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OZET Aragtirma Makalesi
Turkiye'de tiziim tretimi 4.0 milyon ton kadardir. Kahramanmarag

80-90 bin ton liziim Uretim miktar: ile Turkiye'de tiziim Uretiminde % Makale Tarihgesi

2.01'lik  paya sahiptir. Turkiyenin bag alanlar1 iginde Gelig Tarihi  :23.08.2019
Kahramanmarag'ta bagcilik yapilan alanlarinin payr % 3.75°dir. Kabul Tarihi :14.01.2020

Tiirkiye ve Kahramanmaragsn bag alanlari (r=0,318) ve tiziim iiretimi
(r=0,367) arasinda pozitif bir iliski vardir. Kahramanmaras'ta

Anahtar Kelimeler

uretilen Gizimun ¢ekirdekli olarak % 74.08’ini sofralik ve % 25.50’ini Kahramanmarag
ise kurutmalik- tizim ¢esitleri olusturmaktadir. Kahramanmarag'in Uziim tretimi
vejetasyon suresi 280 gin kadar olup bu stire bageilik i¢cin yeterlidir. Bag alani
Kahramanmarag yillik ortalama 16.9 °C civarinda bir sicakliga sahip Bagcilik

olup bu ortalama sicaklik degerine gore ilin iklimi bir¢ok tizim
cesidinin yetigtiriciligine uygundur. Herhangi bir yerde bagcilik
yapilabilmesi i¢in gerekli olan asgari etkili sicaklik toplam1 (EST) 900
guin-derece olup Kahramanmaras icin EST degeri 2.895 giin-derece
olarak tespit edilmigtir. Ote yandan Ilin giineslenme siiresi 2.144 saat
oldugundan bagecilik i¢in uygundur. Kahramanmaragta yillik
ortalama yagis ve vejetasyon donemindeki ortalama yagis miktari
sirasiyla 724.7 ve mm 359.6 mm’dir. Bu nedenle Ildeki baglar
yetistirme doneminde ihtiya¢ durumu dikkate alinarak sulanmalidir.
Sonug olarak Ilin mevcut bageihk durumu ve potansiyeli dikkate
alindiginda Kahramanmarag'ta bagciligin daha da gelistirilmesi
mimkindir.

ABSTRACT
Turkey’s grape production is estimated to be 4.0 million tonnes.
Kahramanmaras has 2.01% share of Turkey with 80-90 thousand tons

Current Situation, Potential and Development of Viticulture in Kahramanmaras

Research Article

Article History

production and covers 3.75% of the vineyard area of Turkey. There is Received ©23.08.2019
a positive correlation between vineyard areas (r = 0.318) or grape Accepted © 14.01.2020
production (r = 0.367) of Turkey and Kahramanmaras. The grape
production of Kahramanmaras consisted of table grapes (74.08%) and Keywords
raisin (25.50%). The vegetation period of Kahramanmaras is 280 days Kahramanmar.as
and it is sufficient for viticulture. Kahramanmaras has an average G?ape production
annual temperature of 16.9 °C, which provide a suitable climate for V?n.eyard
Viticulture

the cultivation of many grape varieties. The effective temperature
sum required for viticulture was determined as 2.895 day-degree. The
sunshine duration for viticulture growing at any place is required to
be 1300 hours during the vegetation period. Kahramanmaras is
suitable for wviticulture growing considering that the sunshine
duration of the province is 2.144 hours in the vegetation period. The
rainfall of annual average and vegetation period was respectively
724.7 mm and 359.6 mm. Vineyards be irrigated as needed including
in low rain time periods or in summers. As a result, it is possible to
develop more viniculture in Kahramanmaras by considering the
current situation and potential of viticulture in the province.
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GIRIS
Kahramanmarag'ta bageiligin tarihcesi oldukga eski
doénemlere kadar gitmektedir. Nitekim

Kahramanmarag Arkeoloji Miizesinde asmanin da yer
aldig1 bircok tarihi eser sergilenmektedir: Ornegin,
MO. 900-800 yiizyila ait elinde tiziim salkimi tutan bir
erkek heykeli ile MS. 1-2. ylzyilla ait taban
mozaiklerinde asma yaprak ve tuzim motifleri
mevcuttur. Osmanli Devletinde Maras Tahrir
Defteri'nde (MS 1563) giiniimiizde Kahramanmarag'in
yer aldigi bu yorede asma kiltiirtinlin yaygin oldugu,
ilin kuzeyde kesimlerine dogru, daghk kisimlarda ve
Elbistan tarafindan azaldig1 belirtilmistir (Yinang ve
Elibiiyiik, 1988). Daha yakin zamandaki kaynaklarda
da Kahramanmarag'ta bagciligin tarihgesinin eski
oldugu bildirilmigtir. Nitekim Oraman; 1950’li yillarda
yayimi  yapilan  kitabinda  “Maras  Akdeniz
mintikasinin en 6nemli ti¢ tziimci ilidir” bilgisine yer
vermektedir (Oraman 1970, 1972). Ayrica yazar
tarafindan yorede Mahrabas1 ve Kabarcik gibi tizim
¢esitlerinin yaygin yetistirildigi de belirtilmistir. Bu
cesitler glinlimiizde de bu ilde yasayanlar tarafindan
sofralik veya siralik olarak tiiketilmektedir. Ayrica,
Kahramanmarag'ta tretimi en fazla yapilan meyve
tirinian tzim oldugu ve bagciligin bu yorede gelisme
potansiyelinin oldugu belirtilmigtir (Siityemez ve
Giindesli, 2004)

Son yillarda Tiurkiye bag alanlari 4.17 milyon da,
{iziim {retimi ise 4.0-4.2 milyon ton kadardir. Uziim
uretimi  bakiminda dinya ilkeleri arasinda
Tiirkiye 5’inci siradadir (Karabat, 2018). Tiirkiye'nin
Uzim Uretiminin yillara goére az ¢ok farkhlik
gostermekle birlikte  %34.31'1  sofralik-¢ekirdekli,

%15.901 sofralik-cekirdeksiz, %11.62’1 saraplik,
%8.640  kurutmalik-cekirdekli ve % 29,52'ini
kurutmalik-¢ekirdeksiz uziimden olusmaktadir

(Anonim, 2019a).

Ulkemizde bagciligin énemli oldugu illerden biri de

Kahramanmarag’tir. Bu ilimizin bagcilikta
potansiyelini ve gelistirme imkaninin var olup
olmadigin1 ortaya konulmasi1 gerekir. Ulkemizde

bagcilik {izerine yazilan eserlerde baz iller i¢in 6zel
bilgilere yer verilmis olmakla birlikte (Oraman 1970,
1972); Kahramanmarasin bagcilik icin iklim durumu
yeterince irdelenmemigtir. Ayni sekilde sonraki
yillarda yazilan kaynaklarda da bu bilgiler
bulunmamaktadir (Yildirim ark., 2005; Uzun, 2015).
Bunlarin yaninda Kahramanmarag bagcilig1 yeterince
incelenmemigtir.

Kahramanmaras bagciliginda yerel pazarlara yonelik
ve Mahrabasi, Kabarcik ve Peygamber Uziimii gibi
belirli gesitlerin liretimine yer verilmektedir. Bunun
yaninda baglarin daglik ve kurak arazilerde tesis
edilmesi, yetigstirme tekniklerindeki noksanliklar,
disiik girdi kullanimi1 6nemli sorunlar arasindadir
(Sabanci, 2009). Buna gore standart {iziim ¢esitleri ile
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yeni baglarin kurulmasi ve modern bagcihigin
yayginlastirilmasi gereklidir. Bu amagla Ilin mevcut
durumu ve potansiyelini ortaya koyan sinirli sayida

calisma bulundugundan; bu calismada
Kahramanmarag’ta bagciligin tarihcesi, mevcut
durumu ve potansiyeli ve gelistirme imkanlar
incelenmigtir.

MATERYAL ve METOT

Bu calismada, Tirkiye istatistik Kurumu’na (Anonim
2019a); Meteroloji Isleri Genel Miidiirliigiine

(Anonim, 2019b) ve Tarim ve Orman Bakanhg
Bitkisel Uretim Genel Mudirligi'ne (BUGEM)
(Anonim,2 013; Anonim, 2019c ) ait bitkisel tiretim ve
iklim verilerinden yararlanilmistir.

Bir yorede ilkbaharin son ve sonbaharin ilk donlari
arasinda kalan siire vejetasyon suresi olarak kabul
edilmektedir. Kahramanmaras merkezde ortalama
olarak ilkbaharin son donlar1 01-10 Mart ve
Sonbaharin ilk donlari ise 11-22 Aralik tarihinde
gozlenmektedir (Giiveng, 2017; Anonim 2019b). Bu
vejetasyon donemindeki toplam giineslenme stresi ve
toplam yagis miktar: etkili sicaklik toplami degerleri
(EST) Kahramanmarag’a ait giineslenme siiresi, yagis
ve ortalama sicaklik gibi meteorolojik verilerden
(ikincil) yararlanarak hesaplanmistir. Etkili sicaklik
toplam1 (EST) tomurcuklarin kabarmaya basladig
tarih ile tztimlerin olgunlagma tarihi arasindaki
dénemde 10°C’nin tzerindeki giinlik ortalama
sicakliklarin toplanmasi ile elde edilen degerdir
(Yildirim ve ark., 2005; Uzun, 2015).

Yukarda belirtilen kurum kayitlarindan elde edilen
verilerden ihtiya¢c duyulan hesaplamalar [Korelasyon
(r), (%), Degisim Katsayis1 (DK)] Microsoft Excel
programiyla  yapilmigtir. Bagimli degiskendeki
degisimin ne kadarinin bagimsiz degiskence
aciklanabilecegini gosteren ‘Belirlilik Katsayist’ (BK);
korelasyon katsayisinin karesi alinarak
hesaplanmisgtir. Ayrica kullanilan istatistik
serilerindeki degiskenlik degisim katsayis1 (DK)ile
belirlenmistir (Yiizer ve ark., 2006).

BULGULAR ve TARTISMA

Kahramanmarag'ta bagciligin mevcut durumu tiretim
miktar1 ve alanmi ile verimlilik durumu dikkate
alinarak incelenmigtir.

Uretim

Ulkemizde {iziim iiretimi 2004 yilinda 3.5 milyon ton
iken 2018 yilinda 400 bin ton kadar artarak 3.9 milyon
ton olarak gerceklegmistir. Tirkiye tizlim tiretiminin
% 37.8'1 sofralik-gekirdekli, % 11.651 kurutmalik-
¢ekirdeksiz, % 11.79u saraplk ve % 39.251
kurutmalik {iziim iiretiminden olusmaktadir (Cizelge
1.
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Cizelge 1. 2004-2018 déneminde Tiirkiye’de toplam iiziim iiretimi (ton).

Table 1. Grape production for Turkey in 2004- 2018 (tone).

Yullar | Sofralik- Sofralik- Saraplik Kurutmalik- Kurutmalik- Toplam™*
Years | (Cekirdekli Cekirdeksiz Uzimler Cekirdekli Cekirdeksiz Total
Table grapes | Table grapes | Wine grape Raisin with seeds | Raisin without
with seeds without seeds seeds

2004 1.500.000 400.000 370.000 350.000 880.000 3.500.000
2005 1.600.000 400.000 450.000 400.000 1.000.000 3.850.000
2006 1.564.009 496.158 444,199 370.764 1.124.933 4.000.063
2007 1.487.602 424.937 482.292 335.010 882.940 3.612.781
2008 1.490.185 480.501 470.285 321.142 1.156.329 3.918.442
2009 1.695.307 561.538 475.888 402.094 1.129.893 4.264.720
2010 1.695.727 553.803 461.508 431.326 1.112.636 4.255.000
2011 1.696.811 572.156 465.320 435.756 1.126.308 4.296.351
2012 1.619.849 599.964 400.659 417.521 1.196.312 4.234.305
2013 1.634.596 498.006 45.5229 466.529 957.049 4.011.409
2014 1.580.585 586.164 445,127 427.533 1.135.947 4.175.356
2015 1.305.491 586.419 423.527 379.263 955.300 3.650.000
2016 1.380.120 610.484 472.534 395.732 1.141.130 4.000.000
2017 1.441.000 668.000 488.000 363.000 1.240.000 4.200.000
2018 1.487.201 458.061 463.647 477.746 1.046.345 3.933.000
(%)* 37.81 11.65 11.79 12.65 26.60 100.00

Kaynak: Anonim 2019a,c (TUIK) veri tabanindan yararlanarak hazirlanmisgtr.
*: 2018 yilinda oransal dagilimi géstermektedir. **: DK=%6.08.

Turkiye tzim uretiminde Kahramanmaras'in pay:
%2.01 olup son yillarda 80-85 bin ton kadardir.
Kahramanmarag tizim turetiminde miktar olarak
onemli Uretici iller arasinda 9. sirada yer almaktadir.
Kahramanmarag ili Turkiye’de ¢ekirdekli sofralik ve
kurutmalik izlim tGretimi ile 6n plandadir. Nitekim bu
tzim gruplarinda il paymmin sofralikta %4.0 ve
kurutmalikta %6.0 oldugu belirlenmistir (Cizelge 2).

Kahramanmarag'ta  Uretilen  toplam  {zimiin
%74.08ini sofralik  (cekirdekl) ve %25.50’ini
kurutmalik (cekirdekli) iziimler meydana getirmekte
olup il g¢ekirdekli sofralik ve kuru tziim tretiminde
énemli bir merkezdir (Cizelge 2).

2004-2018 yillar1 arasinda Kahramanmaras ili izim
uretim miktarlar1 Cizelge 3’te verilmistir. Ilin tiziim
tiretiminde 2015 yilina kadar bir artisin oldugu bu
yildan sonra bir azalma oldugu tespit edilmistir.

I1deki toplam iiziim tiretimi ile Turkiye'ninki arasinda
diigiitk  diizeyde bir iligkinin (r=0.367) oldugu
belirlenmigtir. Kahramanmarag ve Tirkiye tretimi
arasinda % 13.5 oraninda bir etkilesim [belirlilik
katsayis1 (r2)=0.135] vardir.

Bagcilik Yapilan Alan

Tirkiye ve Kahramanmarag'ta bagclhik yapilan
alanlardaki degisim Cizelge 4’de sunulmustur. Ilin bag
alanlarinin Turkiye bag alanlari igindeki pay1 %3.50
civarindadir. Gerek tlkemizde ve gerekse ilde bag
alanlar1 incelenen 2004-2018 doéneminde azalan bir
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seyir izlemektedir. Kahramanmarag'ta 2004’de 269
bin da olan bag yapilan alan %43 azalarak 2018'de 149
bin dekara diusmiustur. Ote yandan
Kahramanmarag'ta bag alanlar1i Merkez ve Pazarcik
ilgesinde yogunlasmis durumdadir. Pazarcik ilgesi bag
alanlar1 c¢ekirdekli-kurutmalik c¢esitler bakimindan
onemdir.

Turkiye ve Kahramanmarag'ta toplam bag alanlari
arasindaki iligki incelendiginde orta diizeyde bir
iliskinin (r=0.318) varhigindan s6z etmek miimkiindiir.
Kahramanmarag ve Turkiye tiretimi arasinda %10.1
oraninda bir etkilesim [belirlilik katsayis1 (r2)=0.101]
vardir.

Verim

Kahramanmarag’ta oOnemli tretimi olan sofralik-
¢ekirdekli ve kurutmalik-cekirdekli tiztimlerde verim
incelenmistir (Cizelge 5). Ilde baglarn veriminin
yillara gore degisken oldugu goriilmektedir. Bu durum
ekolojik ve ekonomik sartlarin tiziim tretimi izerine
¢ok etkili oldugunu géstermesi bakimindan énemlidir.

Bagcilik Bakimindan Kahramanmarag'in Tklimi

Bir yerde bagcilik yapilmak istendiginde o yerin
vejetasyon siiresi, etkili sicaklik toplami, giineslenme
siiresi ve yagis gibi iklim &zelliklerinin &ncelikle
dikkate alinmasi gerekir. Bu nedenle
Kahramanmarag'in bagcilik potansiyelini ortaya
koyabilmek i¢in bu 6zellikler incelenmisgtir.
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Cizelge 2. Tiirkiye’de toplam iiziim {iretimi ve énemli pay1 olan iller (ton).
Table 2. Production and major producer provinces of grape for Turkey in 2004- 2018 (tone).
Tller Sofralik- Kurutmalik- Toplam Pay (%)
Province Cekirdekli Sofralik- Saraplik Kurutmalik- | Cekirdeksiz Total Percentage
Table Cekirdeksiz Uztimler Cekirdekli Raisin
grapes Table grapes Wine Raisin without
with seeds | without seeds grape with seeds seeds
Manisa 57.394 385.741 6.830 744 1.083.710 1.534.419 36.53
Denizli 67.250 205.788 94.555 27.789 77.092 472.474 11.25
Mersin 256.895 14.792 16.226 16.315 - 304.228 7.24
Izmir 29.183 40.826 25.605 900 77.119 173.633 4.13
Mardin 63.705 31.858 63.032 158.595 3.78
Diyarbakir 88.680 185 16.787 23.601 129.253 3.08
Gaziantep 81.494 6.362 6.376 31.407 125.639 2.99
Nevsehir 33.142 - 5.2458 28.006 113.606 2.70
Kahramanmarasg 62.649 357 - 21.564 - 84.570 2.01
Kilis 1.797 67.051 15.685 84.533 2.01
Sakarya 77.136 77.136 1.84
Adiyaman 54589 168 58 21.977 76.792 1.83
Konya 34516 60 1293 34.728 1 70.598 1.68
Hatay 53953 2097 6.973 - 63.023 1.50
Isparta 30637 - 1.344 24.211 56.192 1.34
Elazig 36816 19.047 - 55.863 1.33
Tokat 8012 38.166 46.178 1.10
Tekirdag 15743 29.556 45.299 1.08
Toplam (18 1 1.053.591 656.376 414.183 309.959 1.237.922 3.672.031 87.42
Tirkiye Toplami 1.441.000 668.000 488.000 363.000 1.240.000 | 4.200.000 100,00
Kahramanmarag/ 4,00 - - 6,00 - 2.01
Tiirkiye®
Kahramanmarag 74.08 0.42 25.50 84.570 100.00
(%) @
Kaynak: TUIK veri tabanindan yararlanarak hazirlanmigtir (Anonim, 2019a).
(1): Kahramanmarasn Tiirkiye {iretiminde paya.
(2): Kahramanmaras’ta énemli {iziim gruplarinin oransal dagilimi.
Cizelge 3. 2004-2018 déneminde Kahramanmarag’ta iiziim tiretimi (ton/y1l).
Table 5. Grape production for Kahramanmaras in 2004- 2018 (tonelyear).
Tller Sofralik-Cekirdekli Sofralik-Cekirdeksiz ) Kurutmalik- Toplam
Province Table grapes with Table grapes without Saraplik Uziimler Cekirdekli Total
seeds seeds Wine grape Raisin with seeds
2004 89.520 0 510 25.360 115.390
2005 104.220 0 510 28.485 133.215
2006 90.095 0 200 29.985 120.280
2007 69.053 0 1.600 6.210 76.863
2008 146.116 0 1.776 55.120 203.012
2009 164.908 0 3.100 80.550 248.558
2010 209.039 0 3.098 51.100 263.237
2011 194.714 0 0 55.525 250.239
2012 200.804 0 0 55.475 256.279
2013 152.999 0 0 62.250 215.249
2014 149.549 0 0 61.035 210.584
2015 199.462 0 0 72.315 271.777
2016 47.817 896 0 14.015 62.728
2017 62.649 357 0 21.564 84.570
2018 52.151 683 0 19.555 72.389

Kaynak: TUIK veri tabanindan yararlanarak hazirlanmistir (Anonim, 2019a). Tirkiye ve Kahramanmarag tiziim {iretimi
arasindaki Korelasyon katsayisi r=0,367 ve BK (12)=0.135 (%13,50). Kahramanmarasg {iziim iiretimi icin DK=%42,87.
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Cizelge 4. 2004-2018 déneminde bagcilik yapilan alan ve Kahramanmaragin payu.
Table 4. Grape area and ratio for Kahramanmaras in 2004- 2018.
Kahramanmarag Turkiye Turkiye’de
Kahramanmaras Turkey Kahramanmarag'in Pay:
Yillar Alan (da) Degisim (%) | Alan (da) Degisim (%) (%)
Years Area (da) Changing (%) | Area (da) Changing (%) Ratio of Kahramanmaras
in Turkey (%)
2004 269.520 100.00 5.250.000 100.00 5.13
2005 274.990 10.,00 5.196.000 98.97 5.29
2006 249.620 92.60 5.156.728 98.22 4.84
2007 252.483 93.70 4.833.705 92.07 5.22
2008 262.583 97.40 4.716.019 89.83 5.57
2009 281.238 104.30 4.702.781 89.58 5.98
2010 283.838 105.30 4.727.754 90.05 6.00
2011 336.324 124.80 4.674.043 89.03 7.20
2012 334.193 124.00 4.606.008 87.73 7.26
2013 332.673 123.40 4.620.313 88.01 7.20
2014 333.340 123.70 4.611.554 87.84 7.23
2015 333.290 123.70 4.576.340 87.17 7.28
2016 160.626 59.60 4.282.840 81.58 3.75
2017 153.500 57.00 4.090.320 77.91 3.75
2018 149.615 55.40 4.170.410 79.42 3.58

Kaynak: Anonim 2019a,c (TUIK) verilerinden yararlanarak hazirlanmistir.
Tiirkiye ve Kahramanmarag bag alam arasindaki Korelasyon katsayisi (r)=0,318) ve BK (¥2)=0.101 (%10,1). Tiirkiye icin

DK=%6,64, Kahramanmaras i¢in ise DK=21,74.

Cizelge 5. Tirkiye ve Kahramanmarag'ta 2004-2018 déneminde verim (kg/da).
Table 5. Yield of grape for Turkey and Kahramanmaras in 2004- 2018 (kg/da).

Yillar Sofralik Cekirdekli Kurutmalik Cekirdekli
Years Table grapes with seeds Raisin with seeds
Kahramanmaras Turkiye Kahramanmarag Turkiye
Kahramanmaras Turkey Kahramanmaras Turkey
2004 403 566 560 467
2005 468 597 565 551
2006 439 580 677 529
2007 340 621 131 473
2008 686 615 1.163 499
2009 753 707 1.369 619
2010 944 723 868 627
2011 703 720 937 670
2012 731 713 935 632
2013 560 718 1.049 717
2014 545 688 1.034 681
2015 727 570 1.225 620
2016 390 667 373 689
2017 543 754 569 650
2018 485 781 468 796

Kaynak: TUIK veri tabanindan yararlanarak hazirlanmistir (Anonim, 2019a).
Mevcut durumunu inceledigimiz Kahramanmarag’ta bagciligin gelistirme potansiyelinin ne durumda oldugunun bilinmesi de

onemlidir.

Vejetasyon siiresi

Vejetasyon siiresi Kahramanmaragin ytuksek rakiml
kuzey ilgelerinde daha kisa giiney ilcelerinde ise daha
uzundur. “Kahramanmaras merkezde ilkbaharin son
donlar1 01-10 Mart ve sonbaharin ilk donlari ise 11-22
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Aralik tarihleri arasinda gerceklestigi (Giiveng 2017)
dikkate alindiginda; 280 giin civarinda bir vejetasyon
stiresi oldugu belirlenmigtir. Bir yerde bagcilik
yapilmasi i¢in asgari vejetasyon suresi olarak 160 gin
(s1n1r bir deger) olarak dikkate alinmaktadir (Oraman,
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1972). Vejetasyon siiresinin 160 giinden daha kisa
oldugu yerlerde iiziimlerin olgunlag(a)madigi, kalite
tzerine dogrudan etkisi bulunan; tat, aroma ve renk
maddelerinin  istenilen  diizeyde olus(a)madig
gorulmektedir. Bu verilere gore Kahramanmarag'ta
vejetasyon siiresi bagcilik i¢in yeterlidir.

Etkili Sicaklik Toplami (EST)

Sicaklik faktéri ile bir yerde ekonomik anlamda
bagcilik yapmak imkani arasindaki iligki farkh
yonlerden incelenebilir. Bir yerde bagcilik yapilmasi
distinildigiinde yillik ortalama sicaklik degerinin
dikkate alinmasi gerekir. Bir boélgede ekonomik
anlamda bagcilik yapilabilmesi igin yillik ortalama
sicakligin +9°C’den asag1 dilsmemesi gerekir (Yildirim
ve ark., 2005; Oraman 1970, 1972). Yillik ortalama
sicaklik bakimdan Kahramanmaras 16.9°C civarinda
bir sicakhiga sahiptir (Cizelge 6). Buna gore yillik
ortalama sicaklik degerlerini karsilamakta ve bir¢ok
tziim ¢esidinin yetistiriciligine uygun olmaktadar.

Ilin ayhk sicaklik ortalamalarindan yararlamlarak
hesaplanan EST degeri 2.895 gln-derece olarak
belirlenmistir  (Cizelge 6). Bagcilik yapilmasi
planlanan bir yerde asgari olarak 900 giin-derece EST
degeri istendiginden (Yildirnm ve ark., 2005);
Kahramanmarag'a ait EST degeri (2.895 giin-derece)
birgok iizim c¢esidinin gereksinimini karsilamaya
yeterlidir.

Gineslenme siiresi

Kahramanmarag'in vejetasyon siiresince giineslenme
siiresi 2.144 saattir (Cizelge 6). Bagcihk icin
glineglenme siiresinin vejetasyon doéneminde 1.300
saat olmasi istenir (Oraman 1970, 1972; Yildirim ve
ark., 2005). Giineslenme siiresini; bulutluluk, yoéney
(bakl) ve gilindiiz siiresi etkilemektedir. Bitkinin
giinegslenme ihtiyacinin kargilanmamasi meyve
tutumu ve tanelerde seker oraninin diisiik kalmasina
neden olur (Okuroglu ve ark., 1992; Karacali, 1993).
Bu verilere gore ile ait glineslenme siresi iyi bir
bagcilik i¢in yeterlidir.

Cizelge 6. Kahramanmarag’ta aylik ortalama sicaklik, EST degeri, glineslenme siiresi ve yagis.
Table 6. Average Temperature, EST value (effective temperature sum), sunshine duration and rainfall for

Kahramanmaras
O | s I M[N]I[MI][HI]TI[A]TEI[E]ZKI]| A/ Yk |
Ortalama Sicaklik (°C) Average Temperature
4.9 6.5 10.7 | 1565 | 20.3 | 25.2 | 284 | 28.5 | 252 | 19.1 | 11.7 6.7 16.9 EST
- - 0.7 5.5 10.3 | 15.2 18.4 | 185 | 15.2 9.1 1.7 - 2.895
22 165 | 319 456 570 574 456 282 51
Giineglenme Siiresi (GS) (Saat) Sunshine duration (hours)
3.3 4.0 54 | 6.7 | 8.0 | 10.0 | 10.5 | 9.8 8.7 6.5 4.5 3.2 Toplam GS
167 | 201 | 248 300 326 304 261 202 135 2144 saat
Yagis (mm) Rainfall (mm)
129.2 [ 1108971 [733] 41.8 | 6.7 | 1.1 | 0.9 | 9.1 | 46.8 | 82.8 [ 125.1 | Toplam 724.7

EST: www.mgm.gov.tr veri tabanindan yararlanarak hesaplanmigtir. Olgiim Periyodu (1929 - 2017) (Anonim 2019b).

Yagis

Kahramanmarag'ta yillik ortalama yags 724,7
mm’dir. Ancak vejetasyon doneminde 359,6 mm kadar
yagis dismektedir. Bir yerde bagcilik yapilirken 600
mm yagis varsa sulamaya gerek duyulmayacagi; 300-
600 mm arasinda yagis varsa sulamanin bitki
gelismesi ve verime olumlu etki yapacag ve yagis
miktar1 300 mm ve altinda ise mutlaka sulama
gerektigi bildirilmistir (Yildirim ve ark., 2005). Ilde
yetistirme periyodu ve yaz aylarinin oldukg¢a kurak
gectigi dikkate alindiginda sulamaya belli élgiilerde
yver verilmesi gerektigi gorilmektedir. Ayrica
sonbaharin (Ekim ve Kasim) ilde yagish gecmesi gec
hasat edilen kurutmalik ¢esitlerde hasat sonrasi
islemlerde sorun olusturabilmektedir.

SONUC ve ONERILER

Tiurkiye sofralik ve kurutmalk tzim tretiminde
Kahramanmarag'm  6énemli bir payr vardir.
Kahramanmarag'ta yetistiriciligi yaygin yapilan
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kaliteli  kurutmalik tzum  c¢esitleri arasinda
Peygamber Uzimii (sinonim=Besni veya Pazarcik
Uziimi) yer almaktadir. Pazarcik ilcesi Tirkiye'nin en
kaliteli kurutmalik Peygamber Uziminin
yetigtirildigi yerlerden biridir. Ayrica Ilde siralik ve
sofralik olarak Kabarcik; sofralik olarak Mahrabasi
Uzimi yaygin yetistirilmektedir. Bunlarin yaninda
Yildiz, Ag {tiziim, Yalova Incisi, Trakya Ilkeren,
Alphonse Lavalleé, Horoz Karasi gibi birgok tizim
¢esidinin yetistiriciligine rastlamak da mimkindir.
Ilimizde erkenci cesitlerde hasat temmuz ay1 baginda
baglamakta, gecci ¢esitlerin hasadi ekim ay1 ortalarina
kadar devam etmektedir. Ote yandan agustos ayinin
ortalarinda da kurutmalik ¢ekirdekli wziimlerin
hasadina baslanmaktadir.

Kahramanmarag’ta mevcut bageihgin Ilin  sahip
oldugu iklim sartlar1 nedeniyle daha da gelistirilme
potansiyeli vardir. Bu amagla yukarda incelenen
mevcut durum yaninda, bagcilik sektériiniin sorunlari
ve ¢ozlim oOnerileri ile ilgili olarak daha 6nce yapilan
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calismalardan da (Anonim, 2017; Anonim, 2019d)
yararlanarak asagidaki aciklamalari  eklemek
mumkindir.

Ureticilerin 6nemli sorunlarinda bazilar: su sekildedir:

Turkiye'nin en kaliteli ¢ekirdekli kurutmalik tiziimleri
uretilmesine ragmen; pazarlama énemli bir sorundur.
Bu sorunu, dzimin bir marka i1smi ile
paketlenmemesi artirmaktadar.

Ikinci sirada ise giibreleme, hastalik ve zararhlarla
micadele gibi kiltirel uygulamalarin yeterince
yapilmamasi bulunmaktadir. Bu durum drinlerin
pazarlama sorunu ile iligkilidir. Ayrica artan girdi
fiyatlar1 kultiirel iglemlerin yeterince yapilmamasina
neden olmaktadir.

Son yillarda baglarda Bag Kiillemesi (Uncinula
necator), Bag Mildiyosii (Plasmopara viticola) ve Bag
Kanseri (Agrobacterium vitis) gibi hastaliklarin
yogunlugunu artmasi ticiinci sirada yer almaktadar.

Yiiksek terbiye sistemlerinin yaygin olmamasi diger
bir sorundur. Bu durum verim dustikligi yaninda
mantari hastaliklar ile micadeleyi de
zorlagtirmaktadir.

Bu sorunlarin c¢ozilmesi veya mevcut durumun
iyilestirilmesi i¢in asagida 6neriler verilmigtir:

Ik olarak, iiziim iireticilerinin orgutlenmesi 6nem arz
etmektedir. Pazarcik Ilgesinde kurutmalk tizim
ureticileri Tarimsal Kalkinma Kooperatifi
kurmuslardir. Uriintin piyasaya arzinda aracilarin
azaltilmasi Uretici gelirlerini artiracaktir.

Ikincisi, kooperatif iiretim asamasinda yetistiricilere
katk: vermesi yaninda markalagsma yoniinde ¢aba sarf
etmelidir.

Uclinciisti, Tarim ve Orman Bakanhg tarim
havzasina gore Kahramanmarag’ta desteklenen trin
listesine tizim alinmalidir.

Kahramanmarag'ta tizimden pekmez, giin pekmezi,
kuru tizim, beyaz ve kara sucuk, samsa, pestil, kirma,
cullama, ravanda gibi UrlGnler yapilmaktadir.
Uziimden iretilen triinlerin ambalajlanmasi hem
pazarlama da olumlu katki hem de katma deger
kazandiracaktir. Bunlarin her birinden yeni bir marka
cikarmak mimkundir.

Cikar Catigmasi1 Beyani

Makale yazar1 herhangi bir ¢ikar ¢atismasi olmadigim
beyan eder.
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OZET Aragtirma Makalesi

Bu caligmada, celiklerde olusan koklerin, ¢eligin hangi kisminda ve

ne yogunlukta olustugu arastirilmistir. Ayrica asma anaci gelikleri Makale Tarihgesi

arasinda kok olusum yogunlugu acgisindan bir farkliligin olup Gelig Tarithi  :12.11.2019
olmadigr  incelenmigtir. Tekirdag Bagcihik ve  Arastirma Kabul Tarihi :20.02.2020

Enstitiisii'nden temin edilen SO4, 5BB, Lot ve 8B asma anaci celikleri
kullanilmis ve deneme bu enstitiidde yturutiulmustir. Celikler 15 cm

Anahtar Kelimeler

sira arasi (SA) ve sira tizeri (SU) mesafe ile hazirlanan derin kum S04
sandiklarina 3 Mart 2017’de dikilmigtir. Yaprak dékiimtiinden sonra 5B

15 Kasim 2017'de kokli gelikler sandiklardan gikarilip olgim ve Lot

sayim yapilmigtir. G6ziin solundan, sagindan, karsisindan ve hemen 8B

altindan o6lgimler yapilmistir. Dikkate alinan kriterler kok sayisi, Kok yogunlugu

uzunlugu, agirhigr ve kalinligidir. Literaturde siklikla raslatan tek
faktorli deney tasarimi modelleri yerine iki faktorli faktoriyel deney
tasarimi modeli kullanilmigtir. Boéylece hem bogumlar arasi
farklhiliklar hem de anaglar arasindaki farklilar ana faktorler olarak
ele alinabilmig ve incelenmistir. Ayrica iki faktorlii deney tasarimi
kullanimi, ana¢ ve bogum ana faktorlerinin etkilesimlerinin de
incelenebilmesini saglamistir. Tim bulgular 6zet tablolar halinde
sunulmus ve yorumlanmigtir. Sonu¢ olarak; kok sayisi, uzunlugu,
agirhiga ve kalinligr bakimindan bogumlar ve anaclar arasinda
istatistiksel farkliliklar oldugu ortaya konmustur.

ABSTRACT
In this study, the internodes locations of the roots formed in cuttings
were investigated. In addition, it has been investigated whether there

Determination of Root Formation Density Places on Rootstock Cuttings

Research Article
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is a difference in root formation density for grapevine types. SO4, 5BB, Received ©12.11.2019
Lot and 8B grapevine rootstocks obtained from Tekirdag Viticulture Accepted ©20.02.2020
and Research Institute were used and the experiment was conducted

in the same institute. The cuttings were planted in deep sand boxes Keywords

prepared with 15 cm row spacing (RS) and intra-row spacing (IS) on S04

March 3, 2017. After defoliation, cuttings were removed from the 5B

boxes and measured on November 15, 2017. Root measurements were {g](;t

made from the left, right, opposite and just below the internodes. The
criteria used were the number of roots, root length, root weight and
root thickness. The two-factor factorial design model was used instead
of the single-factor design model, which frequently appeared in the
literature. Thus, the differences between the internodes and the
differences between the grapevine types could be considered as the
main factors examined. In addition, the use of two-factor experimental
design allowed to investigate the interaction of grapevine types and
internodes. All findings were presented and interpreted. As a result
there were statistical differences between the internodes and
rootstocks in terms of number of roots, root length, root weight and
root thickness.

Root density
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GIRIS

Bag alani yoniinden diinya tulkeleri arasinda ilk
siralarda yer alan Tirkiye'de de, diger iilkelerde
oldugu gibi, yeni bag alanlarinin olugsumu siirecinde
asma fidanlarina ihtiya¢ duyulmaktadir. Bu duruma
ek, filoksera zararlis1 ve kuraklik gibi sorunlardan
dolay1 bagcilikta asili ana¢ kullanilma zorunlulugu
giin gectikce kacginilmaz hale gelmektedir. Bu
baglamda farkli affinite ve adaptasyon Ozelliklerine
sahip olan birgok anag elde edilmistir. Kékli anag ve
asili kokli fidan kullanimi bag kurulurken tercih
edilmektedir. Bu siiregte belli standartlar g6z 6niinde
bulundurulur (Anonim, 1983; Anonim, 1988; Anonim,
1990; Anonim, 1992 ve Celik ve ark., 1998). Anagc
celiklerinin koklenmesi, anaclara goére farklihik
gosterebilmektedir (Atilla, 1985; Baris, 1983; Barlass
ve Skene, 1980). Koklenme 6zelliklerinin anaclara gére
degisebilecegi (Cakir ve ark., 2013) gibi aym anacin
tuzerindeki kok olusum yerlerinde de farklilik
gorilebilecegi bilinmektedir.

Bircok tlkede oldugu gibi Tiurkiye’de de bag alanlar:
filoksera zararlisiyla bulasik durumdadir. Bu zararh
asma koklerinde emgi yapmakta ve yapraklarda gal
olusumuna neden olmaktadir. Bu zararh ile bulagik
bag alanlarindaki yerli Uzim c¢esitlerinden alinan
celiklerin koklendirilmesiyle elde edilen fidanlar ile
bag tesisi yapilamamaktadir. Cunki filoksera
zararlisina karsi Vitis vinifera L. asma tird onemli
derecede hassastir (Ruckenbauer ve ark., 1975). Bu
nedenle siklikla filoksera zararhisina karsi dayanikl
olan Amerikan asma anaglar: tizerine agili yerli izim
cesitleriyle baglar kurulmaktadir. Bagcilikta anag-
kalem kombinasyonunun asmada vejetatif gelismeyi
etkiledigi ifade edilmistir (Santarosa ve ark., 2015). Bu
asamada asili kokli asma fidam kullanimi, asilamada
secilen ¢esitlerin randimanina bagh olarak degiskenlik
gostermektedir (Aslan ve ark., 2015; Yagc1 ve Aydin,
2015; Persuric ve ark., 2015; Isci ve ark., 2015; Yagci
ve Gokkaynak, 2016). Asma anaglarinin
koklendirilmesinde Vitis vinifera tlriine ait baz
celiklerde koklenmelere dair iyi, orta ve zor koklenme
ozellikleri dikkate alinarak ayrimlar yapilmistir (Sucu
ve Yagc, 2017). Aym1 calismada ilgili anaclarin
asisizlarinin, agihilara goére daha yliksek randimana
sahip oldugu ortaya konmustur. Belli agili asma anaci
iretiminde mikoriza uygulamalarinin  etkileri
arastirilmistir (Eroglu ve Celik 2015). Asma anaci
fidanlarinin ~ koklenmesi, sturgin gelisimi  gibi
faktorlerin son yillarda onem kazandigi
vurgulanmistir (Sabir, 2002). Hidroponik sistemde
farkli kiltir ortaminin etkilerini arastirmak amaciyla
Ruggeri 140 (140R) ve Couderc 1616 (1616C) anaclar
lzerine omega agi ile agilanmig Alfonse Lavallée, tg¢
farklhi agregat ortaminda kullanilmis; koéklenme
oranlar1 ve kapasiteleri sunulmustur. Tarimsal kaya
yiniunde yuksek koklenme orani oldugu ifade
edilmistir (Sengel ve Ark., 2012). Merzifon Karas:
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Uzim c¢esidine en uygun olabilecek anaglarin
belirlenmesi i¢in on farkli asma anaci kullanilmaisg;
ana¢ gelisimi i¢in kallus olusumu, koéklenme
kapasitesi ve farkli anaclarin biiyiume tzerine etkisi
istatistiksel yontemlerle incelenmistir (Koése ve Ark.,
2015). Asili asma fidam iiretiminde ana¢ ¢apinin; asi
basarisina,- fidan randimanina ve kalitesine etkileri
incelenmig; asili  geliklerin  kallus, koklenme
performans1 ve fidan randimani degerlendirilmistir
(Cangi ve Etker, 2018). Kapsamli bir literatiir
arastirmasiyla c¢esitli toprak ortamlari ve anag
genotipleri icin asma koklerinin kok derinlik
dagilimlar: sunulmustur (Smart ve Ark., 2006).

Bu c¢alismanin baglica amaci1 ise, tretim materyali
olarak kullanilan asma anaci ¢eliklerinde adventif
koklerin olusum yogunlugu yerlerini saptamak ve
farkli anacglarin es kultir ortamindaki kok
gelisimlerini yogunluk acisindan ortaya koymaktir.
Boylece kok olugsum yogunlugunun bdélgesi ile kok
olusum yogunlugunun ana¢ c¢elik tiirlerine gore
degisimi ortaya konmustur. Bu baglamda ikinci
bélumde arastirmada kullanilan materyal ve metot
paylasilmigtir. Uciincii bolimde bulgular sunulmus ve

tartisilmigtir. Son olarak elde edilen sonuglar
sunulmustur.

MATERYAL ve METOT

Materyal

Aragtirma, Tekirdag Bagcillik ve  Aragtirma

Enstitisii'nde 2017 yilinda yurutulmus olup bitkisel
materyaller de buradan temin edilmistir. Kullanilan
materyaller anaglara ait ¢elikler olup bu materyallerin
serbest kék gelismesini saglamak i¢in, celiklerin ist
bogumlar1 disarida kalacak sgekilde, derin tahta
sandiklarda ince dere kumu ortamina dikilmiglerdir.
Kullanilan asma anaci c¢elik ¢esitlerinin 6zellikleri
asagida aciklanmigtir.

a- S04 ( V. Berlandieri X V. Riparia NO:4, Seleksiyon
Oppenheimer NO4)

Basglangicta hizli bir gelisme gosteren kuvvetli bir
anactir. SO4’tin as1 tutma orani olduk¢a ytiksektir.
Ayrica c¢elik ¢ubuk elde etmek istendiginde verimli
oldugu ifade edilebilir (Celik, 2011).

b- 5BB ( V. Berlandieri X V. Riparia
Seleksiyon Keber 5BB )

Celik olugsumu agisindan yiksek verime sahiptir.
5BB’nin nemli ve killi topraklar i¢in uygun oldugu
ifade edilebilir. Bu anacin kéklenmesi iyi olmasina
karsin ozellikle bagdaki asilamalarda bazi sorunlar
ortaya ¢cikmaktadir. Bagdaki bu anaca yapilan yarma
asilarinda kalemden aligilmamig derecede koék
olusmakta ve bu durum daha sonra anacin 6lmesine
neden olmaktadir (Celik, 2011).

c- 8B (V.Berlandieri X V.Riparia Teleki 8B)
8B

Teleki 8B,

anact genel anlamda dayaniklidir. Kiregh
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kéklenme oram diisiiktiir (Celik, 2011). Asma anaci fidanlarindan 4 yonden farkh

d- Lot (V.Rupestrisdu Lot St. George)

Lot anaci ve tlzerine asilanan c¢egit hizli buytr.
Yapraklarinda gal olusumu gorilse de kokleri
filoksera zararlisina karsi dayamiklhidir. Lot anaci
kokleri derine gidebilir ve bu sayede sik sulanamayan
kurak topraklarda kullanilabilir (Celik, 2011).

Metot

Deneme deseni 3 tekerriirlt faktoriyel tasarimina goére
kurulmustur. Her tekerriire 4 gelik alinmig, bdylece
her bir farkli anag i¢in 12 adet, toplam deneme i¢in 48
adet ¢elik kullanmilmigtir. Her anagtan c¢elikler 4
bogumlu olarak secilmistir. Boylar1 35 cm olacak
sekilde celikler hazirlanmis ve lst bogum disarda
kalacak sekilde 80 cm derinligindeki kum
sandiklarina 15x15 cm aralik-mesafe ile saplama
seklinde dikilmistir. Asma anaci fidanlarinin
sokiilmesi sonbaharda (Kasim ayinda) slirmiis ve
yapragini dokmiis tiim asma anaci fidanlar: sandiklar
acilarak, olusan koklere zarar vermeden, sokiiliip
tasnif edilmistir (Can, 2019). Ko¢kli asma anaci
fidanindaki g6z arastirmaciya dogru bakacak sekilde,
asma anacit fidanlarinda kok olusum yerlerini
saptamak amaciyla 6l¢imler bogumlardan ve bogum
aralarindan yapilmistir. Bu bolgelerde olusan kokler
ise gozun solundan, sagindan, karsisindan ve hemen
altindan olmak tizere 4 farkli yonden kaydedilmistir.
Her bir yon i¢in ortalama deger o bogumdan elde
edilen Ol¢giim olarak analize dahil edilmistir. Kok
yogunlugu, bogumlara ve asma anaglarina gore ele
alinmigtir. Bogumlarda da 2., 3. ve 4. bogumdan elde
edilen veriler arastirmaya konu edilmistir. Bogum
aralari iist bogumun izdustiimu dogrultusunda ¢elikten
¢ikig yerlerinin tespitine dayansa da 2. ve 3. bogum
arasi ile 3. ve 4. bogum arasinda analize konu edilecek
sayida kék olusumu gézlenmemistir (Can, 2019).

bogumlardan ve anag tiplerinden g¢ikan koklerde su
6l¢imler yapilmigtir:

1. Kok sayis1 (adet)

2. Kok uzunlugu (cm)

3. Kok agirhigi (g)

4. Kok kalinlig1 (mm)

Dort kritere dayali dort farkl analiz ylrttilmistir.
Iki farkh faktoriin (bogum ve anag) ana etkileri ve
etkilesim etkilerinin arastirilabildigi  faktoriyel
tasarim dizeni kullamilmigtir. Yalniz bir faktorin
etkisini arastiran; tamamen rastgele tasarim (Bir-
Yonliic ANOVAYdan daha etkili olan c¢ok faktorli
tasarimlar her goézlemi ve bilgiyi kullanir. Faktor
sayisinin bir oldugu ve blok sayisina gore degisen
tasarimlardan s6z edilebilir. Bir faktor bir blok igin
rastgele tam blok tasarim (Iki-Yonliit ANOVA) ve bir
faktor iki blok icin latin kare (Ug-Yonli ANOVA)
tasarimi gibi tasarimlarda faktor sayisi birdir ve blok
sayis1 artmaktadir. Ayrica iki faktoriin ana etkilerinin
yaninda bu iki faktérin etkilesimlerinin de ayni
zamanl olarak sunulmasi ¢ok faktorli tasarimlarin
avantajlarindandir. Siklikla faktorlerin diizeylerinin
esit oldugu 2k, 3k gibi ozel faktoriyel tasarimlarinin
yaninda farkli faktér diizeylerinin oldugu genel
faktoriyel  tasarimlari da  kullanilabilir. Bu
arastirmada anacg olarak celik tura faktoria 4 duzeyde
(SO4, 5BB, Lot ve 8B), bogum olarak kéklenme olan
bogum faktorii 3 farkh diizeyde (Bogum2, Bogum3 ve
Bogum4) ele alinmistir. Arastirmada kullanilan 4 x 3
faktoriyel tasarim modeli;

Yijie = W+ 6+ Bj + 6B + &

i=1,234 j=1,23 k=1,234 (1)
seklindedir. y;; gozlem degeri, u genel ortalama, §;
koktipi faktériiniin etkisi, f; bogum faktoriintin etkisi,
6p;; iki faktoriin etkilesim etkisi ve ¢;;, rasgale hata
terimi olarak modelde yer almaktadir (Senoglu ve
Acitas, 2011). Esitlik 1’de sunulan genel modele dayal
4 farkhh modelse;

Model 1: koksayisi;j, =u+6+B+8Pj e i=1,234 j=123 k=1234
Model 2: kokuzunlugu;j, = nu+6; + p; + 6p;j + e i=1,2,3,4 j=1,23 k=1234
Model 3: kokagirligiy, =+ 8 +p;+6B;+ejp i=1,234 j=123 k=1234 @)
Model 4 kokkalinligi;;, =u+6;+B;+6p;j+ej i=1234 j=123 k=1234

seklindedir. Her bir model i¢in sifir hipotezleri ise;
Hyq1:6; = 8, = 63 = 8, = 0 veya Hy;: Anag kok sayisini
etkilemez

Hy,: By = B, = B3 = 0 veya Hy,: Bogum yeri kok sayisini
etkilemez

Hy3:6B11 = 61, = - =8Bz =0  veya
etkilegimler kok sayisini etkilemez

Hys:  IKili

seklinde kurulur. Hy; hipotezi anag¢ faktorinin, Hy,
hipotezi bogum faktérinin ve Hy; ise ana¢ x bogum
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etkilesiminin anlamh olup olmadigini sinamak ig¢in
kullanilir. Her birinin alternatifi ise en az bir
katsayinin 0’dan farklh oldugu seklindedir. Dolayisiyla
12 yokluk hipotezi ve 12 alternatif hipotez s6z
konusudur. Analizler SPSS programinda yapilmigtir.

BULGULAR ve TARTISMA

Yurutiulen calismalar sonunda elde edilen analizler
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her bir model i¢in ayr1 ayr1 ele alinmistir. Kok sayisi
icin yuritilen analizler Cizelge 1’de sunulmustur.

Yapilan variyans analizi sonuglarina goére anaglarin
kok sayisi i¢in fark olusturmadigi ancak bogumlarin
kok sayis1 igin istatistiksel anlamda farkli oldugu
sonucuna ulagilmigtir. Ayrica etkilesimin yani iki ana
etkinin beraber kok sayisi bakimindan farklh
seviyelerde farkli sonuclar verdigi (katsayilarin 0’dan
istatistiksel olarak farkli oldugu) ortaya konmustur.

Kok uzunlugu i¢in yurutiulen analizler Cizelge 2'de
sunulmustur.

Cizelge 1. Kok sayisi i¢in varyans analizi sonuglar:

Table 1. Variance analysis results for the number of roots

Bu analizlere dayali olarak anaglarin ve bogumlarin
kok uzunlugunda etkili oldugu sonucuna ulagilmigtir.
Ayrica etkilesimin de kok uzunlugu bakimindan farklh
seviyelerde farkli sonucglar verdigi yani katsayilarin
0’dan istatistiksel olarak farklhi oldugu ortaya
konmustur.

Kok agirligi icin yuriitilen analizler Cizelge 3'de
sunulmustur.

Bu analizlere dayali olarak ana etki olan anacin ve
bogumun yani sira etkilesimin kok agirligi tizerinde
etkili oldugu sonucuna ulagilmigtir.

Degisimin Kaynagi Kareler Top. Serbestlik Der. Kareler ort. F p-degeri
(Source) (Sum Sq.) (DF) (Mean Sq.) (v-value)
Sabit (Intercept) 1077.023 1 1077.023 407.783 .000
Anac (Grap. Typ.) 11.402 3 3.801 1.439 .247
Bogum (Internodes) 30.021 2 15.011 5.683 .007
Anag¢ x Bogum 113.917 6 18.986 7.189 .000
(Grap. Typ. x Internodes)
Hata (Error) 95.082 36 2.641
Genel (Zotal) 1327.446 48
Cizelge 2. Kok uzunlugu i¢in varyans analizi sonuclari
Table 2. Variance analysis results for root length
Degisimin Kaynag: Kareler Top. Serbestlik Der. Kareler ort. F p-degeri
(Source) (Sum Sq.) (DF) (Mean Sq.) (p-value)
Sabit (Intercept) 8105.761 1 8105.761 624.833 .000
Anac (Grap. Typ.) 466.044 3 155.348 11.975 .000
Bogum (Internodes) 85.732 2 42.866 3.304 048
Anac¢ x Bogum 570.343 6 95.057 7.327 .000
(Grap. Typ. x Internodes)
Hata (Error) 467.017 36 12.973
Genel (7otal) 9694.897 48
Cizelge 3. Kok agirlik i¢in varyans analizi sonuclari
Table 3. Variance analysis results for root weight
Degisimin Kaynagi Kareler Top. Serbestlik Der. Kareler ort. F p-degeri
(Source) (Sum Sq.) (DF) (Mean Sq.) (p-value)
Sabit (Intercept) 26.285 1 26.285 724.820  .000
Anac (Grap. Typ.) 699 3 .233 6.428 .001
Bogum (Internodes) 278 2 .139 3.827 .031
Anag x Bogum 2.055 6 .343 9.447 .000
(Grap. Typ. x Internodes)
Hata (Error) 1.306 36 .036
Genel (Total) 30.623 48

Kok kalinligr i¢in yuritiilen analizler Cizelge 4’de
sunulmustur. Bu analizlere dayali olarak da diger
yogunluk kriterlerinin oldugu gibi son kriter olan kék
kalinligi i¢in de ana etkiler ve etkilesim -etkisi
anlamlidir. Bu analizlerin yaninda faktér diizeylerinin
ortalamalari  ¢oklu karsilastirma  testleri ile
kiyaslanabilir. Bu arastirmada Fisher'in en kii¢iik
anlamh fark (LSD) testi kullamilmistir. Sonuclar
Cizelge 5’te sunulmustur.
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Cizelge 5’e gore SO4 ile 5B arasinda kalinlik, SO4 ile
Lot arasinda uzunluk ve kalinlik, SO4 ile 8B arasinda
uzunluk ve agirlik, 5BB ile Lot arasinda kalinlik, 5BB
ve 8B arasinda uzunluk, agirlik ve kalinlik, Lot ve 8B
arasinda uzunluk, agirlik ve kalinlik bakimindan fark
vardir. Ayrica bogum 2 ile bogum 3 arasinda uzunluk,
agirlik ve kalinlik, bogum 2 ile bogum 4 arasinda say1
ve kalinlik, bogum 3 ile bogum 4 arasinda ise sayi,
uzunluk, agirlik ve kalinlik bakimindan fark vardir.
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Literatirde de farkli anaclarin kéklenme acisindan
farkliliklar  gosterdigini  destekleyen c¢aligmalar
mevcuttur (Atilla, 1985; Baris, 1983; Barlass ve Skene,
1980). Bogumlar agisindan da dip bogumlarda kok
sayisinin arttigr gézlemlenmistir. Bu sonug kéklenme
ozelliklerinin anaclara gore degistigi bilgisini (Cakir

kombinasyonunun (Santarosa ve ark., 2015), kiiltiir
ortaminin (Sengel ve Ark., 2012), kallus olusumu,
koklenme kapasitesi ve anac farkliliklarinin (Cangi ve
Etker, 2018), toprak ortamlar: ve anag genotiplerinin
(Smart ve Ark., 2006) etkileri incelenmistir. Bu
calismada da eg kiiltur ortaminda farkli anaglarin ve

ve ark., 2013), ayn1 anacin iizerinde de degisebilecegi bogumlarin  istatistiksel anlamda farklh kok
bilgisiyle geligtirmektedir. Anag-kalem yogunluklarina sahip oldugu ortaya konmustur.
Cizelge 4. Kok kalinlig1 i¢in varyans analizi sonuglar:
Table 4. Variance analysis results for root thickness
Degisimin Kaynagi Kareler Top. Serbestlik Der. Kareler ort. F p-degeri
(Source) (Sum Sq.) (DF) (Mean Sq.) (p-value)
Sabit (Intercept) 29.110 1 29.110 746.588 .000
Anac (Grap. Typ.) 3.925 3 1.308 33.560 .000
Bogum (Internodes) 2.513 2 1.256 32.225 .000
Anag¢ x Bogum 5.117 6 .853 21.873 .000
(Grap. Typ. x Internodes)
Hata (Error) 1.404 36 .039
Genel (7Total) 42.069 48

Cizelge 5. Anaclar ve bogumlar i¢in en kiigik anlamli fark testi sonuglar:
Table 5. Results of Fisher’s least significant difterence (LSD) test for root type and internodes

Kok Sayis1 (Number of Roots)

Kok Sayis1 (Number of Roots)

Ikililer (Compared Groups)  Ortalama Fark p-degeri Ortalama Fark p-degeri
(Mean Difference)  (p-value) (Mean Difference)  (p-value)
i SO4 | 5BB -0.2542 0.704 -0.9725 0.513
% S04 | Lot -0.4658 0.487 -3.8558 0.013
S § S04 | 8B -0.8192 0.225 -4.7983 0.002
o & 5BB | Lot -0.2117 0.752 -2.8833 0.058
é 5BB| 8B 1.0733 0.114 5.7708 0.000
Lot | 8B 1.2850 0.061 8.6542 0.000
g E B2|B3 0.3194 0.582 2.8425 0.032
I)Z%D ﬂé B2|B4 -1.4950 0.013 0.0150 0.991
N B3|B4 -1.8144 0.003 -2.8275 0.033
Kok Agirhigr Koot Weight Kok Kalinligr Root Thickness
Ikililer (Compared Groups)  Ortalama Fark p-degeri Ortalama Fark p-degeri
(Mean Difference)  (p-value) (Mean Difference)  (p-value)
i S04 |5BB -0.0458 0.559 -0.2467 0.004
> SO4 | Lot 0.0442 0.573 -0.6183 0.000
QN'B & S04 |8B 0.2683 0.001 0.1333 0.107
o & 5BB | Lot 0.0900 0.255 -0.3717 0.000
é 5BB| 8B 0.3142 0.000 0.3800 0.000
Lot | 8B 0.2242 0.007 0.7517 0.000
g E B2|B3 0.1500 0.032 0.1494 0.039
a%n ﬁé B2|B4 -0.0206 0.761 -0.3931 0.000
N B3| B4 -0.1706 0.016 -0.5425 0.000
SONUC konmustur. Anag¢ faktorii agisindan Bogum?2'de, 5BB

Yiritilen analizler sonunda dort diizeyli anag¢ ana
etkisinin koék sayisi hari¢ diger tim yogunluk
kriterleri igin anlaml oldugu ifade edilebilir. Ayrica g
diizeyli bogum ana etkisi ve ana¢ ile bogum ana
etkilerinin etkilegimi istatistiksel olarak her modelde
yine anlamhidir. Buradan hareketle anaglarin kok
olusum yogunlugu tzerinde etkili oldugu hipotezi
istatistiksel bulgular ile desteklenmis ve ortaya
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ve S04 1lgili kriterlere gore baskindir. Bogum3’de SO4
ve 8B ustunligu ilgili kriterlere gore gézlemlenmistir,
8B ise olduk¢a yogun koéklenme saglayarak SO4 ve
8B’yi takip etmistir. Bogum4’de ise 8B kalinhik ve
uzunluk acisindan yogun kéklenme olustururken Lot
uzunluk, kalinlik ve agirlik yoniinden yogun kéklenme
saglamistir. Kok yerlerinin kék olusum yogunlugu
acisindan ele alinmasiyla da bogumlar arasi
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istatistiksel olarak farkliliklar oldugu ortaya
konmustur. Bogum faktori i¢in dip bogumlarda daha
yogun kék olusmustur. Istatistiksel bulgular da farklh
bogumlarda farkli kok yogunluklarinin oldugunu
desteklemektedir. Ayrica bogumlar aras1 kok
olusumunun olduk¢a zayif oldugu ortaya konmustur.
Bogumlar tizerinde g¢ikan koklerin de yonlere gore
farklilagsmadig gézlemlenmisgtir.

TESEKKUR

Bu c¢alisma Fatime Can'in yiksek lisans tez
arastirmalar: i¢in olusturulan deney diizeninden elde
edilen veriler ile yurutilmustir. Bitkisel materyal
temini i¢in Tekirdag Bagcilik ve Arastirma Enstitiisi'’
ne tesekkiir ederiz.

Cikar Catigmas1 Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan ederler.
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OZET

Bu calismanin amaci farkli hasada baslama yas1 (2 ve 3 yas) ve hasat
zamanlarinin (bahar ve yaz aylarinda) kugskonmaz verimi ve siirgiin
kalitesi tizerine etkilerini arastirmaktir. Bu amacla UC 157 F1 ¢esidi
kuskonmaz fideleri 2011 ve 2012 yillarinda araziye dikilmiglerdir.
Hasada bitkiler iki ve lg¢ yaslarina geldikleri 2014 yilinda baglanmig
ve kuskonmaz bitkilerinin yarisi ilkbaharda diger yarisi da yazin
hasat edilmistir. Hasada baglama yas1 strgiin verimi ve kalitesini
onemli bir sekilde etkilemis ve 2 yasinda hasada baglanan bitkilerden
daha az sayida siirgiin hasat edilmistir. Ayrica hasat zamani, siirgiin
verimi ve kalitesini etkilemis ve baharda hasat edilen bitkilerden
daha fazla sayida ve daha kalin siirgiin hasat edilmistir. Baharda
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yapilan hasat sonucunda 8-12 mm kalinliga sahip siirgiin sayisi
azalmig buna kargin 12-16 mm ve 16 mm’den kalin siirgiin sayisinda
artig gozlenmigtir. Tim bu sonuglar kuskonmaz bitkilerinin 2. yilda
uzun dénem siurgin verim ve kalitesi tizerinde olumsuz bir etkiye
sahip olmadan hasat edilebilecegini gostermigtir. Ayrica, siirgiinlerin
sayis1 ve kalitesi dikkate alindiginda, yaz hasadinin sadece turin
fiyatinin yliksek olmasi kaydiyla bahar hasadina alternatif olabilecegi
gorilmustir.

The Effects of Plant Age and Harvest Time on Asparagus Yield and Quality
ABSTRACT

The objective of this study was to determine the effect of harvest time
and the age at first harvest after transplanting (2 and 3 years old) on
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GIRIS

Kuskonmaz (Asparagus officinalis L.), Asparagaceae
familyasinin bir Giyesi olup iki evcikli, otsu ve ¢ok yillik
bir sebzedir. Beyaz ve yesil slrglnleri taze
pazarlanabildigi gibi konserve ve dondurulmus olarak
islendikten sonra da tiiketilmektedir. Bati tilkelerinde
ve ABD’de ¢ok deger verilen ve pahali bir sebze olan
kugkonmazin anavatani yurdumuzun da iginde
bulundugu Dogu Akdeniz olmasina ragmen
halkimizca iyi taninmadigr igin tlkemizde &6nemli
miktarlarda tretilip tlketilen bir sebze degildir
(Esiyok, 2012). Izmir ve cevresinde, Aydin, Mugla ve
Manisa’da yabani formlar: bulunmakta ve ilkbaharda
dogadan toplanarak sebze olarak
degerlendirilmektedir.

Kugkonmaz iklim istekleri bakimindan segici bir sebze
degildir. Afrika’dan Kuzey Avrupa tulkelerine kadar
genis bir cografyada basariyla uretilmektedir. Toprak
ve hava sicakligi tomurcuk patlamasi ve slrgin
gelisgimi igin kritik bir role sahiptir. Tomurcuk
patlamasi igin gerekli olan toprak sicakligi 5 °C iken
stirgin ¢ikig1 i¢in toprak sicakliginin 13-14 °Clye
ulagmasi gerekmektedir (Dufault, 1994).
Kuskonmazda verim, bir 6nceki yil koklerde biriken
karbonhidrata baghdir (Gasecka vd., 2009; Krzsenski
vd., 2008) ve koklerde cogunlukla fruktoz (toplam
depolanan karbonhidratlarin %50-90) biriktirilir
(Shiomi, 1992; Drost, 1997). Kuskonmazda hasat
periyodunun uzun tutulmasi yillik stirgin verimini
artirirken bir sonraki yilin verimini ve bitki 6mrini
olumsuz etkilemektedir (Shelton ve Lacy, 1980;
Williams ve Garthwaite, 1973). Hasadin sona
ermesinden sonra geligen siirgtinler buiyliyerek toprak
ustl yesil aksami olusturur. Bitkinin hayatta kalmasi
ve sonraki yillarda ylksek verim alinabilmesi igin
hasat stresi ile bitki aksaminin gelisimi arasindaki
dengenin iyi bir sekilde kurulmasi gerekmektedir. Bu
denge, bitki buytiklugine, yasina, hasat siuresinin
uzunluguna, bitkinin icinde bulundugu buyiime
mevsiminin  uzunluguna ve bitki bilylimesini
smirlayan cevresel faktérlere baghdir (Bohowmik ve
Matsui, 2003; Robb, 1984).

Kuskonmazda hasat genelde fide dikiminden sonra 3.
yilda baslar (Dufault, 1994; Akan, 2014) ve bakim
kogullarn ve hasat doneminin uzunluguna goére
degismekle birlikte 12-15 yil siirebilir (Alan, 2017).
Dikimden 1 yil sonra (2. yil) yapilan hasadin baz
kaynaklarda stirgiin sayisi, siirgtin ¢ap1 ve dolayisiyla
toplam verimi olumsuz yonde etkiledigi belirtilmistir
(Lloyd ve McCollum, 1938). Buna karsihik baz
arastiricilar dikimden 1 yi1l sonra yapilan hasadin
verim ve kalitede herhangi bir olumsuz etkiye yol
acmadigin bildirmislerdir (Dufault, 1994; Benson ve
Motes, 1982).

Kugkonmaz hava sicakliklarina bagli olarak Kuzey
yarim kiirede, erken ilkbaharda (Ocak sonu-Subat
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bas1) hasat edilmeye baslar. Hasat bitki yasina bagh
olarak 2-8 hafta siirer ve hasat sona erdikten sonra
taze kugskonmaz ihtiyaci farkl bolgelerden ya da farkl
iilkelerden (6zellikle giiney yarikiirede yer alan) temin
edilmeye ¢aligilir. Bu sebeple kuskonmaz yetistiriciligi
yaygin sekilde yapilan tlkelerde kuskonmazi yazin
hasat etme fikri dogmus ve bu yonde caligmalar
yapilmistir. Yazin kugkonmazi hasat etmek igin
toprak tusti aksaminin bigilerek bitkileri yeniden
sirmeye zorlanmasi gerekmektedir. Bitkileri yazin
hasada zorlamak ozellikle yetigtirme periyodunun
uzun oldugu giney bdlgelerde mumkindir. Baz
aragstirmalarda yazin yapilan hasadin kalin slirgiin
sayisini arttirdig: ifade edilmesine ragmen bazilar1 da
baharda yapilan hasatlara kiyasla siirgiin kalitesini
olumsuz etkiledigi ve bu durumun koklerdeki
karbonhidrat birikiminin yetersizliginden
kaynaklandig: bildirilmistir (Dufault, 1994 ve 1995).
Ayrica, ilkbahar ve yaz olmak tizere yilda iki kez
yapilan  hasadin, ki dinlenmesinden  6nce
karbonhidrat rezervlerini doldurmak icin gereken
zamani azalttig1 belirtilmistir (Brasher, 1956).

Ulkemizde kugkonmaz tiketimi yabanilerin
toplanmasi ve tiiketime sunulmasi ile sinirh kalmig ve
yetistiriciligi bir kag¢ kicik capli deneme haricinde
maalesef yayginlagamamistir. Ayrica, kuskonmazda
hem ilk hasada baglama yas1 hem de klasik bahar
hasadina alternatif olarak yaz hasadi tlizerine bir
calismaya rastlanmamigtir. Bu nedenle yurtitilen bu
calismada farkl hasada baslama yasi (2 ve 3 yasinda)
ile farkli zamanlarda (bahar ve yaz aylarinda) yapilan
hasadin kuskonmaz verimi ve siirgiin kalitesi tizerine
uzun doénem  etkilerini  belirleyerek  Turkiye
kuskonmaz yetistiriciligi ve tiretimine katk: saglamak
amaglanmigtir.

MATERYAL ve YONTEM
Materyal

Aragtirma, Kahramanmaras Siit¢cti Imam Universitesi
Ziraat Fakiltesi Bahge Bitkileri Bolimi uygulama
bahgesi ile Tohum ve Sebze Fizyolojisi laboratuvarinda
2011-2016  tarihleri  arasinda  yuritilmustir.
Arastirmada ‘UC 157 F: kuskonmaz ¢esidi materyal
olarak kullanilmigtir.

Yontem

Yetigtiricilik 6ncesinde arazinin toprak o6zellikleri
hakkinda bilgi edinebilmek amaciyla 30 cm derinlikte
deneme parselinin 4 farkli yerinden alinmig toprak
ornekleri iizerinde Kahramanmaras Siit¢ii Imam
Universitesi Ziraat Fakiiltesi Toprak Bilimi ve Bitki
Besleme Boélumi’ne ait laboratuvarda fiziksel ve
kimyasal analizler yaptirilmigtir. Toprak analiz
sonuclarina gore deneme arazisinin topraklarinin
killi-tinli biinyeye sahip oldugu ve pH degerinin ise 7.8
oldugu belirlenmigtir. Ayrica deneme arazisi
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topraginin organik madde igerigi %0.64, tuz miktar:
%0.12, kire¢ miktar1 %17.1 fosfor miktarinin 7.65 mg
kg ve potasyum miktar1 da 255.5 mg kgl olarak
belirlenmisgtir.

Kugkonmaz tohumlar: 2011 ile 2012 yillarinin Mart
ayinda viyollere ekilmis ve elde edilen fideler daha iy1
gelismeleri i¢cin 4 hafta sonra serada saksilara
aktarilmigtir. On haftalik fideler, Nisanin son
haftasinda arastirma parseline sira arasi1 140 cm ve
sira uzeri 50 cm olacak sekilde dikilmigtir. Arazi dikim
oncesi ve takip eden yillarda, kis aylarinda (Aralik-
Ocak) 15:15:15 NPK giibresi (80 kg dal) ile
giibrelenmigtir. Bitkiler damla sulama ile sulanmig ve
vejetasyon doneminde ti¢ kez 20:20:20+iz element
giibresi (25 kg da’l) ile giibrelenmistir (Drost, 2013).
Kuskonmazlara herhangi bir pestisit uygulanmamis
olup yabanci otla micadele elle veya capalama
yapmak suretiyle saglanmistir. Sonbaharda (Ekim
sonu-Kasim bas1) yapraklarimin sararmaya
baglamasiyla Dbirlikte bitkiler toprak {izerinden
bi¢ilmis ve kis dinlenmesine birakilmistir. Deneme iki
farklh hasada baslama yas1 (2 ve 3 yas) ve iki farkh
hasat zamaninin (bahar ve yaz) verime olan etkisini
arastirmak tlizere faktoriyel deneme desenine gore
kurulmustur. Her bir uygulama ¢ kez yinelenmis ve
her tekerriirde 15 ile 20 arasinda degisen sayida bitki
yer almigtir.

Bitkilerin  hasadina 2014  yilindan  itibaren
baglanilmigtir; 2012 yilinda dikilen kugskonmazlar ilk
kez 2 yasinda hasat edilirken, 2011 yilinda dikilmig
olan kuskonmazlar ise 3 yasinda hasat edilmigtir.
Baharda bitkiler toprak sicakligina gore degismekle
birlikte 2014 yilinda 18 Mart-18 Nisan, 2015 yilinda 28
Mart-28 Nisan ve 2016 yilinda ise 21 Mart-22 Nisan
tarihlerinde tarihleri arasinda her gun hasat
edilmigtir. Yazin hasat edilen bitkilerde baharda hasat
yapilmadan stirgiinler bliiytimeye birakilmistir. Mayis
aymin son haftasinda bitkiler toprak seviyesinden
bigilerek siirmeye zorlanmigtir. Her 3 yilda da 1-30
Haziran tarihleri arasinda bitkiler hasat edilmistir.
Hasat edilen tim slrginlerin uzunluklar1 ve
kalinliklar1 (siirgiinlerin dip kistmlarinin caplary)
dijital kumpasla belirlenmis ve daha sonra strgtnler
kalinliklarina gére smiflandirilmigtir.  Oncelikle
herhangi bir sekil bozuklugu olmayan ve siirgiin ¢ap1

8 mm’den buylk olan siirglinler pazarlanabilir olarak
belirlenmis ve kendi aralarinda ¢aplarina gore 3 farkh
gruba (8-12 mm-ince, 12-16 mm-orta ve >16 mm
jumbo) ayrilmistir. Siirgiin capi 8 mm’den kiiciik
olanlar (cok ince) ile sekilsiz ve acilmis olan siirgiinler
ise pazarlanamaz olarak kaydedilmigtir

Kuskonmazda farkli yastaki bitkilerde farkh
zamanlarda yapilan hasadin kéklerde agirlikl olarak

depolanan bir karbonhidrat tira olan fruktoz igerigi
uzerine etkileri belirlenmistir.

Kuskonmazda farkli yastaki bitkilerde farklh
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zamanlarda yapilan hasadin koéklerde agirlikli olarak
depolanan bir karbonhidrat tiirii olan fruktoz igerigi
uzerine etkileri belirlenmistir. Bunun i¢in 5 farkh
zamanda (bahar hasadi basinda, bahar hasadi
sonunda, yaz hasadi baginda, yaz hasadi sonunda ve
sonbaharda bitkiler bicildiginde) her bir uygulamanin
her bir tekerriiriinden rasgele se¢ilmis bitkilerden kok
ornekleri alinmigtir. Almnan kok ornekleri iyice
yikanmig, etuvde 70 °C’ de 72 saat boyunca
kurutulmus ve sonrasinda degirmen yardimiyla
ogutilmustur. Kurutulmus ve o6gitulmis kok
orneklerinde karbonhidrat iceriginin belirlenmesi
Morris (1948)'in metoduna gore yapilmistir. Arastirma
sonucu elde edilen veriler, hasat yapilan her bir yil i¢in
ayr1 olarak SAS istatistik paket programi kullanarak
iki faktorli olarak varyans analizine tabi tutulmustur.
Ana faktor ve 6nemli olmas1 durumunda interaksiyon
ortalamalar: arasindaki farkliliklarin belirlenmesinde
LSD (asgari énemli fark) testi kullamilmistir.

BULGULAR

Cizelge 1 ve 2’de yillara gore sunulan varyans analiz
sonuglari incelendiginde, bitki yaginin 6zellikle stirglin
kalitesi ve bitki basina diisen siirgiin sayis1 uzerine
istatiksel anlamda 6énemli bir etkisinin oldugu, hasat
zamaninin slirglin sayis1 ve slirgiin kalitesini etkileyen
ozelliklerin neredeyse tamami Uzerinde Onemli bir
etkisinin bulundugu belirlenmigtir. Yine Cizelge 1 ve 2
incelendiginde ikili interaksiyon (BY x HZ) etkisinin
2014 yilinda elde edilen stirgiinlerin ortalama cap
degerleri hari¢ istatiksel anlamda bir farklhilik
meydana getirmedigi gérilmektedir.

Hasada baglama yas1 ve farkli zamanlarda yapilan
hasadin bitki basina disen pazarlanabilir siirgiin
sayisl, ortalama siirgiin ¢api ve boyu tizerine olan
etkileri Cizelge 3’de sunulmustur. Yillara gore elde
edilen veriler incelendiginde hasada baslama yasinin
bitki basina diisen siirgiin sayis1 uizerine énemli bir
etkisinin oldugu gorilmius ve yasa bagh olarak stirgiin
sayisinda 6nemli artiglar meydana gelmistir. Ozellikle
3 yasinda hasada baslanan bitkilerde hasadin ilk yil1
olan 2014 yilinda 8.4 adet olan bitki bagina disen
slirgiin veriminin 2015 yilinda 13.76 oldugu 2016
yilina gelindiginde ise artarak 18.67lere c¢iktig:
belirlenmistir. U¢ yaginda hasada baslama zaman, iki
yasinda hasada baslama zamani ile kiyaslandiginda
2014 yilinda %140, 2015 yilinda %79 ve 2016 yilinda
ise %74’lik oranda bitki bagina stirgiin sayisinda artis
saglamistir. Hasat zamaninin ilk hasat yil1 olan 2014
yilinda 6nemli bir etkisinin olmadig1 gérilmus fakat
takip eden yillarda baharda yapilan hasatlardan yazin
yapilan hasatlara kiyasla %58-%98 arasinda degisen
oranlarda bitki basina daha fazla sayida
pazarlanabilir stirgiin elde edilmistir.

Ortalama siirgin ¢api lizerine, hasadin ilk iki yilinda

hasada baglama yasinin o6nemli bir etkisi
gozlemlenmemig, fakat 2016 yilinda istatiksel olarak
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Cizelge 1. Farkh yaslarda ve zamanlarda hasat edilen pazarlanabilir kuskonmaz strglinlerinin sayisi, ¢ap1 ve
uzunluguna ait varyans analiz tablosu
Table 1. Asparagus marketable spear yield as influenced by plant age and harvest time

Stirgiin/bitki (adet)

Ortalama cap (mm)

Ortalama boy (cm)

(spear/plant) (Spear diameter) (Spear length)
Uygulamalar 5 G 5 = © = = ©
(Treatments) S S S S S S S S S
Bitki yas1 (BY) o - " OD OD N OD OD OD
(Plant age-PA) (NS) (NS) (NS) (NS) (NS)
Hasat zamam (HZ) 8 %% * *% *ekk *ekk A A *ekk
(Harvest time-HT) oD . . OD OD
BY x HZ OD OD OD - OD OD OD OD OD
(PA x HT) (NS) (NS) (NS) (NS) (NS) (NS) (NS) (NS)

*k¥ p< 0,001, **: p<0.01, *: p<0,05, OD: 6nemli degil. NS: not significant

Cizelge 2. Farkli yaglarda ve zamanlarda hasat edilen pazarlanabilir kuskonmaz siirgiinlerinin kalite 6zelliklerine

ait varyans analiz tablosu

Table 2. Asparagus marketable spear quality characteristics as influenced by plant age and harvest time

8-12 mm 12-16 mm >16 mm
sturgun/bitki surgun/bitki strgun/bitki

(8-12 mm spear/plant) (12-16 mm spear/plant) (>16 mm spear/plant)
Uygulamalar =3 T R - R R T R
(Treatments) S S S S S S S S S
Bitki yas1 (BY) % * * % * * Sededk s OD
(Plant age-PA) (NS)
Hasat zamam (HZ) *% 8 *% 8 *% 8 *% *kk *kk
(Harvest time-HT) OD oD oD
BY x HZ OD OD OD OD OD OD OD OD OD
(PA x HT) (NS) (NS) (NS) (NS) (NS) (NS) (NS) (NS) (NS)

*% < 0.001, *¥*: p<0.01, *: p<0,05, OD: 6nemli degil. NS: not significant

Cizelge 3. Hasada baslama yas1 ve farkli zamanlarda yapilan hasadin bitki bagina diisen pazarlanabilir stirgiin
sayisi, stirgliin kalinligi ve slirglin uzunlugu tizerine etkileri
Table 3. The effect of plant age and harvest time on number of marketable asparagus spears, spear diameter and

spear length
Yil Uygulamalar Siirgiin/bitki (adet) = Ortalama cap (mm) = Ortalama boy (cm)
(Year) (Treatments) (Spear/plant) (Spear diameter) (Spear length)

Bahar hasad1 (Spring harvest) 5.65+1.35 12.15+0.19 a 25.19+0.22
s Yaz hasadi (Summer harvest) 6.22+1.17 10.92+0.15 b 26.13+0.37
] 2 yas (2 years old) 3.50+0.43 b 11.470.15 25.71+0.34
3 yas (3 years old) 8.40+0.77 a 11.60+0.43 25.60+0.40
Bahar hasadi (Spring harvest) 14.27+2.53 a 14.41 +0.24 a 25.64+0.15
9 Yaz hasadi (Summer harvest) 7.19+0.82 b 11.98+0.20 b 25.62+0.21
& 2 yas (2 years old) 7.69+1.001 b 13.45+0.50 25.52+0.23
3 yas (3 years old) 13.76+2.724 a 12.93+0.64 25.73+0.112

Bahar hasadi (Spring harvest) 17.99+3.75 a 15.85+0.44 a 24.17+0.15Db

< Yaz hasadi (Summer harvest) 11.40 +0.70b 12.36+0.20 b 26.25+0.11 a
& 2 yas (2 years old) 10.71+0.54. b 14.59+0.61 a 25.26+0.53
3 yas (3 years old) 18.67+ 3.50 a 13.62+0.72 b 25.16+0.43

a, b, ¢; Siitiin icerisinde ayni harf ile igsaretlenmis ortalamalar P<0.05 seviyesinde istatistiksel olarak birbirinden farkli degildir.
Means followed by the same letter within the column are not statistically different at P<0.05
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(p<0.05) bir etkiye sahip olmus ve iki yasinda hasada
baglanan bitkilerden elde edilen siirgiinlerin ortalama
capt (14.59 mm), 3 yasinda hasada baslanan
siirgiinlerin ortalama capina (13.62 mm) kiyasla daha
yiksek bulunmustur. Ayrica hasat zamaninin siirgiin
¢ap1 uzerine tim sezonlarda 6nemli bir etki yaptigi
gorulmis ve baharda hasat edilen strglnlerin
kalinliginin yazin hasat edilenlere goére daha fazla
oldugu belirlenmistir. Hasada baglama yas1 ve hasat
zaman1 arasindaki interaksiyon iligkisi ortalama
stirglin ¢ap1 uzerinde arastirmanin ilk yili olan 2014
senesinde 6nemli bulunmus ve en kalin siirgiinler
(12.60 mm) ilk kez 3. yilda baharda hasat edilen
bitkilerden, en ince siirginler ise bitki yas1 fark
etmeksizin yazin hasat edilen bitkilerden elde
edilmistir (Cizelge 4). Ortalama siirgiin boylari izerine
bitki yagsinin 6nemli bir etkisi belirlenmez iken, hasat
zamaninin etkisi 2016 yilinda (p<0.001) 6nemli
bulunmustur. Bu yilda yazin hasat edilen stirgtinlerin
boy ortalamasinin (26.25 cm), bahar hasatlarina (24.17
cm) kiyasla arttirdig1 gériilmiistiir.

Hasada baslama yasi ve hasat zamaninin sturgiinlerin
kalitesinin dagilimi tuzerine etkileri Cizelge 5'de
sunulmustur. Uygulamalarin ince (8-12 mm)
sturgunler tuzerine etkisi incelendiginde, hasada
baslama yas1 tiim hasat sezonlarinda siirgiin sayisin

onemli bir seviyede etkiledigi ve ilk kez 3. yilda hasat
edilen bitkilerden daha fazla sayida ince siirgin elde
edildigi bulunmustur. Hasat zamaninin etkisi ise 2015
yili hari¢ tim sezonlarda énemli bulunmus ve yazin
hasat edilen bitkilerden daha fazla sayida ince siirgiin
hasat edilmigtir. Uygulamalarin genelde pazarin en
cok tercih ettigi orta kalinhktaki (12-16 mm) siirgiin
sayist Uzerine olan etkileri degerlendirildiginde,
baharda yapilan hasatlardan yaz hasatlarina kiyasla
daha fazla sayida strgin elde edilmesine ragmen
hasat zamaninin etkisi 2015 yili hari¢ diger yillarda
istatistiksel olarak énemsiz bulunmustur. Ayrica, ilk
kez 3. yilda hasat edilen bitkilerden 2. yilda hasat
edilenlere kiyasla her ¢ hasat sezonunda da daha
fazla sayida siirgiin elde edilmigstir. Yine ilk kez 3.
yilda hasat edilen bitkilerden 2. yi1lda hasat edilenlere
kiyasla arastirmanin son yili olan 2016 yil1 harig diger
iki hasat sezonunda da jumbo kalinhikta daha fazla
sayida slurgiin hasat edilmistir. Buna karsilik hasat
zamani jumbo siirgiin sayis1 tizerinde her 3 yilda da
etkili olmus ve baharda hasat edilen bitkilerden yazin
hasat edilenlere kiyasla daha fazla sayida jumbo
stirgiin elde edilmistir. Hasada baslama yasi ve hasat
zamaninin 3 hasat sezonu boyunca bitki bagina elde
edilen pazarlanamaz surgiin sayisi Uzerine tum
yillarda o6nemli etkiye sahip oldugu oldugu
gorillmiistiir (Cizelge 6 ve 7).

Cizelge 4. Hasada baslama yas1 ve hasat zamanin 2014 yilinda elde edilen siirgiinlerin kalinlig1 tizerine etkileri
Table 4. Interaction effect of plant age and harvest time on spear diameter in 2014

Hasada Baglama Yas1 (Plant age at first harvest)

Hasat Zaman1 (Harvest time)

Bahar (Spring) 11.80+0.1 b
Yaz (Summer) 11.10+0.1 be
Ortalama (Mean) 11.47+0.2

2 yas (2 years old)

3 yas (3 years old) Ortalama (Mean)

12.60+0.1 a 12.15+0.2 a
10.60+0.2 ¢ 10.90+0.2 b
11.60 +0.4

a, b, ¢; Siitliin icerisinde ayni harf ile igsaretlenmis ortalamalar P<0.05 seviyesinde istatistiksel olarak birbirinden farkli degildir.
Means followed by the same letter within the column are not statistically different at P<0.05

Cizelge 5. Hasada baslama yas1 ve hasat zamaninin siirgiin kalitesinin dagilimi tizerine etkileri
Table 5. The effect of plant age and harvest time on marketable spear quality

Yil Uygulamalar 8-12 mm surgin/bitki 12-16 mmstirgun/bitki >16 mm surgin/bitki
(Year) (Treatments) (8-12 mm spear/plant) (12-16 mm spear/plant) (>16 mm spear/plant)
Bahar hasad1 (Spring harvest) 2.98+0.62 b 2.03+0.55 0.64+0.21 a
= Yaz hasady (Summer harvest) 4.39+0.87 a 1.63+0.34 0.20+0.04 b
] 2 yas (2 years old) 2.24:0.30 b 1.05+0.14 b 0.18+0.04 a
3 yas (3 years old) 5.13+0.65 a 2.62+0.40 a 0.66+0.20 b
Bahar hasadi (Spring harvest) 3.40+1.43 5.42+0.81 a 5.42+0.81 a
it Yaz hasadr (Summer harvest) 3.90+0.54 2.56+0.33 b 2.56+0.33 b
R 2 yas (2 years old) 2.65+0.22 b 4.20+0.48 b 3.01+0.88 a
3 yas (3 years old) 5.47+1.15 a 7.15+0.90 a 4.96+0.98 b
Bahar hasadi (Spring harvest) 1.84+0.69 b 6.74+1.43 8.04+1.21 a
< Yaz hasads (Summer harvest) 5.41+0.51 a 4.60+0.28 1.38+1.36 b
S 2 yas (2 years old) 2.75+0.73 b 3.01£0.40 b 3.76+1.10
3 yas (3 years old) 4.50£1.09 a 4.96£0.91 a 5.66+2.08

a, b, ¢; Siitiin icerisinde ayni harf ile igsaretlenmis ortalamalar P<0.05 seviyesinde istatistiksel olarak birbirinden farkli degildir.
Means followed by the same letter within the column are not statistically different at P<0.05
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Cizelge 6. Farkli yaglarda ve zamanlarda hasat edilen pazarlanamaz kugskonmaz siirgiinlerinin bitki basina diisen
slirglin sayisina ait varyans analiz tablosu
Table 6. Asparagus cull spear yield as influenced by plant age and harvest time

Siirgiin/bitki (adet) (spear/plant)

Uygulamalar (Treatments) 2014 2015 2016
Bitki yas1 (BY) (Plant age-PA) ok ek *
Hasat zaman (HZ) (Harvest time-HT) ok * o
BY x HZ (PA x HT) * OD (NS) OD (NS)

*Ek < 0.001, **: p<0.01, *: p<0,05, OD: 6nemli degil. NS: not significant

Cizelge 7. Farkli yaglarda ve farkli zamanlarda yapilan hasadin bitki bagina diisen pazarlanamaz strgiin sayisi
uzerine olan etkileri
Table 7. The effect of plant age and harvest time on number of cull asparagus spears

Hasada Baslama Yas1 (Plant age at first harvest)

Hasat Zamani (Harvest time) 2 yas (2 years old) 2 yas (2 years old) Ortalama (Mean)
Bahar (Spring) 1.1+ 0.1 ¢ 2.1+ 0.5 be 1.6£0.3 b
Yaz (Summer) 3.2 0.3b 6.4 0.4 a 4.8t 0.8 a

| Ortalama (Mean) 2.2+05Db 4.3+1.0a

a, b, ¢; Ayn1 harfile isaretlenmis ortalamalar P<0.05 seviyesinde istatistiksel olarak birbirinden farkh degildir. Means followed
by the same letter are not statistically different at P<0.05

Cizelge 6 ve 7’deki sonuglar detayl incelendiginde Ayrica hasadin ilk yih olan 2014 sezonunda
yazin hasat yapilan bitkilerden baharda hasat uygulamalar arasindaki interaksiyon iligkisi énemli
edilenlere kiyasla, ayrica dikimden sonra 3. sene ilk bulunmusg ve en fazla sayida pazarlanamaz stirgiin,
kez hasat yapilan bitkilerden de dikimi takip eden yil dikimi takiben 3. senenin yazinda hasat edilen
hasadi yapilanlara kiyasla daha fazla sayida bitkilerden elde edilirken en az sayida pazarlanamaz
pazarlanamaz siirgiin elde edildigi gorillmiistiir. slirgilin ise dikimi takip eden senenin baharinda hasat

edilen bitkilerden elde edilmistir (Cizelge 8).

Cizelge 8. Hasada bagslama yas1 ve hasat zamaninin 2014 yilinda bitki basina diisen pazarlanamaz stirglin sayisi
uzerine etkileri
Table 8. Interaction effect of plant age and harvest time on number of cull spears in 2014

Y1l (Year) Uygulamalar (Treatments) Siirgiin/bitki (adet) (spear/plant)

Bahar hasadi (Spring harvest) 1.61+0.31 b

= Yaz hasad1 (Summer harvest) 4.82+0.75 a
K 2 yas (2 years old) 2.17£0.50 b
3 yas (3 years old) 4.26+1.01 a

Bahar hasadi (Spring harvest) 2.89+0.90 b

ot Yaz hasadi (Summer harvest) 4.79+0.75 a
K 2 yas (2 years old) 2.47+0.38 b
3 yas (3 years old) 5.21+0.89 a

Bahar hasad1 (Spring harvest) 2.93+1.08 b

© Yaz hasadi (Summer harvest) 5.68+1.09 a
& 2 yas (2 years old) 2.45+0.64 b
3 yas (3 years old) 6.16+1.15 a

a, b, ; Aymi harf ile igaretlenmis ortalamalar P<0.05 seviyesinde istatistiksel olarak birbirinden farkli degildir. Means followed
by the same letter are not statistically different at P<0.05

Hasada baslama yasi ve farkli zamanlarda yapilan siirgiinlerin gelismesi ve 1 ay siiren hasat sonrasinda
hasadin kuskonmaz kéklerinde depolanan hasat yapilan bitkiler, hasat yapilmayan bitkilere
karbonhidrat igerigindeki degisimler incelendiginde ~ Kiyasla daha dusik miktarlarda karbonhidrat
her ii¢ y1lda da uygulamalar arasinda karbonhidrat biriktirmiglerdir. =~ Hasadin  bitmesi  sonrasinda

fotosentez yapan siirginlerin gelismesiyle bitkilerin
koklerinde depolanan karbonhidrat igeriginde artig
gozlemlenmis ancak yazin hasat edilen bitkilerde
karbonhidrat icerigi yine 6nemli seviyede azalmigtir.

igerigi yonunden ¢ok ciddi farkliliklarin olugsmadig:
goriilmiistiir (Sekil 1). Kig dinlenmesi sonras1 bahar
hasadi 6ncesinde tim bitkilerin benzer karbonhidrat
icerigine sahip olduklari gézlemlenmisg ve dogal olarak
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Sekil 1. Ug hasat sezonu boyunca kuskonmaz koklerinin karbonhidrat igerigindeki degisimler. BHO: Bahar hasadi
oncesi. BHS: Bahar hasadi sonrasi. YHO: Yaz hasadi 6ncesi. YHS: Yaz hasadi sonrasi ve KDO: Kig
dinlenmesi 6ncesi

Figure 1. Variations in carbohydrate status in asparagus roots over 3 harvest seasons. BH O: Before sprin g harvest.
BHS: After spring harvest. YHO: Before summer harvest. YHS' After summer harvest. KDO: Before
winter rest
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Yaz hasadin sonlanmasiyla Dbirlikte siirgiinlerin
gelismesi sonucu tiim bitkilerde karbonhidrat igerigi
artarak kis dinlenmesi o6ncesinde sezon Oncesi
degerlerin tzerine citkmistir.

Bitkilerin koklerindeki karbonhidrat igeriginde kig
dinlenmesi sirasinda bir miktar diisiis yasanmis,
ancak takip eden sene hasat oOncesinde tim
uygulamalardaki  bitkilerin  benzer seviyelerde
karbonhidrata sahip olduklar1 goérilmistir. Ayrica,
hasada baglama yasinin tim hasat sezonlarinda
koklerde biriktirilen karbonhidrat icerigine kayda
deger bir etkisinin olmadig1 bulunmustur.

TARTISMA

Kuskonmazda hasadin genellikle fide dikiminden
sonra Uclinclu yilda basladigr ve bakim kogullar: ile
hasat déneminin uzunluguna gore degismekle birlikte
10 yildan fazla stirdigi daha once ifade edilmisti.
Ancak Wien (1997) kuskonmaz hasadinin verim, kalite
ve bitki émru gibi kriterler dikkate alindiginda ciddi
kayiplara neden olmadan 2. yildan itibaren
yapilabilecegini vurgulamistir. Kugskonmazda hasat
periyodunun uzun tutulmasi yillik hasat verimini

artirirken bir sonraki yilin verimini. stirgiin kalitesini
ve bitki émriinii de olumsuz etkilemektedir (Shelton ve
Lacy, 1980; Takatori vd., 1970; Williams ve
Garthwaite, 1973). Bu nedenle bitkileri uzun siire
kuvvetli tutabilmek i¢in dikim yil1 ve sonraki y1l hasat
yapilmasi genelde 6nerilmez. Dikimden 1 yil sonra (2.
yi1l) yapilan hasadin bazi kaynaklarda (Lloyd ve
McCollum, 1938) siirgiin sayisini ve kalitesini olumsuz
yonde etkiledigi belirtilmis olsa da bazi arastiricilar
stirglin sayisini etkilemedigini fakat stirgiin kalinlig:
ve agirliginin azaldigini bildirmislerdir (Krzesinky vd.,
2008). Buna karsiik dikimden 1 yil sonra yapilan
hasadin verim ve kalitede herhangi bir olumsuz etkiye
yol agmadigin bildiren arastirmalar da mevcuttur

(Benson ve Motes, 1982; Dufault, 1994).

Bu arastirma sonucunda elde edilen veriler
degerlendirildiginde 3 yasinda hasada baglanan
bitkilerden bitki bagina daha fazla sayida ve kalinlikta
pazarlanabilir stirgiin elde edilmistir. Bununla birlikte
ortalama slirglin c¢ap1 verileri incelendiginde, 2
yasindaki Dbitkilerden elde edilen sirglinlerin 3
yasindaki bitkilerden elde edilene goére daha kalin
(ortalama cap) oldugu bulunmustur. Ayrica, her ne
kadar her bir hasat yilinda 3 yasinda hasadina
baglanan bitkilerden 2 yasinda hasada baslanan
bitkilere kiyasla daha fazla sayida siirgiin elde edilmis
olsa da, 2 yasinda hasada basglanan bitkilerden takip
eden yilda ilk kez 3 yaginda hasat edilen bitkilerin bir
onceki yilda trettigi siirglin sayisina benzer sayida
stirglin elde edilmigtir. Bu da ilk kez 2 yasinda hasat
edilen bitkilerin erken hasattan dolayr olumsuz
etkilenmedigini ve takip eden yillarda artan sayida
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stirglin uretebildiklerinin bir géstergesidir. O nedenle,
dikimden bir yil sonra yapilacak olan kuskonmaz
hasadi, 6zellikle kii¢ik 6lgekli yetistiricilik ile ugrasan
giftcilere bir yil daha erken para kazandirabilen yeni
bir gelir kapisi olacaktir.

Bitkileri yazin hasada zorlamanin 6zellikle yetigtirme
periyodunun uzun oldugu giliney bdélgelerde verime
buyik katkisinin olacagi ancak sturgin kalitesinin
baharda yapilan hasatlara kiyasla daha diisiik olacag:
ifade edilmis ve bu dugiik strgin kalitesinin asil
sebebinin koklerde biriken yetersiz karbonhidrat
miktari ile ilgili oldugu ifade edilmistir (Dufault, 1994
ve 1995). ABDnin Giiney Carolina eyaleti
kogullarinda yapilan ¢aligmalarda kuskonmazlari yaz
aylarinin ortasinda hasada zorlamanin uzun vadede
stirgiin kalitesi, stirgiin sayis1 ve bitkilerin hayatta
kalma oranlar1 agisindan bahar hasadina kiyasla bir
fark yaratmadig: ve dolayisiyla iretimin olmadig yaz
aylarinda yaz hasadinin bahar hasadina alternatif
olabilecegi bildirilmigtir (Dufault, 1994 ve 1995).
Glney Italya kosullarinda baharda 90 glin suren
kugskonmaz hasadinin, baharda 75 giin ve yazin 15 giin
olarak iki kez yapilmasi halinde, verim ve kalite
acisindan fark yaratmadigi bulunmustur (Caruso vd.,
2012). Bununla birlikte yil icerisinde ard arda yapilan
hasatlarin, kis dinlenmesinden o6nce karbonhidrat
rezervlerini doldurmak i¢in gereken zamam azalttig:
da ifade edilmistir (Brasher. 1956). ABD Giiney
Carolina eyaletinin kiy1 bélgelerinde kuskonmaz gesidi
‘UC 157 Fr ile yapilan bagka bir c¢aligmada,
kuskonmazi yaz hasadina zorlamanin normal bahar
hasatlarina kiyasla daha yiuksek ekonomik getirisinin
olacag1 ve bitkilerin daha uzun omirlia ve saghklh
olmas1 acisindan bir sorun tegkil etmeyecegi
bildirilmistir (Dufault, 1995).

Bu calismada yazin hasat edilen kugskonmazlarda
arastirmanin ilk yilinda strgun sayisi agisindan bir
fark gozlemlenmemis, fakat takip eden yillarda yazin
hasat edilen bitkilerden daha az sayida ve daha ince
stirglin hasat edilmigtir. Ayrica, baharda yapilan
hasat sonrasinda 8-12 mm ¢apinda elde edilen stirgiin
sayisinda yaz hasadina goére bir azalma meydana
gelirken, pazarin tercih ettigi stirgiin kalinlig1 olan 12-
16 mm ve 16 mm’den kalin siirgiin daha fazla siirgiin
elde edilmistir. Kuskonmaz koklerinde biriken
karbonhidrat miktarlar: incelendiginde, kig
dinlenmesi 6ncesinde baharda hasat edilen bitkilerin
yvazin hasat edilenlere kiyasla istatistiksel anlamda
onemli olmamakla beraber bir miktar daha yiksek
seviyede karbonhidrat igerigine sahip olduklar:
gorulmusgtir.

SONUC ve ONERILER

Sonu¢ olarak normalde hasadinin olmadig1 yaz
aylarinda kuskonmaz hasadi yapmanin kalite ve
verim acisindan bir miktar kayiplara yol actig:
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gorilmustir. Her ne kadar yaz aylarinda verim ve
kalitede bir miktar diisiis gozlense de uretici agisindan
bu kayiplarin yazin yapilacak olan hasattan elde
edilecek olan daha yiksek gelirle kapatilmasi
mumkiin olacaktir. O nedenle treticilerin bitkilerin
bir kismini baharda bir kismini da yazin hasat
etmeleri, elde edilecek olan gelirin siirekliligi ve aylara
dagilimi acisindan faydali olacaktir. Ayrica, bu
arastirma kuskonmaz bitkilerinin dikimi takip eden
ilk sene hasat edilmesinin uzun vadede verim ve kalite
tzerinde olumsuz bir etkisinin olmayacagini
gostermigtir. Bdylece reticiler bir yil fazla
beklemeden hasada baglayarak az da olsa kazang elde
etme olanagina sahip olacaklardir. Ancak yine bu
konuda daha saglikli sonuglarin elde edilmesi igin

farkh kugskonmaz gesitleri uzerinde yeni
arastirmalarin yurutilmesine ihtiya¢ oldugu da
belirtilmelidir.
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ABSTRACT Research Article

For this purpose, 18 cucumber lines were evaluated for their genetic

diversity using six morphological characterizations (plant Article History
morphology, plant length, length of leaf blade, fruit length, fruit Received ©28.06.2019
diameter and fruit stem length) and eight AFLP markers. These Accepted +09.01.2020

AFLP primer combinations amplified well and also showed
polymorphism. Thus, 1975 AFLP fragments were obtained and 1468 Keywords
fragments were polymorphic (75.34%). Dendrograms were drawn AFLP
g poly P g
using UPGMA (Unweighted Pair Group Method) arithmetical Cucumber
averages and according to the UPGMA dendrogram, the cucumber Gene?m d1§tances
accessions clustered into two main groups. The genetic distances of Relationships
the dendrogram varied between 0.92 and 0.96. Cluster analysis based
on morphological data discriminated all lines into three major clusters
in UPGMA dendrogram. The similarity coefficient ranged between
0.888 and 0.982 indicating that the cucumber lines used in the study
have a low level of genetic variation. Results obtained from the
phylogenetic dendrogram by 8 pairs of AFLP primers were consistent
with those from the UPGMA clustering analysis, which were in
according with the morphological taxonomy on cucumber.

Hiyar (Cucumis sativus L.) Genotiplerinde Genetik Cesitliligin Morfolojik Karakterler ve AFLP Analizi
Kullanilarak Degerlendirilmesi

OZET Aragstirma Makalesi

Bu ¢alismanin amaci hiyar genotiplerinin morfolojik ve molekiiler

cesitliligini degerlendirmektir. Bu amacla, alt1 adet morfolojik 6zellik Makale Tarihgesi

(bitki morfolojisi, bitki boyu, yaprak ayasi biyikligi, meyve Gelis Tarihi  :28.06.2019
uzunlugu, meyve caplr ve meyve sapl uzunlugu) ve sekiz AFLP Kabul Tarihi :09.01.2020
markeri kullanilarak 18 hiyar hatti genetik cesitlilik acgisindan

degerlendirilmigtir. Kullanilan AFLP primer kombinasyonlari Anahtar Kelimeler
polimorfizm gostermigtir. Calisma sonucunda 1975 AFLP fragmani AFLP
elde edilmis ve 1468 fragmanin polimorfik oldugu gorilmustir Hiyar

(%75.34). Dendrogramlar, aritmetik ortalamalar kullamilarak Genetik uzaklik
UPGMA (Unweighted Pair Group Method) yéntemiyle cizilmis ve Akrabalik
UPGMA dendrogramina goére hiyar genotipleri iki ana gruba

ayrilmigtir. Dendrogramin genetik mesafeleri 0.92 ile 0.96 arasinda

degismigtir. Morfolojik verilere dayanan kiime analizinde ise UPGMA

dendrogrami1 tum hatlar1 ¢ ana kimeye ayirmigtir. Calismada

kullanilan hiyar hatlarinin benzerlik katsayisinin 0.888 ile 0.982

arasinda degisen distk bir genetik varyasyon seviyesine sahip oldugu

belirlenmigtir. 8 c¢ift AFLP primeri ile olusturulan filogenetik
dendogramlarla, morfolojik taksonomi ile yapilan UPGMA kiimeleme

analizleriyle olusturulan dendogramlar 6rtiismektedir.

To Cite : Karakurt Y, Giivercin D, Onder S, Isler O 2020. Assessment of Genetic Diversity in Cucumber (Cucumis sativus L.)
Genotypes Using Morphological Characters and AFLP Analysis. KSU J. Agric Nat 23 (3): 577-585. DOI:
10.18016/ksutarimdoga.vi.583844.
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INTRODUCTION

Cucumber (Cucumis sativus L.) is one of the most
economically important and fresh eaten vegetables
belonging to the family Cucurbitaceae. Due to its
narrow genetic base, the intraspecific genetic diversity
in cucumber is relatively low (3-12%) as compared to
other Cucumis species as revealed in early studies with
marker types such as isozymes, RFLPs (restriction
fragment length polymorphisms), AFLPs (amplified
fragment length polymorphisms) or RAPDs (randomly
amplified polymorphic DNAs), (Knerr et al. 1989;
Dijkhuizen et al. 1996; Meglic and Staub, 1996; Meglic
et al. 1996; Staub et al. 1997; Cavagnaro et al. 2010).
However, all methods except AFLP have been reported
to have significant disadvantages for this vegetables
(Knerr et al. 1989; Waugh and Power, 1992; Staub et
al. 1997). As cucumber has a narrow genetic base, it is
desirable to develop populations and transfer genes
specific to these species using exotic gene sources that
control important characters. The evolutions of genetic
diversity, relationships and population structure are
very important for vegetable characterization and
conservation which enhance agricultural production,
leading to sustainable development (El-Esawi et al.
2016).

Morphological markers are not widely used because
they can be affected by environmental conditions and
biochemical markers are not used much due to their
limited number 1in determining the genetic
relationships between plant species and varieties.
Genetic diversity studies are currently supported by
molecular methods, such as molecular markers (Li et
al. 2019). AFLP is an effective method allowing the
identification of genotypes, the construction of a high
saturation genetic map and gene cloning (Vos et al.
1995; Scott et al. 2000). Sequence information is not
needed in the AFLP technique and a high rate of
polymorphism is obtained. AFLP could explore
variation throughout the entire genome, including
both coding and non-coding regions of DNA and
therefore genome-wide variation was allowed (Wu et
al. 2019). The advantage of the system is also its high
reproducibility (Witkowicz et al. 2003).

The determination of the genetic distance between
genotypes is very important for the breeders in terms
of the control of genetic resources and genetic diversity
and the selection of genotypes for crossing. In this
study, the morphological, phenological, yield and
quality characteristics of selected cucumber genotypes
that are valuable for agricultural production and the
differences between genotypes were determined by
using AFLP molecular markers.

MATERIALS and METHODS
Plant material and DNA extraction
In the study, 18 cucumber genotypes (Table 1) that
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were estimated to be genetically and morphologically
different, were determined and numbered, and some of
them were planted and grown in the greenhouse
(Aybak and Kaygisiz, 2004). Measurements and
observations were taken on 10 plants from each
genotype and the phenological, morphological, yield
and fruit properties were determined based on UPOV
criteria. Some seeds were planted in small vials, and
leaves were collected from the seedlings and stored at
-80°C for DNA isolation. For this purpose, DNA was
isolated from 100 mg of leaf material using the CTAB
extraction protocol (Weising et al. 1991). DNA quality
and concentration were controlled by running each
sample on 1% agarose gel electrophoresis and read on
a spectrophotometer at 260 to 280 nm wavelengths.

Table 1. The samples used in the study
Tablo 1. Calismada kullanilan ornekler

No. Genotypes Collection site
Genotipler Toplandigi yer
1 147 GY Turkey, Antalya
2 159 MO Turkey, Antalya
3 523 MO Turkey, Antalya
4 529 GY Turkey, Antalya
5 224 GY Turkey, Antalya
6 225 MO Turkey, Antalya
7 1102 MO Turkey, Antalya
8 1103 MO Turkey, Antalya
9 1140 GY Turkey, Antalya
10 315 GY Turkey, Antalya
11 316 MO Turkey, Antalya
12 1082 GY Turkey, Antalya
13 1085 MO Turkey, Antalya
14 1095 MO Turkey, Antalya
15 309 GY Turkey, Antalya
16 1008 MO Turkey, Antalya
17 10222 MO Turkey, Antalya
18 10226 GY Turkey, Antalya
AFLP analysis

AFLP reactions were performed with DNA samples
obtained from plants using a commercial kit
(INVITROGEN) as described (Vos et al. 1995; Rold4n-
Ruiz et al. 2000). Eight AFLP primer sets were used to
analyze polymorphisms. Total genomic DNA was
digested using the two restrictive enzymes EcoRI (New
England Biolabs Ltd, NEB) and Msel (NEB). DNA
fragments were ligated with EcoRI and Msel adapters
using T4 DNA ligase (NEB) for PCR amplification.
After the adapters were ligated to the DNA, they were
pre-selected to amplify the existing DNA fragments
and eliminate the components that were not ligated to
the adapter. In the pre-amplification step, genomic
DNA was amplified with AFLP pre-amplification
primers EcoRI (5-GACTGCGTACCAATTCA-3) and
Msel (5-GATGAGTCCTGAGTAAC-3). The
preselective amplification reactions were prepared in a
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25 pl reaction mixture, containing 3 ul of DNA sample,
1.25 uL of each preselective primers (50 ng/ul), 2.5 pL
reaction buffer (10x), 0.5 uL ANTP mixtures, 2 units of
Taq DNA polymerase (Thermo Scientific) and 16.5 pL
sterile-double distilled water. The PCR reactions were
conducted for 15 cycles of 94 °C for 3 min, 94 °C for 1
min, 65 °C for 1 min, 70°C for 1 min; and then 20 cycles
of 94 °C for 1 min, 55°C for 1 min, 72°C for 30 s, plus a
final elongation step of 72°C for 7 min. The samples
were diluted for selective amplification and PCR
reactions were performed with a touch-down cycle as
follows: 12 cycles of 94 °C for 45 s, 65 °C for 30 s (a
decrease of 0.7 °C per cycle) and 72 °C for 45 s, and
then 25 cycles of 94 °C for 45 s, 55 °C for 30s, 72 °C for
45s, and 72 °C for 5 min for a final elongation step. The
PCR products were separated by 8% (w/v)
polyacrylamide gel electrophoresis.

Morphological Data Analysis

Overall, 50 days after planting, plant morphology,
plant length, the length of leaf blade, fruit length, fruit
diameter and fruit stem length were determinned. For
each of the 6 morphological characters, the mean and
standard deviation values were calculated. These
morphological features were determined in 10
randomly chosen plants based on the UPOV criteria
(UPOV, 2019).

Data analysis

AFLP data from eight primers were transformed into
a binary matrix, scored as present “1”, absent “0”, for
further analyses. The total number of fragments, the
number of polymorphic fragments, the percentage of
polymorphic loci (%) and the polymorphic information
content (PIC) were calculated using the software
GenAlEx 6.5 (Peakall and Smouse, 2006). The
dendrogram was constructed using UPGMA
(unweighted pair group method with the arithmetic
average) based on Nei’s genetic distance (Nei, 1972)
and the NTSYS ver 2.10 software (Staub et al. 2005).
Similarity indices and pairwise genetic distance values
were calculated from AFLP data using the UPGMA
method and NTSYS software. Clustering analysis was
performed using SPSS22.0 software. To examine the
correlation between six morphological characters, the
pearson correlation coefficient was calculated using
IBM SPSS Statistics 22.0 program.

RESULTS and DISCUSSION
Morphological characterization

Morphological plant characters including plant length,
length of leaf blade, fruit length, fruit diameter and
fruit stem length were analyzed in 18 selected
cucumber genotypes (Fig. 1).

Figure. 1. General growth forms, leaves and flowers (A) and fruit morphology (B) of éucﬁmber genotypes used for

diversity analysis.

Sekil 1. Cesitlilik analizi igin kullanilan hiyar genotiplerinin genel biiyiime sekilleri, yaprak ve ¢icekleri (A) ile

meyve morfolojisi
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The CV (coefficient of variation) values for three of the
morphological characters including internodes length,
fruit length and fruit stem length indicated a high level
of variation (.e.>10%), (Table 2). The mean value of
plant height was 110.9 + 7.66 cm, varied from 69.6 +
8.1 cm (147 GY) to 161.1 + 5.0 cm (316 MO) among
lines. The mean value of internodes length was 7.7 +
0.79 cm and varied from 5.3 £ 0.7 cm t0 9.2 £ 0.8 cm in
147 GY and 1085 MO lines, respectively. The average
value of leaf blade length was 21.9 + 1.54 and varied
from 17.5 + 1.2 (523 MO, and 529 GY) to 30.6 + 1.2
(1102 MO). The mean value of fruit length was 14.8 +
1.57 cm, varied from 11.4 + 1.0 cm (315 GY) to 17.7 +
2.4 cm (10222 MO) lines. The mean value of fruit
diameter was 11.8 + 1.14 mm and varied from 9.4 £ 0.5
mm to 14.3 £ 0.8 cm in 1095 MO and 224 GY lines,
respectively. The average value of fruit stem length
was 2.1 + 0.55 and varied from 1.2 + 0.4 (224 GY, and
225 MO) to 4.2 + 0.6 (10226 GY) (Table 2).

Based on Pair-wise comparisons among the 18
genotypes, an Euclidean distance matrix was obtained
and an unweighted pair-group method using
arithmetic mean (UPGMA) dendrogram was
constructed. At an Euclidean distance 19.1, three
major clusters were obtained based on the
morphological characters (Fig. 2), (plant morphology,
plant length, length of leaf blade, fruit length, fruit
diameter and fruit stem length). A large number of
genotypes (12 genotypes) grouped together in cluster I.

Cluster II grouped two genotypes. Four genotypes
grouped together in cluster III (Fig. 2). At the 0.05 level
of confidence, the results from Pearson correlation
analysis appeared that plant height was positively
correlated with internodes length, and leaf blade
length. Internodes length was positively correlated
with leaf blade length but negatively correlated with
fruit diameter and fruit stem length (Table 3).

The cucumber has a very narrow gene pool that limits
the development of new cucumber varieties (Innark et
al. 2013). Genetic diversity data in cucumber
genotypes are used in cucumber breeding programs to
help determine parental lines. For morphological data,
most characters showed an extremely narrow range,
indicating that the cucumber genotypes used in the
study have a low level of genetic variation. From the
correlation analysis of six morphological characters,
plant height was positively correlated with internodes
length, and leaf blade length. This result was logical
because internodes length and leaf blade length were
considered as the yield components affecting the plant
height. The UPGMA cluster analysis of morphological
measurements were effective in distinguishing 18
cucumber ecotypes. The results from this study were
consistent with the previous results reported by
Innark et al. (2013), which evaluated the
morphological data correlation in switchgrass (Cortese
et al. 2010) and Chrysanthemum morifolium (Shao et
al. 2010).

Table 2. The morphological characteristics of eighteen cucumber lines

Tablo 2. Onsekiz hiyar hattinin morfolojik 6zellikleri

Internodes Fruit Fruit Fruit stem
Plant Leaf  blade .
. length (cm) length (cm) diameter length (cm)
Genotypes height (cm) o length (cm)
No. . o Bogum arasi Meyve (mm) Meyve sap
Genotipler Bitki boyu TS Yaprak ayasi . .
(cm) uzunlugu genislisi (cm) uzunlugu Meyve g¢apr uzunlugu
(cm) (cm) (mm) (cm)
1 147 GY 69.6+8.1 5.3+0.7 16.3+0.9 14.7+1.6 12.0+1.6 2.5+0.5
2 159 MO 83.1+8.1 8.0+0.8 20.8+1.8 16.6+1.1 11.4+0.5 1.4+0.5
3 523 MO 73.9+9.2 8.1+0.7 17.5+1.2 14.0£1.9 11.2+0.6 1.6+0.5
4 529 GY 89.5+8.9 5.8+0.8 17.5+1.2 13.6+1.6 10.9+1.1 2.5+0.5
5 224 GY 132.7+7.4 7.4+0.8 22.2+1.4 14.7+0.8 14.3+0.8 1.2+0.4
6 225 MO 134.2+7.3 7.3+0.7 21.6+0.8 14.8+1.2 13.0+1.3 1.2+0.4
7 1102 MO 117.8+9.4 7.7£0.9 30.6+1.2 13.5+1.2 11.8+1.0 2.5+0.5
8 1103 MO 113.8+6.7 8.1+0.6 27.0£1.7 12.3+0.7 11.3+1.0 1.4+0.5
9 1140 GY 120.7+9.3 9.1+1.2 22.3+£2.3 14.7+£3.4 12.8+2.0 3.4+0.5
10 315 GY 117.4+8.5 8.3+0.7 17.7£2.3 11.4£1.0 11.7+1.2 1.7+0.5
11 316 MO 161.1+5.0 8.1+1.1 21.1+0.6 15.7£1.5 12.5+1.7 1.5+0.5
12 1082 GY 122.1+8.5 8.4+0.7 23.7+1.9 17.4+1.3 11.3+£1.2 3.9+0.7
13 1085 MO 142.8+9.0 9.2+0.8 24.5+1.5 17.0£1.4 11.0+£1.7 1.5+0.7
14 1095 MO 114.0+8.9 8.5+0.7 21.4+2.0 13.2+1.5 9.4+0.5 1.8+0.9
15 309 GY 78.7+6.9 6.6+0.7 18.1+1.4 14.2+1.7 11.7+1.2 2.440.5
16 1008 MO 136.3+8.2 8.0+1.2 25.4+2.8 15.0+£2.2 11.5+£1.0 1.6+0.5
17 10222 MO 98.8+4.6 8.6+0.5 27.4+1.3 17.7+£2.4 12.5+1.8 1.6+0.7
18 10226 GY 89.2+3.8 6.3+0.7 19.1+1.4 16.4+1.7 12.7+1.3 4.2+0.6
CV (%) 6.90 10.30 7.03 10.57 9.62 26.12
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Figure. 2. Dendrogram constructed by UPGMA clustering method based on morphological attributes of eighteen

cucumber genotypes

Sekil 2. Onsekiz hiyar genotipinin morfolojik ozelliklerine dayanan UPGMA kiimeleme yontemiyle olusturulan

dendogram

Table 3. Pearson correlation analysis of six morphological characters
Tablo 3. Alt1 morfolojik karakterin Pearson korelasyon analizi

Plant Internodes Leaf blade Fruitlength Fruit Fruit stem
height length length Meyve diameter length
Bitki Bogum arasi Yaprak ayasi uzunlugu Meyve capi Meyve  sap
boyu uzunlugu genisligi uzunlugu
Plant height ok
Internodes length  0.544* kil
0.020
Leaf blade length  0.478* 0.526" ke
0.045 0.025
Fruit length 0.081 0.153 0.192 wkkx
0.750 0.546 0.445
Fruit diameter 0.212 -0.156 0.041 0.223 kkkk
0.398 0.536 0.872 0.374
Fruit stem length  -0.269 -0.249 -0.132 0.226 0.012 wkAx
0.281 0.320 0.602 0.367 0.962

Upper number is Pearson correlation coefficient and lower number is P value.

Polymorphism analysis of AFLP data

Eight AFLP primer combinations were utilized on
eighteen cucumbers (Cucumis sativus L.) genotypes. A
total of 1975 scorable fragments were determined, of
which 1468 (75.34%) were polymorphic. This
percentage of polymorphic loci (75.34%) was higher
than that reported by Xixiang et al. (2004) (66%). They
reported that eight pairs of AFLP primers generated
425 scorable bands in total and 66% of which were
polymorphic. In the current study, the number of
bands ranged from 116 to 372 with an average of 246.8
(Table 4) and the number of polymorphic fragments for
each primer pair varied from 21 to 368 with an average
of 183.5. However, the percentage of polymorphic loci
ranged from 30.43 to 99.14% (Table 4). In another
study, 92 Turkish cucumbers (Cucumis sativus L. var.
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sativus) accessions were characterized by using SRAP
markers and 153 SRAP fragments were obtained and
138 fragments were polymorphic (90.2%). The level of
polymorphism observed herein is similar to that
reported by Kong et al. (2006) but lower than that
detected by genomic SSRs (Watcharawongpaiboon and
Chunwongse, 2008). The observed PIC values of AFLP
markers in this study varied from 0.27 to 0.58,
however, the PIC values were estimated for 45 SSR
primer pairs as ranging from 0.11 to 0.78, with an
average of 0.47 (Watcharawongpaiboon and
Chunwongse, 2008). Similar results were observed
from the cucumber germplasm collection containing a
range of ecotypes distributed in China sources by Hu
et al. (2010). In their study, PIC values ranged from
0.185 to 0.642 with an average of 0.374.
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Table 4. AFLP primer sets and the number of amplified AFLP fragments
Tablo 4. AFLP primer setleri ve ¢ogaltilmis AFLP bantlarinin sayisi
Total number Number of polymorphic Percentage of Polymorphm
. . . information
Primer sets of fragments fragments polymorphic loci (%) tent (PIC)
Primer setleri Toplam bant Polimorfik batlarin  Polimorfik lokuslarm <0 ol .
sayisi sayisi yiizdesi Polimorfik bilg1
icerigi (PBI)
EcoRI-ACA/ Msel-CAT 371 203 54.72 0.48
EcoRI-ACT/ Msel-CTA 169 21 30.43 0.58
EcoRI-AGC/ Msel-CTT 231 123 53.25 0.44
EcoRI-ACA/ Msel-CAA 289 266 92.04 0.36
EcoRI-ACT/Msel-CAG 372 368 98.92 0.45
EcoRI-AGC/Msel-CAT 242 211 87.19 0.38
EcoRI-ACA/ Msel-CTA 185 161 87.02 0.33
EcoRI-ACT/Msel-CTT 116 115 99.14 0.27
Mean 246.87 183.5 75.34 0.41

Similarity indices and genetic distance

Similarity coefficients between cucumber genotypes
ranged from 0.888 to 0.982 (Table 5), which was higher
than those of reported by Hu et al. (2010) for EST-SSR
markers from the cucumber. Similarity coefficients
calculated from EST-SSR data varied from 0.542 to
0.941 with a mean value of 0.792 (Hu et al. 2010). The
differences in all of these data could be attributed to
the differences in the EST analysis. The highest degree
of similarity indices (0.982) and the lowest genetic
distance (0.018) was observed between 10226 GY and
10222 MO, while the lowest degree of similarity (0.888)
and the highest genetic distance (0.112) was observed
between 1095 MO and 529 GY. The second highest
similarity indices (0.964) were between 1085 MO and
224 GY, while the second lowest similarity indices
(0.893) were between 1082 GY and 1102 MO. Most
genotypes evaluated in this study were shown to be
very closely related and shared a high degree of genetic
similarity. Relatively large genetic distances were
observed by RAPD profiling in cucumber (between 0.01
and 0.58) (Horejsi and Staub, 1999) suggesting that
these genotypes were more unrelated and RAPD
analysis was useful in genotypic differentiation for
cucumber. On the contrary, the study performed by
Park et al. (2000) determined that AFLP analyses
created more polymorphisms than either RFLPs or
RAPDs. The selected 37 primer combinations produced
approximately 3000 bands, of which 339 bands (11%)
were polymorphic more than RFLPs or RAPDs.
Furthermore, they suggested converting the AFLP
marker to a dual-primer PCR based marker to enhance
its usefulness in cucumber breeding. All these results
indicate that both AFLP markers and genotypes used
are the most important determinants of the similarity
indices and genetic distances.

Cluster analysis

The similarity matrix for genotypes in cucumber was
calculated by using the Dice coefficient method with
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the NTSYS program. According to the dendrograms,
the minimum genetic similarity was 92% while the
maximum similarity between cucumber accessions
was 96%. The UPGMA analysis of the marker data
resulted in two main groups. The first group included
147GY, 1140 GY, 529 GY, 225 MO, 159 MO, 1103 MO,
1102 MO, 315 GY, 316 MO, 1022 MO in which, 315 GY,
316 MO and 1022 MO clustered as a subgroup,
whereas 147GY, 1140 GY, 529 GY, 225 MO, 159 MO,
1103 MO and 1102 MO clustered as another subgroup.
The second group consisted of 523MO, 224 GY, 1085
MO, 1008 MO, 1082 GY, 1095 MO, 309 GY in which
1082 GY, 1095 MO and 309 GY grouped into one
subgroup, and 523MO, 224 GY, 1085 MO and 1008 MO
grouped into another subgroup. The cluster analysis of
AFLP data showed that the cucumber genotypes were
closely related to each other (Figure 3).

CONCLUSIONS

In this study, we selected eight pairs of AFLP
informative primers to assess the genetic diversity and
relationships among cucumber genotypes collection.
AFLP fragments generated by the 8 AFLP primer
pairs assayed in this study were 1975 of which 1468
(75.34%) were polymorphic. The overall mean
similarity index calculated based on AFLP fragments
amplified using Nei’s similarity index ranged from
0.888 to 0.982 with an average of 0.936. There are only
a few studies related the characterization of genetic
diversity of cucumber accessions by AFLP. The study
revealed a low molecular diversity among the
cucumber accessions. Morphological traits of the
cucumber accessions were used in conjunction with
molecular data to determine germplasm collections.
These results may help in the selection of accessions as
breeding materials for the development of new
cultivars.
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147 GY

1140 GY
529 GY

225 MO

159 MO
1103 MO
1102 MO
315 GY

316 MO
10222 MO
10226 GY
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224 GY
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1082 GY
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Figure 3. Phylogenetic dendrogram based on Nei’s genetic identity of eighteen Cucumis sativus genotypes
Sekil 3. Onsekiz Cucumis sativus genotipinin Nel'nin genetik tanimlamasina dayali filogenetik dendogrami
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ABSTRACT
Many mushroom species have been used by people for different
purposes, from past to present. Cultivated mushrooms may show
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antioxidant status (TAS), total oxidant status (TOS) and oxidative
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cultivated on five different substrates. The cultivated mushrooms P]eL.zro.tus citrinopileatus
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extracts were determined with Rel Assay kits. The highest TAS Ox.ldant

(3.125:0.038 mmol/L), TOS (10.786+0.313 pmol/l) and OSI gjézltixghmm

(0.345+0.014) values were determined in the mushrooms grown on
90% beech sawdust+10% bran. The lowest TAS (2.316+0.042), TOS
(1.246+0.044) and OSI (0.054+0.001) values were obtained from the
mushrooms grown on 100% poplar sawdust.

OZET

Geg¢misten giiniimiize birgok mantar tiirii insanlar tarafindan farkl

Farkl: Yetigtirme Ortamlarinda Uretilen Pleurotus citrinopileatus Mantarinin Antioksidan ve Oksidan
Potansiyelinin Belirlenmesi

Aragstirma Makalesi

amagclar igin kullamlmaktadir. Kiltir mantarlari, kullandiklar: Makale Tarihgesi
substratin igerigine bagh olarak farkli biyolojik etkiler gosterebilir. Gelig Tarihi  :30.09.2019
Bu calismada 5 farkl yetistirme ortamindan elde edilen Pleurotus Kabul Tarihi :09.01.2020
citrinopileatus Singer mantarinin toplam antioksidan seviyeleri

(TAS), toplam oksidan seviyeleri (TOS) ve oksidatif stres Anahtar Kelimeler
indekslerinin (OSI) belirlenmesi amaclanmigtir. Elde elde edilen Pleurotus citrinopileatus
mantarlar Soxhlet cihazinda etanol ile ekstrakte edilmigtir. Antioksidan
Ekstraktlarin TAS, TOS ve OSI degerleri Rel Assay kitleri Oksidan

kullanilarak belirlenmistir. En yiiksek TAS (3.125+0.038), TOS Yenilebilir Mantar
(10.786+0.313) ve OSI (0.345+0.014) degerleri %90 kayin talas1 +%10 Kompost

kepek ortaminda yetigtirilen mantarlarda belirlenmigtir. En diisik
TAS (2.316+0.042), TOS (1.246+0.044) ve OSI (0.054+0.001) degerleri
ise %100 kavak talasi ortaminda yetistirilen mantarlardan elde
edilmigtir.
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23 (3): 586-591. DOLI:

INTRODUCTION

Reactive oxygen species (ROS) increase in living
organisms as a result of environmental and metabolic
activities. In response to this increase, the endogenous
antioxidants produced in the organisms play an active
role and suppress the oxidant ROS. In cases where
endogenous antioxidants are inadequate against ROS,
the molecular structure of the organism may degrade.

The degradations, called oxidative damage, might lead
to serious health problems such as Parkinson's,
Alzheimer's, cancer and cardiovascular disorders
(Bolisetty and Jaimes, 2013; Li et al., 2013; Akyol et
al., 2015; Selamoglu et al., 2016; Bozdogan et al., 2018;
Akata et al., 2019; Sevindik, 2019).

Exogenous antioxidants, which are supplemented
when endogenous antioxidants produced in humans
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are inadequate against oxidant compounds, are very
important in preventing oxidative damage. Being one
of the several mnatural sources of exogenous
antioxidants, mushrooms play an important role in
human diet. Edible mushrooms are collected from their
natural environment and consumed by humans
throughout the history. However, especially after the
second half of the 20th century, mushroom cultivation
became popular and turned into an industry of billions
of dollars turnover annually (Pilz et al., 2001; Yilmaz
et al., 2017). In addition to the strong nutritional
properties, mushrooms are also important medicinal
natural resources because of containing the secondary
metabolites. Research demonstrated that mushrooms
are also important natural sources used in the
treatment of AIDS (Acquired Immune Deficiency
Syndrome) patients in Africa, as well as wound
healing, immune system strengthening and tumor-
inhibiting properties (Dai et al., 2009; Baba et al.,
2012; Cheung, 2013; Zhang et al., 2014).

It is important to analyze mushroom species in order
to identify and offer as new natural medical sources.
Previous studies have reported pharmacological effects
of P. citrinopileatus such as antioxidant, antibacterial,
anticancer and antihyperlipidemic (Hu et al., 2006;
Lee et al., 2007; Chomcheon et al., 2013; Yildiz et al.,
2017). There are no studies in the literature
determining the oxidative stress status of the P.
citrinopileatus. In the present study, TAS, TOS and
OSI values of Pleurotus citrinopileatus cultivated on

Table 1. Substrates used in the study
Cizelgel. Calismada kullanilan substratlar

various substrates were determined. The study also
aimed to examine which compost medium is more
suitable for the medical usages of P. citrinopileatus
mushroom.

MATERIALS and METHODS
Substrates

No trees were cut down throughout the study. The
sawdusts were obtained from sawmill located in the
Karadeniz Technical University Campus (KTU)
(Trabzon/Turkey). The substrates used in this study
are presented in Table 1. Mycelium was supplied from
a commercial firm.

Mushroom cultivation

The sawdusts were soaked to 70-80% humidity and
stored for one day. Next day, to ensure homogeneity,
moisture and autoclavable bags filled with sawdust
were mixed and sterilized in the autoclave at 121 ° C
for 1.5 hour. After sterilization, they were moved to the
fume cabinet for cooling. Substrates were inoculated
with spawn of 3% of the sawdust weight (Kiiciikomuzlu
and Peksen, 2005). The bags were counted in the
Mushroom Culture Laboratory (KTU) and allowed to
incubate. The mycelium colonizations were completely
wrapped within 10 days, and the harvest was initiated
on the 17th day. Harvested mushrooms (Figure 1) were
prepared for the extraction process.

Materials

Name in Latin

90% beech sawdust +10% wheat bran
100% beech sawdust

100% walnut sawdust

100% poplar sawdust

100% alder sawdust

Fagus orientalis Lipsky.

F. orientalis Lipsky.

Juglans regia L.

Populus nigra L.

Alnus glutinosa (L.) Gaertner

Figure 1. Pleurotus citrinopileatus Singer
Sekil 1. Pleurotus citrinopileatus Singer
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Extraction of mushroom samples

P. citrinopileatus samples obtained from different
compost combinations were dried at +40°C about 8
hours (Profilo, PFD1350W, Turkey). After the drying
process, 30 g mushroom samples were pulverized and
extracted with 200 mL ethanol at 50 °C about 6 hours
in a Soxhlet device (Gerhardt EV 14). The extracts
were the concentrated in a rotary evaporator (Heidolph

Laborator 4000 Rotary Evaporator).

Determination of TAS, TOS and OSI

Rel Assay kits were used to calculate TAS, TOS and
OSI values of mushroom samples. Analyzes were
conducted with 5 replicates. TAS values calibrator:
Trolox. TOS values calibrator: Hydrogen peroxide.

results were shown pumol H202 equiv./L (Erel, 2004;
Erel, 2005). The following Equation 1 was used to
calculate the OSI (AU: Arbitrary Unit) values obtained
by dividing the TOS value to TAS value (Erel, 2004).

_ TOS,pumol/L
0SI (AU) = TAS,mmol/L X 10 )
RESULT and DISCUSSION

TAS, TOS and OSI values were determined using
ethanol extracts of P. citrinopileatus cultivated on
various substrates. The results of this study are
presented in Figure 2-4. All values are presented as
meantstandart deviation (SD). Also, number of
mushroom samples n=6 and experiments were made
as 5 parallels.

TAS results were shown mmol Trolox equiv./L. TOS

)
3 =

2,5
2
,5
1
,5

90% beech

sawdust+10

% bran
TAS (mmol/L) 3,125

TAS (mmol/L)

100% beech 100% walnut 100% poplar 100% alder

sawdust sawdust sawdust sawdust
2,588 2,428 2,316 2,387
Substrates
Substratiar

Figure 2. TAS (mmol/L) values of P. citrinopileatus ethanol extracts cultivated on various substrates
Sekil 2. Cesitli substratlar tizerinde yetistirilen P. citrinopileatus etanol ekstraktlarinin TAS (mmol /L) degerleri

12 .
10
8
6
4
2
0
90% beech
sawdust+10
% bran
TOS (umol/L) 10,786

TOS (umol/L)

100% beech 100% walnut 100% poplar 100% alder

sawdust sawdust sawdust sawdust
3,723 6,482 1,246 3,12
Substrates
Substratlar

Figure 3. TOS (umol/L) values of ethanol extracts of P. citrinopileatus cultivated on various substrates
Sekil 3. Cesitli substratiar tizerinde yetistirilen P. citrinopileatus'un etanol ekstraktlarinin TOS (umol/L) degerleri
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OSI
0,4
ob:ég T
0,25 I
0,2
0, ? - =
0,68 _
o
Sa%fd/l"l :f_f‘f(l)(y 100% beech ~ 100% walnut =~ 100% poplar ~ 100% alder
bran ? sawdust sawdust sawdust sawdust
OSI 0,345 0,144 0,268 0,054 0,131
Substrates
Substratiar

Figure 4. OSI values of P. citrinopileatus ethanol extracts cultivated on various substrates
Sekil 4. Cesitli substratlar tizerinde yetistirilen P. citrinopileatus etanol ekstraktlarinin OSI degerleri

The highest TAS value was observed as 3.125+0.038
mmol/L, in the ethanol extracts of mushrooms
cultivated on 90% beech sawdust+10% bran. The other
TAS values were found close to each other. The highest
TOS was observed in the extracts of mushrooms
cultivated on 90% beech sawdust+10% bran as
10.786+0.313 pmol/L. The lowest TOS was found on
100% poplar sawdust (1.246+0.044 pmol/L). It was
determined that the highest OSI value, that indicate
the rate of the extent to which the oxidant compounds
produced due to the environmental and inherent
effects in the mushroom, was tolerated by the
endogenous antioxidants (0.345 + 0.014) obtained from
the 90% beech sawdust+10% wheat bran substrate.
Mushrooms have several antioxidant enzymes. By this
means they have reduced coenzymes in addition to
reduce some molecules such as phenolic compounds
with various electron sources (Kalag, 2016; Sevindik,
2018). The identification of TAS values containing all
enzymatic and non-enzymatic molecules that
mushrooms potentially produce is very important for
the identification and discovery of new antioxidant
natural resources. In the present study, the highest
antioxidant potential was seen mushroom cultivated
on 90% beech sawdust+10% wheat bran substrate.
This situation can be attributed to the diversity of
substrate used by the mushroom. There are no
previous studies on the oxidative stress status of P.
citrinopileatus  mushroom. However, Trametes
versicolor, Auricularia auricula, Ompholatus olearius,
Helvella leucomelaena and Sarcosphaera coronaria
TAS values were determined as 0.820, 1.010, 2.827,
2.367 and 1.066, respectively, and their TOS values
were determined as 17.760, 23.910, 14.210, 55.346 and
41.672, and OSI values were reported as 2.166, 2.367,
0.503, 2.338 and 3.909, respectively in previous
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oxidative stress studies on wild mushrooms (Akgul et
al., 2017; Sevindik et al., 2017; Sevindik et al., 2018).
In other studies, TAS values of Pleurotus eryngii and
Auricularia polytricha mushrooms were determined as
1.93 and 0.93, respectively (Yildirim et al., 2012; Avecl
et al., 2016). It was observed that the TAS value of P,
citrinopileatus, cultivated on 90% beech sawdust+10%
wheat bran substrate. was found higher when
compared to the mushrooms reported in those studies.
There were some differences between the literature
results. These differences may be due to the different
antioxidant production capacity of different mushroom
species growing in different substrates. Mushrooms
produce endogenous antioxidant compounds as a
defense mechanism against oxidative damage
(Ramirez-Anguiano et al., 2007). Thus, the high
antioxidant capacity of P. citrinopileatus exposed that
the mushroom had high tolerance to oxidative damage.
It was also considered that the mushroom could be
used as a supplementary antioxidant source to
decrease the oxidative damage in human body.

Analysis of the TOS values demonstrated that P,
citrinopileatus had lower TOS values when compared
to 7. vwversicolor, A. auricula, O. olearius, H.
leucomelaena and S. coronaria mushrooms reported in
the literature (Akgul et al., 2017; Sevindik et al., 2017;
Sevindik et al., 2018). These mushrooms were wild and
collected from the nature unlike our study. The
differences in TOS values can be due to the differences
in growth conditions and metabolic processes. It was
reported that natural products which have antioxidant
activity such as mushrooms may help the endogenous
defense system (Ferreira et al., 2009). However, when
compared to the wild mushrooms reported in the
literature (Akgul et al., 2017; Sevindik et al., 2017;
Sevindik et al., 2018), it was observed that the



KSU Tarim ve Doga Derg 23 (3): 586-591, 2020
KSU J. Agric Nat 23 (3): 586-591, 2020

Aragtirma Makalesi
Research Article

cultivated P. citrinopileatus mushroom was more
adequate for the growth of the mushroom. It can be
noted that cultivation mushrooms can be more suitable
for consumption since they are less affected by the
environmental factors and thus, produce lower levels
of endogenous oxidant compounds.

OSI value demonstrates the extent to which the
mushrooms inhibit oxidant compounds that they
endogenously produce as a result of environmental and
metabolic mechanisms with endogenous antioxidants.
In the present study, it was identified that the OSI
values for P. citrinopileatus, cultivated on different
substrates, were low. It was seen that P
citrinopileatus had a lower OSI value when compared
to T. vwversicolor, A. auricula, O. olearius, H.
leucomelaena and S, coronaria  mushrooms
investigated in previous studies (Akgul et al., 2017;
Sevindik et al., 2017; Sevindik et al., 2018). These
findings indicated that oxidative stress induced by
endogenous oxidant molecules produced by P.
citrinopileatus was better inhibited by TAS that
includes all enzymatic and none-enzymatic systems,
and consequently, OSI values were lower.

CONCLUSION

Many natural antioxidants such as mushrooms are
being widely investigated for their qualified capacity to
defend cells and organisms from degradation brought
on by oxidative stress. In the study,
antioxidant/oxidant potentials and oxidative stress
status of P. citrinopileatus mushroom cultivated in
different composts were determined. It was observed
that the mixture of 90% beech+10% bran, exhibited the
highest antioxidant potential. The lowest antioxidant
potential was seen in the 100% poplar. The all test
mushrooms cultivated on different synthetic composts
exhibited a low oxidative potential. Therefore, it can be
stated that cultivated P. citrinopileatus mushroom had
a lower oxidative stress status. In conclusion, it was
determined that P. citrinopileatus had antioxidant
potential and this potential varied based on the
substrate used. It was also found that P
citrinopileatus cultivated in culture medium was
healthier due to the lower oxidant compound levels.
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ABSTRACT

Research Article

Mushrooms are important natural resources in natural ecosystems.
They have been used for centuries as a means of food, medicine and
religious rituals for humans. In this study, total antioxidant status
(TAS), total oxidant status (TOS), oxidative stress index (OSI) and Cr,
Cu, Mn, Fe, Ni, Cd, Pb and Zn contents of edible mushroom Suillus
granulatus (L.) Roussel were determined. Mushroom samples were
collected from Hatay-Antakya (Turkey). Ethanol extracts of
mushroom samples were obtained. TAS, TOS and OSI values were
measured using Rel Assay kits. Cr, Cu, Mn, Fe, Ni, Cd, Pb and Zn
contents were determined by atomic absorption spectrophotometer. As
a result of the study, TAS value of S. granulatus was 3.143 + 0.068
mmol/L, TOS value was 18.933 + 0.195 pmol/LL and OSI value was
0.603 = 0.007. Cr content of S. granulatus was found to be high. As a
result, wild edible mushroom S. granulatushad antioxidant potential.

OZET

Mantarlar dogal ekosistemlerde ©¢nemli dogal kaynaklardandir.
Yiizyillardir insanlar i¢in besin, ila¢ ve dini rittellerde arac¢ olarak
kullanilmigtir. Bu c¢alismada yenilebilir bir tur olan Suillus
granulatus (L.) Roussel mantarinin toplam antioksidan seviyesi
(TAS), toplam oksidan seviyesi (TOS), oksidatif stres indeksi (OSI) ve
Cr, Cu, Mn, Fe, Ni, Cd, Pb ve Zn igerikleri belirlenmigtir. Mantar
ornekleri Hatay-Antakya (Turkey) ilinden toplanmistir. Toplanan
mantar 6rneklerinin etanol 6zutler: elde edilmistir. TAS, TOS ve OSI
degerleri Rel Assay kitleri kullanilarak 6l¢tilmustiur. Cr, Cu, Mn, Fe,
Ni, Cd, Pb ve Zn icerikleri atomik absorpsiyon spektrofotometresi
kullanilarak Dbelirlenmigtir. Yapilan c¢alismalar sonucunda S.
granulatusun TAS degeri 3.143+0.068, TOS degeri 18.933+0.195 ve
OSI degeri 0.603+0.007 olarak belirlenmigtir. S. granulatusun Cr
igeriginin ise yuksek seviyelerde oldugu goriillmiustiir. Sonug olarak .S.
granulatus mantarinin  antioksidan  potansiyelinin  oldugu
belirlenmigtir.
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INTRODUCTION

Living organisms produce free radicals as a result of
their metabolic activity. The levels of these free
radicals can be increased by environmental and
inherent effects. In cases where free radicals increase,
the antioxidant defense system is activated and
reduces or suppresses the effects of free radicals
(Selamoglu et al., 2016; Bal et al., 2017). Oxidative
stress occurs when the antioxidant defense system is
insufficient against free radicals. As a result of

oxidative stress, serious health problems such as
cancer, cardiovascular and neurodegenerative diseases
and premature aging may occur. In such cases, dietary
supplementation antioxidants can be used to suppress
or reduce oxidative damage (Gulhan et al.,, 2014;
Selamoglu et al., 2016). There are many different
natural sources with dietary supplement antioxidant
properties. These fortified antioxidants are very rich in
diversity (Sevindik et al., 2017). Since ancient times,
people have consumed mushrooms for different
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purposes (Ergéniil et al., 2017; Inci and Kirbag, 2018).
Mushrooms are very important foods because of their
easy digestion and high nutritional content. In
addition to nutritional properties, many mushrooms
species have been reported to have medicinal potential.
Previous studies have reported that mushrooms have
many biological activities such as anti-angiogenic,
antioxidant, anti-inflammatory, anticancer,
antitumor, anti-HIV, anti-genotoxic and antimicrobial
activities (de Oliveira et al., 2002; Song et al., 2003;
Kim et al., 2004; Nith et al., 2007; El Dine et al., 2008;
Bozdogan et al., 2016; Bozok et al., 2016; Giirgen et al.,
2018; Tagkin et al., 2018; Bal et al., 2019; Inci et al.,
2019).

In this study, the potential of wild edible mushroom
Suillus granulatus (L) Roussel as a natural
antioxidant agent was evaluated. In addition, element
levels of mushroom were determined. In this context,
TAS, TOS and OSI values of mushrooms and Cr, Cu,
Mn, Fe, Ni, Cd, Pb, Zn contents were determined.

MATERIAL and METHOD
Extraction Study

Samples of S. granulatus were collected from Hatay-
Antakya (Turkey) in 2018. Mushroom samples were
dried in the incubator at 40 °C and pulverized by
mechanical grinding. Overall, 20 g of powdered
mushroom samples were weighed and extracted with
200 mL ethanol (EtOH) in a soxhlet apparatus at 50 °C
for about 6 hours. After extraction, the solvent was
removed in a rotary evaporator under pressure and the
extract was obtained. The extracts were stored at +4
0C until the experiment was performed.

Antioxidant and Oxidant Studies

TAS and TOS values of S. granulatus EtOH extract
were determined using Rel Assay kits (Assay Kit Rel
Diagnostics, Turkey). Trolox was used for kit
calibration in TAS tests. TAS results are expressed as
mmoL Trolox equiv./L (Erel 2004). Hydrogen peroxide
was used for kit calibration in TOS tests. TOS results
are expressed as pmoL H202 equiv./L (Erel 2005). OSI
value (Arbitrary unit: AU) is determined according to
the following formula (Erel, 2005). Analyzes were
carried out with 5 replicates.

TOS (umol H202 equiv./L)

OSI (4U): TAS (mmol Trolox equiv./L )X 10

Determination of Heavy Metal Content

Mushroom samples were dried at 80 °C for constant
weighing in order to determine Cr, Cu, Mn, Fe, Ni, Cd,
Pb and Zn contents. 0.5 g of these samples were taken
and mineralized in a mixture of 9 mL HNO3 + 1 mL
H20:2 in a microwave solubilizer (Milestone Ethos
Easy). The elemental contents of the mushrooms were
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then determined using the atomic absorption
spectrophotometer (Agilent 240FS AA) (Sevindik et al.,
2017).

RESULTS and DISCUSSION
Antioxidant and Oxidant Activity

Antioxidant and oxidant potentials of wild edible
mushroom S. granulatus were investigated in this
study. The TAS value of S. granulatus was determined
3.143+0.068 mmol/L, TOS value was 18.933+0.195
pmol/Li and OSI value was 0.603+0.007. There are no
studies in the literature regarding the determination
of TAS, TOS and OSI values of S. granulatus. In
studies on different wild edible mushrooms, the TAS
values of Lentinus tigrinus, Cerioporus varius,
Clavariadelphus truncatus, Gyrodon Ilividus and
Laetiporus sulphureus were reported as 1.748, 2.312,
2.415, 2.077 and 2.195 mmol/L, respectively. In
addition, TOS values were reported as 19.294, 14.358,
3.367, 13.465 and 1.303 pmol/L, respectively. OSI
values were reported as 1.106, 0.627, 0.140, 0.651 and
0.059 (Bal 2018; Sevindik 2018a; Sevindik et al.,
2018a; Sevindik 2018b; Sevindik 2019). In our study,
TAS value of S. granulatus was found higher than L.
tigrinus, C. varius, C. truncatus, G. lividus and L.
sulphureus. TAS value reflects the whole of enzymatic
and nonenzymatic antioxidant molecules produced by
mushrooms. In this context, it 1s seen that S.
granulatus has high capacity to produce antioxidant
compounds. In addition, the differences in TAS values
of mushrooms are thought to have changed due to
substrate, region and mushroom species. In addition,
antioxidant activity of n-hexane, ethyl acetate,
aqueous and methanol extracts of S. granulatus has
been reported in previous studies (Ribeiro et al., 2006;
Tel et al., 2013; Chen et al., 2018).

TOS value shows the oxidant compounds produced by
mushroom as a result of environmental and metabolic
activities. In our study, the TOS value of S. granulatus
was found lower than L. tigrinus and higher than C.
varius, C. truncatus, G. lividus and L. sulphureus. In
this context, it is observed that S. granulatus produces
more oxidant compounds than other mushrooms. The
main reason for the high TOS values of S. granulatus
is their potential to produce and accumulate oxidant
compounds, differences in metabolic processes,
differences in mushrooms habitat characteristics and
mushroom species. For this reason, it is recommended
that fungi or any natural products with high TOS
values from these regions carried out in a more
controlled manner.

When the OSI values are examined, it is seen that S.
granulatus suppresses the oxidant compounds
produced by its endogenous antioxidant compounds
better than L. tigrinus, C. varius and G. Ilividus
mushroom. However, the antioxidant defense system
of S. granulatus was more passive than that of C.
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truncatus and L. sulphureus. As a result, it was
determined that S granulatus has antioxidant
potential. In addition, it is recommended that the
mushroom's antioxidant potential should not be over-
consumed.

Heavy Metal Contents
Mushrooms play an important role in the breakdown
of organic matter in the ecosystem. In this context,

Table 1. Heavy Metal Contents
Cizelge 1. Agir Metal Igerikleri

they accumulate elements at different levels
depending on the content of the substrate (Kala¢ and
Svoboda, 2000). The determination of elemental levels
of edible mushroom is therefore very important.
Because heavy metals accumulate at high levels in
mushrooms can adversely affect human health. In this
study, Cr, Cu, Mn, Fe, Ni, Cd, Pb and Zn levels of wild
edible mushroom S. granulatus were determined. The
results are shown in Table 1.

Element contents (mg.kg!) (Element icerikleri)

Literature ranges (mg.kg!) (Literatiir araliklary)

Cr 48.82+2.27
Cu 9.37+0.96
Mn 94.01£3.55
Fe 193.38+4.19
Ni 3.82+0.12
Cd 1.35+0.11
Pb 10.37+0.85
Zn 28.27+£2.03

3.34-42.70
1.90-109.95
5.25-103
14.6-835
0.18-12.88
0.16-7.50
0.68-16.54
7.13-158

In the previous studies on wild mushrooms, the lowest
and highest ranges for the elements reported 3.34-
42.70 for Cr, 1.90-109.95 for Cu, 5.25-103 for Mn, 14.6-
835 for Fe, 0.18-12.88 for Ni, 0.16 -7.50 for Cd, 0.68-
16.54 for Pb and 7.13-158 mg.kg! for Zn (Kala¢ and
Svoboda, 2000; Svoboda and Chrastny, 2008; Zhu et
al., 2010; Gebrelibanos et al., 2016; Sevindik et al.,
2018b). Only Cr content of S. granulatus used in our
study was found to be higher than the literature
ranges. Cu, Mn, Fe, Ni, Cd, Pb and Zn levels of
mushrooms were found in the literature. In this
context, i1t 1s determined that S granulatus
accumulate Cr more than other elements.

CONCLUSIONS

In this study, total antioxidant status, total oxidant
status, oxidative stress index and heavy metal
contents of wild edible mushroom S. granulatus were
determined. As a result of the studies, it was
determined that the mushroom has antioxidant
potential. In addition, it can be used as an indicator of
the element Cr.
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The gasteromycete genus, Bryoperdon is given as new record for the
Turkish mycobiota by the collection and identification of B.
acuminatum specimens from Ardesen district of Rize province. The
new recorded taxon is described briefly, and the distribution locality,
voucher number and photographs related to its micro and macro
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Bir gasteromiset cinsi olan Bryoperdon, Rize'nin Ardesen ilgesinden

B. acuminatum orneklerinin toplanip teshis edilmesiyle Tirkiye
mikobiyotasi i¢in yeni kayit olarak verilmistir. Yeni olarak kaydedilen
takson kisaca betimlenmis ve yayilis lokalitesi, toplayici numarasi, ve

Makale Tarihgesi
Gelig Tarihi  :25.10.2019
Kabul Tarihi :23.01.2020

makro ve mikro morfolojilerine iligskin fotograflar: verilmistir.

Anahtar Kelimeler
Biyocesitlilik
Briyofilik mantarlar
Puf mantarlari

To Cite : Kaya A, Uzun Y 2020. Bryoperdon, A New Gasteromycete Genus Record for Turkey. KSU J. Agric Nat 23 (3):

596-599. DOI: 10.18016/ksutarimdoga.vi.638135.

INTRODUCTION

Bryoperdon Vizzini, is a gasteromycete genus within
the family Agaricaceae. This monotypic genus was
recently erected with the member B. acuminatum
(Bosc) Vizzini, and is characterized by small, ovoid
gasteroid basidiome with mycelial cords and lacking a
true stipe, lycoperdon type capillitium, smooth to
minutely pustulose-verrucose spores, on bryophilous
growth on rocks and tree trunks (Vizzini and Ercole,
2017).

Bryoperdon acuminatum had been known as Bovista
acuminata (Bosc) Kreisel, Lycoperdon acuminatum
Bosc or Lycoperdon pyriforme var. acuminatum (Bosc)
F. Smarda. Depending on the molecular analysis and
morphological and ecological characteristics such as
basidiome shape, absence of a subgleba, exoperidium
consisting of chained, inflated elements, and
bryophilous association, this species raised to the new
genus Bryoperdon (Vizzini and Ercole, 2017).

As a result of a care review of the current checklists
(Sesli and Denchev, 2014; Solak et al., 2015) and the
latest contributions (Kaya, 2015; Dogan and Kurt,
2016; Elliot et al., 2016; Turkekul, 2017; Akata and
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Gurkanli, 2018; Dogan, 2018; Uzun et al., 2018; Yakar
et al., 2019), hundred and twenty eight gasteromycete
taxa have so far been presented from Turkey, and 34
of them belong to the genera DBovista Pers. (5),
Bovistella Morgan (1), Calbovista Morse ex M.T. Seidl
(1), Calvatia Fr. (3), Chlorophyllum Massee (1),
Disciseda Czern. (1), Lycoperdon Pers. (21) and
Mycenastrum Desv. (1). These genera are also known
as puffballs due to emission of brown dust-like spore
clauds when the mature fruit body is impacted or
bursts.

In this present study, a new genus and subsequently a
new species is introduced to the Turkish mycobiota.

MATERIALS and METHODS

Specimens of B. accuminatum were collected during a
field trip to Ardesen district of Rize province on 5th
August 2016. The basidiomata were photographed
with a Sony DSC HX-400V digital compact camera, at
their natural habitats and the required morphological
and ecological characteristics were noted. Microscopic
investigations were carried out in the laboratory on
dried specimens, through a Nikon Eclipse Ci-S
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trinocular light microscope, mounting in water and
Melzer’s reagent. Photographs related to
micromorphology was taken through a Nikon DS-Fi2
camera. SEM images were obtained with a Hitachi
SU5000 scanning electron microscope. Identification
was performed referring to Coker and Couch (1928),
Swartz (1936), Bessette et al. (2007), Vizzini and
Ercole (2017). The sample is kept at the fungarium of
Karamanoglu Mehmetbey University, Kamil Ozdag
Science Faculty Department of Biology.

RESULTS

Basidiomycota R.T. Moore
Agaricales Underw.
Agaricaceae Chevall.

Bryoperdon acuminatum (Bosc) Vizzini, in Vizzini &
Ercole, Phytotaxa 299(1): 80 (2017)

Figure 1. Basidioca

’ y 2 -
o 1 - . o s

rps of Bryoperdon acuminatum

Syn: [Lycoperdon acuminatum Bosc, Bovista
acuminata (Bosc) Kreisel, Lycoperdon pyriforme var.
acuminatum (Bosc) F. Smardal

Macroscopic and microscopic features: Basidiomata 9-
14 x 6-9 mm, ovoid to somewhat egg-shaped with a
pointed apex and rounded base, whitish to cream when
young, pale ochraceous, yellowish brown to brownish
at maturity. Exoperidium consists of 0.1-0.2 mm tall
pyramidal structures which are usually composed of
apically connected 2-4 spines (Figure 1). Endoperidium
thin, whitish when young, then light to dark brown.
Gleba at first whitish then yellowish green to pale
brown. Basidiospores 3.6-4.0 pm in diam., globose to
spherical, yellowish brown and almost smooth under
light microscope (Figure 2a,b), moderately warty with
broken pedicels under SEM (Figure 2c-e).

Sekil 1. Bryoperdon acuminatumun bazidiyokarplari
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Figure 2. Capillitial hypha and basidiospores (a) and basidiospores (b-e) of Bryoperdon acuminatum. (a, b light
microscope, c-e: scanning electron microscope) (bars —a: 50 pm, b:10 um, ¢: 5 um, d: 2 pm, e: 1 um) (a, bt

in Melzer)

Sekil 2. Bryoperdon acuminatum’un kapillitiyal hifleri ve bazidiyosporlar: (a) ve bazidiyosporlar: (b-e), (a, b- 1s1k
mikroskobu, c-e taramali elektron mikroskobu) (barlar — a: 50 um, b°10 um, ¢ 5 ym, d- 2 um, e’ 1 um) (a,

b: Melzer)

Ecology: Bryoperdon acuminatum grows on mossy
stumps or stones in deciduous, coniferous and mixed
forests (Bessette et al., 2007; Gorburnova, 2017;
Gorburnova and Rebriev, 2017; Vizzini and Ercole,
2017).

Specimen examined: Rize, Ardesen, Eskiarmutluk
Village, among mosses on rock, 41°07'N-41°08'E, 610
m, 05.v111.2016, Yuzun 5185.

DISCUSSION

Bryoperdon acuminatum is reported here as the first
record to Turkey. General characteristics of Turkish
specimens are in agreement with those given in the
literature (Coker and Couch, 1928; Swartz, 1936;
Bessette et al. 2007; Vizzini and Ercole, 2017). Though
Vizzini and Ercole (2017) have placed it in the family
Lycoperdaceae during the first establishment of the
genus, we regarded Bryoperdon in Agaricaceae since
we follow Index Fungorum (accessed 22 October 2019).

Bryoperdon acuminatum has been widely reported
from Central and North America, but it has a rare
distribution in Europe (Vizzini and Ercole, 2017), and
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according to the The Global Fungal Red List Initiative
(accessed 22 October 2019) it was also suggested for
Fungal Red List because of its narrow ecological
preferences and habitat loss due to deforestration.

Although B. acuminatum is a remarkable species with
its rather small, oblong, conical fruit bodies with the
tip towards the top, and its unique habitat, it may be
confused with Bovista ochrotricha Kreisel in terms of
morphology and ecology. But the exoperidium made up
of non-enlarged elements with lanceolate apex, mixed
with setiform ones, and more verrucose spores of the
latter species differs it from B. accuminatum.
Lycoperdon rupicola Jeppson, E. Larss. & M.P. Martin
was also reported to grow mainly among moss carpets,
and has morphological similarities with B
accuminatum but it 1is distinguished from B.
accuminatum by a well-developed subgleba, a
prominent, stellately-lobed, protruding apical pore and
some phylogenetic properties (Vizzini and Ercole,
2017).
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ABSTRACT

Cortinarius (Pers.) Gray samples were collected in the oak forests
from Tokat province. Macro and micromorphological features as well
as molecular phylogenetic analyses according to the DNA sequences
corresponding to internal transcribed spacer region (ITS) and the
large subunit (LSU) of nuclear ribosomal RNA gene regions
indicated that the studied specimen is a Cortinarius rufo-olivaceus
(Pers.) Fr. This study determined the first microscopic and
macroscopic morphological description and molecular phylogenetic
analysis of the Cortinarius rufo-olivaceus (Pers.) Fr. in Turkey.
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Tokat Yoéresinden Toplanan Cortinarius rufo-olivaceus (Pers.) Fr. (subgenus Phlegmacium sect.

Calochroi) Tiiriiniin Morfolojik ve Molekiiler Filogenisi

OZET

Cortinarius (Pers.) Gray 6rnekleri Tokat ilinden mege ormanlarinda
toplanmigtir. Makro ve mikromorfolojik o6zellikler ile ntkleer
ribozomal i¢ aralayic bélge (ITS) ve ribozomal en biiyiik alt birim
(LSU) gen bolgelerine karsilik gelen DNA dizileri ile molekiiler
filogenetik analizler, caligilan numunenin Cortinarius rufo-olivaceus
(Pers.) Fr. tiirii oldugunu gostermistir. Bu calisma, Tirkiye'de C,
rufo-olivaceusun mikroskobik ve makroskobik morfolojik tanimi ve
molekiiler filogenetik analizini belirleyen ilk ¢alismadair.
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INTRODUCTION

The genus Cortinarius belongs to the order Agaricales
and is one of the most diverse group of fungi.
Members of this genus establish ectomycorrhizal
associations with members of the genus Quercus and
Pinus. They can be distinguished by the cortina
between the cap and the stem especially when young,
rusty brown lamellae and spore print and bulbous
stipe. The subgenus Phlegmacium has characteristic
features such as viscid cap especially when young, dry
stem, arachnoid cortina and rust-yellow to rust brown
spore print. In addition to morphological studies,
molecular systematic analysis of the genus
Cortinarius has provided clarification of the
phylogenetic relationships among its species, and it

has been possible to measure the taxonomic value of
the morphological characters used in this genus
(Orton, 1955; Breitenbach and Kranzlin, 2000; Ortega
et al., 2008; Stensrud et al., 2014; Itoo et al., 2015).
Worldwide, the genus Cortinarius is represented by
more than 5000 records (Kirk, 2011). Approximate100
records of this genus have been reported from our
country and more records are being added gradually
with the support of molecular data (Sesli and
Denchev, 2014; Akata et al., 2015; Sesli et al., 2015;
Sesli et al., 2016; Sesli and Liimatainen, 2018; Sesli,
2018; Kalmer et al., 2019)

Cortinarius rufo-olivaceus has been previously
reported in Turkey from Osmaniye province (Isiloglu
and Oder, 1995). However, no morphological or
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molecular data have been provided for this species. A
detailed morphological interpretation is needed for
the correct identification of this species. Moreover,
molecular data will provide invaluable information to
support morphological data and support the
identification. Thus, DNA sequences corresponding to
internal transcribed spacer region (ITS) and the large
subunit (LSU) of nuclear ribosomal RNA genes were
analyzed to understand the phylogenetic relationship
of this species in Cortinarius genus. Although, the
existence of C. rufo-olivaceus has been reported
previously, this study contributes the first
documentation of full description of the species and
the new locality supported by both morphological and
phylogenetic data.

MATERIALS and METHODS
Morphological studies

Mushroom samples were detected in the oak forest
during a field trip in Akbelen village of Tokat in
autumn 2019. Color photographs of basidiocarps were
taken and brought to the laboratory in wrapped paper
for microscopic studies. Spore print was obtained
from a mature basidiocarp and the samples were
dried using a heater. The samples were placed into
polyethylene bags and kept in the fungarium of Tokat
Gaziosmanpasa University, Department of Biology,
for later studies. Microscopic studies were performed
on dry samples using some chemicals (such as
distillate water, KOH, Congo red, etc.). Comparing
the microscopic, macroscopic and ecological features
the sample were identified according to the literature
such as Bon, 1987; Breitenbach and Kréanzlin, 2000;
Phillips, 1981; Moser, 1983.

Molecular studies
DNA extraction, PCR amplification and Sequencing

The genomic DNA (gDNA) was extracted form dry
samples using GeneMATRIX Plant & Fungi DNA
purification kit (EURx, Poland) following
manufacturer’s protocol. For DNA amplifications,
primer pairs ITS4-ITS5 (White et al., 1990) and
LROR-LR5 (Vilgalys and Hester, 1990) was used to
amplify ITS1-5.8S-ITS2 and 28S LSU rRNA gene
regions, respectively. Each polymerase chain reaction
(PCR) was performed in 30 ul volume mixture
containing 3 pl 10X buffer, 3 ul dNTP mix, 3 pl
degenerate primer pair (final concentration of 1 pM
each), 0.3 pl Dream Taq DNA polymerase (Thermo),
10 pl gDNA and 7.7 pl sterile ddH20. A negative PCR
control reaction was prepared in the absence of
gDNA, which included sterile ddH20 instead. ITS
region was amplified using a programme containing 5
min initial denaturation at 95°C followed by 40 cycles
of denaturation at 95°C for 30 sec, annealing at 53°C
for 30 sec and extension at 72°C for 1 min and a final
extension for 10 min. LSU region was amplified using
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a programme 3 min initial denaturation at 95°C
followed by 40 cycles of denaturation at 95°C for 30
sec, annealing at 48°C for 30 sec and extension at
72°C for 1 min and a final extension for 10 min. PCR
products were checked in a 1 % agarose gel
electrophoresis and positive PCR products were gel
purified by using Wizard SV Gel and PCR Clean-up
System (Promega). Purified PCR products were
sequenced in both directions using forward and
reverse primers (BM Labosis Inc., Ankara).

Sequence and Phylogenetic analysis

Chromatograms for forward and reverse primer
sequencing were checked for any nucleotide errors.
All assembled rDNA sequences were examined using

Basic Local Alignment Search Tool (BLAST)
programme using the National Center for
Biotechnology = Information (NCBI)  nucleotide

database. For phylogenetic analysis, representative
ITS and LSU sequences of Cortinarius species were
retrieved from GenBank. The multiple sequence
alignments and phylogenetic trees for each genomic
region were done using Molecular Evolutionary
Genetics Analysis software (MEGA 7.0; Kumar et al.,
2016). Phylogenetic trees were constructed using the
maximum likelihood (ML) and maximum parsimony
(MP) methods. ML method was based on Tamura-Nei
model (Tamura and Nei, 1993) with bootstrap support
of 1000 replicates and default settings. Initial tree(s)
for the heuristic search were automatically obtained
by using Neighbor-Joining and BioNdJ algorithms to a
matrix of pairwise distances estimated using the
Maximum Composite Likelihood (MCL) approach and
topology with superior log likelihood value was
selected. MP trees were constructed using the Tree-
Bisection-Reconnection (TBR) search method with
100 random addition replications. The bootstrap
support values > 50% were marked on the branches of
the tree.

RESULTS and DISCUSSION
Taxonomy

Description of macrofungi, photographs showing the
morphological features of basidiocarps and
microphotographs of basidia and basidiospores,
locality and collection number are given below. The
systematics of the macrofungi are in accordance with

Index Fungorum (http://www.indexfungorum.org:
accessed 14 December 2019).

Fungi

Basidiomycota

Cortinariaceae

Cortinarius rufo-olivaceus (Pers.) Fr., Epicr. Syst.
Mycol. 268 (1838).

Pileus 5-10(13) cm across, hemispherical at first,
then convex to plane, sometimes depressed, slightly
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indented, pink- to purple-red or reddish-copper with
paler margin. Flesh thick, whitish, light violet under
cap cuticle. Stipe 4-9(10) x 1.2-2.0 cm, cylindrical,
solid, pale violaceous, emarginated by a wine-red veil,
bulbous, base with a purple-brown to wine-brown.
Lamellae broadly attached, greenish to lemon-yellow
when young then olivaceous-rusty, finally dark rusty,
dense, fragile, narrow. Basidiospores (9-)11.5—13.5(-
14) x (5.5-)6-7.5(-8) um, lemon-shaped or almond-
shaped. Basidia clavate, 40-45 X 10-12 pm,
tetrasterigmatic and a basal clamp. Marginal cells
cylindrical to clavate, 13-20 X 3-8 pm; no
pleurocystidia seen (Figure 1). Spore print rust. KOH
reaction green, then slowly red on cap cuticle, dark
green at first, later dark red-brown on the flesh.
Habitat under broadleaved trees, especially Fagus
and Quercus. Growing season spring and autumn
(Phillips, 1981; Moser, 1983; Bon, 1987; Breitenbach
and Krénzlin, 2000; Garrido-Benavent et al., 2015;
Mazza 2019).

Specimen examined: Tokat, central district, Akbelen
village, among leaf litters in Quercus sp. forest,
40°27'498"N- 36°39'226"E, 1022 m, 15.12.2019, HIS
19.

Cortinarius rufo-olivaceus var. vinosus (Cooke)
species has been found in Barcelona (Spain) (Garrido-
Benavent et al., 2015). The morphological features of
this species resemble our sample of Cortinarius rufo-
olivaceus (Pers.) Fr. such that they have similar spore
size, red to purplish pileus. However, we found that
C. rufo-olivaceus (Pers.) Fr. has greenish to lemon
yellow lamellae and not purplish yellow.

Morphologically, Cortinarius prasinus (Schaeff.) Fr.
and C. cupreorufus Brandrud also resemble C. rufo-
olivaceus. However, C. prasinus has a smaller
basidiocarp, greenish yellow lamellae, slightly smaller
spores (9—11,5 x 6-7) when compared to that of C.
rufo-olivaceus. Additionally, C. prasinus cap colour 1s
hazel or ferruginous to reddish tawny at the centre
and greenish yellow at the margin. KOH reaction
shows dark red color on the cuticle (Garrido-Benavent
et al., 2015). Cortinarius cupreorufus has yellowish
bulbous stipe and copper-brown pileus. But, C.
cupreorufus grows mainly in coniferous forests,
usually near Picea (Breitenbach and Krinzlin, 2000).
These differences clearly distinguish Cortinarius rufo-
olivaceus (Pers.) Fr. from other species that are
morphologically similar.

Molecular Phylogeny

Cortinarius rufo-olivaceus (Pers) Fr. was first
identified in 1995 by Isiloglu and Oder (1995) in
Osmaniye region of Turkey. However, this study did
not examine the macro- micro morphological
properties of this fungus species. Additionally, no
molecular study has been conducted to evaluate the
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molecular phylogeny of this species.

In this study, an approximately 688 bp long region for
ITS1-5.8S-ITS2 and 948 bp long region for the 28S
LSU rRNA gene were amplified and both sequences
were deposited at GenBank under the accession
numbers MN814239 and MN889515, respectively. We
obtained the ITS genomic region sequence data for 53
species that were representatives of the Rufoolivacei
clade and constructed both MP and ML trees using C.
aureifolius as the outgroup species. Since similar
topologies were observed, only ML tree was given to
indicate phylogenetic relationship of the studied
species based on ITS region (Figure 2). The
Cortinarius species were distributed in separate
phylogenetic units. Previously identified sequences
belonging to Cortinarius rufo-olivaceus (Pers.) Fr.
species were well conserved with a bootstrap support
of 99 % and our sequence was included among them.
The tree also separated C. prasinus and C. rufo-
olivaceus with a bootstrap support of 76 %. There are
few representative LSU sequences in the Rufoolivacei
clade and no significant matches were observed from
our BLAST results. Phylogenetic relationship based
on LSU region was not well resolved due to low
bootstrap values. Thus, no phylogenetic separation at
the subgenus level was observed for LSU region.

As mentioned above, morphological similarities exist
within Cortinarius species that could support their
close relationship. However, microscopic variations
also in congruent with our molecular data and well
separate members of the Rufoolivacei clade. Our ITS
tree provides further detail on the evolutionary
relationship of most studied species that belong to
section Fulvi and phylogenetic data mostly agree with
other studies (Froslev et al., 2007; Garnica et al.,
2009).

CONCLUSIONS

The genus Cortinarius is the largest genus of
Agaricales and systematic studies could be
overwhelming. Integrating macro- and
micromorphological characters as well as molecular
phylogenetic analysis are important to well
characterize a species within this genus. Molecular
analyses are very helpful in determining the
relationship in closely related species. As more
nuclear rDNA sequences are available, it is more
possible to solve species delimitation and
identification in the Cortinarius genus. In this study,
we not only used ITS region but also LSU sequence to
confer molecular identification of a Cortinarius
species in Turkey. Accordingly, the identified species
was found to be a Cortinarius rufo-olivaceus (Pers.)
Fr. and supported by morphological results. Our
finding contributes significantly to the Cortinarius
mycobiota of Turkey.
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Figure 1. Cortinarius rufo-olivaceus: a-basidioma; b- basidiospores (in congo red); c- basidium and marginal cells
(in congo red) (scale bars: a= 70 mm; b, ¢ = 10 pm).

Sekil 1. Cortinarius rufo-olivaceus: a-bazidiokarplar; b- bazidiosporlar (kongo kirmizisi ortaminda); c- bazidium
ve marjinal hiicreler (kongo kirmizisi ortaminda) (6lgek ¢ubugu: a= 70 mm; b, ¢ = 10 um).
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Cortinarius rufoolivaceus (EU057030)
99| Cortinarius rufoolivaceus (DQ663410)
Cortinarius rufoolivaceus (AY174845)

@ Cortinarius rufoolivaceus (MN814239)

Cortinarius prasinus (EU057029)
1

00! Cortinarius prasinus (AY174835)

76)

Cortinarius cupreorufus (EU056992)

100! Cortinarius cupreorufus (AY174831)
99| Cortinarius elegantissimus (EU057037)
Cortinarius elegantissimus (AY669565)

Cortinarius cedretorum (EU057036)

99! Cortinarius cedretorum (EU057035)

Cortinarius rapaceotomentosus (EU655655)
1 I
J‘\Cortmarlus rapaceotomentosus (EU655676)
99|

Cortinarius rapaceotomentosus (EU655679)

Cortinarius sp. F41803 (EU057050)
£| Cortinarius fulmineus (EU057033)
Cortinarius fulmineus (EU057032)

98 Cortinarius citrinus (AY174825)
4104 Cortinarius citrinus (AY174820)

Cortinarius citrinus (AY174821)

Cortinarius cedretorum (EU057038)

Cortinarius odorifer (EU057052)

— 100! Cortinarius odorifer (AY174817)
Cortinarius saxamontanus (EU057027)

fa Cortinarius saxamontanus (EU057026)

Cortinarius saxamontanus (EU057028)

Cortinarius aureofulvus (AY669571)

looLl Cortinarius aureofulvus (EU057061)
73l Cortinarius aureofulvus (EU057051)

Cortinarius sp. JFA 11701 (EU057024)

Cortinarius fulmineus (EU057021)
Py 100 Cortinarius odorifer (AY174817)

Cortinarius fulmineus (EU057020)

98| Cortinarius xanthophyllus (AY174826)

Cortinarius claroflavus (EU057071)

99| Cortinarius xanthophyllus (AY174827)

Cortinarius xanthophyllus (EU057023)

100| Cortinarius flavovirens (AY174841)

Cortinarius flavovirens (EU057034)

g9 Cortinarius sulphurinus AY669572)

Cortinarius sulphurinus (EU056995)

100| Cortinarius guttatus (EU057063)
Cortinarius guttatus (EU056994)
Cortinarius guttatus (EU056993)

100 Cortinarius cedretorum var. suberetorum (EU057048)
Cortinarius cedretorum (AY669564)

Cortinarius olivascentium (EU057068)

% Cortinarius olivascentium (EU057078)
Cortinarius xanthochlorus EU057047)
Cortinarius osmophorus (AY174815)

100 Cortinarius osmophorus (EU056990)

Cortinarius osmophorus (AY174816)

Cortinarius aureifolius (AF268893)

0.02

Figure 2. Phylogenetic relationship of Cortinarius species inferred from ITS genomic region using ML method. Diamond label
indicate the Turkish Cortinarius rufo-olivaceus (Pers.) Fr identified in this study. Cortinarius aureifolius was used
as the outgroup species. Bootstrap support values > 50% from ML analysis were shown on the branches. Bar
indicates 0.02 expected change per site per branch.

Sekil 2. ML yontemi kullanarak Cortinarius tirleri arasinda ITS genomik bélgeden ¢ikarilan filogenetik iliski. Elmas ile
gosterilen simge, bu g¢alismada belirlenen Tiirk Cortinarius rufo-olivaceus (Pers.) Fr'yi gostermektedir. ML

analizlerinde, > %50 bootstrap destek degerleri olanlar dallarin tistiinde gosterilmigtir. 0.02 ¢izgisi, her daldaki her
noktaya ait tahmini degisimi ifade etmektedir.
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ABSTRACT

This paper describes FKeynoutria as a newly recorded genus of Dock
Family (Polygonaceae) to Turkey. Specimens of R. japonica Houtt.
(Polygonaceae) were collected from Terme/Bazlamac¢ (Samsun).
Adding this new genus, the number of genera in Turkish Flora
reached to 11 and the identification key for genera of Polygonaceae
was updated. In addition, Turkish name, detailed description,
photographs, locality information and geographical distribution map
of the species were given in the present study.

Tiirkiye Florasi icin Yeni Bir Cins Kayd1 : Reynoutria (Polygonaceae)

OZET

Bu calismada, Madimakgiller familyas1 (Polygonaceae)nin bir cinsi
olan Reynoutria Turkiye i¢in yeni kayit olarak tanmitilmaktadir. Z.
japonica Houtt. (Polygonaceae) tiiriine ait bitki o6rnekleri
Terme/Bazlamac¢ (Samsun) yéresinden toplanmistir. Bu cinsin de
ilavesiyle familyanin Turkiye florasindaki cins sayisi 11’e yiikselmig
ve familyanin cins anahtari yeniden hazirlanarak sunulmustur.
Ayrica turin Turkce adi, detay tanmimlamasi, fotograflari, lokasyon
bilgileri ve tilkemizdeki yayilis haritas: bu ¢alismada verilmektedir.
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INTRODUCTION

The family Polygonaceae Juss. (Buckwheat or Dock
family) encompasses about 50 genera and 1200 species
worldwide and distributed mainly in temperate zone of
the Northern Hemisphere and rarely in tropical
regions (Heywood, 1978; Freeman and Reveal, 2005).
This family has already been reported that it consists
of nine native and one naturalized genus in Turkish
flora (Keskin, 2012). Reynoutria Houtt. is closely
related to genera such as Fallopia Adans, Calligonum
L. and Fagopyrum Mill. Reynoutria japonica Houtt.
(Japanese knotweed), a noxious weed in Turkey, grows
naturally in Japan, Eastern Asia, China, Korea and
Taiwan (Beerling et al., 1994; Bailey, 2003). As
ornamental plant, it was introduced into Europe from
Japan and Eastern Asia in the 19th century (Conolly,
1977; Py$ek and Prach, 1993). International Union for
Conservation of Nature IUCN) ranked this species as
one of the most invasive 100 organisms of the world
(Lowe et al., 2000). It is also recognised as one of the

worst invasive alien species (IAS) at a European scale
(Nentwig et al., 2017; Fennel et al., 2018) and
according to the DAISIE database it is one of the 18
most invasive plants in Europe (Kirpluk et al., 2019).
This study aimed to record the genus Reynoutria and
its species (R. japonica) to the alien vascular flora of
Turkey.

MATERIAL and METHOD

Some specimens of Reynoutria Houtt were collected in
June of 2014, during the fieldwork of a project
(supported by Republic of Turkey Ministry of
Agriculture and Forestry, General Directorate of
Nature Conservation and National Parks) in A6
Samsun province, National Biodiversity Inventory and
Monitoring. After checking the literature, it was
concluded that the specimens of K. japonica were
previously unknown in Turkey (Keskin, 2012).
Additionally, all specimens were cross-checked
according to the relevant literature (Bimova et al.,
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2004; Lee, 2002; Mack et al., 2000; Pysek and Prach,
1993; Pysek, and Richardson, 2000; Pysek el al., 2003;
Rejméanek, 1995; Richardson et al.,, 2000). The
specimens were also cross-checked with the specimens
of Polygonaceae in different herbaria (E, OMUB,
KATO, GAZI, ANK, HUB, ISTE and ISTF). The
specimens of new findings were kept at the OMUB and
KATO Herbaria.

RESULTS and DISCUSSION
Reynoutria Houtt., Nat. Hist. 2 (8): 639 (1777).

Perennial, rhizomes thick, stems erect, stout, hollow.
Ocrea oblique, leaves simple, alternate, petiolate, blade
ovate or ovate-elliptic, margin entire. Inflorescence
axillary, paniculate, flowers unisexual, perianth
persistent, 5-parted including 2 inner and 3 outer,
tepals accrescent, winged on abaxial surface in female
flowers, stamens 8, styles 3; stigmas fimbriate, achenes
ovoid, trigonous.

Reynoutria can be distinguished from the related
genera, Fallopia and Fagopyrum, by its not twining
stems, wingless achenes, bisexual flowers, broadly
cuneate-rounded and truncate leaves and fimbriate
stigmas. However, identification key in the Flora of
Turkey and the East Aegean Islands not includes these
taxa (Davis, 1967). Thus, key to genera of Polygonaceae
was rearranged below for the Turkish vascular flora:

1. Shrub or rarely subshrub
2.5tems tWININg ......ccooevenvvrrrieeeeeeeeeeeecnvenneee. 5.Fallopia
2. Stems not twining

3. Stamens 10-18; fruit covered with stiff, tuberculate,
intertwined bristles, leaves small, scaly; styles 4
........................................................ 2. Calligonum

3. Stamens 6-8; fruit not covered with bristles, leaves
large, not scaly; styles 2 or 3

4. Stamens inserted at the mouth of the perianth; fruit
with three bilobed wings ..................... 8. Pteropyrum

4. Stamens inserted at the base of the perianth; fruit
UNWINEGEA. . uiiiriiiiiiieeieieeieneeneeeieenees 1. Atraphaxis

1. Annual or perennial, sometimes with woody stocks
herbs

5. Achenes with wings

6. Tepals 4; stigma 2, stamens 4-5; achenes biconvex,
leaves mostly all basal, reniform to triangular-cordate,
long-petiolate .....ccoeveviiiiiiiiiiiiiiine . 6. Oxyria

6. Tepals 6; stigma 3, stamens 9; achenes trigonous not
horned at base; leaves palmately veined...... 10. Rheum

5. Achenes without wings
7. Flowers unisexual, bisexual

8. Leaves broadly cuneate, rounded, truncate stigmas
fimbriate ....cocovviiviiiiiiiei e 9. Reynoutria

8. Leaves, hastate, sagittate or cordate, stigmas not
fimbriate
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9. Leaves cordate; fruiting perianth segments with
hard spiny tiPp..cccceeereieieiiiiiiiiiicie e, 3. Emex

9. Leaves hastate or sagittate; stigmas penicillate,
fruiting perianth segments without hard spiny tips
11. Rumex

7. Flowers hermaphrodite

10. Perianth segments 6, the inner much larger than
the outer in fruit; stamens 6..................... 11. Rumex

10. Perianth segments 5; tepals not enlarged in fruit,
rarely enlarged, becoming fleshy, all + equal in fruit;
stamens 8

11. Achenes trigonous, much longer than or rarely
equalling persistent perianth stamens usually 3
......................................................... 4. Fagopyrum
11. Achenes trigonous or biconvex, shorter than or
rarely longer than persistent perianth stamens usually
B e —————— 7. Polygonum

Reynoutria japonica Houtt., Nat. Hist. 2(8): 639 (1777).
(Figures 1, 2).

Figure 1. Reynoutria japonica A and B: Branches with
leaves and axillar inflorescences and the
base of the stem above each joint is
surrounded by a membranous sheath; C:
Inflorescence 1s erect raceme or panicle
(photos by F. Karaer).

Sekil 1. Reynoutria japonica A ve B: Dallar yaprakli ve
koltuklarda c¢icek kurullu ve her eklemin
yukarisindaki govde tabani bir zarsi kilifla
cevrilidir; C° C(Cigek kurulu salkim veya
birlesik salkim (Foto F. Karaer).
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Syn.: Fallopia compacta (Hook.f.) G.H.Loos & P.Keil,
Fallopia japonica (Houtt.) Ronse Decr., Fallopia
Japonica f. colorans (Makino) Yonek., Fallopia japonica
var. compacta (Hook.f.) J.P.Bailey, Fallopia japonica
var. compacta J. Bailey, Fallopia japonica var.
hachidyoensis (Makino) Yonek. & H.Ohashi, Fallopia
Jjaponica var. uzenensis (Honda) Yonek. & H.Ohashi,
Pleuropterus cuspidatus (Siebold & Zucc.) H.Gross,
Pleuropterus zuccarinii (Small) Small, Polygonum
compactum Hook.f., Polygonum cuspidatum Siebold &
Zucc., Polygonum cuspidatum var. spectabile Noter,
Polygonum  hachidyoense  Makino, Polygonum
reynoutria Makino, Polygonum reynoutria f. Colorans
Makino, Polygonum sieboldii de Vriese ex L.H.Bailey,
Polygonum zuccarinii Small, Reynoutria compacta
(Hook.f) Nakai, Reynoutria hachidyoensis (Makino)
Nakai, Reynoutria hachidyoensis var. terminalis
Honda, Reynoutria hachijoensis Nakai ex dJotani,
Reynoutria hastata Nakai ex Ui, Reynoutria henryi
Nakai, Reynoutria japonica var. compacta (Hook.f.)
Moldenke, Reynoutria japonica var. hastata Nakai ex
Ui) Honda, Reynoutria japonica var. spectabilis
(Noter) Moldenke, Reynoutria japonica var. terminalis
(Honda) Kitag., Reynoutria japonica var. uzenensis
Honda, Reynoutria uzenensis (Honda) Honda, Tiniaria
japonica (Houtt.) Hedberg (TPL, 2019).

Shrub like or woody based herbaceous perennial,
adventitious roots thread-like. Rhizomes thickened,
dark brown, knotty, up to 8 cm in diameter, spread
laterally, ca. 7-20 m. Above ground stems numerous,
smooth, erect, 1-2 (—3) m tall, stout, branched above,

hollow, striate, papillate, often with red or purple
spots, the base of the stem above each joint is
surrounded by a membranous sheath. Petiole 1-2 cm,
papillate; leaf blade ovate or broadly elliptic, 3—12(—14)
X 4-9 cm, sub leathery, both surfaces glabrous,
papillate along veins, base broadly cuneate, rounded or
truncate, margin entire, apex acute or shortly
acuminate. Inflorescence axillary, erect raceme or
panicle, 3-8 (-15) cm long, bracts funnel-shaped, 1-2
mm, oblique, each 2—4-flowered, flowers borne in

fascicles, pedicels 3—4 mm, slender, articulate below
middle. Flowers minute white, cream or greenish,
occur in perianth, 5-parted. Stamens 8, longer than
perianth in male flowers. 3 outer petals acrescent and
winged on abaxial surface; styles 3; stigmas fimbriate
in female flowers. Achenes black-brown, shiny, ovoid-
ellipsoid, 4-5 mm. and included in persistent perianth.
Flowering 6-9, fruiting 7-10, field margins, roadsides.

Collected locality: A6 Samsun - Terme, Bazlamacg
district, field margins, roadsides, 210-315 m,
16.10.2014, F. Karaer 30135 (OMUB!), Ibid. 250-425
m, 15. xi. 2014, F. Karaer 30375 (OMUB!), (KATO
19251!) (Figure 2).

Turkish name: Japon Madimag.

Reynoutria japonica is found in different habitats such
as edge of road, wasteland and open woodland.
Specimens were collected during the flowering and
fruiting periods from semi natural populations near
Bazlamag district in Terme /Samsun province, Turkey.
The following species were growing in association with
R. japonica at its sites in Samsun: Tagetes minuta L.,
Galinsoga parviflora Cav., Urtica dioica L., Cynodon
dactylon (L.) Pers., Geranium robertianum L. and
Sambucus ebulus L.

The species belongs to the sect. Reynoutria (Houtt.)
Ronse Decr., characterized by herbaceous perennial
plants, with erect robust stems, well-developed thick
rhizomes, large orbicular to broadly ovate leaves,
deeply three-parted styles with fimbriate stigmas and
a functionally dioecious breeding system.

The specimens were collected from a population of
approximately 1.5 km2 growing at the border of both
sides of road and open woodland. The population have
individuals from 0.5 to 1.2 m high.

Reynoutria japonica was determined by the Houttuyn
(in 1777 and independently Siebold (n 1846)
described it as Polygonum cuspidatum Sieb & Zucc. In
recent times, this taxon is adopted Meissner’s
classification (in 1856) as Fallopia japonica var.

; .‘ 1 I| ‘il
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Figure 2. Distribution of Keynoutria japonica (.) in Turkey (adapted from Giiner, 2014).
Sekil 2. Reynoutria japonica (.)’mn Tiirkiye'deki yayilis1 (Giiner, 2014’den uyarlanmistir).
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Jjaponica; the classification and nomenclature of it has
been changed, because of the historical complication
(Beerling et al.,, 1994; Bailey and Conolly, 2000).
Today, authors use different names. In Europe the
species are recognized in two different generic names;
Reynoutria and Fallopia. Fallopia combinations are on
the standard list of British and German flora, while
IPNI (2019) and Tropicos (2019) and other researchers
use Reynoutria as a generic name (Mirek et al., 2002;
Tokarska-Guzik, 2003, 2005).

In the one hand Japanese knotweed spreads mainly by
vegetative way, on the other hand it shows sexual
reproduction by hybridization (Vichotovd and Sera,
2008). It easily establishes the monoculture by
spreading clonally via rhizomes (Forman and Kesseli,
2003) that they are capable of extensive spread both
horizontally and vertically. In riparian areas in south
eastern Terme/Samsun, some sprouts of unidentified
knotweeds do not emerge for 1 to 2 years all
aboveground growth. Rhizome shoot production is in
May, July, and September. It is gynodioecious in the
Samsun.

Reynoutria japonica is commonly establishing in
disturbed areas, including water sources, such as
stream sides, in low-lying areas, waste places and
roadsides, around old home sites and abandoned fields
or gardens. However, its growth is limited by
availability of sunlight (Beerling, 1993; Beerling et al.,
1994; Mandak et al., 2004). Its wide distribution in the
world refers that this species has a strong potential to
be invasive in Turkey. Its distribution has already
confined to only few very close localities in Terme
where the potential waste places and farm lands occur.
It is capable of easily producing new colonies via fruits,
which can be dispersed by wind, and rhizomes. Once
established, the populations of Japanese knotweed are
extremely persistent especially in riparian areas.
Control methods are expensive and extremely labor
intensive. Mechanical methods followed by herbicide
treatments have proven somewhat successful in
heavily infested areas and biological control agents are
not currently available (Klein, 2011). This is an
extremely difficult vascular plant species in order to
control because of its ability to regrow both from
vegetative and generative parts.
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OZET Aragtirma Makalesi
Calismanin amaci, Caldiran/Van'da yetisen ve halk arasinda sikga

tiiketilen bazi tibbi bitkilerin, toplam fenolik (TFM) ve flavonoid (TF) Makale Tarihgesi
miktarlarinin belirlenmesi ve farkli organlardan elde edilen su Gelig Tarithi  :30.10.2019
ekstrelerindeki olasi farklarin ortaya konmasidir. Alcea pallida (Hiro) Kabul Tarihi :06.02.2020

(Willd.) Waldst. &. Kit., Rumex scutatus L. (Evelik), Mentha longifolia
(L.) L. (Dag Reyhan1), Erigeron acris L., Achillea vermicularis Trin.
(Civan Percemi) bitkileri Van/Caldiran'dan toplanmigtir. Ekstrelerin

Anahtar Kelimeler
Erigeron acris

TFM ve TF icerikleri spektrofotometrik olarak ol¢iilmustir. En Fenolik madde
yuksek TFM ve TF madde E. acrisbitkisinin tohum ekstresinden elde Flavonoid
edilmigtir. Ayni bitkinin goévde ekstresi ve M. longifolia tohum ve Mentha longifolia
govde ekstreleri de yiiksek fenolik ve flavonoid madde tasiyan bitki Tibbi bitki

kisimlar: olmustur. Sonucta, kullanilan bes farkli bitkiden alinan
cicek, govde ve tohum ekstrelerinin hepsinde ¢icek ve/veya tohum
ekstrelerinin govde ekstrelerine gore daha verimli oldugu ortaya
konmustur. . acrisve M. longifolia bitkilerinden elde edilen sonuclar,
bu bitkilerin tibbi amacglara uygun olarak kullanilabilecegini, hem
tohum hem gévde kistmlarinin yogun fenolik ve flavonoid i¢erdigini
gostermigtir.

Determination of Total Phenolic and Flavonoid Contents of Some Medicinal Plants Growing in Caldiran
Province of Van

ABSTRACT ResearchArticle
The aim of the study was to determine the total phenolic (TPC) and
flavonoid (TF) contents of some medicinal plants grown in ArticleHistory
Caldiran/Van that are frequently consumed by people and to reveal Received ©30.10.2019
possible differences in the water extracts obtained from different Accepted ©06.02.2020
organs. Alcea pallida (Willd.) Waldst. &. Kit. Rumex scutatus L.,
Mentha longifolia (L.) L., Erigeron acris L., Achillea vermicularis Trin. Keywords .
were collected from Caldiran/Van. TPC and TF contents of the E’ngergn acris
extracts were measured spectrophotometrically. The highest TPC and Phenohqs
TF were obtained from the seed extract of . acris. Stem extracts of Flavonoids .
Mentha longifolia

the same plant and the stem and seed extracts of M. longifolia were
also the samples carrying high phenolic and flavonoids. As a result, it
was shown that the flower and seed extracts of five different plants
were more efficient than the stem extracts. Biochemical profiles of Z.
acris and M. longifolia showed that these plants can be used for
medicinal purposes and both seed and stem parts contain notably high
levels of phenolic and flavonoids.

Medicinal plant

ToCite : Kartal DI, Eray N, Oztiirk F 2020. Van Ilinin Caldiran Ilgesinde Yetigen Bazi Tibbi Bitkilerin Toplam Fenolik ve

Flavonoid Madde Miktarlarinin Belirlenmesi. KSU Tarim ve Doga Derg 23 (3): 611-616. DOI: 10.18016/ksutarimdoga.

vi.637632.

GIRIS her

gecen giin yeni

careler sunmaya devam

Bitkiler binlerce yildir oldugu gibi glinimuzde de
geleneksel tibbin temelini olusturmakta ve insanhga

etmektedirler. Dogrudan bitkinin ¢esitli kisimlarinin
veya onlardan elde edilen etken maddelerin
hastaliklarin tedavisinde kullanilmasi literatire tibbi
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bitki terimini kazandirmigtir. Tibbi Dbitkiler, yeni
ilaclarin gelismesine olanak saglayacak terapdtik
fitokimyasal kaynagi1 olmalarindan dolayr biytiik bir
oneme sahiptirler.

Fitokimyasallar bes sinifa ayrilabilir, polifenoller en
¢ok caligilanlardir ve karotenoidler, alkaloidler, azot
iceren bilesikler ve kiikiirt iceren bilesiklerden daha
gi¢gli  antioksidanlar  olarak  kabul edilirler
(Mandlekar ve ark., 2006). Polifenoller, bir veya daha
fazla aromatik halka igeren ve onlara baglh bir veya
daha fazla hidroksil grubu olan en az 10.000 farkl
bilesikten olusan biiyiik bir grubu temsil eder (Li ve
ark., 2014). En sik bulunan diyet polifenolleri
flavonoidler ve fenolik asitlerdir (Aratjo ve ark., 2011).
Fenolikler, antioksidan, antimutajenik,
antikarsinojenik ve gen ekspresyon modulatéri olarak
birgok farkli biyokimyasal aktiviteye sahiptirler
(Nakamura ve ark. 2003). Ayni zamanda bu
bilesiklerin antibiyotik, antialerjenik, antiinflamatuar
aktivite sergiledigi, bazi kanser hiicre hatlarinda
antipoliferatif etki gosterdigi bildirilmistir
(Tungmunnithum ve ark.,, 2018). Cok sayida
epidemiyolojik calisma diyetle flavonoid aliminin
kardiovaskiiler ve karsinojenik hastalik riskini
azalttigim ortaya koymustur (Yang ve ark., 2019).

Fenolikler ve flavonoidler gibi, bitki kaynaklarindan
elde edilen fitokimyasallarin ¢ogunun kanser 6nleme
tizerinde olumlu etkisi oldugu bildirilmistir (Kumar ve
Goel, 2019; Sankaranarayanan ve ark., 2019). Tibbi
bitkilerdeki yliksek fenolik ve flavonoid i¢erigi onlarin
antioksidan aktiviteleri ile iligkilidir ve bu maddeler
ozellikle oksidatif stresin neden oldugu yasla iligkili
hastaliklarin énlenmesinde rol alirlar (Singh, 2015).
Avrupa Birligi ve baz tilkelerde yaklasik 100 milyon
insan hala geleneksel, tamamlayici bitkisel trtnler
kullanmakta, tibbi bitki pazari stirekli biiyiimekte ve
bitki kaynakli Griin pazarinin 2020’yekadar 115 US$
milyara ulagsacag1 tahmin edilmektedir (Jamshidi-Kia
ve ark., 2018). Bu pazara olan talep agirlikhi olarak
kadinlardan gelmekte ve sentetik urlnlerin yan
etkilerinden dogan endise ile yénlendirilmektedir. Bu
nedenle, tibbi bitkiler alaninda arastirmanin énemi
her zamankinden daha fazla hissedilir (Jamshidi-Kia
ve ark., 2018).

Gunumizde sentetik trunler insanoglunu kusatmis
durumdadir. Sentetik maddelerin yan etkilerinin
bulunmasi, bozunma parcalanma strelerinin uzun
olmasi, bozunma irlinlerinin zehirli olmas1 gibi
nedenlerle dogal bitkisel iiriinlere talep artmaktadir
(Babaoglu ve ark., 2001; Jamshidi-Kia ve ark., 2018).
Cin, Hindistan, Japonya, Pakistan ve Tayland gibi
tilkelerde tibbi bitkiler olduk¢a yaygindir ve nifusun
biylk bir bolimiiniin temel saglik hizmetleri
ihtiyaglarim1 karsilamak igin geleneksel pratisyen
hekimlerden ve tibbi bitkilerden faydalandigim
gostermektedir. Her ne kadar bu tilkelerde modern tip
mevcut olsa da, bitkisel ilaclar tarihi ve kulturel
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nedenlerle popiilerligini korumustur (Singh, 2015).

Fenolik bilegiklerin giliglii  biyolojik aktivitelerini
gosteren ¢ok sayida kanit temel alinarak calismada,
Caldiran/Van’da yetisen ve halk arasinda sikga
tuketilen bazi tibbi bitkilerin toplam fenolik ve
flavonoid miktarlarinin  belirlenmesi ve farkh
organlardan elde edilen su ekstrelerindeki olasi
biyokimyasal farklarin ortaya konmasi amac¢lanmastir.

MATERYAL ve YONTEM

Arastirma materyalleri olan Alcea pallida, Rumex
scutatus, Mentha longifolia, Erigeron acris ve Achillea
vermicularis Dbitkileri Vanin Caldiran il¢esinden
toplanmistir. Toplanan o6rneklerin anatomik olarak
teshisi Van Yiiziinct Y1l Universitesi Biyoloji Bélimii
ogretim tyelerinden Dr. Fazli Oztiirk tarafindan
yapilmistir.

Ekstraksiyon

Teshis sonras1 orneklerin farkli organlari ayrilmais,
kurutma kagidinin arasinda direk glnes 1s181na
maruz kalmayacak sekilde kurutulmustur. Cizelge
1.’de gosterilen bitki kisimlar: 6gtitme makinasi ile toz
haline getirilmigtir. Arazi c¢alismalarinin yapildig:
donemlerde, ekstre elde edebilecek miktarda
toplanabilen organlarin analizi yapildigi i¢in baz
bitkilerde tohum, bazilarinda ise ¢igek kullanilmigtir.
Toz haline getirilen 6rneklere, agirliklarinin 40-50 kata
kadar su ilave edilmig ve 60°C’de bir gece manyetik
karistiricida inkiibasyona birakilmigtir. Inkiibasyon
sonrasi ekstreler vakum ile stiziilmus ve -80°C de bir
gece Dbekletildikten sonra liyofilizatér ile suyu
uzaklagtirilmistir. Hazirlanan su ekstreleri total fenol
ve flavonoid analizinde kullanmilmagtir.

Cizelge 1. Bitkilerin analizde kullanilan kisimlari
Table 1. The parts used in the analysis of the plants

' Cicek Govde
Alcea pallida Flower Shoot
Clgek Govde

Rumex scutatus Flower Shoot
o Tohum Govde

Mentha longifolia Seed Shoot
Frivorom aeri Tohum Govde
geron acris Seed Shoot

' ] ] Cicek Govde
Achillea vermicularis Flower Shoot

Toplam Fenolik ve Flavonoid Madde Iceriginin
Belirlenmesi

Ekstrelerde bulunan toplam fenolik madde (TFM)
icerigi Singleton ve Rossi (1965) nin uyguladig
yontemin 96 kuyucuklu spektrofotometreye
uyarlanmis sekline gore belirlenmigtir. Standart
olarak Gallik Asit (10, 50, 100, 150 ve 200 pg/mL)
kullanilmigtir. Bu yontemde ekstre ve standartlardan
20 uL mikro plaka kuyucuklarina koyulmus,
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tizerlerine 100 pL Folin reaktifi (1:4) eklenmis ve
pipetajlama ile karigtirilmigtir. Ardindan Uzerlerine
80 uL %101uk sodyum karbonat eklenmis ve oda
sicakliginda 30 dk inkiibasyon sonrasi 750 nm’de
ornek yerine 20 pL etanol iceren kére karsi absorbans
okunmusgtur. Gallik asit ile olusturulmus standart
kalibrasyon egrisi kullanilarak her 1 mg ekstre iginde
bulunan  toplam fenolik igerik miktarlari
hesaplanmigtir.

Toplam flavonoid (TF) miktarlari, Zhishen ve
arkadaslarinin (1999) modifiye edilmis yéntemine gére
belirlenmigtir. Farkli konsantrasyonlarda Kuersetin
ve Katesin (10, 50, 100, 150 ve 200 pg/mL) %99.5
etanol ile ¢ozlilmus ve standart olarak kullanilmigtir.
Toplam flavonoid miktari, Kuersetin’in standart
olarak kullanmildigi deneylerde TFQ, Katesin’in
standart olarak kullanildigi deneylerde TFC ile,
kimyasal maddelerin Inglizce dilindeki bas harfleri
kullanilarak ifade edilmigtir. Liyofilize ekstre 0.25,
0.5 ve 1 mg/mL konsantrasyonlarda olacak sekilde
dH20 (deiyonize su) ile ¢oziilmiistiir. Yonteme gore, 80
pLk dH20 igeren mikroplaka kuyucuklarina, 20 pL
standart ve oOrnek eklenmis, ardindan %51k
NaNOgden 6 puL kuyucuklara eklenmistir. 5 dk sonra
6 pL 10 % aluminyum kloriir (AlCls) kuyucuklara
eklenmis ve 6 dk sonra 1 M NaOH’ten 40 puL ilave
edilmigtir. Toplam hacim dH20 ile 200 pL’ye
tamamlanmigtir. 415 ve 510 nm’de abs degerleri elde
edilmis ve toplam flavonoid igerigi 1 mg ekstre
icerisindeki flavonoid miktar1 olarak, kuersetin ve
katesin egsdegeri seklinde hesaplanmagtir.

Istatistiksel Analiz

Istatistiksel analizler Graphpad Prism 6 kullanmlarak
gerceklestirilmistir. Tim sonuclar standart sapmalar:
(SD) ile ortalama olarak ifade edilmistir. Analizlerde
¢oklu karsilagtirmalar grafik olusturmak i¢in yapilmig
ve One-way ANOVA kullanilmigtir. Bitkilerin kendi
iclerinde 1ikili kargilagtirmalari i¢in ise t-test
kullanilarak, *p<0.05, **p<0.01, ***p<0.001,
#*%%p<0.0001 degerleri ile analiz edilmigtir. *p<0.05
istatistiksel olarak anlamli kabul edilmistir.

BULGULAR ve TARTISMA
Bitki ekstrelerinin farkli biyolojik etkileri, zengin
fitokimyasal  igeriklerinden  ileri  gelmektedir

(Hosseinzadeh ve ark., 2015). Fitokimyasal olarak
zengin igerige sahip bitkilerin sadece insan sagligi
degil, ayn1 zamanda icecek, kozmetik, ilag, gida
sektorlerinde sahip olduklari 6nem her gecen giin
yapilan ¢alismalarla ortaya konmaktadir (Rababah ve
ark., 2011). Bu nedenle biyolojik aktivite potansiyeli
ile bitki ekstrelerinin fitokimyasal bilesimi arasindaki
iligkinin ortaya konmasi 6nemlidir.

Calisma materyallerinin se¢imi, arazi c¢alismalar:
sirasinda halk ile yapilan etnobotanik goriigmeler
neticesinde gerceklesmistir. Halkin yorede siklikla
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kullandig1 bitkiler o6nerilmistir. Fenolik bilesik ve
flavonoidler bitki sekonder trtinleridir. Bu triinlerin
bitkilerde tretildikleri ve depolandiklari organlar
farklilagmaktadir. Bitkilerin bulundugu ortamdaki
gevresel kogullar onlarin fitokimyasal igeriklerini
etkilemektedir. Yang ve ark., 2018 yilinda yaptiklari
calismada, o6nemli bitki sekonder metabolitlerinin
(fenolikler, flavonoidler, terpenoidler ve cesitli
biyokimyasal islemlerden iiretilen alkaloidler) isik,
sicaklik, toprak suyu, toprak verimliligi ve tuzluluk, vb
gibi faktorlerden mnasil etkilendiklerini ortaya
koymuslardir. Bu bilgiler 1s181nda analizde farklh bitki
organlari tercih edilmigtir. Calismada kullanilan bitki
organlar1 secilirken ekstre elde edilebilecek kadar
numune toplanabilecek organlar se¢ilmigtir.

Mevcut calismada, total fenolik madde analizi igin
kullanilan Folin-ciocalteu yonteminde kullanilan
gallik asit standart grafigi Sekil 1’de verilmistir.

G allik Asit Standart Egrisi

y=0,0105x

Absorbans (750 nm)

A R%= 0,9962

0.0 T T T T 1
150 200 250

Konsan trasyon (ug/m 1)

Sekil 1. TFM analizinde kullanilan gallik asit standart
grafigi
Figure 1. Gallic acid standard graph used in TFC
analysis

Sonuclara gore, en yiksek fenolik icerik FE. acris
bitkisinin tohum ekstresinden elde edilmistir (Cizelge
2). Ayni bitkinin govde ekstresi de fenolik madde
acisindan zengindir. K.acris halk arasinda dis ve
eklem agrilarinda kullanilan Asteraceae
familyasindan bir bitkidir. Bitkinin flavonoidaglikon,
luteolin 7-O-glikosidaz, skutellarin, erigerosit i¢erdigi
bildirilmistir (Yatsyuk ve Regal, 1982). Bu bilesiklerin
polifenol olarak antioksidan aktiviteleri dikkate
alindiginda, £. acris oksidatif stresin neden oldugu
hastaliklarni ~ tedavi etme  anlaminda  umut
vadetmektedir. M. longifolia biitin kitalarda yayilis
gosteren, baglica igerigi Mentol ugucu yagi olan
Lamiacea familyasindan bir bitkidir (Gulluce ve ark.,
2007). M. longifolia bitkisinin hem gévde hem tohum
ekstresinde yiiksek fenolik bilesik tespit edilmisgtir.
Halk arasinda antiseptik ve gaz giderisi olarak yahut
bogaz agrilar1 ve agiz yaralarinda kullanilan bu
bitkinin (Al-Rawi ve ark., 1988) ucucu yagdan baska
fenolik igeriginin de yiksek oldugu, farmasotik
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etkilerinin olabilecegi mevcut calismayla ortaya
konmustur. A. pallida bitkisinin gévde ekstresi fenolik
icerik bakimindan olduk¢a verimsiz bulunmustur. £.
acrisin tohum ekstresi, A. pallida govde ekstresine
gore 4 kat daha fazla fenolik icermektedir. Ayni
bitkinin ¢icek ekstresinin gévdeye gore yaklasik 3 kat
daha fazla fenolik bilesik igermesi bitkilerde sekonder
metabolitlerin farkli organlarda depolanma durumu
(Babaoglu ve ark., 2001) ile aciklanabilir.

Calismada toplam flavonoid analizi igin kullanilan

Kuersetin Standart Egrisi

0.4 7

o
w
1

°
~
1

y=0,0012x

o

Absorbance(415 nm)
1

2
R =0,993

.0 T T 1
100 200 300

Concentration (pg/ml)

Kuersetin ve Katesin standart grafikleri Sekil 2.’de
gosterilmigtir.

Kuersetin standart olarak kullanildiginda en yiiksek
toplam flavonoid miktar1 E. acris bitkisinin tohum
ekstresinden elde edilmistir (Cizelge 2).

Marquele ve ark., (2005) E. acris bitkisinin yiiksek
antioksidan etki sergiledigini ve bunun sebebinin
icerdigi  polifenoller ve flavonoidler oldugunu
bildirmigtir. Calismada ortaya konan flavonoid profili
bitkiyi tibbi anlamda énemli kilmaktadir.

Katesin Standart Egrisi

y=0,0026

R’=0,9989

Absorbans (510 nm)

.0 T T T 1
100 200 300 400

Konsantrasyon (ug/ml)

Sekil 2. TF analizinde kullanilan kuersetin ve katesin standart grafigi
Figure 2. Standard graph of quercetin and catechin used in TF analysis

Cizelge 2. Bitki ekstrelerinin toplam fenolik madde (TFM) ve toplam flavonoid (TF) igerikleri
Table 2. Total phenolic content (TPC) and total flavonoid (TF) of the plant extracts

Farkl: Bitki Ekstreleri TFM (ug GAE/mg)

TFQ+SD (ug QE/mg)

TFC+SD (ug CE/mg)

Difterent Plant Extracts TPC (ug GAE/mg) TF@Q+SD (ug QFE/mg) TFC+SD (ug CE/mg)
A. pallida (¢igek) 227.4 +1.475 556.9 + 2.406 136.5 + 0.8781

A. pallida (gévde) 93.71 + 1.753%¥** 298 5+ 3 825**** 45.67 + 1.152%***
R. scutatus (cicek) 182.7 + 0.504 553.1 + 4.024 119.9 + 1.457

R. scutatus (govde) 75.86 + 0.4286%***  361.5 + 3.691**** 36.47 + 0.8399%***
M. longifolia(tohum) 350.7 + 0.944 1150 + 4.619 263.8 + 3.027

M. longifolia (gévde) 330.8 + 3.997** 1074 + 4.219%*%* 231.6 + 2.91%**

E. aceris (tohum) 385.3 + 4.968%*** 1453 + 2.778 221.8+1.733

E. aceris (govde) 287.3 + 5.229 938.2 + 4.589%*** 170.7 £ 0.9741%%**
A. vermicularis (¢icek) 157.4 £ 2.303*** 511.5+2.294 79.94 + 0.6894
A.vermicularis (gévde) 127.4 + 2.762 359.4 + 15.52%*** 37.95 + 2.019%***

*TFQ (kuercetin esdegeri toplam flavonoid), TFC (katesin egdegeri toplam flavonoid) Sonuclar dért farkl deneyden elde edilen
ticlii 6lgiimlerin ortalamasidir (n = 4). Karsilastirmalar ayni bitkinin farkli organlar1 arasinda yapilmistir. *p<0.05, **p<0.01,

#5%p<0.001, ****p<0.0001

M. longifolia yiksek flavonoid igerigi ile dikkat
cekmektedir (Cizelge 2). Bitkinin insan iiriner,
intestinal ve solunum sistemi ltizerinde hastalik yapic
bakterilere karsi antibakteriyal etki gosterdigi, bu
etkinin igerdigi flavonoidlerden ileri geldigi, 6zellikle
barindirdig: kuercetin-3-0-glikosidin yiksek
antibakteriyal etkiye sahip oldugu daha o6nce rapor
edilmistir (Akroum ve ark., 2009). Calismada elde
edilen sonuclar (Sekil 3.) M. longifoliamin yiiksek
miktarda flavonoid barindirdigini ortaya koymaktadir.
A. pallida, R. scutatus, A. vermicularis bitkilerinin
giovde ekstreleri diger oOrneklerle kiyaslandiginda
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toplam flavonoid ac¢isindan fakir kalmistir. Govde
ekstrelerinin cicege goére bu denli diisik fenolik ve
flavonoid igermesi, bitkinin tiiketmek igin secilecek
organinin farmasétik etkiyi gérmede 6nemini ortaya
koymaktadir.

SONUC

Bitkilerin igerdigi fenolik asitler ve flavonoidler insan
saghgim etkileyen o6nemli aktif bilesenlerdir. Bu
bilesiklerin bitkilerde tiretildikleri ve depolandiklar:
organlar farklilagabilmektedir. Bu nedenle halkin bu
bitkileri tiiketirken hangi organlar: tercih etmelerinin
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daha yararli olacagi mevcut c¢alismayla ortaya alternatif tip uygulamalarinda
konmustur. Yapilan ti¢ analizde de en yiiksek degerler degerlendirilebilecegini gbstermigtir. Yapilan

E. acris ve M longifoliadan elde edilmistir. A. pallida,
R. scutatus, A. vermicularis bitkilerinin govde
ekstreleri hem toplam fenolik hem flavonoid a¢isindan
E. acris ve M. longifolia bitkilerine goére oldukca
verimsiz olmustur. Sonuc¢ olarak; FE. acris ve M
longifolia bitkilerinin hem tohum hem go6vde
ekstrelerinin fitokimyasal profili bu Dbitkilerin

analizler bitkilerin genel iceriklerini tespit amaciyla
yapilan bir 6n calisma niteligindedir. Farkli bitki
kisimlarindan elde edilen yiiksek sonuglara gore
¢alismanin  eksik  yanini  olusturan  sadece
spektrofotometrik analizler yapilmasi da goéz 6niine
alinarak HPLC vel/veya LC/MS/MS ile etken
maddelerin tespitine gidilmesi planlanmaktadir.

Farkli1 Bitki Kisim larinin Toplam Fenolik Madde Miktarlar:
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Sekil 3. Farkli organlarin fitokimyasal analiz grafikleri. Kargilagtirmalar ayni bitkinin farkli organlar1 arasinda
yapilmistir. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001

Figure 3. Phytochemical analysis graphs of the different organs. The comparisons were made between different
organs of the same plant. * p <0.05, ** p <0.01, *** p <0.001, **** p <0.0001

TESEKKUR

Calismada kullanilan bitkilerin toplanmasinda ve
ekstre elde edilmesi ¢alismalarinda yardimlarindan
dolay1 Molekuler Biyoloji ve Genetik Bolimu 2018
mezunlarindan Ibrahim Cinardag, Mazlum Tas,
Rengin Ozigik, Ceylan Elig, Bahar Pelda Karadamar
ve Elif Sena Sahin’e tesekkiir ederiz.

Cikar Catigmasi Beyam
Makale yazarlar1 aralarinda herhangi bir c¢kar

catigsmasi olmadigini beyan ederler.

615

Aragtirmacilari Katki: Orani1 Beyan Ozeti

Yazarlar makaleye esit oranda katk:
olduklarini beyan ederler.
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ABSTRACT

Sphaerophysa kotschyana, which is endemic to Central Anatolia, is
included in the list of plants that must be absolute protected by the
Bern Convention. S. kotschyana is important in terms of functional
compounds because of being resistant to salty soil conditions. In this
study, fatty acid components, vitamin A and vitamin E content were
analysed in leaf and fruit of S. kotschyana. Vitamin A content was
found to be 16.8 mg/kg DW herba and 15.85 mg/kg DW fruit. Vitamin
E content in the herba was observed to be 84.1 mg/kg DW and in the
fruit 70.6 mg/kg DW. The main component fatty acids were
determined as linoleic acid (72.41%) and palmitic acid (18.20%) in fruit
and; oleic acid (59.12%) and stearic acid (13.42%) in the herba.
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Sphaerophysa kotschyana Bitkisinin Yag Asidi Kompozisyonu, A Vitamini ve E Vitamini Icerigi

OZET

I¢ Anadolu'ya 6zgii olan Sphaerophysa kotschyana, Bern Sozlesmesi
ile mutlak korunmasi1 gereken bitkiler listesine dahil edilmistir. .S.
kotschyana tuzlu toprak sartlarina dayanikli olmasindan dolay:
fonksiyonel bilesikler agisindan 6nem arz etmektedir. Bu ¢alismada,
S. kotschyana bitkisinden elde edilen ekstrelerden yag asidi
bilesenleri, A vitamini ve E vitamini icerigi degerlendirildi. A vitamini
icerigi yaprak-govde de 16.8 mg / kg kuru bitki ve meyvede 15.85 mg
/ kg kuru bitki olarak bulunmustur. Yaprak-gévdede ki E vitamini
iceriginin 84.1 mg / kg kuru bitki ve meyvede 70.6 mg / kg kuru bitki
oldugu gozlendi. Ana bilesen yag asitleri meyvede linoleik asit (%
72.41) ve palmitik asit (% 18.20); yaprak-gévdede ise oleik asit (%
59.12) ve stearik asit (% 13.42) olarak belirlenmistir.
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INTRODUCTION

The genus Sphaerophysa DC. from Fabaceae
represents two species in the world. These are
Sphaerophysa kotschyana Boiss. and Sphaerophysa
salsula DC.(Polhill, 1981) S. kotschyana is endemic to
Central Anatolia, while S. salsula grows in China,
Russia, Azerbaijan, Iran and Syria. S. kotschyana
species 1s included in the list of plants in the absolute
protection of the Bern Convention (Trouwborst, 2014.
Hamza and Aksoy, 2009; Yildiztugay et al., 2013). .S.
salsula, which is used in herbal medicine in Chinese
traditional medicine, is used in the treatment of some
diseases such as nephritis, hypertension, chronic
hepatitis and angioneurotic oedema (Lin et al., 2009;
Ma et al., 2004). However, ethnobotanical use of
Sphaerophysa kotschyana species has not been
reported in the literature and there is no public use.
These plants are endemic to Central Anatolia, Turkey.

In this context, chemical content analysis of this plant
is important.

In a properly functioning metabolism, the
mitochondrial cytochrome system protects the
organelles in the cytosol from the harmful effects of
oxidants. In cases where this system is inadequate,
natural enzymes are activated. Oxidants, which
cannot be neutralized by enzymes, initiate lipid
peroxidation by affecting lipids in the first cell
membrane. Lipid peroxidation is the metabolize of the
polyunsaturated fatty acids (PUFA) found in
membranes by the free oxygen radicals to various
products such as peroxides, alcohols and aldehydes.
The resulting bioactive aldehydes cause cell damage
(Benzer and Temizer, 2003; Gékpinar et al., 2006). The
essential fatty acids are not synthesised by
mammalian cells. These fatty acids are defined as w6
and ®3 fatty acids. The w6 and »3 fatty acids that
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should be in the human diet are linoleic (18: 2 n 6) and
linolenic (18:3 n 3) acids. Prostaglandins, thromboxane
and leukotrienes that are involved in the regulation of
vital functions are derived from linoleic acid in the cell
(Innis, 1991).

a-tocopherol, the most effective form of vitamin E,
suppresses fatty acid oxidation by donating the
hydrogen atom in the phenolic hydroxyl group to the
lipid-derived peroxy group. This effect is achieved by
protecting the unsaturated fatty acids of membrane
lipids from the peroxy group and preventing lipid
peroxidation. Consequently, a-tocopherol reacts with
the lipid peroxy group to form the a-tocopherol group.

The high resistance of this group results in the chain
reaction stopping the oxygen. The alpha-tocopheroxyl
group is then reacted with glucuronic acid and excreted
with bile (Burton, 1990; Yarsan, 2014).

Carotenoids, the precursor of vitamin A, antioxidant
activities by participating in free radical reactions
reduce the rate of formation of harmful hydrogen
peroxides. Therefore, they show anticarcinogenic
properties (Van et al., 2000; Di Mascio et al., 1991).

According to our literature research, we did not find
any studies on fatty acid composition and fat soluble
vitamins of S. kotschyana plant. Therefore, in this
work, we aim to study the fatty acid components and
vitamin A-vitamin E content. The subject of this study
will be the first record on this plant and new
information will be provided to the literature.

MATERIALS and METHODS
Plant Material

The plant materials were collected in Konya region
during the fruit period in July 2012. S. kotschyana was
collected C4 Konya, Cihanbeyli, Yavsan Tuzlasi,
4290336N, 36511649E, July 2012, 950 m, identified by
Prof. Dr. Murad Aydin Sanda. (Collect Number: Sanda
2350).

Extraction for fatty acid, vitamin A and vitamin E

Dried and powdered herba and fruit were taken one
gram measured into 5 g capped glass tubes then
extracted with 10 mL hexane-methylene chloride
mixture (6:4). It was vortexed and left in the ultrasonic
bath for 2 hours and then the solvent was evaporated.
After removal of solvent, approximately 500 mg of oil
was obtained. This extracted oil was used for the
analysis of both fatty acids and vitamins.

Experimental procedures for vitamin analysis

Vitamin A and Vitamin E were analysed by high
performance liquid chromatography (HPLC) with
direct injection of 20 uL of filtrated (0.22 pm) ethanol
extracted samples. Analysis of Vitamin A and Vitamin
E was executed using Shimadzu HPLC, LC 20AT

pump, CTO-20AC Column Oven and SPD-MZ20A
detector. 100% methanol was used as the mobile phase
and the flow rate was determined as 1 mL / min and
the column temperature was set at 50 °C. Detector
wavelength; 295 nm for vitamin E and 450 nm for
vitamin A, respectively.

General experimental procedures

Fatty acid analyses were determined by a gas
chromatography equipped with a flame ionization
detector (FID) (Perkin-Elmer Clarus 500). The fatty
acid methyl esters were obtained by transmethylation.
BPX-5 was used as a capillary column (30 m X 0.25
mm, 0.25 um i.d.). The temperature of injection was
steady and FID was performed at 250 °C. Helium was
used as the carrier gas at a rate of 1.0 ml/min. The oven
temperature was 50 °C at the beginning then was
raised to 220 °C with a rate of 8 °C/min. Each peak area
was calculated based on the FID data used the
authentic standards (Supelco Company, Fatty acid
Mix).

RESULTS and DISCUSSION

Vitamin A and vitamin E content of herba and fruit
part of S. kotschyana were determined by HPLC.
Vitamin A values were found close to each other (Table
1). Vitamin E values were higher in the herba than in
the fruit.

Table 1. Amount of vitamin A and E of S. kotschyana
Cizelge 1. S. kotschyana’nin A ve E vitamini miktari

Vitamin A Vitamin

(mg/kg DW) E(mg/kg DW)
Herba (Yaprak-Givde) 16.8 84.1
Fruit (Meyve) 15.85 70.6
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When the fatty acids in the fruit of S. kotschyana were
examined, the highest percentage of linoleic acid
(72.41), palmitic acid (18.20), stearic acid (4.74) and
oleic acid (1.39) were observed (Table 2). While the
results obtained for herba are examined, it is seen that
linoleic acid (59.12%), stearic acid (13.42%), myristic
acid (8.35%) and lauric acid (7.32%) were determined.
S. kotschyana plant compared to some of the fatty
acids in olive oil, palmitic and linoleic acid were found
to be higher in the fruit of S. kotschyana. When the
palmitic acid was 18.20% in S. kotschyana, in the olive
oil was found to be 14.69%. Furthermore linoleic acid
was found to be 72.41% in the fruit of S. kotschyana
plant, while linoleic acid was 12.82% in olive oil.

While the saturated fatty acid in the fruit was 25.08%,
the total of unsaturated fatty acids was 74.93% were
determined (Table 3). The ratio of unsaturated fatty
acids/saturated fatty acids (UFAs / SFAs) ratios was
obtained as high as 3 and polyunsaturated fatty acids
(PUFA) were calculated as 73.32.



KSU Tarim ve Doga Derg 23 (3): 617-620, 2020
KSU J. Agric Nat 23 (3): 617-620, 2020

Arastirma Makalesi
Research Article

Table 2. Fatty acid composition of S. kotschyana
Cizelge 2. S. kotschyana’nin yag asidi bilesenleri

Number of Carbon Fatty Acids Amount of Fatty Acids (%) (Yag asidi Miktar1(%))
Karbon Sayisi Yag Asitleri Fruit (Meyve) Herba (Yaprak-Gévde)
C12:0 Lauric Acid 0.18 7.32

C14:0 Myristic Acid 0.75 8.35

C16:0 Palmitic Acid 18.20 ND

C16:1 Palmitoleic Acid 0.22 0.61

C17:0 Heptadecanoic Acid 0.25 2.73

C18:0 Stearic acid 4.74 13.42
C18:1n9c Oleic Acid 1.39 1.59

C18:2n6¢c Linoleic Acid 72.41 59.12

C18:3n3 a-Linolenic Acid 0.88 0.44

C21:0 Hexanoic Acid 0.38 2.29

C24:0 Lignoceric Acid 0.58 3.34

C22:6n3 Docosahexaenoic Acid 0.03 0.79

When the fatty acid components of the herba were
examined, the ratio of saturated fatty acids was 37.45,
unsaturated fatty acids were 62.55 and the ratio of
unsaturated fatty acids/saturated fatty acids (UFAs /
SFAs) ratios was 1.7.

Table 3. Saturated and unsaturated fatty acid ratios of
S. kotschyana
Cizelge 3. S. kotschyana’nin doymus ve doymamis yag
asidi oranlari
Sphaerophysa kotschyana

Parameters Fruit Herba
(Meyve) (Yaprak-Govde)
SFAs (%) 25.08 37.45
UFAs (%) 74.93 62.55
MUFAs (%) 1.61 2.2
PUFA (%) 73.32 60.35
PUFAs / MUFAs 45.54 27.43
UFAs / SFAs 3 1.7
CONCLUSION

Our results demonstrated that fruit and leave of S.
kotschyana sustained the highest amount of USFA
especially PUFA. Thus, it seems to be the most
appropriate candidate to be used as industrial area
especially cosmetics and phytotherapy. S. kotschyana
is considerable to be a material usable for the cosmetic
industry of the plant both in terms of its fat-soluble
vitamins and fatty acid profiles. However, further
research is needed on the effects of this plant for
human health.
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ABSTRACT Research Article
In this study, the effects of some pesticides and wood vinegar on free- ) i
living nematode trophic groups common in soil were investigated in a Article History

wheat field. Field experiments were conducted in 2014-2015 and 2015- Received: 25.05.2019
2016 growing seasons in a winter wheat field with a randomized block Accepted: 31.10.2019
design with four replicates in Mus Province, Turkey. The treatments

were consisted of; 1) pesticide application (i.e., chemicals used for all Eeywzris

wheat diseases, weeds and pests in the region), 2) 0.5, 1, 2, 3, 4 and Pem.a.((; (e

5% ml wood vinegar, which equates to pesticide application, and 3) Se.sltlcl es
o1

untreated control In the field, 19 genera and one order of nematodes
were found from five nematode trophic groups. In 2014-2015 and
2015-2016, the number of predator nematodes were 25 and 136, and
the number of the most common plant parasitic nematodes were 3012
and 3657, respectively. From first to second growing season, the
number of omnivore nematodes decreased, whereas other nematode
groups increased. According to a simple correspondence analysis, it
was determined that generally, there were significant connections
between the treatments, and the measured properties and nematode
trophic groups.

Wood vinegar

Baz1 Pestisitler ve Odun Sirkesinin Bugday Agro-Ekosistemindeki Toprak Nematodlarina Etkileri

OZET Aragtirma Makalesi

Bu ¢alismada, bazi pestisitlerin ve odun sirkesinin bugday tarlasinda

toprakta yaygin olarak serbest yasayan trofik diizeyinde nematod Makale Tarihgesi
gruplarina etkileri aragtirnlmigtir. Tarla denemeleri, Mus Ilinde 2014- Gelis Tarthi  ©25.05.2019
2015 ve 2015-2016 uretim sezonlarinda kighk bugday tarlasinda Kabul Tarihi :31.10.2019
tesadif bloklar1 deneme desenine gore dort tekerriirli yapilmaigtir.

Muameleler; 1) pestisit uygulamasi (bolgede bugdayda goriilen Anahtar Kelimeler

hastalik, yabanci ot ve zararhilara kars: kullanilan kimyasal ilaclar), gem.a‘.coldlar
2) pestisit uygulamasina tekabiil eden %0.5, 1, 2, 3, 4 ve 5 ml odun TeStlsll{t er
opra

sirkesi uygulamalar1 ve 3) herhangi pestisit ve odun sirkesi
uygulamasinin yapilmadigi kontrol uygulamasi seklinde yapilmigtir.
Deneme alaninda bes trofik gruptan, 19 cins ve 1 takim diizeyinde
nematod tespit edilmistir. 2014-2015 ve 2015-2016’da aver nematod
sayis1 sirasiyla 25 ve 136 olup, en sik rastlanan bitki parazit
nematodlarin sayis1 3012 ve 3657'dir. 2014-2015 ve 2015-2016 yillar
arasinda omnivor nematod sayisi azalirken diger nematod
gruplarinda artis gozlenmigtir. Basit uyum analizleri sonug¢larina
gore, muameleler ile 6lgiilen 6zellikler ve trofik diizeyindeki nematod
gruplari arasinda genel olarak anlaml iligkiler tespit edilmigtir.

Odun sirkesi

To Cite : Kog I, Yildiz S, Yardim EC 2020. Effect of Some Pesticides and Wood Vinegar on Soil Nematodes in a Wheat Agro-
Ecosystem. KSU J. Agric Nat 23 (3): 621-633. DOI: 10.18016/ksutarimdoga.vi.570180.

INTRODUCTION pathogens, pests and weeds (Tiryaki et al., 2010) and
are considered to be a cause of environmental problems
(Altikat et al., 2009). In recent years, in plant
protection applications, various alternative methods

Pesticides have been used extensively since the 1940s
to protect agricultural production against the plant
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including natural products were investigated in
response to the problems caused by the intensive use
of synthetic pesticides (Erdogan and Toros, 2005). Bio-
pesticides emphasized as the derivatives of animals,
plants, bacteria and various minerals (Yarsan and
Cevik, 2007). Yin (2008), referring to Tsuzuki et al.
(1989), reported that wood vinegar (WV) was used as
natural organic pesticides (Yin, 2008). WV is obtain
during the production of charcoal (Cai et al., 2012).
Kim et al. (2008), referring to Jang (2004), reported
that 80-90% of WV is composed of water, 10-20% of the
organic compounds, with more than 200 organic acids
but mostly acetic acid. WV is a good resource for
organic agriculture and is widely used in agriculture
and daily life in Japan (Mu et al., 2003). WV is
moderately or slightly toxic so to non-target organisms
in water and soil (Hagner, 2013). Koc (2019) stated
that WV doses and its frequencies can have an effect
on the numbers of nematode groups. Rombke et al.
(2009) reported that application of the pesticides
(fungicide benomyl, insecticide chlorpyrifos mixture
and a new type of pesticide) to the grassland without
mixing into the soil decreased the number of
nematodes by 48% compared to the control. Daramola
et al. (2015) reported that the population of nematodes
in both sites where they applied carbofuran was
significantly suppressed (P < 0.05). Chelinho et al.
(2011), reported that in soil samples from agricultural
areas exposed to carbofuran for 14 and 28 d the total
number of soil nematodes and population of their
families decreased, but there was no significant change
in the trophic structure. The total number of
nematodes, Shannon-Weaner index, species richness,
sameness and number of species decreased in all
contaminated microcosms. They found that WV
induces development of reactive oxidative species-
sensitive mutant nematodes, prolonging their life span
and increasing body size (Cai et al., 2012). Despite the
fact that pesticides are extensively studied for their
possible effects on nematodes, serious studies are not
conducted on the effects of wood vinegar as an organic
pesticide for nematodes. The aim of this study was to
determine the effects of pesticides (fungicide and
herbicide) and WV on soil nematodes (according to
trophic levels) in a wheat field.

MATERIAL and METHOD
Experimental Area

This study was conducted with winter wheat Krasunia
Odeska in a field of Berce Alparslan Agricultural
Administration (38°47'33", 41°32'46", 1276 m), 11.8 km
from the center of Mus Province. The texture of the soil
was clay with the proportion of clay, silt and sand was
63.3, 25.8 and 10.9%, respectively. Climate in Musg
Province is terrestrial, winters are cold and snowy, and
summers are generally short and cool (Anonymous,
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2016a). Total average annual rainfall for the
proceeding 10 years, and the total annual rainfall for
the first (2014-2015) and second years (2015-2016) in
the region were 741, 740 and 790 mm; with mean
temperatures of 10.6, 11.6 and 11.5°C and mean RH of
60.8, 55.0 and 54.0%, respectively (Anonymous, 2016b).

Source of Wood Vinegar (WV), Pesticides and Fertilizer
Materials

Broiler chicken farming waste was obtained from a
company manufacturing biochar and WV products
using a gasifier (Naml et al., 2014). Fertilizer and
pesticides were taken from Alparslan Agriculture
Administration. In both seasons of 2014-2015 and
2015-2016, fertilizer for stand improvement (46% urea,
100 kg ha, Ozbasak, Oz Basak Tarim) and base
fertilizers (N:P:K 20:20:0, 137 g ha) were used. In 2014-
2015, pesticide Weed Killer D (herbicide, active
ingredient: 2,4-D Acid Dimethylamin, 1000 ml ha,
Koruma, Koruma Tarim) with Duett Super (fungicide,
active ingredient: 84 g L Epoxiconazole and 250 g L
Fenpropimorph, 1000 ml ha, Basf, BASF Agricultural
Solutions Turkey) were applied to the plots and WV
applied at 0.5, 1, 2, 3, 4 and 5% ml and water alone was
applied as a control. Six liters of solution (pesticide,
WV) was applied to testing area (each testing area was
decided to be 100 m2). In 2015-2016, pesticide input
(fungicide, active ingredient: 160 g L Prothioconazole
+ 300 g L Spiroxamine, EC, 1000 ml ha, Bayer, Bayer
Crop Science), Harmony Platinum (herbicide, active
ingredient: 37.5% Thifensulfuron methyl + 37.5%
Tribenuron methyl, DF, 20 g ha, Bayer, Bayer Crop
Science), Duett Super (fungicide, active ingredient: 84
g L Epoxiconazole and 250 g L. Fenpropimorph, 1000
ml ha, Basf, BASF Agricultural Solutions Turkey),
mixed with Attribut Super WG 20 (herbicide, active
ingredient: 6.75% Propoxy carbazone-sodium + 4.5%
Mesos ulfuron-methyl, WG, 200 g/ha, Bayer, Bayer
Crop Science) and Biopower (1000 ml ha, Bayer, Bayer
Crop Science) were applied. WV at 0.5, 1, 2, 3, 4- and
5%-ml concentrations and water alone as a control
were applied.

Experimental Design, Pesticide and WV Applications

The experiment was set in a wheat field in a
randomized block design with four replicates in both
seasons. For each plot (5 X 5 m) there was a minimum
distance of 2 m alleyway between plots and blocks.
Pesticide were applied in the experiment (treatments)
via backpack sprayer. Applied pesticides were
routinely used ones for diseases, pests and weeds of
wheat by Berce Alparslan Agriculture Administration
according to their established application calendar.
The following treatments were used in the study: 1)
pesticide application; 2) 0.5% ml WV corresponding to
pesticide application; 3) 1% ml WV corresponding to
pesticide application; 4) 2% ml WV corresponding to
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pesticide application; 5) 3% ml WV corresponding to
pesticide application; 6) 4% ml WV corresponding to
pesticide application; 7) 5% ml WV corresponding to
pesticide application; and 8) control application (no
pesticide and WV). Pesticide and WV application were
done one times in 2014-2015 and four times in 2015-
2016.

Soil Sampling

Soil samples were taken from eight different places in
each plot (Yardim, 1996) with a 25 mm diameter
sampling tube (10-30 cm deep). The soil samples were
thoroughly mixed, placed in bags, and transferred to
the laboratory momentarily, where they were stored at
4°C. In 2014-2015, the samples were taken before
treatment application (19 May 2015), after treatment
application (25 June 2015) and at the end of harvest
(25 July 2015), and in 2015-2016, before treatment
application (21 April 2016), after treatment
application (25 June 2016) and at the end of harvest (9
August 2016).

Extraction, Identification and Counting of Nematodes

Nematodes were extracted from soil using a modified-
Baermann funnel method (Baermann, 1917;
Whitehead and Hemming, 1965; Southey, 1986).
Nematode were counted under a light microscope at
10X magnification, and allocated to trophic groups
described by Yeates (1971) and Yeates et al. (1993),
and identified to genus.

Statistical analysis

Data were subjected to simple correspondence analysis
in Minitab (Ver. 17) statistical package program
(Winer et al., 1971).

RESULTS and DISCUSSION

The nematodes were found to belong to five trophic
groups, 19 genera and one order (Table 1).

Effect of pesticides and WV on bacterivore nematodes

WV at 0.5-5% ml collected on 19 May 2015 exhibited
similar responses to 3-4% ml samples collected on 25
July 2015, but WV at 2% ml showed no similarity or
relationship with any other sample (Figure 1). On 21
April 2016, with WV at 5-0.5% ml and on 29 August
2016 with WV at 2% ml the relationship was with the
highest number of nematodes. For WV at 1-3% ml and
pesticide application the relationship with each other
is similar, whereas the control is not related to any
other sample (Figure 2). The total number of
bacterivore nematodes in 2014-2015 (2834) was lower
than those of 2015-2016 (3251). This increase can be
attributed to the higher rainfall and weeds densities in
2015-2016. In 2014-2015, the number of bacterivore
nematodes were the lowest for pesticide applications
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(262) and the highest for WV at 2% ml (493). In 2015-
2016, again, the number of bacterivores were the
lowest for WV at 3% ml (302) and the highest for WV
at 0.5 ml WV (524) treatment. The lowest average
number of bacterivores were observed in WV at 3% ml
(292) and the highest was in WV at 5% ml (451) (Figure
3).

Table 1. Nematodes detected at the experimental area
Tablo 1. Deneme alaninda tespit edilen nematodlar

Trophic group Name (Genus)

(Trofik grup) (Ad1 (Cins))
Acrobeloides spp.

9o Acrobeles spp.
E S Achromadora spp.
g g Cervidellus spp.
s g Cephalobus spp.
o & Fucephalobus spp.
S NS Monhystera spp.
'% § Plectus spp.
*g 3 Prismatolaimus spp.
) Wilsonama spp.
o N
52S% .
=R Aphelenchoides spp.
é”E S § Aphelenchus spp

S .
225 8
O 9 N
SESTE -
E =R IR Dorylaimida (order)
£ £ 8§
S &8 8

[}

5T 3
QR o~ Mononchus spp.
T ESE
£5% 3
£ 23 s
:E X Ditylenchus spp.
2 8 Merlinius spp.
52 39 Pratylenchus spp.
3.8 Tylench
-2 S vlenchus spp.
S EX 8 Tylenchorhynchus spp.
SRS Trophorus spp.

Compared to the control, bacterivore nematode
populations increased in parallel to the climate and
plant phenology, which was consistent with the study
of Chelinho et al. (2011). However, in the second year
of the study Koc (2019), bacterivore nematodes were
found decreasing. Also, there are other previous
studies reporting similar results. For instance,
bacterivore nematode populations were the lowest in
the broad-spectrum pesticide (fungicide and herbicide)
treated areas (Yardim and Edwards, 1998; Johnson et
al., 1981). Nematodes numbers in the soil (treated with
organic phosphate or carbamate) were also reduced,
and likewise for some pesticides applied to the
grassland without mixing into the soil reducing
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nematode numbers by 48% (Rombke et al., 2009).
Additionally, Soltani et al. (2012) reported that the
total number of nematodes, species richness and
number of species fell in all contaminated microcosm
where permethrin applied.

Effect of pesticides and WV on plant parasitic
nematodes

WYV at 5% ml was most related to nematode number for
the sample collected on 19 May 2015, whereas, on 25
June 2015 pesticide application and WV at 1 and 2%
ml sustained the strongest relationship (Figure 4).

WV %1 mi

WV %2 ml

0.20
"~ A= 19 May 2015
vV )
R WV %S mi
%S m
§ - wv:o's ol pesticide application
o
 — 0,00 Control
u
25 June 2015
- m
2 005
o
C. 0
0,15 ‘
015 -0.20 -0,05 000 0,05

Component 1

WV E3Iml s iy 2015
® =
WV %4 mi
-

Figure 1. Simple correspondence analysis for the relationship between treatments and sampling date in 2014-2015

for the number of bacterivore nematodes

Sekil 1. Bakterivor nematod sayisi bakimindan 2014-2015 yi1li muamele ve drneklem tarihleri arasindaki iliskiler

Igin basit uyum analizi

N2
v.2

Coetrel
~
0.2 @
23 June 2018
o~ -~
= =
o WV K1 mi
S pesticide spplication -
g_ WV xImi
N
0.0 21 April 2018 hd
o
O WV %S mi
=
o WV %o.5 mi
-~ -
0.2
-02 01 0.0

Component 1

WY RAml

WV X2 ml 29 August 2010

Figure 2. Simple correspondence analysis for the relationship between treatments and sampling date in 2015-2016

for the number of bacterivore nematodes

Sekil 2. Bakterivor nematod sayisi bakimindan 2015-2016 yili muamele ve orneklem tarihleri arasindaki iliskiler

I¢in basit uyum analizi
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Figure 3. Based on the treatments, comparison of the total number of bacterivore nematodes between 2014-2015

and 2015-2016

Sekil 3. Muamelelere gore 2014-2015 ve 20156-2016 yillar1 arasindaki toplam bakterivor nematod sayisinin

karsilastirilmasi
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Figure 4. Simple correspondence analysis for the relationship between treatments and sampling date in 2014-2015

for the number of plant parasitic nematodes

Sekil 4. Bitki paraziti nematod sayisi bakimindan 2014-2015 y1li muamele ve érneklem tarihleri arasindaki iliskiler

I¢in basit uyum analizi

This can be explained with an increase in the number
of plant parasitic nematodes. On 21 April 2016 with
WV at 0.5% ml experiment exhibited the highest
relationship with nematode number. Whereas on 25
June 2016, the control and on 9 August 2016, 3% ml
WV, 1 and 2% ml WV applications were thought to be
related or similar with the same treatment-like
responses (Figure 5).

In 2014-2015 season, minimum number of plant
parasitic nematodes were counted at 0.5% ml WV
application (277 nematodes) and the maximum
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number of plant parasitic nematodes were found at 1%
ml WV application (527 nematodes). In 2015-2016
season, on the other hand, minimum number of plant
parasitic nematodes were detected at 1% ml WV (326
nematodes) while the maximum number of nematodes
were at 4% ml WV application (600 nematodes). As the
average of this two seasons, maximum and minimum
number of nematodes were found in 2% ml WV (486
nematodes) and Pesticides (345 nematodes)
applications, respectively (Figure 6).

It is thought that this situation can be related by
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changes in the density of weeds together with the
extract applications. Compared to 2014-2015 (3012), in
2015-2016 (3657) the number of plant parasitic
nematodes was higher. It is assumed that population
of plant parasitic nematodes was affected by rainfall
and weeds densities. In general, fluctuations in the
number of plant parasitic nematodes are attributed to
plant growth and development. These findings were
similar to those of Chelinho et al. (2011) and Koc
(2019), however some different results were also

o4

0.2 WY NOS mi

- WV s mil

0‘1 23 Apeil 2008 WY NS o

3 WV mi
-
Contred
-

3% June 2016

Component 2

pesticide application

025 04 03 02 01 00 03

Component 1

reported in different studies. For example; plant
parasitic nematode populations were more common in
the full spectrum pesticide treatment and insecticide
treated than in control (Yardim and Edwards, 1998);
some of the pesticides they applied to the soil decreased
root-knot nematodes in the soil (Johnson et al., 1981);
some of the pesticides they applied to the soil decreased
the number of nematodes by 48% (Rombke et al., 2009);
thus, pesticide applied to soil affects nematodes (Soltani
et al., 2012).

09 August 2016
wy s mi B
-

WY A mi

Figure 5. Simple correspondence analysis for the relationship between the application and sampling in 2015-2016

for the number of plant parasitic nematodes

Sekil 5. Bitki paraziti nematod sayisi bakimindan 2015-2016 yi1li muamele ve 6rneklem tarihleri arasindaki iliskiler

Igin basit uyum analizi
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Figure 6. According to the treatments, comparison of the total number of plant parasitic nematodes between 2014-

2015 and 2015-2016

Sekil 6. Muamelelere gore 2014-2015 ve 2015-2016 yillar1 arasindaki toplam bitki paraziti nematod sayisinin

karsilastirilmasi
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Effect of pesticides and WV on fungivore nematodes

Samples collected on May 19th (2015) may be related to
a continuous reduction in pesticide application.
Further, analysis of the samples collected on July 25th
(2015) indicated that, responses of 4%, 0.5% WV and
control to pesticide application were similar. 3% mL
WYV applied on samples (collected on June 25t, 2015)
observed results relatively increased and decreased
before and after the application of WV (Figure 7). The
results from this study coincide with Chelinho et al.
(2011) however, previous researchers also reported
that pesticide application can cause negative impacts
on fungivore nematodes (Yardim and Edwards, 1998),
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and typically reduces the number of nematodes
(Johnson et al., 1981; Rombke et al., 2009; Soltani et
al., 2012). Sampling performed on June 25t (2016)
related with of 1% WYV. Similarities among 0.5%, 5%
and 3% WYV can be related to the responses of these WV
to treatments. Similarly, 4% and 2% mL WV
applications may be related their responses to
pesticide treatment. Sampling on August 9% (2016)
and April 215t (2016) were performed before pesticide
and WV application and at the end of harvesting
season; therefore, these samples were excluded from
all the agricultural treatments including pesticide
application (Figure 8).
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Figure 7. Simple correspondence analysis for the relationship between treatments and sampling date in 2014-2015

for the number of fungivore nematodes

Sekil 7. Fungivor nematod sayis1 bakimindan 2014-2015 y1li muamele ve orneklem tarihleri arasindaki iliskiler

Igin basit uyum analizi

-
<

O

00 Augunt J0L0

WY NS m

qv LT

WY R3mi

Component 2

25 Mne 1010

‘wv Nimi

Cocecal
-

21 Apeil 2058

perticide application

=3

o0 o1
0.0 V.

(&

N

Component 1

(*]
v
o
b

Figure 8. Simple correspondence analysis for the relationship between treatments and sampling date in 2015-2016

for the number of fungivore nematodes

Sekil 8. Fungivor nematod sayis1 bakimindan 2015-2016 y1li muamele ve érneklem tarihleri arasindaki iliskiler

Igin basit uyum analizi
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Fungivore nematodes were determined as 201 (for the
minimum pesticide application) and 335 (for the
maximum WV application, 5% mL) for 2014 and 2015,
respectively. Moreover, fungivore nematodes were
determined as 204 (for the minimum WYV application,
3% mL) and 394 (for the maximum pesticide
application) for 2015 and 2016, respectively. Figure 9
shows the average fungivore nematode numbers, for
the application of minimum (3% mL) and maximum

(5% mL) WV, as 216 and 300, respectively.
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In 2015-2016, the total number of fungivore nematodes
increased from 2049 to 2198 compared to 2014-2015.
This may be related to increase in the amount of
precipitation and weed densities in the application
field. Fungivore nematodes increased more in pesticide
application in 2015-2016 during the WV treatments
(Figure 10). This can be explained with negative effects
of pesticides on omnivorous nematodes (Figure 13).
Relatively different results were obtained compared to
previous studies (including Johnson et al., 2009;
Yardim and Edwards, 1998; Soltani et al., 2012).
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Figure 9. According to the treatments, comparison of the total number of fungivore nematodes between 2014-2015

and 2015-2016

Sekil 9. Muamelelere gore 2014-2015 ve 2015-2016 yillar1 arasindaki toplam fungivor nematod sayisinin

karsilastirilmasi

Effect of pesticides and WV on omnivore nematodes

Samples collected on May 19th (2015) were related to
0.5% mL WV and the highest number of nematodes
observed. Samples collected on July 25t (2015), on the
other hand, were related to 3% mL WV and relatively
lower number of nematodes detected. 1% and 2% mL
of WV showed similar responses to the pesticide and
WV application. It is assumed that 5% WV and
pesticide are related to each other due to similar
responses to treatments (Figure 10).

Sampling analysis (for the specimen collected on April
21st 2016) exhibited an increase in the number of
observed nematodes. This was related the application
of 0.5% WYV. Additionally, similar responses of 1%, 5%
mL and control group to treatments may be related to
interaction between these groups (Figure 11).
Omnivore nematodes were determined as 18 (for the
minimum WV application, 2% mL) and 35 (for the
maximum pesticide application) for 2014 and 2015,
respectively. Further, omnivore nematodes were
determined as 20 (for the minimum control) and 32 (for
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the maximum 1% mL WYV application) in 2015-2016,
respectively.

Figure 12 shows the average omnivore nematode
number, for the application of minimum (control) and
maximum (1% mL) WV, as 20 and 33, respectively. In
2015-2016, the total number of fungivore nematodes
decreased from 211 to 202 compared to 2014-2015.
This decrease of omnivores may be related to pesticide
and WV applications in 2015-2016. These findings
were found to be consistent with some previous studies
(such as Johnson et al., 1981; Yardim and Edwards,
1998; Rombke et al., 2009; Soltani et al., 2012).

Effect of pesticides and WV on predator nematodes

According to the sampling analysis (with samples
collected on July 25th, 2015), pesticide application can
be related to the highest number of nematodes. Also,
negative effects of pesticide and WV application on
predator nematodes were found (Figure 13). Sampling
performed on April 21t (2016) and August 9t (2016)
were related to 5% mL WYV and pesticide application,
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respectively. Similar responses among 2% and 0.5%
WYV were related to a functional interaction between
2% and 0.5% WVs. Additionally, 3% WV and Control
group were associated to each other due to their
similar responses towards the applied treatments
(Figure 14).

Predator nematodes were determined as 1 (for the
minimum WV application, 3% mL) and 5 (for the

maximum pesticide application) in 2014-2015,
respectively. Moreover, predator nematodes were
0,50

determined as 6 (for the minimum WYV application, 1%
mL) and 32 (for the maximum WYV application, 4% mL)
in 2015-2016, respectively. The average predator
nematode number, for the application of minimum (1%
mL) and maximum (4% mL) WV, were determined as
4 and 17, respectively. The total number of predator
nematodes increased from 25 in 2015-2016, to 136 in
2014-2015. This may be because of a numerical
increase in other nematode groups except for
omnivores (Table 2).
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Figure 10. Simple correspondence analysis for the relationship between treatments and sampling date in 2014-

2015 for the number of omnivore nematodes

Sekil 10. Omnivor nematod sayisi bakimindan 2014-2015 y1li muamele ve érneklem tarihleri arasindaki iliskiler
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Figure 11. Simple correspondence analysis for the relationship between the application and sampling in 2015-2016

for the number of omnivore nematodes

Sekil 11. Omnivor nematod sayisi bakimindan 2015-2016 yi1li muamele ve érneklem tarihleri arasindaki iliskiler

I¢in basit uyum analizi
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Sekil 12. Muamelelere gore 2014-2015 ve 2015-2016 yillar1 arasindaki toplam omnivor nematod sayisinin

karsilastirilmasi

In contrast to these findings, some previous studies
reported that the number of predator nematodes can
be adversely affected in the full spectrum pesticide
treatments (Yardim and Edwards, 1998; Johnson et
al., 1981; Rémbke et al., 2009; Soltani et al., 2012).

In both 2014-2015 and 2015-2016 seasons, the lowest
number of predator nematodes (25/136) and the
greatest number of parasitic nematodes (3012/3657)
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were determined, respectively. A decrease in the
number of omnivorous nematodes in 2014-2015, and
an increase in other nematodes in 2015-2016 were
observed (Table 2). According to the results, significant
relations between WV, pesticide treatments, and
nematode groups were determined. Additionally, it is
recommended that further studies are needed for bio-
pesticide potential of wood vinegar on nematodes.
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Figure 13. Simple correspondence analysis for the relationship between treatments and sampling date in 2014-

2015 for the number of predator nematodes

Sekil 13. Aver nematod sayist bakimindan 2014-2015 y1li muamele ve érneklem tarihleri arasindaki iliskiler i¢in

basit uyum analizi
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Figure 14. Simple correspondence analysis for the relationship between the application and sampling in 2015-2016
for the number of predator nematodes
Sekil 14. Aver nematod sayisi bakimindan 2015-2016 yili muamele ve orneklem tarihleri arasindaki iliskiler i¢in

basit uyum analizi
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Figure 15. According to the treatments, comparison of the total number of predator nematodes between 2014-2015

and 2015-2016

Sekil 15. Muamelelere gore 2014-2015 ve 2015-2016 yillar1 arasindaki toplam aver nematod sayisinin

karsilastirilmasi

Table 2. Total number of nematodes in trophic groups in 2014-2015 and 2015-2016
Tablo 2. 2014-2015 ve 2015-2016 yillar1 trofik gruplarina gore toplam nematode sayisi

Trophic group (7rofik grup)

Years (Yillar)

Total (Toplam)

2014-2015 2015-2016
Bacterivore nematode (Bakterivor nematod) 2834 3251 6085
Plant parasitic nematode (Bitki paraziti nematod) 3012 3657 6669
Fungivore nematode (Fungivor nematod) 2049 2198 4247
Omnivore nematode (Omnivor nematod) 211 202 413
Predator nematode (Aver nematod) 25 136 161
Total (Toplam) 8131 9444 17575
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ABSTRACT Research Article

In Cukurova region, neonicotinoid group insecticides are widely used

in cotton cultivation areas for controlling B. tabaci; as a result of this Article History

use, there is a problem of resistance in these areas. In this study, Received ©16.08.2019

cytochrome P450 CYP6CM1 relative expression levels, which are the Accepted ©21.01.2020

indicators of imidacloprid resistance, were analyzed. Five different B.

tabaci populations were collected from Adana city cotton cultivation Keyvsfo?ds :

areas in 2018 and the indicators were observed. On the other hand, Bemisia tabaci

GST gene relative expression profile, which is an efficient factor in Cotton

metabolic resistance, cytochrome P450, carboxylesterase (AcHE) and Cytochrome P 450
Overexpression

Glutathion S transferase (GST) enzyme activities were determined.
The highest cyp6ecml and GST genes relative activities were
determined in Meletmez population; the activity level was 18, 2 and 9
times higher than susceptible population. On the other hand, the
highest and lowest cytochrome P450 enzyme activity was observed in
Meletmez and Solakli populations, respectively. According to the
analyses, it can be concluded that there is extensive imidacloprid and
neonicotinoid resistance of B. tabaci populations in Cukurova Region
cotton cultivation areas. As a result, excessive gene expression and
high-level enzyme activities indicate that there is a resistance in the
studied area based on enforced monooxygenases activity.

Cukurova bélgesi pamuk alanlarinda Bemisia tabaci (Gennadius)’de agir1 diizeyde sitokrom P450
CYP6CM1 gen ekspresyonu

OZET Aragstirma Makalesi
Cukurova bolgesi polikiiltiir tarimin yapildigi bir bolgedir. Bu bolgede
pamuk ekim alanlarinda B. tabaci micadelesinde neonikotinoid Makale Tarihgesi

grubu insektisitler yogun bir gekilde kullanilmakta olup, direng Gelig Tarihi  :16.08.2019
problemi ile karsilagilmaktadir. Calismada 2018 yili, Adana ili pamuk Kabul Tarihi :21.01.2020
alanlarindan toplanmis bes farklhh B. tabaci popillasyonunda

imidacloprid dayanikhligi gostergesi olan sitokrom P450 CYP6CM1 Anahtar Kelimeler

geni relatif expresyon dizeyleri incelenmistir. Ayrica metabolik Bemisia tabaci
dayaniklilikda etkili GST geni relatif expresyon profili, sitokrom Pamuk

P450, karboksil esteraz(AcHE) ve Glutathion S transferaz (GST) Sitokrom P450

enzim etkinlikleri belirlenmigtir. En yliksek relatif aktivite Meletmez Asir1 ekspresyon
populasyonunda CYP6CM1 geni 18.2 kat ve Gst geni 9 kat daha fazla

gen regilasyonu belirlenmisgtir. Ayrica en yliksek ve en dusik

sitokrom  P450 enzim  aktivitesi meletmez ve  solakh

popilasyonlarinda goézlemlenmistir. Yapilan analizlerde Cukurova

bolgesi pamuk alanlarinda B. tabaci popiilasyonlarinda yaygin

imidacloprid ve  neonikotinoid dayamiklhhigs  durumundan

bahsedilebilir. Sonu¢ olarak, asir1 gen expresyonu ve ylksek

diizeydeki enzim etkinlikleri, bolgede gliclendirilmis monooksigenaz

etkinligine dayanan direncin varhgim ortaya koymaktadir.

To Cite : Ulusoy S 2020. Overexpression of cytochrome P450 CYP6CM1 gene in Bemisia tabaci (Gennadius) in the cotton fields of
the Cukurova Region, Turkey. KSU J. Agric Nat 23 (3): 634-640. DOI: 10.18016/ksutarimdoga.vi.605716.
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INTRODUCTION

In Turkey, cotton is a highly important plant as it is a
resource of economic contribution; the plant is used as
a raw material in various textile and industrial
products (Sekeroglu et al., 1998). Approximately a
total of 520.000 hectare cotton area was cultivated in
2018 in Turkey. 100.000 hectare cotton area was
cultivated in Adana, Mersin and Hatay regions, which
shows that the region is a very important cotton
resource (Anonymus, 2019). White fly Bemisia tabaci
is a polyphagous pest that is highly harmful especially
for vegetable and cotton fields; the insect was reported
for the first time in 1928 (Kaygisiz, 1976; Ulusoy et al.,
1996). Bemisia tabaci especially sucks on the leaves of
cotton plants and causes honey-like formations;
besides, it causes secondary infections such as
fumaginate, which are formed by saprophytic fungus.
On the other hand, they are carriers of more than 100
seriously harmful viruses (Moya et al., 2001; Hsieh et
al., 2006). All these cause important yield and quality
loss in cotton cultivation. The most effective and
common Bemisia tabaci biotypes are Bemisia tabaci B
and Q (De Barro et al., 2011).

The use of insecticides has become more common
(neonicotinoids) as they are easy to use and economic
for controlling Bemisia tabaci. Besides, different levels
of resistances to insecticides (organophosphate,
carbamate, pyrethroid and neonicotinoids) are
reported in various countries (Ahmad et al., 2003;
Wang et al., 2007; Sparks et al., 2015).Neonicotinoids
are efficiently used in controlling coleoptera, diptera
and lepidoptera families, especially aphid and white
fly; on the other hand, they have high market share.
Because of the common and unconscious use, different
levels of resistances are reported in the Mediterranean
Region and in different parts of the world ((Nauen et
al., 2002, Nauen et al., 2008; Jeschke et al., 2011,
Ulusoy et. al., 2018, Satar et al., 2018). It is reported
that in Adana cotton cultivation areas, there is 100
times higher resistance to imidacloprid in B. tabaci at
a specific location when compared to the susceptible
population (Satar et al., 2018). It is reported that there
are 200 times higher imidacloprid and thiametoxam
resistance in Aphis gossypii in different cotton
cultivation areas of the same region (Ulusoy et. al.,
2018).Resistance mechanism results from the decrease
in sensitivity level of organisms against xenobiotics
because of the reinforced metabolic enzyme activities
and mutations in target proteins (Nauen, 2007).
Various enzymes such as Esterase, Glutathione S
Transferase (GSTs) and Cytochrome P450, which are
included in multi-gene family, are efficient in the
xenobiotic detoxification process of living organisms.
This activity is closely related with the transcription
level of genes at cellular extent (Field et al., 1999; Bass
& Field, 2011). In the previous studies, it is reported
that there is an increase in P450 (Cyp6cml) and
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glutathione S-transferase (GST) enzyme genes relative
activities in B. tabaci populations that are resistant to
neonicotinoid and organic phosphate insecticides
(Puinean et al., 2010; Qiong et al., 2012; Liang et al.,
2014; Yang et al., 2014). P450 (encoded as CYP genes)
enzyme group is a super family with multi-gene
structure; they actively take part in a wide range of
processes such as metabolization of internal and
external components, growth, development, nutrition
and detoxification of xenobiotics (Scott et al., 1999;
Feyereisen, 2005).Reinforced p450 activities in
imidacloprid resistant B. tabaci individuals are
observed through different methods. Firstly, it is
proven those imidacloprid individuals’ resistance
decreases when they are exposed to p450 inhibitors
(Nauen et al., 2002). Secondly, it is determined that
there is a close correlation between resistance and
monoxigenase activity; this 1is proven with 7-
ethoxycoumarin-O-deethylase enzyme  reactions
(Rauch & Nauen, 2003). Finally, it is presented
through in-vivo studies, 14C tests that there are 5-
hdroxy-imidacloprid end-products as a result of
oxidative degradation in imidacloprid resistant
species; it is observed that p450 efficiency is important
in resistance (Rauch & Nauen, 2003).

In their study, Karunker et al., 2008 determined that
in DNA based resistance scanning methods, CYP6CM 1
gene regulation level is one of the main indicators of
imidacloprid resistant B. tabaci individuals. On the
other hand, during imidacloprid resistant B. tabaci
individuals RNA interference studies, it is observed
that as a result of the P450 CYP6CM1 gene regulation
decrease or suspension processes, B.tabaci B and Q
biotypes detoxification processes declines and death
rate increases (Li et al, 2014). In addition to these, it is
proven that . colibacteria recombinant enzymes with
B. tabaci CYP6CM1 gene clones quickly detoxify
imidacloprid molecules (Karunker et al., 2009;
Roditakis et al., 2011). Cukurova is one of the most
important areas in Mediterranean Region, Turkey as
it is a land of polyculture; unfortunately, insecticides
are unconsciously and commonly used, which is an
important problem for the region. It is reported that
there is neonicotinoid resistance in A. gossypii and
Bemisia tabaci in cotton cultivation areas of the region
(Ulusoy et al, 2018, Satar et al., 2018). The
imidacloprid resistance in Bemisia tabaciis carried out
only on the basis of the samples collected from cotton
cultivation areas, which is why it is limited and there
is no other study about the resistance.

For this purpose, DNA based P450 CYP6CM1 gene
relative activity and Glutatton S transferase (GST)
gene relative activity levels, which are strong
indicators of neonikotinoid resistance of Bemisia
tabaci on different cotton cultivation locations in
Adana, are determined. On the other hand,
carboxylesterase(CE), Glutatton S transferase (GST),
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p450 enzyme activities which have roles in metabolic
resistance to insecticides, are analyzed. In the study,
five different Bemisia tabaci populations were
collected from Adana cotton cultivation areas (Eastern
Mediterranean) in 2018. They were compared to
susceptible Bemisia tabaci individuals which had been
cultivated without any pesticides for ten years in
Adana Biological Control Research Institute.

MATERIAL METHOD

Bemisia tabaci individuals were collected from Adana,
Turkey, during dJuly-August 2018; five different
locations with intense cotton production were selected
for  collection  (Solakli,  Meletmez,  Sirkeli,
Yenikoynazimbey, Cevretepe) (Figure 1). Population
was used directly for analysis. Susceptible Bemisia
tabaci populations cultured in Adana Biological
Control Research Institute for ten years were chosen
as reference. One-way ANOVA and Duncan’s multiple
range test have been done by IBM SPSS Statistics 23.
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Figure 1. Locations of Bemicia tabaci collected in
Cukurova Region, Adana, Turkey.

Sekil 1. Tirkiye, Adana ili Cukurova bdlgesinden
toplanmis  Bemicia  tabaci  ornekleri
lokasyonlari

Determining Bemicia tabaci biotypes

B. tabaci populations total nucleic acid were extracted
by using a Thermo Scientific purification kit. After
that, the total DNA quality and quantities were
measured by nano-drops. Acording to Bel-Kadhi, 2008;
Bt-23F, 5-CGGAGCTTGCGCCTTAGTC-3 and Bt-
23R, 5-GGCTTTATCATAGCTCTCGT-3 RAPD
primers were used for determining B. tabaci biotypes.
In the classical PCR process, there were one cycle of 5
min at 94 °C, 40 cycles of 1 min at 94 °C, anneling 1
min at 55 °C, 1 min at 72 °C and final extension 10 min
72 °C.
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Determining Carboxylesterase activity

30 individuals of B. tabaci were homogenized in Tris
HCI buffer (0.05 M, pH 7.5), the homogenate was
centrifuged as 10000 g at 4 °C for 25 min, and the
supernatant was used as an enzyme source. 125 ul
subtrate mixture (4 mg Fast Blue RR salt ve 10 mg a-
NA (a-naftil asetat), pH 6.0 Na-P buffer) and 75 pl
enzyme were added to the microplate cells and the
reaction was started. Reading was carried out in a
microplate reader at 450 nm and 27 °C for 7
min(Multiscan Go ). The control cells were read
without adding the homogenate. The enzyme readings
were made with 3 replications and the activity levels
were determined by comparison to the controls (Wang
et al., 2009).

Determining glutathione S transferase activity

The method by Ulusoy et al., 2018 was modified and
used to determine activity. 50 B. tabaci individuals
were homogenized in a 500 pl Tris HCL buffer (0.05 M,
pH: 7.5) by a homogenizer, the homogenate was
centrifuged at 11000 g at 4 °C for 7 min, and the
supernatant was used as an enzyme source. 100 pul 0.4
mM 1-chloro-2,4-dinitrobenzene (CDNB), 100 pl 4 mM
reduced glutathione (GSH) and 100 pl enzyme were
added to the microplate cells and the reaction was
started. Reading was carried out in a microplate reader
at 340 nm and 25 °C for 10 min. The control cells were
read without adding the homogenate. The enzyme
readings were made with 3 replications and the
activity levels were determined by comparison to the
controls. Changes in absorbance per minute were
converted into nM CDNB conjugated/min/mg protein
using the extinction coefficient of the resulting 2.4-
dinitrophenyl-glutatione (Habig et al., 1974).

Determining cytochrome p450 monooxygenase activity

Cytochrome p450 activity was measured based on the
method describe by Ulusoy et al., 2018. 50 B. tabaci
individuals were homogenized in a Na - phosphate
buffer (0.1 M pH: 7.5), the homogenate was centrifuged
as 10000 g at 4 °C for 10 min, and the supernatant was
used as an enzyme source. 90 pl of enzyme and 100 ul
2 mM of p-nitroanisole (substrate) were mixed and left
for 3-4 min at 34 °C. Then, 10 pl 9.6 mM of
nicotinamide adenine  dinucleotide phosphate
(NADPH) was added to this mixture, the resulting
mixture was put into the microplate cells, and
measurements were made at 40 s intervals for 20 min
at 405 nm and 25 °C. The control cells were read
without adding the homogenate. The enzyme readings
were made with 3 replications and the activity levels
were determined by comparison to the controls. The
specific enzyme activity was determined using the
extinction coefficient of p-nitrophenol (Kranthi, 2005).

All enzymes protein quantities were calculated
according to Bradford (1976) with OD values
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determined.

B.tabaci total RNA extraction and Real-Time
Polymerase Chain Reaction (RT-PCR)

B. tabaci individuals were frozen at -80 °C, 100 of the
individuals were homogenized, and their total RNAs
were extracted by using a Thermo Scientific RNA
purification kit. After the extraction, the total RNA
amounts were measured by nano-drops, and equal
concentrations of 75 ng/ul each were diluted by a TE
buffer.

In the real-time PCR (RT-PCR) analysis, the relative
activity of the cytochrome P450s enzyme CYP6CM1(
cytochrome P450 CYP6cm1) and GST (Glutathione S-
transferase gene) genes were determined by examining
the expression levels. CYP6CM1 gene spesific;
CYP6CM1-F-5'-GCC ATC GGT GAT AAA GGA GA-3',
CYP6CM1-R-5'-AAC TCG GTT TCC TCA TCG TG-3',
(NCBI Accession No: GQ214539) primers and GST
gene spesific; GSTs-F-5'-GTG GAG GAA AAA CAC
CCT CA-3', GSTs-R-5-AGT CGG TTT TTG GCC TCT
TT-3', (NCBI Accession No: EU723684) primers were
used in RT-PCR(Karunker et al, 2008; Li et al., 2014).
As the housekeeping gene, this study used the EFla
elongation factorl-alpha gene that was proven to be
more stable than others, forward EFla-F-5'-GAT GGC
ACG GAG ACA ATA TG-3' and reverse EF1a-R-5-TTG
TCA GTG GGT CTG CTA GG-3'(Liang, et al., 2014).

In the classical PCR experiment, the primers were
tested and proven to work by using a Thermo Scientific
One-Step RT-PCR kit. In the classical PCR process,
there were one cycle of 15 min at 50 °C, one cycle of 2
min at 95 °C, 40 cycles of 20 s at 95 °C, waiting time of
30 s at 60 °C and another 1min at 72 °C.

The real-time PCR process was carried out with 3
replications for each gene in each population by using
a Thermo Scientific One-Step qRT-PCR kit, the Ct
values were determined, and these values are taken
into analysis by taking the average of 3 replications. In
order to confirm the specificity of the real-time
reactions, a melting curve cycle was applied. The same
temperature table was used in the RT-PCR process.
The melting curve program included a cycle of 30 s at
95 °C, a cycle of 10 s at 60 °C and a waiting time of 10
s at 60 °C.

The relative activity levels of the CYP6CM1 and GST
genes were determined by making AACt calculations
based on the reference population by taking the
average of the obtained Ct values (Livak &
Schmittgen, 2001).

RESULT and DISCUSSION

Since its discovery in 1991, imidacloprid resistance in
B. tabaci was firstly observed in Southern Spain and it
has rapidly increased since that time (Cahill et al.,
1996, Sparks & Nauen, 2015). In Turkey, the first

imidacloprid resistances in B. tabaci and A. gossypii
pests were observed in 2009 and 2016 (Satar et al.,
2018, Ulusoy et al., 2018)(table 2). At the end of PCR
reactions of the study, which are made for B. tabaci
biotype discrimination, it was determined that the
population used in the study is B biotype (figure 2).
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Figure 2. B.

tabaci RAPD-PCR agarose gel

electrophrosesis photograph. M: 100 bp
ladder, N.Negative control, 1:Cevretepe,
2:meletmez, 3:sirkenli, 4:Solakl,

5:YenikOynazimbey 6'hassas. All PCR
products 220 bp.

Sekil 2. B. tabaci RAPD-PCR agaroz jel elektroforez
goriintiisti. M: 100 bp isareter, N.Negatif
kontrol, 1:Cevretepe, 2:meletmez, 3'sirkenli,
4:Solakli,  5°Yenikoynazimbey — 6-hassas.
Biitiin PCR iiriinleri 220 bg(baz ¢ifti)
bulunmugtur.

When CYP6CM1 expression levels of the samples were
observed, it was seen that there was a higher change
(when compared to the sensitive population) varying
from 7 to 18.2 times (Figure 3). It is found that the
highest expression level was in Meletmez population
(18.2 times higher than the sensitive population)
(Figure 3).

Karunker et al., 2008, collected B and Q type B. tabaci
from different parts of the world. At the end of the
analysis process, they reported that only imidacloprid
resistant populations have higher CYP6CM1 gene
expression when compared to susceptible population
(17 times). On the other hand, it is proven that through
imidacloprid resistance B. tabaci RNA interference
studies, it 1s possible to stop or slow down P450
CYP6CM1 gene regulation, which decreases
imidacloprid resistance (Li et al., 2014).

When the previous studies in the same region were
analyzed, it was seen that there are reports showing
that while there 1s 230 times imidacloprid resistance
in A. gossypii (in six different locations) there is up to
95 times imidacloprid resistance in B. tabaci (in one
location) (Table 1).
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Figure 3. Cytocrome P450 CYP6CM1 and GST gens relative expression levels of Bemicia tabaci populations (R/S:
Resistant population/susceptiple population )

Sekil 3. Bemicia tabaci sitokrom P450 CYP6CMI ve GST genleri relatif ekspresyon diizeyleri(R/S: direngli
popuasyon/hassas poplilasyon)

Table 1. Imidacloprid resistant insects sp. Cotton fields in Cukurova region in Adana, Turkey. a:Ulusoy et al, 2018;
b:Satar et al., 2018

Tablo 1. Tiirkiye, Adana ili Cukurova bolgesinde pamuk alanlarinda imidacloprid direngli bocekler. a-Ulusoy et
al, 2018, b-Satar et al., 2018

Insect spp. Imidacloprid Resistant Factor Location
LC50 (mg L) | (Direnglilik diizeyi) | (Lokasyon)

Aphis gossypiia 17.7 206.55 Six location cotton fields in Cukurova

(collected 2016) (Cukurova bélgesinden  toplanmis  alt1

(2016 y1linda toplanmis) lokasyon)

Bemicia tabaci® 56.9 93.4 One location in Cukurova

(collected 2009) (Cukurova boélgesinden  toplanmis  tek

(2009 y1linda toplanmis) lokasyon)
In line with these results, the high level of CYP6CM1 expression levels. The highest level of p450 enzyme
expression (18 times) in the study population indicates activity was observed in Meletmez population (3.24 M
that imidacloprid resistance in cotton fields is high. min! mg?! protein) which was in line with the

Populations in the study have high p450 enzyme CYP6CM1 gene expression level (Table 2).
activities, which is in parallel with the CYP6CM1

Table 2. Carboxyle esterase (CE), glutathione S-transferase (GST), cytochrome P450 monooxygenase enzyme
activities of resistant and susceptible populations
Tablo 2. Direngli ve hassas popiilasyonlarin karboksilesteraz (CE), glutatyon-S-transferaz (GST), sitokrom P450
monooksigenaz enzim aktivitesi diizeyleri

Populations CE Gst p450

(M min! mg protein) (M min! mg protein) (M min'! mg protein)
gevretepe 7.50 £ 0.71c 73.64 + 1.16bc 3.07 £ 0.41bc
meletmez 12.05 £ 0.74cd 87.86 + 0.86bc 3.24 + 0.51d
sirkenli 8.01 + 0.99bc 68.48 £ 1.23b 0.10 £ 0.12ab
solakli 5.15+ 0.97b 57.00 + 1.22b 0.08 + 0.15cd
yenikGynazimbey 8.47 + 0.68d 45.00 + 1.05d 2.02 + 0.22bcd
susceptible 3.56 = 0.40a 23.00 + 0.95a 0.04 £ 0.12a

a, b, ¢, d,e — Duncan’s multiple range test (p < 0.05)
a, b, ¢, d e — Duncan ¢oklu karsilastirma testi (p < 0.05)
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When carboxyl esterase and GST enzyme activities
were analyzed, it was seen that the highest levels of
both enzymes were in Meletmez population (CarE:12
and GSt: 87.8 M min-1 mg-1 protein). When compared
to the sensitive population, Meletmez had four times
higher enzyme activity.

According to the previous studies in the literature,
general esterase and GST activities can be high in
populations that are resistant to organophosphate,
carbamate, pyrethroid group insecticides (Devonshire
& Moores, 1982; Hemmingway&Georghiou, 1984;
Rauch & Nauen, 2003; Yang et al, 2014). Different
types of insecticides are commonly used in Cukurova
Region which is a poly-culture agricultural production
area (vegetables, fruits, cotton etc.). Although different
agricultural products are cultivated in the region,
agricultural lands are almost within one another. As
B. tabaci is a polyphagous species and frequently
exposed to insecticides with different mechanisms such
as organophosphate, carbamate, pyrethroid and
neonicotinoid, it is unavoidable for it to have high
carboxylesterase and GST activities.

As a result of the study, it can be said that, there was
a common imidacloprid resistance in B. tabaci
populations in Adana cotton cultivation areas in 2018;
the previous studies and CYP6CM1 gene over-
expression criteria support this finding. On the other
hand, it is possible to claim that there is a metabolic
resistance in the populations resulting from the
common use of insecticide. According to these findings,
it is important to review and manage the insecticide
control of B. tabaci in Cukurova region cotton
cultivation areas; it is also crucial to develop more
efficient and different control strategies in order to
cope with the resistance in the region.
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Bu c¢alismanin amaci, saglikli badem agacglarindan izole edilen bitki

gelisimini tegvik eden endofit ve epifit bakteri (PGPB) tiirlerin Makale Tarihgesi
tanilanmas1 ve bitki gelisimini tesvik eden mekanizmalarinin Gelig Tarihi  :09.10.2019
belirlemektir. MALDI-TOF tanilama analizleri sonucu, 19 izolat Kabul Tarihi :06.02.2020
Gram-negatif Serratia, Pseudomonas, Ochrobactrumve Enterobacter,

26 izolat ise Gram-pozitif Bacillusve Arthrobacter cinsine dahil tiirler Anahtar Kelimeler

olarak teghis edilmigstir. Test edilen izolatlardan, 46 izolat siderofor, Badem

45 izolat amonyak Uretiminde pozitif, 35 izolat ise fosforu degisen Biyolojik Micadele
oranlarda ¢ozebilme yeteneginde olurken, bakterilerin tamami 5.48- Bitki Gelisimini Tegvik Eden
127.81 pg/ml konsantrasyon araliginda IAA iretmislerdir. Bakteri (PGPB)
Pseudomonas spp and Enterobacter cloacae izolatlar1 siderofor, Biyogitibre

Serratia marcescens izolatlar1 fosforu ¢ézme, Enterobacter cloacae
izolatlar1 TAA tretme, Bacillus spp ise amonyak turetme etkinliginin
yiksek diizeylerde oldugu gorulmustiir. Aymi tire bagh endofit
bakteri izolatlar1 epifit bakteri izolatlarina kiyasla bu mekanizmalar:
daha dustiik diuzeyde tegvik ettigi belirlenmistir. Elde edilen sonuclar
yiksek diuzeyde siderofor, amonyak, IAA tretimi ile fosfor ¢6zme gibi
bitki gelisimini tesvik edici 6zellikleri sahip PGPB izolatlarinin
ekonomik 6neme sahip kiltiir bitkilerin yetistiriciliginde biyolojik
giibre olarak kullanilmada potansiyeline sahip oldugunu
gostermigtir.

Prevalence and Characterization of Plant Growth Promoting Mechanisms of Endophytic and Epiphytic
Bacterial Species Isolated from Almond Trees Growing in Diyarbakir Province of Turkey

ABSTRACT Research Article

The aims of this study were to 1dentify endophytic and epiphytic plant

growth promoting bacteria (PGPB) from healthy almond trees and to Article History
characterize plant growth promoting mechanisms. By using MALDI- Received - 09.10.2019
TOF analyses, 19 Gram-negative isolates, belonging to Serratia, Accepted +06.02.2020
Pseudomonas, Ochrobactrum and Enterobacter genus and 26 Gram-

positive isolates, belonging to Bacillus and Arthrobacter genus were Eﬁi‘gg(ﬁds

identified. Among the tested bacterial isolates, 46 isolates were
positive for siderophore production, 45 isolates for ammonium
production, 35 isolates solubilized phosphorus varying ratios, and all
isolates produced IAA between 5.48-127.81 pg/ml concentrations.
Isolates of Pseudomonas spp and Enterobacter cloacae were found
highly effective for siderophore production, S. marcescens for
solubilisation of phosphorus, . cloacae for IAA production, Bacillus
spp for ammonia production. Bacterial isolates tested showed
significant differences in siderophore, ammonia and TAA production
and phosphorus solubilisation efficiency. It was found that the
efficacies of endophytic bacterial isolates were lower compared to the
same species of epiphytic bacterial isolates. Overall results suggest
that use of the most efficient PGPB isolates have an excellent
potential to be used as biofertilizer for cultivation of economically
important crops.

Biological control

Plant Growth Promoting Bacteria
(PGPB)

Bio-fertiliser
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GIRIS

Diinya kabuklu meyve tiretiminde 6nemli bir yeri olan
badem (Prunus dulcis L.) yetistiriciligi Tiirkiyede de
giderek yayginlagsmaktadir. Diinya genelinde 2017
yilinda 1.925.887 Ha alanda toplam 2.239.697 ton
badem tretimi yapilmigtir. Diinya’da badem
uretiminde Turkiye 34.050 ha alanda 90.000 ton
uretim miktar1 ile ABD, ispanya, Fas, ve Iran’dan
sonra 5. sirada yer almistir (Anonymous, 2017).
Basglangicta sadece Ege, Akdeniz ve Dogu Anadolu
bélgeleri ile simirli kalan badem yetistiriciligi, son
yillarda diger boélgelerde de yeni bahgelerin tesis

edilmesi sonucunda Tirkiyedeki ekim alanlar
geniglemigtir. Gli¢ sartlara adaptasyon yeteneginin
olmas1 ve pazardaki yiiksek talep, badem

yetistiriciligini cazip hale getirmektedir. Son yillarda,
ozellikle GAP (Giineydogu Anadolu Projesi) bélgesinde
badem fidanliklarin arttigi gézlenmektedir.

Badem verimi ve kalitesi kuraklik, don, dolu, tuzluluk
gibi abiyotik faktorlerin yanisira hastalik, zararh ve
yabanci otlar gibi biyotik faktorler tarafindan oldukca
etkilenir. Uriin verimi ve kalitesinin artirilmasinda
yogun azot, fosfor ve potasyum icerikli fenni giibreleme
programi kullanilirken, ekonomik olarak ciddi
kayiplara neden olan hastalik, zararli ve yabanci
otlarin miicadelesinde yaygin olarak fungusit,
insektisit ve herbisit gibi pestisitler kullanilmaktadar.
Son yillarda tlketicinin bilinglenmesi ve tarim
alanlarinda kullanilan yogun pestisit uygulamalarinin
cevreyl ve dogal dengeyi tehdit etmesi, gelismig
ulkelerde pestisit uygulamalarina sinir getirilmesi gibi
nedenler bilim insanlarini bitki geligimini tegvik eden,

hastaliklarla miucadelede etkili, c¢evre dostu,
yenilenebilir yeni stratejilerinin arastirilma
gerekliligini ortaya koymaktadir. Bitkilerde

hastaliklarla alternatif miicadele yollarindan biride
hastalik etmenlere karsi yararli biyolojik miicadele
ajan1 (BCA) veya bitki gelisimini tesvik eden (PGB)

mikrobiyomlarin (=fungal, bakteriyel, viral
mikroorganizmalara verilen genel ad) kullanilmasidar.
Dogada  bitki  koklerin  etrafinda,  kompost

topraklarinda, farkl bitki organlarinin tizerinde veya
dokularin igerisinde dogal olarak yasayan, bitkilerde
hastalik  olusturmayan mikrobiyomlarin degisik
formiilasyon ve uygulama sekillerinde kullanildig:
bitkilerde gelismeyi tegvik ettigi gibi hastaliklar
tarafindan neden olunan zarar1 en disik dizeye
indirmede 6nemli katki saglarlar (Tjamos ve ark.,
2010; Wang ve ark., 2010; Nega, 2014).

Biyolojik miicadelede ve bitki geligimini tesvik eden
yararli bakteriyel mikrobiyomlar (BCA ve PGPB)
bitkide bulunduklar: yere gore endofit ve epifit olmak
tizere iki gsekilde isimlendirilirler. Endofitik bakteriler
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yizey dezenfeksiyonu yapilmig bitki dokularmin ig
dokularindan izole edilen, uygulama yapildigi bitkilere
herhangi bir zarar vermeyen bakteriler olarak
tamimlanir (Santoyo ve ark., 2016; Siilii ve ark., 2016).
Epifitik bakteriler dogrudan bitki yiizeyinden veya
bitkinin toprak alti organlarin hemen yanindaki
topraklardan ve kok ylizeylerinden izole edilen,
endofitik bakterilerde oldugu gibi uygulama yapildig:
bitkilere herhangi bir =zarar vermeyen yararh
bakteriler olarak tanimlanir (Hallmann ve ark., 1997;
Ahemad ve Kibret, 2014). Gerek epifit gerekse endofit
orijinli BCA ve PGPB izolatlar: bitki geligsimini tegvik
etmede ve hastaliklarinin gelisimi engellemede
dogrudan veya dolayli olmak suretiyle iki sekilde
etkide bulunur (Arora ve ark., 2012; Bhardwaj ve ark.,
2014; Saranraj ve ark., 2013; Gupta ve ark., 2015;
Soylu ve ark., 2020). Epifit ve endofit karakterdeki
BCA ve PGPB izolatlar, bitki gelisimini “dogrudan”
tesvik etmede azot fiksasyonu, c¢Ozlinemeyen veya
bitkinin alabilecegi formlarda olmayan bitki besin
maddelerinin bitkinin alabilecegi formlara
déntistiirmesi  (minerilazasyonu), siderofor ve
amonyak (NHs) {iretimi, karbon kaynag acisindan
rekabet ve bitkisel hormonlarin (IAA, oksin, sitokinin,
etilen, giberrelik asit vb.) tesvik edilmesi gibi
mekanizmalari kullanirlar. PGPB i¢in “dogrudan” etki
olarak kabul edilen bu mekanizmalar, anatgonist
bakteriler i¢cin “dolayli” engelleme mekanizmalar:
olarak kabul edilir. PGPB turleri farkli konukcu-
patojen iligkilerinin irdelendigi ¢alismalarda bakteri
tirleri tarafindan iiretilen hidrojen siyaniir (HCN),
amonyak (NHs), ucucu antimikrobiyal etkili bilesikler,
hidrolitik enzimler (glukanaz, kitinaz, proteaz vb) gibi
bilegiklerin  iretilmelerinin  yanisira, bitkilerde
hastalilk etmenlerine karsi dayanakliligin tegvik
edilmesi dolayli engelleme mekanizmalar1 olarak
bildirilmistir (Lugtenberg ve Kamilova, 2009; Tariq ve
ark., 2014; Leong, 1986; Fravel, 1988; Weller, 1988;
Wei ve ark., 1996; Saranraj ve ark., 2013; Santoyo ve
ark., 2016). Bu tiir mekanizmalardan bir veya
birka¢ina sahip olan mikrobiyomlarin hastaliklarla
micadelede “biyolojik preparat” velveya bitki
gelisimini tegvik etmede ise “biyolojik gilibre” olarak
preparatlar1 gelistirilerek pazara sunulmaktadir.
Biyolojik  preparat  geligtirmenin en  6nemli
adimlarindan  biri  biyolojik miicadele etmeni
mikrobiyomlarin  (mikroorganizmalarin)  dogadan
izolasyonu ve bunlarin bitki geligimini tegvik etmede
rol oynayan olasi baz1 mekanizmalarinin
arastirilmasidir.

Yapilan bu ¢alismada, Diyarbakir ilinin 6nemli badem
yetigtiriciligi yapilan alanlarindaki saglikli badem
bitkilerin kok, kok bogazi ve gévdelerin ylizey ve igsel
dokularindan elde edilen farkl: tirlere ait endofitik ve
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epifitik bakteri izolatlariin (i) izolasyonu, (ii) teshisi,
(iii) bitki gelisimini tesvik eden olasi baz1 etki
mekanizmalar1 in vitro kosullarda arastirilmas:
amaclanmistir.

MATERYAL ve METOD
Bakteriyel Izolatlarin Izolasyonu

Calismalarda kullanilan epifitik ve endofitik bakteri
izolatlar1 Diyarbakir ili genelinde badem yetigtiriciligi
yapilan bahgelerdeki saglhkli badem fidan, agag¢ ve
¢ogurlerinin kok, kokbogazi ve giévdelerinden elde
edilmigtir.

Epifit bakterilerin izolasyonu; ayri1 ayri kodlanmig
saghkl bitki kokleri 1slak ¢amur olmayan topraktan
alindiktan sonra, kék bogaz ve gévde parcaciklar: 1-2
cm boyunda kesildikten sonra dezenfeksiyon amach
herhangi bir 6n yikama iglemine tabi tutulmadan
dogrudan steril 0.05 mM MgClz tampon ¢ozeltisi igine
konulmus ve 30 dk. 200 rpm ortibal calkalayici
icerisinde c¢alkalamaya birakilmistir. Daha sonra
buradan alinan  silispansiyonlar seri  olarak
sulandirildiktan sonra yar: secici King’s B Agar (KB),
ve genel besi yerlerinden Nutrient Agar (NA) ve Trypic
Soybean Agar (TSA) besi yerlerine bagetle yayilmistir.
Diger yandan saghkl bitkilerin kok ve goévdeleri
herhangi bir yikama yapilmadan dogrudan besi yerleri
tizerine ekimler yapilarak epifit bakteri izolatlar1 elde
edilmigtir.

Endofit bakterilerin izolasyonu; araziden alinan bitki
ornekleri (koék, kok bogazi ve govdelerden alinan
dokular) ayr1 ayr1 kodlandiktan sonra, ilk asamada
akan temiz g¢esme suyu altinda iyice yikanmig ve
ardindan 3 dk. %70’lik etil alkolde, 2 dk. %2’lik sodyum
hipoklorit soliisyonunda bekletildikten sonra tekrar
%70’lik etil alkole daldirilmigtir. Alkol ile muamele
edilmis oOrneklerden alkolii wuzaklagtirmak igin
ornekler 5 kez steril su ile yikanarak yilizey
dezenfeksiyonu asamasi tamamlanmigtir. Yiizey
dezenfeksiyonu yapilmigs kok, kok bogaz1 ve
govdelerden alinan 6rnekler daha sonra steril 0.05 mM
MgCl2 tampon ¢ozeltisi iginde steril havan igerisinde
iyice ezildikten sonra 5 dk. beklenmistir. Daha sonra
buradan alinan slispansiyon seri olarak
sulandirildiktan sonra KB ve NA besi yerlerine bagetle
yayllmistir. Yizey dezenfeksiyonunun etkili oldugunu
kontrol etmek amaci ile dokularin ezilmeden once
kullanilan son yikama suyundan 100 ul alinarak NA
besi yerine steril baget ile yayilmigtir.

Her iki yontemlerle elde edilen petri kaplar: 26 °C’de 2
giin inkiibasyona birakilarak bakteri gelisimi kontrol
edilmigtir. Farkli secici ve genel besi yerlerinde gelisen
bitki &rnegini/agaci/bélgeyl/ temsil edecek sayida
morfolojik olarak birbirinden farkli gérilen bakteri
kolonileri daha sonra teshis ve c¢alismalarda
kullanilmak tizere uygun besi yerleri tizerinde
saflastirilmistir.
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Her bir izolat, rutin ¢alismalar i¢in uygun besi yeri
iceren petri kabinda (6 cm) veya egik Agarda +4 °C de
kisa siireli veya steril %40 Lik steril Gliserol igeren

Cryo Eppendorf tiipler igerisinde -80 ©°C de
saklanmigtir.
Titinde Agir1 Duyarhlik (HR= Hypersensitive

Reaction) ve Patates Yumusak Ciiriikliik Testi

Elde edilen tiim aday epifit ve endofit bakterileri bitki
patojeni olup olmadigini belirlemek amaci ile tutiin
bitkisinde asir1  duyarhhk (HR) testine tabi
tutulmustur. NA besiyerinde 24-48 saat gelistirilen
aday bakteri izolatlar1 ve Hatay Mustafa Kemal
Universitesi Bitki Saghg Klinigi Kiiltiir Koleksiyon
Merkezinden saglanan ve tanilamasi yapilmig bitki
patojeni izolat (Pseudomonas syringae pv. phaseolicola
Psp 12 izolat) kiiltiirlerinin steril 0.05 mM MgCl.
tampon c¢o6zeltisi icinde 108 hiicre/ml yogunlugunda

hazirlanan slUspansiyonlari steril bir enjektor
yardimiyla geng tiitiin  (Nicotiana  tobaccum)
yapraginin (8 haftalik) damar aralarina alt
yuzeyinden enjekte edilmistir. Inokulasyon her

bakteri izolat1 bir damar arasina gelecek sekilde ve
izolatlar arasinda bir damar bosluk birakilmak
suretiyle yapilmistir. Inokulasyondan 24-48 saat sonra
inokule edilen alanlarda olusan nekrotik goériiniim
pozitif (test edilen izolatin bitki patojeni oldugunu
gosterir) olarak kabul edilmistir (Lelliot ve Stead,
1987).

Tutinde HR olusturmayan aday bakteri izolatlar
daha sonra patates dilimi tizerinde yumusak ¢turuklik
testine tabi tutulmustur. %3’lik NaOCl'de 1 dakika
bekletilerek dezenfekte edilmis patatesler, kabuklar
soyulduktan sonra steril bistira ile ortadan ikiye
kesilmig, daha sonra tekrar steril bir bistiri ile 1 cm
eninde dilimlenmistir. Dilimler daha sonra steril 1slak
filtre kagidi iceren steril petriler i¢ine patates dilimleri
yerlestirilmigtir. Bir 6ze dolusu alinan HR negatif
bakteri  1zolatlarni  patates  dilimleri  tuzerine
bulagtirilmigtir. Bulagtirilmis dilimlerin yer aldig:
petriler 26 °C 2 giuinliik inkiibasyona birakilmig, daha
sonra inokulasyon noktasinda ¢urimelerin varhg:
yoniinden degerlendirme yapilmistir (Lelliot ve Stead,
1987). Kontrol olarak Hatay Mustafa Kemal
Universitesi Bitki Saghg Klinigi Kiiltiir Koleksiyon
Merkezinden saglanan ve Pectobacterium
caratovorum subsp. caratovorum olarak tanilanmig
izolat kullanmilmigtir. HR ve patates yumru ¢iriklik
testinde negatif sonug veren izolatlarin insan patojeni
olup olmadiklarinin belirlenmesi amaciyla petriler 37
°C 2 gunlik inkiibasyona birakilmig, daha sonra
izolatlar gelisme gosterip gostermeme yoniinden
degerlendirme yapilmistir (Lelliot ve Stead, 1987).
Gelisme gbstermeyen izolatlar caligmalarda
kullanilmak tizere secilmistir.
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Bakteri Izolatlarinin Tamilanmas:

Tutinde HR ve patates yumusgak clruklik testlerinin
her ikisinde de negatif sonu¢ veren izolatlarin 6n
secimleri icin biyokimyasal (koloni rengi, koloni formu,
hiicre morfolojisi, gram reaksiyonu, oksidaz ve katalaz
iiretimi, levan olusumu) testler yapilmistir (Lelliott ve
Stead, 1987). Biyokimyasal testlerde benzerlik
gosteren izolatlardan gerekli 6n secimler yapildiktan
sonra kalan tim izolatlarin kesin tir teghisleri
MALDI-TOF MS (Microflex LT; Bruker Daltonics
GmbH, Bremen, Germany) ile yapilmistir (Pavlovic ve
ark., 2012; Kara ve ark., 2017a). Saf kiiltiirden alinan
ve TSA (Tryptic Soy Agar) besi yeri {izerinde 24-36 saat
gelisen saf bakteri kolonisinden ethanol-formik asit
yontemi ile ekstrakte edildikten sonra, her o6rnek
noktas1 tizerine 1 pl HCCA Matrix (a-Cyano-4-
hydroxycinnamic acid) soliisyonu eklenmis ve
kurumasi1 saglanmistir. Daha sonra ornekler Flex
Control Software (Bruker Daltonics GmbH, Bremen,
Germany) yazilimi ile izolatlarin spektrumlar: analiz
edilmig ve Mikroorganizma kitiphanesi
(BIOTYPER™ 1.1 software (Bruker Daltonics GmbH,
Bremen, Germany) ile eslestirilmek suretiyle tiirlerin
teshisleri yapilmistir.

Bakteri Izolatlarimin Bitki Geligimini Tegvik Etme
Mekanizmalarinin Belirlenmesi

Bakteri Izolatlarimn Siderofor
Potansiyellerinin Belirlenmesi

Olusturma

Siderofor iiretimi Schwyn ve Neilands (1987) tarafinca
bildirilen krom azurol S (CAS) boyasi igeren mavi
renkli Agar besi yerleri kullanilarak belirlenmistir.
Test edilecek olan bakteri izolatlarin 2 glnlik taze
kiltirinden steril kiirdan ile alinan inokulum, CAS
Agar ortami tizerine nokta inokiilasyonlari ve petriler

A 3 -»:

- I

26 °C'de 5 gin inklbasyona birakilmigtir.
Inokulasyondan 2 giin sonra bakteri kolonisi etrafinda
gelisen sari-turuncu renkte bir engelleme bélgesi (zon),
siderofor tretimi i¢in pozitif olarak kabul edilmigtir
(Sekil 1A). Bakteri kolonisi etrafinda olusan zon ¢apini
bakteri koloni ¢apina bélmek suretiyle her izolat i¢in
siderofor coziiniirlik indeks (S-indeks) degerleri
hesaplanmistir (Vazquez ve ark., 2000). Her bakteri
izolat1 i¢in Ol¢gumler 3 farkli petri kabinda yapilmis,
deneme 2 farkli zamanda tekrar edilmigtir. Bitki
patojeni Pseudomonas syringae pv. phaseolicola Psp12
izolat1i da denemelere pozitif kontrol olarak
kullanilmigtar.

Bakteri Izolatlarimin Fosfor (ozme Potansiyellerinin
Belirlenmesi

Aday bakteri izolatlarinin fosforu ¢ézme etkinligi, tri
kalsiyum fosfat iceren Pikovskaya Agar (PVK) besi
yeri iceren petrilerde belirlenmistir (Kumar ve ark.,
2012). Test edilecek olan bakteri izolatlarin 2 giinliik
taze kultiriinden steril kiirdan ile alinan bakteri
inokulumu, PVK Agar ortami1 tizerine nokta
inoktilasyonlar1 yapilmis ve petriler 26 °C'de 7 giin
inkiibasyona birakilmigstir. Inokulasyondan 7 giin
sonra bakteri kolonisi etrafinda gelisen seffaf zon
(engelleme bolgesi), fosfor ¢ézme etkinligi i¢in pozitif
olarak kabul edilmistir (Sekil 1B). Bakteri kolonisi
etrafinda olusan zon c¢apinin bakteri koloni ¢apina
b6lmek suretiyle her izolat i¢in fosfor ¢éziinturlik
indeks (F-indeks) degerleri hesaplanmistir (Vazquez
ve ark., 2000). Her bakteri izolat1 icin dl¢iimler 3 farklh
petri kabinda yapilmig, deneme 2 farkli zamanda
tekrar edilmigtir. Bitki patojeni Pseudomonas
syringae pv. phaseolicola Psp12 izolat1 da denemelere
pozitif kontrol olarak kullanilmigtir.

Sekil 1. Epifit ve endofit bakterilerin (A) siderofor iiretme ve (B) fosforu ¢ézme 6zelliklerinin (ok) belirlenmesi.
Siderofor ve fosfor cozme indeks degerleri engelleme zon capinin (Z¢) bakteri koloni capina (Bg)

oranlanmasiyla hesaplanmigtir.

Figure 1. Determination of siderophore production (A) and phosphate solubilisation (B) by epiphytic and
endophytic bacterial isolates. Siderophore and phosphate solubilisation indices were calculated by
proportioning the inhibition zone diameter (Zg) to the bacterial colony diameter (Bg).
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Bakteri Izolatlarmin Indol Asetik Asit (IAA) Uretme
Potansiyellerinin Belirlenmesi

Aday bakteri izolatlarinin TAA {iretme potansiyelleri
Salkowski yontemi kullanilmak suretiyle
belirlenmistir (Glickman ve Dessaux, 1995). Bakteri
izolatinin 2 gunlik taze kiltiirlerinden hazirlanan 108
hiicre/ml konsantrasyondaki bakteri siispansiyondan
500 pl alinarak icerisinde L-tryphtophan (3 mg/ml)
iceren 5 ml steril LB besi yeri konulmustur. L-
tryphtophan igermeyen besi yeri kontrol uygulama
olarak degerlendirilmistir. Izole edildikleri bélge, bitki
kismi, izole edildigi yer (epifit-endofit) ve bakteri
tirlerini temsil edecek gekilde secilmis bakteri
1zolatlar1 ile bulastirilmis sivi besi yeri iceren tipler 30
°C'de 200 rpm’e ayarli inkubatoérli orbital
calkalayicida 4 giin inkiibasyona birakilmistir. Sivi
besi yerinde gelisen bakteriler 5000 rpm’de 30 dk.
santrifij yapildiktan sonra ustte kalan
supernatant’dan 1 ml alinarak steril eppendorf tiiplere
aktarilmis ve {iizerlerine 2 damla (yaklasik 40 pl)
fosforik asit ilave edilmigtir. Hazirlanan bu karisimin
tamami1 daha sonra igerisinde 4 ml Salkowski ¢ozeltisi
(150 ml %981ik H2S04, 250 ml distile H20, 7.5 ml of
0.5 M FeCl3s-6H20) bulunan steril cam tiiplere
aktarilmig ve 25 °Cde karanlhik ortamda 30 dk.
inkibasyona birakilmigtir. TAA tretimi tiplerdeki
besi yeri renginin ac¢ik saridan kirmizi-pembe renge
déniismesiyle belirginlesmistir (Sekil 2C).
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Olugsan IAA miktar1 535 nm dalga boyuna ayarh UV-
vis spektrofotometre (Perkin Elmer, Lamda 25, USA)
kullanilarak kantitatif olarak belirlenmistir (Patten ve
Glick, 2002). Elde edilen absorbans degerleri bilinen
TIAA (Merck, Darmstadt, Germany) cozeltisi ile
hazirlanan IAA konsantrasyon standart egrisiyle
karsilastirilmak suretiyle gercek degerlere (ppm
(=pg/ml) diizeyinde) déniistiiriilmiistiic (Sekil 2D).
Bitki patojeni Pseudomonas syringae pv. phaseolicola
Pspl2 izolat1 da denemelere pozitif kontrol olarak
kullanilmigtar.

Bakteri Izolatlarinin Amonyak (NH3) Uretme
Potansiyellerinin Belirlenmesi

Aday bakteri izolatlarinin amonyak (NHs) olusturma
potansiyelleri Nessler’s c¢ozeltisi ile belirlenmigtir
(Cappuccino ve Sherman, 1992). Test edilecek olan
bakteri izolatlarin 2 giuinlik taze kultirinden steril
kiirdan ile alinan bakteri inokulumu, igerisinde steril
5 ml peptonlu su igeren cam tiiplere asilanmigtir.
Bakteri ile bulastirilmig tipler 26 °C'de 150 rpm’e
ayarli inktbatérli  orbital ¢alkalayicidda 4 gln
inkiibasyona birakilmistir. Sivi besi yerinde gelisen
bakteriler lzerlerine 250 pl Nessler’s ¢ozeltisi ilave
edilmigtir. Besi yeri igerisinde bakterilerce
olusturulan amonyak tretimi tiplerdeki besi yeri
renginin acik saridan kahverengi-koyu sari renge
déniismesiyle belirginlesmistir (Sekil 3).
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Sekil 2. Bakteriyel izolatlar tarafindan besi yerinde IAA olusturulmasi. (A) Saf IAA spektrumu, (B) Bakteri tarafindan iiretilen
IAA spektrumu, (C) Farkli konsantrasyonlardan elde edilen ve JAA miktarinin belirlenmesinde kullamilan TAA
standartlarinin renk degisimi, (D) farkli konsantrasyonlarin spektrum degerlerinden elde edilen IAA standart egrisi

ve regresyon denklemi

Figure 2. Production of IAA in nutrient media by bacterial isolates. (A) Typical spectra of pure TAA, (B) spectra of IAA produced
by bacterial isolate, (C) colour of different concentration of pure IAA used for calibration, (D) Calibration curve and

regression formula of standard IAA
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A
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Sekil 3. Bakteriyel izolatlar tarafindan besi yerinde amonyak olusturulmasi. (A) Kontrol, (B) Amonyak iiretmeyen

bakteri, (C) Amonyak iireten bakteri

Figure 3. Production of ammonia in nutrient media by bacterial isolates. (A) Control, (B) bacterial isolate which
fail to produce ammonia, (C) Production of ammonia by bacterial isolate

Deneme Deseni ve Istatistik Analizler

Tum 1n vitro denemeleri tesadif parselleri deneme
desenine gore kurulmus olup, her bakteri izolat1 i¢in
ol¢gimler 3 farkli petri kabinda/besi yerinde yapilmis,
deneme 2 farkli zamanda tekrar edilmistir. Elde edilen
verilere SPSS istatistik programi (SPSS Statistics
17.0) kullanilarak tek yénli ANOVA ile varyans
analizi yapilmig ve izolatlar arasindaki farklihik Tukey
HSD Testi ile tespit edilmistir (P<0.05).

BULGULAR ve TARTISMA

Saghkh Agaglardan Epifitik ve Endofit Bakterilerin
Izolasyonu ve Tanilanmasi

Saghkl badem agaclarinin toprak alt1 (kék, kék bogaz
ve koklere yakin topraklardan) ve toprak iistii (kok
bogazina yakin govde) aksamlarindan bélgeyi,
konuk¢u bitki kismi1 ve izole edildigi petriyi temsil
edecek sekilde farkli morfolojik gorinimli 9 adeti
AEN (Almond ENdofit) olarak kodlanan endofit
(%9.27), 88 adeti ise AEP (Almond EPifit) olarak
kodlanan epifit (%90.73) olmak iizere toplam 97
bakteri 1izolat1 elde edilmistir. Bu izolatlar biti
gelisimini tesvik eden mekanizmalarini belirleme
testlerine alinmadan o6nce bitki patojeni olup
olmadigini belirlemek amaciyla tiitiin yapraklarinda
HR ve patates dilimlerinde yumusak c¢uruklik
testlerine tabi tutulmus ve her iki testte negatif sonug
veren 62 izolatin MALDI-TOF analiz yontemi ile
tanilamas1  yapilmigtir.  Yapilan = MALDI-TOF
analizleri sonucu toplam 58 izolat tur dilizeyinde
belirlenmigtir. Tur diizeyinde teshisi yapilan 58 izolat
arasinda yer alan ve Staphylococcus spp, Klebsiella
spp., Fscherichia coli, Enterobacter spp, Bordetella
petrii olarak teshis edilen 12 adet farkli tirlere ait
izolatlarin literatiirlerde insan patojeni olmasi nedeni
ile denemelerden ¢ikartilmig ve geri kalan 46 izolat
turleri ile ¢caligilmaya karar verilmigtir.

Tiar diuzeyinde teshisi yapilan ve denemelerde
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kullanilan 46 izolata ait tanilama sonuclar: Cizelge 1
de sunulmustur. En fazla siklikta elde edilen
bakteriler 26 adet ile farkli Bacillus cinsine bagli tiirler
oldugu bunu siras1 ile 8 izolatla Serratia, 5 izolatla
Ochrobactrum, 4 izolatla Pseudomonas, 2 izolatla
Enterobacter ve 1 izolatla Arthrobacter cinsleri takip
etmistir.

Cizelge 1'de goruldiga gibi tiur dizeyinde teshisi
yapilan 46 izolatin 19 adeti Gram-negatif (toplam
izolatin %41.3), 27 adeti ise Gram-pozitif (toplam
izolatin %48.7) bakteri tiirleri olarak belirlenmistir.
Elde edilen izolatlardan 26 izolat farkly Bacillus spp.
ait olup, en fazla elde edilen tiirlerin 8’er izolat ile
Bacillus subtilis ssp subtilis, Bacillus mojavensis ve
Serratia marcescens oldugu, bu turleri sirayla 3’er
izolatla, Bacillus vallismortis, Bacillus megaterium,
Ochrobactrum antropi, 2’ser izolatla Bacillus cereus,
1’er izolat ile Bacillus thuringiensis, Bacillus pumilis,
Enterobacter cloacae ssp dissolvens, FEnterobacter
cloacae  ssp cloacae, Pseudomonas  putida,
Pseudomonas aeruginosa, Pseudomonas monteilil,
Pseudomonas chlororaphis ssp aurantiaca,
Ochrobactrum Intermedium, Ochrobactrum tritici
izolatlar1 izlemistir. S6z konusu 46 izolat arasinda
endofit olarak izole edilen 6 farkh tir arasinda, 5
tirtin (Serratia marcescens, Enterobacter cloacae,
Bacillus mojavensis, Bacillus vallismortis ve Bacillus
megaterium) hem epifit hemde endofit izolatlar
oldugu, Bacillus pumilis ise epifit olarak elde edilen
tirler arasinda bulunmadig1 goriilmektedir. Endofit
bakteri izolatlarinin bulundugu cinsler ayni1 zamanda
rizosferde epifit olarak bulunan bakteri izolatlarin yer
aldig1 cinslerdir. Bu nedenle endofit bakterilerin bir
sekilde rizosfer kokenli bakterilerin alt populasyon
grubu olabilecegi degerlendirilmektedir (Marquez-
Santacruz ve ark., 2010). Dogada yer alan saghkh
bitkilerin kok ve toprak bélgesi (rizosfer), toprak
iistiiaksamlar: (filospher) ve doku icleri (endosphere)
Proteobacteria, Firmicutes ve Actinobakteri subesine
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Cizelge 1. Saglhikl badem agaclarinin farkl kisimlarindan elde edilen endofit (AEN) ve epifit (AEP) antagonist
bakteri izolatlarin MALDI-TOF analizleri ile tanilanmasi
Table 1. Identification of endophytic (AEN) and epiphytic (AEP) bacterial isolates obtained from different parts of
healthy almond trees by MALDI-TOF analysis

MALDI-TOF Gram

Izolat Ada Benzerlik Index Reak. IEBK
Pseudomonas aeruginosa AEP1 2.13 - G
Bacillus cereus AEP2 2.11 + K
Bacillus subtilis subtilis AEP3 2.02 + K
Bacillus mojavensis AEP4 2.10 + G
Serratia marcescens AEP5 2.38 K
Bacillus subtilis ssp subtilis AEP11 2.05 + K
Bacillus mojavensis AEN13 2.11 + G
Ochrobactrum tritici AEP14 2.09 K
Enterobacter cloacae ssp dissolvens AEP15 2.41 - G
Bacillus cereus AEP16 2.07 + G
Bacillus subtilis AEP18 2.07 + K
Serratia marcescens AEP19 2.22 - K
Bacillus mojavensis AEP20 2.33 + G
Serratia marcescens AEN22 2.33 K
Bacillus mojavensis AEP24 2.33 + G
Bacillus mojavensis AEP26 1.96 + K
Enterobacter cloacae ssp cloacae AEN27 2.23 K
Bacillus subtilis AEP28 1.97 + K
Bacillus pumilus AEN29 2.24 + K
Ochrobactrum anthropi AEP31 2.35 G
Bacillus mojavensis AEP32 2.03 + K
Bacillus megaterium AEP33 2.27 + K
Bacillus thuringiensis AEP34 2.04 + K
Serratia marcescens AEN38 2.31 - K
Pseudomonas putida AEP57 2.33 G
Serratia marcescens AEP59 2.37 G
Serratia marcescens AEP60 2.41 K
Serratia marcescens AEP66 2.40 K
Ochrobactrum anthropi AEP67 2.38 G
Bacillus megaterium AENT72 2.26 + G
Bacillus megaterium AEP75 2.34 + G
Arthrobacter oxydans AEP81 2.10 + G
Bacillus vallismortis AEP82 2.03 + K
Ochrobactrum anthropi AEP84 2.50 K
Serratia marcescens AEP85 2.39 K
Bacillus subtilis AEP91 2.06 + K
Pseudomonas monteilii AEP93 2.19 G
Bacillus mojavensis AEP95 2.07 + K
Bacillus mojavensis AEP109 2.13 + K
Bacillus vallismortis AEN110 2.0 + G
Bacillus subtilis AEP112 2.09 + G
Bacillus vallismortis AEP113 1.92 + K
Bacillus subtilis subtilis AEP116 1.95 + K
Pseudomonas chlororaphis ssp aurantiaca AEP119 2.34 G
Ochrobactrum intermedium AEP127 2.18 - G
Bacillus subtilis ssp subtilis AEP138 2.10 + K

IEBK (Izole Edildigi Bitki Kism1): G, gévde; K, kék-kokbogaz
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ait pek ¢ok faydali PGPB tirlerine konukguluk
yapmakta olup, Pseudomonas, Bacillus, Burkholderia,
Enterobacter, Stenotrophomonas, Serratia,
Micrococcus, Pantoea, Ochrobactrum ve
Microbacterium cinsine dahil endofit ve epifit bakteri
PGPB tirleri en fazla siklikla rapor edilmis tiirler
olarak bildirilmistir (Hallmann ve ark., 1997; Sturz ve
ark., 2000; Rosenblueth ve Martinez-Romero, 2006;
Marquez-Santacruz ve ark., 2010; Romero ve ark.,
2014; Shi ve ark., 2014; Kara ve ark., 2017b).

Bakteri Izolatlarinin Bitki Geligimini Tegvik Etmede
Kullandiklar1 Mekanizmalarin Belirlenmesi

Endofit ve epifit bakteri izolatlarin siderofor tiretimi
ve fosforu cozme etkinlikleri bu testlere 6zel besi
yerleri Uizerinde olusturulan engelleme zonlarina gore,
amonyak (NHs) iiretimi 6zel besi yerinde olusturulan
renk degisimi siddetine goére kalitatif olarak, indol
asetik asit (IAA) {iretimi ise yine 6zel s1v1 besi yerinde
olusturulan miktarin spektrofotometrik o6l¢iimlerine
gore kantitatif olarak belirlenmigtir. Elde edilen
sonuclar Cizelge 2’de verilmigtir.

Siderofor uretimi CAS Agar besi yeri kullanilarak
belirlenmistir (Sekil 4A). Bakteri kolonisi etrafinda
olusturulan engelleme boélgesi bakterilerin Urettigi
hydroxamate-tip siderefor’dan dolay: indikatér boya
olan krom azurol iin indirgenerek besi yeri renginin
maviden sari-turuncu renge donilismesine neden
olmustur (Sekil 4A). Elde edilen sonuclar Cizelge 2 de
verilmistir. Cizelge 2’de gorilebilecegi gibi test edilen
izolatlarin tamami CAS Agar besi yerinde degisen
oranlarda siderofor uretmigtir. Test edilen tum
izolatlar arasinda en fazla siderofor tiretimi 3.37, 3.18,
2.81 c¢ozunurlik indeks degerleri ile siras1 ile
Pseudomonas monteilii AEP93, Pseudomonas putida
AEP57 ve Enterobacter cloacae ssp dissolvens AEP15
izolatlar1 tarafindan olusturulmustur. Bacillus spp.
arasinda oOzellikle Bacillus subtilis ssp. subtilis
izolatlarin yamisira Serratia marcescens izolatlarida
yiksek diizeyde siderofor trettigi belirlenmistir
(Cizelge 2, Sekil 4A). Izolatlar arasinda Ochrobactrum
Intermedium, Ochrobactrum anthropi, Arthrobacter
oxydans, Bacillus mojavensis, Bacillus pumilis ve
Bacillus megaterium izolatlar1 diger izolatlara
nispeten daha disiik dizeyde siderofor olugturmustur
(Sekil 4A). PGPB tarafindan iiretilen siderofor’lar bitki
geligimi lizerine dogrudan veya dolayli yonde etkide
bulunur. Aeromonas, Azadirachta, Azotobacter,
Bacillus, Burkholderia, Pseudomonas, Rhizobium,
Serratia ve Streptomyces sp. ait PGPB tiirlerince
uretilen sideroforun topraktaki bagli demiri ¢ozerek
bitkiye yararli hale g¢evirip, bitkinin bundan
faydalanmasi sonucu gelisiminin dogrudan tegvik
ettigi onceden yapilan ¢alismalarda da bildirilmistir
(Sujatha ve Ammani, 2013; Duman ve Soylu, 2019).
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Bakteri izolatlarinin Fosfor Cézme Potansiyellerinin
Belirlenmesi

Aday bakteri izolatlarinin fosfor ¢ozme etkinligi, tri
kalsiyum fosfat iceren Pikovskaya Agar (PVK) besi
yeri igeren petrilerde belirlenmistir. Bakteri kolonisi
etrafinda bakterilerin urettigi enzimler sonucu tri
kalsiyum fosforun ¢6ziilmesiyle seffaf bir zon olmustur
(Sekil 4B). Cizelge 2’'de de goriildiigii gibi test edilen
tium izolatlar arasinda bitki patojeni Pseudomonas
syringae pv. phaseollnin yanisira antagonist
izolatlardan Bacillus cereus AEP2, AEP16, Bacillus
subtilis ssp. subtilis AEP11, Ochrobactrum anthropi
AEP31, AEP67, AEP84, Bacillus thuringiensis AEP34,
Bacillus vallismortis AEP82, Arthrobacter oxydans
AEP81, Pseudomonas chlororaphis ssp aurantiaca
AEP119 ve Ochrobactrum intermedium AEP127
izolatlar1 besi yerinde fosforu ¢ézme aktivitesi
gostermemistir (Cizelge 2). Test edilen tiim izolatlar
arasinda en fazla fosfor ¢ozen izolatlar 3.78 ve 3.73
¢ozunurlik indeks degerleri ile Gram negatif Serratia
marcescens AEP59 ve AEP60 izolatlar1 olmustur
(Sekil 4B). Bu izolatlar1 sirasiyla 2.89 ve 2.78
¢ozuinurlik indeks degerleri sirasiyla Serratia
marcescens AEP5 ve Pseudomonas aeruginosa AEP1
ve izolatlar1 izlemigtir. Ayni tiire ait bakteri izolatlar
tarafindan tretilen fosfor ¢oziintrlik indeks degerleri
arasinda istatistiksel olarak o6nemli farkhliklar
gozlenmistir (Cizelge 2).

Bakteri Izolatlarinin Indole Asetik Asit (IAA) Uretme
Potansiyellerinin Belirlenmesi

Aday bakteri izolatlarinin LB s1iv1 besi yerinde tirettigi
TIAA miktari inokulasyondan 4 giin sonra standart IAA
absorbans degerlerine kiyaslanmak suretiyle ppm
(=pg/ml) diizeyinde belirlenmistir (Sekil 2C,D). IAA
degerlerinin Ol¢lilmesinde zaman oOnemli olmas:
nedeni ile 46 izolatin is yuki goz oniine alindiginda,
bakterilerin izole edildikleri boélge, konukgusu, bitki
ornegi (epifit-endofit) ve tiirleri temsil edecek sekilde
secilmigs 28 farkli bakteri izolati kullanilmigtir. Elde
edilen sonuglar Cizelge 2 de verilmigtir.

Cizelge 2 de de gorulebilecegi gibi test edilen tiim
izolatlarin bitki patojeni Pseudomonas syringae pv.
phaseoli  dahil  tamami  5.48-127.81 pg/ml
konsantrasyonlarni  araliginda TAA  Uretmigtir.
Izolatlarin geneli degerlendirildiginde genelde Gram
negatif bakteri tiirlerinin (Znterobacter cloacae ssp
dissolvens, Enterobacter cloacae ssp cloacae,
Ochrobactrum Spp, Serratia marcescens,
Pseudomonas putida) gram pozitif tiirlere kiyasla
daha yiiksek konsantrasyonlarda TAA {rettigi
belirlenmistir (Cizelge 2, Sekil 5).

Cizelge 2 incelendiginde ayni tiire ait bakteri izolatlar:
tarafindan uretilen IAA konsantrasyon degerleri
arasinda istatistiksel olarak oOnemli farkhliklar
gozlenmigtir. Izolatlar arasinda en yiksek TAA tireten
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Cizelge 2. Farkli endofit ve epifit bakteri izolatlarin bitki gelisimini tesvik eden mekanizmalar1 Uretme
potansiyelleria,
Table 2. Potential of different plant growth mechanisms by different endophytic and epiphytic bacterial 1solates
Bitki Geligimini Tegvik Eden Mekanizmalar

Bakteri Izolatlar S-indeks  F-indeks NH3 TAA
P. syringae pv. phaseolicola Psp 12 1.28a¢ 0.002 - 7.72b
Pseudomonas aeruginosa AEP1 1.68f1 2.78f - 8.61ct
Bacillus cereus AEP2 1.91i° 0.002 + 10.34sh
Bacillus subtilis subtilis AEP3 1.79hm 1.24b + nt
Bacillus mojavensis AEP4 1.60¢7 1.11b ++ 16.96
Serratia marcescens AEP5 2.170p 2.89¢ ++ nt
Bacillus subtilis ssp subtilis AEP11 1.54d4 0.002 ++ 7.93b
Bacillus mojavensis AEN13 1.69fm 1.16b ++ nt
Ochrobactrum tritici AEP14 1.73hm 1.94de ++ 69.32p
Enterobacter cloacae ssp dissolvens AEP15 2.81s 1.45bc ++ 127.81v
Bacillus cereus AEP16 1.59¢7 0.002 + 14.451
Bacillus subtilis AEP18 1.69fm 1.18 ++ 5.48
Serratia marcescens AEP19 2.210p 2.01de + nt
Bacillus mojavensis AEP20 1.142b 1.22b ++ 9.12f
Serratia marcescens AEN22 1.85t° 2.18¢ + nt
Bacillus mojavensis AEP24 1.02a 1.11b + nt
Bacillus mojavensis AEP26 1.33af 1.14b + nt
Enterobacter cloacae ssp cloacae AEN27 2.67rs 1.36bc ++ 112.49v
Bacillus subtilis AEP28 1.53c 1.23b + 10.57h
Bacillus pumilus AEN29 1.152p 1.13p + nt
Ochrobactrum anthropi AEP31 1.162> 0.002 ++ nt
Bacillus mojavensis AEP32 2.38pr 1.35bc + 9.02f
Bacillus megaterium AEP33 1.062 1.22b + 27.15k
Bacillus thuringiensis AEP34 1.23¢ 0.002 ++ 37.85n
Serratia marcescens AEN38 2.041-p 2.19%e ++ 30.47
Pseudomonas putida AEP57 3.18t 1.35bc ++ 33.21m
Serratia marcescens AEP59 1.87io 3.73¢ ++ nt
Serratia marcescens AEP60 2.05mp 3.78¢ ++ nt
Serratia marcescens AEP66 2.00ko 1.964de ++ 57.81°
Ochrobactrum anthropi AEP67 1.18d 0.002 ++ nt
Bacillus megaterium AEN72 1.082b 1.10p + nt
Bacillus megaterium AEP75 1.072 1.27b + nt
Arthrobacter oxydans AEP81 1.28¢ 0.002 ++ 90.34¢
Bacillus vallismortis AEP82 1.44bh 0.002 ++ nt
Ochrobactrum anthropi AEP84 1.142b 0.002 ++ 84.02r
Serratia marcescens AEP85 1.78h'm 2.19e +++ nt
Bacillus subtilis AEP91 1.82in 1.100 ++ 8.06bc
Pseudomonas monteilii AEP93 3.3T 1.67c¢d +++ 10.38sh
Bacillus mojavensis AEP95 1.82in 1.18p ++ nt
Bacillus mojavensis AEP109 1.52¢t 1.26P ++ 8.30be
Bacillus vallismortis AEN110 1.17ac 1.14b ++ 8.90¢f
Bacillus subtilis AEP112 1.65fk 1.17» ++ 5.862
Bacillus vallismortis AEP113 1.352¢ 1.19» + 8.81df
Bacillus subtilis subtilis AEP116 1.45bh 1.16b +++ 14.461
Pseudomonas chlororaphis ssp aurantiaca AEP119 1.71gm 0.00a ++ 8.26bd
Ochrobactrum intermedium AEP127 1.11ab 0.002 ++ 86.18s
Bacillus subtilis ssp subtilis AEP138 2.01ko 1.24b +++ 9.81¢
S-indeks ve F-indeks: Siderofor ve Fosfor ¢oziinturlik indeks degerleri; NHs: Amonyak;. -, renk degisimi olmadigini, +, ++, +++ ise amonyak

konsantrasyonun artigina paralel renk degisim siddetindeki artisi gosterir. Cozinurlik index degerleri bakteri tarafindan olusturulan
engelleme zon ¢apinin bakteri koloni ¢apina oranlanmasi ile hesaplanmagtar.

Ayni stitun iginde yer alan ortalama degerlerin yanindaki farkli harfler uygulamalar arasindaki farkin istatistiksel olarak Tukey HSD Testine
gore 6nemli oldugunu gosterir (P<0.05). nt: benzer izolatlar olmasi sebebi ile tekrar test edilmedi
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Sekil 4 Farkh bakteri izolatlarinin (*) CAS besi yerinde siderofor iiretme (A) ve Pikovskaya Agar (PVK) besi
yerinde (B) fosforu c6zme potansiyellerinin (ok) belirlenmesi

Figure 4. Determination of the (A) siderophore production on CAS Agar media and (B) phosphate solubilisation
potentials (arrow) of different bacterial isolates (*) on Pikovskaya (PVK) Agar media

Sekil 5. Farkl bakteri izolatlarinin L-tryptophan iceren besi yerinde IAA iiretme potansiyellerinin belirlenmesi.
Besi yerinin sar1 renkten kirmizi renge degisimi ortamda IAA tretimini gésterir

Figure 6. Determination of IAA production potentials by different bacterial isolates in L-tryptophan containing
nutrient media. Colour changes from yellow to red colour indicate IAA production in nutrient media

ilk 3 bakteri izolati, 127.81 ug/ml ile Gram negatif
epifit Enterobacter cloacae ssp dissolvens AEP15,
112.49 pg/ml ile bir diger yakin tir Gram negatif
endofit Enterobacter cloacae ssp cloacae AEN27 ve
90.34 pg/ml Gram pozitif Epifit Arthrobacter oxydans
AEPS81 izolatlar1 oldugu belirlenmistir (Sekil 5).
Bacillus spp. arasinda en yiiksek konsantrasyonda
TAA dreten ilk 5 bakteri izolati ise 37.85 ug/ml ile
Bacillus thuringiensis AEP34, 27.15 pg/ml ile Bacillus
megaterium AEP 33 ve 16.96 ug/ml ile Bacillus
mojavensis AEP 4, 14.46 pg/ml ile Bacillus subtilis
subtilis AEP 116 ve Bacillus cereus AEP 81 izolatlar
oldugu belirlenmigtir. Izolatlar arasinda en disik TAA
uretimi 5.48 ug/ml ile Bacillus subtilis subtilis AEP18
izolatinda goézlenmistir. Bu izolat tarafindan tretilen
TAA miktar: bitki patojeni Pseudomonas syrinage pv.
phaseolicola tarafindan tretilen JAA miktarindan da
disiik diizeyde oldugu goriilmektedir.
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Calismalarda en fazla IAA {reten FEnterobacter
cloacae ssp dissolvens AEP15 izolatinin L-tryptophan
iceren ve icermeyen besi yerinde olusturdugu IAA
miktar1 arastirildiginda, inokulasyondan 3 giin sonra
L-tryptophan igermeyen besi yerinde olusturdugu IAA
miktart 29.76 pug/ml iken, L-tryptophan igeren besi
yerinde olusturulan TAA konsantrasyonunun 109.09
ng/ml diizeyinde oldugu tespit edilmistir (Cizelge 3,
Sekil 6).

Bu durum L-tryptophanin antagonist bakteriler
tarafindan tretilen IAA’in biyosentezinin baglaticisi
(precursor) oldugunu kamtlamistir. L-tryptophan
iceren ve icermeyen besi yerinde bakterilerin IAA
olusturabildigi o6nceden yapilmis calismalarda da
bildirilmistir (Singh ve ark., 2008; Mehta ve ark.,
2010). Yapilan onceki c¢alismalarda Enterobacter
cloacae ssp cloacae ve FEnterobacter cloacae ssp
dissolvens 1zolatlar1 tibbi bitkilerden izole edilmis ve
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PGPR ozelliklerini belirlemeye yonelik ¢aligmalarda,
izolatlarin oldukc¢a énemli diizeyde IAA tretmelerinin
yanmisira fungal hastalik etmeni Macrophomina

phaseolinamin misel gelisimini engelleme yapmak
suretiyle antagonistik etkide bulundugu bildirilmigtir
(Rani ve Reddy, 2011; Ullah ve ark., 2017).

Cizelge 3. Bakteri izolatlarinca besi yerinde IAA Uretimi Gizerine L- tryptophan’in etkisi
Table 3. Effect of L-tryptophan on IAA production by bacterial isolates in nutrient media

Uygulama

IAA (pg/m))

P. syringae pv. phaseolicola Psp 12 (L- tryptophan’siz)
P. syringae pv. phaseolicola Psp 12+ L- tryptophan

Enterobacter cloacae ssp cloacae AEP15 (L-tryptophan’siz)

FEnterobacter cloacae ssp cloacae AEP15+ L-tryptophan

0,922
7,37°
29,76¢
109,094

Siitun icinde yer alan ortalama degerlerin yanindaki farklh harfler uygulamalar arasindaki farkin istatistiksel olarak Tukey

HSD Testine gore nemli oldugunu gésterir (P<0.05).

K+ Psp T

Psp*™

Bakteri Izolatlarimn Amonyak (NH3) Uretme
Potansiyellerinin Belirlenmesi

Aday bakteri izolatlarinmin ugucu bilegiklerden
amonyak (NHs) olusturma potansiyelleri peptonlu su
icerinde gelisen bakteri slispansiyonu Uzerine
Nessler’s ¢ozeltisi eklenmek suretiyle belirlenmistir
(Cappuccino ve Sherman, 1992). Besi yeri igerisinde
bakterilerce olusturulan amonyak tiretimi tiiplerdeki
besi yeri renginin agik saridan kahverengi-koyu sari
renge doniigsmesiyle belirginlesmistir (Sekil 2). Yapilan
testlemelerde bakterilerin tiplerde olusturdugu renk
degisim siddeti; -, renk degisimi olmadigim, +, ++, +++
ise amonyak konsantrasyonun artigina paralel renk
degisim siddetindeki artis1 gostermistir. Deneme

AEP15Tr

AEP15*Tr
(100 p.g/ml)

|

'!

Sekil 6. Bakteri izolatlarinca besi yerinde IAA {retimi tizerine L- tryptophan’in etkisi.
Figure 7. Effect of L-tryptophan on IAA production by bacterial isolates in nutrient media

sonucunda test edilen 46 izolatin yamisira kontrol
olarak bitki patojeni Pseudomonas syringae pv.
phaseolicola yer almigtir. Elde edilen sonuglar Cizelge
2’de verilmigtir.

Cizelgede de goriilecegi gibi, izolatlar arasinda AEPS85,
AEP93, AEP116, AEP138 izolatlar1 yiuksek diizeyde
amonyak turetimi sonucunda daha siddette renk
degisikliklerine  neden  olurken, Pseudomonas
aeruginosa ve bitki patojeni Pseudomonas syringae pv.
phaseolicola herhangi bir renk degisikligine neden
olmamigtir. Bu izolatlar diginda tiim izolatlar besi
yerinde degisen miktarda amonyak Urettigi
belirlenmistir (Sekil 7).

Sekil 7. Farkli bakteri izolatlarinin sivi besi yerinde amonyak tiretme potansiyellerinin belirlenmesi.
Figure 7. Determination of potentials of different bacterial isolates on ammonia production in nutrient broth.
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Calismalarimizda izole edilen bakterilerin bitki
gelisimini tesvik eden (siderofor, JAA ve amonyak
tiretimi, fosforu cézme etkinligi) etki mekanizmalar:
incelenmigtir. Elde edilen sonuglara gore bitki
gelisimini tegvik etkinligin daha c¢ok epifitik kokenli
bakteriler tarafindan etkili bir sekilde gosterildigi,
ayn1 ture bagh bitki igsel dokulardan elde edilen
endofit bakteri izolatlarin etkinliginin epifit bakteri
izolatlarina kiyasla disik dizeyde oldugu tespit
edilmigstir. Calismada elde edilen tiim sonuclar birlikte
degerlendirildiginde ayni tiire ait bakteri izolatlar
arasinda PGP aktiviteleri arasindaki farkliliklar
gozlenmisgtir. Bu durumun bakteri izolatlarin izole
edildikleri yer (epifitik veya endofitik olusu) ve
bulunduklar: ortamdaki c¢evre kosullarinin (yetistigi
ortamlardaki bitki besin madde icerigi ve hastalik
etmenlerinin bulunus durumu gibi) izolatlarin genetik
cesitliligine etkide bulunmasindan kaynaklandig:
diisinulmektedir. Benzer durum oOnceden yapilmis
farklh konukc¢u-patojen iligkilerin irdelendigi bir¢ok
calismalarda da bildirilmistir (Loper ve Schroth 1986;
Krebs ve ark., 1993; Bernal ve ark., 2002; Araujo ve
ark., 2005; Soylu ve ark., 2018; Duman ve Soylu, 2019).

SONUC ve ONERILER

Saglikli badem agaclarindan izole edilen endofit ve
epifit bakterilerce olusturulan bitki geligimini tegvik
eden mekanizmalar Dbirlikte degerlendirildiginde,
genelde FEnterobacter cloacae izolatlarin yiksek
dizeyde TAA ve siderofor olusturma yeteneginde
oldugu, Serratia marcescens izolatlarinin siderofor ve
fosfat1 ¢6zme etkinliklerinin ylksek diizeylerde
seyrettigi, Bacillus spp ise daha cok antagonistik
etkinlikte rol oynayan amonyak Uretme etkinliginin
yiksek duzeylerde gerceklestigi belirlenmigtir. Soz
konusu izolatlarin bitki gelisimini tesvik etmelerinin
yamsira farkli bitki fungal hastaliklara karsi biyo-
etkinlikleri ve etki mekanizmalarinin arastirilmasina
yonelik ¢calismalar biiytik 6nem arz etmektedir.
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OZET

Bu arastirma; arazi toplulastirma  projelerinin  tarimsal
mekanizasyon igletmeciligine etkisini belirlemek amaciyla Nigde Ili
Misli Ovasinda gerceklestirilen Aglama, Carikli, Cayirli, Karaath
Koyt arazi toplulastirma (AT) projelerinde yiiriitilmiistiir. Basit
tesadiifi 6rnekleme yontemine gore segilen 96 igletmeye ait parsellerin
AT éncesi ve sonras1 Alan Yol Uzunlugu Uygunlugu (AYU), Alan Kus
Ucusu Yol Uzunlugu Uygunlugu (KUYUU), yakit tiiketimi, parsel
1sleme stiresi, parsel bas1 donts kaybi, yol zaman kaybi ve parsel sinir
alan kayb1 parametreleri hesaplanmigtir. Calismada NetCAD
programi kullanilmigtir. Secilen igsletmelerde AT 6ncesine gore AYU
ve KUYUU degerleri sirasiyla ortalama %43 ve %37 azalmigtir. Yol
uzunluklar1 kisaldigindan yakit tuketimi ortalama %50, toplam
uretim suresi %36 azalmistir. AT sonrasi parsel simir alan kaybi
ortalama %38, parsel basi donus kaybi %38, parsellere ulagimda
gecen siire %50, parsel igleme siiresi %5 diismiistiir. Istatistiksel
olarak AT éncesi ve sonrasi farklar 6nemli bulunmustur (P<0.05).
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The Effect of Land Consolidation Projects on Agricultural Mechanization Management

ABSTRACT

This research was conducted to determine the effects of land
consolidation (LC) projects on agricultural mechanization
management. In this study, L.C projects of Aslama, Carikli, Cayirlh and
Karaath Village in the Misli Plain in Nigde was taken as material.
According to the simple random sampling, 96 managements were
selected and the pre and post LLC parameters of the eligibility of area
road length (AYU), the eligibility of area airline road length (KUYUU),
the fuel consumption, the parcel processing time, the loss of parcel
return, the loss of road time and the loss of area from parcel boundaries
were calculated with the help of NetCAD program. AYU and KUYUU
values of selected managements have decreased by 43% and 37% on
average, respectively. Due to reducing road lengths, the fuel
consumption and the total production time have decreased by 50% and
by 36%, respectively. After the L.C parcel boundary area losses, the end
of parcel return time, the time to reach the parcels, and the parcel
processing time have decreased by 38%, 38%, 50% and 5%,
respectively. Differences before and after LC were statistically
significant (P <0.05).
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GIRIS

Tarimsal tretim faaliyetlerinde gii¢ kaynaklar1 ve
gelismig tarim makinelerinin kullanilmasi1 tarimsal
mekanizasyon olarak tanimlanmaktadir. Tarimsal
mekanizasyon ile girdi maliyetleri azaltilabilir,
caligma kolayhigi, zaman ve igglicl tasarrufu, verim ve
kalite artis1 saglanabilir.

Ulkemiz tarim igletmelerinde toprak yetersizligi ve
toprak miilkiyetindeki dengesiz dagilim, parsellerin
kigcik, parcali, daginik ve sekilsiz olmasi gibi sorunlar
Uretim sisteminde yatirim giderlerini, igglici ve
zaman gereksinimlerini artirmaktadir (Yaganoglu ve
ark., 2000).

Isletmecilik bagarisimi diigiiren parcalanmis, dagimk
ve sekilsiz igletme parsellerinin modern tarim
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isletmeciligine uygun sekilde birlestirilip yeniden
diizenlenmesi arazi toplulagtirma (AT) olarak
adlandirilir (Anonim, 2015).

AT calismalar1 ile parseller mekanizasyona daha
uygun olan kare ve dikdortgen  gekillere
getirildiginden ve parsellerin birlestirilmesiyle yol
glizergahlari  kisaldigindan  tretim  faaliyetleri
sirasinda olusabilecek yakit, zaman ve 1is glici
kayiplar1 azalmaktadir.

Birgok arastirmaci AT  projelerinin  tarimsal
isletmecilige etkisini farkli yonleriyle arastirmagstir.
Kumbasaroglu ve Dagdemir (2007), Erzurum’da 34
koyde 116 tarim isletmesini ortalama parsel
buyuklugine goére 4 grupta incelemis ve ortalama
parsel biytkligiu 30 dekardan fazla olan igsletmelerin
ekonomik agidan daha basarili oldugunu bildirmistir.
Celebi (2010) Karaman'da yaptigi calismada, 1554
hektar alanda yapilan toplulagtirma ile yatirim
maliyetlerinin %44.6 azaldigini belirlemigtir. Oguz ve
Bayramoglu (2004), yaptiklari calismada, arazi
toplulastirmasi ile yakat tiiketiminin ortalama %12-15,
calisma siiresinin %20, tohum kullaniminin %21 ve
giibre kullamiminin %17 azaldigini bildirmislerdir.

Kiisek (2014), Konya’da yaptign c¢alismada,
toplulastirma  ¢aligmalarinin  igglici  giderlerini
%68.75, strum giderlerini %27.12 ve ulasim

giderlerini %4.13 oraninda azaldigimi bildirmigstir.
Boztoprak (2010), Kayseri ilinde yaptig1 calismasinda
toplulastirma 1ile parsel smir alan kayiplarinin
%22.26, toprak igleme stresinin %72.52, yol sliresinin

a 1.050 2100 4200 6300 L L]

[ Meters

Sekil 1. Arastirma alan1 konum haritas:
Figure 1. Location map of the research area

%44.80, toplam hazirlanma stresinin %30.49 ve yol

uzunlugunun %56.24 oraninda distugini
belirtmistir. Hung (2017), yaptig1 calismada arazi
toplulastirmayla isletmelerin makine kullanma

oraninin %75.8'den %89.8'e yiikseldigini ve ortalama
maliyetin %10 distigini, Harasimowicz ve ark.
(2017) ise parsel sayisinin %39.14, parsellere olan
uzakligin  %32.76, parsellere ulasim ve Uretim
maliyetlerinin %38.62 oraninda distigini
bildirmistir. Kuslu ve Ertem (2019), yaptiklar
calisgmada arazi toplulagtirmayla isletme merkezi ile
parseller arasi yol uzunlugu ortalamasinmin %7.14
dolayinda azaldigini, yol agmin yaklasik %62.50
oraninda 1iyilestigini ve yoldan faydalanan parsel
oraninin %68den %100’e ulagtigini belirlemiglerdir.

Bu  c¢alismanin amact  arazi  toplulastirma
calismalarinin tarimsal mekanizasyon isletmeciligine
olan etkisini; alan, zaman ve yakit kaybi1 yoniinden
arastirmak ve igletmecilik acisindan toplulastirma
oncesi ve sonrasi durumu karsilastirmaktir.

MATERYAL ve METOT
Materyal

Bu calismada Nigde Ili Misli Ovas1 merkeze bagh
Aglama, Carikli, Cayirli ve Karaathh Koylerinde
yuritilen arazi toplulastirma proje verileri
kullanilmigtir. Arastirma alaninin konumu Sekil 1.’de
ve arazi toplulagtirma 6ncesi (ATO) ve sonrasina (ATS)
yonelik bilgiler Cizelge 1.’de verilmigtir.

— Karaath
— Cayirh
— Cankh

Aslama
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Cizelge 1. Calisma alanina yonelik AT 6ncesi ve sonrasi genel bilgiler
Table 1. General information about the study area before and after the LC

Ortalama  Parsel Ortalama Isletme Malik  isletme
Parsel Sayis1 (Adet) et e et T §
Koyler Y Biyiikligi (da) Biytiklugi (da) Sayis1  Sayis1 TO (%)
ATO  ATS ATO  ATS  ATO ATS (adet)  (adet)
Aglama 4212 1930 8.90 19.02 38.72 37.92 8448 968 54.18
Carikl 1993 1533 15.70 19.77 23.88 23.14 4893 1310 23.08
Cayirh 3119 2005 9.05 13.83 22.66 22.25 5260 1246 35.72
Karaath 4501 2804 10.18 16.00 35.47 34.72 7955 1292 37.70
TO: Toplulagtirma orani, ATO: Arazi Toplulagtirma Oncesi, ATS: Arazi Toplulagtirma Sonras1
Metot .
Orneklem segimi n= Np(1—p)
Isletme sayisinin fazla olmasi nedeniyle basit tesadiifi ( N — 1) Oﬁx + p(l — }U) (1)

ornekleme yontemine gére (Newbold, 1995) %10 hata
ve %95 gluven araliginda Esitlik 1’e gére 96 igletme
secilmig ve segilen 6rnek igletme sayilar1 Cizelge 2’de
verilmistir.

Cizelge 2. Secilen 6rnek igsletme sayilari
Table 2. Selected sample management numbers

n : Ornek isletme sayisi,

N : Poptilasyondaki igsletme sayisi,

02! Popilasyonu olugturan igletmelerin varyansa,

p : Aranilan 6zelligin rastlanma sikligr (maksimum
érnek icin 0.5),

px: 1-p gostermektedir.

Koyler

) Asglama Carikh Cayirh Karaath Toplam

Isletme sayis1 968 1310 1246 1292 4816

Ornek igletme sayisi 19 26 25 26 96
Yakit tiiketimi Alan-kus ugusu yol uzunlugu uygunlugu (KUYUU)
Calisma alaninda en ¢ok bugday {retimi Bu gosterge degeri 1'e yaklagtikca yol igletim
yapildigindan, igletmenin bir tretim déneminde uygunlugu artmaktadir (Platonova ve ark., 2011).
parsellerine ulasimda tukettigi yakit, bugday Formiil Egitlik 3’te verilmistir.

liretiminde yapilan faaliyetlere gore hesaplanmistir.
Isletmelerin km bagina ortalama 0.407 litre yakit
harcadigi kabul edilmistir (Polat ve Manavbasi, 2012).

Parsel sinir alan kayb:
Parsel sinir1 boyunca 0.30 m’nin tam olarak
kullanilamadig1r kabul edilmistir (Cevik, 1974). Bu

kayip alan, parselin ¢evre uzunlugu buyldikce
artmaktadir.

Alan-yol uzunlugu uygunlugu (AYU)

Bu gosterge degerinin 1’e yaklagmasi igletme i¢in daha
iyi bir yol isletim sistemini ifade etmektedir (Platonova
ve ark., 2011). Formiil Esitlik 2’de verilmistir.

_yu
AYU_0.043«/ﬁ @)

Esitlikte;

AYU: Alan-yol uzunlugu uygunlugu

PA : Parsel alani (ha)

YU : Igletme merkezi ile parsel aras: yol uzunlugu
(km)
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KUuyu
0.038VPA

KUYUU = 3

Esitlikte;

KUYUU: Alan-kus ucusu yol uzunlugu uygunlugu

PA : Parsel alam (ha)

KUYU : Igletme merkezi ile parsel arasi kus ugusu
yol uzunlugu (km)

Yol zaman kayb1

Isletmelerin parsellerine ulagimda gecirdikleri zaman
hesaplanmirken gidis doéniliste ortalama hizlarinin 15
km h oldugu kabul edilmistir (Boztoprak ve ark.,
2015).

Parsel bas1 dontiglerinde zaman kaybi

Parsel bas1 doniiglerinde harcanan zaman, parsel
enine ve kullanilan tarim alet ekipmanlarina baglh
olup, parsel genigligi arttikca kayip artmaktadir
(Ayranci, 2004). Formiil Esitlik 4'te verilmistir.

100aB
YD =~ (1)

Esitlikte;
YD: Parsel bas: déniislerinde zaman kaybi (h)
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a : Parsel baglarinda bir dontiis i¢in gegen ortalama
zaman (dak)

B : Parsel genisligi (m)

b : Kullanilan aracin efektif is genigligi (cm)

Parsel igleme siiresi

Parsel igleme siiresi; parsel buyukligine, makine is
genigligine ve makine ortalama hizina gére
degismektedir (Dincer, 1970). Formiil Esitlik 5’te
verilmigtir.

— _BL
Te = ooy (5)
Esitlikte;

Te: Parsel igleme siiresi (h)

B : Parsel genisligi (m)

L : Parsel uzunlugu (m)

b : Kullanilan aracin efektif is genisligi (cm)

V : Kullanilan aracin ortalama calisma hiza (km h'1)

Bugday tariminda yapilan faaliyetler i¢in parsel
baglarinda gecgen ortalama zaman, makine is genigligi
ve ortalama c¢alisma hizi Cizelge 3’te verilmigtir
(Ayranci, 2004; Say, 2001).

Cizelge 3. Bugday tretiminde gerceklestirilen faaliyetlerin sayisi, parsel baginda gegen ortalama zaman, makine

is genigligi ve ortalama ¢alisma hiz1

Table 3. Number of operations, average passing time beginning of parcel, machine working width and average

working speed in wheat production

Faaliyet a b

Sayisi Ortalama ¢alisma hizi

(km h'1)
1.Strim 0.30 91 1 7
2.Strim 0.30 350 1 10
3.Strim 0.30 300 1 9
Ekim 0.30 250 1 8
Gibreleme 0.30 600 3 8
Ilaclama 0.30 460 1 8
Balyalama 0.30 160 1 6
Hasat 0.35 457 1 5

a; déonme zamani (dak), b; tarim makinesi is genisligi (cm)

Bugday tariminda tarla etkinligi kare ve dikdortgende
0.94, yamuk ve lggende 0.90 ve sekilsiz parsellerde
0.85 alinmistir (Say, 2001). Parsel bas1 déniigler ve
parsel igsleme siireleri bu sebeple etkinlik degerlerine
bolinerek efektif sonuclara dontstirilmustir.
Gergeklestirilen tarimsal faaliyete gore kabul edilen
ortalama calisma hizlari, Kepner ve ark. (1980); Hunt
(1983) ve ASAE (1994) calismalarindan alinmigtir
(Sabanci ve ark., 2010).

Istatistiksel degerlendirme

Secilen igsletmeler i¢in AT 6ncesi ve sonrasi hesaplanan
gosterge ortalamalar1 arasindaki farkin istatistiksel
olarak 6nemli olup olmadigini belirlemek igin t testi
(paired-sample t-test) yapilmigtir.

BULGULAR ve TARTISMA

Hesaplanan AYU, KUYUU, yakit tiikketimi ve sinir
alan kayb1 gostergelerinin minimum, maksimum,
ortalama ve standart sapma degerleri Cizelge 4’de
verilmigtir. AT ile ortalama AYU degeri Aslama’da
%42, Cariklida %44, Caywrli’da %36 ve Karaatli’da
%49, ortalama KUYUU degeri ise sirasiyla %38, %32,
%33 ve %47 oraninda dismiustir. 4 koyde de AYU ve
KUYUU AT o6ncesi ve sonrasi ortalama degerleri
arasindaki fark istatistiksel olarak énemlidir (P<0.05).
Degirmenci ve ark. (2017), benzer sonuclar bulmus ve
AYU ile KUYUU arasinda pozitif bir iligki oldugunu
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ifade etmiglerdir. Platonova ve ark. (2011), AYU ve
KUYUU degerinin 1 olmasinin igletme yol uygunlugu
icin en iyi deger olacagimi belirtmigtir. Arastirma
alaninda AT ile isletmelerin daha 1iy1 bir igletim
uygunlugu kazandigi, mevcut yol agr sisteminin
kalitesinin arttig1 ve yollarin daha az dénemecli hale
geldigi ifade edilebilir. Ayrica secilen igletme
parsellerinin tamami yola cephe kazanmistir. Sekil
2’de o6rnek bir isletmenin AT Oncesi ve sonrasi yola
cephe durumu gosterilmigtir.

Isletmelerin yakit tiiketim ortalamalar1 AT ile
Aglama’da %51, Carikli’da %52, Cayirlida %51 ve
Karaatl’da %47 oraninda azalmigtir. AT oOncesi ve
sonrasi yakit tiketiminde 6nemli bir fark vardir. Bu
fark 4 koy icin de istatistiksel olarak oOnemlidir
(P<0.05). Kuzu ve ark. (2018) toplulastirma sayesinde
yol uzunluklar1 distigi i¢in ortalama yakit
tuketiminde yaklasik %16 tasarruf edildigini, Polat ve
Manavbas: (2012) ise yol giizergahlarinin ortalama
26.68 km kisalmasiyla yakit tiiketimlerinin ortalama
10.86 litre azaldigin bildirmistir. Ayten ve Cay (2017),
ornek Dbir igletmenin parsellerine gidis geliste
harcadig1 yillhik yakitin AT sayesinde 151 litreden 30
litreye distuguni ifade etmigtir.

Parsel sinir alan kaybi ortalamalari, AT ile birlikte
Aglama’da %40, Carikli 'da %34, Cayirl’da %38 ve
Karaatl’da %40 azalmistir. Isletmelerin parsel sinir
alan kayiplar1 degerleri arasindaki AT oOncesi ve
sonrasi fark 4 koy i¢in de istatistiksel olarak 6nemlidir
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(P<0.05). Cevik (1974), yaptig1 calismada parsel sayis1
5, alam1 34 dekar olan bir igletmenin toplulastirma
sayesinde parsel sinir alan kaybinin 579 m?den 223
m?ye diistiigiinii (Arict ve Akkaya Aslan, 2014),

Boztoprak ve ark. (2015) ise AT projesi kapsamindaki
isletmelerde toplam simir alan kaybinin toplulagtirma
sayesinde 233 dekardan 181 dekara diistugini ve
azalma oraninin %22 oldugunu belirtmigtir.

Cizelge 4. AT oncesi ve sonrast AYU, KUYUU, yakit tiiketimi ve sinir alan kaybi degerleri
Table 4. AYU, KUYUU, fuel consumption and loss of boundary values before and after LC

Koyler Deger AYU KUYUU Yakit tiiketimi (L) Siir alan kaybi (m?)
ATO ATS ATO ATS ATO ATS ATO ATS
min. 32.55 10.93 30.84 12.23 19.77 6.59 92.92 62.89
g max. 190.86 157.43 194.71 157.01 483.91 178.85 808.34 538.82
< ort. 96.87 56.11 90.68 56.45 120.41 58.59 309.25 185.29
= sdt. 50.75 40.16 46.47 40.27 108.61 49.72 217.79 119.41
min. 41.28 23.08 34.01 21.94 25.10 18.99 79.19 81.49
:: max. 227.47 134.22 177.55 111.69 225.64 117.03 843.77 560.87
g ort. 121.34 68.00 91.88 62.80 117.78 56.26 269.96 178.79
8 sdt. 48.20 30.97 36.88 27.30 58.97 20.19 170.34 109.46
min. 37.86 19.70 38.16 21.32 16.47 14.38 87.47 66.47
= max. 231.56 148.49 238.25 148.11 388.56 177.64 884.54 464.06
g ort. 99.08 63.62 96.03 64.31 111.29 54.90 259.58 160.84
8 sdt. 52.47 32.97 53.37 33.64 97.62 37.15 209.63 102.60
~ min. 43.61 28.58 49.21 27.80 21.62 21.39 103.04 67.22
% max. 253.12 147.81 254.76 134.88 281.43 155.20 858.32 366.09
% ort. 116.43 59.18 113.72 60.10 108.06 56.86 303.12 182.35
N sdt. 50.92 27.96 48.68 27.25 67.79 30.82 188.31 86.19
iy
~148.
Y85
. __:L — AT oncesi T11./4, AT sonrast

Sekil 2. Parsellerin AT 6ncesi ve sonrasi yola cephe durumu
Figure 2. The front position of the parcels to road before and after L.C

Isletmelerin  bir tretim déneminde harcadiklar:
zaman, igletme merkezinden parsellerine giderken
yolda harcanan zaman, parsel i¢i tarimsal
faaliyetlerde harcanan zaman ve parsel basi
dontiglerde kaybedilen zamanin toplamidir.
Hesaplanan zaman kayb1 gostergelerinin minimum,
maksimum, ortalama ve standart sapma degerleri
Cizelge 5’de verilmigtir.

Isletmenin parsellerine uzakhigina bagh olarak
parsellere ulasim igin gecen zaman farkli degerler
almigtir. Tarimsal faaliyetler igin harcanan zaman
parsel alanina gore degisiklik gostermistir. Parsel
seklinin kare, dikdortgen gibi dizgiin sekilli veya
sekilsiz olmasi faaliyet siiresini etkilemektedir.
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Secilen igletmelerin parsellerine gidis doniiste gegen
ortalama toplam zaman AT ile yaklasik olarak,
Aglama’da 20’den 10’a, Carikli’da 19°dan 9’a, Cayirli’da
18den 10’a ve Karaatli’da 18 saatten 9 saate
diismistiir. Ayten ve Cay (2017), 6rnek bir isletmenin
benzer sekilde parsellerine gidis doniste yillik
yaklagsik 35 saat harcarken AT ile artik 6 saat
harcadigini bildirmigtir.

AT ile parsel bas1 donuiglerinde ortalama zaman kaybi
yaklagik olarak, Aglama’da 3.17den 1.99 saate,
Carikl’'da 2.34’ten 1.51’¢, Cayirl’da 2.5ten 1.63%,
Karaatli’da 3.02’den 1.66’ya dismiustiir. Parsel eni
arttik¢a parsel baglarindaki doniis sayis1 ve buna bagh
olarak da zaman kaybi1 artmaktadir. Ayranci (2004),
yaptigl calismada misir tariminda yillik parsel bag:
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doniis kayiplarinin boy/en orani 0.5 olan parselde 1.27
saat iken boy/en orani 1, 2, 3, 4 ve 5 olan parseller i¢in
sirasiyla 0.92, 0.63, 0.53, 0.45 ve 0.41 saat oldugunu
belirtmigtir.

Parsel igsleme siiresi ortalamasi AT 6ncesi Aslama’da
11.01, Carkli’da 7.55, Cayirl’da 6.99, Karaatli’da 8.64
saat iken AT sonrasi Aglama’da 10.33, Carikli’da 7.16,
Cayirlrda 6.67 ve Karaatlida 8.42 saat olmustur.
Parsel igsleme stiresi AT 6ncesi ve sonrasi degerlerinde
Karaatl’'da istatistiksel olarak fark bulunmazken

(P>0.05); Aslama, Carikli ve Cayirlida istatistiksel
olarak fark bulunmaktadir (P<0.05). Parsel isleme
sliresi parsel alanina bagh olarak artmaktadir. Parsel
alanlar1 esit olan parsellerde isleme slresi parsel
sekilsizlestikce artar, en uygun parsel sekli
dikdértgendir (Boyacioglu, 1975).

Toplam turetim stiresi ise AT ile yaklasik olarak,
Aglama’da 33.90 saatten 21.92 saate, Carikli'da
29.18den 17.89a, Cayirlida 27.72’den 17.29’a ve
Karaatlr’da 29.37'den 19.39’a diigmuistur.

Cizelge 5. AT o6ncesi ve sonras1 zaman kayiplar: temel istatistik degerleri
Table 6. Basic statistical values of time losses before and after LC

Yol Zaman Kayb1

Koyler Deger

Parsel Dontis Kayb1

Parsel Isleme Siiresi Toplam tiretim I¢in

h) h) h) Gegen Siire (h)
ATO ATS ATO ATS ATO ATS ATO ATS
min. 3.24 1.08 0.60 0.57 1.37 1.24 7.05 3.96
g max. 79.26 29.29 8.95 6.18 46.77 44.44 112.82 79.92
< ort. 19.72 9.60 3.17 1.99 11.01 10.33 33.90 21.92
4 sdt. 17.79 8.14 2.34 1.56 12.14 11.38 29.83 20.00
min. 4.11 3.11 0.16 0.16 1.73 1.68 7.21 5.85
3 max. 36.96 19.17 8.88 4.73 25.19 24.46 71.03 48.36
i ort. 19.29 9.22 2.34 1.51 7.55 7.16 29.18 17.89
S sdt. 9.66 3.31 1.91 1.20 6.78 6.47 15.51 9.73
min. 2.70 2.36 0.74 0.45 1.44 1.38 5.83 5.62
= max. 63.65 29.10 7.55 5.40 30.71 29.17 92.32 52.13
g ort. 18.23 8.99 2.50 1.63 6.99 6.67 27.72 17.29
S sdt. 15.99 6.09 1.85 1.26 7.62 7.13 23.58 13.24
~ min. 3.54 3.50 0.71 0.39 1.50 1.45 6.23 5.86
?5 max. 46.10 25.42 7.63 3.81 27.76 25.82 54.82 43.35
% ort. 17.70 9.31 3.02 1.66 8.64 8.42 29.37 19.39
N sdt. 11.10 5.05 1.95 0.99 7.47 7.35 16.18 11.66
ATO: Arazi Toplulastirma Oncesi, ATS: Arazi Toplulagtirma Sonrasi
SONUC ve ONERILER Isletmeler icin zaman c¢ok onemli oldugundan
Aslama, Carikl, Cayirlh ve Karaath Koéylerinde yasanacak zaman kayiplari igsletmeler i¢in énemli gelir

yurutilen arazi toplulastirma projeleri ile parsel
sayillari dismiustir. Toplulastirma oranlar1 yuksek
olmamasina ragmen parsel sekilleri daha diizgiin hale
gelmigtir. Boylece parseller igletmecilik acgisindan
mekanizasyon i¢in daha uygun hale geldiginden
iglenmesi  kolaylagmigtir. Ayrica parsel sinir
uzunluklar sekilsiz parsellerde arttigir i¢in sekilsiz
parsellerin azalmasi ile sinir alan kayiplar: azalmigtir.
Secilen igletmelerde AT ile simir alan kayiplar
azalmigtir. Buna gore isletme parsellerinde
kullanilabilir alan artacagindan dolay: Giretim miktar:
ve igletme geliri de artabilir.

Yol igletim uygunlugunu ifade eden AYU ve KUYUU
gostergeleri azalarak en uygun deger olan 1’e
yaklagsmistir. Yol ag1 sisteminin iyilegtirilmesiyle
igletmelerin parsellerine ulasimi kolaylagsmis ve
igletme giderlerinde o6nemli bir yer tutan yakit
tiketimi de diigmustir.
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kayiplarina yol agabilir. Segilen igletmelerde
toplulastirma sayesinde bir uretim dénemi boyunca
uretim ic¢in gecen toplam zaman azalmistir.

Ayrica tim parsellerin yola cepheli hale gelmesi ile
sinir ihlallerinden kaynaklanan igletmeler arasindaki
huzursuzluklar azalabilir. Yakit tiiketiminin diismesi
ile yakit giderlerinin azalmasinin yaninda gevreye
zararh emisyonlar da azalabilir.

Hesaplanan gostergeler 1s181nda igletmelerin 6nemli
kazanmimlar elde ettigini ve arazi toplulastirma
projelerinin bu yo6niyle ulkemiz ig¢in ¢ok Onemli
oldugunu ve bu projelerin artirilmasi gerektigini
soyleyebiliriz.

Arazi toplulagtirma projelerinin tarimsal igletmelere
etkilerinin degerlendirilmesinde gostergelerin birlikte
kullanilmasi daha saglikli sonuglar verecektir.
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TESEKKUR

Bu makale Hamza Kuzu'nun yiiksek lisans tezinden
yararlanarak hazirlanmigtir.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir ¢ikar

catismasi olmadigini beyan ederler.

Aragtirmacilarin Katk: Orani1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan ederler.
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Bu calismada Avrupa deniz levregi (Dicentrarchus labrax) yemlerinde

kullanilan, balik yagina ikame olarak, ii¢ farkli oranda (0, 50 ve 100) Makale Tarihgesi

kanola yag1 (Kanola, K) iceren yemlerle (20.4 g) 10 hafta boyunca Gelig Tarithi  :18.11.2019
vicut agirliklarimin %2’si olacak sekilde beslenmistir. Besleme Kabul Tarihi :17.01.2020

denemesinden sonra, her tanka (500 L) 20 adet levrek (78.6 + 3.58
gram) ¢ tekerriirlii olarak stoklanmistir. Sindirim kanalinin
bogsaltim siliresinin belirlenmesi i¢in, 6rneklemeden 6nce bireyler 72

Anahtar Kelimeler
Alternatif yag kaynaklari

saat a¢ birakilarak sindirim sisteminin tamamen bosaltilmasi Kanola yag
saglanmistir. Ornekleme baslamadan énce tim baliklar tek 6gun “ad Mide bogaltim stiresi
libitum” olarak beslenmistir. Her deneme grubundan 0., 8., 16., 24., Sindirilebilirlik

32. ve 48. saatlerde tesadifi olarak 9 adet balik orneklenmis ve
sindirim kanalinda mide, 6n bagirsak ve son bagirsak olmak tizere ¢
farkl bolgede kalan yemler tespit edilmistir. Mide, 6n bagirsak ve
bagirsaklardaki en kisa bogaltim siirelerinin sirasiyla 32.2; 60.9 ve
50.4 saat ile KO grubunda (%0 kanola yag1) oldugu bulunmustur, en
uzun siirenin ise sirasiyla 41.9; 101.3 ve 70.2 saat ile K100 (%100
kanola yag1l) grubunda oldugu belirlenmistir (P<0.05). Deneme
sonunda ulagilan veriler, yem icerisinde balik yagina ikame olarak
kullamilan kanola yagi oranin artmasi ile bosaltim strelerinin
dogrusal olarak tim sindirim sisteminde uzadigini ve levrek
yemlerinde bu yagin yem formiilasyonlarinda yiiksek oranlarda
kullanimini sinirlandiracagini géstermistir.

ABSTRACT
In this study, European sea bass (Dicentrarchus labrax) (20.4) was fed
2%BW for 10 weeks with three different diets containing 0, 50 and 100

Determination of Gastric Evacuation Time for European Sea Bass (Dicentrarchus labrax L.) with Feeds
Containing Canola Oil

Research Article
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at high rates.
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GIRIS

Giunimuzde su urtnleri yetistiriciligi i¢in Uretilen
ticari balik yemlerinde yaygin olarak balik yag:
kullanilmaktadir. Balik yag: tiretiminin sadece aveilik
yoluyla elde edilen balik kaynaklarina baglh oldugu,
artan talep karsisinda ihtiyaci karsilayamadigr ve
balik yag1 fiyatlarinda artisa sebep oldugu
bilinmektedir. Bu nedenle, son 20 yilda ticari balik
yemlerinde balik yagina alternatif yag kaynaklarinin
arastirilmasi tizerine oldukga fazla ¢alisma yapilmistir
(Nikzad ve ark., 2012; Xu ve ark., 2012). Bu calismalar,
balik yagina alternatif en uygun ham maddelerin
bitkisel yaglar oldugunu ve farkli oranlarda ticari
yemlerde basariyla kullanilabilecegini gostermistir
(Gunstone, 2010). Tocher ve ark. (2003), yem icerisinde
dengeli bir sekilde amino asit ve esansiyel yag
asitlerinin  saglanmasiyla tatli su tiirlerinin
yemlerinde balik yaginin tamamen ve deniz tiirlerde
ise yaklasik %60-70e¢ kadarinin bitkisel yaglarla
degistirilebilecegi ve bu degisim oranlarinin biiyiimeyi
olumsuz yonde etkilemeyecegini belirtmiglerdir.
Sindirim suresi ve orani baliklarin igtahi ile dogrudan
ilgili oldugundan gilinlik yem alimini etkileyen bir
etmendir (Riche ve ark., 2004). Midenin bosalma
siiresi (MBS) ile ilgili bilgi, balifin beslenme orana,
yemlerin enerji bltgesi ve giunlik yem tuketim
miktarinin tahmin edilmesinde hem saha hem de
laboratuvar c¢alismalar1 i¢in temel bir faktordiir
(Kawaguchi ve ark., 2007; Das ve ark., 2014). Sindirim
kanali bosaltim stresi, hayvanlarda bir besinin
sindirilmesi i¢in gerekli zaman hakkinda bilgi verir.
Sindirim kanalinin bogsaltim stiresini etkileyen pek ¢ok
etmen vardir. Mide bogaltim orani; sicaklik, balik
agirligi, yem boyutu, yem igerigi ve beslenme sikligiyla
da iligkilidir (Grove ve Grawford, 1980; Jobling, 1981;
Jobling, 1987; Persson, 1981; Hofer ve ark., 1982;
Holmgren ve ark., 1983). Midenin bosalma hiz
zamanla 1ssel olarak degismekte olup, mide
doluluguna bagl olarak tlretilen pepsin ve asit miktar:
ile degiskenlik gostermektedir. Yemin pelet veya
ekstriidde islemlerinin mide bosaltim siiresini direk
etkiledigi ve ekstiirtide olarak tiretilen yemin mide
bosaltiminin yaklagitk 2 kat daha wuzun stirdigi
belirlenmigtir. Ayrica, yemin igerigi ile baliklarin tir
farklilign sindirim kanalinin bosalma siiresini
etkilemektedir. (Adamidou ve ark., 2009; Nikolopoulou
ve ark., 2011). Bugiine kadar mide bogaltim oram ile

ilgili  yapilan  ¢alismalarda  c¢esitli  modeller
olusturularak baliklarin dogal ortamdaki beslenme
aligkanliklarinin arastirilmasi ve alternatif

hammaddelerin kullanildigi durumlarda, baliklarda
sindirim siiresi ve sindirilebilirligi nasil etkilediginin
belirlenebilmesi iizerine odaklanilmigtir.

Bitkisel yaglarin tirii ve yem igerisindeki orani
yemlerin sindirim kanalindan gegis hizini, dolayisiyla
da yemin sindirilebilirligini etkiledigi igin, her yag
kaynaginin ilgili balik tiiriinde sindirilebilirlik Gizerine
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etkilerinin arastirilmasi 6nem arz etmektedir. Venou
ve ark., (2003) ortalama 44.5 g agirhgindaki
¢ipuralarda mide bosaltim suresinin kullanilan
ekstride yeme bagh olarak 3.8 saat ile 8.5 saat
arasinda degisiklik gosterdigini belirlemiglerdir.
Aycicegi ve soya fasulyesi govde lifleri ile hazirlanmig
yemlerle Dbeslenen levreklerde diyetlerdeki lif
seviyesinin yiikselmesi mideyi bosaltmak igin gereken
stireyi arttiriyor gibi goriinse bile, sindirim gegisi
siiresini etkilemedigini bulmuslardir (Bonvini ve ark.,
2018).

Literatiirde yemlerde kanola yag1 kullaniminin
Avrupa deniz levreginde sindirim kanali bogaltim
stiresi tuzerine etkileri 1ile 1ilgili herhangi bir
arastirnlmaya rastlanmamistir. Bu amagla levrek
baligi yemlerine farkli oranlarda kanola yag:
ilavesinin, baliklarda ki mide bogaltim stirelerini
etkileyen faktorlerin ortaya konularak, sindirim
kanali  bogaltim  strelerinin  karsilastirilmasi
amaglanmigtar.

MATERYAL ve METOD

Yapilan calisma Cukurova Universitesi Su Uriinleri
Fakultesi, Yumurtalik Deniz Baliklar1 Arastirma
Istasyonu'nda gergeklegtirilmigtir. Ortalama
agirliklarn  3-4 g olan Avrupa deniz levregi,
Dicentrarchus labrax, yavrulari Akuvatur (Tuzla,
Adana) isimli kuluckahaneden alarak isletme
kogullarina alistinlmak ve deneme baglangic
agirhgina kadar buyutilmek tizere 4 tonluk dairesel
fiberglas tanklara stoklanmigtir. Deneme boyunca,
tanklarin icerisine kabaca filtre edilmis deniz suyu
girisi 3 Ldk!. olarak ayarlanmis ve tanklardaki
¢oziinmiis oksijen seviyesi 6 mgL'nin altina
diusmeyecek sekilde siirekli olarak bir hava motoru ile
havalandirilmigtir.

Besleme denemesinde, balik yagina ikame olacak
sekilde, ii¢ farkli oranda kanola yag ilave edilmis (%0,
50 ve 100) yemler ile 10 hafta boyunca beslenen
baliklar (20.4 gram) kullamlmistir (Cizelge 1).
Besleme denemesinin ardindan her bir tanka (500 L)
18 adet Avrupa deniz levregi (78.6+3.58 gram)
stoklanmigtir. Sindirim kanali bogaltim slresinin
belirlenmesi i¢in yapilacak oOrneklemelerden once
bireyler 72 saat ac¢ birakilarak sindirim sisteminin
tamamen bogalmasi saglanmigtir. Bu stireler disinda,
baliklar “ad libitum” olarak beslenmigstir. Calismadaki
her bir deneme grubu g tekerrirli yurutilmustir.
Her gruptan 0., 8., 16., 24., 32. ve 48. saatlerde tesadufi
olarak her tanktan ii¢c adet balik (n=3, N= 9), yogun
anestezi (0.6 mL.L-1 2-phenoxyethanol) (Mylonas, ve
ark., 2005) kullanilarak érneklenmistir. Orneklemeler
icin secilen zaman araliklar1 Finstad (2005)e gére
belirlenmigtir. Baliklarin sindirim sisteminde bulunan
yemlerin, anestezi sonrasinda geri c¢ikarmasim
onlemek amaciyla 6zofagus ve anus agikliklarina pens
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yardimiyla pamuk ile kapatilmigtir. Kapatilan pamuk
parcasi 6zofagusun mideye olan baglantisinin oldugu
yere dikkatlice yerlestirilmistir (Pérez-Casanova ve
ark., 2009).

Orneklenmelerin hemen ardindan baliklar ayr
posetler igerisinde -20°C’lik derin dondurucuda
saklanmigtir. Analizler 6ncesinde derin dondurucudan
cikartilan baliklar ¢éziinmeleri igin oda sicakliginda
bekletilmigtir. Laboratuvar analizleri i¢in o6ncelikle

baliklarin agirhiklar1 alinmis, sonrasinda disekte
edilerek sindirim sistemleri mide, 6n bagirsak ve son
bagirsak olmak tuzere Ug¢ farkli bolime ayrilmigtir.
Daha sonra mide, 6n bagirsak ve son bagirsak
icerikleri gikartilarak, daralari énceden alinmig olan
krozelere aktarilmistir. Yas agirliklar1 belirlenen
mide, 6n bagirsak ve son bagirsak igerikleri, etiv
icerisinde 105°C’de 24 saat bekletilerek kuru
agirliklar belirlenmistir.

Cizelge 1. Deneme yemlerinin formiilasyonu (g.kg1) ve besin madde bilesenleri (%).
Table 1. Integredients (g.kg’!) and proximate composition (%) of diets formulated.

Yem Hammaddeleri (g.kg?)

Feed Ingredients KO K50 K100
Balik Unua (Fish Meal) 450 450 450
Misir Glutenib (Corn Gluten?) 225 225 225
Dekstrin® (Dextrin®) 130 130 130
Balik yagi» (Fish Oil?) 100 50 0
KanolaYagic (Canola Oil) 0 50 100
KMS (Karboksi Metil Seliiloz)d CMC (Carboxy Methyl Cellulosed 47 47 47

DKF (Di Kalsiyum Fosfat)d DCP (Di Calcium Phosphate) 4 23 23 23
Mineral Karisimi2 (Mineral Mix?) 15 15 15
Vitamin Karigimi2 (Vitamin Mix?) 10 10 10
Besin Maddeleri Igerigi (%)

Proximate Compositon (%)

Nem (Moisture) 11.4+0.2  11.2+0.7 11.6+0.3
Ham Protein (Crude Protein) 48.3+0.6  48.3+1.1 48.1+0.7
Ham Yag (Crude Lipid) 18.4+0.2  18.2+0.8 18.440.4
Ham Kiil (Crude Ash) 10.7+0.2  10.3+0.3 10.340.1

a Sibal Black Seafeed (Izmir, Tiirkiye)
¢ Migros (Adana, Tiirkiye)

Baliklarda mide bogaltim oranini tespit etmek ic¢in
farkli modeller kullamilmaktadir (Bromley 1994). Bu
modeller, dogrusal (Santulli ve ark., 1993; Miyasaka
ve ark., 2005; Adamidou ve ark., 2009) ve issel model
(Vinagre ve ark., 2007) kullamilmistir. Tiim sindirim
kanali parcalarindan alinan bosaltim verileri Elliot
(1972)e gore; Agirhk Az mide iceriginin ‘z’
zamanindaki geometrik ortalamasi, ‘A’ ise regresyon
analizi sonucunda katsayr ve v’ ise mide bosaltim
oranmidir. Bu veriler, logaritmik olarak pilotlandiginda;
LnA = InAr2 mide bosaltim oraniyla iligkili ‘v’ egrisi
yukaridaki denklemden hesaplamigtir. Mide bogaltim
sliresi ise yine yukaridaki denklemden ‘z’ zamaninda
midenin %50, %75 ve %100Unin bosaldigi
zamanlardan hesaplanmigtir. On bagirsak verilerinin
hesaplanmasinda lineer model, son bagirsakta ise
kuadratik model kullanilmistir. Elde edilen egri
degerleri maksimum bagirsak igerigi ve bosaltim
zamaninin belirlenmesinde kullanilmigtir.

Calismanin yapilabilmesi i¢in Cukurova Universitesi
Hayvan Deneyleri Yerel Etik Kurulundan 04.02.2015
tarih ve 9 sayili toplanti karari ile izin alinmigtir.

BULGULAR

Deneme sonunda baliklarin midede, 6n bagirsakta ve
son Dbagirsaktaki bogaltim oranlar1i ve streleri
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b Sunar Misir (Adana, Tirkiye)
d Sigma-Aldrich (Inc St Louis, MO, USA)

hesaplanmigtir. Hesaplamalar sonunda elde edilen
veriler incelendiginde, midede kalan yemlerin
miktarlarinin zamana bagh degisimleri Elliot
(1972)’ye gore noktalandiginda bireylerden elde edilen
denklemler asagidaki gibi bulunmustur.

KO: Y=1.0238¢0.070x R2=0.985
K50:  Y=1.7010e0-063x R2=0.921
K100: Y=1.5127¢0.0549x R2=0.955

Verilen yemlerin yarisinin (%50 MBS), mideden
bogaltilmasi i¢in gecen siire KO ve K50, gruplarinda
11.7 1ile 13.1 saat bulunurken, bu stireler K100
grubunda 16.5 saat olarak belirlenmigtir. Midedeki
yemlerin tamamen bogaltilmas1i igin gecen siire
yukaridaki denklemlerle hesaplandiginda, gruplarda
degerler sirasiyla; 34.7, 42,1 ve 45.9 saat olarak
bulunmustur. Yemlerdeki bitkisel yag orani arttikea,
midedeki bogaltim oran1 K50 de kismen artarken K100
gruplarinda belirgin olarak artig1 saptanmistir (Sekil
1). Hesaplamalar dogrultusunda bitkisel yag oraninin
yemlerdeki miktar1 arttik¢a besinlerin midede kalma
stresinin de uzadig1 ortaya konulmustur. Son
ornekleme zamani olan 48. saatte tim gruplardaki
bireylerin midelerinin tamamen bogaldig:
saptanmigstir. Genel olarak midedeki %50, %75 ve %90
bosaltim streleri Cizelge 2’de gosterilmistir. Midede
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kalma siireleri gruplar arasinda karsilastirildiginda,
K100 grubunda siire en uzun cikmistir. Kontrol (K0)
grubu ile K50 ve K100 gruplar1 karsilagtirildiginda;

MIDE
1,80 _| Stomach
1,60 ;
1,40

1,20

Kuru Madde % Viicut
Agirhgi

yemlerin sindirim esnasinda sirasiyla %19.7 ile %21.3
oraninda midede daha fazla kaldig1 hesaplanmistir.

@ 0%
B 50%

100%

Zaman (Saat)
Time (h)

Sekil 1. 48 saat boyunca yapilan 6rneklemelerde kanola yagi iceren yemlerle beslenen Avrupa deniz levreklerinin
midelerinde kalan yemlerin zamana kars; iissel egrisi. Her bir plotlama noktas: ii¢ tekerriir (3 balik x 3

tekerriir, n = 9) ortalamasini gostermektedir.

Fig 1. Exponential versus time exponential curve of feed remaining in the stomachs of European sea bass, which
Is fed with canola oil in 48-hour sampling. Each plotting point shows the average of three replicates (3 fish

x S replicates, n = 9)

On bagirsakta kalan yemler dogrusal modelden elde
edilen denklemler agagidaki gibidir. Bu denklemler

yardimiyla 6n  bagirsagin  bosaltim  siireleri
hesaplanmigtir.

K0: Y=-0.0008x+0.0509 R2=0.978

K50: Y=-0.0013x+0.1017 R2=0.977
K100:Y=-0.0130x+0.1122 R2=10.980
Dogrusal modelden elde edilen denklemler

hesaplandiginda, 6n bagirsagin tamaminin bogsalmasi
icin gerekli siirenin en uzun oldugu grubun K100
olarak hesaplandigi bulunmustur. Denemenin 48
saatlik stiresi sonunda, gruplardaki bireylerin 6n
bagirsaklarinmin  bu siire igerisinde tamamen
bosalmadign saptanmistir (Cizelge 2). Yapilan
hesaplamalarda, o6zellikle %50'nin tzerinde kanola
yag 1iceren yemlerle Dbeslenmis levreklerde 6n
bagirsakta sindirim siiresinin en yiiksek oldugu
saptanmigtir (Cizelge 2). K50 grubuna kiyasla K100
grubunda %34.1 oraninda daha fazla yem 6n
bagirsakta kalmigtar. KO grubuna gore
kargilagtirildiginda ise, yemlerin %43.4 oraninda daha
uzun slire 6n bagirsakta kaldigi hesaplanmigtir.

Yapilan hesaplamalarda, o6zellikle %50'nin lzerinde
kanola yagi iceren yemlerle beslenmis levreklerde 6n
bagirsakta sindirim siiresinin en yiiksek oldugu
saptanmistir  (Cizelge 1). KO grubuna gére
kargilagtirildiginda ise, yemlerin %38,9 oraninda daha
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uzun siire 6n bagirsakta kaldigir hesaplanmigtir. Son
bagirsakta kalan yemlerden elde edilen denklemler;

KO0: Y=-0.0001x2+0.0051x+0.0166  R*=0.9807
K50: Y=-0.0013x2+0.0087x+0.0017 R2=0.9331
K100:Y=-0.0001x2+0.0071x+0.0271 R* = 0.8994

Son bagirsak iceriklerinin incelenmesinde, 6rnekleme
stiresince bagirsagin bu boélimiinin tam olarak
bosalmadigi ve tamamen bosgalabilmesi i¢in minimum
gerekli  strenin elde ettigimiz  denklemlerle
hesaplanmasindan 43.1 saat (KO grubunda) ile 64.0
saat (K100) arasinda degistigi saptanmistir. Mide ve
o6n bagirsak verilerinde saptandigi gibi, bitkisel yag
oraninin artiginin sindirim siiresi ve oranini etkiledigi
anlagilmistir (Sekil 3; P<0.05). On bagirsakta oldugu
gibi son bagirsakta da artan yag orani sindirilebilirligi
dogrudan etkilemistir.

Son bagirsaktaki siirelerin geneline bakildiginda,
ozellikle tamamen kanola yag1 igeren yemlerle
beslenmigs levreklerde sindirim siiresinin  6n
bagirsakta en yiksek oldugu saptanmigtir. KO ile

K100 grubu karsilastirildiginda, yemin K100
grubunda %28.4 oraninda daha uzun kaldig1
hesaplanmigtir.

TARTISMA ve SONUC

Mide bogaltim stiresinin belirlenmesi ile ilgili yapilan
¢ogu calismada sindirim kanali sisteminde kalan yem



KSU Tarim ve Doga Derg 23 (3): 663-670, 2020
KSU J. Agric Nat 23 (3): 663-670, 2020

Arastirma Makalesi
Research Article

ile stire arasindaki iligskinin dogrusal, karekok veya
ussel denklemlerle tarif edilebilecegi gosterilmigtir
(Bromley, 1994). Kullanilan hammaddelerin besin
sindirilebilirligini 6nemli 6l¢tide etkiledigi ve bununda
yem alimi ile enzim aktivitesi tizerinde direk etkisinin
oldugu belirtilmistir (Hidalgo ve ark., 1999; Temming
ve Herrmann, 2001). Benzer sekilde, yapilan bu

caligma sonucunda, Avrupa levreginde sindirim kanali
bosaltim siirelerinin yem icerisindeki bitkisel yag
oraniyla iligkili olarak degisiklik gosterdigi ve degisen
oranlarda kanola yag1 iceren (%0, 50 ve 100) yemlerle
beslenen levrek baliklarinin %50’sini bosgalttiklar:
stireler, sirasiyla 11.7, 13.1 ve 16.5 saat olarak
bulunmustur. Ayrica, yem igerisinde kullanilan lipit

On Bagirsak
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Sekil 2. 48 saat boyunca yapilan 6rneklemelerde kanola yagi iceren yemlerle beslenen Avrupa deniz levreklerinin
on bagirsaklarinda kalan yemlerin zamana karsi dogrusal egrileri. Her bir plotlama noktasi ti¢ tekerriir

(3 balik x 3 tekerriir, n=9) ortalamasini gostermektedir.
Fig 2. Linear curves versus time of feed remaining in the foregut of FEuropean sea basses fed with canola oil feed
during 48 hours sampling. Fach plotting point shows the average of three replicates (3 fish x 3 replicates, n

=9).
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Sekil 3. 48 saat boyunca yapilan érneklemelerde kanola yagi iceren yemlerle beslenen Avrupa deniz levreklerinin
son bagirsakta kalan yemlerin zamana kars; kuadrik egrileri. Her bir plotlama noktas ii¢ tekerriir (3 balik
x 3 tekerriir, n = 9) ortalamasini gostermektedir.
Flig 3. Quadratic curves versus time of feed remaining in the hindgut of European sea bass perches fed with canola
o1l in 48-hour sampling. Each plotting point shows the average of three replicates (3 fish x 3 replicates, n

=9).
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Cizelge 2. Farkh oranlarda kanola yag1 iceren yemlerle beslenen Avrupa deniz levreginin mide bogaltim stireleri
(MBS, saat olarak; s), 6n bagirsak bosaltim siiresi (OBS, s) ve son bagirsak bosaltim siiresi (SBS; s).

Table 2. European sea bass, which is fed with feeds containing different amounts of canola oil, has gastric emptying
times (GET, hours; h), Foregut emptying time (FET, h) and Hindgut emptying time (HET; h).

KO K50 K100

Mide

Stomach

MBS %50 (s) 11.7 £0.4¢ 18.1 +£0.5b 16.5 +1.52

MBS %75 (s) 21.6 +1.4b 27.5 +0.4a 27.7 +1.1a

MBS %100 (s) 34.7 +1.3¢ 42.1 +1.9v 45.9 £3.3a

On Bagirsak

Foregut

OBS%50 (s) 24.1 £1.1¢ 39.8 £0.7b 47.7 £1.4a

OBS %75 (s) 32.4 +0.4¢ 59.0 +£0.9b 67.1+0.2a

OBS %100 (s) 63.6 £3.9¢ 78.2 +3.4b 86.3 +£2.1a

Son Bagirsak

Hindgut

SBS %50 (s) 26.6 +1.1¢ 32.0 £2.5b 37.0 £1.42

SBS %75 (s) 39.8 £2.4¢ 43.3 £2.9v 45.3 £2.7a

SBS %100 (s) 43.1 £3.2¢ 51.5 £3.5b 64.0 £2.02
kaynag1 sindirilebilirligi ile su sicaklig1 arasinda net oramin1  etkiledigi  yapilan  diger c¢alismada

bir iligkinin oldugu bilinmektedir. Bell ve Koppe
(2010), lipitlerin akigkanlhiginin o6zellikle artan su
sicakligi ile degistigini ve dolayisiyla sindirilebilirligini
arttigimi bildirmiglerdir. Deneme sonunda elde edilen
mide bosaltim oranlarindaki farkhiligin, yem
icerisindeki bitkisel yag miktarlariyla iligkili ve
kullanilan lipit kaynaginin sindirilebilirlik tizerinde
etkili oldugu anlagilmistir. Bazi ham maddelerin ve
bazi yag kaynaklarimin sindirilmeden vicuttan
atilmasi1 ve dolayisiyla atilim miktariin artmasiyla
bogsaltim zamanlarinda da gecikmeye yol actigi
belirtilmistir (Adamidou ve ark., 2009).

Bagirsak bosaltim stresi Uzerinde bir¢ok faktoriin
etkisi oldugu bilinmektedir. Bunlardan yem ve
predator boyutu ile av tipi en yaygin olarak incelenen
degiskenlerdir (Temming ve ark. 2002). Diger
calismalarda yem bilesimi (Adamidou ve ark., 2009),
yemin balik unu partikiil biytkligi (Sveier ve ark.,
1999), ekstriide unlarin yemlerde kullanilmasi (Venou
ve ark., 2003), tuzluluk (Vinagre ve ark., 2007),
besleme rejimi ve bireylerin biiyiikliigii (Booth ve ark.,
2008), ayn1 zamanda besleme sikli1 ve yemdeki nem
(Lee ve ark., 2000) bosaltim iizerinde etkilidir. Mide
bosaltim siiresi gibi 6n bagirsagin bosalma siiresi de
yemlerdeki bitkisel yag oram1 arttikga uzadigi
saptanmigtir. Sindirim kanali bogaltim ¢alismasinin
sonucunda 6n bagirsagin %50’sinin bogsalmas1 i¢in
gecen sureler KO grubunda 21.6 saat bulunurken
kanola yag1 iceren yemlerde bu siire daha uzun
citkmigtir. Kanola yag miktarina goére kiyaslandiginda
K50 ve K100 gruplarinin birbirleri arasinda olan bu
stireler daha yakin bulunmustur. Bunun da yem
icerine katilan bitkisel kokenli yagin daha yavas
sindirilmesi nedeniyle sindirim kanalinda emilim
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ortilsmektedir (Nikolopoulou ve ark., 2011). Adamidou
ve ark., (2009) ayni tiirde yaptiklar1 calismada, son
bagirsakta gozlenen yluksek standart sapmanin,
bagirsagin bu kisminin kiigiik olusu ve deneme
O6lcimleri sirasindaki diseksiyon igleminde bu
kisimdaki mukus iceriginin artmasiyla
aciklanabilecegini bildirmiglerdir. Deneme sonunda
ulagilan veriler dogrultusunda, yem igerisinde balik
yagina ikame olarak kullanilan kanola yagi oraninin
artmasi ile bosaltim siirelerinin dogrusal olarak tim
sindirim sisteminde arttigi bulunmustur. Yaglarin
sindirimi nonspesifik lipazlar ile triagilgliserol
hidrolizi ile baglar. Bu igslem sonrasinda ¢ikan trtnler
safra tuzlariyla karistirilarak misel mukozasinda
absorbe edilen miselleri olusturur (Tocher, 2003). Bu
islem baliklarda yemin icerigi ve cevresel
degiskenlerin uyarlanmasiyla iligkilidir.

Yaglarin icerdikleri 6zelliklerinden dolayi her yagin
sindirimi birbirinden farkli olmaktadir. Bundan dolay1
da her balik tiirtinde ilgili hammaddeler i¢in ayr1 ayr:
olmak tzere sindirim zamanlarimin belirlenmesi,
formiilasyonda tercih edilecek hammaddelere gore
besleme stratejilerinin belirlenmesine katk:
saglayacaktir. Aynmi turlerde, Garcia-Meilan ve ark.
(2014) diyet kompozisyonundaki yiiksek lipit diizeyleri
veya yuksek nigasta icerigi gibi farkhliklarin,
diferansiyel gecis oranina baglh oldugu ve Fountoulaki
ve ark. (2005), diisiik bir gecis oraninin yiiksek lipit
igerigi ile iligkili oldugunu bulmuslardir. Bundan
dolay1r her balik tiiriinde ilgili hammaddeler i¢in ayr1
ayr1 olmak tizere sindirim zamanlarinin belirlenmesi,
formilasyonda tercih edilecek hammaddelere goére
besleme stratejilerinin belirlenmesine katk:
saglayacaktir.
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Bu c¢alismada kanola yaginin yem icerisindeki
oraninin artmasiyla meydana gelen yuksek bogaltim
stireleri goOstermistir ki bu yagin yem igerisinde
kullaniminda dusik oranlarda eklendiginde Avrupa
deniz levreginde daha hizli sindirime ugradigini
gostermektedir. Sindirim stresinin ve oraninin
belirlenmesi  kullanilacak olan alternatif yag
kaynaklarinin tercih edilmesinde ve ne oranda
formiulasyonlarda kullanilabilecekleri hususunda
onem arz etmektedir. Sonu¢ olarak, bu denemenin
sonunda, surdirilebilir kaynaklarin kullanilmasi i¢in
C18:1n-9 acisindan zengin bitkisel yaglarin tamamen
degistirilmek istenmesi durumumda sindirime
olumsuz yonde etki etmemesi agisindan yemlerde
balik yaginin da eklenmesi tavsiye edilir.
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OZET

Bu arastirmanin amaci, Izmir’in 6nemli siit iretim bolgelerinden olan
Menemen Ilgesinde Damizlik Sigir Yetistiricileri Birligi'ne (DSYB)
liye olan igletmelerde gida glvenligi kriterlerine uyum dizeyinin
belirlenmesidir. Arastirmanin verileri, siut sigircilig: isletmelerinde
yuzylze yapilan anketlerden elde edilmistir. Verilerin analizinde tek
yonli ANOVA ve Kruskal Wallis Testi'nden yararlanilmigtir. Tarim
Isletmelerinin  gida giivenligi  kriterlerine uyum diizeyinin
belirlenmesi i¢in 51i Likert Olgegi kullanmilmistir. Arastirma
sonucunda, igletmecilerin gida giivenligi bilgi duzeyleri distk,
ozellikle kiicik olgekli igletmelerin gida giivenligi kriterlerine
uyumlarinin da yeterli olmadigi belirlenmistir. DSYB ve bélgedeki
diger tarimsal kuruluglarin treticilerin gida guvenligi kriterleri ve
uygulamalari konusunda bilgilendirilmesinde daha etkin rol almalar:
onerilmektedir.

ABSTRACT

The aim of this study was to determine the level of compliance with
food safety criteria in the dairy farms which are members of Cattle
Breeders Association (CBA_) in Menemen District which is one of the
milk production regions of Izmir. The data of the study were obtained
from the dairy farms through face-to-face surveys. Data were analyzed
using by one-way ANOVA and Kruskal Wallis Test. A 5-point Likert
Scale was used to determine the level of compliance with food safety
criteria. The results of the research indicated that the food safety
knowledge level of the farmers was low and the compliance of the
small scale farms with the food safety criteria was not sufficient. It is
recommended that CBA and other agricultural organizations in the
region should take more active role in informing producers about food
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GIRIS

Insanlarin yagsamak, fiziksel ve mental gelisimlerini
devam ettirmek i¢in yeterli, dengeli ve giivenilir gida
alabilmeleri en temel haklaridir (Copur ve ark., 2010).
Bu g@dalarin baginda da siit ve sit trinleri
gelmektedir (Demirbas ve ark., 2002; Boz, 2013). Siit
igsletmeleri ise nifusun bu temel besin ihtiyacim
karsilamaktadir (Bozoglu ve ark., 2017). Gida
giivenliginin saglanabilmesi i¢in arz zinciri boyunca
mevzuatla belirlenen kurallara uyulmasi zorunludur.
Nitekim siit igleme sanayiinde hammadde alimlarinda
dikkate alinan birinci kural gida giivenligi kriterlerine
uygun kaliteli hammadde tedarigidir (Demirbas ve

Karagozlii, 2006).

Ciftlikten sofraya gida guvenligi yaklagimi, 6zellikle,
stit Urtinleri gibi hayvansal kaynakl iglenmis gida
urinlerinde, hayvancilik igletmelerinden baglayan ve
arz zinciri boyunca 06zel o6lgim ve denetimler
yapilmasini zorunlu kilan bir siiregtir. Bu nedenle,
gida giivenligi kriterlerine uygun ve kaliteli siit ve siit
urtinleri tretimi i¢in sadece sanayide gida guvenligi
sistemlerinin olusturulmasi ve uygulanmasi yeterli
degildir. Siit sanayii ile hammadde acisindan organik
bagi nedeniyle, stiit hayvanciligi isletmelerinde de gida
giivenligi kriterlerine uyum vazgecilmezdir (Demirbasg
ve ark., 2012).
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Turkiye’'de gida imal eden, igleyen ve ticaretini yapan
kigiler gida mevzuati geregince Turk Gida Kodeksi'ne
uymakla yikimlidir. Bu cergevede siit ve siit
uriunleri igleyen igletmeler {retimleri esnasinda
yonetmeliklerde belirtilen gida glivenligi ve kalite
kriterleri, gida katki maddeleri, ambalajlama, ambala;
materyali, dagitim ve depolama ile ilgili bazi kurallara
uymak durumundadir. Bununla birlikte, siit ve siit
Urinleri sanayiinin temel problemlerinden biri,
giivenli ve kaliteli ¢ig stitiin devaml bir sekilde temin
edilememesidir. Siit hayvancilig igletmelerinin kiigiik
ve daginik olmasi, sanayiinin yeterli ve givenli sut
teminini smrlamaktadir. Ustelik yetistiricilerin
hijyen kurallar: konusundaki bilgi diizeylerinin yeterli
olmamasi, sanayiinin gida guvenligi ve kalite
sorunlarina zemin hazirlamaktadir (Demirbas ve
Karagozlii, 2006).

Tarimsal tretimi arttirmanin, kaliteli trin elde
etmenin ve tarimla ugrasanlarin yasam dizeylerini

yikseltmenin en  6nemli  yollarindan  biri,
isletmecilerin etkili bir bi¢imde Orgiitlenmesidir
(XiangyuGuo, 2010). Tirkiye'de hayvancilik

konusunda en aktif Birlik’lerden biri 1995 yilinda
(Resmi Gazete, 2016) kurulmus olan Damizlik Sigir
Yetistiricileri Birligi (DSYB) ’dir (Giil ve Tathdil,
2012). Bu calismamin amaci, Izmir ili Menemen
ilgesinde faaliyet gosteren ve DSYB’ye liye olan st
sigircilig igsletmelerinde isletmecilerin gida givenligi
konusundaki bilgi ve gida giivenligi kriterlerine uyum
diizeylerini belirlemektir.

MATERYAL ve METOT

Bu calismanin ana materyali Menemen Ilcesinde
DSYBye tiye olan siut sigirciligr isletmelerinde
isletmecilerle yiiz yiize yapilan anketlerden elde
edilmigtir. Arastirma kapsaminda gorustilecek tiretici
sayis1 oransal 6rnek hacmi formiiliiyle hesaplanmigtir
(Newbold, 1995).

_ Np(1—p)
(N —1)o,,* +p(1—p)

n: Ornek biiyiklugii

N: Menemen ilcesinde DSYB’ye uye isletme sayisi
(145)

p: Gada guivenligi kriterleri konusunda bilgi sahibi olan
Uretici orani

opx2: Varyans

n

Aragtirmada maksimum 6rnek hacmine ulagsmak i¢in
p=0,50 alinmistir. % 95 giiven aralig1 ve %9 hata pay1
ile 6rnek hacmi 66 igletme olarak belirlenmigtir.
Anketlerin gerceklestirildigi mahalleler DSYB’ye tiye
igletmelerin en fazla bulundugu mahallelerden
secilmigtir. Ilgedeki toplam isletmelerin %63.7’sinin
bulundugu 11 mahalle arastirma kapsamina dahil
edilmigtir. Anketlerin mahalleler arasinda
dagiliminda igletme sayilarinin oransal katkilar:
dikkate alinmistir (Cizelge 1).
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1. Anket yapilan igletme sayilarinin
mabhalleler itibariyle dagilimi

Tablel. Distribution of surveyed dairy farms by

Cizelge

villages

Isletme Anket Yapilan
Mahalleler Sayis1 Isletme Sayis1
Tuzgullu 18 12
Cavusgkoy 9 6
Musabey 9 6
Gorece 8 6
Kesikkoy 8 6
Merkez-mermerli 8 6
Maltepe 7 6
Seyrek 7 5
Stileymanli 7 5
Telekler 6 4
Turkelli 6 4
Toplam 93 66

Isletmecilerin gida givenligi kriterlerine uyumunun
belirlenmesinde (1) en diisiik, (5) en yiiksek olacak
sekilde, Begli Likert Olgegi kullanmilmigtir. Cizelge 2
‘den de gorulecegi gibi igletmeler sagmal inek
sayllarina goére ¢ gruba ayrilmistir (Murat ve
Sakarya, 2012).

Cizelge 2: Sagmal hayvan sayilar: itibariyle isletme

gruplari
Table 2: Dairy farms groups by number of milking
animals
Isletme Gruplar (Bas) Isletme Sayilari %

<7 23 34.8
8-19 24 36.4
20 < 19 28.8

Toplam 66 100.0

Aragtirmada isletme gruplar1 arasinda belirlenen
degigskenler acisindan farklihk olup olmadig,
istatistiksel  olarak  test  edilmigtir.  Strekli
degigkenlerin normal dagilisa uygunlugu igin
Kolmogorov-Smirnov  Testinden yararlanilmigtir.
Normal dagihis gosteren degiskenler icin Varyans
Analizi (One-Way Anova), gostermeyen degiskenler
icin ise Kruskall-Wallis Testi uygulanmistir (Kalayci,
2010).

Isletmecilerin  gida  giivenligi hakkindaki bilgi
diizeylerinin belirlenmesinde 27 Aralik 2011 tarihli ve
28155 sayili Resmi Gazete’de yayinlanan “Hayvansal
Gadalar icin Ozel Hijyen Kurallar1 Yoénetmeliginde”
¢ig slit tUreten igletmelerin uymas: gereken kriterler
dikkate alinmistir (Resmi Gazete, 2011a). Bilindigi
gibi s6zkonusu yonetmelik 17 Aralik 2011 tarihli ve
28145 sayil1 gida hijyeni yonetmeligine (Resmi Gazete,
2011b) atif yapilarak hazirlanmistar.

BULGULAR ve TARTISMA
Isletmecilerin ve Igletmelerin Genel Ozellikleri

Isletmecilerin 6zellikleri olarak; yas, egitim ile tarim
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ve sut hayvancilignt deneyimleri ele alinmigtir.
Isletmecilerin yas ortalamas: yaklasik 48 yil, egitim
stiresi 7 yil, tarim sektoriindeki deneyimleri 28 yil, siit
sigirciligindaki deneyimleri ise yaklagik 24 yildir. Ele
alinan degiskenlerden normal dagilis gosteren

Cizelge 3: Isletmecilerin genel 6zellikleri
Table 3 General characteristics of the farmers

isletmeci yas1 igcin One-way Anova testi, normal dagilig
gostermeyen diger li¢ degisken icin ise Kruskal Wallis
testl uygulanmigtir Degiskenlerin dérdi i¢in de grup
ortalamalar1 arasinda istatistiksel acidan fark
bulunmamaktadir (Cizelge 3).

Isletme gruplan Isletmecinin Isletmecinin Tarim sektoérindeki St sigircilig
yasl egitimi deneyimi deneyimi

1.Grup (n=23) 44.9 7.0 26.7 23.9
2.Grup (n=24) 48.8 6.3 26.4 23.6
3.Grup (n=19) 50.8 7.4 30.9 23.9
Genel Toplam(n=66) 48.2 6.9 28.0 23.8
P Degeri** - 0.598 0.34 0.983
Khi-Kare Degeri - 1.029 2.138 0.034
P Degeri *** 1.502 - - -
F Degeri 0.231

**Kruskal Wallis testi  ***One-way Anova testi

Isletmelerin ortalama arazi geniglizi 138.92 da olup; gruptaki isletmecilerde yaklagik 9%58dir. Buyik

parsel sayisi 6.14’tiir. Miilk arazi ortalamasi 75.54 da,
ortalama kiralanan arazi varligr ise 61.95 da’dir.
Isletmelerde ortalama silajlik yem bitkileri alam 53.11
dekar olup; silajlik yem bitkileri lreten isletmeler,
ihtiyaclarimin ~ %85.91'ini kendi isletmelerinden
karsilamaktadar.

Incelenen igletmelerin ortalama gelirlerinin %53.7‘si
hayvancihiktan elde edilmektedir. Isletmecilerin
%92.4’t Ziraat Odasrna tyedir. DSYB disinda tye
olunan tarimsal kuruluslar sirasiyla; Tarim Kredi
Kooperatifi (%43.9), Stut Ureticileri Birligi (%37.9),
Sulama Kooperatifi %34.8 ve Kirmizi Et Ureticileri
Birligi (%13.6)" dir.

Aragtirma alanindaki siit sigircilignt  igletmeleri
genellikle kucuk isletmeler olup; yapisal ve teknik
acidan yetersizlikleri sézkonusudur. Igletmelere
iligkin yapisal bulgular Izmir'in farkl tiretim bolgeleri
(Demirbas ve ark., 2008; Demirbas ve ark., 2009;
Demirbas ve ark., 2012), farkl illeri (Armagan ve ark.,
2009; Bozoglu ve ark., 2017) ve baz iilkelerle (Kumar
ve ark., 2017) ilgili yapilan arastirmalarin bulgular:
ile benzerlik gostermektedir.

Isletmelerde Pazarlama Kanallar: ve Ortalama Fiyat

Isletmecilerin yaklagik %78 siitii yéresel mandiralara
ve %16’s1 dogrudan tuketicilere sattiklarimi ifade
etmiglerdir. Sadece dort igletme siit fabrikalarina siit
satmaktadir. Sit fiyati, stitiin satildig1 yerlere gére
farklihk  gostermektedir. Buna  gbére  yoresel
mandiralara bir litre siitiin teslim fiyat1 1.29 TL (en
diisiik) iken, dogrudan tiiketiciye satis fiyat1 2.30 TL
(en yiiksek) seviyededir (Cizelge 4).

Isletmelerin %73.3%inde siit fiyat: kalite 6zelliklerine
gore  degismemektedir. Sut fiyatimin  kalite
ozelliklerine gore degismedigini belirtenlerin orani,
l.gruptaki isletmecilerde yaklasitk %91 iken, 3.

isletmelerde oranin disiik olmasi, sut fabrikalarinin
daha c¢ok bilyiuk isletmelerden ve siit toplama
merkezlerinden hammadde tedarik etmesi ile ilgilidir.

Cizelge 4: Igletmelerde siitiin pazarlama kanallar ve
ortalama siit fiyatlar1 (TL)

Table 4: Milk marketing channels and average milk
prices In the farms

Pazarlama Kanallar1  Say1 % Siit fiyat1 (TL)
Yoresel mandira 52 77.6 1.29
Kendisi satiyor 11 16.4 2.30

Sut fabrikalar 4 5.9 1.32
Toplam* 67 100.0

* Bir igletmeci birden fazla yere satis yapmaktadir.

Sit Sigwehg  Isletmelerinin @ Gida  Giivenlik

Kriterlerine Uyumu
Siitiin kalite 6zellikleri

Siutiin kalite 6zellikleri, icerdigi kuru madde orani, yag
orani, toplam bakteri sayis1 ve somatik hiicre sayisi ile
belirlenmektedir. Sutin kalite 6zelliklerine iligkin
isletmelerde olmas1 gereken standartlar, Turk Gida
Kodeksi Cig Sut ve Isil Islem Goérmis Igcme Sitleri
Tebligi'nde (Resmi Gazete, 2000) belirtilmistir.

Incelenen isletmelerde isletmecilerin siitiin kalite
ozellikleri  konusunda, Dbilgi eksikligi oldugu
saptanmigtir. Isletme gruplar: itibariyle
incelendiginde 1. grupta yer alan isletmecilerin
tamama, uretilen siitiin somatik hiicre ve canli bakteri
sayisinin, yaklagik %87’si ise uretilen siitin kuru
madde oraninin hangi simirlar arasinda olmasi
gerektigini  bilmedigini belirtmigtir. 3. gruptaki
isletmecilerin ise yaklagik %681 tiretilen stutiin kuru
madde oranminin, %47’si somatik hicre sayisinin,
%47’si canli bakteri sayisi sinirlarinmi bildigini ifade
etmiglerdir. Isletme 6lcegi biiytudiikee isletmecilerin
stitiin kalite 6zelliklerini bilme durumu artmaktadir.
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Aragtirmanin bu bulgusunu mevcut literatiir de
desteklemektedir (Armagan ve ark., 2009; Demirbas
ve ark., 2012).

Isletmelerde siit analizi yaptirilma durumu

Mevcut yonetmelikler geregi sut ciftliklerinde tiretilen
siitlerin analiz edilmesi gerekmektedir (Resmi Gazete,
2011a, Resmi Gazete, 2011b). Incelenen isletmelerde
slit analizi yaptiran igsletmecilerin orani yaklagik %26
gibi digtik bir diizeydedir. Sut analizi yaptirmayan
igletmecilerin orani 1. gruptaki igletmelerde %82.6°d1r.
3.gruptaki igletmelerde ise siit analizi yaptiran
isletmecilerin oran1 %52.6’dir.

Incelenen isletmelerde siit sigircilign faaliyetlerine
iliskin uygulamalarda hayvan sagligi ve hijyeni ile
ilgili baz1 kriterlerin c¢ogunlukla yerine getirildigi
tespit edilmigtir. Ancak diger baz1 kriterlerin yerine
getirilmesinde ise kisitlar géze ¢garpmaktadir. Nitekim
igletmecilerin %92.4’4 mastitisli hayvanlarin sagim

sirasina 6nem verdiklerini ve mastitisli hayvanlarin
sagimindan sonra meme basgliklar1 ve sit kovasini
yikadiklarini belirtmiglerdir. Buna ragmen,
isletmecilerin sadece %15.2’si sagimdan sonra
memelere dezenfektan uygulamakta ve yine sadece
%6.1’1 hayvanlarin igcme ve meme yilkama suyunu
analiz ettirmektedir (Cizelge 5).

Isletmecilerin Gida Giivenligi Kriterlerine ve
Uygulamalarina Iligkin Bilgi ve Uyum Diizeyleri

Gida Giivenligi Kriter ve Uygulamalarina Iligkin Bilgi
Diizeyleri

Isletmecilere oncelikle gida giivenligi kavramim
duyup duymadiklar1 sorulmustur. Isletmecilerin
yaklagik olarak %581 gida givenligi kavramim
duydugunu ifade etmistir. Isletme gruplar: arasinda
bilgi dizeyi agisindan istatistiksel acidan anlamli bir
fark bulunmamaktadir.

Cizelge 5: Isletmecilerin hayvan saghg ve hijyenine iligkin kriterlere uyumu
Table 5: The farmers’ compliance with the criteria of animal health and hygiene

Islemler

Evet % Hayir%

Mastitisli hayvanlarin sagim sirasina 6nem verilmesi

61 924 5 7.6

Mastisisli hayvanlarin sagimindan sonra meme basliklar: ve siit kovasinin yikanmasi 61 924 5 7.6

Kuruya cikarilacak ineklere tek sagim yonteminin uygulanmasi 58 87.9 8 12.1
Antibiyotikli siitiin diger stutlerden ayri bir sekilde saklanmasi 47 712 19 28.8
Sagim sirasinda ineklere yem verilmesi 43 652 23 34.8
Kuruya ¢ikarilacak ineklere kuru dénem tedavisi uygulanmasi 38 576 28 424

Sagim yapilacak inegin memelerinin dezenfekte edilmesi

29 439 37 56.1

Sagim yapilan alanda sagimcinin el yikamasi i¢in sabun ve lavabo bulunmasi 29

439 37 56.1

Sagim araliginin mevsimlere gore degisimi

256 379 41 62.1

Sagim sonlarinda meme masaj1 uygulamasi 20 30.3 46 69.7
Mastisisli hayvanlarin sttiiniin diger stitlere karigtirilmamasi 14 21.2 52 178.8
Sagim sonrasinda memelere dezenfektan uygulanmasi 10 15.2 56 84.8
Hayvanlarin igme ve meme yikama suyunun analiz ettirilmesi 4 6.1 62 93.9

Ureticiler gida giivenligi kavrami hakkinda bilgi
sahibi olmayabilir ancak gida glvenligi
uygulamalarin1  yerine getirebilir. Bu nedenle,
igletmecilerin gida giivenligi kriter ve uygulamalarina
iligkin bilgi diizeyleri incelenmigtir. Elde edilen
bilgilere gore, sagim initesinin stirekli temiz olmasi
gerektigini bilenlerin orani %89.4, hastalik belirtisi
veya bulagsma riski tasiyan hayvanlarin ayrilmasi
gerektigini  bilenlerin oranm1  %84.8, sagim
makinelerinin vakumunun diizenli olmas1 gerektigini
bilenlerin oran1 %80.3, sagimda kullanilan alet
ekipmanlarin  dezenfekte edilmesi gerektigini
bilenlerin oranm1 %77.3, isletmeye alinan girdilerin
igeriginin kontrol edilmesi gerektigini bilenlerin orani
ise %72.7dir. Siit sogutma tankinin derecesinin +6
dereceden fazla olmamasi gerektigini bilmeyenlerin
orani %51.5, sagimcinin 3 ve 6 aylik donemlerde saglik
kontrollerinden gegirilmesi gerektigini bilmeyenlerin
orani ise %42.4'diir (Cizelge 6).
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Gida Guvenligi Kriterlerine Uyum Diizeyi

Isletmecilerin gida giivenligi kriterlerine uyumu 51
Likert Olgegi ile kurgulanan yargilarla 6l¢iilmustiir
(Cizelge 7).

Isletmecilerin en yiiksek 6lcek ortalamasi ile (4.61)
katildiklar: kriter “sagimdan 6nce ineklerin memeleri
yikanmaktadir”  kriteridir.  Olgek  ortalamalar:
itibariyle en fazla katilhim saglanan diger kriterler
sirasiyla; “hayvanlara verilen yemlerin kif vb. igerip
icermedigini kontrol ederim (4.44)”, “veteriner hekime
danismadan antibiyotik kullanmam (4.27)”, “isletmede
kullanilan girdilerin saglhk acisindan givenli olup
olmadigin1 kontrol ederim (4.11)”, isletmedeki siit
depolama alani temiz ve hijyeniktir (3.91)”, “sagimdan
once ineklerin memeleri kontrol edilmektedir (3.91)”,
“isletmede sagim yapilan alan temiz ve hijyeniktir
(3.80)”, “ahirin zemini ve altlik malzemesinin hayvan
saghg acisindan uygunluguna dikkat ederim (3.55)”
ve “kullanilan sagim makinelerinin temizligi eksiksiz
olarak yapilmaktadir (3.53)” kriterleri olmustur.
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Cizelge 6: Isletmecilerin gida giivenligi kriter ve uygulamalarina iligskin bilgi diizeyleri
Table 6: Knowledge levels of the farmers on food safety criteria and applications
© £ %
£ £
. g < S
Kriterler £ 5 £ >
S
= £ LN
& 2 8z
Sagim tinitesinin siirekli temiz olmasi gerektigini 59 89.4 1 1.5 6 9.1
Hastalik belirtisi veya bulagsma riski tasiyan hayvanlarin 56 84.8 4 6.1 6 9.1
ayrilmasi gerektigini
Sagim makinelerinin vakumunun diizenli olmasi gerektigini 53 80.3 7 10.6 6 9.1
Sagimda kullanilan alet ekipmanlarinin dezenfekte edilmesi 51 77.3 5 7.6 10 15.2
gerektigini
Isletmeye alman girdilerin iceriginin kontrol edilmesi 48 72.7 2 3.0 16 24.2
gerektigini
Sogutma tanki derecesinin +6 dereceden fazla olmamasi1 27 40.9 34 51.5 5 7.6
gerektigini
Hayvanlarin saglik kayitlariin tutulmasi gerektigini 19 28.8 9 13.6 38 57.6
Siut sagan kigilerin 3 ve 6 ayhk doénemlerde saghk 17 25.8 28 42.4 21 31.8

kontroliinden gecirilmesi gerektigini

Cizelge 7 Isletmecilerin gida giivenligi kriterlerine uyum diizeyi
Table 7: Level of compliance with food safety criteria of the farmers

1.Grup 2.Grup 3.Grup Genel Ortalama

Sagimdan 6nce ineklerin memeleri yikanmaktadir 4.39 4.63 4.84 4.61
Hayvanlara verilen yemlerin kif vb. icerip icermedigini kontrol 4.22 4.42 4.74 4.44
ederim**

Veteriner hekime danismadan antibiyotik kullanmam*** 3.96 4.25 4.68 4.27
Kullanilan girdilerin saghk acisindan giivenli olup olmadigini 3.83 4.13 4.42 4.11
kontrol ederim***

Isletmedeki siit depolama alani temiz ve hijyeniktir** 3.48 3.92 4.42 3.91
Sagimdan 6nce ineklerin memeleri kontrol edilmektedir 3.78 3.88 4.11 3.91
Isletmede sagim yapilan alan temiz ve hijyeniktir** 3.39 3.83 4.26 3.80
Ahirin zemini ve althik malzemesinin hayvan saghg acisindan 3.13 3.67 3.89 3.55
uygunluguna dikkat ederim**

Kullanilan sagim makinelerinin temizligi eksiksiz olarak 3.09 3.63 3.95 3.53
yapilmaktadir**

Surudeki tiim hayvanlarin saghg kontrol ettirilmektedir** 3.09 3.25 3.84 3.36
Sagim yapan kisiler sagim oOncesi ve sagim sonrasi tim temizlik 2.87 3.38 3.79 3.32
kurallarina uymaktadirlar**

Ahirin havalandirma sistemi her mevsime uygundur** 2.78 2.92 3.68 3.09
Sagimda caligsanlar belirli araliklarla saghk kontrolinden 2.26 2.79 3.16 2.71
gecmektedirler**

Yikama suyu dezenfektan icermektedir** 1.52 2.04 2.42 1.97
Inegin memesi yikandiktan sonra kagit havlu ile silinir ve kurulanir  1.57 1.92 2.26 1.89

*1:Hi¢ Katilmiyorum, 2:Kismen Katiliyorum, 3:Orta Derecede Katiliyorum, 4:Katiliyorum, 5:Tamamen Katiliyorum

**Kruskal Wallis testine gére p<0.05 i¢in anlamhidir.
*** Kruskal Wallis testine gére p<0.1 i¢in anlamlidir.

Isletme gruplarina gore isletmeciler “hayvanlara

verilen yemlerin kuf vb. igermedigi kontrol m
edilmektedir’,  “veteriner = hekime danismadan zeminl = ve
antibiyotik kullanilmamaktadir”, “isletmede

kullanilan girdilerin saghk acisindan giivenli olup
olmadigina dikkat edilmektedir’, “igletmedeki stit
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depolama alan1 temiz ve hijyeniktir” ve “igletmede
sagim yapilan alan temiz ve hijyeniktir”, “ahirin
althk malzemesinin hayvan saghg
acisindan uygun olup olmadigina dikkat ederim”,
“kullanilan sagim makinelerinin temizligi eksiksiz
olarak yapilmaktadir”, “stirideki tim hayvanlarin
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saghg kontrol ettirilmektedir”’, “sagim yapan kisiler
sagim Oncesl ve sagim sonrasl tum temizlik
kurallarina uymaktadirlar”, “ahirin havalandirma
sistemi her mevsime uygundur”’, “sagimda ¢aligsanlar
belirli araliklarla saglik kontroliinden gegmektedirler”
ve “yikama suyu dezenfektan icermektedir” ifadelerine
katilim diizeylerinde istatistiki agidan anlamli bir
farklihk vardir. S6z konusu ifadelere blytuk
isletmelerin igletmecilerinin daha fazla katildiklar:
belirlenmigtir. Biiyik isletmelerde gida giivenligi
farkindaliginin ve wuygulamalarinin daha yaygin
oldugunu onceki c¢alismalar da teyit etmektedir
(Armagan ve ark., 2009; Demirbas ve ark., 2012;
Kumar ve ark., 2017; Yang ve ark., 2019).

SONUC

Isletmelerin yaklasik %96’sinda siit sagim makinesi
bulunmasina ragmen, siit hijyeniigin 6nemli ve gerekli
olan sit sogutma tanki igletmelerin sadece %26’sinda
bulunmaktadir. Bu durum igletmelerin gida giivenligi
kriterlerine uyumunu engellemekte ve kaliteli ¢ig siit
uiretimini zorlagtirmaktadir. Bu nedenle ¢ig siitin
sagimdan hemen sonra, soguk zincire alinmasini
saglayacak siit sogutma tanklarinin mahalleler
velveya igletmelere tedarik edilmesine yonelik hibe ve
diigiik faizli kredi desteklerinin saglanmasi gerekli
goriulmektedir. Bu c¢abalarin kiicuk ureticiler
tarafindan gosterilebilmesi zordur. Hibe ve benzeri
destekler i¢in projeli destek bagvurularin tireticilerin
tek baglarina yapabilmesi olas1 goérulmemektedir.
Yine, arastirma alaninda siitiin soguk zincir ile arzinin
saglanmas1  icin  etkin  bir  kooperatif de
bulunmamaktadir. Ozellikle kiigiik isletmelerin
kooperatif catisi altinda birlesmeleri siit Gretiminin
gida giivenligi kriterlerine uygun ve kaliteli Giretilmesi
acisindan yararli kabul edilmektedir (Zhou ve Jin,
2009; Mangnus ve Piters, 2010; Chlebicka ve Pietrzak,
2018; EU 2019). Ustelik, mevcut desteklerden
yararlanmayi olanakli kilmak kooperatifler acisindan
daha kolay olabilecektir.

Isletmecilerin biiyiik bir bolimiintn siitin kalitesini
belirleyen; kuru madde orani, somatik hiicre sayisi,
canli bakteri sayis1 gibi kriterlerin gerekli simirlarini
bilmemeleri ve bu kalite 6zelliklerini 6l¢gmeye yarayan
arag-gerecleri igletmelerinde bulundurmamalar: gida
giivenliginin saglanmasini giiglestirmekte ve yorede
gida giivenligine yonelik bilgilendirme ¢aligmalarinin
yapilmasi gerekliligini ortaya koymaktadir. Diger
taraftan arastirma alanindaki igletmecilerin st
sig1irciligi faaliyeti ve gida glivenligi ile ilgili DSYB’den
yeterince faydalanmadig1 da gézlemlenmigtir. Oysa ki,
DSYB’leri uyelerine; uyelerin gelirini artirmak,
kaliteli ve hijyen sartlarina uygun urin elde etmek,
uygun yem uretimi yapmak, modern ahir sistemleri
kurmak, modern sit sagim tekniklerini 6gretmek,
kayit sistemi geligtirmek, hayvanlarin uygun
sartlarda beslenmesini saglamak, uretilen sutin
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kaliteli ve guvenli bir gsekilde muhafazas1 saglamak
gibi konularda egitimler verebilmektedir. Bu egitim
faaliyetleri bire bir igletme ziyaretleri, panel, toplant,
seminer seklinde olabildigi gibi, konu ile ilgili yapilan
projeler cercevesinde de yuriitilebilmektedir. Iscan ve
ark., (2010), baz fiiretici birliklerinin iiyelerini
bilgilendirme amaciyla belli araliklarda gazete, dergi,
brogiir de dagittigin1 bildirmektedir. Aragtirmanin
onemli bir diger sonucu, DSYBnin tye isletmelere
hayvan bakimi, beslemesi, saghg ve gida giivenligi
konularinda yeterli hizmet saglayamamasidir. Bu
sorun, Kilic Topuz ve Bozoglu (2016), Demirbiik ve
Kizilaslan (2019) ile Demirbiik ve Kizilaslan (2020)'1n
calismalarinda da dile getirilmektedir. Uretici
orgiitlerinin uyelerine fayda yaratmada yetersizligi
orgutlerin basarisini da olumsuz etkilemektedir
(Albayram ve ark., 2014; Grashuis ve Cook, 2019).

Gorusiilen isletmelerin biiyiik cogunlugu tiretilen siita
bolgelerindeki mandiralara satmaktadir. Mandiralar
basta olmak tizere siit alicilarinin biuyik ¢ogunlugu
satin aldiklar1 sttlerde kalite ozelliklerine gore
fiyatlandirma  yapmamaktadir. Halbuki, sitin
icerigine gore farkl fiyat uygulamas: isletmecileri
daha hijyenik ve kaliteli ¢ig siit Uretimine tegvik
edebilecektir.

Isletmelerde iiretilen ¢ig sttin cok azinin (%26)
isletmeci veya alica aracihigiyla analizi
yaptirildigindan dolayi, gida guvenligi kriterlerine
uygun olmayan siitler de pazarlanmig olmaktadir.
Bunun i¢in, ureticiye siit analizi destegi verilebilir.
Diger yandan isletmelerde hayvan sagligi ve hijyenine
iligkin kriterlere ¢ogunlukla uyulmasi, olumlu bir
sonug olarak degerlendirilmekte ve isletmelerde gida

giivenliginin  olusturulmas1  acisindan  6nemli
gorilmektedir.
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ABSTRACT Research Article

Social capital is important in the formation of entrepreneurship,

consisting of cultural values of society, confidence, norm and social Article History

relations. Accordingly, the main objective of this study was to examine Received -07.01.2020
the relationship between the social capital and the entrepreneurial Accepted £ 20.02.2020

skills of agricultural farms. In accordance with this purpose, the
stratified random sampling method was used for sampling. A survey
was conducted with 76 agricultural farms determined according to
this method. The reliability and validity tests of the scales used in the
study were carried out, and the social capital and entrepreneurship
skills were divided into dimensions, respectively. A significant
relationship was determined by correlation analysis to calculate the
degree of binary changes between the dimensions. In order to
determine whether there is a significant relationship between social
capital and entrepreneurship skills, which is the main aim of the
study, structural equality model is established. According to the
results of the analysis, it was determined that there was a significant
and positive relationship between social capital dimensions and
entrepreneurship skills.
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Agriculture farms
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Path analysis
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Tarim Igletmelerinde Girisimci Becerilerinin Olugmasinda Sosyal Sermayenin Rolii

OZET Aragtirma Makalesi

Sosyal sermaye, toplumun kiltirel degerlerinden, giiven, norm ve

sosyal iligkilerinden olusarak girigsimciligin olusturulmasinda 6nemli Makale Tarihgesi

bir rol oynar. Buna gére bu calismanin temel amaci sosyal sermayenin Gelis Tarihi  :07.01.2020
ve tarim igletmecilerinin girisimcilik becerileri arasindaki iligkiyi Kabul Tarihi :20.02.2020

incelemektir. Bu amag dogrultusunda popiilasyondan érnek cekmede
tabakali tesadiifi 6rnekleme yontemi kullanilmigtir. Bu yénteme gore
belirlenen 76 tarim isletmecisi ile anket yapilmistir. Arastirmada
kullanilan 6l¢geklerin giuvenilirlik ve gecerlilik testleri yapilmig olup,
sosyal sermaye 5 boyutlu bir yapiya ve girisimcilik becerileri ise 3
boyutlu bir yapiya sahip oldugu belirlenmistir. Boyutlar arasinda ikili
degisimlerin derecesini hesaplamak icin yapilan korelasyon analiziyle
boyutlar arasinda anlaml bir iligki belirlenmigtir. Calismanin temel
amaci olan sosyal sermaye ile girisimcilik becerileri arasinda anlaml
bir iligki olup olmadigimi belirlemek i¢in ise yapisal esitlik model
kurulmustur. Yapilan analiz sonucunda elde edilen bulgulara gére
sosyal sermaye boyutlar: ile girisimcilik becerileri arasinda anlamh
ve pozitif yonli bir iligkinin var oldugu belirlenmisgtir.

Anahtar Kelimeler
Tarim Isletmeleri
Girisimcilik Becerileri
Path analizi

Sosyal Sermaye

To Cite : Agizan K, Bayramoglu Z 2020. The Role of Social Capital in the Formation of Entrepreneurship Skills on Agricultural
Farms. KSU J. Agric Nat 23 (3): 678-686. DOI: 10.18016/ksutarimdoga.vi.671706.

INTRODUCTION the base of the social relationships of the actors in the
Social capital in agricultural entrepreneurship is the sector. All these relationships facilitate collaboration,
degree of creating social relationships and confidence. 1nf9rmatlon shgrmg apd Jo}nt ac.t}on among f.’al.ﬂrps.
The social capital of agricultural farms includes This task of social capital will facilitate the activities
relationships like the subjective norm, cultural values, of eqtrepren_eurs a.nd prOYlde productlve re.sults 1.1ke
confidence, initiative and volunteerism, which are at physical capital. With the increase in the social capital

levels of the entrepreneur active in the rural area,
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production costs will be reduced, and the social
problems will be overcome by the increasing confidence
factor. Also, social capital is an important resource for
entrepreneurs with low income, low education levels,
and with limited access to physical and economic
capital.

Therefore, the agriculture sector has a high
dependence to climatic factors and needs external
financial resources (Dbeys and Engindeniz, 2011).
Therefore, when there are no risk on management
strategies such as credit or insurance, high social
capital strength became an 1important risk
management strategy of entrepreneurs against these
shocks. In this way, the productivity of entrepreneurs
in the agricultural sector could be increased and new
applications and innovations could be adopted. While
this relationship between social capital and
entrepreneurs showing similar characteristics for all
sectors, the population in the agricultural sector is
more homogenous than the other sectors. Having
stronger individual relationships and family ties in the
agricultural sector leads to the formation of robust
social capital. Therefore, the main objective of the
study was to examine the relationship between
entrepreneurship and social capital in the agricultural
sector.

Social capital studies are usually related to social
sciences, and studies including the relationship
between social capital and poverty, the role of social
capital in economic development, the relationship
between civil society and social capital, the impact of
social capital on farms success, sharing knowledge, the
determinants of social capital, the relationship
between social capital and efficiency, and the
measurement of social capital (Karagiil and Diindar,
2006; Ozdemir, 2008; Egki, 2009; Kovaa et al., 2009;
Goksel et al.,, 2010; Duman and Alacahan, 2011;
Ardahan, 2012). Studies that examine the relationship
between entrepreneurship and social capital are
limited (Yetim, 2002; Akyazi, 2014; Tarhan et al.,
2016). The studies about social capital in rural areas is
usually related to the desire to live in rural areas
(Keles et al., 2015), the formation (Keles, 2014) and the
elements of social capital (Cekic and Tuba, 2009). This
study becomes very important since the studies about
analyzing the relationship between the entrepreneur
in the agricultural sector and social capital in sectorial
dimension is inadequate (Sharp and Smith, 2003). The
main purpose of this study was to determine the
relationship between entrepreneurial skills and social
capital. In this context, structural equation model has
been established in order to determine the relationship
between the entrepreneurship skills and the social
capital of the agricultural farms in Cumra, Konya.
With the help of the results obtained with this model,
suggestions were given to policymakers and
practitioners to establish new alternative development
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models in agricultural farms.

MATERIAL and METHOD

Primary and secondary data were used within the
scope of the study and primary data were obtained
through a survey. Being suitable for the purpose of the
research, Cumra district of Konya with high
entrepreneurial characteristics of agricultural farms,
was chosen as the study location(Bayramoglu et al.,
2019). The stratified random sampling method was
used in order to get the variation coefficient more than
75% in the sampling from the population and to
evaluate the farms as homogenous. By using 90%
confidence interval and 5% error, a total of 76 sample
agricultural farms were interviewed.

In the scope of the research, 76 agricultural farms were
surveyed in order to determine the relationship
between social capital and entrepreneurial skills.
While conducting the survey, 2 different scales were
prepared under the headings of social capital and
entrepreneurship skills. The scales were prepared
according to the 5th scale and are determined as 1 =
very low, 2 = low, 3 = medium, 4 = high, 5 = very high
in the classification of scales. In addition, more than
one study was used while preparing the social capital
scale (Onyx and Bullen, 2000; Paldam and Svendsen,
2000; Hudson and Chapman, 2002), and the scale
created by Agizan (2018) was used to determine
entrepreneurial skills. The items in the original scale
of the social capital scale are given in Table 1 and items
of entrepreneurship skills are given in Table 2. It was
excluded from factor analysis since it did not match
any items with social capital scale items or because it
was not possible to explain matched items with theory.
All items related to entrepreneurship skills were used
in the study.

Some tests are required to determine the consistency
and suitability of the prepared scales. In the literature,
Cronbach's Alpha value is used to test the reliability of
the survey containing the Likert type question scales.
Kaiser-Mayer-Olkin (KMO) test is used to determine
whether the scales were suitable for factor analysis
and factor analysis was performed because the result
obtained was greater than 0.5. After factor analysis,
correlation analysis was performed to determine the
relationship between the dimensions, and structural
equality model is established to detlermine the degree
of relationship between each dimension. The
structural equation model prepared with the help of
SPSS AMOS program which is a very useful model for
displaying multiple dependent variables and
independent variables in the same graph.

RESULTS and DISCUSSION

In order to understand the entrepreneurship skills and
social capitals of agricultural enterprises, the
socioeconomic characteristics of enterprises should be
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Table 1. Social Capital Scale
Cizelge 1. Sosyal Sermaye Olgegi

Most people in Konya are honest and trustworthy.

I go to another village or city to visit my relatives.

I think that helping others is to help yourself in the long term.

In this city, people must always be blind, or others will usurp their rights.

I eliminate the garbage or mess that I see around me.

I think I can get along with people from different cultures living around me.

They consider the welfare of their families mainly to the people around me, they are not concerned with the welfare of their
neighborhood or region.

I think the state's agricultural support will increase income in our village.

I am aware of the agricultural and rural development policies implemented by the state.

I take someone in to my house who is stuck in a difficult position.

When I compare with the other villages, I think the village I live in is more reliable.

If T have a problem, someone will help me absolutely.

If you drop your wallet, someone will see it and bring it back to you.

I have at least three close friends and it gives me peace to talk with them.

I like to live with people who have different lifestyles.

I follow the news every day.

I visit the district directorate of agriculture

I listen to the radio once a week.

I use the internet several times a week.

I do intercity call at least twice a week.

I feel safe walking out in the evenings.

When I disagree with any neighbor, I have a conciliative attitude.

When I need information on any subject, I know where and how I can find it.

Do you give financial aid to a member of the cooperative whose work getting worse?

Do you give financial aid your neighbor/friend who is not a member of the cooperative whose work getting worse.
Do you give financial aid your friend who is a member of a different cooperative whose work getting worse.
I feel as part of where I live.

There have been times when I argued with my neighbors.

People in Konya are always more reliable than those in other cities.

Most of the people in Konya help when you need help.

In order to make an investment in our village, all the villagers come together and share ideas.
I am satisfied with the health services provided to our village.

I took part in an organization for our village

When you make a new investment, we can get the support of official institutions.

I think I am a decision maker in the local organization’s participation committee.
Source: (Onyx and Bullen, 2000; Paldam and Svendsen, 2000; Hudson and Chapman, 2002)

Table 2. Entrepreneurship Skills Scale
Cizelge 2. Girisimeilik Becerileri Olgegi
Adaptation to Change
Being Innovative
Establish an Effective Management Model
Financial Competence Sufficiency
Having Technical Equipment
Managing Information and Communication Systems
Planning and Creating A Target
Providing Motivation, Coordination and Organization
To Be Able to Communicate Effectively
To Be Able to Establish Good Human Relations
To be able to make bargain and being a negotiator
To Be Able to Make Effective Decisions
To Be Able to Set Up and Manage A Team
To be aware from Effective Writing
To be determined
To be disciplined
To Be Tolerant
To Be Understanding
To Develop Effective Social Relations
To Have Professional Competence
Tolerance and Acceptance of Results
Source: Agizan (2018)
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examined. In this context, the average age of the
managers in the enterprises has been determined as
46, the rate of primary school graduates is 59.21%,
secondary school graduate is 15.79%, high school
graduate 1s 21.05%, higher school 2.63% and
university graduate ratio is 1.32%. In addition, it is
known that the level of education increases in terms of
business scales. As a matter of fact, education level is
the most important determining factor in the
formation of social capital, and there is a linear
relationship between the increase of education level
and social capital and entrepreneurship (Kaya, 2011).
Another socio-economic feature is social security. It is
determined that agricultural enterprises have a green
card rate of 69.74% and this rate increases according
to the scale of the enterprise.

Confidence and Validity Analyze of Scales

Within the scope of the study, we used an
entrepreneurship skill scale which i1s prepared by
Agizan (2018). The Cronbach Alphas Alpha value of
this scale 1s 0.894. Since this value is greater than 0.8,

it can be said that the survey has high reliability.
Among the prepared scales, social capital scale by
(Onyx and Bullen, 2000; Paldam and Svendsen, 2000;
Hudson and Chapman, 2002) is used. Cronbach's
Alpha value, which shows the reliability of the scale,
differs between 76-94% in studies (Kaya, 2011; Turgut,
2013). The Cronbach’s Alpha value of the social capital
scale used in the study was calculated as 0.863. Since
this value is greater than 0.8, it can be said that the
survey has high reliability.

While the Cronbach's Alpha value is only a test of the
reliability of the scale, there are different methods for
determining the structure validity. Among these
methods, factor analysis method is one of the most
frequently used methods in the literature. However,
before the factor analysis, Kaiser-Mayer-Olkin (KMO)
test is performed to determine whether the scale was
suitable for factor analysis. As a result of the Kaiser-
Mayer-Olkin (KMO) test, the value of social capital
scale is 0.829 and the value of entrepreneurial skills is
0.949, it is determined that it is suitable for factor
analysis on both scales (Table 3).

Table 3. KMO and Bartlett’s test results for entrepreneurship skills and social capital
Cizelge 3- Girisimcilik becerisine ve sosyal sermayeye ait KMO ve Bartlett's test sonuglar: (Turkish)

KMO and Bartlett's Test

Social Capital Entrepreneurship Skills

Kaiser-Mayer-Olkin (KMO) Value for Sampling Capability 0.829 0.949
Chi-Square Value 476.569 756.459
Bartlett's Sphericity Test Results Degree of Freedom (df) 65 118
Sig. 0.000 0.000
Table 4. Dimensions of entrepreneurship skills
Cizelge 4- Girisimcilik beceri boyutlar: (Turkish)
Mean Std. Factor Variance Reliability
Deviation Loads Ratio Coefficients
Being Innovative 4.394 .880 0.956
2 Adaptation to Change 4.500 .808 0.942
'c% To be determined 4.105 .932 0.923 Cronbach’s
— To be disciplined 3.539  .900 0.910 39.56 Alpha
£ To Be Understanding 3.921 .875 0.856 (0.932)
2 To Be Tolerant 3.828 .985 0.795
&, Planning and Creating A Target 3.434 1.235 0.748
To Be Able to Make Effective Decisions 1.697 .783 0.895
- To Be Able to Establish Good Human Relations 4.210 .837 0.874
S Establish an Effective Management Model 3.684 .926 0.865 Cronbach’s
g Financial Competence Sufficiency 3.394 .895 0.824 23.42 Alpha
% Tolerance and Acceptance of Results 3.947 1.005 0.756 (0.876)
g F To be able to make bargain and being a negotiator 4.000 .966 0.732
= % Providing Motivation, Coordination and Organization 3.842 909 0.721
" To be aware from Effective Writing 1.697 .783 0.954
= To Have Professional Competence 4.210 .837 0.926
% Having Technical Equipment 4.105 .932 0.894 Cronbach’s
= Managing Information and Communication Systems 3.539  .900 0.846 19.25 Alpha
é) To Be Able to Communicate Effectively 3.921 .875 0.821 (0.816)
5 To Develop Effective Social Relations 3.828 .985 0.789
& To Be Able to Set Up and Manage A Team 3.434 1.236 0.763
82.23 0.894

Overall, entrepreneurship skills were reduced to three
subgroups, personal, managerial and technical skills
(Table 4). As a result of factor analysis, factor loads,

variance ratios and reliability coefficients are given in
the table according to factor dimensions. Accordingly,
the power to explain of the three dimensions, which
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was determined, was calculated as 82.23%. The
reliability coefficient of the scale was 0.894. Social
capital was analyzed with a total of 5 sub-factor
dimensions. Accordingly, these dimensions to explain

Table 5. Social capital dimensions
Cizelge 5. Sosyal sermaye boyutlari

social capital was determined as 85.40%. The
reliability coefficient of the scale was calculated as
0.863 (Table 5).

Factor Variance Reliability
Mean  Std. Dev. Loads  Ratio Coefficients
I eliminate the garbage or mess that I see around me. 4.632 .629 0.945
I.te.tke someone in to my house who is stuck in a 43892 672 0.923
g difficult position.
g Most of the people in Konya help when you need help. 4.289 .669 0.910 Cronbach’s
Z. IfI have a problem, someone will help me absolutely. 4.171 .822 0.876 24.29
° . ) ) Alpha (0.906)
> When 1 disagree with any neighbor, I have a
e e ; 4.263 .998 0.862
S conghatwe attltqde. . .
%‘ I think that helping others is to help yourself in the 3139 1.349 0.803
o long term.
Most people in Konya are honest and trustworthy. 4.092 1.022 0.887
3 People 1n.Konya are always more reliable than those 4105 775 0.840 ,
& 1n other cities. 20.18 Cronbach’s
'~°§ I feel safe walking out in the evenings. 4.434 .805 0.784 ’ Alpha (0.876)
g When I compare with thg other villages, I think the 4158 938 0.765
o village I live in is more reliable.
I think I. can get along with people from different 4184 9692 0.912
=4 cultures living around me.
o . . .
E I have at'least three close friends and it gives me peace 3934 1192 0.846 Cronbach’s
o to talk with them. 18.35 Alpha (0.846)
'E I like to live with people who have different lifestyles. 3.842 784 0.821 p )
-& I visit the district directorate of agriculture 3.895  1.206 0.765
w1 do intercity call at least twice a week. 3.961 1.088 0.721
I took part in an organization for our village 3.855 919 0.935
II_1 order to make an investment in our village, all the 3816 760 0914
villagers come together and share ideas. ,
o I am aware of the agricultural and rural development 12.23 Cronbach’s
= L 3.776  1.065 0.896 ) Alpha (0.813)
= policies implemented by the state.
£ When you mgke a new }nvestment, we can get the 3.303 1.020 0.847
5 support of official institutions.
Do you give financial al.d to a member of the 3789 934 0.889
o cooperative whose work getting worse?
A2 Do you give financial 'ald your friend who isa member 3855 904 0.846 Cronbach’s
g of a different cooperative whose work getting worse. 10.36 ( )
2D v fi o] aid : ochbor/friond who i Alpha (0.756
£ Do you give financial aid your neighbor/friend who is
2 not a member of the cooperative whose work getting 3.632 921 0.789
S worse.
Total Variance Explained 85.40 0.863

Correlation Analysis

Correlation analysis was performed in order to
determine the relationship between factor groups
obtained from factor analysis. Correlation analysis
measures the degree of interchange between
dimensions and how the effect of independent
variables on the dependent variables. The upper limit
of the standard error of the coefficients in both
correlation and structural equation model was taken
as 20% within the scope of the research.

The results of the correlation analysis determined a
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significant and linear relationship between personal
skills and subjective norms, confidence, initiative and
volunteerism. There was no significant relationship
between personal skills and social networking (Table
6). There was a significant relationship between the
management skills, which were another dimension of
entrepreneurship, between subjective norm,
confidence, social network and volunteer dimensions.
There was no significant relationship between
management skills and initiative. There was a
significant relationship between the management
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skills, which was the last dimension of relationship between technical skills and initiative and
entrepreneurship skills, between subjective norm and volunteerism was determined (Table 6).

confidence dimensions. A meaningful and linear

Table 6. The correlation between the dimensions of entrepreneurship skills and the dimensions of social capital
Cizelge 6. Girisimcilik becerilerinin boyutlari ile sosyal sermaye boyutlar: arasindaki korelasyon (Turkish)
Correlation

KB YB TB ON GVN SA GRS GNL
Pearson Correlation 1
PS .
Sig.
MS Pearson Correlation 917 1
Sig. 0.000
TS Pearson Correlation 764 .544* 1
Sig. 0.000 0.000
SN Pearson Correlation 657 .534™ 0.689 1
Sig. 0.000 0.000 0.650
TRS Pfaarson Correlation .726™ .523™ 0.619 .780™ 1
Sig. 0.000 0.000 0.550 0.000
SN Pearson Correlation 0.480 .708™ 669 .665™ .858™ 1
Sig. 0.560 0.000 0.000 0.000 0.000
INT Pfearson Correlation .499* 0.215 .664" .602* .887 617 1
Sig. 0.012 0.650 0.038 0.000 0.000 0.000
VLT Pfearson Correlation 0.643™  0.009" 0.533" 0.587" 0.135" 0.099" .640™ 1
Sig 0.000 0.050 0.025 0.012 0.038 0.046 0.000

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Structural Equality Model (SEM) same graph (Figure 1).

The structural equation model (SEM) facilitates the The degree of freedom was the most important value
determination of the direction and reason of the among those of the established structural equation
relationship between multiple dependent and model. Since the degree of freedom is 2 within the
independent variables. For this reason, more than one scope of the study, the model is over saturated.
relationship was revealed together with SEM analysis. Another important point to consider is the importance
Factor scores of factor groups were used in SEM, which level. This value is required to be greater than 0.05.

allowed 15 different hypotheses to be presented in the

Confidence

Personel Skill

Subject Norm

Management Skills

Volunteerism %
4 Techinal Skills

Social Network

initiative

Figure 1. Structural equality model for the relationship between social capital and entrepreneurship skills
Sekil 1. Sosyal sermaye ile girisimcilik becerileri arasindaki iliskiye ait yapisal esitlik modeli (Turkish)

If the value is greater than 0.05 it means that that the 7.

model fits the data and it is calculated as 0.076. In According to the table, the values obtained as a result
addition, some fit indices are used to determine of structural equation model were at the limit of
whether the results of the analysis are appropriate for acceptable values and regression results should be
the theory. The values of normal, acceptable and interpreted.

analysis results of these fit indices are shown in Table The regression weights interpreted in the structural
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equation model because each of the scales in the model
are the same time and measurement methods. The
estimation and significance levels of the model results
are given in Table 8. In the structural equation model,
it is interpreted that if a unit change occurs in the
independent variable how it affects the dependent
variable. In this context, a unit change in the
subjective norm variable will increase the personal

Table 7. Structural equality model fit indices

skill by 0.244 units. Similarly, a one-unit increase of
the subjective norm would lead to an increase of 0.242
in management skills, and no relationship was found
between the subjective norm and technical skill. In the
same way, a unit increase of subjective norm will result
in an increase of 0.242 in management skills, and there
is no relationship between subjective norm and
technical skill.

Cizelge 7. Yapisal esitlik modeli uyum endeksleri (Turkish)

Index Normal Value Acceptable Value Analysis Value
x2 “p” Degeri p>0.05 - 0.082
x2/sd <2 <5 2.579
GFI >0.95 >0.90 0.984
AGFI >0.95 >0.90 0.906
CFI >0.95 >0.90 0.943
RMSEA <0.05 <0.08 0.080
RMR <0.05 <0.08 0.030

Source: (Kalayci, 2010)

Table 8. Regression weights for relationship between social capital dimensions and entrepreneurship skills
Cizelge 8. Sosyal sermaye boyutlari ile girisimcilik becerileri arasindaki iligskiye yonelik regresyon agirliklari

Dependent Relationship Independent . Standard . .
Variable Direction Variable Estimate Error C.R. Sig. Hypothesis
PS <--- SN 0.244 0.106 -2.305 0.021 Accepted
MS <--- SN 0.242 0.104 -2.322 0.020 Accepted
TS <--- SN 0.091 0.112 0.811 0.417 Rejected
PS <--- TRS 0.207 0.110 1.880 0.060 Accepted
MS <--- TRS 0.255 0.109 2.349 0.019 Accepted
TS <--- TRS -0.079 0.117 -0.669 0.504 Rejected
PS <--- SN 0.001 0.103 0.013 0.990 Rejected
MS <--- SN 0.262 0.102 2.573 0.010 Accepted
TS <--- SN 0.211 0.110 1.918 0.055 Accepted
PS <--- INI 0.265 0.111 2.378 0.017 Accepted
MS <--- INI -0.083 0.110 -0.757 0.449 Rejected
TS <--- INI 0.206 0.119 1.741 0.082 Accepted
PS <--- VLT 0.206 0.103 -1.988 0.047 Accepted
MS <--- VLT 0.165 0.112 -1.477 0.140 Accepted
TS <--- VLT 0.147 0.105 -1.398 0.162 Accepted

Confidence, which is another component of social
capital, has a significant relationship between
personal skill and management skills, and no signify

cant relationship has been found between technical
skills. In fact, confidence develops through personal
relationships and management skills. Another
component of social capital is the social network. The
social network explains its relationship with the
society in which the entrepreneur is involved. Within
the scope of the study, a statistically significant
relationship between management and technical skill
of social network variable was determined and no
relationship between personal skills was determined.

In many studies related with the social capital, the
components of social capital are divided into three
groups. Within the scope of this study, the
entrepreneurship characteristics and volunteering
tendencies of entrepreneurs are considered as the
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dimensions of social capital (Narayan and Cassidy,
2001; Egki, 2009). In this context, initiative is
evaluated as the new organizations in which
individuals participate and their tendencies towards
them. There is a significant relationship between
initiative and personal skill and technical skill, and
there 1s no statistical relationship between
management skills. The last component of social
capital 1s volunteerism. As a matter of fact, if the level
of volunteerism is low, social capital will decrease, and
if high, social capital will increase and social and
economic inequalities will decrease (Silva and
Edwards, 2004). In this context, it is determined
whether there is a relationship between volunteerism
and entrepreneurial skills as a component of social
capital. Accordingly, a significant and positive
relationship has been  determined between

volunteerism, personal, management and technical
skills.
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CONCLUSIONS

In Turkey the agricultural sector between 1980-1990,
the concept of social capital, which emerged as an
integral dimension of confidence and social networks,
aims to create synergies between individuals. With
this synergy created, the confidence, norm and social
relations of the society could be improved. Therefore,
social capital and entrepreneurship are important
components of social development, growth and
prosperity in the agricultural sector.

Thus, when the relationships between the dimensions
of social capital and entrepreneurship skills are
evaluated, it is determined that if entrepreneurship
skills increase as a result social capital increases in
general. There is a significant relationship between
confidence and entrepreneurship among the social
capital dimensions, which arises from the fact that
agricultural entrepreneurs exhibit a communal
culture. In addition, the agricultural farms adopt a
sense of trust in the moral and religious rules that they
adopt, as well as changing the structure of subjective
norms and exhibiting solidarity. In agricultural farms,
because their cultural values and family relations are
stronger and they are more sensitive to social events,
the social capital assets of these entrepreneurs are
stronger. Therefore, it is necessary to adopt policies
that will increase the social capital existence in the
agricultural sector. This situation will increase
entrepreneurship and increase value added at macro
level. Therefore, an inventory study should be
conducted for the existence of social capital in
agricultural farms and a social capital index should be
established. With this index, the social capital assets
owned by the agricultural farms should be expressed
in monetary terms and farms must compare each
other.

Statement of Conflict of Interest
Authors have declared no conflict of interest.

Author’s Contributions
The contribution of the authors is equal.

REFERANCES

Agizan K 2018. Tarim Igletmelerinde Girigimciligi
Etkileyen Faktorlerin Analizi. Selguk Universitesi
Fen Bilimleri Enstitiisii Tarim Ekonomisi Anabilim
Dali, Yiksek Lisans Tezi, 278 sy.

Akyazi TE 2014. Girisimcilik Stirecinde Sosyal
Sermaye ve Sosyal Aglar ile I¢ Girigimcilik
Arasindaki Iligki Uzerine Bir Arastirma. Aksaray
Universitesi Sosyal Bilimler Enstitiisii Isletme
Anabilim Dali Yonetim ve Organizasyon Bilim Dals,
Yiikseklisans Tezi, 162 sy.

Ardahan F 2012. Sosyal Sermaye Olgegi Gegerlilik,
Guvenirlilik  Calismasi.  Uluslararas: Insan

685

Bilimleri Dergisi 9(2): 773-789.

Cekic I, Tuba SC 2009. Kirsal Kalkinma Acisindan
Sosyal Sermayenin Ogeleri: Sanlurfa-Hilvan
Ornegi. Yildiz Teknik Universitesi Fen Bilimleri
Enstitiisit Sehir ve Bolge Planlama Anabilim Dali
Sehir Planlama Bilim Dali, Yiikseklisans Tezi, 197
sy.

Dbeys AD, Engindeniz S 2011. Tarimsal Uretimde
Sirketlesme Uzerine Uretici Goris ve Tutumlar::
Izmir Ornegi. Ege Universitesi Ziraat Fakiiltesi
Dergisi 48(3): 191-201.

Duman B, Alacahan O 2011. Sosyal Sermaye/Glven
Boyutunda Etniklik. Gaziantep University Journal
of Social Sciences 10(1): 181-208.

Eski H 2009. Sosyal Sermaye-Onemi, Uretimi ve
Ol¢timii-Uzerine Bir Alan Arastirmasi. Selguk
Universitesi Sosyal Bilimler Enstitisii Isletme
Anabilim Dali Isletme Bilim Dali, Yiiksek Lisans
Tezi, 278 sy.

Goksel A, Aydintan B, Bingsl D 2010. Orgiitlerde Bilgi
Paylagsim Davranisi: Sosyal Sermaye Boyutundan
Bir Bakis. Ankara Universitesi SBF Dergisi 65(4):
87-109.

Kalayct S 2010. SPSS Uygulamali Cok Degiskenli
Istatistik Teknikleri. Asil Yaym Dagitim Ankara,
Turkiye, 426 sy.

Karagil M, Dundar S 2006. Sosyal Sermaye ve
Belirleyicileri Uzerine Ampirik Bir Calisma.
Akdeniz ITBF Dergisi 6(12): 61-78.

Kaya Y 2011. Sosyal Sermaye Diizeyinin Belirlenmesi
ve Sosyal Sermaye Diizeyini Etkileyen Faktorlerin
Analizi: Gonulli Tesekkiller Baglaminda Kayseri
Ornegi. Dumlupinar Universitesi Sosyal Bilimleri
Enstitiisii Iktisat Anabilim Dali, Yiikseklisans
Tezi, 143 sy.

Keles S 2014. Kirsal Alanda Sosyal Sermayenin
Olusumu Uzerine Bir Aragtirma: Erzurum Ili
Ornegi. Atatiirk Universitesi Fen Bilimleri
Enstitisi Tarim Ekonomisi Anabilim Dals,
Doktora Tezi, 106 sy.

Keles S, Dilma¢ OGM, Dikmen A 2015. Sosyal
Sermayenin Kirsal Alanda Yasama Istegi Uzerinde
Etkisi: Erzurum Kirsal Alaninda Bir Arastirma.
The International New Issues In Social Sciences
1(1): 91-116.

Kovaci S, Belke M, Kog A 2009. Tktisadi Kalkinmaya
Yeni Yaklagimlar: Sosyal Sermayenin ve
Kurumlarin Artan Roli. International Davraz
Congress on Social and Economic Issues Shaping
the World’s Future: New Global Dialogue, 24-27.

Narayan D, Cassidy MF 2001. A Dimensional
Approach  to  Measuring  Social  Capital:
Development and Validation of A Social Capital
Inventory. Current sociology 49 (2): 59-102.

Oguz C, Karakayaci Z 2017. Tarim Ekonomisinde
Aragtirma ve Ornekleme Metodolojisi. Konya, Atlas
Akademi, 183 sy.



KSU Tarim ve Doga Derg 23 (3): 678-686, 2020
KSU J. Agric Nat 23 (3): 678-686, 2020

Aragtirma Makalesi
Research Article

Onyx J, Bullen P 2000. Measuring Social Capital in
Five Communities. The dJournal of Applied
Behavioral Science 36 (1): 23-42.

Ozdemir AA 2008. Calisanlarin Is Tatminlerinin
Arttirilmasinda Orgiitsel Sosyal Sermaye Yeni Bir
Belirleyici Olabilir mi?. Yonetim Bilimleri Dergisi
6(1): 77-89.

Sharp JS, Smith MB 2003. Social Capital And Farming
at the Rural-Urban Interface: The Importance of
Nonfarmer and Farmer Relations. Agricultural
systems 76(3): 913-927.

Silva EB, Edwards R 2004. Operationalizing Bourdieu
on Capitals: a Discussion on ‘the Construction of the
Object’. ESRC Research Methods Programme
Working Paper 8.

686

Tarhan O,Selcen S, Peker I 2016. Girisimcilik Basar:
Faktoria Olarak Sosyal Sermaye Kriterlerinin
Analitik Hiyerarsi Stireci (AHS) ile
Agirliklandirilmasi ve Bir Olgek Onerisi. Ekonomik
ve Sosyal Aragtirmalar Dergisi 12(1): 177-194.

Turgut E 2013. Sosyal Sermaye ve Bilgi Paylagimi
Davranmiginin  Yenilik¢ilik Iklimine Etkisi. Gazi
Universitesi Sosyal Bilimler Enstitisii Isletme
Anabilim Dali Isletme Bilim Dali, 216 sy.

Yamane T 1967. Elementary sampling theory.
Prentice Hall 1st Edition, 405 pp.

Yetim N 2002. Sosyal Sermaye Olarak Kadin
Girigimciler: Mersin Ornegi. Ege Akademik Bakis
Dergisi 2(2): 79-92.



KSU Tarim ve Doga Derg 23 (3): 687-696, 2020
KSU J. Agric Nat 23 (3): 687-696, 2020
DOI: 10.18016/ksutarimdoga.v23i53104.631286

Ypogn®

Comparative Analysis of Agronomic Traits and ISSR Method among Some Soybeans [Glycine
Max (L.) Merr.] Genotypes

Emine ARSLAN ", Elif GULBAHCE MUTLU 2, Omer DURSUN 3, S. Ahmet BAGCI4

1Department of Biology, Faculty of Science, Selguk University, Konya, Turkey, 2Department of Medical Biology, Faculty of Medicine, KTO
Karatay University, Konya, Turkey, 3Department of Biochemistry, Faculty of Medicine, Selguk University, Konya, Turkey, ‘Department of
Plant and Animal Production, Seed Program, Sarayonii Vocational School, Konya, Turkey,

thttps://orcid.org/0000-0002-0782-506X, 2https://orcid.org/0000-0003-2391-2152, 3https://orcid.org/0000-0001-5850-0452,
4httpsi//orcid.org/0000-0002-6513-8890

P4 earslan@selcuk.edu.tr

ABSTRACT
In this study, the genetic diversity was investigated among 12
soybeans genotypes using inter simple sequence repeats (ISSR) and
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agronomic traits. DNA was isolated from the leaves of the genotypes. Received -09.10.2019
For molecular characterization, a total of 26 primers of ISSRs and Accepted £ 27.01.2020
eight agronomic characteristics were evaluated. ISSR analysis

Keywords

revealed 88 polymorphic bands. The genetic diversity among the
genotypes according to ISSR analysis and agronomic traits were
estimated based on Nei homology and Euclidian distance,
respectively, and dendrograms reflecting genetic similarity were
constructed using UPGMA and NTSYSpc, respectively. Nei’s
homology coefficient values used for ISSR analysis ranged from 78%-
84%, and the average Euclidean distance used for agronomic data
ranged from 1.96-9.77. Although soybean genotypes evaluated in this
study were highly similar, dendrograms showed that these genotypes
could be distinguished both morphologically and genetically.

Agronomic traits
Genetic diversity
Glycine max (L.) Merr.
ISSR

Soybean

Baz1 Soya Fasulyesi [Glycine Max (L.) Merr.] Genotipleri Arasinda Agronomik Ozelliklerin ve ISSR
Yonteminin Kargilagtirmali Analizi

OZET Aragtirma Makalesi

Bu calismada, 12 soya fasulyesi genotipi arasindaki genetik cesitliligi,

rastlantisal basit dizi tekrarlar1 (ISSR) ve agronomik o6zellikler Makale Tarihgesi

kullanarak arastirildi. Bu genotiplerin yapraklarindan DNA izole Gelis Tarthi  :09.10.2019
Kabul Tarihi :27.01.2020

edildi. Molekiiler karakterizasyon icin, toplam 26 ISSR primeri ve
sekiz agronomik 6zellik degerlendirildi. ISSR analizi 88 polimorfik
bant ortaya ¢ikardi. ISSR analizine ve agronomik &zelliklere gore
genotipler arasindaki genetik cesitlilik sirasiyla Nei homolojisi ve

Anahtar Kelimeler
Agronomik 6zellikler

Euclidian mesafesine gore hesapland: ve genetik benzerligi yansitan (C}Tgne.tik Qesitgi;{M
dendrogramlar sirasiyla UPGMA ve NTSYSpc kullanilarak yapildi. I Sé‘/f{lne AR SR A LS
ISSR analizi i¢in kullanilan Nei'nin homoloji katsayis1 degerleri %78- S

oya

84 arasinda ve tarimsal veriler icin kullanilan ortalama Euclidean
mesafesi  1.96-9.77 arasinda  degismigstir. Bu c¢alismada
degerlendirilen soya fasulyesi genotipleri oldukc¢a benzer olmasina
ragmen, dendrogramlar bu genotiplerin hem morfolojik hem de
genetik olarak ayirt edilebilecegini géstermigtir.

To Cite : Arslan E, Giilbahce Mutlu E, Dursun O, Bage1 SA 2020. Comparative Analysis of Agronomic Traits and ISSR Method
among Some Soybeans [Glycine Max (L.) Merr.] Genotypes. KSU J. Agric Nat 23 (3): 687-696. DOL
10.18016/ksutarimdoga.v23153104.631286.

INTRODUCTION
Fabaceae is one of the largest families of plants and

cultivated in China in the early 11th century (Fukuda,
1933; Yoon et al., 2009). USA is the largest producer of

includes several economically important species (Ildis,
2001). The genus Glycine is one of the members of this
family and is known showing distribution firstly in
Asia and Australia (Baloch et al., 2010). Soybean
(Glycine max L. Merr.) is believed to be originated and
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soybean in the world fallowed by China, Russia, Brazil,
Indonesia, Korea, Japan, and Canada. In Europe,
Romania, Yugoslavia and Turkey are also the largest
producer of soybean (Isler and Caligkan, 1998). It is
believed that Caucasians introduced soybean into
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Turkey from the Black Sea region after the First World
War (Baloch et al., 2010).

Soybean is one of the world's most important grains
crop because of its high protein and oil content (Lam et
al., 2010; He et al., 2012). Approximately 30%-35% of
the edible vegetable oil in the world is produced from
soybean (Yilmaz and Efe, 1998). Additionally, seeds
contain a high proportion of crude protein. This protein
is one of easily digestible proteins. Soybean seeds are
also rich in choline, pantothenic acid, niacin, thiamin,
riboflavin, inositol, and vitamins A, B, and E. (Hassan,
2013). Therefore, the soybean sustains a global
significance as important humans and animals food
source (Singh et al., 2007).

Soybean yield in unit area varies based on varieties,
cultivation practices, and ecological conditions
(Agarwal et al., 2014). Crop yield is low especially in
regions with a short growing season because of poor
climatic conditions. Use of even transient species does
not produce high yield in such regions. Early maturing
genotypes are better adapted to changing
environmental conditions. These genotypes flower at
right time allowing higher crop yield (Yilmaz and Efe,
1998).

The identification of high yielding genotypes of crop
plants is one of the most important tasks of plant
breeders. Cultivars are identified on the basis of their
morphological characteristics and are approved by The
International Union for the Protection of New
Varieties of Plants (UPOV). This approach is not ideal,
as it is based on the identification of morphological
features. Therefore, it is necessary to develop methods
to quickly identify crop cultivars (Brick and Sivalop,
2001).

The investigation of morphological characteristics of
crop plants are difficult because of limited number
properties, low polymorphism, low heritability, late

expression and in some cases the change of
environmental factors (Agarwal et al, 2014).
Therefore, morphological characteristics are

inconclusive and cannot distinguish between closely
related accessions or cultivars (Aghaei et al., 2012).

Knowledge of genetic diversity of cultivated plant
species is highly important (Agarwal et al., 2014).
Nowadays, DNA markers are widely used and are
proven to be an efficient tool for the molecular
characterization and determination of genetic
diversity of crops (Meena et al., 2015).

Various PCR-based DNA markers, such as restriction
fragment length polymorphisms (RFLPs), random
amplified polymorphic DNAs (RAPDs), inter simple
sequence repeat (ISSRs), amplified fragment length
polymorphisms (AFLPs), single nucleotide
polymorphisms (SNPs), and microsatellites or simple
sequence repeats (SSRs) are used to determine the
genetic diversity of plant species (Kumar 2009;
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Tantasawat et al., 2011; He et al., 2012).

ISSR markers are commonly used to analyze species
diversity and to perform phylogenetic analysis, gene
tagging, and genome mapping in various plant species
(Brick and Sivolap, 2001; Baloch et al., 2010). ISSR
markers are highly reproducible, as they use long
primers (16-25 mers). Additionally, ISSRs usually
contain a large number of polymorphic bands (up to 97)
which allows detecting a high level of genomic
polymorphisms (Monpara et al., 2017).

Main objective this study was to perform a
comparative analysis of ISSR markers and agronomic
traits for the selection of soybean genotypes.

MATERIAL and METHODS
Plant Material and DNA Extraction

Leaves of soybean genotypes used were obtained by the
Konya Sarayonu Vocational School research land
(Table 1). Genomic DNA was isolated from the leaf
samples as described by Doyle and Doyle (1990) and
quantified using NanoDrop ND-2000
Spectrophotometer (Thermo Fisher Scientific Inc.,
USA). The quality of DNA was analyzed on a 0.8 %
agarose gel.

Polymerase Chain Reaction (PCR)

In this study, a total of 26 primers were tested for the
PCR amplification of ISSR markers in the soybean
genome (Table 2). PCR was performed in a 25 -ul
volume containing 10X PCR reaction buffer, 3 mM
MgCls, 2.5 mM dNTPs, 1.5 units Taq DNA polymerase
(Fermentas, Thermo Fisher Scientific Inc., USA), 100
uM primer (Biomers, Germany), and 100 ng of
template DNA on a Mastercycler Gradient thermal
cycler (Eppendorf, North America), PCR conditions
were as follows: initial denaturation at 94 °C for 3 min,
followed by 45 cycles of denaturation 94 °C for 1 min,
annealing at 50 °C to 57 °C for 30 s, extension 72 °C for
40 s, and a final extension at 72 °C for 10 min.

The PCR products were separated by gel
electrophoresis on 2% agarose gels. Subsequently, gels
were stained with ethidium bromide and photographed
on a UV transilluminator. Gel image was then
transferred to the computer using DNA imaging
system (Vilber Lourmat, Eberhardzell, Germany).

ISSR Data Analysis

Unambiguous ISSR bands app were visually scored for
each primer as either present (1) or absent (0).
Subsequently, scores of all primers were combined,
and the genetic similarity was estimated based on
Nei’s homology using BiolD++computer program
(Vilber Lourmat, BiolD++ Software) (Nei, 1978).
Cluster analysis was performed using the unweighted
pair group method with arithmetic mean (UPGMA).
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Table 1. Information about Glycine max (L.) Merr. Genotypes
Tablo 1. Glycine max (L.) Merr. Genotipleri hakkinda bilgi

Variety or The Candidate Variety Improved Patently Maturity
Genotype Origin Institution or Foundation Variety Group
Genotip Koken Cesit veya Aday Cesit Gelistirildigi Kurum veya Patentli Olgunlasma
Kurulusg Cesitlilik Grubu
America Asgrow company Variety
A3935 Amerika  Asgrow Sirketi Cesitlilik 3.9
America Nebraska province Variety
NE3399 Amerika  Nebraska ili Cesitlilik 3.9
. America America Ministry of Agriculture Variety
DEFIENCE Amerika  Amerika Tarim Bakanligi Cesitlilik 4
ARISOY Turkey Cukurova University, Faculty of Agriculture Variety 4
Tiirkiye Cukurova Universitesi, Ziraat Fakiiltesi Cesitlilik
ATAKISi Turkey Cukurova University, Faculty of Agriculture Variety 37
Tiirkiye Cukurova Universitesi, Ziraat Fakiiltesi Cesitlilik ’
Western Mediterranean Agricultural Research
Turkey Institute (BATEM) Variety
ATAEM 7 Tiirkiye Bati  Akdeniz Tarimsal Arastirma FEnstitiisii Cesitlilik 4.1
(BATEM)
NOVA T1‘1-rke?y Antalya;' MAY Seed Vari'ety' 3
Tiirkiye Antalyas MAY Tohum Cegitlilik
Bahri Dagdas International Agricultural Research .
Turkey  Institute (BDUTEM) candidate
BDS 27 . . . variety 3.9
Tiirkiye Bahri Dagdas Uluslararas: Tarimsal Arastirma Ad Hlilik
Enstitisti (BDUTEM) Ay esttan
candidate
varietiy
BDS 25 Turkey — gpyrREM) * Aday cesitlilik g ¢
Tiirkiye candidate
variety
Aday gesitlilik
candidate
Turkey Varie.ty
BDS 21 o (BDUTEM) * candidate 3.8
Turkiye .
varlety
Aday cesitlilik
candidate
Turkey Varie.ty
BDS 11 o (BDUTEM) * candidate 3.9
Turkiye .
varlety
Aday cesitlilik
candidate
Turkey Varie.ty
BDS 07 Tiirki (BDUTEM) * candidate 4
urkiye .
varlety
Aday cesitlilik

* candidate varieties having the same parents
* ayni ebeveynlere sahip aday ¢esitleri

Evaluation of Agronomic Traits

RESULTS

Evaluation of ISSR PCR Results

To identify the genetic diversity of soybean genotypes,
26 ISSR primers were tested, of which 25 successfully
amplified genomic DNA, except for one primer (M4).
The PCR products were evaluated based on
electropherograms obtained with only four primer
amplification (Figure 1).

Eight morphological features of soybean genotypes
were evaluated. The average of three repeated
measurements was statistically analyzed. According to
the Euclidian distance, a dendrogram was obtained
using the NTSYS-pcversion 2.1 statistical software
package (Rohlf, 2000).
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Table 2. ISSR primers in which genetic variations of Glycine max (L.) Merr. genotypes are revealed
Tablo 2. Glycine max (L.) Merr. genotiplerinin genetic varsyasyonunun ortaya konuldugu ISSR primerleri

Primer code Primer Sequence 5 —3’

Nucleotide Length

Annealing temperature (°C)

Primer kodu Primer Dizisi 5 —38’ Niikleotit Uzunlugu  Baglanma Sicakhig: (°C)
UBC 808 AGAGAGAGAGAGAGAGC 17-mers 54
UBC 810 GAGAGAGAGAGAGAGAT 17-mers 52
UBC 812 GAGAGAGAGAGAGAGAA 17-mers 57
UBC 813 CTCTCTCTCTCTCTCTT 17-mers 52
UBC 825 ACACACACACACACACT 17-mers 53
UBC 827 TGTGTGTGTGTGTGTGA 17-mers 53
UBC 829 TATATATATATATATART 18-mers 52
UBC 840 GAGAGAGAGAGAGAGAYT 18-mers 54
UBC 841 GAGAGAGAGAGAGAGAYC 18-mers 54
UBC 843 CTCTCTCTCTCTCTCTRA 18-mers 52
UBC 848 CACACACACACACACARG 18-mers 54
UBC 850 GTGTGTGTGTGTGTGTYC 18-mers 56
UBC 852 TCTCTCTCTCTCTCTCRA 18-mers 52
UBC 855 ACACACACACACACACYT 18-mers 53
UBC 856 ACACACACACACACACYA 18-mers 54
M1 AGCAGCAGCAGCAGCAGCG 19-mers 56
M5 GAGAGAGAGAGAGAGAGAC 19-mers 56
M6 CACCACCACCACCAC 15-mers 50
M9 ACACACACACACACACCG 18-mers 52
M10 ACACACACACACACACC(C-T) 18-mers 54
Mi15 CACACACACACACACAAG 18-mers 50
Mi6 CACACACACACACACAGC 18-mers 54
Mi8 CGTCACACACACACACACA 19-mers 56
F1 AGAGAGAGAGAGAGAGTA 18-mers 52
UMN 001 CAGTGTGTGTGTGTGTGT 18-mers 50
M4 ** AGAGAGAGAGAGAGAG(C-T)C 18-mers 54

type of degenerate nucleotide: Y = pYrimidine (C, T); R = puRine (A, G). R=A-T, Y=G-C, B=T-G-C; D=A-T-G, H = A-TIC, V

= A-G-C

dejenere niikleotid tipi: Y = pYrimidin (C, T); R=puRin (A, G). R=A-T, Y=G-C, B=T-G-C: D =A-T-G, H=A-TIC, V=A-G-C

**The primer didn’t amplification
** Primer amplifikasyon yapmadi

A total of 286 bands were obtained, of which ,88 were
polymorphic, and 198 were monomorphic. The size of
unambiguous ISSR bands varied from ~ 200 - 2000 bp.
The lowest number of bands were obtained with
UBC852 primer, and the highest number of bands
were obtained with M1 primer. Primers UBC841 and
UBC850 produced the smallest PCR fragment, and
primers UBC852 and M10 produced the biggest PCR
fragment.

The ISSR bands obtained from 12 soybean genotypes
were evaluated using the UPGMA clustering analysis.
Dendrogram constructed according to Nei’s homology
(Figure 2).

The 12 soybean genotypes formed two groups, each
with 77% genetic similarity. Ten genotypes in similar
rates of 78%-84% were included in the first group.
Genotypes BDS11 and BDS21 were determined to be
the most closely related, and BDS07 genotype was 82%
similar to these genotypes. These three genotypes
(BDS21, BDS11 and BDS07) had the same parents,
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which were the members of this group obtained from
Bahri Dagdas Agricultural Research Institute, and
clustered in the third clade of the first main group. The
genotype NOVA, which was an example of Antalya,
(Turkey), also clustered in the same clade as BDS07,
BDS11, and BDS21, with a genetic similarity of 79%.
Four genotypes (BDS07, BDS11, BDS21, and BDS25),
belonging to same parents, were clustered very close to
each other; however, these genotypes could be
distinguished from each other in the distance rate of
16%-22%. This observation is important in breeding
studies carried to distinguish between genotypes.
Other genotypes clustered in first main group were
genetically very close to each other, with a genetic
similarity of 78%-84%.

The second main group containing ATAEM7 and
ATAKISI genotypes showed only 23% genetic
similarity to the first group, and both these genotypes
showed 80% genetic similarity to each other. The
genotype ARISOY was obtained from the Faculty of
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Agriculture, Cukurova University, and the genotype similarity. The genotype NE3399, also of American
A3935 was of American origin; both these genotypes in origin, clustered in same clade as ARISOY and A3935.
the first clade of the first main group with 81% genetic

1 2 3 R S 6 7 8 9 10 11 12

uscCsio0o

Figure 1. The agarose gel electrophoretogram of amplification products of DNAs obtained from different soybean
genotypes. (Marker, M1: Fermentas SM1158; M2: Fermentas SM0371).

Resim 1. Farkli soya fasulyesi genotiplerinden elde edilen DNA'larin amplifikasyon iirtinlerinin agaroz jel
elektroforezi

Dendrogram with Homolog Coefficient % 0.0 (UPGNA)
Homolog Katsayilt Dendrogram % 0.0 (UPGMA)

100% 0% 807 0% 60% 50% 40% 0% A% 10% 04

I T T T T T T T T T

A3935
ARISOY
NE3399

DEFIENCE

BDS25
BDS27
NOVA
BDS21
BDS11
BDS07
ATAKISI
ATAEM7

Figure 2. Dendrogram of genetic similarity obtained from ISSR-PCR profiles among Soybean genotypes
Resim 2. Soya fasulyesi genotipleri arasinda ISSR-PCR profillerinden elde edilen genetik benzerlik dendrogrami

Evaluation of Agronomic Traits environmental conditions, such as day length, more
Soybean genotypes were evaluated by eight agronomic precise of photoperiod _Of late maturing genotypes
characters that contribute to yield, including plant according to early maturing genotypes and affected by

height, number of branches, number of pods, first pod day length differences of the number of pods (Whigham
height, pod length, number of seeds per pod, first and Minor, 1978). The genotypes evaluated in this

branch height, and 100 grain weight (Table 3). study were divided into maturity groups on the basis
of day length; and the maturity groups ranged between

All of these eight agronomic characters are affected by 3.8 (BDS 21. BDS 25 and NOVA) and 4.1 (ATAEM 7)

691



KSU Tarim ve Doga Derg 23 (3): 687-696, 2020 Arastirma Makalesi
KSU J. Agric Nat 23 (3): 687-696, 2020 Research Article

Table 3. The numeric data of agronomic traits obtained from Glycine max (L.) Merr. Genotypes
Tablo 3. Glycine max (L.) Merr. Genotiplerinden elde edilen agronomik ézelliklerin sayisal verileri
Height to first Height to first Number of branch  Number of pod per Pod length Number of seed per 100 seed weight

Plant height (cm)

Genotypes  Replication Bitki v rikseklici branch (cm) pod (cm) per plant pant (cm) pod (g
Genotipler Tekrar e y(u sekigt 11k dal 11k kapstil Bitki basina dal  Bitki basina kapstil Tohum Kapsiil basina tohum 100 tohum
cm) . o . o . s
yiiksekligi (cm) __yiiksekligi (cm) sayisi sayisi uzunlugu sayisi agrhig1 (g)
DEFIANCE 1 51.20 5.20 12.10 2.40 22.20 4.00 2.80 12.65
2 84.40 4.60 12.20 1.60 35.00 4.10 3.00 13.15
3 70.60 6.80 17.20 1.70 22.30 3.70 2.90 11.81
BDS 07 1 111.60 7.50 24.30 2.00 30.80 4.00 3.00 12.51
2 82.80 10.80 23.90 1.80 23.30 4.10 2.80 14.12
3 74.80 10.10 18.20 2.00 20.50 3.30 3.00 11.60
BDS 27 1 76.50 7.60 14.90 3.40 29.40 4.14 3.00 13.85
2 99.70 10.20 23.80 1.00 23.50 4.00 3.00 13.75
3 77.30 9.30 26.30 1.50 22.50 3.70 3.00 11.55
NOVA 1 97.00 6.60 20.30 2.80 24.70 3.50 2.90 11.40
2 84.30 6.20 17.00 1.90 33.20 3.60 2.70 11.32
3 84.90 12.90 20.40 2.50 31.00 3.80 3.00 10.37
BDS 25 1 107.10 8.50 24.90 3.60 37.00 3.60 3.00 14.86
2 92.60 8.10 24.50 3.70 33.30 4.00 3.00 14.07
3 93.80 10.10 26.50 2.10 24.20 3.80 2.80 13.18
ATAEM 7 1 105.40 8.40 19.60 1.30 31.20 3.50 3.00 10.76
2 93.80 1.80 17.70 0.20 20.80 3.80 2.70 10.72
3 83.20 6.00 21.40 0.90 29.30 3.20 2.90 9.67
BDS 21 1 83.50 9.80 23.10 3.80 27.00 3.60 3.00 12.64
2 75.20 8.80 22.40 3.60 27.10 3.40 2.60 12.04
3 77.60 15.00 24.90 1.80 30.20 3.60 3.00 11.44
NE 3399 1 72.50 7.50 18.90 2.30 22.90 7.50 3.00 12.33
2 92.20 9.90 20.30 2.00 32.50 3.70 2.50 12.91
3 77.50 6.20 22.80 1.10 20.20 3.40 2.90 10.97
ARISOY 1 64.30 9.75 12.90 2.30 18.90 4.02 3.00 13.06
2 106.70 7.20 25.50 4.00 32.50 4.00 3.00 10.69
3 96.10 9.70 27.70 1.10 22.90 4.10 3.00 10.00
BDS 11 1 99.60 7.80 21.00 3.00 51.40 3.90 3.00 11.43
2 102.40 6.40 20.40 1.80 40.60 4.00 3.00 11.72
3 91.90 7.60 23.00 1.10 25.10 3.60 3.00 11.29
A 3935 1 73.30 6.10 15.00 4.30 45.10 4.10 3.00 12.71
2 78.20 4.30 20.30 1.20 21.60 4.00 3.00 11.61
o 3 77.70 7.00 32.40 2.40 28.10 3.40 2.80 11.10
ATAKISI 1 82.30 6.10 13.80 4.70 51.50 4.10 3.00 11.54
2 85.90 6.40 18.70 1.80 26.90 3.30 2.80 10.37
3 87.40 8.20 23.40 3.10 30.90 3.80 2.60 9.85
F N.S. * N.S. N.S. N.S. N.S. N.S. N.S.
C.V. (%) 13 24 17 36 25 6 4 4
L.S.D. 0,0 3.21
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A dendrogram of agronomic traits was calculated
according to the euclidian distance (Figure 3).
According to the dendrogram, the genotypes were
grouped into two main groups. The first main group
comprised two subgroups; the genotypes Defiance,
A3935, NE3399, BDS21, BDS27 and, BDS07 clustered

JEFIANCE

BDs07
1

in the first subgroup, whereas ARISOY, ATAEM?7,
BDS11, NOVA and ATAKISI clustered in the second
subgroup. The genotype BDS25, which clustered in the
second main group, was only 9.77% different from the
first main group. Additionally, genotypes in the same
maturity group clustered in different groups.

BDS27 J
BDS21
NE3399

A3835

NOVA
1

ARISOY J

ATAEM7

ATAKi s

BDS11

BDS25

r T T T T T T T T T T
196 in 587
Coefficient
Katsayt

Figure 3. The dendrogram obtained according to the Euclidian distance based on the agronomic characters
Resim 3. Agronomik karakterlere dayanan Euclidian mesafesine gore elde edilen dendrogram

In the dendrogram obtained on the basis of agronomic
traits, BDS21 and NE3399, NOVA and ARISOY and,
BDS27 and BDS07 genotypes were the closest
genotypes and candidate variety according to the
morphological appearance. The genotype ARISOY and
ATAKISI, developed from the same ancestor, clustered
in the second subgroup of first main group, with
approximately 4% distance. Two genotypes (A3935 and
NE3399), obtained from America, morphologically
clustered in the same group. All of the sibling
genotypes formed as a result of hybridization, to
develop new varieties, did not show morphological
similarity; instead these genotypes -clustered in
different groups.

Comparative Analysis of Dendrograms

We compared the dendrogram obtained using ISSR
data from the agronomic traits. Soybean genotypes
were much more closely related to each other according
to the dendrogram obtained from agronomic traits
than from that obtained from ISSR data. Genotypes
from USA, including Defiance, NE3399 and A39035
clustered in the same group in both dendrograms.
However, subgroups in the first main group showed
differences between both dendrograms. Although
genotypes were ~90% similar according to agronomic
traits, candidate varieties clustered in different
groups. Whereas, ISSR-PCR collected in a group, it
achieved to distinguish with the distance rate of 16%-
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22%. Such data is useful in the development of
varieties and selection of genotypes.

When analyzed in terms of morphological
characteristics, the geographic distribution of
genotypes, derived from the same parents clustered in
different groups, despite being collected from the same
place. This information could be related to phenotypic
characteristics affected by different environmental
conditions. If more morphological cha racteristics were
examined, it could be expected that the overlap
between dendrograms would be greater.

DISCUSSION

Molecular markers are advantageous for the
identification of different genotypes and, have been
utilized in population genetics studies (Abdelmigid,
2012; Chauhan et al., 2015). DNA based molecular
markers have been invaluable in genetics and plant
breeding (Nadeem et al., 2018). Among DNA markers,
ISSRs are advantageous given the high annealing
temperature of primers and high repetition, low cost
and the genomic information provided. ISSRs have
been widely used in plants, as they provide important
information for understanding the relationship
between species. Therefore, the results of this study
may further assist in developing new breeding
strategies (Abdelmigid, 2012). In this study, ISSR
primers a total of 286 bands, with an average of 11.92
bands per primer were evaluated. The average
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numbers of bands reported previously are 3.1 (Xie and
Yoshihito, 2005), 20.05 (Arslan and Tamkog¢, 2011),
5.47 (Bhatia et al., 2009), 18.8 (Abdelmigid, 2012), 6.5
(Aghaei et al., 2012) and 4.4 (Youssef, 2010).

Although our results demonstrated low genetic
diversity among soybean genotypes using ISSR
primers, these genotypes were successfully
distinguished. Based on the number of polymorphic
bands obtained in this study, DNA polymorphism was
estimated as 30.76%. Low genetic diversity has also
been reported previously using different DNA based
molecular markers. For instance, AFLP markers have
revealed 2.78% polymorphism among peanut
genotypes (Herselman, 2003). In another study, the
genetic diversity among 26 accessions of cultivated
peanut has been determined as 18% by Dwivedi et al.
(2001). RAPD markers have shown very low
polymorphism among 18 soybean genotypes (Doldi et
al.,, 1997). Ude and colleagues have reported 27%
genetic diversity among 190 Japanese, North
American, and Chinese soybean cultivars using AFLP
markers (Ude et al., 2003).

Contrary to these results, Agarwal et al. (2014) have
reported 77.89% polymorphism using 15 ISSR markers
in soybean [G. max L. Merr.] genotypes. Jin et al.
(2003) have shown high genetic diversity among 100
accessions of wild soybean (Glycine soja Sieb. and
zucc.) collected from natural populations using 15
ISSR primers. Similarly, 60 SSR markers have
revealed high genetic diversity among 123 soybean
genotypes (Wang et al., 2006). Characterization of
reproductive cell lines of pea (Pisum sativum) using
RAPDs has shown genetic similarity index ranging
from 26% to 79.3%; in this study 11 of 12 primers
amplified the genomic DNA producing a total of 133
banding patterns (Yadav et al., 2007). Moreover, Brick
and Sivolap (2001) have shown 75% polymorphism
using ISSRs among 19 cultivars obtained from
different ecological and geographic locations.
Satyavathi et al.,, (2006) have demonstrated 95%
genetic diversity among 72 soybeans cultivars collected
from India using AFLP markers.

The information on genetic similarity among
genotypes and populations is beneficial for breeding
programs, as it ensures more powerful sampling of
genotypes to be used for crossing for the development
of new cultivars, and allows the organization of
germplasm (Abdelmigid, 2012). In this investigation,
the UPGMA analysis dendrogram and homology
coefficient displayed strong relationship among
soybean  genotypes. The UPGMA  analysis
dendrograms generally did not show any clear
clustering model according to where the accessions
were collected (Abdelmigid, 2012). In our study, results
of cluster analysis showed that were also placed in
different cluster of geographically closer genotypes.
Our results are consistent with those of Baloch et al.
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(2010) showing that ARISOY and A3935 genotypes
clustered in the same group.

Today, both morphological and molecular approaches
are used to distinguish between genotypes. One of the
biggest challenges in soybean cultivation is the limited
number of varieties. Soybean is much more sensitive to
the environment, soil type, and day length than other
plant species. Therefore, breeding for new and
improved soybean varieties adapted to different
environmental conditions is critical. The results
obtained in this study showed that ISSR markers were
able to distinguish between soybean genotypes. ISSRs
are easier, cheaper, and more reliable than
conventional breeding methods of morphological
characterization, which are more laborious, costly, and
time consuming. We believe that ISSRs will facilitate
plant breeders in the development of high yielding
varieties of crop plants.
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OZET

Bu arastirma 2014 ve 2015 yillarinda Bursa—Gemlik ekolojik
kosullarinda birinci iiriin olarak yetistirilen Azkan nohut (Cicer
arietinum L. cesidine farkl fosfor dozu (0-4-6-8 kg dal P205)
uygulanarak verim ve verim 6gelerine etkisinin belirlenmesi amaciyla
yurtutulmustir. Deneme tesaduf bloklar1 desenine gore dort
tekrarlamali olarak kurulmustur. Arastirmada elde edilen verilerin
varyans analiz sonuclar1 dikkate alindiginda fosfor dozlarina baglh
olarak iki y1l i¢in bitkide boy, dal sayisi, bitkide bakla sayisi ve dekara
tane verimini oOnemli ol¢iide etkiledigi belirlenmigtir. Yapilan
uygulamalarla tane verimi ortalamalar1 2014 yilinda 156.9-202.5 kg
da’l, 2015 yilinda ise 159.4-197.4 kg da! arasinda degismistir. Fosfor
dozlar1 agisindan deneme sonucglari incelendiginde; iki yil i¢in en
yuksek tane verimi sirasiyla 197.4-202.5 kg dal! ve 6 kg da'l
fosfor(P205) dozu uygulanan parsellerden elde edilmistir. Artan fosfor
dozlarmin bir noktaya kadar verimde pozitif yonli bir artisa neden
oldugu gorulmustiir.

The Effect of Different Phosphorus Doses on The Yield and Yield Components of Azkan Chickpea (Cicer

arietinum L.) Variety in Bursa - Gemlik Ecological Conditions

ABSTRACT

In this study, four different phosphorus doses (0-4-6-8 kg da! P205)
were applied to Azkan chickpea varietie grown in Bursa-Gemlik
ecological conditions in 2014 and 2015 to determine the effect on yield
and yield component conducted. The experiment was designed as
randomized block design with four replications. According to the
results of the variance analysis of the data obtained in the research,
phosphorus doses had a significant effect on plant height, number of
branches per plant, number of pods per plant and grain yield in both
years. The average yield of grain yields varied between 156.9-202.5 kg
da! in 2014 and 159.4-197.4 kg da! in 2015. When results of the
experiment were examined in terms of phosphorus doses; The highest
grain yield in both years 197.4-202.5 kg dal! and 6 kg dal
phosphorus(P205) doses were obtained respectively. Increases in
phosphorus doses led to an increase in yield to a certain point.
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GIRIS

Yemeklik tane baklagiller tarla tarimi igerisinde ekim
alan1 ve uretim bakimindan tahillardan sonra gelen
ikinci Urliindir. Baklagiller protein kaynagi olarak
biytk oneme sahiptirler, diinyada insan
beslenmesinde kullanilan bitkisel proteinlerin %22’si
ve karbonhidratlarin %7’si, hayvan beslenmesinde ise
proteinlerin %381 ile karbonhidratlarin %571 yemeklik

tane baklagillerden kargilanmaktadir (UBK, 2011).

Baklagiller insanoglu tarafindan kiltiire alinan ilk
bitkiler arasindadir. Arkeolojik bulgular M.O. 5600
yillarinda baklagillerin gida maddesi olarak
kullanildigin1 ortaya koymustur. Baklagil bitkileri
insan beslenmesinde esansiyel protein ve
karbonhidrat kaynaklar arasinda olup, protein
oranlarinin(%18-31.6) yiiksek olmasi1 ve 6nemli amino
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asitler(isoleucine, leucine, phenylalanine v.b)
icermeleri nedeniyle, o6zellikle gelir dizeyi dusuk
ulkelerin en o6nemli protein kaynaklarindan birisi
olarak degerlendirilmektedir (Ozdemir, 2002).

Turkiye’de 2018 yili itibariyle nohut ekim alam
514.415 ha, tretim 630.000 ton ve verim ise 122.0 kg
daVdir. Nohut yemeklik tane baklagiller arasinda
tretim alan1 ve lretim miktar1 bakimindan birinci
sirada yer almaktadir. Dinya’da nohut tretim
degerlerine bakildiginda, 2015 yilinda, toplam 12
milyon ha alanda, 95 kg da! verim ile 11 milyon ton
tiretilmektedir (Anonim, 2018). Tiirkiye en fazla nohut
ureten tilkeler arasinda beginci sirada yer almakta ve
birim alandan elde edilen tane verimi diinya
ortalamasindan yiiksektir. Ulkemizin nohut verimi,
gelismekte olan tilkelerin veriminden yuksek; ancak
gelismig tulkelerin verimlerinden dusiktiur. Nohut
tretiminin yaklagitk % 50’si I¢ Anadolu bélgesinde
yapilmaktadir (TEPGE, 2017).

Yemeklik baklagillerin proteince zenginligi, yetisme
periyodunda azota ¢ok az ihtiya¢ gostermeleri kurak
sistem bolgelerinde tahillarla miinavebeye girerek
kendinden sonra gelen bitkiye besin maddelerince
zengin bir toprak birakmasina karsin nohudun tane
verimini sinirlayan etkenlerin en basinda antraknoz
hastaligi[Ascochyta rabiei (Pass.) Labr.)] gelmektedir
(Silim ve ark. 1993). Ascochyta yaniklig1 veya nohut
yaniklig1 olarak isimlendirilen hastaligin etmeni
Ascochyta rabiei (Pass.) Labr. (Eseyli devresi:
Didymella rabiei v. Arx) fungusudur (Nene ve ark.,
1996, Kaiser ve Kiismenoglu., 1997). Fungusun zarar1
toprak tistii aksam tuzerindeki fotosentez aktivitesini
azaltmasindan kaynaklanmaktadir. Bunun nedeni tek

bir mekanizmaya baghh olamamakla birlikte
depolanmis karbonhidratlarin tiiketimi ve baz
oksidaz enzim aktivitelerinin artmasi ile

aciklanmaktadir Misaghi, 1982). Antraknoz hastalig,
bitkinin yaprak, yaprak sapi, gen¢ dallar ve kapsil
olmak tlzere tim toprak ustii organlarimi enfekte
etmektedir (Nene, 1982). En énemli zarar, govde
kirilmalar1 ve bakla enfeksiyonlar1 sonucu olusur
(Reddy ve Sing, 1990). Hastaligin gelisimi i¢in sicaklik,
yagls ve ruzgar en onemli cevresel faktorlerdendir
(Akem, 1999). Yagis ve nem hastaligin gelisimi i¢in en
onemli faktérdir. 15 °C tstiindeki sicakliklarda
%60'in lizerinde nispi nem ve yaz siiresince 350-400
mm yagisin hastalik igin son derece uygun oldugu
saptanmistir (Acikgdz, 1994). Acikgoz (1994) iin
bildirdigine gére Ekim ve Nisan aylar1 arasindaki
yagiglarin 150 mm veya uzerinde olmasi durumunda
ise antraknoz c¢ok =zararli olur. Antraknozla
micadelede etkin yol ise dayanikli ve toleransl nohut
cesitlerinin  kullamilmasidir. Bu sebeple kighk
cesitlerin antraknoza dayanikli olmasi 6nem arz
etmektedir. Yazlik ekilen nohudun verimi yiliksek
sicakhik ve kuraklik streslerinden olumsuz sekilde
etkilenmektedir (Silim ve ark. 1993).
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Nohut’'un insan beslenmesindeki 6nemine yo6nelik
olarak; cins, tir, gesit ve yetistirme yontemlerine gore
degismekle birlikte, kuru taneleri % 18-37 oraninda
protein icerir. Bu oran, yazlik yetistirilenlerde, kighk
ekilenlerden daha yiiksek olmakta ayrica A, B ve D
vitaminleri bakimindan zengin bir yapi
gostermektedirler (Bildirici ve Yilmaz, 2003).

Fosfor bitkilerde optimal biiytime ve gelismede mutlak
gerekli olan makro besinlerden biridir. Fosfor
bitkilerde kuru agirligin yaklasik % 0.2’1ik bir kismim
olusturur ve bitkide meydana gelen fizyolojik ve
biyokimyasal reaksiyonlarin olusmasinda gorev
almaktadir (Theodorous ve Plaxton, 1993). Bitkiler
ATP, sekerler ve niikleik asitlerin olugsmasi i¢in gerekli
oldugundan fosfora ihtiya¢ duymaktadir. Bitkide
enerji transferi yapan ATP bu bilesiklerin en
onemlilerindendir.  Bitkide  genetik  6zellikleri
belirleyen DNAnin olusumu i¢in gereklidir. Fosfor,
hiicre bélinmesi, ¢icek ve meyve olusumunda 6nemli
rol oynar. Bitkilerin olgunlagsmasimi hizlandirir.
Potasyumun bitkiler tarafindan alinmasina zemin
hazirlar. Bitkinin hastalik ve zararlhilara kars:
direncini artirir. Bitki koklerinin suyu almasini
dizenleyerek suyun etkili bir sekilde kullanilmasini
saglar (Foth, 1984; Plaster, 1992; Aktas ve Ates, 1998;
Bosgelmez ve ark., 2001; McCauley ve ark., 2009).

Bitkiler ihtiya¢ duyduklar: fosforun énemli bélimiini
gelismelerinin  ilk  do6nemlerinde  alirlar  ve
binyelerinde depo ederler. Bitkilerde oldukca
hareketli olan fosfor, gelismenin ileri dénemlerine
dogru 1ihtiya¢ duyulan diger dokulara, tohum ve
meyvelere tagimr. Ozellikle metabolik aktivitenin
yogun oldugu hiicre ve dokulara fosfor taginim oram
da daha fazladir (Jeschke ve ark., 1997).

Bitkilerin kék gelisiminde fosforun etkisi 6nem arz
etmektedir. Artan fosfor uygulamasina bagli olarak
kok gelisiminin de artmasi kokiin topraktaki deginme
yuzeyini geniglemekte ve bdylece bitkilerin ihtiyag
duyduklar: diger besin elementlerinden yararlanma
oranlari da artmaktadir (Marschner, 2008).

Ekim zamani nohudun tane verimi tizerine etkili olan
onemli bir faktordir. En uygun olan ekim zamanindan
sapmalar ekolojik kosullardaki degisimler sebebiyle,
bitkinin gelisimi ve biiyylimesi {izerine olumsuz bir etki
yvapmaktadir. Kiy1 bolgeleri disinda karasal iklime
sahip i¢ bolgelerde ekim yazlik olarak subat ayindan
mayis ayina kadar degisen zamanlarda yapilmaktadir.
Erken ekimde toprakta fazla nem bulundugundan,
asir1 vejetatif biiyime olmakta ve topragin suyla fazla
doymasi sonucu hastaliklar yayginlagmakta ve tane
verimi dismektedir. Buna kargilik ge¢ ekimde artan
sicakliklar nedeniyle sinirli toprak nemi ¢gimlenmeyi
olumsuz yoénde etkilemekte ve optimum bitki
sikhigindan daha az bitki ¢ikis yapmakta, gelisme
doénemlerin kisalmasi ile verim azalmaktadir.

Turkiye’de nohut ekimi

genellikle yazin
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yapilmaktadir. Bunda antraknozun etkisini azaltma
amaci da etkilidir. Ulke genelinde nohut ekim zamani
bélgelere gore subat ay1 ortasindan mayis ayina kadar
degismektedir. Kiy1 bélgelerinde kiglik ekimler de
yapilabilmektedir (Yagmur ve Engin 2005).

Bursa ilinde nohut ekilen alan miktar: 17.240 dekar,
tretim miktar: 2.546 ton ve dekara nohut verimi ise
148 kg daVdir. Gemlik Ilcesinde 90 dekar alanda
nohut tarimi yapilmaktadir (Anonim, 2018). Bu
arastirma, Bursa ilinde alternatif bir trin olarak
Azkan nohut c¢esidinin yetistirilme olanaklarinin
tespit edilmesini ve bu gesitten yiiksek tane verimi
elde edebilmek i¢in farkli fosfor dozlarinin verim ve
verim komponentleri tiizerine etkisini belirlemeyi
amaclamigtir.

MATERYAL ve METOT
Materyal
Bu calisma 2014-2015 yillarin da Bursamin 24 km

yapilan denemeler sonucunda uygun cesit olarak
tescillenen Azkan nohut cesidi kullanmilmigtir. Tescil
ozelliklerine gore bitki boyu 41-46 cm ve ilk bakla
yiksekligi 15-20 cm arasinda degismekte oldugu, dik
geligen, orta derece dallanan, erkenci, kuraga, soguga
toleransh bir yemeklik nohut ¢egididir. Birlesik yaprak
ve salkim c¢icek formuna sahip olup, ¢igek rengi
beyazdir. Kocbagi tane tipinde ve tane agik bej renkli
olup ve bitkide bakla sayis1 24/30 adet/bitki, baklada
tane sayisi 1-2 adet olup, 100 tane agirlig: 42,0-49,0 g.
arasinda degisir. Antraknoz hastaligina dayaniklidir.
Nohut tarimi yapilan tiim boélgelere 6nerilmektedir.

Gemlik’te genellikle Akdeniz iklimi hiikiim siirtiyorsa
da Akdeniz ve Karadeniz iklim karakterlerinin
karigsim bolgesidir. Bilhassa Marmara denizinin tesiri
altinda mutedillik kazanmaktadir. Yaz kuraklig:
Akdeniz rejiminde oldugu kadar siddetli degildir.
Kuzey riizgarlarina karsi Samanli daglariyla kapalh
bulunan Gemlik’te en sicak ay Temmuz, en soguk ay
ise Subat’tir. Denemenin yuriutuldigi Gemlik

gﬁney-batlslr}da. yer. glan E}efn.l.ik “il(;.e.)si ekolojik ilgesinin 2014-15 yili vejetasyon dénemine iligkin bazi
sartlarinda cift¢i arazisinde yurutilmustir. Materyal Klim rilerin it ortalamalar Cizelge 1'de
S N 1 verilerine a g
olarak Eskigsehir Tarimsal .Arastlrr{la Enstitusu verilmistir.
tarafindan 2009 yilinda bélgenin ekolojik sartlarinda
Cizelge 1. Gemlik Ilgesi ortalama sicaklik, yagis ve nispi nem miktarlar
Table 1. Gemlik District Average temperature, rainfall and relative humidity in the trial years.
Deneme Yillari-Trial Years (2014 -2015) Uzun Yillar-Long years (1954- 2013)
Sicaklik °C)  Yagis (mm) Nispi Nem  Sicakhk °C) Yagis (mm) Nem (%)
Aylar(Months) Temperature Precipitation Moisture (%) Temperature Precipitation  Moisture
Ocak(January) 0.4-0.6 41.0-66.3 69.2-70.6 0.5 66.3 70.6
Subat(February) 0.6-0.7 42.8-34.5 69.6-72.4 6.2 72.3 72.4
Mart(March) 5.7-8.4 51.6-59.4 53.8-68.5 8.4 69.8 67.7
Nisan(April) 10.3-11.9 69.2-64.0 68.1-63.0 12.9 64.0 63.6
Mayis(May) 15.2-17.0 69.8-63.8 59.9-56.2 17.6 43.3 56.2
Haziran(June) 21.8-21.4 13.4-20.6 42.7-44.6 22.4 32.6 44.8
Temmuz(July) 26.9-24.7 13.6-16.2 31.2-37.9 24.6 16.6 37.1
Toplamlar(Sums) 80.9-84.7 301.4-324.8 394.5-413.2 92.6 364.9 412.4
Ortalamalar(Ave.) 11.5-12.1 43.0-46.4 56.3-59.0 13.2 52.1 58.9

*Bursa Meteoroloji I1 Mudirlugi kayitlar:

Denemenin yuratildigi 2014 yilh Mart ayindan
Agustos ay1 sonuna kadar gegen zamanda toplam yagis
miktar1 43.5 mm olarak gerceklesmistir. 2015 yilinda
ise ayn1 zaman araligin da 44.8 mm ile daha fazla yagis
dismustur. Ortalama sicaklik degerlerine
bakildiginda ilk yi1l ortalama 11.5 9C olarak
6lctilmistir. Bu deger denemenin ikinci yilinda 12.1
0C olarak oOl¢tilmiustir. Ortalama nem oranlar1 ise
denemenin ilk yilinda (%56.3) ikinci yila gére (%59.2)
daha diisiik gerceklesmistir(Anonim, 2015).

Deneme yerine ait topraklarin 0-20 cm derinlikteki
kismindan alinarak fiziksel ve kimyasal yonden analiz
edilmistir (Cizelge 2).

Cizelge 2’de gorildiugu tizere arastirma yeri topraklar:
killi-tinli blinyeye sahip olup hafif alkali karakter
gostermektedir(pH=7.5). Deneme topraklar: organik
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madde yoninden fakir alinabilir potasyum agisindan
zengin, ancak alinabilir fosfor bakimindan ise yetersiz
bulunmustur.

Topraktaki tuz igerigi yoniinden tuzsuz, pH ise nétre
yakin oldugu gorilmistir. Topragin katmanlar
organik madde ve azot igerigi bakimindan fakir,
yarayigh fosfor igeriginin 0-30 cm derinlikte az oldugu
tespit edilmigtir.

Metot

Aragtirma, 2014 ve 2015 yillarinda Bursanin Gemlik
ilcesinde, Tesaduf Bloklar1 Deneme Deseni planina
gore kurulmustur. Denemede, 1 nohut cesidi (Azkan) x
4 ayr1 fosfor dozu (0, 4.0, 6.0, 8.0 kg da?l P20s
formunda) x 4 tekerriir =16 parsel olacak sekilde
planlanmisg ve yuratilmustir. Denemedeki
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parsellerde siralar aras1 mesafe 35 cm ve parsel toplam
alan1 1.75 m x 3 m =5.25 m?2 olarak 5 sira halinde
diizenlenmis, hasatta ise yan taraflarindan birer sira,
parsel baglardan ise 0.5 m kenar sira tesiri olarak
atildiktan sonra verim o6gelerine ait bazi 6lgim ve
tartimlar kalan 1.05 m x 2 m =2.10 m? alan lizerinden
tesadiifen segilen 10 bitkide yapilmistir. Ekim igslemi
siralar markorle gizildikten sonra ¢iziler ¢apa ile 6-8
cm derinlegtirilerek m?’ye 45 tohum gelecek sekilde 17-
21 Nisan 2014/15 tarihlerinde elle yapilmgtir. Thtiyac
duyuldukca capa ile yabanci ot miicadelesi yapilmistir.

Hasatlar birinci yi1lda 24 Temmuz; ikinci yilda ise 29
Temmuz tarihinde el ile yolunarak yapilmistir. Her
parselden tesadiifen secilen 10 bitki tizerinde bitki
boyu, bakla yuksekligi, dal sayisi, bakla sayisi, ylz
tane agirligt ve dekara dane verimi degerleri
Olculmistir. Sonuclar tesadiuf bloklar1 deneme
planina goére analiz edilmigtir. Olusan farkli gruplarin
degerlendirilmesinde Duncan (%5) ¢oklu kargilastirma
testi (Diizgiines ve ark., 1987) ile Costat ve Mstatc
paket programlarindan yararlanilmistir.

Cizelge 2. Deneme topraklarinin (0-30 cm) baz fiziksel ve kimyasal ézellikleri
Table 2. Some physical and chemical properties of the trial area soil(0-30 cm)

Yarayish K Organik

Yillar Tekstiir Toplam tuz pH Kireg (K>0) Yarayish P (P20s) madde(®)
Y Text Total salt (EC) Caco3(e) ~ Creative K o tive Plkgda)  OTERNIC
ears exture otal sa a 0, (kg da_l) reative g da matter(%)

2014 Kumlu-Tinli-Killi 0.036 7.4 5.60 174.0 1.70 1.10

2015 Kumlu-Tinli-Killi 0.047 7.6 5.72 82.0 2.54 1.47
*Van Ticaret Borsasi toprak analizi laboratuvarlarinda yapilmigtir.
TARTISMA ve BULGULAR erken ¢ikig stresi verileri elde edilmistir.
Bursa-Gemlik kosullarinda Azkan ¢esidi ile yapilan Denemede kullanilan Azkan nohut ¢esidinin

denemede artan fosfor dozu uygulamalar: sonucunda
elde edilen veriler tizerinde yapilan varyans analiz
sonuc¢larina goére bazi karakterler bakimindan yillar
arasinda olusan fark o6nemli ¢iktigr i¢in yillar ayr
degerlendirilmigtir. Olusan gruplar ve ortalamalar:
Cizelge 3 ve Cizelge 4’de verilmigtir.

2014-2015 yillarinda parsellere ekimleri yapilan
Azkan nohut cegidinin ortalama 11 ginde ¢iktig:
gozlenmig ve parsellerdeki iki yilin ¢igeklenme
ortalamasinin ise c¢ikistan sonraki 44. giinde
gerceklestigi kayit altina alinmistir.

Ortalama c¢ikis siiresi ve ¢igeklenme giin saysi,
Beysar1 (2012)'nmin yapmis oldugu calismaya benzer
(Cikis Siiresi: 11. Giin, Ciceklenme Siiresi: 44.
Giin)dir. Erdemci (2012)'nin yaptig1 (Cikig Siiresi: 22.
giin, Ciceklenme Siiresi: 55. Giin) calismadan ise daha

olgunlagsma siliresi parsellerin ortalamasina gore
¢ikigstan sonraki 89. giinde gergeklegmistir.

Azkan nohut ¢esidinin ortalama fizyolojik olum stiresi,
Beysar1 (2012)nmin yapmis oldugu calismaya yakin
(Fizyolojik Olum: 79. Giin), Erdemci (2012)'nin
(Fizyolojik Olum:102. Giin) ve Patan (2014)'in yaptig
(Fizyolojik Olum: 108.7 Giin) calismalardan daha
erken veriler elde edilmistir.

1. Bitki boyu

Aragtirma sonunda elde edilen verilere gére 2014
yilinda artan fosfor dozu uygulamalarina bagh olarak
bitki boylar1 arasindaki fark istatistiksel olarak
onemsiz, 2015 yilinda ise % 5 diizeyinde &nemli
cikmistir (Cizelge 3).

Cizelge 3. Bitki boyu, bakla yiiksekligi ve dal sayisina iliskin olusan gruplar ve ortalama degerler
Table 3. Plants height, pod height and number of branches and average values of groups formed

Fosfor Dozlar: Bitki Boyu (cm)

Ik Bakla Yiiksekligi (cm)

Dal Sayis1 (adet)

Phosphor Doses Plant Height(cm) First Pod Height (cm) Number of Branches (pieces)
(kg da'!) 2014 2015 Ort. 2014 2015 Ort. 2014 2015 Ort.

0.0 49.23  47.97b! 4860 2950  31.32  30.41 3.52¢ 6.64c  5.08c
4.0 51.27  49.84ab 50.56 29.86  33.42 3164  5.20b 771 6.45b
6.0 53.43  52.35a  52.89 31.91 3214  32.02 6.97a  9.60a  899a
8.0 52.46  52.14a  52.30 31.52  32.22  31.87 6.84ab  8.71ab  7.76ab
Yillar Ort. 51.59a  50.57b 30.69b  32.28a 5.63b  8.16a

Years Ave. i} ) )

LSD 0.05 OD.+  2.67% OD.+ 0O.D.4 4.92%%3 1, 08%*3

C.V (%) 4.60 5.09 6.15 9.54 7.51 12.65

la-d: Aym siitunda farkh harfleri gosteren ortalamalar arasindaki fark istatistiksel olarak 6nemlidir (P<0,05).
2* p<0.05; 3 p<0.01; ¢ O.D.: Onemli degil.
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Aragtirmanin  yapildigt 2014 ve 2015 yillarinda
yetistirilen Azkan nohut cesidinin artan fosfor dozu
uygulamalariyla yetistirilmesinden elde edilen en yiiksek
bitki boyu ortalamalari her iki yilda dekara 6 kg fosfor
uygulanan parsellerden (sirasiyla 53.43-52.35 cm)
saptanmistir. En kisa bitki boyu ise sirasiyla 49.23-
47.97 cm ile 0 doz kontrol uygulamalarindan elde
edilmistir (Cizelge 3).

Nohutta bitki boyu artan fosfor uygulamasina gore
degismektedir. Babagilin (2011) yaptig1 calismada
bitki boyu degerleri 42.6-49.7 cm arasinda iken, Soylu
(1999 nun calismasinda elde ettigi sonuclar 33.66-
41.89 cm arasinda degismistir. Arastirmacilarin 6 kg
da! fosfor uygulanan parseldeki bulgular ile bu
¢alismanin sonucunda elde edilen bulgular uyum
gostermektedir.

Bitki boyu cesit 6zelligi olarak gesitlere gore farklilik
gostermekle birlikte ¢evre ve iklim kogullarina, yazlik
veya kiglik olma durumuna, yapilan ekim zamanina ve
ekimden hasada kadar gecen siirede uygulanan
degisik yetistirme yontemlerine gore de farklilik
gostermektedir.

Bitkide Azkan nohut ¢esidinin bitki boyuna iligskin
daha 6nce yapilan calismalarda, Beysar1 (2012) 46 cm,
Erdemci (2012)’nin yapmis oldugu calismada 49.71 cm,
Ceran(2015)in yaptig1 calismada 46.67 cm, Patan
(2014) ise calismasinda 55.7 cm gibi benzer nitelikte
degerler elde etmiglerdir.

2. Tk bakla yiiksekligi

Arastirmada elde edilen iki yi1llik sonuglara gére artan
fosfor dozu uygulamalarina bagh olarak her iki yil igin
bakla yuksekligi arasindaki fark istatistiksel
bakimdan énemli farkliliklar olusturmamistir (Cizelge
3).

Denemede fosfor dozu uygulamalar: sonucunda Azkan
nohut cesidinin bakla yiiksekligi ortalamalar1 2014
yilinda 29.50-31.91 cm 2015 yilinda ise 31.32-33.42 cm
arasinda  degistigi  bulunmustur.  Cizelge 3
incelendiginde gorilecegi lizere uygulamalar arasinda
en yiiksek ilk bakla yiiksekliginin 2014 yilinda 6 kg da-
1. 2015 yilinda da 4 kg da?! fosfor uygulanan
parsellerde (sirasiyla 31.91-33.42 cm) 6lciilmiistiir. En
diisiik bakla yiiksekligi ise sirasiyla 29.50-31.32 cm 1le
glibresiz kontrol uygulamasindan elde edilmistir
(Cizelge 3). Bildirici ve ark (2007) tarafindan Canitez-
87 nohut ¢esidi tizerine yaptiklar1 ¢alismada bakla
yiksekliginin 13.0-33.6 c¢m arasinda degistigini
bildirmislerdir. Karakoéy (2008) tarafindan yapilan
calismada bakla ylksekligi 31.5-40.7 cm, Babagil'in
(2011) yaptig1 calismada ise 20.6-27.6 cm olarak tespit
etmiglerdir. Bu c¢aligmalar elde edilen sonuglari
destekler niteliktedir.

Genel olarak uzun boylu ve vejetatif aksami biylk
olan bitkilerin ilk baklalari da yliksekte olusmaktadir.
Bakla yuksekligi, genetik ve ¢cevre faktorlerinin 6nemli
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6lctide etkisi altinda oldugu diger bir verim unsurudur
(Fehr, 1987). Baklagillerde mekanizasyonla hasat ve
harman iglerinde énemli bir parametre olarak kabul
edilmektedir (Babagil, 2011).Zeren ve ark. (1991)
makineli hasat i¢in en uygun ilk bakla yiiksekliginin
26 ve 30 cm olmasi gerektigini bildirmiglerdir. Eser ve
ark. (1989) ilk bakla yiiksekligini biiyiik oranda
genetik yap1 belirlese de c¢evreden de oldukga fazla
etkilenmektedir. Ilk bakla yiiksekligi uzun boylu ve
vejetatif aksami fazla olan bitkilerde daha yiliksek
oldugunu  bildirmiglerdir.  Yapilan  c¢alismada
uygulanan fosfor dozlarimin ilk bakla yiiksekliginde
onemli farkliliklar olusturmadigr tespit edilmigtir.
Ancak, bitki boyuna olan etkisi géz 6ntine alindiginda,
Azkan nohut ¢esidi makineli hasat acisindan oldukg¢a
onemli olan ilk bakla yuksekliginin fazla olmas,
hasadin daha kolay yapilmasina ve tane kayiplarinin
en aza inmesine imkan saglamaktadir.

3. Bitkide dal sayis1

2014-15 yillar1 arasinda yuritilen ¢alismada artan
fosfor dozlarinin nohutta dal sayis1 Uzerine etkisi
istatistiksel olarak her iki yilin sonuglarina goére
P<0.01 seviyesinde onemli oldugu bulunmustur
(Cizelge 3).

Cizelge 3’un incelenmesinden goriilecegi lizere artan
fosfor dozu uygulamalar1 ile bitkide dal sayisi
ortalamalar1 2014 yilinda 3.52-6.97 adet arasinda
degisirken, 2015 yilinda ise 6.64-9.60 adet arasinda
degismistir. En ylksek dal sayisi her iki yilda da
sirasiyla 6.97-9.60 adet ile 6 kg daluygulanan
bitkilerde rastlanmistir. En digiik dal sayisi ise yil
sirasiyla 3.52-6.64 adet ile kontrol uygulamalarindan
elde edilmistir (Cizelge 3).

2014 ve 2015 yili yaz yetistirme sezonlarinda elde
edilen sonuclara gore; 6 kg dal olarak uygulanan
fosfor dozunun bitkide dal sayisim1 artirdigi
gbzlenmigtir.

Bitkide fosforun en 6nemli gorevlerinden biri hiicre
b6linmesini tegvik etmenin yani1 sira yeni doku
olusumunda etkili bir element olmasidir. Bu konuda
yiritiilen baz1 ¢calismalarda; Vadavia ve ark. (1991)
yapmis oldugu nohuda uygulanan fosforun bitkinin
dallanmasini arttirdigin1  belirttikleri ¢alisma ile
Dahiya ve ark. (1993)1 tarafindan yapilan calisma,
elde edilen bu sonuglari destekler niteliktedir.

4. Bakla sayis1

Analiz sonuglari incelendiginde artan fosfor dozlarinin
bakla sayis1 iizerine etkisi 2014 ve 2015 yillarinin her
ikisinde de % 1 diizeyinde 6nemli oldugu bulunmustur
(Cizelge 4).

Denemede artan fosfor dozu uygulamalarinin bitkide
bakla sayisimi artirdigi tespit edilmistir. En yliksek
bakla sayisi degeri her iki yilda sirasiyla 26.20-25.03
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adet ile 6 kg da’l fosfor dozu uygulamasindan elde
edilmigtir. En dugtik bakla sayis1 ise 17.72-18.63 adet
ile giibresiz kontrol parsellerinde élciilmiistiir (Cizelge
4). Diger arastirmacilarin yaptigi c¢alismalarla
kiyaslandiginda; Bu c¢aligmada bitkide toplam bakla
sayis1 acisindan benzer sonuglarin elde edildigi
goriilebilir (Anlarsal ve ark., 2000). Vadavia ve ark.
(1991) azot ve fosforlu giibrelerin bitkide bakla sayisini

artirdigini bildirmislerdir. Chhina ve ark. (1991) ise
susuz kogullarda verimi yiiksek nohut cesitlerinin
1slahinda bitkide bakla sayis1 karakterinin tizerinde
durulmasinin gerektigini bildirmektedirler. Ayrica
susuz kogullarda ¢ok sayida bakla olusturan gesitler
dogal olarak ylksek verimli cesitlerdir. Bu nedenle
kurak gartlarda bu cesitlerden daha fazla tane verimi
elde edilebilir.

Cizelge 4. Bakla sayisi, yiz tane agirlhigi ve dekara tane verimine iligkin olugsan gruplar ve ortalama degerler
Table 4. Number of plant pods, one hundred grain weight, and decare yield values and related groups and average

Bakla Sayis1 (adet)
Number of Pods (pieces)

Fosfor Dozlar:
Phosphor Doses

Yiiz Tane Agirhig (gr)
Hundred Grain Weight(g)

Dekara Tane Verimi (kg da?)
Grain Yield (kg da'!)

(kg da) 2014 2015  Ort. 2014 2015 Ort. 2014 2015 Ort.

0.0 17.72c  18.63d 18.17c  43.87 4429 4408 168.89c  159.44d 164.16d
4.0 19.45bc  20.65c  20.05bc  44.85 4573 4599 180.49b  165.30c 172.89b
6.0 26.20a  25.03a 25.62a  45.13  46.45 4579 202.45a  197.36a 199.90a
8.0 22.50b  21.98b 22.24b 4560 4557 4558 156.92d  182.45b 169.68c
g;iz gffe" 21.47b  21.57a 44.86a  45.51b 177.18a  176.13b

LSD o.05 12.24%%3  1.34%%3 0.D.4 O0.D.4 8.39%*3 5.68%*3

C.V (%) 3.10 5.97 4.21 3.44 4.47 3.11

1a-d: Ayn siitunda farkli harfleri gésteren ortalamalar arasindaki fark istatistiksel olarak énemlidir (P<0,05).

2* p<0.05:3" p<0.01; 4 O.D.: Onemli degil.

5. Yiiz tane agirlign

Cizelge 4’tevaryans analizi sonuclar1 incelendiginde,
uygulanan fosfor dozu miktarlarimin yliz tane
agirhiklarina etkisinin istatistiksel olarak oOnemli
cikmadigr gorilecektir. En yiksek yiz tane agirhig
degeri 2014 yilinda 8 kg da?! fosfor uygulanan
parselden (45.60 g) elde edilirken, 2015 yilinda ise 6 kg
da!fosfor uygulamasindan (46.45 g) elde edilmistir.

Yigitoglu (2006) yaptig1 arastirmada nohut cesitlerinin
yuz tane agirhklarinin 36.49-40.28 g arasinda
degistigini bildirmigtir. Azkan nohut gesidinin yiiz
tane agirhigr degismemekle birlikte daha 6nce yapilan
calismalarda, Beysar1 (2012)nin yapmis oldugu
calismada 46.72 g, Din¢ (2012)in yapmis oldugu
calismada 39.66 g gibi benzer ve destekler nitelikte
sonuclar elde etmiglerdir. Az da olsa olusan farkliligin
ekolojik  sartlar ve  yetistirme  sartlarindan
kaynaklandig: dustinilmektedir.

6. Dekara tane verimi

Arastirma sonunda elde edilen veriler uzerinde
yapilan analiz sonuclarina gore fosfor dozlarinin
nohutta dekara tane verimi lizerine etkisi 2014-2015
yillarinin her ikisinde de istatistiksel olarak % 1
diizeyinde 6nemli bulunmustur (Cizelge 4).

Cizelge 4’den gorilecegi lizere arastirmanin her iki
yilinda artan fosfor dozlarinin tane verimini artirdig:
tespit edilmigtir. Yillar itibari ile sirasiyla en yiiksek
tane verimi 202.45-197.36 kg dalile 6 kg da'! fosfor doz
uygulamasinda 6l¢iilmistiir. En disiik dekara tane
verimi ise 156.92-159.44 kg dalile birinci y1l 8 kg da™l,
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ikinci y1l ise 0.0 kg da’! fosfor dozu uygulamalarindan
elde edilmistir. Tane verimindeki diizensiz artiglarin
ortaya ¢ikmasinda birinci yilda alinan yagigin
dizensiz ve az olmasi glbre ¢ozunlrliginiun yavas
olmasindan kaynaklanmig olabilir. Birinci yi1lda nohut
fosfor dozlarindan iyi derecede yararlanamamaistir.

Azkan nohut g¢esidinin dekara tane verimine iligkin
daha o6nce yapilan calismalarda; Bicer ve Anlarsal
(2004) 121.5-166.6 kg da! arasinda elde ederken,
Babagil (2011) 94.4-138.1 kg da'! ve Karakdy (2008) ise
91-211.0 kg da! arasinda elde etmigtir. Tane
verimindeki artiglarin ortaya gitkmasinda sulama ve
dogru ve yeterli gibre uygulamalarimin etkisinin
onemli oldugu belirtilmistir (Dahiya et al., 1993).
Ozellikle nohut bitkisinde bakla baglama ve dallanma
déneminde yapilan sulamanin verimde ciddi oranda
artislara neden oldugu bilinmektedir (Yagmur ve
Engin 2005).

SONUC ve ONERILER

Deneme sonunda elde edilen verilere bakildiginda
fosforun bitki beslemede verimi ve kaliteyi belirleyen
onemli bir faktér oldugu ortaya ¢cikmaktadir. Tarimsal
tUretimde 6nemli bir girdi olan giibreleme konusunda
alternatif uygulamalarin 6nemi giderek artmaktadir.

Cizelge 3 ve 4.’de fosfor giibresi uygulamalarinin bitki
verimi ve baz1 Kkalite Kkriterleri 1tizerine etkileri
incelendiginde;  Bitki  yiksekligi, ilk  bakla
yikseklikleri ve yiiz tane agrliklar istatistiksel
olarak 6nem tegkil etmemigtir. Bunun yani sira; dal
sayis1, bakla sayisi ve tane verimlerinin istatistiksel



KSU Tarim ve Doga Derg 23 (3): 697-704, 2020
KSU J. Agric Nat 23 (3): 697-704, 2020

Aragtirma Makalesi
Research Article

olarak 6nemli oldugu bulunmustur. Azkan nohut
¢esidinin artan fosfor uygulamalariyla
yetistirilmesinden elde edilen yillar itibari ile sirasiyla
en yiiksek bitki boyu (53.43-52.35), bakla yiiksekligi
(31.91-33.42 cm), dal sayisi (6.97-9.60 adet) ve
bitkide bakla sayis1 (26.2-25.03 adet), olarak 6 kg da’!
fosfor uygulanan parsellerde gézlenmistir.

Artan fosfor dozu uygulamasinin bitkide bakla sayisi
uizerine etkisi arasindaki farkin istatistiksel bakimdan
onemli oldugu ortaya cikmistir (Cizelge 4). Dekara 6
kg fosforun kullanildig: parselden diger parsellere gére
daha fazla bakla (26.2-25.03 adet)elde edilmistir. En
yiksek yiiz tane agirhigi; 2014 yilinda 8 kg da! 2015
yilinda ise 6 kg da?l fosfor uygulanan parsellerden
(sirasiyla 45.60-46.45 g) elde edilmistir.

Uygulanan fosfor dozlarinin tane verimine etkisinin
her iki yi1l i¢cin % 1 diizeyinde &nemli oldugu
gorilmustir. Her iki yilda dekara 6 kg fosfor
uygulanan parsellerden (202.45-197.36 kg da'!) diger
uygulama dozlarina gore daha yluksek verim elde
edilmistir (Cizelge 4).

Yukarida belirtilen faktorler géz o6niine alindiginda
Bursa ili Gemlik ilgesi kosullarinda Azkan nohut
¢esidi i¢cin uygun olan gibre dozu miktar: 6 kg da'l
oldugu saptanmistir. Gubre, tarimsal bir girdi olarak
onem tasimaktadir. Bu nedenle ekonomik olacak
giibre miktarinin uygulanmasi, verimi olumlu y6nde
arttiracaktir. Azkan nohut c¢esidi bitki boyu, bakla
yiksekligi ile makineli tarima imkan saglarken,
antraknoza dayaniklilign ve verim dizeyi olarak ta
yiiksek verimli bir ¢esit niteligindedir. Sonug olarak bu
caligma, Azkan nohut cegidinin Bursa Ili Gemlik
ilgesinde birinci Urin olarak yetistirilmesinin ve
ekonomik fosfor giibre uygulamasi olarak 6 kg da'l
fosfor (P205) dozunun dal sayisi, bakla sayis1 ve tane
verimine faydali olacagina ve bu amacla bundan sonra

yapilacak olan ¢aligmalar i¢in Onemini ortaya
cikarmaktadir.

Cikar Catigmas1 Beyan1i

Makale yazarlar1 aralarinda herhangi bir c¢ikar
catismasi olmadigini beyan ederler.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan ederler.
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Baz1 Kavuzsuz Arpalarin (Hordeum vulgare L. var. nudum Hook. f.) Verim ve Baz1 Kalite
Ozelliklerinin Belirlenmesi
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OZET Aragtirma Makalesi

Bu arastirma; 2012-2013 ve 2013-2014 yetistirme donemlerinde

Eskigehir'de Gec¢it Kusagi Tarimsal Arastirma Enstitiisiinde Makale Tarihgesi
yurutilmustir. Calismada; kavuzsuz arpanin, kuru kosullarda verim Gelig Tarithi  :09.12.2019
ve baz1 kalite 6zelliklerinin belirlenmesi amaglanmigtir. Bu amagla; Kabul Tarihi :06.02.2020

materyal olarak dokuz adet kavuzsuz arpa hatt1 ile bir tane tescilli

kavuzsuz arpa cesidi (Ozen) kullamilmistir. Arastirmada; m?2deki Anahtar Kelimeler

basak sayisi, sap uzunlugu, birim alan tane verimi, basakta tane
sayisl, bagsakta tane verimi, bin tane agirlhigi, hektolitre agirlig,
protein orami ve 2.5 mm elek Usti degerlerine iligskin veriler elde
edilmigtir. Ele alinan tiim o6zellikler yoniinden yillar arasi farklhilik
6nemli bulunmusg ve yillar ayr1 ayr1 degerlendirilmigtir. Arastirma
sonucglarina gore; kuru sartlarda her iki yi1l G1 numaral arpa hatti
217 ve 225 kg/da ile en yiliksek tane verimi vermistir. Protein orani
yontinden birinci y1l %17.4 ile G6 numarali hattindan en yiiksek deger
elde edilmigtir. Ikinci yil %11.8 protein orani ile G9 numaral
kavuzsuz arpa hatti 6n plana ¢ikmistir. Birim alan tane verimi en
yiksek olan G1 numarali arpa hatt1 diger o6zellikler yoninden
incelendiginde, m?’de basak sayisi, sap uzunlugu, basakta tane sayisi
gibi 6zelliklerde iyi sonuglar vermistir.

ABSTRACT

This research was carried out in 2012-2013 and 2013-2014 growing
seasons in Kskisehir Transitional Zone Agricultural Research
Institute. In the study, it was aimed to determine the yield and some
quality characteristics of hulless barley in rainfed conditions. Nine
lines and one registered variety (Ozen) of hulless barley were used as
material for this study. In the research, number of spikes per m2,
length of stem, grain yield per unit area, grain number per spike,
grain yield per spike, thousand grain weight, hectoliter weight,
protein content and grain amount above 2.5 mm sieved were studied.
The difference between the years was found significant regarding all
the characteristics and then the years were evaluated separately.
According to the results of the research; In dry conditions, G1 barley
line produced the highest grain yield with 217 and 225 kg/da every
two years. With regard to protein ratio, the highest value was obtained
from G6 barley line with 17.4% in the first year. In the second year,
G9 hulless barley line came forward with 11.8% in protein ratio. When
G1 barley line, which has the highest grain yield per unit area, was
examined in terms of the other characteristics, it gave good results in
respect to some properties such as number of spikes per m2, length of
stem, grain number per spike.
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GIRIS
Ulkemiz arpamin (Hordeum vulgare L.) énemli gen

merkezlerinden birisi olmasinin yani sira, diinya arpa
ureticisi ulkeler arasinda ilk 10 igerisinde yer
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almaktadir. Genelde kiglik olarak yetistiriciligi
yapilan arpa, ekilis alani ve lretim miktar1 olarak
diinya genelinde tahillar igerisinde doérdiincy,
Turkiye'de ise ikinci sirada yer almaktadir. 2018 yili
itibari ile arpanin ekilis alani 2.6 milyon hektar
iretimi 7 milyon ton ve verimi 293 kg/da diizeyindedir
(Tiik, 2019).

Kavuzsuz arpanin Gretimi, 1slah ¢aligmalari, yem, gida
ve endistriyel alanlarda kullanilmasi konularinda
bir¢ok arastirmalar yapilmaktadir. Kavuzsuz arpa 8-
glukan ve diger besinsel lif kaynaklar1 bakimindan
zengindir (Yalcin ve ark., 2006). Yiiksek sindirilebilir
protein ve enerji icerigi (Anonymus., 1994), ekmek
yapiminda pacalda kullanilabilmesi, yiksek
¢oziinebilir lifler nedeniyle plazma kolestrolini
azaltic1 etkisi nedeniyle kavuzsuz arpaya olan ilgiyi
arttirmaktadir (Ottekin ve ark.,1996). Ayrica, kavuz
icermemesi 6gitme teknolojisi bakimindan birgok
kolayliklar saglamaktadir. Klasik bugday o6glitme
metod ve ekipmanlar1 ile kepek ve una kolaylikla
ayrilabilmektedir (Karaduman, 2006). Son yillarda
artan taleple birlikte tilkemizde kavuzsuz arpa 1slahi
konusunda yapilan c¢alismalar sonucunda Ankara
Tarla Bitkileri Merkez Arastirma Enstitiisi
Midirlagi (TARM)ne ait 2012 yilinda Ozen, 2014

yilinda ise Yalin isimli iki ¢esit tescil edilmigtir.

Bu ¢alismada, Eskigehir kuru kosullarinda 9 adet
kavuzsuz arpa hatti ile Ozen ¢esidinin verim ve kalite
performanslarinin belirlenmesi amaglanmigtir.

MATERYAL ve METOT

Arastirma, 2012-2013 ve 2013-2014 yillarinda,
Eskigehir Gec¢it Kugag: Tarimsal Arastirma Enstitisa
arazisinde yuritilmistir. Denemenin kuruldugu
alanin denizden yuksekligi 780 m olup, 30° 31” kuzey
enlemleri 39° 46” dogu boylaminda yer almaktadir.

Eskigehir ili, bat1 gecit bélgesinde bulunmasina
ragmen ilde karasal iklim gériilmektedir. Yillik yagis
miktar: uzun yillar ortalamasina goére 326.8 mm’dir.
Denemenin yuruatildaga 2012-2013 ve 2013-2014
yetistirme doénemlerine ve uzun yillara ait aylik
sicaklik ve yagis verileri Cizelge 1’de verilmistir
(Anonim, 2014). Iklim verileri incelendiginde, yagis
acisindan iki yil arasinda yaklagik 45 mm’lik bir fark
oldugu gérilmektedir. Ozellikle birinci y11 bagaklanma
doénemine rast gelen mayis ayindaki yetersiz yagis iki
yil arasinda iklimsel olarak buyik farkhiliklar
meydana getirmigtir.

Cizelge 1. Denemenin yuritildiga yillar ve uzun yillara ait meteorolojik veriler.
Table 1. Measured meteorological data of the experiment and long terms averages.

2012-2013 2013-2014 ( Uzun Yullar
Long term avg.)
ﬂ?g;;s Yagis (mm) Ort. Nem  Ort. Sicaklrk Yagls . Ort. Nem Sl?&flihk Y,ag,ls . Sl((:);i:ilk
Precipitation Avga. RH  Avg (.)Tem p.  Precipitation AVé,:. RH Ave. Temp Precipitation Avg. Tem
(%) °C) (mm) (%) “re0) (mm) . (C)
Ekim (October) 16.1 78.1 14.2 65.0 65.6 9.8 25.0 11.4
Kasim(November)  14.5 92.3 7.3 15.0 73.5 6.7 30.3 5.7
Aralik(December) 73.2 95.1 2.2 1.5 76.0 1.7 45.7 1.4
Ocak(January) 18.5 93.6 1.7 21.0 81.0 3.6 38.3 -1.3
Subat(February) 25.4 88 5.6 5.0 62.3 5.5 32.3 0.2
Mart(March) 30.6 59.8 7.6 19.1 69.0 7.9 33.1 4.6
Nisan(April) 26.8 63.2 11.5 51.4 63.7 13.0 35.1 9.2
Mayis(May) 5.8 51.5 18.6 31.2 63.3 16.3 43.3 14.1
Haziran(June) 36.5 53.6 20.2 63.7 64.1 19.8 29.1 18.6
TemmuzJuly) 0.8 52.8 21.6 20.4 57.8 23.7 13.8 21.9
Toplam Total 248.2 293.3 326.8
Ortalama (Average) 11.05 10.80 8.58

Ekim o6ncesinde deneme alaninin 3  farkl
derinliklerden alinan toprak o6rneklerinin analizleri,
Gecit Kusagr Tarimsal Arastirma Enstitist, Toprak-
Su Aragtirmalar1 Laboratuarlarinda yapilmis ve bu
analizlere ait sonuglar Cizelge 2’de verilmistir.

Denemenin birinci yil kuruldugu alandan alinan
numunelerde yapilan analizlere gore toprak biinyesi
killi, kire¢ ve organik madde igerigi bakimindan orta,
yarayigli fosfor bakimindan zayif ve yarayigh
potasyum bakimindan ise zengin 06zellige sahiptir.
Denemenin ikinci yi1l kuruldugu alandan alinan

numunelerde yapilan analizlere gore toprak biinyesi
tinh, kire¢ ve organik madde icerigi bakimindan orta,
yarayigli fosfor bakimindan zayif ve yarayigh
potasyum bakimindan ise zengin 6zellige sahiptir.

Bu calismada ICARDA (Uluslararas: Kurak Alanlarda
Tarimsal Arastirma Merkezi) orijinli 9 adet kavuzsuz
arpa hatt1 ile 1 adet tescilli kavuzsuz arpa cesidi
(Ozen) deneme materyali olarak kullamlmigtir.
Denemelerde kullanilan kavuzsuz arpa hatlarinin
genotip melez isimleri Cizelge 3’de verilmistir.
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Cizelge 2. Toprak ozellikleri.
Table 2. Summary of soil properties.

- . Organik Madde Yarayish Yarayish
% D]ze;n}i ) pH TO%{ZI?yT)uZ 02;2,229 ) OI;am'c Material Plant a 5315'13 ble Plant a ga?]ab]e
= Zé P ° ° (%) P05 (kg da’) K20 (kg da’)
7 & [0-30 8.1 [0.30 7.49 1.7 5.31 103.4
5 | 30-60 8.0 | 0.28 8.91 1.0 1.67 77.3
™ 160-90 8.1 | 0.25 9.62 0.9 0.95 63.4
- . Organik Madde Yarayish Yarayish
% Dlzeg]n};; ) pH TO%I,E,H;O/T)HZ Ca;{al';zig %) 01“;&111'0 Material Plant ayvsjb]e Plant ayvsjble
= i’é P o o (%) P05 (kg da’) K20 (kg da’)
. < 1030 7.4 |0.131 8.1 1.7 4.7 97.9
& 30-60 7.5 | 0.089 9.0 0.9 2.2 75.2
60-90 7.6 | 0.048 10.52 0.4 2.5 55.4

Cizelge 3. Denemelerde kullanilan kavuzsuz arpa genotipleri.
Table 3. Hulless barley genotypes used in the experiments.

Sira No (No) Genotipler (Genotypes)

1 SB90704
2 ICB 100811
3 MOLA/BERMEJO"S"//NISPERO
4 ICB 100819
5 Bugar
6 K-247/2401-13//Radikal/Vavilon LF7
7 Roho/Masurka//ICB-103020
8 CYCLONE/4/YAA560.2//[LUTHER/BK259/3/NGYAK-8/PLAISANT
9 CYCLONE/4/YAA560.2//LUTHER/BK259/3/NGYAK-8/PLAISANT
10 OZEN
Calisma Tesadif Bloklarti Deneme Deseninde 3 Metrekaredeki bagsak sayisi ortalamalari birinci yil

tekrarlamali olarak yuratilmustir. Metrekarede
basak sayisi (adet), sap uzunlugu (cm), birim alan tane
verimi (kg/da), bagakta tane sayisi (adet), bagakta tane
verimi (g), bin tane agirhg (g), hektolitre agirhg
(kg/hl), protein oranm (%) ve 2.5 mm elek iistii (%)
degerleri incelenmisgtir.

Tarla denemeleri her iki yilda da nadas’tan sonra
planlanmistir. Ekimden hemen 6nce dekara 6 kg saf N
(3 kg ekimle, 3 kg sapa kalkma déneminde) ve 7.6 kg
saf P20s, verilmigtir. Deneme i¢in 450 tohum/m? siklik
kullanilmigtir. Denemede ekim; ekim mibzeri ile sira
arasi 20 cm (6 sira) ve parsel boyutu (5x1.2) 6 m2 olarak
diizenlenmistir.

2012-2013 yetigstirme sezonunda 06 Mart 2013
tarihinde ve 2013-2014 yetistirme sezonunda 18 Subat
2014 tarihinde ekilmistir.

BULGULAR ve TARTISMA

Aragtirmada incelenen o6zellikler bakimindan yillar
arasinda istatistiksel olarak o©nemli farkliliklar
belirlenmig ve yillara gore elde edilen veriler ayri
olarak verilmigtir.

Arpa genotiplerinin metrekaredeki bagak sayisi
degerlerine iligkin varyans analiz sonuglari Cizelge
4de, ortalamalar ve farklilik gruplandirmalar: ise
Cizelge 5’de verilmistir.
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307 adet olarak belirlenmigtir. En fazla m?de basak
sayisi, 400 adet ile Ozen arpa cesidinde olurken, en az
m?de basak sayis1 G9 numarali hatta 261 adet olarak
belirlenmistir (Cizelge 5).

Denemenin ikinci yilinda, m2de basak sayis1
ortalamalar1 birinci yildan disik gerceklesmistir.
Genotipler m?’de bagsak sayisi bakimindan istatistiksel
olarak 4 farkli grupta yer almistir. Ikinci yilda G1
numarali hattan en fazla m?de basak sayis1 393 adet
ile elde edilmigtir. G9 hatti ise 200 adet ile en az m?'de
bagak sayis1 gosteren hat olmustur.

Her iki yetistirme déneminde denemelerin geneline
bakildiginda, Ozen kavuzsuz arpa cesidi m?'de basak
sayisit bakimindan ilk siralarda, G9 numarali hat ise
son sirada yer almigtir. Bu sonuclar, Ozen kavuzsuz
arpa ¢esidinin kardeslenme dinamiginin ¢ok iyi
oldugu, G9 numarali hattin ise kardeslenmesi en az
hatlardan biri oldugunu géstermektedir. Bulgularimiz
Aktas (2017) ve Ergiin ve Gecit (2005)'in bulgular: ile
benzerlik gostermektedir.

Birim alanda fazla sayida basak olusturabilme
ozelligine sahip genotiplerin veriminin daha fazla

oldugu, ekim normu, c¢esit, ekim zamanai,
yararlanilabilir su miktarina, iklim ve toprak
kogullarina goére metrekarede bagsak sayisinin

degistigi, Kilic ve ark. (2010) ile Kizilgeci ve ark. (2016)
tarafindan bildirilmigtir.
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Cizelge 4 Kavuzsuz arpa genotiplerinde incelenen 6zelliklere ait varyans analizi sonuglari.
Table 4. Variance analysis of the investigated parameters in hulles barley genotypes.

K.O K.O K.O
m?'deki basak sayis1 (adet) Sap uzunlugu Birim alan tane verimi
D Spike number per m? (cm) (kg/da)
V.K. 7 (number) Plant height (cm) Grain yield (kg/da)
1. Yil 2. Yil ol 2l 2. Y1l
15t Season 2t Season 15t Season 2t Season
Season Season
Genel (General 29
Blok (Block) 2 1355.83 15.70 14.57 34.30 160.46 594.18
Gienotip 9  4017.03* 10901.94** 79.36%  146.90%* 2627.43%* 2703.51%*
(Genotype)
Hata (Error) 18 1578.98 945.00 27.05 27.59 423.66 801.79
D.K.% 12.92 10.22 10.06 5.74 12.18 15.32
K.O K.O K.O
D Bagakta tane say1s1 (adet) ., Basakta tane verimi (g) Bin tane agirhig (g)
VK . Grain number per  spike .. Te () ) oht (o)
A (number) Grain yield per spike (g) Thousand grain weight (g
1. Yil 2. Y1l 1.Y1l 2. Y1l 1. Y1l 2. Y1l
1stSeason 2stSeason 1stSeason 2stSeason IstSeason  2stSeason
Genel (General 29
Blok (Block) 2 0.58 14.05 0.005 0.008 7.03 6.53
Gienotip 9 741 3.61 0.01* 0.01 23.88%%  37.36%*
(Genotype)
Hata (Error) 18 3.57 3.56 0.006 0.01 5.77 2.53
D.K.% 9.72 7.65 11.35 10.94 6.38 3.98
K.O K.O K.O
VK S.D Hektolitre agirlign (kg/hl) Protein orani (%) 2.5 mm elek iistii (%)
o Test weight (kg/hl) Protein content (%) Grain size (>2.5 mm) (%)
1. Yil 2. Y1l 1. Y1l 2. Y1l 1. Y1l 2. Y1l
Genel (General) 29
Blok (Block) 2 5.73 5.57%% 4.42 6.23 41.28 161.19
Grenotip 9  18.31%* 3.30%* 1.75 1.58 264.32%*%  586.44%*
(Genotype)
Hata (Error) 18 2.00 0.86 0.90 1.21 18.26 65.94
D.K.% 1.97 1.19 5.79 10.53 12.50 15.89

*%5, **1 %1 duzeyinde 6nemli
*:%5, **1 %1 statistically significant

Sap uzunlugu degerlerine iligkin varyans analiz
sonuclari  Cizelge 4’de, ortalamalarin farklilik
gruplandirmalar: ise Cizelge 5de verilmigtir. Birinci
y1l, genotiplerin sap uzunlugu ortalama 51.6 cm olarak
belirlenmisgtir. En yliksek sap uzunlugu, 57.4 cm ile G2
numarali hatta olurken, en diisiik sap uzunlugu degeri
Ozen kavuzsuz arpa cesidinden (41.9 cm) elde
edilmigtir.

Denemenin ikinci yilinda, sap uzunlugu ortalamalari
birinci yildan oldukga yiiksek degerler gostermigtir.
Bunun sebebi yagis acisindan iki yil arasinda yaklagik
45 mm’lik bir fark meydana gelmesidir. Ozellikle

708

birinci yi1l bagsaklanma doénemine rast gelen mayis
ayindaki yetersiz yagis iki yil arasinda iklimsel olarak
biiyiik farkliliklar meydana getirmistir. Denemede G8
numarali hat 105 cm ile en yiiksek sap uzunluguna
sahip iken, G7 numarali hat 85.3 cm ile en disik sap
uzunlugu degeri goéstermistir.

Arastirma sonucu elde ettigimiz sap uzunluguna
iliskin veriler, Kiling ve ark. (1992), Kiran (1999),
Ergiin ve Gegit (2005), Sirat ve Sezer (2005), Kaydan
ve Yagmur (2007), Alp ve ark. (2009), Caglar ve ark.
(2009)'n1in ¢alismalari ile benzerlik gostermektedir.
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Cizelge 5. Kavuzsuz arpa genotiplerinde incelenen 6zelliklere iligkin ortalamalar.
Table 5. Mean values of the investigated parameters in hulless barley genotypes.

m?'deki bagak sayis1 (adet)

Sap uzunlugu (cm)

Birim alan tane verimi (kg/da)

Genotipler  Spike number per m? (count)  Plant height (cm) Grain yield per unit area (kg/da)
Genotypes 1. Y1l 2.Y1l 1.Yil 2.Y1l 1. Yil 2.Y1l
15t Season 2%t Season 15t Season 2t Season 15t Season 2t Season
G1 340abc 3932 55.8a 90.6Pc 217a* 2254
G2 296abed 331abc 57.42 87.0¢ 172ab 209abe
G3 34]1abe 261cd 47 .8abe 87.0c 1762b 174abe
G4 283bed 328abc 54.1ab 90.0¢ 192ab 213ab
G5 283bed 355ab 50.4abe 86.3¢ 109 175abe
G6 270cd 321abc 55.1ab 92.0bc 191ab 176abe
G7 3612 298be 52.3ab 85.3¢ 170ab 18'7abe
G8 286abed 2154 56.22 105.02 157be 137¢
G9 2614 2004 45 5bc 103.3ab 158be 140bc
OZEN 4002 300Pe 41.9¢ 88.3¢ 144bc 208abe
Ortalama
Average 307 300.50 51.68 91.50 168 184
Basakta tane sayis1 (adet) Basakta tane verimi (g) Bin tane agirlhig (g)
Grain number per spike (count) Grain yield per spike(g) Thousand grain weight (g)
G1 21.4 25.0 0.67bc 1.04 33.6P 35.6¢
G2 18.2 26.3 0.61¢ 1.05 34.0b 36.3de
G3 184 23.8 0.64¢ 1.15 38.0ab 41.6bc
G4 19.8 24.0 0.68bc 1.09 41.62 40.0cd
Gb5 20.3 24.8 0.71abe 1.07 37.6ab 37.6¢de
G6 21.8 26.0 0.70abc 1.03 35.0b 36.34de
G7 17.5 24.3 0.66"c 1.09 38.0ab 41.0¢
G8 19.0 23.5 0.842 1.24 39.3ab 45.62
G9 20.4 23.3 0.81ab 1.15 41.62 45.0ab
OZEN 17.4 26.0 0.63¢ 1.18 37.3ab 40.3cd
Ortalama
Average 19.4 24.71 0.69 111 37.6 39.9
Hektolitre agirlig1 (kg/hl) Protein orani (%) 2.5 mm elek tstii (%)
Test weight (kg/hl) Protein content (%) Grain size (>2.5 mm) (%)
G1 70.5bcd 78.02b 16.0 9.57 22.0d 30.0¢
G2 72.7ab 77.9ab 16.6 10.2 24.44 42.6bc
G3 67.7d 76.7bc 15.1 10.0 49.32 69.12
G4 71.4abc 75.2¢ 15.8 9.49 28.4cd 49.4abc
G5 74.62 79.32 17.3 11.2 37.0be 39.0pc
G6 71.5abc 77 .4abc 174 10.3 26.0d 38.0bc
G7 68.1¢d 77.73b 15.5 10.5 39.0abe 69.22
G8 74.62 78.0ab 16.3 10.8 40.2ab 53.4ab
G9 74.2a 78.1ab 16.9 11.8 29.4¢cd 52.7ab
OZEN 71.8ab 77.5abc 16.6 10.5 45.63b 67.32
Ortalama
Average 71.7 77.6 16.3 10.4 34.1 51.0

*: Harfler %1 dizeyinde farkli gruplar géstermektedir.
Letters indicate statistically significant differences (P<0.01)

709



KSU Tarim ve Doga Derg 23 (3): 705-712, 2020
KSU J. Agric Nat 23 (3): 705-712, 2020

Aragtirma Makalesi
Research Article

Kavuzsuz arpa genotiplerinin birim alan tane
verimine iligkin varyans analiz sonuglar1 Cizelge 4’de
verilmigtir. Her iki yil birim alan tane verimi
genotiplere gore istatistiki olarak %1 diizeyinde
6nemli bulunmustur.

Birinci yil genotiplerin birim alan tane verimi
ortalama 168 kg/da olarak bulunmustur. En yuksek
verim G1 numarali hatta (217 kg/da) olurken, en
disik 109 kg/da birim alan tane verimi ile G5
numaral hatta belirlenmistir (Cizelge 5).

Denemenin ikinci yilinda ise birim alan tane verimi
ortalamalar1 birinci yildan daha yuksek degerler
gostermig, G1 numarali hat 225 kg/da ile en yuksek
birim alan tane verimi degeri, G8 numaral hat ise 137
kg/da i1le en dugsik verime sahip genotip olmustur
(Cizelge 5).

Tane verimi birbirinden farklh verim G6gelerinden
olusmaktadir (Ergiin ve Gecit, 2005). Cesitlerin verim

kapasitesi, fenotip ve genotiple ilgili kantitatif
ozellikler  ve  bitkinin  yetistigi c¢evre 1ile
belirlenmektedir.

Kavuzsuz arpa gesit ve hatlarina ait varyans analiz
sonuclar1 Cizelge 4’de, verilmigtir. Bagakta tane
say1sina iliskin ortalamalar incelendiginde (Cizelge 5),
birinci y1l genotiplerin basakta tane sayisi ortalama
19.4 adet olarak belirlenmistir. En fazla basakta tane
say1si, G6 numarali hatta (21.8 adet), en az basakta
tane sayis1 17.4 adet ile Ozen kavuzsuz arpa ¢esidinde
bulunmustur.

Denemenin ikinci yilinda; G2 numarali hattan 26.3
adet ile en fazla bagakta tane sayis1 elde edilirken, G9
numarali hat 23.3 adet ile en az bagakta tane sayisi
degerini géstermistir.

Verim unsurlari iginde bagaktaki tane sayisi énemli
bir yere sahiptir. Bagakta tane sayis1 tane verimine
dogrudan etkisi bakimindan metrekarede bagak
sayisindan sonra ikinci derecede etkili oldugu (Sénmez
ve ark.,1999) belirtilmektedir.

Basakta tane verimi degerlerine ait varyans analiz
sonuclar Cizelge 4’de verilmis, birinci yil basakta tane
verimi genotiplere gore %5 diizeyinde 6nemli farklilik
bulunmustur. Bagakta tane verimi ortalama degerleri
incelendiginde (Cizelge 5), ilk y1l yiiriitiilen denemede,
bagakta tane verimi ortalama 0.69 g olarak
belirlenmigtir. En fazla bagakta tane verimi, 0.84 g ile
G8 numarali hatta olurken, en az basakta tane verimi
G2 numaral hatta 0.61 g olarak belirlenmigtir.

Denemenin ikinci yilinda; basakta tane verimi
ortalamalar1 birinci yildan daha ylksek degerler
gostermigtir. G8 numarali hattan 1.24 g ile en fazla
basakta tane verimi elde edilirken, G6 numaral1 hat
1.03 g ile en az basakta tane verimi degerini
gostermigtir.

Sirat ve Sezer (2005), bir bélgede yapilan 1slah
calismalarinda basak verimi 6zelliginin géz 6niinde
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bulundurulmasi gerektigini belirtmiglerdir.
Bulgularimiz; Yiiksel ve ark. (2011), Kara ve ark.
(2016)'n1n bulgular ile benzerlik tasimaktadar.

Aragtirmada ele alinan genotiplere ait bin tane agirhig:
ortalamalarina ait varyans analizi Cizelge 4’de
verilmistir. Birinci ve ikinci yillarda, bin tane agirligi
genotiplere gore istatistiki olarak %1 diizeyinde
onemli farklihk g6stermistir. Bin tane agirhig:
ortalamalar1 incelendiginde, birinci yil yurutilen
denemede, bin tane agirlhigi ortalama 37.6 g olarak
belirlenmigtir. En fazla bin tane agirhgi, 41.6 g ile G4
ve G9 numaralh hatlarda olurken, en az bin tane
agirligi G1 numaral hatta 33.6 g olarak belirlenmigtir
(Cizelge 5).

Denemenin ikinci yilinda; G8 numarali hattan en fazla
bin tane agirlig1 45.6 g ile elde edilmigtir. G1 numaral
hat ise 35.6 g ile en az bin tane agirligi gosteren
genotip olmustur.

Bin tane agirligi, basak uzunlugu ve basaktaki tane
sayis1 verimi direk olarak etkileyen faktorler olup
(Kirtok ve Colkesen, 1985), iklim sartlarina (Kiin,
1996), bitkideki ana sap ve kardes sayisina (Gegit,
1982),  kiiltiirel uygulamalara baghh  olarak
degigebilmektedir.

Hektolitre agirhigi ortalamalarina ait varyans analiz
degerleri Cizelge 4’de belirtilmistir. Her iki yil
hektolitre agirligr genotiplere gore istatistiki olarak
%1 diizeyinde, 6nemli bulunmustur. Hektolitre agirlig:
iliskin  ortalamalar incelendiginde, birinci yil
yuritilen denemede, genotiplerin hektolitre agirligi
ortalama 71.7 kg/hl olarak belirlenmigtir. En yuksek
hektolitre agirligi, G5 numarali hatta (74.6 kg/hl)
belirlenirken, en diisiik hektolitre agirligi 67.7 kg/hl ile
G3 numaral hatta bulunmustur (Cizelge 5).

Denemenin ikinci yilinda; hektolitre agirlig:
ortalamalar1 birinci yildan daha ylksek degerler
gostermistir. G5 numarali hatta 79.3 kg/hl ile en fazla
hektolitre agirlig: degeri elde edilmistir. G4 numaralh
hat 75.2 kg/hl ile en az hektolitre agirligi degeri
gostermistir. (Cizelge 5).

Farkl iklim ve yetistirme sartlarinda genotiplerin
hektolitre agirliklar1 bakimindan reaksiyonlar: farklh
olmustur. Denemede her iki yi1lda G5 numarali hattin
hektolitre agirhig en yluksek diizeyde gerceklegmistir.

Hektolitre agirligina ait elde edilen degerler; Ergiin ve
Gecit (2005), Sirat ve Sezer (2005), Ozdemir ve Yiiksel
(2007), Caglar ve ark. (2009), Kara ve ark. (2016) ve
Aktas (2017)1n bulgulariyla benzerlik tagimaktadar.

Protein orani ortalama degerlerine ait varyans analiz
sonuglar1 Cizelge 4’de verilmigtir. Cizelge 4’de
gorildigu gibi, her iki yil istatistiksel olarak 6nemli
farklilik bulunmamigtir.

Protein orani ortalamalari incelendiginde, birinci yil
yuritilen denemede, genotiplerin protein orani
ortalama %16.3 olarak bulunmustur. En yiksek
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protein orani, %17.4 ile G6 numarali hatta olurken, en
diisik protein orani, G3 numarali hatta %15.1 olarak
belirlenmigstir. Denemenin ikineci yi1linda, protein orani
ortalamalar1 birinci yildan daha disik degerler
gOstermigtir. Ikinci yilda G9 numarali hattan en
yiksek protein orani %11.8 ile elde edilmistir. G4 hatt1
ise %9.4 ile en disik protein orani gosteren hat
olmustur (Cizelge 5).

Arpa’da protein igerigi cevre kosullarindan ¢ok fazla
etkilenmektedir ve seleksiyonda mutlaka géz 6niinde
bulundurmas1 gerekir (Ozdemir ve Yiiksel, 2007).
Tahillarda protein orani genotip ve ¢evre sartlarina
gore degismektedir. Protein oramina topraktaki
alinabilir azot miktar1 ve iklim o6nemli etki
yapmaktadir. Toprakta bulunan alinabilir azot
miktar1 arttikca tanede bulunan protein miktar: da
artar (Elgiin ve ark., 2001).

2.5 mm elek Usti ortalamalar1 ve bu ortalamalarin
varyans analiz degerleri Cizelge 4’de gosterilmistir.
Incelenen arpa genotiplerinin kuru kosullardaki 2.5
mm elek listi degerlerine ait ortalamalar ve farkhilik
gruplandirmalar1 da Cizelge 5'de gosterilmigtir. 2.5
mm elek ustl ortalamalar: incelendiginde, birinci yil
yurutilen denemede, genotiplerin 2.5 mm elek usti
degeri ortalama %34.1 olarak belirlenmigtir. En
yiksek 2.5 mm elek ustii, %49.3 ile G3 numarali hatta
olurken, en disik 2.5 mm elek usti degeri, G1
numarali hatta (%22.0) belirlenmistir. Genotipler 2.5
mm elek istli degeri yoniinden istatistiksel olarak 4
degisik grupta yer almigtir.

Calismanin ikinci yilinda; G7 numarali hat %69.2 ile
en yiksek 2.5 mm elek tstii degerine sahip iken, G1
numarali hat %30.0 1le en disik 2.5 mm elek ustu
degeri gostermistir. Diger genotiplerin 2.5 mm elek
ustl degeri ortalamalar1 kuru kosullarda bu degerler
arasinda 3 farkl grupta yer almigtir. Denemenin her
iki yilinda G1 numarali hat ise en diigsik degere sahip
olmustur.

Arpada yapilan elek analizleri ile tanenin dolgunluk
ve zayiflik durumu ile tanenin homojenligi hakkinda
da fikir sahibi olunabilir. Yaptig1 bir calismada Kiran
(1999), bin tane agirhg ile verim, yatma, elek iistii,
basak boyu arasinda 6nemli bir iliski oldugunu ifade
etmigtir. 2.5 mm elek Usti degerine iliskin elde
ettigimiz bulgular; Kiran (1999), Ozdemir ve Yiiksel

(2007), Kendal ve ark. (2010)nin bulgulariyla
benzerlik géstermektedir.

SONUC

Aragtirmada, 9 kavuzsuz arpa hatti ile 1 ¢egidin
Eskigehir kuru kosgullarda verim ve kalite
performanslar1 2 yil sureyle incelenmigtir. G8

numaral hattan yiksek sap uzunlugu, bagsakta tane
verimi, bin tane agirlig1 ve hektolitre agirhigi degerleri
elde edilmistir. Bu hattin devam eden 1slah ¢alismalar1
sonucunda, 2014 yilinda Yalin ismi ile tescili
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gerceklestirilmistir. Incelenen diger hatlar arasinda
verim potansiyeli bakimindan G1 numarali hat ile
kalite 6zellikleri bakimindan G5, G8 ve G9 numarah
hatlar 6n plana cckmistir. Iki y1llik sonuglara gére, G1
numarali hattin verim bakimindan mevcut cesitten
daha tstiin 6zellik géstermesi nedeniyle cesit adayi
olabilecegi  dusiinilmektedir. Farkli  bolgelerde
yapilacak calismalarla bu hatlarin performanslari
incelendikten sonra tescil igin degerlendirilmesi
gerektigi sdylenebilir.
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OZET Arastirma Makalesi

Bu calisma 16 ekmeklik bugday gesidi ile 2009-2010 ve 2010-2011

yillarinda yagisa dayali kosullarda verim ve bazi kalite 6zelliklerini Makale Tarihgesi
belirlemek amaciyla tesadif bloklar1 deneme desenine gore 2 Gelig Tarihi  :18.12.2019
tekerriirli olarak yuritilmistir. Ekmeklik bugday ¢esitlerinin Kabul Tarihi :24.02.2020

verim, bin tane agirligl, protein orani, tane sertligi, Zeleny

sedimantasyon, miksograf parametreleri (gelisme siiresi, pik Anahtar Kelimeler
yiiksekligi, yumusama derecesi, toplam alan) ve alveograf enerji Ekmeklik bugday
degeri incelenmistir. Iki yillik ortalama sonuclara gore incelenen Verim

ozelliklerin minumum ve maksimum degerleri; verim 299.38-519.73 Protein orani

kg dal, bin tane agirhigi 29.70-37.30 g, protein orani %13.21-15.99, Enerji

tane sertligi 41.29-72.10, Zeleny sedimantasyon 29.00-52.75 ml, Miksograf

alveograf enerji degeri 114.27-277.49 104 J, miksograf gelisme stuiresi
1.65-4.82 dk., pik yiksekligi %46.38-61.89, yumugsama derecesi 10.01-
34.19 %/dk. ve toplam alan 284-356 Nm olarak belirlenmistir. Yagisa
dayali kosullarda yetistirilen cesitler arasindaki farklar istatistiki
olarak degerlendirilmistir. Incelenen kalite ézellikleri bakimindan
2010-2011 déneminin 2009-2010 déneminden daha iyi oldugu tespit
edilmigtir. En yliksek alveograf enerji degeri Tosunbey ve Karahan-
99 ¢esidinden elde edilmigtir.

ABSTRACT
This study was conducted with 16 bread wheat varieties to determine
yield and some quality traits under rainfed conditions in 2009-2010

Assesment of Yield and Quality Traits of Some Bread Wheat Varieties (Triticum aestivum L.) under
Rainfed Conditions

Research Article
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GIRIS

Bugday 6nemli bir kultir bitkisi olup, insanlarin temel
gida kaynagi olmasi sebebiyle tarla tarimi igerisinde
ekim alani ve tretim miktar:i bakimindan énemli bir
yere sahiptir. Artan dinya nufusu ve gida
sektoriindeki yeni gelismeler temel gida maddelerinin
basinda yer alan bugdaya talebin artisinda etkili
olmaktadir. Bugdaya olan ihtiyaci karsilamak igin
1slah calismalar: ile amaca uygun, verim ve kalite
ozellikler1 yuksek c¢esitler gelistirilmektedir. Yeni
tescil ettirilen ekmeklik bugday cesitleri lilkemizin
farkli ekolojik kogullarinda denemelere alinmaktadar.
Burnett ve Clarke, (2002), bugdayda kalitenin
onemine dikkat ¢ekmig, 6nemli bir kalite 6zelligi olan
tane protein oraninin en az % 12 olmasinin
gerekliligini, tane iriligi bakimindan homojenligin ve
bin tane agirhiginin 6nemli oldugunu belirtmiglerdir.
Bugday kalitesini belirleyen fiziksel, kimyasal ve
teknolojik oGzellikler genetik ve cevre sartlarindan
etkilenmektedir. Protein kalitesinin belirlenmesinde
en 6nemli kriter hamurun reolojik 6zelligidir. Hamur
ozellikleri ve unun ekmekeilik degerini ortaya koymak
icin alveograf, farinograf, ekstensograf, miksograf gibi
cihazlarla belirlenen reololik o6zellikler ve ekmek
denemelerinden yararlamlmaktadir(Aydogan ve ark.,
2013). Hamurun reolojik &zellikleri hamurun
islenmesi ve elde edilen son triin kalitesini etkilemesi
bakimindan onemlidir (Indrani ve Rao,
2007). Alveograf analizinde belirli sartlar altinda un,
tuz ve su ile hazirlanan hamur belli agirlikta kesilerek,
belli sekiller verilip parcalar bir stire bekletilip
icerisine hava verilerek gsisirilmekte ve boylece
hamurun uzamaya (sismeye) kars1 gostermis oldugu
diren¢ Olgilmektedir. Hamurun uzamaya karsi
gostermis oldugu direncin bir kurve halinde
kaydedilmesinden sonra elde edilen kurvenin sekli,
buyuklugi, sisen hamurun patlama anindaki hacmi
unun ekmeklik degeri hakkinda fikir vermektedir
(Ozkaya ve Kahveci, 1990). Miksograf un ve suyun
sabit pimlerle karistirilmasi seklinde c¢alismakta,
hamurun yogrulmaya kars1 direncini 6lgerek bugday
ve un kalitesini tahmin de kullanilmaktadir (Otteson
ve ark., 2008). Cok sayida hamur reolojik 6zelliginin
genellikle protein igerigi ile karsilastirildiginda ¢evre
genotip etkilesimlerinden daha az etkilendigi
belirtilmektedir (Williams ve ark., 2008; Hernandez-
Espinosa ve ark., 2018). Bu calisma yagisa dayal
kogullarda 2 yil siireyle Konya merkez lokasyonunda
16 ekmeklik bugday cesidi ile verim, fiziksel ve reolojik
(alveograf ve miksograf) o6zelliklerin belirlenmesi
amaciyla yurtatilmustir.

MATERYAL ve METOT

Bu arastirma 2009-2010 ve 2010-2011 yetistirme
déneminde 16 ekmeklik bugday cesidi (Altay-2000,
Bagc1-2002, Bayraktar-2000, Bezostaya-1, Dagdas-94,
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Demir-2000, Gerek-79, Giin-91, Harmankaya-99,
Ikizce-96, Karahan-99, Kirac¢-66, Miifitbey, Seval,
Sénmez-2001, Tosunbey) ile yagisa dayal yetistirme
kosgullarinda tesaduf bloklar1 deneme desenine gore 2
tekerriirlii olarak yiritiilmiistiir. Metre kareye (550
adet/m?2) tohum olacak sekilde ekim yapilmis, ekimle
birlikte 3.5 kg N dalve 6.9 kg P20sda! ve st glibre
olarak da 4 kg N dal (toplamda 7.5 kg N dal)
verilmigtir. 2009-2010 yetistirme doneminde toplam
395 mm ve 2010-2011°de ise 425 mm yagis alinmigtir.
Calismada cesitlerin verimi, bin tane agirhigi, protein
orani, Zeleny sedimantasyon, tane sertligi, alveograf
enerji degeri, miksograf (gelisme siiresi, pik
yiiksekligi, yumusama derecesi ve toplam alan)
degerleri incelenmistir. Verim (Yiriir ve ark.1981),
bin tane agirhgn (AACC 55-10) metoduna gore
(Anonymous, 2000), protein orani AOAC 992.23 Leco
FP 528 cihaz ile belirlenmis (Anonymous, 2009), tane
sertligi PSI ( Particle Size Index) Near infra-red
reflektans spektroskopi (NIR) cihaz ile AACC 39-10
metoduna gére (Anonymous, 2000), Zeleny
sedimantasyon AACC 56-61A (Anonymous, 2000)e
gore analiz edilmigtir. Bugday 6rnekleri, AACC metot
26-95e¢ gore (% 14.5 rutubet olacak sekilde)
tavlanarak, AACC metot 26-50'ye gére Brabender
Quadrumat  Junior degirmende  o6gutilmustir
(Anonymous, 2000). Alveograf analizi AACC 54-30’a
gore (Anonymous, 1990), miksograf analizi AACC 54-
40’a (Anonymous, 1990) gore  yapilmistir.
Denemelerden elde edilen veriler JMP 11 istatistik
programinda tesaduf bloklar1 deneme desenine gore
varyans analizine tabi tutulmus elde edilen ortalama
degerler arasindaki farkhiliklar, student c¢oklu
kargilagtirma testi kullanilarak %5 6nem seviyesinde
karsilastirilmistir (Anonymous, 2014).

BULGULAR ve TARTISMA

Bahri Dagdas Uluslararasi Tarimsal Arastirma
Enstitiisit Konya-merkez lokasyonunda 2009-2010 ve
2010-2011 yetigstirme doneminde 16 ekmeklik bugday
gesidi ile yagiga dayali yetistirme kosullarinda
yuritiulen bu arastirmada elde edilen tane verimi ve
kalite ozelliklerine ait varyans analizleri Cizelge 1 ve
Cizelge 2’de verilmistir.

Konya-merkez lokasyonunda kuru kogullarda 16 adet
ekmeklik bugday cesidinin ortalama verim degerleri
Cizelge 3'de ve bu degerlere ait varyans analizi
sonuclar1 Cizelge 1’de verilmis olup, tane verimi
bakimindan cgesitler arasindaki fark ve gesit x yillar
arasindaki fark (p<0.05) istatistiki olarak o6nemli
bulunmusgtur. Arastirmada 2009-2010 yetistirme
doéneminde gesitlerin tane verimi 331.85 ile 558.69 kg
da’! arasinda degismis, deneme ortalamasi 430.75 kg
dal olarak belirlenmisg, en yiiksek tane verimi Sénmez-
2001, en disik deger ise Altay-2000 cesidinde
belirlenmigtir. 2010-2011 yetistirme déneminde gesit-



KSU Tarim ve Doga Derg (3): 713-721, 2020
KSU J. Agric Nat (3): 713-721, 2020

Aragtirma Makalesi
Research Article

Cizelge 1. Ekmeklik bugday c¢esitlerinin 2009-2010 ve 2010-2011 yili verim ve kalite o6zelliklerine iligkin

birlegtirilmis varyans analiz sonuglar:

Table 1. The results of combined variance analysis of yield and quality traits of bread wheat varieties of 2009-2010

and 2010-2011
Kaynak SD Tane Verimi Bin Tane Agr.  Protein Oram Sertlik(PSI) Zeleny Sed.
Cesit 15 226441.45% 310.82314* 28.779644** 7209.2744** 3515.2344**
Yil 1 18863.97* 331.51306%* 9.000000** 95.6616* 23.7656
Tekerrir 1 3328.40 0.51481 1.271256 56.1071 0.7656
Cesit*Y1l 15 82317.80* 208.28064** 17.274450%* 1014.703* 523.4844*
Hata 31 264287.48 142.59099 12.420044 495.2270 299.7344

* (p<0.05), ** (p<0.01)

Cizelge 2. Ekmeklik bugday cesitlerinin 2009-2010 ve 2010-2011 yillar1 kalite 6zelliklerine iligkin birlestirilmis

varyans analiz sonuclari

Table 2. The results of combined variance analysis of the quality traits of bread wheat varieties of 2009-2010 and

2010-2011
Kaynak SD Alveograf Enerji MGS MPY MYUMD MTA
Cesit 15 133589.54* 50.059450**  1318.4702** 5036.6749** 25504.756*
Yil 1 74588.39%* 1.316756* 371.7329*%* 1124.4034** 85249.255%*
Tekerrir 1 5807.39 0.081225 48.7466 12.2544 2190.942
Cesit*Y1l 15 47934.34 2.919794 225.1176 716.2089* 6884.487
Hata 31 71849.08 4.813975 450.2652 370.7085 12658.95

* (p<0.05), ** (p<0.01)

MGS: Miksograf gelisme siiresi(dk.), MPY: Miksograf pik yiiksekligi(%), MYUMD: Miksograf yumusama derecesi(%), MTA:

Miksograf toplam alan (Nm)

lerin tane verimi 266.92 ile 513.08 kg da’! arasinda
degismisg, deneme ortalamasi 396.42 kg da! olmus, en
yiksek tane verimi Seval, en disiik deger ise Altay-
2000 cesidinden elde edilmistir. Iki y1l ortalamalarina
gore degerlendirdigimizde 2009-2010 yili tane
veriminin 2010-2011 yilina goére 34.33 kg da! daha
yiksek oldugu tespit edilmis, Seval, Sonmez-2001,
Tosunbey, Bagci-2002 ve Gun-91 cesitlerinde en
yiiksek degerlere ulasilmistir (Cizelge 3). Tane
veriminin gegitlerin etkisinin yaninda yillar ve iklim
faktorlerinden etkilendigi tespit edilmistir. Benzer bir
calismada Sahin ve ark. (2016), verim ve Kkalite

ozelliklerinin  yillar arasindaki ve  genotipler
arasidaki farkliliklarin onemli oldugunu
belirlemiglerdir. Bin tane agirligina ait degerler

Cizelge 3’de ve bu degerlere ait varyans analizi
sonuclari da Cizelge 1'de verilmis olup, bin tane
agirhigl bakimindan cesitler arasindaki fark (p<0.05)
ve cesit x yillar arasindaki fark ise (p<0.01) istatistiki
olarak pozitif o6nemli bulunmustur. 2009-2010
yetistirme doneminde cesitlerin bin tane agirlhigi 27.48
g ile 37.00 g arasinda degismis, deneme ortalamas:
31.58 g olarak tespit edilmistir. Denemede yer alan
Demir-2000 ¢esidinden en yiiksek deger, Ikizce-96
¢esidinden ise en disiik deger elde edilmigtir. 2010-
2011 yetistirme déneminde gesitlerin bin tane agirligi
30.20 g ile 43.00 g arasinda degismis, deneme
ortalamas1 36.13 g olmus, en yiksek deger
Harmankaya-99, en dustk deger ise Seval ¢esidinde
elde edilmistir. Iki yil ortalamalarina gére
degerlendirdigimizde 2010-2011 yili bin tane
agirhiginin 2009-2010 yilina gore 4.55 g daha ylksek
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oldugu belirlenmigtir. Demir-2000, Harmankaya-99,
Bezostaya-1, S6nmez-2001 ve Gin-91 c¢esitlerinde
yiiksek degerler elde edilmistir (Cizelge 3). Bin tane
agirhiklarinin  yillara ve c¢esitlere gore farklihk
gosterdigi, 2010-2011 yetistirme doneminde yagisin
yiksek olmasindan dolayr bin tane agirhiklarinin
yuksek oldugu tespit edilmistir. Aydogan ve Soylu
(2016), kuru kosullarda 14 ekmeklik bugday cesidinde
yaptiklari benzer bir calismada cesitlerin bin tane
agirliginin 30.90 g ile 46.46 g arasinda degistigini ve
deneme ortalamasmin 38.32 g oldugunu tespit
etmiglerdir.

Denemede yer alan 16 adet ekmeklik bugday ¢esidinin
protein orani ortalama degerleri Cizelge 4’de ve bu
degerlere ait varyans analiz sonuclar1 Cizelge 1'de
verilmis olup, protein orani yoéniinden c¢esitler
arasindaki fark (p<0.01), cesit x yillar arasindaki fark
ise (p<0.05) istatistiki olarak o6nemli olmustur.
Bugdaylarin hangi amag¢ igin kullanilabileceginin
tespitinde en 6nemli parametrelerin basinda protein
oran1 ve kalitesi gelmektedir. Tane kalitesi, tahil
bilesiminin bir fonksiyonudur (Triboi ve ark., 2000).
Kalite, tane doldurma sirasindaki ¢evresel kogullarin
bir sonucu olarak 6nemli dl¢iide degisiklik gosterir
(Dupont ve Altenbach, 2003). 2009-2010 yilinda
cesitlerin protein oram % 12.62 ile % 15.23 arasinda
degismis, deneme ortalamasit %14.28 olarak
belirlenmigtir. Bayraktar-2000 ¢esidinde en distk
protein orani elde edilirken, Ikizce-96 ¢esidinde ise en
yiksek protein orani elde edilmistir. 2010-2011
yetistirme doneminde gesitlerin protein orani1 % 13.66
ile % 16.92 arasinda degismig, deneme ortalamasi %
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Cizelge 3. Ekmeklik bugday gesitlerinin verim ve bin tane agirligina ait degerler
Table 3. Yield and thousand kernel weight values of bread wheat varieties

Verim (kg da')

Bin Tane Agirlig (g)

Gesitler 2009-2010  2010-2011 __ Ortalama _ 2009-2010  2010-2011 __ Ortalama
Altay-2000 331.85 266.92 299.38 31.96 34.80 33.38
Bagc1-2002 494.77 421.08 457.92 27.60 36.60 32.10
Bayraktar-2000 357.23 385.00 371.12 31.32 37.30 34.31
Bezostaya-1 394.69 416.46 405.58 35.40 37.20 36.30
Dagdas-94 365.15 464.31 414.73 32.80 35.10 33.95
Demir-2000 436.54 387.00 411.77 37.00 37.60 37.30
Gerek-79 374.31 317.23 345.77 29.88 33.80 31.84

Giin-91 468.85 435.92 452.38 34.04 37.95 36.00
Harmankaya-99 494.23 318.46 406.35 31.52 43.00 37.26
Tkizce-96 336.23 396.15 366.19 217.48 39.80 33.64
Karahan-99 434.92 479.54 457.23 29.64 35.50 32.57
Kirag-66 337.23 311.85 324.54 28.80 30.60 29.70
Miifitbey 448.08 394.85 421.46 32.96 35.20 34.08

Seval 526.38 513.08 519.73 31.16 30.20 30.68
S6énmez-2001 558.69 447.15 502.92 33.36 38.90 36.13
Tosunbey 532.92 387.69 460.31 30.40 34.60 32.50
Ortalama 430.75 396.42 413.59 31.58 36.13 33.86

AOF .05 158.51 225.65 131.95 2.76 5.58 2.20

DKw) 5.20 6.51 6.30 4.19 5.71 6.15

14.90 olarak tespit edilmis, en yiiksek deger Dagdas- arasindaki fark (p<0.01) ve cesit x yillar arasindaki
94 ve en disik deger Gerek-79 cesidinde fark (p<0.05) istatistiki olarak énemli olmustur. Tane
belirlenmistir. Aydogan ve Soylu (2016), kuru sertligi PSI’a gére incelenmis olup degerler yiikselerek

kogullarda 14 ekmeklik bugday cesidinde yaptiklari
bir ¢aligmada c¢esitlerin protein oranlarinin %11.93-
%13.44 arasinda degistigini belirlemislerdir. Iki yil
ortalamalarina gore degerlendirdigimizde 2010-2011
yili protein orami 2009-2010 yilina goére 0.62 daha
yiksek olmus, Dagdas-94, Altay-2000, Kirag-66 ve
Miifitbey cesitlerinde yiiksek protein orani elde
edilmistir (Cizelge 4). Protein orani, tane ve unun
ekmekcilik degerinin belirlenmesinde kriter olarak
kullanilmakta, ekmegin pisme kalitesi ve ekmek
hacminin en oOnemli belirleyicisi olarak kabul
edilmektedir (Mader ve ark., 2007). Birim alandan
yiksek verim ve kaliteli Griin elde edilebilmesi i¢in
verim ve kalite potansiyeli yuksek cesitlerin uygun
bolgelerde yetistirilmesi saglanmalhdir. Bugdayin
sertlik 6zelliginin genetik yap1 ve endospermdeki
nigasta ve protein baglarinin kuvvetine bagh oldugu
distintilmektedir. Sertlik 6zelligi 6gtitme agamasinda
ve unun kullanim amacinin belirlenmesi acisindan
onemlidir. Sert ve yumusak bugdaylar aym sartlarda
ogutildiiklerinde bile sert bugdaylarin unlari1 daha
granullu bir yap1 gostermektedir. Sert unlar ekmek ve
makarna yapimi i¢in tercih edilirken, yumusak unlar
biskiivi ve kek yapimi i¢in tercih edilmektedir (Ozkaya
ve Ozkaya, 2005). Tane sertliginin belirlenmesinde en
¢ok kullanilan iki yéntem PSI ve SKCS testleridir.
Denemede yer alan ekmeklik bugday c¢esitlerinin
ortalama sertlik degerleri (PSI) Cizelge 4 ve bu
degerlere ait varyans analizi sonuglar: da Cizelge 1’de
verilmis olup, tane sertligi bakimindan g¢esitler
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100 ’e yakinlastikca tane yumusakliginin arttigini
ifade etmektedir. 2009-2010 yetistirme déneminde
¢esitlerin tane sertligi 40.08-75.50 PSI arasinda olmus,
ortalama deger 52.94 PSI olup, Bayraktar-2000
yumusak grupta, Dagdasg-94 sert grupta yer almigtir.
2010-2011 yetistirme doéneminde c¢esitlerin tane
sertligi 42.50 -70.30 PSI arasinda olmus, ortalama
deger 55.42 PSI olup, Gerek-79 yumusak grupta,
Dagdas-94 sert grupta yer almigtir. Iki yil
ortalamalarina goére 2010-2011 tane sertligi degeri
2009-2010 yilina gore 2.48 daha yiiksek oldugu,
Dagdas-94, Miifitbey, Harmankaya-99, Ikizce-96 ve
Tosunbey cesitleri orta sert grupta yer almiglardir
(Cizelge 4). Aydogan ve Soylu (2016), kuru kosullarda
14 ekmeklik bugday c¢esidi ile yaptiklar: bir ¢alismada
cesitlerin sertlik degerinin 41.29-64.82 PSI arasinda
deger aldigini, deneme ortalamasinin 50.89 PSI
oldugunu belirtmiglerdir.

Ekmeklik bugday ¢esitlerinin ortalama Zeleny
sedimantasyon degerleri Cizelge 5'de, varyans analizi
sonuglari1  Cizelge 1’'de verilmis olup, c¢esitler
arasindaki fark (p<0.01) ve cesit x yillar arasindaki
farkin (p<0.05) istatistiki olarak énemli oldugu tespit
edilmistir. Ath ve Kogak (2004), Zeleny sedimantasyon
degerine kalitimin etkisinin daha ¢ok oldugunu,
farkhiliklarin genotipe baglh oldugunu belirtmiglerdir.
Zeleny sedimantasyon degeri gluten miktar1 ve
kalitesi hakkinda bilgi veren bir kriterdir. Gluten
miktar: yiiksek ve kalitesi iyi olan unlar yiiksek Zeleny
sedimantasyon degerine sahip olmaktadir. Ekmek
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Cizelge 4. Ekmeklik bugday gesitlerinin protein orani ve tane sertligi degerleri
Table 4. Protein content and grain hardness values of bread wheat varieties

Protein Orani (%)

Tane Sertligi (PSI)

Cesitler 2009-2010  2010-2011 __ Ortalama __ 2009-2010 _ 2010-2011 __ Ortalama
Altay-2000 14.34 16.38 15.36 70.91 63.92 67.41
Bagc1-2002 13.85 14.61 14.23 55.87 57.50 56.69
Bayraktar-2000 12.62 13.80 13.21 75.50 68.69 72.10
Bezostaya-1 14.04 14.65 14.35 45.02 57.35 51.18
Dagdag-94 15.06 16.92 15.99 40.08 42.50 41.29
Demir-2000 13.54 16.01 14.77 47.38 57.98 52.68
Gerek-79 14.42 13.66 14.04 70.25 70.30 70.27
Giin-91 14.73 13.94 14.33 40.79 50.65 45.72
Harmankaya-99 14.24 14.10 14.17 40.53 50.76 44.65
ikizce-96 15.23 14.17 14.70 46.00 43.00 44.50
Karahan-99 14.97 14.36 14.66 72.30 60.00 66.15
Kirac-66 14.85 16.61 15.73 71.93 64.53 68.23
Miifitbey 15.11 15.17 15.14 42.23 45.34 43.78
Seval 13.52 14.63 14.07 44.75 55.13 49.94
Sénmez-2001 14.09 14.10 14.09 41.86 55.62 48.74
Tosunbey 13.92 15.40 14.66 43.67 43.55 43.61
Ortalama 14.28 14.90 14.66 52.94 55.42 54.18
AOF .05 1.55 1.04 0.80 10.54 6.36 5.90
DKy 5.11 3.26 4.72 6.51 5.43 4.62

yapimi i¢in Zeleny sedimantasyon degeri yiiksek olan
unlar tercih edilir. Testin prensibi belirli miktarda
unun zayif asit c¢ozeltisinde once c¢alkalanip sonra
belirli bir stire bekletilip un parcaciklarinin hacminin
gluten kalitesine bagl olarak artmasi ve belirli bir
sire sonunda parcaciklarin ¢6ken miktarinin
Olctilmesi esasina dayanir (Bulut 2012).
Arastirmada2009-2010 yetistirme doneminde Zeleny
sedimantasyon degeri 27.00 -51.50 ml arasinda olmus,
ortalama deger 39.38 ml olarak belirlenmis, en ylksek
degere Giin-91, en diisiik degere ise Seval ¢esidi sahip
olmustur. 2010-2011 yetistirme doneminde cesitlerin
Zeleny sedimantasyon degerleri 30.50 ile 56.50 ml
arasinda degismig, ortalama deger 40.59 ml olarak
tespit edilmig, en yliksek deger Karahan-99, en disiik
deger ise Dagdas-94 cesidinde elde edilmistir. Iki yil
ortalamalarina  goére  2010-2011 yili = Zeleny
sedimantasyon degeri 2009-2010 yilina gére 1.21 ml
daha yiiksek olmus, Karahan-99, Giin-91, Altay-2000
ve Bezostaya-1 cesitlerinde ylksek degerler elde
edilmistir (Cizelge 5). Alveograf enerji degerine ait
degerler Cizelge 5, bu degerlere ait varyans analizi
sonuclari  Cizelge 2’de verilmis olup, c¢esitler
arasindaki farkin (p<0.05) istatistiki olarak 6nemli
oldugu belirlenmigtir. Alveograf enerji degerleri 0-50
104 dJ i¢in ¢ok zayif, 50-100 104 J i¢in zayif, 100-200 10
4 Ji¢in orta, 200-300 1044J i¢in orta gii¢lii, 300-400 10
4J i¢in giiclii ve 400 104 J iizerinde ¢ok gii¢lii olarak
siniflandirilmistir (Williams ve ark., 1988). 2009-2010
yetistirme déneminde gesitlerin alveograf enerji degeri
98.71 ile 235.44 104 J arasinda degismis, deneme
ortalamas1 164.60 10* J olmustur. En ylksek
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alveograf enerji degeri Bezostaya-1 ve en diisiik deger
ise Dagdag-94'de tespit edilmigtir. 2010-2011
yetistirme déneminde ¢esitlerin alveograf enerji degeri
124.81 ile 329.61 104 J arasinda degismis, deneme
ortalamas1 232.63 104 J olarak tespit edilmis, en
yiksek deger Tosunbey, en digsiik deger ise Bayraktar-
2000 cesidinden elde edilmistir. Iki y1l ortalamalarina
gore 2010-2011 yili alveograf enerji degeri 2009-2010
yilina gére 68.03 104 J daha yiksek olmusg, Tosunbey
ve Bezostaya-1 cesitlerinde ylksek degerler elde
edilmistir (Cizelge 5). Sahin ve ark. (2019), kuru ve
sulu sartlarda yapmis olduklar1 bir ¢alismada
alveograf enerji degeri (W)(104 J) ortalamasini kuruda
185.2 104 dJ, suluda 169.9 104 J olarak belirlemiglerdir.
Alveograf enerji degeri gesit Ozelligi olsa da yillar
arasindaki iklim farklhiliklarindan
etkilenebilmektedir. Ekmeklik bugday genotipleri ile
yapilan benzer calismalarda Aydogan ve ark. (2012),
alveograf enerji degerinin 83.42 104 J ile 315.56 104 J
arasinda, Bayram ve Korkut (2018) ise 155.4 10¢ J ile
444.7 104 J arasinda degistigini belirlemiglerdir.
Alveograf enerji degeri (W) 1slah c¢alismalarinda
bugday kalitesinin degerlendirilmesinde 6nemli bir
parametre olmustur (Sahin ve ark., 2009; Aydogan ve
ark., 2012).

Ekmeklik bugday c¢esitlerinin ortalama miksograf
gelisme slresi degerleri Cizelge 6, varyans analizi
sonuclar1 da Cizelge 2'de verilmis olup, miksograf
gelisme stresi bakimindan gegitler arasindaki farkin
(p<0.01)  istatistiki  olarak  &énemli  oldugu
belirlenmistir. Miksograf gelisme siiresinin iki dakika-
nin tizerinde olmasi hamur 6zelliklerinin yiiksek ola-
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Cizelge 5. Ekmeklik bugday gesitlerinin Zeleny sedimantasyon ve alveograf enerji degerleri
Table 6. Zeleny sedimentation and alveograph energy values of bread wheat varieties

Zeleny Sedimantasyon (ml)

Alveograf Enerji (104 J)

Cesitler 2009-2010  2010-2011 _ Ortalama _ 2009-2010 _ 2010-2011 __ Ortalama
Altay-2000 43.50 53.50 48.50 173.47 310.88 24217
Bagc1-2002 51.00 42.00 46.50 233.64 140.25 186.94
Bayraktar-2000 38.00 32.00 35.00 103.72 124.81 114.27
Bezostaya-1 47.50 48.00 47.75 235.44 305.48 270.46
Dagdag-94 927.50 30.50 29.00 98.71 182.63 140.67
Demir-2000 39.00 45.50 42.25 152.32 957.55 204.93
Gerek-79 37.50 46.50 42.00 100.68 200.94 150.81
Gin-91 51.50 50.00 50.75 174.39 313.43 243.91
Harmankaya-99 36.50 35.50 36.00 152.06 195.06 173.56
Tkizce-96 41.50 34.00 37.75 129.81 189.79 159.80
Karahan-99 49.00 56.50 52.75 991.13 230.37 995.75
Kirac-66 40.00 43.50 41.75 123.10 185.74 154.42
Miifitbey 29.00 31.50 30.25 187.04 954.40 220.72
Seval 927.00 34.00 30.50 164.81 9278.60 9221.70
Sénmez-2001 36.00 34.50 35.25 157.94 922,52 190.23
Tosunbey 35.50 32.00 33.75 925.37 329.61 277.49
Ortalama 39.38 40.59 39.98 164.60 232.63 198.61
AOF .05 7.39 5.68 5.09 81.57 122.68 69.02
DK 5.89 6.67 5.97 3.64 4.67 4.24

caginin gostergesidir. 2009-2010 yetistirme doneminde
cesitlerin miksograf gelisme siiresi 1.44-4.96 dk.
arasinda degisirken deneme ortalamasi 2.76 dk.
olmustur. Miksograf gelisme slresi yoninden en
yuksek deger Tosunbey, en disiuk deger Gerek-79
cesidinde tespit edilmigtir. 2010-2011 yetistirme
doneminde cesitlerin miksograf gelisme siiresi 1.85 ile
4.69 dk. arasinda degisim gostermis, ortalama deger
3.05 dk. olmustur. En yiiksek gelisme stiresi Tosunbey,
en duglik deger ise Gerek-79 ve Kirag-66 cesitlerinden
elde edilmigtir. Iki yil ortalamalarima gore
degerlendirdigimizde 2010-2011 y1l1 miksograf gelisme
stiresi 2009-2010 yilina gore 0.29 dk. daha ylksek
olmus, en yiksek gelisme siiresi Tosunbey ¢esidinde
belirlenmistir (Cizelge 6). Miksograf gelisme siiresinin
yuksek olmasi unun gluten kuvvetinin yogurmaya
kars1 toleransimi gostermekte olup, sanayici agisindan
istenen bir durumdur (Sahin ve ark., 2016). Miksograf
pik yiiksekligine ait degerler Cizelge 6, varyans analizi

sonuclari  Cizelge 2’de verilmis olup, c¢esitler
arasindaki  farkin  (p<0.01) 6nemli  oldugu
belirlenmigtir. 2009-2010 yetistirme doéneminde

cesitlerin miksograf pik yliksekligi ortalamasi % 53.35
olmus, degerler % 44.91 ile 60.67 arasinda degismigtir.
Gin-91 en yluksek miksograf pik yliksekligine sahip
olurken, en dusiik deger Bayraktar-2000’de
belirlenmigtir. 2010-2011 yetistirme doéneminde
cesitlerin miksograf pik yiiksekligi % 47.85 ile 65.34
arasinda degismis, deneme ortalamasi1 % 58.17 olarak
tespit edilmigtir. En yiiksek miksograf pik yiiksekligi
Dagdas-94 cgesidinde, en diisiik deger ise Bayraktar-
2000 gesidinde tespit edilmistir. Iki y1l ortalamalarina
gore degerlendirdigimizde 2010-2011 yili miksograf
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pik yuksekligi 2009-2010 yilina goére % 4.82 daha
yiksek olmusg, en yliksek deger Giin-91 c¢esidinde
belirlenmistir (Cizelge 6). Aydogan ve ark.(2013),
ekmeklik bugday c¢esitleri ile kuru kogullarda
yaptiklar: bir calismada ortalama miksograf gelisme
stiresinin 1.61 dk. ile 4.66 dk. arasinda degistigini,
ortalama degerin 3.07 dk. oldugunu, miksograf pik
yiksekliginin % 40.84-83.16 arasinda degistigini,
ortalama degerin % 68.57 oldugunu belirlemiglerdir.

Ekmeklik bugday c¢esitlerinin ortalama miksograf
yumusama derecesi degerleri Cizelge 7, varyans analiz
sonuglarn  Cizelge 2'de verilmig olup, c¢esitler
arasindaki farkin (p<0.01) ve ¢esit x yillar arasindaki
farkin (p<0.05) istatistiki olarak énemli oldugu tespit
edilmigstir. Yumugama derecesinin yiiksek olmasi
gluten proteinlerinin zayifligindan
kaynaklanmaktadir (Aydogan ve ark., 2013).
Aragtirmada  2009-2010 yetistirme doéneminde
cesitlerin miksograf yumusama derecesi % 12.68 ile
45.52 arasinda degisirken, ortalama deger % 24.31
olmustur. Miksograf yumugama derecesi yontiinden en
yiksek deger Gerek-79, en diisiik deger Bezostaya-1
gesidinde  belirlenmigtir. 2010-2011  yetistirme
déneminde cegitlerin miksograf yumugsama derecesi %
6.47 ile 31.85 arasinda degismisg, deneme ortalamasi %
15.92 olarak tespit edilmistir. Iki yil ortalamalarina
gore degerlendirdigimizde 2009-2010 yili miksograf
yumusama derecesinin 2010-2011 yilina gére % 8.39
daha yiiksek oldugu belirlenmistir (Cizelge 7).
Ortalama miksograf toplam alan degerine ait degerler
Cizelge 7, varyans analizi sonuglar1 Cizelge 2’de
verilmis olup, miksograf toplam alan bakimindan
cesitler arasindaki farkin (p<0.05) istatistiki olarak
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onemli oldugu belirlenmigtir. 2009-2010 yetistirme
doneminde gesitlerin miksograf toplam alan degeri 252
ile 322 Nm arasinda degismis, deneme ortalamasi 289
Nm olarak belirlenmig, miksograf toplam alan degeri
en yiiksek ¢esit Demir-2000, en diisiik ¢esit Bayraktar-
2000 olmustur. 2010-2011 yetigtirme déneminde
cesitlerin miksograf toplam alan degeri 316 ile 395 Nm
arasinda degisim gostermis, ortalama deger 362 Nm

olmustur. Ikizce-96 cesidi en yiksek degere sahip
olurken, en diisik deger Bayraktar-2000 cesidinde
belirlenmistir. Iki  yil  ortalamalarina  goére
degerlendirdigimizde 2010-2011 yil1 miksograf toplam
alan degeri 2009-2010 yilina gére 73 Nm daha yiiksek
olmus, Giin-91, Demir-2000, Ikizce-96 ve Miifitbey
gesitleri deneme ortalamadan daha ylksek degerlere
sahip olduklar: belirlenmistir (Cizelge 7).

Cizelge 6. Ekmeklik bugday gesitlerinin miksograf gelisme stiresi ve pik ylksekligine ait degerler
Table 6. Mixograph development time and peak height values of bread wheat varieties

Miksograf Gelisme Siiresi (dk.)

Miksograf Pik Yiiksekligi (%)

Cesitler

2009-2010 2010-2011 Ortalama 2009-2010 2010-2011 Ortalama

Altay-2000 3.36 4.27 3.81 46.99 53.58 50.29
Bagc1-2002 3.16 3.10 3.13 52.52 55.72 54.12
Bayraktar-2000 3.66 3.98 3.82 44.91 47.85 46.38
Bezostaya-1 3.97 3.23 3.60 46.25 60.80 53.52
Dagdag-94 1.94 1.88 1.91 57.04 65.34 61.19
Demir-2000 1.77 2.16 1.96 59.67 61.84 60.75
Gerek-79 1.44 1.85 1.65 58.48 58.07 58.27
Giin-91 3.11 3.69 3.40 60.67 63.10 61.89
Harmankaya-99 3.11 3.43 3.27 51.26 52.12 51.69
Ikizce-96 2.12 3.22 2.67 60.52 61.56 61.04
Karahan-99 2.92 3.33 3.12 47.85 51.88 49.86
Kirac-66 1.50 1.85 1.67 55.06 60.25 57.65
Miifitbey 2.92 2.92 2.92 56.47 59.55 58.01
Seval 2.71 3.16 2.93 54.23 63.41 58.82
Soénmez-2001 1.58 2.05 1.82 53.23 58.37 55.80
Tosunbey 4.96 4.69 4.82 48.43 57.26 52.85
Ortalama 2.76 3.05 291 53.35 58.17 55.76
AOF .05 1.02 0.59 0.54 9.71 6.41 1.40

DK 4.39 6.33 4.33 6.60 5.18 5.75

Cizelge 7. Ekmeklik bugday cesitlerinin miksograf yumusama derecesi ve toplam alan degerleri
Table 7. Mixograph softening degree and total area values of bread wheat varieties

Miksograf Yumugsama Derecesi (%)

Miksograf Toplam Alan (Nm)

Cesitler 2009-2010  2010-2011 _ Ortalama 2009-2010  2010-2011 _ Ortalama
Altay-2000 14.90 10.76 12.83 282 336 309
Bagc1-2002 16.24 13.07 14.65 288 342 315
Bayraktar-2000 13.55 6.47 10.01 9252 316 284
Bezostaya-1 12.68 12.73 12.70 266 389 327
Dagdas-94 36.54 31.85 34.19 287 388 337
Demir-2000 37.72 95.25 31.48 3922 375 348
Gerek-79 45.52 922,61 34.07 280 340 310
Giin-91 19.63 13.33 16.48 319 392 356
Harmankaya-99 15.34 6.62 10.98 292 349 321
Tkizce-96 33.74 10.91 99.32 313 395 354
Karahan-99 15.18 10.83 13.00 264 327 296
Kirac-66 39.47 24.95 31.86 271 347 309
Miifitbey 16.08 14.36 15.22 318 368 343
Seval 20.39 16.47 18.43 285 383 334
Sénmez-2001 36.76 95.52 31.14 299 363 331
Tosunbey 15.19 9.72 12.45 271 365 318
Ortalama 24.31 15.92 20.11 289 362 325
AOF .05 7.85 6.77 4.34 48.50 37.74 28.90
DKo 6.21 6.47 3.68 5.63 4.70 6.21
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SONUC

Bu calismada 2009-2010 ve 2010-2011 yetigtirme
doénemlerinde yagmura dayali yetistirme kogullarinda
yetistirilen 16 ekmeklik bugday ¢esidinin, tane verimi,
kimyasal 6zellikleri ve hamur reolojisi belirlenerek,
cesitlerin performanslari, gesit ve yillarin verim ve
kalite  Ozelliklerine  etkileri  tespit  edilmeye
calisilmistir. Calismada cesit ve yillarin verim ve
kalite oOzelliklerini dogrudan ve dolayli olarak
etkiledigi gorilmustir. Calismada cesitlerin iki yillik
ortalamalar1  incelenen  o6zellikler  bakimindan
degerlendirildiginde; 2009-2010 yetistirme doneminde
bin tane agirhginda Demir-2000, protein oraninda
Ikizce -96, Zeleny sedimantasyonda Bagci-2002 ve
Gun-91, alveograf enerji degerinde Bezostaya-1,
miksograf gelisme siiresinde Tosunbey, miksograf pik
yiksekliginde ve miksograf toplam alanda Gin-91
cesitlerinde en ylksek degerler elde edilmistir. 2010-
2011 yetistirme doneminde bin tane agirhginda
Harmankaya-99, protein oraninda Dagdas-94, Zeleny
sedimantasyonda Karahan-99, alveograf enerji degeri
ve miksograf gelisme siiresinde Tosunbey, miksograf
pik yiksekliginde ve miksograf toplam alanda Giin-91
cesitlerinde en yiksek degerler Dbelirlenmistir.
Cesitlerin 1ki yi1l ve yagisa dayali ortamlardaki
performanslarini degerlendirdigimizde tane veriminde
Seval, bin tane agirliginda Demir-2000, protein
oraninda Dagdas-94, Zeleny sedimantasyon degerinde
Karahan-99, alveograf enerji degeri ve miksograf
gelisme stiresinde Tosunbey ve Bezostaya-1, miksograf
pik yiiksekligi ve toplam alanda ise Giin-91 ve Ikizce-
96 cesitlerinde yiksek degerler elde edilmigtir. Genel
olarak degerlendirdigimizde protein kalitesi
bakimindan Dagdas-94 ve Karahan-99, hamur
reolojisi bakimindan ise Tosunbey ve Bezostaya-1
cesitlerinde en yuksek degerler elde edilmigstir.
Incelenen kalite kriterleri bakimindan yillar arasinda
onemli farkliliklar meydana geldigi, 2010-2011 yilinda
¢esitlerin protein orani, protein kalitesi ve hamur
ozelliklerinin 2009-2010 yilindan daha yuksek oldugu,
bu farkin c¢esit ve iklim faktérlerinden kaynaklandig:
disunulmektedir. Yeni gelistirilen ekmeklik bugday
cesitlerinin tescil olduklar: bélgelerde tavsiye edilmesi
ile daha verimli ve kalite tiretim saglanarak sektoriin
hammadde ihtiyacinin da kargilanacag
dustinilmektedir.

Cikar Catigmasi1 Beyani
Makale yazarlar1 aralarinda herhangi bir ¢kar

catismasi olmadigini beyan ederler.

Aragtirmacilarin Katk: Oram Beyan Ozeti
Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan ederler.
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OZET Aragtirma Makalesi

Bu c¢aligma, Gaziantep ili Nizip ilgesini temsilen secilen antepfistigi

bahgelerinin  beslenme durumlarini  belirlemek  amaciyla Makale Tarihgesi
yurutilmustir. Bu amagla, 0-30 ve 30-60 olmak tizere iki farkl Gelig Tarithi  :27.12.2019
derinlikten 30 adet toprak érneginde biinye, CaCOs, pH, EC, organik Kabul Tarihi :06.02.2020

madde, KDK, bazi1 makro-mikro besin elementleri ile bir kisim agir
metal analizleri ve ayn1 bahgelerden alinan 15 adet yaprak 6érneginde

Anahtar Kelimeler

kimi besin elementi analizleri yapilmistir. Elde edilen bulgulara gore, Antepfistigi
arastirma alani topraklarimin % 63.344 kil, % 26.66’s1 killi tin, % Bitki besin elementi
6.66’s1 kumlu killi tin ve % 3.34’1 ise siltli kil blinyeye sahip oldugu, Toprak 6zellikleri
topraklarin tamaminin hafif alkalin reaksiyonlu ve tuzsuz sinifinda Gaziantep

yer aldigi, organik madde igeriklerinin tiimiinde yetersiz oldugu Nizip

belirlenmigtir. Topraklarin % 26.66’stnin  fosfor, %10unun
magnezyum, % 46.66’sinin demir, % 46.66’sinin ¢inko, % 93.33’linilin
bor icerigi yoniinden yetersiz oldugu belirlenmigtir. Topraklarda agir
metal acisindan kirlilige rastlanmazken, yaprak orneklerinin %
40’1nin azot, tamaminin fosfor, % 93.37linlin potasyum, % 26.6’sinin
demir, % 401min bakir, % 13.33"inun mangan, % 26.66’sinin bor
igerigi yoninden noksan oldugu belirlenmistir. Sonug olarak elde
edilen bulgular, Gaziantep ili Nizip ilgesi antepfistig1 bahgelerinde
beslenme sorunlari oldugunu géstermektedir. Bolgede ¢calismalarinin
artirilarak uygun doz ve formda giibreleme yaninda 6zellikle, organik
giibre kullaniminin tegvik edilmesi ve yagisin digsmedigi donemlerde
mutlaka sulama yapilmasi gerekmektedir.

ABSTRACT
This study was conducted to determine the nutritional status of
pistachio orchards selected from Nizip district of Gaziantep. For this

Determination of Nutrition Status of Leaf and Soil Samples of Pistachio (Pistacia vera 1.) Trees in Nizip
District of Gaziantep

Research Article

Article History

purpose, texture, CaCOs, pH, EC, organic matter, CEC, some macro- Received $27.12.2019
micro nutrients and heavy metal content were analyzed in 30 soil Accepted - 06.02.2020
samples from two different depths (0-30 cm and 30-60 cm), and some

nutrient analysis of some leaves from 15 plant samples taken from the IPS;};:CO}:‘S)SS

same orchards were performed. According to the findings, the soils in
the research area had 63.34% clay, 26.66% clay loam, 6.66% sandy
clay loam and 3.34% silty clay texture respectively and that the
organic matter contents were determined to be insufficient.
Furthermore, 26.66%, 10%, 46.66%, 46.66% and 93.33% of the soils
were determined to be insufficient in P, Mg, Fe, Zn, and B contents
respectively. No evidence of contamination of heavy metals were found
in the soils, while 40% of the leaf samples were found to be deficient
in nitrogen, %100 in phosphorus, 93.3% in potassium, 26.6% in iron,
40% in copper,13.33% in manganese and 26.66% in boron. The results
indicated that there were nutritional problems in pistachio orchards
of Nizip district of Gaziantep. By increasing the studies in the region,
appropriate fertilizing dosage and form should be provided, the use of
organic fertilizers should also be encouraged and irrigation must be
done during of the dry (without precipitation) periods .

Plant nutrient
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GIRIS

Antepfistign  (Pistacia vera L.), sakiz agacigiller

(Anacardiaceae) familyasindan dioik ve yenebilen
kabuklu meyve veren bir bitkidir. Sulama yapilmadan,
taghk, kayalik, yama¢ ve fakir topraklarda bile
ekonomik olarak yetigebilen, lezzetli ve besin degeri
yiksek yore igin o6nemli bir bitkidir. 100 g i¢
antepfistiginda yaklagik % 21 protein, % 51.6 yag, %
16.4 karbonhidrat ve 600 kalori bulunmaktadir (Tekin
ve ark., 1997). Diinyadaki antepfistigi iiretim
miktarlarina bakildiginda Turkiye tgliincu sirada yer

almaktadir  (FAO, 2018). Tirkiye Istatistik
Kurumunun 2018 verilerine bakildiginda ise
Guneydogu Anadolu Bolgesinde Gaziantep ve

Sanliurfa illerinde yogun olarak antepfistigi liretimi
yapilirken, Gaziantep 1li icerisinde ise en ¢ok Uretim
Nizip il¢esinde yapilmasina ragmen burada agag
basina verim ortalama 5.0 kg/agag ile genelde cok
dugiiktir (TUIK, 2019). Verim disikligine neden
olarak, iklim kogullari, antepfistiginin periyodisiteye
egimli  olmasi, kultirel onlemlerin yeterince
alinamamasi1 gibi faktorlerin yaninda dengeli ve
yeterli beslemenin de o6zel bir O6nemi vardir.
Antepfistig1 bahcgelerinin biiyik bir kisminda verim
dustiklugi s6z konusu oldugu ve bahgelerin % 53.3™1
hi¢ giibrelenmedigi bilinmektedir (Tekin, 1997).

Giineydogu Anadolu Bolgesinde yapilan bir calismada,
antepfistig1 bahcelerinin % 70’inden fazlasinin asiri
kirecli olmasi nedeniyle bahgelerde 6zellikle fosfor ve
cinko eksikligine sebep oldugu bildirilmistir (Tekin ve
ark., 1990). Aydeniz ve ark. (1982) antepfistig1
bahgelerinde yapmis olduklar1 calismada 6zellikle
fosforun topragin alt katlarinda az, ytizey topraginda
yiksek bulunmasi, fosforlu gibrelerin ciftcilerce
bilingsiz ve yanhs kullanildigimi goéstermektedir.
Kizilgoz ve ark., (1999) antepfistigi yetistirilen
topraklarin verimlilik dizeylerinin arastirilmak amaci
ile Sanliurfa yoresinde yaptiklar: aragtirmada toplam
28 toprak oOrnegini analiz etmiglerdir. Sonug¢ olarak
toprak oOrneklerinin tamaminda N ve bitkilerce
alinabilir olan Fe ve Zn yetersizliginin giddetli
seviyede oldugunu Dbildirmiglerdir. Tirkiye de
antepfistig1 Uretimi yapilan topraklarin fakir, kirecli
ve tagli yani verimsiz olmasi, antepfistiginin
sulanmamasi ya da ¢iftgilerin antepfistigi sulanmaz 6n
yargisi, birim alana seyrek agac¢ dikimi, bilingsiz
giibreleme yapilmasi veya hig giibreleme yapilmamasi,
erkek agac¢ sayisinin az olmasi gibi nedenler ile ilgili
olabilir.

Bu aragtirmada, tilkemizin en kurak yorelerinden biri

olan Gluneydogu Anadolu Bolgesindeki kirag
topraklarda bu problemli ekolojiye uyum saglamig
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antepfistig1 agacglarinda toprak ve yaprak érneklerinin
analizleri ile bahgelerin beslenme durumunun ortaya
konularak, giibreleme programinin belirlenmesine 1s1k
tutacak bilgilerin belirlenmesi amac¢lanmagtir.

MATERYAL ve METOT

Guney Dogu Anadolu Boélgesinde antepfistig:
yetigtiriciliginin yogun olarak yapildig1 Gaziantep ili
Nizip ilgesinde, kaliteli ve iyi Grlin veren, hastalik ve
zararh ile bulagik olmayan, verim cagindaki 15 farkh
bahceden yaprak ile 0-30 ve 30-60 cm olmak tizere iki
farkli derinlikten 30 adet toprak o6rnegi calismanin
materyalini olusturmaktadir. Orneklerin alindig:
antepfistigr bahcgeleri Nizip'in farkli kéylerinden ve
rastgele secilirken antepfistigi agaglarinin benzer
yasta (40-50 yasly) olmasina dikkat edilmistir (Cizelge
1.). Meyve bahcelerindeki yaprak ve toprak érnekleri
Temmuz aymin son haftasinda (antepfistifinda en
uygun o6rnek alma zamam ben diisme doénemidir)
alinmistir (Tekin ve ark., 1990). Yaprak érnekleri her
agacin 4 farkl yoniinden gelisimini tamamlamis orta
yagli yapraklarindan bahgenin en az % 20 agacim
temsil edecek sekilde 6rneklenmistir.

Alinan topraklar golgede kurutulup 2 mm’ lik elekten
gecirildikten sonra, tekstiir Bouyoucos hidrometre
metodu (Bouyoucos, 1951), toprak reaksiyonu (pH)
saturasyon ¢camurunda cam elektrotlu pH metre ile
(Jackson, 1958), organik madde Walkley-Black
metoduna gore (Ulgen ve Atesalp, 1972), % kireg
miktar1  bes  tekrarlamali  olarak, Scheibler
kalsimetresi ile (Hizalan ve Unal, 1966), % tuz
Richards, (1954) e gore, katyon degisim kapasitesi
Chapman ve Pratt (1961)mn bildirdigi sekilde,
degisebilir katyonlar amonyum asetat ekstraksiyonu
ile (Knudsen ve ark. 1982) belirlenmistir.

Toplam azot Bremner (1965)in bildirildigi sekilde
Kjeldahl yontemine gore, yarayisli fosfor Olsen ve ark.
(1954)'min  bildirildigi sekilde, alinabilir potasyum
Pratt (1965)'1n bildirildigi sekilde, toprakta yarayish
Ca, Mg, Fe, Zn, Cu, Mn ve B ve Ni, Cd, Co, Cr analizleri
DTPA ile ekstrakte edildikten sonra Atomik
Absorpsiyon  Spektrofotometresinde (Lindsay ve
Norvel, 1978) belirlenmistir.

Bitki yaprak aksamindaki toplam azot organik
elementel analiz cihazi (Therm Flash 2000; CHNS/O)
ile belirlenmistir. Yas yakma (nitrik-perklorik asit
karisimi) ile yakilan yaprak oérneklerindeki fosfor
Vanadofosforik sar1 renk yontemine gore (Kacar,
1984), potasyum, kalsiyum, magnezyum, sodyum,
demir, c¢inko, bakir, mangan ve bor Atomik
Absorpsiyon  Spektrofotometresinde  okunmustur
(Kacar ve Inal, 2008).
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Cizelge 1. Toprak 6rneklerinin alindigi bahgelerin derece cinsinden enlem boylam koordinatlar:
Table 1. Latitude longitude coordinates of orchards in place taken of soil samples

Bahge No Ornek Yeri/Koy Enlem-Boylam (N-E) Koordinatlar:
Orchard No Sample location Latitude-Longitude (N-E) coordinates
1 Mercanh (36,930180-37,792895)

2 Segitli (36,988236-37,726756)

3 Akcakent (37,021827-37,787363)

4 Tkizce (36,862080-37,766548)

5 Gevence (36,911080-37,849420)

6 Yeserti (36,853153-37,851612)

7 Altindag (37,095250-37,689832)

8 Gevence (36,914933-37,834405)

9 Yeserti (36,853153-37,862447)

10 Kesiktag (36,891042-37,695032)

11 Kirath (37,077970-37,740313)

12 Turlu (37,062363-37,761795)

13 Kizilcakent (37,037098-37,777640)

14 Gokeeli (36,885083-37,090600)

15 Dogrular (36,967813-37,771038)

Sekil 1.Calisma alaninin konum haritasi
Figure 1. Location map of the study area

BULGULAR ve TARTISMA

Gaziantep 1ili Nizip ilgesi antepfistiginin yogun
yetistirildigi alanlardan segilen 15 farkli bahge ve iki
farkl1 derinlikten (0-30 ve 30-60 cm) alinan
topraklarinin bazi1 fiziksel ve kimyasal o6zellikleri
Cizelge 2’ de verilmistir.

Gaziantep 1li Nizip 1ilgesi antepfistign  bahge
topraklarimin % 63.344 kil, % 26.66’s1 killi tin, %
6.66’s1 kumlu killi tin ve % 3.34’0 ise siltli kil olmak
uzere 4 farkh biinye simifina girmigtir. Karaduman ve
Cimrin (2016), Gaziantep yoresi tarim topraklarinin
besin elementi durumlari ve bunlarin bazi toprak
ozellikleri ile iligkilerini belirlemeyi amagladiklar:
calismada benzer sonuglar ortaya koymuslardir.
Calismadaki antepfistign bahge topraklarinin kireg
icerikleri % 27.15 ile % 73.56 arasinda degiserek
ortalama % 45.88 oraninda bulunmus ve toprak
orneklerinin timii, Ulgen ve Yurtsever (1995)in
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bildirdigi simir degerlerine gore simiflandirildiginda
cok fazla kiregli (>%25) sinifinda yer almigtir.
Gaziantep yilik sicaklik ortalamasi 14.5 °C, yaz
sicaklik ortalamasi 24-27 °C ve yillik ortalama
buharlasma 1466.6 mm dir (Anonim, 1992).

Boyle bir iklim ve c¢ogunlukla kireg¢li ana materyal
uzerinde olugsmus bu topraklarda sonu¢ normal
goziikmektedir. Ayrica Gaziantep ilinin biitininde
calisan Karaduman ve Cimrin (2016)’ in, Nizip
ilcesinden aldiklar1 6rneklerdeki topraklarin kireg
icerikleri de ¢ok fazla kire¢li sinifinda bulundugunu
bildirmiglerdir. Arastirma topraklarmnin pH’ s1 en
dusik 7.87 iken, en yiksek pH 8.48 olarak
belirlenmigtir. Toprak érneklerinin tamaminin pH’lar
Ulgen ve Yurtsever (1995)'in verdigi simiflandirmaya
gore hafif alkalin karakterde oldugu goérulmustir.
Tekin ve ark. (1985), yorede yaptiklar: calismada Nizip
ilcesinden alinan toprak orneklerinin pH’sinin 8.20-
8.50 arasinda oldugunu bildirmiglerdir.
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Cizelge 2. Gaziantep ili Nizip ilgesi antepfistig1 bahgeleri topraklarinin baz fiziksel ve kimyasal 6zellikleri
Table 2. Nizip district of Gaziantep province pistachio orchard soils some physical and chemical properties
Toprak  Derinlik Kil Kum Silt Binye CaCOs pH Tuz O.M KDK
No Depth Clay Sand Silt Texture Lime Salt CEC
Soil No. cm % % % % Sat. % % cmol/kg
1 0-30 61.04 12.96 26.00 C 28.70 7.87 0.084 0.73 39.98
30-60 61.04 12.96 26.00 C 30.15 8.01 0.029 0.86 37.73
2 0-30 45.04 20.96 34.00 C 57.66 8.06 0.011 1.12 15.52
30-60 40.32 22.96 36.72 C 58.43 8.13 0.011 1.04 15.38
3 0-30 49.04 14.96 36.00 C 73.56 7.91 0.011 1.23 11.18
30-60 51.04 8.96 40.00 C 67.88 8.20 0.009 1.10 12.94
4 0-30 59.04 18.96 22.00 C 27.15 8.35 0.011  0.76 40.42
30-60 61.04 18.96 20.00 C 27.61 8.42 0.044 0.54 33.16
5 0-30 50.32 24.96 24.72 C 42.95 8.22 0.009 1.03 33.44
30-60 52.32 24.96 22.772 C 40.30 8.19 0.008  0.80 32.94
6 0-30 58.32 14.96 26.72 C 37.52 8.16 0.009 0.70 36.12
30-60 55.04 20.96 24.00 C 27.52 8.11 0.008 2.38 39.86
7 0-30 38.32 26.96 34.72 CL 51.19 8.09 0.010 2.42 18.59
30-60 38.32 42.96 18.72 CL 56.02 8.02 0.019 2.30 19.15
8 0-30 42.32 35.68 22.00 C 42.72 8.13 0.028 1.50 29.36
30-60 44.32 14.96 40.72 SiC 41.08 8.22 0.026 1.10 27.87
9 0-30 33.60 42.96 23.44 CL 48.07 8.24 0.011 1.09 20.16
30-60 38.88 35.68 25.44 CL 47.60 8.25 0.016 0.85 16.15
10 0-30 54.88 14.96 30.16 C 27.78 8.22 0.066  0.67 38.82
30-60 54.88 16.96 28.16 C 29.42 8.18 0.028 0.69 34.99
11 0-30 26.88 46.96 26.16 SCL 63.33 8.13 0.005 1.21 16.39
30-60 26.32 51.68 22.00 SCL 61.28 8.21 0.003 1.03 16.37
12 0-30 27.60 40.96 31.44 CL 67.35 8.03 0.009 1.01 5.34
30-60 27.60 42.96 29.44 CL 69.84 8.29 0.014 0.86 12.73
13 0-30 33.60 24.96 41.44 CL 65.13 8.26 0.005 1.14 15.60
30-60 31.60 30.96 37.44 CL 66.58 8.31 0.003  0.99 19.07
14 0-30 57.60 15.68 26.72 C 29.62 8.39 0.017 0.67 38.90
30-60 57.60 18.96 23.44 C 30.07 8.48 0.032 0.66 36.90
15 0-30 43.60 36.96 19.44 C 30.19 8.14 0.072 1.30 38.11
30-60 55.60 20.96 23.44 C 29.99 8.03 0.105 1.94 40.44
Min. 26.32 8.96 18.72 27.15 7.87 0.003 0.54 11.18
Max. 61.04 51.68 41.44 73.56 8.48 0.106  2.42 40.44
Ort. (mean) 45.90 25.99 28.11 45.88 8.15 0.024 1.75 26.78
Ort. (mean) (0-30) 4541  26.39  28.33 46.19 8.20 0.023 110  27.19
Ort. (mean) (30-60)  44.57  25.72  27.88 45.58 8.18 0.024 1.14  26.37
Nizip topraklarinin tuz igerikleri % 0.003 ile % 0.105 siniflandirildiginda, organik madde igerikleri %

arasinda degismekte olup ortalama tuz igerigi % 0.024
olarak belirlenmistir (Cizelge 2). Gaziantep ili Nizip
ilcesi topraklar1 tuz igerikleri Tiiziiner (1990)'de
bildirildigi sinir degerlerine gore siniflandirildiginda
biitiin 6rneklerin tuzsuz (<%15) smifinda oldugu
belirlenmigtir. Kuru kogullarda tarim yapilan bu
topraklarda durum normal géziikmektedir. Gaziantep
tarim topraklarinin erozyon durumunu belirlemek
amaciyla yaptiklar: calismada Tung ve Ozkan (2010),
topraklarin tuz igeriklerinin % 0.03 ile % 0.08 arasinda
degiserek Orneklerin timinin benzer olarak tuzsuz
sinifinda  oldugunu  bildirmiglerdir. Topraklarin
organik madde igerikleri % 0.54 ile % 2.42 arasinda
degismekte olup ortalama organik madde igerigi %
1.75 olarak belirlenmistir. Topraklar, Anonim
(1988)’de  bildirilen sinir degerlerine gore
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43.33iniin cok az (<%1), % 46.66’stnin az (%1-2), %
10'unun ise orta diizeyde oldugu belirlenmigtir.
Sicakligin yiiksek yagisin sinirli oldugu bu topraklarin
% 901min organik madde igerigi yetersiz olarak
bulunmustur. Arastirma alanindan alinan topraklarin
katyon degisim kapasiteleri, 11.18 cmol/kg ile 40.44
cmol/kg arasinda degistigi bulunmustur.

Gaziantep 1ili Nizip ilgesi antepfistigi  bahge
topraklarinin azot (N), fosfor (P), potasyum (K),
kalsiyum (Ca), magnezyum (Mg) ve sodyum (Na)
icerikleri Cizelge 3de  verilmisgtir. Cizelge
incelendiginde topraklarin toplam N icerikleri % 0.08
ile % 0.16 arasinda degismektedir. Sonuglar Sillanpaa
(1990)da  belirlenen  smnir  degerlerine  gore
siniflandirildiginda topraklarin toplam N igeriklerinin



KSU Tarim ve Doga Derg 23 (3): 722-732, 2020
KSU J. Agric Nat 23 (3): 722-732, 2020

Aragtirma Makalesi
Research Article

biutin bahcelerde yeterli oldugu belirlenmigtir. Tung
ve Ozkan (2010)in Gaziantep tarim topraklarinda
erozyon durumunu belirledikleri calismada genel
olarak topraklarin toplam N bakimindan yeterli
oldugu bildirilmistir. Antepfistig1 bahge topraklarinin
yarayigli P igerigi degerlendirildiginde 1.66 mg kg ile
113.71 mg kg! arasinda degismekte olup alinan

orneklerin yarayish P icerikleri, Sillanpaid (1990)’da
belirlenen sinir degerlerine gore siniflandirildiginda %
6.66’s11n cok fazla (>80 mg kg, % 16.66’s1n1n fazla
(25-80 mg kg'1), % 46.66’s1n1n yeterli (8-25 mg kg1, %
23.33lniin az (2.5-8 mg kg ve % 3.33’liniin cok az
(<2.5 mg kg?) oldugu belirlenmistir.

Cizelge 3. Gaziantep ili Nizip ilcesi antepfistig1 bahge topraklarimin azot (N), fosfor (P), potasyum (K), kalsiyum (Ca),

magnezyum (Mg) ve sodyum (Na) icerikleri

Table 3. Nizip district of Gaziantep province pistachio orchard soils nitrogen (N), phosphorus (P), potassium (K), calcium (Ca),

magnesium (Mg) and sodium (Na) contents

Top. No Derinlik N P K Ca Mg Na
Soil No. Depth (cm) % mg kg'! mg kg'! mg kg1 mg kgl mg kgl
1 0-30 0.12 7.58 507 8703 394 26
30-60 0.11 6.06 492 8633 338 22
2 0-30 0.12 36.61 441 5402 153 12
30-60 0.13 42.60 447 5503 156 14
3 0-30 0.11 10.42 216 5018 97 17
30-60 0.11 19.85 204 5025 95 17
4 0-30 0.11 16.78 717 8385 371 26
30-60 0.10 1.66 425 8331 336 28
5 0-30 0.12 8.20 552 7067 243 13
30-60 0.11 3.80 347 7200 206 21
6 0-30 0.09 9.02 563 7822 349 23
30-60 0.15 45.96 1186 8184 337 119
7 0-30 0.16 113.26 788 5612 214 14
30-60 0.16 113.71 822 5649 222 18
8 0-30 0.13 12.46 584 6882 222 14
30-60 0.10 2.73 374 6948 186 15
9 0-30 0.11 22.44 757 5793 188 16
30-60 0.09 8.87 519 5600 151 21
10 0-30 0.08 4.03 772 8718 403 20
30-60 0.08 3.69 577 8348 369 24
11 0-30 0.11 19.00 291 5461 123 15
30-60 0.11 23.26 269 5388 111 13
12 0-30 0.08 19.63 299 5088 112 15
30-60 0.09 19.26 241 5051 100 10
13 0-30 0.10 11.87 258 5657 129 26
30-60 0.13 8.57 209 5558 122 24
14 0-30 0.11 11.02 577 8498 322 20
30-60 0.10 7.02 453 8454 308 22
15 0-30 0.15 31.83 974 8186 365 106
30-60 0.16 67.67 1107 7969 363 178
Min. 0.08 1.66 204 5018 95 10.0
Max. 0.16 113.71 1186 8718 394 119
Ort. (mean) 0.11 19.52 532.2 6804 236.2 30.2
Ort. (mean) 0-30 0.10 22.27 553.0 6819 246.1 24.2
Ort. (mean)30-60 0.11 24.98 511.4 6789 226.6 36.4

Nizip ilgesi topaklarinin degigebilir K igerikleri 204 ile
1186 mg kgl arasinda degismekte olup ve bahge
topraklarinin potasyum icerikleri Sillanp#i (1990)’da
belirlenen siir degerlerine gore sinmiflandirildiginda,
% 6.66’s1n1n cok fazla (>1000 mg kg1), % 73.33’tiniin
fazla (290-1000 mg kg), % 20’sinin yeterli (110-290
mg kg!) olarak belirlenmistir. Bahce topraklarinda K
acisindan herhangi bir problem géziikmemektedir.

Gaziantep ili Nizip ilgesi topraklarinin degisebilir Ca
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icerikleri 5018 ile 8718 mg kg'! arasinda degismis ve
Sillanpaa (1990)da belirlenen sinir degerlerine gore
siniflandirildiginda, topraklarin timinin g¢ok fazla
(>1500 mg kg?) Ca icerdigi belirlenmistir. Arastirilan
topraklarin degisebilir Mg igerikleri 95 ile 394 mg kg!
arasinda ve Sillanpdd (1990)da belirlenen sinir
degerlerine gore simiflandirildiginda topraklarin Mg
iceriklerinin % 10’ u az (50-160 mg kgl) ve % 90’1 ise
yeterli (160-480 mg kg!) oldugu bulunmustur.
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Cizelge 4. Gaziantep ili Nizip ilcesi antepfistig1 bahce topraklarinin yarayisli demir (Fe), bakir (Cu), ¢inko (Zn),

mangan (Mn) ve bor (B) icerikleri

Table 4. Nizip district of Gaziantep province pistachio orchard soils available iron (Fe), copper (Cu), zinc (Zn),

manganese (Mn) and boron (B) contents

Toprak No. Derinlik
Soil No. Depth (cm) Fe Cu Zn Mn B
mg kg'l
1 0-30 3.27 1.27 0.25 16.35 0.070
30-60 1.21 1.11 0.20 7.58 0.080
2 0-30 4.76 1.11 0.77 6.29 0.121
30-60 5.21 1.24 0.79 7.49 0.131
3 0-30 1.57 1.23 0.56 8.18 0.159
30-60 1.17 1.18 0.47 4.37 0.153
4 0-30 2.32 1.31 0.28 4.43 0.108
30-60 0.56 0.80 0.09 1.79 0.086
5 0-30 3.08 1.81 0.52 5.71 0.110
30-60 1.14 1.24 0.18 2.53 0.092
6 0-30 2.16 1.14 0.27 6.33 0.088
30-60 3.55 1.56 141 8.12 0.128
7 0-30 3.19 1.11 1.29 7.68 0.227
30-60 4.31 1.15 1.51 18.31 0.231
8 0-30 3.94 1.18 1.18 5.92 0.155
30-60 1.25 1.00 0.25 2.82 0.126
9 0-30 1.47 2.10 0.47 4.24 0.286
30-60 0.47 0.88 0.16 2.07 0.278
10 0-30 2.03 1.17 0.19 3.95 0.087
30-60 1.30 1.08 0.13 3.37 0.083
11 0-30 3.16 0.98 1.07 8.81 0.165
30-60 2.60 0.95 0.89 7.43 0.155
12 0-30 3.09 1.25 0.61 6.22 0.155
30-60 1.62 1.09 0.38 3.05 0.146
13 0-30 4.18 1.03 0.49 6.53 0.147
30-60 2.80 0.85 0.36 4.18 0.134
14 0-30 3.00 1.38 0.31 5.04 0.094
30-60 1.16 1.04 0.16 2.75 0.096
15 0-30 4.81 1.78 0.85 12.53 0.082
30-60 2.17 1.43 1.09 9.27 0.104
Min. 0.47 0.80 0.09 2.07 0.070
Max. 5.21 2.10 1.41 18.31 0.286
Ort. (mean) 2.55 1.21 0.57 6.44 0.130
Ort. (mean) 0-30 3.06 1.32 0.61 7.21 0.270
Ort. (mean) 30-60 2.03 0.22 0.54 5.39 0.134

Topraklarin yarayisli demir (Fe), bakir (Cu), cinko
(Zn), mangan (Mn) ve bor (B) icerikleri Cizelge 4’ te
verilmigtir. Gaziantep ili Nizip il¢esi topraklarinin Fe
icerikleri 0.47 ile 5.21 mg kg! arasinda degismekte
olup, topraklarin yarayigli Fe igerikleri Lindsay ve
Norwell (1978)de belirlenen sinir degerlerine gore
smiflandirildiginda % 10’unun fazla (>4.5 mg kg1), %
43.33'lintin orta (2.5-4.5 mg kg1), % 46.66’smin az
(<2.5 mg kg diizeyde oldugu belirlenmistir. Buna
gore topraklarin neredeyse yarisinda Fe noksanligi
mevcuttur. Nizip ilgesi topraklarinin Cu igerigi
degerlendirildiginde 0.80 ile 2.10 mg kgl arasinda
degismekte olup topraklarin yarayish Cu icerikleri
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Follet ve Lindsay (1978)’'de belirlenen sinir degerlerine
gore smiflandirildiginda topraklarin tamaminin Cu
icerigince yeterli (>0.2 mg kg?) oldugu belirlenmistir.
Eryiice ve ark. (1993), Gaziantep ve cevresindeki
illerin mikro element igeriklerini belirlemek amaciyla
yaptiklarni  calismada, alman topraklarin Cu
igeriklerinin 0.50 ile 6.10 mg kg'! arasinda degistigini
bildirmiglerdir. Gaziantep ili Nizip il¢esi antepfistigi
topaklarinin Zn icerikleri 0.09 ile 1.41 mg kgt arasinda
degismekte olup antepfistigi bahcgeleri topraklarinin
yarayislh Zn icerikleri, Viets ve Lindsay (1973)de
belirtilen sinir degerlerine gore simiflandirildiginda
topraklarin % 53.344 yeterli (<0.5 mg kg1, %
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46.66’s1nda ise az (>0.5 mg kg')) oldugu belirlenmistir.
Gaziantep 1li Nizip ilgesi topraklarinin Mn igerikleri
2.07 ile 18.31 mg kg! arasinda degismekte ve
topraklarinin yarayislh Mn icerikleri Follet ve Lindsay
(1978Yde  belirlenen  smir  degerlerine  gore
siniflandirildiginda tamaminin yeterli (>1.00 mg kg!)
oldugu belirlenmigtir. Arastirilan topraklarin B
icerikleri 0.070 ile 0.286 mg kg'! arasinda degismekte
olup, ortalama B igerikleri 0.130 mg kg! olarak
belirlenmistir. Wolf (1971)in toprakta alinabilir B
sinir degerlerine gore karsilastirildiginda Gaziantep ili
antepfistign  bahgeleri  topraklarmmin B  igerigi
bakimindan biitiin topraklarin ¢ok az (<0.4 mg kg)
diizeyde B icerdigi belirlenmistir. Kizilgéz ve ark.,
(2005) Sanliurfa ili Suruc ilgesindeki topraklarin
alinabilir B igeriklerinin benzer olarak ¢ok az ve az
diizeyde oldugunu bildirmislerdir.

Gaziantep ili Nizip ilgesi antepfistiginin topraklarinin
baz1 agir metal igerikleri Cizelge 5 te gOsterilmigtir.
Aragtirilan topraklarin ortalama Ni, Cd, Co ve Cr
igerikleri sirasiyla 0.56 mg kg, 14.70 ug mgt, 93 ug
mg! ve 1.99 ug mg! olarak belirlenmistir. Cevre ve
Orman Genel Miudirligi’'nin toprakta misaade
edilebilir maksimum agir metal konsantrasyonlarina
bakildiginda pH’s1 6’ dan biiylk topraklar igin kabul
edilebilir maksimum degerler Ni i¢cin 75 mg kg'’a, Cd
i¢cin 3 mg kg'a, Cr i¢in de 100 mg kgVa kadar kabul
edilmistir (Bilge ve Cimrin, 2013). Sonuc olarak alinan
topraklarin agir metal agisindan bazilarinin 6l¢im
stmirinin - da  altinda olmasi yaninda, toprak
orneklerinin hi¢ birinde simdilik verilen simr
degerlerine gore bir kirlilik unsuruna
rastlanmamigtir.

Gaziantep i1li Nizip ilgesi antepfistiginin yogun
yetistirildigi alanlardan secilen 15 farkli bahceden
alinan yapraklarin azot (N), fosfor (P), potasyum (K),
kalsiyum (Ca), magnezyum (Mg) ve sodyum (Na)
icerikleri Cizelge 6 da verilmistir. Antepfistig:
yapraklarimin toplam N igerikleri % 0.57 ile % 2.93
arasinda  degigerek, ortalama  %1.80 olarak
belirlenmistir. Tekin (1997)nin antepfistiginin toprak
ve yapraginda bulunmas1 gereken besin elementleri
miktar1 noksanlik belirtileri ve giderilmesi amaciyla
yaptig1 calismada belirledigi yaprak sinir degerlerine
gore siniflandirildiginda bahgelerin % 60'inda N igerigi
yeterli seviyede (>%1.80), %40'1nda ise diisiik seviyede
(< %1.80) oldugu belirlenmistir. Genel olarak
bakildiginda toprak sonuglar1 ile yaprak sonuclar
arasindaki bu uyumsuzluk 6rnekleme dénemindeki
kuraklik ile iligkili oldugu diisiintilebilir.

Alinan yaprak 6rneklerinin P igerikleri % 0.059 ile %
0.066 arasinda degismektedir ve Tekin (1997) nin
belirlemis oldugu sinir degerlerine gore
degerlendirildiginde bahcgelerin tamaminda P eksikligi
(<%0.08) oldugu sonucuna ulagilmistir. Bu durum
topraklarin cok fazla kirec¢ icermeleri ve hafif alkalin
reaksiyon gostermeleri yaninda kil igeriklerinin
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yiksek olmalari ile iligkilendirilebilir.

Yaprak orneklerinin K igerikleri % 0.47 ile % 1.22
arasinda degismektedir. Tekin (1997)'nin belirlemis
oldugu siir degerlerine gore bahgelerin % 93.33’ iinde
K noksanligi (<%1.00) oldugu belirlenmistir. Toprakta
K’ un yeter miktarda olmasina ragmen yapraklarda
¢ok yiiksek oranda K noksanliginin goérilmesi bitkinin
iyi beslenmedigini gostermektedir. Ornek olarak
Aktas (2005), toprakta ¢ok fazla miktarda bulunan Ca’
un antogonistik etki ile bitkiye K alimini azalttigim
bildirmigtir.

Bahcgelerin toplam Ca igerikleri % 0.52 ile % 0.77
arasindadir. Tekin (1997)’ nin belirlenmis oldugu sinir

degerlerine gore degerlendirildiginde bahgelerin
tamaminda Ca noksanlhg  (<%2.30) oldugu
belirlenmigtir.

Topraklarda ¢ok fazla Ca bulunmasina ragmen
yapraklarda noksanlik gérilmesi tezat gibi goziikse de
bitkiye Ca alimi ve taginimi igin su ¢ok 6nemli bir
sebeptir. Ozetle Ca’ un kok etki alanina taginmasi,
alinmas1 ve bitki icerisinde tasinmasi i¢in su ¢ok
onemlidir. Kacar ve Katkat (2007) nin bildirdigine
gore transpirasyon oraninin azalmasi bitki yaprak Ca
konsantrasyonunu azaltmaktadir. Diger yandan,
Ca’un bitki blinyesinde immobil olmasi ve yliksek pH
da hareketsizligi ve c¢ozunlUrliginin azalmas:
nedeniyle bitkide eksikligi goriilmiis olabilir. Yore
ikliminin kurak olmasi yaninda, genelde antepfistigi
bahcelerinde sulama yapilmadig: bilinen bir gercektir.
Diger yandan, agaglarin hicbirinde gozle gorinir

kalsiyum noksanligi gozlenmemisg olmasi
antepfistiginin sinmir diizeylerinin yeniden goézden
gecirilmesi gerektigini  disundirmektedir. Alinan

yaprak orneklerinin Mg icerikleri % 0.39 ile % 2.18
arasinda degismekte ve Tekin (1997)nin belirlenmis
oldugu sinir degerlerine gore bahcgelerin % 46.66’sinda
toplam Mg icerigi yeterli seviyede, % 53.33’unde ise
fazla (>%0.90) oldugu sonucuna ulagilmistir.
Gaziantep ili Nizip ilgesi antepfistigr bahgelerinden
alinan yapraklarin mikro element icerikleri
Cizelge7’de verilmigtir. Alinan yaprak érneklerinin Fe
icerikleri 27.49 ile 87.40 mg kg! arasinda
degismektedir. Tekin (1992)nin belirlemis oldugu
sinir degerlerine gore siniflandirildiginda yapraklarin
%73.33Unlin yeterli. % 26.66’sinin ise Fe igerigi
bakimindan noksan oldugu tespit edilmistir. Isik
(2016)’ 1n Sanlurfa ili antepfistig1 bahcelerinin mikro
besin igeriklerinin belirlenmesi amaciyla yaptig
calismada  Halfeti ilgesinden alinan  yaprak
orneklerinin ortalama Fe igerigini 47.99 mg kgt
oldugunu bildirmistir. Yaprak érneklerinin toplam Cu
igerikleri 3.41 ile 11.53 mg kg'! arasinda degismekte
olup, Tekin (1992)’nin belirledigi sinir degerlerine gore
bahgelerin % 40'min Cu igerigi yéniinden noksan, %
60'1nin yeterli oldugu sonucuna ulagilmigtir. Kizilgoz
ve ark., (2009). Sanhurfa ili Bozova ilcesinde yaygin
olarak yetistirilen antepfistig1 agaclarinin makro ve
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mikro elementlerle beslenme durumunu arastirmak
amaciyla yaptiklar1 calismada ortalama Cu igerigini
6.5 mg kg! olarak belirlenmiglerdir. Yaprak
orneklerinin Zn igerikleri 14.30 ile 21.56 mg kg1
arasindadir ve Tekin (1992) belirledigi sir
degerlerine gére Zn igerikleri bahgelerin tamaminda
yeterli seviyede bulunmustur. Bu durum son
donemlerde ilaglarla birlikte bayilerin 6nerdigi
yapraktan ¢inko igeren giibrelemelerle ilgili oldugu
soylenebilir. Yildirim (2017)mn Halfeti ve Birecik’te
antepfistig1 yetistirilen topraklarda ve yaprakta Zn
noksanliginin belirlenmesi amaciyla yaptigi calismada
Halfeti’den alinan yapraklarin Zn igeriklerinin 14.32
mg kgl ve Birecik’ten alinan yaprak 6rneklerinin Zn

iceriklerinin 11.39 mg kg?! oldugunu bildirmigtir.
Bahcelerden alinan yapraklarin toplam Mn igerikleri
9.23 ile 34.43 mg kg arasindadir. Tekin (1992)'nin
belirlemis oldugu simir degerlerine gore bahgelerin %
13.33’tintinde Mn igerigi yoninden noksan, % 86.66
yeterli oldugu sonucuna ulagilmistir.

Kizilgéz ve ark. (2009). Sanhurfa ili Bozova ilgesinde
yaygin olarak yetistirilen antepfistigi agaclarinin
makro ve mikro elementlerle beslenme durumunu
arastirmak amaciyla yaptiklar: ¢alismada ortalama
Mn igerigini 25.3 mg kg'! olarak belirlenmiglerdir. Not
edilen bulgular ¢alisma ile benzerlik géstermektedir.

Cizelge 5. Gaziantep ili Nizip il¢esi antepfistig1 bahge topraklarinin bazi agir metal igerikleri
Table 5. Some heavy metal contents of pistachio orchard soils in Nizip district of Gaziantep province

Toprak No. Derinlik Ni Cd Co Cr
Soil No. Depth (cm) mg kg! pg kgt ng kgt pg kgt
1 0-30 0.82 16.80 179.0 Dla
30-60 0.59 13.20 78.0 Dla
2 0-30 0.71 10.80 99.0 Dla
30-60 0.76 11.20 122.0 Dla
3 0-30 0.96 6.30 200.0 4.74
30-60 0.83 7.20 95.0 1.38
4 0-30 0.46 17.40 41.0 7.22
30-60 0.19 10.70 16.0 1.45
5 0-30 0.53 19.70 57.0 3.37
30-60 0.34 10.90 28.0 1.91
6 0-30 0.48 15.30 65.0 Dla
30-60 0.83 34.50 98.0 Dla
7 0-30 0.77 10.50 111.0 0.82
30-60 0.94 12.00 416.0 1.97
8 0-30 0.65 24.40 74.0 Dla
30-60 0.39 14.90 34.0 Dla
9 0-30 0.35 10.00 53.0 Dla
30-60 0.23 5.20 33.0 Dla
10 0-30 0.36 15.80 38.0 3.28
30-60 0.33 14.00 32.0 2.81
11 0-30 0.46 17.40 116.0 0.34
30-60 0.41 17.00 90.0 1.23
12 0-30 0.57 11.00 99.0 1.49
30-60 0.35 9.40 41.0 7.63
13 0-30 0.64 15.30 104.0 Dla
30-60 0.46 11.00 57.0 Dla
14 0-30 0.47 18.40 42.0 6.44
30-60 0.28 12.20 26.0 4.32
15 0-30 0.83 26.80 201.0 5.45
30-60 0.73 22.00 140.0 2.42
Min. 0.19 5.20 16.0 0.34
Max. 0.96 34.50 416.0 6.44
Ort. (mean) 0.56 14.70 93.0 1.99
Ort. (mean) 0-30 0.61 15.70 99.0 2.21
Ort. (mean) 30-60 0.51 13.60 87.0 1.66

Dla: Dedeksiyon limitinin altinda
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Cizelge 6. Antepfist1g1 yapraklarinin azot (N), fosfor (P), potasyum (K), kalsiyum (Ca), magnezyum (Mg) ve sodyum

(Na) icerikleri

Table 6. Nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg) and sodium (Na) contents of

pistachio leaves

Bahcge No. Na
Orchard No. N 3 5 Ca Mg

%
1 0.60 0.059 0.82 0.63 0.74 0.02
2 0.79 0.060 0.46 0.62 0.78 0.02
3 1.01 0.060 0.87 0.77 0.72 0.02
4 0.67 0.061 0.87 0.53 0.86 0.02
5 0.49 0.062 0.64 0.62 1.03 0.02
6 0.57 0.059 0.57 0.71 0.88 0.02
7 2.55 0.061 0.86 0.52 1.97 0.02
8 2.70 0.062 1.22 0.71 0.39 0.02
9 2.55 0.059 0.91 0.86 1.06 0.02
10 2.43 0.061 0.57 0.62 0.58 0.02
11 2.40 0.060 0.21 0.53 1.34 0.02
12 2.30 0.062 0.86 0.56 1.36 0.02
13 2.82 0.066 0.78 0.76 1.35 0.02
14 2.80 0.064 0.58 0.61 1.51 0.02
15 2.93 0.062 0.74 0.77 2.18 0.03
Min. 2.93 0.066 1.22 0.77 2.18 0.03
Max. 0.57 0.059 0.47 0.52 0.39 0.02
Ort. (mean) 1.80 0.061 0.73 0.65 1.11 0.02
Tekin(1997)* 1.80-2.40 0.06-0.14 1.00-2.00 2.30-3.00 0.50-0.90 -

*: Kuru kogullarda antepfistig1 yapraklarinda bulunmasi gereken alt ve list simir degerleri

Cizelge 7. Antepfistig1 yapraklarinin demir (Fe), Bakir (Cu), ¢inko (Zn), mangan (Mn) ve bor (B) icerikleri
Table 7. Iron (Fe), Copper (Cu), Zinc (Zn), Manganese (Mn) and Boron (B) contents of pistachio leaves

Bahge No Fe Cu Zn Mn B
Orchard No. mg kg'!

1 55.15 4.22 14.35 16.56 79.85
2 66.40 11.25 16.59 18.32 67.71
3 46.95 7.02 15.37 19.61 173.66
4 45.47 7.21 15.55 19.08 151.37
5 38.43 4.44 19.35 14.92 94.03
6 68.70 4.24 14.06 27.97 164.57
7 82.75 11.53 20.85 24.05 150.69
8 54.00 3.41 14.30 21.19 168.50
9 29.04 5.20 17.91 10.08 90.84
10 30.10 4.47 13.99 9.23 115.93
11 27.49 6.25 19.83 13.01 138.08
12 87.40 4.50 17.11 19.70 101.56
13 64.55 8.87 21.56 22.94 123.17
14 62.55 5.22 16.56 20.42 94.61
15 62.55 5.95 17.57 34.43 132.31
Min. 27.49 3.41 14.30 9.23 67.71
Max. 87.40 11.53 21.56 34.43 173.66
Ort. (mean) 54.76 6.24 16.99 19.43 123.06
Tekin(1992)* 43-170 6-90 10-25 25-50 100-180

*! Kuru kogullarda antepfistig1 yapraklarinda bulunmasi gereken alt ve list sinir degerleri

Antepfistig1 yapraklarinin B igerikleri ise 67.71 ile
173.66 mg kg! arasinda degismis ve Tekin (1992)'nin
belirlemis oldugu simir degerlerine gére bahgelerin %
26.66’sinda B igerigi yoniinden noksan, % 73.33intin
yeterli oldugu sonucuna ulasilmistir. Isik (2016)4n

Sanhurfa ili antepfistigi bahgelerinin mikro besin
iceriklerinin belirlenmesi amaciyla yaptigi ¢alismada
Bozova ilgesinden alinan yaprak orneklerinin
ortalama bor igeriklerinin 75.2 mg kg oldugunu ve
bahgelerin % 11.53inde bor igeriklerinin yeterli ve %
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88.47’sinde noksan oldugunu bildirmistir.

Calisma alam topraklarinda B ve Zn degerleri yetersiz
iken yapraklarda yeterli bulunmustur. Bitkiler toprak
kogullarina koklerin, su ve besin elementi alma
yetenekleri bakimindan kolayca acgiklanamayacak
sekilde cevap verebilirler. Ornek olarak bitki kékleri
topraktaki zor kosullara gore c¢esitli mekanizmalar
gelistirirler (Passioura, 2002). Antepfistig1 anaclarinin
sorunlu veya sinirli toprak kogullarina adapte olmasi
yaninda Dbilingsiz olarak yapraktan gubreleme
toprakta noksan olmasina ragmen yapraklarda bazi
besin elementlerinin noksanliginin gériilmemesinin
sebebi olabilir.

SONUC ve ONERILER

Gaziantep ili antepfistigi bahgeleri topraklarinin %
63.341 kil. % 26.66’s1 killi tin. % 6.66’s1 kumlu killi tin
ve % 3.341u ise siltli kil olmak tzere 4 farkli biinye
sinifina girmigtir. Dolayisiyla antepfistigl
yetigtiriciligi i¢in bu topraklarin uygun bilinyede
oldugu soylenebilir. Calismada topraklarmin timau,
tuzsuz, organik maddece fakir, ¢ok fazla kirecli ve hafif
alkalin karakterli olarak belirlenmistir. Diger yandan
topraklarda herhangi bir agir metal kirliligine
rastlanmamasi sevindiricidir.

Toprak ve yaprak analiz sonuglar1 bir arada
karsilastirildiginda; butiin topraklarda toprak sinir
degerlerine gore N, K, Ca, Mg, Cu ve Mn igeriklerinin
tamami, P’ nin %69.98’ 1 Fe’nin %53.33’ U yeterli ve B’
un neredeyse tamami yetersiz bulunmustur. Buna
karsin, yaprak sinir degerlerine gore ise yapraklarin
%40 1nda N, %93.33 tinde K, tamaminda Ca, %53.33’
inde Mg, %93.33 tinde Cu ve Mn, tamaminda P,
%86.66 sinda Fe ve %26.66” sinda B yoniinden noksan
bulunmustur. Bu durum genel olarak tezat gibi
goziikkmektedir. Ancak, toprak reaksiyonunun ve kireg
miktarimin yiksek olusunun P, Fe ve Zn gibi baz
makro ve mikrobesin elementlerinin alinabilirligini
azaltmasi, topraklarin organik maddece fakir olmasi,
kurak kosullara ragmen sulama yapilmamasi ile
toprak ve bitki analizlerine dayali bilingli bitki
beslenme programlarinin olmamasi g6z Onine
alindiginda bu durum kaginilmaz olmaktadir.

Sonug olarak elde edilen bulgular, Gaziantep ili Nizip
ilgcesi antepfistigi bahgelerinde beslenme sorunlari
oldugunu gostermektedir. Katma degeri yiiksek bir
bitki olan antepfistig1 ile giibreleme c¢aligmalarinin
artirilarak uygun doz yaninda giibrelerin uygun
formlarda (demir ve cinkolu giibrelerin pH’ ya uygun
selat formunda) olmasi, organik giibre kullaniminin
tesvik edilmesi ve 6zellikle antepfistigr bahgelerinin
yagisin dismedigi doénemlerde mutlaka sulama
yapilmasi ve ¢if¢ginin bu konularda yapilacak
caligsmalar ile bilin¢lendirilmeleri gerekmektedir.
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OZET Aragtirma Makalesi

Bu caligmada, Trakya Bolgesi'nde ¢esitli tarla ve bahge triinlerinin

yetistirildigi topraklardaki mikrofunguslar ile havayla taginan Makale Tarihgesi
mikrofunguslarin konsantrasyon ve kompozisyonlarinin arastirilmasi Gelig Tarithi  :30.10.2019
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mikrofunguslarin ortalama sayisi, patates yetistirilen toprakta en

yiksek, aycicegi yetistirilen toprakta ise en diisik diizeyde gozlendi. Anahtar Kelimeler

Sogan tarlasimin topragi mikrofungus cinsi bakimindan en fazla Mikrofungus
cesitlilik gosterirken, bezelye bahcesinde en az gesitlilik saptandi. Fungal cesitlilik
Tarla bitkilerinin yetistirildigi alanlardan alinan hava 6rneklerinde Hava

en fazla fungal spor nohut tarlasindan, en az ise aycicek tarlasindan Toprak

izole edildi. Sogan ve misir tarlasindan alinan hava o6rneklerinde Trakya

fungal cesitlilik en fazla iken, en az cesitlilik ise bakla ve nane
bahgelerinden alinan hava orneklerinde tespit edildi. Tim toprak
orneklerinde en yaygin olarak Mycelia Sterilia'ya ait mikrofunguslar
izole edilirken, bunu sirasiyla Penicillium, Acremonium, Aspergillus
ve Fusarium cinsleri izledi. Tum bitkilerin yetistirildigi tarlalarin
havasinda Cladosporium en baskin cins olarak bulundu.

ABSTRACT
The aim of this study was to investigated the concentration and
composition of microfungi and airborne microfungi in the soil where
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Mikroorganizmalar cevre streslerine karsi ylksek
yapili organizmalardan daha duyarhdirlar. Topragin
durumunu algiladikca degisikliklere cevap
verdiklerinden, toprak mikroorganizmalari toprak
saghgimin (kalitesinin) izlenmesinde biyoindikator

olarak kullamilmaktadirlar (Orgiazzi ve ark., 2012;
Okur ve ark., 2016; Seth ve ark., 2018; Sahu ve ark.,
2019). Toprak mikroorganizmalarinin sayi, tir ve
faaliyetlerindeki degisimler izlenerek topraklarin
fiziksel ve kimyasal o6zelliklerindeki olumlu ve
olumsuz gelismeler onceden belirlenmeye
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calisilmaktadir (Kocabas ve Baskaya, 2016).

Mikrofunguslar ekosistemde genis bir yayilim
gostermekle birlikte toprak, igerdigi zengin besin
maddeleri ve organik katmanlarindan dolay1 aktif bir
yasama sahip olan mikrofunguslar i¢in ideal besin
kaynag1 ve yasam yeri durumundadir. Funguslarin
ekosistemdeki temel gorevleri; N, P, K, S ve diger
iyonlarin mineralizasyonu, hemen her tiirli organik
maddenin  ayrigtirilmasi, simbiyoz ortakliklara
katilmak, humik maddeler sentezlemek, topraklarin
kirintili  bir yapi1 kazanmasini saglamak, besin
elementlerini sitoplazma iginde tutarak topraktan
yagis sulari ile yikanmalarini ve kok zonundan digari
cikmalarin1 engellemek, toprak olusum ve gelisim
olaylarina katilmak, antibiyotik tUretmek, zararh
toprak mikroorganizmalar: ile miicadele etmek ve
zehirli maddeleri ayristirmak seklinde o6zetlenebilir
(Christensen, 1989; Basbiilbiil ve ark., 2011; Asan ve
ark., 2018; Frac ve ark., 2018). Ayrica toprak kokenli
bitki hastaliklarinin énlenmesi ve bitki biiyiimesinin
desteklenmesinde de rol alirlar (Garbeva ve ark.,
2004). Topraklarin siirdiiriilebilir ve verimli olarak
fonksiyonlarini yerine getirebilmeleri
mikroorganizmalarin aktivitelerine ve cesitliligine
baglidir (Oskay ve Simsek, 2017).

Toprak mikrofunguslarinin yukarida bahsedilen
yararh faaliyetleri yaninda, zararlari da mevcuttur.
Bir kismi insan, hayvan ve bitkilerde parazit olarak
yasamakta ve c¢esitli hastaliklara hatta 6liimlere sebep
olmaktadirlar. Baz1 mikrofunguslar o6zellikle kiltlr
bitkilerine ariz olarak buyik ekonomik kayiplara
sebep olmaktadirlar (Basbilbil ve ark., 2011; Ozkan
ve Siiliin, 2014). Ornegin Aspergillus tiirleri tohum
c¢irimesine, Fusarium turleri bircok Dbitkide koék
¢irimesine sebep olmaktadir. Hasat sonrasi
depolanan triinlerde ise Aspergillus ve Penicillium
turlerine daha c¢ok rastlanmakta ve mikotoksin
olusumu gézlenmektedir (Kara, 2005; Aydogdu, 2016).

Mikrofunguslarin topraktaki sayilari ve tiirleri, gesitli
yetisme ortami faktorlerinden etkilenmektedir. Bazi
arastirmacilar mikrofunguslar Uzerinde toprak nem
diizeyi, toprak asitligi, ayrigsan organik madde ve bazi
besin elementlerinin belirleyici oldugunu ifade
etmektedir (Schutter ve ark., 2001; Cakir ve Makineci,
2011; Ocak ve Demir, 2012; Negrete ve ark., 2015).

Yapilan baz1 arastirmalarda, topraktaki fungus
sayisinin yaz mevsiminde disiise girdigi, ilkbahar ve
sonbahar mevsimlerinde arttigi, kis mevsiminde
tekrar azalmasinin nem ve sicaklik nedeni ile oldugu
belirtilmistir (Bagbiilbiil ve ark., 2011; Aydin, 2015).

Atmosfer, yiksek 151k siddeti, asir1 sicaklik degisimi,
disiik organik madde igerigi ve kullanilabilir suyun
¢ok az miktarda olmasindan dolayr mikrobiyal ireme
acisindan aslinda uygun bir ortam degildir (Sen ve
Asan 2009). Buna karsin mikrofunguslarin sporlar:
genellikle havayla tasinmakta ve sayilar1 bolgeden
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bolgeye degisiklik gostermektedir (Boyacioglu ve ark.,
2007; Aydogdu ve Asan, 2008; Otag ve ark., 2014).
Tarimsal alanlarda havayla tasinan fungal sporlar,
patojen olmasi durumunda tarladaki irtine bulasarak
hastalik olusturabilmektedir. Yine iiriinde meydana
gelen fungal hastalik nedeni ile olusan ¢ok sayida spor,
havaya karigarak hava akimai yolu ile etrafa yayilarak
diger urtnlere bulasabilir.

Bu calismada Trakya Bolgesinde tarla (aycicegi, misir,
nohut, sogan) ve bahce (fasulye, bezelye, patates, nane,

cilek, marul, bakla) iriinlerinin yetistirildigi
topraklardaki mikrofunguslar ile ayni alanlarda
havayla tagsinan mikrofunguslarin arastirilmas:
amaclandi.

MATERYAL ve METOD

Toprak Orneklerinin Alinmasi

Trakya bolgesinde (Edirne-Kesan-Yesilkoy) tarla ve
bahce bitkilerinin bulundugu topraklardan Mayis
ayinda 6rnek alindi. Calismada nohut, aycicegi, misir,
sogan ve bahge bitkilerinin (fasulye, bezelye, patates,
nane, cilek, marul, bakla) bulundugu topraklarin iist
yiizeyi diigey olarak temizlenip (5-10 cm derinlik) steril
spatil ile ekim alanlarinin dért kose ve ortasi olmak
uzere bHer Ornek alindi, steril posetlere konarak
laboratuara getirildi.

Toprak orneklerinin yiizde nem miktarlarinin
belirlenmesi

Her bir toprak numunesinden 10’ar g taze toprak
alinarak cam petriler i¢ine yerlestirildi ve 105 °C deki
firinda (etiiv) 24 saat tutulduktan sonra tartilarak
firin kurusu agirliklar: belirlendi. Yag ve firin kurusu
agirliklari  saptanan toprak oOrneklerinin nem
miktarlar1 (%) Esitlik 1 kullamilarak hesaplandi
(Oskay ve Simsek, 2017).

N(%) :% x 100 1)

N: Toprak 6rnegi nem miktari (%)
YA: Toprak 6rnegi yas agirligi
FA: Toprak 6rnegi firin kurusu agirligi

Toprak érneklerinden mikrofunguslarin izolasyonu ve
sayimi

Toprak orneklerinden mikrofunguslarin
izolasyonunda “Topragi Seyreltme Metodu (Soil
Dulitions Technique)” kullamldi (Waksman 1922;
Kalyoncu ve Ozer, 2017; Asan ve ark., 2018; Savas ve
ark., 2018). Nem miktarlar1 belirlenmis olan 10 g taze
toprak, 250 mL steril erlen igerisine konularak 90 mL
steril saf su ilave edildi ve boylece 107'lik toprak
sispansiyonu elde edilmis oldu. Daha sonra
sispansiyonlar ¢alkalamali etivde 30 dakika
calkalandi ve 101 105 aras1 seri diliisyonlar:
hazirlandi. Her Dbir dilisyondan Rose Bengal
Chloramphenicol (RBC) Agar besiyerlerine yayma
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plak yontemi ile ekim yapilarak petri kaplar1 25°C de
7 giin stireyle inkiibasyona birakilda.

Inkiibasyon stiresi sonunda petri kaplarindaki
koloniler sayilarak materyaldeki canli hiicre sayisi
asagidaki Esitlik 2 kullanilarak hesaplandi (Oskay ve
Simsek, 2017). 1 g firin kurusu toprak érnegindeki
toplam mikrofungus sayisi koloni olusturan birim
(kob) cinsinden hesaplandi.

_ axbx100
100-N

2)
S=1 g kuru topraktaki toplam mikrofungus sayisi

a= Petri kaplarindaki (toprak érnegine ait) ortalama
mikrofungus sayisi

b= Diliisyon faktorii

N= Toprak érnegine ait nem miktar1 (%)

Hava Orneklerinin Alinmasi

Havayla tasinan mikrofunguslar: belirlemek amaci ile
her bir tarla ve bahceden hava 6rnekleme cihaz ile
(Merck MAS 100- ECO) 6rnek alindi. Orneklemelerde
RBC Agar besiyeri kullanildi. Petri plaklar1 25 °cC'de 7
giin inkiibasyona birakilda.

x 10000

kob g-?

Hava 6rneklerinden mikrofunguslarin izolasyonu ve
sayimi

Inkiibasyon stiresi sonunda petri kaplarindaki
koloniler sayilarak 1m3 havadaki fungal spor sayisi
kob m-3 olarak belirlendi.

Mikrofunguslarin saflagtirilmasi ve identifikasyonu

Toprak ve hava oOrneklerinde sayim isleminin
ardindan petri kaplar1 mikroskop altinda incelenerek
morfolojik olarak birbirinden farkli gériinen tim
koloniler saf halde tretilmek tizere PDA igeren yatik
agarlara aktarildi ve 25 °C‘de 7 gin inkibasyondan
sonra stok kiiltiir olarak kullanilmak tizere +4 °C de
saklandi. Saf stok kiltirlerden PDA ve MEA iceren
petri kaplarina ekim yapildi ve inkiibasyon suresi
sonunda mikrofunguslarin identifikasyonu, kiltiirel
ve mikroskobik 6zellikleri baz alinarak gerceklestirildi
(Hasenekoglu, 1991; Ellis ve Ellis, 1997; Barnett ve
Hunter, 1998; Samson ve ark., 2002)

BULGULAR ve TARTISMA

Farkli Uriin  ekimi yapilan tarla ve bahge
topraklarindan alinan orneklerde 1 g firin kurusu
toprakta bulunan toplam mikrofungus koloni sayilari
(kob g-1) Sekil 1’de, toprak érneklerinden izole edilen
mikrofungus cinslerinin bulunma oranlar1 Sekil 2’de
verildi.

Patates Fasulye Sogan Nohut Marul

Cilek

Nane

Maswr Bakla Bezelyve Aycigegi

Sekil 1. Tarla ve bahge bitkilerinin yetistirildigi topraklardan alinan érneklerdeki mikrofungus konsantrasyonlari

(kob g-1).

kob g 1: 1 g 6rnek basina diisen koloni olusturan mikroorganizma sayisi
Figure 1. Microfungi concentrations in samples taken from soil where field and horticultural plants are grown (cfu

g1

cfu g1 Number of colony forming microorganisms per 1 g sample

Nicel analiz sonuglarina gore, 1 g kuru topraga karsilik
gelen taze topraktaki mikrofunguslarin ortalama
sayisl, patates bahgesinden alinan toprakta en yiiksek,
aycicegl yetistirilen tarla topraginda ise en disik
diizeydedir. Mycelia Sterilia'ya ait mikrofunguslar
toprak numunelerinden en ¢ok izole edildi ve bunu
sirasiyla  Penicillium, Acremonium, Aspergillus ve
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Fusarium cinsi  mikrofunguslar izledi. Sogan
tarlasinin topragi mikrofungus cinsi bakimindan en
fazla cesithilik gosterirken, bezelye bahcesinde en az
gesitlilik gozlendi. Spor olugsturmayan mikrofunguslar
olarak tamimlanan Mycelia Sterilia grubunu
geleneksel yontemlere dayanarak tanimlamak
imkansizdir, tanimlanmalari igin molekiiler teknikler
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kullanilabilir. Bu arastirmada yogun olarak
bulunmalari, bir¢ok arastirmacinin oOnerdigi gibi
organik madde igerigi ve pH gibi ¢evresel faktorlerin
etkisine baglanabilir. Benzer ¢calismalarda da toprak
orneklerinde varhg gésterilmistir (Gogmen ve Ozkan,
2002; Zukiewicz-Sobczak ve ark., 2013; Nosratabadi ve
ark., 2017; Seth ve ark., 2018). Koz ve Giiven (2014),
Ekim ve Aralik aylarinda bugday tarlalarindan sayi ve
cesitlilik acisindan en ¢ok Aspergillus, Fusarium ve
Penicillium; Oskay ve Simgek (2017), Mayis ayinda
karagam ormanlarindan aldiklar: toprak 6rneklerinde
say1 ve cesitlilik agisindan en ¢ok Penicillium; Kara
(2005), Kirklarelinde ilkbahar ve sonbahar
mevsiminde Ug¢ farkli orman bélgesinden aldig: toprak
orneklerinden say1 ve cesitlilik acisindan en ¢ok
Trichoderma; 1zgi ve Giiven (2014) Kahramanmaras
orman alanindan topladiklar1 toprak o6rneklerinden
say1 ve cesitlilik acisindan en c¢ok Fusarium cinsi
mikrofunguslari 1zole etmiglerdir. Yapilan
calismalarda mevsimlere bagh olarak degisen iklim
ozellikleri ile mikrofungus sayilar1 arasinda 6nemli
iligkiler bulunmustur. Genel olarak, topraktaki fungus
sayllarinin yaz mevsiminde azaldig1 (yetersiz nem),
ilkbahar ve sonbahar mevsimlerinde arttign (uygun
sicaklik ve nem), kis mevsiminde ise tekrar azaldig1
(diistik sicaklik) belirtilmektedir (Kara 2005).

Farkli irin ekimi yapilan tarla ve bahge hava
érneklerindeki mikrofungus konsantrasyonlar1 (kob
m-3) Sekil 3'de, cinslere gore dagilimlar: ise Sekil 4'de
gosterildi.

8 Peniedlium
Fusarium
Verticillum

Arthrinium
8 Cladosporium
¥ Scopulariopsis
& Ranuchloridum

8 Mycelia Sterilia
B Stachvbotiys
® Rhizopus

Diger

8 Aspergilius
8 Wucor
8 Phoma

Tarla bitkilerinin yetistirildigi alanlardan alinan hava
orneklerinde en fazla fungal spor 46.4x103 kob m-3 ile
nohut tarlasindan, en az ise 29.1x103 kob m-? ile
aycicek tarlasindan izole edildi. Identifikasyon
sonuclarina gore en fazla Cladosporium cinsine ait
mikrofunguslar izole edilmis olup, bunu sirasiyla
Mycelia Sterilia, Alternaria ve Stemphylium takip
etmistir. Bahge bitkilerinin oldugu tarlalardan alinan
hava  orneklerinden ise en yaygin olarak
Cladosporium, Alternaria, Mycelia Sterilia ve
Stemphylium izole edildi. Tum bitkilerin yetistirildigi
tarlalarin havasinda Cladosporium en baskin cins
olarak bulundu. Benzer olarak; Sen ve Asan (2001)

Edirne’deki sebze yetigtiriciligi yapilan tarim
alanlarindan yaptiklari hava ornekleme
calismalarinda  Cladosporium  cinsinin  baskin

turlerden biri oldugunu gostermiglerdir. Diger bazi
arastirmacilarin yaptiklari atmosferik calismalarda
da benzer cinsler izole edilmistir (Adhikari ve ark.,
2004; Okten ve ark., 2005; Ceter ve Pinar, 2009; Bulbul
ve ark., 2011). Sogan ve misir tarlasindan alinan hava
orneklerinde fungal cesitlilik en fazla iken, en az
cesitlilik ise bakla ve nane bahgelerinden alinan hava
orneklerinde gozlendi. Atmosferde surekli olarak
bulunan fungal sporlarin tiri, konsantrasyonu ve
kompozisyonunun; yerlesim bolgesinin 6zellikleri
(bitki ortiisii, tarimsal ve hayvansal faaliyetler vs),
meteorolojik ve iklimsel faktorler gibi bircok unsurdan
etkilendigi bilinmektedir (Otag ve ark., 2014).

Acremonium
8 Trichoderma
8 Alternaria

100% -

90 =1 . .

80% -

T0%% 1

60%% 4

0% 1

407 9

30% 1

20%% 1

108 o
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Sogan A)v;n,ek Misir \ohm Pwtalm— Bezelye F1 nlu Cilek Marul Nane Bakla
Tarla Tarla Tarla Tarla Bahge Bahge Bahge Bahge Bahce Bahge Bahge

Sekil 2. Tarla ve bahge bitkilerinin yetistirildigi alanlardan alinan érneklerden teshis edilen mikroorganizmalarin

bulunma oran (%).

Figure 2. Ratio of microorganisms identified from samples taken from the fields where field and horticultural

plants are grown (%)
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Sekil 3. Tarla ve bahce hava érneklerindeki mikrofungus konsantrasyonlar: (kob m-3).
kob m-3: 1 m3 6rnek basina diigsen koloni olugturan mikroorganizma sayisi

Figure 3. Microfungi concentrations in field and garden air samples (cfu m-3).

cfu m-3: Number of colony forming microorganisms per 1 m? sample
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Sekil 4. Tarla ve bahge hava érneklerinden izole edilen mikrofunguslarin bulunma oranlar1 (%).
Figure 4. Microfungi isolated from field and garden air samples (%).

Ayrica ormanlik alanlara olan mesafeler de mantar
sporlarinin cesitliligini arttirmaktadir (Kirecci ve
Alagéz, 2019). Imali ve ark. (2008)’min yaptiklar:
calismada yagmurun spor miktarim1i arttirdig,
yagmuru takip eden giuinlerde sicaklik ve rlizgar hizi
artisginin  spor miktarimi arttirdign ve sicaklhigin
15°C’nin Ustlne ¢ikmasinin spor miktarimi arttirdig:
bilgilerine yer verilmistir.

737

SONUC ve ONERILER:

Sonuc¢ olarak; Trakya Bolgesinde tarim onemli bir
gecim kaynagidir ve bu sebeple yetistirilen tirtinlerin
verimi biiylik 6nem tagimaktadir. Uriiniin verimini
etkileyen en o6nemli faktérlerden biri de
mikrofunguslardir. Tarimsal alanlarda havayla
tagsinan fungal sporlar, patojen olmasi durumunda
tarladaki uriine bulasarak hastalik
olusturabilmektedir. Yine uriinde meydana gelen
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fungal hastaliklar nedeni ile olusan ¢ok sayida spor,
havaya karisarak hava akimi yolu ile etrafa yayilarak
diger  Urtinlere  bulasabilir.  Toprak  mikro-
organizmalarinmin sayi, tir ve faaliyetlerindeki
degisimler izlenerek topragin fiziksel ve kimyasal
ozelliklerindeki olumlu ve olumsuz gelismeler énceden
belirlenmeye c¢alisilmaktadir. Tarimsal arazilerde
toprak ve hava mikrofunguslar1 tzerine yapilan bu
calisma hem toprak kalitesi hem de irin sagligi
acisindan bir veri olusturabilir.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan ederler.
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OZET Aragtirma Makalesi
Bu c¢alisma 2017-2018 yillarinda Nisan-Kasim aylar1 arasinda ) .
Balikesir Ilimin Cataldag cevresinde mese ve kayin ormanlarinin Makale Tarihgesi

zeminde yasayan kinkanath faunasimin (Coleoptera) tespit Gelis Tarihi ~ :05.12.2019
edilebilmesi amaciyla bitki dokuntilerinin Reitter kalburu ile Kabul Tarthi :20.02.2020
elenmesiyle gergeklestirilmigtir. Calisma sonucunda Carabidae,

Staphylinidae, Elateridae, Cleridae, Cerambycidae ve Chrysomelidae Anahtar Kelimeler

(Coleoptera) familyalarina bagli 460 birey icerisinde 27 cinse ait Coleoptgra
toplam 35 tiir tespit edilmistir. Bu tiirlerden 23t Balikesir Ili yerel Faunlstl'k'
faunasi icin ilk kayit niteligi tasimaktadir. Bu tiirler icerisinde Saproksﬂ'lk
Agriotes sputator (Linnaeus, 1758), A. acuminatus (Stephens, 1830), Ié;ﬁ?ﬁzzsjimte

Ampedus praeustus (Fabricius, 1792), A. haemorrhoidalis (Fabricius,
1801), Calais parreysii (Steven, 1829), Cardiophorus nigerrmimus
Erichson, 1840, Lacon punctatus (Herbst, 1779), Pittonotus theseus
(Germar, 1817) (Elateridae), Clerus mutillarius Fabricius, 1775
(Cleridae), Cerambyx cerdo Linnaeus, 1758, C. welensii (Kuster,
1846), Prionus coriarius (Linnaeus, 1758), Spondylis buprestoides
(Linnaeus, 1758)(Cerambycidae) saproksilik tiirlerdir. Ayrica
Elateridae ve Cerambycidae familyalarina ait 8 tiir Akdeniz havzasi
ve Avrupa IUCN Kirmiz: Listeleri igerisinde bulunmaktadir.

Faunistic Studies on Carabidae, Staphylinidae, Elateridae, Cleridae, Cerambycidae and Chrysomelidae
(Coleoptera) Families of Cataldag (Balikesir-Susurluk) Province, Western Turkey

ABSTRACT Research Article
This study was conducted between April and November for two years . .
in 2017-2018, by sifting plant debris (Reitter method) in order to Article History

identify the beetle fauna (Coleoptera) living on the ground in the old Received - 05.12.2019
oak and beech forests around Balikesir Province in Cataldag. As a Accepted ©20.02.2020
result of the study, a total of 35 species belonging to 27 genera were

determined among 460 individuals belonging to Carabidae, Keywords

Staphylinidae, Elateridae, Cleridae, Cerambycidae and Coleqp tgra

Chrysomelidae (Coleoptera) families. 23 of these species are the first Faunlstu?

records for the local fauna of Balikesir. Among these species, Agriotes Saprquhc

sputator (Linnaeus, 1758), A. acuminatus (Stephens, 1830), Ampedus gzil?:stir

praeustus (Fabricius, 1792), A. haemorrhoidalis (Fabricius, 1801),
Calais parreysii (Steven, 1829), Cardiophorus nigerrimus Erichson,
1840, Lacon punctatus (Herbst, 1779), Pittonotus theseus (Germar,
1817) (Elateridae), Clerus mutillarius Fabricius, 1775 (Cleridae),
Cerambyx cerdo Linnaeus, 1758, C. welensii (Kuster, 1846), Prionus
coriarius (Linnaeus, 1758 ), Spondylis buprestoides (Linnaeus, 1758)
(Cerambycidae) are saproxylic species. Also, 8 species of Elateridae
and Cerambycidae families are included in the Mediterranean Basin
and European IUCN Red Lists

To Cite : Varhi SV, Surgiut H, Tiven A, Jansson N 2020. Cataldag (Bahkesir-Susurlulf) Cevresinin Carabidae, Staphylinidae,
Elateridae, Cleridae, Cerambycidae ve Chrysomelidae (Coleoptera) Faunas: Uzerine Calismalar. KSU Tarim ve Doga
Derg 23 (3): 740-747. DOI: 10.18016/ksutarimdoga.vi.655837.
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GIRIS

Mese ve kayin gibi genis yaprakli orman agaci
turleriAvrupa’da zengin bir kinkanatlhifaunasinasahip
olmasina ragmen, Turkiye'de bu agag¢ tiirlerinin

barindirdigr  kinkanath  faunasiyeterli diizeyde
calisilmamigtir. Ormanlik alanlar igerisinde yasayan
bocek  tirleri  farkli  mikrohabitatlar1  tercih

edebilmekte vedikey olarakorman zemini tizerinden en
yiksek agac tepesine kadar farkl biyotik ve abiyotik
etkenlerin etkisi ile dagilim gostermektedir. Orman
zemini uzerinde kok, kiitik veya diger c¢lUrimis
odunsu materyal ile organik dokiintiiler igerisinde
yasayan bircok kinkanath bocek tira
bulunmaktadir.Ormanlik alanlar icerisindeki bocek
cesitliliginin  aragtirilmasiigin ~ farkli  caligmalar
yapilmaktadir. Daha 6nce bu kapsamda mese ve kayin
gibi genis yaprakli agaclardan olusan ormanlik
alanlardaki kinkanathlarinfarklh tuzaklama
metodlar1 (pencere ve cukur tuzak) ile tespit
edilebilmesi i¢in yapilan calismalardan
bazilari;Jansson ve Coskun, (2008), Atay ve ark.,
(2012), Mazur ve ark., (2013), Novak ve ark., (2014),
Varls ve ark., (2018), Platia ve ark., (2018)olarak
verilebilir.Uluslararas1 Doga Koruma Orgiitii (IUCN)
tarafindan Avrupa ve Akdeniz havzasinda tehdit ve
tehlike altinda bulunan bécek tiirleri i¢in Kirmizi
Listeler hazirlanarak belirlenen yagam alanlari, tehdit
kategorileri ve koruma statiileri hakkinda énemli bir
veri tabani olusturulmaya calisilmaktadir. Bu ¢alisma
ile mese ve kaymn ormanlarindaki saproksilik
kinkanathh tirlerinin tespit edilmesi ve yayilig
alanlarina katkida bulunularak Turkiyenin bati ve
giineybatisinin’da aralarinda bulundugu Akdeniz
havzas1 ormanlik alanlarindaki biyolojik cesitliligin
belirlenmesi ve Kirmizi Liste c¢alismalarina katk:
verilmesi amaclanmigtir.

MATERYAL ve METOT

Calismanin ana materyalini Cataldag (Balikesir-
Susurluk) cevresindeki mese ve kayin ormanlarinda
2017 2018 yillarinda Nisan- Kasim aylan
arasindafarkli yiikseltilerden (536-973 m.) yaprak
dokiintiileri elenerekelde edilen 6rnek materyal
olusturmaktadir (Sekil 1A).Orneklemeler, sahasinin
genigligide diisiiniilerek rastgele parselasyon yontemi
kullanilarak belirlenen yerler arasindaki mesafe en az

20 metre olacak sekilde herbir ¢calisma sahasinda 5
farkli eleme yapilarak gerceklestirilmistir (Cizelge
1).Yaprak dokiintiisiive kompostelemesi i¢in bir sapa
monte edilmig, ¢ap1 28 cm ve tel araligi 8x 8 mm olan
iki gemberden olugsan Reitter Kalburu adi verilen
eleme araca kullanilmistir (Sekil 1B). Calisma orman
zemininde bulunan ¢liriimiis ve dokiinti bitki 6rtisi
ile beraber toprak yiizeyi 1 cm derinlikte kazilarak
alinan oOrneklerin elenmesi ile gercgeklestirilmigtir.
Elenen materyal 2 litrelik plastik kaplara alinarak
icerisine hacimsel olarak 1:1 oraninda etilen glikol-su
¢ozeltisi eklenmis ve etiketlenerek laboratuvara
getirilmigtir. Yaz aylarinda yeterli oOrnekleme
yapilabilmesi i¢in ¢alisma alaninin uygun yerleri bir
ay Once zeminden itibaren asagiya dogru 20-30 cm
kazilarak yaprak dokiintileri ile sikigtirilmigtir. Daha
sonra bu alan tuzerine su dokilerek kompost
hazirlanmis ve elemeler bu alandan yapilmistir.
Calisma sonucunda tespit edilen saproksilik
kinkanath tirlerin Avrupa ve Akdeniz havzasi Kirmizi
Liste siiflar1 i¢cin Uluslararas: Doga Koruma Orgiitii
(IUCN) énciiliigiinde yapilan arastirmalarin sonuglar:
kullanilmistir (Garcia ve ark., 2018; Célix ve ark.,
2018). IUCN Kirmiz Liste siniflari, kiiresel tiilkenme
riskleri yuksek olan tirleri siniflandirmak ic¢in kolayca
anlagilabilecek bir sistem olarak tasarlanmigtir.
Tehdit altindaki tiirler igin 3 farklh simiflandirma
olciitii kullamlmistir. Bunlar; Kritik (CR), Tehlikede
(EN) ve Duyarli (VU) seklinde smiflandirilmistir.
Tehdit altindaki smiflandirma kategorilerinde yer
almayan ve yakin gelecekte tehdit altina girmeye
yakin tiirler icin Tehdite Yakin (NT), genis yayilish
tiirler icin Diisiik Riskli (LC), yayihislar1 konusunda
yeterli verinin bulunmadig: turler igin Yetersiz Verili
(DD) ve heniiz élciitlere gére degerlendirilmemis tiirler

icin  Degerlendirilmemis (NE) simiflandirmalar:
yapilmistir (Stokland,2012).

BULGULAR

Bu calismanin sonucunda Cataldag (Balikesir-

Susurluk)’da2017-2018 yillarinda Nisan-Kasim aylari
arasinda belirlenen mese ve kaymormanlarinin
zeminindekidokuntiler elenerek alt1 familyaya
bagli460 birey icerisinde 27 cinse ait toplam
35kinkanatli (Coleoptera)tiirii tespit edilmistir. Her

Cizelge 1. Cataldag (Balikesir-Susurluk) calisma alanlarina ait bilgiler
Table 1.The Information belonging to Cataldag study fields

. . Koordinat Rakim Dokiinti tipi
Numara (Number) Lokalite (Locality) (Coordinate) (Altitude) (Debris type)
Eleme 1 (Sifting 1) | Orman Havuzu Mevkii 39°52'33"K28°15'15"D | 609 m. Quercus sp.
Eleme 2 (Sifting 2) | Orman Cegmesi Mevkii 39°57'13"K28°15'05"D | 973 m. Fagus orientalis
Eleme 3 (Sifting 3) | Orman Yolu Mevkii 39°58'02"K28°16'07"D | 863 m. Fagus orientalis
Eleme 4 (Sifting 4) | Orman Su Deposu Mevkii | 39°56'31"K28°12'02"D | 575m. Quercus sp.
Eleme 5 (Sifting 5) | Cataldag Baraji Mevkii 39°57'50"K28°18'15"D | 536 m. Quercus sp.
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Kompos cleme

Sekil 1. A.Calisma alanlarinin genel gériiniimi B. Eleme metodu

Figure 1. A. The Map of the study fields B. Sifting method

tlire ait materyalin, toplandig1 yer, dokuntu tipi,tarih,
yakalanan tiirlere ait birey sayilari, yeni lokalite
kayitlar1 ve tespit edilen bazi saproksilik kinkanatli
turlerine ait IUCNKirmizi Liste siniflaragagida
verilmektedir.

Familya: Carabidae

Tir: Acupalpus meridianus (Linnaeus, 1761)
Incelenen materyal:Susurluk, F orientalis,
16.08.2017, E2, 4 6rnek; Quercus sp.,28.09.2018, E4, 6
ornek. Toplam 10 6rnek.

Tirkiye’deki yayilisi: Ankara, Antalya, Istanbul, Kars,
Kastamonu, Nigde, Ordu ve Tokat (Jaeger, 2011;
Dikmen ve Ozulug, 2018). Bu tiir Balikesir 1li yerel
faunasi igin ilk kayittir.

Tiir: Amara aenea (De Geer, 1774)

Incelenen materyal:Susurluk, F orientalis,
23.08.2017, E2, 9 6rnek; F.orientalis, 14.10.2017, E3,
10 ornek; Forientalis, 21.07.2017, E2, 5 ornek;
Quercus $p.,29.09.2017, E4, 11 o6rnek; Toplam 35
ornek.

Turkiye'deki yayihisii Bu tir Tirkiye’de genis bir
yayilisa sahiptir (Kiiciikkayk: ve ark., 2013; Fidan ve
ark., 2014; Dikmen ve Ozulug, 2018).

Tiir: Amblystomus niger (Heer, 1841)
Incelenen materyal:Susurluk, Quercus sp.,30.05.2017,
E5, 5 6rnek; Quercus sp.,

15.11.2017, E1, 7 6rnek; Quercus sp.,29.07.2018, E5, 3
ornek; F.orientalis, 15.06.2018, E2, 3 6rnek;. Toplam 18
ornek.

Tirkiye’deki yayihsi: Kiitahya (Tezcan ve ark., 2018).
Bu tir Balikesir Ili yerel faunasi i¢in ilk kayittir.

Tir: Anchomenus dorsalis (Pontoppidan, 1763)

Incelenen materyal:Susurluk, F.orientalis, 23.08.2017,
E3, 5 ornek; F.orientalis, 29.07.2018, E3, 5 ornek;
Quercus sp.,30.10.2018, E4, 3 6rnek, Toplam 13 6rnek.
Turkiye’'deki yayilisi: Adana,Ankara, Ardahan, Artvin,
Burdur, Erzincan, Erzurum, Gumugshane, Igdir,
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Isparta, Kars, Konya, Mugla ve Trabzon (Kara, 2016).
Bu tiir Balikesir Ili yerel faunasi icin ilk kayittir.

Tir: Brachinus crepitans (Linnaeus, 1758)

Incelenen materyal: Susurluk, Quercus
sp.,16.08.2017, E1, 3 6rnek; Quercus sp., 30.05.2017,
E5, 3 ornek; Quercus sp., 28.09.2018, E1, 3 o6rnek;
Quercussp., 17.08.2018, E4, 7 6rnek; Toplam 16 6rnek.
Turkiye'deki yayilisi:t Amasya, Antalya, Artvin, Bitlis,
Bolu, Burdur, Cankiri, Erzurum, Giresun, Izmir,
Kahramanmaras, Kastamonu, Konya ve Sinop (Avgin,
2006; Tezcan ve ark., 2007; Tezcan ve ark., 2010;
Kocatepe, 2011; Tezcan ve ark., 2018).Bu tiir Balikesir
Ili yerel faunas icin ilk kayittir.

Tiir: Brachinusexplodens Duftschmid, 1812

Incelenen materyal:Susurluk, F.orientalis, 21.07.2017,
E2, 8 ornek; Quercus sp.,16.08.2017, E4, 3 o6rnek;
Quercussp., 11.09.2018, E1, 6 6rnek. Toplam 17 6rnek.
Turkiye'deki yayihisi: Bu tir Tirkiye’de genis bir
yayilisa sahiptir (Siirgiit ve Varli, 2012; Tezcan ve
ark., 2018; Senyiiz ve ark., 2019).

Tiir: Calathusfuscipes (Goeze, 1777)

Incelenen materyal:Susurluk, Quercus sp.,16.08.2017,
E4, 5 o6rnek; Quercus sp., 29.09.2017, E5, 5 6rnek;
Florientalis, 20.07.2018, E2, 5 6rnek; Toplam 15 6rnek.
Turkiye'deki yayilisit Ankara, Eskigehir, Kayseri ve
Sivas (Fidan ve ark., 2014). Bu tiir Balikesir Ili yerel
faunasi i¢in ilk kayittir.

Tir: CarabusconvexusFabricius, 1775

Incelenen materyal:Susurluk, Quercus sp.,30.05.2017,
E1, 66rnek; Quercus sp., 16.08.2017, E1, 7 o6rnek;
Quercus sp., 24.06.2017, E1, 3
ornek; F.orientalis,23.08.2017, E2, 4
ornek; F.orientalis, 05.09.2018, E3, 5 6rnek;Toplam 25
ornek.

Turkiye'deki  yayilisit  GenellikleKaradeniz  ve
Marmara  bolgeleri ile  Kirklarelide  yayilig
gostermektedir (Kocatepe, 2011; Goktiirk ve Celik,
2017; Tezcan ve ark., 2018). Bu tiir Balikesir Ili yerel
faunasi i¢in ilk kayittir.
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Tiir: Carabus coriaceusLinnaeus, 1758

Incelenen materyal:Susurluk, F.orientalis, 24.06.2017,
E2, 4 ornek;Forientalis, 21.07.2017, E3, 3
ornek; Quercussp.,23.08.2017, E4, 14 6rnek. Toplam 21
ornek.

Turkiye'deki yayilisi: Bati Akdeniz, Ege ve Marmara
bélgelerinde yayilis gostermektedir (Siirgiit ve Varl,
2012; Goktiirk ve Celik, 2017).Bu tiir Balikesir Ili yerel
faunasi i¢in ilk kayittir.

Tiir: Carabus gotschiChaudoir, 1846

Incelenen materyal:Susurluk, Quercus sp.,16.08.2017,
El, 8 ornek;Forientalis, 15.09.2017, E2, 14
ornek; F.orientalis, 24.06.2017, E3, 2
ornek; Quercussp., 15.09.2017, E4, 3 6rnek; Toplam 27
ornek.

Tirkiye'deki yayilisi: Tirkiye (Avgin ve Cavazzuti,
2011) ve Isparta (Ortac ve ark., 2015). Bu tiir Balikesir
Ili yerel faunas icin ilk kayittir.

Tiir: Laemostenus venustus (Dejean, 1828)

Incelenen materyal:Susurluk, F orientalis,
24.06.2017, E2, 5 6rnek; Quercus sp.,17.08.2018, E1, 5
ornek; F. orientalis, 29.07.2018, E2, 5 6rnek. Toplam
15 6rnek.

Turkiye'deki yayilisii Burdur ve Kahramanmaras
(Avgln, 2006; Tezcan ve ark., 2018). Bu tiir Balikesir
Ili yerel faunasi igin ilk kayittir.

Tiir: Nebria brevicollis (Fabricius, 1792)

Incelenen materyal: Susurluk, Florientalis,
29.09.2017, E2, 6 6rnek; Quercussp.,24.06.2017, E4, 6
ornek. Toplam 12 6rnek.

Turkiye'deki yayihisii Bu tir Tirkiye’de genis bir
yayilisa sahiptir (Siirgiit ve Varli, 2012; Tezcan ve
ark., 2018). Bu tiir Balikesir Ili yerel faunasi icin ilk
kayttir.

Tiir: Notiophilus rufipes Curtis, 1829

Incelenen materyal:Susurluk, F.orientalis, 15.09.2017,
E3, 3 ornek; Quercus sp.,30.05.2017, E4, 7 ornek;,
Toplam 10 6rnek.

Tirkiye'deki  yayihsi:  Kahramanmaras (Avgin,
2006).Bu tiir Balikesir Ili yerel faunasi i¢in ilk kayittir.
Tir: Olisthopus sturmii (Duftschmid, 1812)

Incelenen materyal:Susurluk, Quercus sp.,21.07.2017,
E1l, 4 ornek; Quercus sp., 21.07.2017, E4, 8 ornek;
F.orientalis, 28.09.2018, E2, 3 6rnek. Toplam 15 6rnek.
Tirkiye’deki yayihisi: Ardahan, Erzurum (Kesdek,
2007).Bu tiir Balikesir Ili yerel faunasi i¢in ilk kayittir.
Tir: Porotachys ottomanus Schweiger, 1968
Incelenen materyal:Susurluk, F.
24.06.2017, E3, 4 6rnek; Quercus sp.,
16.08.2017, E5, 1 6rnek. Toplam 5 6rnek.

Tirkiye’deki yayihsi: Turkiye (Casale ve Taglianti,
1999).Bu tiir Balikesir Ili yerel faunasi icin ilk kayittir.

Tiir: Trechusquadristriatus(Schrank, 1781)
Incelenen materyal:Susurluk, Quercus sp, 24.06.2017,

orientalis,
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E1l, 5 ornek;F.orientalis, 11.09.2018, E2, 1 o6rnek.
Toplam 6 6rnek.

Turkiye'deki yayihsi: Bu tir Tirkiye’de genis bir
yayihsa sahiptir (Ozgen ve ark., 2017). Bu tir
Balikesir Ili yerel faunasi igin ilk kayittir.

Familya: Staphylinidae

Tiir: Ocypusmus (Brullé, 1832)

Incelenen materyal: Susurluk, Quercus
$p.,30.05.2017, E1, 8 ornek; Quercus sp., 16.08.2017,
E1, 16 ornek; F. orientalis, 21.07.2017, E2, 10 6rnek;
Toplam 34 6rnek.

Turkiye'deki yayiligi: Bu tur Turkiye'de genis bir
yayilisa sahiptir (Varl ve ark., 2018).

Tiir: Ocypus sericeicollis Ménétriés, 1832)

Incelenen materyal: Susurluk, Quercus sp.,
24.06.2017, E1, 6 6rnek; Quercussp., 14.10.2017, E1, 3
ornek; F.orientalis, 16.08.2017, E2, 8 6rnek; Quercus
sp., 16.08.2017, E4, 3 6rnek; Quercus sp., 30.05.2017,
E5, 5 6rnek. Toplam 25 6rnek.

Turkiye'deki yayilisit Bu tir Tirkiye’de genis bir
yayilisa sahiptir (Varh ve ark., 2018).

Tir: Ocypus curtipennis Motschulsky, 1849
Incelenen materyal:Susurluk, Quercus
23.08.2017, E1, 4 6rnek; Quercus sp,

24.06.2017, E1, 8 6rnek; F.orientalis, 15.09.2017, E2, 4
ornek; Quercus sp.,15.09.2017, E4, 5 6rnek; Quercus
sp., 16.08.2017, E4, 4 6rnek. Toplam 25 6rnek.
Turkiye'deki yayihisi: Bu tir Tirkiye’de genis bir
yayilisa sahiptir (Varl ve ark., 2018).

sp.,

Tir: Ocypus orientis Smetana&Davies, 2000
Incelenen materyal:Susurluk, Quercus sp.,23.08.2017,
E1l, 5 6rnek; Quercus sp., 15.09.2017, E1, 6 6rnek;
Florientalis, 29.09.2017, E2, 1 ornek; F.orientals,
03.05.2017, E3, 5 6rnek; Florientalis, 03.08.2018, E3, 3
ornek. Toplam 20 6rnek.

Turkiye'deki yayilisi: Balikesir, Bursa, Isparta, Izmir
ve Manisa (Anlas, 2009; Anlas ve Rose, 2009;
Japoshvili ve Anlasg, 2011; Ozgen ve ark., 2017).

Tir: Platydracuschalcocephalus (Fabricius, 1801)
Incelenen materyal:Susurluk, Quercus sp.,24.06.2017,
E1, 4 6rnek; Florientalis, 30.05.2017, E2, 1 6rnek;
Quercus sp., 15.09.2017, E4, 2 6rnek; Quercus sp.,
16.08.2017, E5, 3 6rnek; Toplam 10 6rnek.
Tiirkiye’deki yayilist: Izmir, Konya, Mersin ve Trabzon
(Yiiksel ve Akbulut, 2005; Anlasg, 2009; Assing, 2009).
Bu tiir Balikesir Ili yerel faunasi i¢in ilk kayittir.

Familya: Elateridae

Tiir: Agriotes sputator (Linnaeus, 1758)

Incelenen materyal:Susurluk, Quercus sp.,03.05.2017,
E1, 3 ornek; Quercus sp., 24.06.2017, E4, 2 ornek;
Quercus sp., 16.08.2017, E5, 3 oérnek; F. orientalis,
15.06.2018, E2, 1 6rnek; Quercus sp., 30.05.2018, E4, 1
o6rnek; Toplam 10 6rnek.

Turkiye'deki yayihisi: Bu tir Tirkiye’de genis bir
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yayihisa sahiptir (Giilpercin ve Tezcan, 2010; Kabalak
ve Sert, 2011). Bu tiir Balikesir Ili yerel faunasi i¢in ilk
kayittir.

Tiir: Agriotes acuminatus (Stephens, 1830)
Incelenen materyal:Susurluk, F.
16.08.2017, E3, 2 6rnek; Quercus sp.,
15.09.2017, E4, 1 6rnek; Quercus sp.,20.07.2018, E1, 1
ornek; F. orientalis, 11.10.2018, E3, 2 6rnek, Toplam 6
ornek.

orientalis,

Turkiye'deki yayilisi: Aydin, Bolu, Izmir, Kastamonu
ve Sinop (Giilpergin ve Tezcan, 2015). Bu tiir Balikesir
Ili yerel faunasi i¢in ilk kayittir.

Tiir: Ampedus praeustus (Fabricius, 1792)

Incelenen materyal:Susurluk, F orientalis,
21.07.2017, E2, 1 ornek; F. orientalis, 11.11.2017, E3,
1 6rnek; Quercus sp.,23.08.2017, E4, 1 6rnek; Quercus
sp., 29.07.2018, E1, 1 6rnek; F. orientalis, 15.06.2018,
E2, 1 6rnek, Toplam 5 6rnek.

Tiirkiye’deki yayilisi: Bolu (Giilpergin ve ark., 2018).
Bu tiir Balikesir Ili yerel faunasi igin ilk kayittir.

IUCN Avrupa Kirmiz Liste kategorisi: L.C

Tiir: Athous haemorrhoidalis (Fabricius, 1801)
Incelenen materyal:Susurluk, F orientalis,
23.08.2017, E3, 1 ornek; F. orientalis, 28.09.2018, E2,
1 6rnek, Toplam 2 6rnek.

Turkiye'deki yayilisitBu tir Tirkiye’de genis bir
yayilisa sahiptir (Giilpercin ve Tezcan, 2010;
Giilpercin ve ark., 2018).

Tiir: Calais parreysii (Steven, 1829)

Incelenen materyal:Susurluk, Quercus sp.,15.09.2017,
E1, 1 6rnek; Quercus sp.,

16.08.2017, E4, 1 6rnek; Quercus sp.,24.06.2017, E5, 1
ornek; Quercus sp., 15.06.2018, E4, 1 6rnek, Toplam 4
ornek.

Turkiye'deki yayilisit Antalya, Aydin, Balikesir,
Bursa, Isparta, Istanbul, Izmir, Karaman, Mersin ve
Mugla (Giilpercin ve Tezcan, 2015; Giilpercin ve ark.,
2018).

IUCN Avrupa ve Akdeniz Kirmiz Liste kategorisi: NT
Tiir: Cardiophorus nigerrimus Erichson, 1840
Incelenen materyal:Susurluk, Quercus sp.,
23.08.2017, E1, 1 6rnek; Quercussp., 24.06.2017, E4, 1
ornek; Quercus sp., 11.09.2018, E1, 1 6rnek, Toplam 3
ornek.

Tirkiye’deki yayihsi: Kastamonu (Giilpercin ve ark.,
2018). Bu tiir Balikesir Ili yerel faunasi icin ilk
kayttir.

Tir: Lacon punctatus (Herbst, 1779)

Incelenen materyal:Susurluk, Quercus sp.,21.07.2017,
E1, 4 6rnek; Quercus sp., 30.05.2017, E1, 6 6rnek; F.
orientalis, 16.08.2017, E2, 5 ornek; F. orientalis,
24.06.2017, E3, 1 6rnek. Toplam 16 6rnek.

Tirkiye’deki yayilisi: Adana, Adapazari, Artvin,
Istanbul, Izmir, Karaman, Manisa (Giilpercin ve
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Tezcan, 2010; Gilpercin ve ark., 2018).Bu tiir
Balikesir Ili yerel faunasi igin ilk kayittir.

TUCN Avrupa ve Akdeniz Kirmiz Liste kategorisi: LC

Tiir: Pittonotus theseus (Germar, 1817)

Incelenen materyal:Susurluk, F orientalis,
16.08.2017, E2, 4 6rnek; Quercus sp., 15.06.2018, E1, 5
ornek; F. orientalis, 17.08.2018, E2, 2 6rnek; Quercus
sp., 29.VI1.2018, E5, 1 6rnek, Toplam 12 6rnek.
Turkiye'deki yayilisit Bu tir Tirkiye’de genis bir
yayihisa sahiptir (Giilpercin ve Tezcan, 2010;
Giilpercin ve ark., 2018).

IUCN Akdeniz Kirmiz1 Liste kategorisi: LC
Familya: Cleridae

Tir: Clerus mutillarius Fabricius, 1775

Incelenen materyal:Susurluk, Quercus sp.,16.08.2017,
E1, 1 6rnek; F. orientalis,

03.05.2017, E2, 1 6rnek; Quercus sp.,27.10.2017, E4, 1
ornek; Quercus sp., 23.08.2017, E5, 2 oOrnek; F.
orientalis, 15.05.2018, E3, 1 6rnek. Toplam 6 6rnek.

Turkiye'deki yayilisi: Artvin, Balikesir, Giresun ve
Isparta (Yiiksel, 1998; Sarikaya ve Avci, 2009; Cebeci
ve Baydemir, 2018).

Familya: Cerambycidae

Tir: Cerambyx cerdo Linnaeus, 1758

Incelenen materyal: Susurluk, Quercus
$p.,21.07.2017, E1, 2 6rnek; Florientalis, 30.05.2017,
E2, 1 ornek; Florientalis, 17.08.2018, E2, 1 o6rnek;
Quercus sp., 29.07.2018, E4, 2 6rnek, Toplam 6 6rnek.
Turkiye'deki yayilisit Bu tir Tirkiye’de genis bir
yayilisa sahiptir (Varh ve ark., 2019).

IUCN Akdeniz Kirmiz: Liste kategorisi: L.C

TUCN Avrupa Kirmiz1 Liste kategorisi: NT

Tiir: Cerambyx welensii (Kuster, 1846)

Incelenen materyal: Susurluk, Quercus
$p.,21.07.2017, E1, 2 6rnek; F.orientalis, 30.05.2017,
E2, 2 ornek; Quercussp., 29.07.2018, E4, 1 oOrnek,
Toplam 5 6rnek.

Turkiye'deki yayilisit Bu tiir GlUney Anadolu ve
Tiikiye'nin bat1 yarisinda oldukca yaygindir (Varl ve
ark., 2019).

TUCN Akdeniz ve Avrupa Kirmiz Liste kategorisi: NT
Tiir: Prionus coriarius (Linnaeus, 1758)

Incelenen materyal:Susurluk, Quercus sp.,15.09.2017,
E1, 1 6rnek; F.orientalis,

21.07.2017, E3, 2 6rnek; F.orientalis, 30.11.2018, E2, 1
ornek, Toplam 4 6rnek.

Turkiye'deki yayilisgi: Bu tur Turkiye’de genis bir
yayilisa sahiptir (Varh ve ark., 2019).

IUCN Avrupa Kirmiz Liste kategorisi: L.C
TIUCN Akdeniz Kirmiz1 Liste kategorisi:NE

Tiir: Spondylisbuprestoides(Linnaeus, 1758)
Incelenen materyal:Susurluk, Quercus sp.,21.07.2017,
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El1, 1 ornek;Forientalis, 30.05.2017, 1
ornek; F.orientalis, 17.08.2018, E2, 1
ornek; Quercussp., 29.07.2018, E4, 1 6rnek, Toplam 4
ornek.

E2,

Turkiye'deki yayilisi: Ankara, Artvin, Bolu, Bursa,
Istanbul, Karabiik, Kars, Sinop ve Trabzon (Ozdikmen
ve Turgut, 2006; Ozdikmen, 2011). Bu tiir Balikesir il
yerel faunasi i¢in ilk kayittir.

IUCN Avrupa Kirmiz Liste kategorisi: L.C

Familya: Chrysomelidae

Tiir: Chrysomela populi Linnaeus, 1758

Incelenen materyal:Susurluk, Quercus sp.,24.06.2017,
E1, 1 ornek; F. orientalis, 16.08.2017, E2, 1 6rnek; F.
orientalis, 14.10.2017, E3, 2 ornek; F. orientalis,
30.05.2018, E2, 1 ornek; F. orientalis, 17.08.2018, E3,
1 6rnek, Toplam 6 6rnek.

Tirkiye'deki yayihisit Bu tir Tirkiye’de genis bir
yayilisa sahiptir (Unal ve ark., 2016).

TARTISMA ve SONUC

Akdeniz havzasi, 24 farkl tilkenin ortak bir deniz ile
baglantili oldugu ve diinyada yer alan 34 biyolojik
cesitlilik noktas1 icerisinde ikinci en biyuk sicak
bélgedir (Garcia ve ark., 2018). Bu cesitliligin yaninda
Akdeniz'de saproksilik bdéceklerin yasam alani ve
turlerin devami i¢in tasidiklar1 risk oraninin
Avrupa’dan daha fazla oldugu bildirilmektedir (Garcia
ve ark., 2018). Uluslararasi Doga Koruma Orgiitii
(IUCN) tarafindan 2018 yilinda Akdeniz havzasindaki
saproksilik kinkanatlhi (Coleoptera) tiirleri iizerine
yayimlanan ¢alisma sonuglari incelendiginde Tirkiye
icin simirli alanlardaki bilgiler diginda yeterli verinin
olmadig1 gorillmektedir (Garcia ve ark., 2018). Son
yillarda ormancilik uygulamalari, artan nifus ve diger
beseri faktorlerin etkisi ile ormanlik alanlarin yapisi
ve dogallig1 bozulmaktadir (Stokland ve ark., 2012).

Bozulan alanlarda sadece oduna bagimh tiirler degil
ayni zamanda besin zincirine bagh olarak yasayan
tirlerde bu durumdan etkilenmektedir.

Calisma sonucunda A. sputator (Linnaeus, 1758), A.
acuminatus (Stephens, 1830), A. praeustus (Fabricius,
1792), A. haemorrhoidalis (Fabricius, 1801), C.
parreysii (Steven, 1829), C. nigerrimus Erichson, 1840,
L. punctatus (Herbst, 1779), P. theseus (Germar, 1817)
(Elateridae), C. mutillarius Fabricius, 1775 (Cleridae),
C. cerdo Linnaeus, 1758, C. welensii (Kuster, 1846), P.
coriarius (Linnaeus, 1758 ve S buprestoides
(Linnaeus, 1758)(Cerambycidae) saproksilik
kinkanatli (Coleoptera) tiirleri belirlenmistir. Bu
tiirler icerisinde A. haemorrhoidalis (Fabricius, 1801)
sadece kaym (Florientaliss ormanlarindaki bitki
doékiintiilerinden, C. parreysiiSteven, 1829)ve C.
nigerrimusErichson, 1840ise sadece mese
ormanlarindaki bitki dokuntilerinin elenmesi ile
(Quercus spp.) tespit edilmistir. Tespit edilen
saproksilik kinkanathlar arasinda A. praeustus
(Fabricius, 1792), A. haemorrhoidalis (Fabricius,
1801), C nigerrimus Erichson, 1840, L. punctatus
(Herbst, 1779) (Elateridae) ve C. mutillarius Fabricius,
1775 (Cleridae) predator, C. cerdoL., 1758, C welensii
(Kuster, 1846), P. coriarius (L., 1758) ve 8.
buprestoides (L., 1758) tiirleri zilofag beslenme
rejimine sahiptir (Carpaneto ve ark., 2015). Bu calisma
ile ayrica Avrupa ve Akdeniz havzasi IUCN Kirmizi
Listelerinde yer alan 8 tiir belirlenmistir(Garcia ve
ark., 2018; Calix ve ark., 2018)(Cizelge 2). Bu
turlerden hem mese hem de kayin ormanlarindaki
dokiinti elemeleri sonucunda tespit edilen C. cerdo
Linnaeus, 1758 ve C. welensii (Kuster,
1846)(Cerambycidae) ile sadece mege ormanlarindaki
dokiintiilerin elenmesi ile saptanan

Cizelge 2 Tespit edilen bazi saproksilik tiirlerin IUCN kategorileri
Table 2. IUCN categories of some identified ssaproxylic beetles

Tiir (Species) IUCN K1rm1‘z1 Liste .(Akdeniz) IUCN Klrmlzl’Liste (Avrupa)
(JUCN Red List (Mediterranean)) (JUCN Red List (European))
Ampedus praeustus(Fabricius, 1792) - LC
Calais parreysii(Steven, 1829) NT NT
Lacon punctatus(Herbst, 1779) LC LC
Pittonotus theseus(Germar, 1817) LC -
Cerambyx cerdo Linnaeus, 1758 LC NT
Cerambyx welensii (Kuster, 1846) NT NT
Prionus coriarius(Linnaeus, 1758) NE LC
Spondylis buprestoides(Linnaeus, 1758) - LC

C. parreysii (Steven, 1829) (Elateridae) Akdeniz ve
Avrupa Kirmiz1 Listelerinde yakin tehdit altinda (N'T)
bulunan ve koruma altina alinmasi1 gerekli olan
tiirlerdir (Garcia ve ark., 2018; Calix ve ark., 2018)
(Cizelge 2). Bu calisma daha cok orman zeminindeki
kinkanath tiirlerinin tespit edilmesine yonelik olarak
yapilmigtir. 31 tiir hem kayin hem de mege yaprak
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dokiintiilerinin elenmesi ile tespit edilmistir. Sadece 4
tir, A. haemorrhoidalis (F. orientalis), C. nigerirmus
(Quercus sp.), C. parreysii (Quercus sp.) ve B,
crepitans (Quercus sp.) tek bir orman dékiintii tipinde
tespit edilmistir. Ozellikle mesgelerin uzun o6mirlii
olmalar1 ve c¢lriime siireclerinde ¢ok cesitli tir
kompozisyonlarina sahip olmasi faunistik acgidan
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zenginlik saglamaktadir. Buna karsin c¢alisma
sonucunda elde edilen turler incelendiginde kayin
agaclar1 gibi farkli genis yaprakli agac¢ tiirlerininde
kinkanathh faunasi acisindan uzerinde c¢aligilmasi,

ormanhk alanlarin bécek faunasinin  biyolojik
cesitliligine katki saglamasi acisindan Onemli
goriilmektedir.
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ABSTRACT

It is accepted that male genitalia are not diagnostic and spermathecae
are partly diagnostic within the genus Cassida Linnaeus, 1758
(Coleoptera: Chrysomelidae: Cassidinae). However, studies on
genitalia have been based on only stereo microscope up to now. Ultra-
structures of genitalia have never been studied except for a few works.
The aim of this study was to determine whether the ultrastructural
works are efficient or not. In the present work, male genitalia from
two specimens of Cassida prasina Illiger, 1798 collected from Diizce
and Karabiik provinces in 2001 and 2003, which have been examined
by electron microscope for the first time. New diagnostic characters
were obtained and it revealed that it was diagnostic from the
previously worked species in others subgenus. Photos of aedeagus in
both SEM and stereo microscope are also given in the text.

OZET

Cassida Linnaeus, 1758 (Coleoptera: Chrysomelidae: Cassidinae)
cinsi icerisinde genel olarak erkek genitalinin ayirt edici olmadig,
spermatekanin ise kismen ayirt edici oldugu kabul edilmektedir.
Bununla birlikte simdiye kadar yapilan genital ¢alismalarinin sadece
stereo mikroskoba dayali oldugu goriilmektedir. Genital yapilarin
ince yapist birka¢ calisma diginda calisilmamistir. Ince yap:
calismalarinin verimli olup olmadigini ortaya koymak amaciyla bu
calismada Tirkiye’den 2001 ve 2003 yillarinda Dizce ve Karabiik
1llerinden toplanan toplam iki Cassida prasina Illiger, 1798 6rnegine
ait erkek genital yapis1 SEM’de ilk kez incelenmigtir. Bu sayede yeni
ayirt edici karakterler elde edilmis ve diger bir alt cinsteki daha énce
calismis tirlerden ayirt edici oldugu ortaya konulmustur. Erkek
genitalinin hem SEM hem de stereo mikroskop fotograflar: da calisma
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INTRODUCTION

The genus Cassida Linnaeus, 1758 includes a large
number of species distributed around the world
(Palaearctic, Nearctic, Oriental, Afro-tropical,
Madagascar and Australian Regions). The genus is
divided into 15 subgenera for the species distributed in
Palaearctic and Oriental Regions (Borowiec, 2007;
Ozdikmen and Bal, 2019).

The Cassidinae fauna of Turkey includes 51 species
and 6 genera. The genus Cassida has 41 species
arranged in 11 subgenera (Ekiz et al., 2013; Ozdikmen
et al., 2014; Ozdikmen and Kaya, 2014). However, a
total of 5 species in 5 subgenera namely; Cassida

(Cassida)  seladonia Gyllenhal, 1827, Cassida
(Lordiconia) canaliculata Laicharting, 1781, Cassida
(Mionycha) azurea Fabricius, 1801, Cassida
(Mionychella) hemisphaerica Herbst, 1799 and

Cassida (Tylocentra) persica Spaeth, 1926 were
reported by Kismali&Sassi (1994), Warchalowski
(2003, 2010) and Borowiec and Sekerka (2010) from
Turkey without any exact locality, but only as Asian
Turkey (Anatolia). With this reason, the occurrence of
these species in Turkey needs confirmation.
Consequently, it can be said that the fauna of Turkish
Cassida includes 36 species of 9 subgenera on the base
of exact localities in Turkey.
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The nominotypical subgenus Cassida (Cassida)
Linnaeus, 1758 includes 46 species distributed around
the world (45 Palaearctic species including the type
species Cassida nebulosa Linnaeus, 1758 and one
native species from North America) (Borowiec, 2007).
The nominotypical subgenus is represented by 21
species in Turkey. Cassida prasina Illiger, 1798 is one
of the species in the nominotypical subgenus.

According to Bordy and Doguet (1987), Borowiec and
Swietojaniska (2001) and Borowiec (2007), male
genitalia are not diagnostic within the genus Cassida
Linnaeus, 1758. Spermathecae are partly diagnostic.
However, studies on genitalia have been based on only
stereo microscope up to now. Ultrastructures of
genitalia have never been studied except for a few
recent works (Atas et al.,, 2019a, 2019b). For this
reason, ultrastructural investigations of aedeagi and
spermathecae are very important in the genus
Cassida.

Yet, we think that arrangement of the subgeneric
classification in the genus Cassida on the base of
aedeagal and especially spermathecal morphologies
was overlooked due to this acceptance and approval.
However, we believe that ultrastructural and detailed
investigations of aedeagi and spermathecae could be
very important in the genus Cassida with regard to
subgeneric classification. The aim of this study was to
present detailed investigations on aedeagus of C.
prasina Illiger, 1798 from Turkey by using scanning
electron microscope. Obtained data are presented
below.

MATERIALS and METHODS

The available specimens (a total of 2 specimens) for the
present work were collected from Diizce and Karabiik
provinces in Turkey in 2001 and 2003. The specimens
were deposited at Gazi University (Turkey, Ankara).

The aedeagus was dissected from abdomen, remaining
tissue were removed with fine tweezers. For
microscopic examination after cleaning, the samples
were kept in 70% ethanol and examined with Olympus
SZX7 stereomicroscope.

For scanning electron microscopy (SEM), cleaned
samples were dehydrated using an ascending series of
ethanol (70%, 80%, 90%, and 100%) and then air dried.
After that the specimens were mounted onto
SEM stubs using a double-sided adhesive tape, coated
with gold using a Polaron SC 502 Sputter Coater, and
examined with a JEOL JSM 6060 Scanning Electron
Microscope (SEM) at 5 kV.

RESULTS and DISCUSSION
Cassida prasina Illiger, 1798 (Fig. 1)

Cassida prasina is a Sibero-European species. Its body
length is 5-5,9 mm. It is distributed in Europe (Austria,
Belgium, Bulgaria, Bosnia and Herzegovina, Croatia,
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Denmark, Finland, France, Germany, Greece,
Hungary, Italy, Latvia, Lithuania, Macedonia, Poland,
Romania, Russia, Serbia, Spain, Slovakia, Slovenia,
Sweden, Switzerland -Montenegro, Turkey, Ukraine)
and Asia (China, Eastern Siberia, Kazakhstan, Russia:
Western Siberia and Turkey) (Warchalowski, 2010;
Borowiec and Sekerka (2010).

The species is widely distributed in Turkey. It has been
recorded from 25 provinces including Antalya, Aydin,
Balikesir, Bartin, Bilecik, Bolu, Denizli, Diizce,
Gaziantep, Giresun, Hatay, Izmir, Kahramanmaras,
Karaman, Kayseri, Kilis, Konya, Karabiik, Manisa,
Mersin, Sakarya, Tokat, Tunceli and Zonguldak
provinces in Asian and Kirklareli province in
European Turkey (Ekiz et al., 2013; Ozdikmen and
Kaya, 2014).

Material examined: Diizce: 4 km from Karakag
towards Yedigoller, 12.V.2003, 510 m, 1 specimen;
Karabik: Exit of Eregli, opposite Birsa Biscuit
Factory, 03.V1.2001, 960 m, 1 specimen.

Figure 1. Cassida prasina llliger, 1798 dorsal view
(left), ventral view (right).

Cassida prasina Illiger, 1798’ A. dorsal
gortiniim (sol tarafta), B. Ventral goriiniim
(sag tarafta).

Sekil 1.

Aedeagus: In stereo microscope (Fig. 2):
The median lobe is completely light brown.

In lateral view, median lobe is generally elliptical or
semicircular, from the median foramen to the apex,
prominent and more or less regularly curved towards
the ventral. The median lobe gradually narrows
slightly from the base to the apical portion. The apex
of the median lobe is thinner in the short section and
is flat and pointed.

In dorsal view, the median lobe is slightly enlarged
only in the apical portion. The apex is more or less
prolonged and clearly truncated. In this section, the
apex is curved towards the dorsal, and thus the apex
appears to be truncated. The ratio of the truncated
portion of the apex to the width of the apical portion of
the median lobe is about 26%, more than about 1/4.
Upper and lateral margins of orifice are more or less
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rounded. Dorsal plate is distinct and almost covered
with basal half of orifice. Median lobe in lateral parts
and fore part of orifice are thick. Thickening in lateral
parts is distinctly smaller than the fore part. Median
lobe is more or less U-shaped behind the orifice joined.

A

Figure 2. Aedeagus of Cassida prasina Illiger: 1798, A.
Lateral view, B. Dorsal view, C. Ventral
view. Scale bars size are 0,2 mm.

0.2 mm. 0,2 mm.

Sekil 2. Cassida prasina Illiger, 1798 nin
aedeagusunun A. Yandan goriinimi, B.
Dorsalden gortiniimii, Ventralden

goriiniimi. Olgek ¢ubuk boyutu 0,2 mm'dir.

In ventral view, median lobe slightly widened only
apical part and the apex more or less prolonged and
clearly truncated. Ventral surface of median lobe from
median foramen to near apex with a median flattened
area that broadly and longitudinally.

Aedeagus : In SEM (Scanning Electron Microscope)
(Figs. 3-7):

Only different characters in photos of SEM are
presented below.

Median lobe is especially in anterior half with
scattered, irregular and sparsely ultrastructural pits.
The pits on ventral parts of median lobe are much more
than on dorsal parts. The pits are located only in
lateral parts of terminal part of median lobe in dorsal
view. Dorsal plate and flattened area are behind it
without ultrastructural pits in dorsal view. Also, the
terminal area from upper margin of orifice to aedeagal
apex 1s without ultrastructural pits in dorsal view.
Apex of median lobe is folded to dorsal surface and so
appears like a truncated-shaped, but not cut. Apex of
median lobe is gradually narrowed, not additionally
prolonged.

Figure 3. Aedeagus of Cassida prasina lateral view
(SEM). Scale bars size is 200 um.

Sekil 3. Cassida prasina Illiger, 1798 nin
aedeagusunun yandan gériiniimii (SEM).

Olgek ¢ubuk boyutu 200 um. dir.

i GUFEF
iy

Figure 4. Aedeagus of Cassida prasina, a. Median foramen and b. Pits on median part of median tube in lateral
view (SEM). a. Scale bars size is 100 um and b. Scale bars size is 50 um.
Sekil 4. Cassida prasina Illiger, 1798 nin aedeagusu, a. Medyan foramen ve b. Lateral goriintimde medyan tiipiin
orta kismindaki cukurlar (SEM). a. Olgek ¢ubuk boyutu 100 um. ve b. Olgek ¢ubuk boyutu 50 um. dir.
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GUFEF Skt X1, BBE = GUFEF

Figure 5. Aedeagus of Cassida prasina, a. Folded apex and b. Pits on apical part of median tube in lateral view
(SEM). a. Scale bars size is 100 um and b. Scale bars size is 10 um.
Sekil 5. Cassida prasina Illiger, 1798 nin aedeagusu, a. Kivrik ug kisim ve b. Yandan goriiniimde median tiipiin ug
kismindaki ¢ukurlar (SEM). a. Olgek ¢ubuk boyutu 100 um. ve b. Olgek ¢ubuk boyutu 10 um. dir.

Figure 6. Aedeagus of Cassida prasina, apical part of median tube in dorso-lateral view (SEM). Scale bars size is
200 um.
Sekil 6. Cassida prasina Illiger, 1798 nin aedeagusu, dorso-lateral gériiniimde median tiptin ug kismi (SEM).
Olgek ¢ubuk boyutu 200 pum.

XZ58 188Km X488 SBMm GUFEF

Figure 7. Aedeagus of Cassida prasina, folded apex, pits on lateral thickening of apical part of median tube in
dorso-lateral view (SEM). Scale bars size are 100 um and 50 pum.
Sekil 7. Cassida prasina Illiger, 1798, Aedeagusu, kivrik ug, dorso-lateral goriinlimde median tiipiin u¢ kisminda
van kalinlasma itizerindeki ¢ukurlar (SEM). Olgek ¢ubuk boyutu 100 um. ve 50 um.
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As 1t is known, Cassida prasinais in the nominotypical
subgenus Cassida (Cassida). According to the results
of the present work, spermathecal morphologies of
Cassida prasina distinctly differ from Cassida
nebulosa Which is the type species of the genus and
nominotypical subgenus.

Spermathecal morphologies of Cassida nebulosa and
Cassida prasina are clearly different. Many characters
in detail are diagnostic. These diagnostic characters
can be seen below.

Aedeagus of Cassida nebulosa Linnaeus, 1758 in
stereo microscope (Fig. 8): Median lobe is completely
brown.

Figure 8. Aedeagus of Cassida nebulosa Linnaeus,
1758, a. lateral view, b. dorsal view, c. apex
of median tube in dorsal view (from Bordy,
2009).

Cassida nebulosa Linnaeus, 1758 nin
aedeagusunun, a. Yandan gorintimii, b.
Dorsalden goriiniimii, C.Dorsal goriiniimde
Medyan tiipiin u¢ kismi1 (Bordy, 2009'dan).

Sekil 8.

In lateral view, median lobe is distinctly and regularly
curved from median foramen to apex in general.
Median lobe is gradually, but slightly narrowed from
the base to the apex. The apex of median lobe is almost
abruptly sharpened and pointed.

In dorsal view, median lobe is barely widened from the
median part to the apex, and the apex is more or less
prolonged and clearly truncated. Upper and lateral
margins of orifice are more or less rounded. Dorsal
plate is distinct and almost covered with basal half of
orifice. Median lobe is in lateral parts and the fore part
of orifice is thickened. Thickening in lateral parts is
smaller than the fore part. Median lobe is more or less
V-shaped behind the orifice joined.
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Diagnostic characters of aedeagus for Cassida
nebulosa and Cassida prasina in stereo microscope:

-. Median lobe is completely brown. In lateral view,
median lobe is distinctly and regularly curved from
median foramen to apex in general; the apex of median
lobe 1t almost abruptly sharpened and pointed;
projection of apex is short and right. In dorsal view,
median lobe is barely widened from the median part to
the apex.......ccccooee. Cassida nebulosa Linnaeus, 1758

-. Median lobe varies from dark brown to brown, dark
brown in 3/4 of its length basally, apical part (apical
fourth) is clearly brown or light brown. In lateral view,
median lobe 1is distinctly and almost regularly
(elliptically or semicircularly) curved from median
foramen to apex in general; the apex of median lobe
gradually narrowed and pointed; the projection of apex
is longer and right. In dorsal view, median lobe is

slightly widened in only apical
1z 1 g AR Cassida prasina Illiger, 1798
CONCLUSION

As mentioned above, 10 aedeagal characters for
Cassida nebulosa, which is the type species of the
subgenus Cassida (Cassida), were determined. The
type species is clearly distiguished from Cassida
prasina by 4 determined aedeagal characters.

Accordingly, it could be said that the type species
Cassida nebulosa and Cassida prasina are probably
not congeneric.

According to the results of the present work, we believe
that ultrastructural and detailed investigations of
aedeagi and spermathecae will be very important in

the genus Cassida with regard to subgeneric
classification.
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ABSTRACT Research Article

This study tested effects of optimised fungal fermentation conditions

on nutritional enrichments of apple pomace. Three fermentation Article History
experiments were conducted by using 2.5x106 spores of Pleurotus Received - 04.10.2019
ostreatus (P. ostreatus), 2.5x106 spores of Phanerochaete Accepted ©06.02.2020

chrysosporium (P. chrysosporium) and without microorganisms per g
substrate, respectively, for 0, 7, 14 and 21 days using a pilot
bioreactor. At the end of each incubation period, 3 steril sample were
analysed to determine microbial growth, pH and nutrient contents
levels. The results indicated significantly increased crude ash and
protein contents (P<0.05) as well as decreased crude fiber and
reducing sugar contents of apple pomace by both fungal
microorganisms (P<0.05). Crude fat content increased by P. ostreatus
fermentation while P. chrysosporium fermentation reduced crude fat
content (P<0.05). Tannin content reduced at all fermentation periods
by P. ostreatus while P. chrysosporium fermentation increased tannin
content (P<0.05). Pectin increased by both fungal fermentations, but
the effect of P. ostreatus was greater (P<0.05). It was concluded that
fungal fermentations caused to remarkable improvements of apple
pomace in nutritional properties, which could of high importance in
animal nutrition.

Keywords

Animal nutrition

Apple pomace

Fungal fermentation
Phanerochaete chrysosporium
Pleurotus ostreatus

Fungal Fermantasyonu ile Elma Posasmin Besin Madde Iceriginin Zenginlegtirilmesi

OZET Aragtirma Makalesi
Bu calismada, elma posasinin optimum kosullarda fungal ) .
fermentasyonuna tabi  tutularak besin madde igeriginin Makale Tarihgesi

zenginlestirilmesi amaglanmigtir. Pilot bir biyoreaktér kullanilarak Gelis Tarthi  : 04.10.2019
elma posasi, mikroorganizma kullanilmadan, 2.5x106 spor g Kabul Tarihi :06.02.2020
Pleurotus ostreatus ve 2.5x106 spor g1 Phanerochaete chrysosporium
kullanmilarak 21 ginliik (0, 7, 14 ve 21 giinde 6rnekler alinmistir) 3
farkli fermantasyona tabi tutulmustur. Inkiibasyon siireleri sonunda
mikrobiyal gelisim, pH ve besin madde igeriginin tespiti i¢in 3 adet
steril 6rnek alinmigtir. Elma posasinin her iki fermantasyonda da
ham kil ve protein igerigi artarken; ham seltloz ve rediikte seker
iceriginin azaldig1 tespit edilmistir (P<0.05). P. ostreatus
fermantasyonunun tim inkiibasyon zamaninda tanin igerigi
azalirken; bunun aksine P. chrysosporium fermantasyonunda
artmistir (P<0.05). Pektin icerigi ise her iki mikroorganizmanin
fermantasyonunda da artmis, ancak P. ostreatus fermantasyonunda
artis oranm1 daha fazla olmustur (P<0.05). Elma posasinin fungal
fermantasyonu ile besin madde igerigi iyilestirilmistir. Bu arastirma
sonucunda fermente elma posasinin hayvan beslemede 6nemli bir yem
kaynagi olarak kullanimi ortaya ¢ikmigtir.

Anahtar Kelimeler

Elma posasi

Fungal fermantasyonu
Hayvan besleme
Phanerochaete chrysosporium
Pleurotus ostreatus

To Cite : Tosun R, Yasar S 2020. Nutritional Enrichment of Apple Pomace by Fungal Fermentations. KSU J. Agric Nat 23 (3):
754-761. DOI: 10.18016/ksutarimdoga.vi.629326.

INTRODUCTION utilizing from ligno-cellulotic by-products for the
There is an increasing trend in adding value to or production of several functional bio-molecules
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including enzymes, antioxidant and organic acids by
the means of microbial fermentation. Apple pomace is
a ligno-cellulotic  by-product of fruit juice
manufacturing sector, which annually processes
approximately 20-40% of a total 83 million tonnes
apple produced in 2017 (FAO 2018). Apple pomace
composed of peel, nut and pulp, which contained about
36% insoluble and 15% soluble fractional fibres on a
dried matter basis (Sudha et al., 2007).

Apple pomace of food and feed materials are cheap and
rich source of carbohydrate, pectin, crude fibre and
minerals in nutritional content (Kara and Doymaz,
2015). It can also provide an economic contribution to
livestock production as a means of recycling as an
industrial by-product that can cause environmental
pollution (Waldbauer et al., 2017; Ulger et al., 2018;
Ricci et al., 2019; Matejova et al., 2019). On the other
hand, apple pomace can be added to the rations in
ruminant animals, in fresh, dried or silage, in poultry
as to dried form in amounts that will not have negative
effect on animal health (Sudha et al., 2007; Ulger et al.,
2018; Yasar and Tosun, 2019a). However, apple
pomace has a high-water content of having difficulty
for storage, has been seasonally produced (Sharma et
al., 2017; Yasar and Tosun, 2019a). These can limit the
use of apple pomace in livestock as a source of feed. On
the other hand, some antinutritional factors are
present in the apple pomace (Ajila et al., 2015).
Although rumen fermentation can overcome the
antinutritional factors of apple pomace. But the
performance of monogastric young animals could be
lowered by the use of apple pomace. Therefore, the
antinutritional contents of apple pomace should be
lowered and its nutritional content must be increased
before fed to monogastric animals. One of the
treatments to improve nutritional qualities of apple
pomace is solid state fermentation (Joshi and
Devender, 2006; Mukherjee et al., 2016).

Fungal fermentations of agricultural waste products in
solid state fermentation (SSF) resulted in remarkable
nutritional and chemical benefits in respect to adding
value to these products (Kurt and Buyukalaca, 2010).
Several fungal microorganisms were successfully used
in various conditions of SSF using apple pomace for the
enrichment of nutrients (Villas-Boas et al., 2003;
Albuquerque et al., 2006; Vendruscolo et al., 2008;
Ajila et al., 2015; Madrera et al., 2017), for
improvements of antioxidant enzyme activities (Zheng
and Shetty, 2000; Joshi and Devender, 2006; Ajila et
al., 2011) and aromatic compounds (Ricci et al., 2019).

Apple pomace fermented with Candida utilis has
increased crude protein (%100) and mineral (%60)
content, while significant reductions in free sugar
(%97) content were reported (Villas-Boas et al., 2003).
When fermented with S. cerevisiae the nitrogen and
fat content of apple pomace have been reported to be
increased (Joshi and Devender, 2006). Apple pomace
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fermented with 3 yeast strains (S. cerevisiae, ref: 32;
S. bayanus, ref: C6; and H. uvarum, ref: 62) for 7 days
has increased crude protein, fat and dietary fibre
content, but depleted the sugars content (Madrera et
al., 2017). As a result of fermentation with
Saccharomyces cerevisiae AXAZ-1 and Kluyveromyces
marxianus IMB3, some industrial by-products had
significantly increased crude fat and protein contents,
and Kluyveromyces marxianus was found an ideal
microorganism for increasing crude protein and fat
content (Aggelopoulos et al., 2014).

According to the results, when the apple pomace was
fermented with white-rot fungal there was an increase
in the content of free sugar, a decrease in the content
of crude fibre, ADF and NDF contents (Zhong-Tao et
al., 2009; Yasar and Tosun, 2018a). On the other hand,
the study conducted by Yasar and Tosun (2019b)
showed that the crude ash, ether extract and starch
contents of apple pomace was increased by the
fermentation of apple pomace with K. marxianus,
wehereas the crude protein, total reducing sugar,
crude fibre, ADF, NDF and lignin contents were
reduced. Furthermore, apple pomace has been used to
produce organic acid and lactic acid (Dhillon et al.,
2011; Dhillon et al., 2012; Yasar and Tosun, 2019b).
There were sporadic effects of SSF on the changes in
the tannin and pectin by microbial SSF (Dhillon et al.,
2012; Yasar and Tosun, 2019b).

In this study, the optimum conditions of pH,
fermentation periods, stirring rate and moisture
content of substrate selected from the above studies
were fixed, optimised and controlled by a modern
bioreactor and used to ferment apple pomace by two
fungal microorganisms, Pleurotus ostreatus (Jacquin’
Fries) Kummer. teleomorph (ATCC® 34673™) and
Phanerochaete chrysosporium Burdsall. teleomorph
(ATCC® 24725™). The objective of this study was to
determine the effects of optimised fermentation
conditions selected for two fungal microorganisms on
the nutrient fortification of apple pomace, a waste-
product of apple juice production.

MATERIALS and METHODS

Apple pomace were purchased from a local provider
dried and ground to pass a sieve with 3 mm and
supplemented with additional nutrients (Table 1) and
were further autoclaved at 120 °C for 15 min. Two
fungal microorganisms, Pleurotus ostreatus (P.
ostreatus) and Phanerochaete chrysosporium (P,
chrysosporium) were obtained from DSM were
cultivated according to the supplier instruction to
collect sufficient amount of spores for inoculation.
Optimum fermentation conditions selected from the
literature (Ajila et al., 2011; Pathania et al., 2017;
Yasar and Tosun, 2019b) were fixed in the study (see
Table 1) and optimized by using a laboratory bioreactor
of 2-3 L working capacity, LabforEtOH 5 (Infors Ltd.,
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Switzerland), ideally suitable for SSF. A blank using buffer solutions of 0.1 M sodium acetate (pH=1.5)
fermentation experiment was conducted with no and 0.1 M sodium bicarbonate (pH=9.75) (Pfannkoch,
fungal inoculation. The bioreactor automatically well 2001).

optimized the fixed pH values with peristaltic pumps

Table 1. Experimental design with optimised fermentation parameters fixed throughout the fermentation period
Cizelge 1. Fermantasyon stiresi boyunca optimize edilmig fermantasyon parametreleriyle deneme deseni

Experiments* Spore g1 pH Moisture, Temperature Stirring Aeration Days
% (w w) (°C) (RPM) (L min')
Spor g1 Nem, Sicaklik °C) Karistirma Havalandirma Giin
% (g g1) (RPM) (L dk1)
I (P.ostreatus) 2.5x 106 3.0-3.5 65 24-28 0,7, 14,
10 rpm for 91
11 (P.chrysosporium) _2.5x 105 _5.56.0 80 34-38 2 min ath 0.25
IIT1** (None) 0 5.5-6.0 80 24-28 every 12

*Apple pomace in experiment I, IT and ITI was supplemented by the nutrients as follows: 20 g (NH4)2SO4, 10 g NH4Cl and 10 g CH4N:0. **Blank
fermentation, a non-pH optimised experiment (initial pH of 5.5 did not change throughout the fermentation period) under sterile fermentation
conditions, the same as in experiments I and II.

At each sampling time, 3 sterile independent samples analysed. All chemical analysis results were expressed
were taken from each of fermentation experiments as percentage of dry matter.

(Table 1) were analysed in triplicates for the

determinations of nutritional and antinutritional RESULTS and DISCUSSION

factors parameters, resulting in 9 replicates per
treatment, and the data was analysed according to a
general linear model of variance analysis, where the
differences between the treatments were separated at
0.05 significance level using a SPSS 2013 software
(IBM SPSS Statistics 22.0 for Windows). Fungal . , )
growth was determined by the method of TS ISO As compared to experiment III, where no microbial
21527-2: 2008 and nutrient contents by the methods development was seen, the fungal g,TOWth of P
specifically expressed in AOAC (2005). Metabolic ostreatus and P ¢ hrysosporium in e).(perlment Iand II
energy values were calculated by Janssen (1989). reached.to a maximum level by 4 log increase at 14. and
Pectin Wang and Zhang (1999) and tannin Chemesova by 2 log increase at 7 days of fermentation, respectively
and Chizhikov (2004) were spectrophotometrically (Table 2).

The use of a modern bioreactor to optimise all the
fermentation conditions was very successful. It was
observed that the stirring, aeration and pH were
excellently managed without any fluctuations from the
fixed values.

Table 2. Fungal growth rate and pH of fermenting substrate at 0, 7, 14 and 21 days of fermentation
Cizelge 2. 0, 7, 14 ve 21 giinliik fermantasyonda fungal gelisim orani ve fermente substratin pH degeri

Days Experiments I Experiments I1 Experiments III
(P. chrysosporium) (P. ostreatus) (None)
Deneme 1 Deneme IT Deneme IIT
cfu g pH cfu g? pH cfu g1 pH
0 3.0x105+0.052 5.50+0.10 7.9 x105+0.052 3.65+0.05 0.0+0.05 5.50+0.05
7 5.9x107+0.21b 5.60+0.15 1.9x108+0.25P 3.60+0.10 0.0+0.10 5.45+0.10
14 5.7x107+0.40b 5.40+0.10 2.0x109+0.52¢ 3.50+0.10 0.0+0.15 5.40+0.10
21 6.4x107+0.50b 5.50+0.10 3.0x10%+0.35¢ 3.50+0.10 0.0+0.15 5.45+0.10

a,b ¢ Different letters in the same column show significant differences (P<0.05). cfu: Colony-forming unit.

Table 3 contained all analytical data of the apple of P. ostreatus (Figure 1.A and 1.B) and P
pomace fermented for 0, 7, 14 and 21 days without chrysosporium (Figure 2.A and 2.B) significantly

fungal inoculants (Experiment III). It can be seen that (P<0.05) consumed total reducing sugar of apple
there were no statistically significant changes in any pomace at all fermentation periods, in comparison with
parameters over the periods of fermentation (days). blank fermentation experiment (Figure 1 and 2).
The effects of fungal inoculants on each of parameters Overall, the fermentations with P. ostreatus (Figure
were presented in Figure 1, 2 and 3 as percentage 1.A) and P. chrysosporium (Figure 2.A) significantly
decrease or increase from the blank fermentation at (P<0.05) increased crude ash and crude protein of
each fermentation period; the analysed values of blank apple pomace, expect there was a significant decrease
samples were set as “0”. of ash content of apple pomace in 21 days of P.
The fungal fermentations remarkably utilised from ostreatus fermentation.

readily available carbohydrates as the microorganisms
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Table 3. Chemical, composition of apple pomace fermented for 0. 7. 14 and 21 days without fungal inoculants

(Experiment III)
Cizelge 3. Mikroorganizma kullanilmadan 0, 7, 14 ve 21 giin fermente edilen elma posasinin besin madde igerigi
(Deneme III)
Nutrient (DM) 0d 7d 14 d 21d
Crude ash, (%) (Ham kiil, (%)) 1.15+0.11%* 1.20+0.10 1.10+0.05 1.20+0.70
Crude protein, (%) (Ham protein, (%))  27.4+0.20 27.8+0.30 28.0 £0.40 27.5+0.10
Crude fat, (%) (Ham yag, (%)) 0.40+0.05 0.36+0.02 0.38+0.02 0.39+0.03
Crude fibre, (%) (Ham seliiloz, (%)) 36.10+0.50 35.80+0.30 36.20+0.60 36.00+0.50
ADF, % 44.65+0.40 44.00+£1.00 45.15+0.60 44.25+0.30
NDF, % 53.37+0.43 53.05+0.55 52.68+0.98 53.01+0.38
Lignin* 8.65 8.46 8.87 8.63
Total reducing sugar, (%) 19.80+0.20 20.50+0.50 20.0+0.90 20.00+0.70
Toplam indirgenmis seker, (%)
Metabolic energy, kcal kg1* 1675 1665 1670 1675
Metabolik enerji, kcal kg1*
Tannin, (%) (7anin, (%)) 18.00+0.55 18.97+0.43 18.50+0.20 18.60+0.70
Pectin, (%) (Pektin, (%)) 6.00+0.15 6.30+0.20 5.96+0.15 6.00+0.10

*These are calculated values. DM, Dry Matter. **P>0.05

Total increase in crude ash and protein was
significantly (P<0.05) higher in P. chrysosporium
(Figure 2.A) than those in P. ostreatus (Figure 1.A)
fermentation.

However, there was a significant interaction between

the fungal fermentations and crude fat contents. A

remarkable increase in the content of crude fat, by
about 22 folds (from 0.40% to 9.0%), of apple pomace
by P. ostreatus fermentation, whereas the
fermentation of apple pomace with P. chrysosporium
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Figure 1. Changes in nutrient contents of apple pomace fermented by P. ostreatus (1.A and 1.B)

Sekil 1. EIma posasinin P, ostreatus ile fermantasyonunda besin madde igerigindeki degisim (1.A and 1.B)
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Figure 2. Changes in nutrient contents of apple pomace fermented by P. chrysosporium (2.A and 2.B)
Sekil 2. Elma posasinin P. chrysosporium ile fermantasyonunda besin madde icerigindeki degisim (2.A and 2.B)

significantly reduced the fat contents by up to 50%
(P<0.05). On the other hand, the fermentations of both
fungal microorganisms significantly reduced the total
dietary fibre content of apple pomace up to 80%
(P<0.05).

Results in this research were completely agreed with
the results of many studies reporting an increase in
crude ash and protein content as a result of the
fermentation of industrial by-products with various
microorganisms including P. ostreatus and P.
chrysosporium (Lateef et al., 2008; Ajila et al., 2015;
Madrera et al., 2017; Yasar and Tosun, 2018b). In our
study, the rate of increased crude ash and protein
content by P. ostreatus and P. chrysosporium
fermentation was comparably higher than these
results in the above studies. The reason for the
increase in the amount of crude protein in this study is
thought to be due to the addition of ammonium
sulphate to the medium. Because, Villas-Boas et al.
(2003) has been reported that the addition of
ammonium sulphate to the fermentation medium has
a stimulating effect on fungal and yeast fermentations
and increases crude protein production in
fermentation. In this study, the reason for the increase
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in crude protein content more than other studies is
thought to be due to the addition of ammonium
sulphate to the medium. Altop et al. (2018) reported
that in fungal fermentation microorganisms secrete
phytase enzyme and this enzyme breaks down the
phosphorus in complex form and as a result, the crude
ash content of the substrate increases. In this study,
the crude ash content was increased, however, the
reason for the increase is not known precisely because
no mineral substance analysis was performed. As a
result of fermentation of industrial by-products with
bacteria, yeast and fungi, it has been determined that
the content of crude fat increases by 20-50% (Joshi and
Devender, 2006; Madrera et al., 2017; Altop et al.,
2018). Similar results were obtained from previous
studies of P. ostreatus fermentation. In contrast to
these studies, the crude fat content of apple pomace
was increased by 2252% at the end of fermentation in
our study. Unlike the studies in the literature, the
crude fat content of apple pomace by P. chrysosporium
fermentation decreased significantly. This is a first
ever scientific outcome from the apple pomace
fermentation by P. chrysosporium. Therefore, it is
highly possible that P. chrysosporium needs more fatty
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acids for its microbial growth than P. ostreatus on
apple pomace.

There are many studies reporting decreased crude
fibre and its fractions by the solid-state fermentation
(Lateef et al., 2008; Yasar et al., 2018; Yasar and
Tosun, 2018c; Karakurt et al., 2019). Altop et al. (2018)
reported that the starch and sugar content of
industrial by-products were reduced as a result of
fungal fermentation. In our study, P. ostreatus and P.
chrysosporium microorganism fermentation
significantly decreased crude fibre, ADF, NDF and
reducing sugar, similar to previous studies. In the
fermentation study conducted by Aderemi and Nworgu
(2007), it was reported that fungal microorganisms
break  down  structural and  non-structural
carbohydrates by the enzymes they secrete and as a
result of this degradation, crude fibre and its fractions

and sugar contents decrease. Krishna (2005), Aderemi
and Nworgu, (2007) and Altop et al. (2018) report that
microorganisms secrete enzymes to break down
structural and non-structural carbohydrates, thereby
breaking down carbohydrates to meet their carbon
needs. In this study, it 1is concluded that
microorganisms meet the carbon need for growth and
development by breaking down crude fibre, ADF, NDF
and reducing sugars and consequently, these contents
are reduced.

Fermentation with P ostreatus (Figure 2.A)
significantly (P<0.05) reduced the tannin contents and
meanwhile increased the pectin contents of apple
pomace. However, the changes in tannin and pectin
contents throughout the fermentation periods were
sporadic, not consistent by P. ostreatus and P.
chrysosporium (Figure 2.B).
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Figure 3. Changes in tannin and pectin contents of apple pomace fermented by P. ostreatus
Sekil 3. Elma posasinin P. ostreatus ile fermantasyonunda tanin ve pektin iceriklerindeki degisim
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Figure 4. Changes in tannin and pectin contents of apple pomace fermented by P. chrysosporium
Sekil 4. Elma posasinin P. chrysosporium ile fermantasyonunda tanin ve pektin igeriklerindeki degisim

Degradation of tannin and pectin in apple pomace by
fungal microorganisms were also reported earlier
(Villas-Boas et al., 2003; Ruiz-Aguilar et al., 2004;
Zhong-Tao et al., 2009). In contrary, the magnitude of
tannin degradation in our study was larger with the
fermentation of P. ostreatus, while no degradation of
pectin, even led to significant increase in pectin
content. Moreover, the tannin content tended to
increase by the P. chrysosporium fermentation to a
significant extend, where the pectin levels had a
tendency of decrease towards to the end of
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fermentation. Such differences in the pectin content of
apple pomace were due to the types of fungal
microorganisms differing in the production of pectin
esterase enzyme (Joshi et al., 2006; Zhong-Tao et al.,
2009; Dhillon et al., 2012; Yasar and Tosun, 2019b).

CONCLUSION

It can be concluded that the studied fixed fermentation
conditions selected from the literature for P. ostreatus
and P. chrysosporium were well suited for the purposes
of nutrient fortification of apple pomace in terms of
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increased ash and crude protein as well decreased
dietary fibre. This result is of significant importance in
animal nutrition.
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ABSTRACT
Mycoplasma bovis is an important pathogen associated with several
clinical diseases in cattle, such as mastitis, arthritis, and pneumonia.
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Tableln this study, we aimed to identify miRNA candidate biomarkers Received ©19.12.2019
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samples and normal milk samples of Holstein-Friesian (HF) and Dogu

Anadolu Kirmizis1i (DAK) cows in Turkey. The expression levels of Ke?ywords

miRNAs in milk from mastitis-infected cows and uninfected cows were 1]\3»/111511‘:?;;113(31'

analyzed using a qRT-PCR. The results revealed that miR-21, miR-
146a, miR-155, miR-222, miR-383, miR-200a, miR-205, miR-122, and
miR-182 were upregulated in mastitis milk. Among the miRNA
candidate biomarkers, miR-21 and miR-222 were significantly
upregulated only in mastitis milk samples from HF cows, and miR-
146a and miR-383 were significantly upregulated only in mastitis
milk samples from DAK cows. These results shed light on miRNA
candidate biomarkers in milk from HF and DAK cows with subclinical
mastitis. The upregulated miRNAs detected in the present study could
be used as biomarkers in the diagnosis of subclinical mastitis caused
by Mycoplasma bovis.

Mycoplasma Bovis
Subclinic Mastitis
Milk

Siyah Alaca ve Dogu Anadolu Kirmizisi Irkina Ait Sigirlarin Mycoplasma bovis ile Enfekte Siitlerinden
Koéken Alan Eksozomlardaki Yangi Ile Iligkili miRNA’larin Ekpresyon Profili

OZET

Mikoplazma bovis, sigirlarda mastitis, artrit ve pnémoni gibi gesitli

Aragtirma Makalesi

klinik hastaliklarla iligkili 6nemli bir ajandir. Bu calismada, Makale Tarihgesi
Tiirkiye'de yetistirilen Siyah Alaca (SA) ve Dogu Anadolu Kirmizisi Gelis Tarihi  :19.12.2019
(DAK) sigirlarina ait Mycoplasma bovis ile enfekte subklinik mastitli Kabul Tarihi :06.02.2020

ve normal sltlerde inflamasyon ile iligkili miRNA adaylarinin

belirlenmesi amaglandi. Mastitli ve normal sigirlardan elde edilen Anahtar Kelimeler

sutteki miRNA'larin ekspresyon seviyeleri qRT-PCR ile analiz edildi. Mikrorna

MiR-21, miR-146a, miR-155, miR-222, miR-383, miR-200a, miR-205, Biomarkor
miR-122, miR-182in ekspresyon diizeylerinin her iki sigira ait Mikoplazma Bovis
mastitli siitte arttigr gozlendi. Bununla birlikte, miR-21 ve miR- Subklinik Mastitis
222'nin Holstayn sigirimin mastitli stitiinde 6nemli 6lgiide arttigi, St

miR-146a ve miR-383'in ise DAK sigirinin mastitli stitiinde 6nemli
Olciide arttig1 belirlendi. Sonu¢ olarak, subklinik mastitli sttte
ekspresyon diuzeyi artan miRNA adaylar1i Holstayn ve DAK
sigirlarinda belirlendi. Arastirmadan elde edilen bulgular, subklinik
mastitis stitiinde ekspresyon dizeyi artan miRNA'larin Mycoplasma
bovisin neden oldugu subklinik masitit tanisinda biyobelirte¢ olarak
kullanilabilecegini gostermistir.

To Cite : Ozdemir S 2020. Expression Profiles of Inflammation-related MicroRNAs in Mycoplasma bovis Infected Milk of
Holstein-Friesian and Dogu Anadolu Kirmizis1 Cows. KSU J. Agric Nat 23 (3): 762-771. DOI: 10.18016/

ksutarimdoga.vi.661708.

INTRODUCTION

Mastitis is defined as an inflammatory response
caused by infection of mammary gland tissue. Mastitis

occurs in many mammalian species, especially in dairy
cows (Gomes and Henriques, 2016). Mastitis in dairy
cows causes direct and indirect economic losses. Direct
losses are caused by treatment costs, un-used milk,
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personnel expenses, deaths, and recurrence of
mastitis. Indirect losses are due to decreased milk
yields and milk quality, increased separation
processes, decreased animal welfare, and other health
problems (Petrovski et al., 2006). Infections with
Enterobacter spp. including staphylococci and
streptococcl, are responsible for the majority of
mastitis cases. Recent studies reported that
Mpycoplasma bovis (M. bovis) caused mastitis in dairy
cows (Rossetti et al., 2010; Wisselink et al., 2019;
Appelt et al., 2019; Behera et al., 2018; Cai et al., 2005;
Vahanikkila et al., 2019; Murai and Higuchi, 2019; Al-
Farha et al., 2018; Al-Farha et al., 2017).

Mastitis can be divided into clinical and subclinical.
The risk of contamination in cases of clinical mastitis
can be averted by separating the infected animal from
the herd. However, in subclinical mastitis, the animal
does not show clinical signs at an early stage and
therefore remains in the herd, allowing mastitis agents
to be transmitted to other animals in the herd
(Gussmann et al., 2019a; Gussmann et al., 2019b). The
latter can result in severe economic losses (Jiang et al.,
2019). A number of biomarkers, including NAGase,
serum amyloid A, haptoglobin, and cytoplasmic
enzymes (e.g., lactate dehydrogenase), can be used to
detect subclinical mastitis. (Issaq and Blonder, 2009).
Recently, biomarker efforts have been thought for use
as biomarkers for the detection of microRNAs
(miRNAs) found in milk microvesicles of cows with
mastitis. Identification of miRNA markers that can be
used in the diagnosis of mastitis would offer an
effective alternative (Deb et al., 2013).

MiRNAs are small RNAs, about 22 nucleotides in
length, that regulate gene expression by binding to the
complementary sequence of the target mRNA or the
3'UTR region. They originate from precursor miRNAs
composed of 70 nucleotides (Berezikov 2011; Jin et al.,
2014). Recent studies reported that some miRNAs
associated with inflammation (i.e., miR-21, miR-146a,
miR-155, miR-222, miR-383, miR-200a, miR-205, miR-
122, and miR-182) were highly expressed in mastitis
milk (Lai et al., 2017; Luoreng et al., 2018). The aim of
this study was to determine the expression levels of
these miRNAs in milk from Holstein-Friesian (HF)
and Dogu Anadolu Kirmizis1 (DAK) cows with
subclinical mastitis caused by M. bovis and uninfected
milk from these animals.

MATERIALS and METHODS
Sample collection

Milk samples were collected from HF (n = 40;
Healthy=6, Infected=34) and DAK (n = 40; Healthy=7,
Infected=33) cows in third lactation. Milk from one cow
was treated as one specimen. The California Mastitis
Test (CMT) (Bergonier et al., 2003) and milk somatic
cell counts by Coulter (Miller et al., 1986) were
performed to detect mastitis cases. Addition, it was

763

evaluated whether clinical symptoms were present or
not. CMT ++ and CMT +++ cows with somatic cell
counts of more than 200,000 in at least one-quarter
and cows with no clinic symptoms served as the
subclinical mastitis group. CMT+ cows with a somatic
cell count of less than 200,000 in all quarters (cranial
and caudal and left and right side) served as the
normal group (Tables 1 and 2). After collection, the
milk samples were transferred into sterile falcon
tubes. The milk samples were stored at -80° C until the
analysis.

Detection of mastitis pathogens using the RT-PCR
method

Four mastitis-causing pathogens, Staphylococcus
aureus, Streptococcus agalactiae, M. bovis, and other
Mycoplasma spp., were detected in milk samples using
a VetMAX™ MastiType Myco8 Kit (Thermo) according
to the manufacturer’s protocol. DNA isolation from all
the milk samples was performed using a MagMAX
DNA Multi-Sample Ultra Kit 2.0 (Thermo) according
to the manufacturer’s protocol. MastiType Positive
Control was used as a positive control, and nuclease-
free water instead of sample DNA was used as a
mastitis negative control. The RT-PCR conditions were
95° C for 10 min, 95° C for 5 s, and 60° C for 1 min for
40 cycles.

Verification of M. bovis using the RT-PCR method

The primer sequences of the uvrC gene of M. bovis
were obtained from a previous study: Mbov_uvrC_R,
5-GAATTTACGCAAGAGAATGCTTCA-3';
Mbov_uvrC_R, 5'-
GCAATGCCTCTTTATTTGTTTTACAG-3' (Rossetti et
al. 2010). To detect the uvrC gene in M. bovispositive
milk samples, an RT-PCR assay was performed using
a CFX96 Touch Real-Time PCR Detection System (Bio-
Rad, USA). The reaction volume was 25 ul. The
mixture was as follows; 12.5 ul of QuantiTect SYBR
Green (Qiagen, Germany), 1 nl of forward and reverse
primers (100 nmol), 2 ul of milk lysates, and 8.5 pl of
ultrapure water. The PCR conditions were as follows:
95° C for 10 min, 95° C for 15 s, 60° C for 30 s, and 72°
C for 30 for 40 cycles. The PCR products were analyzed
in 1% agarose gel.

Exosome isolation

First, 5 ml of M. bovis negative and M. bovis-positive
milk were centrifuged at 2,500 X g for 10 min to remove
cells and fat deposits. Subsequently, the supernatant
was centrifuged at 12,000 xg at 4° C for 30 min to
remove cellular residues. The supernatant was then
collected and centrifuged at 120,000 rpm and 4° C for
4 h using a Beckman Coulter (USA) ultracentrifuge.
The samples were then stored in a -80° C freezer until
the analysis (Gu et al., 2012; Li et al., 2016).
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Table 1. CMT scores and cell count results for collected milk samples from HF cows
Cizelge 1. SA ineklerinden toplanan siit numuneleri icin CMT skorlari ve hiicre sayisi sonuglari
Sample No CMT score Cell count Clinical Signs Group
Ornek No CMT skoru Hiicre sayis1 Klinik bulgular Grup
1 2+ >200.000 None subclinical mastitis
2 3+ >200.000 None subclinical mastitis
3 2+ >200.000 None subclinical mastitis
4 3+ >200.000 None subclinical mastitis
5 - <200.000 None normal
6 3+ >200.000 None subclinical mastitis
7 - <200.000 None normal
8 2+ >200.000 None subclinical mastitis
9 - <200.000 None normal
10 2+ >200.000 None subclinical mastitis
11 - <200.000 None normal
12 2+ >200.000 None subclinical mastitis
13 2+ >200.000 None subclinical mastitis
14 2+ >200.000 None subclinical mastitis
15 3+ >200.000 None subclinical mastitis
16 2+ >200.000 None subclinical mastitis
17 3+ >200.000 None subclinical mastitis
18 3+ >200.000 None subclinical mastitis
19 - <200.000 None normal
20 3+ >200.000 None subclinical mastitis
21 2+ >200.000 None subclinical mastitis
22 2+ >200.000 None subclinical mastitis
23 3+ >200.000 None subclinical mastitis
24 3+ >200.000 None subclinical mastitis
25 2+ >200.000 None subclinical mastitis
26 - <200.000 None normal
27 3+ >200.000 None subclinical mastitis
28 2+ >200.000 None subclinical mastitis
29 3+ >200.000 None subclinical mastitis
30 3+ >200.000 None subclinical mastitis
31 3+ >200.000 None subclinical mastitis
32 2+ >200.000 None subclinical mastitis
33 2+ >200.000 None subclinical mastitis
34 3+ >200.000 None subclinical mastitis
35 2+ >200.000 None subclinical mastitis
36 3+ >200.000 None subclinical mastitis
37 2+ >200.000 None subclinical mastitis
38 3+ >200.000 None subclinical mastitis
39 2+ >200.000 None subclinical mastitis
40 3+ >200.000 None subclinical mastitis
Total RNA Isolation and cDNA Synthesis Real time PCR

Total RNA was isolated from the obtained exosomes
samples using Trizol (Invitrogen, USA). RNA
concentration was evaluated with NanoDrop (Epoch
Microplate Spectrophotometer, USA). RNA quality
was determined using gel electrophoresis (Thermo
Fisher). cDNA synthesis was conducted using the
miScript Reverse Transcription Kit (Qiagen,
Germany). cDNA samples were stored at -20 °C for the
further analysis (Ozdemir and Comakli, 2018).
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The expression levels of miR-21, miR-146a, miR-155,
miR-222, miR-383, miR-200a, miR-205, miR-122, and
miR-182 were determined using RT-PCR (BioRad
CFX96). QuantiTect SYBR® Green PCR Kits (Qiagen,
Germany) were used in this experiment. The CT/CQ
values were evaluated with the 2-(CTmiRNA-CT5SRNA)
method (Ozdemir and Comakli, 2018). 5S snRNA was
used as internal control. The primers for miRNAs were
designed using Primer 3 program. The primers are
shown in Table 3.
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Table 2. CMT scores and cell count results for collected milk samples from DAK cows
Cizelge 2. DAK ineklerinden toplanan siit numuneleri icin CMT skorlar1 ve hiicre sayisi1 sonuglari

Sample No CMT score Cell count Clinical Signs Group
Ornek no CMT skoru Hiicre sayisi Klinik bulgular Grup
1 <200.000 None normal
2 2+ >200.000 None subclinical mastitis
3 <200.000 None normal
4 3+ >200.000 None subclinical mastitis
5 2+ >200.000 None subclinical mastitis
6 2+ >200.000 None subclinical mastitis
7 2+ >200.000 None subclinical mastitis
8 2+ >200.000 None subclinical mastitis
9 3+ >200.000 None subclinical mastitis
10 2+ >200.000 None subclinical mastitis
11 2+ >200.000 None subclinical mastitis
12 <200.000 None normal
13 <200.000 None normal
14 2+ >200.000 None subclinical mastitis
15 3+ >200.000 None subclinical mastitis
16 <200.000 None normal
17 3+ >200.000 None subclinical mastitis
18 3+ >200.000 None subclinical mastitis
19 2+ >200.000 None subclinical mastitis
20 2+ >200.000 None subclinical mastitis
21 <200.000 None normal
22 2+ >200.000 None subclinical mastitis
23 2+ >200.000 None subclinical mastitis
24 2+ >200.000 None subclinical mastitis
25 <200.000 None normal
26 2+ >200.000 None subclinical mastitis
27 3+ >200.000 None subclinical mastitis
28 3+ >200.000 None subclinical mastitis
29 2+ >200.000 None subclinical mastitis
30 2+ >200.000 None subclinical mastitis
31 3+ >200.000 None subclinical mastitis
32 2+ >200.000 None subclinical mastitis
33 3+ >200.000 None subclinical mastitis
34 2+ >200.000 None subclinical mastitis
35 3+ >200.000 None subclinical mastitis
36 2+ >200.000 None subclinical mastitis
37 3+ >200.000 None subclinical mastitis
38 2+ >200.000 None subclinical mastitis
39 3+ >200.000 None subclinical mastitis
40 3+ >200.000 None subclinical mastitis

Table 3. Summary of miRNA primers sequences for the RT-PCR
Cizelge 3. RT-PCR igin miRNA primer dizileri

Name (Isim) Sequence (6’ — 3) (Dizi) Length (nt) (Uzunluk) GC (%)

bta-miR-21 TAGCTTATCAGACTGATGTTGACT 24 40.9
bta-miR-146a CCCATGTGTATCCTCAGCTTT 21 59.1
bta-miR-155 TGTTAATGCTAATCGTGATTT 21 77.3
bta-miR-222 AGCTACATCTGGCTACTGGGT 21 45.5
bta-miR-383 AGATCAGAAGGTGATTGTGGCT 22 52.4
bta-miR-200a TAACACTGTCTGGTAACGATGTT 23 39.1
bta-miR-205 TCCTTCATTCCACCGGAGTCTG 22 54.64
bta-miR-122 TGGAGTGTGACAATGGTGTTTG 22 45.45
bta-miR-182 TTTGGCAATGGTAGAACTCACACT 24 41.6
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Statistical analysis

One-Way Analysis of Variance (ANOVA, IBM SPSS
20) used to detect statistically differences miRNA
expressions between normal and M. Bovis positive
milk samples. Statistically differences were considered
to be significant at p < 0.05, p < 0.01 and p < 0.001

(Ozdemir and Comakli, 2018).

Permission for the study was obtained from the Animal
Experiments Local Ethics Committee of Ataturk
University with the decision of the meeting dated
28.07.2017 and numbered 1700212429

Table 4. Pathogens detection results in the HF milk samples
Cizelge 4. SA irkina ait stit orneklerinde patojenlerin saptanma sonuglari

Sample No (Ornek No) Target result (Hedef sonug) Ct value (Ct deper) | Pathogen type (Patojen tip)
1 positive 20 Streptococcus agalactiae
2 positive 22 Staphylococcus aureus
3 positive 21 Mycoplasma bovis
4 positive 20 Mycoplasma spp
5 negative ND -

6 positive 22 Streptococcus agalactiae
7 negative ND -
8 positive 23 Streptococcus agalactiae
9 negaitve ND -
10 positive 25 Staphylococcus aureus
11 negative ND -
12 positive 24 Mycoplasma bovis
13 positive 20 Mycoplasma bovis
14 positive 22 Mycoplasma bovis
15 positive 21 Streptococcus agalactiae
16 positive 23 Streptococcus agalactiae
17 positive 24 Streptococcus agalactiae
18 positive 25 Mycoplasma bovis
19 negative ND -
20 positive 22 Streptococcus agalactiae
21 positive 23 Streptococcus agalactiae
22 positive 24 Staphylococcus aureus
23 positive 23 Mycoplasma spp
24 positive 20 Staphylococcus aureus
25 positive 20 Mycoplasma bovis
26 negative ND -
27 positive 20 Mycoplasma bovis
28 positive 20 Streptococcus agalactiae
29 positive 22 Mycoplasma bovis
30 positive 20 Mycoplasma bovis
31 positive 24 Mix infection
32 positive 26 Mix infection
33 positive 22 Mix infection
34 positive 19 Mix infection
35 positive 25 Mix infection
36 positive 21 Mix infection
37 positive 27 Mix infection
38 positive 23 Mix infection
39 positive 22 Mix infection
40 positive 20 Mix infection
RESULTS other Mycoplasma spp. (n = 2), and mix infected (n=10)

Detection of pathogens in milk samples

All milk samples were analyzed for common pathogens
associated with mastitis. In the HF milk samples, S.
agalactiae (n = 9), S. aureus (n = 4), M. bovis (n = 9),
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were detected (Table 4). In the DAK milk samples, S.
agalactiae (n = 8), S. aureus (n = 8), M. bovis (n = 6),
other Mycoplasma spp. (n = 1), and mix infected (n=10)
were detected (Table 5).
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Table 5. Pathogens detection results in the DAK milk samples
Cizelge 6. DAK irkina ait stit 6rneklerinde patojenlerin saptanma sonuglari

Sample No (Ornek No) Target result (Hedef Sonug) Ct value (Ct deger) | Pathogen type (Patojen tipi
1 negative ND -
2 positive 23 Staphylococcus aureus
3 negative ND -
4 positive 19 Staphylococcus aureus
5 positive 23 Staphylococcus aureus
6 positive 25 Streptococcus agalactiae
7 positive 22 Mycoplasma bovis
8 positive 21 Streptococcus agalactiae
9 positive 22 Mycoplasma bovis
10 positive 21 Staphylococcus aureus
11 positive 22 Mycoplasma bovis
12 negative ND -
13 negative ND -
14 positive 22 Mycoplasma bovis
15 positive 24 Streptococcus agalactiae
16 negative ND -
17 positive 20 Streptococcus agalactiae
18 positive 20 Streptococcus agalactiae
19 positive 23 Staphylococcus aureus
20 positive 21 Streptococcus agalactiae
21 negative ND -
22 positive 24 Staphylococcus aureus
23 positive 21 Mycoplasma spp
24 positive 22 Staphylococcus aureus
25 negative ND -
26 positive 22 Mycoplasma bovis
27 positive 23 Mycoplasma bovis
28 positive 25 Streptococcus agalactiae
29 positive 19 Streptococcus agalactiae
30 positive 21 Staphylococcus aureus
31 positive 20 Mix infection
32 positive 21 Mix infection
33 positive 25 Mix infection
34 positive 22 Mix infection
35 positive 22 Mix infection
36 positive 23 Mix infection
37 positive 21 Mix infection
38 positive 19 Mix infection
39 positive 24 Mix infection
40 positive 22 Mix infection

Detection of M. bovis uvrC gene using the RT-PCR
method

RT-PCR was performed to detect M. bovis uvrC gene
in milk samples which were identified as normal and
subclinical mastitis. The milk samples identified as
subclinic mastitis were found to be M. bovis positive
and the normal milk samples were found to be M. Bovis
negative (Table 6).

Relative expression profiles of miRNA candidate
biomarkers

The expression levels of inflammation-related miRNAs
in exosomes from the mastitis milk samples and
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normal milk samples from HF (n=9) and DAK (n=6)
cows were analyzed. The results showed that the
expression levels of miR-21, miR-146a, miR-155, miR-
222, miR-383, miR-200a, miR-205, miR-122, and miR-
182 were markedly upregulated in the mastitis milk
samples as compared with that in the normal milk
samples (p < 0.05). Among the miRNA candidate
biomarkers, miR-21 and miR-222 (p < 0.01) were
significantly upregulated in mastitis milk from HF
cows, and miR-146a and miR-383 were significantly
upregulated in mastitis milk from DAK cows (p < 0.01)
(Figs. 1, 2, 3).
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Table 6. Detection of M. bovis uvrCin serial 10-fold dilutions by RT-PCR
Cizelge 6. RT-PCR ile seri 10 kat seyreltmelerde M. bovis uvrC saptanmasi.
Dilutions 100 10! 102 103 104
Real-time PCR2 | Positive (3/3) Positive (3/3) Positive (3/3) Positive (3/3) Positive (3/3)
Ct valuest 21.2+0.2 24.2 +£0.1 28.9+0.4 33.56+0.6 37.9+0.1

a results from 5 analyses. b mean values and standard errors from 3 measurements
a 5 analizden elde edilen sonuglar. b 3 6l¢cimdeki ortalama degerler ve standart hatalar
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Figure 1. Relative expression profiles of miR-21, miR-146a, and miR-155 in the normal and mastitic milk of HF

and DAK

Sekil 1. SA ve DAK 1rkina ait mastitli ve normal siitlerdeki miR-21, miR-146a ve miR-1565In ekspresyon profili.
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Figure 2. Relative expression profiles of miR-222, miR-383, and miR-200a in the normal and mastitic milk of HF

and DAK.

Sekil 2. SA ve DAK irkina ait mastitli ve normal stitlerdeki miR-222, miR-383 ve miR-200a nin ekspresyon profill.
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Figure 3. Relative expression profiles of miR-205, miR-122, and miR-182 in the normal and mastitic milk of HF

and DAK.

Sekil 3. SA ve DAK 1rkina ait mastitli ve normal stitlerdeki miR-205, miR-122 ve miR-182nin ekspresyon profili.

DISCUSSION

Failure to detect subclinical mastitis promptly allows
the infection to spread rapidly (Halasa et al., 2007;
Hughes and Watson, 2018). Increasing evidence in
recent years suggests that M. bovisis a major cause of
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severe mastitis infections (Vahanikkila et al., 2019;
Murai and Higuchi, 2019; Josi et al., 2018) and that M.
bovisis more frequently detected than other pathogens
in subclinical mastitis (Al-Farha et al., 2017; Fox 2012;
Nicholas et al., 2016). Therefore, the development of
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diagnostic methods that can detect subclinical mastitis
at an early stage is important. In our study, M. bovis
was detected in 9 of 40 milk samples from HF cows and
in 6 of 40 milk samples from DAK cows. The results of
the CMT and cell counting methods confirmed showed
that the animals had subclinical mastitis.

Previous research demonstrated that changes in
miRNA expression levels played an important role in
inflammatory infections, such as mastitis. Recent
studies reported that miRNA expression levels in cows
with mastitis were altered in mammary epithelial
cells, milk exosomes, and mammary gland tissue
(Sheedy and O'Neill, 2008; Jin et al., 2014; Naeem et
al., 2012; Lawless et al., 2013; Sun et al., 2015; Li et
al., 2015). In the current study, the expression levels of
various miRNAs were upregulated in milk infected
with M. bovis, suggesting that miRNAs may play a role
in bovine mastitis caused by M. bovis. The findings of
this study point to the potential value of these
molecular-based biomarkers of mastitis in milk
infected with M. bovis.

HF cattle are bred in Aegean Turkey, Marmara, and
the Mediterranean region, and are known to have the
highest milk yield in the world; however, the HF is a
sensitive breed against epidemics and parasitic
diseases, climatic conditions, and unfavorable stable
conditions despite the high milk yield (Akyiiz, 2008).
DAK is a breed bred in high-altitude areas, especially
in Erzurum located in the Eastern Anatolia Region of
our country, and is resistant to harsh winters and
inappropriate barn conditions, inadequate care and
feeding, and epidemics and parasitic diseases
(Ozdemir, 2011). miRNA candidate biomarkers,
including miR-21 and miR-222 were significantly
upregulated in mastitis milk from HF cows, whereas
miR-146a and miR-383 were significantly upregulated
in mastitis milk from DAK cows. This was the
important point of this study. Particularly, miR-146a
and miR-383 have more gene targets that are related
with inflammatory pathways compared to other
miRNA candidates. Furthermore, miR-21 and miR-222
have gene targets that are related to both
inflammatory pathways and milk synthesis. These
results may reveal the phenotypic differences between
the two races.

Liquid isolated from body fluids, such as blood, milk
and urine, facilitates the diagnosis of diseases (Weber
et al, 2010). Previous research indicated that
circulating miRNAs in blood, milk, saliva, and urine
could be used as diagnostic or prognostic markers in
various diseases (Larrea et al., 2016). The suitability
of miRNAs in bovine milk as biomarkers for mastitis
caused by M. bovis was evaluated in the present study.
The results indicated that many miRNAs had high
predictive values, with high sensitivity and specificity
in terms of M. bovis-positive versus negative milk. The
results illustrate the potential of miRNAs in milk as
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biomarkers of mastitis.

In dairy cows, mastitis cases could occurred as a mix
infection. In this study, a total of 20 mix infections
were found for both HF and DAK cows, which was
considered to be quite high for particular study. The
spread of mixed infections is faster and more difficult
to treat. Considering all these, more effective methods
should be developed for early diagnosis and treatment
of mastitis cases.

CONCLUSION

In conclusion, the expression levels of miR-21, miR-
146a, miR-155, miR-222, miR-383, miR-200a, miR-
205, miR-122, and miR-182 were significantly
upregulated in M. bovis-positive milk from HF and
DAK cows. Our findings suggest that inflammation-
related miRNA expression levels in HF and DAK cow
milks was altered in the presence of mastitis and that
these miRNAs could be used as biomarkers of bovine
mastitis caused by M. bovis.
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OZET Aragtirma Makalesi

Bu arastirma, yetistirme tipi elit ve taban olan Ivesi irki kuzularin

stitten kesim agirhiklar: tizerine CART, CHAID ve Exhausted CHAID Makale Tarihgesi
algoritmalarinin  tahminleme performanslarini  karsgilagtirmak Gelig Tarihi  :26.11.2019
amaciyla yapilmigtir. Bu ¢alismada Osmaniye Toprakkale ilgesinde Kabul Tarihi :16.01.2020

bulunan farkh yetistirme tipi uygulayan (elit ve taban) iki igsletmeden

elde edilen 2014-2015 yillarinda Kasim-Ocak aylarinda dogmus Anahtar Kelimeler

toplam 331 basg Ivesi irki kuzu kaydi kullanilmistir. Elit siirii tipinde Ivesi
dogan kuzularin dogum agirhig (DA) ortalamasi 4.92+0.05 kg; taban Veri madenciligi
stiriide dogan kuzularin DA ortalamasi ise 4.11+0.07 kg; elit stirtide Stri tipi

yetisen kuzularin siitten kesim agirhigi (SKA) ortalamasi 14.35+0.12
kg; taban suriide yetisenlerin ise 13.89+0.16 kg oldugu gorilmustur.
Her iki stiride (elit ve taban) dogumdaki ana yasi, dogum tipi,
cinsiyet, dogum ayi, siitten kesim zamani ve dogum agirligi bagimsiz
degisken olarak kullanilirken, stitten kesim agirligi bagimh degisken
olarak kullamilmistir. CART, CHAID ve Exhausted CHAID
algoritmalarini mukayese etmek i¢cin RMSE, MAPE, RAE, SDyatio ve
MAD uyum iyiligi kriterleri ile Pearson korelasyon katsayisi (2), B24qi
ve R? degerleri kullamilmigtir. Her iki siiriide en yuksek R?degeri
CART algoritmas1 ile elde edilmistir. Bu c¢alisma ile yetistirici
kosullarinda yapilan seleksiyon ¢calismalarinda CART algoritmasi iyi
bir arag¢ olarak degerlendirilebilir.

The Effects of Raising Type on Performances of Some Data Mining Algorithms in Lambs
ABSTRACT

The present study was conducted to compare the predictive
performances of CART, CHAID and Exhausted CHAID algorithms to
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insanlarin sosyo-ekonomik diizeyi ve Tirkiyenin
gerek cografi yapisindan dolay: koyun yetistiriciliginin
dogal mera alanlarina dayali olmasi1 koyunculugun
minimum maliyetle yapilabilen bir yetigtirme faaliyeti
oldugunun gostergesi niteligindedir (Koyuncu, 2012).

TUIK verilerine gére Tirkiye koyun varhigi 2017
yihinda 33 milyon basin tizerine cikmistir (TUIK,
2018). Bununla birlikte hayvanlarin genetik niteligi
beklenenin olduk¢a altindadir (Yagc1 ve ark., 2018).
Yetigtiriciligin 6grenilen geleneksel tretime dayal
olmasi, yetistiricilerin 6rgiitlenememesi, hayvansal
irinlerin pazar fiyatin1  belirleyen devlet
kurumlarinin ozellestirilmesi ve kigiikbag
yetigtiriciligine yapilan tegviklerin yetersizligi nitelikli
damizlik hayvanlarin yetistirilememesindeki etkili
etmenler oldugu soéylenebilir.

Kigcikbagta genetik niteligin belirlenmesi ve cagdas
bir yonelime dogru ilerlenebilmesi amaciyla 2005
yilinda Tarimsal Arastirmalar ve Politikalar Genel
Midiirligi (TAGEM) tarafindan baslatilan devlet
destegi alt yapisi ile “Halk Elinde Kiigiikbas Hayvan
Islah1 Ulkesel Projesi” uygulanmaya baglanmigtir
(Cengiz ve ark., 2015). Séz konusu 2005 yilinda
devreye sokulup 2006 yilinda genigletilen proje ile
yetistiricilerin nitelikli damizlik hayvan yetistirmesi
hususunda bilgi ve deneyimlerini artirarak kayith
hayvancilifa gecis uygulamaya konulmustur (Yagc: ve
ark., 2018). Uygulanan projede numaralandirma ile
kayit sistemi olusturulmus, kaydi alinan
hayvanlardan olugan siiriiye “elit” alinmayan strilere
ise “taban surd” denilmistir. Halk elinde 1slah
projelerinde  siri  yetigstirme planinda taban
sirilerden alman en 1iyi disiler elit stirilere
aktarilmistir. Bu siirecte elit stiriiler ile gelecekteki
hayvan 1slahi  programlarina yon  verilmesi
hedeflenmigtir.

S6z  konusu uygulanan bu girisimle 1slah
programlarinin hayata aktarilabilmesi i¢in muazzam
buyuklukteki veri kayitlar1 olusturulmustur. Bu
verilerin yorumlanabilmesi ve anlamli bir hale
getirilebilmesi i¢in c¢esitli istatistiksel yontemler
kullanilmaktadir. Ne var ki arastirmacilar tarafindan
en ¢ok tercih edilen istatistiksel metot Genel Dogrusal
Modeller (GLM) olmustur (Eyduran ve ark., 2008).
GLM gibi modellerde verilerin normal dagilmas1 gibi
baz1 varsayim sartlarinin yerine getirilmedigi
durumlarda istatistiksel yontemler yetersiz kalmakta
ve yontemlerin giivenirligi de diismektedir (Khan ve
ark., 2014). Bununla birlikte kullanilan istatistiksel
yontemlerin etkinligi uygulanacak 1slah
programlarina da yon vermektedir. Bilgisayar
teknolojisindeki gelismelere paralel olarak karmagik
yapidaki verilerin ¢6ziimlenmesinde kolaylik saglayan
veri madenciligi uygulamalarina yénelim son yillarda
giderek artmig ve hayvancilik alani da dahil olmak
tuzere cesitli alanlarda kullanilmaya baglanmigtir
(Temel ve ark., 2010).
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Kigikbas  hayvancilik arastirmalarinda  veri
madenciligi yontemlerinden CART, CHAID ve

Exhausted CHAID algoritmalarinin kullanildig1 pek
cok calisma bulunmaktadir (Olfaz ve ark., 2019; Balta
ve Topal, 2018; Ali ve ark., 2015). Bu ¢calismanin amaci
CART, CHAID ve Exhausted CHAID algoritmalarinin
etkinligini siirii tipine gore (elit siirii ve taban siirii)
mukayese ederek hayvan islahi projelerindeki temel
tas olan elit suriden elde edilen verilerin
yorumlanabilmesini saglamak, Ivesi kuzularinda 1rk
standartlarin1  belirleyebilmek ve seleksiyonda
yardime1 olabilmektir.

MATERYAL ve METOT

Bu c¢alismada Osmaniye ili Toprakkale il¢esinde
bulunan iki farkl igsletmeden elde edilen toplamda 331
bas Ivesi irki kuzu kayitlar: kullanilmigtir. Kuzu kaydi
alinan isletmelerin birinin yetistirme tipi elit (ana-
baba kaydi diizenli olarak tutulmus) digerinin
yetistirme tipi ise taban siiriidir (ana-baba kaydi
diizenli olarak tutulmamis).

Arastirmaya dahil olan igletmelerde koyunlar kig
aylarinda agilda tutulmus, beslenmelerinde ise
agirlikli olarak kuru ot samani, yer fistigr samani ve
pamuk tohumu kiispesi verilmistir. Bahar déoneminde
koyunlarin beslenmesi yaylaya veya meraya dayali
olmustur ve ek yem verilmemigstir. Her iki stirtide kuzu

kayitlarn  2014-2015 sezonundan alinmistir. Elit
stirtide dogumlar Aralik-Ocak aylarinda
gerceklesirken, taban sirtide Kasim-Aralik-Ocak

aylarinda gerceklesmigtir. Her iki stiriide serbest kog
katim1 Haziran ay1 ortasindan itibaren yapilmigtir.
Dogumu takiben kuzulara kulak kiipesi takilmig ve 10
grama duyarh hassas terazi ile tartilmigtir. Kuzular
ortalama 60 giinlik yasta siitten kesilmig olup siitten
kesim agirliklari kayda alinmistir. Bu c¢alismada
toplamda 331 kuzunun siitten kesim agirliginin
tahmini CART, CHAID ve Exhausted CHAID
algoritmalar kullanilarak tahmin edilmeye
calisilmistir. Her iki siiriide (elit ve taban) ananin
dogumdaki yasi, dogum tipi, cinsiyet, dogum ayi,
sitten kesim zamani ve dogum agirhigi bagimsiz
degisken olarak kullanilirken, siitten kesim agirligi
bagimlh degisken olarak kullanilmigtir.

Veri madenciligi karmagik yapidaki veri setlerinden
anlamh bilgileri kullanarak tahminleme yapabilen bir

yontemdir (Kiiciikénder ve ark., 2014). Veri
madenciliginde en ¢ok kullanilan yontem agag
yapisina dayali simiflama ve regresyon agaci

algoritmalaridir. Bagimh degiskenin stirekli olmasi ile
olusan yapiya “Regresyon Agac1” denilmektedir (Kog,
2016). Bagimli degiskenin kategorik olmasi ile olusan
yapiya ise “Siniflama Agac1” olarak tanimlanmaktadir
(Orucoglu, 2011).

Regresyon agaci metodu parametrik testler i¢in 6nemli

olan varsayimlar gerektirmeyen (normallik,
homojenlik gibi), aym1 zamanda coklu baglantililik,
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kayip gézlem ve u¢ degerlerden etkilenmeyen gorsel
iistiinliige sahip bir metottur (Mendes ve Akkartal,
2009).

Regresyon agaci metodu ile olusturulan diyagramla
bagimsiz degigskenlerin aralarindaki etkilesim ve
bagimli degiskenleri hangi bagimsiz degiskenlerin
etkiledigi kolaylikla goriilmektedir. Ayni1 zamanda
regresyon  agact  metodu, aga¢  yapilarimin
olusturulmasinda kullanilan karar kurallarinin yine
kolaylikla anlasilmasina izin vermektedir (Aksahan ve
Keskin, 2015).

Regresyon agacinda en popiler olan algoritmalar ise
stirekli, nominal ve ordinal yapidaki degiskenlerin
¢ozumlenmesinde rahatlikla kullanilabilen CART
(Classification and Regression trees; Siniflama ve
Regresyon Agaci Algoritmas1), CHAID (Chi Squared
Automatic Interaction Detector; Otomatik Ki-Kare
Etkilesim Belirleme) ve Exhausted CHAID (Kapsaml
CHAID) algoritmalaridar. CART, CHAID ve
Exhausted CHAID algoritmalarinin her bir agamada
agac yapisinin olusturulmasi, bolinmenin
sonlandirilmasi ya da budama ve her béliinmede her
bir bagimsiz degisken i¢in bagimli degiskenin degerini
tahmin edilerek en uygun agac¢ yapisinin elde edilmesi
olarak ii¢ ana islevi bulunmaktadir (Loh, 2011;
Moghadam ve ark., 2016; Ali ve ark., 2015; Chang ve
ark., 2006).

Agag yapisina dayali bu algoritmalardan olan CART,
Breiman ve ark. tarafindan (1984) yilinda gelistirilmis
olup, her diigiimden (node) iki yavru diigiim (child
node) olusturan ve bu islemi gozlenen degisken ile
tahmin degiskeni arasinda en gii¢clu korelasyonun elde
edildigi homojen diigtimlerin olugsmasina kadar devam
ettiren bir algoritmadir (Camdeviren ve ark., 2007).
CART algoritmasi agir1 dallanmaya egilim gésteren bir
algoritma olmasindan dolayi, uygulamada budama
igsleminin arastirmaci tarafindan bizzat devreye
sokulmasi gerekmektedir. Bununla birlikte, tizerinde
durulan veri setini egitim ve test olmak tizere setlere
ayrilmasi (genellikle bu oranin 80:20 olarak tavsiye
edilir), agac derinliginin hassas bir sekilde
tamimlanmas1 ve ebeveyn-yavru digumdeki birey
sayisinin ayarlanmasi gerekmektedir. Aksi taktirde
non-parametrik ve gorsel olan CART algoritmalasinin
yorumlanmasi gii¢ olabilmektedir. Veri setinin egitim-
test olarak ayrilmasi hususunda diger bir alternatif ise
veri seti TUzerine ortalama bir hata degerini
hesaplayabilmek i¢in ¢arpraz gegerlilik degerinin 10
olarak alinmasidir (Sevgenler, 2019).

CHAID ve Exhausted CHAID algoritmalar1 ile en
uygun agac¢ yapisinin elde edilmesi ¢ asamadan
olugmaktadir: birlestir, bol ve durdur. Kass (1980)
tarafindan gelistirilen CHAID algoritmasinda, CART
algoritmasinin  aksine ikiden fazla  béliinme
gerceklesmektedir. Exhausted CHAID algoritmasi ise
sadece birlestirme agamasi farkli olan CHAID
algoritmasinin gelistirilmis halidir (Ali ve ark., 2015).
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CHAID ve Exhausted CHAID algoritmalar1 ki-kare
analizinde o6nemli sonu¢ ¢ikincaya kadar analize
devam eder (Wilkinson, 1992). CART algoritmasinda
ise, bagimli degiskendeki gozlenen ve beklenen
degerler arasinda en giiglii korelasyon elde edilinceye
analiz devam eder (Camdeviren ve ark., 2007).

Bu ¢ aga¢ yapisina dayali veri madenciligi
algoritmalari arasindaki bir diger fark; CART
algoritmasinda bélinme kriteri Gini index kuralina
diizeltme yapilirken, CHAID ve Exhausted CHAID
algoritmasinda Bonferroni kriterine gore diizeltme
yapilmaktadir (Hastie ve ark., 2001; Celik ve ark.,
2017).

Hayvan yetistirme ve 1slahi alaninda c¢esitli
arastirmalarda siklikla aga¢ yapisina dayali veri
madenciligi algortimalarina bagvurulmaktadir (Balta
ve Topal, 2018; Grzesiak ve Zaborski, 2012; Olfaz ve
ark., 2019). CART, CHAID ve Exhausted CHAID
algoritmalarinin performanslarinin
karsilastirilabilmesi amaciyla Ali ve ark.nin (2015)
bildirdigi uyum iyiligi kriterleri kullanilmigtir. Bunlar
asagida belirtildigi gibidir:

Bagimli degisken bakimindan ger¢cek degerler ve
tahmin edilen degerler arasindaki Pearson korelasyon
katsayis1 (r),

Varyasyon katsayis: (coefficent of variation, coeffvar):

coeff var = i_* 100
X
Determinasyon Katsayis1 (Coefficent of
n
2 (Y- yip)2
Determination, &2 R2 = l—';]ii_z
2 (YY)
i=1
Diizeltilmis Determinasyon Katsayis1 (Adjusted
Coefficent of Determination, R24q)
1 n
Z (¥; -Y; )2
R2, |1 n-k-1
Adj — 1 n
(Y V)2
n—kj i=1

Hata kareler ortalamasinin karekoékii (Root-mean-

1n 2
square error, RMSE) RMSE = [= 3 (yi -, )
ni=1 p

n
Ortalama hata (Mean error, ME) : ME = %'Zl( Y - yip)
i=

Ortalama mutlak sapma (Mean absolute deviation,

n
MAD): MAD = " 3ly; -y,
niz1 p
Standart sapma oram1 (Standard deviation ratio,
S
SDraio): SDyatig =

Global nispi yaklasik hata (Global relative
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approximation error, RAE): RAE =

Ortalama mutlak yiizde hata (Mean absolute
Yi Yip
Yi

n
percentage error, MAPE): MAPE = 1 Y

-100

n: Veri setindeki hayvan sayisi; & Modelde bulunan
parametrelerinin sayisi; yi i. hayvana ait bagimh
degisken degeri; yip- 1. hayvana ait bagimh degiskenin
tahmin degeri; sm' Model hata terimlerinin standart
sapmasi ve s¢ Bagimh degiskenin standart sapmasini
ifade etmektedir.

En uygun model se¢ciminde yukarida adi gecen uyum
1yiligi kriterleri kullanilmigtar. Model
karsilastirmalar1 en dusik REMSE, MAPE, RAE,
coeftvar, SDratio ve MAD degerleri ile en yiksek
Pearson korelasyon katsayisi ile birlikte R24q ve R?

degerine gore yapilmistir.

IBM SPSS 23 programi (Analysis > Classify > Tree) ile
agac¢ yapisina dayali CART, CHAID ve Exhaustive
CHAID algoritmalari analizleri yapilmigtir. En yuksek
tahmin performansini elde etmek amaciyla ebeveyn-
yavru digiimdeki minimum hayvan sayilari elit stri
ve taban stiride 12:6 olarak ayarlanmigtir. Capraz
gecerlilik degeri ise her 1iki sturade 10 olarak
ayarlanmigtir. Bu analizlerin sonucunda bulunan
bagiml degiskene ait tahmini degerler ile gozlenen
(gercek) degerler bir not defteri dosyasina kaydedilmis
ve ardindan lcretsiz olarak indirilip kullanilabilen R

STUDIO yazilimi ile wuyum 1iyiligi kriterleri
hesaplanmigtir.
BULGULAR ve TARTISMA

Ayni1 bolgede bulunan ve yetistirme tipi elit ve taban
olan iki farkl igletmede bulunan Ivesi ki kuzularin
stitten kesim agirliklarina ait tanimlayici istatistikleri
Cizelge 1’de 6zetlenmisgtir.

Cizelge 1. Elit ve taban siirillerde Ivesi kuzularmin siitten kesim ve dogum agirliklarina ait tamimlayic

istatistikleri
Table 1. Descriptive statistics of weaning weights and birth weights of Awassi lambs in elite and base flock
Yetistirme Tipi (Flock type) | N X + Sk S Min Max
Taban (Base) 151 | 13.88+0.16 2.01 8.77 18.12
SKA(WW) Elit (Elite) 180 14.35+0.12 1.63 10.12 16.71
DA (BW) Tab.an (Bgse) 151 3.91+0.07 0.85 2.05 5.99
Elit (Zlite) 180 4.11+0.05 0.67 2.47 5.14

X :Ortalama (Mean); Sy Standart Hata (Standard Error); S Standart Sapma (Standard deviation); Min: En az

(Minimum) Max: En ¢cok (Maximum)

Elit striide Ivesi kuzularmin siitten kesim agirh@
14.35+0.12 iken, taban striilerde 13.88+0.16 olarak
bulunmustur. Aym1 sekilde elit siiriidde Ivesi
kuzularinin dogum agirhigi 4.11+0.05 iken taban
stiruade 3.91+0.07 oldugu gorulmiuistir.

Varyans analizleri uygulamalarinda saglanmasi
gereken “normallik” gibi ¢esitli varsayimlar regresyon

agaci analizlerinde gerekli degildir ve veriler gorsel
olarak kolaylikla yorumlanabilmektedir (Celik ve ark.,
2017). Capraz gecerlilik degerinin 10 olarak
ayarlandign bu calismadaki regresyon agaci (CART,
CHAID ve Exhaustive CHAID) algoritmalarinin uyum
iyiligi kriterlerine goére sonuglar1 Cizelge 2’de
belirtildigi gibidir.

Cizelge 2. Elit ve taban siiriilerde siitten kesim agirhigi (SKA) icin regresyon agaci algoritmalarinin uyum iyiligi

kriterleri
Table 2. Goodness of fit criteria of regression tree algorithms for weaning weights in elite and base flock
SKA (WW) Elit Siirt (Elite) (n=180) Taban Siirii (Base) (n=151)
Uyum iyiligi Exhausted Exhausted
kriterleri CHAID CHAID CART CHAID CHAID CART
pearcorr 0.991 0.989 0.997 0.781 0.781 0.814
Coeffvar 1.157 1.656 0.945 9.046 9.047 8.407
Sdratio 0.134 0.146 0.083 0.624 0.625 0.580
REMSE 0.217 0.237 0.135 1.250 1.251 1.163
ME -0.001 -0.001 0.001 0.002 0.002 -0.001
RAFE 0.015 0.016 0.009 0.088 0.089 0.083
MAPFE 1.174 1.257 0.756 7.542 7.543 6.907
MAD 0.155 0.165 0.102 0.991 0.991 0.917
Rsq 0.982 0.979 0.993 0.610 0.610 0.663
AdjRsq 0.982 0.979 0.993 0.602 0.602 0.656
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Cizelge 2'de 6zetlendigi gibi, elit surtude stutten kesim
agirhgimin gozlenen degerleri ile regresyon agaci
algoritmalar1 (CHAID, Exhaustive CHAID ve CART)
kullanilarak tahmin edilen degerleri arasindaki
Pearson korelasyon katsayilar: sirasiyla 0.991, 0.989
ve 0.997dir ve oldukca yiksektir. Taban strtude
Pearson korelasyon katsayilari daha dustiktir ve
tahmin edilen degerlerle gézlenen degerler arasindaki
Pearson korelasyon katsayilari sirasiyla 0.781, 0.781
ve 0.814’tir. Farkli buytklikteki verileri standardize
ederek mukayese edebilen bir degisim &lglisii olan
varyasyon katsayilarina bakildiginda, elit strideki
varyasyon Kkatsayilarinin taban sitride elde edilen
degerlerden oldukg¢a farkli oldugu goérilmustir. Elit
siirlide varyasyon katsayisi (coeffvar) 0.9 ile 1.6
arasinda degiskenlik gostermigtir, taban stiride VK
ise 8.4 ile 9.04 arasinda degismistir. Elit sturideki
regresyon agaci algoritmalarinin coeffvar siralamasi
Exhaustive CHAID > CHAID > CART sgeklindedir.
Taban surideki regresyon agaci algoritmalarinin
coeffvar siralamasi ise Exhaustive CHAID = CHAID >
CART seklindedir. Standart sapma orani (SDyaz0) elit
stirude 0.08-0.14 arasinda degisirken, taban suriide
daha ytiiksek olup 0.58 ile 0.62 arasindadir.

Cizelge 1'de goruldugi tizere, taban slrideki
regresyon agaclarina iliskin uyum 1iyiligi kriterlerine
bakildiginda CHAID ve  Exhausted CHAID
algoritmalarina ait degerlerin hemen hemen ayni
oldugu gorilmiustir. Bununla birlikte taban sturtde
determinasyon katsayilar1 (B2=0.61) ve diizeltilmis
determinasyon katsayilart (R244=0.60) her iki
algoritma i¢in ayni bulunmustur. Taban stiride CART
algortimas1 ile elde edilen determinasyon (&9 ve
diizeltilmis determinasyon katsayis1 (£24q) CHAID ve
Exhausted CHAID algoritmalar1 ile elde edilen
degerlerden daha yiiksek olup sirasiyla 0.66 ve 0.65
oldugu gorulmustir. Elit siiride ise CHAID,
Exhausted CHAID ve CART ile elde edilen R? ve R24q
degeri taban stiriideki degerlerden yiiksek olup 0.98 ile
0.99 arasinda degismistir.

20,00
15,00 .
10,00 #=
5,00
0,00
— 0N DO MO =
— N AN M < 0 0 O
------- Gozlenen SKA

Model karsilastirmalar1 en dusiik RMSE, MAPE, RAE,
coeftvar, SDratio ve MAD degerleri ile en yiksek
Pearson korelasyon katsayina, R24q; ve R? degerine
gore degerlendirilmis ve buna gére hem elit stride
hem de taban sturiide CART algoritmasinin en uygun
algoritma  oldugu  gorilmustir. R? degerleri
bakimindan degerlendirildiginde, elit surtdeki stutten
kesim agirligindaki varyasyonun % 99.37, taban
strtdeki stutten kesim agirligindaki varyasyonun %
66.3'i CART algoritmasi ile 6nemli bulunan bagimsiz
degiskenler tarafindan agiklanmigtar.

Bununla birlikte CART algoritmasinin tahmin
performansinin hem taban siiriide hem de elit stirtide
gercek ve tahmin degerler arasindaki uyumu gosteren
grafikler Sekil 1 ve Sekil 2’de belirtilmistir. Buna gére
CART algoritmasi elit siriide hayvanlarin siitten
kesim agirhigina iligkin tahmin degerlerinin gercek
degerleri daha iy1 yansittig1 goriilmektedir.

Elit strideki CART algoritmasi ile elde edilen agag
diyagrami Sekil 3’de goruldiga gibidir. Sekil 3
incelendiginde CART algoritmasi ile modelde bulunan
tim bagimsiz degiskenler elenip (dogum agirhgi,
dogum tipi, cinsiyet, dogum zamaninda ananin yasi,
siitten kesim zamani) sadece en anlamli bagimsiz
degiskenin dogum agirligi oldugu gorilmektedir. Elit
stirude uc¢ agac¢ derinligi olup dallanmalar sadece
dogum agirlig: faktoérine gore form almigtir. DGgim 0
diger bir ifade ile kok digimelit stirideki kuzularin
sitten kesim agirhigina iligkin bazi tanimlayici
istatistiklerini de kisaca 6zetlemektedir (14.35+1.63).

Birinci agag¢ derinliginde bulunan DuUgim 1’de ve
ikinci agag derinliginde bulunan Digiim 4’de bulunan
Ivesi irki kuzular kendi i¢cinde homojen olduklarindan
dolay1 baska aga¢ derinliklerinde digimlere
béliinmemistir. Bununla birlikte kendi i¢inde homojen
olup dallanma yapmayan diigiimlere “Terminal
Diigiim” denilmektedir (Eyduran ve ark., 2008). Sekil
3 incelendiginde, Digum 5 ve Digum 6 da Terminal
diagimler olarak tanimlanabilmektedir.
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Sekil 1. Taban siirtide uygulanan CART algoritmasi i¢in uyum grafigi
Figurel. Graph of goodness for CART algorithms in base flock
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Sekil 2. Elit surtde uygulanan CART algoritmasi i¢in uyum grafigi
Figure 2. Graph of goodness for CART algorithms in base flock

Elit sturide en yiliksek stitten kesim agirligs Da > 4.35
olan kuzularda; en digik sttten kesim agirlig: ise Da
< 3.36 olan kuzularda gérilmiustir. CART algoritmasi
ile sadece dogum agirligina bakarak sutten kesim
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Sekil 3. Elit stirtiideki CART algoritmasi ile elde edilen regresyon agaci diyagrama.
Figure 3. Regression tree diagram obtained by CART algorithm in elite flock

Cizelge 2'de gorildigl gibi, uyum iyiligi kriterlerine
bakildiginda (en diisiik RMSE, MAPE, RAE, coeffvar,
SDratio ve MAD degerleri ile en yluksek Pearson
korelasyon katsayisi ile birlikte R244 ve R? degerleri)
elit siiriide oldugu gibi taban stiriide de CART
algoritmasi stitten kesim agirliginin
tahminlenmesinde en iyi performansi goéstermistir.
Elde edilen sonuglara gore, elit sliriide gozlenen
degerler ile tahmin edilen degerler arasindaki en
yiikksek korelasyon (0.814), en yiiksek belirleme

7T

katsayis1 (£2=0.663) ve en diigiik standart sapma orani
(0.580) CART algoritmasindan elde edilmistir.

Taban sturiideki CART algoritmasi ile elde edilen agag
diyagrami Sekil 4’deki gibidir. Taban surudeki CART
algoritmasi ile sekillenen regresyon agaci diyagrami
elit sirtideki agac¢ diyagramina goére daha fazla
dallanma gostermistir. Sekil 4’de taban siirtide daha
fazla faktorin siitten kesim agirhgini etkiledigi
gorilmektedir. CART algoritmas1 ile sekillenen
diyagramda (Sekil 4), siitten kesim agirhigin etkileyen
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degiskenler dogum agirligr faktoriine ilaveten sitten
kesim zamani, cinsiyet ve ananin dogumdaki yasgidir.
Dogum tipi ise sltten kesim agirhiginda etkili bir
degisken olmamigtir. Taban striide CART algoritmas:
ile olugan regresyon agaci dort agag¢ derinliginden
olusmaktadir. Diigiim O, bu arastirmaya konu olan
tim kuzularin ihtiva ettigi heterojen gruptur. Digim
0, siitten kesim zamanina gére Diigiim 1 (70 basg Ivesi
kuzusunun bulundugu alt grup, ortalama SKA=15.381
kg) ve Diigiim 2 (81 bag Ivesi kuzusunun oldugu alt
grup, ortalama SKA= 12.578 kg) olmak iizere ikinci
aga¢ derinliginde olan iki alt gruba bolinmistir.
Ikinci aga¢ derinligindeki Dugim 1, anamn
dogumdaki yas1 degiskenine gére Diigiim 3 (ananin
dogumdaki yag1 <4.1 olan kuzular 16.061+1.149 kg;
n=29) ve Diigiim 4 (ananin dogumdaki yasi>4.1 olan
kuzular 14.899+1.467 kg; n=41) olmak iizere iki alt
gruba ayrilmigtir. Dugim 3, ikinci agag
derinligindedir ve slitten kesim zamani degiskenine
gore Dugiim 7 (11 bas Ivesi kuzusu ve ortalamasi
16.967+0.630 kg) ve Digiim 8 (18 bas Ivesi kuzusu ve
ortalamas1 15.507+1.042 kg) olmak iizere iki gruba
ayrilmigtir. Siitten kesim zamamni 57.5 giin ve altinda
olan kuzular arasinda en yiiksek sutten kesim
agirhigima (16.967 kg) sahip olan kuzular Diigiim 7’de
gorilmektedir. Digim 7 ve 8'de, kendi iginde homojen
olduklarindan dolay1 tekrar bolinme
gerceklesmemigtir. Ikinci agac¢ derinliginde olan
Dugiim 4, cinsiyet faktérii bakimindan Dugim 9 ve 10

olmak tuzere iki alt gruba bolinmustir. Yirmidort bas
Ivesi kuzusunun olusturdugu Diigim 9da ortalama
15.427+1.162 kg canli agirliga sahip erkek kuzular
bulunmakta  iken, Digim 10da  ortalama
14.154+1.560 kg canli agirhiga sahip digi kuzular
bulunmaktadir. Cinsiyet etkisi bakimindan bélinen
digtmlerde erkek kuzularin bulundugu Digiim 9, disi
kuzularin bulundugu Diugim 10°’dan daha agirdir ki bu
sonug da beklenen bir durumdur. Siitten kesim zamani
57.5’den fazla olan kuzularin bulundugu grup (Diigiim
2), dogum agirhig1 6zelligi bakimindan ikinci ve ti¢iincii
aga¢ derinliklerinde tekrarlamali iki alt gruba
ayrilmistir. Uciincti agac derinliginde dogum agirhig
3.810 kg ve altinda olan kuzularin oldugu Dugim 11
(22 basg Ivesi kuzusu ve ortalamasi 12.123+1.032 kg)
ananin dogumdaki yasg1 bakimindan DuUgim 13
(12.586+1.087 kg; n=9) ve Diigiim 14 (11.802+0.896 kg;
n=13) olmak iizere tekrar iki alt gruba bélinmiistiir.
Taban suriide CART algoritmasi ile elde edilen
diyagramda, Dugim 5, 7, 8, 9, 10, 12, 13 ve 14, kendi
icinde homojen olduklarindan terminal digtmlerdir
ve bu dugimlerden sonra tekrar boliinme
gerceklesmemigtir. Sutten kesim zamani 57.5’in
uzerinde olan kuzular icerisinde en ylksek siitten
kesim agirhigina sahip olan kuzular, dogum agirlig:
3.810dan fazla olan kuzularin bulundugu Dugim
12’dedir (13.076+1.277 kg; n=52). Bu sonuctan, dogum
agirhginin siitten kesim agirhigina pozitif etkiledigi
anlagilabilmektedir.
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Sekil 4. Taban siiriideki CART algoritmasi ile elde edilen regresyon agaci diyagrama.
Figure 4. Regression tree diagram obtained by CART algorithm in base flock
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Bu calisma, elit strtideki analardan dogan kuzularin
dogum agirliklar1 ve siitten kesim agirliklar: taban
stirideki analardan dogan kuzulardan daha yiiksektir
ve dogum agirliklari ile siitten kesim agirliklar
arasindaki fark istatistiksel olarak énemli oldugunu
gostermistir (P<0.05). Sezgin ve ark. (2012), dogum
agirhgr o6zelliginin strt tipi bakimindan kuzular
arasindaki farki istatistiksel olarak anlamli bulurken,
Balta ve Topal (2018) yaptiklar: calismada elit siiriide
dogan kuzularin dogum agirliginin taban siride
dogan kuzulardan daha yiiksek oldugunu bildirmis
ancak bu farklhiligin istatistiksel olarak O6nemli
olmadigini belirtmiglerdir.

Mevcut calismada regresyon agaci diyagrami
bakimindan elit ve taban siliriide silitten kesim
agirhgim etkileyen faktorler degismektedir. Buna
gore, elit suride yetismis olan kuzularin stutten kesim
agirlhiginin tahminlenmesinde en anlaml ve hatta tek
anlamli bagimsiz degiskenin dogum agirhigi oldugu
gorilirken, taban siiride yetismig olan kuzularin
sitten kesim agirliginin tahminlenmesinde Onemli
bagimsiz degiskenler dogumdaki ananmin yasi,
yavrunun cinsiyeti, slitten kesim zamani ve dogum
agirhg degiskenleridir. Dogum ay1 ve dogum tipi her
iki stiride sutten kesim agirliginin tahminlenmesinde
etkili olmamistir. CART algoritmas: ile elde edilen
regresyon agaci diyagraminda elit stiriide risk degeri
(0.018) ve risk degerinin standart hatas1 (0.003)
oldukca duguktur. Taban suride ise, risk degeri
(1.331) ve risk degerinin standart hatas1 (0.156) elit
stiruden daha yuksektir. Ancak her iki suriide de
determinasyon katsayis1 (#2 bakimindan CART
algoritmasi iyi bir performans sergilemigstir. Yine
calismada risk degeri ve risk degerinin standart
hatasinin diisiik olmasi, siitten kesim agirliginin
agiklanmasinda  CART  algoritmasimin  yeterli
olabilecegini goéstermektedir. Balta ve Topal (2018),
yaptiklar: calismada CART algoritmasinin
performansini dogum agirliginin tahminlenmesinde
incelemiglerdir. Arastirmada, bulunan £&? degeri
(0.862), mevcut calismadaki taban strideki &2
degerinden (0.663) yiiksek, elit siirtideki B2 degerinden
(0.993) diistiktiir. Celik ve ark (2017), Mengali
koglarinda canli agirligin tahminlenmesinde c¢esitli
veri madenciligi algoritmalarinin (CHAID, Exhausted
CHAID, CART, MARS, MLP, RBF) performanslarini
mukayese  etmiglerdir. Arastirmada, en iyl
performans: (£7=0.920) CART algoritmas1 ile elde
edilmis ve bu calismadaki elit stiriideki performans
degeri (/#2=0.993) benzerdir. Mendes ve Akkartal
(2009) CART algoritmasim1 kullanarak yaptiklar
regresyon agaci analizinde R? degeri 0.810 olup, bu
calismadaki taban siiride goriulen FA? degerinden
yiksek ve mevcut elit stiride gorulen £? degerinden
diisiiktiir. Olfaz ve ark. (2018), Karayaka kuzusunun
sutten kesim agirhiginin tahminlenmesinde CART
algoritmas1 kullanmiglardir. Calismalarinda CART
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algoritmas1 Karayaka kuzusunun sitten kesim
agirligindaki varyasyonun % 88’1 kullanilan bagimsiz
degiskenler (yas, cinsiyet, dogum tipi, dogum agirhigi
ve 6l¢clim zamani) tarafindan aciklanmistir (£2=0.880).
Yakubu (2012), Uda koyunlar:1 iizerinde yaptig
¢alismada baz1 morfolojik 6zellikler ile canli agirhigin
tahminlenmesinde CART algoritmasi kullanmiglar ve
R? degerini 0.618 olarak bildirmigtir. Arastirmacinin
elde ettigi bu deger mevcut c¢aligmadaki taban
siriisiinde elde edilen deger (0.663) ile benzerdir,
ancak mevcut calismadaki elit sturideki degerden
(0.993) diisiiktiir.

Sonuc¢ olarak, regresyon agaci analiz yontemindeki
algoritmalar ile yapilan tahminler hayvansal Giretimde
etkili olabilir. Ebeveyn: yavru digimleri i¢in tercih
edilen minimum hayvan sayilari arastirmadan
arastirmaya farklihik gostermekle birlikte minimum
hayvan sayis1 degeri azaldikca tahmin
performanslarinin arttig: goriilmistir. Ayni zamanda
uzerinde calisilan slrilerde tutulan kayitlarin
dogrulugu, buna benzer c¢alismalarin etkinligini
dogrudan etkilemektedir. Bu ¢alismada elit ve taban
surulerde goriilen performans farkliligi bu gorisu
desteklemektedir. Dolayisiyla gelecekte yapilmasi
planlanan hayvan 1slahi ¢aligmalarinda, uygulanacak
regresyon agaci algoritmalarinda Olgiim
hassasiyetinin énemli bir kriter oldugu goérilmustiir.
Hayvan 1slahi ¢calismalarinda yapilan ilk adim kayit
tutmaktir. Dolayisiyla seleksiyona tegkil edecek
kayitlar ile gelecek generasyonlarin ebeveynlerinin
belirlenmesinde elit suriilerin sayis1 artirilabilir,
yetigtiricilere Olcimlerin  titizlikle yapilmasi
konusundaki 6zverinin o6nemi vurgulanabilir ve
tutulan kayitlarda yeni oOzellikler eklenebilir. Daha
buytik hayvan stirileri tizerinde ¢alismak, kullanilan
istatistiksel yontemlerindeki yanilmalar1 distirebilir.
Bununla birlikte daha etkin bagimsiz degiskenlerin
secilmesi regresyon agaci yontemlerinin tahminleme
gliclini artirabilir.

Tegekkiir

Kayitlarini kullanmamiza izin vererek bu ¢alismanin
gerceklesmesine katkida bulunan Osmaniye 1l
Damizlik Koyun Keg¢i Yetigtiricileri Birligi'ne ve Proje
Teknik Elemanlarina tesekkiir ederim.

Cikar Catigmasi Beyani

Makale yazari herhangi bir ¢ikar catismasi olmadigim
beyan eder.
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OZET

Bu ¢alismada Gerze tavugu popiilasyonuna ait 43 6rnek ile ticari saf
hatlardan olusturulan 50 orneklik Saf hat popiilasyonunun major
doku uyumlulugu gen kompleksi (MHC) bakimindan molekiiler
incelenmesi amaglanmigtir. Allelik ¢esitlilik, MHC igerisinde yer alan
MCWO0371 ve LEI0258 mikrosatellit lokuslarinin PCR yontemi
yardimiyla cogaltilarak elde edilen DNA fragmentlerinin agaroz jel
elektroforezi ile ayrimlanmasi ile hesaplanmistir. Gerze
populasyonunda LEIO258 lokusunda elde edilen allel sayisi, etkili
allel sayisi, gozlenen heterozigotluk ve beklenen heterozigotluk
degerleri sirasiyla; 16, 10.82, 0.67, 0.91, Saf hat popiilasyonunda ise
19, 11.84, 0.60, 0.92 olarak bulunmustur. MCWO0371 lokusu i¢in
sirasiyla; Gerze popilasyonunda 3, 2.68, 0, 0.63 ve Saf hat
popilasyonunda 3, 1.96, 0, 0.49 olarak tespit edilmistir.
Poptilasyonlar arasinda Nei genetik uzaklik ve genetik benzerlik
degerleri swrasiyla 0.419 ve 0.658 olarak hesaplanmigtir.
Popiilasyonlar arasinda Fsr degeri 0.068 olarak bulunmustur. Elde
edilen bulgular, igerdigi allel deseni bakimindan Gerze tavugunun
0zgin bir genetik kaynak olarak korunmasimin ve 1slah
programlarina dahil edilmesinin énemli oldugu sonucuna varilmigtir.

Major Histocompatibility Gene Complex Polymorphism in Gerze
Genotypes

ABSTRACT

The aim of this study was to molecularly investigate the major
histocompatibility complex (MHC) polymorphisms of the Gerze
chicken population of 43 samples and the commercial pure line
population of 50 samples. Allelic diversity was calculated based on
PCR amplification of MCW0371 and LEI0258 microsatellite loci in
MHC and separation of DNA fragments by agarose gel
electrophoresis. In the Gerze population, number of different alleles,
number of effective alleles, observed heterozygosity and expected
heterozygosity values were calculated as: 16, 10.82, 0.67, 0.91,
whereas the values were determined as 19, 11.84, 0.60, 0.92 for the
pure line population, respectively for LEI0258 locus. As for MCW0371
locus, the values were calculated as 3, 2.68, 0, 0.63 in the Gerze
population and 3, 1.96, 0, 0.49 in the Pure line population,
respectively. Nei’'s genetic distance and genetic identity values
between the populations were calculated as 0.419 and 0.658,
respectively. The Fsr value among the populations was found to be
0.068. The findings revealed that Gerze chicken should be included in
breeding programs as a unique genetic resource with its allelic
richness.
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GIRIS
Hayvancilikta belirli bir verim karakteri yoniinde

1slah edilmis, simirhi sayida irkin yayginlagsmasi ve
eldeki popiilasyonlara uygulanan yogun seleksiyon
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baskis1 6zellikle olumsuz c¢evre kosullarina ve
hastaliklara dayaniklihlk konusunda sorunlarin
artmasina neden olmaktadir. Damizlik
popllasyonlarda homozigotlasmanin artmasi bu
popilasyonlarin, hem giincel sorunlarin tistesinden
gelebilmek hem de degisen tiiketici beklentilerine
cevap verebilmek igin ileride gereksinim duyulacak
1islah  planlamalari  agisindan  simirhi  genetik
potansiyele sahip olmalari sonucunu dogurmustur
(Rauw ve ark., 1998 Hoffmann, 2010).

Tavuk¢uluk sektérii tim diinyada oldugu gibi
Turkiye'de de entansif yetistiriciligin en yogun olarak
uygulandig1 sektérlerin basinda gelmektedir (Sarica
ve Tiirkoglu, 2009). Entansif {iretimin yayginlasmasi
ile birlikte genetik olarak benzer ebeveynlerden kéken
alan yiiksek verimli hatlar gelistirilmis, tretim
stratejileri bu hatlarin kontrolli c¢iftlestirilmesi
tzerine kurulmustur. Bu durum sinirh sayida 6zellik
bakimindan yliksek performans elde edilmesini
saglasa da ozellikle yasama gucii konusunda gin
gectikge artan sorunlar: beraberinde getirmigtir.

Tavuk, QTL (kantitatif karakter lokusu) ve son
yillarda da QTN (Kantitatif karakter niikleotidi)
belirleme c¢alismalarinin en yogun olarak yapildig:
ciftlik hayvani tiirlerinin basinda gelmektedir (Siwek
ve ark., 2015). QTL bélgelerinin tespit edilmesi ve
seleksiyon kriteri olarak kullanilabilmesi ile ilgili en
onemli kisitlayicilarin baginda hastaliklara
dayamiklihbk ya da diger verim karakterlerini
determine eden genlerin poligenik yapida olmasi
gelmektedir (Goddard ve Hayes, 2009). Bu durum tek
bir morfolojik farkliligin bile ¢ok sayida genin

ortaklagsa etkisiyle ortaya c¢ikabilmesi sonucunu
dogurur (Abasht ve ark., 2006).

Major doku uyumlulugu kompleksi (Major
Histocompatibility = Complex, MHC) hiicrelerin

yuzeylerinde bulunan ve yabanci maddeleri taniyan
proteinleri (antijenleri) kodlayan bir gen grubudur
(Chazara ve ark., 2013). MHC, tiim omurgahlarda
bulunan, bagisiklikla ilgili olsun ya da olmasin doku
uyumunda rol alan butiin genleri kapsamaktadir. Bu
gruptaki genler, kodlanan bolgeler arasinda en yliksek
polimorfizm gésterenlerdir (Eimes ve ark., 2011).

Tavuk MHC genlerinin genomik organizasyonu
memelilerden farklidir. Tavuk kromozomu 16 (GGA
16) ile eslestirilen neredeyse tiim genler ya bagisikhik
tepkilerinde bir role sahiptir ya da diger tlrlerde
tanimlanan bagisikhik sistemi genleri 1ile dizi
homolojisi nedeniyle bagisiklikta bir sekilde gorev
aldig1 diisiiniilmektedir (Miller ve Taylor Jr, 2016).
Tavuk MHC genleri kromozom 16 tizerinde B ve kesim
parca deseni Y (Rfp-Y) olmak iizere 2 bagimsiz
bélgeden olusur. Bu bolgelerin her ikisi de sinif 1 (B-F
ya da Y-F) ve smnif 2 (B-L ya da Y-L) lokuslari icerir
(Emara ve ark., 2002). Klasik MHC sif I molekiilleri,
tim c¢ekirdekli hiicreler tizerinde eksprese edilen
membran proteinleridir. MHC’nin baz1 kanath hayvan
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hastaliklarina duyarlhihig1 ve direnci sagladig: ya da
bagisiklik yamitlarimi etkiledigi  bildirilmektedir.
Tavuk major doku uyumlulugu kompleksi genel olarak
yiiksek 6lciide polimorfik MHC smf 1 (BF) ve MHC
sinif 4 (BG) antijenlerin 6zel antikorlarla birlikte
eritrositlerin serolojik tepkileri tarafindan tanimlanir.
Tavuk MHC B simf I bolgesi, simif Ia zincirleri
kodlayan 2 gen icermektedir; B-F1 (B-F1 ya da B-F
minér) ve B-F2 (B-F4 ya da B-F major). B-F2 geni asil
ifade edilen lokus olarak tanimlanmigtir. MHC B simif
2 bolgesi 3 gen igermektedir; klasik olmayan DM
zincirleri, tek zincir B-DMA ve iki zincir B-DMB1 ve
B-DMB2 (Chazara ve ark. 2011). LEI0258 ve
MCWO0371 mikrosatellit markérleri MHC igerisinde
BG ve BF bolgeleri arasinda yer almakta olup,
LEIO258 lokusunun 10.560 b¢ asagisinda ise
MCWO0371 lokusu bulunur (Fulton ve ark., 2006).
Tavuk majér doku uyumlulugu gen kompleksine ait
harita Sekil 1’de verilmistir.

Tavuk MHC, hem BG antijeleri hem de BF kodlanmig
simif I molekillerinden dolayr serolojik reaktiftir.
Viral, bakteriyel ve parazitik patojenlere dayamklilik
ile iligkili oldugu bilinmektedir. Ozellikle de Rous
sarkoma timor virusi, kusg 16koz virtusi, kus kolerasi,
koksidioz, salmonella ve Marek hastaligi viriisi de
dahil olmak tizere gesitli patojenlere karsi hastalik
direnci ve duyarlihik ile yakin iligkili oldugu
bildirilmistir (Schat ve Skinner, 2014).

Gerze tavugu Karadeniz Bolgesi’'nde 6zellikle Sinop ve
cevresinde yetigtirilen bir irk olarak Turkiye'nin
onemli genetik zenginliklerinden biridir (Mercan ve
ark., 2019). Yerel genetik kaynaklarin en o6nemli
ustiinlikleri  yetigtirildikleri  bolgenin  ekolojik
kogullarina gostermis olduklar1 yuksek adaptasyon
yeteneklerinden gelir (Mercan ve Okumus, 2015). Bu
calismada Gerze tavugunun major doku uyumlulugu
gen kompleksi igerisinde yer alan mikrosatellit
lokuslar1  bakimindan  baz1  ticari saf hat
genotiplerinden 0zgin niteliginin bulunup
bulunmadiginin tespit edilmesi amaglanmigtir.

MATERYAL ve METOT
Hayvan Materyali

Aragtirmanin hayvan materyalini 93 adet yaklagik bir
yaginda tavuk olugturmustur. Calismada Gerze Ilge
Tarim ve Orman Miidiirliigiinden alinan 43 6rnek (14
horoz, 29 tavuk) saf Gerze popiilasyonu olarak kabul
edilmigtir. Tavukguluk  Arastirma Enstitisi
Miidiirliigiinden alinan 10 saf hatta ait 50 6rnek (10
horoz, 40 tavuk) saf hat genotipleri temsil etmektedir.
Bu hatlar sirasiyla Brown Line, Barred Rock I, Rhode
Island Red I, Barred Rock II, Maroon Line, Line-54,
Blue Line, Columbian Rock, Black Line ve Rhode
Island Red II hatlari olup, 6rnek numaralar1 sirasiyla
1-50 arasinda verilmistir. Her bir hatta dort tavuk ve
bir horoz bulunmaktadir. Maroon hattina ait saf hat
popiilasyonundan iki érnek (23 ve 24 numaralar) DNA
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Sekil 1. Tavuk major doku uyumlulugu gen kompleksi haritasi. Kosmid kiime 1’de dizilenmis genler belirtilmigtir.

BF = MHC smif 1; BG = MHC sinif 4; BL =
MHC-Y kompleksi; B =
degistirilmistir).

MHC sinif 2; NOR = Cekirdekg¢ik organize edici bolgeler; Y =
MHC-B kompleksi; BLA = MHC smif 2 a geni (Izadi ve ark., 2011 ‘den

Figure 1. The chicken major histocompatibility complex map. Cosmid cluster 1 sequenced genes are indicated. BF
= MHC class 1, BG = MHC class 4, BL = MHC class 2; NOR = nucleolar organizer region; Y = MHC-Y
complex; B =MHC-B complex; and BLA = MHC class 2 a gene (modified from Izadi et al., 2011).

izolasyonu ve PCR asamalarindaki tekrar eden
sorunlardan dolay: degerlendirme dig1 birakilmigtir.

Caligma icin OMU Hayvan Deneyleri Yerel Etik
Kurulundan 6.11.2012 tarih ve 1 sayili toplanti karar:
ile izin alinmistir.

DNA Izolasyonu ve PCR Iglemleri

Genomik DNA izolasyonu kit yardimiyla (BILATEC,
Mannheim, Almanya), iiretici protokoliine uygun
olarak yapilmigtir. Elde edilen DNA’larin saflik ve
miktarlar1 Biophotometer (Eppendorf, Almanya)
cihaz1 ile spektrofotometrik olarak tespit edilmis,
orneklerin her biri 20 ng pl't DNA igerecek sekilde PCR
iglemleri i¢in seyreltilmistir. PCR iglemleri Termal
déngii cihazi1 (BIO-RAD, ABD) yardimiyla toplam 20 pl
(40 ng tDNA + 5 uM ileri ve 5 uM geri primer + 4 ul
PCR hazir karisgtm + 11 pl steril saf su) hacimde
hazirlanmigtir.

Calismada Fulton ve ark. (2006) tarafindan bildirilen
lokuslara 6zgtu primer ¢iftleri kullanilmigtir. LEI0258
ve MCWO0371 lokuslarinin c¢ogaltiminda kullanilan

ileri ve geri primerlerin dizisi sirasiyla 5'-—
CACGCAGCAGAACTTGGTAAGG - 3, 5—
AGCTGTGCTCAGTCCTCAGTGC - 35 5 -
CTGCTCCGAGCTGTAATCCTG - 3, 5—
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TTTCATGGCATCCTAAGATG — 3’ ‘dir.

PCR iglemleri i¢in reaktifler, 94 °C’de 1 dakikalik ilk
denatiirasyonu takiben 35 déngii boyunca; 45’er saniye
denatiirasyon i¢in 92, primerlerin baglanmasi i¢in 57
ve uzama 1i¢in 72 °C’de tutulmustur. Dongiler
tamamlandiktan sonra son uzama i¢in 10 dakika 72
°C’de bekletilmigtir.

Jel Elektroforezi Iglemleri

Elektroforetik ayrimlamada agaroz jel eletroforezi
yontemi kullanilmigtar. PCR trinlerinin
ayrimlanmasinda %4’1iik yiiksek céziiniirlikli (high
resolution) agaroz (Amresco, Ingiltere) kullanilmigtir.

Ethidyum  bromiir ile boyanan jeller, jel
dokiimantasyon sistemi (Syngene, Ingiltere) ile
goériintillenmig ve fragment biytklikleri
belirlenmigtir.

Istatistik Analizler

Tespit edilen mikrosatellit allelleri GenAlex v.6.5
(Smouse ve Peakall, 2012) ve GenePop v.4.6 (Rousset,
2008) yazilimlar1 yardimiyla analiz edilmis; allel
frekanslari, allel geniglikleri, F istatistikleri, gbzlenen
(Ho) ve beklenen (He) heterozigotluk gibi temel
genetik ¢esitlilik parametreleri hesaplanmistir.
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BULGULAR ve TARTISMA

Gerze tavuk irkini temsil eden popiilasyonu olusturan
bireylerde LEI0258 lokusundan elde edilen allelere ait
agaroz jel goruntileri Sekil 2’de verilmistir.

Sekil 3'de Saf hat popllasyonunun LEI0258
mikrosatellit lokusundaki jel goriintiisti verilmistir.

Gerze popiulasyonunun MCWO0371 mikrosatellit

lokusundaki allelik durumunu gésteren jel goriintiist
Sekil 4’te verilmigtir.
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Caligilan iki lokus bakimindan Gerze ve Saf hat
poptilasyonlarinda goriilen genetik  cesitlilik
parametreleri Cizelge 1’de verilmistir.

Populasyon farki gézetmeksizin her iki lokus igin
hesaplanan Wright'in F-istatistigi (Fis, Fir, Fsr) ile gen
akisi (Nm) degerleri Cizelge 2'de sunulmustur.

Saf hat populasyonunun MCWO0371 mikrosatellit
lokusundaki allelik durumunu gésteren jel goriintiisii
Sekil 5’te verilmigtir.
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Sekil 2. Gerze poptilasyonu LEI0258 mikrosatellit lokusuna ait jel goriintiisi
Figure 2. Gel image of LEI0258 microsatellite locus in the Gerze population
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Sekil 3. Saf hat popililasyonu LEI0258 mikrosatellit lokusu jel gériintiisi
Figure 3. Gel image of LEI0258 microsatellite locus in the Pure line population
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Sekil 4. Gerze poptilasyonu MCW0371 mikrosatellit lokusu jel gérintisi
Figure 4. Gel image of MCWO0371 microsatellite locus in the Gerze population
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Sekil 5. Saf hat poptilasyonu MCWO0371 mikrosatellit lokusu jel gériintiist
Figure 6. Gel image of MCWO0371 microsatellite locus in the Pure line population

Cizelge 1. Degerlendirmeye alinan 6rnek sayis1 (N), allel sayis1 (Na), etkili allel sayis1 (Ne), bilgi dizini (I), gézlenen
heterozigotluk (Ho), beklenen heterozigotluk (He), tarafsiz beklenen heterozigotluk (uHe) ve fiksasyon
(homozigotlagsma) indeksi (F) degerleri

Table 1. Sample size (N), no. alleles (Na), no. eftective alleles (Ne), information index (I), observed heterozygosity

(Ho), expected heterozygosity (He), unbiased expected heterozygosity (uHe), and fixation index (F) values
Popilasyonlar Lokuslar

. . N Na Ne I Ho He uHe F
Populations Loci
Gerze LEI0258 42 16.000 10.822 2.564 0.667 0.908 0.919 0.265
Gerze MCWO0371 43 3.000 2.684 1.036 0.000 0.627 0.635 1.000
Saf hat LEI0258 42 19.000 11.839 2.674 0.595 0916 0.927 0.350
Pure line MCW0371 40 3.000 1.956  0.847 0.000 0.489 0.495 1.000
Cizelge 2. Populasyonlarda her iki lokus igin Wright'in diisiik oldugu sonucu ortaya ¢ikmistir.
F-ivstatisfcikleri ile tahmini gen akist (Nm) Popiilasyonlar arasinda Nei genetik uzaklik degeri
degerleri (Nei, 1977) 0.419 ve genetik benzerlik degeri ise 0.658
Table 2. Wright's F-Statistics and estimated number of  ]arak hesaplanmistir. Popiilasyonlar arasinda Fsr
migrants (Nm) over all populations for each degeri 0.068 olarak bulunmustur.
locus Molekiiler varyans analizi sonuglarina gore MCWO0371
Lokuslar e . o) g .
Loci Fis Frr Fsr Nm }o.kusu i¢in molekiler varyasyonun %841 populasyc?n
icinden, %16’s1  poptlilasyonlar arasi  genetik
LEI0258 0.308 0.321 0.019 12.711 gegsitlilikten kaynaklandigi tespit edilmigtir. LEI0258
MCWO0371 1.000 1.000 0.117 1.881 lokusu bakimindan ise molekiiller varyansin %97’si
populasyon  igi genetik cesitlilikten, %31
Cizelge 2 incelendiginde her iki popiilasyon arasinda populasyonlar arasi genetik cesitlilikten
LEI0258 lokusunda allel paylagimi yiiksek bulunmus kaynaklanmaktadir. Bu oranlar her iki lokus
ancak MCWO0371 lokusunda allel paylagiminin daha bakimindan incelendiginde genetik varyasyonun
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%90 1min  populasyon i¢ginden %10unun ise
popllasyonlar arasindan geldigi tespit edilmigtir.
Elde edilen bulgular Gerze ve Saf hat

populasyonlarinin LEIO258 lokusunda yiliksek oranda
polimorfizm gosterdigi ortaya c¢ikarmigstir. Bununla
birlikte MCWO0371 lokusu bakimindan her iki
popllasyonda da tam bir monomorfizm dikkati
cekmektedir.

MCWO0371 lokusunda gorilen yiiksek monomorfizm
hem Gerze hem de Saf hat popiilasyonlarinda
mutasyonun gerceklesmedigini géstermektedir. Buna
karsin LEI0258 lokusunda goriillen yiksek
polimorfizmin bu bélgedeki mutasyon sikligini ortaya
koymaktadir. Bu sonuglara gére LEI0258 mikrosatellit
lokusunda daha aktif bir gekilde farklilasmanin
meydana geldigi séylenebilir.

Miller ve Taylor (2016), MHC bélgesinin de yer aldig
birgok GGA 16 kromozomdaki ¢ok sayida geninin
polimorfik oldugunu bu bolgelerdeki polimorfizmin
yapisi, dagilimi, baglar1 ve oriintileri, GGA 16'min
bagisiklik savunmasina adanmis bir mikrokromozom
olarak gelistigini 6ne surmektedir. Bu bulgular
LEIO258 mikrosatellit lokusunda gorilen ylksek
polimorfizm sonuglar: ile uyumludur.

Ngeno ve ark., (2015) yaptiklar: calismada farkh yerel
popilasyonlarda MCWO0371 lokusunda 10, LEI0258
lokusunda ise 46 farkli allel tespit etmiglerdir. Bu
calismada populasyon ayrimi olmaksizin LEI0258
lokusunda toplam 20 allel elde edilmis bunlardan 1
allel (367 bg) Gerze popiilasyonuna 6zgii iken Saf
hatlardan olusturulan poptilasyonda 4 o6zgin allel
(240, 463, 477, 485 bc) tespit edilmistir. Ngeno ve ark.
(2015) tarafindan yapilan calismada cok sayida yerli
poplilasyon kullanilmis olmasinin allel ¢esitliliginin
daha yiksek ¢ikmasina neden oldugu
degerlendirilmektedir.

Fadhil ve Mercan (2016) yaptiklar: calismada Gerze
popilasyonunun kug gribine dayaniklihk ile ilgili
oldugu bildirilen alleli yiiksek oranda igerdigini ortaya
koymustur. Bu calismada da Gerze popiilasyonunda
MHC igerisinde goriilen yiiksek polimorfizm bu
popllasyonun dayamklhilik ile ilgili muhtemel
varyantlar1  icerebilme  potansiyelinin  yiliksek
oldugunu ortaya koymaktadir.

SONUC

Bu calisma igerdigi allel deseni bakimindan Gerze
tavugunun o6zgiin bir genetik kaynak olarak
korunmasinin 6nemini ortaya koymustur. Bununla
birlikte dayamklhilik ile ilgili c¢alismalarin ikinci
boyutu bu hayvanlarin hastaliklara kars1 gosterdikleri
dayamklihik  performanslarinin tam  kontrolli
laboratuvar kogullarinda in vivo 6lgtilmesidir.

Tirkiye tavuk genetik kaynaklarinin baginda gelen
Gerze tavugunun son yillarda biyiuk 6nem kazanan
hastaliklara dayaniklilik ile ilgili 1slah
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planlamalarinda yer alabilecek c¢esitlilige sahip
oldugunun belirlenmesi bu kaynagin korunmasi
gerekliligini ortaya koymaktadir. Gerze tavugu da
diger bircok genetik kaynak gibi korunmali ve 1slah
programlarina entegrasyonlarinin saglanmasi igin
caligilmalidir.

TESEKKUR

Bu calismanin bir kism1 Ondokuz Mayis Universitesi
tarafindan  PYO.ZRT.1904.13.022 kodlu “Gerze
tavugunda majoér doku uyumlulugu kompleksi (MHC)
polimorfizminin mikrosatellit markorler ile
karakterizasyonu” adli Yuksek Lisans tez projesi
kapsaminda desteklenmigtir.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan ederler.
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