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Aims: Quinoa (Chenopodium quinoa Willd.) is very popular among the
pseudocereals and its cultivation is increasing day by day in Turkey. This
plant species is a plant that stands out with its resistance to abiotic stress
conditions. This study was carried out to evaluate the germination and
early seedling growth of some quinoa cadmium stress (sterile distilled
water/control, 75, 150, 225, 300 and 375 mg L%).

Methods and Results: The experiment was established in the randomized
plots with 4 replications under laboratory conditions and the statistical
analysis was performed according to the factorial arrangement. At the end
of the experiment, germination ratio (GR), germination index (Gl) and
mean germination time (MGT) were calculated. Root and shoot length and
fresh weight were measured on the developing seedlings. Genotype x
Dose interactions were found to be significant for all features except GR
parameter. Genotype and dose main factors were found to be important
for GR. When we evaluated the germination parameters, as the heavy
metal doses increased, GR decreased, Gl fluctuated, and MGT decreased.
When we examined the first seedling growth parameters, shoot and root
length and fresh weight decreased as the heavy metal dose increased.
Conclusions: All quinoa genotypes evaluated according to the results of
this study were tolerant to 75 and 150 mg L'*doses of cadmium, while they
were sensitive to doses above 150 mg LY. Among the genotypes, the most
tolerant genotype was determined as Cherry Vanilla.

Significance and Impact of the Study: It has been determined that the
quinoa plant can be included in cultivation systems using soils and
irrigation water contaminated with cadmium up to 150 mg L.

Atif / Citation: Aygiin YZ, Atis i, Ertekin i (2022) Kadmiyum stresi (CdCl2) altinda farkl kinoa (Chenopodium quinoa Willd.)
genotiplerinin ¢cimlenme ve ilk fide gelisimi. MKU. Tar. Bil. Derg. 27(1) : 1-8. DOI: 10.37908/mkutbd.1006493

GiRiS

Tahil ve tahillardan elde edilen Uriinlerin icerdigi glliten
sebebiyle ince bagirsakta gorilen lezyonlar olarak
tanimlanabilen ¢o6lyak hastaliginda klinik dizelmeler
gliitensiz diyetle saglanabilmektedir (Yonal ve Ozdil,
2014). Colyak hastaligi sebebiyle gliiten icermeyen gida
ve kozmetik Urlinlerine yonelim artmistir. Bu hususta

ozellikle son yillarda yalanci tahillara (pseudocereal) olan
ilgi artmistir. Yalanci tahillar igerisinde amarant
(Amaranthus viridis), tef (Eragrostis tef [Zucc.] Trotter),
chia (Salvia hispanica) ve kinoa (Chenopodium quinoa
Willd.) ozellikle besleyicilikleri  sebebiyle ¢okga
tiketilmeye baslanmistir.

Yalanci tahillar igerisinde yer alan kinoa son yillarda
olduk¢a popiler olup artan bir sekilde gida olarak
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kullanilmaktadir. Protein, karbonhidrat, fitosteroid,
Omega-3 ve 6 yag asitleri, mineraller ve vitaminler gibi
onemli besin maddelerini dengeli sekilde ihtiva eden
kinoa ayni zamanda saponinler ve fitik asit gibi anti-
besinsel maddeler icermektedir (Demir ve Kiling, 2016).
Bitkilerin ihtiva ettigi besin maddeleri kalitimsal bir
durum olmakla beraber yetistiricilik sartlari ile besin
degerlerinde degisiklik gozlenebilmektedir. Ozellikle
topraktaki bitki besin elementleri kompozisyonu bitki
blylime ve gelismesini etkilerken bitki blinyesinde
bulunan organik ve inorganik maddelerin miktar ve
oraninda degisiklige sebep olabilmektedir.

Bitkilerde ¢cimlenme, bliyime ve gelisme agisindan besin
elementleri kadar toksik etki gdsteren maddelerin
miktari da ©nemlidir. Bunlarin en bilinenleri agir
metallerdir. Agir metaller igin bitkilerde gozlenen
tolerans sistemleri ise hiicre duvarina metalin
baglanmasi, koklerde tutularak diger vejetatif aksama
ulasmasinin engellenmesi, vakuollerde muhafaza ve
selatlamadir (Oktiiren-Asri ve Sénmez, 2006). Agir
metallere karsi tlirlerin ve hatta gesitlerin toleranslari
farkhlik gosterebilmektedir (Ertekin ve ark., 2020). Bu,
turlerin fizyolojik normlarinin genetik olarak farklilik
gostermesi esasina dayanmaktadir (Haktanir ve Arcak,
1998). Agir metal stresi altinda bitki bliyiime ve gelismesi
yavaslayabilir veya durabilir. Ozellikle cimlenme ve cikis

déneminde bitkiler stres kosullarina oldukg¢a hassasiyet
gostermektedir. Toprak igin en mihim kirletici olan agir
metaller (Seven ve ark., 2018) hava kirliligi neticesinde
dahi bitkilerde birikime sebep olmakta (Sert ve ark. 2019)
ve tarim topraklari icin blyik bir tehdit olusturmaktadir.
Tarim alanlarinda bulunmasi muhtemel agir metallerden
biri kadmiyumdur. Clinkii kadmiyum fosforlu glibrelerde
bulunurken ayni zamanda enddstriyel istigal ve lagim
atiklari yolu ile de topraga karisabilmektedir (Haktanir,
1987). Nitekim Cevre, Sehircilik ve iklim Degisikligi
Bakanligi'nin tarimsal kaynakli girdilerin sebep oldugu
agir metal kirliligine karsi c¢esitli  yonetmelikleri
bulunmaktadir.

Bu calismada farkh agir metal yogunlugu altinda bazi
kinoa genotiplerinin ¢cimlenme 6zellikleri incelenmistir.

MATERYAL ve YONTEM

Calismada bitki materyali olarak Chenopodium quinoa
Willd. tirtine ait 5 genotipin tohumlari (Cherry Vanilla
(G1), French Vanilla (G2), Mint Vanilla (G3), Red Head
(G4) ve Titicaca (G5)) kullanilmistir. Tohumlar 2020
yihinda Amik Ovasi kosullarinda esit yetistiricilik sartlari
altinda dretilmistir. Kullanilan genotiplere ait bazi bilgiler
Cizelge 1'de paylasiimistir.

Cizelge 1. Arastirmada kullanilmis olan kinoa genotipleri ve bu genotiplere ait bazi bilgiler
Table 1. Quinoa genotypes used in the study and some information about these genotypes

No Genotip Orjin Fenotipik Tohum Rengi
Gl  Cherry Vanilla USA Beyaz

G2  French Vanilla USA Krem-Beyaz

G3  Mint Vanilla USA Parlak-Beyaz

G4  Read Head USA Beyaz

G5  Titicaca Danimarka Beyaz

Farklh kinoa genotiplerinde ¢imlenme ve erken fide
gelisimi doneminde agir metal stresinin etkisini gormek
icin farkli kadmiyum (CdCl,) dozlari kullaniimistir. Bu
amagla her bir genotipe 6 farkli agir metal dizeyi
uygulanmustir (steril saf su, 75, 150, 225, 300 ve 375 mg
LY). Tim cozeltiler steril saf su ile hazirlanmistir.
Calismada c¢imlenme ortami olarak 9 cm c¢aph cam
petriler kullanilmistir ve her bir petriye cift kath filtre
kagidi Gzerine 10 mm sollisyon uygulandiktan sonra 50
adet tohum vyerlestirilmis ve parafilm ile kapatiimistir.
Tohum ylzeyinde olusabilecek patojen
kontaminasyonunun 06niine gecebilmek igin yizey
sterilizasyonu %1’lik ticari sodyum hipoklorit (NaClO) ile
10 dakika muamele edilerek yapilmistir. Yizey
sterilizasyonu vyapilan tohumlarin kimyasal bulasigini

temizlemek icin tohumlar steril saf su ile 5 kez
durulanmistir. Petriler cimlenme ve erken fide dénemini
temsil edecegi zaman olarak diistinilen 10 giinlik stre
zarfi boyunca 25 °C'de %70 oransal nemde ¢imlenme
kabininde tutulmustur (ISTA, 1996). Cimlenme
tamamlanincaya kadar gecen sire zarfinda petriler
karanhk  kosullarda  bekletiimis ve ¢imlenme
tamamlandiktan sonra 8 saat gece 16 saat giindiiz olacak
sekilde fotoperiyot uygulanmistir. Cimlendirme ve ilk
fide gelisimi siiresi boyunca herhangi bir besin maddesi
ilavesi yapilmamistir.

ilk 4 giin boyunca, her 12 saatte ¢imlenen tohumlar
(radikula 2 mm uzamissa tohum c¢imlenmis sayilmis)
sayilarak ¢cimlenme orani (CO), cimlenme indeksi (Ci) ve
ortalama ¢imlenme siiresi (OCS) hesaplanmistir (Ellis ve
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Roberts, 1980). 4. ginin sonunda ¢imlenme oranlari
(CO) 10. glin sonunda kok ve sirglin uzunlugu milimetre
(mm) olarak, yas agirliklari miligram (mg) cinsinden
OlglImastir.

Elde edilen degerler SAS JMP istatistik paket programi
kullanilarak varyans analizine tabi tutulmustur. Onemli
bulunan tim 6zelliklere %5 6nem seviyesinde Tukey ikili
karsilastirma testi uygulanmistir.

BULGULAR ve TARTISMA

Bulgular incelendiginde hem farkli genotiplerin hem de
farkh kadmiyum dozlarinin tim bagimh degiskenler
Uzerinde etkisinin 6nemli oldugu belirlenmistir (Cizelge
2). Ayrica her iki faktoriin interaksiyonu cimlenme orani
disinda diger faktorler Uzerinde istatistiksel olarak
onemli bulunmustur.

Cizelge 2. Faktorlerin tim degiskenler lGzerindeki etkisi ve tanimlayici istatistikler
Table 2. Effect of factors on all variables and descriptive statistics

Cimlenme Cimlenme Ortalama gimlenme Surgin Kok Yas agirlik

orani (%) indeksi suresi (gin) Uzunlugu (mm) Uzunlugu (mm) (mg 10bitki?)
Genotip 21.96%** 19.81*** 3.49* 5.25%** 5.06** 8.24***
Doz 41.13*** 16.82*** 11.44%** 255.49%*** 658.38*** 158.54***
Genotip x Doz 1.246d 2.76%** 7.42%%* 2.62%* 4.85%** 2.20**
SEM 1.25 0.58 0.02 0.66 0.56 2.68

6d-6nemli degil (non-significant); *p<0.05; **p<0.01; ***p<0.001.

Genotip ve doz faktérlerine bagh olarak c¢imlenme
oranlarina ait ortalama karsilastirma testi sonucunda
olusan gruplar Cizelge 3’te verilmistir. Cimlenme orani
yoniinden en yliksek sonucu veren genotip %69.92 ile G2
genotipi olmustur. Bu degeri takiben %69.33 ¢imlenme
oraniile G1 ve G4 genotipleri de G2 ile istatistiksel olarak
ayni grupta yer almistir. G3 genotipi %54.50 ile en disik
cimlenme oranina sahip genotip olmustur.

Kadmiyum uygulamalarinin kinoada c¢imlenme orani
Uzerine etkisi incelendiginde (Cizelge 3) en yliksek oran
(%79.30) hi¢ kadmiyum uygulamasi yapilmayan
kosullarda (kontrol) elde edilmistir. En disiik kadmiyum
dozu olan 75 mg Ltise kontrol grubuna gére daha disiik
sonug verse de bu disls istatistiksel olarak anlamlh
bulunmamistir. Bu durum, kinoanin 75 mg L*kadmiyum
dozuna kadar g¢imlenme oraninda énemli bir dustsin
olmadigini gostermektedir. 225, 300 ve 375 mg L

kadmiyum dozlari ise c¢imlenme orani (zerinde
birbirlerine kiyasla farkliik goéstermemistir (Cizelge 3).
Akar ve Atis (2019) kirmizi yumakta artan kadmiyum
dozlarina bagh olarak c¢imlenme oraninin azaldigini
belirlemislerdir. Ayni sekilde Akar ve Atis (2018) cok yillik
¢im bitkisinde kadmiyum stresi arttikca ¢imlenmenin
azaldigini rapor etmislerdir. Ayhan ve ark. (2007) misirda
artan kadmiyum dozlarina bagh olarak c¢imlenme
oraninda onemli bir  degisikligin olmadigini
bildirmislerdir. Ertekin ve ark. (2020) sorgumda yine
artan kadmiyum dozlarina bagl olarak ¢imlenme
oraninda 6nemli bir degisikligin olmadigini rapor
etmigslerdir. Yapilan g¢alismalardan goéruldigi Uzere;
farkli kadmiyum dozlari, kullanilan bitki tirl ve
cesitlerine bagl olarak g¢imlenme oranlari da farklilik
gostermektedir.

Cizelge 3. Cimlenme orani (%) yoniinden ortalamalarin karsilastiriimasi

Table 3. Comparison of means in terms of germination rate

G1 G2 G3 G4 G5 Ort.

Kontrol 82.00£1.15 84.00£2.83 67.00£7.68 83.0043.11 80.5+0.50 79.30£2.13 A"
75 73.00+1.00 83.00£1.91 65.50+2.87 70.50£3.59 71.5+0.96 72.70+1.60 AB
150 76.00+5.35 73.00+2.65 62.50£3.30 73.50+4.27 57.5%£3.50 68.50+2.27 B
225 66.00+1.41 63.5+5.50 50.50+4.35 62.50+4.65 50.00£2.16 58.50+2.21C
300 60.50+1.26 63.00+3.70 42.50+5.38 64.50£2.22 50.00+3.46 56.10+2.39C
375 58.50+6.40 53.00+4.65 39.00+4.65 62.00+1.41 48.00+1.83 52.10+2.51C
Ort. 69.33£2.17 A* 69.92+2.7 A 54.50+2.93 B 69.33+1.97 A 59.58+2.69 B

* Ayni siitun igerisinde farkl biiyiik harflerle gésterilen ortalamalar birbirinden farkhdir.
* Ayni satir icerisinde farkl bliyiik harflerle gosterilen ortalamalar birbirinden farklidir.

Cimlenme indeksi yoniinden en yliksek deger 37.42 ile
G2 genotipine 75 mg Lkadmiyum uygulanmasinda, en
disik deger ise 17.64 ile G3 genotipine 375 mg L

lkadmiyum uygulanmasinda belirlenmistir (Cizelge 4).
Kadmiyum ile muamele edilmedigi takdirde G1, G2 ve G4
genotipleri digerlerine nispeten daha yliksek ¢imlenme
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indeksine sahiptirler. G2 genotipi 150 mg L*kadmiyum
dozuna kadar bu kararlihgini korumus fakat bir sonraki
doz artisi keskin bir dusls ile sonuglanmistir. Her bir
kadmiyum seviyesi icinde genotipler ayri ayri
incelendiginde 75 mg L'*dozu hari¢ en yiiksek ¢cimlenme
indeksi degerleri G1 genotipinden elde edilmistir. Genel

olarak tiim genotiplerin artan kadmiyum dozlarina karsi
¢imlenme indeksi degerleri birbirinden farkh sonug
vermistir. Nitekim Ayhan ve ark. (2007) misir bitkisinde
ve Ertekin ve ark. (2020) sorgum bitkisinde benzer
sonuglari rapor etmislerdir.

Cizelge 4. Cimlenme indeksi yoniinden ortalamalarin karsilastiriimasi
Table 4. Comparison of means in terms of germination index

G1 G2 G3 G4 G5 Ort.

Kontrol 37.03+1.70 abc™  37.15+2.34 ab 22.23+4.07 efg 32.53+2.19a-e  31.66+0.50 a-e 32.12+1.58 A"
75 32.03+1.12 a-e 37.42+1.71a 28.13+1.53 a-g 28.13+1.78a-g  27.90+0.93 a-g 30.72+1.02 A
150 33.25+1.94a-d  29.00%1.14 a-f 25.01+1.78 d-g 32.13+1.68a-e  25.39+2.78d-g 28.96+1.09 A
225 31.13+0.80 a-e 19.18+1.68 fg 23.27+1.97 d-g 26.26+1.29 d-g 19.01+0.54 fg 23.77+1.18B
300 26.36+1.92 c-g 30.5+1.95 a-e 19.15+1.97 fg 26.50+1.02b-g  22.25+1.96 efg 24.95+1.15B
375 26.2633.40d-g  26.00+2.80 d-g 17.64+3.11¢g 28.00£0.84a-g  23.25+0.48 d-g 24.23+1.28 B
Ort. 31.01+1.07 A* 29.87+1.51 A 22.57+1.18B 28.92+0.76 A 24.91+1.00 B

** Farkl kiiglik harflerle gésterilen degerler birbirinden farkhidir.

* Ayni siitun igerisinde farkli biiyiik harflerle gsterilen ortalamalar birbirinden farkhidir.
* Ayni satir icerisinde farkh biiylik harflerle gésterilen ortalamalar birbirinden farklidir.

Ortalama cimlenme siiresi degerleri incelendiginde ise
G1 genotipi artan kadmiyum dozlarindan etkilenmemis
ve gozlenen degisimler istatistiksel olarak anlamlh
bulunmamistir. Bu durum diger genotipler igin gegerli

kadmiyum muamelesinden elde edilmistir (Cizelge 5).
Benzer sekilde Verma ve Dubey (2003) ve Gyawali ve
Lekhak (2006) yapmis olduklari cimlenme asamasindaki
agir metal stresi calismalarinda ortalama c¢imlenme

degildir ve kadmiyum dozlarindaki degisimle birlikte siresinin artan agir metal dozunda dalgalanma
ortalama cimlenme siirelerinde bir dalgalanma meydana gosterdigini  bildirmislerdir. Bununla birlikte doz
gelmistir. En uzun cimlenme siiresi 1.72 giin ile G3 ortalamalari  degerlendirildiginde artan kadmiyum
genotipinin kontrol uygulamasinda, en kisa ¢gimlenme dozlarinin daha hizh ¢imlenmeye neden oldugu
siresi ise 1.05 giin ile G2 genotipinde 375 mg L soylenebilir.

Cizelge 5. Ortalama ¢imlenme siresi (glin) yoninden ortalamalarin karsilastiriimasi
Table 5. Comparison of means in terms of average germination time (day)

G1 G2 G3 G4 G5 Ort.
Kontrol 1.20+0.06 c-f** 1.24+0.05 c-f 1.72+0.10 ab 1.44+0.06 bed 1.43+0.03 bcd 1.40+0.05 A"
75 1.25+0.06 c-f 1.20+0.05 c-f 1.28+0.02 c-f 1.40+0.06 b-e 1.44+0.04 bcd 1.32+0.03 AB
150 1.24+0.04 c-f 1.41+0.06 bcd 1.40+0.04 b-e 1.25+0.05 c-f 1.2540.10 c-f 1.31+0.03 AB
225 1.11+0.04 def 1.80+0.10 a 1.16+0.01 c-f 1.31+0.05 c-f 1.48+0.02 abc 1.37+0.06 A
300 1.2740.11 c-f 1.07+0.02 ef 1.18+0.08 c-f 1.36+0.02 c-f 1.2240.07 c-f 1.22+0.03 BC
375 1.21+0.05 c-f 1.05+0.05 f 1.2440.13 c-f 1.19+0.02 c-f 1.06+0.04 f 1.15+0.03 C
Ort. 1.21+0.03 B* 1.29+0.06 AB 1.33+0.05 A 1.33+0.02 A 1.31+0.04 AB

** Farkl kiiglik harflerle gésterilen degerler birbirinden farklidir.

* Ayni siitun igerisinde farkl biiyiik harflerle gdsterilen ortalamalar birbirinden farkhdir.
* Ayni satir icerisinde farkli blyik harflerle gosterilen ortalamalar birbirinden farkhidir.

Surglin uzunlugu yoniinden en ylksek degere (29.15
mm) G4 genotipinin kontrol grubunda ulasiimistir. En
disuk strglin uzunlugu ise 2.95 mm ile G5 genotipine
375 mg Lkadmiyum uygulanmasi sonucu ortaya
cikmistir (Cizelge 6). Her bir kadmiyum dozu igin
genotipler birbirlerinden farkh hassasiyet gosterseler de
genellikle artan kadmiyum dozlari tiim genotipler igin
sirglin uzunlugunda distse neden olmuslardir. G5

cesidi, 75 mg LYden sonraki kadmiyum dozlarinda
slirglin uzunlugu yoniinden keskin distsler gbéstermis ve
artan dozlarda diger genotiplerin gerisinde seyretmistir.
Nitekim cesitli bitkiler izerinde yapilan birgok ¢alismada
¢imlenme ortamindaki artan agir metal stresine bagh
olarak bitkilerin sirglin uzunluklarinin énemli derece
kisitlandigi bildirilmistir (Beri ve Setia, 1995; Mishra ve
Choudhuri, 1998; Peralta ve ark., 2001; Verma ve Dubey,
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2003; Dabhi ve ark., 2005; Gyawali ve Lekhak, 2006;
Ayhan ve ark., 2007; Akar, 2017; Ertekin, 2018, Ertekin

ve Bilgen, 2021).

Cizelge 6. Slirglin uzunlugu (mm) yoniinden ortalamalarin karsilastiriimasi
Table 6. Comparison of means in terms of shoot length

G1 G2 G3 G4 G5 Ort.

Kontrol 27.93+2.44 3" 24.80+1.55 ab 20.80+0.92 bc 29.15+1.60 a 23.50+1.31 ab 25.24+0.95 A"
75 12.380.62 d-g 15.85+0.45 cd 13.73#1.55 de 14.05+1.88 de 13.95+1.28 de 13.99+0.57 B
150 9.30+0.83 e-h 12.53+0.82 def  10.25#1.09 d-h 10.43+0.73 d-h 9.7040.56 e-h 10.44+0.42 C
225 8.08+1.12 e-i 8.78+1.04 e-i 9.10+1.24 e-h 8.40+0.47 e-i 6.00+0.80 hi 8.07+0.46 D
300 6.48+0.94 f-i 7.10+1.20 f-i 6.78+1.16 f-i 6.70+0.93 f-i 4.43+0.19 hi 6.30+0.44 DE
375 6.23+1.01 h-i 6.28+1.09 ghi 6.78+0.76 f-i 4.63+0.53 h-i 2.95+0.25 i 5.37+0.45 E
Ort. 11.73+1.64 AB* 12.55+1.39 A 11.24+1.10 AB 12.23+1.74 A 10.09+1.49 B

** Farkli kiiclik harflerle gosterilen degerler birbirinden farklidir.

* Ayni siitun igerisinde farkli biiyiik harflerle gsterilen ortalamalar birbirinden farkhidir.
* Ayni satir icerisinde farkh biiylik harflerle gésterilen ortalamalar birbirinden farklidir.

K6k uzunlugu yoniinden en yliksek deger 25.40 mm ile
G2 genotipinin kontrol uygulamasindan, en dusik deger
ise 3.28 mm ile G5 genotipinin 375 mg L
luygulamasindan elde edilmistir. Tim genotipler icin
kontrol grubundan 225 mg L'kadmiyum uygulamasina
kadar kok uzunlugunda keskin disisler gorilirken
ilerleyen dozlarda genotiplerin hassasiyeti azalmis ve
dislslerin ~ 6dnemsenmeyecek  dizeyde olduklar
gdzlenmistir. 300 ve 375 mg Lkadmiyum uygulamalar
hicbir genotipte anlamli bir farklihk olusturmazken ayni

zamanda tim genotiplerde bu iki doz birbirleri arasinda
farkhlik gostermemistir (Cizelge 7). Bu calismadan elde
edilen sonuclara benzer sekilde Akar ve Atis (2019), artan
kadmiyum dozunun kirmizi yumak bitkisinde kontrole
kiyasla kok wuzunlugunu onemli derece azalttigini
bildirmistir. Ayrica yine bazi arastiricilar tarafindan
kadmiyumun kok gelisimi Uzerine olan zararli etkileri
cesitli calismalarda rapor edilmistir (Erdogan, 2005;
Muhammad ve ark., 2008; Akinci ve Akinci, 2011; Shao
ve ark., 2011).

Cizelge 7. K6k uzunlugu (mm) yoniinden ortalamalarin karsilastiriimasi

Table 7. Comparison of means in terms of root length

G1 G2 G3 G4 G5 Ort.
Kontrol 19.40+1.03 b™* 25.40%0.39 a 18.83+1.32 b 20.33t1.76 b 19.50+0.89 b 20.69+0.72 A’
75 13.13+0.35 ¢ 12.100.64 ¢ 12.33+0.43 ¢ 12.48+0.26 ¢ 11.20%0.29 cd 12.25+0.22 B
150 8.48+0.39 de 6.28+0.61 efg 6.95+0.49 ef 6.93+0.36 efg 5.98+0.49 efg 6.92+0.27 C
225 6.28+0.45 efg 4.70£0.07 fg 5.95+0.29 efg 4.73+0.35 fg 4.58+0.15 fg 5.25+0.20 D
300 4.50£0.27 fg 4.5510.31 fg 4.48+0.29 fg 4.3310.20 fg 4.4010.16 fg 4.45+0.10 DE
375 3.93+0.05 fg 3.98+0.13 fg 4.40+0.27 fg 3.80:0.17 g 3.28+0.21¢g 3.88+0.11E
Ort. 9.28+1.15 A* 9.50+1.60 A 8.82+1.11 AB 8.76+1.27 AB 8.15+1.20 B

** Farkli kiictik harflerle gdsterilen degerler birbirinden farkhdir.
* Ayni siitun igerisinde farkl biiyiik harflerle gsterilen ortalamalar birbirinden farkhdir.
* Ayni satir icerisinde farkh biylik harflerle gésterilen ortalamalar birbirinden farklidir.
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Yas agirlik yoniinden en ylksek deger 127.33 mg ile G5
genotipinin kontrol uygulamasindan elde edilmistir
(Cizelge 8). Bu deger G2 genotipinin kontrol grubu ile
ayni istatistiksel gruba girmistir ancak G2 genotipi 150
mg Lldozuna kadar diger genotiplerden daha yiksek
degerler gostermistir. Kadmiyum dozlarindaki artisa
bagh olarak yas agirlik yéniinden genotipler arasinda da
farkhliklar tespit edilmistir. Bu farklihk 375 mg L
'dozunda son bulmus ve tiim genotipler birbirlerine
yakin sonuglar vermistir. En disuk yas agirlik sonucu ise
28.83 mgile G3 cesidine uygulanan 375 mg L™*kadmiyum
dozu uygulamasinda elde edilmistir. G1, G2 ve G5

genotipleri 225 mg L'*kadmiyum dozundan sonraki hicbir
dozdan etkilenmemistir. Ancak diger genotipler bu
degerin lzerindeki dozlara hassasiyet gostermisler ve yas
agirhiklarinda o6nemli  degisiklikler gdzlemlenmistir
(Cizelge 8). Genellikle kadmiyum dozlarindaki artis tim
genotiplerde yas agirhg azaltici yonde etki etmistir. Bu
calismadan elde edilen bulgulara benzer sekilde, misir,
cemen, geltik ve sorgumda fide gelisim asamasinda artan
agir metal dozlari ile birlikte fide yas agirliginin ciddi
sekilde olumsuz etkilendigi cesitli arastirmalar ile birlikte
rapor edilmistir (Dabhi ve ark., 2005; Gyewali ve Lekhak,
2006; Aycicek ve ark., 2008; Ertekin ve ark., 2020).

Cizelge 8. Yas agirlik (mg) yoniinden ortalamalarin karsilastiriimasi

Table 8. Comparison of the means in terms of fresh weight

G1 G2 G3 G4 G5 Ort.

Kontrol 107.95+6.71abc’™  122.70+11.19ab  93.65#9.14b-e  94.00+2.98 b-e  127.33+11.56a  109.13+4.78 A’
75 64.30+7.12 e-h 96.13+8.12 bed 80.38+4.64 c-f  82.28+5.83cf  94.58+2.12bcd  83.53+3.54 B
150 54.05+4.37 f-j 72.2049.13d-g  64.45+5.60 e-h  67.35%2.52d-g  61.23+5.39 f-i 63.86+2.70 C
225 42.48+3.40 g-j 44.80+1.06 g-j 46.50+3.42g-j  48.15+4.57 g-j 46.33+2.96g-j  45.65+1.38D
300 35.55+4.96 hij 44.18+4.74 g-j 33.28+2.40 ij 45.03+2.93 g-j 46.53+1.45g-j  40.91+1.88 DE
375 33.58+4.16 ij 35.50+2.92 hij 28.83+2.69 34.68+2.46 hij 36.85+2.68 hij 33.89+1.36 E
Ort. 56.32+5.63 B* 69.25+7.06 A 57.85+5.31 B 61.91+4.62 AB 68.8+6.98 A

" Farkli kiiclik harflerle gdsterilen degerler birbirinden farklidir.

* Ayni siitun igerisinde farkli biyiik harflerle gdsterilen ortalamalar birbirinden farklidir.
* Ayni satir icerisinde farkli blytk harflerle gosterilen ortalamalar birbirinden farklidir.

Bu calismada, farkh kadmiyum stresine maruz birakilan
kinoa genotiplerinin ¢imlenme ve erken fide gelisimi
oOzelliklerinin arastirildigi bu c¢alismadan elde edilen
sonuglara goére, kinoa genotipleri arasinda kadmiyum
strsine karsi en toleransh genotip Cherry Vanilla (G1)
olarak tespit edilmistir. Ayrica kullanilan kinoa
genotiplerinin 150 mg Lkadmiyum dozuna kadar
dayanim goésterdigi belirlenmistir. 150 mg L'Yden daha
yuksek seviyelerdeki kadmiyum dozlarinin ¢cimlenme ve
fide gelisimini olumsuz etkiledigi bulunmustur.

OzZET

Amag: Yalanci tahillar arasinda yer alan kinoa
(Chenopodium quinoa Willd.) olduk¢a popilerdir ve
Tirkiye’de her gecen giin yetistiriciligi artmaktadir. Bu
bitki tlirl abiyotik stress kosullarina dayanikh olmasi ile
on plandadir. Bu c¢alisma bazi kinoa genotiplerinin
(Cherry Vanilla, Mint Vanilla, French Vanilla, Red Head ve
Titicaca) farkli kadmiyum (CdCl,) dozlarina (steril saf
su/kontrol, 75, 150, 225, 300 ve 375 mg L%) karsi
¢imlenme ve ilk fide gelisimi asamasinda ki tepkilerini
degerlendirmek i¢in ylritilmustar.

Yontem ve Bulgular: Deneme laboratuvar sartlarinda 4
tekrarlamali olarak tesadif parsellerinde kurulmus ve

istatistik analizi faktoriyel dizene gore yapilmistir.
Deneme sonunda ¢imlenme orani (CO), c¢imlenme
indeksi (Ci) ve ortalama c¢imlenme siiresi (OCS)
hesaplanmistir. Gelisen fideler lzerinde kdk ve sirgilin
uzunlugu ile yas agirliklari 6lgclilmuistir. CO ozelligi
disinda tiim 6zellikler icin Genotip x Doz interaksiyonlari
onemli bulunmustur. CO icin genotip ve doz ana
faktorleri 6nemli ¢ikmistir. Cimlenme parametrelerini
degerlendirdigimiz zaman, agir metal dozlari arttikca CO
diismiis, Ci dalgalanma gostermis, OCS ise dusis
gostermistir.  ilk  fide gelisimi  parametrelerini
inceledigimizde agir metal dozu arttikg¢a sirglin ve kok
uzunlugu ile yas agirlik dlistis gostermistir.

Genel Yorum: Bu calismanin sonuglarina gore
degerlendirilen tiim kinoa genotipleri 75 ve 150 mg L
'dozundaki kadmiyum  stresine karsi toleransli
bulunurken, 150 mM dozunun {zerindeki dozlara
hassasiyet gostermislerdir. Genotipler arasinda en
toleransli genotip Cherry Vanilla olarak belirlenmistir.
Calismanin Onemi ve Etkisi: Ozellikle 150 mg L'"e kadar
kadmiyum ile kontamine olmus topraklar ve sulama suyu
kullanilan yetistiricilik sistemlerine kinoa bitkisinin dahil
edilebilecegi belirlenmistir.
Anahtar Kelimeler: Agir
¢imlenme, ilk fide gelisimi.

metal, kadmiyum, kinoa,
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CIKAR CATISMA BEYANI
Yazarlar ¢alisma konusunda ¢ikar
olmadigini beyan eder.

¢atismasinin

ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar galismaya esit oranda katki saglamis olduklarini
beyan eder.
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Aims: The purpose of this study is to evaluate technological properties
and probiotics potential of lactic acid bacteria (LAB) isolated from 15 raw
milk Turkish Beyaz fresh cheese made in the Kilis region, Turkey.
Methods and Results: 287 colonies from 15 cheese samples were
selected and 91 of them were analyzed as Gram-positive and catalase-
negative. 19 strains of 91 colonies were accepted as potential probiotics
since they stayed alive in pH 3.5 and 0.3% bile salt. They were identified
as Lactobacillus sp. (11 strains), Leuconostoc sp. (3 strains), Streptococcus
sp. (2 strains), Lactococcus sp. (2 strains), and Enterococcus sp. (1 strain)
by biochemical tests and API test kit. It was determined that 19 strains
with high acidification rate, 15 strains demonstrated weak proteolytic
activity, 3 ones moderate, and 1 strong proteolytic activity. It was
determined that 1 of the strains were resistant to chloramphenicol, 2 to
tetracycline, and 6 to vancomycin. No strains resistant to penicillin and
erythromycin could be detected. In the artificial gastric juice resistance
test, although no viability was detected at pH 2.0. But it was determined
that the viability values varied between 89.49-111.79% at pH 3.0. Also,
these strains showed growth at bile salt. According to plasmid profiles of
strains, 13 of 19 potential probiotic strains were determined to have
plasmid DNA in the range of 1-5, while other strains were determined to
not have plasmid DNA. The molecular sizes of the plasmid DNA of the
isolated strains ranged from 2-16 kb.

Conclusions: In the research, it was determined that LABs isolated from
Turkish white fresh cheese produced in Kilis have probiotic potential and
can be used as starters in various fermented foods.

Significance and Impact of the Study: According to the results obtained,
it was concluded that some strains can be used as probiotic starter
culture in cheese production and others can be used for ripening of
cheese.

Atif / Citation: Saglam H, Ucan Turkmen F (2022) Determination of technological properties and probiotic potential of lactic
acid bacteria isolated from Turkish beyaz fresh cheeses sold in the Kilis region. Turkey. MKU. J. Agric. Sci.
27(1) : 9-17. DOI: 10.37908/mkutbd.982711

INTRODUCTION intestinal flora and activate the immune system when a
sufficient amount is taken by humans and animals. A
Probiotics are defined as living microorganisms that bacterium to be used as a probiotic; should maintain a

provide beneficial effects on health as benefit the high level of viability in the host's adverse conditions
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(acid, bile salts), for example, in the gastrointestinal
tract. In addition, the starter and probiotic bacteria
cultures should be resistant to some antibiotics that are
thought to adversely affect the growth of culture and
are widely used in the clinic (Basyigit, 2004).

For a microorganism to display its probiotic properties,
it must be passed through the acidic medium (pH 1.5-
3.0) of the stomach and reach the intestines. Therefore,
it is most important in the selection of probiotic
microorganisms resistant to acid (Dunne et al., 1999)
and to bile salts (Basyigit, 2004; Lee and Mahmoudi et
al., 2021; Salminen, 1995; Pouwels and Leer, 1993).
Living microorganisms that are considered as probiotics
are made of both bacteria and yeast. Common
probiotic bacteria can include Lactobacillus spp. and
Bifidobacterium spp. They are the natural flora of the
gut microbiota and are the most studied and widely
used bacteria in the probiotic field (Kaur and Das,
2011).

LAB are used in the production and maturation of many
dairy products, especially cheese, as well as in
fermented foods prepared from raw materials such as
cereals, vegetables, fruits, meat, etc. Many factors are
effective in determining the technological properties of
LAB; growth temperature, development at low pH
values, reproduction at high salt concentrations, and
proteolytic activity. Strains, whose proteolytic activity is
above 50 ul mL? tyrosine, cause high protein residues
and amino acids, thus causing the development of
bitter taste and thus not preferred in Turkish Beyaz
fresh cheese production as a starter culture. In general,
it is stated that the proteolytic activities of LAB are
considered weak (Ertekin and Con, 2014; Mohammed
and Con, 2021).

No studies on LAB isolation from food products
produced in and around Kilis have been found. In Kilis,
some cheeses are produced from raw milk and
therefore have a rich LAB content.

The determination of probiotic and some technological
properties of LABs are important in terms of knowing
the characteristics of the cultures to be used as a
starter culture. This way, it is possible to obtain cultures
that were not previously isolated, as well as analyze
their properties. At the same time, there is a possibility
that the cheeses produced with these cultures will be
suitable for Turkish taste.

Due to the increased interest in new products, it will be
possible to produce new cheese varieties with different
characteristics by using the cultures to be obtained as a
starter culture. The aim of the study was to characterize
potential probiotic cultures and to determine some
technological properties of those isolates. So that
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isolates would be used as probiotic starter culture and
for ripening of cheese.

MATERIALS and METHODS

Material

Turkish Beyaz fresh cheese samples obtained from Kilis
province in southeast Turkey were used as the sources
for lactic acid bacteria. Isolations were done from 15
Turkish Beyaz fresh cheese samples.

Method

Serial dilutions of samples were prepared with
physiological salt water from cheese samples. M17 agar
was used for isolation of cocci LAB, and Man, Rogosa
and Sharpe (MRS) agar for Lactobacilli by spreading
plate method and incubated at 30°C, 48 hours. Pure
cultures obtained were stored at -20 °C in broth
containing 20% glycerol. Gram staining and catalase
tests of the isolates analyzed, and to determine
potential probiotics, strains were evaluated for
resistance to low pH (pH 3.5) and bile salts (Basyigit,
2004; Kandler and Weiss, 1986; Oner et al., 2006). In
order to identify the isolates; gas production from
glucose, ammonia production from arginine, growing at
different temperatures, growing at pH 9.6 and at 6.5%
NaCl, 0.1% methylene blue reduction tests were
performed. Analytical Profile Index (API) test kits were
used to determine the carbohydrate fermentation
properties of the strains. The method utilized by Citti et
al. (1963) was used for the detection of proteolytic
activities. The total acid production ability of cultures,
pH value of isolates, and the ability to form % acidity (in
lactic acid) were determined (Bradley et al., 1992;
Ertirkmen and Oner, 2015). A method applied by many
researchers was used to measure the resistance of
isolates to artificial gastric juice at pH 3.0 and pH 2.0
(Gardiner et al., 1999; Saglam, 2013; Vinderola and
Reinheimer, 2003). Antibiotic resistance properties of
isolates were determined by applying the disk diffusion
method (Basyigit, 2004; Saglam, 2013) and the E-test
method (Ammor et al.,, 2008; Danielsen and Wind,
2003; Franz et al.,, 2001). After obtaining the plasmid
profile of the isolated cultures by QlAprep Spin
Miniprep Kit, the plasmid DNA was loaded onto the 1%
agarose gel and a gel image was taken after it was
performed in electrophoresis (Egervarn et al., 2009;
Saglam, 2013; Smithies, 1955).
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RESULTS and DISCUSSION

Isolation and Identification

As a result of isolation and purification, strains that
Gram-positive, catalase-negative, non-spore, bacilli, or
cocci were identified as Lactic Acid Bacteria (LAB).
Various sizes of cocci-shaped, Gram-positive, and
catalase-negative isolates are Enterococci and
Lactococcus; rod-shaped, Gram-positive, and catalase-
negative isolates are considered as lactobacilli
(Ertirkmen and Oner, 2015; Schillinger and Liicke,
1987).

287 colonies from 15 cheese samples were selected and
purified within the study. 91 strains showing Gram-
positive and catalase-negative characteristics from the
purified colonies were identified and were used to
identify the probiotic properties. In the determination,
resistance to low pH (3.5) and bile salt properties were
investigated.

According to the results, 48 of 91 strains showed
growth at pH 3.5 and 20 strain of them in bile salt,
while 19 of these strains showed growth at both pH 3.5
and bile salt. Accordingly, 53% of isolated LAB were
resistant to pH 3.5, 22% of them to bile salt, and 21% of
them to both pH and bile salt. As a result, 19 strains are
suitable to be potential probiotics.

According to the identification results, 19 strains of
potential probiotics were identified as Lactobacillus
plantarum (8 strains), Leuconostoc mesenteroides ssp.
mesenteroides/dextranicum (3 strains), Lactobacillus
brevis (3 strains), Streptococcus sp. (2 strains),
Lactococcus lactis ssp lactis (1 strain), Enterococcus sp.
(1 strain), and Lactococcus sp. (1 strain) (Table 1).

As shown in Table 1, it is seen that lactic acid bacteria
isolated from cheese samples are of a five genus with
Lactobacillus sp. 57.89%, Leuconostoc sp. 15.78%,
Streptococcus sp. 10.52%, Lactococcus sp. 10.52%, and
Enterococcus sp. 5.26%. In many studies, LABs isolated
from fermented foods for starter culture use have been
identified, LABs have been established to be at different
genus and types (Arici et al., 2017; Azat et al., 2016;
Ertirkmen and Oner, 2015; Gonzalez et al., 2000;
Ouadghiri et al., 2005; Shangpliang et al., 2017). In one
of these studies, 145 colonies from 7 cheese samples
produced from raw milk isolated under laboratory
conditions and determined that 77 of them were LAB
and also 25, 22, and 30 of them were determined to be
Lactococcus spp., Enterococcus spp., and Lactobacillus
spp., respectively. In another study 164 LABs were
isolated from soft white cheese. As a result of the
identification of the isolates, 34% of all strains were
Lactobacillus, 27% of all were Lactococcus, 27% were

Leuconostoc, 10% of strains were Enterococcus and 1%
belongs to the Streptococcus genus. Also, 2 strains with
1% could not be identified.

Table 1. Identification of strains

No Strain Identification
1 M170408 Leuconostoc mesenteroides ssp
mesenteroides/dextranicum
2 MRS0501 Lactobacillus plantarum
M170702 Leuconostoc mesenteroides ssp
mesenteroides/dextranicum
4 MRS0703 Lactobacillus plantarum
5 M170709 Lactobacillus plantarum
6 MRS0801 Lactobacillus brevis
7 M170803 Lactobacillus plantarum
8 M170806 Lactobacillus plantarum
9 MRS1001 Streptococcus sp.
10 MRS1003 Lactococcus lactis ssp lactis
11 M171103 Streptococcus sp.
12 MRS1103 Lactobacillus brevis
13 M171305 Enterococcus sp.
14 M171306 Leuconostoc mesenteroides ssp
mesenteroides/dextranicum
15 M171307 Lactobacillus plantarum
16 M171310 Lactococcus sp.
17 M171313 Lactobacillus brevis
18 MRS1315b Lactobacillus plantarum
19 MRS1317 Lactobacillus plantarum
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According to the results of the 1, 2", 3", and 7' days,
pH values and % acidity ratios are given in Table 2. As
shown in Table 2, the lowest pH value was determined
in L. plantarum M171307 and the highest in L.
mesenteroides/dextranicum M170408 on the 7™ day.
The average pH value obtained at the end of the 7% day
was determined to be 4.41. The lowest total amount of
acid production was determined at L.
mesenteroides/dextranicum M170702 (0.24%) and the
highest at L. brevis MRS0801 (0.40%) on the 7'" day. The
average acidity obtained at the end of the 7™ day is
0.31%. LABs, which reduced the pH of the environment
between 4.50-4.86 after 24 hours of incubation, were
thought to have fast acidification properties of the
environment and it was concluded that these cultures
could be used as a starter culture.

In studies, LAB species and strains were found to
produce different levels of acid (Bulut, 2003; Ertlirkmen
and Oner, 2015; Herreros et al., 2003; Turhan and Oner,
2014). The acidity values of cultures differed between
0.11-1.33% in the study in which 15% LAB 24-hour
cultures isolated from Balikesir region cheeses
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determined by Dikbas Yildiz (2013). Similar results were
obtained as a result of 24-hour incubation in our study.
The pH and % acidity values of LABs that Ertekin and
Con (2014) isolated from cheese, sausage, sourdough,
and pickles were determined. It was confirmed that the
pH values of the isolates on the 7™ day were between
3.30-4.41 (average pH 3.85) and the acidity values
between 1.07-2.47% (average 1.81%). In another study,
it was determined that the pH production of the
identified strains varied between 3.77-5.96 (Oner et al.,
2006).

Proteolytic activity is involved in breaking down protein
and peptides by microorganisms to obtain the
necessary amino acids. It is one of the important factors
in the selection of starter culture. In the production of
fresh cheeses (Beyaz cheese etc.) proteolytic activity of
cultures should not have high proteolytic activity.
Cultures with high proteolytic activity are used for the
ripening of hard cheeses (Turhan and Oner, 2014).
Strains which have proteolytic activity value of 50 ug

mL? tyrosine equivalent have a bitter taste due to the
compounds formed as a result of breaking down the
proteins and such strains are not preferred in cheese
production (Atiles et al., 2000; Cogan et al., 1997).
Proteolytic activity values (ug mL? tyrosine equivalent)
(PAD) of strains isolated from white cheese studies are
expressed as PAD<10 weak, 10<PAD<20 medium, and
PAD> 20 strong proteolytic activity (Karakus, 1994).
While the types with high proteolytic activity are
preferred in the production of ripened hard cheeses,
types with low proteolytic activity are preferred in the
production of Beyaz cheese that is consumed fresh
without ripening. For example, strains with low
proteolytic activity should be used in Beyaz cheese
production. Proteolysis plays an important role in the
formation of texture, taste, and aroma of cheese
varieties. The proteolytic activity results of the isolates
were calculated according to the standard curve. The
tyrosine equivalents of the strains were given in Table
2.

Table 2. Total acid production ability and tyrosine equivalent (ug mL?)

pH

titratable acidity %

st nd rd st nd rd TerSine
Culture dlay jay daay 7t day dlay jay :ay 7thday  equivalent
Leuconostoc mesenteroides ssp
mesenteroides,/dextranicum M170408 4.74 4.71 4.73 4.75 0.22 0.24 0.24 0.36 14.76
Lactobacillus plantarum MRS0501 4.74 4.55 4.47 4.41 0.22 0.25 0.28 0.32 <1
Leuconostoc mesenteroides ssp
mesenteroides,/dextranicum M170702 4.86 4.76 4,78 4.74 0.20 0.21 0.22 0.24 <1
Lactobacillus plantarum MRS0703 4.63 4.47 4.39 4.25 0.23 0.28 0.30 0.35 <1
Lactobacillus plantarum M170709 4.75 4.47 4.40 4.26 0.18 0.26 0.29 0.34 <1
Lactobacillus brevis MRS0801 4.80 4.57 4.61 4.55 0.24 0.26 0.25 0.40 <1
Lactobacillus plantarum M170803 4.79 4.62 4.53 4.34 0.18 0.24 0.25 0.30 <1
Lactobacillus plantarum M170806 4.76 4.63 4.54 4.33 0.20 0.23 0.25 0.30 <1
Streptococcus sp. MRS1001 4.55 4.45 4.56 4.40 0.24 0.27 0.26 0.30 <1
Lactococcus lactis ssp lactis MRS1003 4.79 4.55 4.48 4.39 0.22 0.24 0.27 0.31 <1
Streptococcus sp. M171103 4.73 4.59 4.66 4.46 0.21 0.24 0.24 0.25 <1
Lactobacillus brevis MRS1103 4.53 4.64 4.52 4.40 0.24 0.26 0.26 0.28 <1
Enterococcus sp. M171305 4.68 4.50 4.47 4.27 0.24 0.26 0.30 0.32 <1
Leuconostoc mesenteroides ssp
mesenteroides,/dextranicum M171306 4.65 4.54 4.54 4.48 0.23 0.26 0.26 0.27 15.51
Lactobacillus plantarum M171307 4.62 4.42 4.46 4.24 0.21 0.26 0.28 0.32 2.51
Lactococcus sp. M171310 4.57 4.49 4.52 4.44 0.22 0.27 0.25 0.28 22.19
Lactobacillus brevis M171313 4.70 4.56 4.51 4.52 0.21 0.26 0.25 0.27 17.74
Lactobacillus plantarum MRS1315b 4.63 4.61 4.55 4.34 0.17 0.24 0.25 0.30 <1
Lactobacillus plantarum MRS1317 4.50 4.48 4.56 4.34 0.26 0.24 0.26 0.30 3.81
Medium 4.69 4.56 4.54 4.41 0.22 0.25 0.26 0.31

According to the results of the study, PAD values were
found to be in the range of <1-22.19 ug tyrosine mL™.
The highest proteolytic activity was determined in
Lactococcus sp. M171310. Three strains were (L.
mesenteroides/dextranicum M170408, L.
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mesenteroides/dextranicum M171306, and L. brevis
M171313) showed moderate proteolytic activity values,
and 15 strains showed weak proteolytic activity. The
similarity of proteolytic activity values formed by L.
mesenteroides/dextranicum M170408 and L.
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mesenteroides/dextranicum M171306, and L.
plantarum M171307 and L. plantarum MRS1317.

It is stated that P. pentosaceus and L. helveticus isolated
from different foods are compatible with the values
sought in starter cultures and some of L. plantarum
isolates have high proteolytic activity (Ertekin and Con,
2014). In a study, strains without proteolytic activity
were used in Beyaz cheese production (Oner et al.,
2006).

In the study, the disc diffusion method and E-test were
used to determine the antibiotic susceptibilities of the
strains. The resistance properties of chloramphenicol,
tetracycline, penicillin, erythromycin, and vancomycin
were examined (Table 3). As can be seen in Table 3, the
strains formed an average of 26 mm zones in
chloramphenicol and only L. plantarum M170803 strain
showed resistance to chloramphenicol. As a result of
chloramphenicol resistance test, it was determined that
a 22-30 mm diameter zone was formed at non-resistant
strains. Among these strains, the strains forming 22 mm
zone diameter were Lc. lactis spp lactis MRS1003,
Enterococcus sp. M171305, Leu.
mesenteroides/dextranicum M171306, L. plantarum
M171307, and L. plantarum MRS1317, while the strain
forming 30 mm zone diameter was L. plantarum
M170709. The zone diameters formed by the strains in
tetracycline were in the range of 26-37 mm and on
average 31 mm in diameter. Leu.
mesenteroides/dextranicum M170702, and L.
plantarum MRS1315b strains showed resistance to

diameter in tetracycline were Streptococcus sp.
MRS1001, L. brevis MRS1103 and Leu.
mesenteroides/dextranicum M171306, it was

determined that the strain forming 37 mm zone
diameter was L. plantarum MRS0501. While penicillin
resistance average was 28 mm, it was determined that
it was in the range of 22-36 zone diameters, and in
erythromycin, it was in the range of 22 mm and 10-32
mm. It was determined that 6 strains showed resistance
in vancomycin. Strains that resist vancomycin were Leu.
mesenteroides/dextranicum M170408, L. plantarum
MRS0501, Leu. mesenteroides/dextranicum M170702,
L. plantarum MRS0703, L. plantarum M170709, and L.
brevis MRS0801. While the resistance values against
vancomycin were an average 22 mm zone diameter,
this value formed a zone diameter in the range of 0-28
mm. The largest zone diameter was determined in
strain L. brevis M171313. It has been shown that the
lowest effective amount of chloramphenicol in strains
ranged from 1.0-64 pg mL?, while tetracycline ranged
from 0.125 pg mL™ to 96 pg mL?, penicillin 0.094-1.5 pg
mL?, erythromycin 0.064-1.0 pg mL?, and vancomycin
ranging from 0.25 ug mL* to >256 ug mL™.

Artificial gastric juice resistance values are given in
Table 4. According to the results obtained, no viability
was detected at pH 2.0 after 3 hours of incubation. At
pH 3.0, viability was determined between 89.49 and
111.79%. Accordingly, L. plantarum M170803 strain
showed an increase of one log from 8.23 log to 9.20 log
as a result of 3-hour incubation at pH 3.0 hence the

tetracycline. While the strains forming 26 mm zone highest viability is seen with it.
Table 3. Antibiotic resistance properties of cultures by zone diameters (mm) and E-test values (ug mL?)
Zone diameters E-test values (ug mL?)
Culture Cl TE P E VA Cl TE P E VA
Leu. mesenteroides/dextranicum M170408 27 35 36 27 - 2.0 0.38 0.50 0.064 >256
L. plantarum MRS0501 28 37 31 10 - 6.0 0.75 1.0 0.094 >256
Leu. mesenteroides/dextranicum M170702 26 - 36 28 - 1.5 96 0.25 0.094 >256
L. plantarum MRS0703 26 36 22 32 - 1.5 0.5 1.5 0.064 >256
L. plantarum M170709 30 32 30 30 - 1.5 0.25 0.5 0.5 >256
L. brevis MRS0801 28 28 36 24 - 2.0 0.50 0.25 0.25 >256
L. plantarum M170803 - 28 28 12 22 64 0.125 0.125 0.25 0.38
L. plantarum M170806 26 32 30 12 24 2.0 0.19 0.19 0.38 0.38
Streptococcus sp. MRS1001 28 26 26 23 22 2.0 0.25 0.50 0.094 0.38
Lc. lactis spp lactis MRS1003 22 28 26 22 23 1.5 0.19 0.50 0.125 0.38
Streptococcus sp. M171103 26 36 34 28 25 2.0 0.19 0.19 0.064 0.38
L. brevis MRS1103 26 26 22 22 21 2.0 0.25 0.75 0.125 0.38
Enterococcus sp. M171305 22 32 24 11 23 2.0 0.19 0.125 0.064 0.25
Leu. mesenteroides/dextranicum M171306 22 26 30 22 20 2.0 0.19 0.19 0.25 0.38
L. plantarum M171307 22 34 22 10 22 2.0 0.19 0.75 1.0 0.38
Lactococcus sp. M171310 26 32 26 24 22 1.0 0.19 0.19 0.094 0.25
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Table 3 (continued). Antibiotic resistance properties of cultures by zone diameters (mm) and E-test values (ug mL?)

L. brevis M171313 28 34

L. plantarum MRS1315b 28 -
L. plantarum MRS1317 22 28
Medium 26 31

28 28 28 3.0 0.25 0.19 0.094 0.25
32 28 26 2.0 96 0.094 0.125 0.38
22 22 24 2.0 0.25 0.25 0.094 0.38
28 22 23

In a study by Karasu (2006), the development of lactic
starter cultures isolated from pickles and olives in pH
2.0 and pH 3.0 were investigated. Accordingly, it is
stated that all the isolates obtained survive significantly
at pH 3.0, whereas approximately 60% of the isolates
are not alive at pH 2.0. The tolerance of 274 LABs to the
gastrointestinal environment was investigated by
incubating for 4 hours at 37 °C in artificial stomach juice
(pH 3.0) containing 3 mg mL? pepsin. While 10% strain
of the tested LABs was found to have a viability more
than 50%, only a decrease in the viability rates of the
same strains was reported at pH 2.5 (Hwanhlem et al.,
2010). In a study by Mishra and Prasad (2005), it was
reported that only 3 strains out of 7 tested LABs were
resistant to pH 2.0 or 3.0. It is stated that probiotic
bacteria may have decreased viability due to the pepsin
enzyme or due to the combined effects of pepsin and
high pH. On the other hand, milk proteins have a
protective effect on bacteria, allowing the bacteria to
survive in the acidic environment of the stomach. For
this reason, it is generally recommended to use
probiotic bacteria together with milk or meat. In
another study, an environment similar to gastric juice
conditions was tried to determine the ability of
probiotics to reach the intestines from the highly acidic
environment of the stomach, and Lactobacillus growth

observed that all strains showed weak growth in pH 2.0
and 3.0 in general. It was observed that L. fermentum
BSP1, L. brevis BT1, KMP1, L. helveticus MNK3 strains
showed the best development at pH 4.0 and other
bacteria showed weak growth. With the increase of the
acidity rate in the environment, the reproduction
density of the bacteria decreased. Another feature of
probiotic bacteria is that bacteria can also resist the
small intestinal juice medium after gastric juice.
Following the passage of the stomach, the small
intestine is the second major barrier in the
gastrointestinal tract. Although the pH of the small
intestine is more suitable for the survival of bacteria,
the presence of pancreatin and bile salts can have a
negative effect. The pH of stomach juice is around 1.0.
On the other hand, the pH of stomach juice reaches 3.0
and higher with the consumption of dairy products and
other meals. For this reason, LABs were found to be
able to maintain their viability at pH 3.0 and these
bacteria gained importance in terms of probiotics
(Dikbas Yildiz, 2013). The number of plasmid DNA and
the molecular sizes of these plasmids are given in Table
4. As can be seen in Table 4, it was determined that
plasmid DNA was not found in 7 strains, whereas other
strains' plasmid DNA numbers were between 1 and 5.
Molecular sizes of the isolated plasmid DNA range

pH 2.0, pH 3.0, pH 4.0 values were observed in their between 2-16 kilobase (kb).
environment. When the results were evaluated, it was
Table 4. Resistance to artificial gastric juice and plasmid numbers and sizes of strains
pH3 pH 2
Culture g :.E g :.E :; = g :IE g :IE :; = Plasmid Plasmid Size (kb)
£y 2y $E 245 2, § Numbe
o2 m2 S oL m2 5
Leu. mesenteroides/dextranicum M170408 8.00 7.54 94.25 7.81 0 0 1 10
L. plantarum MRS0501 838 843 10060 7.70 0 0 1 10
Leu. mesenteroides/dextranicum M170702 8.08 7.79 96.41 7.95 0 0 3 10,12, 14
L.plantarum MRS0703 8.61 8.62 100.12 8.32 0 0 - -
L.plantarum M170709 834 8.00 95.92 8.08 0 0 - -
L. brevis MRS0801 8.15 8.00 98.16 7.71 0 0 1 10
L. plantarum M170803 8.23 9.20 111.79 8.04 0 0 1 10
L.plantarum M170806 8.18 7.32 89.49 7.95 0 0 1 10
Streptococcus sp. MRS1001 840 830 98.81 7.71 0 0 1 10
Lc. lactis ssp lactis MRS1003 8.38 8.20 97.85 7.91 0 0 4 2,10,12,14
Streptococcus sp. M171103 8.28 7.85 94381 7.46 0 0 5 2,10,12,14, 16
L. brevis MRS1103 8.48 8.15 96.11 8.00 0 0 - -
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Table 4 (continued). Resistance to artificial gastric juice and plasmid numbers and sizes of strains

Enterococcus sp. M171305 853 852

Leu. mesenteroides/dextranicum M171306 8.40 8.26
L. plantarum M171307 832 7.85
Lactococcus sp. M171310 834 7.92

L. brevis M171313 8.30 8.00

L. plantarum MRS1315b 8.20 8.04

L. plantarum MRS1317 8.15 7.85

99.88 8.04 0 0 - -
98.33 7.92 0 0 - -
94.35 7.85 0 0 5 2,10,12, 14,16
94.96 7.20 0 0 - -
96.39 7.94 0 0 5 2,10,12, 14,16
98.05 8.11 0 0 5 2,10,12, 14,16
96.32 8.45 0 0 - -

When all strains were examined, the highest plasmid
size was determined to be 16 kb. In many different
studies, no linear relationship has been determined
between the medium in which bacteria are isolated and
the number and size of plasmid DNA they contain (Rossi
et al., 2008). Similarly, there are studies in which the
number and size of plasmids contained in cultures
belonging to the same species isolated from the same
environment are different. In general, LAB differ in the
number, size and function of the plasmid they contain.
It was determined that LAB sizes were 0.87-250 kb and
plasmid number was 0-16 (Saglam and Karahan, 2017).

In conclusion, in the present study, lactic acid bacteria
isolates from cheeses were found to have potentially
probiotic and technological properties. A total of 91
lactic acid bacteria indicated Gram-positive and
catalase-negative properties, 19 of them Lactobacillus

plantarum, Leuconostoc mesenteroides spp.
mesenteroides/dextranicum, Lactobacillus brevis,
Streptococcus spp., Lactococcus lactis spp lactis,

Enterococcus sp., and Lactococcus sp. were identified.
In this study, the probiotic properties of these nineteen
lactic acid bacteria demonstrated.

Due to the determination of the resistance of these
lactic acid bacteria to acidic environments and bile
salts, it will be possible for them to pass through the
stomach and growth in the intestinal microflora. It was
determined that the majority of lactic acid bacteria,
which were determined to have probiotic potential,
were sensitive to the antibiotics used in the research. It
was observed that the acid production properties of the
strains were low so can be used as starter culture alone.
In the study, it was determined that the lactic acid
bacteria obtained have probiotic potential and can also
be used as starters in cheese and other fermented
products. Further research work is needed to evaluate
the in vivo probiotic characteristics and technological
properties of these potential lactic acid bacteria. Since
the selected lactic acid bacteria have good acid-
producing abilities, they can be considered as starter
cultures in fermented products. However, due to the
low proteolytic activities of these bacteria, it may be
possible to use mixed starter cultures for ripening

15

cheeses. Also this research will enable us to establish a
collection of lactic bacteria with probiotic potential
from local products. These results obtained in our study
will contribute to future probiotic researches, and
probiotic cultures with these characteristics can be
used in different fields and applications.

OzZET

Amag: Bu calismanin amaci Kilis yoresinde ¢ig sitten
Uretilen 15 adet Tirk Beyaz taze peynirinden izole
edilen laktik asit bakterilerinin (LAB) teknolojik
ozellikleri ve probiyotik potansiyellerini
degerlendirmektir.

Yéntem ve Bulgular: 15 peynir 6rneginden 287 koloni
secilmis ve bunlardan 91'i Gram pozitif ve katalaz
negatif olarak analiz edilmistir. 91 koloninin 19 susu pH
3.5 ve %0.3 safra tuzunda canh kaldiklari i¢in potansiyel
probiyotik olarak kabul edilmistir. Biyokimyasal testler
ve APl test kiti kullanilarak yapilan tanimlama
sonucunda Lactobacillus sp. (11 sus), Leuconostoc sp. (3
sus), Streptococcus sp. (2 sus), Lactococcus sp. (2 sus)
ve Enterococcus sp. (1 sus) belirlenmistir. Asidifikasyon
hizi bakimindan 19 susun yiksek; proteolitik olarak 15
susun zayif, 3'Unin orta ve 1'inin giglu aktivite
gosterdigi belirlenmistir. Antibiyotik direnclilik agisindan
bakildiginda, suslardan 1'inin kloramfenikole, 2'sinin
tetrasikline ve 6'sinin vankomisine direngli oldugu
belirlenmistir. Penisilin ve eritromisine direncli sus
tespit edilememistir. Yapay mide 6zsuyu direng testinde
pH 2,0'da canlilik saptanmamasina ragmen, pH 3.0'da
canlilk degerlerinin %89,49-111,79 arasinda degistigi
tespit edilmistir. Suslarin plazmit profillerine gore 19
potansiyel probiyotik susun 13'Unin 1-5 araliginda
plazmit DNA'sina sahip oldugu, diger suslarin plazmit
DNA'sina sahip olmadig belirlendi. izole edilen suslarin
plazmit DNA'sinin molekiler boyutlari 2-16 kb arasinda
degismekteydi.

Genel Yorum: Arastirmada, Kilis'te Uretilen Tirk beyaz
taze peynirlerden izole edilen LAB’larin probiyotik
potansiyelleri oldugu ve c¢esitli fermente gidalarda
starter olarak da kullanilabilecekleri belirlenmistir.


http://dergipark.org.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2022, 27(1): 9-17

Arastirma Makalesi / Research Article

Calismanin Onemi ve Etkisi: Elde edilen sonuglara goére
bazi suslarin peynir Uretiminde probiyotik starter kultlr
olarak, bazilarinin ise peynirin olgunlasmasinda
kullanilabilecegi sonucuna varilmistir.

Anahtar Kelimeler: Laktik asit bakterileri, baslatici
kiltar, teknolojik 6zellikler, probiyotik 6zellikler, Tirk
beyaz taze peynir
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Surface material, plant material, surface measurements were carried out at a height of 150 cm from the surface
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According to the data, the highest average surface temperature was
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D4: fadiguzel@nevsehir.edu.tr stone (sun), grass (sun), paving stone (plant shade) and grass (plant shade).

The average value of the lowest surface temperature value was obtained
on the grass surface in the shade of Platanus orientalis. In the hottest hour
of the day, the lowest surface temperature was obtained on the paving
stone surface in the shade of Ficus retusa-nitida.

Conclusions: Cities with a Mediterranean climate prevails have a very hot
summer period. When this situation comes together with the heat of the
surface materials, it can be a factor that reduces the comfort of the people
living in the city. In this context, it will increase the comfort level in the
urban area by creating a grass surface and increasing the use of trees in
planting design applications.

Significance and Impact of the Study: Heating of cities is seen as an
important problem all over the world.

For this reason, studies on the contribution of green areas (grass surface
and other plant materials) to the reduction of problems have gained
importance.lt is thought that the data of this study will contribute to the
decisions to be made in terms of plant presence-hard ground relationship
in the planning of the city.

Atif / Citation: Adiglzel F, Sert BE, Cetin M (2022) Kentsel alanda kullanilan zemin malzemelerinden kaynaklanan yizey
sicakhgr artisinin 6nlenmesinde agaclarin etkisinin belirlenmesi. MKU. Tar. Bil. Derg. 27(1) : 18-26. DOI:
10.37908/mkutbd.1024883
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GIRIS

Diinyada pek ¢ok faktore bagli olarak kentlerdeki niifus
hizla artmaktadir. Bunun sonucu olarak kentsel
alanlardaki ihtiyaglar artmakta; toplumun ihtiyacini
karsilamak Uzere vyapilasmis alan miktari da artis
yoninde hizla degismektedir (Alkan ve ark., 2017).
Kentlerin planlanmasinda sicaklik 6nemli bir 6l¢iit olarak
kabul edilmektedir. Ekstrem sicakliklar kentsel gelisim
alanlari icin 6nemli riskler olusturmakta; sicaklik stresi
insan saghigina zarar vermektedir. Kentsel alanda yapili
cevre daha fazla isi absorbe eder ya da iretir. Bu nedenle
kentsel alanda olusan i1si adasi etkisi kirsal alanlara gore
daha yuksektir (Lehoczky ve ark., 2017). Kentin odak
noktalarinda olusan yapilasma hava sicakhgl ile nem
miktarini arttirarak insan saghgini ve davraniglarini
etkileyen biyoklimatik stres Ureten bir faktor olarak
karsimiza ¢ikmaktadir (Cetin, 2015). Yiizey sicakliklari ve
mekansal kullanim arasinda bir iliski bulunmakla birlikte
¢imle kaph alan ve gegirimsiz ylizeylerin yerlesim
alanlarindaki sicakhgl degistirdigi ortaya konulmustur
(Connors ve ark., 2013; Irmak ve ark., 2017). Kentler,
sahip olduklari iklimsel ozellikler ile yasayanlara cesitli
konfor ozelliklerine sahip yasam alanlari
sunabilmektedir. Ancak, glinimuzde isiyi depolama ve
iletme 6zelligi yiksek olan yapi kitleleri ve sert/gegirimsiz
ylzeylerin (beton, asfalt, vb) artmasi yerel ve bolgesel
olgekte sicakhk artisina neden olmaktadir. Suyun
toprakla bulusmasini engelleyen gecirimsiz alanlar
(yollar; sert ylizeyler: beton,parke, asfalt,vd; binalar) isiy
yuksek oranda depolayarak uzun dalga boylu radyasyonu
arttirmaktadir. Ayni zamanda golge olusturma etkisine
sahip ylksek binalar geceleri hava sicakliginin artmasina
neden olabilmektedir (Alkan ve ark., 2017; Lehoczky ve
ark., 2017; Cetin ve ark., 2019; Adigiizel ve ark., 2020).

Zemin kaplamalarinin olusturdugu yiksek sicakliklar ve
yesil alan miktarindaki azalma kentlerde sagliksiz konfor
alanlarinin olusmasina neden olmaktadir. Bu durum
insanlari saglik, mutluluk, ekonomik ve rekreasyonel
acilardan olumsuz etkilemekte; olusan termal stres dis
mekanda kontrol edilememektedir (Patz ve ark., 2005;
Gomez ve ark., 2006). Bunun tam tersi olarak da yesil
alanlar ylzey sicakliginin artisi karsisinda sogutma etkisi
yapmaktadir. Bitki ortisi yogunlugu arttikca hava
sicakhgl dismektedir. Bu nedenle kent parklari yaz
doneminde c¢evresinden daha serin olmaktadir (Yan ve
ark., 2018). Ornegin, Lisbon’da 2.4 da’lik bir yesil alanin
cevresinden 6.9 °C daha serin oldugu bildirilmistir
(Oliveirave ark., 2011). Etiyopya’da yapilan ¢alismada bir
parkin ¢evresinden 6.72 °C serin; sogutma mesafesinin
de 240 metre oldugu belirlenmistir (Feyisa ve ark., 2014).
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Kentlerde bitki ortlisi yalniz estetik 6zellikleri ile degil
fonksiyonel ozellikleri (¢evresel bozulmayi 6nlemesi,
atmosferdeki su miktarini  dengelemesi, kirliligin
azaltilmasi, vb) ile kullaniimaktadir. Bu nedenle kentin
mikro ikliminde ve halkin biyoklimatik konforunun
artmasinda 6nemlidir (Gdmez ve ark., 2008). Agaclar,
kentsel alanda golge olusturmasi ve evapotranspirasyon
saglamasi ile yiksek sicakliklarin azalmasina destek
olarak kentsel 1s1 adasi olusumunu Onlemekte ve
biyoklimatik konforun artmasina katki saglamaktadir.
Ancak, bu katkinin diizeyi bitki tird, tag yapisi, yaprak
blylklGgu ve rengi ile tekstiirline gore degismektedir.
Tac capi genis ve orta tekstirll tirler riizgar akimina izin
vermesi ve goblge yapma Ozellikleri nedeniyle termal
konforu arttirma konusunda daha basarili kabul
edilmektedir (Leuzingera ve ark., 2010; Correa ve ark.,
2012; Aguiar ve ark., 2014; Feyisa ve ark., 2014; de
Abreu-Harbich ve ark., 2015). Ornegin, Olea sp., Acacia
sp. ve Eucalyptus sp. cinsine ait tirlerin sogutma etkisi,
Cupressus sp. (Servi) ve Grevillea sp. (ipek agaci) cinsine
ait turlerden daha yiksektir (Feyisa ve ark., 2014).
Parkinsonia aculeata (isa dikeni), Ficus retusa-nitida
(iskenderun kaugugu) ve Washingtonia filifera (Palmiye)
tirlerinin olusturdugu goélge alanda ¢im ylzeyi sicakhgi
giinesli alandakinden 6-9 'C civarinda daha distktir
(Cetin ve ark., 2020). Temmuz ayinda iskenderun’da
Ficus retusa-nitida’nin altinda goélge ortamda ¢im ylzey
sicakligr 23.27 °C olarak belirlenmistir. Glinesli alanda
bulunan ¢im yilzeyin olusturdugu en distuk sicakhk
degeri ise 36.53 °C'dir. Agaclarin grup olarak
kullaniminda Washingtonia filifera ile Casuarina
equisetifolia tiirlerinin altinda goélgede ¢im ylizey sicakligi
23.79 °C olarak elde edilmistir (Bozdogan Sert ve ark.,
2021). Kentsel alanda pek c¢ok fonksiyonel goérev
Ustlenen agaglar, yollar basta olmak (izere pek g¢ok
alanda kullanilarak yuizey sicakliginin azalmasina 6nemli
katki saglamaktadir.

Bu c¢alismanin amaci, kentsel alanlarda kullanimlar
sonucu ortaya c¢ikan farkli zemin kaplamalarinin yaz
doneminde sahip oldugu vyilizey sicakligi artisinin
onlenmesinde agaclarin etkisini ortaya koymaktir. Bu
kapsamda 6nemli bir Akdeniz kiyi kenti olan iskenderun
(Hatay) orneginde bazi zemin kaplamalari ile ¢im
ylzeylerden kaynaklanan sicaklik olusumuna agag
tacinin olusturdugu golge katkisi belirlenmistir. Calisma
sonucunda elde edilen verilerin kentin planlanmasinda
bitki varligi-sert zemin iliskisi acisindan verilecek
kararlara katki saglayacagi diisiiniilmektedir.
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MATERYAL ve YONTEM

Materyal

Calisma, Akdeniz kiyi kenti olan iskenderun (Hatay)'da
bulunan iskenderun Teknik Universitesi (iSTE) Ana
Kampus'te (Sekil 1) 16 Haziran 2020 tarihinde
ylratidlmastlr. Calisma alani olarak kampis girisinden
baslayan ve pek cok odunsu tirin olusturdugu bir yesil
alan parseli ile sonlanan 500 metrelik aks secilmistir.
Alanda farkh ylzey malzemelerini iceren arag¢ yolu
(asfalt), orta reflj (¢cim) ve kaldirm (kilit parke)
bulunmaktadir. Kaldirnm ve orta refiij bazi agag/agaccik
turleriile bitkilendirilmis olup; bunlar icerisinde en yogun
kullanilan 6 tiir altinda ve yakinlarinda 6l¢cim yapilmak
tizere segilmistir. Olcim yapilan noktalarda mevcut
agac/agaccik tirlerine ait bazi bilgiler séyledir: Ceratonia
siliqua (Kegiboynuzu): Herdemyesil, kaba tekstlrli bir
agactir. Bitki taci ve boyu 2-3 m’dir. Yapraklar bilesik
yapida olup; yaprakgiklar derimsidir. Ficus retusa-nitida

AKDENIZ

T Rl /
vy N

- {skenderun -
y

o N
& % ° %
,/"_,‘ g S kit X
/ < -,.; N 4
7 H
'.,'\ ) riiors
. v 23S 5 w
b ‘ B . ,. A z & g a >
% W ‘-’ L4
AW 0 1 g 2
Ly e — 1K,

(iskenderun kaugugu): Herdemyesil, kaba tekstiirli bir
agactir. Bitki taci ve boyu 3 m’dir. Yapraklar basittir.
Leucaena leucocephala (Lusina): Yaprak doken, orta
tekstlrli bir agactir. Bitki taci 3 m, boyu 3-4 m’dir.
Yapraklar bilesik yapidadir. Platanus orientalis (Dogu
¢inari): Yaprak doken, orta tekstirli bir agagtir. Bitki taci
4-5 m, boyu 5 metredir. Yapraklar basit, parcali
yapidadir. Robinia pseudoacacia ‘Umbraculifera’ (Top
akasya): Yaprak doken, orta tekstiirli bir agagtir. Bitki
taci 2 m, boyu 3 m civarindadir. Yapraklar bilesik yapida
olup; 10-20 yaprakgiktan olusur. Tamarix tetrandra
(llgin): Herdemyesil, ince tekstlirli bir agagciktir. Bitki
taci 2 m, boyu 2-3 m’dir. Yapraklar ¢ok ince yapilidir.

Calisma alaninda 6l¢iim yapilan 10 farkh malzemeye ait
gorseller Sekil 2'de; toplam 36 noktaya ait koordinatlar
Cizelge 1’'de verilmistir. Calisma alanina ait anlik (09:00,
13:00, 17:00) hava sicakligi degerleri Meteoroloji Genel
Mudurligid’'nden elde edilmistir. Bu degerler 09.00’da ve
13:00’da 26.5 °C, 17.00’da 24.7 °C’'dir (MGM, 2020).

Lejant

e Olgiim Noktalar
C;? Calisma Alani

\ X
\

\

Sekil 1. Arastirma alani lokasyon haritasi
Figure 1. Research area location map
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Toprak-Giines Parke-Gunes Asfalt-Gineg Cim-Gunes Bitki Galgest (Leucaena

leucocephala)-Parke

¢ ’ e

o

; . : : .
(Platanus Bitki  Golges  (Robinia  Bitki Golgesi (Ficus refusa-nifidd)  Bitki Golgesi (Tamarix fefrandra)-
sifigua)- Cim orientalis)-Cim pseudoacacia“Umbracaulifera™ Parke Parke
-Patke

Bitki Golgesi (Ceratomia Bitki  Gélgest

Sekil 2. Calisma alaninda 6l¢iim yapilan 10 farkli malzemeye ait genel gériiniimler
Figure 2. General views of 10 different materials measured in the study area

Cizelge 1. Calisma kapsaminda sicaklik 6l¢limi yapilan noktalar ve koordinatlari
Table 1. Temperature measurement points and coordinates within the scope of the study

No Malzeme Saat ORTALAMA F Degeri
09:00 13:00 17:00

1 Toprak (glines) 40,800 fA 56,267 eB 42,267 dA 46,444 f 45,193***

2 Parke (glines) 35,608 dA 49,650 dC 41,400 dB 42,219 e 164,871***

3 Asfalt (glines) 38,605 eA 54,019 eC 43,748 dB 45,457 ef 307,869***

4 Cim (giines) 34,324 dA 40,700 cB 31,738 bcA 35,587 d 24,944***

5 Parke (g6lge) bitki alti 27,917 cA 33,217 bB 33,267 cB 31,467 ¢ 8,019**

(Leucaena leucocephala)

6 Cim (golge) bitki alti 22,256 aA 26,433 aB 25,867 aB 24,852 a 40,572***
(Ceratonia siliqua)
7 Cim (golge) bitki alti 21,111 aA 26,967 aB 25,711 aB 24,596 a 12,799***

(Platanus orientalis)

8 Parke (g6lge) bitki alti 27,233 cA 31,967 bB 34,550 cC 31,250 ¢ 27,671%**
(Robinia pseudoacacia“Umbraculifera”)

9 Parke (g6lge) bitki alti 25,033 bA 25,883 aA 29,167 bB 26,694 ab 8,308**
(Ficus retusa-nitida)

10  Parke (golge) bitki alti 27,767 cA 30,033 abB 31,967 bcB 29,922 bc 11,048*
(Tamarix tetrandra)
Ortalama 32,067 A 41,357 C 35,626 B
F Degeri 140,821%**  112,248***  £8,894*** 71,797***
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Yontem

Galisma alaninda giin icerisinde sabah 09:00, 6gle 13:00
ve aksam 17:00 saatlerinde vyapilan ylizey sicaklik
olglimleri sonucunda elde edilen yiizey sicaklik haritalari
Sekil 3’'te gorilmektedir. Buna gore en sicak saat olan
13:00’da sert zeminler (asfalt, parke) ile Uzerinde
herhangi bir bitki bulunmayan toprak ylzeylerin yiksek
diizeyde i1si olusturdugu belirlenmistir. 17:00 saatinde de
glines 1sinlarinin etkisi  azalsa da  agaclarla
bitkilendirmenin bulunmadigi alanlarda ylzey sicakliklari
yine yilksek diizeylerdedir. Agaclar ile ¢im yizeylerin
sicaklik  dizeyini oldukca alt seviyelere kadar
disurebildigi de gorilmektedir.

BULGULAR ve TARTISMA

Galisma alaninda 16 Haziran 2020 tarihinde 09:00, 13:00
ve 17:00 saatlerinde yapilan dlciimler sonucu elde edilen
veriler degerlendirilerek Cizelge 2’'de; ylizey sicaklik
haritalari ise Sekil 3'te verilmistir.

Yizey sicakhginin malzeme ve saate bagh olarak
degisimini belirlemeye yonelik yapilan Varyans analizi
sonucunda bitin malzemelerde saate bagli, bitin
saatlerde de malzemeye bagli olarak yizey sicakhginin
degisiminin istatistiksel olarak en az %95 giiven
diizeyinde (p<0,05) anlamli olmak Uzere farklilastigi
belirlenmistir. Ortalama degerlere gore saat bazinda en
distk ortalama deger saat 09:00'da (32,067 °C), en
yliksek deger ise 13:00’da (41,357 °C) elde edilmistir.
09:00’da gorilen en dislik ylzey sicakhgi (21,111 °C) Cim
(golge) bitki altinda (Platanus orientalis) 6lciliirken; en
yiksek  deger (40,800 °C) toprak (glines)'te elde
edilmistir. 13:00’da gorilen en distk ylzey sicakhg
(25,883 °C) Cim (golge) bitki altinda (Ficus retusa-nitida)
Olgulirken; en vyiksek deger (56,267 °C) toprak
(glines)’te elde edilmistir. Malzeme bazinda ise ortalama
degerler 24,596 °C ile 46,444 °C arasinda degismektedir.
Ortalama degerler incelendiginde Duncan testi
sonuglarina gore Parke (golge) bitki alti (Leucaena
leucocephala), Cim (golge) bitki alti (Ceratonia siliqua),
Cim (golge) bitki alti (Platanus orientalis), Parke (golge)
bitki alti (Robinia pseudoacacia), Parke (golge) bitki alti
(Ficus retusa-nitida) ve Parke (golge) bitki alti (Tamarix
tetrandra)’nin ilk ¢ homojen grupta (a, b ve c); Toprak
(glines), Parke (glines), Asfalt (glines) ve Cim (glines)’nin
ise son l¢ homojen grupta (d, e ve f) yer almasi dikkat
cekicidir.

Saat bazinda malzemeye bagli degisim incelendiginde
bltin saatlerde Cim (golge) bitki alti (Ceratonia siliqua)
ve Cim (golge) bitki alti (Platanus orientalis)’'nda elde
edilen vylzey sicakhigr degerlerinin Duncan testi
sonuglarina gore ilk homojen grupta yer aldig
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gorulmektedir. Toprak ve Asfalt da benzer sekilde biitiin
saatlerde Duncan testi sonucunda son homojen
gruplarda yer almistir. Malzeme bazinda saate bagl
degisim incelendiginde ise saat 09:00’da elde edilen
degerlerin bitiin malzemelerde ilk homojen grupta, saat
13:00’de elde edilen degerlerin ise son homojen grupta
yer aldigi gorilmektedir. Saat 17:00°de elde edilen
degerlere gore Toprak (glines) ve Cim (gines) ilk
homojen grupta; Parke (golge) bitki alti (Leucaena
leucocephala), Cim (golge) bitki alti (Ceratonia siliqua),
Cim (golge) bitki alti (Platanus orientalis) ve Parke (g6lge)
bitki alti (Tamarix tetrandra)’da son homojen grupta yer
almaktadir.

Yiizey sicaklk degisimleri agisindan bir degerlendirme
yapildiginda; 13:00-17:00 arasinda glines altindaki
kosullarda bulunan toprak ylizeyinde yaklasik 14 °C;
asfalt ylizeyde yaklasik 10 °C; parke ylzeyde yaklasik 8
°C; c¢im ylzeyde ise yaklasik 9 °C daha disuk sicaklik
diizeyi goriilmektedir. Ayni sekilde agag golgesindeki ¢cim
ylzeylerde de daha serin etki devam ederken; bunun
tam tersi olarak bitki golgesindeki parke ylizeylerde
Isinma devam etmektedir. Yalniz ince tekstlre sahip
Leucaena leucocephala tirinin golgesindeki parke
ylzeyde i1si degisiminin ayni kaldigi belirlenmistir.
Calismada farklh zemin malzemeleri icin elde edilen
ylzey sicakligl degerleri Meteoroloji Genel Mudurlaga
(2020) iskenderun kenti anhk sicaklik verileri ile
karsilastirildiginda; 09.00’da olusan 26,5 °C’'ye en yakin
sicaklik degeri Platanus orientalis goélgesindeki ¢im
ylzeyde; 13:00'da olusan 26,5 °C’'ye en yakin sicaklik
degeri Ficus retusa-nitida golgesindeki parke ylzeyde;
17:00’da olusan 24,7 °C'ye en yakin sicakhk degeri
Platanus  orientalis  golgesindeki ¢im  ylzeyde
gorulmektedir. Gines altinda bulunan ¢im ylizeyden
elde edilen ortalama sicaklik diizeyi bitki gélgesindekine
gore yaklasik 11 °C daha yiksektir. Ancak, glines altinda
bulunan toprak ylizeyden yaklasik 11 °C; asfalttan ise 10
°C; parkeden 7 °C daha dusuktir. Bu veriler, ¢im ylizey
olusturmanin 6nemini de ortaya koymaktadir.

Bu galismada bitkisel materyalin zemin malzemelerinin
olusturacagl isinmayi Onleyerek kent isisini azaltma
konusundaki katkisina yonelik elde edilen veriler; Correa
ve ark (2012)'nin Platanus acerifolia; Aguiar ve ark.
(2014)’Gin ince ve orta tekstirlu tirler icin; de Abreu-
Harbich ve ark. (2015)’'in Caesalpinia pluviosa ; Cetin ve
ark. (2020)'nin Parkinsonia aculeata, Ficus retusa-nitida
ve Washingtonia filifera; Bozdogan Sert ve ark. (2021)’in
Washingtonia filifera ve Casuarina equisetifolia tirleri
icin elde ettigi sonuclarla benzerlik géstermektedir. Bu
kapsamda agaclarin kentsel alanlarda yogun olarak
kullanilan sert zeminlerle birlikte tasarlanmasi kentsel
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Isinmay! azaltma yoninde olumlu bir etki yaptigi
soylenebilir.

Kentsel alanlarda kullanilan ¢im ve sert yizeylerin
olusturdugu sicaklk dizeylerine yonelik veriler Alkan ve

ark. (2017), Cetin ve ark. (2020) ve Bozdogan Sert ve ark.
(2021)’in elde ettigi verilerle benzerlik gostermektedir.
Sert zeminler (asfalt, parke, beton) her zaman ¢im
ylzeyden daha yiksek diizeyde isinmaktadir.

Cizelge 2. Calisma kapsaminda degerlendirilen zemin malzemelerinin glin icerisinde sahip olduklari yiizey sicakliklari

(°C)
Table 2. Surface temperatures of the surface materials evaluated within the scope of the study during the day (°C)
No Malzeme Saat ORTALAMA  F Degeri
09:00 13:00 17:00

1 Toprak (glines) 40,800 fA 56,267 eB 42,267 dA 46,444 f 45,193***

2 Parke (glines) 35,608 dA 49,650 dC 41,400dB  42,219e 164,871***

3 Asfalt (glines) 38,605 eA 54,019 eC 43,748 dB 45,457 ef 307,869***

4 Cim (glines) 34,324 dA 40,700 cB 31,738 bcA 35,587d 24,944***

5 Parke (golge) bitki alti (Leucaena 27,917 cA 33,217 bB 33,267 cB 31,467 c 8,019**
leucocephala)

6 Cim (golge) bitki alti (Ceratonia 22,256 aA 26,433 aB 25,867 aB 24,852 a 40,572%**
siliqua)

7 Cim (golge) bitki alti (Platanus 21,111 aA 26,967 aB 25,711 aB 24,596 a 12,799%***
orientalis)

8 Parke (golge) bitki alti (Robinia 27,233 cA 31,967 bB 34,550 cC 31,250 ¢ 27,671%**
pseudoacacia“Umbraculifera”)

9 Parke (golge) bitki alti (Ficus 25,033 bA 25,883 aA 29,167 bB 26,694 ab 8,308**
retusa-nitida)

10 Parke (golge) bitki alti (Tamarix 27,767 cA 30,033 abB 31,967 bcB 29,922 bc 11,048*
tetrandra)
Ortalama 32,067 A 41,357 C 35,626 B
F Degeri 140,821 %** 112,248%** 68,894 ***  71,797***

Calisma alaninda giin igerisinde sabah 09:00, 6gle 13:00 glines isinlarinin etkisi  azalsa da  agaclarla

ve aksam 17:00 saatlerinde vyapilan ylzey sicaklik
olglimleri sonucunda elde edilen yiizey sicaklik haritalari
Sekil 3’'te gorlilmektedir. Buna gore en sicak saat olan
13:00’da sert zeminler (asfalt, parke) ile Uzerinde
herhangi bir bitki bulunmayan toprak ylzeylerin yiksek
diizeyde i1si olusturdugu belirlenmistir. 17:00 saatinde de
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bitkilendirmenin bulunmadigi alanlarda yizey sicakliklari
yine yilksek diizeylerdedir. Agaglar ile ¢im ylzeylerin
sicaklik diizeyini olduk¢a alt seviyelere kadar
dusurebildigi de gorilmektedir.
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Lejant
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Sekil 3. Calisma alaninda bulunan zemin malzemelerinin giin icinde sahip oldugu ylizey sicakligi haritalari
Figure 3. Surface temperature maps of the surface materials in the study area during the day
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Sonug olarak, 16 Haziran 2020 tarihinde iskenderun
kentinde yapilan bu ¢alisma sonucunda giin igerisinde en
ylksek ylizey sicakhgl 13:00 saatinde toprak yiizeyde
56,267 °C olarak elde edilmistir. En dusik diizey ise Ficus
retusa-nitida tlrinin golgesinde parke yizeyde
gorilmuistir. Gun igerisinde parke ve asfalt ylzeylerin en
ylksek sicaklik diizeyi 13:00°da, en dusik sicakhk diizeyi
ise 09:00'da elde edilmistir. 17:00°da ise sabah
saatlerinde elde edilen sicaklik seviyesine ulasilamadigi
belirlenmistir. Bunun tam tersi olarak ¢im yilizeyde
17:00’da elde edilen sicaklik dizeyi 09:00°da goriilen
diizeyin de altinda gerceklesmistir. Bu durum sert
ylzeylerin 1sly1 ¢im ylizeylere gore daha uzun siire
tutarak isiy1 arttirabilecegini gostermektedir. Cim ylizey
de giinesli kosullarda belirli dizeyde isinmaktadir. Ancak,
agac golgesindeki cim ylizey, glines altindaki ylizeye gore
6°C-14°C daha serindir. Agac¢ golgesindeki parke ylizey
ise glines altindaki ylizeye gore 10°C-24°C daha sicaktir.
GUnlik ortalama degerler dikkate alindiginda ise en
duslik sicakhklar Platanus orientalis) tiri ile Ceratonia
siliqua tiriniin golgesindeki c¢cim ylzeylerde sirasiyla
24,596°C ve 24,852°C olarak elde edilmistir. Bu degerler
toprak ylizeyde elde edilen ortalama sicakliktan yaklasik
22°C daha duslktiir. Cim ylzeyde elde edilen bu
degerlere en yakin deger F.retusa-nitida tirinin
gblgesinde parke vylzeyde 26,694°C olarak elde
edilmistir. Bu degerleri Tamarix tetrandra, Robinia
pseudoacacia“Umbraculifera” ve Leucaena
leucocephala izlemektedir. Parke ylizeylerde elde edilen
degerler toprak ylzeyde elde edilen ortalama sicakliga
gore yaklasik 15-20 °C daha duslktir. Calismada elde
edilen sonuclar kentsel alanda ¢im ylizey miktarlarinin
arttinlmasi  gerektiginin  bir gostergesidir. Toprak
ylzeyler ¢im tiirleri basta olmak lizere yer ortlicl niteligi
tasiyan cok yillik otsu tirler ile mutlaka kapatiimalidir.
Yer orticller ve gimlerin agag/agagciklar ile birlikte
kullanilmasi yuzey sicakliklarinin  azaltilmasinda ve
dolayisiyla termal konforun arttiriimasinda daha yiiksek
basari elde edilmesini saglayacaktir.

OzZET
Amag¢: Bu calismanin  amaci, kentsel alanlarda
kullanimlar sonucu ortaya c¢ikan farkli zemin

kaplamalarinin yaz doéneminde sahip oldugu vylzey
sicakhgi artisinin 6nlenmesinde agaclarin etkisini ortaya
koymaktir.

Yontem ve Bulgular: Calismada 16 Haziran 2020
tarihinde 09:00, 13:00 ve 17:00 saatlerinde 10 farkh
yluzeyde (toprak, asfalt, parke (glines-bitki alti) ve ¢im
(glines-bitki alt1)) infrared termometre kullanilarak ylizey
sicakhgr oOlcimi yapilmistir. Yizey sicaklik o6lcimleri
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ylzeyden 150 cm yukseklikten 3 tekerrirli olacak
sekilde gergeklestirilmistir. Elde edilen verilere gére en
yliksek ortalama yilizey sicakhgl 46.44 °C ile toprak
zeminde elde edilmistir. Sonrasinda asfalt, parke
(glines), cim (glines), parke (bitki golgesi) ve ¢im (bitki
gblgesi) seklinde siralanmaktadir. En disik ylzey
sicakligi ortalama degeri Platanus orientalis tirinin
gblgesindeki ¢cim ylzeyde elde edilmistir. GUnln en sicak
saatinde ise en dulsuk ylzey sicakhg Ficus retusa-nitida
gblgesinde bulunan parke ylizeyde elde edilmistir.
Genel Yorum: Akdeniz ikliminin hikim sirdiGgi kentler
yaz donemi oldukga sicak gecirmektedir. Bu durum yiizey
malzemelerinin de sahip oldugu 1siyla bir araya
geldiginde kentte yasayanlarin konforunu azaltan bir
faktor olabilmektedir. Bu kapsamda ¢im vyizey
olusturarak ve bitkisel tasarimlarda agag¢ kullanimini
arttirarak  kentsel alanda konfor diizeyi de
arttirabilecektir.

Calismanin Onemi ve Etkisi: Kentlerin i1sinmasi tim
dinyada onemli bir sorun olarak goriilmektedir. Bu
nedenle yesil alanlarin (¢cim ylzey ve diger bitkisel
materyal) sorunlarin azaltilmasina katkilari yonindeki
cahsmalar 6nem kazanmistir. Bu calismada edilen
verilerin kentin planlanmasinda bitki varligi-sert zemin
iliskisi acisindan verilecek kararlara katki saglayacagi
dustndlmektedir.

Anahtar Kelimeler: Zemin malzemesi, bitkisel materyal,
ylzey sicakhgl, biyoklimatik konfor.

CIKAR CATISMA BEYANI
Makale yazarlari aralarinda herhangi bir ¢ikar ¢catismasi
olmadigini beyan ederler.

ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar ¢alismaya esit oranda katki saglamis olduklarini
beyan eder.
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Effect of scalding pretreatment on drying of banana rings in a solar dryer
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Aims: The aim of this study is to determine the effect of scalding, which is
applied as a thermal pre-dryingprocess, on the solar drying process of
banana rings.

Methods and Results: In this study, scalding method was applied as a
thermal pretreatment. The blanched banana rings were then dried in a
natural convective solar tray dryer. Water and citric acid in concentrations

Keywords: between 2.5-10% were used as scalding solution. The banana rings were
Drying, thermal pretreatment, scalding, scalded at a 80°C temperature and then dried in a solar dryer. The effects
solar dryer. of drying conditions such as scalding solution concentration, scalding time

and drying time in solar dryer on moisture loss, diametrical shrinkage rate
and change in b color parameter were determined. Thermal pretreatment
was found to be effective in dryingthe banana rings with the solar tray
dryer. With the pre-treatment applied before solar drying, moisture loss
and diametrical shrinkage rate of the banana rings increased during the
drying period, and b yellow color change was observed to decrease.
Conclusions: Drying food products by exposing them to direct sunlight is a
widely used traditional economic drying method. Since the solar drying
process takes place at low temperature, the sensory properties and
nutrient content of the product to be dried are partially preserved. The
scalding pre-drying process applied before drying in the solar dryer can be
applied as it provides more moisture loss in a shorter time and prevents
color change.

Significance and Impact of the Study: Mersin province is one of the
provinces that has a significant contribution to the country's economy,
especially in fruit production. As well as Mersin has a high radiation
potential, it ranks first in banana production. Economical and ecological
drying process can be done by taking advantage of the heating effect of
the sun and the positive effect of scalding.
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GIRIS

Nakliye, depolama vyetersizligi veya talebin (izerinde
gerceklesebilecek arz nedeni ile arta kalan yas meyve ve
sebzeler kurutularak degerlendirilip katma degeri ve
besin degeri yuksek bir triine dontstirilebilir. Ancak
bircok gida Grind yiksek sicakhga duyarl oldugundan

ylksek sicakhkta gergeklesen kurutma islemi kuru Griin
kalitesini olumsuz etkilemektedir. Geleneksel olarak
kurutulacak Urinli dogrudan gilnes 1sigina maruz
birakilarak yapilan kurutma islemi distk sicaklikta
gerceklestigiicin gida Urlinlerinin kalite 6zellikleri kismen
korunurken drunlerin kurutulmasi vakit almaktadir.
Ayrica Urin acgik havada kurutuldugundan hijyenik son
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arlinler elde edilememektedir. Bu sebeple
akiskanlastirilmis yatak kurutma, vakumda kurutma,
infared kurutma, solar kurutma ve mikrodalga kurutma
gibi cesitli yontemler gida Urilinlerinin kurutulmasinda
kullanilmaktadir (Aktas ve ark., 2006; Yildiz, 2021).

Kurutma o6n islemi, Grinin kurutucuya girmeden 6nce
nem igeriginin dusirilmesi ile kurutucu yikinin
azaltmasi, daha disuk sicaklikta daha kisa silrede
kurutma isleminin gerceklesmesi, renk, tat, doku ve
besin degerlerinin  korunmasi veya arttirilmasi,
mikroorganizma aktivitelerinin engellenmesi ile raf d6mri
uzun dridnlerin - saglanmasi  icin  gerceklestirilen
islemlerdir. Ozmotikdehidrasyon, kikirtleme, sicak
daldirma, soguk daldirma, sogutma, dondurma, haslama
ve tuzlama gibi 6n kurutma islemleri bulunmaktadir
(Ozler ve ark., 2004; Taiwo ve Adeyemi, 2009; Yokus,
2014; Romano ve ark., 2010). Haslama ve sicak daldirma
kurutma on islemleri 1sil 6n kurutma islemi olarak
adlandirilabilir. Daldirma kurutma o6n islemi, enzim
aktivitesini engelleyerek depolanma ve kurutma
sirasinda olusabilecek istenmeyen tat, aroma ve renk
degisimlerini 6nler. Bununla beraber daldirma islemi
aranlerin hizli kurumasini saglar (Girel ve ark., 2016).
Cozelti sicakligina bagl olarak daldirma 6n islemi, sicak
daldirma ve soguk daldirma olarak iki gruba ayrilir. Soguk
daldirmada ¢ozelti sicakhgl ortam sicakhiginda veya cok
az Uzerindedir. Soguk daldirmada renk agisindan daha
kaliteli son drinler elde edilebilir. Sicak daldirmada ise
¢cOzelti sicakligi soguk daldirma sicakligindan daha
yuksektir ve kuruma hizi soguk daldirmaya goére daha
fazladir (Anonim, 2010). Meyveler genellikle asidik
sollsyonlara daldirilir. Meyvelerin kurutma ve depolama
surecinde 6zelikle renk degisimlerini 6nlemek amaciyla
askorbik asit, sitrik asit, malik asit gibi asitler,
tokoferoller, sistein gibi dogal antioksidantlar ve etil
oleat gibi ¢ozeltiler kullanihr (Romano ve ark., 2010;
Glrel ve ark., 2016). Haslama, genellikle sebzelere
uygulanan bir islem olmakla beraber bazi meyveler
icinde uygulanabilmektedir. Haslama, Uriin kalitesini
olumsuz bir sekilde etkileyen yaygin enzimleri inaktif
ederek mikroorganizma yikini azaltilir. Haslama islemi
pek cok sebze ve meyvenin rengini daha parlak hale
getirmektedir. Doku yumusamasi gerceklestiginden
kurutma icin gerekli sire kisalirken doku kayiplari
gerceklesir. Haslanacak Urlnin boyutlarina gore
haslama sicakhgl ve siresi degismektedir. Boyut buyiik
ise haslama sicakligi duser, slire uzar. Ayrica, haslama
sicakhgl yiiksek ve haslama siresi distk ise tGrinin dis
kisimlari dagilirken i¢ kisimlari yeterince haslanmaz. Bu
nedenle 80-100°C’de haslama gerceklestirilir (Anonim,
2013). Haslama, geleneksel, buharla veya mikrodalga ile
yapilmaktadir. Haslama isleminde suyun disinda sitrik
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asit ve askorbik asit gibi organik asitlerde
kullanilmaktadir (Gengdag, 2017). Haslama suyuna asit
ilavesi islemi hizlandirmaktadir (Anonim, 2010).

Muz, karbonhidrat, seker, lif, mineral ve vitamin igerigi
yuksek, yag orani disik tropikal bir meyvedir. Muzun
karakteristik aromasi, asetatlar, bitanoatlar ve 3-
metilbtil esterler gibi kisa zincirli esterler ve yag asidi
gibi bilesiklerin kompleks karisimindan kaynaklanir
(Barroca ve Guiné, 2013). Muzun kimyasal icerigi, besin
degeri ve duyusal o6zellikleri iklim kosullari, toprak
bilesimi, yetistirildigi bolge, tarim uygulamalari,
depolama ve pazarlama kosullari gibi faktérlerden
etkilenmektedir. Muz hasat edildikten sonra rengi,
dokusu ve tadi depolama sirasinda zarar gorir. Kurutma
islemi, Uriiniin nem igerigi ve su aktivitesini duglrerek
bozulmasini 6nler ancak tirlin kalitesi 6zellikle renk ve tat
isil isleme duyarlidir (Romano ve ark., 2010). Muzu
kurutmak icin vakum altinda kurutma, mikrodalga
kurutma, osmotikdehidrasyon, gilineste kurutma ve
konvektif kurutma gibi bircok kurutma yontemi
kullanilmistir (Romano ve ark., 2010; Pandya ve Yadav,
2014; Venkataseshamamba ve ark., 2017).

Mersin, Tirkiye sebze Uretiminde %7,1’lik payi ile ikinci
sirada, meyve {retiminin %13’ln0 karsilayarak birinci
sirada yer alan bir sehirdir. Mersin, muz yetistiriciliginde
%56 lik payla Turkiye'de ilk sirada yer almakta olup,
yuksek verimliligi ve bitln yil boyunca Urlin vermesi
nedeniyle bdlge tariminda 6nemli bir yere sahiptir
(Anonim, 2020). Tirkiye’'de muz vyetistiriciliginin ana
Uretim alanlari Mersin'e bagl Anamur ve Bozyazi ilceleri
ile Antalya ilinin Alanya ve Gazipasa ilgeleridir (Soylu ve
Faruk, 2021).

Mersin, glines 1sinim siddeti ve giineslenme siresi
Tirkiye ortalamasindan yiksek olan bir ildir. Bu sebeple,
muz halkalari glines enerijisi destekli bir kurutucu ile
kurutulmustur. Bu ¢alismada isil 6n islem uygulanmis ve
uygulanmamis muz halkalari ¢ok rafli dogal konvektif
glines enerijili kurutucuda kurutulmustur.

MATERYAL ve YONTEM

Bu c¢alisma kapsaminda Sekil 1’de gosterilen ¢ok rafli
dogal konvektif glnes enerijili kurutucu kullaniimistir.
Kurutucu, gines kolektéri (toplag), kurutma odasi ve
bacadan olusmaktadir. Kurutucu odasi icerisine kolay
cikarilip takilabilen celik delikli raflar yerlestirilmistir.
Kurutma kabin ylizeyinin ve topla¢ plakalarinin siyaha
boyali olmasi nedeniyle kabin ylzeyleri ve dolayisiyla
kabinin ici de 1sinir. Glines 1sinlari topla¢ ylizeyinde
toplanarak 1s1 enerjisine cevrilmekte ve Isi dogal
konveksiyonla kurutma kabinindeki havaya
aktarilmaktadir. Isinan hava 6nce kurutma odasindan
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daha sonra drinlerin yerlestirildigi raflardan gecerek
¢ikis bacasindan nemli hava disari atilarak kurutma iglemi
tamamlanmaktadir.

Sekil 1. Cok rafli dogal konvektif glines enerjili
kurutucu
Figure 1. Natural convective solar tray dryer

Deneyler, glines Isiniminin siddetinin en yiksek ve
birbirine en yakin oldugu Haziran ve Temmuz aylarinda
Mersin ilinin Tarsus ilgesinde yapiimistir. Tarsus global
radyasyon degeri Haziran ayinda ortalama 6.69 kWh/m?-
giin ve Temmuz ayinda ise 6.09 kWh/m2-giin diir.
Gilneslenme siresi Haziran da 11.19 saat ve Temmuz
glineslenme siiresi 11.63 saattir (Enerji isleri Genel
Midarlaga, 2021). Deneyler sicaklik ve glines i1sinim
siddetinin en yiiksek oldugu saatlerde 09:30 ile 17:30 da
yapilmistir (Apaydin, 2007).

Gunes enerjili rafli kurutucu, deneylere baslanmadan
once termal dengeye gelmesi icin glines altinda bir saat
bekletilmistir. Kurutma kabin hava sicakhgi ve nemi CEM
marka DT-802 model hava kalitesi 6lclim cihazi ile takip
edilmistir. Kurutucu da gerceklestirilen deneylerde
kurutucu kabindeki ortalama hava sicakligi 45.47 °C ve
nemi % 34.01 dir. Ortalama dis hava sicakligi 39.73 °C ve
nem degeri % 42.36, gblgede dis hava sicakligl 31.17 °C
ve nem degeri % 62.83 dir.

Kurutma materyali olarak Anamur muzu kullaniimistir.
Muzun kabugu c¢ikarildiktan sonra 3 mm dilim
kalinhginda halka seklinde dilimlenmistir. Isil 6n islem,
sabit sicaklik su banyosunda agzi kapali 400 mL’lik cam
erlenler iginde gergeklestirilmistir.

Cozelti icerisinden alinan dilimlenmis muz halkalarinin
fazla suyu stizdirildikten sonra kurutma islemleri icin
kurutucu raflarina yerlestirilmistir. Haslama isleminde
kullanilacak suyun sicakhg 80-100°C arasinda olmasi
gerektiginden muz halkalari 80°C deki suda haslanmistir
(Anonim, 2013). Haslama suyuna asit ilavesi, islemi
hizlandirdigl ve renkteki kahverengilesmeyi engelledigi
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icin farkh derisimlerde sitrik asit ¢ozeltisi haslamada
kullanilmistir (Anonim, 2010). Haslama icin en uygun
sitrik asit derisimi bulunduktan sonra en uygun isil islem
suresinin belirlenmesi icin deneyler yapilmistir. Haslama
1sil 6n islem deneyleri, 80°C sicaklikta belirlenen siirede
(0-60 dk) su ve farkl sitrik asit derisimlerinde (%2.5-10)
yapilmistir.

Kurutmaya etki eden faktorler olarak ¢ozelti derisimi, 6n
islem siresi ve glines enerjili kurutucudaki kurutma
suresi secilmistir. Kurutma 6ncesi ve sonrasi kitle, cap
Olgimleri ve renk analizi ¢ 6rnek icin yapilmistir.
Deneylerde kurutma islemi Oncesi ve sonrasi kitle
ISOLAB marka 602.31.002 model 0.001 hassasiyetinde
hassas terazi ile belirlenmis ve ortalamasi alinmistir. Muz
halkalarinin ¢aplari ise 0.01 mm hassasiyetinde
paslanmaz celik govdeli 150 mm CETA FORM dijital
kumpasla belirlenmistir. Elde edilen bu verilerden
asagidaki esitlik (1) ve (2) yardimiyla nem kaybi ve ¢apsal
blzilme orani belirlenmistir (Aboud, 2013; Darici ve Sen,
2012; Pandya ve Yadav, 2014).

My— M
Nem Kaybh1 = L—Dt

) (1)
Capsal Buzilme Orani :¥

° (2)

Esitlik 1’de yer alan Mo ve M sirasiyla muz halkalarinin
kurutma 6ncesi ve kurutma sonrasi agirliklarini (g), esitlik
2’de yer alan Do ve D ise kurutma 6ncesi ve kurutma
sonrasi 6rnek ¢capini (mm) ifade etmektedir.

Muz halkalari beyaz-sari renklerinde olup, zamanla sari-
kahverengi renk alir. Bu ylizden muz kurutulmasinda b
degerleri renk analizinde daha 6nemlidir. b degeri mavi-
sari renk hakkinda bilgi verir. b pozitif degeri sari ve b
negatif degeri mavi rengi ifade eder (Yildiz ve ark., 2015;
Askari ve ark., 2008). Kurutma Oncesi ve sonrasi muz
halkalarinin renk parametreleri b degerleri ColorMeter
marka Pro model renk tarama Ol¢im cihazi ile
belirlenmistir.

BULGULAR ve TARTISMA

Muz halkalarinin  kurutulmasinda c¢esitli  haslama
cozeltileri denenmis ve en etkili ¢Ozeltinin sitrik asit
oldugu gortlmistir (Abano ve Sam-Amoah, 2011; Yildiz,
2021). Bu galismada haslama igin saf su, %2.5, %5, %7.5
ve %10 (w/v) sitrik asit ¢ozeltileri kullanilmis ve 10 dakika
haslama yapilmistir. En uygun derisim belirlendikten
sonra muz halkalari 10, 30 ve 60 dk boyunca belirlenen
derisimde 60°C de sitrik asit ¢Ozeltisinde haslanmistir.
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Haslamadan sonra muz halklari giines enerijili kurutucu
kabinindeki raflara dizilerek kurutulmustur. Ayrica
haglama isleminin etkili olup olmadigini belirlemek igin
haslanmamis muz halkalari da glines enerjili kurutucu da
kurutulmustur. Kurutma siresi boyunca yas baza goére
nem kaybi degisimi, blziilme oranive b renk parametresi
gibi kurutma performans degerleri belirlenmistir.
Deneyler sonunda kurutma islemi icin en uygun derisim
ve haslama siresi belirlenmistir.

Sekil 2, sekil 3 ve sekil 4 de haslanmamis, suda ve farkli
sitrik asit derisimlerinde gilineste kurutma slresi
boyunca sirasiyla nem kaybi, blzilme orani ve b renk
degeri verilmistir.

Kurutma islemi sirasinda yapilan 6l¢ciimlerin basinda nem
kaybindan kaynaklanan kiitle degisimi gelmektedir. Kiitle
degisimi surekli takip edilerek, tGriinin anlik nem igerigi
belirlenerek kurutucu sistemin anlk performansi
bulunabilir. Kurutma sirasinda kitle degisimi o6lgllerek
zamana gore nem igerigi degisimi kurutma ¢alismalarinin
bircogunda incelenmistir. %80 nem igerigine sahip
muzun gilivenli depolamasi igin yas baza goére sahip
olmasi gereken son nem igerigi %15 dir. On islem géren
muz halkalari 6-10 saat arasinda kurumaktadir (Giirel ve
ark., 2016). Sekil 2’de haslanmamis (6n islemsiz), su ve
farkh derisimlerde sitrik asit ¢ozeltisinde daldirilan muz
halkalarinin glines enerjili kurutucu da zamanla nem
kaybindaki degisimi verilmistir. Kurutma siresi boyunca
muz halkalarinin nem kaybi artmistir. Zamanla glines
enerjili kurutucuda gilines enerjisi 1sinim siddetine bagl
olarak hava sicakhginin artmasi gida matrisinden nem
difizyonunu ve ylzeyden su  buharlagsmasini
arttirdigindan nem kaybi da artar. Benzer sonuglar, elma
dilimleri icin Aktas ve ark. (2009), domates dilimleri igin
Abano ve ark. (2014), kirmizi biber icin Cakir (2015) ve
sarimsak dilimleri icin Nwakuba ve ark. (2018) tarafindan
yapilan ¢alismalarda elde edilmistir.

On islemsiz érneklerde en az nem kaybi olmustur. Muz
halkalarinin glines enerjili kurutucu ile kurutulmasi
Ooncesi uygulanacak haslama isleminin  kurutma
performansina olumlu etki yaptigi gorilmuistir. Muz
halkalarinin  kurutulmasinda nem kaybi sitrik asit
¢Ozeltisinde haslamaya gore su da haslama da daha
azdir. Haslama suyuna asit ilavesi nem kaybini
arttirmistir. Sitrik asit ¢ozeltisinin derisimi arttikca nem
kaybi zamanla artmistir. En fazla nem kaybi %7.5-10
¢cOzelti derisiminde gorllmustiir. Bes saatlik kurutma
periyodunun sonunda 6n islemsiz kurutmada nem kaybi
%55 iken %7.5 |luk sitrik asitte haglanan muz
halkalarindaki nem kaybi %78 olmustur. Kurutma oncesi
haslama islemi uygulandiginda, trinin su kaybi daha
kisa surede gerceklesmektedir. Farkh sitrik asit
derisimlerinde haslanana muz halkalari bes saat glines
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enerjili kurutucuda kurutma islemi sonunda ortalama
son nem icerigi %8-%10 arasinda degismektedir.
Kurutma Oncesi c¢ozeltiye daldirilan  meyvenin
gozenekleri glineste kurutma siiresince dolarak genisler.
Boylece 6n islem Orneklerden nem giderme oranini
arttirir (Abanoand Sam-Amoah, 2011). Ayrica meyvelerin
dokusu haslama islemiile yumusar nem kaybi ile beraber
seker kaybi da meydana gelebilir (Sen, 2013).
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Sekil 2. Haglanmis ve haslanmamis muz halkalarinin
glines enerijili kurutucuda zamanla nem kaybi degisimi
Figure 2. Moisture loss variation of scalded and
unscalded banana rings in solar dryer with drying time

Sekil 3’de 6n islemsiz, su ve farkli derisimlerde sitrik asit
¢Ozeltisinde haslanan muz halkalarinin glines enerjili
kurutucu da zamanla biziilme oranindaki degisimi
verilmistir. Kurutma slresi boyunca muz halkalarinin
blzilme oranlari nem kaybindaki artis ile beraber
artmistir. On islemsiz ve suya daldirilan muz halkalarinda
buzllme orani diistktir. En fazla bizilme orani %5 lik
sitrik asit ¢bzeltisinde haslanan muz halkalarinda
olmustur. Daha yiiksek derisimlerde haslama ile dokuda
yumusama ve dagilma gerceklestiginden capsal biiziilme
daha az olmustur. Bes saatlik kurutma periyodunun
sonunda 6n islemsiz kurutmada biiziilme orani %19 iken
%10’luk sitrik asitte haslanan muz halkalarinda biziilme
orani en fazla %26 olmustur. Haslama islemi ile
yumusayan dokuya su alarak sisen meyve glineste
kurutma islemi ile sertleserek buzilir (Sen, 2013). Bu
sebeple blzilme oranindaki degisim on islemsiz
kurutma da daha fazladir. Heybeli ve Ertekin (2007)
yaptiklari g¢alismada elma dilimlerinin glines enerijili
kurutma isleminde volumetrik biiziilme oraninin nem
icerigi ile arttig1 belirlenmistir.
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Sekil 3. Haslanmis ve haslanmamis muz halkalarinin
giines enerijili kurutucuda zamanla biziilme orani
degisimi
Figure 3. Shrinkage ratio variation of scalded and
unscalded banana rings over time in solar dryer

Kurutma sdresi boyunca on islemsiz ve farkl
derisimlerde sitrik asit ¢oOzeltisinde haslanan muz
halkalarinin b renk parametresindeki degisimi Sekil 4’de
verilmistir. b degeri pozitif (+60) dan mavi deger (-60) a
kadar degisir (Askari ve ark., 2008). Deneylerde
kullanilan muz halkalarinin b degerleri 30-60 arasinda
degismistir. Muz halkalarinin rengi kurutma siresi
boyunca beyaz-sari renkten sari-kahverengiye dogru
degismistir.Bu yluzden b sarilik renk parametresindeki
degisim kurutma siiresince azalmistir. On islemsiz ve su
da haslanan muz halkalarinda kararmayla beraber b
degerleri sitrik asit ¢ozeltisinde haslanan muz halklarina
gore daha duslktlr. Kurutulan drindeki kararma gibi
renk degisimi, parlaklik (L degeri) gibi isiya duyarl
pigmentlerin zarar gérmesi sonucu ortaya ¢ikmaktadir.
Haslama islemi pek ¢ok sebze ve meyvenin rengini daha
parlak hale getirmektedir (Sat ve Oz, 2015). Meyvelerin
sitrik ~ asit  gibi asidik  ¢Ozeltilere  daldiriimasi
kahverengilesme ve enzimatik olmayan Maillard
reaksiyonunu engelledigi bilinmektedir (Maskan, 2001).

Maillard kahverengilesme reaksiyonunda amino asit ve
sakkaroz  reaksiyonlari  kahverengilesmenin  ana
sebebidir. Diisiik nem igerigi, yliksek kurutma sicakligi ve
uzun kurutma siiresi kahverengilesmeyi arttirmaktadir
(Hatami ve ark., 2017). Meyvelerin kurutulmasinda
enzimatik renk esmerlesmesini tamamen ortadan
kaldirmak icin meyveler haglanabilir (Sen, 2013).
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Sekil 4. Haslanmis ve haslanmamis muz halkalarinin

glnes enerijili kurutucuda zamanla b degeri degisimi

Figure 4. b value variation of scalded and unscalded
banana rings over time in solar dryer

Deneyler Uc¢ tekrarli olarak gerceklestirilmistir. Deney
sonunda elde edilen verilere varyasyon analizi
uygulanmigtir. Glven araligl %95, %99 ve %99.9 olarak
belirlenmis ve p<0.05, p<0.01 ve p<0.001 degerleri
istatiksel olarak anlamli kabul edilmistir. Varyasyon
analizi  sonuglarina gore haslanmamis ve farkli
derisimlerde haslanmis muz halkalarinin giines enerjili
kurutucuda kurutulmasinda kurutma siresinin nem
kaybi, biizilme oranive b renk parametresi lizerine etkisi
onemli (p<0.001; p<0.01; p<0.05) bulunmustur. Haslama
¢Ozeltisi derisiminin  bliziilme orani ve b renk
parametresi Uzerine etkisi 6nemli (p<0.001; p<0.01;
p<0.05) bulunurken nem kaybi Gzerine etkisi istatiksel
olarak 6nemli olmadigi bulunmustur (p>0.05).

Cizelge 1. Farkh sitrik asit ¢ozeltisinde haslanan muz halkalarinin kurutulmasina ait varyans analiz tablosu
Table 1. Variance analysis table for solar drying banana rings scalded in different citric acid solution

Varyasyon Kaynaklari df Nem kaybi Bliziilme orani b degeri
Gunes enerjili kurutucuda kurutma siresi (A) 4 Hokk Hokk Hokok
Haslama ¢ozeltisi derisimi (B) 5 - *EX *Ex

AB 20 - - -

Hata 60

(***)=p<0.001; (**)=p<0.01; (*)=p<0.05; (-)=6nemli degil.

Sekil 5, sekil 6 ve sekil 7 de haslama siiresinin sirasiyla
nem kaybi, biizilme orani ve b sari renk degisimi Gizerine
etkisi verilmistir. Haslama islemi (zerine haslama

slresinin 6nemli bir etkisi vardir. Haslanacak urliniin
boyutlar biiylk ise haslama sicakligi diser islem daha
uzun sirer. Yiksek sicaklk, distk sirede Urindn dis
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kismi  dagilirken i¢c kisimlari yeterince haslanamaz
(Anonim, 2013). Ayrica kaynar su ile meyve haslama
isleminde ©6nemli kayiplar olmakla beraber yapida
bozulmalar goérilmektedir (Sen, 2013). Bu sebeple
haslama sicakligi 60°C ye dusirilip, haslama siresi 10
dk, 30 dk ve 60 dk olarak belirlenmistir. Sekil 5‘de %5
sitrik asit ¢ozeltisinde farkh siirelerde haslanmis muz
halkalarinin gilines enerjili kurutucu da kurutma islemi
boyunca nem kaybi verilmistir. Kurutma siresi boyunca
muz halkalarinin nem kaybi artmistir. Yalniz glines
enerjili kurutucuda kurutma da en az nem kaybi
olmustur. Kurutucuda kurutma oOncesi uygulanacak isil
on islem stiresi 60 dk oldugunda nem giderimi daha fazla
olmustur. Nem kaybi bes saatlik kurutma periyodunun
sonunda %27 den %75’e kadar yikselmistir. Farkl
haslama sirelerinde %5 sitrik asit ¢ozeltisinde haslanan
muz halkalarinin giines enerjili kurutucudaki bes saat
kurutma periyodu sonunda ortalama son nem igerigi
yaklasik %9 bulunmustur. Muz halkalarinin ¢ozelti
icerisinde kalmasinin kurumaya olumlu bir etkisinin
oldugu  gorilmustir. Daldirma  ¢ozeltisi, muz
dilimlerindeki gbozenekleri glineste kurutma siiresince
doldurarak genisletir ve nem giderme oranini arttirir
(Abano ve Sam-Amoah, 2011). Uriinde nem igerigi
azalirken kati matrisinin yogunlugu ¢o6ziici gegisiyle artar
(Talla ve ark., 2004).
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Sekil 5. GUnes enerijili kurutma boyunca haslama

slresinin nem kaybina etkisi
Figure 5. The effect of scalding time on moisture loss
during solar drying

%5 sitrik asit ¢ozeltisinde haslanmis muz halkalarinin
glines enerjili kurutucu da kurutma siresi boyunca
blzilme orani degisimi sekil 6 da verilmistir. Haslanmis
muz halklarinin biiziilme orani kurutma siiresinin tglnci
saatinden sonra onemli bir degisim gostermemistir.
Blizilme oraninda en fazla artis 60 dk ¢6zeltide haslanan
muz halkalarinda gorilmistir. Kurutma siresi boyunca
nem kaybi arttigl icin blzilme orani artmistir. Muz
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halkalarinda bilzilme ile kuru {rlinde nem icerigi
azalirken kati matris yogunlugu artar (Talla ve ark.,
2004). Kurutmanin baslangicinda blzilme fazla iken
kurutma periyodunun sonuna dogru son boyutunda
degisim azalmis ve Grin seklini almistir (Taiwo ve
Adeyemi, 2009).
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Sekil 6. Glines enerijili kurutma boyunca haslama
suresinin blziilme oranina etkisi
Figure 6. The effect of scalding time on shrinkage ratio
during solar drying

60°C sicaklikta %5 sitrik asit ¢ozeltisine daldiriimis muz
halkalarinin glines enerjili kurutucu da kurutma siresi
boyunca b renk parametresindeki degisimi sekil 7 de
verilmistir. Muz halkalarinin haslama siliresi artikca
kararmayla beraber b degerleri azalmistir. On islemsiz
muz halkalarinin  kurutulmasinda b renk degisimi
kurutma siresi boyunca duasmustlr. Sitrik asitte
haslanmis muz halkalarinda b renk degeri daha yiksek
olup glines enerijili kurutucuda kaldigi stire boyunca b
renk degeri azalmistir. 30 dk haslanan muz halkalarindaki
renk degisimi daha az olmustur. Sitrik asit ¢ozeltisinde
haslama isleminin renk degisimine olumlu etkisi oldugu
gorilmastir. Haslama ortamina ilave edilecek sitrik asit
istenmeyen enzimleri inaktive ederek fenolik bilesen
kaybini dislirdigi icin Griindeki renk degisimini azalttig
belirlenmistir (Martinez ve ark., 2013). Haslama gibi 6n
kurutma islemlerinde indirgen seker gibi suda
¢Ozlinebilir bilesenler kayba ugramaktadir. Maillard
esmerlesme reaksiyonunda etken olan indirgen
sekerlerin kaybi ile renk degisimi daha az olmakla
beraber sariliktan uzaklasma goérilmektedir (Turgut ve
Topuz, 2020).
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Sekil 7. GlUnes enerijili kurutma boyunca haslama
suresinin b degerine etkisi
Figure 7. The effect of scaling time on b value during
solar drying

Haslanmamis ve farkh haslama siirelerine tabii tutulan
muz halkalarinin  glnes  enerjili kurutucuda
kurutulmasinda haglama siresinin  ve kurutucuda
kurutma siresinin nem kaybi, biziilme orani ve b renk
parametresi (zerine etkisi istatistiksel olarak 6nemli
(p<0.001; p<0.01; p<0.05) bulunmustur.

Cizelge 2. Farkh haslama stiresinde muz halkalarinin kurutulmasina ait varyans analiz tablosu
Table 2. Variance analysis table for drying banana rings at different scalding times

Varyasyon Kaynaklari df Nem kaybi Bliziilme orani b degeri
Gunes enerjili kurutucuda kurutma siresi (A) 4 Hokk Hokk Hokk
Haslama siresi (B) 5 Hokk Hokk Hokk
Hata 60

(***)=p<0.001; (**)=p<0.01; (*)=p<0.05; (-)=6nemli degil.

Sonug olarak, uygulanacak isil 6n islemlerden biri
olan haslama islemi ile glines enerijili kurutucuda
kurutma isleminin beraber kullanilmasi, kurutulan
Urinde nem kaybini arttirmis ve renkte ortaya ¢ikan
kayiplarin  ise azaldigi  gorulmuastiar. Diasuk
sicakliklarda kurutma yapilan giines enerjili kurutma
isleminin etkinligini arttirmak icin kurutma 6ncesi
haslama 6n kurutma isleminin gerceklestiriimesi
muz gibi ylksek istya duyarli meyve ve sebzelerde
duyusal oOzellikler ile besin degerlerini fazla
degistirmeden kurutulmasini saglayan bir on islem
olarak kullanilabilir. On islem gérmemis muz
halkalari dogrudan glines enerjili kurutucuda
kurutulmasinda en distk nem kaybi ve biziilme
orani gorilirken en fazla b renk degerinde degisim
belirlenmistir. Haslama isleminde ortama asit
ilavesinin ~ kurutma  performansini  artirdigl
gozlenmistir. Haslama suyuna ilave edilen asit
miktari artikca nem kaybi ve biziilme orani artmis,
b renk degerinde degisim azalmistir.

OzET

Amag: Bu ¢calismanin amaci isil 6n kurutma islemi olarak
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uygulanan haslama muz halkalarinin giines enerijili
kurutma islemine etkisini belirlemektir.

Yéntem ve Bulgular: Bu g¢alismada, 1sil 6n islem olarak
haslama yontemi uygulanmistir. Haslanan muz halkalari
daha sonra dogal konvektif ¢ok rafli glines enerjili
kurutucuda kurutulmustur. Haslama ¢ozeltisi olarak su
ve %2.5-10 arasindaki derisimlerde bulunan sitrik asit
kullaniimistir. Muz halkalar 80°C de haslanmis ve daha
sonra glines enerijili kurutucuda kurutulmustur. Haslama
¢Ozeltisi derisimi, haslama siresi ve giines enerijili
kurutucuda kurutma siresi gibi kurutma kosullarinin
nem kaybi, capsal biziilme orani ve b renk parametresi
Uzerine etkisi belirlenmistir. Muz halkalarinin ¢ok rafli
glnes enerjili kurutucu ile kurutulmasinda, 1sil 6n islemin
etkili oldugu gorilmustir. Glines enerijili kurutma 6ncesi
uygulanan 6n islem ile muz halkalarinin kurutma siiresi
boyunca nem kaybi ve ¢apsal blzilme orani artmis, b
sari renk parametresinin azaldig gérilmustar.

Genel Yorum: Gida Urinlerini dogrudan giines 1sinimina
maruz birakarak kurutma islemi yaygin kullanilan
geleneksel bir ekonomik kurutma yontemidir. Gines
enerjili kurutma islemi diisiik sicakhkta gerceklestigi icin
kurutulacak Uriniin duyusal ozellikleri ve besin igerigi
kismen korunur. Giines enerijili kurutucuda kurutma
oncesi uygulanan haslama 6n kurutma islemi daha kisa
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slirede daha fazla nem kaybi sagladigi ve renk degisimini
onledigi icin uygulanabilir.

Calismanin Onemi ve Etkisi: Mersin ili, 6zellikle meyve
Uretiminde Ulke ekonomisine 6nemli katkisi olan illerden
biridir. Mersin ili yiksek glineslenme potansiyeline sahip
olmakla beraber muz uretiminde birinci sirada yer
almaktadir. Gilinesin isitma etkisinden ve haslamanin
olumlu etkisinden faydalanarak ekonomik ve ekolojik
kurutma islemi yapilabilir.

Anahtar Kelimeler: Kurutma, 1sil 6n islem, haslama,
glines enerijili kurutucu.

CIKAR CATISMA BEYANI
Yazar herhangi bir ¢ikar ¢catismasi olmadigini beyan eder.
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Aims: Fungal diseases are one of the most important biotic factors causing
serious losses in banana cultivation in field or greenhouses during
cultivation, harvest, storage and transportation periods. Crown rot, caused
by Fusarium verticillioides, is considered one of the most important
postharvest fungal disease of banana fruits. In this study, endophytic
bacterial isolates were obtained from fruits, branches and leaves of
healthy banana trees and their antagonistic potentials were investigated
against F. verticillioides as a biological control agent (BCA) in vitro
conditions.

Methods and Results: A total of 23 putative endophytic bacterial isolates
were obtained from fruits, stems and leaves of healthy banana trees. All
bacterial isolates were identified by MALDI-TOF MS (Matrix Assisted Laser
Desorption lonization-Time Of Flight Mass Spectrometry) analysis. In vitro
antagonistic efficiencies of 12 different bacterial isolates, from eight
different species (Bacillus subtilis ssp. spizizenii (3), Bacillus
amyloliquefaciens (2), Bacillus subtilis ssp. subtilis (2), Bacillus mojavensis,
Enterococcus faecium, Enterobacter cloacae, Enterobacter ludwigii and
Pseudomonas stutzeri), were tested on inhibiting mycelial growth by using
dual culture tests. Among bacterial isolates, the highest antagonistic
activity was displayed by Bacillus mojavensis BEn3 isolate which
significantly inhibited the mycelial growth by 50.83%. Enterobacter
cloacae BEn1, Enterobacter ludwigii BEn2, Enterobacter faecium BEn7,
however, failed to inhibit the mycelial growth of fungi.

Conclusions: Significant suppression in the mycelial growth caused by
endophytic bacterial isolates indicates that Bacillus mojavensis BEn3
isolate could be considered as possible BCA against crown rot disease
agent.

Significance and Impact of the Study: Our findings suggest that B.
mojavensis Ben3, as the most successful endophyte bacterial isolate that
suppresses the growth of F. verticillioides, can be used as a promising
biological control agent as an alternative to chemical control against crown
rot disease.
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INTRODUCTION

Although the banana is a tropical climate fruit, it is also
grown in subtropical climatic conditions in some
microclimates. In Turkey, banana production meets
almost 50% of domestic consumption amount. The
difference between consumption and production is met
through imports and five international companies
control 80% of the world’s banana trade. While the
average annual yield of Turkey is 6.528 kg/da of bananas,
the production amount was 728.133 tons in 2020.
According to TUIK data, 1.101 da of this area are located
in the provinces of Hatay Province (Anonymous, 2021).
In recent years, there has been a rapid transition to
greenhouse cultivation in the mentioned areas and a
significant increase in production and quality has been
achieved. The production of bananas is the main source
of livelihood for 45% of the people living in the areas
where the banana grows (Pinar et al., 2011).

As a climacteric fruit, banana have high nourishment and
are rich in nutrient contents such as other ripe fruits,
very short shelf life. Mature fruits are susceptible to
many postharvest disease agents which cause high rates
of loss (Maqgbool et al., 2011). Fungal disease agents are
the most important biotic factors causing serious loss
during cultivation, storage and transportation.
Nowadays, postharvest fruit loss caused by fungal
disease agents is estimated to account for more than
50% of total agricultural fruit production (Zhang et al.,
2017). Crown rot, anthracnose, Lasiodiplodia rot,
Thielaviopsis rot, cigar-end rot, black-tip rot and squirter
were reported to be the most common diseases in the
world’s leading banana growing countries (Snowdon,
2010).

In banana fruits, decaying of the region called the crown
(chock) is known as crown rot disease. Crown rot disease
complex was reported to be caused by various fungal
species either alone or more than single species.
Following morphological and molecular identification
studies, Fusarium species were the most frequently
isolated and reported fungal agents responsible for
crown rot disease. Since disease agents cause
considerable economical losses during transportation
and storage stages, researchers in banana producing
countries have begun to give priority to effective control
methods against the disease agents observed in the
banana fruit (Ranasinghe et al., 2002; Anthony et al.,
2004; Williamson et al., 2008; Umana-Rojas and Garcia,
2011; Alvindia, 2013; Appiah-Sarpong et al., 2013). In a
very recent study, several fungal disease agents were
isolated and identified on banana fruits in storage and
packaging houses located in Mersin province of Turkey.
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Among the fungal isolates, obtained from the fruits
showing crown rot disease symptoms, isolates belonging
to Fusarium spp. such as Fusarium verticillioides (13.4%),
F. oxysporum (10.5%), F. proliferatum (9.7%) were the
most frequently isolated fungal agents responsible for
crown rot disease (Faruk and Soylu, 2021). Fungicides
are the most commonly used control strategy for
controlling banana leaf spots and post-harvest diseases.
Triazoles and prochloraz were reported as highly
effective fungicides for suppressing these diseases.
Overuses of fungicides were, however, frequently
resulted in chemical residues in banana plants and their
environments which become a public concern.
Therefore, eco-friendly methods are necessary for
reducing fungicide usage in the management of banana
diseases (Fu et al., 2010).

Biological control, using bacterial microbiomes, was
frequently reported great promise of providing an
alternative to current postharvest chemical fungicides
for the control of postharvest diseases and reducing the
health and environmental hazards presented by
synthetic fungicides (Wilson et al., 2011; Dukare et al.,
2019; Ons et al., 2020; Tariq et al., 2020).

Bacterial microbiomes, used as biological control agents
(BCA) and plant growth promoting (PGPB), are named as
endophytes or epiphytes according to their location in
the plant. Both BCA and PGPB isolates have been used to
prevent several kinds of plant diseases in the context of
biological control. Endophytic bacteria are defined as
bacteria isolated from the internal tissues of surface
disinfected plant parts such as flower, leaf, fruit, stem,
root and seed and not causing any damage to the treated
plants (Zhang et al., 2004; Anand et al., 2010; Akram and
Anjum, 2011; Tan et al., 2012; Eljounaidi et al., 2016;
Santoyo et al., 2016; SUlU et al., 2016). Bacterial isolates
belonging to Agrobacterium, Bacillus, Burkholderia,
Chryseobacterium, Clavibacter, Curtobacterium,
Enterobacter, Micrococcus, Paenibacillus,
Phyllobacterium, Rhizobium, Pseudomonas, Serratia and
Stenotrophomonas genera are known as endophytic
antagonistic bacteria (Mclnroy and Kloepper, 1995).
Endophytic antagonistic bacteria have been reported to
possess several disease suppressive mechanisms, such
as antibiosis, siderophore production, carbon source
competition and plant resistance, to prevent
pathogenesis (Eljounaidi et al., 2016). Endophytic
bacterial isolates have been also reported promoting
plant growth by activating the expression of several
hormones in the plant, resulting in healthy development
of the plant, resistance to disease agent(s) and an
increase in the yield (Santoyo et al., 2016). The use of
bacterial microbiomes as biocontrol agents (BCA) has
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been very important in the integrated management of
cultivations and organic production, where their value as
a postharvest control of fungal diseases stands out.
Bacterial isolates of Burkholderia cepacia (De Costa and
Erabadupitiya, 2005), Bacillus amyloliquefaciens
(Alvindia and Natsuaki, 2009), Pseudomonas syringae
(Williamson et al.,, 2008), Pantoea agglomerans and
Flavobacterium sp. (Gunasinghe and Karunaratne, 2009)
were reported for controlling banana post-harvest
diseases in previously conducted biocontrol studies. The
roles of endophytes in disease and pest resistance are
comparatively understudied, but recent work has
started to highlight the importance of endophytes, in
particular, as an increasingly popular biological control
option (Gao et al., 2010; Dutta et al., 2014; Bozkurt and
Soylu, 2019; Rabiey et al., 2019).

The multi purposes of this study were to (i) isolate
endophytic bacterial isolates, having biocontrol
potential from the healthy banana internal tissues of the
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fruits, stems and leaves, to (ii) identify into species level,
and to (iii) investigate their antagonistic efficiencies
against crown rot disease agent F. verticillioides in vitro
conditions.

MATERIALS and METHODS

Isolation of fungal disease agent

The fungal disease agent F. verticillioides was originally
isolated from the banana fruits (cv. Azman) displaying
typical crown rot symptoms (Figure 1) and purified on
the PDA medium (Kurt et al., 2020a,b; Faruk and Soylu,
2021). Carnation Leaf-Piece Agar (CLA) medium was
used for identification of fungal species with the reason
of forming uniform micro- and macroconidia,
chlamydospore production as well as colony

morphology, pigmentation and growth rates on the
medium (Fisher et al.,, 1982; Leslie and Summerell,
2006).

Figure 1. (A and B) Typical softening and sporulation symptoms (arrows) caused by crown ‘rot disease agent F.
verticillioides on banana fruits. (C) Typical mycelial growth of F. verticillioides on PDA nutrient medium
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Petri dishes were then incubated for 7-10 days at 25°C
and the identification of disease agent was made
according to morphological characteristics such as
colony growth and pigmentation, spore shape and color,
chlamydospore formation, conidiophore structure as
described by Leslie and Summerell (2006) under light
microscopy (Olympus BX 51). Identification of fungal
isolate was further confirmed by MALDI-TOF MS protein
profile analyses as described previously (Kurt et al.,
2017; Soylu et al., 2021).

Isolation of endophytic biocontrol bacterial isolates

Endophytic bacteria were obtained from internal tissues
of surface sterilized fruits, stems and leaves of healthy
banana trees growing in Arsuz district of Hatay province
(Figure 2). Surface sterilized fruits and stems were cut
with sterile bisturi and isolation was made on the
nutrient medium through directly touching crushed
internal tissues (imprinting method). The surface-

\ Y

Figure 2. General appearances of healthy banana fruit trees from which endophytic bacterial isolates were obtained.
Bacterial isolates were especially obtained from healthy fruits (*) adjacent to diseased fruits (arrow)

Identification of endophytic biocontrol bacterial
isolates by MALDI-TOF MS analyses

The identification of the candidate endophytic bacterial
isolates was first made according to the biochemical
methods (Lelliot and Stead, 1987; Schaad, 2001).
Bacterial isolates were then identified precisely into
species by using Matrix Assisted Laser Desorption
ionization-Time of Flight Mass Spectrometry (MALDI-

{e
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sterilized leaves were crushed directly in sterile
phosphate buffered saline solution (pH 7.4) and the
resulting suspension was transferred onto selective King
B Agar (KB) or Tryptic Soybean Agar (TSA) medium
(Aktan ve Soylu, 2020). The cultured petri dishes were
then kept at 26°C for 48 hours. Pure bacterial isolates
were obtained from bacterial colonies with different
morphological appearances growing on the surface of
the medium. Each of the bacterial colonies with different
morphological appearances representing the petri
dishes was evaluated as a putative antagonist bacterial
isolate (Kara ve ark., 2020). To determine whether the
endophytic bacterial isolates are plant pathogen, all
putative isolates were subjected to the hypersensitivity
(HR) test in the tobacco plant (Schaad, 2001). Isolates
that do not produce HR are considered as putative
endophytic bacterial isolates and maintained in petri
dishes containing TSA medium at +4°C until diagnosis.

Blag . &

TOF MS) analyses (Aktan ve Soylu, 2020). Protein
isolation was made from putative antagonist endophytic
bacterial isolates which were derived from purified from
single colonies by using the ethanol-formic acid
extraction method. The specific protein spectra of the
isolates were obtained with Maldi Biotyper Real-Time
Classification (RTC) software (Biotyper 3.0; Microflex LT;
Bruker Daltonics GmbH, Bremen, Germany). Bacterial
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isolates were then identified at species levels with a
high-confidence score by comparing them with the
spectra of the reference culture species in the library. At
the end of the analysis, a score value of 2.30-3.00 (green
color) was considered as the highly probable species
identification, score value of 2.00-2.299 (green color)
was considered as secure genus identification and
probable species identification, score value of 1.70-1.99
(yellow color) was considered as probable genus
identification and a score of 0.00-1.69 (red color) were
considered as an unreliable diagnosis.

Determination of activities of antagonist endophytic
bacteria in vitro conditions

Antagonistic potentials of endophytic bacteria obtained
from the internal tissues of fruits, branches and leaves
were determined by dual culture tests in PDA-containing
petri dishes in vitro conditions as previously reported
(Soylu ve ark., 2020). In dual culture tests, the putative
endophytic bacterial isolate to be tested was drawn on
one end of the media and left for pre-incubation at 26°C
for 2 days. After the bacteria developed, mycelial discs
with a diameter of 5 mm, taken from the actively
growing tip of the 5-day-old fungus culture, were placed
4 cm away from the developing colony and the petri
plates were left to develop at 26°C. As a control, the
fungus was transferred to non-bacterial petri dishes. As
the mycelial growth of the fungus reached the
determined point in the control petri dishes (MGc),
fungal mycelial growths towards the bacteria were
measured in all petri dishes containing putative
endophytic antagonist bacterial isolates (MGb) and the
% inhibition rates were calculated according to the
mycelial growth in the control petri dishes by using
%Abbot formula (Inhibition % = [(MGc-MGb) / MGc) *
100] as decribed by Soylu et al. (2021).

In vitro biocontrol experiments were set up according to
the randomized plot design, with 3 replications for each
application, and repeated at 2 different times. One-way
ANOVA analysis was performed on the mycelial
inhibition values in the petri dishes using the SPSS
statistical program (SPSS Statistics 17.0), and the
difference between the isolates were analyzed with the
Duncan Multiple Range Test (P<0.05).

RESULTS and DISCUSSION

Fungal isolate was obtained from surfaces of blackened
and covered with whitish mycelia on banana crown
pedicels (Figure 1A, B). Colonies grew rapidly with
abundant pink to violet aerial hyphae in petri dishes
containing PDA medium (Figure 1C). Fungal isolate was
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identified according to morphological characteristics of
the developing colonies, micro and macroconidia,
sporodochia, conidiophores, phialides. No
chlamydospores observed. Based on morphological
characteristics, the disease agent was tentatively
identified as F. verticillioides (Al-Hatmi et al., 2016).
Identification of fungal isolate was further confirmed by
MALDI-TOF analysis. Representative fungal isolate was
tested for pathogenicity and found to be casual disease
agent of crown rot on banana fruit (Faruk and Soylu,
2021) and used for biocontrol studies.

A total of 23 putative bacterial isolates were obtained
from the inner tissues of healthy fruits, stems and leaves
of banana trees obtained from the different
greenhouses located in Arsuz district of Hatay province
(Figure 2). These isolates obtained were subjected to
several tests to determine whether putative bacterial
isolates were plant or human pathogenic. As a result of
the test, 18 bacterial isolates out of 23 candidate
bacteria did not cause HR at the inoculation point. Since
five isolates caused soft rot on potato slices and one
isolate grew at 37°C among 18 isolates, and 6 isolates
were excluded from the trials due to the possibility of
potential plant and human pathogens. The remaining
twelve isolates, obtained from healthy tissue, were then
identified at species level by MALDI-TOF MS analyses.
MALDI-TOF MS analyses of 12 isolates (coded as BEn1 to
BEn12) revealed the species identification (according to
the isolate order) as Enterobacter cloacae, Enterobacter
ludwigii, Bacillus mojavensis, Bacillus subtilis ssp.
spizizenii, Bacillus subtilis ssp. spizizenii, Pseudomonas
stutzeri, Enterococcus faecium, Bacillus
amyloliquefaciens, Bacillus amyloliquefaciens, Bacillus
subtilis ssp. spizizenii, Bacillus subtilis ssp. subtilis and
Bacillus subtilis ssp. subtilis.

The in vitro antagonistic potentials of 12 putative
endophytic antagonist bacteria isolates were, then,
investigated against the crown rot disease agent F.
verticilloides. Isolates belonging to different Bacillus spp.
were inhibited at high rates such as 39.17-50.83% (Table
1, Figure 3). Among antagonist bacterial isolates tested,
the most effective suppression of mycelial growth was
caused by B. mojavensis BEn3 isolate (suppression up to
50.83%). Pseudomonas stutzeri (BEn6), another
antagonist species other than Bacillus species, also
inhibited the mycelial growth at rate of 36.67% which
was statistically different from Bacillus species (Table 1).
Different isolates belonging to Enterobacter spp. such as
Enterobacter cloacae (BEnl), Enterobacter ludwigii
(BEn2), Enterococcus faecium (BEn7) were, however,
failed to inhibit the mycelial growth of fungal disease
agent.
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Table 1. Inhibition potential of antagonist endophytic bacterial isolates obtained from the internal tissues of banana
fruits and leaves to the growth of fungal disease agent F. verticillioides (%) in vitro conditions?

Inhibition of fungal

. . b
Isolate Nu. Species name Mycelial growth (mm) arowth (%)
BEnl Enterobacter cloacae 40.00a 0.00
BEn2 Enterobacter ludwigii 40.00a 0.00
BEn3 Bacillus mojavensis 19.67e 50.83
BEn4 Bacillus subtilis ssp. spizizenii 20.33de 49.17
BEn5 Bacillus subtilis ssp. subtilis 20.67de 48.33
BEn6 Pseudomonas stutzeri 25.33bg 36.67
BEn7 Enterococcus faecium 40.00a 0.00
BEn8 Bacillus amyloliquefaciens 20.67de 48.33
BEn9 Bacillus amyloliquefaciens 20.67de 48.33
BEn10 Bacillus subtilis ssp. spizizenii 21.33d 46.67
BEn1l Bacillus subtilis ssp. subtilis 24.33bc 39.17
BEn12 Bacillus subtilis ssp. subtilis 23.00c 42.50

Control Fusarium verticillioides 40.00a 0.00

@ Bacterial isolates were scratched on the PDA 48 hours before than pathogen inoculation. The mycelial growth (mm) of the fungus
towards the bacterial pathway was measured in the petri dishes on which the bacteria were found and compared with the growth
on the control petri dishes. Then the inhibition rates (%) were calculated.

b The values obtained were averages of measurements in 3 different petri dishes and the experiment was repeated twice at
different times. Mean values followed by different letters in the column indicate that the difference between isolates is statistically

significant (Duncan Multiple Comparison Test. P <0.05).

Recently, important information and advances
concerning the isolation, identification mode of action,
different approaches to enhance biocontrol activity,
formulation and production of beneficial
microorganisms such as antagonistic bacteria have been
achieved and commercialised biopesticides are already
in the market (Fravel, 2005). Nonetheless, it is necessary
to continue finding new potential microbiomes, better
understanding the mode of action, and pathogen,
antagonist and host interactions, to increase the
potential of biocontrol helping to become a real
alternative to synthetic postharvest fungicides (Nunes,
2012).

It is known that the Bacillus species, which have several
antagonistic properties, are the most emphasized
species in biological studies due to their ability to
synthesize antibiotic substances (Stein, 2005). It has
been reported that B. subtilis is the most suitable

41

microbial species for the production of biopesticides due
to its biological properties such as producing
antimicrobial compounds with different molecular
structures, pathogens cannot easily develop resistance
against the produced compounds, and forming
endospores that enable it to survive under severe
environmental conditions (Fravel, 2005; Abbas et al.,
2019).

Alvindia and Natsuaki (2009) isolated two bacteria which
were identified as Bacillus amyloliquefaciens, from the
surface of banana fruits. Both isolates were screened for
in vitro antagonism toward crown rot disease agents
Lasiodiplodia theobromae, Thielaviopsis paradoxa,
Colletotrichum musae and Fusarium verticillioides and
were found to be antagonistic.
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Figure 3. (A) In vitro antagonistic (inhibitory) effect of different antagonistic bacterial isolates on mycelial growth of
fungal agent F. verticillioides. Inefficient isolates (Ben1, Ben2, Ben7) typically failed to inhibit mycelial growth. (B)
Shows efficient isolates (Ben3, Ben4, Ben9, Benl1, Ben12) efficiently inhibited mycelial growth causing inhibition

zones (*) between bacteria and fungal mycelia

The B. amyloliquefaciens DGA14 isolate produced a
diffusible metabolite that inhibited all test pathogens in
culture. In addition, the bacterial isolate was found to be
significantly affecting mycelial growth and conidial
germination in a liquid medium. Postharvest application
of B. amyloliquefaciens DGA14 in the packing house
reduced the incidence of crown rot to a level significantly
lower than in fungicide treated or control fruits. Fu et al.
(2010) also characterized bacterial biocontrol strain
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B106, identified as Bacillus subtilis, from rhizospheric soil
of a banana plant and determined its efficacy in
controlling banana leaf spot and post-harvest
anthracnose diseases. The efficacy of bacterial isolate
Bacillus subtilis B106 in controlling both banana leaf spot
diseases in the field and anthracnose disease at post-
harvest stage was determined as 48.3% and 48.6%,
respectively. Their results clearly showed that the
antagonistic Bacillus subtilis strain B106 was a promising
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biocontrol agent against banana diseases. In the recent
study conducted by Damasceno et al. (2019), biocontrol
potentials of 12 putative bacterial isolates, which were
selected from in vitro tests, were evaluated in vivo
testing. Among bacterial isolates, Bacillus velezensis,
Enterobacter cloacae, Serratia marcescens and
Stenotrophomonas maltophilia, B. velezensis were found
to be effective as similar as the fungicide Thiabendazole.
B. velezensis inhibited mycelial growth and pathogen
sporulation and was positive for cellulase and xylanase
activity, which are mechanisms of action relevant to a
biocontrol agent. Since B. velezensis is not pathogenic to
humans, this bacterium was reported to be considered
as BCA of direct application by spraying and fruit
immersion or can be used systemically.

Although bacterial isolates of Bacillus subtilis, Bacillus
amyloliquefaciens and  Bacillus velezensis were
previously reported to have biocontrol potentials against
post-harvest fungal disease agents of banana such as
Lasiodiplodia theobromae, Colletotrichum musae,
Thielaviopsis paradoxa and Fusarium verticillioides
(Alvindia and Natsuaki, 2009; Sangeetha et al., 2010; Fu
et al.,, 2010; Damasceno et al., 2019), this is the first
report of B. mojavensis as a biocontrol agent against the
banana crown rot disease agent caused by Fusarium
verticilloides. In the recent study conducted by Atay et
al. (2020), antifungal activities of 12 putative endophytic
bacterial isolates (Bacillus pumilus, Bacillus subtilis ssp.
subtilis, Bacillus amyloliquefaciens, Bacillus vallismortis,
Bacillus mojavensis, Bacillus megaterium, Solibacillus
silvestris, Erwinia herbicola, Corynebacterium
glutamicum, Bacillus cereus, Pantoea dispersa and
Bacillus endophyticus) were tested against postharvest
heart rot disease agent Alternaria alternata on
pomegranate fruits by using in dual culture assays.
Among the tested isolates, Bacillus mojavensis PEB39
was the most effective isolate against pathogenic fungi
in vitro (80% inhibition of mycelial growth) followed by
Bacillus amyloliquefaciens PEB46 (78.9%) Bacillus
vallismortis PEB40 (76.7%) and Bacillus subtilis ssp.
subtilis PEB43 (75.6%), respectively (Atay et al., 2020).
In our study, although the mechanism(s) involved in
mycelial growth inhibition was not studied, the existence
of an inhibition zone surrounding bacterial isolates
indicated the production of unknown antibiotic
substance(s) by the antagonist isolates.

In conclusion, endophytic antagonist microorganisms
isolated from the internal tissues of healthy plants are
known to have a higher chance of success in biological
control as they require faster adaptation or minimal
growth conditions compared to microorganisms
developed in laboratory conditions. According to this
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study, the endophyte antagonistic bacterial isolates
isolated from healthy plant tissues are effective on the
disease conditions after harvest and will increase the
quality and income of crops by decreasing the pesticide
application which is used intensively and frequently
against the plant diseases after harvest. Using these
environmentally friendly, biologically based
microorganisms, the reduction of pesticide applications
in the production areas will greatly contribute to the
adverse effects of pesticides on the environment and
human health.

OZET

Amag: Fungal hastaliklar tarla veya seralarda muz
yetistiricili§inde ekim, hasat, depolama ve nakliye
donemlerinde ciddi kayiplara neden olan en 6nemli
biyotik faktorlerden biridir. Fusarium verticillioides'in
neden oldugu tac clrikligl, muz meyvelerinin en
onemli hasat sonrasi fungal hastaliklarindan biri olarak
kabul edilir. Bu ¢alhsmada, saghkli muz agaglarinin
meyve, dal ve yapraklarindan endofitik bakteri izolatlar
elde edilmis ve biyolojik kontrol ajani (BCA) olarak
antagonistik potansiyelleri F. verticillioides'e karsi in vitro
kosullarda arastiriimistir.

Yontem ve Bulgular: Saglikh muz agaglarinin
meyvelerinden, gévdelerinden ve yapraklarindan toplam
23 adet aday endofit bakteri izolati elde edilmistir. Tim
bakteri izolatlari MALDI-TOF MS (Matrix Assisted Laser
Desorpsiyon  lonization-Time  Of  Flight  Kitle
Spektrometresi) analizi ile tanimlanmistir. Sekiz farkli
tirden 12 farkh bakteri izolatinin (Bacillus subtilis ssp.
spizizenii (3), Bacillus amyloliquefaciens (2), Bacillus
subtilis ssp. subtilis (2), Bacillus mojavensis, Enterococcus
faecium, Enterobacter cloacae, Enterobacter ludwigii ve
Pseudomonas stutzeri) misel blylimesinin
engellenmesindeki in vitro antagonistik etkinlikleri ikili
kiltir testleri ile test edilmistir. Bakteri izolatlari
arasinda en yuksek antagonistik aktivite misel gelisimini
%50.83 oraninda engelleyen Bacillus mojavensis BEn3
izolat1 tarafindan gosterilmistir. Bakteriyel izolatlar
arasindan Enterobacter cloacae BEnl, Enterobacter
ludwigii BEn2, Enterobacter faecium BEn7 izolatlari
fungal etmenin misel gelisimini engellemede basarisiz
olmustur.

Genel Yorum: Endofit bakteri izolatlarinin fungal
etmenin misel gelisimini 6nemli diizeylerde baskilamis
olmasi, Bacillus mojavensis BEN3 izolatinin tag ¢lirtuklGg
etmenine karsi olasi biyolojik kontrol ajani olarak kabul
edilebilecegini gostermektedir.

Calismanin  Onemi ve Etkisi: Bulgularimiz, F.
verticillioides’in gelisimini baskilayan en basarili endofit
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bakteri izolati olan B. mojavensis Ben3’in ta¢ ¢lrikligu
hastaligina karsi kimyasal miicadeleye alternatif ve umut
verici bir biyolojik kontrol ajani olarak kullanilabilecegini
Onermektedir.

Anahtar Kelimeler: Muz, Biyolojik micadele, endofit
bakteri, ta¢ ¢cUruklUgl, Fusarium verticillioides.
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Aims: The research was carried out to determine the effects of different
boron doses on yield, yield components and quality on 5-6 years old
apricot trees of Mogador variety, which were exposed to water stress in
the Amik Plain in 2019.

Methods and Results: The factorial experimental design was conducted on
apricot trees of Mogador variety, using four doses of foliar boron (ppm) (0-
BO, 150-B150, 225-B225 and 300-B300 ppm) and four irrigation levels
(100%-1100, 75%-175, 50%-150 and 25%-125 of available water holding
capacity) in four replications. Each replication consisted of two apricot
trees. The quantity of irrigation water applied in the experiment ranged
from 179 to 742 mm, while the evapotranspiration varied between 295
and 832 mm during the irrigation season. Irrigation water use efficiency
(IWUE) and water use efficiency (WUE) varied between 3.51-5.18 kg m-3
and 2.89-4.17 kg m-3, respectively. Boron doses did not cause significant
differences in WUE and IWUE values. Each unit increase in crop water use
caused an average yield increase of 16.8 kg ha-1. Relative to the full
irrigation (1100), fruit weight decreased by 13 and 3% in 125 and 150,
respectively, but increased by 2% in 175. Relative to the control group (B0),
fruit weight increased by 2, 4, and 2% with B150, B225, and B300,
respectively. Average fruit size varied between 47.40 (175) and 42.99 mm
(125); total soluble solids (TSS) between 16.13 (1100) and 12.65 (125); and
pH between 3.16 (1100) and 3.30 (I50). The increased boron dose did not
cause a significant difference in fruit size and width. The leaf boron content
increased up to the B225 dose and tended to decrease at the B300 dose.
Conclusions: Boron element provides an increase in yield in deficit
irrigation conditions, the yield increase is higher in fully irrigated apricot
trees. In full irrigation treatment (1100), the B225 treatment was more
effective on the yield.

Significance and Impact of the Study: The boron element is an important
element that causes an increase in photosynthesis by light adsorption.
There is not a lot of research investigating the effects of nutrient elements
to relieve the negative effect of water stress in orchards. This research is
important in terms of revealing the effects of the element boron in water
stress conditions.

Atif / Citation: Odemis B, Uncu S (2022) Determining effects of foliar boron applications on yield and fruit quality of apricot
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INTRODUCTION

Apricot is an important fruit widely grown, in particular,
in arid semi-arid climates of the world. Globally, the total
apricot yield was on average 7.941 kg ha in 2017. It is
one of the plants with high crop water consumption and
requires 560 m? of irrigation water per hectare during
the irrigation period (April to September) when 980 mm
of evaporation occurs. Though varying regionally, annual
crop water consumption of apricot trees is in the range
of 900-1000 mm (FAO, 2019). Apricots, like most stone
fruit trees, are susceptible to water deficiency
throughout the fruit development period. Water scarcity
causes fruits to shrink and decrease in yield. Preventive
measures are needed to ensure that the plants are
resistant to droughts. Although breeding and genetic
studies about the modification of plants play an
important role in enhancing their water stress
resistance, management practices to increase drought
tolerance in sensitive growth periods of plants have also
become important. Proline applications on leaves to
support its accumulation in the vacuole in the plant cell
(Iba, 2002), silicon applications to reduce transpiration
(Ahmed et al., 2011), and nutrient applications to inhibit
cell degradation (Odemis et al., 2017, Kazgdz Candemir
and Odemis, 2018) can be considered important
research directions to reduce the detrimental effect of
stress conditions.

Boron (B) is an important micronutrient whose
deficiency decreases the absorption and use of
photosynthetically active radiation by leaves. It plays a
role in cell elongation, nucleic acid synthesis, hormone
reactions, and membrane functions. It is used in the
transport of photosynthetic products from leaves to
meristematic organs in the root and green parts, in
ensuring the structural integrity of cell membranes,
nitrogen fixation, nodule formation, and in generative
development (seed and fruit formation), rather than
vegetative growth (leaf and shoot formation). It also
plays a vital role in activities such as cell division, leaf and
flower formation, glucose metabolism, hydrocarbons
and their transport, root development, cell wall
formation, and material transport between two cells.
Although boron is naturally found in the soil, its content
is prone to decrease due to leaching by heavy rainfall in
some regions and some agricultural applications. Boron
deficiency occurs mostly in sandy and acidic soils with
low soil organic matter (Anonymous, 2016a).

Studies about boron have generally focused on the
effects of boron applied from leaf, soil, or leaf + soil on
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yield and quality in soils with a low or insufficient boron
content. Under the sufficient soil moisture with the leaf
boron content of 120 ppm, the quality of pistachio was
found to decrease (Onay et al., 2012). Foliar boron
applications were reported not to adversely affect yield
but leaf length and leaf age, soluble dry matter,
titratable acid, ascorbic acid, total sugar, total phenolic,
and total antioxidant significantly in mandarins (Ullah et
al.,, 2012). Among the boron doses (0, 0.15, 0.30, 0.45
and 0.60 kg da) applied to sugar beet leaves with the
methods of soil, leaf, and soil + leaf, root yield increased
by 5.7 and 7.4%, while sugar yield by 3.8 and 7.3% with
0.30 and 0.45 kg B per da are used based on the soil and
soil + leaf applications, respectively (Gezgin et al., 2007).
Similarly, boron increased hazelnut yield by decreasing
the quantity of empty fruits when applied from the
leaves (0-300-600-900 ppm) and increased the quantity
of healthy fruits when applied from soil (0-5-10-15 g tree
1) (Sahin et al., 2010). Foliar boron application (0, 245,
490, and 735 mg L!) when compared to soil application
(1.5 and 3 kg hal) increased the seed yield in the
reproductive tissues and vegetative parts of sugar beets
by 10% in the first year and 44% in the second year
(Dordas et al., 2007).

Itis yet clear the effect of boron applied on leaves before
the flowering period on the formation of flower bud
under water stress. Our study is therefore aimed to
determine the effect of different boron doses in
preventing the decreased photosynthesis efficiency due
to water stress when carried out via foliar application.

MATERIALS AND METHODS
Materials

Soil, irrigation water and climate characteristics

This experimental study was carried out in an area of
approximately 2 decares (146 m above sea level; 36° 37’
38.77" N latitude and 360 27' 00.20" E longitude) in Amik
Plain district of Hatay province, one of the apricot
cultivation-intensive regions. Apricot trees are at
distances between 5 x 3 rows and above rows and are 'Y’
shaped in the wired cultivation system. The soils of the
trial area carry the chalky and hard ground
characteristics of arid semi-arid climates in terms of pH
and lime (Solmaz, 2019). The physical and chemical
properties and macro and micronutrient contents of the
soil are given in Tables 1 and 2. Irrigation water electrical
conductivity was found 0.682 dS m
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Table 1. Some physical and chemical properties of the soils in the experimental area

Soil depth (cm) Fc Wp As pH ECe oM CaCOs(%) Texture
0-30 23.8 11.9 1.23 7.28 0.15 2.71 4.6 L
30-60 24.2 12.1 1.05 7.2 0.16 2.20 5.2 CL
60-90 24.5 12.3 1.25 7.09 0.18 1.45 43 CL

Fc: Field capacity (% Pw), Wp: wilting point (% Pw), As: bulk density (g cm, ECe: Electrical conductivity of soil

extraction (dS m), OM: Organic matter

(%)

Table 2. Some macro and microelement quantities of the experimental area soils (mg kg™)

Soil depth (cm) P K Mg Ca Fe Zn Mn Cu

0-30 23.2 86.4 364 5860 6.4 0.4 3.0 12.3

30-60 17.6 61.2 326 5420 6.0 0.2 2.8 9.7

60-90 14.2 454 296 4890 53 0.2 2.8 5.1

Limit values 20- 244- 161- 1151- >4.5 0.8- >2 >0.2
40 300 480 3500 2.4

Climatic characteristics of the experimental area for the

was determined as 10.5 °C in 2019-January and the

study period and the long annual climate characteristics highest temperature in August 2018 as 31.0 °C
were given table 3 and table 4. The lowest temperature (Anonymous, 2019b).
Table 3. Climate data for the study period
Climate 2018 2019
parameters Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar  Apr May
Mean temp.(°C) 279 304 31.0 282 222 151 119 105 12,6 14.7 1811 256
Rainfall (mm) 1413 35 32 28 584 76.2 1923 2339 1556 92.2 525 15
Wind speed (m sn) 1.3 1.7 1.8 1.2 1.1 1.1 13 1.5 1.3 14 14 14
Relative humidity (%) 48.4 451 456 481 520 679 748 714 737 66.0 655 465
Table 4. Long-term (2015-2018) climate data for the study region
Climate parameters Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mean temp. (°C) 8.4 12.1 15 189 232 27.7 311 311 279 227 154 99
Rainfall (mm) 71.7 422 38 55.3 144 7.5 04 03 9.6 26.5 243 28.38
Wind speed (m sn) 1.1 1.0 1.3 1.2 1.4 1.6 1.8 1.5 1.2 1.0 1.0 1.1
Relative humidity (%) 740 641 62 523 51.7 4577 437 489 49.7 50.2 53.7 68.9

Plant material

In the experiment, Mogador variety apricot (Prunus
armeniaca) trees grafted on Mirobolan plum rootstock
with a planting interval of 5 x 3 m and ages 5 to 6 were
used. Mogador apricot is one of the earliest apricot
(Mikado, Coloroda) varieties for Hatay and has a strong
and semi-flat growing tree structure. The variety has an
early flowering character and is self-fertile as a pollinator
(Anonymous, 2020). Its fruit is 60% red on orange

49

background and has a round shape, a balanced taste and
flavor and a maturity date between May 1 and 11.

Irrigation system

Drip irrigation system was used to irrigate the plants.
Drip irrigation laterals (diameter of 20 mm) are arranged
on both sides of the tree. In-line drippers with a dripper

space of 40 cm are used.
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Boron fertilizer

Water soluble 11% boron ethanolamine fertilizer was
used to increase flower bud and fruit set in apricot
plants. Boron ethanolamine is an important
micronutrient and has the ability to be taken quickly by
plants.

Method

Experimental design

The study was conducted according to the factorial
experimental design. The sub-treatments were
composed of boron doses, while the main treatments
were the irrigation levels. To create water stress, the
four irrigation levels were planned in three replications
with two trees in each replication.

Irrigation treatments

The first irrigation was done when 50% of the available
water was consumed. The other irrigation treatments
were that 75% (ls), 50% (lso) and 25% (ls) of full
irrigation (li00) where the water deficit was brought to
the field capacity in a period of 7 to 8 days were applied.

Water quantity missing in the effective root depth (mm)
was converted to a volumetric basis in Equation 1.
I=(dx AxP)/Ea (1)
where I: irrigation water quantity to be applied to the full
irrigation (L), d: irrigation water quantity required (mm),
A: Parcel area (m?), Ea: Water application efficiency
(taken as 0.95), and P: percentage of wetted area (taken
as 35%).

Fertilization treatments

120 kg N, 80 kg P, 160 kg K, 50 kg magnesium nitrate
(Mg(NOs),), 50 kg calcium nitrate (Ca(NOs)2), 10 kg Fe,
and 15 kg organic matter were applied per decar per
year (Table 5). Fertigation method was used in
fertilization (Burt et al.,, 1995). Boron fertilizer was
applied in addition to the fertilizers specified in Table 5.
Boron applications were made on two different dates
(February 25 and March 10) at different levels on each
tree used in the experiment using a ridge sprayer. The
first application was carried out on 25 February 2019 at
100% beginning flowering period. The second
application was carried out on 9 March 2019 during the
flower and fruit formation period

Table.5. Annual conventional fertilization quantity for apricot trees (kg ha™)

Month N P K Ca Mg Fe oM
Feb 20 70 5 5 5
Mar 90 5 10 45 45 5 5
Apr 6 5 100 5 5 5
May 4 40

Jun - - - - - - -
Jul 5

Total 120 80 160 50 50 10 15

OM: Organic matter

In both application periods, there was no adverse
condition that may have decreased the fertilizer
efficiency after fertilization. Boron levels in the
experiment were established as follows:

Bo: foliar boron fertilizer was not applied

Biso: 100 ppm + 50 ppm = 150 ppm foliar boron fertilizer
Ba2s: 150 ppm + 75 ppm = 225 ppm foliar boron fertilizer
B3go: 200 ppm + 100 ppm =300 ppm foliar boron fertilizer

Cultivation practices

Pruning, tillage, spraying, and fertilization processes
were carried out adopting the common cultivation
practices of the region. Both winter and summer pruning
were performed. After the apricot trees yielded, not
much pruning was done. Upon the general examining of
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the trees, diseased, dried, broken, and overlapped
branches preventing the entry of light into the crown
were cut. Since the soil structure of the experimental
area hardened due to the presence of excessive lime,
extra attention was paid not to damage the roots near
the tree during tillage, and deep plowing was avoided.
Due to rainfall, fruit ripening was delayed and the
harvest was carried out on May 4 and 10 while it was
normally done on April 21.

Crop water use

The water use of the trees was calculated with the water

balance equation below (Bos et al., 2009):
ET=1+R+Cr—Dp—Rf£AS (2)

where ET: Evapotranspiration, mm; |; amount of

irrigation water, mm; R; rainfall, mm; Cr; capillary rise,
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mm; Dp; deep percolation, mm; Rf; Runoff, mm; and +
AS; moisture change (mm/90 cm) in the soil profile. Since
the drip irrigation system was used, the runoff (Rf) was
not calculated, while the deep percolation losses (Dp)
were neglected.

Water use efficiency

The yield values obtained from each tree were converted
to the yield collected from an area of one decare. The
WUE and IWUE values were calculated by proportioning
each to the quantity of evapotranspiration and irrigation
water applied (Equation 4 and 5) (Howell et al., 1990):
WUE = Ey/Et (3)
IWUE = Ey/I (4)
where Ey: economic yield, kg ha, Et: crop water use,
mm, and |; amount of irrigation water (mm)

Yield, pomological and fruit quality characteristics:
Fruit Yield (kg ha?)

The total quantity of fruits collected from a decare. Fruit
weight (g): Average weight of a single apricot fruit. Fruit
length (mm): The longest distance between the top
surface of the fruit sepals and the stylus tip. Fruit width
(mm): The largest diameter perpendicular to the fruit
axis. The pH, crude fiber, water and alcohol soluble
extract were determined according to Demir and Ozcan
(2001).Total soluble solids (TSS, %) was determined

Table 6. The results of irrigation water, ET and yield

analyzing juice obtained by squeezing 10 fruits from each
replication using a hand-held refractometer.

Foliar boron (B) analysis

In order to determine the effects of the applications on
the leaf boron concentration, 10 leaves were collected
from each tree for each replication after harvest and
passed through/washed with pure water in the
laboratory. The leaves dried in the oven at 65 °C for a day
were prepared for analysis by crushing with a mortar. In
the analysis, 5-milligram samples prepared for each
replication and measured using ICP (Kacar and Unal,
2008).

Statistical data analysis and evaluation

The results obtained from the irrigation treatments were
evaluated using analysis of variance (ANOVA) with SPSS
14.0. The response means were compared using a
Duncan test (Bek and Efe, 1988).

RESULTS AND DISCUSSION

Irrigation management and crop water use

In the experiment, 11 irrigation applications were
carried out in total between June 3 and October 8 of
2018. 179, 363, 500, and 742 mm irrigation water was
applied to lzs, Iso, 75 and ligo, respectively (Table 6).

. I* Yield WUE IWUE
Irrig. Level Boron Doses (ppm) (mm) ET (mm) (kg ha) (kg m?) (kg m?3)
Bo 287 11333 394 63.3
Biso 294 14222 48.3 79.4
25 179
B22s 301 18000 59.7 100.5
B3oo 298 14444 48.4 80.6
Mean 179 295 14500 49.1 80.9
Bo 457 14444 31.6 39.8
Biso 465 17778 38.2 49.0
Iso 363
B22s 472 22667 48.0 62.5
B3oo 467 19111 40.9 52.7
Mean 363 465 18500 39.8 51.0
Bo 597 16889 28.3 33.8
Biso 606 22667 37.4 45.3
75 500
B22s 607 23111 38.1 46.2
B3oo 596 18444 30.9 36.9
Mean 500 602 20288 33.7 40.6
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Table 6 (continued). The results of irrigation water, ET and yield

Bo 828 20000 24.2 27.0
B1so 832 23333 28.0 31.5

l100 742
B22s 838 28667 34.2 38.7
Bsoo 832 22444 27.0 30.3
Mean 742 832 2361 28.4 31.8
Bo 542 15677 28.9 35.1
Boron Dose B1so 549 19500 35.5 43.7
(Mean) B22s 555 23111 41.7 51.8
B3oo 548 18611 33.9 41.7

*Approximately 81 mm of precipitation was measured from the beginning of the experiment until the harvest date, I:
irrigation water, WUE: water use efficiency, IWUE: irrigation water use efficiency.

Irrigation water requirement for the three irrigation
intervals (7, 14, and 21 days) in the same region was
estimated at 141-562, 145-579, and 139-555 mm in the
first year, 165-660, 147-588, and 150-599 mm in the
second year, and 180 -721, 188-750, and 200-801 mm in
the third year, respectively (Bozkurt et al., 2015). Perez
Pastor et al. (2009) stated that sufficient irrigation water
requirement of about 700 mm for apricot was reduced
by 50% with deficit irrigation and by 57-78% with
regulated deficit irrigation. Overall, irrigation water
requirements were significantly affected by annual
temperature, rainfall, soil structure, and crop type.

The irrigation levels affected ET significantly but the
boron treatments (Table 7). As seen from the table 7, the
highest and lowest crop water use occurred from the
interactions ligo B22s with 838 mm and s Bo with 287
mm, respectively. Annual ET of apricot trees varies
regionally between 900 and 1000 mm (FAO, 2019). Our
results have been confirmed by the previous studies
indicating the relationship between irrigation water level
and the crop water use. It is well established that the ET
for apricot increases in parallel with the amount of
irrigation water applied, and its highest value (661.1
mm) was measured from the treatment when 649.9 mm
of irrigation water was applied (Shalhevet et al., 1979).
At 7, 14, and 21-day irrigation intervals under similar
climatic conditions, evapotranspiration from apricot
trees was determined as 603, 621 and 585 mm in the
first year, 679, 660, and 659 mm in the second year, and
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852, 750, and 801 mm in the third year, respectively
(Bozkurt et al., 2015). To our best knowledge, there has
been no previous studies to compare our results
regarding boron uses.

As seen from table 6, ET fluctuated between By and Bsoo,
which was not statistically significant. However, it could
be speculated that the increase in Boron more than
those used in this experiment would prone to yield
statistically significant results.

Yield

The irrigation levels and boron treatments had separate
significant effects on yields (Table 7). The mean vyield
increased with the increasing water treatment and
therefore the highest yield, 23611 kg ha™, was obtained
from the full irrigation, l1go.

As for Boron, increasing the boron doses did not increase
the yield up to a certain level. The highest yield was
obtained from By (23111 kg ha). After that point was
reached, higher boron doses reduced the increase in
yields dramatically, 18611 kg ha™ for Bsg. Based on By,
the mean yield increase was 24% for Biso, 48% for Byas,
and 19% for Bsgo.

Although there seemed no interaction between
irrigation and boron doses on yield, it could be noticed
that increasing the boron doses with increasing irrigation
level had an emphisased effect on yield. For instance,
yield of l100B225 was found to be higher than the other
irrigation level (28677 kg hal).
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Table 7. Variance analysis table for yield values

Variation Source Sd Sum of Mean of squares F
squares

Irrigation Level 3 51694934.17 17231644.7 312.04**

Boron Doses 3 33972234.17 11324078.1 205.06**

Irrigation LevelxBoron doses 9 3815450.83 423938.9 7.68ns

Error 47 107153792.5

**: p<0.01, ns: not significant, Sd; degree of freedom.

Water use efficiency

The highest water use efficiency (WUE) was obtained
from Is. Compared to li0o, @ 30% reduction in irrigation
water resulted in a 75% increase in WUE of ls. No
significant difference was found in WUE between Iso and
I;s. As for irrigation water use efficiency (IWUE), the
lowest and the highest values were obtained from lioo
(3.18 kg m) and I25 (8.09 kg m™3). A significant difference
(60%) was estimated between s and Isg while the
difference between lsp and l;s was 27%.

In terms of boron doses, the WUE and IWUE estimates
showed a regular increase up to a certain extent (Bzs)
and a decrease afterwards with (Bsgo). Increasing boron
doses caused a 45% increase in WUE up to B.s. Both
WUE and IWUE were higher than those with the other
boron treatments in Bys, where the highest efficiency
was obtained. In terms of the irrigation level-boron dose
interaction, the highest WUE and IWUE were estimated
at 5.97 kgm™ and 10.05 kgm™ for I,5B5s.

The deficit irrigation strategy increased the WUE while
the boron applications caused a lower difference in
WUE. In the arid conditions, WUE seems to be affected
particularly by different strategies in water use (Hassan
and Seif, 1999, Mitchell et al., 1989). Similar results for
WUE were reported when boron applications for cotton
under deficient irrigation was applied (Odemis and
Delice, 2018).

The combine effect of irrigation water and boron doses
on yield

The relationship between irrigation and vyield was
calculated using the following equation : Yield = -
0.001x°+2.56x+1033; r? = 0.99** (n=16). Based on this
equation, the amount of optimum irrigation water
should be 960 mm for maximum vyield. It is well known
that irrigation during flowering and fruit formation
periods are more important than in other periods (Perez
et al.,, 2009), and post-harvest and autumn irrigation
improves flower bud formation and tree structure
before winter (Matuskovic et al., 2002) and therefore
yield.
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In our study, several observations were made as follows.
Firstly, it is clear that increasing the boron dose up to a
certain level (B,zs) increased the yield at every irrigation
level, then a decrease was monitored after that point
(Bs0o). The biggest increase determined for s, Iso, I75s and
lioo at Bo level were about 58.8%, 56.9%, 36.8% and
43.4%, respectively. These results clearly indicated that
boron has a positive effect on apricot yield up to a
certain level.

Secondly, this effect of boron became stronger when the
irrigation level is increased. The highest mean yield
(23611 kg ha) of all irrigation levels were recorded for
l100. The effect of boron appeared to be depending on
irrigation water level. This mechanism is yet to be
explained.

Thirdly, based on the mean yield obtained from I,s, there
were a 27.6% for lso, 39.9% for 75, and 62.8% for l10o. This
means the higher the irrigation water and boron (up to a
certain level) the higher the yield is obtained. In other
words, boron exerted an increasing effect on yield as soil
moisture increases.

Lastly, the highest yield arising from the combine effect
of boron and irrigation level was obtained at li0oB22s
amongst all the treatments. This combination currently
appear to be the optimum for the highest yield.

A significant relationship was determined between ET
and yield as Yield = 16.9x + 9959.9 r? = 0.59 ** (n = 16).
Each unit increase in ET resulted in an average increase
of 16.9 kg ha! in yield. Boron doses were found to have
a significant effect on the linear relationship between
evapotranspiration and vyield. Significant but low
regression coefficients were calculated for Biso and Bsgo
in the relationship between evapotranspiration and yield
while higher regression coefficients were found with Bg
and Bsz2s. According to the equations, a one-unit increase
in crop water use caused an increase by 16.0 kg ha? in
Bo, 17.7 kg hain Biso, 18.9 kg hatin Bzs, and 13.7 kg ha
1 in B3oo.
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Boron dose-yield relationships

Boron doses appeared to increase the apricot yield, but
this increase was not statistically significant (p > 0.05).
The effect of the boron doses on yield at each irrigation
level occurred differently (Figure 1). The boron
application significantly increased vyield with all the
irrigation levels.

Based on 11333 kg ha with B, of 5 (Table 6), the yield
increased by 25% with Biso, by 59% with Ba;s, and by 27%
with Bsgo. With Byss, the yield increased from 11333 to
18000 kg ha. A similar increase rate was observed with
Iso. While the yield with Bo of Isp was measured at 14444
kg ha?, it increased by 23% with Biso, 57% with Bays, and

32% with Bsgo. At l7s, Biso and Bas caused almost the
same increase in yield (34 and 37%). The least effect of
the boron applications on the yield was realized with Bsgo
under lzs. While the yield per decare of l75 Bp was 16889
kg ha’l, it increased only 9% with 175B3o (18444 kg ha?).
The boron doses increased the yield between 12% (Bsoo)
and 43% (B,zs) with the full irrigation treatment (lio0).
Yield for Biso increased by 17% relative to Bo. The boron
applications caused an increase by 9% to 59% in yield
when compared to Bo. Among the boron applications,
the highest contribution to the yield increase was
obtained from Bys.
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Figure 1. Change in yield as a function of boron and irrigation treatments.

Many studies have been conducted to determine the
relative contributions of plant nutrients to their drought
tolerance as well as to eliminate or mitigate the effects
of stress during drought through nutrients (Hu et al.,,
2008; Garg et al., 2004; Kazgdz Candemir and Odemis,
2018; Li-Na et al., 2005). In the aforementioned studies,
it was aimed to eliminate or mitigate the effects of stress
occurring during drought by means of nutrients. Foliar-
based boron treatments increased the number of
flowers and fruit yield in olive trees (Gindesli, 2005) and
plant height, spike length, grain number in the spike,
grain weight in the spike, and grain yield in wheat (Bilir,
2020). They caused the protein and fatty acid content of
the plant seed to change in soybean (Bellaloui et al.,
2013). Dogan et al. (2013) found that boron application
under drought stress increased the amount of
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chlorophyll and proline but did not significantly change
the amount of MDA. Also, some studies indicated that
the application of boron 30 days after germination had
no effect on yield (Seidel et al., 2015).

Pomological and fruit quality characteristics

Fruit weight increased depending on irrigation levels.
The highest fruit weight was measured on l;s treatment
(62.11 g) (Table 8). Based on l1go treatment, fruit weight
decreased by 13% for I,s and 3% for Iso, while it increased
by 2% for l;s. Increasing boron doses differed slightly in
fruit weight (p>0.05). Fruit weight at Bo, B1so, B22s and Bsoo
doses was determined as 57.19 g, 58.26 g, 60.33 g and
59.31 g, respectively. Based on By, fruit weight increased
by 2%, 4% and 2% in Biso, Bys and Bsgo treatments,
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respectively. As the irrigation levels increased, the effect
of boron doses on fruit weight decreased.

Irrigation levels and boron doses do not have significant
effect on fruit width (p>0.05) (Table 9). Fruit width varied
between 44.06 mm (li00) and 41.98 mm (l;s) and these
values were approximately the same in Isp and Iss
treatment (42.88 mm and 42.44 mm).

Fruit size were affected by irrigation levels and irrigation
levels x boron dose interaction. The highest and lowest
fruit size were measured from lss (47.40 mm) and Is
(42.99 mm) treatments and it increased up to 48.92 mm
in I7s. Boron doses did not affect fruit size. While fruit

sizes were at the same level in I3sBiso and IsoBiso
treatment, it increased 20% and 15% in I75sB1so and lioo
Biso treatment, respectively.

Total soluable solids (TSS) were affected statistically at p
<0.01 level from both applications and interactions. TSS
ranged from 12.65 (ls) to 16.13 (lzs). Based on Iy
treatment, TSS increased by about 35% in lss. In the Biso
and By;s (13.87-13.97) and the Bo and Bsg doses, TSS were
measured at approximately the same level (15.95-15.21).
When the interaction effect was examined, the highest
TSS was found in ls Bg (15.60%). TSS increased

Table 8. Fruit quality and pomological properties of apricots fruits

Irr. Bor Fruit Fruit Fruit TSS pH Leaf Boron
Level Dose weight width Lenght % Conc. mg kg
(ppm)
Bo 47.51 43.30 46.31 15.60 3.15 41.54
Biso 56.33 41.29 40.96 11.02 3.28 38.27
25 Bazs 59.91 43.18 42.17 11.80 3.22 41.25
Bsoo 50.54 40.18 42.53 12.20 3.35 38.91
Mean 53.57 41.98 42.99 12.66 3.25 39.99
Bo 50.53 44.00 46.41 16.00 3.29 38.98
Biso 59.63 40.80 40.29 12.42 3.33 41.16
Iso Baz2s 60.50 41.38 45.57 12.93 3.24 45.36
Bsoo 64.17 45.36 47.91 16.27 3.35 43.61
Mean 58.71 42.89 45.05 14.41 3.30 42.28
Bo 68.19 38.55 46.49 15.40 3.29 40.06
Biso 58.25 46.13 49.63 16.27 3.27 43.37
75 B22s 60.16 43.46 46.24 16.29 3.25 41.54
Bsoo 61.85 41.62 47.25 16.56 3.18 43.59
Mean 62.11 42.44 47.40 16.13 3.25 42.14
Bo 62.55 44.27 46.39 16.80 3.18 39.85
Biso 58.86 44.68 47.02 15.80 3.17 40.90
l100 B22s 60.78 43.60 45.72 14.87 3.10 48.00
Bsoo 60.67 43.70 46.82 15.83 3.18 48.09
Mean 60.72 44.06 46.49 15.82 3.16 44.21
Bo 57.20 42.53 46.40 15.95 3.23 40.11
Biso 58.27 43.22 44.48 13.88 3.26 40.93
Mean B22s 60.34 42.91 44.93 13.97 3.20 44.04
Bsoo 59.31 42.72 46.13 15.21 3.27 43.55
Mean 58.78 42.84 45.48 14.75 3.24 42.15

TSS: Total soluable solids until I7s treatment at irrigation levels at all boron doses except irrigation levels of Bg dose

and decreased relatively in l1go.

It is shown that, fruit juice acidity (pH) and sugar content
increase and fruit quality deteriorates as the amount of
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irrigation water applied decreases (Chartzoulakis, 1999).
In our experiment, the pH varied between 3.16 (l100) 3.30
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(Iso) at irrigation levels and 3.20 (B22s) and 3.27 (Bsoo) at
boron doses. The pH in Izs and I7s and By and Bisp was
measured at approximately the same level. When
interacting effects were examined, pH values increased

relatively with increasing boron doses. While pH
increased at lsp irrigation level in Bisp dose, it was
measured at the lowest value in l1go.

Table 9. Variance analysis results of fruit quality and pomological properties of apricots fruits

Fruit Source of
Charac. Variation Sd 35 MS F
| 3 503.72 167.91 6.126%*
Fruit B 3 65.72 21.91 0.799 &d
Weight
(@ IXB 9 705.37 78.37 2.859%*
Error 47 2151.94
, | 3 28.58 9.53 1.086 6d
Fruit B 3 3.15 1.05 0.120 &d
Width IXB 9 153.19 17.02 1.940 6d
(mm) Error 47 465.66
it | 3 133.13 44.38 6.658**
B 3 30.99 10.33 1.550 6d
Lenght IxB 9 140.47 15.61 2.342*
(mm) Error 47 517.87
| 3 90.77 30.26 54.909**
Tss B 3 36.25 12.08 21.926%*
(%) IXB 9 44.85 4.98 9.044%*
Error 47 189.51
| 3 0.13 0.04 10.725%**
B 3 0.03 0.01 2.770 6d
pH IXB 9 0.09 0.01 2.500*
Error 47 0.37
Leaf | 3 106.99 35.66 4.807%*
Boron B 3 134.40 44.80 6.038**
Conc. IXB 9 163.06 18.12 2.442%
(mg kg?) Error 47 641.87

I: Irrigation Level, B, Boron doses, **: p<0.05 significant level, ns: non significant, df: degree of freedom SS: Sum of

squares, MS: Mean square, TSS: Total soluable solids.

The most stable change in irrigation level x boron dose
interaction was observed at ls irrigation level. The highest
and lowest pH of ls;s irrigation level was measured
between Bg- B3oo. In |10, it Was observed that the pH values
followed a decreasing trend in the Bo-B2s range, but
increased again in the Bspo dose. When evaluated in
general, the pH values were not significantly affected by
the boron doses of irrigation treatments, except for Izs.

When the flowering rate of the apricot reaches 80% and
the petal fall stage, foliar boron was applied to the canopy.
In leaf samples taken 15-20 days after harvest, the boron
content in the leaves was determined depending on the
irrigation levels and the applied boron doses. The effects
of the foliar application of boron were found to be
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statistically significant.

As the amount of irrigation water increased during the
flowering period, the efficiency of boron fertilizer
increased (Figure 1). The lowest and highest leaf boron
contents in irrigation treatment were measured in I
(39.99 mg kg-1) and l100 (44.20 mg kg?). In Isp and I7s, the
leaf boron content was approximately the same (42.28 mg
kg-42.14 mg kg). When compared with the By dose, it
was determined that the leaf boron content increased
approximately 10% in the Bys.

In jrrigation level x boron dose interactions, leaf boron
contents were determined at the same level in 5B and
I5B22s and I2sBisp and 12sBsge treatment. Leaf boron
content increased from IsoBo to IsoB22s at the Iso irrigation
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level and decreased again for lsoB3sg. Boron doses were
not cause a significant difference in leaf boron content
in 75, but resutlted in a linear increase in ligo. The lowest
and highest leaf boron content was measured as 39.84
and 48.09 mg kg? in l100Bo-1100B300 treatment. Compared
to other irrigation levels, the most unstable trend was in
the boron treatments of the Iy irrigation level. It was
observed that the leaf boron contents increased with
boron application in all treatment except |,5Bo.

In conclusion, in this study, it was determined that
although the boron element provides anincrease in yield
in deficit irrigation conditions, the yield increase is higher
in fully irrigated apricot trees. In full irrigation treatment
(l100), the Baas treatment was more effective on the yield.
Polynomial trend was determined between the yield and
the boron dose in the fully irrigated treatment, and it
was determined that the application of boron more than
225 ppm did not increase the yield, but decreased it.
Considering that the soil boron content was insufficient
in the area where the experiment was conducted, it
could be expected that it would have an effect on
increasing light adsorption even slightly below the field
capacity (at low water stress). Since the reliability of one-
year results in fruit trees is controversial, such studies
should be at least three years old and one-year studies
should be evaluated as a preliminary data.

OzZET

Amag: Arastirma, 2019 yilinda Amik Ovasinda su stresine
maruz birakilan 5-6 vyasli Mogador cesidi kayisi
agaclarinda farkli bor dozu uygulamalarinin verim, verim
bilesenleri ve kalite Uzerine olan etkileri belirlemek
amaciyla ylraGtalmastar.

Yéntem ve Bulgular: Arastirma Mogador ¢esidi kayisi
agaclarinda, yapraktan uygulanacak tanik konusu (BO)
disinda 3 farkli dozda yapraktan bor B150 (150 ppm),
B225 (225 ppm) B300 (300 ppm), elverisli kapasitenin 4
farkl sulama diizeyinde 1100, 175, 150 ve 125, 4 tekerrurlQ
olarak yarGtUlmustir. Her tekerrlir 6 siradan
olusturulmustur. Denemede uygulanan sulama suyu
miktari 179 mm ile 742 mm, bitki su tiketimleri 295 mm
ile 832 mm arasinda gerceklesmistir. Sulama ve su
kullanma randimanlari 3.51-5.18 kg m-3 ile 2.89-4.17 kg
m-3 arasinda degismistir. Bor dozlart WUE ve IWUE
degerlerinde anlaml farklara neden olmamustir. Bitki su
tiketimindeki her birim artis verimde agag¢ basina
ortalama 16.8 kg ha-1‘lik artisa neden olmustur. Tam
sulama konusu 1100 esas alindiginda meyve agirligi 125
ve 150 konularinda sirasiyla %13 ve %3 azalirken, 175
konusunda %2 artmistir. BO konusu esas alindiginda ise
meyve agirhigi B150, B225, B300 konularinda %2, %4 ve
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%2 oraninda arttigl gézlenmistir. Sulama diizeylerinde
ortalama meyve boyu degeri 47.40 mm (I75) ve 42.99
mm (I125); suda ¢ozlnebilir kuru madde miktari (TSS)
degerleri 16.13 (1100) ve 12.65 (125) ile; pH degerleri ise
3.16 (1100) ve 3.30 (I50) arasinda gergeklesmistir. Bor
dozlarindaki artis meyve boyunda ve meyve eninde
anlamli bir farkliiga neden olmamistir. Yaprak bor icerigi
B225 dozuna kadar artmis B300 dozunda ise azalma
egilimi gostermistir.

Genel Yorum: Bor elementi kisitli sulama kosullarinda
verim artisi saglarken, tam sulanan kayisi agaclarinda
verim artisi daha fazladir. Tam sulama uygulamasinda
(1100), B225 uygulamasi verim (zerinde daha etkili
olmustur.

Calismanin Onemi ve Etkisi: Bor elementi 1sik
adsorpsiyonu ile fotosentezin artmasina neden olan
onemli bir elementtir. Meyve bahgelerinde su stresinin
olumsuz etkisini gidermek icin besin elementlerinin
etkilerini arastiran ¢ok fazla arastirma bulunmamaktdir.
Bu arastirma bor elementinin su stresi kosullarinda
etkilerini ortaya koymasi acisindan dnemlidir.

Anahtar Kelimeler: Kayisi, su kisiti, yapraktan bor
uygulamasi, bitki su tiketimi, su kullanma randimani.

ACKNOWLEDGEMENTS
This study was supported by MKU Scientific Research
Projects Commission. Project no: 18YL062.

CONFLICT OF INTEREST
The author declares that there is no conflict of interest
in the study

AUTHOR’S CONTRIBUTIONS
The contribution of the authors is equal.

REFERENCES

Ahmed M, Hassen UF, Khursid Y (2011) Does silicon and
irrigation have impact on drought tolerance
mechanism of sorghum. Agricultural Water
Management 98(12): 1808-1812.

Anonymous (2016a) Ulusal Bor Arastirma Enstitlisi El
Kitabi, https://www.boren.gov.tr. Erisim tarihi: Ocak
2019.

Anonymous (2019b) Meteoroloji Genel Mauaduarlaga.
https://www.mgm.gov.tr/ FILES/ arastirma/ yagis-
degerlendirme/ 2016alansal.pdf. Erisim tarihi: Ocak
2020.

Anonymous (2020) https://www.parlarfidan.com Erisim
tarihi: Ocak 2020.


http://dergipark.org.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2022, 27(1): 47-60

Arastirma Makalesi / Research Article

Bek Y and Efe E (1988) Arastirma ve Deneme Medotlari
I. Cukurova Universitesi, Ziraat Fakiiltesi, Ders Kitabi
No:71,395s.

Bellaloui N, Yanbo H, Mengistu A, Kassem MA, Abel, CA
(2013) Effects of foliar boron application on seed
composition, cell wall boron and seed 15N and 13C
iso-topes in water - stressed soybean plants.
Frontiers in Plant Science
https://doi.org/10.3389/fpls, 00270.

Bilir R (2020) Yapraktan uygulanan bor gilibresinin baz
makarnalik bugday cesitlerinin verim ve verim
unsurlari izerine etkisi. Kahramanmaras Siitcii imam
Universitesi, Tarla Bitkileri Anabilim Dali, 45 s.

Burt CM, O’connor K, Ruehr T (1995) Fertigation. 295 pp.

Bos MG, Richard K, Allen G, Molden DJ (2009)
Evapotranspiration:  Water requirements for
irrigation and the environment. 10.1007/978.

Bozkurt S, Odemis B, Durgac C (2015) Effects of deficit
irrigation treatments on vyield and plant growth of
young apricot trees. New Zealand Journal of Crop and
Horticultural Science 1-12.

Chartzoulakis K, Michelakis H, Stefanoudaki E (1999)
Water use, growth, vyield and fruit quality of
‘Bonanza’oranges under different soil water regimes.
Adv Hortic. Sci. 13: 6-11.

Demir F and Ozcan M (2001) Chemical and technological
properties of rose (Rosa canina L.) fruits grown wild
in Turkey. Journal of Food Engineering 47: 333-336.

Dogan M, Avu A (2013) Kuraklik stresine karsi bor
bilesiklerinin soyada (Glycine max. L.) biylime
parametrelerine etkisi. Nevsehir Bilim ve Teknoloji
Dergisi 2(2): 1-13.

Dordas C, Apostolides GE, Goundra O (2007) Boron
application affects seed yield and seed quality of
sugar beets. Journal of Agricultural Science 145: 377-
384.

FAO (2019) FAOSTAT online database, available at link
http://faostat.fao.org

Garg BK, Burman U, Kathju S (2004) The influence of
phosphorus nutrition on the physiological response
of moth bean genotypes to drought. J. Plant Nutr. Soil
Sci. 167: 503-508.

Gezgin S, Hamurcu M, Dursun N, Gékmen F (2007)
Degisik bor dozlari ve uygulama sekillerinin farkli
lokasyonlarda yetistirilen seker pancarinin yaprak bor
icerigi, verim ve kalite Gzerine etkisi. Selcuk Tarim ve
Gida Bilimleri Dergisi 21(42): 25-35.

Giindesli M (2005) ilkbaharda vyapraktan bor
uygulamasinin gemlik zeytin ¢cesidinde meyve tutumu
lizerine etkisi. Stitcti imam Universitesi Bahge Bitkileri
Anabilim Dali, 38 s.

58

Hassan MM and Seif SA (1999) Water use of apricot
trees. Egyptian Journal of Horticulture 26(1): 77-83.

Howell TA, Davis KR, Mc-Cormick RL, Yamada H, To-
Walhood V, Meek DW (1990) Water use efficiency of
narrow row cotton. Irrig. Sci. 5: 195-214.

Hu Y, Burucs Z, Schmidhalter U (2008) Effect of foliar
fertilization application on the growth and mineral
nutrient content of maize seedlings under drought
and salinity. Soil Science and Plant Nutrition 54: 133-
141.

Iba K (2002) Aclimative response to temperature stres in
higher plants: Approaches of gene engineering for
temperature tolerance. Annu. Rev. Plant. 3: 32-55.

Kacar B and Unal A (2008) Bitki Analizleri. Nobel
Yayinlari. Ankara

Kazgéz Candemir D and Odemis B (2018) Yapraktan
uygulanan farkh kukidrt dozlarinin pamuk bitkisinin
(Gossypium  hirsutum L)  degisik  gelisme
donemlerindeki su stresinin azaltiimasi (izerine
etkileri. Derim 35(2): 161-172.

Li-Na Z, Dong Q, Li-Li S, Wei-Jie Y (2005) Effects of sulfur
fertilization on the contents of photosynthetic
pigments and mda under drought stress. Acta
Botanica Boreali-Occidentalia Sinica 2005-08.

Mitchell PD, Van Den Ende B, Jerie PH, Chalmers DJ
(1989) Response of ‘Bartlett’'pear to withholding
irrigation regulated deficit irrigation and tree spacing.
American Soc. Hort. Sci. 114: 15-19.

Matuskovic J, Owais S, Hribik J (2002) The course of soil
moisture content and the irrigation regime in apricot
growing. Acta Horticulturae et Regiotecturae 5(2):
36-39.

Onay A, Tilkat E, Ersali Y, Ayaz TE, Suzerer V (2012)
Antepfistiginin  (Pistacia vera L.) morfolojik ve
biyolojik 6zellikleri ile verimini etkileyen faktorler.
Batman Universitesi Yagam Bilimleri Dergisi 2(1): 116-
131.

Odemis B, Akiscan Y, Akgdl B, Can D, Demirel E, Karazincir
K (2017) Kisith su kosullarinda yapraktan uygulanan
farkl kikirt dozlarinin pamuk  bitkisinin kurakhk
toleransina etkileri. TUBITAK sonug raporu. 2017/8/1
133 sayfa.

Odemis B and Delice H (2018) The Effect of different
boron levels on the yield and some physiological
properties of cotton plant under deficit irrigation
cond. XIX. World Cong. of CIGR 1(1): 28-36.

Perez-Pastor A, Domingo R, Torrecillas A, Ruiz-Sanchez
MC (2009) Response of apricot trees to deficit
irrigation strategies. Irrig. Sci. 27: 231-242.


http://dergipark.org.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2022, 27(1): 47-60

Arastirma Makalesi / Research Article

Seidel EP, Egewarth WA, Piano JT, Egewarth J (2015) The
effect of foliar application rates of calcium and boron
on vyield and vyield attributes of soybean (Glycine
max). African Journal of Agricultural 10(4): 170-173.

Shalhevet J, Mantell A, Bielorai H, Shimshi D (1979)
Irrigation of field and orchard crops under semi - arid
conditions. lll CNo 1 (Revised Version), 124 pp, Israel.

Solmaz B and Saltahh K (2019) Yiksek pH ve kirecli
topraklara kiakirt (S) uygulamasinin bazi toprak
dzelliklerine etkisi. Kahramanmaras Sitcli imam
Universitesi, Fen Bilimleri Enstitiisii, Toprak Bilimi ve
Bitki Besleme Anabilim Dali, 32 s.

Sahin M, Tarakgioglu C, Askin TB (2010) Giibrelemenin
findik bitkisinin verim ve yapraklarinin bazi bitki besin
maddesi icerikleri Uzerine etkisi. Ege Universitesi,
Ziraat Fakdltesi Dergisi, Ozel Sayisi 5, Ulusal Bitki
Besleme ve Gibre Kongresi Bildiriler Kitabi, 15 - 17
Eyliil 2010, Bornova, iZMiR.

Ullah S, Khan A, Malik U, Afzal I, Shahid M, Razzaq K
(2012) Foliar application of boron infuences the leaf
mineral status, vegetative and reproductive growth,
yield and fruit quality of ‘Kinnow’mandarin (Citrus
reticulata Blanco). Journal of Plant Nutrition 35:
2067-2079.

ASABE (2012) Moisture  Measurement-Forages.
American Society of Agricultural and Biological
Engineers, ANSI/ASAE Standarts, St Joseph, MlI,
$358.3, USA.

CAST (2019) Reducing the impacts of agricultural
nutrients on water quality across a changing
landscape. CAST Issue Paper Number 64. Council for
Agricultural Science and Technology (CAST) 20 p.

Caturegli L, Corniglia M, Gaetani M, Grossi N, Magni S,
Migliazzi M, Angelini L, Mazzoncini M, Silvestri N,
Fontanelli M, Raffaelli M, Peruzzi A, Volterrani M
(2016) Unmanned aerial vehicle to estimate nitrogen
status of turfgrasses. PLoS ONE 11(6): e0158268.

EPA (2012) Frequently asked questions about nitrate and
drinking water. United States Environmental
Protection Agency (EPA) 2 p.

Esbensen KH (2009) Multivariate Data Analysis In
Practice: An Introduction to Multivariate Data
Analysis and Experimental Design. 5th edition. CAMO
Inc. Corvallis, Oregon/USA.

Frank JH (2008) Detection of turfgrass stress using
ground based remote sensing. MSc Thesis, University
of Florida, Florida, US. 96 p.

Guillard K, Fitzpatrick RJM, Burdett H (2016) Can
frequent measurement of normalized difference
vegetative index and soil nitrate guide nitrogen
fertilization of Kentucky Bluegrass. Crop Sci. 56: 827-
836.

59

Inguagiato JC, Guillard K (2016) Foliar N concentration
and reflectance meters to guide N fertilization for
anthracnose management of Annual Bluegrass
putting green turf. Crop Sci. 56: 3328-3337.

Hocaoglu T (2010) Evaluation of planning and design
principles of golf courses in the context of landscape
architecture: Gloria Golf Resort case. PhD Thesis,
Ankara University, Ankara, Turkey. 151 p.

Jiang VY, Liu H, Cline V (2009) Correlations of leaf relative
water content, canopy temperature, and spectral
reflectance in Perennial Ryegrass under water deficit
conditions. HortSci. 44(2): 459-462.

Kacar B (1994) Chemical analysis of plant and soil: IIl. Soil
Analysis (In Turkish). Ankara Uni. Agric. Fac. Publ. No:
3, 735 p. Ankara

Kacar B, Inal A (2010) Bitki Analizleri (Plant Analysis —in
Turkish). Nobel Publication Number: 1241, Ankara.
pp 171-212.

Keskin M, Dodd RB, Han YJ, Khalilian A (2004) Assessing
nitrogen content of golf course turfgrass clippings
using spectral reflectance. Appl. Eng. Agric. 20: 851-
860.

Keskin M, Han YJ, Dodd RB, Khalilian A (2008)
Reflectance-based sensor to predict visual quality
ratings of turfgrass plots. Appl. Eng. Agric. 24: 855-
860.

Keskin M, Karanlik S, Gorucu Keskin S, Soysal Y (2013)
Utilization of color parameters to estimate moisture
content and nutrient levels of peanut leaves. Turk. J.
Agric. For. 37: 604-612.

Keskin M, Sekerli YE, Gunduz K (2016) Relationship
between water content and color properties of
chlorotic and non-chlorotic detached crop leaves. J.
Agric. Fac. Uludag Univ. 30: 319-324.

Keskin M, Setlek P, Demir S (2017) Use of color
measurement systems in food science and
agriculture (in Turkish with abstract in English).
International Advanced Researches and Engineering
Congress, 16-18 November 2017, Osmaniye. pp
2350-2359. (in Turkish with abstract in English).

Keskin M, Sekerli YE, Gunduz K (2018) Influence of leaf
water content on the prediction of nutrient stress in
strawberry leaves using chromameter. Int. J. Agric.
Biol. 20: 2103-2109.

Knudsen DG, Peterson A, Pratt PF (1982) Lithium,
Sodium and Potassium. Methods of Soil Analysis,
Part 2. Chemical and Migrobiological Properties.
Agronomy Monograph No:9 (2 nd Ed.) ASA-SSSA,
Madison, Wisconsin. USA.

Konica Minolta (2007) Colorimetry: How to Measure
Color Differences. Konica Minolta Photo Imaging Inc.,
USA.


http://dergipark.org.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2022, 27(1): 47-60

Arastirma Makalesi / Research Article

Mangiafico SS, Guillard K (2007) Cool-Season turfgrass
color and growth calibrated to leaf nitrogen. Crop Sci.
47:1217-1224.

Moss JQ, Bell GE (2010) Indirect Measurement of
Creeping Bentgrass N, Chlorophyll, and Color for
Precision  Golf Green  Management. 10th
International Conference on Precision Agriculture
Proceedings [CD-ROM], Denver, CO.

Olsen SR, Cole V, Watanabe FS, Dean LA (1954).
Estimations of available phosphorus in soils by
extractions with sodium bicarbonate. U.S. Dept. Of
Agric. Cric. 939, USDA, Washington, DC.

60

Richards LA (1954) Diagnosis and Improvement of Saline
and Alkaline Soils. Handbook. 60. US. Dept. of
Agriculture.

Rodriguez IR, Miller GL (2000) Using near-infrared
reflectance spectroscopy to schedule nitrogen
applications on dwarf-type bermudagrasses. Agron. J.
92:423-427.

Turkish Official Gazette (2004) Regulation on protection
of waters against agricultural nitrate pollution (in
Turkish). 18 February 2004, Number: 25377.


http://dergipark.org.tr/mkutbd

Mustafa Kemal Universitesi Tarim Bilimleri Dergisi 27 (1):61-70, 2022

AR
&
El

s

ARASTIRMA MAKALESI

(Mustafa Kemal University Journal of Agricultural Sciences 27 (1):61-70, 2022)

e-ISSN: 2667-7733

http://dergipark.org.tr/mkutbd

RESEARCH ARTICLE

Determination of the alleviating effect of liquid vermicompost on germination and
seedling development of Hungarian Vetch (Vicia pannonica Crantz.) under salt stress

Sivi solucan giibresinin tuz stresi altinda Macar Fig (Vicia pannonica Crantz.) tohumlarinin ¢cimlenmesi ve
fide gelisimi Gizerine iyilestirici etkisinin belirlenmesi

Ali Mohammed Abed Mustafa MUSTAFAY'~', Nuray CiCEK?'~', Cengiz YUCEDAG?*"~, Segil AKILLI SIMSEK*
ICankiri Karatekin University, Graduate School of Natural and Applied Sciences, Cankiri, Turkey.
2Cankiri Karatekin University, Faculty of Forestry, Department of Landscape Architecture, Cankiri, Turkey.

3Burdur Mehmet Akif Ersoy University, Faculty of Engineering and Architecture, Department of Landscape Architecture, Burdur,

Turkey.

“Cankiri Karatekin University, Faculty of Science, Department of Biology, Cankiri, Turkey.

MAKALE BILGISi / ARTICLE INFO

OZET/ABSTRACT

Makale tarihgesi / Article history:
DOI: 10.37908/mkutbd.1035869
Gelis tarihi /Received:13.12.2021
Kabul tarihi/Accepted:02.02.2022

Keywords:
Hungarian vetch, germination, seedling
development, salt stress, liquid

vermicompost.

< Corresponding author: Cengiz YUCEDAG
P<: yucedagc@gmail.com

Aims: The alleviating aspects of liquid vermicompost (VCL) on the seed
germination and juvenile seedling growth of Hungarian vetch, which is an
important fodder plant in Turkey and in the world, under salt stress were
evaluated.

Methods and Results: Two experiments in laboratory and greenhouse
conditions were established according to a randomized plot design with
three replications. In the experiments, liquid vermicompost levels were
applied as control (0%) - 1% - 2.5% - 5% and 10% and salt solutions were
prepared with control (pure water), 30 mM, 60 mM and 90 mM NaCl
doses. At the end of the laboratory experiment, germination rate and
index of Hungarian vetch seeds, length, fresh and dry weights of plumule,
and length, fresh and dry weights of radicle were examined. In the
greenhouse experiment, the emergence ratio, seedling height, seedling
fresh and dry weights, root length, root fresh and dry weights of Hungarian
vetch were investigated.

Conclusions: It was observed that the parameters measured in the
germination and seedling period of Hungarian vetch were negatively
affected by salt stress, but the negative effects of salt stress decreased due
to the increase in the amount of liquid vermicompost applied.
Significance and Impact of the Study: The present study can be an
important reference in terms of revealing the stimulating attribute of VCL
and inhibiting attribute of salinity on the germination and various
parameters of Hungarian vetch plant. The alleviative and regulatory effect
of VCL appeared mostly in its 5% and 10% dose applications during the
germination and juvenile seedling of Hungarian vetch, moderately
sensitive to salt stress.
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vermicompost on germination and seedling development of Hungarian Vetch (Vicia pannonica Crantz.) under
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INTRODUCTION

About 150 vetch (Vicia) species are common in
temperate regions of the world. Vetch varieties have
great value in terms of grass, animal feed, pastures,
green manures and crop rotation. Common vetch (V.
sativa), hairy vetch (V. villosa), Hungarian vetch (V.
pannonica), narbon vetch (V. narbonensis) and bitter
vetch (V. ervilia) are some of the important vetch species
(Ekiz et al., 2011). Hungarian vetch is one of the most
cold-resistant plants especially in Eastern Anatolia of
Turkey. It is considered a forage crop and is successfully
grown in these areas due to its semi-horizontal growth
(Acikgdz, 2013). The forage crops, which has a very high
yield and quality, is very nutritious for animals (Twidwell
et al., 1987).

Salinity is an abiotic stress factor affecting and
threatening cultivated soils owing to many negative
effects on plants grown in saline soils (Ekmekgi et al.,
2005). As the salt concentration in the soil increases, it is
difficult for plants to get water from the soil due to its
osmotic stress, and also physiological and biochemical
changes in the plant can occur (Bressan, 2008; Munns
and Tester, 2008). Salt stress negatively affects plant
growth and development, reduces the osmotic capacity
of plant cells, and causes a series of reactions in plants
(Glenn et al., 1997). Salinity is one of the most important
environmental factors affecting germination negatively
(Demir et al., 2003; Asci, 2011).

In order to obtain a high yield in agricultural production,
the soil must contain sufficient plant nutrients. The
preservation and maintenance of soil fertility in
agricultural systems rely on the return of nutrients lost
from the soil to the soil (Cebeci, 2017). Therefore,
producers prefer organic fertilizers including both plant
nutrients and soil-regulating substances (Demir and Isik,
2019a,b; Cicek, 2021). Vermicompost is an organic
fertilizer containing symbiotic and asymbiotic bacteria,
and mycorrhizal fungi (Anonymous, 2009; Soylu et al.,
2020). In addition to its positive effects on plant growth,
suppression of plant disease and soil improvement,
vermicompost is also known to have a supportive effect
on plant stress tolerance by reducing the negative
effects of toxic elements under salt stress conditions
(Ayyobi et al., 2014; Bidabadi et al., 2017, Jabeen and

Number of germinated seeds

x100

. . o) —
Germination Rate ( A)) Total number of seeds

The rate of germinated seeds on the ith day

Ahmad, 2017; Soylu et al., 2020). Vermicompost provide
the sustainability of organic agriculture, have the
positive effect on human health by eliminating solid
wastes and hence provide significant benefits to the
economy (Cicek, 2021). VCL is the diluted form of
manure produced by earthworms and microorganisms
during the conversion of organic matter into
vermicompost (Hidalgo et al., 2006).

In the present study, alleviating effect of VCL toward salt
stress during germination and seedling stage of
Hungarian vetch, a moderately salt sensitive plant, was
investigated. In addition, the appropriate doses of VCL
were suggested by testing in the greenhouse and
laboratory.

MATERIALS and METHODS

Tarim Beyazi-98 cultivar used in the experiment was
registered in 1998 by the Field Crops Central Research
Institute. The main stem length is 40-80 cm. Its cluster-
shaped flowers are white in color. The seed of the
cultivar is ellipsoid round in shape and its color is black
spotted and dotted. The 1000 grain weight of the cv.
Tarm White-98 which is resistant to cold and drought
varies from 35 g to 50 g.

Germination experiment with three replications was
carried out in the Laboratory of Forestry Faculty, Cankiri
Karatekin University. For each replication, 25 Hungarian
vetch seeds applied surface sterilization (treated with 5%
sodium hypochlorite for 5 minutes and then rinsed with
distilled water) were placed in sterile petri dishes. Then,
control (pure water), 30 mM, 60 mM and 90 mM NacCl
solutions and control (0%), 1%, 2.5%, 5% and 10% liquid
vermicomposts (Table 1) were added to each petri dish.
Hungarian vetch seeds were germinated at 20+2 °C in
the dark (ISTA, 1996). During the germination period, no
plant nutrients were applied in the experiment.
Germinated seeds (when the radicle of the seeds
reaches 2 mm in length) were counted and recorded
every 24 hours. The experiment, which was established
on 14 December 2020, was ended on 24 December 2020.
At the end of the experiment, the germination rate
(Eq(1); Akinci and Caliskan, 2010) and index (Eq(2); Wang
et al., 2004) of Hungarian vetch seeds were determined
as:

Eq(1)

Germination Index = }( Count day
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) Eq(2)
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At the end of the experiment, 5 germinated seeds were
randomly selected from each petri dish to determine
length (cm), fresh and dry weights (g) of plumule, length
(cm), fresh and dry weights (g) of radicle in Hungarian
vetch seedlings. Weights of plumule and radicle were
determined after oven drying at 65-70 °C for 72 h.

The juvenile seedling experiment was carried out in
plastic pots with a volume of 0.5 L containing a mixture
of peat and perlite (3:1) (Table 1) in Cankiri Karatekin

University Research and Application Greenhouse. The
experiment was established using a randomized
complete block design with three replications on 15
December 2020. 15 Hungarian vetch seeds were sown in
each pot. After germination, 15 juvenile seedlings were
thinned to 10. After seed sowing, distilled water
(control), 30 mM, 60 mM and 90 mM Nacl solutions and
0%, 1%, 2.5%, 5% and 10% liquid vermicomposts were
added to each pot.

Table 1. Some physical and chemical properties of peat and vermicompost liquid

Parameter Peat Vermicompost liquid
pH (saturation extract) 5.50 8.56
EC (dSm?) 0.49 5.31
Organic material (g kg?) 950 -
Water-soluble NHs-N (mg kg™?) 0.75 -
Water-soluble NOs-N (mg kg?) 5.75 -
Water-soluble P (mg kg?) 5.56 0.20
Water-soluble K (mg kg) 53 12
Water-soluble Ca (mg kg?) 172 -
Water-soluble Mg (mg kg?) 55 -
Total humik+fulvik asit (g kg?) - 100
Total N (g kg?) - 10.6

On 15 January 2021, a total of 5 juvenile seedlings for
each pot were uprooted without harming the roots
(Figure 1). Emergence ratio (%), length (cm), fresh and
dry weights (g), root length (cm), root fresh and dry

weights (g) of juvenile seedlings were measured to
determine the effects of CVL doses on Hungarian vetch
seedlings.

Figure 1. First seedling stage of Hungarian vetch

Kolmogorov-Smirnov test was used for the normality of
data distributions. Homogeneity of variance was
controlled using Levene test. Two-way analysis of
variance was done to determine whether the averages
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of the factors, including VCL concentration (1) and salt
concentration (2), differed and whether there was an
interaction between them. Similar and different factors
were determined by Duncan test, which is one of the
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multiple comparison tests (p<0.05). All analyses were
performed with SPSS program.

RESULTS and DISCUSSION

Germination rate and index

Liquid vermicompost, salt concentration and their
interaction had effects on germination rate and index at
0.01 probability level. The interaction of VCL-10 and
NaCl-90 resulted in the lowest germination rate (64%)
and index (7.81). The highest germination rate (100%)
and index (18.86) were found in the interactions of VCL-
2.5 and NacCl-0 (Table 2). It was reported that salt stress

reduced the germination rate and index of Hungarian
vetch (Ertekin et al.,, 2018) and some bread wheat
genotypes (Bilgili, 2016). The present study indicated
that the increase in VCL did not appearently cause an
increase in germination rate and index. However, some
researchers found that VCL increased the germination
rate and index of soybean (Kaya and Erdénmez, 2020)
and pepper (Basay and Alpsoy, 2019). As the salt
concentration increases in the germination medium, the
osmotic pressure increases and thus the seed in the
medium cannot take up enough water to germinate (Day
and Uzun, 2016). As a result, inadequate water
imbibition can not activate enyzemes in the seeds.

Table 2. Effects of NaCl concentration and VCL on germination rate and Index of Hungarian vetch seeds

Germination Rate (%)

NacCl-0 NaCl-30 NaCl-60 NaCl-90 Mean
VCL-0 92.00%¢ 85.33¢¢ 80.00¢°8 78.67%¢ 84.00b*
VCL-1 97.332 92.00*¢ 88.00°¢ 86.67¢f 91.00a
VCL-2.5 100.00° 94.67%*¢ 84.00%f 86.67¢f 91.33a
VCL-5 97.332 92.00*¢ 84.00%f 81.33¢f 88.67a
VCL-10 96.00*° 94.67%*¢ 73.338 64.00" 82.00b
Mean 96.53A 91.73B 81.87C 79.47C 87.40

Germination Index

VCL-0 16.413¢ 14.69<f 13.77¢f 12.50°" 14.34ab
VCL-1 16.33¢ 18.09%° 15.44b-¢ 11.63f 15.38a
VCL-2.5 18.86? 15.140¢ 13.05¢" 14.78<f 15.46a
VCL-5 13.79¢f 16.4¢ 13.05¢f 13.83¢f 14.27ab
VCL-10 18.84°2 17.64%¢ 8.428 7.818 13.18b
Mean 16.85A 16.39A 12.75B 12.11B 14.53

" Different letters in columns and rows indicate that the averages of the applications tested differed significantly

(p<0.05).

Plumule length, fresh and dry weights

Interaction of VCL and salt concentration had an effect
on plumule length (p<0.001) but no effect on plumule
fresh and dry weights (p>0.05). Both VCL and salt
concentration had an effect on length, fresh and dry
weights of plumule at 0.01 level. The lowest plumule
length (6.22 cm) in the interactions with NaCl-90 of VCL-
10 and VCL-0 and the highest plumule length (11.75 cm)
in the interaction of VCL-5 and NaCl-30 were found. The
lowest fresh weights (0.159 g and 0.171 g) were obtained
from NaCl-90 and VCL-1. NaCl-30 and VCL-5 showed the
highest fresh weights (0.193 g and 0.187 g). The lowest
dry weight (0.030 g) was obtained from both VCL-0 and
NaCl-90. VCL-10 and NaCl-0 gave the highest dry weights
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(0.035 g and 0.036 g) (Table 3). In the present study,
plumule fresh and dry weights decreased with the
increasing NaCl concentration. Similar results for
plumule fresh and dry weights were found in Hungarian
vetch (Ertekin et al.,, 2018) and some bread wheat
genotypes (Bilgili, 2016). VCL increased plumule fresh
and dry weights of soybean (Kaya and Erdénmez, 2020)
and pepper (Basay and Alpsoy, 2019). High salt
concentration during germination may inhibit the
gibberellin synthesis of seeds (Bozcuk, 1991; Ertekin et
al.,, 2017) and cause a decrease in a amylase activity
(Adda et al.,, 2014). This situation negatively affects
length, fresh and dry weights of plumule.
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Table 3. Effects of NaCl concentration and VCL on plumule length, fresh and dry weights of Hungarian vetch seeds

Plumule Length (cm)

NaCl-0 NaCl-30 NaCl-60 NaCl-90 Mean
VCL-0 10.41°¢ 9.91b= 9.08°f 6.648" 9.01b*
VCL-1 9.39¢f 10.36%¢ 10.09%¢ 6.75¢&" 9.15b
VCL-2.5 9.80c¢ 11.75° 9.67¢ 9.48¢f 10.18a
VCL-5 11.02%¢ 11.19%¢ 8.86°" 9.33¢f 10.10a
VCL-10 11.59%® 10.17%¢ 8.07%¢ 6.22" 9.01b
Mean 10.44A 10.68A 9.15B 7.68C 9.49

Plumule Fresh Weight (g)
VCL-0 0.179 0.193 0.171 0.152 0.174b
VCL-1 0.171 0.181 0.175 0.158 0.171b
VCL-2.5 0.204 0.201 0.178 0.161 0.186a
VCL-5 0.202 0.196 0.182 0.167 0.187a
VCL-10 0.205 0.193 0.175 0.159 0.183a
Mean 0.192A 0.193A 0.176B 0.159C 0.180
Plumule Dry Weight (g)

VCL-0 0.034 0.031 0.028 0.027 0.030b
VCL-1 0.035 0.036 0.032 0.030 0.033a
VCL-2.5 0.036 0.036 0.036 0.031 0.034a
VCL-5 0.037 0.035 0.034 0.031 0.034a
VCL-10 0.038 0.035 0.035 0.032 0.035a
Mean 0.036A 0.034AB 0.033B 0.030C 0.033

" Different letters in columns and rows indicate that the averages of the applications tested differed significantly

(p<0.05).

Radicle length, fresh and dry weights

Length, fresh and dry weights of radicle were affected by
both VCL and salt concentration at 0.01 level but not
affected by their interaction (p>0.05). VCL-0 revealed the
lowest radicle length (7.20 cm), radicle fresh (0.037 g)
and dry weights (0.004 g) while VCL-10 showed the
highest radicle length (8.45 cm), radicle fresh (0.044 g)
and dry weights (0.005 g). The lowest radicle length (6.35
cm), radicle fresh (0.033 g) and dry weights (0.004 g)
were obtained from NaCl-90. The highest radicle length
(9.40 cm) and dry weight (0.005 g) in NaCl-0, and the

highest fresh weight (0.048 g) in NaCl-30 were
determined (Table 4). Bilgili (2016) stated that salt stress
reduced length, fresh and dry weights of radicle in some
bread wheat genotypes. In the current study, increase in
VCL improved length, fresh and dry weights of radicle.
Similarly, VCL increased radicle fresh and dry weights of
soybean (Kaya and Erdonmez, 2020) and pepper (Basay
and Alpsoy, 2019). Salt increase affects plant water and
mineral substance uptake from the soil and hence lead
to decrease in both plant and root growth.

Table 4. Effects of NaCl concentration and VCL on radicle length, fresh and dry weights of Hungarian vetch seeds

Radicle Length (cm)

NacCl-0 NaCl-30 NacCl-60 NacCl-90 Mean
VCL-0 8.17 7.43 7.15 6.05 7.20c*
VCL-1 9.05 7.78 7.97 6.11 7.73bc
VCL-2.5 9.15 8.46 8.05 6.81 8.12ab
VCL-5 9.79 8.75 8.69 6.55 8.45a
VCL-10 10.87 8.19 8.51 6.23 8.45a
Mean 9.40A 8.12B 8.07B 6.35C 7.99

Radicle Fresh Weight (g)

VCL-0 0.042 0.044 0.036 0.026 0.037c
VCL-1 0.046 0.046 0.040 0.030 0.041b
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Table 4 (continued). Effects of NaCl concentration and VCL on radicle length, fresh and dry weights of Hungarian vetch

seeds
VCL-2.5 0.047 0.046 0.041 0.035 0.043ab
VCL-5 0.046 0.050 0.042 0.036 0.043ab
VCL-10 0.049 0.052 0.041 0.036 0.044a
Mean 0.046A 0.048A 0.040B 0.033C 0.042
Radicle Dry Weight (g)

VCL-0 0.005 0.004 0.004 0.004 0.004c
VCL-1 0.005 0.004 0.004 0.004 0.004bc
VCL-2.5 0.005 0.004 0.004 0.004 0.004b
VCL-5 0.005 0.005 0.005 0.004 0.005a
VCL-10 0.006 0.005 0.005 0.004 0.005a
Mean 0.005A 0.004B 0.004C 0.004D 0.004

" Different letters in columns and rows indicate that the averages of the applications tested differed significantly
(p<0.05).

Emergence ratio results were reported by Bilgili (2016) in some bread
Both NaCl concentration and its interaction with VCL had wheat genotypes and Kaya and Erdonmez (2020) in
no effect on emergence ratio of Hungarian vetch but VCL soybean. Na* and CI, which increase the osmotic
affected it at 0.01 level. The lowest (51.67%) and highest pressure in the germination medium, are diluted by
(60%) emergence ratio were found in the VCL-0 and VCL- being absorbed by organic materials such as VCL. Thus,
10, respectively (Table 5). The present study apparently the amount of VCL in the medium is considered to
revealed that emergence ratio of Hungarian vetch was increase the resistance of seeds against salt stress.

reduced by salt stress and increased by VCL. Similar

Table 5. Effects of NaCl concentration and VCL on emergence ratio of Hungarian vetch seeds
Emergence Ratio (%)

NacCl-0 NaCl-30 NacCl-60 NaCl-90 Mean
VCL-0 51.11 53.33 51.11 51.11 51.67c*
VCL-1 55.55 53.33 55.55 51.11 53.89bc
VCL-2.5 62.22 57.78 53.33 53.33 56.67ab
VCL-5 60.00 55.56 55.55 55.56 56.67ab
VCL-10 60.00 64.45 57.78 57.78 60.00a
Mean 57.78A 56.89A 54.67A 53.78A 55.78

" Different letters in columns and rows indicate that the averages of the applications tested differed significantly
(p<0.05).

Length, fresh and dry weights of juvenile seedling salt stress reduced length, fresh and dry weights of
Both VCL and NaCl had an effect on length, fresh and dry Hungarian vetch juvenile seedling. Bilgili (2016) found
weights of Hungarian vetch juvenile seedling at 0.001 similar results in juvenile seedlings of some bread wheat

level but their interaction had no effect. VCL-0 showed genotypes. As the results in the present study, VCL
the lowest seedling length (20.62 cm), fresh (0.320 g) increased length, fresh and dry weights of soybean (Kaya
and dry (0.035 g) weights while VCL-10 revealed the and Erdénmez, 2020) and pepper (Basay and Alpsoy,
highest seedling length (24.13 cm), fresh (0.447 g) and 2019) juvenile seedlings. Salt in the plant increasing in
dry (0.047 g) weights. NaCl-90 had the lowest seedling osmotic pressure and ion stress (Prada and Das, 2005)
length (16.07 cm), fresh (0.234 g) and dry (0.030 g) prevents water and plant nutrient intake. Thus, length,
weights. The highest seedling length (27.79 cm), fresh fresh and dry weights of juvenile seedling are reduced
(0.509 g) and dry (0.036 g) weights were obtained from due to negative cell division and growth (Bresson, 2008;
NaCl-0 (Table 6). The present study clearly showed that Oral et al., 2020).
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Table 6. Effects of NaCl concentration and VCL on length, fresh and dry weights of Hungarian vetch juvenile seedlings

Juvenile Seedling Length (cm)

NacCl-0 NaCl-30 NaCl-60 NaCl-90 Mean
VCL-0 25.73 25.06 19.06 12.61 20.62c*
VCL-1 27.50 25.68 21.47 16.57 22.80b
VCL-2.5 28.24 26.50 22.67 16.77 23.55ab
VCL-5 28.57 26.98 22.77 17.11 23.86a
VCL-10 28.91 27.37 22.95 17.30 24.13a
Mean 27.79A 26.32B 21.78C 16.07D 22.99

Juvenile Seedling Fresh Weight (g)
VCL-0 0.436 0.410 0.263 0.170 0.320d
VCL-1 0.488 0.424 0.350 0.217 0.370c
VCL-2.5 0.502 0.450 0.373 0.232 0.389c
VCL-5 0.546 0.446 0.397 0.261 0.412b
VCL-10 0.571 0.512 0.414 0.290 0.447a
Mean 0.509A 0.4498B 0.359C 0.234D 0.388
Juvenile Seedling Dry Weight (g)

VCL-0 0.044 0.040 0.032 0.025 0.035d
VCL-1 0.051 0.045 0.035 0.028 0.040c
VCL-2.5 0.053 0.047 0.041 0.032 0.043b
VCL-5 0.058 0.050 0.044 0.035 0.047a
VCL-10 0.060 0.052 0.041 0.037 0.047a
Mean 0.036A 0.034AB 0.033B 0.030C 0.033

" Different letters in columns and rows indicate that the averages of the applications tested differed significantly

(p<0.05).

Root length, fresh and dry weights of juvenile seedling
Both VCL and NaCl concentration had an effect on root
length, fresh and dry weights of Hungarian vetch juvenile
seedling at 0.001 level. The interaction of VCL and NaCl
had an effect root fresh weight of juvenile seedlings but
no effect on their root length and dry weight. The lowest
root length (10.28 cm) and dry weight (0.007 g) were
obtained from VCL-0 while the highest root length (13.01
cm) and dry weight (0.014 g) were found in VCL-10. The
lowest root length (6.16 cm) and dry weight (0.006 g)
were found in NaCl-90 while the highest root length
(16.07 cm) and dry weight (0.018 g) were obtained from
NaCl-0. The lowest root fresh weight (0.054 g) of juvenile
seedlings were obtained from the interaction of VCL-0

and NaCl-90. Interaction of VCL-10 and NaCl-0 had the
highest root fresh weight (0.322 g) of juvenile seedlings
(Table 7). In the present study, salt stress considerably
reduced root fresh and dry weights of juvenile seedlings.
Similarly, Bilgili (2016) reported that salt stress
decreased root fresh and dry weights in juvenile
seedlings of some bread wheat genotypes. The present
study showed that VCL improved root fresh and dry
weights of juvenile seedlings as reported by Kaya and
Erdénmez (2020) in soybean and Basay and Alpsoy
(2019) in pepper juvenile seedlings. As length, fresh and
dry weights of juvenile seedling, negative cell division
and growth decrease root length, fresh and dry weights
of juvenile seedling.

Table 7. Effects of NaCl concentration and VCL on root length, fresh and dry weights of Hungarian vetch juvenile

seedlings
Juvenile Seedling Root Length (cm)
NacCl-0 NaCl-30 NaCl-60 NaCl-90 Mean

VCL-0 14.87 12.47 9.37 4.39 10.28d*
VCL-1 15.85 13.01 9.60 5.50 10.99cd
VCL-2.5 16.24 13.80 10.48 6.45 11.74bc
VCL-5 16.56 14.35 11.01 6.57 12.13b
VCL-10 16.82 15.93 11.42 7.88 13.01a
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Table 7 (continued). Effects of NaCl concentration and VCL on root length, fresh and dry weights of Hungarian vetch

juvenile seedlings

Mean 16.07A 13.91B 10.38C 6.16D 11.63
Juvenile Seedling Root Fresh Weight (g)
VCL-0 0.256° 0.166¢ 0.11687 0.054% 0.148c
VCL-1 0.259° 0.168¢ 0.122% 0.069* 0.155¢
VCL-2.5 0.270° 0.199¢ 0.137¢8 0.069% 0.169b
VCL-5 0.307° 0.199¢ 0.145¢ 0.096’ 0.187a
VCL-10 0.322° 0.216°¢ 0.140°" 0.106" 0.196a
Mean 0.283A 0.190B 0.132C 0.079D 0.171
Juvenile Seedling Root Dry Weight (g)
VCL-0 0.014 0.007 0.004 0.002 0.007c
VCL-1 0.016 0.008 0.005 0.003 0.008c
VCL-2.5 0.018 0.014 0.010 0.007 0.012b
VCL-5 0.020 0.012 0.010 0.008 0.013b
VCL-10 0.021 0.015 0.010 0.009 0.014a
Mean 0.018A 0.011B 0.008C 0.006D 0.011

" Different letters in columns and rows indicate that the averages of the applications tested differed significantly

(p<0.05).

In conclusion, as the number of researches regarding the
effects of VCL and salinity on seed germination studies is
limited, the present study can be an important reference
in terms of revealing the stimulating attribute of VCL and
inhibiting attribute of salinity on the germination and
various parameters of Hungarian vetch plant. The
alleviative and regulatory effect of VCL appeared mostly
in its 5% and 10% dose applications during the
germination and juvenile seedling of Hungarian vetch,
moderately sensitive to salt stress.

OZET

Amag: Turkiye’de ve diinyada 6nemli yem bitkisi olan
Macar figin tohumlarinin ¢imlenmesi ve fide blylimesi
Uzerine sivi solucan glibresinin tuz stresi altinda
iyilestirici etkileri degerlendirilmistir.

Yéntem ve Bulgular Laboratuar ve sera kosullarinda iki
deneme (¢ yinelemeli tesadif bloklari deneme desenine
gore tesis edilmistir. Denemelerde, kontrol (%0), %1,
%2.5, %5 ve %10 sivi solucan glibresi seviyeleri
uygulanmis ve control (saf su), 30 mM, 60 mM ve 90 mM
NaCl dozlari hazirlanmistir. Laboratuar denemesi
sonunda, Macar figi tohumlarinin g¢imlenme orani ve
indisiile plumula boyu, taze ve kuru agirhg, kokglik boyu,
taze ve kuru agirliklari belirlenmistir. Sera denemesinde
ise, tohumlarin ¢ikma orani, Macar figin fide boyu, taze
ve kuru agirhklar ile fidelerin kok boyu, taze ve kuru
agirliklari tespit edilmistir.

Genel Yorum: Macar figin ¢cimlenme ve fide asamasinda
Olclilen  parametreler tuz stresinden olumsuz
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etkilenmistir ama tuz stresinin negatif etkileri uygulanan
sivi solucan glibresinin miktarindaki artis nedeniyle
azalmistir.

Calismanin Onemi ve Etkisi: Bu calisma, Macar figi
bitkisinin cimlenmesi ve farkli parametreleri izerine sivi
solucan glibresinin tesvik edici oOzelligi ile tuzun
engelleyici etkisini ortaya koyma acisindan énemli bir
referans olabilir. Sivi solucan gibresinin iyilestirici ve
diizenleyici etkisi tuz stresine orta diizeyde duyarli olan
Macar figin ¢cimlenme ve fide déneminde ¢ogunlukla %5
ve %10 doz uygulamalarinda ortaya ¢ikmistir.

Anahtar Kelimeler: Macar figi, ¢cimlenme, fide gelisimi,
tuz toleransi, sivi solucan gibresi.
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Elma (Malus domestica) agaglarindan elde edilen endofitik funguslarin elma ¢oklu siirgiin

fitoplazma hastaligi (Candidatus Pyhtoplasma mali) lizerine etkinliklerinin belirlenmesi
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Aims: Purpose of this study was to determine the efficacy of endophytic
fungi in biological control of Apple Proliferation (AP) Phytoplasma Disease
(Candidatus Pyhtoplasma mali). Thus, it was aimed to provide the
opportunity to develop different control strategies against the disease
agent, which is practically not possible to control chemically.

Methods and Results: A total of 50 different orchards were visited to
search for the presence of AP and fungal endophyte isolates. For
phytoplasma disease 360 samples and for fungal endophytes 198 samples
were collected from healthy and symptomatic trees. Of the 360 apple
samples which were tested against phytoplasma, 29 were found to be
infected with ‘Ca. P. mali’. Endophyte fungi species were isolated from
healthy and ‘Ca. P. mali’ infected apple trees. Morphological and
molecular diagnosis and also pathogenicity studies were carried out with
the isolated fungi. The efficacy of Epicoccum nigrum, Aureobasidium
pullulans and Ulocladium consortiale, which were the most commonly
isolated endophyte fungi from healthy apple trees, were investigated
against AP disease. It was determined that each fungus isolate affected the
AP disease intensity at different levels, the highest effect belonged to A.
pullulans, and it decreased the AP disease intensity with an effect value of
34.18% after the application.

Conclusions: Possible biological control applications are very important
because there is no chemical control of AP disease which is on the
quarantine list. Aureobasidium pullulans was found to reduce the
phytoplasma density more than the other 2 different endophyte fungus
species inoculated on trees infected with AP. Therefore, A. pullulans could
be a biological control agent which can be used in the AP disease control.
Significance and Impact of the Study: In this study, the effects of
endophyte fungi, which are biological control agents, on AP disease in
apples were investigated for the first time in Turkey and important
preliminary findings were obtained in the development of disease control
strategies.

Atif / Citation: Yavuz S, Gazel M, Tok FM, Caglayan K (2022) Elma (Malus domestica) agaglarindan elde edilen endofitik
funguslarin elma ¢oklu sirgiin fitoplazma hastaligl (Candidatus Pyhtoplasma mali) Uzerine etkinliklerinin
belirlenmesi. MKU. Tar. Bil. Derg. 27(1) : 71-78. DOI: 10.37908/mkutbd.1027919
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GIRIS

Yumusak cekirdekli meyveler icerisinde kullanim ve
yararlari acisindan énemli bir yeri olan elma, her mevsim
farkli cesit vyetistirilebilme olanagina sahip, besin
maddelerince olduk¢a zengin bir meyvedir. Ginimizde
Tirkiye’nin hemen her bdlgesinde elma vyetistiriciligi
yapllmaktadir. Tirkiye’nin 171 bin hektar alan ile
%3,3’liik Gretim alanini kapsadig bilinmektedir. Uretim
miktarlarina bakildiginda ise diinya elma Uretiminin 87
milyon ton civarinda oldugu ve Tirkiye’'nin yaklasik 3.6
milyon ton dretim ile %2.4’'lik paya sahip oldugu
gorilmektedir (Anonim, 2017). Tirkiye’de 2020 vyili
verilerine gore elma Uretimi bir 6nceki yila oranla %18
artmis, 1.709.032 dekar alanda 66.476 adet meyve veren
aga¢ sayisi ile 4.300.486 ton degerine ulagmistir
(Anonim, 2020).

Sert ve yumusak cekirdekli meyve agaclarinda zarar
yapan ve ekonomik anlamda oldukg¢a 6nemli kayiplara
neden olan fitoplazmalar bitkilerin floem dokusuna
kolonize olan ve vektor boceklerle tasinarak nesilden
nesile aktarilabilen patojenlerdir. Yumusak cekirdekli
meyve agaclarinda zarar yapan ve etmeni ‘Candidatus
Pyhtoplasma mali’ olan Elma Coklu Surgin Fitoplazma
(ECSF)  hastaligt elma agaclarinin  en  Onemli
hastaliklarindan biri olmasinin yani sira EPPO’nun
karantina listesinde de bulunmaktadir (Anonim, 2009).
Elma agaclarinda simptomlu ve simptomsuz olarak

bulunabilen bu etmen, simptomlu agaclarin
yapraklarinda  kizildan  sartya  kadar  degisen
renklenmelere,  bliyimede  gerilemeye, meyve

olusumunda azalmalara, yaprak stipullerinde anormal
blylmelere, rozetlesmelere ve 6zellikle ‘cadi sliplirgesi’
olarak tabir edilen simptomlara neden olmaktadir
(Seemdiller ve Schneider, 2007). Fitoplazma hastalig ile
bulasik bahgelerde hastaligi tedavi etmeye yonelik
herhangi bir micadele yontemi bulunmamakla birlikte,
fitoplazmalarin tasinmasinda etkili rol oynayan vektor

bocekleri kontrol altina alacak kimyasal micadele
yontemleri ile fitoplazma bulagmalari 6nlenmeye
calisiimaktadir. ECSF hastaligi ilk olarak italya’da

saptanmis (Rui ve ark., 1950), bununla birlikte hastaligin
uzun vyillardan bu yana Avrupa kitasinda bircok llkede
elma Uretim alanlarinda ciddi sorunlara neden oldugu
bildirilmistir (Seemdiller ve Schneider, 2004). Ulkemizde
ise son yillarda Akdeniz boélgesinde, Ankara, Yalova ve
Nigde’'de testlenen sinirli sayidaki 6rnekte hastalk
etmeni tespit edilmistir (Canik ve Ertung, 2007; Sertkaya
ve ark., 2008; Dagtekin, 2009).

Yapilan bu calisma llkemizde elma agaclarinin dogal
florasinda bulunan fungal endofitlerin ECSF'ye etkileri ile
ilgili ilk cahsmadir. Planlanan bu c¢alisma ile elma
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agaclarinda ECSF hastaligina neden olan ‘Candidatus
Phytoplasma mali’'nin molekiiler testlerle belirlenerek
karakterizasyonunun yapilmasi, elma sirgiin ve
yapraklarindan izole edilen fungal endofitlerin hem
elmada hem de model bitki olarak bilinen Cezayir
meneksesi (Catharanthus roseus)'nde ECSF hastaligina
karsi biyolojik muicadele etkinliginin saptanmasi ve

boylece fitoplazma hastaliklarina karsi micadele
olanaklarinin arastirilmasi amacglanmistir.

MATERYAL ve YONTEM

Materyal

CGalismanin patojen materyali olan ECSF igin Mersin,
Adana, Nigde, Isparta, Hatay, Karaman illerinde

fitoplazma belirtisi gdsteren elma agaclarindan siirgiin
ve yaprak ornekleri toplanmistir. Fitoplazma gruplarini
temsil eden izolatlara ait pozitif kontrol DNA 6rnekleri
Dr. X. Foissac (INRA, Fransa) ve Dr. A. Bertaccini
(italya)’dan temin edilmis, saglkli GF-305 yapraklari
negatif kontrol olarak kullaniimistir.

Yontem

Enfekteli bitki materyallerinin temini

Orneklemeler elma vyetistirilen alanlarin %1’ini temsil
edecek sekilde elma agaclarindan siirglin ve yaprak
olarak toplanmistir. Ayni bahgelerdeki gerek saglikli
gerekse hastalik belirtisi gosteren elma agaclarindan
endofit funguslarin izolasyonu icin de her agacin dort
yanini temsil edecek sekilde 6rnekleme yapilmistir (Bora
ve Karaca, 1970). Alinan ornekler ayri ayri polietilen
posetlere konularak etiketlenmis, buzluklar igerisinde
DNA izolasyonu vyapilmak ({izere laboratuvara
getirilmistir.

Fungus kiiltiirlerinin izolasyonu ve patojenisitesi
Endofit fungus izolasyonu Liu ve ark. (2001)nin
onerdikleri yonteme gore gergeklestirilmis, kullanilan
ortamda herhangi bir gelisme olup olmayacagini
gozlemlemek amaciyla higbir ekim yapilmadan ortama
saf su ilave edilerek i¢ kontrol uygulamasi yapilmistir.
Fungus teshisleri, Barac ve ark. (2004)'nin onerdikleri
kriterlere gore koloni morfolojisi ve miselyumlari ile
konidiosporlarinin mikroskop altinda incelenmesiyle cins
dizeyinde yapilmistir. Cins diizeyinde teshisi yapilan
funguslarin patojenisiteleri elma fidanlarindan alinan
yapraklar kullanilarak tamamlanmis, patojen 6zellik
gosteren funguslar elenmistir.

Niikleik asit izolasyonlari, PCR ve RFLP analizleri
Araziden toplanan bitki materyallerinin DNA izolasyonu
Doyle ve Doyle (1990)’e gore yapilmistir. Ekstrakte edilen
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DNA’lardan fitoplazma teshisi iki asamali PCR yontemi ile
yapilmistir. ilk asamada (Direkt-PCR) 1800 bp (iriin veren
P1 (Deng ve Hiruki, 1991) / P7 (Smart ve ark., 1996)
primer ciftleri; ikinci asamada (Nested- PCR) ise 1050 bp
Urin veren FO1/RO1 (Lorenz ve ark., 1995) primer ciftleri
kullanilmistir. Reaksiyon karisimi 10XPCR buffer (100mM
Tris-HCI, pH 8.3, 500 mM KCI, % 0.01 gelatin), 1.5 mM
MgCl;, 250 uM dNTP’ler, 20 pmol primerler, 2 lnite Tag
polimeraz’dan olusmustur. Direkt-PCR déngisi; 94°C'de
2 dakika denaturasyondan sonra, 94°C'de 1 dakika,
57°C'de 2 dakika ve 72 °C’de 3 dakikadan olusan 35
dongiyld takiben 72°C’'de 10 dakikadan olusmustur.
Direkt-PCR’da  1/30 oraninda sulandirilan  PCR
Urindnden 1pl alinarak 24 pl’lik nested PCR reaksiyon
karisimina eklenmistir. Nested-PCR dongiisti 94°C'de 2
dakika denaturasyondan sonra, 94°C'de 30 saniye,
55°C'de 30 saniye, 72°C'de 1 dakikadan olusan 35
dongliyi takiben 72°C'de 5 dakika olacak sekilde
yapilmistir (Lee ve ark., 1998). PCR uriinleri %1.2'lik
agaroz jel elektroforez islemine tabi tutularak gorsel hale
getirilmistir.

RFLP analizleri % 2'lik agaroz jelde Ssp/ ve Rsal
restriksiyon endoniikleaz enzimleri ile
gerceklestirilmistir. Referans izolatlar ve farkli fitoplazma
gruplarina ait izolatlar kullanilarak olusan bant profilleri
(Lee ve ark., 1998) yorumlanmis ve ‘Ca. P. mali’ ile
enfekteli izolatlar belirlenmistir.

Funguslarin DNA izolasyonu ise Lecellier ve Silar
(1994)'1n 6nerdikleri yonteme gore yapilmistir. Ekstrakte
edilen DNA’lardan endofit teshisi ITS1/ITS4 (Gardes ve
Bruns, 1993) primer cifti kullanilarak yapiimistir. PCR
asamasinda nikleik asitlerden 1 ul alinarak 24 pl'lik
reaksiyon karisimina eklenmistir. Reaksiyon karigimi
10XPCR buffer (100mM Tris-HCI, pH 8.3, 500 mM KCl,),
1.5 mMgCl,, 200 uM dNTP’ler, 0.4 uM primerler, 0.625
Unite Tag polimeraz’dan olusmustur. PCR dongisi;
94°C'de 2 dakika denaturasyondan sonra, 94°C'de 1
dakika, 54°C’de 1 dakika ve 72°C’de 1 dakikadan olusan
38 dongliyl takiben 72°C'de 10 dakikadan olusmustur.
PCR trlinleri %1.2’lik agaroz jel elektroforez islemine tabi
tutularak gorsel hale getirilmistir. Endofit olma olasihgi
olan fungus izolatlarinin PCR Urlinleri sekans analizine
gonderilmis ve gelen dizilerin NCBI’da BLAST sonuglari
degerlendirilmistir.

Elma ¢oklu siirgiin fitoplazmasi-endofit fungus etkinligi
calismalari

Yapilan fungus izolasyonlari, patojenisite calismalari ve
molekdler analizler sonucunda endofit oldugu belirlenen
izolatlarin inkiibasyonunun ardindan gelisen ve spor
olusturan endofit adayi funguslar, PDA’lardan kazinarak
steril saf su icerisine alinmistir. Saf su icerisinde spor
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varhigina bakilmis ve spor yogunlugu “Thoma lami” ile
10° spor/ml'ye ayarlanmistir. Periyodik analizler
sonucunda ‘Ca. P. mali’ ile enfekteli bulunan agaclarda
dallar tek tek numaralandiriimis ve her agacin 4 farkli
yoninden ornek alinmistir. Alinan her dal tek bir 6rnek
olarak kabul edilmistir. PCR analizleri sonucunda pozitif
sonug veren dallar zerine endofit fungus inokulasyonu
arazi kosullarinda gercgeklestirilmistir. Fitoplazma pozitif
sonug veren dallarda bistiri yardimiyla yaralar agilmis ve
spor siuspansiyonlari dallara firga yardimi ile
bulastirilmistir.  Uygulama vyapilan dallar tek tek
etiketlenmis, lzeri poset ile ortilmis ve posetlerde
delikler agilarak hava almasi saglanmistir. Pozitif bulunan
dallardan bir tanesi kontrol olarak uygulama yapilmadan
birakilmistir. Enfekteli dallarin endofit funguslar ile
inokulasyonu sonrasi 3-4 haftalik inkibasyon siresi
beklenmis ve inokulasyonun gergeklestirildigi érnekler
Uzerinde re-izolasyon ¢alismalari  tamamlanmistir
(Savocchia ve ark., 2007).

Uygulama vyapilan dallarda Real-time PCR yontemi
kullanilarak uygulama 0©ncesi ve sonrasli patojen
yogunluk degerleri arasinda kiyaslama yapilmis ve
endofit funguslarin bulasik dallardaki ECSF yogunlugunu
etkileme oranlart dongli esik degerine gore
belirlenmistir.

Gergek zamanli PCR (Real Time PCR) analizleri

‘Ca. P. mali’ izolatlarindaki hedef nikleik asit miktarlar
ve nikleik asit miktarlarindaki degisimleri fitoplazma
spesifik TagMan yontemi kullanilarak Real-time PCR
(qPCR) analizleri ile belirlenmistir (Christensen ve ark.,
2004).

Elma ¢oklu siirgiin fitoplazmasi-endofit fungus etkinligi
analizleri

DNA izolasyonlari yapilan o6rneklerin nandrop ile
Olglimleri yapilarak son sulandirma
konsantrasyonlarindaki yogunluklar birbirine yakin
olacak sekilde (210-280ng/2ul) ayarlanmistir. Ayni
yogunluktaki fitoplazma ile enfekteli, endofit fungus
uygulanmis ve kontrol olarak birakilan 6rneklerin Real-
time PCR analizi sonucunda “cycle quantification (Cq)”
degerleri  arasinda  farkhliklar  olup  olmadig
degerlendirilmistir.

Endofit fungus uygulama 6ncesi ve sonrasi elde edilen
dongl esik degerlerinin (Cq) ortalamalari alinmis,
uygulama oOncesi ve sonrasi degerler ile kontrol
degerlerinin % degisim degerleri belirlenmistir. Ayrica %
degisim degerleri kullanilarak uygulama vyapilan
izolatlarin % etki degerleri Sun-sheperd formdull ile
hesaplanmistir (Karman, 1971).
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Veri analizlerinin hesaplanmasinda SPSS (Version 23)
paket programi kullanilarak elde edilen ortalama verilere
ANOVA tek etken varyans analizi uygulanmistir.

BULGULAR ve TARTISMA
Bu calismada, farkli illerde 50 bahge gezilerek 360 adet

bitki 6rnegi toplanmis, alinan érnekler ‘Ca. P. mali’ tespiti
icin 2 asamali Nested-PCR ve RFLP yontemleri ile analiz

1A 1B 1 19 21 AP PDES _E

M 6
T N

Ortalamalar arasindaki olasi farklilklar %5 ©6nem
seviyesinde Duncan ¢oklu karsilagtirma testi kullanilarak
degerlendirilmistir (Karman, 1971).

edilmistir. PCR analizleri sonucunda 360 bitkiden 29
tanesi fitoplazma ile enfekteli bulunmus ve yapilan RFLP
analizleri sonucunda tiim izolatlarin referans izolatlar ile
benzer bant profiline sahip oldugu ve tamaminin ‘Ca. P.
mali’ oldugu tespit edilmistir (Sekil 1).

1A 1B 1 19 21 AP poes -E

Sekil 1: Farkliillerden alinan elma 6rneklerinden elde edilen fitoplazma streynlerinin 16SrDNA'sinin RFLP profillerinin
agaroz jel (%2) elektroforezi; FO1/R01 primerleri ile cogaltilmis Nested-PCR urtinleri, Rsal ve Sspl restriksiyon
enzimleri ile kesilmistir. M: Molekiiler marker, 6, 1A, 1B, 1, 19, 21: testlenen elma 6rnekleri, AP: Elma Coklu Siirglin
Fitoplazmasi, PD: Armut Yikim Fitoplazmasi, ES: Avrupa Sert Cekirdekli Meyve Sarilik Fitoplazmasi: Pozitif kontroller,
W: Su kontrol
Figure 1. Agarose gel (2%) electrophoresis of RFLP profiles of 165r DNA from phytoplasma strains of apple
samples taken from different provinces; Nested-PCR products amplified with FO1/R01 primers were digested
with restriction enzymes Rsal and Sspl. M: Molecular marker, 6, 1A, 1B, 1, 19, 21: apple samples tested, AP:
Apple Proliferation Phytoplasma, PD: Pear Decline Phytoplasma, ES: European Stone Fruit Yellow
Phytoplasma: Positive controls, W: Water control

Endofit fungus calismalarinda ‘Ca. P. mali’ ile enfekteli
bitkilerin yani sira higbir hastalik belirtisi gostermeyen
elma bitkileri de kullanilmistir. Farkli illerde 38 bahge
gezilerek 198 agactan 6rnek alinmistir. Endofit fungus
izolasyonu sonucunda elde edilen fungal izolatlardan
farkli morfolojik gelisimlere sahip 6rnekler saflastirilip
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cins diizeyinde teshisleri yapilmistir (Barac ve ark., 2004).
Endofit olma olasiligi olan aday endofit izolatlarin
patojenite testi tamamlanarak patojen 6zellik gésteren
izolatlar elenmistir. Endofit oldugu dislnilerek
¢alismaya devam edilen fungal izolatlarin PCR ve sekans
analizleri yapilmistir (Sekil 2).
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Sekil 2: Funguslarin rDNA-ITS gen bdlgesini ¢ogaltan
ITS1/ITS4 primer cifti kullanilarak gerceklestirilen RCR
analizlerinin agaroz jel elektroforez gorintisi. M:
Molekiiler markor 1-8: fungus érnekleri
Figure 2: Agarose gel electrophoresis image of PCR
analysis using ITS1/1TS4 primer pair that amplifies the
rDNA-ITS gene region of fungi. M: Molecular marker 1-
8: samples of fungi

Sekans analiz sonuglarina gore elde edilen baz dizilerinin
NCBI’da BLAST analizleri yapilmis ve sonucgta 3 farkli
endofit tird belirlenmistir. Sonuglara bakildiginda elma
agaclarindan izole edilen endofit funguslarin Epicoccum

nigrum, Aureobasidium pullulans ve Ulocladium
consortiale oldugu tespit edilmistir. Nested-PCR
analizleri ile testlenen elma o6rnekleri arasinda

fitoplazma pozitif bulunanlar Real-time PCR (quantitave
PCR, gPCR) analizine de tabi tutulmustur. Yapilan qPCR
analizlerinde ¢ahsilan tiim 6rneklerin son sulandirma
konsantrasyonlari nanodrop 6lgiimleri ile birbirine yakin
olacak sekilde ayarlanmis (210-280ng/2ul) ve Cq
degerleri kaydedilmistir. Endofit fungus inokulasyonu ve
re-izolasyon ¢alismalarinin ardindan fitoplazma ile
enfekteli bu 6rneklere yeniden gPCR analizleri yapilmis
ve olusan Cq degerleri kaydedilmistir.

Yapilan ¢alismalarda endofit fungus inokulasyonu 6ncesi
ve sonrasinda elde edilen Cq degerleri arasinda
farkhliklar oldugu belirlenmistir. Endofit
inokulasyonundan 6nce fitoplazma ile enfekteli oldugu
bilinen o6rneklerin Cq degerleri daha distk c¢ikmistir.
Fungus inokulasyonu sonrasi elde edilen Cq degerlerine
bakildiginda ise enfekteli 6rneklerde replikasyonlarin
bircogunun daha gec¢ dongilerde basladigi gortlmustir.
Yapilan analizler sonucunda Cq dongl degerlerindeki
degisimler baz alinarak DNA konsantrasyonlarinda
mevcut patojen yogunlugunda degisimler meydana
geldigi ve endofit fungus inokule edilen orneklerdeki
hedef fitoplazma patojen yogunlugunun azaldigi, bunun
yaninda hi¢ uygulama yapilmayan fitoplazma enfekteli
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orneklerdeki patojen yogunlugunun arttigi ve bu
durumun dongi sayilarini etkiledigi kanisina varilmigtir.

Endofit  funguslarin  ECSF  enfekteli  6rneklere
inokulasyonu oncesi ve sonrasi elde edilen ortalama Cq
degerleri Gzerinden % degisim, % etki oranlar

hesaplanmis ve ANOVA tek etken varyans analizi
kullanilarak olusan degerler kontrol ile karsilastiriimis ve
sonuglar istatistiksel olarak degerlendirilmistir.

Analizler sonucu elde edilen ortalama Cq degerleri
kullanilarak %  degisim oranlari  hesaplanmistir
(Karman,1971). Yapilan hesaplamalarda inokulasyonlar
soncunda daha ylksek Cq degerine sahip olan, daha ge¢
donmeye baslayan egrilerde egilim pozitif olarak
hesaplanirken daha erken donmeye baslayan, daha
dusiik Cq degerlerinde egilim negatif olarak kabul
edilmistir. Elde edilen oranlara bakildiginda uygulanan
endofit fungus izolatlarindan A. pullulans, E. nigrum ve U.
consortiale % degisiminin pozitif egilim gosterdigi ve
degerlerin sirasiyla % 27,83, % 2,5 ve 2,30'luk degere
sahip oldugu gorilmustir. Kontrole bakildiginda ise
egilimin negatif olarak gercgeklestigi ve % 9,65’lik bir
degisim oranina sahip oldugu belirlenmistir (Sekil 3).

Sekil 3: Endofit fungus inokulasyonu 6ncesi ve sonrasi
alinan ortalama Cq degerleri ile elde edilen % degisim
oranlari, K: Kontrol, E: Epicoccum nigrum izolati, A:
Aureobasidium pullulans izolati, U: Ulocladium
consortiale izolati
Figure 3: Percentage change rates obtained with mean
Cq values taken before and after endophyte fungus
inoculation, K: Control, E: Epicoccum nigrum jsolate, A:
Aureobasidium pullulans isolate, U: Ulocladium
consortiale isolate

izolatlarin % degisim oranlari kullanilarak uygulanan Sun-
sheperd formili ile hesaplanan % etki degerlerine
bakildiginda ise uygulanan izolatlarda etki oraninin E.
nigrum igin % 11,08, U. consortiale icinse % 10,90 gibi
yakin ve dlsik seviyelerde kaldigi gorilmis, bunun
yaninda A. pullulans uygulanan 6rneklerde belirlenen
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etki oraninin ise % 34,18’e ulastigl gdzlemlenmistir (Sekil
4).
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Sekil 4. Endofit fungus izolatlarinin % degisim oranlari
kullanilarak uygulanan Sun-sheperd formiili ile
hesaplanan % etki degerleri, E: Epicoccum nigrum
izolati, A: Aureobasidium pullulans izolati, U: Ulocladium
consortiale izolati
Figure 4. The % effect values calculated with the Sun-
sheperd formula applied using the % change ratios of
the endophyte fungus isolates, E: Epicoccum nigrum
isolate, A: Aureobasidium pullulans isolate, U:
Ulocladium consortiale isolate

Endofit fungus uygulamasi 6ncesi ve sonrasi elde edilen
ortalama dongi esik degerlerine  bakildiginda
kontroldeki ortalama Cq degerlerinin 24,23’den 21,89’a
geriledigi goralmustir. Cq degerlerindeki bu gerilemenin
hedef patojenin ilk miktari ile orantili olmasi sonucu
patojen yogunlugunun artmasindan dolayl meydana
geldigi kanisina varilmistir. Kontrolden elde edilen veriler
ile karsilastirildiginda E. nigrum ve U. consortiale
izolatlarinda uygulama sonrasi dongl sayilarinin arttig
gorilmustir. E. nigrum igin 20,95 olan degerin 21,48'¢;
U. consortiale igin 23,14 olan degerin 23,68’e ylikseldigi
gozlenmistir. Daha ge¢ dénemde olusan dongl degisimi
ve dongl esik degerinin artmasi ile dongi sayilarindaki
bu yikselmenin patojen yogunlugunun azalmasindan
kaynaklandigi distnilmustir. En 6nemli degisimin A.
pullulans izolatinda oldugu ve uygulama 6ncesi 24,10
olan ortalama Cq degerinin uygulama sonrasi 30,81'e
ylkseldigi belirlenmistir. Bu yikselisin kontrol olarak
kullanilan 6rnekteki degisimin tam tersine olacak sekilde
hedef patojendeki yogunluk azalisindan oldugu
sonucuna varilmistir (Sekil 5).

Kullanilan endofit izolatlari karsilastirildiginda ECSF
hastaliginin biyolojik miicadelesi kapsaminda hedef
patojen etmenin  yogunluguna olan etkilerine
bakildiginda 3 izolatin da etkili oldugu, A. pullulans
endofit izolatinin diger izolatlara oranla ¢alisma
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kapsaminda daha Umit-var sonuclar verdigi ve hedef
patojen yogunlugunu azaltmada etkinliginin daha yiksek
oldugu belirlenmistir. 3 fungal endofit kiyaslandiginda en
yuksek etkinin A. pullulans’a ait oldugu, fitoplazma
yogunlugunu uygulama sonrasi %34,18 etki degeri ile
azalttig belirlenmistir. Musetti ve ark., 2011 yilinda ‘Ca.
P. mali’ ile enfekteli Cezayir menekselerine baglardan
elde ettikleri fungal endofitleri inokule ederek yaptiklari
cahsmada kullandiklari endofit izolatlardan Epicoccum
nigrum inokule edilmis bitkilerin simptom siddetinde
azalmalar goruldGgini belirlemislerdir.

30,81

25,00 2hes 24,10 23,14 23,68
21,89 20,95 21,48

E

Sekil 5. Endofit fungus inokulasyonu dncesi ve sonrasi
alinan ortalama Cq degerleri, turuncu sitinlar:
uygulama oncesi alinan degerler, mavi siitlinlar:
uygulama sonrasi alinan degerler, K: Kontrol, E:

Epicoccum nigrum izolati, A: Aureobasidium pullulans

izolati, U: Ulocladium consortiale izolati
Figure 5. Mean Cq values taken before and after
endophyte fungus inoculation, orange columns: values
before application, blue columns: values obtained after

application, K: Control, E: Epicoccum nigrum isolate, A:
Aureobasidium pullulans isolate, U: Ulocladium

consortiale isolate

Sonu¢ olarak, s6z konusu hastaligin kimyasal
miicadelesinin olmayisi ve karantina listelerinde yer
almasi nedeni ile olasi biyolojik miicadele uygulamalari
oldukca 6nem arz etmektedir. Elma agaclarindan izole
edilen fungal endofitlerin hastalik yogunluguna olan
etkileri belirlenerek ECSF hastaligina karsi olasi biyolojik
miicadele calismalari arastirilmistir. Enfekteli agaclara
yapilan fungal endofit inokulasyonu sonrasinda A.
pullulans izolatinin etmenin yogunlugunu azalttiginin
belirlenmesi hastalikla miicadele ¢alismalari agisindan
onemli bir adim olmustur. Higbir ilagh micadelesi
olmayan ECSF hastaligina karsi Uimit-var sonuglarin elde
edildigi bu calisma hastalik kontroli ve yayilliminin
Onlenebilmesi  agisindan  6nemli  bir  basamak
olabilecektir.  Fungal endofitler ile fitoplazma
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hastaliklarinin etkilesimi, hastalig etkileyen
mekanizmalarin aydinlatiimasi ile Ulkemiz agisindan
onemli bir Urlin olan elma vyetistiriciliginde tehlike arz
eden, verim ve kaliteyi Onemli Olglide etkileyen
fitoplazma hastaliklari icin  micadele olanaklari
saglanabilecektir.

OzZET

Amag: Bu calismada Elma Coklu Sirgln Fitoplazma
Hastaligi (ECSF) (Candidatus Pyhtoplasma mali)’'nin
biyolojik miicadelesinde endofitik  funguslarin
etkinliginin belirlenmesi amacglanmistir. Boylece pratikte
kimyasal micadele olanagl olmayan hastalik etmenine
karsi farkh kontrol stratejileri gelistirilebilme olanaginin
saglanmasi hedeflenmistir.

Yéntem ve Bulgular: ECSF ve endofit fungus izolasyonlari
icin toplam 50 farkli bahge gezilerek fitoplazma testleri
icin 360 agactan, endofit funguslar i¢in ise hem saglikh
hem de fitoplazma ile enfekteli 198 agagtan bitki 6rnegi
toplanmistir.  Fitoplazma acisindan testlenen 360
Oornekten 29 tanesi ‘Ca. P. mali’ ile enfekteli
bulunmustur. ‘Ca. P. mali’ ile enfekteli ve saglkli elma
agaclarindan endofit fungus tirleri izole edilmis, bu
funguslarin morfolojik ve molekiler tanisi ile birlikte
patojenisite  calismalart  yapilmistir.  Saglkh elma
agaclarindan en vyaygin olarak izole edilen endofit
funguslardan  Epicoccum  nigrum, Aureobasidium
pullulans, Ulocladium consortiale’nin ECSF hastaligina
karsi etkinlikleri incelenmistir. Her bir fungus izolatinin
ECSF hastalik yogunlugunu farkh dizeylerde etkiledigi,
en yiiksek etkinin A. pullulans’a ait oldugu ve ECSF
hastalik yogunlugunu uygulama sonrasi %34,18 etki
degeri ile azalttigi belirlenmistir.

Genel Yorum: ECSF hastaliginin etkili bir kimyasal
micadelesinin  bulunmamasi ve etmenin karantina
listesinde yer almasi nedeniyle olasi biyolojik miicadele
uygulamalari olduk¢a ©nemlidir. ECSF ile enfekteli
agaclara inokule edilen 3 farkli endofit fungus tiriinden
Aureobasidium pullulans’in  fitoplazma yogunlugunu
diger 2 etmene gore daha fazla azaltmasindan dolayi A.
pullulans hastalikla miicadelede kullanilabilecek biyolojik
miicadele ajani olabilir.

Calismanin Onemi ve Etkisi: Bu calisma ile biyolojik
miicadele ajani olan endofit funguslarin elmalarda ECSF
hastaligi Gizerine etkileri Tlirkiye’de ilk kez arastiriimis ve
hastaligin  kontrol stratejilerinin  olusturulmasinda
onemli 6n bulgular elde edilmistir.

Anahtar Kelimeler: Malus domestica, elma ¢oklu stirglin
fitoplazmasi, endofit fungus, kontrol.
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Aims: In this study, tomato bacterial disease surveys were conducted
through 130 individual tomato growing greenhouses located in Silifke
district of Mersin province and disease prevalence in the survey region was
evaluated. Additionally, a questionnaire was carried out to analyse the
awareness of the farmers about plant protection and plant bacterial
diseases.

Methods and Results: Among surveyed greenhouses, several infected
plant samples showing chlorosis and necrosis on leaves, wilt, stem rot and
pith necrosis were obtained individually from 39 greenhouses. A total of
317 putative pathogenic bacterial strains were isolated from diseased
plants collected from 31 greenhouses. Among them, 109 plant pathogenic
bacterial strains were identified using LOPAT, physiological, biochemical
and PCR tests. It is concluded from the questionnaire that farmers are
commonly faced to plant pests, more likely familiar with fungal disease
symptoms, however, they are unaware of the causal agent as bacterium in
greenhouses. The prevalence of bacterial diseases in tomato growing
greenhouses in Silifke district was recorded as 23.8% during surveys. In the
inspected greenhouses, the bacterial speck disease caused by
Pseudomonas syringae pv. tomato was determined as the most prevalent
species (17.7%). Bacterial cancer and wilt disease caused by Clavibacter
michiganensis subsp. michiganensis was found in the region at a rate of
1.54% and soft rot disease agent Pectobacterium carotovorum subsp.
carotovorum at a rate of 1.5% in the region.

Conclusions: It is observed in the study that the pathogenic bacterium
Pseudomonas syringae pv. tomato is still a major threat for tomato
growing in greenhouses.

Significance and Impact of the Study: In this study, the awareness on
tomato bacterial diseases of farmers in the region was increased and the
importance of sanitation for a better bacterial disease management was
revealed.

Atif / Citation: Serin M, Horuz S (2022) Mersin ili Silifke ilcesinde yer alan domates seralarinda gorilen bakteriyel hastaliklarin
yayginhklarinin belirlenmesi. MKU. Tar. Bil. Derg. 27(1) : 79-87. DOI: 10.37908/mkutbd.1026011

GiRiS Solanaceae familyasi icerisinde yer alan 6nemli bir kiltir
bitkisidir. Ulkemizde domates yetistiriciligi ilk olarak
Adana ilinde yapilmistir (Seniz, 1992). Domates taze veya
islem gormis sekilde tiketilebilen bir sebzedir.

Domates (Solanum lycopersicum Mill.) anavatani Orta
Amerika ile Ganey Amerika’nin kuzey kesimleri olan,
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Konserve, domates suyu, tursu, salca, kurutulmus
domates ve ketcap olarak degerlendiriimektedir.
Turkiye’de iretilen domatesin yaklasik 9%25-30'u
islenmekte, kalan miktar taze olarak tiiketilmektedir
(Ertlirk ve Cirka, 2015).

Dinyada 4,762,457 hektar alanda 182,256,458 ton
domates uretilmektedir. Cin 61,631,581 ton Uretimi ile
en fazla domates ureten Ulkedir. Tirkiye ise 12,150,000
ton lretim ile diinyada dordiinci sirada yer almaktadir
(Anonymous, 2018).

Ulkemizin bitiin bolgelerinde domates yetistiriciligi
yapilmaktadir. Ortii alt domates yetistiriciliginde sadece
sofralik gesitlerin turfanda Uretimi yapilmaktadir. Tarla
kosullarinda domates yetistiricilig§inde ise sanayi ve
sofralik cesitlerin tiretimi yapilmaktadir. Ortii alti sebze
yetistiriciligi, birim alandan yiiksek verim ve gelir elde
edilmesi ve ayni zamanda bitkisel Gretimi yilin her
mevsimine yayarak yil icerisinde diizenli bir is glicl
kullanimi  saglamasi  nedeniyle tarim sektorimiz
icerisinde énemli bir yere sahiptir. Ulkemizde 290,256
dekarlik alana kurulu seralarda 4,083,681 ton domates
Uretilmektedir. Mersin ili 29,652 da alanda 406,880 ton
sofralik domates lretimi ile Tlrkiye’de sofralik domates
tiretiminde Uglinci sirada yer almaktadir (TUIK, 2019a).
Mersin ilinde en fazla 6rti alti domates yetistiriciligi
Erdemli ve Akdenizilgelerinde yapilirken, Silifke ilcesinde
ise 3,151 dekar alanda 31,510 ton ortl alti domates
tiretimi yapilmaktadir (TUIK, 2019b).

Ortii alti sebze vyetistiriciliginde kiiltiirel islemlerin

Ureticiler  tarafindan  yeterince ve zamaninda
yapilmamasi, sanitasyon onlemlerine Ozen
gosterilmemesi, bitkiler islakken sera icerisinde

dolasiimasi, havalandirmanin yeterince saglanamamasi,
Uretim alaninda drenajin iyi olmamasi, dengeli bitki
beslemenin yapilmamasi gibi nedenlerden dolayi yillar
icerisinde pek g¢ok hastalik ortaya c¢ikmistir (Aysan ve
Cinar, 2002). GUnumuze kadar yapilan arastirmalarda,
domates bitkisini 200’e yakin farkli tlrlere ait bitki
patojeni fungal, viral ve bakteriyel etmenlerin
hastalandirdigr bildirilmistir (Chetelat, 2014; Soylu ve
ark., 2020; Karnez ve ark., 2021). Bu patojenlerden
bitkiye en fazla zarar veren ve ciddi verim kayiplarina
neden olan biyotik etmenlerden biri bakterilerdir.

Mersin ilinde arastiricilarin yapmis olduklari farkli
calismalarda domateslerde bakteriyel yaprak leke
etmenlerinden: Pseudomonas syringae pv. tomato (Pst),
yumusak clriklik etmenlerinden: Pectobacterium
caratovorum (Pcc) ve Dickeya chrysanthemi (Dch), 6z
nekrozu etmenlerinden: Pseudomonas corrugata ve
Pseudomonas viridiflava (Glines ve Aysan, 2018),
bakteriyel kanser ve solgunluk hastaligi etmeni
Clavibacter michiganensis subsp. michiganensis (Cmm)
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(Cetinkaya-Yildiz, 2007; Unlii, 2018), 6z nekrozu
etmenlerinden Pseudomonas cichorii (Aysan ve ark.,
2002)’'nin varhgi tespit edilmistir. Yapilan bu ¢alismalarda
orneklemelerin daha ¢ok Erdemli ilgcesinde yogunlastigi
gorilmastir. Silifke ilcesi 6rti alti domates Uretim
alanlarinda sorun olan bakteriyel hastalklar ile ilgili
detayh bir calismaya rastlanmamistir.

Bu calismanin amaci, Mersin ili Silifke ilcesinde 6rtu alt
domates Uretiminde sorun olusturan bakteriyel
etmenlerin izolasyonu, patojen olma 6zelliklerinin ortaya
konmasi, fenotipik ve molekiler testlerle bakterilerin
kesin tanisinin yapilmasi, ilcedeki ve seradaki yayginhk
durumlarinin belirlenmesidir. Bu amacla 2019 ve 2020
yillari Aralik-Mayis aylari arasinda belirli periyotlarla
ilcedeki domates seralarina surveyler gergeklestirilmis ve
hastalikh bitki 6rnekleri toplanmistir. Tani ¢alismalarinda
klasik tani yontemlerinin yani sira, tiire spesifik primerler
kullanilarak PCR testi gergeklestirilmistir.

MATERYAL ve YONTEM

Materyal

Calismada kullanilan bitkisel materyaller

Calismada, Mersin ilinin Silifke ilcesindeki domates
Uretim alanlarindan elde edilen hastalikli bitki 6rnekleri,
patojenite calismalarinda Hazara F1 ¢esidine ait domates
fideleri, asiri duyarhlik testleri icin tatin (Nicotiana
tabacum cv. Samsun) ve aksam sefasi (Mirabilis jalapa)
bitkileri, pektolitik aktivite testinde ise taze patates
yumrulari bitkisel materyal olarak kullaniimistir.
Molekiiler ¢alismalarda kullanilan  kimyasallar,
besiyerleri ve primerler

izolasyon ve saflastirma calismalarinda King B besiyeri
(King ve ark., 1954), izolatlarin saklanmasinda ise Yeast
Ekstrakt Kalsiyum Karbonat Agar (YDCA) besi yerleri
kullanilmistir ~ (Lelliott ve  Stead, 1987). PCR
¢alismalarinda PCR Master Mix (2X), 6x DNA Loading
Dye, Water nuclease-free, Agaroz ve TAE buffer
kullanilmistir.  Primer olarak Cmm igin Cmm5 (5'-
GCGAATAAGCCCATATCAA-3’) ve Cmm6 (5’-
CGTCAGGAGGTTCGCTAATA-3’) primer cifti, Pst igin Pstl
(5’-GGC GCT CCCTCG CACTT-3) ve Pst2 (5'-GGT ATT GGC
GGG GGT GC-3’) primerleri, Pccicin Y1 (5’- TTA CCG GAC
GCC GAG CTG TGG CGT-3’) ve Y2 (5'-CAG GAA GAT GTC
GTT ATC GCG AGT-3’) primerleri kullanilmistir. Kullanilan
primerler Sentegen firmasinda sentezlettirilerek
calismada kullanilmistir.
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Yontem

Uretici anketi

Mersin ili Silitke ilcesinde domates liretimi yapan 130
ciftci ile anket calismasi yapilmistir Ankette Ureticilerin
domates Uretim alanlarinda karsilastiklari hastaliklar,
bitkilere uyguladiklari  kimyasallar ve donemler,
sanitasyon o©nlemleri, bitki koruma agisindan sik
karsilastiklari problemler hakkinda sorular yoneltilmistir.

Survey ¢alismalari ve bakteriyel hastaliklarin yayginhk
durumlarinin belirlenmesi

Mersin ili Silifke ilcesi Merkez, Atayurt, Atakent, Arkum,
Sokin, Kurtulus, Cayir, Celtikci ve Narlikuyu
mabhallelerinde domates yetistiriciligi yapilan 500 m? den
blyuk plastik seralar Ocak, Subat, Mart, Mayis aylarinda
gezilmistir. Sera incelemeleri 15-22.01.2019, 19-
26.02.2019, 18-25.03.2019, 10-18.05.2019 ve O01-
14.02.2020 tarihlerinde olmak lizere toplam bes kez
yapilmistir. Calismada Bora ve Karaca (1970)'nin bolimli
drnekleme yéntemi kullaniimistir. incelenen seralardaki
domates bitkilerinde yapraklarda sararma,
kahverengilesme, genel ya da tek tarafli solgunluk,
gbvdede yumusama ve nekroz gibi farkli tipte hastalik
belirtisi gosteren bitkilerden oOrnekler alinmistir.
Toplanan bitki o6rnekleri Fitopatoloji Laboratuvarina
getirilmistir. Hastalik etmenlerinin bolgedeki yayginhgini
belirlemek amaciyla survey yapilan sera sayisi bakteriyel
hastalik tespit edilen sera sayisina oranlanmistir.
Ornekleme yapilirken her serada tesadiifi olarak 100
bitki sayillmis, seradaki hasta bitki ylizdesi saptanarak
hastaligin seradaki yayginlik orani tespit edilmistir.

Domates bakteriyel hastalik etmenlerinin izolasyonu,
patojenitesi ve re-izolatlarin elde edilmesi

Enfekteli bitkinin hastalikh ve saglikh dokusunu igerecek
sekilde yaprak, iletim demeti ya da gévde kismindan 2-3
mm  blytkliginde bitki dokulari steril bir bistiri
yardimiyla kesilerek %70 alkol emdirilmis steril pamuk
arasinda 30-40 saniye bekletilmis ve yiizeyden
dezenfekte edilmistir. Hemen ardindan doku kisimlari
steril porselen havanlara aktariimis ve iyice ezilmislerdir.
icerisine 2 ml steril saf su eklenmis ve siispanse
edilmistir. Elde edilen slispansiyondan bir 6ze dolusu
alinarak King B besiyerine iki tekrarli olarak g cizgi
yontemi ile cizimleri yapiimistir (Lelliot ve Stead, 1987).
Petriler 25°C’'de inkiibatorde 48-72 saat inklbe
edildikten sonra gelisen koloniler incelenmistir.
Bakteriyel hastalik etmenleri ile enfekteli domates
bitkilerinden izole edilen bakteri izolatlarinin
patojenitesi 3-5 yaprakli dénemde bulunan Hazara F1
cesidi saglikli domates fidelerinde yapilmistir. izole
edilen saf bakteriler King B besiyerinde gelistirilmis ve
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izolatlarin  bu taze kdiltirlerinden  siispansiyon
hazirlanmigtir. Stspansiyonlar spektrofotometrede 600
nm dalga boyunda 0.2 absorbans degerinde 107 hiicre
mL? yogunluguna ayarlanmistir. Ardindan yapraga
plskirtme ve gbvdeye inokulasyon yontemleri ile
domates bitkilerine inokule edilmistir. inokule edilen
bitkiler (16 saat 151k, 8 saat karanhk, 27°C sicaklik, %70-
80 nisbi nem) hastalik belirtileri gbzleninceye kadar iklim
kabininde bekletilmistir. inokulasyonlardan yaklasik 15-
30 giin sonra enfekteli bitkilerde olusan simptomlar
degerlendirilmistir. Belirti gosteren bitkilerden King B
besiyerine re-izolasyonlar yapilmis ve boylelikle re-
izolatlarin KOCH Postulati islemleri tamamlanmistir
(Oztiirk ve ark., 2021).

Biyokimyasal ve fizyolojik testler

Gram reaksiyonu, LOPAT (Levan olusumu, Oksidaz testi,
Patateste pektolitik aktivite, Arginine dehidrolaz testi ve
Titinde asin duyarliik reaksiyonu) testleri, aksam
sefasinda asiri duyarlilik, indol Gretimi testi ve farkli
sicakliklarda gelisimlerine gére bakteriizolatlari fenotipik
olarak karakterize edilmistir (Lelliot ve Stead, 1987).

Molekiiler testler

DNA izolasyonu ve PCR testi

Klasik testlere gore Pst, Cmm ve Pcc olabilecekleri
disindlen izolatlarin tanilarini desteklemek amaciyla
molekiler testler yapilmistir. Bu amacla izolatlardan
bakteriyel DNA izolasyonu Qiagen (USA) marka DNA
izolasyon kiti kullanilarak firmanin belirttigi protokole
gore yapilmistir.

PCR reaksiyonunun igerigi 25 pL olacak sekilde (12.5 pL
PCR Master Mix, 1.0 uL Forward ve Reverse primerler (10
pmol), 85 pL ultra saf su, 2 uL genomik DNA)
hazirlanmistir. Kontrol tliplerine sadece PCR karisimi
eklenmistir.

PCR testi ile tani ve elektroforez ¢alismalari

Yaprak lekelerinden elde edilen floresan o6zellikteki
bakteri izolatlarinda Pst’yi tanilamak igin Bereswill ve
ark. (1994) tarafindan gelistirilen ve bakterilerde
koronatin toksini Ureten gen bdlgesini kodlayan
primerler ve PCR protokolii kullaniimistir. Patojen
bakteri Cmm’in PCR ile tanisinda Dreier ve ark. (1995)
tarafindan gelistirilen pat-1 bolgesini kodlayan primerler
ile tiire spesifik PCR yontemi kullanilmistir. Pcc tanisinda
ise Darrasse ve ark. (1994) tarafindan gelistirilen ve
pektolitik enzim (reten bakterilerin pel gen bolgesini
kodlayan primerler ve PCR protokolu kullanilmistir.

PCR sonucu elde edilen trinlerden 8 ulL alinarak agaroz
jelde (%1.2) ilgili kuyucuklara mikropipetle inokule
edilmistir. Olusan bantlarin molekiler agirliklarini
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belirlemek amaciyla ilk ve son kuyucuga 100 bp’lik
molekdler isaretleyici eklenmistir. Agaroz jel 110 voltta
70 miliamper akim uygulanarak 2 saat slreyle
kosturulmus, etidyum bromiir (10 mg mL?) ile boyama
isleminden sonra olusan bantlar UV 15181 yayan
transliminatorde incelenmis ve fotograflanmistir.
Orneklerde Pst tanisi i¢in 650 bp, Cmm icin 614 bp ve Pcc
tanisi icin 434 bp buyukliginde bant varhgi/yoklugu
yonilinden incelemeler yapilmistir. Kontrol olarak daha

onceki calismalarda tanisi tamamlanmis izolatlar
kullanilmistir.

BULGULAR ve TARTISMA

Uretici anketi

Yapilan sera incelemelerinde (reticilerin  biyuk

¢ogunlugunun kishk dikime uygun Retinto F1 gesidini
tercih ettigi belirlenmistir. Bu cesidi 6zellikle domateste
sorun olusturan cesitli viral ve fungal hastaliklara
dayanikli olmamasi, ayni zamanda soguga dayanim
gostermesi ve glcli bitki yapisina sahip olmasindan
dolayl tercih ettiklerini paylasmislardir. Ureticilerin
karsilastiklari bitki koruma sorunlarinin daha ¢ok
zararhlar oldugu, bunu hastaliklarin izledigi bildirilmistir.
Ureticilerin ¢ogunun hastalik belirtilerini tanidigi, bu
belirti tiplerine gore yerel isimler verdikleri (Pst'ye yagli
kanser, Cmm’e yan felci), ancak hastaliga bir bakterinin
neden oldugunu bilmedikleri tespit edilmistir.
Hastaliklarin sera icine bulasmasinda ve yayilmasinda
dnemli faktérlerden biri insandir. incelenen seralarda
kendilerinin haricinde, teknik eleman ya da disardan
gelen birinin seraya hastalik getirebileceginin farkinda
olan Ureticiler oldugu gozlenmis, survey sirasinda bazi
seralara giris yapilmasina izin vermeyen (reticiler ile
karsilagiimistir. Sera blylklugiine gore Ureticilerin blylk
¢ogunlugunun 1-2 dekarhk alanda tiretim yapmasi ve aile
isletmesi seklinde sadece 1-2 kisinin serada tiim islemleri
yaplyor olmasi nedeniyle hastaliklarin bulagsmasi ve
yayllmasinda degiskenlik goérilmistir. Ozellikle kiltirel
islemlerden budama esnasinda biyilk ¢ogunlugunun
makas kullanmadigi ve makas dezenfeksiyonu igin
sodium hipoklorit gibi ucuz bir dezenfektani
kullanmadiklari, ancak budama esnasinda eldiven
kullandiklari anket verilerine yansimistir. Ureticilerin
blytk cogunlugu toprak analizi yaptirmadigini ve en
fazla 16-8-24 (N-P-K) glibresini kullandiklarini, ayrica
hastaliklara dayanimi arttirdigl icin potasyumlu ve
kalsiyumlu glbreleri de kullandiklarini ifade etmislerdir.
Yaplilan sera incelemelerinde Ureticiler 6zellikle govdede
gorilen hastaliklara karsi govdeye tas koyarak bakterili
6z suyu akittiklarini ifade etmislerdir. Yanlis bilinen bu
yontemle hastallk etmenini serada yaydiklari
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gortlmustlr. Sanitasyon o6nlemlerinde (reticilerin
hastalikh bitki 6rneklerini seradan uzaklastirmak yerine
%56 gibi blyuk bir kismi sera icerisinde, bitki kalintilarini
seradan uzaklastiran Ureticilerin de %43 oraninda oldugu
goérilmistir.  incelenen seralarda bakir igerikli
preparatlari fungal ve bakteriyel hastalik etmenlerine
karsi kullandiklari gérilmistir. Uygulama donemleri
soruldugunda ise biylk ¢cogunlugu hastaligi gormeden
koruyucu amaglh bakirli preparatlari uyguladiklarini
belirtmislerdir. Ancak bu preparatlari c¢iceklenme
donemine kadar uygulamalari nedeniyle bakteriyel
hastaliklarla kimyasal miicadelede yetersiz kaldiklari
gorilmastir.
Domates  seralarinda hastaliklarin
yayginliklari

Calisma kapsaminda Mersin ili Silifke ilgesinde domates
Uretimiyapilan 130 sera bes farkl tarihte incelendiginde,
ilk sera incelemesi olan 15-22.01.2019 tarihlerinde 15
adet serada herhangi bir bakteriyel hastaliga
rastlanmamistir. ikinci sera incelemesi 19-26.02.2019
tarihleri arasinda 25 serada yapilmis ve bu seralarin 10
tanesinde bakteriyel hastaliklar tespit edilmistir. Bu
hastalikl seralarda, sera ici hastalik orani yaprak lekesi
%5-20, bakteriyel kanser ve solgunluk %1 olarak tespit
edilmistir. Uglincii sera incelemeleri olan 18-25.03.2019
tarihlerinde 32 sera incelenmis ve 12 tanesinde
bakteriyel hastaliklara rastlanmistir. Bu hastalikli
seralarda sera igi hastalik orani yaprak lekesi %10-100 ve
govde ¢lirikligli %3 olarak tespit edilmistir. Dordiinci
sera incelemeleri 10-18.05.2019 tarihleri arasinda 48
serada yapilmis ve seralardan 7 tanesinde bakteriyel
hastaliga rastlanmistir. Bu hastalikli seralarda sera igi
hastalik orani yaprak lekesi %5-90 ve govde ¢lriklUgi
%2 olarak tespit edilmistir. Besinci ve son sera
incelemeleri 01-14.02.2020 tarihleri arasinda 10 serada
yapilmis ve 2 tanesinde bakteriyel hastaliga
rastlanmistir. Bu hastalikh seralarda sera igi hastalik
orani yaprak lekesi %3-84, bakteriyel kanser ve solgunluk
%2 olarak tespit edilmistir. Surveyi gergeklestirilen 130
farkli seranin 31 tanesinde (%23.8) bakteriyel hastaliklar
gozlenmistir. Bakteriyel benek hastaliginin bolgede
bulunma orani %17.7 olarak saptanmis, hastaligin bolge
icin hala onemli bir tehdit oldugu gorilmustir.
Bakteriyel kanser ve solgunluk hastaliginin boélgedeki
bulunma orani %1.54 ve Pcc ise %1.5 oraninda boélgede
bulunmustur. Mersin ilinin Silifke ilcesinde ortli alti
domates Uretiminde hastalik olusturan bakteriyel
etmenlerin yayginlik orani %23.8 olarak bulunmustur.
Hastalikli 39 farkli seradan alinan bitki érneklerinden,
bakteriyolojik yontemlere gore King B besiyerine yapilan
izolasyonlarda 87 tane farkli tip ve renkte koloni yapisina

bakteriyel
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izole edilen
°C’'de ileri

sahip bakteri izolatlari saflastirilmistir.
izolatlar YDCA besiyerine alinarak +4
calismalarda kullanilmak tzere saklanmistir.

Hastalik etmenlerinin patojenite testi ve re-izolatlarin
eldesi

Hastalikli bitkilerden elde edilen 87 farkh izolat ile
patojenite calismasi yapilmistir. Yapraktan elde edilen
izolatlar yapraga puskiirtme yontemiile, iletim demeti ve
govdeden alinan izolatlar gévdeye steril enjektoér yardimi
ile tek bir noktadan inokule edilmistir. Yapilan ¢alisma
sonucunda 87 adet bakteri izolatinin domates bitkisinde
patojen oldugu belirlenmistir. Bu izolatlardan 76 tanesi
yapraklarda kloroz ve nekroz, 5 tanesi bitkide tek tarafli
solgunluk, gbvde ve iletim demetinde renk degisimi ve 6
tanesi govde cirikligi belirtisine neden olmustur.

Biyokimyasal ve fizyolojik testler

Domates bitkisinde patojen olan 87 izolatin 82 tanesinin
gram negatif, 5 tanesinin ise gram pozitif oldugu tespit
edilmistir. izolatlardan 76’si siikrozu kullanarak levan
tipte mukoid koloniler olusturmustur. Yapilan oksidaz
testinde izolatlarin higbiri sitokrom oksidaz enzimini
Uretmemistir. Govde curikligine neden olan 6 izolat
patatesi pektolite etmis, ancak bu izolatlarin indol
Uretmedikleri tespit edilmistir. Arginin dehidrolaz
testinde ise bitln izolatlar negatif sonug vermistir. Re-
izolatlar tatdn bitkisinin yapraklarinin iki damar arasina
inokule edildiginde 82’si inokulasyon yerinde 24 saat
sonra su emmis ve hafif ¢cokik alanlar olusturmustur.
Cmm olabilecegi duslinllen gram pozitif ve sari renkli 5
izolat ise aksam sefasi bitkisinin yapraklarinin iki damar
arasina inokule edildiginde inokulasyon yerinde 24 saat
sonra su emmis ve hafif ¢okiik alanlar olusturmustur.
Mersin ilinin Silifke ilgesinde oOrti altinda domates
Uretimi yapilan alanlardan toplanan 6rneklerden izole
edilen patojen bakterilerin tanisinda kullanilan fizyolojik
ve biyokimyasal test sonuglarina gore bolgede 3 farkh
bakteriyel patojen tanilanmistir. Survey yapilan 23 farkli
Ureticinin seralarindan toplanan ve tanilanan gram
negatif ozellikteki yaprak leke patojeni 76 adet izolat
LOPAT 1a (+---+) grubunda yer almis ve Pst olduklari
tespit edilmistir.

Tanilanan diger bir patojen ise EPPO A2 karantina
listesinde yer alan bakteriyel kanser ve solgunluk
hastaligi etmeni Cmm olmustur. Elde edilen 5 adet Cmm
re-izolati gram pozitif 6zellik géstermis ve aksam sefasi
bitkisinde asiri duyarlilik reaksiyonu pozitif sonug
vermistir.

Yumusak curiklige neden olan 6 adet Pcc izolati ise
gram negatif Ozellikte, patateste pektolitik aktivite ve
titinde HR testleri pozitif (--+-+) sonug¢ vermistir. Bu
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bakterilerin indol Gretemedigi de goriilmustiir. Ayrica bu
izolatlar 27 °C ve 33.5 °C’de gelismis, 37 °C ve 39 °C’'de
gelisim géstermemistir.

Molekiiler testler

Fizyolojik ve biyokimyasal test sonuglarina goére 76 adet
izolat agaroz jelde 650 bp bilylkliginde bant
olusturmus ve Pst olarak tanilanmislardir. Bes Cmm
izolati agaroz jelde 614 bp buyukligiinde bantlar
olusturmus ve Cmm olduklari PCR testiyle de teyit
edilmistir. Son olarak alti Pcc izolati da agaroz jelde 434
bp biylkliglinde bantlar olusturmus ve Pcc olarak
tanilanmustir.

Turkiye'de en fazla Uretimi yapilan sebzelerin basinda
domates gelmektedir. Dogu Akdeniz Bélgesi’'nde yer alan
Mersin ili domates liretiminde 6nemli bir paya sahiptir.
Domates uretimi Mersin ilinde hem 6rti altinda turfanda
hem de vaylalarda vyazin tarla Uretimi olarak
yapilmaktadir. Mersin ilinde ortd alti domates
yetistiriciligi agirlikh olarak Erdemli ve Silifke ilgelerinde
yapilmaktadir. Sera yetistiriciliginin ¢iftciler tarafindan
tercihinin artmasiyla birlikte domateslerde biyotik ve
abiyotik kaynakli sorunlar da artmaktadir. Gerekli
kilturel islemlerin tam yapilamamasi, hastalik ile bulasik
fidelerin  kullanilmasi, strekli monokiltir tarim
yapilmasi, seralarin yeterince havalandiriimamasi ve
drenajinin iyi olmamasi, bitkiler 1slak iken kdiltirel
islemlerin yapilmasi, serada c¢alisan insanlarin uzun siire
ayni kiyafetleri giymesi, bilingsiz glibreleme ve ilaglama
yapilmasi, bitki artiklarinin sera icerisinde veya yakininda
birakilmasi domates hastaliklarinin olusmasina ve sera
icerisinde yayllmasina sebep olmaktadir. Ulkemiz dahil
bircok Ulkede yapilan arastirmalarda birgok arastiric
bakterileri de icine alan 200’e yakin bitki patojeninin
domatesi hastalandirdigini rapor etmistir (Chetelat,
2014). Gerek Ulkemizde, gerekse farkh lkelerde
yetistirilen domates bitkilerinde yapilan arastirmalarda
en fazla ekonomik kayiplara neden olan etmenler olarak
Pseudomonas ve Xanthomonas cinslerine ait patojenler
bildirilmistir (Basim ve ark., 2004; Aysan ve ark., 2005b;
Popovi¢ ve lvanovi¢, 2015; Mensi ve ark., 2018; Aktepe
2021; Karnez ve ark., 2021). Dogu Akdeniz Bolgesi'nde
bulunan Mersin’de  Ozellikle Erdemli ilcesinde
domateslerde gorilen bakteriyel hastaliklarla ilgili
1970’li yillardan glinimize kadar farkli arastiricilar
tarafindan tamamlanmis calismalar bulunmaktadir. Bu
calismalar incelendiginde 1980 yilina kadar Pst ve Cmm
izole edilmis (Cinar, 1980), 2000’li yillarda ise bunlara
ilaveten 6z nekrozu etmenleri (Pseudomonas corrugata,
P. viridiflava, Pseudomonas sp. P. mediterranea) ile
govde  curukligi  etmenlerinin  (Pectobacterium
caratovorum ve Dickeya chrysanthemi) varligi


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2022, 27(1): 79-87

Arastirma Makalesi / Research Article

bildirilmistir (Ustiin ve Saygili, 2001; Aysan ve ark., 2002).
Mersin ili Erdemli ilgesindeki domates seralarinda
gorilen hastaliklar ile ilgili genellikle Adana iline yakin
olmasindan dolayr Cukurova Universitesinde gorev
yapan arastirmacilar tarafindan calisma yapilmis ve en

gincel c¢alismanin 2017 vyilinda tamamlandigi
goralmdistlir. Ancak vyapilan literatlir arastirmalari
sonucunda Mersin ili Silifke ilcesinde seralarda

yetistirilen domateste hastalik olusturan bakteriyel
etmenler Uzerine sadece 2018 vyilinda bir calismaya
rastlanmis (Unl{, 2018), bu calismada ise Silifke’nin tek
bir mahallesindeki tarladan izolat temin edildigi,
hastaligin yayginlhk durumunun c¢alisiimamis oldugu
gortlmustlir. Tum ilceyi dikkate aldigimizda o6zellikle
seralarda domateste gorilen bakteriyel hastaliklar ve bu
hastaliklarin  yayginlklari  konusunda kapsamli bir
calismaya rastlanmamistir.

Yapilan bu kapsamli survey calismasinda, Mersin il
Silifke ilcesinde yogun olarak serada domates Uretimi
yapilan dokuz farkli mahalleden bakteriyel hastalik
belirtisi gosteren bitki 6rnekleri toplanmistir. Yapilan
izolasyon ve tani galismalari ile 76 adet izolat Pst, bes
izolat Cmm ve alt1 izolat ise Pcc olarak tanilanmistir.
Domates bitkisinde bakteriyel kanser ve solgunluk
hastaligi etmeni Cmm EPPO A2 karantina listesinde yer
almaktadir (EPPO, 2020). Bu hastalik Glkemizde domates
Uretimi yapilan tiim bolgelerde gorilmektedir. Tokgonl
(1998)’'in  bildirdigine goére ilk olarak i¢ Anadolu
Bolgesi’nde saptanmistir. Ardindan giiniimiize kadar pek
cok bolgede varligi rapor edilmistir (Cinar, 1980; Karaca
ve Saygili, 1982; Sahin ve ark., 2002; Basim ve ark., 2004;
Belglizar 2014). Mersin ili Erdemli ilgesinde farkli
arastiricilar  Cmm  bakterisini  izole etmis ve
tanilamiglardir (Cinar, 1980; Cetinkaya-Yildiz, 2007;
Giines, 2017; Unli, 2018). Yaprak leke etmenlerinden
Pst’nin neden oldugu domates bakteriyel benek hastalig
Mersin ilinin Erdemli ilgesinde (Aysan, 1999; Giines,
2017; Cemen ve ark., 2018; Karabiyik ve ark., 2014)
farkl yillarda izole edilmis ve tanilanmistir. Silifke
ilgesinde yapilan tez galismasinda domateste sorun olan
bakteriyel etmenlerin blylk c¢ogunlugunu Pst'nin
olusturdugu gorilmistir.

Anket sonuclarimiz ile giftcilerin bakteriyel hastaliklar
bilmedikleri ve temizlik 6nlemlerinde yetersiz kaldiklari
tespit edilmistir. Bizim c¢alisma bulgularimiza benzer
sekilde Gaffaroglu (2018) Erdemli ilcesinde domates
seralarinda Ureticilerin  bakteriyel hastaliklari pek
tanimadigini,  kiltlirel islemler esnasinda eldiven
kullanip, ancak, makas ve el temizligine pek dikkat
etmediklerini vurgulamistir. Bitki bakteri hastaliklari ile
bitki besleme ve glibreleme arasinda iliski bulundugunu
ciftcilerin pek ¢ogu vurgulamis ve bu nedenle seralarda
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cogunlukla  hastaliklara dayanimi  arttirdigi  icin
potasyumlu ve kalsiyumlu gibreleri kullandiklarini ifade
etmislerdir. Ayni sekilde Gilines (2017) Erdemli ilgesinde
ylrattigh surveylerde ayni durumla karsilasmis ve
ciftcilerin  hastaliklara dayanimda kalsiyumlu ve
yapraktan glbreleri tercih ettiklerini bildirmistir. Yapilan
sera incelemelerinde (reticilerin govdede goriilen
hastaliklarda goévdeye tas koyarak bakterili 6z suyu
akittiklar goralmastir. Bolgede yaptiklari surveylerde
ayni durumdan Aysan ve ark., (2002), Giines (2017) ve
Gaffaroglu (2018) bahsetmis ve bu tez calismasi ile de
dogru bilinen yanlis yontemin hala geleneksel sekilde
devam ettigi gbzlenmistir.

Yumusak ¢urikliik etmenleri domates tretim alanlarinda
ciddi zararlara neden olmaktadir. En biiyiik zarari ise ortii
alti domates yetistiriciliginde yapmaktadirlar. Yumusak
¢lirliklik etmenlerinden Pcc ve Dch Tirkiye'de ilk kez
1994 vyilinda Dogu Akdeniz Bolgesindeki domates
seralarinda tespit edilmistir (Aysan ve ark., 2005a).
Mersin ilindeki Pectobacterium carotovorum subsp.
carotovorum ve Dickeya chrysanthemi etmenlerinin
yayginlik orani %24-32 olarak bildirilmistir (Aysan ve
Cinar, 2001). Aysan ve ark. (2005a) ilerleyen vyillarda
yapmis olduklari bir ¢alismada yumusak cuaraklik
etmenlerinin yayginhk durumunun %25 oldugunu
bildirmislerdir. Gines (2017) Mersin ilinin Erdemli
ilcesinde yapmis oldugu tez calismasinda 2 adet
Pectobacterium  caratovorum, 5 adet Dickeya
chrysanthemi izolati elde etmis, yayginlik durumlarini ise
sirastyla %6 ve %2 olarak tespit etmistir. Yapilan bu
cahsmada ise Silifke ilcesinde 2 farkli Greticinin
serasindan 5 adet Pectobacterium caratovorum izole
edilmis ve tanilanmistir.

Sonug olarak bu galisma ile Mersin ili Silifke ilgesinde
serada domates Uretimi yapan ciftcilerde bakteriyel
hastaliklari tanimalari konusunda farkindahk
yaratilmistir. Ayrica seralarda temizlik dnlemlerine dikkat
etmeleri gerektigi konusunda bilgiler paylasiimistir.
Surveyler sonucunda bakteriyel kara benek hastaliginin
yogunluklu olarak seralarda bulundugu tespit edilmistir.
Ozellikle bolgede bulunan seralarin pek cogunun modern
olmayisi ve serada nem kontrolliiniin saglanamamasi
nedeniyle bakteriyel hastaliklarla miicadelede basaril
olunamayacagi asikardir.

OzZET

Amag: Bu calismada Mersin ili Silifke ilcesinde yer alan
orti altinda domates Uretimi yapilan 130 serada
bakteriyel hastalik surveyi gerceklestirilmis ve
hastaliklarin ilce dizeyinde yayginlik durumlar tespit
edilmistir. Ayrica, ortli altinda domates lretimi yapan
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Ureticilere anket calismasi yapilarak bitki koruma ve
bakteriyel hastaliklar konusundaki biling diizeyleri analiz
edilmistir.

Yéntem ve Bulgular: Sera incelemeleri sirasinda
yapraklarda kloroz, nekroz, bitkide solgunluk, gévdede
yumusama ve nekrozlar gibi hastalik belirtisi gosteren 39
farkl seradan ornekler alinmistir. Calismada 31 farkh
seradan 317 adet bakteriyel izolat elde edilmistir. Survey
alanlarini temsilen izole edilen bakterilerden 109 tanesi
secilerek LOPAT, cesitli fizyolojik ve biyokimyasal testler
ve PCR calismalari ile tanilari yapilmistir. Ankete gore
Ureticilerin daha c¢ok zararlilarla karsilastigl, hastahk
belirtilerini tanidiklari, ancak hastaliga bakterinin neden
oldugunu bilmedikleri tespit edilmistir. Silifke ilgesinde
ortl altinda domates Uretimi yapilan alanlarda farkli
turlere ait bakteriyel etmenlerin yayginlik orani %23.8
olarak bulunmustur. Bélgede incelenen seralarda %17.7
yayginlik orani ile bakteriyel benek hastaligi etmeni
Pseudomonas syringae pv. tomato en yaygin tir olarak
belirlenmistir. Bu etmeni %1.54 yayginhk orani ile
bakteriyel kanser ve solgunluk hastaligi etmeni
Clavibacter michiganensis subsp. michiganensis ile %1.5
yayginhk orani ile yumusak curtklik hastalik etmeni
Pectobacterium carotovorum subsp. carotovorum tirleri
izlemistir.

Genel Yorum: Bolgeden en fazla izole edilen ve tanilanan
bakteriyel benek hastaligi etmeni Pseudomonas syringae
pv. tomato’nun seralarda domates lretimini hala tehdit
etmeye devam ettigi gézlenmistir.

Calismanin Onemi ve Etkisi: Bu calisma ile bolgede
domates yetistiriciligi yapan Ureticilerin bakteriyel
hastaliklar konusundaki farkindaligi arttiriimis, bakteriyel
hastaliklarla miicadelede sanitasyon énlemlerinin dnemi
bir kez daha ortaya konmustur.

Anahtar Kelimeler: Silifke, domates, bakteriyel hastalik,
yayginlik, tani.

TESEKKUR

Bu calisma yiiksek lisans tez ¢alismasinin bir kismidir ve
Erciyes Universitesi Bilimsel Arastirma Projeleri Birimi
tarafindan (FYL-2019-9570) desteklenmistir.
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ARASTIRMACILARIN KATKI ORANI BEYANI
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Aims: The aim of this study is to determine the changes in fruit quality
during the winter season of ‘Sabrina' strawberry cultivar grown in soilless
culture system in Antakya (Hatay) province.

Methods and Results: In this study, 'Sabrina' strawberry variety was used
as material. Within the study, amount of some contents such as; fruit
weight, width and length, appearance (1-5), taste (1-9), fruit color L* and
h° values, fruit flesh firmness, juice pH values, total soluble solids (TSS)
content, titratable acidity (TA) content, TSS/TA ratio, total antioxidant
capacity, total anthocyanin, total phenolic solid, total flavonoid and
Vitamin C (L-Ascorbic acid) were examined during winter season.
Conclusions: It should be noted that firmness of fruit flesh is an important
matter in the case of shipping the product to distant markets, especially in
hot temperature conditions when there is a significant decrease in fruit
flesh firmness. ‘Sabrina’ strawberry variety grown in soilless culture
conditions that includes “Cocopeat” which is consisting of coconut shells
and fibers. Consumer acceptability can be increased by replacing some
plant nutrients in the 2nd and 3rd harvest periods with a calcium-based
nutrition program.

Significance and Impact of the Study: This study was carried out in order
to determine the changes in fruit quality of ‘Sabrina' strawberry during the
winter season, and It is expected that the results of the study would
contribute to literature, and the relevant sector which is growing in the
province.

Keywords:
Soilless culture, strawberry, ‘Sabrina’,
cocopeat, quality.

*” Corresponding author: Derya KILIC
<: deryakilic@mku.edu.tr

Atif / Citation: Ozdemir AE, Kaya Demirkeser O, Kili¢ D, Culha F, Karasahin Z (2022) Topraksiz kiiltiirde yetistirilen ‘Sabrina’
cilek gesidinin kis mevsiminde kalite parametrelerindeki degisimler. MKU. Tar. Bil. Derg. 27(1) : 88-98. DOI:
10.37908/mkutbd.1031079

GiRiS

Uziimsii meyve olan cilekte meyvenin yenilen kismi gigek
tablasinin etlenip, sulanmasiyla olusmustur. Cilek,
Rosales takimi Rosaceae familyasi Fragaria cinsine aittir
(Agaoglu ve Gergekgioglu, 2013). Cilek; cok lezzetli, hos
kokulu, kendine has aromali bir meyvedir ve albenisi
ylksektir. Yetistiriciligi ticari olarak yapilan ¢ilekler notr-

gln ve kisa gln bitkilerdir (TUremis ve Agaoglu, 2013).
Tirkiye’de 2020 yili verilerine gore toplam 179.777
dekarhk alanda 546.525 ton cilek Gretimi yapilmistir
(TUIK, 2021). Hatay’da toplam 11.266 ton olan cilek
Uretimi gerceklestirilmis ve bu lretim, Yayladagi (8.938
ton), Antakya Merkez (1.320 ton), Samandag (460 ton)
ve Altin6zi (200 ton) ilgelerinde yogunlasmistir.

Cilek yetistiriciligi ekolojiden etkilenmekle birlikte, agikta
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ve Ortl altinda yayginlasmistir. Akdeniz sahil seridinde
cilek vetistiriciligi orti altinda kisa giin ¢esitleriyle
yapilirken, yayla kesimlerinde ise nétr giin gesitler ile
yapilmaktadir. Ortii alti yetistiricilikte verim ve meyve
kalitesi korunarak erkencilik amaglanmaktadir. Ortii alti
cilek yetistiriciliginde fide tipi ve toprak yapisina gore
dikim araliklari belirlenmektedir (Adak ve Pekmezci,
2012). Topraksiz kiiltirde birim alana dikilen fide sayisi
arttigindan birim alandan elde edilen verimde de artis
olmaktadir (Paranjpe ve ark., 2003; Adak, 2009).
Topraksiz cilek yetistiriciliginde verim ve bitki sagligini
seranin yapisi ve Ozellikleri ile birim alana disen bitki
sayisi  etkilemektedir. Topraksiz  kiiltirde cilek
yetistiricili§inde birim alana dikilen bitki sayisinin
fazlahgy, treticiler tarafindan tercih ve kabul gormektedir
(Adak ve ark., 2016). Cilek yetistiriciliginde topraksiz
tarim  tekniginin, tarim yapilmayan topraklarin
degerlendirilmesi, kontrollii yetistiricilik ve ¢cevre dostu
bir yontem olmasi nedeniyle yayginlasan bir sistem
oldugu soylenebilir. Bu sistemde herbisit kullanimina
gerek kalmamasi, pestisit, insektisit, su ve gilbre
kullaniminin azalmasi avantaj olusturmaktadir (Paranjpe
ve ark., 2003). ilk yatinrm masraflari yiiksek olmakla
birlikte, verim artisiyla Uretici masraflarini kisa sirede
karsilamasi  bu sistemlerin, her alanda tarimin
suardarilebilirligini artirmasi ve kontrolli yetistiricilik
yapildigindan drinlerde kalintinin en az dizeyde
gerceklesmesi ile yetistirilen Grinlerin ihracat sansinin
yuksek oldugu bildirilmistir (Demirsoy ve ark., 2017).

Acikta, plastik ve cam serada yiritilen bir ¢alismada,
verim agisindan plastik sera, erkencilik agisindan plastik
ve cam sera, meyve eti sertligi acisindan acikta
yetistiriciligin daha basarili oldugu bildirilmistir (Glindiiz
ve Ozdemir, 2012). Giindiiz ve Ozdemir (2014), i
yetistirme yeri (cam sera, plastik sera ve acikta
yetistirilerek) kullanarak 13 cilek genotipi ile yetistirme
yerlerinin fitokimyasal Ozellikler (izerindeki etkilerini
incelemisler ve biyoaktif icerik U(zerinde yetistirme
yerlerinden  ¢ok  genotiplerin  etkili  oldugunu
bildirmislerdir. ‘Camarosa’ ¢esidi ile ispanya’da yapilan
bir ¢alismada, verim bakimindan Hindistan cevizi
torfunun perlitten daha basarili oldugu belirlenmistir
(Medina ve ark., 2003). Lieten (2008) tarafindan yapilan
bir calismada, cileklerde Hindistan cevizi torfunun
kullanimi basarili olurken, kaya yini kullaniminin
vegetatif gelisme ve kok gelisimini olumsuz etkiledigi
bildirilmistir. Cantliffe ve ark. (2007), sera kosullarinda
topraksiz ortamda ¢cam talasi ve kokopitte yetistirilen
cileklerin, azot gereksinimlerini arastirmislar ve
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gibreleme sisteminde azot seviyeleri 40-80 mg/L gibi
duslik azot seviyelerinin her iki ortamda da cilek tretimi
icin  kullanilabilecegini saptamislardir. Yapilan bir
calismada, ‘Camarosa’ cilek cesidi frigo ile tlplu fide
olarak ortl altinda torf, Hindistan cevizi torfu, perlit,
volkanik tUf ve bunlarin karisimlari denendigi yetistirme
ortamlarinda yetistirilmis ve meyve rengi L* degerinin
25.69 ile 32.36 arasinda oldugu, ortalama meyve eni ve
boyu ile SCKM degerlerinin en yliksek Hindistan cevizi
torfu + volkanik tif ortaminda saptandigl ve yetistirme
ortami olarak Hindistan cevizi torfu ve Hindistan cevizi
torfu + volkanik tiuf ortamlarinin basarili oldugu
bildirilmistir (Adak ve Pekmezci, 2012).

Bu ¢alismanin amaci, Antakya (Hatay) ilinde topraksiz
kiltirde yetistirilen ‘Sabrina’ ¢ilek g¢esidinin kis sezonu
suresince meyve kalitesindeki degisimlerin
belirlenmesidir.

MATERYAL ve YONTEM

Materyal

Calismada materyal olarak kisa giin cesidi olan ‘Sabrina’
cilek cesidi kullanilmistir. Meyveler, Antakya’nin
ilcesinde (Narlica) topraksiz kiiltiirde cilek yetistiriciligi
yapilan bir cam seradan saglanmistir. Adana’da bir ticari
firmadan alinan tipli fideler 2019 yili Ekim ayi basinda
sira arasl 1.50 m ve yerden 80 cm yiksekte 1.50 cm
egimli, genisligi 12 cm olan yetistirme oluklarinda 1 m'lik
rulo (100 cm uzunluk, 10 cm en ve 15 cm yikseklik)
halindeki Hindistan cevizi kabuklari ve liflerinden olusan
“Kokopit” (Cocopeat) ortaminda 10 cm mesafeli liggen
seklinde dikilmistir. Gevsek yapisi ve kuru agirhginin 9
kati suyu ve besinleri emerek biinyesinde depolamasi
sayesinde en uygun biliyime ve koklenme ortami
olusturan, ¢ok iyi drenaja sahip olan, su, glibre, zaman ve
iscilikten tasarruf saglayan ve %30 hava ile %70 su tutma
kapasitesine sahip, keseklesmeyen ve uzun 6miirli olan
kokopitler, kullanilmadan o6nce yikanmis, tuzlulugu
giderilmis, elektriksel iletkenlik (EC) degeri ayarlanmis ve
sterilize edilmistir. Sulama ve besleme damla sulama
sisteminde otomatik olarak verilmistir. TUm parsellerde
hastalik (ktlleme ve kursuni kif) ve zararhlara (kirmizi
orimcek, yaprak bitleri ve kuslar) karsi micadeleler
yapilmistir.

‘Sabrina’ cesidi: ispanya orjinli kisa giin ve orta mevsim
cilek cesididir (Sekil 1). Plantas de Navarra, S.A, Valtierra
ispanya’da A. Pierron-Darbonne tarafindan 9719 x 94-
020 melezlerinden selekte edilmis (USPP 22.506) ve 21
Subat 2012 tarihinde tescil edilmistir.
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Sekil 1. Topraksiz kiltlirde cilek yetistiriciligi yapilan cam sera ve ‘Sabrina’ gilek cesidi meyveleri
Figure 1. Glass greenhouse where strawberries are grown in soilless culture and fruits of the 'Sabrina' strawberry
variety

Meyveleri kirmizi (RHS 43A, RHS 43B), biyik ve genis,
24-26 g; dizgin konik yapili; meyve eti sert (1.40 kg
kuvvet) kirmizi etli (RHS 41A, RHS 41B), dengeli lezzetli
(SCKM %6.90 ve pH degeri 3.60); yola dayanikl; aromasi
yuksek ve siki ylizeylidir, ylizeye dagilmis kiigik kaliks ve
akenleri vardir. Bitki yapisi kuvvetli, stolon sayisi orta (7
/ bitki), cok yiksek verimli (1612 g / bitki), kiresel ve
yogun yaprakh, ta¢ kisminda gicekler, yari dik meyve
salkimhdir. Bu ¢esidin meyveleri kaliks yanikligina
toleransli  olup, dusik sicakliklara ragmen hizh
renklenme gosterir ve erken olgunlasirlar (Gasic ve
Preece, 2014; Anonim, 2020).

Yontem

Sabrina’ c¢ilek cesidi meyvelerinin ilk derimi meyve
ylzeyinin %'nlin kizardigi, SCKM miktarinin minimum %7
ve TEA'nin maksimum %0.8 oldugu dénemde yapilmistir
(Mitcham ve ark., 1996; Ozdemir, 1999). Makas
yardimiyla veya elle meyveler (izerlerinde c¢anak
yapraklari kalacak sekilde derilip, sekil bozuklugu
olmayan, yarasiz, beresiz ve saglam olanlardan birérnek
irilik ve goriinlse sahip meyveler deneme igin secilmis ve
kis sezonu suresince ilki Aralik 2019’da (1. Dénem), Ocak
2020 (2. Donem) ve Subat 2020 (3. Donem) olmak Uzere
3 dénemde derim yapilmistir.

Meyve agirligi (g): Her derim déneminde meyveler 0.01
g' a duyarl teraziyle (Ohaus Adventurer, ABD) tartilmis
ve meyve agirhg “g” olarak verilmistir. Meyve eni ve
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boyu (mm): Her derim déneminde kumpas ile meyve eni
ve boyu 6lcllmis ve “mm” olarak verilmistir. Gorlnus
(1-5) degerlendirmesi: Her derim déneminde 10 kisilik
bir panelist grubuyla meyve rengi, sekil ve bicim,
parlaklik v.b. kriterlere gore goriiniis 1-5 skalasina (1: En
kotd, 5: En iyi) gore yapilmis ve 3’Un Gsti kabul edilebilir
olarak degerlendirilmistir. Tat (1-9) degerlendirmesi:
Her derim doneminde 1-9 hedonik skalaya (9: En iyi ve
1: En dislk) gore yapiimis ve 5’Un Gsti kabul edilebilir
olarak degerlendirilmistir. Meyve rengi L* ve h°
degerleri: Her derim déneminde C.L.E. L*a*b*ye gore
Minolta CR-300 model Chromometer (Konica Minolta
Sensing Inc., Osaka, Japonya) renk ol¢im cihaz ile
meyvelerin ekvator boélgesinden; iki yanagindan okuma
seklinde yapilmistir (McGuire, 1992).

Her derim doneminde; meyve eti sertligi (N): Her bir
meyvenin ekvator bdlgesinin iki yanagindan 5 mm’lik
delici uca sahip penetrometre ile ‘kg-kuvvet’ (kg-k)

cinsinden oOlclilmiis ve degerler Newton’a (N)
cevrilmistir. Meyve suyu pH degeri: pH metre (HI 2211
pH/ORP meter, Hanna instruments, ABD) ile

Olclilmustlr. Suda c¢o6zlnebilir toplam kuru madde
miktari (SCKM): El refraktometresi (Atago ATC-1E Model,
Atago Co. Ltd., Tokyo, Japonya) ile “%” olarak
belirlenmistir. Titre edilebilir asit miktari (TEA):
Potansiyometrik yontem ile belirlenmis ve “%” olarak
hesaplanmistir. SCKM/TEA orani: SCKM’nin TEA’e orani
bulunmustur. Toplam antioksidan kapasitesi (mmol
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TE/L): Spektrofotometrede (Biotek power wave HT, ABD)
Klimczak ve ark. (2007)'a gore “mmol TE/L” olarak
belirlenmistir. Toplam antosiyanin (mg siyanidin-3-
glikozit/100 ml) miktari: Spektrofotometrede Giusti ve
Wrolstad (2001)’a gore “mg siyanidin-3-glikozit/100 ml”
olarak belirlenmistir. Toplam fenolik madde (mg
GAE/100 ml) miktari: Spektrofotometrede Abdulkasim
ve ark. (2007)a gobére “mg GAE/100 ml” olarak
belirlenmistir: Toplam flavanoid (mg KE/100 ml) miktari:
Spektrofotometrede Zhishen ve ark. (1999)'na gore “mg
KE/100 ml” olarak belirlenmistir. C (L-Ascorbic acid)
vitamini (mg / 100 ml) miktari: Yiksek basing sivi
kromotografi (HPLC, Shimadzu LC20AD, Tokyo, Japonya)
cihazinda Cemeroglu (2010)’'na gore “mg / 100 ml”
olarak belirlenmistir.

Deneme deseni ve degerlendirme

Galismada, her analiz doneminde 3 yinelemeli ve her
yinelemede 20 adet meyve olacak sekilde alinan meyve
orneklerinde analizler yapilmistir. Deneme “Tesadif
Parselleri” deneme desenine gore (¢ yinelemeli olarak
kurulmus; varyans analizleri SAS paket programi (SAS
Version V.9.4, SAS Institute Cary, N.C.) ile yapilmistir.
Tukey testi (P<0.05) ile F testi sonunda 6nemli bulunan
varyasyon kaynaklarina ait ortalamalarin karistirmalari
yapilmis ve sonuglar gizelgelerde verilmistir.

BULGULAR ve TARTISMA

Meyve agirhgi

Topraksiz kiltiirde “Kokopit” ortaminda yetistirilen
‘Sabrina’ cilek cesidi meyvelerinin ortalama meyve
agirligr 14.79 g olmustur. Meyve agirhginin derim
doénemlerine gore degisimi incelendiginde, en iri
meyveler (ortalama 17.68 g) 1. donemde elde edilmis,
bunu 3. ve 2. donemlerin sirasiyla, ortalama 14.46 g ve
12.22 g degerleriyle izledikleri saptanmistir (Cizelge 1).
Uygun olmayan iklim kosullari nedeniyle meyve
agirliklarinda dénemsel olarak (2. dénem) azalmalar
oldugu sdylenebilir. Uriiniin yogun oldugu dénemlerde
meydana gelen besin rekabetinden dolayl meyve
agirliginda azalmalar oldugu da Saridas ve ark. (2019)
tarafindan bildirilmistir. Calismamizda da benzer olarak
donemsel olarak (3. donem) meyve agirhiginda azalmalar
olmustur. Adak ve ark. (2016) tarafindan serada
topraksiz ve geleneksel yetistiricilik ile ylksek plastik
tinelde geleneksel yetistiricilik icin, taze fide kullanilarak

yetistirilen ‘Camarosa’ c¢ilek ¢esidi meyvelerinin
fizikokimyasal ozellikleri lizerine etkilerinin
belirlenmesinin  amaglandigi  bir c¢alismada, serada

yapilan topraksiz cilek yetistiriciliginde meyve agirlig
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daha yuksek saptanmistir. Ayrica, bulgularimizdan farkl
olarak, meyve agiriginda yetistirme sistemlerinin
hepsinde subat ayindan mayis ayina dogru duslsler
oldugu bildirilmistir. Meyve agirhgindaki bu distsin,
meyvelerin sekonder ciceklerden deriminin
yapilmasindan kaynaklandigi belirtilmistir. Serada c¢ilek
yetistiriciliginde besleyici film teknigi (NFT) ile ortam
kiltird olarak perlit ve perlit+torf'un kullanildigl bir
calismada, ‘Sweet Charlie’ cileklerinde en yiksek meyve
agirhginin (13.128 g) perlit+torf ortamindan elde edildigi
bildirilmistir (Eltez ve Tizel, 2007).

Meyve eni ve boyu

“Kokopit” ortaminda yetistirilen ‘Sabrina’ cilek cesidi
meyvelerinin ortalama meyve eni 27.04 mm olmustur.
Meyve eni derim donemlerine gére degismis, ortalama
29.67 mm ile en genis meyveler 1. donemden elde
edilmistir. Ortalama meyve eni degerleri 3. ve 2.
donemlerde sirasiyla, 27.09 mm ve 24.34 mm olarak
belirlenmistir. Uygun olmayan iklim kosullari nedeniyle
meyve eni degerlerinde dénemsel olarak (2. dénem)
azalmalar oldugu sdylenebilir. 3. dénemde ise uygun
iklim kosullarindaki besin rekabetinden dolayr meyve
eninde 1. doneme gore azalmalar oldugu soylenebilir
(Cizelge 1). Topraksiz kiiltirde Hindistan cevizi kabuklari
ve liflerinden olusan “Kokopit” ortaminda yetistirilen
‘Sabrina’ cilek ¢esidi meyvelerinin ortalama meyve boyu
34.81 mm olmustur. Meyve boyu degerleri derim
donemlerine gore degismistir. En uzun meyveler
ortalama 39.35 mm ile 1. donemden elde edilirken, 2. ve
3. doénemlerin ortalamalari 32.76 mm ve 32.31 mm
olarak saptanmistir (Cizelge 1). Yapilan bir calismada,
‘Camarosa’ gilek cesidi frigo ile tupli fide olarak orti
altinda torf, Hindistan cevizi torfu, perlit, volkanik tif ve
bunlarin karisimlari denendigi yetistirme ortamlarinda
yetistirilmis ve ortalama meyve eni ve boyu en yliksek
Hindistan cevizi torfu + volkanik tif ortaminda
saptanmistir (Adak ve Pekmezci, 2012).

Goriiniis (1-5) ve tat (1-9) degerlendirmesi

“Kokopit” ortaminda yetistirilen ‘Sabrina’ ¢ilek cesidi
meyvelerinin donemsel olarak meyve dis gorintsia 10
kisilik bir panelist grubuyla 1-5 degerlendirmesi
yapimistir. Ortalama meyve dis gorlinis puani 4.67
oldugu belirlenmistir. Meyve dis gorinlsinin derim
doénemlerine gore degisimi incelendiginde, her 3
donemde de degerler kabul edilebilir seviyenin (>3.00)
Uzerinde olmustur. Meyve dis goérinlsi en iyi olan
meyvelerin 5.00 tam puanla 3. donemde elde edildigi,
bunu 2. ve 1. donemlerin sirasiyla, ortalama 4.67 ve 4.33
puan ile izledikleri saptanmistir (Cizelge 1).
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Cizelge 1. “Kokopit” ortaminda yetistirilen ‘Sabrina’ cilek ¢cesidi meyvelerinin derim dénemlerinde meyve agirhigi (g),
meyve eni (mm), meyve boyu (mm), meyve dis goriiniisi (1-5), tat (1-9) ve meyve eti sertligi (N)

parametrelerinde saptanan degisimler

Table 1. Changes in fruit weight (g), fruit width (mm), fruit length (mm), fruit appearance (1-5), taste (1-9) and meyve
eti sertligi (N) parameters of 'Sabrina' strawberry cultivars grown in "Cocopeat" during harvesting periods

Meyve dig

Derim dénemi Meyve agirhg Meyve eni Meyve boyu gBriniish Tat Meyve eti sertligi
(g) (mm) (mm) (1-5) (1-9) (N)

1. dénem 17.68 a 29.67 a 39.35a 4.33 5.67b 7.65b

2. dénem 12.22 b 24.34b 32.76 ab 4.67 8.33a 15.40 a

3. dénem 14.46 ab 27.09 ab 32.31b 5.00 9.00 a 7.06 b

Ortalama 14.79 27.04 34.81 4.67 7.67 10.04

Dyss donem 3.73 3.94 6.90 0.D. 0.84 1.74

0.D.: Onemli degil.

Bununla birlikte meyve dis gorlinlsi Uzerine derim
donemlerinin  etkisi istatistiksel olarak 6nemsiz
bulunmustur.

“Kokopit” ortaminda yetistirilen ‘Sabrina’ cilek cesidi
meyvelerinin donemsel olarak meyve tadim testleri 10
kisilik bir panelist grubuyla 1-9 degerlendirmesi
yapilmistir.Ortalama meyve tadim test puani 7.67
olmustur. Meyve tadim testlerinin derim dénemlerine
gore degisimiincelendiginde, her 3 donemde de degerler
kabul edilebilir seviyenin (>5.00) Ulzerinde olmustur.
Meyve tadim testleri en iyi olan meyvelerin 9.00 tam
puanla 3. donemde elde edildigi, bunu 2. dénemin
ortalama 8.33 puan ile izledigi ve en disiik kabulin 1.
donemde (5.67) oldugu saptanmistir (Cizelge 1).

Meyve eti sertligi

“Kokopit” ortaminda yetistirilen ‘Sabrina’ cilek cesidi
meyvelerinin ortalama meyve eti sertligi 10.04 N
olmustur. Gelisme sezonunun ilerlemesiyle en sert
meyvelerin (ortalama 15.40 N) 2. donemde elde edildigi,
bunu 1. ve 3. dénemlerin sirasiyla, ortalama 7.65 N ve
7.06 N degerleriyle izledikleri saptanmistir (Cizelge 1).
Gergeklestirilen arastirma sonucunda meyve eti
sertliginde mevsime bagh olarak sabit bir artis ya da
azalig gbzlenmemistir. Uygun iklim kosullari nedeniyle 3.
donemde sicakliklarinda ylksek oldugu 1. ve 3.
donemlerde meyve eti sertliklerinde 6nemli azalmalar
oldugu belirlenmistir. Cilek yetistiricili§inde meyve et
sertliginin  cevresel faktorlerden oldukca fazla
etkilenmesi  vyetistiricilik  yapilacak  yerin  iklim
faktorlerinin 6nemini ortaya koymaktadir. Saridas ve ark.
(2019), ticari ve vyerli gesitler ile secilmis genotiplerle
yaptiklari calisma sonucunda farkli derim dénemlerinde
meyve eti sertliginde mevsimsel olarak sabit bir azalis ya
da artis gozlenmedigini, bununla birlikte ¢alismalarinda,
artan sicakliklarla birlikte meyve et sertliginin dnemli
olglide arttigini bildirmislerdir. Pelayo-Zaldiver ve ark.
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(2005) tarafindan yapilan bir c¢alismada, meyve eti
sertliginin derim zamanindan etkilenmedigi, cesitlerde
meyve eti sertliginde farkhliklar olmadigi bildirilmistir.
Bulgularimizdan farkli olarak, Samec ve ark. (2016) ise
derim sezonu dikkate alindiginda, ‘Monterey’ ¢esidinde
bir farkliigin olmadigini bildirilmislerdir. Adak ve ark.
(2016) tarafindan serada topraksiz ve geleneksel
yetistiricilik ile yuksek plastik tlinelde geleneksel
yetistiricilik yapilan c¢alismada, taze fide kullanilarak

yetistirilen ‘Camarosa’ ¢ilek ¢esidi meyvelerinin
fizikokimyasal ozellikleri Uzerine etkilerinin
belirlenmesinin amaglandigl bir c¢alismada, serada

yapilan topraksiz gilek yetistiricili§inde meyve eti sertligi
daha ylksek bulunmustur. Ayrica, bulgularimiza benzer
olarak, meyve eti sertliginin her i¢ uygulamada da subat
ayindan mayis ayina dogru disisler gosterdigi
bildirilmistir. Meyve eti sertligindeki bu duslstn, derim
doénemlerinin ilerlemesiyle sicakliklarda meydana gelen
ylikselmelerden kaynaklanmis olabilecegi soylenebilir.
Giuggioli ve ark (2018) ise calismalarindaki ¢esitlerin son
iki deriminde sert etli meyveler etmislerdir. Hava
sicakliginin 5 °C azalmasinin bunun nedeni oldugunu
bildirmislerdir. Bizim c¢alismamizda ise 2. dénemde
benzer sekilde sicakliklarin diistist etkili olurken, 1. ve 3.
donemlerde tam tersi olarak sicakliklarin artisi s6z
konusudur. Yapilan ¢alismalarda gosteriyor ki, cilek
yetistiriciliginde c¢esitlerinin  ¢evresel faktorlerden
etkilendigi ve meyve et sertliginin azalmasinda hava
sicakligindaki artislarin etkili oldugu gorilmustar.

Meyve suyu pH degeri

“Kokopit” ortaminda yetistirilen ‘Sabrina’ ¢ilek cesidi
meyvelerinin ortalama pH degeri 3.49 olmustur. pH
degerinin  derim  donemlerine  gbére  degisimi
incelendiginde, en yiksek pH degeri olan meyvelerin
(ortalama 3.72) 1. dénemde oldugu, bunu sirasiyla 2. ve
3. dénemlerin izledikleri saptanmistir (Cizelge 2).
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Cizelge 2. “Kokopit” ortaminda yetistirilen ‘Sabrina’ ¢ilek cesidi meyvelerinin derim donemlerinde meyve suyu pH
degeri, suda ¢ozlinebilir toplam kuru madde (SCKM) miktari (%), titre edilebilir asit (TEA) miktari (%),
SCKM/TEA orani ve meyve renginde (L* ve h® degerleri) saptanan degisimler

Table 2. Changes in fruit flesh firmness (N), juice pH values, total soluble solids (TSS) content (%), titratable acidity (TA)

content (%), TSS/TA ratio and fruit color (L* and h° values) parameters of 'Sabrina’ strawberry cultivars grown

in "Cocopeat" during harvesting periods

. . . Meyve suyu SCKM miktari  TEA miktari SCKM/TEA Meyve rengi
Derim donemi pHydeéerYi - (%) (%) Coranl L* degeri ' hg" degeri
1. dénem 3.72a 8.03¢c 0.89 ¢ 9.06 41.86 37.89°
2. dénem 3.45ab 11.92 a 1.26a 9.44 41.39 37.15°
3. dénem 3.30b 10.17 b 1.10b 9.28 40.93 36.41°
Ortalama 3.49 10.04 1.08 9.26 41.39 37.15°
Dyss donem 0.34 0.99 0.08 0.D. 0.D. 0.D.

0.D.: Onemli degil.

Her ne kadar vyetistiricilik ortamlari farkh olsa da
bulgularimiza gore de “Kokopit” ortaminda yetistirilen
‘Sabrina’ cilek c¢esidi meyveleri bulgularimiza benzer
olarak, Goérgic ve ark. (2019) agikta yetistirilen Florida
Fortuna, Rubygem ve Sabrina cilek cesitlerinde kalite
degisimlerini arastirdiklari ¢alismada, asitlik ve pH
degerlerinin birbiriyle uyumlu olduklari bildirilmistir.

Suda ¢éziinebilir toplam kuru madde (SCKM) miktari

“Kokopit” ortaminda yetistirilen ‘Sabrina’ cilek cesidi
meyvelerinin ortalama SCKM miktari %10.04 olmustur.
SCKM miktarinin derim donemlerine gore degisimi
incelendiginde, en yiksek SCKM miktari olan meyvelerin
(ortalama %11.92) 2. dénemde oldugu ve bu dénemde
en tath meyvelerin elde edildigi, bunu 3. (%10.17) ve 1.
(%8.03) donemlerin izledikleri saptanmistir. Her (¢
doneminde SCKM degerleri, tiketici istekleri icin sinir
deger olan %7.00'in {zerindedir (Cizelge 2). Kabul
edilebilir bir lezzet icin cileklerde SCKM miktarinin
%7.00'nin Uzerinde olmasi gerektigi Mitcham ve ark.
(1996) tarafindan bildirilmistir. Bulgularimiza benzer
olarak, Saridas ve ark. (2019), yaptiklari ¢alismada,
denemede kullanilan ticari ve yerli gesitler ile segilmis
genotiplerin farkli derim dénemlerinde %7.60 ile %10.70
arasinda dagihm gosteren SCKM degerleri ile tiketici
istekleri bakimindan yeterli olduklarini bildirmislerdir.
SCKM igerigini inceleyen arastiricilar cahstiklar c¢ilek
cesitlerinde SCKM miktarini %5.20-10.40 (Rutkowski ve
ark., 2006), %8.40-11.60 (Laugale ve Bite, 2006),
%10.27-12.47 (Liu ve ark., 2016) ve %7.79-9.06 ile
(Giuggioli ve ark., 2018) arasinda saptamislardir. Pelayo-
Zaldiver ve ark (2005) tarafindan gesitler yaninda, derim
donemlerinin  de SCKM icerigine etkili oldugu
bildirilmistir. Arastiricilar meyvelerdeki SCKM icerigine
esas katkiyi verenin sekerler oldugunu ve organik asit ve
¢6zlinebilir pektinlerin de katki sagladigini
belirtmislerdir. Meyvelerdeki SCKM ile toplam seker
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arasinda yuksek iliski oldugu ve tadin belirlenmesinde
SCKM’nin  6nemli oldugu bildirilmistir. Yapilan bir
calismada, ‘Camarosa’ cilek cesidi frigo ile tuplu fide
olarak ortu altinda torf, Hindistan cevizi torfu, perlit,
volkanik tif ve bunlarin karisimlari denendigi yetistirme
ortamlarinda yetistirilmis ve SCKM degerleri en yliksek
Hindistan cevizi torfu + volkanik tif ortaminda
belirlenmistir (Adak ve Pekmezci, 2012). Adak ve ark.
(2016) tarafindan serada topraksiz ve geleneksel
yetistiricilik ile yuiksek plastik tlinelde geleneksel
yetistiricilik yapilan c¢alismada, taze fide kullanilarak

yetistirilen ‘Camarosa’ c¢ilek c¢esidi meyvelerinin
fizikokimyasal ozellikleri Gzerine etkilerinin
belirlenmesinin amaglandigi bir calismada, serada

yapilan  topraksiz  ¢ilek vyetistiriciliginde = SCKM
degerlerinin %8.43 — 9.33 arasinda oldugu bildirilmistir.
Ayrica, bulgularimiza benzer olarak, yetistirme
sezonunun sonunda SCKM miktarindaki yukselisin
sicakligin artmasi ve meyve iriliginin azalmasiyla iliskili
oldugu bildirilmistir.

Titre edilebilir asit (TA) miktari

Ortalama TEA miktarn %1.08 olmustur. TEA miktarinin
derim donemlerine gore degismis, en yliksek TEA miktari
olan meyvelerin (ortalama %1.26) 2. donemde oldugu,
bunu 3. (%1.10) ve 1. (%0.89) donemlerin izledikleri
saptanmistir (Cizelge 2). Bulgularimizdan farkli olarak,
Saridas ve ark. (2019) ticari ve yerli gesitler ile segilmis
genotiplerin TEA miktarinin dénemlere gore degistigini
ve bu degerlerin %0.41 ile %0.59 arasinda dagihm
gosterdigini  bildirmislerdir.  Bu  degerler  farkh
dénemlerde yaptigimiz derimlerde bizim cesitlerin TEA
miktarindan dislik bulunmustur. Baska bir calismada ise
TEA miktari degerleri %0.49-0.84 arasinda bulunmustur
(Vo¢a ve ark., 2008). Gorglic ve ark. (2019) acikta
yetistirilen ‘Florida Fortuna’, ‘Rubygem’ ve ‘Sabrina’ cilek
cesitlerinde kalite degisimlerini arastirdiklari ¢calismada,
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Sabrina ¢esidinin daha asidik karakteristige sahip oldugu
bildirilmistir. Her ne kadar yetistiricilik ortamlari farkli
olsa da bulgularimiza gore de “Kokopit” ortaminda
yetistirilen ‘Sabrina’ c¢ilek c¢esidi meyvelerinin TEA
miktarinin biraz yiksek oldugu séylenebilir.

SCKM/TEA orani

“Kokopit” ortaminda yetistirilen ‘Sabrina’ ¢ilek cesidi
meyvelerinin ortalama SCKM/TEA orani 9.26 olmustur.
SCKM/TEA oraninin derim donemlerine gore degisimi
incelendiginde, SCKM/TEA orani Uzerine derim
donemlerinin  etkisi istatistiksel olarak ©6nemsiz
bulunmustur (Cizelge 2). Bununla birlikte, Giindiz ve
Ozdemir (2012) SCKM/TEA orani en yiiksek meyvelerin
plastik seradan alindigini bildirmislerdir.

Meyve rengi L* ve h° degerleri

“Kokopit” ortaminda yetistirilen ‘Sabrina’ cilek cesidi
meyvelerinin ortalama meyve kabuk rengi L* degeri
41.39 ve h° degeri 37.15° olmustur. Meyve kabuk rengi
L* ve h° degerleri lizerine derim dénemlerinin etkisi
istatistiksel olarak 6nemli bulunmamistir (Cizelge 2).
Cileklerde meyve olgunlugunun belirlenmesinde, meyve
renginin gorsel olarak degerlendiriimesinin olumlu
sonuglar verdigi (Stavang ve ark., 2015), meyve renginin
tuketici tercihinde 6nemli rol oynadigl ve meyvenin
pazar degerini artiran en temel faktoér oldugu
bildirilmistir (Gérgiic ve ark., 2019). Orti altinda torf,
Hindistan cevizi torfu, perlit, volkanik tif ve bunlarin
karisimlarinda vyetistirilen Camarosa’ cesidinde meyve
rengi L* degerinin 25.69 ile 32.36 arasinda oldugu
bildirilmistir (Adak ve Pekmezci, 2012). Gorgl¢ ve ark.
(2019) acikta yetistirilen ‘Florida Fortuna’, ‘Rubygem’ ve
‘Sabrina’ ¢ilek ¢esitlerinde  kalite  degisimlerini
arastirdiklari ¢alismada, ‘Sabrina’ gesidinin koyuluk ve
parlaklik ile kirmizi ve sari renk yogunluklarinin diger
cesitlerden daha ylksek oldugu belirlenmistir. Her ne
kadar yetistiricilik ortamlar farkli olsa da bulgularimiza
gore de “Kokopit” ortaminda yetistirilen ‘Sabrina’ gilek
cesidi meyvelerinde koyuluk, kirmizi renk ve sari renk
yogunluklarinin yiiksek oldugu séylenebilir. ‘Camarosa’
cesidinin farkli yetistiricilik ortamlarinin ¢alisildigi bir
calismada, meyve rengi L* degerinin 34.70 ve h°
degerinin 34.50° oldugu belirtilmistir (Glndlz ve
Ozdemir, 2012).

Toplam antioksidan kapasitesi

“Kokopit” ortaminda yetistirilen ‘Sabrina’ cilek cesidi
meyvelerinin ortalama toplam antioksidan kapasitesi
10.42 mmol TE/L olmustur. Toplam antioksidan
kapasitesinin  derim  donemlerine gbre degisimi
incelendiginde, en ylksek toplam antioksidan kapasitesi

94

olan meyvelerin 1. (ortalama 10.75 mmol TE/L) ve 3.
(10.84 mmol TE/L) donemlerde oldugu ve en distik ise 2.
donemde (9.67 mmol TE/L) oldugu belirlenmistir
(Cizelge 3). Antioksidan kapasitesini genetik farkhliklar
(Tulipani ve ark., 2008), kilttrel islemler (malgh ve
malgsiz) (Wang ve ark., 2002), olgunlasma zamani (Wang
ve Lin, 2000), muhafaza ve manav 6mri (Cordenunsi ve
ark., 2005) etkilemektedir. Schépplein ve ark. (2002) 12
cilek c¢esidi ile yaptiklari ¢alismada, antioksidan
kapasitesinin cesitler arasinda 8.40-16.50 mmol/L
oldugunu bildirmislerdir. Giindiiz ve Ozdemir (2014)
yaptiklari  bir c¢alismada, ‘Camarosa’ ¢ilek c¢esidi
meyvelerinin toplam antioksidan kapasitesini 8.20-8.90
mmol TE/L olarak saptamislardir.

Toplam antosiyanin miktari

“Kokopit” ortaminda vyetistirilen ‘Sabrina’ cilek cesidi
meyvelerinin ortalama toplam antosiyanin miktari 10.47
mg siyanidin-3-glikozit/100 ml olmustur. Toplam
antosiyanin miktarinin derim dénemlerine gore degisimi
incelendiginde, en yiksek toplam antosiyanin miktari
olan meyvelerin 3. dénemde (ortalama 12.49 mg
siyanidin-3-glikozit/100 ml) ve en dusiik 1. (9.43 mg
siyanidin-3-glikozit/100 ml) ve 2. (9.48 mg siyanidin-3-
glikozit/100 ml) donemlerde oldugu belirlenmistir
(Cizelge 3). Schopplein ve ark. (2002) 12 cilek cesidi ile
yaptiklari calismada, toplam antosiyanin miktarinin
cesitler arasinda 6.80-22.50 mg/100 ml antioksidan
kapasitesinin 8.40-16.50 mmol/L oldugunu
bildirmislerdir. Antosiyaninlerin sentezinde isiklanma,
sicaklik ve beslenme faktorleri ile genotip ve meyve
olgunluk durumu etkili oldugu bildirilmistir (Lopes da
Silva ve ark., 2007).

Toplam fenolik madde miktari

“Kokopit” ortaminda yetistirilen ‘Sabrina’ ¢ilek ¢esidi
meyvelerinin ortalama toplam fenolik madde miktari
53.07 mg GAE/100 ml olmustur. Toplam fenolik madde
miktarinin ~ derim  dénemlerine  gére  degisimi
incelendiginde, en yiiksek toplam fenolik madde miktari
olan meyvelerin 3. (ortalama 61.03 mg GAE/100 ml) ve
2. (60.47 mg GAE/100 ml) dénemlerde oldugu ve en
distk ise 1. donemde (37.70 mg GAE/100 ml) oldugu
saptanmistir (Cizelge 3). Hakkinen ve Torronen (2000)
alti gilek cesidinde cesitlere gore ve yetistirilen bolgelere
gore degismekle birlikte, toplam fenolik madde
miktarinin 42.1 ile 54.4 mg/100 g arasinda degistigini
bildirmislerdir. Fenolik bilesik Uretimi Uzerine derim
zamani, giin uzunlugu, glines 15181, dogrudan 1si8a maruz
kalma ve ekolojik farkhliklarin etkili oldugu Pozo-Insfran
ve ark. (2006) tarafindan bildirilmistir.
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Cizelge 3. “Kokopit” ortaminda yetistirilen ‘Sabrina’ ¢ilek cesidi meyvelerinin derim donemlerinde toplam antioksidan
kapasitesi (mmol TE/L), toplam antosiyanin miktari (mg siyanidin-3-glikozit/100 ml), toplam fenolik madde
miktari (mg GAE/100 ml), toplam flavanoid miktari (mg KE/100 ml) ve C vitamini (L-Askorbik asit) miktarinda

(mg/100 ml) saptanan degisimler

Table 3. Changes in total antioxidant capacity (mmol TE/L), total anthocyanin content (mg siyanidin-3-glikozit/100 ml),
total phenolic solid content (mg GAE/100 ml), total flavonoid content (mg KE/100 ml) and Vitamin C (L-Ascorbic
acid) content (mg/100 ml) parameters of 'Sabrina' strawberry cultivars grown in "Cocopeat" during harvesting

periods
Toplam .
Toplam antioksidan antosiyanin ::(;Zr: r:ﬂfc)ahrl? Toplam flavanoid C vitamini miktari
Derim dénemi kapasitesi miktari (mg miktari (mg KE/100
(mmol TE/L) siyanidin-3- (mg GAE/100 ml) (mg/100 ml)
glikozit/100 ml) ml)

1. dénem 10.75a 9.43 b 37.70b 4.67c 57.21a
2.dénem 9.67b 9.48 b 60.47 a 8.43b 54.86 a

3. dénem 10.84 a 12.49 a 61.03 a 10.64 a 49.93 b
Ortalama 10.42 10.47 53.07 7.91 54.00
Dyss dénem 0.38 0.53 1.61 0.22 2.58

Antosiyaninler de dahil olmak tzere fenolik bilesiklerin,
glcli antioksidan aktivite sergiledikleri ve birgok
¢alismada toplam antioksidan kapasiteye dnemli 6lglide
katkida bulunduklari bildirilmistir (Giindiiz ve Ozdemir,
2014).

Toplam flavanoid miktari

“Kokopit” ortaminda yetistirilen ‘Sabrina’ cilek cesidi
meyvelerinin ortalama toplam flavanoid miktari 7.91 mg
KE/100 ml oldugu saptanmistir. Toplam flavanoid
miktarinin  derim  dénemlerine  gore  degisimi
incelendiginde, en yiksek toplam flavanoid miktari olan
meyvelerin 3. donemde (ortalama 10.64 mg KE/100 ml)
ve en dustk 1. donemde (4.67 mg KE/100 ml) oldugu
saptanmistir (Cizelge 3).

C vitamini (L-Askorbik asit) miktari

“Kokopit” ortaminda yetistirilen ‘Sabrina’ cilek cesidi
meyvelerinin ortalama C vitamini (L-Askorbik asit)
miktari 54.00 mg/100 ml olmustur. C vitamini miktarinin
derim donemlerine gore degisimi incelendiginde, en
yuksek C vitamini miktari olan meyvelerin 1. (ortalama
57.21 mg/100 ml) ve 2. (54.86 mg/100 ml) ve en disik
3. dénemde (49.93 mg/100 ml) oldugu belirlenmistir
(Cizelge 3). Balci ve Demirsoy (2008) tarafindan yapilan
bir calismada, geleneksel yetistirilen ‘Camarosa’ ¢ilek
cesidi meyvelerinin C vitamini miktarinin 26-28 mg/100
ml oldugunu bildirilmistir. Yapilan bir ¢calismada, Hatay
Amik ovasi kosullarinda yiiksek tiinel ve agikta ‘Dorit’,
‘Camarosa’, ‘Selva’, ‘Chandler’ ve ‘Sweet Charlie’
cesitleriyle ylritilen bir calismada, cesitlerin C vitamini
icerikleri cesitler, yetistirme yerleri ve aylara gore 41.40—-
67.80 mg/100 ml arasinda degisim gosterdigi
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saptanmistir (Gindliz, 2003). Adak ve Pekmezci (2012)
yaptiklari bir calismada fide ve tlplu olarak yetistirilen
‘Camarosa’ cilek cesidi meyvelerinin C vitamini miktarlar
59.70-61.87 mg/100 ml arasinda olmustur. Gorglic ve
ark. (2019) tarafindan yapilan bir calismada, ‘Florida
Fortuna’, ‘Rubygem’ ve ‘Sabrina’ c¢ilek ¢esitlerinde
antioksidan kapasitesi, toplam fenolik madde, toplam
flavonoid ve C vitamini degerlerinin en yiksek oldugu
cesidin ‘Rubygem’ gilek ¢esidi oldugu belirlenmistir. Ayni
¢alismada, ‘Rubygem’ gilek g¢esidinin C vitamini miktari
54.61 mg/100 g olurken, ‘Sabrina’ cilek cesidinin ise
Sabrina 50.46 mg/100 g olmustur.

Sonuc olarak, topraksiz kiltirde “Kokopit” ortaminda
yetistirilen ‘Sabrina’ cilek cesidi meyvelerinin her (g
derim doneminde de SCKM degerleri, tliketici istekleri
icin sinir degerin (%7.00) Uzerinde oldugu saptanmistir.
Bununla birlikte, 3. derim doéneminde meyve dis
goriiniisi (5.00) ve tadim testleri (9.00) tam puan
almasina karsin, meyve et sertliginin (7.65 N) disik
olmasi Ozellikle uzak pazarlara triintin gonderilmesinde
dikkat edilmesi gerektigi dislinlilmektedir. Ayrica 1.
derim déneminin meyve et sertligi (7.06 N) de disuktdr.
“Kokopit” ortaminda yetistirilen ‘Sabrina’ gilek ¢esidinde
2. ve 3. derim donemlerinde bazi bitki besleme
ogelerinin  degistiriimesiyle, kalsiyum agirlikh  bir
beslemeyle tiiketici kabul edilebilirligi saglanabilir.

OzZET

Amag: Bu calismanin amaci, Antakya’da (Hatay)
topraksiz kiltlirde yetistirilen ‘Sabrina’ gilek ¢esidinin kis
sezonu sliresince meyve kalitesindeki degisimlerin
belirlenmesidir.
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Yéontem ve Bulgular: Calismada materyal olarak,
‘Sabrina’ gilek ¢esidi kullaniimistir. Kis sezonu siiresince
meyve agirhgl, meyve enive boyu, goriinis (1-5), meyve
rengi L* ve h° degerleri, meyve eti sertligi, meyve suyu
pH degeri, suda ¢oziinebilir toplam kuru madde miktari
(SCKM), titre edilebilir asit miktari (TEA), SCKM/TEA
orani, tat (1-9), toplam antioksidan kapasitesi, toplam
antosiyanin, toplam fenolik madde, toplam flavanoid ve
C vitamini (L-Askorbik asit) miktarlari incelenmistir.
Genel Yorum: Yetistiricilik sirasinda meyve et sertliginin
ozellikle uzak pazarlara Grinin goénderilmesinde c¢ok
onemli oldugu ve sicakliklarin artmasiyla meyve eti
sertliginde ©6nemli azalmalar olabilecegine dikkat
edilmelidir. Topraksiz kiltlirde Hindistan cevizi kabuklari
ve liflerinden olusan “Kokopit” ortaminda yetistirilen
‘Sabrina’ ¢ilek g¢esidinde 2. ve 3. derim dénemlerinde
bitki besleme programinin degistirilmesi ve kalsiyum
agirlikh  bir besleme programi ile tiketici kabul
edilebilirligi saglanabilir.

Calismanin Gnemi ve Etkisi: ‘Sabrina’ cilek cesidinin kis
sezonunda meyve kalitesindeki degisimlerin
belirlenmesine yonelik olarak yirdtilen bu ¢alismadan
elde edilen sonuglarin ilgili sektore, yoreye ve literatiire
katki  sunabilecek  potansiyele  sahip  oldugu
distnilmektedir.

Anahtar Kelimeler: Topraksiz kiltir, cilek, ‘Sabrina’,
kokopit, kalite.

TESEKKUR

Meyvelerin alindigi cilek yetistiriciligi yapilan seranin
danismani  Zir.Yik. Mih.  Sikran  OZDEMIR’e
katkilarindan dolayi tesekkir ederiz.

CIKAR CATISMA BEYANI

Aralarinda herhangi bir ¢ikar catismasi olmadigini

makale yazarlari beyan ederler.

ARASTIRMACILARIN KATKI ORANI BEYANI
Makaleye esit oranda katki saglamis olduklarini yazarlar
beyan ederler.
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Aims: The aim of this research was to determine the responses of some
barley genotypes to salinity stress at the germination period.

Methods and Results: Barley seeds provided from the Osman Tosun Gene
Bank at Ankara University. Eight six-row barley genotypes (33, 64, 159,
184, 200, 202, 220 and 231) and two six-row barley cultivars (cv Avci-2002
and cv Cetin-2000) were used in this study. Salinity stress was applied to

Keywords: the seeds in four different doses of NaCl (distilled water (0), 75 mM, 150
Barley, salinity stress, germination, mM and 225 mM). The experiments were carried out at 25+1°C and dark
principal component analysis, gene bank conditions with triplicate according to completely randomized plot design.
material. In order to determine the salinity tolerance of genotypes in the study;

germination speed (%), germination power (%), root length (cm), shoot
length (cm), shoot fresh weight (g), shoot dry weight (g), root fresh weight
(g) and root dry weight (g) parameters were measured.

Conclusions: As results of these measures, all parameters were found to
be statistically significant (p<0.01) except for germination power and shoot
dry weight. Genotype x NaCl dose interaction was found significantly
different at p<0.01 level for germination speed and root fresh weight.
Significance and Impact of the Study: Genotype 200 and 220 showed
better performance under salinity stress than other genotypes. Also, it can
be used as a parental genitor in future breeding studies.
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INTRODUCTION and Tester, 2008). In plants that exceed their salt
carrying capacity in their cytoplasm, leaf injuries then
deaths occur (Munns et al., 2006). Thus, the crop yield

decreases, and the nutritional and calorie values of the

Salinity and drought are the most common and
influential abiotic stress factors that cause significantly

plant production losses in the world. More than 800
million hectares of arable land are affected by salinity
worldwide (FAO, 2008). This area constitutes more than
6% of the total arable land area in the world. Most of
these areas are due to natural causes as a result of the
long accumulation of salt in arid and semi-arid regions
(Rengasamy, 2002). Salt stress poses a great threat to
agricultural production in the future. Salt stress in plants
causes basically two types of damage by inhibiting the
water intake of the roots and causing ion toxicity (Munns

products reduce (Yokoi et al., 2002). During their
evolution, plants have developed several defense
mechanisms to combat excess salt. Osmotic
adjustments, halting of shoot growth, reducing
photosynthesis, closure of stomata, sodium transport
from leaves to roots are some of these mechanisms (Wu
et al., 2013).

Barley is the fourth most produced grain in the world.
Hence, barley has many uses, including livestock feed
and forage, human food, and malt beverages (Horsley et
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al.,, 2009). It is more tolerant to the salinity than the
other cereal crops (Colmer et al., 2006). However, barley
is still exposed to significant yield losses due to
cultivating marginal lands such as saline areas (Munns
and Tester, 2008; Mahmood, 2011). Therefore,
examining salt tolerance mechanisms and characterizing
high tolerance barley gene resources are crucial for
future barley breeding programs (Mian et al., 2011). On
the other hand, using elite lines in barley breeding
programs resulted in narrowed and uniformed barley
germplasm pools that are inadequate to develop new
varieties with high tolerance to salt stress. Modern
varieties, old varieties, landraces, and closely related
species were defined as primary germplasm pools
(Harlan and deWet, 1971; von Bothmer et al., 2003) to
expand the germplasm resource. In particular, plant
breeders show special attention on landraces because of
their adaptation ability to particular areas. Barley
landraces evaluated at the vegetative growth stage
(Chikha et al., 2016), at the germination, early seedling,
and maturation stage (Abdel-Ghani et al., 2020), and at
the reproductive stage (Allel et al., 2019) were identified
as a primary gene resource to enhance the salt tolerance
in barley.

Multivariate analysis is the most commonly used
method toillustrate the variation in collected germplasm
or genotypes. Principal component analysis (PCA) and

Table 1. Locations of genotypes

cluster analysis (CA) are preferred tools for screening
morphological traits of genotypes and grouping them in
accordance with their similaries and differences
(Mohammadi and Prasanna, 2003; Peeters and
Martinelli, 1989). PCA is a multivariate statistical method
that provides important information by transforming the
obtained data into its basic components and making it a
new data series. PCA can be successfully used to analyze
big data from experiments to evaluate genotypes
(Chikha et al., 2016; Allel et al., 2016; Raza et al., 2017;
Sivakumar et al., 2020). The present study was
undertaken with the objective to assess and determine
the salinity tolerant barley genotypes based on
germination traits via multivariate analysis.

MATERIALS and METHODS

Eight six-row barley genotypes preserved in Osman
Tosun Gene Bank at Ankara University (register number
33, 64, 159, 184, 200, 202, 220, 231) and two salt-
tolerant six-row barley cultivar (cv Cetin-2000 and cv
Avci-2002) (Anonymous, 2021) were used as plant
materials (Table 1). In order to obtain salt-tolerant barley
genotypes, morphological traits were measured at the
germination stage. Salt concentrations were applied to
seeds at 75 mM, 150 mM, and 225 mM doses, with 0 mM
for the control group.

Gene Bank No. Accession No. Spike Type Origin
33 63A0912 Short, thick USA
64 67A06 Long, thick USA
159 Cle251 Short, thick Finlandia
184 Cl0995 Short, thick USA
200 Cl0997 Short, thick USA
202 Ci1010 Long, sparse USA
220 Cl11025 Long, sparse USA
231 CI8159 Long, sparse Argentina
Avci-2002 Registered Cultivar Long, large Turkey
Cetin-2000 Registered Cultivar Long, large Turkey

Seeds were first sterilized with 2% sodium hypochlorite
for 30 min before the germination stage. The
germination test was carried out as described by Kaya et
al. (2006). Briefly, 25 seeds per genotype were placed
between double-layered filter paper with dimensions 25
cm X 25 cm. After applying 10 mL of respective test
solutions to each double-layered filter paper with seeds,
filter papers were rolled and put into sealed plastic bags
to avoid moisture loss. To prevent salt accumulation, the
papers were replaced every two days. The seeds were
kept at 25 ° C for 7 days in darkness and treated with the
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same solutions whenever necessary. The germinated
seeds on the 3rd day were counted to calculate
germination speed. The germination tests were
terminated on the 7th day as described by International
Seed Testing Association (ISTA) (ISTA, 2017). The seeds
were considered germinated with the emergence of the
radicle (2 2 mm). The germination experiments were
repeated three times with 25 seeds per treatment.
Germination power, shoot length, root length, shoot
fresh weight, and root fresh weight were measured. In
order to determine shoot dry weight and root dry


http://dergipark.org.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2022, 27(1): 99-108

Arastirma Makalesi / Research Article

weight, the fresh weights of the plant materials were
kept at 60 ° C for 72 hours, then weighted.

The data obtained in the study were subjected to
analysis of variance (ANONA) for the completely
randomized design with triplicate using JMP v 13.0 (SAS,
2017) statistics package program to evaluate significant
differences among treatments. Duncan’s multiple range
test was applied to compare the means if there were any
significant  differences. Percentage data were
transformed to arcsine before the analysis of variance.
Morphological traits were analyzed as multivariate by
using procedures of principal component analysis (PCA)
and cluster analysis (CA) with the assist of computer
software JMP v 13.0 (SAS, 2017). The other multivariate
analysis the most widely used clustering technique,
hierarchical clustering was used to determine similarity
and dissimilarity in the genotypes. CA was designed on
the average distance k-means. Then genotypes in each
cluster were analyzed for informative statistics.

RESULTS and DISCUSSION

The distribution of germination speed, germination
power, shoot length, root length, shoot fresh weight,
root fresh weight, shoot dry weight, root dry weight at
four different salinity levels showed wide fluctuations.
The results from the analysis of variance (ANOVA) are
given in Table 2. The difference among genotypes was
significant in germination speed, root length, shoot
length, shoot fresh weight, and root fresh weight at
p<0.01 level (Table 2). Additionally, root dry weight was
significantly different at p<0.05 level. The difference
among genotypes on germination power and shoot dry
weight were insignificant. The difference between salt
levels at different concentrations was statistically
significant (p<0.01 and p<0.05) in all parameters except
for germination power. It was determined that genotype
x NaCl interaction was significant for germination speed
and root fresh weight at p<0.01 level, but genotype x
NaCl interaction was insignificant in other parameters
examined (Table 2).

Table 2. Analysis of variance and mean square of different salt stress levels in barley genotypes

Mean Square

V.R. dF Germination Germination Root Shoot Shoot Fresh Shoot Dry Root Fresh Root Dry
Speed Power Length Length  Weight Weight Weight Weight

G 9  33354" 35.30 ns 8.836"™ 5.418"™  0.001645™ 0.0002 ns 0.002361** 0.00007"

S 3 3106.46" 24.31ns 306.842™" 357.021™ 0.020328" 0.00033" 0.010749** 0.00011"

GxS 27 216.03" 31.06 ns 1.141ns 2.627ns 0.000578 ns 0.0001 ns 0.000608** 0.00002 ns

Error 80 465.49 31.50 26.432  30.532  0.00235 0.0001  0.00179 0.00004

Total 119 107.76 29.90 2.173 1.623 0.00039 0.0001  0.00029 0.00003

Genotype: G, Salinity level: S, **, *: Significantly different from zero at p<0.01 and p<0.05, ns: non significant.

Germination speed and germination power (%)
Average germination speed of genotype 33 and 64
(92.71%) were the highest under salt stress levels, while
genotype 159 was the lowest. Genotype 184 (100%) had
maximum germination percentage, while genotype 200
(94.79%) had minimum germination percentage under
salt stress levels (Table 3). Germination speed (96.67-
73.16%) and germination percentage (98.33-96.25%)
were decreased under increasing salt levels (Table 4).
The germination speed of barley genotypes varied from
87.5% to 100% at 0 mM, 87.5% to 100% at 75 mM, 66.6%
to 95.8% at 150 mM, 50% to 91.7% at 225 mM, in the
same order. Germination power ranged from 87.5% to
100% at 0 mM, 91.7% to 100% at 75 mM, 91.7% to 100%
at 150 mM, and 91.7% to 100% at 225 mM (data not
shown).
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It was observed that salinity has a delayed germination
effect on barley genotypes, but it does not significantly
affect germination rate. It can be speculated that these
parameters were insufficient in determining the
tolerance level of genotypes by protecting the
germination of genotypes at high salt levels. Genotype
159 and 184 showed 100% germination under all stress
doses. In previous studies, germination power decreased
with increasing salt level (Zhang et al., 2010, Kirmizi and
Bell, 2012; Kanbar and El-Drussi, 2014). However, some
genotypes in these studies seem to maintained
germination under increased salt levels. Thus, it can be
interpreted that the genetic structure controls
germination under salinity stress.
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Table 3. Mean values of germination traits in accordance with genotypes

LNo. GS (%) GP(%) RL(cm) SL(cm) SFW (g) SDW(g) RFW (g) RDW (g)
33 92.71a 96.88 10.65a 8.61ab 0.0854 bc 0.0076 0.0558 d-f 0.0056 c
64 92.71a 98.96 9.69 a-c 7.70 b-d 0.1015a 0.0093 0.0582 d-f 0.0064 c
159 75.00 c 98.96 10.19 a-c 8.69 ab 0.0797 c 0.0095 0.0723 bc 0.0110ab
184 87.50 ab 100.0 10.38 ab 8.20 b-d 0.1065 a 0.0124 0.0893 a 0.0115a
200 87.50 ab 94.79 10.17 a-c 8.72 ab 0.0918 a-c 0.0090 0.0694 b-d 0.0064 c
202 88.54 ab 95.83 9.36 bc 7.49 cd 0.1032 a 0.0082 0.0831 ab 0.0072 bc
220 89.58 ab 97.92 9.99 a-c 9.49a 0.1067 a 0.0086 0.0672 c-e 0.0057 ¢
231 85.42 ab 96.88 7.64d 7.22d 0.1008 ab 0.0196 0.0535 ef 0.0056 ¢
2000 83.96b 95.83 9.98 a-c 8.29 bc 0.0790 ¢ 0.0072 0.0486 f 0.0046 ¢
2002 91.67ab 98.96 9.18 ¢ 8.07 b-d 0.0790 ¢ 0.0075 0.0493 f 0.0052 ¢

GS: Germination speed; GP: Germination percentage; RL: Root length; SL: Shoot Length; SFW: Shoot fresh weight;
SDW: Shoot dry weight; RFW: Root fresh weight; RDW: Root dry weight.

Table 4. Mean values of germination traits in accordance under different salinity levels

L No. GS (%) GP(%) RL (cm) SL(cm) SFW (g) SDW(g) RFW (g) RDW (g)
0 96.67 a 97.50 13.74 a 12.43 a 0.0996 a 0.0080 a 0.0800a  0.0095 a
75 92.08 ab 98.33 10.47 b 9.58 b 0.1204 a 0.0146 a 0.0801a 0.0070 ab
150 87.91b 97.91 8.50¢c 6.30 c 0.0955 b 0.0097ab  0.0573b  0.062 ab
225 73.16 ¢ 96.25 6.19d 4.69d 0.0579 ¢ 0.0072 b 0.0413¢  0.0050 b

GS: Germination speed; GP: Germination percentage; RL: Root length; SL: Shoot Length; SFW: Shoot fresh weight;
SDW: Shoot dry weight; RFW: Root fresh weight; RDW: Root dry weight.

Root length (cm) and shoot length (cm)

Root and shoot length of the barley genotypes were
found to significantly decrease with increasing NaCl
concentrations from 13.74 cm at 0 mM NaCl to 6.19 cm
at 225 mM NaCl for root length and from 12.43 cm at 0
mM NaCl to 4.69 cm at 225 mM NaCl for shoot length
(Table 4). Genotype 33 had the longest root length
(10.65cm), while genotype 231 had the shortest root
length (7.64cm) under salt stress levels. Genotype 220
and 231 were the highest (9.49cm) and lowest (7.22cm)
shoot length under salt stress levels, respectively (Table
3). Root length ranged from 11.4 cm to 14.7 cm at 0 mM,
8.4cmto11.9cmat75mM, 6.4cmto 9.9 cmat 150 mM,
and 5.4 cm to 7.7 cm at 225 mM. The shoot length
ranged from 9.8 cm to 14.8 cm at 0 mM, 7.7 cm to 11.6
cm at 75 mM, 4.5 cm to 7.4 cm at 150 mM, and 3.9 cm
to 6.5 cm at 225 mM (data not shown).

Significant reductions in the root-forming capacities of
barley genotypes have occurred. The mean root length,
which was 13.7 cm in the control group, was reduced by
approximately 51.1% at a dose of 225 mM, and then it
was measured as 6.2 cm. Genotype 33, 64, 159, 184, and
200 formed more roots by performing superior
performance than those in the control group at doses of
75 mM, 150 mM, and 225 mM NaCl. It was emphasized
that the root development of plants decreased
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significantly with the increasing salt concentration
(Zhang et al., 2010, Kirmizi and Bell, 2012; Benlioglu and
Ozkan, 2015).

Significant decreases occurred in the shoot length of
barley genotypes as a result of the increasing salt level.
While the average shoot length of the genotypes in the
control group (0 mM) was 12.43 cm, the average shoot
length at the highest salt dose (225 mM) was calculated
as 4.69 cm. Salt concentration at 250 mM caused a
62.3% reduction in shoot length compared to the control
treatment. It has been determined that the shoot length
is the one of the most affected parameters by salt stress
(Benlioglu and Ozkan, 2015; Benlioglu and Ozkan, 2021).
It was determined that the mean shoot length formed by
the genotypes 159 (7.48 cm) and 220 (8.00 cm) under
stress doses were higher than the shoot length mean of
cv Cetin-2000 (7.35 cm) and cv Avci-2002 (6.66 cm)
cultivars. In studies conducted to determine the
tolerance of salt in the germination stage, the shoot
length is significantly affected by salt concentration (El
Madidi et al., 2004; Patterson et al., 2009; Kirmizi and
Bell, 2012; Benlioglu and Ozkan, 2015; Benlioglu and
Ozkan, 2021) with identical results of this study. In
accordance with the results in this study, root and shoot
length are very important and selective criteria for
determining the salt tolerant of genotypes.
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Shoot fresh (g) and dry weight (g)

Genotype 220 had the heaviest shoot fresh weight
(0.1067g), while cv Avci 2002 and cv Cetin 2000 had the
lightest shoot fresh weight (0.0790g) under salt stress
levels. Genotype 231 were the heviest shoot dry weight
(0.0196g) and lightest (0.0072g) under salt stress levels
(Table 3). 75 mM salt level was the heaviest shoot fresh
weight (0.1204g), while 225 mM was the lightest shoot
fresh weight (0.0579g). Similar to shoot fresh weight, 75
mM salt level was the heaviest shoot dry weight
(0.0146g) (Table 4). The shoot fresh weight ranged from
0.126 gt0 0.076 gat 0 mM, from 0.149 g to 0.098 g at 75
mM, from 0.071 gto 0.122 g at 150 mM, from 0.488 g to
0.073 g at 225 mM. Shoot dry weight ranged from 0.005
gt00.012 gat 0 mM, from 0.008 g to 0.049 g at 75 mM,
from 0.007 gto 0.015 g at 150 mM, from 0.006 g to 0.008
g at 225 mM (data not shown).

Shoot fresh weights of barley genotypes increased by
approximately 20% in 75 mM NacCl stress compared to
the control dose (0 mM). However, with the increase of
salt level, significant decreases occurred in each unit. It
can be demonstrated that the reason of that the Na+ and
Cl-ions that do not have a toxic effect have a stimulating
effect on germination and seedling development.
Indeed, low concentrations of NaCl might positively
affect germination. Chickha et. al. (2016), Hellal et al.
(2018), Dogru and Kacar (2019), Benlioglu and Ozkan
(2020), Ebrahim et al. (2020), Narimani et al. (2020),
Benlioglu and Ozkan (2021) agreed with this knowledge.
At the highest stress level; the genotype 33, 159, 184,
202, 220 and 231, gained more shoot fresh weight than
the cultivars used as controls. It is determined that an
increase occurs in shoot fresh weight in 75 mM salt level
compared to the control group. However, shoot dry
weights decreased at 150 mM and 225 mM NacCl dose.
Genotype 64, 159, 184, 200, 202, 220 and 231 produced
heavier shoot dry weight than cv Cetin 2000 and cv Avcl
2002 at the highest salinity level (225 mM).

Root fresh (g) and dry weight (g)

Genotype 202 had the heaviest root fresh weight
(0.0831g), while cv Avci 2002 had the lightest root fresh
weight (0.0486g) under salt stress levels. Genotype 184
and cv Avci 2002 were the heaviest (0.0115g) and
lightest root dry weight (0.0046g) under salt stress
levels, in the same order (Table 3). The heaviest root
fresh weight was measured at 75 mM salt level
(0.0801g), while the lightest was at 225 mM salt level
(0.0413g). Root dry weight was decreased under
increasing salt levels (0.0095-0.0050g) (Table 4). Root
fresh weight ranged from 0.123 g to 0.049 g at 0 mM,
from 0.129 g to 0.059 g at 75 mM, from 0.089 g to 0.040

103

g at 150 mM, from 0.068 g to 0.025 g at 225 mM. Root
dry weight ranged from 0.006 g to 0.024 g at 0 mM, from
0.005 g to 0.011 g at 75 mM, from 0.004 g to 0.009 g at
150 mM, from 0.004 g to 0.009 g at 225 mM (data not
shown).

It is observed that root fresh weights of the barley
genotypes were not significantly affected by the salt
dose at 75 mM compared to those in the control group.
However, a sharp decreases occurred in root fresh
weight at increasing stress levels. Genotype 159, 184,
200, and 202 had more root fresh weights than cultivars
at all stress levels. Root fresh weights of the genotypes
did not change between the control group (0 mM) and
75 mM NaCl dose, but root dry weights decreased. The
reason of this situation may be explained that relatively
low NaCl dose creates ion toxicity in the roots of barley
genotypes before osmotic stress. When the average root
dry weights of genotypes under all stress doses were
examined, it was determined that genotypes 159 and
184 got the highest values. When the root dry weights
are examined, with the onset of salt stress, the amount
of dry weight formed in the roots of the genotypes has
decreased. Genotype 64, 159, 184, 200, 202, 220 and
231 had more root dry weight than cv Cetin 2000 and cv
Avci 2002 at all stress levels. Several previous studies
noted that increasing salt concentration adversely
affects the root fresh and dry weight (Chickha et al.,
2016; Hellal et al.,, 2018; Dogru and Kacar, 2019;
Benlioglu and Ozkan, 2020; Ebrahim et al., 2020;
Narimani et al., 2020; Benlioglu and Ozkan, 2021).

Multivariate analysis of genotypes

Multivariate analysis has many benefits, such as
improved efficiency for genotypic distinction as various
characteristics are exposed to analysis together (Aslam
et al. 2017). The distinction of genotypes is also made
simultaneously under different salt stress to evaluate
salt tolerance that generally provides tolerance to more
comprehensive salt stress levels (Zeng et al., 2002). The
principal component analysis is a multivariate data
analysis method that can be applied to identify the
similarities and differences among several factors for salt
tolerance (Rana et al. 2015).

Principal component analysis (PCA) revealed a high level
of variation among the genotypes. The variation studied
with PCA showed that the first two principal components
contributed 54.23% of the total variance among the nine
germination traits under non-stress conditions. The first
two principal components contributed 57.00%, 60.58%
and 64.91% of the total variance among the nine
germination traits for 75 mM, 150 mM and 225 mM
salinity stress levels respectively (Table 5). The first two
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principal components were plotted graphically to show for the nine germination parameters in the study. It can
the similarities among genotypes at different salinity be concluded that wide genetic variability exists among
levels (Figure 2). The graphs were designed by the genotypes based on the distribution model of the
computing each trait individually to separate stress level. under the different salinity stress levels of genotypes on

Besides, the graphs showed the variability of genotypes the PCA graphs (Figure 2).

Table 5. Principal component analysis of morphological variation of barley genotypes. Eigenvectors and eigenvalues of
the principal components, total variance (%) and cumulatives (%) of germination traits

Stress i PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8
Principal Components

Level
Eigenvalue 233 201 146 08 081 036  0.13 0.05
Control Variance (%) 29.10 25.13 1822 10.77 10.08 4.50 1.61 0.59
Cumulative (%)  29.10 5423 7246 8323 93.30 97.80 99.41  100.00
25 M Eigenvalue 235 221 129 103 085 021 005 0.00
Variance (%) 29.41 2759 1617 12.88 10.65 268  0.61 0.02
Cumulative (%)  29.41 57.00 73.17 86.05 96.69 99.37 99.98  100.00
150 mM Eigenvalue 299 185 148 089 064  0.10  0.03 0.01
Variance (%) 3742 2317 1849 1117  8.03 125 035 0.12
Cumulative (%)  37.42 6058 79.07 90.25 9828 9953 99.88  100.00
Eigenvalue 370 149 104 079 070 019 006 0.02
225 mM Variance (%) 4624 1867 13.06 992 880 241 071 0.19

Cumulative (%) 46.24 64.91 77.97 87.89 96.69 99.10 99.81 100.00
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A: control group of all genotypes (0 mM); B: 75 mM; C:150 mM; D:225 mM
Figure 1. Distribution of root and shoot length in different salt levels
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A: control group of all genotypes (0 mM); B: 75 mM; C:150 mM; D:225 mM
Figure 2. Classification of barley genotypes along the first and second principal components based on
characterization of germination traits under different salinity levels

Chikha et al. (2016) applied NaCl at 0 mM, 200 mM and
250 mM levels to barley genotypes during vegetative
development periods. The responses of genotypes to
salt stress were evaluated by PCA. The effect of the first

105

two principal components on the total variation,
respectively; they stated that it was 43.92%, 64.99% and
59.46% and that the genotypes with high tolerance were
located close to the tolerance indicators in the PCA
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graphs. Aslan et al (2016) determined the salt stress
tolerance of bread wheat and einkorn genotypes during
the germination period. In the PC analysis, they reported
that the first PC1 had an effect on the total variation at
the rate of 71.946% and the PC2 at the rate of 11.098%.
Aslam et al. (2017) investigated the tolerances of 15
lentil genotypes to different salt stresses in the early
period using the PCA technique. They determined that
the total variation in NaCl stress of the first two principal
components; 0 mM, 50 mM, 100 mM and 150 mM
accounted for 61.57%, 63.05%, 66.44% and 58.39%,

respectively. Gungor et al. (2021) screened the salt stress
tolerance of oat genotypes during germination by PCA
method. It was stated that the first two principal
components accounted for 50.3% of the total variation
in the traits studied in stress-treated oat genotypes. The
results we obtained from this study were in parallel with
these studies. The phylogenetic tree of barley genotypes
for germination traits was presented in Figure 3. The
closest genotypes were 33 and 202, while the furthest
genotypes are 33 and 159, according to the cluster

grouping.
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Figure 3. Phylogenetic tree for barley genotypes for germination traits under 225 mM NacCl salinity level

In conclusion, genotype 200 and 220 showed prominent
characters in all examined parameters than in registered
cultivars. Genotype 33 and 159 obtained higher values in
all  parameters except germination speed and
germination power than those of in registered cultivars.
According to the parameters examined, genotype 202
and 231 had lower values than registered cultivars.
Confirming to these results, the tolerances of barley
genotypes to salt stress was determined; Genotype 200
and 220 were high tolerant, genotype 33 and 159 were
moderate tolerant, and genotype 202 and 231 were salt
sensitive. It was concluded that the more comprehensive
studies conducted on the barley genotypes preserved in
the Osman Tosun Gene Bank could be revealed new
gene resources against salt tolerance in barley.

OzET

Amag: Bu arastirmanin amaci, bazi arpa genotiplerinin
cimlenme déneminde tuzluluk stresine karsi tepkilerini
belirlemektir.

Yéontemler ve Bulgular: Arpa tohumlari Ankara
Universitesi Osman Tosun Gen Bankasi'ndan temin
edilmistir. Bu ¢calismada sekiz adet alti sirali arpa genotipi
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(33, 64, 159, 184, 200, 202, 220 ve 231) ve iki adet alti
sirali arpa gesidi (Avci-2002 ve Cetin-2000) kullaniimistir.
Tohumlara dért farkli NaCl dozunda saf su (0), 75 mM,
150 mM ve 225 mM tuzluluk stresi uygulanmistir.
Deneme tesadlf parseller deneme desenine gore,
25+1°C'de ve karanlik kosullarda ug¢ tekrarlamali olarak
uygulanmistir. Calismada yer alan genotiplerin tuzluluk
toleransini belirlemek igin; ¢cimlenme hizi (%), ¢cimlenme
giicli (%), kok uzunlugu (cm), fide uzunlugu (cm), fide yas
agirhigi (g), fide kuru agirhigi (g), kok yas agirhgi (g) ve kok
kuru agirligi (g) parametreleri 6lmistir.

Genel Yorumlar: Bu 6lglimler sonucunda ¢imlenme giici
ve fide kuru agirhgr disindaki tim parametreler
istatistiksel olarak anlamh (p<0.01) bulunmustur.
Genotip x NaCl doz interaksiyonu, cimlenme hizi ve kok
yas agirhgi icin p<0.01 seviyesinde 6nemli bulunmustur.
Calismanin Onemi ve Etkisi: Genotip 200 ve 220, diger
genotiplere gore tuzluluk stresi altinda daha iyi
performans gostermistir. Ayrica gelecekteki islah
calismalarinda ebeveyn genitoru olarak kullanilabilecegi
distndlmektedir.

Anahtar Kelimeler: Arpa, tuzluluk stresi, ¢imlenme,
temel bilesenler analizi, gen bankasi materyali
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Aims: The aim of this study was to investigate lamb growth from birth to
weaning and the relationships between different body measurements
with fattening characteristics for Awassi sheep lambs.

Methods and Results: This study was carried out with Awassi sheep
lambs reared in Kilis province of Tirkiye. Lambs are weaned at 60 days of
age. Twenty head of male lambs, with similar weaning weights and
approximately 3 months of age (between 80-95 days) were selected in
order to determine the fattening performance of the lambs born in the
flock. The lambs were weighed at 14-day intervals in the fattening period,
which continued for 70 days. The lambs consumed the concentrate
containing 16% crude protein and 2600 kcal ME and alfalfa hay as ad lib.
Birth and weaning weights of the lambs were determined as 4.29+0.061
kg and 12.93+0.209 kg, respectively. The daily weight gain and feed
conversion ratio were calculated as 241.0+9.83 g and 5.4, which
continued for 70 days of fattening period.

Conclusions: Positive and significant phenotypic correlations were
determined between the live weights of the dams and the birth weights
of the lambs. In addition, a positive and high phenotypic correlation was
determined between body length and live weight at the end of the
fattening for the lambs.

Significance and Impact of the Study: At the end of the study, it was
determined that the birth season affects the development of the lambs,
there is a positive relationship between body length and final fattening
weight for the lambs. For this reason, spring births in Awassi sheep
production can be recommended to the breeders. In addition, it may be
recommended to consider body length for choosing fattening material.
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INTRODUCTION

Selection of breeding stocks according to objective
criteria, unfortunately, is not be done except for state
enterprises in sheep rearing in Tlrkiye. Likewise, people
who want to invest in sheep breeding have to visually,

that is, subjectively, evaluate the animals that can be
select in order to form a new flock. The knowledge of
people who are believed to be experienced in animal
husbandry comes to the fore in this evaluation.

In this regard, different information about the
subjective evaluation of dairy or beef animals has been
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shared among people for many years. There are even
different book chapters written about what to pay
attention to in this regard. In these chapters, there are
different details such as that the dairy animal had a
smaller and delicate head, its neck should be longer,
the features of the rib angles, and the side view of the
body being more triangular etc. (Ozcan, 1992; Biyikoglu,
20009).

One of the animals that should be evaluated in this
context and which is important in sheep breeding is
Awassi sheep. Awassi sheep is a breed known for its
high milk yield, reared in Sanliurfa, Gaziantep, Kilis,
Hatay and Adana provinces. Although the fertility of
this breed is not high, its fattening characteristics are at
acceptable levels when compared with other
indigenous sheep breeds. There are many studies on
the different yield characteristics of this breed, whose
homeland is the Mesopotamian region (Sahin et al.,
2003: Kaya et al., 2006; Keskin et al., 2007; Tekel et al.,
2007; Gil et al., 2010; Keskin et al.,, 2010; Gul et al.,
2019; Gl et al., 2020).

In Awassi sheep rearing, subjective criteria rather than
objective criteria are taken into consideration in
selection of breeding stocks. The aims of this article
were (a) determined the effects of some environmental
factors on the birth and weaning weight, (b)
determined the phenotypic correlations between lamb
development characteristics, different body
measurements and fattening performance
characteristics for Awassi sheep.

MATERIALS and METHODS

The animal material of the study consisted of lambs
born in a flock of Awassi sheep reared in Kilis province
of Tirkiye. The lambs were weaned at 60 days of age.
Twenty head of male and single born lambs, with
similar weaning weights and approximately 3 months of
age (between 80-95 days) were selected in order to
determine the fattening performance of the lambs born
in the flock. Birth and weaning weights of the lambs
were determined by weighing with a scale.

Body weight, withers height, rump height, body length,
anterior chest width, chest depth, chest circumference,
leg height measurements were determined in the
lambs after weaning. Body measurements were taken
with a measuring tape, measuring compass and tape.
The lambs were given an adaptation period of 7 days to
observe the metabolic consequences of the feed
ingredients. They were weighed for three days at the
same time without starving in order to determine the
beginning weight for fattening. The lambs were
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weighed at 14-days intervals in the fattening period,
which continued for 70 days. The weights at the
beginning and end of the fattening, feed conversion
rates and daily live weight gain were determined for the
lambs. Vitamins A, D and E (ADEMIN®), antiparasitic
injection and enterotoxaemia vaccine were applied to
the lambs at the beginning of the fattening. The lambs
consumed the concentrate containing 16% crude
protein and 2600 kcal ME and alfalfa hay as ad-libitum.
The ration contained 80% of the concentrate and 20%
of the hay. The feed was given by weighing daily, and
the remaining feed was taken by weighing from the
feeders the next day for the determination of feed
consumption during the fattening period. From this
difference, firstly the daily feed consumption of the 20
lambs was calculated as a group, and then individual
consumption was calculated by dividing this amount by
20.

The means, standard errors and correlations between
different traits were calculated by the obtained data
with the SPSS package program (Version 22.00, SPSS,
IBM, NY, USA).

RESULTS and DISCUSSION

Variation of birth weight and weaning weight in lambs
depending on different environmental factors were
given in Table 1.

As can be seen from Table 1, the mean birth weight for
single born lambs from the experimental ewes was
calculated to be higher than that for twin born lambs
(P<0.01). This difference decreased in the suckling
period and was statistically not significant at weaning
(P>0.05). This result is remarkable in that it shows that
the milk yield of the dams is sufficient for twin lambs.
On the other hand, lambs born in the spring period
were heavier both at birth (P<0.01) and at weaning
(P<0.05) than those born in the autumn period. This
may be due to the management of the animals in semi-
intensive conditions and the better pasture conditions
in the spring. As stated by Gorgili (2009), in addition to
other factors, birth weight is closely related to the
feeding during pregnancy and weaning weight is closely
related to the nutrition of both dams and lambs during
the suckling period. Contrary to what is generally
known the difference between male and female lambs
for birth weight and weaning weight were found to be
statistically not significant. But, there are studies
showing that birth weight in Awassi lambs is affected by
gender (Yakan et al.,, 2012; Juengel et al., 2018; Al-
Momani et al., 2020), as well as studies showing that it
is not (Sireli et al., 2015; Boran, 2018; Giil et al., 2020;
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Gul and Oflaz, 2021). In the studies conducted by
different researchers (Kul and Akcan, 2002; Boran,
2018) the birth weight of Awassi lambs was reported as
close to the results obtained in the current study. In the
study of Kul and Akcan (2002), they reported that the
weaning weight in the 105-day period was 15.39 kg.
The difference between weaning weights in our current
study and in the study by Kul and Akcan (2002) may be

due to the difference in suckling time. Kul et al. (2006)
reported in another study that the birth weight (4.06
kg) for Awassi lambs was similar to the present study,
while the weaning weight on the 105th day was
different (14.56 kg). It is seen that the birth weight
values determined in the current study are also similar
to the values reported by Tekel et al. (2007) and Sireli
and Tekel (2013).

Table 1. Variation of birth weight and weaning weight in lambs depending on different environmental factors

Birth weight Weaning weight
Birth season
Spring 4.731£0.113 15.46+0.388
(20) (20)
Autumn 4.22+0.067 11.48+0.215
(91) (89)
P<0.01 P<0.05
Birth type
Single 4.3610.064 13.2240.209
(89) (88)
Twin 3.91+0.163 11.60£0.611
(22) (21)
P<0.01 P>0.05
Gender
Male 4.341+0.074 13.05+0.297
(57) (56)
Female 4.24+0.099 12.80+0.296
(54) (53)
P> 0.05 P>0.05
Total 4.29+0.061 12.9340.209
(111) (109)

Table 2. Correlations between dams' live weights and birth and weaning weights of the lambs

Dams’ live weight Birth weight Weaning weight
Dams live weight 1 0.214* 0.162
Birth weight 1 0.413%**
Weaning weight 1

* P<0.05; **. P<0.01.

As can be seen in Table 2, significant correlations were
calculated between the live weights of the dams and
the birth weights of the lambs, and between the birth
weights and the weaning weights of lambs. The average
live weight of the dams was calculated as 45.19+0.99 kg
in the study. Koyuncu et al., (2018) reported that in
their study with Kivircik lambs, lambs of heavier
mothers were also heavier, but the difference was
statistically not significant and there was a significant
correlation between birth weight and weaning weight.
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Different body measurements were determined before
the fattening study performed after weaning in the
lambs used as fattening material in the experiment.
Means and standard errors calculated using these data
are given in Table 3. As can be seen from this Table, the
mean body length, withers height, rump height, chest
depth, chest circumference, anterior chest width and
leg height values were calculated as 49.10 cm, 52.83
cm, 53.56 cm, 21.53 cm, 60.10 cm, 13.88 cm and 36.80
cm, respectively for the lambs.
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Table 3. Different body measurements in experimental fattening lambs

n mean Standard error Minimum Maximum
Body length 20 49.10 0.628 44.00 56.00
Withers height 20 52.83 0.396 50.00 57.00
Rump height 20 53.56 0.420 50.00 57.50
Chest depth 20 21.53 0.219 20.00 23.50
Chest circumference 20 60.10 0.486 56.00 64.00
Anterior chest width 20 13.88 0.214 13.00 17.00
Leg height 20 36.80 0.304 34.00 40.00
Daily weight gain 20 241.00 9.831 154.29 307.14

The lambs were taken to fattening with an average of
22 kg live weight (Table 4). During the seventy-day
fattening period, the average daily live weight gain and
the feed conversion ratio were calculated as 241.0 g
and 5.4 in lambs consuming an average of 1304.2 g/day

the values of initial and finishing live weights, daily live
weight gains and daily feed consumption as 20.75 kg,
36.07 kg, 255 g and 1382 g, respectively for Awassi
lambs during the 60-day fattening period. These values
also show similarities with the fattening performance

feed. It is seen that the fattening performance values values reported for Awassi lambs by different
obtained in the present study are compatible with the researcher (Sireli and Tekel, 2013; Khadle and
values reported by Tekel et al., (2007). They reported Karabacak, 2018).
Table 4. Different fattening performance characteristics in lambs (meanzstandard error)
Live Weights (kg)
Initial 14th day 28th day 42nd day 56th day 70th day
22.0+£0.45 26.6+0.59 29.4+0.63 31.4+0.76 34.5+£0.79 38.9+0.81
Average Daily Feed Consumption (g)
1-14 days 15-28 days 29-42 days 43-56 days 57-70 days Overall
1020.9 1175.4 1317.1 1477.9 1529.3 1304.2
Daily Weight Gain (g)

1-14 days 15-28 days 29-42 days 43-56 days 57-70 days Overall
325.4+25.13 202.1+22.11 150.0+15.77 212.3+19.35 315.2+19.30 241.0+9.83
Feed Conversion Ratio
1-14 days 15-28 days 29-42 days 43-56 days 57-70 days Overall

3.1 5.8 8.8 7.0 7.9 5.4

Table 5. Phenotypic correlations between body measurements and daily live
weight at the end of fattening

weight gain in fattening and body

BL WH RH CD CC ACW LH DWG FW
BL 1 0.136 0.432 0.477* 0.740** 0.210 0.474* 0.346 0.639**
WH 1 0.510* 0.215 0.053 0.467* 0.629** 0.109 0.190
RH 1 0.549* 0.533* 0.451* 0.695** 0.023 0.380
CcD 1 0.444 0.214 0.497* -0075 0.218
CcC 1 0.057 0.434 0.083 0.522
ACW 1 0.585** 0.155 0.245
LH 1 -0.124 0.566

BL, body length; WH, withers height; RH, rump height; CD, chest depth; CC, chest circumference; ACW, anterior chest
width; LH, leg height; DWG, daily weight gain; FW, final weight.

The  correlation  coefficients  between body
measurements, daily live weight gain and final body
weight values at the fattening are given in Table 5. As
can be seen from this table, significant and positive
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phenotypic correlations have been identified between
different body measurements (P<0.05 and P<0.01).
However, phenotypic correlation (r = 0.639) between
body weight and body length at the end of fattening is
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important in terms of the advantage it will provide in
the selection of animals to be fattened (P<0.01). Eken
(2019) also stated that there are significant phenotypic
correlations between live weight and different body
measurements in lambs. Similarly, in a study conducted
by Taskin et al. (1999) with a crossbred genotype, it was
reported that there was a positive relationship between
live weight at the end of fattening and body length,
chest width and rump width.

In conclusion, positive and significant phenotypic
correlations were determined (a) between the live
weights of the dams and the birth weights of the lambs,
(b) between the birth and weaning weights of the
lambs, (c) between body length and live weight at the
end of fattening for the lambs. It was also stated that
the birth season affects the development of the lambs.
For these reason, spring births can be recommended to
the breeders in Awassi sheep production. In addition, it
may be recommended to consider body length when
choosing fattening material.

OzET

Amag: Amag, Ivesi koyunlarinda dogumdan siitten
kesime kadar kuzu biylimesini ve farkh viicut dlcileri ile
besi 6zellikleri arasindaki iliskileri arastirmakti.

Yéntem ve Bulgular: Bu calisma, Tirkiye'nin Kilis ilinde
yetistirilen Ivesi koyun kuzulari ile yiritilmistir.
Kuzular 60 ginlikken sttten kesilir. Siiriden dogan
kuzularin besi performansini belirlemek icin yaklasik 3
aylik (80-95 giin arasi) benzer sitten kesim agirliklarina
sahip 20 bas erkek kuzu secilmistir. Yetmis glin devam
eden besi doneminde kuzular 14 giin aralklarla
tartilmistir. Kuzular ad lib olarak %16 ham protein ve
2600 kcal ME igeren konsantreyi ve yonca kurusunu
tiketmistir. Kuzularin dogum agirhklar 4,29+0,061 kg
ve sltten kesim agirhiklan 12,93+0,209 kg olarak
belirlendi. Yetmis giinlik besi donemi boyunca giinliik
agirlik artisi ve yemden yararlanma orani 241.0+9.83 g
ve 5.4 olarak hesaplanmistir.

Genel Yorum: Calismanin sonuglari olarak; Analarin
canh agirliklari ile kuzularin dogum agirliklari arasinda
pozitif ve anlamli fenotipik korelasyonlar belirlendi.
Ayrica kuzularda besi sonunda viicut uzunlugu ile canl
agirhk arasinda pozitif ve yiksek bir fenotipik
korelasyon tespit edilmistir.

Calismanin Onemi ve Etkisi: Arastirma sonucunda,
dogum mevsiminin kuzularin gelisimini etkiledigi,
kuzularda viicut uzunlugu ile son besi agirligl arasinda
pozitif bir iliski oldugu belirlenmistir. Bu nedenle
yetistiricilere, Ivesi koyunu yetistiriciliginde bahar
dogumlari dnerilebilir. Ayrica besi materyali se¢ciminde
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vicut uzunlugunun da dikkate alinmasi 6nerilebilir.
Anahtar Kelimeler: Canli agirlik, dlgiler, besi.
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Azot ve bor giibrelemesinin kirmizi pancarin depolama siirecinde besin elementi
konsantrasyonlarina etkisi

Effect of nitrogen and boron fertilization on nutrient concentrations of red beet during storage
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DOI: 10.37908/mkutbd.1054932 mineral element concentrations of red beet under storage conditions were
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established in a randomized block design with three replications. After
harvest, samples were stored at 4°C temperature and 95 + 2% relative

Keywords: humidity for three months. Changes in mineral element concentrations of
Red beet, fertilization, storage period, stored samples were determined in monthly intervals. According to the
nitrogen, boron. results, storage period and fertilization interaction had a significant effect

on nitrogen, potassium, iron and copper concentrations. The calcium, zinc,
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concentrations. Storage period, fertilization or their interaction did not
have an effect on phosphorus and magnesium concentrations of red beet.
Conclusions: The impacts of the nitrogen and boron fertilizers together in
red beet cultivation showed differences in macro and micro element
contents with the extension of the storage period. Compared to the red
beets grown without fertilization (traditional methods), the effects of
fertilization on nutrient change of red beets during the storage period have
been clearly demonstrated. Therefore, it can be stated that the effect of
fertilization also plays an important role during storage period.
Significance and Impact of the Study: Red beet has become a popular
vegetable in recent years due to its bioactive substances. Pre-harvest
factors (cultivar, fertilization, climate, soil conditions, cultivation
techniques etc.) and post-harvest storage conditions are effective on
mineral element concentrations in vegetables. This research shows the
effectiveness of nitrogen and boron fertilization on macro and
micronutrient content in red beet during the storage period and gives
direction to future studies.
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artmaktadir. Kirmizi pancar besin icerigi bakimindan da
oldukc¢a zengindir (Akan ve ark., 2021). Karotenoidler
(Rodriguez-Amaya, 2019), fenolik bilesikler, B vitaminleri
(Ravichandran ve ark., 2020), lifler ve nitrat (Clifford ve
ark., 2015) ile birlikte ylUksek antioksidatif kapasiteye
sahip renk pigmentleri ‘betalayinler’ (Otédlora ve ark.,
2019) sayesinde  antidepresan,  antimikrobiyal,
antifungal, antiviral, antienflamatuar, antioksidan ve
antikanserojen gibi coklu farmakolojik etki géstermekte
olup farkh tibbi amaclarla kullaniimaktadir (Strack ve
ark., 2003; Farabegoli ve ark., 2017; Ceclu ve Nistor,
2020). Klinik arastirmalar ve etki mekanizmalar dikkate
alindiginda, kirmizi pancarin gigcli terapotik (tedavi
edici) potansiyele sahip tamamlayici veya alternatif
saglk ajani oldugu ortaya konulmus, boylelikle glinliik
beslenme programlarina dahil edilmesi gerektigi
anlasiimistir. Bu baglamda kirmizi pancar bilimsel agidan
dikkat ¢ekicidir (Hadipour ve ark., 2020).

Kirmizi pancarin besleyici degeri icerdigi biyoaktif
bilesiklerin yani sira insan metabolizmasinda 6nemli role
sahip olan mineral madde varhg ile de baglantilidir.
Makro ve mikro elementler, organ sistemlerinin gelisimi,
metabolizmasi, sentezi ve isleyisinde onemli islevleri
yerine getirir (Klimek-Szczykutowicz ve ark., 2020). insan
beslenmesi icin gerekli mineral madde icerigi dogru
glibreleme  programi ile Uretilen sebzelerden
saglanmaktadir (Petek ve ark., 2019). Nitekim Babagil ve
ark. (2018) tarafindan yapilan bir calismada, farkli
dozlarda uygulanan cesitli azot kaynaklarinin kirmizi
pancar koklerinin antioksidatif 6zelliklerine etkisi
arastirllmis ve calisma sonucunda dusik dozlarda
uygulanan azotun bitkinin antioksidan aktivitesini
artirdigi bildirilmistir. Arastirmalarda azot
glbrelemesinin kirmizi pancarda verim ve kaliteyi olumlu
olarak etkiledigi (Bundiniené ve ark., 2015) ve 6zellikle K
icerigini artirdigi bildirilmistir (Petek ve ark., 2019).
Bitkilerin optimum gelisme gosterebilmesi icin yeterli
oranda gubreleme vyapilmasi kritiktir. Asiri azotlu
glbreleme verim dislsu ile birlikte Grlinlerin depolama
Omrinln de kisalmasina yol agmaktadir (Dzida ve ark.,
2013).

Sebzelerin glibrelenmesinde azot disinda mikro element
icerikli glibrelerin kullanimi da son dénemde daha fazla
dikkat ¢ekmeye baslamistir (Yazici ve Korkmaz, 2020).
Bitkilerde kok gelisimi, karbonhidrat tasinimi, hicre
duvari yapisi ve indol asetik asit metabolizmasi gibi
pekcok metabolik olayda rol oynayan bor elementinin
noksanligi ya da fazlaligi durumunda tarimsal (retimin
onemli 6l¢lide azaldigi bilinmektedir (Marschner, 2011).
Bitkilerin bor ihtiyaclari birbirinden farkh olup, lahana,
karnabahar, turp ve kirmizi pancar gibi sebze tiirlerinin
bor gereksiniminin fazla oldugu ifade edilmistir (Zambi,
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2015). Bor gereksinimleri yiksek olan bitkilerin
yetistiricili§inde ekstra borlu glbrelemeye ihtiyac
duyulmaktadir (Saygideger Demir, 2005). Borlu

glbrelemenin sebzelerde diger mineral maddelerin
topraktan alimi ve biyoyararlanimlari lzerine olumlu
etkileri oldugu bildirilmistir (Bhupenchandra ve ark.,
2020). Kirmizi pancar yetistiricilig§inde bor noksanhgi ile
sik karsilasilmakta ve bu durum bitkilerde bodurluga,
deformasyona ve yavas biliyimeye neden olmaktadir
(Nottingham, 2004). Gupta ve Cutcliffe (1985) bor
noksanliginin ~ kirmizi pancarin  yesil aksaminda
kahverengi lekelere, koklerde ise pirizli, pullu ve
renksiz bir yaplya neden oldugunu belirlemislerdir.
Glnlmuze kadar vyapilan arastirmalarda, kirmizi
pancarda bor gibrelemesinin tek basina veya diger
makro glibreler ile kombine kullanimi ile ilgili ¢ok az
sayida calisma mevcuttur.

Beslenmedeki 6neminin yaninda, ticari Olgekte genis
endistriyel kullanima sahip olmasi kirmizi pancarin
dretimini  6nemli kilmaktadir. Yetistiricilik sirasinda
kullanilan c¢esit, tarimsal uygulamalar, hastalik-zararli
micadelesi ile hasat ve hasat sonrasi kosullar kirmizi
pancar kalitesini dogrudan etkilemektedir (Akan ve ark.,
2021; Akan ve ark., 2022). Ulkemizdeki kirmizi pancar
kokleri hasattan sonra tarla kosullarinda (toprak altinda
birakilma) veya mekanik olarak sogutulan odalarda
depolanmaktadir. Kirmizi pancar genel olarak 2-4 °C
sicaklikta uzun siire kalite kaybina ugramaksizin
depolanabilmesine (Barba-Espin ve ark., 2018) ragmen
glnimiizde kirmizi pancarlarin depo émriinin kisaldigi
belirlenmistir. Bu durumun baslica sebeplerinden birinin
yanlis ve/veya eksik glibreleme oldugu dustnilmektedir.
GUnumuze kadarki galismalarda, glibrelemenin kirmizi
pancarin verim, kalite ve biyokimyasal icerigi lzerine
etkileri incelenmistir. Buna karsin, giibrelemenin hasat
sonrasi ve depolama periyodunda mineral madde

icerigine etkisi konusunda arastirmaya
rastlanilamamistir. Oysaki soguk depolama sirasindaki
mineral igerigindeki  degisim  kirmizi  pancarin
biyokimyasal kalitesini de etkilemektedir. Farkl

sebzelerdeki arastirmalarda, mineral madde igerigi ve
miktarinin ¢esit (Lombardo ve ark., 2019), toprak
kosullari (Sarker ve Oba, 2018), iklim kosullari (Laur ve
ark., 2021), giibreleme (Petek ve ark., 2017), yetistirme
teknigi (Oz ve ark., 2021) ve depolama kosullarina
(Korus, 2020) bagh olarak degisim gosterdigi
belirlenmistir.

Tim bu bilgiler 1siginda, arastirmada hasat Oncesi
doénemde azot ile bor gilibrelemesinin kirmiz pancarin
hasat sonrasi sogukta depolanmasi siiresince makro ve
mikro element icerigindeki degisimlere etkisinin
belirlenmesi amacglanmistir.
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MATERYAL ve YONTEM

Bitki materyali ve yetistiricilik bilgileri

Deneme 2020 yil Temmuz-Kasim aylari arasinda Ankara
ili Beypazari ilgesinde ydritilmis, deneme alaninin
toprak ozellikleri Cizelge 1'de verilmistir. Toprak analiz
sonuglarina gore, toprak blinyesi kumlu-tinli, hafif alkali
reaksiyona sahip, tuzsuz sinifta yer almaktadir.
Denemenin yiritialdigtd donemde bolgedeki ortalama
yagis 505 mm, sicaklik ise 11.2 °C olarak olgUlmustar.
Arastirmada Metgen Tohumculuk firmasina ait ‘Boro F1’
kirmizi pancar cesidi kullanilmistir. ‘Boro F1’, vejetasyon
periyodu kisa, koyu kirmizi renkli, yuvarlak sekilli ve raf
Omrindn uzun olmasi ile yogun talep edilen bir kirmizi
pancar c¢esididir. Denemede 2 farkh azotlu (lre,
amonyum siilfat) ve tek borlu (Bor-8) giibre kaynagi

kullanilmistir. Tohumlar 16 Temmuz 2020 tarihinde 250
m?lik parsellere sira arasi 50 cm ve sira Gzeri 20 cm
olacak sekilde 2 m’lik siralar halinde ekilmistir. Azotlu
gubrelemede ure (%46 N) 50 kg ha ve amonyum siilfat
(AS, %21 N) 50 kg ha olacak sekilde, yarisi ilk yapraklar
gorildikten 20 giin sonra (Kaymak ve ark., 2010) diger
yarisi ise ilk giibrelemeden 4 hafta sonra yapilmistir. ilk
bor glibrelemesi ise (Bor-8, %8) pancarlar 10-12
yaprakliyken yapraktan 50 ml dekar?! dozunda, ikinci
glbreleme ise ayni dozda koék olusumunda
uygulanmistir. Glibreleme yapilmayan parsellerdeki
kirmizi pancarlar kontrol grubu olarak kullaniimistir.
Arastirmada bitki gelisimi sliresince yabanci ot
miicadelesi ¢capa ile yapilmis, sulama ise diizenli olarak
bitki ihtiyacina gore yapilmigtir.

Cizelge 1. Deneme alanina ait topragin baz fiziksel ve kimyasal 6zellikleri
Table 1. Some physical and chemical properties of the soil belonging to the experiment area

Toprak 6zelligi Degeri Yontem Kaynak

pH 7.9 1:2.5 saf su Jackson (1958)

EC (dSm™) 0.38 1:2.5 saf su Richards (1954)

Kirec (g kg™) 95 Scheibler Hizalan ve Unal (1966)
Tekstiir Kumlu-tin Hidrometre Bouyoucos (1951)
Organik Madde (g kg?) 12 Walkley-Black Jackson (1958)

Toplam azot (g kg?) 0.84 Mikro-Kjeldahl Bremner (1965)

Fosfor (mg kg?) 54.8 NaHCOs ile ekstrakte Olsen ve ark. (1954)
Potasyum (mg kg™) 424 NH4OAc ile ekstrakte Pratt (1965)

Kalsiyum (mg kg™) 2862 NH4OAc ile ekstrakte Pratt (1965)

Magnezyum (mg kg™) 412 NH4OAc ile ekstrakte Pratt (1965)

Demir (mg kg™") 1.57 DTPA ile ekstrakte Lindsay ve Norvell (1978)
Cinko (mg kg™ 1.03 DTPA ile ekstrakte Lindsay ve Norvell (1978)
Bakir (mg kg”) 0.80 DTPA ile ekstrakte Lindsay ve Norvell (1978)
Mangan (mg kg") 5.11 DTPA ile ekstrakte Lindsay ve Norvell (1978)
Bor (mg kg") 1.1 Sicak su ile ekstrakte Wolf (1971)

Hasat ve depolama

20 Kasim 2020 tarihinde tam fizyolojik olgunluga (en
distaki yapraklarin sararmasi ve koklerin gesit iriligine
ulagsmasi) erisen bitkiler hasat edilmis ve koklerden
denemeye alinabilecek biiyiiklikte olan ve fiziksel zarara
ugramayanlar secilerek Ankara Universitesi Ziraat
Fakilltesi Bahge Bitkileri Bolimi Hasat Sonrasi
Laboratuvarina getirilmistir. Burada tag ve kok kuyruklari
kesilen kokler herhangi bir uygulama veya islem
yapilmaksizin 4 °C sicaklik ve %95 + 2 oransal nemde 3 ay
sire ile depolanmistir. Depolama siiresince her ay
ornekleme yapilarak kirmizi pancarlarin besin elementi
degisimleri belirlenmistir.

Besin elementi analizleri
Besin elementi konsantrasyonlarinin belirlenmesi amaci
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ile alinan 6rnekler 65 °C’de sabit agirliga gelinceye kadar
hava sirkllasyonlu bir etlivde kurutulmus ve
ogutilmustir. Ogitilen ornekler Berghof-MWS-2
Model 24 yakma Uniteli mikrodalga firinda nitrik asit ile
yakilmis ve elde edilen sizlintiideki toplam makro ve
mikro besin elementi konsantrasyonlari ICP-OES
(Inductively  Coupled Plasma-Optical Emission
Spectrometry, Perkin EImer Model DV 2100) cihazinda
belirlenmistir (Boss ve Fredeen, 2004). Orneklerde
toplam azot analizi ise Page ve ark., (1982) tarafindan
bildirildigi  gibi  mikro-Kjeldahl yontemine gore
yapilmistir.

Deneme deseni ve istatistiksel analizler
Deneme tesadif bloklari deneme desenine gore 3
tekerrirli olarak gercgeklestirilmis, her tekerriirde 10
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adet kirmizi pancar kullanilmistir. Veriler MINITAB 17
paket programi kullanilarak istatistiksel olarak analiz
edilmis, ortalamalar MSTAT-C yazilimi ile
karsilastirilmistir. Sonuclar, ortalama degerler + standart
hata ortalamalari olarak ifade edilmistir. Degisken
faktorler depolama siresi ve glbreleme olup, bu
degiskenler arasindaki etkilesimler P<0.01 ve P<0.05
hata dizeylerinde arastirilmistir. istatistiksel olarak
onemli bulunan sonuglarda uygulamalar arasindaki
farkhligi belirlemek icin Duncan Coklu Karsilastirma Testi
uygulanmustir.

BULGULAR ve TARTISMA

insanlarin saglikli beslenmesi acisindan olduk¢a 6nemli
bir sebze olan kirmizi pancar yetistiricilig§inde bitkiye
gerekli olan makro ve mikro besin elementlerinin bitkinin
ihtiyac duydugu donemde uygulanmasi, Grinin miktar
ve kalitesini artiracagl gibi bitkinin hastaliklara
dayanimini da artirmaktadir (Grzegorzewski ve ark.,
2017). Arastirma sonuglarina gére topraktan azotlu ve
yapraktan borlu giibreleme kirmizi pancarin makro ve
mikro element konsantrasyonlari Gzerine farkli sekillerde
etkilemis ve bu etki depolama siirelerine gore degisiklik
gostermistir (Cizelge 2 ve 3).

Makro element konsantrasyonlari

Hasat 6ncesi azot ve bor glibrelemesinin kirmizi pancarin
depolanmasi siresince makro element bilesimine etkisi
Cizelge 2'de verilmistir. Buna gore, azot konsantrasyonu
Uzerine depolama siiresi (D) ve glbreleme (G)
interaksiyonunun (D x G) etkisi 6nemli bulunmustur
(P<0.01). Glibrelemenin yapilmadigl kontrol grubunda
depolamanin 2. ayinda azot konsantrasyonu duserken,
gibrelenmis  pancarlarin  azot konsantrasyonlari
depolamanin 2 ve 3. ayinda depolama baslangici (0) ve 1.
aya gore daha disiik bulunmustur. Depolamanin 0, 1 ve
2. ayinda glibrelemenin etkisinin istatistiki olarak 6nemli
oldugu bulunmus, glibrelemenin 3. ay hari¢ kirmizi
pancarlarda azot konsantrasyonunu artirdigl tespit
edilmistir. Arastirmada gibreleme ile kirmizi pancar
koklerinde azot konsantrasyonu artarken, depolama
sliresinin ilerlemesi ile azot konsantrasyonu dismustir.
Bu sonug, Buraczynska (2005) ve Kurus (2006) ile uyumlu
olup, yazarlar seker pancarinda azotlu glibrelemenin kdk
azot icerigini artirdigini bildirmislerdir. Benzer sekilde,
Petek ve ark. (2012) depolama siresinin ilerlemesi ile
kirmizi pancarda azotun dastligiini ifade etmislerdir.
Fosfor, bitkinin blylimesi, verimi ve kalitesi icin gerekli
olan temel makro elementlerden biridir. Katalizor olarak
cok sayida biyokimyasal reaksiyonda yer alan fosfor,
fosfolipidler, DNA ve RNA gibi bircok yapisal bilesigin de
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anahtar bilesenidir (Marschner, 2011). Kirmizi pancar
koklerinin fosfor konsantrasyonu Uzerine denemedeki
uygulamalarin her hangi bir etkisinin olmadig
saptanmistir. Ozetle, bu calismada giibre uygulamasi ya
da depolama siresinin  kirmizi  pancarda fosfor
konsantrasyonu Uzerine etki etmedigi belirlenmistir.
Benzer sekilde Szczepanek ve ark. (2015) havucta
depolama siiresinin, Custic ve ark. (2007) ise kirmizi
pancara uygulanan kimyasal gilibrelerin kok fosfor
konsantrasyonunu etkilemedigini bildirmislerdir.
Potasyum fotosentetik translokasyonu etkileyerek
meyve ve sebzelerin verim ve kalitesindeki artisi
etkilemektedir. Potasyumun hasat sonrasi hiicre
duvarini  glclendirmesi ile kalite ve raf omri
iyilesmektedir (Amrutha ve ark., 2007; Wicaksana ve
ark., 2019). Potasyum konsantrasyonu Uzerine D x G
interaksiyonunun etkisi istatistiksel anlamda o6nemli
olmustur (P<0.05). Depolama boyunca potasyum
konsantrasyonundaki degisim incelendiginde, kontrol
grubunda depolama baslangicina gore 2. ayda disus
belirlenip diger aylarda sabit kalirken, glibre uygulamasi
yapilan grupta ise 2. aya gore ve 3. aydaki artis 6nemli
olmustur. Glibre uygulamasinin etkisi ise 1. ve 3. aylarda
belirgin olmus ve kontrol grubuna gére gibrelemenin
kirmizi pancarlarin potasyum konsantrasyonunu artirdig
belirlenmistir. Yapilan calismada depolama siresinin
uzamas! ile genellikle kirmizi pancar koklerinde
potasyum  konsantrasyonu  dismustidr.  Nitekim
Szczepanek ve ark. (2015) havugta yaptigl calismada
depolamanin potasyum konsantrasyonunu
distrdGgini bildirmislerdir.

Bitki blinyesinde bulunan kalsiyum, hiicre duvarlarinin
yapisinda bulunarak bitkilerde kék uzamasina ve hiicre
béliinmesinde rol oynamaktadir (Yener ve ark., 2017).
Kalsiyum meyve ve sebzelerin kalite ve sertlik
kazanmasinda ve raf Omrinin uzamasinda 6nemli
etkiler gostermektedir (Kagar, 2012; Hashim-Maguire,
2015). Kalsiyum konsantrasyonu Uzerine sadece
depolama siresi 6nemli etkide bulunmus (P<0.05),
glibreleme ve G x D interaksiyonunun etkisinin ise
O6nemsiz oldugu belirlenmistir (P>0.05). Depolamanin
kalsiyum konsantrasyonu (izerine etkisine bakildiginda,
depolama baslangicina gore 2 ve 3. ayda disls
belirlenmistir. Arastirma sonucunda elde edilen kalsiyum
konsantrasyonlari Rekowska ve ark. (2011)’nin sonuglari
ile (% 0.11-0.23) uyum igerisinde olup, ancak Kale ve ark.
(2018)’nin sonuglarindan (12.20 mg 100 g1) dusik
bulunmustur. Bu farklilik yetistiricilik kosullari ve ceside
bagh olarak degiskenlik gostermektedir (Kotowska ve
Woybieralski, 1999; Szura ve ark., 2018). Arastirmada,
kalsiyum konsantrasyonu depolama ile diisis egiliminde
olmus ve bu sonug¢ Cavusoglu (2018)'nun cilekteki
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sonuclari ile benzerlik gbstermistir.

Arastirmada, kirmizi pancarlarin magnezyum
konsantrasyonuna depolama, glbreleme ve D x G
interaksiyonunun etkisinin olmadigi tespit edilmistir.
Depolama siiresi ya da glbre uygulamasinin kirmizi
pancar koklerinin  magnezyum konsantrasyonunu
etkilemedigi saptanmistir. Benzer sekilde, Hlisnikovsky
ve ark. (2021) tarafindan seker pancarinda yapilan
arastirmada glibre uygulamalarinin koklerin magnezyum
konsantrasyonunu  etkilemedigi  bildirilmistir.  Bu
durumun Cakmak ve Marschner (1992) tarafindan da
belirtildigi gibi genotip ve yetistiriime kosullarindan
kaynaklandigi distintlmektedir.

Mikro element konsantrasyonlari

Azot ve bor glibrelemesinin kirmizi pancarin depolama
kosullarinda mikro element konsantrasyonlarina etkisi
Cizelge 3’de verilmistir. Kirmizi pancarda glbre
uygulamalari  mikro element konsantrasyonlarini
disirmekte ve bu durumun katyonlar arasindaki
antagonistik etkilesimden kaynaklanmis olabilecegi
disunulmektedir (Petek ve ark., 2017).

Kirmizi pancarin demir konsantrasyonu Uzerine D x G
interaksiyonunun etkisi 6nemli bulunmustur (P<0.01).
Kontrol grubunda 3 ay depolanan kirmizi pancar
koklerinde demir konsantrasyonu diger depolama
surelerine gbre artarken, 2. ayda Onemli dizeyde
dismistiir. Gubreli kosullarda ise depolama siresinin
ilerlemesi ile demir konsantrasyonu azalmistir.
Glbrelemenin etkisi ise her depolama siresinde 6nemli
olup, kontrol grubunun demir konsantrasyonu depolama
baslangici  haricinde daha yiksek bulunmustur.
Arastirmadan elde edilen depolama o6ncesi demir
konsantrasyonu sonuglari, Ekholm ve ark. (2007) (29 mg
kg?) ile Kale ve ark. (2018)’in (7.5 mg kg?) kirmizi
pancardaki arastirma sonuglarindan daha yuksektir.
Ayrica, glibreleme ve depolamanin kirmizi pancari demir
konsantrasyonuna etkileri belirgin bulunmustur. Buna
karsin, Mampa ve ark. (2017) giibre uygulamalarinin
kirmizi pancarda demir konsantrasyonu etkilemedigini
bildirmislerdir.

Cinko, bitki bilnyesinde olusan metabolik aktiviteyi
reglile eden enzim sistemlerinin gerekli bilesenlerinden
birisidir. Kirmizi pancar ¢inko konsantrasyonu lzerine
tek oOnemli faktoriin  depolama siresi oldugu
belirlenmistir (P<0.01). Depolama siresince ¢inko
konsantrasyonunun degisimi incelendiginde, iki aylik
depolama kirmizi pancar ¢inko konsantrasyonunu
onemli oranda disirirken, diger depolama sireleri ile
depolama baslangici ayni sinifta yer almistir. Arastirma
sonuglarina gore depolama sirecinde kirmizi pancar
cinko konsantrasyonu dizenli bir degisim gdostermemis,
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glibrelemenin etkisi ise 6nemsiz bulunmustur. Benzer
sekilde, seker pancari (Rantao, 2013) ve havugta (Smolen
ve Sady, 2006) azotlu glbrelemenin ¢inko
konsantrasyonunu etkilemedigi bildirilmistir. Ayrica
yapraktan kalsiyum nitrat uygulamasinin ginko iceriginde
dizenli degisime yol agmadigi belirtilmistir (Yener ve
ark., 2017). Cavusoglu (2018), 12 giin sire ile 5 °C'de
depolamanin  ‘Sabrina’ ¢ilek  ¢esidinde  ¢inko
konsantrasyonunu etkilemedigini, ‘Rubygem’ cilek
cesidinde ise artirdigini belirtmistir.

Kirmizi pancar bakir konsantrasyonu {zerine D x G
interaksiyonunun etkisi 6nemli olmustur (P<0.01). Buna
gore, glibre uygulamasinin yapilmadigi kontrol grubunda
1 ay depolanan koklerin bakir konsantrasyonu diger
depolama sirelerine gore daha yiksek olurken, 2 ay
depolanan orneklerin bakir konsantrasyonu o6nemli
diizeyde disik bulunmustur. Ote yandan, giibre
uygulamasi yapilan grupta, 2 ve 3 ay siire ile depolama,
kirmizi pancar bakir konsantrasyonunda dismeye yol
acmistir. Glbrelemenin etkisi ise sadece 1. ayda onemli
bulunmus, glibre uygulamasi kirmizi pancarlarda bakir
konsantrasyonunun diismesine sebep olmustur. Kirmiz
pancar koklerindeki bakir konsantrasyonuna ait sonuglar
Rekowska ve ark. (2011)’in farkli cesitlerdeki arastirma
bulgulari (6.4-11 mg kg?) ile benzerlik géstermis, Kale ve
ark. (2018)’nin bulgularindan (0.9 mg kg?) ise oldukca
ylksek bulunmustur. Hakala ve ark. (2003)’e gore bu
durum genotip kaynakli olup, genotipin mineral icerikleri
Uzerindeki etkisinin yetistirme tekniklerinden daha etkili
oldugu vurgulanmistir. Ayrica, arastirmada
glbrelemenin ilerleyen depolama sirelerinde (2. ve 3.
ay) bakir konsantrasyonunu distrdigu belirlenmistir. Bu
verinin aksine, diger arastirmalarda azotlu glibrelemenin
seker pancari (Bravo ve ark., 1992) ve sofralik Gzimde
(Yener ve ark., 2017) bakir konsantrasyonlarini
etkilemedigi ortaya konulmustur. Depolama siresinin
etkisi ise 6nemli bulunmus ancak degisimler dizenli
olmamistir.

Mangan, biliyime ve (reme fonksiyonlarinda,
karbonhidrat ve lipid metabolizmasinda, protein
sentezinde, mukopolisakkarit Gretiminde ve
fosforilasyonda o6nemli bir role sahiptir (Cavusoglu,
2018). Mangan konsantrasyonuna sadece gibrelemenin

etkisi onemli bulunmus olup, glbreleme isleminin
koklerin  mangan  konsantrasyonunu  dustrdagu
belirlenmistir.  Bu durumun c¢alismada kullanilan

amonyum silfatin mangan alimini baskilamasindan
kaynaklanabilecegi dustnilmektedir. Benzer sekilde,
Straus ve ark. (2012) ve Petek ve ark. (2019) giibre
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Cizelge 2. Azot ve bor glibrelemesinin kirmizi pancarin depolama kosullarinda makro element konsantrasyonlarina etkisi
Table 2. Effect of nitrogen and boron fertilization on macro element concentrations in red beet under storage conditions

— N (g k™) P (g kg™) K (g k™) Ca (gke™) Mg (g ke™)
D | S A
epolama Stiresi (Ay) Kontrol Gubreli Kontrol Gubreli Kontrol Gubreli Kontrol Gubreli Ortalama Kontrol Gubreli
+ + + + +
0 17.760.07 22.0:0.29 25,1011 1905016 ‘0P34 2490 69016 130004 1PHO% 5001015 1731001
Ab Aa Aa AB,a A
+ + + + +
! 1758043 2192055 ) 67,010 1755007 249398 S3BELES 1 o012 1231006 T3P0 g 781016 1721007
Ab Aa B,b AB,a AB
+ + + + +
2 1>.1:0.14 1652032 ) 70,1005 1515002 207ELI0 A9TEL26 1 00008 1281003 1270 4704000 1.58:0.04
B,b B,a B,a B,a B
+ + + + +
3 16.940.32  17.4x0.07 1.73+0.17 1.81+0.08 49.3t0.06  60.9+3.31 1.18+0.13 1.20%£0.01 1.15+0.06 1.72+0.08 1.81+0.07
A,a B,a B,b Aa B
Depolama - sd. - . sd.
F Siiresi (D) 78.9 0.78 5.87 5.21 2.75
degeri  Giibreleme (G) 139" 0.13%¢ 8.85™ 3.68%¢ 2.785%¢
DxG 19.8" 0.67 % 3.78 1.56° 1.88%
Od: 6nemli degil, *: P<0.05, **: P<0.01, satirlar arasi farklihklar biiyiik harflerle, siitun ici farkliliklar kiiciik harflerle belirtilmistir.
Cizelge 3. Azot ve bor glibrelemesinin kirmizi pancarin depolama kosullarinda mikro element konsantrasyonlarina etkisi
Table 3. Effect of nitrogen and boron fertilization on micro element concentrations in red beet under storage conditions
Depolama Siiresi Fe (mg kg) Zn (mg kg) Cu (mg kgl) Mn (mg kgt) B (mgkg?)
(Ay) Kontrol Glbreli Kontrol Gulbreli Ortalama Kontrol Glbreli Kontrol Gubreli Kontrol Gubreli Ortalama
+ + + + + +
0 47.8£0.92  69.7¢3.10 13.0£0.48 14.4+1.04 13.740.60  6.5520.75  7.51x0.21 15.241.12 12.1+0.62 13.1+0.49 12.7%£0.39 12.9+0.23
B,b A,a A B,a Aa A
+ + + + + +
! >1.0£4.29  28.31.91 12.6£0.12 12.9+£1.50 12.8:0.68 9.94%0.76  7.49+0.12 14.9+1.54 13.9+0.35 12.6+0.19 9.49+0.47 11.1x0.74
B,a B,b A A,a Ab B
+ + + + + +
2 35.2£0.16  21.3£0.98 9.72+0.71 8.36%0.18 9.04£0.45  4.5840.32  4.1320.15 13.7+¢1.61 10.7+0.32 11.7+0.98 9.98+0.28 10.8+0.59
C,a Cb B C,a B,a B
+ + + + + +
3 84.5t1.44  26.0£0.59 13.7+0.38 10.9+0.03 12.310.65 5.9420.19  5.060.22 12.9+0.66 11.2+0.80 10.9+1.02 11.3+0.61 11.1£0.54
Aa BC,b A B,a B,a B
14.2¢0.62 12.0:0.44 12.1+0.41 10.9:0.43
Ortalama - - - - - - -
a b a b
Depolama 89.3" 15.3" 40.9" 2,660 4.66"
F Siresi (D)
degeri (GG”)bre'eme 149™ 1.4400. 5.70" 9.80" 7.39"
DxG 121" 3.20%¢ 5.63" 0.52 % 3.19 %

Od: énemli degil, *: P<0.05, **: P<0.01, satirlar arasi farkhiliklar biiyiik harflerle, siitun ici farkhliklar kiiciik harflerle belirtilmistir.
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uygulamalariyla kirmizi pancarda mangan
konsantrasyonunun distigini ifade etmislerdir.
Arastirmada depolama baslangicinda mangan
konsantrasyonu sonuglari (12.1-15.2 mg kg™?) Kale ve ark.
(2018)’nin bulgularindan (7.9 mg kg!) yiiksek, Rekowska
ve ark. (2011)’in gesit ortalamalarindan (12.4-24.1 mg kg
1 dustik bulunmustur. Bu durumun gesit, iklim ve cografi
farkhliklardan kaynaklanabilecegi diisiinilmektedir.

Bor, pancar yetistiriciligi acisindan en 6nemli mikro
elementtir ve eksikliginde verim ve kalite olumsuz
etkilenmektedir (Cooke ve Scott, 2012). Kirmizi pancar
koklerinin bor konsantrasyonu {izerine depolama siresi
ve glbreleme faktorleri onemli etkide bulunurken
(P<0.05), D x G interaksiyonunun etkisi ©6nemsiz
bulunmustur (P>0.05). Depolama sliresindeki degisim
incelendiginde, depolama periyodundaki 6rneklerin bor
konsantrasyonu depolama 0Oncesi ile karsilastirildiginda
onemli oranda dismdistir. Gilibrelemenin etkisi
degerlendirildiginde ise kontrol grubunun bor
konsantrasyonu daha yiksek bulunmustur. Arastirma
sonuclarina gore, depolama siresi ve glibre
uygulamalarina bagh olarak bor konsantrasyonlarinin

azaldigi belirlenmistir. Bu durumun kirmizi pancar
cesidinden kaynaklandigi  dastntlmektedir.  Diger
taraftan, glbreleme ile bor konsantrasyonunun

azalmasinin azotlu gilibrelemeye de bagh olabilecegi
distnulmektedir. Nitekim Gezgin ve Hamurcu (2006) da
azot ile bor arasinda antagonistik bir etkilesim oldugunu
bildirmistir. Benzer sekilde Alpaslan ve ark. (1996)
bugday bitkisiyle yaptiklari denemede de benzer
sonuglar elde etmisler ve azot uygulamasi ile bugday
bitkisinde bor konsantrasyonlarinin belirgin olarak
azaldigini belirlemislerdir. Ote yandan, Jones ve ark.
(1991) topraktan borlu glibreleme yapildigi takdirde
bitkilerin bor konsantrasyonlarinin artarak yeter
seviyenin Ust sinirlarina kadar ulastigini bildirmislerdir.

Sonug olarak, bu arastirma, glinliik beslenmede 6nemli
bir yeri olan kirmizi pancarin makro ve mikro
konsantrasyonunu karakterize ederek, glbreleme
uygulamasinin depolama sirecindeki makro ve mikro
icerigine etkisini ortaya koymayl amaglamistir. Kirmizi
pancar yetistiriciligi acisindan olduk¢a 6nemli olan azot
ve bor elementlerinin birlikte uygulanmasinin makro ve
mikro element iceriklerine etki diizeyleri farkl olmustur.
Depolama siiresinin uzamasi ile makro ve mikro element
konsantrasyonlarinin  degisimi 6nemli varyasyonlar
gostermis olup, wuzun sitre ile kirmizi  pancar
depolamasinin azot, potasyum, kalsiyum, demir, ¢inko,
bakir ve bor degisimleri Uzerine pozitif katkilar
saglayacagi belirlenmistir. Glibreleme uygulamasi kirmizi
pancarlarin azot ve potasyum icerigini depolama
siirecinde onemli Olglide korumustur. Buna karsin,
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glibreleme yapilmayan kirmizi pancar kéklerinde demir
ve mangan icerigi daha yiiksek bulunmustur. Ote
yandan, glbreleme islemi ve depolama siresinin kirmizi
pancar koklerinin fosfor ve magnezyum bilesimlerine
etkisinin olmadigi belirlenmistir. Bu arastirma ile bolge
ekolojik kosullarina bagh olarak kirmizi  pancar
yetistiriciliginde kullanilacak azot ve borlu glibrelemenin
depolama siirecinde besin elementi icerigine etkisi
ortaya konmus ve gelecekteki calismalara alt yapi
olusturulmustur. Gelecekte, kirmizi pancar
yetistiriciliginde; farkh gibreler ile bunlarin miktari,
formu, uygulama zamani ve seklinin yer aldigi calismalar
ile hasat sonrasi bitki besin elementlerindeki degisimleri
inceleyen calismalarin yapilmasina ihtiyag
duyulmaktadir.

OzZET

Amag: Bu arastirmada azot ve bor gilbrelemesinin
kirmizi pancarin depolama kosullarindaki besin elementi
konsantrasyonlarina etkisi incelenmistir.

Yéntem ve Bulgular: Deneme, 2020 yilinda Ankara ilinde
tesadiif bloklari deneme desenine gore 3 tekerrirli
olarak yurutilmustir. Hasat sonrasinda 6rnekler 4 °C
sicakhk ve %95 + 2 oransal nemde 3 ay siire ile
depolanmis, aylik periyotlarda depodan alinan
orneklerde besin elementi konsantrasyonlarindaki
degisimler belirlenmistir. Calismadan elde edilen
sonuglara goére; azot, potasyum, demir ve bakir
konsantrasyonlari  lzerine depolama siresi ve
glbreleme interaksiyonu 6nemli bulunmustur. Kalsiyum,
¢inko ve bor konsantrasyonlari izerine depolama siresi,
mangan ve bor konsantrasyonlari lizerine ise
glibrelemenin etkisi 6Gnemli olmustur. Depolama siresi,
glbreleme ya da bunlarin interaksiyonunun kirmiz
pancarlarin fosfor ve magnezyum konsantrasyonlari
Uzerine onemli bir etkisinin olmadigi belirlenmistir.
Genel Yorum: Kirmizi pancar yetistiriciliginde azotlu ve
borlu glbrelerin birlikte kullanimi ile birlikte depolama
slresinin uzamasinin koklerdeki makro ve mikro element

icerikleri Gzerine etki dlzeyleri farkli olmustur.
Glbreleme  yapilmadan  (geleneksel yontemler)
yetistiriciligi  yapilan  kirmizi  pancarlara  kiyasla

glibrelemenin depolama silirecinde besin element
degisimine etkileri net olarak ortaya konulmustur.
Dolayisiyla glibrelemenin etkisinin depolama siirecinde
de 6nemli bir rol oynadigi ifade edilebilir.

Calismanin Onemi ve Etkisi: Kirmizi pancar icerdigi
biyoaktif maddeler nedeniyle son yillarda popiilaritesi
artan bir sebzedir. Sebzelerin besin elementi
konsantrasyonlari (izerine hasat Oncesi faktorler (cesit,
glibreleme, iklim ve toprak kosullari, yetistirme teknigi
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vb.) ile hasat sonrasi depolama kosullari etkilidir. Bu
arastirma kirmizi pancar yetistiriciliginde kullanilan
azotlu ve borlu gilbrelemenin depolama sirecinde
makro ve mikro besin elementi icerigine etkisini ortaya
koyarak gelecekteki calismalara yon verme niteligi
gostermektedir.

Anahtar Kelimeler: Kirmizi pancar, glbreleme,
depolama siresi, azot, bor.
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Aims: The aims of this study to determine the local grape genotypes and
their characteristics in detail according to the international norms.

Methods and Results: Study conducted in 2019-2020, a total of 26
characters, including annual branch, flower, cluster, berry and seed
characteristics of 28 grape cultivars grown in the Midyat district of Mardin
province of Turkey were defined. 'Descriptors for Grape' designed by

Keywords: IBPGR, OIV and UPQV and 'Minimal Descriptor List for Grapevine Varieties'
Viticulture, grape, ampelography, Midyat, were used in the evaluation of the features. In the study, Verdani variety
Mardin. was the largest berried variety. The variety with the longest cluster was

Hazirani. TSS ratios of cultivars varied between 11.52% (Zeyti) and 23.20%
(Sincari).

Conclusions: The absence of protrusions on the seeds in the studied local
cultivars indicates that they are included in the V. vinifera L. species. In all
genotypes, the fruit flesh was colorless, the berries were seeded, the
surface of the annual shoot was striped, and the nodes and internodes
were hairless.

Significance and Impact of the Study: In this study, local grape varieties
grown in the Midyat region of Mardin province of Turkey were identified.
It is thought that with the performed definition, the recognition of local
grape varieties will increase, and the name confusion that may occur in the
future can be prevented.
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GiRiS

Ulkemiz, Vavilov’'un bildirdigi 8 anavatandan ikisi olan
Yakin Dogu ve Akdeniz havazalari icerisindedir.
Anadolu’nun kuzeydogu kismini da kapsayan Karadeniz
ve Hazar Denizi arasindaki alan, asma bitkisinin en
onemli tlrl olan Vitis vinifera L.’nin anavatani olarak
kabul gérmektedir (Gazioglu Sensoy ve ark., 2009; Elma,
2015; Bekar, 2016; Cakir ve Soylemezoglu, 2018;
Bozkurt, 2019). Diinya lizerinde yaklasik 13.000,
Tirkiye'de ise 1.400’den fazla Gzim cesidi/tipi oldugu,
ancak ticari degeri olan Gzim cesidinin 30 dolayinda
bulundugunu gostermektedir (Saglam ve Saglam, 2018;
Anonim, 2019; Unal, 2020). V. vinifera ssp. sativa; Vitis

cinsinde bulunan 32 tiirtin en 6nemlisi olup, yerytzinde
yetistirilen Gziim c¢esitlerinin % 90’dan ¢ogunu ihtiva
etmektedir (Unal, 2000; Eren, 2012; Yildirim, 2019).

Ulkemizin asma genetik potansiyeli, 1960 yilindan
itibaren hazirlanan (lkesel bir projeyle glinyliziine
cikarilmaya baslanmistir. Bu ¢calismalardan en 6nemlisi,
Tekirdag Bagcilik Arastirma Enstiti’si tarafindan
olusturulan “Milli Koleksiyon Bagr’dir. ilgili kurum
tarafindan 1965 yilinda baslatilan proje, 2008 yilinda
tamamlanmis olmakla beraber halen yeni genotip
eklemeleri devam etmekte olup, su ana kadar 1435
cesit/tip milli koleksiyonda muhafaza altina alinmistir
(Séylemezoglu ve ark. 2015; Ergonil ve Ozer, 2018).
Ayrica ‘Milli Koleksiyon Bagi’'nin bir paraleli Manisa
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Bagcilik Arastirma  Enstitlisi’'nde  kurulmus
calismalar burada da devam etmektedir.

Yeni c¢esitlerin gelistirilmesi ve 1slah ¢alismalarinda
cahsilan bitkinin genetik varyasyonu énemlidir. Bir gen
kaynaginda cesitliligin arastiriilmasinda ise farkh kriterler
kullanilabilmektedir. Morfolojik 6zellikler en c¢ok
kullanilan parametreler arasindadir ve ‘Ampelografi’
asmada morfolojik farkliliklari tanimlayan bilim dal
olarak gelismistir. Ampelografi tanimi  yunanca
“amphelos” Uzlim ve “graphe” tanimlama terimlerinin
bir araya getirilmesi ile olusturulmustur (Sabir, 2008). ilk
defa Sachs tarafindan kullanilmistir (Serhat, 2016;
Yegenoglu ve ark., 2016; Yilmaz, 2020).

Tirkiye’de Uzim yetistiriciligi sofralik ¢ekirdeksiz,
sofralik cekirdekli, kurutmalik cekirdeksiz, kurutmalk
cekirdekli ve saraplik Gzimler olarak 5 grup altinda
incelenmektedir (Giler ve ark., 2020). TUIK (2021)
verilerine gore Ulkemizin bag sahasi 3.9 milyon da,
Uretilen Gzim miktariysa 3.67 milyon ton olup, bunun %
50.6's1 taze tiketimde, % 38.9’u kuru izim elde etmede
ve % 10.4’G sarap (Uretiminde kullaniimaktadir.
Anadolu’nun Gzim Uretiminde basta gelen illeri arasinda
bulunan Mardin bélgesinde toplam bag sahasi 363.755
da, Uretilen Gzim miktariysa 165.210 ton, Midyat
yoresinde ayni veriler sirasi ile 122.210 da ve 47.615
ton’dur. Mardin geneli (izim Gretim sahasinin % 34’(ind,
Uretilen Gziim miktarininsa takriben % 29’unu olusturan
Midyat’ta tizim yetistiriciliginin 6nemli tarim dallarindan
oldugu goérilmektedir. Ancak, bagcihgin yogun is gici
istemesinin yani sira, basta teror olaylari olmak Uzere
degisik etkenler Ureticinin baga olan ilgisini azaltmis ve
bag alanlarinin yavas yavas terk edilmesine yol acmistir.
Bu durum bdlgede var olan bag potansiyelinin zamanla
kaybolmasi riskini ortaya ¢ikarmistir. Bag genetik
materyallerinin  tespiti ve tanimlanmasi, genetik
cesitliligin kaybolmasinin dnlenmesi agisindan énemli bir
konu olarak éne ¢ikmaktadir (Giler, 2021)

Bu arastirma; Midyat’ta yetistirilen izim genotiplerinin
saptanmasi, korunmasi, uluslararasi normlara gore
teshisi ve tanimlanmasi amaciyla yiratilmastar.

olup

MATERYAL ve YONTEM

Materyal

Bu calismanin materyalini Mardin ili Midyat ilcesinde
yetistirilmekte olan yerel izim cesitleri olusturmustur.
Calismada, Midyat merkez ve ilceye bagh bazi yerlesim
alanlarinda (Caldere, Yolbasi, Acirli, Adakl, Ovabasi,
Baristepe) yetistiriciligi yapilan Mazrone, Kerkusi, Zeyti,
Benitaht, Sepirze, Korfoki, Siyah Korfoki, Pembe Korfoki,
Sudani, Zeynebi (Libdrej), Bilbizek, Heseni, Tayfi, Rese
Gurguronek, Resik (Usvet), Bakari, Imsebek, Siyah
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Imsebek, Sorani, Bizani, Hazirani, Atif, Sitvi, Verdani,
Deyvani, Serdevi, Koher (Kohevi) ve Sincari yerel tGziim
genotipleri incelenmistir. Calismanin yapildigi bolgeye
ait cografi veriler Cizelge 1'de sunulmustur.

Cizelge 1. Ornekleme yapilan bélgelerine ait cografi

bilgiler
Table 1. Geographical information of the sampling
regions
Koordinatlar
Yerlesim yeri  Rakim (m)  Enlem Boylam
ilce merkezi 953 37.41666° K  41.36972°D
Caldere 1100 37.30013° K 41.25846° D
Yolbasi 1070 37.36828° K 41.32144° D
Acirh 984 37.44246° K 41.31363°D
Adakh 957 37.42422° K 41.52027° D
Ovabasi 989 37.46965° K 41.14024° D
Baristepe 950 37.44210°K  41.39478°D
Yontem

Yerel Gzlim gesitleri 2018 yili bliyime devresinde Midyat
Ziraat Odasinda kaydi bulunan sozlesmeli ciftciler ve
Midyat Tarim ve Orman ilge Midirliigi’nde bulunan
ilgili personellerle diyalog yolu ile belirlenmistir. Daha
sonra ilgede izlenen bagcilik yonetimine iliskin bilgi
saglanmig, Uzlim hasadi 6ncesinde saptanan 20-25 yash
baglara gidilerek genotipler tespit edilmis, bunlarin
baglica o©zellikleri kayit altina alinmis, her gesitten
takriben 10 asma isaretlenerek etiketlenmis ve
fotograflanmistir. Daha sonra bagin krokisi ¢ikarilarak
¢alismalara baslanmistir. Ampelografik incelemlere ise
2019 ve 2020 yillarinda omcalarda gozlerin siirmesiyle
baslanmis, baglarda ve asmalarda o6nemli gorilen
ozellikler fotograflanarak bilgiler kayit altina alinmistir.
Calismada uluslararasi kavram birliginin saglanmasi
amacilyla ampelografik 6zelliklerin  belirlenmesinde
uygulanan IBPGR, OIV ve UPOV’ca kabul goéren ve
1983’de ‘Descriptors for Grape’ (Uziim Tanimlayicilari)
ismiyle yayinlanan yontemden faydalaniimistir (Anonim,
1983). Bunun yaninda cesitlerin tescilinde ele alinan
hususlarda gézoniinde bulundurulmustur.

Metotta OIV, UPOV ve IBPGR 'Uziim Tanimlayicilar’nda
yer alan ampelografik o6zellikler ile bu 6zelliklerin
actklamalari esas alinmis, buna mukabil arastirmada
kullanilan yontemlerin kod ve skala numaralarina yer
verilmemistir (Cizelge 2, Cizelge 3, Cizelge 4).
Karakterlerin verilmesinde konu benzerliklerine gore
siniflandirma  yapilmis, sinif icindeki karakterlerin
yontem kodlari rakamsal degerlerine gore kiglikten
blylge dogru siralanmis, 6rneklerin alinma yeri, zamani
ve miktari verilmis, s6z konusu yontemlerde
arastirilmasina gerek duyulmayan ya da yénteme uygun
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olmadigi duslintlen karakterler icinse herhangi bir kod
ve skala numarasina yer verilmemistir.

Arastirmada; yillik dal (¢ubuk) rengi bagda, tane kabuk
rengi, tane et rengi kabugu meyve etinden ayirdiktan
sonra renk olcer ile laboratuarda, salkim genisligi ve
boyu, salkim sapi boyu, tane genisligi ve boyu, tane sap
boyu, c¢ekirdek genisligi ve boyu olglimleri dijital
kumpasla, tanelerin ve gekirdeklerin tartimiysa 0.00l g’a
duyarh teraziyle laboratuarda gerceklestirilmistir. Kuru
madde, pH, asitlik ve sira verimlerinin saptanmasi igin
herbir asmanin 4 yoninden alinan takriben 1 kg salkim,
laboratuarda bez igerisinde sikilmak suretiyle saglanan
sirada kuru madde ‘Refraktometre’yle, asit tartarik asit
cinsinden ‘titrasyon yodntemi’yle (Gller, 2021), sira
verimi mezurla, olgunluk indisi ise kuru maddenin asite
bolinmesiyle belirlenmistir. Birinci ¢icek salkiminin
cikmis oldugu bogum tespiti bagda, tane kabuk kalinhgi
ve lezzetiyle yapragin salamura Uretimine elverisliliginin
saptanmasi ise laboratuvarda bir ekip tarafindan
belirlenmistir.

Cesitlerin kullanim sekillerinin tespitinde sik ve ufak
salkim ve taneye sahip, sira orani yliksek cesitler daha
ziyade saraplik-siralik, seyrek/orta sik ve blyk salkim ve
tanelere sahip, gevrek etli cesitler sofralik, cesit olarak
kurutmaya elverisli ve kuru madde orani daha fazla olan
cesitlerse  kurutmahk olarak kabul gormuslerdir.
Calismada incelemeye tabi tutulan Gzim genotiplerinin
hasat zamanlarina gore tasnif edilmesinde Kara
(1990)’dan, yapraklarin salamura yapimina elverisliligini
tespitte Unal (2018)’den vyararlanilmistir. Her 3
yontemde de kod no ve sinif aralilk degerlerine
deginilmeyen karakterlerden pH ve olgunluk indislerine
yalnizca tartisma kisminda yer verilmistir. Tanelerin
bicimi, cubuklarin enine kesiti ve ana renkleri
laboratuvarda Anonim (1983) ve Anonim (1989)'a gére
belirlenmistir. Uziim cesitlerinin bagda toplanan salkim
ve yaprak numunelerinin bozulmasini dnlemek amaciyla
buzluk termus icerisinde laboratuvara iletilmistir.

Bu calismada incelenen yerel UGziim cesitlerinin salkim,
tane, yillk dal ve ¢ekirdeklerine ait verilerin analizi
omcalarin uyku devresinde gercgeklestirilmistir.

BULGULAR ve TARTISMA

Yorede yetistiriciligi yapilan iiziim genotipleri ve
bunlarin gesit ozellikleri

Dinlenme devresinde incelenen cubuklar; ana renk
bakimindan genotipler degisik gruplarda yer almislarsa
da agirlikli olarak kirmizi kahverengi olarak tespit
edilmislerdir. Cubuklarin enine kesitlerinde ¢ogunlukla
“Yuvarlak” goérilirken dal ylzey gérinimlerinin bitin
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cesitlerde “Cizgili” oldugu belirlenmistir. Bu saptamanin,
Kara (1990), Giirsdz (1993) ve Unal (2000)'1n bulgularini
teyit etmesi bu genotiplerin Vitis vinifera L. tlriine ait
olduklari  fikrini  destekleyen bir olgu olarak
degerlendirilmektedir. Calismada tly tipleri IBPGR
standart teshis yontemleriyle saptanmistir. Oraman
(1959) gruplandirmayi; seftali (Oriimcek Agi), yiin, kege
ve firca gibi kelimelerle belirlerken Galet (1956-1964)
yln gibi ifadesine yer vererek bunlara dikenimsi tiyler ve
tlysilz teshisini ilave etmistir. Uzun (1986) ve Marasali
(1986)'nin IBPGR’nin olusturdugu yéntemi (Anonymous
1983) dikkate almalarina kadar, Oraman’in (1959)
gelistirdigi yontem daha sonra yirutilen ¢alismalarda
gozonunde bulundurulmustur. En yeni sekliyle kullanima
giren ve uluslararasi bir kavram batinligine donik bu
metoda goreyse tiy tipi “Yatik” ve “Dik” seklinde 2 gruba

ayrilmistir. incelenen genotiplerin tamaminda dik
tlylerin  saptanamamasi, Kara (1990)'in  yaptig
calismayla paralellik arz etmektedir. Bunun icin

omcalarda vyatik tlylerin, dik tliylere nazaran daha
onemli oldugu fikri agir basmaktadir. Zira bu o6zellik,
cesitlerin teshisinde arastiriciya kolaylik saglamaktadir.
Bu hal Unal (2000), Kilig ve ark. (2011) ve Unal ve Yildirim
(2020)'nin  arastirmalariyla bire bir o6rtismektedir
(Cizelge 2).

Ciceklenme devresinde salkimlari incelenen yerel Gziim
cesitlerinde cicek yapisi Bizani, Rese Gurguronek ve
Sincari de “Erdisi Gorlinimla Disi” olarak saptanirken,
geri kalan asmalarda “Erdisi” olarak belirlenmistir. 'Erdisi
GOrtinimlu Disi’ gigek tipinin tim gesitler icerisinde %
10.71 oldugu bulunmustur. Aktepe (1994)"' disi cicek
oranini % 28.6, Yildirim (2019) % 7.1 ve Binay (2013) ise
% 20 olarak belirlemistir. Bu durum, asma genetik
materyalimiz igerisinde disi cigek yapisina sahip gesitlerin
sayica daha az oldugunu gostermektedir. ilk cicek
salkiminin ¢iktigi bogum bakimindan; Sitvi, Tayfi ve Zeyti
gesitlerinde “1.-2.Bogum”, Mazrone, Korfoki, Siyah
Korfoki, Pembe Korfoki, Rese gurguronek, Kerkisi,
Bizani, Atif, Kohevi, Serdevi, Sincari ve Zeynebi
cesitlerinde “3.-4. Bogum” olarak gozlemlenirken; diger
cesitlerde (Sudani, Resik, Bakari, Deyvani) “5.Bogum ve
Yukarisi” olarak gozlemlenmistir. Cesitlerin salkim sapi
boyu genellikle “Kisa” olarak bulunurken diger gruplarda
yer alan cesitlerde saptanmistir (Cizelge 2). Bu durum, bir
cesit karakteri olmakla beraber bakim islemleri, 6zellikle
ciceklenme devresindeki iklim yapisi, cicek yapisina da
bagli olarak salkim uzunlugunu etkileyebilecegi
duslintlmektedir.
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Cizelge 2. Yerel Gziim gesitlerinin gubuk (yillik dal) ve salkim 6zellikleri
Table 2. Cane (annual branch) and bunch properties of local grape varieties

Cubuk Ozellikleri Salkim Ozellikleri
= E > - 3 c E ) 3
3 - = .5 = & P g g ¥ g~ 2~
x g ax x = g2 > o < E £
@ ] = a8 = S 5 > 3 E S E S
£ g Ea <5 5% g g2 < z2
& ® @ © (s} =2 a b
Genotipler @
Mazrone Yuv. Kir. Kah Yok Yok Cizgili Erdisi 3-4. Bogum Orta Kisa
: ik & : $508 (199.1+10.6) (16.8£0.4)
. R . M Orta Kisa
Kerkusi Yuv. Kir. Kah. Yok Yok Cizgili Erdisi 3-4. Bogum (197.4416.3) (15.90.8)
. - - M Orta Kisa
Zeyti Yuv. Koyu Kir. Yok Yok Cizgili Erdisi 1-2. Bogum (202.1410.5 (17.0£0.7)
. N . 5. Bogum ve Orta Kisa
Benitaht Yuv. Kir. Kah. Yok Yok Cizgili Erdisi Ustii (199.1+13.0) (16.8£0.5)
. R . M Orta Kisa
Sepirze Yuv. Kir. Kah. Yok Yok Cizgili Erdisi 3-4. Bogum (201.6413.4) (16.840.5)
. - . . Kigtik Kisa
Serdevi Yuv. Acik Kah. Yok Yok Cizgili Erdisi 3-4. Bogum (176.2412.1) (12.740.4)
. R . M Orta Orta
Korfoki Oval Kir. Kah. Yok Yok Cizgili Erdisi 3-4. Bogum (205.5414.7) (21.9+1.2)
Siyah - . N Kuguk Orta
Korfoki Oval Kir. Kah. Yok Yok Cizgili Erdisi 3-4. Bogum (180.5+14.0) (17.9+1.1)
. - . . Kuguk Kisa
Pembe Korfoki Yuv. Kir. Kah. Yok Yok Cizgili Erdisi 4. Bogum (170.5412.6) (16.840.5)
. - . 5. Bogum Cok Kuguk Kisa
Sudani Yuv. Koyu Kah. Yok Yok Cizgili Erdisi ve lstil (124.449.2) (14.30.6)
. - . ) . Cok Kuglk Kisa
Zeynebi Yuv. Kir. Kah. Yok Yok Cizgili Erdisi 3-4. Bogum (133.549.2) (16.540.6)
- - . Kuguk Kisa
Koher Yuv. Sari. Kah. Yok Yok Cizgili Disi 3-4. Bogum (150.8+12.4) (1.5+1.0)
R . M Kisa
- +
Bilbizek Yuv. Kir. Kah. Yok Yok Cizgili Erdisi 3-4. Bogum Orta (201.6+13.4) (16.840.5)
. - . . Kuguk Kisa
Heseni Yuv. Koyu Kah. Yok Yok Cizgili Erdigi 3-4. Bogum (134.7412.4) (14.5+1.1)
) - . . Kuguk Kisa
Tayfi Yuv. Kir. Kah. Yok Yok Cizgili Erdisi 1-2. Bogum (129.748.6) (16.120.6)
Basik - - . Cok Kuglk Kisa
Rage Gurguronek Oval Koyu Kah. Yok Yok Cizgili Disi 3-4. Bogum (108.9:8.4) (13.450.6)
. - . 5. Bogum Cok Kuguk Kisa
Resik Yuv. Kah. Yok Yok Cizgili Erdigi ve Gstil (124.449.2) (14.30.6)
. . - - M Kuagtik Orta
Sincari Yuv. Sari. Kah. Yok Yok Cizgili Disi 3-4. Bogum (191.1415.9) (19.01.4)
. - . 5. Bogum Cok Kuglk Orta
Bakari Yuv. Sari. Kah. Yok Yok Cizgili Erdigi ve Gstil (123.8410.8) (15.2¢1.1)
: - . M Orta Orta
Imbesek Yuv. Kir. Kah. Yok Yok Cizgili Erdisi 3-4. Bogum (200.747.1) (19.0£0.3)
. : s . M Orta Orta
Siyah Imbesek Yuv. Kir. Kah. Yok Yok Cizgili Erdigi 3-4. Bogum (200.747.1) (18.740.3)
. Basik - . . Cok Kuguk Kisa
Sorani Oval Sari. Kah. Yok Yok Cizgili Erdigi 3-4. Bogum (101.6+24.3) (15.90.4)
. - L . Kuguk Kisa
Bizani Yuv. Sari. Kah. Yok Yok Cizgili Erdisi 3-4. Bogum (150.8412.4) (15.0£1.0)
- s . M Orta Orta
Hazirani Yuv. Kir. Kah. Yok Yok Cizgili Erdisi 3-4. Bogum (200.747.1) (17.740.3)
R . M Orta Orta
Auf Yuv. Kir. Kah. Yok Yok Cizgili Erdisi 3-4. Bogum (200.747.1) (18.740.3)
. - . ) M Cok Kuglk Kisa
Sitvi Yuv. Sari Yok Yok Cizgili Erdisi 1-2. Bogum (92.8+11.8) (12.940.6)
. - . M Kuguk Kisa
Verdani Yuv. Kir. Kah. Yok Yok Cizgili Erdisi 3-4. Bogum (150.9411.5) (16.10.5)
. - - 5. Bogum Cok Kuglk Cok Kisa
Deyvani Yuv. Kir. Kah. Yok Yok Cizgili Erdisi ve lstil (67.4+10.3) (10.420.6)
Yuv.: Yuv. Kir.Kah.: Kirmizi Kahverengi Sari. Kah.: Sarimsi Kahverengi
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IBPGR, salkim iriligini en x boy seklinde kabul ederken
Kara (1990) ve Glirs6z (1993), en x boy hesaplanmasinda
ozellikle omuzlu, kanath ve konik bir yapida olan
cesitlerde salkimin disinda kalan alanin 6lgiime dahil
edilmesinin birtakim yanhs sonuglara sebep olacagini
ifade etmislerdir. incelenen cesitler salkim buyiklugi
bakimindan ise “Cok Kiglk-Orta” sinifinda tespit
edilmislerdir. Uziim cgesitlerinde salkim boyu “Cok Kisa”
ile“Cok Uzun” arasinda siniflanmis olup, en uzun salkima
sahip c¢esit Hazirani olmustur. Salkim boyu; cevre ve
bakim sartlarindan biyiik olclide etkilendiginden artik
eski Gnemini yitirmistir (Morton, 1979).

Hasat devresinde salkim sikhgl bakimindan incelenen
Uzlm gegsitleri “hemen her sinifta yer almislardir. Ancak
bu durumun bir cesit ozelligi olmasi yani sira kiltlrel
islemler, iklim sartlari, 6zellikle ¢iceklenme dénemindeki
olumsuz iklim kosullariyla beraber cicek yapisiyla da
yakindan baglantii  oldugu bilinmektedir. Hasat
zamaninin tespitinde ve salkimlarin dalla olan irtibatinda
dikkate alinan salkim sapinin odunlasmasi bakimindan
genotipler, “Orta” ve “Gli¢li” grubunda yer almislardir
(Cizelge 3).

Yine tane sapi boyu, tane eni, tane boyu bakiminda
cesitler degisik siniflarda yer almis olup, bu bir cesit
ozelligi olma yaninda bakim ve ekolojik sartlarda 6nemli
seviyede etkili olabilmektedir. Tanelerde renk ve irilikte
bir orneklikte farkh gruplarda bulunmuslardir. Bunda
ciceklenme devresindeki olumsuz iklim sartlari yaninda
hatali budama, 6zellikle sulama ve N’lu gibreleme gibi
islemler buyuk olcide etkin rol oynamaktadirlar. Demir
ve Tangolar (2021) Black Magic (izim cesidinde organik
ve organomineral glibre uygulamalarinin verim, kalite ve
bitki beslemeye etkilerini arastirdiklari ¢alismalarinda,
yapraktan ve topraktan sivi organik (BioGas) ve
organomineral (AminoSEL-K) glbrelerin yapraktan

Cizelge 3. Yerel tiziim gesitlerin salkim ve tane Ozellikleri

Table 3. Bunch and berry properties of local grape varieties

uygulanmasiyla Gzim verimi ve kalitesi Uzerine
etkilerinin ilk yildan itibaren gorilebilecegini, devam
eden vyillarda da etkinin artarak devam edecegini
bildirmislerdir.

Elde edilen sonuglarimizda, mahalli Gziim genotiplerinde
ise tane sekli yoninden degisiklikler gortlmustdr. Bir
cesit veya asmada tanenin seklinin ¢evre sartlarindan
cok etkilenmemesi bu karakterin cesit saptamadaki
ehemmiyetini belirtmektedir. Bununla beraber tanenin
seklinin tozlayici ceside gore de degisiklik gosterebilecegi
belirtiimektedir. Ozbek (1951), babalik cesidin tane
hacmi Gizerine etkili olmadigini bildirirken Dagl (1962) ve
Fidan (1975) ise, tam tersini ifade etmislerdir. Tane
kabugu rengi Mazrone, Kerkusi, Zeyti, Benitaht, Korfoki,
Zeynebi, Bilbizek, Heseni, Bakari, imsebek, Bizani,
Hazirani, Atif, Sitvi, Verdani, Deyvani, Serdevi, Kohevi ve
Sincari cesitlerinde “Yesil Sar1”, Rese gurguronek, Sudani,
Resik ve Siyah Imsebek cesitlerinde “Siyah”, Verdani,
Sepirze ve Tayfi gesitlerinde “Koyu Kirmizi Mor”’, Sorani
ve Pembe Korfoki’de ise ” Pempe” olarak saptanmistir.
Bu hal, meyve etinde kabuktan ayri antosiyaninin
tesekkdl ettigi savini teyit etmektedir (Marasali, 1986).
Tanelerin rengi her ne kadar ceside has olsa da rek
yogunlugunun ve birdrnekliginin ayni asmada dahi
degisiklik gosterdigi gorilmuistir. Bu durumun baslica
sebeplerinin aktif sicaklik toplami ve gece-glindiiz
arasindaki sicakhk farki gibi iklim kosullari oldugu
dusunilmektedir (Cizelge 3). Korkutal ve ark. (2021),
Michele Palieri/110R asi kombinasyonuna sahip
omcalardan olusan bagda, yaprak alma ve salkim
seyreltme uygulamalarinin, salkim 6zellikleri Gzerine
etkilerinin belirlenmesi Gzerine yaptiklari ¢calismalarinda
salkim seyreltme ve yaprak uygulamalarinin kontrole
gore verimde %8-48 aras! bir diislise neden oldugunu
bildirmislerdir.

Salkim Ozellikleri

Tane Ozellikleri

Kabuk Ozellikleri

- - = — >80
>80 s 8 o — £ s = = > < =
= E g 3 § =2 3' — o © < 5 £ ~ % <
. n - £ = ‘s o E £ 9 wn 5 G 39
Genotipler E S € 5 e} =0 ~ X 2 ‘o o
E s = > o 2 f‘— T E g a 3 2 g E
= = S = o (] o
; 238 & o g = £ = K 3 <2
. Orta Orta Orta . Yesil : .
B . B
Mazrone Orta Guglu (6.1£0.8) (15.420.5) (16.00.5) irérnek Yuv San Ince irornek
Kerkuisi Orta Guglu (ng_rtla,?,) (14(');!?)'7) (15'0;?1'0) Birornek Yuv. Sari ince Birornek
Uzun Orta Orta Birornek :
Zevti - ' Bird
eyti Orta Guglt (9.240.8) (16.0£0.6) (17.3+1.0) Degil Yuv Sari Ince irornek
. Orta Orta Uzun Birdrnek Uzun ; -
Benitaht Seyrek Orta (6.9+1.5) (15.30.7) (18.7+1.7) Degil Elips Sari Ince Birornek
. - Orta Orta Uzun . L Koyu Kir. ; Birérnek
Sepirze Orta Guglu (6.240.5) (16.50.7) (19.10.9) Birornek S.dirik Mor Ince Degil
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Cizelge 3 (devami). Yerel Gzlim cesitlerin salkim ve tane ozellikleri
Table 3 (continued). Bunch and berry properties of local grape varieties

Salkim Ozellikleri

Tane Ozellikleri

Kabuk Ozellikleri

_ = 3. - € m 3
2 a8 3 g £ = 5 B z £x
b a g o - g S £s g & = c 5
Genotipler £ ES & E = g =0 ® x x &0
= = 5 £~ ] @ £ E c 3 x < E
3 83 = 5 2 2 = S 2 22
n o Tv\-: L 8 ! < S
. - Orta Orta Uzun Birdrnek . Yesil : Birérnek
Serdevi Orta Gligld (6.80.3) (16.70.2) (18.6+0.2) Degil Elips sari Ince Degil
Korfoki Seyrek Guglu Orta Orta Orta Birornek Yuv Sari ince Birornek
v ¢ (7.70.6) (15.9:0.9) (16.31.2) ‘
. . - Orta Orta Orta - Yesil ; -
Siyah Korfoki Seyrek Guglu (6.240.2) (15.40.1) (16.0£0.1) Birdrnek Yuv. Sant Ince Birérnek
. Uzun Orta Orta Birdrnek : Birérnek
Pembe Korfoki Orta Zayif (8.1£0.2) (14.9:0.3) (16.540.4) Degil Yuv. Pembe Ince Degil
. - Orta Orta Uzun Birérnek . . ; Birérnek
Sudani Orta Glicld (6.6+0.2) (15.80.2) (19.60.2) Degil Elips Siyah Ince Degil
. Orta Dar Cok Uzun . Uzun Yesil : .
Zeynebi Orta Orta (6.240.2) (13.60.4) (25.740.7) Birdrnek Elips Sari Ince Birérnek
- Orta Orta Orta Birérnek Yesil : Birérnek
Koher Stk Glicld (7.0£0.2) (15.70.7) (16.1+0.7) Degil Yuv. sari Ince Degil
- Orta Orta Orta . Yesil : .
Bilbizek Orta Guglu (6.440.2) (15.4£0.1) (16.040.1) Birornek Yuv. San Ince Birérnek
. Orta Enli Uzun - Yesil -
Heseni Orta Zayif (7.840.7) (19.10.8) (19.640.5) Birdrnek Yuv. Sari Kahn Birérnek
" I Kisa Orta Uzun Birornek Uzun Koyu Kir. Birérnek
Tayfi Sik Gucld (5.6£0.4) (16.240.9) (19.8+0.8) Degil Elips Mor Orta Degil
Rage Cok - Kisa Orta Uzun Birornek . . -
Gurguronek sik Guglu (5.940.2) (17.240.2) (19.5£0.3) Degil Elips Sivah Orta  Biromek
. - Orta Orta Uzun Birdrnek . . ; _—
Resik Orta Guglu (6.6£0.2) (15.80.2) (19.640.2) Degil Elips Siyah Ince Biroérnek
. . e Orta Orta Kisa Birérnek ; -
Sincari Sik Guglu (6.0£0.4) (16.9£0.7) (14.3£0.5) Degil Yuv. Sari Ince Birérnek
. Orta Orta Cok Uzun - . Yesil : -
Bakari Seyrek GCok Zayif (6.6£0.2) (17.3+1.0) (25.0£1.0) Birdrnek S.dirik Sari Ince Birornek
. Orta Orta Orta Birdrnek Yesil : _—
Imbesek Orta Zayif (6.2:0.2) (15.5£0.9) (16.240.6) Degil Yuv. Sart Ince Birérnek
. . Kisa Gok Dar Kisa Birérnek . -
Siyah Imbesek Orta Zayif (5.1£0.4) (11.30.5) (12.0£0.5) Degil Yuv. Siyah Orta Birornek
. Orta Orta Orta _ ; _—
Sorani Sik Orta (7.6£0.8) (16.1+1.1) (16.740.9) Birérnek Yuv. Pembe Ince Birérnek
. - Kisa Orta Orta Birérnek Yesil Birérnek
Bizani Stk Gudd (5 020.2) (15.7+0.7) (16.1+0.7) Degil Yuv. san Orta Degil
_— Kisa Orta Orta Birornek Yesil ; -
Hazirani Orta Zayif (6.0£0.2) (14.540.8) (15.240.5) Degil Yuv. Sari Ince Birornek
Orta Orta Orta Birdrnek Yesil : _—
Auf Orta zayf (6.20.2) (15.5+0.9) (16.2+0.6) Degil Yuv. san Ince  Birornek
. Orta Orta Orta L Yesil : .
Sitvi Sik Orta (6.3£0.1) (17.1£0.1) (17.320.1) Birérnek Yuv. San Ince Birérnek
. R Orta Enli Cok Uzun Birornek . Koyu Kir. ; Birérnek
Verdani seyrek Gl (6.90.2) (19.440.3) (22.3+0.3) Degil Elips Mor Ince Degil
. - Orta Orta Orta Birornek Yesil Birornek
Deyvani seyrek  Glld (6.3+0.2) (15.60.2) (15.4+0.3) Degil Y. sari Kahn Degil
Yuv.: Yuvarlak S.dirik: Silindirik.

Tane agirliklar agisindan gesitler “Cok Hafif”, “Hafif”,
“Orta”, “Agir ” ve “Cok Agir” olarak siniflandiriimis
(Cizelge 4); en agir taneli ¢esit Verdani iken en hafif
cesidin  Imsebek  oldugu  saptanmistir.  Bitlin
genotiplerde koruk safhasindaki tane rengi yesilken
olgunlugun baslamasiyla birlikte ceside has bicimde
degisime ugramistir. Uzimiin degerlendirme bicimi ve
nitelik gibi Ozelliklerine etki eden sirada kuru madde
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orani agisindan 10 gesitin “Orta”, 6 ¢esitin “Dusik”, 12
cesitin  “Yiksek” sinifinda yer aldigi bulunmustur.
incelenen cesitler icerinde SCKM orani en diisiik olan
cesit Zeyti (%11.52) iken en yiliksek ¢esitin Sincari
(%23.20) oldugu bulunmustur. Sirada asit oranlari ise
“Dlsuk”, “Orta” ve “Yiksek” olarak U¢ grupta yer
almiglardir. Bu, cesitler arasindaki genetik farkliliklara
ilaveten Kara’nin (1990) da belirttigi gibi cevre ve bakim
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islemlerindeki farkhliklar nedeniyle her yil hasat, ayni
tarihte yapilamadigindan da kaynaklanabilecegi ifade
edilmistir. Yine tad bakimindan incelenen biitin
cesitlerin “Diger” sinifinda yer almislardir. Sira randimani
bakimindan Zeyti, Tayfi, Sorani, Sitvi ve Sincari gesitleri
“Dustk” olup; Korfoki, Heseni, Rese gurguronek ve
Serdevi cesitlerinin sira randimani “Orta”, Mazrone,
Kerkusi, Benitaht, Siyah korfoki, Pembe korfoki, Sudani,
Bilbizek, Resik Imsebekler, Bizani, Hazirani, Deyvani, ve
Kohevi cesitleri “Yiksek”, Zeynebi c¢esidi ise “Cok
Yiiksek” sinifinda yer almislardir. Diinya’da sofralik
Gzlimlerin tiketiminde ve ihracatinda en 6nemli kriter
olarak kullanilan, sofralik cesitlerde dnemli bir hasat
kistasi olan ve SCKM / asit orani olarak bilinen “Olgunluk
indisi”, incelenen cesitlerin timiinin 20-40 degeri
arasinda oldugu tespit edilmistir. Olgunluk indislerinin
yillara, cesitlere, hatta ekolojiye gore degistigi bazi
arastiricilar  tarafindan  bildirilmektedir (Kara ve
Gergekcioglu, 1993; Karanis ve Celik, 2002; Tangolar ve
ark., 2005; Cangi ve ark., 2011). Nitekim Ozdemir ve
Bayhan (2018)’de yayinladiklari bir makalede Diyarbakir
sartlarinda Mazrone’de olgunluk indisini 62.40 bulurken
bu calismada ayni ¢esitte 35.10 bulunmasi da bu tezi
desteklemektedir. Bu calismada en disuk olgunluk indisi
Benitaht (20.83)'de, en yiiksek ise Heseni (39.10)'de
bulunurken diger cesitler bu iki deger arasinda
siralanmistir (Cizelge 4). Yurutilen bu calismada elde
edilen olgunluk indisi sonuglarina gore, bolgede tim

GUzim  cesitlerinin  istenilen  olgunluk indisine
ulasabilecegini gbstermistir.  Arastirmamizda, tam
olgunluk asamasinda sirada pH degerleri cesitler

arasinda farklihk gostermistir. Winkler ve ark., (1974)
oluma kadar pH’nin 6nemli derecede arttigini, pH’daki
bu degisim ile yeme kalitesindeki uygun olmayan tatlarin
kayboldugunu ve degistigini bildirmislerdir. Midyat
bolgesindeki yerel tiziimlerde yapilan arastirmada beyaz
cesitlerde  sirada  pH'nin  3.32.-3.88  arasinda
degismektedir. En diisik Deyvani 3.32 olup en yliksek
Heseni 3.88 Uzlim cesitleridir. Renkli ¢esitlerde ise 3.25-
3.66 arasinda degismektedir. Bu ¢alismada ise en diisiik
pH Resik (pH 3.25), en yiiksek Hasani (pH 3.88) ¢esidinde
belirlenirken diger ¢esitler bu ikisi arasinda siralanmistir
(Cizelge 4). Bilhassa sicak bolgelerde tiziimlerin olgunluk
kriteri olarak pH derecesi de 6nerilmektedir (Fanizza,
1982). Ozdemir ve Bayhan (2018)'de 2011 yilinda
Diyarbakir ili Cermik ve Egil ilcelerinde yurittikleri bir
calismadaMazrone(Sire) cesidinin pH degeri 3.74
bulunurken bu calismada 3.42 olarak bulunmus olup,
aradaki farkhligin cevre sartlari ve kiltirel islemler
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vb.den kaynaklandigi diisiinilmektedir (Cizelge 4).
Tanelerden c¢ikarilan gekirdeklerin  boyu Kerkusi,
Imsebekler, Hazirani ve Atif cesitleri “Orta”; Mazrone,
Zeyti, Benitaht, Sepirze, Korfokiler, Bilbizek, Heseni,
Tayfi, Bakari, Sorani, Sitvi, Deyvani, Serdevi ve Sincari
cesitlerinin “Uzun”; Rese Gurguronek, Sudani, Resik,
Zeynebi, Bizani, Verdani ve Kohevi'nin ise “Cok Uzun”
sinifina dahil olduklari belirlenmistir (Cizelge 4).
Cekirdek eni acgisindan Kerkusi, Zeyti, Zeynebi, Tayfi,
Imbesekler, Hazirani ve Sincari Gzim cesitleri “Enli”;
Mazrone, Benitaht, Sepirze, Korfokiler, Sudani, Bilbizek,
Heseni, Resikler, Bakari, Sorani, Bizani, Atif, Sitvi,
Verdani, Deyvani, Serdevi ve Kohevi cesitleri ise “Cok
Enli” grubunda belirlenmiglerdir. Cekirdeklerin agirliklari
acisindan  Sudani, Zeynebi, Verdani ve Serdevi
cesitlerinin “Orta”; Kerkusi, Benitaht, Sepirze, Pembe
Korfoki, Bilbizek, Heseni, Tayfi, Bakari, Imbesekler,
Sorani, Bizani, Hazirani, Atif, Sitvi, Deyvani, Kohevi ve
Sincari gesitlerinin “Agir”; Mazrone, Zeyti, Korfoki, Siyah
Korfoki ve Resik gesitlerinin ise “Cok Agir” grubunda
olduklari gozlenmistir (Cizelge 4). Cekirdeklerin, tane
blayukliGgli yani sira tane seklini de etkiledigi
bildirilmektedir (Baris ve Glrnil, 1991). cogunlukla iri ve
agir tanelerde, cekirdeklerinde agir oldugu, uzun
tanelerdeki ¢ekirdeklerinse uzun olduklari gorilmistir.
Bolgede incelemeye tabi tutulan gesitlerin tamaminda
cekirdek bulundugu saptanmistir. Taneler, normalde 4'e
kadar ¢ekirdek tasimakla birlikte s6z konusu cesitlerde 2-
3 adet cekirdek bulunmustur. Oraman (1959), kuru
haldeyken tohumun bicim, renk, parlaklik, salazanin yeri
ve iriligi acisindan bazi genotiplerde degisiklikler
olabilecegini ifade ederken Fidan (1985), farkli bir gorus
ileri stirerek ¢ekirdeklerin, tanelerin terkibi ve gelisme
seyri Uzerine 6nemli bir etkisi olmadigini dile getirmistir.
Cekirdek kenarlarinda olukluluk (gikinti) olmamasi, bu
asmalarin V.vinifera L. tlrine has 6zellikler tasidigini ve
bu tire mensup olduklarini géstermistir (Gider, 1995;
Unal, 2000; Coban ve Kiiey, 2006; Kili¢ ve ark., 2011; Kara
ve ark., 2016; Yildirnm, 2019).

Genotiplerin teshisinde ele alinan kriterlerde yontem
bakimindan degerlendirme yapildiginda, biyokimyasal
yontemler gesitlerin teshisinde daha emin yontem olarak
kabul gérmekle beraber arastirmacilar biyokimyasal ve
klasik yontemlerin birlikte yapilmasinin lizumuna vurgu
yapmaktadirlar (Sabir, 2008; Giler, 2021). Dolayislyla
cesitlerin teshisinde her iki grupta yer alan metotlarin
kullanilmasinin daha dogru ve saglikli sonug verebilecegi
kanaatine variimistir.
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Cizelge 4. Yerel Gizim cesitlerin tane ve cekirdek ozellikleri
Table 4. Berry and seed properties of local grape varieties

Tane Ozellikleri

Cekirdek Ozellikleri

B < g g Lo 2 5 = @ % 5
Genotipler E’?o Eg i o é _g % E x £ E :i, ;g‘ S
2 % g T 3d& ¢ g 5 H 23

P i < k] K <
Mazrone (zgigf.a) \Elljgs_:;( DL(JS)u ‘ YL(ngsa()Ek 258 Yok 342 (7%?0?4) (i?:g;i) (eg.%ig.%(rn) Yok
Kerldsi (2.2?3.3) (?;;) Cz;t)a Zeusk.si)l; 244 Yok 3.6 (s.L;z:orTa) (4.322.3) (51.4A:é(;.r001) Yok
Zeyti (32?3.5) |(31u1§l;|; ID(Z?:)k D([jls;j)k 255 Yok 343 (6992:0?4) (3.522.6) (10?21/?%25) Yok
Benitaht (3:‘1?7) '(31“;‘;'; ngt)a Orta(74) 208 Yok  3.18 (732:53) (i?;ig.]:) Agir (63£0.001) Yok
Sepirze (s.gilc;.l) Zzullf)fzsl; Cz;t)a Zsusk;%l; 351 Yok 366 (7.Uzz:orT1) (i?;;)r.]li) (7;;.2;';3%'51) Yok
Serdevi (33:3.1) (1O7r.t5%) (cz);rt58) (ec;r.t780) 385 Yok 338 (s.L_i)ZtuorTn (it.)zkigﬂi) (75.2;9,%81) Yok
Korfoki (zg;tc?.l) Orta (16) D(Z?:)k 2(7u3k57%§ 350 Yok 357 (73?0?2) (?;;)rgi) (7;;.%';3%'51) Yok
Siyah Korfoki (221?.1) Orta (18) (C;rt53) Zeulsk.;%lj 241 Yok 355 (72?0?1) (iil%ﬂi) (48.6Aigt;.roo1) Yok
Pembe Korfoki (33:16‘.2) Y&fﬁ}k D[(]si)u ‘ 2(70.7%%'; 31 Yok 366 (s.Ulzw_LuorTZ) (gl.)gkig.g) (57./:35'(;.01) Yok
Sudani (32:3.1) (1012%) D(:S:)k 2;{%'; 2L5 Yok 344 ((;glj;:éli? (?ggf) (57.9Aff;.roo1) Yok
Zeynebi ( 4/;5'(; 3) (106r_t9%) Dl(Jé)Uk Zeusk;i)l; 28.6 Yok 361 %;lzfgl;r; (4223 1) (75(; %kiggol{)l) Yok
Koher (zgifci)f.z) (1osr.tlae) D(Z?:)k (egr.%) 337 Yok 348 %;I;:ét;? (TLEJ[.T) (7%?21?2;1) Yok
Bilbizek (z.Hsigf.l) (22%:) (C;rtsa) (22?55) 213 Yok 345 (73?0?1) (i?;;)r.]li) (61.0Atg0".ﬁ001) Yok
Heseni (z:zj_rgfa) (g;) Dg)u ‘ (sc;r.;%) 391 Yok 388 (7.Uzzw_tuon.2) (jgiEc;g) (72213%61) Yok
Tayfi (3.253.2) Y[(];;!)ak D[(]é)[Jk 2(7[].7'(.5(‘)%'; 360 Yok 378 (s.UzZ;orTz) (g?:if)gi) (57.ei_rét)l.r001) Yok
Gurzziznek (3.2:3.1) 2(1u5k;%§ (g.rstg) Orta(62) 235 Yok 3.8 ((;;I;:c:li? (i?s;r.]li) (ez.ff;.rom) Yok
Resik (32:3.1) (loslttSaO) Ez;s;)k 2(7[]2'(.;%; 383 Yok 345 %gljt:éi? (?’cfﬂ) (eo.zﬁéf;.rom) Yok
Sincari (3.2:3.3) {zu;(.sc‘)f)l; D[(jé)u ‘ {su;sk.f)%; 383 Yok 372 (73?0?1) (4.522.2) (53.32%.001) Yok
Bakari (4.§ilor.1) 2(2[1.()‘(.;%'; D[(jé)u ‘ (Eg.s:cl;) 333 Yok 387 (72?0?1) (ifﬁﬂi) (65.4/353.002) Yok
Imbesek (211?.3) zluskszf)l; D[(jé)[J ‘ 2(70.355(')%'; 253 Yok 336 (73:(?.4) (El(.)zk:f;;) (59.2/3%.001) Yok
Siyah imbesek :;fi:oag 2(2u0k51?; I(J7U§(J>I; 2(7[]2'%3; 269 Yok 345 (73:(?.4) (i?zk;)r.]g) (63.32%.001) Yok
Sorani (22:(?.3) 2(2u2k51%§ (g.rstg) 2(7[]2'(.;%; 295 Yok 346 (7%?0?1) (i(.)éll(izﬂi) (60.3/;3\%.001) Yok
Bizani (zgigf.a) (g.tlas) ?:?S'; (2;?55) 337 Yok 348 ((;;l;ijé:r)] ((A;L‘.)L?:) (60.72?(;.001) Yok
Hazirani (zgifc;f.a) (Ylusk.sz%k) Dl(Jé)u ‘ (e%r;;)) 253 Yok 3.36 (69921“0?4) (ffzki?é') (57.2/3%.002) Yok
Auf (z:aigf.a) Zlusksz%'; D[(]é;j ‘ (Ysu}ki%k) 253 Yok 3.56 (6%1;10?3) (3?3'.(13.1;) (61.123;.005) Yok
Sitvi (33:5.1) (1o9r.g:)) Di(jé)[J ‘ (sar.tﬁ)) 330 vok 361 (72?0?1) ﬁf’skﬁff) (45.22?(?.001) Yok
Vedani U a0 oan  tsey 25 Yok 3% QLU ) sosoooy "o
Deyvani (4253.3) (1(23r.tsa0) Y(u7k-;e)k (22?(?(')() 221 Yok 332 (s%for?z) (i‘.):ig.]li) (57.0253.001) Yok
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Sonug olarak, Gzim genotiplerinin siniflandiriimasinda
ve teshislerinde ele alinan tiylulik, renk, agirlik, bigim,
en ve boy gibi kriterlerin yerel Gzim cesitleri arasinda
oldukca yuksek cesitlilik gosterdigini ortaya koymustur.
Asmalarda yaprak tiyluliginin genel olarak alt yizde
daha yuksek oldugu belirlenmis; taylGltgin strgin ucu,
geng yaprak ve gelismis yapraklarin
degerlendirilmesinde énemli oldugu, buna karsin yaprak
sapl, surgiin ve vyilhk dallarin degerlendirilmesinde
onemli bir karakterisitik olmadigl saptanirken, asma
genetik kaynaklari arasinda renk ve sekil karakterlerine
gbre daha az degiskenlik gostermistir.

Tanelerde olusan varyasyonun yaprak, salkim, sirgiin
gibi organlara ve renge nispeten daha az oldugu, renk
acisindan  ise  genotiplerin  teshisinde, o6zellikle
antosiyaninlerin varligi ve yogunlugunun ¢ok daha
muhim oldugu tespit edilmistir.

OzET

Amag: Yoresel Giziim gesitlerini ve bunlarin ampelografik
ozelliklerini uluslararasi normlara gore ayrintili olarak
tespit etmektir.

Yéntem ve Bulgular: Bu ¢alismada, 2019-2020 yillarinda
yapilan bu arastirmada, Mardin ili Midyat yo6resinde
yetistiriciligi yapilan 28 tizim genotipine iliskin cubuk,
cicek, salkim, tane ve g¢ekirdek karakterleri olmak Ulzere
toplam 26 6zellik saptanmistir. incelenen karakterlerin
degerlendirilmesinde IBPGR, OIV ve UPQV ‘ca hazirlanan
'‘Descriptors for Grape' ve 'Minimal Descriptor List for
Grapevine Varieties' esas alinmistir. Calismada Verdani
cesidinin en iri taneli oldugu tespit edilmistir. En uzun
salkima sahip cesit ise Hazirani olmustur. Cesitlerin
SCKM oranlart %11,52 (Zeyti) ile %23,20 (Sincari)
arasinda degisiklik gostermistir.

Genel Yorum: Arastirilan genotiplerde c¢ekirdeklerin
gevresinde cikintinin olmamasi bunlarin V. vinifera L.
tiriine dahil olduguna isaret etmektedir. Biitln
genotiplerde meyve eti renksiz, taneler gekirdekli, yillik
slrglinin ylzeyi c¢izgili, bogum ve bogum aralar ise
tlysiiz olarak tespit edilmistir.

Calismanin Onemi ve Etkisi: Bu calisma ile Mardin ili
Midyat yoresinde vyetistiriciligi yapilan yerel Gzim
cesitleri tanimlanmustir. Yapilan tanimlama ile hem yerel
Uzim cesitlerinin taninirhginin artacagi hem de ileride
olusabilecek isim kargasasinin Onlenebilecegi
dislnilmektedir.

Anahtar Kelimeler: Bagcilik, Gizim, ampelografi, Mardin,
Midyat.
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Yiiksek Lisans tezinden Uretilmis olup, Sirnak Universitesi
Bilimsel Arastirma Proje Birimi (BAP)'nce

2020.FLTP.13.01.06 nolu proje olarak destek almistir.

CIKAR CATISMA BEYANI
Makale yazarlari aralarinda herhangi bir ¢ikar ¢catismasi
olmadigini beyan ederler.

ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar makaleye esit oranda katki saglamis olduklarini
beyan ederler.
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Aims: The aim of this study was to determine the effects of different
solarization mulch materials and biochar application on the mineral
nutrition of lettuce plant.

Methods and Results: The study was carried out with 2 different
solarization mulches and biochar applications for 2 years in greenhouse
conditions. Lettuce was grown in each plot after solarization. At the end of
the harvest period, the dry weight values of the harvested plants and some
nutrient concentrations were determined, in addition, the amounts of
elements exploited by plants from the soil were calculated. According to
the results; it was determined that the most effective applications on
plant’s dry weight for both years were found when solarization and
biochar were used together. In addition, it was determined that the least
effective applications were found as control treatments and classical
solarization treatment.

Conclusions: It was determined that the most effective applications on the
nutrients removed from the soil were; bubble solarization + biochar and
solarization + biochar applications, while the least ineffective applications
were control and classical solarization applications.

Significance and Impact of the Study: According to the values obtained
from the classical solarization mulch material, it was concluded that
bubble solarization mulch material and solarization applications with
biochar added were more effective in terms of lettuce mineral nutrition.
According to the results of this study, a more effective cultivation would
be possible with the help of biochar additive in solarization applications.

Atif / Citation: .0z H, Tiirkan SA, Erdal | (2022) Farkh solarizasyon uygulamalarinin marulun (Lactuca sativa L. Duna) mineral
beslenmesi lizerine etkisi. MKU. Tar. Bil. Derg. 27(1) : 136-144. DOI: 10.37908/mkutbd.1051752

GiRiS

topragin fiziksel, kimyasal ve biyolojik 6zelliklerini

Toprak solarizasyonu, Ulzeri malg malzemesi ile 6rtila
topragin gilines isinlari yardimiyla isitilarak, toprak
kokenli nematod ve zararlilari kimyasal kullanmadan yok
etmede kullanilan bir toprak dezenfeksiyon yontemidir.
Bu yontemin oncelikli kullanm amaci toprak
dezenfeksiyonu olmakla birlikte ilerleyen yillarda yapilan
yeni ¢alismalarla zararli kontroliinde kullanimin yani sira

etkiledigi icin yetistiricilik agisindan topraga olumlu
etkileri bulunmasidir. Solarizasyon isleminin ana unsuru
olan sicaklik artisi, toprak icerisindeki mikroorganizma
faaliyetini degistirmekle birlikte (Oz ve ark, 2017a; Oz ve
ark., 2017b) bitki besin elementi yarayishhgini ve
¢0zlinmis organik madde miktarini etkilemektedir (Al-
Shammary ve ark., 2016; Oz ve ark., 2016; Morra ve ark.,
2018). Arastiricilar, solarizasyon uygulamasindan sonra
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toprakta organik madde, azot formlari ve bazi makro ve
mikro besin elementlerinin (K, Mg, Ca, Na) yarayishihginin
(D’Addabbo ve ark., 2010) organik maddenin daha
ylksek ayrisma oranlari nedeniyle toprak solarizasyonu
sirasinda azot birikiminin artabilecegini bildirmislerdir
(Grunzweig ve ark., 1999; Woldetsadik ve ark., 2018; Oz,
2018)

Son villarda, plastik o6rti teknolojisinde yasanan
gelismelere paralel olarak, orti malzemesin Isik
seciciliginin gelistirilmesi, toprak sicakligindaki artisina
neden olurken, bu sayede topragin fiziksel 6zellikleri
iyileserek, solarizasyon uygulamasinin etkinliginde de
artisa neden olmustur (Al-Shammary ve ark., 2020).
Solarizasyon uygulamasinda kullanilan malglarin 6nemli
unsurlardan biri, toprak sicakligini artirma potansiyeli ve
sera etkisidir. Bu amagla en ¢ok tercih edilen malzeme
inorganik olan plastiklerdir. Bunun yani sira, bitkisel
Urliinler ve hayvan atiklari gibi organik maddelerde
(biyofumigasyon) solarizasyonda mal¢ malzemesi olarak
kullanilmaktadir. Farkh renkli plastik 6rti malzemeleri
solarizasyon uygulamalarinda kullanilmasina ragmen
seffaf renk plastik malzeme, uygulamanin etkinligi
acisindan en uygun renk oldugu arastiricilar tarafindan
bildirilmistir (Mudalagiriyappa, ve ark., 1999; Stapleton,
2000; Komariah ve ark., 2011; Granados ve ark., 2012).
Siyah ve diger renkli plastikler solarizasyon isleminin
etkinliginde daha basarisiz olmasinin nedeni; renkli 6rti
malzemesinden gecen gilnes Isinlarinin  miktari
azalmakta, alttaki topragin isinmasi yerine glines enerjisi
ortl malzemesi tarafindan emilmekte ve atmosfere geri
yansitiimaktadir (Oz, 2018). Campiglia ve ark. (2000)
yaptiklari calismada, seffaf renk PE 6rti malzemesinin
toprak sicakligina artisi siyah renk PE 6rtii malzemesine
gore 4-8 °C daha yiiksek oldugunu belirlemislerdir. Ortii
malzemesinin siyah renk olmasi yerine seffaf orti
malzemesinin altina serilecek siyah renkli organik bir
madde olan biochar yardimiyla, ortam sicakligi daha
fazla artirilarak atmosfere sicaklik kagisi da engellenmis
olacaktir.

Solarizasyon etkinligini artirabilmek amaciyla son yillarda
yapilan calismalarda biochar katkisi ile uygulamadan
daha etkin sonuclar elde edilmeye baslanmistir (Oz,
2018; Alaboz ve Oz, 2020). Solarizasyon uygulamalarinin
yani sira malg¢ uygulamalari ile biochar kullaniminin;
besin elementi yarayishligina olumlu etkileri tespit
edilmistir (Oz ve ark., 2021). Biochar, bitki ve hayvan
kokenli organizmalarin oksijensiz veya az oksijen olan bir
ortamda yanmasi sonucu elde edilen karbonca zengin
olan organik bir maddedir (Ahmad ve ark., 2014).
Solarizasyon uygulamasinda biochar kullaniminin ikili
etkisi gozlenmektedir; birincisi, siyah renginden dolayi
solarizasyonda sicaklik artisina etkisi, ikinci etkisi ise
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organik madde olarak toprak verimlilik potansiyelini
arttirmasidir.

Bu ¢alismada amacg, klasik solarizasyon 6rtiisi ve balonlu
solarizasyon malg malzemeleri ile biochar uygulamasinin
marul  bitkisinin  mineral  beslenmesine  etkisi
belirlenmeye calisiimistir.

MATERYAL ve YONTEM

Deneme alani, deneme deseni ve bitki materyali
Arastirma, Isparta ilinde, 2017—-2018 yillari arasinda 2 yil
sure ile Agustos-Eylil aylarinda solarizasyon uygulamasi
ve Ekim-Aralk aylarinda marul yetistiriciligi yapilarak
sera kosullarinda ydratalmugstir. Arastirma serasinin
genisligi 6 m, uzunlugu 15 m, taban alani 90 m?, yay catili,
celik konstriiksiyonlu, UV+IR katkili PE kaplidir. Arastirma
tesadif parselleri deneme desenine gore ylrutilmuastir.
Solarizasyon uygulamasi, 2 farkh polietilen (PE) malg
malzemesi, Ureticiler tarafindan solarizasyon
uygulamalarinda siklikla kullanilan 0.04 mm kalinliginda
seffaf renkli PE (S-PE) ve piyasada hava balonlu ambalaj
malzemesi olarak satilan 30 mm c¢apinda, 12.5 mm
yuksekliginde seffaf renkli balonlu PE (B-PE)
malzemelerle birlikte kontrol (K) uygulamalarindan
olusturulmustur. Calismada her bir uygulama igin
+Biochar/-Biochar ile birlikte toplam 6 uygulama (S-PE,
S-PE+Bio, B-PE, B-PE+Bio, K, K+Bio) denenmistir.
Uygulamada kullanilan biochar kavak talasindan, 400 °C
piroliz sicakhiginda 5 saat stirede uretilmistir. Elde edilen
biochar 2 mm’lik elekten elenerek kaba parcalar
uzaklastirilmistir. Denemede biochar uygulanacak
parsellere el yardimiyla 100 gr m2 parsel yiizeyini ince bir
orti  biciminde kaplayacak sekilde serilmistir.
Solarizasyon uygulamasindan sonra malg malzemesi
kaldirilarak sadece parsellerde biocharin topraga
karismasi amaciyla tirmiklama yapilmistir. Deneme
parselleri 2x2 m boyutlarinda 3 tekerriirli olarak
ylratidlmustlr. Solarizasyon uygulamasinin eylil ayinin
sonunda tamamlanmasiyla birlikte ekim ayinin basinda
marul fideleri parsellere dikilmistir. Bitki materyali olarak
Duna vyedikule marul fideleri parsellere 30x20 cm
araliklarla (20 bitki m2) dikimi yapilmis ve Aralik ayinin 3.
haftasi hasat edilmistir. Marul bitkisi icin 6nerilen 110 kg
ha N (Amonyum Siilfat ve Mono amonyum fosfat), 100
kg ha P,Os (Mono amonyum fosfat) ve 50 kg ha™ K,0
(Potasyum Siilfat) taban gilibrelemesi damla sulamayla
yapilmistir. Yetistirme periyodu boyunca, tansiyometre
yardimiyla toprak nemi takip edilerek 5 giinliik sulama
arahgi ile parseller tarla kapasitesine ulasacak sekilde esit
sekilde sulama yapilmistir.

Deneme topragi, ylksek kirecli, tuz ve organik madde
icerigi dusuk, hafif alkali reaksiyonlu olup killi/tin
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blinyeye sahiptir. Deneme alani topraginin bitkiye
yarayisli besin elementi miktarlari genel anlamda yeter
seviyededir (Alpaslan ve ark., 1998). Deneme alanina ait
diger bazi toprak ozellikleri Cizelge 1'de verilmistir.

Cizelge 1. Deneme alani topraginin bazi 6zellikleri
Table 1. Some characteristics of study area soil
Ozellik

Organik madde (%) 1.8
CaCoOs (%) 18
EC (ds m1) 0.98
Blnye Killi tin
pH (1/2.5) 7.5
Yarayish P (mg kg?) 30
Degisebilir Ca (mg kg?) 6000
Degisebilir K (mg kg™) 156
Degisebilir Mg (mg kg?) 360
Fe (mg kg?) 10
Mn (mg kg?) 30
Zn (mg kg?) 2.5
Cu (mgkg?) 5
Toprak analizleri

Toprak 6rneklerinin pH ve EC dlgimleri 1/2.5 oranindaki
toprak/saf karisiminda pH ve EC metre ile (Richards,
1954), CaCOs miktari Scheibler kalsimetresi ile (Loeppert
ve Suarez, 1996), biinye ise hidrometre yontemine gore
belirlenmistir (Bouyoucos, 1936). Organik madde
miktarlarinin belirlenmesi icin Walkey-Black metodu
(Walkley ve Black, 1934) kullanilirken; alinabilir P,
sodyum bikarbonat (0.5 M, pH= 8.5) (Olsen ve ark.,
1954) ve degisebilir K, Ca ve Mg analizleri IN Amonyum
Asetat (pH=7) metoduna gore belirlenmistir (Carson,
1980). Mikro element analizleri icin DTPA ydntemi
kullanilmistir (Lindsay ve Norvell, 1969).

Bitki analizleri

Bitkiler yaklasik 3 aylik gelisme doneminden sonra
toprak ylizeyinden kesilerek hasat edilmistir. Sonrasinda
yapraklarina ayrilan bitkiler ¢esme suyu ve saf sudan
gecirilmis ve fazla suyun uzaklasmasi amaciyla kaba filtre
kagidi Gizerine serilerek birkag¢ saat bekletilmistir. Daha
sonra kese kagitlarina konulan bitkiler agizlari agik bir
sekilde kurutma dolabina yerlestirilmis ve sabit agirliga
gelinceye kadar 70 °C de kurutulmustur. Etiivde
kurutulan 6rnekler 6gutildikten sonra 0.5 gr tartilip kil
firninda porselen kroze igerisinde 550 °C de yakilmis,
yakilan ornekler 3 ml konsantre HCl ile ¢6zlilmus, bu
islemden sonra, son hacmi 50 ml olacak sekilde
hazirlanip  ekstrakt kaplarina alinmistir.  Yakilan
orneklerde P Vanadamolibdat sari renk yodntemiyle
belirlenirken, K, Ca, Mg, Fe, Mn, Zn ve Cu Atomik
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Absorpsiyon Spektrofotometrede okunarak
belirlenmistir. Bitkide toplam azot Kjeldahl yontemiyle
belirlenmistir. Bunun igin 0.5 gr bitki 6rnegi tartilarak
tlplere koyulmus, katalizor ilave edilerek siilfurik asit ile
yakma islemi gerceklestirilmistir. Alkalide distilasyon ve
titrasyon islemleri yapilarak gerekli hesaplamalar
yapilmistir (Mills ve Benton, 1996)

Besin elementi alimlari

Topraktan kaldrilan bitki besin elementi miktarinin
belirlenmesi icin bitkinin kuru agirligi (KA) ile bitkinin
besin elementi icerigi carpilarak hesaplanmistir

istatistiksel analizler

Calismadan elde edilen tim veriler MSTAT-C paket
programi  yardimiyla (Crop and Soil Sciences
Department, Michigan State University, Version 1.2)
varyans analizine tabii tutulmustur. Bek (1983)’e gore
Duncan testi uygulanarak gruplandiriimistir.

BULGULAR

Bitki kuru agirhgi ve bitkilerin makro element
konsantrasyonlari

Uygulamalarin marulun kuru agirligiile N, P, K, Ca ve Mg
konsantrasyonlari zerine olan etkilerine ait sonuglar
Cizelge 2’'de verilmistir.  Bitki kuru agirliklari
incelendiginde, ilk yil icin en etkili uygulamalar
istatistiksel olarak ayni 6nem derecelerine sahip olan $-
PE+Bio (29.8 g) ve B-PE+Bio (26.8 g) uygulamalari iken
bunlari B-PE (23.2 g) solarizasyon uygulamasi izlemistir.
ikinci yil icin ise istatistiksel olarak digerlerinden net
olarak ayrilan B-PE+Bio (26.5 g) uygulamasi en etkili
uygulama olurken bunu B-PE (18.7 g) uygulamasi
izlemistir (p<0.05).

Birinci yil icin en diisik kuru maddenin elde edildigi
uygulamalar ayni istatistiksel grubu paylasan K (12.3 g),
S-PE (15.0 g) ve K+Bio (14.7 g) uygulamalari olurken,
ikinci yil ise benzer sekilde K (11.8 g) ve S-PE (9.6 g)
uygulamalari en distik kuru agirhgin elde edildigi konular
olmustur. Farkh solarizasyon uygulamalarinin bitkinin N
konsantrasyonu lizerine olan etkileri iki yil icin de anlamli
bulunmustur. Elde edilen N konsantrasyon degerleri
incelendiginde, ilk yil icin en digik N icerigi % 3.06 ile $-
PE ve % 3.14 ile K uygulamasindan, en yiksek N degerleri
ise % 3.66 ve % 3.68 ile B-PE+Bio ve B-PE
uygulamalarindan elde edilmistir. ikinci yil denemesine
ait veriler incelendiginde ise en diisiik N miktari % 2.43
ile K grubuna ait bitkilerde, en yiiksek N icerigi ise % 3.18
ile S-PE uygulamasina ait bitkilerde olg¢lilmustir.
Uygulamalar, marulun P konsantrasyonunu anlamli
olarak etkilemistir. ilk yil icin en dusiik P konsantrasyonu
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K, S-PE ve S-PE+Bio konularindan elde edilirken en
yliksek P konsantrasyonunun K+Bio konusundan elde
edildigi belirlenmistir. ikinci yil ise en disiik P degeri
kontrol grubu bitkilerde, en yliksek degeri ise $-PE+Bio
konusuna ait bitkilerde belirlenirken, bu iki uygulama
arasindaki fark hari¢ diger uygulamalar arasinda anlamli
bir fark goérilmemistir. ilk yil icin bitkinin K
konsantrasyonu % 4.9 (S-PE+Bio) - % 7.3 (B-PE) arasinda
ikinci yil ise % 3.19 (K) - % 5.59 (S-PE) arasinda degisim
gostermis olup, bu degisimler lGzerinde uygulamalarin

etkisi istatistiksel olarak anlamli bulunmustur (p<0.05).
Bitkinin Ca ve Mg degerleri incelendiginde her iki
element Uzerinde ilk yil i¢in uygulamalarin bir etkisinin
olmadigi belirlenmistir. ikinci yil ise uygulamalar bitkinin
Ca ve Mg konsantrasyonlari Gzerinde anlamli derecede
etkili olmuslardir. En diisik Ca ve Mg konsantrasyonlari
% 0.88 ve % 0.75 degerleriyle K+Bio uygulamalarindan
elde edilirken, en yiiksek degerler Ca icin % 1.24 ile B-
PE+Bio uygulamasindan, Mg icin ise % 1.34 ile $-PE+Bio
uygulamalarindan elde edilmistir.

Cizelge 2. Marul bitkisinde farkli solarizasyon uygulamalarinin kuru agirhk (g bitki?) ile makro element

konsantrasyonlarina etkisi (%)

Table 2. Effect of different solarization treatments on dry weight (g plant™) and macro nutrient concentrations (%) of

lettuce
Uygulamalar Kuru agirhik Makro elementler (%)
(g bitki?) N P K Ca Mg

Birinci yil

B-PE+Bio 26.8 AB* 3.66 A 0.41 BC 5.8 BC 1.40 1.1

S-PE+Bio 29.8A 3.29 BC 0.39C 49C 1.47 1.2

K+Bio 14.7C 3.35B 0.51A 6.1B 1.32 1.0

B-PE 23.2B 3.68 A 0.46B 73A 1.36 1.4

S-PE 150C 3.06C 0.39C 5.4 BC 1.30 1.4

K 12.3C 3.14 BC 0.39C 5.1 BC 1.33 1.4
ikinci yil

B-PE+Bio 26.5 A* 2.93 AB 0.41 AB 5.15AB 1.24 A 0.95 ABC

S-PE+Bio 14.9 BC 2.85 ABC 0.43A 5.08 AB 1.19 AB 1.34 A

K+Bio 15.3BC 2.68 BC 0.41 AB 3.32C 0.88D 0.75C

B-PE 18.7B 2.90 AB 0.37 AB 4.17 BC 1.02CD 0.95 ABC

S-PE 9.6C 3.18A 0.39AB 5.59A 1.07 BC 1.20 AB

K 11.8C 2.43C 0.35B 3.19C 0.96 CD 0.81 BC

* Ayni sttunda farkl harflerle gosterilen degerler arasindaki fark istatistiksel olarak 6nemlidir (p<0.05).

Topraktan kaldirilan makro element miktarlari

Marul bitkisiyle topraktan kaldirilan makro element
miktarlarina iliskin veriler Cizelge 3’te verilmistir.
Arastirmada uygulamalarin marul ile topraktan kaldirilan
makro element miktarlari Gzerine etkileri her iki yil icin
de anlamh bulunmustur (p<0.05). Bitki basina topraktan
kaldirilan N miktari izerine en etkili uygulama her iki yil
icin de B-PE+Bio uygulamasi olmustur. Bu uygulama
kosullarinda ilk yil igin bitki basina sémirilen N miktari
981 mg bitki? iken ikinci yil 776 mg bitki* olmustur. Her
iki yila ait en disiik N alimi K grubu bitkilerince
gerceklestirilmistir. Bu bitkilerle ilk yil 386 mg bitki?,
ikinci yil ise 286 mg bitki N kaldirilmistir. Bitkinin almis
oldugu P miktarina bakildiginda en distk P aliminin her
iki yil icin gecerli olmak Uzere K ve $-PE uygulamalarin
yapildigi konulardan elde edildigi gorilmdistir. Buna
karsilik en yiksek P aliminin S-PE+Bio, B-PE+Bio ve B-PE
uygulamalarinda benzer sekilde gerceklestigi
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gorilmustir. ikinci yil igin ise en etkili uygulama B-PE+Bio
uygulamasi olmustur. Potasyum alimi bakimindan
degerlendirildiginde her iki yilda da en disidk K alimi
kontrol konularindaki bitkiler tarafindan
gerceklestirilmistir. Kontrol kosullarinda ilk yil bitki
basina 627 mg bitki™ K alinirken ikinci yil 376 mg bitki*K
alimi gergeklesmistir. En yiksek K aliminin gergeklestigi
uygulamalar yillara gére farkhlik géstermistir. ilk yil en
yiksek K alimi 1700 mg bitki? ile B-PE uygulamasindan
elde edilirken, ikinci yil ise ey yliksek K alimi 1365 mg
bitki? B-PE+Bio uygulamasindan elde edilmistir.
Bitkilerin topraktan kaldirmis olduklari Ca ve Mg
miktarlari incelendiginde en yiksek Ca ve Mg alimi, ilk yil
S-PE+Bio, ikinci yil ise B-PE+Bio uygulamalarindan elde
edildigi gorilmektedir. Birinci ve ikinci yila ait en disik
aliminin gergeklestigi konulara ise Ca icin K ve S-PE, Mg
icin ise K ve K+Bio konulari olmustur.
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Cizelge 3. Marul bitkisinde farkli solarizasyon uygulamalarinin kuru agirlik (g bitki') ve makro element alimi tizerine
etkisi (mg bitki?)
Table 3. Effect of different solarization treatments on dry weight (g plant?) and macro nutrient uptake of lettuce (mg

plant?)
Uygulamalar Kuru agirlik Makro element alimlari (mg bitki)
(g bitki?) N P K Ca Mg

Birinci yil

B-PE+Bio 26.8 AB* 981 A 110A 1554 A 375 AB 295 ABC

S-PE+Bio 29.8 A 980 A 116 A 1460 A 438 A 358 A

K+Bio 14.7C 492 C 75B 897 B 200C 147D

B-PE 23.2B 854 B 107 A 1700 A 316 B 325 AB

S-PE 15.0C 459 CD 59 BC 810B 195C 210 BCD

K 123C 386D 48 C 627 B 164 C 172 CD
ikinci yil

B-PE+Bio 26.5 A* 776 A 109 A 1365 A 329 A 252 A

S-PE+Bio 14.9 BC 425 CD 64 BC 757 BC 177 BC 200 AB

K+Bio 15.3 BC 410C 63 BCD 508 C 135 BCD 1158B

B-PE 18.7B 542 B 69B 780 B 191 B 178 AB

S-PE 9.6 C 305D 37D 537C 103D 1158B

K 11.8C 286 D 41 CD 376 C 113CD 96 B

* Ayni stitunda farkli harflerle gosterilen degerler arasindaki fark istatistiksel olarak 6nemlidir (p<0.05).

Bitkilerin mikro element konsantrasyonlari

Uygulamalarin bitkinin mikro element konsantrasyonlari
Uzerine olan etkileri Cizelge 4’te verilmistir. Bitki Fe
konsantrasyonuna uygulamalarin etkisi her iki yil icin de
anlamli bulunmustur (p<0.05). ilk yil belirlenen Fe
degerleri 86 mg kg (S-PE+Bio) - 132 mg kg (K) arasinda
ikinci belirlenen Fe degerleri ise 59 mg kg™ (B-PE) 105 mg
kg (S-PE) arasinda degismistir. ilk yil sonuglarina gére
bitkilerin Zn ve Mn konsantrasyonlarinin
uygulamalardan etkilenmedigi, ikinci yil ise Zn

konsantrasyonlarinin 25 mg kg (K+Bio) ile 42 mg kg (S-
PE+Bio), Mn konsantrasyonlarinin ise 42 mg kg* (K+Bio)
ile 75 mg kg (S-PE+Bio) arasinda degistigi belirlenmistir.
Uygulamalarin bitkinin Cu konsantrasyonuna etkisi her
iki yil icin de anlamli bulunmustur. ilk yil 9.2 ile 16.1 mg
kg arasinda degisen bitkinin Cu konsantrasyonu ikinci yil
8.3 ile 13.6 mg kg arasinda degismistir. ilk yil icin en
etkili uygulama K+Bio uygulamasi olurken ikinci yil ise $-
PE ve $-PE+Bio uygulamalari olmustur.

Cizelge 4. Marul bitkisinde farkli solarizasyon uygulamalarinin mikro element konsantrasyonlarina etkisi (mg kg™)
Table 4. Effect of different solarization treatments on micro nutrient concentrations (mg kg™) of lettuce

Mikro elementler (mg kg™?)

Uygulamalar Fe n Mn Cu
Birinci yil
B-PE+Bio 106 AB* 34 76 14,0 A
S-PE+Bio 86 B 29 87 10,3B
K+Bio 110 AB 33 88 16,1 A
B-PE 108 AB 31 89 15,0 A
S-PE 117 AB 34 87 9,2B
K 132 A 31 94 13,6 A
ikinciyil
B-PE+Bio 76 BC 35AB 50C 12,1A
S-PE+Bio 92 AB 42 A 75A 13,6 A
K+Bio 61C 25C 42C 8,38
B-PE 59C 27 BC 46 C 9,1B
S-PE 105 A 39A 63 B 13,6 A
K 67 BC 27 BC 51C 8,7B

* Ayni stitunda farkli harflerle gosterilen degerler arasindaki fark istatistiksel olarak 6nemlidir (p<0.05).
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Topraktan kaldirilan mikro element miktarlari
Uygulamalarin marulun topraktan sémiirdigii Fe, Zn, Mn
ve Cu miktarlarina olan etkisi her iki yilda da etkili
bulunmustur. Bitkinin almis oldugu Fe miktari Gizerine en
etkili uygulama her iki yil icin de B-PE+Bio uygulamasi
olurken, bunu $-PE+Bio uygulamasi izlemistir. Bitkinin
gelisim sliresince topraktan kaldirdig1 Zn miktarlari ilk yil
0.39 ile 0.91 mg bitki?, ikinci yil 0.32 ile 0.93 mg bitki™
arasinda degismistir. Her iki yil icin en az Zn kontrol
konularinda yetistirilen bitkiler tarafindan alinirken, en
fazla Zn’nun B-PE+Bio uygulamasi altinda yetistirilen
bitkilerce alindig1 gorilmastir.
Gizelge 5. Marul bitkisinde farkli solarizasyon
uygulamalarinin mikro element alimi
tzerine etkisi (mg bitki?)
Table 5. Effect of different solarization treatments on
micronutrient uptake of lettuce (mg plant?)
Mikro element alimlari (mg bitki™?)

Uygulamalar Fe 7n Mn Cu
Birinci yil
B-PE+Bio 2.84 A* 091A 2.00A 0.37A
S-PE+Bio 256 AB 0.87A 2.59A 0.31AB
K+Bio 1.62B 0.48 BC 1.298B 0.24 BC
B-PE 2.51AB 0.72 AB 2.06 A 0.35A
S-PE 1.74B 0.51BC 1.31B 0.14D
K 1.62B 0.39C 1.16B 0.17CD
ikinci yil
B-PE+Bio 2.01A 0.93A 1.33A 0.32A
S-PE+Bio 1.378B 0.63B 1.12 AB 0.20B
K+Bio 0.93B 0.38C 0.64C 0.13 BC
B-PE 1.10B 0.51BC 0.87 BC 0.17 BC
S-PE 1.018B 0.37C 0.60C 0.13 BC
K 0.80B 0.32C 0.60C 0.10C

* Ayni sUtunda farkli harflerle gosterilen degerler arasindaki
fark istatistiksel olarak 6nemlidir (p<0.05).

Marulun gelisim siiresince topraktan almis oldugu Mn ve
Cu miktarlarina bakildiginda, denemenin ilk yilinda bitki
basina 1.16 ile 2.59 mg Mn, 0.14 ile 0.37 mg Cu alindigl
gorilmistir. ikinci yil ise topraktankaldirilan Mn miktari
0.60 ile 1.33 mg bitki?, Cu miktari ise 0.10 ile 0.32 mg
bitki? arasinda degisim gdstermistir.

TARTISMA

Elde edilen sonuglara gore, uygulamalarin gerek bitkinin
mineral besin elementi konsantrasyonu Uzerine gerekse
topraktan kaldirilan besin elementi miktarlari Gzerine
farkh diizeylerde etki yaptig gortilmektedir. Solarizasyon
uygulamalarinin ~ marulun  gelisimi  ve  mineral
beslenmesine olan etkisi, solarizasyon uygulamalari
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sonucu asll bitkinin besin elementine ve suyuna ortak
olma durumunda olan vyabanci ot tohumlarinin
gelismesinin  engellenmesi gibi durumlara baglamak
mimkindir (Stapleton, 2000). Hastalhk ve zararli
etmenlerine konukcu olan yabanci ot tohumlarinin
olmamasi bitkilerin daha iyi beslenmelerine ve fazla
verim vermelerine yardimci oldugu dusliniilmektedir
(Stapleton, 2000; D’Addabbo ve ark.,, 2010).
Uygulamalarin besin elementi konsantrasyonlarina
genellikle anlamli etkiler yapmis olmasina ragmen elde
edilen besin elementi konsantrasyonlari, ge¢c donemde
bitki analizlerine bagh vyeterlilik seviyelerini bildiren
cesitli arastirma sonuglariyla karsilastirildiginda genel
itibariyla yeterli oldugu goriilmektedir (Jones ve ark.,
1992; Hochmuth ve ark., 1991; Ludwick, 2002; Hartz ve
ark., 2007).

Yapilan arastirmada, marulda belirlenen besin elementi
konsantrasyonlari, cesitli calismalardan elde edilen
sonuclarla genel anlamda uyum igerisindedir. Oz
(2018)’in biochar eklentisinin solarizayon uygulamasinda
N konsantrasyonuna etkisini belirledigi c¢alismada,
biochar ekli uygulamalarda en ylksek % 2.59 N
konsantrayonu belirlenirken kontrol uygulamasinda %
1.81 oraninda belirlenmistir. Calismamizda elde edilen
azot oranlari bu calismaya gore daha vyiksek
belirlenmistir. Oz ve ark. (2017b) yaptiklari solarizasyon
¢alismasinda %3’lik N konsantrasyonu, calismamiz ile
paralellik gdstermektedir. Oz ve ark. (2021) tarafindan
yaratdlen iki yillik bir arastirmada marulun P, K, Ca ve Mg
konsantrasyonlarinin birinci ve ikinci yil igin sirasiyla %
0.50, 2.39, 1.29, 0.13 ve % 0.46, 2.19, 1.63 ve 0.32
oldugu, ayni calismada bitkinin Fe, Zn, Mn ve Cu
iceriklerinin ise yine birinci ve ikinci yil igin sirasiyla 113.
8, 74.7, 60.4, 15.3 ve 130.2, 48.5, 65.2 ve 13.8 oldugu
belirlenmistir. Tiizel ve ark. (2012) tarafindan marulda
yurulen iki yillik bir galismada ise bitkinin ilk yila ait N, P,
K, Ca ve Mg konsantrasyonlarinin sirasiyla % 2.1, 0.36,
39, 139 ve 091 oldugu, Fe, Mn ve Zn
konsantrasyonlarinin ise yine sirasiyla 51.04, 386.6 ve
16.78 mg kg* dlgildugi bildirilmistir. Arastiricilarin ikinci
yil denemesinde ise bu ¢alismaya benzer sekilde marulun
besin elementi konsantrasyonunun ilk yildan biraz farkli
oldugu gorilmis ve belirlenen N, P, K, Ca ve Mg
degerlerisirasiyla % 2.54,1.04,7.11,0.62 ve 0.22; Fe, Mn
ve Zn degerleri 58.26, 158.87 ve 44.58 mg kg?! olarak
kaydedilmistir. Bulut (2022) tarafindan yurutilen bir
arastirmada, glibreli kosullarda bitkide belirlenen N, P, K,
Ca ve Mg konsantrasyonlarinin sirasiyla % 3.64, 1.07,
7.38, 0.46 ve 0.48 oldugu; Fe, Mn, Zn ve Cu
konsantrasyonlarinin ise sirasiyla 264, 126, 27.71 ve
14.18 mg kg olarak él¢ildigiuni bildirmistir. Arastirici,
glibresiz  kosullardaki N, P, K, Ca ve Mg
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konsantrasyonlarini % 3.20, 0.81, 6.56, 0.32 ve 0.36
olarak belirlerken, Fe, Mn, Zn ve Cu konsantrasyonlarini
229, 106, 19.20 ve 5.43 mg kg? olarak belirlemistir. Yine
elde edilen sonuglar, Ucok ve ark. (2019) tarafindan
kivirctk marulda belirlenen N, P, K, Ca ve Mg
degerlerinden yiksek oldugu, Yagmur ve Aydin (2021)
tarafindan mor marulda belirlenen Ca, Mn ve Cu
degerlerine yakin fakat Mg, Fe ve Zn degerlerinden diisik
oldugu gorlalmdistlir. Bulgular arasinda gorilen
farkhliklarin ise bitkilerin yetisme kosullari, uygulanan
pratikler, cesit  farkhliklart  vb. nedenlerden
kaynaklandigini soylemek mimkiindiir (Havlin ve ark.,
2016). Calismada hesaplanan bitki basina kaldirilan besin
elementi miktarlari Oz ve ark. (2021) tarafindan ayni bitki
kullanilarak benzer ortamda yuritilen calismada elde
edilen verilerle benzerlik igerisindedir. Dekardaki bitki
sayisindan (20.000) yola cikilarak marul bitkisinin bir
sezonda dekardan kaldirdigi besin elementleri miktarlari
yillardan bagimsiz olarak sirasiyla N igin; 5.7-19.6 kg, P
icin; 0.74-2.32 kg, K icin; 7.5- 34 kg, Ca icin; 2.1-8.8; Mg
icin; 1.92-7.2 kg arasinda degistigi gortlmustiir. Benzer
olarak marulun sezonda kaldirdigi mikro element
miktarlari ise Fe icin 16-56.8 g, Zn icin; 6.4-18.6 g, Mn
icin; 12-51.8 ve Cu icgin; 2-7.4 g arasinda oldugu
gorilmektedir. Yukarida belirtilen degerlere bakildiginda
bazi konularda bitkinin dekara kaldirdigi N ve K
miktarlarinin giibreyle uygulanan N (11 kg da) ve K (4.1
kg da) miktarlarindan fazla oldugu dikkati cekmektedir.
Bu durum, bazi durumlarda uygulanan dozlarin yetersiz
kaldigini ve bitkilerin topraktaki N ve K'dan yararlanmis
oldugunu gostermektedir (Bulut, 2022).

Sonuc¢ olarak, solarizasyon uygulamalarinin etkisiyle
toprakta meydana gelen degisimin, 6zellikle biochar
eklentisinin marul yetistiriciliginde mineral
beslenmesine etkisi ortaya konulmustur. Elde edilen
sonuglara goére, c¢alismadan beklenen ana etki
solarizasyon uygulamalarinda biochar eklentisinin klasik
solarizasyon uygulamalarinda elde edilen sonuglardan
daha etkili oldugu ortaya cikmistir. Ozellikle klasik
solarizasyon 6rtli malzemesinden elde edilen sonuglara
gore biochar eklentili uygulamalardan daha fazla kuru
agirhk elde edilmistir. Bunun yanisira azot, fosfor ve
potasyum gibi makro element alimlarinda biochar
eklentili  uygulamalalar ile balonlu solarizasyon
uygulamasi klasik solarizasyon uygulamasi ve kontrol
uygulamalarina gore daha vyiksek miktarlarda
Olctlmustir. Mikro element alimlarinda da yine biochar
eklentili uygulamalarda daha yiiksek oranda topraktan
kaldinldig1 belirlenmistir. Uygulamalar arasinda makro
ve mikro besin elementi konsantrasyonlari arasindaki
fark yillar arasinda degiskenlik gostermekle birlikte
farkhlik tam olarak ortaya konulamamistir. Calismadan
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elde edilen sonuglara gore, solarizasyon
uygulamalarinda yeni ortii malzemeleri ve biochar
eklentisinin klasik solarizasyon 6rtii malzemesine gore
daha etkili oldugu belirlenmistir. Bunun yani sira, biochar
eklentisinin solarizasyon uygulamalarindaki etkisinin tam
olarak ortaya konabilmesi icin yapilacak calismalarda
yetistirilecek bitkilerden dénemsel olarak 6érnekleme ve
analizlerin  yapilmasin  uygun olacagl sonucuna
varilmistir.

OZET

Amag: Bu calismada amag, farkli solarizasyon malg
malzemeleri ve biochar uygulamasinin marul bitkisinin
mineral beslenmesine etkisi belirlenmeye ¢alisiimistir.
Yéntem ve Bulgular: Sera kosullarinda 2 yil yiritilen
¢ahisma, 2 farkl solarizasyon Ortisli ve biochar
uygulamalari ile gergeklestirilmistir.  Solarizasyon
uygulamasindan sonra her bir parselde marul
yetistirilmistir. Hasat donemi sonunda, hasat edilen
bitkilerde kuru agirlik degerleriyle kimi besin elementi
konsantrasyonlari belirlenmis,  ayrica bitkilerce
topraktan  kaldirilan  besin  elementi  miktarlari
hesaplanmistir. Elde edilen sonuglara gore; genel bir
degerlendirme yapildiginda her iki yil icin de bitki kuru
agirhg Gzerine en etkili uygulamalarin solarizasyon ve
biochar uygulamalarinin birlikte yapildigi uygulamalar
oldugu bunun yaninda en etkisiz uygulamalarin ise
kontrol konularini iceren wuygulamalar ile klasik
solarizasyon yapilan konularin oldugu belirlenmistir.
Genel Yorum: Topraktan kaldirilan besin elementleri
Uzerinde en etkili uygulamalarin balonlu solarizasyon+
biochar ve solarizasyon + biochar uygulamalari oldugu,
en etkisiz uygulamalarin ise kontrol ve solarizasyon
uygulamalari oldugu belirlenmistir.

Calismanin Onemi ve Etkisi: Klasik solarizasyon ortii
malzemesinden elde edilen sonuglara kiyasla, balonlu
solarizasyon 6rtli malzemesi ve biochar ekli solarizasyon
uygulamalari marul mineral beslenmesi agisindan daha
etkili oldugu sonucuna ulasilmistir. Bu ¢alismadan elde
edilen sonuca gore, solarizasyon uygulamalarinda
biochar katkisi yardimiyla daha etkin bir yetistiricilik
yapilabilecektir.

Anahtar Kelimeler: Balonlu solarizasyon, biochar, marul,
mineral beslenme, solarizasyon.

CIKAR CATISMA BEYANI
Yazar(lar) c¢alisma konusunda
olmadigini beyan eder.

ctkar  gatismasinin
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ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar ¢alismaya esit oranda katki saglamis olduklarini
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Malatya ili Darende ilgesi kayisi agaglarinda zararl yazicibocek (Coleoptera: Scolytidae)
turlerinin belirlenmesi ve farkh tuzaklardaki popiilasyon gelisimi

Determination of the bark beetle species (Coleoptera: Scolytidae) and their population dynamics in
different traps in apricot trees in Darende district of Malatya province, Turkey
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Makale tarihgesi / Article history: Aims: This study was conducted to determine the bark beetle species
DOI: 10.37908/mkutbd.1037536 (Coleoptera: Scolytidae) and their population density and population
Gelis tarihi /Received:16.12.2021 dynamics with different traps in apricot orchards between 2020 and 2021
Kabul tarihi/Accepted:08.03.2022 in Darende district of Malatya province, Turkey.

Methods and Results: The samplings were performed in the apricot
orchards of Darende district between April and November. Population

Keywords: development and density were carried out in two different orchards with
Scolytus spp., bark beetle, light trap, color different elevations, irrigated and non-irrigated cultivation. Red winged
trap, apricot, monitoring, Malatya. sticky (Rebell rosso) visual traps and red light traps were used and

monitored weekly intervals. Scolytus multistriatus (Marsham, 1802),
" Corresponding author: Cetin MUTLU Scolytus amygdali (Guerin-Méneville, 1847), Scolytus schevyrewi
DA< cetinmutlu21@hotmail.com (Semenov, 1902), Scolytus scolytus (J.C. Fabricius, 1775), and Scolytus

kirschii (Skalitzky, 1876) were recorded from the study area. The bark
beetles showed positive phototaxis towards the light and the light traps
caught more (average 11.6 individuals/week) bark beetle than red-wing
sticky traps (9.3 individuals/week). The first adults of Scolytid species
emergence in April and they can be seen until the first week of November
and can give three generations in a year. Mature larvae spend their winter
between wood and bark tissue. The species cause damage by opening
galleries under the bark tissue in fresh shoots, main branches, and trunks
regardless trees age, and completely dry the damaged trees within few
years.

Conclusions: It was concluded that detailed studies should be carried out
on the bark beetle species in the apricot orchards of Malatya province.
Besides, bark beetles show more signs of damage on weakened trees in
high altitude and unirrigated apricot orchards. The sticky traps containing
red artificial light are more effective in population monitoring and
determining the density of Scolytid species.

Significance and Impact of the Study: These results highlight the
importance of the diversity of bark beetle species, determination of
population change with the use of different trap types, and determining
that the red-winged sticky trap supported by an artificial light source is
more effective in apricot trees.
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GIRIS

Kayisi (Prunus armeniaca L.) Gilkemiz icin dnemli bir ihrag
Urand olmasi nedeniyle ve Tirkiye diinyanin en biyik
kuru kayisi ihracatgisi konumundadir. Son bes yilin
Uretim ortalamasina bakildiginda 829.000 ton lretim ve
%71’lik ihracat orani ile kayisi tilkemiz agisindan oldukca
stratejik bir 6neme sahip olup her yil ilke ekonomisine
blylk katki sagladig1 gérilmektedir (Anonymous, 2021).
Ulkemizde kuru meyve (retiminin %61’ini Uziim
olusturmakta, bunu %23 ile kuru kayisi ve %16 ile incir
takip etmektedir (Anonymous, 2021a). Tirkiye’de 2019
yili itibariyla toplam 1.3 milyon dekar kayisi alaninin
%64.2’si Malatya ilinde yer almakta ve bu alandan
352.050 ton urin elde edilmektedir (Anonymous,
2021b). Malatya ilindeki yas kayisi Gretiminin %18.5 ise
Darende ilgesinde gerceklesmektedir (Anonymous,
2021).

Kayisi Gretiminde de diger meyve ve kiltir bitkilerinde
oldugu gibi verim kaybina yol acarak ekonomik zarara
neden olan birgok etmen bulunmakta ve zararl bocekler
bu etmenlerin basinda gelmektedir. Ulkemizde kayisi
agaclarinda bulunan 6nemli zararlilar; Dogu
meyveglivesi (Cydia molesta), Yazici boécekler (Scolytus
rugulosus), Meyve agaci dipkurtlari (Capnodis spp.),
Tomurcuk tirtillari (Recurvaria nanella Hb.), Yaprak
bitleri, Kahverengi kosnil (Parthenolecanium corni
Bouche), Seftali glivesi (Anarsia lineatella Zell.), Virgil
kabuklubiti (Lepidosaphes ulmi L.), Badem ickurdu
(Eurytoma amygdali Enderlein) olarak bilinmektedir
(Oztiirk ve ark., 2004; Ozgen ve ark., 2005; Anonymous,
2008; Ozgen ve ark., 2012; Tarkan ve Ozgen, 2015).
Galismanin yapildigi Malatya ili Darende ilgesi, meyve
veren agag¢ verimi ve Uretim miktari ile dikkat gekmekte,
onemli bir  kayisi dretim boélgesi olarak
degerlendirilmektedir (Anonymous, 2021). Meyvecilik
alaninda 6nemli bir yere sahip olan Malatya (Darende)
bolgesinde kayisi bahgelerinin kontrolsiiz ve yetersiz
sulanmasi, asiri glibreleme, hatali budama, yanlis ve
gereksiz ilag kullanimi  dogal dengeyi olumsuz
etkilemistir. Bu durum bazi zararhlarin artik dnemli
ekonomik kayiplara sebep olmasini saglamis meyve
veren agac¢ oranlarinda dislsler yasanmistir (Kaplan,
1999).

Sekonder zararh olarak bilinen yazicibocekleri
yasamlarinin buylik bir bolimini konukgusu oldugu
bitkinin dal ve govdelerinde kabuk altinda, odunsu
dokunun icinde gecirmektedirler. Zararlilarin larvalari
bitkinin dal ve govde kisminda olusturduklari galeriler
nedeniyle agacin iletim demetlerinin zarar gérmesine
sebep olmaktadirlar. Zarar goéren dallarin gelisiminde
duraklama goérilmekte ve 6nce ince dallardan baslayarak
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zamanla kalin  dallarin  tamamen  kuruduklar
gorilmektedir (Anonim, 2008). Zararl sadece zayif agac
ve dallarda da gorilmemekte, saglam agac ve dallarda da
zarar olusturarak 2-3 vyil icerisinde agaci tamamen
kurutabilmektedir (Kaplan, 1999).

Gegmis vyillar icerisinde Ulkemizde farkli illerde ve
ozellikle Malatya ilinde meyve agaclarinda scolytid tirler
ile ilgili bazi calismalar yapilmistir (Kaplan, 1999; Kaya,
2004; Oztirk ve ark., 2004; Ayberk ve Cebeci, 2010;
Ozgen ve ark.ii 2012; Bozkurt ve Ozdem, 2013). Ancak
yaziciboceklerle ilgili yapilan bu c¢alismalarda Darende
ilcesiyle ilgili veriler oldukca sinirlidir. Calisma Malatya
iline bagh diger ilcelerden farkl ekolojiye ve cografyaya
sahip olan Darende’de scolytid tirlerine yonelik daha
detayli arastirmalar yapilmasi gerektigi duslintlerek ele
alinmistir. Bu c¢alisma, son vyillarda Malatya ili ve
cevresinde sert c¢ekirdekli meyve agaglarinda verimi
dusliren ve ekonomik zarara neden olan Scolytus
spp.’nin Darende ilcesinde kayisi agaglarindaki tiirlerinin
tespit edilmesi ve bu tirlerin farkh tuzak tipleri
kullanilarak poptlasyon gelisimi ve yogunluklarinin

belirlenmesi amaciyla 2020-2021 yillarinda
yaratdlmastar.
MATERYAL ve YONTEM

Materyal

Calismanin ana materyalini kayisi agaclari, Scolytus spp.,
Rebell rosso gorsel tuzagi (kirmizi kanatli yapiskan tuzak),
esey cekici %96 etil alkol + %1 toluen ¢ozeltisi, bocek
yakalama zamki, SMD serit LED, 12V 7A kuru aki, 20
Watt gines paneli ve 151k sensori olusturmustur.

Scolytidae tiirlerinin belirlenmesi

Survey calismalari 2020-2021 vyillarinda Nisan-Kasim
aylari arasinda Darende ilgesi kayisi bahgelerinde
yuritilmistir. Orneklemeler, ilgenin farkli yéneyleri ve
farkh yukseltilerine sahip bahgeleri géz 6nline alinarak
gerceklestirilmistir. Slirveylerde gozle kontrol yontemi
uygulanarak yirmiden fazla bahge incelenerek ve yedi
farkh bahgede scloytid tirler belirlenmeye ¢alisiimistir.
Tirlerin belirlenebilmesi amaciyla haftalik olarak yapilan
arazi cikislarinda o6rneklemenin yapildigi bahcgelerde
stres altinda ve kurumakta olan agaclarin dort farkl
yoninde bulunan dallardan 20-25 cm uzunlugunda
parcalar alinmistir (Sekil 3). Alinan dal parcalari oda
kosullarinda bulunan kultiir kaplarinda ayri ayri kiltire
alinarak scolytid tirlerin ergin cikislari saglanmistir
(Baggiolini, 1965; Kaplan, 1999; Doerr ve ark., 2008).
Elde edilen ve teshise hazir hale getirilen tirlerin teshisi
Bursa Teknik Universitesi Orman Fakiiltesi 6gretim Uyesi
Prof. Dr. Oguzhan SARIKAYA tarafindan yapilmistir.
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Scolytidae tiirlerinin farkli tuzaklarla popiilasyon
gelisimi ve yogunlugu

Bu c¢alisma, scolytid tlrlerin dogaya ilk ergin cikisini,
popilasyon gelisimini ve yogunlugunu belirlemek
amaciyla ilcenin farkh yoney ve yikseltisine sahip tur
belirleme calismalari sirasinda zararlinin bulundugu
bilinen iki farkli bahcede yiritilmistir (Bahce A:
38.597700 K - 37.461400 G, rakim 950 m, Bahge B:
38.685500 K - 37.535900 G, rakim 1600 m). Calismada iki
farkl tuzak tipi kullanilmis ve her bir bahgeye bu
tuzaklardan birer adet tuzak asilmistir. ilk tuzak tipi
olarak, isvicre Meyve, Bag ve Bahce Bitkileri Federal
Arastirma Enstitlisi (CH-8820 Wadenswil, Switzerland)
tarafindan gelistirilmis, kirmizi plastikten yapilmis iki
capraz dikdortgenden olusan 30x24 cm boyutlarinda ve
etil alkol ile gekici hale getirilmis “Rebell ®” tipi kirmizi
yapiskan tuzaklar kullaniimistir (Sekil 1). Tuzaklarin alt

istatistik analizler

Her bir tuzak tipine yakalanan ergin sayilari Gzerinden
Bagimsiz 6rneklem t-testi (Independent two samples t-
test) vyapilmis ve sonuclar istatistiki olarak
karsilastirilarak  tuzak tiplerinin  etkinligi ortaya
konulmustur.
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kisminda, bir litre hacme sahip hazne igerisine %96 etil
alkol + %1 toluen c¢oOzeltisi 1:1 oraninda su ile
seyreltilerek konulmus ve her hafta yenilenmistir
(Bozkurt ve Ozdem, 2013).

ikinci tuzak tipinde kirmizi kanatl yapiskan tuzaklar
yapay isik kaynagi iceren bir sistemle modifiye edilerek
Istk tuzagina cevrilmistir. Bu amacla kirmizi kanath
yapiskan tuzagin bitlin kanat ¢evresi SMD serit LED ile
cevrelenmistir. LED 1siklarin yanmasi icin 20 Watt giines
paneli, 1sitk sensord ve kuru aki ile kurulan dizenek
sayesinde gece saatlerinde otomatik olarak aralksiz
cahstirilmistir. Her iki tuzak tipi agaglara 1-1,5 m
yukseklige asilarak her hafta kontrol edilmis, tuzaklara
yakalanan scolytid tirleri sayilarak kaydedildikten sonra
tuzaklar temizlenmis, bocek vyakalama zamki ile
yenilendikten sonra kullanima tekrar devam edilmistir.

; i S. KARAAGAC
Sekil 1. Kirmizi kanath yapiskan tuzak (Rebel rosso) (a), kirmizi 1sik tuzagi (b)
Figue 1. Red winged sticky (Rebell rosso) visual traps and red light traps

BULGULAR ve TARTISMA

Scolytidae tiirlerinin belirlenmesi

iki yil yapilan 6rneklemeler sonucunda Malatya ili
Darende ilcesi kayisi alanlarinda bes farkli scolytid tiiri
belirlenmistir. Scolitid tlrlerin belirlendigi bahcgelerin
koordinat bilgileri Cizelge 1'de verilmistir.
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Cizelge 1. Malatya ili Darende ilgesi kayisi bahgelerinde scolytid tiirlerin tespit edildigi alanlar
Table 1. The areas where scolytid species were sampled in the apricot orchards of Darende district of Malatya province

Ornekleme tarihi Ornekleme yapilan bahge sayisi Agag sayisl Koordinat

Sampling date No of sampled orchard Number of trees Coordinates

19.03.2020 1 210 38.597700 K 37.461400 G
22.03.2020 2 700 38.467200 K 37.595200 G
23.03.2020 3 600 38.575300 K 37.609200 G
27.03.2020 4 350 38.450900 K 37.564700 G
04.04.2020 5 240 38.563100 K 37.603100 G
08.04.2020 6 420 38.475400 K 37.768000 G
10.04.2020 7 465 38.685500 K 37.535900 G

Belirlenen scolytid tilrlerin  Scolytus multistriatus (Skalitzky, 1876) oldugu tespit edilmistir (Sekil 2). Elde

(Marsham, 1802), Scolytus amygdali (Guerin-Méneville,
1847), Scolytus schevyrewi (Semenov, 1902), Scolytus
1775) ve Scolytus kirschii

scolytus (J.C. Fabricius,

edilen tirlerin morfolojik olarak birbirlerine oldukca
benzemesi nedeniyle, tirlerin kendi aralarinda bulunma
orani belirlenememistir.

Sekil 2 Scolytus multistriatus (a), Scolytus amygdali (b), Scolytus schevyrewi (c),
Scolytus scolytus (d), Scolytus kirschii (e) (Anoymous, 2021c)
Figure 2. Scolytus multistriatus (a), Scolytus amygdali (b), Scolytus schevyrewi (c),
Scolytus scolytus (d), Scolytus kirschii (e) (Anoymous, 2021c)

Nisan ayi icerisinde bahgelerden alinan dal érneklerinin
kabuklarinin soyularak incelenmesi neticesinde tespit
edilen bes farkli tirin biyolojisinin olduk¢a benzer
oldugu gorilmustlr. Zararli tlrlerin kisi olgun larva

doneminde odun dokusu igerisinde ve kabuk altinda
gecirdigi (Sekil 3), Nisan ayinin basindan itibaren ise pupa
donemine gectigi ve Nisan ayl son haftasindan sonra
erginlerin dogada gorildugi gézlemlenmistir. Zararlinin
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Nisan ve Mayis ayinda gikan erginlerin ilk olarak meyve
gozlerinin dip kismindan 1-1,5 mm c¢apinda actiklari
delikler ile dokuya giris yaptiklari ve bu sebeple meyve
gozlerinde zarara sebep olduklari tespit edilmistir.
Ciftlesen ergin disi bireylerin, galerilere yumurtalarini
birakmakta ve ¢ikan larvalar yeni galeriler agarak ikinci
neslin devamini saglamaktadirlar. Odun dokusuna
ulasarak beslenen larvalarin acgtiklari  galerilerin
uzunlugunun yaklasik 2-5 cm ve 2 mm genisliginde

| 3™

oldugu belirlenmistir. Yumurtadan c¢ikan larvalarin, ergin
tarafindan acilmis galerinin son kismi olan pupa
yuvasindan baslayarak ikinci galeri yolunu agtiklari ve
acillan galerilerin icinden ergin c¢ikislarinin  Mayis,

Temmuz ve Eylil aylarinda yogunlastigi belirlenmistir.
Yapilan slrveylerde yogun zarar goren kayisi agaclarinin
ya kismen ya da tamamen kurudugu belirlenmistir (Sekil
4).

S.KARAAGAC

Sekil 3. Scolytus spp. erglnlermm kabuklarda agmis oIdugu g|k|§ delikleri ve olusturdugu zarar

Figure 3. Scolytus spp. exit holes in the bark made by adults and the damage it causes

Bozkurt ve Ozdem (2013), Orta Anadolu Bdlgesinde kiraz
agaclarinda bu ¢alismada belirlene tiirlerden farkli olarak

Sekil 4. Scolytus spp. erginlerinin yogun oIarak tesplt edildigi kismen kurumus kaysi agaci (soldaki)
ve yogun zarar sebebiyle tamamen kurumus kaysi agaci (sagdaki)
Figure 4. Scolytus spp. partially dried apricot tree (left), where the adults were detected intensively,
and completely dried apricot tree (right) due to high damage

Scolytus rugulosus Miiller, Xyleborus dispar Fabricius,
Lymantor coryli Perris ve Taphrorychus villifrons Dufour
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tirlerini tespit etmislerdir. Benzer sekilde Malatya ili ve ilcelere gore farklilik géstermesi ve scolytid tirlerin bu
cevresinde kayisi bahgelerinde vyapilan c¢alismalarda ekolojiye  adapte olmalarindan  kaynaklabilecegi
yazici bocek tirlerinden sadece S.rugulosus tlirl duslinilmektedir. Dolaysiyla Malatya ili ve c¢evre
belirlenmistir (Kaplan, 1999; Oztiirk ve ark., 2004; Ozgen ilcelerinde daha 6nce yapilan ¢alismalarda tek tiir olarak
ve ark., 2012). Bu c¢alismalarda Scolytus rugulosus’un, belirlenen vyazicibécek S. rugulosus disinda farkli
Malatya yoresi kayisi agacglarinda c¢ok sik rastlanan turlerinde kayisi ve benzeri sert ¢ekirdekli meyvelerde
turlerin basinda oldugu ve zararh ile bulasik kayisi bulunabilecegi kanaatine varilmistir. Bu nedenle Malatya
agaclarinda oncelikle ince dallardan baslayarak kalin ili ve cevre illerdeki kayisi alanlarinda yazicibécek
dallarin, daha sonra ise agacin tamaminin kurudugu turleriyle ilgili detayh sirvey calismalarinin yeniden

ifade edilmistir (Kaplan, 1999; Oztiirk ve ark., 2004; yapilmasinda fayda bulunmaktadir.
Ozgen ve ark., 2012). Yapilan bu calismada, yukarida

belirtilen c¢alismalarin aksine Darende ilgesi kayisi Scolytidae tiirlerinin farkl tuzaklarla popiilasyon
agaclarinda zararli S.rugulosus belirlenememis olmasina gelisimi ve yogunlugu

ragmen kayisi agaclarinda zararli bes farkli scolytid tiirt iki farkh yikseltiye sahip bahcede kirmizi kanath
belirlenmistir. Calisma yapilan ilgede tir gesitliliginin yapiskan tuzak ile 151k tuzaklarindan elde edilen sonuglar
Malatya ilinde kayisi Uretim yapilan diger ilgelere gore Sekil 5 ve 6’da verilmistir.

daha fazla olmasi, Darende ilgesinin ekolojisinin diger
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Sekil 5. Darende ilgesi 2020 yili Bahge A ve B’deki yapiskan ve 1sik tuzaklarindaki Scolytus spp.’nin popiilasyon gelisimi
ve yogunluklar
Figure 5. Population dynamic and densities of Scolytus spp. in sticky and light traps in orchard A and B in Darende
district, 2021

Scolytid erginleri Bahge A’ya kurulan tuzaklarda ilk olarak yaziciboceklerin Darende ilgesinde birinci doli Nisan

hava sicakliginin 20 °C’nin Uzerine ¢iktigl Nisan ayinda ayinin ortasl, ikinci doéli Temmuz ayinin basi ve tglnci
gozlemlenmistir. Rakim olarak daha yiksek ve daha serin doli ise Eylil ayminin basinda vermeye basladig
bir iklime sahip olan Bahge B’de ise Nisan ayinin sonunda soylenebilir. Erginlerin her iki tuzak tipinde en son
goralmdistir. Her iki bahgede ergin gozlemi Ekim ayina gozlemlendigi tarih ise Kasim ayinin basi olarak tespit
kadar devam etmis ve Scolytus spp. erginlerinin ugus edilmistir. Bahge A’da yapiskan tuzaklarda toplam 310,
aktivitelerinin her iki bahcede Mayis ayl sonunda, Istk tuzaginda ise 368 adet ergin yakalanmis buna karsin
Temmuz ayi ortasinda ve Eylil ayi ortasinda en yogun Bahce B’de ise bu rakamlar sirasiyla 354 ile 454
popullasyona sahip oldugu belirlenmistir. Buna gore ergin/tuzak olarak gerceklesmistir.
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Sekil 6. Darende ilgesi 2021 yili Bahge A ve B’deki yapigkan ve i1sik tuzaklarindaki Scolytus spp.’nin popilasyon
yogunluklari ile gelisimi
Figure 6. Population dynamic and densities of Scolytus spp. in sticky and light traps in orchard A and B in Darende
district, 2021

Cahismanin ikinci yih olan 2021 yilinda Bahge A’da ilk
ergin ¢ikisi Nisan ayi ortasinda gorilmis ve Ekim ayinin
ortasina kadar ergin aktivitesi devam etmistir. Bahce
B’de ise ilk ergin cikisi Nisan ayinin sonunda belirlenmis
ve ergin cikisi ekim ayinin ortasina kadar devam etmistir.
Her iki bahcede Scolytus spp. erginlerinin Mayis,
Temmuz ve Eylil ayinda en yogun poplilasyona ulastig
belirlenmistir. Buna gore 2020 yilinda elde edilen
sonuglara benzer sekilde 2021 yilinda zararl erginlerinin
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birinci neslini Nisan ayinin ortasinda, ikinci neslini
Temmuz ayinin basinda ve U¢linci neslini ise Eylil ayinin
basinda verdigi soylenebilir. Bahge A’da yapiskan
tuzaklarda toplam 315, isik tuzaginda ise 373 adet ergin
yakalanmis buna karsin Bahce B’de ise bu rakamlar
sirasiyla 342 ile 428 ergin/tuzak olarak gerceklesmistir.
Calisma yapilan iki bahgede iki yil boyunca elde edilen
yapiskan ve 1sik tuzaklarina ait toplam birey sayilari Sekil
7’de verilmistir.

Isik tuzagi

Sekil 7. Bahge A ve Bahge B’deki yapiskan ve isik tuzaklarindan elde edilen toplam birey sayilari
Figure 7. Total numbers of individuals obtained from sticky and light traps in orchard A and orchard B

Bahcgelere asilan iki farkh tuzak tipinden biri olan 1sik

tuzaklarinda daha fazla scolytid erginleri yakalanmistir.
Toplam birey sayilarina gore stk tuzagina gelen
bireylerin orani %55 iken, yapiskan tuzaklarda bu oran
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%45 olarak gerceklesmistir. Her iki tuzak tipi icin yapilan
bagimsiz t testi sonuglarina ait veriler Cizelge 2 ve 3'te
verilmistir.
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Cizelge 2. Isik tuzagi ile yapiskan tuzaklardan 2020-2021 yillarinda elde edilen toplam birey sayisi ortalamalari
Table 2. Average of total number of individuals obtained from light traps and sticky traps in 2020-2021

Degiskenler Sayimlar Minimum Maksimum Ortalama Standart sapma
Variable Observation Minimum Maximum Mean Standart deviation
Kirmizi isik tuzagy 140 0,000 33,000 11,593 9,020
Red light trap
Kirmizi yapiskan tuzak 140 0,000 27,000 9,307 7,241
Red sticky trap
Cizelge 3. Isik tuzagi ile yapiskan tuzaklarin bagimsiz T erginlerinin  Kasim ayr ortalarina kadar dogada
testi analizi gorildigini saptamistir. Bu calismada da elde edilen
Table 3. Independent T-test analysis of light trap vs turlerden biri olan S. schevyrewi‘nin Prunus cinsine ait
sticky traps meyve agaclarinda (erik, kiraz, seftali, nektarin, kayisi ve
Farklilik/ Difference 2,286 badem) potansiyel zararli oldugu, S. schevyrewi ve S.
t (Gozlenen deger) 2,338 multistriatus’un yilda 2, 3 dol verdigi bildirilmistir (Davis,
t (Observed value) 2011). Bu c¢alismada belirlenen veriler ile yukarida
|t] (Kritik deger) 1,969 deginilen ¢alisma birbirini destekler niteliktedir. Calisma
(Critical value) alanlarindaki Scolytus spp. erginlerinin kisi olgun larva
Serbestlik derecesi 278 doéneminde kabuk ve odun dokusu arasinda gegirdigi
Degree of Fredoom tespit edilmistir. Bahge A’ya gore vyiksek rakimh
P degeri 0,020 konumda bulunan Bahge B’de ergin gikislarinin Bahge
P-value (Two-tailed) A’ya gore 10 glin daha gec gerceklestigi tespit edilmistir.
Alfa 0,05 Yuksek rakimli konumda bulunan Bahge B’de susuz kayisi
alpha yetistiricilik yapilmasindan 6tiirli stres kosullarinin daha
fazla etkili oldugu tahmin edilmektedir. Bu nedenle
Her iki tuzak tipinden elde edilen sonuglara uygulanan T~ Zararli Scolytus tirleri Bahce B'de daha fazla zarar
testi analizi sonucunda; isik tuzaklari ile yapigkan tuzaklar belirtisi gostermistir. Bolge ciftcileri ile yapilan
arasindaki fark istatisitiki olarak snemli bulunmustur (s~ 80rUsmeler sonucunda da susuz yetistiricilik yapilan
0.5). Dolaysiyla yapay isik kaynag iceren tuzaklarin kayisi bahgelerinde ortak sikayetlerin olmasi tahminleri
yapiskan tuzaklara gére daha fazla scolytid ergini ~ destekler niteliktedir.
yakaladigi sonucu ortaya cikmistir. Boceklerin yapay 1sik kaynagina ydnelmesi durumu
Calisma sonucu elde edilen verilere gdre yapay Isik fototaksizm olarak tanimlanmaktadir. Isiga dogru
kaynagi iceren Rebell rosso gorsel tuzaklarin, standart ~ hareket eden bdceklerin davranisi pozitif fototaksi,
kirmizi yapiskan tuzaklara kiyasla scolytid tiirlerin hamambocekleri  gibi 1siklardan — uzaklasan  diger
yakalanmasinda daha etkili oldugu tespit edilmistir. ~ Poceklerin davranisi ise negatif fototaksi olarak
White (1992), 108 mg/giin etanol salan coklu huni tanimlanmaktadir. Boceklerin yapay isik kaynaklari ile
tuzaklarinin S. rugulosus’u yakalamada daha basarili karsilastiklarinda, yapay stk kaynaklarini dogal 1sik
oldugunu ve popiilasyon takibi ve popiilasyon kaynaklari ile karistirmalari  sonucu vyapay sk
yogunlugunu belirlemede bu tuzaklarin kullanilabilecegi kaynaklarina yoneldikleri ifade edilmistir. Dogal 1sik
sonucuna varmistir. Ak ve ark. (2014), yazicibécek kaynaklarinda 15181 sabit bir agi ile alan bdceklerin yapay
tirlerinden Xyleborus dispar (Fabricius, 1792) ve 1stk kaynaklarinin is1g1 her yonde sagmasi nedeni ile, sabit
Xyleborinus saxesenii (Ratzeburg, 1837) (Coleoptera: bir a¢i tutturamadiklari igin 151k kaynaklarinin etrafinda

Curculionoidea: Scolytidae)’ye karsi % 96’lik etil alkol doénmeye basladiklari bildirilmektedir (Anonim (2015,
iceren huni tuzak tipinin yakalama etkinligi yéniinden 2019a, 2019b). Arastirmacilarin verdigi bu bilgilere

cok basarili oldugunu, buna karsin Yesil funnel ve boru benzer olarak yapay isik kaynagi iceren tuzaklarin, bu
tipi tuzagin ise en disiik etkinlikte oldugunu belirtmistir. ¢alismadaki bes scolytid tiir lizerinde pozitif fototaksi etki
Kaplan (1999), S. rugulosus’un yilda 3 dél verdigini, 1. dol olusturdugu sonucuna varilimistir.

ergin cikislarin Nisan ayi sonlarinda baglayip Mayis ayi Sonug olarak, bu calisma Darende ilgesinde kayisi
icerisinde yilkselerek devam ettigini, 2. dél ergin bahcelerindeki vyazicibécek tlrlerinin  belirlenmesi,
ckislarinin - Temmuz ayi baslarinda, 3. dél ergin kirmizi kanath yapiskan tuzaklar ile bu tuzaklara eklenen
cikislarinin ise Eylil ayi baslarinda basladigi  ve kirmizi yapay 1sik kaynaginin yazicibdcek tirlerinin
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yogunluk tespiti ve popllasyon gelisimi ile
miicadelesinde etkinliginin  belirlenmesi amaciyla
ylritllmustir. Calisma sonucunda, tespit edilen S.
multistriatus, S. amygdali, S. schevyrewi, S. scolytus ve S.
kirschii tirlerinin 1si8a dogru hareket ederek pozitif
fototaksi gosterdigi ve bunun sonucu kirmizi yapay 1sik
kaynagi iceren yapiskan tuzaklarin scolytid zararhlarin
popilasyon takibi ve yogunluklarinin belirlenmesinde
daha etkili oldugu sonucuna varilmistir. Tespit edilen
scolytid tirlerin Nisan ayi icerisinde dogada goérilmeye
baslandigi ve Kasim ayinin ilk haftasina kadar
gorilebildigi ve Darende ilcesinde li¢ dol verdigi tespit
edilmistir. Zararlilarin bulasik oldugu kayisi agaclarinin
oncelikle ince dallarindan baslayarak kalin dallara dogru
kurumalar oldugu ve daha sonra ise agacin tamaminin
kurudugu gozlemlenmistir. Meyve tomurcuklarinin
tabaninin delinmesi sonucu olusan zarar nedeniyle verim
kaybinin meydana gelmesi en sik goriilen zarar sekli
olarak belirlenmistir. Sulamanin yetersiz oldugu
bahgelerde  olusan  stres  kosullarinin  scolytid
populasyonunu ve olusturdugu zarar belirtisini artirdig
saptanmistir. Bu calisma yaziciboceklere ile ilgili olarak
yapiskan ve 1sik tuzaklari kullanilarak yapilmis temel bir
calisma niteligindedir. Calismadan elde edilen sonuglara
gore, esey cekici %96 etil alkol + %1 toluen ¢ozeltisi ile
kombine edilmis olan Rebell rosso gorsel tuzaginin
(kirmizi kanath yapiskan tuzak) kayisi agaglarinda scolytid

zararllarin scolytid zararlilarin popllasyon takibini
gozlemlemek amaci ile kullanilabilecegi
distnilmektedir. Bu sonuglara ek olarak
yaziciboceklerin kitlesel olarak tuzaklanmasi

bakimindan, kirmizi yapay isik kaynagi iceren SMD serit
LED iceren tuzaklarin farkli sayilarda asilmasi ile
etkinliginin artirilmasi ve bu yontem ile entegre edilecek
farkli miicadele yodntemlerinin uygulanmasiyla daha
cevreci muicadele tekniklerinin gelistirilebilmesi olasi
gorilmektedir.

OzET

Amag: Bu calisma, Malatya ili Darende ilgesinde kayisi
bahcelerinde zararl yazicibdcek (Coleoptera: Scolytidae)
turleri ile farkh tuzaklardaki populasyon gelisimini ve
yogunluklarini belirlemek amaciyla 2020-2021 vyillari
arasinda yapilmistir.

Yontem ve Bulgular: Tir tespiti calismalari i¢cin Darende
ilcesi kayisi bahgelerinde Nisan ve Kasim aylari arasinda
periyodik araliklarla orneklemeler  yapilmistir.
Popilasyon gelisimi ve yogunluk calismalari ise farkli
ylkseltilere sahip, sulu ve susuz yetistiricilik yapilan iki
farkli bahcede gergeklestirilmistir. Bu amacla kirmizi
kanatli yapiskan (Rebell rosso) gorsel tuzak ile SMD serit
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LED eklenmis kirmizi yapay 1sik kaynakli tuzaklar
bahcelere asilarak yazicibocek popiilasyonu Nisan-Kasim
ayl arasinda haftalik olarak takip edilmistir. Darende
ilcesi kayisi agaclarinda Scolytus multistriatus (Marsham,
1802), Scolytus amygdali (Guerin-Méneville, 1847),
Scolytus schevyrewi (Semenov, 1902), Scolytus scolytus
(J.C. Fabricius, 1775) ve Scolytus kirschii (Skalitzky, 1876)
turleri belirlenmistir. Yazici boceklerin 1s18a dogru
hareket ederek pozitif fototaksi gosterdigi ve yapay 1sik
kaynagl eklenmis tuzaklara daha fazla yakalandig
(ortalama 11.6 birey/hafta) ve bu rakamin kirmizi kanath
yapiskan tuzaklarda ortalama 9.3 birey/hafta oldugu
belirlenmistir. Scolytid tirlerin Darende ilgesinde ergin
¢ikislarinin  Nisan ayi igerisinde gergeklestigi, Kasim
ayinin ilk haftasina kadar gorilebildigi ve yilda Ug nesil
verebildigi tespit edilmistir. Zararlilarin kisi olgun larva
déneminde odun ve kabuk dokusu arasinda gegirerek,
agaclarin taze silirglin, ana dal ve govdelerin kabuk
dokusu altinda galeriler acarak zarar olusturdugu ve
zarara ugrayan agaclari birka¢ yil icinde tamamen
kuruttuklari tespit edilmistir.

Genel Yorum: Bu sonuglara gore Malatya ili kayisi
bahcelerinde vyazicibocek tirleriyle ilgili  detayl
cahsmalarin yeniden yapilmasi gerektigi
dustndlmektedir. Ayrica yaziciboceklerin yiiksek rakimli
ve susuz yetistiricilik yapilan bahgelerdeki zayif dismus
agaclarda daha ¢ok zarar belirtisi gosterdigi gorilmustdr.
Kirmizi yapay 1sik kaynagi iceren yapiskan tuzaklarin
scolytid zararlilarin popilasyon takibi ve yogunluklarinin
belirlenmesinde daha etkili oldugu sonucuna varilmistir.
Calismanin  Onemi ve  Etkisi: Bu sonuglar,
yaziciboceklerin  kayisi agaclarindaki tlr cesitliligini
ortaya koymasi ve farkh tuzak tiplerinin kullanilmasi ile
populasyon degisiminin belirlenmesi ve yapay isik
kaynagi ile desteklenmis kirmizi kanatli yapiskan tuzagin
daha etkili oldugunun belirlenmis olmasi bakimindan
Onem tasimaktadir.

Anahtar Kelimeler: Yazicibocekler, 1sik tuzagi, yapiskan
tuzak, kayisi, poplilasyon gelisimi, Malatya.

TESEKKUR

Yazarlar, Scolytidae familyasi tirlerini teshis eden Bursa
Teknik Universitesi Orman Fakdiltesi 6gretim Uyesi Prof.
Dr. Oguzhan SARIKAYA’ya cok tesekkiir ederler.

CIKAR CATISMA BEYANI
Yazar(lar) c¢alisma konusunda
olmadigini beyan eder.

cikar  gatismasinin
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ARASTIRMACILARIN KATKI ORANI BEYANI

Bu calisma yiksek lisans tez calismasi olup yazarlar
makaleye esit oranda katki saglamis olduklarini beyan
ederler.
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Aims: This study was carried out with 12 registered bean cultivars
(Phaseolus vulgaris L.) obtained from various institutes in the Faculty of
Agriculture Laboratory in 2022.

Methods and Results: It is aimed to determine the quality and some
technological properties of bean seeds such as moisture content,
hectoliter weight, dry and fresh weight, dry and wet volume, water
absorption capacity and index, swelling capacity and index and cooking
time properties of bean seeds. Data were analyzed according to the
Completely Random Plots Experimental Design and the means were
compared with the DUNCAN test. As a result, moisture content in the grain
varied between 7.55-9.40%, hectoliter weight 70.4-83.7 kg hl%, dry weight
12.91-48.73 g, wet weight 26.24-97.09 g, wet volume 122.67-190.67 ml,
dry volume 68.75-92.51 ml, water intake capacity 0.072-0.551 g grain’,
water absorption index 0.32-1.39%, swelling capacity 0.11-0.49 ml grain’®,
swelling index 2.04-2.47% and cooking time 33.0-54.5 minutes. According
to the results of the correlation analysis, there were positive and
significant relationships with dry weight values with wet weight (r=
0.88**), wet volume (r=0.89**), dry volume (r=0.77**) and swelling
capacity (r=0.92**). Positive and significant relationships were also found
between wet weight and wet volume (r=0.97 **), dry volume (r=0.87 **),
swelling capacity (r=0.94**). A positive and good result was observed
between wet volume and dry volume (r=0.93**) and swelling capacity
(r=0.98**).Positive and highly significant relationships were determined
between water absorption and swelling capacity (r=0.87**).

Conclusions: According to consumer and market preferences, Adabeyazi
variety has the highest moisture content and hectoliter weight. Good
results were obtained in terms of dry and wet weight, wet and dry volume,
swelling capacity, swelling capacity and index value of Ribweighing and
Akin varieties, and cooking time in Karacasehir varieties.

Significance and Impact of the Study: By preventing the illusion of sense
arising from the grain and shell structure of the bean, objective criteria will
help the breeding program with a more accurate determination of the
cooking time. By contributing to the country's economy, it will increase
similar studies that will best meet market and consumer demands.
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GIRIS

Fasulye, dinyada ekim alani ve {retim miktari
bakimindan yemeklik tane baklagiller arasinda ilk sirada
yer almaktadir. Dinyada 34.5 milyon hektar bir alanda
yaklasik 29 milyon ton kuru fasulye lretimi yapiimakta
olup, ortalama hektara verimi 880 kg'dir(FAO, 2020).
Ulkemizde 890 bin da alanda ekim, 225.000 ton {retim
ve dekara verim ise 268 kg olarak elde edilmektedir
(TUIK, 2020). Fasulye basta olmak tizere yemeklik tane
baklagiller diger bitkisel Grlnlere kiyasla daha yiksek
oranda protein, vitamin ve mineral madde icermeleri
yaninda dusuik yag icerigi ile de 6nemli bir besin kaynagi
durumundadirlar. Yemeklik tane baklagiller metiyonin
haric, insan beslenmesinde mutlaka alinmasi gereken
esansiyel amino bakimindan da olduk¢a zengindirler
(Sehirali1988). Yemeklik tane baklagiller viicut igin
gerekli proteinlerin  %22’sini, karbonhidratlarin ise
%7’sini tek basina karsilamaktadirlar. Ayrica hayvan
beslenmesindeki proteinlerin %38’inin ve
karbonhidratlarin %5’inin temel kaynagini olusturduklari
bilinmektedir (Adak ve ark., 2010). insan beslenmesinde
bu denli 6nemli bir yere sahip olan fasulyede, birim
alandan daha fazla verim elde ederek gerekmektedir.
Tarimda makinelesme yiksek verimli ¢esitlerin islahi ve
modern Uretim tekniklerinin yayginlasmasi ile bu hedefe
yaklasildiktan sonra, piyasa ve tiketici istekleri goz
onitnde bulundurularak, teknolojik kalite 6zelliklerinin
iyilestirilmesi(ortalama pisme siiresi, kuru madde icerigi,
sisme indeksi vb) yeni talepler ortaya ¢ikmistir (Costa ve
ark., 2015). Fasulyede teknolojik ve ticari ozelliklerin
iyilestirilmesi tiketici tercihleri acisindan 6nemli bir yere
sahiptir. Dinyada ve llkemizde bu 6zelliklerin tespitinde
uluslararasi kabul gorilen bir takim standart kalite
analizleri yapilmaktadir. Bu ¢alismada bazi Ulkemizde
yetistiriciligi yapilan fasulye gesitlerinde kalite ve bazi
teknolojik 6zelliklerin belirlenmesi amaglanmistir.

MATERYAL ve YONTEM

Bu arastirma, 2022 yilinda, Ziraat Fakdiltesi, Tarla Bitkileri
Bolimii’'ne ait laboratuvarda yirGtilmistir. Calismada
materyal olarak cesitli arastirma enstitlleri ve ticari
kuruluslardan temin edilen yerli ve yabanci 12 fasulye
(Phaseolus vulgaris L.) cesit ve genotipi (Adabeyazi,
Ahlat, Akin, Akman-98, Bulduk, Goksiin, Goynik,
Karacasehir, Onceler 98, Ribewinghing, Topgu ve Yunus
90) kullanilmistir (Cizelge 1). Laboratuvar analizleri
herhangi bir arazi calismasina tabi tutulmadan direkt
materyal Uzerinde vyapilmistir. Bu c¢alismada farkl
ekolojik sartlarda vyetistirilen 12 cesidi fasulye cesidi
kullanilmistir. Bu ¢esitlerin tamami 2021 yili GriinG olup,
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ayni standart depolama sartlarinda muhafaza edilmistir.
Deneme Tesadif Parselleri Deneme Desenine gore 4
tekerrirli olarak kurulmustur. Denemede gozlem ve
Olcimler yemeklik tane baklagiller icin uygulanan teknik
talimatlara gore yapilmistir (Kaya ve Karaman, 2016). Bu
calismada tanede nem orani (%), hektolitre agirhigi (kg hl-
Y, kuru agirhk (g), yas agirlik (g), 1slak hacim (ml), kuru
hacim (ml), su alma kapasitesi (g tane?) ve alma indeksi
(%), sisme kapasitesi (ml tane™) ve indeksi (%) ve pisme
suresi (dk) gibi Ozellikler incelenmistir. Bu oOzelliklerin
belirlenmesinde kullanilan metotlar asagidaki gibidir.

Nem orani (%)
PM-450 nem Olger cihazi kullanilarak fasulye tanelerinde
nem ylizdesi tespit edilmistir.

Hektolite agirhdi (kg hl)
PM-450 nem o&lger cihazi kullanilarak hektolitre agirhg
tespit edilmistir.

Kuru agirlik (g)
100 adet fasulye sayildiktan sonra tartilarak kuru agirlik
degeri g olarak belirlenmistir.

Yas agirlik (g)

Erlenmayere 150 ml saf su doldurulduktan sonra
icerisine 100 adet fasulye tohumu konulmus ve icerisine
16 saat oda sicakliginda labaratuvar ortaminda
bekletildikten sonra kurutma kagidi ile kurulanip
tartilmis ve g olarak ifade edilmistir. Bu numune daha
sonra pisme zamaninin tespiti icin kullanilacaktir (Sekil
1).
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Gizelge 1. Cesitlerin tane ozellikleri
Table 1. Grain characteristics of varieties
Cesit Bitki ve tane ozellikleri

Adabeyazi Bitki boyu orta, yari sarilici, orta boy dermason tane tipindedir. Tane rengi beyaz, 100 tane agirlig1 37-86
gram olup, viral hastaliklara karsi hasassdir.

Ahlat Bitki boyu kisa ve dik, dermason tane tipindedir. Tane rengi beyaz, 100 tane agirligi 30-38 gram, hastaliklara
kargi toleransli bir genotipdir.

Akin Bitki boyu kisa ve oturak, horoz tane tipindedir. Tane rengi beyaz, 100 tane agirligi 42.5-49.9 gram,
bakteriyel ve viral hastaliklara orta toleranslidir.

Akman 98 Bitki boyu orta, yari sarilici dermason tane tipindedir. Tane rengi beyaz, 100 tane agirligi 34-35 gram,
bakteriyel ve viral hastaliklara toleranslidir.

Bulduk Bitki boyu uzun, sarilici, dermason tane tipindedir. Tane rengi beyaz, 100 tane agirhgi 42.9-49.7 g, bakteriyel
ve viral hastaliklara toleranshdir.

GOksin Bitki boyu orta ve diktir. Yuvarlak tane yapisina sahiptir. Tane rengi beyaz, 100 tane agirhgi 30.37 gram ve
hastaliklara toleransi iyidir.

Goynik Bitki boyu kisa ve dik, horoz tane tipindedir. Tane rengi beyaz, 100 tane agirligl 53.5-55.0 gram, bakteriyel
ve viral hastaliklara toleranslidir.

Karacasehir Bitki boyu orta yari sarilici kiigiik tombul tane yapisina sahiptir. Tane rengi beyaz, 100 tane agirlig1 18.0-19.0
gram, hastaliklara karsi toleranslidir.

Onceler 98 Bitki boyu kisa ve dik, barbunya tane tipindedir. Tane rengi bej zemin lzerine alacalidir. 100 tane agirhg
40.5-41.0 gram, hastaliklara karsi orta toleranslidir.

Ribewinghing Tane rengi beyazdir. 100 tane agirligi 34-39 gramdir.

Topgu Bodur bitki formunda ve kiiglik dermason(sira fasulye) tane tipindedir. Tane rengi beyaz, 100 tane agirhg
25-33 gram olup, bakteriyel ve viral hastaliklara toleranshdir.

Yunus-90 Bodur bitki formunda horoz tane tipine sahiptir. Tane rengi beyaz, 100 tane agirhgi 53-55 g, bakteriyel ve
viral hastaliklara toleranslidir.

Sekil 1. Yas agirhgin tespit edilmesi
Figure 1. Determination of wet weight

Islak hacim (ml) kurutularak 100 ml saf su ilave edilmistir. Elde edilen
Olguilii silindir icerisinde 100 adet fasulye tohumu 50 ml degerler islak hacim olarak kayit altina alinmistir (Sekil 2).
saf su ilave edildikten sonra oda sicakliginda 16 saat
beklemeye alinmistir. Daha sonra kagit havlu ile
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Sekil 2. Islak hacmin tespit edilmesi
Figure 2. Determination of wet volume

Kuru hacim (ml)

100 adet fasulye tohumu 100 ml’lik silindire alindiktan
sonra 50 ml saf su ilave edilerek ml olarak ol¢lilmustir
(Sekil 3).

Su alma kapasitesi (g tane™)

Asagidaki esitlik kullanilarak hesaplanmistir.

SAK= [(Yas agirhk - Kuru agirhk) x (kuru agirlik / 100) x
Sismeyen tane sayisi] 100 - Sismeyen tane sayisl
Sismeyen tane yok ise; Su Alma Kapasitesi (gr tane) =
Yas agirhk - Kuru agirhk / 100

Su alma indeksi (%)
Asagidaki esitlik kullanilarak hesaplanmustir.
SAi= Sisme kapasitesi (g tane™) / (Kuru agirlik / 100)

Sisme kapasitesi (ml tane™)

Asagidaki esitlik kullanilarak hesaplanmistir.

SK= [(Islak Hacim - 100) - (Kuru Hacim - 50)] - [(Kuru
Hacim - 50) / 100] / 100

Sisme indeksi (%)
Asagidaki esitlik kullanilarak hesaplanmistir.
Si= (Islak hacim - 100) / (Kuru hacim - 50)

Pisme siiresi (dk)

Yiz adet islatilmis fasulye tanesi kaynayan suda 60
dakika derecede hotplate lzerinde pisirilmistir. Her 5
dakikada kontrolleri yapilarak kabugu soyulmustiur.
Tane ikiye ayrildiktan sonra i¢ kisimda bulunan beyaz
kisim kayboldugu dakika pisme siresi olarak kayit altina
alinmistir (Sekil 4).

Verilerin analizi

Bu calisma sonucunda elde edilen verilerin, Tesaduf
Parselleri Deneme Deseni’ ne gore varyans analizleri
COSTAT (stiriim 6.303) paket program kullanilarak analiz
edilmistir. Onemli bulunan ortalamalar arasindaki ise
DUNCAN testine gore kontrol edilmistir (Dlizglines ve
ark., 1987).

Sekil 3. Kuru hacim tespiti
Figure 3. Dry volume determination
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Sekil 4. Pisirme siiresinin tespit edilmesi
Figure 4. Determining the cooking time

BULGULAR ve TARTISMA

Nem orani, hektolitre agirligi, kuru agirlik, yas agirlik,
islak hacim, kuru hacim, su alma kapasitesi, sisme
indeksi, pisme siresi bakimindan gesitler arasindaki fark
%1 seviyesinde, su alma indeksi ve sisme kapasitesi
bakimindan ise %5 seviyesinde 6nemli bulunmustur

(Cizelge 2).

Nem orani (%)

Nem orani %7.55- 9.40 arasinda degisim gostermistir. En
yuksek nem orani %9.40 Adabeyazi ¢esidinde
Olcllmistir. Bu cesidi %8.75 ile Akman 98 ve Ahlat
cesitleri izlemistir. En disiik nem orani ise %7.55 ile
Goynik fasulye cesidinde tespit edilmistir. (Cizelge 2).
Konya ekolojik sartlarinda 12 adet fasulye cesidi ile
yuratilen bir ¢alismada; nem oraninin %10.44-11.01
oraninda degistigi belirtilmistir (Aydogan ve ark., 2020).
Bir diger calismada ise nem oraninin %19.2-59.3 arasinda
degisim gosterdigi bildirilmistir (Karasu ve Oz, 2008).
Tohumdaki nem ylizdesi lizerine hasat zamani, depo
sicakhgl ve depo suresi gibi birgok faktoriin etkili oldugu
bilinmektedir. Ceyhan (2006) yaptigi calismada fasulyede
nem oraninin %6.10-7.07 arasinda degisim gosterdigini
bildirmistir. Bulgularimiz ile diger arastirmacilarin
sonuglari arasindaki farkin ortaya g¢ikmasinda bu
faktorlerin etkili oldugu diistinilmektedir.

Hektolitre agirhdi (kg hl?)

Cizelge 2'de goruldigu gibi fasulye cesitlerinde
hektolitre agirhgl 68.12 kg hlt (Akin) ile 83.71 kg hl?
(Adabeyazi) arasinda degisim gostermistir. Adabeyazi
cesidini sirastyla Topcu ve Goksiin (81.50 kg hl?, 81.32 kg
hI') cesitleri izlemistir. Fasulye cesitlerinde hektolitre
agirhgr buyldk oranda genetik faktorlerin yani sira
glbreleme, sulama ve ekim sikhg gibi kultirel
uygulamalara bagli olarak degismektedir. Fasulyenin
hektolitre agirhginin 75.2-80.0 kg hl! arasinda degistigi
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belirtilmistir (Anonim, 2022). Fasulye Gzerine ydritiilen
¢alismalarda hektolitre agirhg yiksek olan gesitlerin
islah  calismalarinda  seleksiyon kaynagi olarak
kullanilabilecegi belirtilmistir (Kaur ve ark., 2005).

Kuru agirlik (g)

Arastirmada elde edilen verilere gore, fasulyede kuru
agirlik degerleri 12.91-48.73 g arasinda degistigi tespit
edilmistir. En yiksek kuru agirlik 48.73 g ile yabanci ticari
menseli Ribewighing cesidinde elde edilirken, en distk
kuru agirhk degeri 12.91 g ile Karacasehir cesidinde
belirlenmistir (Cizelge 2). Ribewighing cesidini Yunus
90(40.59 g) ve Bulduk( 40.44 g) cesitleri izlemistir. Bu
cahismada Bulduk (40.44 g) ve Yunus 90 (40.59 g)
cesitlerinde kuru agirlik bakimindan yiiksek degerlere
sahiptir. Yemeklik baklagillerde verimi etkileyen en
onemli ozelliklerinden biride tane iriligidir. Pazar ve
tiketici talepleri genellikle iri taneli gesitler Gzerinde
yogunlasmistir. Benzer bir ¢alismada %14 nem esasina
gore, 12 adet fasulye gesidinde kuru agirlik degerlerinin
28.15-58.29 g (Aydogan ve ark., 2020) arasinda degistigi
belirtilmistir. Fasulye yetistiriciliginde genetik faktorlerin
yani sira, yeterli sicaklik ve nem gibi faktorlerin dolum
sUresini uzatarak tane iriligini arttirmaktadir(Sehirali ve
ark., 1994). Nitekim Bursa sartlarinda 2 yil siire ile
yuratilen bir calismada ilk yil kuru agirhgin 51.7 g olan,
kuru agirhk sicak ve kurak gecgen ikinci yilda 37.3 g’a
geriledigi  gerilemistir(Kacar ve ark.,, 2004). Bu
arastirmacilarin elde ettigi sonuclar ile bulgularimiz
arasinda farkliliklarin ortaya ¢ikmasinda farkh cesit ve
genotiplere ait ozelliklerden kaynaklandigi
duslintlmektedir.

Yas agirlik (g)
Arastirmada en yliksek yas agirlik degeri Ribewighing
(97.09 g), en distik yas agirlik degeri ise Karacasehir
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Cizelge 2. Fasulye gesitlerine ait bazi fiziksel kalite analizlerine ait ortalama degerler ve olusan gruplar
Table 2. Average values and groups of some physical quality analyzes of bean varieties

Cesitler NO HA 3 KA YA IH KH SAK B} SAI SK ; Si PS

(%) (kghl™)  (g) (g) (ml) (ml) (gtane™) (%) (mltane™) (%) (dk)
Topgu 8.25f 81.50b 29.89g 64.44f 157.67 e 73.25f 0.184 def  0.63d 0.34 de 247 a 38.0c
Goksun 8.45cde 81.32b  26.48i 5296 h  145.67f 68.75g  0.264 cdef 0.99c 0.27¢g 243ab  36.1d
Adabeyazi 9.40a 83.71a  30.81f 6091g 154.67e 75.00e  0.093 ef 0.32e 0.29 fg 218 cd 39.5 bc
Ribewighing 8.50 cd 76.20d 48.73 a 97.09 a 190.67 a 92.51a 0.551 a 0.99¢ 0.48 a 2.13 cd 46.0b
Goynuk 7.55h 80.44bc 39.05d 79.69d 172.67c 82.25¢ 0.406abc 1.04bc 0.42b 225bc 440 b
Ahlat 8.75b 79.36 ¢ 28.28h  59.62g 154.67e 73.75f 0.163 def  0.57d 0.31 ef 2.32abc  39.5bc
Bulduk 8.50 cd 70.44g  40.44b 81.63c 175.00 c 82.51bc 0.308 bcd 0.75d 0.42b 231abc 54.5a
Yunus 90 7.80¢g 72.12 f 40.59b 89.26b  182.67b 83.62b  0.486 ab 1.20abc  0.49a 246a 53.0a
Karacasgehir 8.40def 80.94b 1291k  26.24] 122.67g 61.00h  0.072f 0.55d 0.11i 2.04d 33.0 ef
Akin 8.32 ef 68.32h 39.61c 7854d 171.67c 81.75cd 0.493ab 1.39a 0.39 bc 225bc  37.5cd
Akman 98 8.75b 75.34de 22.12j 45.46 ij 142.00 f 69.52g 0.271cde 1.23ab 0.22h 2.15cd 35.0e
Onceler 98 861lbc 7391e 33.13e 72.02e 167.67d 81.00d 0.388abc 1.17bc  0.36cd 2.18cd 38.0c
Cesitler * *% *% *% *% * % * % * * *% %
V.K. (%) 1.34 1.13 0.95 1.3 1.39 0.92 18.27 14.48 6.39 4.84 1.61
LSD (0.05, 0.01) 0.19 0.73 0.26 1.48 3.80 1.21 0.09 0.22 0.04 0.18 1.37

*P<0.05 diizeyinde, ** P<0.01 diizeyinde 6nemli, V.K: Varyasyon Katsayisi, NO: Nem Orani, HA: Hektolitre agirligi, KA: Kuru agirlik, YA: Yas agirlik, IH: Islak
hacim, KH: Kuru hacim, SAK: Su alma kapasitesi, SAl: Su alma indeksi, SK: Sisme kapasitesi, Si: Sisme indeksi, PS: Pisme siiresi.
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(26.24 g) cesitlerinde tespit edilmistir (Cizelge 2).
Aydogan ve ark. (2020)'nin 12 fasulye ile yarittikleri
calismada yas agirligin 61.50-99.33 g arasinda degistigi
belirtilmistir. Bu ¢alismada kuru agirligi yiiksek olan
cesitlerin genel olarak yas agirlik degerleri de yiksek
cikmistir. Tanede nisasta degeri artikga su alma miktari
artarak yas agirhgin yikselmesine neden olmaktadir.
Benzer calismalarda karbonhidratlarin su emme
miktarini arttirabilecegi belirtilmistir (Wani ve ark.,
2017). Bir diger calismada yas agirligin tane iriligi ile
dogru orantili oldugu belirtilmistir (Caliskan ve ark.,
2018). Arastirmacilarin buldugu sonuglar ile bulgularimiz
benzerlik gbstermektedir.

Islak hacim (ml)

Fasulye cesitlerinde 1slak hacim degeri 122.67 ml
(Karacasehir) ile 190.67 ml (Ribewighing) arasinda
degistigi tespit edilmistir. Benzer bir calismada fasulye
cesit ve hatlarinin islak hacim degerlerinin 159.50-194.00
ml arasinda degistigi belirtilmistir (Aydogan ve ark.,
2020). Bir diger arastirmada 8 adet fasulye cesidinde
islak hacim degerleri tam sulama sartlarinda 118.4 ml,
kisith sulama sartlarinda ise 103.5 ml olarak él¢tlmustur
(Caliskan ve ark., 2018).

Kuru hacim (ml)

Calismada en vyiksek kuru hacim 95.51 ml ile
Ribewighing c¢esidinde, en dislik kuru hacim 61.00 ml ile
Karacasehir cesidinde tespit edilmistir (Cizelge 2).
Caliskan ve ark. (2018)'nin 8 adet fasulye cesidi ile
yaptiklari calismada kuru hacim degerlerinin 47.9-51.2
ml arasinda degistigi belirtilmistir. Benzer bir ¢calismada
kuru hacim degerlerinin 74.50-104.50 ml arasinda
degistigi belirtilmistir (Aydogan ve ark., 2020). Elde
ettigimiz sonuclara bakildiginda kuru agirlik ile kuru
hacim degerleri arasinda pozitif bir iliski oldugu
gorilmektedir. Kuru agirhk degerleri yiksek olan
gesitlerin kuru hacim degerleri yiksek bulunmustur.
Fasulyede yiritilmus bir galismada kuru agirlik ve hacim
arasinda pozitif bir korelasyon oldugu belirtilmistir
(Sehirali ve Atli, 1993).

Su alma kapasitesi (g tane™)

Fasulye cesitlerinin su alma kapasitesi [(Yas agirhk—Kuru
agirlik) x (kuru agirlik / 100) x Sismeyen tane sayisi 100 —
Sismeyen tane sayisi)] degerleri 0.072-0.551 g tane’
arasinda degisim gostermistir (Cizelge 2). Su alma
kapasitesi en yiiksek cesit 0.551 g tane ile Ribewighing
cesidinde tespit edilmistir. En dislik deger ise 0.072 g
tane? ile Karacasehir cesidinde tespit edilmistir. Caliskan
ve ark. (2018)'nin yaptiklari bir calismada yas agirlik
degerlerinin su alma kapasitesine bagl oldugu
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gorilmistir. iri taneli cesitlerin su alma kapasitesi
genelde yiksek olmaktadir (Aydogan ve ark., 2020).

Su alma indeksi (%)

Deneme sonunda elde edilen verilere gére fasulye
cesitlerinde su alma indeksi %0.32-1.39 arasinda
degisim gostermistir. Akin ve Akman 98 cesitleri en
ylksek su alma indeksi degerine (sirasiyla %1.39, %1.23)
sahip olmuslardir. En dislik deger ise %0.32 ile
Adabeyazi c¢esidinde tespit edilmistir (Cizelge 2). Bu
deger su alma kapasitesinin/ tane agirhigina oranini ifade
etmekte olup, fasulye tanesinin agirligina gore kag kat su
aldiginin gostergesidir (Sehirali ve Atli, 1993). Samsun ve
Kirsehir lokasyonlarinda ydrdtilen bir calismada su alma
indeksinin %1.05- 1.41 arasinda degistigi belirtilmistir
(S6zen ve Karadavut, 2020). Sakarya ve Eskisehir
lokasyonlarinda 13 adet fasulye gesidinde bazi kalite
ozellikleri ve besin maddesi igeriklerinin tespit edilmesi
amaciyla ydiriatilen bir calismada su alma indeksinin
%0.96-1.15 arasinda degistigi belirtilmistir (Cengiz,
2007). Su alma indeksi Uzerine gesitlerin genotip
ozelliklerinin yani sira ekolojik kosullarin etkili oldugu
bilinmektedir.

Sisme kapasitesi (ml tane™)

Sisme kapasitesi bakimindan fasulye cesitlerinden elde
edilen degerler 0.11-0.49 ml tane! arasinda degisim
gostermistir. Cesitler arasinda en vyiksek sisme
kapasitesi ayni grupta yer alan Yunus 90 ve Ribewighing
cesitlerinde olcllmustir (sirasiyla 0.49 ve 0.48 ml tane”
1. En diusik sisme kapasitesi 0.11 ml tane? ile
Karacasehir g¢esidinde tespit edilmistir (Cizelge 2). Elde
ettigimiz sonuglara bakildiginda fasulye gesitleri arasinda
sisme kapasitesi, kuru agirlik, yas agirlik ve su alma
kapasitesi arasinda bir paralel iliski oldugu gorilmistir.
Bulgularimiza benzer bir diger ¢alismada kuru agirlik, yas
agirlik ve su alma kapasitelerindeki kismi artiglarin sisme
kapasitesinin yikselttigi bildirilmistir (Atli ve ark., 1994).
Kirsehir ekolojik kosullarinda bazi bodur fasulye gesitleri
ve genotiplerinde sisme kapasitesi degerlerinin 0.297-
0.420 ml tane! arasinda degistigi rapor edilmistir
(Saylam, 2017). Diger bazi ¢alismalarda ise gesit ve
ekolojik kosullara bagli olarak sisme kapasitesi
degerlerinin 0.05-1.10 ml tane! arasinda degistigi
bildirilmistir (Cengiz, 2007; Cift¢i ve ark., 2011). Elde
edilen bu sonuglar ile bulgularimiz arasinda kismen
benzerlik oldugu tespit edilmistir.

Sisme indeksi (%)

Calisma sonunda elde edilen sisme indeksi degerleri
%2.04-2.47 oranlari arasinda degisim gostermistir. En
yuksek sisme indeksi ayni grupta yer alan Topgu (%2.47)
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ve Yunus 90 (%2.46) cesitlerinde hesaplanmistir.
Karacasehir (%2.04) cesidi ise en duslik sisme indeksi
degerine sahip olmustur. Farkh fasulye genotipleri ile
ylratilen bir calismada sisme indeksi degerlerinin
genotiplere bagli olarak %1.71- 2.55 (Aydogan ve ark.,
2020), (Saha ve ark., 2009) %0.91-1.39, % 0.30-0.82
(Wani ve ark., 2017) arasinda degistigi rapor edilmistir.
Bu sonuglar elde ettigimiz bulgulardan daha dsik iken,
Ozbekmez (2015)’in %0.468 ile %2.581 arasinda buldugu
degerler ile benzerlik gostermektedir.

Pisme siiresi (dk)

Cesitlerin pisme siresi 33.0-54.5 dk arasinda degisim
gostermistir. Bulduk ve Yunus 90 fasulye cesitleri
sirastyla 54.5 ve 53.0 dk ile en uzun pisme slresine
sahipken, en kisa pisme siresi (33.0 dk) Karacasehir
cesitlerinde tespit edilmistir (Cizelge 2). Fasulyede pisme
stresi tuketici tercihlerini etkileyen onemli bir kalite
kriteridir. Elde ettigimiz sonuglara goére kuru agirlig
yliksek olan gesitlerin pisme sirelerinin daha uzun
oldugu gorilmektedir. Elde ettigimiz  bulgulan
destekleyen baska bir calismada kuru agirligi diistik olan
cesitlerin  pisme sirelerinin  daha kisa oldugu
belirtilmistir (Williams ve ark., 1987). Pisme siresi uzun
olan gesitlerin yemek suyunu koyulastirmasi nedeniyle
tuketici taleplerini olumsuz etkileyen bir durum olarak
ortaya cikmaktadir (Culha ve Bozoglu, 2017). Fasulye
cesitlerinde pisme siresinin 50.0 ve 60.0 dakika arasinda

degistigi bildirmistir (Sevgi ve ark., 2018). Bulgularimizile
arastirmacilarin sonuglari kismen benzerlik
gostermektedir.

Bazi fasulye cesit ve genotiplerinde kalite ve teknolojik
ozellikler arasindaki dogrusal iliskileri gdsteren basit
korelasyon Cizelge 3’te verilmistir. Korelasyon
analizinde kuru agirlik degerlerinin yas agirlik (r= 0.88**),
islak hacim (r=0.89**), kuru hacim (r=0.77*%*),sisme
kapasitesi (r=0.92**) ile olumlu ve dnemliiliskiler oldugu
gorilmastir(Cizelge 3). Fasulyede cgesit seleksiyonunda
path analiz sonuglarina gére kuru agirhk ve tohum
sayisinin bir seleksiyon kaynagi olarak kullanilabilecegini
tespit etmislerdir( Prakash ve Ram, 1981). Yas agirligi ile
islak hacim (r=0.97 **), kuru hacim (r=0.87 **), sisme
kapasitesi (r=0.94**) arasinda olumlu ve 6nemli iliskiler
tespit edilmistir. Elkoca ve Cinar (2015)in fasulyede
basit karakterler arasinda hesaplanan korelasyon
katsayisinda yas agirlik ile kuru hacim ve sisme kapasitesi
arasinda pozitif yonde ¢ok 6nemli (r= 0,89-0,99) iliski
icinde oldugu belirtilmistir. Bir diger calismada benzer
sonuclar elde edilmistir (Kaur et al., 2005). Islak hacim ile
kuru hacim (r=0.93**) ve sisme kapasitesi (r=0.98**)
arasinda da pozitif ve olumlu bir sonu¢ oldugu
gorilmastir (Elkoca ve Cinar, 2015). Su alma kapasitesi
ve sisme kapasitesi (r=0.87**) arasinda da benzer bir
sekilde pozitif ve cok dnemli olumlu iliskiler belirlenmistir

(Cizelge 3).

Cizelge 3. Fasulyede kalite ile teknolojik 6zellikler arasindaki iliskilere ait korelasyon katsayilari
Table 3. Correlation coefficients of the relations between quality and technological properties in beans

Ozellikler HA KA YA IH KH SAK SAI SK Si PS
NO 0.23 031  0.35 034 026  -032 -0.49 -0.40  -037  0.08
HA 049  -051  -0.53  -0.52 -0.58 -0.69 051  -0.004 -0.56
KA 0.88**  0.89** 0.77** -0.28 0.37 0.92%*  0.24 0.30
YA 0.97**  0.87** 0.29 0.39 0.94** 031 0.23
IH 0.93**  0.24 0.40 0.98%*  0.27 0.22
KH 0.28 0.39 0.94**  0.10 0.22
SAK 0.45 0.87**  0.27 0.23
SAI 0.39 0.009  0.34
SK 0.41 0.19
Si 0.002

NO: Nem Orani, HA: Hektolitre agirhigi, KA: Kuru agirhk, YA: Yas agirlik, IH: Islak hacim, KH: Kuru hacim, SAK: Su alma
kapasitesi, SAl: Su alma indeksi, SK: Sisme kapasitesi, Si: Sisme indeksi, PS: Pisme siiresi.

Sonug olarak, baklagiller arasinda fasulye besin degerleri
acisindan 6nemli bir yere sahiptir. Fasulyede verim
artisinin yaninda tilketici ihtiyaglarina uygun Kkaliteli
cesitlerin yetistirilmesi gerekmektedir. Bu ¢alismada 12
adet fasulye cesidinde fiziksel kalite 6zelliklerinin tespiti
amaclanmistir. Tanede nem orani (%), hektolitre agirlig
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(kg hI'Y), kuru agirlik (g), yas agirlik (g), 1slak hacim (ml),
kuru hacim (ml), su alma kapasitesi (g tane?), su alma
indeksi (%), sisme kapasitesi (ml tane), sisme indeksi (%)
ve pisirme silresi (dk) gibi kalite Ozellikleri arasinda
cesitler arasinda onemli farkliliklar tespit edilmistir.
Tiketici  ve pazar  tercihleri gbz  Onilinde
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bulunduruldugunda nem orani ve hektolitre agirlhiginda
Adabeyazi, kuru agilik, yas agirlk, islak hacim, kuru
hacim, su alma kapasitesi, sisme kapasitesi gibi kriterler
acisindan Ribewighing, su alma indeksinde Akin, sisme
kapasitesi ve indeksi degeri bakimindan Yunus 90, pisme
slresi bakimindan ise Karacasehir cesitlerinde en yiiksek
degerler elde edilmistir. Korelasyon analizlerine
bakildiginda ise kuru agirhk degerlerinin yas agirhk (r=
0.88**), 1slak hacim (r=0.89**), kuru hacim (r=0.77**),
sisme kapasitesi (r=0.92**) ile olumlu ve 6nemli iliskiler
oldugu gorilmustir. Yas agirhg ile slak hacim
(r=0.97**), kuru hacim (r=0.87*%*), sisme kapasitesi
(r=0.94**) arasinda olumlu ve 6nemli iliskiler tespit
edilmistir. Ayrica Islak hacim ile kuru hacim (r=0.93**) ve
sisme kapasitesi (r=0.98**) arasinda da pozitif ve olumlu
bir sonuc¢ oldugu gorilmustir. Su alma kapasitesi ve
sisme kapasitesi (r=0.87**) arasinda da benzer bir

sekilde pozitif ve ¢ok ©nemli olumlu iligkiler
belirlenmistir.  Bu  sonuglara  bakildiginda  (lke
ekonomisine katma deger olusturacak ¢esit ve

genotiplerin tespiti benzer ¢alismalarin 6nemini daha
fazla artiracaktir.

OzZET

Amag: Bu calisma 2022 yilinda Ziraat Fakiiltesi tarla
Bitkileri Laboratuvarinda yiratalmastir. Arastirmada
cesitli enstitllerinden temin edilen 12 adet tescilli
fasulye (Phaseolus vulgaris L.) cesidi kullaniimistir.
Fasulye tohumlarinda tane ve bazi teknolojik
ozelliklerinin belirlenmesi amaglanmistir.

Yéontem ve Bulgular: Denemede, tanede nem orani,
hektolitre agirligi, kuru agirlik, yas agirlk, 1slak hacim,
kuru hacim, su alma kapasitesi, su alma indeksi, sisme
kapasitesi, sisme indeksi ve pisme siresi gibi 6zellikler
incelenmistir. Elde edilen veriler Tesadiif Parselleri
Deneme deseninde varyans analizi yapilmis ve
ortalamalar DUNCAN testi ile kontrol edilmistir.
Arastirma sonucunda elde edilen verilere gére; tanede
nem orani %7.55-9.40, hektolitre agirhg 70.4-83.7 kg hl’
1 kuru agirhk 12.91-48.73 g, yas agirhk 26.24-97.09 g,
islak hacim 122.67-190.67 ml, kuru hacim 68.75-92.51
ml, su alma kapasitesi 0.072-0.551 g tane™, su alma
indeksi % 0.32-1.39, sisme kapasitesi 0.11-0.49 ml tane-
1, sisme indeksi % 2.04-2.47 ve pisirme suresi 33.0-54.5
dk arasinda degisim gostermistir. Korelasyon analizlerine
bakildiginda ise kuru agirhk degerlerinin yas agirhk (r=
0.88**), 1slak hacim (r=0.89**), kuru hacim
(r=0.77*%*),sisme kapasitesi (r=0.92**) ile olumlu ve
onemli iliskiler oldugu gorilmastir. Yas agirligi ile islak
hacim (r=0.97 **), kuru hacim (r=0.87 **), sisme
kapasitesi (r=0.94**) arasinda olumlu ve 6nemli iliskiler
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tespit edilmistir. Ayrica Islak hacim ile kuru hacim
(r=0.93**) ve sisme kapasitesi (r=0.98**) arasinda da
pozitif ve olumlu bir sonug oldugu gorilmdstir. Su alma
kapasitesi ve sisme kapasitesi (r=0.87**) arasinda da
benzer bir sekilde pozitif ve ¢cok 6nemli olumlu iliskiler
belirlenmistir.

Genel Yorum: Tiketici ve pazar tercihleri géz 6nlinde
bulunduruldugunda nem orani ve hektolitre agirliginda
Adabeyazi ¢esidinde en yilksek bulunmustur. Kuru
agirhk, yas agirhk, 1slak hacim, kuru hacim, sisme
kapasitesi gibi kriterler agisindan Ribewighing, su alma
indeksinde Akin cesidi en yliksek degerler tespit
edilmistir. Sisme kapasitesi ve indeksi degeri bakimindan
Yunus 90, pisme siresi bakimindan ise Karacasehir
cesitlerinde en yiksek degerler 6l¢lilmustir.

Calismanin Onemi ve Etkisi: Fasulyede tane ve kabuk
yapilarindan dolayr ortaya c¢ikacak duyusal yanilgilar
ortadan kaldiracak pisme siiresinin daha dogru tespiti
yapilacaktir. Ayrica objektif kriterler ile ortaya cikacak
gercekler tliketici taleplerinin  yani sira islah
programlarina yardimci olacagi disiiniilmektedir. Ulke
ekonomisine katma deger olusturacak piyasa ve tiketici
taleplerini en iyi sekilde karsilayacak fasulye cesit ve
genotiplerin tespiti benzer calismalarin 6nemini daha
fazla artiracaktir.

Anahtar Kelimeler: Fasulye, kalite, Phaseolus vulgaris L.,
teknolojik 6zellikler.

CIKAR CATISMA BEYANI
Yazar(lar) calisma konusunda
olmadigini beyan eder.

cikar  gatismasinin

ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar galismaya esit oranda katki saglamis olduklarini
beyan eder.
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Aims: During a disease survey conducted in 2019, typical symptoms
including yellowing of the leaves, stunting, shortening of internodes,
proliferation of auxiliary shoots (witches'-broom), the bunchy
appearance of growth at the ends of stems (rosetting), virescence of

flowers or sterility, phyllody, small and deformed leaves and fasciation
were observed on suspected cucurbit plants growing in Hatay province.
Therefore, this study was carried out to determine the phytoplasma
infection(s) on cucurbit crops and bindweed in Hatay province of Turkey.
Methods and Results: In total; 4 pumpkins (winter squash: Cucurbita
moschata Duchesne), 12 summer squash (Cucurbita pepo L.) and 2
bindweed (Convolvulus arvensis L.) samples were collected from
suspected plants in cucurbit fields in Hatay province. Some of the plants
(2 pumpkins, 10 summer squash and 2 bindweeds) exhibited symptoms
related to phytoplasmas. Total nucleic acid was extracted by CTAB
method. PCR amplification of 16S rDNA with phytoplasma specific primer
pairs; F1/RO followed by R16F2n/R2 confirmed the phytoplasma
presence. Expected size amplicons of ~1.2 kb were obtained from
infected samples from symptomatic cucurbits (12/12) and bindweed
(1/2), but not from asymptomatic cucurbit plants (0/4). The sequences of
the 4 symptomatic samples were deposited in NCBI GenBank (MT163353,
MT163393, MT163396, and MT163469).

Conclusions: After sequencing and phylogenetic analyses it was revealed
that the squash isolates had 99% sequence identity with “Candidatus
phytoplasma trifolii” (16SrVI) and the bindweed isolate had 99%
sequence identity with “Candidatus phytoplasma solani” (16SrXIl).
Significance and Impact of the Study: There is a lack of knowledge on the
status of phytoplasma infections and natural hosts in cucurbits in Turkey.
According to our knowledge, this is the first report of a member of 16SrVI
group, Candidatus phytoplasma trifolii associated with phytoplasma
infection in winter squash-pumpkin (C. moschata) and summer squash (C.
pepo) in Turkey.
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INTRODUCTION Pumpkin and squash cultivation has a long history
among the cucurbits, and they are related with the
beginnings of agriculture (Whitaker and Robinson,
1986). Furthermore, these plants can be cultivated in
almost all arable regions of the world. Cucurbita pepo,

C. maxima and C. moschata are considered

Turkey is an important agricultural producer of a variety
of crops due to its geographical location. Cucurbitaceae
has been one of the most important crops in Turkey
(Sari et al., 2008).
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economically important species which are widely grown
in agricultural regions worldwide (Robinson and
Decker-Walters, 1997; Paris and Brown 2005; Wu et al.,
2007). Phytoplasmas are plant pathogens that are
classified in Mollicutes, can be transmitted by vectors
and localized in plant phloem. They are associated with
numerous plant diseases and have been reported to
cause destructive losses in both crops and natural
ecosystems (Seemdiller et al., 1998; Khan et al., 2003;
Bertaccini 2007; Hogenhout and Musi¢ 2010). Economic
losses may reach up to 100% in infected plants (Salehi
et al., 2015; Martini et al., 2018).

Pumpkins are widely cultivated crops in Turkey (Sari et
al., 2008; Balkaya et al.,, 2010). Summer squash
(Cucurbita pepo L.) and pumpkin (winter squash or
butternut squash) (Cucurbita moschata Duchesne) are
the most commonly grown cucurbits in Hatay province
of Turkey. According to FAQ, China ranked first with an
estimated annual production of cucurbits of
approximately 8 million tons in 2017, while Turkey
ranked seventh in the world with a production of
616.777 tons (FAO, 2018). According to the reports of
the Turkish Statistical Institute, 590.414 tons of
cucurbits were produced in 2019 in Turkey (TUIK,
2019).

Phytoplasmas affecting C. moschata and C. pepo have
been reported in Italy, Brasil, Egypt and the diseases
were reported as “pumpkin yellows” (Seemiller et al.,
1998; Montano et al., 2006), pumpkin yellow leaf curl
(PYLC), squash phyllody (Salehi et al., 2015) and squash
virescence (Omar and Foissac, 2012).

‘Ca. Phytoplasma australiense’ and pumpkin yellow leaf
curl (PYLC) disease were reported as mixed infection in
pumpkin plants (C. maxima and C. moschata) for the

Table 1. Primer pairs used in PCRs, their size and references

first time in Queensland, Western Australia and the
Northern Territory (Streten et al. 2005). ‘Ca.
Phytoplasma trifolii’ was first reported in sesame plants
in Turkey in 2007 (Sertkaya et al., 2007). Lately, ‘Ca.
Phytoplasma trifolii’ and ‘Ca. Phytoplasma solani’ were
reported in cucumbers in Van province of Turkey (Usta
etal., 2017).

This study was conducted to detect phytoplasma
diseases of cucurbits and the other host/s in cucurbit
growing areas in Hatay province of Turkey.

MATERIALS and METHODS

Plant samples

Leaves of pumpkin-winter squash  (Cucurbita
moschata), summer squash (C. pepo) and bindweed
(Convolvulus arvensis) were collected from plants
exhibiting phytoplasma symptoms and symptomless
plants from cucurbit fields in Hatay province of Turkey
in 2019.

DNA extraction and PCR amplifications

CTAB method was used to extract total DNA from plant
material according to Doyle and Doyle (1990). The
universal primer sets were used to detect phytoplasma
DNA isolated from fresh squash and bindweed leaf
midribs. F1/RO (Lee et al., 1994) and R16F2n/R2
(Gundersen and Lee, 1996) universal primers were
employed in Direct and Nested PCRs respectively for
amplification of the 16S5rRNA gene (Table 1).

PCR products were dyed with ethidium bromide then
run on 1.2% agarose gel using Tris-Borate EDTA (TBE)
buffer, and visualized with a UV trans-illuminator.

Primer sets Base pairs length References
Direct F1 5’-AAGACGAGGATAACAGTTGG-3’ 1800 Lee et al. 1994
PCR RO 5’- GGATACCTTGTTACGACTTAACCCC-3’ Lee et al. 1994
Nested F2n 5’-CGACTGCTAAGACTGG-3’ 1200 Gundersen and Lee 1996
PCR R2 5’-TGACGGGCGGTGTGTACAAACCCCG-3’ Gundersen and Lee 1996
Sequencing and BLAST relationships were calculated using 1000 bootstrap

Nested PCR products were sequenced in both
directions with forward and reverse and aligned using
the MEGA-X software. Based on 16SrDNA gene
sequences of the phytoplasmas in this study and those
of selected reference strains accessible from NCBI were
compared.

Characters considered to be uninformative were
omitted from the sequences. The phylogenetic
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replicates by using the Neighbor-Joining method. The
phylogenetic tree was created for the 4 phytoplasmas
studied in this work and 12 phytoplasmas representing
distinct phytoplasma groups. As the root of the
phylogenetic tree Acholeplasma laidlawii (F1226570)
was selected to be an outgroup (Volokhov 2008).
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Virtual =~ RFLP  (Restriction = Fragment
Polymorphism) and phylogenetic analysis
iPhyClassifier program was used for virtual (RFLP)
analysis. Alul, Haelll, Hhal, Msel, Rsal, Taql (Lee et al.
1998) restriction enzymes were used for 16S rDNA
digestions in virtual RFLP analysis, sequences of
phytoplasmas isolated from cucurbits and bindweed
were compared with each reference strains for group
and subgroup recognized by iPhyClassifier.

Length

RESULTS and DISCUSSION

Phytoplasma detection
Phytoplasma symptoms typical on cucurbit plants

3 VY R ‘~)7 N
. j \‘ 1

‘-

include yellowing of the leaves, stunting, shortening of
internodes, proliferation of auxiliary shoots (witches'
broom), the bunchy appearance of growth at the ends
of stems (rosetting), virescence of flowers or sterility,
phyllody, small and deformed leaves and fasciation
(Figure 1). Out of a total of 4 pumpkins, 12 summer
squash and 2 bindweed samples collected, 2 pumpkins,
10 summer squash and 1 bindweed plants exhibited
symptoms considered to be related to phytoplasma
diseases were found to be infected with phytoplasmas.
Samples exhibiting phytoplasma symptoms gave
positive bands (about 1.2 kb) in agarose gel but there
was not any band observed from the symptomless
plants (Figure 2).

.0‘

Figure 1. Winter and summer squash plants showing dwarfing, phyllody and virescence (A,B), fasciation (C), small and
yellow leaves naturally infected by phytoplasma in cucurbit fields in Antakya district of Hatay province

e e e el v e W WD e el e

Figure 2. Gel electrophoresis photo of Nested PCR products, 1-12 cucurbit samples, 13 bindweed sample and 14-15
positive controls, W: negative control. M: Marker (1 kb DNA marker)
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Sequencing and phylogenetic tree

Selected from the positive samples, one winter squash
(pumpkin), two summer squash and one bindweed (C.
arvensis) isolates were designated as TUR Squ 804 HC,
TUR Squ 805 HC, TUR Squ 822 HC and TUR Con 806 HC,
respectively. The obtained nucleotide sequences of 16S
rDNA from three squash (C. pepo and C. moschata) and
one bindweed (C. arvensis) isolates were deposited in
GenBank (Accession numbers: MT163353, MT163393,
MT163396 and MT163469 respectively).

Comparing the sequences of 16SrVI phytoplasma
isolates and other phytoplasma groups’ 16S rDNA with

o

7

o

99

98

MT163469 TUR Con 806 HC

that of the cucurbit phytoplasma by MEGA (version X)
software affirmed its closest phylogenetic relationship
with the members of 16SrVI group (Figure 3).
Therefore, Ca. Phytoplasma trifolii (16SrVI) was
identified from Cucurbita pepo and C. moschata. The
phytoplasma isolate from C. arvensis sample taken from
a C. pepo field was identified as Ca. Phytoplasma solani
(16SrXIV-A subgroup). Ca. Phytoplasma trifolii and Ca.
Phytoplasma solani were found to cause natural
infections in squash and bindweed in cucurbit fields in
Hatay.

60  MT163353 TUR Squ 804 HC

{ MT163396 TUR Squ 822 HC
MT163393 TUR Squ 805 HC
[ KY568694 Ca. Phytoplasma trifolii
MK379605 Ca. Phytoplasma trifolii
MH430092 Ca. Phytoplasma trifolii
MG788318 Tomato big bud phytoplasma

EU573925 Ca. Phytoplasma trifolii

MK209688 Ca. Phytoplasma trifolii
MG732925 Ca. Phytoplasma trifolii

MK942732 Cassava WB disease phytoplasma

— JN833707 Ca. Phytoplasma convolvuli

MNO047263 Ca. Phytoplasma solani
100 | KF614623 Ca. Phytoplasma solani

JN561702 Convolvulus arvensis stolbur phytoplasma

I ——

0.020

FJ226570 Acholeplasma laidlawii

Figure 3. Phylogenetic tree constructed with neighbor joining algorithm of 16S rDNA sequences of ‘Ca. P. solani’ and
‘Ca. P. trifolii’. Sequences for ‘Ca. Phytoplasma’ species were retrieved from NCBI Genbank. ‘Ca. P. trifolii’;
MT163353, MT163393, MT163396 (this publication), ‘Ca. P. trifolii values for 1000 replicates are shown on branches.
GenBank accession numbers shown in brackets. Acholeplasma laidlawii was used as an outgroup to root the tree.
The tree was constructed by the neighbor-joining method using MEGA X software

Virtual RFLP

Virtual RFLP analyses were conducted according to
Zhao et al. (2009). Nested PCR products with the primer
pairs of R16F2n/R2 were digested with restriction
endonucleases Alul, Hhal, Haelll, Msel, Rsal and Tagl.
Results showed that the pumpkins and squash plants
were infected by ‘Ca. Phytoplasma trifolii’ and
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Convolvulus arvensis were infected by ‘Ca. Phytoplasma
solani’ (Figure 4).

The disease of squash phyllody (SqP) caused by
phytoplasma was reported to be a very economically
important disease reducing the yield and quality of the
crop. It is reported that crop loss may reach up to 100%
in case of early infections in Iran (Salehi et al., 2015).
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Figure 4. Virtually generated RFLP patterns (Zhao et al. 2009) of cucurbits (Squ 804, Squ 805 and Squ 822) and
bindweed (Con 806). Computer-simulated virtual RFLP patterns illustrating in silico digestions with six key enzymes:
Alul, Haelll, Hhal, Msel, Rsal, Taql showing fragments of 16S rDNA sequence of Nested PCR products from detected
phytoplasmas and representative strains of groups 165rVI. MW, Molecular weight marker (derived from ¢X174 RFI

DNA Haelll digest, Size range: 72 bp to 1,353 bp) (Zhao et al. 2009)

In conclusion, phytoplasmas belonging to different
groups associated with cucurbit diseases have been
reported worldwide, such as Loofah witches’ broom
(16SrVIlI-A)(Davis et al., 2017), Cucurbita moschata
(16Srlll-J) and Cucurbita pepo (165rlll) (Montano et al.,
2006 and 2007), Little leaf of luffa (Kumar et al., 2010),
Squash phyllody (16Srl-B) (Rao et al., 2017), Cucumber
phyllody and Squash phyllody 16Srll-D, (Salehi et al.,
2015; Al-Subhi et al., 2018), Little leaf disease of bitter
gourd (Momordica charantia L.) (NangKyuKyu et al.,
2014), phyllody of squash (Cucurbita spp.) (16SrVI-A)
(Zibadoost et al.,, 2016), Cucurbita pepo (16SrVI-A)
(Kastalyeva et al., 2016), bottle gourd virescence and
phyllody (16SrIX)( Tripathi et al., 2017), Ca. P. trifolii’
and ‘Ca. P. solani’ in cucumber (16SrVI-A and 16SrXII-A)
(Usta et al. 2017), Edible gourd phyllody (Lagenaria
siceraria L.) (Sertkaya and Yuksel, 2018) and 16SrVI-A
(Kumari et al., 2019), and a little leaf of bitter gourd and
Loofah and cucumber phyllody (Borines et al., 2020).

The phytoplasma group 16SrVI CP (clover proliferation)
(subgroup VI-A) has been observed to infect a wide
variety of plants all around the world (Khasa et al.,
2016; Zibadoost et al., 2016; Choueiri et al., 2007). It
has been reported that many crops belong to different
families such as cucumber, tomato, pepper, cabbage,
maize etc. were also affected by phytoplasma group
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16SrVI from Turkey (Sertkaya et al., 2007; Usta et al.,
2017; Yilmaz et al., 2019; Giller and Usta, 2020; Ulubas-
Serce and Yilmaz 2020; Simsek et al., 2021) and group
16SrXll from Turkey (Caglar et al., 2021; Usta et al.,
2021). In the current study the phytoplasmas identified
in squash belong to group 16SrVI, and in bindweed
belong to 16SrXII.

Phytoplasmas affecting cucurbit crops have been
appeared to prevalent among the main producing areas
such as Antakya district of Hatay province. The role of
winter and summer squash as a source of phytoplasmas
was important not only for cucurbits but also for the
other economically important crops grown in
Hatay,Turkey. As vectors insects are important to
distribute phytoplasma diseases (Weintraub and
Beanland, 2006). Therefore, insect vectors and
alternative hosts of phytoplasma diseases in cucurbit
crops need to be investigated and unknown
transmission paths of the diseases should be revealed
by sensitive and reliable diagnostic approaches. This will
be of help for developing future management strategies
of the disease in other potential vegetable hosts as well
as cucurbits in the region.

According to our knowledge, this is the first report of a
member of 16SrVI  phytoplasma group (Ca.
Phytoplasma trifolii) associated with winter squash-
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pumpkin (C. moschata) and summer squash (C. pepo) in
Turkey.

OzZET

Amag: 2019’da bir hastalik surveyinde, slipheli kabak
bitkilerinde yapraklarin sararmasi, bodurluk, bogum
aralarinin  kisalmasi, c¢oklu siirgin olusumu, tepe
surglinlerinde c¢ali gorliniim, ciceklerin yesillenmesi ve
kisirhk, fillodi, kiiclik ve sekli bozulmus yapraklar ve
gbvde yassilasmasi gibi fitoplazmalara 6zgi simptomlar
gbzlenmistir. Boylelikle, bu calisma Hatay ili kabak
bitkilerinde ve tarla sarmasiginda fitoplazma
hastaliklarinin arastirilmasi amaciyla ylritilmustdr.
Yéntem ve Bulgular: Hatay ili kabak tarlalarindan
sipheli toplam 4 kis kabagi (Cucurbita moschata), 12
yaz kabagl (Cucurbita pepo) ve 2 tarla sarmasig
(Convolvulus arvensis) ornekleri toplanmistir.
Bitkilerden bazilari (2 kis kabagi, 10 yaz kabagi ve 2 tarla
sarmasigl) fitoplazmalara 6zgl simptom sergilemistir.
Toplam niikleik asit izolasyonu, CTAB metoduna gore
yapilmigtir. Direct ve Nested PCR ¢alismalarinda
sirasiyla F1/RO ve R16F2n/R2 evrensel primer ciftleri
kullanilmistir. Simptom sergileyen kabak bitkilerinde
(12/12) ve tarla sarmasiginda (1/2) beklenen ~1.2 kb
blylkligiinde bant elde edilirken simptomsuz
kabaklarda elde edilememistir. Simptom go6steren
orneklerden 4 tanesi NCBI Genbankasi'na (MT163353,
MT163393, MT163396 ve MT163469) yiiklenmistir.
Genel Yorum: Sekans ve filogenetik analizlerin
ardindan, kabak izolatlarinin “Candidatus phytoplasma
trifolii”  (16SrVI), tarla sarmasigl izolatinin ise
“Candidatus phytoplasma solani” (16SrXIl) oldugunu
gostermistir.

Calismanin Onemi ve Etkisi: Tirkiye'de kabakgillerde
fitoplazma enfeksiyonlarinin ve dogal konakgilarin
durumu hakkinda bilgi eksikligi bulunmaktadir. Mevcut
bilgilerimize gore, Tirkiye’de 16SrVI grubunun bir lyesi
olan Candidatus phytoplasma trifolii'nin  kishk
kabaklardan bal kabagl (C. moschata) ve yazhk
kabaklardan sakiz kabagl (C. pepo) bitkilerinde
enfeksiyon olusturdugu ilk kez belirlenmistir.
Anahtar Kelimeler: Ca. phytoplasma solani, Ca.
phytoplasma trifolii, fitoplazma, kabak, Turkiye.
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Aims: This study aimed to determine the effects of different cultivation
practices on yield and characteristics of saffron corm grown in field and
greenhouse conditions.

Methods and Results: Two different saffron corm sizes, with an average
weight of 12 g and 6 g, were used as production material. The cultivation
of saffron corms was carried out in areas where 4 different treatments
were applied such as silt (fine stream sand), cockpeat, peat + perlite and
cockpeat + perlite. Field studies were set up according to the randomized
blocks split-plot design experimental design, and greenhouse studies
were set up according to the randomized plots design with 3 replications.
The highest corm yield, corm increase rate per unit and the harvested
corm weight were obtained in field conditions where silt applications

were made.

Conclusions: In field and greenhouse conditions, silt application has been
determined as the most suitable cultivation treatment for the production
of corm as seed material in a short time, as well as the corm properties of
saffron.

Significance and Impact of the Study: It has been demonstrated that the
field conditions are more effective than the greenhouse conditions and
the silt treatment is more effective than other applications used for
saffron corm production.
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INTRODUCTION countries, small quantities of saffron are also cultivated
in Morocco, France, Switzerland, Turkey, Israel,
Azerbaijan, Pakistan, China, Egypt, UAE, Japan,
Afghanistan, Iraq, Tasmania, Australia and Mexico
(Abdullaev, 2002; Kog, 2012; Tekeli et al., 2014: Asil,
2018). The main part of the saffron plant is its stigmas.
The dried saffron stigmas have been used for different
purposes including medicinal, aromatic, food additive,

textile dyeing, etc. since ancient times (Omidbaigi,

Saffron (Crocus sativus L.) is a perennial herb of the
Iridaceae family (Sarihan and Asil, 2013). Although
there is no definite information about the origin of
saffron, the plant is considered to grow in Anatolia and
Iran (Winterhalter and Straubinger, 2000; Asil and
Ayanoglu, 2018). Today, saffron is mainly grown in Iran,
India, Spain, Greece and Italy. Apart from these
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2005; Igbal et al., 2012). Saffron and its main
ingredients are traditionally used as pharmaceutical
agents. Current experimental research projects also
demonstrate a wide range of disease treatment
applications of Saffron and its components. Safranal
represents about 70% of the saffron flavor and is the
most important pharmacological agent of saffron.
Safranal has proven antioxidant, cytotoxic, antitussive,
anticonvulsant, antinociceptive, neuroprotective,
antidepressant, and many pharmacological effects
(Nemati et al., 2014; Erden and Ozel, 2016).

Saffron is a sterile triploid plant and is only vegetatively
reproduced by its corms (lgbal et al., 2012; Koocheki
and Seyyedi, 2015). Therefore, the selection of efficient
corms is the most important factor in saffron
production. Studies have shown that corm size has a
positive effect on saffron blooming (ipek et al., 2009;
Cavusoglu, 2010). Flowering in saffron occurs in a
limited period of time about 2-3 weeks, and each corm
produces 1-4 flowers depending on its size.
Amplification of saffron occurs with the cormlets which
form from corms. Depending on its weight, each corm
contains 1-4 buds forming flowers and leaves. Between
the horizontal lines of the corms, many small brown
spots generate cormlets. The weight of each corm
varies between 1-20 g (Igbal et al., 2012; Kirici et al.,
2018).

Saffron production is accomplished by traditional
methods and the production technology has not
significantly changed for a long time. Saffron
production generally results in lower income for the
farmers due to high production costs resulting from its
relatively short flowering period, low average yield,
manual harvesting of stigmas and drying period
(Maggio et al., 2006; Asil, 2018; Sevindik et al., 2018).
Especially in the Mediterranean basin, a significant
decrease in saffron production has been reported due
to the increased labor costs (Negbi, 1999).

Although saffron lost its importance in Turkey in the
1900s, it is considered that this valuable plant should
attract attention of farmers again in Turkey for both
commercial and medicinal purposes. The main purpose
of the cultivation of saffron should also be not only to
increase the amount of production of saffron but also
apply the most efficient way for its farming including
laborious process from planting to harvesting (Cinar
and Onder, 2019). Considering its commercial and
medicinal values, necessary precautions should be
taken to increase the annual production of saffron in
Turkey. Various studies were carried out to increase the
number of corms species and the quality of saffron, but
these studies are not sufficient to achieve these aims
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(Cinar and Onder, 2019).

Along with the traditional production of saffron, many
attempts have been made worldwide to produce
saffron under controlled conditions to increase saffron
yield and reduce production costs (Maggio et al., 2006).
Modern production methods should replace traditional
methods to increase saffron production and obtain
high-quality saffron. (Mollafilabi and Shoorideh, 2009).
Saffron cultivation could be successful under controlled
conditions in plastic tunnels and hydroponic systems. In
this cultivation system, the growth and nutrition
environments of the plants are controlled correctly;
higher yield and better quality are possible. Growing
systems under controlled conditions may be a viable
alternative to traditional saffron cultivation (Mollafilabi
etal., 2012).

The kinds of soil are another factor affecting the
development of saffron corms and thus its flowering
capacity. It has been reported that when saffron is
planted in light-textured soils, it is more favorable for
the formation of daughter corms. Climate significantly
improves the vegetative growth and improves the
reproductive characteristics of corm plants (Aghhavani
et al., 2015; Shajari et al., 2020). As a result, cultivation
in controlled environments using hydroponic systems
has been proposed as a way to increase saffron yield
while reducing production costs (Molina et al., 2005). In
addition, many studies on different plants showed that
the effects of different growing environments were
different. There are the limited number of studies on
the development of saffron corms in different soil
cultures (Yildirrm and Hatipoglu, 2020). In saffron
cultivation, the three most important goals are
reducing labor cost, increasing stigma yield, and large
size corm production (Cavusoglu et al, 2009).

This study aimed to determine the effects of different
cultivation practices, such as silt (find stream sand),
cocopeat, peat+perlite and cocopeat+perlite, on yield
and yield characteristics of saffron corm grown in both
field and greenhouse conditions.

MATERIALS and METHODS

Material

This study was carried out at the Olive Research
Institute in Hassa (36°42'42"N 36°30'19"E) between
September 28, 2018 and May 13, 2019. In the study, an
average weight of 12 g (10 to 14 g) for the large size of
saffron corms and an average weight of 6 g (5 to 7 g) for
the small size of saffron corms were weighed and used
for the experiments. The corms used in the study, the
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corms separated from the previous studies as

production material was used.

Methods

As a growth and development environment, planting of
the planting was carried out in four different growing
environments (silt (fine stream sand)(S), cocopeat (C),
peat + perlite (PP)(1/1), and cocopeat + perlite
(CP)(1/1)). The experiment was established with 3
replications, field conditions were according to the
randomized blocks split-plot design, and greenhouse
conditions were according to the design of the
randomized plot. 10 corms were planted in each plot
(1.1 m?) with 0.10 m rows, 0.10 m planting depth, and
10 corms in each plot, and plots were formed with a
total weight of 120 g for large corms and 60 g for small
corms. After planting, each parcel was irrigated for both
the greenhouse and field environments. No other
irrigation was carried out for the field conditions. To
meet the nutrient needs of the plant in different soil
cultures, Max Plus ZN zinc-containing liquid foliar
fertilizer was applied at a dose of 75 cc/decare after the
plant leaves exceeded 10 cm in height (December 28,
2018). Foliar fertilizer was applied once.

Experimental corms were started to be harvested in
May 13, 2019. When they dried, corms were weighted
and sized. The harvested corms were weighed and
collected into three groups according to their weights
including less than 5 g, between 5-10 g, and greater
than 10 g. The number of corms in a parcel, the weights
of the corms in the parcel and the number of parcel in
the cores were separately evaluated according to this
classification. Total corm weight (g parcel?), corm
weight < 5 g (g parcel?), corm weight between 5-10 g (g
parcel?), corm weight > 10 g (g parcel?), total number
of corms (pieces parcel?), number of corms < 5 g
(pieces parcel?), number of corms between 5-10 g
(pieces parcel™), number of corms > 10 g (pieces parcel
1), number of eyes in corms < 5 g (pieces parcel?),
number of eyes in corms between 5-10 g (pieces parcel
1), number of eyes in corms parcel > 10 g (pieces parcel
1), the number of corm parcel < 5 g (pieces parcel?), the
number of corm parcel between 5-10 g (pieces parcel
1),the number of corm parcel > 10 g (pieces parcel?),
harvested unit corm weight (g) daughter corm ratio (%)
and unit corm increase ratio (%) traits were also
investigated in this study.

Greenhouse and field conditions

The study was conducted at an altitude of 290 m, in a
greenhouse (alan = 48 m?, height = 3.5 m) of the Olive
Research Institute in Hassa / Hatay, located at 39°42'
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north latitude and 36° 30' east longitude, and the width
of the table is 2.5 m. It is 1.15 m wide and 0.28 m deep.
Greenhouse average temperature = 25.5 °C, maximum
temperature = 33.5 °C, minimum temperature = 17.4
°C, average relative humidity 31.6%, maximum
relative humidity 90.8% and minimum relative
humidity = 64.9%. Greenhouse trays are heated from
the bottom and have a misting irrigation unit.

Field conditions were carried out in open field
conditions at the end of the greenhouse. The total
amount of precipitation in the region is 1120 mm for
many vyears, and the total precipitation between
September/2018 and May/2019 during the study
period was 1626 mm. For many years, the average
temperature in the region is 18.4 °C and the lowest
temperature was 6.7 and the highest temperature was
26.4 °C during the growing period. The relative
humidity during the experiment in autumn is a little low
and moisture increases in the summer and winter
months. Relative humidity range was 55-95%. Plant
growth conditions and experimental area are shown in
Figure 1.

Figure 1. Saffran plant and growth conditions where
experiments were conducted
Experimental environment

conditions

The physical properties of the growing media used in
the experiments are as follows:

Silt_(fine_stream sand): pH 7.75, salt-free, little lime,
medium amount of organic matter, loamy soil, poor

and meteorological
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nitrogen, very high useful phosphorus, and low useful
potassium.

Cocopeat growing medium: weight per volume 0.13 g
cm?, total porosity 91%, aeration capacity 35%, water
holding capacity 62%.

Peat + perlite growing medium: weight per volume
15.28 g cm?, total porosity 79%, aeration capacity 43%,
water holding capacity 52%.

Cocopeat + perlite growing medium: weight per volume
15.25 g cm?, total porosity 79%, aeration capacity 43%,
water holding capacity 50%.

Data analysis

The variance analysis of the mean values of the
characters obtained from the experiment was
accomplished using MSTAT-C statistical package
program and the differences between the averages
were determined by the Duncan test.

RESULTS and DISCUSSION

In this study, the effects of growing environments and
cultivation practices on the corm properties of saffron
were investigated in field and greenhouse conditions.
Field and greenhouse conditions were separately
evaluated and Tables 1 and 2 summarize the results of
the variance analysis and Duncan groups. The harvested
corms were weighed and collected into three groups
according to their weights including less than 5 g,
between 5-10 g, and greater than 10 g. The number of
corms in a parcel, the weights of the corms in the parcel
and the number of parcel in the cores were separately
evaluated according to this classification. The total
number of parcels and total corm weights in a parcel
were given in Table 1. The purpose of the classifications
of the harvested corms into three groups is to guide the
production planning for the next growing season.
According to the literature and observations in our
previous studies, after planting corms heavier than 10 g
bloom after planting, but corms weighting between 5-
10 g bloom next year. Therefore, the classification of
corms is important for the production planning of
saffron according to the harvested corm size.

Effects of different cultivation practices on the corm
properties of saffron under field conditions

The obtained outcomes of the study for the effects of
different habitats and corm heights under the field
conditions with the variance analysis results are
summarized in Table 1.
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Total corm weight in a parcel

When the effect of different cultivation practices and
corm sizes on total parcel corm weight (g) was
examined, this effect was found to be 1% statistically
significant. Corm weights for all studies were also found
to be 1% statistically significant. According to the
cultivation environment, the highest harvested corm
weights were 373.55 g in the silt growing medium. The
highest harvested corm weights for corms weighting
less than 5 g was found to be 96.42 g in the silt growing
medium. The highest harvested corm weights for corms
weighting between 5-10 g was found to be 86.55 g in
the silt growing medium. Corms weighting above 10 g
resulted in 165.43 g of the highest harvested corm
weights in the silt growing medium. When the total
parcel corm weights are examined according to the size
of the corm, the highest corm weight for the total
parcel was 379.21 g for the large-sized corm planting.
93.64 g of it was for corm weighting less than 5 g, its
105.67 g for corm weighting between 5-10 g and 179.93
g for corm weighting above 10 g (Table 1).

Number of corms in harvested parcels

The effect of cultivation practices on the harvested
number of corms (number of corms weighting less than
5 g, between 5-10 g and greater than 10 g) in each
parcel was found to be statistically insignificant.
According to the planted corm size evaluation, the
effect of number of corms in each parcel corms
weighting less than 5 g and 5-10 g was found to be
statistically significant. Corms weighting greater than 10
g were also found to be statistically significant. When
the growth environments are evaluated in terms of the
number of corms, the highest average number of corms
in parcels was found to be 55.00 obtained under silt
culture medium. The highest average number of corms
weighting less than 5 g of corms was 25.67. It was
found to be 12.67 average number of the corms
weighting between 5-10 g and 11.17 average number of
the corms weighting above 10 g obtained under silt
culture medium.

According to the planted corm sizes, the highest
average number of corms in the parcel was 58.42. The
highest average number of corms (weighting less than 5
g) was 30.99. It was found to be 15.04 average number
of the corms weighting between 5-10 g and 12.38
average number of the corms weighting higher than 10
g (Table 1).
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Table 1. Effects of different cultivation practices on the corm properties of saffron under field conditions

Measured Planted corm Cultivation practices Average

characters dimensions PP S cp C

Total corm weight Large 299.87 464.67 389.80 362.50 379.21 A*

(g parcel?) Small 203.83 282.43 188.37 156.00 207.66 B*
Average 251.85 B* 373.55 A* 289.08 AB* 259.25 B*

Corm weight<5g Large 72.70 117.93 93.33 90.60 93.64 A*

(g parcel?) Small 32.23 74.90 37.30 35.90 44 .83 B*
Average 51.97 96.42 65.32 63.25

Corm weight Large 95.87 130.93 77.23 118.63 105.67 A*

between 5-10 g (g Small 31.80 42.17 54.17 44.47 43.15 B*

parcel™) Average 63.83 86.55 65.70 81.55

Corm weight>10g  Large 131.30 215.87 219.27 153.30 179.93 A**

(g parcel?) Small 140.80 165.43 96.93 75.70 119.72 B**
Average 136.05 190.65 158.10 114.50

Total number of Large 50.00 70.00 55.33 58.33 58.42 A*

corms (pieces Small 21.90 40.00 26.00 24.67 28.14 B*

parcel™) Average 35.95 55.00 40.67 41.50

Number of corms <  Large 26.63 36.67 30.00 30.67 30.99 A*

5 g (pieces parcel?)  Small 8.47 25.67 11.67 12.90 14.68 B*
Average 17.55 31.17 20.83 21.78

Number of corms Large 13.33 19.00 11.00 16.83 15.04 A*

between 5-10 g Small 4.03 6.33 7.00 6.23 5.90 B*

(pieces parcel?) Average 8.68 12.67 9.00 11.53

Number of corms >  Large 10.03 14.33 14.33 10.83 12.38 A**

10 g (pieces parcel”  Small 9.40 8.00 7.33 5.57 7.58 B**

') Average 9.72 11.17 10.83 8.20

Number of eyes in Large 6.13 7.90 8.23 7.47 7.43

corms <5 g (pieces  Small 5.77 6.0 6.23 7.10 6.28

parcel™) Average 5.95 6.95 7.23 7.28

Number of eyes in Large 6.77 9.57 10.87 11.67 9.72

corms between 5- Small 8.23 9.80 11.33 10.67 10.01

10 g (pieces parcel”  Average 7.5 9.68 11.10 11.17

1

)

Number of eyes in Large 12.10 15.90 16.90 12.20 14.28

corms parcel >10g  Small 14.15 14.87 13.0 13.23

(pieces parcel?) Average 13.33 BC** 15.38 A** 14.95 AB** 12.72 C**

The number of Large 6.13 7.90 8.23 7.47 7.43

corm parcel<5g Small 5.77 6.00 6.23 7.10 6.28

(pieces parcel?) Average 5.95 6.95 7.23 7.28

The number of Large 6.77 9.57 10.87 11.67 9.72

corm parcel Small 8.23 9.80 11.33 10.67 10.01

between 5-10 g Average 7.50 9.68 11.10 11.17

(pieces parcel™)

The number of Large 12.10 15.90 16.90 12.20 14.28

corm parcel >10¢g Small 14.57 14.87 13.00 13.23 13.92

(pieces parcel™) Average 13.33 BC** 15.38 A** 14.95 AB** 12.72 C**

Harvested unit Large 6.40 6.67 7.13 6.70 6.73

corm weight (g) Small 9.97 7.20 7.48 6.57 7.80
Average 8.18 6.93 7.30 6.63

Daughter corm Large 500.00 700.00 553.33 583.33 584.17 A*

ratio (%) Small 219.03 400.00 260.00 246.67 281.43 B*
Average 359.52 550.00 406.67 415.00
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Table 1 (continued). Effects of different cultivation practices on the corm properties of saffron under field conditions

Unit corm increase Large 245.10 372.83 304.77 287.73 302.61
ratio (%) Small 339.67 470.73 313.90 260.03 346.08
Average 292.38 B* 421.78 A* 309.33 B* 273.88 B*

* ** indicate significance at 0.01 and 0.05 levels, S: silt, C: cocopeat, PP: peat + perlite and CP: cocopeat + perlite should be

added each table as footnote-

Unit corm weights

When the weights of the harvested unit corms were
examined, the cultivation environments and corm sizes
were found to be statistically insignificant. According to
the growing medium, the highest unit corm weight with
8.18 g was obtained from a peat-perlite mixture.
According to the planted corm sizes, the highest unit
corm weight with 7.80 g was observed from small size
planted corm (Table 1).

Unit corm increase ratio

The effect of the cultivation practices on the corm ratio
was found to be statistically significant. In terms of
cultivation mediums, the highest unit corm increase
ratio with 421.78% was observed in the silt culture
medium. Regarding to the planted corm sizes, the
highest unit corm increase ratio with 346.08% was
obtained from small size corm planting (Table 1).

Daughter corm ratio

When the effect of the average data in terms of
daughter corm ratio was examined, the effect of
planted corm sizes was found to be statistically
significant.

According to the growing environment, the highest
daughter corm ratio with 550.00% was found to be in
silt  culture medium.According to the planted corm

sizes, the highest daughter corm ratio with 584.17%
was obtained from large size corm planting (Table 1).

Effects of different cultivation practices on the corm
properties of saffron under greenhouse conditions

Total corm weight in the parcel

When the effect of different growing medium and corm
sizes on total parcel corm weight (g) was examined, this
effect was found to be 1% statistically significant. Corm
weights for all studies were also found to be 1%
statistically significant. According to the cultivation
environment, the highest harvested corm weights were
202.32 g in the cocopeat growing medium. The highest
harvested corm weights for corms weighting less than 5
g was found to be 49.50 g in the silt growing medium.
The highest harvested corm weights for corms
weighting between 5-10 g was found to be 83.62 g in
the silt growing medium. Corms weighting above 10 g
resulted in 79.57 g of the highest harvested corm
weights in the cocopeat growing medium. When the
total parcel corm weights are examined according to
the size of the corm, the highest corm weight for the
total parcel was 249.41 g for the large-sized corm
planting. 56.58 g of it was for corm weighting less than
5 g, its 104.31 g for corm weighting between 5-10 g and
55.83 g for corm weighting above 10 g (Table 2).

Table 2. Effects of different cultivation practices on the corm properties of saffron under greenhouse conditions

Growth and development media

Measured Planted corm Average
characters dimensions PP S cp C
Total corm weight (g Large 199.67 b* 283.33 a* 223.03 b* 291.60 a* 249.41 A*
parcel?) Small 104.10 cc* 98.30 c* 110.53 c* 113.03 c* 106.49 B*
Average 151.88 190.82 166.78 202.32
Corm weight<5g (g Large 45.33 c** 73.00 a** 49.67 bc** 58.33 b** 56.58 A*
parcel?) Small 24.00 d** 26.00 d** 21.00 d** 27.33 d** 24.58 B*
Average 34.67 49.50 35.33 42.83
Corm weight Large 69.90 c** 131.60 a** 97.27 bc** 118.47 ab** 104.31 A*
between 5-10 g (g Small 33.50d ** 35.63 d** 33.67 d** 40.67 d** 35.87 B*
parcel™) Average 51.70 83.62 65.47 79.57
Corm weight>10g Large 84.43 78.73 76.10 114.83 88.53 A*
(g parcel?) Small 46.63 36.67 55.87 45.00 46.04 B*
Average 65.53 57.70 65.98 79.92
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Table 2 (continued). Effects of different cultivation practices on the corm properties of saffron under greenhouse

conditions

Growth and development media

Measured Planted corm Average
characters dimensions PP S cpP C

Total number of Large 45.33 c** 73.00 a** 49.67 bc** 58.33 b** 56.58 A*

corms (pieces parcel”  Small 24.00 d** 26.00 d** 21.00 d** 27.33 d** 24.58 B*

') Average 34.67 B** 49.5 A** 35.33 B** 42.83 AB**

Number of corms<5  Large 29.67 bc** 56.00 a** 33.67 b** 39.00 b** 39.58 A*

g (pieces parcel?) Small 15.33 d** 13.67 d** 12.00 d** 17.00 cd** 14.50 B*
Average 22.50 B** 34.83 A** 22.83 B** 28.00 AB**

Number of corms Large 11.67 11.33 11.00 16.00 12.50 A*

between 5-10 g Small 6.00 5.33 8.00 6.00 6.33 B*

(pieces parcel™) Average 8.83 8.33 9.50 11.00

Number of corms > Large 4.00 5.67 5.00 3.33 4.50

10 g (pieces parcel®)  Small 2.67 7.00 1.00 4.33 3.75
Average 3.33 B** 6.33 A** 3.00 B** 3.83 B**

Number of eyes in Large 8.10 6.33 6.20 8.53 7.29

corms parcel<5g Small 6.23 490 6.13 6.13 5.85

(pieces parcel?) Average 7.17 5.62 6.17 7.33

Number of eyes in Large 14.0 12.33 13.90 13.00 13.31 A**

corms parcel Small 14.30 8.57 11.47 13.10 11.86 B**

between 5-10 g Average 14.15 A* 10.45 B* 12.68 AB* 13.05 A*

(pieces parcel?)

Number of eyes in Large 13.47 16.23 14.23 13.57 14.38 A**

corms parcel >10g Small 8.53 13.57 4.00 14.10 10.05 B**

(pieces parcel™) Average 11.00 BC** 14.90 A** 9.12 C** 13.83 AB**

The number of corm  Large 8.10 6.33 6.20 8.53 7.29

parcel < 5 g (pieces Small 6.23 4.90 6.13 6.13 5.85

parcel™) Average 7.17 5.62 6.17 7.33

The number of corm  Large 14.00 12.33 13.90 13.00 13.31 A**

parcel between 5-10  Small 14.30 8.57 11.47 13.10 11.86 B**

g (pieces parcel™) Average 14.15 A* 10.45 B* 12.68 AB* 13.05 A*

The number of corm  Large 13.47 16.23 14.23 13.57 14.38 A**

parcel > 10 g (pieces  Small 8.53 13.57 4.00 14.10 10.05 B**

parcel™) Average 11.00 BC** 14.90 A** 9.12 C** 13.83 AB**

Harvested unit corm Large 4.40 3.87 4.47 5.00 4.43

weight (g) Small 4.37 3.80 5.27 4.167 4.40
Average 4.38 3.83 4.87 4.58

Daughter corm ratio  Large 453.33 c** 730.00 a** 496.67 bc** 583.33 b** 565.83 A*

(%) Small 240.00 d** 260.00 d** 210.00 d** 273.33 d** 245.83 B*
Average 346.67 B** 495.00 A** 353.33 B** 428.33 AB**

Unit corm increase Large 159.07 224.87 178.97 233.17 199.02

ratio (%) Small 173.50 163.83 184.20 188.37 177.48
Average 166.28 194.35 181.58 210.77

* ** indicate significance at 0.01 and 0.05 levels, S: silt, C: cocopeat, PP: peat + perlite and CP: cocopeat + perlite should be

added each table as footnote.

Number of corms in harvested parcels

The effect of growing media on the harvested number
of corms in each parcel was found to be 5% statistically
significant. The planted corm size was also found to be
1% statistically significant. According to the harvested
corm size evaluation, the effect of the growing media
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on the size of the planted corms weighting less than 5 g
was found to be 5% statistically significant. The effect of
the growing media on the size of the planted corms
weighting between 5-10 g was found to be 1%
statistically significant. When the growth environments
are evaluated in terms of the number of corms, the
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highest average number of corms in parcels was found
to be 49.50 obtained under silt culture medium. The
highest average number of corms weighting less than 5
g of corms was 34.83. It was found to be 11.00 average
number of the corms weighting between 5-10 g under
cocopeat medium and 6.33 average number of the
corms weighting above 10 g obtained under silt culture
medium. According to the planted corm sizes, the
highest average number of corms in the parcel was
56.58. The highest average number of corms weighting
less than 5 g of corms was 39.58. It was found to be
12.50 average number of the corms weighting between
5-10 g and 4.50 average number of the corms weighting
higher than 10 g (Table 1).

Number of eyes in the corms

According to the number of eyes on the harvested
corms, the effect of the cultivation environment on the
number of eyes in the corms weighting between 5-10 g
and higher than 10 g was respectively found to be 1%
and 5% statistically significant. Evaluation of the
number of eyes in the corm according to the planting
environment showed that the highest average number
of eyes was 7.33 for the corms weighting less than 5 g
in the cocopeat culture medium and 14.15 for the
corms weighting between 5-10 g in the peat+perlite
culture medium. The highest average number of the
parcel in corms weighting higher than 10 g was 14.90 in
silt culture medium (Table 2).

Unit corm weights

When the weights of the harvested unit corms were
examined, the cultivation environments and corm sizes
were found to be statistically insignificant. According to
the growing medium, the highest unit corm weight with
4.58 g was obtained from a cocopeat. According to the
planted corm sizes, the highest unit corm weight with
4.43 g was observed from large size planted corm
(Table 2).

Unit corm increase ratio

The effect of the cultivation mediums on the unit corm
increase ratio was found to be statistically insignificant.
In terms of cultivation mediums, the highest unit corm
increase ratio with 210.77% was observed in the
cocopeat culture medium. Regarding to the planted
corm sizes, the highest unit corm increase ratio with
199.02% was obtained from small size corm planting
(Table 2).
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Daughter corm ratio

When the effect of the average data in terms of
daughter corm ratio was examined, the effect of
planted corm sizes was found to be 1% statistically
significant. Growing medium and planted corm size
interaction was found to be 5% statistically significant.
According to the growing environment, the highest
daughter corm ratio with 495.00% was found to be in
silt culture medium. According to the planted corm
sizes, the highest daughter corm ratio with 565.83%
was obtained from large size corm planting. In the
cultivation medium *, the highest rate of interaction of
the planted corm size was 730.00% in the silt medium
in large-size corm planting (Table 2).

When the field and greenhouse conditions were
compared according to the weights of the harvested
corms from the parcel, the total corm weight in the
parcel from the large-sized corm planting was found to
be 379.21 g in the field conditions. 373.55 g of corms
were obtained from the silt growing environment. The
total corm weight in the parcel from the large-sized
corm planting was found to be 249.41 g under the
greenhouse conditions. 202.32 g of corms were
obtained from the cocopeat growing environment.
According to the obtained outcomes, the highest
weight of corms was obtained in field conditions. As the
planted small-size corms grow during the growing
period, an increase in the large-size corm ratio is
expected. On the contrary, it is expected that the
number of daughter corms should be increased and the
average corm size should be decreased with planting
large-sized corms (Yildirim et al., 2017a). Yildirnm et al.
(2017a) reported that the highest unit corm weight
with 10,348 g was obtained from small size corms
harvested every two years. The effect of the different
soil mediums showed that the highest average unit
corm weight with 1.89 g was obtained from peat
application and the lowest average unit corm weight
with 0.97 g was obtained from the silt application
(Yildirnm and Hatipoglu, 2020).

In a study conducted on different animal fertilizers, 3 g
of corm was used in planting, and it was reported that
the measured unit corm weights were obtained mostly
from the control (without fertilizer), worm fertilizer,
and cow fertilizer applied parcels (1.98; 1.92; 1.91 g,
respectively) (Yildinm et al.,, 2017c). In the study
conducted on different harvesting periods and planting
depth, the highest corm vyield with 527.33 g / parcel
was obtained from planting large size corms in two
years and planted in 15 cm depth. The lowest yield with
84.33 g / parcel was obtained from small-size corms
harvested every year and planted in 5 cm deep (Yildirim
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et al., 2017a). In a study conducted on different corm
lengths and planting depth of saffron, they reported
that parcel yields varied between 87.33-219.00 g
(Yildirim et al., 2017b).

In the study on different soil cultures, the highest corm
yield with 41.51 g was obtained from peat application.
The lowest average corm weight with 21.62 g was
obtained from the silt environment (Yildirm and
Hatipoglu, 2020). In the study conducted on different
animal fertilizers; 3 g of corm was used in planting and
the highest corm weight in terms of the harvested corm
weights was obtained as 17.78 g / pot from the control
(without fertilizer) application. The lowest yield with
1.73 g/pot was obtained from poultry fertilizer
application (Yildirnm et al., 2017c). Compared to the
previous studies, promising results were observed in
this study in terms of the obtained unit corm weights
although a one-year study caried was out for the
harvesting.

When the field and greenhouse conditions were
compared according to the average number of corms
harvested from the parcel, 58.42 pieces of corms were
obtained from large-sized corm planting in field
conditions and 55.00 pieces of corms were obtained
from silt growing medium. In greenhouse conditions,
56.58 pieces of corms were obtained from large-sized
corm planting and 49.5 pieces of corms were obtained
from silt growing medium. According to both results,
higher corm weights were obtained in field conditions.
In the study conducted on different harvesting periods,
the researchers found that the highest number of
corms was obtained from the parcels (50.67
pieces/parcel) in the second year and planted in 5 cm
deep. They reported that the lowest number of corms
was obtained from parcels (14.44 pieces/parcel)
harvested every year and planted in 5 cm deep (Yildirim
et al., 2017a). In a study conducted on different corm
lengths and planting depths of saffron, an average of
6.67-21.67 pieces/plot of corm was obtained (Yildirim
et al., 2017b). In another study on different soil
cultures, it was reported that the highest number of
corms was obtained from the silt environment (22.92
pieces/parcel), followed by the peat environment
(22.42 pieces/parcel) (Yildinm and Hatipoglu, 2020).
This study shows good and promising results compared
to the previous reports although it was a one-year
study in both conditions.

In traditional cultivation in Turkey, saffron is harvested
every three or four years. Sufficient corm cannot be
reproduced. Therefore, corm prices are high and
production areas cannot be increased (Asil, 2018). In
our study, corm production was achieved in the only
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first year of planting compared to the similar report
achieved in the second in the second year of planting
(Yildirim et al. (2017a)). Therefore, these outcomes are
considered to be economically great importance. As
the corm length of the harvested corms increases, the
number of parcel in the cores also increases. There is
no literature study on cell counts in a corm. It has been
revealed that the unit corm increase is better in the
field conditions than greenhouse conditions, and the
silt environment will be better as culture media.

In conclusion, one of the most important problems in
saffron production is insufficient corm production.
Therefore, the cost of corm is high. In addition to that,
corms are removed from the field every three or four
years in traditional saffron production. This limits the
production of corm.

In this study, it has been revealed that corms can be
harvested in one year for corm production in terms of
its efficiency. For this purpose, it is recommended that
large size corms in silt culture medium under field
conditions should be planted for efficient corm
production. In addition, higher number of parcel in the
corms may be effective to obtain more flowers, stalks
and daughter corms in the next production. Further
research needs to be carried out to discover these
effects and improve studies on the production of
saffron corms.

OZET

Amag¢: Bu calismada, tarla ve sera kosullarinda
yetistirilen safran bitkilerinde korm verimi ve verim
oOzelliklerine farkli yetistiricilik uygulamalarinin etkilerini
belirlemeyi amaglanmistir.

Yéntem ve Bulgular: Calismada lretim materyali olarak
ortalama 12 g ve 6 g agrrhgindaki iki farkli korm
materyal olarak kullanilmigtir.  Safran kormlarinin
yetistiriciligi kum, kokopit, torf+perlit ve kokopit+perlit
olmak Uzer 4 farkli uygulama vyapilmis alanlarda
gerceklestirilmistir. Tarla c¢alismalari tesadif bloklar
bolinmis parseller deneme desenine gore ve sera
calismalari ise tesadif parseller deneme desenine gore
3 tekerrirll olarak kurulmustur. En ylksek korm verimi,
birim aranda korm artis orani ve hasat edilen korm
agirhigl kum uygulamalarin yapildigi tarla kosullarinda
elde edilmistir.

Genel Yorum: Tarla ve sera kosullarinda kum
uygulamasi safranin korm o6zelliklerinin yanisira kisa
siirede tohumluk materyal olarak korm {retimi icin en
uygun yetistiricilik uygulamasi olarak belirlenmistir.
Calismanin Onemi ve Etkisi: Korm {retimi icin tarla
kosullarinin sera kosullarina gore ve kum uygulamasinin
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ise kullanilan diger uygulamalara gore daha etkili
oldugu ortaya konulmustur.

Anahtar Kelimeler: Kokopit, korm verimi, yavru korm
orani, korm sayisi, birim korm agirligi.
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Michele Palieri (Vitis vinifera L.) liziim ¢esidinde yaprak alma ve ug¢ alma uygulamalarinin
omca verimi ve siirgiin 6zelliklerine etkileri

The effects of leaf removal and topping on the vine yield and shoot characteristics in Michele Palieri
grapevine (Vitis vinifera L.)
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Aims: The aim of the research was to determine the effects of topping and
leaf removal at different times of growing period on shoot characteristics
and yield in Michele Palieri grapevines.

Methods and Results: This research was conducted in Tekirdag-Karaevli.
Michele Palieri/110R grafting combination was used as plant material in a
vineyard. The research was conducted in 2018-2019 and 2019-2020
vegetation periods. There were 3 different application periods (Berry Set,
Bunch Closure, Veraison) and 4 different summer pruning applications
(Control, No Leaf Removal-Topping, Leaf Removal-No Topping, Leaf
Removal-Topping) in the study.

Conclusions: Leaf Removal-No Topping applications in Bunch Closure
phenological period positively effected shoot characteristics and yield. As
a result, to improve the yield and shoot characteristics of Michele Palieri
grape variety in Tekirdag by ensuring the balanced shoot development,
thus obtaining high quality table grapes, Leaf Removal-No Topping
application in the Bunch Closure period can be proposed.

Significance and Impact of the Study: With this research, the effects of
different leaf removal and topping applications and the periods of these
applications on shoot characteristics of the Michele Palieri grape variety
grown in Tekirdag conditions were determined. In addition, the effect level
of efficiency from these applications was determined. In this way,
suggestions were made to table grape growers.
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GiRiS

Budamanin amaci vejetatif gelisme ile generatif
gelismenin dengelenmesidir (Santos ve ark., 2013). Yaz
budamasi; gelisme mevsiminde vyetistiricilik amacina
gore asma tacinin ve asma boyutunun sinirlanmasi,
asmanin glici ve Urlin yukidndn azaltilmasi gibi
islemlerle; biyotik ve abiyotik streslere karsi duyarliligin
azaltilmasini temel olarak amaglayan bir dizi uygulamayi
iceren oldukc¢a genis bir kavramdir. Ayrica asmalarda

bliyime ve gelismeyi, bir yasindaki dallar (zerinde
yogunlastirarak daha saglkli ve kuvvetli gelismeyi
saglamaktadir (Palliotti ve Poni, 2011). Bu sekilde
boyuna bliyime kontrol altina alinir, rlizgara maruz
kalan ylizey azaltilir, sicak ekolojide, koltuk stirglinlerinin
gelismesi tesvik edilerek salkimlarin glinesten korunmasi
ve nemli ekolojilerde salkimlarin 1sik ve havadan daha
¢ok faydalanmasi saglanir (Celik ve ark., 1998;).

Yaz budamasi islemlerinden filiz, obur, yaprak ve koltuk
alma ile salkim seyreltme segilerek elle yapilir; ug alma,
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tepe alma islemleri ise makine ile yapilabilme olanagina
sahiptir (Intrieri ve Poni, 1995). U¢ alma; stirgiin ucunun
7-15cm’lik  kisminin  alinmasidir ve rizgar zararini
azaltmak ve tane tutumunu artirmak igin
uygulanmaktadir. Yaprak alma ise; fotosentez yetenegini
kaybetmis, golge vyaparak havalanmayl engelleyen
yapraklarin  toplanmasi islemidir. Pratik bagcilik
uygulamalarinda yaprak alma yapildiginda salkim bolgesi
mikroklimasi gelisir ve biyosentez artar (Bubola ve ark.,
2019). Sofralik Gzim c¢esitlerinde yaprak alma ile
salkimlarin daha iyi renklenmeleri saglanir (Celik ve ark.,
1998; Dardeniz ve ark., 2008; Yiksel ve Ates, 2020). Yaz
budamasi tekniklerinin standartlastiriimasi ¢ok zordur;
cesit (Senthilkumar ve ark., 2015), bir yilhk dal agirlig
(Smart, 1985; Smart ve Robinson, 2006), bagin
bulundugu konum ve cevre kosullar etkilidir (Di Lorenzo
ve ark., 2011). Yapilacak olan budama sekli ve siddetine
dikkat edilmelidir; bu etki omcada kalan karbonhidrat
rezervleri ve gelecek yilin goz verimliligi agisindan 6nem
tasimaktadir (Feitosa ve ark., 2018). Ben disme
déneminden sonra yapilan uc¢ alma ile omcada (retim
merkezi-tiketim  merkezi dengesi saglanir ve
fotoasimilatlar salkimlara yonlendirilir (Vanderlinde ve
ark., 2017).

Syrah Gzim cesidinde korumali toprak isleme ile
geleneksel toprak isleme uygulamalarinin yaprak alanini
azalttigi; ana yapraklar ile koltuk yapraklarinin alinmadigi
uygulamanin surgin ve yaprak 6zellikleri Gzerine olumlu
etkide bulundugu belirlenmistir (Korkutal ve ark.,
2018a). Merlot  Gzim  ¢esidinde  ¢iceklenme
baslangicinda yapilan dip sirglini alma+ilk salkimin
altindaki yapragi alma+tepe almanin tGzim kalitesine
olumlu etkide bulundugu saptanmistir (Miele ve ark.,
2009). Karasakiz (zim cesidinde son salkimin 1 goz
Uzerinden yapilan uc¢ alma ile verim ve kalitede disme
yasanmistir. Son salkimin 5 g6z Uzerinden yapilan ug
almaile ise verim ve kalitede artis saglanmistir (Dardeniz
ve ark., 2008). Cabernet-Sauvignon ve Merlot Uzim
cesitlerinde tam ciceklenme déneminde yapilan ug¢ alma
her iki cesit icin de bitki basina salkim sayisini, salkim
agirhgini ve verimi artirdig) gorilmdastir (Kotseridis ve
ark., 2012).

Michele Palieri tiziim gesidinde yapilan yaprak alma ve ug
alma ile bu uygulamalarin yapilma zamanlarinin; verim
ve slirgiin ozelliklerine etkisini belirlemek amaglanmistir.

MATERYAL ve YONTEM
Materyal

Arastirma Marmara Bolgesi Trakya kesiminde, Tekirdag
Karaevli Mahallesi’'nde, 10 yasli, 110R anacina asilanmis
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Michele Palieri tizim gesidi omcalarinda 2018-2019 ve
2019-2020 yillarinda yurdatidlmistir. Omecalar 170 cm
govde yiksekligine sahip, T seklinde, 2.5 x 1.5 m sira arasi
ve sira Uzeri arallk ve mesafede dikilidir. Denemede
kullanilan Michele Palieri ¢esidi; Alphonse Lavallée x Red
Malaga melezi olarak 1958 yilinda italya’da elde
edilmistir. Taneleri mavi-siyah renkli olup, yuvarlak
sekilli, cok iri ve 1-3 gekirdeklidir. Verimi yiiksek olan bir
gesittir (VIVC, 2021). 110R anaci ise; Berlandieri
Resseguier No. 2 x Vitis rupestris cv. Martin melezidir.
Kirece karsi orta derecede dayanikl olup kuraga yiksek
adaptasyona sahip olup, neme c¢ok hassastir
(PlantGrape, 2020).

Yontem

Denemede; Tane Tutumu (TT), iri Koruk (iK) ve Ben
Disme (BD) olmak (izere g farkh dénemde (Lorenz ve
ark., 1995; Dokoozlian ve ark., 2000) uygulamalar
gerceklestirilmistir.

Tane Tutumu (TT=EL 27): %50 tane tutumu déneminde
06.06.2018 ve 15.06.2019 tarihlerinde,

iri Koruk (IK=EL 31): %50 iri koruk déneminde 26.06.2018
ve 05.07.2019 tarihlerinde,

Ben Disme (BD=EL 35): %50 ben diisme doéneminde
25.07.2018 ve 03.08.2019 tarihlerinde
gerceklestirilmistir.

Ayrica bu dénemlerde farkl yaprak ve u¢ alma islemleri
(Celik ve ark., 1998) gerceklestirilmistir.

Ul (Kontrol): Bu gruba u¢ alma ve yaprak alma
uygulamasi yapilmamistir.

U2 (=Ug¢ Alma): Son salkimdan 8-10 yaprak sonra her {i¢
donemde ug¢ alinmis, ayrica koltuklarda 3 vyaprak
birakilmistir.

U3 (=Yaprak Alma): Her ¢ donemde ilk 4 yaprak alinmis
ve ug¢ alinmamistir.

U4 (=Yaprak+Ug Alma): U¢ dénemde ilk 4 yaprak alinmis
ve son salkimdan 8-10 yaprak sonra uglar alinmis;
koltuklarda da 3 yaprak birakilmistir.

Arastirma Tesadif Bloklari Deneme Deseninde,
uygulama zamani (3) ve yaprak alma u¢ alma uygulamasi
(4), her blokta dért omca ve iki tekerrir seklinde toplam
72 omca ile deneme kurulmustur.

Arastirmada incelenen kriterler

Denemenin yirataldiaga yillardaki iklim verileri Tekirdag
Meteoroloji Mudirligi’'nden (2018-2019) alinmustir.
Verim (kg/omca); omcadan alinan tim salkimlarin
tartilmasiyla elde edilmistir. Sidrglin uzunlugu; her
asmadan bir slirglin segilerek Mayis ayi itibari ile ug alma
islemine kadar her hafta siirgiin boyu 6l¢llmis ve cm
olarak kaydedilmistir (Bahar ve ark., 2008). Toplam
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budama odunu agirligi; budanan dallarin teraziile tartimi
sonucu kaydedilerek belirlenmistir (Gliner, 2005).
Vejetatif gelisme durumunu belirlemek icin budama
odunu agirligl, asma basina verime boéliinerek (kg omca
1) ifade edilmistir (Carbonneau ve ark., 2007; Giiner,
2005).

Bir yilhk dal agirligini belirlemek igin toplam budama
odunu agirhg, toplam dal sayisina oranlanmistir (g)
(Carbonneau, 1998; Carbonneau ve ark.,, 2007).
Gic=[(Budama odunu agirhg (kg omca™) x (0,5)+(Verim
(kg omca?) x (0,2)] (Carbonneau ve ark., 1998). Ravaz
indeksi= Verim (kg) / Budama odunu agirhg (kg)
esitliginden hesaplanmistir (Ravaz, 1903; Smart, 1990;
Kurtural ve ark., 2013; Demirkeser ve Kamiloglu, 2020).

= Giineslenme siiresi
1600

1400
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200
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istatistiki analizler

Sonuglarin istatistiki analizinde MSTAT-C ve JUMP
istatistik paket programlari kullaniimistir. LSD testi ile
istatistiki farklar belirlenmistir.

BULGULAR ve TARTISMA

Tekirdag ili iklim verileri

Arastirma siresince deneme alanindaki (2018-2019
doénemi) bazi iklim verileri Tekirdag Siileymanpasa
Meteoroloji istasyonu’ndan elde edilmistir. Sicaklik
degerlerinin uzun vyillar ortalamasindan ~1.5°C yiksek
oldugu gorilmustir. Deneme vyillarindaki en sicak ay
Agustos ay! ve ortalama oransal nem %76.26 (2018) ve
%70.49 (2019) olarak kaydedilmistir. Yagis acisindan
yillar; uzun yillar ortalamasi ile karsilastirildiginda 2018
yilinin 85.90 mm fazla, 2019 yilinin 340.4 mm distk yagis
degerine sahip oldugu gorilmustir (Sekil 1).

Ort. Sicaklik
16

15,5

14,5

14
Uzun yillar ortalamasi

Sekil 1. Tekirdag ili bazi iklim verileri (MGM, 2019)
Figure 1. Some climatical data of Tekirdag (MGM, 2019)

Verim (kg omca™)

Asma basina verim tizerine YAE (Yil Ana Etkisi) istatistiki
olarak LSD %5 seviyesinde 6nemli bulunmustur. UAE
(Uygulama Ana Etkisi), DAE (Donem Ana Etkisi) ve UAE x
DAE (Uygulama Ana Etkisi x Donem Ana Etkisi)
interaksiyonlarinin ise istatistiki olarak énemli olmadigi
tespit edilmistir (Cizelge 1).

YAE incelendiginde; farkli donemlerde yapilan yaprak ve
u¢ alma uygulamalari sonucunda 2018 yili birinci 6nem
grubunda (17.31 kg omca™) yer almis ve 2019 yilinin ise
(9.70 kg omcal) son énem grubunda vyer aldig
goralmuistir. UAE bakimindan rakamsal olarak U4 (14.90
kg omca?) uygulamasinin yiiksek degerde oldugu tespit
edilmistir. DAE incelendiginde iK déneminin (14.37 kg
omca) verimi olumlu etkiledigi goriilmistiir. UAE x DAE
interaksiyonu igin yiiksek deger U4 x iK (16.15 kg omca™)
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kombinasyonunda saptanmistir. Merlot (izim gesidinde
uygulanan ug alma verimi azalmada etkili bulunmustur
(Korkutal ve ark., 2018b).

Sauvignon Blanc Gziim gesidinde taneler sagma iriligi ve
bezelye biuyukligindeyken gerceklestirilen yaprak alma
uygulamasinin verimi artirdigl ortaya konmustur (Wirz
ve ark., 2018). Bu arastirmada yaprak alma ile u¢ alma
uygulamalarinin birlikte yapilmasi istatistiki olarak
onemsiz bulunan verim artisi yaratmistir. Bu bulgu
Hunter ve ark. (1995) ile paraleldir.

Siirgiin uzunlugu (cm)

Surglin uzunlugu degerlerine YAE, UAE, DAE ve bunlarin
interaksiyonu olan UAE x DAE’nin istatistiki olarak 6nemli
etkide bulunmadig kaydedilmistir (Cizelge 2).

Surgiin uzunlugunu UAE bakimindan U3 (189.00 cm)
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uygulamasi ve DAE bakimindan da iK déneminin (179.00

cm) artirici etki yaptigi belirlenmistir.

Cizelge 1. Uygulamalarin ve uygulama donemlerinin omca verimine etkileri
Table 1. Effects of applications and phenological stages on yield

. Uygulamalar Ana Etkiler
Dénemler Yillar U1 U2 U3 ua DAE YAE

2018 16.01 16.14 13.99 17.70

T 2019 6.11 11.17 6.19 9.09 12.05
Yil Ort. 11.06 13.66 10.09 13.40
2018 21.39 14.58 16.59 19.42

iK 2019 9.06 9.10 11.96 12.88 14.37 (12703;)A (923(;:)

Yil Ort. 15.23 11.84 14.28 16.15
2018 18.91 17.77 14.44 20.79

BD 2019 10.28 10.50 10.54 9.52 14.09
Yil Ort. 14.60 14.14 12.49 15.16

UAE 13.63 13.21 12.29 14.90

YAE LSD %5=2.030

[TT (Tane Tutumu), iK (iri Koruk), BD (Ben Diisme), UAE (Uygulama Ana Etkisi), DAE (D6nem Ana Etkisi), UAEXxDAE (Uygulama Ana

Etkisi x Donem Ana Etkisi), YAE (Yil Ana Etkisi)].

UAE x DAE interaksiyonu agisindan ise sirgiin
uzunluguna en yiiksek etkiyi U3 x iK interaksiyonunun
(199.00 cm) yaptigi tespit edilmistir.Bu 2 yillik calismada
strglin uzunluklarinin birbirine yakin oldugu ve omcalar
arasi gelisme farkhhgr olmadigi bulunmustur. Candar

(2018) ile benzer sekilde sirglin uzunluklarinin deger
olarak birbirine yakin oldugu tespit edilmis ve
denemenin yiritildigl asmalarda gelisme farklihginin
olmadigl ve buradan hareketle homojen bir galisma
yapildigi sonucuna ulasiimistir.

Cizelge 2. Uygulamalarin ve uygulama donemlerinin slirglin uzunluguna etkileri
Table 2. Effects of applications and phenological stages on shoot lenght

. Uygulamalar Ana Etkiler
Donemler Yillar U1 U2 U3 ua DAE VAE
2018 172.00 184.00 218.00 172.00
T 2019 113.00 134.00 114.00 158.00 161.88
Yil Ort. 142.50 159.00 166.00 165.00
2018 194.00 196.00 219.00 166.00
iK 2019 123.00 152.00 179.00 203.00 179.00 190.08 152.67
(2018) (2019)
Yil Ort. 158.50 174.00 199.00 184.50
2018 164.00 203.00 205.00 188.00
BD 2019 129.00 142.00 169.00 186.00 173.25
Yil Ort. 146.50 172.50 187.00 187.00
UAE 149.17 168.50 189.00 178.83

[TT (Tane Tutumu), iK (iri Koruk), BD (Ben Diisme), UAE (Uygulama Ana Etkisi), DAE (D6nem Ana Etkisi), UAEXDAE (Uygulama Ana Etkisi x Dénem

Ana Etkisi), YAE (Y1l Ana Etkisi)].

Cizelge 3. Uygulamalarin ve uygulama donemlerinin slirglin uzama hizina etkileri
Table 3. Effects of applications and phenological stages on shoot growth rate

Uygulama 2018 2019 2018 2019
Donemleri 149-156. Takvim giinleri 153-167 Takvim giinleri 156-163. Takvim glinleri 167-174 Takvim glinleri
T 19.25 17.25 21.00 19.65
iK 23.00 19.75 21.81 20.25
BD 18.50 21.52 19.75 22.56
Ortalama 20.25 22.89 20.85 24.18

[TT (Tane Tutumu), iK (iri Koruk), BD (Ben Diisme)].
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Sekil 2. Uygulamalarin ve uygulama donemlerinin slirglin uzama hizi tizerine etkileri
Figure 2. Effects of applications and phenological stages on shoot growth rate

Siirgiin uzama hizi (cm hafta™)

Surglin uzama hizi verileri Cizelge 3 ve Sekil 2'de
verilmistir. Olgiim yapilan sirgiinlerde 2018 yilindaki
uzama hizlarinin; beklendigi izere haftalik olarak dizenli
bir sekilde arttig1 goriilmustir. Siirglin uzama hizlarinin
18-23 cm hafta? araliginda oldugu tespit edilmis olup;
Tane Tutumu déneminde silirglin uzamasinin daha hizh
oldugu belirlenmistir. Bunu sirasiyla Ben Diisme ve Iri
Koruk donemleriizlemistir. 149.-156. giinlerile 156.-163.
ginlerindeki slrglin uzama hizlari karsilastirildiginda
tim doénemler arasinda ¢ok az bir farkla artis yasandigi
kaydedilmistir.

Haftalik olarak yapilan 2019 yili sirgin o6lgimlerinin
incelenmesi ile sirglin uzunluklarinin yine dizenli bir
sekilde arttigi sonucuna ulasiimistir. Sdrglin uzama
hizlari 17-23 cm hafta? araligindadir. Siirgiin uzama
hizinin en vyiksek oldugu dénem Tane Tutumu
dénemidir. Bunu sirasiyla Ben Diisme ve iri Koruk
donemleri izlemistir.
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Vejetatif gelisme durumu (kg omca™)

Vejetatif gelisme durumu acisindan Yil Ana Etkisi
istatistiki olarak LSD %5 seviyesinde 6nemlidir. Ancak
UAE, DAE ve UAE x DAE interaksiyonlarinin istatistiki
olarak 6nemli olmadigi gérilmustir (Cizelge 4).

YAE icin farkli donemlerde yapilan yaprak ve ug¢ alma
uygulamalari sonucunda 2018 yilh vejetatif gelisme
bakimindan ilk 6nem grubunda (19.24 kg omcal) ve
2019 yili ise son énem grubunda (10.99 kg omca™) yer
almistir. UAE incelendiginde rakamsal olarak U4 (16.59
kg omca?) uygulamasinin yiiksek degerde oldugu tespit
edilmistir. DAE agisindan iK dénemi (16.00 kg omca™)
ylksek bulunmustur. UAE x DAE interaksiyonunda U4 x
iIK (17.79 kg omca?) kombinasyonu yiiksek rakamsal
degeri almistir. Vejetatif gelisme durumu izerine yapilan
uygulama etkilerinin istatistiki olarak énemli olmadig
gorilmustiir. Ancak rakamsal olarak U4 uygulamasinin iK
doneminde vyapilmasiyla vejetatif gelismenin arttig
sonucuna ulasiimistir.
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Cizelge 4. Uygulamalarin ve uygulama donemlerinin vejetatif gelisme durumuna etkileri
Table 4. Effects of applications and phenological stages on vegetative growth

D | vil Uygulamalar Ana Etkiler
onemier mar U1 U2 U3 ua DAE YAE
2018 17.83 17.94 15.66 19.68
T 2019 7.28 12.48 7.32 10.47 13.58
Yil Ort. 12.56 15.21 11.49 15.08
K o  0se 1o 1308 1408
' : : : ' (2018) (2019)
Yil Ort. 17.15 13.31 15.77 17.79
2018 21.00 19.72 16.07 23.07
BD 2019 11.75 11.86 11.95 10.76 15.77
Yil Ort. 16.38 15.79 14.01 16.92
UAE 15.36 14.76 13.75 16.59

YAE LSD %5=2.17

[TT (Tane Tutumu), iK (iri Koruk), BD (Ben Diisme), UAE (Uygulama Ana Etkisi), DAE (D6nem Ana Etkisi), UAEXDAE (Uygulama Ana Etkisi x Dénem

Ana Etkisi), YAE (Y1l Ana Etkisi)].

Cizelge 5. Uygulamalarin ve uygulama donemlerinin bir yillik dal agirhgina (vigor) etkileri
Table 5. Effects of applications and phenological stages on vine vigor

. Uygulamalar Ana Etkiler
Donemler Yillar
ul u2 u3 ua DAE YAE

2018 80.78 67.31 130.38 86.41

T 2019 58.01 61.26 59.04 58,63 75.22 a
Yil Ort. 69.40bc 64.29 c 94.71a 72,52 b
2018 66.35 74.63 75.20 62,29

iK 2019 59.55 58.50 44.34 46,91 60.97 b 77.92A >7.56 B

! (2018) (2019)

Yil Ort. 62.95c 66.57bc 59.77 cd 54,60 d
2018 75.54 62.08 85.45 68,62

BD 2019 67.34 59.31 61.46 56,38 67.02 ab
Yil Ort. 71.44 b 60.70 c 73.46 b 62,50 c

UAE 67,92 AB 63.84 B 75.97 A 63.20 B

YAE LSD %5=6.70 (Buylk harf ve italik yazilmistir), DAE LSD %5=8.25 (Kuglk harf ve italik yazilmistir), UAE LSD %5=8.91 (Buylk harfle yazilmistir),

UAEXDAE LSD %5=15.439 (Kugtk harfle yazilmistir)

[TT (Tane Tutumu), iK (iri Koruk), BD (Ben Diisme), UAE (Uygulama Ana Etkisi), DAE (D6nem Ana Etkisi), UAEXDAE (Uygulama Ana Etkisi x Dénem

Ana Etkisi), YAE (Y1l Ana Etkisi)].

Bir yillik dal agirligi (Vigor) (g)

Bir yilhk dal agirhigi agisindan YAE, UAE, DAE ve UAE x DAE
interaksiyonlarinin LSD %5 seviyesinde 6nemli oldugu
goralmdistlr (Cizelge 5). UAE’'ne goére birinci 6nem
grubunda U3 (75.97 g) uygulamasinin oldugu ortaya
cikmistir. DAE bakimindan TT dénemi (75.22 g) birinci
6nem grubunda yer almistir. UAE x DAE interaksiyonlari
icin; birinci 6nem grubunda U3 x TT (94.71 g)
kombinasyonunun bulundugu tespit edilmistir. YAE igin
birinci 6nem grubunda 2018 yilinin (77.92 g) ve son
6nem grubunda ise 2019 yilinin (57.56 g) yer aldigi
belirlenmistir.

Bir wyilhk dal agirligi degerleri; asmada budama
sonrasinda elde edilen toplam budama odunu agirhginin
toplam dal sayisina orani ile bulundugundan; bir yillik dal
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agirhigl 10 g’dan kigukse ¢ok zayif, 10-20g zayif, 40-60 g
kuvvetli ve 60 g'dan fazlaysa ¢ok kuvvetli olarak
degerlendirilmektedir (Carbonneau, 1998; Carbonneau
vd., 2007). Bagda bir yilhik dal agirligi sonuglarina
bakildiginda sofralik cesitler icin uygun olan 40-60 g
araliginda ve hatta 60 g Ustiinde olan sonuglarla bagin
kuvvetli oldugu gorilmdastdr.

Gii¢

Gulc degerleri incelendiginde; YAE istatistiki olarak LSD
%5 seviyesinde onemlidir. Ancak UAE, DAE ve UAE x DAE
interaksiyonlari istatistiki olarak 6nemsizdir (Cizelge 6).
YAE incelendiginde farkli dénemlerde yapilan yaprak ve
u¢ alma uygulamalari sonucunda 2018 yili (4.46) birinci
6nem grubunda; 2019 yili (2.58) ise son 6nem grubunda
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yer almistir.

UAE incelendiginde rakamsal olarak U4 (3.78)
uygulamasinin yiksek degere sahip oldugu tespit
edilmistir. DAE’nin her iki yilin birlesitirilmis verilerine
gore rakamlarinin birbirine ¢ok yakin oldugu ve IK
doneminin  (3.67) en vyiksek degerde oldugu
bulunmustur. UAE x DAE interaksiyonuna goére U4 x iK
(3.97) interaksiyonunun en yiiksek etkide oldugu
gorlilmustir. Yil ortalamalari bakimindan; 2018 yilinda
verimin fazla olmasi nedeniyle degerler daha yiksek ve
2019 yilinda ise distk verim olmasindan kaynaklanan
distk glic degerleri elde edilmistir. Ancak sofralik
cesitler icin uygun araliklarda giic degerleri alindig
goralmistir (Carbonneau, 1998; Carbonneau ve ark.,
2007).

Ravaz indeksi (Ri)

Ravaz indeksi icin DAE istatistiki olarak LSD %5

seviyesinde 6nemli bulunmustur. Ancak UAE, YAE ve
UAE x DAE interaksiyonlarinin istatistiki olarak énemli
olmadigi gorilmistir (Cizelge 7). DAE bakimindan iK
doénemi (9.02) birinci 6nem grubunda, BD donemi (8.53)
ikinci 6nem grubunda ve TT doneminin (6.92) ise son
onem grubunda yer aldigi bulunmustur. YAE
incelendiginde 8.76 ile 2018 yili degeri yliksek ve 2019
yih 7.56 degeri ile disik oldugu ortaya ¢ikmistir. UAE'ne
gore rakamsal olarak U4 (9.24) uygulamasinin yiksek
degere sahip oldugu tespit edilmistir. Rakamsal olarak
UAE x DAE interaksiyonunu inceledigimizde U4 x iK
(12.00) kombinasyonunun vyiksek degeri aldig
saptanmistir.

Yapilan calismada Ravaz indeksi degerleri bakimindan;
2018 (8.76) ve 2019 (7.56) yillann degerlerine
bakildiginda; 5-10 arasinda olduklari icin; vejetatif ve
generatif gelismenin dengeli oldugu goérilmektedir
(Ravaz, 1903; Smart, 1990).

Cizelge 6. Uygulamalarin ve uygulama donemlerinin giic izerine etkileri
Table 6. Effects of applications and phenological stages on puissance

. Uygulamalar Ana Etkiler
Donemler Yillar U1 U2 U3 ua DAE VAE
2018 4.30 4.18 4.12 4,58
T 2019 1.81 2.89 1.80 2,51 3.27
Yil Ort. 3.06 3.54 2.96 3,55
2018 5.29 3.88 4.32 4,78
iK 2019 2.56 2.46 2.95 3,15 3.67 ?Z?JiSA) (222298)
Yil Ort. 3.93 3.17 3.64 3,97
2018 4.75 4.42 3.83 5,15
BD 2019 2.79 2.78 2.81 2,52 3.63
Yil Ort. 3.77 3.60 3.32 2,52
UAE 3,58 3.43 3.30 3.78

YAE LSD %5=0.394

[TT (Tane Tutumu), iK (iri Koruk), BD (Ben Diisme), UAE (Uygulama Ana Etkisi), DAE (D6nem Ana Etkisi), UAEXDAE (Uygulama Ana Etkisi x Dénem

Ana Etkisi), YAE (Y1l Ana Etkisi)].
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Cizelge 7. Uygulamalarin ve uygulama dénemlerinin Ravaz indeksi’ne etkileri
Table 7. Effects of applications and phenological stages on Index Ravaz

. Uygulamalar Ana Etkiler
Dénemler Yillar U1 U2 U3 ua DAE YAE
2018 7.20 8.46 5.36 8.57
T 2019 5.20 8.53 5.48 6.61 6.92b
Yil Ort. 6.20 8.50 5.42 7,59
2018 10.64 7.47 8.30 10,79
. 8.76 7.56
IK 2019 6.08 7.07 10.66 11,21 9.02a
(2018) (2019)
Yil Ort. 8.36 7.27 9.48 11,00
2018 9.85 10.26 7.66 10,58
BD 2019 6.98 7.75 7.49 7,71 8.53 ab
Yil Ort. 8.42 9.01 7.58 9,15
UAE 7,65 8.25 7.49 9.24

DAE LSD %5=1.649

[TT (Tane Tutumu), IK (iri Koruk), BD (Ben Diisme), UAE (Uygulama Ana Etkisi), DAE (Dénem Ana Etkisi), UAEXDAE (Uygulama Ana Etkisi x Dénem

Ana Etkisi), YAE (Y1l Ana Etkisi)].

Cizelge 8. Uygulamalarin ve uygulama donemlerinin toplam budama odunu agirligina etkileri
Table 8. Effects of applications and phenological stages on total pruning weight

. Uygulamalar Ana Etkiler
Dénemler Yillar U1 U2 U3 Ua DAE VAE
2018 1.82 1.80 1.66 1.98
TT 2019 1.17 1.31 1.13 1.38 1.53
Yil Ort. 1.50 1.56 1.40 1.68
2018 2.34 1.65 1.86 2.12
iK 2019 1.50 1.29 1.12 1.15 1.63 1.93A 1298
(2018) (2019)
Yil Ort. 1.92 1.47 1.49 1.64
2018 2.08 1.95 1.63 2.28
BD 2019 1.47 1.36 1.41 1,24 1.67
Yil Ort. 1.78 1.66 1.52 1,76
UAE 1,73 1.56 1.47 1.69

YAE LSD %5=0.168

[TT (Tane Tutumu), iK (iri Koruk), BD (Ben Diisme), UAE (Uygulama Ana Etkisi), DAE (Dénem Ana Etkisi), UAEXDAE (Uygulama Ana Etkisi x Dénem

Ana Etkisi), YAE (Y1l Ana Etkisi)].

Toplam budama odunu agirhdi (kg)

Toplam budama odunu agirligi bakimindan YAE istatistiki
olarak LSD %5 seviyesinde dnemli bulunmustur. Ancak
UAE, DAE ve UAE x DAE interaksiyonlarinin istatistiki
olarak 6nemli olmadigi gérilmustir (Cizelge 8).

YAE'ne gore birinci 6nem grubunda 1.93 kg degeri ile
2018 yili ve son 6nem grubunda ise 1.29 kg degeri ile
2019 yilinin yer aldigi belirlenmistir. UAE bakimindan
toplam budama odunu agirhiginin rakamsal olarak U1
(1.73 kg) uygulamasinda yiksek degerde oldugu tespit
edilmistir. DAE agisindan ise BD doneminin (1.67 kg)
ylksek etkiye sahip oldugu bulunmustur. UAE x DAE icin
Ul x IK interaksiyonu (1.92 kg) yiiksek degerdedir.
Korkutal ve ark. (2018a), c¢alismalarinda Ul
uygulamasinin en yiiksek degerde budama odunu agirhg
degerini aldigi bulgusuyla paralel sonug alinmistir. Ayrica
Bassiony (2020), Flame Seedless Uzim cesidinde
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budama odunu agirligina goz yiiki (20 ve 30 gbz) ve ug
alma+tepe alma uygulamalarinin etkilerinin istatistiki
olarak 6nemli olmadigini belirttigi bulgusuyla arastirma
benzerlik icindedir.

Sonug olarak, Michele Palieri Gizim ¢esidinde vejetasyon
periyodu boyunca Tane Tutumu, iri Koruk ve Ben Diisme
donemlerinde Yaprak Alma ile Ug Alma uygulamalari
gerceklestirilmis ve bu uygulamalarin incelenen ¢esidin
surgilin 6zellikleri Gzerine etkileri belirlenmistir.

Surglin  Ozeliklerine yaprak alma ve u¢ alma
uygulamalarinin  etkileri  incelendiginde;  sirglin
uzunlugu, vejetatif gelisme durumu, gii¢, Ravaz indeksi,
toplam budama odun agirhg kriterlerine etkisinin
istatistiki olarak 6nemsiz oldugu gorilmis olup; yalnizca
bir yilhk dal agiriginin istatistiki olarak énemli oldugu
ortaya c¢ikmistir. Uygulama doénemleri acgisindan
incelendiginde ise; IK déneminin hemen hemen tim
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kriterler acgisindan istenilen deger araliklarinda oldugu
gorilmistir. istatistiki olarak degerlendirilen sonuclar
arasindaki  farkhliklarin  beklendigi  lzere vyillar
ortalamalarinda ortaya ciktigi gérilmastur.

Sonug olarak; Tekirdag ilinde, ylksek kollu T seklindeki
Michele Palieri lGzim c¢esidinde, istenilen verim ve
kaliteye erismek icin gereken dengeli strglin gelisimi
acisindan Yaprak Alma+Ug Alma (U4) uygulamalarinin ve
iri Koruk déneminde yapilmasi dnerilebilir.

OzET

Amag: Bu arastirmanin amaci; Michele Palieri sofralik
Uzim c¢esidinde farkh yaprak alma ve u¢ alma
uygulamalari ile bu uygulamalarin zamanlarinin sirgiin
ozellikleri ve verim (izerine etkilerinin belirlenmesidir.
Yéntem ve Bulgular: Bu arastirma Tekirdag-Karaevli
Mahalle’sinde yurutilmis olup, bagda vyetistiriciligi
yapilan Michele Palieri/110R asi kombinasyonu omcalari
kullanilmistir. Deneme 2018-2019 ve 2019-2020
vejetasyon periyotlarinda gerceklestirilmistir.
Denemede 3 farkli uygulama zamani (Tane Tutumu, iri
Koruk, Ben Diisme) ve 4 farkli yaz budamasi uygulamasi
(Kontrol, U¢ Alma, Yaprak Alma ve Yaprak Alma+Ug
Alma) yapilmistir.

Genel Yorum: iri Koruk déneminde yapilan Yaprak
Alma+Ug¢ Alma uygulamasi sirgin ozellikleri ve verimi
olumlu yénde etkilemistir. Sonug olarak Tekirdag ilinde
Michele Palieri Gzim ¢esidinde verim ve sirgin
oOzelliklerini iyilestirerek dengeli slirglin  gelisimi
saglanacagindan; kaliteli Gizim elde edebilmek icin iri
Koruk doéneminde Yaprak Alma+U¢ Alma uygulamasi
Onerilebilir.

Calismanin Onemi ve Etkisi: Bu arastirma ile Tekirdag
kosullarinda yetistirilen Michele Palieri Gzlim ¢esidinde
farkli yaprak alma ve ug¢ alma uygulamalarinin ve bu
uygulamalarin yapilis zamanlarinin sirgiin 6zelliklerine
etkisi belirlenmistir. Ayrica bu uygulamalarin verime
etkileri de saptanmistir. Bu arastirma sonuglarina
dayanarak sofralik Uzlm vyetistiricilerine Onerilerde
bulunulmustur.

Anahtar Kelimeler: Michele Palieri, yaprak alma, ug
alma, sirglin 6zellikleri, sofralik tizim.

TESEKKUR
Bu yayin 3. yazar Arzu Zinni'nin LisansUstl tezinin bir
kismindan Gretilmistir.

CIKAR CATISMA BEYANI
Yazarlar ¢alisma konusunda
olmadigini beyan eder.

ctkar  gatismasinin
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ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar ¢alismaya esit oranda katki saglamis olduklarini
beyan eder.
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