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Arastirma Makalesi (Research Article)

Arapgir Dolma Biber Popiilasyonundan Seleksiyonla Secilen Umitvar Genotiplerin
Bitkisel Ozellikleri Yéniinden incelenmesi

Ozlem ALTUNTAS!, Rabia KUCUK*2, Mira¢ DEGIRMENCI?
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Makale Bilgileri Oz: Bu galisma, Malatya ve ¢evresinde biber yetistiriciliginde % 80 gibi yiiksek
) bir oranda tercih edilen, yore halki tarafindan severek tiiketilen ve sebze
Gelis: 17.09.2020 yetistiriciligi yapilan alanlarda en fazla yetistirilen sebzelerden birisi olan

Kabul: 30.12.2020
Online Yaymlanma 30.03.2021
DOI: 10.29133/yyutbd.793803

Arapgir biberi ile gerceklestirilmistir. Calismanin amaci popiilasyonun
saflastirilmasi, verim ve Kkalitesi yiiksek hatlar1 ortaya gikararak, standart ve
hibrit ¢esitler gelistirmek {izere baglangic materyali elde etmektir. Arapgir

Anahtar kelimeler biberi’nin  yogun olarak yetistiriciliginin yapildigi yo6relerden tohumluk

toplanmig, bu tohumlardan yetistirilen bitkiler degerlendirilmis olup, segilen
Biber (Capsicum annuum), hatlarin  saflagtirilmast  “D6l  Kontrollii Teksel Seleksiyon” yontemi ile
Cesit, gerceklesmistir. Tyi 6zellikteki 20 hat belirlenerek, iki yilin sonunda elde edilen
Gen kaynagi, hatlarda verim ve bazi meyve Ozellikleri tespit edilmistir. Sonug¢ olarak, S3
\S/ee'reii:s'yonl (3234.3 g/m?), S4 (2959.7 g/m?) ve S12 (2662.6 g/m?) hatlarmdan verim

bakimindan diger hatlara gore iistiin sonuglar elde edilmistir. Ayrica Arapgir
biberinin morfolojik dzellikleri, verim ve meyve 6zellikleri olarak devam eden
bir ¢alismanin iki yillik ortalama sonuglar1 sunulmustur. Bu baglamda gruplar
arast benzerlik dendogrami 2 farklt grup olusturmus ve biber Ornekleri bu
gruplandirmaya gére tanimlama yapilmigtir.

Investigation of Promising Genotypes Selected From Arapgir Bell Pepper Population in
Terms of Their Plant Characteristics

Article Info Abstract: In this study, 80% preferred pepper cultivation in Malatya, one of
) the most grown vegetables in the areas which are consumed by the local people
Received: 17.09.2020 and grown in vegetable is realized with local Arapgir pepper landrace. The

Accepted: 30.12.2020
Online Published 30.03.2021
DOI: 10.29133/yyutbd.793803

purpose of the study is to obtain from the starting material to develop a
standard and hybrid variety by revealing lines of high purity, yield, and quality
of the population. Seeds were collected from the regions where Arapgir pepper

Keywords was cultivated intensively. Plants grown from these seeds were evaluated and

the lines were purified by the method of "Progeny Controlled the Single Plant
Pepper (Capsicum annuum), Selection". The lines with 20 good characteristics were determined and yield
Variety, and some fruit characteristics were determined in the lines obtained at the end
Genetic resources, of two years. As a result, superior results were obtained from compared to the
\S(eiLelgt'O”' other lines in terms of S3 (3234.3 g m?), S4 (2959.7 g m?) and S12 (2662.6 g

m?) efficiency. In addition to, we present the two-year results of an ongoing
study on morphological characteristics, yield and some fruit characteristics of
Arapgir pepper. Average linkage cluster analysis extracted 2 different groups
and pepper samples were identified according to this analysis.
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1. Giris

Tohum ya da tohumluk bitki yetistiriciligi agisindan en 6énemli unsurdur. Bitkinin verimi ya da
iiriin kalitesi tohumun tasidig1 6zelliklerle direkt ilgilidir. Ayrica bitki yetistirmede uygulanan bakim
islemleri ne kadar iyi olura olsun iiretimi arttirmada tohum tarafindan belirlenen genetik sinirlarin
Otesine gecemez. Yillarca bulundugu ekolojiye uyum saglamak i¢in belirli biyotik ve abiyotik stres
faktorlerine karsi ayakta kalabilmis ve devamliligini saglamis olan yerel popiilasyonlar iyi bir
materyaldir. Ulkemiz, iireticilerin gerceklestirdigi dogal seleksiyon sonucu olusan ve halen biyik
cesitlilik gosteren eski kiiltiir bitkilerine ait yerel gesitler bakimindan essiz kaynaklara sahiptir.
Tohumun tarmmsal iiretimde kullanilmasi, insanoglunun tarima basladig1 y1l kadar eskidir. Tohum ya
da tohumluk her zaman bitki yetistiriciligi agisindan en dnemli unsurdur. Bir bitkinin verimi ya da
iiriin kalitesi tohumun tasidig1 6zelliklerle direkt ilgilidir. Zira bitki yetistirmede uygulanan bakim
islemleri ne kadar iyi olura olsun {iiretimi arttirmada tohum tarafindan belirlenen genetik sinirlarin
Otesine gecemez. Bu anlamda yeni ve {listliin bitki ¢esitlerinin tarimsal iiretime kazandirilmasi ile
Onemli derecede verimlilik artis1 saglamak miimkiindiir. Cesit gelistirirken en iyi kaynak yerel
popiilasyonlardir (Arslan, 2010). Insanoglu siiregelen yetistiricilik sezonlar1 boyunca tecriibeleri ve
begenileri dogrultusunda kalite 6zellikleri yiiksek dogal seleksiyonun etkisiyle 1slah ettikleri ve
bulunduklar yéreye adapte olmus bir kiiltiir bitkisine ait gesitler, yerel ¢esit ya da kdy ¢esidi olarak
adlandirilir. Yerel gen kaynaklari, ¢esit 1slah ¢alismalarinin basarili bir sekilde uygulanabilmesinde en
onemli unsurlardan biri olan fenotipik varyasyonun esasini olusturmaktadir (Balkaya ve ark., 2010).

Ulkemiz, bircok tiriin bitki genetik kaynaklar1 ve genetik cesitliliginin gen merkezi
konumunda olmast bakimindan diinyanin 6nemli iilkelerinden biridir (Karagoz ve ark., 2020). Yerel
popiilasyonlar bu agidan zengin gen kaynaklar1 olup, yeni genotiplerin elde edilmesinde
kullanilabilecek baslangi¢ materyallerini olusturmaktadir. Bu yerel cesitlerin tiiketici isteklerine uygun
yeni gesit olarak kullanilmasi ancak islah c¢aligmalarinda kullanilmasi yoluyla gerceklestirilebilir.
Kayit dis1 olarak 1slah edilen yerel gesitler, tarim1 yapilan alandaki ¢evre kosullarina 6zel adaptasyonu
ile karakterize edilmekte olup bunlar1 gelistiren ve yetistirmeye devam eden toplumlarin kutlama,
aligkanlik, bilgi ve geleneksel kullanimlar ile yakin iliski i¢indedirler (Negri, 2007).

FAO 1999’ a gore diinya tarimsal biyolojik ¢esitliliginin % 75’1 20. ylizyi1lda kaybolmustur.
Yerel cesitler hizla yok olmaktadir. Son senelerde yerel (ata) cesitleri yetistiren ve bu baglamda
genetik zenginligimizin devamini saglayan kiiclik aile isletmeleri modern cesitlerle dada biiyiik
alanlarda yetistiriciligi tercih etmeye baglamislardir. Bunun yani sira, artan niifus, yoksulluk, toprak
bozulmalari, ¢evresel degisiklikler gibi unsurlarda kiiltiir bitkilerine ait genetik kaynaklarda erozyona
yol agmustir. Bunun yani sira, hizli bir sekilde kdyden kente go¢ olmasi, birgok kdyde yaslilarin
¢ogunlugu olusturmast yerel tohumlarin hizla yok olmasinmi siddetlendirmektedir. Ayrica kiiresel
1sinma nedeni ile diinyada yasanan iklimsel ve ¢evresel olumsuzluklarla yerel popiilasyonlarin giiglii
bir basa ¢ikma kapasitesinin oldugu da bilinmektedir (Arslan, 2010).

Biber, diinyada ve iilkemizde degisik sekillerde yogun olarak tiiketilen, bahce ve tarla
sebzeciligi yaninda en onemli sera sebzelerinden birisidir. Ulkemizin hemen her bélgesinde biber
yetistiriciligi yapilmaktadir. Genis tiir ve tip zenginligine sahip olmasi, degisik sekillerde
tilketilebilmesi ve tarima dayali sanayi icin 6nemli bir hammadde olmasi biberi 6ne ¢ikaran
ozellikleridir. Biber besin igerigi bakimimdan oldukga yiiksek degere sahiptir. 100 gram taze yesil tath
biberde, 29 kalori, 0.2 g yag, 96.2 g su, 1.1 g protein, 4.2 g karbonhidrat, 1.4 g seliiloz bulunmaktadir
(Glinay, 2005). Diinyada biber tiretiminde tilkemiz yillar bazinda degisiklik gosterse de ilk igte olmay1
korumakta olup, bazi yillar Cin’den sonra ikinci sirada bazi yillarda ise Cin ve Meksika’dan sonra
ligiincii sirada yer almaktadir. Ulkemizde 2019 yili verilerine gore; 2 625 669 ton biber Uretimi olup
bunun 378 918 tonu dolmalik biber olarak yetistirilmektedir (Tuik, 2019).

Malatya ili ve ¢evresindeki Greticiler, “Arapgir biberi” nin tohumunu geleneksel yontemler
kullanarak daha ¢ok kendi tohumunu kendileri almak suretiyle biber iiretimini yapmaktadir. Biberde
tohum Uretiminde izolasyon tekniklerine 6zen gosterilmedigi siirece genotipler arasinda heterojenite
meydana gelebilmektedir. Son yillarda Adiyaman yoresinden getirilen biber popiilasyonu da yorede
iretilmeye baslamis bunun yaninda diger iiretimi yapilan gesit ve populasyonlarla Arapgir biberinin
karigmasi, verim, meyve iriligi, sekli, rengi, aroma yoniinden farkli &zelliklere sahip bireylerden
olusan karigik bir popiilasyon halini almasi kendi ger¢ek 6zelliklerini kaybetmesi olasidir. Bu durumda
bir drnek iiretim ve ayni kalitede sofralik iiriin elde edilmesi kisitlanir.
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Bir tiirde toplanan gen kaynaklarimin karakterizasyonlar1  yapilarak  ozellikleri
tanimlanmadiklar1 siirece 1slah programlarina girmemekte, tanimlama yapilmadan 1slah programlarina
alinsa bile kisa bir zaman diliminde kayba ugramaktadirlar (Balkaya ve ark., 2010). Bu nedenle
gelecek nesiller igin yerel ¢esit gesitliliginin kayitlanmasi, ex situ ve in situ sistematik koruma
durumlarinin tanimlanmasi ve uygulanabilmesi, degisikliklerin izlenebilirligi, degisen pazar
taleplerinin karsilanmasinda yerel ¢esit kullammlarimi artirma ve iilkemiz gida giivenligine katki
saglamasi bakimindan ulusal yerel gesit envanterinin hazirlanmasi 6ncelik tagimaktadir (Tas ve ark.,
2017).

Ulkemizde ise biber 1slah1 ¢alismalar1 1980°li yillarda baslamis ve basarili sonuglar alinmistir.
Bu ¢aligmalarm sonucunda birgok standart gesit gelistirilmistir (Siirmeli ve Erdogan, 1985; Inan, 1988;
Siirmeli ve Simsek, 1991; Ekiz ve Kemer, 1995). Ulkemizde son yillarda hibrit biber cesitlerinin
kullanim orani artmis olmasina ragmen halen seleksiyon yoluyla gelistirilmis olan g¢esitlerin kullanimi
oldukga yaygindir. Malatya Tarim 11 Miidiirliigii verilerine gére 2019 yilinda Malatya ve ilgelerinde
dolmalik biber ekilen alan 5 625 dekar ve buradan elde edilen tiretim miktar1 11 527 tondur (TUik,
2019). Bu tiretimin yaklasik % 80’1 Arapgir biberidir. Arapgir biberi dolmalik biber ¢esidi olmakla
birlikte; yorede taze ya da pisirilerek tiiketiminin yaninda tursuluk olarak da tercih edilmektedir.
Meyvelerinin dzellikleri; rengi agik sar1 olup, agirligi 80-100 gram arasinda, meyve eti kalinligi 2-2.5
mm, tatli ve aromas1 giizel, 3-4 lobludur. Piyasaya giren yeni ¢esitlerin devreye girmesi ve treticiler
tarafindan bu gesitlerin tercih edilmesi ve kullanilmasiyla yerel g¢esitlerin her gecen giin tiretimi
azalmakta ve zamanla kaybolmaktadir. Bu ¢alismadaki amacimiz, popiilasyon halindeki “Arapgir
biberi”ni saflagtirma g¢aligmalarina baslamak, meyve kalitesi, verimi Ustiin olan homojen hatlar
belirleyerek yerel g¢esidi standart gesit haline getirmek ya da biber islahinda kullanilacak nitelikli
genetik materyalin olusturulmasidir.

2. Materyal ve Yontem

Deneme, Malatya Turgut Ozal Universitesi Ziraat Fakiiltesine ait Arastirma ve Uygulama
Alaninda yuritilmistir. Arapgir biberinin genis alanlarda yetistirildigi, Malatya’min biber
yetistiriciligi yogun yapilan ilgelerinden 6zellikle Arapgir ve koylerinden bitki, meyve 6zellikleri ve
verim yonunden Ustin degerler gosteren bitkilerin meyvelerinden alinan tohumlar, bitkisel materyali
olusturmustur. {1k y11 16 farkli lokasyonda her lokasyonda 10 farkl iireticiden alinan 160 hat tohumla
calistlmustir. Ureticilerin lokasyonlar1 Arapgir ilgesi merkez dahil olmak iizere; Aligh, Cakirsu, Eynir,
Gilinyiizli, Kaynak, Kilicli, Pagali, Sugecti, Selamli, Tarhan, Tasdibek kdyleri olmakla birlikte Yazihan
ilce merkezi ve Akyazi, Balaban ve Boztepe koyleridir. Calisma 2016-2018 yillarinda
gerceklestirilmis, “D0Ol Kontrolli Teksel Seleksiyon” yontemi kullanilarak ilk yil popiilasyondan elit
bitkiler secilmis ve her bitkinin tohumlar: bir hat olusturacak sekilde yetistirilmistir. Ik yil
popiilasyondan elit bitkiler se¢ilmis ve her bitkinin tohumlar1 bir hat olusturacak sekilde yetistirilmis,
hatlar bitki ve meyve o6zellikleri ile verim yoninden gozlenerek, Ustin hatlardan en iyi bitkiler
secilerek kendilenmis ve yeni hatlar olusturulmustur. ikinci yil kendilenen yeni hatlar ile deneme
kurulmustur. ikinci yil hatlar1 arasinda yine en iyileri belirlenerek hat sayis1 20’e diisiiriilmiis ve
makalede tigiincii y1l 20 hat tizerinden deneme sonuglar1 sunulmustur.

2.1. Denemenin kurulmasi

Arapgir biber tohumlar torf+perlit (1/2+1/2) karisimi harcin bulundugu viyollere Mart aymin
ilk haftas1 ekilerek fide iiretimleri serada gergeklestirilmistir. Fideler 28 Mayis 2018 tarihinde
arazideki yerlerine 0.8 x 0.5 m dikim mesafesi ile tesadif parselleri deneme desenine gore (¢
tekerrlirlu ve her tekerrirde yedi bitki olacak sekilde dikilmistir. Genotiplerin morfolojik
variyabilitesini belirlemek amaciyla toplam 14 farkli fenotipik 6zellikten yararlanilmigtir. Parsellerden
hasat iriliginde alinan yaklasik 30 adet meyvede meyve boyu, ¢api, agirligi, lob sayisi ve et kalinligt
belirlenmistir. Meyve ve bitki 6l¢iimlerinde cetvel ve dijital kumpas kullanilmigtir. Biyomas 6l¢iimleri
yesil yas aksamlar kese kagitlarina konulup hava dolagimli kurutma firininda 65-70 °C’de kurutularak
(g) olarak belirlenmistir. Verilecek giibre miktarlari, deneme alaninin toprak analizi sonuglarina
(Cizelge 1) gore belirlenmis olup dekara; 12 kg da* N, 5 kg da P, 15 kg da* K, 5 kg da™ Ca ve 3 kg
da® Mg olacak sekilde uygulanmstir (Salk ve ark., 2008).
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Cizelge 1. Deneme alaninda yapilan toprak analiz sonucu

Derinlik (0-30 cm) Sonug
Saturasyon (%) 55.0 Killi Tinh
pH (1:2,25) 8.17 Orta Alkali
EC (mmhos/cm) 1.066
% Tuz 0.04 Tuzsuz
Kireg (%) 43.7 Cok Yiksek
Organik Madde (%) 3.80 Yeterli
Azot (%) 0.202 Yiksek
Alnabilir Fosfor (ppm) 39.07 Yiksek
Alnabilir Potasyum (ppm) 765.00 Cok Yiksek

Bitkilerde incelenmis olan ozellikler: Bitkide incelenecek kriterler IBPGR (International
Board for Plant Genetic Resources) tanimlamalarina (descriptor) gore belirlenmistir.

Cizelge 2. Bitkilerde incelenmis olan 6zellikler

Bitki ozellikleri Meyve dzellikleri
Bitki biiylime sekli Meyve boyu

Ilk ciceklenme icin gecen giin sayisi Meyve c¢api

ilk meyve olgunlagmasi i¢in gegen giin sa Meyve agirlig
Bitki yesil aksam yas agirlig Meyve eti kalinligi
Bitki yesil aksam kuru agirligi Meyve rengi

Meyve odacik sayisi

Meyve enine kesit sekli
Meyve ¢icek ucu sekli
Meyve basina tohum agirligi

Incelenen o6zelliklerin istatistiki degerlendirmeleri igin JMP 8.0 analiz paket programi
kullanilmistir.  Genotipler arasindaki farkliliklarin belirlenmesi i¢in Duncan Testinden istifade
edilmistir. Ayrica biber orneklerinin morfolojik &zelliklerine gore yakinlik uzaklik iliskilerini
belirlemek igin de kiimeleme (cluster) analizi SAS-JMP/8 istatistik programi kullanilmistir.

3. Bulgular
3.1. Bitkilerde yapilan gozlem ve olciimlere ait bulgular

Biber genotipleri arasinda Olgiilebilen gozlem degerleri arasinda genis bir varyasyon oldugu
saptanmistir. Arapgir biber bitkisi ve meyvesine ait gorseller Sekil 1°de sunulmustur. IBPGR

tanimlamalarina gore Arapgir biber bitkisinin 6zellikleri asagidaki gibidir (Cizelge 3).

Cizelge 3. Arapgir biber bitkisinin genel dzellikleri

Bitki ozellikleri Meyvelerde alinan dzellikler
Bitki biiylime sekli dik Meyve boyu 74 mm
Ilk gigeklenme igin gecen giin sayisi 23 glin Meyve gap1 48 mm
Ilk meyve olgunlasmast i¢in gegen giin sayisi 54 gun Meyve agirlig 429
Bitki yesil aksam yas agirligi 2297¢ Meyve eti kalinligi 2.22 mm
Bitki yesil aksam kuru agirlig 399¢ Meyve rengi sar1
1000 tohum agirlig 11.95¢g Meyve odacik sayisi 4
Hipokotilde antosiyan olusumu yok Meyve enine kesit sekli diz
Meyve ¢igek ucu sekli ice ¢cOkmiis

Meyve basina tohum agirlig 0.735¢g
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Sekil 1. Arapgir biber bitkisi ve meyvesi.

Hatlarda bitkilerde yapilan 6lgiim sonuglari ve verim degerleri Cizelge 4’de sunulmustur.
Cizelge 4’deki sonuglar degerlendirildiginde, verim, bitki boyu, yesil aksam yas ve kuru agirlik
verileri istatiksel duzeyde anlamli sonuglar verirken gévde ¢apinin sonuglarinda 6nemli farkliliklar
bulunmamistir. Bu baglamda sirasiyla S3 (3234.3 g/m?), S4 (2959.7 g/m?), S12 (2662.6 g/m?) ve S5
(2387.7 g/m?) hatlarina ait bitkilerde en yiiksek verim sonuclar1 elde edilmistir. Bitkisel 6zelliklerde
ise; bitki boyu bakimindan, S8 (64.07cm), S9 (63.94cm), S15 (56.76¢cm) ve S4 (55.02cm) hatlart; yesil
aksam yas agirlik, S16 (2967.3 g), S2 (2816.2 g), S20 (2683.6 g) ve S17 (2628.1 g) hatlar1 6ne
cikmistir. Yesil aksam kuru agirlik bakimindan ise S12 (518.33 g), S1 (491.66 g) ve S20 (468.66 g)
hatlar1 6ne ¢ikmistir. Govde capt bakimindan hatlar1 arasinda fark olugamamasina ragmen diger
bitkisel 6zelikleri iyi olan hatalara yakin sonuglar elde edilmistir.

Cizelge 4. Secilmis kendilenen hatlarda bitkilere ait bazi dlgiim ve verim sonuglari

Kendilenen  Bitki Boyu Govde Yesil aksam Yesil aksam Verim
hatlar (cm) cap1 (mm) yas agirhik (g) kuru agirlik (g) (g/m?)

S1 50.38 bcde 16.02 2816.2 ab 491.66 ab 1980.2 bede
S2 49.16 bcde 15.06 2352.1 bedefg 437.66 bcde 2003.0 bede
S3 52.67 bed 17.43 2399.3 bedef 412.66 cdef 32343 a

S4 55.02 abc 19.66 2328.6 bcdfgh 407.66 def 2959.7 ab
S5 53.25 be 16.49 2571.6 abcde 456.66 bcd 2387.7 abcd
S6 43.25e 14.06 1889.6 ghi 338.66 ghi 1350.7 de
S7 50.02 bede 14.27 2032.3 fghi 336.33 ghi 1763.1 bede
S8 64.07 a 12.98 1979.2 fghi 380.10 efgh 1497.0 cde
S9 63.94 a 16.02 2140.1 defgh 379.20 efgh 2337.5 abcd
S10 51.33 bede 16.37 1777.11 319.66 1 1931.8 bede
S11 50.48 bcde 16.33 2096.1 efghi 352.33 fgh 1991.1 bede
S12 48.40 bcde 18.28 2374.1 bedefg 518.33 a 2662.6 abc
S13 47.60 bcde 17.37 1847.3 i 342.33 ghi 2353.8 abcd
S14 50.48 bcde 15.71 1928.3 fghi 286.00 1 1861.9 bcde
S15 56.76 ab 15.14 2205.1 cdefghi 357.10 fgh 1798.6 bcde
S16 50.72 bede 14.54 2967.3 a 468.66 abc 1485.8 cde
S17 46.93 cde 12.93 2628.1 abcd 422.01 cde 1287.2 de
S18 46.33 cde 15.69 2351.1 bedefg 391.01 efg 1793.3 bede
S19 45.89 cde 13.43 2580.2 abcde 493.33 ab 1226.9 de
S20 43.29 de 11.37 2683.6 abc 392.02 efg 997.8 e
prob 0.0020** OD 0.0002 ** <0.0001*** 0.0450*

(1): Ortalamalar arasindaki farklar ayn harflerle gosterilmistir.
(2): OD: Onemli Degil; ***:p<0.001; **:p<0.01; * :p<0.05.
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3.2. Meyvelerde yapilan dl¢iimlere ait bulgular

Hatlarda hasat edilen meyvelerde yapilan ol¢lim sonuglar ise Cizelge 5°de sunulmustur.
Cizelge 5’te meyvelere ait fiziksel 6zellikler bakimindan incelendiginde meyve capi, meyve boyu ve
meyve eti kalinlig: istatiksel anlamda 6nemli bulunmus olup tek meyve agirlig1 analiz sonuglarin goére
onemsiz bulunmustur. Meyve ¢ap1 bakimindan S6 (54.64 mm), S1 (52.76 mm), S7 (52.20 mm) ve S18
(52.08 mm) hatlar;; meyve boyu bakimindan degerlendirme yapildiginda, S8 (98.44 mm), S3 (80.79
mm), S10 (79.14 mm) ve S19 (78.29 mm) hatlari; meyve eti kalinligi bakimindan ise S6 (2.80 mm),
S8 (2.69 mm), S13 (2.41 mm) ve S2 (2.37 mm) hatlar1 diger hatlara gére daha iyi sonuglar vermistir.

Cizelge 5. Secilmis kendilenen hatlarda meyvelere ait 6l¢iim sonuglart

Kendilenen  Meyve agirligt Meyve cap1 Meyve boyu Meyve eti kalinlig1
hatlar (9) (mm) (mm) (mm)
S1 41.33 52.76 ab 66.13 e 211c
S2 47.27 51.66 abc 68.48 cde 2.37 be
S3 45.67 47.70 bede 80.79 b 2.36 bc
S4 49.00 51.97 abc 74.40 bede 210c
S5 45.67 51.42 abc 76.57 bede 211c
S6 52.33 54.64 a 78.16 bed 2.80a
S7 49.01 52.20 ab 76.14 bede 2.32 bc
S8 49.66 42.98 ef 98.44 a 2.69 ab
S9 45.33 50.76 abc 75.34 bede 2.26 ¢
S10 41.00 43.97 def 79.14 bc 2.16 ¢
S11 41.00 48.61 bcde 67.60 de 214c
S12 43.00 49.48 abcd 70.04 cde 2.24 ¢
S13 42.00 46.27 bcde 74.18 bede 2.41 abc
S14 39.33 47.54 bede 76.23 bede 2.09¢c
S15 39.00 48.50 bcde 70.74 bede 211c
S16 41.50 48.47 bcde 76.13 bede 2.15¢
S17 33.33 44.43 def 72.13 bede 2.04c
S18 42.00 52.08 ab 67.04¢e 2.04c
S19 40.00 47.75 bede 78.29 bc 2.37 be
S20 25.00 4011 f 69.59 cde 1.62d
prob oD 0.0006** 0.0004** 0.0013**

(1): Ortalamalar arasindaki farklar ayr harflerle gosterilmistir.
(2): OD: Onemli Degil; ***:p<0.001; **:p<0.01; * :p<0.05.

Kimeleme analizi sonucunda elde edilen veriler ile hazirlanan gruplar arasi benzerlik
dendogrami Sekil 2’de verilmistir. Klimeleme analizi sonucunda morfolojik 6zellikler bakimindan
biber genotipleri iki farkli ana gruba ayrilmustir. ilk ana grup kendi icerisinde iki dallanma gdstermis
olup birinci dallanma (1a) S1, S2, S3, S4, S5, S9, S11, S12, S15, S18 genotiplerinden olusurken ikinci
dallanma (1b) S6, S7, S8, S10, S13, S14, genotiplerinden olugsmaktadir. Birinci grup tiim incelenen
deneme materyallerinin %80’ini kapsamaktadir. Bu grupta yer alan érnekler 43-65 cm arasinda bitki
yiiksekligine sahip olup en uzun boylu bitkiler bu grupta yer almistir. Grup iiyeleri govde gapi,
dallanma sekli, olgun meyve rengi, ¢igek burnu sekli ve meyvenin enine kesiti gibi ozellikler
yoninden birbirlerine  yakin  benzerlik  gostermektedir. Meyve oOzellikleri  bakimindan
degerlendirildiginde tek meyve agirligi, meyve capi, meyve boyu, meyve eti kalinligi yoniinden
popiilasyonun en yiiksek degerlerine sahiptir. Bu gruptaki genotipler genel anlamda birbirine benzerlik
gostermelerine ragmen grup icerisindeki morfolojik 6zellikler bakimindan varyasyonun gostermistir.
Birinci alt ana gruplarda yer alan S3 ve S4 genotipleri ayni grup icerisinde yer alarak benzer yakinlik
gostermekte olup deneme kullanilan popiilasyon i¢inde en yiksek meyve verimine sahip genotipler
olmustur.

Ikinci ana grupta S16, S17, S19 ve S20 genotipleri yer almaktadir (Sekil 2). Bu grup incelenen
tim popilasyonun %10’unu kapsamistir. Bu grupta toplanan genotiplerin meyve ¢api, tek meyve
agirligl,, meyve eti kalinligi bakimindan en diisiik degerlere sahip oldugu tespit edilmistir. Bu
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baglamda bu grupta yer alan 6rneklerin meyve eti digerlerine nazaran daha ince yapidadir. Kiimeleme
analizi sonucunda S16 kodlu genotipinin birinci grup Uyelerinden S1 genotipi ile agronomik ve
morfolojik akrabalik derecesi bakimindan birbirine en uzak genotip oldugu belirlenmistir. Ikinci ana
grupta bulunan genotipler verim bakimindan da birbirlerine yakin benzerlik gostermekle birlikte S20
genotipi tiim popiilasyon iginde en diisiik verim potansiyeline sahip olan genotip oldugu tespit
edilmistir.

T

=
S16
Se — 2.grup
=17 = 3

Sekil 2. Kiimeleme (cluster) analizi sonucunda elde edilen veriler ile hazirlanan gruplar aras1 benzerlik
dendogrami.

4. Tartisma ve Sonug

Calismada, Malatya ili ve ¢evresinde yaygin olarak yetistirilen populasyon ve hatlariin gesitli
bitkisel &zellikler bakimindan gosterdikleri varyasyonlar incelenmistir. Ulkemizde sebzelerde gesit
gelistirmenin ilk ¢aligmalari, 1960’11 yillarda tarimsal arastirma enstitiilerinde baglamistir. Bu ¢aligma
sonucunda 1964 yilinda, Ege Tarimsal Arastirma Enstitiisii tarafindan Topan 374, Kemer 27 patlican
cesitleri ile Gegit Kusagi Tarimsal Arastirma Enstitiisii tarafindan 11B-14 biber ¢esitleri ilk olarak
tescil ettirilmistir. Son elli yilda yerel genetik kaynaklardan yararlanilarak yiiriitiilen cesit 1slah
programlar1 sonucunda 15 sebze tiirlinde 75 adet agikta tozlanan sebze cesidi tescil edilmistir.
Gilinlimizde yerli standart gesitlerin kullanim orani olduk¢a azalmistir. Buna ragmen; domateste
H.2274, biberde Yaglik-28 ve Serademre-8, taze fasulyede Ozayse cesitleri gibi baz1 yerli cesitler
piyasada tireticiler tarafindan talep goren ¢esitlerdir (Balkaya ve Karaagag, 2005). Bu saptamalar
dogrultusunda bolgede talep gdren Arapgir Biberi de yerli ¢esidimiz olarak piyasada yerini bulmalidir.
Bu amagla yapilan galigmada Malatya ili ve g¢evresinde iiretimi yapilan ve severek tiiketilen, taze
tilketiminin yaninda kurutmalik ve tursu yapiminda da degerlendirilen Arapgir biberinde verim ve
meyve fiziksel 6zellikleri istatiksel analiz sonuglar1 incelenmis olup, verim degerleri bakimindan S3,
S4 ve S12, bitkisel 6zellikler bakimindan S8, S9, S4, S12, meyve 6zellikleri bakimindan da S3, S4,
S6, S7, S8 ve S7 hatlarmin diger hatlardan daha {istiin gruplar oldugunu sdyleyebiliriz. Bu hatlarin
kendilenerek saflagtirmaya devam edilmesi, standart ¢esit elde etmek i¢in kullanilmasi ya da F1 hibrit
cesit eldesinde ebeveyn hat olarak kullanilmasi miimkiindiir.

Calismamiza benzer bir arastirmada morfolojik ve agronomik o6zelliklere gére genotipler
dendrogramda 15 gruba ayrilmigtir. Kimeleme analizi sonucunda; S1, S2, S62, S3, S9, S67 ve
TR69737 kodlu genotiplerin agronomik ve morfolojik akrabalik derecesi bakimindan birbirine en uzak
genotipler oldugunu belirlemistir (Basak 2019). Belay ve ark. 2019, kuzey Etiyopya ¢alismis olduklari
64 ac1 biber genotipinde ¢alismada test genotipleri arasinda dnemli %79 oraninda genetik c¢esitlilik
oldugunu ve 1slah ¢aligmalari i¢cin 6nemli firsatlar olusturabilecegini bildirmislerdir. Patel ve ark.,
(2017)’nmin 72 patlican genotipinde genetik cesitliligin ortaya konmasi i¢in ydrittiikleri ¢alismada
onemli verimli kraterlerine ulasmislardir. Bu baglamda calismamiza benzer sekilde iilkemizde;
iiniversiteler ve arastirma enstitiileri tarafindan da yerel sebze popiilasyonlarinin degerlendirmesine
yonelik ¢ok sayida caligma yapilmistir.
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Yerel genetik kaynaklarimizin toplanmasi ve Ozelliklerinin incelenmesine yonelik ¢alismalar
Kabakgillerde (Sar1 ve ark., 2005; Yetisir ve ark., 2008; Karipcin ve ark., 2010; Sensoy ve Sahin,
2012;), patlicangillerde (Stirmeli ve ark., 2007; Karaagag ve Balkaya, 2009; Oguz ve ark., 2014;
Sénmez ve ark., 2015; Keles ve ark., 2016, Cakir ve ark., 2017), lahanagillerde (Balkaya ve ark.,
2005), fasulyede (Madakbas ve ark., 2006; Erding ve ark., 2013; Karaaga¢ ve ark., 2014), Fidan ve
ark., 2016), soganda (Hanci ve Gokge, 2016) ve havucta (Kiraci, 2013; Ipek ve ark., 2016)
caligmislardir. Ancak genelde bu tiir caligmalarin gen bankalarindan materyal temin edilmesi seklinde
gergeklestirilmesinden dolay1, materyaller toplandiklari cografik ve ekolojik kosullarin disindaki
sartlarda da incelenebilmektedir. Bu sebeple morfolojik ve agronomik karakterizasyon ¢aligmalarinda
materyallerin daha saglikli bir sekilde degerlendirilebilmesi igin Oncelikle toplamildigi ekolojik
kosullarda veya benzer kosullarda tanimlanmasinin yapilmasi daha uygun olabilir (Basak, 2019;
Ontiirk ve Curuk; 2019). Binbir (2010), 26 biber genotipini 54 morfolojik 6zellik bakimidan
karakterize etmis, genotiplerin biber tiplerinin birgogunu icermesinden dolay1 genis varyasyon
gosterdigini bildirmistir. Calismada incelenen populasyonlarin biber tiplerinin gruplar arasi benzerlik
dendograminda 3 farkli grup olusturdugunu bildirmistir. Islah c¢aligmalarinda kullanilacak
materyallerin yuksek varyasyon gostermesi istenilen bir durumdur (Gozen, 2008; Bozokalfa ve
Esiyok, 2010). Bulgularimizla benzer sekilde bir ¢ok arastirmaci da tespit edilen varyasyonun biiyiik
bir kisminin meyve ile ilgili agronomik ve morfolojik &zelliklerden kaynaklandigini bildirmistir
(Mutlu ve ark., 2009; Bozokalfa ve Esiyok, 2010). Meyve 6zellikleri agisindan yiiksek varyabilitenin
olugmasinda, biberde yiiksek oranda goriilen yabanci tozlanmanin etkisi 6nemlidir.

Calismada kullanilan materyallerin bir kismi da ¢esit 1slah ¢alismalarinda degerlendirilmistir.
Bu baglamda kiimeleme analiz sonuglarin1 da dikkate alirsak 1. grup popiilasyondan secilecek olan
genotiplerin 1slah calismalar icin kullanilabilecegi goriilmektedir. Sonuc¢ olarak oOnerimiz; farkli
ozelliklerdeki yerel cesitlerin, cografi isaret tescil calismalarinin yayginlastirilarak tanmirliklarinin
arttirllmasi gerekmektedir.
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Oz: Kiiresel 1sinma ve insan popiilasyonunun siirekli artmasi besin kaynag
iizerinde bask1 olusturmaktadir. Soya fazlaca protein ve yag icermesinden dolay1
insan beslenmesinde 6nemli rol oynamaktadir. Bu ¢alismada 12 soya ¢esidinin
(Nova, Nazlican, SA88, Ataem7, Arisoy, A3127, Tirksoy, Adasoy, Yemsoy,
ANP2018, Yesilsoy ve Samsoy) 6 IPBS markorl ile genetik iliskisi
incelenmistir. IPBS analizi sonucuna goére toplam 44 polimorfik bant elde
edilmis olup ortalama polimorfizm oran1 %85.83 olmustur. Primer basina elde
edilen ortalama polimorfik bant sayisi 7.33 olarak belirlenmistir. Geneotipler
arasinda Dice benzerlik indeksi 0.1 ile 0.9091 arasinda degismis olup ortalama
benzerlik indeksi 0.4506 olarak hesaplanmistir. Analizlerin sonuglarina gore, en
yakin akrabalik gosteren genotiplerin Yesilsoy ile Arisoy cesitleri iken, en az
benzeyen genotiplerin ise Samsoy ile Yemsoy ¢esitleridir. Sonug olarak, IPBS
markdrleri soya 1slah1 programlarinda uygun ebeveynlerin seciminde genotipleri
karakterize etmek i¢in etkili bir sekilde kullanilabilir.
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Abstract: Global warming and the continuous increasing in human population
have adverse effects on the food source. Soybean plays a significant role in
human nutrition due to its high protein and fat content. In this study, the genetic
relationship of 12 soybean varieties (Nova, Nazlican, SA88, Ataem7, Arisoy,
A3127, Tiirksoy, Adasoy, Yemsoy, ANP2018, Yesilsoy and Samsoy) was
investigated using 6 IPBS markers. According to the results of the IPBS
analysis, totally 44 polymorphic bands were obtained and the average
polymorphism rate was 85.83%. The average number of polymorphic bands
obtained per primer was determined as 7.33. The Dice similarity index between
genotypes varied between 0.1 and 0.9091 with the average being 0.4506.
According to the results of the analysis, the genotypes showing the closest
relationship are Yesilsoy and Arisoy varieties, while the farthest genotypes are
Samsoy and Yemsoy. As a result, IPBS markers can be used effectively to
characterize genotypes in the selection of suitable parents in soybean breeding
programs.
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1. Giris

Rosales takimimin Leguminosae familyasindan, Papilionaceae alt familyasinin Glycine cinsine
ait bir bitki olan soyanin ana vatan1 Dogu Asya'dir. Soya bitkisinin milattan dnce gida iiretimi
amaciyla ekiminin yapildig1 bildirilmektedir. Soya (Glycine max L.), tek yillik bitkiler arasinda diinya
bitkisel yag iiretim ve tiiketiminde ilk sirada yer alan dnemli bir yag bitkisidir (Arioglu, 2007). Soya
ayn1 zamanda bir baklagil bitkisi oldugu i¢in ihtiyact olan azotu havanin serbest azotunu kullanarak
karsilamakta ve kendinden sonra kullanilacak bitkiler i¢in topraga azot baglamaktadir. Bu yiizden iyi
bir miinavebe bitkisi olarak kabul edilmektedir (Kokten, 2014).

Yazlik ekimi yapilan ve tek yillik olan soya bitkisinin tohumlarinda ortalama %36-40 protein,
%18-24 yag (Omega-3 ve benzeri yag asitleri), B1, B2, K ve E vitaminleri, Zn, Fe ve Ca elementleri,
%27 karbonhidrat ve %18 madensel maddeler bulunmaktadir. Ayrica, soya Kkispesi hayvan
beslenmesinde yem rasyonlari i¢in énemli bir yer tutmaktadir (Sarimehmetoglu, 2006; Arioglu, 2007).
Diger taraftan soya bitkisi biskiivi, ¢ikolata, hazir ¢corba gibi birgok gida maddesinin yapiminda da
kullanilmaktadir (Polat, 2015).

Soya fasulyesi insan beslenmesinde 6nemli yer tutmaktadir. insan kaynakli soya tiiketimi
giderek artmasinin yaninda, soyanin bir¢ok alanda sanayi ham maddesi olarak kullanimi da
artmaktadir. 1980°li yillarda ABD’de biyodizel yakit olarak kullanilabilecegi de saptanmis ve
yenilenebilir enerji kaynaklariyla beraber kullanimi {izerine dikkat ¢ekilmistir (Kinney ve Clemente,
2004).

Gerek sanayi hammaddesi gerekse beslenme olarak 6nemli bir yere sahip olan soya bitkisinin
diinyadaki énemi her gecen giin artmasina ragmen, Tirkiye’de sulamaya bagl olarak uygun yetisme
ortam kosullarin1 bulabilmesine karsin yeterli ilgiyi bulamamistir. Farkli iklim kosullarinin hikim
stirdiigii Tirkiye’de bu bitkinin yaygin olarak ekilmesi ve tilke ticaretinde 6nemli bir yere sahip olmasi
icin gerekli adimlarin atilmas1 gerekmektedir. Bu yiizden soya bitkisinin ekim alanlarinin
genisletilmesi, Uretim ve veriminin arttirilmast igin Turkiye’deki mevcut durumun ve bitkinin ortam
kosullarinin saptanarak, potansiyel soya bitkisi yetistirilebilecek alanlarinin belirlenmesi gereklidir.
Ayrica, soya bitkisinden, yeni 1slah materyallerinin gelistirilmesi, genetik akrabalik dlzeylerinin
belirlenmesi ve gen havuzunun olusturulmasi 6nem arz etmektedir. Bu kapsamda, agromorfolojik
ozellikler ile genetik 6zelliklerin molekiiler tanimlanmasi 1slah ¢aligmalarina hiz kazandirirken genetik
cesitliligin ortaya konulmasi yeni 1slah materyallerinin gelistirilmesi i¢in Onem tasimaktadir
(Escribano ve ark., 1998).

Bir bitkiye ait cesitlerin tamimlanmasi ve tescili, esas olarak morfolojik ve fizyolojik
Ozelliklere dayanmaktadir. Bu tanimlayicilar yararli olsalar da sayilar1 smirhdir ve c¢evresel
faktorlerden etkilenebilirler. Molekiiler belirtegler, ¢esitlerin  morfolojik ve fizyolojik
karakterizasyonunun yararli bir tamamlayicisidir, ¢iinkii bunlar bol miktarda bulunur, doku veya
cevresel etkilerden bagimsizdir ve bitki gelisiminin erken asamalarinda genotip tanimlamasina izin
verir. Cesitlerin molekiiler karakterizasyonu ayn1 zamanda genetik ¢esitliligin zamanla azalmasi olarak
tanimlanan potansiyel genetik erozyonu degerlendirmek igin de genis Olglide kullanilmaktadir
(Manifesto ve ark., 2001).

Az miktar DNA ile yiksek polimorfizm veren dominant markér teknikleri (RAPD, ISSR,
IPBS gibi) ekonomik yonden ucuz olduklar1 gibi cabuk sonu¢ verdikleri ve daha az is giicii
gerektirdigi igin tercih edilmektedir (Yorgancilar ve ark., 2015; Demirel, 2020; Kogak ve ark., 2020;
Nkongolo ve ark., 2020). Kalendar ve ark. (2010)’nin gelistirdigi DNA-IPBS (Inter-Primer Binding
Site) molekiiler markérleri farkli LTR (long terminal repeat) sekanslarini tanimlamak i¢in kullanilan
ve g¢esitler arasinda polimorfizmi dogrudan gorsellestiren bir metottur. IPBS markdrleri klon
analizlerinde, genetik ¢esitlilik analizlerinde ve filogenetik c¢alismalarda basarili bir sekilde
uygulanmistir (Smykal ve ark., 2011; Baranek ve ark., 2012; Gailite ve Rungis, 2012). IPBS,
polimorfizmi agiga ¢ikarma konusunda esit veya daha yiiksek kapasiteye sahiptir ve tiir i¢i ve tiirler
arasi gesitliligi belirlemek i¢in biiylik bir potansiyel sunmaktadir (Andeden ve ark., 2013).

Bu ¢alismada soya genotiplerinin genetik gesitliligi DNA temelli IPBS molekiler markorler
ile PCR (Polimeraz Zincir Reaksiyonu) yontemi kullanilarak incelenmistir. Bu arastirmayla, genetik
cesitliligin belirlenmesi ile kullanilacak markorlerin soya genotipleri tizerindeki tanmimlamanin
belirlenmesi hedeflenmistir. Bununla birlikte, IPBS markoérleri ile soya (Glycine max L.) genotipleri
iizerinde ¢alisilmamistir. Dolayisiyla bu c¢aligmada, IPBS markor sisteminin soyada kullanilabilirligi
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belirlenerek, markdrlerin ayirt ediciligini belirlemek i¢in markorlere ait PIC gibi bazi parametreler de
hesaplanmugtir.

2. Materyal ve Yontem

Calismada 12 adet (Nova, Nazlican, SA88, Ataem7, Arisoy, A3127, Tiirksoy, Adasoy,
Yemsoy, ANP2018, Yesilsoy ve Samsoy) soya ¢esidi kullanilmistir. Arastirma Erciyes Universitesi
Genom ve Kok Hucre Merkezi Bitki Biyoteknolojisi biriminde yurutilmiistir. Materyaller 1gdir
Universitesi Tarla Bitkileri Béliimii biinyesinden temin edilmistir.

DNA izolasyonu, gen¢ vyapraklardan 0.4 g kullanilarak DNA Kkiti aracilifiyla
gerceklestirilmistir (Fermentas, Maryland, USA). izole edilen DNA’larin miktarlar1 230/280 nm dalga
boyunda BioSpec-nano Shimadzu Biotech spektrofotometre cihazi kullanilarak olgiilmiistiir. Miktari
oOl¢iilen DNA’lar PCR analizi i¢in 5 ng/pl olacak sekilde hazirlanmistir. PCR kokteyli toplamda 20 pl
olacak sekilde hazirlanmistir. PCR isleminde reaksiyon icin 94 °C’de 1 dakika 1 dongu, 94 °C’de 45
saniye markor baglanma sicakliginda 45 saniye 72 °C’de 1 dakika 42 dongiiyle yapildiktan sonra 72
°C’de 5 dakika 1 dongii basamaklari ile sonlandirilmistir (Demirel, 2020).

PCR islemi sonrasinda ¢ogaltilan DNA’lar TBE tampon igerisinde %2’lik agaroz jel Gizerinde
elektroforez kullanilarak 120 V’da 3 saat yiiriitilmiistiir. Elektroforez isleminde kuyulara PCR iiriind,
2 ul yiikleme boyast ve 100-3000 bg’lik 100 bp DNA Ladder H3 RTU (GeneDirex) eklenmistir (Cat.
No. DM003-R500). Elektroforez islemi sonunda agaroz jeller UV 1sim1 altinda fotograflari g¢ekilip
kay1t edilmistir.

Goruntuler incelenerek bant profilleri binary olarak (bant varliginda “1”, bant yoklugunda “0”)
kodlanmugtir. Kullanilan markoérlere ait I (Shannon bilgi igerigi) ve H (Nei’nin gen gesitliligi) degerleri
GENALEX V6.5 programi kullanilarak belirlenmistir (Shannon, 1948; Nei, 1973; Peakall ve Smouse,
2006). PIC (polimorfizm bilgi igerigi) degeri PowerMarker V3.25 programi kullanilarak
hesaplanmistir (Liu and Muse, 2005). Genotipler arasindaki benzerlik katsayilari hesaplanarak (Dice,
1945) UPGMA (Aritmetik Ortalamay1 Kullanan Agirliksiz Cift Grup Metodu) metodu ile dendogram
NTSYS-pc V2.11 programi kullanilarak olusturulmustur. Ayrica, Eigen vektorii hesaplanarak iki
boyutlu ve ii¢ boyutlu grafikler elde edilmistir (Rohlf, 2000).

3. Bulgular

Calismada 12 soya g¢esidi 6 IPBS markorleri kullanilarak polimorfizm arastirilmistir.
Markorlere ait bilgiler Cizelge 1’de verilmistir. Calismada elde edilen toplam 49 banttan 44’0
polimorfik bant olusturmustur. Ortalama polimorfik bant sayis1 7.33’dlr. En ylksek polimorfik bant
(15) veren IPBS-2080 markorudir ve polimorfizm oranit %100°diir. En diisiik polimorfizm oran1 %50
olup IPBS-2384 markdriine aittir.

Cizelge 1. IPBS markorlerinin karakterizasyon degerleri

Markor Bilgileri Bantlarin Bilgileri Cesitlilik Degerleri
Markor Adi Markor Sekanslari Sicaklik Toplam Polimorfik P% | H PIC
5-3’ Bant Bant

IPBS2384 GTAATGGGTCCA 45 6 3 50 0.67 0.48 0.36
IPBS2382 TGTTGGCTTCCA 45 4 3 75 0.32 0.21 0.17
IPBS2381 GTCCATCTTCCA 45 8 8 100 0.47 0.31 0.25
IPBS2231 ACTTGGATGCTGATACCA 55 6 6 100 0.31 0.21 0.16
IPBS2080 CAGACGGCGCCA 50 15 15 100 0.31 0.18 0.16
IPBS2077 CTCACGATGCCA 45 10 9 90 0.44 0.27 0.23
Toplam 49 44

Ortalama 8.16 7.33 85.83 0.42 0.28 0.22

Calismamizdan elde edilen verilere gére en yiiksek I degeri IPBS-2384 (1=0.67) markorinde,
en disiik ise IPBS-2080 (1=0.31) ve IPBS-2231 (I=0.31) markoérlerinde gériilmiigtiir. Markorlere ait
ortalama I degeri ise 0.42 olarak hesaplanmigtir.

Bu arastirma sonucunda en yiiksek H degeri IPBS-2384 (H=0.48) markoriinde, en diisiik ise
IPBS-2080 (H=0.18) markériinde olusmustur. Markorlere ait ortalama H degeri ise 0.42 olarak
hesaplanmstir.
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PIC, mevcut her bir bandin iliski frekanslarini hesaba kattig1 i¢in, ham bant sayisindan biraz
daha iyi bir gesitlilik tahmini saglar (Comertpay ve ark., 2012). Bu nedenle bu sonugclar, givenilir
genotip ayrimi ig¢in gerekli lokuslarin sayisim1 azaltmada ve en bilgilendirici markdrlerin
saptanmasinda bize yardimci olmaktadir. Caligmamizda en yiiksek PIC degeri IPBS-2384 (P1C=0.36)
markériinde, en diisik ise IPBS-2080 (PIC=0.16) ve IPBS-2231 (PIC=0.16) markdrlerinde
gOriilmiistiir. Markdrlere ait ortalama PIC degeri ise 0.22 olarak hesaplanmustir.

Soya genotiplerine ait Dice benzerlik indeksleri Cizelge 2’de verilmistir. Genotiplerin
benzerlik diizeyleri 0.1 ile 0.9091 arasinda degismis olup ortalama benzerlik degeri 0.4506 olarak
hesaplanmistir. Birbirine en ¢ok benzeyen soya genotipleri Yesilsoy ile Arisoy ¢esitleri iken birbirine
en uzak genotipler Samsoy ile Yemsoy ¢esitleri arasinda oldugu belirlenmistir.

Cizelge 2. DICE benzerlik katsayilari

Nova Nazlican  SA88 Ataem7  Ansoy  A3127  Tiurksoy  Adasoy  Yemsoy  ANP2018  Yesilsoy

Nazlican 04211 1

SA88 0.3529  0.5000 1

Ataem?7 0.1429  0.4000 07273 1

Arisoy 0.6000  0.7368 0.5882  0.4286 1

A3127 0.5000  0.2105 0.4706  0.1429 0.4000 1

Turksoy 0.4762  0.6000 0.6667  0.4000 0.6667  0.381 1

Adasoy 0.5217  0.7273 0.5000  0.3529 0.8696  0.3478  0.7500 1

Yemsoy 0.3846  0.6400 0.3478  0.3000 0.6923  0.2308  0.5185 0.7586 1

ANP2018  0.3810 0.7273 0.4444  0.3529 0.7619  0.1905  0.5455 0.7500 0.7407 1

Yesilsoy 0.5455  0.6667 0.5263  0.3750 0.9091 03636  0.6087 0.8000 0.7143 0.7826 1
Samsoy 0.2857  0.1538 0.3636  0.5000 0.1429  0.1429  0.1333 0.1176 0.1000 0.1333 0.1250

Dice benzerlik indeksinden yararlanarak UPGMA metodu ile kiimeleme analizi yapilmistir ve
bunlarin dendrogrami (Sekil 1) elde edilmistir. Elde edilen dendograma gore genotipler iki ana
kiimeye ayrilmistir (A ve B). Samsoy genotipi A kiimesi icerisinde yer alarak diger genotiplerden
ayrilmistir. B kiimesi kendi igerisinde iki kiimeye ayrilmistir (C ve D). D kiimesi igerisinde Nova ve
A3127 genotipleri kendi arasinda bir grup olusturmustur. C kiimesi de kendi igerisinde E ve F
kiimelerine ayrilmistir. E kiimesi icerisinde SA88 ve Ataem7 genotipleri bir grup olusturmustur. F
kiimesi icerisinde geriye kalan Tirksoy, Yemsoy, ANP2018, Adasoy, Yesilsoy ve Arisoy
genotiplerinin kendi aralarinda gruplandigi tespit edilmistir.

A

Nazlican
|A:u,:\q-'
Yeasilsoy

Adasoy

9 _— ANP0IS

Twisoy

SABS

Atasn7

Sekil 1. UPGMA dendogrami.
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Genotipleri arasindaki genetik farklilig1 ortaya ¢ikarmak i¢in molekiiler verilere dayali Temel
Bilesen Analizi (PCA: Principal Component Analysis) yapilmistir. PCA sonucuna goére ilk ii¢ ana
bilesenin eklemeli toplam1 %76.74 olarak belirlenmistir (Cizelge 3).

Cizelge 3. ilk ii¢ ana faktoriin eigen degerleri

Ana Bilesenler Eigen Degerleri Yizdeleri (%) Eklemeli Toplamlar1 (%)
1 6.53 54.45 54.45
2 1.53 12.78 67.23
3 1.14 9.51 76.74

Genetik ¢esitlilik modelini analiz etmek igin kiimeleme tekniklerinden yararlanilmaktadir.
Kiimeleme teknikleri karmasik ve ¢ok boyutlu ¢esitlilik modelleri sunabilirken, temel koordinat ve
bilesen analizleri iki boyutlu ve {i¢ boyutlu sunumlarla kiimeleri tanimlamak igin birlikte
kullanilabilmektedir (Ganeva ve ark., 2010; Gurcan ve ark., 2017).

Dim3 01
01
Turksoy
00 o
0.04 Arsoy
000 Adasc;?’dmy ° sage
0043 °© @
0083 Samso:
2124
215 Yemsoy
220 Haliean
024 ANP2018
024 4

T T T T T T T T T T T T T
031 015 L1 013 006 000 0.06 011 018 024 030 036 043 o4 055 0.61 0.67 073

Sekil 2. iki boyutlu (2D) temel bilesenler (PCA) grafigi.

Temel bilesen analizi (PCA) yapilarak iki boyutlu (2D) ve ii¢ boyutlu (3D) grafikler elde
edilmistir. 2D grafigi Sekil 2’de, 3D grafigi de Sekil 3’de goriilmektedir. 2D grafikte SA88, Samsoy
ve Ataem?7 bir arada kiimelenmis gibi goéziikse de 3D grafikte Samsoy genotipi Ataem ve SA88
genotiplerinden ayr1 gruplanmistir. Dendogramda da (Sekil 1) Samsoy diger genotiplerinden ayrilmis
ve A kiimesi igerisinde yer almigtir. Ayn1 sekilde, Ataem ve SA88 genotipleri de 3D grafik ile benzer
sekilde ayr1 gruplanmis olup dendogramda (Sekil 1) E kiimesi icerisinde yer almigtir. Dendorgamda
(Sekil 1) Nova ve A3127 D kiimesi igerisinde yer alsa da 3D grafik incelendiginde Nova genotipinin
A3127 genotipinden farklilik gosterdigi gozlenmektedir. Dendogramda (Sekil 1) Tirksoy genotipi F
kiimesi igerisinde yer alsa da, 2D ve 3D grafikleri incelendiginde F kiimesini olusturan diger
genotiplerden farkli noktada yer aldig1 belirlenmistir.
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Sekil 3. Ug boyutlu (3D) temel bilesenler (PCA) grafigi.
4. Tartisma ve Sonug

Calismamizda toplam 6 IPBS markdrii kullanilmis ve 12 soya gesidinde toplam 44 polimorfik
bant saptanmistir. Bu c¢alismada kullanilan soya g¢esitlerinin molekiiler karakterizasyonu IPBS
markorleri araciligiyla gergeklestirilmistir. DICE benzerlik katsayilari belirlenmis ve birbiri ile en
yakin akrabalik gosteren genotiplerin Yesilsoy ile Arisoy ¢esitleri oldugu belirlenmistir. Akrabalik
yoniinden birbirine en az benzeyen genotiplerin ise Samsoy ile Yemsoy cesitleri oldugu tespit
edilmistir.

Ude ve ark. (2003) Cin, Japonya ve Kuzey Amerika’dan topladiklari toplam 190 soya
genotipini AFLP markorii ile analiz etmisler ve %27 (polimorfizm orani) gibi ¢ok diisiik bir rakam
belirlemislerdir. Brick ve Sivalop (2001), farkli ekolojik ve cografi kokenlerden 19 soya fasulyesi
¢esidini incelemek i¢in 5 ISSR markdrlerini kullanarak %75 polimorfizm tespit ettiklerini
raporlamislardir. Bizim galismamizda kullandigimiz IPBS markorleri ise bu ¢alismalardan elde dilen
verilere gore soya ¢esitlerinde yiiksek polimorfizm gostermistir. Stathi ve ark. (2020), Cicer
graecum’da ISSR markérlerini kullanarak elde ettikleri ortalama I degerini 0.31 olarak rapor
etmislerdir. Mevcut ¢calismamizdaki I degeri Stathi ve ark. (2020)’1n elde ettikleri sonugtan yiiksektir.
Baloch ve ark. (2015), IPBS markérleri kullanarak bezelye (Pisum sativum L.) genotiplerinde
ortalama H degerini 0.26 olarak, Andeden ve ark. (2013) ise nohut genotiplerinde IPBS markérleri
kullanarak ortalama H degerini 0.27, ISSR markérlerini kullanarak ortalama H degerini 0.29 olarak
bulduklarini bildirmislerdir. Bizim c¢aligmamizdaki ortalama H degeri literatiirdeki caligmalar ile
benzerlik gostermistir. Baloch ve ark. (2015) bezelye (Pisum sativum L.) genotiplerini IPBS
yontemiyle incelemigler ve ortalama PIC degeri (0.61) bizim c¢alisgmamizdan yiiksek oldugu
belirlenmistir. Bu durum bizim g¢aligmamizdaki allelik farkliligin diisiik oldugunu gostermektedir.
Chowdhury ve ark. (2002) RAPD markérleri kullanarak soya genotiplerinde ortalama Dice benzerlik
katsayilarini 0.449 olarak bildirmislerdir. Calismamizda kullandigimiz soya genotiplerinin ortalama
Dice degerleri ile ortiismektedir.

Islah programlar1 yapilirken belirli bir genetik o6zelligin secilmesiyle sonuca varildig:
bilinmektedir. Bu durum, soya gibi kiiltiirii yapilan bitkilerde ¢esitler arasinda benzer genetik yapilarin
olusmasina neden olabilmektedir. IPBS teknigi, soya yetistirme programlari i¢in ebeveynlerin
belirlenmesine yardimeir olmak igin ucuz ve uygun bir tekniktir. Bu ¢alisma tUlkemizde soya bitkisinde
IPBS markorleri ile genetik iliskinin degerlendirildigi ilk ¢alisma niteligine sahip olup daha sonra
soyada yapilacak genetik ve molekiiler ¢aligmalara katki saglayacaktir. Bu ¢aligmadan elde edilen
sonuclar, soya fasulyesi islah¢ilarinin genetik ¢esitlilik hakkinda bilgi edinmelerine yardimci
olmasinin yaninda, soyanin genetik temelini genisletmek i¢in kullanilacak stratejilerin gelistirilmesi
adina bilgi saglayacaktir.
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Oz: Turuncgiller yetistiriciligi yapilan en 6nemli ve yiiksek tiir cesitliligine
sahip meyve gruplarindan biridir. Taze olarak tiiketilmesi ve farkli endiistrilerde
ham madde olarak kullanilmasi turunggillerin 6nemini artirmaktadir. Bu
nedenle turunggillerde yeni ¢esit ve ana¢ gelistirme ¢aligmalart oldukca
onemlidir. Melezleme ¢alismalart sonucunda elde edilen degerli bitkilerin
¢ogaltilmasi icin bitki doku kiiltiirii ¢aligmalari giiglii bir alternatiftir. Bu
caligmada, Sunki mandarin X Rubidoux {i¢ yaprakli melezlerinin in vitro
kosullarda mikrogogaltiminda genotip ve farkli besin ortamlarinin (Murashige
and Skoog Medium -MS, Woody Plant Medium -WPM, Rugini Olive Medium -
ROM) etkisi incelenmigtir. Ayrica bitkilerin koklendirilmesi iizerine genotip ve
farkli bitki biiyiime diizenleyicilerin (indol butirik asit - IBA ve naftalen asetik
asit - NAA) etkisi arastirllmistir. Elde edilen koklii bitkiler dis kosullara
alistirilmistir. Caligmada kullanilan genotiplerden mikrogogaltim agamasinda en
bagarili genotipler SR-60 ve SR-75 olurken, koklenme asamasinda en basarili
genotipler SR-41, SR-47 ve SR-60 olmustur. Besin ortamlarinin mikrogogaltim
iizerine etkisi istatistiksel olarak onemsiz bulunmustur (P<0.05). Koklenme
denemelerinde bitki boyu ve kdk uzunlugu icin en bagarili bitki biiylime
diizenleyici IBA, kok sayisi igin en basarili bitki biiylime diizenleyici ise NAA
olarak belirlenmistir.

Investigation of Micropropagation and Rooting Performances of Some Citrus Hybrids

in in vitro Conditions
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Abstract: Citrus is one of the most important fruit species that is cultivated and
has a high species diversity. Consuming fresh and using as a raw material in
different industries increases the importance of citrus fruits. Therefore,
development of new varieties and rootstocks in citrus fruits is very important.
Plant tissue culture studies are a powerful alternative to reproduce valuable
plants obtained as a result of crossbreeding studies. In this study, the effect of
genotype and media on micropropagation performances of Sunki mandarin X
Rubidoux trifoliate hybrids (Murashige and Skoog Medium -MS, Woody Plant
Medium -WPM, Rugini Olive Medium -ROM) were investigated. In addition,
the effect of genotype and different plant growth regulators (indole butyric acid
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Rooting, - IBA and naphthalene acetic acid - NAA) on rooting of plants was investigated.

Micropropagation. Rooted plants acclimatized to greenhouse conditions. Among the genotypes, the
most successful genotypes were SR-60 and SR-75 in the micropropagation
stage, while the most successful genotypes were SR-41, SR-47 and SR-60 in the
rooting stage. The effect of nutrient media on micropropagation was found
statistically insignificant (P <0.05). In rooting assay, the most successful plant
growth regulator for plant height and root length was determined as IBA, and
the most successful plant growth regulator for root number was determined as
NAA.

** Bu ¢aliyma yiiksek lisans tezinden tiretilmistir.
1. Giris

Turunggiller yiiksek besin degeri ve yiiksek iiretim potansiyeli ile yetistiriciligi yapilan en
onemli meyve gruplarindan biridir. Turunggillerin sahip oldugu tiir ve gesit zenginligi, meyvelerinin
olgunlasmasinin uzun bir doneme yayilmasi ve olgunlasan meyvelerin agag¢ lizerinde bekletilebilmesi
turunggillerin 6nemini artirmakta ve diinyada yetistiriciligi yapilan énemli meyve gruplarindan biri
olmasini saglamaktadir (Simsek ve ark., 2018). Turunggiller, ticari 6nemini saglik agisindan biiyiik
degeri olan, taze tiikketilen veya meyve suyu elde etmek i¢in preslenmis meyvelerinden almaktadir.
Ayrica, kabuklarindan sekerleme yapilabilmekte, canli hayvan yemi olarak, parfumerilerde, firinlarda
ve sabun endustrisinde kullanilmaktadir (Igbal ve ark., 2019).

Turunggiller, yaygin cografi dagilimlar1 ve bu nedenle degisken toprak-iklim kosullar altinda
yetistirilmeleri nedeniyle, nihai {iretime zarar veren ve meyve kalitesini diisiiren abiyotik ve biyotik
streslerle karsi karsiyadir (Ayadi ve ark., 2016). Buna ek olarak, Tirkiye’de mevcut turuncgil
cesitlerinde meyve hasat zamani, meyve irilik ve kaliteyle ilgili problemler vardir. Ozellikle iri ve
cekirdeksiz gesitlerin diinya pazarlarinda kolay ve iyi fiyatlarla ihrag¢ edilebildigi bilinen bir gercektir.
Bu nedenle yeni gesit gelistirme programlarinin yapilarak erkenci; orta-gecci ve verimi ylksek
cesitlerin turunggil sektoriine kazandirilmasi ihtiyact dogmustur. Turunggil endiistrisi gelismis
iilkelerde, turunggil ¢esit/anag 1slahina yonelik calismalar uzun yillardan beri sirdurilmektedir
(Yesiloglu ve ark., 2013). Ulkemizde de melezleme galismalar ile yeni turunggil ¢esit/anaglariin elde
edilmesine yonelik ¢aligmalar yapilmaktadir.

Bitki 1slahinda daha iyi kazanimlar elde edebilmek i¢in bitki doku kiiltiiri galigmalarinin da
yer aldigit modern biyoteknolojik yontemler kullanilmaktadir. Bitki doku kaltlri teknikleri islah
yoluyla yeni gesitlerin gelistirilmesi i¢in temel bir arag olarak karsimiza ¢ikmaktadir (Donmez ve ark.,
2016). Bitki doku kltir( teknikleri icerisinde yer alan mikrogogaltim, ¢esitli ekonomik bitkilerin hizl
klonal ¢ogaltilmasi, germplazmin korunmasi i¢in giderek daha fazla kullanilmaktadir. Ayrica,
melezleme g¢alismalar1 sonrasinda elde edilen degerli materyallerin ¢ogaltilmasinda mikrogogaltim
giiclii bir aractir.

Bu ¢aligmada, Sunki mandarin X Rubidoux ii¢ yaprakli melezlerinin mikrogogaltimi iizerine
genotip ve farkli besin ortamlarinin (MS, WPM ve ROM) etkisi incelenmistir. Ayrica, koklenme
Uzerine genotip ve farkli bitki bitytime diizenleyicilerinin (IBA ve NAA) etkisi arastirilmistir.

2. Materyal ve Yontem
2.1. Materyal

Calismada bitkisel materyal olarak Sunki mandarin (Citrus sunki) X Rubidoux U¢ yaprakl
(Poncirus trifoliata var. Rubidoux) melezlerinden 22 genotip kullanilmastir.

2.2. Yontem
2.2.1. SUrgun uglarmn sterilizasyonu

Calismada kullanilan melez bireylere ait siirgiin uglar aktif siirgiin déneminde aliarak
laboratuvara getirilmistir. Bitkisel materyale ait siirgiin uglar1 kiiltiire alinmadan Once ylizey
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sterilizasyonlar1 gergeklestirilmistir. Bu amacla laboratuvara getirilen siirgiin uglari ¢esme suyu altinda
10 dk yikanmis, ardindan %70'lik etil alkolde 3 dk, daha sonra %20'lik sodyum hipoklorit ¢ozeltisinde
10 dk bekletilmistir. Son olarak sterilant maddelerin uzaklagtirilmasi amaciyla steril kabin icerisinde 3
defa steril saf su ile yikama islemi gergeklestirilmistir.

2.2.2. Besin ortam ve Kkiiltiir kosullar

Yuzey sterilizasyonu tamamlanan siirgiin uglari 1mg/l BAP (6-benzilaminopurin) igeren MS
besin ortaminda kiiltiire alinmistir. Besin ortamina 30 g/l sukroz, 0.5 g/l malt ekstrakt: ve 7 g/l agar
eklenerek pH 5.7’ye ayarlanmistir. Besin ortamlart kiiltiir kaplaria dokulerek 121 °C’de ve 1.05 atm
basingta otoklavda steril edilmistir. Steril edilen besin ortamlarinda siirgiin uglar1 kiiltiire alinmistir.
Siirglin uglari, 16 saat aydinlik 8 saat karanlik ve 252 °C kosullarinda kiiltiire alinmigtir.
Mikrogogaltim ve koklenme denemelerinde de bitkiler bu kosullarda kiiltiire alinmustir.

Farkli besin ortamlarmin ve genotipin melez turunggil bireylerinin mikrogogaltimi iizerine
etkisini belirlemek amaciyla kurulan denemelerde ilk olarak baslangic materyalleri MS besin
ortaminda ¢ogaltilmistir ve elde edilen bitkiler ile mikrogogaltim denemeleri yiiriitiilmistiir.

2.2.3. Mikrogogaltim denemelerinin kurulmasi
2.2.3.1. Turuncgil melezlerinin mikrogogaltimi iizerine genotipin etkisi

Turunggil melezlerinin mikrogogaltimi iizerine genotipin etkisini belirlemek amaciyla 22
farkli Sunki mandarin X Rubidoux tii¢ yaprakli melezi 1 mg/l BA iceren MS besin ortaminda
cogaltilmistir. Bitkicikler dort haftada bir olmak {izere toplamda 3 defa altkiiltiire alinmustir.
Denemede kullanilan genotipler Cizelge 1’de sunulmustur.

Cizelge 1. Mikrogogaltim iizerine genotip etkisinin belirlenmesinde kullanilan bitkiler

No Genotip kodu No Genotip kodu No Genotip kodu
1 SR-2 9 SR-61 16 SR-86

2 SR-5 10 SR-63 17 SR-87

3 SR-34 11 SR-69 18 SR-91

4 SR-41 12 SR-72 19 SR-92

5 SR-47 13 SR-75 20 SR-94

6 SR-49 14 SR-82 21 SR-98

7 SR-56 15 SR-83 22 SR-99

8 SR-60

2.2.3.2. Turuncgil melezlerinin mikrocogaltimi iizerine farkh besin ortamlarimin ve genotipin
etkisi

Turunggil melezlerinin mikrogogaltimi tizerine farkli besin ortamlarinin ve genotipin etkisinin
belirlenmesi amaciyla gerceklestirilen denemelerde kullanilan genotipler, kiiltiire alinan 22 genotip
arasindan ¢ogalma performans yiiksek ve denemeler igin yeterli sayida bitki elde edilen genotiplerden
secilmistir. Denemede, 4 farkli Sunki mandarin X Rubidoux ii¢ yaprakli melezi MS, WPM ve ROM
besin ortamlarinda ¢ogaltilmistir (Cizelge 2). Bitkicikler dort haftada bir olmak Uzere toplamda 3 defa
altkiiltiire alinmustir.

Cizelge 2. MS, WPM ve ROM ortamlarinda ¢ogaltilan genotipler

No Genotip kodu
1 SR-60
2 SR-69
3 SR-75
4 SR-86
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2.2.4. Kdoklenme denemelerinin kurulmasi

Turuncgil melezlerinin koklendirilmesi Gzerine genotip ve farkli bitki biiyiime diizenleyicilerin
etkisini belirlemek amaciyla MS besin ortamlarina 1 mg/l IBA veya 1 mg/l NAA ilave edilmistir.
Mikrogogaltim denemeleri sonucunda koklendirme denemesi igin yeterli sayida bitki elde edilen
genotipler ile kdklendirme denemeleri kurulmustur (Cizelge 3).

Cizelge 3. Turunggil melezlerinin kdklenmesi Gzerine farkli bitki biiyiime diizenleyicileri ve genotip
etkisinin belirlenmesinde kullanilan genotipler

No Genotip kodu No Genotip kodu
1 SR-41 6 SR-69
2 SR-47 7 SR-75
3 SR-49 8 SR-82
4 SR-60 9 SR-86
5 SR-63

2.2.5. Bitkilerin dis kosullara ahstiriimasi

Koklenen bitkiler dis kosullara aktarilmadan once bitkilerin bulundugu kiiltlir kaplarinin
kapaklar1 kademeli olarak agilmis, laboratuvarda 6n alistirma islemi gerceklestirilmistir. Bitkiler su ile
agardan tamamen uzaklastirildiktan sonra serada 1:1 oranda steril torf:perlit karigimi igeren viyollere
aktarilmistir. Her besin ortamindan gelen bitkiler ayr1 ayr1 viyollerde gozlenmistir

2.2.6. Deneme plani, incelenen kriterler ve istatistik analizleri

Calismada, melez turunggil bireylerinin in vitro kosullarda ¢ogaltimi ve koklendirilmesi
iizerine farkli genotip ve besin ortamlarinin etkisi karsilagtirilmigtir. Bu amagla, denemelerin tamami 3
tekerriirlii olacak sekilde, tesadif parselleri deneme desenine goére kurulmustur. Mikrogogaltim
denemelerinde 4 haftada bir olmak tizere 3 altkiiltiir yapilmistir. Her altkiiltiir sonunda 20’ser bitki
incelenmistir. Istatistik analizlerde altkiiltiirlerin ortalamalar1 alinmustir.

Mikrogogaltim denemelerinde her altkiiltiir sonunda;

. Mikrogogaltim orani (bitkicik/bitki)
. Bitki boyu (cm)
Koklenme denemelerinde, bitkiler kiiltiire alindiktan 6 hafta sonra;
. Bitki uzunlugu (cm),
. Kok sayisi (adet),
. Kok uzunlugu (cm) parametreleri incelenmistir.

Cahismada elde edilen veriler ile varyans analizleri gergeklestirilmistir. Onemli c¢ikan
ortalamalar arasindaki farkliliklar LSD testi ile belirlenmistir. Istatistik analizlerinde JMP 8.01
programi kullanilmisgtir.

3. Bulgular
3.1. Mikrocogaltim denemelerine ait bulgular

3.1.1. Turuncgil melezlerinin mikrogogaltimi iizerine genotipin etkisinin belirlenmesine ait
bulgular

Genotipin mikrogogaltima etkisini belirlemek amaciyla 1 mg/l BA iceren MS besin ortaminda
22 farkli melez bireyin gogalma performanslar arastirilmistir. Deneme sonunda mikrogogaltim orani
ve bitki boyuna ait veriler incelenmistir. Caligmada kullanilan genotiplerin MS besin ortaminda
gelisimlerine ait veriler Cizelge 4’te sunulmustur. Bitkilere ait goriintii Sekil 1°de sunulmustur.
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Cizelge 4. Calismada kullanilan genotiplerin MS besin ortaminda gelisimlerine ait veriler

Genotip Mikrogogaltim orani (bitkicik/ bitki) Bitki boyu (cm)
SR-2 1.11f 0.54de
SR-5 1.77def 0.62bcde
SR-34 1.22f 0.58bcde
SR-41 1.33f 0.75bcd
SR-47 2.44cde 0.82b
SR-49 1.66def 0.66bcde
SR-56 2.55¢cd 0.75bcd
SR-60 5.00b 2.11a
SR-61 1.33f 0.45e
SR-63 1.55def 0.52de
SR-69 1.55def 0.71bcd
SR-72 3.33c 0.60bcde
SR-75 6.33a 1.88a
SR-82 2.11def 0.80bc
SR-83 1.77def 0.60bcde
SR-86 1.44ef 0.63bcde
SR-87 1.77def 0.52de
SR-91 1.44¢f 0.56cde
SR-92 1.55def 0.54de
SR-94 1.33f 0.52de
SR-98 1.22f 0.72bcd
SR-99 1.44ef 0.71bcd

LSDg¢ogalma orani:1.009
LSDbitki boyu:0.244

Mikrogogaltim denemelerinde kullanilan 22 genotip i¢in, mikrogogaltim orani, bitki boyu,
yaprak sayisinin istatistiksel olarak 6énemli oldugu bulunmustur (P<0.05). Cizelge 4 incelendiginde, en
iyi ¢ogalma performansi gosteren genotipin SR-75 (6.33 bitkicik/bitki) oldugu go6zlemlenirken,
cogalma orani en diisiik genotip SR-2 (1.11 bitkicik/bitki) olarak saptanmistir. Calismada kullanilan
genotiplerin MS besin ortaminda bitki boylari incelendiginde, en yiiksek bitki boyu SR-60 genotipinde
(2.11 cm) gozlemlenirken, en kisa bitki boyu SR-61 genotipinde (0.45 cm) tespit edilmistir. Tiim
veriler degerlendirildiginde, mikrogogaltim performans: en iyi genotipler SR-75 ve SR-60 olarak
belirlenmistir.

Sekil 1. SR-82 genotipinin ¢ogalmasina ait goriintii.

3.1.2. Turuncgil melezlerinin mikrocogaltim iizerine farkh besin ortamlar: ve genotip etkisinin
belirlenmesine ait bulgular

MS, WPM ve ROM besin ortamlarmin turunggil melezlerinin mikrogogaltim orani iizerine
etkisi incelendiginde, genotip ve genotip*besin ortami interaksiyonlar1 arasindaki fark istatistiksel
olarak oOnemli bulunurken, yalmzca besin ortamlarmin etkisi arasinda istatistiksel fark
gbzlemlenmemistir (P<0.05) (Cizelge 5).
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Cizelge 5. Farkli besin ortamlarinin mikrogogaltim oranina etkisine ait veriler

Genotip Besin ortami ortalama
SR-60 SR-69 SR-75 SR-86

MS 4.00bc 7.55a 5.66abc  5.33abc 5.63

WPM 3.66¢ 3.55¢ 4.22hc 6.55ab 4.5

ROM 4.22hc 4.22bc 6.88a 7.55a 5.72

Genotip ortalama  3.96B 5.11AB 5.59A 6.48A

LSDgenotip: 1.492
LSDbesin ortami: OD
LSDgenotip*besin ortami: 2.584

Cizelge 5 incelendiginde, en iyi ¢cogalma performansi gosteren genotiplerin SR-69 MS (7.55
bitkicik/bitki) ve SR-86 ROM (7.55 bitkicik/bitki) oldugu gézlemlenirken, ¢ogalma orani en diisiik
genotip ise SR-69 WPM (3.55 bitkicik/bitki) olarak belirlenmistir. MS besin ortaminda en iyi ¢ogalim
g0steren genotip SR-69 (7.55 bitkicik/bitki), WPM ortaminda en iyi ¢ogalim gdsteren genotip SR-86
(6.55 bitkicik/bitki) ve ROM ortaminda en iyi ¢ogalim gosteren genotip SR-86 (7.55 bitkicik/bitki)
olarak saptanmustir.

MS, WPM ve ROM besin ortamlarinin turunggil melezlerinin bitki boyu iizerine etkisi
incelendiginde, genotip, besin ortami ve genotip*besin ortami interaksiyonlar1 arasindaki fark
istatistiksel olarak énemli bulunmustur (P<0.05). En ylksek bitki boyu SR-60 genotipinde MS (3.33
cm) besin ortaminda gozlemlenirken, bitki boyu en kisa olan genotip ise SR-75 WPM (1.22 cm)
olarak belirlenmistir. MS besin ortaminda en yiiksek bitki boyu gosteren genotip SR-69 (2.44 cm),
WPM ortaminda en yiiksek bitki boyu gosteren genotip SR-60 (1.88 cm) ve ROM ortaminda en
yiiksek bitki boyu gosteren genotip SR-60 (3.33 cm) olarak belirlenmistir (Cizelge 6).

Cizelge 6. Farkli besin ortamlarimin bitki boyuna etkisine ait veriler

Genotip Besin ortami ortalama
SR-60 SR-69 SR-75 SR-86

MS 2.11bcd 2.44h 2.00bcd  2.22bc 2.19A

WPM 1.88cde 1.33fg 1.22g 1l.44efg 1.47B

ROM 3.33a 2.27hc 2.00bcd 1.72def  2.33A

Genotip ortalama 2.44A 2.01B 1.74B 1.79B

LSDgenotip:0.278
LSDbesin ortam1:0.240
LSDgenotip*besin ortami:0.481

3.2. Koklenme denemelerine ait bulgular

Dokuz turuncgil melezinin kdklenmesi zerine genotip ve farkl bitki bliytime diizenleyicilerin
etkisini belirlemek amaciyla, IBA ve NAA’nin 1 mg/l konsantrasyonu kullanilmigtir. Caligmada, bitki
boyuna ait veriler incelendiginde, genotip ve bitki blytime diizenleyiciler arasindaki fark istatistiksel
olarak dnemli bulunmustur (P<0.05). En uzun bitki boyu SR-69 genotipinde (5.00 cm-IBA ve 4.66
cm-NAA) tespit edilmistir. En kisa bitki boyu ise SR-63 genotipinde (1.05 cm-IBA ve 1.08 cm-NAA)
Olcilmiistiir. Bitki biiyiime diizenleyici ayirt etmeden, gelisen genotip her iki ortamda da iyi gelisim
gosterirken, kisa kalan genotip her iki ortamda fazla gelisim gosterememistir (Cizelge 7).
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Cizelge 7. Genotip ve farkli biiyiime diizenleyicilerin bitki boyu Uzerine etkisine ait veriler

Genotip IBA NAA Genotip Ortalama
SR-41 2.77cd 2.00efg 2.38C
SR-47 2.66cde 2.11def 2.38C
SR-49 1.83fg 1.38gh 1.61D
SR-60 3.55b 2.62cde 3.09B
SR-63 1.05h 1.08h 1.07E
SR-69 5.00a 4.66a 4.83A
SR-75 1.55fgh 1.50fgh 1.52DE
SR-82 3.16bc 2.88bc 3.02B
SR-86 1.38gh 1.72fgh 1.55D
BBD Ort. 2.55A 2.22B

LSDgenotip: 0.472
LSDbbd: 0.223
LSDbbd*genotip: O.D.

IBA ve NAA bitki biiyiime diizenleyicilerinin turunggil melezlerinin k6k uzunlugu iizerine
etkisine ait veriler incelendiginde, yalnizca genotipin etkisi istatistiksel olarak énemli bulunmustur
(P<0.05). En fazla kok uzunlugu SR-47 genotipinde (4.83 cm-NAA) tespit edilmistir. En diisiik kok
uzunlugu ise SR-75 genotipinde (1.00 cm-NAA) dl¢iilmiistiir (Cizelge 8).

Cizelge 8. Genotip ve farkli biiyiime diizenleyicilerin turuncggil melezlerinin kok uzunlugu tizerine
etkisine ait veriler

Genotip IBA NAA Genotip Ortalama
SR-41 3.00cde 3.77bc 3.38BC
SR-47 3.33cd 4.83a 4.08AB
SR-49 4.50ab 3.83abc 4.16A
SR-60 2.05efg 1.43gh 1.74D
SR-63 1.35gh 1.41gh 1.38D
SR-69 3.00cde 2.66def 2.33C
SR-75 1.61gh 1.00h 1.30D
SR-82 1.93fgh 1.93fgh 1.93D
SR-86 1.38gh 1.55gh 1.47D
BBD Ort. 2.46A 2.49A

LSDgenotip: 0.717

LSDbbd: O.D.

LSDbbd*genotip: O.D.

IBA ve NAA bitki biiyiime diizenleyicilerinin turunggil melezlerinin kok sayisi iizerine
etkisine ait veriler incelendiginde, genotip, bitki bliyume dlzenleyici ve BBD*genotip interaksiyonlart
istatistiksel olarak 6enmli bulunmustur (P<0.05). En fazla kok sayis1t NAA igeren MS ortaminda
koklenen SR-47 genotipinde (2.22 cm) tespit edilmistir (Cizelge 9). Kdklenen bitkilere ait gorinti
Sekil 2’de sunulmustur.

Cizelge 9. Genotip ve farkli biiyiime diizenleyicilerin turunggil melezlerinin kok sayisi {izerine
etkisine ait veriler

Genotip IBA NAA Genotip Ortalama
SR-41 1.11b 2.00a 1.55A
SR-47 1.22b 2.22a 1.72A
SR-49 1.00b 1.00b 1.05B
SR-60 1.11b 1.25b 1.18B
SR-63 1.00b 1.22b 1.11B
SR-69 1.00b 1.33b 1.16B
SR-75 1.00b 2.00a 1.50A
SR-82 1.00b 1.22b 1.11B
SR-86 1.00b 1.00b 1.00B
BBD Ortalama 1.04B 1.48A

LSDgenotip: 0.283
LSDbbd: 0.133
LSDbbd*genotip:0.400
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Sekil 2. SR-49 genotipinde 1 mg/l IBA igeren MS besin ortaminda koklenen bitkiler.
3.3. Bitkilerin dis kosullara ahstirllmasina ait veriler

Koklenme denemeleri sonucunda elde edilen kokli bitkiler dis kosullara alistirtlmistir. Dis
kosullara aligtirilan bitkilerin yasama oranlart %30-90 arasinda degismistir (Cizelge 10). SR-82 ve SR-
86 genotiplerinde kok gelisimi gézlenmemistir. Dig kosullara alistirilan bitkilere ait goriintii Sekil 3’te

sunulmustur.

Cizelge 10. Dis kosullara aligtirilan bitkilere ait veriler

Genotip Bitkilerin dig kosullarda yagama oranlar (%)
SR-41 90
SR-47 80
SR-49 55
SR-60 80
SR-63 45
SR-69 30
SR-75 45

Sekil 3. SR-60 genotipinin dis kosullara alistirildiktan 2 ay sonraki goriintiisti.
4. Tartisma ve Sonug
Kiresel iklim degisikligi ve degisen ¢evre sartlarina uygun bitkilerin 1slahi son derece

onemlidir. Bitki doku kiiltiirlerinin de igerisinde yer aldig1 biyoteknolojik tekniklerin bitki 1slahinda
kullanim1 6nemli faydalar saglamaktadir (Simsek, 2018). Giiniimiizde, abiyotik ve biyotik stres
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kosullarina dayanikli turunggil anag¢ ve gesit gelistirme g¢alismalar1 gergeklestirilmektedir. Ana¢ ve
cesit gelistirme c¢alismalarinda yiiriitilen melezlemeler sonucunda elde edilen melez bitkilerin,
anag/gesit olma potansiyellerinin degerlendirilebilmesi i¢in dncelikle bu materyallerin ¢ogaltilmasi
gerekmektedir. [n vitro mikrogogaltim, melezleme calismalar1 sonrasinda elde edilen degerli
materyallerin ¢ogaltilmasi i¢in giiglii bir aragtir. Turunggillerde farkli melezleme kombinasyonlarindan
elde edilen bitkiler in vitro kosullarda ¢ogaltilmistir. Bitkiler 0.5 g/l malt ekstrakti ve 1 mg/l BA igeren
MS besin ortaminda kiiltiire alinmigtir. Caligma sonunda in vitro kosullarda ¢ogalma ve kdklenme
performansi en iyi olan bireyler Cin turuncu X Rubidoux ii¢ yaprakli ve Volkameriana X Rubidoux {i¢
yaprakli melezlemesi sonucunda elde edilen bireyler olmustur (Yesiloglu ve ark., 2017). Yiiriitiilen bu
calismada ise, Sunki mandarin X Rubidoux ii¢ yaprakli melezlerinin in vitro kosullarda ¢ogaltim ve
koklendirilmesi incelenmistir. Calisma sonucunda her bireyin farkli gelisim gosterdigi tespit
edilmistir. Calisma kapsaminda kullanilan genotiplerden mikrogogaltim asamasinda en basarili
genotipler SR-60 ve SR-75 olurken, kok asamasinda en bagarili genotipler SR-41, SR-47 ve SR-60
olmustur.

Mikrogogaltim teknikleri az sayidaki degerli materyallerin klonal ve hizli ¢ogaltilmasinda
yaygin olarak kullanilmasma ragmen her bitki tiiriiniin verdigi cevap farkli olmaktadir. Turuncggiller
bitki doku kiiltiiriine zor cevap veren rekalsitrant bitki tiirleri arasindadir. Bu nedenle, melezleme
calismalart sonucunda elde edilen bireylerin de ¢ogalma performanslart baska bitki gruplar ile
karsilastirildiginda diisiik olmaktadir. Calismada kullanilan Sunki mandarin X Rubidoux ii¢ yaprakli
melezlerinin in vitro kosullarda mikrogogaltim ve koklenme performanslarit birbirinden farklilik
gostermistir. Calismada, 6ncelikle 22 melez MS besin ortaminda ¢ogaltilmistir. Genotipler arasindaki
bu ¢ogalma performanslari arasindaki farkliliktan dolayi, ¢aligmada kullanilan tiim genotiplerin farkli
besin ortamlarindaki performanslar1 incelenememistir. Ancak, ¢ogalma performansi iyi olan 4 bireyin
MS, WPM ve ROM besin ortamlarinda ¢ogaltimi gerceklestirilebilmistir. Elde edilen bu bulgu,
bitkilerin in vitro kiilttirlerindeki basarinin genotipe gore farklilik gosterdigini dogrular niteliktedir.

Birgok bitki tiiriinde oldugu gibi, turunggilde de, herhangi bir in vitro rejenerasyon sisteminin
basarisi, kiiltiir kosullari, biiyiime diizenleyicilerinin uygulanmasi ve konsantrasyonlari ve eksplant tipi
gibi cesitli faktorlere baglidir. Genotip ayrica doku kiiltiirii sonuglar tizerinde ¢ok giiclii bir etkiye
sahiptir (Santiago ve ark., 2019). Literatiir incelendiginde, doku kiiltiri siiresince elde edilen
cevaplarin bitki tliriine gore degistigine dair ¢cok sayida arastirma bulunmaktadir. Bazi 6rneklerde,
bitki doku kiiltiirii galigmalar siiresince gozlenen cevaplarin niikleer genler, sitoplazmik genler ve gen
interaksiyonlar gibi genetik faktorler ile iliskili oldugu belirlenmistir. Genotipik farkliliklardan dolay1
optimum besin ortam1 ve kiiltlir sartlar1 tiirden tiire farklilik gostermektedir. Bitki doku kiiltiirii i¢in
genel bir protokol kullanilabilmesine ragmen, yakin akraba bitki ¢esitleri bile birbirinden farkli besin
ortamina ve kiiltiir kosullarina ihtiya¢ duyabilmektedir. Bu nedenle mikrogogaltim ve kdklendirme
caligmalarinda en iyi metot denemelerle belirlenmelidir. Bitki biiylime diizenleyicileri kullanilarak in
vitro ¢ogaltim ve koklendirme tesvik edilmektedir, ancak birbirine yakin genotiplerin bile egilimleri
farkli olabilmektedir (George ve ark., 2007). Santiago ve ark. (2019), 10 farkli turunggil anacinin
(‘Indio’, ‘Riverside’ ve ‘San Diego’ citrandarinleri , “‘Sunki Tropical’ mandarin, ve RL x TR-001, FRL
x (RL x TR)-005, CSM x (RL x TR)-059, TRH-051, TRH-069 ve CSM x TRBK-Colombia
melezleri) in vitro kosullarda WPM ortaminda ¢ogaltimimi arastirmiglardir. Calisma sonunda, en
yiiksek bitki sayisi Indio citrandarin anacindan elde edilmistir. Calismada, 4 bireyin MS, WPM ve
ROM besin ortamlarinda mikrogogaltiminda besin ortamlar arasinda istatistiksel olarak farklilik
bulunmamistir (P<0.05).

Bitki blyime dizenleyicileri oksinler, absisik asit, sitokininler, etilen ve gibberellinler olmak
iizere bes ana sinifa ayrilir. Oksinler ve sitokininler bitki doku kiiltiirii ¢aligmalarinda biiylimeyi ve
organize gelisimi diizenlemek i¢in kullanilan en 6nemli bitki biyime dizenleyicileridir. Bitki doku
kiiltiiri ¢alismalarinda etkin sonug alabilmek i¢in ayni anda ya da ardisik olarak farkli siniflardaki iki
veya daha fazla bitki biyume dizenleyicinin kombine edilmesi gerekebilir (Gaspar ve ark. 1996).
Amgai ve ark. (2016), MS ortaminda 10 farkli hormon (BAP ve IAA) diizeyinin ve 3 farkli kiiltiir
stresinin (4, 8, 12 hafta) mandarin (C. reticulata Blanco)’in in vitro kosullarda ¢ogaltimi {izerine
etkilerini arastirmiglardir. En yiiksek siirgin olusumu 0.5 mg/l BAP ve 0.2 mg/l 1AA igeren besin
ortaminda elde edilmistir. Inceoglu (2018), dort farkli turunggil anacinin (Carrizo sitranji, Tuzcu 31-31
turuncu, Gou Tou turuncu) in vitro kosullarda kok eksplantlarindan bitki rejenerasyonunu optimize
etmiglerdir. Bu amagla BAP ve NAA’nin 21 farkli konsantrasyonunu igceren MS besin ortami
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kullanmiglardir. Calisma sonucunda, siirgiin olusum oranlarina bakildiginda Carrizo sitranj1 en basarili
genotip olarak belirlenmistir (%60.95). Carrizo sitranjinda 0.5 mg/l BA, 1.0 mg/l BA+0.5 mg/l NAA
ve 2.0 mg/l BAP igeren MS ortamlarinda %100 basar1 elde edilmistir. Tallon ve ark (2012), Alemow
(C. macrophylla) ve turung (C. aurantium) bitkilerinden alinan nodal eksplantlarla in vitro
organogenesis ¢alismislardir. Calismada farkli besin ortamlarinin (MS, WPM ve DKW (Driver and
Kuniyuki Walnut Medium) optimum kosullarda farkli konsantrasyonlardaki bitki biiyiime
diizenleyicilerle kombinasyonu denenmistir. En iyi sonuglar Alemow i¢in 3 mg/l BA, turung igin 2
mg/l BA igeren ortamlarda elde edilmistir. Anaglarda 3 farkli temel ortamdan Alemow i¢in WPM ya
da DKW en iyi sonuglar1 verirken, turung i¢in DKW en iyi ortam olarak belirlenmistir. Chamandoosti
(2017), C. latifolia Tan bitkisinde in vitro siirgiin olusumunu arastirmistir. Calismada siirgiin
gelisiminin en iyi 4.44 uM BA ve 0.053 uM NAA igeren besin ortaminda oldugu tespit edilmistir.
Bitki boyu i¢in en basarili ortam ise 4.44 uM BA ve 0.049 uM IBA igeren besin ortami olarak
belirlenmistir. Calismada, 9 genotipin kdklendirmesi tzerine 1 mg/l IBA ve 1 mg/l NAA’nin etkisi
incelenmistir. Koklendirme denemelerinde bitki boyu, kok uzunlugu ve kok sayisina ait veriler
incelenmistir. Koklenme denemelerinde bitki boyu ve kdk uzunlugu igin en basarili bitki buyime
diizenleyici IBA, kok sayisi i¢in en basarili bitki bliylime diizenleyici ise NAA olarak belirlenmistir.
Turunggillerde yiiriitiilen mikrogogaltim ¢alismalari incelendiginde genotipi etkisinin oldukga yuksek
oldugu gozlenmektedir. Yiiriitiilen bu c¢alismada da genotip etkisinin olduk¢a yiiksek oldugu tespit
edilmistir. Her melez bireyin ayni ortamlarda farkli tepkiler verdigi ortaya konulmustur.

Turunggil 1slah programlarinin en kritik asamalarindan biri melez bitkilerin ¢ogaltilmasidir.
Melez bitkilerin ¢ogaltilmasinda bitki doku kiiltiirii yontemleri giiclii bir alternatiftir. Bitki doku
kiiltiirii calismalarinda basar1 genotip ile dogrudan iligkilidir. Bu nedenle kiiltiire alinan genotiplerin
mikrocogaltim ve kdklenme performanslart birbirinden farklilik gostermistir. Genotipler arasindaki
farkliliga ragmen mikrogogaltimda kullanilan 3 farkli besin ortami benzer tepkiler géstermistir. Melez
bitkilerin koklenme galismalarinda ise IBA bitki ve kok boyunda daha etkili olmus, NAA ise kok
sayisim arttirmistir. Ancak her iki bitki biiylime diizenleyicisi igerisinde koklenen bitkiler basarili bir
sekilde dis kosullara aktarilmistir. Sonug olarak genotip etkisi gozlenmekle beraber mikrogogaltim
caligmalarinda 1 mg/l BAP iceren MS, WPM ve ROM ortamlarinin, kéklenme ¢alismalarinda ise yine
1 mg/l IBA ve NAA igeren MS ortaminin kullanilabilirligi ortaya konulmustur.
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Abstract: Radioactivity in the environment occurs due to natural, terrestrial,
extra-terrestrial factors or caused by human activity. Foodstuffs such as plants
and mushrooms that grown in the soil which containing radioactive elements can
absorb radioactive elements from the soil. Wild mushrooms can accumulate many
types of toxicological, nutritional, and radioactive elements. Knowing the levels
of radioactivity in the foodstuffs is of great importance for the protection of
human health. In this study, the activity concentrations of the naturally occurring
238, 232Th, “°K nuclides and artificially occurring ¥’Cs nuclide were determined
and annual effective doses and excess lifetime cancer risk values were calculated
in mushrooms commonly consumed by the Turkish people. Fifteen types of
mushroom samples were collected from different locations of Turkey. The results
showed that the activity concentrations of 23U, 232Th, 4°K and **Cs varied from
9.2+1.6 to 75.4+8.8 Bq kg?, 10.9+1.6 to 76.3+8.9 Bg kg?, 925.9+29.0 to
3848.0+73.2 Bq kgand 6.1+1.1 to 2824.8+79.8 Bq kg™, respectively. The mean
total annual effective dose was found to be 11.5 uSv y. “K radionuclide was the
highest contributor to the mean total annual effective dose as 5.35 uSv y*. The
mean excess lifetime cancer risk (ELCR) caused by consumption of mushrooms
in the study was determined as 4.6 x10°.
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Oz: Radyoaktivite; dogal, karasal, diinya dis1 faktdrler veya insan aktivitesinden
kaynaklanmaktadir. Radyoaktif elementler iceren toprakta yetisen bitkiler ve
mantarlar gibi gida maddeleri, topraktaki radyoaktif elemetleri absorbe
edebilmektedir. Yabani olarak yetisen mantarlar pek ¢ok tirde toksikolojik,
besleyici ve radyoaktif element biriktirebilmektedir. Gida maddelerindeki
radyoaktivite seviyelerinin bilinmesi insan sagliginin korunmasi agisindan biiytik
onem tasimaktadir. Bu ¢alismada, Tiirk halk tarafindan yaygin olarak tiiketilen
mantarlarda dogal olarak olusan 28U, 232Th ve “°K nuklidleri ile yapay olarak
olugan ¥’Cs ntklidinin aktivite konsantrasyonlari, yillik etkin dozlar ve yasam
boyu kanser riski degerleri belirlenmistir. Tiirkiye'nin farkli yerlerinden 15 gesit
mantar Ornegi toplanmustir. Sonuglar 2%¥U, 22Th, %K ve Cs aktivite
konsantrasyonlarinin sirastyla 9.2+1.6 - 75.4+8.8 Bq kg, 10.9+1.6 - 76.3+8.9 Bq
kg, 925.9£29.0 - 3848.0+£73.2 Bq kg* ve 6.1+1.1 - 2824.8+79.8 Bq kg* arasinda
degistigini gdstermistir. Ortalama toplam yillik etkin doz 11.5 pSv y* olarak
bulunmustur. “°K radyoniiklidi, ortalama toplam yillik etkin doza 5.35 uSv ytile
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en yiiksek katkida bulunan radyoniiklid olarak belirlenmistir. Calismada yer alan
mantarlarm tiiketiminden kaynaklanan ortalama yagsam boyu kanser riski (ELCR)
degeri 4.6 x10° olarak belirlenmistir.

1. Introduction

Mushrooms have been used as an important food in the human nutrition for thousands of years
all over the world. However, it is well known that mushrooms have the ability to efficiently accumulate
high concentrations of radionuclides from the soil/substrate or environment owing to high surface area
of their mycelia (Kalac, 2001; Falandysz and Borovicka, 2013). Wild mushrooms can be exposed to
more radioactivity than cultivated mushrooms, and their radioactive element contents can be too high,
particularly in areas heavily polluted with radionuclides. Accordingly, mushrooms can be used as a
useful bioindicator to determine the level of radioactive contamination in any environment (Kuwahara
et al., 2005; Bazala et al., 2008).

Nowadays, the radioactive pollution is a serious problem throughout the world (Hatra, 2018).
The radioactive substances adversely affect the health of people, animals and plants and also disrupt the
environment and ecological balance. People are continuously exposed to different radiation sources.
The major sources of radioactive substances released into the environment are nuclear weapon tests,
manufacture of radioactive compounds, nuclear power plants, radioactive waste disposal and nuclear
researches. Radionuclides are the radioactive isotopes of elements, are unstable and have excess nuclear
energy. Some of them toxic for the human health. They can cause many cancers, birth defects, and
cognitive disabilities. Radionuclides may occur naturally or artificially. Humans are exposed to mostly
natural radionuclides (Mazzilli et al., 2002). The uranium (***U, 25U and 2*®U), potassium (*°K) and
thorium (?26Th, 2°Th and 22Th) are common natural radionuclides. On the other hand, *’Cs is the most
important artificially occurring radionuclide. It is released to the atmosphere as a result of nuclear
experiments made for many years or nuclear accidents. It is a crucial fission product due to its high
fission yield and its long half-life period (30.17 years). It is estimated that, approximately 3.8x10'¢ Bq
of 13’Cs was released into the environment after the Chernobyl disaster (UNSCEAR, 1988).

Natural or artificial radiation sources can enter into people’s food chain by the consumption of
foods containing radionuclides. The wild foods including mushrooms, berries and fishes are principal
sources of radionuclides for peoples. The radionuclide contents of mushrooms are generally higher than
plants in the same forest (Bannai et al., 2005). Therefore, the determination of radioactivity in edible
mushrooms is extremely important in recent years. Many radionuclides including *¥'Cs, 4°K,, 23U, 2%U,
228Th, 230Th, 232Th, 219Pq, 855, 905, 238py, 226Ra and °Co were investigated in the mushrooms in different
countries of the world (Baeza et al., 2004; Mietelski et al., 2010; Taira et al., 2011; Castro et al., 2012).

Aswell as in all of Europe, the principal sources of radioactive elements in Turkey are the fallout
from the nuclear weapon tests in the 1950s and 1960s, and from the Chernobyl accident in 1986. Turkey
has great wild mushroom potential. Many wild edible mushroom species are fondly consumed by
Turkish people. According to Yamag et al. (2007), Turkey is an important exporter of wild edible
mushrooms. Wild edible mushrooms grown in Turkey are exported to mainly European countries, The
United States of America, Japan, Central Asia and Middle East countries (Peksen and Akdeniz, 2012).
The radiation certificate is required to export the wild edible mushrooms and the radionuclide contents
of mushrooms must be within safe limits for human health. So, it is required to research the levels of
radioactive contents in the mushrooms grown in Turkey. However, there are limited works concerning
determining the levels of toxicologically important natural and artificial radionuclides such as 23U,
282Th, K, 134Cs and *’Cs in the mushrooms grown in Turkey (Karadeniz and Yaprak, 2007; Turhan et
al., 2007; Akca, 2011; Akea et al., 2014; Yilmaz et al., 2016; Turkekul et al., 2018; Glrgen et al., 2019).

The objective of this study was to determine the activity concentrations of 238U, 22Th, K and
137Cs radionuclides and to calculate annual effective doses and excess lifetime cancer risks in some
commonly consumed wild growing and cultivated mushrooms collected from different locations of
Turkey.
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2. Material and Methods
2.1. Collection of mushrooms and preparation of the samples for radiometric analyzes

The detailed information about mushroom species examined in the study is given in Table 1.
These mushroom species except for Ganoderma lucidum are commonly grown and consumed in Turkey
(Peksen and Akdeniz, 2012). G. lucidum is the most important medicinal mushroom species both in the
world and in Turkey (Bulam et al., 2019). The sporocarps of wild edible (Boletus edulis, Craterellus
cornucopioides, Lactarius deliciosus, Laetiporus sulphureus, Marasmius oreades, Morchella conica,
Ramaria botrytis, Tricholoma terreum) and cultivated mushrooms (Ganoderma lucidum, Hericium
erinaceus, Lentinula edodes, Pleurotus ostreatus-1, 2, 3 and 4) were collected from different locations
of Turkey in spring and autumn of 2015-2016. The identifications of the mushroom species were made
according to Phillips (1994). After collection, mushroom samples (approximately 0.5 kg for each
species) brought to the laboratory were cleaned from the soil, forest debris or substrate debris by gently.
Then, whole sporocarps (pileus + stipe) were cut into small pieces, placed ina paper envelope and dried
in an oven at 65°C to a constant weight. Afterward, dried mushroom samples were ground into a fine
powder using a laboratory mill. The ground samples were put into polyethylene bags, sealed and stored
in a refrigerator at 4°C until analysis.

Table 1. Mushroom species examined in the study

No.  Mushroom Species Family Local Name Location Ecology Growing Edilebility

1 Boletus edulis Boletaceae Ay1 mantari Giresun Mycorrhizal ~ Wild Edible

2 Craterellus Cantharellaceae Borazan Samsun, Ladik ~ Saprophytic ~ Wild Edible

cornucopioides mantari
3 Ganoderma lucidum Ganodermataceae  Reishi Denizli, Saprophytic  Cultivated Not edible,
Agroma [Parasitic but
medicinal

4 Hericium erinaceus Hericiaceae Aslan yelesi Ondokuz Parasitic Cultivated Edible

mantart Mayis
University

5 Lactarius deliciosus Russulaceae Kanlica Giresun, Mycorrhizal ~ Wild Edible
mantari Bektas plateau

6 Laetiporus sulphureus  Polyporaceae Kkdrt Giresun, Saprophytic ~ Wild Edible
mantari Bulancak [Parasitic

7 Lentinula edodes Tricholomataceae  Shiitake, Denizli, Saprophytic  Cultivated Edible
Mese mantari Agroma

8 Marasmius oreades Marasmiaceae Cincile, Sinop Saprophytic ~ Wild Edible
Mih tepesi

9 Morchella conica Morchellaceae Kuzu gébegi Samsun, Mycorrhizal/  Wild Edible
mantari Vezirkopri Saprophytic

10 Pleurotus ostreatus Pleurotaceae Kayin mantari, ~ Giresun, Saprophytic  Cultivated Edible
Kavak mantart  Eynesil (Poplar log)

11 Pleurotus ostreatus Pleurotaceae Kayin mantari, Rize Saprophytic ~ Cultivated Edible
Kavak mantari (Poplar log)

12 Pleurotus ostreatus Pleurotaceae Kayin mantari, Bursa Saprophytic ~ Cultivated Edible
Kavak mantari

13 Pleurotus ostreatus Pleurotaceae Kaymn mantari, Rize Saprophytic  Cultivated Edible
Kavak mantart (Beech log)

14 Ramaria botrytis Gomphaceae Purpirim Samsun, Ladik  Mycorrhizal ~ Wild Edible

15 Tricholoma terreum Tricholomataceae  Karakiz Samsun, Mycorrhizal ~ Wild Edible
mantari Vezirkopri

2.2. Gamma-ray measurements

Gamma-ray spectrometric analyzes of the samples were performed by using FoodGuard-1 3 x

3-inch Nal (T1) model radiation detector (ORTEC, Oak Ridge, USA) in the Central Research Laboratory
of Kastamonu University. The dried and powdered mushroom samples were placed into plastic boxes
with a diameter of 8 cm and a height of 8 cm, prepared in accordance with the geometry of the detector.
Then, the mouths of the boxes were tightly closed and the boxes were waited for 1 month. Thus, the
formation of radioactive equilibrium between 23U, and 2*2Th and their decay products was provided and
the samples were made ready for counting. The detector was calibrated before the analysis of the samples
was started. To analyze the spectra collected in computer memory, it must be known which channel
corresponds to which energy. Thus, the types of radioactive nuclei present in the sample can be found.
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To accomplish the energy calibration, it is needed a standard source or resources consisting of nuclei
previously known their energies. After calibration was completed, each sample was counted in the
gamma spectrometer for 50000 sec.

The energy resolution of the detector measured in terms of full width at half maximum is 46
keV at 661.8 keV 137Cs. The light decay time constant for a Nal (TI) crystal is about 0.23 ms. Typical
charge-sensitive preamplifiers translate this into an output voltage pulse with a rise-time of about 0.5
ms. The pulse processing and data analysis system matched to a computer and the spectral analysis was
performed using ScintiVision computer software. The detector was housed in a cylindrical lead shield
of about 22 cm diameters, 56 cm in overall height and 7 cm thickness. The efficiency calibration of the
spectrometer was performed using the IAEA gamma-ray spectrometry reference materials of RG sets
(RGU-1, RGTh-1 and RGK-1). The energy calibrations and quality assurance of measurements were
carried out by periodical calibrations using calibration sources that contained ***Ba, %°Cd, 'Co, #Na,
187Cs, 5“Mn and %°Co and generated photon emission peaks in the energy range between 80 and 1400
keV and repeating sample measurements. The gamma photopeak of the 2614.4 keV from 2%T| was used
to measure the activity concentration of 22Th, while the gamma photopeak of the 1764.5 keV from 2Bi
was used to measure the activity concentration of 22°Ra. The activity concentrations of “°K and **’Cs
were measured directly by its own gamma photopeak at 1460.8 and 661.8 keV, respectively. After
correcting for background and Compton contribution, the activity concentrations per unit mass of the
above radionuclides were obtained for each sample in units of Bq kg*. All results in this research are
based on dry weight masses (Kurnaz et al., 2016). The combined standard uncertainty of the activity
concentration is calculated by the following formula:

2 2 2 2
AA=A. (ﬁ) +[APYJ +(£] +(ﬂj (1)
C PY € M

where A and AA are, respectively, the activity concentration and its uncertainty; C and AC are
the count rate and its uncertainty; Py and APy are the gamma emission probability and its uncertainty, €
and A€ are the absolute efficiency of the detector and its uncertainty; M and AM are the mass and its
uncertainty. The minimum detectable activity (MDA) of the gamma-ray measurement system was
calculated by using the following formula (Altikulag et al., 2016):

MDA= )

where, B is the background counts, € is the absolute efficiency of the detector, Py is the gamma
emission probability and T is the counting time (s) and M is the mass of the sample (kg). The average
value of the MDA for 2%2Th, ?2°Ra, °K and **’Cs was found as 2.8, 3.4, 8.2 and 1.6 Bq kg, respectively.

2.3. Calculation of annual effective dose and excess lifetime cancer risk

The annual effective dose was determined using the following equation as reported by Abbady
(2006).

AEDE = RAC X AAMC X DCC 3)

where: AEDE - annual effective dose (uSv y?), RAC - radionuclide activity concentration (Bq kg?),
AAMC - average annual mushroom consumption (kg y*), DCC - dose conversion coefficient (Sv B
1. In the above equation, average annual mushroom consumption for an adult Turkish people was
regarded as 0.4 kg y* (Cevik, 2019). The dose conversion coefficient were 4.5x10® Sv Bg! for 2%8U,
2.3x107 Sv B for 2Th, 6.2x10° Sv Bg* for “°K and 1.3x10® Sv Bg* for ©*'Cs (IAEA, 2011).

The excess lifetime cancer risk was determiden by using the following formula.

ELCR = AEDE x DL x CRF @)

where: ELCR - excess lifetime cancer risk, AEDE - annual effective dose equivalent (uSv y?),
DL - duration of life (y), CRF - cancer risk factor (Svl). In the above formula, duration of life was
considered as 70 year. Also, cancer risk factor was regarded as 0.057 (ICRP, 2007).
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2.4. Assessment of data

For each mushroom species, analyses were performed in triplicate. The mean values and
standard deviations were determined and the results were indicated as means + standard deviations.
Principal Components Analysis Biplot (PCA Biplot) was established by using XLSTAT Version 2016.

3. Results

The activity concentrations of radionuclides, annual effective doses and excess lifetime cancer
risk values in the examined mushrooms are presented in Table 2. The mean activity concentrations of
radionuclides across all the mushrooms studied were in the decreasing order: K > 13’Cs > 238y > 232Th,

The accumulation of 28U by different mushroom species was very variable. The activity
concentrations of 28U in the mushrooms were found to be ranging from 9.2 to 75.4 Bq kg™. T. Terreum
had the lowest activity concentration of 28U, while the highest activity concentration of 28U was
determined in P. ostreatus-1. It was closely followed by M. oreades.

With regard to 22Th, activity concentrations of this radionuclide in the mushroom species varied
from 10.9 (T. terreum) to 76.3 Bq kg* (M. conica). The activity concentration of 232Th in M. conica was
seven times that of T. terreum

All of the analyzed mushrooms had considerable high activity concentrations of “°K
radionuclide. The lowest and the highest activity concentrations for “°K were observed in C.
cornucopioides (925.9 Bq kg?) and L. edodes (3848.0 Bq kg?), respectively. Although potassium
element found abundant in mushrooms is an essential mineral element for humans, the natural isotope
0K is toxic for health.

The levels of ¥'Cs in investigated mushrooms had highly high variability ranging from 6.1 to
2824.8 Bq kg. Among the studied mushroom species, the lowest activity concentration of *’Cs was
determined in P. ostreatus-4. On the contrary, M. conica which is a commercially very important species
for Turkey accumulated by far the highest level of **¥Cs.

The mean activity concentrations of 2*’Cs and 28U in wild mushrooms were found to be higher
than cultivated mushrooms. Conversely, activity concentrations of “°K and *2Th were higher in
cultivated mushrooms when compared with wild ones. In this study, radioactivity of cultivated
mushrooms was caused mostly by natural “°K radionuclide.

As seen in Table 2, the total annual effective dose values in the mushrooms varied widely
ranging from 4.49 (T. terreum) to 30.20 pSv y* (M. conica). The mean total annual effective dose was
found to be 11.5 uSv y*. “°K radionuclide (5.35 uSv y*) was the highest contributor to the total annual
effective dose. It was followed by 2%2Th (4.13 uSv y?). The annual effective dose values for 238U, 232Th,
0K and *’Cs radionuclides in the mushrooms observed in this study ranged from 0.17 (T. terreum) to
1.36 uSv y* (M. oreades), 1.00 (T. terreum) to 7.02 uSv y* (M. conica), 2.30 (C. cornucopioides) to
9.54 pSv y* (L. edodes), and 0.03 (P. ostreatus-4) to 14.69 uSv y* (M. conica), respectively.
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Table 2. The activity concentrations of radionuclides, annual effective dose and lifetime cancer risk values in various mushroom species

Excess lifetime

Activity concentrations of radionuclides (Bq kg™) Annual effective dose (uSv y?) .
Mushroom species cancer risk
238U 232Th 4OK 137Cs 238U 232Th 40K 137Cs TotaI
B. edulis 52.5+4.4 33.5+3.9 2306.3+43.9 53.3£12.0 0.94 3.08 5.72 0.28 10.00 4.00x 10°
C. cornucopioides 58.5+4.1 29.8+4.9 925.9+29.0 90.7+£12.9 1.05 2.74 2.30 0.47 6.56 2.62x 10°
G. lucidium 57.2£3.9 56.246.2 3288.9+£72.1 24.145.1 1.03 5.17 8.16 0.13 14.50 5.78 x 10
H. erinaceus 13.612.2 58.9+9.7 2442.4+77.1 156.0+9.7 0.25 5.42 6.06 0.81 12.50 5.00 x 10
L. deliciosus 69.4+7.8 49.0+8.4 2885.7+74.5 25.742.2 1.25 451 7.16 0.13 13.00 5.21x10°
L. sulphureus 27.416.9 53.045.2 1816.7+25.1 17.6£1.7 0.49 4.88 4.50 0.09 9.97 3.98 x 10°
L. edodes 37.614.7 20.9+1.7 3848.0£73.2 87.246.7 0.68 1.92 9.54 0.45 12.60 5.03x 10°
M. oreades 75.317.6 47.416.8 1415.2+67.2 18.5+1.9 1.36 4.36 3.51 0.10 9.32 3.72x 10°
M. conica 66.9+7.9 76.318.9 2922.3465.6 2824.8+79.8 1.20 7.02 7.23 14.69 30.20 12.00 x 10
P. ostreatus-1 75.418.8 64.316.1 3133.3468.1 25.3+2.3 1.36 5.92 7.77 0.13 15.20 6.05 x 10°®
P. ostreatus-2 26.4+2.3 58.1+7.9 1672.74£53.0 44,917 0.47 5.35 4.15 0.23 10.20 4.07 x 10°
P. ostreatus-3 49.8+3.1 22.2+1.9 1744.4+75.4 32.6+2.3 0.90 2.04 4.33 0.17 7.43 2.97 x 10
P. ostreatus-4 53.116.7 37.9+1.6 1547.2456.7 6.1+1.1 0.96 3.49 3.84 0.03 8.31 3.32x10°
R. botrytis 25.242.3 54.4+6.8 1268.4+39.5 13.1+1.2 0.45 5.00 3.15 0.07 8.67 3.46 x 10°
T. terreum 9.2+1.6 10.9+1.6 1145.0+58.0 92.745.1 0.17 1.00 2.84 0.48 4.49 1.79x 10
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Excess lifetime cancer risk values (ELCR) in investigated mushrooms were between 1.79 x 10°
% and 12.00 x 10°° and were in the following descending order: M. conica > P. ostreatus-1 > G. lucidium
> L. deliciosus > L. edodes > H. erinaceus > P. ostreatus-2 > B. edulis > L. sulphureus > M. oreades >
R. botrytis > P. ostreatus-4 > P. ostreatus-3 > C. cornucopioides > T. terreum. There was no remarkable
difference in terms of the mean lifetime cancer risk values between wild growing (4.59 x 10°) and
cultivated mushrooms (4.60 x 10°). According to the values observed, the mean excess lifetime cancer
risk of fifteen mushroom samples was determined as 4.6 x10° (Table 2).

The results of the PCA analysis are presented in Table 3 and 4. The first three principal
components, which are the most important components, explained 100% of the total variability for
activity concentrations and annual effective doses of radionuclides in examined mushroom species. In
addition, biplots of the first two principal components based on PCA for activity concentrations and
annual effective doses of radionuclides in examined mushroom species are shown in Figure 1 and 2.
Biplot graphics provide visual evaluation of the relationships between mushroom species and
characteristics. There were two values of each principal component, positive and negative. The blue
points in Figure 1 and Figure 2 represent the activity concentrations and annual effective doses of
radionuclides (n = 45). With regard to the activity concentrations of radionuclides, M. conica was quite
far from other species and the biplot origin. T. terreum, H. erinaceus and C. cornucopioides were quite
close to each other. Except for the mentioned above 4 mushroom species, all species showed similar
characteristics in terms of the activity concentrations of radionuclides. M. conica was also far from
other species with regard to the annual effective doses of radionuclides. G. lucidium and L. deliciosus
were the closest species to each other.

Table 3. Principal component analysis of activity concentrations of radionuclides for examined
mushroom species

PC axis
PC1 PC2 PC3
Eigen values 14.364 0.634 0.002
Explained variance (%) 95.758 4.227 0.016
Cumulative variance (%) 95.758 99.984 100.000

Table 4. Principal component analysis of annual effective doses of radionuclides for examined
mushroom species

PC axis
PC1l PC2 PC3
Eigen values 12.391 1.574 1.035
Explained variance (%) 82.608 10.493 6.900
Cumulative variance (%) 82.608 93.100 100.000
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Figure 1. Biplot graph of the first two principal components for activity concentrations of radionuclides
in examined mushroom species.

L. edodes
5 @ T terreum
4 M. conica
3 P. ostreatus-3
Y2 edulis
2 G. lucidium
— [. de igosus
x
o 1 137Cs 40K
< (]
o
= 0 P. ostreatus-1
~
o ® /. crinaceus
a L
238U
-1
®p_ostreatus-4
2 ]
232Th® [ sulphureus
-3 P. ostreatus-2
C. cornucopioides
M. oreades
-4
R. botrytis
-5

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7
PC1 (82.61 %)

Figure 2. Biplot graph of the first two principal components for annual effective doses of radionuclides
in examined mushroom species.

37



YYU JAGR SCI 31 (1): 30-41
Peksen et al.. / Determination of Radioactivity Levels in Different Mushroom Species from Turkey

4, Discussion and Conclusion

In this study, the mean activity concentrations of radionuclides across all the mushrooms studied
were in the decreasing order: “°K > 1¥’Cs > 23U > 22Th, In previous studies, activity concentrations of
40K in the mushrooms were also found higher than that of other radionuclides examined (Akga, 2011;
Changizi et al., 2012; Akga et al., 2014; Yilmaz et al., 2016; Glrgen et al., 2019).

The activity concentrations of 28U in the mushrooms were found to be varied from 9.2 to 75.4
Bq kg™. The obtained values in this study related to the activity concentrations of 238U in the mushroom
samples were in accordance with the results of Baeza et al. (2006). The range for 238U was 0.0011-0.270
Bg kgt in Poland and the Czech Republic (Mietelski et al., 2002; Borovicka et al., 2011). However, our
results were higher than those of Akca (2011), Akga et al. (2014) and Yilmaz et al. (2016). 28U values
of mushrooms were found to be ranging from 19-168 Bq kg™ (Ttirkekul et al., 2018) and 14.6-26.6 Bq
kg (Giirgen et al., 2019).

With regard to Z2Th, activity concentrations of this radionuclide in the mushroom species varied
from 10.9 to 76.3 Bq kg™. These results were compatible with Rosa et al. (2011), who reported that the
activity concentrations of 2*2Th in wild mushrooms collected from different locations of Brazil were 0.6-
142 Bq kg™. 2°2Th was reported in Poland and the Czech Republic within the range 0.0008-0.496 Bq kg
1 (Mietelski et al., 2002; Borovicka et al., 2011). Our results were higher than the values reported by
Akca (2011), Akea et al. (2014) and Yilmaz et al. (2016) for mushrooms collected from different
provinces of Turkey.

The values determined in this study for activity concentrations of “°K (925.9-3848.0 Bq kg™)
were similar to the results of Mietelski et al. (2010) for different mushroom species collected from
Poland. Karadeniz and Yaprak (2010) found that activity concentration of “°K were 588-2024 Bq kg
in 25 different mushrooms collected from Turkey. Castro et al. (2012) determined to be as 461-1535 Bq
kg™ activity concentration of “°K in 17 mushroom samples belonging to Agaricus, Pleurotus and
Lentinula species in Brazil. The minimum and maximum values for “°K of 50 mushroom samples
obtained from the same station were 201-966 Bq kg (Turkekul et al., 2018). “°K values of Agaricus
bisporus and Pleurotus ostreatus mushrooms cultivated in different commercial companies were varied
between 330.4-739.7 Bq kg™ (Gurgen et al., 2019). In contrast to our results, Gaso et al. (2000), Akca
(2011), Akga et al. (2014) and Yilmaz et al. (2016) observed lower activity concentrations of “°K in
various mushrooms.

The activity concentrations of natural radionuclides for agricultural products can be until is 2000
Bq kgt according to WHO (1989). So, the mushrooms investigated in this study do not cary any health
risk for consumers in terms of 2¥U and 22Th. However, mushroom species with high activity
concentrations of “°K such as L. edodes, G. lucidium, P. ostreatus-1 should be consumed with caution.
On the other hand, radionuclide concentration in the portion may decrease due to the procedures to be
applied according to the consumption type of the mushrooms such as soaking, cooking, boiling,
freezing, drying, pickling or blanching (Saba and Falandysz, 2020).

The levels of ¥'Cs in investigated mushrooms ranged from 6.1 to 2824.8 Bq kg™. Yoshida et al.
(2004) reported that the activity concentrations of **’Cs in wild mushrooms significantly increased after
Chernobyl nuclear accident. Baeza et al. (2004) stated that the *¥’Cs accumulation among nutritional
types of mushrooms was in the following order: mycorrhizal > saprophytic > parasitic. When compared
to other radionuclides, **’Cs were investigated more intensively in wild mushrooms in different
countries of the world. The levels of $3’Cs for many mushroom species were found in the ranges of 9.84-
401 Bq kg in Turkey (Karadeniz and Yaprak, 2007), 2-15000 Bq kg* in Germany (Kammerer et al.,
1994), 2-1357 Bq kg* in Mexico (Gaso et al., 1998), 110-4290 Bq kg* in Poland (Malinowska et al.,
2006), 167-376 Bq kg* in Norway (Gwynn et al., 2013) and 200-19900 Bq kg™ in Finland (Lehto et al.,
2013). Our findings were within the limits reported in the studies mentioned above. The guideline level
reported by IAEA (2016) for activity concentration of **’Cs is 1000 Bq kg*. Accordingly, all other
species except for only M. conica among mushroom species studied in this study did not exceed the
permissible limit.

The accumulation of radionuclides by mushrooms is actually an extremely complicated event
that depends on many factors such as ecological/environmental factors, mushroom species/strain,
structure and characteristics of substrate/soil, concentration of radionuclides in the substrate/soil,
development and age of mycelium, the maturity degree of fruiting body, fruiting body size,
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morphological parts of fruiting body, the nutritional type of mushroom (mycorrhizal, saprophytic,
parasitic), distance from any source of pollution and time after the disaster or fallout (Kalac and
Svoboda, 2000; Kuwabhara et al., 2005; Guillen and Baeza, 2014).

The total annual effective dose values in the mushrooms varied from 4.49 to 30.20 uSv y*. Our
values were higher than those of Karadeniz and Yaprak (2010) and Akgca et al. (2014). However, our
results were lower than the reported levels by Yilmaz et al. (2016). The annual effective dose values
obtained in this study were found to below reference level (1 mSv y!) reported by ICRP (2007).

Excess lifetime cancer risk values (ELCR) in investigated mushrooms were between 1.79 x 10
% and 12.00 x 10°. The mean excess lifetime cancer risk of fifteen mushroom samples was determined
as 4.6 x107. These results were lower than that of Yilmaz et al. (2016). According to Taskin et al. (2009),
the avarege excess lifetime cancer risk value in the world is 0.29 x 1073, Therefore, our results were
lower than avarege excess lifetime cancer risk value of world.

Turkey has a very rich wild mushroom diversity. Many wild edible mushroom species are fondly
consumed as a popular and favourite delicacy in Turkey. However, mushrooms can accumulate
toxicologically significant amounts of radionuclides. Therefore, the determination of radionuclide
concentrations in the edible mushrooms is highly important. In this study, the activity concentrations of
natural (?*®U, 2%2Th 4°K) and artificial (**'Cs) radionuclides, annual effective doses and excess lifetime
cancer risks in various mushroom species collected from Turkey were determined.

The results revealed that the activity concentrations of radionuclides varied considerably
depending on the species. The activity concentrations of radionuclides of 28U, 232Th, “°K and **’Cs were
found in the ranges of 9.2-75.4 Bq kg, 10.9-76.3 Bq kg, 925.9-3848.0 Bq kg™ and 6.1-2824.8 Bq kg
! respectively. The mean activity concentrations of $3’Cs and 238U in wild mushrooms were found to be
higher than cultivated mushrooms. The mean total annual effective dose in mushroom samples was
found to be 11.5 pSv y*. The mean excess lifetime cancer risk of mushrooms was determined as 4.6x10°
5. The considerable consumption of mushroms which have high concentrations of radionuclides is toxic.
In the present study, M. conica collected from Samsun accumulated fairly high levels of *¥'Cs. So, this
species should be consumed with caution. In conclusion, most of the mushrooms analyzed in this study
can be consumed safely.
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Abstract: Summer squash (Cucurbita pepo L.) is one of the important vegetable
species preferred by the people of Turkey in terms of their nutritional value. F1
hybrid summer squash varieties are widely used both in the open field and
protected cultivation. The majority of these varieties come from abroad, and our
dependence on abroad continues. In this study, the effectiveness of the
dihaploidization method, which has an important place in variety breeding
studies, was investigated to reduce our import dependency and to produce new F1
hybrid varieties that are high yielded, quality, resistant to diseases and pests. In
this context, 14 summer squash genotypes were used as plant material.
Dihaploidization studies were carried out using the irradiated pollen technique. In
total, 165 flowers were pollinated and 64 fruits, 7034 seeds, 521 embryos, and
144 plants were obtained. 111 pants were successfully acclimatized and cultivated
in controlled conditions. As a result of ploidy analysis, 28 plants were haploid
(2n=x=20), 77 were diploid (2n=2x=40) and 6 were mixoploid (containing
diploid and haploid cells). Haploid plants were doubled with 1% 42olchicines
treatment, grown in the greenhouse, selfed, and seeds were obtained.

Nitelikli Yazhk Kabak (Cucurbita pepo L.) Genotiplerinde Isinlanmis Polen Teknigi ile

Dihaploidizasyon
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Oz: Yazlik kabak (Cucurbita pepo L.) sahip oldugu besleyici deger ile iilkemizde
insanlar tarafindan tercih edilen 6nemli bir sebze tiiriidiir. F1 hibrid yazlik kabak
cesitleri hem agik tarla hem de ortialti yetistiriciliginde yaygin olarak
kullanilmakta, bu gesitlerin biiylik ¢ogunlugu yurt dig1 kaynaklidir ve yurt dist
bagimliligimiz devam etmektedir. Caligmada, yiiksek verimli ve kaliteli, hastalik
ve zararlilara dayanikli yeni F1 hibrit yazlik kabak gesitlerini tiretmek, yurt dist
bagimliligimiz1 azaltmak amaciyla, g¢esit 1slaht c¢alismalarinda onemli bir yere
sahip olan dihaploidizasyon metodunun etkinligi arastirilmistir. Bu baglamda, 14
yazlik kabak genotipi bitkisel materyal olarak kullanilmis, dihaploidizasyon
caligmalar1 1ginlanmis polen teknigi kullanilarak gercgeklestirilmistir. Toplamda
165 g¢igek tozlanmis, 64 meyve, 7034 tohum, 521 embriyo ve 144 bitki elde
edilmistir. 111 bitki basarili bir sekilde dis kosullara alistirilmis ve kontrollii
kosullarda yetistirilmistir. Ploidi analizleri sonucunda, 28 bitki haploid (n = 20),
77 bitki diploid (2n = 40) ve 6 bitki miksoploid (haploid ve diploid hiicreli)
yapida olmustur. Haploid bitkiler %1°lik kolhisin uygulamasiyla katlanmis, sera
kosullarinda yetistirilmis, kendilenmis ve tohumlari alinmistir.
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1. Introduction

Turkey allows for the cultivation of many vegetable species related to the Cucurbitaceae
family with its favorable climatic conditions and our total summer squash production is 474.527 tons
(TUIK, 2018). Cucurbita pepo L., defined as summer squash, has a very wide range in our country's
food culture. Although squash is generally produced for fruit, its seeds are also used as appetizers,
high-quality edible oil, and food production materials, which are demanded in the market, thus it is
cultivated in both open field and greenhouse conditions. Some squash populations with mostly
domestic names exist in many regions in Turkey. However, these local varieties are preferred their
taste and flavor, they are not at the desired agricultural traits as high-yield, quality, and especially
resistant to disease and pests. Thus, superior F1 hybrid summer squash varieties are widely used in
vegetable production. As in many vegetable varieties, F1 hybrid summer squash varieties are mostly
imported and our foreign dependency continues. Reducing foreign dependency on seed production is
among the priority subject in Turkey. In this context, the use of the dihaploidization technique will
provide a great convenience in breeding efforts to reduce our foreign dependency in summer squash,
to reveal our domestic varieties that are high yielded, quality, resistant to diseases and pests, and to
obtain new F1 hybrid varieties.

The dihaploidization technique is one of the plant tissue culture techniques and they are
widely used in F1 hybrid seed production. The most important advantage of this technique shortens
the cultivar breeding process. It also increases breeding efficiency by reducing the size of the
population that needs to be addressed to achieve the targeted genotype. In classical breeding, the fact
that selection cannot be done effectively in early generations is an important problem. Achieving
double-haploid plants in a short time with the dihaploidization technigue enables an effective selection
in early generations and accelerates responding to changing consumer demands (Forster and Thomas,
2005).

Classical breeding processes take a long time because the flower types of the species that
belong to the Cucurbitaceae family have very different characteristics (monoic, andromonoic, gynoic,
gynomonoic, hermaphrodite) and naturally high rate of open-pollinated. However, the haploid plant
obtaining technique, which has been used successfully in some species instead of classical breeding,
has important advantages. The purpose of dihaploidization (DH) technique is to obtain male (anther -
pollen culture), female (ovule - ovary culture), and/or parthenogenesis (irradiated pollen technique)
originating haploid (n) plants and to generate 100% pure (homozygous) lines (2n) by doubling the
chromosome numbers of haploid plants with various antimitotic agents (colchicine, oryzalin,
trifluralin, amiprofos methyl). Thus, the purification process, which takes many years (8-10 years)
especially in open-pollinated species, can be carried out in a shorter time (1-2 years). The breeding of
hybrid cultivar can be completed in a short time with the desired agronomic traits and high
combination ability from these pure lines obtained.

Considering the species of the Cucurbitaceae family, irradiated pollen is the most used
technique in dihaploidization process. In this technique, the pollen is irradiated by different irradiation
source (usually with Co®%-induced gamma-ray), but since the germination capabilities continue, it
stimulates the female organ and causes the parthenogenetic haploid embryos. With the use of this
technique, successful results have been obtained in watermelon (Giirsoz et al., 1991; Sari et al., 1994),
melon (Sauton and Dumas de Vaulx, 1987; Sar et al., 1992; Abak et al., 1996; Lotfi et al., 2003),
cucumber (Truong-Andre, 1988; Sauton, 1989; Caglar and Abak, 1999; Dolcet-Sanjuan et al., 2006),
summer squash (Kurtar, 1999; Kurtar et al., 2002; Berber, 2009; Bektemur et al., 2014; Kurtar et al.,
2017), pumpkin (Kurtar et al., 2009) and winter squash (Kurtar and Balkaya, 2010) species. The most
important factor that restricts the effectiveness of the irradiated pollen technique is genotype
dependence. Besides, some factors such as irradiation and pollination studies, the composition of the
media, culture conditions, embryo development stages, and growing season and conditions of donors
can also affect the haploidy frequency.

In this study, it is aimed to determine the effectiveness of the dihaploidization process on
producing pure lines in summer squash selected from our gene pool via irradiated pollen technique.
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2. Materials and Methods

The research was carried out in the laboratory and greenhouse of Selcuk University Faculty of
Agriculture, Department of Horticulture, Vegetable Growing and Breeding in 2018 and 2019. Seeds of
14 genotypes obtained from the gene pool of this department were sown in trays filled with peat-moss
on May 4, 2018, and seedlings at the 2-3-leaf stage were planted in the greenhouse at a distance of 1.2
x 1 mon 21 May 2018. Twenty plants were used for each genotype (Figure 1). In the growing period,
considering the soil analysis results, 8 kg N (Nitrogen), 6 kg P.Os (Phosphorus), and 7 kg KO
(Potassium) were supplied per decare with drip irrigation, and pest and disease management were
applied regularly.

g

Figure 1. Planted seedlings in the greenhouse and growing squash plants.

Anthers were collected one day before the anthesis from genotypes when the plants were in
the full-flowering period and the female flowers to be pollinated the next day were isolated with cloth
bags. The anthers were irradiated on the same day with a dose of 150 Gy gamma rays in TAEK
(Turkish Atomic Energy Authority) (Figure 2). The isolated female flowers were pollinated with
irradiated pollen the next morning and re-isolated to prevent undesired pollen contamination. After 2-3
days of pollination, cloth bags were removed and the fruits were labeled.

Figure 2. Female flower isolated 1 day before anthesis, anthers collected 1 day before anthesis, and
irradiation of anthers on Co® equipment.

About 3-4 weeks after pollination, the fruits were harvested before they were not fully ripened
and the embryos were not aged and lost their regeneration ability. Harvested fruits were washed under
tap water before extraction, cleaned from external contamination, weighed on a digital scale with a
sensitivity of 2 g after drying. Then the fruit stems were removed and fruits were soaked in a 20%
commercial bleach solution for 30 min. Finally, after thoroughly pulverizing with 96% ethyl alcohol
under a sterile bench, surface sterilization was performed by burning. The surface-sterilized fruits
were carefully cut with the help of a sterile knife without damaging the seeds, and all the seeds (except
very small, dice or scar) were opened one by one and the embryos were cultured.
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All the embryos obtained from the opened seeds, less than half the seed size were taken into
culture tubes containing approximately 10 ml of modified E20A medium. Because, according to our
previous experiences, embryos larger than half the seed size have formed completely diploid plants.
During this period, embryos were kept in the climate room, whose temperature was 28 + 1 °C, the
photoperiod was 16/8 day-night, and the illumination was set to 5000 lux with daylight type
fluorescent lamps (Kurtar and Balkaya, 2010) (Figure 3). The composition of the modified E20A
medium is presented in Table 1.
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Figure 3. Cultured and developed embryos.

Table 1. The composition of modified E20A medium

Macroelements (mg 1) Microelements (mg I
KNO3 1075.0 MnSO4.H,0 11.065
NHsNOs 619.0 ZnS04.7H20 1.812
MgS04.7H.0 206.0 Hs; BOs 1.575
CaCl,.2H,0 156.5 Kl 0.345
KH2PO4 71.0 Na;Mo00..2H,0 0.094
Ca(NOs) 2.4H,0 25.0 CuS04.5H,0 0.008
NaH2PO4.4H,0 19.0 CoCl2.6H0 0.008
(NH4) 2S04 17.0
KCI 3.5

Na,EDTA : 37.3 mg I'*, FeSO4.7H,0 : 27.8 mg I*
Vitamins and amino acids Others
Myo-inositol 50.300 Sucrose 20.00g I
Pyridoxine-HCI 5.500 Agar-Agar 8.00g It
Nicotinik asit 0.700 1AA 0.01 mg I*
Thiamine-HCI 0.600 pH 5.90
C. Pantothenate 0.500
Glycine 0.100 Autoclave: 1.1atm, 121 °C, 15 min
Biotin 0.005

To prevent the loss and increase the number of plants, micro-propagation was carried out in
developed plants (had a favorable root and shoot ratio) under laboratory conditions for 2-3 times.
Micro-propagation was realized in MS medium (Murashige and Skoog, 1962) with the addition of 0.1
mg I IAA and 1.0 mg I': BAP (Figure 4).

The plantlets were acclimatized to the open field conditions as reported by Kurtar and Balkaya
(2010). The ploidy levels of the plants were determined by both stomatal (stoma number and stoma
size) and morphological observations. As a result of ploidy analyses, haploid plants were doubled by
applying 1% colchicine solution to the shoot-tips of the plants (Figure 5). Double-haploid plants were
grown in the climate room and 69 plants (2-3 plants from each dihaploid line) were planted in a heated
greenhouse in April 2019 (Figure 6).
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Figure 6. Double-haploid plants grown in the climate room and planted in the greenhouse.

2.1. Data analyses

Since the number of fruits of the genotypes is not equal and a different number of materials
are used, only the averages of the data are provided.

3. Results and Discussion

3.1. Effects of pollination with irradiated pollen on fruit weight, seed formation, and embryo
stimulation

In pollination studies, the number of pollinated flowers (PF), the number of fruit set (FS), the

fruit set rate (FR), and the average fruit weight (AW) were evaluated and presented in Table 2. As a
result of the pollination studies, 165 flowers were pollinated, 64 fruits were obtained from the
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pollinated flowers and the fruit set rate was 38.8%. Fruit set ratio varied between 20% (G6) and 61.5%
(G7) and the average fruit weight (AW) ranged from 1650 g (G6) to 4465 g (G4).

Table 2. The number of pollinated flowers (PF), the number of fruit set (FS), the fruit set rate (FR, %),
and the average fruit weight (AW, g) in genotypes (G).

G PF FS FR AW
1 14 5 35.7 1280
G2 17 7 41.2 1875
G3 9 3 33.3 3480
G4 8 2 25.0 4465
G5 13 6 46.2 1785
G6 5 1 20.0 1650
G7 13 8 61.5 2870
G8 9 4 44.4 1965
G9 15 6 40.0 2845
G10 13 5 38.5 3565
Gl1 11 4 36.4 4060
G12 8 3 37.5 1895
G13 14 4 28.6 3085
G14 16 6 37.5 3995
165 64 38.8 2773

As a result of the extraction of 64 fruits, 7034 seeds and 521 embryos were obtained. The
average number of seeds per fruit was 109.9 and the number of embryos per fruit was 8.14. Of the 521
embryos obtained, 144 transformed into a complete plant and the conversion rate to the plant was
27.6%. Among the genotypes, the average number of seeds ranged from 69 (G8) to 183 (G9), the
number of embryos per fruit was between 2.2 (G14) and 14.7 (G3), and the conversion rate to the
plant was between 19.0% (G2) and 38.2% (G12) (Table 3). These results are following our previous
studies in the summer squash (Kurtar, 1999; Kurtar et al., 2002; Kurtar et al., 2017).

Table 3. The number of fruit (FS), the number of seeds (SN), the average number of seeds (AS), the
total number of embryos (NE), the number of embryos per fruit (ENF), the number of
embryos transformed into plants (ENP) and the rate of conversion to plants (RP, %) in

genotypes (G).

G FS SN AS NE ENF ENP RP
G1 5 490 98 68 13.6 13 19.1
G2 7 819 117 84 12.0 16 19.0
G3 3 489 163 44 14.7 11 25.0
G4 2 148 74 9 45 3 33.3
G5 6 654 109 23 3.8 6 26.1
G6 1 107 107 11 11.0 3 27.3
G7 8 904 113 62 7.8 17 27.4
G8 4 276 69 24 6.0 8 33.3
G9 6 1098 183 51 85 18 35.3
G10 5 405 81 42 8.4 16 38.1
G11 4 288 72 29 7.3 9 31.0
G12 3 342 114 34 11.3 13 38.2
G13 4 488 122 27 6.8 7 25.9
Gl4 6 528 88 13 2.2 4 30.8

64 7034 109.9 521 8.14 144 27.6

3.2. Ploidy analyses and dihaploidization process

The ploidy levels of the plants were determined by both stomatal (stoma number, stoma size)
and morphological observations. While the average stoma length and stoma widths were 32.24 and
21.67 pum in diploids, these values were determined as 20.41 and 16.84 um in haploids. While the
number of stomata per unit area (mm?) was 306.2 in diploids, it was 435.1 in haploids.
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While diploid plants formed larger leaves and habitus, haploid plants had smaller leaves and
plants. Besides, pollen formation was not observed in the anthers of haploid plants (Figure 7). Similar
results have been found in the previous studies in squash (Kurtar, 1999; Kurtar et al., 2002; Kurtar et
al., 2017), pumpkin (Kurtar et al., 2009), and winter squash (Kurtar and Balkaya, 2010).

Figure 7. Diploid (left) and haploid (right) plantlets developing in vitro conditions (A); Haploid (left)
and diploid (right) plants acclimatized to open field conditions (B); Anthers of diploid (left -
fertile) and haploid (right - sterile) plants (C).

As a result of the ploidy analyses of 111 plants, 28 plants were haploid (n = x = 20), 77 plants
were diploid (2n = 2x = 40) and 6 plants were mixoploid (containing diploid and haploid cells) (Table
4).

Table 4. The number of plants (PS), the number of acclimatized and examined plants (AP), haploid
plants (H), diploid plants (D), mixoploid plants (M) and haploidy efficiency (HE, %) in

genotypes (G).

G PS AP H D M HE
Gl 13 11 2 9 - 18.2
G2 16 13 4 8 1 30.8
G3 11 9 3 6 - 33.3
G4 3 2 - 2 - 0.0
G5 6 4 1 3 - 25.0
G6 3 1 - 1 - 0.0
G7 17 14 4 8 2 28.6
G8 8 5 2 3 - 40.0
G9 18 12 3 7 2 25.0
G10 16 14 3 11 - 21.4
G1l1 9 8 2 6 - 25.0
G12 13 11 3 7 1 27.3
G13 7 5 1 4 - 20.0
G14 4 2 - 2 - 0.0

144 111 28 77 6 25.2

Haploid production efficiency (HE) has also been determined by considering the criteria of
100 seed/haploid plants, 100 embryo/haploid plants, and haploid plants per fruit in genotypes. As a
result of pollination with irradiated pollen, haploid plants could not be obtained from some genotypes
(G4, G6, and G14), while the number of haploid plants per fruit varied between 0.25 (G13) and 1.00
(G3 and G12). The number of haploid plants in 100 seeds and the number of haploid plants in 100
embryos ranged from 0.15 (G5) to 0.88 (G12) and 2.90 (G1) and 8.82 (G12), respectively (Table 5).
These findings in accordance with our previous studies in summer squash (Kurtar, 1999; Kurtar et al.,
2002; Kurtar et al., 2017), pumpkin (Kurtar et al., 2009), and winter squash (Kurtar and Balkaya,
2010).
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Table 5. The number of haploid plants (HP), the number of fruits (NF), the number of seeds (NS), the
total number of embryos (TE), the number of haploid plants per fruit (HPF), the number of
haploid plants in 100 seeds (HPS), the number of haploid plants in 100 embryos (HPE) in

genotypes (G).

G HP NF NS TE HPF HPS HPE
Gl 2 5 490 68 0.40 0.41 2.90
G2 4 7 819 84 0.57 0.49 4.76
G3 3 3 489 44 1.00 0.61 6.81
G4 - 2 148 9 0.00 0.00 0.00
G5 1 6 654 23 0.17 0.15 4.34
G6 - 1 107 11 0.00 0.00 0.00
G7 4 8 904 62 0.50 0.44 6.45
G8 2 4 276 24 0.50 0.72 8.33
G9 3 6 1098 51 0.50 0.27 5.88
G10 3 5 405 42 0.60 0.74 7.14
G1l1 2 4 288 29 0.50 0.69 6.89
G12 3 3 342 34 1.00 0.88 8.82
G13 1 4 488 27 0.25 0.20 3.70
G14 - 6 528 13 0.00 0.00 0.00

28 64 7034 521 0.44 0.40 5.37

The double-haploid plants have been shown to very different growth characteristics and it has
been demonstrated that the dihaploidization technique is also important for creating variation beyond
obtaining pure lines (Figure 8).

- _J"_ "': 1 7 - I." = \.;&d:..._' ﬁsll -: ;ﬂ

Figure 8. The appearance of double-haploid plants with different formations in the greenhouse.
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4. Conclusion and perspective

The dihaploidization technique, which enables obtention of pure homozygous lines in many
vegetable types and greatly shortens the breeding time, improves the breeding efficiency, and is
successfully applied in the summer squash. However, the most important factor preventing the
widespread use of the technique is that it is genotype-dependent and the haploid frequency shows a
large variation among the genotypes.

It has been observed that the dihaploid lines we have obtained have very different growth
characteristics and that the dihaploidization technique is an important technique for creating variation
besides pure line production. In the light of our results, we believe that it will increase the success of
working with genotypes with high haploid frequency, hybridization between high frequency and low-
frequency genotypes, the spread of irradiation and pollination studies to a wider vegetation period in
future studies. Also, as an alternative to the irradiated pollen technique, anther-microspore or ovule-
ovary cultures should be engaged (Kurtar et al., 2020).

In this context, our goals are to continue irradiation and pollination activities with high haploid
frequency genotypes, on the other hand, to produce suitable candidates for the breeding of F1 hybrid
summer squash with promising dihaploid lines that have desired agronomic traits we obtained as a
result of the study.
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Makale Bilgileri Oz: Modern sulamalarda sulama suyunun miktari, sulama zamani ve sulama
) yontemi kadar sulama suyunun Kalitesi de dénemlidir. Yeterli ve iyi kalitede su
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toprakta tuzluluk problemini artirmaktadir. Bu nedenle, Hakkari ilinde sulama
amaciyla kullanilan havuzlardaki su kalitelerinin degerlendirilmesi amaglanmigtir.
Bu amagla, 10 tane sulama havuzundan, Haziran, Temmuz, Agustos ve Eyliil

Anahtar kelimeler aylarinda su Ornekleri alinmistir. Alinan su &rneklerinde EC, pH, anyon ve

katyonlar (Ca*?, Mg*?, K*, Na*, SOs2, NO32, CO32, HCOj3 ve CI°) belirlenmistir.

Hakkari, Ayrica elde edilen veriler yardimiyla Sodyum Adsorbsiyon Orani1 (SAR), Kalici

Sulama havuzlari, Sodyum Karbonat (RSC) ve Sodyum Yiizdesi (% Na) degerleri de hesaplanmustir.

gu:ama suyu kalitesi, Calisma sonunda, sulama havuzu sularmm pH, EC, SAR, RSC ve % Na degerleri
ulama.

sinir degeri asmamistir. Fakat Akgali Koyii Kanatli mevkiindeki havuz suyunun
Mg*? ve K*, Kirikdag Koyii-Siser mevkiindeki havuz suyunun ise K* degeri smir
degerlerinin iizerinde tespit edilmistir.

Evaluation of Some Irrigation Pools in Hakkari Region in Terms of Irrigation Water

Quality

Article Info Abstract: The quality of irrigation water is as important as the amount of
) irrigation water, irrigation time and irrigation method in modern irrigation. When
Received: 21.02.2020 there is not enough and quality water resource, water that is not suitable for
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irrigation is used. This increases the salinity problem in the soil. For this reason, it
is aimed to evaluate the water quality in the pools used for irrigation in Hakkari
province. For this purpose, water samples were taken from 10 irrigation pools in

Keywords June, July, August and September. EC, pH, anions and cations (Ca*2, Mg*?, K,

Na*, SO42, NO3?, CO32, HCOg3, and CI") were determined in the water samples
Hakkari, taken. Also, Sodium Adsorption Rate (SAR), Permanent Sodium Carbonate
Irrigation pools, (RSC) and Sodium Percentage (% Na) values were calculated  with the data
Irrigation water quality, obtained. At the end of the study, pH, EC, SAR, RSC and % Na values of
Irrigation. irrigation pool waters did not exceed the limit value. But Mg* 2 and K* of pool

water in Akcali Village Kanatli area and K* value of pool water in Kirikdag
Village-Siser area were determined above the limit values.

**Bu ¢alisma yiksek lisans tezinden iiretilmistir.
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1. Giris

Su, yeryuziinde bulunan en 6nemli kaynaklardan biridir. Su, ne kadar yenilenebilir olarak
diistiniilse de aslinda simirh bir kaynaktir (Yerli ve ark., 2019). Yeryiiziindeki suyun biiyiik cogunlugu
tarimsal dretim amaciyla kullanilmaktadir (Atict ve ark. 2016). Tarimsal liretimde verim ve kalite
artigin1 saglama yoniinde, sulamanin 6nemi bilinen bir gercektir (Ucar ve Yardimei, 2003; Kiziloglu
ve ark., 2018). Modern sulamada sulama suyu miktari, sulama zamani ve sulama yontemi kadar
sulama suyunun kalitesi de énemlidir. Kurak ve yar1 kurak iklime sahip bolgelerde diisiik kaliteli
sulama suyunun kullanim1 endise vericidir (Cakmake1 ve Sahin, 2019). Diisiik kalitedeki sulama suyu
bitkisel verimi azalttig1 gibi toprak ekosistemini de olumsuz etkilemektedir (Misaghi ve ark., 2017;
Bortolini ve ark., 2018). Sulama sularinda bulunan bazi iyonlar bitkiye toksik etki yapabilmekte (Yerli
ve ark., 2020), sularda bulunan kati maddeler basingli sulama sistemlerinde asinma ve tikanmalara
neden olabilmektedir. Su kalitesine bagli olarak degisim gosterebilen toprak reaksiyonu, toprak
ozelliklerinde farkli etkiler yaratabilmektedir (Zhao ve ark., 2013; Alaboz ve ark., 2017; Bouaroudj ve
ark., 2019; Alaboz ve Cakmakci, 2020). En belirgin olarak topraktaki besin elementlerinin
yarayigliligini degistirerek bitki fizyolojisine etki etmektedir.

Sulama sularinin kalitesini etkileyen ve topraklarin kullanilamaz hale gelmesine yol agan en
onemli etkenlerden biri tuzluluktur (Kendirli ve ark., 2005; Unlikara ve ark., 2006). Yeterli ve iyi
kalitede su bulunamayinca, sulama agisindan uygun olmayan tuzlu sular sulamada kullanilmakta ve bu
olay toprakta tuzlulugu arttirarak, toprak biyolojisinin aktivitesini engellemekte, topragin fiziksel ve
kimyasal 6zelliklerini bozarak toprak verimliligini azaltmakta, bitkiye ozmotik stres ve toksisite ile
etkilemekte ve hem bitki de hem de toprakta verim ile kalitenin diismesine sebep olmaktadir (iscan ve
ark., 2001, Arslan ve ark., 2007; Cakmakec1 ve Sahin, 2020).

Hakkari bolgesinde yillik yagis ortalamasi yaklasik 791 mm’dir (Anonim, 2020). Yagislarin
biiyiik ¢ogunlugu ilkbahar ve sonbahar aylarinda gériilmektedir. Yaz aylarinda, 6zellikle bitki blyime
doneminde yagis miktarimin biiyilk oranda azalmasi bdlge tarimi i¢in su kaynaklarinin 6nemini
artirmaktadir. Bu sebeple Hakkari bolgesinde siirdiiriilebilir tarim igin sulama zorunlu olmaktadir.
Fakat bolgede bu gereksinimi karsilayabilecek yeriistii ve yeralti su kaynaklar potansiyeli, kalitesi ve
tarimda kullanilan sulama yo6ntemleri ile ilgili arastirma ve ¢alismalarin olmamasi, bu aragtirmanin
onemini daha da artirmaktadir.

Bu c¢aligmada, Hakkari ilinde tarimin yogun yapildigi merkez koOylerde, mevcut olan
havuzlarin, sulama agisindan su kalitelerinin degerlendirilmesi amaglanmistir. Bunun i¢in 10 farkli
(Akgal1 kdyiine bagh Kanatl; Kirtkdag koyiine bagli Asagi Derecik, Siser; Cimenli kdyline bagh
Merkez, Zorova, Karayollari; Uziimcii kdyiine bagli Cemeabbas, Dagalti, Derav ve Tiitiinlii) noktadan
sulama sezonunda (Haziran, Temmuz, Agustos ve Eyliil) alinan su orneklerinde pH, elektriksel
iletkenlik (EC), potasyum (K*), kalsiyum (Ca*?), magnezyum (Mg*?), karbonat (COs?), bikarbonat
(HCOy), klor (CI), sodyum (Na*), nitrat (NOs?) ve siilfat (SO4?) analizleri yapilmis ve elde edilen
sonuglardan yararlanilarak Sodyum Adsorbsiyon Orani (SAR), Kalici Sodyum Karbonat (RSC) ve
Sodyum Yiizdesi (% Na) degerleri saptanarak, bu su kaynaklarinin sulamada kullanilabilirligi
irdelenmistir.

2. Materyal ve Yontem

Tiirkiye topraklarinin % 0.92’sini olusturan Hakkari ilinin ytizélgiim( 7228 km?’dir. Hakkari
ili, 42°, 10' ve 44°, 50' dogu boylamlar ile 36°, 57' ve 37°, 48' kuzey enlemleri arasinda yer
almaktadir. Hakkari ilinin deniz seviyesinden ortalama yiiksekligi 1720 m’dir (Anonim, 2018).

Hakkari ilinde yasayan insanlarin % 70’i ge¢imini tarimla saglamakta ve tarimla ugrasan
insanlarin 50’si ayn1 zamanda hayvancilikla da ugrasmaktadir. Bolge topraklarinin 53.520 ha tarim
arazisi olup, bu alanin yaklasik % 75°i sulanmaktadir. Sulamanin bir kismi halk sulamasi olup bir
kisminda devlet sulamasidir. Tarla {iriinleri igerisinde ilk bes siray1 ekilis alanlarina goére Yem bitkileri
(Yonca-Korunga ve Fig), Bugday, Arpa, Tiitiin ve Celtik yer almaktadir. Sebzeler icerisinde domates,
hiyar ve karpuz oncelikli tirlinlerdendir. Meyvelerden ise en ¢ok ceviz, liziim, elma, kayisi, nar ve incir
yetistirilmekle olup, bunlari diger meyveler takip etmektedir (Anonim, 2019).

Sulama havuzlariin se¢iminde tariminin yogun olarak yapildigi kdyler ele alinmistir. Sulama
havuzlarma ait koordinatlar Garmin markali GPSMAP 64s el tipi GPS cihaziyla elde edilmistir. Su
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orneklerinin alindigi noktalar Sekil 1°de harita (zerinde gosterilmistir. Su orneklerinin alindigi
havuzlarin kOy adlari, mevkileri, su kaynaklari, koordinatlar1 ve havuz olgiileri Cizelge 1’de
verilmistir.

Sekil 1. Su 6rneklerinin alindigi koyler.

Cizelge 1. Su 6rneklerinin alindig1 havuzlara iliskin bilgiler

Sira Koy Adi Mevki Su Havuz Olciileri (m) Koordinatlar Acilis

Kaynagi (Boy - En - Yikseklik) Yili

1 Akgal1 Kanath Yeraltt 20 mx10 mx1.30 m 37042 14"N 2016
440 00' 20"E

2 Kirikdag Asag1 Derecik Yeralt1 20 mx13 mx1.30 m 37°38"19"N 2016
43°52"43"E

3 Kirtkdag Siser Yeralt1 10 mx10 mx1.30 m 37°36' 17"N 2017
43°52' 04"E

4 Cimenli Zorova Yeralt 20 mx20 mx1.30 m 37°29' 05"N 2014
43°37"13"E

5 Cimenli Karayollar1 Yeralt1 12 mx10 mx1.30 m 37°29' 09"N 2017
43¢ 38' 05"E

6 Cimenli Merkez Yeralt1 10 mx15 mx1.30 m 37°29"10"N 2017
43°37'51"E

7 Uziimceil Tutunla Yeralt 11.60 mx11.60 mx1.30 m 37°28'45"N 2017
43°33' 17"E

8 Uziimcii Cemeabbas Yeraltt 15 mx10 mx1.30 m 37°29'29"N 2016
43°60' 17"E

9 Uziimcii Derav Yeraltt 15 mx10 mx1.30 m 37°29'01"N 2015
43¢ 33" 50"E

10 Uziimcii Dagalti Yeralti 20 mx15 mx1.30 m 37°29'50"N 2016
43234 19"E

Arastirma alanlar belirlenirken, yerlesim yeri, tarimsal iiretim, glivenlik, kaynaga katilim gibi
etkenler g6z oniinde bulundurulmustur. Havuzda su bekletme siiresi 4 saat ve 8 saat aras1 degiskenlik
gostermektedir. Su drnekleri 2018 yilinin yetistiricilik donemi olan Haziran, Temmuz, Agustos ve
Eylil aylarinda alinmistir. Her 6rnekleme noktasinda, su drnekleri 0.5 litrelik 10 adet plastik pet su
siselerine aktarilmis, sicaktan olumsuz etkilenmemesi ve gozetilen amaca uygun olmasi igin
Hakkari’den Van’a 6zel termoslarda tasinmistir. Sulama suyu 6rnekleri analiz edilene kadar +4° C
sicakliga duyarli buzdolabinda saklanmustir.

Elektriksel iletkenlik ve pH dijital gostergeli pH metre ve iletkenlik olger cihaziyla
olgiilmiistiir. CO3s2 ve HCOjs siilfirik asitle yapilan titrasyon ile belirlenmistir (Tiiziiner, 1990). Na*,
Ca*?, K* ve Mg*? parametreleri laboratuvarda pH 2’den kiglk olacak sekilde nitrik asitle
asitlendirilmis EPA 6020 A metoduna gore yapilmistir. Analizler i¢in ICP - MS (Inductively Coupled
Plasma - Mass Spectrometer) ve Agilent Technology 7700 cihazlar: kullanilmistir. NO3s2, SO42 ve CI-
parametreleri TS EN 1SO 10304-1 metoduna gére, IC (iyon Kromatografi) adli, Thermo scientific
markali ve dionex ICS - 5000 plus modelli cihazda yapilmistir. Sodyum Adsorbsiyon Orani (SAR),
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Kalict Sodyum Karbonat (RSC) ve Sodyum Yiizdesi (% Na) degerleri asagida belirtilen esitlikler
yardimiyla hesaplanmustir (Kanber ve Unlii, 2014).

Na
Sodyum Adsorbsiyon Orani (SAR) = ———
J(Ca+Mg)/2 @
Kalic1 Sodyum Karbonat (RSC) = (CO3 + HCO3) — (Ca + Mg) 2
" . _ Na 3
Sodyum Yiizdesi (% Na) = x 100

Na+Mg+Ca+K
3. Bulgular ve Tartisma
Hakkari merkez sulama havuzlarinda sulama sezonu boyunca alinan su 6rneklerinin analiz
sonuclar1 ve degerlendirmeleri asagidaki tablolarda gosterilmistir. pH, sulamada kullanilan sularin asit,
baz veya notr ozellikte oldugunu belirlemek i¢in kullanilan parametredir (Kanber ve ark., 2003).

Ornekleme noktalarindan alinan su érneklerine iliskin pH degerleri Cizelge 2°de verilmistir.

Cizelge 2. Sulama havuzlar aylara bagli pH degerleri

Aylar 1 2 3 4 5 6 7 8 9 10 Ortalama

Haziran 7.10 7.62 7.78 8.02 7.99 8.10 8.35 7.65 8.33 8.27 7.92
Temmuz  6.88 7.63 7.34 7.88 7.81 8.20 8.45 7.63 8.22 8.11 7.81
Agustos 6.96 7.80 7.42 7.95 7.91 8.15 8.48 7.82 8.55 8.24 7.92
Eylul 7.30 8.25 7.80 7.92 7.98 8.13 8.44 8.18 8.25 8.24 8.04
Ortalama  7.06 7.82 7.58 7.94 7.92 8.14 8.43 7.82 8.33 8.21 7.92

Sulama sularinda pH degerlerinin 6.5 - 8.5 arasinda olmasi istenmektedir (Anonim, 2008).
Dogan ve Sahin (2019), Manisa yo6resinde pH degerini 7.04 ile 8.59 arasinda, Yinang (2013),
Kahramanmaras Sag Sahil sulama alaninda pH degerini 7.23 ile 8.41 arasinda, Demir (2013), Silifke
Ovasi’'nda pH degerini 7.15 ile 8.05 arasinda buldugunu belirtmislerdir. Calismada, sularin pH
degerleri 7.06 - 8.43 arasinda degismekte ve su kirliligi kontrolii yonetmeligine goére birinci ve ikinci
smif sulara girmektedir. Ancak pH’1 8’in {stiinde olan sulama sularinin damla sulama y6nteminde
tikanmaya yol agabilecegi Anonim (2010)’de bildirilmistir.

Elektriksel iletkenlik (EC), sularda iyonlarina ayrismis tuzlarin toplam konsantrasyonunu
aciklamaktadir. Ornekleme noktalarindan alman su orneklerine iliskin EC degerleri Cizelge 3’de
verilmistir.

Cizelge 3. Sulama havuzlar aylara bagl EC degerleri (uS/cm)

Aylar 1 2 3 4 5 6 7 8 9 10 Ortalama

Haziran 4954 1558 162.1 2085 1755 1909 120.1 1423 889 1528 189.2
Temmuz 487.7 1623 1499 206.4 1825 211.3 108.7 166.5 1003 1385 1914
Agustos  563.7 160.1 1557 217.2 186.2 187.3 100.0 150.2 999 1470 196.7
Eylul 644.0 2564 2123 256.1 189.6 180.1 156.6 1545 1025 157.1 230.9
Ortalama 547.7 183.6 1700 222.0 1834 1924 121.3 153.3 979 1488 202.0

Tuzlu topraklarin yikanarak iyilestirmesinde ve bitkilerin tuza direng seviyeleri, elektriksel
iletkenlik degerlerinden yararlanilarak yapilmaktadir (Kanber ve Unlii, 2014). Karadavut (2009)
Aksaray bélgesinde EC degerini 160 puS/cm ile 3297 uS/cm arasinda buldugunu belirtmiglerdir. Elde
edilen EC degerleri, USSL (1954)’ye gore birinci sinif (C1) su kalitesinde degerlendirilirken, Akgali
koyii kanatli mevkiinde (1. 6rnekleme noktasi) dlciilen elektriksel iletkenlik degeri ise ikinci simif (Cy)
su kalitesine girmektedir. Anonim (2010) sulama suyu kalitesinin degerlendirme 6lgiitlerine gore de 1.
sinif kaliteli sulardan olup kullaniminda herhangi bir sikinti bulunmamaktadir.

Klor, sulama sularinda énemli bir dlgiittiir. Sularda bulunan ytiksek klor degeri bitkiye toksik
etki yapabildigi gibi, diger elementlerle etkilesime girerek toprak yapisinda da olumsuzluklar ortaya
¢ikarabilir. Klorun sinir degerleri yagmurlama sulamada 3 me/L, ylzey sulamada ise 4 me/L olarak
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belirlenmistir (Ayers ve Westcot, 1989). Ornekleme noktalarindan alinan su érneklerine iliskin klor
degerleri Cizelge 4’de verilmistir.

Cizelge 4. Sulama havuzlari aylara bagli klor degerleri (me/L)

Aylar 1 2 3 4 5 6 7 8 9 10 Ortalama

Haziran 0.12 0.02 0.06 0.03 0.02 0.02 0.01 0.01 0.01 0.02 0.03
Temmuz  0.12 0.02 0.05 0.02 0.02 0.02 0.01 0.01 0.01 0.14 0.04
Agustos 0.12 0.02 0.02 0.03 0.02 0.02 0.01 0.01 0.01 0.16 0.04
Eylil 0.14 0.03 0.03 0.03 0.02 0.02 0.01 0.02 0.02 0.17 0.05
Ortalama  0.13 0.02 0.04 0.03 0.02 0.02 0.01 0.01 0.01 0.12 0.04

Yildiztekin (2007), Mugla Karabaglar yoresinde 0.4 me/L ile 3.2 me/L arasinda, Cerit (2014)
Sivas ili Hafik ilgesinde 0 ile 4.33 me/L arasinda, Alpdzen (2017), Konya Sarayoni’nde 1.00 me/L ile
3.80 me/L arasinda bulduklarini belirtmislerdir. Calismadan elde edilen klor degerleri sulama suyu
kalitesi i¢in uygun bulunmustur. Sularin klor degerleri ylizey ve damla sulama sistemlerinde kullanim
icin sinir degerlerin altinda bulunmaktadir (Ayers ve Westcot, 1989; Anonim, 2010).

Sulama sularinin siniflandirmasinda énemli 6lgtlerden biri olan kalsiyum, fazlaligi halinde
sulama suyuna sertlik niteligi saglamaktadir (Kanber ve Unlii, 2014). Ornekleme noktalarindan alman
su orneklerine iligkin kalsiyum degerleri Cizelge 5’de verilmistir.

Cizelge 5. Sulama havuzlar aylara bagli kalsiyum degerleri (me/L)

Aylar 1 2 3 4 5 6 7 8 9 10 Ortalama

Haziran 8.12 2.77 2.61 3.25 2.70 2.69 1.62 2.30 1.58 214 2.97
Temmuz  4.70 2.24 2.98 2.80 2.49 2.46 1.38 2.02 1.37 2.05 2.44
Agustos 5.36 2.30 2.35 3.43 2.36 2.68 1.25 2.09 1.46 242 2.57
Eylul 5.33 2.37 244 3.04 2.49 2.52 1.45 2.17 1.52 2.20 2.55
Ortalama  5.87 2.42 2.59 3.13 2.51 2.58 1.42 2.14 1.48 2.20 2.63

Sar1 (2007), kalsiyum degerini Konya kent merkezinde 1.46 me/L ile 11.23 me/L arasinda,
Arslan ve ark. (2007) Bafra Ovasi Sag Sahil’de 2.60 me/L ile 10.75 me/L arasinda buldugunu
belirtmistir. Calismada, kalsiyum degerleri, izin verilebilir degerler arasinda bulunmakta (Ayers ve
Westcot, 1989) ve sulamada kullanilmasinda sakinca bulunmamaktadir.

Magnezyum da kalsiyum gibi fazlalig1 halinde suya sertlik 6zelligi saglamaktadir. Bitkilerin
gelismesi igin gerekli elementlerden olan magnezyumun, sulama sularinda 0 - 5 me/L olmasi
istenmektedir (Ayers ve Westcot, 1989). Ornekleme noktalarindan alinan su orneklerine iliskin
magnezyum degerleri Cizelge 6’da verilmistir.

Cizelge 6. Sulama havuzlari aylara bagli magnezyum degerleri (me/L)

Aylar 1 2 3 4 5 6 7 8 9 10 Ortalama

Haziran 948 094 098 1.91 1.64 164 058 1.07 0.57 0.80 1.96
Temmuz 558  0.78 1.97 1.73 1.48 1.51 0.50 099 050 0.36 1.54
Agustos 6.33  0.69 1.04 215 1.24 1.47 0.47 0.81 0.56 2.15 1.69
Eylul 6.34  0.80 1.25 1.84 1.52 1.53 054 098 0.56 0.87 1.62
Ortalama  6.93  0.80 1.31 1.90 1.47 1.53 0.52 096 0.54 1.04 1.70

Yinang (2013), Kahramanmaras Sag Sahil yoresinde 1.08 me/L ile 5.16 me/L arasinda,
Yildiztekin (2007), Mugla Karabaglar yoéresinde yaptigi ¢alismada magnezyum degerini 0.60 me/L ile
5.00 me/L arasinda olarak belirtmislerdir. Caligmada 1. drnekleme noktasi (Akcali KOyU-Kanath
mevkiindeki) sulama suyunun magnezyum degerleri yiiksek bulunmus olup, bu durumun bolgedeki
yliksek giibre kullanimindan kaynaklandig1 diistintilmektedir.

Potasyum, bitkilerin gelismesi i¢in gerekli elementlerdendir. Potasyumun sulama sularinda O -
0.05 me/L olmasi istenmektedir (Ayers ve Westcot, 1989). Ornekleme noktalarindan alinan su
orneklerine iliskin potasyum degerleri Cizelge 7°de verilmistir.
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Cizelge 7. Sulama havuzlar aylara bagli potasyum degerleri (me/L)

Aylar 1 2 3 4 5 6 7 8 9 10 Ortalama

Haziran 0.469 0.0279 0.0155 0.0089 0.0095 0.0098 0.0091 0.0093 0.0095 0.0342 0.0602
Temmuz  0.420 0.0242 0.0414 0.0059 0.0082 0.0093 0.0078 0.0089 0.0077 0.0125 0.0545
Agustos 0.436 0.0201 0.0818 0.0103 0.0084 0.0101 0.0076 0.0082 0.0094 0.0126 0.0604
Eylil 0.431 0.0217 0.0677 0.0083 0.0127 0.0126 0.0091 0.0094 0.0097 0.0414 0.0623
Ortalama  0.439 0.0234 0.0516 0.0083 0.0097 0.0104 0.0084 0.0089 0.0090 0.0251 0.0593

Cerit (2014), Sivas ili Hafik ilcesinde potasyum degerini 0.01 me/L ile 0.22 me/L arasinda,
Bulum (2015), Arslan ve ark. (2007) Bafra Ovast Sag Sahil’de potasyum degerlerini 0.06 me/L ile
3.59 me/L arasinda degisiklik gosterdigini belirtmislerdir. Tiim Ornek havuzlarinin aylik ortalama
potasyum degerleri Ayers ve Westcot (1989)’a gore izin verilebilir degerler arasinda bulunmusken, 1.
(Akgali Koyii - Kanath) ve 3. (Kirikdag Koyl — Siser ) oOrnekleme noktalarinda degerler
ortalamalardan yiiksek bulunmustur. Bunun nedeni, bu bdlgelerde yuksek N-P-K gubrelerinin
kullanimindan kaynaklandig1 diisiiniilmektedir.

Sodyum, sularda esik degerin iizerinde oldugu takdirde, bitkilerde zehirlenmeye yol agar.
Sularda sodyum degerlerinin 0 - 40 me/L. arasinda olmasi gerekmektedir (Ayers ve Westcot, 1989).
Ornekleme noktalarindan alinan su 6rneklerine iliskin sodyum degerleri Cizelge 8’de verilmistir.

Cizelge 8. Sulama havuzlar aylara bagli sodyum degerleri (me/L)

Aylar 1 2 3 4 5 6 7 8 9 10 Ortalama

Haziran 153 025 008 004 003 003 006 002 006 026 0.23
Temmuz 142 021 025 003 003 003 005 001 005 011 0.22
Agustos 172 019 040 005 004 005 006 002 0.07 0.04 0.26
Eylil 170 018 045 004 004 005 006 002 006 021 0.28
Ortalama 159 021 029 004 004 004 006 002 006 015 0.25

Sar1 (2007), Konya kent merkezinde sodyum degerini 0.5 me/L ile 5.26 me/L arasinda,
Anbarci (2010), Edirne ili Kesan il¢esinde sodyum degerini 1.84 me/L ile 6.37 me/L arasinda
bulduklarint belirtmislerdir. Caligmada sodyum degerleri, Ayers ve Westcot (1989)’a gore izin
verilebilir degerlerin altinda bulunmustur. Ayrica Anonim (2010)’a gore Sodyum degerleri 1. simf
sular smifina girmekte ve bu sonuglar kapsaminda kullanimida sikinti bulunmayan sular sinifinda
bulunmaktadir.

Suda nitrat kirliligi ¢ok sik karsilagilan problemlerdendir. Nitratin sularda istenilen degerler
tizerinde olmasi durumunda topragin gegirgenligini azalir (Egemen, 2011; Ayyildiz, 1990). Bdylece
infiltre olamayan su, toprak yiizeyinde gollenir ve bitkiler bu sudan yararlanamaz. Ornekleme
noktalarindan alinan su 6rneklerine iligkin nitrat degerleri Cizelge 9’da verilmistir.

Cizelge 9. Sulama havuzlar aylara bagli nitrat degerleri (me/L)

Aylar 1 2 3 4 5 6 7 8 9 10 Ortalama

Haziran 0.11 0.01 0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.02
Temmuz 0.13 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.02
Agustos 0.13 0.01 0.02 0.02 0.01 0.00 0.01 0.01 0.01 0.01 0.02
Eylul 0.13 0.01 0.01 0.02 0.01 0.01 0.02 0.01 0.01 0.02 0.02
Ortalama  0.13 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.02

Calisma sonuglarina gore, 9 havuzunun nitrat degerleri, su kalite kontrolii yonetmeligine gore
birinci (ylksek kaliteli - ¢ok iyi) kalite sinifinda degerlendirilirken, Akcali kdyii Kanatli (1. 6rnekleme
noktasi) mevkiindeki sulama suyu ise ikinci kalite - az kirlenmis sular sinifinda yer almistir (Anonim,
2015). Bu durum, Akgali koyii kanatli mevki tarim arazilerinde yogun azotlu giibre kullanimi ve
hayvan artiklari ile iliskili olabilecegi diisiiniilmektedir.

Ayers ve Westcot (1989)’a gore sularda izin verilebilir Ust silfat siir degeri 20 me/L’dir.
Sulama sularinda 20 me/L iizerindeki siilfat bitkilere toksik etki yapabilmektedir (Ayyildiz, 1990;
Kanber ve Unlii, 2014). Ornekleme noktalarindan alman su 6rneklerine iliskin siilfat degerleri Cizelge
10’da verilmistir.
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Cizelge 10. Sulama havuzlari aylara bagl siilfat degerleri (me/L)

Aylar 1 2 3 4 5 6 7 8 9 10 Ortalama

Haziran  8.15 0.33 0.24 0.66 0.55 0.55 0.12 0.20 0.12 0.45 1.14
Temmuz 6.59 0.33 0.32 0.71 0.74 0.74 0.14 0.26 0.14 0.40 1.04
Agustos  6.82 0.34 0.55 0.78 0.86 0.86 0.15 0.31 0.15 0.37 1.12
Eylil 7.37 0.37 3.08 0.86 0.92 0.92 0.15 0.33 0.15 0.38 1.45
Ortalama  7.23 0.34 1.05 0.75 0.77 0.77 0.14 0.27 0.14 0.40 1.19

Yinan¢ (2013) Kahramanmaras Sag Sahil yoresinde 0 ile 2.89 me/L arasinda, Cerit (2014)
Sivas ili Hafik ilcesinde O ile 0.90 me/L arasinda bulduklarini belirtmislerdir. Scofield (1936)’a gore
calismadan elde edilen siilfat degerleri, ¢ok iyi sulama suyu sinifinda degerlendirilmektedir. Fakat
Akgal1 - Kanatli mevkiindeki sulama suyu siilfat i¢erigi Anonim (2010)’a gore IV. Sinif sular sinifinda
bulunmaktadir.

Karbonat; kire¢ tasi, dolomit ve demir karbonat formunda bulunur. Eriyebilir karbonatlar,
sulama suyu ile birlikte topraga verilirse ve toprakta kalsiyum ve potasyum iyonu yoksa
sodyumlulasma riski ortaya cikar (Kanber ve Unlii, 2014). Boylece topraklar verimsizlesir ve bitki
iiretim potansiyeli azalir. Ornekleme noktalarindan alinan su Orneklerine iliskin karbonat degerleri
Cizelge 11°de verilmistir.

Cizelge 11. Sulama havuzlari aylara bagli karbonat degerleri (me/L)

Aylar 1 2 3 4 5 6 7 8 9 10 Ortalama
Haziran 0 O 0 0 0 0 0 0 0 0 0

Temmuz 0 O 0 0 0 0 0.00003 0 0.00003 O 0.000006
Agustos 0  0.00003 0 0.00003 0.00003 0 0.00003 0 0.00003 O 0.000015
Eylul 0 000003 0 O 0.00003 0 O 0 0.00003 O 0.000009
Ortalama 0  0.000015 0O  0.000007 0.000015 0 0.000015 O  0.000025 O 0.000007

Ayers ve Westcot (1989)’a gore sulama sularinda karbonatta izin verilebilir sinir 0-1 me/L’dir.
Senel (2017), Antalya Bogagayi’nda karbonat degerlerinin 0.4 me/L ile 2.02 me/L arasinda degisiklik
gosterdigini belirtmistir. Calismadan elde edilen karbonat degerleri, Ayers ve Westcot (1989)’a gore
izin verilebilir sinirlar igerisinde yer almustir.

Ayers ve Westcot (1989)’a gbre sulama sularinda bikarbonatta izin verilebilir smir 0-10
me/L’dir. Ayn1 zamanda bikarbonatta yagmurlama sulama yontemi igin sinir deger 1.5 me/L olarak
belirtilmistir (Ayers ve Westcot, 1989; Kanber ve Unlii, 2014). Ornekleme noktalarindan alinan su
orneklerine iliskin bikarbonat degerleri Cizelge 12°de verilmistir.

Cizelge 12. Sulama havuzlari aylara bagli bikarbonat degerleri (me/L)

Aylar 1 2 3 4 5 6 7 8 9 10 Ort.

Haz. 0.00068  0.00037  0.00040 0.00042  0.00037 0.00036 0.00018 0.00032 0.00018  0.00045 0.00037
Tem. 0.00077 0.00037 0.00042 0.00049 0.00036 0.00034 0.00018 0.00029  0.00018  0.00029 0.00036
Agu.  0.00067 0.00031 0.00027  0.00037 0.00032 0.00032 0.00018 0.00029 0.00018  0.00031 0.00032
Eyl. 0.00072  0.00039  0.00031  0.00047 0.00037 0.00040 0.00014  0.00027  0.00024  0.00027 0.00032
Ort. 0.00071  0.00036__ 0.00035  0.00043  0.00035  0.00035 _ 0.00017  0.00029 _ 0.00019  0.00033 0.00035

Cerit (2014), Sivas ili Hafik ilgesinde bikarbonat degerlerini 3.92 me/L ile 9.20 me/L arasinda
belirtmistir. Calismada bikarbonat degerleri, Ayers ve Westcot (1989)’a gore izin verilebilir siur
degerler icerisindedir.

Sodyum adsorbsiyon orani (SAR), sulama suyundaki veya ¢amur siiziigiindeki sodyum (Na*)
elementinin, baska elementlerle degisim durumunu belirtmek igin kullanmilmaktadir (Kanber ve Unli,
2014). Ornekleme noktalarindan alinan su orneklerine iliskin Sodyum adsorbsiyon orani degerleri
Cizelge 13’de verilmistir.

58



YYU TAR BiL DERG (YYU J AGR SCI) 31 (1): 52-61
Kagar ve Tiifenkgi / Hakkari Sulama Havuzlarindaki Su Kalitesinin Sulama Ag¢isindan Degerlendirilmesi

Cizelge 13. Sulama havuzlari aylara bagli SAR degerleri (me/L)

Aylar 1 2 3 4 5 6 7 8 9 10 Ortalama

Haziran 0.51 0.18 0.06 0.02 0.02 0.02 0.05 0.01 0.05 0.21 0.11
Temmuz  0.62 0.17 0.16 0.02 0.02 0.02 0.05 0.01 0.05 0.10 0.12
Agustos 0.71 0.16 0.30 0.03 0.03 0.03 0.07 0.01 0.07 0.02 0.14
Eylil 0.70 0.14 0.33 0.02 0.03 0.04 0.06 0.02 0.06 0.17 0.16
Ortalama  0.63 0.16 0.21 0.02 0.02 0.03 0.06 0.01 0.06 0.12 0.13

Yinan¢ (2013), Kahramanmaras Sag Sahil yoresinde yaptigi ¢alismada sodyum adsorbsiyon
orani degerini 0.01 me/L ile 1.20 me/L arasinda buldugunu belirtmistir. USSL (1954)’ye gore sulama
havuzlarindan sodyum adsorbsiyon orani (SAR) degerleri birinci sinif (S1) sulama suyu sinifinda yer
almastir.

Sulama sularinda sodyum yiizdesinin (% Na) 50-60’dan biiyiilk olmasi istenmemektedir.
Sulama suyunun topraklarda meydana getirecegi sodyum tehlikesi, katyon konsantrasyonuna baglh
olarak degismektedir (Giingor ve ark., 2002; Kanber ve Unlii, 2014). Ornekleme noktalarindan alian
su drneklerine iliskin sodyum yuzdesinin degerleri Cizelge 14’te verilmistir.

Cizelge 14. Sulama havuzlari aylara bagl sodyum yiizdesi (% Na) degerleri

Aylar 2 3 4 5 6 7 8 9 10 Ortalama

Haziran 7.82 6.33 2.19 0.76 0.86 0.89 2.72 0.64 2.74 8.03 3.30
Temmuz 11.73 6.59 4.91 0.70 0.82 0.84 2.73 0.62 2.79 4.60 3.63
Agustos 1244  6.14 10.37  0.95 1.23 1.25 3.62 0.78 3.38 0.97 411
Eylul 12.33 5.42 10.84  0.89 1.10 1.38 3.05 0.84 2.97 6.35 451
Ortalama  11.08 6.12 7.08 0.82 1.00 1.09 3.03 0.72 2.97 4.99 3.89

Yinang (2013), Kahramanmaras Sag Sahil’de sodyum yiizdesi degerlerinin % 0.21 ile % 28.34
arasinda degisiklik gosterdigini belirtmistir. Sulama havuzlarindan elde edilen sodyum yuzdesi (% Na)
degerleri, Scofield (1936) ve Christiansen ve ark. (1977)’a gore birinci simif yani ¢ok iyi sulama suyu
sinifinda bulunmustur.

Kalic1 sodyum karbonat (RSC), topraklarin fiziksel yapisina zarar vermekte ve siyah alkali
diye adlandirilan sodyumlu topraklarin meydana gelmesine sebep olmaktadir (Kanber ve Unlii, 2014).
Ornekleme noktalarindan alman su érneklerine iliskin Kalict sodyum karbonat degerleri Cizelge 15°de
verilmistir.

Cizelge 15. Sulama havuzlari aylara bagli RSC degerleri (me/L)

Aylar 1 2 3 4 5 6 7 8 9 10 Ortalama
Haziran -17.59 -3.70 -3.58 -5.15 -4.33 -4.32 -2.19 -3.36 -2.14 -2.93 -4.92
Temmuz -10.27 -3.01 -4.94 -4.52 -3.96 -3.96 -1.87 -3.00 -1.86 -2.40 -3.97
Agustos -11.68 -2.98 -3.38 -5.57 -3.59 -4.14 -1.71 -2.89 -2.01 -4.56 -4.25
Eylul -11.66 -3.16 -3.68 -4.87 -4.00 -4.04 -1.98 -3.14 -2.07 -3.06 -4.16
Ortalama -12.80 -3.21 -3.89 -5.02 -3.97 -4.11 -1.93 -3.09 -2.02 -3.23 -4.32

Alpbzen (2017), Konya Saraydnii’nde kalict sodyum karbonat degerini 0, Karadavut (2009),
Aksaray’da -6.00 me/L ile 10.30 me/L arasinda degisiklik goOsterdigini belirtmistir. Sulama
havuzlarindan elde edilen kalic1 sodyum karbonat degerleri, Eaton (1950)’a gore birinci sinif sulama
sinifinda bulunmustur.

4. Sonug

Calisma sonunda, havuzlardan alinan Sulama sularinin pH degerleri 7.06-8.43 arasinda
degismistir. Topraga uygulanacak bazi besin elementlerinin sularin pH degerini artiracagi goz 6ntinde
bulundurulursa basta damla sulama sistemi olmak tizere basingli sulama sistemlerinde tikanmaya yol
acabilecegi disiintilmektedir. Su 6rneklerinin, elektriksel iletkenlik degerleri 97.90-547.7 pS/cm
arasinda bulunmustur. ABD Tuzluluk Laboratuvari siniflandirma sistemine (CiS; ve C;Si1), Anonim
(2008) ve Anonim (2010) kriterlerine gore uygun bulunmustur.
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Yapilan ¢alismada Ake¢ali Koyii Kanatli mevkiindeki sulama havuz suyunun Anonim (2010)’a
gore EC ve nitrat degerleri 2. smif, Potasyum degerleri IV. sinif sular sinifinda belirlenmistir. Akgali
Koyii Kanathh havuz suyunun Magnezyum ve Potasyum, Kirikdag Kdoyii-Siser mevkiindeki havuz
suyunun ise potasyum degerleri sinir degerlerinin Uzerinde belirlenmistir. Sulama havuzu sularinin
ileriki zamanlarda toprakta tuzluluk, sodyumlulasma veya ¢oraklasmaya neden olmamasi icin gerekli
analiz ve takiplerin yapilmasi, gerekli olmadik¢a giibrelemenin yapilmamasi konusunda ¢iftcilerin
bilgilendirilmesi gerekmektedir.
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Abstract: Landrace genotypes which are important gene resources, are used as
starting material in breeding studies. Common beans are sensitive to abiotic
stress. For this reason, early screening tests performed under stress conditions will
provide convenience for breeders to perform the breeding process accurately and
fast. In this study, an early-stage drought stress index was formed for fifteen
genotypes whose salt tolerance indices were determined previously. For this
purpose, genotypes were exposed to four different drought stresses until the first
flowering period [25% (l25), 50% (Iso), 75% (I7s), and 100% (l100)]. As drought-
related plant growth parameters to determine the drought adaptability of
genotypes; shoot length (cm), root length (cm), shoot fresh and dry weight (g),
root fresh and dry weight (g), leaf width and length (cm), stem diameter (cm) and
stomatal conductance were measured. Later, genotypes were classified according
to the drought stress index. It was determined that genotypes and drought stress
had a statistically significant effect on all parameters examined, and Genotype x
Drought interaction for all properties to be significant at the 0.01 level. According
to the drought stress index data, three of the genotypes (ADY4, AGB1 and AGB5)
were moderately sensitive and twelve (AGun6, AGunl9, AGun25, BKaral-A,
Bkara2, BY4, BY24, 1SGal, ISGa7, ISGal0, I'Yoz10 and I'Yoz14) were sensitive.
In conclusion, although the studied genotypes were not drought tolerant, this was
determined in the early stage using the drought tolerance index. This study is
important as an example of the early classification of vegetable genotypes using
drought tolerance indexes in future studies.
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Oz: Onemli gen kaynagi olan yerel cesitler, 1slah caligmalarinda baslangic
materyali olarak kullanilmaktadir. Fasulye abiyotik strese duyarl bir tiirdiir. Bu
nedenle stres kosullarinda yapilan erken tarama testleri 1slah siirecinin dogru ve
hizl1 olarak yapilabilmesi i¢in 1slahg¢ilara kolaylik saglayacaktir. Bu ¢alismada,
tuz tolerans indeksleri dnceden belirlenmis on bes genotip icin erken dénem
kuraklik stresi indeksi olusturulmustur. Bu amagla genotipler ilk ¢igeklenme
donemine kadar dort farkli kuraklik stresine maruz birakilmistir [%25 (I2s), %50
(Is0), %75 (l75) ve %100 (l100)]. Genotiplerin kuraklik adaptasyonunu belirlemek
icin kuraklikla iligkili bitki bliylime parametreleri olarak; siirgiin uzunlugu (cm),
kdk uzunlugu (cm), siirglin yas ve kuru agirligi (g), kok yas ve kuru agirhigi (g),
yaprak genisligi ve uzunlugu (cm), govde c¢ap1 (cm) ve stomatal iletkenlik
Olgiilmiistir. Daha sonra genotipler kuraklik stres indeksine gore
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Stres tolerans indeksi. smiflandirilmigtir. Genotiplerin ve kuraklik stresinin incelenen tiim parametreler
iizerinde istatistiksel olarak anlamli bir etkiye sahip oldugu ve tim 6zellikler i¢in
Genotip x Kuraklik etkilesiminin 0.01 diizeyinde anlamli oldugu belirlenmistir.
Elde edilen kuraklik stresi indeksi verilerine gore genotiplerin t¢tinin (ADY4,
AGBL1 ve AGBS) orta derecede duyarli, on iki tanesinin ise (AGun6, AGun19,
AGun25, BKaral-A, Bkara2, BY4, BY24, ISGal, 1SGa7, 1SGal0, 1Y0z10 ve
IYozl14) duyarli oldugu belirlenmistir. Sonug¢ olarak, calisilan genotipler
kurakliga tolerant olmamakla birlikte bu durum kuraklik tolerans indeksi
kullanilarak erken donemde belirlenmistir. Bu ¢alisma seleksiyon indeksleri
kullanilarak farkli sebze genotiplerinin erken dénemde siniflandirilmasina bir
ornek olusturmasi agisindan 6nem tasimaktadir.

1. Introduction

Common bean is a very important crop in terms of its contribution to sustainable agriculture and
human nutrition (Onder et al., 2012). Changing climatic conditions necessitate the expansion of the
existing gene pool and the identification of the characteristics of landrace genotypes, and the inclusion
of these genotypes in future breeding programs. Drought is an important stress factor limiting common
bean production. Although different methods are applied to minimize the effects of drought stress, the
most basic and permanent solution is to produce with drought-tolerant varieties. For this purpose,
determining the tolerance levels of landrace varieties that are important gene sources is an effective
method for common beans that already have a narrow genetic diversity because of self-pollination. The
drought problem, which directly affects two billion people worldwide and occurs as a result of climate
changes, has more severe effects on common beans than other abiotic stress factors and affects 60% of
bean production areas (Mortimore, 2005; Beebe et al., 2008; Asfaw and Blair, 2014).

Different morphological and physiological parameters are used to determine drought-tolerant
genotypes. Photosynthesis, one of these, is the most fundamental physiological process affected by
drought. In connection with photosynthesis, stomatal conductivity is also reported to be an important
parameter in terms of being affected by drought stress. Increasing carbon dioxide fixation as a
consequence of stomatal conductivity ensures that plants are less affected by drought. Shoot and root
properties are some of the characters that can be used to determine drought tolerance. Fresh and dry
weights of vegetative organs such as roots and shoots are also parameters used for this purpose. Plants
have developed some adaptation mechanisms to avoid drought. In common beans, increasing the root
length, minimizing water loss by decreasing the leaf area are some of the strategies developed for this
purpose (Blum, 2009; Beebe et al., 2013; Assefa et al., 2015; Lanna et al., 2016). In many studies, stress
selection indices have been used to measure the effects of drought stress on common beans and to
compare varieties (Darkwa et al., 2016; Dipp et al., 2017; Sanchez-Reinosoet et al., 2020). The stress
tolerance index is a quick and easy method for selecting genotypes that are tolerant to stress conditions
(Negrdo et al., 2017). The most important advantage of this method, which is formed according to the
degree of suppression in vegetative growth parameters due to stress, is that it can perform very well in
tolerant genotype selection.

In recent years, climate change, which has become more effective day by day, has highlighted
the tolerance to abiotic stress conditions. The fact that material exchange through gene banks is a topical
issue to develop new varieties in the globalizing world requires screening genetic resources for
sustainable agriculture. However, the field trials for drought screening of genotypes are difficult due to
the variability of climatic conditions, the inhomogeneity of the soil structure, and the increased need for
time and labor owing to the use of a large number of plant materials (Ahmad et al., 2009). Selecting the
appropriate genotypes by using selection indices in the early stage will make it facilitate breeders as it
will save time and cost. In this study, planned from this point, it was aimed to determine the response of
fifteen landrace common bean genotypes to drought stress by using vegetative growth data and stomatal
conductivity which are parameters related to drought stress and to early-stage classify genotypes
according to drought tolerance indexes.
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2. Materials and Methods
2.1. Plant material and growing conditions

The research was carried out in the unheated greenhouse of Akdeniz University Vocational
School of Technical Sciences, Department of Plant and Animal Production in 2018 April-May.
According to long-year data, the average temperatures in April and May of Antalya are 16.3 and 20.5°C
In the study, fifteen landrace common bean genotypes collected from Antalya, Burdur, and Isparta
provinces of the Western Mediterranean Region of Turkey were used. All genotypes were dwarf growth
habit.
4.2 | plastic pots of 20 x 18 cm were used as plant growing medium in the study. Common bean
genotypes were grown by direct seed sowing in pots containing a mixture of peat + perlite (1: 1). The
experiment was carried out according to the randomized complete block design in four replicates, with
three pots for each repetition. Twelve plants were included for each application.

2.2. Drought stress application

Different drought levels were applied after the plants reached the period with 3-4 leaves. The
required irrigation water for the seedlings in plastic pots was periodically weighted every 2-3 days on a
weight basis, and the reduced amount was filled. Stress application continued until the flowering period.
Fifteen common bean genotypes were grown in four different irrigation (I) regimes; non-stress (ligo:
100%), mild stress (lzs: 75%), moderate stress (Iso: 50%), severe stress (l2s: 25%).
2.3. Drought tolerance index

The following formulas are used to determine stress tolerance indices (Ashraf et al., 2006):

. . Plant height of stressed plant
Plant height stress index = ( o P ) 100 @
Plant height of control plants
. Root length of stressed plant
Plant root stress index = ( £ b ) X 100 2
Root length of control plants
. Dry matter of stressed plant
Dry matter stress index = ( Y P ) x 100 ©))
Dry matter of control plants

Stress tolerance index calculations were made using 25% (severe drought) and 100% (optimum
irrigation level) values. The drought stress index was obtained by averaging the index data given above
formulas. Genotypes were classified using standard mean errors of these data (Al-Ashkar and El-Kafafi
2014). The formula used by Al-Ashkar and El-Kafafi (2014) for the salt tolerance index has been adapted
to the drought tolerance index. The classification was divided into four groups as drought tolerant,
moderately tolerant, moderately sensitive, and sensitive.

2.4. Measurement in genotypes and statistical analysis

In the genotypes harvested after the first flowering; shoot length (cm), root length (cm), shoot
fresh and dry weight (g), root fresh and dry weight (g), leaf width and length (cm), and stem diameter
(cm) were measured. Stomatal conductance was measured using the Decagon SC-1 Leaf Porometer
(Decagon Devices, Inc., Pullman, Washington) on the abaxial surface of the ear leaf as mmol m=2s,
The measurements were carried out in full clear air conditions between11.00 am and 02.00 pm.

A total of 10 parametric characters were measured to determine the vegetative development of
plants under stress conditions. These measurements were made using a ruler, digital caliper, tape
measure, and weighing machine (0.0001). Descriptive statistics, Principal Component Analysis (PCA),
regression, and clustering analyses were performed with Minitab 17.0 statistical software.
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3. Results
3.1. The effect of drought stress on vegetative growth parameters

The results of variance analysis regarding vegetative growth parameters (shoot and root length,
leaf length and width, root and shoot fresh and fresh weight, stem diameter) and stomatal conductance
of landrace common bean genotypes grown in different drought levels were given in Table 1. According
to these data, a significant correlation at the p <0.01 level was found between all parameters examined.
Genotypes and drought stress have been found to be a source of diversity. In the interactions between
the sources of variation, it was determined that the G X D interaction was significant at the 0.01 level in
all parameters.

Table 1. Variance analysis results with respect to vegetative parameters and stomatal conductivity of
landrace common bean genotypes under drought stress

Variation sources df SD LW LL RL SL SFW RFW SDW RDW SC

Genotyes (C) 14 * * * * * * * = = *
Drought (D) 3 * * * * * * * * * *
G*D 42 * * * * * * * * * *

SD: Stem diameter, LW: Leaf width, LL: Leaf length, RL: Root length, SL: Shoot length, SFW: Shoot fresh weight, RFW:
Root fresh weight, SDW: Shoot dry weight, RDW: Root dry weight, SC: Stomatal conductance, * Significant at p < 0.01.

The correlation among vegetative parameters and stomatal conductance under drought stress
was given in Figure 2. The important correlations detected can be listed as follows: between leaf width
and shoot dry weight (r=0.617), root dry weight (r=0.535); between leaf length and shoot length
(r=0.532), shoot dry weight (r=0.552); also, between shoot length and shoot dry weight (r=0.588);
between shoot fresh weight and shoot dry weight (r=0.539); between stem diameter and shoot fresh
weight (r=0.583); between root fresh weight and shoot dry weight (r=0.558). It was determined that
there is a statistically positive strong relationship between leaf width and leaf length (r=0.868), as well
as between root fresh weight and root dry weight (r=0.760). It was found that negative correlations
between parameters were not statistically significant.

Table 2. Correlations of vegetative parameters and stomatal conductance of landrace common bean
genotypes under drought stress

SD LW LL RL SL SFW RFW SDW RDW
LW 0.385*
LL 0.382* 0.868*
RL 0.159** 0.021m 0.101m
SL 0.241** 0.392* 0.532* 0.431*

SFW 0.583* 0.391* 0.480* -0.041" 0.407*

RFW 0.383* 0.429* 0.328* -0.035™ 0.194** 0.399*

SDW 0.237** 0.617* 0.552* 0.119m 0.588* 0.539* 0.558*

RDW 0.436* 0.535* 0.418* -0.080™ 0.230** 0.188** 0.760* 0.349*

SC 0.374* 0.281* 0.326* -0.105™ -0.036™ 0.321* -0.044™  -0.032"  0.153**

* Significant at p < 0.01, ** Significant at p < 0.05, ns: not significant.

The effects of drought stress on genotypes and interactions are given in Figure 1. Drought stress
negatively affected all parameters. As seen in Figure 1, it has been determined that increasing the
irrigation level enhances the values of all parameters and promotes plant growth. However, the stem
diameter did not differ between I+ and 11 irrigation levels, and the rising irrigation level did not
statistically affect the stem diameter. This increase varied according to genotypes. In terms of root
development, which is an important index in tolerance to drought, AGB1 (2) and AGB5 (3) genotypes
have the highest root length, while genotype BY-4 (9) has the lowest root length. While other genotypes
gave very variable results in root dry and fresh weight, the ADY4 (1) genotype come into prominence
with its high values. Besides, genotypes varied in other parameters, and this variability was also seen
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depending on the genotypes in the G X D interaction. As can be seen in Figure 1, it was determined that
ISGA-7 (14) did not interact with drought stress in terms of stomatal conductivity.

Main Effects Plot for SC Interaction Plot for SC. Main Effects Plot for ROW Interaction Plot for ROW.
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Figure 1. Main effects of genotypes and drought levels on plant growth parameters and stomatal
conductance and graphical expression of interactions between cultivars and drought stress
levels.

3.2. Classification of genotypes according to drought tolerance index

Classification of genotypes according to drought tolerance index is given in Table 3. DTI based
on vegetative growth parameters varied a range of 24% to 63%. According to DTI data, the genotypes
were classified into four groups: tolerant (84% and above), moderately tolerant (68-83%), moderately
sensitive (52-67%), and sensitive (below 51%) (Table 3). It was determined that there was no tolerant
and moderately tolerant genotype among the fifteen genotypes exposed to drought stress. Three of these
genotypes ADY4 (1), AGB1 (2), AGB5 (3) were determined as moderately sensitive, and twelve as
sensitive.

The principal component analysis (PCA) was performed using a variable the DTI parameters of
the genotypes under drought stress conditions and the dendrogram was formed using the DTI parameters
(Figure 2). Genotypes were divided into two main groups according to the dendrogram. Although
moderately sensitive genotypes were in the same group, there were also sensitive genotypes in this group.
This was due to the proximity of the DTI data to each other, and the separation of genotypes is more
clearly seen in the PCA analysis. Genotypes with very low DTI values (30% and below) formed the
second group. As seen in the cluster of the genotypes and the PCA distribution, the two moderately
sensitive genotypes ADY4 (61.30), AGB1 (62.71) which had the highest DTI data were completely
separated from the other genotypes. The other moderately sensitive AGB5 (55.95) clustered close to
these genotypes, but also near to the BKARA-2 (51.56) genotype which had a close DTI value.
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Table 3. Drought tolerance categories of landraces common bean genotypes on the basis of drought
tolerance index

Drought Tolerance Range of STI Number of Name of Landrace Common Bean Genotypes
Category Genotypes
Tolerant %84 and above
Moderately 68-83%
tolerant
Moderately 52-67% 3 ADY4 (1), AGB1 (2), AGBS5 (3),
sensitive
Sensitive Below 51% 12 AGUNG6, AGUN19, AGUN25, BKARAIL-A,
BKARA2, BY4, BY24, ISGAL, ISGA7, ISGA10.
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Figure 2. Principal Component Analysis of the distribution of landrace genotypes (right) and
dendrogram (left).

PCAL explained 67.3% of the variation between genotypes and consisted of RL-SI (0.720), PH-
Sl (0.468). PCA2 explained 26.1% of the variation and PDW-SI (0.910) was the effective parameter.
According to the PCA data, it was determined that the effective parameters in water stress are the stress
index based on root length and plant length.

4. Discussion and Conclusion

The negative effect of drought stress on plants varies according to the time, the severity of the
drought, and genotype and indicate its negative effects in all stages of the plants (Mizgin et al., 2019;
Khanzada et al., 2020). It has been demonstrated by different studies that drought stress affects
parameters such as total biomass and seed yield, number of seeds and pods per plant, root length in
common bean (Asfaw et al., 2012; Asfaw and Blair, 2014). In this study, the decrease in vegetative
growth of genotypes increased due to the rise in stress levels. Developing new drought tolerant varieties
or screening existing gene resources is a costly process that requires a long time and effort in field
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conditions. Stress tolerance index, which is based on the negative effects of stress conditions on
vegetative growth, is a fast, easy, applicable, and effective method and is commonly used in field crops
(Ahmad et al., 2009; Saima et al., 2018; Khanzada et al., 2020). However, it is used limitedly in
vegetable species whose breeding takes years. Plants need water to maintain their metabolic activities,
to take in plant nutrients and specially to perform photosynthesis. The rate of water decreased due to
drought firstly affects the vegetative growth parameters of the plants and are observed some
morphological changes. These processes occurring in plant physiology were also identified in the
genotypes in this study. Depending on the continuation of the drought stress, some biochemical
activities, and changes in the expression of stress-related genes occur in the plant. Stress factors cause
permanent changes in gene expressions through epigenetic mechanisms without a change in the
nucleotide sequences in the genome (Jaleel et al., 2009; Farooq et al., 2012; Verslues et al., 2014; Salehi-
Lisar and Bakhshayeshan-Agdam 2016; Neves et al., 2017; Raza et al., 2019). In this study, drought
stress was terminated after the first flowers were seen. The purpose of this is that genotypes can be
evaluated not only in seedling development but also in more advanced stages of vegetative development.
Thus, it was determined to what extent plant growth was affected by stress during the vegetative period.
All parameters of common bean genotypes were negatively affected under stress conditions, and it was
determined that there was genotype, drought, and G x D interaction for all parameters. As seen in Figure
2, the rise in the irrigation level has increased the growth parameters. This effect was more clearly seen
when the irrigation level was increased to the level of 1100. However, there was no statistically significant
difference in lioo and I+s irrigation issues in stem diameter. Khanzada et al (2020) reported that the effect
of drought on root development is important in Brassica napus. In this study, the ADY4 genotype
determined as moderate sensitive and having the highest index values was the least affected genotype in
terms of root fresh and dry weight. The fact that AGB1 in the same classification is the least affected
genotype in terms of root length also supports the effect of root development on drought tolerance. The
root length during the seedling period can be informative about adaptation to drought (Rehman et al.,
2015).

It was found that the variation among the parameters examined was quite high according to
genotypes. DTI values of root length (81.15-9.46), plant length (68.69-30.00), and plant dry weight
(73.34-9.15) showed wide variation. This situation was reflected in the total DTI values, and a range
from 62.71 to 23.52 was determined. These results are an indicator of the differences in the drought
exposure levels of genotypes. Khanzada et al. (2020) also obtained a wide variation in wheat for drought
tolerance, and it was reported that the data of different indexes providing high-quality data for
phenotyping were supported by SNP marker analysis. In the cluster analysis of genotypes according to
the DTI data obtained, while ADY4 and AGB1 genotypes were grouped differently from the others,
AGBS in the same tolerance category was the closest classified genotype. Variation in early-stage plant
development is a reliable source of information for screening large numbers of plants for drought
tolerance (Saima et al., 2018; Khanzada et al., 2020). Consistent with this study, there are many studies
revealing the reduction and variation in plant development due to drought stress (Shamim et al., 2014;
Saima et al., 2018; Sallam et al., 2018; Khanzada et al., 2020). In determining the drought tolerance in
the early seedling stage, the indexes obtained by considering different criteria instead of a single criterion
are a very effective method in determining the tolerance to stress (Sallam et al., 2018).

Because drought tolerance and salinity tolerance share to some extent the osmotic adjustment
mechanism, salt and drought tolerance in common beans are parallel (Asraf and Imran, 2015). In a study
conducted by Ulukapi (2020), the genotypes used in this study were screened using salt tolerance index
in terms of tolerance to salt stress and molecularly characterized. Similar to the results of this study, it
was determined that there was no genotype with salt tolerance among the genotypes showing dwarf
growth habit among all the genotypes examined. This situation was explained by the quite limited
sharing of alleles of the climbing and dwarf genotypes as a result of molecular analysis. The stress
tolerance index used in both studies was effective in the separation of genotypes. The coherence of the
results and their molecular support showed that DTI analysis which is examining complex stress-related
vegetative relationships is both reliable and can be easily used in breeding studies.
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Abstract: Onion (Allium cepa L.) cultivars commonly cultivated in Turkey
were for the first time examined for their reactions to Leek yellow stripe virus
(LYSV). Fifteen onion cultivars consisted of red, white, and yellow bulb
cultivars were grown in pots and mechanically inoculated with LYSV-12.6Po, a
newly characterized Turkish isolate. The experiment was in completely
randomized block design with three replicates, containing 30 plants in each.
One replicate was also planted as control. Serological and molecular detection
methods, and statistical analysis on five growth parameters were used to
evaluate their reactions to LYSV. LYSV infections in KG kirmizi, UG beyaz,
Sampiyon, Perama, Seyhan, and Hazar were not detected by DAS-ELISA, but
RT-PCR gave positive results to LYSV for all 15 tested cultivars. t-test results
showed that LYSV inoculation caused significant reduction in all growth
parameters for most cultivars. Duncan’s multiple range test found that Anka,
UG kahverengi, and KG kahverengi performed badly in all growth parameters.
On the other hand, Sampiyon and Perama were not significantly different to
each other in all growth parameters, and performed very well in plant weight,
plant height, and no. of leaves parameters. Based on results of this study,
Sampiyon and Perama were considered as the most tolerant cultivar to LYSV.
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Oz: Turkiye’de yaygin olarak yetistirilen sogan (Allium cepa L.) turlerinin bu
calisma ile Leek yellow stripe virus (LYSV)’Uine kars1 reaksiyonlari ilk olarak
aragtirilmisgtir.  Kirmizi, beyaz ve sar1 so8an cesitlerinden olusan 15 tlr
saksilarda yetistirilmis ve mekaniksel olarak Tirkiye’de yeni karakterize
edilmis olan LYSV-12.6Po izolat1 ile asilanmigtir. Denemede rastgele tam blok
tasarimiyla 3 tekerriir ve her tekerriirde 30 bitki diizenlenmistir. Ayrica 1
tekerrir de kontrol olarak hazirlanmigtir. Serolojik ve molekiiler testlerle
LYSV’nin bitkilerdeki varligi test edilmis ayrica ele alinan 5 gelisme
parametrelerinin belirlenmesi icin istatistiksel analizler uygulanmigtir. LYSV
enfeksiyonu KG kirmizi, UG beyaz, Sampiyon, Perama, Seyhan ve Hazar
cesitlerinde DAS-ELISA ile belirlenememistir, ancak RT-PCR testlerinde ele
alman 15 ¢esidin timii de pozitif sonuglar vermistir. t-testi sonucuna gore
LYSV enfeksiyonu, ele alman parametrelerde cesitlerin ¢ogunda belirgin
azalmalara neden olmustur. Duncan ¢oklu aralik testine goére, Anka, UG
kahverengi ve KG kahverengi tim gelisme parametreleri agisindan ¢ok kotii
sonuglar vermiglerdir. Diger taraftan Sampiyon ve Perama ele alman tim
gelisme parametreleri acisindan birbirinden ¢ok farkli olmayip, bitki agirligi,
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bitki boyu ve yaprak sayisi agisindan en iyi sonuglari vermislerdir. Bu
calismadan elde edilen sonuglara goére Sampiyon ve Perama, LYSV
enfeksiyonuna en tolerans gesitler olarak belirlenmislerdir.

**This research is part of a Doctoral dissertation in Department of Plant Protection, Faculty of Agriculture,
Ankara University by Adyatma Irawan SANTOSA.

1. Introduction

Leek yellow stripe virus (LYSV) is one of the most frequently found viruses infecting Allium
spp., such as leek (Allium ampeloprasum L.), onion (Allium cepa L.), and garlic (Allium sativum L.). It
is a member of family Potyviridae, genus Potyvirus which genome only has one open reading frame
(ORF) to encodes a polyprotein, including Nla-Pro (nuclear inclusion a — proteinase), NIb (nuclear
inclusion b), VPg (viral protein genome linked) and CP (coat protein) (Adams et al., 2005). Nucleotide
sequences of CP gene are useful in phylogenetic analysis of the virus (Vucurovi¢ et al., 2016).

LYSV had been detected infecting onion, leek, and garlic cultivated in Iran and New Zealand
(Shahraeen et al., 2008; Ward et al., 2009). Other attempts failed to detect LYSV in onion, although
they found the virus infecting leek and garlic in the surveyed areas (Dovas and Vovlas, 2003;
Vucurovi¢ et al., 2017). It was first reported in Turkey in leek planted in Marmara region (Korkmaz
and Cevik, 2009). Later on, the virus was shown to infect leek, onion, and garlic grown in East
Mediterranean, Amasya province, and Marmara region of Turkey (Fidan and Baloglu, 2009; Fidan,
2010; Sevik and Akcura, 2013; Tuzlali, 2018; Sar1 et al., 2020).

LYSV was also detected among onion and leek samples collected in Ankara province recently,
with infection rate on onion was estimated to be 13.3%. LYSV-12.6Po, one of the newly characterized
Ankara isolates, produced moderate symptoms on onion and mild symptoms on leek and garlic when
mechanically inoculated to those species. Nucleotide sequence of partial NIb+CP region of LYSV-
12.6Po was deposited in NCBI GenBank with accession number MNO070127. Host indexing and
phylogenetic studies showed that LYSV-12.6Po is biologically and genetically similar to an
Argentines isolate, LYSV-L-Arg (AY007693) (Santosa and Ertung, 2020).

With almost 2 million tons production annually, onion is one of the most economically
valuable multipurpose vegetables in Turkey (Giveng, 2019; Demir, 2020; TUIK, 2020). LYSV, which
apparently present in all major Allium crops planting regions of Turkey, could pose a significant threat
to onion production in the country. LYSV infection was known to lead medium to heavy bulb weight
loss in garlics (Lot et al., 1998). Besides that, LYSV is transmissible in non-persistent manner by
several aphid species (Brunt et al., 1996; Lunello et al., 2002); potentially making it spreads over long
distance further to other regions of world and Turkey. Therefore, control methods against the virus,
such as the use of resistant/tolerant varieties, need to be established.

Currently, only little information was known regarding reactions of Allium spp. varieties to
LYSV infection. Messidrome was observed to have less severe bulb weight loss (17%) than
Germidour (26%) and Printanor (54%) in a study to determine reactions of the three French garlic
cultivars against LYSV (Lot et al., 1998). A fertile garlic clone named clone 211 was found to have a
high level of resistance to LYSV according to another French study (Lot et al., 2001). During a field
survey of garlic viruses that was conducted in Czech Republic, all of 87 Vekan variety samples were
tested to be LYSV-free, which could signify its resistance to the virus (Klukackova et al., 2007). Bulb
size of Taskoprii 56, a garlic cultivar widely planted in Turkey, was reported to be significantly
reduced upon either natural or mechanical inoculation with LYSV. However, this finding was very
limited since it only involved one garlic cultivar, and genome sequence of the LYSV isolate used in
the study was not available (Fidan, 2010).

Screening for resistance/tolerance to LYSV presented in this study was for the first time
performed on onion cultivars commonly cultivated in Turkey. Furthermore, there were 15 cultivars
tested against LYSV-12.6Po, a well characterized Turkish isolate. So, the obtained results could be
important in the strategy to control LYSV spread and minimize onion yield loss in the country.
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2. Material and Methods

Screening of 15 onion cultivars from three seed companies (Table 1) for their reactions to
LYSV-12.6Po was performed in a greenhouse at Plant Protection Department, Ankara University
during November 22, 2019 - April 27, 2020. Temperature inside greenhouse was kept between 24 -
28°C.

Table 1. Onion cultivars used in this study.

No. Cultivars name* Company Characteristics

1.  Anka Aka ziraii tirtinleri Ltd. Sti., Bursa White bulb with dark brown outer skin.

2. KG kahverengi Bayram Tohum, Ankara White bulb with light brown outer skin.

3. KG kirmiz1 Bayram Tohum, Ankara Red bulb with red outer skin.

4. UG kahverengi Bayram Tohum, Ankara White bulb with light brown outer skin.

5. UG kirmizi Bayram Tohum, Ankara Red bulb with red outer skin.

6. UG beyaz Bayram Tohum, Ankara White bulb with white brown outer skin.

7. Sampiyon ;i‘lllfei"i‘rta“m irinleri Ltd. §ti., Bandirma, - \\oie bl with yellow-brown outer skin,

8. Gence Tancep? tarim {irlinleri Ltd. $ti., Bandirma, White bulb with dark brown outer skin.
Balikesir

9. Inci Tancep? tarim {irlinleri Ltd. $ti., Bandirma, White bulb with dark brown outer skin.
Balikesir

10. Naz Tancep a tarim dirfinleri Ltd. $ti., Bandirma, White bulb with yellow-brown outer skin.
Balikesir

11. Perama Tancep a tarim dirfinleri Ltd. $ti., Bandirma, White bulb with yellow-brown outer skin.
Balikesir

12. Taraz Tancep a tarim dirfinleri Ltd. $ti., Bandirma, White bulb with dark brown outer skin.
Balikesir

13.  Seyhan Ezlﬁi?;?rtanm tiriinleri Ltd. $ti., Bandirma, White bulb with yellow-brown outer skin.

14. Burgaz Tancep? tarm diréinleri Ltd. §ti., Bandirma, Red bulb with red outer skin.
Balikesir

15. Hazar Ezﬂieeps ?rtanm tirinleri Ltd. $ti., Bandirma, White bulb with yellow-brown outer skin.

*KG = Kisa giin (short day); UG = Uzun giin (long day)
2.1. Experiment design and statistical analyses

Screening experiment was conducted in completely randomized block design with 3 replicates
containing 30 plants in each. One replicate was also used as control. Ten onion seedlings were planted
on each pot. The pots (16 cm in height and 16 cm in diameter) were sterilized by washing with 5%
sodium hypochlorite bleach (clorox), and then filled with sterilized soil mix of perlite and peat moss,
1:3, respectively (Al-Shahwan et al., 2018). Onion plants were germinated from seeds since LYSV is
not a seed-borne virus (Brunt et al., 1996).

Treated plants were dusted with abrasive-celite then mechanically inoculated with LYSV-
12.6Po at 3-4 true leaf stage. Control plants were rubbed with Potassium phosphate buffer (pH 7) only,
as described by Santosa and Ertung (2020). Twelve weeks post-inoculation, onion plants were
carefully harvested then evaluated based on two LYSV detection parameters: serological by ELISA,
and molecular by RT-PCR; and five growth parameters: plant weight, plant height, root length, bulb
diameter, and number of leaves. Statistical analyses on growth parameters using t-test and ANOVA
continued with Duncan’s Multiple Range Test (DMRT) were performed on Statistix ver. 8.1
(Analytical Software, USA).

2.2. LYSV detection in treated plants by ELISA and RT-PCR

Since there are total of 1350 treated plants, it is impractical to identify LYSV infection on
each of them. Thus, ELISA and RT-PCR were used only to confirm tested cultivars susceptibility to
LYSV. A small piece of 25 mg leaf was taken from each of 90 treated plants of each cultivar, then
they were put together to create a composite sample of each cultivar to be tested in ELISA and RT-
PCR.
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Serological test using LYSV specific ELISA kit was performed according to the manufacturer
instructions (Bioreba, Switzerland). The results were evaluated using criteria and equipment that were
described by Santosa and Ertung (2020).

Tris-EDTA buffer based procedures were applied to extract total nucleic acids from composite
samples (Presting et al., 1995). The obtained nucleic acids were then used in two steps RT-PCR
(Santosa and Ertung, 2020). A pair of specific primer, F-5' TCACTGCATATGCGCACCAT 3’ and R-
5" GCACCATACAGTGAATTGAG 3' was applied in the PCR to amplify 1020 bp fragment of LYSV
partial Nib+CP region (Fajardo et al., 2001).

3. Results

Only nine cultivars were tested positive for LYSV infection by ELISA. On the other hand,
RT-PCR gave positive reactions to LYSV for all 15 tested cultivars (Figure 1 and Table 2).

Mab c d'efg‘.h;

- B = L

- -
-—

Figure 1. RT-PCR amplified 1020 bp fragment of partial LYSV NIb+CP region on 15 cultivars, thus
confirmed LYSV infection on all tested cultivars. a. Anka, b. KG kahverengi, ¢. KG kirmizi, d. UG
kahverengi, e. UG kirmizi, f. UG beyaz, g. Sampiyon, h. Gence, i. Inci, j. Naz, k. Perama, 1. Taraz, m.
Seyhan, n. Burgaz, 0. Hazar, p. Negative control (healthy onion), M. 100 bp marker (GeneDirex,
Taiwan)

LYSV inoculation caused 12.4 - 51.7% plant weight, 4.2 - 46.9% plant height, 2.7 — 47.3%
root length, 16.5 - 42.2% bulb diameter, and 1.2 — 26.8% no. of leaves reductions in all cultivars
except in Seyhan (bulb diameter) (Table 2 and Figure 2). According to t-test, all of cultivars showed
significant reduction on their weights upon inoculation by LYSV. All cultivars also showed significant
differences with their respective controls in four other parameters, except KG kirmizi (plant height),
UG kirmiz1 (root length), Sampiyon (root length and no. of leaves), Gence (root length), and Seyhan
(bulb diameter) (Table 2).

ANOVA which continued with DMRT showed that, in responses to LYSV inoculation,
Sampiyon, Perama, and Hazar did not show significant differences to each other in all five growth
parameters. UG kahverengi and KG kahverengi which both produce brown colored bulbs were not
significantly different to each other in all growth parameters except no. of leaves. Sampiyon, UG
beyaz, Perama, and Gence were not significantly different to each other and the best performers in
plant height and no. of leaves (Table 2).
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Figure 2. Reactions of some cultivars to LYSV-12.6Po inoculation. A. Control (C) and inoculated (1)
plants of inci and UG kirmiz1 at 8 weeks post-inoculation. B. Heights of control (C) and
inoculated (I) plants of inci were measured at 12 weeks post-inoculation. C. Bulb diameters
of control (C) and inoculated (1) plants of inci were measured at 12 weeks post-inoculation.

4. Discussion and Conclusion

Currently, at least 167 species infecting a wide variety of monocots and dicots belong to
Potyvirus, making it the largest plant virus genus. Members of Potyvirus are transmissible
mechanically, by grafting, and also non-persistently by 200 species of aphids, which allow them to
spread to every corner of tropical and subtropical regions (Wylie et al., 2017). Considerable yield
losses on various crops caused by Potyvirus had been recorded. Output reduction by Bean common
mosaic virus (BCMV), a prevalent virus on beans (Phaseolus vulgaris L.), reached up to 100%
(Worrall et al., 2015). LYSV lessened garlic bulb weight and perimeter up to 28% and 9%,
respectively, under greenhouse conditions. In the field experiment of the same study, the virus
decreased bulb weight and perimeter up to 36% and 13%, respectively (Lunello et al., 2007).

Approaches for Potyvirus management mainly fall into three major categories: control of
aphids vector, cross protection, and resistant/tolerant varieties. Aphids vector management are not
economically viable to be employed in large farming areas. Besides that, the method usually involves
synthetic insecticides which could contaminate fields and produces. Cross protection which utilizes
mild strain of a virus to induce plant resistance against more virulent strain cannot be applied in all
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plant species and against all members of Potyvirus. Even if cross protection was successfully
developed, the difficulty to provide sufficient mild strain inoculated seedlings to farmers potentially
increases production costs. Because of these reasons, plant resistance is considered the most suitable
option in Potyvirus diseases management (Sharma et al., 2013).

Current plant breeding process has been accelerated by the advent of DNA marker techniques.
Random amplified polymorphic DNA (RAPD) and restriction fragment length polymorphism (RFLP)
provided “Marker-assisted selection (MAS)” that greatly helps in making accurate selection of viral
resistance genotypes in plant species (Collard and Mackill, 2008; Akgali Giachino and Inan, 2019).
Further application of genetic engineering techniques developed SunUp and Rainbow, two papaya
(Carica papaya L.) varieties highly resistant to Papaya ringspot virus (PRSV), a Potyvirus, and
widely planted in Hawaii, USA (Gonsalves et al., 2010). However, the use of such transgenic varieties
is mostly confined only in certain areas due to concern and regulations regarding environmental issues
and food safety (Azad et al., 2014).

Two Potyviruses: LYSV and Onion yellow dwarf virus (OYDV) are infecting and causing
sizeable damage on Allium crops worldwide (Lot et al., 1998; Shahraeen et al., 2008; Ward et al.,
2009; Elnagar et al., 2011), but resistance against them is still severely lack studied. All 20 leek
varieties were found to be susceptible, but Autumn Giant Triumphator, Ligina, Siegfried Frost, and
Winta are the most tolerant against LYSV according to a study in Denmark (Paludan et al., 1980). All
of tested onion cultivars in this study were also proven by ELISA and RT-PCR to be susceptible to
LYSV infection through mechanical inoculation. However, it also should be noticed that LYSV
infection in KG kirmizi, UG beyaz, Sampiyon, Perama, Seyhan, and Hazar could only be detected by
RT-PCR, which indicated low concentration of LYSV in these cultivars. PCR had been demonstrated
as a more sensitive means for Allium viruses detection than ELISA (Dovas et al., 2001).

These results also provided further evidences that low LYSV infection rate among onions in
Ankara province (13.3%) was mainly due to absence of aphids vector (Santosa and Ertung, 2020), not
resistance of onion varieties. LYSV was not widespread among susceptible onion varieties probably
due to the fact that although it has been repeatedly shown to be mechanically transmitted through sap
in experimental conditions (including by this study), the virus seems rather difficult to be
mechanically transmitted by mere onion plant contacts in nature. LYSV is locally spread mainly by
aphids, and transmission over long distance was thought mostly done by infected propagative
materials (Lunello et al., 2002).

LYSV inoculation was shown to affect onion root length less than other growth parameters,
since there are three cultivars that had no significant means differences to their respective control in
root length, according to t-test. However, when percentage of means reductions were also put into
consideration, LYSV inoculation seems to harm all growth parameters (more than 40% reduction in
some cultivars), except no. of leaves (maximum reduction was only 26.8% on Taraz).

There are likely correlations among cultivars that were produced by same company in their
reactions to LYSV. Sampiyon and Perama (both yield white bulb with yellow-brown outer skin and
were produced by Tancepa Tarmm Uriinleri Ltd. Sti.) performed better in plant weight, plant height,
and no. of leaves than most other cultivars, according to DMRT. On the other hand, UG kahverengi
and KG kahverengi (white bulb with dark brown outer skin, produced by Bayram Tohum)
demonstrated worse reactions than most other cultivars in plant weight, plant height, root length, and
no. of leaves based on DMRT calculation. UG kahverengi and KG kahverengi also showed
considerable reduction in plant weight, plant height, root length, and no. of leaves, respectively, upon
LYSV inoculation. Anka (white bulb with dark brown outer skin, produced by Aka Ziraii Uriinleri
Ltd. Sti.) was the worst performer in plant weight, onion diameter, and no. of leaves. It is also worth
mentioned that Taraz (white bulb with dark brown outer skin, produced by Tancepa Tarim Uriinleri
Ltd. Sti.) was the worst performer in plant weight and root length, according to DMRT, and had >40%
reductions in the both growth parameters.

In general, four cultivars that produced white bulb with dark brown outer skin (Anka, Taraz,
UG kahverengi, and KG kahverengi) performed badly in all growth parameters. Some cultivars that
produced white bulb with yellow-brown outer skin (Sampiyon, Perama, and Hazar) performed very
well in plant weight, plant height, and no. of leaves. Burgaz, a cultivar that produced red bulb with red
outer skin, performed at average level in all growth parameters after LYSV inoculation. KG kirmizi
and UG kirmiz1 which both yield red bulb with red outer skin, and were produced by Bayram Tohum
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were only not significantly different to each other in root length and no. of leaves. These results
indicated that there are rather large genetic variations to LYSV resistance among germplasm
collections belong to different seed companies in Turkey.

Based on this study’s findings, it can be suggested that Sampiyon and Perama had the best
reactions to mechanical inoculation of LYSV under greenhouse conditions. Among all tested cultivars,
both are considered as the most tolerant to LYSV since the virus infection on them was only detected
by sensitive RT-PCR, they had low means reduction in all growth parameters, and t-test and DMRT
results showed that they performed better than most other cultivars in three growth parameters.

All of tested onion cultivars need to be further examined for their reactions to LYSV under
field conditions, and under mix infection with other viruses. Resistance genes to Potyvirus, which
probably could cover both LYSV and OYDV, in onion and other Allium spp. cultivars in Turkey also
need to be mapped using DNA marker techniques. To our knowledge, such screening study using
advanced genetic technology has never been done before on Allium spp.
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Oz: Bu galismada, Murat Nehri’nde yasayan ve “doktor balik” olarak bilinen
Garra rufa (Heckel, 1843)’nin bazi populasyon parametrelerinin belirlenmesi
amaglanmistir. Arastirmada kullanilan toplam 322 adet balik 6rnegi, serpme ag1
ve elektrosoker cihazi kullanilarak, Mart 2016 ile Subat 2017 tarihleri arasinda
Murat Nehri’nden temin edilmigtir. Populasyonun I-V yas gruplar arasinda
dagilim gosterdigi ve disi/erkek oranmin 1:1.24 oldugu tespit edilmistir. Boy-
agirlik iligkisi regresyon analizi ile belirlenmigtir. Buna gore; regresyon
katsayisi (b) disilerde 2.4551 (negatif allometrik biiyiime), erkeklerde 2.2039
(negatif allometrik bllyime) ve tiim bireylerde 2.3167 (negatif allometrik
biiyiime) olarak belirlenmistir. Incelenen balik &rneklerinin total boylar1 5.1-
15.5 cm, agirliklart ise 3.0-50.6 g arasinda degisiklik gdstermistir.
Populasyonun genelinde tiim yas gruplarinin kondisyon faktdrii degerlerinin
ortalamasi 1.17 olarak tespit edilmistir. Populasyonun biyime parametreleri
disilerde; L, = 16.33 cm, K = 0.37 yil?, to = -0.18 yil, W, = 42,59 g,
erkeklerde; L., 15.25 cm, K = 0.43 y1l'?, to=-0.03 y1l, W, = 31.37 g ve tim
bireylerde; L, = 15.88 cm, K = 0.39 y1l*, to=-0.13 y1l, W, = 36.62 g olarak
belirlenmistir. Bliylime performans indeksi (0) disilerde 4.59, erkeklerde 4.61
ve populasyonun genelinde 4.59 olarak hesaplanmigtir.

Some Population Parameters of Garra rufa (Heckel, 1843) in Murat River
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Abstract: This study conducted to determine some population parameters of
Garra rufa (Heckel, 1843) known as doctor fish living in Murat River. A total
of 322 fish sample examined in the study was caught by using cover net and
electro-shocker between March 2016 and February 2017 in the Murat River.
The female-male rate of population consisting of I-V age groups was confirmed
as 1:1.24. The regression coefficient (b) in the length-weight relationship was
determined as 2.4551 (negative allometric) for females, as 2.2039 (negative
allometric) for males and as 2.3167 (negative allometric) for all individuals. The
total lengths and weights of examined fish samples were varied from 5.1 cm to
15.5 cm and from 3.0 g to 50.6 g, respectively. Mean condition factor of all age
groups of populations was calculated as 1.17. Growth parameters of population
were calculated as L., = 16.33 cm, K = 0.37 year?, to = -0.18 year, W, =
42.59 g for female, as L. = 15.25 cm, K = 0.43 year?, to= -0.03 year, W, =
31.37 g for male and as L..= 15.88 cm, K = 0.39 year, to=-0.13 year, W, =
36.62 g for all population. Growth performance index (J) was calculated to
be 4.59 for female, to be 4.61 for male and to be 4.59 for both.

“Bu ¢alisma, Munzur Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi (MUNIBAP) tarafindan
desteklenen (YLTUBO16-11) yiksek lisans tezinden 6zetlenmistir.

80


https://orcid.org/0000-0002-6602-3470
https://orcid.org/0000-0001-7015-4564
https://orcid.org/0000-0002-5645-5456

YYU TAR BiL DERG (YYU J AGR SCI) 31 (1): 80-88
Aslan ve ark.. / Murat Nehri’ndeki Garra rufa (Heckel, 1843)’nin Bazi Populasyon Parametreleri

1. Giris

Murat Nehri, 722 km uzunluga sahip olup, Firat Nehri’nin kollarindan biridir. Van Golii’niin
kuzeyinde Aladag’dan ve Muratbasi Dagi’ndan ¢ikan kollarin birlesmesiyle olusur (Bulut ve Saler,
2014). Nehrin en yaygin balik tiirii Capoeta umbla (Heckel, 1843) olup, balik faunasi igerisinde Garra
rufa (Heckel, 1843) da yer almaktadir.

Cyprinidae familyasina ait olan Garra rufa’nin ekonomik degeri alternatif tipta kullaniliyor
olmasindan ileri gelmektedir. Bu sebeple “doktor balik” olarak isimlendirilmekte olup, literatiirde
yagh balik, Kangal balig1, kaya balig1 veya vantuzlu balik olarak da ge¢mektedir. Cins adi olan Garra,
Burma’da (Myanmar) “buyidk burun” anlamina gelmektedir. Tiir ismi olan rufa ise Latince’de
“kirmiz1” anlamina gelmektedir ve viicudunun kirmizimsi rengini yansitmaktadir (Ganpolat, 2014).
Bunun yaninda balikta sarims1 kahverengi ve tonlar1 daha fazla gézlemlenmektedir.

Bu tiiriin diinyanin farkli bolgelerinde yas ve biiyiime o6zellikleri ile birtakim calismalar
bulunmasina karsin Murat Nehri'nde yasayan populasyonu hakkinda yeterli bilimsel g¢alisma
bulunmamaktadir. Bu ¢alismada Murat Nehri’ndeki Garra rufa (Heckel, 1843) populasyonunun
bliylime o&zellikleri belirlenerek, bu tiirin dogal ortaminda korunmasi ve gelecek nesillere
aktarilmasini saglamak i¢in yapilacak stratejik planlamalara kaynak teskil etmesi amaglanmistir.

2. Materyal ve Yontem

Arazi ¢alismalari; Murat Nehri’nin kaynagi ile Beyhan Baraj Goli arasinda kalan kisminda,
Mart 2016 ile Subat 2017 tarihleri arasinda olmak {izere 12 ay siiresince yiiriitiilmiistiir. Calismada
toplam 322 adet Garra rufa (Heckel, 1843) numunesi yakalanmistir (Sekil 1). Balik 6rneklemesinde;
4-5 kg agirliginda, 24 mm ag goz agikligina sahip (tam goz boyu) cepli serpme ag1 ve elektrosoker
balik yakalama cihazi kullanilmigtir.

Baliklarin total boylar1 (L) 1 mm hassasiyetli 6l¢iim tahtasinda, agirliklari (W) ise 1 g
hassasiyetli terazide tespit edilmistir. Yas tayini, ilgili literatiirler (Yedier ve ark., 2016) dikkate
almarak pullardan yapilmistir. Laboratuvara getirilerek karinlari agilan 6rneklerin eseyleri; gonadlarin
makroskobik (olgun bireyler) olarak ve steoroskopik binokiler mikroskop (olgun olmayan kiguk
bireyler) altinda incelenmesi suretiyle saptanmistir (Lagler ve ark., 1977). Yas ve eseyleri belirlenen
baliklar gruplandirilmig, yas dagilimi, esey dagilimi ve yas gruplarmma gore disiierkek oranlari
belirlenmistir.

Total boy ile viicut agirlig1 arasindaki iliski non-lineer regrasyon analizi (y = axP) ile incelemis
olup, “Le Cren” bilyime denklemi (W = aL) ile ifade edilmistir. Burada; (W) viicut agirhigmi, (L)
total boyu, a ve b ise regresyon sabitlerini ifade etmektedir. Kondisyon faktort, KF = (W/L%)100
formiilii kullanilarak hesaplanmistir (Sparre ve Venema, 1998).

Populasyonun yasa gore boyca (L) ve agirlikga (Wy) blyumesi “von Bertalanffy” blyume
denklemleri kullanilarak incelenmistir. Bu ¢alismada elde edilen biiyiime parametrelerinin daha 6nce
yapilan c¢alismalarla karsilastirilabilmesi i¢in Pi Prime testi (Munro’nun fi issii, &) uygulanmustir
(Munro ve Pauly, 1983).

L= Loo[1-eCKt-)]

W= Woo[1-etKE)]P

0 = LogK+2LogLw

Burada; L = t yasindaki baligin boyunu; Loo = Asimtotik boyu; K = Brody biylme
katsayisini; t = baligm yasini; to = baligin boyunun 0 oldugu kuramsal yasi; W; = t yasindaki baligin
agirhgii; Woo = Asimtotik agirhig; b = boy-agirhk iliskisi denklemindeki regresyon sabitini; @ = Pi
Prime katsayisimt ifade etmektedir (Sparre ve Venema, 1998). Von Bertalanffy biytme
parametrelerinin belirlenmesi amaciyla FAO-ICLARM FISAT II paket programi kullanilmistir
(Gayanilo ve ark., 2005).

Esey oranlarmin (Disi:Erkek) dogada olmasi beklenen 1:1 oranindan istatistiksel olarak farkli
olup olmadig1 Ki-Kare (X?) testi ile kontrol edilmistir. Total boy-agirlik iliskisi formiildeki (W = aLP)
biliylimenin seklini (izometrik veya allometrik) ifade eden “b” degerinin istatistiki olarak 3’ten farkli
olup olmadig1 ve yine erkek ve disi bireylerin yas gruplarina gore; total boy, agirlik ve kondisyon
faktorleri arasindaki farkin 6nemli olup olmadigi “t testi” ile incelenmistir. Yas gruplarina gore
kondisyon faktorii degerleri arasindaki farkin anlamli olup olmadig: ise bir ¢oklu karilastirma testi
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olan “Duncan” testi ile analiz edilmistir. Elde edilen istatistiksel bulgular Efe ve ark. (2000)’na gore
yorumlanmustir. Verilerin istatistiksel analizi ve grafiklerin cizimi icin Microsoft Office Excel ve
SPSS 18 paket programlar kullanilmastir.

Sekil 1. Garra rufa (Heckel, 1843) (orijinal).
3. Bulgular

3.1. Yas ve esey Dagilim

Bu c¢alismada, Murat Nehri’nden yakalanan 322 adet Garra rufa bireyi incelenerek
populasyonun yas ve esey dagilimi tespit edilmistir. Buna gore; populasyonun I-V yas gruplar
arasinda dagilim gosterdigi, her iki eseyde de IV. yas grubunun en baskin yas grubu oldugu
belirlenmistir. Incelenen bireylerin %44.72 nin (144 adet) disi, %55.28’inin (178 adet) erkek oldugu
ve disi/erkek oraninin 1:1.24 oldugu tespit edilmistir. Yapilan X testinin sonucunda, biitiin yas
gruplarinda esey oranlari arasindaki farkin istatistiki olarak 6nemsiz oldugu (p>0.05), disi/erkek
oraninin 1:1°den istatistiki olarak farkli olmadigi goriilmiistiir (Cizelge 1).

Cizelge 1. Murat Nehri’ndeki G. rufa’nin yas ve esey dagilimi

Yas D E D+E D'E X2
Gruplat N % N % N % ' sd=1) P
| 8 2.48 10 311 18 559 1125 011  p>0.05

I 16 4.97 13 4.04 29 9.01 1:0.81 0.16 p>0.05
Il 29 9.01 35 10.87 64 19.88 1:1.21 0.28 p>0.05
v 82 25.46 112 34.78 194 60.24 1:1.37 2.32 p>0.05
\Y 9 2.80 8 2.48 17 5.28 1:0.89 0.03 p>0.05
Toplam 144 44.72 178 55.28 322 100.00 1:1.24 1.80 p>0.05

3.2. Boy-Agrlik iliskisi

Boy-agirlik iliskisini belirlemek amaciyla disi, erkek ve tiim bireylerde non-lineer regresyon
analizi uygulanmis, her {i¢ grup i¢in elde edilen grafik ve denklemler Sekil 2’de verilmistir. Regresyon
analizinde “b” degeri; disiler igin (b = 2.4551+0.056), erkekler icin (b = 2.2039+0.037) ve populasyon
geneli icin (b = 2.3167+0.034) olarak belirlenmistir. Her ii¢ grupta da “b” degerinin 3’ten kiigiik
oldugu ve istatistiki olarak da 3’ten farkli oldugu (p<0.05) saptanmis olup, bilylime tipi “negatif
allometrik” olarak saptanmistir (Sekil 2).
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Sekil 2. Murat Nehri’ndeki G. rufa’da total boy (L)-agirlik (W) iliskisi.
3.3. Boy dagilimm

Murat Nehri’ndeki Garra rufa populasyonunun total boy dagilimi 322 6rnek tizerinden
hesaplanarak yas ve esey gruplarina gére Cizelge 2’de verilmistir. Incelenen balik drneklerinin total
boylar1 disilerde 5.3 ile 15.5 cm, erkeklerde ise 5.1 ile 15 cm arasinda dagilim gostermistir. Total boy
degerleri bakimindan eseyler arasindaki fark, tim yas gruplarinda istatistiki olarak onemsiz (p>0.05)
bulunmustur. Garra rufa’nin total boy frekansi Sekil 3’te gosterilmektedir.

Cizelge 2. Murat Nehri’ndeki G. rufa’nin yas ve esey gruplarina gore total boy (L, cm) dagilimi

Yas D . E . t-test D+E .
Gruplari N L (Min-Mak) N L (Min-Mak) N L (Min-Mak)
| © 5368 OOy 005 18 "
o w R mm gy g, tma
woow Gmem g dman gy g ow
R P S
v 9 (135155 8 (134150 pO0S 17 ey
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Sekil 3. Murat Nehri’ndeki G. rufa’nin boy frekans (%) grafigi.
3.4. Agirhik dagilhim

Incelenen balik drneklerinin agirhiklan disilerde 3.2 ile 50.6 g, erkeklerde ise 3.0 ile 38.5 g
arasinda dagilim gostermistir. Viicut agirligi bakimindan eseyler arasindaki fark IV. ve V. yas
gruplarinda istatistiki olarak 6nemli (p<0.05), diger yas gruplarinda ise 6nemsiz (p>0.05) bulunmustur
(Cizelge 3). Son 2 yas grubundaki disi bireylerin ortalama agirliklarinin erkeklere gore daha yiiksek
olmasi, cinsiyetler arasindaki gonad agirlig1 farkindan kaynaklanabilir.

Cizelge 3. Murat Nehri’ndeki G. rufa’nin yas ve esey gruplarina gore viicut agirhgt (W, g) dagilimi

Yas D E t-test D+E
Gruplari N W (Min-Mak) N W (Min-Mak) N W (Min-Mak)
4.00£0.22 3.84+0.22 3.95+0.16
: 8 (3.2-4.9) 10 (3.0-5.4) p>0.05 18 (3.0-5.4)
8.05+0.52 8.310.61 8.17+0.39
I 16 (4.8-11.5) 13 (4.8-12.0) p>0.05 29 (4.8-12.0)
16.10+0.65 15.26+0.50 15.64+0.40
I 29 (10.6-27.3) 3 (9.1-23.9) p>0.05 64 (9.1-27.3)
23.77+0.65 21.43+0.38 22424036
v 82 (16.0-49.9) 112 (14.0-35.8) p<0.05 194 (14.0-49.9)
38.72+2.69 27.8142.01 33.5942.15
v 9 (21.1-50.6) 8 (21.4-38 5) p<0.05 17 (21.1-50.6)

3.5. Kondisyon faktori

Kondisyon faktorii degerleri disilerde 0.84 ile 2.25 arasinda degismekte olup, tiim yas
gruplariin ortalamast 1.21+0.02 olarak; erkeklerde ise 0.86 ile 2.35 arasinda degismekte olup, tim
yaslarin ortalamasi 1.13+0.02 olarak bulunmustur. Populasyonun genelinde tiim yas gruplarmin
kondisyon faktorli degerlerinin ortalamast 1.17+0.02 olarak tespit edilmistir. Eseyler arasindaki
kondisyon faktorii degerlerinin sadece IV. ve V. yas gruplarinda istatistiki olarak farkli (p<0.05)
oldugu bulunmustur. Ayrica, eseylerin yas gruplara gore kondisyon faktorii degerlerinin istatistiki
olarak farkli olup olmadig1 “Duncan testi” ile incelenmistir. Buna gore; kondisyon faktorii degerlerinin
iki eseyde de 1. ve II. yas gruplarmin diger yas gruplarindan istatistiki olarak farkli (p<0.05) oldugu
belirlenmistir (Cizelge 4). Baliklarin beslenme, biiyiime ve iireme durumlarina goére degisiklik
gosteren kondisyon faktorii degerleri incelendiginde; III. yas grubundan itibaren, muhtemelen eseysel
olgunluk neticesinde diistiigii goriilmektedir. Kondisyon faktorii eseylere gore degerlendirilmis ve yine
muhtemelen ergin bireylerin gonadlar1 arasindaki farkliliklardan kaynakli olarak IV. ve V. yas
gruplarinda erkeklerde daha diisiik oldugu goriilmiistir.
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Cizelge 4. Murat Nehri’ndeki G. rufa’nin kondisyon faktorii (KF) degerleri

Yas Gruplar1 D - E - t-test D+E.
N KF (Min-Mak) N KF (Min-Mak) N KF (Min-Mak)
I Y 2 S v S e C LR eY
I BT SRS aT
Woom g MSOE o o mel
PR | T v TR R
V9 Gmasy ® et PO% 1 G

a,b,c: Duncan testine gore ayni siitunda farkli harfle gosterilen degerler istatistiki olarak farklidir (p<0.05).

3.6. Von bertalanffy bluylime parametreleri

Murat Nehri Garra rufa populasyonun von Bertalanffy buyime parametreleri ve biylime
denklemleri eseylere gore hesaplanarak Cizelge 5’te, elde edilen biiyiime parametreleri kullanilarak
cizilen boyca ve agirlik¢a biiylime egrileri ise Sekil 4 ve Sekil 5’te verilmigtir. Farkli ¢alismalardan
elde edilen bilyiime parametrelerinin karsilastirimasinda kullanilan “bilyiime performans indeksi” (0)
disilerde 4.59, erkeklerde 4.61 ve populasyonun genelinde 4.59 olarak hesaplanmistir.

Calismada Ol¢liim sonucu bulunan total boy degerlerinin ortalamalar1 ile von Bertalanffy
buylme denkleminden hesaplanarak bulunan total boy degerleri “t-testi” ile karsilasgtirilmistir. Buna
gore, her iki eseyde ve populasyonun genelinde, 6lgiimle bulunan total boy ile hesapla bulunan total
boy degerlerinin istatistiki olarak birbirinden farkli olmadiklar1 (p>0.05) tespit edilmistir.

Cizelge 5. Murat Nehri’ndeki G. rufa’da von Bertalanffy buylme parametreleri ve denklemleri

(VBBD)
Von Bertalanffy Biylime Parametreleri
Esey Lo (cm) VBBD
K t @
ey : 0.37(t+0.18)
16.33 Lt=16.33(1-e037(*0.18))
D 42.59 0.37 -0.18 4,59 Wi = 42.59(1-¢0-37(t+0.18))2.4551
15.25 L= 15.25(1-g0-43(t+0.03))
E 31.37 0.43 -0.03 4,61 Wi = 31.37(1-e0:43(t+0.03))2.2038
15.88 L= 15.88(1-e0-39(+0-13))
D+E 36.62 0.39 -0.13 4,59 Wi = 36.62(1-0-39(+013))2.3167
18 - ceeegeeee D
16 4 —®-—EFE g
£ 1.
g 12
[a]
‘_..3 10
o
-
c
]
c
L
o
©
(7]
(]
I
-1 01 2 3 45 6 7 8 9 10 11 12 13 14 15
Yas (yil)

Sekil 4. Yas ve von Bertalanffy biiyiime denklemiyle hesaplanan total boy degerleri arasindaki iliski.
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Sekil 5. Yas ve von Bertalanffy biiyliime denklemiyle hesaplanan agirlik degerleri arasindaki iliski.
4. Tartisma ve Sonug

Bu calisma, Murat Nehri’nin dogal tiirlerinden birisi olan ve “doktor balik” olarak bilinen
Garra rufa (Heckel, 1843)’nin biiyiime ile ilgili populasyon parametrelerinin belirlenmesi amactyla
yapilmistir. Calismada, tiiriin korunmasina dair yapilacak caligmalara kaynak teskil etmesi amaciyla,
populasyonun yas, esey ve boy dagilimi, boy-agirlik iligkisi, kondisyon faktorii, yasa gore boyca ve
agirlik¢a biliylime parametreleri gibi bazi biyolojik 6zellikleri belirlenmistir. Elde edilen sonuglar farkl
su ortamlarinda aynu tiirle yapilan arastirmalar ile karsilagtirilmistir.

Yazdanpanah (2005), Zanjiran Deresi’nden yakaladigi 290 G. rufa bireyinin 152 tanesinin
erkek, 138 tanesinin ise disi, erkek:disi oraninin 1:0.91 oldugunu bildirmistir. Patimar ve ark. (2010),
Kangir Nehri’ndeki G. rufa populasyonunda II ile V yas gruplari arasinda birey tespit etmislerdir.
Inceledikleri 433 bireyin 195’1 erkek 238’1 disi bireyden olusmustur. Esey oranmi (E:D) 1:1.21 olarak
bildirmisler, erkek:disi oraninin 1:1 oranindan 6nemli derecede farkli oldugunu belirlemislerdir. Abedi
ve ark. (2011), Armand Deresi’nde yasayan G. rufa’mn O-IV yas gruplar1 arasinda dagilim
gosterdigini bildirmislerdir. Ayrica yakalanan 364 bireyden 191 adedinin erkek, 173 adedinin disi
oldugunu tespit etmiglerdir. Kirankaya ve ark. (2013), Kangal’daki Balikli Kaplica’da yasayan G. rufa
tirinun O-IIT yas gruplar1 arasinda dagilim gosterdigini ve esey oranmnin 1:1.75 oldugunu, Cermik
Deresi’nde bulunan aym tiiriin ise 0-IV yas gruplar arasinda dagilim gdsterdigini ve esey oraninin
1:0.90 oldugunu belirlemislerdir. Pazira ve ark. (2013) Dalaki Nehri’nde bulunan G. rufa’nin 0 ile 4
yas arasinda dagilim gosterdigini, yakalanan 324 bireyden 156 adedinin erkek 168 adedinin ise disi
olduklarini bildirmislerdir. Ganpolat (2014), Asi Nehri’nde yaptig1 arastirmada; Garra rufa (Heckel,
1843)’nin I-V yas gruplan arasinda dagilim gosterdigini, en baskin yas grubunun %25.06 ile II. yas
grubunun oldugunu belirlemistir. Ayni ¢aligmada, populasyonun %53.96’smin disi, %46.04’{inlin
erkek oldugu tespit edilmistir. Yas gruplart ve esey dagilimi konusunda elde edilen bulgularin
farklilig1, calisma ortaminin ekolojik 6zelliklerinden ve drnekleme yontemlerinden kaynaklanabilir.

Yapilan bu arastirmalarda 0 ile V arasinda degisen yas gruplar tespit edilmistir. Bu ¢alismada
0 yas grubunda birey tespit edilememistir. Ancak, en biiylik yas grubu konusunda diger ¢aligmalarla
uyum oldugu goriilmektedir. Bu bakimdan bu tiire ait bireylerin ulasabilecegi yasin 5 veya biraz
iizerinde olabilecegi degerlendirilmektedir. Populasyondaki disiierkek oranlar1 konusunda tiim
caligmalarda farkli bulgulara rastlamak miimkiindiir. Normalde dogada bu oran 1:1 seklinde
beklenmektedir. Ancak ozellikle 6rnekleme yontemi bu konuda farkli sonuglarin elde edilmesini
saglamis olabilir. Ayrica, tireme ve go¢ gibi baliklarin farkli hayat asamalarinda populasyondaki esey
orani farkliliklar gosterebilir (Alp ve ark., 2005).

Ayni balik tiirii i¢in farkli su ortamlarda yapilan arastirmalardaki boy-agirlik iligkisi verilerine
bakildiginda; yine boy ile agirlik arasinda ¢ok kuvvetli bir iliskinin bulundugu goriilmektedir. Ancak,
baliklarin biiyiime tipini (viicut seklini) gosteren regresyon katsayist (b) konusunda farkli bulgular
bulunmaktadir. Bazi aragtirmalarda (Pazira ve ark., 2013; Segherloo ve ark., 2015) bizim
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calismamizda oldugu gibi negatif allometrik biiylime tespit edilmesine karsin, bir diger kisminda
(Abedi ve ark., 2011; Hamidan ve Britton, 2013; Gerami ve ark., 2013; Erglden, 2015) pozitif
allometrik biiyiime tespit edilmistir. Baliklarda boy ile agirlik arasindaki iliski, biiylime hakkinda bilgi
veren parametrelerden birisidir. Aym tiirlin farkli su ortamlarinda bulunanlar1 arasinda farkh
olabilecegi, ayrica ortamdaki besin miktar1 ve liremeye bagli olarak mevsimsel degisimlerin de
goriilebilecegi bilinmektedir.

Abedi ve ark. (2011), Armand Deresi (iran)’nde G. rufa’ya yénelik yaptiklari arastirmalarinda
kondisyon faktorund tim bireylerde 2.03 olarak bulmuslardir. Gerami ve ark. (2013), Cholvar Nehri
(iran)’nde yaptiklar1 calismada ayni parametreyi 1.218 olarak tespit etmislerdir. Kondisyon faktorii,
baligin besililik durumu ve treme donemi hakkinda bilgi veren 6nemli bir parametredir. TUrln
morfolojik yapisimin yani sira, ortamdaki besin miktar1 basta olmak iizere gevre sartlarina gore ve
mevsimsel olarak degisiklik gosterir. Bu verilerin bizim g¢alismamizla farkli olmasi bu sebeplerle
normal karsilanabilir.

Calismamizda yapilan avcilik denemelerinde yakalanan en biiyiik boy (Lmaks) 15.5 cm ve en
ylksek agirlik degeri (Wmaks) 50.6 g’dir. Diger arastirmacilar tarafindan belirlenen en biiyiik boy
degeri 7.2 cm ile 17.8 cm arasinda; en biiyiik agirlik degeri ise 35 g ile 239 g arasinda degismektedir
(Abedi ve ark., 2011; Hamidan ve Britton, 2013; Pazira ve ark., 2013; Gerami ve ark., 2013;
Segherloo ve ark., 2015; Erguden, 2015). Bu konudaki farkliliklarin en biiyiik sebebinin 6rnekleme
yoOntemi ve sayisi oldugu diisliniilmektedir.

Kara ve Alp (2005), Ceyhan Nehri’ndeki 129 adet Garra rufa’nin gatal boyunun ortalama
92.204 mm oldugunu, 11.6 ile 120.7 mm arasinda dagilim gosterdigini belirtmiglerdir. Bostanci (2006)
Asi, Seyhan ve Ceyhan Nehirleri ve kollarinda yirittiigii ¢alismasinda G. rufa bireyinin standart
boyunun 85-105 mm arasinda degistigini belirtmistir. Yalcin Ozdilek ve Ekmekci (2006), Asi
Nehri’ndeki 208 adet G. rufa tiriiniin ¢atal boyunun 3.3 ile 14.5 cm arasinda degistigini
bildirmislerdir. Sungur (2009) Gaziantep’teki tatli su kaynaklarinda yaptigi ¢alismasinda G. rufa
tdrdndn total boyunun 7.6-13.9 cm arasinda degisim gosterdigini bildirmistir. Kara ve ark. (2010),
Yukari ve Orta Ceyhan Nehri’ndeki 135 adet G. rufa’nin standart boyunun 11.5 ile 110.8 mm arasinda
degistigini bildirmislerdir. Kirankaya ve ark. (2013) G. rufa tlrinin maksimum g¢atal boyunu Kangal
Balikli Kaplica’da 92.6 mm ve Cermik Deresi’nde ise 112.8 mm olarak ifade etmiglerdir.

Pazira ve ark. (2013) iran’daki Dalaki Nehri’nde yasayan G. rufa’nmn von Bertalanffy biyiime
denklemlerini digilerde L; = 16.41(1-e0189t016). erkeklerde L; = 17.01(1-e%2¥®112)) olarak
hesaplamigslardir. Biiylime performans indeksini disilerde 3.93 ve erkeklerde 4,12 olarak bulmuslardir.
Patimar ve ark. (2010), Iran’daki Kangir Nehri’ndeki aynu tiir igin biiyiime denklemlerini disilerde L;=
11.55(1-g042t+0088)) arkeklerde L;= 10.84(1-e044%t+0-192)) glarak bildirmislerdir. Biiyiime performans
indeksini disilerde 4.026 ve erkeklerde 3.966 olarak bulmuslardir. Yapilan “t-test” analizinde yukarida
bahsedilen calismalardaki biiylime performans indeksi sonuglari ile bu arastirmadaki sonuglar
arasindaki farkin istatistiki olarak dnemli (p<0.05) oldugu belirlenmistir. Calisma ortamlarinda basta
besin olmak {izere biiyiimeyi etkileyen parametrelerin farkli olmasi, biiylime performanslar1 arasindaki
uyumsuzlugu agiklayabilir.

Garra rufa, alternatif tipta kullamlmasiyla iin yapmis énemli bir balik tiiriidiir. Ulkemizde
birgok akarsuda dogal olarak bulunmaktadir. Biyolojik gesitliligin korunmasi ve gelecek nesillere
aktarilmasi i¢in alinacak kararlarda bilimsel ¢alismalar biiyiik dnem arz etmektedir. Bu ¢alismada elde
edilen sonuglar tiiriin korunmasi i¢in yapilacak planlamalara énemli bir kaynak teskil edecektir.
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Abstract: Garden cress is rich in carotenoids, vitamin C, fiber, flavonoids,
selenium, s-methyl cysteine, sulfoxide and glucosinolates. Nitrogen deficiency
is a limiting factor for plant growth. The study was conducted in Atatlrk
University, in Erzurum under field conditions in 2013 and 2014. The aim of the
present study was to evaluate effects of the different ratios of nitrogen on
growth, yield and some quality properties of garden cress (cv. Dadas).
Treatments consisted of Nmin (mineral nitrogen in the soil layer 0-30 cm at
planting; i.e. no basal nitrogen fertilization) (Control), 50, 100 and 150 kg N ha
! doses as ammonium nitrate. The effect of different nitrogen doses on the plant
height and yield in the cress was statistically significant. The highest plant
height and yield was observed in 100 kg N ha’. Generally, NOs and the other
elements in garden cress increased with increasing nitrogen doses. In conclude
82.17 kg N ha? can be suggested for higher yield and quality for Dadas garden
cress variety in sand soil conditions according to the regression analysis.

Azot Gubrelemesinin Terede (Lepidium sativum L.) Buylime, Verim, Nitrat ve Mineral

Icerigine Etkileri
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Anahtar kelimeler

Tere,

Bitki geligimi,
Azot,

Kalite,

Verim.

Oz: Tere, karotenoidler, C vitamini, lif, flavonoidler, selenyum, s-metil sistein,
stilfoksit ve glukozinolatlar bakimindan zengindir. Azot eksikligi, bitki
biliylimesi i¢in sinirlayict bir faktordir. Bu ¢aligma 2013 ve 2014 yillarinda
Erzurum Atatiirk Universitesi'nde tarla kosullarinda yiiriitiilmiistiir. Calismanimn
amact, farkli azot oranlarinin terede (Dadas ¢esidi) bitki gelisimi, verim ve bazi
kalite ozellikleri iizerindeki etkilerini degerlendirmektir. Azot uygulamalari,
Nmin (ekim 6ncesi 0-30 cm toprak tabakasindaki mineral azot dikkate alinarak;
bazal azot gubrelemesi yok) (Kontrol), 50 kg N ha?, 100 kg N ha''ve 150 kg N
ha! dozlarinda amonyum nitrat olarak uygulanmistir. Farkli azot dozlarinmn
terede bitki boyu ve verimi (zerine etkisi istatistiksel olarak 6nemli
bulunmustur. En yiiksek bitki boyu ve verimi 100 kg N ha? dozu verilen
uygulamada tespit edilmistir. Artan azot dozlari ile genellikle tere icerisindeki
NO;3 ve diger elementler artmustir. Yapilan regresyon analizi sonucunda kumlu
topraklarda 82.17 kg ha' azot uygulamalarinin Dadas bahce teresinde
uygulanalabilirligi ortaya konmustur.
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1. Introduction

Garden cress belongs to the Brassicaceae family. The plant, native to Asia and North Africa, is
a one-year herbaceous plant. It is used as an appetizer in the form of a salad or garnish vegetable due
to its pleasant smell and light spicy structure. Garden cress has been used in the treatment of liver
diseases and infections in addition to its use as an immune system enhancer, diuretic (Nadkarni, 1954)
and antibacterial (Amin, 2005).

Fertilizer is one of the most important inputs in agricultural production. When it is not applied
adequately, it causes significant losses in efficiency and quality, whereas in case of excessive
application, it causes pollution of water sources, especially with the washing of nitrogen fertilizers,
and the production of greenhouse gases with the emission of nitrogen oxides (NO, N2O and NO,)
(Gller, 2004).

Nitrogen is an important nutrient element in plant cells found in many structural compounds
such as chlorophyll and amino acids. Nitrogen deficiency is one of the most important factors in plant
growth and development (Tuncay et al.,, 2011). In addition, if nitrogenous fertilizers are used
excessively, the amount of nitrate in the leaf reaches a level that threatens human health, especially in
leaf-edible vegetables (Roorda van Eysinga, 1984). The use of unbalanced nitrogen fertilizers causes
nitrogen accumulation within the plant and nitrate accumulation if nitrogen is taken in the form of
nitrate. Nitrate concentrations can reach high levels in some leafy vegetables such as lettuce and
spinach. Nitrate can turn into harmful substances that can cause cancer in humans and animals (Ziarati
etal., 2018).

Soil and climatic conditions have an important effect on the nitrogen content of plants. Plants
grown in soils rich in absorbable nitrogen contain more nitrate than those grown in soils poor in
nitrogen. As a result of the research conducted on the effects of different soils on the nitrate levels of
vegetables, it is reported that the amount of nitrate in lettuce, carrot and white cabbage grown in sandy
soil with less organic matter is found to be less than those grown in other soils (Geyer, 1978). The
nitrate content of vegetables also varies according to species and varieties. In addition to varieties,
maturity and leaf types of plants during the harvest period also affect nitrate content (Corre and
Breimer, 1979). When producing leafy vegetables, one important aspect is the final plant nitrate
content, with its indirect negative effects on human health. Garden cress can be considered as a species
of high nitrate accumulating (Cavarianni et al., 2008). Since the vegetation period of leafy vegetables
is short, they require high amounts of nutrients, especially nitrogen, in their growth period, making
fertilization inevitable. Excessive nitrogen uptake in plant nutrients or inhibition of nitrogen
conversion to protein causes nitrogen accumulation in the plant (Maynard et al., 1976).

Garden cress is classified into 2 types according to their leaf shapes, namely flat and
segmented leafed cress. The cress grown in our country is mostly in the flat leaf group. On the other
hand, in eastern regions of Turkey, garden cress with leaves like parsley is mostly consumed (Yanmaz
et al., 2010). As a result of the studies we conducted in Ankara and Erzurum conditions, it was
determined that parsley-leaved garden cress was different from the existing cress varieties and it was
registered with the name Dadas. The aim of the present study was to evaluate effects of the different
ratios of nitrogen on growth, yield and some quality properties of garden cress (Dadas cultivar).

2. Materials and Methods

The study was carried out in the experimental fields of Atatlirk University, Erzurum, Turkey
(39°91” N; 41°36°E; 1900 m above sea level). Climatic conditions during the experiment are given in
Figures 1a and b. The average temperature ranged between 19.7 °C (July) and 7.0 °C (October) in
2013, 21.2 °C (July) and 8.8 °C (October) in 2014. Total rainfall was 15.2 mm in July and 32.7 mm in
October in 2013, and 34.9 mm in July and 43.4 mm in October in 2014. Soil properties of the
experimental area are given in Table 1. Manure (30 t ha) was applied to plots. Treatments consisted
of Nmin (mineral nitrogen in the soil layer 0-30 cm at planting; i.e. no basal nitrogen fertilization)
(Control), 50 kg N ha?, 100 kg N hatand 150 kg N ha'as Ammonium Nitrate. A basal dressing of
100 kg P ha as triple superphosphate was applied before planting. Garden cress (L. sativum L.) cv.
Dadas was used as plant material. This cultivar “Dadas” was parsley-leaved garden cress.
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Garden cress (L. sativum L.) seeds (2 g m?) were sown to 2 m? plots with a 10 cm space
between rows in 22.08.2013 and 19.08.2014. Irrigation was done when needed. Weeding was done by
hand. Garden cress plants were harvested by cutting when they have 7-10 leaf in 30.09.2013 and
28.09.2014. At harvesting, plant height, plant fresh weights (FW) and plant dry weights (DW) were
calculated. Leaf NO3 content was measured using ion chromatography (Dionex® DX 500; Dionex
Corp., Milan, Italy) on a sample of 20 g.

a = Total rainfall (mm) = RH (%)
60 - =& — Maximum temperature °C —=a&— Minimum temperatug@é’c
50 30
25
40 20
30 15
5
10 0
0 -5
July August September October
b

July August September October

Figure 1. Some meteorological parameters of experimental area in 2013 (a) and 2014 (b).

Table 1. Physical and chemical characteristics of the soil before the experiment (mean + standard
deviation, n = 10)

Soil Properties Units Means

N (mg kg™) 8.16+0.75
P (me 100 g?) 12.36+1.04
K (me 100 g?) 2.34+0.16
Ca (me 100 g?) 16.75+2.13
Mg (mg kgl) 1.44+0.04
Na (mg kgl) 0.35+0.03
Fe (mg kgl) 4.54+0.24
Cu (mg kg™l) 5.44+0.74
Mn (mg kg™) 6.45+0.95
Zn (mg kg™) 3.65+0.15
B (mg kg™) 0.24+0.01
Organic matter (%) 0.76+0.09
Sand (%) 38.4+2.48
Silt (%) 34.1+3.04
Clay (%) 27.5+1.19
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Ascorbic acid (Vitamin C) was determined with a Merck reflectometer set (Merck RQflex).
To determine the mineral concentrations of garden cress leaves was used an inductively coupled
plasma spectrophotometer (Optima 2100 DV, Perkin-Elmer, Shelton, CT) (Bremner, 1996). The
experimental design was a randomized complete block design with three replications. Data were
subjected to the analysis of variance (ANOVA) to compare the effects of treatments. When significant
differences occurred, the differences of means were determined using Duncan. Regression analysis
was made on the effect of nitrogen applications on yield.

3. Results

In the study, it was determined that the effect of different nitrogen doses on the plant height
and yield in the garden cress was statistically significant (p<0.001) in both years. However, nitrogen
treatments did not affect significantly branch number of garden cress (Table 2). The highest plant
height and yield were observed in 100 kg N ha* while the lowest were determined in the control.
Similarly, the FW and DW were the highest in 100 kg N ha? treatment. Further nitrogen increase
caused reduced FW and DW of garden cress. The lowest FW and DW occurred in the control. The
results of the study increasing N doses reduced Vitamin C. The lowest Vitamin C content was
determined in 100 kg N ha* while the highest was in the control (Table 3).

Table 2. Plant height, branch number and yield response of garden cress to N fertilization

N Plant height (cm) Branches number/plant Yield g/m?

(kg ha't) 1'year 2"year Mean 1year 2™year Mean 1% year 2" year Mean

0 23.71b 2327b 2349B 11.60 8.43 10.02 2315.95¢ 4730.00c 352298 D
50 2543a 26.20a 2581 A 10.83 8.30 9.57 2995.07 ab 5240.00b 411753 B
100 2693a 26.34a 2663 A 10.70 8.23 9.47 3193.87 a 5530.00a 4361.93 A
150 26.70a 26.53a 26.62 A 10.90 8.13 9.52 2846.55 b 4620.00c  3733.28C
P <0.01 <0.001 <0.001 >0.05 >0.05 >0.05 <0.001 <0.001 <0.001

The difference between the means indicated with the same letter is not statistically significant.

Table 3. Fresh weight (FW), dry weight (DW) and Vitamin C content response of garden cress to N

fertilization
N FW (g) DW (g) Vitamin C
(kg ha't) 1% year 2" year  Mean 1%year  2"year  Mean 1%t year 2 year Mean
0 66.17 c 157.67 ¢ 111.92D 7.64b 10.71c 9.18C 135.33a  146.67 a 141.00 A
50 85.57ab 174.67b 130.12B 8.79b 12,58 b 10.69B 137.33a  138.00 ab 137.67 A
100 91.25a 18433a 13779 A 10.71a 1158 b 11.15A 11533c 130.00 b 122.67C
150 81.33 b 154.00c  117.67C  8.22b 1195a 10.09B  125.00b 136.00ab  130.50 B
P <0.001 <0.001 <0.001 <0.01 <0.01 >0.05 <0.001 <0.05 <0.001

The difference between the means indicated with the same letter is not statistically significant.

The nitrate and plant nutrient content of garden cress grown under different nitrogen doses are
given in Tables 4, 5, 6 and 7. Nitrogen treatments affected significantly NOs and the other elements
except for B content of garden cress. Generally, NOs and the other elements in garden cress increased
with increasing nitrogen doses. The highest values of NOs, N, P, K, Ca, Mg, Fe and Cu were obtained
from 150 kg N ha? treatment while the lowest ones generally were in the control. Na, Mn and Zn
content changed depending on nitrogen doses.
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Table 4. Nitrate (NOs), nitrogen (N) and phosphorus (P) content response of garden cress to N

fertilization
N NOs (mg kg™?) N (%) P (mg kg™
(kg ha't) 1% year 2" year  Mean 1%year 2Wyear  Mean 1%t year 2 year Mean
0 385.72d 42497c 40535D 250d 2.63d 257D 2660.51b 2883.93b 2772.22C
50 415.00c 453.00b 434.00C 263c 285¢C 274C  2702.65b 314442a 292353B
100 486.07b 461.78b 473.92B 2.89b 299b 295B 2804.23b 323049a 3017.36B
150 505.23a 508.24a 506.74A 3.0la 3.18a 3.10 A 3083.88a 3195.06a 313947 A
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.01 <0.001 <0.001

The difference between the means indicated with the same letter is not statistically significant.

Table 5. Potassium (K), calcium (Ca) and magnesium (Mg) content response of garden cressto N

fertilization

N (kg ha'!) K (mg kg*) Ca (mg kg™) Mg (mg kg*)

1 year 2" year Mean 1 year 2" year Mean 1% year 2" year Mean
0 16406.77b 16003.02a 16204.90 B 5049.61a 4281.01a 4665.31AB 1840.80c 1891.65a 1866.23B
50 16673.12b 16415.20a  16544.16 B 4717.22b  4369.04a  4543.13 B 1971.82b 1943.79a  1957.81A
100 16501.12b 16831.60a 16666.36 B 4782.08b  4507.57a  4644.83AB 2017.15b 1939.57a  1978.36A
150 17918.92a 16585.01a 17251.97A 5046.17a 4403.48a 4724.83 A 2108.52a 1851.98a 1980.25A
P <0.01 >0.05 <0.01 <0.05 >0.05 >0.05 <0.001 >0.05 <0.01

The difference between the means indicated with the same letter is not statistically significant.

Table 6. Sodium (Na), iron (Fe) and copper (Cu) content response of garden cress to N fertilization

N (kg ha?) Na (mg kg™?) Fe (mg kgt Cu (mg kg

1 year 2" year Mean 1% year 2" year Mean 1% year 2" year Mean
0 616.45 a 549.63 a 563.04 AB 136.85b 145.15b 140.99 B 32.26 ab 31.10¢c 31.68B
50 598.72 a 555.75a 577.23 A 131.88d 154.29 a 143.08 B 34.33a 33.28b 33.83A
100 556.74 a 544.22 a 550.48 AB 141.19b 155.50 a 148.35 A 30.62 b 36.27 a 3345 A
150 554,51 a 504.11 a 529.31B 14754 a 154.00 a 150.77 A 33.82a 34.57 ab 34.20 A
P >0.05 >0.05 <0.05 <0.001 <0.05 <0.001 <0.01 <0.01 <0.01

The difference between the means indicated with the same letter is not statistically significant.

Table 7. Manganese (Mn), zinc (Zn) and boron (B) content response of garden cress to N fertilization.

N (kg ha?t) Mn (mg kg?) Zn (mg kgt) B (mg kg?)

1% year 2" year Mean 1tyear 2" year Mean 1tyear 2" year Mean
0 4737 ¢c 40.60 ¢ 43.98 D 37.72 a 4112 ¢c 3942B 26.92 a 25.76 b 26.34 A
50 48.61 bc 43.36 b 45,98 C 41.25a 41.89 bc 4157 A 26.27 a 2754 a 26.90 A
100 54.07 a 44.27b 49.17 A 37.85a 4545 a 4165 A 2691 a 24.74 b 25.82 A
150 49.03b 46.27 a 47.65B 38.22 a 43.91 ab 41.07 AB 26.38 a 25.70 b 26.04 A
P <0.001 <0.001 <0.001 >0.05 <0.01 <0.05 >0.05 <0.05 >0.05

The difference between the means indicated with the same letter is not statistically significant.
According to the regression analysis for an average of 2 years, the highest yield of garden

cress was recorded at 82.17 kg N ha, while saving approximately 45% of nitrogen fertilizer yet
giving 15% more yield compared with 150 kg N ha™* (Figure 2).
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Figure 2. Effects of N fertilizer applied at different levels on yield of garden cress.
4. Discussion and Conclusion

In the study, it was determined that nitrogen fertilization significantly increased plant growth
in garden cress. According to the results of the research; it has been observed that all fertilizer
applications increase plant growth in garden cress compared to plants under control. In the light of the
parameters examined, when nitrogen doses are compared among themselves, 100 kg ha'* nitrogen dose
was found to be the most effective dose. Many studies pointed out that nitrogen fertilization increases
plant growth and yield of several crops (Turan, 2002; Albayrak et al., 2006; Tekeli and Dasgan, 2013).

It is inevitable to use inorganic fertilizers, especially nitrogen fertilization, to increase the
vegetative growth of plants. Nitrogen, which forms the main part of protein and nucleic acids, which
are the basis of all living forms, is the most used nutrient element in vegetable cultivation, and product
amount and quality losses occur in its deficiency (Mengel, 1991). In addition, nitrogen is a structural
part of chlorophyll, phospholipids, alkaloids, enzymes, coenzymes, hormones and vitamins
(Castellanos et al., 2000). Studies have reported that nitrogen applications significantly affect the yield
and quality of lettuce and spinach and generally increase the plant growth and yield in parallel with the
increase in nitrogen dose up to a certain level (Topguoglu and Yalgin, 1996; Mordogan et al., 2001).
Yadav et al. (2013) planted garden cress in two seasons to examine the effect of planting date, row
spacing and nitrogen doses in an experiment they conducted. On the yield of L. sativum L. grown in
irrigated loamy sandy soils, 40 and 60 kg ha nitrogen application was found to be the most effective
dose. Boroujerdnia and Ansari (2007) reported in their study that plant growth and yield in lettuce
increased up to a certain level in parallel with increasing nitrogen dose. Our study results showed that
nitrogen fertilization negatively affected Vitamin C content of garden cress. A high dose of N
treatments has been reported to decrease vitamin C content in vegetable crops (Miceli and Miceli,
2014). Previous reports confirm that increasing nitrogen fertilization rates caused reduced vitamin C
content in some vegetables (Mozafar, 1993; Lee and Kader, 2000; Yildirim et al., 2007; Yildirim et
al., 2020).

According to the macro and micronutrient element analysis results, it was determined that
there were important differences between the different nitrogen doses. The highest plant N, P, K, Ca,
Mg, Fe and Cu content were determined in 150 kg ha*. In parallel with the findings obtained from the
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study, it has been reported that with nitrogen fertilizers applied to the soil in increasing amounts, the N
content of spinach plant increased, but contrary to our findings, other element contents decreased
(Topguoglu and Yalgin, 1996). In a study conducted to determine the effect of the use of organic and
chemical fertilizers on the nutritional status of the plant in peppers, N, P, K, Ca, Mg, Fe and Mn
concentrations have been reported to increase significantly with the effect of different fertilizer
applications (Ozkan et al., 2013). In a study conducted in pots under greenhouse conditions, it was
found that four different doses of nitrogen application (0, 200, 400, and 600 mg N kg™?) increased the
nitrogen content in the leaf and root of lettuce, but decreased the phosphorus and potassium content
(Petridis et al., 2013).

The results obtained from the study showed that the highest NOs content in garden cress was
determined in the highest application (150 kg ha™) of the commercial form of nitrogen fertilizer (Table
2). In parallel with the findings obtained from our study, studies have been conducted showing that the
NO; content in the leaf increases with the increase of the nitrogen dose applied in spinach and lettuce
(Smatanova et al., 2004; Liu et al., 2014). In a study conducted under greenhouse conditions, the effect
on plant growth and nitrate content in the leaf was investigated in two lettuce varieties grown at two
nitrogen levels. At the end of the study, it was determined that high nitrogen dose increased NOs
accumulation in leaves (Balanza et al., 2011). Yagmur et al. (2019) determined that the highest nitrate,
nitrite and total nitrogen values of flat leaved garden cress occurred in nitrate fertilizer application.

In case of high NOs; concentration taken through the diet, it can either directly cause the
intestinal membranes to break down or it can turn into nitrite and prevent oxygen transport in the
blood. In addition, it can transform into nitrosamines in the body and have a carcinogenic effect. This
is especially important for vegetables whose leaves are eaten, as nitrate accumulates in the leaves.
According to Venter (1978), nitrate value in lettuce leaves varies as 282-3520 mg NO; kg? fresh
weight (ppm) (Ceylan et al., 2001). The maximum nitrate limit in the leaves of lettuce grown in the
open field by the European Union has been determined as 3500-4000 ppm (Ozgen, 2009). The values
obtained in the study were found to be far below the given values.

In order to ensure high efficiency in agricultural production, large amounts of chemical
fertilizers are used, which causes human health, environmental and economic problems. Studies have
started to intensify in recent years to reduce or eliminate the negative effects of such practices. Garden
cress is very sensitive to fertilization, especially nitrogen fertilization, and fertilization is the most
important factor affecting yield and quality when other conditions are equal. However, in case of
excessive nitrogen use, nitrogen may accumulate in the leaves of the plant as nitrite, which may be
harmful to human health. For this reason, N should not be given to the soil more than enough for the
development of the plant (Salk et al., 2008). Excessive nitrogen applications cause deterioration of the
quality of vegetables and some physiological disorders such as tip burn (McCollum, 1992). To
conclude 82.17 N ha can be suggested for higher yield and quality for Dadas garden cress variety in
sand soil conditions according to the regression analysis.
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Abstract: Salinity is one of the most important environmental stresses affecting
the growth and yield of the plants. The effect of salicylic acid (SA) on growth,
germination, and some physiological traits of bitter vetch (Vicia ervilia L.) exposed
to salinity was studied in a factorial experiment based on a randomized complete
block design with three replications. The experimental treatments were composed
of salinity at three levels of 0, 50 and 100 mM and SA priming at three rates of 0,
0.1 and 0.2 mM. The results showed that as salinity was increased, germination and
the related traits, seedling growth, and the Hill reaction rate were declined, but
mean germination time and cell death were increased. SA application at the rates
of 0.1 and 0.2 mM improved these parameters as compared to control. At the
salinity levels of 50 and 100 mM, SA rates of 0.2 and 0.1 mM imposed the strongest
effect on germination parameters and plant growth. At the salinity level of 100 mM,
SA rate of 0.2 mM was more effective on leaf relative water content, seedling fresh
weight, root and stem length, and root and stem fresh weight. At different levels of
salinity, 0.2 mM SA increased the Hill reaction rate and cell death of bitter vetch.
The application of SA under salinity stress for improvement of germination
parameters, seedling growth, and physiological traits of bitter vetch could be
recommended.

Salisilik Asit ile Priming Uygulamasimin Aa Fig'in (Vicia ervilia L.) Cimlenmesi ve
Fizyolojik Ozellikleri Uzerine Tuzluluk Etkilerinin Azaltilmasi
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Oz: Tuzluluk, bitkilerin biyiimesini ve verimi etkileyen en 6nemli cevresel
streslerden biridir. Salisilik asitin (SA), tuzluluga maruz kalan aci figin (Vicia
ervilia L.), ¢cimlenmesi, fide gelisimi ve bazi fizyolojik 6zellikleri iizerindeki etkisi,
tesadlif bloklarinda faktoriyel deneme modeline gore (¢ tekerrlrlu olarak
incelenmistir. Caligmada uygulamalar; 0, 50 ve 100 mM'lik U¢ seviyede tuzluluktan
ve 0, 0.1 ve 0.2 mM'lik ii¢ dozda SA priming uygulamasindan olusmustur.
Sonuglar, tuzluluk arttik¢a cimlenme ve ilgili 6zelliklerin, fide biiylimesinin ve Hill
reaksiyon hizinin azaldigini, ancak ortalama ¢imlenme siiresinin ve hiicre hasarinin
arttigmi gostermistir. SA’nm 0.1 ve 0.2 mM uygulamalari, kontrole kiyasla bu
parametreleri iyilestirmistir. Tuzlulugun 50 ve 100 mM’lik ve SA’nin 0.2 ve 0.1
mM'lik seviyeleri ¢cimlenme parametreleri ve bitki bliylimesi Uzerinde en glcli
etkiyi saglamistir. 100 mM tuzluluk seviyesinde, 0.2 mM'lik SA orani, yaprak nispi
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Tuzluluk. su igerigi, fide taze agirhgi, kok ve gévde uzunlugu, kok ve govde taze agirlig
tizerinde daha etkili olmustur. Farkli tuzluluk seviyelerinde 0.2 mM SA, Hill
reaksiyon hizini ve aci figin hiicre hasarim arttirmistir. Tuzluluk stresi altinda SA
uygulamasi, aci figin ¢imlenme parametrelerinin, fide gelisiminin ve fizyolojik
ozelliklerinin iyilestirilmesi bakimindan dnerilebilir.

1. Introduction

Bitter vetch (Vicia ervilia L) is one of the oldest domesticated plants from the family Fabaceae.
Bitter vetch is a very old grain legume in the Mediterranean region whose cultivation dates back to 10
000 years ago. It is grown for grains and dry forage (Abdullah et al., 1999; Sadeghi et al., 2009). Salinity
is one of the stresses that limit crop production. Salinity stress occurs when the amount of salts
accumulated in the root zone is beyond the tolerance of plants, which disrupts the vital processes of the
plant, such as nutrient uptake and mobilization, transpiration, and photosynthesis. Salinity influences
the biochemical and physiological processes and the biosynthesis of primary and secondary metabolites
of plants (Hendawy and Khalid, 2005). Salinity reduces the activity of a-amylase by reducing the
amount of bioactive gibberellin content, which in turn prevents seeds germination (Liu et al., 2018).
Salinity stress causes the generation of reactive oxygen species (ROS) and increases membrane
permeability of the cells; then, in addition to oxidative damage by RQOS, this results in the build-up of
some proteins including heat shock proteins, chaperones, and other detoxifying proteins (Sudhakar et
al., 2001).

To preserve turgor under salinity stress, plants produce compounds that make intra-cellular
water potential more negative so as to enable the plant to keep the turgor pressure. Known as osmolytes,
these compounds are generated by all living organisms. Osmolytes have a very high solubility. However,
their molecular weight is low, and at high concentrations, they are not toxic to cells and do not disrupt
the natural reactions of the cell (Ashraf and Foolad, 2007).

The application of germination improving techniques (priming) is an approach to improve
germination and seedling establishment under environmental stresses. The ultimate goal of seed priming
is their partial imbibition so that seeds pass through the first (physical uptake) and second (initiation of
biochemical processes and hydrolysis of sugars) stage of germination, but they are inhibited from the
third stage (sugar consumption by embryo and rootlet growth) (Bradford, 1995).

Salicylic acid (SA, o-hydroxybenzoic acid) is a phenolic compound that is involved in seed
growth and development and germination, photosynthesis, glycolysis, interaction with other organisms,
and plant responses to environmental stresses (Popova et al., 1997; Hayat et al., 2010). It acts as a signal
transmitter molecule and affects many of the physiological and biochemical processes of the plant under
stress and non-stress conditions. These processes include seed germination and vigor, seedlings
establishment, cell growth and expansion, as well as the activity of enzymes, the synthesis of flavonoids
and photosynthesis apparatus in detrimental environmental conditions (Vlot et al., 2009; Akbulut et al.,
2018). Salicylic acid augments the activity of the enzyme phenylalanine ammonia lyase. The increased
activity of this enzyme entails the increase in the synthesis and accumulation of phenolic compounds,
and finally, phenolic compounds with the antioxidant properties enhance resistance to biotic and abiotic
stresses (Eraslan et al., 2007). Gautam and Singh (2009) concluded that SA at high rates can mitigate
the adverse impacts of salinity and osmotic stresses induced by the build-up of ROS generation during
photosynthesis and germination of maize. Application of NaCl reduced all germination traits in
comparison with control. Whereas application of SA enhanced germination percentage by 13.05%, vigor
index by 68.60%, mean germination time by 39.74% compared to respective NaCl treatments (Alamri
et al., 2018). Hamid et al. (2010) reported that SA priming of wheat seeds under salinity stress resulted
in the production of more vigorous and larger seedlings and enhanced chlorophyll, dissolved sugars and
proteins content of the plant.

This study aimed to explore the effect of salicylic acid application on alleviating the impacts of
salinity stress on germination components, physiology, and growth parameters of bitter vetch.
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2. Material and Methods
2.1. Germination and growth parameters

The present study was carried out in the laboratories of the Departments of Agriculture and
Biology at Faculty of Agronomy of Urmia University (Iran) in 2016, as a factorial experiment based on
a randomized complete block design with three 50-fold replications. The experimental treatments
included priming with salicylic acid (SA) at three levels of 0, 0.1 and 0.2 mM, and NacCl at three levels
of 0, 50 and 100 mM. The seeds were first disinfected with sodium hypochlorite (5%) for 2 minutes,
and then they were rinsed with distilled water. For priming, the seeds were soaked in SA at the intended
concentration in darkness at 25°C for 8 hours. Then, to remove their excess moisture, they were air-
dried at room temperature for 24 hours. To test the germination, the seeds were placed between the
papers in Petri dishes with a mouth diameter of 9 cm. Finally, the Petri dishes were placed in a
germinator at 25°C. During the supply of moisture requirement of germination, the seeds were treated
with salinity levels as mentioned. To evaluate germination parameters, the seeds were counted on a
specific time every day until the number of germinated seeds in each replication reached a plateau for
three consecutive days. The criterion for germination was the exit of rootlet for 2 mm or more. On day
7, five seedlings were sampled from each replication to record their seedling length, rootlet length,
plumule length, and seedling fresh and dry weight. After the fresh weight of the seedlings was recorded,
they were oven-dried at 72°C for 48 hours to measure their dry weight. The data of five samples were
averaged to supply the final data.

The seedlings remained in the Petri dishes were employed to study physiological parameters
including leaf relative water content, the Hill reaction, cell death, and post-harvest length and weight
parameters of the bitter vetches. Four seedlings were sampled from each replication and were planted in
pots containing perlite. Then, they were placed in a growth chamber at light/dark regime of 16/8 hours.
The seedlings in the pots were irrigated with distilled water every other day and were fed on Hoagland
solution containing 0, 50 or 100 mM NacCl as per the experimental design. To measure the post-harvest
length and weight parameter, the traits of root and stem length, root and stem fresh weight, and root and
stem dry weight (after oven-drying at 72°C for 48 hours) were measured 15 days later.

2.2. Leaf relative water content

To measure the relative water content (RWC) of leaf, 0.2 g of a fully developed leaf was sampled
from each replication, and a section of 1 cm? was cut from the middle part of the blade. Then, the leaf
discs were placed in capped Petri dishes containing distilled water and were placed in darkness at 4°C
for 16 hours. After some time, the leaves were taken out of the distilled water to measure their saturated
weight. So, they were placed between two filter papers to get rid of their excessive moisture.
Immediately after that, their saturated weight was measured. After their turgid weight was recorded, the
leaf sections were oven-dried at 70°C for 48 hours to find out their dry weight.

2.3. Hill reaction measurement

The Hill reaction was measured by Patsikka et al. (2001) procedure for which first, 0.2 g of fresh
leaf tissue was cut and crushed in 3 mL of phosphate buffer with pH 7 that was cooled in the freeze. The
filtered extract was centrifuged at 10 000 rpm for 2 minutes and the supernatant was removed. Then, 3
mL of cold phosphate buffer was poured on the sediment of the centrifuge and the sediment was
suspended with a brush gently. After that, 0.5 mL of the solution was added to 2 mL of cold phosphate
buffer and 0.2 mL of dichlorophenolindophenol (DCPIP). Immediately, its absorption was read at 550
nm with a spectrophotometer. Then, the tube was exposed to a 150-W lamp for 20 seconds and its
absorption was re-read. This was repeated until five minutes as far as T=100 was realized.
Dichlorophenolindophenol reduction ate was calculated as a percent of control.
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2.4. Cell death measurement

Cell death is a measure of damage to the cell membrane. It was measured by Baker and Monck
(1994) method using absorption of the Evans blue reagent. Three 1-cm pieces from root tips were placed
in the Evans blue reagent 0.025% in water for 30 minutes. Then, the pieces were rinsed for 15 minutes.
The samples were crushed in 1 mL of methanol solution. The extract was placed in a Bain-marie at 50°C
for 15 minutes and then, it was centrifuged at 14000 rpm for 15 minutes. The absorption was read at
600 nm with a spectrophotometer and the cell death was stated as a percent of control.

Number of germinated seeds

Final germination percentage = 1
J P J Total number of seeds W)
Germination speed index (GSI) was estimated by AOSA (1983) as follows:
GSl = No. germinated seeds at first counting s No. germinated seeds at final counting (2)

First day of counting Final day of counting

Mean germination time (MGT) was obtained as reported by Ellis and Roberts (1981):
MGT = 2D )

>'n

Seedling vigor index (SVI) was calculated according to Abdel-Baki and Anderson (1973), using the
following equation:

SVI =

Seedling length (cm) x germination percentage (4)
100

Relative water content was calculated according to Smart and Bingham (1974), formula as follow:
Fresh weight - dry weight
RWC = g yweight 100 ®)

~ Saturated weight - dry weight

Experimental data were analyzed with MSTAT-C software package, and the means were
compared with Duncan’s Test at P < 0.05. Also, the graphs were drawn in MS-Excel software package.

3. Results

Analysis of variance (ANOVA) shows that salinity, SA, and their interactions influenced all
studied parameters, except root fresh weight and stem fresh weight, significantly atp < 0.01 and p < 0.05
levels. As salinity was increased from 0 to 100 mM, the measured parameters were decreased whereas
the application of SA increased them significantly (Table 1 and 2).

3.1. Germination and growth parameters

According to the results of ANOVA, germination percentage was significantly (p <0.01)
influenced by salinity, SA, and salinity x SA. This trait was decreased by salinity. As salinity was
increased, a significant change happened in final germination percentage of bitter vetch seeds so that
among seeds unprimed with SA, the highest germination percentage of 48.67% was related to those
exposed to 0 mM salinity and the lowest one (46.33%) was obtained from those exposed to 100 mM
salinity. The application of SA at the rates of 0.1 and 0.2 mM increased this trait in plants exposed to
salinity stress, but these two rates of SA did not differ significantly to one another and were ranked in
the same statistical group (Figure 1). Mean germination time was affected by salinity and SA. The simple
effect of salinity and SA and their interactions were significant at p < 0.01 level on this trait (Table 1).
Salinity increased mean germination time and thereby postponed the germination of bitter vetch seeds.

101



YYU J AGR SCI 31 (1): 98-110
Moghaddam et al.. / Mitigation of Salinity Effects by Salicylic Acid Priming on Germination and Physiological Characteristics of Bitter Vetch (Vicia ervilia L.)

A look at the interaction between salinity and SA shows that SA reduced mean germination time. The
highest mean germination time (2.16 day) was observed in plants treated with 100 mM salinity and the
lowest one (1.30 day) was seen in plants treated with 0.2 mM SA under no salinity stress (Figure 1).
The increase in salinity resulted in the loss of germination speed and the increase in mean germination
time.

According to the results, germination speed index was affected by salinity, SA and their
interaction at p < 0.01 level (Table 1). As salinity was increased, germination index was reduced from
(29.75 %.day?) at 0 mM salinity level to (22.28 %.day?) at 100 mM salinity level. This trait was
improved with the application of 0.1 or 0.2 mM SA. These two rates of SA did not show significant
differences between salinity levels of 0 and 50 mM so that SA rate of 0.2 mM had the highest impact at
the salinity levels of 0 mM and 50 mM resulting in germination index of (42.32 and 32.94 %.day!
respectively). SA rates did not differ significantly at the salinity level of 100 mM so that they were all
placed in the same statistical group (Figure 1). ANOVA results revealed that the simple and interactive
effects of salinity and SA were significant on seedling vigor at p < 0.01 level (Table 1). Higher salinity
level was related to lower seed vigor. The lowest seed vigor (298.80) was observed in unprimed seeds
exposed to 100 mM salinity stress, and the highest one (603.30) was observed in unstressed seeds. SA
priming of the seeds improved seed vigor considerably. The highest seed vigor at all salinity levels was
obtained from seeds primed with 0.2 mM SA so that it was 1009.00, 754.70 and 465.70 at the salinity
levels of 0, 50 and 100 mM, respectively (Figure 1).

The simple and interactive effects of salinity and SA were significant (p < 0.01) on these traits
(Table 1). The highest radical, plumule, and seedling length (8.38, 11.80 and 20.19 cm, respectively)
were obtained from SA rate of 0.2 mM at 0 mM salinity level and the lowest ones (3.16, 3.28 and 6.44
cm, respectively) were related to unprimed seeds (Figure 1).

Seedling fresh and dry weight was influenced by salinity and SA significantly at p < 0.01 level
(Table 1). Salinity entailed the loss of fresh and dry weight as compared to control so that the highest
decline was observed at NaCl level of 100 mM in which fresh and dry weight was reduced by (98.40
and 15.73 mg, respectively). In contrast, SA priming improved these two traits in seeds exposed to
stress. At the salinity level of 50 mM, fresh and dry weight was maximized to (84.80 and 12.93 mg,
respectively) when 0.2 mM SA was applied. At the salinity level of 100 mM, the fresh and dry weight
of seedlings that grew from seeds primed with 0.2 mM reached (71.93 and 8.13 mg, respectively).
(Figure, 1). The loss of seedling fresh weight may be related to the loss of the water content of seedling
tissue.

3.2. Relative water content

Relative water content (RWC) was significantly affected by salinity and SA at p <0.01 level
and by their interaction at p < 0.05 level (Table 1). Under no salinity conditions, SA rate of 0.2 mM
resulted in the highest RWC of %81.23. Under salinity levels of 50 and 100 mM, the application of 0.2
mM SA improved RWC to %74.97 and %69.06, respectively (Fgure 2).

3.3. Hill reaction

According to Figure 1, different levels of salinity differed significantly in the Hill reaction. The
increase in the salinity levels entailed a significant loss of the Hill reaction. The lowest rate of the Hill
reaction was 64.78% obtained from unprimed seeds exposed to 100 mM salinity. SA application
improved the rate of this reaction. The highest rate was 125.86% obtained from the application of 0.2
mM SA under no salinity stress conditions. At the salinity levels of 50 and 100 mM NacCl, the application
of 0.2 mM SA increased the rate of the Hill reaction to 95% and 82.22%, respectively as compared to
control (Figure 2).

3.4. Cell death
The results show that cell death was aggravated remarkably with the increase in the salinity

level to 100 mM. The highest rate of cell death (87%) was obtained from unprimed seedlings exposed
to 100 mM salinity. The lowest rate was 49.77% obtained from the application of 0.2 mM SA under no
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salinity stress. At the salinity level of 50 mM, 0.1 and 0.2 mM SA reduced cell death from 70% of
control to 68.5 and 56.1%, respectively. At the salinity level of 200 mM, cell death was decreased to
75.87 and 67.7% as compared to control (87%) when 0.1 and 0.2 mM SA was applied (Figure 2).

3.5. Post germination

The simple effect of salinity and SA was significant on root and stem length at p < 0.01 level
and the interaction between salinity and SA was significant at p < 0.05 level (Table 2). The lowest root
length (19.03 cm) and stem length (22.61 cm) were obtained from seedlings exposed to 100 mM salinity
and the highest root length (29.96 cm) and stem length (34.96 cm) were obtained from those primed
with 0.2 mM. SA application at salinity stress improved these traits. At the salinity level of 50 mM, the
application of 0.2 mM SA increased root length from 14.86 to 20.56 cm and stem length from 17.74 to
23.83 cm. At the salinity level of 100 mM, seedlings primed with 0.1 mM SA exhibited an increase in
root length from 9.74 to 16.60 cm and stem length from 13.30 to 19.16 cm (Figure 2).

Salinity and SA influenced root fresh and dry weight significantly at p < 0.01 level, whilst their
interaction was significant at p < 0.05 for fresh weight but insignificant for dry weight (Table 2). Salinity
resulted in a significant difference with control by reducing root fresh weight and subsequently, its dry
weight. Root fresh weight was decreased from 0.13 g in control to 0.02 g in plants treated with 100 mM
salinity. On the other hand, SA application increased root fresh weight. SA at 0.2 mM rate was more
effective on root fresh weight than 0.1 mM SA. In plants exposed to 50 and 100 mM salinity, the highest
root fresh weight were 0.12 and 0.08 g, respectively obtained from the application of 0.2 MM SA. Root
dry weight was also declined with the increase in the salinity level and in contrast, SA enhanced this
trait (Figure 2,Table 3).

Stem fresh weight was affected by SA and salinity at p < 0.01 level and by their interaction at
p < 0.05 level (Table 2). SA priming resulted in higher stem fresh and dry weight under various salinity
levels. SA rate of 0.2 mM had the strongest effect on stem fresh weight in seedlings treated with 50 and
100 mM salinity so that stem fresh weight was increased to 0.47 and 0.27 g at these salinity levels,
respectively (Figure 2).
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Table 1. Analysis of variance for the effect of salinity and salicylic acid (SA) on germination and physiological traits of Vicia ervilia

Treatment df FGP (%) MGT (day) GSI (%.day') SVI RWC (%) RL (cm) PL (cm) SL (cm) SFW (mg) SDW (mg)
Salinity 2 1.815™ 0.383™ 228.580™ 349362.177™  289.805™ 15.098™ 63.437" 136.923™  1430.173™  70.581™
SA 2 15.815™ 0.276™ 167.090™ 230411.981™  223.611™ 16.492™ 23.983™ 80.243™ 1828.138"  28.114™
Salinity x SA 4 1.315™ 0.032™ 13.935™ 19367.066™ 1.329" 1.651™ 3.202™ 7.818™ 31.478™ 2.852™
Error 18 0.185 0.003 0.816 703.921 0.353 0.156 0.183 0.26 4.019 0.3

CV (%) - 0.88 2.96 2.98 4.26 0.85 6.79 6.28 4.04 2.77 5.07

** and * show significant at p < 0.01 and p < 0.05 levels, respectively.

(FGP: final germination percentage, MGT: mean germination time, GSI: germination speed index, SVI: seedling vigor index, RWC: relative water contetn, RL: radicle length, PL: plumule
length, SL: seedling length, SFW: seedling fresh weight, SDW: seedling dry weight)

Table 2. Analysis of variance for the effect of salinity and salicylic acid (SA) on germination and physiological traits of Vicia ervilia

Treatment df Root LE (cm) Stem LE (cm) Root FW (g) Stem FW (@) Root DW (g) Stem DW (g)
Salinity 2 252.095™ 363.248™ 0.058™ 0.242™ 0.002™ 0.006™
SA 2 138.559™ 148.069™ 0.021™ 0.138™ 0.001™ 0.003"
Salinity x SA 4 7.297" 10.201" 0.004™ 0.005" ons 0.001"
Error 18 2.617 2.815 0 0.001 0 0.001
CV (%) - 8.85 7.69 15.18 9.85 18.46 49.30
** and * show insignificant at p < 0.01 and p < 0.05 levels, respectively, ns: not significant
(Root LE: root length; Stem LE: stem length; Root FW: root fresh weight; Root DW: root dry weight).
Table 3. Mean comparision of the main effect of salinity and SA on root and stem dry weight of vicia ervilia
Factor Root DW (g) Stem DW (g)
Salinity
0mM 0.04% 0.08?
50 mM 0.022 0.052
100 mM 0.018 0.03°
Salicylic acid
0mM 0.01° 0.03°
0.1 mM 0.02° 0.062%
0.2 mM 0.042 0.072

“Different letters show significant differences at p < 0.01 level.
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Figure 1. The effect of salinity and SA on germination and growth parameters of bitter vetch.
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Figure 1. The effect of salinity and SA on growth parameters, Hill reaction and Cell death of bitter vetch (continued).
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4. Discussion and Conclusion

The loss of germination percentage with the increase in salinity may be related to the loss of
water uptake by seeds under salinity stress, which reduces physiological and metabolic processes so that
plants suffer from nutrients unavailability and the germination is impaired (Ashraf and Waheed, 1990).
It seems that SA alleviates the toxic and destructive effects of salinity and increases germination by
influencing the antioxidant system. In a study on the effect of salinity on germination speed and
percentage and the growth of rootlet and plumule in several plants, Dai et al. (2009) showed that the
effect of salinity at germination stage was a reliable test of a plant’s tolerance because salinity reduced
germination percentage and speed as well as rootlet and plumule growth. The loss of mean germination
time in primed seeds is likely to be related to the rate of cell division in primed seeds. Due to the synthesis
of DNA, RNA and proteins during seed priming, most physiological stages are completed and seeds are
ready to germinate (Brancalion et al., 2008; Foti et al., 2008). De and Kar (1994) reported that when
water uptake is disrupted in seeds or when it goes on slowly, the metabolic activities of germination in
seeds occur slowly and so, more time is required for the roots to emerge and germination speed
decreases. The loss of the studied germination parameters can be related to the loss of the amount and
rate of initial water uptake and the adverse impact of low osmotic potentials and ion toxicity on
biochemical processes and catabolic (enzymatic hydrolysis of seed reserves) and anabolic (the
fabrication of new tissues by using hydrolysis materials of the first stage) stages (Shamsadin Saeid et
al., 2008). Shakirova et al. (2003) have been reported that the desirable effect of SA on the improvement
of seed vigor under no stress conditions is accompanied with the increased level of IAA and ABA
hormones. Shakirova et al. (2003) underline that SA mechanism in increasing stem length, cell division,
and elongation in plants was related to such compounds as auxin. Seeds germinated in saline media
produce shorter plumules and radicals and the inhibitory effect of NaCl is stronger than other salts on
the emergence of embryo tissues as reported in literature (Khan and Ungar, 1985; Katergi et al., 1994).
This is consistent with Sharma et al. (2004) who reported the decrease in seedling fresh weight when
salinity level was increased from 0 to 20 mmhs, whereas Aghbolaghi and Sadeghi (2014) observed that
under salinity stress, primed seeds outperformed in terms of the amount of mobilized reserves and
seedling dry weight.

The loss of leaf RWC can be associated with the loss of water availability to leaves under salinity
stress, or the root systems are unable to replenish the water lost by transpiration due to the decline of
water uptake (Smart and Bingham, 1974). The increase in RWC by SA and its derivatives can be related
to the role of SA in improving the antioxidant defensive system, alleviating oxidative stress, improving
membrane integrity, and adjusting osmosis through increasing potassium content as a vital ion in
maintaining cell turgor pressure (Bandurska and Stroinski, 2005; Korkmaz et al., 2007).

SA adjusts cell division by influencing other hormones like auxin, cytokinin, gibberellins, and
abscisic acid. It has been reported that this compound increases cell division of apical meristem of
primary roots and thereby enhances root elongation (Shakirova et al., 2003). Fariduddin et al. (2003)
found that salinity reduces cell division and that SA (antioxidant) could hinder auxin oxidation resulting
in higher root and stem dry weight.

Salinity reduces photosystem Il activity severely, and the disruption of quinone electron transfer
chain, which is related to photosystem II, reduces quantum yield (Lu and Vonshak, 2002). Also, the
proteins D; and D, of photosystem Il are impaired under stressful conditions. These proteins are the
main components of this photosystem and their degradation entails photo-inhibition (Bissati et al., 2000;
Kruk et al., 2005). SA mitigates this degradation under stressful conditions by accelerating the
restoration and conversion of the protein D; and inducing protein kinases and reversible phosphorylation
of proteins (Hui-Jie et al., 2011). Ervin et al. (2005) observed the increase in superoxide dismutase
activity after SA treatment of the plants and stated that SA increased the efficiency of photosystem Il
by activating the antioxidant system and signaling. Salinity adversely affects efficiency and permeability
of plasma membrane and cell wall and can disrupt the inflow and outflow of the ions to the cells (Orcutt
and Nilsen, 2000). Before the plants are exposed to salinity, SA activates the antioxidative system and
it is likely to improve cell membrane and neutralize the risk of ROS buildup when plants are exposed to
stress. Consequently, the damage to cell membrane structure and change in its permeability are inhibited
under stress conditions.

107



YYU J AGR SCI 31 (1): 98-110
Moghaddam et al.. / Mitigation of Salinity Effects by Salicylic Acid Priming on Germination and Physiological Characteristics of Bitter Vetch (Vicia ervilia L.)

Plant growth regulators, such as SA, play their positive role by preventing the damage to fatty
acids, the reduction of membrane permeability, and the protection of thylakoid membrane under salinity
stress; and these effects are likely to be related to the decrease in the amount of hydrogen peroxide
(Borsani et al., 2001).

It was found that all studied traits were influenced by salinity. As salinity level was increased,
a decline was observed in germination percentage, germination speed, seed vigor, growth parameters,
and the Hill reaction rate and an increase was seen in mean germination time and cell death. SA
application improved plant resistance to salinity stress. The treatment of bitter vetch seeds with SA
affected germination so that germination-related traits were increased, mean germination time was
decreased, growth parameters were improved, the Hill reaction rate was enhanced, and cell death was
decreased. At the salinity levels of 50 and 0 mM, there was no significant difference between SA rates
of 0.2 and 0.1 in germination percentage and mean germination time whereas at these salinity levels,
SA rate of 0.2 mM improved other parameters. Plants exposed to 100 mM salinity did not exhibit
statistically significant differences in mean germination time and germination speed between SA rates
of 0.1 and 0.2 mM. Under the salinity level of 100 mM, SA rate of 0.1 mM was the best for seed vigor,
root length, stem length, seedling length, and seedling dry weight, and SA rate of 0.2 mM was the best
for leaf relative water content, seedling fresh weight, root length, stem length, and root and stem fresh
weight. At both salinity levels, SA rate of 0.2 mM was related to the highest Hill reaction rate and the
lowest cell death. In sum up, seed priming with salicylic acid reduced the detrimental effects of salinity
and improved seed vigor and physiological traits.
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Anatolia region in Turkey. The aim of our research was to study the
morphologic characteristics of natural Orchardgrass and to assess the genetic
diversity of collected genotypes to determine the best genotypes available for

Keywords future breeding programs. In each location, the seeds of Orchardgrass were

randomly collected and then were planted in the greenhouse. After germination,
Dactylis glomerata, the Orchardgrass seedlings were transferred from the greenhouse to the field.
Fodder crop, Genotypes were investigated regarding plant height, flag leaf length, flag leaf
Morphological character. width, number of nodes per plant, length of the upper internode. The results of

this study showed highly significant differences between genotypes for studied
traits. Furthermore, our results showed that the morphological traits studied
(plant height, flag leaf length, flag leaf width, node number per plant, and length
of the upper internode) had the following respectively ranges (47.43 -77.57 cm,
9.00-15.57 cm, 4.21- 6.93mm, 2.14 -3.00, 9.64-17.57 cm, respectively). The
analysis indicated that there was a positive significant correlation among the
most morphological traits studied. The cluster analysis showed that the
genotypes of the fourth group, (H5, M75 and A121) had the best genotypes for
morphological traits studied. These genotypes can be used in future breeding
programs.

Dogu Anadolu'nun Dogal Cayir ve Meralarinda Yayihs Gosteren Domuz Ayrig
(Dactylis glomerata L.) Genotiplerinin Baz1 Morfolojik Ozelliklerin Taranmasi

Makale Bilgileri Oz: Domuz ayrig1 (Dactylis glomerata L.), serin iklimlerde dogal olarak yayilis
gosteren ¢ok yillik bir yem bitkisidir. Bu calisma 2019 yili vejetasyon
doneminde Dogu Anadolu Bolgesi’nde yiiriitiilmiistiir. Caligma, bdlgemizin
cayir ve meralarinda dogal olarak yetisen Domuz ayrig1 (Dactylis glomerata L.)
genotiplerinin morfolojik 6zelliklerini belirlemek amaciyla yiiriitilmustiir.
Yapilmasi planlanan islah ¢aligmalari i¢in en uygun Domuz ayrigi (Dactylis

Gelis: 12.10.2020
Kabul: 08.01.2021
Online Yaymlanma 30.03.2021
DOI: 10.29133/yyuthd.809169

Anahtar kelimeler glomerata L.) genotipleri belirlenmeye c¢alisitlmistir. Her lokasyondaki

bitkilerden sansa bagl olarak toplanan tohumlar serada ekilmistir. Cikis yapan
Dactylis glomerata, bitkiler tarlaya sasirtilmistir. Genotiplerin bitki boyu, bayrak yaprak boyu,
Ornek olarak; bayrak yaprak eni, list bogumlar aras1 uzunlugu ve bitki basina bogum sayisi
Morfolojik karakter. incelenmistir. Incelenen ozellikler agisindan genotipler arasinda onemli
Yem bitkisi farklihklarin oldugu belirlenmistir. Bitki boyu, bayrak yaprak boyu, bayrak
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yaprak eni, bogum sayisi ve iist bogumlar arasi uzunlugu sirasiyla 47.43 -77.57
cm, 9.00-15.57 cm, 4.21- 6.93mm, 2.14 -3.00 ve 9.64-17.57 cm olarak
dlgiilmiistiir. Incelenen morfolojik 6zellikler arasinda pozitif ve anlamli
korelasyon belirlenmistir. Kiimeleme analizinde dort grup olusmus, H5, M75 ve
A121 morfolojik olarak en iistiin genotipler olarak belirlenmis ve 1slah materyali
olarak degerlendirilebilecegi sonucuna varilmistir.

1. Introduction

Orchardgrass (Dactylis glomerata L.) is a widespread, highly cross-pollinated, cool-season,
perennial grass, which is strongly adaptive to several environmental conditions (Madesis et al., 2014).
The genus Dactylis is an essential forage crop, with a large geographical distribution in temperate
zone. This genus includes one species, Dactylis glomerata; this species encompasses many subspecies
whose traits have not been completely characterized (Zhao and Cheng, 2016) .

Meadows and pastures are the most important gene sources in Turkey. Early grazing and
overgrazing have affected negatively the botanical composition of these areas; consequently, their
production and biodiversity have decreased. Fodder crops grown in agricultural fields and natural
ranges and pastures constitute the most important inputs in the production of animal food, which is of
great importance in human nutrition. In addition, fodder crops grown in agricultural fields produce
organic matter that benefits poor soil and other field crops (Mut and Ayan, 2008).

Natural pastures are important genetic resources in the development of new plant species and
such lands constitute almost one-fifth of Turkey's surface area. In order to provide adequate and cheap
animal products through securing quality fodders for our animals, it is necessary to improve our
pastures and to forage crop cultivation within the field of agriculture (Uysal et al., 2015). For this
reason, through breeding programs, it is necessary to develop types of high-quality fodder plants that
can be cultivated within agricultural fields or in different environmental sites (Jiang et al., 2013).

The Eastern Anatolia region of Turkey is home to many rangelands and forage crop species
(Aygln et al., 2009). Furthermore, it has 35% of total pasture lands, which are considered a gene
source of various plants used in pasture and meadows of Turkey (Uysal et al., 2015). It is one of the
richest countries in the world in terms of a variety of plants. The most important reasons for this are:
climate differences, topographic diversity, geological diversity, diversity of water sources, and altitude
differences (Erdogdu et al., 2018). Although it has excellent potential concerning both the
rehabilitation of natural rangelands and the establishment of artificial pastures, studies on the
possibilities of cultivation of these genotypes are almost nonexistent. Thus, there is a need for
characterization of those species widely found in the natural rangelands of the region. This is of
importance regarding the sustainability and success of new variety development and rangeland
rehabilitation studies since these lines and genotypes can easily be cultivated, and they can prove high
and sustainable yield level especially under the influence of the East Anatolian climate due to natural
selection over thousands of years.

The aim of this research was to study the morphologic characteristics of natural orchardgrass
and to assess the genetic diversity of collected genotypes from 20 different geographically locations in
Eastern Anatolia to determine the best genotypes available for future breeding programs.

2. Material and Methods
2.1. Climate characters

The research was carried out in the experimental field and greenhouse of Van Yiiziincii Yil
University Faculty of Agriculture, Field Crops Department. Climate factors of the experiment site

recorded during the growing season of (2019); Monthly total rainfall (mm), monthly average
temperature (C°) and long years average values were given in (Table 1) (Anonymous, 2019).

112



YYU J AGR SCI 31 (1):111-120
Nabhan et al.. / Scanning Morphological Traits of Orchardgrass (Dactylis glomerata L.) Genotypes in the Natural Rangelands of Eastern Anatolia

Table 1. Climatic information for the studied area (Temperature (C°) and rainfall (mm) for the studied
area (Van city) during the growing season and through long term) (Anonymous, 2019)

During growing season in 2019 Long term (C°)

Temperature (C°) Rainfall Temperature (C°) Rainfall
Month

(mm) (mm)

Max Min Average Max Min Average
March 6.5 -2.8 15 46.4 6.8 -2.1 1.9 48.9
April 12.8 2.5 7.6 55.6 12.9 33 8.1 53.2
May 18.5 7.0 131 459 18.2 7.6 13.2 48.3
June 23.9 10.8 18.2 18.6 23.9 11.7 186 17.9
July 28.2 14.6 22.2 6.2 28.0 155 225 6.2
August 28.4 14.6 22.1 5.8 28.1 154 221 4.2
September 24.3 10.7 17.8 15.8 24.1 115 175 14.0
2.2. Materials

The seeds of Dactylis glomerata L. were randomly collected from 20 different locations which
are naturally spread in Flora of the Eastern Anatolia Region of Turkey during July and August in
2018. (Table 2)

Table 2- The genotypes used in the study and geographical regions where they were collected

NO Genotype Location Latitude Longitude Altitude (m)
1 H2 Hakkari — Merzan 37°33.639' 043°41.629' 2166
2 H3 Hakkari — Ademan 37933.502' 04340417 2543
3 H5 Hakkari - Kamigh koyii 37934.259' 04332195 1717
4 H6 Hakkari - Cevizdibi kéyi 37032.511' 04329609' 1575
5 H21 Hakkari- Durkankaya 37037.980' 04337165 2999
6 H27 Hakkari - Durkankaya 37037.648' 04337355 3011
7 H41 Hakkari — Merkez 37943.755' 04358169' 2347
8 M74 Mus-Varto 39009.297' 04141311 2073
9 M75 Mus-Varto 39°09.489' 04141010 2088
10 M81 Mus- Merkez 38435.980" 04133786 1438
11 M115 Mus-Bulanik 3849314’ 041972540' 1532
12 Al21 Igdir -Patnos 3944116’ 042 54890' 1637
13 V141 Van-Ergis 3905549’ 04337911 1750
14 R163 Egdir-Merkez 3849922 04340526 1725
15 V189 Van-Kampiis 3857119 04328818' 1665
16 V202 Van-Bostanci 3852552 04344658 1688
17 K240 Kars-Dagpinar 4047510' 04331681 2119
18 V241 Van- Gevag 38929934 04340640' 1750
19 B261 Bitlis-Merkez 3842022 049212354 1558
20 E283 Erzrum-Merkez- Saltuklu 3990226’ 04197740 1870

The seeds of plants in each location were mixed together, and then the seeds of each location
were planted in greenhouse in pots with a height of 22.5 cm, a base diameter of 7.5 cm and a top
diameter of 10 cm, in each pot. After completion of germination and growth, the seedlings in each
genotype were transferred into the field and were planted in seven replications by randomized
complete block design (RCBD). In the field, plants were planted by lines, with spacing of 30*50cm.

The observations were obtained from plants of each line with during the season of 2019. N,
and P2Os fertilizer as well as organic fertilizer (animal manure) were applied and mixed into the
surface of soil. In addition, the irrigation for seedlings was carried out regularly. Moreover, weed
control was carried out by hoeing.

In each line, 7 plants of each genotype randomly were sampled for five morphological
characteristics: Plant height (The distance between soil surface and portion of the spike (cm)), Flag
leaf length (Mature leaf length (cm)), Flag leaf width (Mature leaf width (mm)), node number per
plant (node number per plant), length of the upper internode (the length of the node of top (cm)).
(Ozkose and Tamkoc, 2014)
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2.3. Statistical Analysis of Morphological Data

Statistical analysis was performed with Microsoft Excel and SPSS v23 and GenStat v12
software. A descriptive summary of morphological traits was calculated for each trait and means were
compared by ANOVA followed by LSD tests to investigate further the differences between these
morphological traits. Histograms were constructed to show the frequency distribution of
morphological traits studied. UPGMA dendrogram cluster analysis was drawn for grouping the
collected genotypes studied. Correlation tests were performed between morphological traits studied.

3. Results
3.1. Morphological traits

Plant height: According to analysis of variance for plant height, there were highly significant
(p<0. 01) differences between genotypes. The mean of plant height for 20 genotypes studied was
59.10 cm (Table. 3). The highest genotype was M 75 with (77.57) cm, whereas the lowest plant height
genotype was H27 (47.43 cm) (Table 4). Coefficient of variation (CV%) was 12.5% (Table.3). The
frequency distribution of plant height showed that the vast majority of genotypes were between 55 and
65 cm (Figure.l1).

Flag leaf length: The variance analysis for flag leaf length (p<0.01) indicated that highly
significant differences between genotypes. The average of the flag leaf length of Orchardgrass
genotypes was 11.62 cm (Table. 3). Genotype M75 (15.57 cm) was the longest flag leaf length, while
genotype V241 (9.00 cm) had the shortest flag leaf length (Table .4). Coefficient of variation (CV%)
was 20.5%. (Table .3). Frequency distribution of flag leaf length showed that the most of genotypes
were between 10 and 12 cm (Figure.1).

Flag leaf width: According to analysis of variance for flag leaf width (p<0.01), there were
highly significant differences between genotypes. The average of the flag leaf width of Orchardgrass
genotypes was 5.62 mm (Table.3). Genotype A121 (6.93 mm) had the highest flag leaf width, while
genotype E288 (4.21 mm) had the lowest flag leaf width (Table 4). Coefficient of variation (CV %)
for this trait was 14.3% (Table.3). Frequency distribution of flag leaf width showed that the most of
genotypes were between 5.00 and 6.00 mm (Figure.1).

Node number per plant: According to analysis of variance for, there were highly significant
differences between genotypes for node number/plant (p<0.01). The average node number/plant for
Orchardgrass genotypes was 2.79 (Table. 3). Genotypes H5, M75, M115, K240, V189, V202 were the
largest node number/plant 3.00, while the smallest node number/plant were 2.14 at H27 genotype
(Table 4). The CV% for this trait was 13.0% (Table.3). Frequency distribution of average node
number per plant showed that the most of genotypes were between 2.50 and 3.00 (Figure.1).

Length of the upper internode: Variance analysis for length of the upper internode indicated
highly significant differences between genotypes (p<0.01). The mean of length of the upper internode
of Orchardgrass genotypes was found as 13.19 cm (Table.3). Genotype M75 and V189 (17.57cm) was
the highest length of the upper internode while genotype H3 (9.64 cm) had the lowest value for this
trait (Table 4). The CV% for this trait was 17.4% (Table.3). Frequency distribution of length of the
upper internode showed that the most of genotypes were between 11.00 and 13.00 cm (Figure.1).

Table .3. Summary of statistical values observations for some morphological traits of 20 Orchardgrass

genotypes
Minimum Maximum Mean Mean Std. Error  Std. Deviation Variance CV%
Plant height (cm) 47.43 77.57 59.10 0.97 1151 132.49 125
Flag leaf length(cm) 9.00 15.57 11.62 0.24 2.89 8.33 20.50
Flag leaf width (mm) 4.21 6.93 5.62 0.09 1.017 1.03 14.30
Node number per plant 2.14 3.00 2.79 0.03 0.41 0.17 13.00
Length of the upper internode (cm) 9.64 17.57 13.19 0.27 3.18 10.10 17.40

CV = Coefficient of variation.
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H2 55.43 F-1 10.79 E-G 5.50 C-E 2.86 A-B 11.36 D-G
H3 48.57 H-1 11.39 D-G 5.79 B-E 2.86 A-B 9.64 G
H5 72.29 A-C 14.86 A-B 6.50 A-B 3 A 16.36 A-B
H6 49,57 H-1 12.14 C-E 5.93 B-D 2.71 A-B 11.00 E-G
H21 55.57 F-H 10.71 E-G 6.43 A-B 2.86 A-B 13.00 C-E
H27 47.43 | 10.29 E-G 5.86 B-E 2.14 C 10.17 F-G
H41 54.71 G-l 11.86 D-F 5.36 C-E 2.57 B 11.50 D-G
M74 48.43 H-1 10.29 E-G 4.50 F-G 2.86 A-B 10.71 E-G
M75 77.57 A 15.57 A 6.57 A-B 3.00 A 17.57 A
M81 55.86 F-H 12.36 B-E 5.93 B-D 2.71 A-B 12.57 C-F
M115 63.14 D-F 10.07 E-G 5.86 B-E 3.00 A 12.43 C-F
Al121 76.29 A-B 14.64 A-C 6.93 A 2.86 A-B 17.21 A
V141 62.71 D-G 9.86 E-G 5.36 C-E 2.71 A-B 14.50 B-C
R163  69.00 B-D 10.93 D-G 536 C-E 257 B 14.21 B-C
V189 67.00 C-E 11.86 D-F 5.29 D-E 3.00 A 17.57 A
V202 58.43 F-G 12.21 C-E 5.07 E-F 3.00 A 13.69 C-D
K240 57.71 F-G 10.93 D-G 5.36 C-E 3.00 A 12.43 C-F
V241 48.00 H-1 9.00 G 4.47 F-G 2.71 A-B 13.50 C-D
B261 5900 E-G 13.39 AD 614 A-C 2.86 AB 1293 C-E
E283 55.29 F-1 9.36 F-G 4.21 G 2.57 B 11.50 D-G

LSD 0.05 = 7.85 LSD 0.05=250 _ LSD 0.05=0.43 LSD 0.05 = 0.39 LSD 0.05 =2.42
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Figure 1. Frequency distribution of morphological traits of Orchardgrass genotypes.
3.2. Cluster analysis
UPGMA dendrogram (Figure 2.) was drawn and evaluated as four groups to present the
relationships among genotypes. Cluster analysis is usually used for grouping the collected germplasm.
Orchardgrass genotypes were divided into 4 groups based on cluster analysis. The genotypes

H5, M75 and A121 were placed into the forth group and they had the highest value and mean for all
morphological studied traits (Table 5.). However, the genotype H27 was placed into the second group
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and this genotype had the lowest value and mean for plant height, and node number per plant, as well
as the third group consisting of M74, V241, and E283 genotypes which having the lowest value and
mean for flag leaf length and flag leaf width, while the first group consisting of H2, H3, H6, H21,
H41, M74, M115, V141, V163, V189, V202, K240 and B261 genotypes. In general the first group had
the medium values for all studied traits; however M115, V142, R163 and V189 had high plant height,
while the B261 had high flag leaf length and width, for node number per plant V189 and V 202 had
high value, as well as V 189 had highest value for Length of the upper internode.

H2

Group 1 k240 E
M115
V202 —
H3
HB
M31
Hal
H21l
B261
vidi
Group 2 == }
Vi8g —
H27
Group 3 M7 ] s
V24l
E283 j
Group 4 "
M75 j

AL21

Figure 2. UPGMA dendrogram of some morphological traits of the studied genotypes for 20
Orchardgrass genotypes.

Table 5. The mean of morphological traits in each cluster group

g:gjger Plant height (cm) Flag leaf length (cm) I(:rﬁlr%)leaf width Node number per plant :;]etg?;g doef (t?;;mper
Group 1 58.21 11.42 5.64 2.82 12.83
Group 2 47.43 10.29 5.86 214 10.17
Group 3 50.57 9.55 4.39 271 11.90
Group 4 75.38 15.02 6.67 2.95 17.05

3.3. Correlation

The positive significant correlation was between all traits studied except node number per
plant with flag leaf length and flag leaf width was not significant. (Table .6).

Table 6. correlations between studied morphological trait for Orchardgrass

. Length of the upper
Flag leaf length (cm) Flag leaf width (mm) Node number per plant internode (cm)
Plant height (cm) 0.47** 0.37** 0.21* 0.75**
Flag leaf length(cm) 1 0.58** 0.11 0.34**
Flag leaf width (mm) 1 0.10 0.25**
Node number per plant 1 0.17*

*Correlation is significant at the 0.05 level.
** Correlation is significant at the 0.01 level.
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4. Discussion and Conclusion

Prior studies have studied the genetic diversity of Dactylis glomerata L by assessing many
genotypes in many different geographic locations , and these studies have found there were significant
differences among the studied genotypes for the morphological traits ( Sagsoz et al., 1996; Garcia and
Lindner, 1998; Sahuquillo and Lumaret, 1999; Tuna et al., 2004; Mut and Ayan, 2008; Peng et al.,
2008; Ayan et al., 2010; Uysal et al., 2015).

In the current study, the genotypes of Dactylis glomerata were collected from the different
geographical locations of the Eastern Anatolia region and then planted in the same location to
determine the genotypic features of these plants by eliminating the effects of environmental factors by
the current study. This method was consistent with previous studies carried out by (Ayan et al., 2006,
Mut and Ayan, 2008; 2010; Uysal et al., 2015). Several previous studies were carried out to evaluate
the genetic diversity of Orchardgrass genotypes in many different geographic locations, for example
(Uysal et al., 2015) has assessed the genetic diversity of Eastern Anatolia region that were collected
from natural vegetation of Agri, Ardahan, Artvin, Bayburt, Bingol, Erzurum, Kars and Mus to
determine the genotypes available for breeding. Moreover, (Mut and Ayan, 2008) have collected the
plants of Orchardgrass from different places of Ondokuzmayis University Kurupelit campus to
determine the genetic diversity among these plants. In addition, (Sagsoz et al., 1996) found
differences in terms of morphological and biological characters among the plants of Orchardgrass that
were collected from the different regions of Erzurum. As with other studies, Orchardgrass plants were
collected from natural flora of Samsun, Sinop and Ordu provinces located in the Middle Black Sea
Region (Ayan et al.,, 2010), While (Madesis et al., 2014) sampled their genotypes from 3
geographically separate locations in north, central, and south Greece.

The most important finding of this study was the highly significant differences (P<0.01)
between studied genotypes for all morphological studied traits (plant height, flag leaf length, flag leaf
width, node number per plant, length of the upper internode). This finding is consistent with that of
(Madesis et al., 2014) who found significant differences among the studied locations (P < 0.05) for 7
of the 8 morphological traits.

In the present study, the plant heights ranged between 47.43 to 77.57 cm, in other previous
studies by (Tosun and Sagoz, 1994; Mika, Kohoutek, and Odstrcilova, 2002; Mut and Ayan, 2008;
Aygln et al., 2009; Ayan et al., 2010; Uysal et al., 2015) the plant height were respectively (59.8-64.5
cm, 49.1- 95 cm, 74.7-101.47 cm, 63.00 -160.00 cm, 45.5- 114.6 cm, and 70-111cm). In the current
study, the flag leaf length of studied plants ranged between 9.00 -15.57 cm. Various studies reported
between 14.99- 27.40 cm, 7.00-20.50 cm, 2.00 - 36.00 cm, and 7.00 -26.00 cm, in respective order by
(Tosun and Sagoz, 1994; Aygun et al., 2009; Ayan et al., 2010; Uysal et al., 2015). For flag leaf width
ranged between 4.21 to 6.93 mm, in previous study (Tosun and Sagoz, 1994; Aygun et al., 2009; Ayan
et al., 2010; Uysal et al., 2015) reported different results, respectively were 5- 11 mm, 5.18-7.19 mm,
2.70-10.00 mm, and 3.00-5.00 mm. In the current study, the node number per plant ranged between
2.14 to 3 nodes per plant. Several previous results by (Tosun and Sagoz, 1994; Mut and Ayan, 2008;
Ayan et al., 2010; Uysal et al., 2015) were consistent with our findings that have shown the nodes
number per plant were between (2.7-4.0 nodes per plant, 3-6 nodes per plant, 3-5 nodes per plant, 2-7
nodes per plant). However, our finding is contrary to previous study by (Mut and Ayan, 2008) which
have suggested that the node number plant were not significantly different among the genotypes. The
current study found that the length of the upper internode was between 9.64 to 17.57 cm. Several
studies (Ayan et al., 2010; Uysal et al., 2015) have shown that the length of the upper internode were
respectively 1.50-29.30 cm and, 15-27cm.

A possible explanation for differences in the morphological traits might be that studied plants
were sourced from highly different altitudes. Another possible explanation for this is genetic
differences between these studied plants that were obtained from different locations. Furthermore, this
differentiation might be attributed to the species mating system, gene flow, genetic drift, long term
evolutionary history (Hogbin and Peakall, 1999), habitat differentiation, or management (Peter Schmid
et al., 2008). Also, this difference may be explained by the fact that inter location differences may be
due to genetic structure of Orchardgrass (Tiikel and Hatipoglu, 1994; Mut and Ayan, 2008).

The current study found that positive significant correlations between the studied
morphological traits. This finding is consistent with that of (Tosun, Sagsoz, and Akgun, 1996) who
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found positive and significant correlations between some morphological traits such as hay yield and
plant height, leaf length, leaf width.

In the present study, UPGMA dendrogram was drawn to evaluate the morphological traits for
Dactylis glomerata and to classify the collected genotypes in different groups. Our current study found
Orchardgrass genotypes were divided into 4 groups based on cluster analysis. The genotypes H5, M75
and A121 had the highest value and mean for all morphological studied traits. A possible explanation
for this might be that these genotypes have adapted well with the new environment. Also maybe the
positive significant correlations between these traits contributed to be this group has the highest value
for all studied traits. Similar to previous studies (Aygun et al., 2009; Uysal et al., 2015), they drew
UPGMA dendrogram to grouping the collected germplasm. The differences in morphological traits
between cluster groups may be explained by the fact that these differences are not caused by
environmental conditions (Aygln et al., 2009). Another possible explanation for this may be due to
only genetics factor differences between these groups.

In general, Orchardgrass is an important plant due to the fact that it is consumed with appetite
by animals. furthermore, Orchardgrass is tolerant to drought, cold, grazing, cutting (Manga, Acar, and
Ayan, 2002; Acikgodz, 2008; Ayan et al., 2010;) our results revealed significant variation among
studied genotypes for studied traits plant height, flag leaf length, flag leaf width, number of nodes per
plant, and the length of the upper internode. This may be considered as an advantage since it provides
an opportunity in multipurpose breeding studies. Determination of the genetic diversity of these
genotypes with large variations and grouping them accordingly may help in the decision-making
process of the breeding line selection phase. Genotypes used in this study were very promising for
releasing new cultivars to use in pasture improvement and forage cultivation, where was determined
the prominent genotypes for morphological studied traits H5, M75, and A121 were can be used in
future breeding programs to develop forage species in Turkey.
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Anahtar kelimeler
Aflatoksin,
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Yonca kuru otu.

Oz: Bu ¢aligmada, Van ili ipekyolu ilgesine bagli farkli kdylerde iiretimi yapilan
yoncanin hasattan depolanincaya kadar gegen siirecteki besin madde degisimleri
incelenmistir. Arastirma alani olarak 208 igletme igerisinden tabakali tesadiifi
Ornekleme yontemi ile 30 isletme belirlenmistir. Karagiindiiz kdylinde hasat
edilen yoncalarin ortalama kuru madde miktar1 % 40.90 olup Agzikara koyi
hari¢ diger koylere gore yiiksek bulunmustur (P<0.05). Hasat sonrasi kapali
ortamda kurutulan yoncalarin ortalama ham protein (HP) icerigi % 15.30 iken,
bu deger tarlada kurutma sonrasinda % 12.67’ye, depolamada ise % 11.82’ye
diigmiistiir (P<0.05). Hasat sonras1 kapali ortamda kurutulan yoncalarin ortalama
% 9.89 olan Asit Deterjan Lignin (ADL) icerikleri, depolamada % 11.61’e
yiikselmistir (P<0.05). Hasat sonrasi kapali ortamda kurutulan yoncalarin
ortalama % 140.86 olan toplam karoten ve % 1.66 olan kalsiyum icerikleri
tarlada kurutma ve depolamada diismiistiir (P<0.05). Hasatta, tarlada kurutmadan
sonra ve depolama siirecinde alinan yonca kuru otu &rneklerinde Aflatoksin B1,
B2, G1 ve G2’ ye rastlanilmamistir. Sonug olarak, hasatla birlikte yoncanin HP,
Ca ve toplam karoten diizeylerinde bir miktar kayiplar goriilmekle birlikte,
yemlerde aflatoksin diizeyine rastlanilmamasi yem Kalitesi agisindan 6nemli bir
sonug olarak gorilmektedir.

Investigation of the Change in Nutrient Composition Level of Alfalfa Hay Cultivated in
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Abstract: In this study, the nutrient changes of the alfalfa hay from harvesting to
storage period produced in different villages of the Ipekyolu District of Van was
examined. 208 enterprises cultivated alfalfa was determined as the research areas
and 30 enterprises were selected by stratified random sampling method. The
average dry matter content of alfalfa hay harvested in Karagiindiz village was
40.90 % and was higher than other villages except Agzikara village (P <0.05).
While the average crude protein (HP) content of alfalfa hay dried in a closed
environment after harvest was 15.30%, this value decreased to 12.67 % after
drying in the field and to 11.82 % in storage (P <0.05). While the average Acid
Detergent Lignin (ADL) contents were 9.89 % at the time of alfalfa hay dried in a
closed environment, this rate increased to 11.61 % during storage (P <0.05).
Although the total carotene content and calcium content at the time of alfalfa hay
dried in a closed environment were 140.86% and 1.66% respectively, this level
decreased after drying in the field and after storage (P <0.05). Aflatoxin B1, B2,
G1 and G2 were not found in alfalfa hay samples during harvesting, drying and
storage periods times. As a result, although some losses were observed in HP, Ca
and total carotene levels of alfalfa with the harvest, not finding aflatoxin levels in
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feeds is seen as an important result in terms of feed quality.

**Bu ¢alisma FYL-2018-7198 numaral1 Yiiksek Lisans Tez Projesinden iiretilmistir.
1. Giris

Kaba yemlerin besin madde veya fiziksel yap1 bakimindan en dogal halleri bigilmeden veya
otlatilmadan hemen 6nceki halleri olup zamana bagli olarak dogal yapisindan uzaklasmaktadir. Hasat
sonras1 kimi zaman fiziksel kimi zaman da kimyasal yapisinin degisimi ile istisnai durumlar harig,
yem kalitesi diismektedir.

Yemlerin, hasat anindan hayvanin yemligine gelinceye kadar Ki tiim asamalarda ¢esitli besin
madde kayiplart olabilecegi gibi degisik mikroorganizmalarla bulagmalari neticesinde de kalite
kayiplar1 s6z konusu olabilmektedir (Basmacioglu ve Ergiil, 2003). Yonca kuru otunun besin madde
diizeyi bigcim zamanindan etkilenmekteyken (Fan ve ark., 2018; Stavarache ve ark., 2015) hasat
sonrasinda da kurutma, tasima ve depolama gibi faktorler de besin madde miktarinin azalmasina neden
olmaktadir (Nascimento ve ark., 2000; Neres ve ark., 2010). Hasat doneminde yemlere uygulanan
fiziki islemlerin yaninda tarlada yemlerin bekletilme siireleri ile yagisa ve glinese maruz birakilma
stireleri ve toprakla temas sureleri besin madde kayiplarinin yaninda, rutubet ve sicakliga bagl olarak
mantar turleri hizla Ureyerek mikotoksin (kif) olusturmaktadir (Arikan ve Cevik, 2012). Agikta
depolanan kaba yemlerin yaZan kar, yagis ve ¢ig etkisiyle kiif mantarlar1 i¢in uygun ortam
olusturdugu, mantarlarin faaliyetleri sonucu yemlerde ¢ilirime ve kizisma ile olusan KM ve HP ile
sindirilebilir protein kayiplarinin 6nlenmesinin miimkiin oldugu bildirilmektedir (Bastaban ve ark.,
1983).

Van ili yetistirici sartlarinda elde edilen ve depolanan kaba yem 6rneklerinin nem igerikleri ile
yillik yags, sicaklik ve nispi nem ortalamalari bakimindan yemlerde aflatoksin olusumu ile toksijenik
kif gelisimi bakimindan olumsuz etkilenmemekle birlikte yagmur sularinin yem yiginlarina
sizmasindan kaynaklanan lokal aflatoksin olusumu hasatta yemlerin iyice kurutulmasi,
mikroorganizma kontaminasyon sartlarinin giderilmesi ve yemlerin yagis almayacak sekilde
depolanmast ile buyiik 6l¢iide 6nlenebilecegi bildirilmektedir (Demirel ve Yildirim, 2001).

Yem kalitesinin bitki tiirli, hasat zamanindaki olgunluk durumu, kurutma ve saklama metotlar
ile degistigi diigiiniildiiglinde; yonca tiretimi yapan ¢iftcilerin iiretmis olduklar1 yoncanin hasat anindan
hayvanin yemligine gelinceye kadar ki suregte olasi besin madde degisimlerinin durum tespitinin
yapilmasi ve var olan besin maddelerinin minimum kayipla muhafazasi ve dogru uygulamalarin
onerilmesi ¢alismanin amacini olusturmaktadir.

2. Materyal ve Yontem

Van il genelinde 2014-2018 yillar1 arasinda desteklenen yem bitkilerinin alanlari, 26638 dekar
yonca ve 7760 dekar korungadan olusmus iken, Van ili ipekyolu ilgesi smirlari igerisinde bu alanlarin
7859 dekar yonca ve 3641 dekarlik kismimin korunga oldugu bildirilmektedir (Anonim, 2018). Bu
baglamda calismanin materyalini, Van ili Ipekyolu ilgesi Tarim ve Orman ilge Miidiirliigii Yem Bitkisi
ve Hayvan Saghig: Birimi verilerine dayanarak Van ili Ipekyolu ilgesine bagh 8 kdyde (Agzikara,
Govelek, Karagiindiiz, Karakog, Ortanca, Yalinagag, Yukarigiineyce ve Ergek) yonca Uretimi yapan
208 isletmeciyi temsil edecek sekilde 30 isletmecinin tirettigi yonca otu 0rnekleri olusturmustur.

Isletmelerde yonca iiretimi amaciyla genelde Kayseri ve Bilensoy yerli yonca tohumu
cesitlerinin kullanildig: ifade edilmis ve bu durum yapilan bir ¢alismada da teyit edilmistir (Turan,
2010). Orneklemede kullanilan yonca tarlalarin tamamu tesis (ekim) yilindan sonraki iiretim yilinda
degerlendirmeye alinmis olup fireticilerle yapilan goriismelerde yonca tarlalarina sadece ekim
doneminden 6nceki sonbaharda hayvansal giibre uygulandig ifade edilmistir.

Denemenin yuritildigi 2018 yilina ait meteorolojik veriler Cizelge 2.1’de gorilmektedir
(Anonim, 2019).
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Cizelge 2.1. Denemenin yiiritiildiigi yila ait dort farkli istasyona ait iklim verileri

Aylar

Veriler Istasyon Mayis Haziran Temmuz Agustos Eylil Ekim Kasim
ortalama 1* 1750 24.06 31.38 29.23 2554 17.24 8.16
Sieal Lk 2% 14.66 20.66 27.76 26.52 21.35 13.26 5.28
0) 3* 1473 21.00 28.12 26.89 2255 14.87 5.99

4* 19.54 2523 31.09 30.03 26.29 19.18 11.24

> 4.03 0.67 0.23 0.10 0.02 175 0.98

Toplam 2% 3.84 0.53 0.01 0.08 0.03 2.45 1.77
Yags (mm) 3* 3.81 135 0.33 0.00 0.04 2.33 0.96
4* 3.85 0.53 0.01 0.08 0.03 2.45 1.77

1* 64.48 49.62 31.97 38.70 40.13 64.54 79.36

oransal 2% 82.72 61.10 32.08 37.67 30.04 66.96 90.40
Nem (%) 3* 80.13 56.68 31.34 37.86 37.45 62.99 87.72
4* 58.65 4557 30.51 41.96 40.11 59.60 72.40

Giineslenme 7.87 11.43 12.02 1151 10.05 6.81 4.34

siresi (Saat)

2018 yilma ait (1* Ozalp, 2* Ortanca, 3* Yukarigiineyce, 4* Van Merkez Meteoroloji istasyonlart).

Ornek hacminin belirlenmesinde tabakali tesadiifi ornekleme yontemi kullanilmis ve ana kitleyi
temsil edebilecek 6rnek hacmi Agzikara koyiinde 5, Govelek koyiinde 4, Karagiindiiz kdyiinde 5,
Karakog¢ koytinde 5, Ortanca kdyiinde 3, Yalimagac koyiinde 2, Yukarigiineyce kdyiinde 3 ve Ercek
koyiinde 3 isletme olmak tizere toplam 30 isletme belirlenmistir (Erkan ve ark., 1991).

__ NYNhS?h
" N2D2+YN hS2h

1)

Formiilde n 6rnek hacmini, N ana kitledeki isletme sayisini, Nh h' inc1 tabakadaki isletme
sayisini, S?h h' inc1 tabakadaki varyansi gostermektedir. D? = d%/Z2 dir. Burada d kitle ortalamasinda
miisaade edilen hata miktarim1 ve Z ise belirlenen hata oranma gore, standart normal dagilim
tablosundaki Z degerini belirtmektedir. Ornek hacminin belirlenmesinde % 10 hata pay1 ve % 90
giivenirlik sinirlar1 iginde ¢aligilmugtir.

Isletmeler sahip olduklar1 yonca ekim alanlarma gére ii¢ gruba ayrilmistir. 16 dekardan az
yonca ekim alanina sahip olan 10 isletme I. grubu, 16-30 dekara sahip olan 14 isletme Il. grubu ve 30
dekardan fazla yonca ekim alanina sahip 6 isletme ise Ill. grubu olusturmustur. Deneme yapilacak
olan isletmeler aragtirma alanindaki igletmelere oransal dagilim esasina dayanarak paylagtirilmistir.
Yem oOrnekleri hasat aninda (haziran-temmuz aylar1), tarlada kuruduktan sonra (temmuz-agustos
aylar1) ve depoda (kasim ay1) olacak sekilde ii¢ farkli donemde alinmistir. Hasat zamani yesil yonca
otlari, hasat sonrasi namlular ve bag halinde tarlada kurtulan kuru yonca otlar1 ve depo genelini
kapsayacak sekilde her bir ¢ift¢inin kendi kosullarinda depoladigi yonca kuru otlarindan (usuliine
uygun érnekleme ile numune alinmistir (Kutlu, 2008 ).

Deneme materyalini olusturan ilgili her bir kdydeki ciftcilerin yonca iiretimleri ile ilgili
islemlerine ait tanitici bilgiler 6zet olarak verilmistir.

Agzikara koylinde yetistiricilerin 4 {inlin kuru yonca tarimi 1’inin ise sulu yonca tarimi yaptig
ve sulu tarim yapan yetistiricinin gigeklenme ortasinda tirpanla, kuru tarim yapanlarin ise giceklenme
sonunda makine ile hasat ettikleri goriilmustiir. Tiim yetistiriciler yonca otlarinin hasattan sonra
tarlada bag seklinde 15 giin kurutup rémorkla depolama alanlarina tagimislardir. Tasinan otlar ahirlarin
tizerinde veya ahir yakinindaki bosluklarda yigin (taya) seklinde 4 ay tstii agik olarak beklettikleri ve
kasim ay1 sonuna dogru otlarin iizerini ¢adirla orttiikleri gdzlemlenmistir.

Ercek kdyiinde yetistiricilerin 2’sinin kuru yonca tarimi 1’inin ise sulu yonca tarimi yaptig1 ve
sulu tarim yapan yetistiricinin yoncay1 ¢iceklenme basinda makineyle, kuru tarim yapanlarin ise tam
ciceklenme déneminde makine ile hasat ettikleri goriilmiistiir. Kuru tarim yapan yetistiriciler yonca
otlarin1 hasattan sonra tarlada bag seklinde 10 giin, sulu tarim yapan ise namlu halinde 4-5 gun
kurutup romorkla depolama alanlarina tasimislardir. Kuru tarim yapan yetistiriciler tasinan otlar
ahirlarin {izerinde veya ahir yakininki bosluklarda yigin (taya) seklinde 4 ay iistii agik bekletip kasim
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ay1 sonuna dogru tizerlerini ¢adirla orterken sulu tarim yapanin ise patozlayip kes haline getirdigi
yonca otunu kerpi¢ duvarlarla ¢evrili kapali bir ortamda depoladigi gozlemlenmistir.

Govelek koyiindeki yetistiriciler, kdylerinin diger kdylere gore fazla yagis aldigimi diisiinerek
kuru yonca tarimi yaptiklari, yoncalari ¢igeklenme baslangicinda bigme makinasi ile hasat edip yonca
otlarmi tarlada bag seklinde 7 giin kuruttuktan sonra romorkla tasidiklar1 goriilmiistiir. Yetistiricilerin
I’inin taginan otlar evin bahgesinde yi1gin (taya) seklinde 4 ay iistii acik bekletip kasim ay1 sonuna
dogru fiizerini cadirla Orterken 3’linlin ise patozlayip kes haline getirdikleri yonca otunu kerpic
duvarlarla gevrili kapal1 bir ortamda depoladiklar1 gézlemlenmistir.

Karagiindiiz kdyiindeki yonca iiretimi yapan isletmelerin 2 tanesi kuru 1 tanesi sulu tarim
yapmustir. 2 isletme ise kuru tarim yapmakla birlikte, tarlalarinin Er¢ek Golu kenarinda ve taban
suyunun yiiksek olmasi nedeniyle sulu tarim 6zelligi gdstermektedir. Yetistiricilerin 2’sinin tohum
baglama baslangicinda, 3’iiniin ise ¢igceklenme sonunda makine ile hasat ettigi goriilmiistiir.
Yetistiriciler yoncalarini1 hasattan sonra tarlada bag seklinde 10-15 gun tarlada kurutup rémorkla
depolama alanlarina tagimislardir. Yetistiricilerin 3’{inlin tasinan otlar1 ahirlarin iizerinde veya ahir
yakininki bosluklarda yigin (taya) seklinde 4 ay tistii agik bekletip kasim ay1 sonuna dogru iizerini
cadirla orterken 2’isinin ise patozlayip kes haline getirdikleri yonca otunu kerpi¢ duvarlarla ¢evrili
kapal1 bir ortamda depoladiklar1 gézlemlenmistir.

Karakog kdyiindeki yetistiriciler, kdylerinin diger kdylere gore fazla yagis aldigim diisiinerek
kuru yonca tarimi yaptiklari, yoncalari ¢igeklenme baslangicinda makina ile hasat ettikleri, 2
yetistiricinin hasat edilen otlar1 tarlada bag seklinde 15 giin ve 3 yetistiricinin ise namlu halinde 5-6
gilin kurutup rémorkla tasidiklar goriilmiistiir. Yetistiricilerin 2’sinin taginan otlar1 evin bahgesinde
yigin (taya) seklinde 4 ay {istii acik bekletip kasim ay1 sonuna dogru iizerini ¢adirla 6rterken 3’0nlin
ise patozlayip kes haline getirdikleri yonca otunu kerpi¢ duvarlarla cevrili kapali bir ortamda
depoladiklar1 gdzlemlenmistir.

Ortanca koylindeki yetistiricilerin de aym sekilde kdylerinin diger koylere gore fazla yagis
aldigimi diistinerek kuru yonca tarimi yaptigi, yetistiricilerin 2’sinin yoncayi ¢iceklenme baglangicinda,
1’inin ise ¢igeklenme ortasinda makine ile hasat ettikleri goriilmiistiir. 1 yetistiricinin hasat edilen
otlar1 tarlada bag seklinde 15 giin ve 2 yetistiricinin ise namlu halinde 7 giin kurutup rémorkla
tagidiklan goriilmiistiir. Yetistiricilerin 1’inin taginan otlar1 evin bahgesinde y1gin (taya) seklinde 4 ay
ustii acik bekletip kasim ay1 sonuna dogru tizerini ¢adirla 6rterken 2’sinin ise patozlayip kes haline
getirdikleri yonca otunu kerpi¢ duvarlarla ¢evrili kapali bir ortamda depoladiklar1 gdzlemlenmistir.

Yalinaga¢ koyiindeki 2 yetistiricinin de kuru yonca tarimi yaptiklari, ¢igeklenme ortasinda
makine ile hasat ettikleri otlarini tarlada bag seklinde 15 ve 25 giin kurutup romorkla tasidiklari
goriilmiistiir. iki isletmenin de patozlayip kes haline getirdikleri yonca otunu isletme yaninda acikta
50-60 giin iistii acik bekletip sonra ¢adirla tizerlerini orttiikkleri gdzlemlenmistir.

Yukariglineyce koyundeki 3 yetistiricinin ise sulu yonca tarimi yaptiklari, ¢iceklenme
baglangicinda makine ile hasat ettikleri otlarini namlu halinde 5 giin tarlada kurutup rémorkla
tasidiklar1 goriilmiistiir. Uc isletmeninde patozlayip kes haline getirdikleri yonca otunu kerpi¢
duvarlarla gevrili kapali bir ortamda depoladiklart gézlemlenmistir.

Hasat zamani 6rneklemesi havanin giinesli oldugu ginlerde sabah saatlerinde yapilmustir.
Yonca otu drneklemesi, bitki floras1 homojen olan yonca tarlalarinda 1’er m?’lik 13 adet farkli alanda
5’er kg ornek alinarak karistirilmis ve bu karisimda 10 kg yas yem Ornegi alinarak yapilmistir. Bigim
anindaki KM 6l¢iimii icin alman Ornekler hizli bir sekilde laboratuvara getirilmistir. Ornek oda
sicakliginda, serin rutubetsiz ve kapali ortamda kurutulmugtur. Hasattan sonra bag, bag yigimi veya
namlu halinde tarlada kurutmaya birakilan (tarlada kurutma) yonca kuru otundan havanin agik ve
giinesli oldugu gunlerde yonca otlarinin genelini temsil edecek sekilde 13 farkli noktadan kuruyan
otun yapisina zarar vermeyecek sekilde alinan yonca otu drnekleri karistmindan yaklasik 2 kg yonca
otu Orneklemesi yapilmistir. Bir sonraki 6rnek alma islemi olan depo donemi ise yagish gunlerde
olmustur. Yonca otlarimin depolandigi agik ve kapali alanlardaki ot yiginlarindan ve kes haline
getirilerek kapali ortamlarda depolanan yonca otundan butuni temsil edecek (depolama sonrast)
ornekler alinmugtir. Ana kitleyi temsilen 30 isletmeye ait ii¢ farkli zamanda (hasat aninda alinan fakat
kapali ortamda kurutulmus, tarlada kurutma sonrasi ve depolama sonrasi) alinip posetlenen yonca otu
ornekleri 1 mm’lik elekten gecebilecek sekilde degirmende o6giitiilmiis ve 500 g’lik kismi alinip
analizlerin yapilacag1 zamana kadar derin dondurucuda saklanmstir.
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Yem orneklerinde KM, HP ve HK icerikleri (AOAC, 1990) gére, ADF, NDF ve ADL
analizleri (Van Soest ve ark., 1991) ve Ham Yag analizi Ankom XT15 cihaz1 kullanilarak (Komarek,
ve ark., 2004) yapilmistir. Toplam karoten analizleri (Stancher ve Zonta, 1982), aflatoksin analizi
numuneden toksin ekstrakte edilme prensibine (AOAC, 2005) gore HPLC cihazinda okutulmustur. Ca,
K, Na ve Mg analizleri (Karabulut ve Canbolat, 2005) yéntemine gére Atomik Absorbsiyon cihazinda
okutulmustur. Denemede elde edilen veriler (SAS, 2014) paket programi kullanilarak General Linear
Model (PROC GLM) prosediirii ile varyans analizine tabi tutulmustur. Gruplara ait ortalamalarin
karsilagtirilmasinda DUNCAN ¢oklu karsilastirma testi kullanilmistir. Veriler asagidaki matematik
modele gore analiz edilmistir.

Yu =W+ a+bj+ € (2
Y o 17 nci 6rnek alma donemi ve j° nci kdyden elde edilen cevap degiskeni (burada cevap

degiskenlerini; KM, HP, HK, HY, ADF, NDF, ADL, Topam karoten, Ca, K, Na ve Mg
gOstermektedir)

a;: 1’ nci 6rnek alma déneminin etki pay1
b; : j’ nci kdyiin etki pay:
€; : Sansa bagl hata pay1

3. Bulgular ve Tartisma

Van ili ipekyolu ilgesinin farkli kdylerinde hasat edilen yoncanin KM degerleri arasinda
farkliliklarin oldugu ve oOzellikle Karagiindiiz kdylnde bigilen yoncalarin KM’si % 40.90 olup
Agzikara koyll hari¢ diger koylere gore dnemli derecede yiiksek bulunmustur (P<0.05). Agzikara
kdyiinde bigilen yoncalarin hasat anindaki KM diizeyi ise % 37.50 ile Yukarigiineyce koyiinde iiretimi
yapilan yonca (% 28.48) KM’sine gore yiiksek iken (P<0.05), diger koylerle benzer bulunmustur
(Cizelge 3.1). Karagiindiiz kdyiinde yonca hasadi giceklenme sonu tohum baglama baslangicinda
yapildigi, Agzikara kdyiinde daha ¢ok ciceklenme sonunda diger koylerde ise ¢igeklenme baslangici
veya ¢iceklenme ortalarinda yapildigi tespit edilmistir. Erken c¢igeklenme ddneminde hasat edilen
yonca KM’sinin % 28.07’den ciceklenme sonunda % 41.07’e ulastigi (Dumlu Giil ve ark., 2015),
erken ciceklenme déneminde diisiik olan KM’ nin vejetatif donemin ilerlemesi ile yiikseldigi ve tohum
baglama doneminde en yilksek diizeye ulastigi bildirilmektedir (Kim ve ark., 2004; Unalp, 2014;
Adiyaman ve Ayhan, 2016).

Kapali ortamda kurutma, tarlada kurutma ve depolanma sonrast yonca otunun KM
diizeylerinin genel ortalamalarinin farklilik gésterdigi, tarlada kurutulmus yoncada % 94.13 olan KM
degerinin depolamada % 91.67’ye diistiigli goriilmiistiir (P<0.05; Cizelge 3.1). Agzikara, Karagiindiiz,
Ortanca, Yalinaga¢ ve Yukarigiineyce kdylerinde depolardan alinan 6rneklerin % KM degerleri
sirastyla % 92.03, 89.85, 92.39, 90.06 ve % 89.82 oldugu, tarladan alinan orneklere gore distiigi
(P<0.05) goriilmistiir. Ortanca kdylinde tarlada kurutulmus yonca otunun % KM’si % 96.50 ile diger
kdylerden yuksek iken depolardan alinan yonca orneklerinin % KM’si Ergek ( % 93.53) ve
Yukarigiineyce (% 89.82) koyleri birbirinden farkli (P<0.05) olmakla birlikte diger kdyler benzer
bulunmustur. Hasat edilen yonca otlar tarlada namlu veya bag seklinde her bir kdyde farkh siirelerde
bekletilmistir. Tarlada gilineste uzun siire bekletilmesi yemlerin KM igerigini artirabilecegi gibi tarlada
veya depoda otlarin yagmura maruz kalmasi KM igeriginin diismesini kaginilmaz kilacaktir. Nitekim
hasat edilen yoncanin tarlada bekletme siiresi her bir kdyde degismekle birlikte ortalama 4-25 gin
oldugu tespit edilmistir. Kuru maddede goriilen degisime hasat sonrasi tarlada bekletilme siiresinin
etkili olabilecegi gibi yemlerin depoya tasinmasindaki kayiplarin yaninda iklim kosullarinin da etkili
oldugu bildirilmektedir (Oktay ve ark., 1984).
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Cizelge 3.1. Yonca otunun hasat aninda ve hasat sonrasindaki % KM degerlerine ait en kiiglk kareler
ortalamasi ve standart hata sonuglari

Hasat aninda yonca Hasat sonrasi yonca otunun kuru madde (%) icerigi
Koyler yesi_li(.)tunun % KM N  Kapali ortamda Tarlada kurutma Depolama sonrasi
icerigi kurutma
Agzikara 37.50+2.14% 5  93.69+0.30% 93.82 +£0.504° 92.03+0.58820
Ercek 32.33+2.49b¢ 3 92.42+0.428° 94.45+0.164° 93.53+0.16"2
Govelek 31.29+1.04b¢ 4 92.42+0.09%° 94.08+0.314° 93.28+0.33A%
Karagiindiiz 40.90+2.272 5  94.06+0.294% 94.08+0.254° 89.85+1.708°
Karakog 29.13+0.95% 5  92.28+0.18° 93.04+0.54° 92.02+0.95%®
Ortanca 29.24+1.800° 3 91.2240.73F¢ 96.50+1.204 92.39+0.43820
Yalinagag 32.09+1.68% 2 91.02+0.003E¢ 94.05+0.104° 90.06+0.31¢20
Yukarigiineyce 28.48+0.17°¢ 3 92.66+0.16"° 93.93+0.704° 89.82+0.508°
Genel ortalama 30  92.69+0.212 94.13+0.291 91.67+0.40°

A,B, C: Aym satirdaki farkli harfleri tastyan degerler arasindaki farklilik 6nemlidir (P<0.05); a,b,c: Ayni siitundaki farkli harfleri tastyan
degerler arasindaki farkliliklar 6nemlidir (P<0.05); 1.2.3: Aym satirdaki farkli rakamlar tasiyan degerler arasinda farklihk 6nemlidir
(P<0.05).

Kapal1 ortamda kurutma, tarlada kurutma ve depolanma sonrasi yonca otunun HP, HK ve
ADL iceriklerinin genel ortalamalar1 arasindaki farklilik (P<0.05) 6nemli bulunmustur. Ozellikle
kapali ortamda kurutulmus yoncanin HP igerigi koyler genel ortalamasi % 15.30’lardan tarlada
kurutulmus yoncada % 12.67’ye ve depolardan alinan yem orneklerinde ise bu deger % 11.82’ye
diismiistiir (P<0.05). Kapali ortamda ve tarlada kurutulan yoncanin HK diizeyleri benzer iken depodan
alinan Orneklerde bu degerin % 10.87’ye yiikseldigi (P<0.05), benzer sekilde hasat sonrasi kapali
ortam ve tarlada kurutulan yoncanin ADL diizeyleri benzer iken depodan almman orneklerde ise bu
degerin, % 11.61°e yiikseldigi goriilmiistiir (P<0.05; Cizelge 3.2). Hasat sonras1 zamana bagli olarak
yonca otu HP oraninin diismesi, HK ile ADL oranlarmin yiikselmesi tasima ve depolama yapilirken
yonca otunun maruz kaldigi dogal veya fiziksel islemlerden kaynaklanmaktadir. Hatta tarladan
depolamaya kadar ki siirecte kuru ot drneklerine tas, toprak, kum ve ¢akil gibi inorganik maddelerin
bulagsmis olabilecegi ihtimalini artirmaktadir.

Karagiindiiz, Karakog¢, Ortanca ve Yalinaga¢ koylerinde hasat sonrasi kapali ortamda
kurutulan yoncanin sirasiyla % 15.06, 16.56, 17.35 ve 14.12 olan % HP miktar: tarlada kurutmada
oldugu gibi depolamada % 10.74, 13.66, 10.37 ve 9.03 dizeylerine diismustir (P<0.05). Agzikara,
Ortanca ve Yukariglineyce koylerinde hasat sonrasi kapali ortamda ve tarlada kurutmada diisiik olan
yonca % HK miktar1 depodan alinan 6rneklerde sirasiyla % 11.21, 11.65 ve % 11.54’e yukselmistir
(P<0.05). Ergek kdyunde hasat sonrasi kapali ortamda kurutulan yoncanin % 7.99 olan ADL diizeyi
tarladan alinan orneklerde % 10.38’e¢ ve depodan alinan Orneklerde ise % 12.28’e yikselmistir
(P<0.05). Agzikara ve Karagiindlz koylerinde hasat sonrasi kapali ortamda kurutulan yoncada yiksek
olan % HY miktar1 tarlada kurutma sonrasi bir miktar diismiistiir (P<0.05). Karako¢ kdyinde hasat
sonrast kapali ortamda kurutulan yoncada yiiksek (% 71.15) olan NDF miktar1 tarlada kurutma ve
depolamada sonrasi alinan 6rneklerde diiserken diisiik olan ADF miktar1 ise depodan alinan yoncada
% 37.59’a yiikselmistir (P<0.05). HY, ADF ve NDF bakimindan diger kdylerde 6rnek alma donemleri
arasinda farklilik gézlenmemistir.

Hasat sonrast kapali ortamda kurutulan yoncanin HP oranlar koyler arasinda farklilik
bulunmazken, tarlada kurutulmus ve depodan alinan 6rneklerde farklilik bulunmustur (P<0.05).
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Cizelge 3. 2. Yonca kuru otlarinin kimi besin madde degerlerine ait en kiigiik kareler ortalamasi ve standart hata sonuglari (% km’de)

Kayler N % HP % HY

Kapal ortamda Tarlada kurutma Depolama sonras1 ~ Kapali ortamda Tarlada kurutma Depolama sonrasi

kurutma kurutma
Agzikara 5 14.29+0.62 13.30+0.722 12.09+0.70%¢ 9.00+0.1942 6.87+0.48Babc 9.20+0.20%¢
Ercek 3 13.76+1.04 12.32+0.70° 12.05+1.70 3¢ 8.57+0.18%® 6.54+0.30°¢ 7.53+1.12%
Govelek 4 14.39+1.35 13.09+1.542 11.17+0.50 3¢ 8.36+0.30% 7.12+0.41® 7.06+1.25%
Karagundiiz 5 15.06+0.95 12.82+0.74A82 10.74+0.9882¢ 7.5440.31A% 5.37+0.168¢ 7.91+0.98A%
Karakog 5 16.56+1.034 13.83+0.5882 13.66+0.538% 6.67+1.01° 8.58+0.73? 9.09+0.072
Ortanca 3 17.35+0.55% 10.70+1.548 10.37+2.0580¢ 7.12+0.15% 8.05+0.51% 7.49+2.03®
Yaliagag 2 14.12+0.90* 8.53+0.045° 9.03+0.168¢ 8.35+0.0002% 7.11+0.54% 4.71+1.77°
Yukarigiineyce 3 16.82+1.73 13.95+1.08? 14.03+1.13? 7.12+0.53%® 7.69+0.25% 7.85+1.06%
Genel ortalama 30 15.30+0.40* 12.67+0.402 11.82+0.40? 7.82+0.23 7.12+0.24 7.91+0.42

% HK % ADL
Agzikara 5 9.42+0.348 9.57+0.3982 11.21+0.21A%¢ 9.12+0.72¢ 8.08+1.09° 10.87+1.58°
Ercek 3 10.11+1.00 10.96+1.012 10.60+0.60" 7.99+0.03B¢ 10.38+0.6148" 12.28+0.42A%®
Govelek 4 10.13+0.40 10.04+0.25% 10.38+0.37" 9.73+0.68 10.38+0.61° 10.80+0.42°
Karagiindiiz 5 8.45+0.52 8.96+0.30° 9.88+0.50° 10.39+0.44 9.75+1.31° 12.08+0.47%
Karakog 5 10.04+0.33 9.99+0.38% 10.66+036 11.38+0.94 11.11+0.61% 11.39+0.43°
Ortanca 3 9.81+0.088 9.30+0.1382 11.65+0.774%® 11.06+0.94% 10.66+2.02° 12.33+1.30%
Yalinagag 2 10.15+0.07 10.65+1.50% 12.96+0.522 13.11+0.36° 14.61+0.742 15.32+0.672
Yukarigiineyce 3 9.77+0.528 10.87+0.30A52 11.54+0.274%® 9.12+1.29%¢ 8.17+0.87° 9.63+0.86°
Genel ortalama 30 9.65+0.192 9.92+0.192 10.87+0.201 9.89+0.30° 10.10£0.462 11.61+0.41*

% NDF % ADF
Agzikara 5 54.83+1.75¢ 54.94+1.30% 57.25+0.55 37.93+1.53AB® 38.79+1.184° 34.65+0.808¢
Ercek 3 57.84+2.54° 63.66+3.202 56.82+1.66 39.03+0.47® 38.62+0.16° 35.59+2.65"
Govelek 4 58.74+0.68 61.78+1.57%® 59.73+2.07 43.95+5,08% 43,07+3.14% 37.85+2.79
Karagindiiz 5 62.35+1.00 57.39+1,77%cd 63.2145.75 38.63+1.35% 42.16+2.22% 40.16+3.01%°
Karakog 5 71.15+3.2242 52.58+0.5484 57.20+2.578 37.59+0.38¢® 42.39+0.23A% 39.72+1,058ab¢
Ortanca 3 56.90+2.27¢ 58.13+3,572d 63.82+2.66 35.47+1.85° 41.39+2.38° 43.37+2.76%
Yaliagag 2 65.68+1.06% 61.52+2,59%¢ 64.53+3.35 46.24+0.62° 48.12+2.05° 47.73+0.412
Yukarigiineyce 3 55.10+3.02° 55.72+2.39° 60.05+5.77 38.76+3.98% 41.21+0.56° 43.46+3.26%
Genel ortalama 30  60.58+1.27 57.57+0.89 59.94+1.27 39.29+0.94 41.63%0.72 39.56+9.99

A;B,C; Her bir kriter icin ayni satirda donemler arasinda farkl harfleri tasiyan degerler 6nemlidir (P<0.05); a, b, c: Her bir kriter i¢in ayni siitiin kdyler arasinda farkli harfleri tasiyan degerler
arasindaki farklilik o6nemlidir (P<0.05); 1,2,3: Her bir kriter icin aymi satirda donemler arasinda farkli rakamlar1 tasiyan degerler onemlidir (P<0.05).
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Yukarigiineyce kdyiinde tarlada kurutulan yonca HP oran1 % 13.95 ile Yalinagag¢ kdyiine gore
yiksek (P<0.05) iken, diger koyler ile benzer oldugu goriilmiistiir. Depodan alinan orneklerde de
Yukarigiineyce koyli yonca HP orani Yalinagag ve Ortanca koylerine gore yiliksek bulunmustur
(P<0.05). Hasat sonrasi kapali ortamda kurutulan yoncanin HK oranlar1 kdyler arasinda farklilik
bulunmazken, tarlada kurutulmus ve depodan alinan drneklerde farklilik bulunmustur (P<0.05). Er¢ek
koyiinde tarlada kurutulan yonca HK oran1 % 10.96 ile Karagundiiz kdyi yonca otu HK (% 8.96)
icerigine gore yiiksek iken (P<0.05), diger koyler ile benzer bulunmustur. Depodan alinan
orneklerinde ise Karaglindliz kdyu yonca HK (% 9.88) orani Ortanca, Yalinagag ve Yukarigiineyce
koylerine goére diisik bulunmustur (P<0.05). Yalinaga¢ koyiinde hasat sonrasi kapali ortamda
kurutulan yonca ADL miktar1 % 13.11 ile Ortanca koyii hari¢ diger kdylere gore yiiksek (P<0.05) iken
bu durum tarlada kurutma sonrasi ve depodan alman Orneklere de yansimistir. Depodan alinan
orneklerinde Yalinagag koyi yonca ADL (% 15.32) oram1 Agzikara, Govelek, Karako¢ ve
Yukarigiineyce koylerine gore yiiksek bulunmustur (P<0.05). Karako¢ kdyiinde hasat sonrasi kapali
ortamda kurutulan yonca HY (% 6.67) oram ile Agzikara koyiine gore disik (P<0.05), tarlada
kurutulmus yoncada (% 8.58) ile Ercek ve Karagiindiiz kdylerine gore ve depolardan alinan yonca
orneklerinde ise (% 9.09) ile Yalinagag¢ kdyiine gore yliksek bulunmustur (P<0.05).

Ortanca kdylinde hasat sonrasi kapali ortamda kurutulan yonca NDF (% 56.90) oran1 Karakog
ve Yalinaga¢ koylerine diisiik (P<0.05), tarlada kurutulan Karakog¢ kdyt yonca NDF (% 52.58) orani
ise Ergek, Govelek ve Yalinagag koylerine gére diisiik bulunmustur (P<0.05). Depolardan alinan
yonca orneklerin de NDF oranlar1 kdyler arasinda benzer bulunmustur. Yalinaga¢ kdylinde hasat
sonrasi kapali ortamda kurutulan yonca ADF (% 46.24) oran1 Ortanca kdyiine gére tarlada kurutulan
yonca ADF (% 48.12) oran1 Ergek, Ortanca ve Yukarigiineyce kdylerine gore ve depolardan alinan (%
47.73) orneklerde ise Agzikara, Ergek ve Govelek kdylerine gore yiiksek bulunmustur (P<0.05).

S6z konusu isletmelerden Ortanca, Karakog, Ercek, Agzikara, Govelek, Yukarigiineyce ve
Yalinagag koylerinde yonca hasadi gigeklenme baslangici, ¢igeklenme ortasinda; Karagundiiz kdytinde
ise ¢igeklenme sonu tohum baglama baslangicinda yapilmigtir. Hasat sonrasi yonca otunun taginmast
ve saklanmasinda uygulanan islemler genelde benzerdir. Tiim koylerde bigilen yonca otlar1 tarlalarda
namlu veya bag seklinde kurutulup 4 ile 25 giin gibi degisik siirelerde bekletilen yonca otlar
romorklar iizerinde taginip ya bag seklinde brandalar altinda yiginlar halinde veya patozlanarak kapali
ortamda kes halinde saklanmaktadir. isletmelerin 16’s1 yonca kuru otlarim patozlayarak kes halinde
kapali ortamlarda depolarken, 14 igletme ise ahir yakinlarinda yagislar artincaya kadar yaklasik 4 ay
streyle tstii acik yiginlar halinde beklettikleri otlarini ¢adirla 6rtmektedirler. Hasat edilen yemlerin
patozlanarak kes haline getirilmesi besin madde kaybina neden olacagi (Deniz ve ark., 2000) gibi
yemlerin tarlada kurutma siiresi ve sekli ile tarladan depoya tasinmasindaki yaprak kayiplar1 da etkili
olmaktadir. Yaprak kayiplar1 6zellikle yemlerde protein ve mineral miktarlarinin azalmasina yapisal
karbonhidratlarinin ise artmasina neden olmaktadir. Yemlerin besin madde degerleri hasat zamanina
bagl olarak degistigi, hasat doneminin ilerlemesi ile yemlerin KM ve yapisal karbonhidrat miktar
artarken HP miktarinin diistiigii bilinmektedir (Kim ve ark., 2004; Giingor ve ark., 2008; Canbolat ve
Karaman, 2009; Unalp, 2014; Dumlu Gl ve ark., 2015; Adiyaman ve Ayhan, 2016).

Hasattan sonra yemlerin giines ve yagmura maruz kalmasi da besin madde miktarinin
azalmasina neden oldugu ve ozellikle proteince zengin yaprak kisimlarinin azalmasi ile yapisal
karbonhidratlarin arttig1 bildirilmektedir (Oktay ve ark., 1984).

Yoncanin % 10 c¢iceklenmede yaprak miktarinin optimum ve lignin miktarmin minimum
oldugu (Ozyigit ve Bilgen, 2006) geng hiicre ceperlerinde diisiik olan HY miktar1 yaprak kaybi ile
yiikseldigi (Kamalak ve ark., 2005) bildirilmektedir. Kapali ortamda kurutulmus yoncada % 140.86
olan toplam karoten diizeyi tarlada kurutma sonrasi ve depolardan almman Orneklerde sirasiyla %
109.63 ve 118.09° a diismiistiir (P<0.05). Kapali ortamda kurutulan yonca Ca diizeyi % 1.66’dan
depolardan alinan 6rneklerde %1.38’ e benzer sekilde K ve Na icerigi de kapali ortamda kurutulan
yoncada sirastyla % 2.32 ve % 0.07’den tarlada kurutma sonrasinda % 2.04 ve % 0.04’e diigmiistiir
(P<0.05; Cizelge 3.3).
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Cizelge 3.3. Yonca kuru otlarinin toplam karoten, Ca, K, Na ve Mg degerlerine ait en kuguk kareler
ortalamasi ve standart hata sonuglari

N Kapali ortamda kurutma  Tarlada kurutma Depolama sonrasi
Agzikara 5 131.2449.91%¢ 121.59+17.04% 134.68+24.54®
Ercek 3 158.72+2.51® 92.01+17.73% 104.98+28.59%
Govelek 4 140.32+7.18%¢ 117.81+24.34® 139.22+19.96%
Karagundiz 5 111.43+6.64°¢ 77.37+9.62¢ 75.38+15.74®
Karakog 5 - '.Gg 171.69+16.852 164.07+9.272 150.08+14.84 %
Ortanca 3 % . 143.94+7.49%¢ 118.39+17.32% 121.95+38.32%
Yalagag 2 S 5 131.68+1.96A¢ 53.40£10.17B¢ 52.38+18.53B0
Yukarigiineyce 3 X < 140.51+14.60%¢ 88.17+17.83% 133.24+43.00%
Genel ortalama F <= 140.86+4.97* 109.63+7.74? 118.09+9.532
Agzikara 5 1.84+0.074 1.29+0.148%® 1.40+0.168%
Ercek 3 1.94+0.27 1.66+0.442 1.53+0.22%
Govelek 4 . 1.85+0.34 1.35+0.05% 1.39+0.17%
Karagunduz 5 3 1.38+0.134 1.65+0.1242 0.98+0.108b
Karakog 5 : 1.62+0.11 1.64+0.12 1.61+0.19%
Ortanca 3 E 1.51+0.15 1.28+0.02% 1.00+0.35°
Yalinagag 2 L 1.60+0.124 0.97+0.148b 1.40+0.09ABb
Yukarigiineyce 3 = 1.54+0.06 1.52+0.10% 1.8740.13?
Genel ortalama © 1.66+0.07" 1.45+0.06?2 1.38+0.072
Agzikara 5 2.60£0.33 1.83+0.50° 2.22+0.26%
Ercek 3 1.93+0.20 1.75+0.05° 1.97+0.29%
Govelek 4 2.74+0.21 2.65+0.202 2.71+0.322
Karagundiz 5 fg 2.01+0.20 1.97+0.16% 1.85+0.19°
Karakog 5 . 2.21+0.13 2.04+0.16% 2.27+0.10%®
Ortanca 3 E 2.22+0.10 1.76+0.53° 1.76+0.20°
Yalinagag 2 < 2.56+0.41 2.06+0.26% 1.95+0,55%
Yukarigiineyce 3 < 2.3240.11 2.18+0.30% 1.65+0.20°
Genel ortalama < 2.32+0.09* 2.04+0.082 2.09+0.09'?
Agzikara 5 0.11+0.03%2 0.09+0.01ABabc 0.05+0.0068
Ercek 3 0.10£0.032 0.13+£0.072 0.05+0.002
Govelek 4 - 0.11+0.00742 0.11+0.02A% 0.05+0.0058
Karagindiz 5 3 0.06+0.0172% 0.06+0.012¢ 0.05+0.01
Karakog 5 s 0.03+0.004° 0.03+0.002%¢ 0.03+0.005
Ortanca 3 v 0.03+0.008° 0.02+0.004¢ 0.03+0.004
Yalinagag 2 X 0.02+0.005° 0.03+0.002%¢ 0.03+0.008
Yukarigiineyce 3 = 0.02+0.002° 0.03+0.006" 0.03+0.003
Genel ortalama < 0.07+0.0* 0.07+0.01* 0.04+0.0032
Agzikara 5 0.28+0.03 0.22+0.44® 0.24£0.03
Ercek 3 0.22+0.06 0.27£0.072 0.24£0.04
Govelek 4 . 0.26+0.034 0.22+0.02 ABab 0.15+0.038
Karagunduz 5 3 0.23£0.03 0.22+0.04%® 0.18+0.22
Karakog 5 s 0.25+0.02 0.17+0.02® 0.19+0.03
Ortanca 3 v 0.21+0.024 0.10+0.0078° 0.20+0.0044
Yalinagag 2 R 0.20+0.02 0.23+0.07%® 0.22+0.05
Yukarigiineyce 3 5 0.18+0.02 0.25+0.032 0.21+0.02
Genel ortalama = 0.23+0.01 0.21+0.015 0.20+0.01

A,B, C: Her bir kriter icin ayn1 satirda donemler arasinda farkli harfleri tasiyan degerler 6nemlidir (P<0.05); a, b, c¢: Her bir
kriter igin ayni siitiin kdyler arasinda farkli harfleri tasiyan degerler arasindaki farklilik 6nemlidir (P<0.05); 1,2: Her
bir kriter i¢in ayn1 satirda donemler arasinda farkli harfleri tasiyan degerler dnemlidir (P<0.05).

Biitiin kOylerin kapali ortamlarda kurutulan yonca érneklerinde toplam karoten diizeyi yliksek
olup tarlada kurutulan ve depolardan alinan &rneklerde diismistiir (P<0.05). Toplam karoten
bakimindan kdyler arasi farkliliklarin oldugu, Karako¢ koyiinde kapali ortamda kurutulan yonca
orneklerinin toplam karoten degerleri Karagiindiiz ve Yalinaga¢ koOyiine gore; tarlada kurutma
sonrasinda alman oOrneklerde Karagiindiiz, Ergcek, Yalinagag ve Yukariglineyce kdylerine gore
depolardan alinan 6rneklerde ise yalnizca Yalinagag kdyiine gore yiliksek bulunmustur (P<0.05).
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Agzikara, Karagiindiz ve Yalinaga¢ koylerinde kapali ortamlarda kurutulan yonca
orneklerinde Ca diizeyleri yiiksek iken depolardan alinan 6rneklerinde sirasiyla % 1.40, 0.98 ve 1.40’a
dismiistiir (P<0.05). Kapali ortamlarda kurutulan yonca 6rneklerinin Ca diizeyleri bakimindan koyler
arasinda farkliligin goriilmedigi, tarlada kurutma sonrasinda Karakog¢ koyili ile Yalinagag koyil
arasinda ve depodan alinan 6rneklerde ise Ortanca koyii ile Yukarigiineyce koyii arasinda bir farklilik
goriilmustiir (P<0.05). Kapali ortamlarda kurutulan, tarlada kurutulan ve depolardan alinan yonca
Orneklerinin K diizeyleri bakimindan farkliliklarin olmadigi gibi kapali ortamda kurtulan yonca
orneklerinin K diizeyleri bakimindan koyler arasinda farliliklar bulunmamistir. Tarlada kurutma
sonrast kurutulan orneklerde Govelek ve Ortanca koyii arasinda depolardan alinan orneklerde ise
GoOvelek koyu ile Karagiindiiz; Ortanca ve Yukarigiineyce koyleri arasinda farklilik gozlenmistir
(P<0.05).

Agzikara ve Govelek kdylerinde kapali ortaminda kurutulan yoncanin Na igerikleri % 0.11
iken depodan alinan 6rneklerde % 0.05’e diismiistiir (P<0.05). Agzikara, Ercek ve Govelek koylerinde
kapali ortamlarda ve tarlada kurutulan yoncanin Na igerikleri diger kdylere gore yiiksek bulunmustur
(P<0.05). Govelek ve Ortanca koylerinde kapali ortaminda kurutulan yoncanin Mg icerikleri hasattan
sonra gegen siireye bagl olarak degismekle birlikte (P<0.05), tarlada kurutulan yoncanin Mg igerigi
Er¢ek ve Ortanca koyleri arasinda farklilik goriilirken (P<0.05) diger koyler arasinda yonca Mg
icerikleri bakimindan farklilik gériilmemistir (Cizelge 3.3). Toplam Kkaroten igerikleri ile Ca ve Na
igerikleri degerlendirildiginde giines altinda ve yagmurlu havalarda kurutmadan dolayir kayiplar
olmustur.

Yonca kuru otunun kuru maddesinde toplam karoten diizeyi 125 mg/kg oldugu (Cruz-
Monterrossa ve ark., 2011), taze yoncada yuksek olan toplam karoten igeriginin mikrodalga firininda,
oda sicakliginda, 96 saat giines ve yagmurla birlikte giines gibi farkli yontemlerle kurutuldugunda hizh
bir sekilde diistiigii bildirilmektedir (Park ve ark., 1983). Baz1 yonca gesitlerinin bi¢im sayisina ve
bi¢im yilina bagh olarak mineral madde ve 6zellikle Ca igeriklerinin degistigi (Turan, 2010; Engin ve
Mut, 2018), Ca bakimindan kaybmn en ¢ok uzun siire yagmur altinda kurutulan yoncalarda oldugu
(Oktay ve ark., 1984) bildirilmektedir. Yonca besin maddelerinde goriilen degisimin ve farkliliklarin
hasat sonrasi tarlada bekletilme siiresinin etkili olabilecegi gibi, yemlerin depoya tasinmasindaki
kayiplarin yaninda iklim kosullarinin da etkili oldugu bildirilmektedir (Oktay ve ark., 1984). Hatta
otlarin igerisine tarladan depolamaya kadar ki tagima siirecinde tas, toprak, kum ve ¢akil gibi inorganik
maddelerin bulagsmis olabilme ihtimali de g6z ard1 edilmemelidir.

Hasat sonrasi kapali ortamda kurutulmus, tarlada kurutulmus ve depolardan alinan yonca otu
orneklerinde aflatoksin B1, B2, G1 ve G2 ¢esitlerine rastlanilmamugtir. Van ili yetistirici sartlarinda
elde edilen ve depolanan kaba yem oérneklerinin % nem icerikleri ile yillik yagis, sicaklik ve nispi nem
ortalamalar1 bakimindan yemlerde aflatoksin olusumu ile toksijenik kiif gelisimi bakiminda olumsuz
etkilenmedigi, (Demirel ve Yildirim, 2001) bildirilmektedir. 44 yonca kuru ot 6rneklerinde yapilan bir
caligmada, aflatoksin B1 konsantrasyonlarinin minimum ( 0.00 pg/kg ) ve maksimum ( 66.57 pg/kg )
diizeylerin yasal sinirlar iizerinde oldugu (Hashemi, 2016), 76 kaba yem 6rneginin ortalama aflatoksin
B1 diizeyinin 1.02 pg/kg, maksimum diizeyinin ise 11.37 pg/kg oldugu bildirilmektedir (Bilal ve ark.,
2014).

Sonu¢ olarak, yonca kuru otunun kalitesini etkileyen faktorlerin basinda hasat zamani
gelmektedir. Karagiindiiz ve Agzikara kdylerinde yonca hasatinin tam cigceklenme hatta ayni kdyiin
bazi isletmelerinde tohum baglama doneminde yapilmasindan dolay1 hasat aninda yonca KM igerigi %
37.50 -% 40.90° lara ulagmustir. Hasattan sonra kapali ortamda kurutulan yoncada yiiksek olan HP,
toplam karoten, Ca ve Na icerikleri ile diisiik olan ADL igeriklerinin hasattan sonra tarlada kurutma
ortami ve siiresi ile yonca otlarinin taginmasi, patozlanmasi ve depolanmasi siiresince yagan kar, yagis
ve ¢ig gibi olaylara bagl olarak HP, toplam karoten, Ca ve Na igeriklerinin azaldig1 ve ADL igeriginin
ise arttig1 goriilmistir. Yoncanin % 10-15 ¢igeklenme ddneminde hasat edilip tarlada kurumasi igin
uzun siire bekletilmeden en kisa siirede isletmelere tasinip kapali yagis almayacak sekilde sundurmalar
altinda patozlanmadan depolanmasi yaprak kaybim1 minimize edeceginden besin madde kaybi
Onlenmis olacaktir.
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Abstract: In this study, it was investigated whether different bee breeds prefer
different plant sources to collect propolis. For this purpose four different honey
bee race (Apis mellifera caucasica, A. m. carnica, A. m. syriaca and A. m.
anatoliaca) naturally have been in Turkey were placed in the same isolated apiary;
and Propolis was harvested from these races. chemical contents of alcoholic
extractions of the harvested propolis were were analyzed by liquid
chromatography-tandem mass spectrometry (LCMS / MS). In addition that, the
pollen content of the same propolis samples were determined with a microscope.
According to the LCMS / MS results the propolis samples collected by different
honey bee race differed significantly in terms of quercetin and ferulic acid. Data
obtained from polen analyses revealed that Fabaceae and Apiaceae (PD >45%)
families were mostly detected in propolis samples obtained from different races.
Although the polen from the Campanulaceae family was dedected only in the
propolis samples from A. m. anatoliaca race, thr polen from Caryophyllaceae
family was found in other propolis samples collected by A. m caucasica races. The
results of this study showed that different honey bee races tend to different plant
sources and the content of propolis may differ according to the bee races.
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Oz: Bu calismada farkli ari wklarimin propolis toplamak igin farkli bitki
kaynaklarini tercih edip etmedigi arastirilmistir. Bu amagla Tiirkiye’de dogal
olarak bulundugu bilinen 4 farkli bal aris1 irki (Apis mellifera caucasica, A. m.
carnica, A. m. syriaca and A. m. anatoliaca) izole edilmis aynmi arihiga
yerlestirilmis ve bu irklardan propolis hasadi yapilmistir. Hasat edilen
propolislerin alkolik ekstraksiyonlar1 yapilarak sivi  kromatogram kiitle
spektrofotometrisi (LCMS/MS) ile kimyasal igerikleri analiz edilmistir. Aym
zamanda ayn1 propolislerin mikroskop ile polen igerigi belirlenmistir. Elde edilen
sonuglara gore farkli bal aris1 irklarinin topladigt propolisler kuersetin ve ferulik
asit bakimindan 6nemli diizeyde farklilik gostermistir. Farkli irklardan elde edilen
propolis drneklerinde en fazla Fabaceae and Apiaceae (PD >45%) familyasindan
polenlere reslanirken, Campanulaceae familyasindan polene yalnizca A. m.
anatoliaca 1wrkinin topladigi polenlerde ve Caryophyllaceae familyasindan
polenlere ise sadece A. m. caucasica irkinin topladigi propolislerde raslanmigtir.
Bu c¢aligmanin sonuglari farkli art irklarmin farkli bitki kaynaklarina yonelme
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davranisinda bulundugunu ve iwrka gore propolis iceriginin degisebilecegini
gostermistir.

1. Introduction

Propolis is a heterogeneous mixture of more than 300 compounds such as resin, balsam, bee
secretions, pollen, and many other organic substances that vary widely according to their botanical and
geographical origin, season, climate, flora, altitude, and even honeybee species (Ghisalberti, 1979;
Kutluca, 2003; Sahinler and Aziz, 2005; Silici and Kutluca, 2005; Bankova et al., 2006; de Sousa et al.,
2007; Sforcin, 2007; Popova et al., 2010; Miguel and Antunes 2011).

Very little information has been reported regarding why bees forage for a specific resin or
propolis source in the field, this is probably due to difficulties to carry out foraging experiments which
include, but are not limited to, relatively infrequent flights compared to pollen foraging, and choice of a
single bee to use unobservable tree canopies (Simone and Spivak, 2012; Wilson et al., 2013). Therefore,
we studied all honeybee races of Apis mellifera known to be exist in Anatolia, primarily at the same
apiary and same season, to determine if there is any variation of chemical compound of collected
propolis and possible pollen contamination, during their gathering to identify preferences of botanical
sources.

Knowledge of the botanical origin and chemical composition of propolis is the most important
subject to understand its structure, biological activity as well as beneficial properties. Among the six
main chemical types of propolis based on botanical sources poplar propolis is most often identified with
the botanical source of Populus nigra (Bankova, 2005). Birch propolis from Russia recorded with the
plant source of Betula verrucosa Ehrh. Poplar and other species from temperate zones such as Europe
were reported (Greenaway et al., 1987; Bankova et al., 1989; 1992; Marcucci, 1995; Bankova et al.,
2002; Silici and Kutluca, 2005; Bankova et al., 2006; Moreira et al., 2008; Salatino et al., 2011). On the
other hand, propolis sources in other parts of the world recorded Baccharis dracunculifolia D.C. from
Brazil (Kumazawa et al., 2003; Park et al., 2004). Macranga ssp. from Japan and Taiwan, Plumeria
acuminata W. T. Aiton and P. acutifolia Poir from Hawaii, Myroxylon balsamum (L.) Harms from El
Salvador and Ambrosia deltoidea (Torr.) Payne from Mexico (Marcucci, 1995; Wollenweber and
Buchmann, 1997; Bankova et al., 2006; Salatino et al., 2011; Wilson et al., 2013).

The main biologically active substances of poplar propolis are flavones, flavanones, phenolic
acids, and their esters, while birch propolis contains flavones and flavonols predominantly (Bankova,
2005). In spite of this diversity of origin, the main sources of phenolic compounds determined in Turkish
propolis were the poplar bud exudates (Silici and Kutluca, 2005; Bertrams et al., 2013). Previous
investigations have shown that Turkish propolis samples from different regions may be categorized into
four main groups depending on its chemical composition. The typical poplar samples from Middle and
West Anatolia displayed very similar phenolic and flavonoid content. However, samples from
Mediterranean, and Eastern Anatolia regions revealed different substances of low phenolic and very low
flavonoid concentrations which were not present in P. nigra L. bud exudate, but possibly of Populus
euphratica Oliv (Bertrams et al., 2013). On the other hand, Ankara propolis obtained from distant
vicinities, like Kazan and Mamak, showed the presence of more than 24 compounds so far, including
pinocembrin, pinostropin, isalpinin, pinobanksin, quercetin, naringenin, galangine, chrysin, and caffeic
acid (Kartal et al., 2002; 2003; Popova et al., 2005; Uzel et al., 2005). The plant source of these
compounds remains unknown and there were no signs of flavonoid aglycones which are typical
compounds of poplar propolis, but the existence of steroid compounds and long-chain fatty alcohols
may indicate new plant sources of propolis excluding Pinus brutia L. as an origin (Popova et al., 2005).
Nevertheless, these early studies were not represented the different foraging preferences of bee colonies.

The present study aims to evaluate propolis collecting preferences of indigenous honeybees
consisting of four subspecies (A. m. anatoliaca, A. m. caucasia, A. m. syriaca, and A. m. carnica), under
controlled conditions in Central Anatolia. We investigated whether propolis collecting tendency of each
honeybee species toward certain resinous plants. For this reason biologically active compounds and
microscopic pollen analyses were used to describe the botanical origin of propolis samples collected by
different races. A total of 20 phenolic compounds, which are most commonly found in poplar propolis,
were analysed by liquid chromatography-tandem mass spectrometry (LC-MS/MS).
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This research is the first study using both chemical and pallynological techniques to compare
the different foraging preferences of honeybee subspecies and ecotypes of Turkey. Consequently, it
contributes to future behaviour studies of honeybees and chemical standardization of Turkish propolis.

2. Materials and methods

The study was conducted using honeybee colonies under controlled conditions at the common
Apiary in Anatolia, Turkey. This study was carried out under the same environmental conditions
between April-July of 2015, and it included honeybees of the subspecies A. m. anatoliaca, A. m.
caucasia, A. m. carnica and A. m. syriaca.

Plastic propolis traps with the dimensions of 420x500 mm were inserted in the early spring
season of 2015, and collected by the end of the summer of the same year. Then, raw propolis samples
were hand-collected from the traps by using a sharp blade and stored in deepfreeze (-25 °C) until further
processing. After cooling, all propolis samples were grinded with an electrical blender (Waring 8011EB)
prior to extraction. Propolis samples of approximately 5 g were extracted by maceration with ethanol
(1:10 ratio, 50 mL) at room temperature of 25-30°C employing three days of 150 rpm shaker agitation.
The combined extracts were filtered on paper filters of the following grades: Whatman No:1 and
Whatman No:4. The obtained solution was filtered through a 0.45 um membrane syringe filter. The
propolis extracts were run as duplicate and stored on a refrigerator after analysis. All chemicals (caffeic
acid phenethyl ester, dimethylaminocinnamic acid, apigenin, caffeic acid, catechin, isorhamnetin,
luteolin, myristic acid, naringenin, protocatechuic acid, pinobanksin, quercetin, syringic acid, biochanin,
kaempferol, chalcone, coumaric acid, rosmarinic acid, chlorogenic acid, ferulic acid) were used as
standards in LC-MS/MS analysis and obtained from Sigma (Sigma-Aldrich GmbH, Sternheim,
Germany). HPLC grade methanol was obtained from Sigma (Merck, Darmstadt, Germany).

This study followed a modified version of the methods given by Zohary (1973) and Yang et al.
(2013). The mass-spectrometer measurements were performed on a hybrid triple quadrupole/linear ion
trap mass spectrometer API1 4000 QTRAP (Applied Biosystems, Darmstadt, Germany) with electrospray
ionization (ESI). LC separations were performed in a C18 analytical column (Gemini® 5 pum particle
size, 110 A pore size, 50 mm x 2 mm, fully porous organo-silica LC Column). The run time for each
injection was 5.5 min, the temperature of the column was 40 °C, and the injection volume was 10 pL.
The mass-spectrometer worked with an electro-spray ion source (ESI) in positive mode under the
selected ion monitoring (SIM) condition including a 0,70 amu width, a nebulizer pressure of 55 psi, a
drying gas flow of 1 mL/min and a skimmer voltage of ~20-80 V. Data acquisition was carried out with
the Workstation Method Builder.

The slightly modified methodology for pollen preparation was obtained from Warakomska and
Maciejewicz (1992) and Pellati et al. (2011). Each 0.5 g powdered propolis samples were mixed with
ethanol-ether-acetone (1:1:1) solution and shaken overnight. After filtering through a special filter paper
with 20 um holes, the suspension was centrifuged at 4100 rpm for 15 min. Then, the supernatant was
poured on to two slides following preparation of the residues using basic fuchsine-glycerin gelatin.
Pollen identification and counting were performed by microscope (Leica DM500). In accordance to
melissopalynological criteria (Louveaux et al., 1970; Gencay and Sorkun, 2006), the common definition
of pollen frequencies was used as PD for dominance (more than 45%), PA for accessory (15-45%), and
PI for isolated (less than 15%).

SPSS-15.0.1 software package (SPSS Inc., Chicago, IL, USA) was used for statistical analyses.
Kruskal-Wallis test was performed depending on the chemical composition of propolis collected by
each honeybee subspecies and ecotypes.

3. Results
3.1. Chemical analyses of propolis according to honeybee subspecies

The mean amount of bioactive compounds retrieved from propolis samples by four different
honeybee races in the same research apiary was revealed by the existence of analyses in variable degrees.

The chemical analyses by LC-MS/MS were categorized by bee subspecies. Propolis collected by A. m.
carnica displayed the highest values of caffeic acid phenethyl ester, dimethoxy cinnamic acid, apigenin,
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isorhamnetin, luteolin, myristic acid, naringenin, pinobanksin and quercetin. A. m. anatoliaca retrieved
the highest values of protocatheuic acid, syringic acid and kaempherol; while propolis of A. m. caucasica
had the highest content of catechol and ferulic acid; and propolis collected by A. m. syriaca had the
highest content of coumaric acid. On the other hand, rosmarin, chalcon and chlorogenic acid results
seem to be either negligible or could not be detected.

Results of the Kruskal-Wallis test retrieved no statistical differences between honeybee groups
with respect to chemical analyses. Surprisingly, only the quercetin compound showed significant
differences among bee subspecies according to the Kruskal-Wallis test (P<0.05); and the amount of
ferulic acid of propolis samples collected in the same environment vary between Syrian and Caucasian
honeybee subspecies. Our chemical analyses revealed that the amount of quercetin and caffeic acid
phenethyl ester were lower in the A. m. anatoliaca ecotype than in A. m. caucasia, A. m. carnica, and A.
m. syriaca (Table 1).
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Table 1. The chemical composition of propolis according to honey bee races and ecotypes

Mean bioactive substances of propolis + Std. Dev, min/max values (ppm) by species and subspecies

Chemical analytes A. m. caucasica(N=15) A. m.anatolica (N=13) A. m. syriaca(N=14) A. m. carnica(N=12)

Mean + Std.Dev. Min  Max Mean + Std.Dev. Min Max Mean + Std.Dev. Min Max Mean + Std.Dev. Min. Max.
Caffeic acid phenethy! ester 567.80 + 15.46 101 1005 174.50 £ 30.50 144 205 641.70 + 17.09 113 858 771.50 = 0.50* 771 172
Dimethoxy cinnamic acid 895.40 + 25.99 149 1650  284.00 = 83.00 201 367 1089.20 + 38.10 212 1730  1326.00 £0.10 1326 1326
Apigenin 282.40 £42.92 141 388 128.00 £ 51.00 77 179 358.70 + 95.02 92 528 391.00 +1.00 390 392
Caffeic acid 480.60 + 13.86 69 799 78.00 + 25.00 53 103 465.70 +13.18 57 652 563.50 + 0.50 563 564
Catechin 128.60 + 40.31 60 284 103.00 £+ 51.00 52 154 95.00 + 24.92 41 159 117.00 £1.00 116 118
Isorhamnetin 4277.00 £ 10.65 1109 7863  2267.50 + 18.50 1081 3454  5528.00 + 16.00 1039 8192 6062.50 £ 0.50 6062 6063
Luteolin 4214.80 £ 82.78 1543 6185  2023.00 +43 1590 2456  4116.50 + 77.51 1804 5068  4374.50 +0.50 4374 4375
Myristic acid 149.20 + 34.68 39 211 33.50 + 7.50 26 41 339.20 +17.77 32 827 214.50 £ 0.50 214 215
Naringenin 344.40 £ 66.30 118 509 140.00 + 49.00 91 189 483.50 + 14.25 100 824 587.00 + 1.00 586 588
Protocatheuic acid 41.60+11.43 0 67 49.00 + 13.00 36 62 46.70+14.14 30 89 29.50 £ 0.50 29 30
Pinobanksin 1233.00 £ 29.30 245 1934  427.00 £ 18.00 242 612 805.70 + 31.39 277 1583 1237.50 £ 0.50 1237 1238
Quercetin 38.40 £5.60 21 55 23.50 £ 0.50 23 24 50.20 £ 8.52 25 61 66.50 £ 0.50 66 67
Syringic acid 51.20 +8.74 33 75 110.50 + 17.50 93 128 95.00 + 31.68 51 189 103.50 + 0.50 103 104
Biochanin 328.60 + 20.69 0 1008 0 0 0 0 0 0 0 0 0
Kaempferol 50.60 + 32.45 0 157 143.50 + 44.50 99 188 63.00 + 3.00 0 252 0 0 0
Chalcone 0.00 0 0 0 0 0 0.00 0 0 0 0 0
Coumaric acid 28.60 £7.22 12 52 0 0 0 63.50 + 32.88 0 152 0 0 0
Rosmarinic acid 6.40 £ 2.87 0 16 0.50 £0.10 0 1 6.20 + 3.66 0 14 0 0 0
Chlorogenic acid 0 0 0 0 0 0 0.00 0 0 0 0 0
Ferulic acid 359.80 + 98.16 0 589 67.50 £ 48.50 19 116 109.00 £ 3.36 0 236 0 0 0
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3.2. Botanical analyses of propolis according to honeybee subspecies

Data obtained from polen analyses revealed that Fabaceae (PD >45%) is the most common
botanical family in all propolis samples. S1 also have high proportions of propolis from the botanical
family Pinaceae. Meanwhile, A. m. anatoliaca held more Apiaceae, Betulacea, Fagaceae, and Graminae;
and A4 exhibited Pinaceae in the level of PA. A2 samples were also rich on Fagaceae, and Pinaceae
pollen. Interestingly, C1 held accessory Fagacea, and CA1, CA2, CA4 displayed more pollens from the
botanical family Pinaceae (Table 2).

Table 2. The most frequent pollen types of collected propolis according to honey bee races A. m.
anatoliaca (Al, A2, A3, Ad), A. m. caucasia (CAl, CA2, CA3, CA4, CAb), A. m. carnica
(C1, C2, C3), A. m. syriaca (S1, S2, S3, S4, S5) in research apiary.

Family S1 S2 S3 S4 S5 CAl1 CA2 CA3 CA4 CA5 Al A2 A3 A4 cC1 Cc2 C3
Apiaceae A A A A A A A A A A A A A
Asteraceae A A A A A A A A
Betulaceae A A A A A A A
Campanulaceae A A

Caryophyllaceae A A A

Chenopodiaceae A A A A A A A A A A A
Ericaceae A A

Fabaceae LR 2R 26 Jb 2 2 2B 3 35 b 2 3 b b b 3B
Fagaceae A A A A A A A A A

Gramineae A A A A A A A A A A A A A A A AL
Lamiaceae A

Pinaceae ¥ A A A A A A A A A A
Rosaceae A

Salicaceae A A A A A A A A A A A A A A A AN
Tiliaceae A A A

Malvaceae A

A *PD=dominant (>45%), PA=accessory (15-45%), * Pl =liso
4. Discussion and Conclusion

The factors affecting the composition and production of propolis by a honeybee are not truly
known. Some researchers consider that seasonal factors are involved while others think inherent
behavioural changes or the use of a resin (Ghisalberti, 1979; Wilson et al., 2013). Propolis collecting
capability of honeybees is considered to be regulated by behavioural causes and differs from
physiological properties (Barth, 1998). The foraging preferences of honeybees were investigated by the
influence of pollen-based cues among six floral species, and three artificial substrates (pollen
analogues). The responses of honeybees to the odours of different pollen species appear similar over
those of analogue species, and individual honeybee foragers do not discriminate among sources based
on intrinsic differences in quality, but, instead, efficiency of collection and recruitment (Ghisalberti,
1979). Recently, it was demonstrated that honeybees make discrete choices among many resinous plant
species, even among closely related species. They use metabolomics methods after visiting for the first
time like an environmental forensics to track an individual resin forager behaviour and metabolite
patterns (Wilson, et al., 2013). The observed bees maintained fidelity to a single source for each foraging
trip. The bees discriminately foraged for resin from eastern cottonwood (Populus deltoides), and balsam
poplar (Populus balsamifera), among the many available, even closely related resinous plants which
composition did not show significant seasonal or regional changes. In the present study LC-MS/MS
analyses demonstrated that the pharmaceutical quality of the compounds constituting propolis may
change slightly based on honeybee subspecies and pollen frequency, this also indicates different levels
of abundance by subspecies. On the contrary of these outcomes, our study could not find significant
differences in chemical analyses of propolis collected by the different races.

Plant secondary metabolites, like flavonoids and phenolic acid derivatives, were recorded in this
study and may serve as chemotaxonomic markers (Dulger, 1997). Brazilian propolis obtained by
Africanized A. mellifera, was classified into 12 groups based on physicochemical characteristics,
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including five southern Brazilian groups, one southeastern Brazilian group and six northeastern
Brazilian groups, the reported origin of these groups are resins of the poplar trees, plus Hyptis divaricata,
and Baccharis dracunculifolia. It is noted that pinobanksin, pinocembrin, pinobanksin 3-acetate, chrysin,
and galangin are the dominant flavonoids in propolis and poplar tree samples that were collected in
southern Brazil (Pernal and Currie, 2002). Similarly, we found that propolis produced by the subspecies
A. m. carnica had the highest amount of caffeic acid phenethyl ester, dimethoxy cinnamic acid, apigenin,
caffeic acid, isorhamnetin, luteolin, myristic acid, naringenin, pinobanksin, and quercetin. Aliyazicioglu
et al. (2013) reported very low chlorogenic acid, epicathecin, syringic acid, and coumaric acid values
with no amount of cathecin in Anatolian propolis.

The chemical composition of propolis samples collected from three different honeybee
subspecies in Erzurum were identified by Gas chromatography-mass spectrometry (GC-MS) (Silici and
Kutluca, 2005). It was found the differences between chemical content of propolis samples. Present
study is compatible with (Silici and Kutluca, 2005)” results. In the present study propolis samples
displayed the highest amount of catechin and ferulic acid gathered by A. m. caucasia; while
protocatheuic acid, syringic acid, and kaempherol found the highest amount of propolis collected by A.
m. anatoliaca and coumaric acid by A. m. syriaca.

In the recent time, the compound of propolis samples collected by different bee species was
studied. The presence of phenolics was cited in 38 propolis samples produced in tropical Venezuela by
imported Apis mellifera L., and five indigenous species of stingless bees (Chen et al., 2000). In general,
no correlations between the composition of tropical propolis and the place of collection or the bee
species were cited. Several chemical types of stingless bees’ propolis were categorized (Silva et al.,
2008), according to the prevailing type of compounds like: gallic acid, diterpenic and triterpenic types.
Their study of chemical composition, and biological activity of propolis from Brazilian Meliponinae by
GC-MS, showed that neither bee species nor the geographical location determine the chemical
composition of Meliponinae propolis. Because of the Meliponinae forage behaviour over short distances
(maximum 500 m), and use of the first plant exudate they encounter as main propolis source during their
flights, these results may be expected. However, we would not compare these results with Apis mellifera
subspecies and ecotypes used in this study due to their long flight range, assumed 2.5 km for drones
Tomas-Barberan et al. (1993), and completely different collecting and hygiene behaviours considering
hive antimicrobial cleaning provided mostly by propolis.

Pollen samples were examined under microscope to determine pollen contents which identified
16 plant families. The total number of pollen counted for each sample showed variations and also
different organic materials and plant fragments complicating the analysis were observed in all samples.
The most frequent pollen type detected was from Fabaceae family, which was found in the all samples
as dominant pollen (> % 45). On the other hand, Malveaceae pollen type were in present just in A3
sample and Rosaceaea pollen type were in A1 sample. Pinaceae pollen types also were detected in all
samples in different ratios. Similarly, Salicaceae pollen type were isolated in all samples as isolated
pollen (< % 15). Graminaeae pollen type was also monitored in all samples except from CA3 samples.
It could be said that bee preferences showed even differences among same bee types considering
especially each of the beehive. Pinaceae pollen type, for instance, were determined in S1 sample
dominantly, however, for S2, S3 and S4 samples detected as isolated Pinaceae pollen. In a different
manner, Chenopodiaceae pollen type was only recorded in two A. m. syriaca bee type (S1 and S4).
Regarding to these results bee preferences showed big variations. The moderately observed pollens were
belong to the Apiaceae, Betulacea, Fagaceae, and Graminae families that density may differ in reference
to each honeybee species. The preferences of each beehive both in the same subspecies suggested the
variability of pollen abundance.

As a result, our findings of chemical composition reveal higher amount of compounds as
isorhamnetin and luteolin in all bee species. Quercetin and ferulic acid showed slight differences among
bee races. Maximum amount of quercetin was collected by A. m. carnica and ferulic acid by A. m.
cacucasica. Biochanin found only at Anatolian and Caucasian honeybees as well as coumaric acid
limited to propolis samples from A. m. anatoliaca and A. m. carnica. In the view of the A. m. carnica,
only species among others, that does not have kaempherol, rosmarinic acid, chlorogenic acid, ferulic
acid in collected propolis samples. Chlorogenic acid was not encountered at propolis samples.

Propolis is a natural product with great therapeutical properties though its composition
remarkably diverse and applications particularly medical use got problems with its quality control and
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lack of origination. The classifying propolis plant sources from different geographic regions are crucial
which biologically active compounds may lead to the formulation of local types in respect to plant
origin. Further studies need to concentrate on these issues before any apitherapy applications.
Additionally, further work need to be larger scale of replicates considering this is a preliminary
behavioural study for honeybees in Anatolia.
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Oz: Gaziantep Orman Fidanlik Sefligi, Osmaniye Orman Fidanlik Sefligi,
Hatay Serinyol Orman Fidanhk Sefligi ve HMKU kampiis fidanlik alaninda
14 farkli peyzaj bitkisi tiiriinden toplam 98 adet hastalikli fidan Ornegi
toplanmistir. Bu Orneklerin  81’inde, toprak kokenli hastalik etmenleri
saptanmigtir. Bu etmenlerin tanilanmasima yonelik olarak morfolojik sonuglar
degerlendirildiginde; farkli konukgulardan elde edilen hastalik etmenlerinden
12 adedi, Ceratobasidium sp, 8’i Fusarium, 14’0 Macrophomina, 13’0
Rhizoctonia, 4’0 Phytophthora ve 10’u Dactylonectria olarak saptanmuis;
geriye kalan 20 tanesi de Phoma, Pestalotiopsis, Diaporthe, Didymella ve
Neopestalotiopsis funguslari olarak belirlenmistir. Molekiiler ¢alismalar
kapsaminda ITS1-4 primeri ile yapilan PCR ¢aligmalar1 ve DNA dizileme
sonuglarina gore tiir diizeyinde tanilar1 yapilmistir. Temsili segilen 16 izolatin,
NCBI GenBankasi kiitiiphanesinden erisim numaralar1 alinmigtir. Sonug
olarak, fidan saghgmi gozeterek fidanliklarda her tirli miicadele
yontemlerinin bir arada etkili ve siirdiiriilebilir sekilde uygulanmasi, peyzaj
sahalarinin korunmasinda énemli bir yer tutacaktir.
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Abstract: A total of 98 diseased seedlings of 14 different landscape plants
were collected from Gaziantep forest nursery chief, Osmaniye forest nursery
chief, Hatay Serinyol forest nursery chief and HMKU campus nursery. Soil-
borne disease factors were identified in 81 of these samples. When
morphological results are evaluated for the identification of these agents;
disease agents from different hosts were identified as 12 of Ceratobacidium
sp, 8 of Fusarium, 14 of Macrophomina, 13 of Rhizoctonia, 4 of
Phytophthora, 10 of Dactylonectria, and the remaining 20 of Phoma,
Pestalotiopsis, Diaporthe, Didymella, and Neopestalotiopsis. Within the scope
of molecular studies, PCR studies were conducted with ITS1-4 primer and
according to DNA sequencing results species level diagnoses were made.
Representative of 16 isolates accession numbers are obtained from NCBI Gen
bank library. Consequently, effective and sustainable implementation of all
kinds of combat methods in nurseries, taking into consideration the health of
the saplings, will have an important place in the protection of landscape areas.
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1. Giris

D1s mekan-peyzaj bitkileri, tek veya ¢ok yillik bitkiler, ¢alilar, yaprakli ve ibrelilerden olusan
ve bulunduklar mekanin ekolojik sartlarina gore yetistirilmelerinde farklilik gosteren bitkiler olarak
tanimlanir (Cengiz ve ark., 2017; Baylan, 2019). Peyzaj alanlarinda mevcut olan veya yeni dikimi
yapilmis bitkilerin saglikli bir sekilde biiyiimesini ve yetismesini saglamak ana 6nceliktir. Giiniimiiz
zirai miicadele ¢aligmalarinda organizmalarin birbirleriyle ve diger etkenler ile iligkilerini irdelemek,
aralarindaki iligki durumunu bozmadan, zararli popiilasyonlarin1 i¢ ve dis mekan bitkilerinde
ekonomik zarar vermeyecek diizeyde tutmak 6nem arz etmektedir.

Hali hazirda bitkiler sadece estetik, islevsel, ekolojik 06zellik ve hedefleriyle degil, aym
zamanda ekonomik amaglarla da kullamlan unsurlar halini almaktadir. Ulkemizde biiyiik ya da kiigik
Olcekli peyzaj tasarimu ile ilgili ¢aligmalarda bulunmak ic¢in bir fidanliga ve seraya sahip olunmasi
gerekmektedir. Bu durum peyzaj tasarim ve uygulamalari ile fidanlik tiretim sureg igerisinde birbirini
tamamlamaktadir (Cengiz ve ark., 2017). Bu durumdan yola ¢ikilarak, fidan Uretiminde kaliteli ve
saglikli fidan iiretimi bilyiik 6nem tagimaktadir. Bu nedenle, yalniz miktar olarak fidan iiretmek yeterli
olmamaktadir. Gerek agaglandirma calismalarinda gerekse park-bahge diizenlemelerinde basarili
olabilmek i¢in mutlaka standartlara uygun fidan iiretmek 6n sart olmalidir (Giiltekin, 2007). Bu tur
peyzaj bitkilerinin iretimini sinirlayan 6nemli faktorlerden birisi bitki hastaliklaridir. Fidanliklar
icerisindeki g¢evresel kosullar, hastaliga neden olan patojenlerin gelisimi i¢in uygun olan optimum
kosullar1 saglar. Yiiksek nem kosullar1 ve fidanliklara uygulanan giibreler, fungal patojenlerin gelisime
ve enfeksiyonuna imkan saglarlar.

Toprak kokenli hastalik etmenleri toprak icerisinde olusturmus olduklar1 fungal yapilar ile
uzun yillar canliligin1 koruyarak, bir sonraki yillara ayni alanlarda yetistirilen bitkilerde hastaliklara
neden olurlar (Soylu ve ark., 2011). Toprak kdkenli fungal patojenler, peyzaj alanlarinda yetistiriciligi
yapilan bitkilerin en 6nemli sorunlarindan birisi olarak karsimiza ¢ikmaktadir. Kok ve kok bogazi
hastaliklar1; patojenin koklerden, kok bogazina dogru ilerleyerek veya bitki dokularinin dogrudan
fungal penetrasyonu ile ger¢eklesebilmektedir. Buna ek olarak, belirtiler kloroz, solgunluk, bazen tim
bitkinin bodurlagmasi ve yaygin olarak bitkinin 6lmesi seklinde ortaya ¢ikar. Bu bitkilerde kok ve kok
bogazi hastaligina neden olan Rhizoctonia, Macrophomina, Phytophthora ve Fusarium tiirleri baglica
fungal hastalik etmenleri olarak tespit edilmistir (Shanmugam ve ark. 2009). Toprak kokenli hastalik
etmenleri ile micadele etmek son derece zordur. Bu sebeple kdk ve kok bogazi hastaliklariin
miicadelesinde fiziksel, kimyasal ve biyolojik yontemlerin entegre edilerek kullanilmasi etkin sonuglar
verecektir (Arict ve Kazaz, 2013). Ayrica, toprak kokenli hastaliklarla miicadelede dikkate alinmasi
gereken en dnemli faktor, saglikli fidan ve dayanikli gesitlerin kullanimuidir (Etebarian, 2000). Peyzaj
ve siis bitkisi iiretiminde en yikict patojenik mikroorganizmalar, Rhizoctonia ve Fusarium cinsine ait
tirlerdir. Bu tdrlerin, 150°den fazla sls-peyzaj bitki tiiriinii hastalandirdig1 bilinmektedir. Bunlar, en
yaygin olarak, vaskiiler solgunluk ve kok ciirtikliigi seklinde iki farkli belirtiler gostermektedir
(Lecomte ve ark., 2016; Gumrikcl ve Golukci, 2005). Hatay ilinin fidan tiretim alanlarinda bulunan
limoni servi fidanlarinda kurumalara sebep olarak Ilyonectria radicicola, Macrophomina phaseolina,
Fusarium oxysporum gibi toprak kokenli fungal hastalik etmenleri tespit edilmistir (Kurt ve ark.
2016).

Kaliforniya’da siis bitkisi fidanlarinda hastalik olusturan Phytophthora tirlerinin belirlenmesi
seklinde yapilan bir calismada, toplam 377 farkli izolat elde edilmistir. Bu izolatlar Oncelikle
morfolojik olarak sonrasinda molekiiler ¢alismalar ile tanilar1 yapilmistir. PCR ¢alismalarinda ITS gen
bolgesine gore cogaltma yapilarak kesin teshisleri ortaya konulmustur. Bu izolatlar arasinda, P.
cactorum, P. cambivora, P. citricola, P. citrophthora, P. cryptogea, P. foliorum, P. gonapodyides, P.
hibernalis, P. nemorosa, P. ‘Pgchlamydo’, P. pseudosyringae, P. syringae, P. tropicalis. P. syringae
ve P. citricola turleri tammlanmustir (Yakabe ve ark. 2009).

Antalya’da karanfil yetistirilen seralarda toprak kokenli fungal hastalik etmenlerinin
yaygmligimin belirlenmesinde, toplam 29 seradan hastalik belirtisi gézlenen bitkilerin izolasyonu
sonucunda Fusarium sp., %39.1-72.2 arasinda degisen yayginlik orani ile en fazla rastlanan tlr olarak
tespit edilmistir. Ayrica, Pythium sp., Rhizoctonia sp., Verticillium sp. ve Macrophomina sp. turleri
elde edilmistir. Rhizoctonia sp.’nin yayginligi, %1.8-19.0 arasinda degistigini tespit etmislerdir
(Atakan ve Ozgonen Ozkaya, 2018).
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Son yillarda fungal hastaliklarin yayginlasmasi ile birlikte yeni peyzaj bitkileri dikim
alanlarinda sikayetler artmaya baslamistir. Ayrica peyzaj bitkilerinin satig yerlerinde son yillarda bu
hastaliklara yonelik sorunlar artig géstermektedir. Zaman zaman fidan {iretiminde yeni gesit ve tiirlerin
devreye girmesi ve bitkilerde hastaliklara neden olan fungal etmenlerin varyasyon ve cesitlilik
gostermesi sonucunda, peyzaj alanlarindaki agaglarda farkli hastaliklarin ortaya ¢ikmasi kaginilmaz
hale gelmektedir. Bu sebeple fidanlarin saglikli bir sekilde yetistirilmesi 6nem arz etmektedir.

Bu ¢alisma ile HMKU kampiis fidanlig1, 6zel fidanlik isletme alam, Gaziantep, Hatay ve
Osmaniye Orman Fidanlik sefliklerinde yapilan sérveyler sonucunda peyzaj diizenlemesinde
kullanilan baz1 bitkilerde kok ve kdk bogazi ¢iiriikliigline sebep olan toprak kokenli fungal hastalik
etmenlerinin belirlenmistir.

2. Materyal ve Ydéntem
2.1 Hastahkh Bitki 6rneklerinin alinmasi

Peyzaj bitkilerinde hastaliga neden olan etmenleri belirlemek amaci ile 2018 yilinin eyliil
ayindan itibaren 2019 yilinin nisan ayina kadar gecen donemde sorveyler gerceklestirilmistir. Bu
amagla, Gaziantep Orman Fidanlik Sefligi, Osmaniye Orman Fidanlik Sefligi, Hatay Serinyol Orman
Fidanlik Sefligi, 6zel fidanlik isletme alani ve Hatay Mustafa Kemal Universitesi kampiisi
alanlarindaki fidan tiretim sahalarinda bulunan kegiboynuzu, simsir, mavi-kara-siyah servi, giil, sogiit,
lavanta, zakkum, biberiye gibi bitkilerde toprak kokenli fungal hastaliklar1 belirlemek igin sararma,
solma ve kuruma gibi simptomlar gorulen fidanlardan 6rneklemeler yapilmustir (Sekil 1; Cizelge 1).

Sekil 1. Fidan tiretim sahalarinda bulunan simsir (A), keciboynuzu (B), lavanta (C) ve biberiye (D)
fidanlarinda gozlenen kuruma, nekroz ve geriye dogru 6liim belirtileri.

Ornek alma yéntemi, tesadiifi drnekleme ydntemine gore biitiin alam temsil edecek sekilde
ylriitiilmistiir. Farkli tiirlere ait bitki ornekleri alinip, plastik torbalara konulmus ve laboratuvara
getirilerek izolasyonlar1 yapilincaya kadar + 4°C buzdolabinda saklanmustir.

2.2 Hastalikh Bitkilerden izolasyon

Sorvey calismalart sonucu farkli {iretim bdlgelerinden toplanan enfekteli fidan 6rneklerinden
hastalik etmenlerini izole etmek icin izolasyon islemleri gergeklestirilmistir. Hastalikli fidan
orneklerinin topraklar1 temizlenmis ve akan ¢esme suyu altinda kok ve kok bogazi kisimlari 6-7
dakika sure boyunca yikanmistir. Daha sonra 6rnekler, bistiiri ya da budama makasi yardimiyla 5-10
mm ¢apinda kiiglik doku pargalarina ayrilmigtir. Bu doku Kesitleri, sodyum hipoklorit (NaOClI) ile 2
dakika slreyle yuzey dezenfeksiyon islemine tabi tutulmustur. Dezenfekte edilen bu doku pargalari,
steril saf suda birka¢ dakika durulandiktan sonra steril kurutma kagitlarinda kurumaya birakilmustir.
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Dezenfekte edilen bitki dokulari, genel besi yeri olan PDA (Patates Dekstroz Agar) iceren petri
kaplarma aktarilmistir. Bakteriyel bulagsmalari onlemek icin PDA ortammna 100 g/L oraninda
streptomisin siilfat eklenmistir. Daha sonra PDA igeren bu Petri kaplari, 25 °C’de 5 gilin sureyle
inkiibe edilerek gelisen kolonilerden PDA’ya saflastirma iglemleri yapilmistir.

2.3 Hastalik etmeni tiirlerin tanilanmasi

Hastalikl1 bitki dokularindan izole edilen ve saflastirilmis olan fungal kolonilerin kiiltiirel ve
morfolojik olarak tanisi igin; Oncelikle funguslarin kiltirel karakteristikleri ile birlikte miselyal
gelisim ozellikleri, konidi yapisi ve sekli, eseyli Ureme formlari ile dayanikli yapilarinin varligi gibi
morfolojik yapilar1 esas almmugtir. Saf kiiltiirlerden elde edilen bu fungal yapilar, Trinokiiler arastirma
mikroskobu (NIKON Eclipse Ni-U Model Floresan DIC Atagmanl DS-Ri2) kullanarak klttrel ve
morfolojik yonden 6n teshis islemine tabi tutulmustur.

Fungal etmenlerin bu morfolojik tamilarmi dogrulamak i¢in PCR ile DNA dizi
teknolojilerinden yararlanilmistir. Bu amagla, hastalikli bitkilerden izole edilen funguslarin morfolojik
analizlerinden sonra cins diizeyinde tanimlanmis olan temsili izolatlar, 6ncelikle PDA besi yerinde 5-7
giin boyunca gelistirildikten sonra DNA izolasyonu gergeklestirilmistir. Gelismis olan fungal
kiltirden, bistdri ile bir miktar fungus hifi alinarak, 2 mI’lik ependorf tliplerine aktarilmistir. Bu hifler,
homojenizatér yardimiyla pargalandiktan sonra, QIAGEN DNeasy (250) Plant mini kit kullanilarak
tiretici firmanmin  Onerdigi protokol dogrultusunda DNA izolasyonlar1 gergeklestirilmistir. PCR
islemlerinde sirasinda evrensel primer giftleri olan ITS-1F (CTTGGTCATTTAGAGGAAGTAA) ve
ITS-4R (TCCTCCGCT TATTGATAT GC) kullanmilmustir (White et al. 1990). PCR reaksiyonu
asamasinda; her bir reaksiyon icin 1x enzim buffer, 0,2l dNTP, 0,5ul primer, 1,5ul MgCly, 0,2 pl
(ng) DNA, toplam 25pl olacak sekilde iizeri steril saf su ile tamamlanmistir. PCR iiriinlerinin kalitesini
belirlemek igin DNA Kapiler elektroforez (QIAxcel Advanced, Qiagen, Almanya) kullanilmustir.
Cihaza ait QIAxcel Advanced ScreenGel yazilim programinda analiz yapilarak, ortaya ¢ikan bantlar
degerlendirilmistir. PCR Urunlerinin  dizilenmesi sonucundaki veriler kullanilarak molekiler
tanimlama islemi; tlrlere ait dizileme verilerinin Ulusal Biyoteknoloji Bilgi Merkezi (NCBI) BLAST
programini kullanarak gergeklestirilmistir (Boratyn ve ark., 2013). Bu sonuglara gore tanist yapilan
izolatlarin, NCBI GenBankasi kiitiiphanesinden erisim numaralar1 alinmistir.

3. Bulgular
3.1 Hastalikh bitkilerin érneklenmesi ve izolasyonu

Fidan iiretim sahalarindaki sOrvey sirasinda bitkilerde, oncelikle sararma sonra asagidan
yukart dogru renk degisimleri, nekrozlar ve kuruma belirtileri tespit edilmistir. Gaziantep Orman
Fidanlik Sefligi, Osmaniye Orman Fidanlik Sefligi, Hatay Serinyol Orman Fidanlk Sefligi ve HMKU
kampiis fidanlig1 ve 6zel fidanlik isletme alanlarindan 14 farkli peyzaj bitkisi tiirlinden toplam 98 adet
hastalikli fidan 6rnegi toplanmistir. (Cizelge 1).

Laboratuvarda, hastalikli bitki 6rneklerinin kok ve kok bogazi incelendiginde, kok bogazi da
siyahlagsma, Ozellikle kilcal koklerde kahverengilesmenin goriildiigii ve bu koklerin kolay bir sekilde
koptugu gozlenmistir. Hastalikli oldugundan siiphelenilen 98 adet 6rnegin 81’inde hastalik etmenleri
saptanmustir. Buna goére hastalik orani yaklasik % 83 oraninda belirlenmistir (Cizelge 2). Hastalik
etmeni belirlenemeyen siipheli bitkilerin, stres faktorlerine (1s1k, sicaklik, pH, kuraklik, asir1 sulama
vb.) bagh olarak kuruma gdsterdigi tespit edilmistir.
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Cizelge 1. Sorvey sonucunda peyzaj bitkisi tiretimi yapan fidanliklardan toplanan bitki tlrleri ve
hastalikl1 bitki sayilar

Fidan Uretim Alani Uretilen fidan tir ~ Konukgu bitki tiir(i Toplanan hastaliklt
say1s1 bitki sayis1
HMKU kampiis fidanlig 30 Kegiboynuzu (Ceratonia 10
(N36°.32'5245" E36°19'5909") siliqua)
Simgir 5
(Buxus sempervirens)
Sogiit (Salix sp.) 2
Lavanta (Lavendula officinalis)
2
Hatay Serinyol Orman Fidanlik Sefligi 125 Lavanta 6
(N36°37'2291"E36°22'0658")
Mavi servi 8
(Cupressus arizonica)
Kara Servi 10
(Cupressus sempervirens)
Gaziantep Orman Fidanlik Sefligi 130 Zakkum 12
(N37°01'418" E37°21'047") (Nerium oleander)
Yalanci Servi (Chamaecyparis 3
sp.)
Gll 5
(Rosa gallica)
Osmaniye Orman Fidanlik Sefligi 57 Siis Nar1 3
(N37°03'58.777"E 36°14'07.625") (Punica granatum 'Nana’)
Biberiye 6
(Rosmarinus officinalis)
Kriptomarya (Cryptomeria 4
japonica) 2
Kara Servi 6
Zakkum
Ozel fidanlik isletmesi 35 Mavi servi 8
Limoni Servi (Cupressus 6
macrocarpa)
TOPLAM 98

3.2. Hastalik Etmeni Tiirlerin Tanilanmasi

Fungal hastalik etmenlerinin izolasyonlar1 sonrasinda gelisen fungal kiiltiirler, morfolojik ve
kilttrel Ozellikleri dikkate alinarak karakterize edilmistir. Elde edilen bulgular sonucunda; Fusarium
tirlerine ait kaltdrlerin, genellikle seyrek yapili ve krem beyaz renkli miselyal gelisim gosterdigi
saptanmistir. Macrophomina olarak degerlendirilen kltlrler ise PDA’da baslangicta seffaf oldugu,
ancak daha sonra siyah renge doniiserek bol miktarda mikrosklerotlar olusturdugu gézlenmistir.
Neopestalotiopsis olarak tanimlanan fungal kadltlrlerin, 25 °C'de PDA besi yerindeki kolonilerinin
beyazimsi ve havai miselyum olusturdugu tespit edilmistir. Konidileri ise koyu kahverengi olup,
boyutlar;, 20.05x5.50 pm olarak kaydedilmistir. Eseyli iireme yapilarma rastlanilmamistir.
Rhizoctonia sp., kolonileri, erken dénemde renksiz, fakat olgunlasip ve yaslandik¢a kahverengine
doniistiigii  belirlenmistir. Mikroskobik incelemelerde kalin dik agili hifler gelismeler oldugu
saptanmugtir. Olgun kiiltiirlerde dayanikli yapilari olarak sklerotlarina rastlanilmistir. Phytophthora sp.
ise beyaz renkte, pamuksu yapida koloniler olusturmus ve ovoid, kiiresel, limon veya ellipsoid sekilli
sporangiumlar olusturmustur. Dactylonectria sp. PDA'da koloni merkezi bol miktarda hava hifler ve
bal renginde oldukca dizenli bir gelisme gostermis ve 2-3-bdlmeli eliptik konidiler meydana
getirmistir. Diaporthe sp. PDA'da beyaz ila agik kahverengi miselyum olusturur ve yasla birlikte koyu
kahverengi hale gelir. Ayrica, koloni kenarlar1 yasla birlikte siyaha doniisen belirgin biiyiime halkalari
olusturmaktadir. Diaporthe phomopsis sp.’nin eseyli iireme evresidir. Alfa (hiyalin, elipsoidal ve tek
hiicreli) ve beta (hiyalin, filiform ve hafif kavisli) konidiler gozlenmistir. Phoma sp PDA’da koloniler
renksiz hafif havai hifler olusturmaktadir. Piknitler konsantrik halkalar seklinde koloniler iizerinde
gelismektedir. Konidiler 1 hiicreli seffaf ve elipsoid sekillidir. Funguslarin morfo-kiiltiirel bulgular
degerlendirildiginde; farkli konukgulardan elde edilen hastalik etmenlerinin dagilimi, Ceratobasidium
sp (12), Fusarium (8), Macrophomina (14), Rhizoctonia (13), Phytophthora (4) ve Dactylonectria (10)
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olarak saptanmistir. Bununla birlikte geriye kalan 20 fungal izolat Phoma, Pestalotiopsis, Diaporthe,
Didymella, Neopestalotiopsis funguslari arasinda dagilim gostermistir (Cizelge 2).

Cizelge 2. Peyzaj bitkilerinin iretim alanlarindan elde edilen toprak kokenli fungal izolatlarin konukgu
tirlerine gore dagilimi (adet)

Z':jln uretim Konukgu Ceratobasidium  Fusarium  Macrophomina  Rhizoctonia  Phytophthora  Dactylonectra  Diger*
HMKU Kegiboynuzu 3 2 3
Simsir 3 1 1
Sogiit 1 1
Lavanta 1 1
Hatay Lavanta 2 2 3
Mavi servi 3 2
Kara Servi 3 3
Gaziantep Zakkum 1 1 1 5
Yalanci 1 1 1
Servi
Gl 1 1 2
Osmaniye Siis Nar1 2
Biberiye 1 2 2 1
Kriptomarya 1 2
Kara Servi 2
Zakkum 1 1 2 3
Ozel fidanhk ~ Mavi servi 1 1 2 2
isletmesi Limoni servi 1 1 2 1
TOPLAM 12 8 14 13 4 10 20

* Phoma, Pestalotiopsis, Diaporthe, Didymella, Neopestalotiopsis

Molekiiler galismalar kapsaminda yapilan fungal DNA izolasyonlart sonucunda 20-30 ng/pl
arasinda degisen miktarlarda fungal genomik DNA izole edilmistir. Bu genomik DNA’lardan ITS
(Internal Transcribed Spacer) evrensel primer ¢ifti kullanilarak yapilan PCR amplifikasyon ¢alismalari
ile ortalama 450- 550 bp biyiikliigiinde bantlar elde edilmistir. Farkli fungal izolatlar, BLAST
programi sonunda eslesme gosteren izolatlarla arasinda %98-100 arasinda degisen bir niikleotid
benzerlik orami gozlenmistir. Ayrica, NCBI Gen bankasinda depolanarak bu izolatlar i¢in erigim
numaralart alimmistir (Cizelge 3).

Cizelge 3. Farkli konukgu bitki tiirlerini temsilen segilen fungal izolatlarin, ITS genomik bolgesine
gore yapilan dizi analizlerinin sonucu ve alinan GenBankasi Erisim Numaralari

Konukgu bitki tirleri Fungal Tarler Izolat kodu NCBI Erisim numaralar1
Kegiboynuzu Ceratobasidium sp CR1c MT239571
Ceratobasidium sp. CC2c MT239568
Simsir Fusarium solani BR7c MT240485
Sogiit Ceratobasidium sp WC9c MT239569
Macrophomina phaseolina WM10c MT249230
Lavanta Phytophthora pseudocryptogea LP15d MT240489
Rhizoctonia solani LR16d MT242548
Mavi Servi Dactylonectria macrodidyma CcD10d MT240538
Neopestalotiopsis clavispora CN11d MT240541
Kriptomarya (japon gami) Diaporthe eucalyptorum CD9b MT240638
Zakkum Phoma multirostrata OP14b MT242552
Didymella americana OD15b MT240638
Kara Servi Pestalotiopsis clavispora CPé6d MT240540
Dactylonectra toresesis CD7d MT240539
Gl Rhizoctonia solani RR5 MT242549
Siis nar1 Ceratobasidium sp PC4c MT239570

Molekiiler ¢aligmalar sonucunda, keg¢iboynuzu bitkisinden Ceratobasidium sp, simgirden
Fusarium solani, sogiit fidanindan Ceratobasidium sp ve Macrophomina phaseolina, lavantadan
Phytophthora pseudocryptogea ve Rhizoctonia solani, Kriptomarya (japon ¢ami) fidanindan
Diaporthe eucalyptorum, zakkumdan Phoma multirostrata ve Didymella americana, giil fidanlarindan
Rhizoctonia solani ve servi gesitlerinden Dactylonectria macrodidyma, Neopestalotiopsis clavispora,
Dactylonectra toresesis seklinde 11 farkli cins ve tiire ait funguslar elde edilmistir.
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4. Tartisma ve Sonug¢

Dogal ormanlik alanlarda ve yerli veya yabanci kdkenli tiirlerin olusturdugu plantasyonlarinda
bulunan agagclar, fungal ve diger mikrobiyal patojenler yoninden giderek daha fazla tehdit altinda
bulunmaktadir (Wingfield ve ark., 2015; Crous ve Wingfield, 2018). Tipik olarak, orman patolojisi
disiplini, bu konuya odaklanmaktadir (Crous ve Wingfield, 2018). Bu galisma, HMKU kampiis
fidanlig1, Hatay-Serinyol, Osmaniye ve Gaziantep illerindeki orman fidanlik sefliklerinde sérveylerde
peyzaj bitkilerinin fidanlarinda kuruma sorunu olusturan toprak kékenli kok, kok bogazi ve solgunluk
hastalik etmenlerini morfo-kultirel ve molekiiler olarak tamilamak amaci ile yapilmistir. Peyzaj
fidanlarinda, Macrophomina phaseolina, Macrophomina phaseolina, Fusarium solani,
Ceratobasidium sp. ve Rhizoctonia solani gibi toprak kaynakli patojen funguslar tespit edilmistir.
Daha 6nce yurutmiis oldugumuz bir ¢alismada (Kurt ve ark., 2016), limoni servi fidanlarinda
kurumalara sebep olarak llyonectria radicicola, Macrophomina phaseolina, Fusarium oxysporum gibi
toprak kokenli fungal hastalik etmenleri belirlenmistir. Bu bulgular, limoni servi basta olmak iizere
diger fidanlarda elde edilen patojen funguslarla biiyiikk oranda uyumlu goriilmektedir. Ayrica,
Gurcistan’da agaglar, ¢alilar ve ¢igeklerden olusan peyzaj alanlarindaki bitkilerde kok clirtikligi
hastaligi, en fazla zarara yol acan hastaliklardan birisi olarak degerlendirilmistir. Bununla birlikte
caligmamizda elde edilen verileri destekler nitelikte kdk ¢iliriimesine neden olan en yaygin patojenler
olarak, toprak kaynakli funguslar Pythium, Phytophthora ve Rhizoctonia olarak tammlanmustir
(Martinez ve Woodward, 2015). Ote yandan Antalya ve Isparta‘da karanfil yetistirilen seralarda sorun
olan kok-kokbogazi hastaliklarina, Pythium sp., Rhizoctonia sp., Fusarium sp., Macrophomina sp.
funguslarmin yaygin oldugu saptanmistir (Aric1 ve Kazaz, 2013; Atakan ve Ozgonen Ozkaya, 2018).
Bu veriler, ¢alismamizda farkli konukgulardan elde edilen Rhizoctonia sp., Fusarium sp. ve
Macrophomina sp. gibi patojenler yoniinden benzerlik gostermistir.

Calismamizda tespit edilen toprak kaynakli bitki patojeni fungal tiirlerin, ortaya c¢ikisinda
gozlenen agir toprak kosullari, yagisin diizensiz ve asirt olmasi, fidanliklardaki dikim topraginin
hastalik etmenleri ile bulasik olmasi ve sulama suyunun bu patojenlerle kontamine olmasi gibi
sebepler hastaliktan kaynaklanan kayiplarn arttirdign gdzlenmistir. Ote yandan konukgu bitki tiir ve
cesitlerinin bu patojenlere kars1 duyarliliklarinin fazla olmasindan kaynaklanan hastalik seviyeleri, bu
hastaliklarin kontroliinu gli¢ hale getirmektedir. Nitekim, son yillarda kiiresel 1sinmanin, ekstrem hava
kosullarinin sikligiin artmasina neden oldugu, kok ile iliskili funguslarin karasal biyojeokimyasal
dongii stireglerinde 6nemli roller oynadigi, ancak ekstrem hava kosullarindan etkilenme bigcimlerinin
belirsiz oldugu, ¢alisma sonucunda asir1 yagis olaylarinin toprak sistemi (izerinde 6nemli olabilecegi
vurgulanmaktadir (Barnes ve ark., 2018).

Elde edilen tiim bu sonuglardan anlasilacagi gibi bilinen toprak kdkenli patojen funguslar ve
baz1 oomiset organizmalar diginda yeni patojen tiirlerin tespit edilmesi, miicadeleye dénik énemli ve
acil 6nlemlerin alinmasin1 gerekli kilmaktadir. En yaygin goriilen fungal ve oomiset tiirleri esas alarak
planlanacak entegre hastalik yonetim stratejileri ile, ileri asamalarda peyzaj plantasyonlar1 ve farkli
ekosistemlerde hastaliklarin Onlenemez boyutlara ulagsmasinin Oniine gegilmis olacaktir. Fidan
sagligin1 gozeterek fidanliklarda her tiirlii miicadele yontemlerinin bir arada etkili ve siirdiiriilebilir
sekilde uygulanmasi, peyzaj sahalarinin korunmasinda 6nemli bir yer tutacaktir. Kiiltiirel, fiziksel,
biyolojik ve kimyasal savas yontemleri ile yliriitillecek kontrol stratejileri, peyzaj sagligimin da
gelecegini giivence altina alacaktir.
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Abstract: Climate change effect on agricultural productivity is very glaring.
There is an advocacy for arable crops farmers to take advantage of the Nigeria
meteorological services (NIMET) as part of adaptation strategies against climate
change. Having an insight into the constraints to access and utilization agro-
meteorological services is worthwhile for agricultural extension programme
planning. This study evaluated assessed the constraint to access and utilization of
agro-meteorological service among arable crop farmers in Delta State Nigeria.
The agro-meteorological services that were most made available to them ranged
from daily weather forecast to seasonal weather condition. The farmers mostly
accessed and utilized daily weather forecast, seasonal rainfall prediction,
information on crop stages performance and general weather condition. However,
untimely release and transmission of the needed information was the major
constraint to utilization of agro-meteorological services. The farmers’
socioeconomic attributes such as level of formal education, household size, farm
size, extension contact and membership of farmers’ association influenced the
utilization of agro-meteorological services. It is concluded that the level of access
to and utilization of agro-meteorological services is low as a result of the
constraints experienced by the farmers. It was recommended that agro-
meteorological services information need to be disseminated timely and the
information be simplified before dissemination to farmers.
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Oz: iklim degisikliginin tarimsal verimlilik iizerindeki etkisi ¢ok dikkat
cekicidir. Ekilebilir mahsulgiftcilerinin, iklim degisikligine karst uyum
stratejilerinin bir pargasi olarak Nijerya meteoroloji hizmetlerinden (NIMET)
yararlanmalar1 savunuculmaktadir. Tarimsal meteoroloji hizmetlerine erisim ve
kullanim kisitlamalarina iligkin bir kavrayisa sahip olmak, tarimsal yayim
programi planlamasi i¢in faydalidir. Bu c¢alisma, Delta Eyaleti Nijerya'daki
ekilebilir mahsul ¢iftcileri arasinda agro-meteoroloji hizmetine erigim ve
kullanim kisitlamasini degerlendirmistir. En ¢ok kendilerine sunulan agro-
meteorolojik hizmetler, ginlik hava durumu tahmini ile mevsimsel hava
durumu arasinda degismektedir. Ciftciler gogunlukla giinliik hava tahminlerine,
mevsimsel yagig tahminlerine, {iriin asamalarinin performansina ve genel hava
durumuna iligkin bilgilere erigmekte ve bunlar1 kullanmaktadir. Bununla
birlikte, ihtiyag duyulan bilginin zamansiz bir sekilde yayinlanmasi ve
iletilmesi, tarimsal meteoroloji hizmetlerinin kullaniminin 6nundeki en buyik
engeli olusturmaktadir. Ciftgilerin resmi egitim seviyesi, hane biyiiklugii, ¢iftlik

150


https://orcid.org/0000-0003-1395-8114
https://orcid.org/0000-0002-0348-6224

YYU JAGR SCI 31 (1): 150-161
OfuokuandObiazi/ Constraints to Access and Utilization of Meteorological Services in Delta State, Nigeria

biiyiikliigli, tarimsal yaymim temast ve giftgiler birligine iyeligi gibi
sosyoekonomik  Ozellikleri, agro-meteorolojik  hizmetlerin ~ kullanimini
etkilemektedir. Ciftgilerin yasadigi kisitlamalar nedeniyle tarimsal meteorolojik
hizmetlere erisim ve kullanim seviyesinin diisiik oldugu sonucuna varilmstir.
Tarimsal meteoroloji hizmetleri bilgilerinin zamaninda dagitilmas: ve bilginin
ciftcilere dagitilmadan dnce basitlestirilmesi 6nerilmektedir.

1.Introduction

The contribution of agriculture to the Gross National Product (GDP) of Nigeria cannot be over
emphasized. Most of the rural dwellers are engaged in agricultural livelihood activities. Agricultural
production depends on climatic factors apart from other factors. This implies that minor negative
changes in climate are capable of prompting damaging socioeconomic outcomes of agricultural
activities. Thomas and Sanyaolu (2017) suggest that the fourth assessment report for Africa by
intergovernmental panel on climate change (IPCC) indicates that the warming trend is faster than the
global average and increasing rate of arid land formation in many countries. IPCC (2007) suggests that
climate change impacts a catalogue of stresses on the social, biophysical and institutional
environments that control agricultural production.

Effect of climate change on agriculture is highly pronounced through the accompanying result
on the socioeconomic and environment related aspects of rural dwellers’ lives, as they are primarily
engaged in agricultural activities for their livelihood. Thomas and Sanyaolu (2017) describe the
Biophysical impacts as including physiological effects on livestock and crops, change in water, soil
and land resources, rise in sea level and transformations in salinity of the various ranges. The
socioeconomic impacts have consequences of reducing the marginal GDP from agriculture, promoting
world market price fluctuation, encouraging shifts in trade regime, alter geographical distribution,
increase population of the vulnerable who are at hunger and food insecurity risk, civil unrest and
migration (Thomas and Sanyaolu, 2017). While supporting this assertion van der Zaag (2010) states
that yields of grains became stagnant in African countries as a result of temporal variation and
inconsistency in the pattern of rainfall which was experienced in 2012, that also witnessed the flooding
of cassava, maize, yam and rice farms in Delta, Edo, Oyo and Adamawa States. The results are that the
progressively increasing severity and frequency of droughts are most likely to give rise to crop failure,
forced sales of livestock, high and appreciating cost of food, impoverishment, de-capitalisation and
eventually, famine (Thomas and Sanyaolu (2017). These are some of the challenges of farmers that
agricultural extension functions to obliterate and guide the farmers to raise their standard of life.

Nigeria currently experiences adverse climate conditions resulting to unpalatable effects on the
well-being of a bulk of the population of farmers. Cropping seasons have been altered by off-season
rainfalls, persisting draught, flood and long dry spells. This development attracted the attention of
Agricultural Development and Rural Development Agency (the public agricultural and rural extension
agency). This informed the Delta Agricultural and Rural Development Agency to organize workshops
for farmers and most of the ones held in the last three years dwelt on access and utilization of weather
reports (Thomas and Sanyolu, 2017). Most of the farmers always receive agro-meteorological
information through extension agents, and extension messages over the radio, farmers’ associations,
other farmers and friends, and on television. One of the adaptation strategies to climate change
advocated by the Delta Agricultural and Rural Development Agency (DARDA) is the utilization of the
services of Nigeria Meteorological Agency (NIMET). NIMET was established among other
stakeholders, to serve and guide agricultural activities. The major purpose includes provision of
weather, climate and precipitation information. It has the mandates of ensuring international best
standard practices maintenance in every area which includes promotion of services needed in
agricultural practices, prediction of early season weather storm, prediction of rainfall, prediction of
direction of wind and sensitisation of farmers on the warnings of uncontrollable weather conditions
(Thomas and Sanyaolu, 2017).

Rogers’ diffusion of innovation theory is of the assumption that four factors including the
innovation or information or idea; channel of communication; the social system and time determine
the rate of diffusion. Access to and utilization of innovations, ideas and information depend on these
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elements. A little problem in one or more of these factors can mar farmers’ access to and utilization of
such information, ideas and technologies. The constraint to access and utilize of meteorological
service may be prompted by one or more of these elements of diffusion. In another development,
Rogers (1975) protection motivation theory (PMT) proposes a process of coping appraisal, whereby
behavioural alternatives to reduce or obliterate threat are evaluated. The theory proposes that an
individual’s intention to protect him or herself rests on four variables. These variables include the
severity of the threatened event (for example loss of agricultural investment); perceived vulnerability
of individuals to effects of climate change; the efficacy of recommended prevention behaviour
(adoption of climate change adaptation strategies) and perceived self-efficacy. These variables are
expected to motivate the farmers to seek to access and utilize meteorological services knowing that
being armed with the information from these services will protect him against the threat of climate
change effects. This will propel the farmers to want to access and utilize such climate services.
Attempts were made to mainstream climate services through sectoral development strategies to ensure
improvement in adaptive capacities of farmers (Naab and Ahmed, 2019). This is important as
according to Naab and Ahmed (2019), mainstreaming climate services needs to be at the fore front of
ensuring a resilient agricultural base.

Various scholars in their studies already convinced the world on the effects of climate change
on various arable crops. Onyegbula (2015) is the chronicler of rice farmers’ strategies for adaptation to
climate change in Nigeria, while Tella (2016) studied and conducted analysis on livelihood and coping
mechanisms to climate change among rural women in North-eastern region of Nigeria; Ofuoku et al.
(2011) studied the adaptation to climate change in Edo State and found that the most important
constraint to climate change adaptation is lack of access to meteorological information- weather
forecast. The public agricultural extension agency (DARDA), as a one of the strategies for adaptation
to climate change, encourages farmers to utilize weather/ climate information from NIMET. It is the
expectation of the extension agency that these farmers took advantage of NIMET’s agro-
meteorological information. However, Ofuoku (2017) found that most arable crop farmers either could
not access or experience difficulty accessing agro-meteorological information. These farmers incurred
some crop losses as a result of lack of access to climate change- related information (Adejuwon,
2004). Arising from the afore mentioned findings, this study was articulated to identify the constraint
to access and utilisation of agro-meteorological information.

1.2. Objectives of the study

This study was articulated to identify the constraints to access and utilization of
meteorological services among arable crop farmers in Delta State, Nigeria.

1.3. Hypothesis

Hoi:  The socioeconomic attributes of farmers do not significantly influence their level of utilization
of meteorological services.

2. Material and Methods
2.1. Study area

The study was conducted in Delta State, Nigeria. The state is located in the co-ordinate of
longitudes 5°00and 6°45 East of the Greenwich Meridian and latitudes 5°00 and 6°30 north of the
Equator. It is under mangrove, swamp, freshwater and rainforests and derived savannah vegetative
cover. It is demarcated into three agricultural zones, namely Delta South, Delta North and Delta
Central Agricultural zones by the then Delta State Agricultural Development programme (DTADP)
(Ofuoku and Ekorhi-Robinson 2018; Ofuoku et al., 2019; Ofuoku, 2019).

Delta State has a tropical climate with annual precipitation of about 300cm and temperature
range between 26°C and 32°C and it is characterized by rainy season which lasts from late March to
October and a dry season from November to Mid-March (NIMET, 2012). The climate conditions of
the state favours the production of arable and tree crops such as maize, cassava, yam, plantain, cocoa,
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oil palm, rubber, among others. There has been frequent variability of weather which were manifested
as continual increase in temperature, humidity, cloud cover and precipitation. This is contained in the
report of MIMET (2016) in which Delta State was mentioned as one of the eleven states of Nigeria
that is susceptible to flooding as a consequence of meteorological reportage in which an increased rate
of rainfall in the States was predicted.

2.2. Population and sampling method

All arable crop farmers and NIMET zonal director in Delta State constitute the study
population. Multistage sampling procedure was used to select the respondents for this study. The 25
local government (LGAS) which constitute the state were stratified into Delta North, Delta Central and
Delta South Agricultural zones. At the first stage, simple random sampling method was used to select
Ukwuani, Ethiope West and Patani LGAs from Delta North, Delta Central and Delta South
Agricultural zones respectively. The list of arable crop farmers was accessed from the DARDA offices
in the selected LGAs and 10% of the population was selected randomly to have a sample size of 220
farming. The 3 zonal directors in the agricultural zones were also selected.

2.3. Data collection

Quantitative data used for the study were collected from the farmers using interview schedule
and questionnaire. While quantitative data were collected through interview with the 3 NIMET zonal
directors. Two hundred and twenty (220) copies of interview schedule and questionnaire were
administered; however, 212 copies could be retrieved and were used for this study. The instruments
for data collection asked question relating to the socioeconomic characteristics of the farmers;
available meteorological services; access to these services; level of utilization of the services; and
constraints to access and utilization of agrometeorological services.

2.4. Data analysis

Obijectives iii,and iii were achieved by the use of frequency counts and percentages.
Obijectives iv and v were met with the application of means derived from 4-point likert-type scale.
Hypothesis 1 was tested with the using a probit regression model as shown below

2.4.1. Analytical framework for estimating the determinants of utilization of meteorological
services

The utilization of meteorological service by farmers was modelled as a climate change
adaptation decision-making process which takes root in the utility maximization theory (Klair and
Richardson, 1998), where a farmer utilizes the available meteorological services only when the utility
obtained from adopting the service information is greater than the utility he expects to obtain from not
utilizing it. As a Consequence, this decision takes a binary form which involve two mutually exclusive
alternatives. The farmer either utilizes the meteorological services or does not. This results to a binary
dependent variable, Yi, which takes on the values of O if he/she does not utilize the meteorological
services accessed and 1 if the meteorological services are utilized. Hence, to observe a value of 1 is
going to result in the probability,

Pr= (Yi = 1/Xi/;i) =] - F(—xi [;i) (1)
and that for observing 0 is given by,
Pr = (Yi = 0/i i) = F(—xi i) @)

where F is a continuous and strictly increasing cumulative distribution function, which takes a real
value and returns a value which ranges from 0 to 1.
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Consequently, the parameters captured in the models in Equations. (1) and (2) are achieved by
using the maximum likelihood estimation approach. The dependent variable is an unobserved
covert variable that has relationship with Yi as
Yi = 4Xji + i (3)
where 4i is a arbitrary disturbance term.
The observed dependent variable is determined by whether the predicted Yi* is greater than 1 or
otherwise:
Yi=1if Yi>0and Yi=0if Yi*<0 4)

where Y;" is the threshold value for Yi and it is assumed to be a normal distribution.

Taking cue from Madala (2005), the probit model that was adopted for this study is specified as
follows:

Pi = P(Yi* < Yi) = Pi = P(Yi* < 40 + 3X;)(5)

where Pi is the probability that an individual farmer is going to make a certain choice (to utilize the
meteorological service received or not) and Yi is the dependent variable.

2.4.1.1. The empirical model

The empirical model is explicitly specified as:

5 3 5
Pri(lusei = 1) = ao + Y aHjHii + Y XX+ Y al jlji  (6)
=1 =1 =1

where Hj,i is a set of covariates that stand for the characteristics of the sampled household heads and
their respective socioeconomic situations; Xj,i represents farm-level factors; lj,i represents the set of
institutional covariates of the arable crop farmers.

Y = Utilization (utilized=1, otherwise=0);

X1 = age (years);

X3 = Sex (male = 1, Female =0);

X4 = Marital status (married = 1 otherwise = 0);

Xs = level of formal education (number of years of schooling);

Xs = Household size (number of persons);

X7 = farm size (hectares);

Xg= Extension contact (humber of times);

X9 = Membership of farmers’ association (yes = 1, no = 0)

3. Results
3.1. Available Agro-meteorological services

The major services made available to the farmers by NIMET included (75.94%); seasonal
rainfall prediction (75.94%); information on general weather situation (61.79%) and information on
crop performance stages (57.08%) (Table 1). With respect to daily weather forecast, 49.53% opined
that such information get to them. Sensitization and training workshop on climate change were
organized by NIMET as affirmed by 41.04% of them. Some (41.04%) of them also affirmed that
NIMET gave them prediction of potential flood. Information on soil moisture indices were also made
available to them by NIMET as asserted by 34.91% of them. Many (42.92%) opined that early
information on warming and preparedness strategy was also given to them.

Table 1. Available agro-meteorological services
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Agro-Meteorological Services Frequency Percentage(%)
Wind direction 155 25.94
Daily weather forecast 105 49.53
Seasonal rainfall prediction 161 75.94
Indices of soil moisture 74 34.91
Crop performance stages information 121 57.08
General weather situation 131 61.79
Sensitization and training workshop on climate change 87 41.04
Prediction of potential flood 87 41.04
Climate field school 36 16.98
Early warning information and preparedness strategy 91 42.92

There were multiple responses.

Overall availability of agro-meteorological services was poor as (32.08%) of the farmers suggested
that prediction of drought was also disseminated. The level of transmission of wind direction
information to them was poor as only 25.94% of the farmers indicated that such was transmitted. Very
few (16.98%) of them were of the opinion that climate field school was organized for them. This is
adjuged to be below expectation. Similar trend was found by Naab and Ahmed (1019) in Ghana and
by Thomas and Sanyaolu (2017) in Oyo State, Nigeria.

3.2. Communication channels employed in carriage of agro-meteorological services to farmers

There is an indication in Table 2 that slightly more than half (57.23%) of the arable crop
farmers always received agro-meteorological messages information from extension officers of Delta
Agricultural and Rural Development Agency (DARDA). Slightly more than half (55.0%) of them also
accessed agro-meteorological information through radio always. A little less than half (46.23%) relied
on other farmers and friends to access agro-meteorological information always. Some (40.0%) of them
accessed information through television always. Similar channels were used in Ghana to render
meteorological services to farmers (Naab and Ahmed, 2019). Thomas and Sanyaolu (2017) also found
that same channels were used in Oyo state, Nigeria.

Table 2. Communication channel of rendition of agro-meteorological services

Channels Always(%) Occasionally (%) Used(%)
Extension agents (DARDA)  57.23 5.03 37.74
Association 47.23 15.03 37.74
Other farmers/friends 46.23 36.32 17.45
Radio 55.0 26.30 18.70
Television 40.0 52.30 7.70
Newspaper 15.80 32.70 51.50
Internet 6.91 13.53 79.56

There were multiple responses
3.3. Arable crop farmers’ accessibility to agro-meteorological services

Over half (52.83%) had daily access weather forecast; half of them (50.0%) could access
prediction on seasonal rainfall (Table 3). Half (50.0%) of them were able to access crop performance
stages information, 51.89% had access to general weather condition. Few (21.70%) affirmed that they
had opportunity to attend sensitization and training workshop on climate change, while 2.28%
accessed prediction on potential flood vary few (16.04%) claimed that they received early warning
messages and information on preparedness strategy. While 14.62% accessed prediction on drought.
Very few (15.09%) received information on soil moisture indices and 10.38% attended climate field
school as 9.91% received information on mind direction. Stone and Meinke (2006) suggest that arable
crop farmers accessed daily weather forecast, seasonal rainfall prediction, and general weather
conditions more than the other services. However Thomas and Sanyaolu (2017) found a similar trend
among farmers in Oyo State, Nigeria.
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Table 3. Accessibility of farmers to agro-meteorological services

Frequency Percentage(%)

Daily weather forecast 112 52.83
Seasonal rainfall prediction 106 50.0

Wind direction 21 9.91

Information on crop stages performance 106 50.0

General weather condition 110 51.89
Soil moisture indices 32 15.09
Prediction of drought 31 14.62
Prediction on potential flood 43 20.28
Sensitization and training workshops on climate change 46 21.80
Early warning messages and preparedness strategy 34 16.04
Climate field school 22 10.38

3.4. Utilization of agro-meteorological services

Most (mean = 2.61) of the arable crop farmers utilized meteorological information on daily
weather forecast (Table 4), many of their utilized information on seasonal rainfall prediction (mean =
2.50) and information on crop stages performance (mean = 2.50). Likewise, many of them used
information on general weather condition (mean= 2.53). Their usages of wind direction (mean = 0.81),
soil moisture indices (mean = 1.11), prediction on drought (mean = 1.09), prediction on potential flood
(mean = 2.06), sensitization and training workshop on climate change (mean = 2.06), sensitization and
training workshop on climate change (mean =2.08) early warning messages and preparedness strategy
(mean = 2.10) and climate field school (mean = 1.83) were less. The utilization index was 0.48,
implying that over all 48% of the farmers utilized the information on agro-meteorological services.
Thus performance is below expectation. This affirms Tarchiani et al’s (2018) findings that
smallholder farmers in West Africa use similar meteorological services.

Table 4: utilization of agro-meteorological services

Agro-meteorological services Mean SD Rank
Daily weather forecast 2.61 0.75 1
Seasonal rainfall prediction 2.50 0.69 3rd
Wind direction 0.8 0.43 11t
Information on crop stages performance 2.50 0.75 3rd
General weather condition 2.53 0.68 2nd
Soil moisture indices 1.11 0.62 oth
Prediction of drought 1.09 0.68 10t
Prediction on potential flood 2.06 0.61 7th
Sensitization and training workshops on climate change 2.08 0.52 6t
Early warning messages and preparedness strategy 2.10 0.71 5t
Climate field school 1.83 0.67 gh
Cut-off mean = 2.50 Total mean = 21.22.

Grand mean score of utilization = 1.93.
Utilization index = 0.48.

3.5. Constraints to access and utilization of agro-meteorological services
The major constraint to utilization of agro-meteorological services the arable crop farmers
contended with was untimely release and transmission of information (Table 5). Though the other

constraints were there they were not regarded as being important or serious constraints. This finding is
in consonance with that of Thomas and Sanyaolu (2017).
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Table 5. Constraint to access and utilization of agro-ecological services

Constraint Mean SD Rank
Dearth of accurate agro-meteorological information 2.09 0.86 5t
Too technical to apply 2.26 0.63 2nd
Irrelevant information 1.61 0.45 gt
High cost of access to information 2.22 0.51 4t
Information untimely 2.57 0.83 18
Lack of interest access 2.25 0.64 3rd
Time consuming nature of service usage 1.82 0.22 6
Lack of formal education 1.78 0.31 7t

3.6. Influence of socioeconomic attributes on utilization of agro-meteorological services

Table 6 indicates the probit result of the influence of socioeconomic attributes on selected
meteorological services. (Table6). The results show that the socioeconomic attributes considered had
varying influence on the utilization of the selected meteorological services. The utilization of one
meteorological service, prediction of potential flood was influenced by gender and was significant at
5%. The magnitude of the influence was 18.33. This implies that male farmers were more disposed to
utilization of prediction on potential floods. Formal education had significant influence on utilization
of the selected meteorological services at varying degrees and levels of significance — daily weather
forecast was influenced by education at the magnitude of 31.91 (1% level); seasonal rainfall, 25.08
(5% level); general weather situation, 02.25 (5% level); and prediction of potential flood 18.33 (5%
level). That the magnitude of the influence of education on daily weather forecast is highest is
attributed to the fact that the more formally educated farmers tend to listen more on daily basis for
such information because of the value they placed on such information. Marital status likewise had
significant influence on the four selected meteorological services all at 5% level, but at varying
magnitudes. The magnitude of the influence on daily weather forecast was -34.94; seasonal rainfall
prediction was -32.95; general weather condition was -05.81; and on prediction of potential flood was
-0.0728. the magnitude of the influence was highest on utilization of general weather condition. The
negative sign borne by the coefficients indicate that singles had more time to utilize the services than
the married arable crop farmers. Household size had significant influence on utilization of general
weather condition at 5% level and the degree of the influence was 01.50. It implies that farmers with
large household sizes were more disposed to utilizing this service.

Farm size had significant influence on daily weather forecast at 10% level and the degree of
influence was 03.17. Though the influence is a weak one, implying that farm size was not very
important consideration in farmers’ decision to utilize daily weather forecast.

Table 6. Probit estimates of the influence of selected socioeconomic attributes on meteorological
service utilization among arable crop farmers

Variables Types of information utilization among rice farmers

Daily weather Seasonal rainfall General weather Prediction of

forecast Prediction situation potential flood

ME SE ME SE ME SE ME SE
Age 0.0268 0.0274 0.0304 0.0256 0.0210 0.0266 0.0245 1.0255
Age2 —0.0002  0.0002 —0.0002 0.0002 —0.0002 —0.0002 —0.0002 —0.0002
Gender — 0.0601 0.0966 1.0664 0.0754  0.0944 —0.0055 0.1084 0.1833** 0.105
Education 0.3191***  0.0771 0.2508**  0.0722 0.0225** 0.0109 0.0581** 0.0277
Marital status —0.3494**  0.1825 —0.3295**  0.1759 —0.0581**  0.0288 —0.0728**  0.0330
Household size 0.0071  0.0066 0.0006 0.0058 0.0150** 0.0072 0.0001 0.0050
farm size 0.0317*  0.0169 0.0144 0.0145 0.0158 0.0175 0.0311 0.0200
Extension contact 0.3350***  0.0169 0.3909***  0.0881 0.3763** 0.1018 0.2549** 0.1015
Membership 0.0004**  0.0002 0.2556  0.0827 0.0944 0.1002 —0.0855 0.1379
Experience 0.1756***  0.0589 0.0156**  0.006 0.0546***  0.0186 0.2999***  0.1085

Extension contact also had significant influence on utilization of daily weather forecast and
seasonal rainfall prediction at 1% level and with magnitudes of 33.50 and 39.09 respectively.
Extension contact also had significant influence on farmers’ decision utilize information on general
weather condition and prediction of potential flood all at 5% level and with magnitudes of 37.63 and
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25.49 respectively. Membership of farmers’ associations significantly influenced the farmers’ decision
to utilize daily weather forecast at 5% level. The magnitude of the influence was very weak, 0.04.
Farming experience had significant influence on the farmers’ decision to utilize all the meteorological
services at different levels. It influenced utilization of daily weather forecast, general weather
condition and prediction of potential flood at 1% level. The magnitudes of its influence were 17.56;
05.46 and 29.99 respectively. Experience in farming also influenced the farmers’ decision to utilize
seasonal rainfall prediction at 5% level, with a magnitude of 01.56. Past experience may have taught
the farmers to utilize the meteorological services. These findings confirms those of Thomas and
Sanyaolu (2017), Acheampong et al. (2017).

4. Discussion and Conclusion

The level of availability of agro-meteorological services to farmers was low. Though farmers
claimed to be knowledgeable about climate change, the level of information accessed from NIMET
agro-meteorological services was low. This assertion is in consonance with Roudier et al (2014) who
found that farmers in Nigeria have the awareness of climate change, which they found to be
manifesting in the dynamics in intensity of rainfall and distribution, increased temperature range and
decline in soil fertility.

Most of the farmers always received agro-meteorological information through extension
agents, radio, farmers’ associations, other farmers and friends, and television. The result is indicative
of the fact that extension agents of Delta Agricultural and Rural Development Agency largely
disseminated agro-meteorological information to farmers. This was mostly done through extension
agents meeting with farmers association Agbamu (2011) opine that as a consequence of the dearth of
extension agents, extension-farmers interaction mostly takes place in groups or farmers’ associations.
Frequent extension farmers interaction is therefore expected to enhance technical competence of
farmers in the agro-meteorological services need by them to adapt to climate change as confirmed by
Adebayo et al (2012), regular contact between extension agents and farmers could enhance technology
adoption. Radio has the widest coverage, out of all the electronic media of communication. This is
because radio forms the cheapest electronic set, hence very affordable to rural dwellers and it is
operated powered by batteries. This makes it very popular among rural dwellers who have irregular
electricity supply. Farmers and friends of the farmers trade ideas and experiences among themselves
when they meet. Adebayo and Adedoyin (2011) affirm that radio has the widest coverage as a medium
of mass communication and it is very popular because of the simplicity of its operation. Motha and
Stefanski (2006) assert that weather and climate information form data-rich products from diverse
government agencies that offer basic ongoing information to farmers, and farmers’ organizations
through agricultural extension and advisory services.

The results on accessibility to meteorological services are indicative of poor access to agro-
meteorological services among arable crop farmers. The implication is that arable crop farmers will
not be able to put up timely response and adaptation strategies needed to cope with the effects of
climate change. European commission (2009) IPCC 92012 suggest that this situation has adverse
implication for food security through decreasing yields of crops, that will consequently lead to
increased food price which will eventually push the population to alter production and consumption
patterns.

The utilization of agro-meteorological services fell below expectation. This implies that the
agro-meteorological services have not been fully used. The situation may have been prompted by the
challenges associated with their usage in relation to late or untimely transmission of the messages by
NIMET. Knowledge acquired can translate to functions alteration of operations only when it is
disseminated or shared timely to the users (Asenso-Okkyere and Davis, 2009). This level of usage of
these agro-meteorological services is not encouraging, considering the effect of climate change on
agricultural productivity. Untimely release and dissemination of information is the major constraints to
utilization of agro-meteorological services. Timeliness, of information, accessibility, adequacy and
effectiveness of climate change information are crucial to agricultural enterprise planning. They are
the hallmark of agriculture extension service delivery. This is more so when it is remembered that
agricultural activities are time-bound and competency based. In the presence of the afore mentioned
qualities, farmers will be guided better on the most appropriate or appropriate adaptation method or
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technique to use. Information relating to climate change is very crucial to climate change adaptation
(Anselm and Tafeeq, 2010; Ann et al, 2013). However, while considering the amount of weather and
climate information that are currently available for farmers, some kinds of information being
developed or already in operation, especially climate forecasting and formation may be not well suited
for use by farmers in their decision making process (Stone and Meinke,2006).

The socioeconomic attributes of the respondents positively influenced their level of utilization
of agro-meteorological service. The implication is that a unit increase in each of the variables has the
likelihood of leading to a unit increase in their level of utilization of agro-meteorological services. The
higher the level of formal education, the higher their level of agro-meteorological services will be.
Meaning that those with higher level of formal education modify one’s attitude towards innovations
(Salau et al, 2013). Formal education also contributes to comprehension of meteorological
information. Information becomes useless when not understood for application. Farmers with large
household sizes had the likelihood to put up a higher utilization attitude towards agro-meteorological
services. Similarly, farmers with large farm sizes would most likely utilize more of the meteorological
services. This implies that large sized farming households more often than not, have more labour that
are available for farming business, as larger sized farms will most likely seek information’s on
meteorological services, in order to reduce losses prompted by the effects of climate change to the
barest minimum. Idrisa et al. (2006) found that household size and farm size of arable crop farmers
influence their search for information. Farmers become intrinsically motivated when there is any
factor that will jeopardise their productive efforts. This is when they tend to behave according to the
assumptions of Rogers’ protection motivation theory.

Extension contact is another variable of that influence utilization of agro-meteorological
services. An increased frequent extension contact increase the farmers’ tendency to utilize the
information related to climate change adaptation. Increased extension contact has the consequence of
leading to increased usage of agro-meteorological services. This is congruent with a priori expectation.
This implies that frequent extension contacts increase the frequency of utilization of climate
information for mitigation of climate change. Most times farmers become motivated to respect the
opinion and advice of extension personnel, when they have frequent contacts with the farmers
(Thomas and Sanyaolu, 2017). With encouragement from extension agents, there is more likelihood of
utilizing meteorological services among the farmers.

Membership of farmers’ association increases the chance of frequent extension contact.
Frequent extension contact eventually leads to increased awareness and utilization of agro-
meteorological services. This has ripple positive effect on the farmers’ productivity. In such groups
farmers share experiences, information and ideas. These farmers’ groups or associations form a
clearing house for knowledge. Farmers’ group are most useful in situations where there is a poor ratio
of extension staff to farm families, like it is the current situation in Delta State.

Daily weather forecast, seasonal rainfall prediction, information on crop stages performance
and general weather condition were most available accessed and utilized agro-meteorological services.
However, the rate of use of the agro-meteorological services was poor, as a result of untimely
information delivered to the arable crop farmers by NIMET. The constraints to access and utilization
of meteorological services are not serious, however, these range from lack of accurate meteorological
information, complexity of meteorological information, irrelevant information dissemination, high
cost of access to information, untimely information dissemination, lack of interest on the part of the
farmers, time consuming nature of access to and utilization of the information to lack of reasonable
level of formal education.

Socioeconomic attributes of the arable crop farmers influenced their decision to utilize
meteorological services. These attributes include formal education, marital status, farm size, extension
contact, membership of farmers’ association and years of farming experience. The constraints to
access and utilization of meteorological services may be minor according to the responses of the
farmers, utilization of meteorological services remain poor and these constraints may be regarded as
being fundamental to access to and utilization of meteorological services to adapt to climate change
effects. In other words, the constraint of untimely dissemination of climate and weather information,
being the major constraints the farmers contended with, is responsible for the low level of access and
utilization of meteorological services. In light of the above, there is need to repeat this study in other
states in Nigeria and in West Africa.
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It is hence recommended that more advocacies to farmers to participate in agro-meteorological
services be carried out. Participation promotes involvement of local actors in farming and elicits
prompt monitoring activities which give assurance of timely dissemination of agro-meteorological
information to arable crop farmers. This calls for the review of the climate change adaptation
programme planning process.
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Oz: Bu caligmada akarsu kirliligine bagli olarak toprak kirliliginin yasandig1 ve
yasanmadigi mahallelerde ¢iftcilerin tarimsal {iretim yapma amaglarinin
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¢giftciye sekiz ama¢ sunulmus ve bu amaglar ikili karsilagtirmalar1 istenmistir.
Analiz sonucunda ciftcilere sunulan bu amaglar agirliklarma gore siralanmistir.
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ihtiyacinm karsilamak™ amacina yer vermektedirler. Daha sonra sirasiyla “Topragi
korumak”, “Maksimum kar saglamak”, “Borglar1 azaltmak”, “Baba meslegini
sirdiirmek”, “Isletmeyi biiyiitmek” ve “Isletmeyi gelecek nesle devretmek”
amaglar1 gelmektedir. Ciftciler tarimsal iiretim yaparken son olarak “Toplumun
gida ihtiyacim1 karsilamak” amacma yer vermektedirler. Analiz sonucunda
ciftcilerin tarimsal tiretim yapma amaclarimin agirliklarinin ortalamasinin birbirine
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Abstract: In this study, Fuzzy Pair-wise Comparison method was used to rank
farmers according to their weight for agricultural production goals in the villages
where soil pollution is experienced and not experienced due to river pollution.
Eight objectives were presented to 236 farmers in Kahramanmaras province for
comparing these objectives in pairs. As a result of the analysis, these goals
presented to farmers were listed according to their weight. The farmers in the
research region are first involved in the purpose of “meeting the needs of the
family” when making agricultural production. Then, respectively, “to protect the
land”, “to provide maximum profit”, “to reduce debts”, “to maintain the
profession of the father”, “to grow the business” and “to transfer the business to
the next generation” are the other goals. Finally, the last goal of farmers is
“meeting the food needs of society” while making agricultural production. As a
result, the fact that the average weight of farmers' agricultural production goals is
very close to each other indicating that farmers achieve more than one goal.
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1. Giris

Diinya niifusu siirekli artmakta ve bu niifusun sinirsiz olan ihtiyaclart kit kaynaklarla
karsilanmaya ¢alisiimaktadir. Insanoglunun en temel ihtiyaclarindan birisi beslenmedir. Toplumun bu
ihtiyacim1 giderebilmek diger bir ifadeyle toplam gida talebini karsilayabilmek igin tarimsal {iretimi
artirmak gerekmektedir.

Son yillarda tarimsal {iretimde dikkati ¢ceken dalgalanmalarin baslica sebepleri arasinda; girdi
maliyetlerindeki artig, dogal dengenin bozulmasi ile beraber hastalik ve zararlilarin artmasi, iiriin fiyat
istikrarsizlig1, piyasa kosullarindaki ani degismeler, olumsuz iklim kosullari, pazarlamada yasanan
glgclikler ve gevre kirliliginin tarima verdigi olumsuz etkiler sayilabilir.

Cevre kirliligi basta canlilarin yasam alanlarina zarar verebildigi gibi toprak, hava ve suya da
zarar vermektedir (Dogan ve Ikikat Tiimer, 2019). Su, yasam icin olduk¢a 6nemli, ikame edilemeyen
ve kit bir kaynaktir. Akarsu ve goller tatli su kaynagi olup yeryiiziindeki su miktarinin ¢ok kii¢tik bir
kismini olugturmaktadir. Artan niifus, kentlesme baskisi, tarimsal ve endiistriyel kullanimlarin yol
actig1 kirlilik, kiiresel iklim degisikligi gibi pek ¢ok sorun da kit bir kaynak olan suyu olumsuz yonde
etkileyerek her gecen giin kullanilabilir tatli su miktarinin azalmasina yol agmaktadir. Yeriistii su
kaynaklarimin stirdiiriilebilir bir bicimde kullanilmas1 ve korunmasi dogal dongiilerin devamliligi ve
canli yasami igin olduk¢a 6nemlidir (Senik, 2016).

Yeryiiziindeki kullanilabilir suyun en fazla kullanildig1 alanlardan biriside tarimsal iiretimdir.
Genellikle akarsulardan saglanan bu ihtiyag bitkisel tiretimde verim, Urlin ve toprak kalitesi, toprak
bilesenleri gibi bir¢cok alani etkileyebilmektedir.

Atik sular, kanalizasyon sulari, fabrika atiklari, ¢op, hava kirliligi, tarimsal iiretimde kullanilan
ilag ve giibre kalint1 ve atiklar1 akarsular kirleten baslica etmenler arasinda sayilmaktadir. Yer {istii su
kaynaklarinin temelini olusturan akarsular tarimsal sulamada kullanilan baslica kaynaklardandir.

Akarsularin kirliligi tarimsal {iretimi etkiledigi gibi tarimda kullanilan bazi kimyevi giibreler
ve ilaclar da yer alt1 suyunu kirletebilmektedir. Bunun yan1 sira yogun sanayi kuruluglarinin yasandig
bolgelerde hava kirliligi etkisini gostermektedir. Bu iki ana kirlilik, dolayl1 yollardan tarimsal {iretimin
yasandigi bolgelerde topragin kirlenmesine neden olmaktadir.

Uzun siiredir iiretim yapan ¢iftgilerin tarimsal iiretim yaparken belirledikleri amaglardan biride
topragi korumaktir. Ciftciler birden fazla ama¢ dogrultusunda iiretim yapmaya karar vermekte olup
kirlilik yasanan bolgelerde bu amaglar oncelik sirasina gore farklilik gosterebilmektedir.

Tarimsal tiretimin dogal sartlara bagli olmasi, belirli bir donem igerisinde iiretimin yapilmasi,
gerektiginde isgiicli bulamama, fiyat, pazarlama ve iiretimin topraga bagli olmasi gibi riskler tarimsal
iretimi etkilemektedir (Akgadz, 2001; ikikat Tiimer, 2004). Birgok ciftci tarimsal iiretim yaparken
iistlendigi dogal sosyal, ekonomik ve beseri risklerin varligini kabul ederek tarimsal tiretim kararini
verirler.

Tarimsal tiretim siirecinde ¢iftgiler, yasam standartlarin1  yiikseltebilmek igin Kkar
maksimizasyonu veya masraf minimizasyonunu, ailenin ihtiyacin1 karsilama, isletmeyi gelecek
nesillere devretme gibi birden fazla amaci géz onilinde bulundurarak nihai kararlarimi vermektedirler
(Van Kootenet al., 1986; Giinden ve Miran, 2007; ikikat Tiimer, 2011; Ikikat Tiimer, 2016).

Ciftcilerin tarimsal faaliyete yonelik amaclar1 genellikle ayni olmakla birlikte bu amaglarin
ozelligi ve Onem siras1 degismektedir (Gasson, 1973; Casebow, 1981; Gillmor, 1986). Ciftcilerin
amaglar1 goz 6nlinde bulunduruldugunda baglica riskler arasinda sayilan akarsu kirliligine bagli olarak
ortaya ¢ikan toprak kirliligi de bu amaglara ulasmay1 etkilemektedir.

Aksu Nehri ve kollar1 verimli tarim arazilerine ev sahipligi yapmaktadir. Ciftciler ¢esitli
amaclar dogrultusunda iiretim yaparken Aksu Nehrinin kirliligine bagli olarak meydana gelen toprak
kirliliginden de etkilenmektedir. Su ve hava kirliligi ile birlikte toprak kirligi de tarimsal iiretimi
olumsuz yonde etkilemektedir. Bu nedenlerle ¢iftgiler, ailelerinin temel ihtiyacini karsilayacak iiriin ve
gelir elde edememekten endise duymaktadirlar. Bu ¢aligmanin amaci, akarsu kirliligine bagli olarak
toprak kirliliginin yasandigi ve yasanmadigi isletmelerde ¢iftgilerin tarimsal iiretim yapma amaglarinin
agirliklarina gore siralanmasi ve bu amaglara etki eden faktorlerin ortaya konulmasidir.
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2. Materyal ve Yontem

Kartalkaya Barajindan baslayan ve Sir Barajina kadar Aksu Nehrinin gectigi Pazarcik,
Kahramanmaras Merkez ve Tiirkoglu ilceleri arastirma kapsamia almmustir. Bu ilgelerde DSI 201.
Sube Miidiirligii, Aksu Nehri Sag ve Sol Sahil Sulama Birliklerinde bulunan teknik personelin
gorisleri alinarak Aksu Nehri ve onu besleyen Karagay ve Erkenez ¢ayindan faydalanarak tarimsal
Uretim yapan mahalleler belirlenmistir. Isletme biiyiikliikleri ve isletme sayilari ile birlikte maddi
imkanlar ve zaman faktéri de g6z oOnlnde bulundurularak isletme sayisi 25'ten biiyiik olan
mahallelerdikkate alinarak anket yapilacak mahalleler se¢ilmistir.

Anket yapilacak &rnek sayist Oransal Ornekleme Yontemi (Newbold, 1995) ile
hesaplanmustir.

. N*p*(1-p) o 1912*0.5*0.5 N
(N-D*op+p*(1-p)  1911*0.000924+0.5*0.5

236

Formilde; n:Ornek biiyiikliigii, N:Popiilasyondaki isletme sayisi, 6%: Oranin varyansi, t:
Ortalamadan sapma (%5), Zu2: z cetvel degeri (1.645), p: Isletme sayisiin popiilasyondaki oranini
(%50) gostermektedir. Maksimum Ornek biiyiikliigine ulasmak igin p degeri %50 alinmistir.
Caligmada %90 giiven araliginda (z=1.645) ve ortalamadan %5 sapma ile anket yapilacak 6rnek
isletme sayis1 236 olarak hesaplanmistir. Anketler 2015 iiretim doneminde yapilmustir.

2.1. Bulanik esli karsilastirma (Fuzzy pair wise comparison=BEK) yontemi

Kismi iiyelik, bulanik kiime teorisinin merkezi bir kavrami (Zadeh,1965) olup bulanik kiime
[0,1] kapal1 araliginda yer alir. Bulanik kiime teorisi belirli olmayan tercihlere dayanmakta (Tanaka,
1997) ve 0 ile 1 arasinda degisen iiyelik derecelerinden de s6z etmek mumkiindiir. Uyelik derecesi
klasik kiimelerde, kiimeye ait olup olmama durumunu gosterirken, bulanik kiimelerde ise 0 ile 1
arasindaki degisimin her bir eleman i¢in degerini ifade etmektedir (Klir ve Yuan, 1995; Ross,1995;
Pedrycz ve Gomide, 1998).

BEK yontemi, iki amacin Kkarsilastirmasinda diger esli karsilastirma yoOntemlerine
benzemektedir. Ancak BEK yonteminde, ¢ift¢iler iki amag arasinda binary (0 ya da 1) se¢im yapmak
zorunda degillerdir. Bu yontemde bir amacin tercih derecesi ortaya konulmakta ve iki amag arasinda
digerine gore kayitsiz olmasi saglanmaktadir. Bu nedenle ¢alismada BEK yontemi kullanilmisgtir.

Ciftciler tarimsal iiretim yaparken dogal, sosyal ve ekonomik risklerle birlikte iiretim yapma
amaglarinmi gerceklestirirler. Aksu Nehri civarinda gergeklestirilen bu ¢aligmada tarimsal iiretim yapan
cift¢ilerin amaglarinin 6nceliklerini belirlemek i¢in BEK Yo6ntemi kullanilmistir.

BEK yontemi ilk olarak birden fazla amag arasindan karar verme siirecinde, ¢iftgilerin amag
hiyerarsisini belirlemek iizere Van Kooten, vd. (1986) tarafindan gelistirilmistir.

Bu ¢alismada, anket yapilan ciftcilere daha once yapilan ¢aligmalardan faydalanilarak toplam
sekiz ama¢ sunulmus (“Isletmeyi biiyiitmek”, “Ailenin ihtiyacim karsilamak”, “Isletmeyi gelecek
nesle aktarmak”, “Borglar1 azaltmak”, “Maksimum kar saglamak”, “Topragi korumak”, “Toplumun
gida ihtiyacim1 karsilamak” ve “Baba meslegini silirdirmek™) ve bu amaglar arasinda esli
karsilagtirmalar yapmalan istenmistir. BEK yontemi yardimiyla elde edilen amaglarin her birinin
agirliklart hesaplanmistir.

3. Bulgular

Aragtirma yoresinde anket yapilan g¢iftcilere daha once yapilan ¢aligmalardan faydalanilarak
toplam sekiz amag¢ sunulmus ve bu amaglar arasinda esli karsilagtirmalar yapmalari istenmistir. BEK
yontemi yardimiyla elde edilen amaglarin her birinin agirliklar1 hesaplanmustir.

BEK yonteminden elde edilen ortalama agriliklara gére amaclar biiyilikten kiiciige Cizelge
1’de siralanmigtir. Arastirma yoresindeki ¢iftgiler tarimsal iretim yaparken ilk olarak “Ailenin
ihtiyacin1 karsilamak™ amacia yer vermektedirler. Daha sonra sirasiyla “Topragi korumak”,
“Maksimum kar saglamak”, “Borglari azaltmak”, “Baba meslegini siirdiirmek”, “Isletmeyi bilyiitmek”
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ve “Isletmeyi gelecek nesle devretmek” amagclar1 gelmektedir. Ciftciler tarimsal iiretim yaparken son
olarak “Toplumun gida ihtiyacim Kkarsilamak™ amacina yer vermektedirler. Analiz sonucunda
ciftcilerin tarimsal {iretim yapma amagclarinin agirliklariin ortalamasinin birbirine ¢ok yakin olmasi
ciftcilerin birden fazla amaci bir arada gerceklestirdigini gostermektedir (Cizelge 1).

Kargilastirmali amaglar arasinda anlamli bir fark olup olmadigini istatistiksel olarak
belirlemek amaci ile Friedman Testi kullanilmistir. Bu test bir 6rneklemin tekrarlanan ol¢iimleri
arasinda fark olup olmadigimi test etmektedir. Belirlenen amaclar arasindaki fark istatistiki agidan
(p<0.01) anlaml1 bulunmustur. Yapilan test sonucunda giftgilerin sekiz amagtan en az birini digerlerine
tercih ettigi belirlenmistir (Cizelge 1).

Cizelge 1. Ciftci amaglarinin agirliklarina gor siralanmast

Minimum Ortalama Maksimum Std. sapma
Ailenin ihtiyacini kargilamak 0.0426 0.1811 0.3748 0.0840
Toprag: korumak 0.0228 0.1486 0.3794 0.0856
Maksimum kar saglamak 0.0134 0.1419 0.3441 0.0743
Borglari azaltmak 0.0159 0.1280 0.2812 0.0665
Baba meslegini strdiirmek 0.0076 0.1187 0.4168 0.1157
Isletmeyi blyiitmek 0.0158 0.1171 0.3712 0.0819
Isletmeyi gelecek nesle devretmek 0.0067 0.1074 0.2823 0.0593
Toplumun gida ihtiyacini karsilamak 0.0078 0.0571 0.2540 0.0501

*Friedman testi p<0.01 igin istatistiki agidan anlamlidur.

Bolgedeki ciftcilerin %34.2’si topragin kirli oldugunu disiiniirken %53.9’u kirli olmadigini ve
%11.9’u da fikrinin olmadigim belirtmistir. Toprak kirliginin varligim arastirirken bunun ne derece
kirli oldugu da 6nem arz etmektedir. Arastirma yoresinde topragin kirli oldugunu diisiinen ciftcilerin;
%4.4°0 ¢ok az kirli, %27.8’i az kirli, %48.9’u orta derece kirli, %12.2’si Kirli ve %6.7°si topragin ¢ok
kirli oldugunu diistinmektedir. Ciftciler ile yapilan anket verilerine gore topragin orta derece kirli
(2.88) oldugu sonucuna ulagilmistir (Cizelge 2).

Cizelge 2. Toprak kirliligi varligi ve derecesi (%)

Kirlilik konusunda bilgi %
Kirli degil 53.9
Toprak kirliligi hakkinda gortsler Bilgim yok 11.9
Kirli 34.2
Cok az kirlidir 4.4
L - - . . Az Kirlidir 27.8
ngﬁfﬁgﬁlg r(ﬁ;illérgiunu diisiinenlerin kirlilik derecesi Orta derece kirlidir 48.9
Kirlidir 12.2
Cok Kirlidir 6.7

BEK yonteminden elde edilen amag agirliklarina gore ¢iftcilerin sosyo-demografik 6zellikleri
Cizelge 3’te verilmistir. Ciftciler tarimsal iiretim karar siirecinde kirli veya temiz yorelerde Uretim
yapmalari fark etmeksizin en énemli amacinin “ailenin ihtiyacim karsilama” olmasi yore halkinin ilk
olarak ailesinin gereksinimlerine 6nem verdigini gostermektedir.

Arastirma bolgesinde ciftcilerin yas ortalamasi 53 yil olarak hesaplanmistir. Bu rakam Trkiye
ortalamasina (54) yakin olup genglerin kente gog ettiklerini gostermektedir. Yas gruplari itibariyle tiim
gruplar tarimsal dretim yaparken ilk olarak “ailenin ihtiyacin1 karsilama” amacina Onem
vermektedirler. Ayni sekilde tiim yas gruplari tarimsal {iretim yaparken en az 6nem verdikleri amag ise
“toplumun gida ihtiyacinm1 karsilamak” amacidir. Bolgedeki ciftciler ilk &nce kendi ailesinin
ihtiyaclarin1 karsilama amacini giiderken toplumun gida ihtiyacinin g¢esidi ve miktar1 ile ¢ok
ilgilenmemektedirler (Cizelge 3).

Ciftgilerin egitim seviyesi kentte yasayan bireylere gore genel olarak diisiiktiir. Arastirma
yoresinde lise seviyesinin altinda egitim seviyesine sahip bireyler tarimsal iiretim yaparken oncelikli
olarak “ailenin ihtiyacini karsilamak” amacina 6nem vermekte olup lisenin iistiinde egitim seviyesine
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sahip ciftciler “ailenin ihtiyacin1 karsilamak” ve “topragi korumak” amacina esit diizeyde 6nem
vermektedirler. Egitim seviyesi yiikseldik¢e isletme sahiplerinin daha bilingli oldugu ve gelecek
nesilleri disiindiikleri i¢in topragi korumayi, ailelerinin ihtiyacini karsilamay: diisiindiikleri kadar
diisiinmektedirler. Tim isletme yas gruplarinda “toplumun ihtiyacimi karsilamak” amaci tarimsal
iiretim karar siirecinde en diisiik 6nem diizeyine sahiptir (Cizelge 3).

Ankete katilan ¢iftcilerin tarimsal iiretim tecriibeleri ortalama 30 yil olarak hesaplanmistir.
Isletmelerde 20 yil ve altinda tarimsal tecriibeye sahip ¢iftgiler, “maksimum kar saglamak” ve “ailenin
ihtiyacim karsilamak”, 21 yil ile 40 yil arasinda tarimsal tecriibeye sahip ciftciler “ailenin ihtiyacini
karsilamak” ve 41 yil iizerinde tecriibeye sahip Ureticiler en ¢ok “topragi korumak™ amacina 6ncelik
vermektedirler. Diger bir ifadeyle tecriibeli giftciler toprak olmadan yasamin olamayacagi, bunun yani
sira ailenin ihtiyaglarini karsilamak ve onlarin refah seviyesini yiikseltmek i¢in topragin vazgecilmez
unsur oldugunun bilincindedirler. Tim tecriibe grubundaki ¢iftgiler tarimsal {iretim yapma karar
stirecinde “toplumun gida ihtiyacini karsilamak” amacina en az dnemi vermektedirler (Cizelge 3).

Aragtirma bolgesindeki ¢iftcilerin ortalama arazi varligi 188 da olarak hesaplanmustir.
Tarimsal iiretim yapma karar siirecinde ciftgilerin arazi miktarlar1 6nemli bir faktor olarak
gbzlemlenmistir. 30 da ve daha az araziyi isleyen giftciler sirasi ile “ailenin ihtiyacimi karsilamak”,
“topragi korumak” ve “borglarini azaltmak” amaglarmma 6nem vermektedirler. 31 da ile 120 da
arasinda araziyi isleyen ciftgiler ise sirasi ile “ailenin ihtiyacimi karsilamak”, “maksimum kar
saglamak” ve “topragi korumak” amacina 6ncelik vermektedirler. 121da ve daha fazla araziyi isleyen
biiyiik ¢iftciler ise sirasiyla“ ailenin ihtiyacini karsilamak”, “topragini korumak” ve “maksimum kar
saglamak” amaglarina 6nem vermektedirler. Arazi biytkliginin tim gruplarinda ¢iftciler tarimsal
tretim yaparken “toplumun gida ihtiyacini karsilamak” amacina en az 6nemi vermektedirler (Cizelge
3).

Aragtirma yoresindeki igletmelerde genellikle gencler tarim disi islerde ¢aligmakta ve tarimsal
tiretime katkida bulunamamaktadirlar. Tarimsal iiretimde tek kisi calisan isletmelerde ilk (¢ amag
sirastyla® ailenin ihtiyacini kargilamak”, “topragi korumak” ve “borglarini azaltmak” seklindedir.
Tarimda calisan birey sayist 2 kisi olan isletmelerde ise siralama® ailenin ihtiyacini karsilamak”,
“maksimum kar saglamak” ve “isletmeyi biiyiitmek” seklindedir. Ug kisi ve daha fazla sayida bireyin
tiretime katkida bulundugu isletmelerde ilk olarak “ailenin ihtiyacini karsilama” daha sonra “borglarini
azaltmak” ve “topragi korumak” amaglar1 yer almaktadir (Cizelge 3).

Aragtirma yoresindeki giftgilerin ortalama yillik gelirleri 75102 TL/y1l olup, diisiik (<14 000
TL), orta (14 000-100 000 TL) ve yiiksek gelirli (100 001 TL) olarak ii¢ gruba ayrilmislardir. Her (¢
grupta da ciftciler tarimsal iiretim yaparken oncelikli olarak “ailenin ihtiyacini karsilamak” amacina
Onem vermektedirler. Aymi sekilde her ii¢ grupta da ciftciler iiretim yaparken en az “toplumun gida
ihtiyacim kargilamak” amacina 6nem vermektedirler (Cizelge 3).

Aragtirma yoresindeki ciftcilerin arazilerinde yasanma durumu arastirilmis olup toprak
kirliliginin iiretim karar siirecine olan etkisi incelenmistir. Analiz sonuglarina gére toprak kirliliginin
olmadigini diislinen cift¢ilerin iiretim kararinda en 6nemli amacin “ailenin ihtiyacini karsilamak”™, en
az 6nemli amacin ise “toplumun gida ihtiyacini karsilamak” oldugu belirlenmistir. Toprak kirliliginin
oldugunu diistinen isletmelerde en 6nemli amacin “ailenin ihtiyacini karsilamak™ ve “igletmeyi gelecek
nesillere devretmek” oldugu belirlenmistir (Cizelge 3). Toprak kirliliginin orta derecede oldugunu
diistinen ve bu Kirlilikle yasayan giftgiler ailelerinin temel ihtiyaglar1 karsilayamama ve gelecek
nesillere topraklarim1 aktaramama kaygisi igerisinde olduklar igin topragin temiz kalmasim
istemektedir.

Arastirma yoresindeki ciftgilerin kooperatife iiyelik durumlan ile {iretim yapma amaclar
agirliklan incelenmis olup herhangi bir kooperatife iiye olanlar ile olmayanlarin iiretim yaparken en
¢cok “ailenin ihtiyacimi karsilamak™ amacina 6nem verdikleri belirlenmistir. Ciftgiler kooperatife tiye
olduklarinda daha ¢ok ¢ift¢i ile etkilesim iginde olsa da en fazla 6nem verdikleri amacg
degismemektedir. Kooperatife iiye olan ¢iftciler “maksimum kar saglamak” amacina, kooperatife Uye
olmayan ciftciler ise “topragi korumak” amacina ikinci sirada 6nem vermektedirler (Cizelge 3).
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Cizelge 3. Amaglara gore ¢iftci ve isletme 6zellikleri

Isletmeyi .A.I lenin Isletmeyi gelecek Borglar1 Maks. kar Topragi Toplu.mun gida Bab,a -

biyitmek ihtiyacint nesle devir etmek azaltmak saglamak korumak ihtiyacim r{les.l.eglm

karsilamak karsilamak surdirmek
Kirlilik Durumu Kirli_ 0.11 0.19 0.11 0.14 0.14 0.14 0.04 0.11
Temiz 0.12 0.17 0.12 0.11 0.15 0.15 0.07 0.12
Yas <40 0.12 0.19 0.13 0.14 0.17 0.10 0.04 0.13
(ort=53 yil) 41-60 0.12 0.18 0.12 0.13 0.13 0.16 0.05 0.12
61+ 0.13 0.17 0.10 0.12 0.15 0.15 0.06 0.10
Egitim <5 0.12 0.18 0.11 0.13 0.15 0.14 0.05 0.12
(v1l) 6-11 0.08 0.23 0.09 0.12 0.14 0.15 0.07 0.11
12+ 0.13 0.16 0.10 0.12 0.13 0.16 0.06 0.12
<20 0.13 0.16 0.10 0.13 0.16 0.15 0.06 0.12
Tecrlbe 21-40 0.11 0.20 0.11 0.13 0.13 0.14 0.05 0.12
(ort=30 y1l) 41+ 0.12 0.15 0.11 0.12 0.15 0.17 0.06 0.10
Arazi <30 0.10 0.18 0.12 0.13 0.12 0.16 0.07 0.11
(ort=188 da) 31-120 0.13 0.18 0.10 0.12 0.15 0.14 0.06 0.11
121+ 0.11 0.18 0.11 0.13 0.14 0.15 0.04 0.13
Tarimda 1 0.11 0.17 0.11 0.14 0.13 0.16 0.06 0.13
caliganlar 2 0.13 0.19 0.12 0.12 0.16 0.14 0.04 0.10
(ort=2 kisi) 3 0.12 0.21 0.09 0.16 0.14 0.15 0.05 0.11
Gelir Diisiik 0.10 0.19 0.12 0.12 0.12 0.16 0.07 0.12
(ort=75102 Orta 0.13 0.17 0.11 0.13 0.15 0.15 0.06 0.10
TL/y1l) Y uksek 0.11 0.19 0.09 0.14 0.13 0.13 0.04 0.16
Toprak kirliligi Yok 0.12 0.19 0.10 0.13 0.15 0.15 0.06 0.10
Var 0.12 0.17 0.11 0.12 0.14 0.14 0.05 0.11
Kooperatife Evet 0.12 0.18 0.13 0.13 0.15 0.14 0.06 0.10
uyelik Hayir 0.11 0.19 0.12 0.12 0.13 0.16 0.05 0.15
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4. Tartisma ve Sonug

Bu calismada akarsu kirliligine bagli olarak toprak kirliliginin yasandigi ve yasanmadigi
mabhallelerde iftcilerin tarimsal {iretim yapma amaglarinin agirhiklarina gdre siralanmasi
amaclanmustir. Bu amagla BEK yontemi kullanilmistir. Analiz sonucunda ¢iftgilere sunulan amaclar
agirliklarina gore siralanmistir. Arastirma ydresindeki ¢iftciler tarimsal {iretim yaparken ilk olarak
“Ailenin ihtiyacini karsilamak” amacina yer vermektedirler. Daha sonra sirasiyla “Topragi korumak”,
“Maksimum kar saglamak”, “Borglar1 azaltmak”, “Baba meslegini siirdiirmek”, “Isletmeyi biiyiitmek”
ve “Isletmeyi gelecek nesle devretmek” amaclar1 gelmektedir. Ciftgiler tarimsal iiretim yaparken son
olarak “Toplumun gida ihtiyacin1 karsilamak” amacina yer vermektedirler. Analiz sonucunda
ciftcilerin tarimsal liretim yapma amagclarinin agirliklarinin ortalamasinin birbirine ¢ok yakin olmasi
giftcilerin birden fazla amaci bir arada gergeklestirdigini gostermektedir.

Izmir ili Torbali ilgesinde topragim korumak amaci ilk sirada yer almaktadir (Giinden ve
Miran, 2007). TRA1 Bolgesinde (Ikikat Tiimer, 2011) ve Erzurum ilinde (ikikat Tiimer ve ark., 2012)
ciftgiler ailenin ihtiyacini karsilamak amacina ikinci sirada 6nem vermektedirler. Bélgede kurulan ¢ok
sayida sanayi kuruluslari, hava kirliligine neden olmakta ve bu durum bolgede tarimsal iiretim
gergeklestiren ciftcilerin iiretim kararlarimi etkilemektedir. Hava kirliligi, bitkisel tiretimde daha ¢ok
déllenme ve meyve tutumunu olumsuz etkilemekte olup 6zellikle sebze ve meyve Uretiminde daha
belirgin etki gosterdigi tespit edilmistir. Ayrica fabrikalarin atik su filtrelerinin de yeterince
kullanilmadig: dikkati ¢ekmektedir. Hava, su ve toprak kirliligi arastirma bolgesinde tarimsal tiretimi
olumsuz yonde etkiledigi icin ciftciler ailelerinin ihtiyacini karsilamayr en Onemli amag¢ olarak
gormektedirler. Bunun yani sira kirlilikten dolayr bolgede (retilen drunlerin verim ve kalitesindeki
azalmalar ciftcilerin gelirlerini azaltmakta ve maksimum kar saglamalarini engellemektedir. Bu
nedenle topragi korumak amaci en 6nemli ikinci amag olarak ¢iftgiler tarafindan belirlenmistir.

Arastirma yoresinde ¢ok sayida fabrika bulunmakta ve bu fabrikalarin atik sular1 canlilarin
yasayamayacagl diizeyde akarsulara drene edilmektedir. Bu nedenle bolgedeki sanayi kuruluslari,
belediyeler, kamu kurum ve kuruluslar1 toprak, hava ve su kirliligi konusunda yeni politikalar
gelistirmeli, gerekirse yaptirim cezasi uygulamalidirlar.

Hava Kirliligi raporunda (2020), Kahramanmaras ilinin saglik problemlerine yol agan partikiil
madde 2,5 (PM 2,5) 6l¢iimlerine gore Tirkiye’de kirlilik seviyesi en yiliksek olan 8. il oldugu
belirtilmigtir. Aragtirma bolgesindeki ciftcilerin ailenin temel ihtiyaglarini karsilama, topragi koruma
ve maksimum kar elde etme amaglarina ulagsmalar1 i¢in bolgeye 6zel destekler verilmelidir. PM 2,5
Ol¢limlerinin normalden yiiksek oldugu bdélgelerde kalite ve verim disiikligii desteklerinin yani sira
tireticilere saglik problemleri nedeniyle c¢alisamadiklari giinler igin destek verilmelidir. Bununla
birlikte bolgedeki akarsu ve caylarin sanayi ve kentsel atiklardan arindirilmasi igin acil ¢oziimler
bulunmasi biiyiik 6nem arz etmektedir.
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Abstract: During the period from 2014 to 2017 year in the region of Dobrich,
Bulgaria, a field experiment has been conducted with the aim to determine some
agricultural characteristics of lavender varieties. The following characters have
been investigated: number of flowers/plant, length of the flowering stem,
number of flower clusters/plant, weight of flowers/plant (g), yield of flowers (kg
ha'l), essential oil content %, extraction essential oil yield (kg). The experiment
has been carried out according the randomized block design in four replications
and plot size of 10 m2 Four lavender varieties have been used- Hemus,
Yubileyna, Druzhba and Sevtopolis. From the performed analyzes, it was
established, that the variety Druzhba distinguished from the other varieties in
term of yield of fresh flowers, not only by years, but also on average for the
study period, as the higher productivity of this variety is due to the higher values
of the structural elements of the yield. The highest percentage of essential oil
content for the three-year period with 2.1% was realized from the variety
Sevtopolis, and the lowest with 1.6% from the variety Hemus.

Lavanta Cesitlerinin Baz1 Tarimsal Ozelliklerinin incelenmesi
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Anahtar kelimeler
Lavanta,

Verim yapisal elementleri,
Taze cicek verimi.

Oz: Bulgaristan'n  Dobrich bélgesinde 2014-2017 doneminde lavanta
gesitlerinin bazi tarimsal oOzelliklerini belirlemek igin bir saha denemesi
yapilmistir. Asagidaki gostergeler incelenmistir: ¢igek/bitki sayisi, gicek sapimnin
uzunlugu, ¢icek demeti/ bitki sayisi, ¢igek/bitki agirligi (g), cigek verimi
(kg/ha), ugucu yag igerigi % ve ekstraksiyon ugucu yag verimi (kg). Deneme
tesadlf bloklar1 deneme desenine gore dort tekerriirli olarak ve 10 m? parsel
biiyiikliiklerinde gergeklestirilmistir. Dort cesit lavanta kullanilmistir: Hemus,
Yubileyna, Druzhba ve Sevtopolis. Yapilan analizlerden, Druzhba ¢esidinin
diger gesitlerden sadece taze cicek verimi agisindan sadece yillara gore degil,
ayn1 zamanda c¢aligma donemi ortalamasi olarak farkli oldugu belirlenmistir;
¢linkii bu gesit verim agisindan daha yiiksek yapisal degerleri yiiziinden daha
yiiksek verimlilige sahip olmustur. U¢ yillik dénem icin en yiiksek ugucu yag
yiizdesi % 2.1 degeri ile Seuthopolis ¢esidinden ve en diisiik deger ise % 1.6
degeri ile Hemus ¢esidinde ger¢eklesmistir.
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1. Introduction

Bulgaria is among the world leaders in the production and export of high quality lavender oil.
In recent years, the increased interest from farmers has led to a progressive increase in lavender areas
and as a consequence the crop starts to spread in untraditional areas. A typical example is the region of
Dobrich, where lavender begins to replace the traditional cultivation of cereals

Lavender is one of the most used aromatic and medicinal plants with great economic value for
the pharmaceutical, food, cosmetic and perfume industries (Aprotosoaie et al., 2017). The genus
Lavandula, originated in the Mediterranean region, includes 39 species (Lavandula sp.) and about 400
registered varieties (Benabdelkader et al., 2011). They are perennial semi-shrub plants that form small
rounded shrubs called tuffs, which differ in morphological and chemical composition (Lesage-
Meessen et al., 2015).

The variety has a significant effect on the content of the essential oil (Erland and Mahmoud,
2016). Lavender plants grown at higher altitudes are richer in essential oil. Da Porto et al. (2009)
reported doubled content of essential oil by Italian lavender, grown at 500 m above the sea level
compared to plants grown at 20 m (1 vs. 0.5%). Generally, it is considered, that the high content of
lavender essential oil requires a warm and dry climate and medium altitudes (700-1200 m) (Carrasco
et al., 2015).

An essential oil content of between 0.44 and 1.89% has been reported by some local
populations of L. angustifolia grown in Greece at altitudes between 330 and 710 m. Larger amounts of
essential oil accumulate when the weather is quiet and sunny at full flowering, and with the
progression of the vegetation the content decreases (Masetto et al., 2011).

The selection of lavender for essential oil continues in direction of creating new varieties with
a complex set of economically important features - high yield and quality of the essential oil, increased
vitality and resistance to adverse weather conditions, suitability for mechanized harvesting. As a result
of selection, the approved forms are included in the next stage of research (Stanev and Dzhurmanski,
2011). Bulgaria has tradition in the cultivation of lavender (Lavandula angustifolia Mill) and the
production of essential oil. Stanev et al. (2016), present the main trends in the development of the
lavender industry in Bulgaria in the 21st century. The data show the advantages of vegetative
propagated varieties instead of lavender populations obtained from seeds.

The vyield of fresh flowers and essential oil of six Bulgarian varieties of lavender have been
investigated in the region of Kazanlak and it was found that the tested characters are most strongly
influenced by the specific interaction between the genotype and the climatic conditions of the year
(69% and 80.4%). The varieties "Druzhba", "Sevtopolis", "Yubileyna" and "Hebar" are characterized
by high adaptability but retained their stability of yield only when the soil and climatic conditions of
cultivation are good. The varieties "Hemus" and "Raya™ provide very stable yields even under more
unfavorable growing conditions (Stanev, 2010).

A study in the region of Plovdiv with several varieties of lavender report, that the highest yield
of fresh inflorescences was obtained from the variety Druzhba - 6.4 t/ha, the highest percentage of
essential oil by - Sevtopolis - 2%, the highest content of linalil acetate was reported by the variety
Hemus - 39.6%. The analysis of the oil confirms that the Bulgarian varieties are characterized by high
quality indicators and are competitive on the international market (Yanchev, 2017).

The specific soil and climatic conditions in different regions of the country affect the growth,
development and productivity of the lavender. Therefore, research related to the cultivation of varieties
of lavender in different districts of the country have a certain scientific and practical significance. .
The cultivation of the culture in different regions of the country requires more investigation for
determining which varieties are most adapted to the local environmental conditions. In this connection
the aim of the present research is to define some agricultural characteristics of four different lavender
varieties, cultivated in the untraditional region of Dobrich.

2. Material and Methods
In order to achieve the aims of the study, a field experiment has been conducted during the

period from 2014 to 2017 in the region of Dobrich — Northeastern Bulgaria. Four varieties of lavender
have been used - "Hemus", obtained by individual and branch selection; "Yubileyna™ and "Druzhba",
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created by hybridization and "Sevtopolis", created by chemical mutagenesis combined with clonal
selection. The experiment was arranged according the randomized block design (Raghavarao et al.,
2005) in four replications and plot size of 10 m2 The cultivation of the varieties was performed
according to the adopted technology (Yankov, et al., 2013). To achieve the goal of the study, the
following characters were reported: number of flowers/plant, length of the flowering stem, number of
flower clusters/plant, weight of flowers/plant, yield of flowers (kg/ha), essential oil content %,
extraction essential oil yield (kg).

The experimental data were processed by the method of analysis of variance (Anova), and the
differences between the variants were established by the multi-rank LSD test. The dependents between
the yield and the investigated characters have been calculated with a correlation analysis, performed
with XLSTAT Version 2016.02.

2.1. Soil and climatic characteristics of the region

The studies were performed on slightly leached chernozem, characterized by a relatively
strong humus horizon, which extends on average in the range of 60-80 cm. These soils are uniform in
mechanical composition - heavy sandy-clayey along the entire depth of the profile. The amount of
humus for the upper horizons by Turin ranges from 3.79 to 3.47%. The total nitrogen reserve in the
surface layers varies from 156 to 166 mg/100 g soil by Kjeldal and characterizes the soil as
moderately stocked with nitrogen. In terms of mobile phosphorus content (according to Egner-Reim) it
belongs to the group of poorly stocked, and in terms of mobile potassium content to medium stocked
soils (Valcheva et al., 2013).

The main climatic factors determining the growth, development and productivity of lavender
are temperatures and precipitation, as well as their combination and distribution during the growing
season (Stanev, 2005). The average monthly temperatures in the survey years did not differ
significantly from those of the long-term period (Figure 1). From the beginning of the vegetation to
the beginning of flowering, the required temperature amount for the lavender is 1000-1100 °C
(Yankov et al., 2013). During the years of study, it is 1193 °C, 1223 °C and 1083 °C respectively for
2015, 2016 and 2017, and it is sufficient for the development of the plants during the phases of
leafing, budding and beginning of flowering. During flowering and harvesting, higher temperatures
contribute to the accumulation of more essential oil in the flowers (Nedkov et al., 2005). During the
period of 2014-2017, the average daily temperature values exceed the perennial ones, not only in the
region of Dobrich, but also in the typical region for the cultivation of the lavender - Kazanlak, so that
the requirements of the culture for heat during the flowering can be met. The amount of precipitation
during the experimental period has values close to or slightly higher than those of the long-term
period.
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Figure 1. Climatogram of the Dobrich region.
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3. Results and discussion

One of the important traits determining the yield is the number of flowers. The results show
that this character is influenced by both, the variety and the climatic conditions of the year (Table 1).
The largest number of fresh flowers was reported in 2015, when precipitation was moderate, and
temperatures were relatively high. By the tested varieties this character is in the range from 630 (by
the variety Hemus) to 785 flowers/plant (by the variety Druzhba). The number of fresh flowers has the
lowest values in 2016 and varies from 530 to 680 flowers/plant, which is by about 13% and 5% less,
than in 2015 and 2017, respectively. On average for the experimental period, depending on the variety,
the number of fresh flowers is from 721.7 to 576.7. The smallest number of flowers/plant forms the
variety Hemus, as by the varieties Yubileyna, Sevtopolis and Druzhba an increase in the values of the
tested parameter with respectively 8, 13 and 25% is observed.

Regarding the character length of the flowering stem, varietal specificity has been determined,
which is also influenced by the conditions of the year. From the tested varieties — the variety Druzhba
has the longest stems, ranging from 26.5 to 28.0 and 29.5 cm, respectively for 2016, 2017 and 2015.
Depending on the year this variety exceeds by up to 4 cm the length of the flowering stems by the
varieties Yubileyna, Sevtopolis and Hemus. On average for the experimental period, by the variety
Hemus (24.4 cm) the length of the flowering stems is shorter with 1.3, 1.9 and 3.6 cm compared to the
varieties Sevtopolis, Yubileyna and Druzhba, respectively. The character has values of 26.3 and 25.7
cm by the varieties Yubileyna and Sevtopolis and 28.0 cm —by the variety Druzhba.

The density of the spike is determined by the length of the flowering stem and the number of
flower clusters. The number of flower clusters depends on the genotype, but is influenced by the
weather conditions, as well as the application of appropriate agronomic measures during the
cultivation of the lavender. The smallest number of flower clusters from 4.7 by the variety Hemus to
6.5 clusters per plant by the variety Druzhba was observed during the second year of the investigation.
In the third year, the values of this character vary from 5.3 to 8.0 and exceed on average by 15.3%
those reported in the previous year. On average for the three- year period the largest number of flower
clusters were reported by the variety Druzhba - 7.8 clusters/plant, followed by the varieties Sevtopolis
and Yubileyna (6.2 and 6.8 clusters/plant), and the smallest value was observed by the variety Hemus
- 5.3 clusters/plant.

The character weight of flowers/plant changes over the years depending not only on the
weather conditions, but also on the variety. The highest values of this character were reported in the
first experimental year, when the vegetation of the lavender occurs by favorable conditions - optimal
temperature values and evenly distributed rainfall. Depending on the variety, the weight of the
flowers/plant in 2015 is from 305 g by the variety Hemus to 357 g — by the variety Druzhba, in 2016 it
is in the range between 233 - 290 g, and in 2017 it varies from 252 to 309 g. During the period of the
experiment, the variety Druzhba exceeded the varieties Hemus, Yubileyna and Sevtopolis on average
by 55.4 g, 32.7 g and 20.7 g, respectively.

The data in Table 2 show that the variety Druzhba distinguished from the other varieties in
term of yield of fresh flowers, not only by years, but also on average for the study period and the
differences with the other varieties are statistically proven. The higher productivity of this variety is
due to the higher values of the structural elements of the yield. The favorable combination of the
meteorological conditions in 2015 is a requirement for obtaining higher yields of fresh flowers
compared to 2016 and 2017. The values obtained vary between 6400 kg ha* by the variety Hemus and
7500 kg ha by the variety Druzhba. In the third experimental year, the yields obtained from the tested
varieties were on average 15.2% lower than in the first studied year.
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Table 1. Yield structural elements of lavender varieties

Characters 2015 2016 2017 Average
Number of flowers/plant

Hemus 630 5301 570¢ 576.7°
Yubileyna 650° 590¢ 625¢ 621.7¢
Druzhba 785° 680° 7002 72174
Sevtopolis 690° 620° 650° 653.38
LSD 5% 19 22 25 22
Length of the flowering stem(cm)

Hemus 25.8¢ 23.5¢ 24.0° 24.4¢
Yubileyna 28.0° 25.0° 26.0° 26.38
Druzhba 29.52 26.5% 28.02 28.0~
Sevtopolis 27.0° 24,5 25.5° 25.78
LSD 5% 1.1 1.0 1.3 1.1
Number of flower clusters

Hemus 6.0° 4.7° 5.3¢ 5.3¢
Yubileyna 7.5° 6.0° 7.0° 6.84
Druzhba 9.0 6.5 8.0 7.84
Sevtopolis 7.0° 5.5 6.0° 6.28
LSD 5% 1.3 11 0.8 11
Weight of flowers/plant (g)

Hemus 305°¢ 233¢ 252¢ 263.3¢
Yubileyna 328° 257° 273° 286.08
Druzhba 3578 2902 309? 318.74
Sevtopolis 333° 2762 285° 298.04
LSD 5% 22 21 23 22

*Values with the same letters do not differ significantly.

Table 2. Yield of fresh flowers, kg ha*

Variety 2015 2016 2017 Average
Hemus 6400P 4900° 5300P 5533¢
Yubileyna 6870P 5400°¢ 5740P 6003°
Druzhba 7500? 6100? 65002 6700?
Sevtopolis 7000° 5800° 6000° 6267°
LSD 5% 486 294 479 420

*Values with the same letters do not differ significantly.

The mathematical processing of the data shows that the differences between the varieties
Hemus and Yubileyna are statistically unproven, not only by years, but also for the tree- year period of
the study. The yield of fresh lavender flowers from the tested varieties in 2016 is lower by 25% and
18% compared to 2015 and 2017 and varies from 4900 kg ha (by Hemus) to 6100 kg ha? (by
Druzhba).

Table 3. Two-way ANOVA analysis of variance.

Source of Variation  SS df MS F P-value F crit
Years 16904467 2 8452233 323,70 0,00* 3,26
Varieties 8586767 3 2862256 109,62 0,00* 2,87
Interaction 126733 6 21122 0,81 0,57 2,36
Within 940000 36 26111

Total 26557967 47

* - significance at 0.05 level; ™ — no significance.
The differences between the varieties are proven. For the tested period the variety Druzhba

statistically proven distinguishes with the highest yield of fresh flowers — 6700 kg ha?, followed by
the variety Sevtopolis — 6267 kg hal, and with the lowest values the variety Hemus — 5533 kg ha™.
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Previous studies reported values of the yield of fresh flowers between 5.57-14.99 t ha (Arabaci and
Bayram, 2005). Karik et al. (2017) estimated the yield of some lavender species under the ecological
conditions of Bornova and reported values from 0.21 to 0.62 t hal. Our observation, that the
environmental conditions of the year and the genotype have influence on the yield and its structural
components confirm the reports of other researchers (Seidler-Lozykowska et al., 2014; Stanev et al.,
2016; Degu et al., 2017; Ozel, 2019).

mHemus ®Yubileyna mDruzhba m Sevtopolis

2,5

0,5 -

2014-2015 2015-2016  2016-2017 average

Figure 2. Content of essential oil (%).

The results from the performed two-way ANOVA analysis of variance (Table 3) confirm that
both factors year and variety proven influence the yield of fresh lavender flowers itself, but their
interaction is unproven. The content of essential oil is favored by the warm, sunny and dry weather at
harvest. In this aspect, the obtained results (Figure 2) show that the highest content of essential oil was
reported in the first harvest year and the values vary depending on the variety from 1.9% (by Hemus)
to 2.5% (by Sevtopolis). The lowest values of this character were reported in 2017, when the
precipitation was significant during the stages flowering and harvesting of the lavender. The content of
essential oil in the tested varieties has similar values of 1.3% by the varieties Druzhba and Hemus,
1.4% - by the variety Yubileyna and 1.5% by the variety Sevtopolis. Our results confirm the
observations of Hassiotis et al. (2014), who reported that the content of essential oil is positively
regulated by the temperature at flowering stage development and is negatively affected by rainfall
during the flowering period. In 2016 the content of essential oil is in the range of 1.6% by the variety
Hemus to 2.2% by the variety Sevtopolis. On average, for the three years of the research, the variety
Sevtopolis exceeds by 10.5%, 16.6% and 31.2% the varieties Druzhba, Yubileyna and Hemus.
Yanchev (2017) researched the productivity and quality of four Bulgarian lavender varieties and
reported values of essential oil in the range of 1.9 to 2.6 %, as the amount of the harvested flowers
varied between 560 to 690 kg da . Some previous researcher reported content of lavender essential oil
at least 3.2 % (Nurzynska and Zawislak, 2016), between 2.10- 9.62 % (Kara and Baydar, 2011),
between 1.32- 3.10 % (Karik et al., 2017). Our observations, that the essential oil content varies
depending on the variety and the climate conditions of the year, agree with the observation of other
authors (Kara and Baydar, 2013; Stanev et al., 2016).

The extraction yield is the amount of raw material necessary to produce a liter of essential oil.
The yield depends on the lavender variety but is also influenced by the climatic conditions of the year.
According to this character, the obtained data show that in the year with heavy rainfall (2017) during
the stages flowering and harvesting, its values are higher compared to 2015 and 2016 and vary
between 66.7 and 76.5 kg (Figure 3). During the same year the extraction yield is the lowest by the
variety Sevtopolis, followed by the varieties Yubileyna and Hemus, as by the variety Druzhba the
values of the indicator are the highest. A very good yield with values from 40 to 53.5 kg was reported
in 2015 and in 2016 the extraction yield varied from 45.7 to 61.3 kg. The average data for the three -
year period show that the variety Sevtopolis proven is the variety with the lowest extraction yield with
values of 50.8 kg, followed by the varieties Druzhba and Yubileyna (57.1 and 57.2 kg). By the variety
Hemus the values of the character are the highest (63.4 kg).
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Figure 3. Extraction yield, kg.

From the performed correlation analysis, it can be concluded, that there exist a positive
correlations between the yield of fresh flowers and some of its structural components - number of
flowers/plant, length of the flowering stem, number of flower clusters and weight of flowers/plant
(Table 4). The strongest relation is observed between the variables yield of fresh flowers and weight of
flowers/plant (1.0). Strong negative correlation is determined between the content of essential oil and
the other variables, except the extraction yield, where the relation is positive and moderate (0.409).
Analogical to the content of the essential oil, the values of the variable extraction yield have the
tendency to decrease, when the values of the yield of fresh flowers, number of flowers/plant, length of
the flowering stem, number of flower clusters and weight of flowers/plant increase, because of the
determined negative correlation.

Table 4. Correlation matrix (Pearson)

Variables 1. Yield of 2. Number of 3. Length of the 4. Number of 5. Weight of 6. Content of 7. Extraction
fresh flowers flowers/ plant flowering stem flower clusters flowers/plant essential oil yield

1 0.909 0.923 0.858 1.000 -0.801 -0.520

2 0.918 0.898 0.905 -0.889 -0.360

3 0.976 0.922 -0.872 -0.320

4 0.857 -0.821 -0.206

5 -0.798 -0.523

6 0.409

7

*Values in bold are different from 0 with a significance level alpha =0.05.

With larger values of number of flowers/plant, the values of the variables - length of the
flowering stem, number of flower clusters and weight of flowers/plant have also tendency to increase.
The scatterplots illustrate the determined relations (Figure 4) and define the strong positive relation
between the yield of fresh flowers and weight of flowers/plant as roughly linear.
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Figure 4. Correlation scatter plots between Yield of fresh flowers and other indices.
4. Conclusion

The performed experiment evidenced that the tested lavender varieties can be successfully
cultivated in the untypical region of Northeastern Bulgaria, as on average for the examined period, the
best performance shows the variety Druzhba. The higher yield of Druzhba variety in comparison with
the others - is due to the higher values of its structural elements — number of flowers/plant, length of
the flowering stem number of flower clusters and weight of flowers/plant. During the study period the
highest percentage of essential oil was realized from the variety Sevtopolis, and the lowest from the
variety Hemus. As a result, for the region of Dobrich, we could recommend the variety Druzhba for
yield of fresh flowers and the variety Sevtopolis for oil production.
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Oz: Calismanin temel amaci; domates pazarlama kanallarini ve pazarlama
aktorlerinin piyasadaki pazar marjlarii belirlemektir. Bu amag¢ dogrultusunda
domatesin yogun olarak yetistirildigi Antalya’nin; Alanya, Demre, Kas, Merkez,
Kumluca, Manavgat ve Serik il¢elerinde her ilceden en az 10 kisi olmak iizere
toplamda 80 komisyoncu ve 80 tiiccarla goriisiilmistiir. Ayrica iiretim
bolgesinden domatesin en fazla pazarlandigi Ankara, Izmir, Istanbul ve
Konya’daki toptanci hallerinde faaliyet gdsteren toplam 116 komisyoncuyla
goriligiilmiistiir. Bu dort ilde; perakende satig yapan siipermarket, manav ve pazar
yerlerinde iirlin izleme yontemi kullanilarak her ilden en az 10 tane olmak iizere
40 farkli nihai satis noktasinda aktorlerin piyasada olusturduklari katma deger ve
maliyetler; deger zinciri analiziyle hesaplanmistir. Bu analizle her bir aktoriin
maliyet ve satis fiyatlar: belirlenmistir. Deger zinciri analizine gore pazarlama
kanallarindan; toptanci hallerinde pazar marjlar1 arasinda onemli bir farklilik
olmadig1, ancak perakendecilerde pazar marjlarinin degistigi belirlenmistir.
Dolayistyla fiyat hareketliliginin ve pazarlama marjinin en yiiksek oldugu piyasa
aktoriiniin marketler oldugu tespit edilmistir. Calismada sonug olarak; her bir
aktoriin fiyatlandirmasiin masraflar karsisindaki dengesi degerlendirilerek, etkin
fiyatlandirma yaklagimai i¢in Oneriler gelistirilmistir.
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Abstract: The main purpose of this study is to determine tomato marketing
channels and market margins of marketing actors. For this purpose, 80 food
brokers and 80 traders were interviewed in Antalya, where tomatoes were
intensively grown, in Alanya, Demre, Kas, Merkez, Kumluca, Manavgat and
Serik districts, at least 10 people from each district. In addition a total of 116 food
brokers operating in wholesale markets in Ankara, Izmir, Istanbul, and Konya,
where tomatoes are most marketed, were interviewed. In these four provinces, at
the supermarket, greengrocer and marketplaces that make retail sales, research
was carried out, 40 different final sales points, at least 10 from each province,
using the product monitoring method. Added value and costs created by market
actors; calculated by value chain analysis. According to the value chain analysis,
from marketing channels; it is determined that there is no significant difference
between market margins in wholesalers, but market margins change in retailers.
Therefore, it is determined that the market actor with the highest price mobility
and marketing margin is the markets. In conclusion of the study, suggestions that
were developed for an effective pricing approach by evaluating the balance of
pricing of each actor against costs.
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1. Giris

Tarim sektorii diinyada ve Tiirkiye’de besin arzi gilivenligi acisindan stratejik Onemini
korumaktadir (Arisoy ve ark., 2019). Besin arz gilivenliginin saglanabilmesi i¢in tarim iiriinlerinin
pazarlanmasi énemli bir siirectir. Tarim Uriinlerinin pazarlamasi; tireticiden tiiketiciye ulastirilincaya
kadar gecen siiregleri ve bu siireclerde yapilan hizmetleri kapsamaktadir. Sunulan hizmetler tuketiciye
mekan, zaman, sekil ve miilkiyet faydasi saglamaktadir. Yas meyve ve sebze (YMS) basta olmak {izere
tarim iriinlerinin treticiden tiiketiciye ulastirilamamasi veya fayda yaratilamamasi iiretimin amacina
ulagsmasii engeller. Bu nedenle pazarlama; tarimsal rekabet stratejisi olusturmada Onemli bir
fonksiyondur.

Tarim isletmelerinin gelisen diinyadaki degisimlere uyum saglayabilmeleri i¢in sektorde rekabet
stratejilerini uygulamasi gerekmektedir. Rekabet stratejilerinden en popiileri ise deger zinciri olup, bu
yaklagimla iireticiden tiiketiciye kadar olan asamalarin her birinde isletmelerin tiiketicilerin isteklerine
en iyi ve en hizli sekilde cevap vermesi amaglanmaktadir (Bllbul, 2011). Deger zinciri analizi
isletmelere rekabet avantaji saglamakta ve model pazarlama surecindeki problemlerin tespiti mimkiin
kilmaktadir. Bu dogrultuda isletme veya sektorde pazarlama etkinliginin artis1 saglanmaktadir.

Genel itibariyle tarim sektoriinde YMS’lerin pazarlamaya yonelik baz1 asamalardan ge¢mesi
gerekmektedir. Bu asamalarin her biri birbirine bagl olup, zincirin her asamasinda bir deger ortaya
cikmaktadir. Bu nedenle ortaya ¢ikan bu siirece deger zinciri adi verilmektedir. Ik defa Michael Porter
tarafindan kullanilan deger zinciri analizi, isletmelerin rekabet {istlinliigliniin gelisimini incelemek tizere
kurgulanmigtir. Rekabet iistiinligii; isletmelerin rakip isletmelere gore mal/hizmetlerini hem daha ucuza
mal etmek hem de kalitelerini farklilagtirarak yiiksek fiyattan iiriinleri piyasaya sunmak olarak ifade
edilmektedir (Erol ve Serin, 2015).

Deger zinciriyle ilgili bugiline kadar bir¢ok ¢alisma yapilmis olup yapilan ¢alismalarin 6nemli
bir boliimii kavramsal tartismalar1 igermektedir. Deger zincirinin agsamalari, 6nemi ve uygulamasiyla
ilgili olarak farkli sektorlerde arastirmalar yapildigi gibi (Kaplinsky ve Morris, 2000; Billings ve ark.,
2004; Miller ve Jones, 2010; Bellu, 2013; Donovan ve ark., 2015) deger zincirini metodolojik olarak
aciklayan birgok calisma da literatiirde yer almaktadir (Rayport ve Sviokla, 1995; Rainbird, 2004;
Nang'ole ve ark., 2011; Jespersen ve ark., 2014). Tarim sektoriinde ise deger zinciriyle ilgili yapilan
calismalar incelendiginde bir¢cok ulusal ve uluslararasi deger zinciri analizi ¢aligmasi bulunmaktadir. Bu
caligmalardan biri ise Bilbul (2011) tarafindan yapilan ¢aligmadir. Calismada turunggillerin mevcut
durumu belirlenerek Finike portakalinin deger zinciri analizi yapilmis ve siirdiiriilebilirligi
arastirllmigtir. Bir bagka calismada c¢ay isletmelerinde deger zinciri analizi yapilarak, isletmelerin
strdirtilebilirlikleri incelenmis ve deger zincirinde yer alan aktorlerin iiretim maliyetlerine olan etkileri
ortaya konulmustur (Savci, 2012). Ozdogan (2009) ise galismasinda sofralik zeytin iiretiminde deger
zinciri analizi yaparak, ISO 22000 gida giivenligi yonetim sisteminde ortaya ¢ikan problemleri incelemis
ve ¢oziim oOnerileri sunmustur. Ozalp and Oren (2016) ise tarimda deger zinciri analizinin
uygulanabilirligini tartisarak tarim politikalarinin daha etkin fayda saglamasina yonelik Oneriler
gelistirmiglerdir. Literatiirde deger zinciri analizinin sadece bitkisel iiretime degil ayni zamanda
hayvancilik faaliyetlerine iliskin de uygulandigi goriilmektedir. Sentiirk (2015) tarafindan yapilan bir
calismada hayvan hastaliklarinin risk yonetiminde deger zincirinin uygulanabilirligi tartisilmistir. Bager
and Bozoglu (2018) ise yaptiklari calismada deger zincirinde bulunmasi gereken aktorleri belirleyerek,
deger olusturan faaliyetlerin tespit edilmesini amaglamislardir. Deger zinciriyle ilgili tarim alanindaki
uluslararasi ¢aligmalar incelendiginde ise birgogunun Porter (1985) tarafindan gelistirilen deger zincirini
kullandiklar goriilmektedir. Rieple and Singh (2010) tarafindan organik pamuk iiretiminin deger zinciri
analizi yapilarak; pamuk iretimi, pazarlama veya nakliye sirasinda olusan katma degerler
hesaplanmugtir.

Tiirkiye’de ve diinyada deger zinciri ile ilgili ¢alismalarin 6nemli bir bolimii kalitatif olarak
nitelendirilmektedir. Nitekim bu analizlerle sektoriin genel goriniimleri ortaya konularak mevcut
durumlar1 degerlendirilmektedir. Fakat Tirkiye’de tarim sektoriiniin, 6zellikle de YMS sektoriiniin
gelismesi agisindan deger zinciri analizlerinde kantitatif analizlere ihtiya¢ duyulmaktadir. Bu dogrultuda
¢alisma kapsaminda Antalya, Ankara, izmir, Istanbul ve Konya’da iireticiler-komisyoncular-tiiccarlar-
perakendecilerle goriisiilerek YMS sektoriiniin deger zinciri domates 6rnegi lizerinden kantitatif olarak
incelenmistir.
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2. Materyal ve Yontem

Calisma Tirkiye’de domates {retiminde %20’lik paya sahip olan Antalya ilinde
gerceklestirilmis olup, Antalya ilinde domates iiretiminin yogun olarak gerceklestirildigi ilgelerde
(Aksu, Alanya, Demre, Kas, Kepez, Kumluca, Manavgat ve Serik) tiretilen domatesin pazarlama
kanallar1 ve pazarlama marjlar1 belirlenmistir. Calismada {irlin izleme yontemi kullanilarak; Antalya
ilinde {iretilen domatesin nihai tiiketiciye hangi kanallardan ulasgtigi ve hangi illere dagildig
belirlenmistir. Uretim bolgesi olarak belirlenen 8 ilcedeki belediye sebze hallerinde faaliyet gdsteren
komisyoncularla en az 10 kisi olmak toplamda 80 komisyoncu ile goriistilmiistiir.

Domates Antalya YMS halinden Ankara, Istanbul, Konya ve Izmir YMS hallerine
dagitilmaktadir. Bu nedenle bu illerde faaliyet gosteren komisyoncular ile yapilan anket sayilar gayeli
ornekleme ile belirlenmis; her ildeki komisyoncu varliginin %10’u 6rneklemeye dahil edilmistir. Bu
kapsamda Antalya Merkez (144) ile Ankara (198), izmir (157), Konya (80) ve Istanbul Bayrampasa
(571) toptanci hallerindeki komisyoncularin %10’u ile gortsiilmistiir. Calisma kapsaminda toplam 116
komisyoncu ile anket yapilmistir.

Tiiketici bolgesi olarak belirlenen dort ilde (Ankara, Istanbul, Konya ve Izmir) perakende satis
yapan siipermarket, manav ve pazarlarda da {irlin izleme yontemi kullanilarak arastirma yapilmistir. Bu
illerin her birinden en az 10 adet olmak (zere toplam 40 perakende noktasinda (pazar, market ve
manavlarda) iiriin fiyatlar1 belirlenmis, maliyetler hesaplanmig ve deger zinciri analizi yapilmstir.

Deger zinciri hem arz zincirindeki faaliyetleri ifade etmekte hem de pazarlama surecindeki
deger artisin1 incelemektedir. Bu nedenle deger zinciri maliyet analizi, arz zinciri analizine kiyasla daha
genis bir bakis agis1 gerektirmektedir. Calisma kapsaminda zincirin baslangi¢ noktast Antalya ilinde
faaliyet gosteren domates tireticileri, son kismi ise nihai tiiketicilerdir. Bu pazarlama siirecinde katma
degerin fiyata yansimalar1 incelenmistir. Sermayenin firsat maliyetinin karsilig1; ortalama enflasyon
orant olarak yapilan ticaretin minimum diizeyde belirlenen kari olarak arastiricilar tarafindan takdir
edilmis ve %10 olarak belirlenmistir.

Calisma kapsaminda kayiplarin azaltilmasinin arzi artiracaglr varsayimi altinda piyasa
fiyatlarinin hesaplanmasi i¢in arzin fiyat elastikiyetinden yararlanilmistir. Pazarlama kanallarina gore
triin fiyatlarindaki degisimi gosteren Cizelge 2’deki fiyatlar arzin fiyat elastikiyeti formuliine gore
hazirlanmustir.

_ Arz edilen miktardaki % degisimi/ (1)
€a = Fiyattaki % degisimi

3. Bulgular

YMS sektorii, tarim sektoriinii olusturan en 6nemli alt sektdrlerden birisi olarak bilinmektedir.
Sektér hem diinyada hem de Tirkiye’de tarimsal katma degerin 6nemli bir kismimi (%25,99)
olusturmaktadir (TUIK, 2020). Tiirkiye sahip oldugu avantajlar sayesinde oncelikle meyveler olmak
tizere bir¢ok tarimsal iiriiniin pazarlanmasinda diinya lideri konumundadir (Celik ve ark., 2019). YMS
pazarlamasi; tretim faaliyetleri sonucunda yetistirilen meyve ve sebzelerin organik yapilarinin
bozulmadan veya yapilarimi degistirecek herhangi bir isleme tabi tutulmadan; isleme-paketleme
stireclerine, tedarikgilere, perakendecilere veya dogrudan tiiketiciye ulastirilmasi faaliyetlerini
icermektedir.

YMS’ler genellikle depolama olanaklar1 sinirli, girdi maliyetleri ve isgiicii ihtiyaglart yiiksek
iiriinlerdir. Dolayistyla iiriinlerin pazarlanmasinda zaman faktoriine dikkat edilmelidir. Tiirkiye’de YMS
iirlinlerinin pazarlamasi &zel sektdr tarafindan yapilmaktadir. Ureticiden tiiketiciye kadar olan
pazarlama kanalinda genellikle komisyoncular, tiiccarlar ve perakendeciler gorev almaktadir. Uretici
(miistahsil), serada ve agikta YMS yetistiriciligi yapan kisi olarak tanimlanmaktadir. Bu kisiler belirli
bir komisyon karsiliginda tiim satis haklarin1 komisyoncuya devreder veya tiiccarlar vasitasiyla nihai
satis noktalarina iriinlerini pazarlarlar. 01 Ocak 2012 tarihinde yayinlanan 5957 sayili “Sebze ve
Meyveler ile Yeterli Arz ve Talep Derinligi Bulunan Diger Mallarin Ticaretinin Diizenlenmesi
Hakkinda Kanun” kapsaminda satisin serbestlesmesiyle iireticiler dogrudan perakende sektdrline de
iirlinlerini satabilmeye baslamiglardir. Komisyoncular ise belirli bir {icret karsiliginda lireticilerin veya
tiiccarlarin getirmis olduklar iiriinleri diger toptanci hallerine, tiiccarlara veya nihai satig noktalarina
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pazarlayan kisilerdir. Komisyoncular iireticiler i¢in onemli olup, O6zellikle tarim isletmelerinin
pazarlama fonksiyonunu yerine getirmektedirler. Dolayisiyla ireticilerden devraldiklari tiriinleri en
fazla %8 komisyon bedeli karsiliginda bir bagka pazarlama kanalina sevk etmektedirler. Belirlenen
komisyon bedeli iireticinin eline gecen fiyattan kesinti yapilarak tahsil edilmektedir. Komisyon bedeline
ek olarak; %2 stopaj, %1 riisum, komisyon bedelinin %18 KDV ’si, stopajin %10’ u SSDF (sosyal sigorta
destekleme fonu) olmak uzere toplamda %12,64 oraninda bir kesinti yapilarak iireticiye iicret karsilig1
O0denmektedir. Tiiccarlar; YMS’yi dogrudan iireticiden veya komisyoncu araciliyla iireticiden satin
alarak bu triinleri kendi adina satan gergek veya tiizel kisilerdir. Komisyoncular ile tiiccarlar arasindaki
en 6nemli farklilik bu tanimlamada goriilmektedir. Komisyoncular sadece {ireticilerin veya tiiccarlarin
getirmis olduklar1 {irlinleri devralarak diger aracilara bu {riinleri pazarlarken, tiiccarlar iireticilerden
veya komisyonculardan bu riinleri satin alarak pazarlamaktadir. Dolayistyla komisyoncularin piyasada
almis oldugu riskler tliccarlara gére daha yiiksektir.

Deger zincirinde belirtilen nihai satis noktalari; marketler, manavlar ve pazarlardan
olusmaktadir. Ozellikle 2012 yilinda ¢ikan yasayla birlikte perakende sektoriinde yer alan aktérlerin
sektordeki ticari faaliyet alanlar1 ve iletisim aglar1 gelismistir. Bu yasada belirlenen dogrudan satig
uygulamasiyla ftreticiler ve perakendeciler arasindaki diger aktorler pazarlama kanallarindan
kaldirilarak dogrudan satis tesvik edilmistir. Fakat perakende sektoriinde yer alan aktorlerden; dzellikle
marketlerde maliyetlerinin yliksek olmasi ve firelerin (iiriin kayiplarinin) fazla olmasi nedeniyle {iriin
satig fiyatlar1 diger piyasa aktorlerine kiyasla yiikselmistir. Ayrica marketlerde iiriin pazarlamasinin yani
sira hizmet satis1 da s6z konusudur. Bu hizmet iireticilerin iiretmis olduklari {irtinleri satin alarak
tiketicilere istedikleri zaman ve yerde sunmak olarak ifade edilmektedir. Marketlerde zaman ve mekéan
faydas1 yaratilmaktadir. Bu hizmet bedelinin iiriin fiyatlarina yansitilmasi durumunda; fiyatlarin diger
aktorlere kiyasla daha yiiksek olmasi beklenen bir durumdur (Aren, 1980).

Tirkiye’de YMS sektoriinde pazarlama kanallar1 ireticiler-komisyoncular-tuccarlar-
perakendeciler-tiketiciler olarak bilinmektedir. Komisyoncular ve ticcarlar Uretim-tuketim
bolgelerinde hal icinde ve hal disinda pazarlama faaliyetlerinde bulunurlar. Tiirkiye’de 176 adet YMS
pazarlamasi yapan toptanci hali bulunmaktadir. Toplam YMS pazarlamasi illere ve toptanct hallerine
gore degismekle birlikte trlinlerin yaklagik %350’si toptancit halleri diginda ticarilesmektedir
(Bayramoglu ve ark., 2020). Dolayisiyla toptanci hali disindaki pazarlama kanallarinda hal dis1 ¢alisan
komisyoncular, tliccarlar ve biiyiik marketlerin satin alma birimleri tedarik gdrevini iistlenmektedir.
YMS’lerin raf dmiirlerinin kisa olmasi ve tiiketiciler tarafindan siklikla tercih edilmeleri nedeniyle nihai
satis noktalarinda stirekli taze olarak bulundurulmalidir. Bununla birlikte gida giivencesi ve giivenligi
acisindan da pazarlama kanallar1 ve tedarik siireci 6nemlidir. Bu faktorler fiyat olusumunu da
etkilemektedir. Bu etkiler ¢alisma kapsaminda deger zinciri {izerinden domates pazarlama kanallar
kullanilarak Sekil 1°de incelenmis ve bu yontemle zincirdeki fiyat olusumunun asamalari
degerlendirilmistir.

Uretici Bolgeleri : Tiiketici Bolgeleri : Nihai Satis Noktalar:
] 1

|

1
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Sekil 1. Tiirkiye'de Yas Meyve Sebze Deger Zinciri Analizi.
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Sekil 1’de goruldiigi tizere YMS’de deger zinciri tiretici bolgeleri, tiiketici bolgeleri ve nihai
satis noktalar1 olarak ii¢ boliime ayrilarak incelenmistir. Uretici ve tiiketici bolgelerinde komisyoncular
ile tliccarlar yer alirken, nihai satis noktalarinda marketler, manavlar ve pazarcilar yer almaktadir. Deger
zincirinde toplamda 24 adet pazarlama kanali olusmustur. Pazarlama kanallan iireticiden tiiketiciye
iirlinlerin ulastirilmasinda; isleme, depolama, siniflandirma, tasnifleme, paketleme ve tagima gibi birgok
islemden meydana gelen alternatif yollar ifade etmektedir. Caligma kapsaminda konunun daha net
incelenebilmesi agisindan dort alternatif pazarlama kanali tizerinden hesaplamalar yapilmstir.

Calisma kapsaminda hesaplamalar 1 kg domatesin iiretim maliyeti lizerinden gergeklestirilmis
olup, Cizelge 1’de YMS’de alternatif pazarlama kanallarinin maliyetleri verilmistir. Cizelgeye gore
uretici-komisyoncu-tiiccar-perakendecinin tamamini iceren pazarlama siireci en uzun deger zinciridir.
Nisan 2019 yilinda domatesin iireticiden cikis fiyat1 4 TL/kg olarak belirlenmistir. Uretici, komisyoncu
araciligryla triinlerini tiiccara ve perakende sektdriine pazarlamaktadir. Komisyoncunun, belirlenen
domates fiyat1 lizerinden ¢esitli Kesintiler yaparak Ureticiye 3.494 TL/kg olarak Odeme yaptigi
belirlenmistir. Cizelgede de goriildiigii iizere komisyoncunun piyasadaki fiyat artisina herhangi bir etkisi
yoktur. Tliccar agamasinda ise iiriin fiyatina, isletme maliyetlerini ve fireden kaynaklanan mali kayiplari
eklenerek domatesin toplam maliyeti 4 969 TL/kg olarak hesaplanmis ve %10 kar pay: ile domates
perakende sektorune 5 466 TL/kg olarak pazarlanmustir.

Domatesin toplam maliyeti perakende sektoriinde isletme tiirlerine gore farklilik
gostermektedir. Market isletmelerinde domatesin maliyetleri incelendiginde isletme masraflari (%22) 1
202 TL/kg ve toplam fire kayb1 ise kg basina 0.656 TL dir.

Bu isletmelerde domates maliyeti olan 7 707 TL/kg’a %10 kar pay1 eklenerek domates satis
fiyat1 8 478 TL/kg belirlenmistir. Manav isletmelerinde iiriin satin alma fiyatina KDV farkinin, isletme
masraflarmin ve fire kayiplarinin eklenmesiyle maliyet 7 087 TL/kg olarak hesaplanmis ve %10 kar
pay1 ile domatesin satis fiyat1 7 795 TL/kg olarak belirlenmistir. Pazarlarda ise iiriin bedeli iizerine %7
KDV, pazar masraflar1 ve pazardaki fire kaybi1 eklenerek maliyet 6.470 TL/kg olarak hesaplanmistir.
Pazarcilar liretim maliyetlerinin tizerine digerlerinden farkli olarak 0.50 TL/kg kér ekleyerek trunlerini
pazarlamaktadir. Domatesin pazarlardaki satis fiyatlar1 6 970 TL/kg’dir.

Sonug olarak; en uzun pazarlama zinciri olan 1. alternatifte market, manav ve pazar yerlerinde
domatesin satis fiyatinin pazarlama aktdrlerine gore degistigi belirlenmis ve en yiiksek maliyete sahip
piyasa aktorliniin marketler oldugu tespit edilmistir. Bununla birlikte market isletmelerinin sunmus
olduklar1 hizmet ve bir¢ok ihtiyaca yonelik talebi es zamanl karsilayabilmeleri nedeniyle isletme
maliyetlerinin daha yiiksek oldugu tespit edilmistir.

Cizelge 1°de diger alternatif pazarlama kanallarinda olusan fiyatlar ve maliyetler de gosterilmis
olup, ikinci alternatif pazarlama kanali olan {iiretici-tliccar- nihai satis noktalarinda tiiccarlarin toplam
masraflar1 5 449 TL/kg ve satis fiyatlar1 5 949 TL/kg olarak belirlenmistir. Nihai satig noktalarinda ise
yapilan masraflar 1. alternatif pazarlama kanaliyla benzerlik gostermekle birlikte; domatesin
marketlerdeki satis fiyat1 8 819 TL/kg, manavlardaki satis fiyat1 8 074 TL/kg ve pazarlardaki satis fiyat:
7 216 TL/kg olarak hesaplanmuistir.

Uciincii alternatif pazarlama kanali olan iiretici-komisyoncu-nihai satis noktalarinda da
komisyoncularin fiyat artisina herhangi bir etkisinin olmadig: tespit edilmistir. Nihai satis noktalarinda
domates fiyati1 isletme tiirlerine gore farklilik gostermektedir. Bu pazarlama kanalinda, 2. alternatif
pazarlama kanalinda tiiccarlar tarafindan yapilan masraflarin (nakliye hizmetleri, tasnifleme, siiflama
vb.) perakende sektoriindeki aktorler tarafindan karsilandigi tespit edilmistir. Bu nedenle marketlerde
domatesin maliyeti 7 297 TL/kg ve satis fiyatt ise 8 027 TL/kg olarak belirlenmistir. Manav
isletmelerinde domates