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Ege ve Dogu Marmara Bolgesi Ayva Plantasyonlarinda Ates Yanikligi
Hastaliginin Degerlendirilmesi

Miige SAHIN" Adalet MISIRLF Hatice OZAKTAN’

'Ege Tarimsal Arastirma Enstitiisii Miidiirliigii, Izmir/T URKEY
ZEge Universitesi Ziraat Fakiiltesi, Bahce Bitkileri Anabilim Dali, !zmir/T URKEY
’E ge Universitesi Ziraat Fakiiltesi, Bitki Koruma Anabilim Dali, Itmir/TURKEY

* Corresponding author (Sorumlu yazar): mugesahin67@hotmail.com

Received (Gelig tarihi): 30.11.2017  Accepted (Kabul tarihi): 02.01.2018

OZ: Diinya ayva iiretiminde ilk sirada yer alan iilkemizde ates yanikligi hastalig, iiretimde énemli verim kayiplarina neden
olmaktadir. Ayva iiretiminin yogun olarak yapildigi yorelerde hastaligin yayginlik oraminin belirlenmesi, miicadele agisindan
onem tasimaktadwr. Bu baglamda, Izmir, Manisa, Bursa, Sakarya ve Denizli illerinde 2015 yilinda yiiriitiilen ¢alismada, hastalik
siddeti, orani ile hastaligin yayginlik oranimin belirlenmesi ve ayva plantasyonlarindan izole edilen E. amylovora izolatlarinin
klasik ve molekiiler yontemler ile kesin tanilamaswin yapilarak viriilensi yiiksek izolatlarin saptanmasi amaglanmistir.
Surveylerde ortalama 50.000 agacin yer aldigi, 1.000 dekar ayva bahgesi taranmis ve survey alaninda ortalama hastalik orant %
4,24 olarak belirlenmistir. Il bazinda, bu oran; Izmir'de % 0,54; Manisa’da % 0,65; Bursa’'da % 2,85; Sakarya’da % 2,95 ve
Denizli’de % 5,90 olarak tespit edilmistir. Hastahgin yayginlik oram ise Izmir’de % 37,50; Manisa’da % 100; Bursa’'da %
28,50, Sakarya’da % 44,44 ve Denizli’de % 24,30 olarak belirlenmigtir. Siddetli epidemi gériilen bahgelerden alinan hastalikli
bitki orneklerinde yapilan klasik ve molekiiler tanilama testleri sonucunda klasik tanilamada E. amylovora oldugu belirlenen
izolatlardan bir tanesinin, molekiiler tanilamada istenilen uzunlukta bant vermemesi, ates yanikligi hastaligina benzer belirti
gosteren bakteriyel kanser ve yamiklik etmeni Pseudomonas syringae pv. syringae gibi farkl bakteriyel etmenlerin de ayva
plantasyonlarinda bulundugunu gostermis ve yapilan tanilama ¢alismalarinin molekiiler yontemlerle desteklenmesi gerekliligini
on plana ¢ikarmistir. Izolatlarin hastalik siddeti % 0-83,33 arasinda degisim gostermistiv. Bununla birlikte, 211, 217 ve 223
no’lu izolatlar % 83,33 hastalik siddeti ve E. amylovora igin karakteristik olan bakteriyel eksudat olusumu ile one ¢ikmigtir.
Ureticilerle yapilan gériismeler sonucunda, hastaligin bazi bélgelere budama uygulamalariyla giris yaptigi ve hizla yayiim
gosterdigi tespit edilmistir. Bursa’'da “Esme”, Sakarya’da “Limon”, Denizli’'de her iki ¢esidinde yaygin olarak yetistirildigi,
“Ege 227 cesidinin, ise Izmir’de son yillarda énem kazandigi ve hastalik siddetinin diger cesitlere gore daha diisiik oldugu
gozlemlenmigstir. Aragtirma bulgulari sonucunda, duyarll ¢esitlerin yetistirildigi bolgelerde, hastalik siddeti ve oranmmin daha
yiiksek oldugu kamisina varilmistir. Yeni plantasyonlarin tolerant cesitlerle tesis edilmesine 6zen gosterilmesi, budama arag
gereglerinin ¢ok iyi dezenfekte edilmesi ve budanan hastalikli siirgiinlerin imha edilmesi gibi kiiltiirel 6nlemlerle hastaliga karst
miicadele edilmesi gerekmektedir.

Anahtar kelimeler: Cydonia oblonga Mill, Erwinia amylovora Burrill, hastalik oranmi, hastalik siddeti, hastalik yayginhg.

Evaluation of Fire Blight Disease on Quince Plantations in Aegean and East Marmara Regions

ABSTRACT: Turkey which is in the first place in world quince production, fire bligth disease causes significant losses.
Determination of the prevalence rate of disease in areas where the quince production is concentrated is very important in terms
of struggle to disease. In this context, it was aimed to determine disease severity, disease rate and the prevalency of the disease
on quince plantations in Izmir, Manisa, Bursa, Sakarya and Denizli provinces in 2015. In additon, E. amylovora isolates were
obtained from these areas identified via classical and molecular methods and with high virulence were determined. On average,
50,000 trees were surveyed, and 1,000 decares quince orchards were screened and the average disease rate in the survey area
was 4.24%. As the provincial basis, this rate was determined 0.54% in Izmir;, 0.65% in Manisa; 2.85% in Bursa; 2.95% in
Sakarya and 5.90% in Denizli. The prevalence rate of the disease was 37.50% in Izmir; 100% in Manisa; 28.50% in Bursa;
44.44% in Sakarya and 24.30% in Denizli. As a result of classical and molecular diagnostic tests carried out in the disease
samples taken from the infected plants, one of the identified as E. amylovora in the classical diagnosis did not give the desired
length of tape in the molecular diagnosis. This shows that different bacterial factors such as Pseudomonas syringae pv. syringae
can also found in quince plantations and that the diagnostic studies should be supported with molecular methods. The disease
severity of isolates varied between 0-83.33%. However, 211, 217 and 223 isolates were predominant with a disease severity rate
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of 83.33% and bacterial exudate formation characteristic of E. amylovora. As a result of meeting with producers, it is found that
the disease entered into some regions with pruning practices and showed rapid spread. It is determined that “Esme” in Bursa,
“Limon” in Sakarya, and both varieties in Denizli province are cultivated widely and also “Ege 22 variety is widely cultivated
in Denizli and Izmir in recent years and disease severity is lower than other varieties. As a result of the research findings, it has
been concluded that the disease severity and proportion is higher in regions where susceptible varieties are grown. It is
necessary to fight against the disease by cultural struggle such as taking care to establish new plantations with tolerant varieties,
disinfecting the pruning tools very well and destroying the sickly shoots.

Keywords: Cydonia oblonga Mill, Erwinia amylovora Burrill, disease rate, disease severity, disease prevalence.

GIRIS

Ayva, yumusak c¢ekirdekli meyveler grubunda
elma ve armuttan sonra iiretimi en fazla olan tiirdiir
ve Tiirkiye, diinyada 174.038 ton tiretim miktari ile
ilk sirada yer almaktadir. Cin, Ozbekistan, Iran ve
Fas ise iretimin yogun olarak yapildig1 iilkeler
olarak 6n plana ¢ikmaktadir (Anonymous, 2017).
Tiirkiye’de ayva iiretimi bolgeler bazinda
incelendiginde, 133.037 ton ile toplam iiretimin
76,44’liniin Marmara Bolgesi’nden saglandigi
goriilmektedir. iller bazinda ise en yogun iiretim
miktart 102.476 ton ile Sakarya’da olup Bursa,
Bilecik, Denizli ve Canakkale oOnemli iiretim
merkezleri olarak siralanmaktadir (Anonim, 2017).

Ayva iretiminde de, diger Rosaceae familyasi
tiirlerinde oldugu gibi, en énemli sorunlardan biri
T. J. Burril tarafindan 1882 yilinda diinyada
saptanan ve ilk bakteriyel hastalik olan ates
yaniklig1 (Erwinia amylovora Burril.) hastaligidir
(Van der Zwet ve Keil, 1979). Gram negatif ve
nekroz olusturan bir bakteri olan E. amylovora’nin
neden oldugu ates yaniklig1, diinyada 200 yil1 agkin
bir siiredir bilinmekle birlikte, tilkemizde ilk kez
1985 yilinda Afyon ili Sultandag ilgesinde yetistirilen
armut agaglarinda saptanmis (Oktem ve Benlioglu,
1988) ve cok kisa siirede hizla yayilarak iiriin
kayiplarina yol a¢migtir (Oktem ve Benlioglu,
1988; Tokgonul ve Cinar, 1991; Momol ve ark.,
1992; Demir ve Gundogdu, 1993). Ege Bolgesi’nde
1986-1991 yillar1 arasinda yumusak ¢ekirdekli
meyve tiirlerinin, degisen oranlarda bu etmenle
bulasik oldugu tespit edilmistir (Demir and Gundogdu,
1993). Ayva yetistiriciliginde, 1989-1990 doneminde
Yugoslavya’da bir¢ok iiretim bdlgesinde hastaligin
siddetli ve epidemik boyutlarda ortaya ¢iktig
bildirilmekte (Arsenijevic ve Panic, 1992) ve
ayvanin en duyarh tiir oldugu ifade edilmektedir
(Postman, 2008; Bobev ve ark., 2009).

Hastalik etmeni, penetrasyon saglayacak enzimleri
bulunmadigindan, nektar, stoma gibi dogal agikliklar

(Billing, 2011) ve yara yerlerinden (Van der Zwet
ve Beer, 1991) giris yaparak vaskiiler sistem ile
bitkiye yayilmakta ve tohum digindaki tiim
organlar ile tasinabilmektedir. Enfeksiyon; cicek,
meyve, vejetatif siirgiin, odunsu doku ve toprak alti
kisimlar1 olmak iizere lizere tiim bitki dokularinda
ortaya ¢cikmakta ve ¢igek, siirglin ve anag yanikligma
neden olmaktadir (Vanneste, 2000; Norelli ve ark.,
2003). Hastalik dongiisii Sekil 1’de verilmistir.

Meyve tiirlerinde goriilen hastaliklarla ilgili
degerlendirmelerde, yogun yetistiricilik yapilan
bolgelerde hastaligin ortaya c¢ikma ve yayilma
durumunun  belirlenmesi amaciyla surveyler
yapilmakta ve hem c¢esitler hem de lokasyonlar
bazinda veriler elde edilmektedir. Diger yandan ise
bu siirecte, tanillama ve patojenisite testleri igin
gerekli izolat eldesi amactyla hastalikli bitki 6rnekleri
toplanmaktadir. Ulkemizde ve diinyada elma, armut,
ayva, musmula ve yenidiinya gibi yumusak cekirdekli
meyve tilirlerinde, ates yaniklig1 etmeninin izolasyonu,
klasik ve molekiiler yontemlerle tanilanmasi,
hastaliginin siddeti, oran1 ve yayginlik oraninin
belirlendigi ve miicadelesine yonelik yapilan bir¢ok
calisma bulunmaktadir (Tokgonul ve Cinar, 1991;
Oden ve Alp, 1994; Hepaksoy ve ark., 1999; Geider,
2000; Mirik, 2000; Aysan ve ark., 2004; Ozaktan ve
Bora, 2004; Saygili ve ark., 2004; Lopez ve ark.,
2006; De Bellis ve Schena, 2007; Atasagun, 2009;
Aktepe, 2012; Tunali, 2013; Arda, 2016; Gok,
2016; Kipcak ve Akkopru, 2017). Bu arastirmalar
1s1¢inda planlanan ¢alismada, diinya ayva {iretiminde
s0z sahibi olan tlilkemizde, iiretim bakimindan dnem
tastyan Dogu Marmara ve Ege Bolge’sinde yer alan
bazi il ve ilgelerde hastaligm durumunun
degerlendirilmesi ve ayva plantasyonlarindan izole
edilen E. amylovora izolatlarinin kesin tanilamasinin
yapilarak viriilensi yiiksek izolatlarin belirlenmesi
amagclanmistir.
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Sekil 1. Ayvada ates yaniklig1 hastaligi dongiisii (Fotograf: M. Sahin): A: bakterinin ar1 gibi vektorler ve nektar araciligtyla ¢igekten bitkiye
giris yapmasli, yayilmasi, Al: bulasik ¢igekte meydana gelen ilk belirti, suda haslanmis gériiniim, A2: hastaligin ¢igekten yakin yapraklara
ilerlemesi ve yanik ¢icek ve yapraklar; B: taze ve saglikli siirgiin, B1: stoma veya yara yerlerinden giris yapan bakterinin taze siirglinlerde
olusturdugu baston (¢oban degnegi) goriiniimii, B2: 1 yillik siirgiinlerde hastaligin ilerlemesi, B3: 2 ve daha yagh dallarda hastaligin
ilerlemesi, C: ¢igek ve siirgiin yanikliginin ilerlemesi sonucunda meydana gelen meyve yamkligi, D: enfekte siirgiinlerde olusan ooze, E: ok
yillik dallarda meydana gelen enfeksiyon, E1: gdvdeye ilerleyen hastaligin kabuk ve i¢ dokuda olusturdugu tahribat, E2: ¢igek, taze siirgiin,
¢ok yillik dal, anagtan ¢ikan taze siirgiinlerden ilerleyen hastaligin kok bogazinda olusturdugu anag yanikligi gériniimii.

Figure 1. Fire blight disease cycle in quince (Photo credit: M. Sahin): A: penetrating and spreading of the bacterium from the flowers to the
plant via nectar and/or vectors such as bees, Al: first symptom occurring in the infected flower, watersoaked view, A2: disease progression
in flowers to nearby leaves and blighted flowers and leaves, B: fresh and healthy shoot, B1: view of the shepherd's crook formed by the
bacteria entering the stoma and/or wounds on fresh shoots, B2: disease progression in 1-year shoots, B3: Disease progression in branches of
2 and older, C: fruit blight occurring as a result of the progressing flowers and shoot blight, D: drops of bacterial ooze on the blighted shoots,
E: infection occurring in branches, E1: damage of shell and inner tissue with disease progressing to the trunk, E2: view of collar and root
blight via spreading of infection from the flowers, fresh shoots, perennial branches and/or fresh shoots originating from rootstocks.
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MATERYAL VE METOT
Survey alani

Surveyler, Dogu Marmara ve Ege Bolgesi’nde
ayva diiretiminin yogun olarak yapildigi; Izmir
(Menemen, Selguk), Manisa (K&priibasi, Gordes),
Bursa (Giirsu, Kestel, Inegdl), Sakarya (Geyve,
Serdivan, Pamukova) ve Denizli (Saraykoy,
Pamukkale, Baklan, Acipayam, Serinhisar, Honaz)
illerini kapsayacak sekilde gerceklestirilmistir

(Sekil 2).

Sekil 2. Survey alani.
Figure 2. Survey area.

E. amylovora izolatlar

edilen

izole
E. amylovora izolatlarmm yamsira, Ege Universitesi
Ziraat Fakiiltesi Bitki Koruma Boliimii Bakteriyoloji
Laboratuvart stoklarinda bulunan 163 (elma) ve
205 (yabanci izolat) nolu izolatlar molekiiler
testlemelerde kontrol amaciyla kullanilmistir.

Surveylerde, ayva agaglarindan

Besi yerleri

E. amylovora izolatlarinin izolasyonu ve tanilamasi
testlerinin geceklestirilebilmesi i¢in King B (King
ve ark., 1954) ve SNA (Sucrose Nutrient Agar)
(Schaad ve ark., 2001) besi yerleri kullanilmustir. Besi
yerlerinin ~ kimyasal igerikleri Cizelge 1°de
verilmistir.

Primerler

E. amylovora izolatlarinin molekiiler tanilamasi
icin genomik DNA’lar ve Cizelge 2’de belirtilen
G1F-G2R primerleri kullanilarak PCR testi

gergeklestirilmistir (Taylor ve ark., 2001). Tim
izolatlarin PCR iiriinleri i¢in agaroz jel (% 1,5’lik),
elektroforez analizleri i¢in ise Tris-acetate-EDTA
(TAE) buffer kullanilmstir.

Cizelge 1. Besi yerleri ve kullanilan kimyasallar.
Table 1. Plating mediums and chemicals used.

King B SNA
Kimyasal Miktar Kimyasal Miktar
Chemical Amount Chemical Amount
Pepton 20 g/lt Nutrient Broth 8 g/lt
K,HPO, 1,5 g/t Sakkaroz 50 g/lt
MgSO,7H,0 1,5 g/lt Agar 20 g/lt

Survey calismalari, hastahigin siddeti ve
yayginhiginin belirlenmesi

Surveylerin planlanmasi amaciyla ayva iiretiminin
yogun olarak yapildigi 5 ilde (Sakarya, Bursa,
Denizli, Izmir, Manisa) T.C. Tarim ve Orman
Bakanligi Tarim 1l ve ilge Miidiirliikleri’ne anket
formlar1 gonderilmistir. Bu formlar;

e Uretici ad1, kdyii veya mahallesi,

e Yetistiriciligi yapilan cesitlerin ydresel adlar
(varsa),

Agagc sayisi ve bahge biiytikligi,

Hasat tarihi (yaklagik),

Hastaligin bahgede goriilme durumu,

Hastaliga dayanimu yiiksek olarak gézlemlenen
ve/veya dogal olarak yayilis gosteren tiplerin
varlig1 konusundaki bilgileri igermektedir.

Tiirkiye Istatistik Kurumu kayitlar1 (mevcut iiretim
miktarlari, agac sayisi istatistikleri), anket sonuclart
ve sahsi gorlismeler dogrultusunda survey plani
yapilmis ve giizergahi belirlenmigtir. Buna gore
2015 yilinda gergeklestirilen surveylerde, hastaligin
siddeti, arazide ates yaniklig1 siddetini belirlemek
icin kullanilan 1-10 skalasi (Van Der Zwet ve Keil,
1979) modifiye edilerek tespit edilmistir (Cizelge
3).

Survey yapilan bahgelerdeki hastalik siddeti ve
hastalik oraninin tespiti amaciyla, bahgede zig zag
cizilerek agagclar tesadiifi olarak gezilmis ve tipik
ates yaniklig1 belirtisi tasiyanlar gézlemlenmistir.
Tek bir belirtinin varligi durumunda, agag, hastaliklt
olarak degerlendirilmistir. Bu incelemeler, Lazarov
ve Grigorov (1961) modeline gore yapilmis ve her
bahgedeki toplam aga¢ sayisina gore gozlemlenen
agac sayist Cizelge 4’te verilmistir.
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Cizelge 2. Primer ciftlerinin oligo dizinleri.
Table 2. Oligo sequences of the primer pairs.

Primerler Oligo dizin
Primers Oligo sequences
G1-F 5’- CCTGCATAAATCACCGCTGACAGCTCAATG- 3’
G2-R 5’- GCTACCACTGATCGCTCGAATCAAATCGGC- 3’

Cizelge 3. Ates yaniklig1 hastalik siddetinin belirlenmesinde kullanilan 1-10 skalast.
Table 3. 1-10 scale used in determining the fire blight disease severity.

Skala degeri
Scale value

Agiklama

Description

1 Hastalik simptomu yok

2 % 1-3 hastalik siddeti veya 1 yasindaki siirgiinler {izerinde belirtilerin ortaya ¢ikmasi

3 % 4-6 hastalik siddeti veya 1-2 yasindaki siirgiinler iizerinde belirtilerin ortaya ¢ikmasi

4 % 7-12 hastalik siddeti veya 1-3 yaslarindaki siirgiinlerin 1/8’nin {ist kisimlarinda belirtilerin
ortaya ¢ikmast

5 13-25 hastalik siddeti veya 3 yasindaki siirgiinlerin 1/4’nin iist kisimlarinda belirtilerin ortaya
¢ikmasi

6 % 26-50 hastalik siddeti veya 3 yasindaki siirgiinlerin 1/2’nin iist kisimlarinda belirtilerin
ortaya ¢ikmast

7 % 51-75 hastalik siddeti veya aga¢ tabanmimn ve yash dallarin 1/4’nin alt kisimlarinda
belirtilerin ortaya ¢ikmasi

3 % 76-88 hastalik siddeti veya agac tabaninin ve yash dallarm 1/2’nin alt kisimlarinda
belirtilerin ortaya ¢ikmasi

9 % 89-99 hastalik siddeti veya gdvdede belirtilerin ortaya ¢ikmasi

10 % 100 hastalik siddeti veya agacin tlimiiniin dlmesi

Cizelge 4. Bahgelerdeki toplam agag sayisina gore incelenecek agag sayilari.
Table 4. Number of trees to be examined according to the total number of trees in orchards.

Toplam agag sayist
Total number of trees

Incelenecek agac say1st
The number of trees to be examined

20

21-70
71-150
151-500
501-1000
1000<

20
21-30
31-40
41-80
% 15
%5

Bahgelerdeki hastalik siddeti, oran1 ve yayginlik oran1 asagida verilen formiillerden (Bora ve Karaca,

1970) yararlanilarak hesaplanmustir.

Hastalik siddeti (S") (%) =

Y (Hastalikli agac sayis1 x Hastalik skalast)

Hastalik orani (I*) (%) =

Hastalik yaygmhgi (P") (%) =

Gozlenen agag sayisi x En yiiksek skala degeri x 100
Y (Hastalikli agac sayis1 x S)
~ ~ x 100
Toplam gozlenen agag sayisi x 100
Y (Hastalikli bahge sayis1) X 100

* S: Severity; I: Intensity; P: Prevalence

Patojen izolasyonu, klasik ve molekiiler tanisi
ile viriilensliklerinin belirlenmesi

Surveylerde elde edilen ates yanikligi belirtilerini
gosteren hastalikli bitki pargalarindan etmenin
izolasyonu, tanisi ve viriilensinin belirlenmesi islemleri

Bolgedeki toplam agag sayist

Ege Universitesi Ziraat Fakiiltesi Bitki Koruma

Boliimii, Bakteriyoloji laboratuvarinda
gerceklestirilmistir.  Hastalik  belirtisi  gOsteren
agaclardan hastalikli ornekler (gigek, siirgiin,

yaprak, dal) toplanarak, kod numarasi verildikten
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sonra GPS cihaz1 ile koordinatlar1 kayit altina
almmigtir. Alman bitki parcalar1 kuru gazete
kagidina sarilip naylon torba igerisinde izolasyon
yapilincaya kadar +4°C’de buzdolabinda muhafaza
edilmisgtir.

Hastalikli  bitki pargalart  %1’lik  sodyum
hipokloritde 1 dakika tutulup ardindan 3 defa steril
saf su ile durulandiktan sonra steril polietilen poset
icerisinde fizyolojik tuzlu suda (% 0,85’lik NaCl)
el stomaker’t yardimiyla ezilmistir. Oze dolusu
siispansiyon King B ve SNA besiyerleri iceren
petrilere ¢izgi ekim yontemi ile ekilmistir. Petriler
24-25°C’de 48 saat inkube edildikten sonra koloni
gelisimleri  incelenmistir. Istenilen &zellikteki
koloniler saflagtirilarak sonraki asamalar igin
-80°C’de saklanmigtir.

Izolatlarin  konvensiyonel tanis1 igin; Gram
reaksiyonu (KOH testi), King B besiyerinde floresan
pigmentasyonun varligi ve LOPAT (levan, oksidaz,
patateste pektolitik aktivite, arginin dehidrolaz ve
tiitlinde asir1 duyarlilik reaksiyonu) testleri yapilmuistir.

Gram reaksiyon testi (KOH)

SNA besiyerinde gelistirilen E. amylovora
kiiltiirlerinden 6ze yardimiyla bir miktar alinip lam
iizerinde % 3’lik KOH cozeltisiyle karistirilarak
izolatlarin Gram reaksiyonlari belirlenmistir. Cozelti
ve bakteri 5-10 saniye karigtirildiktan sonra, 0ze
yukar1 dogru kaldirilmis ve ¢dzeltinin viskoz bir
hal alip uzamasi Gram negatif bakteri oldugunu
gostermistir (Fahy ve Persley, 1983; Sands, 1990).

King B ortaminda gelisim (Floresan pigment
olusumu)

Cizgi ekim yontemi ile King B besi ortamina ekimi
yapilan izolatlar, inkiibatorde 25°C’ de 48 saat
gelismeye birakilmistir. Karanlik ortamda UV
translimiinator altinda mavi-yesil pigment olusumu
gozlenmeyenler pozitif olarak degerlendirilmistir.

Levan olusumu testi

SNA besiyerine ¢izgi ekimi yapilan E. amylovora
izolatlar1 23-25°C’de 48-60 saat inkiibe edilmistir.
Bu siire sonunda kabarik, mukoid ve konveks olarak
gozlemlenen koloniler pozitif olarak degerlendirilmistir
(Klement ve Goodman, 1967; Lelliott ve Stead,
1987).

Oksidaz testi

Filtre kagid1 lizerine, taze olarak hazirlanan %1 lik
N:N:N:N- Tetrametily-1,4 phenylenediammonium
diclorid soliisyonu damlatilmstir. King B besiyerinde
48 saat gelistirilen E. amylovora izolatlart 6ze
yardimiyla filtre kagitlar1 iizerine damlatilan
soliisyona siiriilmiistiir. 10 saniye sonra mavi renk
veren izolatlar pozitif, vermeyenler ise negatif
olarak degerlendirilmistir (Kovaks, 1956).

Patateste pektolitik aktivite testi

Patatesler yiizeysel sterilizasyona (suda fircalama,
%1’lik NaCIO’de 3 dakika bekletme, steril saf su
ile 2 kez durulama) tabi tutulmustur. Sonrasinda
steril bistiiri ile kabuklar1 soyularak 1 cm kalinlikta
dilimlenmis ve steril 1slak filtre kagidi iceren steril
petriye yerlestirilmistir. Patates dilimlerinin orta
kisimlarina agilan oyuklara 6ze dolusu E. amylovora
kiltiri  bulastinlmugtir.  25°C°de 48  saatlik
inkiibasyondan sonra degerlendirme yapilmistir.
Inokule edilen bolgedeki yumusama pozitif olarak
kabul edilmistir (Lelliott ve Stead, 1987).

Arginin dehidrolaz testi

Besiyerleri, litresinde 1 g pepton, 5 g NaCl, 0,3 g
K,HPO,4, 10 g L (+) arginin HCI, 0,01 g fenol
kirmizisy, 3 g agar igerecek sekilde hazirlanarak pH
7,2’ye ayarlanmig ve tiiplere (16*1,5 cm) 3 ml
besiyeri konup otoklavlanmigtir. Taze gelistirilmis
E. amylovora izolatlarinin nokta asilama ile ekimi
yapilmigtir. Tiiplerdeki besiyeri {izerine steril
parafin ilave edilerek kapatilmistir. Kiiltlirler 2
hafta 26°C’de inkiibe edildikten sonra kirmizidan
visne rengine donenler pozitif kabul edilmigtir
(Lelliott ve Stead, 1987).

Tiitiinde asir1 duyarhlik (HR) reaksiyonu

E. amylovora izolatlan1 %5 SNA iceren besiyerinde
48 saat gelistirildikten sonra hazirlanan 10® cfu/ml
yogunlugundaki  bakteri siispansiyonu steril
enjektor yardimiyla tiitlin (Nicotiana tabacum L.
White Burley) yapraklarinin alt kismindan damar
aralarma enjekte edilmistir. Inokule edilen
bitkilerde 6lii doku olusumu pozitif, olusmamast
ise negatif olarak kabul edilmistir (Klement ve
Goodman, 1967; Lelliott ve Stead, 1987).
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Izolatlarin molekiiler tanisi icin; konvensiyonel
tanilama testlerinde E. amylovora oldugu
diisiiniilen izolatlarin klasik PCR ile molekiiler
tanilamalar gerceklestirilmistir.

King B besiyerinde gelistirilen E. amylovora
izolatlarmin, steril saf su ile silispansiyonu
hazirlanarak spektrofotometrede ODgoonm: 0,1
degeri Olciiliip, 1,5 ml’lik eppendorf tiiplere
doldurulmustur. 10 dakika siire ile kaynatilan
bakteri siispansiyonu daha sonra kullanilmak iizere
-20 °C’de muhafaza edilmigtir. PCR ¢aligmasi
Cizelge 5°de belirtilen Taylor ve ark. (2001)’a gore
gerceklestirilmistir. Caligmada, reaksiyon tiipli adi
verilen 0,5 ml’lik ince duvarli eppendorf tiiplerde
toplam hacmi 25 pl olan reaksiyon karigimi
kullanilmigtir. Thermalcycler cihazinda kullanilan
program Cizelge 6’da belirtildigi gibidir.

Elde edilen PCR iiriinleri
yluriitiilmiigtiir. Bunun i¢in;

agaroz jelde

1. 1,5 g agaroz 100 ml 1xTAE tamponuna
konularak mikrodalga firinda eriyinceye kadar
kaynatilmistir.

Cizelge 5. E. amylovora igin PCR protokolii.
Table 5. PCR protocol for E. amylovora.

2. Sogutulan soliisyona Cybersafe (Fermentas)
eklenmis tarak yerlestirilen tanka dokilmistiir.

3. Agaroz jelin donmasindan sonra tarak dikkatli
bir sekilde cekilerek c¢ikartilmis ve jeli
ortiinceye kadar 1XTAE tamponu eklenmistir.

4. Hazirlanan agaroz jel cukurlarina 1 pl loading
buffer ve 5 pl PCR iiriinii kanstirilip 5 pl
mikropipetle cekilerek kuyucuklara
yerlestirilmistir. Molekiiler agirlik isaretleyici
(Marker) olarak 100 bp DNA kullanilmustir.

5. Elektroforez tankinda agaroz jeldeki ornek
hiicrelerin  bulundugu yer, gii¢ kaynagmin
negatif (-) kutbuna denk gelecek sekilde
yerlestirilmis ve PCR iiriinleri 100 V elektrik
akiminda yaklagtk 40 dakika siire ile
yuriitilmiistiir.

6. Transliminatérde bantlar

fotograflanmustir.

incelenmis  ve

Kimyasallar Stok/Baslangi¢ Final konsantrasyon 1 6rnek igin gerekli miktar
Chemicals Stock / Start Final concentration The amount required for 1 sample
PCR reaction Buffer 10 X 1X 2,5 ul
MgCl, 25 mM 1.5mM 1,2 ul
dNTPg 2,5 mM 0,1 mM 1ul
GIF 10 mM 0,4 mM 1ul
G2R 10 mM 0,4 mM 1ul
H,O - - 13,1 pl
TaqPolimeraz 5U 1U 0,2 ul
Ornek niikleik asit 107 cfu/ml - S5ul
Toplam hacim - - 25 ul
Cizelge 6. E. amylovora igin PCR ¢aligsma kosullari.
Table 6. PCR operating conditions for E. amylovora.
1 Dongii 30 Dongii 1 Dongii 1 Dongii
1 Cycle 30 Cycle 1 Cycle 1 Cycle
95°C 94 °C 60 °C 72°C 72°C 15°C
3 dk 30 sn 30 sn 1 dk 5 dk 0

Izolatlarin viriilenslikleri ham armut meyve testi ile
belirlenmis ve King B besiyerinde gelistirilen 48
saatlik bakteri kiiltiirlinden saf su ile elde edilen ve
spektrofotometre ile 10 cfu/ml (ODgoonm:  0,4)
yogunlukta Olglilen siispansiyon  kullanilmigtir

(Thibault ve Lezec, 1990). Haziran ayinda toplanan,
heniiz olgunlagsmamig 2-3 cm ¢apl armut meyveleri
%70’1lik alkol ile dezenfenkte edilip uzunlamasina
ikiye kesilmis, her bir dilimin dis yan yiiziine mantar
deliciyle 2 adet gukur agilmistir. Bu gukurlara her bir
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E. amylovora izolatindan 40 pl siispansiyon inokule
edilmistir. Her bir izolat icin 4 adet meyve dilimi
kullanilmis ve nemlendirilmis steril kurutma kagitl
plastik kaplara yerlestirilerek 27°C’de inkubasyona
birakilmistir (Beer ve ark., 1984). Uygulamadan 6
giin sonra bakterilerin virlilensi 0-3 skalasma
(Cizelge 7) gore degerlendirilmistir (Goorani ve
Hassanein, 1991).

Cizelge 7. Ham armut testi 0-3 skalasi.
Table 7. Raw pear test 0-3 scale.

Skala degeri Agiklama
Scale value Description
0 Hi¢ simptom yok
1 Hafif bakteriyel sizint1 ve suda
1slanmis goriintii
Daha ¢ok bakteriyel sizint1 ve hafif
2 i
renk degisikligi
3 Siyah lezyonlarla birlikte yogun

bakteriyel sizint1

Elde edilen skala degerleri Townsend Heuberger
(TH) formiilii yardimi ile % hastalik siddeti
degerlerine doniistiiriilmiistiir (Karman, 1971).

> (Skala degeri x Skalada degerlendirilen drnek sayis1)

Verilerin analizi

Verilere varyans analizi uygulanmustir. Istatistiki
acidan o6nemli c¢ikan ortalama verileri i¢in LSD
testi ile farkliliklar belirlenmistir (Steel ve Torrie,
1980; Yurtsever, 1984).

BULGULAR ve TARTISMA

Survey calismalari, hastahi@in siddeti ve oram
ile yayginhk oram

Ayva liretiminin yogun olarak yapildig: 5 ilde T.C.
Tarim ve Orman Bakanhg Tarmm il ve Ilge
Midiirliikleri’ni kapsayacak sekilde (Sakarya, 17;
Bursa, 17; Denizli, 19; izmir, 15; Manisa, 15 ilge)
toplam 83 ilgeye, resmi yazi ile gonderilen anket
formlarindan, 39 ilgeden geri doniis alinamamustir.
Cevap gelen il ve ilgeler ile ilgili ayrintili bilgiler
Cizelge 8’de yer almaktadir. Hastalik ilgelere gore
farklilik gdstermekle beraber, Denizli’de en yiiksek
yogunlukta goriildiigii belirtilmistir.

% Hastalik si 1= - - - 1
7o Hastalik siddeti Toplam 6rnek sayisi x En yliksek skala degeri x 100
Cizelge 8. Anket sonuglart ile ilgili ayrintilt bilgiler.
Table 8. Detailed information about the survey results.
. Incelenen Yetistiricilik yapilan ve
Il ilge sayist hastaligin goriildigii ilge sayist Hastalik yogunlugu
Province Number of Number of districts where Disease density
district examined cultivated and disease ocur
2-orta
Sakarya 7 3 L-az
3-yok
l-az
Bursa 13 7 l-orta
2 yiiksek
l-az
Denizli 14 8 3-orta
4-yiiksek
[zmir 5 2 2-az

Calisma siiresince yaklasik olarak 50.000 ayva
agacinin yer aldigi, 1.000 dekar ayva bahgesi
taranmigtir. Bu bahgelerde hastalik siddeti, oran1 ve
iller bazinda hastaligin yayginlik oranina iligkin
bulgular Cizelge 9°da goriilmektedir.

Survey alaninda ortalama hastalik orami %4,24
olarak belirlenmistir. 11 bazinda ise; Izmir’de
%0,54; Manisa’da  %0,65; Bursa’da  %02,85;
Sakarya’da 9%2,95 ve Denizli’de %15,90 olarak
tespit edilmistir. Hastaligin  yaygmlik orani
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Izmir’de %37,50; Manisa’da % 100; Bursa’da %
28,50; Sakarya’da % 44,44 ve Denizli’de % 24,30
olarak  belirlenmistir. ~ Yetistiricilerle  yapilan
goriismeler sonucunda hastaligin  Denizli ili
Saraykoy ilgesine son yillarda budamacilar
araciligiyla giris yaptig1 ve hizla yayilim gosterdigi
tespit edilmistir. Bu konuda Amasya ve Tokat
illerindeki  ayva  plantasyonlarinda  yapilan
calismada, sirasiyla hastalik orani, %26,73 ve
%45,13, yayginlik orani ise %100 (Mirik, 2000),
Van yoresindeki elma plantasyonlarinda ise
ortalama yayginlik oran1 %36 olarak saptanmistir
(Kipcak ve Akkopru, 2017).

Hastalik siddeti ¢esitler bazinda incelendiginde, bu
oranin Ege 22 ¢esidinde, Esme, Limon ve Ekmek
cesitlerine gore daha diisiik oldugu goriilmektedir

(Cizelge 9). Bursa’da Esme, Sakarya’da Limon,
Denizli’de hem Limon hem de Esme ¢esitlerinin
yaygin olarak yetistirildigi ve bunlara ek olarak
Ege 22 cesidinin ise Izmir’de son yillarda 6nem
kazandig1 gozlemlenmistir. Calismadan elde edilen
bulgular sonucunda, duyarl gesitlerin yetistirildigi
bolgelerde hastalik siddeti ve oranmin daha yiiksek
oldugu kanisma varilmigtir. Bunu destekler
sekilde, Mirik (2000) Tokat ve Amasya’da Esme,
Limon ve Ekmek ayva cesitlerinin hastaliga karsi
¢ok duyarli olduklarin1 saptamistir. Ayrica Adana,
Icel ve Kahramanmaras illerinde hastalik yaygimlik
ve oraninin nispeten yiiksek seyretmesinin,
cesitlerin hastaliga karst duyarlilik diizeylerinden
kaynaklandig1 ifade edilmektedir (Tokgonul ve
Cinar, 1991).

Cizelge 9. Taranan bahgelerde, hastalik siddeti (S), hastalik orani (I) ve il bazinda hastaligin yayginligi (P).
Table 9. Disease severity (S), disease rate (I) and prevalence of disease in province basis (P) in scanned orchards.

Toplam agag Incelenen agag
il ilge Cesit sayis1 sayis1 S 1 P
Province District Variety Total number of Number of trees (%) (%) (%)
trees examined
Menemen - 420 70 5 0,83
Selguk Ege 22 300 70 5 1,17
Selguk Ege 22 1500 225 2 0,30
i Selguk Ege 22 400 70 0 0
[zmir Selcuk Ege 22 1000 150 0 0 37,50
Selguk Ege 22 200 50 5 1,25
Selguk Ege 22 1600 240 5 0,75
Selguk Ege 22 500 80 0 0
Kopriibast - 4000 200 3 0,15
Manisa Gordes Ege 22 350 70 1 0,20 100
Gordes Ekmek 500 80 10 1,60
Kestel Esme 350 70 3 0,60
Giirsu Esme 600 90 40 6,00
Giirsu - 200 50 5 1,25
Bursa Kestel - 350 70 0 0 28,50
inegol Cogir 2800 140 0 0
Inegol Esme 120 40 10 3,33
inegol - 200 50 35 8,75
Geyve - 750 120 0 0
Geyve - 4000 200 2 0,10
Geyve - 120 40 25 8,33
Geyve - 120 40 0 0
Sakarya Serdivan Limon 500 80 0 0 44,44
Serdivan - 750 120 0 0
Pamukova - 1000 150 60 9,00
Pamukova Limon 200 50 30 7,50
Pamukova Limon 1330 70 30 1,58
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Cizelge 9. Devam.
Table 9. Continued.

Toplam agag Incelenen agag
il flge Cesit say1st say1st S I P
Province District Variety Total number of Number of trees (%) (%) (%)
trees examined

Saraykoy Ege 22 300 70 5 1,17
Saraykoy - 1000 150 5 0,75
Saraykoy Limon 240 55 0 0
Saraykoy Esme 225 60 50 13,33
Saraykoy - 165 40 25 6,06
Saraykoy Esme 30 30 40 40,00
Pamukkale - 660 100 0 0
Pamukkale - 600 90 0 0
Pamukkale - 270 60 50 11,11
Pamukkale - 665 100 20 3,01
Pamukkale - 1500 75 30 1,50
Pamukkale - 5300 265 40 2,00
Pamukkale Esme 740 120 20 3,24
Pamukkale - 50 30 30 18,00
Pamukkale - 1500 75 40 2,00
Baklan - 250 60 75 18,00
Baklan - 500 80 0 0
Baklan - 570 85 5 0,75

Denizli Baklan - 200 30 30 4,50 24,32
Baklan - 500 80 0 0
Acipayam - 500 80 0 0
Acipayam Limon 380 70 0 0
Acipayam - 200 30 0 0
Acipayam - 110 40 10 3,64
Acipayam Limon 790 120 30 4,56
Serinhisar - 30 30 0 0
Serinhisar - 10 10 40 40,00
Honaz - 320 70 50 10,94
Honaz - 300 70 30 7,00
Honaz - 260 60 20 4,62
Honaz - 660 100 40 6,06
Honaz - 260 60 15 3,46
Honaz - 750 120 40 6,40
Honaz - 2500 125 30 1,50
Honaz - 700 120 5 0,86
Honaz - 1250 65 15 0,78
Honaz - 500 80 20 3,20

Patojen izolasyonu, tamisi ve viriilensliklerinin

belirlenmesi

Izmir (Menemen, Selguk), Manisa (Kopriibasi,
Gordes, Salihli, Yenice, Demirci), Bursa (Giirsu,
Kestel, Inegdl), Sakarya (Geyve, Serdivan,
Pamukova) ve Denizli (Saraykdy, Pamukkale,
Baklan, Acipayam, Serinhisar, Honaz) illerinde
incelenen ayva plantasyonlarindan hastalik belirtisi
gosteren yaprak, meyve ve siirgiin orneklerinden
yapilan izolasyonlar sonucunda Cizelge 10°da yer
alan izolatlar elde edilmistir. Bu izolatlara ait
klasik tanilama testleri (Gram reaksiyonu, floresan
pigment olusumu, LOPAT) sonuclari Cizelge
11°de belirtilmistir.
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Cizelge 10. Calisma kapsaminda izole edilen E. amylovora

izolatlar1.

Table 10. Isolated E. amylovora isolates in the study.
Izolat no. 11/ Tlge Izolat no. 11/ Tlge
Isolate no. Province/ Isolate no. Province/

District District

154 Sakarya 211 Bursa
155 Sakarya 212 Bursa
159 Sakarya 213 Bursa
169 Sakarya 214 Baklan
170 Salihli 215 Baklan
172 Gordes 216 Acipayam
173 Manisa 217 Baklan
174 Yenice 218 Honaz
176 Demirci 219 Pamukkale
177 Demirci 220 Honaz
204 Menemen 221 Pamukkale
208 Menemen 222 Honaz
209 Menemen 223 Selguk
210 Menemen
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Cizelge 11. E. amylovora izolatlarinin klasik tanilama sonuglart.
Table 11. Classical diagnostic results of E. amylovora isolates.

Gram Floresan

reaksiyon pigment
Gram Fluorescent

reaction pigment

Izolat
numarasi
Isolate no

Levan olusum
Levan
formation

Oksidaz
Oxidase

Patateste pektolitik
aktivite

Arginin
dehidrolaz
Pectolytic activity Arginine Hypersensitivity

in potatoes dehydrolase to tobacco

Tiitlinde asirt
duyarlilik

154 - -
155
159
169
170
172
173
174
176
177
204
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
E.a* - +

+

T I i i T i LTI o S T R S S B A

- - +

B T I E

* Schaad ve ark.(2001)’den alinan tanilama testi sonuglaridir.

Siddetli epidemi goriilen bahgelerden alman 27
hastalikli bitki 6rneginden yapilan klasik tanilama
sonucunda, 22 adedi Schaad ve ark. (2001)
tarafindan verilen referans bilgileriyle benzerlik
gostermis ve Gram negatif, King B besiyerinde
non-floresan, levan olusumu pozitif, oksidaz
negatif, pektolitik aktivite negatif ve tiitiinde asirt
duyarlilik belirtileri gdstermesi nedeniyle HR pozitif
olarak saptanmis 5 izolatta ise E. amylovora’dan
farkli olarak levan olusumu gergeklesmemis ve
tiitlinde asir1 duyarlilik goriilmemistir. Elde edilen
bulgular diinyada farkli arastiricilarin ¢aligmalart
ile benzerlik gostermekte olup, E. amylovora
strainlerinin SNA besi yerinde parlak, krem renkte,
mukoid ve levan seklinde koloniler seklinde
gelisim gosterdigi saptanmustir (Agrios, 1997,
Geider, 2000; Aysan ve ark., 2004; Atasagun,
2009; Aktepe, 2012; Tunali, 2013; Arda, 2016).

Farkl1 bolgelerden elde edilen izolatlarin tanisinda,
ham armut testi (lezyon ve sonrasinda bakteriyel
akint1) (Psallidas ve Dimova, 1986; Aysan ve ark.,
2004; Tunali, 2013; Arda, 2016), tiitlinde hipersensitif

reaksiyon (Aysan ve ark., 2004; Arda, 2016) ve
sirgiin  inokulasyonu (Arda, 2016) testleri
gerceklestirilerek sonuglar pozitif olarak belirlenmistir.
Armut ve ayva plantasyonlarindan, hastalikli bitki
pargalarindan elde edilen 29 bakteri izolatinin,
klasik tanilama testleri sonucunda E. amylovora
oldugu tespit edilmistir (Yahyaoglu, 1998).

Klasik tanilama sonucunda E. amylovora oldugu
belirlenen 22 izolattan elde edilen genomik
DNA’larin E. amylovora’ya spesifik GI1F-G2R
primer ¢ifti kullanilarak yapilan PCR iiriinleri
%1,5’lik agaroz jel iizerinde 187 bp’de belirgin
bantlar olugturmustur (Sekil 4a). Bant olusumu net
olmayan izolatlarin PCR islemlerinin tekrarlanmasi
sonucunda (Sekil 4b), 204 nolu izolatta bu
uzunlukta bant olugmamistir. Bu bulgular, aym
primer ¢ifti kullanarak molekiiler tanilama yapilan
caligmalarla (Lopez ve ark., 2006; De Bellis ve
Schena, 2007; Arda, 2016; Kipcak ve Akkopru,
2017) benzerlik gostermis olup hizli ve daha
duyarhi bir tanilama saglamigtir. Bu yontemin,
kesin tant i¢in kullanilmasi gerektigi Onemle
vurgulanmaktadir.

11
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Sekil 4. E. amylovora izolatlarinin 1. (a) ve 2. (b) PCR
elektroferez-jel goriintiileri.
Figure 4. PCR electrophoresis-gel images of E. amylovora
isolates’ 1** (a) and 2™ (b).

Cizelge 12. Ham armut meyvelerinde patojenisite testi sonuglari.
Table 12. Test results of raw pear fruit pathogenicity.

Izolat no Hastalik siddeti (%)*
Isolate no Disease severity (%)*
154 3333 e-g
159 50,00 c-e
169 3333 eg
170 58,33  b-d
173 0,00 h
174 0,00 h
176 0,00 h
208 0,00 h
211 83,33 a
212 41,66  d-f
213 41,66 d-f
214 25,00 fg
215 16,67 gh
216 66,66 ab
217 8333 a
218 66,66 ab
219 75,00 ab
220 50,00 c-e
221 25,00 fg
222 3333 e-g
223 83,33 a
CV (%) 38,97

LSD (0,01) 22,05

* {zolatlar arasindaki fark P<0,01 diizeyinde 6nemli.
* Difference between isolates significant at P<0.01.
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E. amylovora oldugu kanitlanan 21 adet izolattan,
viriilensi yiiksek izolatlar1 saptamak amaciyla
gergeklestirilen ham armut meyve testi sonuclari
Cizelge 12’de belirtilmistir. izolatlarm hastalik
siddeti % 0-83,33 arasinda degisim gostermistir.
211, 217 ve 223 nolu izolatlar % 83,33 hastalik
siddeti oran1 ve E. amylovora igin karakteristik
olan bakteriyel eksudat olusumu ile 6ne ¢ikmustir.

Ham armut meyve testi, viriilensin belirlenmesinde
kolay ve giivenilir bir test yontemidir. Bu test
sonuclarina gore, secilen izolatlar ham armut
meyve testlerinde yiiksek hastalik  siddeti
olusturmustur. Bu yontem 6n eleme yontemi olarak
giivenilir ve dolayisiyla Onerilebilir bir yontem
olarak goriilmektedir (Psallidas ve Dimova, 1986;
Aysan ve ark., 2004; Tunali, 2013; Arda, 2016).

SONUC

Ates yanikligi hastaligimin 2015 yilinda yapilan
surveyler sonucunda incelenen plantasyonlarin
onemli bir kisminda goriildiigii, iller bazinda ise
hastaligin yayginlik oranmin % 24,30 - 100
arasinda degisim gosterdigi belirlenmistir. Bazi
illerde yetistiriciligi yaygin olan ¢esitlerin, hastaliga
dayanim durumlarinin goézlemlenmesi sonucunda
ise duyarli cesitlerin yetistirildigi bolgelerde,
hastalik siddeti ve oraninin daha yiiksek oldugu
kanisina  varilmustir.  Kiiltiirel uygulamalarin,
hastaligin kontrolii kadar yayilmasinda da etkili
oldugu tespit edilmistir. Ozellikle Denizli’de
hastaligin farkli bolgelerden gelen budama ustalar
nedeniyle ortaya ¢iktig1 ve hizla yayildigi, iireticiler
tarafindan ifade edilmistir. Siddetli epidemi goriilen
bah¢elerden alinan hastalikli  bitki 6rneklerinin
klasik tanilamada E. amylovora oldugu belirlenen bir
izolat, molekiiler tanilamada istenilen uzunlukta
bant vermemistir. Bu durum, ates yanikligi
hastalifina benzer belirti gosteren bakteriyel
kanser ve yaniklik etmeni Pseudomonas syringae
pv. syringae gibi farkli bakteriyel etmenlerin de
ayva plantasyonlarinda bulundugunu
gostermektedir. Boylece tanilama calismalarinin
molekiiler yontemlerle desteklenmesi gerekliligi 6n
plana c¢ikmaktadir. Son yillarda ekonomik 6nemi
anlagilan ve hizla kapama bahgelerin kuruldugu bu
tiirde, iklim faktorlerinin de hastalik olusumu igin
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uygun oldugu bolgelerde, 6zellikle, budama arag
gereclerinin ¢ok iyi dezenfekte edilmesi ve
budanan hastalikli siirgiinlerin imha edilmesi gibi
kiltirel o6nlemlerle beraber tolerant cesit
kullanimiyla hastaliga karst miicadele edilmesi
gerekliligi ortaya ¢ikmaktadir. Ulkemiz ayva
iiretiminde 6n planda olan Dogu Marmara ve Ege
Bolgesi’'nde, onemli ekonomik kayiplara neden
olan ates yanikligi hastaligmmin durumunu ortaya
koymasi agisindan bu ¢aligma 6nem tagimaktadir.
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OZ: Proje, cesit eksikligini gidermeye katki saglamak icin Ege Tarimsal Arastirma Enstitiisii'nde yurtici ve yurtdigt
kaynaklardan temin edilen, ¢ok yillik baklagil yem bitkilerinden gazal boynuzu tiiriine ait materyal iizerinde siirdiiriilen
calismalar sonucu, ilk 1slah dongiisii tamamlanarak gelistivilen cesit adaylarimn Izmir ve Adana’da bélge verim denemelerine
alinarak verim ve uyum performanslarimin belirlenmesi amaci ile gerceklestirilmistir. Bolge verim denemeleri tesadiif bloklar
deneme deseninde cesit adaylari, kontrol cesitler ve populasyon kullanilarak dort tekerriirlii olarak kurulmustur. Izmir ve Adana
lokasyonlarinda iki yil yiiriitiilen ¢alismada; genotiplerin her iki lokasyon ve yil ortalamalarina gére kuru madde verimlerinin
694-951 kg/da; NDF oranlarimin % 37,1-39,4; ADF oranlarmmn ise % 29,8-31,2 oldugu belirlenmistir. Tohum verimlerinin 9,7-
23,4 kg/da; ¢imlenme oranlarimin % 52,3-67,9; 1000 tohum agwhklarimin 1,04-1,21 g arasinda degistigi saptanmustir. Kuru
madde ve tohum verimleri incelenen ¢esit adaylari ilk verim gruplarinda yer alarak, yiiksek verimli, Akdeniz iklim kusagina
uyumlu oldugu tespit edilmistir.

Anahtar Kelimeler: Gazal boynuzu, 1slah, kuru madde verimi, tohum verimi, kalite, ADF, NDF.

Determination of Yields of Bird's-foot Trefoil (Lotus corniculatus L.) Genotypes
Under Mediterranean Climatic Conditions

ABSTRACT: This project was conducted to test performance of cultivar candidates of legume bird's-foot trefoil
developed in the forage crop breeding program of Aegean Agricultural Research Institute after completing the first cycle of
selection procedures whose base material had been obtained from domestic and foreign sources. Regional yield trials were
arranged in randomized complete block design with four replications by using cultivar nominees, check cultivars and population
at Izmir and Adana locations and conducted for two years in 2015 and 2016. According to mean yields of trials obtained as both
locations and year means, genotypes obtained 6940-9510 kg/ha matter yields, 37.1-39.4 %, NDF rates and 29.8-31.2 %, ADF
ratios while seed yields were 97-234 kg/ha, germination rates were 52.3-67.9%, 1000 seed weights were 1.04-1.21 g. In terms of
dry matter and seed yields, the trials showed that variety candidates were found to be high yielding and well adapted to the
region, ranking in first yield groups.

Keywords: Bird's-foot trefoil, breeding, dry matter yield, seed yield, quality, ADF, NDF.
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GIRIS

Ulkemiz hayvanciligmin farkli sorunlari olmakla
beraber, bu sorunlardan en dnemlisini hayvanlarmizin
potansiyellerine uygun sekilde beslenememesi
olusturmaktadir. Ulkemizde mevcut 16,4 milyon
biiyiik bag birimi (BB) hayvanmin gereksinimi
olan yaklasik 83,9 milyon ton kaliteli kaba yem
yeterli miktarda saglanamamaktadir (Ozkan ve
Demirbag, 2016). Halen iilkemiz hayvanciliginin
en Onemli kaba yem kaynagini 14,6 milyon ha alan
kaplayan dogal meralar olusturmaktadir. Toplam
mera alanlarmin  %5,49°u  Ege Bolgesi’nde,
%4,62’si de Akdeniz Bolgesi’'nde bulunmaktadir
(Anonim, 2001a).

Ancak, miilkiyeti devlete, kullanim hakki bulunduklart
yerlesim yeri halkina ait olan bu dogal
kaynaklarimizin uzun yillardan beri siire gelen
teknigine uygun olmayan kullanim sonucu bitki
ortiilerini biiyiik dl¢lide kaybetmis ve verimleri son
derece diismiis durumdadir. Bundan dolay1 mera
alanlarimizin 6nemli kismimim yeniden bitkilendirme
ile 1slahma ihtiya¢ duyulmaktadir. Boylelikle,
meralarin 1slahinda kullanilacak farkli ekolojik
kosullara uyumlu yiiksek verimli ve kaliteli ot
saglayan yem bitkisi ¢esitlerinin gelistirilmesi ve
bunlarin tohumlarinin yeterli miktarda iiretilmesi
gerekmektedir.

Dogal meralarin 1slahinda kullanilan ¢ok yillik bir
baklagil yem bitkisi olan gazal boynuzu ayni
zamanda toprak 1slahinda ve erozyon kontroliinde
de onemli rol oynamaktadir. Bircok baklagil yem
bitkisine gore kisa daha dayanikli, asit topraklarda
verimli, tuza olduk¢a dayanikli olan gazal boynuzu
Akdeniz havzasmnin dogal bir tiridir. Gazal
boynuzunun kdklerinin yana dogru yayilimi daha
fazla oldugundan ylizeysel topraklara, su basmalarina
dayanikli, ot kalitesi yiiksektir ve ayni zamanda
sismeye neden olmamaktadir (Chriansen-Weiger
ve ark., 1979; Frame ve ark., 1998; Sardaro ve
ark., 2008).

Karadag ve ark. (2016)’nmin Tokat-Kazova
kosullarinda bazi ¢ok yillik yembitkilerinin verim
ve  kalitelerini  belirlemeyi  amagcladiklan
caligmalarinda 3 gazal boynuzu genotipinin kuru
madde verimlerinin 1250-1466,2 kg/da; tohum
verimlerinin  28-34,7 kg/da; 1000  tohum
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agirhiklarinim  1,157-1,173  g; ham  protein
oranlarinin %18,94-19,76; ADF oranlarmin %30-
32,30; NDF oranlarmin %39,20-41,80 arasinda
degistigini belirlemiglerdir. Cinar ve ark. (2016) ise
ayn1 genotiplerin Sivas ekolojik kosullarinda kuru
madde verimlerini 505,3-592 kg/da; tohum verimlerini
24,3-28,7 kg/da; 1000 tane agirliklarimi 0,95-1,05
g; ADF oranlarint % 31,1-32,6; NDF oranlarini
%39,9-42,0 olarak bildirmislerdir. Churkova (2007)
Bulgaristan’da yaptigi 3 yillhik c¢alismada farkh
karigimlar ve yalin olarak ektigi gazal boynuzu tohum
verimini ortalama 25,8 kg/da olarak bildirmistir.

Cok yillik baklagil ve bugdaygil yem bitkilerinin
1slahinda ¢ogunlukla ve 6zellikle 1slahin ilk dongiilerinde
fenotipe dayali tekrarlamali seleksiyon yontemleri
izlenmektedir (Knowles, 1977; Pochlman, 1987;
Poehlman ve Sleeper, 1995; Casler ve ark., 2003;
Marshall ve Wilkins, 2003; Sabanci ve Tosun, 2009).

Bu arasgtirmada gazal boynuzu tiiriinde gelistirilen
ETAE GB-1 ve ETAE GB-2 genotiplerinin Akdeniz
iklim kosullarinda performanslarinin belirlenmesi
amagclanmustir.

MATERYAL VE METOT

Bolge verim denemeleri, ot ve tohum verimlerini
belirlemek amaciyla iki ayr1 deneme seklinde
tesadiif bloklar1 deneme desenine goére 4
tekrarlamali olarak kurulmustur. Parsel biiyiikligii
2,5 m x 5 m=12,5 m? olarak, 10 siral1 ve sira arasi
25 cm olacak sekilde diizenlenmistir. ETAE GB- 1
ve ETAE GB-2 kodlanyla cesit adaylarimizin
tohumlar;; Leo ve Gaida ¢esitleri ile Tokat
populasyonu standart olarak kullanilarak Izmir’de
06.11.2014, Adana lokasyonunda ise 10.11.2014
tarihlerinde olmak {izere dekara 1,0 kg tohumluk
kullanilarak ekilmistir. Tesis yilinda 3 kg/da saf
azot amonyum siilfat, 10 kg/da saf fosfor (P,Os)
triple siiper fosfat gilibresi seklinde, bakim
yillarinda ise 10 kg saf fosfor (P,Os) triple siiper
fosfat giibresi seklinde verilmistir. Parsellerde
gerektigi durumlarda yabanci ot miicadelesi yapilmustir.
Parseller bitkilerin su ihtiyaglari oldugunda yagmurlama
ile sulanmistir. Yesil ot hasatlar1 paresellerin %10
ciceklenme zamaninda gerceklestirilmistir. Izmir
lokasyonunda her iki senede Leo c¢esidinde 3
bi¢im, diger genotiplerde ise 5 bi¢cim yapilmistir
(Cizelge 1). Adana lokasyonunda ise her yil her
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genotipte {ic bicim yapilmistir (Cizelge 2). izmir
lokasyonu arastirma alaninda Menemen ovasi
Gediz tin1 (typic Ustorthent) topraklar hakimdir ve
%1,28 organik madde igerigine sahiptir. Adana
lokasyonu aragtirma alaninin topraklari ise Seyhan
nehrinin tagkinlariyla getirilip depolanan ince
tekstiirlli, yash nehir terasi topraklart olup, Arikl
serisindendir ve %1,7 organik madde igermektedir.

Izmir lokasyonunda yillik yagis toplamlar1 2015
yilinda 683 mm ile uzun yillar ortalamasindan (530
mm) daha yiiksek, 2016 yilinda ise 481,6 mm ile
daha diisiik bulunmustur. Ortalama sicakliklar
2015 ve 2016 yilinda sirastyla 17,2 °C ve 18,1 °C
gergekleserek, uzun yillar ortalamasindan (16,9 °C)
daha yiiksek bulunmustur. Minimum sicakliklar
2015 yilinda -5,4 °C, 2016 yilinda -3,8 °C ile uzun
yillar degerinden (-7,4 °C) daha diisiik gerceklesmistir.
Maksimum sicakliklar da 2015 ve 2016 yilinda
sirast ile 38,7°C ve 41,4 °C bulunarak uzun yillara
gore (44,1 °C) daha diisiik gergeklesmistir (Anonim,
2016).

Adana lokasyonunda yillik yagis toplamlar1 2015
yilinda 471 mm, 2016 yilinda ise 363 mm olmustur.
Her iki yilda da yagis toplami uzun yillar ortalamasi
olan 655 mm’nin altinda gerceklesmistir. Adana
lokasyonunda ortalama sicakliklar hem 2015
yilinda 19,4 °C hem de 2016 yilinda 19,4 °C
gergekleserek uzun yillar ortalamasina (19,0 °C)

AKDENIZ IKLIM KOSULLARINDA VERIMLERININ BELIRLENMESI

cok yakin seyretmistir. Minimum sicakliklar 2015
yilinda -3,0 °C, 2016 yilinda ise -8,0 °C
gergeklesmigtir. Uzun yillarin minimum sicakligi -
8,1 °C’dir. 2015 yili maksimum sicakligi 42,0 °C,
2016 yili ise 41,0 °C’dir. Maksimum sicakliklar
uzun yillara gore (44,0 °C) daha diisiik olusmustur.

Arastirmada incelenen 6zellikler
Agronomik ozellikler

Hasattan sonra parsellerin yas ot agirlhiklan
tartilmig, yesil ot iginden rastgele alinan 0,5 kg’lik
ornekler kurutma dolabinda 48 saat 65 °C’ de
kurutularak kuru madde oranlar saptanmustir.
Kuru madde oranit degerlerinden yararlanilarak
kuru madde verimi (kg/da) hesaplanmstir.
Bigimler toplanarak genotiplerin yillik toplam kuru
maddeleri  hesaplanmistir.  Fizyolojik  olumu
tamamlanan parseller elle hasat edilmistir. Hasat
edilen parseller laboratuar harman makinasiyla
dovilmiis, elekten gecirilmis ve temizlenmistir.
Tohum verimi %14 diizeltme faktorii kullanilarak
dekara cevrilmistir (Anonim, 2001b). Bin tane
agirligi temizlenmis tohumlardan 4 tekerriirli
olarak 100’er tane sayilip, tartilarak ortalamasi
alinmistir (Soya ve ark., 2005). Cimlenme orani
Ellis ve ark. (1985)’na gore 3 tekerriirlii olarak 50
tane tohumdan c¢imlenen tohumlarin sayilip
ortalamasi alinarak % olarak ifade edilmistir.

Cizelge 1. Gazal boynuzu genotiplerinin Izmir lokasyonu bigim zamanlari (2015-2016).
Table 1. Cutting time of bird's-foot trefoil genotypes in Izmir (2015-2016).

Genotipler Bigim zamanlari (2015) Bi¢im zamanlar1 (2016)
Genotypes Cutting time (2015) Cutting time (2016)
1 2 3 4 5 1 2 3 4 5
ETAEGB 1 25.05 15.06 14.07 14.08  20.10 29.04  26.05 16.06  01.07  22.07
ETAE GB 2 25.05 15.06 14.07 14.08  20.10 29.04  26.05 16.06  01.07  22.07
Tokat populasyonu  25.05 15.06 14.07 14.08  20.10 29.04  26.05 16.06  01.07  22.07
Leo 15.06 14.07 14.08 - - 03.06  28.06 22.07 - -
Gaida 25.05 15.06 14.07 14.08 20.10 29.04  26.05 16.06  01.07  22.07
Cizelge 2. Gazal boynuzu genotiplerinin Adana lokasyonu bi¢im zamanlari(2015-2016).
Table 2. Cutting time of bird's-foot trefoil genotypes in Adana (2015-2016).
Genotipler Bigim zamanlar1 (2015) Bi¢im zamanlar1 (2016)
Cutting time (2015) Cutting time (2016)
Genotypes 1 ) 1 ) 3
ETAEGB 1 16.04 22.09 13.11 09.04 12.10 28.10
ETAE GB 2 16.04 22.09 13.11 09.04 12.10 28.10
Tokat populasyonu 16.04 22.09 13.11 09.04 12.10 28.10
Leo 28.04 11.09 01.11 11.04 14.10 28.10
Gaida 16.04 22.09 13.11 09.04 12.10 28.10
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Kalite analizleri: Parsellerden alman bitki
ornekleri 65°C‘ye ayarlanmis etiivde, agirliklar
sabitlesinceye kadar kurutulmustur. Bu oOrnekler
kalite analizleri icin 1 mm’lik elekten gececek
sekilde ogiitiildiikkten (Brabender Ohg Duisburg)
sonra drneklerde kalite analizleri yapilmistir.

Kuru madde orneklerinde yari otomatik Tekator
marka Kjeldahl cihaziyla azot tayini yapilmistir.
Belirlenen azot degerleri 6,25 doniisiim katsayisi
ile carpilarak s6z konusu ot drnegindeki % ham
protein degerleri saptanmigtir (Anonymous, 1995).
Bitki hiicre duvarindaki seliiloz ve lignin miktari,
“% ADF (Acid Detergent Fiber / Asit Deterjanda
Coziinmeyen Lif)”, seliilloz, hemiseliiloz ve lignin
miktar1 “% NDF (Neutral Detergent Fiber / Notr
Deterjanda Coziinmeyen Lif)” Van Soest ve ark.
(1991) tarafindan belirtilen esaslara gore ANKOM
lif analiz cihaz1 (Fiber analizer) ile belirlenmistir.

Arastirmada elde edilen verilerin
degerlendirilmesi: Arastirma ile ilgili tarla
denemelerinden ve laboratuvar analizinden elde
edilen verilerin JMP istatistik paket programi
kullanilarak (birden fazla yil ve her yil aym
yerlerde ve ayni randomizasyonla yiiriitiilen-cakilt
denemeler veya ¢ok yillik bitkiler modeli) varyans
analizleri yapilmistir (Steel ve Torrie, 1980;
Yurtsever, 1984).

BULGULAR VE TARTISMA

Kuru madde verimi

Kuru madde verimi agisindan; yil, genotip ve
lokasyon istatistiki olarak 6nemli y1l x lokasyon,
genotip x lokasyon ve yil x lokasyon x genotip
interaksiyonlart ise dnemsiz bulunmustur (Cizelge
3). Adana lokasyonu daha yiiksek verime sahip
olmustur. 2016 yili verim ortalamast 2015 yil
ortalamasindan  daha  yiikksek  bulunmustur.
Genotipler agisindan ise, aday genotipler ile Gaida
kontrol ¢esidi ilk verim grubunu olusturmuslardir.
Leo kontrol ¢esidi ise lokasyonlarda diisiik verime
sahip olarak son verim grubunda yer almistir.
Genotip x lokasyon interaksiyonun 6nemli
bulunmamas1  genotiplerin  performanslarinin
lokasyona bagli olmadigini gostermistir.

Kuru madde verimleri agisindan  deneme
bulgularimiz Cinar ve ark. (2016)’nin ¢alismasindan
elde edilen sonuglardan (505,3-592 kg/da) daha
yiiksek, Bologna ve ark. (1996)’nin (1022,4 kg/da)
ve Karadag ve ark. (2016)’nin. (1250-1466,2
kg/da) sonuglarindan daha diisiik bulunmustur.
Marley ve ark. (2006) yaptiklar1 c¢aligmada
kullandiklar1 genotiplerin verim ortalamalarinin
¢ok farkliliklar gosterdigini belirlemislerdir. Cesit
adaylarinin lokasyonlarda yiiksek verime sahip
olmasi Akdeniz iklim kusagi i¢in uyumlu cesitler
oldugunu da gostermektedir.

Cizelge 3. Gazal boynuzu genotiplerinin kuru madde verimleri (kg/da).

Table 3. Dry matter yiclds of bird's-foot trefoil genotypes (kg/da)

Izmir lokasyonu

Adana lokasyonu

Genotipler / Genotypes Izmir location Adana location gzgeln?er;n
2015 2016 Ort./mean 2015 2016 Ort./mean )

ETAE GB-1 669 1178 923 707 1253 980 951 A

ETAE GB-2 697 1208 952 712 1112 912 932 A

Tokat populasyonu 585 1035 810 632 1134 883 846 B

Leo 633 704 669 741 698 720 694 C

Gaida 641 1159 900 696 1261 978 939 A

Lokasyon / Location * 851D 894 a

Yil/ Year sk 671D 1074 a

Genotip / Genotype s

Genotip x Lokasyon 0.D

Yil x Lok. / Year x Loc. O.D 645 1057 697 1092

Y1l x Lok. x Gen/Year x Lo..x Gen. 0.D

LSD (0,05): Genotip / Genotype: 81,43; Lokasyon / Location: 29,15; Yil/ Year: 87,12

CV (%) 8,58

* FH%: P<0,05; P<0,001 diizeyinde 6nemli. Ayni harfle gosterilen ortalamalar arasinda 6nemli fark yoktur.
* *%%: Significant at P<0.05; P<0.001. Same letters in a column are not significantly different.

0.D. Onemli degil (Non-significant).
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Kalite Ozellikleri

Ham protein oram

Yapilan degerlendirmede; lokasyon, yil, genotip,
genotip x lokasyon, yil x lokasyon interaksiyonlari
istatistiksel olarak dnemli, y1l x genotip x lokasyon
interaksiyonu ise 6nemsiz bulunmustur.

I[zmir lokasyonunda ham protein orani ortalamasi
(%18,6) Adana lokasyonu ortalamasina gore
(%14,4) daha yiiksek bulunmustur (Cizelge 4).
Arastirmada 2015 yilinda saptanan ortalama ham
protein orani (%18,3) 2016 yilinda tespit edilen
orandan (%14,7) daha yiiksek gerceklesmistir.
Genotiplerin ham protein oranlart %15,9-17,5
arasinda degismis ve Loe ¢esidi en yiiksek oran ile
ilk sirada yer almis ve arastirmada yer alan diger
genotiplerden 6nemli derecede farkli bulunmamis
ve diisiik verim grubunda yer almislardir. Ham
protein orani degerleri Karadag ve ark. (2016)
(%18,94-19,76) ve Cmar ve ark. (2016)’nin (%
18,4-18,8) Tokat ve Sivas kosullarinda yiiriittiikleri
calismalarindan elde ettikleri sonuglardan daha
diisiik bulunmustur.

NDF oram

Yapilan degerlendirmede; lokasyon, yil, yil x
lokasyon, yil x genotip x lokasyon interaksiyonu

AKDENIZ IKLIM KOSULLARINDA VERIMLERININ BELIRLENMESI

istatistiksel olarak 6nemli bulunurken, genotip ve
genotip x lokasyon interaksiyonlar1 ise Onemsiz
bulunmustur.

[zmir lokasyonunda NDF orani ortalamasi (%36,5)
Adana lokasyonu ortalamasina gore (%39,9) daha
diisik bulunmustur. Aragtirmada 2015 yilinda
saptanan ortalama NDF orani (%36,5) 2016 yilinda

tespit edilen orandan (%40,0) daha disik
bulunmustur (Cizelge 5). Genotiplerin NDF
oranlart  %37,1-39,4  arasinda  degismistir.

Denemede yer alan Gaida kontrol ¢esidinin 2015
yilinda Izmir lokasyonundaki NDF orani diger
genotiplerin oranlarina yakin veya benzer bir deger
(%31,6) gostermesine ragmen, bu ¢esidin ayn1 yil
Adana lokasyonundaki NDF orani aragtirmada yer
alan diger genotiplerden daha yiiksek (%44,1)
bulunmugtur. Bu gibi degiskenlikler y1l x genotip x
lokasyon interaksiyonunun ortaya ¢ikmasinda
etkili olmustur. NDF oran1 degerleri, Tokat ve
Sivas kosullarinda, Karadag ve ark. (2016)
(%39,20-41,80) ile Cmar ve ark. (2016)’nin
(%39,9-42,0) yiirittiikleri calismalarindan elde
ettikleri sonuglara benzerlik gostermektedir.

Cizelge 4. Gazal boynuzu genotiplerinin ham protein oranlar1 (%).

Table 4. Protein rates of bird's-foot trefoil genotypes (%).

[zmir lokasyonu

Adana lokasyonu

Genotipler / Genotypes Izmir location Adana location gzgelr;)er;n
2015 2016 Ort./mean 2015 2016 Ort./mean )

ETAE GB-1 14,7 21,2 18,0 B 13,1 14,7 13,9 D 159 B
ETAE GB-2 15,3 21,4 18,4 AB 13,1 14,7 13,9 D 16,1 B
Tokat populasyonu 15,3 21,5 18,3 B 14,3 14,8 14,6 D 16,4 B
Leo 16,2 21,3 18,9 AB 15,3 16,9 16,1 C 17,5 A
Gaida 17,3 21,5 194 A 12,6 15,0 13,8 D 16,6 B
Lokasyon / Location ke 18,6 a 14,4 b
Yil/ Year ek 18,3 a 14,7b
Genotip / Genotype s 6,16
Genotip x Lokasyon s
Yil x Lok. / Year x Loc. ek 15,8b 214 a 13,7 ¢ 152b
Yil x Lok. x Gen/Year x Lo..x Gen. 0.D.
LSD (0,05): Genotip / Genotype 0,51; Lokasyon / Location: 0,45; Yil/ Year: 0,32;

Genotip.x Lokasyon / Genotype x Location: 0,88; Y1l x Lokasyon / Year x Location: 0,55
CV (%) 7,5

** kkk P<0,01; P<0,001 diizeyinde onemli. Ayni harfle gosterilen ortalamalar arasinda 6nemli fark yoktur.
*x F%k: Significant at P<0.01; P<0.001. Same letters in a column are not significantly different.

0.D. Onemli degil (Non-significant).
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Cizelge 5. Gazal boynuzu genotiplerinin NDF oranlari (%).
Table 5. NDF rates of bird's-foot trefoil genotypes (%).

Izmir lokasyonu

Adana lokasyonu

Genotipler / Genotypes Izmir location Adana location gZEeln?erzti.n
2015 2016 Ort./mean 2015 2016 Ort./mean )

ETAE GB-1 30,7 h 42,5 ac 36,6 41,3 be 38,8 dg 40,1 38,3
ETAE GB-2 31,0 h 41,4 be 36,2 42,0 ad 374 fg 39,7 37,9
Tokat populasyonu 31,2 h 38,0 eg 34,6 41,0 bf 31,2 dg 39,7 37,1
Leo 323 h 41,4 be 36,8 39,5 cg 323 cg 39,0 38,3
Gaida 31,6 h 45,0 a 38,4 44,1 ab 36,7 g 40,4 39,4
Lokasyon / Location Hkok 36,5b 399 a
Y1l / Year Hkok 36,5b 40,0 a
Genotip / Genotype 0D
Genotip x Lokasyon 0D
Y1l x Lok. / Year x Loc. Hkok 314c¢ 41,7 a 41,6 a 383b
Yil x Lok. x Gen/Year x Lo..x Gen. **
LSD (0,05):  Lokasyon /Location: 1,14; Yil/ Year: 1,07; Y1l x Lokasyon / Year x Location: 1,60

Y1l x Lokasyon x Genotip / Year x Location x Genotype: 2,66
CV (%) 6,67

*x FEkk P<0,01; P<0,001 diizeyinde onemli. Ayni harfle gosterilen ortalamalar arasinda 6nemli fark yoktur.
** k% Significant at P<0.01; P<0.001. Same letters in a column are not significantly different.

0O.D. Onemli degil (Non-significant).

ADF orani

ADF orani agisindan yapilan degerlendirmede;
lokasyon ve yil istatistiksel olarak énemli bulunurken,
genotip, genotip x lokasyon, yil x lokasyon ve yil x
genotip x lokasyon interaksiyonlar1 ise Onemsiz
bulunmustur. Izmir lokasyonunda ADF orani
ortalamasi (%27,4) Adana lokasyonu ortalamasina
gore  (%33,3) daha distik  bulunmustur.
Arastirmada 2015 yilinda saptanan ortalama ADF
oran1 (%31,3) 2016 yilinda tespit edilen orandan

Cizelge 6. Gazal boynuzu genotiplerinin ADF oranlari (%).
Table 6. ADF rates of bird's-foot trefoil genotypes (%).

(%29,4) daha disiikk bulunmustur (Cizelge 6).
Gazal boynuzu genotiplerinin ADF oranlan
%29,8-30,4 arasinda degigmistir. ADF orani
degerleri, Tokat ve Sivas kosullarinda, Karadag ve
ark. (2016) (%30-32,30) ile Cmar ve ark.
(2016)’nin (%29,8-31,2) yurtttiikleri
calismalardan elde ettikleri sonuglara benzerlik
gostermektedir.

Izmir lokasyonu

Adana lokasyonu

Genotipler / Genotypes Izmir location Adana location geﬁellnogﬁ
2015 2016  Ort./mean 2015 2016  Ort/mean o€

ETAE GB-1 27,8 27,4 27,6 35,4 31,0 33,2 30,4

ETAE GB-2 28,0 27,0 27,5 34,5 32,0 33,2 30,4

Tokat populasyonu 27,3 25,9 26,6 34,5 32,8 33,6 30,1

Leo 29,1 26,4 27,7 31,2 32,3 31,8 29,8

Gaida 28,4 26,8 27,6 37,1 32,5 34,8 31,2

Lokasyon / Location *kk 27,4b 333a

Yil/ Year ok 313a 29,4 b

Genotip / Genotype 0.D.

Genotip x Lokasyon 0.D.

Yil x Lok. / Year x Loc. O.D. 28,1 26,7 345 32,1

Y1l x Lok. x Gen/Year x Lo..x Gen. O.D.

LSD (0,05): Lokasyon / Location: 0,93; Yil/ Year: 0,79

CV (%) 6,85

**%: P<0,001 diizeyinde 6nemli. Ayn1 harfle gosterilen ortalamalar arasinda 6nemli fark yoktur.
**%: Significant at P<0.001. Same letters in a column are not significantly different.

0.D. Onemli degil (Non-significant).
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Aragtirmada incelenen genotipler kalite ozellikleri
acisindan degerlendirildiklerinde ETAE GB-1 ve
GB-2 genotipleri aragtirmada kontrol olarak yer alan
cesitlere gore NDF ve ADF oranlann yoniinden
benzerlik gostermekle birlikte, ham protein oram
acisindan Leo cesidinin gerisinde kalmiglardir. Bu
durumun lokasyonlar arasindaki iklim ve toprak
ozelliklerinin farkliligindan kaynaklanabilecegi gibi
genotiplerin hasat donem veya zamanlamasinin
farkliligindan kaynaklandigi da diistiniilmektedir.
Ciinkii Izmir losayonunda degerlendirilen gazal
boynuzu genotipleri 2 yillik yetistirme sezonu
icerisinde toplam 10 kez bigilmistir. Buna karsilik
Adana lokasyonunda toplam 6 bi¢im yapilmustir.

Tohum verimi

Tohum verimi agisindan, lokasyon, yil, genotip, yil
x lokasyon, lokasyon x genotip ve lokasyon x
genotip x yil istatistiksel agidan  Onemli
bulunmustur. Adana lokasyonu daha yiiksek tohum
verimlerine sahip olmustur 2016 yili tohum
verimleri 2015 yili verimlerine gore Onemli
derecede daha yiliksek bulunmustur (Cizelge 7).
Genotipler arasindaki farklar 6nemli bulunmus,
Leo c¢esidinin disindaki genotipler ilk verim
gruplarinda yer almiglardir. Kontrol genotipi
Populasyon Tokat Izmir lokasyonunda alt verim
grubunda yer alirken Adana lokasyonunda ilk
verim grubunda yer almistir. Genotip x lokasyon

AKDENIZ IKLIM KOSULLARINDA VERIMLERININ BELIRLENMESI

interaksiyonunun 6nemli olmasina ragmen cesit
aday1r genotipler her iki lokasyonda da Gaida
kontrol ¢esidi ile birlikte ilk verim grubunda yer
almiglardir. Boylelikle ¢esit adaylar1 ve kontrol
¢esit Gaida’nin tohum verimlerinin daha stabil
oldugu  anlagilmaktadir.  Tohum  verimleri
ortalamalari, Churkova (2007) ve Karadag ve ark.
(2016)’nin bildiriglerinden (28-34,7 kg/da) daha
disiiktiir, Cinar ve ark. (2016) ‘nin bildirisleri
(24,3-28,7 kg/da) ile uyumludur. Gazal boynuzu
bitkisinin ilk y1l gelisimi olduk¢a yavagtir ve kok
sisteminin geligmesi igin bitki besin elementlerinin
kullanilmas1 ilk yi1l tohum veriminin diisiik
olmasina neden olabilmektedir (Gengkan, 1992;
Churkova, 2007). Bununla beraber biiyiime
Ozelligi itibari ile tamamen kararsiz bitki olan
gazal boynuzunda tohum c¢atlamasi ¢ok yaygin
goriilen bir 6zelliktir ve 6zellikle havadaki nemin
%40’ altina diistiigiinde bakla ¢atlamasinin
dolayisiyla tohum kaybinin oldugu belirtilmistir
(Gengkan, 1992; Agikgdz, 2001; Hatipoglu ve
Avcioglu, 2009). 1k yil tohum hasadinin gecikmis
olmasi nedeni ile de tohum veriminde bir miktar
kayba neden oldugu diisiiniilebilmektedir.

Genotip x lokasyon x yil interaksiyonunda ise Leo
kontrol gesit 2015 yilinda izmir lokasyonunda en
diisiik tohum verimini verirken ETAE-GB-1 ¢esit
aday1 Adana lokasyonunda 2016 yilinda en yiiksek
tohum verimine sahip olmustur.

Cizelge 7. Gazal boynuzu genotiplerinin tohum verimleri (kg/da).

Table 7. Seed yields of bird's-foot trefoil genotypes (kg/da).

Izmir lokasyonu

Adana lokasyonu

Genotipler / Genotypes Izmir location Adana location gZEeL?g;n
2015 2016 Ort./mean 2015 2016 Ort./mean )

ETAE GB-1 14,5 fth 20,7 cd 17,6 C 73 ] 45,5a 264 AB 22,0 AB
ETAE GB-2 14,8 eh 23,7 ¢ 19,2 C 12,7 &1 423 a 275 A 234 A
Tokat populasyonu 9,11j 19,1 df 14,1 D 12,7 &1 433 a 28,0 A 21,0 B
Leo 1,7k 16,4 dg 9,0 E 94 1y 11,5 hj 104 E 9,7 C
Gaida 20,1 cd 19,3 ce 19,7C 9,4 14 374 b 234 B 21,5 AB
Lokasyon / Location *kk 159b 23,1a
Yil/ Year ok 11,2b 279 a
Genotip / Genotype *kk
Genotip x Lokasyon *kk 12,0 ¢ 19,8 b 10,3 ¢ 36,0 a
Y1l x Lok. / Year x Loc. okk
Yil x Lok. x Gen/Year x Lo..x Gen.  ***
LSD (0,05): Genotip / Genotype: 2,1; Lokasyon /Location: 1,43; Yil/ Year: 5,06

Genotip.x Lokasyon / Genotype x Location: 3,19; Yil x Lokasyon / Year x Location: 5,25

Y1l x Lokasyon x Genotip / Year x Location x Genotype: 4,44
CV (%) 16,34

**%: P<0,001 diizeyinde onemli. Ayni harfle gésterilen ortalamalar arasinda 6nemli fark yoktur.
**%*: Significant at P<0.001. Same letters in a column are not significantly different.

0.D. Onemli degil (Non-significant).
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Cimlenme oranlari (%)

Yapilan degerlendirmede; yil, genotip, lokasyon,
yil x lokasyon, genotip x lokasyon ve yil x
lokasyon x genotip interaksiyonlar1 istatistiki
olarak 6nemli bulunmustur. Adana lokasyonu
%67,6 ¢imlenme oram ile Izmir lokasyonundan
(%59,2) daha fazla ¢imlenme yiizdesine sahip
olmusgtur. 2015 yil1 67,7 ¢imlenme yiizdesine sahip
olurken, 2016 yilinda ¢imlenme yiizdesi 59,1
olarak daha diisiik olusmustur. Genotipler
arasindaki farklar onemli bulunmustur. Bununla
beraber genotip x lokasyon interaksiyonu da
onemli olarak saptanmustir. izmir lokasyonunda
Leo kontrol g¢esidi son grubu olustururken, diger
gesitler yakin ¢imlenme oranlari ile benzer
gruplarda yer almislardir. Adana lokasyonunda ise
kontrol Tokat populasyonu ilk grupta tek basina
yer alirken diger genotiplerin hepsi siralamada
ikinci grupta yer almiglardir (Cizelge 8).

Cimlenme oranlarindaki diistikliigiin nedenleri
arasinda Lotus corniculatus’ un tohumlarinda
onemli oranda sert tohumlulugun oldugu ve
iklimsel olaylardan etkilendigi farkli lokasyonlarda
yapilan calismalarla da bildirilmistir (Gengkan,
1992; Hatipoglu ve Avcioglu, 2009).

Cizelge 8. Gazal boynuzu genotiplerinin ¢gimlenme oranlari (%).

Table 8. Germination rates of bird's-foot trefoil genotypes (%).

Bin tane agirhklar

1000 tane agirhigt acisindan yapilan
degerlendirmede; lokasyon Onemsiz, yil, genotip,
yil x lokasyon, genotip x lokasyon ve yil x
lokasyon x genotip interaksiyonlar1 istatistiki
olarak onemli bulunmustur. 2016 yili bin tane
agirhigr (1,20 g) 2015 yilina gore (1,11 g) daha
biiyiilk bulunmustur. Genotipler arasindaki farklar
ve genotip x lokasyon interaksiyonu Onemli
bulunmasma ragmen aday genotipler her iki
lokasyonda da kontrol g¢esit Gaida ile ilk siralarda
yer almiglardir (Cizelge 9).

Bin tane agirliklar1 agisindan bulgularimiz Karadag
ve ark. (2016) (1,15-1,17 g); Gengkan (1992) (1-
1,3g); Hatipoglu ve Avcioglu (2009) (1,2-1,4 g) ile
uyumlu; Cimnar ve ark. (2016)’nin sonuglarindan
(0,95-1,05 g) daha yiiksek bulunmustur. Bologno
ve ark. (1996)’nin ifade ettigi bin tane agirliklan
(1,38-1,52g) degerleri ise deneme bulgularimizdan
daha yiiksektir. Gazal boynuzu genotipleri farkl
cevre kosullarinda farkli verim degerleri aldiklari
gibi cesitler arasinda bin tane agirliklar agisindan
da farkliliklar olabilmektedir.

[zmir lokasyonu

Adana lokasyonu

Genotipler / Genotypes Izmir location Adana location gzgeﬁ);n
2015 2016 Ort./mean 2015 2016 Ort./mean )

ETAE GB-1 58,5 df 64,5 ce 61,5 C 73,7ab 60,7 cf 67,2 BC 64,3 A
ETAE GB-2 65,5 be 62,7 cf 64,1 C 79,2 a 55,0 fg 67,1 BC 65,6 A
Tokat populasyonu 555 f 68,5 bc 62,0 C 81,0a 66,7 bd 73,8 A 67,9 A
Leo 38,0 1 47,0 gh 42,5 D 78,7 a 45,7 1 62,2 BC 52,3 B
Gaida 68,5 bc 63,2 cf 65,8 BC 78,2 a 57,5 ef 67,8 B 66,8 A
Lokasyon / Location ek 59.2b 67,6a
Yil/ Year w*% 67,7 a 59,1b
Genotip / Genotype Ak
Genotip x Lokasyon #%%  572¢ 61,2b 78,2 a 57,1¢
Y1l x Lok. / Year x Loc. ek
Y1l x Lok. x Gen/Year x Lo..x Gen. *
LSD (0,05): Genotip / Genotype 8,46; Lokasyon / Location: 2,58; Yil/ Year: 5,35

Genotip.x Lokasyon / Genotype x Location: 5,78; Yil x Lokasyon / Year x Location: 5,93

Y1l x Lokasyon x Genotip / Year x Location x Genotype: 7,78
CV (%) 9,14

* FH%: P<0,05; P<0,001 diizeyinde 6nemli. Ayni harfle gosterilen ortalamalar arasinda 6nemli fark yoktur.
* *%%: Significant at P<0.05; P<0.001. Same letters in a column are not significantly different.

0.D. Onemli degil (Non-significant).
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Cizelge 9. Gazal boynuzu genotiplerinin bin tane agirliklari (g).

AKDENIZ IKLIM KOSULLARINDA VERIMLERININ BELIRLENMESI

Table 9. A thousand seed weights of bird's-foot trefoil genotypes (g).

Izmir lokasyonu

Adana lokasyonu Genel ort.

Genotipler / Genotypes Izmir location Adana location Gen. mean
2015 2016 Ort./mean 2015 2016 Ort./mean )

ETAE GB-1 1,14 e 1,11 de 1,13 CE 1,21 ae 1,29ab 1,24 AB 1,18 AB
ETAE GB-2 1,19 e 1,24ad 1,21 AD 1,27 ac 1,28ab 1,27 A 1,24 A
Tokat populasyonu 1,08 e 1,15 be 1,11 DE 0,65 g 1,28ab 0,96 F 1,04 C
Leo 0,92 f 1,26ad 1,09 E 1,16 be 1,12 ce 1,14 BE 1,11 B
Gaida 1,33 a 1,05 ef 1,19 AE 1,19 ae 1,26 ad 1,22 AC 1,21 A
Lokasyon / Location O0.D 1,15 1,17
Yil/ Year ek 1,11b 1,20 a
Genotip / Genotype ek
Genotip x Lokasyon * 1,13 be 1,16 b 1,09 ¢ 1,24 a
Y1l x Lok. / Year x Loc. *
Yil x Lok. x Gen/Year x Lo..x Gen. ***
LSD (0,05): Genotip / Genotype: 0,06; Y11/ Year: 0,15; Genotip.x Lokasyon / Genotype x Location: 0,25;

Y1l x Lokasyon / Year x Location: 0,16; Y1l x Lokasyon x Genotip / Year x Location x Genotype: 0,15
CV (%) 8,62

* FF%: P<0,05; P<0,001 diizeyinde 6nemli. Ayni harfle gosterilen ortalamalar arasinda 6nemli fark yoktur.
* *%%: Significant at P<0.05; P<0.001. Same letters in a column are not significantly different.

0.D. Onemli degil (Non-significant).

SONUC

Gazal boynuzu kuru madde verim oOzellikleri
degerlendirildiginde, g¢esit adaylart ETAE GB-1 ve
ETAE GB-2’nin yiiksek performanslari ile one
ciktigr goriilmektedir. Buna ilave olarak tohum
verim ve verim bilesenleri ile kalite Ozellikleri
acgisindan da ¢esit adaylarinin ilk siralarda oldugu
belirlenmistir. Gazal boynuzunun tuzlu ve taban
suyunun yiksek oldugu alanlara uygunlugu,
hayvan otlatmasinda da diger baklagillerden daha
giivenle kullanilabilmesinden dolay1 yapilan 1slah

¢aligsmalarinin yararlt oldugu sonucuna
varilmaktadir.
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ABSTRACT: This paper outlines the methodology for mainstreaming biodiversity developed by the Biodiversity for
Food and Nutrition Project (BFN), a multi-country initiative led by Brazil, Kenya, Sri Lanka and Turkey. BFN explored the
nutritional properties of traditional and/or neglected native edible species, both wild and cultivated (including varieties and
landraces), and used this knowledge to incorporate local agricultural biodiversity into national and global policy instruments
that address food and nutrition security through the promotion of healthy, diversified and sustainable diets. Across the four
countries, the project adopted a three-pillar approach for mainstreaming biodiversity for food and nutrition into policies and
practices by: 1) Providing Evidence, 2) Influencing Policy, and 3) Raising Awareness. Case study examples from Brazil, Kenya,
Turkey, and Sri Lanka demonstrate how the approach can be adapted to suit specific country contexts and how a multi-level,
cross-sectoral partnership-based approach can create an enabling environment for mainstreaming biodiversity to improve

nutrition.
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INTRODUCTION

A number of global initiatives - chief among them
the Convention on Biological Diversity (CBD) -
have recognised the nexus between biodiversity,
agriculture and nutrition and have been calling, as
far back as 2006 CBD, COP 8 Decision VIII/23
(Anonymous, 2006), for greater mainstreaming of
agricultural biodiversity into policies and practices
targeting food and nutrition security (Hunter ef al.,
2015; Anonymous, 2016a) as well as increased
coordination between the environment, agriculture
and nutrition sectors. The same global conventions
acknowledge the potential of biodiversity to help
meet various Sustainable Development Goals
(SDGs), especially those linked to food systems

(Anonymous, 2016b), as it is evident that global
improvements in food production are failing to
meet human nutrition needs (Anonymous, 2017a)
and to feed the planet in a healthy, sustainable and
environmentally-friendly manner (Anonymous,
2015a). The latest Global Nutrition Report
(Anonymous, 2017b) shows that, despite global
progress in reducing malnutrition, 88% of
countries for which data exist are confronting high
economic and health costs linked to diet-related
illnesses and malnutrition. According to the report,
2 billion people lack key micronutrients like iron
and vitamin A, 155 million children are stunted
while 2 billion adults are overweight or obese. The
report also calls for increasing and maintaining
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diversity in production landscapes as a means of
contributing to improved nutrition, resilience,
productivity and climate change adaptation.
However, limited examples exist for governments
to put these recommendations into practice (Hunter
etal., 2016).

Encouraging results from Bioversity International
and others show that many of these collective
issues can be addressed wusing agricultural
biodiversity (Nugent, 2011; Remans and Smukler,
2013; Allen et al., 2014; Powell et al., 2015).
Greater knowledge of the nutritional properties of
these underutilised plant and animal species,
increased policy support for their marketing and
commercialisation, as well as increased awareness
of their untapped potential for sustainable food and
nutrition security, can contribute to furthering the
achievement of many SDGs, as well as the Aichi
Biodiversity Targets of the CBD. Agricultural
efforts aimed at producing larger quantities of a
few energy-rich staple crops (e.g. maize, wheat and
rice) have gradually driven many nutritious species
to disappear from people’s diets and to fall into
agricultural neglect, leading to huge losses in the
diversity of foods available (Allen et al., 2014).
The limited consumption of micronutrient-rich
foods and the reduced ability of agricultural
systems to provide the range of nutrients essential
for human diets are key drivers of malnutrition
(Johns and Eyzaguirre, 2006; Khoury et al., 2014).
Research has shown that diet quality is often
strongly linked to the number of species grown on
farm (Remans et al., 2011; Romeo et al., 2016;
Jones 2017; Koppmair et al., 2017), and the
availability of food species in the wild (Broegaard
et al., 2017). Furthermore, diversity on farm
provides a range of environmental, economic, and
social benefits to farming communities (Hajjar et
al., 2008; Karabak, 2017) and is better adapted to
local environments, including soils and climate
(Stober et al., 2016).

The Biodiversity for Food and Nutrition Project
(BFN) is a six-year Global Environment Facility
(GEF) funded initiative that connects the issues of
food biodiversity conservation and sustainable use
with critical food systems challenges. Prioritising
nutrient-rich indigenous species, the BFN Project
has spearheaded a partnership-based approach to
research and mainstream agrobiodiversity into

26

policies and practices in Brazil, Kenya, Turkey,
and Sri Lanka. “Mainstreaming” refers to the
process identified by the CBD as "embedding
biodiversity considerations into policies, strategies
and practices of key public and private actors that
impact or rely on biodiversity so that it is
conserved and sustainably used both locally and

globally" (Huntley and Redford, 2014). By
bringing together different sectors such as
agriculture, finance, transport, market and trade,
nutrition,  health, education and  social

development, mainstreaming activity is meant to
integrate biodiversity conservation and sustainable
use into regional planning and development for the
setting of global targets, national sectoral policies
and frameworks, landscape management, and
production and consumption practices. Methods
can comprise of changes in policies, plans or laws,
public—private partnerships or communication
campaigns (Anonymous, 2017c), with attention to
how this activity influences financial decision-
making processes.

This paper draws on examples from the four target
countries to outline the BFN methodology for
mainstreaming biodiversity for food and nutrition
into policies and programmes. The examples for
each country demonstrate how the approach can be
adapted and applied in a range of regions and
contexts.

MATERIALS AND METHODS

Based on an analysis by the Leveraging
Agriculture in South East Asia (LANSA) research
partnership on measures to reduce malnutrition
(Gillespie et al., 2013), the BFN Project
framework (Figure 1) follows three overarching
actions: providing evidence, influencing policy,
and raising awareness. National project partners
(Table 1) conducted activities in the three domains
to garner support for neglected and underutilised
species along the food value chain. On the supply
side, capacity was built to analyse and recognise
the value of this diversity and provide resources for
its cultivation, conservation and use. On the
demand side, the evidence generated by the project
was communicated to consumers, who were made
aware of the importance of biodiversity in nature
and in diets, particularly in a local context, thereby
influencing behaviour and perception including
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dietary habits, appreciation of food culture and
understanding of biodiversity. The project also
offered a platform for cross-sectoral coordination
among the different sectors that impact food and
nutrition security (particularly the environment,
agriculture, education and health sectors), thus
creating an enabling environment for the project to
operate in and paving the way for the integration of
biodiversity for food and nutrition in policies and
programmes.

Far from being linear in practice, the processes
related to collecting evidence, influencing policies
and raising awareness are more likely to happen in
parallel and not necessarily in the suggested order.
Partners took advantage of opportunities as they
arose, guaranteeing that the approach was adapted
to each new context. When considering how to
adapt this methodology, helpful questions include:
What platforms and policies already exist? How is
biodiversity situated within the country’s past and
current food culture? What are major
environmental and health challenges? At what
scale (local, regional and national) is the model
being applied? Perhaps the most variable and
important factor is the nuanced process of
establishing and  coordinating  productive
partnerships. The knowledge and connections of
the partners is ultimately one of the driving forces
in achieving an understanding of the enabling

environment in each country, and being able to
implement mainstreaming activities.

Country context

The BFN approach has so far been implemented in
four target countries, each with a different political
environment, health status, traditional use of native
species, and culture, though with similarities
including both high biodiversity and malnutrition
status. The following paragraphs give a brief
overview of each context.

Brazil

Brazil has a wealth of underutilised natural
biodiversity (approximately 18% of global plant
diversity) with the greatest number of endemic
species on a global scale (Anonymous, 2016¢).
The country is also a major player in global
agricultural production, yet malnutrition rates in
the country are alarming. While a small part of the
population remains undernourished (<5%), 54% of
the adult population is overweight and
micronutrient deficiencies are prevalent, with 20%
of women in reproductive age suffering from
anaemia and 13% of preschool-age children
diagnosed  with  Vitamin A  deficiency
(Anonymous, 2016d). Brazil carries the “triple
burden of malnutrition”, in which hunger,
overweight and micronutrient deficiency coexist in

Providing
EVIDENCE

Influencing
POLICY

Raising
AWARENESS

- Food Composition Tables
- Nutrition Analysis

- Online Crop Databases

- Market Surveys - NBSAPs
- Farmer Training

- Collecting Traditional Knowledge

- National Dietary Guidelines
- Nutrition Education

- Food Procurement Programmes

- Conservation Policies

- Education and Training Initiatives
- Food Festivals and Fairs

- Traditional Recipe Books

- Gastronomic and Cultural Events
- School Gardens

- Public Health Campaigns

SUPPLY

DEMAND

Figure 1. The BFN approach builds on three main pillars: Providing evidence, influencing policies, and raising awareness to
mainstream biodiversity for food and nutrition. Through each of these, a number of activities can be done to mainstream
biodiversity, all with an influence on aspects related to the supply and demand. See examples on some of the activities

implemented through the BFN project in the figure.
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Table 1. The BFN project’s national partners in Brazil, Kenya, Sri Lanka and Turkey.

Key partners Brazil Kenya Sri Lanka Turkey
Political - Ministry of Environment - Ministry of Health (MoH) - Ministry of Environment -Ministry of Agriculture and
partners (MMA) - Division of Human (MOE) Forestry (MAF) - General
- The National Food and Nutrition and Dietetics - Ministry of Agriculture Directorate of Agricultural
Nutrition Security and National AIDS and (MOA) Research (TAGEM)
Council (CONSEA) STI Control Programme - Ministry of Health and -Ministry of Agriculture and
- Ministry for Agrarian (NASCOP) Nutrition (MOHN) - Dept. of  Forestry - General Directorate
Development (MDA) - Ministry of Agriculture — Health (Nutrition of Protection and Control
- Ministry of Social Policy Department Coordination Division) and (KKGM)
Development and Fight - National Environment Medical Research Institute -General Directorate of
Against Hunger (MDS) Management Authority (MRI) Nature Protection and
- Ministry of Agriculture, (NEMA) - The Forest Department (FD) ~ National Parks
Livestock and Food - Department of Animal -Ministry of Health General
Supply (MAPA) Production and Health Directorate of Primary Health
- National Supply (DAPH) Care Services
Company (CONAB) - Ministry of Rural Industries -Ministry of National
- Ministry of Education and Self Employment Education (MEB)
(MEC) - Ministry of agricultural -Undersecretary of State
- Ministry of Health (MS) Development and Agrarian Planning Organization
Services - Dept. of
Agriculture (DOA) and
Dept. of Export Agriculture
(DEA)
Research - Brazilian Agricultural - KALRO Socio- - Bandaranayake Memorial -Aegean Agricultural Research
partners Research Corporation Economics Division Ayurvedic Research Institute  Institute (ETAE)
(EMBRAPA) - KALRO-Headquarters (BMARI) -West Mediterranean
- National Federation of Marketing Unit - Dept. of National Botanic Agricultural Research
Nutritionists (FNN) - National Genebank of Gardens (DNBG) Institute (BATEM)
- Sdo Paulo University Kenya (NGBK) - University of Peradeniya, -Central Research Institute for
(USP) - KALRO-Kakamega Faculty of Agriculture Field Crops (TARM)
- Campinas State - Kenyatta University (KU) (FOAUP) -Bursa Food Control and
University (UNICAMP) - University of Ruhuna Central Research Institute
(Faculty of Agriculture) -The Scientific and
- Wayamba University - Dept. Technological Research
of Nutrition and Community Council of Turkey
Resources Management (TUBITAK)
(NCRM) -Erciyes University
- Institute of Fundamental -Selguk University
Studies (IFS) -Gazi University
-Ege University
-Akdeniz University
-Ankara University
-Hacettepe University
NGOs, other - Brazilian Biodiversity - National Museums of - Biodiversity Secretariat -Turkish Association for the
partners Fund (FUNBIO) Kenya (NMK) (BDS) Conservation of Nature and
- Rural Outreach - Green movement Sri Lanka Natural Resources (TTKD)
Programme (GMSL) -Union of Turkish Chambers
- Community Development of Agriculture
Centre (CDC) -Association of Turkish

- Saaraketha Lanka Pvt. Ltd.
- Sewalanka Foundation
Agriculture project

Dieticians
-Istanbul Commodity
Exchange (ISTIB)
-Alagat1 Art and Culture
Association

the same population and often in the same
individual across the lifecycle (Anonymous, 2015b),
conditions caused by diets low in variety and in
nutrients. The combined effect of commercial
agriculture focusing on a limited number of crops —
sugarcane, soybean, oranges, rice, coffee and maize
— and changes in consumer preferences, dictary
patterns and lifestyles has reduced food system
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diversity, meaning that there is less variety in the
food available to consumers (Anonymous, 2009).
Currently, only 24% of Brazilians consume the
recommended 400g (or more) per day of fruits and
vegetables (Anonymous, 2018a). Food biodiversity
is mostly managed by family farmers and traditional
communities who own less than 25% of Brazil’s
agricultural land (Franca et al., 2009).
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Although some of this native diversity is utilised -
such as cassava, passion fruit, and agai - most
species with potential nutritional and economic
value remain unexplored. To reveal and take
advantage of the hidden potential of Brazilian
biodiversity, BFN partnered with national political
institutions, universities, indigenous communities
and celebrity chefs to further incorporate native crops
into policies, markets, school curricula and other
initiatives.

Kenya

Maize, beans, banana, rice and potatoes make up
the bulk of the daily energy intake of a typical
Kenyan household, yet many of the indigenous
species present in Kenya, especially African leafy
vegetables, have been shown to be nutritionally
superior to these introduced crops both in terms of
energy and micronutrient content (Hajjar et al.,
2008). Native crops hold untapped potential to
assist the 26% of Kenyan children who currently
suffer from chronic undernutrition (resulting in
impaired development and growth) as well as the
sizeable portion (4.1%), primarily in urban areas,
who are overweight or obese. Widespread iodine
deficiency disorders, iron deficiency (anaemia),
and vitamin A and zinc deficiency (49% of
children under five years are vitamin A deficient)
(Anonymous, 2016d) could be mitigated by more
diverse diets. Unfortunately, a lack of organised
market channels, poor agronomic practices, and
low awareness regarding production, consumption
and marketing of traditional plants creates barriers
to improving nutrition status, food security and
overall wellbeing in local households (Ngugi et al,
2006; Abukutsa-Onyango, 2007; Gido et al.,
2017). To overcome some of these barriers, BFN
has taken a localised approach in Busia County,
where regional partners conducted plant research
and coordinated school, policymaker, and farmer
meetings to improve production and create an
enabling policy and market environment for
underutilised crops.

Sri Lanka

Sri Lanka is listed as one of the 35 biodiversity
hotspots of the world and is home to around 4,500
edible species, of which 900 are endemic
(Anonymous, 2016e). Sri Lankan farmers have

maintained this rich diversity in crops and gardens
for thousands of years, but urbanisation,
deforestation, colonial influence and generational
changes in food preferences and occupations have
led to changes in food production and consumption
habits, resulting in a population that carries the
double burden of dietary-related disease
(Rajapaksha, 1998). Despite recent gains in health
and social status, 22% of the population remains
undernourished and 34% overweight or obese
(Katulanda et al., 2010; Anonymous, 2017d).
Using the BFN platform, Sri Lanka has revitalised
research, conservation, and market-building efforts
for nutritious and underutilised crops with
activities that include establishing women-led
traditional food businesses.

Turkey

Turkey is home to three of the world’s 35
identified global biodiversity hotspots and contains
almost 12,000 known species and sub-species of
seed plants, of which 34% are endemic and around
10% identified as edible (Sekercioglu et al., 2011;
Anonymous, 2014a; Ertug, 2014). Increasing
urbanisation, habitat loss, and overexploitation
threaten the unique growing grounds of many of
these species, with the disappearance of endemic
Mediterranean maquis, grasslands, coastal areas,
wetlands, rivers, old growth forests, steppes and
rangelands (Tan, 2010). Although Turkey has a
tradition of harvesting and cooking edible wild
plants (Tan and Taskin, 2011), their use is
gradually dying out as young people migrate to
urban areas and food collection from the wild is no
longer possible or convenient. Furthermore, the
popularity of varied traditional dishes is declining
with younger generations who are attracted to
more Western-style diets (Dogan, 2012). The
varieties’ continued conservation relies on
renewing interest and knowledge of their
consumption, and domesticating wild species to
ensure sustainable use, which BFN has aimed to
achieve through engagement with the private
sector, building market capacity, and supporting
initiatives in education and employment.

RESULTS AND DISCUSSION

This section 1is divided into three parts
corresponding to the primary focus points of the
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project. Although the long-term impact of these
actions cannot yet be measured, key examples
demonstrate successful interventions in the
respective countries.

Providing evidence

When insufficient information is available on the
nutrient content of local species or their
contributions to the ecosystem in which they are
traditionally grown, they are often replaced with
cash crops that can lead to uniform and vulnerable
farming systems (Khoury et al, 2016). Thus,
continued growth, consumption, and viable
commercialisation of local biodiversity are made
possible by demonstrating species’ nutrition
benefits to the public and government (Li and
Siddique, 2018). With increased research
investments, it is possible to connect the limited
and scattered evidence of what people are eating
and how it may benefit them. This means obtaining
food composition data, dietary intake data and
understanding the complex pathways that link
biodiversity to nutrition and health (Hunter et al.,
2016). It also means collecting ecological evidence
of how low-input local species can be integrated
into risk-prone farming systems or agro-
ecosystems to improve resilience to drought and
other stresses (Ebert, 2014).

Two overarching activities have led the work of
BFN to collect and disseminate evidence:

1. Assess nutritional value of agrobiodiversity
and associated traditional knowledge in
ecosystems in the four project countries.

2. Develop national portals on local foods,
containing databases on nutritional properties
of agrobiodiversity and associated traditional
knowledge, and link to relevant national and
global nutritional databases.

This includes determining a baseline status of the
community and documenting food-associated
information such as nutrition content in local
species (see example from Turkey in Table 2),
indigenous  knowledge, health status and
development, dietary diversity, sustainable use
practices for agricultural biodiversity as well as
documenting the loss of options for food and
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nutrition security resulting from the degradation of
ecosystems and biodiversity.

Within countries, there will usually be one of more
agrobiodiversity nutritional data holders, which
can serve as platforms for the information
collected for the local crop species. Developing
collaborative agreements with these is useful for
information access, sharing and exchange. Global
data holders such as FAO/INFOODS - the
International Network of Food Data Systems
monitored by the Food and Agriculture
Organization of the United Nations - are effective
channels to the broader agriculture and food
community.

Surveying priority species in Turkey

In Turkey, shifting food habits have been
detrimental both for dietary and cultural diversity,
as well as a missed economic opportunity for many
families (Karabak, 2017). Previous publications
associated with BFN-Turkey studied the properties
of wild edible species (Cinar et al., 2017; Guzelsoy
et al., 2017). Selection of these priority species
involved a long process, which begun with market
surveys in rural and urban settings in three
geographically distinct locations: the Black Sea,
Mediterranean and Aegean Region (Ozbek et al.,
2017; Tugrul Ay et al., 2017; Tan et al. 2017).

Overall 2,334 questionnaires were administered to
local collectors, sellers and consumers of wild
foods, leading to the identification of 43
commonly-used species, including mushrooms and
landraces, for further research. Samples were
collected from market settings and from the wild,
and food composition (Glizelsoy et al., 2017) and
antioxidant activity (Ayas et al., 2017) analyses
carried out.

A custom-made sustainability index (Table 3) was
used to select the most promising among the 43
species. Each species was evaluated in accordance
to criteria including their environmental, economic
and food and  nutrition  sustainability
characteristics, and then ranked. Einkorn wheat
(Triticum monococcum), golden thistle (Scolymus
hispanicus) and foxtail lily (Eremurus spectabilis)
were chosen to focus on in marketing strategies
and activities to promote wild edibles in Turkey.
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Preliminary data suggests there have been
increased cultivation, use and local familiarity with
the crops, including an almost six-fold increase in
areas devoted to the cultivation of einkorn wheat
since 2013. More research is however needed to
gain a complete picture of the direct impact of

targeting specific wild edible species.

Data for the 43 wild edible plant species has been
included in a new national portal (www.bfn-tr.org)
and are accessible in the FAO/INFOODS database
(Anonymous, 2017e).

Table 2. Comparison of the proximate composition and mineral element content of the edible parts of the cultivated and wild
samples of einkorn wheat, fennel, cowpea and caperberries. Significant differences are highlighted.

Type of Botanical name Moisture Fat Protein Dietary Ash Zinc Iron Calcium
samples of samples (g/100g)  (g/100g) (g/100g) fiber (g/100g)  (g/100g) (g/100g) (g/100g)
(g/100g)
Landrace Triticum monococcum 10.96 1.83 9.86 9.72 0.98 5.00 3.89 32
Cultivated Triticum durum* 11.80 3.95 12.08 6.79 1.03 1.05 0.98 19
Wild Foeniculum vulgare 88.39 0.25 2.15 3.60 1.81 0.36 2.34 270
Cultivated  Foeniculum vulgare* 84.70 0.39 3.86 4.58 2.27 0.59 11.11 243
Landrace Vigna unguiculata 9.28 1.52 21.57 33.50 3.48 3.34 5.56 108
Cultivated Vigna unguiculata™® 10.22 1.01 22.88 18.98 3.18 4.13 7.43 87
Wild Capparis spinosa 80.58 0.52 4.10 4.29 1.09 0.78 1.19 121
Cultivated  Capparis spinose** 82.70 0.84 3.35 3.13 1.09 - 0.54 -

Source: * Anonymous, 2014b; ** Ozcan, 1999.

Table 3. The Sustainable Index. The Index takes into account a number of criteria including the environment, economic and
food and nutrition sustainability characteristics of each species. This index can be used to identify suitable species for further

marketing.
Environmental Economic Food & Nutritional
1. Conservation 1. Collection/Production continuity 1. Iron content

e Ex situ/in situ
2. Cultivation
¢ Ease of production
e Growth rate
¢ High adaptability 2.
e Vegetation period
e Annual growth
3. Disappearance/threat

e Distance from

e Recognizable

e Habitat destruction and 3.
fragmentation 4.
e Pollution, exploitation

e Destructive harvesting practices 5.
4. Widespread distribution
5. Habitat preference

o Collection/production constraints

collection/production site
o Collection/production continuity
Market characteristics

2. Calcium content
3. Fibre ratio

4. Antioxidant ratio
5. Vitamin A

o Easily packaged

e Suitable for storage
Processing industry available
Marketing opportunities of
collected/produced species
Distance from market (km)

Species identification and selection in Brazil

Although native edible plants are recognized as
regionally and locally important in Brazil,
agricultural production in the last three decades has
focused on the cultivation and trade of introduced
plant species, resulting in mass clearing of the
precious and highly diverse rainforest system
(Anonymous, 2015c¢).

Led by the Ministry of the Environment, in
collaboration with federal universities and research
organizations such as the National Institute for

Amazon Research (INPA) and the Brazilian
Agricultural Research Organisation EMBRAPA
(Table 1), 65 native fruit species were selected for
nutritional composition analysis. These species
made use of the pre-existing platform established
under the Plants for the Future initiative, which: 1)
identifies native Brazilian flora used both locally
and regionally that doesn't currently fulfil its
economic potential; ii) promotes the use of these
native plant species by farmers and agricultural
producers, and iii) creates an enabling environment
for increased investment opportunities and
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business creation to drive the development of new
marketable local products (Anonymous, 2018c).
As of now, food composition analysis of more than
180 foods derived from 78 native species was
generated from a review of published literature and
laboratory analyses. Portfolios with general
information on native edible species of fruits and
vegetables are being included in the Plants for the
Future book series to further share this wealth of
knowledge. In addition, involved students and
research partners act as multipliers within
education and research institutions, building
human capacity and operating as opinion leaders
and policy advisors (Beltrame ef al., 2016).

Food composition data and recipes generated by
the BFN Project in Brazil are hosted in the
Biodiversity Food Composition Database as part of
the Information System on Brazilian Biodiversity
(SiBBr) created by the Ministry of Science,
Technology and Innovation to gather information
on Brazilian biodiversity and ecosystems currently
scattered across databases in various government
agencies and sources. Making this information
available helped strengthen the inclusion of
nutritious species in public policies and programs
focused on food security and nutrition including
public procurement and school feeding. (Hunter et
al., 2016).

Influencing policy

A significant value of the evidence collected is that
it can be used to influence policymakers, with the
aim of building cross-sectorial policy frameworks
and markets that support mainstreaming
biodiversity conservation and sustainable use
across sectors. This policy support is vital to
building biodiversity capacity and encouraging
species use across the production-consumption
spectrum. Activities can be divided into three main

types:

1. Establish cross-sectorial national policy platforms
for mainstreaming agricultural biodiversity
conservation and sustainable use into nutrition,
health and education programmes.

2. Develop national and international policy
guidelines and recommendations that promote
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the mainstreaming of agricultural biodiversity
conservation and sustainable use into nutrition,
health and education.

3. Identify and develop new marketing options for
biodiversity foods with high nutritional value.

Depending on each country's context, there are
varying pathways (such as nutrition, health, and
education programmes) that have offered effective
ways of supporting conservation and sustainable
use of biodiverse species. Influencing policy can
take place on different levels from national to
regional policies, with prime focus given to
National Biodiversity Strategy and Action Plans
(NBSAPs), which reflect the individual country’s
vision for biodiversity and the policy, institutional
measures and concrete actions that the country has
taken or/and will take to fulfil the objectives of the
CBD (Anonymous, 2018b).

Building off a policy framework in Brazil

BFN Brazil took advantage of existing cross-
sectorial governance mechanisms that were created
or strengthened under the Zero Hunger Strategy
framework. Four existing public policies-the Food
Acquisition Program (PAA), the National School
Meals Program (PNAE), the National Food and
Nutrition Policy (PNAN) and the Minimum Price
Guarantee Policy for Biodiversity Products
(PGPM-Bio)-benefitted from data on the
nutritional value of native biodiversity and
provided entry points for improving nutrition
(Hunter et al., 2016).

The Ministry of the Environment led the revision
of Brazil’s NBSAP, engaging 400 participants
from institutions across the business, environment,
academia, federal and state government sectors as
well as indigenous peoples and traditional
communities to define twenty National
Biodiversity Targets for the period 2011-2020 that
were closely linked to the Aichi Targets of the
CBD. Some of the activities within the NBSAP
now include the utilisation of native plant species
with actual or potential economic value as a
successful measure of biodiversity conservation
(Anonymous, 2016f).
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In May 2016, after extensive advocacy and
lobbying by the BFN Project and Plants for the
Future, Ordinance N° 163 on Sociobiodiversity
was published in the Union Official Journal of

Brazil. Signed by both the ministers of
Environment and Social Development, this
Ordinance clearly articulates what defines

sociobiodiversity. In July 2018, Ordinance N° 284
replaced the earlier ordinance and brought the total
number of neglected and underutilised species
listed under "Brazilian Sociobiodiversity Native
Food Species of Nutritional Value" to 100. Socio-
biodiversity is defined in the Brazilian Ordinance
N° 284 as the ‘interrelation between biological
diversity and the diversity of socio-cultural
systems (Anonymous, 2018c). The ordinance
contributes to  better understanding and
dissemination of knowledge on these species,
which ultimately enhances their promotion and
sustainable use (Hunter ef al., 2016).

Busia socio-biodiversity conservation policy
process in Kenya

Kenya is one of the many countries in sub-Saharan
Africa where political, administrative, and
financial decentralisation is taking place, creating
opportunities to mainstream biodiversity at the
local level (Hunter et al., 2016). Unlike in Brazil,
Kenya did not have a pre-existing national policy
framework and BFN project partners faced
obstacles to biodiversity mainstreaming including
fragmented government ministries and limited
funds. Therefore, it was necessary to strengthen
and build off receptive parties at the local level,
identifying strategic entry points into government
that could assist in the policy development process.
This meant approaching government ministry
members who were receptive to indigenous crop
integration, or traditional dietary health practices,
and using them as “champions” who could
convene other influential policymakers. The BFN
Project worked closely with stakeholders from
Busia County in Western Kenya to develop a
Biodiversity Conservation Policy that takes into
account the importance of conserving nutrient-rich
traditional foods such as cowpea leaves (Vigna
unguiculata), amaranth (Amaranthus spp.), slender
leaf (Crotalaria brevidens) and spider plant
(Cleome gynandra) to increase diet quality and

access to key micronutrients, particularly for
mothers and children. The cross-sectoral process
culminated in the March 2018 endorsement of the
Busia’s Biodiversity Conservation Policy, the first
of its kind across Kenya's 47 counties
(Anonymous, 2016g). The policy recognises the
importance of traditional foods for nutrition and
food security. It has allocated resources to
conserve regional food biodiversity, with specific
provisions for designated conservation areas and
further incorporation of native species into school
meals as well as linking smallholder farmers to
institutional markets.

This success was only possible through concerted
effort that brought together multiple parties, and
engaged public stakeholder groups as well as high-
level officials including a team of experts from the
County Ministries of Agriculture, Health,
Education, Environment, Public Health and
Forestry, the Kenya Agricultural and Livestock
Research Organisation and members of the local
community-based and farmer training organisation
Sustainable  Income  Generating  Investment
(SINGI).

Awareness

The goal of raising awareness is to build
immediate and long-term capacity for biodiversity,
as more people need to recognise the value of local
species before they are willing to produce,
consume, and invest in them. Local stigmas that
regard native species as food for the poor, or to be
eaten out of necessity in times of famine,
contribute to their depreciation (Kepe, 2008) and
must be overcome with cultural sensitivity. For
policymakers and institutions, strong evidence
must be shared that demonstrates tangible benefits
of investing in biodiversity. Thus, raising
awareness necessitates mobilising channels on
different levels, with activities that can be adapted
to country-specific contexts. These include:

Assess and identify a set of best practices for
mobilising biodiversity relevant to the context
of the country in which it is applied.

Enhance capacity of producers, processors,
users and researchers to deploy and benefit
from nutritionally relevant biodiversity.
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Conduct national information campaigns/events
that foster greater appreciation of biodiversity
as a resource for development and wellbeing

Develop guidelines for improved wuse of
nutrient-rich foods from local biodiversity,
including processing, food safety measures, and
recipes adapted to modern lifestyles based on
traditional food systems.

Upscale and disseminate tools and methods for
mainstreaming biodiversity into food and
nutrition strategies.

Depending on the country, best practices may

include gastronomic festivals, nutritional
quality documentation, home and school
gardens, school meal programmes,

demonstration sites, value-adding, promotion,
or education activities.

Alagati herb festival

In Turkey's Aegean Region, wild edible plants still
play a major role in people’s diets and are an
important source of income for rural households,
especially women (Karabak, 2017). Each year the
Alacgati1 Herb Festival, at its ninth edition in 2018,
gathers thousands of visitors to celebrate the
benefits of wild edible plants, and support local
cuisines and food cultures based on this
biodiversity. Nature walks and competitions for all
ages are organized, rewarding the gatherer of the
highest number of edible plants while helping
scientists gather information on the traditional use
of each species. 111 species and sub-species are
reportedly consumed in the region while more
have yet to be identified (Tan and Taskin, 2011).
The involvement of celebrity chefs during the
festival has also helped popularize wild edible
plants among younger generations.

Online mainstreaming biodiversity course

As part of a global activity carried out by Brazil,
BFN designed a training module on best practices
for mobilising biodiversity to improve dietary
diversity. The interactive e-learning modules take
examples from all target countries to offer
experiences and lessons, which can be adapted for
use in nutrition and health programs. The audience
includes policy makers, researchers, university
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professors, graduate or undergraduate students,
nutritionists,  extension workers or  other
professionals interested in biodiversity
conservation, sustainable agriculture, nutrition and
socio-economic development (find e-learning
course here: http://www.b4fn.org/e-learning/).

Hela Bojun and markets in Sri Lanka

Under the brand name “Hela Bojun- True Sri
Lankan taste”, 17 market outlets for the sale of
traditional foods have empowered rural women
across Sri Lanka to earn a living while conserving
and protecting biodiversity and making healthy
food available at competitive prices. Women
enrolled in the programme were trained by the
Women Farmers Extension Program of the
Department of Agriculture and tutored on the
nutritional value of traditional foods, food
preparation and food safety. The resulting
restaurants and adjoining shops in Colombo and
Peradeniya have become highly popular, and the
women working at Hela Bojun have become the
main breadwinners in their families, earning $600-
800 a month. The initiative also created market
demand for traditional foods such as honey,
jaggery, treacle, bananas and organic products and
boosted production for smallholders. The shops
promote underutilised crops identified by BFN Sri
Lanka, including medicinal plants such as water
lily (Nymphaea pubescens), used in Ayurvedic
medicine, and pulses such as cowpea (Vigna
unguiculata), black gram (Vigna mungo) and green
gram (Vigna radiata), as well as traditional rice
varieties (Oryza spp.).

Linked to Hela Bojun, Wayamba University pilot
tested cooking demonstrations with locally
available greens to raise awareness of nutrition,
hygiene, and food safety, and encourage the
cultivation of diverse home gardens. Drawing on
BFN’s research, nutrition facts have been
published for 91 traditional/local dishes at the Hela
Bojun centres.

Farmer business school in Kenya

Instructed by local partner organisation SINGI,
4000 Kenyan farmers were trained on traditional
crops’ nutritional value and sustainable cultivation
strategies, including techniques such as mandala,
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keyhole, and multi-story gardens. Additionally, the
Farmer Business School model offered trainings to
entrepreneurial farmers in Busia County on
contract farming, business plans as well as the
ability to respond to demands from institutional
markets such as local schools and clinics. This is
now being trialled through a food procurement
model where local farmer groups sell indigenous
produce directly to school canteens that feed
students and staff. A Memorandum of
Understanding is drawn up between the farmer and
school regulating the arrangement and, bypassing
market operators, the model allows for mutually
beneficial consistent pricing agreements. This
model was created in response to the specific needs
of small scale agricultural entrepreneurs (mostly
women and youth) living in Busia County who
expressed ambitions to grow their currently small
enterprises by commercialising African leafy

vegetables and other nutritious crops. A
facilitator’s training manual was developed to
extend the training to other farmers and

community-based organizations.

CONCLUSION

Although this article has outlined a general
methodology focused on evidence, policy and
awareness, the examples from different countries
demonstrate that context determines the most
effective approach to mainstreaming
agrobiodiversity for nutrition. In particular, the
success of activities depends on partnerships that
build off pre-existing demands and opportunities.
Furthermore, operating in four significantly
different countries has shown to be a strength, not
a weakness of the BFN Project, in fact, sharing
experiences and lessons learned across countries is
a critical component of the initiative.
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OZ: Bu ¢alismada, farkly bicim zamanlarinin yesil ve mor feslegen (Ocimum basilicum L.) tiplerinde bazi verim ve kalite
oOzelliklerine etkisini belirlemek amaclanmistir. Denemeler Ege Universitesi Ziraat Fakiiltesi Tarla Bitkileri Béliimii niin
Bornova/lzmir’de bulunan deneme tarlasinda 2013 ve 2014 yillar: yetistirme donemlerinde iki yil siireyle yiiriitiilmiigtiir.
Arastirmada, her iki feslegen tipinde de ilk hasat, bitkilerin tarlaya sasirtilmasindan 40 giin sonra yapumstir ve daha sonra 15
giinliik aralarla toplam alti hasat gerceklestirilmistir. Calismada bitki boyu (cm), yesil herba verimi (kg da’*), drog herba verimi
(kg da™), drog yaprak verimi (kg da™), ucucu yag orani (%) ve ucucu yag verimi (\ da) ézellikleri incelenmistir. Tiim ézellikler
bakimindan elde edilen degerler igin iki yil iizerinden birlestirilmis varyans analizleri yapilmistir. Varyans analizi sonuglar: tiim
ozellikler bakimindan hem populasyon hem de bigim zamani ortalamalart arasinda onemli farkliliklarim bulundugunu
gostermistir. Tiim ozelliklere iliskin populasyon x bigim zamani interaksiyonlart 6nemli bulunurken populasyon x bi¢im zamant X
yil interaksiyonlart ise onemsiz olmustur. Bigim zamanlart bakimindan ortalama drog yaprak verimleri ilk yil (2013) 201,25-
295,90 kg da™, ikinci yil (2014) 221,62-343,91kg da degerleri arasinda ve ortalama ucucu yag verimleri de ilk yil (2013) 1,35-
2,35 L da’t ikinci yil da (2014) 1,43-2,94 L da™ arasinda degismistiv. En yiiksek ortalama degerler yesil renkli feslegende ve
cogunlukla 2. bi¢im zamaninda (dikimden itibaren 55 giin sonra), 3. bigim zamaninda (dikimden itibaren 70 giin sonra) ve 4.
bi¢im zamaninda (dikimden itibaren 85 giin sonra) elde edilirken; en diisiik ortamalar ise u¢ucu yag orami disindaki ézellikler
yoniinden mor feslegen populasyonunda cogunlukla 5. bigim zamanminda (dikimden itibaren 100 giin sonra) ve 1. bicim
zamaninda (dikimden itibaren 40 giin sonra)gerceklesmistir. Drog herba verimi, drog yaprak verimi ve ucucu yag verimi
bakimindan es zamanl olarak 2. bigim zamaninda (dikimden itibaren 55 giin sonra) ve 4. bi¢im zamaninda (dikimden itibaren 85
giin sonra) yesil feslegen populasyonunda yiiksek ortalamalar elde edilmistir. Sonugta, kiyi Ege Bolgesi kosullarinda yapilacak
feslegen tiretimlerinde yiiksek yaprak ve yag verimleri eldesi icin yesil feslegenin kullanilmasi ve hasadin da 2. veya 4. bi¢im
zamanlarinda yapilmasi onerilmigtir.

Anahtar Sozciikler: Feslegen, Ocimum basilicum L., ontogenetik degiskenlik, u¢ucu yag.

The Effect of Different Cutting Interval on some Yield and Quality Characteristics of
Green and Purple Basils (Ocimum basilicum L.) Types

ABSTRACT: In this study, it was aimed to research the effect of different harvest periods on the some yield and quality
characteristics of in purple and green sweet basil (Ocimum basilicum L.). The field experiments were conducted in the
experimental fields of Department of Field Crops, Faculty of Agriculture, Ege University, Bornova/lzmir in the growing seasons
of the 2013 and 2014. In the trials, two genotypes of basil (purple and green) plants were firstly harvested after 40 days from
transfering to the field and six different harvesting times were performed with 15 days interval. The plant height (cm), fresh
herbage yield (kg da™*), drug herbage yield (kg da™), drug leaves yield (kg da™), essential oil content (%) and essential oil yield
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(1 da’) were determined. For all characteristics, the combined variance analyses were carried out for mean values over two
years. Results from variance analyses indicated to be significant differences among means of both harvest intervals and
populations for all characteristics studied. The population x harvest times x year interactions were found not to be significant
while the population x harvest time interaction were significant for all characteristics. For harvesting intervals, mean drug leaf
yields varied between 201.25 and 295.90 kg da™t in the first year (2013), 221.62 and 348.91 kg da in the second (2014) year and
mean essential oil yields varied between 1.35-2.35 | da™ in the first year, 1.43-2.94 | da’ in the second year. The highest means
were found in the green population of basil at the 2™ harvest (harvested after 55 days from transfering to the field), 3" harvest
(harvested after 70 days from transfering to the field) and 4" harvest times for all characteristics. The lowest means were mostly
obtained from the all characteristics except essential oil content in purple population at the times of 5™ harvest (harvested after
100 days from transfering to the field) and 1% harvest (harvested after 40 days from transfering to the field) harvest times. The
highest means were simultaneously achieved in the green population of basil at the 2™ harvest (harvested after 55 days from
transfering to the field) and 4™ harvest (harvested after 85 days from transfering to the field) harvest times for drug herbage
yield, drug leaf yield and essential oil yield. As a result, the use of green population of basil and the realizing of harvest at the 2™
harvest (harvested after 55 days from transfering to the field) or 4" harvest (harvested after 85 days from transfering to the field)
times were suggested to obtain high yields of drug leaf and essential oil for commercial productions of basil at the coastal
Aegean Region.

Keywords: Sweet basil, Ocimum basilicum L., ontogenetic variability, essential oil.

GIRIS kullanilmak {iizere tarimi yapilmaktadir. Feslegen
tiplerinde ucucu yagin baslica bilesenine gore 18
farkli siniflandirma olup bunlarin bazilari; estragol,
metil 6janol, linalol, metil sinnamet ya da sineol
tipleridir (Telci ve ark., 2005; Nurzynska-Wierdak
ve ark., 2012). Ugucu yag orani ve bitki yasi
arasinda var olan iliski biyosentez siireglerinden
meydana gelir. Ugucu yag sentezi, sadece ¢ok geng
hiicreler tarafindan olusturulur. Sentez siireclerinde
ucucu yag hiicreden disari salinir. Yizde olarak
belirtilen yapraktaki ucucu yag miktari, bitki
gelisiminin yani1 sira, ugucu yagin buharlagmasiyla
da azalmaya baglar. Bu nedenle, kiiltiirii yapilan
diger bitkilerde oldugu gibi, tibbi ve aromatik
bitkiler icerisinde yer alan Ocimum basilicum L.’da
da kaliteli ve verimli {iriin elde etmek i¢in hasat
zamani bilyllk O6nem tasimaktadir. Dogru bigim
zamanin belirlenmesi ayn1 zamanda ham maddenin
kimyasal bilesim ve aktivitesinin bozulmamasi
acisindan da Onemlidir. Feslegen ucucu yagi
antimikrobiyal, antioksidan ve baz1 Onemli
farmasotik etkilere sahiptir (Sokovic ve ark., 2007;
Hussain ve ark., 2008; Koba ve ark., 2009;
Ucucu yag oram1 ve bilesimini ontogenetik Chrpova ve ark., 2010).

(bitkinin gelisme donemi siirecinde etken madde
degisimi) varyabilite de etkilemektedir. Ocimum
basilicum L. tiirtine ait bitkilerin morfolojik
ozelliklerinin yan1 sira ugucu yag oranl ve
bilesiminde de farklihklar bulunmaktadir. Bu tiiriin
icinde var olan ¢ok cesitlilikten dolayr pek ¢ok
ilkede farmasotik, kozmetik ve gida amach

Ocimum tiirleri igerisinde ekonomik oneme sahip
olan baghica tiir Ocimum basilicum L.’dur. Bitki
Lamiaceae familyasina dahil olup orijini Giiney
Asya Ozellikle Hindistan’dir. Daha ¢ok tropik ve
ilman bolgelerde yetistirilmektedir. Tarmminin
yapildigi bashica iilkeler ise Fransa, italya ve
Ispanya’dir (Ceylan, 1997). Ocimum basilicum L.
tiriiniin genis morfolojik ve kimyasal varyasyona
sahip oldugu bilinmekte olup alt tiir ve varyetelere
ayrilarak  incelenmektedir.  Ulkemizin  dogu
bolgelerinde yaygin olarak kullanilan mor renkli
tipler “reyhan” adiyla isimlendirilirken, yurt
disinda “sweet basil” olarak bilinen yesil renkli
varyetelere ise bati bolgelerinde “feslegen”
denmektedir. Gida, baharat sanayinde, ugucu yagi
alkolsiiz igeceklerde, firin, sekerlemeler,
dondurmalar, sirkeler, et ve c¢esni lriinlerinde,
ayrica parfiimeri gibi ¢ok c¢esitli alanlarda
kullanilmaktadir. Ugucu yag oraninin %0,3-1,0
degerleri arasinda  degistigi  belirtilmektedir
(Akgiil, 1993; Telci ve ark., 2005).

Bu ¢aligmanmn amaci, iki farkli feslegen tipinde
onemli baz1 verim oOzellikleri (yesil herba verimi,
drog yaprak verimi vb.) ve kalite kriterlerinden biri
olan ugucu yag verimi iizerinde farkli bigim
zamanlarinin etkisini belirlemektir.
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MATERYAL ve METOT

Bu calisma Ege Universitesi Ziraat Fakiiltesi Tarla
Bitkileri Bolimii deneme alaninda 2013 ve 2014
yillarinda iki y1l siire ile ytirtitiilmiistiir. Arastirmanin
yapildig1 yer olan Izmir’de tipik Akdeniz iklimi
hilkim siirmekte olup kislar1 serin ve yagisl,
yazlar1 ise sicak ve kuraktir. Deneme yerine ait
toprak Ozellikleri asagida verilmistir (Cizelge 1).
Toprak 6zellikleri bakimindan killi biinyeli, 0-30
cm derinliginde 8,2 olan pH degeri, 30-60 cm
derinliginde ise  7,8’dir.  Organik madde
bakimindan fakir oldugu tespit edilmistir.

Arastirma materyalini olusturan mor (karanfil
kokulu) ve yesil renkli (limon kokulu) feslegen
tohumlar1, 1:1:1 oraninda elenmis toprak yanmis
ahir giibresi ve elenmis kumla hazirlanan fidelik
harcina 2013 ve 2014 yillarinda Mart aymin ilk
haftas1 ekilmistir. Diizenli bakim islemleri yapilip
piskin fide durumuna gelen fideler ilk y1l 16 Mayis
2013, ikinci y1l ise 7 Mayis 2014 tarihinde tarlaya
sagirtilmigtir. Feslegen fideleri, boliinmiis parseller
deneme diizenine gore iki faktorlii ve g
tekrarlamali olarak tesadiif bloklar1 desenine gore
kurulmus olup dikim normu 40%20 cm ve parsel
biiyiikligi 1,2 m x 3 m= 3,6 m”dir. Ana parsellere
yerlestirilen mor ve yesil renkli feslegen
genotiplerinin her biri populasyon niteliginde olup
sirastyla Malatya ve Tokat ekolojik kosullarindan
koken almislardir. Alt parsellere ise bigim
zamanlar1 yerlestirilmistir. Tohumlar Gaziosmanpasa
Universitesi Ziraat Fakiiltesi Tarla Bitkileri
Bolimii’'nden temin edilmistir. Yesil renkli
feslegen limon kokulu iken mor feslegen karanfil
kokuludur. Ontogenetik varyabilitenin arastirildig
caligmada alt1 farkli zamanda bigim yapilmistir: 1.
Bi¢im zamani: dikimden itibaren 40 giin sonra (25

BAZI VERIM VE KALITE OZELLIKLERI UZERINE ETKISI

Mayis 2013-16 Haziran 2014), 2. Bigim zamani
(11 Temmuz 2013-1 Temmuz 2014): dikimden
itibaren 55 giin sonra, 3. Bi¢im zamani (26
Temmuz 2013-16 Temmuz 2014): dikimden
itibaren 70 giin sonra, 4. Bigim zamanm (10
Agustos 2013-31 Temmuz 2014): dikimden
itibaren 85 giin sonra, 5. Bi¢im zamani (25
Agustos 2013-15 Agustos 2014 ): dikimden
itibaren 100 giin sonra ve 6. Bigim zamani (9 Eyliil
2013-31Agustos 2014): dikimden itibaren 115 giin
sonra bigimler yapilmistir. Ayni yil i¢inde alti
bi¢cim zamaninda iki kez bi¢im yapilmis ve bitki
boyu ile ugucu yag orani digindaki 6zelliklerde tiim
bicimlerden elde edilen hasat toplamlar
degerlendirilmistir.

Ayni y1l igerisinde her parselde ikinci kez bi¢imlere
ise iki ayin sonunda, ayni zaman araliklar1 dikkate
almarak  hasat  islemi  gerceklestirilmistir.
Aragstirmada bitki boyu, yesil herba verimi, drog
herba verimi, drog yaprak verimi, ugucu yag orani
ve ucgucu yag verimine iliskin Olgiimler asagida
belirtilen sekilde yapilmistir.

Bitki boyu (cm): Bigimlerden hemen once her
parselden tesadiifi 10 bitkinin toprak yiizeyinden
en u¢ noktasina kadar yiikseklikleri cm olarak
Olciilerek ortalamalar1 alinmigtir.

Yesil herba verimi (kg da™): Parsellerde kenar
tesirleri alindiktan sonra, geriye kalan tiim bitkiler
toprak seviyesinden 10 cm yiikseklikte bigilip
tartilarak parsel verimleri belirlenmistir. Elde edilen
parsel verimleri kg da” olarak hesaplanmustir.

Drog herba verimi (kg da): Taze herbadan
alimmis 500 g’lik ornekler, 35 °C kurutularak %
nem kaybi belirlenmis ve bu orandan faydalanarak
drog herba verimleri hesaplanmustir.

Cizelge 1. Deneme alaninin bazi fiziksel ve kimyasal toprak ozellikleri.
Table 1. Some physical and chemical characteristics of soil at the experimental field.

Derinlik (cm) Biinye Toplam tuz (%) Organik Madde (%) Kireg (%)
Depth (cm) Structure Total salt (%) Organic Matter (%) pH Lime (%)
0-30 Killi/Clayey 0,095 1,130 8,2 21,52
30-60 Killi /Clayey 0,075 1,150 7,8 16,64
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Drog yaprak verimi (kg da'): Taze herbadan
almmis 500 g’lik 6rnekler, 35 °C kurutularak elde
edilen drog herbadan yaprak ayrimi yapildiktan
sonra drog yaprak verimleri kg da® olarak
hesaplanmustir.

Ucucu yag oram (%): Ugucu yag oranlari, 35 °C
kurutulmus drog yaprak Orneklerinde ayri ayri
Neo-Clevenger apereyi ile voliimetrik olarak
belirlenmistir. Ugucu yag oranlar1 hava kurusu
tizerinden ml/100 gram (%) olarak verilmistir
(Wichtl, 1971).

Ugucu yag verimi (I da’): Ugucu yag oram ile
drog yaprak veriminin ¢arpilmasi sonucunda ugucu
yag verimleri | da™ olarak hesaplanmistir.

Istatistiksel degerlendirmelerde TARIST istatistik
programi kullanilmistir. Tiim o&zelliklere iliskin
degerler icin iki yil iizerinden birlestirilmis varyans
analizi yapilmistir. Muamele ortalamalari arasindaki
farkliliklar LSD testi ile kontrol edilmistir (A¢ikgoz
ve ark., 1994). Y1l x populasyon x bi¢im zamani
interaksiyonunun Onemsiz oldugu o6zelliklerde
populasyon ve bicim zamani ortalamalar1 yillar
iizerinden birlestirilmistir.

BULGULAR ve TARTISMA

Incelenen her 6zellik igin iki yil {izerinden
birlestirilmis varyans analizi sonuglari Cizelge
2’de sunulmustur. Tiim 6zellikler bakimindan hem
populasyon hem bi¢gim zamaninin &nemli etkide
bulundugu goriilmektedir. Y1l x populasyon ve yil
x bigim zamani interaksiyonlar1 sadece bitki boyu
icin 6nemli bulunmustur. Populasyon ve bigim
zamani etkileri bitki boyu disindaki &zellikler
bakimindan iki yil iizerinden tutarlilik gdsterirken
bitki boyu igin yillar arasinda bir farklilik soz
konusudur. Tiim 6zellikler i¢in populasyon x bigim
zamani interaksiyonlar1 6nemli bulunmustur. Buna
karsin, yil x populasyon x bi¢im zaman
interaksiyonlarinin ise énemsiz oldugu gozlenmistir.
Buna gore populasyonlarin degisik bi¢cim zamanlarina
olan farkli tepkilerinin yillara gore degismedigini
bir bagka deyisle tiim 6zellikler bakimindan
populasyon x bigim zamani interaksiyonunun tutarli
bigimde ortaya ¢iktigini sdylemek miimkiindiir.
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Bitki boyu

Bi¢im zamanlar1 bakimindan her iki populasyonda
2013, 2014 yillar1 ve iki y1l iizerinden elde edilmis
ortalama degerler Cizelge 3’de verilmistir.
Calismada 2014 yilina iliskin bitki boyu ortalamasi
(61,52 cm) bir 6nceki yila gore daha yiiksek (55,40
cm) olmustur. Bitkinin biliyiime ve gelisme
olusturan Mayis ile Eyliil aylarnn arasindaki
donemde 2013 yilinda toplam yagis miktar1 96,10
mm iken ayni donemde 2014 yilinda ise bu miktar
206,10 mm olarak kaydedilmistir. Bu olgunun
ikinci yildaki bitki boyu yiiksekliginin nedeni
oldugu soylenebilir. Bigim zamanlar1 bakimindan
populasyonlarda iki yil iizerinden elde edilmis
ortalama degerler Cizelge 3’te verilmistir.
Populasyon x bi¢im zamani interaksiyonu onemli
bulunmustur (Cizelge 3). En yliksek bitki boyu
ortalamas1 yesil feslegen i¢in dordiincii bigcim
zamaninda elde edilirken (76,73 cm) en diisiik
deger de mor feslegenin birinci bigiminde (34,55
cm) belirlenmistir. Tiim bi¢im zamanlarinda yesil
feslegen populasyonunun bitki boyu diger
populasyondan daha yiiksek bulunmustur. Ancak
bu dstiinlik bigim zamanlarma gore farkl
diizeylerde gerceklesmistir.

Telci ve ark. (2005), Tiirkiye’de yapilan yerel
feslegen populasyonlarinin morfolojik, agronomik
ve teknolojik oOzelliklerinin karakterizasyonu ve
uistiin bitkilerin seleksiyonuna yonelik ¢aligmalarinda
limon kokulu feslegenlerde bitki boyunun 70,00-
90,00 cm, mor feslegenlerde ise 30,00-47,40 cm
arasinda degistigini belirtmislerdir. Verma ve ark.
(2012), Hindistan kosullarinda feslegen bitkisinde
ontogenetik varyabilitenin etkisini arastirmislar ve
bitki boyu degerlerinin 44,60 cm ile 94,60 cm
arasinda degistigini belirtmiglerdir. Nurzynska-
Wierdak ve ark. (2012), ise feslegen bitkisinin
farkli gelisme donemlerindeki ugucu yag oranlarini
inceledikleri ¢aligmalarinda bitki boyunu 56,30-
59,60 cm arasinda bulmuslardir. Aslan (2014),
farkli  reyhan  (Ocimum  basilicum L.
populasyonlarinda ontogenetik ve morfogenetik
varyabilitenin etkilerini belirlemeye c¢alismis, bitki
boyu degerlerinin 37,64-95,00 cm oldugunu
bildirmistir. Bornova kosullarinda yiiriitiilen bu
calisma sonuglarina gore genel olarak elde edilen
degerler Nurzynska-Wierdak ve ark. (2012)
sonuglarindan yiiksek iken Verma ve ark. (2012)
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ve Aslan (2014)’1n degerleri arasinda bulunmustur.
Telci ve ark. (2005)’nin bulgular ile ¢alismamizin
bitki boyu degerleri karsilastirildiginda mor renkli
feslegenlerin arastiricilarin  degerlerinden biraz
daha yiliksek, limon kokulu olanlarin ise daha
diisiik oldugu saptannustir. incelenen iki populasyon
arasinda bitki boyu degerleri bakimidan farkliligin
bulundugu ve yesil renkli (limon kokulu)
feslegenlerin daha boylu olduklar1 gézlemlenmistir.

Yesil herba verimi

Bi¢im zamanlar1 bakimindan her iki populasyonda
2013, 2014 yillar1 ve iki y1l iizerinden elde edilmis
ortalama degerler Cizelge 4’de verilmistir. Calismada
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2014 yilina iliskin yesil herba verimi ortalamasi
(1848,20 kg da™) bir onceki yila gore daha yiiksek
(1654,46 kg da™') olmustur. Populasyon x bigim
zamani interaksiyonu énemli bulunmustur (Cizelge
4). En yiiksek yesil herba verimi {igiincii bigim
zamaninda yesil feslegenden (2641,48 kg da™) elde
edilirken besinci ve altinci bi¢im zamanlarinda mor
renkli feslegen populasyonu (1046,32 ve 1175,17
kg da™) sahip olmustur. Tiim bi¢im zamanlarinda
yesil feslegen populasyonunun yesil herba verimi
diger populasyondan daha yiiksek bulunmustur.
Ancak bu {istiinliik bicim zamanlaria gore farkl
diizeylerde gerceklesmistir.

Cizelge 2. Incelenen &zelliklere iliskin varyans analizinden elde edilen kareler ortalamalari.
Tablo 2. Mean squares obtained from analysis of variance for characteristics studied.

Serbestlik . Yesil I_—Ierba Drog I_-Iefba Drog Y_ap_rak Ugucu Yag Uqucq Y_ag
Varyasyon Kaynagi Derecesi Bitki boyu Verimi Verimi Verimi Orani Verimi
Sources of variability DE Plant height ~ Fresh herbage  Drug herbage  Drug leaf ~ Essential ~ Essential oil

yield yield yield oil content yield

Yil (Year) 1 829,60** 1188781,71** 3061,14 77886,15**  0,081* 0,82**
Populasyon (Population) 1 5161,28**  11409936,16**  54124556** 157762,81** 0,161** 15,74**
Yil X Populasyon 1 1130,50** 69910,39 15869,01 3357,90 0,002 0,46
Bigim zamani (Cutting intervals) 5 982,12** 688966,30** 53195,70**  19028,20** 0,094** 2,06**
Y1l X Bigim zamani 5 622,79** 62616,98 5557,26 1360,40 0,005 0,17
Populasyon X Bi¢im zamani 5 41,96* 281559,33* 25073,90* 21482,18** 0,230** 1,19**
Yil X Populasyon X Bi¢im zamani 5 13,00 35683,43 6803,69 2259,35 0,004 0,23
Hata 44 16,96 103466,72 7514,76 3240,86 0,018 0,30
CV (%) 0,60 19,60 21,40 20,80 17,88 27,20

* *%: P<0,05 ve P<0,01 diizeyinde 6nemli / *, **: Significant at P< 0.05 and P< 0.01.

Cizelge 3. Feslegen tiplerinde bitki boylarinin (cm) bigimlere ve yillara gore degisimi (2013-2014).
Table 3. Change of plant height (cm) in basil types according to cutting times and years (2013-2014).

Bitki boyu (cm) / Plant height (cm)

Big¢im . =
zamanlart 1. Y11/ 1% year 2. Y1l /2™ year Genel ortalama / General mean
Cutting 2013 2014 2013-2014
times Mor Yesil Ort. Mor Yesil Ort. Mor Yesil Ort.
Purple Green Mean Purple Green Mean Purple Green Mean
1 40,27° 58,55  49,41° 2883 38,69 33,76° 34,55¢ 48,621 41,58°
2 48,70¢ 70,22%  5946® 61,52 67,65 64,59 55,11 68,93° 62,02°
3 46,78¢ 75,07° 60,93° 54,92 64,73 59,83¢ 50,85%f 69,90° 60,38°
4 44,27% 75,53*  59,90® 58,10 77,94 68,02% 51,19° 76,73% 63,96°
5 40,28° 64,15  52,21° 58,18 78,85 68,512 49,23° 71,50 60,36°
6 40,06° 60,95* 5051 73,05 75,70 74,382 56,56 68,32° 62,44%
1\%% 43,39° 67,418  5540° 5577 67,26 61,522 49,58° 67,33° 58,45
LSD Populasyon (P<0,01): 6,75 Bi¢im zamani (P<0,01): 7,49 gqpulasyon (P<0,01): 19,28
o i¢im zamani (P<0,01): 4,55
Bi¢im zamani (P<0,01): 4,56 Popul bici P<0.05): 6.42
Populasyon x bigim zamani (P<0,05): 6,25 opulasyon x bigim zamant (P<0,05): 6,
’ ’ Y1l (P<0,01): 2,61
CV (%) 4,80 6,30 0,6

Ayni harfle gosterilen ortalamalar arasinda dnemli fark (P<0,05 ve P<0,01) yoktur.
There is no significant difference (P<0.05 and (P<0.01 ) among means indicated by same letter.
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Cizelge 4. Feslegen tiplerinde yesil herba veriminin (kg da™) bigimlere ve yillara gére degisimi (2013-2014).
Table 4. Change of fresh herbage yield (kg da™) in basil types according to cutting times and years (2013-2014).

Yesil herba verimi (kg da™) / Fresh drug herbage yield yield (kg da™)

}Za;ii:;ﬂan 1. Y1l / 1% year 2. Y11/ 2™ year Genel ortalama / General mean
Cutting 2013 2014 2013-2014
times Mor Yesil Ort. Mor Yesil Ort. Mor Yesil Ort.
Purple Green Mean Purple Green Mean Purple Green Mean
1 1310,00 1804,90 1557,45° 1389,59™ 157573  1482,66° 1349,80°" 1690,32°*" 1520,06°
2 1608,50 2005,10 1806,80* 1860,94% 2417,71® 2139,33% 1734,72°% 221141® 1973,06%®
3 1537,20 2624,10 2080,65° 1630,21°  2658,86° 2144,54% 1583,71%Y 2641,48* 2112,59*
4 952,80 1993,55 1473,18° 1506,777  2390,63° 1948,70® 1229,79™  2192,09° 1710,94%
5 964,50 194570 1455,10° 1128,13% 2169,27°¢ 1648,70° 1046,32" 2057,49® 1551,90°
6 1149,80 1957,40 1553,60° 1200,53%  2250,00° 172527®° 1175,17%" 2103,70° 1639,43%
,8;;{1 1253,80° 2055,13% 1654,46° 1452,70°  2243,70° 1848,20° 1353,25° 214941* 1751,33
LSD Populasyon (P<0,05): 373,96 Populasyon (P<0,05): 585,12 Populasyon (P<0,01): 227,65
Bigim zamani (P<0,005): 425,99 Bigim zaman1 (P<0,01): 256,53 Bi¢im zamani (P<0,01): 354,30
Populasyon x bigim zamani (P<0,05): Populasyon x bigim zamant (p<0,05):
444,96 501,05
Y1l (P<0,01): 204,00
CV (%) 1575 6,51 19,60

Ayni1 harfle gosterilen ortalamalar arasinda 6nemli fark (P<0,05 ve P<0,01) yoktur.
There is no significant difference(P<0.05 and (P<0.01) among means indicated by same letter.

Telci ve ark. (2005), yesil herba verimlerinin ilk yil
1609,10 kg da™ ile 4706,60 kg da™, ikinci yil ise
2935,00 kg da™ ile 5345,80 kg da™*; Ersahin (2006),

Diyarbakir ekolojik  kosullarinda  yetistirilen
feslegen  populasyonlarinda  1719,20-4450,00
kg da' degerleri arasinda  degistigini

bildirmislerdir. Ekren ve ark. (2009), limon kokulu
feslegende farkli dikim sikliklarmin verim ve kalite
ozelliklerine ~ olan etkilerini inceledikleri
caligmalarinda  genel  olarak  yesil  herba
verimlerinin  568,90-3901,20 kg da’ arasinda
degistigini saptamiglardir. Aslan (2014) farkli
feslegen populasyonlarinda Aydin lokasyonunda
ylirittigi arastirmasinda, yesil herba veriminin
ortalama olarak 795,31-3576,76 kg da degerleri
arasinda  degisim  gdsterdigini  bildirmistir.
Bornova’da 2013 ve 2014 yillarinda yapilan
calisgmamizin  yesil herba verimlerine iliskin
bulgulari, Telci ve ark. (2005), Ersahin (2006),
Ekren ve ark. (2009) ve Aslan (2014)’1n sonuglari
arasinda yer almistir.

Bununla beraber, degerlerimiz arastiricilarn belirttigi
en yiiksek degerlerden daha disiik bulunmustur.
Bu durumun bolgenin ekolojik kosullarinin ve
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kullanilan bitki materyalinin farkli olmasindan
kaynaklanabilecegi  sOylenebilir.  Mor  renkli
feslegenin yesil renkli olana gore habitusunun daha
zayif gelistigi gdzlemlenmistir.

Drog herba verimi

Bi¢im zamanlar1 bakimindan her iki populasyonda
2013, 2014 yillar1 ve iki y1l iizerinden elde edilmis
ortalama degerler Cizelge 5’de verilmistir. Bu
Ozellik bakimindan iki yila iligkin ortalama degerler
arasinda 6nemli bir fark bulunmamistir. Populasyon
X bigim zaman interaksiyonu 6nemli bulunmustur
(Cizelge 5). Yesil renkli feslegen populasyonunda
birinci bigim zamanmi disindaki tim bi¢imlerde
504,62 ile 590,48 kg da™ degisen ve ayni istatistik
grupta yer alan yiiksek ortalamalar elde edilmistir.
Buna karsin en diisiik herba verimi ise besinci ve
birinci bigim zamanlarinda mor renkli feslegende
(srastyla 259,30 kg da™ ve 263,87 kg da™) tespit
edilmistir. Birinci ve ikinci bi¢im zamaninda iki
populasyonun drog herba verimleri arasindaki fark
onemsiz iken diger bicim zamanlarinda yesil renkli
populasyonun drog herba veriminin mor feslegen
populasyonundan &nemli diizeyde daha yiiksek
oldugu gozlenmistir.
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Cizelge 5. Feslegen tiplerinde drog herba veriminin (kg da™) bigimlere ve yillara gore degisimi (2013-2014).
Table 5. Change of drug herbage yield (kg da™) in basil types according to cutting times and years (2013-2014).

Drog herba verimi (kg da™) / Drug herbage yield (kg da™)

Bi¢im % -
zamanlart 1. Yil/ 1% year 2. Y1l /2™ year Genel ortalama / General mean
Cutting 2013 2014 2013-2014
times Mor Yesil Ort. Mor Yesil Ort. Mor Yesil Ort.
Purple Green Mean Purple Green Mean Purple Green Mean
1 299,60 291,30 29545 228,23 306,87 267,55 263,87  29946%  281,67"
2 491,40 446,00  468,70° 300,00 562,00 430,72 396,31  504,62®  450,47°
3 400,20 538,40  469,30° 329,35 483,84  406,60°  364,19%  511,74®  437,97°
4 340,80 519,60  430,20° 231,89 519,57 375,73  28569% 519,73  402,71°
5 327,00 528,30  427,65%° 193,11 518,22 355,67 259,30 523,43  391,37°
6 369,50 597,00  483,25%° 309,99 582,78 446,390  339,69% 590,48° 465,09
3222 371,42° 486,77 429,09 26543  49558° 380,48 318,16" 491,58° 404,87
LSD Populasyon (P<0,05): 49,54 Populasyon (P<0,05): 82,59 Populasyon (P<0,01): 89,68
Bi¢im zaman (P<0,05): 117,90 Bi¢im zamani (P<0,01): 69,84 Bigim zamani (P<0,01): 95,48
Populasyon x bigim zamani
(P<0,05):135,03
CV (%) 7,80 7,60 21,40

Aynt harfle gosterilen ortalamalar arasinda 6nemli fark (P<0,05 ve P<0,01) yoktur.
There is no significant difference(P<0.05 and P<0.01 ) among means indicated by same letter.

Telci ve ark. (2005) iilkemizde iiretimi yapilan
feslegenlerde drog herba verimini 255,70-712,70
kg da*, Ekren ve ark. (2009) ise 92,00-942,10 kg
da® olarak bildirmislerdir. Ekren ve ark. (2012)
mor feslegenlerde farkli su uygulamalarinda drog
yaprak verimini en diisiik141,50 kg da™, en yiiksek
ise 467,70 kg da’ olarak saptamislardir. Aslan
(2014) Aydin lokasyonunda farkli kokenli
feslegenlerde ontogenetik varyabiliteyi arastirdigi
calismasinda ortalama drog herba veriminin 237,13
kg da® ile 122502 kg da' arasinda degistigini
belirtmistir. Bornova ekolojik kosullarinda 2013 ve
2014 yillarinda yiiriitiilen arastirma sonuglarimiz
genel olarak Telci ve ark. (2005), Ekren ve ark.
(2009), Ekren ve ark. (2012) ve Aslan (2014)’in
belirttigi degerler igerisinde yer almasina ragmen
arastiricilarin  bildirmis olduklari en yiiksek
degerlerin altinda bulunmustur. Feslegen bitkisi tek
yillik ve yilda birden fazla bigim yapilan bir bitki
olup sozii edilen caligmalarda bitki habitusunun
gelistigi her durumda ¢ok sayida bigim yapilmustir.
Yirattigimiiz ¢alismadan farkli olarak, arastiricilar
feslegen bitkisinde farkli bigim zamanlarinda
meydana gelen verim degisimlerini incelememislerdir.

Drog yaprak verimi

Bi¢im zamanlar1 bakimindan her iki populasyonda
2013, 2014 yillar1 ve iki yil iizerinden elde edilmis
ortalama degerler Cizelge 6’da verilmistir.
Calismada 2014 yilina iliskin drog yaprak verimi

ortalamas1 (298,00 kg da™) bir dnceki yila gore
daha yiiksek (247,05 kg da™) olmustur. Populasyon
x bi¢cim zamani interaksiyonu 6nemli bulunmustur
(Cizelge 6).

Drog yaprak verimi bakimindan en yiiksek ortalama
371,73 kg da™ ile yesil feslegenin besinci bigim
zamaninda elde edilmis ancak bu populasyonda
birinci bigim zamani digindaki diger ortalamalarin da
besinci bigim zamani ile aym istatistiksel grupta yer
aldig1 gézlenmistir. En diisiik drog yaprak verimi ise
mor renkli populasyonun besinci bi¢im zamaninda
ortaya ciknustir. ik {i¢ bicim zamaninda iki
populasyonun ortalamalart arasindaki farklar nemsiz
iken diger bicim zamanlarinda (4., 5. ve 6.) yesil
feslegen digerine gore Onemli diizeyde yiiksek
ortalamalara sahip olmustur.

Telci ve ark. (2005)’na gore; Tirkiye’de kiiltiirii
yapilan feslegenlerin drog yaprak verimleri
143,60-425,00 kg da®, Ekren ve ark. (2009)na
gore ise 72,50-608,40 kg da™ arasinda yer almustir.
Ekren ve ark. (2012) farkli su dozu uygulamalarinda
drog yaprak verimini 112,77 kg da™ ile 308,00 kg
da™ degerleri arasinda bulmuslardir. Aslan (2014)
ise Aydin ekolojik kosullarinda, ortalama drog
yaprak verimini 97,92-542,42 kg da® olarak
bildirmistir. Farkli bi¢im zamanlarinin iki feslegen
populasyonundaki  etkilerinin  arastirildigt  bu
calismaya ait drog yaprak verimleri daha Onceki
arastirmalarin bulgular1 arasinda yer almustir.
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Ucucu yag orani

Bi¢im zamanlar1 bakimindan her iki populasyonda

ile 3. bicim zamaninda sahip olmustur. En diisiik
ortalama ise yine yesil renkli populasyonda altinc1

bicim zamaninda elde edilmistir. Ilk dort bicim
zamaninda yesil renkli populasyon mor renkli
populasyona gore degisen diizeylerde daha yiiksek
ucucu yag oranlarina sahip olurken son iki bigim
zamaninda ise bu durumun ters yonde gerceklestigi
gozlenmistir. Bu durumun interaksiyona neden
oldugu sdylenebilir.

2013, 2014 yillar1 ve iki y1l iizerinden elde edilmis
ortalama degerler Cizelge 7’de verilmistir.
Caligmada 2014 yilina iliskin ugucu yag ortalamasi
(%0,78) bir onceki yila goére daha yiiksek (%0,72)
olmustur. Populasyon x bi¢im zamani interaksiyonu
onemli bulunmustur (Cizelge 7). En yiiksek ucucu
yag oranina yesil renkli populasyon %1,07 degeri

Cizelge 6. Feslegen tiplerinde drog yaprak veriminin (kg da™®) bigimlere ve yillara gére degisimi (2013-2014).
Table 6. Change of leaf yield (kg da®) in basil types according to cutting times and years (2013-2014).
Drog yaprak verimi (kg da™) / Drug leaf yield (kg da™)

Zngzﬂan 1. Y1l / 1% year 2. Y1l /2™ year Genel ortalama / General mean
Cutting 2013 2014 2013-2014
times Mor Yesil Ort. Mor Yesil Ort. Mor Yesil Ort.
Purple Green Mean Purple Green Mean Purple Green Mean
1 201,50%%  201,00°% 201,25 220,37%%  172,86° 196.61° 210,96™¢ 186,93  198,94°
2 262,70° 329,107 295,90 303,85°¢ 38397 343,917 283,290 356,53  319,91°
3 266,70 262,00° 264,35 260,000  311,22%¢ 285 61° 263,32 286,27  274,80°
4 151,00% 311,50 231,25 267,24% 396,13  331,69° 209,16™¢  353,85%  281,51°
5 121,80° 336,50° 229,15 215,77% 407,07 311,422 168,84  371,73°  270,29°
6 193,50 327,30 260,40 244.83%° 39357 319,207 219,21°  360,55* 289,887
,82;{1 199,53 294,57 247,05  251,86° 344,14 298,00 22580° 319,42 272,61
LSD Populasyon x bigim zamani (P<0,05): 115,60 Populasyon (P<0,05): 80,94 Populasyon (P<0,01): 57,28
Bigim zamani1 (P<0,01): 71,23 Big¢im zamani (P<0,01): 62,70
Populasyon x bigim zamani (P<0,05): 102,85  Populasyon x bigim zaman1 (p<0,01): 88,68
Y1l(P<0,01): 36,08
CV (%) 21,19 10,23 20,80

Ayni harfle gosterilen ortalamalar arasinda dénemli fark (P<0,05 ve P<0,01) yoktur.
There is no significant difference(P<0.05 and P<0.01 ) among means indicated by same letter.

Cizelge 7. Feslegen tiplerinde ugucu yag oranin (%) bigimlere ve yillara gore degisimi (2013-2014).
Table 7. Change of essential oil content (%) in basil types according to cutting times and years (2013-2014).

Ugucu yag orant (%) / Essential oil content (%)

ZB;I%:;MH 1. Y1l / 1% year 2. Yil/ 2" year Genel ortalama / General mean
Cutting 2013 2014 2013-2014
times Mor Yesil Ort. Mor Yesil Ort. Mor Yesil Ort.
Purple Green Mean Purple Green Mean Purple Green Mean
1 0,66 0,92 0,79 0,60% 0,89° 0,75 0,64%f 0,90%®° 0,77
2 0,75%¢ 0,83%° 0,79 0,85 0,86" 0,86% 0,79%¢ 0,85™ 0,82
3 0,59°% 0,95% 0,74 0,65% 1,13 0,89° 0,62°f 1,072 0,85°%
4 0,59°% 0,76%¢ 0,64 0,61% 0,90° 0,76%° 0,59°f 0,83 0,71%
5 0,82%° 0,64% 0,73 0,88" 0,67%% 0,77%¢ 0,85 0,65°" 0,75%
6 0,69 0,42¢ 0,56 0,76 0,52 0,64° 0,72%¢ 047" 0,60°
ﬁ;ﬁ] 0,68 0,75 0,72° 0,73 0,832 0,78 0,70% 0,792 0,75
LSD Populasyon x bi¢im zamani (P<0,01): 0,21 Populasyon (P<0,01): 0,07 Populasyon (P<0,01): 0,11
Bigim zamani (P<0,01): 0,14 Bigim zamani (P<0,01): 0,15
Populasyon x bi¢im zamani (p<0,01): 0,19  Populasyon x bi¢im zamani (p<0,01): 0,21
Y11(P<0,05)=0,06
CV (%) 17,2 22,20 17,88

Ayni harfle gosterilen ortalamalar arasinda dnemli fark (P<0,05 ve P<0,01) yoktur.
There is no significant difference(P<0.05and P<0.01) among means indicated by same letter.
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Telci ve ark.(2005), ililkemizde yetistirilen yerel
feslegen populasyonlarinda ugucu yag oranmni
%0,38-%1,20 olarak bulmuslardir. Ekren ve ark.
(2009), feslegen  bitkisinde  farkli  dikim
sikliklarinda ugucu yag oraninin %0,36 ile %1,45
arasinda degistigini bildirmislerdir. Nurzynska-
Wierdak ve ark. (2012) bu oranin %0,46-%1,03;
Verma ve ark. (2012) ise %0,18-%1,14 degerleri
arasinda degisim gosterdigini  saptamislardir.
Aburigal ve ark. (2016), feslegen bitkisinde ugucu
yag oranimi ¢igeklerde %0,29-%0,33, yapraklarda
ise %0,32-%0,48 olarak bulmuslardir.

Bornova’da yiiriitiilen ¢aligmamizda ugucu yag
oranlar1 Telci ve ark.(2005); Ekren ve ark.(2009);
Verma ve ark. (2012) ve Nurzynska-Wierdak ve
ark. (2012)’1n sonuglarina benzer, Aburigal ve ark.
(2016)’1ndan ise yiiksek bulunmustur.

Ugucu yag tasityan bitkilerde, bitkinin yetistigi
ckolojik sartlara, gelisme donemine, uygulanan
agronomik islemlere ve bitkinin genetik yapisina
gbre ugucu yag oraninin degisim gosterdigi
bilinmektedir (Telci, 2005; Nurzynska-Wierdak ve
ark., 2012). Kullanilan materyalin farkli bitkisel
ozelliklere sahip olmasi nedeniyle, yesil renkli ve

BAZI VERIM VE KALITE OZELLIKLERI UZERINE ETKIiSI

limon kokulu feslegenlerin 3. bi¢cimde en yiiksek
ucucu yag oranina sahip oldugu gézlenmistir.

Ucgucu yag verimi

Bi¢im zamanlar1 bakimindan her iki populasyonda
2013, 2014 yillar1 ve iki y1l iizerinden elde edilmis
ortalama degerler Cizelge 8’de verilmistir.
Caligmada 2014 yilina iligkin ugucu yag verimi
ortalamasi (2,31 1 da™) bir énceki yila gore daha
yiiksek (1,76 1 da™) olmustur. Populasyon x bigim
zamani interaksiyonu énemli bulunmustur (Cizelge
8). Dekar basina ugucu yag verimi bakimindan en
yiiksek ortalama 3,11 litre ile yesil renkli
feslegenin {giincii bicim zamaninda, en diisiik
degerler ise mor renkli populasyonun dordiincii ve
birinci bigim zamanlarinda sirasiyla 1,26 ve 1,32
| da* elde edilmistir. Yesil renkli populasyon tiim
bicim zamanlarinda degisen diizeyde daha yiiksek
ortalama degerlere sahip olmustur. Yesil renkli
populasyonun ugucu yag orani besinci ve altinci
bi¢im zamanlarinda diger populasyondan daha
diisilk olmasina karsin ayni zamanlarda drog
yaprak verimleri daha yiiksek oldugu i¢in 6zellikle
besinci bicim zamaninda ugucu yag verimi mor
renkli populasyondan daha yiiksek bulunmustur.

Cizelge 8. Feslegen tiplerinde ugucu yag verimlerinin (I ka™®) bigimlere ve yillara gére degisimi (2013-2014).
Table 8. Change of essential oil yields (I ka™) in basil types according to cutting times and years (2013-2014).

Ugucu yag verimi (I da®) / Essential oil yield (I da™)

zg::ﬂarl 1. Y11/ 1% year) 2. Y11/ 2" year) Genel ortalama / General mean
Cutting 2013 2014 2013-2014
times Mor Yesil Ort. Mor Yesil Ort. Mor Yesil Ort.
Purple Green Mean Purple Green Mean Purple Green Mean
1 1,33 1,85 1,59 1,32 1,541 1,43¢ 1,32¢ 1,71°%% 1,52
2 1,97 2,73 2,35 2,58%% 3,30%¢ 2,94 2,20 3,02 2,617
3 1,57 2,49 2,03 1,68° 3,52% 2,60% 1,56% 3,112 2,34%
4 0,89 2,37 1,63 1,63f 3,572 2,60% 1,26° 2,97% 2,117
5 1,00 2,15 1,58 1,900%" 2,73 2,31 1,43% 2,46%¢ 1,95
6 1,34 1,37 1,35 1,86%" 2,05%f 1,95% 1,59% 1,70%% 1,64°
(I\)Ar;;n 1,35° 2,162 1,76° 1,83° 2,782 2,318 1,56° 2,49 2,02
LSD Populasyon (P<0,01): 0,36 Populasyon (P<0,05): 0,77 Populasyon (P<0,01): 0,49
Bigim zamani (P<0,01): 0,604 Bigim zamani (P<0,01): 0,61
Populasyon x bigim zamani (p<0,01): 0,89  Populasyon x bi¢im zaman1 (p<0,01): 0,86
Y11(P<0,01): 0,34
CV (%) 17,2 22,20 27,20

Ayni harfle gosterilen ortalamalar arasinda 6nemli fark (P<0,05 ve P<0,01) yoktur.
There is no significant difference(P<0.05and P<0.01) among means indicated by same letter.
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Aslan (2014), Aydin ekolojik kosullarinda, yedi
farkli feslegen genotipini inceledigi ¢alismasinda
iki bigim zamanmi ortalamasi olarak ucucu yag
verimini 12,57 | da™* olarak saptanustir. Arastiricinin
buldugu degerin bizim bulgumuzdan (2,02 | da™)
yilksek olmasmin sebebi bitkide ugucu yag
miktariin en yliksek olmasi beklenen ciceklenme
siirecinde bigim yapilmis olmasidir.

SONUC

Iki yil siire ile iki farkli feslegen populasyonunda
yiriitilen arastirma sonuglari genel olarak
degerlendirildiginde, en yiiksek ortalama degerlerin
yesil renkli feslegende ve ¢ogunlukla 2., 3. ve 4.
bicim zamanlarinda elde edildigi goriilmiistiir.
Ancak populasyon x bi¢cim zamani interaksiyonunun
tim oOzellikler i¢cin 6nemli olmasi nedeniyle bu
ustiinlik bicim zamanlarina gore degisiklik
gostermistir. Feslegen bitkisinde baharat amacl
kullanilan kisim yapraklar oldugu igin, drog yaprak
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ABSTRACT: This study evaluates the level of some heavy elements (Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Sr, Pb)
in Erzurum Province, and to observe whether Hydrophilidae (Coleoptera) is a useful candidate for biomonitoring studies. For
this purpose, water, sediment and hydrophilid samples were collected from four sites on June, July, August 2014, Erzurum
(Turkey). Heavy elements levels in insect, sediment and water samples which are at the same place were measured by Energy
Dispersive X-Ray Fluorescence (EDXRF) spectrometer. The results have showed that the hydrophilids were contaminated by
their environments, therefore accumulated some elements at higher concentration. The sediments heavy element analysis
indicated that among the fourteen heavy elements Cr was maximally accumulated, followed by Ni and Fe. In all sampling sites,
Ti, Fe, Ni, Cu, Br, Pb concentrations in water and sediment were measured, and every insect species accumulated Ti, Fe, Ni, Cr,
Zn, Br, Sr, Pb in different levels. The water samples’ results were compared with national water quality criteria. Some heavy
elements’ concentrations exceed the allowable limits.

Keywords: Aquatic insect, bio-monitor, EDXRF, pollution, wetland.

Erzurum Ilindeki Farkli Hydrophilidae (Coleoptera) Tiirlerini Kullanarak
Agw Element Kirliliginin Degerlendirilmesi

OZ: Bu calisma, Erzurum civarindaki bazi agir element (Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Sr, Pb)
miktarlarmmi ve Hydrophilidae (Coleoptera) tiirlerinin biyolojik izleme c¢alismalart igin uygun aday olup olmadigim
degerlendirmektedir. Bu amagla, su, sediment ve hydrophilid érnekleri Haziran, Temmuz, Agustos 2014 aylarinda Erzurum’daki
dort istasyondan toplandi. Aym lokalitelerden alinan bocek, su ve sediment drneklerindeki agir element miktarlart Enerji
Dagilimli X-Isinlart Fliioresan (EDXRF) spektrometresi ile ol¢iildii. Sonuglar béceklerin bulunduklar: ortamdan kontamine
olduklarini, bu nedenle, bazi elementleri yiiksek miktarda biriktirdigini géstermistir. Sediment agir element analizleri, 14 element
arasinda en ¢ok biriken elementin Cr oldugunu bunu Ni ve Fe elementlerinin takip ettigini gésterdi. Tiim istasyonlarda Ti, Fe,
Ni, Cu, Br, Pb konsantrasyonlari su ve sedimentte 6l¢iildii; tiim bocek tiirleri Ti, Fe, Ni, Cr, Zn, Br, Sr, Pb elementlerini farkl
seviyelerde biriktirdi. Su ornekleri olgiim sonuglart ulusal su kalite parametreleri ile karsilastirildi. Bazi elementlerin seviyesi,
izin verilen limitlerin iizerinde bulundu.

Anahtar Kelimeler: Sucul bocek, biyomonitor, EDXRF, kirlilik, sulak alan.

INTRODUCTION ecologic problems. Heavy elements are normally
found in varying concentrations in all ecosystems
because they are natural constituents of the Earth's
crust and human activities have changed the
biogeochemical balance of these heavy elements
(Nriagu, 1996). These elements are critical

Environmental pollution with toxic elements has
increased significantly in recent years as a result of
rapid industrialization, entrances of the number
and amounts of elements to the biotic and abiotic
habitats continue to grow and cause serious
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contaminants because they are toxic, persistent,
non-biodegradable, accumulated in biota and
biomagnified in food chain, thus this accumulation
will damage human health when their
concentrations are high level (Jiang ef al., 2015).

Aquatic insects are a vital component of both
aquatic and terrestrial ecosystems due to their roles
as predators, parasites, herbivores, saprophagous
and pollinators and provide important source of
protein for various organisms such as birds, fish and
other in vertebrates (Rosenberg et al. 1998). During
their life cycle, insects present in different feeding
habits and positions in the food web. Aquatic insects
are excellent biological monitors of heavy metal
pollution because, they can accumulate elements
whether or not these elements necessary to their
metabolism. They can  reflect  element
concentrations even the pollution ceases (Nehring,
1976). Elements enter their body via food, water,
sediments or airand transfer to higher food web such
as fish, birds (Duran et al., 2007; Gall et al., 2015).
The toxic effects of elements can affect the insects
in several ways, such as, changing the duration of
growth, body weight, hatching success, number of
eggs laid, reducing the pupation rate, increasing
mortality, and declines in population size (Chen et
al, 2011). Recently, most researchers have been
using aquatic insects to biomonitor the element
pollution because they are present in almost every
imaginable habitat, often abundant, easily sampled
and easily identifiable (Nehring, 1976; Wahizatul et
al., 2011). Hydrophilidae, also known as water
scavenger beetles, is large family of the order
Coleoptera, zoo-geographically have a wide range
of distribution. The adults are generally aquatic or
semi-aquatic and most of their larvae are aquatic.
The adults emerge during summer days and are
mostly saprophagous, feeding on decaying organic
matter, whereas larvae are predaceous, preying on
invertebrates (Fikacek ef al., 2010). In adult stage
hibernation usually occurs, besides sometimes the
eggs also hibernate (Hansen, 1987). To assess
anthropogenic impact, aquatic insects are the most
used organisms in biomonitoring studies (Rosenberg
et al., 1998). But biomonitoring studies with aquatic
insects have been often made with their larvae.

Many things can change the water’s health quality.
For protecting the wetlands, in accordance with
EPA, they need to be monitored over the time
(Anonymous, 2012). Biomonitoring studies can tell
us how healthy the water in rivers, stream, creeks,
swamp and wetlands is. Biomonitors are commonly
used to evaluate the levels of bioavailable pollution
in the environment. Therefore, the objective of this
study is to measure heavy element level of water,
sediment, and adult hydrophilid and to certify the
bio-monitor potential of them.

MATERIAL AND METHODS
Sampling sites

Erzurum is the biggest and developed city of
Eastern Anatolia and surrounded by mountains,
which have higher altitudes than the central and
western part of Turkey. The photos of study area
and location of the sampling sites are shown in
Figure 1. Information about the sampling sites is
given in Table 1. Industrialization in Erzurum has
not reached the desired level but anthropogenically
heavy element sources are transportation, industrial
activities, fossil fuels, agriculture and other human
activities. In this study, the samples were taken
from industrial, roadside and suburban area.

Sampling site 1: This station is located in between
39°55'19 N/40°40'01 E coordinates (Figure 1.1), in
the west of Askale Cement Plant. Contamination
sources are traffic pollution and spread ash
emissions from cement plant.

Sampling site 2: This station is located in between
39°55'39' N/40°40'41 E coordinates (Figure 1.2),
in the east of Askale Cement Plant. Pollution
sources are traffic and spread ash emissions from
the cement plant.

Sampling site 3: This station located in between
40°02'32'N/41°20'04E coordinates (Figure 1.3), on
D 950 highway. Sources of pollution are traffic
and domestic usage.

Sampling site 4: Akdag village located at 20 km
north of Erzurum, between 40°06'05" N/41°21'36"
E coordinates (Figure 1.4). In this station, there is
Akdag hot spring. Because the local people engage
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in livestock, the source of pollution is livestock.
Map and photos of sampling sites in Erzurum is
shown in Figure 1.

Collection of the samples

All samples were collected and analyzed as
described in Aydogan et al. (2016). Insects and
their habitat’s sediment and water were collected
monthly from four sites in June to August 2014.
The samples were collected three times in every
station. Insect samples were collected via 1 mm
pores sieve and killed 70% ethyl acetate and
carried to the laboratory for identification. Insects’

male genitalia were used for identification
(Hansen, 1987). The speciesbelong to three
different genera Anacaena Thomson, 1859;

Hydrobius Leach, 1815 and Hydrochara Berthold,
1827 were collected from four sites in Erzurum.
Identified species were as follow; Hydrobius
fuscipes (Linnaeus, 1758), Anacaena limbata
(Fabricius, 1792), Hydrochara  caraboides
(Linnaeus, 1758).

Following to the APHA standarts (Anonymous,
2005), the sediments were taken from 30 cm depth
benthic zone via plastic shovel and 500 ml water

samples were taken from 0.5 m depth then put in a
bottle and added 5 ml HNO;

Elemental analysis

After identification, the samples were dried in an
oven at 80 °C for 36 hours. An EDXRF
spectrometer with an annular **'Am radioactive
source having 1 Ci activity and an HPGe detector
having resolution 1~80 eV at 5.9 keV was used.
Samples were excited by using 59.5 keV photons,
emitted from **'Am radioactive source. X-ray
spectra were collected with HPGe detector which
resolution is ~180 eV. Source/Sample distance was
355 mm. To eliminate elements and particles
which found in the air, vacuum was used. Al
sample holder with Mylar films on both sides was
used for water and sediment samples. Samples’
measurement time was four hours. To measure
heavy element content of insect samples, 13 mm
diameter pellets of each species were made.

RESULTS

Results indicated that concentration of fourteen
studied elements in all samples showed
differences. The concentrations have some

uncertainties due to EDXRF (maximum ~5%).
These uncertainties of possible error sources are
listed in Table 2.

site 4).

Figure 1. Map and photos showing the sampling sites in Erzurum. (Sampling site 1; Sampling site 2; Sampling site 3; Sampling

Resim 1. Harita ve resimler Erzurum’daki 6rnekleme alanlarim gostermektedir. (Ornekleme noktasi 1; Ornekleme noktasi 2;

Ornekleme noktast 3; Ornekleme noktast 4).
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Table 1. Description of the four sampling sites.
Cizelge 1. Dort 6rnekleme istasyonu ile ilgili aciklama.

Sampling Altitude
Site (m) Coordinates Information about sampling sites ~ Notes on near environment
Ornekleme Rakim  Koordinatlar Ornekleme alanlar1 hakkinda bilgi ~ Yakin gevresi hakkinda notlar
alani (m)
1 1636 39°55'19"N/40°40'01"E  Cement Factory(Western front) Ash emission from cement factory, traffic
2 1669 39°55'39"N/40°40'41"E  Cement factory (Eastern front Ash emission from cement factory
3 1765 40°02'32"N/41°20'04"E  Erzurum-Tortum Road Traffic and domestic
4 1826 40°06'05"N/41°21'36"E  Akdag Village Livestock pollution

Table 2. The error sources in the experimental results.
Cizelge 2. Deney sonuglarindaki hata kaynaklari.

Nature of uncertainty
Belirsizligin dogal nedeni

Uncertainty (%)
Belirsizlik (%)

Counting Statistics (Sayim istatistikleri)
Systematic Errors (Sistematik Hatalar )
Peak Evaluation Procedure (Tepe Degerlendirme Prosediirii)

Fundamental Parameter Methods (Temel Parametre Y ontemleri)

~1.00
~2.00
~3.00
~3.00

Concentrations of Ti, Fe, Ni, Cu, Br and Pb were
measured in all sampling sites’ water and sediment
samples. Concentrations of Ti, Cr, Zn, Fe, Ni, Br,
Sr and Pb were measured in all insect species.
According to the results, Fe had the highest
concentration, followed by Cr, Ni. Among the rest
of heavy elements Ti had the highest concentration
in sediments of sampling site 4. V measured only
sediment of sampling site 1. Mn had the highest
concentration in only sediment of Sampling Site 2.
Co had nearly same and the highest concentration
in sediments of Sampling Site 3 and 4. Cu, Zn, As,
Se, Br, Sr and Pb had the highest concentrations in
sediment of Sampling Site 1. In a similar vein, in
water, Ti had the highest concentration, followed
by V, Cr. Se and Sr did not measured in all
sampling site of waters. The rest of the heavy
elements in water had nearly same concentration.
The study results indicate that Hydrobius fuscipes
is the best accumulator for certain metals. H.
fuscipes is the most abundant and also most
element accumulator specie in regard to Ti, V, Cr,
Mn, Fe, Sr and Pb; also this insect found in all
sampling sites. The highest element concentrations
in H. fuscipes are Ti, V, Cr, Mn, Fe, Se, Sr and Pb;
in H. caraboides are Co, Ni, Cu, Zn, As and Br.
Except V, Mn and Cu all elements were
determined in H. fuscipes; in H. caraboides only

Se was not determined. Fourteen elements were
measured in Anacaena limbata but the level of
these elements is not high. As it is seen in Table 3,
H. fuscipes accumulated relatively more Ti, V, Cr,
Fe, Mn, Sr and Pb, but Co, Cu, Ni, As, Zn and Br
less accumulated as compared to H. caraboides.
Variation in the element concentrations between
species may be due to differences in prey choice,
uptake, excretion and life history (Gall ef al. 2015).
The most abundant elements in the insects were Ti,
Pb, Fe, Ni, Cr, Co, As, Zn, Sr and Br. In Table 4,
water element concentration was lined up as;
Ti>V>Cr>Mn>Fe>Pb>Ni>Co>Cu>As>Br>Zn, but
Se and Sr concentration were not determined, and
in sediment samples; Fe>Cr>Mn>Co>Ni>Sr>Se>
As>Pb>Cu> Br>Zn>Ti>V. Mean concentrations
and standart deviations were given in Tables 3 and
4,

The obtained water heavy element levels were
compared with Turkish Water Pollution and
Control Regulations (TWPCR) (Anonymous,
2004). There are 4 quality classes according to
TWPCR: high quality water (I), weakly polluted
water (II), polluted water (III) and highly polluted
water (IV). The recommended values for Turkish
Standards and studied water sample levels were
given in Table 5.
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Table 3. Average heavy element concentrations in insect samples (ppm).
Cizelge 3. Boceklerdeki ortalama agir element konsantrasyonlari (ppm).

Average heavy element concentrations (ppm - Mean + SD)

Heavy Ortalama agir element konsantrasyonlart (ppm - Mean + SD)

Element Sampling site 1 ~ Sampling site 2 Sampling site 3 Sampling site 4

Agir Ornekleme Ornekleme Ornekleme Ornekleme

Element alan1 1 alan1 2 alan1 3 alan1 4

H. fuscipennis H. fuscipennis A. limbata H. fuscipennis H. caraboides H. fuscipennis
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

Ti 125+ 6.24 0.29+0.9 0.30+ 0.07 0.40+ 0.26 0.51+£0.04 352.3+4.5
A% 19.3+3.54 0+0 0+0 0+0 0.32 +0.05 61.6+5.03
Cr 19.6 £2.51 152 +£2.51 144.3+ 6.8 249.0+ 4.58 0.14+0.03 12.6 £1.52
Mn 6.73+£1.16 0+0 0£0 80.3+ 13.01 0.13+0.03 0+0
Fe 2.90+0.36 89.6 +4.16 29.1+£2.56 55.8£9.04 0.78 £ 0.05 7.46 +£0.35
Co 2.30+£0.20 8.23+0.25 6.26+ 1.25 0+0 439.6 £ 17.24 0£0
Ni 0.36 £0.25 3.30+£0.20 3.30+0.20 3.63+1.40 260.0 £ 17.69 0.26 £0.15
Cu 0.43+0.23 0+0 0£0 2.70+0.20 168.6 £ 14.6 0.13+0.05
Zn 0.40 £0.10 0.46 +0.40 1.40+0.36 1.26 £0.20 369.3 +18.0 0.11+£0.01
As 0+0 1.46 £0.25 0.43+0.35 2.46 +£0.45 91.6 £9.07 0.30+0.20
Se 0.31+0.18 1.46 £0.15 1.93+0.20 2.96+0.15 0+0 0.40 +0.30
Br 0.35+0.21 4.0+0.10 7.83£0.58 11.2+1.55 89.0 +£5.56 0.23 £0.04
Sr 327+3.51 0.22 £0.02 0.53+0.37 0.25+0.04 51.3+4.50 0.01 £0.02
Pb 608 £ 7.02 55.0 £2.00 57.4+ 5.50 84.8+10.37 13.0 £2.00 2.76 £0.49

Table 4. Average heavy element concentrations in water and sediment samples (ppm).
Cizelge 4. Su ve tortu 6rneklerindeki ortalama agir element konsantrasyonlari (ppm).

Average heavy element concentrations in water and sediment samples (ppm - Mean + SD)

Heavy Su ve tortu 6rneklerindeki ortalama agir element konsantrasyonlari (ppm - Mean = SD)
Element Sampling site 1 Sampling site 2 Sampling site 3 Sampling site 4
Agir Ornekleme alani 1 Ornekleme alani 2 Ornekleme alani 3 Ornekleme alam 4
Element Water Sediment Water Sediment Water Sediment Water Sediment
Su Tortu Su Tortu Su Tortu Su Tortu
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Ti 389.3+59.7 1.80+0.20 330+ 8.2 1.50+0.20 255.0+8.0 0.43+0.31  203.0£3.6  69.8+1.60
A% 84.6+2.51 0.16+0.11 63.3+2.7 0+0 0+0 0+0 34.3+4.50 0+0
Cr 19.3+4.04  844.6x11.6 15.0+2.0 672+ 7 109 +1.49 0+0 0.40+0.30  320.0+3.00
Mn 4.53+2.44 0+0 4.83+0.37 234+ 8.71 3.70+0.30 0+0 2.76+0.49 0+0
Fe 2.63£0.40 0.23+0.15 2.50+0.20 246.3+£3.7 1.46+0.25 844.3+17.1 1.46+0.25 864.6=12.6
Co 1.03+£0.25 0+0 0.04+0.02 8.66+0.75 0.50+£0.26  19.16+2.02 0.33+0.20  19.5+1.80
Ni 0.43+0.30 19.3£2.08 0.5+£0.2 15.3£2.51 0.53+0.25 8.43+0.20  0.43+0.20  7.56+0.40
Cu 0.33+£0.32 9.06+0.40 0.23+0.15 7.56£0.40  0.233+0.23  3.36£0.35  0.20+0.17  3.66+0.85
Zn 0+0 5.13+0.32 0.13+0.05 4.3340.35 0.33+0.25 2.2040.43 0+0 1.46 £0.55
As 1.10£1.01 10.0+2.0 0.33+ .15 8.00£0.10  0.33+£0.32 3.73+0.25 0+0 3.93+0.90
Se 0+0 10.56+0.60 0+0 7.46+ 0.50 0+0 4.16+£0.20 0+0 3.20+0.75
Br 0.20£0.10 546+0.15 0.14+0.03 4.2340.25 0.68+0.45 2.76£0.30  0.05£0.04  3.26+0.25
Sr 0+0 13.0+£2.64 0+0 9.73+0.25 0+0 5.03+0.25 0+0 7.20+£0.26
Pb 2.16+£2.20 11.06+1.0 2.36+0.35 2.53+0.72 1.26£0.15 1.13+20.35  0.60+0.36  1.40+0.40
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Table 5. Results for the levels in water were compared with national regulation (ppm).
Cizelge 5. Sudaki agir element sonuclarinin ulusal yonetmelikle karsilastirilmasi (ppm).

USE OF DIFFERENT SPECIES OF HYDROPHILIDAE (COLEOPTERA) IN ERZURUM PROVINCE OF TURKEY

Heavy Elements ~ Sampling site 1 Sampling site 2 Sampling site 3 Sampling site 4 TWPCR (pg/L)

Agir Element Ornekleme alani 1 Ornekleme alan1 2 Ornekleme alani 3 Ornekleme alam 4 1 1T 111 v
Pb 2.16 £2.20 2.36+0.35 1.26 +£0.15 0.60 +0.36 10 20 50 >50
As 1.10 £ 1.01 0.33+0.15 0.33+0.32 0+0 20 50 100 >100
Cu 0.33+0.32 0.23+0.15 0.23+£0.21 0.20+0.17 20 50 200 >200
Cr 19.3 £4.04 15.0£2.0 10.9 +1.49 0.40 +0.30 20 50 200 >200
Co 1.03 +£0.25 0.04 £0.02 0.50+0.26 0.33+0.20 10 20 200 >200
Ni 0.43 +0.30 0.5+0.2 0.53+0.25 0.43+0.20 20 50 200 >200
Zn 0+0 0.13+£0.05 0.33+£0.25 0+0 200 500 2000 >2000
Fe 2.63+0.40 2.50+0.20 1.46 +£0.25 1.46 £0.25 300 1000 5000 >5000
Mn 4.53+£244 4.83+0.37 3.70 £ 0.30 2.76 +0.49 100 500 3000 >3000
Se 0+0 0£0 0+0 0£0 10 10 20 >20
Ba 0.0071 0.0053 0.0004 0.0031 1000 2000 2000 >2000

According to TWPCR (Anonymous, 2004),
sampling waters have IV water quality and III
water quality in regard to Co, Cr, Pb, Ni, As and
Mn; I quality water in regard to Ba and Zn; II
quality water in regard to Fe. Sampling Site 3 and
4 have II quality water in regard to Cu, however,
Sampling Site 1 and 2 have III water quality.
Sampling Site 1 and 2 have III and IV water
quality in regard to Co, As, Cu, Pb, Cr, Mn and Ni,
this can be due to cement factory ash emission and
Askale-Trabzon  highway  traffic  pollution.
Sampling Site 3 has III and IV water quality in
regard to Co, Pb, Cr, As, Ni and Mn this can be
due toTortum-Erzurum highway and also domestic
wastes. These results showed that heavy element
residues like Cr, Pb, Ni, Co and Mn in the
Sampling Site 4 reveals the extent of the spread in
Erzurum. Thus human activity is limited in this
sampling site. These results belong to IV water
quality and III water quality. However, Sampling
Site 4 has I quality water in regard to Ba, which is
below the detection limit and in regard to Fe and
Cu it has II water quality. Ba has I quality water in
all of the studied locations, but this metal was
investigated below the detection limits. Like Ba
there were some measured elements such as Ce,
Pd, In, Sn, Nb, Pm and Mo below the detection
limit of EDXRF spectrometry.

DISCUSSION

For healthy environment, pollution must be
controlled. Contaminants residues in living and

non-living environments reflect environmental
quality. Because aquatic beetles are in equilibrium
with water body, thus they can reflect potential
pollution level of water body in biologic side. The
data presented in this paper provide information on
heavy elements accumulated by hydrophilids.
These elements are predominantly present in
almost all sampling sites and have profound
influence not only on the water quality but also on
the life of the aquatic insects. When hydrophilid
absorbs these elements from its field/habitat, they
can bio-accumulate. Moreover, it can be
transported from insects throughout the food chain.
In the present study it is concluded that, high level
of elements in an environment lead to high
accumulation in insect samples. Therefore, the
insects have ability to accumulate certain elements
and they can be used in environmental monitoring
studies. In this study among the hydrophilid
species H. fuscipes fits for the biomonitor criteria
such as; represent in large numbers all over the
studying area, cosmopolitan, easily identifiable,
larvae and adults are aquatic or semi-aquatic and
its life cycle is known, have relatively long life
cycles. H. caraboides and A. limbata also
accumulate the elements in high concentration, but
they found only in one sampling site.

In this study, the water quality and inorganic
pollution of the sites were evaluated by using
hydrophilid beetles. For more information on the
assessment of health of environment, long-term
biomonitoring must be regularly done. Because
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long-term biomonitoring may provide insight into
how human affects water quality, community and
ecosystem structure. These aforementioned aquatic
insects are possible biomonitor organisms that can
be used as a useful tool for monitoring element
contaminations studies.
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ABSTRACT: The purposes of this study are to determine the growth parameters using in growth analysis of late period
of wheat and to estimate the correlation coefficient between growth parameters and yield and yield components. In six bread
wheat varieties suitable for Aegean Region, growth parameters were determined between flag leaf just visible (zadox 37-39) and
ripening (zadox 85-91). The total dry matter increased until the milk and dough development period and then decreased, while
leaf area index continuously declined after beginning of anthesis. A decreasing second-degree polynomial was described for net
assimilation rate and relative growth rate due to dry matter and leaf area index. The positive and significant correlation
coefficients were estimated between yield and leaf area index. It should be concluded that the (LAR) confirms the positive and
significant relation of the duration of greenness on the yield and yield components during further development periods.

Keywords: Wheat, yield, net assimilation rate, relative growth rate, leaf area index.

Bazi Ekmeklik Bugday (Triticum aestivum L.) Cegsitlerinde Biiyiime Analizine Yonelik
Fizyolojik Ozelliklerin Saptanmasi

OZ: Calismanin amacini, biiyiime analizinde kullanilan parametrelerin bugdayin ge¢ doneminde zamansal egilimini
belirlemek ve biiyiime parametreleri ile verim arasindaki korelasyon katsayilarini saptamak olusturmustur. Ege Bolgesi’ne
uygun 6 ekmeklik bugday cesidinde bayrak yaprag: ¢ikisi (zadoks 37-39) ile olgunlasma (zadoks 85-91) arasinda biiyiime
parametreleri saptanmistir. Toplam kuru maddede tane dolum dénemine kadar siirekli artis ve sonrasinda azalig; yaprak alani
indeksinde ise ¢iceklenme baslangicindan sonra siirekli azaliy gozlenmistir. Bu iki parametreye bagh olarak net asimilasyon
orami ve oransal biiyiime oraminda ikinci dereceden polinomial azalan egilim ¢izgisi elde edilmistir. Yaprak alani indeksi ile
verim arasinda tiim gelisme donemlerinde porzitif ve onemli korelasyon katsayilart saptannmigtir. Yaprak alan oranimin (LAR)
ileri gelisme donemlerinde yesil kalma siiresinin verim ve verim komponentleri iizerindeki olumlu ve énemli iligkisini dogrular
nitelikte oldugu sonucuna varilmistir.

Anahtar Kelimeler: Bugday, verim, net asimilasyon orani, oransal biiyiime orani, yaprak alani indeksi.

INTRODUCTION analysis is based on total dry matter and leaf area

The productivity of the crop canopies is explained analysis

by the efficiency of the light energy used, the The relative growth rate (RGR; g g day™), the
conversion of this energy to the dry matter and the most basic component of growth analysis, is used
distribution of this dry matter in the crop. Growth as a measure of dry matter distribution along with
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physiological and morphological differences in the
crop (Shipley, 2006). The net assimilation rate
(NAR; g cm® day™') is the main component of
RGR, and is defined as the ability to make dry
matter in the unit leaf area by the effect of
photosynthesis and respiration rates (Li et al,
2016). The NAR is largely dependent on leaf area
index (LAI; m®> m?). In growth analysis and
agronomic evaluations, it is desirable to reach the
maximum value of LAI in the early period. This
has an important role in increasing photosynthesis
as well as reducing evaporation losses. The other
most important measure in growth analysis is the
normalized difference vegetation index (NDVI),
which is the ratio of functional reflection to other
reflectance in terms of photosynthesis in the
spectrometric way (Cabrera-Bosquet et al., 2011).

Aegean Region Wheat cultivation and varieties
used in the conditions of Aydin are suitable for
growing coastal zone, temperate and rainy regions.
Despite heavy rains in the middle of December-
February, high temperatures and drought are
experienced from the middle of March. In this
respect, significant changes are observed in growth
parameters such as dry matter synthesis,
proportional distribution and leaf area index
(Ghosh and Singh, 1998) and that plant biomass
and NAR values have high inheritance rates
(Karhizi et al., 2010).

In this study, firstly, the function of the growth
parameters investigated in the process from the
pre-spawning period to the maturing stage was
presented. The number of studies about the period
in which the growth parameters are temporal and
the effect on yield and yield components is high is
negligible. For this reason, the correlations of the
growth parameters of different zadox development
periods with the yields were examined and the
growth parameters which could be the selection
criterion were tried to be determined in the
breeding studies to be performed.

MATERIALS AND METHODS

In this study, it was utilized data from the research
carried out at the Research and Application Farms
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of Adnan Menderes University, Faculty of
Agriculture during the 2009 wheat growing
periods. The average temperature values of the
December-June period when the experiment was
conducted were found to be higher than the
average of long years except February. Although
there was less rainfall in December, May and June
compared to the average for many years, the total
of 697.6 mm rainfall during the experiment year
was higher than the 471.5 mm rainfall, which is the
average for many years. The soil properties of the
test area are defined as loamy, alkali, low lime and
organic matter, and moderate levels of phosphorus
and potassium.

The bread wheat varieties, Negev, Pamukova 97,
Sagittario, Adana 99, Golia and Meta 2002 which
find commonly sowing area in Aegean Region
were used as materials. The sowing was done in
the first week of December in the order of 600 seed
m’ planting intervals and 0.2 m between rows.

The experiment was laid out in Randomized
Complete Block Design with four replications. The
parcels were 6 rows (1.2 m) in length of 6 m.
25 kg da™' 20-20-0 in sowing as fertilizer; 15 kg da™
Urea and 18 kg da’' Ammonium Nitrate (33%)
were applied during the sibling period.

Samples for growth parameters were drawn at
seven Zadox growth stages (from Zadox 37; flag
leaf visible to Zadox 85-91; Maturation) in four
replications from each variety (Zadox et al., 1974).
The numbers of sample plants were 5 for each
treatment and each growth stages. These plants
were dried at 70 °© C for 72 hours to detect dry
matter (g). In the same plants, leaf area index
(LAI) was found by using the leaf area and plant
density according to the leaf size x leaf width x
0.79 formula. The NDVI values were determined
in each parcel using flag Chlorophyll Spectrometer
NDVI 300 instrument. The growth parameters
used in the study are Sandeep et al. (2016) and
determined according to the following formulas;

Leaf Area Index (LAI; m* m™) = Total leaf area /
soil area

Relative Growth Rate (RGR, mg mg day™) = (Ln
Wi-Ln W)/ (t; - t)
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Net Assimilation Rate (NAR: mg cm™ day™) = (Ln
Lz-Ll’lLl/tz-tl)X(Wz-wl/Lz-Ll

Leaf Area Ratio (LAR)=A/W

Here; L, and L, leaf area at times t; and t,
W, and W, dry weight at times t; and t,
A: leaf area

W: weight

Grain yield (kg da') and yield traits such as
thousand kernel weight (g) and the number of
kernel per ear (K/E) were also recorded for all the
treatment. Grain yield was determined by
harvesting one 1 x 4 m strip down the center of
each parcel.

The curve fitting were performed in the Microsoft
Office Excel program using replication values for
each growth parameters. Here, the most suitable
curve function is selected to the highest R’
Correlation coefficients between the characters
were estimated in the TARIST Statistical Package
Program by using the same data (Acikgoz et al.,
1994).

RESULTS AND DISCUSSION

The changes in dry matter (DM) were described by
the second-degree polynomial according to R?
(0.9913). When the dry matter accumulation (g m’
%) in the period from the flag leaf emergence period
(Zadox 39) to the ripening (Zadox 85-91) was
evaluated, it was seen that DM reached from 197 g
m~ to 784 g m™ and then it decreases to 705 g m”
with drying and leaf abscission (Figure 1).

Relative growth rate (RGR, g g day™) expressed
the rate of dry matter synthesis in terms of the
period. A rapid change from 32 g g day™ value to
56 g g day” value between flag leaf emergence
(39) and booting (43-49) was recognized (Figure
1). The rapid increase was attributed to with
photosynthesis at the generative and vegetative
organ surfaces by Mondal and Paul (1994). From
this period, the rate of dry matter synthesis tends to
decrease and is constantly decreasing. In the
maturation period, 9.36 g of day've and 7.62 g of

ANALYSIS IN SOME BREAD WHEAT (Triticum aestivum L.) CULTIVARS

day™ are reduced to -9.84 g of day™ in the ripening
period (R* = 0.7912). Similar decreases were
reported by Spitters and Kramer (1986) and Zaman
et al. (2016) by decreasing leaf area and decreasing
photosynthesis capacity due to aging.

Dry matter and relative growth rate during zadox
growth stages are directly related to LAI (Figure
1). LAI reached a value of 8.24 m* m™ (Mujdeci et
al., 2005) at the beginning of the flowering period
of 50-55 period and gradually tended to decrease
with leaf age and leaf loss during maturation
period (Mondal and Paul, 1994). Especially in the
last two growing stages, it decreased to 4.40 and
2.82 m* m? value. The largest indicator of this is
the reduction in leaf area ratio (LAR) values (R* =
0.9918). The dry matter accumulation and leaf area
index (LAI) appears as a function of net
assimilation rate (NAR), and the changes in all
three growth parameters must be considered
together (Anonymous, 2019). Growth and decline
in growth in DM and LAI may not be consistent.
In contrast to DM, which showed a steady increase
until the maturation period, LAI reached maximum
in the flowering period of zadox 50-55 period and
then decreased rapidly. A NAR graphic similar to
that of LAI was formed (R* = 0.8056). NAR has
reached values of about 48-52 g cm” day” in the
flowering period (zadox 50-55) together with flag
leaf formation (zadox 39 and 43-49). NAR tended
to decline after this period and declined to 38 g
ecm’ day” after maturity - 60 g cm® day” in the
period of zodox 76-81 (end of grain filling).
Similarly, the decreasing tendency of NAR and
RGR over periods was determined in rice (Araujo,
2003) and wheat (Hasan et al., 2016).

The NDVI values in our study are the values for
the development period of the flag leaf (Figure 1).
Cabrera-Bosquet  (2011)  found  significant
relationships between NDVI values and total dry
matter and green area. The initial NDVI values of
65 declined to 25 with grain filling and maturation
(R? = 0.8944). It is seen that the trend of decrease
in NDVI is similar to the tendency of RGR, in
particular LAI and accordingly RGR.
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Figure 1. The changes at zadox growing stages of (A) RGR: Relative Growth Rate; (B) DM: Dry Matter; (C) LAI: Leaf Area
Index; (D) NDVI: Normalized Differences Vegetation Index;, (E) NAR: Net Assimilation Rate; (F) LAR: Leaf Area Ratio.
Zadox Growing Stages; 1:39, 2:43-49, 3:50-55, 4:56-61, 5:66-71, 6:76-81, 7:85-91 and 8:harvest.

Sekil 1. Zadox biiylime asamalarindaki degisiklikler: (A) RGR:

Oransal Biiylime Orani; (B) DM: Kuru Madde; (C) LAI: Yaprak

Alanm1 Indeksi; (D) NDVI; Normallestirilmis Vejetasyon Indeksi Farkliligi; (E) NAR: Net Assimilasyon Oram; (F) LAR: Yaprak
Alan1 Oraninin zadoks donemlerindeki zamansal degisimi. Zadoks Biiylime Donemleri; 1:39, 2:43-49, 3:50-55, 4:56-61, 5:66-71,

6:76-81, 7:85-91 ve 8:hasat.

The correlation coefficients between the yield (kg
da™), the number of seeds per head and the seed
weight (g) characteristics and the growth
parameters are given in Table 1. Leaf area index
positive and significant correlated with yield in
every growing period except zadox 76-81. This
result of the present study was found the similar to
the findings of Yadav and Sing (1984) in canola
and Sandeep et al. (2016) in rice. Especially,
Sandeep et al. (2016) found positive and
significant between LAI and yield components
during the ripening period of rice, but detected
negative correlation coefficients between yield and
growth parameters such as RGR and NAR and. In
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contrast, Kahrizi et al. (2010) found non-
significant correlations between growth parameters
and yield and yield components, although there
were significant relationships between growth
parameters in durum wheat. At the same time, the
positive and significant correlations between LAI
and the number of kernel per ear in zadoxs 50-55,
76-81 and 85-91 periods were found. In the period
of zadox 76-81, correlation coefficients of LAI
with thousand kernel weight were positive and
significant. These findings indicate that the leaf
area index increases efficiency over the number of
kernel per ear in particular.
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Table 1. The correlation coefficients between yield, thousand kernel weight (TKW), the number of kernel per ear (K/E) and

growth parameters at different zadox stages.

Cizelge 1. Verim, bin tane agirlif1 ve basakta tane sayisi ile biiylime parametreleri arasindaki korelasyon katsayilari.

Zadox growing stages / Zadoks biiylime devreleri

Growth Yield
parameters components
Biiyiime Verim 39 43-49 50-55 56-61 66-71 76-81 85-91
parametreleri  komponentleri
Yield -0.28 0.63* -0.41 -0.49 -0.63* 0.79%* 0.01
RGR TKW 0.42 0.28 -0.44 0.03 0.53* - 0.66%* -0.42
K/E 0.11 0.87** - 0.63* -0.49 0.05 0.18 -0.06
Yield 0.63* 0.53* 0.71%* 0.82%* 0.79%** 0.32 0.59*
LAI TKW -0.08 0.06 0.17 -0.16 -0.30 0.63* 0.48
K/E 0.27 0.23 0.56* 0.45 0.31 0.58* 0.65*
Yield 0.22 - 0.64* 0.29 0.46 0.42 -0.83** 0.26
NAR TKW -0.24 -0.46 -0.13 -0.57* -0.14 0.33 0.51%*
K/E -0.29 - 0.79%* 0.19 0.13 0.25 -0.49 0.36
Yield 0.77** 0.48 -0.39 0.24 0.54* 0.60* 0.25
LAR TKW -0.61% -0.47 -0.46 -0.81%* -0.68%* -0.65*% -0.02
K/E 0.21 -0.07 - 0.76%* -0.65* -0.33 -0.24 -0.20
Yield 0.39 -0.04 0.03 -0.30 0.12 0.02
NDVI TKW 0.28 -0.18 -0.13 -0.09 0.61* 0.65*
K/E 0.07 0.01 0.28 -0.21 0.32 0.33

*;0.05, **; 0.01 significant at probability level.
*;0.05, **; 0.01 olasilik diizeyinde 6nemli.

The correlation coefficients of two parameters
related to dry matter (RGR and NAR) were
evaluated together with yield and yield
components. The correlation coefficient between
RGR and yield was negative in the period 66-71
but positive and significant in the period 76-81.
RGR negatively correlated with thousand kernel
weight at stage of zadox 76-81 whereas correlation
coefficient between mentioned characters was
positive and significant at zadox 66-71. RGR,
however, has a positive correlation with the
number of kernel per ear in the 43-49 period and a
negative and significant correlation coefficient in
the 50-55 period. This shows that both growth
parameters have increases and decreases within the
general tendency function according to the periods.
It can be said those positive periods in the periods
of increase, but negative relations in the periods of
decrease. Similarly, Yadav and Singh (1984) found
early correlation between yield and CGR (crop
growth rate), while in the late period they found
negative and significant correlation coefficients.

It can be said that leaf area ratio (LAR), which is a
sign of leaf area per unit dry weight, has more
meaningful relationships than other characteristics.

Generally, positive and significant correlation
coefficients with yield and thousand kernel weight
are found in terms of growth periods. Negative and
significant correlation coefficients are observed
between LAR and the number of kernel per ear at
50-55 and 56-61 stages. This leaf shows that the
period of greenness significantly affects these
properties. Therefore, when the correlation
coefficients with NDVI values were examined,
positive and significant coefficients were
determined during adolescence periods such as 66-
71 and 76-81 periods. Here, even in late periods
such as grain filling periods, it means that the leaf
remains green.

CONCLUSION

The results of present experiment indicated the
increase of dry matter was continued even at the
end of the ripening period, whereas the leaf area
decreased rapidly after the flowering period. In
particular, it has been observed that the growth
parameters such as the net assimilation rate, which
expresses the dry matter synthesis, are more
influenced by the leaf area decrease, and may be
reduced to minus (-) values as the assimilation
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value. The correlation coefficients determined in
our study are the result of this. When the agro-
physiological growth parameters in wheat were
evaluated, it was concluded that leaf area index
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ABSTRACT: The treated sludge can be applied to arable soils if they do not contain heavy metals and toxic substances.
This preliminary study was carried out in order to investigate the effects of application of treated sludge and Fe fertilizer on the
yield and Fe content of maize. The trial was conducted in randomized plots design with three replications as pot experiment and
C-955 hybrid maize was grown for silage. As basic fertilization, 200 mg kg'' N, 100 mg kg P and 150 mg kg K were applied to
all of the pots. Treatments were (C) control, (T1) 5 mg kg'IFe (Fe in sludge) + 10 mg kg'IFe (FeSO,,7H50), (T2) 10 mg kg’l Fe
(Fe in sludge) + 5 mg kg’ Fe (FeSO,7H,0), (T3) 15 mg kg' Fe (Fe in sludge) and (T4) 15 mg kg’ Fe (FeSO,7H,0).
Applications of sludge and Fe increased wet weight, dry weight, plant height, leaf number and the content of N, K, Fe, Zn and Cu
of maize plant. It was concluded that application of 15 mg kg Fe in sludge is sufficient for Fe need of maize. However, the
obtained results from this study were valid only for this study soil and sewage sludge and should be used without generalization
as they can vary under different conditions such as soil and climate. Therefore, further researches are needed on this field.

Keywords: Maize, iron, treated sludge, yield.

Musir Bitkisinin Demir I¢erigi ve Veriminin
Farkl Dozlarda Atk Su Camuru Uygulamasina Tepkisi Uzerine Bir On Calisma

OZ: Aritma ¢amurlarimn tehlikeli agir metaller ve toksik maddeler igermemesi durumunda, topraklarda kullamlabilirligi
miimkiindiir. Bu on ¢alismada miswr bitkisine aritma ¢amuru ile birlikte uygulanan demirli giibrelemenin bu bitkinin verim ve
bitki besin elementi igerigi tizerine olan etkisi belirlenmeye ¢alisilmistir. Aragtirma saksi denemesi olarak 3 tekrarlamalr olarak
tesadiif parselleri deneme desenine gore yiiriitiilmiis ve saksilarda C-955 silajlvk hibrit misir ¢esidi yetistirilmistir. Denemede
saksilara temel giibreleme sabit dozda 200 mg kg™ N, 100 mg kg™ P ve 150 mg kg™’ K olarak uygulanmistir. Deneme konulari
olarak; (K) % 100 toprak, (T1) 5 mg kgfl Fe (aritma camuru demiri) + 10 mg kgfl Fe (FeSO,7H50), (T2) 10 mg kgfl Fe (aritma
camuru demiri) + 5 mg kg™ Fe (FeSO,.7H>0), (T3) 15 mg kg™’ Fe (aritma ¢amuru demiri) ve (T4) 15 mg kg™’ Fe (FeSO,.7H,0)
belirlenmistir. Aragtirma sonucunda aritma ¢camuru ve aritma ¢amuru demir kombinasyonlar kontrole oranla misir bitkisinin
vas agirligi, kuru agirligs, bitki boyu, yaprak sayisi ve bitkinin N, K, Fe, Zn ve Cu igerigini arttirdigi belirlenmistir. Ayrica
bitkinin demir ihtivacim karsilamak icin aritma ¢camurundaki 15 mg kg™ Fe uygulamasinin yeterli olacagi sonucuna varilmistir.
Bununla beraber, bu ¢alismadan elde edilen sonu¢lar bu deneme topragi ve aritma ¢amuru igin gegerlidir ve toprak ve iklim gibi
farkly kosullar altinda degisebileceginden konuda genis kapsaml ¢alismalar yaptmalidir.

Anahtar kelimeler: Misir, demir, aritma camuru, verim.
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INTRODUCTION

Municipal treated sludge is the natural end
products of a microbial food chain in the
wastewater treatment process. Microbes feed on
organic components of waste until they can no
longer derive energy from it. At this point, sludge
consists of mostly cellular material and stable
degradation products that are considered safe for
application to agricultural or forest lands. If
properly managed, land application is an excellent
way to dispose sludge. Waste can be applied at
rates to meet crop nutrient requirements without
harming the environment. Sludge contains many
nutrients (N, P, and K) necessary for plant growth
and development and organic matter that can
improve the soil tilth (Michael et al., 1995; Arcak
et al., 2000). In addition, applications of sludge can
also improve soil physical properties such as
aeration and water holding capacity (Pagliai and
Guidi, 1980). However, sludge can contain heavy
metals or other potentially toxic substances. Lead,
zinc, copper, nickel, cadmium, chromium, arsenic,
selenitum and mercury are the heavy metals
sometimes found in sludge. These substances must
be reduced or confined to levels that are considered
safe for both agricultural and forest crops and soils.
The effect of application of sludge on P content of
soil was similar to the effects of application of
chemical fertilizer and control soil. In the study, P
mobility and the amounts of Cu, Ni and Zn in soil
and Zn content of plant increased (Garcia et al.,
2007). Mays and Giordano (1988), determined a
decline in maize yield but metal concentrations did
not exceed threshold values in soil depending on
sludge application. Macedo et al. (2012), studied
the effects of sludge on yield and quality
parameters of wheat and suggested that sludge can
be a value nutrient source. Junio et al. (2011), two
doses of rock phosphate (0 and 90 kg P,Os ha™)
and four doses of sewage sludge compost (0, 25,
50 and 75 MT ha') were applied to soil and
evaluated the concentration of heavy metals in soil
and leaves of maize fertilized with rock phosphate
and sewage sludge compost. The rock phosphate
did not affect overall levels of heavy metals in soil,
however, Cu, Zn and Pb in soil increased with
application rates of sewage sludge compost.
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Applications of sewage sludge compost up to 75
Mg ha™ did not increase the concentrations of Cu,
Zn, Pb, Cd, Ni and Cr above the critical limits
established by legislation. In plants, the
concentrations of Cu, Zn, Pb, Cd and Cr were not
affected by the application of rock phosphate,
however, the Zn concentration increased and Pb
concentration decreased with the application rates
of sewage sludge compost. El-Dawwey et al.
(1993), determined that the increasing sewage
sludge amounts increased dry matter weight and
intake of and K of wheat. They were conducted an
experiment on the application of aerobically-
digested sewage sludge (AES), anaerobic lagoon
septic wastes (ANS), sewage sludge compost and
fertilizer to soils for grass forage and feed maize
production and found that the septic sludge (ANS)
produced the highest forage Fe, Cu and Zn levels
and was equal to compost in elevating maize stover
and forage S and the forage B content. The
compost produced the highest forage Ca and maize
Zn (Warman and Termeer, 2005). Lombi and
Gerzabek (1998), researched sewage sludge as
alternative to phosphorus fertilizers and grown
rape in applied sewage sludge soils. They found
that the concentrations of heavy metal of rape did
not exceed threshold values only Zn concentration
very little increased. Giannakis et al. (2014),
investigated the impact of municipal solid waste
compost (MSW-compost) application (0, 50, and
100 t ha™) on the growth, and on nutrient and trace
elements content in lettuce and tomato plants. In
this study, the content of heavy metals in the
tissues of plants grown in MSW-compost amended
soil, remained at levels similar to those of the non-
amended soil, suggesting that they do not pose a
significant risk either for plant growth or public
health. Moreblessing et al. (2016), investigated the
effects of sewage sludge and its biochar on soil
chemical properties, maize nutrient and heavy
metal uptake, growth and biomass partitioning on a
tropical clayey soil. Maize growth, biomass
production and nutrient uptake were significantly
improved in biochar and sewage sludge
amendments (15 t ha™") compared to the control. It
was also determined that biochar amendments
reduced Pb, Cu and Zn uptakes by about 22%
compared with sludge alone treatment in maize
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plants. Yanchao et al. (2017) evaluated the effects
of sewage sludge amendment combined with green
manuring on selected soil physicochemical
properties of the mudflat soil in a rain-fed agro
ecosystem. The results showed that SSA combined
with green manuring decreased bulk density, pH,
salinity, and exchangeable sodium percentage of
the topsoil (0-20 cm soil layer) and increased
aggregate stability, cation exchange capacity, and
N and P concentration of the topsoil and the maize
yield. The authors suggested that SSA combined
with green manuring can be applied in coastal
mudflat salt-soil amendment, which provides an
innovative way to create arable land resources and
safe disposal of sewage sludge. Iglesiasa et al.
(2018), evaluated the extractability and crops
(barley and maize) transfer of thirteen potentially
toxic elements (PTEs) from soils that had been
amended with biosolids each year for 15 years as a
regular agricultural practice and found an increase
in the amount of Pb, Hg, Zn and Ag in soils
amended by biosolids. However, the PTE total
content in croplands was still far below the
thresholds established by US and FEuropean
regulations and the concentration of PTEs in the
barley and maize grains grown in fields repeatedly
amended with biosolids was not statistically
different from those grown with chemical

fertilization, except for As in barley grains.

Land application of sewage sludge to calcareous
soils can also be used to ameliorate iron deficiency
of plants. For this reason, this study was conducted
in order to determine the effect of the applications
of municipal sewage sludge and Fe on yield and
nutrient content of maize plant.

MATERIALS AND METHODS

A pot experiment was performed with 2 kg soil in
5 1 pots with maize plant in greenhouse. The soils
used were clayey loam with pH 7.9.
Physicochemical properties of the experiment soil
are given in Table 1. Nitrogen 200 mg kg,
phosphorus 100 mg kg and potassium 150 mg
kg as basal fertilizers were applied to all pots.
The experiment treatments were (C) control (soil),
(T1) 5 mg kg Fe (Fe in sludge) + 10 mg kg Fe
(FeSO47H,0), (T2) 10 mg kg Fe (Fe in sludge) +
5 mg kg Fe (FeSO,7H,0), (T3) 15 mg kg Fe
(Fe in sludge), and (T4) 15 mg kg Fe (FeSO,,
7H,0). The 15 pots were arranged in a randomized
complete plot design with three replications. The
treated sludge was obtained from iZSU (izmir
Municipal Waste Treatment Plant in Cigli-Izmir /
Turkey). The characteristics of the treated sludge
are given in Table 1.

Table 1. Some physicochemical properties of the experiment soil and sewage sludge.
Cizelge 1. Deneme topragi ve atik camurun bazi fizikokimyasal dzellikleri.

Sewage Sewage
Property Soil sludge Property Soil sludge
Ozellik Toprak Atik Ozellik Toprak Atik

camur camur
pH 7.96 7.45 Available-Zn (mg kg ™) 0.87 -
Sand / Kum (%) 44.40 - Available-Mn (mg kg™") 15.60 -
Silt / Mil (%) 24.00 - Available-B (mg kg™) 0.48 -
Clay / Kil (%) 31.60 - Total P (%) - 1.36
CaCO;s (%) 15.60 - Total K (%) - 1.25
Soluble salt / Coziinebilir tuz (%) 0.56 2.12 Total Ca (%) - 3.95
Organic matter / Organik madde (%) 2.10 54.10 Total Mg (%) - 0.69
Organic C / Organik C (%) 1.21 31.38 Total Na (%) - 0.45
Total Nitrogen / Tolam Azot (%) 0.115 2.49 Total Fe (%) - 1.14
C/N 10.52 12.62 Total Cu (mg kg™) - 156.3
Available-P / Alinabilir-P (mg kg™ 2.56 - Total Zn (mg kg™) - 104.78
Available-K / Aliabilir - K (mg kg™) 116.00 - Total Mn (mg kg™") - 396.24
Available-Ca / Alinabilir -Ca (mg kg™) 4200.00 - Total B (mg kg™) - 27.10
Available-Mg / Alinabilir - Mg (mg kg™) 329.00 - Water (105°C) (%) - 76.30
Available-Na / Alinabilir -Na (mg kg™) 232.00 - Dry Mat. (105°C) (%) - 23.70
Available-Fe / Alinabilir - Fe (mg kg™) 3.76 - Ash(550 °C) (%) - 49.13
Available-Cu / Alinabilir - Cu (mg kg™) 1.43 - Fiber lost (%) - 50.87
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After applications, maize (C-955 silage maize
hybrid variety) was sown (5 seed per pot, reduced
to 2 plants per pot after 1 month). Each pot was
irrigated daily with top water (EC=1 dS m™)
during the experiment to maintain a water content
of 75% water holding capacity. At harvest, the
cereal plant samples were washed with top water
and then with deionized water. Afterwards, the
plant samples were oven-dried to constant weigh at
70 °C and then some yield parameters were
determined. Element concentrations (Fe, Mn, Cu,
and Zn) and P were determined using
spectrophotometric analysis (Kacar, 1984). All
samples of sludge and soil were air-dried, ground
and then passed through a 2-mm sieve. Soil pH
was measured in a water suspension (1:2 ratio).
Organic matter was determined using a digestion
method, total-N, available P and exchangeable K
in the soils were determined using Kjeldalh-
digestion, colorimetric analysis and flame-
photometer, respectively (Bremner, 1965; Olsen ef
al., 1982; Knudsen ef al., 1982). Available Fe, Cu,
Zn and Mn were determined according to Linsday
and Norvell (1978). Soil texture, soluble salt and
lime were determined as  hydrometric,
conductivimetric and  calcimetric  methods,
respectively (Bouyoucus, 1951; Richard, 1969;
Allison and Moodie, 1965; Black, 1965). Total
metals in sludge were determined after digestion of
the soils with HCI: HNOs [4:1(v/v)] (Khan and
Frankland, 1983). All statistical analyses were
carried out with the SPPS 15.0 for Windows
package. The results were analyzed by ANOVA,
considering the treatments as the independent
variable. The significance was tested between
treatments by the LSD test as p<0.05. In addition,
a multiple linear discriminant analysis was initiated
to determine overall impacts of treatments to study
parameters by using JMP package. The
diversification between each group was expected
multivariate normal. The function was determined
by using the parametric method (SAS, 2014) The
classification criterion is evaluated by a measure of
generalized squared distance (Rao, 1973). The
classification criterion was based on the pooled
covariance matrix yielding a linear function; it also
takes into account the prior prospects of the groups
indicated treatments.
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RESULTS AND DISCUSSION

The effect of applications of sewage sludge (SS)
and iron on some yield parameters and content of
macro and micro nutrients of maize are given in
Table 2, 3, and 4, respectively. All treatments
significantly affected the plant height, leaf number
and above-ground biomass (fresh and dry) of
maize. Similar results were obtained by some
researchers (Christie et al., 2001; El-Naim et al.,
2005). However, the impacts of the treatments on
fresh and dry weight of roots were not significant.
Sewage sludge applications in the different dose
and amounts increased fresh and dry biomass but
high sewage sludge applications have negative
effects on these parameters (Cimrin et al., 2000;
Qasmin et al., 2001). The maximum plant height
(100, 67 cm) was determined in 15 mg kg' Fe
application (T4) and the minimum plant height in
control soil (80 cm). The similar situation was also
obtained for leaf number. But, all the treatments
containing Fe applied as sewage sludge or
FeS0O,7H,0O increased above-ground biomass
(fresh and dry) compared to the control. These
results showed that the applications of sewage
sludge supplied with Fe were sufficient for
biomass production of maize. Sewage sludge (SS)
applications increased dry biomass amount of
maize and the other plant parameters (El-Dawwey,
1993; Bellamy et al., 1995; Lombi and Gerzabek,
1998).

The treatments had no significant effect on the
contents of P, Ca, and Mg of maize but the
significant effects were determined in the contents
of N, K, and Na (Table 3).

Al-Nahidh (1991), stated that the application of
municipal sewage sludge increased the intakes of
N, P and K in maize and P content in soil. In this
study, the effect of SS treatments on plant P
content was not significant. Lambert and
Weidensaul (1991), stated that sludge may reduce
the availability of fertilizer P and sludge treatment
decreased P intake from soil. Espinosa et al.
(2000), determined the increases in the amounts of
CEC and exchangeable cations, such as Ca’,
depending on the applications of sewage sludge.
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The effects of sewage sludge applications on the
content of micro-elements of maize are presented
on Table 4. The treatments significantly affected
the amounts of Fe, Cu, Zn and B, but no significant
effects on Mn content were observed. The content
of Fe, Zn, and B of maize significantly increased
by treatments containing Fe (P<0.01). Similar
results for Fe, Cu, Zn and Mn were obtained by

some researches (Pinamonti et al., 1997; Cimrin et
al., 2001). It was also reported that sewage sludge
treatments increased Zn content of plant (Reed et
al., 1991; Menelik et al., 1991; Lombi ve
Gerzabek, 1998). Cimrin et al. (2000), applied
sewage sludge as a P source and did not determine
a change in Mn content of plant, similarly to our
study.

Table 2. Effects of sewage sludge and iron applications on some yield parameters of maize.
Cizelge 2. Atik camur ve demir uygulamalarimin musir bitkisinin bazi verim parametreleri {izerine etkileri.

Fresh root Dry Root
- Above ground fresh ~ Above ground di weight weight
Ereatr]nent? Pée.nll(t. }Lelght Leaf Number biomfss (g/pot) biomaﬁs (g/pot;y (g/pgot) (g/pgot)
ygulamaiar Itki boyu Yaprak sayisi Toprak tizeri yesil Toprak iizeri kuru Yas kok Kuru kok
(cm) biyokiitle (g/saks1) biyokiitle (g/saks1) agirhig agirhig
(g/saks1) (g/saks1)
Control 80.00+6.24 ¢ 10.67+0.58 ¢ 116.65+4.16 b 17.97+1.00 b 76.00+2.78  14.89+0.56
T1 87.60+10.97 bc 13.00+1.00 b 129.00+£6.08 a 24.61+2.89 a 89.43+6.32  15.93+1.67
T2 92.33+15.70  abc 13.67+1.15 ab  126.47+£5.51 a 23244231 a 79.3844.93  16.26+1.61
T3 99.00+4.00 ab 14.33+0.58 ab 122254252 ab 21.00£1.00 ab  78.12+£3.52 16.30£1.30
T4 100.67£2.08 a 15.00+1.00 a 125.47£1.53 a 23.57+42.08 a 80.00+4.23  16.14+£1.17
CV (%) 12.03 12.89 4.59 13.54 7.61 7.82
LSD 12.946* 1.458%* 7.368* 4.183* ns ns
* *%: P<0,05 ve P<0,01 diizeyinde 6nemli (*, **: Significant at P<0,05 and P<0,01).
Same letters in a column are not significantly different (Ayni1 harfle gosterilen ortalamalar arasinda 6nemli fark yoktur).
ns: non-significant (6nemli degil).
Table 3. Effects of sewage sludge and iron applications on the macro elements content of maize.
Cizelge 3. Atik camur ve demir uygulamalarinin musir bitkisinin makro element igerigi iizerine etkisi.
Treatments N P Ca Mg Na
Uygulamalar gkg!
C 27.23+0.31Db 1.77£0.06 27.67+1.24 b 6.63+0.40 2.63£0.15 0.16+£0.06 b
Tl 30.43+1.10 a 1.83£0.15 36.43+£1.82a 7.17£0.76 3.07+0.15 0.20+0.02 ab
T2 31.13+1.70 a 1.90+0.20 35.03+2.26 a 7.93+0.60 3.13+0.38 0.23+0.05 ab
T3 30.40+0.26 a 1.80+0.10 35.97+1.54a 7.47+0.84 3.23+0.40 0.25+0.06 a
T4 30.33+0.29 a 1.63+0.06 36.50+£3.12 a 7.33+1.46 3.27+0.29 0.16+£0.01 b
CV (%) 542 7.88 11.39 11.88 11.21 24.23
LSD 2.641** ns 4.721** ns ns 0.703**
¥, **: P<0,05 ve P<0,01 diizeyinde 6nemli (*, **: Significant at P<0,05 and P<0,01).
Same letters in a column are not significantly different (Ayn1 harfle gosterilen ortalamalar arasinda 6nemli fark yoktur).
ns: non-significant (6nemli degil).
Table 4. Effects of sewage sludge and iron applications on the micro elements content of maize.
Cizelge 4. Atik camur ve demir uygulamalarinin misir bitkisinin mikro element icerigi lizerine etkisi.
Treatments Fe Cu Zn Mn B
Uygulamalar mg kg’
C 129+ 2.07d 6.93+0.06 b 20.24+0.92 b 37.66+2.72 7.19+0.06 ¢
T1 155+10.60 ¢ 7.63+0.42 a 23.82+2.03 a 38.51+3.29 9.86£1.52 b
T2 175+11.83 be 7.48+0.45 a 24.20+2.77 a 39.12+4.47 11.68+0.74 a
T3 185+16.00 ab 7.40+0.36 a 25.17+£0.22 a 40.69+0.35 12.14+0.69 a
T4 205+12.96 a 7.30+0.30 ab 24.92+1.26 a 40.28+2.04 7.37£0.07 ¢
(6)% 16.85 5.20 9.86 6.93 23.44
LSD 23.661** 0.423* 3.256** ns 1.805**

* *%: P<0,05 ve P<0,01 diizeyinde 6nemli (*, **: Significant at P<0,05 and P<0,01).
Same letters in a column are not significantly different (Ayni1 harfle gosterilen ortalamalar arasinda 6nemli fark yoktur).

ns: non-significant (6nemli degil).
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A multi linear discriminant analysis had been used
to determine overall impacts of sewage sludge and
Fe applications on parameters used in the present
study (Figure 1). This analysis considers all plant
and soil properties used in this study. Each group
was arranged for each treatment and effects were
set to be distance between each group. Significance
of difference between treatments is established by
distance between two circles on the Figure 1 with
a=0.05. Differentiations in position of groups in
the figures of discriminant analysis also showed
that all treatments appear to be significantly
influenced on study parameters; whereas, these
differences were explained by 86% (R*=0.86).
Plots under T1 and T4 treatments were observed to
have higher significant impacts in comparison to
T2 and T3 treatments under considerations of all
parameters together. Observations for plots under
T1 treatment showed that N content, plant dry, and
fresh weights were most affective properties.

Comparable results were also monitored for T2
treatment. However, plant height for T3 treated
plots and N of leaves and plant height for T4

treated plots showed difference in comparison to
T1 and T2. Phosphorus contents were negatively
influenced by all (T1, T2, T3, and T4) treatments
in comparison to those under control.

In conclusion, the applications of T1, T2 and T3
increased the yield and the amounts of N, K, Cu
and Zn of maize as much as T4 (FeSO,7H,0)
application. But, the effect of these treatments on
the amounts of P, Ca, Mg and Mn of maize was
not significant. The most effective treatments on
Fe content of maize were T3 and T4 applications.
According to these results, application of 15 mg
kg" Fe in sludge (T3) is sufficient for Fe need of
maize. However, further researches are needed on
this field. Since the chemical properties of sewage
sludge from every treated plant may vary, the
characteristics of sewage sludge must be well
defined before application to the soils. The
obtained results from this study were valid only for
this preliminary study for soil and sewage sludge
and should be used without generalization as they
can vary under different conditions such as soil and
climate.
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Figure 1. The overall impacts of sewage sludge and Fe applications on parameters used in the present study (C: Control; T1:

Treatment 1; T2: Treatment 2; T3: Treatment 3; T4 Treatment 4).
Sekil 1. Atik camur ve demir uygulamalarinin misir bitkisinin bu
Uygulama 1; T2: Uygulama 2; T3: Uygulama 3; T4 Uygulama 4).

68

calismadaki tiim parametreler tizerine etkileri (C: Kontrol; T1:
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ABSTRACT: In the study, it was aimed to determine the performance of 5 safflower varieties in Izmir Menemen District
where monoculture cotton is grown and soil alkalinity problems affected the crop productivity. Balci, Dinger, Linas, Olas and
Remzibey-05 safflower varieties were arranged in the Randomized Complete Block Design with 4 replications in the 2014 - 2015
growing season. As a result, plant height (86.3-103.3 cm), head number (13.38-25.71), head diameter (1.80-2.30 cm), flowering
days (196.30-199.80), maturing days (216.30-219.80), grain yield (1560-2500 kg ha™), thousand seed weight (42.80-54.10 g),
hull ratio (41.87-50.29 %), oil content (25.35 - 35.03 %), and oil yield (492.1-872.5 kg ha'') were determined. In conclusion,
Olas and Linas varieties with low hull ratio, high grain and high oil yield, could be recommended to Menemen, Izmir or similar
conditions with ecological and soil characteristics.

Keywords: Safflower, cultivar, yield, oil content, hull rate.

Bazi Aspir (Carthamus tinctorius L.) Cesitlerinin Izmir Menemen Ekolojik Kosullarinda
Verim ve Verim Unsurlarinin Belirlenmesi

OZ: Calismada, monokiiltiir pamuk tarimnin yapildigi ve alkalilik sorunlarimin oldugu Izmir Menemen Icesinde aspir
cesitlerinin performansini belirlemek amaglanmigtir. Balci, Dinger, Linas, Olas ve Remzibey-05 aspir ¢esitleri 2014 - 2015
yetistirme sezonunda Tesadiif Bloklar: Deneme Deseninde ve 4 tekerriirlii olarak degerlendirilmistir. Calisma sonucunda; bitki
boyu 86,3-103,3 cm, yan dal sayis1 4,8-8,2, tabla sayis1 13,38-25,71, tabla ¢apr 1,80-2,30 cm, c¢igeklenme giin sayis1 196,30-
199,80 giin, olgunlasma giin sayist 216,30-219,80 giin, tane verimi 1560-2500 kg ha’, bin tane agrhigi 42,80-54,10 g, kabuk
oram % 41,87-50,29, yag orant % 25,35-35,03, yag verimi 492,1-872,5 kg ha arasinda degismistir. Arastirma sonuglarina gére
yapilan degerlendirmede, yiiksek tane verimi ve yag verimi buna karsin diisiik kabuk oramina sahip Olas ve Linas ¢esitlerinin
Menemen, [zmir ve benzer ekoloji ve toprak ozelliklerine sahip kosullarinda onerilebilecegi kanisina varilmigtir.

Anahtar kelimeler: Aspir, ¢esit, verim, yag icerigi, kabuk orani.

INTRODUCTION countries (Golkar, 2014). The special cultivated
zone was shown as a band from the Mediterranean
Sea to the Pacific Ocean (Jaradat and Shahid,
2006). Recently, safflower, oil plant, is shown as
one of the alternative products that can be
evaluated in irrigated areas due to its tolerance to

Safflower (Carthamus tinctorius L.) which belongs
to Compositeae or Astraceae family is only
cultivated species of the genus, and it has been
traditionally grown for its flower and oilseed,
fabric dyes, and food coloring in more than 20
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salinity and weeds. There are spiny and spineless
cultivars (Gautam et al., 2014; Katar et al., 2014)
and spiny cultivars were successfully grown in
drought areas (Kaya et al., 2003). On the other
hand, when global climate change parameters are
taken into account, the increasing scenario of arid
regions increases the future importance of
safflower plants (Baydar and Gokmen, 2003; Inan,
2014).

It was cultivated over an area of 1.140 thousand
hectares and had a production of 950 thousand tons
in the world. Yield was estimated as 83 kg da™
(Anonymous, 2017). On the other hand, according
to TUIK Crop Production Data, approximately 27
thousand ha are planted in Turkey and with the
yield of 1830 kg ha™, 50 thousand tons production
is realized in total (Anonymous, 2016). The
importance of safflower is increasing every year
according to Agricultural Basins Product and
Support Model of Turkey. Safflower can be grown
in a 2-year cotton/1-year safflower rotation system.

Many field experiments were conducted to
evaluate the yield and oil content of safflower
varieties in winter and spring growing seasons
(Uysal et al., 2006; Koc et al., 2010; Babaoglu and
Guzel, 2015; Oz, 2016). The increase in oil content
of commercial cultivars of safflower was achieved
mostly by reduction in the amount of seed hull
(McGuire et al., 2018). Safflower seed is
composed of 33-60% hull and 40-67% kernel
(Dajue and Miindel, 1996; Pahlavani, 2005). The
seed oil content ranges between 20 to 45%
depending on variety and growing environment.

The dominant field crop is cotton and monoculture
agriculture system is applied in izmir/Menemen.
Due to salinity and alkalinity problems in cotton
fields, producers are seeking to apply cropping
system. The introduction of safflower as a new
crop to a regional cropping system requires
information concerning its performance under
local environmental conditions. Our study aims to
determine the yield and yield components of the
safflower cultivars as well as the oil ratio and oil
yield in these areas.
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MATERIALS AND METHODS

The experiment was carried out in a farmer field in
[zmir Menemen (38°33'18.5"N longitude and
27°00'51.1"E latitude) during the growing period
of 2014-2015. The soil characters of experimental
area are clay, alkaline (8.11) and non-saline
(0.042%). It was also found that the organic
matter, nitrogen, phosphorus and potassium are
insufficient (1.72), sufficient (0.112%), insufficient
(2.1 ppm) and high (243 ppm), respectively.
Climatic data (Figure 1) shows that the
temperature distribution for nine months of
growing season is similar to the average for many
years, and the temperatures values were high in
March. In the rainfall values, the December-March
monthly period of the trial year is higher than the
average of the long term data, whereas the April-
June period was drier except June (Anonymous,
2015).

Rainfall (mm)
Temperature (°C)

Nov  Dec Jan Feb  Mar Apr  May  Jun Tul
NN Temp. (2014-15) s Temp. (long term)
Rain (2014-15)  seveeee Rain (long term)

Figure 1. Mountly temperature (°C) and amount (/depth) of
rainfall in Menemen in 2014-15 and longterm.

Sekil 1. Menemen’e ait 2014-15 yili ve uzun dénem aylik
sicaklik ortalamalar1 ve yagis miktari.

Five safflower varieties, Balci, Dinger, Linas, Olas
and Remzibey-05 (Carthamus tinctorius L.) were
used as material in the study. Dinger and
Remzibey-05 varieties were improved by Anatolia
Agricultural Research Institute. Dinger is a
spineless type. As Remzibey-05, Dinger and Balc1
are early and spring varieties, these are
recommended for dry areas. All safflower cultivars
were defined as linoleic acid type. The varieties
were planted on 11" November in 2014, the
Randomized Complete Block Design with 4
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replications was arranged. Row and intra row
spacing were 0.30 m and 0.05 m, and plant density
was approximately 670 thousand plant ha™'. The
parcels area at harvest was 5.0 m*. For all parcels,
the recommended fertilizer rate of 75:35:35 of
NPK was applied using a compound fertilizer
(NPK 15:15:15) to supply 200 kg each of NPK ha™
before sowing as basal application and ammonium
sulfate (21 %N) to supply the remaining dose (200
kg ha™) of nitrogen at the start of the elongation
phase. The hoeing for weeding was applied at the
start of the elongation phase. After the
physiological maturity, harvest was performed by
parcel harvester (HEGE) on 13" June 2015. Before
harvest, plant height (cm), number of branches and
head number per plant, head diameter (cm), the
number of days 50% flowering and maturing were
determined. Grain yield (kg ha™), thousand seed
weight (g), hull rate (%), oil rate (%) and oil yield
(kg ha™) were recorded in harvest and laboratory.
The oil rate of dried seeds was determined in a
Soxhlet system (Anonymous, 1993).

Data were analyzed using TOTEM-STAT statistics
Package Program according to Randomized
Complete Block Design. Differences between
means were compared using the LSD (Steel and
Torrie, 1980).

RESULTS AND DISCUSSION

The wvariance analysis revealed the significant
differences among the varieties except for the
thousand seed weight. The mean values for the
characteristics and the statistical groups are given
in Table 1. Plant height varied between 86.3 and

MENEMEN- IZMIR ECOLOGICAL CONDITIONS

103.3 cm. The highest plant height was obtained
from Linas (103.3 cm). This species was followed
by Olas (96.6 cm) and Dinger (92.2 cm) in the
same statistical group. Balci and Remzibey-05
were in the last group with 86.3 cm. The obtained
plant height values were taller than that of Koc ef
al. (2010) under Konya; Uysal et al. (2006)
Isparta; and Babaoglu and Guzel (2015) Edirne
ecological conditions whereas our values were
found to be lower than the values of winter
sowings by Oz (2016) under Bursa conditions.
Despite similar varieties such as Remzibey-05,
Dinger and Balc1 were used in their studies; the
determination of different plant heights reveals the
effects of climate, soil characteristics and
agricultural practices.

Head numbers ranged from 25.61 (Dinger) to Linas
(13.38). Dinger (25.61) and Remzibey-05 (20.48)
were found to have the highest head numbers. Head
numbers of our study were found to be lower than the
values in the study carried out by Oz (2016), but
higher than the winter results under Canakkale
ecological conditions by Coskun (2014). Linas (1.92
cm) and Remzibey-05 (1.82 cm) varieties had the
lowest values while Dinger (2.30 cm) and Olas (2.12
cm) varieties had the highest values in the head
diameter. When flowering and maturation periods are
evaluated together, maximum values were recorded
at Linas variety (199.50 and 219.50 days) whereas
Olas variety (196.30 and 216.30 days) had the lowest
values. The results of flowering and maturity values
found to be higher than stated by Oz (2016). The
maturity of safflower varieties in our study delayed
due to excessive rainfall in especially in June (Figure

).

Table 1. Mean values of plant height (PH), head number (HN), head diameter (HD), flowering period (FP), marurity period (MP).
Cizelge 1. Bitki boyu (BB), tabla sayis1 (TS), tabla ¢ap1 (TC), ¢iceklenme giin sayis1 (CGS) ve olgunlagma giin sayisi (OGS)

ortalama degerleri.

Varieties PH HN HD FP MP
Cesitler BB TS TC CGS OGS
(cm) (number) (cm) (day) (day)
Balct 86.3 ¢ 16.60 be 1.80 ¢ 197.00 b 217.00b
Dinger 92.2b 25.61 a 2.30a 197.50 be 217.50 be
Linas 1033 a 13.38 ¢ 1.92 be 199.50 ¢ 219.50 ¢
Olas 96.9b 19.90 b 2.12 ab 196.30 a 216.30 a
Remzibey-05 86.3 ¢ 20.48 ab 1.82 be 199.80 ¢ 219.80 c
LSD (a: 0.05) 5.76 5.24 0.31 1.04 1.17
CV (%) 4.02 14.19 10.12 0.34 0.32

Same letters in a column are not significantly different at the 0.05 probability levels.

Ayni harfle gosterilen ortalamalar arasinda énemli fark (P < 0,05) yoktur.
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Table 2. Mean values of thousand kernel weight (TKW), grain yield (GY), hull rate (HR), oil rate (OR) and oil yield (OY).

Cizelge 2. 1000 tane agirligi (BDA), verim (V), kabuk oran1 (KO), yag igerigi (YO) ve yag verimi (YV) ortalama degerleri.
HR OR

Varieties TSW GY oY

BDA A\ KO YO YV

(@ (kg ha™) (%) (%) (kg ha™)
Balci 42.80 1563.30 b 45.93 ab 31.08 ¢ 492.10 b
Dinger 48.80 2506.70 a 50.29 b 25.35d 632.00 b
Linas 50.20 2447.50 a 41.87 a 34.07 ab 828.30 a
Olas 51.10 2498.70 a 4299 a 35.03a 872.50 a
Remzibey-05 43.00 1854.20 b 49.08 b 32.04 be 598.20 b
LSD (a: 0.05) 572.20 4.92 2.74 188.50
CV (%) 6.74 14.12 6.93 5.63 14.87

Same letters in a column are not significantly different at the 0.05 probability levels.

Ayni harfle gosterilen ortalamalar arasinda 6nemli fark (P < 0,05) yoktur.

No significant differences among cultivars were
found for thousand seed weight. The higher values
were recorded in Olas (51.10 g), Linas (50.20 g)
and Dinger (48.80 g), respectively. Balc1 (42.80)
and Remzibey-05 (43.00 g) were in the lowest line
(Table 2). The grain yield in our study was varied
between 2506.70 kg ha™ (Dinger) and 1563.30 kg
ha” (Balc1). Whereas Dinger (2506.70 kg ha™),
Olas (2498.70 kg ha™) and Linas (2447.50 kg ha™)
were statistically in the first group whereas
Remzibey 05 (1854.20 kg ha™) and Balc1 (1563.30
kg ha') were in the lowest yielding group. Under
the conditions of Edirne, Babaoglu and Guzel
(2015) were recorded a yield of 4660-3620 kg ha™
in March sowing date; Koc et al. (2010) found a
yield of 1500-2930 kg ha™ in spring growing under
Konya conditions, and a yield of 1500-3950 kg ha™
was determined by Oz (2016) in winter growing of
Bursa. The yields in our study were found to be
lower than those found by the researchers. On the
contrary, it is similar to winter sowing in
Canakkale conditions by Coskun (2014), Uysal et
al. (2006) found to be significantly higher than the
520-800 kg ha' yields determined in summer
cultivation under Isparta ecological conditions.
According to these results, is concluded that
safflower yields may show high variation depending
on ecological conditions and sowing time.

The highest oil content in our study was obtained
from 35.03% and 34.07% of Olas and Linas
varieties, respectively. The lowest oil content was
determined as 25.35% in Dinger variety. The oil
contents mentioned are in paralel with Coskun
(2014) and Koc et al. (2010) but lower than 42.1%
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and 31.2% found by Babaoglu and Guzel (2015).
The values of grain yield and oil ratio were in
various values except Dinger variety, and the
highest oil yield values were determined in Olas
and Linas varieties. Despite the low oil content, the
highest hull rate values (50.29% and 49.08%,
respectively) were found in Dinger and Remzibey

05 wvarieties. In Linas and Olas varieties,
statistically significant low hull ratios were
determined.

CONCLUSION

Although Remzibey-05 and Dinger varieties are
recommended for dry areas by many researchers,
the yield values of Dinger, Olas and Linas varieties
show that safflower can be successfully grown in
Menemen conditions. In a technical point of view,
high hull ratio of Dinger variety adversely affects
its oil yield. Although Olas and Linas varieties
have higher thousand seed values, their hull rates
were found low. The oil content and oil yield of
these varieties were higher than the others. From
the results obtained, it is concluded that Olas and
Linas varieties have higher cultivation potential in
the Aegean Coastal Zone, Turkey.
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0Z: T, urunggiller yiiksek C vitamini icerigi nedeniyle saglhk acisindan énem tasiyan, farkh kullamim alanlarina sahip
olup severek tiiketilen nemli bir meyve grubunu olusturmaktadir. Diinya’da tiretim miktar: ¢ok yiiksek olan bu tiirlerde hasat
dioneminde goviilen meyve dokiimleri ciddi dlgiide iiriin kayplarina yol agmaktadir. Uriiniin ge¢ dénemde pazara sunulmasi ve
gelirin bu dogrultuda artisimi saglamak amaciyla meyvelerin agag iizerinde muhafaza edilmesi yaygin ve pratik uygulama olarak
goriilmektedir. Ancak bu asamada, meyve dokiimleri ve kalite kayiplari ile ilgili sorunlar ortaya ¢ikmaktadwr. Bu baglamda, bazt
bitki biiyiime diizenleyici maddelerin belirli donemlerde ve dozlarda agaglara uygulanmast ile meyve dékiimleri 6nemli derecede
azaltilabilmektedir. Boylece kalite ozellikleri korunarak daha ge¢ donemlerde hasat miimkiin olabilmektedir.

Anahtar sozciikler: Turunggiller, biiyiime diizenleyici maddeler, agacta depolama, meyve dokiimii, kalite.

Effects on Fruit Drop and Quality of Growth Regulator Applications in Citrus

ABSTRACT: Citrus are of an important fruit group consumed with well-liked different uses and importance in terms of
health due to its high vitamin C content. In these species, that the production amount is very high in the world, the fruits drop in
the harvest period leads to serious product losses. It is common and practical application on-tree storage of fruit in order to
present the product to the market in the late period and to increase the income. However, at this stage, problems arise with fruit
drop and quality losses. In this context, fruit drops can be reduced significantly by applying some the plant growth regulators to
trees at specific periods and doses and it is possible to harvest in later periods with maintaining quality characteristics.

Keywords: Citrus, growth regulators, on-tree storage, fruit drop, quality.

GIRIiS onlenebilmesi acisindan muhafaza biiyiikk 6nem
tasimaktadir. Uzun bir periyotta piyasaya {iriin arzi
bakimindan meyvelerin normal ve soguk
kosullarda depolanmasi yaninda aga¢ iizerinde
bekletilerek daha ge¢ hasat edilmesi yaygin olarak
kullanilan bir muhafaza seklidir. Nitekim, dis
pazarda yasanan sorunlar ve Treticilerin geg
donemde daha yiiksek fiyatla iiriinii satma istegi
meyvelerin aga¢ iizerinde muhafaza edilmesine yol
acmaktadir. Ancak hasat zamanmin uzamasi ve
iklim kosullarma bagli olarak, Akdeniz meyve
Meyvelerin  pazara sunumunda  siirekliligin sinegi, mavi-yesil kif ve riizgar zarart meyve
saglanabilmesi ve bu siiregte kalite kayiplarinin  dokiimiine neden olmaktadir (Kresting ve Ozden,

Diinya’da genis bir cografyada yayilim gosteren ve
en fazla yetistiriciligi yapilan turunggillerin, meyve
olarak tiikketiminin yani sira meyve kabugu,
yapraklar ve cicekleri de gida ve kozmetik sektorii
acisindan Onem tasimaktadir (Akgiin, 2006).
Saglik ve beslenme acisindan 6zellikle yiliksek C
vitamini icerigi ile tiir ve g¢esitlerin farkli
zamanlarda olgunlagmas1 sayesinde hem i¢ hem de
dis pazar talebi siirekli yiikselis gostermektedir.
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2004). Bazi tiir ve gesitlerde sonbahar ve kis
aylarindaki ekstrem iklim kosullar1 hasat oncesi
meyve dokiimlerine yol agmaktadir.

Turunggillerin  aga¢ Tlizerinde muhafazasinda,
meyvelerde seker/asit dengesinin bozulmasi,
puflasma ve kabuk kalinlagmasi gibi kalite
kayiplar1 goriilmekte ve ciirliikliik etmenleriyle
daha g¢abuk zararlanma ortaya c¢ikmaktadir
(Tumminelli ve ark., 2005; Sen ve ark., 2013).
Meyve dokiimleri ve kalite kayiplarma ¢oziim
olarak, bitki biiylime diizenleyicilerinin kullanim
dikkat c¢ekmektedir. Zira bu maddeler, 1940
yilindan itibaren, turuncggillerde, meyve
dokiimlerini azaltma, kabuk direncini arttirarak
renk gelisimini ve olgunlagsmay1 geciktirme, meyve
kalitesinin 1iyilestirilmesi, iiriiniin dayanikliligim
arttirma dolayisiyla meyvelerin agagta depolama
siiresi ve hasat sezonunu uzatma konusunda
kullanilmaktadir (Gambettaa ve ark., 2014; Bons
ve ark., 2015; Lal ve ark., 2015; Zurru ve ark.,
2015; Khalid ve ark., 2016; Mir ve Itoo, 2017,
Suman ve ark., 2017). Ayrica bu maddeler farkli
turunggil  tlirlerinde  hastalik  kayiplariin
azaltilmasinda da etkili olmaktadir (Yildiz ve ark.,
2005; Chen ve ark., 2006; Darwish, 2015; Rokaya
ve ark., 2016).

Bitki biiyiimesini diizenleyici maddeler, farkli
zaman ve dozlarda agaglara piskiirtiilerek
uygulanmaktadir. Bu maddelerden, giiniimiizde
yasaklanmis olan 2,4-D (2,4-Dichlorophenoxy
acetic acid) ve yaygin olarak kullanilan GA3
(Giberellik acid) ayrica NAA (Naphthalene acetic

acid), BA (Benzyl adenine), kinetin, AVG
(Aminoethoxyvinylglycine), 2,4-DP 24
Dicholoro phenoxy propionic), 1-MCP (1-
Methylcyclopropene) ve  3,5,6-TPA  (3,5,6-

Trichloro-2-Piridil oxyacetic acid) tek bagina ya da
GA5;+ AVG, GA;+ NAA, GA; +2,4-D ve NAA +
1-MCP gibi farkli kombinasyonlar1 seklinde
uygulanmaktadir.

Bu maddeler agaclara, tam ¢igeklenme (Campbell
ve ark., 1999; Duarte ve ark., 2006; Ullah ve ark.,
2014), gigeklenmeden sonra (Duarte ve ark., 2006),
cigeklenme ve meyve olusumu agamasinda (Khalid
ve ark., 2012), gen¢ meyve donemi ve sonrasinda
(Saleem ve ark., 2007; Ghosh ve ark., 2012), renk

déniimi Oncesi, renk donimi ve renk donimi
sonrasi (Fidelibus ve Davies, 2002; Almeida ve
ark., 2004; Sen ve ark., 2009; Sen ve ark., 2013)
olmak fizere degisik donemlerde ve uygulama
dozlarinda piskiirtiilmektedir. Tiim uygulamalar,
yayici yapistirict kullanilarak bahge piilverizatorii
ile agacin her yerini iyice 1slatacak sekilde
gerceklestirilmektedir (Sezer, 2015; Rokaya ve
ark., 2016).

Ekonomik agidan deger tasiyan ve genis bir
tilketici kitlesine sahip olan turunggillerde, meyve
dokiim oraninin  azaltilabilmesi ve  Kkalite
kayiplarmin  Onlenebilmesi amaciyla portakal
(Almeida ve ark., 2004; Tumminelli ve ark., 2005;
Sezer, 2015), mandarin (Pozo ve ark., 2000;
Ritenour ve Stover, 2000; Greenberg ve ark., 2006;
Sen ve ark., 2009; Amiri ve ark., 2012), limon (El-
Zeftawi, 1980) ve greyfurt (Ferguson ve ark.,
1984) tiirlerine dahil birgcok cesitte bazi biiylime
diizenleyici maddeler uygulanarak c¢ok sayida
arastirma gercgeklestirilmistir.

BUYUME DUZENLEYiCi MADDE
UYGULAMALARI

Farkli turunggil tiir ve cesitlerinde bitki biiylime
maddeleri ile yapilan uygulamalar, meyve dokiim
orani ile i¢ ve dis kalite 6zellikleri tizerinde etkili
olmaktadir. Bunlar ayrintili bigimde asagida yer
almaktadir.

2,4-D (2,4- Dichlorophenoxy Asetik Asit)

Farkli dozlarda 2,4 D uygulamasi ile Navel
(Anthony ve Coggins, 1999), Pineapple (Malik ve
ark., 1993) ve Mosambi (Ghosh ve ark., 2012)
portakallarinda, meyve dokiim oraninin azaldigi,
meyvelerin agacta depolama siiresi ve dolayisiyla
hasat sezonunun uzadig1 belirlenmistir. Bu konuda,
Satsuma mandarininde 60 ppm (Amiri ve ark.,
2012), Nova mandarininde 40 ppm (Greenberg ve
ark., 2006) ve Kinnow mandarininde 20 ile 10 ppm
(Nawaz ve ark., 2008) dozlarinin kontrole gore
istatistiki Oonem diizeyinde dokiimii azalttig
goriilmiistiir. Redblush greyfurt ¢esidinde 4, 8, 16
ppm (Anthony ve Coggins, 1999) ve Marsh
Seedless greyfurt cesidinde renk doniimiinde 20
ppm (Ferguson ve ark., 1982) uygulamasi ile
meyve dokiim oraninin azaldig: bildirilmektedir.
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Verim agisindan  degerlendirildiginde, Nova
mandarininde, kontrolde 37 kg/aga¢ olarak
belirlenen bu deger, erken donemde 2,4-D
uygulamas1 ile artig gostererek 50 kg/agaca
ulasmig, dolayisiyla meyve dokiimii azalmis ve
meyve iriligi artig gostermistir (Greenberg ve ark.,
2006). Yine bu uygulama ile (10 ve 20 ppm)
mandarin (Nawaz ve ark., 2008) ve portakal
cesitlerinde (Malik ve ark., 1993) daha biiyiik

meyveler elde edildigi rapor edilmistir.

Ayrica Pineapple portakalinda kabuk kalinlig:
azalirken (Malik ve ark., 1993), Mosambi portakal
¢esidinde ise C vitamin igerigi ve meyve suyu
miktart bakimindan farklilik ortaya c¢ikmamistir
(Ghosh ve ark., 2012). Uygulama yapilan Kinnow
mandarininde meyvelerin toplam asit igerigi azalig
gOstermigstir (Nawaz ve ark., 2008).

GA; (Giberellik Asit)

Turunggillerde genis bir kullanim alanina sahip
olan GAj; meyve dokiimiinii engelleme, ortalama
meyve agirligl, kabuk ozellikleri, meyve suyu
verimi, suda ¢Oziiniir kuru madde, titre edilebilir
asit ve C vitamini gibi Ozellikler {izerinde etkili
bulunmaktadir. Bu baglamda, Owari Satsuma
¢esidine renk doniimiinden 2 hafta 6nce ve renk
doniimiinde 10 ppm (Sen ve ark., 2013), Blood
Red, Mosambi ve Succari portakal agaglarina 30
ppm (Ullah ve ark., 2014) GA; uygulamasinin,
meyve dokiimiinii engelleyerek ve kabuk
yaglanmasin1  geciktirerek  meyvelerin  agac
iizerinde  depolanmasina  olanak  sagladig
belirlenmistir. Benzer sekilde, Sezer (2015),
tarafindan yiritillen caligmada, Valensiya Late
portakal agaclarma iki kez 10 ppm GA;
uygulamasinin, meyve dokiim oranini azaltarak,
meyve kabugunun renk gelisimini geciktirerek ve
meyvelerin kalitesini muhafaza ederek agustos
sonuna kadar agacta depolanmasma olanak
saglayabilecegi sonucuna ulagilmstir.

Ortalama meyve agirligi, Blood Red portakal
¢esidinde 10 ve 25 ppm (Saleem ve ark., 2007),
Pineapple portakallarinda 20 ppm GA; (Malik ve
ark., 1993) ve Kinnow mandarininde 10 ppm GA;
(Nawaz ve ark., 2008) uygulanan agaglarda en
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yiiksek degerde tespit edilmistir. Buna karsilik,
Sunburst mandarininde 25 ppm (Pozo ve ark.,
2000) GA; uygulamasinda agirhigin  azaldigy,
Fallgle Tangerine ve Ruby Red greyfurt
cesitlerinde 30 g/da uygulamasinin meyve agirlig
iizerinde Onemli bir etkiye sahip olmadigi
belirlenmistir (Ritenour ve ark., 2005).

Meyve kabugunun, GA; uygulamasi ile Blood Red
portakalinda inceldigi (Saleem ve ark., 2007),
Pineapple  portakallarinda  ise  kalinlastig
belirlenmistir (Malik ve ark., 1993). Sunburst
mandarin agaclarma 25 ppm GAj; uygulamasinda,
meyve kabuk kalinhiginin azaldigi, kabuk
puflasmasinin engellendigi ve meyve kabugunda
renk degisiminin normal hasat zamanina gore 6-8
hafta geciktigi, ayrica kabuk sikiliginin ve
dolayisiyla kabuk direncinin arttig1
vurgulanmaktadir (Pozo ve ark., 2000). Benzer
sekilde, W. Navel (Ismail ve Wilhite, 1992),
Hamlin, Pineapple Valensiya (Davies ve ark.,
1997) ve Blood Red (Davies ve ark., 1999)
portakal, Fallgle Tangerine ve Ruby Red greyfurt
(Ritenour ve ark., 2005) ¢esitlerinde uygulamalarin
kabuk direncini arttirdig1 ifade edilmistir. Ayrica,
portakal c¢esitlerinde kabuk direncini koruma
bakimindan erken donemde yapilan GA;
uygulamalart etkili bulunurken, renk doniimil
sonrasindaki uygulamalarin kabuk renk degisimini
geciktirdigi saptanmustir (Fidelibus ve Davies,
2002).

Uygulamalar ile meyve suyu miktari, bazi portakal
(Saleem ve ark., 2007) ve mandarin (Khalid ve
ark., 2012) cesitlerinde artis gdsterirken, Pineapple
portakallart (Fidelibus ve Davies, 2002) ve
greyfurt cesitlerinde (Ritenour ve ark., 2005)
onemli bir etki ortaya ¢ikmamigtir. Diger taraftan,
45 g/ha GA; uygulamasinda, en yiiksek meyve
suyu verimine Hamlin portakalinda uygulamadan
1,5-3 ay, Valensiya Late portakalinda 5 ay sonra
ulastig1  bildirilmektedir (Fidelibus ve Davies,
2002).

Toplam suda ¢6ziiniir kuru madde miktari, Blood
Red portakal ¢esidinde 10, 20 ve 25 ppm (%6.21)
(Saleem ve ark., 2007) ve Kinnow mandarin
cesidinde ise 100 ppm (%10,78) GA;
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uygulamalarinda (Nawaz ve ark., 2008) en yiiksek
diizeyde saptanmistir. GAj; uygulamalarinin W.
Navel (Ismail ve Wilhite 1992), Blood Red
(Davies ve ark., 1999) Hamlin, Pineapple ve
Valensiya portakal (Davies ve ark., 1997), Fallgle
Tangerine ve Ruby Red greyfurt cesitlerinde
(Ritenour ve ark., 2005) toplam asit ve briks icerigi
iizerine etkili olmadigi bulunmustur. Kinnow
mandarininde, toplam asit (Nawaz ve ark., 2008),
portakallarda ise briks icerigi (Fidelibus ve Davies,
2002) azalirken Washington Navel (Farag ve
Nagy, 2012) ve Satsuma cesitlerinde SCKM/TA
orani (Sen ve ark., 2009) yiikselmigtir. C vitamini
icerigi bakimindan en yiiksek deger Blood Red
portakal ¢esidinde 25 ppm (Saleem ve ark., 2007),
Kinnow mandarin ¢esidinde (24,13 mg/100g) 50
ppm (Nawaz ve ark., 2008) GA; uygulamalarinda
tespit edilmistir. Satsuma mandarinlerine 10 ppm
uygulamasinda C vitamin igeriginde sirasiyla artig
ve azalis meydana gelmistir (Sen ve ark., 2009).

NAA (Naphthalene Acetic Acid)

Meyve dokiimiiniin  6nlenmesinde, Pineapple
portakallarinda 300 ppm (Malik ve ark., 1993),
Mosambi portakalinda 15 ppm (Ghosh ve ark.,,
2012), Navel portakalindal00 ile 400 ppm
(Anthony ve Coggins, 2001) ve Satsuma
mandarininde 400 ppm NAA uygulamalarinin
etkili oldugu bulunmustur (Amiri ve ark., 2012).

NAA uygulamas: ile ortalama meyve agirhigi,
Pineapple (Malik ve ark., 1993) ve Mosambi
portakalinda (Ghosh ve ark., 2012), meyve eni ve
boyu ise Washington Navel portakalinda kontrole
gore artis gostermistir (Farag ve Nagy, 2012).
Nova mandarin ¢esidinde erken donemde NAA
uygulamalari, meyve seyreltmesine etkili olmasi
nedeniyle meyve iriliginin artmasina ve meyve
catlama oraninin (%30), kontrol grubuna gore
azalmasina (%36) neden olurken verim {izerinde
etkili olmamistir. Ge¢ donemdeki uygulamalar ise
meyve seyreltmesi iizerine etkili bulunmamis,
meyve iriligi degismemis ancak catlak meyve
dokiimiiniin azalmasi (%21) nedeniyle hasat edilen
meyve sayisit ve verimde (52 kg/agacg) artisa yol
acmistir (Greenberg ve ark., 2006).

Meyve suyu miktart bakimindan bazi portakal
cesitlerinde uygulamalara gore farklilik goriiliirken
(Malik ve ark., 1993), bazilarinda goriilmemistir
(Ghosh ve ark., 2012). SCKM/TA orani,
Washington Navel portakalinda tam ¢i¢eklenme
doneminde, 25 ppm NAA (Farag ve Nagy, 2012),
C vitamin igerigi Kinnow mandarininde 25,67
mg/100g ile 10 ppm NAA ve takiben 24,37
mg/100g ile 15 ppm NAA uygulamasinda en
yiiksek bulunmustur (Nawaz ve ark., 2008). Buna
karsilik, Mosambi portakalinda 15 ppm NAA
uygulamasinda C vitamini igerigi bakimindan
farklilik ortaya ¢gikmamuistir (Ghosh ve ark., 2012).

BA (Benzyladenine) ve Kinetin

Kinnow mandarin g¢esidinde, meyve olusumu
doneminde, 30 ppm BA (%49,8) ve kinetin
(%51,64) uygulamalari ile meyve suyu miktarinda
artis kaydedilmistir. Cigeklenme doneminde 20
ppm BA ve kinetin, meyve olusumu doneminde ise
10, 20, 30 ppm BA ve kinetin uygulamalarinin
kontrol grubuna gore SCKM, TA ve SCKM/TA
orani lzerine istatistiki anlamda benzer etkiler
gosterdigi  vurgulanmaktadir. Ayrica, 20 ppm
kinetin meyve olusumu doneminde
uygulandiginda, askorbik asit igerigi en diisiik
(34,88 mg/100 ml) bulunmustur (Khalid ve ark.,
2012).

2,4-DP (2,4 Dicholorophenoxypropionic)

Clausellina Satsuma mandarininde, meyveler 10-
15 mm c¢apa ulagtigt donemde, 50 ppm 2,4-DP
puskiirtiildiigiinde meyve agirli§i, meyve suyu
verimi, asit ve suda ¢Oziinlir kuru madde
miktarinda artis belirlenmistir. Bu uygulamada,
verim agisindan 20 ppm 2,4-DP ve 25 ppm NAA
uygulamalar1 arasinda onemli bir farklilik ortaya
cikmazken, meyve kabugu kallig1 ve agirhig 2,4-
DP uygulamasina gore azalis gostermistir (Duarte
ve ark., 2006).

1-MCP (1-Methylcyclopropene)

Washington Navel portakalinda tam ¢iceklenme
doneminde, 5 mM I-MCP uygulamasi meyve
dokiimiinii azaltma Tzerine etkisi bakimindan
onerilmektedir. Ancak SCKM/TA oraninda azalma
kaydedilmistir (Farag ve Nagy, 2012).
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3,5,6-TPA (3,5,6- Trichloro-2-Piridil Oxyacetic
Asit)

Redblush ve Marsh Seedless greyfurtlarinda, TPA
uygulamalarinin (10, 15 ve 20 ppm) meyve
dokiimiini kontrole gore %69-96 oraninda azalttig
bildirilmektedir (Anthony ve Coggins, 2001).
Nova mandarin ¢esidinde ise, erken donemdeki bu
uygulamalarda, biiylik oOlglide meyve dokiimii
gortiliirken, ge¢ donemdeki uygulamalarda verim
yikselmistir (Greenberg ve ark., 2006).

Kombine uygulamalar

Meyve dokiim oraninin azaltilmasinda, Pera
portakalinda 25 ppm GA; + 2,4-D (Almeida ve
ark., 2004), Navel portakalinda ¢i¢ceklenmeden 5-9
hafta sonra 20 ppm 2,4-D + 20 ppm GA; (Lima ve
Davies, 1984), Hamlin, Pineapple ve Valensiya
portakal cesitlerinde 18 g/da GA; + 24 g/da 2,4-D
(Davies ve ark., 1997) uygulamalarinin daha etkili
oldugu ifade edilmektedir. Renk doniimiinde,
Arakapas mandarininde 20 ppm GA; + 25 ppm
2,4-D buna karsilik, Klemantin mandarininde 20
ppm GA; + 15 ppm 2,4-D uygulamalar
onerilmektedir (Gregoriou ve ark., 1996). Aym
donemde, Marsh Seedless greyfurt ¢esidinde 20
ppm GA; + 20 ppm 2,4-D uygulamalarinin meyve
dokiim oranim1  6nemli derecede azaltmasi
dolayistyla meyvelerin agagta depolama siiresini
uzattig bildirilmektedir (Ferguson ve ark., 1982).

GA; + 2,4-D uygulamalari, Navel portakali (Lima
ve Davies, 1984; Ismail ve Wilhite, 1992) ve
sanayiye uygun portakal (Davies ve ark., 1997)
cesitlerinde meyve kabuk sikiligimi arttirmis olup
kabuk renk gelisimi ve kabuk yaslanmasinin
gecikmesine neden olmustur. Benzer sekilde,
Marsh Seedless greyfurt agaglarina 20 ppm GA; +
2,4-D (Ferguson ve ark., 1984) ve 10 ppm GA; +
20 ppm 2,4-D (Dinar ve Krezdorn, 1976)
uygulamalarinin kabuk direncini arttirdig1 ve renk
gelisimini geciktirerek hasat donemini etkili bir
sekilde uzattig1 sonucuna ulagilmistir.

Meyve suyu verimi, Valensiya cesidinde 18 g/da
GA; + 24 g/da 2,4-D uygulamasinda yiiksek
bulunmustur (Davies ve ark., 1997). Buna karsilik,
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uygulamalarin Marsh Seedless greyfurt (Ferguson
ve ark., 1984) ve Washington Navel portakalinda
meyve lizerine etkili olmadigi
gorilmistir (Ismail ve Wilhite, 1992). Benzer
sekilde, Pera portakal agaglarina 12.5 ppm GA; +
2,4-D, 25 ppm GA; +2,4-D, 37.5 ppm GA; + 2,4-
D, uygulamalari meyve eni ve boyunda bir
degisiklige neden olmamistir (Almeida ve ark.,
2004). Ayrica GA; + 24-D uygulamalarinin
SCKM, asit ve briks degerini (Ismail ve Wilhite,
1992; Davies ve ark., 1997), Klemantin ve
Arakapas mandarin c¢esitlerinde de verim ve
pazarlanabilir meyve orami etkilemediginden soz
edilmistir (Gregoriou ve ark., 1996).

suyu miktar

25 ppm NAA + GA;, uygulamasi ile Washington
Navel portakalinda kontrole gore,
dokiimiiniin 6nemli Ol¢lide azaldigi, ayrica, meyve
eni ve boyunun ise artig gosterdigi kaydedilmistir
(Farag and Nagy, 2012).

meyve

GA3;+AVG uygulamasinda, Hamlin portakalinda,
meyveler nisan ayma kadar agacta muhafaza
edildiginde, meyve dokiim orami ortalama 10
meyve/agag olarak belirlenirken, bu deger, mayis
ayina kadar muhafazada Pineapple portakalinda
70-100 meyve/agag¢ olarak bulunmustur. Sanayiye
uygun Hamlin, Pineapple ve Valensiya portakal
cesitlerinde 18 g/da GA; + 50 g/da AVG, 18 g/da
GA; + 100 g/da AVG uygulamalarinin kabuk renk
gelisimini  geciktirdigi ve kontrole gore kabuk
sikiligint arttirdig: tespit edilmistir. Diger taraftan,
uygulamalar Hamlin, Pineapple ve Valensiya
portakal cesitlerinde briks ve asit icerigi iizerinde
etkisiz bulunmustur (Davies ve ark., 1997).

NAA + 1-MCP uygulamasinda, Washington Navel
portakalinda 25 ppm NAA + 5 mM 1-MCP,
uygulamasinda SCKM/TA orani, toplam seker,
asit, C vitamini igerigi ve verim kontrole gore
yiikselis gostermis buna karsilik, karoten igeriginin
azaldig1 saptanmistir (Farag ve Nagy, 2012).

Portakal, mandarin ve greyfurt cesitlerinde
uygulanan bazi biiylime diizenleyici maddeler ve

etkileri 6zetlenerek Cizelge 1’de verilmektedir.
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Cizelge 1. Turunggil tiirlerinde biiyiime diizenleyici maddeler ve etkileri.

Table 1. The growth regulators and their effects on Citrus species.

Meyvedeki etkileri Biiylime diizenleyici maddeler
Effects on fruits Plant growth regulators
Meyve agirliginda artig 2,4-DP; 2.4-D; GA;

Increase in fruit weight

SCKM ve asit igeriginde artig
Increase in TTS and acid content
C vitamini igeriginde artis
Increase in vitamin C

Meyve suyu veriminde artis
Increase in fruit juice

Kabuk renk gelisiminde gecikme
Delay in the development of skin color
Kabuk direncinde artis

Increase in peel strenght

Puflagmanin azalmasi GA;
Reduction of puffing
Verim artig1 NAA + 1-MCP

Yield increase

Meyve dokiim oraninda azalma
Decrase of fruit drop ratio
Agacta depolama siiresinde artis
Increase on - tree storoge

2,4-DP; NAA; GA3, NAA + 1-MCP

GA; NAA + 1-MCP

2,4-DP; NAA; GAj; BA; Kinetin; GA3+ 2,4-D
GA;. GA;+AVG; GAs+ 2,4-D

GAs. GAy+2,4-D

2,4-D; GA;3; 3,5,6-TPA; GA3+AVG; GA3+NAA; GA3+2,4-D

2,4-D; GAy; GAs+ 2,4-D

SONUC

Turunggil tiirlerinde, {iriiniin yiiksek fiyatla ve
daha genis yelpazede pazara sunumu agisindan
meyveler agag¢ iizerinde belirli bir siire muhafaza
edilebilmektedir. Ancak bu siirecte, meyve
dokiimleri ve kalite kayiplar1 ortaya ¢ikmaktadir.
S6z konusu sorunlarin Onlenebilmesi amaciyla,

bitki Dbiiylime diizenleyici maddelerle farklh
zamanlarda ve dozlarda yapilan uygulamalarin,
irin kaybmin azaltilmasinda, kabuk renk

gelisiminin gecikmesi, direncin artmasi, hasat
doneminin uzamasi ve i¢sel kalite 6zelliklerinin
iyilesmesi bakimindan olumlu etkileri ortaya
konmustur.

Bu uygulamalar ile {iriiniin aga¢ lizerinde daha
kaliteli bir sekilde muhafazasi sayesinde hem
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Tablo dipnotlart i¢in ise f, §, # ¥ ) gibi semboller
kullanilir.

19. Metin i¢inde yer alan kisaltmalar ilk yazildiginda tam
aciliminin yaninda parantez ig¢inde gosterilmelidir. DNA
vb. standart kisaltmalar i¢in bdyle bir tanimlamaya gerek
yoktur. Kisaltmalar i¢in Tiirk Dil Kurumu (TDK) yazim
kurallar1 dikkate alinmalidir.

20. Yaymin benimsenen bilimsel standartlara uymadigi veya
anlasilmas1 zor ve gereksiz tekrarlamalarla dolu oldugu
durumlarda, Anadolu Yayin Kurulu, yayinlanmak iizere
sunulan makale iizerinde degisiklik yapma hakkina
sahiptir. Biiyiik Ol¢lide diizenlenme gerektiren yazilar
diizeltme ve yeniden yazim i¢in yazarina geri gonderilir.
Bu gibi makalelerin, diizeltilerek en ge¢ 3 hafta icinde
Anadolu Yayin Kurulu’na tekrar gonderilmesi gerekir.

21. Dergiye gonderilen yazilarin Anadolu’da yayimlanip,
yayimlanamayacagi dort ay igerisinde yazara bildirilir.

22. Bir makalenin Anadolu'da yer almasi, igeriginin
benimsendigi anlamini tagimaz ve bu konuda dergiye
herhangi bir sorumluluk yiiklemez. Makalelerin bilimsel
sorumluluklari yazarlarina aittir.

23. Yazarlara telif hakki olarak herhangi bir maddi 6deme
yapilmaz. Makale yazarina bir adet ayr1 basim gonderilir.
Daha fazla ayri basim iicrete tabidir.

24. Anadolu yazim kurallar1 Ege Tarimsal Arastirma Enstitii
Midiirligii'nden veya web sitesinden temin edilebilir.
(https://arastirma.tarimorman.gov.tr/etac/Menu/48/Anadolu-
Dergisi).



INSTRUCTIONS TO AUTHORS OF MANUSCRIPTS
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Journal of ANADOLU aims to provide a medium of
communication among scientists in the fields of
agricultural science, by publishing original research
articles and reviews.

Journal of Aegean Agricultural Research Institute,
ANADOLU is biannually issued and published by the
Aegean Agricultural Research Institute (AARI).

Manuscripts should not exceed 20 pages, must be typed
double-spaced, all pages numbered starting from the
title page and written in Turkish or English.

ANADOLU encourages authors to prepare their articles
according to publication policy of ANADOLU.
Manuscript prepared by using MS Word must be
submitted to the AARI directorate as e-mail attachment
at “etac@tarimorman.gov.tr or anadolu.etac@gmail.com”
is strongly encouraged.

Authors should declare that the manuscript is original
research or review and no similar paper has been published
or submitted for publication elsewhere. The cover letter
should include the corresponding author's full address,
telephone numbers and an e-mail address. The manuscripts
are not sent back to the author if it is not published.

A manuscript number will be
corresponding author within three days.

mailed to the

Manuscripts should be arranged as follows

The manuscript should consist of the parts of Title,
Abstract, Keywords, Introduction, Material and Methods,
Results and Discussion, Conclusion (if necessary),
Acknowledgement (if necessary) and References. All
these headings should be written as bold capital letters.

TITLE: Should be clear, concise but informative
containing key words that reflect all important aspects
of the article. The title should be followed by the author
(s) name (s), and address (es).

ABSTRACT: Should be complete in itself and
informative without reference to text or figures, including
keywords, and not exceeding 200 words. Following the
abstract, about 3 to 10 keywords should be listed.

INTRODUCTION

MATERIALS AND METHODS
RESULTS AND DISCUSSION
CONCLUSIONS (If necessary)
ACKNOWLEDGEMENT (If necessary)
REFERENCES

The manuscript should be written in Times New Roman
font. All headings should be written without indendation
except heading of abstract that should be written with
1.25 c¢m indent. Size of headings and their styles should
be written as follows: Title of manuscript should be bold
and 14 size; Introduction, Material and Methods, Results
and  Discussion, Conclusion (if  necessary),
Acknowledgement (if necessary) and their headings 11
size; Abstract, Keywords, Tables, Graphics, Figures,
Legends and References 9 size.

11.

12.

13.

The title page should include the authors' full names.
Following the title and one space line, authors’ names
should be written with 11 sizes and bold. First name of
the authors are written miniscule and the last name
capital letters.

Present addresses of authors’ and e-mail of
corresponding author should be written as a footnote.

The page size and margins of manuscript are as follows:
A4; top: 4.0 cm, bottom: 3.35 cm, right: 2.25 cm, left: 2.25
cm, header: 2.55 cm, footer: 2.35 cm. Each paragraph
should start without indentation, and be aligned to both
side.

Species, genus, and latin names should be written in
italic.

References should be arranged alphabetically at the end
of the paper. The author-year notation system is
required; do not use numbered notation. All single-
author entries precede multiple-author entries for the
same first author. Use chronological order only within
entries with identical authorship (alphabetizing by title
for same-author, same-year entries). Add a lowercase
letter a, b, c, etc. to the year to identify same-year
entries for text citation. Do this also for any multiple-
author entries. When there are more than two authors,
only the first author‘s name should be mentioned,
followed by “et al” and “year”. In the References each
book should be listed by their publisher name,
publication number (if available). All words of the book
title and only the first word of the book parts and
manuscript title should start with a capital letter. Each
reference should be written with 1 cm indent except for
the first line. Journal names are abbreviated according to
Science &  Engineering Journal = Abbreviations
(http://scieng.]  ibrary.ubc.ca/). Authors are fully
responsible for the accuracy of the references. The
author-year notation system is also required in the
manuscript. More than one citation are placed
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chronologically in order and separated by semicolon “;”.

Reference examples

Paper from a Symposium, Conference or Seminar:

Yang, S. M. 1988. Report of the ad hoc committee on

sunflower rust. p. 250-255. In: Proc. 12th Int.
Sunflower Conf., Vol. II. Novi Sad, Yugoslavia. 25-
29 July. Int. Sunflower Assoc. Paris, France.

Arslanoglu, F. ve I. Atakisi. 1997. Baz1 patates ¢esitlerinde

farkli yumru iriliklerinin ve dikim sekillerinin yumru
verimi ve verim kriterleri iizerine 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. lowa State Univ. Press.
Ames, IA.

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,
Izmir.

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 Bati 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. Aygiceginde (Heliauthus aiviuus L.) melez
varyete (F1) i1slahinda kendilenmis hatlarin ¢oklu dizi
(Line x Tester) analiz yontemine gore kombinasyon
yeteneklerinin  saptanmasi lizerine 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.
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. Tmla kilavuzu. Tiirk Dil Kurumu yayinlari.
No: 525. Ankara.

Anonymous. 1970. Septoria helianthi. CMI distribution
maps of plan diseases. No: 468. Commonwealth
Mycol. Inst., Kew, England.

14. The graphics, pictures, maps etc. are named as “Figure”
and the numerical values are presented as “Tables”.

15. 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.

16. 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.

17. 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.

18. 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, §, #, ¥, I.

19. 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).

20. 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.

21. The corresponding author will be informed whether the
manuscripts accepted or rejected within four months.

22. 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

23. No financial grant for copyright is payable to the
contributor. One free reprint of an article will be sent to
the senior author. Further copies may be obtained on
payment.

24. Instruction to author of manuscript of ANADOLU can
be obtained from the directorate and/or the web site
(https://arastirma.tarimorman.gov.tr/etaec/Menu/48/Anadolu
-Dergisi) of AARI.
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