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Bu c¢alismada dokuz tane orten ¢ift yildiz sisteminin eksen dénmesi ve isik-zaman etkisi, (O-C) analizi
kullanilarak incelenmistir. Analizlerden eksen dénmesi parametreleri ve ¢ift sisteme bagli muhtemel lglinci
cisme iliskin parametreler belirlenmistir. Dokuz sistem arasinda en kisa eksen donmesi donemine sahip olan
sistemin U Oph oldugu bulunmustur (U= 19.7 + 1.2 yil). Bu galismada incelenen sistemler igin, sistemlere
cekimsel bagl muhtemel Gglinci cisimlerin kitleleri, i= 90 derece varsayimi altinda, 0.09 — 4.97 MO araliginda
hesaplanmistir. Eksen donmesine sebep olan fiziksel sireglerin, gbzlenen eksen donmesi hizina olan katkilari
da hesaplanmistir. Gozlenen eksen dénmesine en blyuk katkinin (RR Lyn ve V889 Aql disinda) bilesen
yildizlarin eksenleri etrafinda donmesi ve karsilikh cekim nedeniyle olusturduklari basiklik etkilerden geldigi
gorulmustir. RR Lyn ve V889 Agl sistemlerinde ise eksen dénmesine genel goreliligin katkisinin daha biyik
oldugu bulunmustur. Diger sistemlerde ise bu etkinin katkisinin %1 ile %13 arasinda oldugu hesaplanmistir.
Dokuz sistem igin gdzlenen eksen dénmesine Uglinci cisim nedeniyle olusan etkinin diger etkiler yaninda ihmal
edilebilir blyuklikte oldugu belirlenmistir.

Anahtar Kelimeler: 6rten ¢ift yildiz, eksen dénmesi, 151k-zaman etkisi

Analysis of Apsidal Motion and Light-Time Effect in Nine Eclipsing Binaries
Abstract

In this study, the apsidal motion and the light-time effect of nine eclipsing binary star systems were
investigated by using (O-C) analysis. The apsidal motion and the third-body parameters were determined from
the analyses. According to the results, the shortest apsidal motion period was calculated for U Oph (U =19.7 +
1.2 years). Third-body masses gravitationally bound to the systems were also found to be in the range of 0.09 -
4.97 MO. It has been determined that the greatest contribution to the apsidal motion rate(except RR Lyn and
V889 Agl) comes from the effects of the components due to the rotation and the tidal effect. It was
determined that the effect of General Relativity on the axis rotation was more significant in RR Lyn and V889
Aqgl systems. In other systems, this effect was calculated to be less than 15%. It has been determined that the
third-body effect is negligible within the observed axis rotation for all systems.

Keywords: eclipsing binary stars, apsidal motion, light-time effect
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Giris

Basik yoriingeli orten cift yildiz sistemleri, yildizlarin igyapisi hakkinda gézlemsel bilgilere ulagsmanin
onemli bir aracidir. Bu tir ¢ift sistemlerde gozlenen eksen dénmesi etkisi astronomide yaklagik
ylzyldir bilinmektedir (Cowling, 1938; Sterne, 1939). Eksen donmesi, cift yildizin yoriinge asal
eksenin uzayda donmesi olarak tanimlanir. Eksen dénmesinin hizi, gift yildizi olusturan bilesenlerin
icyapisina baglidir. Bu nedenle eksen dénmesi hareketin incelenmesi, yildiz yapisi ve kuramsal evrim
modellerinin gézlemsel testinin yapilmasina olanak sunar (Bulut vd., 2017; Claret vd., 2021). Ayrica
eksen donmesi galismalari Glnes Sistemi disinda genel gorelilik kuraminin gézlem testini yapmak
icinde kullanilir (Baroch vd., 2021; Guinan ve Maloney 1985). Bu ¢alismalar eksen déonmesi dénemi
hesaplanabilen orten ¢ift yildiz sistemleri sayesinde gergeklestiriimektedir.

Cok sayidaki cift yildiz sisteminde oldugu gibi eksen dénmesi gosteren sistemlerde de Uglincl bir
bilesenin varhgi gozlenebilmektedir. Bu tir ¢oklu sistemler, yildiz astrofiziginde ¢ok cesitli strecleri
incelemek icin miikemmel bir gok mekanigi laboratuvari olarak hizmet ederler.

Bu calismada eksen dénemsi gdsteren dokuz tane ¢oklu orten ¢ift yildiz sisteminin eksen donmesi ve
1Istk-zaman etkisi analiz yapilmis, eksen donmesi ve muhtemel Uglinct cisme iliskin parametreler
belirlenmistir. Ayrica cift sisteme ¢ekimsel olarak bagli Gglncl cismin, eksen donmesine etkisi de
arastiriimstir.

Materyal ve Yontem

Sistemler

Bu calisma icin V889 Aql, TV Cet, HS Her, RW Lac, RR Lyn, U Oph, V1094 Tau, YY Sgr ve AO Vel 6rten
cift yildiz sistemleri secilmistir. Secilen dokuz orten cift yildizda hem basik yoriingeli, hem de Uglnci
cisme sahip oldugu ¢ok uzun stiredir bilinen sistemlerdir. Bu sistemler Bulut ve Demircan’in (2007)
basik yoriingeli orten cift yildizlar katalogunda da yer almakta olup farkli arastirmacilar tarafindan
fotometrik ve tayfsal calismalari yapilmis, donem degisimleri incelenmistir. Tablo 1’de sistemlere
iliskin literatlirde yer alan son ¢alismalardan elde edilen sonuglar listelenmistir. Bu tabloda cift yildizin
yoringe dénemi (P), maksimum parlakligi (m,) ve tayf tiri yildiz kataloglarindan alinmistir. Tabloda
yer alan eksen donmesi donemi (U) ve Uclincl bilesenin kitlesi (m3) degerlerinin alindigi kaynak son
situnda verilmistir.

Tablo 1. Sistemlerin Literatiirdeki Calismalardan Alinan Bazi Parametreleri

my

Sistem P (gln) (kadir) Tayf turd U (yil) m3 (Mg) Kaynak
V889 Aql  11.120820 9.1  BO.SV+AOV 26406 + 597 16 Kiran vd. (2019)
TV Cet 9103293  9.32 F2V4F5V 25043 + 11760 0.18 Bozkurt ("Zeogs)g"menc'
HS Her 1.637434 897  B5V+A4V 823+43 1.72 Bozkurt ve Degirmenci
(2007)
Kim vd. (2018)
+
RW Lac 10.369220  11.0  G5V+G7V 9000 + 1900 0,41 Wolf vd. (2006)
RR Lyn 9.945078  6.03  ABIV+FOV 2000 0.1 Khaliullin ve Khaliullina
(2002)
U Oph 1677346 656  BSV+B5V 20.7 +4 0,74 Bozkurt ve Degirmenci
(2007)
V1094 Tau  8.988545 943  GOV+G3V 13600 0.17 Wolf vd. (2010)
YY Sgr 2.628475  10.73  BG5V+B6V 294+ 1.4 0.73 Wolf vd. (2006)
AO Vel 1584612 979  BpSi+B8V 54.4+0.5 4.4 Wolf vd. (2005)

Bulgular ve tartisma boéliminde Tablo 1’de verilen literatiir sonuglari, bu ¢alismada elde edilen
sonuglarla karsilastirilarak tartisiimistir.
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Eksen D6nmesi

Eksen donmesi basik yoriingeli gift sistemlerde gézlenen bir olaydir. Bu olay ¢ift yildizin yériinge asal
ekseninin uzayda dénmesidir. Eksen dénmesinin hizi gift yildiz yoriingesinin enberi noktasinin
boylamindaki degisimle olcilir. Eksen donmesine iki temel fiziksel etki sebep olmaktadir. Bunlarda
birincisi eliptik yoriingeli ¢ift sistemde bilesenlerin donme nedeniyle kutuplardan basiklagsmalari ve
karsilikli cekim nedeniyle armutlasmalaridir. Bu etkilerden kaynaklanan enberi noktasi boylamindaki
degisim, toplam eksen donmesine klasik katki (W;4si%) olarak adlandirilir.

Diger etki ise genel gorelilik kuramindan gelir. Bu kurama gore cift yildiz bilesenleri nokta kiitle olsalar
bile yoriinge asal ekseninin uzayda doénecegi ongoriliir. Relativistik etkilerden kaynakli yoriingenin
enberi noktasinin boylamindaki degisim (relativistik katki)icin Gimenez (1985) tarafindan

Gpe; = 5,45 X 10™*

1 (M)Z/g Q)

1-e2 P
ifadesini vermistir. Burada (M) ve (M,) bilesenlerin kitleleri, (P) ise yoriinge donemidir.
Eksen donmesi gbsteren bir cift sisteme cekimsel olarak bagl Gglinct bir cismin bulunmasi enberi

noktasinin boylamindaki degisimi hizlandiracagi Martynov (1948) tarafindan belirtilmistir. Martynov
(1948) lglinci cisim etkisinin enberi noktasi boylamindaki degisime katkisini

225

W3 = Z?\mz + 3—27\2m3 (2)
denklemiyle vermistir. Burada

A= et ®)
ve

m =% (4)

=
ifade edilir. Burada (mj;) Gglinci bilesenin kitlesi, (P;) Uglincli bilesenin yoringe donemi, (P;) ise
yildizil donemdir.

Bu durumda Uglinci bilegeni bulunan basik ydriingeli bir cift yildiz sisteminin(wg;,) enberi noktasinin
boylamindaki gézlenen toplam degisim

Wgpz = Wrep T Wigsik + W3 (5)

bigciminde olur. Burada enberi noktasinin boylamindaki toplam degisime; (w,.;) relativistik katkiyi,
(Dpiasix) klasik katkiyl, (w3) ise Gglincli cisim etkisinden gelen katkiyi géstermektedir.

Eksen Donmesi ve Isik-Zaman Etkisi Analizleri

Bu calisma icin hem eksen donmesi hem de isik-zaman etkisi gbzlenen dokuz tane orten cift yildiz
sistemi secilmistir. Secilen tim sistemler (V889 Aqgl, TV Cet, HS Her, RW Lac, RR Lyn, U Oph, V1094
Tau, YY Sgr ve AO Vel) basik yoringeli 6rten cift yildiz sistemleridir. Sistemlerin eksen dénmesi ve isik-
zaman etkisi, (O-C) diyagrami analizi araciligiyla incelenmistir. (O-C) diyagramlari olusturulurken C
degerlerinin hesaplanmasinda Kreiner vd."den (2001) alinan lineer isik elemanlari kullanilmistir.
Olusturulan (0O-C) diyagramlarinda c¢ift sistemin eksen dénmesi hareketinden kaynakl degisimin
Ustline binmis, UGglinct bir cismin varhiginin neden oldugu isik-zaman etkisini gosteren degisimler
gbzlenmistir (Sekil 1).

Eksen donmesi hizini hesaplamak igcin Giménez ve Garcia-Pelayo (1983) tarafindan Onerilen daha
sonra Giménez ve Bastero (1995) tarafindan revize edilen yontem kullaniimistir. Eksen dénmesi
analizinde hesaplanan parametreler; yildizil dénem (P;) kavusum donemi (P,), yoriingenin
dismerkezligi (e), (Ty) referans zamaninda enberi noktasinin boylami (wy) ve ¢evrim basina enberi
noktasinin boylamindaki degisim (w)’dir.
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Ugiincii cismin sebep oldugu i1sik-zaman etkisinin analizi i¢in Irwin (1952) tarafindan verilen

A [(1—e§).sin(y+w3)

, 1+ezcos
1-eZcos?ws 3¢0sY

analitik forml kullanilmistir. Burada (t) Gglincl cismin neden oldugu isik-zaman gecikmesi veya
ilerlemesidir. (A) 15k zaman etkisiyle olusan dénemli degisimin yari genligi (giin biriminde), (es) ve
(w3) sirasiyla Gglincli cismin yoriingesinin dismerkezligi ve enberi noktasinin boylamidir. v ise orten
ciftin kiitle merkezinin bagil yériinge izerindeki konumunun gercek anomalisidir.

(O-C) analizlerinde (O-C) GATEWAY veri tabaninda (Paschke and Brat, 2006) bulunan gozlenmis
minimum zamanlari kullaniimistir. Analizlerde farkh agirlik verilerek (gérsel = 1, fotografik = 3,
fotometrik/CCD = 10) tim minimum zamanlari kullaniimistir. (O-C) analizleri Zasche vd. (2009)
tarafindan vyazilan MATLAB ortaminda c¢alisan bilgisayar programi kullanilarak yapilmistir.
Analizlerden elde edilen eksen donmesi parametreleri ile muhtemel liclincl bilesene ait parametreler
Tablo 2’'de listelenmigtir. Tabloda analizlerde serbest birakilan parametrelerin hatalari parantez
icinde verilmistir. (O—C) egrileri ile onlarin eksen donmesi ve isik-zaman etkilerini temsil eden
kuramsal egrileri ise Sekil 1’de gosterilmistir. Sekil 1’in (a) panelinde (O-C) egrilerine eksen dénmesi
icin yapilan ¢o6ziimlerin, gozlemlerle uyumu, (b) panelinde bunlarin artiklarina Giglincii cisim etkisi igin
yapilan ¢éziimlerin egrileri, (c) panelinde ise kuramsal egrilerden olan farklar gérilmektedir.

T = + e3 sin a)3] (6)

Bulgular ve Tartisma

Sunulan calismada dokuz basik yoringeli orten cift yildiz sisteminin donem analizi gerceklestirilmis,
eksen dénmesi parametreleri ile muhtemel liglincl cisme iliskin yoriinge parametreleri belirlenmistir
(Tablo 2). Uglincii cisim kiitlesi ve diger hesaplamalarda kullanilan mutlak parametreler Bulut ve
Demircan (2007) ¢alismasindan alinmistir.

Sonuclara gore en kisa eksen donmesi donemi U Oph icin hesaplanmistir (U= 19.7 yil). U Oph, HS Her
ve AO Vel sistemlerinin eksen dénmesi donemlerinin 100 yilin altinda oldugu ve eksen dénmesinin
olduk¢a hizli oldugu goérilmektedir. Bulunan sonuglar Tablo 1'de verilen literatlrdeki degerle
karsilastirildiginda TV Cet, V1094 Tau ve RW Lac icin hesaplanan eksen dénmesi donemlerinin
literatlirdeki degerlerden daha kisa, RR Lyn i¢in ise daha uzun oldugu goriilmektedir. Sonuglardaki
farklihklar bu sistemlerin yavas eksen doénmesi gostermeleri, dolayisiyla analiz edilen goézlem
verilerinin eksen dénmesi déneminin ¢ok kigik bir bolimini kapsamasindan kaynaklandig
distnilebilir. Bu nedenle sistemler igin gelecekte yapilacak yeni minimum zamani gézlemleri dnemli
olacaktir. Diger sistemler igin hesaplanan eksen dénmesi dénemleri Tablo 1’de verilen literatir
sonuglariyla uyumludur.

V899 Agl ve AO Vel disindaki sistemler icin hesaplanan Uglincli cisim kitlesi 1 Mg'den kiguk
bulunmustur. V899 Agl icin hesaplanan (glinci cismin kitlesinin, ¢ifti olusturan bilesenlerin
kitlelerine (2.4 + 2.2 Mg) ¢ok yakin oldugu ve AO Vel i¢in hesaplanan lginci cisim kitlesinin ise
bilesenlerin kitlelerinden (4.4 + 3.6Mgy) daha bulyik oldugu gorilmektedir. HS Her icin bulunan
Gglncd cisim kitlesi, Bozkurt ve Degirmenci (2007)tarafindan verilen degerden oldukga kiicik oldugu
gorlilmektedir. Diger sistemler icin bulunan UGglinci cisim kitleleri Tablo 1’'de verilen literatlr
sonuglariyla uyumludur.
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Sekill. Sistemlerin Donem Degisimleri

Grafiklerde birinci minimum zamanlari igi dolu, ikinci minimum zamanlari igi bos sembollerle gésterilmistir. (a)
Eksen dénmesi ve isik-zaman etkisini igeren (O-C) diyagramlari ve yapilan en iyi fitler, (b) (O-C) diyagramlarinda
eksen dénmesi etkisi ¢ikarildiktan sonra kalan artiklara sadece isik-zaman etkisi icin yapilan fitler, (c) (O-C)
diyagramlarina yapilan fitlerden kalan artiklar gériilmektedir.
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Tablo 2. Eksen Dénmesi ve Uglincii Cisme iliskin Parametreler

Parametre V889 Aqgl TV Cet HS Her RW Lac RR Lyn U Oph V1094 Tau YY Sgr AO Vel

T, (HID) 38241.7516 52873.5259 47382.4226 52253.6438 44988.2530 44416.3857 49702.4467 48059.5775 45043.6704
2400000+ (11) (50) (7) (84) (59) (8) (22) (14) (94)
Py(glin) 11‘1(21())769 9.1032913 (45) 1'63(;?337 10.369206 (6) 9.945073 (64) 1'67(72?459 8.988546 (44) 2'625;‘;740 1'5?;136)156
Pq(giin) 11'1(?[())769 9.1038391 (45) 1'63(72?489 10.369823 (6) 9.945083 (64) 1'67(721369 8.990485 (44) 2.628537 (2) 1'5?;??)377
e 0.375(13)  0.011(6) 0.012 (6) 0.0147 (45) 0.078 (25)  0.003 (2) 0.27 (5) 0.157 (4)  0.074(2)
w (°/¢evrim) 0.00045(2) 0.0217 (2) 0.0253 (25) 0.0214 (1) 0.0004 (1) 0.0839(84) 0.0019(2) 0.0086(13) 0.0277 (14)
wo (7) 127.66 187.95 229.4 216.84 176.87 176.26 333.08 214.3 100.14

U yil) (225055804) 414 (40) 63 (6) 478(20) 28405 (5600) 19.7(1.2) 4635 (450) 300 (15)  56.3(2.5)
Ps(yil) 45.78 21.71 58.65 22.42 30.24 38.3 11.07 18.7 39.32

e; 0.0003 0.677 0.811 0.412 0.529 0.129 0.0007 0.406 0.196
ws(") 117.65 218.28 277.76 8.76 4.71 177.21 4.06 164.89 356
;—jl((l)-l(;g())0+ 48727.742 53374.6 22977.299 60580.013  46640.964 37723.304 55221.68 53177.637 45180.414
asiniz(AB)  7.508656 0.3705208  0.4149502 2.8195711 1.099123  1.8123106 0.6925602  1.103098 1.09761325
A (gln) 0.0434 0.0018 0.0024 0.0161 0.0062 0.0104 0.004 0.0059 0.0622
flms) (Mo) 0.2019737  0.0001079  0.0000208 0.0445892 0.0014516  0.004057 0.002712  0.0038368 0.8551106
ZEggﬂ)e) 2.08 0.09 0.11 0.64 0.27 0.75 0.36 0.63 4.97

Tablo 3. Gézlenen Eksen Dénmesi iginde Farkli Etkilerin Enberi Noktasi Boylamindaki Degisim

Miktarlari

Yildiz Adi w(obs) w(rel) % katkisi  w(klasik) % katkisi W3 % katkisi

V889 Adql 0.00045 0.000352 78 0.0000981 22 5.19E-08 0.0115266
TV Cet 0.0217 0.00024 1 0.0214 99 1.68E-08 0.0000776
HS Her 0.0253  0.00155 6 0.0238 94 3.01E-11 0.0000001
RW Lac 0.0214 0.00017 1 0.0212 99 1.59E-07 0.0007446
RR Lyn 0.000359 0.000267 74 0.0000917 26 2.24E-08 0.0062392
U Oph 0.0839 0.00173 2 0.0822 98 4.00E-10 0.0000005
V1094 Tau 0.00191 0.000223 12 0.00169 88 2.73E-07 0.0143029
YY Sgr 0.00862 0.00111 13 0.00751 87 4.40E-09 0.0000504
AO Vel 0.0277 0.00161 6 0.0261 94 1.80E-09 0.0000063

Sistemlerdeki eksen donmesine neden olan etkilerin enberi noktasi boylaminin toplam ilerleme
hizina olan katkilari da hesaplanarak karsilastiriimistir. Sonuglar Tablo 3’de verilmistir. Bu tabloya
bakildiginda V889 Agl ve RR Lyn sistemlerin disinda gozlenen eksen donmesi dénemine en biyiik
katkinin bilesenlerin kendi eksenleri etrafinda dénmesi ve karsilikli cekim nedeniyle olusan basiklik
etkilerden (klasik katki) geldigi goriilmektedir. V889 Agl ve RR Lyn sistemleri disindaki sistemlerde
toplam eksen dénmesi orani icinde relativistik katkinin yaklasik %1 ile %13 araliginda oldugu da
belirlenmistir. Buna karsin V889 Agl ve RR Lyn sistemlerinde toplam eksen dénmesi icinde genel
gorelilikten gelen katkinin sirasiyla %78 ve %74 oldugu hesaplanmistir. Diger taraftan tim sistemler
icin gozlenen eksen donmesi icinde Uglincl cisimden kaynaklanan etkinin orani diger etkilerle
karsilastirildiginda cok kiiclik oldugu gorilmektedir.
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U Oph icin U¢linci cismin yoriinge doneminin, eksen donmesi doneminden daha uzun oldugu, HS Her
ve AO Vel sistemlerinde ise bu dénmelerin birbirine yakin degerlere sahip oldugu bulunmustur. Diger
sistemlerde (V889 Aql, TV Cet, RW Lac, V1094 Tau ve YY Sgr)i¢linci cismin yoriinge déneminin,
eksen donmesi déneminden ¢ok kisa oldugu gorilmektedir.

Sonug ve Oneriler

Eksen donmesi ve 1sik-zaman etkisi gosteren dokuz tane orten cift yildiz (izerine yapilan bu ¢alismada
eksen donmesine katki saglayan fiziksel etkiler karsilastirilmistir. Buna gére eksen donmesine en
blylk katkinin bilesenlerin karsilikli ¢cekimi ve bilesenlerin déonmesinden kaynaklanan etkilerden
geldigi hesaplanmistir. Genel Gorelilik kuramindan gelen etkinin eksen dénmesi icinde baskin oldugu
iki sistemin (V889 Aqgl ve RR Lyr) eksen donmesi donemlerinin ¢ok uzun oldugu goriilmistir. Toplam
eksen donmesi icinde lglinci cismin katsinin % 0.01 altinda oldugu da bulunmustur. Bu sistemler igin
ileride yapilacak hassas minimum zamani gézlemleri elde edilen sonuglarin denetlenmesi agisindan
onemli olacaktir.
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Agri-Eleskirt Yoresi Tarim Topraklarina Vermikompost ilavesinin Misir
Bitkisinde Gelisme ve Makro Besin Elementi icerigine Etkisi
Tulay Dizikisa® /, Nesrin Yildiz2 2, Kadriye Urug Parlak®
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Bu calismada Agri Eleskirt yéresinden drneklenen 10 toprakta serada, vermikompost uygulamasinin [V1 (0), V2
(%0.2), V3 (%0.6)] misirin gelisme ve makro element igerigine etkisi arastirilmistir. Vermikompost
uygulamasinin V2 dozunda (%0.2) bitki azot alimi (%1.515 N) en yiksek; V1 dozunda (0) sodyum (%0.504 Na)
ve potasyum (%2.186 K) en yiiksek, bitki magnezyum alimi ise V3 dozunda (%0.6) en yiiksek (%4.204 Mg)
bulunmustur. Toprak 6rnekleri ve vermikompost uygulamasinin makro besin alimi etkilesimleri cok 6nemli fark
gostermistir. Makro besin elementi aliminda bu etki toprak x vermikompost uygulama desenine bagh olarak
(6x0, 5x1, 3x0, 9x0 ve 2x1) sirasiyla; %0.102 P, %1.887 N, %2.777 K, %0.290 Ca, %9.524 Mg ve %1.464 Na en
yiiksek etkiyi gdstermistir. istatistiksel analizler, toprak ve vermikompost uygulamasinin bitki makro element
alimi Uzerinde ¢ok 6nemli etkisinin oldugunu gostermistir Ayrica bu ¢alismada kullanilan vermikompostun
yuksek tuz icerigine de dikkat ¢ekilmistir.

Anahtar Kelimeler: misir, bitki analizleri, toprak analizleri, makro element, vermikompost

The Effect of Vermicompost Application to Agricultural Soils in Agri-Eleskirt
Region on Plant Growth and Macro Nutrient Element Content of Maize

Abstract

In this study, the effects of vermicompost application [V1 (0), V2 (0.2%), V3 (0.6%)] on the growth and macro
element content of maize were investigated in 10 soils sampled from Agri Eleskirt region. At the V2 dose
(0.2%) of the vermicompost application, the plant nitrogen uptake (1.515% N) was the highest; Sodium
(0.504% Na) and potassium (2.186% K) were highest at V1 dose (0), and plant magnesium uptake was highest
at V3 (0.6%) (4,204 Mg). The macronutrient uptake interactions of soil samples and vermicompost application
showed a significant difference. This effect on macronutrient intake is dependent on soil x vermicompost
application pattern (6x0, 5x1, 3x0, 9x0 and 2x1), respectively; 0.102% P, 1.887% N, 2.777% K, 0.290% Ca,
9.524% Mg and 1.464% Na showed the highest effect. Statistical analyzes showed that soil and vermicompost
application had a very important effect on plant macro element uptake. In addition, attention was drawn to
the high salt content of the vermicompost used in this study.

Keywords: maize, plant analysis, soil analysis, macro element, vermicompost
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Giris

Organik glibrelerin kullanimi bitkinin verim ve kalitesinde o6nemli artislar saglamaktadir.
Vermikompost da bu amacla Uretilen ve kullanilan organik materyallerden birisi olarak 6n plana
¢itkmaktadir (Yildiz, 2012). Solucanlar; sindirim sistemlerinde Urettikleri antibiyotik 6zellikli maddeleri,
aminoasitleri ve vitaminleri diskilarina karistirip, olusan giibrenin biyolojik 6zelliklerini iyilestirir.
Ayrica bilesimlerinde hiimik ve fllvik asit gibi bitkilerin beslenmesi icin 6nemli olan blylime
diizenleyici maddeler de bulunmaktadir (Edwards, 1995). Toprak solucanlari karasal ekosistemlerin
¢ok 6nemli bir parcasidir. Kirmizi solucan (Eisenia fetida) bilinen en yaygin vermikompost solucanidir
(Yildiz vd., 2005). Bu solucan tiirlerinin organik gibreler ve bitkisel materyal (aga¢ kabuklari, yaprak,
saman, sebze ve meyve artiklari) ile beslenmeleri ve Urettikleri yiiksek degerlikli glibre, biohumus
veya vermikompost olarak adlandiriimaktadir (Karacal ve Tiifenkgi, 2010).

Vermikompost olarak bilinen solucan gilibresi; solucanlarin, organik atiklari kompostlastirmasi
sonucunda ortaya c¢ikardiklari diski olarak ifade edilmektedir (Edwards ve Bohlen, 1996).
Vermikompostun toprak zenginlestirici, verim arttirict ve zarar gérmis topraklarda islah edici
ozelliklere sahip oldugu cesitli calismalarda bildirilmistir (Ali vd., 2007; Arancon vd., 2004; Nath ve
Singh, 2011; Singh vd., 2008; Tavali vd., 2014). Vermikompost toprak diizenleyicisi 6zelligine sahiptir,
toprak kalitesini yikselterek Griin verimini artirir, pestisit ve bitki kalintilarini kontrol eder, yeterli
oranda yarayish makro ve mikro bitki besin maddelerini icerir (Bellitlirk, 2016).

Yapilan ¢alismalar, vermikompost uygulamasinin bitkinin gereksinim duydugu bitki besin maddelerini
elverigli bir bicimde sagladigini ve bu besinlerin bitki tarafindan alimini artirdigini géstermektedir
(Karnez, 2021; Peyvast vd., 2007). Kiiclikyumuk vd. (2014) vermikompostun biber bitkisinin hem yas
ve kuru agirhgini arttirdigini hem de besin elementi igerikleri Gzerine olumlu etkisinin oldugunu
belirlemislerdir. Yourtchi vd. (2013) patates bitkisinde farkli dozlarda solucan glibre; en yiksek bitki
boyu, govde ve yaprak kuru agirligi, kuru ve yas yumru agirhigi, toplam yumru agirhigi, yumru sayisi ve
capl, yumrudaki azot ve potasyum ylizdesi gibi parametreler 6l¢lilmustiir. Sonug¢ olarak bu
parametrelerde en yiksek degerleri 12 ton da™ elde etmislerdir. Werner (1997) Kaliforniya’da
topraktaki solucan yogunlugunun arttirilmasiyla bitki yapraklari ve diger bitkisel atiklarin daha hizli bir
sekilde pargalandigini ve bunun sonucunda toprak verimliliginin ve bitki besin elementi iceriginin de
arttigl  saptamistir. Domates ve marul tohumlarinin ¢imlendirilmesinde vermikompost
glbrelemesinin, bitki blylme gelisimi izerine etkilerinin biyilikbas hayvan glibresinden daha basarili
oldugu tespit edilmistir (Atiyeh vd., 2000). Kaviraj ve Sharma (2003), kentsel atiklarin
vermikompostlastirilmasi icin ekzotik ve yerli solucan tirleri denenmis, 42 giin sonra toplam organik
C kaybi, C: N orani, toplam N, K ve EC bakimindan Eisenia fetida’nin daha iyi performans gosterdigi
tespit edilmistir.). Tavali vd. (2013)’da solucan gibresi uygulamasinin karnabaharin, mineral
beslenme durumu ve verimini olumlu yonde etkiledigini bildirmektedir. Adiloglu vd. (2015) 0 kg da™,
400 kg da™, 800 kg da™ ve 1200 kg da™ dozunda uygulanan solucan giibresinin salata bitkisinin; N, P,
K, Ca, Mg, Cu ve Zn igeriklerindeki degisimleri 5nemli bulmamis, Fe ve Mn igeriklerinde %5 diizeyinde
Oonemli artislar saptamislardir. Yourtchi vd. (2013) patates bitkisinde farkh dozlarda uygulanan
solucan giibre uygulamasinda; en yiksek bitki boyu, gbévde ve yaprak kuru agirligi, kuru ve yas yumru
agirhg, toplam yumru agirligi, yumru sayisi ve ¢apl, yumrudaki azot ve potasyum vyizdesi gibi
parametreler 6lclilmistir. Sonug olarak bu parametrelerde en yiiksek degerleri 12 ton da™
uygulamasinda elde etmislerdir.

Materyal ve Yontem

Agri ili; Glkemizin dogusunda Dogu Anadolu Bélgesi’nin Yukari Murat-Van Bélimi sinirlari icinde yer
almakta olup morfolojik agidan bir akarsu havzasi 6zelligi gostermektedir. Kislari soguk ve sert, yazlari
kurak ve sicaktir (Donmez, 1984). Agri’da yagistan yoksun sicak bir devrenin bulunmasi, dogal bitki
ortisinin ileri derecede gelismesini engellemistir (Atalay, 1994).
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Bu calismada Agri Eleskirt yoresinde sekerpancari yetistiriciligi yapilmakta olan topraklarin beslenme
durumunu belirlemek ve toprak yapisini iyilestirmek amaciyla, 2019 yilh nisan ayi baslangicinda
dikimden 6nce toprak 6rnegi alinmistir (Jakson, 1962). 20 da’dan kui¢lik yerlerde en az 10 farkh
noktadan kok derinligi esas alinarak ornekleme vyapilmistir. Topraklar kurutulduktan sonra
laboratuvar analizleri icin 2 mm’lik ve sera denemesi icin 4 mm’lik elekten gecirilmistir (Kacar ve inal,
2010).

Topraklarin tekstirleri (Gee ve Hortage, 1986), kireg icerikleri (Nelson, 1982), organik madde
icerikleri (Nelson ve Sommer, 1982), elektriki kondiktivite (Richards, 1954), Katyon degisim
kapasiteleri (Rhoades, 1982a) ve degisebilir K, Ca miktarlari (Rhoades, 1982b), toplam azot (Bremner
ve Mulravey, 1982), bitkiye yarayisl fosfor (Olsen ve Sommers, 1982) belirlenmistir.

Kontrolll sera kosullarinda on farkl toprak, 90 adet saksi ile {i¢ tekrarlamali olacak sekilde tam sansa
bagh tesadiif bloklari deneme desenine gore; 1000 g topraga vermikompost (i¢ dozda
[V1 (0), V2 (%0.2), V3 (%0.6)] 31.07.2019 tarihinde uygulanmis ve misir (Zea mays L.) tohumu ekimi
yapilmistir.

Deneme sirecinde topraklarin su miktari tarla kapasitesi dizeyinde tutulmaya calisiimistir. Misir
bitkileri (kompozit bir ¢esit) ciceklenme asamasina geldiginde toprak ylzeyinden 2 cm mesafeden
hasat edilmistir. Saksilardan hasat edilen bitkiler distile su ile yilkanmis, 6n kurutma yapilmis ve daha
sonra 70 °C’'de sabit agirliga ulasincaya kadar kurutulduktan sonra égitiilmuslerdir. Ogiitiilen bitki
ornekleri yas (asitte) yakildiktan sonra, ¢ozeltiye alinan mineral besinlerin K, Ca, Mg, icerikleri ICP-MS
cihazinda (Kacar ve inal, 2010) belirlenmistir. Kati solucan giibresi Erzurum-Pasinler yolu tizerindeki
ozel bir firmadan temin edilmistir.

Sekil 1. Sera Kosullarinda Yetistirilen Misir Bitkisinin Farkli Donemlerdeki Gelisimleri

Veriler SAS-25 paket programinda belirlenmistir. Ortalamalara ait verilere LSD karsilastirma testi
uygulanmustir.

Bulgular ve Tartisma

Solucan Giibre Analiz Sonuglarinin Degerlendirilmesi

Vermikompostun bazi fiziksel ve kimyasal 6zellikleri analiz edilmis ve analiz sonuglari Tablo 1’de
verilmistir.
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Tablo 1. Denemede Kullanilan Vermikompostun Kimyasal Ozellikleri

Kimyasal Ortalama Kimyasal Ortalama
pH (1:10) 7.10 Fosfor(kg/da P,0s) 22.80
Kireg (%) 16.07 Na (me/100 gr) 10.20
Organik madde Kiil firini (%) 51.70 K (me/100 gr) 27.00
Toplam Azot (%) 4.49 Ca (me/100 gr) 7.80
Amonyum (ppm) 50.10 KDK (me/100 gr) 60.70
Nitrat (ppm) 42.00 E.C:dS.m™ 14.30

Tablo 1 incelendiginde goriilecegi gibi denemede kullanilan solucan glibrenin “kire¢ ve tuz” icerigi
yuksektir. Bu ¢alisma ile dnemli bir ayrintiya dikkat ¢ekilmek istenmis ve toprak organik madde
icerigini ylkseltmek ve organik maddenin bazi fiziksel kimyasal biyolojik katkilari yaninda, olasi toprak
verimliliginin strdurdlebilirligine potansiyel risk olarak zarar veren tuzluluk ve kireclilik etkenlerinin
ktiimdlatif olarak zamanla topragin sagligini ve kalitesini bozan etken olabilecegi de unutulmamahdir.

Toprak Analiz Sonuglarinin Degerlendirilmesi

Arastirma konusu toprak orneklerinin yapilan analizler sonucunda belirlenen tekstir siniflari
Tablo 2'de verilmistir. Topraklarin tekstir siniflandirmasinda; 6rnek alinan topraklarin tamaminin
%50’sinin killi tin, %10’ unun siltli killi ve %40’ inin killi oldugu belirlenmistir.

Tablo 2. Toprak Orneklerinin Fiziksel ve Kimyasal Analiz Sonuglari

Ornek No 1 2 3 4 5 6 7 8 9 10
Tekstur killi Killi tin killi Siltli kil Killi tin Killi tin killi killi Killi tin Killi tin
pH (1:2,5) 6.61 6.75 6.81 6.89 6.67 6.71 6.83 6.89 6.83 6.95
Kireg(%) 2.67 4.07 5.07 4,51 2.33 1.92 2.07 3.42 2.84 2.44
0.M (%) 1.60 2.93 3.17 2.86 3.14 2.24 2.56 3.34 2.11 2.28
E.C (dS.m-l) 124 129 155 175 150 237 222 183 163 155
KDK (me/100 g) 18.30 21.00 22.20 21.20 21.30 22.00 18.80 21.00 19.80 20.50

Arastirma kapsamindaki sekerpancari tarlalarindan alinan yiizey toprak 6rneklerinin pH, kireg, EC,
organik madde ve KDK analizleri yapildiktan sonra elde edilen degerler, sinir degerler ile
karsilastirlmistir (FAO, 1990; Follet, 1969; Lindsay ve Norvell 1969; Ulgen ve Yurtsever,1974;
Yurtsever,1974; Wolf, 1971). Arastirma alani topraklarinin pH’si 6.1-6.95 arasinda degismekte olup
ortalama 6.79’dur. Topraklar pH degerlerine gore oransal olarak degerlendirildiginde tamami notr
reaksiyona sahiptir. Toprak orneklerinin tamaminin kire¢ icerikleri ise %1.92-5.07 arasinda
degismekte olup ortalama %3.13’d{ir. Toprak orneklerinin tamami kireglidir. Organik madde igerikleri
ise %1.60-3.34 arasinda degismekte olup ortalama %2.62’'dir. Toprak orneklerinin organik madde
iceriklerinin %10’u az, %60’ orta ve %30’u iyi olarak bulunmustur. Arastirma topraklarinin ¢ogu
organik madde miktari yoniinden oldukga iyidir. Toprak 6rneklerinin tamaminin EC’leri 124-237 dS
m™ arasinda degismekte olup ortalama 169 dS m™dir, %30’u hafif tuzlu ve %70'i orta tuzludur.
Toprak orneklerinin KDK icerikleri 18.30-22.20 me/100 gr arasinda degismekte olup, ortalama 20.61
me/100 gr olarak tespit edilmistir. Toprak orneklerinin toplam azot N, P, K, Ca, konsantrasyonlar
belirlenmis ve Tablo 3’de verilmistir.
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Tablo 3. Toprak Orneklerinin Makro Element Konsantrasyonlari

.. . A K Ca
Ornek No N (%) P (ppm) P,0s (kg da™) (me/100 g7)

1 0.10 13 5.95 3.36 6.30
2 0.16 14 6.41 3.28 6.25
3 0.18 12 5.50 3.13 5.85
4 0.16 13 5.94 3.15 5.65
5 0.20 15 7.10 3.28 5.40
6 0.20 16 7.56 3.21 5.35
7 0.17 16 7.56 3.10 5.55
8 0.21 14 6.41 3.15 5.55
9 0.20 15 6.95 3.26 5.85
10 0.23 16 7.56 3.23 5.80

Besin elementlerinin yarayislihgi ile toprak tekstiri arasinda siki bir iliski vardir. Toprakta kil miktari
arttik¢a kolloid yuzeyi artacagindan adsorbe edilen ve gerektiginde toprak ¢ozeltisine gecen katyon
miktari artar (Kacar ve Katkat, 2007). Ozellikle kumlu topraklarda, azot, potasyum, kalsiyum,
magnezyum gibi elementler yikanarak uzaklasabilirken, killi topraklarda ise kil tipine bagl olarak
fosfor daha fazla fikse edilir (Aydemir, 1992). Agir blinyeli topraklar, kaba blinyeli topraklara goére
daha fazla su tutarken, faydali su bakimindan orta biinyeli topraklar daha uygundur. Orta binyeli
topraklarda ayni sulama kosullarinda 6zellikle kitlesel akisla tasinan besin elementlerinin daha fazla
alinabildigi anlamina gelmektedir (Ergene, 1987). Toprak orneklerinin tamaminin N igerikleri %0.10-
0.23 arasinda degismekte olup, ortalama %0.18’dir. Bu orneklerin %40’ inin yeterli, %60’ inin fazla
oldugu goriilmustir. Elde edilen P,0s (kg da™) ve P (ppm) degerleri Tablo 3’de verilmistir. Toprak
orneklerinin tamaminin fosfor icerikleri 12-16 ppm arasinda degismekte olup, ortalama 14.4 ppm’dir.
Tamaminda yeterli dizeydedir. Toprak 6rneklerinin potasyum igerikleri 3.10-3.36 me/100 g arasinda
degismekte olup, ortalama 3.22 me/100 g’dir. Bu 6rneklerin tamami yeterli diizeyin Gzerindedir.
Arastirma alani toprak orneklerinin tamaminin kalsiyum igerikleri 5,35-6,30 me/100 g arasinda
degismekte olup, ortalama 5.80 me/100 g’dir. Bu 6rneklerin %100’U az dizeydedir.

Bitki Analiz Sonuglarinin Degerlendirilmesi

Yapilan bitki analiz sonuglari Tablo 4’de verilmistir. Makro elementlerden azot igerigi %0.73-1.92
arasinda degismektedir. Azot degerlerine bakildiginda en diisiik degerleri 9. toprak drnegi en yliksek
degeri ise 8. toprak oOrnegi vermistir. Bu farkliigin topragin tekstiriinden ve organik madde
iceriginden kaynaklanmis oldugunu disiindirmektedir. Misir bitkisi igin N istegi %2.5-3.5 arasinda
olmasi gerekirken bizim degerlerimizin biraz dusiik ¢ikmasi tam ¢iceklenme ddneminde hasat
yapilmasindan veya glibre dozu azligindan kaynaklanabilir.
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Tablo 4. Toprak Orneklerinin Makro Element Konsantrasyonlari

.. P N Ca Mg Na
Ornek No %)

1k 0.0920 1.51 0.109 0.3999 0.5737
1-1 0.0872 1.46 0.089 0.3484 0.7018
1-2 0.0885 1.48 0.095 0.5263 07338
2k 0.0922 1.73 0.219 0.4527 0.1102
2-1 0.0951 1.58 0.246 0.5147 0.1464
2-2 0.0936 1.60 0.235 0.4483 0.1023
3k 0.0893 0.89 0.290 0.5818 0.8311
341 0.0909 1.46 0.261 0.3775 0.9426
3-2 0.0921 1.56 0.280 0.3942 0.6707
4k 0.1024 1.25 0.117 0.3188 0.5146
4-1 0.0988 1.28 0.134 0.2829 0.3678
4-2 0.0989 1.44 0.117 0.2539 0.3638
5k 0.0937 1.39 0.188 0.2668 0.4381
5-1 0.0946 1.46 0.188 0.2289 0.3764
5-2 0.0939 1.36 0.179 0.3248 0.3888
6k 0.0984 1.89 0.147 0.2330 0.4139
6-1 0.0984 1.67 0.172 0.2466 0.4618
6-2 0.1013 1.56 0.161 0.2320 0.4325
7k 0.0898 1.70 0.104 0.2307 0.4495
7-1 0.0944 1.57 0.115 0.2001 0.3559
7-2 0.0918 1.65 0.116 0.1310 0.1871
8k 0.0878 1.60 0.278 0.1371 0.1766
8-1 0.0882 1.92 0.275 0.8980 0.1361
8-2 0.0888 1.82 0.268 0.9210 0.1170
9k 0.0886 1.69 0.258 0.9524 0.1633
9-1 0.0892 1.33 0.264 0.1320 0.1735
9-2 0.0886 0.73 0.265 0.1736 0.1827
10k 0.0893 1.27 0.187 0.7855 0.1771
10-1 0.0909 1.42 0.190 0.8147 0.1599
10-2 0.0921 1.35 0.175 0.8841 0.1854

Maltas vd. (2017) vyaptiklari c¢alismada vermikompost uygulamasinin kirmizi bas lahana
yetistiriciliginde bitki boyu, bas agirligi, bas ¢capi, maksimum bas agirligi gibi kalite kriterleri, bitki besin
elementi konsantrasyonu (N, P, K, Ca) ve bitki verimini istatistiki agidan pozitif etkiledigini
belirlemislerdir. Bitki yapraginda 6zellikle N, P elementlerinin konsantrasyonlarinin vermikompost
uygulamasi ile beslenme agisindan yeterli diizeye ulastigini gérmdslerdir. Yaptiklari galismada bitkinin
toplam azot konsantrasyonu Uizerine uygulamalarin etkisini istatistiksel olarak énemli bulmuslardir.
Vermikompost kullanilan pek ¢ok ¢alismada bitkilerin azot konsantrasyonlarinin 6nemli 6lglide artis
gosterdigi bildirilmektedir (Azarmi vd., 2008; Kumari ve Ushakumari, 2002; Yang vd., 2008).

Tablo 4’de gorildugi gibi fosfor igerigi %0.09-0.10 arasinda degismekte olup, en digsiik degerleri
1 nolu toprak 6rnegi en yiiksek degeri ise 4 nolu toprak 6rnegi vermistir. Bu farkliigin topragin
tekstirinden ve kirec¢ iceriginden kaynaklanmis oldugunu dislindiirmektedir. Maltas vd. (2017)
bitkinin fosfor uygulamalarindan istatistiksel olarak énemli diizeyde etkilendigini, sirasiyla %0.59,
%0.56 ve %0.58 uygulamalari en iyi sonucu vererek ayni grupta yer aldigini belirtmislerdir. Topraga
organik madde ilavesinin P mineralizasyonunu artirdigi bilinmektedir. Benzer sekilde, yapilan
calismalar sonucunda vermikompost uygulamasi ile toprakta P mineralizasyonunun arttig
belirlenmistir (Arancon vd., 2006; Uma ve Malathi, 2009; Hashemimajd, 2004). Organik maddenin,
yiksek kire¢ icerigi ve pH’ya sahip olan topraklarda bitkilerin fosforu daha kolay alabildigi
bilinmektedir (Kacar ve Kovanci, 1982).
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Tablo 4’de goruldigu gibi kalsiyum igerigi %0.09-0.30 arasinda degismektedir. Kalsiyumda en diisik
degeri 1. toprak Ornegi en yiksek degeri ise 3. toprak Ornegi vermistir. Bu farkliigin topragin
tekstiirinden ve kireg iceriginden kaynaklanmis oldugu dusiiniimektedir. Maltas vd. (2017)
yaptiklari calismada bitkinin toplam kalsiyum (Ca) konsantrasyonuna uygulamalarin etkisini
istatistiksel olarak 6nemli bulmusglardir. En yiiksek sonucu %2.23 uygulamasinda belirlemislerdir. Kale
1996’da vermikompostta yetistirilen bitkilerin Ca konsantrasyonlarinda artis gosterdigini bildirmistir.
Magnezyum igerigi %0.13-0.95 arasinda degismektedir. Magnezyum en disik degeri 7 nolu en
ylksek degeri ise 9 nolu toprak 6rneginde vermistir. Bu durumun topragin tekstlirli, organik madde
ve kireg iceriginden kaynaklanmis olabilecegini diistindiirmektedir. Misir bitkisi icin Mg icerigi %0.10-
0.50 arasinda olmahdir. Yine Maltas vd. (2017) vermikompost uygulamasinin magnezyum
konsantrasyonuna etkisini istatistiksel olarak 6nemli bulmamislardir.

Tablo 4’de gorildigi gibi sodyum icerigi ise %0.110-0.943 arasinda degismektedir. Sodyum
degerlerine bakildiginda en yiksek degerleri 3. toprak 6rnegi en disik degeri ise 2. toprak Ornegi
vermistir. Bu farkhhgin topragin tekstiirti, organik madde ve kirec iceriginden kaynaklanmis oldugunu
disindirmektedir. Misir bitkisi icin Na istegi %0.01-0.03 arasinda olmali bu calismada bu degerin
Gzerindedir. Bu durum topraklarin ve kullanilan glbrenin tuz iceriginin ylksek olmasindan
kaynaklanmistir. Ayni zamanda 2. toprak 6rneginin elektriksel iletkenligi 3. toprak érneginden daha
disiktar. Bu da vermikompost uygulamasi ile elektriksel iletkenlik arasinda ters iliski oldugunu
gostermektedir. Solmaz vd. (2017) yaptiklari galismada salgalik ve bursa domates gesitlerinde %0, %4,
%8, %12 dozlarinda vermikompost uygulamis ve denemenin 40. giin sonunda domates bitkisindeki
besin elementi icerikleri analiz etmislerdir.Yaptiklari degerlendirme de salcalik ve bursa domates
cesitlerinde %0, %4, %8, %12 dozlarinda vermikompost uygulamalari sonucunda P noksan diizeyde, K
fazla dizeyde, Mg fazla diizeyde ve Ca fazla diizeyde bulunmustur. Tavali vd. (2013)’de benzer sekilde
solucan glibresi uygulamasinin karnabaharin, mineral beslenme durumunu ve verim degerlerini
istatistiksel diizeyde olumlu yonde etkiledigini bildirmektedir.

Bitki Agronomik Ozelliklerinin Analiz Sonuglarinin Degerlendirilmesi

Artan miktarlarda solucan gibresi uygulamasi ile birlikte ¢cimlenme, taze biyokitle agirligi, kuru
biyokiitlesel agirlk, bitki boyu, yaprak sayisi degerlerinde kontrole gére 6nemli artislar belirlenmistir.
Tohum cikisi, taze agirhk, kuru agirlik 5 nolu toprak drneginde yetistirilen misir bitkisinde en yiksek
degerleri vermistir. Bitki boyu ve yaprak sayisi ise 6 nolu toprak 6rneginde yetistirilen misir bitkisinde
en yliksek degeri vermistir. Tohum cikisi, taze agirlik, kuru agirlik ve bitki boyu en disik degeri 10
nolu toprak dérneginde yetistirilen misir bitkisinde en dusik degeri vermistir. Yaprak sayisi ise 4 nolu
toprak orneginde vyetistirilen misir bitkisinde en diisik degeri vermistir. Yapilan istatistiksel
degerlendirmede s6z konusu artiglar 0.01 ve 0.001 olasilik diizeyinde ¢ok 6nemli bulunmustur (Tablo
5). Toprak orneklerinin bazi fiziksel kimyasal rutin Ozellikleri arasinda ¢ok fark olmasa da, bu
¢alismada tespit edilmeyen olasi biyolojik 6zellikler veya o an igin topragin ¢imlenme kosullarinda
muhtemel cimlenmeyi etkileyen faktérler (nem, sicaklik, havalanma, sikisiklik vb.) kontrol altinda olsa
da cimlenmeyi etkilemis olabilir diye distntlmustir.
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Tablo 5. Cimlenme ve Bitki Gelismesi Uzerine Farkli Toprak Orneklerinin Etkisinin Ortalama Degerleri

- . Tohum Cikisi Taze agirlk Kuru agirhk Bitki boyu

Toprak Ornekleri (gin) () () (cm) Yaprak sayisi
1 6.33° 13.532° 1.59% 84.64° .00
2 7.00° 12.699% 1.55° 85.04° 7.33"
3 6.56° 15.519° 1.70% 88.41% 7.44"
4 5.00° 15.504° 1.81° 88.42%° 7.00°
5 5.00° 19.828° 2.27° 88.19%° 7.78%
6 5.00° 18.691° 2.17%° 94.72° 8.44°
7 5.00° 15.262" 1.84“ 83.44° 8.00%°
8 6.00° 15.788° 1.86" 82.87° 7.44%
9 5.00° 11.962% 1.23° 80.68° 8.22°
10 5.00° 11.588° 1.15° 71.28° 8.00%°
Ortalama 5.59 15.04 1.72 84.77 7.77
F Degeri 0.2 1.79 0.31 7.93 0.74
AOF 128.92%** 18.52%*x 10.6%** 4.83%%* 2.97%*
VK (%) 3.78 12.6 19.25 9.92 10.07

Ayni harfle isaretlenenler birbirinden farkh dedgildir. ** ve *** ile isaretlenen F degerleri 0.01 ve 0.001 olasilik
diizeyinde anlamlidir.

Tablo 6. Vermikompost Uygulamasinin Cimlenme ve Gelisme Ozelliklerine Etkisinin Ortalama
Degerleri

Vermikompost Cimlenme Taze agirhk Kuru agirhk Bitki Boyu Vaprak sayisi
doz % gikis (gun) (g) (g) (cm)

V1 (0) 5.60° 12.72° 1.41° 83.28° 8.00°

V2 (2) 5.60° 15.86° 1.81° 84.35a 7.50°

V3 (6) 5.57° 16.54° 1.93° 86.68° 7.80%
Ortalama 5.59 15.04 1.72 84.77 7.77

F Degeri 0.11 0.98 0.17 4.34 0.40
AOF 0.25™ 34.66%** 20.9%** 1.29™ 3.11%*
VK (%) 3.78 12.6 19.25 9.92 10.07

Ayni harfle isaretlenen ortalamalar birbirinden 6nemli élciide (ns) farkl degildir. ** ve *** ile isaretlenen F
degerleri sirasiyla 0,01 ve 0,001 olasilik diizeyinde anlamlidir.

Tablo 6'nin incelenmesinden de goérilecegi gibi, solucan gibre uygulamasinin; tohum cikisi ve bitki
boyu tzerine etkisi 6nemsiz bulunmustur. Diger taraftan yas ve kuru biyokutlesel agirlik ile yaprak
sayisina etkisi cok dnemli bulunmustur.

100



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2022, 12(2), 93-108

Tablo 7. Cimlenme ve Bitki gelisme Ozelliklerine (Tohum Cikisi, Taze Agirlik, Kuru Agirlik, Bitki Boyu ve
Yaprak Sayisi) Toprak Ornekleri ve Vermikompost Etkilesimi Etkisinin (interaksiyon) Ortalama
Degerleri

Uygulamalar Tohum ¢ikisi (day) Taze agirhk (g) Kuru agirhk (g)  Bitki Boyu (cm)  Yaprak sayisi

1x0 6.00° 11.26™ 1.33" 74.67"" 7.67"°
1x1 6.00° 10.26™ 1.22M 84.17°" 7.33%%
1x2 7.00° 19.08°° 2.21°° 95.10™ 9.00°

2x0 7.00° 10.41"™ 1.31" 84.57"" 7.67¢
2x1 7.00° 12.84" 1.608* 76.60°" 6.67°

2x2 7.00° 14.85" 1.73% 93.97* 7.67"°
3x0 7.00° 11.48" 1.17" 84.00°" 7.67"°
3x1 7.00° 16.67"¢ 1.85% 86.63"" 7.33%%
3x2 5.67° 18.40"° 2.08"¢ 94.60° 7.33%%¢
4%0 5.00° 11.03™ 1.38™ 83.90°" 7.00%
4x1 5.00° 16.314" 1.65°7 86.57°F 6.67°

4x2 5.00° 19.18%¢ 2.397¢ 94.80™ 7.33%%
5x0 5.00° 16.40*" 1.73% 85.20°F 8.67%°
5x1 5.00° 22.17° 2.63° 92.10™¢ 7.33%%
5x2 5.00° 20.91%° 2.46%° 87.27°F 7.33%%
6x0 5.00° 20.63" 2.09°" 100.77° 9.00°

6x1 5.00° 20.70°° 2.56%° 98.67%° 8.67%"
6x2 5.00° 14.74" 1.85% 84.73°" 7.67°°
7x0 5.00° 10.63"™ 1.23" 79.40"" 8.33%"
7x1 5.00° 16.20°" 1.89°" 88.90°° 8.00°°
7x2 5.00° 19.14™° 2.41° 82.03° 7.67¢
8x0 6.00° 13.18" 1.52M* 84.37°" 7.33%%
8x1 6.00° 16.414" 1.90°® 84.13°" 7.67pe
8x2 6.00° 17.78°F 2.17* 80.10%" 7.33%
9x0 5.00° 13.08" 1.38™ 87.30"" 8.67%°
9x1 5.00° 13.87%* 1.40™ 79.20"" 7.67°°
9x2 5.00° 8.94" 0.90' 75.53°" 8.33%"
10%0 5.00° 9.10" 0.91' 68.60%" 8.00°¢
10x1 5.00° 13.32" 1.44™ 66.57" 7.67¢
10x2 5.00° 12.34" 1.11% 78.67%" 8.33%"
Ortalama 5.59 15.04 1.72 84.77 7.77

F Degeri 0.34 3.09 0.54 13.73 1.13

AOF 44.32%%* 12.39%%* 6.68%** 2.79%** 1.89%*
VK (%) 3.77 12.60 19.28 9.92 10.07

Ayni harfle isaretlenenler birbirinden farkh dedildir. ** ve *** ile isaretlenen F dederleri 0.01 ve 0.001 olasilik
diizeyinde anlamhidir.

Tablo 7’nin incelenmesinden de gorilecegi gibi; toprak ornekleri ve vermikompost uygulamasinin
interaksiyon etkisi cok 6nemli bulunmustur.
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Tablo 8. Toprak Ornekleri ile Misir Bitkisi Makro Besin Elementi Alimi Etkisinin Ortalama Degerleri

Toprak P N K Ca Mg Na
Ornekleri (%)

1 0.089° 1.486° 1.519% 0.098¢ 4.289" 0.670°
2 0.094° 1.638° 1.912f 0.233° 4.719° 1.118°
3 0.091° 1.303¢ 2.21% 0.277° 4.623" 0.759°
4 0.100° 1.321% 2.061° 0.122 2.852° 0.404%
5 0.094° 1.403° 2.689° 1.185° 2.735° 0.379%
6 0.099° 1.706° 2.370° 0.160° 2.372% 0.436°
7 0.092° 1.641° 2.067¢ 0.112 1.939° 0.342°
8 0.088" 1.780° 2.371° 0.262° 5.521° 0.150°
9 0.089" 1.250" 2.163¢ 0.262° 4.193° 0.173°
10 0.090™ 1.347' 2.087° 0.184° 5.889° 0.174
Ortalama 0.093 1.487 2.145 0.191 3.909 0.461
F Degeri 0.001 0.037 0.044 0.011 0.523 0.074
AOF 85.98%** 205.92%** 394.21%** 324.96%** 54.09%** 138.64%**
VK (%) 1.46 2.67 2.18 5.95 14.18 17.02

Ayni harfle isaretlenenler birbirinden farkli degildir. *** ile isaretlenen F degerleri 0,001 olasilik
diizeyinde anlamlidir.

Tablo 8'de de gorilecegi gibi, farkli toprak orneklerinin misir bitkisi makro besin elementi alimi
Uzerindeki etkisi de ¢ok 6nemli bulunmustur.

Tablo 9. Makro Bitki Besin Alimi Uzerinde Vermikompost Etkisinin Ortalama Degerleri

.. P N K Ca Mg Na

Glbre Dozlari %)

0 0.093° 1.492° 2.186° 0.190° 4.169° 0.471°
1 0.093° 1.515° 2.087° 0.193° 3.355° 0.504°
2 0.092° 1.455° 2.163° 0.189° 4.204° 0.407°
Ortalama 0.093 1.487 2.145 0.191 3.909 0.461

F Degeri 0.001 0.021 0.024 0.006 0.286 0.041
AOF 1.53"™ 17.87*** 36.23*** 1.31™ 22.53%** 11.83***
VK (%) 1.46 2.67 2.18 5.95 14.18 17.02

Ayni harfle isaretlenen ortalamalar birbirinden 6nemli 6igiide (ns) farkli degildir. *** ile isaretlenen F degerleri
0.001 olasilik diizeyinde anlamlidir.

Tablo 9’un incelenmesinden de goriilecegi gibi solucan giibre uygulamasinin bitki fosfor ve kalsiyum

alimi Gzerindeki etkisi 6nemsiz, azot, potasyum magnezyum ve sodyum alimi Gzerindeki etkisi ¢ok
onemli bulunmustur.
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Tablo 10. Bitki Makro Besin Elementleri (P, N, K, Ca, Mg ve Na) icerikleri Uzerinde Toprak ve
Vermikompost Etkilesim Etkisine Ait Ortalama Degerler

U | | P N K Ca Mg Na
ygulamalar

(%)
1x0 0.092% 1.513%" 1.493° 0.109™ 3.999°® 0.574°%
1x1 0.087' 1.463" 1.567° 0.089° 3.484%" 0.668%
1x2 0.0898" 1.480" 1.497° 0.095% 5.263“ 0.762
2x0 0.092°%" 1.730° 1.773° 0.219° 4.527% 1.135°
2x1 0.095¢ 1.580" 1.853" 0.246°F 5.147% 1.464°
2x2 0.094“ 1.603 2.110" 0.235% 4.483% 0.756™
3x0 0.0895" 0.893° 2.173%" 0.290° 5.818° 0.764“
3x1 0.091°® 1.460" 2.183%" 0.261° 4.108% 0.843¢
3x2 0.092%f 1.557® 2.287° 0.280%° 3.942°" 0.671%
4%0 0.102° 1.247" 1.987™ 0.117™ 3.188%" 0.481"
4x1 0.099" 1.277™ 2.070" 0.134™ 2.829Mk 0.3688
4x2 0.099° 1.440" 2.127" 0.117™ 2.539™ 0.3648
5x0 0.094“ 1.393% 2.700° 0.188" 2.668"* 0.4388
5x1 0.095¢ 1.457" 2.777° 0.188" 2.289" 0.3768
5x2 0.094 1.360" 2.590° 0.179" 3.248"" 0.389¢
6x0 0.098° 1.887° 2.727% 0.147" 2.330M 0.4148
6x1 0.098° 1.667°% 2.177%" 0.172" 2.466™ 0.462®
6x2 0.101° 1.563" 2.280® 0.161* 2.320" 0.4338
7x0 0.090"" 1.703“ 1.973" 0.104™° 2.307™ 0.449"
7x1 0.094 1.573® 1.947™ 0.155" 2.001" 0.389°
7x2 0.092°%" 1.645% 2.280%F 0.117™ 1.310™ 0.187"
8x0 0.088" 1.603° 2.397° 0.278% 1.371™ 0.177"
8x1 0.088" 1.923° 2.280%F 0.2757 5.980° 0.136"
8x2 0.089%" 1.813° 2.437° 0.268™ 9.210° 0.136"
9x0 0.0898" 1.687% 2.433° 0.258% 9.524° 0.163"
9x1 0.0895" 1.330"™ 1.963™ 0.264°% 1.320™ 0.174"
9x2 0.089%" 0.733° 2.093' 0.265"° 1.736" 0.183"
10%0 0.089%" 1.267™ 2.200%" 0.187" 5.855° 0.177"
10x1 0.091°" 1.423% 2.057" 0.190" 3.824°® 0.160"
10x2 0.092% 1.350' 2.033"" 0.175" 7.986° 0.185"
Ortalama 0.093 1.487 2.145 0.191 3.909 4.61
F Degeri 0.002 0.065 0.077 0.019 9.052 1.280
AOF 29.54%*% 122 37%**  146.48***  102.37***  4638*** 48.73%**
VK (%) 1.46 2.67 2.18 5.95 14.18 17.00

Ayni harfle isaretlenenler birbirinden farkli degildir. *** ile isaretlenen F dedgerleri 0,001 olasilik diizeyinde
anlamlidir.

Tablo 10’ un incelenmesinden de gorilecegi gibi, gerek topraklar gerekse vermikompost
uygulamalarinin bitki makro bitki besin elementi alimi sirecindeki interaksiyon etkisi son derece
onemli bulunmustur.
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Tablo 11. Makro Bitki Besin Elementleri Arasindaki Korelasyon

Soil Type Earthworm P N K Ca Mg Na SE FW DW PH

Earthworm  0.000

P -0.208"  0.057

N -0.022  -0.061  0.050

K 0395  -0.029 0154 0.137

Ca 0.240° -0.003 -0.382"° -0.085 0353

Mg 0.099 0007 -0.328" 0.153  -0.040 0325

Na 0783  -0.082 0134 0.047 -0.402" 0.019 0.038

SE 0615 -0.017 -0311" 0.093 -0379  0.327 0.298" 0.707"

FW -0.099 0381 0307 0353 0471 -0.088 -0.173 -0.096 -0.140

DW -0.168 0.386 0327 0381 0355 -0.124 -0.200 -0.024 -0.084 0.928

PH 03107 0132 0277 0252° 0210 -0.095 -0.124 0.123 -0.005 0.534" 0.530
LN 0.195  -0.093 -0.086 0071 0074 -0.116 0.059 -0.127 -0.149 0.051 -0.049 0.167

* ve ** Korelasyon 0.05 ve 0.01 diizeyinde anlamlidir.

Tablo 11’in incelenmesinden de goérilecegi gibi bitki besin elementlerinin toprak ¢ozeltisinde bitkiye
alim siirecinde beklenen muhtemel antagonistik veya sinerijistik etkiler korelasyon tablosunda benzer
durumlari yansitmaktadir. Ornegin fosfor ve azot beslenmesi bitkilerde muhtemel antagonistik
etkilere yol acmazken, arti degerlikli katyonalarin (Ca, Mg, Na, K) aralarinda interaksiyonun
antagonistik etkilesimi olasidir.

Sonug ve Oneriler

Arastirma konusu topraklarin %50’sinin killi tin, %10’unun siltli killi ve %40’ inin killi oldugu pH’larin
6.60-6.96 arasinda degismekte, ortalama 6.79 olup tamami noétr reaksiyona sahiptir. Toprak
orneklerinin tamaminin kireg igerikleri ise %1.85-5.13 arasinda degismekte, ortalama %3.13 olup
tamami kiregli, organik madde igerikleri ise %1.60-3.34 arasinda degismekte, ortalama %2.62 olup
%10’y az, %601 orta ve %30'u iyi olarak bulunmustur. Tamaminin EC igerikleri ise
122-237 dS m™ arasinda degismekte, ortalama 169 dS m™ olup %30’u hafif tuzlu ve %70’i orta
tuzludur. KDK icerikleri 17.00-24.63 me/100 g arasinda degismekte ortalama 20.61 me/100 g’dir.
Azot igerigi %0.73-1.92, fosfor igerigi %0.087-0.102, kalsiyum igerigi %0.089-0.290, magnezyum
%0.131-0.952 ve sodyum ise %0.016-0.146 arasinda degismektedir.

Bu calismada gerek bitki gelismesi gerekse mineral icerik tzerindeki olumlu etkileri s6z konusu olsa
da Oncelikli olarak verilmek istenen mesaj, kullanilan vermikompost giibrenin bitlin analizleri
dikkatle yapilmahdir. Nitekim organik madde icerigi ile topraga kazandirilan besin elementleri ve olasi
toprak Ozelliklerini iyilestirme etkisi kisa vadede olumlu gelismelerle verim artisi saglasa da uzun
vadede 6rnegin bu ¢alismada oldugu gibi kullanilan vermikompostun tuz iceriginin kiimulatif olarak
toprak tuzlulugunu artirabilecegi de gézden kagirilmamalidir.

Destek ve Tesekkiir

Bu calisma MY0.19.004 kodlu ve “’Agri Eleskirt Yoresinde Sekerpancari (Beta vulgaris sacchariferae L.)
Yetistiriimekte Olan Tarim Topraklarina Vermikompost Uygulamasinin Misir Bitkisinde (Zea mays L.)
Verim ve Bitki Enzim Aktivitesi Uzerine Etkisi” isimli Agri ibrahim Cegen Universitesi BAP projesinden
desteklenmistir. Katkilarindan dolayi AiICU BAP Birimine tesekkiir ederiz.
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Yazar Katkisi

Tilay Dizikisa, toprak orneklerinin alinmasi analize hazirlanmasi, solucan glibre uygulama ve sera
denemesini takip, hasat, bitki analize hazirlik, bitki analizleri, makale yazimina katki. Nesrin Yildiz,
toprak fiziksel (tekstir) ve kimyasal analizleri (pH, kireg, organik madde, toplam azot, fosfor, bitki
analize hazirlk, bitki azot ve fosfor analizleri yorumlama, makale yazimina katki. Kadriye Urug Parlak,
sera denemesi takip, makale rapor etme katki.

Etik

Bu makalenin yayinlanmasiyla ilgili herhangi bir etik sorun bulunmamaktadir.
Cikar Catismasi

Yazarlar herhangi bir ¢ikar ¢catismasi olmadigini belirtmektedir.

ORCID

Tiilay Dizikisa “* https://orcid.org/0000-0001-9322-8159

Nesrin Yildiz "= https://orcid.org/0000-0002-8179-6228

Kadriye Urug Parlak “=' https://orcid.org/0000-0002-1474-1868

Kaynaklar

Adiloglu, A., Eryilmaz, A. F, Adiloglu, S. ve Solmaz, Y. (2015). Akuakiltir atigi ve solucan gilibresi
uygulamalarinin salata (Lactuca sativa L. var. crispa) bitkisinin verim, bazi bitki besin elementi
icerigi ile bazi agronomik o6zellikleri Gzerine etkisi (No: NKUBAP.00.24.AR.15.11). Namik Kemal
Universitesi Arastirma Projesi.

Ali, M., Griffiths, A. J., Williams, K. P. ve Jones, D. L. (2007). Evaluating the growth charecteristics of
lettuce in vermicompost and green waste compost. European Journal of Soil Biology, 43, 316-
319. https://doi.org/10.1016/j.ejs0bi.2007.08.045

Arancon, N. Q., Edwards, C. A., Atiyeh, R. ve Metzger, J. D. (2004). Effects of vermicomposts
produced from food waste on the growth and yields of greenhouse peppers. Bio Resource
Technology, 93, 139-144. https://doi.org/10.1016/j.biortech.2003.10.015

Arancon, N. Q., Edwards, C. A. ve Bierman P. (2006). Influences of vermicomposts on field
strawberries: part 2. effects on soil microbiolgical and chemical properties. Bioresource
Technology, 97(6), 831-840, https://doi.org/10.1016/].biortech.2005.04.016

Azarmi, R., Giglou, M. T. ve Talesmikail, R. D. (2008). Influence of vermicompost on soil chemical and
physical properties in tomato (Solanum lycopersicum L.) field. African Journal of Biotechnology,
7(14), 2397-2401. https://doi.org/10.1016/j.biortech.2005.04.016

Atalay, iz. (1994). Tiirkiye vejetasyon cografyasi. Ege Universitesi Basimevi.

Atiyeh, R. A., Dominguez, J., Subler, S. ve Edwards, C. A. (2000). Changes in biochemical properties of
cow manure during processing by earthworms (Eisenia andrei, Bouché) and the effects on
seedling. Growth Pedobiologia, 44(6), 709-724. https://doi.org/10.1078/S0031-4056(04)70084-0

Aydemir, O. (1992). Bitki besleme ve toprak verimliligi. Atatiirk Universitesi Yayinlari.

Bellitlrk, K. (2016). Surdurulebilir tarimsal Gretimde kati atik yonetimi i¢cin vermikompost teknolojisi.
Cukurova Tarim ve Gida Bilimleri Dergisi, 31(3), 1-5.
https://dergipark.org.tr/tr/download/article-file/331147

105


https://orcid.org/0000-0001-9322-8159
https://orcid.org/0000-0002-8179-6228
https://orcid.org/0000-0002-1474-1868
https://doi.org/10.1016/j.ejsobi.2007.08.045
https://doi.org/10.1016/j.biortech.2003.10.015
https://doi.org/10.1016/j.biortech.2005.04.016
https://doi.org/10.1016/j.biortech.2005.04.016
https://doi.org/10.1078/S0031-4056(04)70084-0
https://dergipark.org.tr/tr/download/article-file/331147
https://orcid.org/0000-0001-9322-8159
https://orcid.org/0000-0002-8179-6228
https://orcid.org/0000-0002-1474-1868
https://orcid.org/0000-0001-9322-8159
https://orcid.org/0000-0002-8179-6228
https://orcid.org/0000-0002-1474-1868
https://orcid.org/0000-0001-9322-8159
https://orcid.org/0000-0002-8179-6228
https://orcid.org/0000-0002-1474-1868

Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2022, 12(2), 93-108

Bremner, J. M. ve Mulvaney, C.S. (1982). Nitrogen total. Methods of soil analysis Part 2: Chemical
and microbiological properties second edition (s. 597-622) icinde. American Society of
Agronomy.

Dénmez, Y. (1984). Umumi klimatoloji ve iklim ¢alismalari (No: 2506). istanbul Universitesi Yayinlari.
Edwards, C. A. (1995). Commercial and environmental potential of vermicoposting. BioCycle, 62-63.
Edwards, C. A. ve Bohlen, P.J. (1996). Biology and ecology of earthworms. Chapman and Hall.
Ergene, A. (1987). Toprak biliminin esaslari (No: 635). Atatiirk Universitesi Yayinlari.

FAO. (1990). Micronutrient. Assessment at the country leaves an international study. FAO Soils
Bulletion.

Follet, R. H. (1969). Zn, Fe, Min and Cu in Colorado soils. [Doktora Tezi]. Colorado State University.

Gee, G. W. ve Hortage, K. H. (1986). Particle-size analysis. Methods of soil analysis.
Part 1: Physical and minerological methods secand edition (s. 383-441) icinde. Agronomy.

Hashemimajd, K., Kalbasi, M., Golchin, A. ve Shariatmadari, H. (2004). Comparison of vermicompost
and composts as potting media for growth of tomatoes. Journal of Plant Nutrition, 27, 1107-
1123. https://doi.org/10.1081/PLN-120037538

Jackson, M. L. (1962). Soil Chemical Analysis. Prentice-Hall Inc.

Jahan, F. N., Shahjalal, A. T. M., Paul, A. K., Mehraj, H. ve Uddin, A. F. M. J. (2014). Efficacy of
vermicompost and conventional compost on growth and yield of cauliflower. Bangladesh
Research Publications Journal, 10(1), 33-38. https://ssrn.com/abstract=3589239

Kacar, B., ve Kovanci, i. (1982). Bitki, toprak ve giibrelerde kimyasal fosfor analizleri ve sonuglarinin
degerlendirilmesi (No: 354). Ege Universitesi Ziraat Fakiiltesi Yayinlari.

Kacar, B. ve Katkat, V. (2007). Bitki besleme. Nobel Yayinlari.
Kacar, B. ve inal, A. (2010). Bitki analizleri. Nobel Yayinevi.

Kale, D. R. (9-11 October, 1996) Earthworms the significant cotributers to organic farming and
sustainable agriculture. Proceedings of the national seminar on organic farming and sustainable
agriculture, 5-57 Bangalore, India.

Karagal, i. ve Tifekgi, S. (11-15 Ocak, 2010). Bitki beslemede yeni yaklasimlar ve giibre-cevre iliskisi.
Ziraat Mihendisligi VII. Teknik Kongresi, 257-268, Ankara, Turkiye.
https://www.zmo.org.tr/resimler/ekler/fc64354454711c9 ek.pdf

Karnez, E., Giildogan, O., Ercan, N., Korkmaz, K., ve Aysan, Y. (2021). Domateste bakteriyel benek
hastaliginin miicadelesinde vermikompost uygulamasinin etkisi. Mustafa Kemal Universitesi
Tarim Bilimleri Dergisi, 26(3), 726-735. https://doi.org/10.37908/mkutbd.986521

Kaviraj ve Sharma, S. (2003). Municipal solid waste management through vermicomposting
employing exotic and local species of earthworms. Bioresource Technology, 90, 169-173.
https://doi.org/10.1016/5S0960-8524(03)00123-8

Kumari, M. S. S. ve Ushakumari, K. (2002). Effect of vermicompost enriched with rock phosphate on
the yield and uptake of nutrients in cowpea (Vigna unguiculata L. Walp). Journal of Tropical
Agriculture, 40, 27-30, http://www.jtropag.kau.in/index.php/ojs2/article/viewFile/70/70

Kiclikyumuk, Z., Giltekin, M. ve Erdal, i. (2014). Vermikompost ve mikorizanin biber bitkisinin
gelisimi ile mineral beslenmesi (zerine etkisi. Ziraat Fakiiltesi Dergisi, 9(1), 51-58,
https://dergipark.org.tr/tr/download/article-file/308668

106


https://doi.org/10.1081/PLN-120037538
https://ssrn.com/abstract=3589239
https://www.zmo.org.tr/resimler/ekler/fc64354454711c9_ek.pdf
https://doi.org/10.37908/mkutbd.986521
https://doi.org/10.1016/S0960-8524(03)00123-8
http://www.jtropag.kau.in/index.php/ojs2/article/viewFile/70/70
https://dergipark.org.tr/tr/download/article-file/308668

Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2022, 12(2), 93-108

Lindsay, W. L. ve Norwell, W. A. (1969). Development of DTPA soil test for zinc, iron, manganese and
copper. Soil Science Society of America Journal, 33, 49-54.
https://doi.org/10.2136/sss5aj1978.03615995004200030009x

Maltas, A.S., Tavali, i. E., Uz, i. ve Kaplan, M. (2017). Kirmizi bas lahana (Brassica oleracea var.
capitata f. rubra) yetistiriciliginde vermikompost uygulamasi. Mediterranean Agric Sci, 30(2),
155-161, https://dergipark.org.tr/tr/download/article-file/333270

Nath, G. ve Singh, K. (2011). Role of vermicompost as bi-ofertilizer for the productivity of cauliflower
(brassica oleracea) and biopesticides against nematode (Meloi-dogyne incognita). World Applied
Sciences Journal, 12(10), 1676-1684. https://www.idosi.org/wasj/wasj12(10)/3.pdf

Nelson, D. W. ve Sommers, L. E. (1982). Organic matter. Methods of soil analysis part 2: Chemical and
microbiological properties second edition (s. 574-579) icinde . Agronamy.

Nelson, R. E. (1982). Carbonate and gypsum. Methods of soil analysis part 2: Chemical and
microbiological properties second edition (s. 191-197) icinde. Agronamy.

Olsen, S. R. ve Sommers, L. E. (1982). Phosphorus. Methods of soil analysis part 2: Chemical and
microbiological properties second edition (s. 403-427) icinde. Agronamy.

Peyvast, G., Olfati, J. A., Madeni, S. ve Forghani, A. (2008). Effect of vermicompost on the growth and
yield of spinach (Spinacia oleracea L.). Journal of Food, Agriculture and Environment, 6(1), 110-
113, https://pubag.nal.usda.gov/catalog/730485

Rhoades, J. D (1982a). Cation exchange capacity. Methods of soil analysis part 2: Chemical and
microbiological properties second edition (s. 149-157) icinde. Agronamy.

Rhoades, J. D. (1982b). Exchangeable cations. Methods of soil analysis part 2. Chemical and
microbiological properties second edition (s. 159-164) icinde. Agronamy.

Richards, L, A. (1954). Diagnosis and improvement of saline and alkaline soils. US Department of
Agriculture.

Singh, R., Sharma, R. R., Kumar, S., Gupta, R. K. ve Patil, R. T. (2008). Vermicompost substitution
influences growth, physiological disorders, fruit yield and quality of strawberry (Fragaria x
ananassa Duch). Bioresource Technology, 99, 8507-8511.
https://doi.org/10.1016/j.biortech.2008.03.034

Solmaz, R., Salci, A., Yiiksel, H., Dogrubas, M. ve Kardas, G. (2017). Preparation and characterization
of Pd-modified Raney-type NiZn coatings and their application for alkaline water
electrolysis. International Journal of Hydrogen Energy, 42(4), 2464-2475.
https://doi.org/10.1016/j.ijhydene.2016.07.221

Tavall, i. E., Maltas, A. S., UZ, i. ve Kaplan, M. (2013). Karnabaharin (Brassica oleracea var. Botrytis)
verim, kalite ve mineral beslenme durumu {izerine vermikompostun etkisi. Akdeniz Universitesi
Ziraat Fakiiltesi Dergisi, 26(2), 115-120, https://dergipark.org.tr/tr/download/article-file/17967

Tavali, i. E., Maltas, A. S., UZ, i. ve Kaplan, M. (2014). Vermikompostun beyaz bas lahananin (Brassica
oleracea var. Alba) verim, kalite ve mineral beslenme durumu tizerine etkisi. Akdeniz Universitesi
Ziraat Fakiiltesi Dergisi, 27(1), 61-67, https://dergipark.org.tr/tr/download/article-file/234014

Uma, B. ve Malathi, M. (2009). Vermicompost as a soil supplement to improve growth and yield of
amaranthus species. Research Journal of Agriculture and Biological Science, 5, 1054-1060,
http://www.aensiweb.net/AENSIWEB/rjabs/rjabs/2009/1054-1060.pdf

Ulgen, N. ve Yurtsever, N. (1974). Tiirkiye giibre ve giibreleme rehberi (No. 28). Toprak ve Giibre
Arastirma Enstitiisii Teknik Yayinlari.

107


https://doi.org/10.2136/sssaj1978.03615995004200030009x
https://dergipark.org.tr/tr/download/article-file/333270
https://www.idosi.org/wasj/wasj12(10)/3.pdf
https://pubag.nal.usda.gov/catalog/730485
https://doi.org/10.1016/j.biortech.2008.03.034
https://doi.org/10.1016/j.ijhydene.2016.07.221
https://dergipark.org.tr/tr/download/article-file/17967
https://dergipark.org.tr/tr/download/article-file/234014
http://www.aensiweb.net/AENSIWEB/rjabs/rjabs/2009/1054-1060.pdf

Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2022, 12(2), 93-108

Werner, M. (1997). Earthworm team wup with vyard trimmings in orchards. Biocycle,
38(6), 64-65. https://p2infohouse.org/ref/39/38303.pdf

Wolf, B. (1971). The Determination of boron in soil extracts, plant materials, composts, manures,
water and nutrient solutions. Soil Science and Plant Analysis, 2, 363-374.
https://doi.org/10.1080/00103627109366326

Yang, L., Li, T, Li, F., Lemcoff, J. H. ve Cohen, S. (2008). Fertilization regulates soil enzymatic activity
and fertility dynamics in a cucumber field. Scientia Horticulturae, 116, 21-26.
https://doi.org/10.1016/j.scienta.2007.11.001

Yildiz, M., Giirkan, M. O., Turgut, C., Kaya, U. ve Unal, G. (2005). Tarimsal savasimda kullanilan
pestisitlerin yol actigi cevre sorunlari [S6zIG sunum]. VI. Teknik Tarim Kongresi, Ankara, Tarkiye.

Yildiz, N. (2012). Bitki beslemenin esaslari ve bitkilerde beslenme bozuklugu belirtileri. Eser Ofset
Matbaacilik.

Yourtchi, M. S., Hadi, M. H. S. ve Darzi, M. T. (2013). Effect of nitrogen fertilizer and vermicompost on
vegetative growth, yield and npk uptake by tuber of potato (Agria cv.). International Journal of
Agriculture and Crop Sciences, 5(18), 2033-2040.
https://www.cabdirect.org/cabdirect/abstract/20133304375

Yurtsever, N. (1974). Giineydogu Anadolu Bdlgesi topraklarinin fosfor ihtiyaglarinin tayininde
kullanilan olsen metodunun kalibrasyonu ve budday bitkisine verilecek ekonomik glibre
miktarlar iizerinde bir arastirma (No: 49). Koy isleri Bakanlig, Toprak ve Giibre Arastirma
Enstitlsl Yayinlari.

108


https://p2infohouse.org/ref/39/38303.pdf
https://doi.org/10.1080/00103627109366326
https://doi.org/10.1016/j.scienta.2007.11.001
https://www.cabdirect.org/cabdirect/abstract/20133304375

Ordu Universitesi Bilim ve Teknoloji Dergisi Ordu University Journal of Science and Technology
Ordu Univ. Bil. Tek. Derg. U Ordu Univ. J. Sci. Tech.

E-ISSN: 2146-6459 2022, 12(2), 109-118 Arastirma Makalesi / Research Article
https://doi.org/10.54370/ordubtd.1109564

Determination of Egg Consumption Behaviors of Consumers in Bursa
Province
Ozlem Berber' '/, Sezai Alkan®

'ordu Universitesi, Ziraat Fakiltesi, Zootekni Bélimi, Ordu
Gelig Tarihi / Received Date: 29.04.2022 Kabul Tarihi / Accepted Date: 19.06.2022
Abstract

In this study, it is aimed to determine the egg consumption behaviors of consumers in Bursa. For this purpose,
data obtained from face-to-face surveys with 460 people determined by simple random sampling from citizens
residing in Bursa province in 2021 were used. It was revealed that 30% of families consume 10-15 eggs, 27%
consume 20 or more eggs, 25.7% consume 15-20 eggs, and 17% consume 5-10 eggs per week. In the research,
47% of consumers preferred medium and 47% large eggs. At the same time, 55% of the consumers stated that
the packaging style affects their purchasing preferences, whereas 45% stated that it did not. In the research,
31.3% of the consumers stated that they preferred brown-shelled eggs and 22.6% of them preferred white-
shelled eggs. On the other hand, it was determined that the color of the eggshell was not effective in the
purchasing preference of 46.1% of the consumers. Also, 69.6% of consumers stated that the color of egg yolk
was effective in their preferences and 72.4% of them stated that they preferred dark yolk eggs. While 57% of
consumers stated that covid-19 cases did not affect egg consumption, 26.1% stated that egg consumption
increased.

Keywords: egg, surveys, consumer behaviors, Bursa province

Bursa ilindeki Tiiketicilerin Yumurta Tiiketim Davranislarinin Belirlenmesi
0z

Bu calismada, Bursa ilindeki tuketicilerin yumurta tliketim davranislarinin belirlenmesi amaglanmistir. Bu
amagla, 2021 yilinda Bursa ilinde ikamet eden vatandaslardan basit tesadiifi 6rnekleme yoluyla belirlenen 460
kisi ile ylz ylze yapilan anketlerden elde edilen veriler kullaniimistir. Ailelerin %30’unda haftada 10-15 adet,
%27'sinde 20 ve Ustl adet, %25,7’sinde 15-20 adet ve %17’isinde 5-10 adet yumurta tiketildigi belirlenmistir.
Arastirmada tliketicilerin %47’si orta ve %47’si de bilyiuk yumurtalari tercih etmistir. Tuketicilerin %55’
ambalaj seklinin satin alma tercihlerini etkiledigini, buna karsin %45’i etkilemedigini belirtmistir. Arastirmada,
tiketicilerin %31,3’U kahverengi kabuklu yumurtalari ve %22,6‘si da beyaz kabuklu yumurtalari tercih
ettiklerini belirtmislerdir. Buna karsin, tiketicilerin %46,1’inin satin alma tercihinde yumurta kabuk renginin
etkili olmadigl belirlenmistir. Tiketicilerin %69,6’s1 yumurta sarisi renginin tercihlerinde etkili oldugunu ve
%72,4’U de koyu sarili yumurtalari tercih ettiklerini belirtmislerdir. Tuketicilerin %57’si Covid-19 vakalarinin
yumurta tiiketimini etkilemedigini belirtirken, %26,1’'i yumurta tiketimini arttigini belirtmistir.

Anahtar Kelimeler: yumurta, anket, tiiketici davranisi, Bursa ili
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Introduction

Due to the rapid increase in the world population, the need for animal and plant-based nutrients has
increased. Meeting this need can only be achieved by increasing animal and plant-based nutrients.
An increase in agricultural production can only be possible by increasing the product obtained from
the unit area or from the unit animal. It can be said that consumption of plant origin nutrients is
sufficient in Turkey, however, the consumption of animal origin food is not sufficient.

Today, there are still many people in the world who cannot be fed in a balanced way, especially those
who suffer from animal origin protein deficiency. For a person to have an adequate and balanced
fed, at least 35-40% of the protein taken into the body must be met by protein of animal origin
because proteins of animal origin contain essential amino acids required for human beings in a
sufficient and balanced wat. At the same time, the digestibility of these proteins by humans and their
usefulness to the body are superior and of higher biological value than proteins of vegetable origin.
Consumption of food of animal origin in Turkey is 3-5 times less than in European Union countries
and 8-10 times less than in the United States of America (Yilmaz et al., 2012).

In 2018, there were 1080 commercial enterprises, 3.211 poultry houses and 124.055 million hens in
Turkey (Tuik, 2018). After the 1980s, the contracted production model started in the poultry sector in
Turkey. Today, the poultry industry both meets Turkey's egg and chicken meat needs and has
become able to contribute to the country's economy by exporting these nutrients (Cicekgil, 2018).

Egg consumption per person was 333 in Japan, 307 in China, 305 in Russia, 280 in Argentina, 277 in
the United States of America and 230 in Germany in 2019. In Turkey, per person egg consumption,
which was 113 eggs/year in 1997, increased to 214 eggs/year in 2017 (Tuik, 2018; Yumurta Ureticileri
Merkez Birligi, 2017).

There are 107 poultry houses and 6.139.251 laying hens in 30 closed commercial enterprises in
Bursa, where the study was conducted. Again, there are 29 hen houses and 54.540 laying hens in 29
open commercial enterprises, while there are 50 hen houses and 772.000 laying hens in 10 breeding
enterprises (Tuik, 2018).

Knowing the purchasing behaviors of consumers regarding eggs, which has an important place in
human nutrition, is very important in terms of determining breeding and feeding models in poultry
and developing new strategies. In this study, it was aimed to determine the egg consumption
behaviors of consumers in Bursa. The fact that such a study has not been carried out in Bursa is also
important in terms of the originality of the study.

Materials and Methods

Materials

In this study, face-to-face interviews were used as data collection methods and surveys were used as
data collection tools. The surveys were conducted in Bursa between January and June 2021.

Methods

Study Population and Sampling

The scope of the study consisted of citizens residing in the province of Bursa in 2021. In this study,
surveys were conducted with a total of 460 people determined by simple random sampling. The
equation used is given below (Akbay et al., 2007).

n=(t2* p q) /d2
n: Sample size

t2 = Confidence coefficient (this coefficient was taken as 1.96 for 95% confidence)
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p= Ratio value of the population (0.50)
q=1-p =0,50

d2= Accepted sampling error.

Statistical analysis

The frequency values (n and %) of the answers given by the consumers were calculated. All
calculations were made with SPSS statistical package program.

Results and Discussion

Demographic Characteristics of Participants

In this study, 45.9% of the participants were male, 54.1% were female. At the same time, 37.6% of
the families consisted of 4 people and 31.1% of them consisted of 3 people. The average household
size was determined as 3.59 peoples. It was determined that 62.9% of the participants were between
35-54 age and 68.7% of them were employees, while 18% of the unemployed were housewives.
While 5.2% of the participants were primary school graduates, 6.7% were secondary school
graduates, 22.8% were high school graduates and 65.2% were university graduates. In the research,
28.7% of the participants were civil servants, 4.1% were students, 9.8% were workers, 8.3% were
self-employment 6.3% were retired and 6.3% were other occupational groups. It was determined
that 71.3% of the participants owned a house and 80.2% lived in an apartment. While 28% of the
participants stated that they had an income between 3501-5500 TL, 53% stated that they had 5500
TL or more per month. It has been determined that the monthly food expenditure of 53.6% of the
participants was between 1001-2500 TL. Frequency values (n and %) related to demographic
characteristics of the participants are given in Table 1.
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Table 1. Demographic Characteristics of The Participants

Demographic Characteristics Options N Frequency %

Female 249 54.1

.. , Male 211 45.9
Participants' Gender Total 460 100

Between 18-24 29 6,3

Between 25-34 97 21,1

Between 35-44 176 38,3

Between 45-54 113 24,6

Participants' Age (year) Between 55-64 40 8,7

65+ 5 1,1
Total 460 100,0

Primary school 24 5,2

Secondary school 31 6,7

High school 105 22,8

Educational Status of the Participants University 300 65,2
Total 460 100,0

Worker 45 9,8

Civil servant 132 28,7

Self-employment 38 8,3

Retired 29 6,3

Unemployed 4 0,9

Housewife 80 17,4

Student 19 4,1

Occupation of the Participants Tradesmen 29 6,3
Other 84 18,3
Total 460 100,0

Yes 316 68,7

- No 144 31,3
Employment Status of the Participants Total 460 100,0
Homeowner 328 71,3

Ownership Status of the House Tenant 132 28,7
Total 460 100,0

Apartment 369 80,2

Single house 91 19,8
Type of House Total 460 100,0

1 15 3,3

2 49 10,7

3 143 31,1

Number of People in the Household 4 173 37,6
5 62 13,5

6+ 18 3,9
Total 460 100,0

Minimum wage or less 33 7,2

Between 2825-3500 55 12,0

Between 3501-4500 63 13,7

Participants' Total Monthly Income (TL) Between 4501-5500 65 14,1
5500 and above 244 53,0
Total 460 100,0

Between 250-500 14 3,0

Between 501-750 46 10,0

Between 751-1000 49 10,7

- , . Between 1001-1500 90 19,6
Z?;Eﬁlr?ta?:i) Monthly Food Expenditure Between 1501-2000 84 18,3
Between 2001-2500 72 15,7

Between 2501-3000 46 10,0

3001 and above 59 12,8
Total 460 100,0

112



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology

Egg Consumption Behaviors of Participants

2022, 12(2), 109-118

The frequency values (n and %) of the participants' egg consumption behaviors are given in Table 2.

No

10

11

12

F

Questions Options nrequency %

(]
Yes 453 98,5

No 7 1,5
Do you consume eggs? Total 460 100.0

Don’t consume 2 0,4
Between 5-10 78 17,0
How many eggs are consumed in a week in your Between 10-15 138 30,0
Between 15-20 118 25,7

5 ,
household: 20 and above 124 27,0
Total 460 100,0
Market 268 58,3

Grocery store 14 3,0
Bazaar 90 19,6
Producer 83 18,0

Where do you buy the eggs? Own production 5 11
Total 460 100,0
Cage 59 12,8
. . Free-range system 107 23,3
Which production system do you prefer for eggs Organic system 101 220

5 ,
produced: Village egg 193 42,0
Total 460 100,0
White 104 22,6
Which shell color do you prefer for eggs? It doesBLOoV::watter ;llllzl zé’i
Total 460 100,0

Small 12 2,6
Middle 216 47,0
Which size egg do you prefer? Large 216 47,0

Extra large 16 3,5
Total 460 100,0
Does the color of egg yolk affect your T\lec? iig gg’i

5 E
preference: Total 460 100,0
Light yolk 127 27,6
Which yolk color do you prefer in the egg? Dark yolk 333 72,4
Total 460 100,0
Does the shape or appearance of the egg T\leos ;gi 238
packaging affect your purchasing preference? Total 460 106 0
Open viol 49 10,7
Covered with gelatin viol 95 20,7
) ) Closed cardboard viol 277 60,2

Which egg packaging do you prefer? Covered with plastic viol 39 8,5
Total 460 100,0

Package with 6 eggs 8 1,7
What form of presentation do you buy on the E:Etzgz y{::: ig 2222 24220 497118

‘I) 7
cee’ Package with 30 eggs 190 41,3
Total 460 100,0
From supermarket 147 32,0
From selling organic products 104 226

) markets !

Where do you buy organic or free-range eggs? Produces itself 22 91
From bazaars 167 36,3
Total 460 100,0
What do you pay attention to eggs produced in Label 165 35,9
organic or free-range system? Logo 55 12,0
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13 Packaging 46 10,0
Appearance 194 42,2
Total 460 100,0
10% 122 26,5
20% 127 27,6
How much more money can you pay for an 30% 63 13,7
14 organic or free-range system egg than other 50% 57 12,4
eggs? 100% 12 2,6
Don't pay more 79 17,2
Total 460 100,0
Every day 19 4,1
Once a week 319 69,3
15 What is the frequency of your egg purchasing? T-I\-/\\;\i”cceeaamW::tl; 2(2) g:g
Total 460 100,0
In oil-omelet etc. 189 41,1
Boiled, soft-boiled 232 50,4
How is egg consumed the most in your In Cakes, Patty 37 8,0
16 household? At meals b 4
Total 460 100,0
Increased my egg consumption 120 26,1
Reduced my egg consumption 15 3,3
Have the cases of covid-19 affected your egg Did not affect my egg consumption 262 57,0
17 consumption habits? I have no idea 63 13,7
Total 460 100,0
Influences positively 48 10,4
What kind of changes may occur in your egg Influences negatively 162 35,2
consumption in case of a possible economic Don’t affect 174 37,8
18 recession if the pandemic process is prolonged? I have no idea 76 16,5
Total 460 100,0
Has there been any changes in your preference ves 23 >0
for the egg mark you bought during the pandemic No . 403 87,6
19 process? | have no idea 34 7,4
Total 460 100,0
Yes 28 6,1
Has there been any changes in your preferred egg No 348 75,7
20 production system during the pandemic process? | have no idea 84 18,3
Total 460 100,0

As seen in Table 2, it was determined that 98.5% of the consumers consumed eggs in their
households and 58.3% of them obtained the eggs from the supermarket. It has been determined that
the after the market most preferred egg supply way was the farmers market (19.6%) and the
producer (18%), respectively. In this study, the finding that 98.5% of the consumers consumed egg in
their households was found similar to the reported values by Cevger et al. (2008), Mizrak et al.
(2012), iskender and Kanbay (2014), Alkan and Derebasi (2018), and Aytop and Isik (2020). In the
research, it was thought that the main reason for the preference of the market as a place of supply
for eggs (58.3%) was the fact that the markets were more dominant and more accessible as a place
of food supply. The finding that the egg supply place was a market in this research was parallel to the
reported values by Erdogan (2013), Mizrak et al. (2012), iskender and Kanbay (2014), and Aytop and
Isik (2020). In contrast, Altan et al. (1993), and Alkan and Derebasi (2018) reported different finding
from our results in terms of egg purchasing place. Consumers were asked "how many eggs are
consumed per week in your household", and 30% of the consumers stated that they consumed 10-15
eggs, 27% of consumers 20 or more eggs, 25.7% of consumers 15-20 eggs and 17% of consumers 5-
10 eggs per week in their household.

It was determined that 42% of the consumers preferred village eggs, 45.3% consumers preferred
eggs produced in the organic and free-range system, and 12.8% consumers preferred eggs produced
in the cage system. It is thought that consumers most likely perceive village eggs as eggs obtained
from hens that can roam freely outside the cage system. In this study, a result of consumers'
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preference for village eggs was found different from the reported findings by Bejaei et al. (2011),
Durmus et al. (2007) and Mizrak et al. (2012), but it was similar to the result of reported by iskender
and Kanbay (2014).

In the research, 31.3% of the consumers reported that they preferred the brown shell-colored eggs
and 22.6% of the consumers preferred the white shell-colored ones. On the other hand, 46.1% of
consumers stated that the color of the eggshell was not effective in their purchasing preferences,
and they said that they bought both. There is no relationship between the eggshell color and the
nutrient content of the egg. However, as in this study, it was reported in some studies that
consumers generally prefer brown shelled eggs (Durmus et al., 2007; iskender and Kanbay, 2014).
The reason for these behaviors is thought to be due to the fact that consumers find brown shelled
eggs more robust and that this color was more attractive. In this study, we determined that 47% of
consumers prefer medium (47%) and large (47%) large eggs. These finding was found to be similar to
the results reported by iskender and Kanbay (2014), and Alkan and Derebasi (2018). Again, Durmus
et al. (2007) reported that 49.68% of consumers prefer large eggs and 47.77% consumers prefer
medium sized eggs.

In the research, 69.6% of consumers stated that the color of egg yolk was effective in their
preferences and 72.4% of them stated that they preferred dark yolk eggs. This result was found to be
different from the results of reported by Durmus et al. (2007) and, iskender and Kanbay (2014).
Again, in the study conducted by Alkan and Derebasi (2018), 75.26% of consumers stated that the
color of egg yolk was effective in their preferences and 78.55% of them preferred dark yolk eggs. The
preference for dark yolk eggs is thought to be due to the belief among the consumers that dark yolk
eggs are tastier and have higher nutritional values, although this belief is not true.

In recent years, eggs have been offered for sale in different shapes and packaging. In the research,
55% of the consumers stated that the packaging style affects their egg purchasing behaviors,
whereas 45% did not. Again, it was determined that 60.2% of the consumers preferred the closed
cardboard viol as their packaging preference, followed by the covered with gelatin viol (20.7%). It is
thought that the closed cardboard viol is preferred because it opens easily and allows the eggs to be
physically controlled, and the covered with gelatin viol is preferred because it allows the egg to be
seen with the eye. In this study, 55% of the consumers stated that the packaging shape and
appearance of the egg affect their purchasing behaviors. This finding was found to be similar to the
results reported by Durmus et al. (2007), and Mizrak et al. (2012). At the same time, in the research,
the result that 60.2% of consumers prefer closed cardboard viols showed similarity with the result of
Alkan and Derebasi (2018) that 48.84% of consumers prefer closed cardboard viols.

In the research, it was determined that 47.8% of the consumers preferred the 15 eggs presentation
style and 41.3% preferred the 30 eggs presentation style. While this result was found to be different
from the result reported by Durmus et al. (2007), it was completely similar to the result reported by
Alkan and Derebasi (2018) that 47.80% of the consumers preferred the 15-egg presentation style.

36.3% of consumers stated that they buy the eggs that produced in organic or free-range system
from the market, 32% from the supermarkets, and 22.6% from the markets that sell organic
products. At the same time, when purchasing organic or free-range eggs, 42.2% of the consumers
stated that they bought the egg by looking at the appearance, 35.9% by looking at the label of the
egg, and 12% by looking at the logo of the egg. Goddart et al. (2007) reported that elderly consumers
were not interested in eggs that produced in organic and free-range system, but they were more
interested in functional eggs. Bejaei et al. (2011) reported that consumers think that eggs produced
in the free-range system or organic system have more nutritional value than the eggs produced in
the cage system, and that the consumption preference of the eggs produced in the cage system is
decreasing day by day, mostly due to animal welfare concerns.

For organic eggs, 27.6% of consumers stated that they could pay 20% more, 26.5% consumers as 10%
more, 13.7% consumers as 30% more, 12.4% consumers as 50% more and 2.6% consumers as 100%
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more. On the other hand, 17.2% of consumers stated that they do not want to pay more in by no
means. It was concluded that only 17.2% of the consumers determined in this study did not want to
pay more similar to the result reported by Mizrak et al. (2012). This was also parallel with the findings
in some studies (Goddart et al., 2007; Gracia et al., 2014; Mesias et al., 2011) that consumers are
willing to pay more for organic eggs. However, Durmus et al. (2007) stated that 60% of consumers
did not want to overpay for organic eggs. Also, it has been determined that 69.3% of consumers buy
eggs once a week. This result was similar to the result reported by Alkan and Derebasi (2018), that
66.49% of consumers buy eggs once a week. In the study, 50.4% of the consumers reported that they
consumed eggs as boiled and soft-boiled eggs for breakfast, and 41.1% of the consumers as omelet in
oil. These results were similar to the results of 63.5% of the consumers reported by Celik and Sengdl
(2001), consume boiled and oiled egg for breakfast in the morning. However, this result was different
from the values reported in some studies in the literatlire (Alkan, & Derebasi, 2018; Durmus et. al.,
2007; Mizrak et. al., 2012).

Conclusion

Epidemics are health events with global affects that cause changes in the economy, education
system, management systems and lifestyle in the world. In addition, looking at the epidemics in
history, it has been the cause of new developments in many subjects, from nutrition to architecture
and the collapse of states. We can easily say that not only education, working methods, social
relationship and consumption preferences, but also eating habits or behaviors have changed during
the coronavirus epidemic. Adequate and balanced nutrition is the most important part of a healthy
life. “Nutrition therapy” is recommended for the cure of many diseases, including acute, chronic, and
infectious diseases. For this reason, it is very important to pay attention to the principles of healthy
nutrition in normal times as in quarantine periods. In the process of epidemics, not only sick
individuals, but also healthy individuals, especially to support their immune systems, need to be fed
adequately and balanced. Eggs, which are sources of animal protein, have a very important place in
the adequate and balanced nutrition of people during epidemics or normal periods. For this reason,
all necessary conditions should be fulfilled for people to consume enough eggs and this situation
should be handled as a state policy in Turkey. It should not be forgotten that healthy societies only
consist of healthy people.
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Salisilik Asit Uygulamalarinin Tuz Stresi Altindaki Arpa (Hordeum vulgare L.)
Cesitlerinde Cimlenme ve Tohum Ozellikleri Uzerine Etkisinin Belirlenmesi
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Ordu Universitesi Ziraat Fakiiltesi Tarla Bitkileri Laboratuvarinda 2022 yilinda yiiriitiilen bu ¢alismada tuz stresi
altindaki arpa cesitlerinde salisilik asit uygulamalarinin ¢gimlenme ve tohum o6zellikleri {izerine etkilerinin
belirlenmesi amaglanmistir. Bitki materyali olarak 3 farkh arpa gesidi (Larende, Beysehir, Kral) kullanilmistir.
Dort farkli tuz konsantrasyonu (0-50-100-150 mM) ve dort farkl salisilik asit konsantrasyonu (0-0.25-0.5-1 mM)
arpa tohumlarina uygulanmistir. Arastirma, tesadif parsellerinde faktoriyel deneme desenine gore (g tekrarl
olarak yurutilmastlr. Arastirmada ¢imlenme orani (%), ¢cimlenme siresi (giin), toplam yas ve kuru agirliK (g),
radikula yas ve kuru agirhgi (g), koleoptil yas ve kuru agirhg: (g), radikula uzunluk (mm) ve koleoptil uzunluk
(mm) degerleri hesaplanmistir. Calisma sonucunda tim uygulamalarda en iyi sonug veren gesitler Larende ve
Beysehir arpa cesitleri olmustur. Tuz dozlarinin artmasiyla birlikte hemen hemen incelenen tim
parametrelerde olumsuz yonde degisiklikler meydana gelmis, salisilik asit uygulamalariyla ile bu olumsuz
degisiklikler tamamen ortadan kaldirilamasa da etkileri azaltilmistir. Tuzun 6zellikle 150 mM dozu en kritik
degisikliklerin meydana geldigi tuz dozu olarak belirlenmistir.

Anahtar Kelimeler: arpa, ¢cimlenme, salisilik asit, tuz stresi

Determination of the Effects of Salicylic Acid Treatments on Germination and
Seed Properties of Barley (Hordeum vulgare L.) Cultivars under Salt Stress

Abstract

In this study, which was carried out in laboratory of department of Field Crops of Ordu University Faculty of
Agriculture in 2022, it was aimed to determine the effects of salicylic acid applications on germination and
seed characteristics of barley varieties under different salt stress. Three different barley varieties (Larende,
Beysehir, Kral) were used as plant material. Four different salt concentrations (0-50-100-150 mM) and four
different salicylic acid concentrations (0-0.25-0.5-1 mM) were applied to barley seeds. The experiment was
established the factorial design in randomized plots with 3 replications In the study, germination rate (%),
germination time (days), total fresh and dry weight (g), radicular fresh and dry weight (g), coleoptile fresh and
dry weight (g), radicular length (mm) and coleoptile length (mm) values were calculated. As a result of the
study, Larende and Beysehir barley cultivars were the varieties that gave the best results in all applications.
Negative changes occurred in almost all the parameters examined with the increase in salt doses, and
although these negative changes could not be completely eliminated with salicylic acid applications, their
effects were reduced. In particular, the 150 mM dose of salt was determined as the salt dose at which the
most critical changes occurred.

Keywords: barley, germination, salicylic acid, salt stress
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Giris

Bitkilerde stres, Uretimi sinirlayan 6nemli nedenlerin basinda gelmektedir. Bitkilerde stres biyotik
(bitki, mikroorganizma, vs) ve abiyotik (tuz, kurakhk, sicaklik, vb.) olmak tzere ikiye ayrilir. Tuz stresi
abiyotik stres faktorleri igerisinde Uretimi en ¢ok sinirlayanlardan birisidir. Tuz stresi bitkilerde
osmotik ve iyon stresine neden olarak biyime ve gelismeyi engellemektedir (Parida ve Das, 2005).
Osmotik stres sonucu bitkiler toprakta var olan sudan yeteri kadar faydalanamadiklari igin fizyolojik
kuraklik meydana gelmektedir (Tuteja, 2007). Bitki kokleri topraga dogrudan temas ettigi icin tuz
stresinde kok ve siirgiin yapilarinin tepkilerinin belirlenmesi oldukca énemlidir (Oner vd., 2018). Tuz
stresi tim bitki gelisim evrelerinde olumsuz etki gostermekle birlikte ¢cimlenme tuzluluga en hassas
olan evredir (Khan vd., 2009). Ortamdaki fazla tuz miktari ¢imlenme oranini disirmekte ve
¢imlenmeyi geciktirmektedir (Bojovi¢ vd., 2010). Tuza dayanikli tohumlar, ¢cimlenme ¢alismalarinda
NaCl kaynakli iyonik stres olusturularak belirlenebilmektedir (Oner ve Kirli, 2018). Salisilik asit stres
faktorlerine karsi bitkinin korunma mekanizmasi olusturmak amaciyla Urettigi bir sinyal molekulidur
(Senaratna vd., 2000) ve bitki blylime dizenleyicisi olarak siniflandirilmaktadir (Raskin, 1992).
Disardan uygulanan salisilik asitin ¢evresel stres sartlarinda bitkilerin savunma mekanizmasi olarak
kullandigi 6nemli bir molekil oldugu bilinmektedir (Senaratna vd., 2000). Ayrica salisilik asitin
bitkilerde tohum c¢imlenmesi, iyon alinimi ve tasinimi, fotosentez, blylime ve gelisme gibi pek ¢ok
fizyolojik olayda da yer aldigi bildirilmistir (Torun, 2012). Torun ve Ayaz (2019) salisilik asitin bitki tir(
ve uygulanan konsantrasyona bagli olarak arpada tuz stresinin etkilerini dnledigi aciklamislardir. Arpa
tahillar arasinda adaptasyon yetenegi yiiksek olan bir bitkidir ve tuzluluga dayanikhhg yiksektir. Tuz
stresi diger bitkilerde oldugu gibi arpada da biiyiime ve gelismeyi olumsuz etkilemekte ve bu etki en
fazla ¢cimlenme ve cikista gorilmektedir (Begum vd., 1992; Parlak, 1999). Bitkilerin tuzluluga olan
toleransi sadece ayni tir icerisinde degil, ayni tlrlin cesitleri ve hatta tlre ait c¢esidin farkli
bolgelerinde farkh tepkiler gosterebilmektedir (Torun, 2012). Cesit se¢imi tohumlarin g¢imlenme
performansini etkileyen énemli bir faktordir (Oner ve Kirli, 2018). Tuzlulugun fazla oldugu
topraklarda verimli bir bitki yetistiriciligi yapilmasi igin tuzluluga toleransh uygun c¢esitlerin
kullanilmasi ve tuz stresini inhibe edecek uygulamalarin kullanilmasi gerekmektedir. Calismamizda
salisilik asit uygulamalarinin tuz stresine maruz kalan farkli arpa cesitlerinde cimlenme ve tohum
Ozelliklerine olan etkilerinin belirlenmesi amaglanmistir.

Materyal ve Yontem

Materyal
Calismamizda bitki materyali olarak 3 farkh Arpa ¢esidi (Larende, Kral, Beysehir) kullaniimistir.

Yontem

Bu arastirma Ordu Universitesi Ziraat Fakiiltesi Tarla bitkileri bélimi laboratuvarinda in vitro
sartlarda 2022 yilinda yiratilmustir. Calismada 3 arpa cesidi (Larende, Beysehir, Kral), 4 farkl tuz
dozu (0-50-100-150 mM), ve 4 farkli salisilik asit dozu (0-0.25-0.5-1 mM) kullanilmistir. Tuz kaynagi
olarak sodyum klorir (NaCl) kullaniimistir. Denemede 11 cm ¢apinda petri kaplarina 25 adet tohum
konulmus, her petriye hazirlanan solUsyonlardan 10 ml eklenmistir. Petri kaplari parafilm ile
kapatilarak 25 +1 °C’'de karanlik ortamda inkiibatore yerlestirilmistir. Parametreler ISTA kurallarina
uygun olarak yapilan 6l¢im ve sayimlarla elde edilmistir. Radikula uzunlugu 2 mm olan tohumlar
¢imlenmis olarak kabul edilmistir. Uygulamalar sonucu arpa tohumlarinda g¢imlenme orani (%),
¢imlenme siresi (giin), toplam yas ve kuru agirlik (g), radikula yas ve kuru agirlik (g), koleoptil yas ve
kuru agirlik (g), radikula uzunlugu (mm) ve koleoptil uzunlugu (mm) hesaplanmistir. Kuru agirliklar
icin yas érnekler 105 °C’de 2 saat kurutulmustur (Yildiz ve Ozgen, 2004).

Cimlenme orani (%) = (¢cimlenen tohum sayisi / toplam tohum sayisi) x100

Ortalama Cimlenme suresi=3(fx)/f (Matthews ve KhajehHosseini, 2007).
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Formilde f: sayim giiniinde ¢imlenen tohum sayisi, x: baslangictan sayimin yapildigl zamana kadar
gecen glin sayisidir.

Deneme tesadif parsellerinde faktoriyel deneme desenine gore 3 tekrarli olarak kurulmustur.

istatistik Analizler

Elde edilen verilerde varyans analizleri JIMP-13.0 istatistik programinda, ¢oklu karsilastirmalar %5
Onem seviyesinde LSD testi kullanilarak yapiimistir.

Bulgular ve Tartisma

Calisma sonucu elde edilen verilere iliskin varyans analiz tablosu Tablo 1’de verilmistir. Tablo 1'e
bakildiginda, gesitlerin incelenen tim 6zelliklere etkisi %1 diizeyinde 6nemli ¢iktig gérilmektedir. SA
uygulamalarinin etkisinin cimlenme orani, gimlenme siiresi, toplam kuru agirlik, koleoptil yas ve kuru
agirhk ozellikleri Gzerine etkisi %5 oraninda, radikula yas ve kuru agirlik ile radikula uzunluk Gzerine
etkisi %1 oraninda 6nemli gikarken, toplam yas agirlik ve koleoptil uzunluk Uzerine etkisi 6nemsiz
¢itkmistir. Tuz uygulamalarinin etkisine bakildiginda, koleoptil yas agirlik ve koleoptil uzunluk Gzerine
etkisi %5 oraninda, cimlenme orani, radikula yas ve kuru agirlik, koleoptil kuru agirlik ve radikula
uzunluk Gzerine etkisi %1 oraninda, cimlenme siiresi, ile toplam yas ve kuru agirlik degerleri lizerine
etkisi ise 6nemsiz ¢ikmistir. CesitxSA interaksiyonlarinin toplam yas agirlik ve radikula uzunluguna
etkisi %5, cimlenme orani, ¢cimlenme siiresi, toplam kuru agirlk, radikula yas ve kuru agirlik, koleoptil
yas ve kuru agirlik Gizerine etkisi %1 oraninda 6nemli cikarken koleoptil uzunluk izerine etkisi 6Gnemsiz
citkmistir. CesitxTuz interaksiyonlarinin toplam yas ve kuru agirlik, radikula yas agirlik, koleoptil yas ve
kuru agirhk ve radikula uzunluk Gzerine etkisi %1 oraninda énemli gikarken ¢imlenme orani, gimlenme
suresi, radikula kuru agirhk ve koleoptil uzunluk Uzerine etkisi 6nemsiz ¢ikmistir. SAxTuz
interaksiyonlarinin radikula kuru agirhk Gzerine etkisi %5 oraninda, toplam yas ve kuru agirlk,
radikula yas agirlik, koleoptil yas agirlik Gzerine etkisi %1 oraninda 6nemli ¢ikarken, gcimlenme orani,
¢imlenme siresi, koleoptil kuru agirlik, radikula ve koleoptil uzunluk Gzerine etkisi 6nemsiz ¢cikmistir.
CesitxSAXTuz interaksiyonuna baktigimizda ¢imlenme siiresi ve radikula Gzerine etkisi %5 oraninda,
toplam yas ve kuru agirlik, radikula yas ve kuru agirlik, koleoptil yas ve kuru agirlik tzerine etlisi %1
oraninda 6nemli ¢cikmis, cimlenme orani ve koleoptil uzunluk Gzerine etkisi ise 6Gnemsi ¢cikmistir (Tablo
1).

Tablo 1. Arpa Cesitlerinin Farkli Tuz Konsantrasyonlari ve Farkl Salisilik Asit Konsantrasyonlarinda

V.K. D F degerleri
C.0. C.S. T.Y.A. T.K.A. R.Y.A. R.K.A. K.Y.A. K.K.A. R.U. K.U.

C 2 35.43%*% 11.77** 79.90** 41.85** 276.4** 129.88** 103.95** 37.38** 55.11%** 29.23**
SA 3 292 * 2.80* 2296d 5.59* 15:6%* 21.84** 7.44%* 6.88* 14.70** 0.74 6d
T 3 24.12** 1.186d 1.7806d 0.8206d 15.62**  7.92%* 6.65 * 9.31%* 22.55%* 425%*
CxSA 6 239** 648** 376* 7.38*¢ 19.53** 1530** 6.57%* 8.41** 3.79* 1.146d
CxT 6 0.156d 0.886d 6.37** 9.17** 8.76** 28106d 12.77** 12.71** 5.36** 3.2906d
SAXT 9 0.266d 1.066d 7.47** 5.23** 6£.98** 3.29* 11.67** 1.856d 1.026d 1.50 6d
CXSAXT 18 1.616d 1.83* 4.24** 390** 5608** 4.65** 7.88**  8.09** 2.87* 1.1646d

C: Cesit, SA: Salisilik asit, T: Tuz, C.0: Cimlenme orani, ¢.S: Cimleme siiresi, T.Y.A: Toplam yas adirlik, T.K.A:
Toplam kuru adirlik, R.Y.A: Radikula yas agirlik, R.K.A: Radikula kuru adirlik, K.Y.A: Koleoptil yas adirhik, K.K.A:
Koleoptil kuru agirlik, R.U: Radikula uzunluk, K.U: Koleoptil uzunluk

incelenen Parametrelere iliskin Varyans Analizi

Cimlenme Orani (%)

Cimlenme orani degerleri %51.00-97.33 arasinda belirlenmis olup en yiiksek ¢cimlenme orani Beysehir
cesidinde, tuz ve SA kullanilmayan tohumlardan, en distik ¢cimlenme orani ise Kral ¢esidinde 150 mM
tuz ve 0.2 mM SA interaksiyonundan elde edilmistir (Tablo 2). Cesitlerin ¢imlenme oranina etkisi
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onemli cikmistir. Farkli genetik ve adaptasyon yapisina sahip olduklar icin farkh cesitlerde farkh
cimlenme oranlarinin olmasi beklenen bir 6zelliktir. Tuz dozlari arttik¢a ¢cimlenme orani diiserken en
fazla diisiis 150 mM tuz konsantrasyonunda gortlmustiir. SAxTuz interaksiyonuna baktigimizda SA
dozlari arttikga tuz dozlarinin ¢gimlenme orani lizerindeki olumsuz etkisini engelledigi gérilmektedir.
Benzer sekilde Torun ve Ayaz (2019) arpada yaptiklari ¢alismada SA uygulamalarinin tuzun arpada
cimlenme oOzellikleri (izerine olumsuz etkilerini engelledigini belirtmislerdir. Yapilan calismalar SA
bitkilerin gesitli stres faktorlerine karsi ozellikle ilk gelisim donemlerinde hassasiyetini belirlemede
onemli bir rol oynadigini gdstermistir (Borsani vd., 2001; Dat vd., 1998; Rao vd., 1999) Kontrol
gruplarinda en yiliksek ¢imlenme orani degerleri elde edilirken, tuz dozlan arttikga disuslerin
meydana geldigi ¢izelgede gorilmektedir (Tablo 2). Cimlenmenin baslayabilmesi icin ilk olarak tohum
icine su girisinin olmasi gerekmektedir. Tuz dozlarinin artmasiyla tuzun toksik etkisinin artmasi ya da
su alimini engellemesiyle tohuma su girisinin engellenmesi sonucu ¢cimlenme azalmaktadir. Artan tuz
oranlarinin ¢cimlenme oranlarinda diislis meydana getirdigini bircok arastirici belirtmislerdir (Benlioglu
ve Ozkan, 2015; Karaca Oner ve Kirli, 2020; Oner vd., 2018; Oner ve Kirli, 2018; Ozkorkmaz vd., 2020)

Tablo 2. Salisilik Asit Uygulamalarinin Tuz Stresi Altindaki Arpa Cesitlerinde Cimlenme Oranina (%) Ait
Ortalamalar ve istatistik Gruplar

salisilik Asit Dozlari (SA) (mM) (Coeft't)
. Tuz Dozlari CesitxTuz
2 . 1
Cesit (mM) 0 0.25 0.5 (ort)
0 90.66  89.33 94.66 88.00 90.66
50 86.66  89.33 90.66 85.33 88.00
100 86.66  78.66 78.66 78.66 80.66
Larende
150 68.00  74.66 72.00 68.00 70.66
C‘(eé':;‘?A g3o0re 8300 gp0pne 80.00 A5 85.50 A
0 94.66  56.00 78.66 77.33 76.66
50 8933  56.00 73.33 69.33 72.00
ceal 100 5333 76.00 61.33 66.66 64.33
150 60.00  51.00 56.00 60.00 56.75
C‘(eg'rt_;‘?A 7433  5975F  §7.330F 68.33° 67.43°
0 9733 92.00 86.66 84.00 90.00
50 92.00  88.00 77.33 86.66 86.00
Beveehir 100 88.00  84.00 77.33 76.00 81.33
¥ 150 76.00  78.00 70.66 66.66 72.83
GesitSA gg33r 2220 ggqguc 78.33 & 82.54 A
(Ort.)
SAXT
(Ort.)
Salisilik Asit Dozlari (mM)
Tuz
0 0.25 05 1
(Ort.)
0 9422  79.11 86.66 83.11 85.77"
Tuz 50 8933  77.77 80.44 80.44 82.00
Dozlari 100 76.00  79.55 72.44 73.77 75.44 8
(mM) 150 68.00  67.88 66.22 64.88 66.75 ¢
SA (Ort.) 81.88° 76.44b  76.08b 75.55 b

Cimlenme Siiresi (giin)

En uzun ¢imlenme siresi 4.00 gin ile Kral g¢esidinde 150 mM tuz dozu ile 0.25 mM SA dozu
interaksiyonundan, en kisa ¢cimlenme siiresi ise 1.74 glin ile Larende ¢esidinde 0.25 mM SA dozu ile
tuzun uygulanmadigl tohumlarda belirlenmistir. Cesitlerde Larende ve Kral en uzun ¢imlenme
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siresine sahiptir ve ayni grupta yer almislardir (Tablo 3). Tuz ve SA dozlari artarken ¢imlenme siiresi
artmistir (Tablo 3). Benzer sekilde baska arastiricilar da tuz dozlarinin artmasiyla birlikte ¢cimlenme
hizinin arttigini bildirmislerdir (Pancholi vd., 2001; Prazak, 2001). Anaya vd. (2015) tuz stresi altidaki
baklada tuz dozlarinin artisiyla cimlenme sirelerinin arttigini, SA uygulamalarinin ise tuzun etkisini
ortadan kaldirdigini  belirtmiglerdir. Salisilik asit bitkilerde katalaz enziminin aktivitesini
engelleyebilmektedir. Katalaz enziminin aktivitesinin azalmasiyla birlikte hidrojen peroksit artarak
tohumda gimlenmeyi gelistirebilir (Nun vd., 2003).

Tablo 3. Salisilik Asit Uygulamalarinin Tuz Stresi Altindaki Arpa Cesitlerinde Cimlenme Siiresine (giin)
Ait Ortalamalar ve istatistik Gruplar

Salisilik Asit Dozlari (SA) (mM) Gesit (Ort.)
. Tuz Dozlari CesitxTuz
Cesit (mM) 0 0.25 0.5 1 (ort)
0 2.48 &k 1.74 % 2.21 Mk 3.26%¢ 2.42
50 2.20 Mk 27301 2.89bh 2.82 2.66
Larende 100 2.47 ék 2.67 f’i 2.65 ¢ 3.50 ¢ 2.82
150 2.71¢ 2.021k 3.07b® 3.31 2 2.77
GesitoA 246°P  229CF 2708 3224 2,67
(Ort.)
0 2.18 Mk 2.62 % 2.37 2.64 ¢ 2.45
50 212" 2.90b"  2.80°b" 2.35 &k 2.54
Kral 100 2554k 314bF 238k 3.55 2.87
150 2.20 Mk 4.00°2 2.20 Mk 2.31 8k 2.68
GesitoA 226%  317A  240°%P 2718 2,64
(Ort.)
0 2.70¢ 1.69 1.99 ' 2.11hk 2.13
50 1.92 i 2,19k .47 9k 2.34 8% 2.23
Beysehir 100 2.45 ¢k 1.961'_k 2.47 &k 2.09 Mk 2.24
150 2.17 &% 2.09 Uk 2.48 &k 2.14 Mk 2.22
GesitxSA 231%F  198F  2358E 2170k 2.20°®
(Ort.)
SAXT
(Ort.)
Salisilik Asit Dozlari (mM)
Tuz
0 0.25 0.5 1 (or)
0 2.46 2.48 2.13 2.56 2.41
Tuz 50 2.10 2.51 2.58 2.60 2.45
Dozlan 100 2.35 2.51 2.64 2.65 2.54
150 2.48 2.41 2.59 3.00 2.64
(mM) SA
2.358 24878  2.49r8 2.70*
(Ort.)

Toplam Yas Agirlik (g)

En ylksek toplam yas agirlik 3.21 g ile Larende c¢esinde 50 mM tuz dozu ile 1 mM SA
interaksiyonunda, en disik toplam yas agirlik degeri ise 0.56 g ile Kral ¢esidinde 0.25 mM SA dozu ile
tuzun uygulanmadigl tohumlardan elde edilmistir. 50 mM tuz dozunda toplam yas agirlik degeri
kontrole kiyasla daha yiiksekken, diger tuz dozlarinda azalis meydana gelmistir (Tablo 4).
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Tablo 4. Salisilik Asit Uygulamalarinin Tuz Stresi Altindaki Arpa Cesitlerinde Toplam Yas Agirlik (g)
Degerlerine Ait Ortalamalar ve istatistik Gruplar

Salisilik Asit Dozlari (SA) (mM) (ng[lt)
Tuz Dozlari .
Cesit (mM) 0 0.25 0.5 1 Ce§'tXT)“z(0rt'
0 2445 199t  1.92°bf 1.50 &k 1.94 ~8
50 1.70%"  1.318&" 244" 3.21° 2,154
Larende 100 246° 1.88¢h 196 1.21 1.84 B¢
150 1.25M° 1.29M  1.26M° 1.50 &k 1.32 bF
CesitxSA (Ort.) 1.95% 158  187"8 1.85 ABC 1.814
0 1.367 ™  0.56" 1.18 " 0.70°" 0.95F
50 086" 1.037"  0.96 K 1.02 " 0.96F
Kral 100 087" 0.649 1.00 0.87 0.84F
150 0.94F 099k  0.78"" 0.90 " 095F
CesitxSA (Ort.) 1.01f 0.80°F 0.98F 0.87°F 091¢
0 1.27M  2.07%¢ 1.15" 0.84 " 1.33 B¢
50 1.40% 092' 0.83m" 1.96 b 1.27°¢
Beysehir 100 1.77¢ 2.00%¢ 0.67 P 1.51 ok 1.47 Dt
150 1.569% 127h" 154 2.00 o 1.60 P
CesitxSA (Ort.) 1.48° 1.56° 1.05 ¢ 1.59 B8P 1.42°8
SAXT
(Ort.)
Salisilik Asit Dozlari (mM)
Tuz
0 0.25 0.5 1 (ort)
0 1.69° 1.53° 1.40° 1.01° 1.41
Tuz 50 1.30¢f  1.09¢ 1.41° 2.06° 1.46
Dozlar 100 1.68°  1.47°b¢ 120 ¢°f 1.19def 1.38
150 1.25¢f  1.189f 1.19def 1.48 bed 1.27
(mM) SA
(ort) 1.49 1.31 1.30 1.44

Tuz toksik etkiye sahip olmasina ragmen diisiik dozlarda tohumda besin elementi gérevi gormektedir
(Kacar vd., 2009). Artan tuz dozlariyla birlikte toplam yas agirlik degerleri azalirken SA uygulamalari ile
azalis oranlari dismektedir. SA tuzun olumsuz etkisini inhibe ettigi gérilmektedir (Tablo 4). Anaya vd.
(2015) yaptiklari calismada tanede yas agirligin tuz uygulamalari ile azaldigini, SA uygulamalarinin ise
meydana gelen azalisi engellemekle birlikte kontrolden daha disik degerler elde edildigini
bildirmislerdir.

Toplam Kuru Agirlik (g)

En ylksek toplam kuru agirhk degeri 0.54 g ile Larende ¢esidinde 1 mM SA dozu ile tuzun
uygulanmadigl tohumlardan, en diisiik deger ise 0.20 g ile Kral ¢esidinde 150 mM tuz dozu ile 0.25
mM SA dozu interaksiyonundan elde edilmistir. Cesitlerin toplam kuru agirhk degerleri tzerine etkisi
onemli c¢ikarken en yilksek toplam kuru agirlik Larende cesidinden elde edilmis olup onu sirasiyla
Beysehir ve Kral gesitleri izlemektedir. Tuzun tek basina toplam kuru agirlik izerine etkisi 6nemsiz
¢ikarken SAXT interaksiyonlarinin etkisi dnemli ¢ikmistir. Artan SA dozlariyla birlikte toplam kuru
agirlik degerleri artis gostermektedir (Tablo 5). Deef (2007) arpada tuz dozlarinin artisiyla birlikte kuru
agirhgin azaldigini, SA dozlarinin ise kuru agirhgl arttirdigini bildirmis, SAXT konsantrasyonunda ise
artis oldugunu fakat bu artisin SA in tek uygulamalarindan elde edilen artistan daha diisiik oldugunu
bildirmistir.
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Tablo 5. Salisilik Asit Uygulamalarinin Tuz Stresi Altindaki Arpa Cesitlerinde Toplam Kuru Agirlik (g)
Degerlerine Ait Ortalamalar ve istatistik Gruplar

Salisilik Asit Dozlari (SA) (mM) (Coerstl.t)
Cesit T“Z(rgﬁ/lz)'a” 0 0.25 0.5 1 CesitxTuz(Ort.)
0 0.30&° 0.39°¢ 0.33% 0.5542 0.394
50 0.38¢ 037" 037°" 049° 0.404
Larende 100 0.37%" 0.37%8 0.308P 0.35"7 0.35 8¢
150 0.28" 0.33°™ 035" 035" 0.33¢
CesitxSA (Ort.) 0.33% 0368 0.348¢ 0434 0374
0 0.30¢9 0.33" 0.21™ 0.30¢&° 0.29 FF
50 0.324" 0.26™ 0.30M 0.31F° 0.29 b¢
Kral 100 0.229s 0.31% 025" 0.25"° 0.26F
150 0.40 b¢ 0.20° 0.34 b5k .22 0.29 FF
CesitxSA (Ort.) 0.31%F  0.27F 0270 0.27F 0.28°¢
0 0.40° 0.41° 0.30% 0.35% 0.37"8
50 0.35°" 0.24°% 0.23°P% 0.32¢9" 0.29 FF
Beysehir 100 0.41° 0.385f 0.27% 0.31f° 0.34 8¢
150 0.26% 0.29" 0.307 0.26'" 0.28 FF
CesitxSA (Ort.) 0.358 0.338 (0.27P%F (031 0.328
SAXT
(Ort.)
Salisilik Asit Dozlari (mM)
Tuz
0 0.25 0.5 1 (ort)
0 0.3324 0.32°" 0.36° 0.31¢f 0.33
Tuz 50 0.30 of 0.29F 0.35%c 0.37° 0.33
Dozlan 100 0.28¢f 0.332¢ 0.29°¢ 0.37° 0.32
150 0.27f 0.35%9 0.332¢ (.30%f 0.31
(mM) SA
0.30°8 0.324A 0.334A 0.34A
(Ort.)

Radikula Yas Agirlik (g)

Tim uygulamalarin radikula yas agirlik degerleri tzerine etkisi dnemli ¢ikmistir. En yiksek radikula
yas agirhk degeri 0.36 g ile Larende ¢esidinde tuz ve SA uygulanmayan kontrol grubundan, en diistik
deger ise 0.01 g ile Kral g¢esidinde 100 ve 150 Mm tuz konsantrasyonu ile SA tiim dozlarinin
interaksiyonundan elde edilmistir. En yiksek radikula yas agirhk degeri Larende ¢esidinde elde
edilmis olup bunu sirasiyla Beysehir ve Kral gesitleri izlemektedir. Tuz dozlari ve SA dozlar arttik¢a
radikula yas agirlik degerlerinde azalis meydana gelmektedir. Tuz dozlarinin etkisi incelendiginde en
fazla azalis 150 mM tuz dozundan elde edilirken 50 ve 100 mM tuz dozlarindan elde edilen radikula
yas agirhk degerleri ayni istatistik grupta yer almistir. SA degerleri arttikca tuz stresi altinda
tohumlarin radikula yas agirlik degerleri azalmaktadir (Tablo 6). Calismamizla benzer olarak radikula
yas agirhk degerlerinde artan tuz dozlarina bagh olarak azalis meydana geldigini baska arastircilar da
bildirmislerdir (Jamil ve Rha, 2007; Khadri vd., 2007; Oner ve Soysal, 2020; Ozkorkmaz vd., 2020;

Petrovic vd., 2016).
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Tablo 6. Salisilik Asit Uygulamalarinin Tuz Stresi Altindaki Arpa Cesitlerinde Radikula Yas Agirlik (g)
Degerlerine Ait Ortalamalar ve istatistik Gruplar

Salisilik Asit Dozlari (SA) (mM) (C(;ilt)
Cesit T“Z(rgﬁ/lz)'a” 0 0.25 0.5 1 CesitxTuz(Ort.)
0 0.36° 0.27° 0.34° 0.18 ¢h 0.294
50 0.21¢f 0.20% 0.21¢f 0.27° 0.22°8
Larende 100 0.24bd  013M 021 0220 0.20°8
150 0.20%f 0.08"  0.08'""  0.23be 0.15¢
CesitxSA (Ort.)  0.25% 0.17°¢ 0.21° 0.2248 0.214
0 0.148&  0.02°% 011/  0.04°Pr 0.07 ¥
50 0.10° 0.08"  0.06""  0.04 P 0.07F
Kral 100 0.01" 0.01" 0.04P9  0.04 P 0.02°¢
150 0.045°" 0.04P" 0.050°"  0.01' 0.03°¢
CesitxSA (Ort.) 0.07E  0.037F¢  0.06FF 0.03 ¢ 0.05¢
0 0.16% 0.22P¢ 0.07™"  0.03 P« 0.12°
50 0.13M 0.14M  0.02¢ 012" 0.10 ¢
Beysehir 100 0.18¢' 0.26P  0.03°P"  0.06"" 0.13¢
150 0.10° 0.09%° 0.075™9 0.05" 0.08 £
CesitxSA (Ort.)  0.14° 0.17¢ 0.04%¢  0.069F 0.118
SAXT
(Ort.)
Salisilik Asit Dozlari (mM)
Tuz
0 0.25 0.5 1 (ort)
0 0.22°  0.17%<  0.17°b 0.08 ' 0.16*
Tuz 50 0.15°¢ 0141 0.09f 0.145" 0.13°
Dozlart 100 0.145%d 013%  0.09 ' 0.10 ¢ 0.12°
(mM) 150 0.119f  0.07¢ 0.078 0.10f8 0.09°¢
SA 0.15* 0.138 0.11°¢ 0.10¢
(Ort.)

Radikula Kuru Agirlik (g)

En yiksek radikula kuru agirlik degeri 0.097 g ile Beysehir ¢esidinde, 0.25 Mm SA dozu ile tuzun
uygulanmadigl tohumlardan, en disuk radikula degeri ise 0.01 g ile Kral ¢esidinde 0.25 mM SA dozu
ile 100 mM tuz interaksiyonundan elde edilmistir. En yiksek radikula kuru agirhk degeri ile ayni
grupta yer alan bircok deger Larende gesidinde SA'nin tim dozlari ile tuz uygulamasinin 0 ve 50 mM
dozunun interaksiyonlarinda belirlenmistir. Tuz dozlari ve SA dozlari arttik¢a radikula kuru agirlik
degerleri azalis gostermektedir. SAXTUZ interaksiyonlarina bakildigindan en yiiksek deger kontrol
grubunda yer alirken artan SA degerleri tuzu dozlarinin etkisini azaltmaktadir (Tablo 7). Benzer
sekilde Entesari vd. (2012) tuz stresi altindaki boriilcede SA uygulamalarinin radikula kuru agirlik
degerlerini arttirdigini belirtmistir.
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Tablo 7. Salisilik Asit Uygulamalarinin Tuz Stresi Altindaki Arpa Cesitlerinde Radikula Kuru Agirlik (g)
Degerlerine Ait Ortalamalar ve istatistik Gruplar

- . Cesit
Salisilik Asit Dozlari (SA) (mM) (ort)
. Tuz Dozlar CesitxTuz
Cesit (mM) 0 0.25 0.5 1 (ort)
0 0.0893¢ 0.059%° 0.080>" 0.080% 0.08
50 0.087*¢ 0.091% 0.081*" 0.083%8 0.07
Larende 100 0.071¢" 0.0657 0.062"" 0.079% 0.06
150 0.0893%¢ 0.079% 0.063" 0.068 0.07
CesitxSA (Ort.) 0.08 # 0.073% 0.071% 0.076 A® 0.07*
0 0.085%¢ 0.012" 0.060j" 0.024°*V 0.04
50 0.0648™ 0.045™" 0.054"9 0.022%V 0.04
Kral 100 0.017w 0.01V 0.026™ 0.023** 0.02
150 0.041™ 0.034™ 0.028"™ 0.01 0.03
CesitxSA (Ort.) 0.05 ¢ 0.02° 0.04 ¢ 0.02° 0.05°8
0 0.065¢ 0.0972 0.0367“ 0.0349¢ 0.05
50 0.074%% 0.054" 0.021%¥ 0.061"™" 0.05
Beysehir 100 0.066°" 0.084%F 0.027™ 0.040°° 0.05
150 0.073%"  0.069% 0.040°° 0.038°t 0.05
CesitxSA (Ort.) 0.068 0.076 "8 0.03° 0.04 ¢ 0.03¢
SAXT
(Ort.)
Salisilik Asit Dozlari (mM)
Tuz
0 0.25 0.5 1 (ort)
0 0.0802 0.056°¢ 0.059°¢ 0.046 f 0.06 #
Tuz 50 0.0752 0.063* 0.052°¢f 0.055 e 0.06#
Dozlar: 100 0.0519f 0,055 0.0388 0.052°f 0.058
(mM) 150 0.0682® 0.060°“ 0.0437 0.041f 0.04°8
(;ft ) 0.06 # 0.058 0.04 ¢ 0.04 ¢

Koleoptil Yas Agirlik (g)

Tum uygulamalarin koleoptil yas agirhk degerleri lizerine etkisi énemli bulunmustur. En yiksek
koleoptil yas agirlik degeri 1.64 g ile Larende ¢esidinde 50 mM tuz dozu ile 1 mM SA dozunun
interaksiyonundan, en disul koleoptil yas agirlik degeri ile 0.10 g ile Beysehir ¢esidinde 100 mM tuz
dozu ile 0.5 mM SA dozu interaksiyonundan elde edilmistir. Cesitlere baktigimizda en yiiksek
koleoptil yas agirlik degeri Larende ¢esidinden elde edilmis olup onu sirasiyla Beysehir ve Kral gesitleri
takip etmektedir. Tuz dozlari arttikga koleoptil yas agirlik degerleri azalis gbstermis kontrol grubu ile
50 mM tuz dozundan elde edilen deger ayni istatistik grupta yer almistir. Tuz stresi altindaki arpa
tohumlarinda artan SA dozlari ile koleoptil yas agirlik degerleri azalis gostermektedir (Tablo 8). Benzer
sonuglar arpa (Deef, 2007) ve baklada da (Anaya vd., 2015) bildirilmistir.
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Tablo 8. Salisilik Asit Uygulamalarinin Tuz Stresi Altindaki Arpa Cesitlerinde Koleoptil Yas Agirlik (g)
Degerlerine Ait Ortalamalar ve istatistik Gruplar

- . Cesit
Salisilik Asit Dozlari (SA) (mM) (Ort)
Cesit T“Z(rgﬁ/lz)'a” 0 0.25 0.5 1 CesitxTuz (Ort.)
0 0.69% 098° 0.729¢f 0.36" 0.69°
50 0.60%1 0.60°" 1.01%  1.64° 0.964
Larende 100 0.99% 0.50™ 0.78 (0.47¢8° 0.68°
150 054 0.478° 0.29™9 (0.44"N° 0.43®
CesitxSA (Ort.) 0.70%% 0.64% 070" 0.724 0.69 A
0 0.57 ¢ 0.10¢ 0.28™  0.32" 0.32 D
50 0.24°4 (0.27™9 0.25°9 0.38'P 0.28F
Kral 100 0.109 0.19P9 0.361" 0.361" 0.25FF
150 0.08 @ 0.12¢ 0.109 0.31"d 0.15F
CesitxSA (Ort.) 0.25°F 0.17°¢ 0.25 PF 0.34° 0.25¢
0 0.43M° (093bd (24°9 (.34kd 0.48°¢
50 0.57¢% 0.30™9 0.1879 0.70¢% 0.43 @
Beysehir 100 0.68¢% 0.66°" 0.109 0.29™A 0.43 @
150 0.57¢'" 051F™ 0.41" 1.07° 0.64°8
CesitxSA (Ort.) 0.56°¢ 0.608 0.23PF 0.605¢ 0.508
SAXT
(Ort.)
Salisilik Asit Dozlari (mM)
Tuz
0 0.25 0.5 1 (ort)
0 0.56°%¢  0.34¢f 041°¢ 0.67° 0.49 48
Tuz 50 0.47 cde 0.91° 0.48 % 0,39 ¢ 0.56 A
Dozlan 100 0.59 b¢ 0.37 ¢ 0.41°¢ 0.45 d 0.45 8¢
(mM) 1$5AO 0.40 ¢f 0.60 b° 0.27F 0.36 ¢f 041°¢
AB A C B
(ort) 0.50 0.55 0.39 0.47

Koleoptil Kuru Agirlik (g)

En yiiksek koleoptil kuru agirlik degeri 0.138 g ile Larende gesidinde 100 mM tuz dozu ile 1 mM SA
dozu interaksiyonundan, en diisiik koleoptil kuru agirlik degeri ise 0.043 g ile Kral gesidinde 150 mM
tuz dozu ile 0.25 mM SA dozu interaksiyonundan elde edilmistir. Larende ve Beysehir gesitlerinden
ayni koleoptil kuru agirlik degeri elde edilmis olup Kral ¢esidinden elde edilen degerden yiiksektir. Tuz
dozlar arttikca koleoptil kuru agirlik degerleri azalirken SA degerleri arttikga artmaktadir. SAxTuz
interaksiyonlarinin etkisi ise 6nemsiz ¢cikmistir (Tablo 9). Tuzun koleoptil kuru agirhk tzerindeki agirhk
azaltic etkisini birgok arastirici calismalarinda belirtmislerdir (Hakim vd., 2010; Jamil ve Rha, 2007,
Oner ve Soysal, 2020).
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Tablo 9. Salisilik Asit Uygulamalarinin Tuz Stresi Altindaki Arpa Cesitlerinde Koleoptil Kuru Agirhk (g)
Degerlerine Ait Ortalamalar ve istatistik Gruplar

Salisilik Asit Dozlari (SA) (mM) (Coerstl.t)
Cesit T“Z(rgﬁ/lz)'a” 0 0.25 05 1 CesitxTuz (Ort.)
0 0.094 %8 0.059"% 0.088%" (0.098 cde 0.085 BCP
50 0.064 %" 0.107< 0.072""  0.055 P 0.074F
Larende 100 0.131ab 0.115° 0.061™" 0.138° 0.114
150 0.0889" 0.0681-p 0.063™P 0.0651P 0.071F
CesitxSA (Ort.) 0.094* 0.087*® 0.071° 0.098* 0.084
0 0.070"™ 0.053°P% 0.053P9 0.077 " 0.063 ¢
50 0.084°¢1 0.062™P 0.068"° 0.082°™ 0.074 ¢
Kral 100 0.068" 0.059™ 0.099 ¥  (.053 P 0.069
150 0.064° 0.0439 0.058™% 0.056 ° 0.055 ©
CesitxSA (Ort.) 0.071®  0.054F  0.069° 0.067° 0.06 8
0 0.084°¢% 0.106% 0.100%  0.063"° 0.088 B
50 0.087% 0.0677" 0.096°F 0.064"° 0.078 CPE
Beysehir 100 0.087% 0.061™9 0.083°¢' 0.075¢8° 0.076 °F
150 0.102¢% 0.082°% 0.094%8 0.069"P 0.086 B
CesitxSA (Ort.) 0.090* 0.0798%  0.093*  0.068° 0.08 4
SAXT
(Ort.)
Salisilik Asit Dozlari (mM)
Tuz
0 0.25 0.5 1 (Ort)
0 0.088 0.078 0.081 0.095 0.086 *
Tuz 50 0.067 0.078 0.078 0.078 0.075 B¢
bozlan 100 0.079 0.072 0.080 0.083 0.079°®
(mM) 150 0.063 0.064 0.071 0.084 0.071°¢
SA 0.074®  0.073® 0.078%  0.085*
(Ort.)

Radikula Uzunluk (mm)

En uzun radikula uzunluk degeri 102.25 mm ile Larende gesidinde 0.5 mM SA ile tuzun uygulanmadigi
tohumlardan, en disik radikula uzunluk degeri ise 21.88 mm ile Kral ¢esidinde 150 mM tuz dozu ile
SA uygulanmadigi tohumlardan elde edilmistir. Tuz dozlari arttikca radikula uzunlugu degerleri
dozlarin artisiyla ters orantili olacak sekilde azalis meydana gelmistir. SA dozlarinin artmasiyla birlikte
de radikula uzunluk degerlerinde azalis gortlmektedir. Benzer sekilde Nasircilar vd. (2020) SA
uygulamalarinin artan dozlarla birlikte kok uzunlugu izerinde azaltici etkisi oldugunu bildirmislerdir.
Tuzun 50 mM dozu ile kontrol grubu ayni istatistik grupta yer alirken, en fazla diisiis 150 mM tuz
dozundan elde edilmistir. SAxTuz interaksiyonlarinin etkisi ise 6nemsiz bulunmustur. (Tablo 10).
Cizelge 1'de gorildugi gibi tuz dozlarinda en fazla disiik 150 mM dozunda meydana gelmistir
Cavusoglu vd. (2007) artan tuzluluk seviyelerinin arpa tohumlarinin fide bliyime parametreleri
Gzerinde engelleyici bir etkiye sahip oldugunu belirtmislerdir.
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Tablo 10. Salisilik Asit Uygulamalarinin Tuz Stresi Altindaki Arpa Cesitlerinde Radikula Uzunluk (mm)
Degerlerine Ait Ortalamalar ve istatistik Gruplar

Salisilik Asit Dozlari (SA) (mM) (ng[lt)
Cesit Tuirg"\’/lz)'a” 0 0.25 0.5 1 C‘a(%tr’f)“z
0 89.46%® 90.96% 102.25% 70.80°%  88.37°
50 65.82¢'" 82.81*F 87.263° 64.53 ¢ 7510°
Larende 100 85.71°¢ 52.83g" 57.37&8™ 6513%  65.26°5
150 67.16<h  48.73MP 30.52°7 39.10%"  46.38 ¢
CesitxSA (Ort.) 77.04% 68.83 ®® 69.35ab 59.89 ¢ 68.78 A
0 86.74%¢ 33,02" 63.757 4881" 58.08¢
50 90.27% 37.90" 47.53" 4390/ 5490
Kral 100 4510 36.80™" 39.45k" 36.84™"  3955F
150 21.889 24109 3555™" 32.,03"™ 2839F
CesitxSA (Ort.) 61.00 * 3296f 46,579 40.39°¢ 45238
0 51.318° 47.73M  3355"™  3243"™  41.26°
50 64.88%  47.12"™P 29.40P" 31.32"™  43.18F
Beysehir 100 60.608% 59,578 27.75PF 3829  46.55°PF
150 46.868" 4561 38317 22859 3841F
CesitxSA (Ort.) 55.91¢ 50.01°< 32.25F  31.22f 42358
SAXT
(Ort.)
Salisilik Asit Dozlari (mM)
Tuz
0 0.25 0.5 1 (ort)
0 75.84 57.24 66.52 50.68 62.57 4
Tuz 50 73.66 55.94 54.73 46.59 57.734
bozlan 100 63.80 49.74 41.52 46.75 50.45 B
(mM) 150 45.30 39.48 34.79 31.33 37.72¢
SA 64.65% 50.60% 49.39B8 43.84°¢
(Ort.)
Koleoptil Uzunluk (mm)

Koleoptil uzunluk degerleri lzerine ¢esit ve tuz dozlarinin haricinde diger uygulamalarin etkisi
Onemsiz bulunmustur. En yiiksek koleoptil uzunlugu 38.38 mm ile Larende ¢esidinden elde edilmistir.
Larende cesidini sirasiyla Beysehir ve Kral cesitleri takip etmektedir. Tuz dozlarinin etkisine
baktigimizda 150 mM dozuna kadar elde edilen degerler ayni istatistik grupta yer alirken 150 mM
dozunda en disuk koleoptil uzunluk degeri belirlenmistir (Tablo 11).
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Tablo 11. Salisilik Asit Uygulamalarinin Tuz Stresi Altindaki Arpa Cesitlerinde Koleoptil Uzunluk (cm)
Degerlerine Ait Ortalamalar ve istatistik Gruplar

Salisilik Asit Dozlari (SA) (mM) (ng[lt)
Cesit T“Z(r::/lz)'a” 0 025 05 1 CesitxTuz(Ort.)
0 50.64 46.12 47.40 39.70 45.96
50 41.67 36.67 45.66 33.99 39.50
Larende 100 37.31 36.25 3850 32.10 36.04
150 31.53 45.20 25.44 25.98 32.04
CesitxSA (Ort.) 40.29 41.06 39.25 32.94 38.38%
0 31.52 24,54 30.89 28.00 28.74
50 29.39 28.61 24.89 26.93 27.45
Kral 100 30.15 33.41 24.31 28.17 29.01
150 12.02 17.73 25.70 25.11 20.14
CesitxSA (Ort.) 25.77 26.07 26.45 27.05 26.34°¢
0 31.02 27.21 29.83 21.12 27.29
50 31.08 33.56 35.62 28.90 32.29
Beysehir 100 28.16 34.86 24.62 32.75 30.10
150 28.30 31.08 25.34 40.06 31.19
CesitxSA (Ort.) 26.64 31.68 28.85 30.70 30.228
SAXT
(Ort.)
Salisilik Asit Dozlari (mM)
Tuz
0 0.25 0.5 1 (ort)
0 37.73 32.62 36.04 29.61 34.004
Tuz 50 34.05 3295 3539 2994 33.08 4
Dozlan 100 31.87 34.84 29.14 31.01 31.724
(mM) 150 2395 31.34 2549 30.38 28.038
SA 35.59 3249 31.52 30.23
(Ort.)

Sonug¢

Salisilik asit uygulamalarinin 3 farkli arpa gesidinde ¢imlenme ve tohum o6zelliklerinin tuz stresi
altindaki tepkilerinin belirlenmesini amaglayan ¢alismamizda tim uygulamalarda en iyi sonug veren
cesitler Larende ve Beysehir arpa gesitleri olmustur. Salisilik asit uygulamalarinin tek basina etkisi
toplam yas agirlik ve koleoptil uzunlugu degerlerinin haricinde diger incelenen 6zelliklerde dnemli
cikmistir. Ozellikle agirlik degerleri Gizerinde SAXTuz interaksiyonunun etkisini énemli ¢ikmis, tuz
dozlarinin artmasiyla birlikte hemen hemen incelenen tim parametrelerde olumsuz ydnde
degisiklikler meydana gelmis, salisilik asit uygulamalariyla ile bu olumsuz degisiklikler tamamen
ortadan kaldirilamasa da etkileri azaltilmistir. Calismamiz sonucunda uygulanan 1 mM salisilik asit
dozunun tuz stresi etkisini azaltmasi agisindan diger dozlara nazaran daha fazla etkisi oldugu
belirlenmistir.
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Bu calismada bitkisel bir atik olan Diospyros kaki L. (Trabzon hurmasi) meyve kabuklarinin biyoaktif
ozelliklerinin belirlenmesi amaci ile hazirlanan metanol, etanol ve su ekstraktlari kullanilarak antimikrobiyal ve
antioksidan kapasiteleri incelenmistir. Calisilan 6rneklerin katalitik aktivitesinin incelenmesi amaciyla sucul
ortamlarda yaygin olarak bulunan endistriyel kokenli metilen mavisi boyasinin sodyum borhidrir (NaBH4)
varliginda indirgenmesi degerlendirilmistir ve sonuglar UV-Visible Spektrofotometresinde (UV-Vis) izlenmistir.
GC-MS analizi ile meyve kabugunun yapisinda bulunan bilesenler belirlenmistir. Calisma sonucunda en yiiksek
antimikrobiyal etki etanol, en disiik antimikrobiyal etki ise su ekstraktinda gorilmustir. GC-MS analizi
sonucuna gére meyve kabugu %50 oraninda yag turevli bilesenler icermektedir. En yiksek oranda bulunan
bilesen %26,89 ile Octadecanoic acid, 2,3-dihydroxypropyl ester, en diisik bulunan ise 0,86’lik oran ile
Docosane isimli bir alkandir. Calisilan 6rnekler arasinda en ylksek ve en dulstk fenolik asit ile FRAP igerigi
siraslyla su ve etanol ekstraktlarindan elde edilmistir. Metanol ekstrakti en yiiksek DPPH radikalini stipirme
ylizdesi degerine sahipken, en diisiik deger etanol ekstraktinda tespit edilmistir. Kataliz reaksiyonlarinda ise su
orneklerinin metilen mavisi boyasini indirgeyerek ¢ok kisa bir siire igerisinde boya rengini a¢tigi belirlenmistir.

Anahtar Kelimeler: antimikrobiyal, antioksidan, bozunma, metilen mavisi, Trabzon hurmasi

Determination of Bioactive Potential of Diospyros kaki L. Fruit Peels
Abstract

In this study, antimicrobial, and antioxidant capacities of Diospyros kaki L (Persimmon) fruit peels, which is a
vegetable waste, were investigated by using methanol, ethanol and water extracts prepared to determine the
bioactive properties. To examine the catalytic activity of studied samples, the reduction of the industrial origin
methylene blue dye, which is common aquatic environments, in the presence of sodium borohydride (NaBH4)
was evaluated and the results were monitored in the UV-Visible Spectrophotometer (UV-Vis). The components
in the structure of the fruit peel were determined by GC-MS analysis. As a result of the study, the highest
antimicrobial effect was observed in ethanol, and the lowest antimicrobial effect was observed in water
extract. According to the results of GC-MS analysis, the fruit peel contains 50% oil-derived components. The
component with the highest ratio is Octadecanoic acid, 2,3-dihydroxypropyl ester with 26.89%, and the lowest
is an alkane named Docosane with a ratio of 0.86. Among the samples studied, the highest and lowest
phenolic acid and FRAP contents were in water and ethanol extracts, respectively. While the methanol extract
had the highest DPPH radical scavenging percentage value, the lowest value was determined in ethanol
extract. In the catalysis reactions, it was determined that the water samples reduced the Methylene Blue dye
and lightened the dye color in a very short time.

Keywords: antimicrobial, antioxidant, degradation, methylene blue, persimmon
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Giris

Trabzon hurmasi, Ebenaceae familyasinin Diospyros cinsine ait bir taksondur (Onur 1990). Diospyros
cinsi cogunlugu herdem yesil olan, tropik ve subtropik bolgelere 6zgl 400 tire sahiptir (lwanami vd.
2002; Yonemori vd., 2000). Diospyros ismi yunanca “Dios” (Bastanri) ve “pyros” (tane) kelimelerinin
birlesmesiyle olusmus “kutsal yiyecek” veya “tanrilarin yiyecegi” anlamina gelmektedir. Baz
kaynaklarda meyve, Zeus’'un meyvesi olarak da ifade edilmektedir. Meyveleri goriintslerinin ve
tatlarin glzelliginden dolayi bu ismi almistir (Yildiz Akbulut, 2021). Diospyros cinsine ait yalnizca 4 tir
ticari olarak meyve Uretiminde kullaniimaktadir (Kitagawa ve Glucina 1984). Bunlar Diospyros kaki
Thunb., Diospyros lotus L., Diospyros virginiana L. ve Diospyros oleifera Cheng’dir. Bunlardan ¢alisma
materyalimizi olusturan D. kaki taze ve islenmis olarak kullanilmaktadir (Yildiz vd., 2012). Trabzon
hurmasi, cennet hurmasi, Japon hurmasi ve Akdeniz hurmasi gibi yoresel isimler ile bilinen D. kaki,
cok yillik aga¢ formunda bir bitkidir. Anavatani Cin olan meyve 6nce Japonya’ya, sonrasinda ise diger
tlkelere yayilmistir (Ozcan, 2005). Ulkemize hangi tarihte getirildigi tam olarak bilinmemekle birlikte
Ulkemize Karadeniz bolgesinden giren meyvenin yetistiriciligi cok eski tarihlere dayanmaktadir. Bir
subtropik iklim meyvesi olan Trabzon hurmasi (lkemizde en ¢ok Akdeniz Bolgesi'nde
yetistirilmektedir. Bu meyve tiri kisin yapraklarini doktigi icin, daha serin bolgelerde de o6zellikle
Karadeniz, Ege ve Marmara Bolgeleri'nde yetistiriciligine rastlanmaktadir. Eylil-aralik aylari arasinda
hasat edilen meyveleri renk, sekil ve boyut bakimindan farkhlik géstermektedir. Saridan kirmiziya
veya turuncuya dénen renklere sahiptir (Yildiz Akbulut, 2021). Buruk ve buruk olmayan seklinde ikiye
ayrilan meyveleri olgunlasincaya kadar kekremsi olgunlastiktan sonra ise tathmsi bir tada sahiptir
(Onur, 1995). Meyve kabugu pirizsiz, ince ve parlaktir (Karasova vd., 2013).

Hizli nifus artisina paralel olarak gelisen sanayilesme tlketimin artmasina neden olarak atik
problemini ortaya c¢ikarmistir. Bitkisel Grinlerin tiketime yonelik olarak kullanilmasiyla ortaya ¢ikan
saplari, cicekleri, yapraklari, ¢cekirdekleri, kabuk ve kokleri evsel bitkisel atiklar olarak bilinmektedir.
Toplam atik miktarinin icerisinde bitkisel kaynakli atik miktarinin ¢ok biyik oldugu bilinmektedir. Bu
nedenle bitkisel atiklarin ham madde olarak farkli sekillerde degerlendirilmesi ve yeniden
kullanilabilecegi katma degeri yiiksek olan Urinlere donustirilmesi olduk¢a 6nemlidir (Hepsen,
2010; Yaman, 2012).

Fenolik maddeler yiiksek biyoyararlilik 6zelligi gdsteren molekiillerdir (Balasundram vd., 2006, Renda
vd., 2019). Bu bilesikler bitkilerde bir ¢ok fizyolojik gelismelerde rol oynayan sekonder metabolitler
arasinda yer almaktadir (Glindogdu, 2019). Bitkiler sahip olduklari biyoaktif bilesenleri sayesinde
farmasotik ve gida endustrileri gibi farkli alanlarda yogun bir sekilde talep gérmektedirler. Bu da
dogal antioksidanlarin yaygin bir sekilde sentetik antioksidanlarin yerine kullanmasina imkan
saglayacaktir (Ozbucak vd., 2022).

Bitkilerin mikroorganizmalari 6ldirict ve insan saghg icin O6nemli ozellikleri uzun yillardir
calisilmaktadir.  Ozellikle son yillarda bitkilerin antimikrobiyal etkileri tzerine pek cok calisma
yapilmistir (Erttrk, 2010; Ertirk vd., 2020). Bitkilerin sahip oldugu farkh fitokimyasal ozellikler
belirlenerek tip, endustri gibi farkh alanlarda kullanilabilme potansiyelleri arastiriimahdir (Kirbag ve
Zengin, 2006).

Fenolik kirleticiler ilag, petrokimya, tekstil, matbaa gibi farkh sektorlerde yaygin olarak bulunan
organik kirleticilerdir (Gutes vd., 2005). On binden fazla gcesitte boya ve pigmentin kullanildigi boya
endustrisinde yaklasik %15’lik endstriyel atik ortaya ¢ikmaktadir (Arslan vd. 2021; Kayranli 2011).
Biyolojik olarak parcalanamayan boyalar i1siga, i1stya ve oksitleyici maddelere karsi dayanikhdirlar
(Wang vd., 2018). Bu 6zelliklerinden dolayi sularda kirlilige ve oksijen kapasitesinin azalmasina neden
olmakta ve hidrosfere verdigi zararla ciddi ¢evre sorunlari yaratmaktadirlar (Piccin vd., 2012). Suda
bulunan boyalarin uzaklastiriilmasinda aktif karbonlar, killer, bitkisel atiklar gibi malzemeler
kullanilmaktadir. Bununla beraber, son yillarda sulardan boyalarin aritilmasi i¢in bu maddelerin
parcalanmasinin saglayan katalitik metotlar yaygin hale gelmektedir (Sahin ve Gibbik, 2019). Bu
nedenle Ozellikle atik olan bitkisel materyallerin katalitik 6zelliklerinin belirlenmesi dnemlidir.
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Bu calismada Diospyros kaki L. (Trabzon hurmasi) meyvesinin kabuklari ile hazirlanan metanol, etanol
ve su ekstraktlarinin antibakteriyal ve antioksidan 6zellikleri belirlenmeye calisiimistir. Ayrica calisma
materyali olan Trabzon hurmasi meyve kabugunun farkli ekstraktlarinin metilen mavisi boyasini
indirgeme giict incelenmistir.

Materyal ve Yontem

Materyal

Bu ¢alismada materyal olarak Ordu ili Kayadibi kéyiinden (500 m) aralik ayinda ayni agagtan toplanan
Diospyros kaki L. meyvelerinin (Sekil 1) kabuklari kullanilmistir (Sekil 2). Toplanan meyve kabuklari
oda sicakliginda kuru agirligi sabitleninceye kadar kurutulup o6gutilerek ekstraksiyona hazir hale
getirilmistir.

Sekil 1. Diospyros kaki Meyvesi Sekil 2. Diospyros kaki L. Meyve Kabuklari
Taksonun llkemizdeki dagihsi Sekil 3’te gosterilmistir.

Q Q ~C \':)

Sekil 3. Taksonun Ulkemizdeki Dagilisi
Metot

Bitki Ekstraktlarinin Hazirlanmasi

Su, metanol ve etanol ekstraktlari hazirlamak igin kurutulup, 6gutilmis 5 gr bitki 6rnegi Gizerine 50
ml su/metanol/etanol ilave edilerek yaklasik 14 saat calkalamali su banyosunda ekstre edilmistir ve
suzilmistur. Birkag kez tekrarlanan bu islemin ardindan biriktirilen siiziintliler metanol/etanol igin
evaporator, su icin ise liyofilizator kullanilarak ¢oziiciisiinden uzaklastiriimistir. Geriye kalan kalan
kati madde belirli miktarda ¢6zlicli eklenerek stok numuneler halinde +4 2C’de saklanmistir.
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Antimikrobiyal Etkinin Belirlenmesi

Antimikrobiyal aktivitenin belirlenmesinde kullanilan disk diflizyon tekniginde; bakteriler icin Muller
Hinton Agar, funguslar (mantarlar) icin Saboraud Dextrose Agar besiyerleri minimum inhibisyon
konsantrasyonu (MiK) i¢in Muller Hinton Broth ve Saboraud Dextrose Broth besiyerleri ile gram
negatif ve gram pozitif bakteriler ve funguslar kullanilmistir. Antibakteriyel etki belirlemede kullanilan
kiltir koleksiyonlarindan temin edilen bakteriler; Gram (+); Staphylococcus aureus ATCC®25923,
Listeria  monocytogenes ATCC®7677, Bacillus cereus ATCC®10,876; Gram (-); Escherichia coli
ATCC®25922, Pseudomonas aeruginosa ATCC®27853, Citrobacter freundii ATCC®43864, Antifungal
etki belirlemede kullanilan mayalar; Candida albicans ATCC®10231 ve Saccharomyces ceravisiae
ATCC®9763 ‘dir. Bakteri ve mantar suslari 25+0.1°C’de 48 saat slireyle inkibe edilmistir. Daha sonra
agar besiyerleri 10 cm ¢apindaki steril petri kutularina homojen bir sekilde yayillmistir. Katilagan agar
Uzerine swap yontemi ile 100 pl mikroorganizma bosluk kalmayacak sekilde en az 3 farkli yéne yayma
plaka yapildiktan sonra 30 dakika icinde diskler steril pens yardimiyla yerlestirildikten sonra 30 ml
ekstrakt yavasgca eklenmistir. Zon caplarinin etkilenmemesi igin petriler bir sire yerinden
oynatilmayip petriler organizmanin optimum gelistigi sicaklikta inkibe edilmistir (Bakteriler icin 37 °C,
funguslar icin 25 °C). Bakteriler i¢cin 1 gin, funguslar icin 2 giin sonra zon caplari kumpas ile
belirlenmistir. 3 tekrarli gerceklestirilen calismada zon caplarinin aritmetik ortalamasi alinarak
standart antibiyotiklerle (inhibisyon zon g¢aplan) karsilastirilmistir (Ertiirk, 2006).

Toplam Fenolik ve Antioksidan Kapasitenin Belirlenmesi

Hazirlanan ekstraktlarin toplam fenolik madde igeriklerinin belirlenmesinde Folin-Ciocalteu metodu
kullanilmistir (Singleton ve Rossi, 1965). DPPH radikal giderme aktivitesinin tayini 1,1-difenil-2-
pikrilhidrazil (DPPH) radikali kullanilarak Blois (1958)'in metoduna goére calisiimistir). Demir (lll)
indirgeme antioksidan giic (FRAP) kapasite tayini ise Benzie ve Strain (1999)’a gore yapilmistir.

Metilen Mavisi Boyasi indirgeme Reaksiyonlari

Yapilan ¢alismada bazik Ozellikte bir boya olan metilen mavisi boyasi kullaniimistir. Kataliz
uygulamalari icin meyve kabuklarindan hazirlanan metanol, etanol ve su ekstraktlari katalizor olarak
kullanilarak NaBH; (Sodyum Bor Hidriir) ile metilen mavisi boyasi indirgenmeye calisiimistir. Bu
amacla 1ml 10* M metilen mavisi boyasina 1ml H,0 ilave edilerek UV-Vis él¢iimi alinmistir. Okuma
islemi bittikten sonra ayni 6rnegin lzerine 1.5 ml NaBH; ve hazirlanan ekstraktlardan 0.5 ml
eklenerek 2’ser dk. araliklarla, reaksiyon dengeye ulasincaya kadar UV-Vis olcimleri alinmistir (Sahin
ve Giibbik, 2019).

Bulgular ve Tartisma

Bu calisma ile D. kaki meyve kabuklarinin biyoaktif bilesenleri belirlenmeye c¢alisiimistir. Cevre
acisindan bakildiginda tarim ve gida endistrisi tarafindan (retilen bitkisel atiklarin yeniden
kullanilabilmesi ile hem dogaya hem de katma degeri yiksek Uriinlere donistlrilmesi sayesinde
ekonomiye kazang saglanacaktir. Yapilan bu calismada daha énce calisiimamis bir bitkisel bir atik olan
Trabzon hurmasi meyve kabuklarinin metanol, etanol ve su gibi farkh c¢oziciler kullanilarak
hazirlanan ekstraktlarin antimikrobiyal, antioksidan oOzellikleri ile metilen mavisi boyasini indirgeme
glci incelenmistir.

Antimikrobiyal Etki Sonuglari

Yapilan antimikrobiyal analizlerin 6l¢im ortalamalarina gore antimikrobiyal aktivitesi en yiksek olan
D. kaki kabugu ekstrakti etanol, en disik antimikrobiyal etki gdsteren ise metanol ekstraktidir. D.
kaki nin metanol, etanol ve su ekstraktlarinin gram-negatif pozitif bakteriler lGzerindeki ortalama
antimikrobiyal etkileri blylikten kii¢clge; Staphylococus aureus> P. aerusinasa> Listeria
monocytogenes> Citrobacter freundii> E. coli> Bacillus cereus seklindedir. Mantarlar Uzerindeki
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ortalama antimikrobiyal etkileri ise blylkten kiiclige; S. cerevisae> Candida albicans seklindedir
(Tablo 1).

Sonuglara bakildiginda etanol ekstrakti disindaki 6rneklerde antimikrobiyal etkinin olmadig
gorilmektedir. Etanol ekstrakti érneginde biiyiik oranda yag asitleri bulunmaktadir. Ozellikle %26,89
gibi bir oranla bulunan Octadecanoic acid, 2,3-dihydroxypropyl adi verilen yag asidinin gicli bir
antimikrobiyal ajan oldugu bildiriimektedir (Pu vd., 2010). Antimikrobiyal bilesiklerin genelde
bitkilerin esansiyal yag kisminda bulundugu bildirilmektedir (Faydalioglu ve Suriiclioglu, 2013).
Bitkiler sahip olduklari bircok etken madde sayesinde sinerjik bir etki gostererek mikroorganizma
direncine daha etkin cevap saglamalarindan dolayi bitki materyallerinden elde edilen 6ziitlerin dogal
antimikrobiyal ajanlar olarak kullanilabilecegi bildiriimektedir (Faydalioglu ve Siricloglu, 2013;
Mohd Nazri vd., 2011). Farkli meyve kabuklarinin yiiksek antimikrobiyal etkiye sahip oldugu ve bu
kabuklardan antimikrobiyal madde iretilebilecegi bildirilmistir (Kiling vd., 2018). Ertiirk ve Tas (2011)
tarafindan yedi deniz alg tiirliniin etanol ekstraktlarinda da bizim ¢alismamizda oldugu gibi yiiksek
antimikrobiyal etki tespit edilmistir. Gliven ve Yacoubou (2018) tarafindan Benin tibbi bitkilerinin
antimikrobiyal etkilerini belirledigi ¢alismasinda metanol ve etanol gibi organik ¢ozlicli ekstrelerinin
daha yiksek antimikrobiyal etkiye sahip oldugunu tespit etmistir. Bu durumun aromatik ve
doyurulmus organik bilesikleri daha blylik miktarlarda icermelerinden kaynaklanabilecegini
bildirmistir. Aslanpencesi (Alchemilla ellenbergiana) ekstrelerinin antimikrobiyal 6zelliklerinin
belirlendigi calismada da en yiksek antimikrobiyal etki etanol ekstresinde tespit edilmistir (Acet ve
Ozcan, 2018). Benzer sonuglar Pistacia vera L’nin dis kabugunun antimikrobiyal etkisinde de
gorilmistir (inci ve Kirbag, 2019).

Tablo 1. Farkli Coziiculerdeki Bitki Ekstraktlarinin Agar Difflizyon Teknigi ile Belirlenen Antimikrobiyal
Analiz Sonuglari

Numuneler Metanol ekstrakti Etanol ekstrakti Su ekstrakti A
(OrtS.S) (Ort£S.S) (OrtS.S) Antibiyotik
S. aureus 11,256+ 0,030551 20,796+0,056862 17,85+0,049329 41,9610,01
B. cereus 610 610 610 41+0,01
L. monocytogenes 11,303+ 0,032146 21,8+0,194679 610 50+0,01
E. coli 13,383+0,049329 11,553+0,5745009 610 42+0,01
C. freundii 12,04333+0,169214 16,796+0,090185 10,44333+0,475009 380,01
P. aerusinasa 15,676+0,100167 20,596+0,110151 610 34,75+0,01
Candida albicans 18,46+0,44911 22,466%0,591805 610 810,01
S. cerevisae 610 15,566+0,551936 610 3240,01

Antioksidan Kapasite Sonuglari

Tablo 2’de D. kaki meyve kabugu 6rneklerinin metanol, etanol ve su ekstraktlarinda belirlenen total
fenolik madde, DPPH radikali giderme aktivitesi ve demir (Ill) indirgeme/FRAP antioksidan kapasite
tayin degerleri verilmistir. Hazirlanan ekstraktlarin toplam fenolik icerikleri (TFi) gallik asit (GA)
esdegeri olarak (mg GAE/g numune) hesaplanmistir. Bunun igin ilk 6nce belirli konsantrasyon
araliginda (0.001-0.027 mg/mL) gallik asit ile yapilan deneme sonrasinda gallik asit galisma grafigi
olusturularak (Sekil 4) bu grafigin dogru denkleminden bilinmeyen numunelerdeki toplam fenolik
madde miktari hesaplanmistir. Bu islemler sirasiyla tiim ekstraktlar icin yapilmistir. Orneklerin demir
indirgeme antioksidan glic (FRAP) degerlerini hesaplayabilmek igin ilk olarak standart olarak
kullanilan troloksun degisen konsantrasyonlari i¢in islem gerceklestirilmis ve troloks kullanilarak elde
edilen absorbans degerlerinin konsantrasyonlarina gére grafige gecirildikten sonra (Sekil 5) elde
edilen grafigin dogru denkleminden yararlanilarak ayni kosullar altinda test edilen bitlin ekstraktlar
icin de FRAP degerleri troloks esdegeri olarak (umolTXE/g numune) hesaplanmistir.
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Gallik Asit Standart Kalibrasyon Grafigi
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Sekil 4. Ekstraktlarin TFi Miktarlarinin Hesaplanmasi icin Cizilen GA Kalibrasyon Grafigi

Troloks Standart Kalibsrasyon Grafigi

o
o

o
O

y = 188,86x + 0,1863 ‘>
R? = 0,9945 e

=]
o

ABS (595 nm)
o o
N w
t
‘S
\
\

o
-

(=]

0 0,0002 0,0004 0,0006 0,0008 0,001 0,0012 0,0014 0,0016 0,0018
Troloks Konsantrasyonu (mg/mL)

Sekil 5. Orneklerin FRAP Degerlerinin Hesaplanmasi igin Cizilen Troloks Kalibrasyon Grafigi

D. kaki meyve kabugu 6rneklerinin metanol, etanol ve su ekstraktlarinin toplam fenolik madde, DPPH
radikali giderme aktivitesi ve demir (Ill) indirgeme/FRAP antioksidan kapasite tayin degerleri Tablo
2’de verilmistir. Tablo 2’ye bakildiginda en yliksek fenolik asit bilesigi su 6rneginde, en diisik fenolik
asit bilesigi ise etanol orneginde ¢ikmistir. Ortamdaki DPPH radikalini sliplirme yiizdesi en yliksek
metanol érneklerinde, en diisiik etanol 6rneklerinde tespit edilmistir. FRAP degeri en yiksek su, en
diistk etanol 6rneginde belirlenmistir.
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Tablo 2. D. kaki Meyve Kabugu Orneklerinin Toplam Fenolik Madde, DPPH Radikali Giderme
Aktivitesi ve Demir (lll) indirgeme/FRAP Antioksidan Kapasite Tayin Degerleri

Ekstrakt Toplam Fenolik DPPH FRAP
mg/mL GA 1mg/mL % stuplrme U1 mol /mg TXE

Metanol 2.56 36.8 20.473

Etanol 1.185 15.56 7.06

Su 3.095 23.89 25.82

Meyve ve sebzeler glinlik beslenmemizde gerekli olan 6nemli vitamin, mineral ve lif kaynaklaridir. Ne
yazik ki, diinya ¢apinda Uretilen meyve ve sebzelerin yarisi ¢cevresel sorunlara neden olan atik olarak
son bulmaktadir (Coman vd., 2020). Bununla beraber meyve ve sebze kabuklari, bitkilerin kok, yaprak
ve kabuklari 6nemli bir boyutta tarimsal atik problemi ortaya c¢ikarmaktadir (Ashoush ve Gadallah,
2011). Meyvelerin kabuklari diger kisimlarina gére daha fazla biyoaktif bilesenlere sahiptir (Lim vd.,
2006). Antioksidanlarin insan savunma sisteminde, bircok dejeneratif hastaliga neden oldugu bilinen
reaktif oksijen tirlerinin hasarina karsi korumada 6nemli rol oynadigina inanilmaktadir (Dumanovic
vd. 2021). Meyve kabuklarinin daha fazla oranda antioksidanca zengin fitokimyasallar 6zellikle fenolik
bilesikler icerdigi rapor edilmistir (Ghasemi vd., 2009; Goulas ve Manganaris, 2012; Glzel ve Akpinar,
2017; Wijngaard vd., 2009). Fenolik bilesikler fitokimyasallarin anahtar bilesenleridir. Yapilan
g¢alismada D. kaki meyve kabugu Orneklerinin antioksidan kapasite tayin sonuglarina bakildiginda
toplam fenolik asit ve demir (1) indirgeme/FRAP degerinin en yiksek oldugu drneklerin su ekstrakt
ornekleri oldugu gorilmektedir. Ozbucak vd. (2022) tarafindan Ornithogalum sigmoideum Freyn &
Sint. bitkisinde yapilan calismada da en yiksek fenolik asit ve FRAP icerigine su ekstrakti 6rneklerinin
sahip oldugu belirtilmistir. En yiliksek DPPH radikali giderme aktivitesi ise metanol ekstraktinda
belirlenmistir. Benzer sonug iran’dan toplanan O. cuspidatum Bertol (izerinde yapilan ¢alisma ile de
uyum gostermektedir. Bahsi gecen calismada O. cuspidatum bitkisinin n-hekzan, etil asetat, metanol
ve su ekstraktlari hazirlanmis olup DPPH serbest radikal siiplirme aktivitesi bu 4 farkh ekstrakt
arasinda en ylksek oranda metanol ekstraktinda oldugu rapor edilmistir (Dastan ve Aliahmadi, 2015).
Antioksidan aktiviteden sorumlu fenolik bilesikler farkh ¢ozeltilerde farkli kimyasal 6zelliklere sahip
olabilirler. Ayrica bitki materyalinin ekstraksiyonunda kullanilan ¢6ziiciiniin polaritesi de 6nemli
olmaktadir. O nedenle bitkisel kaynaklardan fenolik bilesiklerin eldesi icin genel bir ekstraksiyon
metodu Onerilemez (Saglam, 2021).

GC-MS Analiz Sonuglari

Galisilan meyve kabugu numunelerinde bulunan bilesenleri belirlemek amaciyla yapilan GC-MS analiz
sonuglari Tablo 3’te verilmistir. Sonuglara bakildiginda kabugun yaklasik %50 oraninda yag tirevli
bilesenler icerdigi gorilmektedir. En yliksek oranda bulunan bilesen %26,89 ile Octadecanoic acid,
2,3-dihydroxypropyl ester, en diisiik bulunan ise 0,86’lik oran ile Docosane isimli bir alkandir.
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Tablo 3. Meyve Kabuklarinin Etanol Ekstrakti ile Hazirlanan Orneklerinin GC Analiz Sonuglari

Pikin geldigi siire

% Komposizyon

Bilesen

3,103
3,157
3,581
3,964
4,019
4,092
4,171
4,268
5,669
6,093
6,289
6,499
10,89
12,91
13,986
16,04
17,691
18,18

3,04
1,32
1,07
5,66
16,7
1,78
1,25
1,42
4,55
0,94
3,65
0,86
4,73
10,85
1,37
4,33
26,89
9,58

1,2,3-Propanetriol (CAS)

Formic acid, 2-propenyl ester (CAS)
2,4(1H,3H)-Pyrimidinedione, 5-methyl- (CAS)
2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one
Benzoic acid (CAS)

Azetidine, 1,1'-methylenebis[2-methyl-
Gamma. Heptalactone
2H-Pyran-2-methanol, tetrahydro- (CAS)
Guanosine (CAS)

Tetradecane (CAS)

Phenol, 2,4-Bis(1,1-Dimethylethyl)-
Docosane (CAS)
n-Hexadecanoic acid
Octadecanoic acid
Azacyclotridecan-2-one (CAS)
Hexadecanoic acid, 2,3-dihydroxypropyl ester (CAS)
Octadecanoic acid, 2,3-dihydroxypropyl ester (CAS)
9-octadecenamide

Mevcut calismada Trabzon hurmasi meyve kabuklarinin GC-MS analiz sonuclarina bakildiginda
yaklasik %50 kadar bir oranda ester ve tirevi bilesenlere sahip oldugu gorilmektedir. Elettaria
cardamom L. bitkisinde biyosentezden sorumlu bilesenin esterler oldugu bildirilmistir (Rajeshkumar

ve Bharath, 2017).

Metilen Mavisi indirgenme Reaksiyonlari Sonuglari

Trabzon hurmasi meyve kabuklarindan hazirlanan ekstraktlardan metilen mavisi boyasinin bozunma
reaksiyonlari metanol, etanol ve su ekstraktlarinda 4. dakikada gerceklesmistir. Sekil 6-8'de
ekstraktlarin metilen mavisinin indirgenme reaksiyonlarini gosteren UV-Vis grafikleri ve renk
degisikligi fotograflar gérilmektedir.

2

Sekil 6. Su Ekstrakti Orneklerinin Metilen Mavisi indirgenme Reaksiyonlarinin UV-Vis Grafikleri (4.
Dakikada Bozunma) ve Metilen Mavisi Boyasindaki Renk Degisikligi
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Sekil 7. Metanol Ekstrakti Orneklerinin Metilen Mavisi indirgenme Reaksiyonlarinin UV-Vis Grafikleri
(4. Dakikada Bozunma) ve Metilen Mavisi Boyasindaki Renk Degisikligi

Sekil 8. Etanol Ekstrakti Orneklerinin Metilen Mavisi indirgenme Reaksiyonlarinin UV-Vis Grafikleri (4.
Dakikada Bozunma) ve Metilen Mavisi Boyasindaki Renk Degisikligi

Calisma kapsaminda hazirladigimiz bittin bitki ekstraktlari katalizér olarak kullanilarak metilen mavisi
boyasinin indirgenme reaksiyonlari gerceklestirilmistir. Ulkemizde ve diinyada endiistriyel kdkenli
kirlilik kaynaklari basinda boyalar gelmektedir. Bu maddelerin herhangi bir aritma isleminden
gecmeden alici ortama birakilmasi basta ekolojik dengenin bozulmasi olmak Uzere bircok cevre
sorununa neden olmaktadir (Cesur Ozcan, 2019). Tekstil ve boya endiistrisinde yaygin bir sekilde
kullanilan metilen mavisi boyasi da sucul ortamlara karisarak hem karistigi ortama hem de orada
yasayan canllara zarar vermektedir. Atik sulardan kirleticilerin 6zellikle boyalarin uzaklastiriimasinda
bitkisel kokenli materyallerin katalitik performansi dikkat cekmektedir (Al-Tohamy, 2021). Sahin ve
Glibbik (2019) tarafindan boyalarin kataliz islemlerinin ¢ok uzun sirebilecegi belirtilmistir. Oysa
bizim ¢alismamizda 4 dk. gibi ¢ok kisa bir zamanda metilen mavisi boyasinin bozundugu gorilmustdr.
Cahisilan 6rnekler igerisinde gerek gosterdigi UV-VIS pikleri gerekse boya renginin agilmasi agisindan
metanol ekstraktlarinin en iyi sonug verdigi tespit edilmistir. Yalgin (2005) tarafindan yapilan
calismada pamuk sapi ve kayisi ¢ekirdegi kabugunun atik sulardan boya gideriminde kullanilabilecek
nitelikte oldugu belirtilmistir. Atik sulardan bazi boyalarin gideriminde ay ¢ekirdegi kabugunun yiksek
potansiyele sahip bir adsorbant olarak kullanilabilecegi bildirilmistir (Cesur, 2019). Bununla beraber
bakteri ve fungus gibi bazi mikroorganizmalarin da boya gideriminde basarili sonuglar verdigi rapor
edilmektedir (Celebi, 2013; Rezaei, 2014).

Sonug ve Oneriler

Sonug olarak, yapilan bu galismada ilk defa Trabzon hurmasi meyve kabugunun farkli ¢éziicllerde
hazirlanan ekstraktlarinin antimikrobiyal, antioksidan ve metilen mavisi boyasini indirgeme
potansiyeli incelenmistir. Cahisilan bitki ekstraklarinin antimikrobiyal ve antioksidan o&zellikleri
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kullanilan ¢ozicilere gore farkhhk gostermekle beraber, en yiksek antimikrobiyal etki etanol
ekstrakti 6rneklerinde gorilmistir. Bu durum 6rnekte biliylik oranda oldugunu belirledigimiz glglu
bir antimikrobiyal ajan olan Octadecanoic acid, 2,3-dihydroxypropyl adi verilen yag asidinden
kaynaklanmis olabilir. Antioksidan kapasitesi agisindan en yiiksek degerler su ekstrakti érneklerinde
gorlilmustir. Metilen mavisi boyasinin bozunmasi ve boyanin renginin berraklasmasi en iyi metanol
ekstraktinda gergeklestirilmistir.

Galismada kullanilan farkl parametrelerden elde edilen sonuglara gére, en yiksek antimikrobiyal etki
gosteren etanol ekstrakti érneklerinden igcerdigi blyik orandaki yag asidi icerigi de distnulerek
antimikrobiyal 6zellikte yara bandi, ylizey temizleyicisi ve el dezenfektani gibi alternatif malzemeler
Uretilebilir. En yliksek antioksidan kapasiteye sahip su 6rnekleri fonksiyonel gida lretiminde ham
madde olarak kullanilabilir. Metilen mavisi boyasi indirgenmesinde en iyi sonuglari veren metanol
ornekleri 6zellikle bu tir boyalari kullanan endistri kuruluslarinda boyalarin sulara karismadan 6nce
ortamdan uzaklastiriimasini saglayacak nanofiltrelerin yapiminda ham madde olarak kullanilabilir.
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Abstract

Plant tissue culture techniques have a widespread usage in rapid, easy and continuous propagation of bulbous
and tuberous plants, called geophytes. The genus Galanthus (commonly called snowdrops), perennial
bulbiferous geophytes belonging the Amaryllidaceae family, contain several high-value alkaloids with
pharmaceutical use to treat Alzheimer’s disease. The objective of this study was to assess the effect of
photoperiod, plant growth regulators and explant size on in vitro bulblet formation in snowdrop (Galanthus
woronowii). Bulb twin-scale explants were cultured on MS medium containing different combinations of BAP
with various concentrations of NAA, IAA and IBA under 16/8 h light/dark and 24 h dark conditions. Effect of
plant growth regulators was significant on the number of bulblet, bulblet diameter, bulblet weight, and the
number of bulblet bigger than 5 mm in diameter. Continuous dark application resulted in highly significant
increases in bulblet formation, as compared to light treatment. The maximum number of bulblet (4.83) was
recorded from 4-piece explants treated with 2 mg It BAP+0.1 mg I* NAA hormone combination kept in 24 h
dark condition. Dark treatment resulted in an increase of 57.33% in the number of bulblet bigger than 5 mm in
diameter. Explant size showed no effect on any of the attributes studied. In conclusion, this study revealed
that 24 h dark treatment has a very important positive effect on in vitro bulblet formation in snowdrop.

Keywords: bulbous plants, galanthus woronowii, geophyte, micropropagation, tissue culture

Fotoperyot, Bitki biiylime Diizenleyicileri ve Eksplant Biliyiikliigiiniin

Kardelende in Vitro Sogancik Olusumuna Etkisi
Oz

Geofit olarak adlandirilan soganh ve yumrulu bitkilerin hizli, kolay ve seri Uretiminde bitki doku kaltira
teknikleri ¢cok yaygin olarak kullaniimaktadir. Amaryllidaceae familyasi icinde yer alan Galanthus (Kardelen)
cinsi, Alzheimer hastaliginin tedavisinde kullanim potansiyeli olan yiiksek degerli alkaloitler icermektedir. Bu
arastirma, fotoperyot, bitki biylime diizenleyicileri ve eksplant biyikligliniin Galanthus woronowii kardelen
tirtinde in vitro sogancik olusumu Uzerine etkilerini belirlemek amaciyla yuritilmustir. Eksplant kaynagi
olarak kullanilan ¢ift sogan pullari BAP'in farkli dozlarda NAA, IAA ve IBA ile olusturdugu hormon
kombinasyonlari ilave edilen MS ortaminda, 16/8 saat aydinlik/karanlk ve 24 saat karanlik sartlarda kultire
alinmistir. Bitki bliyime dizenleyicilerin sogancik sayisi, sogancik ¢api, capi 5 mm ve Uzerinde olan sogancik
sayisi ve sogancik agirligi tzerine etkileri 6nemli bulunmustur. Surekli karanlik uygulamasi sogancik
olusumunda, 16/8 saat aydinlik/karanlk uygulamasina gore, ¢ok dnemli artiglara yol agmistir. En yiksek
sogancik sayisi (4.83) 24 saat karanlkta tutulan ve 2 mg It BAP+0.1 mg ' NAA ilave edilen MS ortamindaki dért
parcali eksplantlardan alinmistir. Karanlik uygulamasi ¢apt 5 mm ve Uzerinde olan sogancik sayisinda
%57.33'luk bir artisa yol agmistir. Eksplant buyuklGgl calismada incelenen hicbir 6zellikte 6nemli farklihk
olusturmamistir. Sonug olarak, bu calisma 24 saat karanlk uygulamasinin kardelende in vitro sogancik
olusumunda ¢ok 6nemli olumlu etki yaptigini ortaya koymustur.

Anahtar Kelimeler: doku kiltiri, galanthus woronowii, geofit, mikrogcogaltim, soganli bitkiler
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Introduction

Turkiye, located at the intersection point of the three basic floristic regions, has a very remarkable
plant diversity due to its versatile soil types and climatic conditions (Avci, 2005). It has been stated
that, Tirkiye’s flora comprises of around 12.000 plant species with a 34.5% of endemism (Ozhatay,
2005). Bulbous and tuberous plants, known as geophytes, have a considerable importance in this
plant richness of the country (Kahraman, 2020; Sekeroglu et al., 2013; Yizbasioglu, 2012).

The genus Galanthus (commonly known snowdrops), a member of the Amaryllidaceae family and
often called as Kardelen in Turkish, is one of naturally grown geophytes in most part of Tirkiye, with
the species of Galanthus elwesii and Galanthus woronowii showing a great economic importance
(Demir, 2010). Galanthus species are of commercial and medicinal importance as ornamental plants
due to their splendid flowers and the presence of Amaryllidaceae alkaloids such as galantamine,
tazettin and licorine (Babashpour-As| et al., 2016b; Bores & Kosley, 1996). Galantamine alkaloid has
been recently considered a good source for curing Alzheimer’s disease (Ay et al., 2018; Heinrich &
Teoh, 2004).

In Tarkiye, geophytes are commonly collected from the natural flora, as in the most majority of
medicinal and aromatic plants. Their bulbs are removed from nature habitat when the leaves are still
green and usually before seed formation by removing the entire plant, leaving no plant parts that will
provide further vegetative growth (Entwistle et al., 2002). Therefore, the effect of plant collection
from nature has been much more negative, particularly on bulbous plants, causing their populations
to gradually decrease and face with danger of extinction (Koyuncu & Ekim, 1984). Galanthus
woronowii, native to the north-east Tlrkiye and the west and central Caucasus, is classified under the
category of Vulnerable (VU), facing a high risk of extinction, in the Red Data Book of Turkish Plants
(Ekim et al., 2000). In Turkiye, a number of legislative regulations have long been undertaken for
conservation and sustainability of bulbous plants (Resmi Gazete, 2017) and a bulletin has been
published in each year with a quota limitation for exporting natural bulbs (Resmi Gazete, 2021).

Snowdrop is a plant that can reproduce by seeds or vegetatively by the formation of new bulblet. It
takes 4 to 5 years for snowdrop bulbs produced from seed to reach flowering size, about 4-5 cm
circumference (Atay, 1996; Tipirdamaz, 2003). Since the life cycle of snowdrop is long and its
reproduction rate is low, it is of considerable importance using propagation methods that will
provide easy, fast and mass production (De Klerk, 2012). In this context, tissue culture techniques are
widely used in rapid and mass production of endangered plants with some problems in propagation
by seed (Karaoglu, 2010; Seydi et al., 2019).

In vitro propagation has previously been reported for various bulbous plant species such as
Galanthus elwesii (Zencirkiran & Menglg, 2004), Eucomis zambesiaca (Cheesman et al., 2010),
Galanthus woronowii (Yizbasioglu & Dalyan, 2017), Fritillaria imperialis (Seydi et al., 2019), Cyclamen
persicum (Cengiz, 2019) and Narcissus tazzeta (Khonakdari et al., 2020).

Various explant sources such as immature embryos, ovaries, leaves, bulb scales and flowers have
been reported for snowdrops and bulb-twin scales are the most commonly preferred explants
(Babashpour-Asl et al., 2016a; Nasircilar & Karaguzel, 2006; Tipirdamaz et al., 1999). In snowdrop
tissue culture studies, generally the combinations of benzyl amino purine (BAP) and naphthalene
acetic acid (NAA) hormones at different doses have been used, whereas the number of studies
examining effect of indole-3-acetic acid (IAA) and indole-3-butiric acid (IBA) is limited (Staikidou et
al., 2006; Staikidou & Selby, 2012; Zencirkiran & Mengtig, 2004). On the other hand, it is noteworthy
that tissue culture studies in snowdrops were carried out in 16/8 hour photoperiod conditions in the
literature, but there were no studies on bulblet formation in continuous dark environment. In
accordance with these reasons, this study was carried out to determine the effects of photoperiod,
plant growth regulators and explant size on in vitro bulblet formation in snowdrop (Galanthus
woronowii).
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Materials and Methods

Galanthus woronowii bulbs purchased from a private commercial company dealing with the trade of
bulbous plants were used as plant materials in the study. Healthy bulbs with no discolorations or
scars were selected and their outer tunics were carefully removed. For surface sterilization,
snowdrop bulbs were washed using running tap water for 30 min, kept on filter paper for one night
and treated with 70% ethanol solution for 2 min. Then, the bulbs were placed in 2,5% sodium
hypochlorite (NaOCl) solution including 2-3 drops of Tween-20 and put in a magnetic stirrer (140
rpm) for 30 min continuous stirring (Khonakdari et al., 2020). Finally, the bulbs were rinsed three
times with distilled water and dried on filter paper for 10 min. All equipment and culture media used
in the study were autoclaved at 1.2 atmospheric pressure and 121°C for 20 min.

Outer scales of surface-sterilized bulbs were peeled off by a scalpel and the remaining twin bulb
scales were used as explants for the establishment of in vitro culture. Twin scale explants were
divided vertically into two and four pieces of equal size and they were cultured separately. The
medium used in the study was MS (Murashige & Skoog, 1962) with 30 g I sugar and 8 g I'* agar. The
pH of the medium was adjusted to 5.60-5.80. Two- and four-pieces twin-bulb scales were cultured on
MS media containing different combinations of BAP (1 and 2 mg I!) with different concentrations of
NAA (0.1 and 1 mg I'Y), IAA (0.1 and 1 mg I'%), and IBA (0.05 and 2 mg I), resulting a total of 12
combinations. The bulb-scale explants with two- and four-pieces were then transferred into petri
dishes containing prepared MS media (36 ml) supplemented with various doses of plant growth
regulators. Four explants were placed in each petri dish and the explants were cultured in triplicates
per treatment. After placing twin-bulb scales in petri dishes, the lids of petri dishes were closed and
wrapped with cling film. The cultures were incubated in a growth chamber at 22+1°C under two
different photoperiod conditions; a) 16/8 h light/dark photoperiod from white florescent lamb and b)
complete dark (24 h dark) kept in petri dishes covered by aluminum folio. The number of bulblet,
bulblet diameter, the number of bulblet bigger than 5 mm in diameter, and bulblet weight were
measured after six months of culture.

The data obtained from the research were subjected to the analysis of variance according to a
completely randomized factorial design with three replications, and the differences between the
treatment means were compared by the Tukey test. Before variance analysis, all data were
transformed into VX+1, since there were zero values among the data (Yurtsever, 1984). Statistical
analysis and mean comparisons were carried out using the JUMP statistical package program.

Results

Snowdrop twin-scale explants cultured on MS media fortified with various concentrations of BAP,
NAA, IBA, and IAA under 16/8 h light/dark and 24 h dark conditions showed variation in bulblet
formation. The results of variance analysis revealed that photoperiod conditions and plant growth
regulators had significant effects on bulblet number, bulblet diameter, bulblet number with <5 mm
diameter, and bulblet weight (Table 1). The effect of explant size, however, was not significant on
any of the characters studied. Most of the interaction effects among photoperiod (P), plant growth
regulator (PGR), and explant size (ES) were also significant. In vitro bulblet formation occurred in all
cultured explants in the study, whereas four explants produced no bulblet with <5 m diameter.
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Table 1. Analysis of Variance of the Effect of Photoperiod, Plant Growth Regulators and Explant Size
on Measured Characters in Galanthus woronowii

Means of Squares

Source of Variations of Number of Number of Bulblet Bulblet Bulblet
Bulblet with £ 5 m Diameter Diameter Weight
Photoperiod (P) 1 0.582* 0.562* 1.862* 39.093*
Plant growth regulator (PGR) 11 0.422%* 0.117* 0.258* 5.054*
Explant size (ES) 1 0.087 0.014 0.067 2.664
P x PGR 11 0.375* 0.141* 0.164* 2.521
P x ES 1 1.746* 0.776* 2.330* 18.101*
PGR x ES 11 0.244%* 0.098 0.117 3.981*
P x PGR x ES 11 0.282%* 0.129%* 0.123 1.359
Error 96 0.074 0.046 0.069 1.940

*: Significant at the 0.05 probability level.

The used photoperiod treatments (16/8 h light/dark and 24 h dark) produced very significant
differences in all characters evaluated and bigger values were obtained under 24 h dark condition.
The average number of bulblet and bulblet with <5 mm in light and dark environments were 1.63-
2.09 and 0.61-0.96, respectively (Table 2 and 3). Continuous dark culture resulted in an increase of
28.2%, 57.4%, 40.2%, and 50.5% in bulblet number, number of bulblet with <5 mm diameter, bulblet
diameter, and bulblet weight compared to 16/8 h light/dark culture, respectively (Table 4 and 5). The
results indicated that there was a significant difference (P<0.05) among 12 PGR treatments in all
attributes studied and the highest number of bulblet (2.72) and bulblet with < 5 mm diameter (1.27)
were noted from the explants cultured on MS media fortified with 2.0 mg I BAB+0.1 mg I NAA
(Table 2 and 3). The maximum bulblet diameter (3.07 mm) and bulblet weight (34.79 mg) were
obtained from the PGR treatment of 1.0 mg It BAB+2.0 mg I IBA.

Table 2. Number of Bulblet in Two- and Four-pieces Snowdrop Twin Scale Explants Treated with
Different Plant Growth Regulators at 16/8 Light/dark and 24 h Dark Conditions

16/8 h light/dark 24 h dark
Plant Growth Two Four PGR - Light Two Four PGR - Dark PGR
Regulator Piece! Piece! Mean? Piece! Piece! Mean? Mean?

0.1 mg I NAA 2.83 af 1.75 a-f 2.29 ap 0.83 e-f 1.50 a-f 1.16 scoe 1.72 ABC

% 1.0 mg 't NAA 3.00 a-f 2.00 a-f 2.50 asc 2.00 a-f 2.58 a-f 2.29 ap 2.39 AB
§° 0.05 mg I'T IBA 0.75f 0.50f 0.62 pe 1.25 b-f 2.25 a-f 1.75 ae 1.18 BCD
ED 2.0 mg It IBA 1.25 a-f 2.00 a-f 1.62 At 2.83 a-f 2.33 af 2.58 nsc 2.10 ABC
— 0,1 mgltIAA 0.83 ef 2.25 af 1.54 ae 0.66 f 1.00 c-f 0.83 coe 1.18 BCD
1.0 mg It 1AA 2.00 a-f 1.16 def 1.58 8& 4.58 abc 3.08 a-f 3.83 4 2.70 A
0.1 mg I NAA 4.08 a-e 0.50f 2.29 a0 1.50 a-f 4.83a 3.16 a8 272 A
% 1.0 mg 't NAA 4.58 abc 1.50 a-f 3.04 ns 0.66 f 1.66 a-f 1.16 8¢ 2.10 ABC
5"’ 0.05 mg I'* IBA 1.25 a-f 0.33f 0.79 coe 2.50 a-f 3.00 a-f 2.75 nsc 1.77 ABC
ED 2.0 mg It IBA 2.00 a-f 1.91 a-f 1.95 ap 1.33 af 2.75 a-f 2.04 ap 2.00 ABC
~ 0.1mgltIAA 0.25f 0.25f 0.25¢ 1.08 def 0.75f 0.91 coe 0.58 D
1.0 mg It 1AA 0.58 f 1.75 a-f 1.16 8¢ 0.50f 4.75 ab 2.62 ap 1.89 ABC
Photoperiod Mean* 1.63B 2.09A
Photoperiod-size 1.95 %8 1.32°¢ 1645 2544
Mean

Means with different letters on the column and the row with the same number are significantly different
(p<0.05).

Although explant size caused significant differences in none of the attributes tested, its interaction
effect with photoperiod treatments was significant for all studied traits. The data obtained in the
study clearly indicated that, four-pieced explants performed so much better than two-pieced
explants in continuous dark environment. The number of bulblet, bulblet diameter, and bulblet
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weight in 24 h dark condition was approximately twice than 16/8 h light/dark culture. The number of
bulblet with £ 5 mm diameter recorded in continuous dark was 2.6 times greater than that of light
condition. On the other hand, two-pieced explants responded more positively to the treatment of
16/8 h light/dark photoperiod compared to continuous dark.

Table 3. Number of Bulblet (£ 5 mm circumference) in Two- and Four-pieces Snowdrop Twin Scale
Explants Treated with Different Plant Growth Regulators at 16/8 Light/dark and 24 h Dark Conditions

16/8 h Light/Dark 24 h Dark
Plant Growth Two Four PGR - Light Two Four I;Ga':k- PGR
Regulator Piece! Piece! Mean? Piece! Piece! Mean? Mean?

0.1 mg I’ NAA 1.91 a-d 0.33 bed 1.12 abc 0.50 ad 0.66 a-d 0.58 abc 0.85 AB

% 1.0mgl?NAA 1.00a-d  1.00a-d 1.00 abc 1.00a-d  0.91a-d  0.95abc 0.97 A
f 0.05 mg I* IBA 0.41 bed - 0.20c 0.75abcd  0.66 a-d 0.70abc  0.45AB
gﬂ 2.0mg It IBA 0.66 a-d 0.75 ad 0.70 abc 0.91ad 1.16 a-d 1.04 abc 0.87 AB
= 0,1mgltIAA 0.58 a-d 1.00 a-d 0.79 abc 0.16 bcd 0.41 bcd 0.29 bc 0.54 AB
1.0 mg I 1AA 0.58 a-d - 0.29 bc 2.16 abc 1.75 a-d 195a 1.12A
0.1 mg I NAA 1.91a-d - 0.95 abc 0.41 bed 2.75a 1.58 ab 1.27 A
% 1.0mgl'NAA 1.08 a-d 0.58 a-d 0.83 abc 0.33 bed 1.08a-d 0.70abc  0.77 AB
& 0.05mgltIBA 0.41bcd  0.33 bed 0.37 bc 1.41 ad 1.08 a-d 1.25abc  0.81 AB
go 2.0mg It IBA 0.41bcd  0.25bcd 0.33 bc 0.83 a-d 1.00a-d 0.91abc  0.62 AB
~ 0.1mgltIAA - 0.08 cd 0.04c 0.25bcd  0.58 a-d 0.41 bc 0.22B
1.0 mg I 1AA 0.33bcd  1.00 a-d 0.66 abc 0.08 cd 2.16 ab 1.12abc  0.89 AB
Photoperiod Mean* 0.61B 0.96 A
Photoperiod-size 0.77° 0.44° 0.73° 1184
Mean

Means with different letters on the column and the row with the same number are significantly different
(p<0.05).

Table 4. Bulblet Diameter (mm) in Two- and Four-pieces Snowdrop Twin Scale Explants Treated with
Different Plant Growth Regulators at 16/8 Light/dark and 24 h Dark Conditions

16/8 h Light/Dark 24 h Dark
Plant Growth Two Four PGR -Light Two Four PGR - Dark PGR

Regulator Piece! Piece! Mean? Piece! Piece! Mean? Mean3

0.1 mg I NAA 3.09 1.67 2.38 abc 2.09 2.45 2,27 abc 2.32 AB
% 1.0 mg 't NAA 2.94 2.41 2.68 ab 2.85 2.65 2.75ab 2.71A
rf 0.05 mg I'1 IBA 1.95 0.83 1.39 bc 2.32 3.12 2.72 ab 2.06 AB
CE’D 2.0mg 't IBA 2.83 2.20 2.51ab 2.89 4.37 3.63a 3.07A
- 0,1 mg It IAA 2.25 4.26 3.25ab 2.00 3.25 2.62 ab 294 A

1.0 mg T I1AA 2.40 0.63 1.52 bc 3.24 4.54 3.89a 2.70 A

0.1 mg I NAA 3.27 0.50 1.88 abc 1.76 3.93 2.85ab 2.36 AB
% 1.0 mg 't NAA 2.39 2.00 2.19 abc 1.41 3.01 2.21 abc 2.20 AB
g: 0.05 mg I'1 IBA 1.75 1.29 1.52 bc 2.62 3.54 3.08 ab 2.30 AB
go 2.0mg 't IBA 2.63 1.75 2.19 abc 2.61 3.49 3.05ab 2.62A
~ 0.1 mg It 1AA 0.41 0.66 0.54c 1.72 2.29 2.00 abc 1.27B

1.0 mg It IAA 1.87 1.86 1.86 abc 1.12 3.79 2.45 ab 2.16 AB
Photoperiod Mean* 1.99B 2.79A
Photoperiod-size 2318 1.67°¢ 2.22¢ 3377

Mean?>

Means with different letters on the column and the row with the same number are significantly different
(p<0.05).
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In the study of triple interaction effect of PGRs, light conditions and explant sizes, the highest
number of bulblet (4.83) and bulblet with < 5 mm diameter (2.75) were recorded in four-pieced
explants cultured on MS medium fortified with 2 mg I BAP+0.1 mg I* NAA under 24 h dark
condition. The highest bulblet diameter (4.54 mm) was obtained from four-pieced explants treated
with 1 mg I BAP+1 mg I* IAA under 24 h dark. The twin-scale explants with four pieces cultured on
medium with 1 mg I BAP+2.0 mg I'* IBA under continuous dark produced the highest bulblet weight
(63.33 mg).

Table 5. Bulblet Weight (mg) in Two- and Four-pieces Snowdrop Twin Scale Explants Treated with
Different Plant Growth Regulators at 16/8 Light/dark and 24 h Dark Conditions

16/8 h light/dark 24 h dark
Plant Growth -
Regulator Two Ifour PGR -Light Two F.our PGR - Dark PGR
Piecel Piecel Mean? Piece!  Piece! Mean? Mean?
0.1 mg It NAA 33.33 15.83 24.58 32.50 20.83 26.66 25.62 AB
& 1.0 mg 't NAA 20.83 25.00 22.91 22.50 30.00 26.25 24.58 AB
E 0.05 mg I'* IBA 10.00 8.33 9.16 24.16 24.16 24.16 16.66 AB
CE’D 2.0mg It IBA 31.66 17.50 24.58 26.66 63.33 45.00 34.79 A
0,1 mgltIAA 20.00 45.83 32.91 13.33 34.16 23.75 28.33 AB
1.0 mg IT 1AA 30.83 5.00 17.91 36.66 35.83 36.25 27.08 AB
0.1 mg I NAA 25.83 5.00 15.41 22.50 27.50 25.00 20.20 AB
& 1.0 mg I NAA 13.33 20.83 17.08 17.50 27.50 22.50 19.79 AB
f 0.05 mg I'* IBA 15.00 20.00 17.50 23.33 32.50 27.91 22.70 AB
ED 2.0 mg It IBA 10.00 11.66 10.83 20.00 30.00 25.00 17.91 AB
~  0.1mgltIAA 2.50 7.50 5.00 15.83 34.16 25.00 15.00 B
1.0 mg I* 1AA 18.33 20.00 19.16 10.00 28.33 19.16 19.16 AB
Photoperiod Mean* 18.09B 27.22 A
Photoperiod-size 1930°  16.87° 22.08° 32.36%

Mean?

Means with different letters on the column and the row with the same number are significantly different
(p<0.05).

Discussion

Galanthus woronowii, a bulbous perennial plant commonly distributed in north eastern Tirkiye, has
a high medicinal and ornamental importance (Ay et al., 2018). But the populations of snowdrops are
gradually decreasing in native habitat and facing the thread of extinction as their bulbs are
excessively collected from the wild. Besides that, snowdrops require a period of 4-5 years for the
formation of a new-mature bulb in its natural environment (Yizbasioglu & Dalyan, 2017). Therefore,
rapid and easy reproduction methods are needed for the mass production of these precious species
(Ulus & Seydioglu, 2006). Over the last 25 years, it has proven that in vitro techniques have a great
potential in the production of bulbous and tuberous plants (Kahraman, 2020; Ozdemir et al. 2016).
Previous studies in bulbous plants revealed that growth regulators, photoperiod, and explant type
are the factors with the greatest effect (Akyiiz, 2018; Khonakdari et al., 2020).

Photoperiod is one of the most important environmental factors in tissue culture studies, and its
effect may differ depending on the explant source and type of plant growth regulator. In geophytes,
the response of plants to the photoperiod can generally be in three ways; 1) dark inhibits bulb-tuber
development, 2) dark encourages bulb-tuber development, and 3) both light and darkness are
required for bulb-tuber development (Ascough et al., 2008). The findings of the present study reveal
that there are very significant increases in all measured attributes in the dark environment as
compared to the light environment. In the dark environment, the number of bulblet increased by
28.22% compared to the 16/8 h light/dark condition, while the increase in the bulblet diameter, the
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number of bulblet with £ 5 mm diameter, and bulblet weight were 40.20%, 57.33% and 23.28%,
respectively. These findings indicate that continuous dark application promotes in vitro bulblet
formation in Galanthus woronowii.

Since there is no study conducted on snowdrops in continuous dark in the literature, it was not
possible to make a comparative evaluation of the data obtained from our study with the literature
findings. In Eucomis zambesiaca Baker species, a bulbous plant in the family Asparagaceae, it was
reported that the dark environment prevented the formation of bulblet and 8-hour light condition
produced the highest bulblet number (Cheesman et al., 2010). In contrast, continuous dark
application in Hyacinthus orientalis promoted bulblet formation and resulted in an increase in the
number and diameter of bulblet (Economou & Read, 1987). A study in Narcissus Tazetta L., a bulbous
plant from the Amaryllidaceae family, showed that 16/8 h light/dark photoperiod treatment resulted
in significant increases in bulblet and leaf number, leaf length, and galantamine content compared to
24 h dark (Khonakdari et al., 2020). Similarly, there are some research results indicating that
photoperiod application promotes bulblet formation in geophytes (Rice et al., 2011). On the
contrary, in Hyacinthus orientalis (Kim et al., 1981) and in Lilium longiforum (Kumar et al., 2006)
species, the highest number of bulblet was obtained from the explants cultured in complete
darkness, supporting the findings of our study. Differences between research results may be caused
by a number of factors such as plant species, genotype, plant growth regulator used and explant
type. Therefore, it is of considerable importance to conduct further studies to fully reveal the effect
of photoperiod and continuous dark treatments on bulblet formation in snowdrops and other
geophytes.

The type and concentration of PGRs are supposed to be the most second important factor affecting
in vitro bulblet formation in bulbous plants (Khonakdari et al., 2020). The effects of growth regulators
on bulblet formation may be low when used alone, but their effects increase when several of them
are used together (Oztiirk, 2021). According to literature reports, different plant hormone
combinations containing benzyl amino purine (BAP), naphthalene acetic acid (NAA), indole butyric
acid (IBA), and indole acetic acid (IAA) were commonly used in studies for the formation of bulblet in
snowdrops (Nasircilar & Karagilizel 2006; Staikidou et al. 2006; Tipirdamaz et al. 1999). It has been
reported that using BAP as cytokinin and NAA as auxin source in snowdrops had higher effect on in
vitro bulblet formation due to the synergetic effect between them, which is consistent with the
results of this study (Staikidou & Selby, 2012; Yizbasi & Dalyan, 2017). Similarly, it has been
suggested that the auxin type has a very important role in G. nivalis and that bulblet formation is
encouraged especially in high doses of NAA alone or in combination with IAA (Resetar et al., 2014).
On the other hand, Zencirkiran and Mengti¢ (2004) report that IBA is more suitable than IAA as an
auxin in G. elvesii species. In a study conducted in the G. transcaucasicus species, the highest bulblet
number was obtained from explants in MS medium supplemented with 2.0 mg I-1 BAP and 2.0 mg I-1
IBA (Babashpour-Asl et al., 2016a).

The results of the presents study revealed that explant size (with two and four pieces) did not have a
significant effect on any of the traits examined, but the interactions with photoperiod and plant
growth regulators were important in some traits. In our study, two-pieced explants responded more
positively to the treatment of 16/8 h light/dark photoperiod compared to continuous dark. In the
contrary, four-pieced explants performed interestingly so much better than two-pieced explants in
continuous dark environment. The positive enhancing effect of continuous dark on particularly the
number of bulblet, bulblet diameter and bulblet weight is more evident in cultures with IAA and IBA
compared to NAA applications. The interactions of explant size with photoperiod and plant growth
regulator can be a complex phenomenon. Thus, further studies need to be carried out to optimize
the interactive effect of explant size with photoperiod and PGR.
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Conclusion

Commercial and medicinal importance of snowdrops are accounted for their beautiful flowers and
naturally occurring bioactive compounds, Amaryllidaceae alkaloids. Life cycle of snowdrops is long
and production rate is rather slow, so plant cell and tissue culture provides an appealing alternative
for optimizing maximum production of these plants in a relatively short time. Thus, this study aimed
at describing an efficient production protocol for in vitro bulblet formation in Galanthus woronowii.
The results of the present study revealed that photoperiod and plant growth regulators showed a
significant effect on in vitro bulblet formation in Galanthus woronowii. In contrary, explant size
caused no significant variation in any of the attributes studied. The highest number of bulblet were
obtained from four-pieced bulb-scale explants cultured on MS medium fortified with 2 mg I BAP+0.1
mg I? NAA under 24 h dark condition. Continuous dark treatment resulted in highly significant
increases in bulblet formation, as compared to 16/8 light/dark photoperiod, with an increase of
%28.2 and %57.3 in the number of bulblet and bulblet with £ 5 mm diameter, respectively. It is
concluded that 24 h dark treatment has a very important positive effect on in vitro bulblet formation
in snowdrop. However, it would be worthwhile to carry out further studies in order to fully optimize
the effect of light and dark applications on in vitro bulblet formation in snowdrops.
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Abstract

In this study, it is explained how the Richards model, which is one of the sigmoid growth models, is
transformed into a mechanical model with biologically significant parameters such as maximum growth value,
lag time and maximum specific growth rate. Detail transformations of the Richards growth model containing 4
parameters with biologically significant parameters calculated with the help of the first and second derivatives
were given. In order to test the accuracy of this model, the model prediction values were analyzed by using the
height data of the E. Camaldulensis Dehn tree by years. The estimated values of the biologically significant
parameters of Richards growth model containing 4 parameters were compared with the estimated values of
the modified Gompertz, Logistic and Bertalanffy models containing the other 3 parameters. Error Sum of
Squares, Coefficients of Determination and Akaike Information Criteria were used as model evaluation criteria
for all proposed models, and it was concluded that the Richards growth model containing 4-parameters
predicted relatively better than other models.

Keywords: richards growth model, sigmoidal growth model, mechanical model, akaike information criteria,
coefficients of determination

Richards Biiyiime Modelinin Parametrelerinin Biyolojik Olarak Anlamli

Parametrelere Doniisiimii Uzerine Bir Calisma
0z
Bu calismada, sigmoid blyliime modellerinden biri olan Richards modelinin maksimum biylime degeri,
gecikme siresi ve maksimum spesifik blylime hizi gibi biyolojik olarak énemli parametrelerle mekanik bir
modele nasil dontstirtldigi anlatilmaktadir. Birinci ve ikinci tlirevler yardimiyla hesaplanan biyolojik olarak
onemli 4 parametre iceren Richards blylime modelinin detay donisimleri verildi. Bu modelin dogrulugunu
test etmek icin E. Camaldulensis Dehn agacinin yillara gore yikseklik verileri kullanilarak model tahmin
degerleri analiz edilmistir. Biyolojik olarak 6nemli 4 parametreli Richards bliyiime modelinin tahmini degerleri,
diger 3 parametreyi iceren modifiye Gompertz, Logistic ve Bertalanffy modellerinin tahmin degerleri ile
karsilastirildi. Onerilen tim modeller icin model degerlendirme kriterleri olarak Hata Kareler Toplami,

Belirleme Katsayilari ve Akaike Bilgi Kriterleri kullanilmis ve 4 parametreli Richards biyime modelinin diger
modellere gore nispeten daha iyi tahmin ettigi sonucuna variimistir.

Anahtar Kelimeler: richards biiyiime modeli, sigmoidal blilylime modeli, mekanik model, akaike bilgi kriterleri,
belirleme katsayilari
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Introduction

Explaining growth scientifically is advantageous in many ways. The mathematical growth model
should be determined according to the obtained data values. However, it is possible that the events
related to growth can be interpreted and that decisions can be made (Narinc et al., 2010a).

The shape of growth curves depends on the species of the creature, its race, environmental
conditions, sex, age and character of the measured character. The growth characteristics at different
times are examined with the help of growth curves. Growth curve models; in the period up to the
end of the growth event, have the biological meaning of parameters that explain the physiological
mechanism of growth (Senol, 2020). These parameters provide the understanding of the complex
structure of the growth process and the factors affecting growth during this process. The most
important benefit of growth curve models is that some information collected at different times and
interpreted very difficultly can be interpreted biologically (Narinc et al., 2010b).

Detection and estimation of non-linear growth models is more difficult than linear growth
models. The results are determined by means of iterations using different methods. Partial
derivatives of model equations are calculated by using statistical package programs and numerical
methods. These numerical approaches are used instead of analytical solutions and generally produce
approximate results. In such cases, it is appropriate to directly use the partial derivatives from the
numerical approaches to provide more efficient and more precise parameter estimates. The
mathematical properties of growth models and the implications of growth parameters have been
discussed by some researchers (Gregorczyk, 1998).

Growth models are used to estimate some unknown values of populations. There are two kinds of
mathematical models. These are sigmoidal models and mechanical models. Sigmoidal models do not
directly give an idea of the system and these models describe the general shape of a data set and
also these models generally include parameters such as a, b, c. In these models, the parameters do
not make sense directly. However, mechanical models include biologically meaningful parameters
such as A, i, , A where A is the maximum growth value, y,, is maximum specific growth rate, A is
the lag time. Mechanical models also give information about the estimation of actual system
characteristics such as growth rate, maximum size, displacement time, initial size (Zwietering et al.,
1990).

If researchers do not have knowledge a lot about biological growth, the initial values for the
parameters are difficult to estimate. For this reason, it is believed that they want to prefer
mechanical models in their work. Thus, all growth models are rewritten with mathematical
parameters such as A, y,, and A. This process is done by deriving the expression of the biological
meaningful parameters as a function of the basic parameters and then placing them in the form. As a
result, a biologically meaningful model has been obtained with these 3-parameters (Zwietering et al.,
1990).

Time

Figure 1. A Growth Curve (Zwietering et al., 1990)
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In the literature, studies involving the comparison of the Richards model, which contains 4
parameters, with 3-parameter models (Gompertz, Logistic, etc.) are quite limited (Senol et al., 2021).
Therefore, the aim of this study was to compare the prediction performance of the 4-parameter
Richards model with the prediction performance of the 3-parameter Modified Gompertz, Logistic and
Bertalanffy models.

Material and Methods

In this study, Richards model (Richards, 1959) having 4-parameters was used to convert into
mechanical models. In addition, Gompertz (Winsor,1932), Logistic (Ricker, 1979), Bertalanffy
(Bertalanffy Von, 1957)] models were used to investigate the effect of the number of parameters.
The calculations were done with the MAPLE package program. As a data set, the length values of E.
Camaldulensis Dehn trees were used. Calculated values are shown in Table 1.

In this study, the data, the height growth values according to year, taken from the trees of E.
Camaldulensis Dehn were used in Table 1. The dataset was taken from Yildizbakan’s (2005) study.

Table 1. The Height Growth Value of The Trees (E. Camaldulensis Dehn) according to Year

Planting 0 1 2 3 4 5 6 7 8 9
Age (year)
Height

0.41 3.23 7.45 11.41 14.83 18.11 18.95 19.69 21.50 23.40
Growth (m)

To determine a compatible model, the following statistical indicators were determined and
compared: the coefficient of determination (R?) Eq.1, error sum of squares (SSE) Eq.2 (Draper et al.,
2014) the second-order Akaike information criterion (AIC) test Eq.3 (Akaike, 1974).

noo o2

AR T g

SSE = Xkea(vi = ¥1)° 2)
Nln(%)+2[(, when g > 40

AlC= Nln(%)+2[(+% ,Wheng<40 )

where y; is measured values, ¥, is estimated values, N is number of data point, K is number of model
parameters and Y; is the mean value.

Results and Discussion

Most of the equations describing sigmoidal growth curves include mathematical parameters (a, b,
c,...) rather than the biological meaningful parameters (A, W, and A). It is difficult to estimate initial
values for the parameters if they have no biological meaning. Thus, the growth models have been
rewritten to substitute the mathematical parameters with A, W, and A. This was done by deriving the
equations of the parameters as the biological meaningful parameters and then substituting them in
the model. In the literature, Logistic model, Gompertz model, Bertalanffy model were converted step
by step into the mechanistic model by Korkmaz, (2017), Oda et al. (2016), and Zwietering et al. (1990)
respectively.

In this study, the mechanical model transformation of Richards model having 4-parameters will be
given step by step. For the modification of the Richards equation, firstly Richards model is given as
Eq. 4:

-1
y=a[1 + vePc D]+ (4)
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where y is growth value, t is time and a,b,c and v are the parameters of the model.

To obtain the inflection point of the model, the first and the second derivatives of the model with
respect to t is calculated in Eq. 5 and. 6, respectively:

-1
dy a[1+veP(c~O]V peblc-t)

(5)

dt 1+veb(c—t)
(c-v = (c-v) (c-v v (c-v
d2 1+veb(c—D] v p2 (gblc—t)y2 1+veb(c—D] v p2gblc-t
_Z: a[1+ve ] (2 ) (1+V)_a[ ve g _te (6)
dt (1+vebe-0) 1+veb(c—t)

At the inflection point, where t = t;, the second derivative is equal to zero in Eq. 7:
d?y
1z =0 - t; =C (7)

Now an expression for the maximum specific growth rate can be derived as follows by calculating the
first derivative at the inflection point in Eq. 8:

d —(1+L
M- (5 )= ab(1 + v) ") (8)
The parameter b in the Richards equation can be substituted as follows by using Eq. 8.
_ Ivlm(l"'V)(“%)
B a

1
Also, inEq.4ift=cthen y; = a(1 +v)v).

b

The description of the tangent line through the inflection point is:

1
y=ptnt+a(l + V)(_V)— M-t (9)
The lag time is defined as the t-axis intercept of the tangent through the inflection point:

y=0 and t=A are written in Eq. 9, so we obtain Eq. 10.

1
O=pm-A+a(l+ V)(_V)— M-t (10)
Using Eq. 7, 8, and 10, we get Eq. 11:

)\=C-T (11)

The parameter c in the Richards equation can be substituted by Eq. 12:

1+v
c= }\+T (12)
The asymptotic value is reached for t approaching infinity in Eq. 13:
t—o oy—>a = A=a (13)

The parameter a in the Richards equation can be substituted by A, yielding the modified Richards
equation:

If all the resulting values are written in their places; we have the following Eq. 14:
-1
y=a[1 + ve?(c=D]»

1+v -1

y=a[l + Veb(MT_t)]T

y=a[l + Veb(x—t)e(1+u)]_71
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a+)
a+n Y a-n) -1
y=A[1 + ve+V) o™ g% (14)

The fourth parameter in models having 4-parameters is a shape parameter and it is hard to explain
biologically. In some cases, a model having 4- parameters could be much better; thus, it is
recommended that the process given in this study can be carried out with some sets of data to find
the best model that describes the specific datasets.

The models with 4-parameters also include a shape parameter (v). The mechanical equations
obtained from the equations of sigmoidal growth model and containing biologically meaningful
parameters are presented in Table 2.

Table 2. Mechanical Equations of Models

Models Equation Modified Equation
Gompertz y = qe—e®™v )= Ae(‘e[%mﬂ]
Logistic y= — ea(b_ct) y= 4:1@_0

[1+e A& 7
Bertalanffy y = a[1 — be~¢t]3 ;= _% 31 e§+9un;%—t)]3

. 1
Richards [pm(lw)(”ﬁ)(x—t)] -1
A v

-1
=al1 b(c—t)1=
y=a[l +ve Jv y=A[1 + ve(*) ¢

Figure 2 shows the measured values of the E.Camaldulensis Dehn trees and estimated values from
the models. Standard error values were expressed by bars.

30 —&— Measured
values
25 —=— Logistic
20 +
‘g Gompertz
£ 15 -
g —— Bertalanffy
o 10 -
b= Richards
® 5
(V]
b
0
5
Planting age(year)

Figure 2. Growth Curve of E. Camaldulensis Dehn Trees

Table 1 shows the growth values of the E. Camaldulensis Dehn trees for the models used in this
study. The model parameters calculated are given in Table 3. Table 3, Table 4 and Table 6 are
calculated according to the values in Table 1.

Table 3. Values of Model Parameters

Models Equations a b c v
Gompertz y=ae—e"" 23.071 1.137 0.488 -

a
Logistic Y "= 21.887 2.369 0.781 -
Bertanlanffy y=a[l — be™t]3 23.897 0.711 0.392 -
Richards y=a[l + Veb(c—t)]_Tl 24.706 0.329 1.582 -0.550
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According to Table 4, the SSE are the lowest and the R? is the highest in the Richards model. The
Bertalanffy model also has the lowest AIC. This may be because the AIC value depends on the
number of parameters. The other models used in this study have 3-parameters. Only the Richards
model has 4-parameters.

Table 4. Error Sum of Squares (SSE), Coefficients of Determination (R%) and Akaike Information

Criteria (AIC) of the Models Calculated

Determination

Models SE(::LZ:‘S:?;SC:E]C) Coefficients to the Akaél:;:;o(r:g’;ion
models (R?)

Gompertz 3.919 0.993 6,633

Logistic 8.713 0.985 14,622

Bertalanffy 2.876 0.995 3,538

Richards 2.631 0.996 11,648

The formulas of the lag time and maximum specific growth rates are given in Table 5. The values
calculated according to these formulas are written in Table 6. According to Table 6, the Richards
growth model has the lowest lag time and the highest maximum growth value.

Table 5. Lag Time and Maximum Specific Growth Rate of Models

Maximum specific growth

Models Lag(;c\l)me rate
(Hm)
b—-1 ac
Gompertz _
C e
Logisti b—-2 ac
ogistic bt
g . 7
In(3b) — 2 4ac
Bertalanffy 3 _
c 9
. 1+v 1
Richards o ab(1 + V)_(“?)
Table 6. Biological Meaningful Parameter Values of Modified Models
Modified models Maximum growth Lag time (A) Maximum specific
value (A) growth rate (U )
Gompertz 23.071 0.281 4.142
Logistic 21.887 0.472 4.273
Bertalanffy 23.897 0.231 4.163
Richards 24.706 0.214 4227

In the literature, it was emphasized that 4-parameter sigmoidal models outperformed 3-parameter
sigmoidal models (Korkmaz, 2021). Similarly, in this study, the prediction performance of the
modified Richards model, which includes 4 biological parameters, was found to be better than the 3-
parameter modified Gompertz, Logistic and Bertalanffy model.

Conclusion

In this study, the transformations of four widely used growth models in scientific researches into
mechanical models with biological meaningful parameters are given. The transformation steps of the
Richards growth model having 4-parameters were mathematically shown step-by-step.
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In addition, the effect of the number of parameters on the model selection was investigated. Using
the length growth data of E. Camaldulensis Dehn tree, which model was more suitable was
investigated. It is preferred that the R? of a model is high while the SSE and the AIC of that model is
low. According to the SSE and R? , Richards model is the most appropriate model. However,
considering the AIC, the appropriate model appears to be Bertalanffy growth model. Because, AIC
are affected by the number of parameters. Therefore; it should not be preferred in comparison of
models with different number of parameters. It is suitable for models with the same number of
parameters.

In the model equations while the parameter of initial size, a is biologically meaningful, the random
parameters such as b, ¢, v are not biologically meaningful. As a result, when the equations of the
sigmoid growth model are converted into mechanical equations, there is no change in the predicted
values of the models. Therefore, mechanical models can be successfully converted to modified
models with biologically explainable parameters.
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Abstract

Isolation of unicellular cyanobacteria as pure cultures were carried out from the water samples collected from
Uzungol and Cernek lakes in Kiziirmak delta, Bafra, Samsun. Diluted water samples were spread onto a solid
BG11 medium which was positively selective for cyanobacteria and isolated single colonies were observed
after incubation under continuous light. Twenty colonies composed of unicellular cells were selected as
unicellular isolates. These single colonies from each isolates were transferred into a liquid BG11 medium to
grow as liquid cultures under continuous light. Characteristics of the cells in liquid cultures of each isolate were
used to i1dentify subsection and form-genus of Cyanobacteria they might be included. The results showed that
all the isolates were settled in Subsection 1 and form-genus Synechococcus. To support this identification,
genomic DNAs were isolated from each of the isolates, 16S rRNA gene regions were amplified, and each
amplicon was digested with EcoRI. Restriction fragment lengths were found to be consistent with those of the
standard cyanobacterial strain Synechococcus sp. PCC7942. Since restriction fragment lengths and cultural
characteristics were consistent, all the isolates were, therefore, evaluated to be included into Subsection 1 and
form-genus Synechococcus.

Keywords: cyanobacteria, synechococcus, uzungél, cernek lake

Uzungol ve Cernek Gollerindeki (Samsun, Tiirkiye) Tek Hiicreli

Siyanobakterilerin Izolasyonu ve Karakterizasyonu Uzerine Arastirmalar
0z

Samsun, Bafra Kiziirmak deltasinda yer alan Uzungol ve Cernek gollerindenden alinan su érneklerinden tek
hicreli siyanobakterilerin saf kiltirler seklinde izolasyonu gercgeklestirilmistir. Seyreltilmis su ornekleri
siyanobakteriler icin secici kati besiyeri ylizeyine ekilerek stirekli 1sik altinda inklibasyona birakilmis ve izole
koloniler elde edilmistir. Tek hiicrelerden olusmus 20 koloni tek hiicreli izolatlar olarak segilmistir. Her bir
izolata ait bu tek koloniler sivi besiyerlerinde sirekli 1sik altinda sivi kiltiirler sekline Gretilmistir. Bu sivi
kultirlerdeki hiicrelere ait karakterler incelenerek hangi siyanobakteriyel altbdlime ve hangi form-cinse dahil
olduklari belirlenmistir. Bu ¢alismalar sonucunda butiin izolatlarin Subsection 1 ve Synechococcus form-cinsine
dahil oldugu sonucuna varilmistir. Bu sonucu desteklemek icin her bir izolattan genomik DNA izole edilmis, 16S
rRNA gen bolgesi ¢ogaltilmis ve her bir amplikon EcoRl ile kesilmistir. Elde edilen fragment buyukliklerinin
standart Synechococcus sp.PCC7942 susunun fragment baydlklikleriyle uyumlu oldugu belirlenmistir.
Dolayisiyla restriksiyon fragment biyuklikleri ve kilturel 6zellikler uyumlu oldugundan izolatlarin tamaminin
Altb6lim 1 ve Synechococcus form-cinsinin tyeleri oldugu sonucuna variimistir.

Anahtar Kelimeler: siyanobakteri, synechococcus, uzungél, cernek goli

Sorumlu Yazar / Corresponding Author: Haydar Karakaya @ haydar.karakaya@omu.edu.tr
167



https://orcid.org/0000-0001-8958-4185
https://orcid.org/0000-0003-3347-0001
https://orcid.org/0000-0001-8958-4185
https://orcid.org/0000-0003-3347-0001

Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2022, 12(2), 167-178

Introduction

Cyanobacteria are a diverse group of Bacteria domain (Castenholz et al., 2001; Palinska & Surosz,
2014; Rippka et al., 1979). They have abilities to fix carbon dioxide through a photosynthetic
apparatus similar to that of higher plants, using water as an electron donor and producing oxygen as
by product. Nitrogen fixation is performed by some of the cyanobacterial strains in special sites
inside the cell or in heterocysts which are specialized cells for nitrogen fixation (Wolk, 1996). Thus
they play an important role in carbon and nitrogen cycles especially in marine and terrestrial aquatic
ecosystems. Estimates show that prokaryotic photosynthetic organisms are responsible for %30 of
primary production worldwide (Affe et al., 2018; Pang et al., 2018).

Cyanobacteria exhibit a wide morphological diversity from unicellular to filamentous forms (Stanier &
Cohen Bazire, 1977; Whitton & Potts, 2012). Unicellular forms may be present as single cells or as
aggregates of cells. Filamentous forms may be a row of single cells with or without differentiated
cells like heterocysts and akinetes. Filaments may be branched or not. Cyanobacterial cells may
divide in single or two or multiple planes producing cells in equal or unequal sizes. Systematic
positions of the cells were determined traditionally by using these cellular properties along with cell
sizes, presence or absence of thylakoid membranes and mean G-C content (Castenholz et al., 2001).
Recently phylogenetic properties based on nucleotide sequences of certain genes or whole genomes
have become common for systematics of cyanobacteria along with phenotypic and cultural
properties (Whilmotte & Herdman, 2001).

Cyanobacteria were classified under botanical code for a long time due to their ability to
photosynthesize in a manner like plants and were called blue-green algae. Based on phenotypic
characteristics several genera and species were identified (Whitton, 1992; Wilmotte, 1994).
Eventually, cyanobacteria were proposed to be classified under Bacteriological Code rather than
Botanical Code due to their prokaryotic cellular structure (Stanier et al., 1978; Rippka et al., 1979;
Oren, 2004). Cellular properties are essential for identifying of cyanobacterial strains under the
Bacteriological Code, all the morphological, physiological, biochemical and genetic characteristics are
described in axenic cultures of strains while description of phenotypic properties under a microscope
and a dried specimen are essential under Botanical Code. Many species were identified under
Botanical Code according to the morphological properties of specimens from environmental samples
resulting in many of synonyms depending on the phenotypic plasticity of the characters due to
various environmental conditions (Wilmotte, 1994). However, cultural identification of cyanobacteria
comprise limitations like difficulties in culturing cell from natural samples, maintenance of axenic
cultures and accumulation of mutations in the cells of axenic cultures (Rippka, 1988). Efforts to
conciliate differences between bacteriological and botanical approaches have been made to
establish a settled cyanobacterial systematics (Komarek et al., 2016; Oren, 2004; Schoch et al., 2020;
Wilmotte & Herdman, 2001).

Phylogenetic properties were commonly used to identify cyanobacterial isolates and strains also.
Certain molecular signature sequences like 16S rRNA gene, psbBA, rpoC1, ITS of 165-23S rRNA genes
and whole genome sequence if available are used to identify cyanobacterial isolates and strains
(Moreira et al., 2020). It is widely agreed that the only acceptable method for the taxonomic
evaluation of cyanobacteria is a polyphasic approach, including phenotypic, ultrastructural,
biochemical and molecular methods (Palinska & Surosz, 2014). Such a combined method was used
for cyanobacterial systematics in Bergey’s Manual of Systematic Bacteriology (Castenholz et al.,
2001). Cyanobacteria are organized as a class Cyanobacteria and five subsections. Subsection 1 and 2
comprise single or aggregates of unicellular strains; Subsection 2 filamentous, non heterocystous;
Section 4 filamentous, heterocystous; and Section 5 branched filamentous, heterocystous
(Castenholz et al., 2001; Rippka et al., 1979). Genera of cyanobacteria in this volume of Bergey’s
Manual of Systematic Bacteriology were given as form-genera due to a lack of sufficient cultural and
phylogenetic data of strains (Castenholz, 2001). Most of the isolates were given with their strain
numbers because of a lack of data to group them in species level. Phylogenetic analyses of 16S rRNA
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gene sequences showed that some strains were not clustered with the groups they included
according to their phenotypic and cultural characteristics. This situation is shared among the strains
placed in Subsection 1 and 2 (Wilmotte & Herdman, 2001).

To settle the systematics of such a group with a wide diversity like cyanobacteria, more data are
required especially about cultural and phylogenetic characteristics. Isolation and description of new
isolates of cyanobacteria will contribute not only the settlement of cyanobacterial systematics and
also determination of cyanobacterial biodiversity in aquatic ecosystems. Therefore, this study was
aimed at isolation and characterisation of unicellular cyanobacterial strains from two lakes (Uzungdl
and Cernek lakes) in the Kiziirmak delta, Samsun. Unicellular cyanobacteria are especially selected
due to the uncertainty of their systematic positions and their significant role as primary producers in
aquatic ecosystems. Twenty unicellular cyanobacteria were isolated and identified at form-genus
level according to their cultural characteristics and RFLP profiles of the 16S rRNA gene.

Material and Methods

Research Area and Sampling

To isolate unicellular cyanobacteria, Cernek (41.64. 23.25N/36.07.36.14E) and Uzungdl lakes
(41.57.09.34N/36.09.75.20E) were chosen as research areas, both the lakes were located in the
Kizilrmak delta in Samsun, Turkiye. Water samples were taken from subsurface of the water column
in sterile sample bottles in September and January. After transfer to the laboratory, samples were
filtered through sterilised Watmann papers to remove macroscopic organic or inorganic matter.
Standard unicellular cyanobacterial strain Synechococcus sp. PCC7942 and Synechocystis sp. PCC6803
were used as positive control strains during isolation and molecular procedures.

Media

BG11 (Blue-Green) medium was used to grow of cyanobacterial strains (Rippka, 1988). BG11 salt
solution was solidified by adding 0.7% agarose after separately autoclaved. Filter sterilised
cycloheximide (50 pug/ml) was added to the liquid and solid medium after cooling at about 50°C to
eliminate eukaryotic microorganisms.

Isolation Procedures

Isolation processes were carried out according to the method described by Rippka (1988) with some
modifications. Filtered samples were first diluted serially (10™ to 10?). A 100 pl of diluted samples
were spread onto BG11 plates and incubated at 28°C under continuous light at a density of 40 umol
photons m™ s™ in an incubator for about 20 days. Each colony on the plate was examined under light
a microscope to find colonies with unicellular forms. Unicellular colonies were then taken and
streaked on a new fresh BG11 solid medium. Single colonies, grown on these plates, were re-
streaked another fresh solid BG11 medium again. Cell mass from this medium were transferred into
liquid BG11 medium supplemented with 50 pg ml™* cycloheximide and incubated in a shaker
incubator under continuous light with the same density above. These liquid cultures were used for
microscopic examinations of cellular properties and genomic DNA isolations.

Microscopic Examination

Cyanobacterial cells from single colonies on plates were examined under a light microscope (Nikon)
at magnification rates of 400X and 1 000X. Cells and cell clusters in isolated pure liquid cultures were
examined in a binocular microscope (Leica) with magnifications of 400X and 1 000X. Cells from each
isolated culture were photographed with a camera (Leica DFC290) using the software Leica
Application Suite.
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Molecular Biological Techniques

General molecular biological techniques were carried out according to Sambrook and Russel (2001).
Genomic DNAs from 10-12 day-old log phase liquid cultures were extracted according to the method
described previously (Lind et al., 1985). DNA amount and purity were measured using a nanodrop
(ND-1000) spectrophotometer. Using genomic DNAs as template, 16S rRNA genes of each isolate
were amplified using previously designed primers 16S27F (5’AGAGTTTGATCCTGGCTCAG3’) and
1651494R (5’GTACGGCTACCTTGTTACGAC3’) (Taton et al.,, 2003). To avoid pipetting mistakes, a
reaction mixture was prepared including primers, buffer and dNTPs. After sharing the reaction
mixture to PCR reaction tubes, certain amounts of genomic DNA as a template, enzyme solution and
MgCl, solutions were added. Final volume was adjusted to 25 ul with pure water. Tag DNA
polymerase (ThermoScientific) was used for annealing reactions. Reactions were optimized in terms
of template DNA, Tag DNA polymerase and MgCl, amounts. Amplification was started with a first
denaturation step at 94°C for 3 min, followed by 30 cycles of amplification reactions each with three
steps (denaturation at 92°C for 15 secs, annealing at 55°C for 30 secs and extension at 72°C for 1.5
mins). Amplicons were kept at 4°C after a last extension step at 72°C for 5 mins. Amplification
products were purified with a Wizard SV Gel PCR Clean-up kit (Promega). 10 pl aliquot of each
amplicon was digested with EcoRl (Promega) according to the manufacturer’s recommendations.
Amplicons and digestion product of them were run in 0.7 % agarose gel with 0.5 pg ml™ ethidium
bromide and examined under UV light on a transilluminator (Vilber-Lourmat). 1 kb GeneRuler
(ThermoScientific) and 50 bp DNA ladder (ThermoFisher) were also run as molecular marker
alongside amplicons and EcoRI digested samples. The agarose gels with ethidium bromide stained
DNA bands were photographed in Bio Imaging System (Syngene). 16S rRNA gene sequences of
selected cyanobacterial strains were downloaded from the database Cyanobase (2022) and analysed
in pDraw32 DNA analyse software (AcaClone, 2022).

Results

Isolation of Unicellular Cyanobacteria from Water Samples

Water samples from Uzungdl and Cernek lakes were first filtered through Whatman paper to omit
organic or inorganic macro-particles including multicellular organisms. The part of water samples
passed through the filter carrying microbial cells was used to isolate unicellular cyanobacterial
organisms. These filtered water samples were diluted at rates of 10, 10° and 10°. BG11 medium
used as isolation medium was supplemented with cycloheximide to inhibit peptidyl transferase
activity of 60S ribosomal subunit of eukaryotic cells. Thus eukaryotic microorganisms including
photosynthetic algae were unable to grow on the medium. BG11 medium contains no organic carbon
and only photosynthetic microorganisms can grow. Therefore, such growing media, liquid and solid
BG11, supplemented with cycloheximide become positively selective for photosynthetic prokaryotes.
These selective BG11l plates allow the growth of photosynthetic prokaryotic microorganisms
represented predominantly by cyanobacteria. Heterotrophic prokaryotes cannot grow in this
medium because of the absence of any organic carbon sources.

A 100 pl aliquot of undiluted and diluted samples was spread on BG11 plates solidified with agarose
and supplemented with cycloheximide. Plates were incubated at 25°C about three weeks. One set of
plates was incubated under continuous light as described above while another set was incubated at a
lower light intensity by shadowing the light with a paper tissue. After the incubation period,
cyanobacterial growth appeared on the plates. Especially all or most of the surface of the plates
incubated with undiluted and less diluted samples covered by cyanobacterial cells. However, single
cyanobacterial colonies appeared on the plates incubated with more diluted samples (Figure 1). Even
on such plates some of cyanobacterial growth zones were spread through the surface. The colonies
located in a clear area were selected for further isolation processes.
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Figure 1. Cyanobacterial Colonies Grown on Selective BG11 Solid Medium After Spreading Diluted
Water Sample

For further purification, 20 of single colonies were taken from the surface of the plates with a tip of
sterilised toothpick and streaked on a fresh BG11 medium as short lines and incubated at 25°C for
further growth (Figure 2a). After this second incubation, cells from each streak that grown from 20 of
the colonies were taken with a loop and streaked on a fresh BG11 plate to produce single colonies
(Figure 2b). These single colonies were streaked onto fresh BG11 plates again and these plates were
used as cell source for liquid cultures. Each of 20 isolates originated from a single colony was taken as
pure cultures and named as UCG1-UCG20.

S

Figure 2. Growth of the Isolates on Selective BG11 Solid Medium

a) Growth of single colonies (isolates) transferred from previous plates (Figure 1) and b) growth of an isolates
streaked on selective BG11 solid medium to obtain single colonies.

Each of the isolates on BG11 plates was transferred to BG11 liquid media to grow the isolates as pure
liquid cultures. These liquid cultures were used both the morphological identification and
chromosomal DNA isolation.

Identification of the Isolates

All the logarithmic phase liquid cultures of 20 isolates were examined under microscope to observe
cell division style, cell size and aggregation state. Each isolate was photographed at 400X and 1 000X
magnifications (Figure 3). These characteristics were used for identification of the isolates (Table 1).
For subsection level identification, the key prepared for subsections of Cyanobacteria (Castenholz,
2001) was used. None of the isolates exhibited multiple internal fission and no daughter cell was
found smaller than mother-cell. Therefore all of the isolates were included into Subsection I.
Subsequently the isolates were identified at form-genus level using a key prepared for Subsection |
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previously (Herdman et al.,, 2001a). While G+C contents of the strains were not measured in this
study, the other characteristics were used for morphological identification. Due to fact that all the
isolates contained thylakoids, exhibited no budding and no sheath and had relatively small cell size,
all the isolates were included in group IlI-B in the key comprising form-genera Cyanobacterium,
Cyanothece, Dactilococcopsis, Cyanobium and Synechococcus. The isolates were not included into the
form-genus Cyanothece and Dactilococcopsis because their cell sizes were bigger than the isolates.
Since Cyanobacterium was a rarely represented form-genus and there was great difference between
their typical habitats and Kizilirmak delta (Rippka et al., 2001a), the strains were not included into
this form genus. Even sizes of the isolates were consistent with the cell sizes of form-genus
Cyanobium (Rippka et al., 2001b) the strains were not included in this form-genus because it is
mainly contains marine strains. Finally all isolates were included into form-genus Synechococcus
(Herdman et al., 2001b) due to having similar cell sizes and represented as single cells or aggregates.

UCG15
Figure 3. Photographs of Representative Strains UGC10 and UGC15

Magnification of left panels was 400X, that of right panels 1 000X. A 2 um size indicator bar was added inside of
each panel.
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Table 1. Morphological Properties and Recognized Identities of the Isolates

Isolate Cell size (um) Cell shape  Aggregation Identity
UCG1 1-1,5 Coccus + Synechococcus sp.
UCG2 1-1,5 Coccus + Synechococcus sp.
UCG3 1-1,8 Coccus + Synechococcus sp.
UCG4 1-1,8 Coccus + Synechococcus sp.
UCG5 1-1,8 Coccus - Synechococcus sp.
UCG6 1,8-1,9 Coccus + Synechococcus sp.
ucGg7 0,8-1,8 Coccus - Synechococcus sp.
UCG8 0,8-1 Coccus + Synechococcus sp.
UCG9 1x1,5-1,5x2,3 Rod + Synechococcus sp.
UCG10 1,2x2,5-1,5x2,5 Rod - Synechococcus sp.
UCG11 1-1,5 Coccus + Synechococcus sp.
UCG12 0,8-1,5 Coccus + Synechococcus sp.
UCG13 1-1,5 Coccus + Synechococcus sp.
UCG14 1-1,8 Coccus + Synechococcus sp.
UCG15 1x2,2-1,5x2,2 Rod + Synechococcus sp.
UCG16 1-1,5 Coccus + Synechococcus sp.
UCG17 1-1,5 Coccus + Synechococcus sp.
UCG18 1,2-1,5 Coccus + Synechococcus sp.
UCG19 1-1,5 Coccus + Synechococcus sp.
UCG20 1x1,2-1x1,5 Rod + Synechococcus sp.
PCC7942 0,8x2-1x3 Rod - Syn. PCC7942
PCC6803 2,2-2,5 Coccus - Syc. PCC6803

The isolates were named as UCG1 to UCG20. Properties of standard strains Synechococcus sp. PCC7942 and

Synechocystis sp. PCC6803 were also shown

RFLP Analyses of 16S rRNA Genes of Isolates

2022, 12(2), 167-178

Identification of the isolates was further tested by their 16S rDNA restriction fragment length
polymorphism (RFLP) profiles. Genomic DNA from all of the isolates (UCG1-UCG20) and form
standard strains Synechococcus sp. PCC7942 and Synechocystis sp. PCC6803 was isolated and used as
template in the 16S rRNA gene amplification. A primer pair (Taton et al., 2003) was used to cover
most part of cyanobacterial 16S rRNA gene (from 27 bp to 1494 bp) with a predicted amplicon size of
about 1.45-1.50 kb. After optimization studies, 16S rDNA amplicons from all of the isolates and
standard strains were obtained with about 1.5 kb size as predicted (Figure 4).

173



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2022, 12(2), 167-178

4 5 6 7 8 9 10 11 12

1.5kb S e e . e —
1.0 kb
0.5 kb

14 15 16 17 18 19 20 21 22 23 24
1.5kb bl ———
1.0 kb
0.5 kb

Figure 4. 16S rDNA Amplicons of 20 Isolates Lanes 1 and 13 are 1 kb DNA ladder

Lanes 2 to 12 and 14 to 22 are 16S rDNA amplicons with an expected size of approximately 1.5 kb.
Synechocystis sp. PCC6803 (lane 23) and Synechococcus sp. PCC7942 (lane 24) the 16S rDNA gene amplicons
were also shown.

To support the identities of the isolates, the 16S rDNA amplicons of each isolates were analysed for
any variation in 16S rRNA gene. RFLP properties were used for indication of base pair variations.
Initially 16S rRNA gene sequences of Synechococcus sp. PCC7942 and Synechocystis sp. PCC6803
were downloaded from the cyanobacterial genomic database Cyanobase (2022) and their EcoRl
restriction fragment lengths were analysed with the software pDRAW32 (AcaClone, 2022). EcoRI
restriction enzyme produces two fragments from 16S rRNA gene of Synechococcus sp. PCC7942 with
sizes of 870 bp and 620 bp. The enzyme splits the Synechocystis sp. PCC6803 16S rRNA gene into
three fragments with sizes of 700 bp, 633 bp and 169 bp. These EcoRI RFLP profiles were used as
references for the EcoRI RFLP profiles of each of the isolates.

Amplicons of the isolates were digested with EcoRl and digestion products were separated in an
agarose gel (Figure 5). Fragment sizes were compared with those of test strains Synechococcus sp.
PCC7942 and Synechocystis sp. PCC6803. EcoRI RFLP profiles of 20 isolates were same or similar to
that of Synechococcus sp. PCC7942. 15 of the RFLP profiles of isolates were consistent with that of
Synechococcus sp. PCC7942 as seen in Figure 5. However, five of the isolates exhibited one additional
fragment about 670 bp in size along with expected two fragments (870 bp and 620 bp). None of the
isolates had an RFLP profile similar to that of Synechocystis sp. PCC6803.
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Figure 5. Agarose Gel Electrophoresis Image of EcoRIl Fragments of 16S rDNA Amplicons of the
Isolates Lanes 2 to 24 are EcoRI Fragments of the Isolates UCG1 to UCG20, Respectively.

EcoRI fragments of test strains Synechocystis sp. PCC6803 (lane 22) and Synechococcus sp. PCC7942 (lane 23)
are also shown. Lane 1 is a 1 kb DNA ladder (ThermoFisher) and lane 24 is a 50 bp DNA ladder (ThermoFisher).

EcoRI RFLP profiles of the strain included in the IlI-B group of the identification key (Cyanobacterium,
Cyanothece, Dactilococcopsis, Cyanobium and Synechococcus) were also analysed in silico using their
full 16S rRNA gene sequences deposited in databank.

Cyanobase (2022). Cyanothece and Dactilococcopsis differed from all of the isolates as they exhibited
three fragments. Other three genera exhibited two fragments as the isolates. Size differences of
Cyanobacterium (866 bp and 610 bp) and Synechococcus (870 bp and 620 bp) were little that might
not be distinguishable effectively via agarose gel electrophoresis. Cyanobium also had two fragments
but size of fragments was relatively smaller and distinguishable from that of the isolates. These in
silico analyses support that the isolates were not members of form-genus Cyanobium.

Discussion and Conclusions

Unicellular cyanobacterial isolates were purified from water samples collected from Uzungdl and
Cernek lakes in the Kizilirmak delta in Samsun. Bases of the purification were the elimination of
eukaryotic microorganisms, including photosynthetic algae with cycloheximide, and heterotrophic
prokaryotes by using a minimal medium BG11 that allows the growth of photosynthetic prokaryotic
organisms only. Under such conditions i.e., in BGl1lmedium supplemented with cycloheximide,
cyanobacteria and other photosynthetic prokaryotic groups like green and purple bacteria may
successfully grow and reproduce. However, only cyanobacterial growth was observed in this study.

All the isolates were included in form-genus Synechococcus based on their cell morphology and cell
division manner under light microscope. To identify the isolates, identification key (Herdman et al.,
2001a) and form-genus descriptions (Herdman et al., 2001b; Rippka et al., 2001a; Rippka et al.,
2001b) were used. Because their cells were divided by symmetrically transverse binary fission and
they did not exhibit structured sheath, all the isolates were settled in a group of five form-genera.
The isolates may not be included into form-genera Cyanothece and Dactilococcopsis because of their
bigger cell sizes than any of the isolates. Cell sizes of the isolates were consistent with the other
three form-genera Cyanobacterium, Cyanobium and Synechococcus. However the isolates were
included into Synechococcus due to the fact that the cells of most of the isolates were represented as
united cellular aggregates by mucilage formation. Only three isolates UCG5, UCG7 and UCG10 were
did not form cellular aggregates staying unicellular. These three isolates were included into form-
genus Synechococcus because Cyanobacterium is rarely represented form-genus and form-genus
Cyanobium contains marine strains. Determination of mean G-C base contents would be helpful to
ensure the identities of the isolates.

RFLP profiles of the 16S rRNA gene support identification of the isolates as form-genus
Synechococcos exhibiting two EcoRI fragments with the same sizes. rDNAs of all the isolates exhibit
two fragments with sizes of about 870 bp and 620 bp, the same as those of standard strains
Synechococcus sp. PCC7942. Identification of the strains was supported by the results of in silico
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analyses of RFLP profiles of various cyanobacterial strains. Also, in silico analyses of RPLF profile
showed that the Cyanobium 16S rRNA gene was 100 bp shorter than the other strains tested. RFLP
profiles of the isolates exhibited no such a short fragment. Therefore, none of the isolates could be
included into form-genus Cyanobium. Five of the isolates, which were UCG2, UCG4, UCG6, UCG10
and UCG12, showed an additional fragment in the RFLP profile with a size of approximately 670 bp.
The origin of this additional fragment may not be expected for certain in this stage unless the full
length of 16S rDNA is sequenced. It may be explained by either presence of another contaminant
organism in cultures of the isolates or the insertion of an additional fragment into the rRNA gene
through lateral gene transfer facilities.

Both the microscopic examination and 16S rDNA RFLP profiles indicate that all of the isolates are
members of form-genus Synechococcus and members of this form-genus may be expected to be
predominantly represented in Uzungdl and Cernek lakes. There were no records about the members
of Synechococcus in Uzungél and Cernek lakes in previously conducted studies in the same areas
based on microscopic identification of algae from water samples directly (Gonilol & Comak 1992; Tas
et al., 2007). This implies that microscopic identification is not sufficient to determine biodiversity of
a certain habitat; culture studies may supply more detailed data about community contents and
biodiversity.

Results of this study are derived from the isolation and identification of unicellular cyanobacteria by
approaches of microscopic and molecular identification based on cellular properties of pure cultures
and RFLP profiles of 16S rRNA gens. With some molecular techniques such as the determination of
molecular marker gene sequences will be more accurate however. Thanks to the development of
sequencing technologies, whole genome sequences of isolates as well as marker gene sequences will
supply precise phylogenetic data about the organism. Such whole genome sequences will also help
to settle cyanobacterial systematics. However, not all cyanobacteria are cultivable as are so for other
microorganisms. In such cases metagenomics studies would be helpful to detect target DNA
sequences like 16S rRNA gene and even whole genomes. Amplification of DNA regions used for
phylogenetic relationships like 16S rRNA gen may be amplified from environmental DNA and
sequenced by high throughput sequencing. More accurate and more detailed data are possible to be
determined about cyanobacteria of Uzungél and Cernek lakes with such a metagenomics approach.
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Galisma Erysiphe corylacearum U.Braun & S.Takam’un neden oldugu killeme hastaliginin uzun sireli depolama
kosullarinda findikta bazi i¢ bozukluklari ile kalite parametrelerine etkisini belirlemek amaciyla yuratilmastar.
Bu kapsamda findikta kuflu i, ¢liriik i¢, gbbek boslugunda kahverengi leke (GBKL), lekeli ig, gizli kif gibi i¢
bozukluklarinin gérilme oranlari ile kuru madde, yag, serbest yag asitligi, peroksit sayisi, antioksidan kapasitesi
ve yag asidi kompozisyonu konulari ele alinmigtir. Killeme hastaligina kargi kimyasal micadele yapilmis ve
etkili kontrol saglanmis findik parsellerinden alinan findiklar ile miicadele yapilmamis ve hastalik siddetinin
yuksek oldugu parsellerden alinan findiklar 22-24 aylik bir depolama sonucunda belirtilen bu ozellikler
yoniinden incelenmis ve birbirleriyle karsilastirilmistir. Ayrica i¢ bozukluklari ile ilgili funguslar tespit edilmistir.
Calisma sonucunda kifll ic degerleri ve yag asitlerinden linoleik asit degerleri haricindeki degerlerin killeme
hastaligl micadelesine bagli olarak degismedigi belirlenmistir. Kusurlu i¢ findiklardan Aspergillus spp. (%79.07),

Cladosporium spp. (%9.30), Alternaria spp. (%3.49), Trichothecium roseum (Pers.) Link (%3.49), Rhizopus spp.
(%2.33) Penicillium sp. (%1.16) ve Phomopsis sp. (%1.16) izole edilmistir.

Anahtar Kelimeler: findikta killeme, i¢ bozukluklari, depolama, yag asidi kompozisyonu, antioksidan kapasite

Effect of Hazelnut Powdery Mildew on Some Kernel Defects and Quality
Parameters in Long-Term Storage

Abstract

The study was carried out to determine the effect of powdery mildew disease caused by Erysiphe
corylacearum U.Braun & S.Takam. on hazelnut kernel disorders and quality parameters under long-term
storage conditions. Within this scope the incidence of internal disorders such as moldy kernel, rotten kernel,
the brown spot in the kernel cavity (BSKC), spotted kernel and hidden mold and also dry matter, oil, free fatty
acidity, peroxide number, antioxidant capacity and fatty acid composition of hazelnut were dealt. The
hazelnuts taken from the hazelnut plots, where chemical control was made against powdery mildew disease
and effective control was provided, and the hazelnuts taken from plots without any control and with high
disease severity were examined in terms of these characteristics after 22-24 months of storage and were
compared with each other. As a result of the study, it was detected that the values except for the moldy kernel
values and linoleic acid values from fatty acids did not change depending on the powdery mildew control. Of
the defective hazelnut kernels, Aspergillus spp. (79.07%) Cladosporium spp. (9.30%), Alternaria spp. (3.49%),
Trichothecium roseum (Pers.) Link (3.49%) Rhizopus spp. (2.33%), Penicillium sp. (1.16%) and Phomopsis sp.
(1.16%) were isolated.

Keywords: powdery mildew on hazelnut, kernel disorder, storage, fatty acid composition, antioxidant capacity

Sorumlu Yazar / Corresponding Author: Arzu Sezer e arzusezer@odu.edu.tr

179



mailto:arzusezer@odu.edu.tr
https://orcid.org/0000-0002-8215-2125
https://orcid.org/0000-0002-9344-7690
mailto:arzusezer@odu.edu.tr
https://orcid.org/0000-0002-8215-2125
https://orcid.org/0000-0002-9344-7690

Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2022, 12(2), 179-188

Giris

Turkiye findik (Corylus avellana L.) Uretim alani, Uretim miktari ve ihracat miktari agisindan diinya
lideri konumunda olup 2019 yili verilerine gore diinya Uretim alaninin %73,4’lnd, Gretim miktarinin
%69’unu ve ihracatinin ise %61’ini karsilamaktadir (Bars, 2021). Findik Turkiye'nin tarim Granleri
ihracati icerisinde %15-20, toplam ihracat degeri icerisinde ise %2 paya sahiptir (islam vd., 2021).
Kimyasal kompozisyonuna bakildiginda findik meyvesi ylksek oranda yag icermekle birlikte (%54-62),
findik yaginda tekli doymamis yag asitlerinden oleik asit (Cy5.1A%) baskin yag asididir (%78-84) ve bunu
coklu doymamis yag asitlerinden linoleik asit (Cis.,A%"%) takip etmektedir (Sahin vd., 2022). Findik
yaglar yiiksek oranda doymamis yag asitleri ve az miktarda doymus yag asitleri icerdiginden dolayi
saglik acisindan 6nemli olup 6zellikle kalp ve damar hastaliklarina yakalanma riskini azaltici etkileri
vardir. Findik yagi yemeklik yag olarak gida sanayinde firincilik ve salata soslarinda kullanildigi gibi,
ayrica kozmetik sektoériinde de cesitli Griinlerde kullaniimaktadir (Alasalvar ve Shahidi, 2009).

Turkiye’de findiklar genel olarak hasat sonrasinda ortalama 12 ay muhafaza edilmektedir ve bu
muhafaza sireci sirasinda olusan degisimlerle ilgili bazi calismalar yiritilmustir (Turan, 2021). Son
yillarda findikta daha uzun siire depolama kosullarini kapsayan calismalara da rastlanmaktadir (Turan
ve islam, 2018; Turan ve Karaosmanoglu, 2019).

Findik Uretiminde zaman zaman c¢esitli hastalik ve zararlilar sorun olabilmektedir. Killeme hastaligi
bunlardan biri olup son 7-8 yila kadar Tirkiye’de ve diinyada findikta killemeye neden olan etmen
Phyllactinia guttata (Wallr.: Fr) Lév. olarak bilinmekte ve yaygin olarak gorilmekteydi. Ancak 2013
yilindan beri llkemizde findik Gretim alanlarinda ¢ok daha agir hastalik belirtileri gdsteren, hem
yaprak hem de meyvelerde gozlenen, findik verimine ¢ok daha biyiik zarar veren bir Erysiphe tiiri
ortaya ¢ikmis, bazi morfolojik 6zelliklerine gore hastalik etmeninin Tirkiye’de ve diinyada ticari
anlamda onemli findik tird olan C. avellana’da daha once rapor edilmemis olan Erysiphe (section
Microsphaera) taksonunda yer aldigi belirlenmis; molekiler ¢alismalar sonucunda ise tir dizeyinde
teshisi E. corylacearum olarak yapilmistir (Sezer vd., 2017). Daha sonraki yillarda hastalik Azerbaycan,
iran, Giircistan, Ukrayna, Romanya, italya, ispanya, isvicre ve Avusturya’da da rapor edilmistir
(European and Mediterranean Plant Protection Organization [EPPQO], 2022). Kisa siirede findigin ana
hastaliklarindan biri haline gelen killeme icin kiltirel dnlemlerle birlikte ilach miicadele gerekliligi de
ortaya cikmis ve hastaliga karsi gerek kimyasal gerek alternatif miicadele arastirmalari yaninda
dayanikhlik kaynaklarinin belirlenmesi Uzerinde ¢esitli ¢alismalar yuritilmistir (Lucas vd., 2018;
Sezer, 2018; Tiirkkan vd., 2018; Sezer vd., 2019). Hastalik nedeniyle yaprak, cotanak ve taze siirglinler
Gzerinde kialleme belirtileri gézlenmekte, 6zellikle erken donemde hastaliga yakalanan yaprak ve
¢otanaklarda kuruma, kivrilma, vaktinden énce olgunlasma ve dékiim s6z konusu olmaktadir. Hastalik
findikta verim ve kaliteyi olumsuz yonde etkilemekle birlikte verime etkisi icin bir rakam belirtmek
zordur. Hastalik etmeni direkt ic meyve lzerinde bir zarara neden olmamaktadir. Ancak hastaliktan
etkilenen bitkilerin fizyolojik faaliyetlerini normal olarak ylritemeyecekleri gercegi dikkate
alindiginda, bu durum diger birtakim hastaliklar icin uygun ortam olusmasina neden olabilir. Findikta
kiilleme hastaliginin yogun zararinin gorildigi son yillarda hem findik Ureticileri hem de sanayiciler
tarafindan kalite kriterleriyle ilgili sikayetlerde artislar olmustur.

Bu calisma killeme hastaliginin findikta uzun siire depolama kosullarinda bazi i¢ bozukluklari ve kalite
parametrelerine bir etkisinin olup olmadiginin belirlenmesi amaciyla yiritilmastir. Hastaligin bu
problemlerle iliskisini arazi kosullarinda herhangi bir miidahalede bulunmadan belirlemek oldukga
zordur. Clinkl dogal kosullarda deneme kosullarina uygun killeme hastaligi bulunan ve bulunmayan
parseller bulmak mimkin olmamaktadir. Ancak hastaliga karsi micadele yapilmis ve miicadele
yapilmamis parsellerin birbiriyle karsilastirilmasi mimkin olabilecegi dlistinilmustdr. Bu amagla 2017
yilinda yirutilen bir projede kiilleme hastaligina karsi kimyasal miicadele yapilmis ve etkili kontrol
saglanmis findik parsellerinden alinan findiklar ile miicadele yapilmamis ve hastalik siddetinin yiksek
oldugu parsellerden alinan findiklar uzun sireli bir depolamanin ardindan bazi i¢ bozukluklari ve
kalite parametreleri bakimindan karsilastiriimistir. Bu parametreler kiiflu ig, ¢lirlik ig, i¢c findiklarda
gbbek boslugunda kahverengi leke, lekeli ig, gizli kiif goriilme oranlari, kuru madde, yag, serbest yag
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asitligi, peroksit sayisi, antioksidan kapasitesi ve yag asidi kompozisyonu olup ¢alismada ayrica bazi ig
bozukluklari ile ilgili funguslarin belirlenmesi de amaglanmistir.

Materyal ve Yontem

Materyal

Daha 6nce yurutiilen bir calisma kapsaminda (Sezer, 2018) findikta killeme hastaligina karsi kimyasal
miicadele uygulanip yeterli hastalik kontroliiniin saglandigi (etkili maddesi Azoxystrobin 200 g L™ +
Difenoconazole 125 g L™ olan bir fungisit ile) parsellerden ve miicadele yapilmamis parsellerden
(tesadiif bloklari deneme desenine gore 4 tekerrirli olarak kurulmus ve her parselde 3 ocagin yer
aldigi) alinan, adi depo sartlarinda uzun siire depolanan findik 6rnekleri ¢alismanin ana materyalini
olusturmustur. Calismada killeme hastaligina karsi miicadele yapilmis parsellerden alinan érnekler
icin fungisit uygulanmis, miicadele yapilmayan parsellerden alinan érnekler igin ise kontrol terimleri
kullanilmistir. Fungal etmenlerin ve yogunluklarinin belirlenmesi ¢alismalari icin PDA (Patates
Dekstroz Agar), petri kaplari, lam, lamel vb. malzemeler, biyokimyasal analizler icin de cesitli
kimyasallar ve cihazlar kullanilmistir. Troloks (6-hidroksi-2,5,7,8-tetrametilkroman-2-karboksilik asit),
etil alkol, sodyum tiyosiilfat, dietil eter, DPPH (2,2-difenil-1-pikrilhidrazil), %25 potasyum metilat ve
potasyum iyodir Sigma-Aldrich (St. Louis, ABD) firmasindan; hekzan, n-Butanol ve %25 sulfurik asit
Merck (Darmstadt, Almanya) firmasindan temin edilmistir.

Yontem

Meyve i¢ Bozukluklari ve ilgili Funguslarin Belirlenmesi

Meyve i¢ bozukluklarini belirlemek icin her parselden alinan 200 adet kabuklu meyve tek tek kiriimis,
kufld, clrik meyve sayilari ile bos meyve sayisi, abortif meyve, siyah uclu meyve ve burusuk meyve
sayilari belirlenmistir. Daha sonra saglam gorinisli ic findiklardan 100 tanesi ic meyvedeki gobek
boslugunda kahverengi leke (GBKL), lekeli i¢c ve gizli kif yoninden bistiri ile parcalanarak incelenmis,
sonuclar kaydedilmis ve ylizde oranlari belirlenmistir.

Kufll, clrik ve diger kusurlu iglerin %0.5-1’lik sodyum hipoklorit ile yiizeysel dezenfeksiyondan sonra
PDA ortamina ekimi yapilmis olup gelisen funguslarin teshisi PDA’da gelisen 7-10 gunlik kiltar
ozellikleri ve konidi morfolojileri dikkate alinarak, Ellis (1971) ve Sutton (1980)'a gore yapilmistir.
Fungal gelismenin yogun oldugu kifla ve clrik findiklardan direkt olarak misel aktarimi seklinde de
PDA’ya ekim yapilarak izolasyon gerceklestirilmistir. Kusurlu icler haricindeki saglam goriinen
findiklardan da rastgele 6rnekleme yapilarak PDA’ya ekim yapilmis (her parsel igcin 16 nokta ekim) ve
ekim noktalarinda gelisen fungus sayilari toplam ekim sayisina oranlanarak sonuglar ylizde olarak
belirlenmistir.

Kuru Madde Miktari Tayini

Sahin vd. (2019) tarafindan belirtilen metoda gére kuru madde miktari belirlenmistir. Buna gore
oglitilmis findik 6rnekleri (5 gram) nemi tamamen uzaklastirilincaya kadar yani sabit bir agirliga
ulasincaya kadar etlivde (103+2°C) tutulmus, bu sekilde olusan agirlik kaybi izerinden kuru madde
miktari saptanmistir.

Yag Miktari Tayini

Yag tayini soxhalet cihazi (Velp Ser 148, Milano, italya) ile Sahin vd. (2019) tarafindan belirtilen
metoda goére yapilmistir. Bunun icin 6gitlilmuis numunelerin 6nce nemi uzaklastiriimis, daha sonra da
ekstraksiyon islemi icin kartuslara alinmistir. Coziici olarak hekzan kullanilmis olup ekstraksiyon
sonrasinda distilasyon islemi ile hekzan tamamen uzaklastiriimistir. Boylece elde edilen yag miktari
kuru madde Gzerinden % olarak hesaplanmistir.
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Serbest Yag Asitligi Tayini

Serbest yag asitligi Sahin ve Ozata (2022)'nin belirttigi metoda gére yapilmistir. Bunun icin etil
alkol/dietileter karisimi 6nce indikatér yardimiyla NaOH ¢6zeltisi (0.1 N) ile nétrlestirilmis ve yagin
lzerine ilave edilip, pembe renk olusana kadar tekrar titre edilmistir. Titrasyonda harcanan NaOH
miktari Gzerinden % oleik asit cinsinden serbest yag asitleri miktari hesaplanmistir (Sahin, 2011).

Peroksit Sayisi Tayini

Peroksit sayisi Sahin (2011)’in belirttigi metoda gore belirlenmistir. Asetik asit/izooktan karisimi ile
¢6ziindiiriilen yag lzerine doymus potasyum iyodiir ¢ozeltisi eklenip hizlica ¢alkalanmistir. Uzerine
saf su ilave edilip sodyum tiyosiilfata karsi titre edilmistir. Peroksit sayisi meq O, kg™ olarak
belirlenmistir.

Antioksidan Kapasitesinin Belirlenmesi

Sahin vd. (2019) tarafindan belirtilen metoda gore toplam antioksidan kapasitesi 1,1-difenil-2-
pikrilhidrazil (DPPH) radikali yardimiyla ile trolox esdegeri olarak hesaplanmistir. Oncelikle findik
ornekleri n-butanol ile ¢ozlindirilmis, ardindan 0,6 mM DPPH cozeltisi ile karistiriip 30 dakika oda
kosullarinda inkiibe edildikten sonra absorbansi 515 nm’de spektroskopide (Perkin—Elmer Lambda 35
UV/Vis Spektroskopi, Amerika) okutulmustur.

Yag Asidi Kompozisyonunun Belirlenmesi

Sahin vd. (2012) tarafindan belirtilen metoda gore yag asidi kompozisyonu belirlenmistir. Bunun igin
findik yag numunesi icerisindeki yag asitleri potasyum metilat ¢ozeltisi (%25) ile metil esterlerine
tirevlendirilerek gaz kromatografisi (GC) ile tayini gergeklestirilmistir. Calismada kullanilan GC
(Shimadzu, Tokyo, Japonyo) FID dedektor ile donatilmis olup, yag asitlerinin ayristirilmasinda 60 m x
0.25 mm I.D., 0.20 um film kalnhg &zelliklerine sahip TR-CN100 kolonu (Teknokroma, ispanya)
kullanilmistir. Taslyici gaz olarak azot kullaniimistir.

Veri analizi

Calismada elde edilen verilerin istatiksel olarak degerlendirilmesinde Microsoft Excel 2016 (Microsoft
Co., WA ve ABD) programi kullanilarak iki kuyruklu bir t-testi yapimistir. Student t testi ile
ortalamalar p<0.05 6nem diizeyinde karsilastiriimistir.

Bulgular

Meyve ve i¢ kusurlarini ve ilgili fungal etmenleri belirlemek amaciyla daha 6nce yuritilen bir galisma
sonucunda, killeme hastaligina karsi fungisit uygulamasi yapilmis olan findik parselleri ve uygulama
yapilmayan parsellerden alinan 200 adet kabuklu meyve tek tek kirilmis, kuflii, ¢lirik meyve sayisi,
bos meyve sayisi, abortif meyve, siyah uclu meyve ve burusuk meyve sayilari belirlenmistir (Tablo 1).

Meyve kusurlari yoniinden killeme hastaligina karsi miicadele yapilmis ve yapilmamis parsellerden
alinip uzun sire depolanan findik 6rnekleri arasinda kufli i¢ sayisi hari¢ 6nemli bir fark tespit
edilmemistir. Saglam gorindsli i¢ findiklardan 100 tanesinin kesilmesi ile i¢ meyvedeki gobek
boslugunda kahverengi leke, lekeli i¢ ve gizli kif ile ilgili sonuglar Tablo 2’de verilmistir.

Tablo 1. Fungisit Uygulanmis ve Fungisit Uygulanmamis Parsellerdeki Meyve Kusurlarinin Oranlari (%)

Uygulama BFO BKFO AiO BUIO suio Kio* cic TKMO
Fungisit ) 554126 1.50#0.91 1.25$1.19 7.5042.61 2.130.25 1.88:0.63  0.50+10 29+3.58
uygulanmis

Kontrol 12.75£0.87 2.13+1.44 1.38+1.32 8.25%x1.32 2.00+1.63 6.13+2.66 0.63+0.75  33.25#4.57

* Ortalamalar arasinda anlamli bir fark vardir (p<0.05). BFO, bos findik orani; BKFO, bos ve kiiflii findik orani;
AIO, abortif ic orani; BUIO, burusuk i¢ orani; SUIO, siyah uglu i¢ orani; KIO, kiiflii i¢ orani; CIC, ¢iiriik i¢ orani;
TKMO, toplam kusurlu meyve orani.
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ic meyve kusurlari agisindan kiilleme miicadelesi yapilmis ve yapilmamis parsellerden alinip uzun siire
depolanan findik érnekleri arasinda anlamli bir fark bulunmamistir (p>0.05). Kifll, ¢lrtik ve diger
kusurlu i¢ findiklardan PDA ortamina ekim yapilmis olup, gelisen funguslar, koloni sayilari ve ylzde
oranlari Tablo 3’de verilmistir.

Tablo 2. Fungisit Uygulanmis ve Fungisit Uygulanmamis Parsellerde i¢ Meyvelerdeki GBKL, Lekeli i¢
Ve Gizli Kuf Oranlari (%)

Uygulama GBKL'liig¢ Orani  Lekelii¢ Orani  Gizli Kiiflii ic Orani Toplam Kusurlu ig Orani
Fungisit Uygulanmis 25.00+7.16 8.00£2.94 0.501£0.58 33.5046.19
Kontrol 35.00£12.35 8.00+0.82 1.25+0.50 44.25+12.59

GBKL gdébek boslugunda kahverengi leke

Tablo 3. Kusurlu i¢ Findiklardan izole Edilen Funguslar, Koloni Sayilari Ve Oranlari (%)

Fungus adi Koloni Sayisi Orani
Aspergillus spp. 68 79.07
Cladosporium spp. 8 9.30
Alternaria spp. 3 3.49
Trichothecium roseum 3 3.49
Rhizopus spp. 2 2.33

Penicillium sp. 1 1.16
Phomopsis sp. 1 1.16
Toplam 86 100

Saglam i¢ findiklarin PDA ortamina ekimi sonucu ekim noktalarinda olan fungal gelismelerin
karsilastirilmasinda killeme hastaligina karsi miicadele yapilmis parsellerde ekim noktalarinda fungal
gelisme orani %42.19 iken kontrol parsellerinde bu oran %50.00 olarak tespit edilmistir (Tablo 4). Bu
fark istatistiki acidan 6nemsiz bulunmustur (p>0.05). Fungal gelisme gorilen petrilerin tamaminda
Aspergillus spp. gdzlenmistir.

Tablo 4. Saglam i¢ Findiklarda Gelisen Fungus Oranlari (%)

Uygulama Gelisen Fungus Orani
Fungisit Uygulanmis 42.19 +16.44
Kontrol 50.00+11.41

Tablo 5’de kimyasal micadele uygulanmis ve yeterli hastalik kontroli saglanmis parsellerden ve
miicadele yapilmamis parsellerden alinan ve adi depo sartlarinda depolanan findik érneklerinin kuru
madde miktari ve yag miktari verilmistir. Kuru madde miktarlari fungisit uygulanmis parsellerden
temin edilen findiklarda %95.05, fungisit uygulanmamis parsellerden alinan numunelerde (kontrol)
%94.88 olarak bulunmustur. Yag miktarlari fungisit uygulanmis parsellerden temin edilen findiklarda
%57.81, kontrol numunelerinde de %55.15 olarak tespit edilmistir. Veriler istatiksel olarak
degerlendirildiginde hem kuru madde hem de yag miktarlari bakimindan fungisit uygulanmis ve
kontrol numuneleri arasinda 6nemli bir degisim saptanmamistir (p>0.05). Bu verilere gore killeme
micadelesine bagli kimyasal bilesimin degismedigi gorilmistir (Tablo 5).

Tablo 5. incelenen Findik Numunelerinin Kuru Madde ve Yag Miktarlari

Uygulama Kuru Madde Miktari (%) Yag Miktari (%)
Fungisit Uygulanmis 95.05+0.17 57.81+2.22
Kontrol 94.88 +0.27 55.15+3.14

Tablo 6’da kimyasal micadele uygulanmis ve yeterli hastalik kontroll saglanmis parsellerden ve
miicadele yapilmamis parsellerden alinan adi depo sartlarinda depolanan findik numunelerinden elde
edilen yaglarin peroksit sayisi ile serbest yag asit miktarlari verilmistir. Peroksit sayilarinin fungisit
uygulanmis parsellerden temin edilen findik yaglarinda 4.41 meq O, kg'l, kontrol numunelerinde ise
3.1 meq O, kg™ oldugu tespit edilmistir. Oleik asit cinsinden serbest yag asitligi miktarlari da fungisit
uygulanmis parsellerden temin edilen findik yaglarinda %0.77, kontrol numunelerinde ise %1.58
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olarak hesaplanmistir. istatiksel olarak p<0.05 6énem diizeyinde hem peroksit hem de serbest yag
asitligi verileri bakimindan fungisit uygulanmis ve kontrol numuneleri arasinda bir fark tespit
edilememistir.

Tablo 6. incelenen Findik Numunelerinden Elde Edilen Yaglarin Peroksit Sayisi ile Serbest Yag Asit
Miktarlari

Uygulama Peroksit Sayisi (meq O, kg'l) Serbest Yag Asitligi (%)
Fungisit Uygulanmis 4.41+1.06 0.77 £0.06
Kontrol 3.10£0.60 1.58+0.78

Tablo 7’de kimyasal miicadele uygulanmis ve yeterli hastalik kontrolii saglanmis parsellerden ve
miicadele yapilmamis parsellerden alinan adi depo sartlarinda depolanan findik numunelerinden elde
edilen yaglarin yag asiti kompozisyonu verilmistir. Buna gore findik numunelerinde en fazla bulunan
yag asidi olan tekli doymamislardan oleik asit (C15.1A°), fungisit uygulanmis parsellerden temin edilen
findik yaglarinda %79.3, kontrol numunelerinde ise %76.78 olarak bulunmustur. Bunu coklu
doymamislardan linoleik asit (Ci5,,A%"%) takip etmekte olup fungisit uygulanmis parsellerden temin
edilen findik yaglarinda %9.17, kontrol numunelerinde ise %10.74 olarak tespit edilmistir. Doymus
yag asitlerinden palmitik asit (Cy60) fungisit uygulanmis parsellerden temin edilen findik yaglarinda
%5.35, kontrol numunelerinde ise %5.39 olarak bulunmustur. Doymus yag asitlerinden stearik asit
(Cig:0) ise ilaglama yapilmis parsellerden temin edilen findik yaglarinda %2.40, kontrol numunelerinde
ise %2.39 olarak bulunmustur. Veriler istatiksel olarak degerlendirildiginde palmitik, stearik ve oleik
asit miktarlari bakimindan fungisit uygulanmis ve kontrol numuneleri arasinda dnemli bir degisim
gorilmezken (p>0.05), linoleik asit miktari kontrol numunelerinde daha fazla bulunmustur.

Tablo 7. incelenen Findik Numunelerinin Yag Asidi Kompozisyonu

Uygulama Palmitik Asit (%) Stearik Asit (%) Oleik Asit (%) Linoleik Asit (%)*
Fungisit 5.35+0.31 2.40+0.11 79.30+1.12 9.17 +0.58
Uygulanmis

Kontrol 5.39+0.39 2.39+0.01 76.78 + 1.54 10.74 +0.97

* Ortalamalar arasinda anlamli bir fark vardir (p<0.05)

Tablo 8’de verilen toplam antioksidan kapasitesi verilmistir. Fungisit uygulanmis parsellerden temin
edilen findik numunelerinde 1.16 + 0.06 mmol L™ TE (troloks esdegeri), kontrol numunelerinde ise
0.98 + 0.11 mmol L™ TE olarak hesaplanmistir. istatiksel olarak p<0.05 6nem dizeyinde toplam
antioksidan kapasitesi bakimindan fungisit uygulanmis ve kontrol numuneleri arasinda bir fark tespit
edilememistir.

Tablo 8. incelenen Findik Numunelerinin Toplam Antioksidan Kapasitesi

Uygulama Toplam Antioksidan Kapasitesi
Fungisit Uygulanmis 1.16 + 0.06 mmol L TE
Kontrol 0.98 +0.11 mmol L™ TE

Tartisma, Sonug ve Oneriler

Killeme hastaligina karsi miicadele yapilmis olan findik parselleri ve miicadele yapilmayan (kontrol)
parsellerden alinan 200 adet kabuklu meyvenin incelenmesi sonucu fungisit uygulanmis parsellerden
alinan findiklarin toplamda %29’u, kontrol parsellerinden alinan findiklarin ise %33.25’i kusurlu olarak
belirlenmistir. Fungisit uygulanmis ve kontrol parsellerinde sirasiyla %14.25 ve %12.75 bos findik,
%1.50 ve %2.13 bos ve kiifli findik, %1.50 ve %1.38 abortif, %7.50 ve %8.25 burusuk findik, %2.13 ve
%2.00 siyah uglu meyve, % 1.88 ve % 6.13 kiiflii i, %0.50 ve % 0.63 oranlarinda ¢liriik i¢ gorilmustar.
Yapilan t testi ile bu ortalama degerler arasindaki farklardan sadece kifli i¢c degerleri arasindaki
farklar istatistiki acidan 6nemli bulunmustur. Uzun sireli depolamada 6zellikle kiifll i¢ ve ¢lrlk i¢
oranlarinin etkilenecegi dusiinildigiinde killeme hastaliginin miicadelesinin bu agidan olumlu sonug
verdigi sdylenebilir (¢lriik i¢ oranlari arasindaki fark 6nemli olmasa da). 2008 yilinda Ordu, Giresun ve
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Trabzon illerinde yirutilen bir calismada toplam 5886 adet kabuklu findik incelenmis, bos findik
orani ortalama %15.85 iken kiifli ve glrik meyve orani %0.59 gibi nispeten dislik bir oranda tespit
edilmistir. Bunun yaninda %0.46 oraninda da bos oldugu halde kiflii olan findik belirlenmistir (Sezer
ve Dolar, 2016). S6z konusu ¢alismada findiklar hasat edildikten sonra uzun siire depolanmadan
incelenmistir, oysa mevcut ¢alismada findiklar 22 ay depolandiktan sonra degerlendirilmistir.

Saglam gorlnigli i¢ findiklarin incelenmesi sonucu fungisit uygulanmis parsellerde incelenen
findiklarin toplam %33.5’inin, kontrol parsellerinde ise %44.25’inin kusurlu oldugu belirlenmistir. Bu
kusurlar GBKL (%25.00 ve %35.00 oranlarinda), lekeli i¢ (%8.00 ve %8.00) ve gizli kiif (%0.50 ve %1.25)
olarak siralanmistir. Ortalamalar arasinda anlamli bir fark yoktur. Sezer ve Dolar (2016)'In
calismasinda gbbek boslugunda kahverengi leke orani %2.36, lekeli i¢ orani ise %0.82 olarak
belirlenmistir.

KiflG-cliriik ve diger kusurlu i¢ findiklardan PDA ortaminda yapilan izolasyon calismalari sonucu
gelisen 86 adet fungal koloninin bulylk bir boliminl Aspergillus spp. (%79.07) olusturmustur.
Digerleri ise Cladosporium spp. (%9.30), Alternaria spp. (%3.49), Trichothecium roseum (%3.49),
Rhizopus spp. (%2.33), Penicillium sp. (%1.16) ve Phomopsis sp. (%1.16) olarak tespit edilmistir. Sezer
ve Dolar (2016) da Alternaria spp. hari¢ diger funguslari izole etmistir ancak izolasyon oranlari
oldukga farkli bulunmus, 6zellikle Aspergillus spp.’nin izolasyon orani digerlerine gére oldukca diistk
kaydedilmistir. Bu durumda da yine depolama siresinin etkili oldugu dastntlmektedir. Nitekim
Tunail (2000) tahil ve diger daneli bitkilerde (baklagillerde) tarla doneminde ¢ok sayida fungus
gelistigini, bu Grlnlerin depoya alindiginda 6nce gegis (ara) fungus florasinin olustugu (Epicoccum,
Chatemium, Nigrospora, Rhizopus, Papullaria, Fusarium nivale, Trichothecium roseum cins ve tirlerini
iceren), uzun slre depolanmis hububat ve baklagil danelerinde ise Eurotium, Aspergillus ve
Penicillium cinslerinin dominant hale geldigini belirtmektedir.

Saglam i¢ findiklarin PDA ortamina ekimi sonucu ekim noktalarinda olan fungal gelismelerin
karsilastirilmasinda killeme hastaligina karsi miicadele yapilmis parsellerde ekim noktalarinda fungal
gelisme orani %42.19 iken kontrol parsellerinde %50.00 olarak bulunmustur. Bu fark istatistiki acidan
onemsizdir (p>0.05). Fungal gelisme gorilen petrilerin tamaminda Aspergillus spp. gozlenmistir.
Oregon’da yapilan bir calismada kifli findik iclerinde en yiksek oranda Penicillium spp. olmakla
birlikte Aspergillus, Cladosporium ve Diaporthe rudis gibi funguslarin da izole edildigi (belirti
gostermeyen findiklardan da) belirtilmistir (Pscheidt vd., 2019). Battilani vd. (2018) Gurcistan’da
findikta meyve kusurlarina neden olan etmenlerin belirlenmesi lzerinde yaptiklari bir calismada hem
belirti gbsteren hem de belirti gostermeyen findik Orneklerinden Alternaria, Aspergillus,
Cladosporium, Colletotrichum, Diaporthe, Fusarium, Penicillium, Pestalotiopsis ve Phoma cinslerine
dahil funguslari izole etmisler, yaygin olan etmenin ise Diaporthe spp. oldugunu belirtmislerdir. Bu
calismada Aspergillus spp. tiim izolasyonlarda en yaygin fungus grubu olmasi ve saglam findiklardan
da yiksek oranda izole edilmesi nedeniyle meyve kusurlari ile dogrudan iliskilendirilmese de neden
olabilecegi aflatoksin problemi nedeniyle 6nem arz etmektedir. Bundan kaynaklanan Kkalite
kayiplarinin ve saglik agisindan olusabilecek olumsuzluklarin 6nine gecebilmek icin findiklarin uygun
kosullarda depolanmasina dikkat edilmelidir.

Biyokimyasal analizlerle ilgili olarak, calismada elde edilen bulgulara goére kuru madde miktari ile yag
miktarinin killeme hastaliginin micadelesine bagh olarak degismedigi gorilmektedir. Calismada
bulunan findik numuneleri kuru madde miktarlarinin Sengiil (2019)’tin Tombul findikta tespit ettigi
kuru madde miktari (%94.48-95.74) ile Karaosmanoglu (2012)'nun galismasindaki Tombul findik kuru
madde degerlerine (%94.64) olduk¢a yakin oldugu gorilmektedir. Calismada belirlenen findik
numuneleri yag oranlarinin Sengil (2019)’tin Tombul findikta tespit ettigi yag miktarina (%51.42-
62.35) yakin, Gunes vd. (2010)'nin Tombul findik ¢esidinde bulduklari yag miktarindan ise (%64.11)
disik oldugu gorilmektedir.

Kuru madde ve yag miktarlarinda oldugu gibi serbest yag asitligi ve peroksit sayilarinin da kiilleme
hastaliginin miicadelesine bagl olarak degismedigi gorilmektedir. Calismada belirlenen peroksit
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sayilarinin Sengiil (2019) tn taze findik yaginda saptadigi peroksit sayisindan (1.30-1.86 meq O, kg™)
yiksek oldugu, bunun nedeninin de adi depolama kosullarina bagh oksidatif bozulmalar oldugu
distnilmektedir. Calismada bulunan serbest yag asitligi degerlerinin ise Sengil (2019) ile Kesen vd.
(2016)'nin Tombul findik yagina ait ¢alisma bulgularina (%1.37) benzer oldugu gérilmastar.

Calismada incelenen diger parametrelerden biri olan yag asitlerinin (linoleik asit harig) kiilleme
hastaliginin micadelesine bagh olarak degismedigi gorilmektedir. Calismada incelenen findik
numunelerinde tespit edilen oleik asit miktarinin Kéksal vd. (2006)'nin Tombul findikta bulduklari
oleik asit miktarina (%77.80) benzer, Sengil (2019)'lin Tombul findikta tespit ettigi oleik asit
miktarindan ise (%85.41-86.89) daha kiicik oldugu gorilmektedir. Calismada incelenen findik
numunelerinde tespit edilen linoleik asit miktarinin Karaosmanoglu (2018)’nun Tombul findikta tespit
ettigi linoleik asit miktarina (%9.5-10.01) benzer, Sengll (2019)’'Gin Tombul findikta tespit ettigi
linoleik asit miktarindan ise (%6.33-7.43) daha yiiksek oldugu gorilmektedir.

Toplam antioksidan kapasitesinin de calismada incelenen diger parametrelerde oldugu gibi killeme
hastaliginin  micadelesine bagh olarak degismedigi gortlmektedir. Literatir verileri ile
karsilastirildiginda elde edilen verilerin Sengiil (2019)’tin ¢alismasindan (0.19 ile 0.48 mmol L™ TE)
daha yiiksek oldugu gorilmektedir.

Calisma sonucunda killeme hastaligina karsi miicadele yapilan ve yapilmayan bahgelerden alinan
orneklerin uzun siire depolama kosullarinda, incelenen ¢ogu 6zellik acisindan farklilik gostermedigi
tespit edilmistir. Ancak bu konu Uzerinde farkli kosullarda benzer c¢alismalar yiratilmesi,
karsilastirmalar yaparak daha kesin yargiya varmak igin yararli olacaktir.
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