for farmers
and seed producers as the detrimental effects of
pre-harvest season weather on lint yield and fiber
quality cause economic losses in many areas of
cotton growing (Bednarz et al., 2002; Williford et
al., 1995; Parvin et al, 2005). Although
precipitation is beneficial for planting, germination
and vegetative development in cotton cultivation,
precipitation during boll opening and harvesting is
quite harmful (Chattopadhyay et al., 2008). The
probability of receiving different amounts of
rainfall between the first boll opening and harvest
is very high in some years. When it rains in
September-October before harvest, precipitation is
absorbed by the lint, weighing the lint down and
causing it to string-out (on the plant). Rain and
strong wind break the boll connection of the seed
cotton and the vyield decreases due to falling
(Rubio, 2018). In addition, cotton wet by heavy
rains will experience fewer sunny days and take
longer to dry (Anonymous, 2019). The components
of seed dispersal include two traits that appear
adversarial: bolls must be open enough to allow
easy removal of the locks of seed cotton but the
locks cannot be allowed to fall out before picking
(Stephens, 1958). It was demonstrated that locks
with high resistance to breaking off and with high
moisture had tolerance to string-out and fall out
(Coskun, 2002), in other words, varieties requiring
higher force to pull seed cotton locks had lower
losses on the ground (Gemtos and Mygdakos,
1998). It was concluded that significant differences
exist among cultivars in terms of seed cotton loss
during the latter part of the growing season and
storm resistance of spindle-picked upland cotton
cultivars should be selected (Faircloth et al., 2004).
At times when severe weather such as pre-harvest
precipitation occurs, varietal differences in lock
retention and opening of the suitable bolls before
harvest are considerable (Lubbers and Chee, 2009;
Raper, 2019). Carpel characteristics and
relationships among these characters can be used
as selection criteria to improve resistance to
adverse weather such as rain and wind storms in
cotton (Killi and Beycioglu, 2020).
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Seeds exposed to excessive rainfall during the pre-
harvest season may have poor quality, and the
most important indicator of poor quality is the free
fatty acid content of the seed (Waddle and
Colwick, 1961; Zaxos et al., 2012). Under such
conditions, the free fatty acids of seeds changed
from 0.5 to 8 %, increasing the content of free fatty
acids reduces germination. Therefore, cottonseeds
that have a fatty-acid content above 0.75 percent
should not be used as seed for sowing
(Anonymous, 2021).

Boll properties and free fatty acid content in terms
of the detrimental effects of precipitation were
evaluated in only a few studies. Therefore, this
study was conducted to investigate the varietal
differences caused by pre-harvest precipitation in
cotton (Gossypium hirsutum L.).

MATERIALS and METHODS

Cotton cultivars, Gloria, ST-373 and Flash were
selected from cultivars with medium earliness. The
experiment was arranged in a Randomized
Complete Block Design with two factors and four
replications. Planting was carried out on 13" May
2014. The first bolls on the plant that were not
exposed to precipitation were considered as
controls. Rainfall after the second half of
September did not affect the control plots. During
the harvest season, seed cotton on the plant was
exposed to rain 10 times. The amount of rain was
measured by using a pluviometer in a meteorology
station established in the experimental area. When
the amount of precipitation reached totals of 20
mm, 45 mm and 125 mm, the bolls in the
respective plots were harvested. The climate of
Nazilli-Aydin is a Mediterranean climate and
monthly  precipitation (mm) and average
temperature of the experimental year and long-
term are given in Figure 1. It is clearly seen that
cotton bolls during the opening period were
exposed to 151.8 mm of precipitation in the
September-November period in 2014. The total
precipitation of the long-term period was 138.1
mm (Anonymous, 2014).
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Figure 1. Temperature (°C) and precipitation values (mm) of experimental and long-term years (Anonymous, 2014).
Sekil 1. Deneme yili ve uzun dénem yagig (mm) ve sicaklik (°C) degerleri (Anonymous, 2014).

The plot size was 12 m x 2.8 m (33.6 m?
accommodating 4 rows spaced 70 cm apart. Two
central rows were used for plant sampling and
measurements. The distance among the plots and
blocks was 3 m. The experiment was conducted at
Nazilli Cotton Research Institute (located between
37° 86 N, 28° 32’ E). The soil characteristics of
the field area were sandy-loamy, light alkaline
(pH: 7.54), low in salt content, sufficient in
nitrogen and phosphorus and high in potassium.
All plots received 80 kg ha' N and 80 kg ha
P,Os at sowing, and nitrogen was applied in the
form of urea (220 kg ha') before the first
irrigation. The number of furrow irrigations was 4,
and plots were kept free of weeds by mechanical
and chemical weeding.

Ten randomly selected plants were sampled from
each plot, and bolls in the first position of the first
sympodial branch of these plants were measured
for carpel openness, carpel depth and carpel angle
(Kilickan and Coskun, 2009). Seed cotton from
sampled bolls was ginned, and fifty seeds for each
plot were used for the determination of free fatty
acid (FFA) by the official AOCS method
(Anonymous, 1993). To determine the fall out (kg
ha™), seed cotton on the ground in a 5 m? area
between the middle rows from each plot was
picked and weighed. The data were analyzed using
JMP® 13  statistical ~ software  program
(Anonymous, 2016) in the experimental split-plot
design. The differences between the means were
compared by the least significant difference (LSD)
at the 5% level (Steel et al., 1997).

RESULTS and DISCUSSIONS

The precipitation x cultivar interaction for carpel
depth, free fatty acid content and fall out were
significant (Table 1). The LSD values for these
traits are shown under the means of the relevant
characteristics (Table 1 and Table 2). In addition,
differences among cultivars and precipitation for
carpel openness and cultivars for carpel angle were
found to be significant whereas precipitation and
cultivar did not significantly influence carpel width
(Table 1). Although the effect of precipitation on
carpel width was non-significant, increased rainfall
and delayed harvest led to a reduction in carpel
width (29.4 mm vs. 26.9 mm), and Gloria had the
largest carpels among the cultivars.

The highest carpel depth was significantly
recorded in the ST-373 cultivar at 125 mm
precipitation followed by ST-373 at 20 and 45 mm,
whereas the Gloria cultivar exhibited the lowest
carpel depth for the control and all precipitation
amounts (Table 1). In terms of carpel angle, the
Flash cultivar with the lowest carpel angle (76.62°)
was statistically different from other varieties
(Table 1). It was seen that carpel openness
increased in parallel with the increase in
precipitation, and carpel openness was statistically
higher in Gloria and ST-373 cultivars (Table 1).

The mean data in Table 2 clearly demonstrated that
the increase in precipitation adversely affected the
amount of fall out in all varieties. Natural (control)
fall out on the ground varied from 27.8 kg ha*
(ST-373) to 35.3 kg ha®’ (Flash). The fall out
reached 146.3 kg ha(Gloria) and 234.2 kg ha™
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(ST-373) with 125 mm of precipitation. Although
the ST-373 cultivar had the lowest value at the
beginning, it was the cultivar most adversely
affected by rain (27.8 kg ha' vs. 234.2 kg ha™).

Table 1. Carpel characteristics of cultivar x precipitation.
Cizelge 1. Cesit x yagis interaksiyonuna iligkin cenet 6zellikleri.

Gloria attracted attention as the least affected
cultivar in all precipitation amounts, and the mean
value of Gloria over precipitation amounts was the
lowest value with 79.0 kg ha™.

Precipitation (mm) / Yagis (mm)

Carpel width (mm)

Mean cultivar

Cenet genisligi (mm) 0 20 45 125 Cesit ortalamasi
Flash 28.3+0.37 28.3+0.87 28.3+0.47 27.0+£0.67 28.0+0.36
Gloria 30.2+0.58 27.9+1.21 28.9+1.17 27.0+£0.17 28.5+0.56
ST-373 29.8+1.06 27.4+0.70 26.9+0.41 26.6+0.38 27.7+£0.50
Mean precipitation 29.4+0.50 27.9:0.56 27.9:0.51 26.9+0.27
Yagis ortalamasi
Carpel depth (mm)
Cenet derinligi (mm)
Flash 10.7+0.09% 11.2+0.05° 11.2+0.14bcd 11.3+0.120¢ 11.1+0.09
Gloria 9.6+0.23¢ 10.8+0.17% 11.2+0.19bd 11.2+0.18bcd 10.7+£0.21
ST-373 11.4+0.27° 11.6£0.22% 11.6£0.07% 12.0+0.052 11.7+0.11
Mean precipitation 10.6£0.28 11.2£0.15 11.3£0.11 11.5£0.14
Yagis ortalamasi
LSD (0.05) precipitation x cultivar = 0.50
Carpel angle (°)
Cenet acis1 (°)
Flash 76.13+1.12 76.75+£2.19 77.50+1.40 76.09+1.25 76.62+0.79°
Gloria 80.01+0.60 79.17+0.34 82.34+0.88 81.76+0.96 80.82+0.522
ST-373 84.60+1.88 82.15+1.84 85.90+2.07 81.94+1.32 83.65+1.022
Mean precipitation 80.25+1.38 79.36+1.21 81.91:1.45 79.93+1.14
Yagis ortalamast
LSD (o.05) cultivar =2.84
Carpel openness (mm)
Cenet acikligi (mm)
Flash 37.5+£0.86 37.8+0.73 37.9+0.82 39.3+0.36 38.1+0.41°
Gloria 37.9+0.79 42.7+0.87 42.5+0.90 44.5+0.74 41.9+0.822
ST-373 40.0+0.90 42.3+1.09 42.4+0.28 44.0+0.38 42.2+0.562
Mean precipitation 38.5:0.61 40.9£0.91 40.9+0.84° 42.6+0.84%
Yagis ortalamasi
LSD (o.05) precipitation = 1.92 ; LSD (0.05) cultivar =1.51
Table 2. Free fatty acid and fall out of cultivar x precipitation.
Cizelge 2. Cesit x yagis interaksiyonuna iligkin serbest yag asitleri ve dokiilme orani.
Precipitation (mm) / Yagis (mm)

Free fatty acid content (%) Mean cultivar
Serbest yag asidi icerigi (%) 0 20 45 125 Cesit Ortalamast
Flash 0.22+0.04¢ 0.27+0.04%  0.37+0.04¢ 0.87+0.052 0.4340.08
Gloria 0.22+0.01¢ 0.22+0.01¢  0.32+0.01% 0.63+0.03° 0.3540.05
ST-373 0.22+0.04¢ 0.23+£0.02¢  0.32+0.06% 0.52+0.06° 0.32+0.04
{ean precipitation 0.22£0.02  0.24£0.01  033£0.02  0.670.05

ag1s ortalamasi
LSD (0.05) precipitation x cultivar =0.11
Fall out (kg ha') / Dokiilme (kg ha't)
Flash 35.3+0.499 44,0125 100.0£2.50¢  160.3+1.52° 84.9+14.51
Gloria 32.4+1.309  38.9+1.82° 98.3+1.66 146.3+2.60¢ 79.0£13.50
ST-373 27.8+0.18" 50.0£0.477  101.2+1.30¢  234.2+3.282 103.3+23.17
Mean precipitation / Yagis ortalamasi 31.9£1.13 44.3+1.69 99.8+1.15 180.3+12.93

LSD (0.05) precipitation x cultivar = 6.05
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In previous studies, carpel openness, depth and angle
values were 30.3 mm - 40.0 mm, 19.0 mm - 23.0 mm
and 41° — 57.8°, respectively (Coskun, 2002; Killi
and Beycioglu, 2020). Although the results of our
study for carpel openness and carpel depths were
parallel to these studies, carpel angles exhibited
differences. It can be said that the differences in
results are likely due to cultivar differences.

The total yield losses (on ground and plant) in harvest
changed from 3.69 kg ha™ (Raper, 2019) to 334.5 kg
ha™ (Silva et al., 2007). Similarly, the results of the
present study demonstrated that fall-out values were
between 38.9 kg ha™ at 20 mm precipitation and
234.2 kg ha* at 125 mm precipitation.

Although precipitation x cultivar interaction for
fall out was significant, the greatest yield losses
were recorded in ST-373 with higher carpel depth,
angle and openness. On the contrary, the Gloria
cultivar with wide but superficial carpel had the
lowest yield losses on the ground. It was clearly
seen that carpel characteristics had a very
important impact on reducing yield losses. The
detrimental effects of high precipitation amounts
were reflected in increased free fatty acid content
in all cultivars. ST-373 was the least affected
cultivar, whereas Flash could be defined as a
susceptible cultivar to the high precipitation
amount. Although there were non-significant
differences among cultivars, the free fatty acids of
cultivars were below 0.75% except for the Flash
cultivar at 125 mm (Table 2). Therefore, it should
be concluded that the exposure of the seed cotton
on the plant to precipitation is not a problem for
planting (Anonymous, 2021).
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CONCLUSIONS
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precipitation conditions before harvest. It was
clearly seen that carpel characteristics can be used
for improving  resistance to late-season
precipitation in a cotton breeding program. Even if
seed cotton is exposed to high rainfall before
harvest, the free fatty acid of the seed was still
below the critical level, which should not be a
problem for seed producers.
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0OZ: Sirdiiriilebilir tarim hedefleri dogrultusunda bitki biiyiimesini destekleyici mikroorganizma dzelligine sahip
Trichoderma tiirleri ile kimyasal yontemlerin birlikte kullamimasi amaglanmaktadir. Ancak bu hedefe ulasilabilmesi igin
kullanilan giibre ve fungisitler ile Trichoderma tiirlerinin birbirine uyumluluklarinin belirlenmesi gerekmektedir. Bu ¢alismada,
geleneksel tarimda siklikla kullamlmakta olan 15-30-15 + TE, 18-18-18 + TE, 16-8-24 + 2MgO + TE ve 16-18-19 + TE gibi
inorganik giibrelerin ve 25 g Fludioxonil + 10 g Metalaxyl-M, 360 g/l Hymexazol, %53,8 Bakir hidroksit + Tetrasodium
pyrophosphate ve 250 g/l Azoxystrobin gibi fungisitlerin bitki biiyiimesini tegvik eden mikroorganizma ozelliklerine sahip
Trichoderma atroviride (n:5), Trichoderma citrinoviride (n:6) ve Trichoderma harzianum (n:2) suslaruimun biiyiimesine
etkilerinin in vitro kosullarda incelenmesi amaglanmistir. Bu amagla, giibre ve fungisitlerin 100 L su ile birlikte kullanimi
onerilen maksimum dozlarimn Trichoderma suglarinin koloni biiyiimesi ve konidiospor olusumlart tizerine etkisi incelenmigtir.
Calismada, kullanilan inorganik giibrelerin Trichoderma tiirlerinin koloni biiyiimesi tizerinde inhibisyon etkisi olmadigi ancak
konidiospor olusumlarini azalttgi belirlenmistir. Sonug olarak, tim Trichoderma tirlerinin NPK tiirii giibreler ile birlikte
kullammlarimin uygun oldugu gosterilmistir. Fungisitlerin Trichoderma tirlerine karsi en yiiksek biiyiime inhibisyonu
olusturandan en diisiik biiyiime inhibisyonu olusturana dogru siwralamast %53,8 Bakir hidroksit + Tetrasodium pyrophosphate,
25 g Fludioxonil + 10 g Metalaxyl-M, 360 g/l Hymexazol ve 250 g/l Azoxystrobin seklindedir. T. citrinoviride suslar: fungisitler
ile birlikte kullamma en uyumlu suslar olarak belirlenmistir. Ayrica, Trichoderma tirlerinin fungisitlerden etkilenme
derecelerinin farkli oldugu hatta aym tiire ait suslarin bile farkl: biiyiime inhibisyonu gésterebildigi saptanmistir.

Anahtar kelimeler: Trichoderma atroviride, T. citrinoviride, T. harzianum, giibre, fungisit, uyumluluk, entegre hastalik
miicadelesi, PGPM.

In vitro Investigation of the Effects of Some Fertilizers and Fungicides on the
Growth of Trichoderma Species

ABSTRACT: In line with sustainable agriculture goals, it is aimed to use chemical methods together with Trichoderma
species, which has plant growth promoting microorganism properties. However, to achieve this goal, it is necessary to determine the
compatibility of the fertilizers and fungicides used with Trichoderma species. In this study, we aimed to examine the effects of
inorganic fertilizers like 15-30-15 + TE, 18-18-18 + TE, 16-8-24 + 2MgO + TE, 16-18-19 + TE, and the fungicides like 25 g
Fludioxonil + 10 g Metalaxyl-M, 360 g/l Hymexazol, 53,8% Copper hydroxide + Tetrasodium pyrophosphate and 250 g/l
Azoxystrobin which are frequently used in traditional agriculture, against the in vitro growth of Trichoderma atroviride (n:5), T.
citrinoviride (n:6) and T. harzianum (n:2) which have plant growth promoting microorganism properties. For this purpose, the
effects of the recommended maximum doses of fertilizers and fungicides with 100 L water on the colony growth and conidiaspore
formation of Trichoderma strains were investigated. In the study, it was determined that the inorganic fertilizers used did not have
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an inhibition effect on the colony growth of Trichoderma species, but reduced the formation of conidiaspores. As a result, it has
been shown that all Trichoderma species are compatible for use with NPK type fertilizers. Fungicides on Trichoderma species from
highest to lowest growth inhibition are respectively 53,8% Copper hydroxide + Tetrasodium pyrophosphate, 25 g Fludioxonil + 10
g Metalaxyl-M, 360 g/l Hymexazol and 250 g/l Azoxystrobin. T. citrinoviride strains were determined as the most compatible strains
for use with fungicides. In addition, it has been determined that Trichoderma species have different degrees of exposure to
fungicides, and even strains belonging to the same species can show different growth inhibition.

Keywords: Trichoderma atroviride, T. citrinoviride, T. harzianum, fertilizer, fungicide, compatibility, integrated disease

management, PGPM.

GIRIS

Ekstansif tarimda gelisigiizel kimyasal kullanimi
toprak kalitesinin diismesine, insan sagligina ve
cevreye karsi negatif etkilere, patojenlerin direng
olusturmasina ve hedef olmayan organizmalarin da
riske girmesine neden olmaktadir. Bunun yaninda,
asirt pestisit ve sentetik giibre kullanimi canlh
organizmalar yiiksek toksisiteye maruz birakmak-
tadir (Oren ve ark., 2009; Zin ve Badaluddin,
2020; Bhandari ve ark., 2021; Kotan ve Tozlu,
2021). Sirdiiriilebilir tarim, insan ve hayvan
yasamimin kalitesi ve minimum {retim maliyeti
g0z Onlinde bulundurularak tiim tarimda basariy1
hedefleyen g¢evreye duyarli biitiinsel bir perspek-
tiftir. Bu nedenle, siirdiiriilebilir tarimi benimseme
adma oncelikle kimyasal kullanimi minimalize

edilmeli ve organik giibre ve pestisitlere onem
verilmelidir (Bhandari ve ark., 2021).

Bitki biiyiimesini tesvik eden mikroorganizmalar
(Plant Growth Promoting Microorganisms, PGPM)
olarak adlandirilan, rizosferde yer alan fungal ve
bakteriyal kommiinitenin en 6nemli {yelerinden
birisi de Trichoderma genusudur (Lopes ve ark.,
2021). Biyogiibre, biyokontrol ajan1 ve biyoreme-
diasyon ajani olarak farkli sekillerde kullanilabilen
Trichoderma tiirleri siirdiiriilebilir tarimin hedef-
lerini saglamak i¢in uygun mikrobiyal etmenlerdir
(Bhandari ve ark., 2021). Funguslar, virisler,
nematodlar ve bakteriler gibi ¢esitli  bitki
patojenlerini kontrol etmede kullanilmaktadirlar.
Uygulama sonrast toprakta ve bitkiler iizerinde
uzun siire varliklarini koruyabildikleri i¢in daha
uzun araliklarla uygulanmaktadirlar. Ayrica, bitki
bliylimesini ve verimini arttirmaktadirlar. Kim-
yasal pestisitlerin kalintilari, toprakta uzun siire
kalarak ekosisteme zarar vermekte ve bitkilere tok-
sisite gostermektedir. Buna karsilik, Trichoderma
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tiirleri topraktaki toksik bilesenleri azaltmakta ya
da parcalamaktadirlar. Kimyasal NPK giibrelerinin
kullanimimi azaltmakta, mikronutrientlerin alimini
arttirmakta ve fosfatin ¢dziinmesini saglamakta-
dirlar. Tiim bunlar g6z 6niinde bulunduruldugunda
Trichoderma tiirlerinin kimyasal giibre ve pestisit-
lerin alternatifi olabilecegi gortilmektedir (Bhandari
ve ark., 2021).

Bununla birlikte, toprak kaynakli bitki patojenle-
rinin tek bir kontrol yontemi kullanilarak kontrol
edilmesi olduk¢a zordur. Bu nedenle, biyolojik
miicadele etmenleri ile fungisitlerin birlikte kulla-
nildiklar entegre hastalik yonetimi gesitli toprak
kaynakli patojenlerin neden oldugu hastaliklarin
kontroliinde dikkat ¢ceken bir yaklasimdir (Tapwal
ve ark., 2012; Aydin ve Turhan, 2013; Khirallah ve
ark.,2016; Shashikumar ve ark., 2019). Bu yak-
lasim, patojen funguslarin direngli suslarmin daha
etkili kontroliinii saglayabilmekte ve {ireticilerin
fungisit kullanim miktarinin azalmasia yardimci
olarak pazarlanan {irlinlerdeki kimyasal kalinti
miktarin1  azaltmaya yardimc1 olabilmektedir
(Sonavane ve Venkataravanappa, 2017; Zandona
ve ark., 2019). Yaygin olarak kullanilan giibreler
ve fungisitlerin ¢ogu, biyolojik miicadele etmenleri
tizerinde pozitif, negatif veya notr etkiler goste-
rebildiginden, Trichoderma tiirlerinin tarim friin-
lerinde yaygin olarak kullanilan gesitli giibre ve
fungisitlerle uyumlulugu hakkinda in vitro ve in
vivo kosullar altinda ¢aligsmalar gergeklestirilmesi
onem tasimaktadir (Shashikumar ve ark., 2019).
Bu amagla Trichoderma tiirleri kullanilarak
gergeklestirilen pek ¢ok calisma bulunmaktadir
(Kigtik ve ark., 2005; Kiigiik ve ark., 2009; Sarkar
ve ark., 2010; Ashwani ve ark., 2012; Shylaja ve
Rao, 2012; Aydin ve Turhan, 2013; Saxena ve ark.,
2014; Kumar ve Singh, 2017; Kumar ve ark., 2017,
Kumbhar ve ark., 2017).



D. MARAL GUL, R. ELTEM: BAZI GUBRE VE FUNGISITLERIN TRICHODERMA
TURLERININ BUYUMESINE ETKISININ IN VITRO KOSULLARDA INCELENMESI

PGPM inokiilantlarinin {iretimi sirasinda goz
oniinde bulundurulmasi1 gereken en Onemli
noktalar, kullanilacak olan suslarin sec¢imi ve
topraktaki yerli suslarla rekabet etme yetenegine
sahip olmasi, hedef {iriinler iizerinde istenilen
etkiyi yaratabilmesi, kullanilan giibre/pestisit gibi
diger tarimsal kimyasallardan minimum derecede
etkilenmesi ve iiretim sirasinda gesitli teknolojik
sireclerin ~ {istesinden  gelerek  fonksiyonel
Ozelliklerini koruyabilmesi olarak siralanmaktadir
(Herrmann ve Lesueur,2013).

Bu ¢alismada da, tarimsal iretimde yaygin olarak
kullanilan 15-30-15 + TE, 18-18-18 + TE, 16-8-24
+ 2MgO + TE ve 16-18-19 + TE gibi dort farkli
ticari giibre ile 25 g Fludioxonil + 10 g Metalaxyl-
M, 360 g/l Hymexazol, %53,8 Bakir hidroksit +
Tetrasodium  pyrophosphate ve 250 g/l
Azoxystrobin gibi dort farkli ticari fungisitin
Onerilen en yiiksek kullanim dozu segilerek daha
once cesitli PGPM ozellikleri (bitki patojeni
funguslara kars1 antagonistik etki, fosfat ¢oziicii-
ligi, indol asetik asit iiretimi, vb) belirlenmis olan
Trichoderma  atroviride, T.citrinoviride ve
T.harzianum suglarinda hem misel biiyiimesi hem
de konidiospor olusumunun in vitro kosullarda
belirlenmesi amaglanmistir.

MATERYAL ve METOT
Kullanilan Trichoderma Suslan

Calismada bitki patojeni olan funguslara karst in
vitro kosullarda test edilerek antagonistik etkiye

Cizelge 1. Caligmada kullanmilan NPK giibreler ve 6zellikleri.
Table 1. NPK fertilizers used in the study and their properties.

sahip oldugu oOnceden belirlenmis olan 5 adet
Trichoderma atroviride, 6 adet Trichoderma
citrinoviride ve 2 adet Trichoderma harzianum
susu olmak {izere toplam 13 farkli Trichoderma
susu kullanilmistir. Kerestelerden alinan ornekler-
den seyreltme plaka ydnteminde Rose Bengal
Kloramfenikol agar kullanilarak gergeklestirilen
fungus izolasyonu sonrasinda morfolojik ve mik-
roskopik incelemeler sonucu Trichoderma izolat:
oldugu diisiiniilenler icin molekiiler tanimlama

yapilmigtir.  Trichoderma suslart igin niikleer
rDNA gen kiimesinin ITS boélgesi, ITS1
(TACGGTAGT ACCTG CGG) ve ITs4

(TCCTCCGCTTATTGATATGC) primerleri kul-
lanilarak DNA'dan amplifiye edilmistir. PCR
amplifikasyonu ve sekanslama REFGEN (Tiirkiye)
tarafindan gerceklestirilmistir. (Gezgin ve ark.,
2019a; Gezgin ve ark., 2019b).

Kullanilan Ticari Giibreler

Geleneksel tarimda bitki beslemede siklikla kulla-
nilmakta olan, kolay bulunabilen, uygun fiyatl,
kullanim1 kolay ve yiiksek etkili dort farkli ticari
NPK giibre incelenmistir (Cizelge 1). Trichoderma
tirleri lizerindeki etkisi incelenen her bir giibre
Onerilen maksimum kullanim dozu (Cizelge 1)
temel alinarak denenmistir. Her bir giibre i¢in ppm
(mg/l) cinsinden hesaplanan miktar aseptik
kosullarda steril ekipman ile tartilarak steril saf su
icerisinde karistirildiktan sonra otoklavlanmis ve
45°C’ye sogutulmus 500 ml’lik PDA besiyerine
eklenmistir (Kumhar ve ark., 2017).

NPK Giibreler

Kimyasal Igerigi ve Formiilasyon Sekli

Kullanim Dozu

NPK Fertilizers Chemical Content and Form of Formulation Usage dose
Giibre 1: 15-30-15+ TE 's\liiz L\lojfln:;ifr :Z;O 15000 ppm
Giibre 2: 18-18-18 + TE gﬁz ;\lo':;n:ﬁfr :Z;o 15000 ppm
Gibre 3: 16-8-24 + 2MgO + TE ls\liz ::\lo:lin:tzﬁfr :Zio; Ve 15000 ppm
Giibre 4: 16-18-19 + TE NOs, NHa, NH2; P20s; K20 3500 ppm

Konsantre siispansiyon

# NPK: Azot, fosfat, potasyum; TE: 1z element.
# NPK: Nitrogen, phosphate, potassium; TE: Trace element.
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Kullanilan Ticari Fungisitler

Pek cok fungal bitki hastaliginda yiiksek etkili olan
kolay bulunan ve kullanilan, uygun fiyatli, kullanimi
yaygin ve farkli etki mekanizmalarina sahip dort
farkli ticari fungisit incelenmistir (Cizelge 2). Her
bir fungisit i¢in 100 L suda kullanim1 6nerilen en
yliksek uygulama dozu temel alinarak calismalar
gerceklestirilmistir. Her bir fungisit i¢in ppm
(mg/l) cinsinden hesaplanan miktar aseptik
kosullarda steril ekipman yardimiyla steril saf su
icerisinde karistirildiktan sonra otoklavlanmis ve
45°C’ye sogutulmus 500 ml’lik PDA besiyerine
eklenmistir (Nel ve ark., 2007; Shah ve ark., 2010).

Giibre ve Fungisitlerin Trichoderma
izolatlarinin Koloni Biiyiimesi Uzerindeki
Etkisinin in vitro Kosullarda incelenmesi

Trichoderma suslari ile uyumlulugu incelenecek
olan 15-30-15 + TE, 18-18-18 + TE, 16-8-24 +
2MgO + TE ve 16-18-19 + TE gibi dort farkli
giibrenin ve 25 g Fludioxonil + 10 g Metalaxyl-M,
360 g/l Hymexazol, %53,8 Bakir hidroksit +
Tetrasodium pyrophosphate, 250 g/l Azoxystrobin
gibi dort farkli fungisitin  kullanim1 6nerilen
maksimum dozlan su ile kanstirildiktan sonra steril
edilmis ve aseptik kosullarda her biri ayn ayn
olacak sekilde katilagma sicakligindaki steril Patates
Dekstroz Agar (PDA) besiyeri igerisine eklenmistir.
Iyice karistirilarak homojen hale getirilen besiyerleri
steril petri kaplarina paylastinlmistir. Gilibre ve
pestisit igeren her bir petri plakasinin tam ortasina
96-120 saat siireyle 28°C’de PDA besiyerinde
biiyiitiilmiis Trichoderma suglarindan i¢i bos steril
cam ¢ubuklar kullanilarak alinan 5 mm ¢apinda agar

Cizelge 2. Caligmada kullanilan kimyasal fungisitler ve dzellikleri.

diskleri yerlestirilmistir ve petri kaplari 28°C’de
inkiibasyona birakilmistir. Glibre ve fungisit iger-
meyen petri plakalarina inokiile edilen Trichoderma
suslar1 kontrol olarak kullanilmistir. Tiim ¢alismalar
tic tekrarli olacak sekilde gerceklestirilmistir. Koloni
caplar1 giibre denemelerinde 5. giinde, fungisit
denemelerinde ise 14. giinde ii¢ farkli ydnden
Olciiliip ortalamasi alindiktan sonra her bir giibre ve
fungisitin  Trichoderma suslar1 tizerindeki yiizde
bliylime inhibisyon degeri asagidaki formiil
kullanilarak hesaplanmustir:

I=[(C-T)/C]x100

Bu formiilde I: Yiizde biiyiime inhibisyon degerini,
C: Kontroldeki Trichoderma koloni ¢apini, T:
Gilibre veya  fungisit iceren  petrilerdeki
Trichoderma koloni c¢apin1 ifade etmektedir.
Ayrica giibre ve fungisitlerin koloni biiyiimesine
etkisinin incelendigi tiim petrilerde Trichoderma
suslariin her birinin konidiospor olusumu 14 giin
boyunca gozle izlenmistir. (Sarkar ve ark., 2010;
Tapwal ve ark., 2012; Khirallah ve ark., 2016;
Sonavane ve Venkataravanappa, 2017; Kumar ve
ark., 2018; Shashikumar ve ark., 2019).

istatistiksel Analiz

Farkli fungisitlerin varliginda elde edilen yiizde
biiyiime inhibisyon degerleri SPSS paket programi
kullanilarak énemli farkhiliklar agisindan ANOVA
ile incelenmistir (Anonymous, 2009). p < 0,05'teki
farkliliklar anlamli  olarak kabul edilmistir.
Ortalama + standart hata (n=3) olarak belirtilen
degerlerdeki 6nemli farkliliklar Tukey Aralik Testi
kullanilarak karsilastirilmistir.

Table 2. Chemical fungicides used in the study and their properties.

Kimyasal Fungisitler Formiilasyon Sekli ve Etki Mekanizmasi Iéglzljmm
Chemical Fungicides Form of Formulation and Mechanisim of Action
Usage dose
L . . ) Konsantre siispansiyon

Fungisit 1: 25 g Fludioxonil + 10 g Metalaxyl-M E2:12, Al:4 2500 ppm
Fungisit 2: 360 g/l Hymexazol ig%sgmre suspanstyon 3000 ppm
Fungisit 3: %53,8 Bakir hidroksit + Tetrasodium Islatilabilir toz 4000 ppm
pyrophosphate M1 PP
Fungisit 4: 250 g/l Azoxystrobin Konsantre siispansiyon 750 ppm

C3:11
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BULGULAR ve TARTISMA

Aktif bilesenleri Cizelge 1 ve Cizelge 2’de verilen
giibre ve fungisitlerin 6nerilen maksimum kullanim
dozlar1 5 adet T. atroviride, 6 adet T. citrinoviride
ve 2 adet T. harzianum susunun koloni biiyiimesi
ve konidiospor olusturmasina yaptiklari etki in
vitro kosullarda belirlenmistir. Calismada kullanilan
NPK giibreler ve kimyasal fungisitler ile birebir
ayn1 icerige sahip giibre ve fungisitlerin kullanil-
dig1 calisma olduk¢a az sayidadir. Bu nedenle
calismamizda elde edilen verilerin degerlendiril-
mesinde inorganik NPK giibreleri ve fungisitlerin
etken maddeleri temel alinmistir.

Incelenen Giibrelerin Biiyiime Uzerindeki
Etkileri

Dort farkli gilibre icin ayr1 ayr1 gergeklestirilen
calismalar sonucunda tiim Trichoderma suslarinin
5. glinde tim petri plagmmi kaplayacak sekilde
bliylidiigli goriilmistiir. Calismamizda {i¢ farkli
Trichoderma tiiriine ait suslarin incelenen tim
giibrelerin varliginda 14. glinde koloni yiizeyinde
konidiospor olusturdugu goriilmekle birlikte olusan
konidiospor miktarlarinin kontrol petrilerine gore
daha az oldugu gozlenmistir (Sekil 1 ve Sekil 2).
Sonug olarak, incelenen tiim giibreler ve Trichoderma
suslarmin siirdiiriilebilir tarim hedefleri dogrultu-
sunda birlikte kullanilabilecekleri in vitro kosul-
larda gosterilmistir.

Dhanya ve ark. (2016), T.viride ile gesitli
giibrelerin uyumlulugunu inceledikleri calismada
iire (135,7 ppm), iire graniilleri (135,7), potasyum
kloriir (208,3 ppm), tek siiper fosfat (312,5 ppm)
ve mikronutrient karigiminin (5000 ppm) T.viride
ile ylizde yliz uyumlu oldugunu belirtmislerdir.
Ancak tek siiper fosfat ve potasyum kloriiriin

konidiospor olusumunu azalttigt gosterilmistir.
Benzer sekilde, tre (10000), potasyum kloriir
(20000 ppm) ve siiper fosfat (20000 ppm) kulla-
nilan bir baska c¢alismada da Trichoderma viride
biliylimesi iizerinde negatif bir etki goriillmemistir
(Gampala ve Pinnamaneni, 2010). T. harzianum ve
75-75-150 dozunda (iire 81,4 ppm; tek siiper fosfat
187,5 ppm; potasyum kloriir 125 ppm) giibrenin
birlikte kullaniminin incelendigi bir ¢alismada da
kontrol petrisiyle benzer oranda biiylime gercek-
lestigi belirtilmistir (Suseela Bhai ve Thomas,
2010). Calismamizda kullanilan NPK giibrelerinin
bilesiminde azot kaynagi olarak bulunan amonyum
azotu, nitrat azotu ve tirenin Trichoderma tiirlerinin
biiylimesi lizerinde olumsuz herhangi bir etkisi
olmadig1 gosterilmistir. Ayni1 sekilde fosfor kay-
nag1 olan fosfor pentaoksitin (P2Os) ve potasyum
kaynagi olan potasyum oksitin (K:O) de
Trichoderma tiirlerinin koloni biiyltimesi lizerinde
olumsuz bir etkisi goriilmemistir. Calismada,
incelenen tim glbrelerin T. atroviride, T.
citrinoviride ve T. harzianum tiirleri ile birlikte
kullanilabilecegi saptanmustir.

Incelenen Fungisitlerin Biiyiime Uzerindeki
Etkileri

Koloni biiytimeleri takip edilen Trichoderma
tiirleri i¢in kullanilan fungisitlerin 14. giinde sebep
oldugu yiizde (%) biiyiime inhibisyon degerleri
hesaplanmigtir. Her bir Trichoderma susu icin 4
farkli ticari fungisitin olusturdugu yiizde (%)
biiylime inhibisyon degerleri Cizelge 3’te verilmistir.
Ayrica, Trichoderma tiirlerinin farkli fungisitleri
iceren petrilerdeki koloni biiylimeleri ve konidi-
ospor olugsumlarina ait 14. giinde c¢ekilmis olan
fotograflar Sekil 3 ve Sekil 4’te gosterilmistir.
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Cizelge 3. Incelenen fungisitlerin Trichoderma suslari iizerinde gereklestirdikleri yiizde (%) bilyiime inhibisyon degerleri.
Table 3. The percent growth inhibition values of the examined fungicides on Trichoderma strains.

Trichoderma suslari

Fungisitlerin yiizde biiylime inhibisyon degeri=SH
Percent growth inhibition value of fungicides+SE

Trichoderma strains Fungisit 1 Fungisit 2 Fungisit 3  Fungisit 4
Fungicide 1 Fungicide 2 Fungicide 3  Fungicide 4
(2500 ppm) (3000 ppm) (4000 ppm) (750 ppm)
T. atroviride EGE-K-65 4,7+0,7 cd* 11,8+1,3 be 75,3£0,7 ab 0
T. atroviride EGE-K-71 21,2+1,8a 19,6£5,2 b 72,5+3,2 ab 0
T. atroviride EGE-K-131 13,7£2,0b 4,7£2.4 cd 72,1£1,0 ab 0
T. atroviride EGE-K-134 5,1+£0,7 ¢ 36,1+2,7 a 75,3£3,1 ab 0
T. atroviride EGE-K-136 4,3+1,0 cd 40,4+4,1 a 77,2+0,7 a 0
T. citrinoviride EGE-K-67 0d 0d 18,0+£5,2 d 0
T. citrinoviride EGE-K-72 0d 0d 70,6£0 ab 0
T. citrinoviride EGE-K-128 0d 0d 62,3+0,7 b 0
T. citrinoviride EGE-K-129 0d 0d 14,9+1,7d 0
T. citrinoviride EGE-K-130 0d 0d 43,1£1,0 ¢ 0
T. citrinoviride EGE-K-135 0d 0d 35,334 ¢ 0
T. harzianum EGE-K-49 6,3+1,0 ¢ 0d 68,6=1,0 ab 0
T. harzianum EGE-K-38 3,9+1,0 cd 0d 37,2452 ¢ 0

*Aymi stitunda farkli harfle gosterilen % biiylime inhibisyon degerleri arasindaki farklilik istatistiksel olarak 6nemlidir (p<0,05).
# 0: Inhibisyon yok/no inhibition, SH:standart hata, SE:standard error, Fungisit 1: 25 g Fludioxonil + 10 g Metalaxyl-M, Fungisit
2: 360 g/l Hymexazol, Fungisit 3: %53,8 Bakir hidroksit + Tetrasodium pyrophosphate, Fungisit 4: 250 g/l Azoxystrobin.

Trichoderma suslari
Trichoderma strains

NPK giibreler
NPK fertilizers

Kodlar
Codes

Kontrol
Control

15-30-15 + TE

18-18-18 + TE

16-8-24 + 2MgO + TE

16-18-19 + TE

T. atroviride
EGE-K-65

T. atroviride
EGE-K-71

T. atroviride
EGE-K-131

T. atroviride
EGE-K-134

T. atroviride
EGE-K-136

Sekil 1. Incelenen giibreleri igeren petriler ve kontrol petrilerindeki T.atroviride suslarmin 14. giindeki koloni biiyiimesi ve

konidiospor olusumlari.

Figure 1. Colony growth and conidiospore formation of T.atroviride strains on day 14 in petri plates containing the examined
fertilizers and control petri plates.
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Trichoderma suslari
Trichoderma strains

NPK giibreler
NPK fertilizers

Kodlar
Codes

Kontrol
Control

15-30-15+ TE

18-18-18 + TE

16-8-24 + 2MgO + TE

16-18-19 + TE

T. citrinoviride
EGE-K-67

T. citrinoviride
EGE-K-72

T. citrinoviride
EGE-K-128

T. citrinoviride
EGE-K-129

T. citrinoviride
EGE-K-130

T. citrinoviride
EGE-K-135

T. harzianum
EGE-K-49

T. harzianum
EGE-K-38

Sekil 2. Incelenen giibreleri igeren petriler ve kontrol petrilerindeki T. citrinoviride ve T. harzianum suslarmin 14. giindeki
koloni biiylimesi ve konidiospor olugumlari.
Figure 2. Colony growth and conidiospore formation of T. citrinoviride and T. harzianum strains on day 14 in petri plates
containing the examined fertilizers and control petri plates.
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Trichoderma suglar Kimyasal fungisitler

Trichoderma strains Chemical fungicides

Kodlar Kontrol Fungisit 1 Fungisit 2 Fungisit 3 Fungisit 4
Codes Control Fungicide 1 Fungicide 2 Fungicide 3 Fungicide 4
T. atroviride

EGE-K-65 /

T. atroviride

EGE-K-71

T. atroviride

EGE-K-131

T. atroviride '

EGE-K-134

T. atroviride

EGE-K-136

Sekil 3. Incelenen fungisitleri igeren petriler ve kontrol petrilerindeki T. atroviride suslarinim 14. giindeki koloni biiyiimesi ve
konidiospor olugumlari.
Figure 3. Colony growth and conidiospore formation of T. atroviride strains on day 14 in petri plates containing the examined

fungicides and control petri plates.
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Trichoderma suslari
Trichoderma strains

Kimyasal fungisitler
Chemical fungicides

Kodlar
Codes

Kontrol
Control

Fungisit 1
Fungicide 1

Fungisit 2
Fungicide 2

Fungisit 3
Fungicide 3

Fungisit 4
Fungicide 4

T. citrinoviride
EGE-K-67

T. citrinoviride
EGE-K-72

T. citrinoviride
EGE-K-128

T. citrinoviride
EGE-K-129

T. citrinoviride
EGE-K-130

T. citrinoviride
EGE-K-135

T. harzianum
EGE-K-49

T. harzianum
EGE-K-38

q P F r
e

Sekil 4. Incelenen fungisitleri igeren petriler ve kontrol petrilerindeki T. citrinoviride ve T. harzianum suslarmi 14. giindeki
koloni biiylimesi ve konidiospor olusumlart.
Figure 4. Colony growth and conidiospore formation of T. citrinoviride and T. harzianum strains on day 14 in petri plates
containing the examined fungicides and control petri plates.

175



ANADOLU 32 (2) 2022

Buna gore Fungisit 4 (250 g/l Azoxystrobin) igeren
PDA plaklar1 incelendiginde, tiim Trichoderma
tiirlerinde herhangi bir biiylime inhibisyonu goz-
lenmemistir yani incelenen tim Trichoderma
tiirlerinin bu fungisitin varliginda %100 biiyiime
gosterdigi ancak, konidiospor olusumlarinin kontrol
petrilerine gore daha az oldugu belirlenmistir.

Trichoderma atroviride suslarinda Fungisit 3
(%53,8 Bakar hidroksit, Tetrasodium pyrophosphate)
iceren petrilerde en diisiik biiyiime inhibisyon
degeri %72,1£1,8 ile T. atroviride EGE-K-131, en
yliksek inhibisyon degeri ise %77,2+1,3 ile
T.atroviride EGE-K-136 susunda belirlenmistir.
Fungisit 1 (25 g Fludioxonil, 10 g Metalaxyl-M)
iceren petrilerde en diisiik inhibisyon degeri
%4,3+1,8 ile T. atroviride EGE-K-136, en yiiksek
inhibisyon degeri ise %21,2+3,1 ile T. atroviride
EGE-K-71 susunda belirlenmistir. Ayrica, Fungisit
2 (360 g/l Hymexazol) igeren petriler incelen-
diginde ise, en diislik inhibisyon degeri %4,7+4,2
ile T. atroviride EGE-K-131, en yiiksek inhibisyon
degeri %40,4+7,1 ile T. atroviride EGE-K-136
susunda belirlenmistir.

T. atroviride suslarinda konidiospor olusumunun
Fungisit 1 iceren petrilerde diisiik seviyede, Fungisit
4 igeren petrilerde ise orta seviyede oldugu
gbzlenmistir. Fungisit 2 ve Fungisit 3iceren petri-
lerde ise sadece T. atroviride EGE-K-131 susunda
az miktarda konidiospor olusumu belirlenmistir
(Sekil 3).

Trichoderma citrinoviride suslart Fungisit 1 ve
Fungisit 2 iceren petrilerde biiyiitiildiigiinde, bu
fungisitlerin herhangi bir inhibisyona sebep olma-
dig1 belirlenmistir yani bu fungisitlerin varliginda
T. citrinoviride suslariin %100 biiyiime gosterdigi
belirlenmistir. T. citrinoviride suslarinda sadece
Fungisit 3 iceren petrilerde farkli derecelerde
bliylime inhibisyonu goézlemlenmistir. Fungisit 3
varliginda en yiliksek Dbiiylime inhibisyonu
%70,6+0 ile T. citrinoviride EGE-K-72 susunda
goriilitken en diisiik biiylime inhibisyonu ise
%14,9+ 3,0 ile T. citrinoviride EGE-K-129
susunda gozlemlenmistir.
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T. citrinoviride suslarinin konidiospor olusumlari
incelendiginde ise suslarin 4 farkli pestisitin her
birinde farkli derecelerde konidiospor olusturduk-
lar1 gézlenmistir. T. citrinoviride suslari tarafindan
farkli pestisitlerin varliginda olusturulan konidi-
ospor miktarlari, en diisiik konidiospor seviyesin-
den en yiiksek konidiospor seviyesine dogru
sirastyla Fungisit 3, Fungisit 2, Fungisit 1 ve
Fungisit 4 olarak belirlenmistir. Fungisit 4 igeren
petrilerdeki  konidiospor olusumunun kontrol
petrilerindeki konidiospor olusumundan daha fazla
oldugu gorilmistiir (Sekil 4).

Trichoderma harzianum suslar1 i¢in Fungisit 2
iceren petrilerde herhangi bir biiylime inhibisyonu
gdzlenmemistir yani bu fungisit ile suslarin %100
uyumlu biiyiidiigii belirlenmistir. Bununla birlikte,
Fungisit 1ve Fungisit 3 igeren petri plaklarn
incelendiginde T. harzianum EGE-K-49 susunda,
T. harzianum EGE-K-38 susuna gore yaklasik iki
kat daha fazla biiylime inhibisyonu belirlenmistir.
T. harzianum suglarinin Fungisit 3 kullanilan petri
plaklarinda en disiik seviyede konidiospor
olusturduklar1 belirlenirken diger fungisitlerdeki
konidiospor olusumunun kontrol petrilerine yakin
oldugu belirlenmistir (Sekil 4).

Manjunath ve ark. (2017) yaptiklar1 ¢alismada T.
asperellum ile 100, 200 ve 300 ppm oraninda
azoxystrobin etken maddesi igeren fungisitin %100
uyumlu oldugunu gdstermislerdir. Benzer bir
sekilde 1000 ppm azoxystrobinin T. harzianum ve
T. viride izolatlarinin misel biiylimesi {izerinde
herhangi bir etkisi olmadigi belirlenmistir
(Ranganathaswamy ve ark., 2013). Bir bagka
calismada ise 10 ppm azoxystrobin etken madde-
sinin T. harzianum misel biiylimesi iizerinde
herhangi bir etki gostermedigi ancak konidiospor
olusumunda azalmaya neden oldugu belirtilmistir.
Azoxystrobin,  ascomycetes,  basidiomycetes,
deuteromycetes ve oomycetes filumuna ait cesitli
bitki patojenleri i¢in toksik bir Qol (Quinone dig
inhibitorii) fungisittir. Bu fungisit grubu fungus
hiicrelerinin solunumunu engellemektedir. Boylece,
yiiksek enerji gerektiren bir siire¢ olan konidiospor
olusumu azoxystrobin tarafindan azaltilmaktadir
(Silva ve ark., 2018). Sarkar ve ark. (2010) 300
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ppm azoxystrobin kullanarak gergeklestirdikleri
calismada T. harzianum’un %41,1 oraninda inhibe
oldugunu gostermislerdir. Calismamizda 750 ppm
azoxystrobin etken maddeli Fungisit 4 kullanildi-
ginda tim Trichoderma suslarinda herhangi bir
inhibisyon goriilmemistir ancak konidiospor
olusumlarmin kontrol petrilerine gore daha az
oldugu belirlenmistir.

Dhanya ve ark. (2016) yaptiklar1 ¢aligmada bakir
iceren BM, Kocide ve COC gibi fungisitlerin
T. viride tizerinde sirasiyla %43,92, %59,44 ve
%50,32 gibi yliksek derecelerde biiylime inhibisyo-
nuna neden olduklarini gostermislerdir. In vitro
kosullarda yapilan ¢aligmalarda, bakir hidroksitin
2500 ppm tizerinde kullanilmasinin T. viride’ye
kars1 inhibisyon etkisi (Valarmathi ve ark., 2013)
ve 250 ppm oraninda kullanilmasinin T. harzianum
PBT23 susu iizerinde %45 oraninda biiyiime
inhibisyonu etkisi gosterdigi belirtilmistir (Deepika
ve ark., 2014). Calismamizda, 4000 ppm Fungisit 3
kullanildiginda o6zellikle T. citrinoviride tiirlerin-
den EGE-K-67 ve EGE-K-24 kodlu suslar ile
literatiirde karsilagilan inhibisyon degerlerinden
oldukea diisiik inhibisyon degerleri elde edilmistir.
Bu suslarin bakir iceren fungisitlerle birlikte
kullanilmasinin uygun oldugu diisiiniilmektedir.

Khattabi ve ark. (2001) yaptiklarn calismada
Sclerotium rolfsii {izerinde hymexazol igerigine
sahip fungisit ve T. harzianum izolatlarinin etkisini
incelemiglerdir. Elde edilen verilere gore,
hymexazolun T. harzianum izolatlar1 {izerinde
zayif etki goOsterdigi belirlenmistir.  Ayrica,
hymexazolun T. harzianum izolatlarinin S.
rolfsii’ye karsi gosterdikleri antagonistik etkiyi
arttirdigt  da  belirtilmigtir. Bunun sonucunda
hymexazol ve T. harzianum izolatlarinin S.
rolfsii’'ye karst Dbirlikte kullaniminin  entegre
hastalik miicadelesi i¢in umut vadeden bir
yaklasim oldugu diisiiniilmektedir. Calismamizda
ise hymexazoliin T. citrinoviride ve T. harzianum
suslariin  biiylimesi  lizerinde herhangi  bir
inhibisyon etkisi goriilmezken T.atroviride suslart
iizerinde farkli yiizde oranlarinda Dbiiylime
inhibisyonu gosterdigi belirlenmistir. Domates,
muz, tiitiin, biber, hiyar, kabak ve ¢imde Fusarium

spp., Phytium spp., R. solani ve Bipolaris spp. gibi
fitopatojenik funguslarin neden olduklar1 hastalik-
lara karst kullanilan Fungisit 2 ile T. citrinoviride
ve T. harzianum suslariin birlikte kullaniminin
uygun bulunmas: siirdiiriilebilir tarim hedefleri
dogrultusunda birlikte kullanimlar1 agisindan umut
vadetmektedir.

Calismamizda incelenen Fungisit 1’in formiilasyo-
nunda (Cizelge 2) yer alan fludioxonil ve
metalaxyl-M etken maddeleri ile ayri ayri olmak
tizere ¢esitli Trichoderma tiirlerinin biiyiimesi
iizerine etkilerinin belirlenmesi konusunda ¢ok
sayida calismalar yapilmistir. Maurya ve ark.
(2020) tarafindan dort farkli fungisit olan Thiram,
Bakir oksiklorid, Mankozeb ve Metalaxyl’nin
incelendigi calismada, 1000 ppm metalaxyl
kullanildiginda T. harzianum Th-8’in bilyimesinin
%6,68 inhibe oldugu gosterilmistir. Incelenen
fungisitler arasinda en etkisiz olan ve T. harzianum
Th-8 ile en uyumlu olan fungisitin metalaxyl
oldugu belirtilmistir. Bir bagka calismada, 2500
ppm metalaxyl kullanildiginda T. viride’de %22,22
T. harzianum’da ise %30 inhibisyon goriilmiistiir
(Shashikumar ve ark., 2019). Calismamizda
incelenen tim Trichoderma suslari ile bu
degerlerden daha diisiik inhibisyon degerleri elde
edilmistir. Elde edilen sonuglar, Fungisit 1’in 2500
ppm oraninda  kullanildiginda incelenen
Trichoderma suglar1 ile uyumlu oldugunu ve
toprak kokenli bitki patojenleri ile entegre
miicadele yonteminde kullanilabilecegini goster-
mistir. Hiicre i¢i gliserol birikimini arttirarak
fungus hiicre biiylimesini bloke eden fludioxonil
ile Trichoderma sp, soya fasiilyesi tohumlarina
birlikte uygulandiklarinda bitki gelisimini ve
verimini arttirdiklart goriilmiistiir (Zandona ve
ark., 2019). Bir bagka ¢aligmada ise Cyprodinil ile
birlikte kullanilan Fludioxonil’in (125 ppm) 32 giin
sonunda T. harzianum ve T. viride suslarina karst
higbir etki gostermedigi goriilmustiir (Khirallah ve
ark., 2016). De Souza Loureiro ve ark. (2020),
Fungisit 1 kullanarak gergeklestirdikleri in vitro
caligmada, bu fungisitin koloni biiylimesine izin
verdigi i¢in T. harzianum ile uyumlu oldugunu
gos-termiglerdir.  Buna  karsihik  {i¢  farkh
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Trichoderma sp. izolatina karsi Fungisit 1’in
etkisinin incelen-digi bir baska c¢alismada ise
tohum denemelerinde Trichoderma suslarinin
Fungisit 1’e karst oldukca hassas oldugu
belirlenmis ve bu suslarin Fungisit 1 ile birlikte
kullanimi1 uygun goriilmemistir (Duran ve ark.,
2007). Calismamizda kullanilan tiirlerden T.
citrinoviride suslarinin Fungisit 1 ile %100 uyumlu
oldugu goriiliirken, T. atroviride suslarinin 4,3+1,8
- 21,243,1 araliginda bir biiylime inhibis-yon
yizdesine ve T. harzianum’a ait iki sus i¢in
%3,9+1,8 ve 6,3£1,8 oranlarinda oldukca diisiik
biliylime inhibisyon yiizdelerine sebep oldugu
belirlenmistir.

Biyolojik miicadele etmenleri ile fungisitlerin
uyumlulugu, kimyasal fungisit kullanimini azalt-
mas1 ve fungal patojenlerin kontroliinde etkili bir
miicadele saglamasi bakimindan olduk¢a 6nemlidir
(Manjunath ve ark., 2017). Calismamizda 3 farkli
tire ait 13 susun biiylimesi iizerine etkileri
incelenen 4 farkl pestisitin her biriyle biiyiimesi en
uyumlu olanlar, T. atroviride suslar1 arasindan T.
atroviride EGE-K-65 ve T. atroviride EGE-K-131,
T. citrinoviride suslar1 arasindan T. citrinoviride
EGE-K-67 ve T.citrinoviride EGE-K-129 ve T.
harzianum suslar1 arasindan ise T.harzianum EGE-
K-38 susu olarak belirlenmigtir. Genel olarak
bakildiginda ise incelen ii¢ farkli Trichoderma tiirii
arasindan fungisitlerle kullanima en uyumlu tiir T.
citrinoviride olarak belirlenmistir.

Ekzojen ve endojen toksik bilesiklere kars1 direng,
Trichoderma  tiirlerinin  ekolojik  basarisinin
anahtarlarindan biridir. Cesitli Trichoderma suslar
dogal ve sentetik kimyasallara ve toksinlere karsi
en direngli mikroorganizmalar arasindadir ve
hidrokarbonlar, klorofenolik bilesikler, polisakka-
ritler ve pestisitler gibi bilesikleri hizla pargalaya-
bilmektedirler (Ruocco ve ark., 2009; Tripathi ve
ark., 2013; Rajesh ve ark., 2016; Shashikumar ve
ark., 2019; Sood ve ark., 2020). Trichoderma
tirlerinin kimyasal pestisitlere kars1 gosterdigi
tolerans mekanizmalar1 hakkinda iki farkli hipotez
bulunmaktadir. Bunlardan ilki, Trichoderma'nin
hedef bolgelerdeki degisiklikler nedeniyle kimya-
sal pestisitler tarafindan taninmamasidir. Ornegin,
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bir fungisit olan benzimidazoliin ana etkisi, bir
bitki patojeninin B-tiibiilinini baglayarak mitoz ve
morfogenezini engellemektir. Boylece, Trichoderma
viride, benzimidazolleri tolere etme yetenegi ile
sonuglanan tiibiilin proteinindeki mutasyonlar
nedeniyle pestisitlere  kars1  diisiik  afinite
sergilemektedir.

Ikinci hipotez ise, Trichoderma tiirlerinin bazi
kimyasal pestisitleri etkili bir sekilde metabolize
etmesi veya parcalamasidir (Wu ve ark., 2018).
Trichoderma'nin kendi antibiyotikleri de dahil
olmak iizere cesitli sentetik ve dogal toksik
bilesiklerin yiiksek konsantrasyonlarina dayanma
yeteneginin, karmasik bir membran pompa sistemi
tarafindan  desteklenen hiicre detoksifikasyon
mekanizmalarina baglh oldugu pek cok calismada
aciklanmistir (Chaparro ve ark., 2011; Wu ve ark.,
2017; Wu ve ark., 2018; Sood ve ark., 2020).
Calismamizda kullanilan Trichoderma tiirlerine ait
suslarin fungisitlere karsi farkli biiylime ve/veya
biiyiime inhibisyonu gostermelerinin bu kimya-
sallar1 pargalayabilme yetenekleri sonucu tolerans
gostermelerine bagl oldugu diisliniilmektedir.

Calismamizda incelenen fungisitlerin bitki patojen-
lerine kars1 direng olusturdugu bilinmektedir ve bu
sebeple belirtilen uygulama dozunun ve tekrar
sayisinin gecilmemesi Onerilmektedir. Ayrica, tek-
rarli kullanim gereken durumda patojende direng
olugmamasi igin farkli etki mekanizmasina sahip
pestisitlerin  kullanilmas1 6nerilmektedir. Sonug
olarak calismamizda kimyasal fungisitleri tolere
edebilen Trichoderma tiirlerinin biyogiibre/biyo-
kontrol ajan1 olarak kullanilmasi ile entegre zararli
yonetimi stratejileri bakimindan kimyasal pestisit-
lerin kullaniminin azaltilacagi ve siirdiiriilebilir
tarim i¢in imkan saglanacag diisiiniilmektedir.

SONUC ve ONERILER

Kimyasal pestisitler ve giibreler gibi geleneksel
yontemler kullanilarak bitki hastaliklariyla miica-
dele ve verimin arttirilmasi, kullanilan kimyasal-
larin ¢evreye zararli etkileri olan bilesenler
icermeleri sebebiyle c¢evre dostu bir yaklagim
degildir. Bu kimyasallarin uzun siire kullanimi
sonucu sular kontamine olmakta, atmosfer
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kirlenmekte ve geride biraktiklar1 kalintilan
patojenlerin direng kazanmasina sebep
olabilmektedir. Bu sorunlarin ¢O6ziimii i¢in

biyokontrol ajanlarinin tek basina kullanilmasi ya
da hastalik kontroliinde c¢evre dostu ve
siirdiiriilebilir yontemler i¢in diger kimyasallarla
birlikte kullanilmas:t gibi alternatifler aragtiril-
maktadir.

PGPM olarak Trichoderma tiirlerinin farkli
fitopatojenik mikroorganizmalara kars1 biyokontrol
ajan1 olarak kullanimindaki basaris1 diinya ¢apinda
kanitlanmistir. Sadece bu degil, mevcut bulgular,
bu funguslarin ayrica bitki direncini, bitki biiyii-
mesini ve gelisimini arttirdigin1 ve verimde de bir
artisa yol acgtifim ortaya koymaktadir. Son
zamanlarda, Trichoderma tirleri surduriilebilir
hastalik yonetim sisteminde bitki hastaliklarini
kontrol etmek i¢in kullanilmaktadir. Trichoderma
tirleri, hastaliklarin azaltilmasinda ve bitki
biliylimesinin 1iyilestirilmesinde rol oynamasinin
yani sira, organik maddelerin ayristirilmasinda ve
kimyasallarla kirlenmis alanlarin biyoremediasyo-
nunda da kullanilabilmektedir.
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OZ:Yonca tohum Kalsidi, Bruchophagus roddi Gussakovskiy, 1933 (Hymenoptera: Eurytomidae) énemli bir yonca
(Medicago sativa L.) tohumu zararlisidwr. Calisma, B. roddi 'nin Dogu Anadolu Bélgesinde Igdir, Agri, Kars ve Van illerinin
yonca tohumu yetistirilen alanlarinda tohumdaki bulasikitk orammin belirlenmesi amaciyla ele alinmigtir. Tohum orneklemeleri,
her iki yilda da Agustos ve Eyliil aylarinda 76 yonca tarlasinda 2016 ve 2017 ylarinda yapilmistir. Bu amagla, her yonca
tarlasindan 100 tohum salkimu toplanmustir. Toplanan tohum salkimlarindan 20’ser adedinin 5’er tohum kapsiilii (toplam 25
tohum kapsiilii) dissekte edilerek larva sayimlart yapimistir. Sonug olarak, ¢alismalarin yiiriitiildiigii tiim lokasyonlarin
tamamunda tohumlarin B. roddi ile bulasitk oldugu belirlenmistir. Tohumlardaki ortalama bulasiklik oranlari 2016 ve 2017
yillarinda sirasiyla, Igdr ilinde %34,3 ile %17,2, Agri ilinde %25,1 ile %13,6, Kars ilinde %18,4 ile %26,4 ve Van ilinde %21
ile %11,7 oranlar: arasinda tespit edilmistir. Bu bocegin iilkemizde yonca tohumluk tiretim alanlarinda dikkat edilmesi gereken
bir zararl oldugu kanisina varilmistir.

Anahtar kelimeler: Yonca, Bruchophagus roddi, yayilis, bulagiklik orani.

Investigations on the Infestation Rate of Bruchophagus roddi Gussakovskiy, 1933
(Hymenoptera: Eurytomidae) on Alfalfa Seeds in the Eastern Anatolia Region

ABSTRACT: The alfalfa seed chalcid, Bruchophagus roddi Gussakovskiy, 1933 (Hymenoptera: Eurytomidae) is an
important pest of alfalfa seeds (Medicago sativa L.). The study was carried out in order to determine the infestation rates of
B. roddi on alfalfa seeds in alfalfa seed producing areas of Igdir, Agri, Kars and Van provinces of the Eastern Anatolia Region.
Seed sample surveys were performed in 76 alfalfa fields in August and September of 2016 and 2017. For this purpose, 100 seed
clusters were collected from each alfalfa field. From the collected seed clusters, 5 seed capsules from each of 20 seed clusters
(25 seed capsules in total) were dissected and larval counts were made. As a result, it was determined that the seeds were
infested with B. roddi in all locations where the studies were carried out. On average, infestation rates of the seeds in 2016 and
2017 were 34.3% and 17.2% in Igdir province, 25.1% and 13.6% in Agri province, 18.4% and 26.4% in Kars province, and 21%
and 11.7% in Van province, respectively. It has been concluded that this insect is an important pest that needs attention in alfalfa
seed producing areas in Tiirkiye.

Key words: Alfalfa, Bruchophagus roddi, distribution, infestation rate.
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Y. SUBASI, C. GOZUACIK, L. GULTEKIN: DOGU ANADOLU BOLGESINDE Bruchophagus roddi GUSSAKOVSKIY, 1933
(HYMENOPTERA: EURYTOMIDAE)’NiN YONCA TOHUMLARINDAKI BULASIKLIK ORANI UZERINDE ARASTIRMALAR

GIiRiS

Diinya niifusundaki artis ve beslenme gereksimi
baklagillerin 6nemini daha da arttirmistir (Kagar ve
ark., 2005). Baklagil familyasina ait birgok bitki
tiri, karbonhidrat igerigi, yeterli yag orami ve
ozellikle yiiksek protein miktarlarindan dolayi
hayvan besini olarak kullanilan 6nemli bir yem
kaynagidir (Ferber, 1999; Phillips, 2006; Verdier
ve ark., 2008). Farkli iklim kosullarina yiiksek
adaptasyonu ve genis ¢evre sartlarinda yiiksek yem
verimi ve iyi yem kalitesi nedeniyle yonca, tim
diinyada en oOnemli yem bitkilerinden birisidir
(Dordas, 2006; Berg ve ark., 2007; Zhang ve ark.,
2008). Tiirkiye'de 2021 yili verilerine gore, yonca
673.047 ha alanda yetistirilmekte ve bu alanlardan
elde edilen tiretim miktar1 19.310.959 ton oldugu
tahmin edilmektedir (Anonim, 2022). Yonca
bitkisinin  gerek vejetatif gerekse generatif
kisimlarinda beslenen, verim ve kalitesini diisiiren
birgok bocek bulun-maktadir. Ozellikle, diinya da
yonca alanlarinda bulunan ve yonca tohumlarinda
zararli olan Yonca tohum kalsidi, Bruchophagus
roddi  Gussakovskii, 1933  (Hymenoptera:
Eurytomidae) bunlarin en Onemlilerindendir
(Nielson ve Lehman, 1980). B. roddi Afrika, Asya,
Avrupa, Avustralya, Kuzey ve Giliney Amerika
kitalarinda konukgu bitkilerinin yetistigi her yerde
goriilebilen kozmopolit bir tohum zararlisidir
(CABI, 2022). Bu zararli, tohumluk yonca iiretimi
yapilan alanlarda olduk¢a Onemli zararlar
olusturmaktadir. Larvalar yonca tohumlarinda
beslenerek gelisimlerini tamam-lamakta, bunun
sonucunda tohumun sadece kabugu kalmaktadir. B.
roddi yogun populasyonu sonucun-da %5 ile %83
arasinda degisen oranlarda tohum kayiplarina neden
olmaktadir (Sorenson, 1934; Kolobova 1950;
Bacon ve ark., 1959; Strong; 1962). Holtkamp ve
ark. (1988), Avusturalya’da dort yonca g¢esidi
tizerinde Yonca tohum kalsidinin (B. roddi) zarar
durumunun % 24,6 ile % 39,6 arasinda degistigini
tespit etmisler. Tirkiye’de B. roddi’nin Erzurum,
Ardahan (Doganlar, 1990), Ankara ve Konya
illerinde (Tamer ve ark., 1997) yonca bitkisinde
zararli oldugu kaydedilmistir. Ancak, zarariyla
ilgili ilk calismalar 2014 yilinda Igdir ilinde

yiriitilmils ve yonca tohumlarinda %4,64 ile %
42,89 arasinda zarar olusturdugu bildirilmistir
(Goziiagik ve Acikgoz, 2014). Yine, B. roddi’nin
bulasma oranlari belirlemek amaciyla, 2013 ve
2014 yillarinda Igdir, Kars ve Van ille-rinde, ticari
olarak satilan ve giftgilerden toplanan 230 yonca
tohum Orneginin  %94,8’nin  bulagik oldugu
belirlenmistir (Gozilagik ve Ireg, 2016).

Bu ¢aligma, yonca tohum iiretimini olumsuz etkile-
yen B. roddi’nin Agr, Igdir, Kars ve Van illeri
yonca tohumluk tiretim alanlarindaki ytizde bula-
siklik oraninin belirlenmesi amaciyla ele alinmistir.

MATERYAL ve METOT

Bu calisma Igdir, Agri, Kars ve Van illeri yonca
alanlarinda  tohumluk igin birakilan yonca
tarlalarinda yiiriitiilmiistiir. Yonca alanlarindan
tohum salkimlar1 Igdir ilinde 25.09-07.10.2016 ve
17.09-22.09.2017, Agr1 ve Van illerinde 02.09-
09.10.2016 ve 10.09.2017, Kars ilinde 01.09.2016
ve 13.08.2017 tarihleri arasinda toplanilmistir. Her
bir tarlanin 10 farkli yerinden 10’ar adet olacak
sekilde toplam 100 adet yonca tohum demetleri
makasla sap kismindan kesilerek alinmistir.
Toplanan yonca demetleri kiiltiir kaplari igerisinde
etiket bilgileri yazilarak laboratuvara getirilmistir.
Bu demetlerden tesadiifi olarak 20’ser salkimi
secilmistir. Bu salkimlardan da 5’er adet kapsiil
almmigtir. Kapsiillerdeki taneler steriomikroskop
(Leica S8APO) altinda pens ve igne yardimiyla tek
tek acilarak incelenmistir. Larvali daneler LAS EZ
(Leica Application Suite Version 3.4.0) ve yonca
salkimlar1 Canon EOS 600D ile fotograflar
cekilmigtir. Zarar goérmiis (i¢in de zararli larvasi
bulunan) dane ile toplam dane sayilar1 oranlanarak
danedeki % bulagiklik orani belirlenmigtir (Small
ve Brookes, 1982).

BULGULAR ve TARTISMA

Igdir, Agri, Kars ve Van illerinde Brucohpagus
roddi’nin yonca tohumlarindaki larva zarar1 Sekil 1
(d,e,f)’de bulasiklik oranlar ise Cizelge 1, 2, 3, 4,
5, 6, 7 ve 8’de gosterilmistir.
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Sekil 1. Yonca tohum (a, b) demeti, (c) salkimy, (d,e,f) yonca tohumunda Bruchophagus roddi larvalari.

Figure 1. Alfalfa seed (a, b) bunch, (c) cluster, (d,e,f) larvae of Bruchophagus roddi in alfalfa seed.

Cizelge 1 incelendiginde, Yonca tohumlarindaki
bulasiklik oram1 2016 yilinda Igdir ili Merkez
ilcede %43,0, Aralik’ta %31,7 ve Tuzluca’da
%29,0 olarak tespit edilmistir. Bu verilere gore, en
fazla bulasiklik oranmin Merkez ilgede %53,2
orantyla Kuzugiiden’de, en az bulasiklik ise %15,4
oraniyla Incekdy1’de kaydedilmistir. Cizelge 2’de,
2017 yilinda yonca tohumlarindaki bulasiklik orani
Igdir ili Merkez ilcede %18,0, Aralik’ta %14,5,
Karakoyunlu’da %18,4 ve Tuzluca’da %12,1
olarak tespit edilmistir. Bu verilere goére, en fazla
bulagiklhik  Merkez ilgede %29,9 oraniyla
Hakveys’te, en az bulasiklik ise %4,5 oraniyla
Yeni mahallel’de bulunmustur.

Cizelge 3’te, yonca tohumlarindaki bulasiklik oranm
2016 yilinda Agn ili Dogubeyazit’ta %14,4,
Hamur’da %26,7 ve Taglicay’da %38,2 olarak
tespit edilmistir. Bu verilere gore, en fazla bulagik-
lik %41,2 oraniyla Hamur ilgesi Cakirova’da, en az
bulasiklik ise 9%8,9 oramyla Kurutepe’de
bulunmustur. Cizelge 4’de, yonca tohumlarindaki
bulagiklik oran1 2017 yilinda Agn ili Merkez’de
%8,3, Diyadin’de %10, Dogubeyazit’ta %16,6,
Hamur’da %18,0 ve Tutak’ta %13,0 olarak tespit
edilmistir. Bu verilere gore, en fazla bulasiklik %19,0
oraniyla Dogubeyazit merkezde, en az bulasiklik
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ise %8,1 oraniyla Agri merkezde bulunmustur.
Cizelge 5°te, yonca tohumlarindaki bulasiklik orani
2016 yilinda Van ili Caldiran’da %11,0, Ercis’te
%8,4 ve Muradiye’de % 21,0 olarak tespit belir-
lenmistir. Bu verilere gore, en fazla bulasiklik
%34,8 oraniyla Muradiye Yakincak’ta, en az bula-
siklik ise 9%7,2 oramyla Ercis merkezde
bulunmustur. Cizelge 6’da yonca tohumlarindaki
bulasiklik oran1 2017 yilinda Van ili Caldiran’da %
10,4, Ercis’te % 5,4 ve Muradiye’de % 14,4 olarak
tespit belirlenmistir. Bu verilere gore, en fazla
bulasiklik %18,0 oraniyla Muradiye Merkezl1’de,
en az bulagiklik ise %S5,4 oranmiyla Ercig-Yeti-
sen’de bulunmustur. Cizelge 7’de yonca tohumla-
rnindaki bulagiklik oran1 2016 yilinda Kars ili
Merkez’de %25,8 ve Susuz’da %12,6 olarak tespit
belirlenmistir. Bu verilere gore, en fazla bulasiklik
%25,8 orantyla Kars merkezde, en az bulasiklik ise
% 11,0 oraniyla Susuz-Kiziroglu’nda bulunmustur.
Cizelge 8’de yonca tohumlarindaki bulasiklik orani
2017 yihinda Kars ili Merkez’de %42,5 ve
Susuz’da %13,4 olarak tespit belirlenmistir. Bu
verilere gore, en fazla bulasiklik %42,5 oraniyla
Kars merkezde, en az bulasiklik ise %10,2 oraniyla
yine Susuz-Kiziroglu’nda bulunmustur.
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Cizelge 1. Igdir ilinde 2016 y1l1 Brucohpagus roddi'nin yonca tohumlarindaki bulagiklik oran.
Table 1. Infestation rate of Brachphaus roddi on alfalfa seeds in 2016 in Igdir province.

Ilge Lokasyon Toplam tohum sayis1 Larvali dane sayist Bulagiklik orani1 (%)
District Location Total number of seeds Number of larval seed Infestation rate (%)
Melekli 360 146 40,6
Yukart Erhaci 481 207 43,0
Hakmehmet 362 178 49,2
Kuzugiiden 331 176 53,2
Merkez Asag1 Erhaci 391 119 30,4
Toplam 1925 826 43,0
Yukart Camurlu 446 171 38,3
Aralik Ramazankent 289 62 21,5
Toplam 735 233 31,7
Ince Koyii 431 207 48,0
Ince Koyiil 592 91 15,4
Karabulak 404 166 41,0
Egrekdere 149 68 45,6
Tuzluca Giilliice-Mollakamer 373 61 16,3
Abbasgol 357 89 24,9
Merkezl 409 118 28,8
Halikisla yolu 275 91 33,1
Pirli Koyl 329 84 25,5
Merkez2 310 78 25,1
Toplam 3629 1053 29,0
Cizelge 2. Igdir ilinde 2017 yili Brucohpagus roddi'nin yonca tohumlarindaki bulagiklik oran.
Table 2. Infestation rate of Brachphaus roddi on alfalfa seeds in 2017 in Igdir province.
Ilge Lokasyon Toplam tohum sayis1 Larvali dane say1s1 Bulagiklik orani (%)
District Location Total number of seed Number of larval seed Infestation rate (%)
Melekli 476 100 21,0
Yiizbagilar 492 91 18,4
Yeni mahalle 584 100 17,1
Yeni mahallel 641 32 45
Merkez Alikamerli 533 109 20,4
Kuzugiiden 434 123 28,3
Hakveyis 601 180 29,9
Kazanci 498 39 7,8
Bayraktutan 667 115 17,2
Toplam 4926 889 18,0
Karahacili 420 64 15,0
Yukart gamurlu 378 66 17,5
Yukart Toprakli 521 73 14,0
Aralik Hasanhan 669 86 13,0
Toplam 1988 289 14,5
Merkez 535 127 23,7
Kacer koyi 533 136 25,5
Karakoyunlu Bulakbasi 461 72 15,6
Ziilfikar 413 57 13,8
Babacan koyi 466 70 15,0
Tasburun 596 93 15,6
Toplam 3004 555 18,4
Egrekdere 524 73 13,9
Tuzluca Agaver 510 92 18,0
Merkez 555 76 16,7
Pirli / Tuzluca 637 56 8,8
Gaziler 570 52 9,1
Toplam 2272 276 12,1
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Cizelge 3. Agn ilinde 2016 yil1 Brucohpagus roddi'nin yonca tohumlarindaki bulagiklik orani.
Table 3. Infestation rate of Brachphaus roddi on alfalfa seeds in 2016 in Agr1 province.

flge Lokasyon Toplam tohum sayis1 Larvali dane sayist Bulagiklik orani1 (%)
District Location Total number of seeds Number of larval seed Infestation rate (%)
Taniktepe 418 60 14,3
Dogubayazit 457 56 12,2
Kurutepe 404 36 8,9
Dogubeyazit Atabakan 318 72 22,6
Dogubayazitl 410 65 15,8
Toplam 2007 289 14,4
Yogunhisar 340 98 28,8
Hamur Hamur 452 114 25,2
Toplam 792 212 26,7
Cakirova 240 99 41,2
Taslicay Yanalyol 246 87 35,3
Toplam 486 186 38,2
Cizelge 4. Agn ilinde 2017 yili Brucohpagus roddi'nin yonca tohumlarindaki bulasiklik orani.
Table 4. Infestation rate of Brachphaus roddi on alfalfa seeds in 2017 in Agr1 province.
Ilge Lokasyon Toplam tohum say1s1 Larvali dane say1s1 Bulasiklik oran1 (%)
District Location Total number of seeds Number of larval seed Infestation rate (%)
Merkez 639 52 8,1
Merkez Kazlh 849 73 8,4
Toplam 1488 125 8,3
Omuzbasi 542 52 9,6
Diyadin Dokuztas 613 64 10,4
Toplam 1155 116 10,0
Merkez 704 134 19,0
Dogubeyazit Atabakan 583 80 13,7
Toplam 1287 214 16,6
Merkez 413 78 18,9
Hamur Hamur Girisi 382 65 17,0
Toplam 795 143 18,0
Tutak Merkez 631 82 13,0
Toplam 631 82 13,0
Cizelge 5. Van ilinde 2016 yili Brucohpagus roddi'nin yonca tohumlarindaki bulasiklik oran.
Table 5. Infestation rate of Brachphaus roddi on alfalfa seeds in 2016 in Van province.
Tlge Lokasyon Toplam tohum sayis1 Larvali dane say1st Bulagiklik orani (%)
District Location Total number of seeds Number of larval seed Infestation rate (%)
Ayrancilar 534 51 9,5
Caldiran Gérecek 497 63 12,6
Toplam 1031 114 11,0
Merkez 583 42 7,2
Ercis Yetigen 286 31 10,8
Toplam 869 73 8,4
Yakincak 322 112 34,8
Muradiye Merkez 586 79 13,5
Toplam 908 191 21,0
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Cizelge 6. Van ilinde 2017 y1li Brucohpagus roddi'nin yonca tohumlarindaki bulagiklik orani.
Table 6. Infestation rate of Brachphaus roddi on alfalfa seeds in 2017 in Van province.

flge Lokasyon Toplam tohum sayis1 Larvali dane sayist Bulagiklik orant (%)
District Location Total number of seeds Number of larval seed Infestation rate (%)
Ayrancilar 534 51 9,5
Caldiran Gorecek 568 64 11,2
Toplam 1102 115 10,4
Yetisen 790 43 54
Ercis Toplam 790 43 5,4
Merkez 426 39 91
Muradiye Merkez 1 616 111 18,0
Toplam 1042 150 14,4

Cizelge 7. Kars ilinde 2016 y1l1 Brucohpagus roddi'nin yonca tohumlarindaki bulagiklik oram.
Table 7. Infestation rate of Brachphaus roddi on alfalfa seeds in 2016 in Kars province.

Ilge Lokasyon Toplam tohum say1s1 Larvali dane say1s1 Bulagiklik orani (%)
District Location Total number of seeds Number of larval seed Infestation rate (%)
Merkez Merkez 240 62 25,8
Toplam 240 62 25,8
Susuz Merkez 292 41 14,0
Kiziroglu 264 29 11,0
Toplam 556 70 12,6

Cizelge 8. Kars ilinde 2017 y1li Brucohpagus roddi'nin yonca tohumlarindaki bulagiklik orani.
Table 8. Infestation rate of Brachphaus roddi on alfalfa seeds in 2017 in Kars province.

Ilge Lokasyon Toplam tohum sayis1 Larvali dane say1s1 Bulagiklik oran1 (%)
District Location Total number of seeds Number of larval seed Infestation rate (%)
Merkez Merkez 193 82 425
Toplam 193 82 425
Susuz Merkez 323 53 16,4
Kiziroglu 302 31 10,2
Toplam 625 84 13,4

Dogu Anadolu Bdlgesinde Igdir, Agri, Kars ve
Van illerin tohumluk yonca tarlalarindan 2016 ve
2017 yillarinda 76 yonca tarlasinda toplam 35000
yonca tohumu incelenmis ve bunlarm 6545’inde
Bruchophagus roddi larvasi bulunmustur (Sekil 2).

B. roddi’nin yonca tohumlarinda meydana getirdigi
bulagiklik oranlari degerlendirildiginde, 2016 ve
2017 yillarinda tohumlardaki bulagiklik orant
sirasiyla Igdir ilinde %15,4-53,2 ile %4,5-29,9,
Agrn ilinde %8,9 -41,2 ile %8,1-19,0, Kars ilinde
%11,0 - 25,8 ile %10,2 - 42,5 ve Van ilinde % 7,2
-34,8 ile %5,4-18,0 oranlar1 arasinda tespit
edilmistir. Tohumluk yonca ekimi en fazla iklim
ozelliklerinden dolay1 Igdir ilinde tespit edilmis,
bundan dolay1 incelenen &rnek sayisi diger illere

oranla daha yiiksek olmustur. Goziiagik ve Agikgoz
(2014), Igdir ilinde 2014 yilinda yaptiklart calis-
mada yonca tohumlarindaki zarar oranlarim %4,64
—42,89 oranlar arasinda tespit ettiklerini bildirmis-
lerdir. Strong (1962), yaptigi calismada Yonca
Tohumu Kalsidi, Bat1 ABD'de %83'e varan oran-
larda yonca tohumu kaybina neden oldugunu
bildirmistir. Caligmalarda bulasiklik oranlari yildan
yila, bolgeden bolgeye degistigi gorilmistiir.
Bunun ozellikle iklimsel faktorler ile ergin
uguslarinin  goriildiigi  Nisan-Mayis aylarinda
yonca hortumlu bocegi  [Hypera postica
(Gyllenhal, 1813) (Coleoptera: Curculionidae)]’ne
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Sekil 2. Igdir, Agri, Van ve Kars illerinde 2016-2017 yillarinda incelenen toplam tohum ve larvali tohum sayist.
Figure 2. The total number of seeds and seeds with larvae examined in Igdir, Agr1, Van and Kars provinces in 2016-2017.

karsi gec yapilan kimyasal uygulamalarindan
kaynaklanabilecegi diisiiniilmektedir. Soroka ve
Spurr  (1998), B. roddi’nin zarar diizeyini

belirlemek icin yonca tarlalarinda 2 yillik bir
calisma ylriitmiisler ve her iki yilim Temmuz ve
Agustos aylarinda sicaklik ve yagis miktarmin
bocegin popiilasyon yogunlugu ile yakindan iligkili
oldugunu birbirini takip eden kurak yillar da
tohumdaki zarar oraninin yiiksek oldugunu
bildirmislerdir. Lehman (1967) Yonca tohum
kalsidinin, Giiney Kaliforniya'da yonca gesitler ve
klonlar tizerindeki yildan yila zarar oranlarinin
farkli oldugunu 1. yilda toplanan tohumlarda %35-
55, 2. yilda %16-27 oranlarinda zarar meydana
geldigini bildirmistir. Holtkamp ve ark. (1988),
Avusturalya’da yaptiklart ¢alisma da dort yonca
gesidi lizerinde Yonca tohum Kkalsidinin zarar
durumunun %24,6 ile % 39,6 arasinda degistigini
tespit etmigler. Kral'ovic (1971) ise,
Cekoslovakya’da zararli tohum veriminde %0,2 ile
60,6 oraninda, Gulii ve Pamuzak (1992), Rusya'da,
%25-40 oranlarda yonca tohumlarinda zarar
olusturdugunu bildirmiglerdir. Caligmalarda yonca
tohumlar1 Agustos-Eyliil aylarinda toplanmustir.
Whitmer ve ark. (2003) Montana’da, diger aylara
gore, Eyliil ayinda toplanan tohumlarin %80'inden
fazlasinin zarar gordiigiinii bildirmistir.
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Dogu Anadolu Bolgesinde Igdir, Agri, Kars ve
Van illerin tohumluk yonca tarlalarindan toplam
35000 yonca tohumu incelenmis ve bunlarin
6545’inde Bruchophagus roddi larvasi bulunmus-
tur. Yonca tohumlardaki zarar oranlar1 degerlendi-
rildiginde, 2016 ve 2017 yillarinda sirasiyla
ortalama Igdir ilinde %34,3 ile %17,2, Agr ilinde
%25,1 ile % 13,6, Kars ilinde %18,4 ile %26,4 ve
Van ilinde %21 ile %11,7 oranlan arasinda tespit
edilmistir. Calisgma sonundan B. roddi’nin yonca
tohumunda oOnemli bir zararli oldugu, yonca
dretiminin yogun yapildig: illerin bu zararl ile
bulasik oldugu anlasilmistir. Ulkemiz yonca
tohumluk {iretim alanlarinda bu zararliya dikkat
edilmesi ve daha detayli ¢calismalarin yapilmasinin
yararli olacagi kanaatine varilmistir.
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Pseudomonas putida induces resistance to Fusarium oxysporum f. sp. radicis-
lycopersici in tomato plants by activating expression of defense-related genes
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ABSTRACT: Plant growth-promoting rhizobacteria (PGPR) may prevent attack from pathogenic microorganisms by
eliciting induced systemic resistance (ISR). In the present work, Pseudomonas putida isolate TR21/1 showed significant
biological control of tomato seedlings inoculated with Fusarium oxysporum f.sp. radicis-lycopersici (FORL). Here, the SA-
responsive genes PR-1, PR-4, PR-6 and CH9 were downregulated upon induction of ISR by P. putida strain TR21/1 and induced
when bacterized tomato roots were inoculated with FORL. This indicates that SAR involves the accumulation of SA-responsive
genes but ISR does not. Similarly, expression of ET-regulated genes such as ACO1, ACO3, ACO4 were not induced in ISR-
expressing tomato roots and P. putida treatment induced only ACO2 expression suggesting that ACO2 expression is involved in
ISR-expressing tomato seedlings. In contrast, the infection of ISR expressing plants by FORL strongly induced ACO3, ACO2, and
ACOL1 indicating the transcriptional regulation of ACO genes in response to FORL attack which may be related to possible
ethylene synthesis in response to pathogen. Here P. putida treatment increased ETR1 gene expression in roots and this induction
was upregulated in presence of FORL indicating that ETR1 plays a role in the protection of plants against FORL by reducing
ethylene sensitivity. Activation of SA-and ET- regulated genes in bacterized plants in the presence of FORL implies that not only
SA but other signals as well, may play an important role in inducing resistance.

Keywords: Pseudomonas putida, systemic acquired resistance (SAR), induced systemic resistance (ISR), Fusarium oxysporum
f.sp. radicis-lycopersici (FORL), gene expression.

Pseudomonas putida, domates bitkilerinde savunma ile ilgili genlerin ekspresyonunu aktive ederek
Fusarium oxysporum f.sp. radicis-lycopersici’ye karst direnci indiiklemesi

OZ: Bitki biiyiimesini tesvik eden rizobakteriler (PGPR), indiiklenmis sistemik direnci (ISR) saglayarak patojenik
mikroorganizmalarin saldrisimt onleyebilir. Mevcut ¢alismada, P. putida izolatr TR21/1, Fusarium oxysporum f.sp. radicis-
lycopersici (FORL) ile enfekte olmus domates fidelerinin énemli olgiide biyolojik kontroliinii saglanmustir. Burada SA-yanit veren
genler PR-1, PR-4, PR-6 ve CH9 ISR'nin P. putida streyn TR21/1 tarafindan indiiklenmesi iizerine ifadeleri baskilanmis ve
bakterili domates kokleri Fusarium oxysporum f.sp. radicis-lycopersici ile enfekte edildiginde bu genlerin ifadeleri
indiiklenmistir. Bu sonuglar, SAR'm SA'ya yamit veren genlerin birikimini icerdigini ancak ISR'nin icermedigini gostermistir.
Benzer sekilde, ACOI, ACO3, ACO4 gibi ET tarafindan diizenlenen genlerin ifadeleri, ISR gosteren domates koklerinde
indiiklenmemis ve P. putida uygulamasi, sadece ACO2 ekspresyonunu indiiklemigtir. Buna karsilik, ISR gosteren bitkilerin FORL
ile enfeksiyonu, ACO3, ACO2 ve ACOI genlerinin ifadelerini giiclii bir sekilde indiiklemesi FORL saldwrisina yanit olarak olast
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B. CAKIR AYDEMIR, M. SAHIN, A. GUL, H. OZAKTAN, L. YOLAGELDI: Pseudomonas putida INDUCES RESISTANCE
TO Fusarium oxysporum f. sp. radicis-lycopersici IN TOMATO PLANTS BY ACTIVATING

EXPRESSION OF DEFENSE-RELATED GENES

bir etilen sentezi ile ilgili ACO genlerinin transkripsiyonel diizenlemesini gosterir. Burada P. putida uygulamast koklerde ETRI
geninin ifadesini indiiklemis ve FORL ile inokiilasyon bu genin ifadesinin indiiksivonunu daha da artrmistir. Bu sonuglar,
ETRI'in etilen duyarlihigini azaltarak bitkilerin FORL'e karst korunmasinda rol oynadigint gostermistir. FORL varliginda
bakteri uygulanmus bitkilerde SA ve ET tarafindan diizenlenen genlerin aktivasyonu, sadece SA'mn degil, diger sinyallerin de
direncin indiiklenmesinde énemli bir rol Oynayabilecegi anlamina gelmektedir.

Anahtar kelimeler: Pseudomonas putida, Sistemik kazanilmig direng (SAR), indiiklenmis sistemik diren¢ (ISR), Fusarium
oxysporum f.sp. radicis-lycopersici (FORL), gen ekspresyonu.

INTRODUCTION

Fusarium crown and root rot of tomato (FCRR)
caused by Fusarium oxysporum f.sp. radicis-
lycopersici (FORL) is a disease observed in both
greenhouse and field conditions and has been
reported in many countries (Nutter et al., 1978;
Jones et al., 1991). FCRR cannot be treated
efficiently with fungicides. The use of biocontrol
rhizobacteria is a promising treatment to prevent
the disease.

During the past two decades there have been
several reports on successful FCRR management
on tomato by using different fungal and bacterial
antagonists such as Trichoderma harzianum (Sivan
et al.,1987), Glomus intraradices (Datnoff et al.,
1995), Streptomyces griseoviridis strain K61
(Minuto et al., 2006) and non pathogenic isolates
of Fusarium (Horinouchi et al., 2008).

Plant growth-promoting rhizobacteria (PGPR) are
free-living or rhizosphere bacteria that can promote
plant growth and reduce plant disease (Ryu et al.,
2006). PGPR can promote plant growth and
development either directly and indirectly (Ortiz-
Castro et al., 2009). PGPR direct stimulation of
plant growth includes production of phytohormones,
other plant stimulants and uptake of essential
nutrients (Ardakani et al., 2010) whereas, indirect
stimulation comprises antibiotic  production,
synthesis of extracellular enzymes to hydrolyze the
fungal cell wall and competition for niches within
the rhizosphere (Zahir et al., 2003). They are also
able to degrade organic pollutants and reduce
metal toxicity =~ of  contaminated  soils
(bioremediation), and facilitate phytoremediation
(Janssen et al., 2015). Inoculation with PGPR can
protect the plant from abiotic stress by activating

several mechanisms that induce systemic tolerance
(Yang et al., 2009; Timmusk et al., 2014).

Plant defence mechanisms occur as two forms,
systemic-acquired resistance (SAR) and induced
systemic  resistance  (ISR) controlled by
phytohormones such as salicylic acid (SA),
jasmonic acid (JA) and ethylene (ET) (Pieterse et
al., 2014). SA regulates SAR, while JA and ET
regulate ISR (Pieterse et al., 2014). SAR is
induced by mechanical wounding, herbivory and
pathogenic interactions and characterized by an
increase in the synthesis of pathogenesis-related
(PR) proteins and production of antimicrobials
such as phytoalexins (Freeman and Beatie, 2008).
SAR is accompanied by an increased level of SA
which, activates the expression of a large set of
PATHOGENESIS-RELATED (PR) genes,
involved in defense responses (Pieterse et al.,
2014). In contrast, ISR is induced by non-
pathogenic PGPRs and characterized by ethylene-
and JA-dependence but SA-independence without
PR gene activation (Ton et al., 2002; lavicoli et al.,
2003). However, these two independent signalling
pathways  converge  through  the  same
transcriptional ~ regulator,  nonexpressor  of
pathogenesis-related (PR) gene 1 (NPR-1)
(Katagiri and Tsuda, 2010).

PGPRs are known to induce resistance called ISR
against fungi, virus, bacteria, nemotodes and
insects (Murphy et al.,, 2003). Various non-
pathogenic PGPR strains are able to trigger ISR in
plants against broad spectrum phytopathogens
(Van Wees et al., 2008). Induction of systemic
resistance by several strains of Bacillus spp. and
Pseudomonas fluorescens has been already
reported (Ryu et al.,, 2004). Several reports have
been published regarding Pseudomonas PGPR
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strain efficiency in controlling FCRR (Bolwerk et
al., 2003). Recently, Baysal et al., (2008) reported
that B. subtilis strain EUO7 was able to reduce
FCRR.

In Arabidopsis thaliana, ISR triggered by root-
colonising strains of Pseudomonas fluorescens was
shown to be ethylene-and JA-dependent but SA-
independent (Knoester et al., 1999; Ton et al.,
2002). However ISR triggered by other strains of
PGPR may also involve SA signalling (Zhang et
al., 2002). More recently, Pseudomonas strains,
able to control FCRR under rockwool conditions,
were isolated from tomato roots (Kamilova et al.,
2005; Validov et al., 2007). However, the ability
to develop ISR depends on the host/rhizobacterium
combination (van Loon et al., 1998). Pseudomonas
putida WCS358n and P. fluorescens WCS374r
perform differently on different plant species;
Arabidopsis is responsive to P. putida WCS358r,
whereas radish and carnation are not (Leeman et
al., 1995; Van Wees et al., 1997), suggesting that
specific recognition between the plant and
rhizobacterium is required for the induction of ISR.

The expression of stress and defence genes in
plants may be modulated by PGPR, which helps
plants to grow actively under abiotic or biotic
stress conditions (Akhgar et al., 2014). Similarly,
interactions between plants and pathogens are able
to elicit the expression of certain PR genes
(Wojtasik et al., 2014). Upregulation of PR
proteins, including chitinase and B-1,3-glucanase,
in response to Fusarium has been reported in flax
plants (Galindo-Gonzalez et al., 2016).

There are only a few studies dealing with the
molecular mechanism of the plant response to
FORL or PGPR. Little is known about induction of
the expression on various defence related genes
due to P. putida treatment in tomato seedling
infected with FORL. The aim of this study was to
evaluate P. putida for protection of tomato against
FORL and to investigate the induction of defence-
related genes involved in SA and ET- dependent
signalling pathway by P. putida against challenge
inoculation with FORL. To our knowledge this is
the first description of transcriptional changes that
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persist for several weeks. These results provide
new insight into the molecular and biochemical
response of FORL infected tomato plants to
colonization by PGPR.

MATERIAL and METHODS
Plant Material

Tomato cultivar Solanum lycopersicum cv Kardelen
F1, which is a popular cultivar in Tirkiye, and is
susceptible to FORL, was used throughout the
experiments. All seeds were sterilized by immersion
in 1% (v/v) sodium hypochlorite for 30 min and
rinsed three times in sterile distilled water prior to
sowing.

Fungal culture and inoculation

A FORL strain, usaFORL was used (kindly provided
by the Bati Akdeniz Agricultural Research
Institute; originally from Dr. J.W. Scott, University
of Florida). FORL strain usaFORL causing crown
and root rot disease was maintained on potato-
dextrose agar (PDA) slant. The pathogen inoculum
was prepared by culturing the fungus in PD broth
by shake culture for 7 days. The microconidial
suspension was filtered through cheese cloth and
the concentration was adjusted to 107 conidia ml™,

Tomato seedlings were inoculated by using the
standard root-dip method (Menzies et al., 1990).
Tomato seedlings at the second true-leaf stage
were carefully uprooted and freed from soil by
immersion in water and gentle shaking. Then they
were dipped into the microspore suspension for 30
min and transplanted to pots. Uninoculated plants
were dipped in sterile distilled water. Plants were
maintained in the growth chamber.

PGPR strain and inoculation

The bacterial strain, called TR21/1, isolated from
the rhizosphere of tomato plants grown in south-
eastern greenhouses in Tiirkiye was selected for
this study according to the tests for in vitro plant
growth promotion and biocontrol to FORL (Gul et
al., 2012). This strain was identified as
Pseudomonas putida according to biochemical and
physiological test results as described previously
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(Schaad et al., 2001). The GRAM reaction was
performed by using a 3% KOH test (Suslow et al.,
1982). The presence of oxidase, fluorescent
pigment production, gelatinase, arginine dihydrolase,
levan sucrose, reduction of nitrate, pectinolytic
activity on potato slices and hypersensitive
reaction (HR) on tobacco leaves were ascertained
(Lelliott and Stead, 1987; Schaad et al., 2001).
Previous study has revealed that the P. putida
strain TR21/1 can produce auxins and siderophores,
has phosphate-solubilizing capacity and does not
enhance the growth of tomato plants compared to
the non-bacterized control treatment (Gul et al.,
2012).

Bacterial inoculation was carried out prior to
sowing as seed coating and two times after
transplanting as substrate drenching (Cummings et
al., 2009). The culture was grown on King’s
medium B for 24 h at 24°C. Bacterial inoculant
was suspended with 5 mL Carboxyl Methyl
Cellulose (CMC, 1.5%). The concentration of
bacterial cells in the suspension was adjusted by
diluting with sterile deionized water, thus a final
concentration of 109 CFU/mL was obtained
(Callan et al., 1990).

Surface sterilized seeds of tomato cultivar
Kardelen F1 were soaked in 10 ml of bacterial
suspension at a concentration of 109 CFU/mL in
erlenmeyer flask by shaking for 30 min at 150 rpm.
For rhizobacterium non-inoculated treatments
(FORL and control), seeds were shaken with only
CMC (1.5%). After shaking, seeds were left on
blotting paper for 24 h under sterile cabinet before
sowing. Seeds were sown manually in a medium
(Klasmann TS1; a mixture of peat, perlite and
vermiculite) in plastic viols in a germination room
maintained at 25°C with 80-90% relative humidity.
At the second true-leaf stage, seedlings were
inoculated with fungal pathogen. Then, seedlings
were transplanted in 2 L plastic pots filled with
peat. Bacterial inoculation was drenched just after
transplanting by application of 30 ml of bacterial
suspension per pot including 2 plants and repeated

EXPRESSION OF DEFENSE-RELATED GENES

7 days after transplanting. Water was applied to
non-inoculated plants in the same way. Plants were
kept in the growth chamber for four weeks at 24°C
during the day and 20°C during the night with 16 h
light and 8 h dark conditions, respectively.

Root colonization and population dynamics of
rhizobacterium

Plants inoculated with rifampicin (200 pg/ml)
resistant bacterium were used to determine root
colonization and population dynamics of tested
rhizobacterium on plant roots. Rifampicin-resistant
mutants (Rif+) of rhizobacterium were isolated as
previously described by Kloepper (1980) and
Stockwell et al. (1996). TR21/1 (Rif+) population
was monitored in both FORL-inoculated and non-
inoculated plant roots. Root samples (0.5 g) were
taken 2 and 4 weeks after transplanting and placed
into sterile flasks, 49.5 ml of 0.5 M phosphate
buffer was added to each flask. Flasks were placed
on a rotary shaker at 150 rpm for 20 min. Samples
were diluted, spread on two replicate petri dishes
containing Kings medium B supplemented with
rifampicin (200 pg/ml) and rifampicin resistant
colonies were enumerated as mutants of PGPR
(Stockwell et al., 1996).

Evaluation of plant growth and disease scoring

Four weeks after the challenge of the tomato plants
by FORL, the disease level was scored by indexing
the disease severity. The lower stem and top root
were evaluated for disease scoring. Each plant was
rated for discoloration on a scale of severity, 0-5
as follows: 0 = healthy plants; 1 = light rot on root
(less than 10% of total area); 2 = dark lesions on
25% of root; 3 = infection on half of the total root
area, severe rot on taproot; 4 = infection on 75% of
the total root area, lesions on crown, wilting of
older leaves, and 5= severe infection on total root
area, wilting and death of young leaves.

The disease index (DI) was calculated using the
formula:

193



ANADOLU 32 (2) 2022

2 (rating number x number of plants in the rating)

Disease index =

Total number of plants % highest rating

The growth promotion was evaluated by using 3
parameters: the leaf number, fresh weight, and dry
weight of shoots and roots. The dry weight was
measured after oven-drying the plant samples at
65°C to constant weight.

Data analysis

The experiment was set up according to completely
randomized design consisting of three replication
for each treatment. For each replicate (pot), the
mean value of the six plants was used. Data related
to disease severity and plant growth were analyzed
by analysis of variance (ANOVA) and means were
compared using Duncan’s multiple range test at
P<0.05. The statistical analysis was supported by
SPSS 17.0 (SPSS, Chicago, IL).

For expression analysis, all data were normalized
to actin gene expression. Relative changes in gene
expression levels were analyzed. Three biological
replicates were used to calculate the mean and
standard deviation (SD) in the expression level of
each gene.

RNA isolation and RT-PCR

Four weeks after inoculation with FORL or PGPR,
roots from tomato plants were harvested and
immediately frozen and ground in liquid nitrogen
then stored at 80°C until use. Total RNA was
extracted according to the method described by
Bray (1988), with an additional step of selective
precipitation with 2 M LiCl. Repeated reverse

Table 1. The specific primers used in RT-PCR reactions.

Cizelge 1. RT-PCR reaksiyonlaronda kullanilan primerlerin listesi.

transcription—polymerase chain reaction (RT-
PCR) assessment of gene expression was
performed. RNA was then purified using the
RNeasy purification kit (Qiagen, Germany)
according to the RNA clean-up protocol. Prior to
RT-PCR, the total RNA samples were treated with
DNase | (Fermentas, USA) for 10 min and
quantified by spectrophotometry and agarose gel
electrophoresis. First-strand cDNA  was
synthesized using The RevertAid™ H Minus First
Strand cDNA Synthesis Kit (Fermentas) with 0.5
pg of total RNA plus oligo (dT) primers in a
volume of 20 pL. The single-stranded DNA
mixture was used as template in PCRs. PCR
reactions were performed in a 25-pL volume
containing 1 pL (5-fold dilution) of first-strand
cDNA as template, 0.2 uM each primer, 0.2 pL 5
U puL™ Dream -Taq polymerase, and 2.5 pL of 10X
PCR buffer. PCR conditions included an initial
denaturing step at 94°C for 3 min, and then 18
cycles of 95°C for 20 s, 62°C for 45 s, and 72°C
for 2 min, followed by a final extension at 72°C for
10 min. The linear range of detection for each
transcript was detected after 18 cycles. The
resulting PCR products were separated on 1%
agarose gels, and the band intensity was quantified
using BiO1D software (Vilber Lourmat). Three
independent experiments were repeated with
similar results. The primer pair for Actin gene was
used as an internal control. The gene specific
primer pairs used are presented in Table 1.

Accession number Gene name Forward primers (5’-3”) Reverse primers (5°-3)

X58273 ACO1 5’-tcaaacagttgctattgggce-3’ 5’-ccactsacyttgtcatcttgga-3’
Y00478 ACO2 5’ ggaaaacactttaccaagaaattaag-3’ 5’-ccactsacyttgtcatcttgga-3’
754199 ACO3 5’-cacacacaccaaaaaaagaaaactcac-3’ 5’-ccactsacyttgtcatcttgga-3’
AB013101 ACO4 5’-catctcttcaatctcttgtataattcac-3’ 5’-ccactsacyttgtcatcttgga-3’
Z15140 CH9 5’-aattgtcagagccagtgtcc-3° 5’-tccaaaagacctctgattge-3’
AF043084 ETR1 5’-atgggatctcttctccggat-3° 5’- ggaagttgaatgggtacagt-3’
AJ011520 PR1 5’-ccaagactatcttgcggttc-3° 5’-gaacctaagccacgatacca-3’
M69247.1 PR4 5’-atggggttgttcaacatctcattgttact-3’ 5’-ttaataaggacgttctccaacccagtt-3’
M69248.1 PR6 5’-atggggttgttcaacatctcattgttact-3° 5’- ttagtaaggacgttgtccgatccagttge-3’
AB199316 LeActin 5’-atggggttgttcaacatctcattgttact-3° 5’-ttagtaaggacgttgtccgatccagttge-3’
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RESULTS and DISCUSSION

The beneficial effects of PGPR are attributed to
several mechanisms, including enhanced efficiency
of plant nutrition uptake (Anandham et al., 2008),
hormone production (Glick et al., 2007), and anti-
pathogen defense (Van Wees et al., 2008). The
present study investigated the third mechanism,
specifically the ability of P. putida strain T21/1 for
controlling FORL. In addition, we studied long-
term effects of T21/1 on growth and defense-
related gene expression in  FORL-inoculated
tomato plants.

Efficacy of P. putida strain TR21/1 in disease
suppression of FCRR

P. putida strain TR21/1 showed significant
biological control of tomato seedlings inoculated
with FORL (Fig. 1A, 1B). Disease severity was
significantly reduced compared with the non-
treated control by P. putida treatment. The disease
incidence percentage on plants treated with the P.
putida strain was 40% which was significantly
lower than (64%) the untreated control plants (only
FORL-inoculated) (Fig. 1B). In addition,
protection of tomato plants against FORL was
significantly higher (37.5 %) compared to non-
bacterized control plants. Similarly, Pseudomonas
putida strain PCL1760 is capable of controlling
Tomato foot and root rot (TFRR) (Validov et al.,
2007) and FORL (Validov et al., 2009) through
competition with fungi for “nutrients and niches,”
as illustrated by a significant decrease in the
amount of fungal DNA. Another advantage of
Pseudomonas putida strain PCL1760 is its lack of
antibiotics production (Haas and Defago, 2005).
We can speculate that the mode of action for
TR21/1 is likely unrelated to antibiotics. Instead,
TR21/1 is probably eliciting ISR, a plant defense
mechanism characterized by the absence of direct
toxic effects against pathogens.
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Figure 1. Disease symptoms and quantification of induced
systemic resistance against Fusarium oxysporum f.sp. radicis-
lycopersici (FORL). Symptoms development of (FORL) (A)
in roots at 4 weeks post-inoculation of tomato seedlings,
inoculated with usaFORL strain. These pictures are
representative of at least two independent biological
experiments. Disease severity was measured 4 weeks after
challenge inoculation by recording the percentage of total
surface showing symptoms for each plant (B). Bacterial
proliferation data on tomato roots are presented (C). Data
points are means (cfu/g) with standard errors from three
different experiments.

Sekil 1. Hastalik semptomlar1 ve Fusarium oxysporum f.sp.
radicis-lycopersici (FORL)'ye karst indiklenen sistemik
direncin dl¢iimii. usaFORL streyn ile inokiile edilmis domates
fidelerinin 4 hafta sonra koklerde (A) FORL 'nin belirtilerinin
gelisimi. Bu resimler en az iki bagimsiz biyolojik deneyi
temsil etmektedir. Hastalik siddeti, her bitki i¢in semptom
gosteren toplam yiizey ylizdesi kaydedilerek, inokiilasyondan
4 hafta sonra Olgililmiistiir (B). Domates kokleri iizerindeki
bakteri tireme verileri (C). Veriler farkli ti¢ deneyden elde
edilen standart hatalara sahip ortalamalardir (cfu/g).
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Colonisation of P. putida strain TR21/1 in soil
and on tomato roots

The population densities of P. putida strain TR21/1
showed a slight decrease from inoculated
population of 1x10” cfu g-1 to 1,2 x 10° cfu g-1
after incubation for 7 days then increased to 4,2
x10° cfu g-1 after incubation for 24 days (Fig. 1C).
Similarly, the population densities of P. putida
strain TR21/1 in presence of FORL showed a
slight decrease from inoculated population of
1x107 cfu g-1 to 1,2 x 10° cfu g-1 after incubation
for 7 days then increased to 3,5 x10° cfu g-1 after
incubation for 24 days which is comparable to that
of the control plants (Fig 1C). Thus, P. putida
strain TR21/1 used in the study showed high
colonising ability in presence or in absence of
FORL on the tomato root system.

Effect of P. putida strain TR21/1 on growth
promotion of tomato seedlings

The P. putida strain TR21/1 used in this study
decreased weight of shoots and roots in both FORL
inoculated and non-inoculated plants compared
with the non-bacterized controls (Fig. 2A, 2B).

FORL inoculation gave rise to decrease shoot and
root weight in both bacterized and non-bacterized
plants. The difference between FORL inoculated
and control plants was significant in respect to shoot
fresh and dry weight in the presence of TR21/1, on
the other hand it was not significant in the absence
of TR21/1 (Fig. 2A, 2B). Root fresh and dry weight
decreased significantly by FORL inoculation in both
bacterized and non-bacterized plants (Fig. 2C, 2D).
There were significant differences between
treatments in respect to plant growth characteristics
except leaf number (Fig. 2E).

In this study, the growth of TR21/1-treated tomatoes
and non-bacterized control plants did not differ,
indicating that ISR-mediated defense against FORL
was not associated with plant growth promotion.
This outcome is interesting given that TR21/1
produces auxins and siderophores, on top of
exhibiting phosphate-solubilizing capacity (Gul et
al., 2012). Furthermore, it is well established that
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Figure 2. Influence of TR21/1 or Fusarium oxysporum f.sp.
radicis-lycopersici (FORL) on tomato development. Average
weight of fresh (A) and dry shoots (B), average weight of
fresh (C) and dry roots, (D) and leaf number (E). Statistical
comparison within all seedlings was performed by Duncan’s
test (a < 0.05). Different letters above the bars on the graphs
indicate significantly different results.

Sekil 2. TR21/1 veya Fusarium oxysporum f.sp. radicis-
lycopersici (FORL) streynlerinin domates gelisimi {izerine
etkisi. Yas (A) ve kuru siirglinlerin ortalama agirligi (B), yas
(C) ve kuru koklerin ortalama agirligi, (D) ve yaprak sayisi
(E). Tum fideler iginde istatistiksel karsilastirma Duncan testi
ile yapilmistir (a < 0,05). Grafiklerdeki ¢ubuklarin tizerindeki
farkli harfler, 6nemli 6l¢iide farkli sonuglar gosterir.
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PGPR can promote plant growth through
atmospheric nitrogen fixation, nutrient uptake
enhancement, soil iron chelation, phytohormone
synthesis, and stimulation of enzymes that modulate
plant growth/development (Arora et al., 2001).

Expression analysis of PR genes

To investigate the long-term response of tomato
seedlings to FORL  with/without bacterial
treatment at the transcriptional level, we performed
expression analysis of the SA-regulated genes by
gene-specific RT-PCR analysis. Gene expression
was investigated locally in roots collected 4 weeks
after transplanting to pots. In vitro synthesized
single-stranded cDNAs from RNA isolated from
tomato roots inoculated with P. putida strain
TR21/1 in presence or in absence of FORL isolate
were assessed using sets of specifically designed
primers, which enabled the amplification of PR1,
PR4, PR6 and CH9 genes in the roots (Fig. 3).

In the roots, PR-1 transcripts were downregulated
in bacterized roots of tomato plants whereas the
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gene was induced in FORL inoculated plants.
Moreover, this induction was strongly increased in
bacterized plants inoculated with FORL compared
to untreated control plants (Fig. 3A). Concerning
the level of PR4 gene expression, transcripts were
slightly downregulated in FORL-inoculated plants
while its expression was almost inhibited in
bacterized-plants (Fig. 3B). By contrast, in plants
bacterized with P. putida strain TR21/1 in presence
of FORL, PR4 transcripts were upregulated
compared to untreated control plants (Fig. 3B).
Similarly, the PR6 transcripts were downregulated
in bacterized plants but upregulated in FORL-
inoculated plants compared to untreated control
plants (Fig. 3C). The induction of PR6 expression
in FORL inoculated plants was comparable to that
in bacterized roots inoculated with FORL.

The CH9 transcripts were regulated in response to
bacterial and/or FORL treatments (Fig. 3D). Its
transcripts were slightly induced by P. putida or
FORL treatment compared to untreated control
plants while its transcripts were strongly induced
in bacterized plants treated with FORL (Fig. 3D).

PR6

“TcHy

CHY/ LeActin ratio

Control TR21/1

Control TR21/1 TR21/1+FORL

TR2V/1+FORL

Figure 3. Expression of defense-related genes in SAR- and ISR-expressing roots of tomato plants. Tomato cultivar Kardelen F1
grown for 4 weeks after treatment with either FORL strains of F. oxysporum f.sp. radicis-lycopersici or TR21/1 and FORL. From
Ato C, expression analysis of SA-regulated genes including CH9, PR1, PR4 and PR6. The relative expression levels of the genes
were normalized with respect to LeActin levels using BiolD software (Vilber Lourmat). Independent data were analyzed in

triplicate, and the standard deviations are shown with error bars.

Sekil 3. Domates bitkilerinde SAR ve ISR ifade eden koklerinde savunma ile ilgili genlerin ifadesi. Domates ¢esidi Kardelen F1,
F. oxysporum f.sp. radicis-lycopersici FORL veya TR21/1 ve FORL streynlerinin herhangi biri ile enfekte edildikten sonra 4
hafta boyunca yetistirilmistir. A'dan C'ye, CH9, PR1, PR4 ve PR6 dahil SA tarafindan diizenlenen genlerin ekspresyon analizi.
Genlerin nispi ekspresyon seviyeleri, BiolD yazilimi (Vilber Lourmat) kullanilarak LeActin seviyelerine gére normallize
edilmistir. Bagimsiz veriler ii¢ kopya halinde analiz edilmis ve standart sapmalar hata ¢ubuklartyla gosterilmistir.
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Simultaneous with ISR elicitation, TR21/1 and
other PGPR may also elicit SAR through a
separate signaling pathway involving SA or
jasmonic acid and ethylene (ET) (Lawton et al.,
1996; Pieterse et al., 1998). This inherent plant
response is effective against a broad spectrum of
pathogens and is correlated with SA- and ET-
induced PR genes (Delaney et al., 1994; Lawton et
al., 1996). Thus, in this study, we tested whether
specific gene expression could act as an indicator
of PGPR-triggered SAR. Our results comparing
PR gene transcripts in TR21/1-treated tomatoes
without FORL revealed that PRs were
downregulated or not produced. This result
indicated that P. putida-induced ISR in tomato
does not involve PR accumulation.

We observed the induction of PR1, PR4, and PR6
when bacterized plants were challenged with
FORL. This result expands on previous reports of
SA- and pathogen-elicited PR1 expression against
the fungal pathogen in Arabidopsis (van Wees et
al., 2000) and in tomato (Kavroulakis et al.,
2006). Here, we found that PR4 expression was
downregulated in TR21/1-treated tomato roots,
suggesting that the gene is not activated under ISR.
This result is in line with our previous study
demonstrating a slight downregulation of PR4
transcripts in FORL-inoculated plants (Cakir et al.,
2014).

Expression of ET-regulated genes

Pathogen infections leading to chlorotic or necrotic
symptoms cause an increase in ethylene production
with ACC oxidase activity being increased (de
Laat and van Loon 1983). Ethylene responses can
also be regulated by changes in ethylene
perception in tomato. The ethylene-insensitive Nr
mutant homologous to ETR1 showed increased
tolerance to virulent strains of Fusarium
oxysporum, Pseudomonas syringae pv. tomato and
Xanthomonas campestris pv. vesicatoria (Lund et
al., 1998).

Expression of the ACO1 gene did not change in
response to P. putida strain TR21/1 treatment
while its expression was activated in response to
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FORL inoculation (Fig. 4A). Its expression was
strongly induced when bacterized plants were
inoculated with FORL (Fig. 4A). Regarding ACO2
expression, its transcripts were strongly induced in
both P. putida strain TR21/1 or FORL treated
plants. Interestingly, ACO2 transcripts were
upregulated when bacterized plants were
inoculated with FORL (Fig. 4B). By contrast,
ACO3 expression did not change in response to P.
putida strain TR21/1 treatments while its
expression was induced in the presence of FORL
(Fig. 4C). ACO3 expression was induced in
comparison to FORL inoculated plants. While
ACO1 and ACO3 expression were unaffected,
TR21/1 treatment strongly induced ACO2
expression, suggesting that ACO2 is involved in
ISR-expressing tomato seedlings. We also
observed that FORL infection strongly induced
ACO3, ACO2, and ACOL1 in bacterized plants,
implying transcriptional regulation of ACO that
may be related to pathogen-induced ET synthesis.

In contrast, expression of ACO4 gene was
downregulated in FORL treated plants, while in P.
putida strain TR21/1 treated plants, its expression
was slightly induced (Fig. 4D). Interestingly, the
level of ACO4 transcripts was higher when
bacterized plants were inoculated with FORL (Fig.
4D).

Our results corroborate previous research in tomato
showing elevated ET synthesis and ACOl
expression under challenge from Xanthomonas
campestris pv. vesicatoria (Ciardi et al., 2000),
along with AvrPto and AvrPtoB-induced ACO
expression under Pseudomonas syringae infection
(Cohn and Martin, 2005).

There was accumulation of transcripts encoding
ETR1 in bacterized plant roots or FORL inoculated
plants roots compared to untreated control plants,
however, transcript accumulation was greater in
bacterized plant in the presence of FORL (Fig 4E).
The induction of ETR1 transcripts was increased
when P. putida strain TR21/1 treated plants were
inoculated with FORL (Fig. 4E).
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Figure 4. Expression of defense-related genes in SAR- and ISR-expressing roots of tomato plants. Tomato cultivar Kardelen F1
grown for 4 weeks after treatment with either FORL strains of F. oxysporum f.sp. radicis-lycopersici or TR21/1 and FORL. From
A to C, expression analysis of ET-regulated genes: ETR1, ACO1, ACO2, ACO3, and ACO4. The relative expression levels of the
genes were normalized with respect to LeActin levels by using BiolD software (Vilber Lourmat). Independent data were
analyzed in triplicate, and the standard deviations are shown with error bars.

Sekil 4. Domates bitkilerinin SAR ve ISR ifade eden koklerinde savunma ile ilgili genlerin ifadesi. Domates ¢esidi Kardelen F1,
F. oxysporum f.sp. radicis-lycopersici FORL veya TR21/1 ve FORL streynlerinden herhangi biri ile enfekte edildikten sonra 4
hafta boyunca yetistirilmistir. A'dan C'ye, ET tarafindan diizenlenen genlerin ekspresyon analizi: ETR1, ACO1, ACO2, ACO3 ve
ACO4 genlerin nispi ekspresyon seviyeleri, BiolD yazilimi (Vilber Lourmat) kullanilarak LeActin seviyelerine gore normalize
edilmistir. Ug farkli bagimsiz veriler analiz edilmis ve standart sapmalar hata cubuklariyla gosterilmistir.

In this study, we observed that TR21/1 treatment
increased ETR1 expression in roots, a response that
was further elevated upon FORL challenge. This
outcome suggests that ET receptors (e.g., ETR1,
NR) are active in plant defense, specifically
through a role in reducing ET sensitivity. Reducing
ET sensitivity may increase tolerance to pathogens
because the plant hormone can induce pathogenesis-
related proteins or phytoalexins and strengthen cell
walls through stimulating the phenylpropanoid
pathway (Arshad and Frnakenberger, 1992).

In conclusion, our results represent the first report
showing initial downregulation in defense-related
gene expression when treated with P. putida strain
TR21/1, followed by subsequent over-regulation
when challenged with FORL. We recommend that
future studies compare defense reactions between
plants immediately after FORL inoculation and
plants previously inoculated with FORL.
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ABSTRACT: This research determined price volatility spillovers among major wheat markets in the world using time
series data (1966-2018) of six major wheat producing countries in the world. The data were sourced from FAO and UNCTAD
databanks and were analyzed using descriptive statistics, multiple regression, unit root test and GARCH models. The findings
showed that there is low and high persistence in the wheat prices of Canada and USA; and, Australia and India, respectively. Thus,
it was established that the prices in the former markets were characterized by short memory; the effect of shock is temporary as
the prices return to the attractor level within a short period. However, bad news on the prices of the latter markets has pronounced
effect and takes a longer period for the price series to normalize. On the other hand, French and Chinese market price series
exhibited an explosive pattern; the price series have infinite memory and the effect of innovation is permanent as price series will
not normalize. Therefore, it can be concluded that the future trade of wheat is useful in the market given the persistence behavior
of the prices as their price trends are tailored towards a rational expectation rather than a naive expectation. However, for the
market prices that are explosive, the market participants should focus on rational market expectation as a trade barometer.

Keywords: Price, volatility, wheat, spillovers, markets.

INTRODUCTION The latest round of price rises has concentrated
focus on the volatility issue and its causes (Barcena
et al., 2011; Sendhil et al., 2013; Guo and Tanaka,
2019). Volatility in prices creates uncertainty that
can endanger agricultural production and have a
negative effect on farmers' welfare (World Bank,
1997; Sendhil et al., 2013; Tanaka and Guo, 2020).
In the current context, two essential questions arise.
The first is how much of this increase can be
attributed to the volatility created by short-term
factors, and how much as a result of structural
factors, to higher-level price convergence. The
other is the role of various factors on volatility.
These factors include speculation in the raw

Owing to improvements in some factors influencing
food demand, there has been an upward trend in the
price of agricultural commodities in recent years
(Barcena et al., 2011; Gozgor, 2019). The rise in the
purchasing power of large segments of the
population in countries such as China and India and
the transition towards a more westernized diet are
among the most important changes. In the past
decade, the market trend for most agricultural
commodities has been an upward one (Barcenaet al.,
2011; Abebe et al., 2020).
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materials markets, uncertainty of the rate of the
world economy's recovery, implementation of
trade-restriction steps, decline in the value of the
dollar, overreaction of agents in markets to reports
of less than anticipated harvests, among others.

Volatility connotes two principal concepts in
conventional economic theory: variability and
uncertainty; the former defines general movement,
while the latter applies to unpredictable movement
(Prakash, 2011; Gouel et al., 2016). As households
and planning agencies are better able to cope with
predictable variations, the key problem is sudden
shifts or "shocks". Traditional policy prescriptions
and coping processes are likely to fail when shocks
reach a certain critical size or threshold and remain
at those levels (Wolf, 2005; Subervie, 2008;
Cermak et al. 2017; Taghizadeh-Hesary et al.,
2019). Volatility reflects the directionless
variability of an economic variable, i.e. the
dispersion of that variable over a given time period,
according to Prakash (2011), Santeramo and
Lamonaca (2019).

Often, mainstream discourse confuses volatility
with high prices. It is possible for prices to be high
as a matter of logic, but display little flexibility, or
to be low but variable. Price levels and volatility
appear to be positively correlated in practice,
partially because a low carryover from the past
decreases current availability, exerts upward price
pressure, and reduces the likelihood of using
inventory to satisfy positive demand or negative
supply shocks, thereby raising volatility (Gilbert
and Morgan, 2010; Haile et al., 2016).

For the function of a competitive market, regular
price fluctuations -"day-to-day" or "normal
volatility” - are both typical and required. The
essence of the price system is that price rises when
a commodity becomes scarce, thereby causing a
decrease in consumption and signalling further
investment in that commodity's output. It is
important to consider why prices have risen in order
to better counteract the shortage (Grossman, 1976;
Wang, 2009; Degiannakis et al., 2022). Prakash
(2011) and Hau et al. (2020) said that as market
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fluctuations become increasingly volatile and
precipitous, the efficacy of a price mechanism starts
to break down, and eventually reaches the point of
redundancy when prices experience "extreme
volatility" or "crisis".

The current high volatility in the demand for
agricultural raw materials has significant economic
consequences for countries specializing in the
export of such materials. Using market data from
the 18" century, Jacks et al. (2009), Bohl and
Sulewski (2019) and Degiannakis et al. (2022)
concluded that volatility in the prices of raw
materials has always been higher than that of
manufactured goods. Consequently, reliance on the
export of a few commodities is a fundamental cause
of trade instability among countries specializing in
their production, which makes them economically
more vulnerable. Volatility in the prices of
agricultural raw materials can have serious
consequences for countries: losses in economic
efficiency, higher food insecurity, higher levels of
malnutrition, negative impacts on the balance of
trade, possible social unrest and higher risks for
producers, particularly small-scale producers,
owing to the uncertainty of expected income levels.

Crisis periods and intense volatility highlight the
challenge of forecasting price fluctuations of
agricultural commodities and have reinforced the
need to consider their behaviour. For developing
countries that depend on commodity exports or
import significant amounts of food, clarification of
the characteristics of commodity prices - especially
trends - is crucial. Deaton (1999), Stigler (2011) and
Sukati (2017) stressed that to build effective policy,
a better understanding of commodity prices is
necessary. This knowledge can help governments
and development agencies form policies and
determine which goods need attention. Moreover,
understanding commodity prices at the producer
level helps people make key decisions about which
crops to grow.

In addition, the modern marketplace's complexity
has put exceptional demands on reliable and timely
information on trends in commodities and on



external drivers affecting market performance. It is
argued that the lack of accurate and up-to-date
information on crop supply and demand and export
availability has been among the root causes of
recent market volatility. The challenge is
widespread. The ability to analyze the mass of
sometimes conflicting and variable-quality data and
to disseminate the resulting analyses have not kept
pace, particularly in the public, free-access field,
despite the increase in the volume of raw data and
the higher speed of information transmission over
recent years.

Risk and impact asymmetry are created by crisis and
extreme volatility, which hinder development,
accentuate poverty, lead to malnutrition, and
increase political instability and the risk of internal
conflict. The need to grasp the complexities of the
dynamics of commodity prices has therefore
become more urgent against the backdrop of current
developments to abolish conventional
governmental stabilization schemes (i.e. price bands
and market intervention) in favor of globalized
market transactions. In comparison to previous
years, when agents concentrated solely on spot
prices, they now have to deal with a broad range of
complex factors, including derivatives markets,
futures and options, normal backwardness
phenomenon, maturity effects, and the correlation
between spot prices and futures.

Thus, based on this thrust, this research aimed at
exploring the insight of wheat price volatility and
spillovers in the global market given that the crop is
the most important and widely consumed cereal in
the world. The specific objectives were to determine
the price trends and their relationship with market
arrivals, and price volatility of wheat among the
major producing countries in the globe.
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RESEARCH METHODOLOGY

Annual time series data of 37 years (1981-2018)
sourced from FAO and UNCTAD databanks were
used for the study. The data covered price series,
production quantities and consumer price index
(CPI) of six major wheat producing countries viz.
Australia, Canada, China, France, India and USA.
The prices and quantities; and, CPI were sourced
form FAO and UNCTAD data bases respectively.
The first and second objectives, respectively, were
achieved using descriptive statistics, OLS and
Autoregressive  estimated multiple regression
model, and Generalized Autoregressive Conditional
Heteroscedastic (GARCH) model.

Model Specification
1. Multiple regression
Pb=a+T, + ¢ (1)

Where, P, is price at time 't’, a is constant,
T, is time trend at time 't’ and ¢ is noise

2. Autoregressive model

P=a+P_,+Q,+ ¢ 2

Where, P, is price at time 't', a is constant,
P,_, is price at lag 'one’,
Q; is market arrival at time't', and

€ is white noise
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3. The KPSS test

A unit root test in which the null hypothesis is
contrary to that in the ADF test is the KPSS test
(Kwiatkowski, Phillips, Schmidt and Shin). The
series in question is stationary under the null; the
solution is that the series is | (1). The basic idea
behind this test statistic is very simple. If y, can be
written as y, = u + p,, Where g, is a stationary zero-
mean process, then not only does the sample
average of y,s provide a consistent u estimator, but
a well-defined, finite number is the long-run
variance of u,. The alternative does not possess any
of these properties. The test itself is based on the
formula below:
T 2

= @
Where S, =Yt e, and &% is an estimate of the
long-run variance of e, = (y, — y). This statistic has
a  well-defined  (non-standard)  asymptotic
distribution under the null, which is free of nuisance
parameters and has been simulation-tabulated. The
numbers diverge according to the alternative. As a
result, a one-sided test based on n can be built,
where if nj is greater than the required critical value,
H, is rejected.

4. GARCH model
The representation of the GARCH (p, q) is given as:

Y, = a+ B.Y,_1 + B,Y._, + & (Autoregressive

process) (@)
And the variance of random error is:

02 =g+ A ut, + A07 5)
of = w+ X0, fiot + Xl ael (6)

Where Y, is the price in the i*" period of the "
market, p is the order of the GARCH term and q is
the order of the ARCH term. The sum of ARCH and
GARCH (a + B) gives the degree of persistence of
volatility in the series. The closer is the sum to 1, the
greater is the tendency of volatility to persist for a
longer time. If the sum exceeds 1, it is indicative of
an explosive series with a tendency to meander
away from the mean value (Sadiq et al., 2016a;
Sadiq et al., 2016b; Sadiq et al., 2020).
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RESULTS and DISCUSSION
Summary statistics of the selected market prices

An examination of Table 1 and Figures 1 and 2
showed a minimal inflation rate in the wheat prices
of the selected markets as evidenced by the slight
differences between the nominal values and their
respective corresponding real values. The average
annual nominal market prices of wheat per ton were
$172.73 in the Australian market, $136.84 in the
Canadian market, $416.19 in the French market,
$191.84 in the Indian market, $150.82 in the USA
market and $210.54 in the Chinese market. Thus, it
can be suggested that the lowest and highest average
nominal prices were observed in the French and
Canadian markets, respectively. The variance in the
prices may owe to grading, quantity of market
arrival and consumerism of importing nations in the
global wheat market. The minimum values of the
average nominal wheat prices varied from $62.00 in
the Canadian market to $134.20 in the Indian
market while the maximum values of the average
prices varied from $273.90 in the Canadian market
to $1309.50 in the French market. Besides, Indian
wheat prices have the lowest standard deviation
value ($52.19) while the French market has the
highest standard deviation of price value ($427.70).
A similar cross-examination of the price pattern for
soft wheat for some selected European countries
was done by Borawski et al. (2018).

Furthermore, it was observed that price instability
tends to be explosive in the French market, high in
the Chinese market and moderate in the remaining
markets. The entire market prices exhibit a positive
skewness and this is reasonable since wheat
inventories cannot be negative, thus placing a
positive bias on the data. This suggests that all the
market prices are asymmetrically distributed and the
upper tails of the distributions were thicker than the
lower tails. Sadiq et al. (2020) reported that ceiling
price tends to introduce negative skewness while
floor price tends to promote positive skewness. Thus,
it can be inferred that the market forces determined
the wheat prices of the selected markets in the global
wheat market. The existence of positive skewedness
can benefit policy design from a practical point of



view, because positive price asymmetry means that
one can be very confident in setting a minimum price
level below which prices are unlikely to fall. On the
other hand, the upper boundary is much more
difficult to set, i.e. consumers or importing countries
must be prepared for practically any price rise.

The kurtosis coefficients for all the selected market
prices showed the tails of the distributions not to be
thicker than the normal (<1). The market prices of
Australia and USA; and, Canada, France, India and
China, respectively, showed platykurtic (fat or
short-tailed) and leptokurtic (slim or long-tailed)
probabilities. Thus, it can be suggested that these
markets did not exhibit extreme price values.
Positive (negative) excess kurtosis means a fat
(thin) tail distribution, whereas a value close to zero
indicates a tail distribution similar to that of a
normal distribution. In fact, prices can spike very
high when inventory levels are extremely low or
even zero. Therefore, the alternation between
regular periods of low prices and occasional periods
of turbulence contributes to a large kurtosis of
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prices. For the differenced price, all the market
prices are asymmetrically distributed and the upper
tails of the distributions are thicker than the lower
tails (positive skewness), except for the French and
Chinese markets (negative skewness). For the
kurtosis, the tails of the distributions for French and
Chinese market prices are thicker than the normal
(>3) while that of the remaining markets are not
thicker than the normal. Excess kurtosis is a feature
of markets that exhibit extreme price values. The
excess kurtosis depicted by the first differences of
wheat prices in France and China may be attributed
to the previously observed volatility that clustered
around 1985 and 1992 for the former (Figure 3);
and, 1987 to 1997 and 2004 to 2015 for the latter
(Figure 4). Cermak et al. (2017) in their study
observed that wheat prices were leptokurtic as
evident by a fatter tail and longer peak that
characterized the prices. Besides, Ismail et al.
(2017) observed that the overall descriptive
statistics distributions of price returns series were
skewed, leptokurtic and platykurtic.

Table 1. Summary statistics of wheat prices in the selected markets.

Markets Mean Min Max SD cVv Skewness Kurtosis
Nominal price
Australia 172.73 102.80 327.10 55.47 0.32114 1.0580 0.60723
Canada 136.84 62.00 273.90 55.69 0.40702 0.85805 -0.13816
China 210.54 115.30 422.41 98.84 0.46944 0.90438 -0.71597
France 416.19 91.70 1309.50 427.70 1.0277 1.1500 -0.47884
India 191.84 134.20 283.90 52.19 0.27204 0.63247 -1.2761
USA 150.82 88.97 286.00 52.91 0.35083 1.0492 0.12413
Real price
Australia 166.63 94.84 313.46 54.78 0.32878 1.0170 0.41241
Canada 133.08 60.86 267.56 54.99 0.41326 0.90279 -0.11144
China 202.46 101.40 412.12 98.80 0.48801 0.90715 -0.71185
France 397.70 89.97 1268.90 402.21 1.0113 1.1781 -0.35982
India 178.13 122.90 273.49 49.25 0.27651 0.70681 -1.0899
USA 146.69 87.31 280.20 52.19 0.35579 1.0363 0.056079
First difference price
Australia 0.67784 -107.90 124.60 41.48 61.19 0.40785 1.4168
Canada 0.98110 -82.50 95.20 32.18 32.80 0.40524 1.9325
China -1.0084 -226.90 50.60 44.13 43.76 -3.6528 16.811
France -26.581 -1112.2 291.39 198.29 7.45 -4.4711 22.875
India 29721 -27.40 45.80 13.52 4.54 0.62401 1.9292
USA 0.90108 -70.00 81.00 30.49 33.84 0.11052 0.40685

Source: Authors’ own computation, 2020.
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Price and market arrival trends

Except for French wheat prices, all the selected
market prices increased significantly as indicated by
the plausibility of their respective estimated time
trend coefficient at 10% probability level (Table 2).
However, the increase in the wheat prices of the
Chinese market was not significant as evidenced by
the non-plausibility of its estimated time trend at
10% significance level. Furthermore, the average
market arrivals of all the selected markets increased
as evidenced by their respective estimated time
trend coefficients that are different from zero at 10%
degree of freedom. The increase in the price was
highest in the Chinese market though not
significant, followed by the Indian, Australian,
USA, and lowest in the Canadian market. However,
the price plummeted in the French market.
Likewise, increase in the average annual market
arrivals was highest in China, followed by India,
USA, France, Australia and least in Canada.

Table 2. Price and market arrival trends of selected markets.

AMONG MAJOR WHEAT MARKETS IN THE WORLD

Relationship between price and market arrival

The relationship between the prices and market
arrivals of the selected wheat markets were
determined using ordinary least square. The
diagnostic test results showed the residuals of the
estimated models to be devoid of autocorrelation,
Arch effect and heteroscedasticity as evidenced by
their respective t-statistics that are not different
from zero at 10% degree of freedom (Table 3). In
addition, the specifications of the equations were
adequate, the data had no structural break and the
estimated parameters are stable i.e. do not change,
as indicated by the non-significant of the RESET,
chow and CUSUM test statistics at 10% degree of
freedom, respectively. However, all the residuals of
the estimated models were not normally skewed

Items Intercept Time R? D-W ARCH test  Normality test
stat
Price trend ($)
Australia 72.26(23.59) 2.93(0.73) 0.7066 1.827 0.184 14.6
3.062*** 4.04%** [0.67]NS [0.00]*=*=
Canada 67.493(37.40) 2.21(1.10) 0.7204 1.585 2.363 14.11
1.805* 2.00* [0.12]Ns [0.00]
China 111.88(197.66) 4.12(4.72) 0.8280 1.842 0.028 311
0.566NS 0.871NS [0.86]NS [0.00]*=*=
France 1260.26(364.10) —23.17(10.05) 0.8523 1.954  0.017 79.03
3.461*** 2.304** [0.89]NS [0.00]*=*=
India 87.58(48.69) 3.31(1.27) 0.9151 1.829 0.080 6.174
1.798* 2.609** [0.77]Ns [0.05]**
USA 69.73(32.46) 2.36(0.96) 0.7655 1.861 0.028 5.556
2.148** 2.461** [0.86]NS [0.06]*
Market arrival trend (Ton)
Australia 8.53e+6(1.273e+6) 313404(40630.6) 0.5488 1.965 0.937 2.248
6.701*** 7.714%** [0.33]Ns [0.32]Ns
Canada 1.63e+7(2.01e+6) 270000(62896.5) 0.5375 1.821 0.459 0.744
8.112%** 4.293*** [0.49]Ns [0.69]NS
China 3.83e+7(1.49e+7) 1.81e+6(401465) 0.9690 1.923 12.33 1.037
2.566** 4.508*** [0.26]NS [0.59]NS
France 1.56e+7(1.76e+6) 496592(54999.0) 0.8385 2.305 0.052 12.36
8.889*** 9.029*** [0.81]NS [0.002]***
India 1.14e+7(1.67e+6) 1.63e+6(52431.6) 0.9819 2.110 0.722 1.353
6.783*** 31.03*** [0.39]Ns [0.50]NS
USA 5.57e+7(5.59e+6) 70184.6(170675) 0.4361 2.224 2171 1.233
90.971*** 0.411N8 [0.14]Ns [0.53]Ns

Source: Authors’ own computation, 2020.

Note; *** ** * & NS means significant at 1, 5, 10% and non-significant respectively.
Values in () and [ ] are standard error and probability value respectively.
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as evidenced by the plausibility of their respective
test statistics at 10% acceptable margin. Non-
normality of residual is not considered a serious
problem as data in their natural form are mostly not
normally distributed. The cases of spurious
correlation and regression were absent as indicated
by the fair values of coefficient of determination
(R?) and the Durbin-Watson statistic values which
were higher than their respective corresponding R?,
respectively. Thus, it can be concluded that the
estimated parameters are reliable for future
prediction with certainty and efficiency.

A perusal of Table 3 showed that on the average, all
the selected market current prices had positive-
significant relationships with their respective
immediate lagged prices and negative relationships
with most of the market arrivals except Australian
and Indian market arrivals. However, only the
market arrivals of France and USA had significant
influence on their respective current prices as
indicated by their respective market arrival
estimated coefficients that are within the acceptable
margin of 10%. Furthermore, based on R?
coefficient, the influences of the explanatory

Table 3a. Relationship between price and market arrivals.

variables on the current market prices of Australia,
Canada, France, India, USA and China were 77.43,
76.64, 89.94, 85.91, 80.21 and 84.79% respectively.

In the Australian and Canadian markets, the
marginal and elasticity implications of a unit
increase in their respective immediate lagged prices
will lead to increases in their current prices by 0.85
and 0.83%; and, $0.94 and 0.92% per ton,
respectively. In the French market, the marginal and
elasticity implications of a unit increase in its
immediate lagged price will lead to an increase in
its current price by $0.87 and 0.87% per ton while
an increase in its market arrivals by a ton would
results to a decrease in its current price by 0.37%
per ton. In Indian and Chinese markets, for a dollar
increase in their respective immediate lagged prices,
their current prices will hike by $0.93 (0.90%) and
$0.97 (0.94%) per ton, respectively. It was observed
that in the US market, a $1 increase in its immediate
lagged price will result in an increase in its current
price by $0.99 (0.96%) per ton while a ton increase
in its market arrivals will lead to a decrease in its
current price by 0.39 per ton. Therefore, it can be
inferred that glut in supply

Items Australia Canada China France India USA

Intercept 0.103(1.344) 3.218(2.086) 0.610(0.911) 7.177(2.731) 0.272(0.533) 7.200(3.484)
0.076NS 1.542N8 0.669NS 2.628** 0.511Ns 2.066**

Pt1 0.826(0.086) 0.921(0.081) 0.940(0.056) 0.865(0.055) 0.901(0.081) 0.961(0.079)
9.537*** 11.28*** 16.52*** 15.70%** 11.09*** 12.14%**

Yt 0.046(0.095) —0.166(0.133)  —0.015(0.048)  —0.373(0.147)  0.014(0.043) —0.392(0.207)
0.488NS 1.244Ns 0.317Ns 2.527** 0.329Ns 1.888*

R? 0.7742 0.7664 0.8479 0.8993 0.8590 0.8020

D-W stat 1.819[0.208]NS 1.512[0.022]**  1.497[0.016]** 1.987[0.377]NS  1.915[0.280]N  1.337[0.003]***

Autocorr. test  0.431[0.514]NS  0.714[0.765]N  0.791[0.561]NS  0.172[0.951]NS  0.189[0.665]NS  1.425[0.198]NS

ARCH test 0.004[0.948]Ns 0.167[0.682]NS  0.164[0.685]NS  5.3e-5[0.994]NS  4.635[0.462]NS  0.486[0.485]NS

Heterosc. test ~ 5.049[0.409]NS 2.139[0.829]NS  8.783[0.118]NS  7.431[0.114]NS  1.386[0.975]NS  4.219[0.518]NS

RESET test 0.899[0.413]"S 0.461[0.633]NS  5.332[0.818]NS  0.058[0.942]NS  6.628[0.291]NS  2.228[0.118]NS

CUSUM test  0.185[0.853]"\S 1.727[0.904]NS  0.884[0.381]N°  -0.055[0.956]NS  3.693[0.566]NS  -0.006[0.994]NS

Chow test 0.814[0.492]NS 0.720[0.545]NS  1.809[0.158]NS  16.25[0.424]NS  2.338[0.858]NS  0.994[0.404]NS

Normality test  6.625[0.036]** 8.952[0.011]**  20.64[0.000]*** 43.65[0.00]***  13.03[0.001]*** 6.538[0.038]**

Source: Authors” own computation, 2020
Note: *** ** * implies significance at 1%, 5% and 10% respectively
NS: Non-significant; and, values in () and [ ] are standard errors and probability values
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Table 3b. Elasticity and marginal effect estimates.
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Market Items Coefficient Mean (X) APP MPP
Australia Pr1 0.826903 147.4753 1.025997 0.848400254
Yt 0.04659 17068157 8.87E-06 4.13022E-07
Canada Pr1 0.921152 122.5236 1.029274 0.948118073
Yi -0.1666 23749656 5.31E-06 -8.84623E-07
China Pr1 0.940585 212.7715 1.034149 0.972705489
Yi -0.0153 85394046 2.58E-06 -3.94364E-08
France Pr1 0.865602 523.7884 1.007024 0.871682246
Yi -0.37357 28953738 1.82E-05 -6.80557E-06
India Pr1 0.901065 169.1156 1.031674 0.929605523
Yi 0.014343 55171723 3.16E-06 4.53585E-08
USA Pr1 0.961866 130.8477 1.024369 0.985306086
Yi -0.39202 56862329 2.36E-06 -9.24071E-07

Source: Authors’ own computation, 2020

Note: mean of the Pt for Australia, Canada, China, France, India and USA are $151.31, $126.11, $220.04, $527.47, $174.47 and $134.04

significantly affected price stabilization in France
and USA markets. However, the Canadian and
Chinese markets depict evidence of glut in supply
but with no significant influence on price
stabilization. Though non-significant, the positive
sign associated with the market arrivals of
Australian and Indian wheat prices showed relative
balance in the supply and demand for their
commodities.

Extent of price volatility

Literature has shown that volatility analysis should
begin by ensuring that the prices under consideration
are at the level of Gaussian pure white noise, that is,
devoid of unit roots. According to Sukati (2017), it is
important that other causes of non-stationarity, such
as inflation effects and seasonal price changes in
agricultural commodities, should be eliminated. In
his research on the price volatility of common
agricultural crops in South Africa, Jordan et al.
(2007) also adopted this strategy, removing the
impact of inflation and seasonal variation in the price
series. Jordan et al. (2007), however, used South
African crop prices as quoted by SAFEX, and
seasonal price adjustments should not be a concern
due to hedging by traders and speculators. In this
case, price variation should mainly reflect production
costs and market sentiments of traders in terms of
subsequent production forecasts and risks therein,
particularly when using spot prices. Following these
claims, the analysis removes the impact of inflation
on wheat prices before the unit root test is carried out
by converting all selected market prices to actual
prices. Also, Sukati (2017) in his study on maize

price volatility in Swaziland eliminated the effect of
inflation on prices. The KPSS unit root results
showed all the selected market prices to be stationary
at level as indicated by their respective tau-statistics
which were within the plausible margin of tau-critical
value at 5% probability level (Table 4). However,
Ismail et al. (2017) and Cermak et al. (2017) found a
contrary result in their study which is against the
presumption test on volatility postulated by Sukati
(2017).

Table 4. Unit root tests.

Markets Stage KPSS

Australia Level 0.109%
Canada Level 0.142%
China Level 0.132%
France Level 0.146%
India Level 0.143%
USA Level 0.092s

Source: Source: Authors’ own computation, 2020
Note: KPSS tau critical level at 5% probability is 0.149.
St means stationary

A review of the results showed presence of Arch
effect in the residuals of all the selected markets as
indicated by the plausibility of Arch LM test
statistic at 10% probability level (Table 5). In
addition, the trend behaviour of all the price series
residuals showed clustering effect as periods of high
volatility tended to be followed by periods of high
volatility; likewise, periods of low volatility tended
to be followed by periods of low volatility over a
long period of time (Figure 5). This behaviour is
known as clustering volatility, thus
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Figure 5. Clustering effect.

indicating that the residuals are conditionally
heteroscedastic and can be represented by ARCH
and GARCH model. Cermék et al. (2017) found a
similar trend in their study on wheat price volatility
modeling. Therefore, having satisfied the pre-
conditions viz. ARCH and clustering effects, the
GARCH model was estimated. In other words, the
presences of Arch and clustering effects mean that
wheat price volatility is time variant and hence
amenable to the GARCH approach. In a related
study, Ismail et al. (2017) established a similar
result in their study on price volatility of food and
agricultural commodities in Pakistan.

All the market prices were fitted with the same
GARCH order i.e. GARCH (1,1) and their residuals
were devoid of autocorrelation as indicated by their
respective LM test statistics which were not
different from zero at 10% degree of freedom (Table
5). However, except for the French and Chinese
wheat prices, the residuals of the remaining market
prices were normally distributed as indicated by
their respective Chi? test statistics that were not
different from zero at 10% significance level. Non-
normality is not considered a serious problem as it
aims at fulfilling statistical inference, thus the
estimated model is reliable for future prediction.
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Furthermore, the results showed persistence
volatility in the market prices of Australia, Canada,
India and USA as indicated by the sums of their
respective ARCH and GARCH term i.e. (alpha +
beta) which were less than 1. The market prices of
France and China showed an explosive volatility
pattern as evidenced by the sums of their respective
alpha and beta which were equal or greater than
unity.

The empirical evidence showed that the current
price volatility of the Australian price series is
influenced by only family shock viz. ARCH effect.
This implies that volatility in the current year price
of the Australian market depends on the arbitrage
about the previous year price of wheat in the
Australian market. Thus, the marginal implication
of a unit increase in information about the previous
price trend of Australian wheat prices will lead to an
increase in its current price volatility by 0.778%.
The current year price volatility of the Canadian
price series is influenced by international shocks.
The international shocks owe to volatility in the
market prices of Australia and India as evidenced by
their respective parameter estimates that are within
the acceptable margin of 10% probability level.
Therefore, a unit increase in the prices of Australian



and Indian wheat will trigger an increase in current
price volatility of Canadian wheat by 0.49 and
0.39% respectively. The current price volatility of
the French price series is influenced by information
on its previous wheat price (an internal shock) and
the market prices of USA (an external shock) as
indicated by their respective estimated coefficients
that were within the plausible margin of 10%
significance level. Therefore, a unit increases in its
previous price information and wheat price of USA
will lead to an increase in current price volatility of
France wheat by 1.0 and 0.99%, respectively.

In the Indian market, its current price volatility is
influenced by information on previous year price
arbitrage of its wheat and shocks from Australian
and USA markets as evidenced by their respective
parameter estimates that are within the acceptable
margin of 10% significance level. Thus, the
implication of a unit increase in price arbitrage
information and prices of Australian and USA
wheat will trigger an increase in the current price

Table 5. Price volatility of wheat in the selected markets.
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volatility of Indian wheat by 0.89, 0.27 and 0.36%
respectively. The current price volatility in the US
market is influenced by international shock viz. the
Canadian market price as indicated by the
plausibility of its respective parameter estimate at
10% degree of freedom. Thus, an increase in the
wheat price of Canadian market by 1% will lead to
an increase in the current price volatility of USA
market by 0.68%. The current price volatility of the
Chinese price series is influenced by speculation
about previous year price trend of its market as
indicated by its estimated coefficient that is
different from zero at 10% probability level. Thus,
an increase in price arbitrage about the previous
price of Chinese wheat would result in an increase
in its current price volatility by 0.98%. Generally,
none of the market prices has its current volatility
being influenced by their respective previous year
price as evidenced by non-plausibility of their
respective GARCH estimated coefficients at 10%
probability level.

Items Australia Canada China France India USA
Arch Effect ~ 335[7.1e-9]***  30.1[4.1e-8]***  28.16[L.1le-7]***  34.24[4.9e-9]*** 34.46[44e-9]***  39.55[3.18e-
10]***
Variance equation
Intercept - ~2.057(0.889) 4.813(0.145) - 1.753(0.333) 1.042(0.896)
- 2.312%* 33.19*** - 5.263*** 1.163NS
Australia - 0.490(0.225) - -0.120(0.158) 0.269(0.138) -
- 2.178** - 0.762NS 1.949* -
Canada - - - —0.053(0.168) - 0.681(0.162)
- - - 0.315M8 - 4,194***
China - 0.136(0.107) - ~0.062(0.103) - ~0.124(0.119)
- 1.274N8 - 0.605NS - 1.043NS
France - 0.051(0.039) 0.015(0.027) - 0.041(0.028) ~0.036(0.031)
- 1.273N8 0.546MS - 1.474N8 1.171NS
India - 0.387(0.228) - 0.239(0.175) - 0.277(0.256)
- 1.696* - 1.367NS - 1.082NS
USA - 0.285(0.193) - 0.998(0.175) 0.363(0.127) -
- 1.474N8 - 5.688*** 2.851*** -
Alpha (0) 5.787(4.588) 0.014(0.016) 0.0077(0.0067) 0.00581(0.00585)  0.0065(0.0080) 0.015(0.015)
1.261N8 0.862NS 1.149N8 0.993NS 0.806MS 1.004NS
Alpha (1) 0.778(0.367) 0.239(0.288) 0.976(0.339) 1.000(0.444) 0.888(0.454) 0.377(0.276)
2.118** 0.830M 2.875*** 2.251** 1.952* 1.365NS
Beta (1) 8.06e-11(0.503)  1.11e-12(0.970)  0.024(0.163) 1.000e-12(0.067) 1.037e-12(0558)  1.218e-12(0.729)
1.60e-10N8 1.14e-012N8 0.145N8 1.477e-11NS 1.858e-12NS 1.669e-12NS
atf 0.778 0.239 1.00 1.00 0.888 0.377
GARCH fit 1,1 1,1 1,1 1,1 1,1 1,1
Normality 2.171[0.337]%  2.563[0.277]" 14.51[0.001]*** 54.17[1.72e-12]***  2.34[0.57]"S 4.226[0.121]"

Source: Authors’ own computation, 2020

Note: *** ** * implies significance at 1%, 5% and 10% respectively
NS: Non-significant; and, values in () and [ ] are standard errors and probability values
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Therefore, it can be inferred that the future trade of
wheat is useful in markets that have their prices
characterized by persistent volatility while it is not
useful in market prices characterized by explosive
volatility pattern. Price series with low persistence
volatility viz. the Canadian and US markets have a
short memory and the effects of shock will dissipate
rapidly in these markets, i.e. price shock normalized
after a few periods. For markets with high
persistence viz. Australia and India, their price
series is characterized by a long memory, the same
shock has a pronounced effect as a long time is
required for the price to return to the normal level.
However, for the French and Chinese price series
which were explosive, their price series exhibit
infinite memory and the shock effect is permanent
and the prices will not return to the series attractor
level. The closer the sum coefficients of Alpha and
Beta is to 1, the more the price series displays a
variation and the more unstable it appears to be.
Market prices with explosive volatility, i.e.
coefficient greater than 1, have non-stationary price
series, implying that their mean or variance is time
variant i.e. will change over time. The price series
of markets with persistence volatility is stationary,
meaning they have a time invariant/ fixed mean and
variance. If a series is found to be non-stationary,
little can be done to predict it; a sharp drop is as
probable as a sharp rise (Stigler, 2011).

The reason for persistence volatility of the
Australian, Canadian, Indian and USA markets may
be due to supply-demand fluctuation of their
commodities in the international markets. However,
foreign market price shock due to cold trade war in
the global wheat market may be the cause of
explosive price volatilities in the French and
Chinese markets. The price volatilities in all the
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selected markets tend to be spiky as evidenced by
the large proportion of the ARCH coefficient over
the GARCH coefficient.

In general, price series persistence volatility plays a
key role and has very practical consequences for
market participants. The persistence of a price series
is also critical for modeling strategy, as non-
stationary variables require non-standard statistical
methods (Stigler, 2011). A similar result of high
persistence, though in the short-run was established
by Cermék et al. (2017) in their study on wheat
price volatility modeling. In a related study,
Dawson (2015) observed a highly persistent
volatility of daily wheat feature prices on
Euronext/London international financial futures and
option exchange. In addition, Hau et al. (2020)
reported high persistence in the volatility dynamics
of the dependence between global oil and China’s
agriculture.

CONCLUSION and RECOMMENDATIONS

Based on the findings, it can be inferred that the price
volatilities of Australian and Indian wheat; and,
Canadian and USA wheat were characterized by
short and long memories, respectively. Thus, bad
news on the prices of the former will dissipate rapidly
while in the later markets it will take a long period
before prices are normalized due to pronounced
effect. However, price volatilities of the French and
Chinese markets are characterized by infinite
memory and the effect of innovation will be
permanent. Generally, it can be inferred that the
future trade of wheat in Australia, Canada, India and
USA markets are useful. Therefore, the study advised
that the wheat trades in France and China markets
should be tailored towards rational market
expectation and not naive market expectation.
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ABSTRACT: Nutrition is a requirement for the survival of every living organism. Honeybees meet their nutritional needs
from natural floral sources under normal conditions. In cases where there are insufficient floral resources, additional feeding is
required for the colonies. In this study, an economic analysis of supplementary feeding models formed by giving different protein
diets and carbohydrates (sugar-water mixture) needed until early spring to colonies prepared with equal strength in the autumn
period was performed. The feeding experiment was carried out in 6 groups with 8 colonies in each group and a total of 48 colonies.
Experimental groups were as follows: Papaver somniferum L. pollen, Cistus creticus L. pollen, mixed pollen, bee cake, syrup,
and control. In this study, after determining the production costs per hive for the experimental groups, it was determined whether
the bee frame values per hive covered the production costs. It could be concluded that feeding with P. somniforum pollen is slightly
more advantageous than other feeding groups when the results of the pre-winter, winter and early spring periods are evaluated
together. The ratio of bee frame value per hive to cover the production cost was calculated as 40.65% before winter, 102.98% in
winter and 98.66% in early spring for the feeding with P. somniferum pollen. In terms of relative profitability, the protein diet with
the closest performance to P. somniferum pollen was C. creticus pollen, the relative profitability was found to be lower in other
feeding groups.

Keywords: Honey bees, pollen, profitability, supplementary diets.

Kislatma Oncesi Farkli Polen Diyetleri ile Beslenen Bal Arisi Kolonilerinin Ekonomik Analizi

OZ: Beslenme her canli igin bir zorunluluktur. Bal arilart normal kosullarda besin madde ihtiyaclarim dogal floral
kaynaklardan karsilamaktadwr. Yetersiz floral kaynaklarin oldugu durumlarda ise koloniler igin ek besleme yapilmast gereklidir.
Bu ¢alismada sonbahar déneminde esit giicte hazirlanan kolonilere farkli protein diyetlerinin ve erken bahara kadar ihtiyag
duyulan karbonhidratin (seker-su karisimi) verilmesiyle olusan ek besleme modellerinin ekonomik analizi yapimigtir. Besleme
denemesi her grupta 8 koloni olacak sekilde 6 grup ve toplam 48 koloni tizerinde yiiriitiilmiistiir. Deneme gruplart haghas (Papaver
somniferum L.) poleni, pamucak (Cistus creticus L.) poleni, karisik polen, art keki, surup ve kontrol olmak iizere alti farkl gruptan

217


https://orcid.org/0000-0002-8439-85
https://orcid.org/0000-0001-6616-089
https://orcid.org/0000-0001-5079-80
https://orcid.org/0000-0002-9339-48
https://orcid.org/0000-0002-1398-43

ANADOLU 32 (2) 2022

olusmaktadir. Bu ¢calismada deneme gruplart icin kovan basina iiretim masraflart ortaya konulduktan sonra kovan basina arili
gergeve degerlerinin tiretim masraflarim karsilayp karsilamadigina bakilmistir. Kis oncesi, kig ve erken ilkbahar donemlerinin
sonuglart birlikte degerlendirildiginde, hashas poleni ile yapilan beslemenin diger besleme gruplarina gore biraz daha avantajl
oldugu ortaya ¢ikmistir. Haghas poleni ile yapilan beslemede kovan basina arili ¢ergeve degerinin tiretim masrafini karsilama
oranlart kg dncesinde %40,65, kis doneminde %102,98 ve erken ilkbahar doneminde %98,66 olarak hesaplanmigtir. Nisbi karlilik
agisindan haghas polenine en yakin olan protein diyeti pamucak polenidir. Diger besleme gruplarinda ise nisbi karlilik hashas ve
pamucak poleni ile yapilan deneme grubundan daha diisiik bulunmustur.

Anahtar kelimeler: Bal arilari, polen, karlilik, destekleyici besinler.

INTRODUCTION

Beekeeping is an environmentally friendly
production model and an important economic
activity that also contributes to the rational
management of natural resources (Thrasyvoulou,
1998). Sustainability in beekeeping depends on the
honey bee's continuous access to food sources
(Pilati and Fontana 2018). Mobile beekeeping is
done in many countries to benefit from floral
resources (Cejvanovic et al., 2011; Jelo¢nik et al.,
2013; Koprivlenski et al., 2015; Cengiz and Diilger,
2018). Rapid and continuous climatic changes have
become an important problem for beekeeping in
recent years. It was found that the two most
important factors affecting honey production are
unsuitable climatic conditions and wintering loss
(Aksoy et al., 2017). Pollen diet plays an important
role in the life of honeybees. A balanced diet
impacts the physiology, biochemistry, immunity,
and histology of workers as well as the development
of larvae (Brys$ et al., 2021; Topal et al., 2022;
Sarioglu-Bozkurt et al., 2022).

For beekeeping’s sustainability, it iS necessary to
cope with emerging nutritional problems. Quality
and quantity of nutrients are important parameters
for the survival of organisms. As a result of
inadequate and unbalanced nutrition, organisms
have increased stress, and decreased reproductive
ability and resistance to diseases. Supplementary
feeding is inevitable in unfavourable circumstances
due to the shortage of natural nutrients caused by
biotic and abiotic factors for honeybees to perform
their life functions and increase colony
performance. Although the first thing that comes to
mind in the diet of honeybees is the "sugar" diet, the
most important nutrient for honeybees is protein.
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The protein requirement of the honeybee is met by
quality fresh pollen. In recent years, many
commercial ready-made cakes offered to the sector
have been sold to meet the protein needs of colonies.
Since these cakes do not contain enough protein or
contain additives, they cannot be an alternative to
natural pollen (Topal et al., 2019; Paray et al.,
2021).

There are many studies on the effects of feeding
colonies with different nutrient groups on bees and
the points to be considered during the application.
Studies on economic analysis of pollination, honey
production cost, package beekeeping, country or
regional beekeeping have been carried out.
However, economic analyses of feeding and
supplementary feeding costs have been limited
(Saner et al., 2004; Bianca et al., 2011; Leonhardt
et al., 2013; Sihang and Gupta, 2013; Makri et al.,
2015; Vaziritabar and Esmaeilzade, 2016; Bixby et
al., 2017; Ceyhan and Canan, 2017; Blanc et al.,
2018; Adanacioglu et al., 2019; Vercelli et al.,
2020; Vrabcova and Hajek, 2020; Aleskerova and
Todosiichuk, 2021; Zalilova et al., 2021).

Economic analysis of supplementary feeding
models formed by giving different protein diets and
carbohydrates (sugar-water mixture) needed until
early spring to colonies prepared with equal strength
in the autumn period was performed in this study.
The present study generally consists of three main
parts. Production costs per hive are given for 6
different feeding media in the first part, followed by
the ratio of bee frame values per hive to cover
production costs in the second part. In the
conclusion of the study, the relative profitability
results of alternative feeding options’ for pre-
winter, winter and early spring periods were
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evaluated together, and suggestions were made
about the optimum feeding environment for
beekeeping enterprises.

Supplementary  feeding during periods of
insufficient floral resources is considered very
important for the sustainability of colonies,
particularly in recent years, when climatic changes
have been experienced frequently. In addition, it is
necessary for the profitability of beekeeping
businesses to choose an optimum feeding condition
by comparing the cost of the preferred feeding
condition for colonies with the frame values of the
bee in the hive. In this context, the following
hypothesis was developed in the present research.

H1. Supplementary feeding of bee colonies during
periods of insufficient floral resources differs
economically for each selected feeding condition.

The economic results of experiments conducted by
Sihang and Gupta (2013) in India support this
hypothesis. This study indicated the economic
impact of four pollen replacement diets to aid the
development of colonies during the hot summer
period. According to the results, the diet consisting
of soybean flour, yeast extract, honey, vitamins, and
minerals was found to be more advantageous than
the other options in terms of the number of frames
per hive, honey yield per hive and gross profit.

MATERIAL and METHODS
Study Design

The study was carried out in the Aegean
Agricultural Research Institute apiary (NL
38°33'54" EL 27°327") located in izmir Province.

Table 1. Consumptions of groups during the trial
Cizelge 1. Deneme boyunca grup tiikketimleri

Sister queens produced from Efe Bee (Apis
mellifera anatoliaca) in 2020 were used in the
experimental colonies. Colonies were formed on 14
September 2020 from 3 frames (1 honey-pollen, 1
brood comb, 1 empty comb) and 1 kg package of
bees. Experimental groups were prepared as a total
of 24 bee frames. Experimental groups consisted of
6 different groups with 8 colonies in each: Papaver
somniferum L. pollen, Cistus creticus L. pollen,
mixed pollen, bee cake, syrup, and control.

P. somniferum, an industrial plant found in the
market, was used as a monofloral pollen source, C.
creticus was used as a natural pollen source, mixed
spring pollen and syrup made from beet sugar were
also used in the study. Pollen sources were selected
from those produced in the market and easily
available. The fresh pollen from the producers was
stored in the deep freezer until use. Particularly,
ready-made commercial bee cakes with pollen
additives were preferred. Fresh pollen was
moistened slightly with sugar water, shaped to
resemble meatballs and places in a plastic bag on the
honeycombs. An equal amount of pre-wintering
feeding (7 times) was made according to the needs
of the colonies in all groups to ensure the freshness
of the pollen and to observe the consumption and
storage rate. The colony was fed with a 2:1 sugar-
water mixture for the formation of honey stores
(Somerville, 2000; Akyol et al., 2006; Somerville,
2010).

The trial started on 14 September 2020 and ended
on 14 March 2021. The amount of feeding provided
to the colonies during the experiment is presented in
Table 1.

Years  Nutrient form Control Syrup Bee cake P. s%nglr:gre]rum C'ggﬁtelﬁus ';\)/:)II)I(SS
2020  Sugar Syrup (It) 1 10 10 10 10 10
In cake form (gr) - 1350 1350 1350 1350
2021  Sugar Syrup (It) - 4 4 4 4 4
In cake form (gr) - - - - - -
Total  Sugar Syrup (It) 1 14 14 14 14 14
In cake form (gr) - 1350 1350 1350 1350
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Economic analysis

Production costs per hive were calculated within the
scope of the economic analysis for 6 different
feeding conditions: P. somniferum pollen, C.
creticus pollen, mixed pollen, bee cake, syrup, and
control. Production costs consist of variable and
fixed costs. Variable costs include diet (P.
somniferum pollen, C. creticus pollen, mixed
pollen, bee cake, syrup, and control), basic
honeycomb, medicine, and labour costs. An interest
charge is added after taking the sum of the variable
costs. Fixed costs consist of interest, depreciation,
and management costs of used hives and tools-
machines.

Opportunity cost represents the interest rate of
production activity on both variable and fixed costs.
Opportunity cost corresponds to the monetary
return that a beekeeping company will obtain if it
does not realize the investments in beekeeping
activities but uses the financing it allocates for this
investment in a bank against interest. The
subsidized agricultural loan interest rate applied by
public bank (T.C. Ziraat Bank) for beekeeping is the
basis for calculating the interest charge for variable
and fixed expenses within the scope of opportunity
cost. The stated interest rate is 9% for both working
capital and investment loans, with a 50% subsidized
value of 4.5%. When calculating the interest rate of
the expenses, the months covered by the pre-
wintering period, the wintering period and the early
spring periods are taken into account. Management
costs are calculated as 3% of variable costs. The
straight-line method was applied in the amortization
calculations. While applying this method, the value
of the fixed costs is divided by their average
economic life.

After revealing the production costs per hive for 6
different feeding conditions, it was examined
whether the bee frame values per hive cover the
production costs. Bee frame values per hive were
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calculated under all feeding conditions and the bee
frame values per hive were then divided by the
production costs per hive. The ratio of covering the
production cost of the bee frame value per hive
above 100% is considered a critical point in the
economic analysis. If this ratio is 100%, the value
of the bee frame per hive is equal to the production
cost, in other words, the monetary amount of the bee
frame in the hives covers the production cost.
Furthermore, absolute profit was calculated for each
hive in this study. While calculating the absolute
profit, the production costs per hive were subtracted
from the bee frame values per hive. Thus, the
profitability level of feeding per hive was
determined in the pre-winter, winter and early
spring periods.

RESULTS and DISCUSSION
RESULTS

An economic analysis was carried out comparing
the costs of supplementary feeding with different
pollen sources in the autumn period with the bee
frame values in the pre-wintering, wintering, and
early-spring periods in this study. Production costs
per hive were calculated for 6 different feeding
groups.

The production costs for the pre-winter period in
table 2 are given in detail. When the production
costs are analyzed according to the feeding
conditions, the highest production cost per hive was
seen in the feeding with P. somniferum pollen at
US$55.65. This is followed by feeding conditions
with C. creticus pollen costing US$55.48, and
mixed pollen costing US$55.31. As seen in Table 2,
production costs per hive are very close to each
other for P. somniferum, C. creticus and mixed
pollen feeding conditions for the pre-winter period.
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Table 2. Production costs under different feeding conditions in the pre-winter period (US$/hive).
Cizelge 2. Kis dncesi donemde farkli besleme kosullarinda iiretim masraflar1 (US$/kovan).

Cost items P. somniferum  C. creticus Mixed Bee Syrup  Control
pollen pollen pollen cake
Supplementary feeding costs 12.07 12.07 12.07 6.38  4.96 0.50
Basic honeycomb 2.39 2.22 2.06 2.22 1.97 1.97
Medication 0.66 0.66 0.66 0.66  0.66 0.66
Labour 15.01 15.01 15.01 15.01 15.01 15.01
Bee colony 19.74 19.74 19.74 19.74 19.74 19.74
Sum of Variable Cost Items (US$/hive) (1) 49.87 49.70 49.54 4401 4234 37.88
Interest on variable costs (4.5%) (3 months) (2) 0.56 0.56 0.56 0.49 0.48 0.43
Total Variable Costs (1+2) (a) 50.43 50.26 50.10 4450 42.82 38.31
Interest charge of the used hive (4.5%) (3 months) 0.30 0.30 0.30 0.30 0.30 0.30
Interest charge for the used tool-machine (4.5%) 0.47 0.47 0.47 0.47 0.47 0.47
Depreciation for hives 2.63 2.63 2.63 2.63 2.63 2.63
Depreciation for tool-machine 0.31 0.31 0.31 031 031 0.31
Share of management costs (3%) 1.51 1.51 1.50 1.34 1.28 1.15
Total Fixed Costs (US$/hive) (b) 5.22 5.22 5.21 5.05 4.99 4.86
Total Production Costs (US$/hive) (a+b) 55.65 55.48 55.31 4955 4781 43.17

Production costs per hive for other feeding
conditions in the pre-winter period were US$49.55
for commercial bee cake, US$47.81 for syrup and
US$43.17 for control conditions. If the control
group is not taken into account, the lowest
production cost per hive was obtained in the feeding
with syrup. In the control feeding, the syrup was fed
once at the beginning of the experiment, and there
was no further feeding. Therefore, there is a certain
amount of food costs, even if it is very small. Thus,
the production cost is lower in the control conditions
compared to other feeding conditions due to
relatively lower feeding costs.

The production costs for the different feeding
conditions in the winter period are shown in Table
3. The highest production cost was US$33.86 in the
P. somniferum pollen feeding when the production
costs were analyzed. This was followed by C.
creticus and bee cake feeding having the same cost
level of 33.68 US$. Production costs according to
other feeding conditions, respectively; US$33.52
for mixed pollen, US$33.42 for syrup, and
US$32.90 for the control group. No supplementary
feeding was done in the control group during the
winter period. It could be seen that the lowest
production cost is in the feeding made with syrup
with no significant difference compared to the other
groups in the winter period.

Production costs for different feeding conditions in
the early spring period are shown in Table 4. The
production cost per hive is higher in the P.
somniferum pollen feeding group in the early spring
compared to other feeding conditions in the pre-
winter and winter periods. The production cost was
calculated as US$38.01 per hive for the P.
somniferum pollen feeding group. After P.
somniferum pollen, the highest production cost per
hive occurred in the C. creticus and bee cake
feeding groups with 37.83 US$. These are followed
by mixed pollen with US$37.67 and syrup feeding
groups with US$37.57. As in other periods, the
production cost per hive was lower in the control
group in the early spring period, and this cost was
36.03 US$ per hive. If the control group is not taken
into account, it can be said that the lowest
production cost per hive is obtained in the feeding
made with syrup.

The ratio of bee frame value to production cost per
hive under different feeding conditions in the pre-
winter, winter, and early spring periods, are given in
Tables 5, 6 and 7, respectively. The distribution of
these rates for three periods is shown in Figure 1.

In the pre-winter period, which includes the months
of September, October, and November, it is
observed that the bee frame values per hive under
all feeding conditions do not cover the production
costs. Moreover, absolute profit per hive was
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negative under all feeding conditions. The main
point here is that the production cost coverage ratio
of the bee frame value per hive is above 100%. The
rate of 100% means that the bee frame value per
hive is equal to the production cost; in other words,
the monetary amount of the bee frame in the hives
covers the production cost. In the pre-winter period,
the rate of covering the production cost of the bee
frame value per hive under different feeding
conditions was achieved in the feeding group made
with bee cake, with the highest rate of 42.60%. This

rate was determined as 40.65% in the P. somniferum
pollen feeding group, where the highest production
cost per hive was observed in all three periods
followed by the syrup (39.13%) and control
(37.02%) groups. Mixed pollen (36.18%) and C.
creticus (36.81%) groups have the lowest bee frame
value ratio per hive to cover the production cost in
the pre-winter period.

Table 3. Production costs in different feeding conditions in winter (US$/hive).
Cizelge 3. Kis doneminde farkli besleme kosullarinda iiretim masraflari (US$/kovan).

Cost items P.somniferum  C.creticus  Mixed Bee Syrup  Control
pollen pollen pollen cake

Supplementary feeding costs 0.50 0.50 0.50 0.50 0.50 0.00
Basic honeycomb 2.39 2.22 2.06 2.22 1.97 1.97
Medication 0.66 0.66 0.66 0.66 0.66 0.66
Labour 6.00 6.00 6.00 6.00 6.00 6.00
Bee colony 19.74 19.74 19.74 19.74 19.74 19.74
Sum of Variable Cost Items (US$/hive) (1) 29.29 29.12 28.96 29.12 28.87 28.37
Interest on variable costs (4.5%) (2 months) (2) 0.22 0.22 0.22 0.22 0.22 0.21
Total Variable Costs (1+2) (a) 29.51 29.34 29.18 29.34 29.09 28.58
Interest charge of the used hive (4.5%) (2 0.20 0.20 0.20 0.20 0.20 0.20
months)

Ezfggz;t charge for the used tool-machine 0.32 0.32 0.32 0.32 0.32 0.32
Depreciation for hives 2.63 2.63 2.63 2.63 2.63 2.63
Depreciation for tool-machine 0.31 0.31 0.31 0.31 0.31 0.31
Share of management costs (3%) 0.89 0.88 0.88 0.88 0.87 0.86
Total Fixed Costs (US$/hive) (b) 4.35 4.34 4.34 4.34 4.33 4.32
Total Production Costs (US$/hive) (a+b) 33.86 33.68 33.52 33.68 33.42 32.90

Table 4. Production costs in different feeding conditions in early spring (US$/hive).
Cizelge 4. Erken ilkbahar déneminde farkli besleme kosullarinda iiretim masraflari (US$/kovan).
Cost items P.somniferum  C. creticus Mixed Bee Svrup Control
pollen pollen pollen cake “Y™UP

Supplementary feeding costs 1.49 1.49 1.49 149 149 0.00
Basic honeycomb 2.39 2.22 2.06 222 197 1.97
Medication 0.66 0.66 0.66 0.66  0.66 0.66
Labour 9.01 9.01 9.01 9.01 9.01 9.01
Bee colony 19.74 19.74 19.74 19.74 19.74 19.74
Sum of Variable Cost Iltems (US$/hive) (1) 33.29 33.12 3296 3312 32.87 31.38
Interest on variable costs (4.5%) (2 months) (2) 0.25 0.25 0.25 025 0.25 0.24
Total Variable Costs (1+2) (a) 33.54 33.37 33.21 3337 33.12 31.62
Interest charge of the used hive (4.5%) (2 months) 0.20 0.20 0.20 0.20 0.20 0.20
Interest charge for the used tool-machine (4.5%) 0.32 0.32 0.32 032 032 0.32
Depreciation for hives 2.63 2.63 2.63 2.63 2.63 2.63
Depreciation for tool-machine 0.31 0.31 0.31 0.31 0.31 0.31
Share of management costs (3%) 1.01 1.00 1.00 1.00 0.99 0.95
Total Fixed Costs (US$/hive) (b) 4.47 4.46 4.46 4.46 445 4.41
Total Production Costs (US$/hive) (a+b) 38.01 37.83 3767 37.83 37.57 36.03
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Table 5. Ratios of covering production cost of bee frame value per hive in different feeding conditions in the pre-winter period.
Cizelge 5. Kis 6ncesi donemde farkli besleme kosullarinda kovan bagina arili ¢er¢eve degerinin iiretim masrafini karsilama oranlari.

Items P. C. creticus Mixed
somniferum pollen Beecake  Syrup  Control

pollen pollen
Total production costs per hive 55.65 55.48 55.31 49.55 47.81 43.17
Average number of bee frames per hive 3.44 3.10 3.04 3.21 2.84 243
Bee frame value per hive (US$) 22.62 20.42 20.01 21.11 18.71 15.98
Production cost coverage ratio of bee frame 40.65 36.81 36.18 42.60 39.13 37.02

value per hive (%)

Absolute profit (US$) -33.03 -35.06 -35.30 -28.44 -29.10 -27.19

In the winter period, which includes December 2020
and January 2021, it was determined that the frame
values per hive did not cover the production costs in
feeding conditions other than P. somniferum pollen.
Furthermore, absolute profit per hive was positive
only in the P. somniferum pollen group. The
production cost coverage ratio of the bee frame value
per hive is above 100% in the P. somniferum pollen
group, whereas it is below 100% in other feeding
environments. In the winter period, the highest ratio
of bee frame value per hive to cover the production
cost under different feeding conditions was achieved
with the P. somniferum pollen feeding condition with
a rate of 102.98%. This rate means that for the P.
somniferum pollen feeding condition, the amount of
bee frame per hive can meet the production cost
above the breakeven point in the winter period. The
most important reason is that the number of bee
frames obtained per hive with P. somniferum pollen
feeding is higher than other feeding conditions. The
second highest ratio of bee frame value per hive to
cover the production cost was the C. creticus pollen
feeding group (85.96%). For the rest of the groups,
these rates are 73.49% for syrup, 71.44% for
commercial bee cake, 69.54% for the mixed pollen
group and 47.99% for the control group.

It was determined that the bee frame values per hive
did not cover the production costs under all feeding
conditions in the early spring period, including the
months February and March. Besides, absolute
profit per hive was negative under all feeding
conditions. It was also determined that the
production cost coverage ratio of the bee frame
value per hive was below 100% in all feeding
conditions. However, it is seen that these rates are
quite close to 100% in P. somniferum and C.
creticus pollen groups. In other words, this situation
is very close to the breakeven point where income
equals expense in these groups. In the early spring

period, the highest rate of covering the bee frame
value production cost of the per hive under different
feeding conditions was obtained in C. creticus
pollen groups with 99.37%. This is followed by the
feeding medium made with P. somniferum pollen
with a rate of 98.66%. On the other hand, it has been
previously stated that the P. somniferum pollen
feeding condition in the winter period is quite
advantageous compared to the C. creticus pollen
feeding condition in terms of the ratio of the bee
frame value per hive to cover the production cost.
However, in the early spring period, it is seen that
the two different feeding conditions are very close
to each other. When the results of the pre-winter,
winter and early spring periods are evaluated
together, it can be said that feeding with P.
somniferum pollen is slightly more advantageous
than feeding with C. creticus pollen. The rate of
covering the bee frame value production cost of the
per hive in feeding with P. somniferum pollen is
40.65% before winter, 102.98% in winter and
98.66% in early spring. On the other hand, in
feeding with C. creticus pollen, these rates are
respectively; 36.81%, 85.96% and 99.37% as seen
in Figure 1. The production cost coverage ratio of
the bee frame value per hive in the other feeding
groups was 83.83% in the mixed pollen group,
79.50% in commercial bee cake, 77.05% in the
syrup and 47.48% in the control group. In all three
periods, there is no significant difference between
these two feeding conditions in terms of production
costs per hive. However, there is a difference in
terms of the average number of bee frames per hive.
The average number of bee frames per hive in the
pre-winter, winter, and early spring periods in the P.
somniferum pollen group; 3.44, 3.31, and 3.56,
while these values were 3.10, 2.75, and 3.57 for C.
creticus pollen group.
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Table 6. The ratios of covering production cost of bee frame value per hive in different feeding conditions in winter period
Cizelge 6. Kig doneminde farkli besleme kosullarinda kovan bagina arili gergeve degerinin iiretim masrafini kargilama oranlar.

Items

P. C.

somniferum  criticus Mixed — Bee Syrup  Control
pollen  cake
pollen pollen
Total production costs per hive 33.86 33.68 3352 33.68 33.42 32.90
Average number of bee frames per hive 3.31 2.75 221 229 2.33 1.50
Bee frame value per hive (US$) 34.87 28.95 2331 24.06 24.56 15.79
Production cost coverage ratio of bee frame value per hive (%) 102.98 85.96 69.54 71.44 73.49 47.99
Absolute profit (US$) 1.01 -4.73 -10.21  -962 -886 -17.11

Table 7. The ratios of covering production cost of bee frame value per hive in different feeding conditions in the early spring period.
Cizelge 7. Erken ilkbahar doneminde farkli besleme kosullarinda kovan basina arili gergeve degerinin iiretim masrafini kargilama

oranlari.
Items P. . .
somniferum C CI’;EIIICUS M II)I( ed Bee cake Syrup Control
Pollen poflen poflen
Total production cost per hive 38.01 37.83 37.67 37.83 37.57 36.03
Average number of bee frames per hive 3.56 3.57 3.00 2.86 2.75 1.63
Bee frame value per hive (US$) 37.50 37.59 31.58 30.08 28.95 17.11
Production cost coverage ratio of bee
frame value per hive (%) 98.66 99.37 83.83 79.50 77.05 47.48
Absolute profit (US$) -0.51 -0.24 -6.09 -1.76 -8.62 -18.92
120,00
100, 0
a3 80,00
E 60,00
]
& 40,00
0,00 . .
P.Somniforum C.creticus Mixed bee cake Svrup Control
¥ pre-winter 40,635 36,81 36,18 42 60 3013 3102
" wintar 102,98 83,96 6954 144 7349 4704
" zarly spring 093,66 90 37 83,83 7930 77,03 4748

Figure 1. Ratios of covering production cost of bee frame value per hive in different feeding conditions in pre-winter, winter, and

early spring periods.

Sekil 1. Kig dncesi, kis ve erken ilkbahar donemlerinde farkli besleme kosullarinda kovan bagina arili ¢ergeve degerinin tiretim

masrafini kargilama oranlar1.

DISCUSSION

In the literature, no study was found on the cost of
supplementary feeding in beekeeping in Turkey.
Therefore, this study will fill a gap in the field.
Pollen is the most produced bee product after honey.
Monofloral and polyfloral pollen sales prices are the
same, and it is very important to choose pollen with
rich nutritional content for honeybee development
and bee health.
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In the winter period, the P. somniferum pollen group
had the highest ratio of bee frame value per hive to
cover the production cost under different feeding
conditions. This rate means that the amount of bee
frames per hive can meet the production cost above
the breakeven point in the feeding group made with
P. somniferum pollen in the winter period. The most
important reason is that feeding with P. somniferum
pollen led to a higher number of bee frames
obtained per hive compared to the other feeding
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conditions. The C. creticus pollen feeding group
had the second highest ratio of bee frame value per
hive to cover the production cost.

In the early spring period, the highest ratio of bee
frame value per hive to cover the production cost
was obtained in the C. creticus pollen group under
different feeding conditions, followed by P.
somniferum pollen group with a slight difference. It
has been previously stated that the P. somniferum
pollen group is quite advantageous compared to the
C. creticus pollen group in the winter period in
terms of the ratio of the bee frame value per hive to
cover the production cost. In the early spring period,
it is seen that the two different feeding groups are
very close to each other. It can be stated that feeding
with P. somniferum pollen is slightly more
advantageous than C. creticus pollen when the
results of the pre-winter, winter and early spring
periods are evaluated together.

The findings of this study reveal that P. somniferum
pollen is the most economically efficient feeding
alternative in case of supplementary feeding to bee
colonies during periods of insufficient floral
resources. This result also supports our hypothesis
that every selected nutrient is not economical in case
of supplementary feeding to bee colonies during
periods of insufficient floral resources. In the present
study, P. somniferum pollen was more advantageous
than other dietary options (C. creticus pollen, mixed
pollen, bee cake, syrup, and control). Previous
research results in this context also confirm this
(Sihang and Gupta, 2013; Kumar and Agrawal, 2014;
Islam et al., 2020; Kumar et al., 2021; Ullah et al.,
2021). In consequence, the economic feasibility of
some diets is more prominent among different
dietary options in previous studies. The results of
these studies are summarized below.

Sihang and Gupta (2013) studied the effects of four
pollen replacement diets on the growth of bee
colonies in India to support the development of
colonies during the hot summer period. As a result,
the diet consisting of soybean flour, yeast extract,
honey, vitamins, and minerals was determined as
the best option among the four artificial pollen
replacement diets in terms of the number of frames

per hive, honey yield per hive, and gross profit. In
another study conducted in India, Kumar and
Agrawal (2014) found that a diet consisting of
defatted soy flour, brewer's yeast, soy protein
hydrolysate, sugar, and glucose was more effective
in bee colony feeding. Islam et al. (2020) in
Pakistan, showed a diet consisting of soybean flour,
Brewer's yeast, honey, powdered sugar, powder of
Fenugreek and Turmeric, orange juice, A, D and E
vitamins, and 150 ml sugar syrup provided the
highest gross profit among four different feeding
conditions. In the experiment using six different
feeding conditions, Kumar et al. (2021) showed that
the diet with a mixture of Brewer's yeast, gram,
skimmed milk powder, sugar, and pollen is more
advantageous than the other diets in terms of the
number of frames in the hives and the amount of
honey obtained. In another study, Ullah et al. (2021)
obtained the highest maximum profit in the diet
option composed of soybean flour, skimmed milk,
sugar, honey, and glucose among five different
feeding groups. In this study, it was emphasized that
it is important to include soybeans in supplementary
diets. In this context, it has been stated that pollen
diets enriched with soybean can increase honey
yield and profitability by accelerating the
physiology of the honeybee.

CONCLUSION

In the present study, conducted in 1zmir province of
Turkey, an answer was sought to the question of
which nutrient medium is ideal in terms of
economic applicability in case of supplementary
feeding to bee colonies during periods of
insufficient floral resources. The results show that
P. somniferum pollen is the most economically
efficient feeding option in case of supplementary
feeding to bee colonies. On the other hand, in
different studies conducted in India and Pakistan,
pollen diets enriched with soybeans come to the
fore. 1t should be noted that these results may vary
according to region and alternative diet options. In
addition, convenient pollen diet options for the
region and production conditions should not be
ignored by beekeepers to provide economic
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sustainability for bee colonies during periods of
insufficient floral resources.

Urbanization, intensive  mechanization  of
agricultural ~ lands, the intensification of
monoculture agriculture, and the climatic changes
in recent years indicate that the biggest problem in
the future will be nutrition. Moreover, commercial
bee cakes, which are sold with various additives in
the market, cannot fully meet the needs of the
honeybee. Quality food sources ensure the health of
the honeybee and increase its lifespan. Therefore, in
order to cope with the nutritional problem, which
will be the biggest problem of the future, it is
considered to be important for beekeepers to collect
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OZ: Arvastirma, Manisa ili tarim topraklarmin verimlilik ve mikro element kapsamlarimi belirlemek, CBS teknigi
kullanilarak veri taban ve dagilim haritalarim olusturmak amaciyla 2014-2017 yilarinda yiiriitiilmiistiir. Arastirma kapsaminda,
tarim alanlarmni temsil edecek sekilde 2,5 km x 2,5 km araliklarla 0-20 cm toprak derinliginden 709 toprak érnegi alinmigtir. Alinan
toprak orneklerinde, biinye, pH, EC, kireg, organik madde alimabilir fosfor ve potasyum ile mikro element (demir, bakir, ¢inko ve
mangan) analizleri yapinustir. Arastirma sonucuna gore, Manisa ili tarim toprakiarmin %33,29 unun kumlu tin biinyede,
%62,20 sinin hafif alkali, %694,36 simin tuzsuz, %33,57 'sinin orta kire¢li, %664,88 'inin organik madde igerigi az, %28,21 inde az,
%25,39’unda ¢ok yiiksek alinabilir fosfor ve %94,07 'sinde alinabilir potasyumun fazla oldugu saptanmistir. Mikro elementler
bakimindan ise %67,84’tinde demir, %95,35’inde bakir yeterli, %56,84’iinde mangan, %42,59 unda ¢inko az seviyede
bulunmugstur. Toprak parametrelerinin simiflandirilmasindan sonra CBS kapsaminda veri tabani olusturulmus ve ters mesafe
agirlik yontemi kullanilarak toprak dagilim haritalart iiretilmistir.

Anahtar kelimeler: Manisa, bitki besin elementi, veri tabani, IDW.

Determining and Mapping the Fertility and Micro Element Contents
of the Agricultural Soils of Manisa Province

ABSTRACT: This research was carried out to determine the fertility and microelement contents of the agricultural soils
of Manisa province and to create a database and distribution maps by using geographic information systems technique between
2014-2017. Within the scope of the research, a total of 709 soil samples, representing agricultural areas, were taken from 0-20 cm
soil depth with 2.5 km x 2.5 km grid intervals. In soil samples taken, texture, pH, EC, lime, organic matter, available phosphorus,
available potassium microelement (iron, copper, zinc and manganese) analyses were performed. According to the results it was
found out that, 33.29% agricultural soils of Manisa had sandy loamy texture, 62.20% was slight alkaline, 94.36% was non saline,
33.57% was medium calcareous, 64.88% had low organic matter, 28.21% had low available phosphorus while 25.39% had very
high available phosphorus and 94.07% had high levels of available potassium. In terms of microelements, iron with 67.84% and
copper with 95.35% were determined at adequate levels, while manganese with 56.84% and zinc with 42.59% were at low levels.
After the classification of soil parameters, a database was created within the GIS environment and soil distribution maps were
produced via Inverse Distance Weighted method.

Keywords: Manisa, plant nutrient element, database, IDW.
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GIiRiS

Tarimsal {iretimin siirdiiriilebilirligi, uygun tarim
yontemlerinin uygulanmastyla miimkiin olabilecektir.
Artan niifus ve gida gereksinimleri ve bunun
sonucunda olusan pazarin ekonomik degerinin
bliytikliigi, bazi cevresel sorunlarin olusmasina
neden olmakta ve bu cevresel duyarlilik gérmezlikten
gelinmektedir. Tarimsal iiretimde verim {izerine
etki eden en Onemli faktdrlerin basinda toprak
verimliligi gelmektedir. Bazi kosullarda besin
elementi fazlalig1 veya yetersizligi bitkiler tarafindan
diger besin elementlerinin alinmasina engel olurken,
verim ve Kaliteyi de olumsuz etkilemektedir. Ote
yandan, topraklarin fiziksel ve kimyasal 6zellikleri
belirlenerek, bu ozellikler ile topraktaki besin
elementleri arasindaki iliskilerin bilinmesi, yapilacak
giibrelemeden en yiiksek faydanin saglanmasi
acisindan 6nemlidir (Tiimsavas ve Aksoy, 2008).

Bitkilerin yagsamalar1 i¢in mutlak gerekli olan bitki
besin maddelerini kapsayan elementler, makro ve
mikro besin maddeleri olarak ikiye ayrilirlar. Makro
besin maddelerinin bitki gelisimi ve verimi lizerine
goriiniir etkilerine bagli olarak bu maddelerin tarimda
kullanim1 giderek artmus, bunun sonucunda da
ozellikle yogun tarim sistemlerinin uygulandig
alanlarda kirlilik boyutunda birikimler ortaya
cikmigtir. Mikro besin maddeleri ise iilkemiz
tariminda yaygin olarak kullanilan ticari giibrelerin
yapisinda genellikle bulunmadigindan, makro besin
maddeleri gibi topraga diizenli bir sekilde
verilememektedir (Ozyazici ve ark., 2016). Ayrica,
verim artisgina  dayali tarim  sistemlerinin
uygulanmasi, topraktan yikanma ile olusan
kayiplar, tek yonlii giibre uygulamalarnn gibi
faktorler de toprakta mikro besin maddelerinin
yarayish miktarlarmin azalmasina neden olmaktadir.
Sonug¢ olarak toprakta makro ve mikro besin
maddeleri arasindaki denge giderek bozulmakta,
bitkilerin mikro besin elementlerinden yararlanmasi
azalmaktadir. Bu durum yakin gelecekte mikro bitki
besin maddesi noksanliklarinin ¢ok daha ciddi
boyutlarda karsimiza c¢ikacaginin bir gdstergesi
oldugundan, tarim topraklarinin mikro element
kapsamlarinin belirlenmesi de ayri bir Onem
tagimaktadir. Tiirkiye topraklarinin mikro element

durumu ile ilgili en kapsamli ¢alismalarin basinda
Sungur ve Ozuygur (1986) ile Eyiipoglu ve ark.
(1996) tarafindan yapilan calismalar gelmektedir.
Bu arastirmalarda iilke topraklarinda en belirgin
mikro besin maddesi eksikliginin ¢inko elementinin
eksikliginden ileri geldigi, bunu demir ve mangan
elementi eksikliginin takip ettigi, borun genelde
normal seviyede oldugu, topraklarda bakir elementi
eksikligi veya fazlahifindan ileri gelen bir
problemin bulunmadig1 belirlenmistir.

Tarim alanlarimin verimliliklerinin siirdiiriilebilmesi
icin, Oncelikle bu alanlarin 6zelliklerinin en iyi
sekilde tanimlanmasi, bunun i¢in de topraklarin
fiziksel ve kimyasal oOzelliklerinin belirlenmesi
gereklidir. Tarim alanlarinin 6zelliklerinin belirlenip
giincellestirilerek bir veri tabani olusturulmasi,
toprak kaynaklarinin dogru kullanimina yd&nelik
yeni arastirma projeleri i¢in de On bilgiler
saglayacaktir. Cografi koordinatlar1 belli toprak
ornekleri tlizerinde yapilacak analizler sonucunda,
belirlenen 6zelliklerin zaman igindeki degisimleri
de takip edilerek, tarim alanlarindaki degismeler
kontrol altina alinabilecektir. Bilisim teknolojisinde
hizli gelismelere taniklik eden ¢agimizda, her tiirlii
bilgiyi toplamak, islenebilir hale getirmek ve bilgiyi
toplum yararina paylagsmak en Onemli degerler
olmustur. Bu anlamda, tiim bilgilerin %80’ ini
olusturan harita bilgilerinin elektronik ortamda
yonetilmesinde etkin bir ara¢ haline gelen Cografi
Bilgi Sistemleri (CBS), bugiiniin ve gelecegin en
onemli bilgi teknolojisi sayilmaktadir. Farkli
niteliklere sahip topraklarin en iiretken sekilde
kullanilmas1  amaglandiginda  ¢esitli  kullanim
tirlerinin  gereksinimleri dikkate alinarak bir
planlamaya gidilmesi zorunludur. Bu nedenle ¢ok
karmasik bir yapiya sahip olan topraklarin da
bitkiler, hayvanlar ve diger objeler gibi smiflan-
dirilmasi zorunlulugu vardir (Roberts, 1979).

T.C. Tarim ve Orman Bakanligi Tarimsal
Aragtirmalar ve Politikalar Genel Miidiirligi
(TAGEM) tarafindan yiiriitiillmekte olan {ilkesel
projenin alt projesi kapsaminda sonuglandirilan bu
caligma ile Manisa ili tarim topraklarinin verimlilik
ve mikro element durumunun ortaya konmasi, elde
edilen verilerin CBS kapsaminda IDW ydntemi
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kullanilarak degerlendirilmesi ve haritalanmasi
amaglanmistir.

MATERYAL ve METOT
Materyal

Bu calisma, Manisa ilinde gerceklestirilmistir.
Manisa ili 27 08' ve 29 05' dogu boylamlar ile 38
04' ve 39 58' kuzey enlemleri arasinda yer alir.
Dogudan Usak ve Kiitahya, Batidan Izmir,
kuzeyden Balikesir, giineyden Aydin, giineydogudan
Denizli illeri ile g¢evrilidir (Sekil 1). Yiizol¢iimi
13.810 km? dir. Yiikselti ise 50 metre ile 850 metre
arasinda degismektedir. Manisa’da Akdeniz iklimi
ile beraber i¢ Anadolu’nun karasal iklim 6zellikleri
hakimdir. Ovalar ve ovalar1 ¢evreleyen vadilerde
karasal nitelikli Akdeniz iklimi goriiliirken, yiiksek
daglik bolgeler ve platolar ile kuzey ve

kuzeydogusundaki daglar ve platolarda ¢
Anadolu’nun karasal nitelikli ikliminin etkileri
gorilir  (Anonim, 2022). Aragtirmanin ana

materyalini olusturan Manisa ili 5056139 da tarim
alanina sahiptir. Tarim arazilerinin; %52,85’1 tarla,

%48,18’1i meyve ve %6,56’s1 sebze alanmidir

(Anonim, 2021).

Metot

Manisa ili tarim alanlarinda toprak Orneklemesi
yapilarak, topraklarin verimlilik ve mikro element
kapsamlarin1 belirlemek ve haritalamak amaciyla
gerceklestirilen bu arastirma baslica 3 asamada
ylritilmustiir.
Toprak ornekleme alanlarinin Dbelirlenerek
orneklerin alinmasi

Arastirmada alinacak toprak 6rnegi sayisini tespit
etmek icin, Milga Koy Hizmetleri Genel
Miidiirliigii tarafindan sayisal ortama aktarilan
1/25000 olgekteki toprak haritalarindan; sulu tarim,
kuru tarim, bag, bahge, zeytin, turunggiller vb. tarim
yapilan alanlar dikkate alinarak c¢alisma alani
belirlenmisgtir. Tiirkiye haritas1 {izerinde 2.5 km x
2.5 km’lik gridler olusturulmus ve tarim alanlarina
diisen noktalar secilerek, Manisa ili i¢cin 709 6rnek
sayisi tespit edilmistir (Sekil 2).

Sekil 1. Aragtirma alani.
Figure 1. Research area.
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Sekil 2. 2.5 km x 2.5 km grid sistemine gore toprak drneklerinin alindigi lokasyonlar.
Figure 2. Locations of the soil samples taken according to 2.5 km x 2.5 km grid system.

Koordinatlar1 6nceden belirlenmis olan noktalara
GPS ile gidilerek, toprak 6rnekleri 0-20 cm derinlikten
paslanmaz celik kiirek ile alinmis ve polietilen
torbalara konularak Ormek numaras1t yazilmak
suretiyle etiketlenmistir. Ornekleme noktalarinin
yer koordinatlar ve deniz seviyesinden yiikseklikleri
ile diger arazi bilgileri de olusturulan arazi bilgi
formuna islenmistir.

Toprak orneklerinde laboratuvar analizleri

Laboratuvara getirilen toprak oOrnekleri, temiz
ambalaj kagitlarina serilerek, tas ve bitki parcaciklar
ayiklanmig ve havada kurumaya birakilmigtir.
Kuruyan topraklar tahta tokmaklarla doviilerek 2
mm’lik celik elekten gecirilmis, analizler icin
gerekli miktarlar polietilen kutulara konularak
etiketlenmis, kalan toprak 6rnekleri usuliine uygun
olarak arsivlenmistir. Arastirma alanindan alinan
toprak Orneklerinin; kum, kil ve silt ylizdeleri,
Bouyoucos hidrometre yontemiyle (Bouyoucos,
1951); toprak reaksiyonu (pH), saturasyon ¢amurunda
cam elektrotlu pH metre ile tayin edilmistir (Soil
Survey Staff, 1992). Topraklarin elektriksel
iletkenlik (EC) degerleri, saturasyon g¢amurunda
ekstrakta kondaktivite cihaz ile 6lgiilmesiyle (Soil
Survey Staff, 1992); kire¢ (CaCQs) igerikleri,
Scheibler kalsimetresi ile voliimetrik metotla (Soil
Survey Staff, 1992); organik madde, modifiye
Walkley-Black yontemiyle saptanmistir (Jackson,

1958). Alkalin ve noétr karakterli topraklarin fosfor
icerikleri Olsen (1954) yontemine gore, asit karakterli
topraklarin fosfor igerikleri ise Bray ve Kurtz (1945)
yontemine gore, alinabilir mikro element (Fe, Cu, Zn,
Mn) miktarlari, Lindsay ve Norvell (1978)
tarafindan bildirildigi sekilde, DTPA ile ekstrakte
edilerek ICP cihazinda belirlenmistir (Kacar, 2016).

Veri tabani olusturma ve haritalama

Projenin glincli agsamasinda; birinci ve ikinci
asama sonuglarinda elde edilen veriler CBS
ortaminda degerlendirilmis, analiz edilmis, veri
tabant olusturulmus ve haritalanmasi islemleri
gerceklestirilmigtir. Bu kapsamda degisik toprak
ozelliklerine ait analiz sonuglar asagida belirtilen
asamalardan gegirilerek sonug haritalart iiretilmistir.
Bu amagla oOncelikle; calisma alanina ait temel
cografi veriler (sayisal ylkseklik modeli, egim, il
sinirlari, ilge smirlari, yollar, yerlesim yerleri, su
kaynaklar1) ile baz1 gorsel yorumlamalarda
kullanilmak tizere ArcGIS ortaminda veri tabani
olusturulmugtur. Toprak analizleri sonucunda elde
edilen bilgiler, arazi caligmalar1 sirasinda elde
edilen konumsal bilgilerle iligkilendirilmek suretiyle
her gozlem noktasina ait analiz sonuglarini igeren
dosyalar elde edilmistir. Oznitelik tablolarinda
bulunan ve her bir noktaya ait toprak analiz
sonuglarini igeren veriler ayri ayri ele almarak
ArcGIS programi kullanilarak degerlendirilmistir.
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Noktasal ozellikte olan toprak analiz sonuglart,
Olciilmiis degerlerden yola c¢ikarak Ol¢lilmemis
noktalarin tahmin edilmesi i¢in kullanilan “Inverse
Distance Weighting (IDW)” dogrusal olmayan
enterpolasyon teknikleri kullanilarak haritalandiril-
mistir. IDW; bilinen 6rnek noktalara ait degerlerin
yardimiyla Orneklenmeyen noktalara ait hiicre
degerlerinin  belirlenmesi icin kullanilan  bir
enterpolasyon teknigidir. ilgili hiicreden uzaklasan
cesitli noktalar gozetilerek ve mesafedeki artisa
bagli olarak hiicre degeri hesap edilir. Tahmin
edilen degerler, komsu civardaki noktalarin uzakligi
ve biiylikliigiiniin bir fonksiyonu olup, mesafenin
artmasi ile tahmini yapilacak hiicre iizerindeki
onem ve etki azalir. Bu yontemde verilen genel
dagilimi, egilimi, anizotropi ve kiimelenmesi gibi
Ozellikler incelenmektedir. Verilerin sadece yerel
olarak degerlendirilip, karsilastirilmas1 yapilmaktadir.
IDW, deterministik bir yontemdir (Korkmaz ve ark.,
2008; Dogan ve ark., 2013). Agirlikli hareketli
ortalama enterpolasyon i¢in yaygin kullanilan bir
yaklasimdir. Farkli agirlikli fonksiyonlarin gesitleri
kullanilmis fakat IDW, CBS sistemlerindeki en
ortak form olmustur. IDW tam bir ara deger

iireticisidir. Oyle ki verilerin degerlerini pekistirir.
IDW tahmincisi asagidaki gibidir (Loyd, 2007;
Demircan ve ark., 2011);
_ Zioaz(X)dig”

- n -r
i=1di0

z(Xo)

Tahminlerin yapildigi Xo lokasyonu, komsu
Olgimleri n’nin bir fonksiyonudur (z(Xo) Ve
i=1,2,...,n); r gozlemlerin her birinin atanmis
araligini belirleyen tstiir ve d gozlem lokasyonu X
ile tahmin lokasyonu Xo’1 ayiran mesafedir. Us
biiyiidiikge, tahmin lokasyonundan uzak mesafedeki
gdzlemlerin atanmus agirlign  kiigiiliir.  Ussiin
artmasi, tahminlerin en yakinindaki gozlemlere ¢ok
benzedigini gosterir (Demircan ve ark., 2011).

BULGULAR ve TARTISMA

Manisa ili tarim topraklarindan alinan toprak
orneklerinin verimlilik ve mikro element analiz
sonuglarina ait tanimlayici istatistikler Cizelge 1 ve
3’de, incelenen toprak Ozelliklerinin = simr
degerlerine gore siiflandirilmasi ise Cizelge 2 ve
4°te verilmistir.

Cizelge 1. Manisa ili tarim topraklarinin verimlilik yéniinden tamimlayici istatistikleri.
Table 1. Descriptive statistics of Manisa agricultural lands in terms of fertility.

Kum silt Kil EC CaCO; Org. Aln. I*j;)sfor Aln. fi;)tasyum
pH 4 Madde (kg dat) (kg dat)
(%) (%) (%) (dSm?) (%) : :
- (%) Available Auvailable
Sand Silt Clay EC CaCOs hosoh -
%) %) %) pH (ds m) %) Org. Matter  Phosphorus Potassium
(%) (kg P,0s dat) (kg K,0 dat)
En Dilsiik 10,56 200 128 462 0,01 001 052 030 23,18
Lowest
En Yiiksek 96,36 71,00 57,28 8,38 8,35 45,07 5,01 66,82 550,03
Highest
Ortalama 52,88 2419 2293 747 0,84 77 1,67 9,76 126,32
Average
Basiklik 0,004 0900 0405 1,60 381 1,83 1,74 2,79 1,60
Kurtosis
Carpikhik 0630 1737 -0455 3,06 21,68 338 679 9,48 333
Skewness
Ortanca 52,40 2328 22,05 761 0,61 5,05 1,60 6,30 105,71
Median
Std. Sapma 16,21 881 11,81 057 0,77 9,11 0,63 10,60 84,18
Std. Deviation
Varyans 262,92 7754 13948 032 0,59 83,03 0,40 112,42 7087
Variance
Deg. Kat.
Coefficient of 30,65 36,42 51,50 7,63 91,67 118,16 37,72 108,61 66,64
Variation
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Cizelge 2. Manisa ili tarim topraklarinin temel verimlilik parametreleri yoniinden siniflandirilmasi.
Table 2. Classification of Manisa agricultural lands in terms of basic fertility parameters.

Toprak ozellikleri Sinir deger Degerlendirme Ornek say1st %
Soil properties Limit value Evaluation Sample counts
- Kum 7 0,99
- Tinlt Kum 37 5,22
- Kumlu Tin 236 33,29
- Tin 81 11,42
- Siltli Tin 9 1,27
Biinye i Silt . i R
Texture ) ?umlu Killi 138 19,46
m
- Killi Tin 138 19,46
- Siltli Killi Tin 1 0,14
- Kumlu Kil 2 0,28
- Siltli Kil 1 0,14
- Kil 59 8,32
<45 Kuvvetli asit - -
45-55 Orta asit 8 1,13
oH 5,5-6,5 Hafif asit 48 6,77
6,5-7,5 Notr 212 29,9
7,5-8,5 Hafif alkali 441 62,2
8,5< Kuvvetli alkali - -
<2 Tuzsuz 669 94,36
eC o Ta F 119
(dSm) '
8-16 Cok tuzlu 1 0,14
16< Asirt tuzlu -
<1 Az kiregli 193 27,22
1-5 Kirecli 161 22,71
CaCOs 5-15 Orta kiregli 238 33,57
(%) 15-25 Fazla kiregli 73 10,3
ok fazla
25< lgiregli 44 6,2
i 0-3 Cok az 139 19,61
Alinabilir fosfor 36 Az 200 2821

(kg P20s da™l)

. 6-9 Orta 137 19,32
Available Phosphorus R
1 9-12 Yiiksek 53 747
(kg P20sda?) .
12< Cok yiiksek 180 25,39
Almabilir potasyum <20 Az - -
(kg K20 da?t) 20-30 Orta 6 0,85
Available Potassium 30-40 Yeterli 36 5,08
(kg K20da?) 40< Yiiksek 667 94,07
. <1 Cok az 85 11,99
Organik madde
(%9)’ 1-2 Az 460 64,88
Oroanic Matter 2-3 Orta 144 20,31
9 3-4 fyi 15 2,12
(%) iy
4< Yiiksek 5 0,7
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Cizelge 3. Manisa ili tarim topraklarinin mikro element yoniinden tanimlayici istatistikleri.
Table 3. Descriptive statistics of Manisa agricultural lands in terms of microelements.

Mikro elementler (mg kg™)
Micro elements (mg kg™)

Fe Cu Zn Mn
En Diisiik
Lowest 1,20 0,01 0,01 0,76
En Yiksck 361,80 30,20 21,25 332,61
Highest
Ortalama 21,14 2,34 0,86 19,41
Average
Basiklik 3,81 3,85 7,70 4,54
Kurtosis
Garpiklik 17,30 19,80 86,92 25,38
Skewness
Ortanca
Median 7,00 1,31 0,41 9,17
Std. Sapma
Std. Deviation 40,41 3,31 1,53 34,44
Varyans 1633,00 10,94 2,34 1186,38
Variance
Deg. Kat.
Coefficient of Variation 191,15 141,45 177,91 177,43
Cizelge 4. Manisa ili tarim topraklarinin mikro elementler yoniinden siniflandirilmast.
Table 4. Classification of Manisa agricultural lands in terms of micro elements.
Toprak 6zellikleri Sinir deger Degerlendirme Ornek sayisi o
Soil properties Limit value Evaluation Sample counts 0
Fe (DTPA <25 Noksan 76 10,72
(;']g( o) ) 2,5-4,5 Noksanlik gériilebilir 152 21,44
4,5< fyi 481 67,84
Cu (DTPA) <0,2 Yetersiz 33 4,65
(mg kgl) 0,2< Yeterli 676 95,35
<0,2 Cok Az 169 23,84
0,2-0,7 Az 302 42,59
(Zrz ('ET_E’)A) 0,7-2,4 Yeter 187 26,38
91 2,4-8 Fazla 48 6,77
8< Cok Fazla 3 0,42
<4 Cok Az 92 12,98
4-14 Az 403 56,84
?r"n” (kDTlsA) 14-50 Yeter 155 21,86
9%g 50-170 Fazla 49 6,91
170< Cok Fazla 10 1,41
Normal dagilimda simetrikligin bozulma derecesine  katsayilarinin yiiksek bulunmasiyla da

carpiklik (skewness) denir (Yildiz ve ark., 1998).
Cizelge 1 ve 3’te verilen carpiklik katsayilart
incelendiginde; kum, silt ve kil digindaki 6zelliklerin
normal dagilimdan uzak pozitif dagilimlar gosterdigi
saptanmustir. Pozitif carpiklik katsayilari, incelenen
toprak ozelliklerinin sola dogru bir asimetrik yap1 ile
normal dagilimdan uzaklastigmi géstermektedir. Bu
durum, bir¢ok toprak ozelliklerine ait degiskenlik
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desteklenmektedir. Wilding (1985) ile Mulla and Mc
Bratney (2001) toprak 6zelliklerindeki degisimlerin
aciklanmasinda onemli bir gosterge olarak kabul
edilen degiskenlik katsayisini, aldigi degerlere gore
disiik (<%15), orta (%15-35) ve yiiksek (>%35)
olarak smiflandirmaktadirlar.

Bu aragtirmada, incelenen toprak 6zelliklerinde pH
diisiik, kum biinyenin orta, diger toprak ozellikle-
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rinin ise yiiksek degiskenlige sahip oldugu, en fazla
degiskenlik gosteren toprak Ozelliginin mikro
elementlerden demir (%191,15) oldugu goriilmek-
tedir (Cizelge 2). Literatiirde bircok arastirmaci
toprak ozelliklerinin degiskenlik katsayisina gore
diisiik, orta ve yliksek degiskenlikler gosterdigini
(Ersahin, 1999; Saglam, 2008; Ozyazm ve ark.,
2011; Saglam, 2013; Dengiz ve ark., 2015)
bildirmektedir.

Toprak tekstiirii (biinyesi), birim toprak kiitlesi
icerisinde kum, silt ve kil miktarlarinin oransal
durumunu ifade eder. Tekstiir, topragin en az
degisiklige ugrayan ve topragin genel davranig
Ozellikleri hakkinda bilgiler iceren en Onemli
fiziksel o6zelligidir. Biinye birgok toprak ozelligi
hakkinda dogrudan veya dolayli olarak tahminler
yapilmasinda katki saglar. Toprakta suyun
tutulmas1 ve hareketi, havalanma 06zelliklerini,
plastiklik durumunu, kivam limitlerini, toprakta
agregat olusumu ve stabilitesini, erozyona karsi
direncini, topragin islenebilirligini ve besin
elementi rezervini énemli derecede etkiler (Brady
and Weil, 2008).

Aragtirma alani topraklarinda kum %10,56-96,36,
silt %2,00-71,00 ve kil ise %1,28-57,28 arasinda
degismekte olup  %33,29’unun  kumlu tin,
%19,46’smin kumlu killi tin ve ayn1 oranda killi tin
blinyede oldugu belirlenmistir (Sekil 3, 4 ve 5).
Kaba biinyeli topraklarda hem azot eksikligi hem de
iriin  miktarinda  distisler  gozlemlenebilir.
Arastirma topraklarinin yaklasik iigte birinin kaba
biinyeli oldugu gbz Oniine alindiginda, topraklarin
organik madde miktarinin arttirnlmasi1 gereklidir.
Erdal ve ark. (2013) Orta Gediz Havzasinda
tarimsal amacgl ekolojik zonlarin belirlenmesi
amaciyla yaptiklari caligmada, 0-20 cm derinlikten
alman topraklarin saturasyon yiizdesine gore
yapilan siniflandirmasinda  %68,60’min  tinl1,
%31,40’min killi tinli biinyeye sahip oldugunu
saptamiglardir. Aksu (2008) Manisa Merkez,
Saruhanli, Salihli, Alasehir ve Cal ilgelerindeki bag
topraklariin beslenme durumuna yonelik yaptig
caligmada, topraklarin kum kapsamlarinin %11,94-
79,85 arasinda, silt kapsamlarinin %5,56-54,24

arasinda, kil kapsamlarinin ise %9,33-56,61

arasinda degistigini tespit etmistir.

Sekil 3. Manisa ili tarim topraklarimin kum degerlerine ait
degisim haritasi.
Figure 3. Map of the sand levels of Manisa agricultural lands.

Sekil 4. Manisa ili tarim topraklarimin silt degerlerine ait
degisim haritasi.
Figure 4. Map of the silt levels of Manisa agricultural lands.

Sekil 5. Manisa ili tarim topraklarinin kil degerlerine ait
degisim haritasi.
Figure 5. Map of the clay levels of Manisa agricultural lands.
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Toprak verimligini tayin eden en dnemli faktorler-
den birisi de toprak reaksiyonu olup, topraktaki tiim
kimyasal, biyolojik ve fiziksel siirecler ile toprak
ozellikleri tizerinde cok sayida dnemli role sahiptir
(Brady and Weil, 2008; Saglam, 2008). Toprak
reaksiyonu toprak verimligi acisindan; bitki
gelisimi, besin elementlerinin elverigliligi, bitki
besin elementlerinin alim1 ve giibreleme etkinligi,
fiksasyon, toprak mineralleri ve toprak canlilar
iizerine dogrudan veya dolayli olarak etki
etmektedir. Incelenen topraklarda pH 4,62-8,38
arasinda degigmekte olup, topraklarin %62.2’sinin
hafif alkali karakterde oldugu saptanmistir (Sekil 6).
pH derecesi hafif alkali olan arastirma alani
topraklarinda alkaliligin nedenlerine gore, drenaj
kanallar1 agma, su ile yikama, topraga kiikiirt ve jips
verme gibi yontemlerle toprak reaksiyonu
iyilestirilebilir. Erdal ve ark. (2013) yaptiklari
calismada, 0-20 cm derinlikten alinan topraklarin
pH  smiflandirmasinda  %53,62’sinin ~ notr,
%37,76’smin  hafif alkali karakterde oldugunu
belirlemislerdir. Yagmur ve Okur (2018), Ege
Bolgesi Salihli Ilgesi bag plantasyonlarinin
verimlilik durumlart ve agir metal igeriklerini
belirlemek {izere yaptiklari c¢alismada toprak
pH’sin1 hafif alkali karakterde arasinda degistigini
tespit etmislerdir. Turgutlu bag topraklarinin pH
degerlerinin hafif alkali reaksiyona sahip oldugu
belirtilmistir (Tepecik ve ark., 2014).

Sekil 6. Manisa ili tarim topraklarimin pH degerlerine ait
degisim haritasi.
Figure 6. Map of the pH levels of Manisa agricultural lands.

Bitki besin maddelerinin azlig1 kadar fazlaligi da
bitkilere zararli olmakta ve belirli bir diizeyden
fazla olmasi halinde bitkiler ¢imlenememekte,
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kurumakta ve Olmektedirler. Bunun en belirgin
Ornegi topragin toplam eriyebilir tuz miktarinin
fazla oldugu durumlarda goriiliir. Toprakta tuz
miktart 100 g toprakta 150 mg’in {izerine ¢iktig1
zaman bitki gelisimini engeller (Altinbas ve ark.,
2004). Arastirma alani topraklarinda EC 0,01-8,35
dS m? arasinda degismekte olup, topraklarin
%94,36’s1in tuzsuz oldugu bulunmustur (Sekil 7).
Ates ve ark. (2016), Alasehir Ilgesinde sultani
cekirdeksiz {iiziim yetistirilen topraklarin bazi
fiziksel ve kimyasal 6zelliklerini belirlemek {izere
yaptiklar1t ¢aligmada topraklarda; tuz degerleri
bakimindan bag yetistiriciligi i¢in sinirlayict bir
faktor olarak bulunmadigini saptamislardir.

Sekil 7. Manisa ili tarim topraklarinin EC degerlerine ait
degisim haritasi.
Figure 7. Map of the EC levels of Manisa agricultural lands.

Kireg, kil, kum ve humus topragin kat1 kismini
olusturan dort ana unsurdur. Topraklarda kireg
genellikle kalsiyum karbonat veya dolomit kireci
halinde bulunur. Topraktaki kireg, yagislar ve sula-
ma suyunun eritme etkisi ile ¢oziinerek kalsiyum ve
karbonat veya bikarbonat seklinde iyonlara ayrilir.
Bu iyonlarin toprak ortaminda veya sulama suyunda
fazla bulunmasi bitki beslenmesi bakimindan
(6zellikle demir, ¢inko ve fosfor elverisliligi) biiyiik
problemler meydana getirmektedir. Aragtirma alani
topraklarinda kire¢ (CaCOs) %0,01-45,07 arasinda
degismekte olup, topraklarm %37,57’sinin orta
kiregli, %27,22’sinin az kiregli ve %22,71’inin
kiregli oldugu tespit edilmistir (Sekil 8). Erdal ve ark.
(2013), Orta Gediz Havzasinda 0-20 cm derinlikten
alinan topraklarn kire¢ (CaCOgz) smiflandirmasinda
%50,14’{inlin orta kirecli, %45,78’inin kirecli
oldugunu belirlemislerdir.



N. OZDEN, O. SOKMEN, i. USLU, S. ARAS: MANISA iLi TARIM TOPRAKLARININ VERIMLILIK
DURUMLARI iLE MIiKRO ELEMENT KAPSAMLARININ BELIRLENEREK HARITALANMASI

Sekil 8. Manisa ili tarim topraklarinin kire¢ (CaCOs)
degerlerine ait degisim haritasi.

Figure 8. Map of the lime levels (CaCOs) of Manisa agricultural
lands.

Organik madde bitkiler i¢in Onemli bir besin
maddesi kaynagidir. Topraktaki azotun %90’dan
fazlasinin toprak organik maddesinde bulunmasi
nedeniyle, organik maddenin besin kaynag islevi
ile azot acisindan ayri bir Onem tasimaktadir
(Altinbas ve ark.,, 2004). Arastirma alani
topraklarinda organik madde %0,52-5,01 arasinda
degismekte olup, topraklarin %064,88’inde az
seviyede organik madde igerdigi saptanmigtir.
(Sekil 9). Organik madde toprak verimliligini,
topraklarin fiziksel ve kimyasal ozelliklerini
etkileyen en 6nemli unsurlardan biridir. Azaltilmig
toprak isleme, zamaninda ve yeterli azotlu
giibreleme, yesil giibreleme ya da yanmis ahir
giibresi uygulamalariyla topragin organik madde
miktar1 artirilabilir. Manisa Salihli ve Alasehir
ilcelerinde Sultani Cekirdeksiz Uziim yetistiriciligi
yapilan bag topraklarindaki organik madde
diizeyinin % 0,70-2,48 olarak degisim gdsterdigi
belirtilmistir (Tepecik ve ark., 2015).

Toprak fosforunun en onemli kaynagi birincil
minerallerdir. Birincil minerallerin agmmma ve
pargalanmasi ile serbest hale gecen fosforun bitkiler
tarafindan alinmasi ve asimilasyonu ile fosfor
organik maddeye baglanir. Organik materyalin
cesitli doniislimler sonundan topraga gegmesi ile
toprakta organik fosfor fraksiyonu olusur. Bu
formdaki fosforun bitkiye yarayigh hale gegcmesi
ancak organik maddenin pargalanmasi ile olasidir.
Ancak, organik fosfor bilesikleri yavas pargalanan
bilesiklerdir. Sicaklik ve pH, toprak organik

fosforunun pargalanmasinda 6nemli iki etmendir.
Yapilan galismalarda toprak pH’s1 arttik¢a organik
fosforun azaldig1 belirlenmistir (Thompson, 1950).
Bitki acgisindan fosfor; kok gelisimi, bitki
olgunlagmasi, erken tohum tesekkiilii, d6llenme ile
hastalik ve zararlilara karg1 direnci arttirdigindan
biiyiik 6nem arz eden bir besin elementidir (Bilen
ve Sezen, 1993). Incelenen topraklarda bitkiler
tarafindan almabilir fosfor 0,30-66,82 kg da*
arasinda degismekte olup, topraklarin %28,21’inde
az, %25,39’unda fosforun ¢ok yiiksek diizeyde
oldugu belirlenmistir (Sekil 10). Erdal ve ark.
(2013) yaptiklar1 galigmada, 0-20 cm derinlikten
alman topraklardaki alinabilir fosfor miktarini
%41,61 diizeyinde yiiksek olarak belirlemislerdir.

Sekil 9. Manisa ili tarim topraklarinin organik madde
degerlerine ait degisim haritasi.

Figure 9. Map of the organic matter levels of Manisa
agricultural lands.

Sekil 10. Manisa ili tarim topraklarimin alinabilir fosfor
degerlerine ait degisim haritasi.

Figure 10. Map of the available phosphorus levels of Manisa
agricultural lands.
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Bitkiler tarafindan en ¢ok alinan elementler
arasinda ikinci sirada yer alan potasyum, toprakta da
en fazla bulunan bitki besin elementleri arasinda yer
alir ve yerkabugunun yaklasik %2,5’ini olusturur.
Topraklarin potasyum kapsamlari, biinyelerine
baglh olarak genis sinirlar arasinda degisim
gostermektedir. Potasyum, bitki biiylimesi ve
cogalmasini siirdiirmek i¢in ihtiya¢ duyulan hemen
hemen tiim siireclerde gereklidir. Ayrica, biiyiiyen
bitkilerin genel sagligin1 iyilestirdiginden ve
hastaliklara  karst  savasmalarma  yardimci
oldugundan, “kaliteli” besin maddesi olarak bilinir.
Arastirma alani topraklarinda bitkiler tarafindan
alinabilir potasyum 23,18-550,03 kg da™ arasinda
degismekte olup, topraklarin = %94,07’sinde
potasyumun yeterli diizeyin iistiinde oldugu
bulunmustur (Sekil 11). Erdal ve ark. (2013)
yaptiklar1 ¢alismada, 0-20 cm derinlikten alinan
topraklardaki almabilir potasyum miktarim %86,10
diizeyinde fazla olarak saptamislardir.

Sekil 11. Manisa ili tarim topraklarimin alinabilir potasyum
degerlerine ait degisim haritasi.

Figure 11. Map of the available potassium levels of Manisa
agricultural lands.

Mikro elementler, gerek topraklarda gerekse bitkilerde
¢ok kiigiik miktarlarda bulunurlar, varliklar1 ancak
milyonda kisim olarak (ppm) ifade edilebilir.
Topraktaki yarayigh ve bitkideki miktarlar1i ¢ok
diisiik olmalarina ragmen eksiklikleri s6z konusu
ise tarimsal iiretimin diigmesine yol agarlar. Bitkisel
iiretimle, topraktan bir yilda sOmiiriilen mikro
element miktari, topraktaki toplam mikro element
miktariin ¢ok kiiglik bir kismini olusturur. Bu oran
%1’den daha azdir. Bitkilerde ¢ok yogun olarak
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mikro element eksiklik belirtileri gorildigi
durumlarda bile topraktaki toplam mikro element
miktarlar1 oldukca yiiksek ve bitki gereksiniminin
tizerindedir. Tarim topraklarinda, toplam mikro
element eksikliginden kaynaklanan ve temel
eksiklik diye tanimlanan eksiklige pek rastlanmaz,
ancak, yikanmanin ¢ok ciddi boyutlarda goriildiigii
kumlu topraklarda ve bazi peat topraklarda bu
durum goriilebilir (Eyiipoglu ve ark., 1996).

Topraklarda demir elementi (Fe), genelde yilizeyde
oksit ve hidrooksit seklinde bulunur. Fakat topragin
organik madde bolimiinde genelde selatlar
seklinde bulunur. Hem mineral ve hem de demirin
organik bilegikleri toprakta kolayca doniislir ve
organik maddenin demir oksitlerin olusumu iizerine
etkileyici roli vardir. Aragtirma alani topraklarinin
analiz sonuglarina gore demir elementi miktari
1,20-361,80 mg kg* arasinda degismekte olup,
topraklarin %67,84’tinde demirin yeterli diizeyde
oldugu belirlenmistir (Sekil 12). Eyiipoglu ve ark.
(1996), Tiirkiye topraklarinin bitkiye yarayish bazi
mikro elementler bakimindan genel durumunu
belirlemek tizere yaptiklar1 calismada Manisa ili
topraklarmin  %42,42’sinde < 4.5 mg kg’
%45,25’ini 4,5-9 mg kg?, %12,12’sini ise >9 mg
kg™ degerlerinde bulmuslardir.

Sekil 12. Manisa ili tarim topraklarinin demir degerlerine ait
degisim haritasi.
Figure 12. Map of the iron levels of Manisa agricultural lands.

Bakir toprakta en az mobil agir metal olmasina
ragmen, bu metal topragin tiim tip ¢ozeltilerinde,
komplekslesmis iyonlar seklinde ve serbest olarak
¢ok bulunan bir metaldir. Arastirma alani
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topraklarinin analiz sonuglara gore bakir miktari
0,01-30,20 mg kg™ arasinda degismekte olup,
topraklarin 9%95,35’inde bakirin yeterli diizeyde
oldugu belirlenmistir (Sekil 13). Eyiipoglu ve ark.
(1996), Manisa ili topraklarinin %9,09’unda 0,8-1,0
mg kg, %48,48’inde 1,0-1,6 mg kg, %18,18’inde
1,6-2,2 mg kg*, %6,06’sinda 2,2-3,0 mg kg*,
%12,18’sinde ise 1,0-1,6 mg kg*! arasinda
belirlemislerdir.

Sekil 13. Manisa ili tarim topraklariin bakir degerlerine ait
degisim haritasi.

Figure 13. Map of the copper levels of Manisa agricultural
lands.

Cinko ¢inko siilfat seklindedir. Fakat silikatlarda
Mg?* ile yer degistirdigi bilinir. Havalanma
islemleri sirasinda  ozellikle asit oksitleyici
cevrelerde ¢inko mineralinin ¢oziinmesiyle mobile
Zn** olusur. Fakat ¢inko mineral ve organik
maddelerce kolayca adsorbe olur ve bdylece tiim
toprak cesitlerinde ylizeyde ¢inko birikimi gdzlenir
(Bakircioglu 2009). Arastirma alanmi topraklarinin
analiz sonuglara gore ¢inko miktar1 0,01-21,25
mg kg' arasinda degismekte olup, topraklarin
%42,59’unda  ¢inkonun az diizeyde oldugu
saptanmistir (Sekil 14). Eyiipoglu ve ark. (1996),
Manisa ili topraklarmin %57,58’inde <0,5 mg kg,
%33,33’linde 0,5-1,0 mg kg'l, %6,06’sinda 1,0-1,5
mg kg?, %3,03’iinde ise 1,5-2,0 mg kg™ arasinda
bulmuslardir.

Mangan elementi (Mn), toprak ¢ozeltilerinde ¢ok
sayida basit ve kompleks iyonlart seklinde olabilir.
Biitin Mn bilesikleri toprak i¢in Onemlidir.
Aragtirma alan1 topraklarinin analiz sonuglarina

gbre mangan miktar1 0,76-332,61 mg kg™ arasinda
degismekte olup, topraklarin %56,84’tinde manganin
az diizeyde oldugu tespit edilmistir (Sekil 15).
Eylipoglu ve ark. (1996), Manisa ili topraklarinin
%9,09’unda 5-10 mg kg, %72,72’sinde 10-20 mg
kg?, %18,19’unda ise >20,0 mg kg 'degerlerinde
saptamiglardir.

Sekil 14. Manisa ili tarim topraklarmim ¢inko degerlerine ait
degisim haritasi.
Figure 14. Map of the zinc levels of Manisa agricultural lands.

Sekil 15. Manisa ili tarim topraklarinin mangan degerlerine ait
degisim haritasi.

Figure 15. Map of the manganese levels of Manisa agricultural
lands.

SONUC

Aragtirma sonuglarina gore; Manisa ili tarim
topraklarinin genellikle kumlu tin biinyeli, hafif
alkali karakterde, tuzluluk problemi bulunmayan,
az-orta kiregli arasinda, diisiik organik madde
igerigine sahip, alinabilir fosfor ve potasyum
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iceriginin yiiksek oldugu saptanmigtir. Mikro
elementler bakimindan ise demir ve bakir
bakimindan yeterli, ¢inko ve mangan bakimindan
ise cogunlukla diisiik diizeyde belirlenmistir.

Toprak, insanoglunun sahip oldugu en O&nemli
varliklarin basinda gelmektedir. Tarimsal {iretimin
temeli topraktir. Hayvansal ve bitkisel iiretimi
olusturan tiim maddeler topraktan saglanir. Tarimda
istenilen miktar ve kalitede iiriiniin elde edilmesinin
birinci sart1, toprak verimliliginin arttirilmasidir.
Toprak  verimliligini arttirmada en Onemli
faktorlerden biri ise bitki besin elementleridir.
Gilibreleme amaciyla tarim alanlarina uygulanan
bitki besin maddeleri, dogru yontemlerle ve yeterli
miktarlarda  uygulandiklar1  takdirde toprak
kirliligine neden olmazlar. Ancak, bitki ihtiyacinin
cok iizerinde uygulanan ve topraktan kolayca
uzaklastirilamayan bazi besin maddeleri, diger
besin maddelerinin alinmasin1 engelledikleri icin
kirletici unsur olabilirler. Ulkemiz genelinde,
ekonomik anlamda tarimsal iretimin yapildig
yorelerde asir1 ve bilingsiz giibreleme uygulamasi
yaninda, azot, fosfor ve potasyum giibrelemesine
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Oz: Bu calisma, 2015-2017 yllar arasinda, ikinci tiriin pamuk tiretim sezonunda, Nazilli Pamuk Arastirma Enstitiisii
Miidiirliigii deneme arazisinde yiiriitiilmiistiir. Calismada, farkli azot dozlarumn (0, 7, 14 ve 21 kg N/da) yesilkurt [Helicoverpa
armigera (Hiibner) (Lepidoptera: Noctuidae)| popiilasyonu iizerine etkileri incelenmistir. Calismada, Ozbek 105, Gloria, Julia
ve Lydia pamuk ¢esitleri kullamlnistir. Haftaltk araliklarla yapilan zararli gézlemleri sonucunda; farkl azot dozlarina ve pamuk
cesitlerine gore yesilkurt popiilasyonu degisimleri tespit edilmistir. Calismadan elde edilen ii¢ yillik ortalama veriler
incelendiginde; 0, 7, 14 ve 21 kg N/da azot dozlarinda, yesilkurt larvalarimn en yiiksek popiilasyon yogunlugu degerleri, Gloria
(0,41, 0,49, 0,60 ve 0,92 adet larva/3 metre sira uzunlugu) ve Ozbek 105 (0,38, 0,50, 0,55 ve 0,90 adet larva/3 metre sira
uzunlugu) pamuk ¢esitlerinde; en diisiik popiilasyon yogunlugu degerleri ise Lydia (0,20, 0,30, 0,39 ve 0,67 adet larva/3 metre
sira uzunlugu) pamuk cesidinde saptanmistiv. Calismada, yesilkurt larvalarimin popiilasyon yogunlugu, ekonomik zarar esigi
degerinin altinda (2 adet larva/3 metre sira uzunlugu) bulunmustur. Buna karsin, yesilkurt larvalarimin popiilasyon degisimleri
bakimindan azot dozlari ve cesitler arasindaki iliskinin istatistiksel ac¢idan onemli diizeyde (p<0,05) oldugu belirlenmistir.
Uygulanan azot dozu miktarindaki artis, ¢alismada kullamlan pamuk cesitlerinde, zararlimn popiilasyon yogunlugunun
artmasina neden olmustur.

Anahtar Kelimeler: Pamuk, yesilkurt, farkli azot dozlar, ikinci iiriin pamuk.

The Effects of Different Doses of Nitrogen Fertilizer on Population Dynamics of Cotton Bollworm
[Helicoverpa armigera Hiibner (Lepidoptera: Noctuidae)]

Abstract: This study was conducted at the experimental area of Nazilli Cotton Research Institute in the years 2015-2017
during the second crop cotton season. It was aimed to determine the effects of different doses of nitrogen fertilizer (0, 7, 14 ve 21
kg N/da) on cotton bollworm [Helicoverpa armigera (Hiibner) (Lepidoptera: Noctuidae)] populations. Ozbek 105, Gloria, Julia
and Lydia were used as cotton varieties. As a result of the pest observations in the study, the variations in population densities of
cotton bollworm were determined according to different nitrogen doses and cotton varieties. The three-year average data
obtained from the study were examined. At nitrogen doses of 0, 7, 14 and 21 kg N/da, the highest population density values of
cotton bollworm larvae were observed for the cotton varieties Gloria (0.41, 0.49, 0.60 and 0.92 larvae/3 meters-cotton row) and
Ozbek 105 (0.38, 0.50, 0.55 and 0.90 larvae/3 meters-cotton row); the lowest population density values were found in Lydia
(0.20, 0.30, 0.39 and 0.67 larvae/3 meters-cotton row) cotton variety. Population density of cotton bollworm larvae was found
below the economic damage threshold value (2 larvae/3 meters-cotton row) in all three years of the study. On the other hand, it
was determined that the relationship between nitrogen doses and varieties in terms of population changes of cotton bollworm
larvae was statistically significant (p<0.05). Increase in the amount of applied nitrogen dose caused an increase in the
population density of the cotton bollworm in all cotton varieties used in the study.

Keywords: Cotton, cotton bollworm, different doses of nitrogen fertilizer, second crop cotton.
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GIiRiS

Pamuk (Gossypium hirsutum L.), diinyada ve
Tiirkiye’de  tekstil sektorii i¢in  Onemli  bir
hammaddedir. Diinyada, sinirli sayida {ilkenin
ekolojisi pamuk tarimina elverislidir. Bu nedenle,
diinya pamuk {retiminin  %g80’ine  yakim
Tiirkiye’nin de icinde bulundugu az sayida iilkede
yapilmaktadir (Copul, 2019).

Pamuk bitkisinin ekiminden hasadina kadar gecen
siire boyunca maruz kaldig1 c¢esitli zararlilarin
saldiris1 sonucunda, oldukca fazla sayida ¢igek
tomurcugu, taze tepe siirgiinii ve olgunlagsmamis
koza zarar gormekte ve pamuk verimi azalmaktadir
(Aslam ve ark., 2004).

Pamukta 6nemli oranda kalite ve verim kaybina
neden olan zararlilarindan biri olan yesilkurt,
Helicoverpa  armigera  Hiibner  (Lepidoptera:
Noctuidae), 6zellikle bitkinin generatif organlarinda
beslenerek zarar veren polifag bir zararlidir. Bu
nedenle zararliya kars1 yapilacak miicadele biiyiik
Onem tagimaktadir.

Zararlilar ile miicadele i¢in kullanilan pestisitler,
insan ve c¢evre sagligimi olumsuz yonde etkilemek-
tedir. Entegre zararl1 yonetimi olarak adlandirilan
stratejide ise, zararli tiirlerin, popiilasyon dina-
mikleri ve cevre ile olan iligkileri dikkate alinarak,
uygun olan tiim miicadele yontem ve teknikleri
uyumlu bir sekilde kullanmilmasi ile saglikli bitki
tiretimi  yapilmaktadir (Onciier ve Durmusoglu,
2008). Entegre zararhh yoOnetimi kapsaminda
oncelikli olarak dengeli ve optimum diizeyde
giibrelemenin de igerisinde yer aldigr kiiltiirel
miicadele yontemlerinin uygulanmasi Onerilmekte-
dir (El-Zahi ve ark., 2012). Giibreleme, saglikli bitki
gelisiminde 6nemli bir yere sahip olmasinin yani
sira, zararlilarin popiilasyon dinamigi ve yayilmalar
iizerinde de etkili olmaktadir. Giibreleme ile bitki
bilinyesindeki bitki besin maddelerinin degismesi
sonucunda bitkinin zararhlara kars1 hassasiyeti
etkilenmektedir (Singh ve Sood, 2017). Pamuk
iiretiminde en yaygmn sekilde kullanilan bitki besin
Ogeleri, azotlu giibrelerdir (Weir ve ark., 1996).
Uygulanan azotlu giibre dozlari, zararlilarm bitki
iizerinde beslenme durumlarmi etkileyebilmektedir.

Azot uygulamasi ile birlikte Dbitki besin
elementlerinin kalitesi ve bitki savunma mekaniz-
malar1 degismekte ve bu durumdan bitki {izerinde
beslenen bocekler, dogrudan etkilenmektedir (Chen
ve Ruberson, 2008).

Nazilli Pamuk Arastirma Enstitlisii Miidiirliigii
deneme arazisinde, 2015-2017 yillar1 arasinda,
ikinci iirin pamuk iiretim sezonunda yiiriitiilmiis
olan bu calisma ile farkli azot dozlarinin yesilkurt
popiilasyonu iizerine etkileri incelenmistir.

MATERYAL VE METOT
Materyal

Arastirmada, 4 farkli pamuk gesidi (Ozbek 105,
Gloria, Julia ve Lydia) (Cizelge 1) ve 4 farkli azot
(N) dozu (0, 7, 14 ve 21 kg N/da) kullanilmistir.
Ayrica, ekim Oncesinde yapilan toprak analizleri
(Cizelge 2) dogrultusunda, tiim parsellere, triple
siiper fosfat (TSP) ve potasyum siilfat (PS)
giibreleri, ekim oOncesinde taban giibresi olarak
uygulanmistir (Cizelge 3).

Yontem

Pamuk Ekiminin Yapilmasi, Giibre
Uygulamalar ve Diger Kiiltiirel islemler

Calisma, tesadiif bloklarinda boliinmiis parseller
deneme desenine gore dort tekerriirli olarak
yliritilmistir. Calismada, ana parselleri, azot
dozlar;; alt parselleri ise pamuk cesitleri
olugturmustur. Pamuk ekimi, 2015 yilinda 1
Temmuz, 2016 yilinda 10 Haziran ve 2017 yilinda
ise 5 Haziran tarihlerinde yapilmustir.

Her bir uygulama igin kurulacak olan her bir
tekerriiriin parsel biiylikliikleri 8 sira x 4 ¢esit x 0,7
m (sira aras1) X 12 m (sira uzunlugu) = 268,8 m?
olacak sekilde ayarlanmigtir. Azot dozlarinin,
%50’si amonyum siilfat (% 21 N) formunda taban
giibresi olarak ekim Oncesi donemde; geri kalan
%50’si ise amonyum nitrat (%33 N) formunda st
giibre olarak 1. sulama Oncesinde elle serpilerek
parsellere uygulanmugtir. Giibre uygulamalarinin
ardindan, deneme alam siiriilerek atilan giibrenin,
topraga karigmast  saglanmigtir.  Arastirmada,
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kiiltiirel islemler zamaninda ve teknigine uygun
olarak yapilmistir. Bitkiler sira iizerini doldurduktan
sonra 1. seyreltme, ara c¢apa yapilirken de 2.

seyreltme yapilmigtir. Calisma siiresince zararlilari
kontrol etmek amaciyla herhangi bir kimyasal
uygulama yapilmamastir.

Cizelge 1. Aragtirmada kullamlan pamuk ¢esitlerinin baz1 6zellikleri (Anonim, 2018).
Table 1. Some characteristics of cotton varieties used in the research (Anonymous, 2018).

Pamuk ¢esitleri

I Ozbek 105 Gloria Julia Lydia
Cotton varieties
Erkencilik Erkenci Erkenci Orta erkenci Erkenci
Earliness Early Early Mid early Early
Bitki sekli Yayvan Konik Konik Konik
Plant Shape Patelliform Conic Conic Conic
Koza biiyiikliigii Orta Orta Orta Iri
Boll Size Mid Mid Mid Large
Tiiyliliik Orta Orta Cok az tiiyli Tiiysiiz
Hairiness Mid Mid Very little hairy Hairless
Yiiz tohum agirligi (g)
Hundred seed weight(q) 11,0-11,5 10,98 10,52 11,2-11,7
Cireir randimani(%)
Gin yield (%) 38-40 41-43 41-43 41-42
Lif uzunlugu (mm)
Fiber lenghth (mm) 28-29 30-31 30-32 29-31
Lifinceligi (mic). 4,448 3,942 3,943 4,0-45
Fiber fineness (mic)
Lif mukavemeti (g/tex)
Fiber strength (g/tex) 30-31 33-35 3235 34-38
Cizelge 2. Deneme arazine ait toprak analizi sonuglar.
Table 2. Soil analysis results of the experiment area.
2015 2016 2017
. Kum (%)/Sandy (%) 42,07 60,02 63,81
e, SOOI (9 wmes [0 me  fmam @ Gmo
Kil (%)/Clay (%) 17,08 14,16 12,62
8,40 8,75 8,70
pH Kuvvetli alkali Kuvvetli alkali Kuvvetli alkali
Strong alkaline Strong alkaline Strong alkaline
Toplam tuz (%) 0,0073 0,0178 0,0112
Total salt (%) Tuzsuz/Saltless Tuzsuz/Saltless Tuzsuz/Saltless
Kireg (%) 14.95 11,92 11,91
Lime (%) Cok yiiksek/Very high Cok yiiksek/Very high Cok yiiksek/Very high
Organik madde (%) 1,17 0,86 0,52
Organic matter (%) Diisiik/Low Cok diisiik/Very low Cok diisiik/Very high
Alnabilir fosfor (P) (ppm) 13,12 13,00 22,00
Retrievable phosphorus (P) (ppm) Orta/Medium Orta/Medium Yiiksek/Medium
Degisebilir potasyum (K) (ppm) 223 133 138
Exchangeable potassium (K) (ppm) Orta/Medium Diisiik/Low Diisiik/Low
Degisebilir kalsiyum (Ca) ppm 4240 3180 2870
Exchangeable calcium (Ca) ppm Yiiksek/High Yiiksek/High Yiiksek/High
Degisebilir magnezyum (Mg) (ppm) 395 407 460
Exchangeable magnesium (Mg) (ppm) Yiiksek/High Cok yiiksek/Very high Cok yiiksek/Very high
Degisebilir sodyum (Na) (ppm) 46 98 95
Exchangeable sodium (Na) (ppm) Diisiik/Low Orta/Medium Orta/Medium
Yarayish demir (Fe) (ppm) 10,62 13,76 16,72
Auvailable iron (Fe) (ppm) Yiiksek/High Yiiksek/High Yiiksek/High
Yarayislt mangan (Mn) (ppm) 2,56 3,46 4,66
Available manganese (Mn) (ppm) Yeterli/Sufficient Yeterli/Sufficient Yeterli/Sufficient
Yarayish ¢inko (Zn) (ppm) 2.84 1,43 1,37
Available zinc (Zn) (ppm) Yeterli/Sufficient Yeterli/Sufficient Yeterli/Sufficient
Yarayish bakir (Cu) (ppm) 1,72 1,85 197
Auvailable copper (Cu) (ppm) Yeterli/Sufficient Yeterli/Sufficient Yeterli/Sufficient
Almabilir bor (B) (ppm) 2,48 2,32 3,32
Retrievable boron (B) (ppm) Yiiksek/High Yiiksek/High Yiiksek/High
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Cizelge 3. Arastirmada kullamlan giibrelerin igerigi ve uygulanma donemleri.
Table 3. The content and application periods of the fertilizers used in the research.

Glibreler

Fertilizers

Amonyum siilfat
Ammonium sulphate
Amonyum nitrat
Ammonium nitrate
Potasyum siilfat
Potassium sulphate
Triple siiper fosfat
Triple super phosphate

Giibrelerin igerigi
Content of fertilizers
Azot/Nitrogen (N): %21,2
Kiikiirt/Sulfur (S): %24

Azot/Nitrogen :%33

Kiikiir/Sulfur (S): %16-20

(P20s): %42

Potasyum oksit/Potassium oxide (K20): %50

Fosfor pentaoksit/Phosphorus pentaoxide

Giibrelerin uygulanma dénemi
Application period of fertilizers
Ekim 6ncesinde taban giibresi olarak
As a base fertilizer before planting
1.sulama 6ncesinde tist giibre olarak
As top fertilizer before 1st irrigation
Ekim 6ncesinde taban giibresi olarak
As a base fertilizer before planting
Ekim 6ncesinde taban giibresi olarak
As a hase fertilizer before planting

Yesilkurdun Popiilasyon Degisimlerinin
Belirlenmesi

Yesilkurt larvalarinin popiilasyon degisimlerinin
belirlenmesi icin her bir parselde en az 3 ayr yerde
3 m’lik sira uzunlugundaki tiim bitkiler incelenerek
iizerlerinde bulunan zararlilar haftalik araliklarla
sayilarak kaydedilmistir (Anonim, 2017). Ayrica,
yesilkurt erginlerinin popiilasyon (birey sayisi/1
tuzak) degisimlerini belirlemek amaci deneme
arazisine bir adet funnel tipi feromon tuzak
(04/08/2015, 19/07/2016 ve 12/07/2017 tarihlerinde)
yerlestirilmistir. Tuzak, yerden yaklasik 1,5 m
yiikseklikte olacak sekilde yere ¢akili demir
cubuklara telle asilmistir. Tuzagmn igerisine
koyulan feromon kapsiiller, dort haftada bir yenisi
ile degistirilmistir ve tuzakta yakalanan ergin
bireyler, haftalik olarak sayillmistir.

istatistiksel Analizler

Aragtirma sonuncunda elde edilen tiim veriler,
JMP 13 (SAS Institute, 2016) istatistik programi
kullanilarak varyans analizi ile analiz edilmis ve
tim sonuglar %95 giiven seviyesinde (p<0,05)
degerlendirilmistir. Denemede, dort farkli pamuk
gesidi, dort farkli azot dozu ve dort tekerriirli
olarak Tesadiif Bloklarinda Boliinmiis Parseller
Deneme desenine gore kurulmus ve 3 il
stirdiiriilmiis bir deneme i¢in uygun JMP modeli
uygulanmigtir. Burada  yesilkurt popiilasyon
yogunlugu bagimli degisken, azot dozlar1 ve
pamuk cesitleri ise sabit (fixed) degisken olarak
analize tabi tutulmustur. Farkli azot dozlarinin,
yesilkurt  popiilasyonu  iizerindeki  etkilerini
belirleyebilmek igin zararlinin popiilasyon yogunlugu
haftalik olarak ¢izelgelere kaydedilmistir. Bu islemin

ardindan popiilasyon yogunluklari, her bir
uygulama icin dorder tekerriirlii olacak sekilde
JMP 13 istatistik paket programina girilmis ve
tesadiif bloklar1 deneme desenine goére varyans
analizi ve ortalamalarin karsilastirilmasi i¢in de
LSD testi p<0,05 6nem seviyesinde yapilmustir.

BULGULAR ve TARTISMA
Yesilkurdun Popiilasyon Degisimleri

Yesilkurt erginlerinin popiilasyon (birey sayisi/1
tuzak) degisimlerini belirlemek amaci ile deneme
arazisine konulan funnel tipi feromon tuzakta,
2015 yilinda, yesilkurt erginlerinin popiilasyon
yogunlugu, 25 Agustos tarihinde yapilan tuzak
saymminda, 151 adet birey sayisi/1 tuzak degeri ile
en yiliksek seviyeye ulagsmistir. Zararli, 8 Eyliil
(128 adet birey sayisi/1 tuzak) tarihinde bir kez
daha tepe noktasi olugturmus ve bu tarihten sonra
zararlinin, popiilasyon yogunlugu azalmaya
baglamugtir. Feromon tuzakta 2016 yilinda yakalanan
yesilkurt erginlerinin popiilasyon yogunlugu, 9
Agustos tarihinde yapilan tuzak sayiminda, 108
adet birey sayisi/1 tuzak degeri ile en yiiksek
seviyeye ulagsmistir. Bu tarihten sonraki haftalarda
yapilan tuzak sayimlarinda, zararlinin popiilasyon
yogunlugunda artiglar ve azalislar seklinde
dalgalanmalar gostermistir. Zararli, 30 Agustos
tarihinde yapilan sayimda, 92 adet birey sayisi/1
tuzak ile bir kez daha tepe noktasi olusturmus ve
bu tarihten sonra zararlinin popiilasyon yogunlugu
azalmaya baglamugtir. Yesilkurt erginlerinin popiilasyon
yogunlugu 2017 yilinda, 22 Agustos tarihinde,
227 adet birey sayisi/1 tuzak degeri ile en yiiksek
seviyeye ulagmigtir. Zararhnin popiilasyon yogunlugu,
25 Temmuz (204 adet birey sayisi/1 tuzak) ve 8

245



ANADOLU 32 (2) 2022

Agustos (208 adet birey sayisi/1 tuzak) tarihlerinde
iki kez daha tepe noktasi olugturmustur (Sekil 1).

Yesilkurt erginlerinin popiilasyon yogunlugu, 2015
yilinda 25 Agustos ve 8 Eyliil tarihlerinde; 2016
yilinda 9 Agustos ve 30 Agustos tarihlerinde; 2017
yilinda ise 25 Temmuz, 8§ Agustos ve 22 Agustos
tarihlerinde en yiiksek seviyeye ulasmis ve
popiilasyon dalgalanmalar1 aylara ve yillara gore
degisiklik gostermistir. Stavridis ve ark. (2008),
Baker ve ark. (2011), Kilig (2014) ve Akyildiz
(2017) tarafindan yiiriitiilmiis ¢alismalarda, yesilkurt
erginlerinin popiilasyon yogunlugunun aylara ve
yillara gore degisiklik gosterdigi bildirilmistir.

Yesilkurt, bazi yillarda salgin yapmakta ve zararlinin
popiilasyon yogunlugu yiiksek seviyelere c¢ikmak-
tadir. Feromon tuzaklarinda yapilan sayimlarda, 2015
ve 2016 yillarma kiyasla 2017 yilinda daha fazla
sayida yesilkurt ergini tespit edilmistir. Bu durumun,
2017 yilinda, zararlmm bolge genelinde salgin
yaparak yiiksek popiilasyon yogunluguna ulagma-
sindan kaynaklandig: diisiiniilmektedir.

Haftalik araliklarla yapilan zararli go6zlemleri
sonucunda, farkli azot dozlarina ve pamuk ¢esitlerine
gore tespit edilen yesilkurt larvalarmin ortalama
popiilasyon (larva bireyi/3 m swra uzunlugu)
degisimleri, Sekil 2, Sekil 3, ve Sekil 4’de verilmistir.

Yesilkurt larvalart 2015 yilinda, 18 Agustos tarihin-
den itibaren goriilmeye baslanmistir. Zararlinin en
yiiksek popiilasyon yogunlugu degerleri, 8 Agustos
tarihinde ve 21 kg N/da azot dozunun uygulandig
parsellerde [Ozbek 105 (1,25 adet larva/3 m sira
uzunlugu), Gloria (1,25 adet larva/3 m sira
uzunlugu), Julia (1,00 adet larva/3 m sira uzunlugu),
Lydia (1,25 adet larva/3 m sira uzunlugu)] tespit
edilmistir. Bu tarihten itibaren zararlinin popiilasyon
yogunlugu azalmaya baglamis olup, 6 Ekim
tarihinden sonra yesilkurt larvalarina rastlanma-
mustir (Sekil 2).

Yesilkurt larvalar1 2016 yilinda, 9 Agustos tari-
hinden itibaren goriilmeye baslanmistir. Zararlinin
en yliksek popiilasyon yogunlugu degerleri, 2
Agustos tarihinde ve 21 kg N/da azot dozunun
uygulandig1 parsellerde [Ozbek 105 (1,75 adet
larva/3 m sira uzunlugu), Gloria (1,75 adet larva/3
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m sira uzunlugu), Julia (1,50 adet larva/3 m sira
uzunlugu), Lydia (1,25 adet larva/3 m sira
uzunlugu)] tespit edilmistir. Bu tarihten itibaren
zararlinin ~ popiilasyon  yogunlugu azalmaya
baglamis olup, 20 Eyliil tarihinden sonra yesilkurt
larvalarina rastlanmamuistir (Sekil 3).
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Sekil 1. Yesilkurt erginlerinin 2015, 2016 ve 2017 yillarinda
feromon tuzaklarindaki popiilasyon (ergin birey sayisi/1
tuzak) degisimleri.

Figure 1. Population (number of adults/1 trap) changes of cotton
bollworm adults in pheromone traps in 2015, 2016 and 2017.

Yesilkurt larvalar1 2017 yilinda, 25 Temmuz tari-
hinden itibaren goriilmeye baslanmigtir. Zararlinin
en yiiksek popiilasyon yogunlugu degerleri, 29
Agustos tarihinde ve 21 kg N/da azot dozunun
uygulandig1 parsellerde [Ozbek 105 (1,75 adet
larva/3 m sira uzunlugu), Gloria (1,75 adet larva/3
m sira uzunlugu), Julia (1,50 adet larva/3 m sira
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Sekil 2. Yesilkurt larvalarimin 2015 yilinda farkli azot
dozlarina ve pamuk cesitlerine gore popiilasyon (adet larva/3
m sira uzunlugu) degisimleri.
Figure 2. Population (larvae/3 meters-cotton row) changes of
cotton bollworm larvae according to different nitrogen doses
and cotton varieties in 2015.

uzunlugu), Lydia (1,25 adet larva/3 m sira
uzunlugu) tespit edilmistir. Bu tarihten itibaren
zararlinin ~ popiilasyon  yogunlugu azalmaya

baglamig olup, 12 Eyliil tarihinden sonra yesilkurt
larvalarina rastlanmamuistir (Sekil 4).
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Sekil 3. Yesilkurt larvalarimin 2016 yilinda farkli azot
dozlarina ve pamuk ¢esitlerine gore popiilasyon (adet larva/3
m sira uzunlugu) degisimleri.
Figure 3. Population (larvae/3 meters-cotton row) changes of
cotton bollworm larvae according to different nitrogen doses
and cotton varieties in 2016.
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Sekil 4. Yesilkurt larvalarimin 2017 yilinda farkli azot dozlarina ve pamuk gesitlerine gore popiilasyon (adet larva/3 m sira

uzunlugu) degisimleri.

Figure 4. Population (larvae/3 meters-cotton row) changes of cotton bollworm larvae according to different nitrogen doses and

cotton varieties in 2017.

Arastirmanmn ylritiildiigi her {i¢ yilda da, yesilkurt
larvalarmin popiilasyon yogunlugu, ekonomik zarar
esigi degerinin altinda (2 adet larva/3 metre sira
uzunlugu) bulunmustur. Buna karsin, yesilkurt
larvalarmin popiilasyon degisimleri bakimindan azot
dozlart ve gesitler arasindaki iligkinin, istatistiksel
acidan onemli diizeyde (p<0,05) oldugu belirlen-
migstir. Yesilkurt larvalarinm, 2015, 2016 ve 2017
yillarinda, farkli azot dozlarna ve pamuk ¢esitlerine
gbre popiilasyon (adet larva/3 metre sira uzunlugu)
degisimlerine iliskin varyans analizi sonuglar
Cizelge 4’te verilmistir. Ug yillik birlestirilmis
varyans analizi sonucunda; yesilkurt larvalarinin
popiilasyon degisimleri bakimindan yillar, ¢esitler
ve azot dozlarn arasindaki farkin, istatistiksel agidan
onemli diizeyde (p<0,05) oldugu tespit edilmistir.
Varyans analizi sonuglarnt yillara gore ayn
degerlendirildiginde; her {i¢ yilda da, azot dozlar ve
cesitler arasindaki farkin, istatistiksel agidan 6nemli
diizeyde (p<0,05) oldugu belirlenmistir (Cizelge 4).

Cizelge 4’deki varyans analizi sonucuna gore
yesilkurt larvalarmin  popiilasyon degisimleri
bakimindan yillar, g¢esitler ve azot dozlan
arasindaki fark, istatistiksel agidan énemli diizeyde
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(p<0,05) oldugu i¢in her ii¢ yildaki veriler ayr ayr
degerlendirilmistir ~ (Cizelge 5).  Yesilkurt
larvalarinin, farkli azot dozlarma ve pamuk
cesitlerine gore tespit edilen toplam ortalama
popiilasyon yogunluklari; 2015 yilinda 0,13-0,78
adet larva/3 metre sira uzunlugu, 2016 yilinda
0,28-0,97 adet larva/3 metre sira uzunlugu, 2017
yilinda 0,19-1,09 adet larva/3 metre sira uzunlugu
ve ii¢ yillik ortalama verilere gore ise 0,20-0,92

adet larva/3 metre sira uzunlugu arasinda
degismistir (Cizelge 5).
Yesilkurt larvalarinin 2015  yilinda, toplam

ortalama popiilasyon yogunlugu degerleri, azot
dozlar1 bakimindan incelendiginde; 0, 7, 14 ve 21
kg N/da azot dozlarinda, zararlimin en yiiksek
popiilasyon yogunluklar;, Ozbek 105 (0,28, 0,41,
0,44 ve 0,78 adet larva/3 metre sira uzunlugu) ve
Gloria (0,34, 0,38, 0,50 ve 0,69 adet larva/3 metre
sira uzunlugu) pamuk cesitlerinde; en diisiik
popiilasyon yogunlugu degerleri ise Lydia (0,13,
0,25, 0,28 ve 0,59 adet larva/3 metre sira
uzunlugu) pamuk c¢esidinde tespit edilmistir
(Cizelge 5).
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Cizelge 4. Yesilkurt larvalarinin 2015, 2016 ve 2017 yillarinda farkli azot dozlarna ve pamuk gesitlerine gore poptilasyon (adet
larva/3 metre sira uzunlugu) degisimlerine iligkin varyans analizi sonuglari.

Table 4. Results of variance analysis regarding population (larvae/3 meters-cotton row) changes of cotton bollworm larvae in
2015, 2016 and 2017 according to different nitrogen doses and cotton varieties.

Varyasyon kaynagi (variation source)

Kareler ortalamasi (Mean squares)

SD

2015 2016 2017
Tekerriir 3 0,640625 0,491536 0,361328
Azot dozlar1 (Nitrogen doses) 3 4,302083" 5,132161" 8,085286"
Cesit (Variety) 3 0,796875" 1,069661" 2,66862"
Azot dozlar X ¢esit (Nitrogen dose X variety) 9 0,046875 0,036675 0,034939
Hata (Error) 493 0,232410 0,28916 0,27322

Birlestirilmis (Unified) (3 yil)

Yil (Year) 3 0,640625
Tekerriir [Y11] (Replication [Year]) 3 4,302083
Cesit (Variety) 3 0,796875"
Yil x Cesit (Year x Variety) 9 0,046875
Azot dozlar1 (Nitrogen doses) 493 0,232410"
Yil x Azot dozlar1 (Year x Nitrogen doses) 3 0,640625
Cesit x Azot dozlar1 (Variety x Nitrogen doses) 3 4,302083
Yil x Cesit x Azot dozlar1 (Year x Variety x Nitrogen doses) 3 0,796875
Hata (Error) 9 0,046875
Cv (%) 25,47

("): 0.05 diizeyinde dnemli fark bulunmaktadir (LSD testi ve P<0.05 dnem seviyesinde). (*): There is a significant difference at

the level of 0.05 (LSD test and P<0.05 significance level)

Yesilkurt larvalarimin 2016 yilinda, toplam ortalama
popiilasyon yogunlugu degerleri, azot dozlar
bakimindan incelendiginde; 0, 7, 14 ve 21 kg N/da
azot dozlarinda, zararlinin en yiiksek popiilasyon
yogunlugu degerleri, Gloria (0,44, 0,53, 0,63 ve
0,97 adet larva/3 metre sira uzunlugu) pamuk
cesidinde; en diisikk popiilasyon yogunlugu
degerleri ise Lydia (0,28, 0,38, 0,47 ve 0,66 adet
larva/3 metre sira uzunlugu) pamuk ¢esidinde
saptanmustir (Cizelge 5).

Yesilkurt larvalarinin 2017 yilinda, toplam orta-
lama popiilasyon yogunlugu degerleri, azot dozlar
bakimindan incelendiginde; 0, 7, 14 ve 21 kg N/da
azot dozlarinda, zararlinin en yiiksek popiilasyon
yogunlugu degerleri, Gloria (0,44, 0,56, 0,69 ve
1,09 adet larva/3 metre sira uzunlugu) pamuk
¢esidinde; en diisiik popiilasyon yogunlugu deger-
leri ise Lydia (0,19, 0,28, 0,41 ve 0,75 adet larva/3
metre sira uzunlugu) pamuk c¢esidinde belirlen-
mistir (Cizelge 5).

Ug yillik ortalama verilere gore belirlenen yesilkurt
larvalarinin ~ ortalama  popiilasyon yogunlugu
degerleri, azot dozlar1 bakimindan incelendiginde;
0, 7, 14 ve 21 kg N/da azot dozlarinda, zararlinin

en yliksek popiilasyon yogunlugu degerleri, Gloria
(0.41, 0.49, 0.60 ve 0.92 adet larva/3 metre sira
uzunlugu) ve Ozbek 105 (0,38, 0,50, 0,55 ve 0,90
adet larva/3 metre sira uzunlugu) pamuk cesitle-
rinde; en diislik popiilasyon yogunlugu degerleri
ise Lydia (0,20, 0,30, 0,39 ve 0,67 adet larva/3
metre sira uzunlugu) pamuk ¢esidinde saptanmistir
(Cizelge 5).

2015, 2016 ve 2017 yillarna ait veriler ile ti¢ y1llik
ortalama veriler bakimindan elde edilen yesilkurt
larvalarinin ~ ortalama popiilasyon yogunlugu
degerleri, pamuk cesitlerine gore incelendiginde;
Ozbek 105, Gloria, Julia ve Lydia pamuk gesitle-
rinde, zararlinin en yiiksek popiilasyon yogunlugu
degerleri, 21 kg N/da azot dozunda; en diisiik
popiilasyon yogunlugu degerleri ise 0 kg N/da azot
dozunda tespit edilmistir (Cizelge 5).

Pierce ve ark. (2001) tarafindan yiriitilmis bir
caligmada, farkli azot dozlarinin, yesilkurdun
popiilasyon degisimi iizerine olan etkileri incelen-
mistir. Caligmada, uygulanan azot dozu mikta-
rindaki artig ile birlikte bitkideki vejetatif gelis-
menin ve buna bagh olarak yesilkurdun popiilas-
yon yogunlugunun arttig1 tespit edilmistir.
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Cizelge 5. Helicoverpa armigera larvalarinin 2015, 2016 ve 2017 yillarinda farkli azot dozlarina ve pamuk gesitlerine gore
ortalama popiilasyon yogunluklari (adet larva/3 metre sira uzunlugu) ve istatistiksel analiz sonucunda olusan gruplar*

Table 5. Average population densities (larvae/3 meters-cotton row) of Helicoverpa armigera larvae in 2015, 2016 and 2017
according to different nitrogen doses and cotton varieties and groups formed as a result of statistical analysis*

gg  Awtdodn Varietis

g & Nitrogen doses Ortalama

(kg N/da) Ozbek 105 Gloria Julia Lydia Mean

0,28 ABb 0,34 Ab 0,25 ABb 0,13Bb 0,25¢

7 0,41 Ab 0,38 Ab 0,28 Bb 0,25 Bb 0,33 bc

w© 14 0,44 Ab 0,50 Aab 0,41ABab 0,28 Bb 0,41b

S 21 0,78 Aa 0,69 ABa 0,63 ABa 0,59 Ba 0,67 a
Ortalama (Mean) 0,48 A 0,48 A 0,39 AB 0,31B

LSD (0,05 0,24

0,41 Ab 0,44 Ab 0,28 Cb 0,28 Cb 0,35¢

0,53 Ab 0,53 Ab 0,41Bb 0,38 Bb 0,46 bc

<9 14 0,59 ABb 0,63 Ab 0,50 BCh 0,47 Cab 0,55b

S 21 0,88 Aa 0,97 Aa 0,78 ABa 0,66 Ba 0,82a
Ortalama (Mean) 0,60 AB 0,64 A 0,49 BC 0,45C

LSD (0,05 0,26

0,44 Ab 0,44 Ab 0,28 ABb 0,19 Bb 0,34c

0,56 Ab 0,56 Ab 0,38 ABb 0,28 Bb 0,45 bc

~ 14 0,63 ABb 0,69 Ab 0,41Bb 0,41 Bb 0,53b

& 21 1,03 ABa 1,09 Aa 0,78 Ba 0,75 Ba 0,91a
Ortalama (Mean) 0,66 A 0,70 A 0,46 B 0,41B

LSD (0,05 0,26

. 0,38 ABc 0,41 Ac 0,27 BCc 0,20 Cc 0,31d

é g 7 0,50 Abc 0,49 ABbc 0,35BChc 0,30 Chc 04lc

Té .g‘ 14 0,55 ABb 0,60 Ab 0,44 BCb 0,39 Cb 0,50b

; § 21 0,90 ABa 0,92 Aa 0,73 BCa 0,67 Ca 0,80 a
E = Ortalama (Mean) 0,58 A 0,60 A 0,45 B 0,39B

LSD (0,05 0,15

“Ayn harfle gosterilen ortalamalar arasinda, istatistiksel olarak bir fark yoktur (LSD testi ve P<0.05 énem seviyesinde). " There is
no statistically significant difference between the averages denoted by the same letter (LSD test and P<0.05 significance level).
Kiigiik harfler, aym siitundaki ortalamalar arasindaki farkliliklar1 gostermektedir (p<0,05). Lowercase letters indicate the
differences between the means in the same column (p<0,05). Biiyiik harfler, aym satirdaki ortalamalar arasindaki farkliliklart
gostermektedir (p<0,05). Capital letters indicate the differences between the means in the same row (p<0,05).

Ge ve ark. (2003) tarafindan yiiriitilmis bir
calismada, farkli azot dozlarinin (0, 22,5 ve 45 kg
N/da) yesilkurdun popiilasyon yogunlugu tizerindeki
etkisi incelenmistir. Caligmada, uygulanan azot
dozu miktarindaki artig ile birlikte zararlinin
popililasyon yogunlugunun da arttig1 belirlenmistir.
Ayrica, zararhmin  popililasyon  degisimleri
bakimindan azot dozlar1 arasindaki farkin, yillara
gore onemli oldugu bildirilmistir.
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Pierce ve ark. (2001) ve Ge ve ark. (2003)
tarafindan yiriitiilmis calismalardan elde edilen
sonuglara benzer bir sekilde, bu ¢aligmada, uygula-
nan azot dozu miktarindaki artig, yesilkurdun
popiilasyon yogunlugu iizerinde 6nemli ve pozitif
yonlii bir etki goOstermistir. Ayrica, g¢aligmanin
yilritildigi  yillar bakimindan azot dozlar
arasindaki farkin istatistiki agidan onemli diizeyde
(p<0,05) oldugu tespit edilmistir.



S. COPUL: PAMUKTA (Gossypium hirsutum L.) FARKLI AZOT DOZLARININ YESILKURT [Helicoverpa
armigera HUBNER (LEPIDOPTERA: NOCTUIDAE)] POPULASYONU UZERINE ETKiLERININ INCELENMESI

SONUC ve ONERILER

Bu c¢alismada, farkli azot dozlarinin (0, 7, 14 ve 21
kg N/da) yesilkurt popiilasyonu iizerindeki etkileri
incelenmigtir. 2015, 2016 ve 2017 yillarina ait
veriler ile ii¢ yillik ortalama veriler bakimimdan
elde edilen yesilkurt larvalarinin ortalama popiilas-
yon yogunlugu degerleri, denemede kullanilan azot
dozlar1 bakimindan incelenmis ve zararlinin en
yliksek popiilasyon yogunlugu degerleri, 21 kg
N/da azot dozunda; en diisiik popiilasyon yogunlugu
degerleri ise 0 kg N/da azot dozunda tespit
edilmistir Azotlu giibrelerin, zararlinin popiilasyon
dinamigi ve yayilmalar1 iizerinde etkili oldugu
calisma sonuglarimizda da tespit edilmistir. Dogru
giibreyi, dogru dozda ve dogru zamanda uygulaya-
bilmek i¢in iiretimin yapilacagi alandaki toprak
oOzelliklerinin bilinmesi gerekmektedir. Calismamizda,
azotlu giibrelerin disinda hangi giibreleri kullana-
cagimiza ve bu giibrelerin uygulanma dozlarina,
ekim Oncesinde yapmis oldugumuz toprak analizi
sonuclarma gore karar verilmistir. Bu nedenle,
dogru ve dengeli bir gilibreleme programinin
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OZ: Calisma ii¢ farkli bicim zamanlarinda farkl ciceklenme zamanina sahip olan yem bezelyesi cesitlerinin kuru madde verim ve
kalitesine etkilerini arastirmak icin 2018 ve 2019 yillarinda Menemen-Izmir kosullarinda (Ege Tarumsal Arastirma Enstitiisii)
yiiriitiilmiistiir. Cegitlerin kuru madde verimleri ge¢ yapilan bi¢im zamanlari ile birlikte artmistir. Ugiincii bicim zamani olan alt
baklalarin doldurma doneminde en yiiksek kuru madde verimi elde edilmistir (1002 kg/da). Cesitler bigim zamanlarina farkl
tepkiler vermistir. Gegci ¢esit Tore ikinci ve tigiincii bicim zamanlarinda ayni verimi verirken (852 ve 845 kg/da), erkenci ¢esit
Livioletta iigiincii bigimde en yiiksek verime sahip olmustur (1159 kg/da). Erkenci cesit, gecci ¢eside oranla geg¢ bicimlerde daha
diisiik lif oranlarina sahip olmugs ve daha kaliteli kuru madde verimi vermigstir. Genel olarak bi¢im zamanlari geciktikce % ADF
ve % NDF oranlart yiikselmistir. Ikinci iiriin tarimi yapilan bolgelerde, erkenci yem bezelyesi gesitlerinin kullaniimast halinde,
pamuk tarimini kisitlamadan daha geg¢ zamanlarda hasat yapilarak kaliteli ve yiiksek verimler alinabilecegi belirlenmistir.

Anahtar kelimeler: Yem bezelyesi, bi¢cim zamani, kuru madde verimi, kalite ozellikleri, ara iirtin.

Effects of Cutting Times on Dry Matter Yield and Quality of Field Pea
(Pisum sativum spp. arvense L.)

ABSTRACT: This study was conducted to determine the effects of different cutting times on dry matter yield and quality
of field pea varieties with different flowering habits under conditions of Menemen-Izmir (Aegean Agricultural Research Institute)
in 2018 and 2019. Dry matter yields increased with late cutting times. The highest dry matter yield (10020 kg/ha) was obtained
with the last cutting time which was the first pods filling time. However, varieties reacted differently to cutting times. While the
late variety had similar yields at the second and third cutting times (8520 and 8450 kg/ha), the early variety had maximum yield
at the third cutting time (11590 kg/ha). In general, ADF and NDF contents increased as cutting times were delayed. But, there
were differences between varieties and the early variety maintained lower fiber ratios and, therefore, had better quality forage
compared to the late variety.The fact that the early field pea variety is used does not restrict cotton growing indeed, better quality
and high yield forage can be produced with late harvest times.

Keywords: Field pea, cutting time, dry matter yield, quality characters, intercrop.
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GIRIS

Ulkemiz hayvanciliginin bircok sorunu olmakla
beraber, bu  sorunlardan en = Onemlisini
hayvanlarimizin potansiyellerine uygun sekilde,
yeteri kadar beslenememesi olusturmaktadir.
Ulkemizde mevcut 17,1 milyon biiyiik bas birimi
(HB) hayvanin gereksinimi olan yaklasik 78,6
milyon ton kaliteli kaba yem yeterli miktarda
saglanamamaktadir. Tarla bitkileri igerisinde
iretilen kaba yem miktar1 16 milyon tondur
(Anonim 2020a, Anonim 2020b). Son yillarda
yem bitkileri ekimine verilen desteklemelerin
artmasina ragmen yem bitkileri iiretimi istenilen
diizeye ulasamadig1 icin kaliteli kaba yem agigi
hala devam etmektedir.

Ulkemizde ve bolgemizde tarla tarimi icerisinde
yem bitkileri alanlarin artirmak icin
kullanilabilecek 6nemli 6lgiide pamuk ve misir ekim
alanlar1 mevcuttur. Ekim sistemi i¢inde bu bitkiler
ile tek yillik baklagillerin kishk ara iiriin olarak
kullanilmas1 miimkiindiir. Yiiksek protein igerigi,
rotasyona uygunlugu, tahillarla karisim olarak
ekilmesi ve uygun zamanda bigilip tarlay1 ana iirline
daha erken birakma elverisliligi nedeniyle son
yillarda yem bezelyesi daha cok tercih edilir
olmustur. Ozellikle bolgemizde de erkenci-orta
erkenci ¢esitlerin kiglhik ara tirlin olarak ekilmesi
iriin ¢esitliligine uygun olmaktadir. Nitekim bazi
arastiricilar da farkli ekolojilere uygun erkenci,
kaliteli, ot ve tohum verimi yiiksek, soguga
dayanikli yem bezelyesi ¢esitlerinin gelistirilmesi
gerektigini belirtmislerdir (Karakdy ve ark, 2016).

Ulkemizde yem bezelyesi, farkli iklim kosullarinda
daha c¢ok kaba yem iiretimi i¢in yetistirilmekte ve
yildan yila yayginlasmaktadir. Yem bezelyesi ekim
alani, 2020 yil itibariyle toplam yem bitkileri ekilis
alaninin (22.240.273 da) ig¢inde %1,09 (243.191
da) payla son yillarda artis gostermektedir (Anonim,
2021).

Yapilan galigmalarda; tam ¢igeklenme déneminde
bicilen yem bezelyesi kuru otunun %20 oraninda
ham protein igerdigi, her tirlii hayvan igin
besleyici oldugu (Agikgoz, 2001; Bilgili, 2009),
tohumunun %15-35 oraninda protein ve yiiksek
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konsantrasyonda temel amino asitleri (lisin ve
triptofan) igerdigi (Elzebroek and Wind, 2008)
belirtilmistir.

Ege bolgesinde yem bezelyesinin kishik ara {iriin
olarak kullanimi son yillarda tesviklerle birlikte
yayginlagsmistir. Soguga dayanikli gecci cesitlerin
pamuk-pamuk arast kishk ara {irlin olarak
kullannmi  hasat zamani acisindan  sikinti
yaratabilmektedir. Calismada bdlge kosullarina
uyumlu erkenci ile gegei yem bezelyesi gesitlerinin
farkli zamanlarda bicilerek verim ve kalite
acisindan degerlendirip kiglik ara iiriinde kaba yem
iiretimine uygunlugu arastirilmistir.

MATERYAL ve METOT

Yurt disinda (Almanya) i1slah edilmis ve tescil
edilmis, iilkemizde de kayit altina alinmis erkenci
Livioletta ve Namik Kemal Universitesi tarafindan
gelistirilen gecci Tore yem bezelyesi cesitleri
denemenin materyalini olusturmustur.

Deneme izmir kosullarinda, Ege Tarimsal Arastirma
Enstitiisii deneme deneme tarlasinda 2017-2018 ve
2018-2019 iiretim sezonunda iki yil siire ile
yiiritilmistiir. Tesadif bloklar1 deneme desenine
gore dort tekrarli kurulan denemede parseller 25
cm sira arast mesafede ve alti siradan olugsmustur.
Parsel biiytikligi 1,5 m x 5 m=7,5 m? dir. Ekim
derinligi 5-6 cm’dir. 100 tohum agirliklar1 esas
alinarak m>ye 80 adet ¢imlenebilir tohum
ekilmistir (A¢ikgoz, 2001; Anonim 2019). Ekimler
ilk yil 02.11.2017, ikinci yil ise 14.11.2018
tarihlerinde  yapilmustir.  Ug  farkli  gelisme
doneminde bigilen parsellerde kenar tesiri olarak
parsel baslarindan 50 cm, kenarlardan birer sira
birakilmigtir. Tabana saf 6 kg azot ve 15 kg/da
fosfor (P,Os) DAP giibresi ile verilmistir.
Parsellerde elle, parsel aralarinda ¢apa makinasiyla
yabanci ot miicadelesi yapilmig, her iki yilda da
ciceklenme Oncesi donemde yagmurlama sulama
yontemiyle bir kez su verilmistir. Deneme tarlasi
Gediz tim1 (typic Ustorthent) toprak yapisindadir
(Anonim, 1971).

Farkli bi¢im zamanlarmin verim ve Kkalite
kriterlerine olan etkisinin arastirildigi ¢aligmada,
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bitkiler ¢igeklenme baslangici (B1), alt baklalardaki
tanelerin iz seklinde (B2) ve alt baklalar tam
doldurma déneminde (B3) oldugunda bi¢ilmistir.

Denemenin yiiriitiildiigi yillara ait iklim verileri
Cizelge 2’de verilmistir (Anonim, 2019).
Yetistirme sezonu boyunca her iki yilda da toplam
yagls miktar1 uzun yillar ortalamasinin iizerinde
gergeklesmistir. Her iki yi1lda da minimum sicaklik
degerleri uzun yillar ortalamasinin iizerinde,
ortalama sicakliklar ise ilk yil uzun yillar
ortalamasinin {iizerinde, ikinci yil ise uzun yillar
ortalamasina yakin olarak gerceklesmistir.

incelenen ozellikler

Parsel hasadindan sonra yas ot agirliklar: tartilmus,
yesil ot i¢inden rast gele alinan 0,5 kg’lik 6rnekler
kurutma dolabinda 48 saat, 65°C’de kurutularak
kuru madde oranlar1 saptanmistir. Kuru madde
oran1 degerlerinden yararlanilarak kuru madde
verimi (kg/da) hesaplanmustir.

Kalite ozellikleri

Kuru madde verimi tayini i¢in alinan kuru madde
ornekleri kalite analizleri i¢in 1 mm’lik elekten
gececek sekilde ogiitiildiikten (Brabender Ohg
Duisburg) sonra oOrneklerde kalite analizleri
yapilmuistir.

Kuru madde oOrneklerinde azot miktari Dumas
yontemi  ile  (RapidN  Cube, Elementar
Analysensysteme GmbH, Germany) belirlenmistir.
Belirlenen azot degerleri 6,25 doniisiim katsayisi ile
carpilarak s6z konusu ot drnegindeki % ham protein
degerleri saptanmustir. Bitki hiicre duvarmdaki
seliiloz ve lignin miktarin1 % ADF (Acid Detergent
Fiber/Asit Deterjanda Coziinmeyen Lif), seliiloz,
hemiseliilloz ve lignin miktarmi1 % NDF (Neutral
Detergent Fiber/Notr Deterjanda Coziinmeyen Lif)
ifade eden degerler Van Soest ve ark. (1991)
tarafindan belirtilen esaslara gére ANKOM lif
analiz cihazi (Fiber analizer) ile belirlenmistir.

Cizelge 1. Yem bezelyesi ¢esitlerinin bigim tarihleri (2018-2019).

Table 1. Cutting times of field pea cultivars (2018-2019).

Cesitler Bi¢im zamanlart (2018) Bi¢im zamanlar1 (2019)

Cultivars Cutting times (2018) Cutting times (2019)

Bigim Bl B2 B3 Bl B2 B3
zamanlari

Livioletta 12 Mart (March) 11 Nisan (April) 25 Nisan (April) 20 Mart (March) 1 Nisan (April) 13 Mayis (May)
Tore 11 Nisan (April) 25 Nisan (April) 9 Mayis (May) 3 Mayis (May) 13 Mayis (May) 27 Mayis (May)

B1: Cigeklenme baglangici , B2: Alt baklalardaki tanelerin iz seklinde B3: Alt baklalar tam doldurma déneminde
B1: first flowering, B2: traces of grains in the lower pods, B3: full filling in the lower pods.

Cizelge 2. Menemen lgesi iklim verileri 2017-2019.
Table 2. Meteorological data of Menemen district 2017-2019.

Toplam Yagss (kg/m?) Ortalama sicaklik (°C) Maksimum sicaklik (°C) Minimum sicaklik (°C)
Total Precipitation Average temperature Maximum temperature Minimum temperature
Aylar 2017- 2018- Uzun  2017- 2018- Uzun 2017- 2018- Uzun 2017- 2018- Uzun
18 19 Yillar 18 19 Yillar 18 19 Yillar 18 19 Yillar
Ort. Ort. Ort. Ort.
(LT™M) (LTM) (LTM) (LTM)
Ekim 72,4 4 38,8 17,5 18,6 17,5 18,6 28,4 38,5 8,6 3 1,9
Kasim 52,2 98,6 73,9 12,5 14,5 13,0 23,2 28,3 30,7 2,4 5,5 -1,4
Aralik 102,8 105 104,0 11,1 7,7 9,6 20,9 18,5 24,8 1,6 0,1 -4,1
Ocak 113,8  310,2 98,0 8,2 8,2 7.8 17,2 17,2 22,4 -0,2 2,1 -7,1
Subat 140 105 73,9 11,3 9,3 9,0 19,4 19,7 26,0 3,7 1,9 -5,0
Mart 36,8 33,6 62,3 14,7 12,3 11,2 23,4 21,9 31,1 2,7 1,5 -3,9
Nisan 3,8 57,6 41,2 18,3 15,1 15,1 34,2 28,4 33,5 7,7 4,5 -0,8
May1s 16 3,6 27,3 23,1 20,5 20,1 35,7 35,6 39,6 8,6 8,8 34
Toplam 5378 7176 5194

e Long term mean
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Sindirilebilir kuru madde miktari, kuru madde
tiketimi nisbi yem degerleri %ADF ve %NDF
degerlerinden yararlanilarak Sheaffer et al.
(1995)’e gore elde edilmistir.

% KMT (Kuru Madde Tiiketimi) = 120 / % NDF

% SKM (Sindirilebilir Kuru Madde Miktar1) =
88.9 - (0.779 x % ADF)

NYD (Nispi Yem Degeri) = (% SKM) x (% KMT)
/1,29

Arastirmada Elde Edilen Verilerin Degerlendiril-
mesi: Iki cesit, 3 bicim zamam 4 tekrarlamali
olarak tesadiif bloklarinda iki faktorlii faktoriyel
deneme desenine gore 2 yil yiiriitilen denemenin,
tarla ve laboratuvar analizinden elde edilen
verilerin JMP 13 istatistik paket programi
kullanilarak, yil birlestirmesi {izerinde varyans
analizleri yapilmistir (Steel ve Torrie, 1980;
Yurtsever, 1984, Kalayci, 2005).

BULGULAR ve TARTISMA
Yesil ot verimi (kg/da)

Yesil ot verimleri agisindan, yillar iizerinden
birlestirilmis varyans analizine gore bigim zamani,
yil, genotip X bi¢im zamani, genotip x yil
interaksiyonu, yil x bigim zamani X genotip

Cizelge 3. Yem bezelyesi gesitlerinin yesil ot verimleri (kg/da).

Table 3. Green herbage yields of field pea cultivars (kg/da).

interaksiyonu istatistik olarak Onemli, genotip ve
yil x bi¢cim zamani interaksiyonu ise Onemsiz
bulunmustur. En yiiksek yesil ot verimi, alt
baklalardaki tanelerin iz seklinde oldugu (B2)
ikinci bi¢cim zamanindan elde edilmistir. Yillarin
ortalamas1 degerlendirildiginde ilk yil yapilan
bicimlerin yesil ot verimleri ikinci yildan daha
yiksek bulunmustur. Genotip x yil interaksiyonunda
Livioletta ¢esidi ilk yil daha yiiksek yesil ot verimi
degerine sahip olmustur. Yil x bigim zamani x
genotip interaksiyonunda en yiiksek verim (5133
kg/da) ilk y1l Liviolettta ¢esidinin alt baklalardaki
tanelerin iz seklinde oldugu (B2) ikinci bigim
zamanindan elde edilirken, en diisiikk verim (2262
kg/da) ikinci yil Livioletta c¢esidinin ¢iceklenme
baglangici (B1), birinci bigim zamanindan alinmustir.
Livioletta ¢esidine gore daha geggi olan Tore
¢esidinin yesil ot veriminin her iki yilda da alt
baklalar tam tane doldurma doneminde (B3)
bicildiginde ¢ok fazla diistiigii goriilmektedir
(Cizelge 3). Ulkemizin farkli bolgelerinde yem
bezelyesi gesitleri ile yapilan ¢aligmalarda da iklim
faktorlerinin yesil ot verimine dogrudan etkisi
oldugu ve verim degerlerinde genis bir varyasyon
gergeklestigi belirtilmigtir (Geren ve Alan, 2012;
Cankaya ve ark., 2015; Ates ve Tekeli, 2017,
Temel ve ark., 2022).

Cesitler/Cultivars

o o Tore Livioletta Genel ort.
Bigim zaman: / Cutting time 2018 2019 Ort/mean 2018 2019 Ort/mean Gen. mean
Bl 4583 ab 3897 b 42400 2873 ¢ 2262 ¢ 2567 ¢ 3404 B
B2 4436 b 5048 a 4742 a 5133 a 4017 b 4575 ab 4659 A
B3 2973 ¢ 2520 ¢ 2746¢ 4690ab  4182b 4436 ab 3591 B
Genotip / Genotype OD 3910 3859
Bi¢im Zamani / Cutting time *x
Y1l / Year ¥ 4115a 3654 b
Genotip x Bigim Zamani
Genotype x Cutting time ok
Genotip x Y1l
Genotype x Year * 3997 ab 3822 be 4232 a 3487 ¢
Y1l x Bi¢cim Zamani x Genotip
Year x Cutting time x
Genotype *ok

Bigim zamani / Cutting time:308,8; Yil/ Year: 252,1 Genotip x Bigim zaman1 /Gentoype x Cutting time: 436,6;

LSD (0,05):

Genotip x Y1l/ Genotype x Year:356,6 Yil x Bigim Zamani x Genotip / Year x Cutting time x Genotype:617,7

CV (%)

11,02

OD: 6nemli degil / not significant.
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Kuru madde verimi (kg/da)

Kuru madde verimleri agisindan, yillar {izerinden
birlestirilmis varyans analizine gore, bigim zamani,
yil, genotip x bicim zamam interaksiyonlar
istatistiki olarak dnemli bulunmustur. Genotip, yil
x genotip interaksiyonu ve yil x bigim zamam x
genotip interaksiyonu ise Onemsiz bulunmustur
(Cizelge 4). Alt baklalarin tam doldurma dénemi
(B3) olan ii¢iincii bigim zamani ilk verim grubunu
olusturmustur. Alt baklalardaki tanelerin iz sekli
(B2) olan ikinci big¢im zamani ikinci verim
grubunu, ¢iceklenme baglangici (B1), birinci bigim
zamani da son verim grubunu olusturmustur. {1k y1l
daha yiiksek kuru madde verimi elde edilmistir.
Genotip x bigim zamam interaksiyonunda, Tore
cesidi en yiksek wverimi ikinci ve Tlglincl
bigimlerde verirken Liviolette ¢esidi ise en yiiksek
verimi ii¢iincii bi¢imde elde etmistir.

Yillar arasindaki kuru madde veriminin farkli olmast
iklim kosullarindan kaynaklanabilmektedir (Tekeli ve
Ates, 2003; Acikgdz ve ark., 2009; Tiirk ve ark.,
2011; Tan ve ark., 2013). Ortalama sicakliklar ilk yil,
ozellikle bicimlerin yapildig1 aylarda, ikinci yila ve
uzun yillar ortalamasina gore daha yiiksek
gerceklesmistir (Anonim, 2019). ilerleyen bigim
zamanlari ile genellikle kuru madde veriminde artig
belirlenmistir. Bu artig bitki gelisimi ile beraber kuru
madde birikiminin ve aym zamanda kuru madde
yiizdesinin yliksek olmasina baglanabilmektedir.
Ayni egilim ve kuru madde verimleri Asik ve Uzun
(2006) ve Uzun ve ark. (2012) ¢aligmalarinda da elde
edilmistir. Genotip X bicim zamani
interaksiyonlarmda Livioletta ¢esidinin bigim zamani
geciktikce kuru madde verimindeki artig, erkenci
olmast nedeni ile ilerleyen bigimlerde bakla
olugturmasi ve tanelerin hizla dolmasindan kaynak-
lanmaktadir. Tore gesidi ise diger ¢eside gore gok
daha gegci olmasi nedeni ile bakla olusturmasinin
gecikmesi ve denemenin yapildigi yerde Akdeniz
iklim kosullarmm hakim olmasi, vejetasyonun
ilerleyen zamanlarinda meydana gelen yiiksek
sicakliklar (Cizelge 2) nedeni ile baklanin tane
doldurma hiz1 ¢ok diisiik kalmis ve yeteri kadar bakla
dolduramamigtir (McPhee, 2003; Konuk ve Tamkog,
2018, Yerlikaya ve Uzun 2022).

Kalite ozellikleri
Ham protein oram (%)

Ham protein oranlar1 (%) agisindan yillar iizerinden
birlestirilmis varyans analizine gére protein orani,
bi¢im zamami, yil, genotip X bi¢im zamani
interaksiyonu, genotip x yil interaksiyonu istatistiki
olarak 6dnemli bulunmustur. Genotip ve yil x bigim
zamani X genotip 6nemli bulunmamustir (Cizelge 5).
En yiiksek protein orani birinci bigim zamanmda
elde edilmigtir. Onu sirast ile ikinci ve ti¢iincii bigim
zamanlar1 takip etmistir. ilk yil daha yiiksek protein
orani tespit edilmistir. Genotip X bigim zamani
interaksiyonunda Livioletetta ¢esidi istatistiki olarak
en yiiksek protein yiizdesi birinci bi¢im zamaninda
elde ederken, Tore ¢esidi ise birinci ve ikinci
bicimlerde en yiiksek protein oranina sahip
olmustur. Bi¢im zamanlart arttikca protein
oranlarinin diigsmesi, ilerleyen vejetatif donemde
kuru madde yiizdesinin artmasi, protein yiizdesi en
yiiksek olan yaprak oraninin diger bitki organlarina
oraninin diismesine baglanabilir. Ayn1 egilim Uzun
ve ark. (2012)’1in ¢alismasinda da elde edilmistir.
Protein oranlar1  diger c¢aligmalarla uyumlu
bulunmustur (Ay ve ark., 2017; Yavuz, 2017).

Genotip x bigim zamamn interaksiyonunda Livioletta
¢esidinin  birinci  bigim zamaninda en yiiksek,
lclincli bigim zamaninda ise en diisiik protein
oranina sahip olmasi erkenci bir ¢esit oldugu icin
erken ¢igek agmasi ve kuru madde yiizdesinin diisiik
olmasindan kaynaklanmaktadir. Ilerleyen gelisme
donemindeki bigimde gdsterdigi diisiik protein orani
ise, ilerleyen donemde bakla olusturmasi erken
bakla doldurmasi ile protein olusumunun heniiz
tanelerde tam meydana gelmemesine ve yaprak
oraninin diger organlarma gore daha diisiik
seviyelerde kalmasmna baglanabilmektedir. Tore
¢esidi ise yine birinci bicimde en yiiksek protein
oranina sahip olmus ancak ikinci verim grubunda
yer almigtir. Bunun nedeni genel olarak gegci
cesitlerin kuru madde yiizdelerinin daha yiiksek
oranlarda bulunmasi ve yem Xkalitelerinin erkenci
cesitlere gore daha diigsik olmast ile ilgili
olabilmektedir. En geg hasatta bile diger ¢eside gore
daha yiiksek ham protein oranina sahip olmasi gegci
¢esit olmasi nedeni ile uzayan ¢igeklenme siiresine
baglanabilir (Alatiirk ve ark., 2021).
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Cizelge 4. Yem bezelyesi ¢esitlerinin kuru madde verimleri (kg/da).

Table 4. Dry matter yields of field pea cultivars (kg/da).

Cesitler/Cultivars

. .. Genel ort.

Genotipler / Genotypes Tore Livioletta Gen.mean
2018 2019 Ort./mean 2018 2019 Ort./mean

Bl 623 624 623 ¢ 342 333 338d 480 C
B2 887 818 852b 909 722 816 b 834B
B3 989 701 845b 1218 1100 1159 a 1002 A
Genotip / Genotype OD 773 771
Bi¢cim Zamani / Cutting time =~ **
Yil/ Year *x 828 a 716 b
Genotip x Bigim Zamani
Genotype x Cutting time ok
Y1l x Genotip/
Year x Genotype OD
Y1l x Bi¢cim Zamani x Genotip
Yearx Cutting time x
Genotype OD

Bi¢im zamani / Cutting time 76,7; Y1l / Year: 62,6; Genotip x Bigim Zamani /Genotype x Cutting time: 108,5;

LSD (0,05): Y1l x Bigcim Zamani / Year x Cutting time: 108,6

CV (%) 13,79
Cizelge 5. Yem bezelyesi cesitlerinin ham protein oranlari (%).
Table 5. Crude protein rates of field pea cultivars (%).
Cesitler/Cultivars
Bicim zamant / Cutting time Tore Livioletta Genel ort.
2018 2019 Ort./mean 2018 2019 Ort./mean Gen.mean
B1 24,2 20,8 22,5b 26,5 243 254 a 239 A
B2 23,7 20,1 219b 20,5 20,7 20,6 ¢ 212 B
B3 21,2 21,4 19,8 ¢ 16,5 16,7 16,6 d 18,1 C
Genotip / Genotype OD 21,3 20,8
Bigim Zamany/Cutting time K
Yil/ Year *k 22.1a 20,2 b
Genotip x Bi¢im Zamani/
Genotype x Cutting time *k
Genotip x Y1l
Genotype x Year *k 23,1a 198 ¢ 21,1b 20,6 be
Y1l x Bigim Zaman1 x Genotip/
Year x Cutting time x Genotype  OD

Bi¢im zamani / Cutting time 0,81; Y1l / Year:0,67; Genotip x Bi¢im Zamani /Genotype x Cutting time: 1,16;

LSD (0,05): Y1l x Genotip/ Year x Genotype:0,83

CV (%)

5,44

ADF oranlar (%)

ADF oranlart (%) acisindan, yillar {izerinden
birlestirilmis varyans analizine gore, genotip,
bicim zamani, genotip X bigcim zaman istatistiki
olarak o6nemli bulunmustur. Yil, genotip x yil
interaksiyonu, yil x bi¢cim zamani X genotip
interaksiyonu ise Onemsiz bulunmustur. Tore
¢esidi daha yiiksek % ADF oranina sahip olmustur.
En yiiksek % ADF oram ikinci (B2)ve iiciincii
bicimde (B3) elde edilirken aymi zamanda ilk
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grubu olusturmuslardir. Birinci bigim zamani (B1)
ise en diisiik ADF orani ile son grupta yer almistir
(Cizelge 6). Bicim geciktik¢e kuru madde birikimi
ve yiizdesi yiikselmektedir. Buna bagli olarak da
hiicrede ADF oran1 yiikselmektedir. Ancak son iki
bicim arasinda ¢ok biiyiik farklilik yoktur ve ayni
verim grubunda yer almasi tiire ait kalite 6zelligi
olabilir. Yem bezelyesi diger bazi baklagil
tiirlerine gore gelisim boyunca daha kaliteli kaba
yem iiretebilmektedir (Oztiirk ve Aydimn, 2009).
Tore ¢esidinin daha yiiksek ADF oranma sahip
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olmasi ¢esidin gecci olmasina bagl olarak bigim
geciktikce bitki hiicrelerinde daha fazla lif
birikmesi ile izah edilebilir. Livioletta ¢esidi buna
benzer bir egilim gostermesine ragmen igiincil
bi¢im zamaninda alman ADF orani ikinci bi¢imde
elde edilen oran ile birbirine ¢ok yakin ve aym
grupta yer almistir. Erkenci bir ¢esit oldugu i¢in
birinci bigimde diisiik ADF oranina sahip olmasi,
beklenen bir durum olmasina ragmen iiglincii
bicimde diisiik orana sahip olmasi bakla ve
tanelerin yem kalitesine olumlu etki yapmasina
baglanabilir. Tore c¢esidinin ligiincii bicimde en
yiksek ADF oranina sahip olmasi bitkide Ilif
birikmesine ve bunu telafi edecek diizeyde
baklanin tane doldurmamasi ile ilgili olabilir.
Genotiplere bagli olarak farkli ADF oranlarina
sahip olunmasi durumu yapilan birka¢ calismada
goriilmiigtir (Uzun ve ark., 2012; Yavuz, 2017;
Cacan ve ark., 2019).

NDF oranlari (%)

NDF oranlar1 (%) agisindan, yillar {izerinden
birlestirilmis varyans analizine gére NDF oraninda
genotip, bigim zamani, genotip x bi¢im zamani
interaksiyonu istatistiki olarak énemli bulunmugtur
(Cizelge 7). Y1l, genotip x yil interaksiyonu, yil x

Cizelge 6. Yem bezelyesi cesitlerinin ADF oranlart (%).
Table 6. ADF rates of field pea cultivars (%).

bicim zamani x genotip interaksiyonu Onemsiz
bulunmustur. Ugiincii bicim zamam en yiiksek
NDF orani ile ilk grupta yer alirken, birinci bigim
zamani son verim grubunda, ikinci bigim zamani
ikinci verim grubunda yer almistir. Tore ¢esidinin
en yiiksek NDF orani alt baklalarin tam doldugu
(B3) donemde bigildiginde elde edilmistir. Tore
¢esidinin daha yiiksek NDF oranina sahip olmasi
cesidin gecci olmasi ve buna bagli olarak bigim
geciktikce bitki hiicrelerinde daha fazla lif
birikmesi ile izah edilebilmektedir. Livioletta
cesidi buna benzer bir egilim gostermesine ragmen
iiclincii bi¢im zamaninda alinan NDF orani, ikinci
bicimde elde edilen oran ile birbirine ¢ok yakin ve
ayn1 verim grubunda yer almistir. Erkenci bir cesit
oldugu i¢in birinci bi¢cimde diisik NDF oranina
sahip olmasi beklenen bir durum olmasina ragmen
ticlincii bicimde diisiik orana sahip olmasi bakla ve
tanelerin yem kalitesine olumlu etki yapmasina
baglanabilmektedir. Tore ¢esidi liglincii bicimde en
yiiksek NDF orani sahip olmas1 bitkide lif birik-
mesine ve bunu telafi edecek diizeyde baklanin
tane doldurmamasi ile aciklanabilmektedir.
Genotiplere bagli olarak farkli NDF oranlarina
sahip olunmasi diger arastiricilarin galigmalarinda
da belirtilmistir (Uzun ve ark., 2012; Cagan ve
ark., 2019; Temel ve ark., 2022).

Cesitler/Cultivars

. Tore Livioletta Genel ort.
Genotipler / Genotypes 2018 2019 Ort/mean 2018 2019 Ort/mean Gen.mean
B1 29,9 29,8 29,8 b 28,3 23,9 26,1d 279 B
B2 30,9 30,4 30,7b 28,4 27,9 28,1¢c 29,4 A
B3 35,2 35,8 355a 24,8 24,9 24,8 d 30,2 A
Genotip / Genotype *ok 32,0a 26,40
Bigim Zamany/Cutting time Hx
Y1l / Year OD
Genotip x Bi¢im Zamani/
Genotype x Cutting time ok
Genotip x Y1l
Genotype x Year OD
Y1l x Bigim Zaman1 x Genotip/
Year x Cutting time x Genotype 0D

Genotip/ Genotype: 0,95; Bi¢im zamani / Cutting time: 1,18; Genotip x Bi¢im zamani/ Genotype x Cutting

LSD (0,05): time:1,67

CV (%)

5,48
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Cizelge 7. Yem bezelyesi cesitlerinin NDF oranlari (%).
Table 7. NDF rates of field pea cultivars (%).

Cesitler/Cultivars

o o Tore Livioletta Genel ort.
Bigim zamani / Cutting time 2018 2019 Ort/mean 2018 2019 Ort/mean Gen.mean
B1 34,6 36,2 354c¢ 32,1 30,1 31,1d 332C
B2 37,4 36,8 37,1b 33,5 34,2 339¢ 35,5B
B3 41,9 42,8 42,4 a 33,5 34,8 342 ¢ 383 A
Genotip / Genotype w* 383 a 33,0b
Bi¢im Zamani/Cutting time *x
Y1l / Year OD
Genotip x Bigim Zamant/
Genotype x Cutting time ok
Genotip x Y1l )
Genotype x Year OD
Y1l x Bigim Zamani x Genotip/ )
Year x Cutting time x Genotype ~ OD

Genotip/ Genotype: 0,93; Bi¢im zamani / Cutting time: 1,14; Genotip x Bigim zamani1 /Genotype x Cutting

LSD (0,05): time: 1,63

CV (%)

4,62

Sindirilebilir kuru madde oranlari (%)

Sindirilebilir kuru madde oranlar (%) agisindan,
yillar {izerinden birlestirilmis varyans analizine
gbre genotip, bi¢im zamani ve genotip X bigim
zamani interaksiyonu istatistiki olarak O6nemli
bulunmustur (Cizelge 8). Yil, genotip x yil
interaksiyonu, yil x bi¢cim zamani X genotip
interaksiyonu Onemsiz bulunmustur. Livioletta
¢esidi daha yiiksek sindirilebilir kuru madde
oranina sahip olmustur. Bi¢im zamanlar1 agisindan
birinci bigim zamani ilk grubu, ikinci bigim zamant
ikinci grubu, ii¢lincli bigim zamani ise son verim
grubunda yer almistir. Genotip x bigim zamani
interaksiyonunda, Livioletta ¢esidi en yiiksek
SKM’yi birinci bigim zamaninda elde ederken,
ikinci ve ti¢ilincii bigim zamanlarinda ayni oranlarla
ikinci verim grupta, Tore cesidi birinci bigimden
sonra daha diisiik sindirilebilir kuru madde
degerlerine sahip olmustur. Sindirilebilir kuru
madde ylizdesinin bicimlerin ge¢ yapilmasi ile
birlikte diismesi ayni sekilde daha yiiksek ADF ve
NDF oranlan ile izah edilebilir. Artan lif oranlar
sindirilebilirligi distirmiistiir. Livioletta ¢esidinin
daha yiiksek sindirilebilir kuru madde yiizdesi
vermesi ayni sekilde daha diisik ADF ve NDF
oranlarina sahip olmasi ve dolayisiyla daha diisiik
miktarlarda lif vermesi ile ilgilidir. Bigim zaman1 x
genotip interaksiyonunda Livioletta c¢esidi en
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yiiksek SKM oranmi birinci bigimde vermis diger
bicimlerde de ayn1 SKM oranimi elde etmesi daha
az life sahip olmasi ile agiklanabilir. Tore g¢esidi
her bigimde daha diisiik SKM orani vermesi bu
bicimlerde aldig1 daha yiiksek ADF oranlar ile
izah edilebilir.

Nisbi yem degerleri

Nisbi yem degerleri agisindan, yillar {izerinden
birlestirilmig varyans analizine gore genotip, bi¢im
zamani ve genotip X bi¢im zamani interaksiyonu

istatistiki olarak Onemli bulunmustur. Yil ve
genotip x yil interaksiyonu ise Onemsiz
bulunmustur. Livioletta c¢esidi Onemli oranda

yiiksek nispi yem degerine sahip olmustur. Birinci
bicim zamani diger iki bigim zamanindan daha
yuksek nispi yem degeri vererek ilk verim grubunu
olusturmustur. Diger bigim zamanlari ikinci verim
grubunda yer almistir. Livioletta ¢esidi en yiiksek
degerleri birinci ve li¢lincii bigim zamaninda almig
ve ilk verim grubunu olusturmustur. Tore ¢esidi ise
iiclincii bigimde en diisiik degeri vermis ve son
verim grubunda yer almistir. Genotip x bigim
zamani X y1l interaksiyonunda en ytiksek nispi yem
degeri ilk yil Livioletta ¢esidi biitiin bigimlerde ilk
verim grubunda yer alirken, ikinci yil ikinci ve
iiciincli  bicimlerde alt verim gruplarinda yer
almistir (Cizelge 9).
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Genel olarak olduk¢a yiiksek NYD sahip
olunmustur. Tiire ait olan bu 6zellik ilk bigim
zamaninda en yiiksek seviyesine ¢ikmasi bitkinin
gelisim devresi ile ilgilidir. Livioletta g¢esidinin
birinci ve ii¢lincii bigimlerde sahip oldugu yiiksek
NYD, lif oraninin diigiik olmas1 nedeni ile kaliteyi
artirmaktadir. Tore cesidi ise bicimler ilerledikce

Ancak Tore gesidinin nisbi yem degeri tUgiincii
bigim hari¢ gayet yiiksek oldugu goriilmektedir.
Bu durum tiire ait daha az lif oranlarina sahip
olmasi ile agiklanabilecek bir 6zellik oldugu
anlagilmaktadir. Nitekim sonu¢larimiz ~ farkh
caligmalardaki yem bezelyesi c¢esitlerinin nisbi
yem degerleri ile paralellik gdstermektedir (Yavuz,

artan lif oranlari ile daha diisilk NYD elde etmistir. 2017, Temel ve ark., 2022).
Cizelge 8. Yem bezelyesi ¢esitlerinin Sindirilebilir kuru madde oranlar1 (%).
Table 8. Rates of digestible dry matter of field pea cultivars (%).
Cesitler/Cultivars
Bigim zamani / Cutting time Tore Livioletta Genel ort.
2018 2019 Ort./mean 2018 2019 Ort./mean Gen.mean
Bl 61,9 60,6 61,3b 63,8 65,4 64,6 a 629 A
B2 59,7 60,2 599¢ 62,7 62,2 62,5b 61,2B
B3 56,2 55,5 55,8d 62,7 61,7 62,2 b 59,0 C
Genotip / Genotype o 59,0 b 63,1a
Bi¢im Zamany/Cutting time *E
Yil/ Year OD 61,2 60,9
Genotip x Bi¢im Zamani/
Genotype x Cutting time ok
Genotip x Y1l
Genotype x Year OD
Y1l x Bigim Zamani x Genotip/
Year x Cutting time x
Genotype OD
Genotip / Genotype: 0,75; Bigim zamani /Cutting time: 0,91; Genotip x Bicim zamani / Gentoype x Cutting
LSD (0,05): time: 1,30
CV (%) 2,09
Cizelge 9. Yem bezelyesi ¢esitlerinin nisbi yem degerleri.
Table 9. Relative feed values of field pea cultivars.
Cesitler/Cultivars
Genotipler / Genotypes Tore Livioletta Genel ort.
2018 2019 Ort./mean 2018 2019 Ort./mean Gen.mean
Bl 193,15bc 189,96 de  191,55¢ 210,99 ab  255,08a 233,03 a 212,29 A
B2 180,62 ¢ 184,45¢ 182,53 ¢ 207,79 ac  208,09d 207,94 b 195,24 B
B3 148,98 d 144,44 f 146,71 d 235,69a 231,31bc 233,50a 190,11 B
Genotip / Genotype w 173,59 b 224,82 a
Bigim Zamany/Cutting time *x
Y1l / Year OD
Genotip x Bi¢im Zamani/
Genotype x Cutting time *ok
Genotip x Y1l
Genotype x Year OD
Y1l x Bigim Zaman1 x Genotip/
Year x Cutting time x
Genotype *

Genotip/genotype: 8,81, ; Bi¢im zamani / Cutting time:10,79; Genotip x bigim zamani /Genotype x Cutting

LSD (0,05):

time: 15,25; Y1l x Bigim zamani x Genotip/Year x Cutting time.x Genotype:21,58

CV (%)

7,51
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SONUC

Yem bezelyesi kaliteli kaba yem {iretiminde
onemli tek yillik baklagil yem bitkisidir. Soguga
dayanimi nedeni ile {ilkemizde her iklim
kosullarinda yetistirilebilmektedir. Bu nedenle,
gelistirilen ¢esitlerin hemen hemen hepsi gegci
cesitlerdir. Ulkemizin sahil kesiminde ve pamuk
tarim1 yapilan bolgelerde kishk ara {iriin olarak
kullanilabilecek erkenci- orta erkenci yem
bezelyesi ¢esitlerinin kullanilmasina ihtiyag vardir.
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O0Z: Bu ¢alisma 2013-2015 yilarinda, Ege Bélgesi'nde Canakkale, Denizli, Izmir ve Manisa illerinde baglarda
fitoplazma hastalik etmenleri Candidatus Phytoplasma vitis (Flavescence doree (FD)) ve Candidatus Phytoplasma solani (Bois
noir (BN)) molekiiler yontemlerle belirlemek amaciyla gerceklestivilmistir. Calisma alanini kapsayan 4 ilin, 13 ilcesindeki 119
bagda Eyliil-Kasim aylarinda tesadiifi 6rnekleme yontemine gore siirveyler gerceklestirilmistir. Survey alaninda gelisme geriligi,
yvapraklarda renk degisikligi, kizarma, sararma, ice ve asagi dogru yaprak kivrilmasi, diizensiz olgunlasma belirtileri gosteren
toplam 194 asmanin yillik siirgiinlerinden yaprak ve siirgiin ornekleri alinmistir. Hastalik etmenlerinin tanilanmasi molekiiler
yontemler kullanilarak yapinmigtir. Multiplex nested PCR ydntemiyle yapilan tanilamada 22 adet drnek FD 'nin yer aldigi 16 Sr V
grubu, 14 ornek ise BN'nin bulundugu 16 Sr XII grubu igin porzitif reaksiyon vermistir. Yapilan c¢ift yonlii DNA sekans
analizinden elde edilen verilerin NCBI-BLAST analizine gore 16 Sr V grubuna ait oldugu belirlenen 22 adet izolat gen
bankasinda kayitl Candidatus Phytoplasma vitis izolatlar: ile % 97'nin altinda benzerlik gosterdiginden tiir diizeyinde bu
etmenin varligi dogrulanmamistir. Ote yandan, 16 Sr XII grubunda yer alan 14 adet izolatin 2 adedi gen bankasinda kayith
Candidatus Phytoplasma solani (BN) izolatlar1 (Acc. No. JQ977744.1) ile % 99 benzerlikte saptanmis ve bu izolatlar
Candidatus Phytoplasma solani olarak tamimlanmistir. Soz konusu 2 izolat Denizli ili Bekilli ilcesinden alinan érneklerdir.
Vektor béceklerin saptanabilmesi amaciyla, hastalik etmenlerinin tespit edildigi bitkilerde goriilen Hemiptera takimina ait
bécekler toplanmistir. Teshis sonucunda ¢alismada elde edilen tiirlerin fitoplazma hastaliginin vektorii oldugu bilinen tiirlerden
farkly oldugu belirlenmigtir. Ege Bolgesi bag alanlarinda BN saptanmasina ragmen yayilmasinda etkili olan vektor boceklerin bu
alanlarda bulunmadigr ortaya koyulmugtur.

Anahtar kelimeler: Fitoplazma hastaliklar, asma, siirvey, molekiiler metotlar, Hemiptera.
Determination of Grapevine Phytoplasma Diseases and Possible Vectors in the Aegean Region

ABSTRACT: This study was conducted to use molecular methods to determine the phytoplasmas Candidatus
Phytoplasma vitis (Flavescence doree (FD)) and Candidatus Phytoplasma solani (Bois noir (BN)) in vineyards of Canakkale,
Denizli, Izmir and Manisa provinces in the Aegean Region between 2013-2015. In these locations, surveys with random
sampling were carried out between September and November. In the areas surveyed, vine stocks exhibiting typical symptoms
such as: irregularly or stunted developing vines, colour change and downward curling of leaves, turning red, turning pale, etc.
were sampled and leaf and sucker samples were taken from yearly suckers. Totally 119 vineyards were surveyed in 13 districts of
Denizli, Manisa, Izmir and Canakkale and samples were collected from 194 vines. Molecular techniques were used to identify
phytoplasma and its presence. In the multiplex nested PCR tests 22 samples gave positive reactions for 16 Sr V group including
FD, however 14 samples gave positive reactions for 16 Sr XII group in which BN is involved. The presence of the FD was not
confirmed because NCBI-BLAST analysis of the double-stranded DNA sequencing data of 22 strains belonging to 16 Sr V

264



S. ERILMEZ, A. KAYA, N. USTUN, N. GUVEN, F. O. ALTINDISLI, F. OZSEMERCi: EGE BOLGESI BAG
ALANLARINDA FITOPLAZMA HASTALIKLARININ VE OLASI VEKTOR BOCEK TURLERININ BELIRLENMESI

group showed 97% similarity with Candidatus Phytoplasma vitis strains found in GenBank. On the other hand, 2 out of 14
strains from 16 Sr XII group indicated 99% similarity with Candidatus Phytoplasma solani (BN) strain (Acc. No. JO977744.1)
in GenBank and these strains were identified as Candidatus Phytoplasma solani. These two isolate samples were taken from
Bekilli District, Denizli Province. Insects belonging to Hemiptera Order were collected from infected grapevines in order to
detect the presence of vector species. As a result of morphological identification, it was revealed that collected specimen are
different from species known as vectors of BN. Despite the presence of BN in the Aegean Region, vector insects that spread the

disease have not been found.

Keywords: Phytoplasma diseases, grapevine, survey, molecular methods, Hemiptera.

GIRIS

Bagcilik, Tiirkiye ekonomisinde ayri dneme sahip
bir tarimsal faaliyettir. Diinyada bagcilik i¢in en
elverisli iklim kusaginda yer alan iilkemiz, ¢ok eski
bir bagecilik kiiltliriine de sahiptir. Arkeolojik
bulgulara gore, asma tiirliniin ilk olarak Kafkasya
ve Anadolu’da kiiltiire alindig1 ve zamanla buradan
diinyanin hemen her yerine dagildigi kabul
edilmektedir.

Diinya iilkeleri arasinda, bag alam1 yoniinden
Tiirkiye; Ispanya, Fransa, Italya ve Cin’den sonra
S.sirada (467 bin ha), yas iiziim iiretimi yoniinden
ise Cin, Italya, A.B.D., Fransa ve Ispanya’nin
ardindan: 6. (yaklagik 3,9 milyon ton) siradadir.
Toplam {iziim {iretimimiz igerisinde sofralik
lziimiin payt %52,70 (2.218.056 ton) iken,
kurutmalik tiziim %36,46 (1.534.499 ton), saraplik
izim ise 9%10,84’liik (456.353 ton) bir paya
sahiptir (Anonymous, 2020). Bdlgeler itibar1 ile
iretimimiz  incelendiginde Ege Bodlgesi'nde
cekirdeksiz kuru iiziim, Akdeniz Bolgesi’nde ilk
turfanda sofralik iizlim, Marmara Bolgesi’nde
sofralik ve saraplik iiziim, I¢ Anadolu ve
Gilineydogu Anadolu Bolgeleri’nde ise saraplik,
siralik, sofralik, c¢ekirdekli kurutmalik {iziim
yetistiriciliginin gelisme gosterdigi goriilmektedir.
Tiirkiye iiziim iiretimi TUIK 2019 verilerine gore
iiretimin  %38’1 Manisa, %I11°’1 Denizli, %8’i
Mersin, %4’i Izmir, %3’erlik kismi Gaziantep ve
Mardin illerinden ve %34’lik kismi da diger
illerden saglanmistir. Sofralik iiziim iiretiminin;
%22’si Manisa, %15’1 Mersin, %12’°si Denizli ve
%4’erlik kismi1 da Gaziantep ve Diyarbakir’dan
elde edilmektedir. Kurutmalik iiziim {iretiminin
%68’ Manisa, %6’s1 Denizli, %4’ Izmir ve
%3’erlik kismu da Mardin ve Konya’dan,
kurutmalik ¢ekirdeksiz tiziim {iretiminin ise %89’u

Manisa, %6’s1 Izmir ve %5’i de Denizli’den
saglanmaktadir. Saraplik iiziimiin %20’si Denizli,
%12’si Kilis, %10’u Nevsehir, %9’u Tokat ve
%8’1 Elazig’da iretilmektedir. Tiirkiye iiziim
ihracati ile iilke ekonomisi i¢in dnemli bir gelir
kaynagini olusturmaktadir. 2019 yili diinya kuru
iiziim ihracat miktar1 814 bin ton, ihracat degeri ise
1,8 milyar dolar olup ihracat miktar1 bir 6nceki yila
gore %10, ihracat degeri ise %1 diisiis gostermistir
(Anonim, 2020).

Fitoplazmalar floemde yasayan, tek hiicreli ve
hiicre duvar1 olmayan prokaryotik organizmalardir
(Anonymous, 2011a). Cok sayida bitki tiiriinii
hastalandiran fitoplazmalar 16 S rDNA genindeki
farkliliklara gore siniflandirilmis ve 40°1n {izerinde
fitoplazma grubu belirlenmistir (Zhao ve Davis,
2016).

Asmalarda hastaliga neden olan en Onemli
fitoplazmalar; Candidatus  Phytoplasma  vitis
(Flavescence dorée (FD) Elm yellows grubu, 16 S
rDNA V ve Candidatus Phytoplasma solani (Bois
noir (BN), Stolbur phytoplasma grubu, 16 S rDNA
XII'dir. iki farkli grupta yer alan bu fitoplazmalar
asmalarda renk degisimi, gelisme geriligi,
yapraklarda asag1i dogru kivrilma, meyve
kalitesinde azalma seklinde birbiri ile benzer
belirtiler olustururlar (Anonymous 2011a, 2011 b).

Fitoplazmalar as1 yoluyla ve Hemiptera takimindan
vektor bocekler ile tasinmaktadir. Hemiptera tiirleri
bitkilerin vejetatif aksamindan 6zellikle yaprak ve
geng stirgiinlerinden sokucu-emici agiz yapilariyla
bitki 06zsuyunu emerler. Ovipozitorleriyle de
yaprak doku ve damarlarinin igine yumurta
birakirlar. Boylece bitkide emgi yapilan yerlerde
klorofil ~azalmasi, salgilanan toksik madde
nedeniyle iletim demetlerinde tikanma ve bitkinin
fizyolojik diizeninde farklilasmaya meydana gelir.
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Bocekler, bitkilerde hastalik etmeni olan viriis,
riketsia, bakteri ve fitoplazmalar1 saglam bitkiye
tastylp bulastirarak hastalik etmeninin kisa siirede
yayilmasia neden olurlar (Lodos, 1986; Sforza ve
ark., 1998; Kramer 1981, Kalkandelen, 1987).
Hemiptera takimidan &zellikle Cicadellidae ve
Cixiidae familyalarina ait tiirler fitoplazmalarin
tasinmasinda onemlidir (Ertung, 2013).

Asma fitoplazmalarindan FD’nin  vektoriiniin
Scaphoideus titanus Ball. (Hemiptera: Cicadellidae)
oldugu bilinse de (Boudon-Padieu, 2003)
Dictyophara europaea (L.)-(Hemiptera
Cicadellidae) (Lessio ve ark., 2007; Lessio and
Alberto, 2008), Oncopsis alni (Schrank) (Boudon-
Padieu, 2003; Mehle ve ark., 2011a,b) ve Orientus
ishidae (Matsumura) (Mehle ve ark., 2010,
2011a,b) tiirleri de potansiyel vektorleri arasinda
gosterilmektedir. BN fitoplazmasinin  ise ana
vektorli Hyalesthes obsoletus Signoret (Hemiptera,
Fulgoromorpha: Cixiidae) (Boudon-Padieu 2003;
Maixner, 2010 a, b) olarak bilinmektedir. Ancak
bazi iilkelerde bag alanlarinda Reptalus panzeri
(Low) (Hemiptera: Cixiidae) (Palermo ve ark.,
2004), Goniagnathus guttulinervis (Kirschbaum)
(Garau ve ark., 2005), Neoaliturus fenestratus
(Herrich-Schéffer), Circulifer haematoceps
(Mulsant and Rey), Macrosteles quadripunctulatus
(Kirschbaum), Orosius orientalis (Matsumura)
(Hemiptera:  Cicadellidae) ve yeni bazi
Auchenorrhyncha (Olivier ve ark., 2014) tiirlerinin
biinyesinde BN etmeni tespit edilerek potansiyel
vektor olduklar belirlenmistir.

Diinyanin farkli iilkelerinde rapor edilen asma
fitoplazmalar1 ile ilgili Tirkiye’de c¢ok sinirh
calisma bulunmaktadir (Ertung ve ark., 2011,
Ertung ve ark., 2015, Ertung ve ark., 2016; Canik
ve ark., 2011a, 2011b; Karabigak ve ark., 2020).

Ertung ve ark. (2011) tarafindan Ege Bolgesi’nde,
Manisa ve Canakkale illerinde BN’ nin ve 16
SrDNA V’nin varligi bildirilmistir.  Candidatus
Phytoplasma solani Tiirkiye’de Solanaceae, nar
gibi bitki tiirlerinde tespit edilmistir (Sertkaya ve
ark., 2007; Ozdemir ve ark., 2009; Caglar ve ark.,
2010)

Bu c¢aligma ile 2013-2015 yillarinda Ege
Bolgesi’'nde Canakkale, Denizli, Izmir ve Manisa
illerinde baglarda fitoplazma slipheli belirti
gosteren asma Ornekleri molekiiler tekniklerle
incelenmis ve bu hastaliklar agisindan bolgenin
durumu ortaya konmustur. Bu etmenlerin karantina
organizmasi olmasi nedeniyle, standart test proto-
kolii hazirlanarak, bu konuda karantina analizi ve
numune analizleri yapan kuruluslarda metot
birlikteligi saglanmistir.

Ayrica, bag alanlarinda tespit edilen fitoplazma-
larin yayilmasinda etkili olan vektor bocek tiirleri
saptanmistir.

MATERYAL ve METOT
Siirvey ¢calismalari

Siirvey ¢alismalar1 2013-2015 yillarinda Canakkale,
Denizli, izmir ve Manisa illeri bag alanlarinda
Eyliil-Kasim aylarinda yiiriitiilmiistiir. Tesadiifi
ornekleme yontemine (Bora ve Karaca, 1970) gore
yapilan siirveylerde, Tarim ve Orman il Miidiirliik-
lerinden alinan ekilis alanlari, ekolojik faktorler,
isgiicii ve zaman faktorleri de géz Oniine alinarak
mevcut alanlarin  %1°1 incelenerek kontroller
yapilmistir (Cizelge 1).

Bagciligin yogun olarak yapildig: il ve ilgelerde
giizergahlar belirlendikten sonra o&zellikle ithal
fidanlarla  kurulan  sofralik/saraplik  iiziim
yetistiriciligi yapilan baglarda, fitoplazma siipheli
belirti gosteren asmalardan 6rnek alinmustir.

Cizelge 1. Manisa, Denizli, izmir ve Canakkale illerindeki mevcut ve incelenen bag alanlari.
Table 1. Existing and examined vineyard areas in Manisa, Denizli, Izmir and Canakkale provinces.

1l/ Province

Mevcut alan (da)
Existing area

Incelenen alan (da)
Area examined

Manisa 715.895 7158
Denizli 445.775 4457
[zmir 123.260 1232
Canakkale 51.766 517
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Orneklemeler; gelisme geriligi, yapraklarda renk
degisikligi-kizarma, sararma, i¢ce ve asagi dogru
yaprak kivrilmasi, diizensiz olgunlagma gosteren
asmalarda yapilmig, yaprak ve siirgiin Ornekleri
almmustir. Orneklemelerde yillik siirgiinler, iizerle-
rinde yapraklarla birlikte alinmig olup 6rnekleme
yapilan baglar ve asmalara ait bilgiler (mevki, bag
sahibi, cesit, alan, sira sayilar1 vs.) etiketlere
yazilmig ve Ornek alinan asmalar isaretlenmistir.
Ayrica Ornek alman her bir asmanin GPS
yardimryla koordinatlar1 da belirlenmistir.

Alman o6rnekler polietilen torbalar/kese kagidi
icinde etiketlenerek buz kutusunda laboratuvara
getirilmigtir. Analiz i¢in hazirlanincaya kadar
ornekler 1-5 giin stlireyle + 4°C’ de buzdolabinda
saklanmustir.

Vektor boceklerin toplanmasi

Hemiptera takimina ait vektor boceklerin elde edil-
mesinde japon semsiyesi ve atrap kullanilmugtir.

Darbe yontemi

Bag alanlarindan vektor boceklerin toplanmasinda
japon semsiyesi kullamilmistir. Bu amagla soz
konusu bag alanini temsil edecek sekilde her bagda
tesadiifen secilen 100’er asmanin birer siirgiinii
altina japon semsiyesi tutulup siirgiin tizerine,
ucuna plastik boru gecirilmis bir sopa ile 3 kez
vurularak japon semsiyesi ilizerine diisen Hemiptera
takimmna ait bireyler kaydedilmis, erginler agiz
aspiratori  ile toplanmig ergin  olmayanlar
laboratuvarda kiiltiire alinarak ergin elde edilmistir
(Kaplan ve ark., 2016; Anonim, 2017).

Atrap

Bagin igindeki yabanci otlarda bulunan Hemiptera
takimina ait bireylerin saptanmasinda kullanil-
mistir. Bagi temsil edecek sekilde kosegenler
boyunca belirli araliklarla her bagda toplam 100
atrap sallanarak yabanci otlarda bulunan Hemiptera
takimina ait bireyler kaydedilmis, erginler agiz
aspiratorii  ile toplanmig, ergin olmayanlar
laboratuvarda kiiltiire alinarak ergin elde edilmistir
(Karabacak ve ark., 2020).

Darbe yontemi ve atrap ile toplanan erginler buz
kutusu i¢inde laboratuvara getirilerek teshise hazir
hale getirilmis ve teshis i¢in uzmanina
gonderilmistir.

Molekiiler ¢calismalar
Total DNA izolasyonu

Bu amagla ilk asama olarak orneklerden DNA
izolasyonu igin, asma yapraklarinin orta damarlari
cikarilmis ve 1 g tartilarak Ornek ezme posetine
yerlestirilmistir. (Prince ve ark., 1993, Lee ve ark.,
1994). Invitrogen firmasma ait Total DNA
Purification Kit (K183001) kullanilarak, firmanin
Onerdigi prosediire gore Total DNA izolasyonu
yapilmigtir. Elde edilen DNA’lar -80°C’ de derin
dondurucuda saklanmustir.

Total DNA’lara Multiplex nested PCR islemi
uygulanmistir.

Birinci PCR asamasinda;

FD911 (5’-GAATTAGAACTGTTTGAAGACG-3)
Fdorl (§’-TTTGCTTTCATATCTTGTATCG-3’)
Stol 112 (S"TATTTTCCTAAAATTGATTGGC-3")

Stol 11r1 (5’-TGTTTTTGCACCGTTAAAGC-3’)
(Daire et al., 1997),

Ikinci (nested) PCR asamasinda ise,

FD9f3b (5-TAATAAGGTAGTTTTATATGACA
AG-3")

Fdor2 (5’-GACTAGTCCCGCCAAAAG-3’)

Stol 113 (5’-ACGAGTTTTGATTATGTTCAC-3")

Stol 1112 (5’-GATGAATGATAACTTCAACTG-3’)
(Angelini ve ark., 2001, Clair ve ark., 2003)
primerlerinin kullanilmasina dayanan yontemleri
igceren protokol uygulanmstir.

1. asama

Once PCR karisimi (22 pl hacimlik reaksiyon icin
10x PCR buffer -1x; MgCl,-1,93 mM; BSA-
273pg/mL; dNTP-136puM; primer FD9£-0,34 uM;
primer FDO9r1-0,34 uM; primer Stol 11f2-
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0,068uM; primer Stol 11rl- 0,068 pM; Taq
polymerase-0,6 U; DNA-2ul) hazirlanmustir.

Bu karisim thermal cycler cihazina (Eppendorf

Mastercycler Gradient)yerlestirilmis ve hedef
DNA’y1 ¢ogaltmak icin asagida belirtilen
parametreler uygulanmistir:

92°C 3dak. 1 dongi

92°C 1 dak.

55°C  1dak. 35 dongii

72°C 1 dak.30 san

72°C 10dak. 1 dongii

2. asama

Birinci asamada elde edilen PCR iiriinlerinin 1:32
oraninda seyreltmesinden sonra PCR karigimi
(25ul hacimlik reaksiyon i¢in 10x PCR karigimi -
1x; MgCl-1,93 mM; BSA-273pg/mL; dNTP-
136uM; primer FD913b-0,3 puM; primer FD9r2-
0,3uM; primer Stol 11{3-0,3uM; primer Stol 11r2-
0,3 uM; Taq polymerase-0,6 U; 1 asama PCR
iriini (1:32 seyreltme)-5 uM ) hazirlanmstir.

Bu  kanistm  thermal cycler  (Eppendorf
Mastercycler Gradient) cihazina yerlestirilmis ve
hedef DNA ‘y1 ¢ogaltmak i¢in asagida belirtilen
parametreler uygulanmigtir:

92°C 3 dak. 1 dongii
92°C 1 dak.
56°C  ldak. 35 dongii
72°C  1dak.30 san
72°C 10 dak. 1 dongii
PCR dirtini % 1.5’lik agaroz jelde 50-60 dakika
sireyle 100 V  elektrik akimi  verilerek

yuriitiilmiistiir. Daha sonra jel ethidium bromide
solusyonu ile ((Tris-acetate-EDTA) tampon
¢Ozeltinin i¢ine ml’de 0.5 pg EtBr) 30 dakika
stireyle boyanmis ve UV 1s1k altinda olusan bantlar
goriintiilenmistir. FD i¢in1150 bp’ de, BN i¢in ise
720 bp’de olusan Dbantlar pozitif olarak
degerlendirilmistir.
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DNA sekans analizi

Nested PCR sonucu elde edilen PCR iiriiniiniin
DNA dizileme analizi hizmet almi ile
yaptirilmistir. Elde edilen sekanslar, evrensel bir
veri tabaninda (http://www.ebi.ac.uk/ http://blast.
ncbi.nlm.nih.gov/Blast.cgi) Blast analizi
yardimiyla kontrol edilmis ve tiir tayini yapilmistir.

SONUCLAR ve TARTISMA
Siirvey calismalarina iliskin sonuclar

Fitoplazma hastaliklarmin tespitine yonelik 2013-
2015 yillar arasinda yapilan siirvey ¢aligmalarinda
Canakkale, Denizli, Izmir ve Manisa illerinde
toplam 13 ilge ve 119 bagda kontroller yapilmis ve
194 asmadan 6rnek alinmistir (Cizelge 2). Siirvey
calismalarinda, ithal fidanlarla kurulan sofralik/
saraplik ilizim yetistiriciligi yapilan baglardan
ornekleme yapilmis olup, baglica {iziim gesitleri
Bogazkere, Okiizgdzii, Syrah, Cabernet Sauvignon,
Merlot,  Alphonse  Lavallee ve  Sultani
Cekirdeksiz’dir.

Stirvey alaninda, asmalarda gelisme geriligi,
yapraklarda renk degisikligi-kizarma, sararma, ice
ve asagl dogru yaprak kivrilmasi, diizensiz
olgunlagma belirtileri gozlenmistir (Sekil 1-6).
Nitekim alman ¢ogu 06rnek fitoplazma benzeri
belirti gostermesine ragmen etmenler tespit
edilmemistir. Bu durumda fitoplazma benzeri
belirtilerin, viriis hastaliklari, bitki besin elementi
eksiklik/fazlaliklari, genetik agilmalar, demir
klorozu, fitotoksite belirtileri ile benzerlik goster-
mesinden kaynaklanabilecegini diigiindiirmektedir.
Ayrica ozellikle kirmizi liziim ¢esitlerinde asmanin
fizyolojik olarak yaslanmasi sonucu goriilen
kizarma belirtileri ile de kolaylikla karigsabilmektedir.
Bag sarilig1 olarak adlandirilan bu fitoplazmalar
bitkilerde yapraklarda kizarma, ice dogru kivrilma
seklinde belirtiler olusturmakta ve semptomlarina
bakilarak patojenleri ayirmak miimkiin olamamak-
tadir (Seemuller ve ark., 1998; Torres ve ark.,
2004; Kuzmanovi¢ ve ark., 2008; Ertung ve ark.,
2011; Ertung ve ark., 2015, 2016; Canik ve ark.,
2011a,b).
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Molekiiler calismalara iliskin bulgular

Stirvey alaninda 2013-2015 yillarinda Canakkale,
Denizli, Izmir ve Manisa illerinden toplanan 194
adet asma bitki 6rneklerinde Multiplex (16 Sr V ve
16 Sr XII gruplar1) nested PCR analizlerinin
sonuglart Cizelge 2’de verilmistir. Son yillarda
fitoplazmalar daha c¢ok DNA esasli molekiiler
yontemler kullanilarak tespit edilmektedir. Yapilan
caligmalarda 6nce universal primerler kullanilarak
fitoplazma varlig1 tespit edilmekte, daha sonra

spesifik primerler kullanilarak nested-PCR ile
siniflandirilmas1  yapilmaktadir. Sekans analizi
yada RFLP ile de analiz tamamlanmaktadir (Gori
ve ark., 2007; Terlizzi ve ark., 2009; Pelletier ve
ark., 2009; Margaria ve ark., 2009; Fabre ve ark.,
2011; Ertung ve ark., 2011) Flavescence doree
(FD)’ nin i¢inde yer aldig1 16 SrV grubuna ait
1150 bp’de ve Bois noir (BN)’1n i¢inde yer aldig1
16 Sr XII grubuna ait 720 bp’de bant goriintiileri
elde edilmistir (Sekil 7, 8, 9).

Cizelge 2. 2013-2015 yillarinda Canakkale, Denizli, Izmir ve Manisa il ve ilgelerinde baglardan alnan 6rnek sayilar1 ve tespit

edilen fitoplazmalar.

Table 2. Sampling locations and number of samples taken in the vineyards of Canakkale, Denizli, izmir and Manisa provinces

and districts in 2013-2015.

Multiplex nested PCR’ gore
Enfekteli 6rnek sayisi
Number of infected
samples based on multiplex

nested PCR
. . . Lo Sekans
ll{Province llge/District Incelenen Alinan Sonuglaria gore
Bag sayis1 ornek 16 Sr BN/FD olarak
Number of sayi1st 16 Srv* NI+ tanilanan ornek sayis1
vineyards Number Number of infected
examinated of samples confirmed by
samples sequencing analyses
Bozcaada 7 13 - -
CANAKKALE
Eceabat 3 7 - -
Toplam/Total 10 20 - -
Bekilli 17 27 4 6 2 (BN)
L Dogurulanamamis
DENIZLi Cal 15 19 4 - Non - confirmed
. Dogurulanamamis
Giiney 10 25 ! ) Non - confirmed
Toplam/Total 42 71 9 6
Buca 3 6 - -
Cesme 12 4 4 -
IZMIR Kemalpasa 4 6 - 1
Menderes 17 26 4 -
Urla 10 - -
Toplam/Total 37 60 8 5
Akhhisar 15 19 1 1
MANISA Kula 13 1 2
Salihli 6 11 3 -
Toplam/Total 30 43 5 3
GENEL TOPLAM 119 194 2 14

General Total

*16SRV: FD’nin yer aldig1 grup/ Group of FD
**16 SR XII: BN’nin yer aldig1 grup/ Group of BN
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Sekil 1. Asma yapraklarinda kizarmalar.
Figure 1. Reddening of phytoplasma infected grape leaves.

o H s ...-" r . '. :
Sekil 2. Yaprak kenarlarindan baslayan kizarmalar.
Figure 2. Reddening of the edges of the infected leaves.

e =

Sekil 3. BN fitoplazmas: ile enfekteli omcada hastaligin
ilerlemis donemleri.
Figure 3. Progressive sympotms in BN infected vine.
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Sekil 4. Bois Noir fitoplazmasi ile enfekteli asmada gelisme geriligi.
Figure 4. Stunting of BN-infected plants.

e

Sekil 5. BN fitoplazmasinda enfeksiyonun yaprak uglarindan
itibaren ilerleyisi.

Figure 5. Progression of symptoms starting from leaf tips in
vine B N — infected plant.

Sekil 6. Yapraklarda kizarma-sararma seklinde renk degisikligi.
Figure 6. Red —yellow discoloration of leaves of BN-infected.
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e 1150 bp
S 720bp

e 1150 bp
S 720bp

Sekil 7. FD ve BN etmenleri igin uygulanmis olan PCR
testi sonucunun jel goriintiileri.

L: 100 bp DNA ladder. 3, 6, 16, 18, 26: FD pozitif
ornekler (1150 bp). 14, 28: FD ve BN pozitif kontrol
15,30: Su kontrol.

Figure 7. The image of the gel showing PCR test result for
the FD and BN L: 100 bp DNA ladder, 3, 6, 16, 18, 26:
FD positive samples (1150 bp) 14, 28: FD ve BN positive
control 15,30: water control.

L 16 17 18 19 20821, 22,23 24,

w— 11500

—720bp

Sekil 8. FD ve BN etmenleri igin uygulanmis olan PCR testi
sonucunun jel goriintiisii.

L: 100 bp DNA ladder. 2, 7, 10, 12, 13, 22: FD pozitif 6rnekler
(1150 bp) 3, 4, 5, 6, 10, 15, 17, 18, 20, 21: BN pozitif 6rnekler
(720 bp) 24: Su kontrol.

Figure 8. The image of the gel showing PCR test result for the
FD and BN L: 100 bp DNA ladder. L: 100 bp DNA ladder, 2, 7,
10, 12,13,22: FD positive samples (1150 bp) 3,4, 5, 6, 10, 15, 17,
18, 20, 21: BN positive samples (720 bp) 24: water control.

P G PP (BN @ G50 O O R S0 P EE 12 130 9d9 15

S 1150 bp
S 720 bp

Sekil 9. FD ve BN etmenleri i¢in uygulanmis olan PCR testi sonucunun jel goriintiisii. L: 100 bp DNA ladder, 1-13:
16 SrV ve 16 Sr XII grubu negatif 6rnekler, 14: 16 SrV ve 16 Sr XII grubu pozitif kontrol, 15: Su kontrol.

Figure 9 The image of the gel showing PCR test result for the FD and BN L: 100 bp DNA ladder, 1-13: 16 SrV and 16
Sr XII group negative samples, 14: 16 SrV ve 16 Sr XII group positive control, 15: water control.

Manisa ilinde, fitoplazma siipheli asma bitkilerinden
alman 43 6rnegin % 11.62’sinde FD’nin i¢inde yer
aldig1 16 Sr V, % 6.97’sinde BN’nin i¢inde yer
aldig1 16 Sr XII gruplan tespit edilmistir. Izmir
ilinde ise 60 6rnegin % 13.33’iinde FD’nin i¢inde
yer aldig1 16 Sr V, % 8.33’linde BN nin iginde yer
aldigt 16 Sr XII gruplart belirlenmistir. Denizli
ilinde 71 6rnegin % 12.67’sinde FD’nin i¢inde yer
aldigt 16 Sr V, % 8.45’inde BN’nin iginde yer
aldig1 16 Sr XII gruplarnt saptanmustir. Canakkale

ilinde ise alinan orneklerde FD’nin iginde yer
aldigr 16 Sr V ve BN’nin icinde yer aldigi 16 Sr
XII gruplart tespit edilmemistir.

Multiplex nested PCR sonuglarina gore toplam 36
ornek fitoplazma ile enfekteli bulunmustur. Bu
orneklerden 22’sinde FD’nin icinde yer aldig1 16
Sr V grubu, 14’iinde ise BN’nin i¢inde yer aldig:
16 Sr XII grubuna ait fitoplazmalar tespit
edilmistir. Orneklerin PCR iiriinlerinin sekanslama
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sonuglarina uygulanan NCBI-Blast analizine gore
grup diizeyinde pozitif reaksiyon veren bazi
orneklerin NCBI’da depolanan FD/BN fitoplazma
tiirleri ile yeterli genetik benzerlik (ayni tiir olmasi
icin en az %98 benzerlik) gostermedigi ortaya
ctkmistir.  Ornegin Multiplex nested PCR testinde
16 Sr V grubu i¢in pozitif reaksiyon veren 22 adet
izolatin gen Dbankasinda kayith Candidatus
Phytoplasma vitis izolatlan ile benzerlik oranm1 %
97’nin altinda kalmis ve bu sonuglara gore s6z
konusu izolatlarin Ca P. vitis (FD) olmadig1 ortaya
cikmistir (Cizelge 2).

Ayrica multiplex nested PCR sonuglarina gore 16
Sr XII grubuna ait 14—adet izolattan sadece 2
adetinin gen bankasinda kayith Candidatus
phytoplasma solani (BN) izolatlar1 (Acc. No.
JQ977744.1) ile %99 benzerlikte oldugu
belirlenmistir. S6z konusu 2 izolatin Denizli ili
Bekilli ilgesinden alinan 6rneklere ait oldugu tespit
edilmistir. Diger izolatlarin benzerlik oran1 BN’ nin
varligin1 dogrulamamustir.

Ulkemizde fitoplazma hastaliklart  konusunda
yapilmis ¢alisma yok denecek kadar azdir. Ertung
ve ark. (2011, 2016) tarafindan 2009-2010 yilla-
rinda 5 bolgede, onemli bag alanlarinda yapilan
calismada tilkemizde tespit edilen etmenin BN
fitoplazmasi oldugu belirlenmistir. Etmen Kirklareli,
Ankara, izmir, Manisa, Elazig, Diyarbakir, Malatya,
Nevsehir, Canakkale ve Tekirdag illerinde
saptanmis olup, BN’nin vektdrii olan Hyalestes
tirlerinin tilkemizde mevcut olmakla birlikte bagi
tercih etmedigi goriilmiis ve FD fitoplazmas1 ise
sadece 2 oOrnekte (Kurklareli ve Canakkale)
belirlenmekle birlikte, dogrulanmamistir. Bu
calismada, Ertung¢ ve ark. (2011)’nin sonuglarina
ilave olarak Denizli ilinde BN’nin varligi
belirlenmis  olup, FD tespit edilmemistir.
Karabicak ve ark. (2020), Erzincan ili; Merkez ve
Uziimlii ilgeleri ile bu ilgelere bagli belde ve
koylerdeki bag alanlarinda fitoplazma hastaliklari
ve olast vektor bocek tiirlerini tespit etmek
amaciyla yiiriittiikleri ¢aligma sonucunda fitoplazma
etmenlerinden Bois noir saptamiglardir.
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Literatiiri  inceledigimizde, bdlgemizde asma
fitoplazma hastaliklarinin belirlenmesine ydnelik
Ertung ve ark. (2011)’nin yaptiklar1 ¢aligmadan
sonra herhangi bir detayli c¢alisma yapilmadigi
goriilmektedir. Bu ¢alisma ile 2013-2015 yillarinda
Ege Bolgesi’nde Manisa, Izmir, Denizli ve
Canakkale illerinde baglarda fitoplazma siipheli
belirti gosteren asma ornekleri molekiiler tekniklerle
incelenerek bu hastaliklar agisindan durumu ortaya
konulmustur. Ege Bolgesi'nde FD fitoplazmasi
saptanmamis, Denizli ili Bekilli ilgesinde sadece 2
ornekte BN fitoplazmasi saptanmistir. FD, asma
icin en tehlikeli ve tahripkar fitoplazma hastaligi
olarak kabul edilmekte ve epidemi olusturdugunda
biiylik ekonomik kayiplar ortaya g¢ikabilmektedir.
Bolgemizde tespit edilmemis olmasi bagcilik
acisindan biiyiik onem tagimaktadir.

Vektor bocek calismalarina iliskin bulgular

Denizli ili Bekilli ilgesinde BN hastaliginin
saptandig1 iki farkli bag alaninda vektor boceklerin
saptanmas1 amaciyla 21 Eyliil 2017 tarihinde arazi
caligmalart yapilmistir. Calismalarin yiirtitiildiigi
bag alanlarina ait bilgiler Cizelge 3’te verilmektedir.
Cizelge 3’te goriildiigii gibi goble terbiye sistemine
sahip 1 no’lu bag Sultani Cekirdeksiz iiziim
¢esidinden olusmakta ve iiziimler kurutmalik
amagli  degerlendirilmektedir. Duvar terbiye
sistemine sahip 2 no’lu bagda ise sofralik amach
degerlendirilen Okiizgdzii tizim cesidi
yetigtirilmektedir. S6z konusu bagda japon
semsiyesi ve atrap yardimiyla saptanan tiirlere ait
bilgiler Cizelge 3’te belirtilmektedir.

Calisma sonucunda BN ve FD’nin vektorii oldugu
bilinen herhangi bir tiir tespit edilmemistir.

Diinyada BN’nin vektérii oldugu saptanan
Hyalesthes obsoletus Signoret, Reptalus panzeri
Low ve Dictyophara europaea Linneaus

Tiirkiye’de varligi cesitli arastiricilar tarafindan
dile getirilmistir (Lodos ve Kalkandelen, 1980a,b;
Lodos ve Kalkandelen, 1988; Demir, 2006; 2008;
2017; 2019, Demir ve Demirsoy, 2009; Tanyeri ve
Zeybekoglu, 2021).
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Cizelge 3. FD hastaliginin saptandigi Denizli ili Bekilli ilgesi bag alanlarinda 2017 yilinda saptanan tiirlere ait bilgiler.

Table 3. Information on the species detected in 2017 in the vineyard areas of Bekilli district of Denizli province where FD

disease was detected.

Birey
Uziim Cesidi- Elde edilme Sayisi
No/ \Eag ’ Terbiye Sistemi Y 6ntemi (Adet) Tir Adi GPS Koordinatlart
0 Iilnoeyar Grape cultivar- Sampling Numper of Species GPS Coordinates
Trellis system method specimens
collected
Enlem/Latitude:38.22 90
1 Austroagallia sinuata 64
Atrap (Mulsant & Rey) Boylam/Longitude:
1 Sultani Sweep net E 129'2230222 99% 64
Bag/Vineyard Cekirdeksiz/Goble 5 Empoasca decipiens niem:>8.

~ Sultani Paoli Boylam: 29.42.02 90

Cekirdeksiz/Goblet 3,0 semsiyesi 4 Platymetopius sp. Enlem:38.22 90 64
Beating sheet (Nimf) Boylam: 29.42.02 90

Japon semsiyesi 4 Empoasca decipiens Enlem:38.22 90 64
Beating sheet Paoli Boylam: 29.42.02 90

Atrap Sweep 1 Thsurtshurnella sp. Enlem:38.23 06 57
net Nimfi Boylam: 29.44.06 04

Japon.semsiyesi Platymetopius sp. Enlem:38.23 06 57
Beating sheet 2 (Nimf) Boylam: 29.44.06 04

2. A Japon semsiyesi Arboridia adanae Enlem:38.23 06 57
Bag/Vineyard %kll‘jzgg"ozzulf/%ﬁr Beating sheet 2 Dlabola Boylam: 29.44.06 04
Japon semsiyesi 4 Empoasca decipiens Enlem:38.23 06 57
Beating sheet Paoli Boylam: 29.44.06 04

1 Arboridia adanae Enlem:38.23 06 57
Japon semsiyesi Dlabola Boylam: 29.44.06 04

Beating sheet 3 Empoasca decipiens Enlem:38.23 06 57
Paoli Boylam: 29.44.06 04

Bayram ve ark. (2014), Marmara, Ege, I¢ Anadolu,
Dogu ve Giineydogu Anadolu’daki bag
alanlarindan ve kenarindaki yabanci otlardan
Hemiptera takimma ait 8 familyadan 28 tiirlin

tespit edildigini, BN vektorlerinden Euscelis
lineolatus  Brullé, H. obsoletus (Hemiptera:
Cicadellidae) ve D. europaea (Hemiptera:
Dictyopharidae)’nin ~ saptandigini, ancak FD
vektorii  Scaphoides titanus Ball. (Hemiptera:

Cicadellidae)’un saptanamadigim1 ve fitoplazma
varligi i¢in Orneklenen tiim boceklerin PCR
sonuglarmin negatif oldugunu bildirmektedir.
Karabigak ve ark., (2020) tarafindan Erzincan ili
bag alanlarinda fitoplazma etmenlerinden BN ve
bu etmenin potansiyel vektorleri olan Laodelphax
striatellus (Fallen, 1826) (Hemiptera: Delphacidae),

Empoasca sp., Euscelis incisus (Kirschbaum,
1868) ve  Psammotettix sp. (Hemiptera:
Cicadellidae) tiirlerinin tespit edildigi
bildirilmektedir.

Bag alanlarinda goriilen FD hastaliginin vektori S.
titanus, BN hastalifinin = vektorii ise H.
obsoletus tur (Weintraub ve Beanland, 2006;
Kolber, 2011. Farkli konukgularda ise Circulifer
tenellus  (Baker), Fieberiella  florii  Stal,
Macrosteles sp., Neoaliturus fenestratus (Herrich-
Schéffer), Orosius cellulosus Lindberg, Orosius
lotophagorum  (Kirkaldy), Orosius orientalis
(Matsumura), Reptalus panzeri (Low) (Hemiptera:
Cixiidae)’nin fitoplazma hastaliginin vektorleri
oldugu bildirilmektedir- (Weber and Maixner,
1998; Weintraub, 2007). Bag alanlarinda yabanci
otlarin varligiyla H. obsoletus’un hastaligin

yayilmasinda %30-60 etkili oldugu
bildirilmektedir. (Weintraub ve Beanland, 2006).
Erzurum ve Diyarbakir’da Hyalesthes

obsoletus un, Ankara ve Denizli’de Dictyophara
europaea’nin saptandigr ancak PCR and PCR-
RFLP analizlerinde etmenin varlig1 agisindan
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negatif sonug¢ verdigi, Trakya ve Canakkale bag
alanlarinda FD’nin saptandigi ancak vektorii olan
Scaphoides titanus’un Bulgaristan’da
saptanmasina  ragmen, Tiirkiye’de  heniiz
saptanmadigir  bildirilmektedir  (Ertung, 2013).
Ayrica Kalkandelen (2000), Tirkiye’de Hyalesthes
cinsinde tespit edilen 13 tlirin  varhigm
bildirmistir. Ancak Cizelge 3’de goriildiigi gibi;
bizim c¢alismamizda elde edilen tiirler fitoplazma
hastaliginin  vektorii  oldugu bilinen tiirlerden
farklidir.

Bag fitoplazmalar1 karantina zararlilar1 olup, halen
Bitki Karantinasi Yonetmeliginin EK  2-A
“Tiirkiye’de varligr bilinmeyen organizmalar”
boliimiinde yer almaktadir. Siirvey sirasinda yerli
cesitlerden alman Orneklerde etmenler saptanma-
mistir. Bu Treticiler kendi asmalarindan iiretim
materyali almakta ve yeni asmalari bu materyal-
lerden yetistirmektedir. Ithal ¢ubuklar kullanarak
bag tesis eden Treticilerde sdz konusu etmenin
tespit edilmesi, bu hastaliklarin Tirkiye’ye
vejetatif olarak, as1 materyali veya asili asma
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ABSTRACT: This study aimed to determine the energy use efficiency and greenhouse gas emission of wheat production in
enterprises that had soil analysis or not. A survey was conducted with 60 producers who had soil analysis in three laboratories in
Edirne province, which acceptedthe mostsampling for soil analysis and gave fertilizer recommendations in 2015 and 40 producers
who did not have soil analysis in the same region. Thus, a total of 100 producers were interviewed. Energy use efficiency, energy
productivity, specific energy and net energy were 3.54, 0.20 kg MJ1, 5.09 MJ kg-! and 60191.34 MJ in the enterprises that had sail
analysis, respectively. On the other hand, these values were 3.19, 0.17 kg MJ1, 5.74 MJ kg1, and 54508.49 MJ in the enterprises
that did not have soil analysis. Greenhouse gas (GHG) ratios per kg were found as 0.66 and 0.72 for the wheat production in the
enterprises that had and did not have soil analysis, respectively. In the enterprises that had soil analysis, the shares of the chemical
fertilizers in energy use and total GHG emissions were lower than the other producer group. As a result of the analysis, it was
determined thatwheatproduction in the enterprises thathad soil analysis was more efficientin terms of energy use and greenhouse
gas emissions compared to enterprises that did not have analysis and these results revealed the importance of having soil ana lysis
and applying fertilizer amounts according to soil analysis results.

Keywords: Wheat, energy use, greenhouse gas emission.

Edirne Ilinde Bugday Uretiminde Enerji Kullanim Etkinligi ve
Sera Gazi Emisyonunun Karsilagtirmali Analizi

OZ: Bu ¢alismada Edirne ilinde toprak analizi yaptiran ve yaptirmayan isletmelerde bugday iiretiminin enerji kullanm
etkinligi ve sera gazi emisyonunun belirlenmesi amag¢lanmigtir. Edirne ilinde toprak analizi igin en fazla numune alumi kabul eden ve
giibre tavsiyesi veren ii¢ laboratuvarda 201 5 yilinda toprak analizi yaptiran 60 iiretici ve aym bélgede toprak analizi yaptirmayan 40
tiretici ile anket ¢calismast yapilmis olup, toplamda 100 tiretici ile gorisilmiistiir. Toprak analizi yaptiran isletmelerde enerji kullanim
etkinligi, enerji verimliligi, spesifik enerji ve net enerji sirasiyla 3,54, 0,20 kg MJ-1, 5,09 MJ kg ve 60191.34 MJ, toprak analizi
yaptirmayan igletmelerde ise swraswyla 3,19, 0,17 kg MJ-1, 5,74 MJ kg1 ve 54508.49 MJ olarak bulunmustur. Toprak analizi yaptiran
ve yaptirmayan igletmelerde bugday tiretimiicinkg basimaseragazioranlarisiraswyla 0,66 ve 0,72 olarak bulunmustur. Toprak analizi
yaptiran isletmelerde kimyasal giibrelerin enerji kullammi ve toplam sera gazi emisyonlarmdaki paylar: diger iiretici grubuna gore
daha diisiiktiir. Yapilan analizler sonucunda, toprak analizi yaptiran isletmelerde bugday iiretiminin enerji kullanimi ve sera gaz
emisyonlart bakimindan analiz yaptirmayan isletmelere gére daha verimli oldugu belirlenmis olup, bu sonuglar toprak analizi
yaptirmamin ve giibre miktarini toprak analiz sonuglarina gore uygulamanin 6nemini ortaya ¢ikarmaktadr.

Anahtar kelimeler: Bugday, enerji kullanimi, sera gazi emisyonu.
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INTRODUCTION

Grains, the essential nutritional sources of human
beings, are among the most produced crops in the
world, and wheat is one of the most cultivated and
consumed products among cereals. The wide
adaptability, nutritional value, ease of processing
and market demand for wheat crops are the main
reasons producers focus on wheat farming. In
addition, wheat is preferred by producers with its
advantage in storage. Wheat, the main food of 50
countries in the world, is the raw material of many
foods that reach the table, so the consumer’s
demand is continuous.

Wheat has the ability to grow in all kinds of soils.
The highest yield in wheat cultivation is obtained
from clayey and humus-rich soils. In order for
wheat to be grown, the soil must first be cultivated.
Wheat needs plenty of moist air and low
temperatures in its early stages. Soil temperature is
important for wheat cultivation and this temperature
should be around ten degrees. In this way, the wheat
plant will take root more quickly in the soil and will
not be affected by the harsh cold of winter. This
desired temperature is generally achieved between
October and November for each region. Soil depth
for wheat planting should be in the range of almost
four to six centimeters for seed. A modern sowing
machine, seeder, is used in wheat sowing. Wheat
cultivation can be done once a year for the same
soil. Wheat is the most produced agricultural
product in the world and in Tiirkiye.

In Tiirkiye, the importance of wheat farming is
gradually increasing due to cereals’ consumption
habits, especially wheat and wheat products. Wheat
is the raw material of bread, bulgur, pasta, starch,
biscuits, wafers and confectionery, which are
consumed most as food. Likewise, the stems of the
wheat plant are also used significantly in the paper-
cardboard industry and animal nutrition (Oyewole,
2016).

The total wheat cultivation areas in the world were
224.7 million hectares in the 2020/21 production
period, and the total production was 774.3 million
tons. Tiirkiye meets 3% of the world wheat
cultivation area with 6.8 million hectares, and
2.65% of the world wheat production with 20.5
million tons. This area also constitutes 44% of
Tiirkiye’s total cultivated grain area (Anonymous,
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2021). The share of wheat cultivation area in Edirne
(135284 ha) in Tirkiye is 2%, and the share of
production amount (478487 tons) in Tiirkiye's
production is 2.33% (Anonymous, 2022a).

Although the agricultural sector in Tiirkiye does not
have much energy consumption, there is significant
energy consumption in rural areas due to the fact
that it creates many processes such as tillage,
planting, weed control, irrigation, fertilization,
harvesting, transportation and drying (Yaldiz et al.,
1990). Limited arable land and ever-increasing food
consumption for increasing population and high
living standards have led to the intensive use of
chemical fertilizers, pesticides, agricultural
machinery and other natural resources in agricultural
production. Intensive energy use causes problems
that threaten human health and natural habitats. The
efficient use of energy in agricultural production
will minimize environmental problems, prevent
damage to natural resources and promote
sustainable agriculture as an economical production
system (Erdal et al., 2007). When the effective use
of energy resources, one of the basic requirements
for sustainable agricultural production, is ensured,
fossil resources are protected and it is possible to
reduce air pollution. In order to increase energy
efficiency, steps should be taken to increase
production yield or protect energy input without
affecting theyield (Singh et al., 2004).

More energy use creates important environmental
problems affecting human health such as
greenhouse gas emissions. Therefore, more
economical use of inputs becomes important for
sustainable agricultural production. Greenhouse gas
emissions in agriculture occur due to machine use,
fuel consumption, use of chemical pesticides,
chemical fertilizers, livestock and electricity
consumption (Karaagag et al., 2019).

According to greenhouse gas inventory results, total
GHG (greenhouse gas) emissions were estimated to
be 523.9 Mt of COz.eq in 2020 in Tiirkiye. This
represented an increase of 15.8 Mt, or 3.1% in
emissions compared to 2019, and a 138.4% increase
compared to 1990. In 2020, the energy sector had
the largest portion with a 70.2% share of total
emissions. The energy sector was followed by the
sectors of agriculture with 14%, industrial processes
and product use (IPPU) with 12.7% and waste with
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3.1%. Agriculture sector emissions were 73.16 Mt
of CO2-¢q in 2020 in Tiirkiye. This represented an
increase of 7.5% in emissions compared to 2019,
and a 58.8% increase compared to 1990. Total GHG
emissions per person were calculated as 4 tons of
CO2-¢q in 1990, 6.2 tons of CO2.¢q in 2019 and 6.3
tons of COz.eq in 2020 in Tiirkiye (Anonymous,
2022b).

Insufficient use of agricultural inputs in Tiirkiye
causes waste of resources, deterioration of natural
resources, and a decrease in the quality and yield of
products. This problem is especially evident in the
use of fertilizers. Good fertilization is done by
determining the plant’s type and amount of fertilizer
and applying it to the soil at the right time,
according to the appropriate technique. Various soil
samples are taken from a certain area and the type
and amount of fertilizer required for the soil are
determined in specialized laboratories. By means of
soil analysis, the nutrients needed by the soil can be
determined accurately. Thus, the untimely,
incomplete or excessive use of fertilizers is avoided
(Giildal, 2016).

When the literature was examined, it was seen that
there were many studies that determined the
efficiency of energy use in wheat production in
Tiirkiye and the world, some of them were carried
out by Singh et al., 2004; Oren and Oztiirk 2006;
Shahin et al., 2008; Tipi et al., 2009; Khan et al.,
2010; Safa et al., 2010; Ghorbani et al., 2011;
Ramah and Baali, 2013; Kardoni et al., 2014; Marin
etal., 2015; Ziaei et al., 2015; Gokdogan and Sevim
2016; Giltekin et al., 2016; Yildiz, 2016; Abbas et
al.,2017; Unakitan and Aydin, 2018; Altuntas et al.,
2019 and Nassir et al., 2021. Besides, some studies
on the determination of GHG emissions in the
production of some crops including wheat were
conducted by Rajaniemi et al., 2011; Soltani et al.,
2013; Syp et al., 2015 and Eren etal., 2019.

This study aimed to find the inputs used in wheat
production and the energy equivalents of these
inputs in agricultural enterprises that had soil
analysis or not in Edirne province of Tiirkiye.
Comparative energy output/input analysis was
made and the efficiency degrees of the inputs were
also determined. In addition, GHG emissions in
wheat production were determined, and the effects

of soil analysis on energy use and greenhouse gas
emissions were revealed.

MATERIAL and METHOD

The primary data of the research consisted of the
data obtained from the survey studies conducted
with the producers who had soil analysis in 2015 in
the laboratories that accepted the most sampling for
soil analysis and gave fertilizer advice, and with the
producers who did not have soil analysis in the same
region. Secondary data in the research was obtained
from the reports of the Turkish Statistical Institute,
TR Ministry of Agriculture and Forestry, domestic
and foreign universities, extension services and
previous studies.

Three of the laboratories with the highest number of
soil analyses were included in the sample. A total of
60 producers, 20 of whom applied to each
laboratory in 2015 and had soil analysis, 40
producers with similar characteristics (land size,
product pattern, etc.) that did not have soil analysis
in the regions where the same laboratories were
located, consequently, atotal of 100 producers were
interviewed.

Descriptive statistics such as mean, standard
deviation, percentage and cross tables were used in
the data analysis. In the study, all data were first
subjected to normality test. Since the number of
samples was over 30, the Kolmogorow-Smirnov
test was applied in the normality test and it was
determined that the data were not normally
distributed. Therefore, Mann Whitney U test was
performed on the data. During the analysis of the
data, Excel and IBM®SPSS 26 package program
were used (Anonymous, 2022c¢).

In order to determine the energy output/input
analysis, the inputs used in wheat production and
the output obtained from the production were found.
Input amounts were calculated per hectare and these
data were multiplied by the energy equivalent
coefficients. The units shown in Table 1 were used
to find the equivalents of the inputs, and the energy
equivalent coefficients were obtained from previous
studies. The energy equivalents of the inputs were
expressed in megajoules (MJ), and the total input
equivalent was calculated by summing the energy
equivalents of all inputs.
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Table 1. Energy equivalents of inputs and outputs in wheat production.

Cizelge 1. Bugday iiretiminde girdi ve ¢iktilarin enerji esdegerle

Il

Inputs Energy equivalents (MJ unit1) References
Girdiler Enerji esdegerleri (MJ birim-1) Kaynaklar
Labor (h) /Isgiicii 1.96 Singh, 2002
Machinery (h) /Cekigiicii 64.80 Singh, 2002
Combine (h) /Bigerdéver 87.63 Hetz, 1992
Fuel (1) /Yakat 56.31 Singh, 2002
Fertilizer (kg) /Giibre
Nitrogen /Azot 60.60 Singh, 2002
Phosphorus /Fosfor 11.15 Singh, 2002
Pesticides (kg) /Tarim ilaglar1
Herbicides /Ot ilaglar1 238.00 Rafiee etal., 2010
Fungicides /Mantar ilaglari 216.00 Rafiee etal., 2010
Seed (kg) /Tohum 20.10 Ghorbanietal., 2011
Outputs
Ciktilar
Wheat (kg) /Bugday 14.48 Ghorbanietal., 2011
Wheat straw (kg)/ Bugday samani 9.20 Ghorbanietal., 2011

The energy use efficiency and energy efficiency coefficients in wheat production were calculated and the

following formulas were used for these calculations (

Mandal et al., 2002).

Energy output (M] ha™1)

Energy use ef ficiency =

Energy input (MJ ha=1)

Energy input(M] ha™?)

Specific energy =

Energy productivity =

Net energy = Energy output (M]

The energy inputs used in wheat production were
examined according to different energy norms.
Direct energy includes labor and fuel while indirect
energy includes fertilizers, pesticides, machinery
and seed. Renewable energy resources include labor
and seed whereas non-renewable energy sources
include fuel, fertilizers, pesticides and machinery
(Yimaz et al, 2010). GHG emission was
determined by using the following equation
(Hughes et al., 2011).

GHG, = Z R (i) x EF(i)
i=1
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Yield (kg ha=1)

Yield (kg ha™%)
Enerji input (M] ha=1)

ha=1)— Energy input (M] ha™?)

GHGh: Greenhouse gas emission (KgCO2-eq hal)
R(i): Amount of i. input (unitinputha)

EF(i): GHG emission equivalent of i. input (kgCOo.
eq Unitinput-)

The GHG ratio is the amount of GHG emissions per
unit kg yield and was calculated using the equation
below (Houshyar et al., 2015). GHG emission
coefficients of the inputs in wheat production are
given in Table 2.

GHG,

lene = Vigld (kg ha 1)
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Table 2. GHG emission equivalents of the inputs in wheat production.
Cizelge 2. Bugday iiretiminde girdilerin sera gazi emisyon esdegerleri.

Inputs GHG emission equivalents (kgCO,.,q unit?) References

Girdiler GHG emisyon esdegerleri (kgCO,.. birim1) Kaynaklar

Labor (h) /Isgiicii 0.700 Nguyen and Hermansen, 2012
Machinery (MJ) /Cekigiicii 0.071 Pishgar-Komleh etal., 2012
Diesel (1) /Yakat 2.760 Clark et al., 2016

Nitrogen (kg) /Azot 4.570 Anonymous, 2015
Phosphorus (kg) /Fosfor 1.180 Anonymous, 2015

Herbicides (kg) /Ot ilaglar 23.100 Maraseni etal., 2010
Fungicides (kg) Mantar ilaglari 14.300 Marasenietal., 2010

Seed (kg) /Tohum 7.630 Clark et al., 2016

RESULTS and DISCUSSION

The input usage of the enterprises and the amount
of output they obtained were examined and are
given in Table 3. When the input usage in wheat
production activity was examined, it was
determined that 14.40 hours of labor, 9.90 hours of
machinery, and 0.90 hours of combine were used
per hectare in the enterprises that had soil analysis.
In addition, it was determined that 74.20 | of diesel,
208.80 kg of nitrogen, 47.60 kg of phosphorus, 1.50
kg of herbicide, 3.30 kg of fungicide, and 222.50 kg
of seeds were used per hectare. On the other hand,
it was determined that 17.30 hours of labor, 11.70
hours of machinery, and 1.10 hours of combine
were used per hectare in the enterprises that did not
have soil analysis, and it was determined that 81.00
| of diesel, 221.10 kg of nitrogen, 51.00 kg of
phosphorus, 1.50 kg of herbicide, 3.50 kg of

fungicide, and 217.30 kg of seeds were used. When
the amounts of output obtained were examined, the
average yield per hectare was found to be 4646.70
kg in the enterprises conducting soil analysis, and
4340.20 kg in the enterprises not conducting soil
analysis, and it was determined that enterprises in
both groups obtained 1800 kg of wheat straw from
one hectare.

As a result of the statistical analysis, it was
determined that the difference between the producer
groups was statistically significant in terms of the
amount of labor, machinery, combine, fuel, nitrogen
and seed inputs used and the yield (p<0.05), while
the difference between the groups was not
statistically insignificant in terms of the amount of
phosphorus, herbicides and fungicide inputs
(p>0.05).

Table 3. The inputs used in wheat production and the amount of output obtained.
Cizelge 3. Bugday iiretiminde kullanilan girdiler ve elde edilen ¢ikti miktarlar1.

Inputs /Girdiler Soil analysis No soil analysis
Toprak analizi yaptiran Toprak analizi yaptirmayan

Labor (h) /Isgiicii 14.40 17.30
Machinery (h) /Cekigiicii 9.90 11.70
Combine (h) /Bigerdéver 0.90 1.10
Fuel (1) /Yakit 74.20 81.00
Fertilizer (kg) /Giibre

Nitrogen /Azot 208.80 221.10

Phosphorus /Fosfor 47.60 51.00
Pesticides (kg) /Tarim ilaglar1

Herbicides /Ot ilaglar 1.50 1.50

Fungicides /Mantar ilaglari 3.30 3.50
Seed (k@) /Tohum 222.50 217.30
Outputs / Ciktilar
Wheat (kg) /Bugday 4646.70 4340.20
Wheat straw (kg)/ Bugday samani 1800.00 1800.00
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The energy equivalents of the inputs used in wheat
production and the outputsare given in Table 4. The
total energy input was 23652.88 MJ in the
enterprises that had soil analysis. Among all the
energy sources used in production, fertilizers had
the highest share with 55.74%. Among fertilizers,
nitrogen was in first place with 53.50%. Fertilizers
were followed by seeds with 18.90% and fuel inputs
with 17.66%. The ratios of pesticides, machinery,
combine and labor in total energy were calculated
as 4.52%, 2.71%, 0.33% and 0.12%, respectively.

The total energy input in wheat production was
24897.61 MJ in the enterprises that did not have soil
analysis. Among all the energy sources used in
production, fertilizers had the highest share with
56.10%, and nitrogen was the first among fertilizers
with 53.82%. Fertilizers were followed by fuel with
18.32% and seed inputswith 17.54%. The ratios of
pesticides, machinery, combine and labor in total
energy were calculated as 4.47%, 3.04%, 0.39% and
0.14%, respectively. In the studies conducted by
Oren and Ozturk (2006), Shahin et al., (2008), Tipi
et al., (2009), Gokdogan and Sevim (2016), and
Abbas et al., (2017), it was determined that among
all energy sources used in wheat production,
chemical fertilizers had the highest share and it was
similar to the research results presented here.

Table 4. Energy use in wheat production.
Cizelge 4. Bugday iiretiminde enerji kullanimi.

When the energy output was examined, it was seen
that 83844.22 MJ energy output was obtained in the
enterprises that had soil analysis and 79406.10 MJ
in the enterprises that did not have the analysis.

Energy efficiency coefficients in wheat production
are given in Table 5. The energy use efficiency
found by theratio of the energy equivalent obtained
from wheat production to the energy inputs used
was found as 3.54 in enterprises that had soil
analysis and 3.19 in enterprises that did not. The
energy use efficiency (energy output/input ratio)
was found to be more effective in the enterprises
that had soil analysis. In the literature, energy use
efficiency in wheat production were 2.21 (Oren and
Ozturk, 2006), 3.13 (Shahin et al., 2008), 3.09 (Tipi
et al., 2009), 1.49 (Ziaei et al., 2015), 1.22 and 1.16
(Kardoni et al., 2014), 2.97 (Gokdogan and Sevim,
2016), 2.36 (Yildiz, 2016), and 1.59 (Abbas et al.,
2017). It was concluded that the energy use
efficiency in wheat production was higher in the
enterprisesthat had and did not have soil analysis in
thisresearch in comparison with the literature.

Soil analysis No soil analysis
Inputs Toprak analizi yaptiran Toprak analizi yaptirmayan
Girdiler Energy equivalent (MJ ha-1) % Energy equivalent (MJ ha-1) %
Enerji esdegerleri (MJ birim1) Enerji esdegerleri (MJ birim-1)
Labor /Isgiicii 28.22 0.12 33.01 0.14
Machinery /Cekigiicti 641.52 2.71 758.16 3.04
Combine /Bigerdéver 78.87 0.33 96.39 0.39
Fuel /Yakit 4178.20 17.66 4561.11 18.32
Fertilizer /Giibre 13184.02 55.74 13967.31 56.10
Nitrogen /Azot 12653.28 53.50 13398.66 53.82
Phosphorus /Fosfor 530.74 2.24 568.65 2.28
Pesticides /Tarim ilaglari 1069.80 4.52 1113.00 4.47
Herbicides /Ot ilaglar1 357.00 1.51 357.00 1.43
Fungicides /Mantar ilaglari 712,808 3.01 756.00 3.04
Seed /Tohum 4472.25 18.90 4367.73 17.54
Total /Toplam 23652.88 100.00 24897.61 100.00
Outputs /Ciktilar
Wheat /Bugday 67284.22 62846.10
Wheat straw / Bugday samani 16560.00 16560.00
Total /Toplam 83844.22 79406.10

Energy efficiency was calculated as 0.20 kg MJ-1 in
the enterprises that had soil analysisand 0.17 kg MJ-
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Lin the enterprises that did not have analysis. This
coefficient, which expresses the amount of product
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obtained per energy use, was more advantageous for
wheat production in the enterprises that had soil
analysis. Specific energy refers to the amount of
energy used per product. The specific energy of
wheat was calculated as 5.09 MJ kg! in the
enterprises that had soil analysis, and the specific
energy of wheat was calculated as 5.74 MJ kg in
the enterprises that did not have analysis. In this
case, theamount of energy required to produce one
kg of wheat was 5.09 MJ in the enterprises that had
soil analysis, which was seen as more advantageous.
The net energy, in which the difference between the
energy used and the energy output was expressed,
was 60191.34 MJ in the enterprises that had soil
analysis, 54508.49 MJ in the enterprises that did not
have analysis, and wheat cultivation was more
advantageous in enterprises that had soil analysis.

The distribution of the inputs used in wheat
production by energy sources is given in Table 6.
While the share of direct energy in the total energy
inputswas 17.78% and the share of indirect energy

Table 5. Energy analysis of wheat production.
Cizelge 5. Bugday iiretiminin enerji analizi.

was 82.22% in the enterprises that had soil analysis,
these rates were determined as 18.46% and 81.54%,
respectively, in the enterprises that did not have soil
analysis. Indirect energy sources mostly consist of
chemical fertilizers, and since the use of fertilizers
was more controlled in the enterprises that had soil
analysis, the share of indirect energy in total energy
was lower in this group. Unconscious use of
pesticides and fertilizers causes both losses of inputs
and adverse environmental effects.

The share of renewable energy sources in total
energy inputswas 19.03% in the enterprises that had
soil analysis, and 17.68% in enterprises that did not
have. The share of non-renewable energy resources
was found to be 80.97% in the enterprises that had
soil analysis and 82.32% in the enterprises that did
not. Since non-renewable energy resources are
limited and harmful to the environment, it can be
considered as an advantage that this rate was
slightly lower in the enterprises that had soil
analysis.

No soil analysis

Energy parameters Soil analysis >

o . .. Toprak analizi
Enerji parametreleri Toprak analizi yaptiran

yaptirmayan

Total energy input /Toplam enerji girdisi 23652.88 24897.61
Total energy output/Toplam enerji ¢iktist 83844.22 79406.10
Energy output/input ratio /Enerji ¢ikt1/girdi orant 3.54 3.19
Energy productivity /Enerji verimliligi 0.20 0.17
Specific energy /Spesifik enerji 5.09 5.74
Net energy /Net enerji 60191.34 54508.49

Table 6. Distribution of the inputs used in wheat production by energy sources.
Cizelge 6. Bugday iiretiminde kullamilan girdilerin enerji kaynaklarina gére dagilimi.

Energy resources Soil an_alysis No soi.l gnalysis
Enerji kaynaklar Toprak analizi yaptiran Toprak analizi yaptirmayan
MJ hat % MJ hat %
Direct energy /Dogrudan enerji 4206.43 17.78 4595.02 18.46
Indirect energy /Dolayli enerji 19446.46 82.22 20302.59 81.54
Renewable energy /Yenilenebilir enerji 4500.47 19.03 4401.64 17.68
Non-renewable energy /Yenilenemeyen enerji 19152.41 80.97 20495.97 82.32
Total /Toplam 23652.88 100.00 24897.61 100.00

The results of GHG emissions of wheat production
are shown in Table 7. The total GHG emissions
were calculated as 3055.92 and 3109.65 kgCO2.eq
ha1 for the wheat production in the enterprises that

had and did not have soil analysis, respectively. The
results showed that in both groups in wheat
production, the share of seed in total GHG
emissions was the highest, followed by nitrogen and
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diesel. The shares of the other inputs in total GHG
emissions were around 1.5% and lower when
compared with the other inputs. The results of the
distribution of the inputs in total GHG emissions
showed that the share of human labor was the lowest
(0.33% and 0.39%, respectively) for wheat
production.

GHG ratios per kg were found as 0.66 and 0.72 for
the wheat production in the enterprises that had and
did not have soil analysis, respectively. Wheat
production in the enterprises that had soil analysis
seemed to be more advantageous in terms of GHG
consumption when compared with the other

producer group.

According to the results of the soil analysis, the
yield increases as the plant receives the fertilizer it
needs, and the profit of the producer increases with
the increase in yield. As a result of the analysis, it
was determined that the energy use efficiency and
energy productivity were higher, and the specific
energy and GHG ratio were lower in the producer
group who had soil analysis (Figure 1). These
results revealed the importance of having soil
analysis and applying the amount of fertilizer
according to the soil analysis results.

Table 7. Total GHG emission in wheat production (kgCO,. ha?).
Cizelge 7. Bugday iiretiminde toplam sera gazi emisyonu (kgCO,., ha't).

Inputs /Girdiler

Soil analysis
Toprak analizi yaptiran

No soil analysis
Toprak analizi yaptirmayan

GHG emission o
GHG emisyonu 0

GHG emission o
GHG emisyonu 0

Human labor (h) /Isgiicii 10.08 0.33 12.11 0.39
Machinery (MJ) /Cekigiicii 51.15 1.67 60.67 1.95
Diesel (1) /Yakat 204.79 6.70 223.56 7.19
Nitrogen (kg) /Azot 954.22 31.23 1010.43 32.49
Phosphorus (kg) /Fosfor 56.17 1.84 60.18 1.94
Herbicides (kg) /Ot ilaglart 34.65 1.13 34.65 1.11
Fungicides (kg) /Mantar ilaglar1 47.19 1.54 50.05 1.61
Seed (kg) /Tohum 1697.68 55.55 1658.00 53.32
Total /Toplam 3055.92 100.00 3109.65 100.00
GHG ratio (per kg) /GHG orani (kg basina) 0.66 0.72
Energy paraneters and GHG
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Figure 1. Energy parameters and GHG ratio of wheat production.

Sekil 1. Bugday iiretiminde enerji parametreleri ve GHG orani.
CONCLUSION

In this study, wheat production was examined in
terms of energy use and GHG emissions in
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enterprises that had soil analysis and did not have
soil analysis in Edirne. When the energy inputs were
analyzed, it was seen that the highest share belonged
to chemical fertilizers, and this ratio was higher in
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the enterprises that did not have soil analysis. In the
context of sustainable environment and energy use,
it should be considered important for the producers
to fertilize according to the technique after the soil
analysis was done in the use of fertilizers. In
addition, applying different tillage methods in order
to reduce fuel-oil input may be beneficial in terms
of energy use.

Balanced fertilization programs based on soil
analysis play an important role in reducing GHG
emissions resulting from agricultural activities. Soil
analysis application by the producers should be seen
not as a tool but as a goal, and for this, it is important
to increase the necessary training and extension
services. In addition, a support model should be
developed to ensure that soil analysis is mandatory.

REFERENCES

Abbas, A., M. Yang, R. Ahmad, K. Yousaf, and T. Igbal. 2017.
Energy use efficiency in wheat production: A case
study of Paunjab Pakistan. Fresenius Environ Bull. 28
(11):6773-6779.

Altuntas, E., O.N. Bulut, and E. Ozgbz. 2019. Energy use
efficiency analysis of wheat production with different
soil systems in dry agriculture. Anadolu J Agr Sci. 34
(2019): 57-64.

Anonymous 2022¢. IBM® SPSS® Statistics 26 Algorithms.
Licensed materials property of IBM corporation ©
copyright IBM corporation and other(s), International.

Anonymous. 2015. Harmonised Calculations of Biofuel
Greenhouse Gas Emissions in Europe. BioGrace,
Utrecht, The Netherlands. http://www.biograce.net.

Anonymous. 2021. 2020 Yili Hububat Sektér Raporu.
https://mww.tmo.gov.tr/Upload/Document/
sektorraporlari/hububat2020.pdf (Accessed 20.05.2022).

Anonymous. 2022a. Bitkisel Uretim Istatistikleri. Erigim adresi:
http://biruni.tuik.gov.tr/medas/?kn=92 &locale=tr

(Accessed 22.05.2022).

Anonymous. 2022b. Turkish Greenhouse Gas Inventory 1990-
2020. https://webdosya.csb.gov.tr/db/iklim/icerikler/
sera_gazi_em-syon-raporu-20200506141834.pdf
(Accessed 20.05.2022).

Clark, S., B. Khoshnevisan, and P. Sefeedpari. 2016. Energy
efficiency and greenhouse gas emissions during
transition to organic and reduced-input practices:
Student farm case study. Ecol. Eng. 88: 186-194.

Erdal, G., K. Esengiin, H. Erdal, and O. Giindiiz. 2007. Energy
use and economical analysis of sugar beet production in
Tokat Province of Tiirkiye. Energy 32 (1): 35-41.

Since fertilizers and pesticides cause health effects
and greenhouse gas emissions, reducing their use
and providing the required minerals to the soil
through compost is a very important strategy for
improving the soil and increasing its carbon
sequestration capacity.

ACKNOWLEDGEMENT

This study was prepared from the project
“Evaluation of Fertilizer Use Behaviors of Farmers
Based on Soil Analysis in Edirne and Tekirdag
Provinces and Developing Suggestions Based on
Soil Analysis Support” supported by the Ministry of
Agriculture and Forestry, General Directorate of
Agricultural Research and Policies, Tiirkiye.

Eren, O., O. Gokdogan, and M. F. Baran. 2019. Determination
of greenhouse gas emissions (GHG) in the production

of different plants in Tiirkiye. Fresenius Environ Bull.
28(2A): 1158-1166.

Ghorbani, R., F. Mondani, S. Amirmoradi, H. Feizi, S.
Khorramdel, and M. Teimouri. 2011. A case study of
energy use and economical analysis of irrigated and dry
land wheat production systems. Appl. Energy 88 (1):
283-288.

Go6kdogan, O., and B. Sevim. 2016. Determination of energy
balance of wheat production in Tiirkiye: A case study
of Eskil District of Aksaray Province. J. Tekirdag
Agric. Fac. 13 (04): 36-43.

Giildal, H.T. 2016. Bugday yetistiriciliginde toprak analizi
sonucuna gore kullanilan giibrenin maliyete etkilerinin
belirlenmesi: Konya ili Cihanbeyli Ilgesi &megi.
Yiiksek lisans tezi. A. U. Zir. Fak. Fen Bil. Ens. Tarla
Bitkileri Ana Bilim Dali - Ankara.

Giiltekin, R., S. Aykanat, Y. Korkmaz, and H.A. Karaagag.
2016. Energy balance of different tillage and sowing
systems in wheat production. Journal of Agricultural
Machinery Science 12 (1): 59-64.

Hetz, E. J. 1992. Energy utilization in Chilean agriculture.
Agricultural Mechanization in Asia Africa Latin
America (AMA) 23 (2): 52-56.

Houshyar, E., H. R. Zareifard, P. Grundmann, and P. Smith.
2015. Determining efficiency of energy input for silage
corn production: An econometric approach. Energy
93(2015): 2166-2174.

Hughes, D. J.,J. S. West, S. D. Atkins, P. Gladders, M. J. Jeger,
and B. D. Fitt. 2011. Effects of disease control by
fungicides on greenhouse gas emissions by U.K. arable
crop production. Pest Manag. Sci. 67(9): 1082-1092.

285



ANADOLU 32 (2) 2022

Karaagag, H. A., M. F. Baran, D. Mart, A. Bolat, and O. Eren.
2019. Determination of energy usage efficiency and
greenhouse gas (GHG) emissions in chickpea
production (The case of Adana Province). EJOSAT 41:
41-50.

Kardoni, F., M. J. Ahmadi, and M.R. Bakhshi. 2014. Energy
efficiency analysis and modeling the relationship
between energy inputs and wheat yield in Iran.
IJAMAD 5 (4): 321-330.

Khan, S.,M. A. Khan,and N. Latif. 2010. Energy requirementsand
economic analysis of wheat, rice and barley production in
Australia. Soil & Environ. 29(1): 61-68.

Mandal, K. G., K. P. Saha, P. K. Ghosh, K. M. Hati, and K. K.
Bandyopadhyay. 2002. Bioenergy and economic
analysis of soybean-based crop production systems in
Central India. Biomass Bioenergy 23 (5): 337-345.

Maraseni, T. N., G. Cockfield, J. Maroulis, and G. Chen. 2010.
An assessment of greenhouse gas emissions from the
Australian vegetables industry. J. Environ. Sci. Health
- B Pestic. Food Contam. Agric. Wastes. 45(6): 578-
588.

Marin, D. J., T. Rusu, M. Mihalache, L. llie, E. Nistor, and C.
Bolohan. 2015. Influence of soil tillage upon
production and energy efficiency in wheat and maize
crops. AgroLife Sci. J. 4(2): 43-47.

Nassir, A. J., M. N. Ramadhan, and A. A. Majeed Alwan. 2021.
Energy input-output analysis in wheat, barley and oat
production. Indian J. Ecol. 48(1): 304-307.

Nguyen, T.L. T.,and J. E. Hermansen. 2012. System expansion
for handling co-products in LCA of sugar cane bio-
energy systems: GHG consequences of using molasses
for ethanol production. Appl. Energy. 89(1): 254-261.

Oren, M. N., and H. H. Ozturk. 2006. An analysis of energy
utilization for sustainable wheat and cotton production
in Southeastern Anatolia Region of Tiirkiye. J. Sustain.
Agric. 29(1), 119-130.

Oyewole, C. I. 2016. The Wheat Crop. Report Number: 01,
Affiliation: Kogi State University, Anyigab.

Pishgar-Komleh, S. H., P. Sefeedpari, and M. Ghahderijani.
2012. Exploring energy consumption and CO2
emission of cotton production in Iran. J. Renew.
Sustain. Energy 4(3): 033114-033115.

Rafiee, S., H. Seyed, A. Mousavi, and M. Ali. 2010. Modeling
and sensitivity analysis of energy inputs for apple
production in Iran. Energy. 35(8): 3301-3306.

Rajaniemi, M., H. Mikkola, and J. Ahokas. 2011. Greenhouse
gas emissions from oats, barley, wheat and rye
production. Agron. Res. Biosystem Engineering
Special Issue 1: 189-195.

286

Ramah, M., and E. H. Baali. 2013. Energy balance of wheatand
barley under Moroccan conditions. Journal of Energy
Technologies and Policy. 3(10): 20-27.

Safa, M., S. S. Mohtasebi, M. Behroozi Lar, and M. Ghasemi-
Varnamkhasti. 2010. Energy consumption in
production of grains prevalent in Saveh, Iran. Afr. J.
Agric. Res. 5(19): 2637-2646.

Shahin, S., A. Jafari, H. Mobli, S. Rafiee, and M. Karimi. 2008.
Effect of farm size on energy ratio for wheat
production: A case study from Ardabil Province of Iran.
American-Eurasian J. Agric. & Environ. Sci. 3 (4):604-
608.

Singh, G., S. Singh, and J. Singh. 2004. Optimization of energy
inputs for wheat crop in Punjab. Energy Convers.
Manag. 45(3): 453-465.

Singh, J.M. 2002. On farm energy use pattern in different
cropping systems in Haryana, India. MSc Thesis.
International Institute of Management University of
Flensburg.  Sustainable Energy Systems and
Management - Germany.

Soltani, A., M. H. Rajabi, E. Zeinali, and E. Soltani. 2013. Energy
inputs and greenhouse gases emissions in wheat
production in Gorgan, Iran. Energy. 50 (1): 54-61.

Syp, A., A. Faber, M. Borzecka-Walker,and D. Osuch. 2015.
Assessment of greenhouse gas emissions in winter
wheatfarms using dataenvelopmentanalysis approach.
Pol. J. Environ. Stud. 24 (5): 2197-2203.

Tipi, T., B. Cetin, and A. Vardar. 2009. An analysis of energy
use and input costs for wheat production in Tirkiye.
Journal of Food, Agriculture & Environment. 7(2): 352-
356.

Unakitan, G., and B. Aydin. 2018. Comparison of energy use
efficiency and economic analysis of wheat and
sunflower production in Tiirkiye: A case study in
Thrace Region. Energy. 149 (2018): 279-285.

Yaldiz, O, H. H. Oztiirk, Y. Zeren ve A. Bascetingelik. 1990.
Tiirkiye tarla bitkileri iiretiminde enerji kullanim1. Ak.
U. Zir. Fak. Derg. 3 (1-2): 51- 62.

Yildiz, T. 2016. An input-output energy analysis of wheat
production in Carsamba District of Samsun Province.
Journal of Agricultural Faculty of Gaziosmanpasa
University, 33 (3): 10-20.

Yilmaz, I., A. Ozalp, and F. Aydogmus. 2010. Determination
of the energy efficiency in dwarf apple production in
Antalya Province: A case study for Elmali. Mediterr
Agric Sci. 23 (2): 93-97.

Ziaei, S. M., S. M. Mazloumzadeh, and M. Jabbary. 2015. A
comparison of energy use and productivity of wheat and
barley (case study). J. Saudi Soc. Agric. Sci. 14 (1): 19-25.



ANADOLU, J. of AARI

ISSN: 1300-0225 (Print)
E-ISSN: 2667-6087 (Online)
2022, 32 (2): 287-300

DOI: 10.18615/anadolu.1216309

Centaurea ptosimopappa var. elegans Giizel. A New Centaurea L.
(Asteraceae) taxon from Tiirkiye with taxonomical notes on sect.
Ptosimopappus and with lectotypification

Yelda GUZEL"

*Mustafa Kemal University, Faculty of Arts and Science, Department of Biology,
31040 Antakya-Hatay/TURKIYE

*https://orcid.org/0000-0002-7975-3130

*Corresponding author (Sorumlu yazar): yeldaguzel @gmail.com
Received (Gelis tarihi): 08.12.2022  Accepted (Kabul tarihi): 19.12.2022

Abstract: A new variety of Centaurea (Asteraceae) section Ptosimopappus from the Amanus Mountains, South Anatolia
was described. The new taxon is considered as a variety of C. ptosimopappa due to shared morphological characters such as
sterile and fertile leathery basal rosettes and branched shrub habit. On the other hand, it differs by achene morphology and by
involucre, spinule and cauline leaf sizes as well as other morphological and anatomical differences. Detailed morphological,
carpological and microsculptural analyses were carried out in order to reveal the differences between the varieties. Also,
Lectotype for C. ptosimopappa var. ptosimopappa based on isotypes of its basionym Ptosimopappus bracteatus was designated.
Taxonomic studies on wild flora elements will not only help us to take a world species inventory, but also contain important clues
about the present and future of our cultivars.

Keywords: Centaurea, Ptosimopappus, new variety, endemic flora, Lectotypification.

Centaurea ptosimopappa var. elegans Giizel. Tiirkiye’den, Centaurea L. (Asteraceae) cinsine
ait yeni bir taxon. sect. Ptosimopappus’a dair taksonomik notlar ve lektotipifikasyonu

Oz: Giiney Anadolu'daki Amanos Daglari'ndan yeni bir Centaurea (Asteraceae) sect. Ptosimopappus varyetesi
tammlanmistir. Yeni takson, steril ve fertil derimsi taban yaprak rozetleri ve dallanmis ¢alimst habitus gibi ortak morfolojik
karakterler nedeniyle bir C. ptosimoppa varyetesidir. Ote yandan, aken morfolojisi ve involucrum, spinule ve gévde yaprak
boyutlari ile diger morfolojik ve anatomik farkliliklar nedeniyle C. ptosimopappa'dan farkliliklar gosterir. Varyeteler arasindaki
Sfarkhihiklart ortaya ¢ikarmak igin detayli morfolojik, karpolojik ve elektron mikroskobu analizleri yapilmistir. Ayrica, C.
ptosimoppa var. ptosimopappus bracteatus basioniminin izotiplerine dayali olarak Ptosimopappus bracteatus'a lektotip
atanmigtir. Yabani flora elemanlar ile ilgili taksonomik c¢alismalar, diinya tiir envanterini ¢ikarmamiza yarayacaklar: gibi,
kiiltiir cesitlerimizin bugiinii ve gelecegine dair onemli ipuglar: da barindirirlar.

Anahtar kelimeler: Centaurea, Ptosimopappus, yeni variyete, endemik flora, lektotipifikasyon.
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INTRODUCTION

Centaurea L. (Linneaus, 1753: 909) is one of the
largest genera in the Asteraceae. In the Flora of
Tiirkiye, the genus was classified by Wagenitz into
34 sections (Wagenitz, 1975). Recently, some of
these sections were separated to split the genus into
four genera: Centaurea L., Psephellus Cassini
(1826), Rhaponticoides Vaillant (1754), and
Cyanus Miller (1754) (Wagenitz and Hellwig,
2000; Greuter 2003). Subsequently, the number of
Centaurea sections for Turkish flora decreased to
27. However, the genus remains one of the largest
genera of Turkish flora with a continually
increasing number of species, reaching almost 200
by 2017 (Ding and Dogu, 2012; Giiner et al., 2012;
Kose and Alan, 2013; Bona, 2015a; Bona, 2015b;
Negaresh et al., 2015; Yiizbasioglu et al., 2015;
Kialtiir, 2010; Uysal et al., 2016; Uysal and
Hamzaoglu, 2016; Uysal et al., 2017). Tirkiye is
the main centre of Centaurea diversity (Wagenitz,
1986), with a 54% rate of endemism that continues
to increase as new species are discovered.

Ptosimopappus is an unusual, two membered (C.
ptosimopappa and C. ptosimopappoides) small group
of Centaurea that is characterized by phyllaries that
do not have appendages, ends with much-reduced
mucros, with achenes that have indistinct inner row
of pappus, and firm (in C. ptosimopappoides) to

leathery leaves (in C. ptosimopappa and its new
variety here described). As indicated by Wagenitz
(1975), members of the section are in close affinity
with section Microlophus, especially with C. behen
and C. polypodiifolia, but differ from them by
indistinct inner row of pappus (vs. distinct but short)
and by firm to leathery leaves (vs. firm but not
leathery). Both members of this local endemic
section, namely C. ptosimopappoides Wagenitz
(1974) and C. ptosimopappa are distributed in the
Southeast Mediterranean ranges of the Taurus
Mountains (Figure 1). The new variety is also
distributed in the East Mediterranean region, in the
Amanus Mountains. It has all the typical features of
section Ptosimopappus.

Taxonomic studies about wild flora members,
serve the purposes of making a world species
inventory, understanding species diversity and
dynamics, as well as conserving the gene resources
of wild ancestors and relatives of cultivated plants.
The world is facing a serious climate and therefore,
water crisis. It is certain that in the future we will
need agricultural varieties that are resistant to
drought, heat and other extreme ecological
conditions that will change depending on these
factors. All kinds of biological studies on wild
flora elements, which are much more resistant to
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Figure 1. Distribution map of Sect.: Ptosimopappus taxa based on localities of herbarium specimes and field observations. Oval:
C. ptosimopappoides; Rectangular: C. ptosimopappa var. elegans; penta/hexagonal: C. ptosimopappa var. ptosimopappa. Map
provided from Google Earth on December 2, 2022. Sekil 1. Sect.: Ptosimopappus taksonlarimin herbaryum orneklerinin
lokalitelerine ve saha gozlemlerine dayali dagilim haritasi. Oval: C. ptosimopappoides; Dikdortgen: C. ptosimopappa var.
elegans; besgen/altigen: C. ptosimopappa var. ptosimopappa. 2 Aralik 2022'de Google Earth'ten saglanan harita.
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different ecological conditions than cultivated
plants, are the keys that can enable us to develop
different agricultural varieties that we may need in
the future. Speciation in plants is a gradual event.
As in the example in this article, new taxa emerge
as a result of the differentiation of geographically
partially or completely isolated populations that
have adapted to different ecological conditions
such as altitude, therefore temperature, and soil
structure, to a degree that reduces and eventually
ends the gene flow between them. Adaptation of
plants to different ecological conditions and
genetic differentiation are undoubtedly examples
that can inspire us in our agricultural production.

MATERIALS and METHODS

Plant specimens were collected from type localities
and from additional localities described below and
compared with each other in terms of
morphological and anatomical aspects. All
collections were also compared with digitalized
holotypes and isotypes of Centaurea section
Ptosimopappus species at G, K, E, GOET, NY and
P (acronyms according to Thiers, 2016). Relevant
literature was also consulted (Boissier, 1849;
Bentham et al., 1893; Hayek, 1901; Holub, 1975;
Wagenitz, 1975). Nomenclatural data on the
species were checked using the International Plant
Names Index (IPNI, 2017), as well as the
abovementioned literature and from the labels of
specimens. Vouchers were deposited in the
Herbarium of Mustafa Kemal University,
Herbarium of Hacettepe University (HUB) and
also the Herbarium of Ankara University (ANK).

Anatomical and morphological studies were
conducted on 25 achenes from each original
specimen gathered. Light Microscopy (LM) and
Scanning Electron Microscopy (SEM) were used for
morphological and ultrastructural investigations,
respectively. A Boeco stereo microscope was used
for morphological investigations and measurements.
Carpological investigations were performed with an
Olympus-BX50 binocular light microscope and
with a JEOL JSM-5500LV Scanning Electron
Microscope. Samples were coated with gold-
palladium prior to SEM observation.

RESULTS
Taxonomy

Centaurea ptosimopappa var. elegans Giizel var.
nov. (Figs 2a, 3a, 44, 5a, 6a, 7a, 8a, 9a, 10a, 11a):

Diagnosis: Centaurea ptosimopappa var. elegans
(Figs. 2a, 3a, 4a, 5a) is similar to Centaurea
ptosimopappa var. ptosimopappa (Figs. 2b, 3b, 4b,
5b). with its fertile and sterile basal rosettes which
exist throughout the winter also with branching,
shrubby habit and leathery leaves. The variety
differs from it by oblong, slightly heteromorphic
achenes (vs. linear to elliptic, clearly
heteromorphic) and linear-lanceolate, 0.2-0.4 cm
wide, acute cauline leaves that have no ruff collar-
like apearance (vs. elliptical to broadly ovate, (0.5)
1-2.5 cm wide, obtuse, with ruff collar-like
apearance). The variety differs from C.
ptosimopappoides (Figs. 2d, 3c, 5¢) by its shruby
60-200 cm habitus (vs. sub-shruby, 20-65 cm.
habitus) and evergreen basal rosettes (vs. without
basal rosettes)

Type: - TURKIYE C6 Osmaniye: Amanus Mountains,
Zorkun Plateau, 36°59°55.22”N; 36°18°33.03”E,
1239 m elevation, 2 September 2017, Y. Giizel-915
Holotype: ANK, Isotype: HUB.

Description: Perennial tall shrub 100-220 cm.
Width in base is 3-5 mm. Erect, many branched in
upper half with secondary or more branching.
Branches slender, 1-2 mm wide 1n the middle.
Bluish-grey glaucous and occassionally purple
sprinkled in general appearance (Figure 2a). Basal
leaves leathery. Forms sterile and fertile rosettes
(Figure 2c). Persisting through winter. Veins not
pronounced except for central vein. Leaf shape is
lanceolate-spathulate with 5-13 x 1.5-25 cm
dimensions (including petiole). All basal leaves are
glabrous with only floccose-tomentose strip at the
margin. Cauline leaves are linear-lanceolate, 1-5 x
0.2-0.4 cm, flat, sessile with acute base, apex acute
with 0,5 mm mucro. All cauline leaves are similar in
shape and dimensions. Leaf margins entire with
floccose-tomentose strip. Leaves small but dense on
the stem with one leaf or cluster of leaves at each
internode. There are 1-6 leaves just below the
capitula, with no ruff collar-like apearance (Figure
34, 4a, 5a). Capitulum is always solitary at the top
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of the slender branches. Peduncle is slightly inflated
and hollow, 2-5 mm just below the capitula (Figure
6a). Involucre, 1.3-2 x 0.6-1.3 cm, ovoid, rounded
at base strongly contracted towards apex (Figure
6a). Phyllaries are very numerous. Glabrous with
scattered, decidious short cilia at the margins first
(at the early stages of flowering), then becoming
completely glabrous. Inner phyllaries lanceolate 8-
10 x 2-3 mm. Median phyllaries ovate 6-8 x 2-3
mm. Outer phyllaries 1.5-2.5 x 1-2 mm. Appendage
nonexistent (Figure 7a). There are only minute
spinule at the tip of the phyllary. Spinule 0.1-0.2
mm. Florets yellow to pale orange. Marginal floret
number is 6-12, almost equal to inner ones, 11-14
mm, not radiant, narrowly infundibular with 5 equal
6-7 mm linear lobes. Inner hermaphrodite florets
numerous. Tubular with 4-7 mm equal linear-
lanceolate lobes. Style extruded 3-7 mm over the
lobes. Anthers yellow to pale orange, slightly
exerted. Achenes compressed. Unripe achene cream
coloured and with pappus. Becomes brown and
lacks the pappus as ripened. Ripe achenes slightly
heteromorphic. Peripheral and central ones are
almost same in length, central ones slightly wider.
4-55 x 2-2.3 mm (Figure 8a, very sparsely
tomentose, oblong, brown with straw-coloured
stripes of varying thickness. More than 2 thin or
thick stripes on the each side of the compressed
achene. Apex truncate. Hilum lateral. Eliosome
exists. Pappus 4-5 mm, scabrous-barbellate, straw
colored, decidious both in the peripheral and central
achenes. Receptacular bristles are straw-coloured,
0.8-1 cm, indistinctly twisted (Figure 9a).

Comparisons between capitulas, phyllaries, achenes
and receptacular bristles of C. ptosimopapa var.
elegans and C. ptosimopappa var. ptosimopappa are
given in Figs. 6a, 6b; 7a, 7b; 8a,8b and 9a,9b and
Table 1

Carpology: Pericarp of the achene: Epidermis is
one-layered with cells that have extensively thick,
anticlinal, and outer periclinal walls. Sub-
epidermal region consists of schlerenchymatic cell
layers and conscipuous vascular bundles. The
bundles are found under the light-coloured stripes
of the achenes. The bundles and surrounding light-
colored schlerenchimal and epidermal tissues form
the outer apearance stripes of the achenes (Figure
10a). There are at least 3 vascular bundle at each
side of the compressed achene. Microsculpture of
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the achene surface is rough, ornamentation sulcate.
Cell boundaries appear raised above the distinct,
flat cell centres (Figure 11a).

Comparisons between carpology and achene
microsculpture of C. ptosimopapa var elegans and
C. ptosimopappa var ptosimopappa are given in
Figs. 10b and 11b and Table 1

Flowering time: From July to September.

Examined samples: TURKIYE C6 Osmaniye:
Amanus Mountains, Zorkun Yaylasi,
36°59°48.79”N;  36°18°51.34” E, 1245 m
elevation, 2 September 2017, Y. Giizel-916; C6
Hatay: Vicinity of St. Simeon monastery,
Samandag. 36°5°50.2” N; 36°2°19.4” E, 430 m
elevation. 25 August 2017, Y. Giizel-910; C6
Hatay: Erzin, above Kuyuluk village, 36°
54.31.69° N; 36°17.03.49° E, 724 m, 05 August
2017, Y. Giizel-909
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Figure 2. Habitus of the Sect. Ptosimopappus taxa. a. C.
ptosimpappa var. elegans. bh. C. ptosimopappa var.
ptosimopappa. ¢. Basal leaves of C. ptosimopappa var. elegans.
d. C. ptosimopappoides (Photo of C. ptosimopappoides was
obtained from Prof. Dr. Ahmet Duran) Sekil 2. Sect.
Ptosimopappus taksonlarinin habituslart. a. C. ptosimpappa var.
elegans. b. C. ptosimopappa var. ptosimopappa. c. C.
ptosimopappa var. elegans’in taban yapraklart d. C.
ptosimopappoides (C. ptosimopappoides fotografi Prof. Dr.
Ahmet Duran’dan temin edilmistir).
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Figure 3. a. Holotype of C. ptosimopappa var. elegans (ANK); b. Lectotype (designated here) of C. ptosimopapp

(Ptosimopappa bracteata) (G); c. Holotype of C. ptosimopappoides (E)
Sekil 3. . a. C. ptosimopappa var. elegans’in holotipi (ANK); b. C. ptosimopappa (Ptosimopappa bracteata)’nin lektotipi (G)

(burada diizenlenmistir); c. C. ptosimopappoides’in holotipi (E)

Figure 4. Close view of; a. C. ptosimopappa var. elegans; b. C. ptosimopappa var. ptosimopappa. Background columns: 5 mm
Sekil 4. a. C. ptosimopappa var. elegans; b. C. ptosimopappa var. ptosimopappa’nin yakindan goriiniigleri. Arka plandaki

siitunlarin eni: 5 mm
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Figure 5. General appearance of; a. C. ptosimopappa var. elegans; b. C. ptosimopappa var. ptosimopappa; c. C.
ptosimopappoides (Photo of C. ptosimopappoides was obtained from Prof. Dr. Ahmet Duran).

Sekil 5. a. C. ptosimopappa var. elegans; b. C. ptosimopappa var. ptosimopappa; ¢. C. ptosimopappoides’in genel goriiniigleri
(C. ptosimopappoides fotografi Prof. Dr. Ahmet Duran’dan temin edilmistir).
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Figure 6. Outside and inside appearance of capitula of; a. C. ptosimopappa var. elegans and b. C. ptosimopappa var.

ptosimopappa. Background lines: 5 mm.
Sekil 6. Kapitulalarin i¢ten ve digtan gériiniimleri. a. C. ptosimopappa var. elegans b. C. ptosimopappa var. ptosimopappa. Arka

plandaki satirlarin eni: 5 mm.

Figure 7. Phyllaries of; a. C. ptosimopappa var. elegans and b. C. ptosimopappa var. ptosimopappa. Lines on the edge: 5 mm.
Sekil 7. Fillariler. a. C. ptosimopappa var. elegans b. C. ptosimopappa var. ptosimopappa. Kenardaki satirlarin eni: 5 mm.
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Figure 8. Achenes of; a. C. ptosimopappa var. elegans.b. C. Ptosimopappa var. ptosimopappa, Left: Peripheral achenes. Right:
Central achenes.

Sekil 8. Akenler; a. C. ptosimopappa var. elegans.b. C. Ptosimopappa var. ptosimopappa, Soldakiler: Cevresel akenler.
Sagdakiler: Merkezi akenler.

Figure 9. Receptacular bristles of; a. C. ptosimopappa var. Figure 10. Cross sections of achenes; a. C. ptosimopappa

elegans and b. C. ptosimopappa var. ptosimopappa. Lines on var. elegansand b. C. ptosimopappa var. ptosimopappa.
the edge: 5 mm. Sekil 9. Reseptakular killar. a. C. Vb: Vascular bundle. Sekil 10. Akenlerin enine Kesiti. a.
ptosimopappa var. elegans and b. C. ptosimopappa var. C. ptosimopappa var. elegans b. C. ptosimopappa var.
ptosimopappa. Kenardaki satirlarin eni: 5 mm. ptosimopappa. Vb: Vascular bundle.
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Figure 11 Mlcrosculpture of achene surfaces; a. C. pt05|mopappa var. alegans and b. C. ptosmopappa
Sekil 11. Aken yiizeylerinin inceyapisi. a. C. ptosimopappa var. alegans and b. C. Ptosimopappa.

Distribution and proposed conservation status:
This new variety is endemic to the Amanus
Mountains in southeast Tiirkiye (Figure 1). It is
known from three populations. The IUCN Red List
criteria Bla (IUCN, 2017) suggests ‘Vulnerable’
status for populations that are ‘severely fragmented
or known to exist at no more than 10 locations’;
therefore, | propose categorizing C. ptosimopappa
var. elegans as Vulnerable (VU).

Habitat observation: 400-1250 m. Clearings of
Pinus brutia forests, serpentine soils

Eponymy: The specific epithet is given to the
slender, delicate habitus of the variety.

DISCUSSION

C. ptosimopappa var. elegans differed from C.
ptosimopappa var. ptosimopappa by its much
smaller cauline leaves, especially uppermost ones.
Uppermost cauline leaves of C. ptosimopappa var.
ptosimopappa make clusters below the capitula that
conceal it, thus, having a ruff collar-like apearance
around the capitula. Upper leaves that conceal the
capitula are also mentioned in delimitation of the
varieties of Centaurea polypodiifolia. However this
character is much more specific and stable in C.
ptosimopappa var. ptosimopappa because the
concealing leaves make a cluster distanced from
other cauline leaves that gives them bract like
appearance. The specific epithet of basionym of C.
ptosimopappa var. ptosimopappa, Ptosimopappus
bracteatus, emphasizes this bract-like upper cauline
leaves. This feature was referred by Holub (1975)
also as an important taxonomic character in
describing monotypic genus Petrodavisiana based
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on Ptosimopappus bracteatus = Centaurea
ptosimopappa. C. ptosimopappa var. elegans has
also one or a cluster of 2-5 leaves below the capitula
but because they are much narrower than those of
the other variety, there is not such a pronounced
bract-like appearance as in C. ptosimopappa var.
ptosimopappa. C. ptosimopappoides lack such leaf
clusters below the capitula.

The other important difference of the new variety
was observed in achenes. Although achenes of both
varieties are heteromorphic in color, pattern and
shape, this heteromorphy is much clearer in C.
ptosimopappa var. ptosimopappa. Achenes of this
variety can be grouped in two groups as peripheral
and central ones. Peripheral ones are short, oblong
and brown with cream stripes and have
semidecidious pappus, i.e. ripened ones have a
pappus but it easily falls. On the other hand, central
ones are much longer and slender, linear to
oblanceolate, plain, brown to black and with very
decidious pappus so ripened ones can not be with a
pappus (Figure 8a). Such a dimorphy was previously
reported in C. solstialis (Wagenitz, 1975). On the
other hand, although they also have heteromorphy in
the achenes, it is hard to group them as central and
peripheral in C. ptosimopappa var. elegans. Both
peripheral and central achenes of this variety are of
the same length but central ones are slightly wider.
All of them are oblong and brown with straw-
coloured stripes of varying thicknesses. Pappus is
straw colored and decidious both in the peripheral
and central achenes (Figure 8b). In both species,
unripened achenes are cream-colored.
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Achene microsculpture is an important taxonomical
character that shows interspecific variation in
Centaurea (Celik et al., 2008; Bona, 2015c; Candan
et al., 2016). In addition to morphological
differences, ultrastructural differences between the
achenes of the two varieties were also found. It
seems that, achene microsculpture is an
distinguishing character at the variety level.

The whole comparison of section Ptosimopappus
taxa is given in Table 1. Also, the compared
features can be seen in Figures 2-11.

These three taxa of section Ptosimopappus have
similar habitat characteristics: serpentine soils of
Pinus brutia clearings at about 300-1300 elevation.
Flowering time of C. ptosimopappa var. elegans is
much longer than the other two taxa at all
elevations. C. ptosimopappa starts to flower in
May at low altitudes and finishes in July at higher
altitudes. Similarly C. ptosimopappoides also
flowers between June and July. On the other hand,
the earliest flowering of C. ptosimopappa var.
elegans is in July at the lower altitudes and
continues until October at the higher altitudes. This
difference of C. ptosimopappa var. elegans,
together with morphological and ultrastructural
differences of achenes are in favor of it as a
separate taxon. On the other hand, the existence of
some intermediate populations between Southeast
and Northest populations of the species represent
C. ptosimopappa var. ptosimopappa and C.
ptosimopappa var. elegans respectively (Figure 1),
brings to mind the continuing gene flow between
these extreme populations. Also, the whole
distribution range of the species is not very wide.
Although there is the Asi (Orontes) Plain between
the mountainous main C. ptosimopappa var.
ptosimopappa and C. ptosimopappa var. elegans
populations (Figure 1), scattered populations of
both at lower altitudes indicate that this
geographical isolation is not yet effective enough
for speciation or subspeciation.

It is observed that, although they have labels
clearly emphasizing that they are isotypes of
Ptosimopappus bracteatus, all C. ptosimopappa
samples at P (P00703879, P00703880, P00703881)
are stored under the name Centaurea bracteata
Scopoli (1787: 17) which in not related with Sect.

298

Ptosimopappus. C. bracteata is defined by Scopoli
from Appennine Mountains (Italy). There is a clear
definition and figure (tab. IX) in the protologue
indicating that it is a member of Sect.: Jacea.
Dayton (1893), indicated that it is a synonym of
Centaurea amara Linnaeus (1763: 1292) which is
also a member of Section Jacea. This confusion
will be corrected by notifying the Herbarium.

There are 10 isotypes of Ptosimopappus bracteatus
at G, GOET, K, NY and P. There is no holotype
indicated so one of these isotypes at G, G00223040
is here designed as Lectotype (figure 3b).

From the samples in the Edinburgh Herbarium, it
seems the new variety was previously collected
from the type locality Osmaniye by Wagenitz who
revised genus Centaurea for Flora of Tiirkiye. The
specimen was identifed as C. ptosimopappa and
referenced within C. ptosimopappa in Flora of
Tiirkiye (E00475650). Two recent collections by J.
Darrah (E00475652-Erzin) and by R. D. Reeves,
N. Adigiizel and O. Bingdl (E00267619-Osmaniye,
E00267632-Erzin) were also identified as C.
ptosimopappa, probably by following the samples
of Wagenitz. Samples were collected and
examined from all of the abovementioned localities
besides detailed population observations (Y. Giizel-
916-Osmaniye type locality, Y. Giizel-909-Erzin,
see the examined samples section for GPS
coordinates of this collections). As a result, it was
concluded that these four samples obviously
belong to C. ptosimopappa var. elegans which
should be considered as a variety of C.
ptosimopappa in the light of evidence presented
here. These misidentifications will be corrected
after publication.

Key to species of Centaurea section

Ptosimopappa

1. Sub-shrub, 20-65 cm. Without basal
rosettes......... C. ptosimopappoides

1. Shrub, 60-200 cm. With basal rosettes...........
C. ptosimopappa

2. Cauline leaves elliptical to broadly ovate 2—5 x
1-2.5cm........ C. ptosimopappa var.
ptosimopappa

2. Cauline leaves linear-lanceolate 1-5 x 0.2-0.5 cm
................. C. var. ptosimopappa elegans
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Additional specimens examined

Centaurea  ptosimopappa  var. elegans:
E00475650 C6 Adana/Hatay: Amanus S.E. of
Osmaniye (Nur Da., Gavur Da.), 1000-1350 m,
11.10.1957, Wagenitz & Beiig 385; E00267619 C6
Osmaniye: Osmaniye- Zorkun yayla 17-18 km
from Osmaniye 1200 m serpentine soil along
roadside banks and edge of Pinus brutia forest,
1.August.2001 R.D.Reeves 2128, N. Adigiizel &
O. Bingdl (NA3994); E00267632 Hatay: Erzin
Kuyuluk village to koyunbeyli yayla 36° 54.668’
N; 36° 16.820° E, Pinus brutia forest on
serpentine, 3.August.2001 R.D.Reeves 2148, N.
Adigiizel & O. Bingdl (NA4016); E00475652
Above Yesilkent. 305 m. Pine woods, steep dry
bank. 10.08.1969, J. Darrah 563

Centaurea ptosimopappa var. ptosimopappa:
(Basionym: Ptosimopappus bracteatus) Tirkiye
C5/6 or Syria?: In tota regione inferiori montis
Cassii (Akra Da.) Syriae borealis ad margines
sylvarum, vi.1846, Boissier. Isotypes of
Ptosimopappus bracteatus at G, GOET, K, NY and
P were examined: G00223040 (lectotype here

designed), (00223041, 00223042,
GOET001308, K000794162, NY00232715,
NY00232716, P00703879, P00703880,
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ABSTRACT: The study explores the influence of gender discrimination on the agricultural economic efficiency gap between
women and men farmers in Nigeria's Kano State, as part of the USAID MARKETS Il initiative. A structured questionnaire supported by
an interview schedule was utilized to extract cross-sectional data from 189 participants selected by a multi-stage sample technique using
a simple cost-route strategy. Both descriptive and inferential statistics were applied to the acquired data. Gender disparity has both an
effect and an impact on the farm economic efficiency of women farmers, putting them at a disadvantage compared to their male
counterparts, according to scientific research. Besides, the extension gap which affected the farm economic efficiency of the women
farmers compared to the men is due to gender stereotype. Further, in isolating the impact of gender differential, it was observed that gaps
of technical and cost efficiencies between the two genders owe majorly to gender discrimination. In addition, both gender discrimination
and the endowment factor had an equal contribution to the yield gap between the two groups. However, the profit efficiency gap between
the genders is due majorly to endowment effect. In general, it can be concluded that gender discrimination, i.e. gender inequality and
gender stereotype, has slowed the active engagement of women beneficiaries in the program, hence impeding the continuation of their
farm businesses. As a result, in order for the program to be sustainable, it should include a gender budget in its strategy, allowing women
to break the curse of gender inequality, which has limited access to and control over productive resources.

Keywords: Gender, differential, gap, programme, Nigeria

INTRODUCTION

Low agricultural productivity growth rates are often
viewed as one of the key causes of Africa's current
high poverty and food insecurity levels, particularly
in rural regions. Despite tremendous progress over
the last two decades, Africa continues to lag behind
in terms of production and yield levels, modern
input utilization rates, technology acceptability, and
access to finance and insurance markets that are
usually failing or incomplete (Dillon and Barrett,
2014; FAO, 2015).

The African agricultural sector's poor performance is
a major hindrance to the continent's economic
development and precludes fundamental transformation
(AfDB et al, 2015). Increased agricultural
productivity for smallholder farmers in Sub-Saharan
Africa (SSA) is thought to reduce poverty more
effectively than growth in other economic sectors (de
Janvry and Sadoulet, 2010; Kilic et al., 2013; Mukasa
and Salami, 2015). Many efforts, such as the USAID
MARKETS, IFAD, and FADAMA programmes,
have been created in recognition of agriculture's vital
role in Africa's socio-economic development and
productivity increase.
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Aside from the aforementioned roadblocks to
African agriculture reform, it's also worth
mentioning the frequently identified gender
inequities in agriculture. Over the last three decades,
there has been a greater emphasis on gender issues
and women's empowerment in terms of agriculture
and economic growth (Olakojo, 2017). This is based
on a growing recognition that failure to pay closer
attention to men and women's differing societal
positions in terms of resource allocation,
opportunities, and rights in the formulation, design,
and implementation of development policies and
projects can have a negative impact on development
outcomes (Olakojo, 2017).

Gender has long been recognized as a significant
determinant in the allocation and use of productive
resources around the world. Gender disparities in
the agriculture sector may have an impact on the
sourcing and efficient application of production
elements (World Bank, 2012; Odunlami et al.,
2016). The causes and effects of agricultural
production inequalities between male and female
farmers are of great concern, particularly in sub-
Saharan Africa. In SSA, women account for over
half of the agricultural workforce, but they have
limited access to credit and other financial markets.
They also have limited control over their resources,
low agricultural yields, low rates of modern input
and technology adoption, and a scarcity of people
and physical capital (Mukasa and Salami, 2015).
Despite claims that female farmers' lower levels of
physical and human capital lead to lower measured
productivity or an inability to respond to economic
incentives, this is not the case (Sadiq et al., 2020a;
Gebre et al., 2021).

Gender-based inequalities in economic capacities
and incentives, which affect intra-household resource
allocation, land productivity and welfare levels, limit
women's ability to contribute to and participate in
economic progress. Though the size of these
agricultural gender disparities varies by SSA
countries and over time, they typically range from
20% to 30% (Kilic et al., 2013; Croppenstedt et al.,
2013; Aguilar et al., 2014; Oseni et al., 2015; Gebre
et al., 2021; Kilic et al., 2013). According to the
World Bank and the United Nations, failure to
recognize (gender) responsibilities, inequities, and
injustices poses a serious threat to the agricultural
development agenda's efficacy (Olakojo, 2017).
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Increased integration of Africa's agriculture sector
into the global value chain is also critical for the
region's transformation, according to the African
Development Bank (2015). The economic
empowerment of women through increased
productivity and engagement in commercial and
higher-value-added agricultural  operations s,
nevertheless, one of the most essential parts of this
development (AfDB, 2015; Olakojo, 2017).

Reducing gender gaps and, as a result, empowering
women has affected the actions and policy objectives
of SSA governments, while the international
development community has contributed major
resources to the fight against gender bias. Over half
of the agricultural workforce in SSA is female, yet
they have restricted access to credit and other
financial markets.

With a fast growing population requiring an ever-
increasing supply of food, a national poverty rate of
63 percent, and a labor force dominated by
agricultural activity, Nigeria's efforts to improve
agricultural productivity could not be more timely.
Despite the fact that women account for a large
share of Nigeria's agricultural workforce, little is
known about their actions, duties, and constraints.
By thoroughly researching women's agricultural
activities, it will be possible to determine not only
what they are doing in the agricultural sector, but
also how to successfully reduce their limitations and
increase productivity.

To build development policies aimed at
empowering women and improving their living
conditions, in-depth evaluations of the scale and
sources of gender productivity gaps are required.
Because agriculture is the economic backbone of
the study area and the country as a whole,
determining the extent and causes of gender
productivity disparities is crucial for creating policy
responses and empowering women. If the
government, civic society, and other players had a
greater understanding of women's roles in
agriculture, they could more effectively reduce
barriers to women farmers and improve the
effectiveness of agricultural programs and policies.
As a result, the research theme "impact of gender
differential on farm economic efficiency in
Nigeria's Kano State" was developed along these
lines. The study's particular goals were to determine
the effect and influence of gender differences on
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farm economic efficiency, as well as to isolate the
impact of gender discrimination on farm economic
efficiency.

RESEARCH METHODOLOGY

Kano state lies in northern Nigeria, with latitudes
ranging from 10° 33 to 12° 37N and longitudes
ranging from 07° 34 to 09° 25E of the Greenwich
meridian time. The northern and southern portions
of the state's vegetation are characterized by the
Northern-Guinea savannah and Sudan savannah,
respectively. The yearly rainfall in the Northern-
Guinea savannah ranges from 600-1200 mm to 300-
600 mm in the Sudan savannah. Furthermore, in the
Sudan savannah region, arable crop growth seasons
range from 90 to 150 days, and in the Northern-
Guinea savannah region, they range from 150 to 200
days. The population of the state is predicted to
reach 9.4 million people by 2050 (NPC, 2006), with
a 3.5 percent annual growth rate. There are around
1,754,200 hectares of arable land in the state. The
bulk of the state's people work in agricultural
commodities trading, making it well-known for its
commercial activity.

A multi-stage sampling procedure was utilized to
choose 195 farmers as a representative sample size
from the project sites. The research intentional
selection of six (6) participating Local government
areas (LGAS) out of nine (9) LGAs for the USAID
MARKETS Il program was based on a large
concentration of smallholder rice producers in the
first stage. The LGASs chosen are Bunkure, Garun-
Mallam, Kura, Dambatta, Bagwai, and Makoda.
Second, each of the listed LGAs had five (5)
participating localities chosen at random. In the
third stage, nine (9) farmers from Bunkure, Garun-
Mallam, and Kura LGAs were picked at random,
while four (4) farmers from Dambatta, Bagwai, and
Makoda LGAs were chosen at random. As a result,
the representative sample size was set at 195
farmers. Only 189 questionnaires, however, were
declared valid and were subjected to analysis.
Besides, of the total sample size, the men and the
women accounted for 116 and 73 respondents
respectively. A well-structured questionnaire was
used to collect the data for the 2018 rice cropping
season, which was supplemented by an interview
schedule. Chow-test and Average treatment effect,
as well as Endogenous switching regression and
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Oaxaca-Blinder decomposition models, were used
to achieve objectives | and I1.

Empirical model
1. Chow F-statistic test

The F-statistics tests for the influence of gender
differential, test for homogeneity of slopes, and test
for differences in intercepts are listed below,
according to Amaefula et al. (2012); Sadiq et al.
(2020a&b); Sadiq et al. (2021).

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

Test for effect of gender differential:
[Xef — el +Xed)l/[Ks — Ky — K]

= S +yed)/K+ K

)

Where Y &2 and K5 represent the error sum of
square and degree of freedom for the pool (women
and men), Y. £Z and K; represent the error sum of
square and degree of freedom for the women group,
and Y, &2, and K, represent the error sum of square
and degree of freedom for the men group.

If the F-cal is bigger than the F-tab, it means that the
women's gender has an impact on farm economic
efficiency.

Test for homogeneity of slope:

F* = [¥ ef-(X e2+X €3)]/[Ka—K1—K5]
(T ef+X e3)/K1+K,

The error sum of squares and degree of freedom for
the pool (both women and men) with a dummy

variable are Y, 2 and K, respectively.
If the F-cal is higher than the F-tab, it means that the

gender gap causes a structural shift in the farm
economic efficiency parameter.

Test for differences in intercepts:

2 £33 e4]/[Ks—Ka
Y e5/Ky

If the F-cal is higher than the F-tab, it means that the

women's agricultural economic efficiency differs

from that of the men.

F*=[
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2. Average treatment effect (ATE)

ATE shows the average difference in outcomes
between units assigned to care and those assigned to
placebo (control). Lokshin and Sajaia (2011); Wang
et al. (2017); Sadiq et al. (2020a & b); Sadiq et al.
(2021) provide the following equation:

Gender index of the women
E(yyull = 1X) oo oo o 4)

Gender index of the men is given by:
E(y2i 1 1=0;X)....(5)

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

E(yzl1=1X)....(6)
Gender index of the men if there is a gender
difference is denoted by:

E(yii lI=0X) e v v e (7)
Where:

is given by:

E(.) = Expectation operator

y1i = Economic efficiency of the women farmers
(dependent variable)

y,; = Economic efficiency 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(yy | 1= 1,X) —E (yz |1 = 1;X) (8)
ATU = EQyy | 1= 1,X) —E (v | 1 = 1;X) (9)
Average Treatment effect on Treated = ATET
Average Treatment effect on Untreated = ATEU
Equations (8) and (9) were further simplified as:

Ny
1
ATT =3 [ O 11 =100 = p(yai |
i=1
=1;,X)] ... (10)
NZ
1
ATU= 3 [p (a1 1= 0:) = p(yc |1
i=1
= 0;X)] . (11)
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Where, N; and N, are number of women and men
farmers respectively, and p= probability.

Endogenous switching regression model:

Y=dependent variable (efficiency indices-
technical, cost, profit; and, Yield); X;_,=
independent variables; B,= Intercept; Bi_, =
Regression coefficient; and, &; = Stochastic.

3. Oaxaca-Blinder decomposition model

Using the classic Oaxaca-Blinder technique, the
extent to which discrepancies in observable human
capital traits may be explained by farm economic
efficiency disparities between women and men
farmers was studied (Oaxaca, 1973; Blinder, 1973;
Marwa, 2014; Revathy et al., 2020; Sadiq et al.,
2020a&b; Sadiq et al., 2021). The farm economic
efficiency functions are as follows:

InVe = Bo + Bi Doy Xi + & vvvvve v e o (12)
¥y = Bo + i Xicy Xi 4 & v v vee o (13)

Where, Y= average farm economic efficiency of

women farmers; 7F= average farm economic
efficiency value of men farmers;

X;_n = explanatory variables; o, = intercept;

Bi_n = parameter estimates; and, & =
stochastic term.

The total difference can be explain by,

AlnY = InYe —InYy ..o (14)

The Oaxaca-Blinder decomposition equation is,
l_nYF —InYy = (XFEF — XubPu) + (XuPr -
XuPBr).. (15)

& In¥p — In¥y = Xp — Xa)Br + (Bu — Br)Xu
(16)

Where the first (X —Xy)Br and the second
(Bm — Br )Xy terms respectively, captured the
endowment effect (characteristics difference

between the women and men) and the structural
(discrimination) effect.
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RESULTS and DISCUSSION

Effect of gender differential on farm economic
efficiency

A perusal of Table 1 shows that gender differential
has an effect on the farm economic efficiency viz.
technical, cost, profit efficiencies, and productivity
of the women as evidenced by the plausibility of
their respective Chow F- statistics at 10% level of
significance. This implies that gender inequality--
poor access to and control of productive resources
induced disparity in the farm economic efficiency
of women, thus a disadvantage to women’s active
participation in the programme. Besides, given that
economic inefficiency also owes to extension gap,
it can be inferred that gender stereotype viz. cultural
and religious barriers inhibited the economic
efficiency of the women farmers involved in the
programme.  Furthermore, for the slope
homogeneity test, the plausibility of all the farm
economic efficiency indicators’ F-statistics at 10%
level of significance implies that gender differential
brought about a structural change or shift in the
resource endowment of the women. This confirms
heterogeneity of slopes-- gender difference gave
rise to differences in the farm economic efficiency
between the women and men. In addition, it implies
that the slopes of the farm economic efficiency
functions are heterogeneous. The heterogeneity of
slopes indicates that the economic efficiency
functions are factor-biased. Besides, the empirical
evidence showed that gender differential has an
effect on the technical know-how i.e. managerial
efficiency of the women as evidenced by the
respective F-statistics of the economic efficiency
indicators that are within the acceptable margin of
10% significance level.

Impact of gender differential on farm economic
efficiency

Except for inverse-probability weight estimation,
the negative sign and plausibility of the ATEs
coefficient of regression adjustment, propensity-
score matching, and nearest-neighbor matching at
10% level of significance imply that gender
differential has a negative significant impact on the
technical efficiency of the women (Table 2).
Consequently, the decline in the average technical
efficiency score of the women farmers by 12.91,
7.92, and 14.68% respectively for regression

SMALL-SCALE FARMERS IN KANO STATE OF NIGERIA

adjustment,  propensity-score  matching, and
nearest-neighbor matching against the men farmers.
Furthermore, the plausibility of the ATETSs for all
the treatment effect estimations showed that due to
gender differential, poor access and control of
productive resources coupled with a gender
stereotype, averagely, the women group lost
technical efficiency scores of 11.46, 11.87, 11.87,
and 12.57% vis-a-vis regression adjustment,
propensity-score  matching,  nearest-neighbor
matching, and inverse-probability  weight,
respectively. Whereas due to the gender differential,
adequate access and control of productive
resources, except propensity-score matching and
inverse-probability weight, averagely, the men
gained technical efficiency of 13.82 and 16.43%
vis-a-vis regression adjustment and nearest-
neighbor matching ATEUs estimated coefficients,
respectively. Generally, the possible reason for the
lagging technical efficiency viz. poor output
potential of the women owes to gender inequality-
disadvantage in access, and control over productive
assets and gender stereotype, religion and cultural
constraints which inhibit their active participation in
the rice upstream supply chain.

Using the mean estimates viz. regression
adjustment, both gender categories are not operating
on the frontier. The average efficient score of 0.908
for the men show them to be more efficient than the
women who recorded an average technical
efficiency score of 0.779. The men has a marginal
potential efficiency gap-output loss of 9.2%
compared to 22.1% for the women. Besides, the
average technical efficiency score gap between the
women and the men is 14.21% [1-
(0.779/0.908)*100]. Likewise, the mean efficiency
values of the inverse-probability weight showed
both genders not to be on the frontier vis-a-vis
efficiency scores of 0.912 and 0.888, respectively,
for men and women. However, there is an
improvement in the average efficiency score when
compared to the regression adjustment estimation.
Thus, it implies that the men and women were
8.79% and 11.23%, respectively, from the potential
output level while the efficiency gap-output gap
between them is 2.67% [1-(0.888/0.912)*100].
Both treatment estimations show the mean
efficiency scores of both gender categories to be
within the acceptable margin of 10% error gap.
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Table 1. Effect of gender differential on farm economic efficiency.

Asset Items ESS DF Test F-stat
Female 0.090429 71

TE Male 0.194314 114 | 350.8044***
Pooled 0.824684 186 1l 31.00561***
Pooled with dummy 0.438114 186 1l 164.1171***
Female 0.648957 71

CE Male 3.561433 114 | 34.07652***
Pooled 4.985933 186 1 22.7169***
Pooled with dummy 4.902321 186 1l 3.172341***
Female 2.275771 71

PE Male 3.638185 114 | 17.30726***
Pooled 6.467223 186 1 9.765459***
Pooled with dummy 6.375466 186 1l 2.67695***
Female 12.49604 71

Yield Male 29.90082 114 | 38.12508***
Pooled 51.13407 186 1 21.41371***
Pooled with dummy 49.76203 186 1l 5.128397***

Source: Field survey, 2018
Note: *** ** * & NS means significant at 1%, 5%, 10% & Non-significant, respectively.
TE= Technical efficiency; CE= Cost efficiency; PE= Profit efficiency

A cursory review of the cost efficiency results
showed only the regression adjustment ATE
coefficient to be within the acceptable margin of
10% degree of freedom against treatment effect
estimations ATEs coefficients viz. propensity-score
matching, nearest-neighbor matching, and inverse-
probability matching that were not different from
zero at 10% error gap (Table 2). The positivity of
the regression adjustment ATE implies that gender
differential has positive significant impact on the
cost efficiency of the women, thus incurred an extra
cost of 5.26% to the average actual total production
cost against their men counterparts. The possible
reason for cost-cut disadvantage of the women may
be majorly attributed to ineffective harnessing of
social capital in the downstream rice supply chain.
Furthermore, due to the gender differential, the
women wasted cost of approximately 10.50, 6.29,
4.45, and 7.09% from their average actual total
production cost vis-a-vis the treatment -effect
estimations as indicated by their respective ATETSs
parameter coefficients which are different from zero
at 10% error level. While due to gender difference,
the men gained cost-cut of 7.32% from their average
actual cost as indicated by the inverse-probability
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weight ATEU coefficient which is within the
permissible margin of 10% error gap. The possible
reason for female gender cost wastage may be
attributed to gender stereotype-poor utilization of
social capital pooling in the rice downstream supply
chain while the cost-cut gain of men owes to active
utilization of social capital pooling-market
intelligence-information-outlook viz. active
participation in both the rice downstream and
upstream supply chains.

Based on the cost efficiency mean scores viz.
regression adjustment and inverse-probability
weight, both genders are above the minimum cost
frontier. However, for the former, the male gender
is better in managing their costs compared to their
women counterparts given the cost deviation
percentages of 10.81 and 16.08% respectively.
Whereas for the latter, the reverse is the scenario in
cost wastage, given the cost deviation percentages
of 12.77% and 8.69% for the men and women,
respectively. The cost margins between the men and
women are 4.75 and 3.76% vis-a-vis regression
adjustment and  inverse-probability  weight,
respectively.
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All the treatment effect estimations showed that
gender differential has no significant impact on the
profit efficiency of the women as evidenced by their
respective ATE estimated coefficients which were
not different from zero at 10% probability (Table 2).
Besides, within the women, treatment -effect
estimations viz. propensity-score matching and
inverse-probability weight show gender differential
to have negative impact on the profit efficiency of
the women as evidenced by their respective ATETS
estimated coefficients which were within the
acceptable margin of 10% probability of error. This
implies that due to gender differential, the women
lost profit efficiencies of 15.46 and 15.03% vis-a-
vis propensity-score matching and inverse-
probability weight, respectively. The possible
reason is poor access to market information viz.
gender stereotype which inhibited their profit
margin. While within the men, the plausibility of the
inverse-probability weight ATEU estimated
coefficient at 10% probability level and its
negativity implies that due to gender differential, the
men lost 15.36% of their profit efficiency. Given
that men farmers are not constrained with gender
stereotype and access and control over productive
resources, the possible reason for the profit lost may
be attributed to pressing need for cash requirement
to meet farm and household obligations.

The negativity and plausibility of the regression
adjustment and nearest-neighbor matching ATE
estimated coefficients at 10% degree of freedom
level imply that gender difference has negative
significant impact on the average yield level of the
women, thus plummeted their yield by 896.09 and
776.59 kg, respectively, against their men
counterpart (Table 2). Thus, it can be inferred that
gender inequality viz. poor access and control over
productive resources affected resource productivity
of the women, thus plummeted their average yield
level. Furthermore, within the women, the
negativity and plausibility of the ATET estimated
coefficients at 10% vis-a-vis the regression
adjustment and nearest-neighbor matching indicate
that due to gender differential the women lost
1038.04 and 603.40 kg, respectively, of rice output.
Whereas, the men category gained 807.22 and
885.03 kg in their output due to gender difference as

SMALL-SCALE FARMERS IN KANO STATE OF NIGERIA

evidenced by the plausibility of the ATEUs
estimated coefficient at 10% level of significance
vis-a-vis regression adjustment and nearest-
neighbor matching, respectively.

Efficiency gap due to gender discrimination

In isolating the impact of gender differential viz.
Oaxaca-Blinder decomposition technique, empirical
evidence showed that technical and cost efficiencies
gaps between the two genders owe largely to gender
discrimination (Table 3). Gender discrimination
accounts for 77.75 and 97.65% in respect of
technical and cost efficiencies gaps while the
endowment effect accounts for 22.25 and 2.35%
gaps of the former and latter, respectively. For the
yield gap, it was observed that the gap between the
two genders owes equally to gender discrimination
and the endowment effect; though the effect of the
former is marginally higher than that of the latter.
Thus, gender discrimination accounts for 50.89% of
the yield gap between the two genders while the
endowment effect accounts for 49.11%. Therefore,
it can be inferred that the structural difference
termed gender had dominant effects on the technical
and cost efficiencies differential between the two
genders while its effect was not dominant in the
yield gap given that the explained and unexplained
effects are almost at par. However, an inverse
scenario was observed in the case of profit
efficiency whereby the endowment effect
dominates in determining the gap in the profit
efficiency  viz.  98.29%  against  gender
discrimination 1.71%. This result clearly brings
forward the reason for the non-significant impact of
gender differential on profit efficiency observed
under ATE. Therefore, based on the profit
efficiency gap, it can be inferred that market
imperfection is more correlated with endowed-
related factors rather than gender discrimination.
Further, the contribution of different factors towards
the economic efficiency difference between the two
genders arises due to the differences in the
regression coefficients of the independent variables
of the respective economic efficiency endogenous
switching regressions.

For technical efficiency, it was observed that
endowed factors viz. educational level, secondary
occupation, mixed cropping, length of adoption of
UDP, proportion of farm size cultivated under UDP,
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TLU and CI favourably contributed to the women
group while age, marital status, household size, rice
farming experience, extension contact, length of
participation in USAID MARKETS I, farm size
and dead-stock asset favoured the men. In the case
of cost efficiency, empirical evidence showed
marital status, educational level, secondary
occupation, length of participation in USAID
MARKETS IlI, farm size and dead-stock asset--
endowed related farmers characteristics favoured
the women while endowed related factors-- age,
household size, rice farming experience, mixed
cropping, extension contact, length of adoption of
UDP, proportion of farm size cultivated under UDP,
TLU and CI favoured the men. Besides, for profit
efficiency, endowed characteristics viz. educational
level, secondary occupation, mixed cropping,
length of adoption of UDP and dead stock asset
contribute favourably to the women while endowed
characteristics viz. age, marital status, household
size, rice farming experience, extension contact,
duration of participation in USAID MARKETS I,
proportion of farm size cultivated under UDP, TLU,
Cl and farm size contribute favourably to the men.
Further, for yield, it was observed that age,
educational level, secondary occupation, household
size and farm size-endowed factors favoured the
women whereas endowed factors viz. marital status,
rice farming experience, mixed cropping, extension
contact, duration of participation in USAID
MARKETS |II, length of adoption of UDP,
proportion of farm size cultivated under UDP, TLU,
Cl and dead-stock asset favoured the men. It was
observed that educational level and secondary
occupation favourable contribution are common to
women while rice farming experience and extension
contact-favourable contribution are common to the
men.
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The average values of the women and men cum
gaps for the technical, cost, profit efficiencies and
yield are 0.7919, 0.9093 and 0.1174; 1.1455, 1.1481
and 0.0027; 0.5152, 0.6285 and 0.1133; and,
2760.77, 3309.50 and 548.73 kg, respectively. From
the cost and profit efficiencies total differences of
0.0027 and 0.1133, respectively, the superior
endowment of the women is 0.000063 and 0.1113
in respect of the former and latter. Whereas, gender
discrimination account for 0.0026 and 0.0019,
respectively, of cost and profit efficiency gaps.
From the technical efficiency and yield gaps of
0.1174 and 548.73 kg, respectively, superior
endowment of the men and gender discrimination
are 0.0261 and 0.0912; and, 269.50 and 279.23 kg,
respectively, for the former and latter. Therefore, it
can be inferred that due to gender discrimination the
women lost technical, cost, profit efficiencies and
rice output of 9.12, 0.26, 0.19%, and 279.23 kg,
respectively.  Furthermore, the discrimination
values represent 11.52, 0.23, 0.38, and 10.11% of
the women’s actual average values of technical,
cost, profit efficiencies, and yield, respectively.

Thus, with gender discrimination against the
women, their actual average technical, cost, profit
efficiencies and yield should be 0.8831, 1.148,
0.5172 and 3039.99 kg, respectively. The portion of
the gap that can be explained by differences in the
covariates is negative vis-a-vis technical efficiency
and yield while it is positive vis-a-vis cost and profit
efficiencies. This implies that relative to the men,
the women on average have more characteristics
associated with higher cost and profit efficiencies.
While relative to the men, the women on average
have fewer characteristics associated with higher
technical efficiency and yield.
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CONCLUSION and RECOMMENDATIONS

The empirical evidence showed that gender
differential has a significant effect on the farm
economic efficiency of women. Likewise, except
profit efficiency, gender differential significantly
affected the farm economic performance of women
in the long-run, consequently affecting their farm
business. Furthermore, in empirically isolating the
impact of gender differential on farm economic
efficiency, it was established that gender
discrimination was majorly responsible for the
differences in the technical and cost efficiencies
between the two genders. In addition, the effect of
gender discrimination was at par with the
endowment effect in the case of the yield gap
between the two genders. However, in the case of
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OZ: Ege Bolgesinin ekolojik kosullarina ve tarla sistemine uygun, ot ve tohum verimi yiiksek, kaliteli hastaliklara mukavim,
tek yillik bazi baklagil tiirlerini 1slah ederek ¢esit gelistirmek amact ile 1967 yilmda baslatilan ‘Ege Bolgesi Yem Bitkileri
Arastrmalart’ projesi kapsanunda giiniimiize kadar 12 adet adi fig (Vicia sativa L.) cesidi gelistirilmistir. Tiirkiye'nin ¢esitli
yorelerinden toplanan yerel populasyonlarin degerlendirildigi ¢alismada, saf hat seleksiyonu ve melezleme yontemi kullaminugtir.
Calismamn ilk ¢iktis, 1979 yilinda tescil edilen Urem 79 cesidi olmustur. Islah calismalarinda énemli kavsaklardan ilki 1982
yilinda erkenci ve daha kararl bir ¢esit olan, pamuk tariminda kighk ara iiriin olarak kullamlmaya ¢ok elverisli Kubilay 82 ¢esidinin
gelistirilmesidir. Ikincisi de yiiksek hizli dane doldurma ozelligi ile 6ne cikan erkenci, tohum verimi yiiksek olan Selcuk 99 ve
Cumhuriyet 99 cesitlerinin tescil ettivilmesidir. Uciinciisii ise yapilan melezleme ¢alismalart neticesinde erkenci, kuru madde ve
tohum verimleri yiiksek, 2010 yilinda tescil edilen Alper ile 2013 yihnda tescil edilen Doruk ve Urkmez ¢esitlerinin sektire
kazandirilmasu ile olmustur. Gelistirilen cesitler, bolgemiz ve benzer iklim kosullarina uygunlugu ve yiiksek verimleri ile 6nemli bir
ekilis alamna sahip olup sertifikali tohumluk iiretimine dolayisiyla iilke tohumculuguna biiyiik katkr saglanustir.

Anahtar kelimeler: Fig, Vicia sativa L., islah, erkencilik, kuru madde, tohum verimi.

Developments in Vetch (Vicia sativa L.) Breeding in the Aegean Region from Past to Present

ABSTRACT: A project emtitled ‘Aegean Region Forage Crops Researches’ with the aim of breeding annual legume
varieties with high yield and high disease tolerance and suitable to Aegean climatic conditions and field crop patterns was
initiated in 1967. Twelve common vetch (Vicia sativa L.) varieties developed have been registered so far. Materials utilized in
the project were common vetch local cultivars and populations collected from different parts of Tiirkiye. Methods used were
single plant selection (pure line selection) and crossing. The first outcome of the project was cultivar Urem 79 which was
registered in 1979. The first milestone of breeding studies was the development of the early and more determinate cultivar
Kubilay 82 registered in 1982 which was more suitable to winter intercropping in cotton producing areas. The second milestone
was the registration of cultivars Selcuk 99 and Cumhuriyet 99 both having earliness, fast pod filling and high seed yielding
properties. The third milestone was to develop the early, high dry matter and seed yielding cultivars named Alper, Doruk and
Urkmez in 2010 and 2013 by using crossing method. High yielding cultivars developed with this project suitable to
Mediterranean climatic conditions have gained important coverage of sowing areas and made significant contribution to
certified seed production.

Keywords: Vetch, Vicia sativa L., breeding, earliness, dry matter, seed yield.
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GIiRiS

Adi fig (Vicia sativa L.), Tirkiye’de yem bitkileri
ekim alaninda yonca ve silajlik misirdan sonra 376.
000 ha alan ile iiglincii sirada yer almaktadir. Kaba
yem iiretimi ise 4.542.965 tondur (Anonim, 2021).
Akdeniz iklim kosullarina uyum saglamis olan adi
fig kishk olarak yetistirilmektedir (Urem, 1985;
Gengkan, 1983). Serin iklim tahillar1 ile karisim
halinde yetistirilmekte ve elde edilen kaba yem,
yesil ot, kuru ot ve silaj olarak degerlendirilmektedir
(Acikgoz ve Cakmakei, 1986). Ege Bolgesi sahil
kesimleri ve ova alanlarinda genellikle pamuk
tarim1 hakimdir. Ayn1 zamanda yogun siit sigirciligt
yapilmasindan dolay1r ¢ok miktarda kaliteli kaba
yeme ihtiya¢g duyulmaktadir. Bu sebeple tarla
tarim1 i¢inde yem bitkileri yetistiriciligine ihtiyac
artmistir. Pamuk tariminda kisin  bos kalan
alanlarin ara {iriin olarak tek yillik baklagil yem
bitkilerinin kullanilmasi kaba yem iiretiminin
artirtlmasinda 6nem kazanmistir. Ancak, bu amaca
uygun g¢esitlerin olmamasi nedeni ile cesit
gelistirme calismalart gerekli goriilmistiir. Ege
Bolgesinin ekolojik sartlarina ve tarla sistemine
uygun ot ve tohum verimi yliksek, Kkaliteli,
hastaliklara mukavim, tek yillik baklagil yem
bitkisi olan adi fig tiiriinde ¢esit gelistirmek amact
ile 1967 yilinda baslayan ve halen devam eden
1slah programinda 6nemli gelismeler saglanmustir.

MATERYAL ve METOT
Materyal

Materyalimizi Ege Tarimsal Arastirma Enstitiisii
Biyogesitlilik ve Genetik Kaynaklart Boliimiiniin
bitki genetik stogunda mevcut, toplama ya da yurt
ici ve yurt dis1 kaynaklardan temin edilen adi fig
popiilasyonlari olugturmustur.

Metod

Kendine ddllenme biyolojisine sahip adi fig tiiriinde
1slah yontemi tek bitki (saf hat) seleksiyonu,
melezleme caligmalarinda ise bulk yOntemi
uygulanmistir. Islah ¢aligmalarinda erkencilik, kuru
madde verimi, tohum verimi, hastaliklara
dayaniklilik, yatma, tohum c¢atlatma ve erken bakla
doldurma, harman olma gibi o6zelikler segim

ISLAH CALISMALARINDA GECMISTEN GUNUMUZE GELISMELER

kriterleri olarak kullanmilmistir (Poehlman ve Sleper,
1995; Demir ve Turgut, 1999).

BULGULAR ve TARTISMA

Ege Bolgesinin ekolojik sartlarina ve tarla sistemine
uygun ot ve tohum verimi yiiksek, kaliteli
hastaliklara mukavim, tek yillik bazi baklagil
tiirlerini 1slah ederek cesit gelistirmek amaci ile
1967 yilinda baslayan Ege Bolgesi Yem Bitkileri
Arastirma Projesi halen devam etmektedir. Ege
bolgesinde ozellikle sahil kesiminde daha ¢ok siit
sigirciligl yaygmlagsmaya basladigi icin hayvanciligin
gelistirilmesinin meradan ziyade, yem bitkileri
iiretimine 6nem vermekle miimkiin olacag1 goz
Oniine almarak, yem bitkileri tiirlerinde 1slah
caligmalarina baglanmistir. Bu makalede adi fig
(Vicia sativa L.) 1slaht {izerinde yapilan
caligmalara yer verilmistir.

Islah caligmalarindaki asamalar;1967 yilinda
projenin baslangici, a) 1979 yilinda ilk gesit Urem
79’ un tescil olmasi b)1982 yilinda ilk erkenci gesit
Kubilay 82’nin tescil olmasi, ¢) 1999 yilinda
erkenci, yliksek verimli Cumhuriyet 99 ve Selguk
99 ¢esitlerinin tescil olmasi, d) 2010 yilinda
melezleme yolu ile gelistirilmis ilk g¢esit Alper’in
tescil olmasi, e) 2013 yilinda melezleme yolu ile
Doruk ve Urkmez cesitlerinin tescil olmasidir.
Aciklamalar bu dizilis seklinde verilecektir.

1967 yilinda baslayan yogun 1slah c¢aligmalari
sonucunda;

a) Urem 79 cesidi

[lk iiriinler 1979 yilinda elde edilmis ve orta gecci
Urem 79 gesidi tescil olmustur. Bu ¢esit daha cok
kaba yem iiretimine yonelik olarak secilen ¢esidin
kuru madde verimi yiksek olmasma karsin
gecciligi ve kararsiz yapida olma 6zelligi ile tohum
verimi agisindan stabil degildir. Bundan dolay1
tohum verimleri istenilen diizeye ¢ikamamistir. Bu
ylizden pamuk tarirminda ara {riin  olarak
kullanilma sans1 pek miimkiin olamamastir.

b) Kubilay 82 ¢esidi

Calismalarda, erkenci, iri taneli ve tohum verimi
yikksek hatlarin  segimine agirhik verilmeye
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baslanmistir. 1982 yilinda erkenci bir gesit olarak
gelistirilen Kubilay 82 bolgenin kis yetistirme
sezonunda pamuk tarimini aksatmayacak sekilde
ara {rlin olarak yetistirilmesi miimkiin olmustur
(Urem 1985, Soya 1991). Daha kararly, iri taneli,
kuru madde verimi i¢in stabil olan bu ¢esidin, kotii
cevre kosullarinda bile yiiksek tohum verimini
korumasi, tohum {iretiminin gerceklestirilmesine
imkan vermistir (Ozpmar ve ark., 1999; Urem,
1985).

Sabanci (1991), farkli lokasyonlarda ve yillarda
gerceklestirilen verim denemelerinde gelistirilen
cesitlerden Kubilay 82 ve Urem 79’un da standart
olarak kullanildigin1 ve erkenci Kubilay 82
cesidinin diger genotiplere gore hem kuru madde
hem de tane verimleri agisindan iistiin oldugunu
belirtmistir (Sekil 1).

600
550
500
450
400
350
300
250
200
150
100
50
0

Verim (kg da)
Yield

Genotip

Sabanci (1991), incelenen Ozellikler bakimimdan
iistiin performansa sahip Kubilay 82 ¢esidinin kuru
madde verimi ic¢in stabil oldugunu, yesil ot ve
tohum verimi i¢in ise kotii kosullarinda bile yiiksek
verimli oldugunu ifade etmistir (Sekil 2 ve 3).
Yiiksek ot ve tohum verimine sahip Urem 79
cesidinin ise, yesil ot verimi i¢in stabil oldugunu
ve tlim cevrelere genel adaptasyon gosterdigini,
tohum veriminde iyi, kuru madde veriminde ise
kotii ¢evrelerde verimliligin arttigint bildirmistir
(Sekil 2 ve 3).

Kubilay 82 fig cesidinin pamuk tariminda ara {iriin
olarak yiiksek verim verdigi ve ¢iftciler tarafindan
benimsendigi ifade edilmistir (Soya ve ark., 1991).

’
0
.
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‘
‘
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3908
39401
Yesilkiy
Trem
Erzmurum
Ortalama

Kubilay §2 §

Genotype

W Tolum Verimi kg/da)
Seedyield

DKMV (kg/da)
Dry matter yield

Sekil 1. Urem 79, Kubilay 82, adi fig kontrol cesitleri ve gelistirilmis hatlarin bolge verim denemesi kuru madde ve tohum

verimleri (kg/da) (Sabanc1,1991).

Figure 1. Dry matter and seed yields of regional yield trials of Urem 79, Kubilay 82, common vetch standard varieties and

advanced lines (kg/da) (Sabanc1,1991).
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Sekil 2. Urem 79 ve Kubilay 82, adi fig kontrol cesitleri ile gelistirilmis hatlarin kuru madde verimleri igin stabilite degerleri

(Sabanci, 1991).

Figure 2. Stability values of dry matter yields of Urem 79, Kubilay 82, common vetch standard varieties and advanced lines

(Sabanci, 1991).
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Sekil 3. Urem 79 ve Kubilay 82 adi fig kontrol cesitleri ile gelistirilmis hatlarin tohum verimleri igin stabilite degerleri

(Sabanc1,1991).

Figure 3. Stability values of seed yields of Urem 79, Kubilay 82, common vetch standard varieties and advanced lines

(Sabanc1,1991).

¢) Selguk 99 ve Cumhuriyet 99 cesitleri

Islah c¢alismalar1 erkencilik, tohum verimi ve
tatminkdr kuru madde verimi yoniinde devam
ederken 1999 yilinda Selguk 99 ve Cumhuriyet 99
isimli iki adet ¢esit tescil edilmistir. Erkenci ve ¢ok
erkenci olan cesitler daha kararli olmasi yaninda
tohum verimleri ve kuru madde verimleri de
yiiksek bulunmustur (Sekil 4). Tohum verimleri
acisindan Selguk 99 daha stabil bulunurken,
Cumbhuriyet 99 iyi gevre sartlarinda yiiksek tohum
verimine sahip olmustur (Sekil 4). Selguk 99

200 1
180 A
160 A
140 1
120 A
100 A
80 7

Tohum Verimi (kg/da)
Seedyield (kg/da)

60 A

cesidinin  stabil tohum verimi, erkenciliginin
yaninda yiiksek tane doldurma hizi ile de
aciklanabilir. Buna karsilik Cumhuriyet 99 ¢ok
erkenciligi ile daha kararli bir Ozellige sahip
oldugu i¢in tane doldurma déneminde karsilastigi
erken yiiksek sicaklik ve kuraklik gibi olumsuz
iklim kosullarinda hizlica olgunlagsmaya gecip,
daha sonra olusan iyi iklim kosullarindan istifade
edememektedir (Abd ElI Moneim, 1993; Siddique
ve Loss, 1996; Loss ve Siddique, 1997; Thomson
ve ark., 1997; Anonim, 2002).

Emir (st) Bergama (st)

Cumhuriyet 99

Cesitler
Varieties

Sekil 4. Cumhuriyet 99, Selguk 99 ve kontrol ¢esitlerinin bolge verim denemesi tohum verimleri (kg/da) (Anonim, 1999).
Figure 4. Seed yields of regional yield trials of Cumhuriyet 99, Selguk 99 and standard varieties (kg/da) (Anonymous, 1999).

Selcuk 99 Mata 94-3
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Sekil 5. Selguk 99, Cumhuriyet 99 ve kontrol ¢esitlerinin bolge verim denemesi tane verimleri (kg/da) stabilite grafigi (Anonim, 1999).
Figure 5. Stability values of seed yields of regional yield trials of Selguk 99, Cumhuriyet 99 standard varieties and advanced lines

(Anonymous, 1999).

Yapilan galigmalarda Tiirkiye’den toplanan popii-
lasyonlarin ¢ogu tizerinde calisilmig ve verimler
acisindan platoya gelindigi diistiniilerek, 1990
yillarin ortalarinda yeni varyasyonlar elde etmek
icin melezleme ¢alismalarina baslanmistir. Mevcut
¢esitlerimiz ve bazi hatlarin kullanildigi melezleme
calismalarinda, erkencilikle beraber daha yiiksek
kuru madde ve tohum verimine sahip hatlarin
gelistirilmesine agirlik verilmistir. Bu 6zelliklerin
bir araya getirildigi hatlar olusturulmus ve 2010
yilinda Alper, 2013 yilinda ise Urkmez ve Doruk
cesitleri tescil edilmistir.

d) Alper cesidi

Alper ¢esidi tescil verim denemelerinde biyolojik
verim acisindan deneme standart ortalamasindan
daha yiiksek verim vermistir. Tane verimi goz
oniine alindiginda, hem standartlarin ortalamasin-
dan hem de standart g¢esitlerden daha yiiksek
verime sahip olmustur (Sekil 6).

Alper c¢esidinin stabilite grafiginde regresyon
katsayis1 1’e yakin olmasi nedeni ile stabil, orta
cevre sartlarinda iyi uyum sagladigi gozlemlen-
mistir (Sekil 7).

o+
Kubilay 82 Selquk 99 (st)
(st)

Soner

Standard
ortalama

Alper Emir (st)  Ozveren (st)

Genotip
Genotype

OPBivolojik verim MTaneverimi BKes Verimi
Sekil 6. Alper, Soner ve kontrol ¢esitlerinin bolge verim denemesi biyolojik, tohum ve kes verimleri (kg/da) (Anonim, 2010).
Figure 6. Total dry matter, seed and straw yields of regional yield trials of Alper, Soner standard varieties (kg/da) (Anonymous,

2010).
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Sekil 7. Alper, Soner ve kontrol gesitlerinin bolge verim denemesi tane verimleri (kg/da) stabilite grafigi (Anonim, 2010).
Figure 7. Stability values of seed yields of regional yield trials of Alper, Soner and standard varieties (Anonymous, 2010).

Alper cesidi ¢evre indeksi grafiginde tane verimi
acisindan  kotli cevre kosullarinda beklenen
verimden daha yiiksek, cevre sartlar1 diizeldikce de
verimini arttirdigini gostermektedir (Sekil 8).

e) Doruk ve Urkmez gesitleri

Cesit tescil denemelerine alman Doruk ve Urkmez
cesitlerinin verim denemeleri sonucunda tane
verimi agisindan deneme standart ortalamasindan
ve standart c¢esitlerden daha yiiksek tane
verimlerine sahip olduklar1 belirlenmistir (Sekil 9).

Yesil ve kuru ot verimleri agisindan ise yine Doruk
ve Urkmez cesitleri deneme standart
ortalamasindan daha yiliksek verim vermislerdir.

Beklenen tane verimi (kg/da)
Expected seed yield (kg/da)

Aym1  zamanda kuru ot agisindan standart
cesitlerden daha yiiksek verime sahip olduklar
belirlenmistir (Sekil 10).

Yesil ot verimi agisindan Doruk ve Urkmez
cesitleri regresyon katsayilar1 1’e yakin olduklari
icin stabil ve her iki ¢esit de orta ¢evre kosullarina
orta uyum sagladiklart belirlenmistir (Sekil 11).

Tane verimleri acisindan Doruk ¢esidinin
regresyon katsayisi 1’e ¢cok yakin stabil, orta ¢cevre
sartlarina iyi uyum sagladigini gostermistir (Sekil
12). Urkmez ¢esidi ise daha diisiik regresyon
katsayis1 vermis ve orta cevre sartlarina orta
uyumlu oldugu belirlenmigtir (Sekil 12).

—
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Cevreindeksi
Environmental index

——Emir (st) —B—EKubilay 82 (st) —&— Selcuk 99 (st)

Ozveren (st) —F—Soner —®— Alper

Sekil 8. Soner, Alper ve kontrol ¢esitlerinin tane verimleri i¢in ¢gevre indeks grafigi (Anonim, 2010).
Figure 8. Environmental index of seed yields of Soner, Alper and standard varieties (Anonymous, 2010).

319



ANADOLU 32 (2) 2022

OBiyolojik verim
W es verimi
1400

BTane verimi
1200 -

1000 | =) — []

1

Verim (kg'da)

Kubilay Selcuk (2t) Soner (2t) Doruk Urkmez Ozveren 1331 2604 Standat

(zt) Genotip (st Ort.

Genotpe
Sekil 9. Doruk, Urkmez ve kontrol gesitlerinin bolge verim denemesi biyolojik, tohum ve kes verimleri (kg/da) (Anonim, 2013).
Figure 9. Total dry matter, seed and straw yields of regional yield trials of Doruk, Urkmez and standard varieties (kg/da)
(Anonymous, 2013).
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Sekil 10. Doruk, Urkmez ve kontrol gesitlerinin blge verim denemesi yesil ot ve kuru ot verimleri (kg/da) (Anonim, 2013).
Figure 10. Green and dry hay yields of regional yield trials of Doruk, Urkmez and standard varieties (kg/da) (Anonymous, 2013).
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Sekil 11. Doruk, Urkmez ve kontrol gesitlerinin bélge verim denemesi yesil ot verimleri (kg/da) igin stabilite grafigi (Anonim,
2013).

Figure 11. Stability values of green hay yields of regional yield trials of Doruk, Urkmez and standard varieties (Anonymous,
2013).

320



H. OZPINAR, E. AY, H. OKKAOGLU, M. AKCA PELEN: EGE BOLGESI FiG (Vicia sativa L.)

ISLAH CALISMALARINDA GECMISTEN GUNUMUZE GELISMELER

1,40
| .
X *Ozveren (st)
1.20
= Wgeleuk (st)
B o= .
2 g0 L y >
EE AKubilay (st)
< E [ ]
= 20,50 o
[ X Soner (st)
i3
Eh £ 0,60
4 X Doruk
P 3 +
0.40 7 ®TUrkmez
0.20 1 +1331
0,00 . . . . ‘ ‘ ‘ ©2604
50 80 110 140 170 200 230 260 290

Taneverimi (kg/da)
Seed yield (lcg/da)

Sekil 12. Doruk, Urkmez ve kontrol gesitlerinin bblge verim denemesi tane verimleri (kg/da) igin stabilite grafigi (Anonim, 2013).
Figure 12. Stability values of seed yields of regional yield trials of Doruk, Urkmez and standard varieties (Anonymous, 2013).

Doruk ve Urkmez gesitlerinin yesil ot verimleri
acisindan diisiik verimli ¢evrelerde beklenen
verimlere yakin, iyi ¢evre sartlarinda ise yiiksek
verimler verebilecegi saptanmistir (Sekil 13).

Doruk ve Urkmez gesitlerinin tane verimleri agisin-
dan diisiik verimli ¢evrelerde beklenen verimlerin
cok iizerinde, iyi g¢evre sartlarinda ise en yiiksek
verimlere sahip olabilecegi belirlenmistir (Sekil 14).

2009-2010 yillar1 arasinda izmir Menemen
kosullarinda gergeklestirilen verim denemelerinde
elde edilen sonuglar Sekil 15°de verilmistir. Ege
Tarimsal Arastirma Enstitiisii’niin gelistirdigi ¢esit-
ler ile farkli ¢iceklenme 6zelligine sahip, yerli ve
yabanci adi fig cesitlerinin kullanildigi ¢alismada
kuru madde ve tane verimleri incelenmistir. Kuru
madde verimleri agisindan Enstitiiniin gelistirdigi
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Expected green matter vield (kg'da)

500

cesitlerin verimlerinin, yerli g¢esitlerden daha iyi
oldugu gozlenirken, giceklenme tarihleri gegei olan
yabanci kaynakli cesitlerden daha diisiik oldugu
saptanmistir. Cigeklenme tarihleri ile kuru madde
verimleri arasinda olumlu bir iliski oldugu
goriilmektedir (Anonim, 2011).

Tane verimleri agisindan Ege Tarimsal Arastirma
Enstitiisii’niin gelistirdigi c¢esitlerin verimlerinde
yillar i¢inde ciddi artislarmin saglandig1 ve

denemede yer alan yerli ve yabanci ¢esitlerin ¢ok
tizerinde oldugu saptanmistir. Calismada gegci
olan yabanci kaynakli cesitlerin tane verimlerin
cok diisiik oldugu belirlenmistir. Cigeklenme zamani
ile tane verimi arasinda negatif bir iliskinin varlig:
saptanmuigtir.
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Sekil 13. Doruk, Urkmez ve kontrol cesitleri ile gelistirilmis hatlarin yesil ot verimleri i¢in ¢evre indeks grafigi (Anonim, 2013).
Figure 13. Environmental index of green hay yields of Doruk, Urkmez and standard varieties (Anonymous, 2013).
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Sekil 14. Doruk, Urkmez ve kontrol cesitleri ile gelistirilmis hatlarin tane verimleri i¢in gevre indeks grafigi (Anonim, 201 3).
Figure 14. Environmental index of seed yields of Doruk, Urkmez and standard varieties (Anonymous, 2013).
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Sekil 15. Adi fig ¢esitlerine ait kuru madde, tohum verimleri (kg/da) ve ¢i¢ceklenme giin sayilar1 (Anonim, 2011).
Figure 15. Dry matter and seed yields (kg/da) and flowering times (day) of common vetch varieties (Anonymus,2011).

SONUC

Akdeniz iklimine sahip pamuk tariminin hakim
oldugu tarla sistemi {izerinde kiglik ara {iriin olarak
kullanilmak iizere adi fig tiiriinde ¢esit gelistirmek
icin 1967 yilinda baglatilan 1slah g¢aligmalarinda
yillar i¢inde hem kuru madde hem de tane verim-
lerinde ¢ok ciddi verim artiglari elde edilmistir.
Yillar iginde gelistirme ¢aligsmalar1 erkencilik, hizli
tane doldurma oOzelikleri iizerinde durulmustur.
Genis bir genetik kaynaga sahip olunan ¢aligsmada,
melezleme ¢aligmalarinin da katkisi ile kuru madde
ve tane verimleri yiiksek cesitler gelistirilmigtir.
Diger bilimsel galigmalarda da bu 6zeliklerin 6nemli
oldugu ve 1slah programlarinda yer almasi gerek-
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tigi belirtilmistir (Blum ve Lehrer, 1973; Sabanci,
1991; Tosun ve ark., 1991; Abd El Moneim, 1993;
Siddique ve Loss, 1996; Thomson, 1997).

Ozellikle tane veriminde saglanan verim artislari
sayesinde adi fig g¢esitlerinin daha ekonomik
tohumluk iiretimlerinin yapilmasim kolaylastirmistir.
Bu sayede cesitlerin sertifikali tohumluk {iretimleri
daha yaygin olarak yapilabilmekte ve hedef
alanlardaki tretimleri yayginlagmaktadir. Boyle-
likle hayvanciligm gerek duydugu kaliteli kaba
yem {lretimine Onemli katki saglamasi miimkiin
hale gelmistir.
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Paper from a Symposium, Conference or Seminar:

Yang, S. M. 1988. Report of the ad hoc committee on

sunflower rust. pp. 250-255. In: Proc. 12th Int.
Sunflower Conf., Vol. II. Novi Sad, Yugoslavia. 25-
29 July. Int. Sunflower Assoc. Paris, France.

Arslanoglu, F. ve 1. Atakisi. 1997. Baz1 patates cesitlerinde

farkli yumru iriliklerinin ve dikim sekillerinin yumru
verimi ve verim kriterleri tizerine etkisi. Tirkiye II.
Tarla Bitkileri Kongresi. 22-25 Eyliil 1997. Samsun.
s. 648-651.

Book
Demir, 1. 1975. Genel Bitki Islahi. Ege Univ. Zir. Fak. Yay.

No: 212. Bornova, Izmir.



Hallauer, A. R., and J. B. Miranda. 1981. Quantitative
Genetics in Maize Breeding. Iowa State Univ. Press.
Ames, [A.

Part of the book

Miller, J. F., and G. N. Fick. 1977. The genetics of
sunflower. pp. 441-495. In: A. A. Schneiter (Ed.)
Sunflower Technology and Production. Argon.
Monogr. 35. ASA, CSSA, and SSSA, Madison, WI,
USA.

Tosun, M. 2005. Kalitim derecesi. s. 10-32. A. S. Tan (Ed.).
Bitki Islahinda Istatistik ve Genetik Metotlar. Ege
Tarimsal Arastirma Ens. Yay. No: 121. Menemen,
[zmir.

Paper from a scientific journal

Tan, A. S., C. C. Jan., and T. J. Gulya. 1993. Inheritance of
resistance to race 4 of sunflovver downy mildew in
wild sunflower accessions. Crop Sci. 32: 949-952.

Kitiki, A ., T. Kesercioglu, A. Tan, M. Nakiboglu, H. Otan,
A. O. Sar1 ve B. Oguz. 1997. Ege ve Bat1 Akdeniz
Bolgeleri'nde yayilis gosteren bazi Origanum L.
tiirlerinde biyosistematik aragtirmalar. Anadolu 7 (2):
26-40.

Ph.D or Master thesis

Tan, A. S. 1993. Ayg¢igeginde (Helianthus annuus L.) melez
varyete (F1) 1slahinda kendilenmis hatlarin ¢oklu dizi
(Line x Tester) analiz yontemine gére kombinasyon
yeteneklerinin ~ saptanmasi  iizerine arastirmalar.
Doktora tezi. E. U. Zir. Fak. Fen Bil. Ens. Tarla
Bitkileri Ana Bilim Dali Bornova - Izmir.

Whited, D. A. 1967. Biochemical and histochemical
properties associated with genetic male sterility at the
Ms locus in barley (Hordeum vulgare L.). Ph.D.
thesis. North Dakota State University. Fargo ND,
USA.

Reference from internet site

Plakhine, D., and D. M. Joel. 2010. Ecophysiological
consideration of Orobanche cumana germination.
Helia 33 (52): 13-18. From http://www.
doiserbia.nb.rs/Article.aspx?id=1018-18061052013P.

Crop Science Society of America, Terminology Committee.
1992. Glossary of crop science terms. Available at:
www.crops.org/cropgloss/. CSSA, Madison, WI,
USA.

USDA-ARS National Genetic Resources Program. 2005. The
Germplasm Resources Information Network (GRIN)
database. Available at http://www.ars-grin.gov/
npgs/acc/ acc_queries. html. National Germplasm
Resources Laboratory, Beltsville, MD, USA.

Anonymous

Official and collective documents without an author should
be cited as “Anonymous” and "Anonim"

Anonim. 1996. Imla kilavuzu. Tiirk Dil Kurumu yayinlar1.
No: 525. Ankara.

Anonymous. 1970. Septoria helianthi. CMI distribution
maps of plan diseases. No: 468. Commonwealth
Mycol. Inst., Kew, England.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

The graphics, pictures, maps etc. are named as “Figure”
and the numerical values are presented as “Table”.

Tables and graphs should be created by using MS Word
and MS Excel, respectively. In tables, each item should
be placed into a separate cell. Tables and graphs color
must be black and white, and thickness of the borders
should be " pt. Abbreviations or symbols must be
explained either in the title or as footnote.

Tables and graphics and their legends should be
submitted in separate pages. The graphics are prepared
by using MS Excel and submitted as electronic forms as
well. Pictures (if necessary) should be submitted GIF,
TIFF or JPEG files in high resolution.

In the tables, graphics and figures; the legends, first
column and line of the tables and apsis (x) and ordinate
(y) of the graphics should be written in English as well
and placed under the legends, headings of the column
and line of the tables and x and y coordinate of the
graphics written in Turkish.

Numbers written in decimal notation separated with
comma “,”. In order to show statistical significance at
the 0.05, 0.01, and 0.001 probability levels, the *, **
and *** are always used in this order, respectively,
and these cannot be wused for other footnotes.
Significance at other level is designated by a
supplemental note. Lack of significance is usually
indicated by NS. For table footnotes, use the following
symbols: I, §, #, ¥, [ etc.

Abbreviations should be spelled out and introduced in
parentheses when used at first time in the text. Standard
abbreviations (such as DNA, etc.) need not be defined.
Abbreviations should be written according to Turkish
Language Association (http:/www.tdk.gov.tr).

The Editorial Board reserves to make alterations in
manuscripts submitted for publications. Such alterations
will be made if manuscripts do not conform to accepted
scientific standards or if they contain matters which in
the opinion of the Editorial Board are unnecessarily
verbose or repetitive. Where papers need extensive
alteration, they will be returned to the senior author for
checking, corrections and re-typing. Such papers must
be returned to the Editorial Board within three weeks.

The corresponding author will be informed whether the
manuscripts accepted or rejected within four months.

The publication of a paper in the Journal does not imply
responsibility for, or agreement with, any statements or
views expressed therein. All scientific responsibility
pertain to the authors of the manuscript

No financial grant for copyright is payable to the
contributor. One electronic reprint of an article will be
sent to the senior author. Hard copies of an issue of
ANADOLU may be obtained on payment.

Instruction to author of manuscript of ANADOLU can
be obtained from the directorate and/or the web site
(https://arastirma.tarimorman.gov.tr/etae/Menu/48/Anadolu
-Dergisi) of AARI.
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