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Elman BAHAR, ilknur KORKUTAL, Serhan AZSOZ

ASMANIN FARKLI FENOLOJiK GELISIM ASAMALARINDA
GERCEKLESTIRILEN YAPRAK ALMA VE SALKIM SEYRELTME
UYGULAMALARININ SURGUN OZELLIKLERINE ETKILERI

0z

Vejetasyon periyodu icinde yapilan yesil budama islemleriyle omcalarin ve-
jetatif gelismesiyle generatif gelismesi arasinda denge kurulmaya ¢alisilmaktadur.
Bu arastirmada Tekirdag ilinde, Michele Palieri/110R kombinasyonuyla kuru-
lan 10 yasindaki bagda, omcalar tizerinde gergeklestirilen yaprak alma ve salkim
seyreltme uygulamalarinin siirgiin ozelliklerine etkileri incelenmistir. Deneme
2018-2019 ve 2019-2020 vejetasyon periyodlarinda iki yil siireyle yiriitilmiistiir.
Ug farkli gelisme déneminde (tane tutumu, iri koruk, ben diigme) gerceklestirilen
dort farkli yaprak alma ve salkim seyreltme uygulamasi [kontrol (salkim seyrelt-
me ve yaprak alma yok), salkim seyreltme, yaprak alma, yaprak alma-salkim sey-
reltme] yapilmustir. Siirgiin 6zelliklerini belirlemek i¢in; stirgiin uzunlugu (cm),
slirgiin uzama hizi (cm 15 giin™), omca basina budama odunu agirhig: (vejetatif
gelisme durumu) (kg omca™), vigor (1 yillik dal agirligy) (g), giig, Ravaz Indeksi,
toplam budama odunu agirhigi (kg) ve verim (kg omca™) kriterleri incelenmistir.
Sonug olarak yapilan uygulamalar ile vejetatif ile generatif gelisim dengesi (Ra-
vaz Indeksi) ben diisme déneminde sirasiyla salkim seyreltme (9.34), yaprak alma
(9.98) ve kontrol (10.44) uygulamalariyla saglanmistir. Bu da siirgiin 6zelliklerine
olumlu etkide bulunmustur. Ayrica salkim seyreltme (13.66 kg omca™) ve yaprak
alma ile salkim seyreltme (9.89 kg omca™) beklendigi iizere verimi diistirmiistiir.

Anahtar Kelimeler: Michele Palieri, Salkim Seyreltme, Sofralik Uziim, Siirgiin
Ozellikleri, Yaprak Alma.

ek

THE EFFECTS OF LEAF REMOVAL AND CLUSTER THINNING
APPLICATIONS ON SHOOT CHARACTERISTICS AT DIFFERENT
PHENOLOGICAL DEVELOPMENTAL STAGES OF VINE

ABSTRACT

During the active growing period, green pruning operations are carried out to
establish a balance between the vegetative and generative development of the vines.
In this research conducted in the Tekirdag province, the effects of leaf removal
and cluster thinning applications on shoot characteristics were investigated in a
10-year-old vineyard established with the Michele Palieri/110R combination. The
experiment was carried out for two years during the 2018-2019 and 2019-2020

https:/doi.org/10.7161/0muanajas 1194497 d



Asmanin Farkli Fenolojik Gelisim Asamalarinda Gerceklestirilen...

vegetation periods. Four different leaf removal and cluster thinning applications
[control (no cluster thinning and no leaf removal), cluster thinning, leaf remo-
val, leaf removal-cluster thinning] were performed at three different developmen-
tal stages (berry set, bunch closure, veraison). To determine shoot characteristics,
shoot length (cm), shoot elongation rate (cm per 15 days), pruning wood weight
per vine (vegetative development status) (kg per vine), vigor (weight of one-year-
old cane) (g), strength, Ravaz Index, total pruning wood weight (kg), and yield
(kg per vine) criteria were examined. As a result, the balance between vegetative
and generative development (Index Ravaz) was achieved during the veraison with
cluster thinning (9.34), leaf removal (9.98), and control (10.44) applications, res-
pectively. This had a positive effect on shoot characteristics. Additionally, cluster
thinning (13.66 kg per vine) and leaf removal-cluster thinning (9.89 kg per vine)
reduced the yield as expected.

Keywords: cv. Michele Palieri, Cluster Thinning, Table Grape, Shoot Characte-
ristics, Leaf Removal.

e o
1. GIRIS

Onemli tag¢ yonetimi islemlerinden olan budama ile asma gelisimiyle dogru
orantili olarak verim ve kalite iyilestirilir. Bagcilikta ana budama olarak kis buda-
masi kabul edilmekte, ancak asmalar diizenli olarak yaz aylarinda da budanmak-
tadir. Bu sekilde vejetasyon periyodu i¢inde yapilan yaz budamalari ile asmalarin
gelisme ve verimleri dengeli bir hale getirilmis olur (Cataldo ve ark., 2020). Yaz
aylarinda yapilan yesil budama uygulamalar: arasinda salkim seyreltme, tane sey-
reltme, salkim ucunu alma, yaprak alma, koltuk alma, ug alma, tepe alma, bilezik
alma vb. islemleri sayilabilir (Keller, 2020).

Asmada yaprak alma ile verim ve kalitenin artmasi hedeflenmektedir (Poni ve
ark., 2006). Yaprak almanin etkisi; alinan yaprak sayisi, zamani, tiziim ¢esidi ve
iklime gore degismektedir (Cataldo ve ark., 2021). Yaprak alma; ¢iceklenme ile ben
diisme arasinda gergeklestirilir (Sabbatini ve Howell, 2010; Nicolosi ve ark., 2012;
Baiano ve ark., 2015). Tag i¢inde kalan yaprak ve salkimlarin havalanmasi (Carisse
ve Thomas, 2013), fotosentez artis1 saglanarak salkimlarin daha iyi olgunlasmasi
(Smart ve Robinson, 2006; Smithyman ve ark., 1998), ayrica renkli tiziim gesitlerin-
de renk olusumu artirilmaktadir (Dami ve ark., 2005). Tam ¢iceklenme 6ncesinde
yaprak alma, asmanin iiretim merkezi-tiiketim merkezi dengesini 6nemli 6l¢iide
etkilediginden salkim sayisinda azalma yoniinde etkide bulunmaktadir (Risco ve
ark., 2013; Frioni ve ark., 2015; Verdenal ve ark., 2017). Tiim bunlarla birlikte eger
¢ok yogun yaprak alma yapilirsa salkimlar agir1 giines 15181na ve yiiksek sicakliga

ANAJAS, 2023, Cilt 38, Sayi 3, Sayfa 441-458
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maruz kalacagindan tanelerde renklenme sorunu ortaya ¢ikmaktadir (Baiano ve
ark., 2015; Cirkovic ve ark., 2019).

Salkim seyreltme ile kalitenin artmasi amaglanir. Bilindigi tizere salkim sey-
reltme; asmanin tiretim merkezi-tiikketim merkezi dengesini degistirmektedir
(Reynolds ve ark., 1994). Biiyiik salkiml1 gesitlerde salkim seyreltmenin gerekliligi
Bordelon (2017) tarafindan vurgulanmistir. Ayrica tepe alma ve salkim seyreltme
uygulamalarinin sadece vejetatif gelisme ile {iretim arasindaki denge bozuldugun-
da ya da bagdaki mikroklima kosullarinin iyilestirilmesi amaciyla uygulanabile-
cegi vurgulanmistir (Canon ve ark., 2014). Bubola ve ark. (2017) verimi distiriip
kaliteyi yiikseltmek i¢in salkim seyreltmenin zor bir uygulama oldugunu; bunun
yerine daha kolay bir uygulama olan yaprak almanin yapilmasini 6nermislerdir
(Salvi ve ark., 2017; Ivanisevic ve ark., 2020). Bir¢ok iiziim ¢esidinde salkim sey-
reltmenin verimi diisiirdiigti belirlenmistir (Vicente ve Yuste, 2015; Korkutal ve
Kaymaz, 2016; Wang ve ark., 2018; Copp ve ark., 2022).

Belirledikleri 15 anaca asiladiklar1 Chardonnay ve Cabernet Sauvignon ka-
lemlerinin gelisme ve verim ozelliklerine etkilerini inceledikleri arastirmada
Migicovsky ve ark. (2021), yillara ve asilanan gesitlere gére verim, budama odunu
agirhg ve Ravaz Indeksi degerlerinin degistigini belirtmislerdir. Dogru anag segi-
minin incelenen verim, budama agirligi ve Ravaz Indeksinde %50’ye varan artig
yarattigini saptamuglardir.

Bu ¢alismada sofralik tiziim ¢esidi olan Michele Palieride; farkl: fenolojik gelis-
me dénemlerinde yapilan yaprak alma ve salkim seyreltme uygulamalarinin; siir-
glin ozelliklerine etkileri incelenmistir.

2. MATERYAL VE YONTEM

Bu arastirma iki yil siireyle Michele Palieri ¢esidinin 110R anacina asilanmasty-
la olusturulan 10 yasindaki bagda yiiriitiilmiistiir. Bag 41° 01’ K enlemi ile 27° 39
D boylami koordinatlarindadir. Bagdaki omcalarin dikim aralik ve mesafesi 2.5 m
x 1.5 mdir ve 160 cm yiiksekliginde T genisligi 170 cm olan biiyiik T destek siste-
minde Guyot terbiye sekli verilmistir. Bolge Akdeniz iklimi etkisinde olup; yazlar1
sicak-kurak, kislar1 ilik-soguktur. Yagis genel olarak bahar ile birlikte kis aylarin-
da gerceklesmektedir. Bolgenin ortalama yillik yagist 590 mm olarak verilmigtir
(TMM, 2020).

https:/doi.org/10.7161/0muanajas 1194497 d
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2.1. Materyal

2.1.1. Michele Palieri

Bilinen iki ¢esidin 1958 yilinda melezlenmesiyle elde edilmistir (Alphonse La-
vallee x Red Malaga). Sofralik ve ekirdekli olan gesit talya orijinlidir. Tanelerinin
rengi morumsu siyah, tanelerinin sekli oval olup ¢ok iridir ve ayrica tagimaya da-
yanikli kalin kabukludur. Kanatli ve silindirik salkim sekline sahiptir ve sofralik
tiztim ¢esitlerinde olmasi gerektigi gibi oldukea seyrek tanelidir. Orta mevsimde
olgunlasan bir gesit olup; karisik, yar1 uzun, uzun budanir (VIVC, 2022).

2.1.2. 110R Anaci

Franz Richter tarafindan 1902 yilinda Berlandieri Resseguier No. 2 ile Ru-
pestris Martin 110 Richter melezlemesinden elde edilen anag; derin olmayan killi
topraklara uygun, kuraga ve aktif kirece (%17) olduk¢a dayaniklidir. K6klenmesi
%20’ye kadar diismekle birlikte, bagda asilamada iyi sonug verir. Kuvvetli bir anag
oldugundan, agilanan ¢esidin olgunlagsmasini geciktirebilir (PlantGrape, 2022).

2.2.Yontem

Deneme kurulumundan énce omcadaki yenileme ve iirtin dali sayis1 belirlen-
mistir. Bagda homojenligi saglamak amaciyla; denemeye dahil edilen bag siras
yanindaki bir sira deneme dis1 birakilmistir. Ayrica tekerriirlerdeki ilk on ve son
on omca kenar etkisini gidermek amaciyla deneme diginda birakilmistir. Sonra
72 adet birbirine benzer 6zellikteki omca se¢ilmistir. Deneme, Tesadiif Bloklarin-
da Faktoriyel Deneme Deseninde ve 3 tekerriirlii ve her tekerriirde 2 adet omca
olacak sekilde tesis edilmistir. Her parselde bir gelisme donemi (tane tutumu, iri
koruk, ben diigme) ve her alt parselde bir yaz budamasi konusu (kontrol, yap-
rak alma ve salkim seyreltme) olusturulmustur. Kis budamasi yar1 uzun yani
8-10 goz tizerinden yapilmistir. Siirgiinler ~120 cm oldugu donemde her omca
~24 adet siirgiin ve ~35 adet salkima esitlenmistir. Taneler bezelye iriliginde
iken siirglinler ~150 cm uzunlugunda iken tepe alinmis ve bu sekilde siirgiin
uzunluklari esit hale getirilmistir. Parseller tane tutumu (T), iri koruk (I) ve ben
diisme (B) fenolojik gelisme asamalarindan olusturulmustur. Fenolojik gelisme
agamalar1 Coombe (1995) skalasina gore belirlenmistir. Alt parseller ise; kontrol,
salkim seyreltme (S), yaprak alma (Y) ve yaprak alma-salkim seyreltme (Y+S)
seklinde olusturulmustur ($ekil 1).

ANAJAS, 2023, Cilt 38, Sayi 3, Sayfa 441-458
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Sekil 1. Yaprak alma ve salkim seyreltme islemleri (Serhan Azsoz Orijinal fotograf, 2019)

Figure 1. Leaf removal and cluster thinning applications (Original photography by
Serhan Azsoz, 2019)

Kontrol: Bu uygulamada salkim ve yapraklara herhangi bir islem uygulanmamustur.

Salkim Seyreltme (S): Belirlenen ti¢ donemde (tane tutumu, iri koruk ve ben
diisme) salkimlarin %50’si alinmagtir.

Yaprak Alma (Y): Ug gelisme déneminde koltuk siirgiinlerinin ilk 3-4 yapragi
ve ilk salkima kadar olan alt ana yapraklar alinmustir.

Yaprak Alma-Salkim Seyreltme (Y+S): Salkim seyreltme ve yaprak alma uy-
gulamalar1 bu gruptaki omcalara birlikte uygulanmustir.

Tane Tutumu (EL 27): Tane tutumunun %50 olarak goriildiigii; 2018 yilinda
157. Takvim giinii ve 2019 yilinda 166. Takvim giiniinde,

Iri Koruk (EL 31): Salkimlarin %507si iri koruk goriiniimiinde iken 2018 yilin-
da 177. Takvim giintinde ve 2019 yilinda 186. Takvim giiniinde,

Ben Diisme (EL 35): Salkimdaki tanelerin %50’sinde ben diismenin ger-
geklestigi 2018 yilinda 206. Takvim giintinde ve 2019 yilinda 215. Takvim gii-
niinde gerceklestirilmistir.

istatistiki Analiz

Elde edilen ve iki yila ait veriler JMP 13.2 (JMP Statistical Discovery LLC, UK)
istatistiki programu ile degerlendirilmistir. Gergeklestirilen yaz budamalar1 ve do-

nemleri arasindaki farkhiliklar LSD |  testi ile ortaya konmustur.
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Arastirmada Incelenen Kriterler
Iklim Verileri: Il Meteoroloji Miidiirliigi'nden (TMM, 2020) alinmistir.

Siirgiin Uzunlugu (cm): Omca bagina segilen 1 siirgiiniin boyu (u¢ alma isle-
mine kadar) haftalik olarak ol¢iilmustiir (Bahar ve ark., 2008).

Siirgiin Uzama Hiz1 (cm hafta'): Bu siirgiinlerin uzunluk degeri 6nceki hafta-
nin degerinden ¢ikarilarak elde edilmistir (Bahar ve ark., 2008).

Omca Bagina Budama Odunu Agirhig: (Vejetatif gelisme durumu) (kg asma™):
Yaprak dokiimiinden sonra, budanan omcadan alinan dallar tartilmis ve omca bagina
kg cinsinden kaydedilmistir (Bahar ve ark., 2008) (Sekil 2).

Bir Yillik Dal Agirlig: (Vigor) (g): Budamadan sonra tartilan toplam agirligin
toplam dal say1sina oranidir. Kisacasi bir tek dalin agirligidir (Carbonneau, 1998).
Agirhiga gore; <10 g cok zayif, 20-40 g orta kuvvetli ve >60 g ¢cok kuvvetli olarak
siiflanmustir (Smart ve ark., 1990).

Giig: Bagda iiretilen toplam kuru madde agirlig1 olup,

Gii¢= (Budama odunu agirlig1 x 0.5) + (Verim x 0.2) (1)
formiilityle (Esitlik 1) belirlenmistir (Carbonneau, 1998).

Sekil 2. Kis budamasi ve budama odunu agirhig: 6l¢iimii (Serhan Azséz Orijinal
fotograf, 2019)

Figure 2. Winter pruning and pruning weight measuring (Original photography
by Serhan Azsoz, 2019)
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Ravaz Indeksi (RI): Elde edilen verimin (kg) budama odunu agirligina (kg)
boliinmesi ile belirlenmistir. Vejetatif-generatif gelisme dengeli ise bu deger
5-10 arasindadir. Vejetatif gelismenin fazlaligi halinde <5 ve generatif gelisme-
nin (verim) fazlalig halinde de >10 seklinde ifade edilmektedir (Ravaz, 1903;
Smart ve ark., 1990).

Toplam Budama Odunu Agirlig1 (kg): Omca basina elde edilen budama odu-
nu agirligr degerlerinin bir dekarda bulunan omca sayisiyla ¢arpilmasindan elde
edilmistir (Bahar ve ark., 2008).

Verim (kg omca™): Denemedeki omcalar tek tek hasat edilmis ve kg cinsinden
verim kaydedilmistir.

3. BULGULAR VE TARTISMA

3.1. iklim Verileri

Tekirdag ili ortalama sicaklik verileri, 2018 yilinda 15.53°C ve 2019 yilinda ise
15.61°C olarak kaydedilmistir. Bu verilerin uzun yillar ortalamasindan 14.08°C
yiiksek oldugu gortilmiistiir. Toplam yagis miktari, 2018 ve 2019 yilinda sirasiyla
675.00 mm ve 334.60 mmdir. Bu degerin (589.10 mm) 2018 yilinda arttig1, 2019
yilinda da diisiik oldugu saptanmustir. 2018 yili oransal nem ortalamasi %76.26 ve
2019 y1ili da %70.49 olmustur (Korkutal ve ark., 2021).

3.2. Siirgiin Uzunlugu (cm)

2018 yilinin Uygulama Ana Etkisi (UE) ve UE x DE (Uygulama Ana Etkisi x
Dénem Ana Etkisi)’nin istatistiki olarak énemli oldugu (p>0.05), ancak DE (Do-
nem Ana Etkisi) bakimindan 6nemsiz oldugu goriilmiistiir (Cizelge 1). UE agi-
sindan tiim uygulamalarin (S=Salkim Seyreltme, Y=Yaprak alma ve Y-S=Yaprak
alma-Salkim seyreltme) birinci énem grubunda, sadece Kontrol uygulamasinin
ikinci 6nem grubunda oldugu bulunmustur. 2018 yilinda interaksiyonlar agisin-
dan Y x I (167.33 cm), Y-S x I (167.00 cm), Y-S x T (167.00 cm) ve S x I (164.67
cm) ilk grupta; Kontrol x T (140.00 cm) interaksiyonu da son grupta yer almigtir.
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Cizelge 1. Stirgiin uzunluguna (cm) farkli gelisme donemlerinde gergeklestirilen
yaprak alma ve salkim seyreltme uygulamalarinin etkileri (2018)

Table 1. Defoliation and bunch thinning in different period in two consecutive
years effects on shoot lenght (2018)

Uygulama

Do6nem

Dénem Kontrol  Salkim Seyreltme Yaprak  Yaprak Alma+Salkim Ana
(K) ) Alma Seyreltme Etkisi
(Y) (Y+S)

Tane Tutumu 140.00 ¢ 155.00 abc 159.67ab 167.00 a 155.42
Iri Koruk 146.00 bc 164.67 a 167.33 a 167.00 a 161.25
Ben Diisme 15[155667 160.67 ab 155.00 abc 151.00 abc 155.58
Uygulama 14722 B 160.11 A 160.67 A 161.67 A
Ana Etkisi

Uygulama Ana Etkisi p>0.05= 9.7; Uygulama Ana Etkisi x Dénem Ana Etkisi p>0.05=16.8
Cizelge 2. Siirgiin uzunluguna (cm) farkl: gelisme donemlerinde gergeklestiri-
len yaprak alma ve salkim seyreltme uygulamalarinin etkileri (2019)

Table 2. Defoliation and bunch thinning in different period in two consecutive
years effects on shoot lenght (2019)

Uygulama
Dénem Kontrol  Salkim Seyreltme Yaprak Yaprak Alma+Salkim Donen? .
(K) ©) Alma Seyreltme Ana Etkisi
() (Y+S)
150.00
Tane Tutumu  132.00 f 138.33 def 146.67 abcde 141.75
abcde
Iri Koruk 15:]:"67 158.33 a 143.00 cdef 154.00 abc 153.00
.. 157.00
Ben Diigme ab 137.67 ef 145.33 bede 151.00 abed 147.75
Uygulama 148.55 144.77 146.11 15055
Ana Etkisi ’ ’ ’ ’

Uygulama Ana Etkisi x Dénem Ana Etkisi p>0.05=12.5

2019 yilinda UE x DE interaksiyonlar1 p>0,05 seviyesinde dnemli olurken DE
ve UEnin p>0.05 seviyesinde 6nemsiz oldugu bulunmustur (Cizelge 2). 2019 y1-
linda S x I (158.33 cm) interaksiyonu birinci, Kontrol x T (132.00 cm) interaksiyo-
nunun sonuncu grupta yer aldig belirlenmistir.
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Aragtirma bulgulary; Tekirdagda Merlot tiztim ¢esidinde yaptiklar: yaprak alma
uygulamalar1 sonucunda siirgiin uzunluklarinin degismedigini belirten Candar ve
ark. (2018) bulgularyla ile ayni yondedir. Her iki yilin siirgtin uzunlugu degerleri-
nin birbirine yakin yani omcalar arasinda gelisimin homojen oldugu; ancak her iki
yil i¢in de S uygulamasinin siirgiin gelisimine pozitif etkide bulundugu belirlenmistir.

3.3. Siirgiin Uzama Hizi (cm/hafta)

Olgiilen siirgiinlerin uzama hiz1 haftalik olarak degerlendirildiginde 2018 y1-
linda 13.00-22.25 cm araliginda bulunmustur. 2018 yilinda ben diigme déneminde
stirglin uzamasinin daha hizli oldugu ve bunu iri koruk ve tane tutumu dénemleri-
nin izledigi kaydedilmistir. 149.-156. giinler ile karsilastirildiginda 156-163 takvim
giinlerinin stirglin uzama hizinin daha fazla oldugu saptanmigtir. 2019 yili siirgiin
uzama hizi en diisiik ve en yiitksek 16.50-28.75 cm araliginda bulunmustur. Bu yil-
da en yiiksek siirgiin uzama hizi tane tutumu déneminde olmus; bunu ben diigme
ve iri koruk dénemleri takip etmistir (Cizelge 3).

Cizelge 3. Stirglin uzama hizina (cm) iki yilda farkli donemlerde gergeklestirilen
yaprak alma ve salkim seyreltme uygulamalarinin etkileri

Table 3. Defoliation and bunch thinning in different period in two consecutive
years effects on shoot elongation rate

2018 2019
Dénem 149-156 Takvim  156-163 Takvim  153-167 Takvim  167-174 Takvim
Giinii Giinii Giinii Giinii
Tane Tutumu 14.00 15.00 26.00 28.75
iri Koruk 13.00 22.00 2225 16.50
Ben Diigme 15.50 2225 28.00 19.00
Ortalama 14.17 19.75 25.42 21.42

3.4.Omca Basina Budama Odunu Agirligi (Vejetatif Gelisme Durumu) (kg omca™)

Yil Ana Etkisi (YE) ve Uygulama Ana Etkisinin vejetatif gelisme durumuna
6nemli etkide bulundugu belirlenmistir. Ancak DE ve UE x DE interaksiyonuna
istatistik olarak 6nemli etki yapmadig gortlmustiir (Cizelge 4).

Y1l Ana Etkisi agisindan 2018 yilinin 2019 yilindan daha yiiksek vejetatif ge-
lisme durumuna sahip oldugu belirlenmistir. UE incelendiginde istatistiki olarak
(p>0.05) 6nemli bulunmus, Kontrol (20.55 kg omca™) ve Y (19.17 kg omca™) uy-
gulamasi en yiiksek degere sahip olup ilk 6nem grubunda yer almistir. Bunu, 15.72
kg omca™ degeriyle S uygulamasi izlemis ve son grupta Y-S (11.76 kg omca™) uy-
gulamasinin oldugu kaydedilmistir.

https:/doi.org/10.7161/0muanajas 1194497 d



Asmanin Farkli Fenolojik Gelisim Asamalarinda Gerceklestirilen...

Cizelge 4. Vejetatif gelisme durumuna (kg asma ) farkli donemlerde gercek-
lestirilen yaprak alma ve salkim seyreltme uygulamalarinin etkileri

Table 4. Defoliation and bunch thinning in different period effects on vegetative
development

Uygulama Ana Etkiler
Dénem Yl Kontrol Salkim  Yaprak Yaprak Doénem
ontro
Seyreltme  Alma AlmazSalkim Ana Y1l Ana Etkisi
(K) Seyreltme
(S) (Y) (Y+S) Etkisi
2018 19.33 12.32 16.82 13.16
Tane 2019 1595 1678 2445 8.83 15.95
Tutumu il
17.64 14.55 20.63 10.99
Ort.
2018 30.03 14.62 15.52 11.87
Iri 2019 17.31 1824 1872 8.81 l6g9 1831A 15288
Koruk Vil (2018) (2019)
23.67 16.43 17.12 10.34
Ort.
2018 24.63 19.23 26.07 16.19
Ben 2019 1603 1315 1346 11.68 17.56
Diisme Vil
20.33 16.19 19.76 13.94
Ort.
Uygulama Ana
- 20.55a 15.72b 19.17 a 11.76 ¢
Etkisi

Yil Ana Etkisi p>0.05=1.5; Uygulama Ana Etkisi p>0.05=2.8
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3.5. Bir Yiluk Dal Agirligi (Vigor) (g)

Yaprak alma ve salkim seyreltmenin vigora etkisi Cizelge 5’te verilmis ve YE'nin
6nemli etkide bulundugu belirlenmistir.

Cizelge 5. Bir yillik dal agirhigina (Vigor) (g) farkli donemlerde gergeklestirilen
yaprak alma ve salkim seyreltme uygulamalarinin etkileri

Table 5. Defoliation and bunch thinning in different period effects on vigor

Uygulama Ana Etkiler
Dénem Yil Kontrol Salkim  Yaprak Yaprak Dénem
ontro
Seyreltme  Alma Almas+Sallum Ana Y1l Ana Etkisi
(K) Seyreltme o
(S (Y) (Y+S) Etkisi
2018 65.97 65.71 97.12 83.48
Tane
2019 50.39 49.34 54.05 60.74 65.85
Tutumu
Y1l Ort. 58.18 57.53 75.59 72.11
.y 2018 94.73 77.46 78.35 67.06 3081 5148
ri
2019 63.39 49.63 48.34 59.45 67.30 A B
Koruk 2018 2019
Y1l Ort. 79.06 63.54 63.34 63.26 ( ) )
2018 80.68 87.41 80.70 91.16
Ben
2019 40.61 53.59 42.94 45.32 65.30
Diisme
Y1l Ort. 60.65 70.50 61.82 68.24
Uygulama Ana
65.96 63.86 66.92 67.87
Etkisi

Y1l Ana Etkisi p>0.05 =7.7

Bir yillik dal agirlig1 degerlerinin 40.61 g (Ben diisme x Kontrol x 2019) - 94.73
g (Iri Koruk x Kontrol x 2018) arasinda degistigi; skala degeri 40-60 g kuvvetli ve
60 gdan fazla oldugunda ¢ok kuvvetli olarak degerlendirildiginden (Carbonneau,
1998) omcalarin kuvvetli bir gelisim gosterdigi saptanmistir. YE agisindan incelen-
diginde 2018 (80.81 g) yilinda ¢ok kuvvetli, 2019 (51.48 g) yilinda da orta kuvvetli
bir gelisim oldugu belirlenmistir. Asma vigorunun mikroklima, 1s1k alimi ve/veya
sicakliktan etkilendigi unutulmamalidir (Bonilla ve ark., 2015).
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3.6. Giic

Gii¢ degerleri agisindan YE, UE ve DE istatistik olarak onemli gortilmustiir
(Cizelge 6). YE incelendiginde 2018 yilinin 2019 yilindan yiiksek gii¢ degerlerine
sahip oldugu belirlenmistir. 2018 yilt hem veriminin hem de budama odunu agir-
liginin 2019 yilina kiyasla fazla olusu bakimindan yiiksek gii¢ degerine sahip ol-
mustur. UE agisindan farkli dénemlerde gergeklestirilen yaprak ve salkim seyrelt-
me uygulamalar1 sonunda S (4.92) ve Kontrol (4.70) uygulamalarinin en yiiksek
degerle ayni 6nem grubunda yer aldig: saptanmistir. Bunu, Y (4.47) uygulamasi
izlemis ve son 6nem grubunda da Y-S (3.89) uygulamasi yer almistir. Dénem Ana
Etkisi agisindan da B donemi (4.78) en yiiksek degerde ve birinci grupta, I (4.44)
ve T doneminin de (4.26) ayni grupta yer alarak ikinci sirada oldugu bulunmustur.

Cizelge 6. Gii¢ degerine farkli donemlerde gerceklestirilen yaprak alma ve sal-
kim seyreltme uygulamalarinin etkileri

Table 6. Defoliation and bunch thinning in different period effects on puissance

Uygulama Ana Etkiler
Dé Wl Kontrol Salkim  Yaprak Yaprak Dénem
onem ontro
Seyreltme  Alma AlmazSalkim Ana Y1l Ana Etkisi
(K) Seyreltme .
(S) (Y) (Y+S) Etkisi
2018 4.49 4.75 4.50 5.34
Tane
2019 3.60 3.85 537 2.21 4.26 AB
Tutumu
Yil Ort. 4.05 4.30 4.94 3.77
2018 6.74 5.87 3.87 4.46 549A  349B
Iri
2019 3.98 4.14 4.17 2.26 4.44 AB
Koruk
Yil Ort. 5.36 5.01 4.02 3.36 (2018)  (2019)
2018 5.82 7.85 5.85 6.36
Ben
2019 3.54 3.07 3.06 2.71 4.78 A
Diisme
Yil Ort. 4.68 5.46 4.45 4.53
Uygulama Ana
> 4.70a 492a  447ab 3.89b
Etkisi

Yil Ana Etkisi p>0.05 =0.3; Dénem Ana Etkisi p>0.05 = 0.3; Uygulama Ana Etkisi p>0.05 = 0.7
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3.7.Ravaz indeksi (Ri)

Ravaz indeksi tizerine DE ve UE (p>0.05) 6nemli bulunmustur (Cizelge 7). UE
onemlidir; Kontrol (10.44), Y (9.98) ve S (9.34) uygulamalar: en yitksek degerde
ve etkide bulunmugtur. Uygulamalarin ana etkisi agisindan Y-S (7.59)nin en dii-
siik etkiye sahip oldugu tespit edilmistir. DE bakimindan B (ben diisme) donemi
(10.23) ilk, T (iri koruk) dénemi (9.37) ikinci ve T (tane tutumu) donemi (8.42) ise
son énem grubunda yer almistir. Ravaz Indeksi degerinin 5-10 arasinda olmast
nedeniyle (Ravaz, 1903; Smart ve ark., 1990) omcalarin ve dolayisiyla bagin dengeli
bir gelisim i¢inde oldugu soylenebilir. Bu sonug Candar ve ark. (2018) ile paralel
bulunmustur. 2018 ve 2019 yillarinda gelisimin dengeli oldugu, ancak {ist sinira da
oldukga yakin oldugu gézden kagirilmamalidir.

Cizelge 7. Ravaz Indeksine farkli dénemlerde gerceklestirilen yaprak alma ve
salkim seyreltme uygulamalarinin etkileri

Table 7. Defoliation and bunch thinning in different period effects on Index Ravaz

Uygulamalar Ana Etkiler
Salkim Yaprak Yaprak 6
Dénem YiI  Kontrol P Alma+Salkam  2onem .
Seyreltme  Alma Ana Y1l Ana Etkisi
(K) Seyreltme
S (Y) (Y+S) Etkisi
2018 8.28 6.89 5.42 8.09
Tane
2019 10.73 8.89 14.18 4.88 8.42 B
Tutumu
Yil Ort. 9.50 7.89 9.80 6.49
2018 11.05 11.09 7.05 9.32 9.10 957
Iri 9.37
2019 9.02 10.32 12.84 4.28
Koruk AB
Yil Ort. 10.03 10.70 9.95 6.80 (2018) (2019)
2018 10.13 11.07 10.31 10.52
Ben
. 2019 13.46 7.78 10.09 8.45 10.23 A
Diisme
Yil Ort. 11.79 9.43 10.20 9.48
Uygulama Ana
> 1044a  9.34a 9.98a 7.59b
Etkisi

Doénem Ana Etkisi p>0.05 =1.3; Uygulama Ana Etkisi p>0.05 =1.5
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3.8. Toplam Budama Odunu Agirligi (kg)

Sadece Yil Ana Etkisi (p>0.05) toplam budama odunu agirlig1 iizerine 6nemli
etkide bulunmugtur (Cizelge 8). 2018 yilinin 2.27 kg degeri ile 2019 yilindan (1.47
kg) daha yiiksek budama odunu agirlig1 degeri aldig: belirlenmistir.

Wang ve ark. (2018)’nin I ve B dénemlerinde yaptiklar1 salkim seyreltme uygu-
lamalarinin, toplam budama odunu agirlig1 degerlerini artirdig: bulgusu ile benzer
sonuca erisilmemistir. Bu aragtirmada uygulamalar arasinda istatistiki olarak fark
olmadigy, ancak T doneminin diger donemlerden daha olumlu etki yapmis olabi-
lecegi goriilmiistiir. Bu farkin gesit ve terroir kokenli olabilecegi diigiiniilmiistiir.
Uygulamalar arasindan da Y’nin toplam budama odunu agirhigini artirma yoniinde
etkide bulundugu, ancak bunun istatistik olarak fark yaratmadigi belirlenmistir. Ay-
rica bulgularin deneme yilinin budama odunu agirligi izerine %52.04 oraninda etki
yaptigini belirten Migicovsky ve ark. (2021) ile ayn1 yénde oldugu belirlenmistir.

Cizelge 8. Toplam budama odunu agirligina (kg) farkli donemlerde gercekles-
tirilen yaprak alma ve salkim seyreltme uygulamalarinin etkileri

Table 8. Defoliation and bunch thinning in different period effects on total
pruning weight

Uygulamalar Ana Etkiler
Dénem il Kontrol Salkim Yaprak Yaprak Dénem
ontro
Seyreltme Alma AlmaSalkim Ana Y1l Ana Etkisi
(K) Seyreltme .
S (Y) (Y+S) Etkisi
2018 2.11 1.98 2.86 2.53
Tane
2019 1.37 1.65 1.61 1.47 1.95
Tutumu
Yil Ort. 1.74 1.81 2.24 2.00
2018 2.48 2.15 2.05 1.89
Iri 227A  147B
2019 1.75 1.65 1.43 1.67 1.88
Koruk (2018)  (2019)
Yil Ort. 2.11 1.90 1.74 1.78
2018 2.19 2.41 2.28 2.39
Ben
) 2019 111 1.47 1.22 1.24 1.79
Diigme
Yil Ort. 1.65 1.94 1.75 1.82
Uygulama Ana
> 1.83 1.89 1.91 1.86
Etkisi

Yil Ana Etkisi p>0.05 =0.1
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3.9. Verim (kg omca™)

Asma basima verime YE ve UFE’nin istatistiki olarak 6nemli etkide bulundugu
belirlenmistir (Sekil 3). 2018 yilinin verimi (15.95 kg omca™), 2019 yilindan (13.81
kg omca™) yiiksek bulunmustur. Bu bulgunun Migicovsky ve ark. (2021)’nin veri-
me yil ana etkisinin %41.72 oldugu bulgusu ile benzerlik iginde oldugu goriilmiis-
tiir. UE bakimindan Kontrol (18.71 kg omca™) ile Y (17.66 kg omca™) uygulamalari
birinci; S (13.66 kg omca™) ikinci ve son 6nem grubunda Y-S (9.89 kg/omca) uygu-
lamasinin yer aldig1 tespit edilmistir (Korkutal ve ark., 2021).

UE p=u05-2.68

Sekil 3. Yaprak alma ve salkim seyreltme uygulamalarinin asma bagina verime
etkileri (kg omca )

Figure 3. Defoliation and bunch thinning effects on yield per vine

(Y: Yaprak Alma, S: Salkim Seyreltme, Y-S: Yaprak Alma-Salkim Seyreltme, UE:
Uygulama Ana Etkisi)

SONUC

Michele Palieri gesidinde siirgiin 6zellikleri incelendiginde vejetatif-generatif
gelisimin dengeli oldugu goértlmistiir. Vigor bakimindan 2018 yili ¢ok kuvvetli;
2019 yili ise orta kuvvette gelisim gostermistir. Giig ve vejetatif gelisme a¢isindan
ben diisme doneminde; salkim seyreltme ile kontrol uygulamalarinin etkisinin
daha ¢ok oldugu kaydedilmistir. Sonug olarak; ben diisme déneminin diger do-
nemlere kiyasla siirgiin ozelliklerinde farkliliklar olusturdugu saptanmuistir. Ayri-
ca yapilan salkim seyreltme ve kontrol uygulamalariyla da bu fark goriilmiistiir.
Stirgiin 6zelliklerinin istenilen seviyede olmasi i¢in ben diigme doneminde salkim
seyreltme yapilmasi, ancak o yilin verimi diisiik ise yapilmamasi tavsiye edilmistir.
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Cikar Catismasi

Yazarlar herhangi bir ¢ikar catismasi olmadigini beyan eder.
Etik

Bu ¢aligma etik kurul onay1 gerektirmez.

Yazar Katki Oranlari

Caligmanin Tasarlanmast: 1K (%30), EB (%50), SA (%20)
Veri Toplanmast: IK (%10), EB (%30), SA (%60)

Veri Analizi: IK (%20), EB (%70), SA (%10)

Makalenin Yazimz: IK (%50), EB (%30), SA (%20)

Makalenin Génderimi ve Revizyonu: IK (%80), EB (%20)
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KESTANE CESITLERININ AZOT OZUMLEME
KAPASITESININ DEGERLENDIRILMESI

0z

Azot metabolizmasi bitkilerin temel fizyolojik stireclerinden biridir ve bityiime
ile dogrudan iliskilidir. Azot metabolizmasinda anahtar enzim olan Nitrat Rediik-
taz’in (NR) aktivitesi, nitrat (NO,") kaynakli azot aliniminin bir gostergesi olarak
kabul edilir. Bitkiler azotu topraktan nitrat ya da amonyum (NH,*) olarak alabilir,
ancak hangi azot kaynaginin bitkinin bitylime ve gelisiminde etkili oldugu bitkiye
gore degisiklik gosterir. Bu ¢aligmanin amaci, ayni ekolojik kosullar altinda yetis-
tiriciligi yapilan farkli bolgelerde seleksiyon galismalart ile 6ne ¢ikan dort kestane
cesidinde (‘Alimolla;, ‘Sarikestane, ‘N-23-1" ve ‘Erfelek’) azot 6ziimleme kapasitesi
ve NR aktivitesinin varliginin belirlenmesidir. Bu amagla, gesitlerden May1s-Ekim
aylar1 arasinda aylik alinan yaprak 6rneklerinde kuru agirlik, klorofil (SPAD), top-
lam azot (N) ierigi ve NR aktivitesi belirlenmistir. Ayrica 6rnek alim zamaninda
cesitlerin fenolojik evreleri de kayit edilmistir. Incelenen parametreler donemsel
olarak istatistiksel anlamda farklilik gostermistir. Kestane gesitlerinin azot 6ziim-
leme yeteneginin birbirinden farkli oldugu, toplam azot igeriginin ‘Alimolla’ ¢esi-
dinde en yiiksek, ‘Sarikestane) ‘N-23-1" ve ‘Erfelek’ cesitlerinde ise benzer diizeyde
oldugu belirlenmistir. Toplam azot igerigi agag biyokiitlesi ile iligkili bulunmus ve
‘Alimolla’ ¢esidinde agag hacmi ve aga¢ govde ¢apinin en yitksek boyutlarda oldugu
saptanmigtir. Kestane gesitlerinde NR aktivitesinin varlig1 belirlenmis, en ytiksek
NR aktivitesinin ‘Erfelek’ ¢cesidinde oldugu tespit edilmistir. NR, nitrat varligina
duyarl: bir enzim oldugu i¢in, kestane gesitlerinde nitrat kaynakli giibrelemenin
etkili olacag: diisiiniilmektedir. Kestane ¢esitlerinin fizyolojik 6zelliklerinin ortaya
¢ikarilmast ve isleyisinin 6grenilmesi agisindan bulgular 6nemlidir.

Anahtar Kelimeler: Azot Asimilasyonu, Biyokiitle, Kestane, Nitrat Rediiktaz
Aktivitesi (NRA).

ek

EVALUATION OF NITROGEN ASSIMILATION CAPACITY
OF CHESTNUT CULTIVARS

ABSTRACT

Nitrogen metabolism is one of the basic physiological processes of plants and is
directly related to growth. The activity of nitrate reductase (NR), which is the key
enzyme for nitrogen assimilation, is regarded as an indicator of nitrogen metabo-
lism based on nitrate (NO,). Plants can take up nitrogen as both nitrate (NO,)
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and ammonium (NH,"), but the absorption characteristics of each nitrogen source
differ between plant types. The aim of this study is the determine the nitrogen as-
similation capacity and the presence of NR activity in four chestnut cultivars (‘Ali-
molla; ‘Sarikestane, ‘N-23-1" and ‘Erfelek’), which are prominent in different areas
where they are cultivated under the same ecological conditions. For this purpose,
dry weight, chlorophyll (SPAD), total nitrogen (N) content and NR activity were
determined in monthly leaf samples taken from the varieties between May and
October. In addition, the phenological stages of the cultivars were recorded at the
time of sampling. The analyzed parameters differed statistically from time to time.
It was determined that the nitrogen assimilation ability of chestnut cultivars was
different from each other, the total nitrogen content was highest in ‘Alimolla’ culti-
var, and similar in ‘Sarikestane, ‘N-23-1" and ‘Erfelek’ cultivars. It was determined
that the total nitrogen content was related to the tree biomass and the tree volume
and tree trunk diameter were the highest in the cultivar ‘Alimolla’ The presence of
NR activity in chestnut cultivars was determined, and it was determined that the
highest NR activity was in ‘Erfelek’ cultivar. Since NR is an enzyme sensitive to the
presence of nitrate, nitrate-based fertilization is thought to be effective in chestnut
cultivars. The findings are important in terms of revealing the physiological chara-
cteristics of chestnut cultivars and learning their functioning.

Keywords: Biomass, Chestnut, Nitrogen Assimilation, Nitrate Reduction
Activity (NRA).

e e
1. GIRIS

Kestane, ytiksek besin ve ticari degeri nedeniyle diinya ¢apinda yaygin olarak
titketilen bir meyve tiiriidiir. Cografi dagilimina gore kestane gesitleri baslica {ig
bolgede bulunur: Castanea mollissima Bl. Asyada, Castanea sativa Mill. Avrupada
ve Castanea dentata Borkh. Kuzey Amerikada (Pereira-Lorenzo ve ark. 2021). Tiir-
kiye, Diinya’ nin 6nemli kestane treticisi tilkelerinin basinda gelmektedir. Avru-
pada ve tilkemizde dogal olarak yayilis gosteren kestane tiiri Castanea sativa Mill.
dir. Ulkemizde kestane iiretim alanlar1 Karadeniz, Ege ve Marmara Bélgelerinde
orman alanlarinda yayilis gostermektedir (Serdar ve ark. 2018). Fagaceae familya-
sina ait bu agag tiirt, yenilebilir ve ekonomik 6neme sahip meyveleriyle bilinmek-
tedir. Kisin yaprak doéken, kenarlari keskin, uzun mizrak bigciminde bilesik yap-
rakli, odunu ¢ok dayanikli, dikenlerle kapli meyve ortiisti i¢inde yer alan nigastali
meyvelere sahip uzun boylu bir orman agacidir (Okan ve ark. 2017). Kestane kazik
kokli bir bitki oldugundan yetistigi topragin gevsek yapili, derin ve pH 1 4.5-6.5
olmasi gerekir. Daha ¢ok volkanik kaynakli potasyumca zengin olan topraklarda
en iyi sekilde yetismektedir (Soylu, 2006; Anonim, 2022). Kestanelikler, toprak
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erozyonunu azaltarak ve karbon depolayarak 6nemli bir ekolojik rol oynar (Jacobs
ve ark. 2009; Ding ve ark. 2020). Genelde dogal yayilis alaninda yer aldigindan agag
gelisimi ve meyve iiretimi icin topraktan yeterli diizeyde besin saglarlar. Ancak
kestanelikler ve kurulan bahgelerde giibreleme ve sulama gibi kiiltiirel islemlerin
yapilmasi iyi meyve kalitesi ve verimlilik i¢in énem arz eder. Ulkemizde kes-
tane yetistiriciligi genelde her yorede seleksiyonla one ¢ikan cesit/genotiplerin
yabani agaclara asilanmasi, ya da yabani agaclardan meyvelerin toplanmas ile
olmaktadir. Son yillarda agili fidanlarla kurulu bahgelerde artis gorillmekte ve
yetistiricilik yapilmaktadir.

Kestane yetistiriciliginde, uygun giibreleme modeline yonelik literatiirde cok az
¢aligma bulunmaktadir (Warmund, 2018; Ribeiro ve ark. 2019; Toprak 2019). Vos-
sen, (2000) kestanenin ihtiya¢ duydugu azot miktari, topragin durumuna, yasina
ve agacin buytkliigiine bagh oldugunu ve ilkbaharda gelisme donemi basladiginda
glibreleme programi baglatilmasi gerektigini bildirmistir.

Azot temel bir besindir ve proteinlerin yapi taslari olarak kullanilan amino asit-
ler ve DNA yapiminda kullanilan niikleotidler gibi bitki hiicresinin birgok temel
molekiiliinde 6nemli bir rol oynar. Azot ayrica gesitli pigmentleri olugturan mole-
kiillerde ve hiicresel enerji tiretiminde 6nemli bir bilesendir. Azot toprakta nitrat
(NO,) veya amonyum (NH,*) olarak bulunur. Bitkilerin azot 6ziimlemesi, toprak-
tan nitratin (NO,") alinarak nitrite (NO,") indirgenmesini ve ardindan NOZ”nin
amonyuma (NH,*) doniistiirilmesini gerektirir. Bunu NH, "nin organik bilesiklere
dahil edilmesi izler. Azot asimilasyonunda anahtar enzim olan nitrat rediiktazin
(NR) aktivitesi, nitrat kaynakli azot aliniminin bir gostergesi olarak kabul edilir.
Bununla birlikte, toprak pH’s1 (kestane i¢in bu ¢ok 6nemlidir), toprak tipi, sicaklik
ve topraktaki diger kimyasallarin varlig1 gibi toprak 6zellikleri, her iki azot formu-
nun alimini etkileyebilir (Karthika ve ark., 2018). Azot ve agag tepkisi arasindaki
genel iliskilerin anlagilmasi, azot yonetiminde esastir. Aga¢ biiylimesi, ¢igceklen-
me, meyve tutumu, meyve bilyiimesi ve meyve kalitesi, agaglarin azot durumun-
dan etkilenir (Fernandez-Escobar ve ark., 2008). Bu yilizden uygun azot yonetim
programlarinin gelistirilmesinde ¢ok sayida faktér goz 6ntinde bulundurulmalidir.
Kestane tiir ve ¢esitlerinin, azot 6ziimleme kapasitesi ve dolayistyla NR aktivitesi
ile ilgili literatiirde herhangi bir bilgi bulunmamaktadir. Bundan dolay1 bu ¢aligma-
da, ayn1 ekolojik kosullar altinda yetistiriciligi yapilan farkli bolgelerde seleksiyon
caligmalari ile 6ne ¢ikan dort kestane gesitinin (‘Alimolla; ‘Sarikestane, ‘N-23-1’
ve ‘Erfelek’) azot 6ziimleme kapasiteleri ve vejetasyon doneminde bitki gelisimiyle
iligkili degisimlerinin belirlenmesi amaglanmigtir.
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2. MATERYAL VE YONTEM

Caligmada bitkisel materyal olarak, Bursa ili Yildirim ilgesi Cumalikizik k-
yiinde bulunan Kestane Koleksiyon Bahgesinde yer alan farkli ekolojilerden se-
leksiyon ¢aligmalari ile 6ne ¢ikan ‘Marigoule’ ¢esidi tohum anaci tizerine agili, do-
kuz yash ‘Alimolla, ‘Sarikestane, ‘N-23-1 ‘Erfelek, ¢esitleri kullanilmistir. Calisma
2021 yili vejetasyon doneminde gerceklestirilmistir. Calismada yer alan cesitleri-
nin orjin yeri ve baglica ozellikleri Cizelge 1’ de verilmistir. Calismada Marmara,
Karadeniz, Ege bolgelerinden secilen gesitler yer almaktadir. Calismanin yapildig:
Kestane koleksiyon bahgesi 2012 yilinda kurulmustur. Marmara, Ege, Karadeniz
Bolgelerinde daha 6nceden secilmis cesitlerle birlikte yeni ¢esit adaylarini da igine
alan ve yerli ve yabanci kaynakli 25 gesit/genotipten olusmakta, her gesit/genotipe
ait 3 aga¢ bulunmaktadir. Agaclar 8x8 dikim araliginda dikilmistir. Bahge yeri 345
m rakimda bulunmaktir. Bahge organik maddece zengin, pH 6.4-6.7 araliginda, %
40-46 tinl toprak yapisina sahiptir. Agaglar damla sulama sistemi ile sulanmakta-
dir. Caligmanin yapildig1 yil bahcede meyve olusumu 6ncesinde (Agustos ay1) nitrat
igerikli (Kalsiyum amonyum nitrat, %26:13:13, Giibretas) giibreleme yapilmistir.

Cizelge 1. Kestane ¢esitlerinin orjin yeri, meyve 6zellikleri ve hasat zamani

Table 1. Chestnut cultivars place of origin, harvest time and apparent tree and
nut characteristic

Cesitler Orijin Yeri Meyve Ozellikleri Hasat Zamani Kaynak
Bitki habitiisti dik
Alimolla Bursa-Cumalikizik | Meyveleri orta irilikte

Eyliiliin Giglincii haftasi- | Eser 2019,

Ekim bagt Kumru 2019
(66 adet kg™') $
Bitki habitiisii dik
Sarikestane | Yalova-$enkoy Meyveleri orta-iri Eyliil sonu-Ekim bag1 Soylu 2004

(56-77 adet kg™)

Bitki habitiisii yayvan o Ertan ve Kiling
Ekimin ortast

N-23-1 Aydin-Nazilli .
Meyveleri iri (55 adet kg') 2005

Bitki habitiisii orta-dik
Erfelek Sinop Meyveleri orta-kiigiik irilikte | Ekim bag1
(81-100 adet kg™)

Serdar ve Bilginer
1995

2.1. Fenolojik G6zlem

Kestane koleksiyon bahgesinde Mayis-Kasim aylar1 arasinda gozlem ve inceleme-
ler yapilarak gesitlerden yaprak drneklerinin alindig1 zaman agaglarin fenolojik geli-
sim donemleri kayit edilmistir. Siirgiin, erkek ve disi ¢igek gelisimi, meyve tutumu,
dikenli yumak gelisimi, hasat olgunlugu ve yaprak sararma durumlar1 gozlenmistir.
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2.2. Yaprak Orneklerinin Aumi

Yaprak 6rnek alimlar: yeni gelisen siirgiinlerde Mayis sonu baglamuis, yaprak-
larda sararma ve dokiim donemine kadar aylik yaprak 6rnek alimlari gergekles-
tirilmistir. Yaprak ornekleri agaci temsil edecek sekilde 4 farkli yoneyden (Kuzey,
Giiney, Dogu, Bat1) esit olarak, o yil gelisen siirgiiniin alt kismindaki 4., 5. ve 6. yap-
raklar1 saat 8:00-10:00da alinmustir. Her bir ¢esitte ti¢ agagta drnekleme yapilmigtir.

2.3. Yaprak Kuru Agirligi

Yaprak 6rnekleri alindiktan sonra taze agirlik 6lgtimleri yapilmis ve ardindan
kuru agirliklar: belirlenmek tizere 80°Cde agirlik sabit olana kadar ettivde kurutul-
mugtur. Oranlama yapilarak kuru agirlik degerleri hesaplanmustir.

2.4. Klorofil icerigi (SPAD Degeri)

Kestane yapraklarinda klorofil degerleri portatif bir klorofil 6lger (SPAD-502;
Konica Minolta Sensing, Inc., Japonya) ile belirlenmis ve SPAD degeri olarak veril-
mistir. May1s-Kasim aylar1 arasinda sabahin erken saatlerinde gerceklestirilen goz-
lem ve incelemeler sirasinda kestane gesitlerinden yaprak drnekleri alinmadan 6nce
klorofil degerleri dl¢tilmiistiir. SPAD 6lgtimleri, tamamen genisleyen yapraklar tize-
rinden, yaprak damarlarina denk gelmeyecek sekilde ve her bir agactan 15 yaprakta,
her bir yapraktan 5 tekrarli olarak yapilmistir ve ardindan ortalamalar1 alinmigtir.

2.5. Nitrat Rediiktaz Aktivitesinin (NRA) Tayini

Nitrat rediiktaz aktivitesinin tayini i¢in kullanilan yontem Hageman ve Huck-
lesby (1971) ve Jaworski (1971) tarafindan tanimlanan ve Gebauer ve ark. (1984)
tarafindan modifiye edilmis in-vivo bir yontemdir. Yontemin esasi inkiibasyon or-
taminda nitratin indirgenmesiyle olusan nitritin spektrofotometre ile 6l¢iimiine
dayanmaktadir. NR aktivite degeri pmol NO,"g KA saat" olarak hesaplanmigtir
(Gebauer ve ark., 1984).

2.6. Toplam Azot iceriginin Belirlenmesi

Yapraklardaki toplam azot igeriginin belirlenmesinde Kjeldahl Metodu kulla-
nilmistir. Yaprak érnekleri siilfirik asit ve katalizor (K,SO,+CuSO,+Se) ile yakma
setinde (K-437, Buchi, Isvicre) yakilmigtir. Ardindan alkali ortamda damitilarak
(K-350, Buchi, Isvigre) ortaya ¢ikan amonyak (NH4) miktar: siilfirik asitle titre
edilerek azot miktar1 dl¢tilmiistiir. Elde edilen sonuglar katsay: degeri ile (6.25)
carpilarak 6rneklerin protein miktar: hesaplanmistir (Bremner, 1965).
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2.7. Agac Gévde Capi, Aga¢ Hacmi Ve Ta¢ Hacminin Belirlenmesi

2021 yili kig dinlenme déneminde ¢alismada yer alan cesitlerde agag boyu (H) (m),
kuzey-giiney (A) ve dogu-bati (B) yonlerinde genisligi (m), tag uzunlugu (L) (m), gov-
de ¢ap1 (mm) Ol¢ilmistir. Tag genisligi (G), agag ve ta¢ hacmi (m?) hesaplanmigtir
(Argag 2021, Zhu ve ark. 2021). Olgiimler herbir cesitte ii¢ agacta yapilmistir.

Tag genisligi (m) agacin kuzey-giiney (A) ve dogu-bati (B) yonlerinden tacin
genislikleri dl¢tilerek bu iki degerin ortalamasi alinarak hesaplanmaistir.

Tag hacmi (m?) aga¢ tacinin yarigapi (r), agag tacinin uzunlugu (L) belirlenmis
ve m.r’.L/3 formiilii ile hesaplanmustir.

Agac hacmi (m®) agac tag genisligi (G), agag boyu (H), agac tacinin uzunlugu
(L) olarak belirlendiginde [(L+G)/4]2.7.H/2 formiili ile hesaplanmustir.

2.8. istatistik Analizler

Her bir ¢esitte ti¢ agacta 6rnekleme yapilmustir. Klorofil 6l¢timleri, her bir aga¢-
tan 15 yaprakta, her bir yapraktan 5 tekrarli olacak sekilde yapilmistir. Toplam azot
icerigi, yaprak kuru agirligi ve NRA analizleri her bir aga¢ icin 3 tekerriirlii ve her
tekerriirde 15 yaprak olacak sekilde gerceklestirilmistir. Metin, sekil ve ¢izelgelerde
sunulan veriler, ortalama + ortalamanin standart sapmasi olarak ifade edilmistir.
Tlim istatistiksel testler, faktoriyel varyans analizi (tek yonlit ANOVA) kullanilarak
SPSS Statistics'te (stiriim 22.0, IBM Corp., Chicago, IL) 0.05 anlamlilik diizeyinde
Duncan testi ile gerceklestirilmistir.

3. BULGULAR VE TARTISMA

Ayni ekolojik kosullar altinda yetistiriciligi yapilan farkli bolgelerde seleksiyon
caligmalari ile 6ne ¢ikan dort kestane gesitinin (‘Alimolla; ‘Sarikestane, ‘N-23-1" ve
‘Erfelek’), 2021 yili Mayis-Kasim aylar1 arasinda kayit edilen fenolojik gelisimleri
Cizelge 2 de verilmistir. Mayis ay1 sonunda siirgiin gelisimi ile birlikte erkek ¢igek
piskiil gelisimleri ve siirgiiniin ucunda karisik eseyli piiskiil olusumu gozlenmistir.
Haziran ay1 sonunda tiim gesitlerde disi ¢iceklerin reseptif oldugu gortilmiistiir.
Temmuz ay1 sonu meyve tutumu ile birlikte kapsiil biiyiiyerek dikenli yumak ge-
lisimi baglamuis, Eyliil ay1 sonuna kadar meyve gelisimi devam etmistir. ‘Alimolla,
‘Sarikestane, ‘Erfelek’ cesitlerinin meyveleri Eyliil ay1 sonunda, ‘N-23-1" ¢esidi ise
15 Ekim de hasat olgunluguna geldigi belirlenmistir. Ekim sonu ‘Alimolla; ‘Erfelek’
cesitlerinde yapraklarda sararma baglangici, ‘Sarikestane, ‘N-23-1" de ise yaprak-
larda %50 sararma oldugu kayit edilmistir.
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Cizelge 2. Kestane ¢esitlerinin yaprak 6rnek alim zamanindaki fenolojik dénemleri

Table 2. 'The phenological stages of chestnut cultivars at the time of leaf sampling

Ornek Alim Cesitlerin Fenolojisi
Tarihi (2021)  Alimolla Sarikestane N-23-1 Erfelek
Siirgtin (10-25 L o Siirgiin (10-30
. Siirgiin (20-40 cm) ve Siirgtin (10 cm) ve .
cm) ve erkek ¢igek . o . T cm) ve erkek ¢igek
T erkek icek geligimi- erkek cicek gelisimi, D
28 Mayis gelisimi, o S gelisimi,
... kangik eseyli puskil karigik eseyli paskiil o
karigik eseyli paiskiil karigik eseyli piskiil
olusumu olusumu
olusumu olusumu
Disi gigekler reseptif,
28 Haziran Disi gigekler reseptif — Disi gigekler reseptif Disi gigekler reseptif Karigik eseyli puskiil
tam ¢igeklenme
Meyve tutumu Meyve tutumu Meyve tutumu
K . K . Meyve tutumu K .
31 Temmuz Dikenli yumak Dikenli yumak . . . . Dikenli yumak
L L Dikenli yumak gelisimi L
gelisimi gelisimi gelisimi
Dikenli yumak Dikenli yumak . . .. . Dikenli yumak
27 Agustos L L Dikenli yumak gelisimi L
gelisimi gelisimi gelisimi
Dikenli yumaklarin
28 Eyliil Hasat zaman1 Hasat zamani sararmasi (15 giin Hasat zamani
sonra hasat)
Yaprak sararma
Yaprak sararma baslangici
28 Ekim Yaprak sararmasi (%50)  Yaprak sararmasi (%50)

baslangici

‘Alimolla, ‘Sarikestane, ‘N-23-1" ve ‘Erfelek’ kestane ¢esitlerinin 2021 yili veje-
tasyon doneminde yaprak kuru agirlik degisimleri Sekil 1 de verilmistir. Cesitlerin
aylar bazinda kuru agirlig istatistiksel olarak anlamli bulunmugtur (p<0.05). Buna
gore tim kestane ¢esitlerinde yaprak kuru agirliginin vejetasyon dénemi baglan-
gicinda (Mayis ay1) en diisiik degere sahip oldugu belirlenmistir. Sonraki aylarda
elde edilen yaprak kuru agirligin Mayis ayina gore daha yiiksek oldugu tespit edil-
mistir. Kestane ¢esitlerinin yaprak kuru agirhigindaki en yiiksek degerler, ‘Alimolla’
ve ‘N-23-1" gesitlerinde Haziran ayinda, ‘Sarikestane’ ¢esidinde ise Eyliil ayinda
oldugu belirlenmistir. ‘Erfelek’ ¢cesidinde ise Mayzs ay1 disinda diger tiim dénemlerde
yaprak kuru agirhiginin benzer diizeyde oldugu saptanmistir. Buna gore, ¢alisilan kes-
tane gesitlerinde tiim gelisim donemleri dikkate alindiginda cigeklenme doneminde
yaprak kuru agirhginda artis meydana geldigi goriilmiistiir. Cicek gelisim déneminde
yaprak kuru agirhiginin arttigi El-Darier ve ark. (2002) tarafindan da belirtilmektedir.
Daha sonraki donemlerde yaprak kuru agiriginda kismi azalss ile birlikte ‘Alimolla;
‘Sarikestane’ gesitlerinde dalgali degisim meydana gelirken, ‘N-23-1" ve ozellikle ‘Er-
felek’ cesidinde ise daha stabil bir yaprak kuru agirlik degisimi gozlenmistir.

https://doi.org/10.7161/omuanajas.1241777 d



Kestane Cesitlerinin Azot Oziimleme Kapasitesinin Degerlendirilmesi

3

w
(=]
HHow
o
Yo
o
Yo

-
R=3
L )
o
]
o

P
(=]

-
(=]

-]

Yaprak kuru agwhg (mg kuru agurlik)
-
o

Alimalla Sarkestane N-23-1 Erfelek

O28Mayis D28Haziran DO31Temmuz DO27Agustos BE2EEylGl W28 Ekim

Sekil 1. 2021 yil1 vejetasyon doneminde dort kestane gesitinde (‘Alimolla, ‘Sarikes-
tane, ‘N-23-1’ ve ‘Erfelek’) belirlenen yaprak kuru agirlik degerleri (mg kuru agirlik)

Figure 1. Dry weight in leaves of chestnut cultivars (Alimolla’, Sarikestane’, ‘N-
23-1’, and ‘Erfelek’) in 2021 (mg dry weight)

2021 yil1 vejetasyon doneminde kestane gesitlerinin klorofil icerigi (SPAD de-
geri) nde Sekil 2 de verilmistir. Kestane cesitlerinde klorofil iceriginin dénemsel
degisimlerinde farkliliklar gozlenmis, istatistiksel acidan 6nemli bulunmustur.
Tiim kestane ¢gesitlerinde klorofil igeriginin, baglangi¢c donemine gore arttig1, ancak
fenolojik donemlere gore dalgalanmalar gosterdigi belirlenmistir. ‘Alimolla” gesi-
dinde klorofil iceriginin, Temmuz ay1 sonuna kadar arttig1, sonraki dénemlerde
sabit kaldig1 saptanmigtir. ‘Sarikestane’ ¢esidinde Agustos sonuna kadar klorofil
iceriginde artis gozlenirken, sonraki donemlerde kademeli bir azalis tespit edil-
mistir. ‘N-23-1" cesidinde klorofil iceriginde dalgali bir degisim goriilmekle birlikte
diger gesitlerden farkli olarak Eylill sonunda en yiiksek degerler elde edilmistir.
Cizelge 2de ¢esitlerin fenolojisine bakildiginda ‘N-23-1" in ge¢ hasada geldigi ve
Eylill doneminde meyve gelisiminin devam ettigi kayit edilmistir. Eylill donemin-
de klorofil igerigindeki artisin, ¢esidin fenolojik gelisim asamasiyla iliskili oldugu
distintilmiistiir. Erfelek ¢esidinde, Haziran ayinda belirlenen klorofil igerigindeki
artis Agustos ayina kadar siirmiistiir. Sonug olarak, ¢esitler bazinda klorofil ice-
riginde gorillen donemsel degisim, siirgiin, yaprak ve meyve gelisiminin devam
etmesiyle iliskilidir. Nitekim, klorofil i¢erigini bitki tiirii, bitkinin gelisim donemi,
bitki yasi, ekolojik kosullar1 vb. faktorlere gore degisiklik gosterdigi diger arastir-
macilar tarafindan da bildirilmistir (Bielczynski ve ark., 2017; Croft ve ark., 2017;
Yang ve Lee, 2001).
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Sekil 2. 2021 y1li vejetasyon doneminde dort kestane ¢esidinin (‘Alimolla; ‘Sar1-
kestane, ‘N-23-1’ ve ‘Erfelek’) belirlenen klorofil icerigi (SPAD degeri)

Figure 2. Chlorophyll content (SPAD value) of four chestnut cultivars (Alimolla,
Sarikestane’, ‘N-23-1°, and ‘Erfelek’) determined during the vegetation period of 2021.

Bir bitkinin biiyiime ve gelisimde fizyolojik olarak fotosentez siireciyle besin
elde edildigi gibi, ayn1 zamanda azot 6ziimlemesi yoluyla da biiyiime ve gelisme
saglanmaktadir. Bu nedenle ¢aligmamizda hem klorofil icerigi, hem de azot 6ztim-
lemesi aylara bagl olarak ayrintili takip edilmistir. 2021 yili vejetasyon donemin-
de kestane ¢esitlerinin yaprak kisimlarinda belirlenen toplam azot icerigi yiizdesi
Sekil 3de verilmistir. Cesitler bazinda azot 6ztimleme degerleri donemsel olarak
istatistiki agidan 6nemli bulunmugstur (p<0.05). ‘Alimolla’ kestane ¢esidinde Mayis
ve Haziran aylarinda benzer bir azot icerigi belirlenmis olup, Temmuz ve Agustos
aylarinda en yiiksek toplam azot igerigine sahip oldugu tespit edilmistir. Eylil ve
Ekim aylarinda ise toplam azot igeriginde azalig gozlenmistir. ‘Sarikestane’ cesidin-
de Mayis, Haziran ve Temmuz aylarinda benzer bir toplam azot icerigi gozlenir-
ken, Agustos sonu itibariyle azaliy meydana gelmistir. ‘N-23-1 ¢esidinin toplam
azot icerigi, Haziran ve Temmuz aylarinda en yiiksek degere sahip oldugu belirlen-
mistir. Agustos, Eylill ve Ekim aylarinda ise azalis gosterdigi tespit edilmistir. ‘Er-
felek’ cesidinde ise, diger cesitlerden farkli olarak Mayis ayinda belirlenen toplam
azot iceriginin en yiiksek degerde oldugu, sonraki donemlerde ise kademeli olarak
azaldig1 saptanmustir. Sonug olarak, cesitlerin azot 6ztimleme kapasitesi gelisim
donemleri arasinda farklilik gostermistir. ‘Alimolla’ ¢esidinin toplam azot igerigi-
nin diger cesitlere gore yiiksek oldugu, ‘Sarikestane, ‘N-23-1" ve ‘Erfelek’ ¢esitle-
rinin ise birbirine gore benzer diizeylerde oldugu belirlenmistir. Tim cesitlerde
stirglin gelisimi, ¢iceklenme ve meyve tutumu déneminde daha yiiksek bir azot
oztimlemesi meydana gelirken, meyve gelisimi doneminde diger donemlere oranla
azot 6ztimlemesinin daha diisiik oldugu gortlmiistiir. Kestane gesitlerinde en dii-
stik toplam azot igerigi yaprak sararma baslangici1 doneminde saptanmustir.
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Sekil 3. 2021 yili vejetasyon doneminde dort kestane cesidinin (‘Alimolla,
‘Sarikestane], ‘N-23-1" ve ‘Erfelek’) yapraklarinda belirlenen toplam azot igerigi
degerleri (%).

Figure 3. Total nitrogen content values (%) determined in leaves of four chestnut cul-
tivars (Alimolla’, ‘Sarikestane’, ‘N-23-1’, and ‘Erfelek’) in the vegetation period of 2021.
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Sekil 4. 2021 yil1 vejetasyon doneminde dort kestane ¢esidinin (‘Alimolla;, ‘Sa-
rikestane) ‘N-23-1’ ve ‘Erfelek’) yapraklarinda belirlenen nitrat reditktaz (NR) akti-
vite degerleri (umol NO, g kuru agirhik™ saat™)

Figure 4. Nitrate reductase (NR) activity values (umol NO2- g dry weight’
hour') determined in the leaves of four chestnut cultivars (Alimolla’, Sarikestane’,
‘N-23-1’, and ‘Erfelek’) in the vegetation period of 2021.
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2021 yil1 vejetasyon doneminde dort kestane ¢esidinin (‘Alimolla, ‘Sarikestane)
‘N-23-1’ ve ‘Erfelek’) yaprak kisimlarinda belirlenen nitrat rediiktaz (NR) aktivi-
te degerleri Sekil 4de verilmistir. Cesitlerin, NR aktivitesi 6rnekleme dénemleri
bazinda istatistiksel olarak 6nemli bulunmustur (p<0.05). NR aktivite degerleri,
‘Alimolla’ gesidinde 0.029-0.505 umol NO, g kuru agirlik ' saat™', ‘Sarikestane’ gesi-
dinde 0.061-0.717 umol NO, g kuru agirlik ' saat !, ‘N-23-1" gesidinde 0.054-0.559
umol NO, g kuru agirlik saat”, ‘Erfelek’ ¢esidinde ise 0.126-0.821 pmol NO, g
kuru agirlik! saat” arasinda degismektedir. Tiim ¢esitlerde en yiiksek NR aktivite-
sinin Agustos ayinda oldugu saptanmigtir. Cigeklenme déneminde azot giibreleme
negatif etkiye neden olacagindan (Khaosumain ve ark., 2013) kestane ¢esitlerinin
meyve tutum doneminde (Temmuz-Agustos) giibreleme yapilmistir. Bu nedenle
tiim kestane cesitlerinde yaprak kisimlarinda belirlenen en yiiksek NR aktivite de-
gerleri Agustos aymnda elde edilmistir. Buna bagli olarak kestane ¢esitlerinde NR
aktivitesi artmus, bitkinin azot 6ziimlemesi gergeklestirdigi belirlenmistir. Elde edi-
len sonuglar, kestane bitkisinde nitrat kaynakli azot 6ztimlemesinin gergeklestigini
gostermektedir. Cesitler bazinda NR aktivitesinde farkliliklar saptanmisg ve Erfelek’
¢esidinin tiim gelisim donemlerinde NR aktivite degerlerinin, diger gesitlere gore
daha yiiksek oldugu tespit edilmistir.

Nitrat, bir¢ok bitki i¢in ana azot (N) kaynagidir ve ayrica karbon (C) ve N
metabolizmasindaki degisiklikleri koordine etmek igin bir sinyal gérevi gormek-
tedir (Wang ve ark., 2012). C metabolizmasinin N metabolizmas! tizerinde 6nemli
etkileri oldugundan (Kumar ve ark., 2009), C iskeletinin olusmasinda, bitkilerde N
asimilasyonunun etkisi bityiiktiir (Foyer ve ark., 1994). Bu durum kestane bitkisi
i¢in, meyve gelisim doneminde nitrath giibreleme yapilmasi gerektigini diisiindiir-
mektedir. Meyvelerin hasat olgunluguna eristigi (Eyliil sonu) donem NR aktivite
degerlerinde azalis saptanmustir. Ekim sonu yaprak sararmasi ile NR degerlerinde
azalig devam etmistir.

Cesitlerin 2021 yili giiz déneminde aga¢ gelisim parametreleri Cizelge 3 de
verilmistir. Aga¢ gelisim parametlerinden ta¢ hacmi 6nemsiz diger incelenen
parametreler ise oOrnekleme donemleri bazinda istatistiksel olarak Onemli
bulunmustur (p<0.05). Cesitlerin gévde ¢ap1 140.12 ile 197.45 mm, aga¢ boyu 5.10
ile 7.05 m, ta¢ genisligi 1.78 ile 2.58 m, tag uzunlugu 4.51 ile 6.15 m arasinda de-
gismistir. ‘Alimolla, ‘Erfelek] ‘Sarikestane’ cesitlerinin aga¢ gévde ¢api ve boyu, tag
uzunlugu degerleri ayn1 harf grubunda yer almig ve en yiiksek degerler kayit edil-
migtir. ‘Sarikestane’ (31.80 m?), ‘N-23-1" (31.42 m®) ve ‘Alimolla’ (27.05 m®) gesit-
lerinin biiyiik, ‘Erfelek’ (29.34 m?) gesidinin ise kiigiik tag hacmine sahip oldugu
goriilmis fakat bu durum istatistiki acidan 6nemsiz bulunmustur. ‘Alimolla’ (45.38
m?), ‘Sarikestane’ (39.51 m’) c¢esitlerinin en biiyiik aga¢ hacmine sahip oldugu ve
bunu sirastyla, ‘Erfelek’ (37.34 m®), ‘N-23-1" (28.38 m’) gesitlerinin takip ettigi belir-
lenmistir. Toplam azot icerigi aga¢ biyokiitlesi ile iliskilendirildiginde, toplam azot
igeriginin aga¢ govde ¢ap1 ve aga¢ hacmi ile iligkili oldugu sonucuna varilmistir.
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Toplam azot igerigi degerleri, aga¢ hacmi ve aga¢ govde cap1 biiylik olan ‘Alimolla
¢esidinde daha yiiksek, kiigiik olan ‘N-23-1" ¢cesidinde ise daha diisiik bulunmustur.

Cizelge 3. Kestane ¢esitlerinin agac govde ¢api, boyu ve ta¢ genisligi, uzunlugu
ve ta¢ hacmi ile aga¢ hacmi

Table 3. Tree trunk diameter, height and crown width, length and crown volume
and tree volume of chestnut cultivars

Cesitl Agag Govde Cap1 Agag Tag Genigligi  Tag Uzunlugu Ta¢ Hacmi Aga¢ Hacmi
esitler

(mm) Boyu (m) (m) (m) (m’) (m’)
Alimolla 197.45+1.55° 7.05£0.20°  2.05+0.25% 6.15+0.21°  27.05+0.15°¢  45.38+0.53°
Erfelek 170.91+21.02*  6.41+0.68  1.78+0.34° 557+0.48'  29.34x1.14  37.34%0.24°
N-23-1 140.12+0.47° 5.10£0.20°  2.58+0.18* 451+0.05° 31424022  28.38+7.12¢

Sarikestane 171.974£22.29* 6.35+0.45° 2.28+0.33® 5.59+0.48° 31.80+11.47 39.51+0.48%

Her stitunda ortalamalar arasindaki farkliliklar Duncan testiyle p<0.05% gore belirlenmistir. 6.d:6nemli degil

SONUC

Caligmamuz, kestane yetistiriciliginde ilkemizde mevcut olan ¢esitlerin azot
oziimleme kapasitesi ile ilgili temel verileri olusturmaktadir. Bitkinin ihtiyaci olan
dogru azot kaynaginin tespit edilerek, kestane yetistiriciliginde uygun azot yone-
tim programlarinin gelistirilmesi, {iriin verimi ve kalitesi bakimindan 6nemlidir.
Nitekim kestane cesitlerinin klorofil iceriklerindeki degisim, gesitlerin kuru agirlik
degerleri, azot 6ztimlemesi ve fenolojik verilerle de uyumlu olarak degisiklik gos-
termistir. Bu nedenle ¢esitler bazinda klorofil igeriginin donemsel degisimi, stirgiin
gelisimi ile de iligkili oldugu soylenebilir. Ayrica ¢aliymamizda, kestane gesitlerinin
timiinde NR aktivitesinin varlig1 ortaya konmustur. NR aktivitesi, nitrat varligina
duyarlt bir enzim oldugu i¢in, kestane gesitlerinde nitrat kaynakli giibrelemenin
etkili olacagini gostermektedir. Kestane cesitlerindeki azot ihtiyaci, meyve olgun-
luk sathasina gelinceye kadar devam etmektedir ve meyve hasadu ile birlikte azot
oziimlemesinde kismi bir azalis oldugu ve hatta yaprak sararma baglangicinda da
azot 6ziimlemesinin ¢esitler bazinda devam ettigi saptanmistir. Bu durum dogru
glibreleme modelinin olusturulmas: gerektigini gostermektedir. Bu ¢aligma so-
nucunda elde edilen veriler kestane yetistiriciliginde dogru giibreleme modelinin
olusturulmas i¢in yapilacak ¢aligmalara katki saglayacaktir.
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Cikar Catismasi

Yazarlar herhangi bir ¢ikar catigmasi olmadigini beyan eder.
Etik

Bu ¢aligma etik kurul onayi gerektirmez.

Yazar Katki Oranlari

Calismanin Tasarlanmasi: BM (%%30), AA (%40), CM (%30)
Veri Toplanmasi: BM (%40), AA (%40), CM (%20)

Veri Analizi: BM (%40), AA (%50), CM (%10)

Makalenin Yazimi: BM (%30), AA (%30), CM (%40)

Makalenin Gonderimi ve Revizyonu: BM (%40), AA (%40), CM (%20)
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KAHVERENGI KOKARCA [HALYOMORPHA HALYS (STAL, 1855)
(HEMIPTERA: PENTATOMIDAE)]'YA KARSI MUCADELEDE
KULLANILAN FEROMON VE TUZAK TIPLERININ
ETKINLIGININ BELIRLENMESI

0z

Kahverengi kokarca (Halyomorpha halys), egzotik kokenli polifag istilaci bir
bocek tirtdiir. Tirkiyedeki varlig ilk kez 2017 de tespit edilmistir. Feromon tu-
zaklar1 zararlinin hem popiilasyon izlenmesinde hem de Kkitlesel yakalamada
yaygin bir bicimde kullanilmaktadir. Bu aragtirma 2021 yilinda (Temmuz-Eyliil)
Artvin ilinde, zararliya kargi feromon kaynaginin saha etkinligini, 3 farkli tuzak
tipinin 3 farkl bitki ekositemindeki yakalama etkinligini ve zararlinin bu alanlar-
daki mevsimsel dagiligini tespit etmek amaciyla yapilmistir. Findik, kivi ve musir
alanlarinda yiritilen ¢aligmada funnel, bidon ve yapigkan tuzak olmak tizere 3
farkls tuzak tipi denenmis, feromon kaynagi olarak Pherocon® trece kullanilmuistir.
Feromon kaynaginin saha etkinligi kontrol tuzaklarla karsilastirildiginda, yapis-
kan ve bidon tip tuzaklarda % 100, funnel tip tuzakta ise % 99,9 olarak belirlen-
mistir. Mevsim boyunca en fazla H. halys funnel tip tuzakta yakalanmis, yakalanan
bocek sayis1 funnel, yapigkan ve bidon tip tuzakta 145,65+17,52 a, 99,1+10,82 b
ve 96,95+8,18 b bocek/tuzak olarak saptanmistir. Toplam yakalanan bocek sayist
funnel tuzakta 2912, yapiskan tuzakta 1982 ve bidon tuzakta 1939 adet olmustur.
Kivi, findik, misir alanlarinda mevsim boyunca yakalanan bocek sayisi sirasiyla
yaklasik 47,82+4,92 a , 34,80+3,89 ab , 31,28+4,05 b bocek/tuzak olarak belirlen-
mistir. Mevsim boyunca kivide 2869 findik’ta 2080, ve misirda 1884 adet bocek
yakalanmisgtir. En yiiksek bocek yakalama Eylil ayinda gergeklesmistir.Calisma
sonug¢unda kullanilan feromon kaynaginin son derece etkin oldugu ve en ¢ok ya-
kalanmanin funnel tip tuzaka gerceklestigi tespit edilmistir.

Anahtar Kelimeler: Findik, Kivi, Misir, Tuzak Etkinligi, Funnel Tip Tuzak,
Yapiskan Tip Tuzak, Bidon Tip Tuzak.
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DETERMINATION OF THE EFFECTIVENESS OF PHEROMONE
AND TRAP TYPES USED IN THE FIGHT AGAINST BROWN
MARMORATED STINK BUG [HALYOMORPHA HALYS
(STAL, 1855) (HEMIPTERA: PENTATOMIDAE)]

ABSTRACT

Brown marmorated stink bug (BMSB) (Halyomorpha halys) that can feed on
many host plants is a very important invasive insect species. Pheromone traps are
widely used for mass trapping within the scope of biotechnical control and mo-
nitoring of H. halys populations. This study was conducted in Artvin province in
2021 (July-September) to determine the field effectiveness of the pheromone sour-
ce against the pest, the trapping efficiency of 3 different trap types in 3 different
plant ecosystems, and the seasonal fluctuation of the pest in these areas. Funnel,
plastic bottle and sticky traps were experimented in hazelnut, kiwi and corn fields.
Pherocon® trece was used in experiments as pheromone source. The field effective-
ness of pheromone source was found 100% for plastic bottle and sticky traps, and
99.9% for funnel trap, compared to traps without pheromone. The highest insect
detecting was found in Funnel trap, the mean number of captured insects were
145,65+17,52 a, 99,1+£10,82 b ve 96,95+8,18 b insect/trap for funnel, sticky traps
and plastic bottle , respectively, during the sampling period. Total number of cap-
tured insects were 2912, 1982 and 1939 for the trap types respectively. The mean
number of captured insects in hazelnut, kiwi and corn fields were 47,82+4,92 a ,
34,80+3,89 ab , 31,28+4,05 b insect/trap respectively. The total number of captured
insects in hazelnut, kiwi and corn fields was 2869,2080 and 1884, respectively, during
the sampling period. The highest insect catching was observed in September. As a
result of the study, it was determined that the pheromone used was highly effective
and the funnel type trap caught the most number of pest compare to other traps.

Keywords: Kiwi, Corn, Hazelnut, Trap Efficiency Funnel Trap, Trap, Sticky
Traps, Plastic Bottle Trap.

e o %
1. GIRIS

Yaklagik 8 milyar olan diinya niifusu FAO’nun tahminlerine gore, 30 yil iginde
yaklasik 10 milyara ulagacaktir. Diinya niifusundaki bu % 33 litk artisin gida talebi-
ni neredeyse iki kat artiracagi tahmin edilmektedir (FAO, 2019). Bu duruma bagh
olarak bitkisel {iretim alanlarinda ortaya ¢ikan kaybin énlenmesi daha énemli bir
hale gelecektir. Bitki zararlis: tiirler tarimsal tiretimi tehdit eden 6nemli etmenler
arasinda yer almaktadur. Bitkisel tiretimi tehdit eden zararlilar yerli tiirler olabildigi
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gibi zaman i¢inde diger iilkelerden yayilarak gelmis egzotik tiirler de olabilmekte-
dir. Dlinya tizerinde her y1l ¢ok sayida zararli bocek tiirtintin bulunduklari alanlar-
dan yayilarak yeni bolge ve iilkeleri istila ettikleri goriilmektedir.

Istilac egzotik tiirler, giiniimiizde tarimsal iiretimin éniindeki en biyiik tehdit
olarak dikkat gekmekte ve s6z konusu bu tiirlerden kaynakli kayiplarin son 10
yildir artis trendi i¢inde oldugu goriilmektedir (Panizzi ve Grazia, 2015). Tiirkge
‘de Kahverengi Kokarca olarak isimlendirilen Halyomorpha halys istilaci tiirler ara-
sinda en bilinen ve en zararl olan tiirler arasinda yer almaktadir. Her y1l onlarca
yeni zararlnin bulastiZi ABDde bu tiir ekonomik zarar ve 6nem bakimindan en
onde gelen tiirlerin baginda kabul edilmektedir (Hoebeke, 2003). Kahverengi Ko-
karca, Uzak Dogu (Cin, Japonya, Kore ve Tayvan) orijinli polifag bir zararli olup
kisa sayilabilecek bir zaman diliminde onlarca tilkeye yayilim gostermistir (Hoe-
beke, 2003). Diger pek cok istilaci tiirde oldugu gibi bu zararli da bulastig1 bolgede
dogal diisman baskisindan kurtuldugu igin ¢ok yogun popiilasyonlar olusturarak
gerek tarimsal tiriinlerde gerekse de insan barinma alanlarinda sorun olusturmaya
baslamistir. Kahverengi kokarcanin 300den fazla bitki tiiriinde beslenebilen po-
lifag bir zararli olmasi yaninda erginlerin uzun mesafelere ugabilme yeteneginde
olmast yayilisini kolaylastirmaktadir. Diinyada Halyomorpha halys tarimsal tiretim
yapilan tarla, meyve agaclarinda, sebzelerde, bakliyatlar ve baklagillerde ciddi se-
kilde zararlar olusturmaktadir (Kobayashi, 1967). Giiney Cinde erginler ve nimfler
farkl fasulye tiirlerinin ¢iceklerine, gévdelerine ve baklalarina 6nemli 6lgiide za-
rar vermektedir ve ayrica Hibiscus rosasinensis (japon giilit) L’nin ¢igekleri, Celo-
sia argentea L'nin (horoz Ibigi) govdeleri ve Solanum nigrum L. ‘un meyveleri ile
de beslenmektedir (Hoffman, 1931). Zararlinin ekonomik 6neme sahip konuk¢u
bitkileri arasinda findik, kivi, misir, narenciye, hurma, incir, soya fasulyesi, elma,
morus (mulberry), kiraz, Japon kaysis, seftali, armut ve bazi yabani otlarda (Arcti-
um spp.) ciddi zararlar olustur. Erginler genellikle meyvelerle beslenirken, nimfler
yapraklar, saplar ve meyvelerle beslenmektedir (Chung ve Kang, 1995; Funayama,
1996; Hoebeke ve Carter, 2003; Shiraki, 1952; Siezo, 1968; Tomokuni, 1993; Yos-
hii ve Yokai, 1984; Yuan, 1984). Karadeniz bolgesinde yetistirilen ana tiriinlerden
olan findigin bu zararlinin énemli bir konukgusu oldugu bilinmektedir (Tuncer,
2019). Zararlinin findikta olusturacagi ekonomik zarar riskinin Giircistan ve Ital-
yada yapilan caligmalardan hareketle yiiksek olacagi diisiiniilmektedir (Tuncer,
2019). 2016 yilinda Giircistanda, findikta tanelerde en yiiksek i¢ zarar1 olugturan
zararlinin H. halys oldugu gozlemlenmistir (Bosco ve ark., 2018). Kahverengi Ko-
karca [talyada ilk kez gériildiigiinden bu yana birgok iiriiniin ana zararlis, findik
bahgelerinin ise 6nemli bir zararlis1 haline gelmistir (Leskey ve ark., 2014). Karade-
niz bolgesinde ekonomik olarak tiretimi yapilan misir ve kivi de bu bocegin 6nemli
konukgulari arasinda yer almaktadir.

Halyomorpha halys Hemiptera takimi1 Heteroptera alttakiminda yer alan Pen-
tatomidae familyasina bagl bir tirdiir. Pentatoma halys Stil, 1855, Poecilometis
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mistus Uhler, 1860, Dalpada brevis Walker, 1867, Dalpada remota Walker, 1867,
Halyomorpha picus sinonim isimleri ile de bilinmektedir. Halyomorpha halys’in
antenlerindeki bogum noktasinda kargsilikli beyaz bant seritler ve karin kenarla-
rindaki beyaz siyah seritler ile diger pis kokulu boceklerden ayrilir. Boyu 12-17
mm,; humerus agilar1 boyunca genislik yaklasik 10 mmdir. Genel olarak kahveren-
gimsi , ama ayn1 zamanda grimsi koyu sar1, yogun ve koyu noktalidir (Hoebeke,
2003). Onden bakilinca genisge yuvarlak bir bas, yan kenarlar dar refleksli ve hafif
kivrimly, tylus ve juga neredeyse esit uzunlukta (tylus belki biraz daha uzun); goz
biyiiktiir (Hoebeke, 2003). Disiler yumurtalarini yaprak alt ylizeylerine birakur,
ilk birakilan yumurtalar acik yesil renkte 3 giinden sonra yumurta rengi beyaza
donmektedir. Yumurtadan nimf ¢ikislar ortalama 5 + 2 giinde gerceklesir, bu ¢1-
kis suresi sicaklik degerlerine gore arti eksi bir giin fark edebilir (Nielsen ve ark.,
2008). Bir yumurta paketindeki yumurta sayist genellikle 20-30 arasinda degis-
mekte olup, ortalama 28 olarak kabul edilebilir (Hoebeke, 2003). Donemlerin ge-
lisme siireleri; 25 °C, 50-55% nispi nemde yumurta dénemi 4-7 giin (ortalama 5
giin), I. donem 5-7 giin (ortalama 6 giin), II. dénem 7-10 giin (ortalama 9 giin),
III. donem 6-10 giin (ortalama 7 giin), IV. dénem 5-10 giin (ortalama 7 giin) ve
V. donem 10-18 giin (ortalama 14 giin). Yaz aylarinda (3 Agustos'tan sonra) daha
sonra birakilan yumurtalar i¢in, 6zellikle dérdiincii ve besinci nimf dénemleri i¢in
sicaklikla baglantili olarak geligme siireleri orta derecede artmaktadir (Hoebeke,
2003; Medal ve ark., 2013; Rice ve ark., 2014).

Calismada tuzak ve feromon etkinlik denemelerinin kurulacag: findik;
diinyada yaygin olarak yetistirilen sert kabuklu meyvelerin baginda gelmektedir.
Kiiltiire alinmis findik diinyada en ¢ok Tiirkiye basta olmak tizere italya, Cin, [ran,
Fransa Azerbaycan, Ispanya, Rusya ve Giircistanda yetigtirilmektedir. Son bes y1l-
lik ortalama verilere gore diinyada yaklagik 960 bin ha alanda findik tiretimi yapil-
maktadir (TMO, 2020). Halyomorpha halys findik tizerinde beslenmesi sonrasinda
burusuk i, icte kiiflenme, lekeli i¢ ve bos i¢ olusmasi gibi zarar ve simptomlara
neden olmaktadir. Findik i¢lerinde kiif olusumu ve burusukluk hasari, Tiirkiye ve
Italya bélgelerinde Palomena prasina L. (Heteroptera:Pentatomidae) nin neden ol-
dugu hasara benzemektedir (Saruhan ve Tuncer, 2010; Tavella ve ark., 1996). Erken
doénemde beslenme bos i¢ olusumda 6nemli rol oynarken meyve i¢i olusumu son-
rasi beslenmede ise burusuk i¢ olusumuna daha ¢ok rastlanmaktadir (Hedstrom ve
ark., 2014; Thompson, 1979).

Tiirkiyede kivi tiretimi Karadeniz, Marmara, Akdeniz ve Ege bolgelerinde
yapilmaktadir (Anonim, 2022b). Halyomorpha halys’ in Kivi lizerinde beslen-
mesi sonrast disardan bakildig1 zaman belirgin simptomlar gostermese bile renk
degisikligi ve yumusaklik gozlenebilmektedir. Kabuk soyuldugu zaman i¢ kisminda
H. halys’in beslenme yerlerinde beyaza yakin renk degisimi gortilmektedir. Bu za-
rar depolama sartlarinda ise meyvenin erken bozulmas: ve yumusamasina neden
olmaktadir (Bernardinelli ve ark., 2017).
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Misir iiretim alanlarinda, Halyomorpha halys koganlarin erken donemlerinde
tane dolumunu engelleyerek ciddi deformasyonlara sebep olmaktadir. Ayni za-
manda zararli emgisinden dolay1 koganlarda gelisme bozuklugu (boynuz seklinde
kogan olugumu) goriillmekte, tanelerde yara izi, morarma, bliztisme ve eksik tane
olusumuna sebep olmaktadir (Leskey ve ark., 2012). Tatli misirda Leskey ve ark.
(2012) kaybin bazi durumlarda % 100 oldugunu belirtmislerdir. Misir tarlala-
rinda H. halys’in farkli biyolojik dénemlerinin bulunmasi, zararlinin misirin
her gelisim doneminde beslenebilecegini gostermektedir (Ciceoi ve ark., 2017;
Macavei ve ark., 2015).

Halyomorpha halys'in miicadelesinde tiim diinyada oldugu gibi iilkemizde de
oncelik siralamasina gore biyolojik, biyoteknik, mekanik ve kimyasal miicadelenin
bir arada olacag entegre miicadele programi uygulanmasi gerekmektedir. Gerek
biyoteknik miicadele kapsaminda gerekse zararlinin popiilasyonlarinin izlenme-
si ve miicadeleye karar verilmesinde etkili tuzak tasarimlar1 ve uygun kullanim
yontemlerinin gelistirilmesi zorunludur (Morrison ve ark., 2015). Bunlarin ya-
ninda kitlesel tuzaklamada kullanilan tuzak tipi ve feromon kaynaginin ne derece
etkili oldugunun da takip edilmesi gerekmektedir. Diger yandan istilac1 bir tiiriin
yeni bulastig1 bir bolgedeki bitki tiirlerine goére mevsimsel dagilimi ve konuke¢u
bitkilere gore yogunluklarinin belirlenmesi de miicadele programlar: agisindan
onemli bilgilerdir.

Halyomorpha halys ile uzun vadede ve siirdiiriilebilir bir miicadele i¢in En-
tegre miicadelenin uygulanmas: tercih edilmeli ve béylece zararli yogunlugunun
ekonomik zarar esigi altina diigiirtilmesi saglanmalidir. Entegre miicadele yontem-
leri zararlilara kars: miicadelede zararh tizerinde dogal baski unsurlar1 ve mevcut
dogal dengenin gozetilmesi temeline dayanan, ekonomik zarar esigi gibi etkilerin
dikkate alindig1, biyolojik miicadele, kimyasal ve biyoteknik miicadele gibi farkli
miicadele yontemlerinin kontrolli ve birlikte kullanimini hedefleyen siirdiiriilebi-
lir bir miicadele yontemidir (Carson, 1962; Mart, 2005).

Bu caligmada gerek ulagilabilirlik gerekse de maliyet agisindan ciddi ticretler
6denmesi gereken feromon tuzaklar1 ve feromon kaynaklarinin, feromon kaynagi
olarak tek kaynak tuzak tipi olarak da ti¢ farkl tuzak tipi kullanilmistir. Yapilan bu
caligma ile H. halys’e kars1 kullanilan feromon tuzaklardaki feromon kaynaginin
bu zararl tiiriini ¢ekmedeki etkinligi, ti¢ farkli tuzak tipinin kitlesel tuzaklama-
daki basarisi, ti¢ farkli bitki deseninde feromon tuzaklarin etkinlikleri, mevsim
boyunca yapilacak ¢aligmalar ile zararlinin miicadele zamanlamasi ve 3 farkl bitki
desenindeki popiilasyon diizeyi ve mevsimsel dalgalanmasi belirlenmistir.

https://doi.org/10.7161/omuanajas. 1266702 d



Kahverengi Kokarca [Halyomorpha halys (St3, 1855) (Hemiptera...

2. MATERYAL VE YONTEM
2.1. Materyal

2.1.1. Calismada Kullanilan Feromon Kaynadgi

Feromon kaynag olarak Trece Incorporated, Pherocon® Bmsb Dual Lure For
Brown Marmorated Stink Bug toplanma feromonu kullanilmistir. Icerik olarak
yiiksek oranda murgantinol ( PHER ) ve Metil 2,4,6 iceren dekatrienoat (MDT) ile iki
stereoizomerin 3:5 oraninda karisimidir( (3S,6S,7R,10S) -10,11-epoxy-1-bisabole-
ne-3-ol ve (3R,6S,7R,10S) -10,11-epoxy-1-bisabolene-3-ol)(Khrimian ve ark., 2014).

2.1.2. Calismada Kullanilan Tuzak Tipleri

Bidon tip Tuzak; Bu tuzak 30 x 30 x 45 cm boyutlarinda tist kismu kesilip ice
dogru bocek cikisini engelleyecek sekilde ters gevrilip sabitlenmis olup T1 diye
anilacaktir. Bidon 10 litrelik su sisesi tist kismindan kesilip ters ¢evrilip bocek kagi-
sin1 engelleyecek sekilde kapatilmigtir (Goktiirk, 2020).Funnel tip Tuzak; Bu tuzak
20 x 20 x 30 cm alt toplama haznesi 35 x 35 x 40 cm funnel tablas: seklinde olup T2
diye anilacaktir. Yapigkan tip Tuzak; Bu tuzak 20 x 30 cm boyutlarinda seffaf tizeri
yapiskan materyalle kapli olup T3 diye anilacaktir. Uzeri yapigkan seffaf tabladan
olusmaktadir (Tuncer, 2019) (Sekil.2.2.)

Sekil 2.1. Calismada kullanilan farkli tuzak tipleri

Figure 2.1. Different trap types used in the study

2.1.3. Diger Alet ve Ekipmanlar

Ayrica serit metre, metre ¢ubugu, aski aparatlari, GPRS cihazi, ip, termometre
¢aligmanin materyal kismini olusturmaktadir.
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2.2.Yontem

2.2.1. Halyomorpha halys’in Kitlesel Tuzaklanma Yontemi

Feromon (Pherocon®) tuzaklar vasitasiyla gerek tuzak etkinlik gerekse feromon
etkinlik seviyesinin tespiti i¢in Artvin ilinde 60 farkli lokasyonda yiirttilmustiir
(Cizelge 2.1.). Tuzaklar findik, kivi ve musir tarlalarinda dikey olarak 1,5 m yiiksek-
likte olacak sekilde asilmistir. Bu ¢alismalarda tuzaklarin yerlestirildigi bahcelerde
haftada 2 defa olmak iizere gozlem yapilmis tuzak ici ve asili oldugu noktanin r=
1,5 m yarigapli gemberin ¢evresindeki ergin ve nimfler sayllmistir. Calismadaki
ana ama¢ H. halys ‘le miicadelede kullanilan feroman kaynag: ve tuzak tiplerinin
ayr1 etkinliklerini belirlemektir yakalanan H. halys ergin ve nimf olarak sayildiktan
sonra mekanik yolla imha edilmis, haznenin i¢i bosaltilip tekrar ayni yerine asil-
mustir. Bu islem her {i¢ tuzak tipi icinde ayr1 ayr1 tekrarlanmustir.

Cizelge 2.1. Uriin bazinda feromon tuzaklarin asildigi bahgelerin koordinatlari

Table 2.1. Coordinates of the orchard that pheromone traps were hung

Findik Bahgesi Lokasyonlar1 Kivi Bahgesi Lokasyonlar1 Masir Tarlasi Lokasyonlar:

Tuzak No X y X y X y
1 41°20°19” 41°17 36” 41°20° 217 41°17 36” 41°20°227 41°17° 327
2 41°20° 24” 41°17° 29”7 41°20° 227 41°17° 327 41°20’ 477 41°17° 51”7
3 41°20° 147 41°17 247 41°20° 157 41°17° 237 41°21 247 41°18 58”
4 41°21°38” 41°19°31” 41°21°23” 41°18’ 58” 41°21° 20”7 41°18 57”7
5 41°21° 247 41°19°08” 41°20° 427 41°18 397 41°20° 327 41°18 227
6 41°21°20” 41°18 57”7 41°20° 21”7 41°18' 317 41°20° 377 41°1822”
7 41°20° 427 41°18 40” 41°19° 397 41°18 157 41°20°277 41°18 227
8 41°20°32” 41°18°22” 41°19’ 357 41°18 17”7 41°19’ 58”7 41°18°13”
9 41°20°29” 41°18 217 41°19°03” 41°19° 047 41°19’ 467 41°18 137
10 41°20°32” 41°18° 217 41°19 477 41°17 49”7 41°19°02” 41°19°07”
11 41°19° 027 41°19°15” 41°19’ 427 41°17’ 547 41°19° 027 41°19°15”
12 41°20°02” 41°17° 507 41°1850” 41°1828” 41°20°02” 41°17° 507
13 41°19’ 45”7 41°17° 497 41°18 48” 41°18°28” 41°19’48” 41°17° 49”7
14 41°19’ 417 41°17 537 41°18 397 41°19° 147 41°19 417 41°17° 537
15 41°1849” 41°1809” 41°18°26” 41°17° 227 41°18 507 41°1809”
16 41°18 497 41°18 46” 41°19°18” 41°21° 387 41°18 50” 41°18 46”
17 41°20°11” 41°18 317 41°19’18” 41°21° 457 41°20°23” 41°18°16”
18 41°20°017 41°18 187 41°20° 337 41°17° 597 41°19'517 41°17 527
19 41°18 46” 41°22’ 047 41°18 48” 41°22°05” 41°18 58” 41°18°28”
20 41°18 46” 41°22°15” 41°19° 077 41°20° 327 41°18 50” 41°22°06”
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2.2.2. Tuzak Etkinlik Denemelerinde Kullanilan Yontem

Her bir tuzak tipi i¢in ayr1 ayr1 olmak tizere; Tuzaklar Artvin ilinde findik, kivi
ve mistr alanlarinda belirlenen yiikseklik, konum ve yonleri kaydedilen tiriin ba-
zinda ayr1 ayr1 20 farkli bahgede denenmistir. Her bir bahceye toplam 2 adet ge-
lecek sekilde ayni yiikseklikte iki tuzak ayni yonde ve eksende asilmistir. Eslerden
birisi bahge kenari ise digeri de bahge kenarinda ve ayni yonde olacak sekilde 1.5 m
yiikseklige feromonlu ve feromonsuz olarak dik bir sekilde asilmistir. Asilan alanda
bulunan tuzaklarda haftada iki giin olacak sekilde ergin ve nimf sayimi yapilip ayni
zamanda tuzaklarin asildig1 noktada r = 1,5 m yarigapinda ¢ember i¢inde kalan
bitki tizerindeki ergin ve nimfler de sayilmistir. Tuzak ¢evresindeki ergin ve nimf-
lerin sayimi feromon etkinlik belirlemesinde kullanilacaktir.

T1 Feromonsuzh=1.5m T2Feromonsuzh=15m  T3Feromonsuzh=1.5m
Y
O %>25m / x>25m O
x>25m x>25m x>25m
\ O s
T1 Feromonlu b = 1.5m T2 Feromonluh=1.5m T3 Feromonlu h=1.5m

Sekil 2.2. Tuzak asim plan

Figure 2.2. Traps’ locations map

2.2.3. Feromon Kaynadinin Saha Etkinliginin Belirlenmesinde Kullanilan
Yéntem

Kullanilan tuzaklarin ve feromonlarin pahali olmasi ve yetistiriciler i¢in tuzak
kurulumunun zor olmast sebebi ile feromon tuzaginin, yetistirme mevsimi boyun-
ca tarlada bulunan ergin ve nimf H. halys’i yakalamada etkili olmasi beklenmek-
tedir. Ayrica feromonlarin etkinligi tarimsal alanlarda miicadele zamani belirlen-
mesinde ve ekonomik zarar esigi tespitinden son derece 6nemlidir(Morrison IIT ve
ark., 2015). Bu ¢alismada T1, T2 ve T3 tip tuzak ve her {irin igin ayr1 ayr1 sayim
sonrasi veriler kaydedilmis ve sonrasinda her iig tip tuzak tipinden elde edilen ve-
rilerin ayr1 ayr1 kullanilarak feromon kaynaginin etkinligi FRI testi (2.1) kullanila-
rak hesaplanmigstir. Tim saha ¢alismalari Temmuz basi-Ekim ay1 sonu araliginda
yapilmustir (Akotsen ve ark., 2018; JMPpro13, 2013).
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2.1
(Feromon tuzak-Kontrol tuzak+FE Gorsel sayim-K.gorsel sayim)

FRI=
(Ftuzak+K.tuzak+Fgorsel sayim+K.gorsel sayim)

2.2.4. istatiksel Veri Analizi

Tuzak tiplerine ve tiriin gruplarina goére her bir tuzak i¢in ayr1 ayr1 ve her bir
irlin bazinda tiim istatistiksel analizler SPSS programi kullanilarak ANOVA , Tu-
key-HSD testi yapilarak degerlendirilmistir.

3. BULGULAR VE TARTISMA

3.1. Feromon Etkinliginin Belirlemesine Ait Bulgular

Bu c¢alismada H. halys’e kars1 entegre miicadele ¢aligmalarinda etkin olarak
kullanilan Pherocon® Trece Bmsb Dual Lure marka Amerikan menseili toplan-
ma feromon kaynaginin etkinligini belirlemek i¢in feromon etkinlik formiili
olan (formil 2.1) FRI her bir tuzak tipi i¢in ayr1 ayr1 uygulanmistir. FRI formiilii
uygulanmasi sonrasinda yapigkan tip Tuzak (T1) ve bidon tip Tuzak (T3) %100
oraninda etkin ¢ikmigtir (Sekil 3.1). Funnel tip (T2) tuzakta ise 02 Temmuz 2022
tarihinde findik bahgesinde bulunan 2 numarali tuzak ¢evresinde 4 adet nimf goz-
lemlenmistir. Toplam 1382 adet yapilan gozlem igerisinde bu rakam ¢ok kiigiik bir
rakam olup goz ardi edilebilir ki zaten feromon etkinlik formilii uygulandig za-
man da etkinlik oran1 %99.9 olarak ¢ikmis gézlem ve veriler dogrulanmistir. Buna
gore zararli bocegin tuzaklarda yakalanmas: {izerinde feromonun gekici etkisinin
rol oynadi§ saptanmigtir.

Feromon Etkinlik Orani % olarak

topgano sk |
tdon T ok ]
Fonei T Trok -

0 10 20 30 40 50 6 70 8 % 100

Sekil 3.1. Tuzak tiplerine gore feromon kaynaginin etkinlik oranlari (%)

Figure 3.1. Efficiency of pheromone traps according to their types
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3.2. Findik Bahcelerinde Tuzak Tiplerine Gére Etkinlik Verileri

02/07/2021 tarihi itibari ile asilan tuzaklar haftada iki giin olmak iizere kontrol
edilmistir. 02/07/2021 tarihinde her ne kadar 30 adet yakalanma olsa dahi findik
bahgelerinde yakalanma Temmuz aymin ikinci haftas: itibari ile yogunlagmaya bas-
lamugtir. Findik bahgelerinde en fazla zararli yakalanmasi 311 adet bocek sayist ile 21
Eyliil 2021 tarihinde goriilmistiir. Yagisin en yiiksek oldugu (metrekareye 84,5 kg)
17 Eyliil giini itibari ile yakalanma ortalama tizerinde olup, her ne kadar 14 eyliil ve
21 eylil tarihlerinden az olsa dahi yiiksek oranda devam etmistir. En yiiksek sicaklik
25,5 C° derece ile 19 Temmuz tarihinde goriilmiis olup yakalanan ergin sayist funnel
tip tuzakta 26 adet bidon tip tuzakta 34 adet ve yapigkan tip tuzakta 63 adet olmustur.
Sicaklik degeri meteoroloji genel miidiirliigii kayitlarindan alinmistir.

Tuzaklarda en yiiksek bocek yakalanmasi 21 Eyliil 2021 haftasinda 157 adet ile
bidon tip tuzakta saptanmistir. Tuzaklarin asildig1 20 farkli nokta ve lokasyon da
homojen bir bécek yakalanmasi gozlenmemistir. Zararh bir noktada yogunluk gés-
terirken birbirine yakin olsa dahi baska bir bah¢ede yogunluk gostermemekte ve bu
durum giinler icerisinde degisiklik gosterebilmektedir. En yiiksek nem 7 Eyliil 2021
tarihinde % 94,5 olarak kayitlara ge¢mistir. Ayni tarihte yakalanma sayilar1 funnel
tip tuzakta 18 adet, bidon tip tuzakta 30 adet, yapigkan tip tuzakta 22 adet olmustur.

Zararlinin biyolojisi geregi Temmuzun ikinci haftas: itibari ile findik agaglar1
tizerinde tuzak ¢evresindeki yapraklarda nimflere rastlanmigtir. Agustos ay1 basi
itibari ile tekrar ergin bireylerde yogun yakalanmalar gézlemlenmistir. Nimf do-
neminde yapiskanlarda yakalanma ¢okken ergin doneminde funnel ve bidon tipi
tuzaklarda daha fazla yakalanma gozlemlenmistir. Findik bahgelerindeki tuzaklar-
da tiim deneme boyunca toplam 2080 adet zararli yakalanmis olup kividen sonra
en fazla bocek yakalanan ikinci tiriin olmustur. Tuzak tiplerine gore degerlendirme
yapacak olursak toplam yakalanan béceklerin % 38’ funnel tip tuzakta, % 26’s1
yapiskan tip tuzakta, ve % 36’s1 bidon tip tuzakta yakalanmistir.

Findik Bahgelerinde Halyomorpha halys Yakalanma Adetleri
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Sekil 3.2. Findik Bahgelerinde H. halys tarih bazli yakalanma adetleri
Figure 3.2. Total number of insects caught on hazelnut throughout the season by trap type
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3.3. Kivi Bahcelerinde Tuzak Tiplerine Gore Etkinlik Verileri

Karadeniz bolgesi igin 6nemli tarimsal iiriinlerden olan kivi bahgelerine asilan
tuzak tiplerinde yakalanan bocek sayisina iliskin elde edilen tiim veriler 6zetlene-
rek verilmistir. 02 Temmuz tarihi itibari ile asilan tuzak kontrollerinde funnel tip
tuzakta 9 adet, bidon tip tuzakta 7 adet ve yapiskan tip tuzakta 5 adet ile bocek ya-
kalanmigtir. Her {i¢ iirtinle kiyaslandiginda en ¢ok yakalanmanin genel toplamda
2869 adet ile kivi bahgelerinde, misir ve findik bahgesine kiyasla daha fazla oldugu
goriilmiistiir. En az yakalanma olan giinler 2-9-13 temmuz tarihlerinde 5’ er adetle
bidon ve yapiskan tuzaklarda goriinmiistiir. Sayimlardaki en yiiksek yakalanma 21
Eylil tarihinde goriilmiis olup 179 adet olmustur. Yagis durumumun en yiiksek
oldugu 17 Eyliil giinil itibari ile yakalanma ortalama tizerinde olup her ne kadar 14
eyliil ve 21 eylil tarihlerinden az olsa da devam etmistir.

En yiiksek sicaklik 25,5 C° derece ile 19 Temmuz tarihinde goriilmiis olup fun-
nel tip tuzakta 34 adet, bidon tip tuzakta 12 adet ve yapiskan tip tuzakta 36 adet
H. halys yakalanmistir. En yiiksek nem 7 Eyliil 2021 tarihinde % 94,5 olarak ger-
ceklesmistir. Ayni tarihte yakalanma sayilar1 funnel tip tuzakta 20 adet, bidon tip
tuzakta 12 adet yapiskan tip tuzakta 32 adet olmus, en diisiik yakalanma bidon tip
tuzakta goriilmiistiir. Toplam adet olarak en yiiksek yakalanma 436 adet ile 21 Ey-
lil tarihinde ortaya ¢ikmistir Kivinin meyve tutum dénemlerinde yogunluk daha
fazla goriilmekte olup, en yogun yakalanma diger iki tip tuzakta oldugu gibi Eyliil
ay1 icerisinde olmaktadir. Kivi bahgeleri tiim dénem igin iiriin bazinda tuzaklarda
2869 bocek ile en ¢ok zararli yakalanan {iriin olmustur.

Kivi bahgelerinde toplam yakalanan bocek sayis1 tuzak tiplerine gore degerlen-
dirildiginde bocekler % 57 oraninda funnel tip tuzakta, % 48 oraninda yapiskan tip
tuzakta ve % 32 oraninda bidon tip tuzakta zararli yakalanmistir.

Eivi Bahgelerinde Halyomorpha halyvs Takalanma ddetlers

200 —+—Funnel  —m—Bidon Yapiskan

ADET BOCEK
=

Ny v Y Y v Y Y N A A

%Ju‘”\u‘”n’"o’" A g
& o“" \“"' \“"' '\"" \4’ SR R (9 PR
4
NI A AT A RN N

Sekil 3.3. Kivi Bahgelerinde H. halys tarih bazli yakalanma adetleri
Figure 3.3. Total number of insects caught on Kiwi throughout the season by trap type
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3.4. Misir Tarlalarinda Tuzak Tiplerine Gore Etkinlik Verileri

Musir tarlalarma asilan funnel tip tuzaklar 2 temmuz tarihi itibari ile ergin ya-
kalamaya baslamis, bu tarihte funnel tip tuzakta 3 adet ergin, bidon tip tuzakta 1
adet ergin, ve yapigkan tip tuzakta 2 adet ergin yakalanmigtir.

Yakalanma yogunlugu dikkate alindiginda ise ¢aliymada 1884 adet zararl ile
yakalanmanin en az oldugu iiriin misir olarak ortaya ¢ikmigstir. Bunun misirin bol-
gedeki vejetasyon siiresi ile baglantili oldugu diistiniilmektedir.

En az yakalanma 52 adet ile ( T1+T2+T3) 6 temmuz 2022 tarihinde gercekles-
mis olup, bu tarihte hava sicakligi 21 derece, nispi nem ise % 69 olmus ve yag1s go-
rilmemistir. En ytliksek bocek yakalanmasi ise diger iki iiriin grubunda da oldugu
gibi 21 eylill tarihinde gerceklesmistir. Bu tarihte hava sicakligi 22,4 derece olmus
ve yagls olmamustir. En yogun yakalanmalar diger iirtinlerde eylil ay: icerisinde
olurken musir bitkisinde 3-6-10-13 Agustos tarihlerinde sirasi ile 209,394,404,492
adet yakalanma sayilari ile hayli yitksek olmustur. En yogun yakalanma yine diger
irtinlerdeki gibi eyliil ay1 icinde goriillmiistiir ve 1001 adet ile 21 Eyliilde olmustur.
Toplam yakalanan bdcek sayisinin tuzak tiplerine gore dagilimina bakildiginda ise,
zararli % 45 oraninda funnel tip tuzakta, % 21 oraninda yapiskan tip tuzakta ve %
25 oraninda bidon tip tuzakta yakalanmustir.

Misir Tarlasinda Falvomerpha halys Yakalanma Adetleri
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Sekil 3.4. Misir Tarlasinda H. halys tarih bazli yakalanma adetleri
Figure 3.4. Total number of insects caught on corn throughout the season by trap type

3.5. En EtkKili Tuzak Tipinin Belirlenmesi

Hangi tuzak tipinin H. halysi yakalamada daha etkili oldugunu bulmak veya
tuzak tipleri arasinda etkinlik agisindan herhangi bir anlamli fark var m1 anlamak
icin SPSS programinda ANOVA testi uygulanmigtir. Sonuglar Cizelge 3.1'de goriil-
mektedir. Bu sonuglara gore tuzak tipleri arasinda anlaml farkliliklar ortaya ¢ik-
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mustir. Funnel tip tuzakta sezon boyunca ortalama 145,65+17,52 H. halys yakalamis
ve diger tuzak tiplerinden istatistiki olarak anlamli bir fark bulunmustur. Yapiskan tip
tuzakta ortalama 99,1+10,82 ve bidon tip tuzakta ise ortalama 96,95+8,18 H. halys
yakalamis ve aralarinda istatistiksel olarak anlaml farklilik ctkmamustir(Cizelge 3.1.).

Cizelge 3.1. Tuzak tiplerine gére mevsim boyunca tiim bitkilerde yakalanan
toplam Halyomorpha halys sayist

Table 3.1. Total number of insects caught on all plants throughout the season by
trap type

Tuzak Tipi N Bocek/Tuzak
Funnel Tip tuzak 20 145,65+17,52 a
Bidon Tip Tuzak 20 96,95+8,18 b
Yapigkan Tip Tuzak 20 99,1+10,82 b

*Ayni situnda yer alan ve ayni harfle baslayan ortalamalar arasindaki farklilik Tukey—HSD testine gore istatistiksel

olarak 6nemsizdir (P<0.05). (Mean values with the different letters in a column are significantly different at p < 0.05)

g

1456517522

/ tuzak
S

96,95:8,18 b 99,1#10,82 b

Bicek Sayis1
o8B 8888

Funnel Tip Tuzak Bidon Tip Tuzak Yapiskan Tip Tuzak

Sekil 3.5.Tuzak tiplerine gore Halyomorpha halys yakalama etkinligi
Figure 3.5. Efficiency of different types of traps for insect catching

Toplamda tuzak tiplerinin tamaminda ve tiim {iriin gruplar1 dahil 6833 adet H.
halys yakalanmis olup bunlardan 2912 tanesi funnel tip tuzakta, ( %381 findikta %
57’si kivide ve %45t de misirda), 1982 tanesi yapiskan tip tuzakta (%26’s1 findikta,
% 481 kivide ve %21’i misirda), 1939 tanesi ise bidon tip tuzakta (%361 findikta,
% 32si kivide ve %25’i misirda) yakalanmistir. Bidon ve yapiskan tipteki yaka-
lanma degerleri birbirine ¢ok yakin olarak karsimiza ¢ikmaktadir. Uriin gruplari
acisindan degerlendirildiginde (Cizelge 3.2.) Findikta funnel tip tuzakta 782 adet,
yapiskan tip tuzakta 550 adet, bidon tip tuzakta 748 adet, H. halys yakalanmustir.
Kivide funnel tip tuzakta 1190 adet bidon tip tuzakta 674 adet yapiskan tip tuzakta
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1005 adet, misirda ise funnel tip tuzakta 940 adet, bidon tipte 517 adet, yapiskan
tipte ise 427 adet zararl yakalanmustir.

Cizelge 3.2. Farkl: bitkisel ortamlarda tuzak tiplerine gore yakalanan toplam
Halyomorpha halys sayis1 ve oransal dagilimi

Table 3.2. Total number and proportional distribution of Halyomorpha halys
caught in different vegetative environments in comparison with trap types

Uriin Gruplarina Gore Tuzaklarda Yakalanan Bocek Sayisi ve Orani (%)

Funnel Tip Bidon Tip Yapiskan Tip
Bitki Adet % Adet % Adet %
Findik 782 38 748 36 550 26
Kivi 1190 57 674 32 1005 48
Misir 940 45 517 25 427 21
Toplam 2912 46.67 1939 31 1982 31.67

Uriin bazinda yakalanmalar istatistiksel olarak kiyaslanmis ve en yiiksek
yakalanma olan iirtin grubu olarak kivi istatiksel olarak dogrulanmustir (Sekil 3.3).
Istatistiksel olarak degerlendirildiginde kivi bahgelerinde (47,82+4,92a) findik
ve mustr tarlalarina gore yakalanma sayilarinda anlamli derecede farklilik vardir.
Findik (34,80+3,89 ab) ve musirda (31,28+4,05 b) ise degeler arasinda azda olsa
anlamli farklilik gériinmekte olup findik azda olsa misirdan 6nde gortinmektedir
(Cizelge 3.3.).

Cizelge 3.3. Farkl bitkisel ortamlarda tiim tuzak tipleri i¢cin yakalanan bocek sayis1

Table 3.3. Number of insects caught for all trap types in different vegetative environments

Bitki N Bocek/Tuzak
Findik 60 34,80+3,89 ab
Kivi 60 47,82+4,92 a
Misir 60 31,28+4,05b

*Ayni siitunda yer alan ve ayn1 harfle baglayan ortalamalar arasindaki farklilik Tukey-HSD testine gore istatistiksel
olarak 6nemsizdir (P<0.05). (Mean values with the different letters in a column are significantly different at p < 0.05)
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Sekil 3.6. Farkli bitkisel ortamlarda yakalanan bocek sayist (bocek/tuzak)

Sekil 3.6. Number of insects caught in different vegetative environments (insect/trap)

4. TARTISMA

Halyomorpha halys tarimsal tiriinlerde ciddi zarar yapan ve 6nemli boyutta
ekonomik zarar olusturan bir zararli olmasi sebebi ile gerek zararli ile miicade-
lede gerekse de zararlinin izlenmesi ve gozlemlenmesinde kullanilan feromon
tuzaklarinin tipleri ve feromonlarin etkinligi biiytik 6nem arz etmektedir. Enteg-
re zararli yonetim stratejilerinde feromon tuzaklar1 6nemli bir yer tutmaktadir
(Morrison ve ark., 2015).

Akotsen ve ark. (2018) yaptig1 calismada ¢aliymamizda kullanilan Pherocon®
Trece ile farkli bir bilesene sahip Xtra Combo feromon kullanilmig ve her iki fe-
romon i¢inde feromon etkinlik orani (FRI) hesaplamas: yapmislardir. Sonucunda
Trece: %93,0 + %3,8, Xtra Combo: %74,1 £ 5,1 oranlar ile yiiksek oranda etkin-
lik gostermislerdir(Akotsen ve ark., 2018). Bizim ¢aliygmamizda ise Trece marka
feromon bidon tip ve yapigkan tip tuzaklarda % 100 oraninda etkin ¢ikip funnel
tip tuzak %99,9 oraninda etkin ¢ikmustir. Yapilan etkinlik testlerinde Pherocon®
Trece feromonunun her ti¢ tuzak tipinde de son derece etkili oldugu gézlemlen-
mistir. 2021 yilinda Abhazyadaki mandalina bahgelerinde yapilan tuzak etkinlik
calismalarinda 15 Haziran- 13 Ekim 2021 tarihlerinde asilan iki tip feromonun
(bir rus mengseili bir digeri Pherocon® Trece) her ikisinin de H. halys ile miicadele
ve popiilasyon izlenmesinde etkin oldugu saptanmis ve ¢aliymamizdaki sonuglar
dogrulanmistir (Kymasa ve ark., 2021).

Yapilan ¢aligmalarda yagis, nem ve sicaklik gibi kriterlerin farkli feromon tu-
zaklar1 caligmalarinda da denendigi gibi yakalanma iizerinde grafiksel olarak bir
anlam ifade etmedigi (Kamiyama ve ark., 2021) belirtilmistir.
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Tuzak etkinlikleri kiyaslanacak olursa, funnel tip tuzaklarin daha etkin oldugu
ardindan yapiskan tip ve bidon tip tuzaklarin geldigi istatistiksel olarak kanitlan-
mustir. Yine Giircistanda funnel tip tuzak benzeri (piramit tuzak) tuzak tipi kulla-
nilarak yapilan ¢alismada (Pherocon® Trece) Amerikan mengeili feromon kullanil-
mus, tuzak basina 11 ila 176 arasinda ergin birey yakalanmis ve feromon tuzaklarin
ve kullanilan feromon tipinin H. halys ile miicadelede alternatif miicadele yontem-
leri arasinda 6nemli bir faktor oldugu dogrulanmistir (Krawczyk ve ark., 2019).
Bizim kendi ¢aliymamizda ise Funnel tip tuzakta 0 ile 179 adet zararli yakalanmasi
gozlemlenmis olup, veriler birbirine ¢ok yakindur.

Slovenya da 2018 yilinda survey ve gozlem amaciyla erken uyar: sistemleri ve
zararlinin tlkeye girisinin olup olmadiginin tespiti sirasinda ¢alismamizdaki fero-
mon tipi kullanilmis ve popiilasyon yogunlugu az olmasina ragmen zararli tespiti
saglanmig ve feromonun etkinligi dogrulanmistir (Rot ve ark., 2018). 2021 yilinda
yapilan bagka bir ¢alisma da ise farkli tipteki 151k tuzaklarinda etkinlik belirleme
¢alismasi yaptigimiz Pherocon® Trece feromon denenmis ve klasik piramit tip tu-
zaklara nazaran daha basarili sonuglar elde edilmis, gerek feromon gerekte tuzak
tiplerinin etkinligi belirlenmistir (Rondoni ve ark., 2022). 2022 yilinda yayinlanan
bir bagka makalede ise Almanyada H. halys'in mevcut dagilim ve modelleme ca-
ligmalarinda Pherocon® Trece tip feromon kullanilmis zararlinin mevcut dagilim
ve yayilimi gozlemlenmistir (Hess ve ark., 2022).Yine Rusyada yapilan bir diger
calismada yapiskan tip tuzaklarda 1720 adet birey, silindir tip funnel benzeri olan
tuzaklarda ise 1923 adet birey yakalanmasi ile funnel benzeri tuzaklarda yaka-
lanma %11,8 oraninda daha yiiksek ¢tkmustir (Kynasa ve ark., 2021). Bizim calis-
mamizla geligen bir durum Rusyada mandalinada meyve doneminde yani ekim
aylarina dogru yapiskan tip tuzaklar daha fazla yakalanma yapmis, ancak bizim
¢alismamizda nimf dénemindeki (Temmuz Agustos bas1) yapiskan tip tuzaklarda
yakalanma daha yiiksek olmustur (Kynasa ve ark., 2021).

Uriin bazinda degerlendirecek olursak ise tiim ii¢ tuzak tipi birlikte
degerlendirildigi zaman kivide 47,82+4,92 a degeri ile en yiiksek yakalanma
orant dogrulanmistir. Findik 34,80+3,89 ab ve misirda 31,28+4,05 b her ne kadar
istatiksel olarak az dahi olsa fark ¢iksa da degerler birbirine gok yakindur.

SONUC

Bu ¢alismada H. halys’in popiilasyon takibi ve yakala-6ldiir yontemlerinde ak-
tif olarak kullanilan Amerikan menseili Pherocon® Trece feromonun ve 3 farkli tu-
zak tipinin 3 farkl: tiriin grubunda etkinliklerinin belirlenmesi amaglanmigtir. Kul-
lanilan feromon kaynaklar1 maliyetli tirtinler olmasi sebebi ile en etkin feromon
ve tuzak tipinin belirlenmesi son derece 6nemlidir. Pherocon® Trece feromonun
her ¢ tuzak tipinde de son derece yiiksek oranda basarili ve etkin oldugu ¢aligma-
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mizda dogrulanmigstir. Kullanilan her ti¢ tuzak tipinde de, Kahverengi kokarcanin
tuzaklara yoneliminin tamamen tuzaklarda bulunan feromon kaynagindan dolay:
oldugu belirlenmistir. Tuzak tiplerinden en etkin olan funnel tip tuzak olup Fun-
nel tip tuzaklarin kullaniminin ekonomik olarak daha uygun olacag: saptanmustir.
Ayrica kullanim agisindan funnel tip ve bidon tip tuzaklarin kullaniminin ¢alisma
boyunca daha pratik oldugu saptanmistir. Her ¢ tuzak tipinde de yakalanmis olan
zararlilarin belirli araliklar ile tuzaktan uzaklastirilmasi ve imhasi gerekmektedir.

Bu sonuglara gore feromon tuzaklar: her ii¢ bitkisel {iretim ortaminda da yil
boyunca bocek yakalamis, yakalanan bocek sayist Agustos ve Eyliil olmak tizere
iki zirve yapmustir. En fazla H. halys kivi bahgelerinde yakalanmis, bunu findik ve
mustr takip etmistir.

Ozetle feromon kaynaginin tuzaklardaki yakalanmanin tamamindan sorumlu
oldugu, bos tuzaklarda yakalanma olmadigi, Funnel tipinin en yiiksek sayida H.
halys yakaladig1, ancak diger iki tuzak tipinde de ¢ok sayida H. halys yakalanma-
s1 nedeniyle degisen kosullara gore kitlesel yakalama ve popiilasyon izlenmesinde
onlarin da kullanilabilecegi, bitkiler arasinda ise en fazla H. halys yakalanmasinin
kivi de oldugu, bunu findik ve misirin takip ettigi saptanmistir. , Diger yandan
feromon kaynaginin toplanma feromonu olmast ve zararli toplanma egilimin daha
ok eyliil ay1 icerisinde basladig1 da dikkate alindiginda tuzak ve bahgelerdeki ya-
kalan H. halys sayisinin sonbahara dogru artis gosterdigi ve en ytiksek H. halys
yakalama sayisina bu dénemde ulagildig1 tespit edilmistir.

Tesekkir
Bu ¢aligma yiiksek lisans tezinden iiretilmistir.

Halyomorpha halys ile miicadele programlar1 ¢ercevesinde projeyi mali yonden
destekleyen Karadeniz Thracatg1 Birlikleri, Findik ve Mamulleri [hracatgilar Bir-
ligine desteklerinden dolay: tesekkiir ederiz.

Ayni zamanda Ziraat Yitksek Mithendisi Esen YESILDAG? ve Karadeniz Ta-
rimsal Aragtirma Enstitiisii Biinyesinde gorev yapan meslektaslarim Ziraat Yiik-
sek Miihendisi Kaan ALTAS, Ziraat Yiiksek Mithendisi Mustafa KILIC ve Iknur
CANTURK?® yardim ve desteklerinden dolay1 tesekkiir ederim.

Cikar Catismasi
Yazarlar herhangi bir ¢ikar catigmasi olmadigini beyan eder.
Etik

Bu ¢alisma etik kurul onay gerektirmez.
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LABOUR UTILIZATION OPTIONS AND PRODUCTIVITY IN
SMALL-SCALE AGRICULTURAL ENTERPRISES IN AKWA
IBOM STATE, SOUTHERN NIGERIA

ABSTRACT

Following the continuous scarcity of farm labour in some farming communi-
ties in southern region of Nigeria, the study primarily identified factors that influ-
ence farm labour use and its productivity. The study was conducted in Akwa Ibom
State in the southern region of Nigeria. A total of two hundred (200) cassava-based
farmers were randomly sampled. Descriptive, multinomial Logit and Tobit models
were employed to analyze the data. The findings revealed hired labour, family and
group labour as the primary sources of labour for the small-scale farmers, with
family labour being slightly dominant. Also, farmers’ age, educational attainment,
farm size, farm income, non-farm income, farming experience and access to farm
credit were identified as factors that increase the probability of farmers adopting
hired labour relative to group labour. Similarly, farmers' household size and marital
status were found to increase the probability of using family labour relative to the
group labour. The positive determinants of labour productivity were farmers' age,
education, social capital, farm income, sex, access to farm credit and agricultural
extension services; whereas farm size and farming experience were negative deter-
minants. It is strongly recommended that farmers’ formal education, farm income,
farm credit, access to extension services and social capital formation should be
prioritized during policy formulation aimed at enhancing labour access and pro-
ductivity among small-scale farmers.

Keywords: Farm, Labour, Cassava, Productivity, Nigeria.
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GUNEY NIJERYA, AKWA IBOM EYALETINDEKiI KUCUK OLGEKLI
TARIM ISLETMELERINDE iSGUCU KULLANIM
SECENEKLERI VE VERIMLILIK

0z

Nijerya'nin giiney bolgesindeki bazi giftci topluluklarinda siirekli olarak ¢iftlik
isciligi kithiginin ardindan, ¢alisma 6ncelikle giftlik is¢iligi kullanimini ve tiretken-
ligini etkileyen faktorleri belirledi. Caligma, Nijeryanin gliney bolgesindeki Akwa
Ibom Eyaletinde gergeklestirildi. Yapilandirilmig bir anket kullanilarak toplam iki
yiiz (200) manyok bazl ¢iftci rastgele 6rneklendi. Verilerin analizinde tanimla-
yic1, multinomial Logit ve Tobit modelleri kullanilmistir. Bulgular, kiictik 6lcekli
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giftciler igin birincil emek kaynaklar: olarak ticretli emek, aile ve grup emegini
ortaya ¢ikard: ve aile emegi biraz baskindi. Ayrica, ciftcilerin yasi, egitim diizeyi,
ciftlik bayiklugi, ¢iftlik geliri, tarim digi gelir, ciftcilik deneyimi ve ciftlik kredisine
erisim, ¢iftcilerin grup emegine gore ticretli emegi benimseme olasiligini artiran
faktorler olarak belirlendi. Benzer sekilde, giftcilerin hanehalki biyiikligii ve me-
deni durumunun, grup isciligine gore aile is¢iligini kullanma olasiligini artirdig:
bulunmugtur. Emek verimliliginin olumlu belirleyicileri, ¢iftgilerin yasi, egitimi,
sosyal sermayesi, ¢iftlik geliri, cinsiyeti, ¢iftlik kredisine erisimi ve tarimsal yayim
hizmetleriydi; ciftlik buytklagi ve ciftcilik deneyimi ise olumsuz belirleyicilerdi.
Kigiik 6l¢ekli giftciler arasinda isglicii erisimini ve tiretkenligi artirmayr amagla-
yan politika formiilasyonu sirasinda giftgilerin 6rgiin egitimi, ciftlik geliri, ¢iftlik
kredisi, yayim hizmetlerine erisim ve sosyal sermaye olusumuna 6ncelik verilmesi
siddetle tavsiye edilir.

Anahtar Kelimeler: Ciftlik, Emek, Manyok, Verimlilik, Nijerya.

ik

1. INTRODUCTION

Small-holder farmers’ access and utilization of various forms of human labour
are becoming relatively difficult in some parts of Nigeria (Jean-Claude, 2011; Obasi
and Kanu, 2014; Jayne et al., 2017). The relatively scarce rural farm labour is a se-
vere issue in the south-south region of Nigeria because family labour dominancy
has been threatened due to the improvement in the human capital of most rural
farm households (Udoh and Akpan, 2017). Once more, the enlargement of the ur-
ban areas and enunciation of several youth and entrepreneurial skill programmes,
including the drudgery and the risk components of the agricultural system, have
worked to alter the framework and composition of the farm labour market in the
region (Akpan 2010; Akpan et al., 2017¢; Akpan et al., 2019b; Umoren et al., 2021;
Akpan et al,, 2023). Besides, the improvement in the educational infrastructures
and increase in the rural-urban youth migration has contributed to the scarci-
ty of youthful labour in rural farming communities in the region. According to
Akanni and Dada, (2012) and Yeboah and Jayne, (2016), human labour consti-
tutes the main source of labour for peasants or small-scale farmers in Nigeria. As
noted by Bedemo et al. (2013), human labour is seen as a fundamental asset for
resource-poor farmers in developing societies.

In the southern part of Nigeria, the main categories of agricultural labour are
family labour, hired labour, and group or exchange labour. The imputed or family
labour is provided by the household members, whereas the hired labour is paid
manpower. The group or exchanged labour is one of the social capitals that in-
volves common-minded farmers (common among women) with a common goal
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and identity bound in a formal relationship and are engaged in rotational farming
among members (Saliu and Ojandage, 2008; Edoka et al., 2014). The group pool
human efforts to work on a member’s farm until the activities on the farm are
done, then they move to all members’ farms in an agreed rotating routine. Farm
labour availability and its efficient use have posed a severe challenge to the sustain-
ability of small-scale farm production in Nigeria (Ogbalubi and Wokocha, 2013).
Some rural farm households with low human capital development still relied heav-
ily on family labour sources (Aggrey et al., 2010). However, with the persistent
change in needs and perceptions of most rural farm households, family labour
would not provide sustainable farm power to small-scale farmers now and in fu-
ture (Sakho-Jimbira and Hathie, 2020). Hence, for the survival of small-scale farm
production in the region, farmers must devise means and develop the capacity to
utilize available farm labour sources. Therefore, the choice or option of farm labour
use among small-scale farmers has become a crucial decision due to scarce farm
resources and increase in budget constraints of farmers. The choice of labour used
by small-scale farmers has a significant relationship with farm output and factor
productivity (Obike et al., 2017; Wang et al., 2022; Stevens, 2018). As observed by
Nolte and Ostermeier (2017) and Mtaturu et al. (2022), an increase in the wage rate
of hired labour increases the farmers’ budget constraints and poses a severe threat
to labour productivity and growth in output. Also, Akpan (2020) noted that the
average rural wage rate of farm labour is becoming competitive among farmers,
following the inelastic demand for labour by farmers.

The small-scale farmers’ preference for labour sources and the intention to in-
crease farm labour productivity is conditioned by several factors, including eco-
nomic, social and cultural factors, among others. Human labour accounts for more
than 80% of the total farm power and constitutes between 80% to 90% of variable
cost of farm production, hence a significant determinant of farmers gross margins
and sustainability of small-scale farming system in the region (Anyiro et al., 2013;
Nmadu and Akinola, 2015; Akpan et al., 2017a; Akpan et al., 2017b; Akpan and
Effiong, 2022b). Since the use of human labour is inevitable among small-scale
farmers in the region (Edohen and Ikelegbe, 2018; Ayaz and Mughal, 2022; Tritsch
et al., 2022; Akpan et al,, 2022a), and the need to increase its productivity is a
rational decision; then it is essential to identify factors that affect these variables.
The identification of these factors would promote optimal decision-making in the
labour market and enhance labour productivity and efficient use of farm resourc-
es in small-scale farming system in the region (Wang et al., 2022). In addition,
the overall farm productivity of factors of production will be enhanced while an
evidence-based farm labour policy framework can be efficiently enunciated and
implemented in the region (Akpan et al., 2022b; Wang et al., 2022).

Only a few pieces of literature have dealt with farm labour choices and their de-
terminants. In Ethiopia, Bedemo et al. (2013) found farmers’ education, dependent
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ratio, farm size, credit availability, and farm income as positive determinants of
hired labour choice among farmers. On the contrary, the family size was a negative
determinant. In Nigeria, Bassey et al. (2014) showed farmers’ farming experience,
farm income, educational attainment and age as significant determinants of hired
labour use among cassava farmers in Nigeria. In a similar vein, Omotesho et al.
(2014) revealed that farmers’ household dependent ratio, years of formal educa-
tion, age, family size and farm income significantly influenced the use of hired
labour in farm households in Kwara State, Nigeria. In South Africa, Anim (2011)
reported that farmers’ experience, land size, extension services, and farm inputs
positively influenced labour supply. On the contrary, educational attainment of the
head of household, household size, off-farm activities of household members, real
wage rate and location of the farm exerted inverse relationship on farm labour
supply. Furthermore, Nmadu and Akinola (2015) in Nigeria, reported that the two
main sources of farm labour to majority of farmers are the family and hired labour.
The study identified farmers’ income, household size, wage rate, farm size, and sex
as factors that influenced labour utilization in the area.

Similarly, there has been little empirical literature on the productivity of agri-
cultural labour in the production of arable crops. For instance, in Nigeria, Okoye
etal., (2008) showed that farmers’ experience was a positive determinant of labour
productivity among cocoyam farmers. The study revealed that farm size and hou-
sehold size relate negatively to labour productivity. Similarly, Anyaegbunam et al.
(2010) in Nigeria found farmers’ sex, family size, and age as significant negative
determinants of labour productivity. In eastern Nigeria, Obike et al. (2017) found
education, farming experience, and farm size as significant factors influencing
labour productivity in cocoa farmers in Abia State, Nigeria. In addition, Akpan
(2021) modelled the determinants of labour productivity for water leaf producers
in the south of Nigeria. The study found farmers’ educational level, family size,
experience, marital status, agricultural extension services, and farm credit as direct
determinants of labour productivity, while farm size, manure applied, and non-
farm income were negative determinants. Aggrey et al. (2010); Asghar et al. (2017);
Lebedinski and Vandenberghe (2014) found a significant link between educational
attainment and labour productivity.

The literature available on these critical issues needs to be updated, and new
variables tested to develop sustainable, workable policies on rural labour market
and its productivity in the southern region of the country. Again, the need to have
sufficient, timely delivered and efficient human labour for sustainable arable crop
production is inevitably given the high headcount poverty rate of 28.82%, poverty
gap index of 7.25 and unemployment rate of around 40% in the region (NBS,
2022). The region needs an urgent policy direction based on sound empirical re-
searches to generate a sustainable policy framework to tackle the issue of farm
labour market imperfection. In addition, the region needs to address issues related
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to persistent low production of arable crops and declining factor productivity
in small-scale agricultural production. Based on these facts, the research was
mainly designed to:

a. identify factors that influence labour utilization in cassava (Manihot esculenta)
production in the southern part of Nigeria,

b. estimate farm level labour productivity index in cassava production in the
southern part of Nigeria, and

c. identify factors that influence labour productivity in cassava production in
the southern part of Nigeria.

2. MATERIAL AND METHOD

2.1. The Study Area

The research was carried out in the Uyo and Etinan areas of the Agricultural
Development Programme (ADP) in Akwa Ibom State, the southern part of Nige-
ria. The Uyo ADP zone comprises of Uyo, Ibesikpo Asutan, Itu, Uruan and Ibiono
Ibom Local Government Areas. The Etinan Agricultural Development Programme
(ADP) zone consists of Nsit Ibom, Nsit Ubium, Etinan and Nsit Atai local gover-
nments. The similarities in the climatic and soil factors as well as the presence of
the large population of cassava-based farmers in these zones were the factors con-
sidered for the purposive selection of these zones out of the six zones in the State.
Agricultural production is the major occupation of the inhabitants of the region.
Varieties of crops and animals are being cultivated and reared respectively in the
region. Common crops are cassava, waterleaf, fluted pumpkin, yam, maize, plan-
tain, pepper, banana and cucumber among others. Cash crops available include oil
palm, rubber and cocoa. The average rainfall in the zones ranges from 2000mm to
3000mm per annum. The region has wet and dry seasons while the average yearly
temperature and relative humidity range from 26 degree Celsius to 27 degree Cel-
sius and 75% to 95% respectively (Akpan et al., 2019a).

2.2. Data Source, Questionnaire and Respondents

Cross sectional information were sourced from the respondents using a
well-designed structured questionnaire. The study also conducted interviews with
selected key informants (consisting of farmers’ groups and community leaders) in
the selected farming communities to authenticate and compared the consistency
and accuracy of information provided by the respondents. The respondents were
arable crop farmers that cultivate majorly cassava crop and a combination of other
crops. Respondents were selected on the basis that cassava is the most popular food
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crop in terms of cultivation and consumption in the region (FGN, 2016; Wossen et
al. 2017). In the region, almost 100% of food crop farmers cultivate cassava crops
either as a major or supporting crop. It is the most proficient food crop that can
be used as an indicator for measuring growth in the crop-sub sector in the region.

2.3. Sample Size

Using a Cochran (1963) sample size selection formula, the study obtained the
representative sample size from a large population of smallholder cassava-based
farmers (mixed crop farmers with cassava as a major crop) using the equation (1):

_z°p(l—p)
= —Qpr (1)

Note S_represents the estimated representative sample; Z connotes the 95%
confidence interval (i.e. 1.96); is the percentage of cassava-based farmers in the
population frame (about 85%) in the two agricultural zones; D represents the ab-
solute error at 5% probability level of type 1 error. The representative population
for the study was obtained as shown in equation (2):

_ (1.96)%0.85(1 — 0.85)
= (0.05)3

=196 )

For ease of sampling, the calculated sample population was scaled up to two
hundred (200) respondents.

2.4. The Sampling Procedure

The study utilized a multi-stage sampling method to pick the required popula-
tion. The first process was the purposive selection of two agricultural zones in the
State. That is Uyo and Etinan agricultural zones were selected because of the high
number of cassava mixed crop farmers. The second process involved randomly
selecting two local government areas with a high population of cassava farmers in
each of the agricultural zones. The exercise produced four local government areas
in all. The third step was a random selection of two (2) villages from each of the
previously selected local government areas. In all, eight (8) villages were selected
for the study. The villages contain many farm families that cultivate mixed crops
with cassava crop as a dominant crop. The fourth stage was the random selection of
twenty-five (25) farm families cultivating cassava as a major crop in each of the villa-
ges. A total of 200 cassava-based farm families were randomly selected for the study.

ANAJAS, 2023, Cilt 38, Sayi 3, Sayfa 493-512



Akpan S. Brownson, Veronica S. Nkanta, Emmanuel O. Udofia

2.5. The Conceptual Framework

From the economic theory, a rational farmer will choose a particular techno-
logy only if it maximizes utility relative to the other alternatives available. This
suggests that given a set of options or technologies, a rational farmer will always
prefer an option that yields higher utility among a set of options on the condition
that the farmers’ budget constraint is minimized. However, since the options are
assumed to be latent variables, the utility gain from the options preferences is not
observable but is reflected in the choice of the option adopted by the farmer. Hen-
ce, the utility can be exemplified by the probability of choosing an option with hi-
gher utility among a set of options, as shown in equation 3. According to Zegeye et
al. (2022), farmers’ behavior towards multiple choices of technology could also be
shown in their risk-bearing capacity or behavior. A small-scale farmer is assumed
to be rational in his farm decision and is risk averse because he is a resource-poor
entrepreneur. Hence, a risk-averse farmer would always seek to maximize farm
profit or output by choosing a discrete option of technology that minimizes risk
and cost of production. Alternatively, such an option is tended to maximize profit
or output subject to the farmers’ budget constraints.

1if Umnar (Vi) = UmgelV2) = Upge(Vs)
V; = § 2if Upmax(12) = Umax (V1) = Umax(Va) 3)
3if Upax (Va) = Upae (V) = Uy (V)

The adoption of an option among a set of options can be represented in equ-
ation 4. The M, represent the latent variable or a probability which explains the
farmer’s behaviour in choosing different forms of labour available to him. The Z is
the explanatory variable which condition the farmers on the choice of alternative
labour. The &’ are the coefficients of the explanatory variables while the €’s is the
random error term or the unexplained explanatory variables.

My =, + 6,2, + &,
My =f:+ 6325+ 5

M, =5 +62Z +¢g
ki

It is assumed that the specified predictors (Zi) are not correlated with the error
term ¢ for each of the equations of the labour option. The error is assumed to be
independently distributed in each of the alternatives, hence, the independence of
irrelevant alternatives (IIA) hypothesis. The above structural form is a resemblance
of the structure of the multinomial Logit because of the different options available
to the farmer, hence the justification for selecting the multinomial Logit model.
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2.6. The Determinants of Farm Labour Options

Rural households are often confronted with different choices of labour, and the
use of the multinomial Logit model is appropriate in this case. The Multinomial
Logit Model has error terms for each of the choice equations, which are indepen-
dent and identically distributed. The model has been shown to yield more stable re-
sults when the Independent of Irrelevant Alternatives (IIA) hypothesis is fulfilled.
According to Kropko (2008), the multinomial Logit model provides results that are
almost more accurate and realistic than other models, even when the Independent
of Irrelevant Alternatives (ITA) hypothesis is seriously violated. In the specified
model, the family labour is considered the base category and all the other Logits
are made relative to the base category. A multinomial Logit regression was used
to estimate the determinants of farm labour choices of a cassava-based farmer in
the study area. According to Gujarati and Dawn (2009), a generalized multinomial
Logit model is specified as thus in equation 5:

E“ﬁ"'ﬁ'ﬁf
m; = P’{?'J = l) = W (5)
j=1

The family labour is used as the base category, and all the other Logits are made
relative to the base category. Then the estimated multinomial Logit model is speci-
fied as follows in equation 6:

oxpxa)

my = B (% = j/x) 1+ ¥, explaeg

3 forj=12...k-1 (6)

Y _ij=1, If a farmer chooses alternative j (j =1, 2, and 3). Where j = 1(family la-
bour); j = 2 (hired labour); j = 3 (group labour).The B’s are a set of coefficients atta-
ched to each alternative, while X’s are a set of explanatory variables that determine
the respective probability. The dependent variable () represents the probabilities
that a farmer chooses alternative 1, 2 or 3, respectively. If there are three alternati-
ves available to a farmer, then the summation of their probability is equal to unity,
as exemplified in equation 7.

Wiy + Mz + Wz = 1 (7)
For an i option, the explicit model is expressed as shown in equation 8,

m; = O + 0,AGE + 0, HHS+0,EDU + 0,S0C+0,FAS + 0,FIN+0,NFI + 0,GEN+0,EXP ®)
+ U
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The set of explanatory (X’s) variables that defined equation 6 are given below;
AGE = Age of a cassava-based farmer measured in years

HHS = Household size of a cassava-based farmer (number)

EDU = Educational qualification of a cassava-based farmer (year)

SOC = Membership of a social organization by a cassava-based farmer (years)
FAS = Farm size of a cassava-based farmer (ha)

FIN = Farm income of a cassava-based farmer (naira)

NFI = Non-farm income of a cassava-based farmer (naira)

MAR = Marital status (married = 1 and 0 = otherwise)

SEX = Sex of a cassava-based farmer (1 for female and 0 = male)

CRE = Amount of credit access by a cassava-based farmer (naira)

EXT = Access to agricultural extension services (number of times in a year)
EXP = Farming experience of a cassava-based farmer (years)

2.7. Measuring Farm-Level Labour Productivity

Labour productivity can be measured in monetary terms or physical quantity.
Following the specification Akpan (2021), Labour productivity is measured as the
proportion of the total amount of output to the total amount of specific agricul-
tural factors. In this study, labour productivity is given in monetary terms and is
measured as follows:

LPR = {Value of the total output of cassava — based farmer in one seﬂsan} 9
B cost of labour used( total cost of labour) in the same season ©)

(10)

Lpp— {E;L&Pf}

TN W,

Since the range of the estimated labour productivity is defined as (it lies betwe-
en zero and infinity), the Tobit model was estimated for labour productivity equa-
tion. The model is expressed thus:

W =X0+ e (11)

Where is the latent variable that is observed for values greater than zero (0). is
the explanatory variable while represents the coefficient of the explanatory variab-
le. Then the observed Y is defined by the following relationships:

L (YUif ¥ 0
it _{l]ff v <0 (12)
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The marginal effect of the latent variable on the latent dependent variable is
given thus:
GE(¥)
5X;

= B (13)

The marginal effect measures the impact of the unit change in the explanatory
variable on the latent independent variable. The explicit form of the Tobit model
is given thus:

LPR = @y + 9,AGE + @, HHS + 9,EDU + 9,50C + 9sFAS + @ FIN + @, NFI + 9, MAR + @, SEX +
©,0CRE + 0, EXT+p,.EXP + +U; ‘

(14)

Where;

LPR = Farm labour productivity as defined in equation 10

AGE = Age of a cassava-based farmer (years)

HHS = Household size of a cassava-based farmer (number)

EDU = Educational qualification of a cassava-based farmer (year)

SOC = Membership of a social organization by a cassava-based farmer (years)
FAS = Farm size of a cassava-based farmer (ha)

FIN = Farm income of a cassava-based farmer (naira)

NFI =Non-farm income of a cassava-based farmer (naira)

MAR = Marital status (married = 1 and 0 = otherwise)

SEX = Sex of a cassava-based farmer (1 for female and 0 = male)

CRE = Amount of credit access by a cassava-based farmer (naira)

EXT = Agricultural extension agent contact (number of times in a year)
EXP = Farming experience of a cassava-based farmer (years)

U = error term

3. RESULT AND DISCUSSION

3.1. Determinants of Labour Preferences

The results in Table 1 show the multinomial logit coefticients for the specified
labour choice equation. The chi-square estimates revealed that the likelihood ratio
statistics are highly significant (p < 0.0001), indicating that the specified models
have the power to explain the behaviour of the cassava-based farmers’ choice of
labour preference. The diagnostic statistics also revealed the pseudo-R? of 0.2338,
suggesting that 23.38% of the variability in the probability of occurrences of the
dependent variables is due to the explanatory variables. The estimation Chi-square
model (57.45) is significant at a 1% significance level. This implies that the effects
(including the signs) of the explanatory variables in the specified models are sta-
tistically significant at a 1% level, hence justifying the reliability of the estimated
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model. Note the coefficients of each explanatory variable in the multinomial Logit
do not represent the marginal influence or the slope coefficient of the explanatory
variable on the dependent variable (the probability of choosing any labour choice).
Hence, the post-estimated marginal effects or the slope coefficients, which denote
the change in the probability due to a change in the explanatory variable, were used
to interpret the multinomial logit model.

3.2. Determinants of Hired And Family Labour (Using Group Labour As A
Base Category)

The empirical findings indicate that the age of farmers has a significant positi-
ve correlation with the probability that farmers prefer hired labour over the base
category (group labour). The finding implies that a unit increase in the farmers’
age would likely lead to a 2.48% upsurge in the probability of farmers preferring
hired labour relative to the base category. On the contrary, an increase in farmers’
age decreases the probability of choosing family labour by 3.65% relative to the
reference category.

The findings imply that older farmers would have higher possibilities of using
hired labour and lower chances of using family labour relative to group labour.
The finding could likely be attributed to the fact that most farm households would
prefer to invest in human development to reduce the scourge of poverty, thereby
exposing some household members to formal education and entrepreneurial skill
acquisition programmes. Hence, at the old age of a farmer, household members
might have acquired higher training and leave the farm household for anticipated
better job offers and opportunities elsewhere. The gap created at the farm hou-
sehold would lower the chances of utilizing family labour but rather force the aged
members to go for alternative labour sources such as hired labour. The result cor-
roborates Omotesho et al. (2014) and Bassey et al. (2014).
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Table 1. Estimates of the multinomial logit regression on farm labour choices
(group labour as a reference category)

Hired Labour Family Labour

Variable Coefficient  Z-value dy/dx Coefficient Z-value dy/dx
Constant 4.2202 1.50 - 6.5653 1.76* -
Farmers’ Age 0.1475 2.04%% 0.0248 -0.2270 -2.45 %% 0.0365
Household Size -0.2429 -1.73* -0.0800 0.4628 2.677%* 0.0270
Formal Education 0.1312 2.44%% 0.0337 -0.0476 -3.73%¢* -0.0242
Social Capital -0.0911 -2.37%* -0.0202 -0.0360 -0.46 -0.0203
Farm Size 1.6407 1.96* 0.5026 -2.3169 -1.52 -0.2379
Farm Income 0.00003 1.81% 5.50e-06 -0.00002 -2.84%*  -523e-06
Non-farm Income 1.77e-06 3.25%% 5.42e-07 -2.48e-06 -0.31 -1.21e-07
Marital Status -0.4614 -0.67 -0.1949 3.8829 3174 0.0230
Sex -0.4500 -0.97 -0.0715 -0.7082 -1.27 -0.1474
Credit Access 0.0001 1.37 0.0001 -0.0011 -0.02 -0.00004
Agric. Extension 1.2221 1.77% 0.2091 -2.0638 -2.31% 0.3139
Farming Experience 0.0438 1.97* 0.0088 -0.0375 -0.61 -0.0099

Source: data from fiels survey 2022 season. *, **, and *** denote significance at 10%, 5%, and 1%, respectively; Number

of observations = 200; LR chi2 (24) = 57.45; Prob > chi2 = 0.0001. Log likelihood = -186.209; Pseudo R? = 0.2338.

The social capital coefficient has a significant negative relationship with the
likelihood of preferring hired and family labour over group labour. This connotes
that as the social capital accumulation increases among cassava-based farmers, the
probability of choosing hired and family labour decreases relative to the choice of
group labour. A unit increase in social capital will lead to a 2.02% and 2.03% dec-
rease in the probability of choosing hired and family labour, respectively, relative
to the base category. Alternatively, an increase in social capital will tend to increase
the use of group labour and decrease the use of both hired and family labour. The
increase in social capital is known to stimulate farmers’ group formation and coo-
peratives, which enhances the exchange of labour among members.

The coefficient of household size is negative and significantly correlated with
the probability of choosing hired labour relative to the base category. An increase
in household size would reduce the probability of choosing hiring by 8.00% relative
to the base category. On the other hand, an increase in household size increases the
likelihood of a cassava farmer preferring family labour over the reference class. An
increase in household size would result in an approximately 2.70% increase in the
probability that cassava farmers choose family labour over the base category. An
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increase in household size provides an incentive to increase the use of family la-
bour and to reduce the likelihood of using hired labour. The finding satisfies a pri-
ori expectation as an increase in household size will directly increase the possibility
of a household head employing more household members in farming activities,
while a decrease in household size will create an opportunity for the household
head to search for an alternative labour source. The finding agrees with the reports
of Omotesho et al. (2014), Nmadu and Akinola (2015), and Anim (2011).

The marginal effect with respect to the years of formal education is found to be
significant and positively associated with the hired at a 5% probability level relative
to the base category. An increase of one unit in the number of years of formal edu-
cation for cassava farmers would increase the chances of choosing a hired labour
force of 3.37% compared to the base category. On the contrary, a unit increase in
years of formal education of cassava-based farmers would reduce the probability
of utilizing family labour by 2.42% relative to the base category. This means that
the probability of using hired labour increase with an increase in the educational
qualification of cassava-based farmers compared to the group labour. An increa-
se in farmers’ educational qualification implies that the farm household members
will likely be educated as well; this will generate opportunities for farm household
members to diversify to an alternative source of income. The situation may likely
create a labour shortage that will prompt household heads to go for alternative
labour sources. The opposite situation applies to the probability of using family
labour relative to the base category. The finding is substantiated by Anim, (2011);
Bassey et al. (2014), and Omotesho et al, (2014); but is contrary to the submission
of Bedemo et al, (2013).

The cassava-based farmers’ farm size is positively and significantly associated
with the probability of using hired labour preference at p < 0.01, relative to the base
category. A unit increase in farm size would increase the probability of adopting
hired labour choice by 50.30% relative to the base category. Besides, the increase
in farm size has a significant negative relationship with the probability of farmers
using family labour. A unit increase in farm size will cause about a 23.30% redu-
ction in the probability of using family labour relative to the base category. The
finding satisfies a priori expectation as a large farm size would attract more labour
beyond those provided by the family. Bedemo et al, (2013); Ani, (2011) and Nma-
du and Akinola (2015) have reported a similar result.

The result showed that farmers’ farm income has a positive and statistically
significant marginal correlation with the probability of preferring hired labour re-
lative to the base category at p < 0.01. On the contrary, there is a significant nega-
tive relationship between farm income and the probability of using family labour
relative to the base category. The findings imply a farmer with a large farm income
would have a greater capacity to pay for wage rate, and this would encourage hired
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labour utilization relative to family labour. Similarly, a farmer with a large income
would not rely on family labour for the sustenance of his/her farm income. Bassey
etal. (2014), and Nmadu and Akinola (2015) have reported a similar result.

The farmer’s marital status (being married) has a positive significant correla-
tion with the probability of desiring family labour choice relative to the reference
category. The more the number of married cassava-based farmers, the more the
probability of using family labour relative to the base category. The finding satis-
fies the a priori expectation as an increase in the number of married farmers will
increase household size.

The access to agricultural extension by cassava-based farmers is a positive de-
terminants of the probability of using hired labour relative to the based category.
This means that a unit increase in extension contact will result in a 20.91% increase
in the probability of using hired labour relative to the use of group labour. On the
other hand, a unit increase in access to extension services would cause about a
31.39% reduction in the probability of cassava farmers utilizing family labour rela-
tive to the base category. The finding revealed the declining roles of family labour
in the small-scale production systems in the region.

The farmers’ farming experience has a positive significant correlation with the
choice of hired labour relative to the base category. A unit increase in farming
experience will lead to a 0.88% increase in the probability of preferring hired rela-
tive to the choice of group labour. The increase in the farming experience is very
significant in determining the optimal resource use and the best combination of
farm inputs taking into consideration several endogenous and exogenous factors
in the farm. The result aligned with the reports of Bassey et al. (2014); Bedemo et
al. (2013) and Anim (2011).

The non-farm income coefficient is positively and significantly correlated with
the likelihood of choosing hired labour source at p < 0.001 relatives to the base
category. An increase in the non-farm income is likely to increase the probability
of the farmers’ choice of hired labour relative to the choice of group labour. An inc-
rease in non-farm income would likely upsurge the financial capacity of a farmer
to pay for wages. Anim (2011) has reported similar findings.

3.3. Labour Productivity Among Cassava-Based Farmers

The percentage distribution of indices of labour productivity is shown in Figure
1. The result revealed that about 14.00% of farmers had labour productivity in the
range of 0.000 — 1.000. This implies that many farmers were unable to cover their
costs of labour from the farm proceeds. Alternatively, about 14.00% of the farmers
were unable to efficiently cover the cost of production from farm income. The re-
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sult showed that about 86.00% had their labour productivity indices greater than
unity. This implies that the majority of smallholder cassava farmers in the region
have been able to generate enough farm income to pay wages. Only 12.50% of the
farmers achieved a labour index range of above 6.00 units.

Percentage Distribution of Labour Productivity Indices

greater than 6.000
5.001-6.000
4.001-5.000 29,5%

3.001-4.000

2.001-3.000

1.001-2.000

Labour Prod. Index (Range)

0-1.000 14.0%

o 5 10 15 20 25 30 35
Percentage

Figure 1: Percentage distribution of labour productivity among cassava-based
farmers.

The mean productivity index stood at 3.998+2.628, while values for the mini-
mum and maximum indices were 0.525 and 14.50 units, respectively. The coeffi-
cient of variability of the productivity index was estimated at 65.70%, while the
skewness is 1.643 units. Since labour cost constitutes about 80.00% of the total
farm production cost of the small-scale farmers in the region, it is overwhelmingly
necessary for the policymakers to re-access the survival capacity and the sustai-
nability of the small-scale farm production in the region. It was found that about
87.50% of small-scale cassava farmers had a labour productivity index equal to or
less than 6.00 units. The finding implies that the profit or gross margins of most
small-scale cassava farmers are low, and farm factor productivity will continue to
decline unless proactive interventions (such as input subsidy or guarantee mini-
mum price etc.) are implemented.

3.4. Determinant of Labour Productivity

The estimates of the Tobit model is shown in Table 2. The Chi-squared value is
statistically significant, implying that the explanatory variables significantly exp-
lained the variations in the dependent variable. The Pseudo R-squared implies that
about 31.14 % of variations in the latent dependent variable are attributed to the in-
dependent variables. The estimate of the variance inflation factor for each explana-
tory variable showed no evidence of multicollinearity among explanatory variables.
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The empirical evidence has shown that the age of farmers, level of educati-
on, membership in farm organization, arm income, sex of the farmer, farm credit
and access to extension services are significant positive determinants of labour
productivity among cassava farmers. For instance, an increase in the farmers’ age
and education is associated with the improved managerial capacity of farmers. The
result revealed that a unit increase in the age and education of farmers would cause
about 10.01% and 12.45% increase in the index of labour productivity, respectively.
An increase in years of formal education would enhance farmers’ ability to source
improved information and also be able to analyze efficiently farm issues for better
input productivity. The findings corroborate Omotesho et al. (2014); Anyaegbu-
nam et al. (2010); Obike et al. (2017); Akpan (2021); Aggrey et al. (2010); Asghar et
al. (2017); Lebedinski and Vandenberghe (2014).

Table 2. Labour Productivity among Cassava-based farmers

Variable  Coefficient Robust Std. Error Z-test p-value VIF
Constant —-0.7002 2.3611 —-0.2966 0.7668 -

Age 0.1001 0.0585 1.711* 0.0871 1.876

Household Size —-0.1077 0.1071 —-1.006 0.3146 1.976
Education 0.1245 0.0472 2.640%%* 0.0083 1.358

Social Capital 0.1898 0.0701 2.708*** 0.0068 1.260
Farm Size -1.7087 1.0219 -1.672* 0.0945 2.637

Farm Income 8.365e-05 1.438e-05 5.815%** <0.0001 1.622
Non-farm Income —7.157e-06 6.622¢-06 -1.081 0.2798 1.692
Marital Status -0.8569 0.5825 -1.471 0.1413 1.990

Sex 0.5312 0.2884 1.842* 0.0655 1.495

Farm Credit 6.123e-05 3.928e-05 1.659* 0.0981 1.135
Extension Service 0.8130 0.3145 2.585%** 0.0097 1.125
Farming Experience -0.1562 0.0377  —4.149*** <0.0001 1.940

Chi-square (12) = 92.655*** Pseudo R?= 0.3114; Log likelihood = -413.89; Normality test: 1.963 (0.7431).

In a like manner, a unit increment in farm income, social capital, farm credit
and extension services would be led to 0.008%, 18.98%, 0.006% and 81.30% inc-
rease in the index of labour productivity respectively. An increase in farm income
is strongly connected to the ability of a farmer to pay the required wage efficiently
and also provide other welfare packages for labour. This would upsurge labour
productivity accordingly. This finding is substantiated by Omotesho et al. (2014).
In addition, an increase in social capital accumulation enhances social interaction
and the ability to choose the right source/type of labour because of access to seve-
ral sources of information. Besides an increase in farm credit ensure the efficient
acquisition and utilization of farm assets/capital which are tools for higher pro-
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ductivity of labour. The result agrees with the finding of Akpan (2021). Whereas
an increase in the activities of extension services is connected to the introduction
and usage of improved technologies that would promote factor productivity. The
finding is in consonance with the report of Akpan (2021).

On the contrary, farm size and farming experience have a significant negative
correlation with the index of labour productivity of small-scale cassava farmers.
A unit increase in farm experience and farm size would result in a reduction of
labour productivity by 0.16 units and 1.71 units, respectively, for cassava producers
in the region. An increase in farming experience is often linked to farmers’ con-
servativeness which sometimes slows innovation adoption. Similarly, an increase
in farm size would increase the production cost. Since the majority of small-scale
farmers are resource-poor, the acquisition of sufficient labour or manpower might
not be possible, hence labour productivity will decline. The results validate the
findings of Obike et al. (2017); Akpan (2021), but are contrary to the submission
of Okoye et al. (2008).

CONCLUSION

With the mounting population in the country, and the persistent low outputs
relative to demand from the agricultural system, the small-scale farmers which
constitute the bulk of the farming population must devise ways to increase fac-
tor productivity. Again with the emerging dynamics in the farming environment,
small-scale farmers ought to prepare to change in line with the changing system. In
this direction and given the need for increased factor productivity, the small-scale
farmers should be ready to adjust to the best option of farm labour conditioned by
certain characteristics specific to farmers, environment, and culture, among other
factors. According to the objectives of the study, three main sources of agricultu-
ral labour have been identified among cassava-based farmers in southern Nigeria.
These are family labour, the hired and group or exchange labour. The labour source
option relative to the base category has a set of exogenous variables that influence
its adoption by a smallholder cassava farmer in the southern part of Nigeria. The
study identified these exogenous factors that influence the probability of adopting
each of the labour options available to small-scale cassava farmer in the region. The
empirical results revealed that the farmer’s age, formal education, farm size, farm
income, non-farm income, access to agricultural extension agents and farming ex-
perience are significant positive determinants of the choice of hired labour relative
to the group labour by the small-scale arable crop farmers in the southern region
of Nigeria. Moreover, household size and social capita have a negative correlation
with the probability of preferring hired labour instead of group or exchange labour.
Also, the farmers” household size and marital status were identified as significant
positive factors that influence the probability of cassava-based farmers adopting fa-
mily labour sources relative to the group labour source in the region. On the cont-
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rary, farmers’ age, formal education, farm income and access to extension services
were found to have a negative relationship with the probability of cassava-based
farmers using family labour relative to the use of group labour.

The study also examines the labour productivity of small-scale cassava farmers
in the region. The finding revealed a mean labour productivity index of 3.998 units.
The positive determinants of labour productivity among cassava farmers were far-
mers age, education, social capital, farm income, sex, access to farm credit and
efficient extension services. On the other hand, farm size and farming experience
were negative determinants. Based on the empirical results, it is recommended
that concerted efforts should be developed to increase the formal education atta-
inment of small-scale farmers, increase farm and non-farm income sources and
provision of efficient extension services as prerequisites to upsurge the use of hired
labour among small-scale cassava-based farmers in the region. Also to encourage
the reduced use of family labour relative to the group labour among small-sca-
le cassava-based farmers, it is recommended that youth should be encouraged to
cultivate cassava, formal education of small-scale cassava-based farmers should be
paramount and an increase in efficient extension services is required. To increase
the labour productivity of small-scale farmers it is recommended that; farmers’
education, social capital formation, farm income, access to farm credit and effi-
cient extension services should be increased accordingly.
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Yusuf SAVSATLI, Mehmet AKCA

THE EFFECTS OF PLANT DENSITY AND SHADING ON
SOME AGRICULTURAL TRAITS OF SALEP ORCHID
(serapias vomeracea (BURM.F.) BRIQ.")

ABSTRACT

Serapias vomeracea is a valuable plant from the Orchidaceae family, especially
in that its tubers are used to make hot drinks. In this study, the plants were grown
in field conditions, and it was investigated in detail for the first time to determine
the effect of plant density and shading on some agronomic traits of S. vomeracea.
The five levels of plant density (20x10 cm, 20x5 cm, 10x10 cm, 10x6.6 and 10x5
cm) and three levels of shading (Control, 55% and 75%) were tested. The plants
were harvested for new tubers in full flowering period. As a result of the study, the
shading was effective on the dry matter ratio (P<0.05) and ash ratio (P<0.01) in the
tubers while plant density was effective on plant height (P<0.01), panicle length
(P<0.01), number of flowers per panicle (P<0.05), dry matter ratio (P<0.01), and
ash ratio (P<0.01) in the tubers. It is possible to see the dominant effect of plant
density on the investigated traits in the dendrogram created by cluster analysis. The
results of the cluster analysis showed that the plant densities of 20x5 cm and 20x10
cm, the density of 10x10 cm and, the densities of 10x5 cm and 10x6.6 cm were
distributed into three different clusters. Positive and significant correlations were
found between tuber yield per plant and number of flowers per panicle (r=0.633%),
number of roots per plant (r=0.728**), and number of leaves per plant (r=0.745**).

Keywords: Agronomic Traits, Correlation, Leaf, Tuber.

e

BiTKI SIKLIGI VE GOLGELEMENIN SALEP ORKIDESININ
(serapias vomeracea (BURM.F.) BRiQ.”) BAZI
TARIMSAL OZELLIKLERI UZERINE ETKILERI

0z

Serapias vomeracea, Orchidaceae familyasindan olup, 6zellikle yumrular si-
cak icecek yapiminda kullanilan degerli bir bitkidir. Rize'nin Pazar ilgesinde tarla
kosullarinda yetistirilen bitkiler, bitki siklig1 ve golgelemenin bazi agronomik 6zel-
likleri tizerine etkisini belirlemek amaciyla ilk kez detayl olarak incelenmistir. Bes
bitki siklig1 seviyesi (20x10 cm, 20x5 cm, 10x10 cm, 10x6.6 ve 10x5 cm) ve ii¢
golgeleme seviyesi (Kontrol, %55 ve %75) ele alinmustir. Bitkiler %50 ¢igeklenme
doéneminde yumrular: i¢in hasat edilmistir. Arastirma sonucunda, golgeleme, in-
celenen ozellikler igerisinde yumruda kuru madde orani (P<0.05) ve yumruda kiil
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orani (P<0.01) tizerinde etkili olurken; bitki siklig1 ise bitki boyu (P<0.01), salkim
uzunlugu (P<0.01), salkimda gigek sayist (P<0.05), kuru madde orani (P<0.01) ve
kiil orani (P<0.01) tizerinde etkili olmustur. Bitki sikliginin incelenen 6zellikler
tizerindeki baskin etkisini kiimeleme analizi ile olusturulan dendrogramda da
gormek miimkindir. Kimeleme analizi sonuglari, 20x5 ¢cm ve 20x10 cm bitki
sikliklarinin, 10x10 cm sikliginin ve 10x5 cm, 10x6,6 cm sikliklarinin ti¢ farkh
kiimeye dagildigini gostermistir. Bitki basina yumru verimi ile salkim bagina ¢igek
say1s1 (r=0,633%), bitki bagina kok sayis1 (r=0,728**) ve bitki bagina yaprak sayisi
(r=0,745**) arasinda pozitif ve 6nemli korelasyonlar bulunmugtur.

Anahtar Kelimeler: Tarimsal Ozellikler, Korelasyon, Yumru, Yaprak.

ik

1. INTRODUCTION

The orchids are members of the Orchidaceae family. Orchid species, of which
tubers are used in hot beverages, are called salep in Turkey (Tamer et al., 2006). S.
vomeracea is an orchid species widely cultivated in Turkey. Due to the collecting
from the natural flora unconsciously in the past, orchid species are now endan-
gered (Sezik, 2002; Sandal-Erzurumlu & Doran, 2011). The fact that the seeds of
orchid germinate very difficult and the plants formed from the seeds take a long
time to develop increases the destruction risk of these plants (Sandal, 2009). To
prevent collecting of the salep from nature, various legal regulations have been
made by the Ministry of Agriculture and Forestry. Action plans are implemented
to encourage the cultivation of these species by the Ministry at the present time
(Anonymous, 2014).

Most of the salep species prefer shade and semi-shade environments. In addi-
tion, coarse-textured soils create ideal conditions for tuberous plants if the requi-
rements of their nutrient and moisture are met. The scarcity of soil moisture is an
important factor limiting the spread of Serapias species (Parlak & Tutar, 2012).
Therefore, it is important to provide suitable environmental conditions for salep
cultivation and investigate the basic growing techniques that contribute to the sa-
lep farming (Caliskan & Kurt, 2019). In addition, it is necessary to carry out bre-
eding studies to ensure the continuity of the standard product (Ertas et al., 2019).

Tutar et al. (2013) determined that the most suitable orchids were S. vomeracea
(Burm. fil.) Brig. and Orchis sancta L. for salep cultivation in the Aegean region. In
the study of Arabaci et al. (2014) on S. vomeracea regarding to different planting ti-
mes, the plant height varied between 23.88 and 31.17 cm, number of tubers per plant
varied between 1.53 and 1.74 units and tuber weight varied between 3.11 and 5.44 g.
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In the study conducted by Ertas et al. (2019) on Serapias species in Sanliurfa
conditions, it was reported that the flowering period lasted 30 days and also avera-
ge values belonging to various traits were determined, ie, 4.37+1.44 units plant-1
for the number of flowers per panicle, 3.50+0.70 units plant-1 for the number of le-
aves per plant, 1.13+0.34 units plant for the number of tubers per plant, 9.34+1.10
cm for the leaf length, 1.78+0.14 for the leaf width and 5.30+0.25 g plant-1 for tu-
ber yield per plant. In the same study, the average plant height was 24.33+5.70 cm.
On the other hand, plant height could reach 45-50 cm in salep (Karik et al., 2020).

Another study conducted in field conditions is on weed control realized by Par-
lak (2016). As it is known, weeds cause serious problems in salep cultivation. If we-
eds cannot be controlled, growth of salep tubers is limited. Parlak (2016) pointed
out the importance of using chemical pesticides instead of manual weed control
which caused to an increase in cost.

On the other hand, in the studies conducted on the flora of Turkey, large vari-
ations were determined in the agronomic traits of S. vomeracea. The values varied
between 10-50 cm for plant height, 3-20 units for the number of flowers, and 2-4
units for the number of tubers (Renz and Taubenheim, 1984). Giiler (2005) stated
the variations in the Kaz Mountains were 16.0-46.0 cm for plant height, 2-3 units
for the number of tubers, 2-10 units for the number of flowers in the panicle. The
authors also determined the number of leaves per plant as 4-9 units. Sandal (2009)
reported that the most effective environmental factor in the distribution of orchid
species was altitude. The researcher determined that the plant height of S. vome-
racea varied between 10-30 cm while the number of leaves were 4-6, the number
of flowers were 3-6, and the flowering period took place between March and May.

The results of the literature show that the investigations on salep mostly consist
of studies conducted in natural flora, and the studies carried out in field conditions
are limited to a few studies. For this reason, this study is very important in terms
of contributing to salep cultivation. In this study, the effects of plant density and
shading on the agricultural traits of salep orchid (S. vomeracea) grown in Rize con-
ditions were determined.

2. MATERIAL AND METHOD

This study was carried out in the Pazar district of Rize province in split-plot
design with randomized blocks as three replications. The seedlings of S. vomeracea
purchased from a producer company were used as trial material (Figure 1). In the
study, seedlings with similar main tuber sizes were used. Shading was placed on the
main plots, and plant density was placed on the sub plots. Three levels of shading
ratio (Control, 50 % and 75 %) and five levels of plant density (20x10 cm, 20x5 cm,
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10x10 cm, 10x6.6 and 10x5 cm) were applied. No shading treatment was applied
in the control.

The seedlings were transplanted into the cover soil (15 cm deep) formed by
mixing 1/3 field soil, 1/3 stream sand and 1/3 tea fiber on December 29, 2021.
Thirty-eight seedlings were planted per plot. The values obtained in 10 plants were
averaged. Statistical analyzes were made using the averages.

The shading cover was covered on the plots 60 cm above the soil level on April
8, 2022, during the spring season when the air temperature started to increase. In
this study, agricultural traits discussed in the study were plant height, number of
leaves per plant, leaf length, leaf width, panicle length, number of flowers per pa-
nicle, number of roots per plant, stem diameter, and new tuber traits (tuber yield
per plant, number of tuber per plant, first tuber weight, first tuber length, first
tuber width, first tuber depth, second tuber weight, second tuber length, second
tuber width, second tuber depth, dry matter ratio in tuber, and ash ratio in tuber).

e

Figure 1. The plants of S. vomeracea

In determining of the leaf length and leaf width in the plant, the average of the
values obtained in the best developed three leaves in the same plant was taken. Leaf
width was determined by measuring the widest part of the leaf, while stem diame-
ter was determined by measuring the diameter of the plant stem at soil level with
a caliper. The date on which 50 % of the plants flowered was recorded as flowering
date. The number of days between the date when the first flowers began to appear
and the date when the last flower bloomed was determined as the flowering peri-
od. The dry matter ratio and the ash ratio in tuber were determined by using fresh
tubers. The amount of dry matter in the harvested fresh tuber was determined by
keeping the tubers in an oven set at 70 °C until they were completely dry, and the
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dry matter ratio was calculated by proportioning the obtained dry weight value
to the fresh tuber weight. After the dried tubers were turned into powder, they
were kept in the crematorium at 525 °C until they completely turned into ash.
The ash ratio was calculated by proportioning the amount of ash obtained to the
initial fresh weight.

All statistical analyses were performed using the JMP software program (JMP,
2006). TUKEY Multiple Comparison Test was applied to compare the averages.
Hierarchical cluster analysis (Ward method with Squared Euclidean distances) was
performed by using the SPSS 20.0 software (SPSS, 2011).

3. RESULTS

3.1. Phenological Observations

The flowering period was determined as 28 days for the control plots, 29 days
for the plots with 55 % shading, and 30 days for the plots with 75 % shading. The
flowering date of the plants was on 10th of May 2022 in the control plots. In cont-
rast, flowering dates were determined as on 13rd of May 2022 with a delay of three
days for 55 % shading and on 15th of May 2022 with a delay of five days for 75 %
shading. In the plots where different plant densities were applied, no difference was
observed in terms of flowering.

3.2. The Effect of Shading on the Investigated Traits

Considering the data obtained in shading applications, only the differences
in leaf width (P<0.05), dry matter ratio in tuber (P<0.05), and ash ratio in tuber
(P<0.01) were found to be statistically significant (Table 1, 2). The highest leaf wi-
dth was obtained in 55 % and 75 % shading ratios. The highest dry matter ratio
occurred in the control plots and was followed by the shading ratios of 55 % and 75
% within the same statistical group. The highest ash ratios were obtained in control
and 55 % shading groups.

3.3. The Effect of Plant Density on the Investigated Traits

The effects of plant density on plant height, panicle length, dry matter ratio in
tuber, ash ratio in tuber, and leaf width were very significant (P<0.01), while the
effect on the number of flowers per panicle was significant (P<0.05). More much
plant density generally caused increases in plant height, panicle length and number
of flowers per panicle, and caused decreases in dry matter ratio in tuber, ash ratio
in tuber, and leaf width.
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Table 1. The average values belonging to some agronomic traits of S. vomeracea

. Number of Number of
Plant Height Panicle Flowers Per Roots Per .Stem
Shading  Plant Density Length Panicle Plant Diameter
(cm) +Sx  (em) #Sx  (Unit) +Sx (Unit) #Sx (mm) +Sx
20x10 14.44 045 591 0.37 6.43 0.46 9.17 0.14 5.84 0.21
20x5 13.42 0.58 5.49 0.24 6.53 0.18 9.40 0.10 6.18 0.32
10x10 13.53 0.85 5.29 0.55 6.50 0.81 9.63 0.43 6.93 0.59
Control

10x6,6 16.46 095 6.62 0.40 7.00 0.25 9.50 0.25 6.27 0.18
10x5 15.98 1.22 6.02 0.23 6.90 0.31 9.47 0.29 6.07 0.18

Average 14.77 5.87 6.67 9.43 6.26
20x10 14.34 1.18 634 0.36 6.43 0.62 9.68 0.21 6.28 0.42
20x5 14.21 195 6.04 0.20 6.25 0.32 8.97 0.35 6.29 0.32
10x10 14.22 207 545 0.37 5.69 0.51 9.27 0.54 6.35 0.61
% 10x6,6 16.18 2.11 6.61 0.78 7.07 0.49 9.23 0.14 9.36 2.70
10x5 17.86 259 674 0.68 6.73 0.20 9.33 0.09 6.69 0.35

Average 15.36 6.24 6.43 9.30 6.99
20x10 16.44 0.68 7.63 0.70 7.52 0.55 8.67 0.72 6.46 0.25
20x5 14.41 253 592 0.50 523 0.54 8.50 0.41 5.79 0.31
. 10x10 12.47 253 554 046 5.05 0.85 7.78 0.64 4.82 0.31
73% 10x6,6 16.64 7.89  6.56 0.33 5.90 0.31 8.13 0.20 5.05 0.04
10x5 16.94 1.08  6.35 0.39 6.57 0.14 9.53 0.32 6.05 0.35

Average 15.38 6.40 6.05 8.52 5.63

CV% 9.98 9.99 11.72 6.43 20.04

Sx: Standard errors. CV: Coefficient of variation. There is no significant difference between the means with the same

letter at the *P<0.05 and **P<0.01

Table 1. The average values belonging to some agronomic traits of S. vomeracea
(Continued)

Number of Tuber Yield Number of Leaf Leaf
Shading  Plant Density Tubers Per Plant Per Plant Leaves Per Plant Length Width

(Unit) +Sx (g) +Sx  (Unit) +Sx (cm)*™*  +Sx (cm) +Sx

20x10 1.60 0.10 3.18 0.28 4.60 0.31 7.394 050 1.37°"  0.05
20x5 1.57 0.07 3.89 0.17 4.80 0.36 7.70¢  0.58 1.35% 0.05
10x10 1.57 0.13 3.69 0.93 5.47 0.26 7.92%%  0.48  1.39"%  0.09
Control
10x6,6 1.63 0.03 4.46 1.17 5.30 0.51 7.87%  0.73 1.37% 0.07
10x5 1.40 0.06 3.56 0.44 5.03 0.13 7.86"  0.58  1.40"  0.06
Average 1.55 3.76 5.04 7.75 1.37%
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20x10 1.35 0.25 319 024 322 0.42 6.85¢ 047 150"  0.05
20x5 1.60 0.10 371 015 440 0.61 74044 048 137 0.08
. 10x10 1.53 0.09 327 051 4.57 1.04 72774 031 143" 0.07
=% 10x6,6 1.62 0.11 375 0.62 420 0.78 8.38° 1.25  141%  0.04
10x5 1.40 0.10 347 059 490 0.79 7750 0.65  1.49%  0.06

Average 1.50 3.48 4.26 7.53 1.44™
20x10 1.65 0.15 296 076  4.30 0.46 824%™ 045  1.55*  0.05
20x5 1.55 0.20 249 054 291 1.10 830" 051 151  0.06
10x10 1.31 0.08 235 021 3.56 0.28 6.42¢ 048 133  0.08
73 10x6,6 1.33 0.09 281 015  3.86 0.17 6.90  0.77  1.34*  0.06
10x5 1.37 0.17 313 020 463 0.50 718" 0.60  1.49%  0.07

Average 1.44 2.75 3.85 7.41 1.45™

CV% 14.54 26.75 19.28 6.15 3.91

Table 2. The average values belonging to some agronomic traits of S. vomeracea

First Tuber Second Tuber First Tuber- First Tuber First Tuber

Shading  Plant Density Weight Weight Length Width Depth
(€3] +Sx (g) +Sx  (mm) #Sx (mm) Sx (mm) £Sx
20x10 3.20 0.05 0.43 0.08 22.19 1.59 1524 036 13.69 0.31
20x5 3.60 0.13 0.57 0.05 22.93 143 1597 047 1381 0.38
10x10 3.25 0.32 0.85 0.18 2492 328 1566 1.65 1416 137
Control

10x6,6 3.48 0.48 0.52 0.06 20.54 093 1622 033 1492 026
10x5 3.32 0.37 0.65 0.10 22.21 0.15 1622 0.58 1421 0.61

Average 3.37 0.60 22.56 15.86 14.16
20x10 3.55 0.59 0.36 0.14 24.18 1.14 1669 130 1561 118
20x5 3.22 0.20 0.76 0.08 24.04 122 1640 0.12 1482 0.44
. 10x10 2.96 0.43 0.65 0.27 20.74 274 1614 087 1514 1.02
s 10x6,6 3.25 0.47 0.78 0.13 2231 1.73 1630 0.57 1477 0.64
10x5 3.22 0.61 0.75 0.16 21.22 205 1607 114 1453 1.14

Average 3.24 0.66 22.50 16.32 14.97
20x10 3.44 0.21 0.94 0.21 21.88 098 1613 1.15 1426 0.96
20x5 3.46 0.63 0.62 0.13 22.35 1.68 17.28 1.21 15.84 1.04
. 10x10 2.87 0.16 0.47 0.17 17.82 126 1393 196 1296 171
7% 10x6,6 2.62 0.11 0.62 0.08 22.36 0.73 1457 050 13.73 0.25
10x5 291 0.23 0.69 0.08 23.93 0.73 1655 0.52 1470 0.18

Average 3.06 0.67 21.67 15.69 14.30

CV% 20.77 36.26 12.22 9.97 10.49

Sx: Standard errors. CV: Coeficient of variation. There is no significant difference between the means with the same

letter at the *P<0.05 and **P<0.01
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Table 2. The average values belonging to some agronomic traits of S. vomeracea
(Continued)

Second Second Second Dry Matter Ash Ratio in
Shading  Plant Density Tuber Length  Tuber Width  Tuber Depth  Ratio in Tuber Tuber
(mm) +Sx (mm) #Sx (mm) +Sx (%) +Sx (%) +Sx
20x10 11.03  0.79 8.03 0.52 7.03 040 2147 0.16 0.55* 0.01
20x5 11.36  0.39 8.90 1.37 8.61 1.14  21.20 0.51 0.51% 0.01
10x10 1574 3.09 1088 1.70 9.37 135 18.96 0.37 0.43*  0.03
Control

10x6,6 10.21  0.48 8.31 0.24 738 038 1898 0.50 0.39<%¢  0.01
10x5 12.18  0.73 8.44 0.52 7.74  0.60 18.01 0.47 0.39%¢  0.01

Average 12.10 8.91 8.03 19.72¢ 0.454*
20x10 10.62  0.62 7.90 1.41 7.06 124 20.87 0.40 0.54™ 0.01
20x5 11.72 035 9.47 0.16 8.84 0.13 2073 0.70 0.53* 0.02
. 10x10 10.37  1.76 9.42 1.53 8.54 1.50 18.64 0.61 0.45¢ 0.02
o 10x6,6 13.00 0.76 9.45 0.40 872 051 17.93 0.23 0.41°*  0.01
10x5 12.37 097 9.75 1.27 830 091 17.63 0.31 0.40%¢  0.01

Average 11.62 9.20 8.29 19.16° 0.465"*
20x10 14.71 1.11 10.71 1.14 9.41 135  20.62 0.70 0.38<  0.01
20x5 12.04 1.02 9.47 0.56 8.41 0.24  20.62 0.46 0.35%*  0.02
. 10x10 13.46  0.00 9.86 0.00 8.04 0.00 18.02 0.31 0.33<%  0.02
[ 10x6,6 11.13  0.83 9.36 0.73 8.18 0.42 17.89 0.23 0.29% 0.01
10x5 1231 0.73 9.23 0.30 883 036 17.76 0.24 0.31<%  0.02

Average 12.73 9.73 8.57 18.98" 0.329b*

CV% 18.29 20,21 19,68 3.99 4.32

Sx: Standard errors. CV: Coefficient of variation. There is no significant difference between the means with the same

letter at the *P<0.05 and **P<0.01

3.4. Combinations of Shading and Plant Density

Combination of shading and plant density had a significant effect on leaf length
(P<0.01), leaf width (P<0.01), and ash ratio (P<0.05) in tuber (Table 3, 4). The hi-
ghest values of leaf length were obtained in all planting densities without shading.
On the other hand, high values were determined in the shaded plots for some agro-
nomic traits depending on the plant densities. The highest values in terms of leaf
width were generally determined in combinations of planting density levels with
55 % shading. The highest ash ratio in tuber was determined in the control group,
and combinations of 55 % shading with 20x10 cm and 20x5 cm density.
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3.5. Relationships Between the Agronomic Traits

Relationships and significance levels between the traits are given in Table 5.
Positive and significant correlations were found between tuber yield per plant and
number of flowers per panicle (r=0.633*), number of roots per plant (r=0.728**),
and number of leaves per plant (r=0.745**) (Figure 2). It will be useful to examine
the traits which showed significant correlations with tuber yield per plant.

Number of flowers per panicle was correlated with plant height (r=0.583%),
panicle length (r=0.618%), root number per plant (r=0.584*), stem diameter
(r=0.563%), number of leaves per plant (r=0.569%), and leaf length (r=0.535%). Sig-
nificant (P<0.05) relationships were also determined between the number of roots
per plant and the number of leaves per plant (r=0.580*), the length of the first tuber
(r=0.562*), and the width of the first tuber (r=0.581*). There were no significant
correlations between the number of leaves per plant and the number of roots per
plant, the number of flowers per panicle, and the tuber yield per plant (Figure 3, 4, 5).

Table 3. General average values belonging to plant density in terms of some
agronomic traits in S. vomeracea

. Number of Number of
Plant Panicle Stem
. Height ** L b+ Flowers Per Roots Per Di
Plant Density eight engt Panicle * Plant iameter

(cm) +Sx (ecm) £Sx (Unit) #Sx (Unit) #Sx (mm) +Sx

20x10 15.07* 0.68 6.63* 0.52 6.79* 0.36 9.17 029 619 0.18
20x5 14.01° 030 5.82® 0.17 6.00® 0.39 8.96 026 6.09 0.15
10x10 13.41* 051 543 0.08 575" 042 8.89 0.57  6.03 0.63
10x6,6 16.43* 039 6.60° 0.15 6.66° 0.25 8.95 0.31 6.89  0.84
10x5 16.93a 054 637 021 6.73* 0.10 9.44 006 627 021
Average 15.17 6.17 6.39 9.08 6.30

Sx: Standard errors. There is no significant difference between the means with the same letter at the *P<0.05 and

**P<0.01
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Table 3. General average values belonging to plant density in terms of some
agronomic traits in S. vomeracea (Continued)

Number of Tuber Yield Number of Leaf Leaf
Plant Density Tubers Per Plant  Per Plant  Leaves Per Plant Length Width **

(Unit) +Sx (g) +Sx (adet) +Sx  (cm) +Sx (cm)  #Sx
20x10 1.53 0.09 3.11 0.08 4.04 042 749 040 1.48 0.05
20%5 1.57 0.02 336 044 4.04 058  7.80 027 141" 0.05
10x10 1.47 0.08 3.10 040 4.53 0.55 720 043 1.38™ 0.03
10x6,6 1.53 0.08 3.67 033 4.45 0.43 7.71 043 1.37¢  0.02
10x5 1.39 0.01 339 013 485 012 760 021 1.46® 0.03
Average 1.50 3.33 4.38 7.56 1.42

Sx: Standard errors. There is no significant difference between the means with the same letter at the **P<0.01

Table 4. General average values belonging to plant density in terms of some
tuber traits in S. vomeracea

First Tuber  Second Tuber  First Tuber First Tuber First Tuber

Plant Density Weight Weight Length Width Depth

(g) +Sx (g) +Sx (mm) +Sx (mm) +Sx (mm) +Sx
20x10 340 0.10 0.58 0.18 2275 072 16.02 042 14.52 0.57
20%5 343 011  0.65 0.06 2311 050 1655 0.39 14.82  0.59
10x10 3.03 0.12 0.66 0.11 21.16 2.06 1524 0.67 14.09 0.63
10x6,6 312 026 064 0.08 21.74 060 1570 0.57 1447  0.38
10x5 315 012 070 0.03 2245 079 1628 0.14 1448 0.14
Average 3.25 0.65 22.24 15.96 14.48

Sx: Standard errors. There is no significant difference between the means with the same letter at the **P<0.01

Table 4. General average values belonging to plant density in terms of some
tuber traits in S. vomeracea (Continued)

Second Tuber Second Tuber Second Tuber Dry Matter Ash Ratio

Plant Density Length Width Depth Ratio in Tuber **  in Tuber **
(mm) +Sx (mm) +Sx (mm) +Sx (%) +Sx (%) +Sx
20x10 1212 130 8.88 0.92 7.83 0.79  20.99* 0.25 0.49*  0.06
20x5 11.71  0.20  9.28 0.19 8.62 0.13  20.85° 0.18 0.46° 0.06
10x10 13.19 1.56 10.05 0.43 8.65 039 18.54° 0.28 0.40¢  0.03
10x6,6 11.45 082 9.04 0.36 8.09 0.39 18.27° 0.28 0.36¢ 0.03
10x5 1229 0.06 9.14 0.38 829 032 17.80° 0.11 0.37¢  0.03
Average 12.15 9.28 8.30 19.29 0.42

Sx: Standard errors. There is no significant difference between the means with the same letter at the **P<0.01
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Table 5. The correlations between the investigated traits in S. vomeracea (r)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

1 Plant height 1

2 Panicle length 0.779% 1

3 Number of flowers per panicle 0.583°  0.618" 1

4 Number of roots per plant 0.194  -0.067 0584 1

5 Stem diameter 0259 0223 0563° 0490 1

6 Number of tubers per plant -0.069  0.103 0413 0248 0498 1

7 Tuber yield per plant 0.206 0020 0633 0728" 0511 0495 1

8 Dry matter ratio in tuber 0455 -0.074 0.027 0088 -0.121 0503 0.019 1

9 Number of leaves per plant 0244 -0078 0569° 0.580° 0249 0330 0745 -0.230 1

10 Ash ratio in tuber <0420 -0273 0176 0493 0215 0.401 0403 0.703**  0.128 1
11 Leaflength 0322 0303  0535* 0310 0635* 0.719** 0394 0133 0281  0.005 1
12 Leaf width 0405  0.525* 0268 0210 0206 0.035 -0251 0116 -0281 -0.104 0361 1
13 First tuber weight 0110 0112 0438 0493 0326 0523° 0446 0618 0072 0523* 0576* 0327 1
14 Second tuber weight 0358 0338 0426 0038 0461 0386 0.135 -0.231 0354 -0268 0594* 0322 -0.032 1
15 First tuber length. 0057 -0.024 0332 0562° 029 0171 0278 0327 0.134 0360 0236 0234 0267 0257 1
16 First tuber width 0256 0.197 0316 0581" 0430 0363 0308 0281  -0.035 0228 0587* 0.659** 0620 0212 0510 1
17 First tuber depth 0.194 0.159 0.046 0415 0334 0207 0.152 0.184 0264 0157 0357 0618* 0417 0034 0371 0.884™ 1
18 Second tuber length -0.081 0.069 0.186 -0.145 0240 0.120 -0.187 -0.164 0.150 -0282 0317 0185 -0.008 0675 0120 -0.161 -0316 1
19 Second tuber width <0030 0072 -0034 -0335 0.144 0153 0243 -0241 0089 -03%8 0250 0187 -0227 0798 -0018 -0.164 -0.195 0822 1
20 Second tuber depth 0030 0.060 0126  -0.094 0307 0295  -0.030 -0.142 0182 -0276 0383 0223 -0.107 0.880" 252 0123 0029 0682 0.876™

*P<0.05 ve **P<0.01
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The effect of the first tuber (r=0.446) on the tuber yield per plant was hi-
gher than that of the second tuber (r=0.135). First tuber weight was correla-
ted significantly with number of tubers per plant (r=0.523*), ash ratio in tuber
(r=0.523%*), leaf length (r=0.576%*), first tuber width (r=0.620%*), and dry matter
ratio in tuber (r=0.618%).

3.6. Clustering Analysis

The clustering analysis related to combinations of shading and plant density
depending on the investigated traits in S. vomeracea was determined by using the
hierarchical clustering method called Ward’s Method. As a result of the dendogram
obtained by twenty agronomic traits, a total of 4 clusters A, B, C and D formed
(Figure 6). At first, two groups were formed. Both groups were separated into two
subgroups within itself. One of these subgroups (A) consisted of K 20x5, G1 20x5,
K20x10, G120x10 and G2 20x5. The other subgroup (B) consisted of K 10x10, G1
10x10 and G2 10x10. The subgroup (C) consisted of K 10x6.6, K 10x5, G1 10x5,
G2 10x5 and G2 10x6.6 while the last one (D) consisted of G1 10x6.6 ve G2 20x10.

Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine

0 5 10 15 20 25
K 20x5
G120x5 |
A K 20x10 J
G120x10
| G220x5
K 10x10
B G110x10 ||
_ G210x10
K 10x6,6
K 10x5 |
C G110x5 T
G2 10x5 =
| G210x6,6
D G110x6,6
_ G220x10 —

Figure 6. Clustering analysis related to the combinations of shading and plant density
depending on the investigated traits in S. vomeracea
K: Control, G1: 55 % Shading, G2: 75 % Shading
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4. DISCUSSION

The effects of shading and plant density on S. vomeracea were determined in
detail. As the results of the study, shading had an effect only on a few agronomic
traits, flowering period and date, dry matter ratio and ash ratio in tuber. When
the shading ratio increased, the flowering period increased, and flowering date
delayed. It is stated that it is suitable to shade the plants 2 months before the har-
vest. Exposure to direct sun light of plants causes sunburns and growth retardation
(Caliskan, 2020). However, this negative effect of the sun may vary depending on
ecological conditions. As a matter of fact, the results of the research showed that
there was no yield loss due to sunny weather in Rize province.

Plant density was effective on plant height, panicle length, number of flowers
per panicle, dry matter ratio and ash ratio in tuber. These investigated traits were
affected by the plant density at significant level statistically. In contrast, plant den-
sity had no effect on tuber yield per plant. Caliskan (2020) recommends planting as
many plants as possible per unit area. Sparse planting makes weed control difficult
and limits tuber growth (Parlak, 2016).

Except for the combination of G2 and 20x10 cm, all combinations of K, G1
and G2 with 20x10 cm and 20x5 cm took place in the cluster (A). The cluster (B)
was composed of only combinations of shading and 10x10 cm planting density,
while the remaining combinations with 10x5 cm and 10x6.6 cm of plant density
were distributed in the clusters (C) and (D). Cluster analysis results show that plant
density has a dominant effect on the studied traits. Variance analysis results also
confirm these results.

The average plant height obtained in the study was between the values recorded
in the previous studies conducted by Renz and Taubenheim (1984) and Sandal
(2009). Sevgi et al. (2012) reported that the variations for tuber width and tuber
length were 5-19 mm (average, 11.28+0.23 mm) and 8-30 mm (16.41+0.35 mm),
respectively. These values are consistent with the values obtained in the study. Ara-
baci et al. (2014) determined that the tuber diameter varied from 13.93 to 17.10
mm While it ranged from 15.69 to 16.32 mm in their study. Similarly, the average
tuber yield per plant obtained in the study was close to the values reported by
Arabaci et al. (2014) (between 2.49 and 5.71 g plant-1). The values recorded by the
same researcher in terms of the number of tubers per plant (between 1.37 and 1.96
tubers plant-1) are also consistent with the findings of the present study. On the
other hand, in the current study, the average number of tubers per plant was higher
than the average value (1.13+0.34 units plant-1) obtained by Ertas et al. (2019).

The values we obtained in terms of the number of leaves per plant are similar to
the findings of the researchers. The current average values are consistent with the
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findings reported by Caliskan et al. (2020) (3.00-9.83 units plant-1), Giiler (2005)
(4-9 units plant-1), and Sandal (2009) (4-6 units plant-1).

It was reported that the values of S. vomeracea varied from 3.78 to 13.52 mm for
leaf width and 45.82 to 86.93 mm for leaf length (Caliskan et al., 2020). The mea-
surements of the current study in terms of leaf length and leaf width are consistent
with the findings determined by Caligkan et al. (2020).

CONCLUSION

The shading applications have no effect on the new tuber yield per plant, num-
ber of tubers per plant, and tuber weight. Therefore, S. vomeracea can be grown
without shading in Rize conditions. The fact that the statistical insignificant dif-
ferences between the plant densities in terms of the studied yield elements show
that higher tuber yield can be obtained by growing more plants (in density of 10x5
cm) in unit area. On the other hand, since transplanting more seedlings in a unit
area requires more labor, it would be beneficial to consider the income-expendi-
ture balance when deciding on planting frequency. Number of flowers per panicle,
number of roots per plant, and number of leaves per plant were positively corre-
lated with tuber yield per plant. These positive interactions are important data for
orchid breeding.
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SAV (ISPARTA) YORESI DOGAL KIZILCIK
(Cornus mas L.) POPULASYONUNUN FENOLOJiK VE
POMOLOJiK OZELLIKLERI

0z

Kizilcik zengin besin igerigi ve medikal 6zellikleri agisindan olduk¢a énemli bir
tiirdiir. Isparta ili Sav Kasabasi dogal florasindaki kizilcik (Cornus mas L., Cornece-
ae) popiilasyonunda iistiin/farkl 6zelliklere sahip genotipleri secmek amaciyla yii-
riitiilen bu arastirmada; 6n seleksiyonla degerlendirmeye alinan 42 kizilcik genoti-
pi arasindan meyveye dair 14 adet kantitatif 6zellik bakimindan yapilan kiimeleme
(cluster) analizi neticesinde farkliliklar: belirlenen 15 genotipe ait bulgular sunul-
mustur. Kizilcik genotiplerinin tomurcuk patlamasi 11-26 Subat tarihleri arasinda,
ciceklenme baglangic1 17 Subat ile 6 Mart tarihleri arasinda, tam ¢iceklenme 5-19
Mart tarihleri arasinda, ¢igeklenme sonu ise 17 Mart ile 13 Nisan tarihleri arasin-
da gergeklestigi gozlemlenmistir. Hasat donemi agustos-eyliil aylar1 arasinda olan
kizilcik agaglarinda tam gigeklenmeden hasada kadar gegen siire 170 ile 185 giin
arasinda degismistir.

Degerlendirmeye alinan kizilcik popiilasyonu icerisinde SAV 37, 4.81 g meyve
agirhigl, 16.99 mm meyve eni ve 22.67 mm meyve boyu ile en iri meyvelere sahip
genotip olurken, SAV 29 genotipi ise minimum degerlere sahip olmustur. SCKM %
8.90 (SAV 41) ile % 16.83 (SAV 25) arasinda, TA % 1.83 (SAV 41) ve % 3.47 (SAV
9) ve pH ise 3.12 (SAV 26) ile 3.32 (SAV 41) arasinda bulunmustur. Meyve kabuk
rengi L* 25.91 (SAV 25) ile 36.80 (SAV 27), a* 24.54 (SAV 25) ile 41.00 (SAV 22),
b* 11.27 (SAV 25) ile 27.75 (SAV 26) arasinda tespit edilmistir. Kiziletk meyveleri-
nin C vitamin icerigi 1.20 mg 100 g (SAV 38) ile 79.40 mg 100 g (SAV 37) ara-
sinda degisiklik gostermistir. Kizilcik genotipleri arasindan meyve agirligi, meyve
boyutlar: gibi pomolojik kalite 6zellikleri bakimindan SAV 37 hem biyocesitlilik
hem de ebeveyn karakter amagl en farkli/istiin genotip olarak se¢ilmistir.

Anahtar Kelimeler: Biyogesitlilik, Corneceae, Kizilcik, Kiimeleme Analizi, Vitamin C.
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PHENOLOGICAL AND POMOLOGICAL CHARACTERISTICS OF
THE WILD CORNELIAN CHERRY (Cornus mas L.)
POPULATION OF SAV (ISPARTR) REGION

ABSTRACT

Cornelian cherry is a very important species in terms of its rich nutritional
content and medicinal properties. This study was carried out to select genotypes
with superior/different characteristics in the cornelian cherry (Cornus mas L., Cor-
neceae) population in the natural flora of Sav (Isparta) region. Among the 42 cor-
nelian cherry genotypes evaluated by pre-selection, the findings of 15 genotypes
whose differences were determined by cluster analysis for 14 quantitative characte-
ristics of fruit were presented. In cornelian cherry genotypes, it was observed that
the bud burst dates were between 11-26 February, the beginning of blooming was
between 17 February and 6 March, full blooming was between 5-19 March and
end of bloom was between 17 March and 13 April. The period from full bloom to
harvest varied between 170 and 185 days in cornelian cherry trees whose harvest
period was between August and September.

Among the evaluated cornelian cherry population, SAV 37 had the largest fruit
with an average fruit weight of 4.81 g, fruit width of 16.99 mm and fruit length of
22.67 mm, while SAV 29 genotype had the minimum values. The SSC values was
between 8.90% (SAV 41) and 16.83% (SAV 25), TA % was between 1.83% (SAV 41)
and 3.47% (SAV 9) and pH was between 3.12 (SAV 26) and 3.32 (SAV 41). The L*
of fruit skin color was determined between 25.91 (SAV 25) and 36.80 (SAV 27), a*
between 24.54 (SAV 25) and 41.00 (SAV 22), and b* between 11.27 (SAV 25) and
27.75 (SAV 26). The vitamin C of cornelian cherry fruit ranged from 1.20 mg 100 g'*
(SAV 38) t0 79.40 mg 100 g' (SAV 37). Among the cornelian cherry genotypes, SAV
37 was evaluated as the superior genotype for both biodiversity and parental chara-
cteristics in terms of pomological characteristics such as fruit weight and fruit size.

Keywords: Biodiversity, Corneceae, Cluster, Cornelian Cherry, Vitamin C.

e e
1. GIRIS

Anadolu’nun kadim tiirlerinden olan ve yetistigi her cografyada ¢ok gesitli has-
taliklar i¢in kullanilmig olan kizilcik etnofarmakolojik bitki olarak bilinmektedir
(Czerwinska ve Melzig, 2018). Kiiltiir tarihi ¢ok eski olan ve baslangicta sadece
Asyada (Cin, Himalayalar) ortaya ¢ikan Cornaceae familyasi tiirleri halen iliman
Avrupa cografyasinda siis bitkisi olarak da yetistirilmektedir (Klimenko, 1990).
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Ayni zamanda kizilcik orta-giiney Avrupa, giineybati Asya, dogu Afrika daglari ve
Amerika kitasinda yaygin olarak goriilmektedir (Dinda ve ark., 2016). Tiirkiyede
ise Akdeniz, Ege, Marmara ve Karadenizde, daglik alanlarda ve uygun iklim ko-
sullarinda vadi iglerinde, dogal olarak yetisen tek ya da birka¢ aga¢ seklinde veya
bahge kenarlarinda sinir agaci olarak bol miktarda kizilcik yetismektedir. Balikesir,
Istanbul, Kirklareli yérelerinde “kizilcik” olarak anilan bu tiir Antalya yoresinde “de-
lice kiraz” ya da “yabani kiraz”; Isparta, Burdur ve Konyada “ergen’; Amasya, Bartin,
KarabiiK’te “kiren” olarak adlandirilmaktadir (Karadeniz, 2002; Tuzlaci, 2006).

Cornus mas L., (Cornaceae), Cornus cinsi iginde yer alan 45 tiirden biridir
(Murrell, 1993). Kisin yapraklarini déken, 7-8 m boylanabilen, gévde ¢ap1 25-45
cm olan, meyveleri oval, silindirik, yuvarlak, konik seklinde, eksi-buruk tada sahip
kizilcigin meyve kabuk rengi tipe ve forma bagli olarak kirmizi, sar1 yada kirmizi-
sar1 olabilmektedir (Akman ve Giiney, 2010; Baytop, 1984; Rop ve ark., 2010).

Ozellikle Cin bagta olmak tizere biitiin Asyada 2000 yildan beri saglikli yasam
regetelerinde bulunmaktadir (Liu ve ark., 2011). Ayrica kizilcik bitkisinin kok, yap-
rak, kabuk, cicek ve cekirdekleri de bronsit, sistit, iist solunum yolu enfeksiyonu ve
yara tedavisinde kullanilmaktadir (Korkmaz ve Karakurt, 2015). Kizilcik meyvesi
glikoz, pektin, tanen, mineral madde, fenolik asit, organik asit, flavonol, antosiya-
nin, askorbik asit, triterpenoid ve iridoid gibi ¢ok sayida biyoaktif bilesikler baki-
mindan zengindir (Demir ve Kalyoncu, 2003; Ergisli ve ark., 2011; Hassanpour ve
ark., 2011). Icerdigi antosiyanin pigmentlerinden dolay: etkileyici kirmiz1 renge
sahip olan kizilcik kanser, diyabet, obezite ve kalp damar hastaliklarina kars: bit-
kisel tedavi yoniiyle ilgi cekmeyi basarmis bir tiirdiir (Kucharska ve ark., 2011).
Biitiin bu komponentler yogun antioksidan ve anti-tiimor etkilere sahiptir (De Bi-
aggi, 2018; Sozanski ve ark., 2016; Szczepaniak ve ark., 2019). Kizilcik meyvesinin
antiseptik, antidiyabetik, antimikrobiyal ve antioksidan 6zelliklerini arastiran ¢ok
sayida calisma bulunmaktadir.

Kizilcik meyvesi, taze veya kurutulmus olarak tiiketilebildigi gibi recel, marme-
lat, meyve suyu, komposto, surup, meyveli yogurt, likor, sarap gibi bir¢ok farkl se-
kilde degerlendirilebilmesinin yaninda gida iireticileri tarafindan dondurma, kek,
pasta ve tarhana gibi gida sanayisinde aroma maddesi olarak da kullanilmaktadir
(Topdas ve ark., 2017).

Genetik kaynaklarin ve biyocgesitliligin korunmasi son yillarin 6nemli bilim-
sel alanlarindan biri haline gelmistir. Nitekim tarim alanlarinin ingaata agilmasi
sonucunda bir¢ok tiirde ozellikle dogal/yabani formlarin hizla azalmasi hatta yok
olmasi riski ortaya ¢ikmistir. Tohumla ¢ogalan kizilcik tiirii i¢inde zengin bir ge-
netik cesitlilik bulunmaktadir. Standart kizilcik ¢esitlerinin elde edilmesinde en
uygun yol seleksiyondur (Didin ve ark., 2000). Mevcut kizilcik popiilasyonlarin-
dan iistiin/farkli 6zelliklere sahip form ve tiplerin segilip, korunmaya alinmasi hem

https:/doi.org/10.7161/0muanajas1309086 d



Sav (Isparta) Yoresi Dodal Kizilcik (Cornus mas L) Popilasyonunun...

slahgilar agisindan hem de biyolojik ¢esitliligin korunmasi agisindan bityiik bir
avantaj saglamaktadir. Bursa yoresinde (Eris ve ark., 1992), Erzurum ve bazi ilcele-
rinde (Pirlak, 1993), Samsun’'un Vezirkoprii ilgesinde (Kalkisim ve Odabas, 1994),
Malatya ve Elazig, Karadeniz ve Kuzey Anadolu Gegit Bolgesinde Kastamonu, Si-
nop, Samsun, Amasya, Tokat, Giresun, Gimiishane, Trabzon, Rize, Artvin illeri
ve Dogu Toroslarda Adana, Mersin, Hatay ve Kahramanmaras illerinin kizileik
yetistirilen bolgelerinde (Yal¢cinkaya ve ark., 1994), Giresun'un Gorele ilgesi (Ka-
radeniz, 1995), Coruh vadisinde (Giileryiiz ve ark., 1998), Tokat yoresinde (Gergekgi-
oglu, 1998), Konyanin Derebucak ilgesinde (Tiirkoglu ve ark., 1999), Giresun Merkez
ilcede dogal olarak yetistirilen yerel kizilcik popiilasyonunda seleksiyon ¢alismalari
yapilmustir (Geng, 2015). Bu galisma, Isparta ili Sav Kasabasrnda dogal olarak yetisen
kizileik genotiplerinin agronomik 6zelliklerinin belirlenmesi amaciyla yiiriitiilmiistiir.

2. MATERYAL VE METOT

2.1. Arastirma Sahasi ve Bitkisel Materyal

Bu ¢alisma 2019 yilinda, Cornus mas tiirti igin dogal zenginlige sahip olan
Goller Yoresinde nokta seleksiyonu igin segilen Isparta Ili Sav Kasabast (37° 45
N, 30° 38> S) ekolojisinde dogal halde yetisen kizilcik genotipleri materyal olarak
kullanilmistir. Denizden ytiksekligi yaklasik 1050 metre olan Isparta, Akdeniz ikli-
mi ile karasal iklimin arasinda her iki iklimin de hitkiim stirdigii yar1 kurak iklime
sahiptir. Uzun yillar sicaklik ortalamasi 12.0 °C olan ¢aligma sahasi y1l boyunca or-
talama 2665 saat giines 15181 ve ortalama 570 mm yag1s almaktadir (Anonim, 2020).

Sav Kasabasinda kendiliginden yetisen kizilcik genotiplerinden 1slahc1 amaci-
na gore bazi meyve ozellikleri ve ciftcilerin goriisleri alinarak toplam 42 genotip
on seleksiyonla ¢alismaya dahil edilmistir. Bu genotiplerin fenolojik ve pomolo-
jik ozelliklerinin degerlendirilmeleri sonuncunda meyve kalitesine daha ¢ok et-
kili oldugu diisiiniilen; meyve agirligi, meyve boyutlari, meyve eti/cekirdek orani,
SCKM, pH gibi kantitatif parametre ozelliklerine dayandirilarak yapilan cluster
(kitmeleme) analizi neticesinde farkli 6zelliklere sahip 15 bireyin fenolojik ve mor-
folojik karakterizasyonuna iligkin veriler sunulmustur.

2.2. Fenolojik Gozlemler

Kizilcik genotiplerinin fenolojik sathalari Kalkisim ve Odabas (1994) ve Sel-
cuk (2010)’ a gore belirlenmistir. Aragtirma sahas1 Ocak 2019dan itibaren belirli
araliklarla sorvey edilerek ¢igek tomurcuklarinin gelisim asamalar1 gézlem yoluyla
kayit altina alinmigtir.
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Tomurcuk patlamasy; tomurcuklarin kabarmasi, tomurcuklarin Ortiilerinin
acilmasi ve tomurcuklarin ucunda yesil yaprak uglarinin belirdigi donem,

Cigeklenme baslangicy; gicek tomurcuklarinda ilk ¢igeklerin goriuldagi
(%5-10) donem,

Tam ¢igeklenme; ¢igeklerin %70-80 nin agildig1 donem,

Cigeklenme sonu; ciceklerin tamaminin agti1 ve tag yapraklarini dokmeye
bagsladig tarih, olarak kabul edilmistir.

Hasat; meyvenin daldan kopmaya gosterdigi diren¢ ve meyve renginin karakte-
ristik olup olmadig: kriterlerine gore hasat yapilmigtir. Sabah erken saatte bitkinin
farkli yon ve bolgelerinden tesadiifi sekilde toplanan meyveler delikli polietilen
torbalar icerisine alinarak laboratuvara nakledilmislerdir. Meyveler pomolojik
analizler i¢in 5 °C’ deki depolarda muhafaza edilerek ayni giin icerisinde analizleri
yapilmaya ¢alistlmigtir.

2.3. Pomolojik Analizler

Pomolojik 6zelliklerin belirlenmesinde her genotipten tesadiifi olarak alinan
20 adet meyve kullanilmistir. Meyve boyutlar1 Karadeniz (1995) referans alinarak
degerlendirilmistir.

Meyve boyutlar1 (mm): Meyvenin ekvator bolgesindeki en genis kisim (meyve
eni) ve meyve sap! ile ¢igek burnu arasindaki en uzun kisim (meyve boyu) olarak
BTS marka 12044 model dijjital kumpas yardimiyla 6l¢tilmiistiir.

Cekirdek boyutlar1 (mm): Cekirdek uzun aksinden (boy) ve orta bolgesinden
(eni) dijital kumpas ile 6lgiilmisgtiir.

Meyve agirligi (g) ve gekirdek agirhigi (g): Her bir meyve ve meyve etinden
ayrilan ¢ekirdekler tek tek 0.01 g hassasiyetindeki Scaltec marka SBA-51 model
terazide tartilarak bulunmustur.

Meyve eti agirligi (g): Meyve agirligindan ayni meyveye ait ¢ekirdek agirliginin
¢ikarilmasiyla hesaplanmustir.

Meyve kabuk rengi (L*, a*, b*): Tesadiif olarak se¢ilen meyvelerde iki yanaktan
Minolta CR-300 model renk cihazi ile yapilan okumalarin ortalamalarinin alinma-
styla belirlenmistir.
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Suda ¢oziinebilir kuru madde (SCKM) (%): Meyve eti ¢ekirdekten ayirdiktan
sonra ezilip tiilbentten gegirilerek elde edilen meyve suyunda Atago Packet PAL-1
dijital refraktometresi ile belirlenmistir (Karagali, 2002).

Titre edilebilir asitlik (TA) (%): Meyve suyundan 10 mL alinarak % 0.1 N’lik
sodyum hidroksit (NaOH) ile pH degeri 8.1 oluncaya kadar pH metre (WTW
Inolab pH Level 2) ile titre edilmesi ile belirlenmistir. Sonuglar harcanan NaOH
miktar1 tizerinden malik asit cinsinden asagidaki formiile gére hesaplanmistir
(Karagali, 2002).

A=((SxNxFxE)/C)x100

A=Titre edilebililr asit miktar;; S= Kullanilan sodyum hidroksit miktar:
(ml); N= Kullanilan sodyum hidroksit normalitesi; F= Kullanilan sodyum hid-
roksit faktdrii; C= Alinan 6rnek miktar1 (mL); E= llgili asidin equivalent degeri
(malik asit i¢in 0.067).

Meyve suyunda pH: Kizilcik meyvelerinin tiilbent yardimiyla ¢ikarilan meyve
suyu orneklerinde WTW Inolab pH Level 2 marka masa tipi dijital pH ile belirlen-
mistir (Esitken, 1992).

C vitamini tayini (mg 100 g'): Uziimcii ve Koyuncu (2017)’ya gore kiigiik
modifikasyonlarla, her bir genotip i¢in 3 paralel olacak sekilde spektrofotometrik
(T80 UV/VIS) yontem kullanilarak gergeklestirilmistir. 10 g kizilcik meyve 6rne-
&i % 0.4’litk 25 ml oksalik asit ¢ozeltisi eklenerek homojenize olmasi saglanmis-
tir. Oksalik asit eklenerek 200 mI'ye tamamlanarak elde edilen karisim ift kath
kaba filtre kagidindan stiziilmistir. Stziilen siiziintiiler 15 mI'lik falcon tiiplerin
i¢ine koyularak 4000 rpm devirde 10 dk santrifiij edilmistir. Askorbik asit ile
2,6-diklorofenolindofenol boyasi ile yapilan titrasyon sonucu renk gidermesi
ozelliginden yararlanarak kizilcik ekstraktlar: 520 nm dalga boyunda L-askorbik
asit cinsinden belirlenmistir.

Meyve tadi: 5 kisilik bir panelist grubu ile duyusal olarak koéti, orta, iyi ve ¢ok
iyi 1skalasini kullanarak belirlenmistir. Kétii 1, orta 2, iyi 3 ve ¢ok iyi 4 puanlar1
verilerek belirlenmistir. Verilen puanlar toplanip aritmetik ortalamalar: alinarak
meyve tad1 belirlenmistir (Giileryiiz ve ark., 1998).

Burukluk degeri: Meyve 6rnekleri tadilarak duyusal olarak 1-4 tizerinden ve-
rilen panelist puanlarinin ortalamalarinin alinmasiyla belirlenmistir. Degerlendir-
mede meyvelerde burukluk; buruk degil 4, hafif buruk 3, orta 2 ve buruk 1 seklinde
ifade edilmistir (Eris ve ark., 1992).
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2.4. istatistiksel Analizler

Calismada kizilcik genotiplerini temsil eden her bir bitkinin farkli
yonlerinden 20’ser meyve alinarak 6rnekleme yapilmis ve kantitatif parametrele-
re ait 6lgtimler iki paralel, kimyasal analizler ise ti¢ paralel olacak sekilde gercek-
lestirilmistir. Meyve 6zelliklerine iliskin tanimlayici istatistikler SPSS 23 paket
programi kullanilarak yapilmis ve sonuglar ortalama+standart sapma seklinde
sunulmustur. Meyve 6zellikleri arasindan meyve eni, meyve boyu, meyve sekil
indeksi, meyve agirligi, ¢ekirdek agirligi, meyve eti agirligi, meyve eti/gekirdek
agirhigy, cekirdek eni, gekirdek boyu, ¢ekirdek sekil indeksi, meyve kabuk rengi,
pH, SCKM ve TA miktar1 parametreleri esas alinarak bes grup olusturulmus
ve kiimeleme (cluster) analizi SAS-JMP 13 programu ile yapilmigtir. Arastirma
popiilasyonundaki kizilcik genotiplerinin birbirleri ile benzerliklerini gosteren
dendogram grafigi olusturulmustur. Bu makalede ise kitmeleme analizi ile farkli
ozeliklere sahip olduklari belirlenen genotiplere ait fenolojik ve pomolojik ka-
rakterizasyona iliskin veriler sunulmustur.

3. BULGULAR VE TARTISMA

Arastirma genotiplerinde fenolojik tanimlamalar i¢in tomurcuk, ¢icek ve mey-
velere ait 5 adet kalitatif 6zellik ve pomolojik tanimlamalar i¢in ise 12 adet kanti-
tatif ozellik incelenmis ve kizilcik popiilasyonun biyogesitliligine dair elde edilen
veriler bu boliimde sunulmustur.

Kizilcik genotiplerinin tomurcuk patlamast 11-26 Subat tarihleri arasinda, gi-
¢eklenme baglangic1 17 Subat ile 6 Mart tarihleri arasinda, tam ¢iceklenme 5-19
Mart tarihleri arasinda, ¢iceklenme sonu ise 17 Mart ile 13 Nisan tarihleri ara-
sindaki giinlerde gerceklesmistir (Cizelge 1). Saf tomurcuk yapisina sahip kizileik
¢igek tomurcuklarinin yaprak tomurcuklarindan daha 6nce uyandig1 gézlemlen-
migtir. Genotiplerin tomurcuk patlamasi donemi ile ¢iceklenme sonu arasindaki
periyod 34-46 giin olarak tespit edilmistir. Ci¢eklenme periyodu olduk¢a uzun
olan kizilc1gin meyvelerinde hasat olgunlugu da uzun bir periyoda yayilmaktadir.
Bu sayede kademeli hasat yapilmakta ve pazarlarda uzun siire kizilcik meyveleri
taze olarak tiiketime sunulabilmektedir.
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Cizelge 1. Kizilcik genotiplerinin fenolojik sathalar

Table 1. Phenological periods of cornelian cherry genotypes

Tomurcuk Cigeklenme TCHGS(Giin)
Genotip- Baglangict  Tam Cigeklenme  Cigeklenme Sonu Hasat Days from
Genotype Patlamas: Beginning Full blooming End of bloom Harvest bloom to
Bud Burst of bloom harvest(day)
SAV 9 14 Subat 21 Subat 06 Mart 05 Nisan 08 Eyliil 185
SAV 13 12 Subat 18 Subat 13 Mart 18 Mart 30 Agustos 170
SAV 16 14 Subat 21 Subat 06 Mart 03 Nisan 05 Eyliil 182
SAV 18 12 Subat 18 Subat 13 Mart 18 Mart 30 Agustos 170
SAV 22 14 Subat 21 Subat 06 Mart 05 Nisan 08 Eyliil 185
SAV 23 12 Subat 18 Subat 13 Mart 18 Mart 30 Agustos 170
SAV 25 14 Subat 21 Subat 06 Mart 03 Nisan 05 Eyliil 182
SAV 26 14 Subat 21 Subat 06 Mart 03 Nisan 08 Eyliil 185
SAV 27 25 Subat 05 Mart 18 Mart 12 Nisan 14 Eylil 179
SAV 29 12 Subat 18 Subat 13 Mart 18 Mart 30 Agustos 170
SAV 36 14 Subat 21 Subat 06 Mart 03 Nisan 05 Eyliil 182
SAV 37 14 Subat 21 Subat 06 Mart 05 Nisan 08 Eyliil 185
SAV 38 25 Subat 05 Mart 18 Mart 12 Nisan 14 Eyliil 179
SAV 39 12 Subat 18 Subat 13 Mart 18 Mart 30 Agustos 170
SAV 41 14 Subat 21 Subat 06 Mart 03 Nisan 05 Eyliil 182

Aragtirma ekolojisinde kizilcik meyvelerinin hasat olumu agustos aymin son
haftasinda baslamis (5 genotip) ve eylil aymnin ilk yarisina (10 genotip) kadar
devam etmistir. Kizilcigin, Isparta ve gevresinde yetisen sert ¢ekirdekli meyve tiir-
lerinden ¢ok daha dnce ¢icek actig1 goriilmiistiir. Kizilcik agaglarinda tam gigek-
lenmeden hasada kadar gecen siire 170 ile 185 giin arasinda degismistir. Anado-
luda diger meyve tiirlerinde oldugu gibi iliman iklim ekolojisinin dogal bitkisi olan
kizilcik tiirtinde de aragtirmalar yapilmigtir. Erzurum (Pirlak 1993), Yalova (Tiirk
ve ark. 2003), Erzincan (Sel¢uk 2010), Ordu (Geng, 2015) ve Malatya (Macit 2019)
yorelerindeki kizilcik agaclarinin da bizim bulgularimiza paralel olarak fenolojik
sathalarin hemen hemen benzer periyotlarda gerceklestigi rapor edilmistir.

Arastirmada popiilasyonundan elde edilen pomolojik verilerden 1slahg¢1 gorii-
stine gore onemli oldugu distiniilen 14 adet meyve 6zelligi kullanilarak yapilan
kiimeleme analizi ile olusturulan dendrogram grafiginde (Sekil 1) her renk ayr1
bir grubu temsil etmekte olup genotipler 5 grup icerisinde dagilim gostermistir.
Kiimeleme dendogrami incelendiginde birinci grupta 19, ikinci grupta 5, tigiincii
grupta 4, dordiincii grupta 13, ve besinci grupta 1 adet kizilcik genotipinin yer
aldig1 gortlmektedir. Kiimelemeye alinan 6zellikler bakimindan en farkli olan
SAV 37 genotipinin ayr1 bir grup (5. grup) olusturdugu belirlenmistir. Sav kizil-
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cik popiilasyonu igerisinden {i¢iincii grupta bulunan SAV 33, SAV 35, SAV 41 ve
SAV 42 genotiplerin de digerlerinden oldukea farkli 6zelliklere sahip olduklar:
anlasilmaktadir (Sekil 1).

J]

F

Sekil 1. Kizilcik genotiplerinde kiimeleme analizi dendogrami

Figure 1. Dendrogram generated by cluster analysis on cornelian cherry genotypes

Nokta seleksiyon yontemi ile degerlendirmeye aliman genotipler igerisinden
farkliliklar1 kitmeleme analizi ile belirlenen 15 kizilcik genotipinin bazi pomolojik
oOzelliklerine dair veriler Cizelge 2'de sunulmustur. Meyve 6zelliklerinin karakteri-
zasyonuna gore meyve boyu degerleri 14.10 mm (SAV 29) ile 22.67 mm (SAV 37)
arasinda, meyve eni degerleri 11.61 mm (SAV 29) ile 16.99 mm (SAV 37) arasinda,
meyve sekil indeksi 0.65 (SAV 38) ile 0.89 (SAV 23) arasinda degismistir (Cizelge
2). Karadeniz (2019), Ordu ¢evresinde yaptig1 calismada meyve eni degerlerini
14.52-14.94 mm, meyve boyu degerlerini 20.82-23.19 mm arasinda tespit etmis-
tir. Okatan (2016) ise yapmis oldugu aragtirmada inceledigi 9 kizilcik genotipin
meyve boyunu 13.51-18.84 mm, meyve enini 8.41-10.67 mm arasinda bildirmistir.
Degerlendirmeye alinan kizilcik popiilasyonu igerisinden SAV 37 genotipi 4.81 g
ile en yiiksek meyve agirligina, SAV 29 genotipi ise 1.62 g ile en diisiik meyve agir-
ligina sahip olmugtur. Benzer sekilde meyve eti agirligi bakimmdan da maksimum
(4.35 g, SAV 37) ve minimum (1.28 g, SAV 29) degerler yine bu genotiplerden elde
edilmigtir. Meyvecilik pratiginde meyve agirlig1 ekonomik anlamda en 6nemli pa-
rametre oldugundan, arastirma populasyonunun ¢ogunlukla iistiin karakterli ol-
dugunu ve standart yetistiricilik kogullarinda bu degerlerin daha da artabilecegini
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diigtinmekteyiz. Nitekim arastirma lokasyonundan elde edilen verilere gore SAV
29 disinda digerlerinin tamami 2 g dan agir meyvelere sahip iken, 3 g tizeri agir-
likta meyveleri olan 2 adet genotip (SAV 37 ve SAV 9) oldugu belirlenmistir. Ben-
zer gekilde Stankovic ve Savic (1976), Yugoslavya ekolojisinde 2 genotipin meyve
agirliklarinin 3g tzeri olarak bildirmislerdir. Meyve agirliklarini; Oblak (1980)
1.782 g, Bounous ve Zanini (1987) 3.732 g, Kalkisim ve Odabag (1994) 1.07-3.87
g, Giilerytiz ve ark. (1998) 2.907-3.906 g, Tiirkoglu ve ark. (1999) 3.65-4.88 g, Yal-
¢inkaya ve ark. (1999) 1.02-4.07 g, Tural ve Koca (2008) 0.39-1.03 g, Karadeniz ve
ark. (2007a) 2.80-3.85 g, Er¢isli ve ark. (2011) 2.72-4.11 g, Sel¢uk (2010) 1.44-4.24
g, Hassanpour ve ark. (2011) 1.50-3.29 g araliklarinda belirlemislerdir. Arastirma
sonuglarina gore meyve agirligi bakimindan olduke¢a genis varyasyonu olan bir
popiilasyona sahip oldugumuz dikkati cekmektedir. Genel olarak, diger arastirma-
larda yapilan meyve agirligi 6l¢timleri ile bu arastirmadan elde edilen veriler ben-
zerlik gostermekle birlikte, oldukg¢a agir meyveleri olan genotiplerimizin varliginin
1slah materyali anlaminda biiylik 6nem tagidigini diistinmekteyiz.

Cizelge 2. Kizilcik genotiplerinin bazi pomolojik 6zellikleri

Table 2. Some pomological features of cornelian cherry genotypes

Meyve

Meyve

Meyve Meyve Meyve . R Cekirdek Cekirdek  Cekirdek
LT . Sekil Eti L. .
. Agirhgr Eni Boyu . . L Agirhig Eni Boyu

Genotip . . . Indeksi Agirhigr
Genotype Fruit Fruit Fruit Fruit Flesh Seed Seed Seed

typ Weight Width Length X Weight Width Length

®  em) mm) pePe WEENC T ) (mm)
8 index (g) 8

SAV 9 3.01+£0.56  14.66+£0.94 19.25%£1.29 0.76+£0.03  2.59+0.49  0.42+0.08 6.32+0.37  14.02+1.14
SAV 13 2.17+£0.50  13.08+1.10 16.12+1.21  0.81+£0.04 1.85+0.44 0.32+0.09 5.72+0.37 12.57+1.13
SAV 16 2.78+0.49  14.44+0.90 18.74%1.27 0.77£0.03  2.36+0.42 0.42+0.08 6.06+£0.35 13.13+0.94
SAV 18 2.00+£0.35 13.33£0.77  15.29+0.73  0.87+£0.04 1.72+0.30  0.28+0.08 5.60+0.33  10.58+0.49
SAV 22 2424040 13.51+0.66 18.56+1.01 0.73+0.04 2.03+0.33  0.39+£0.09 5.90+0.31 14.17%1.17
SAV 23 2.65+0.24  14.46+0.75 16.21+0.81  0.89+0.05 2.29+0.22 0.33+0.07 6.30+£0.29  11.40+0.55
SAV 25 224040  12.82+0.94 17.68+1.53  0.73+0.05 1.85+0.35 0.35+0.06 5.79+0.28  13.74+1.01
SAV 26 2.94+0.70  14.45%1.32  18.93+2.01 0.77£0.06 2.56+0.64 0.39+0.08 6.04+0.38 13.41+1.65
SAV 27 220£0.41 12.97+0.77 17.08+1.29 0.76+0.05 1.84+0.39 0.37+0.05 6.13+0.42 12.32+0.81
SAV 29 1.62+0.29 11.61+2.53 14.10£1.03  0.82+0.17 1.28+0.27 0.34+0.07 6.17£0.49  11.48+0.88
SAV 36 2.79+0.54 14.34%1.09  18.04+1.51 0.80+0.06 2.42+0.50 0.36+0.07 6.39+0.60 12.68+1.03
SAV 37 4.81£0.91 16.99+1.44 22.67+1.53 0.75%0.05 4.35£0.90 0.46+0.08 6.29+0.30  15.82+0.84
SAV 38 2.20+0.44 12.26%1.22  18.86+0.92  0.65+£0.05 1.73+0.38  0.48+0.08 6.24+0.37 15.08%1.14
SAV 39 2.57+#0.58 13.17£1.17 18.79£1.87  0.70+£0.05 2.10+0.53 0.47+£0.08 6.37+£0.49 13.89+1.36
SAV 41 2.39+0.69 12.47+1.44 18.59+1.77 0.67+£0.05 1.84+0.62 0.56+0.12 6.10+£0.57  15.12+1.35
Min. 1.62 11.61 14.10 0.65 1.28 0.28 5.60 10.58
Max. 4.81 16.99 22.67 0.89 4.35 0.56 6.39 15.82
Ort. 2.58 13.64 17.93 0.77 2.19 0.40 6.09 13.29
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Cekirdek agirlig1 i¢in yapilan 6lgiimlerde 0.28 g ile SAV 18 genotipi en diisiik ge-
kirdek agirligina sahip olurken 0.56 g ile SAV 41 genotipinin en yiiksek cekirdek agir-
ligina sahip oldugu belirlenmistir. Genotiplerin ¢ekirdek boyutlarinin dl¢timlerinde
ise, cekirdek boyunun 10.58 mm (SAV 18) ile 15.82 mm (SAV 37) arasinda, ¢ekirdek
eninin 5.60 mm (SAV 18) ile 6.39 mm (SAV 36) arasinda degistigi tespit edilmistir
(Cizelge 2). Karadeniz ve ark. (2007b) Giimiishane ve ¢evresinde yiiriittiikleri aras-
tirmada sectikleri genotiplerin ¢ekirdek agirligini 0.25-0.43 g olarak tespit etmis-
lerdir. Yalcinkaya ve ark. (1999) Malatyada yaptiklar1 ¢aliymada 16 timitvar kizilcik
genotipinin ¢ekirdek agirligini 0.39 g ile 0.82 g arasinda belirlemislerdir. Samsunda
yuriitiilen bagka bir ¢aligmada ise 70 kizilcik genotipinin ¢ekirdek agirlig1 0.30-0.56
g arasinda tespit edilmigtir (Balta ve ark., 2020). Yildirim ve ark. (2017) ise 8 imitvar
kizileik genotipinin ¢ekirdek agirligini 0.25-0.47 g arasinda bulmuglardir. Arastir-
malar arasindaki bu farkliliklarin ¢alisma materyalinin ¢6giir popiilasyonu olmasi
dolayisiyla basta genetik yap1 olmak tizere hasat zamani ve farkli ekolojik kosullardan
kaynaklanabilecegi ifade edilebilir (Cizelge 2).

Kiziletk meyvelerinin bazi kimyasal 6zelliklerine iliskin veriler Cizelge 3de veril-
mistir. Genotiplerin SCKM degerleri ortalamasi %12.88 olarak belirlenmis ve SAV 25
genotipi en yiiksek (%16.83), SAV 41 genotipi ise en diisiik (%8.90) SCKM degerine
sahip olmustur. Okatan (2016), Tokat'ta yiiriittiigii alismada belirledigi kizilcik geno-
tiplerinin SCKM degerini %11.40 ile %15.5 arasinda tespit etmistir. Karadeniz ve ark.
(2019), Ordu gevresinde yaptiklar1 ¢aliymada segilen dort genotipin SCKM degerle-
rinin %8.00 ila %13.00 arasinda oldugunu bildirmislerdir. Hassanpour ve ark. (2011)
Iranda yaptiklar1 ¢alismada kiziletk genotiplerinin SCKM degerini %5.00-12.50 ara-
sinda degistigini bildirmislerdir. Daha 6nce yapilan aragtirmalarin sonuglarinda da ol-
dugu gibi SCKM degerlerindeki farkliliklar tizerine ozellikle hasat olgunlugu olmakla
birlikte ekolojik kosullarin etkili oldugunu diisiinmekteyiz. Kizilcik genotiplerinde TA
%1.83 (SAV 41) ile %3.47 (SAV 9) arasinda tespit edilmistir. Balta ve ark. (2020) kizilcik
genotiplerinde TA oranini %0.49-1.22 arasinda, Geng (2015) ise ilk yil % 1.21-5.12,
ikinci yil ise %1.31-%3.39 arasinda tespit etmislerdir. Kizilcik genotiplerinde pH 3.12
(SAV 26) ile 3.32 (SAV 41) arasinda bulunmustur. Tural ve Koca (2008) yaptiklar: ¢alis-
mada pH degerini 3.11-3.53 ve Geng (2015) ise 3.32 ile 4.10 arasinda bildirmistir. TA ve
pH sonuclarimizin 6nceki ¢alismalarin araliginda yer aldigini gérmekteyiz (Cizelge 3).

Kizilcik meyvelerinin C vitamini degerleri 1.20 mg 100 g"' (SAV38) ile 79.40 mg
100 g' (SAV 37) arasinda bulunmustur. C vitamini icerigi bakimindan iizerinde ¢ali-
silan popiilasyon genis bir varyasyon gostermistir (Cizelge 3). Benzer durum onceki
calismalarda da belirlenmigstir. Nitekim, Balta ve ark. (2020) inceledikleri genotiple-
rin C vitamini miktarini1 24.45-76.05 mg 100g" arasinda, Cetkovska ve ark. (2015)
19.9-43.3 mg 100 g arasinda, Minovski ve Rizovski (1973) ise 77.8 mg 100 g™ olarak
tespit etmiglerdir. Gerek bizim ¢alismamizdaki gerekse oncekilerdeki bu varyasyo-
nun genetik yap, lokasyonun iklim ve toprak o6zellikleri ile hasat olgunlugu durum-
larinin farkliliklarindan kaynaklandig: diistiniilmektedir.
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Cizelge 3. Kizilcik meyvelerinin bazi kimyasal 6zellikleri

Table 3. Some chemical properties of cornelian cherry fruits

Genotip SCKM(%) pH Titre Edilebilir Asitlik(%) C Vitamini
Genotype SSC(%) pH Titratable Acidity(%) Vitamin C(mg100g™)

SAV 9 15.77+0.23 3.19+0.01 3.47+0.05 4.75
SAV 13 9.87+0.23 3.28+0.03 2.22+0.01 8.23
SAV 16 12.60+0.00 3.21+£0.02 2.35+0.01 4.75
SAV 18 11.53+0.05 3.17+0.05 2.27+0.01 8.55
SAV 22 12.40+0.52 3.25+0.01 2.74+0.03 2.85
SAV 23 15.30+0.10 3.21+0.02 3.07+0.02 14.88
SAV 25 16.83+0.11 3.25+0.01 2.76+0.04 6.02
SAV 26 13.03+0.05 3.12+0.03 3.07£0.01 17.42
SAV 27 13.27£0.05 3.28+0.03 2.41+0.02 5.70
SAV 29 16.00+0.10 3.28+0.03 2.45+0.05 7.60
SAV 36 10.27£2.48 3.21+0.02 2.70+0.00 4.12
SAV 37 11.83+0.29 3.22+0.04 1.91+0.00 79.40
SAV 38 14.27+0.05 3.26+0.01 2.73+0.05 1.20
SAV 39 11.27+0.49 3.24+0.01 2.80+0.02 26.92
SAV 41 8.90+0.10 3.32+0.01 1.83+0.13 6.02

Min. 8.90 3.12 1.83 1.20
Max. 16.83 3.32 3.47 79.40

Ort. 12.88 3.23 2.59 13.23

Renkteki parlaklig1 ifade eden L* degeri, meyve kabugunda 25.91 (SAV 25) ile
36.80 (SAV 27) arasinda saptanmustir (Cizelge 4). Bu durumda meyve kabugu en
parlak genotip SAV 27 olmustur. Pozitif degerler aldiginda kirmizi rengi, negatif
deger aldiginda ise yesil rengi ifade eden a* degeri genotiplere gore degismistir. En
yiiksek a* degeri 41.00 ile SAV 22 genotipi, en diisiik a* degeri ise SAV 25 (24.54)
genotipi vermistir. Bilindigi gibi pozitif deger aldiginda sar1 rengi, negatif degerler
aldiginda mavi rengi ifade eden b* 11.27 (SAV 25) ile 27.75 (SAV 26) arasinda
ol¢tlmiistiir. Tural ve Koca (2018), yapmis olduklar: ¢aliymada L* degerini 10.82-
19.69, a* degerini 6.25-15.59, b* degerini 3.46-6.64 arasinda 6l¢gmiislerdir. Meyve-
lerde kabuk rengi basta gesit/genotip, lokasyondaki ¢evre kosullar1 ve hasat olgun-
lugu olmak tizere bircok faktoérden etkilendigi i¢in genotiplerin meyve kabuk rengi
degerlerinde genis bir skala olmasi olagan goriilmektedir.

Panel yontemine gore degerlendirilen meyve tad: ve meyve buruklugu degerle-
rine ait sonuglar Cizelge 4’ te sunulmustur. Tadim analizlerinde kizilcik meyvele-
rinden 2 genotipin meyveleri “¢ok iyi” degerlendirmesini alirken 11 adet genotipin
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ise “orta” ve “iyi” degerlendirmesine sahip oldugu belirlenmistir. Genotiplerden
toplanan orneklerin burukluklar: goreceli olarak, 2 genotip “buruk” olarak deger-
lendirilirken, 7 genotip “hafif buruk’, 4 genotip “orta buruk’, 2 adet ise “buruk de-
§il” seklinde degerlendirilmistir. Meyve eti renkleri goreceli olarak, 5 genotip igin
(%33.33) agik kirmizi, 7 adedi i¢in (%46.67) kirmiz1 ve 3 genotip icin (%20) koyu
kirmiz1 olarak degerlendirilmistir. Panel sonunda elde edilen degerler, panelist-
lerin yasi, cinsiyeti ve yeme aligkanliklarina bagli olmakla birlikte meyve tadi ile
burukluk ¢evresel kosullar, tip/cesit ve hasat olgunlugu vb. faktorlerden de etkilen-
diginden nihai degerler olarak degerlendirilmemelidir.

Cizelge 4. Kizilcik genotiplerinin bazi organoleptik 6zellikleri ve meyve kabuk
rengi degerleri

Table 4. Some organoleptic characteristics and fruit skin color values of corne-
lian cherry genotypes

Meyve Kabuk Rengi Meyve
Genotip- Skin Color Tad1 Meyve Eti Rengi Burukluk-
Genotype Flesh Color Sourness
L* a* b* Flavor

SAVO  28.87+3.66 33.04£534  17.55£5.87  Kotii (2)' Kirmuzi (7)° Buruk (2)’
SAV 13 32442371 37.70£4.03  23.56%5.84 yi (3) Kirmuizi (7)  Hafif buruk (7)
SAV 16 34.32+4.17  35.21+4.26 24.11+5.00 Iyi (3) Kirmizi (7) Hafif buruk (7)
SAV 18 28.03+3.64  28.54+6.54 14.45+6.02  Cokiyi (2) Koyukirmuzi (3) Buruk degil (2)
SAV 22 35.71+3.88  41.00+£3.16 27.48+5.80 Orta (8) Agik kirmizi (5)  Hafif buruk (7)
SAV 23 32.52+2.89  34.72+3.78 21.64+4.35 Orta (8) Agik kirmuzi (5) Orta (4)
SAV 25 2591+2.12  24.54+5.10 11.27+3.37 Iyi (3) Koyu kirmiz1 (3)  Hafif buruk (7)
SAV 26 36.38+4.99  39.67+3.46 27.75+6.12 Orta (8) Agik kirmuzi (5) Orta (4)
SAV 27 36.80+4.25  37.64+2.32 26.80+4.44 Orta (8) Agik kirmizi (5)  Hafif buruk (7)
SAV 29 29.86+3.11  32.28+5.30 16.66+5.84 Orta (8) Kirmizi (7) Orta (4)
SAV 36 31.50+6.82 33.31+10.70 21.08+10.37 Kot (2) Kirmizi (7) Buruk (2)
SAV 37 36.47+3.52  34.25+2.78 27.29+5.04 Orta (8) Agik kirmuzi (5) Orta (4)
SAV 38 32.314£3.56  35.52+4.42 21.59+5.21 Orta (8) Kirmizi (7) Hafif buruk (7)
SAV 39 30.43+5.15  33.14%6.28 19.3247.32  Cokiyi (2) Koyu kirmuzi (3) Buruk degil (2)
SAV 41 31.90+4.16  30.12+5.77 20.21+6.44 Orta (8) Kirmizi (7) Hafif buruk (7)

Min. 2591 24.54 11.27

Max. 36.80 41.00 27.75

Ort. 32.23 34.05 21.38

“Panel sonunda bu degerlendirmeyi alan genotip sayisidir.

It is the number of genotypes that received this evaluation from the panel.
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SONUC

Elde edilen bu veriler 151g1nda sadece besin degeri bakimindan degil farma-
sotik ve saglik acisindan da oldukga 6nemli 6zellikleri olan kizilcik meyvelerinin
“fonksiyonel gida” olarak daha ¢ok karsimiza ¢ikacagini diisiinmekteyiz. Kizileik
agaclar1 yiiksek adaptasyon yetenegi ile biyotik/abiyotik faktérlere dayaniklilig
sayesinde kiiresel 1snmanin tehdidi altindaki Géller Yoresi tarimi igin alternatif
tiriin olabilecek potansiyele sahiptir. Bu arastirma neticesinde SAV 37 kiimeleme
analizi ile digerlerinden bariz sekilde ayrilarak hem biyogesitlilik hem de ebeveyn
karakter amagli en farkli/iistiin genotip olarak secilmistir.

Cikar Catismasi

Makale yazarlar1 aralarinda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.
Yazar Katki Oranlari
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Veri Toplanmasi (Data Acquisition): HB (%85), FK (%15)

Veri Analizi (Data Analysis): HB(%50), FK (%50)

Makalenin Yazimi (Writing up): HB (%40), FK (%60)

Makalenin Gonderimi ve Revizyonu (Submission and Revision): HB (%15) FK
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PRODUCTIVE EFFICIENCY OF ENERGY-AWARE
WALNUT PRODUCTION

ABSTRACT

Innovative cultivation and processing facilities are needed in order for the inc-
reased production in Tiirkiye to be efficient, low energy consumption, and high
quality. Therefore, an in-depth analysis of the US California-based walnut produ-
cer has been made, which can also be an industrial role model to Turkish produ-
cers. The orchard of Chandler variety walnut was 70 decares and contains 17-ye-
ar-old trees. Fuel consumed by agricultural machines during field operation, the
rate of meeting the electricity need from solar panels for irrigation and processing,
and the data of the hybrid drying (solar wall-natural gas) which is one of the few
agricultural applications samples in the world were recorded for sustainable wal-
nut production. In walnut production, spraying (pesticide) had the highest fuel
consumption by far compared the all-year applications. The photovoltaic panels
in the orchard met 62.8% of the required energy for irrigation engines. To process
42837 kg of walnuts, it was determined that 18.05% of the daily produced energy
by roof-top photovoltaic panels was used. It is presenting that walnut production
makes a significant direct contribution to the economy as a result of high-quality
products with full mechanization and methods of utilizing solar energy techno-
logies in walnut production.

Keywords: Solar Energy, Efficiency, Walnut.

ek 2k
CEViz URETIMINDE ENERJi BILINCLI URETIM VERIMLILIGI
0z

Tiirkiye'de artan tiretimin verimli, diisiik enerji tiiketimi ve ytiksek kalitede
olabilmesi igin yenilik¢i yetistirme ve isleme tesislerine ihtiya¢ duyulmaktadir.
Bu nedenle, Tiirk iireticilere de endiistriyel rol model olabilecek ABD Kaliforniya
merkezli ceviz iireticisinde derinlemesine bir analizi yapilmistir. Chandler gesidi
ceviz bahgesi 70 dekar olup, icerisinde 17 yasinda agaclar bulunmaktadir. Tarim
makinelerinin bahge ¢aligmalar: sirasinda tiikettigi yakit, sulama ve iirtin isleme
i¢in gerekli elektrik ihtiyacinin giines panellerinden karsilanma orani ve diinya-
daki sayili tarimsal uygulama 6rneklerinden biri olan hibrit kurutma (giines du-
vari-dogal gaz) verileri ile stirdiiriilebilir ceviz tiretimi igin kayit altina alinmugtir.
Ceviz tiretimindeki tiim y1l uygulamalarina gore agik ara en yiiksek yakit tiiketimi
agaclarin ilaglamasinda olmustur. Bahcedeki giines panelleri, sulama motorlar1
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i¢in gerekli enerjinin %62,8'ini karsilamistir. Toplam 42837 kg cevizin iglenmesi
i¢in cat1 iistii giines panellerinden iiretilen giinliik enerjinin %18,05'inin kullanil-
dig1 belirlenmistir. Ceviz tiretiminde giines enerjisi teknolojilerinden yararlanma
yontemleri ve tam mekanizasyon ile yiiksek kaliteli tirtinler sonucunda ekonomiye
onemli dl¢iide dogrudan katk: sagladiginin gosterilmesidir.

Anahtar Kelimeler: Giines Enerjisi, Verimlilik, Ceviz.

ik

1. INTRODUCTION

Walnut (Juglans regia L) is one of the oldest hard-shelled fruit species grown in
the World. It is the species of tree in the Juglans plant genus, the type genus of the
Juglandaceae family, and in Dicotiledoneae class pomologically (Colak and Kara-
ca, 2021). Although there are 18 walnut species whose characteristics have been
determined in the genus Juglans all over the world, its spreading areas extend to
China in the east of Asia, the Himalayan mountains, the Caucasus Mountains in
the west, Anatolia, the Balkans and the interior of Austria due to its compatibili-
ty with ecological conditions. Among the main producer countries are the Unit-
ed States of America (USA), China, Iran, Tiirkiye, Ukraine, Romania, India, and
France (Biiyiiksolak, 2019).

The data of the Food and Agriculture Organization of the United Nations
(FAO) presented that the total walnut production in 2018 was 3656329 tons in the
world. China is the leader with a production of 1586367 tons from 390224 ha or-
chards, the USA ranks second with 613260 tons from 141640 ha orchards, and Tiir-
kiye ranks fourth with 215000 tons of production from 111775 ha orchards. The
development of walnut production in Tiirkiye increased from 116000 tons in the
early 2000s to 225000 tons in 2019. Considering the walnut production in Tiirkiye
in the last 5 years, the production has increased by 25% with the planting of new
walnut orchards. In addition, a continuous increase was observed in the number of
fruit-bearing and non-fruiting trees (TUIK, 2019). Regarding output, it is revealed
that the demand for walnut cultivation has increased with the increase in private
afforestation initiatives and incentives for walnut orchards. Chandler is the most
popular of the foreign varieties in walnut cultivation in Tiirkiye. In recent years,
the Chandler variety constituted 70% of the orchards planted with foreign vari-
eties and replaced the existing domestic varieties (Akea, 2009). Chandler walnut
variety is a hybrid of Pedro X 56-244 and was obtained in 1979 in the University
of California breeding program. It is the leading commercial walnut variety in the
USA and the most important variety grown in California today. California walnut
production also constitutes 99% of the total production in the USA with an area of
approximately 800 thousand decares (Biiyiiksolak, 2019).
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In the orchard stage of walnut cultivation, fertilization, spraying, weed control,
irrigation, and harvesting are carried out based on mechanization. There are also
processes such as transportation, processing, and storage after the harvest. Thus,
the energy usage in the production and processing steps of agriculture is immense.
The provision of the proper amount and efficient use of energy is required for ad-
vanced agricultural production. The crop yield and food supply are also known to
be directly related to energy. Therefore, the primary purpose is to increase efficien-
cy and reduce costs in agricultural production. Additionally, the energy needed
in the production processes should be met with micro-scale solutions at the point
where it is consumed. It will be possible for the producers to avoid energy costs and
achieve energy independence as a result of meeting their own consumption with
sources based on solar energy. Consequently, it is necessary to make an energy
analysis in order to compare the link between input and output in the system in
terms of energy units numerically. Various studies have been performed on the en-
ergy analysis of agricultural products. Nabavi-Pelesaraei et al. (2013) investigated
the impacts of energy inputs and energy forms on output levels and the evaluation
of CO, emissions for hazelnut production in the Guilan province of Iran. The re-
sults of energy forms analysis revealed the share of non-renewable and indirect
energy was more than renewable and direct energy with a total energy of 2862.62
M] ha' for gardening in one year. The ratio of energy output to energy input and
CO, emissions of hazelnut production found 3.93 and 77.66 kgCO,_ . ha'!, respec-
tively. Additionally, diesel fuel determined the highest share of emissions among all
inputs with 33.84%. Kiilek¢i and Aksoy (2013) researched the energy consumption
of input and output used in pistachio production in Gaziantep province of Turkey.
Their data revealed that 23,454.33 MJ ha'! energy consumed by pistachio farms as
0.1-10.0 ha (98 farms) and 20,473.06 M] ha'! by larger than 10.1 ha (49 farms). The
input-output ratio was 0.40 and 0.43 in the first and second groups, respectively.
The energy productivity determined 0.02 for both groups of farms. The use of effi-
ciency and economic performance obtained more success in large farms. Beigi et
al. (2016) analyzed the input-output energy assessment of almond production in
three age groups of orchards (group I 6-10, group II 11-15, and group III 16-20
years old) in Chahrmahal-Va-Bakhtiari province, Iran. Their results presented
that 57,027.13, 60,341.14, and 61,640.43 M]J ha! energy was consumed by group
I, group II and group III, respectively. Electricity followed by chemical fertilizer
determined as the most energy-consumed input. Furthermore, energy efficiency
obtained 0.62, 1.12 and 0.81 in the triple groups of orchards, respectively. Conse-
quently, almond production in the study region did not express an efficient process
in terms of energy consumption. Gokdogan et al. (2019) evaluated the energy use
efficiency analysis of chestnut fruit production in the Aydin province of Turkey.
The findings exhibited that the total input energy and output energy were 6161.82
MJ ha' and 70,800 M] ha'. The energy output/input ratio, chestnut fruit (yield),
specific energy, energy productivity, and net energy found as 11.49, 6000 kg ha’,
1.02 MJ kg, 0.97 kg MJ, and 64,638.18 M] ha!, respectively. The performed total
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energy input in chestnut production classified as 40.73% direct, 59.27% indirect,
37.08% renewable, and 62.92% non-renewable. Although many types of research
were conducted on energy use efficiency analysis in the form of “surveys”, It has
been seen that processing lines are not taken into account in the literature.

This study examined the production stages of industrially grown walnuts in
the California region of the USA. Within the scope of productivity, the effect of
full mechanization level on energy consumption and the possibilities of using so-
lar energy technologies (solar electricity and solar wall) were investigated. An in-
depth analysis was made of the US California-based walnut producer, which can
be an industrial role model for Turkish producers as efficient and innovative for
increased production.

2. MATERIAL AND METHODS

2.1. Location

The “orchard” and “processing plant” steps of the research were carried out in
a walnut producer company that was established in 1890 in Glenn, California. The
orchard is on 17 acres (= 70 decares) and contains 17-year-old Chandler walnut
trees. The walnut orchard was irrigated with underground water via 2-inch sprink-
lers for 24 hours every two weeks for all production seasons.

2.2. Fuel Consumption

The measurement of fuel consumption during each agricultural machine was
done by the filling fuel tank before operation and refilling the tank after operation
with a cylinder gauge. The fuel consumption per plot was defined with the difference
between the two readings (the fuel gauge cylinder reading before and after an ope-
ration). The unit area consumption (in liters per hectare) was found by dividing the
summation fuel consumed per plot by the area operated (Baran ve Gokdogan, 2014).

2.3. Electricity Production and Consumption

In order to determine the real-time electricity production-consumption
amounts, measurements were taken. Information was added about the direction,
angle, dust, and contamination conditions of solar panel systems. The following
equations were used to identify the total electrical energy production and con-
sumption of the facility.

Qu =Qp + Q¢ (1)
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Where; Q , the total electrical energy production of the facility (kWh); Q,, the
electrical energy production of the orchard stage (kWh); Q,, the electrical energy
production of the processing plant roof (kWh).

Qt:Q5+st+Qm+Qos+Qh+Qk+Qp+th (2)

Here; Q,, is the total electrical energy consumption of the facility (kWh); Q, is
the electrical energy consumption for irrigation (kWh); Q , is the electrical energy
consumption of the washer-cleaner machine (kWh); Q_, is the electrical energy
consumption of pre-cleaner machine (kWh); Q_, is the electrical energy consump-
tion of sort table machine (kWh); Q,is the electrical energy consumption of huller
machine (kWh); Q. is the electrical energy consumption of drying fan (kWh); Qp,
is the electrical energy consumption of packing machine (kWh); Q,, is the electri-
cal energy consumption of elevator and conveyor (kWh).

Qnet = Q¢ — Qu (3)

The total net electrical energy difference of the facility was determined by the
equation below.

2.4. Dryer Performance

Equation 10 was used to determine the performance curve (P ) of the solar wall
(Robinson et al., 2013).

_ (Ti-Tal

P. S

(4)

Here, T, is the temperature of a solar wall (°C), T is the temperature of ambient
air (°C), and S is solar radiation (m*C/W). Insufficient application of the “solar
wall” to dry walnut forced the system to operate in a hybrid way based on natural
gas burning and consumption (m?®) was recorded with the relevant consumption
meter range.

2.5. Energy Analysis
In order to the energy analysis, energy use efficiency, energy productivity, spe-

cific energy, and net energy gain were computed with modified methods of Bana-
eian et al. (2010) ve Baran et al. (2017).

Energy use ef ficiency = Energy output (MJ/ha)/Energy input (M]/ha) (5)

Energy productivity = Walnut output (kg/ha) /Energy input (MJ/ha) (6)
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Specific energy = Energy output (M]/ha)/Walnut output (kg/ha) (7)

Net energy gain = Energy output (M] /ha) — Energy input (M]/ha) (8)

3. RESULT AND DISCUSSION

The fuel consumption results are shown in Figure 1. The data on the harvesting
equipment present that the consumptions of the shaker, sweeper, collector, and
transport were 83.27, 68.13, 54.88, and 17.03 It, respectively. The consumption of
the shaker was found 22.2% more than the sweeper and 51.7% more than the col-
lector. Additionally, the main reason for the low consumption of the transporter
can be explained by the closeness of the orchard to the processing facility. On the
other hand, the applications of the orchard equipment consumed 7.56 It for strip
spraying, 234 It for tree spraying, 3.8 It for spraying suckers, and 34.2 It for mowing
(weed control). Overall, the consumption per decare was 1.19 It for the shaker 0.97
It for the sweeper, 0.78 It for the collector, 0.11 It for the strip spraying, 6.68 It for
the tree spraying (two applications), 0.05 It for the spraying suckers and 0.98 It for
the mowing (two applications). Comparing the all-year applications, tree spraying
had the highest consumption by far. This might be explained by the reason of
usage truck-mounted sprayers. With the target of decreasing fuel consumption,
more environmentally friendly walnuts may be producible by reducing the emis-
sion gases it emits as well.

300

Fuirl eorsumption i)
E & B8 &

@
&

Hﬂl_lm u

Shaker Swesps!  Colecter Transpofied  Sprayer Fertlized Wised
conirolles

o

Opseration

Figure 1. Fuel consumption of operations

For the required energy, photovoltaic panels (poly-silicon) have been used with
an installed capacity of 4.8 kW in the southwest direction with a 30-degree angle.
The photovoltaic panel system was connected to the grid line. Thus, they interact
with each other in the way electricity counter. The energy production of photovol-
taic panels used for irrigation purposes is seen in Figure 2. Total energy production
for the whole production season was determined at 6185.58 kWh. On the other
hand, the irrigation system used 3668 kWh from the grid (Figure 5). In conclusion,
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the photovoltaic panels met 62.8% of the total energy (9853.58 kWh) to run irri-
gation engines. However, excessive dust was experienced during the in particular
use of harvest equipment which causes efficiency losses in the photovoltaic panels.
Therefore, the rate of meeting the needs can be increased by paying attention to the
cleanliness of the panels.

Total yiekd [kKWh)
BEEEEBRER

:ﬁx&g ~*"'P« F,f' F s ?‘sv;f‘,»“ &

Prodhsction season of 2020-2021

Figure 2. Solar electricity production for irrigation in the season

The harvested walnuts were brought to the facility for processing such as wash-
ing, cleaning, hulling, separation, drying, and packing. The facility has solar panels
with an installed power of 144.96 kW facing south on the rooftop. Figure 3 shows
the daily performance of photovoltaic panels which produced 501.2 kWh of elec-
tricity on the day of processing harvested walnuts and the highest power level was
reached at 13:00. On the other hand, a total of 90.46 kWh of electricity was con-
sumed for the processing of walnuts. Drying was the highest energy consumption
process which is 65% of total consumption (Figure 4). Consequently, regarding
the total electricity consumption and the time spent (95 min) in the processing of
42837 kg of walnuts, it was seen that 18.05% of the daily produced electricity was
consumed (Figure 5).
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Figure 3. Solar power production during walnut processing day
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Figure 4. Electricity consumption of processing equipment

Solar production Solar produdction = Consumption

Figure 5. Total net electricity (kWh) difference of irrigation (left) and facility (right)

The drying building, in which the solar wall system is used, is in the form of
a gable roof-type roof. It is in the south-north direction and has a roof area of
288 m? The roof is an angle of 10 degrees and the solar wall system is mount-
ed directly on it. Thus, the hot air to dry walnuts in the stadium-type dryer is
provided. Since the required temperature of 44 °C could not be reached, the
dryer worked as a hybrid with natural gas. The data obtained as air temperature
measurements made from the entrance to the solar wall and the air suction of
the engine are presented in Figure 6. The results displayed that the solar wall
system increased the atmospheric temperature by an average of 5.37 °C between
9:00-10:00, by an average of 9.13 °C between 10:00-15:00 and by an average of
3.22 °C with a decreasing effect after 15:00. The highest temperature increase
was achieved at 13:52 with 12.3 °C. However, due to the structure and location
of the drying building, it was observed that the solar radiation in the evening
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could not be utilized sufficiently. Therefore, 368.11 m”® of natural gas was used to
dry all walnut samples at desired drying temperature (44 °C).
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Figure 6. Temperature effect of the solar wall system

Regarding the energy data presented in this study, the energy use efficiency, en-
ergy productivity, specific energy, and net energy gain were determined. According
to the amount of walnut kernel yield; energy use efficiency, energy productivity,
specific energy, and net energy have been calculated as 5.67, 0.20 kg/MJ], 28.00 MJ/
kg, and 70554 M]J/ha, respectively. In previous studies, the same parameters were
presented for Iranian walnut as 2.90; 0.3 kg/MJ; 3.40 MJ/kg, and 29258.50 MJ/ha,
respectively by Banaeian and Zangeneh (2011). Also, Baran (2017) reported the
walnut production in Turkey as 0.61; 0.03 kg/MJ; 30.20 MJ/kg, and -9313.02M]/
ha, respectively. The difference between the results can be explained by the amount
of walnut yields, solar energy usage, and neglected energy inputs such as human
labor, machinery, chemicals, and irrigation water.

CONCLUSION

In conclusion, although the shaker had the second-highest fuel consumption,
it can be reduced with the proper use of power and application time for shaking
trees. Besides, by preventing branch breakage caused by shaking, the idle time of
the sweeper and collector can be decreased and fuel consumption can be reduced.
On the other hand, the photovoltaic panels met the 62.8% energy needed for run-
ning irrigation engines. However, this rate can be increased with frequent panel
cleaning. Additionally, it has been observed that the processing facility effectively
benefits from roof-top photovoltaic panels. Furthermore, the solarwall system
could not produce the required temperature for drying individually and worked
as a hybrid with natural gas. Consequently, efficient and green energy use such as
solar should be expanded with farm power and machinery management.
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ORGANIK VE KONVANSIYONEL FiDE YETISTIRICILIGININ
DOMATES FiDELERININ KALITESI UZERINE ETKILERI

0z

Bu ¢alismada; kimyasal giibre ve iki farkli organik giibre (kompost ve kiil so-
lisyonu) uygulamalarinin, domateste fide kalitesi tizerine etkileri aragtirilmistir.
Caligmada fide kalitesini belirlemek amaci ile; govde ¢api(mm), fide boyu(cm),
yaprak sayisi(adet), yaprak klorofil icerigi (CCI), yaprak alani(cm?), kok uzunlu-
gu(cm), toplam fide kuru agirligi(g) ve nispi bitytime hizi (NBH) gibi parametreler
incelenmistir. Yapilan galisma sonucunda kompoze giibre uygulamasy; gévde ¢ap1
(3.2mm), yaprak sayist (6 adet), yaprak klorofil icerigi (14.7 CCI), yaprak alan
(49.42 cm?), kok uzunlugu (21 cm) ve toplam fide kuru agirhigi (0.287g) paramet-
releri bakimindan 6n plana ¢ikmis olup, kontrol harig tiim giibre uygulamalarinda
istatistiki (p<0.05) olarak benzer degerlerin elde edildigi belirlenmistir. Calisma
sonucunda organik giibre uygulamalarinin kompoze giibre ile rekabet edebilir ol-
dugu belirlenmistir. Nitekim, odun kiilii kullaniminin nispi bitytime hizini (0.110
g g?giin™) arttirmasinin yanu sira fide boyu (16.5 cm) tizerine etkileri istatistiksel
olarak 6nemli bulunmustur. Sonug olarak odun kiili kullaniminin fidelerde boy
kontrolii saglamis olmasi domates fidesi yetistiriciliginde odun kiiliéi kullanimini
6n plana ¢ikarmistir.

Anahtar Kelimeler: Domates, Fide Kalitesi, Kompost, Kiil.

ek

THE EFFECTS OF ORGANIC AND CONVENTIONAL SEEDLING
GROWING ON THE QUALITY OF TOMATO SEEDLINGS

ABSTRACT

This study investigated the effects of chemical fertilizer and two different or-
ganic fertilizer (compost and wood ash solution) applications on seedling quality
in tomatoes. To determine the seedling quality in the study, stem diameter (mm),
seedling height (cm), number of leaves (piece), leaf chlorophyll content (CCI), leaf
area (cm?), root length (cm), total seedling dry weight (g) and relative growth rate
(NBH) parameters were examined. According to the results obtained, chemical
fertilizer use, stem diameter (3.2mm), number of leaves (6 pieces), leaf chlorophyll
content (14.7 CCI), leaf area (49.42 cm?), root length (21 cm) and total seedling dry
weight (0.287g) increased their value. However, it was determined that statistically
(p<0.05) similar values were obtained in all fertilizer applications except the cont-
rol. As a result of the study, it was determined that organic fertilizer applications
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could compete with chemical fertilizers. Wood ash increased the relative growth
rate (0.110 g g°day™), and its effects on the seedling height (16.5 cm) were found to
be statistically significant. As a result, the use of wood ash provided height control
in seedlings has highlighted the use of wood ash in tomato seedling cultivation.

Keywords: Tomato, Seedling Quality, Compost, Ash.

e e
1.GIRIS

Solanaceae familyasinin 6nemli bir tiirii olan domates Diinya ve Tiirkiyede {ire-
timi ve titketimi yapilan en 6nemli sebzedir. Tiirkiye 31.7 milyon ton sebze tiretimi
ile Diinya sebze tiretiminde 4. sirada yer almaktadir. Bu sebze tiretiminin yakla-
sik %401 domatese aittir (Anonim, 2022). Domates tiretiminde kullanilan bitki-
ler, dogrudan araziye tohum ekimi veya fide dikilerek yapilabilmektedir. Ancak,
fide ile yetistiriciligin dogrudan tohum ekimine gore bircok (erkencilik, yiiksek
verim, kok hastaliklarina kars: yiiksek dayanim, homojen biiylime ile enerjiden,
tohumdan, araziden ve zamandan tasarruf saglama) avantaji bulunmaktadir (Ozer
ve Kandemir, 2016; Yilmaz ve ark., 2018; Demir ve ark., 2020; Tiizel ve ark., 2021).
Hazir fide kullaniminin avantajli hale gelmesi giiniimiizde ortiialt: yetistiriciligin-
de fide kullanimini %100% ulastirmistir (Demir ve ark., 2020). Son yillarda sebze
dretiminin artigina paralel olarak domates fidesi tiretimi de hizli bir artig goster-
mistir. Tiirkiyede hazir fide sektériinde sadece Antalya ilinde Fide Ureticileri Alt
Birligine kayith firmalarda 9 sebze tiiriinde 588 milyon adet fide iiretilmektedir.
Toplam fide tiretiminin %44.6’s1n1 (262 milyon) domates fide tiretimi olusturmak-
tadir (Anonim, 2023). Fidelerin yetistirilmesinde kullanilan ortamlar farklilik gés-
termekle birlikte en fazla tercih edilen ortam torf olmustur. Bir¢ok avantajindan
(hastaliklardan ari ve ytiksek su tutma kapasitesi) dolay: tercih edilen torf, perlit
veya vermikiilit gibi materyallerle belirli oranlarda karistirilarak kullanilmaktadir
(Ttzel ve ark., 2021). Ancak, torf ¢cimlenme ve ¢ikista cok basarili sonuglar verse de
ozellikle fideler 2 yaprakli doneme geldiklerinde giibrelemeye ihtiya¢ duyulmak-
tadir. Bu nedenle 6zellikle organik fide yetistiriciligi yapmak isteyenler alternatif
yetistirme ortamlar1 veya alternatif organik giibrelerle fide yetistiriciligi calismalar:
yuriitmektedirler (Yilmaz ve ark., 2018; Tiizel ve ark., 2021). Fide tiretimi, yetis-
tirme siiresinin kisa olmasi ve bitki kokleri ¢ok kiigiik bir ortam hacmi igerisinde
gelistiginden, bitkinin besin yoksunlugunun 6nlenmesi i¢in giibre uygulamalarina
ozen gosterilmesi gerekmektedir. Fide gelisimini etkileyen en 6nemli faktor azot-
tur ve azotun bitkilerin alabilecegi formda verilmesi domates fidelerinin yas ve
kuru agirliklarini 6nemli oranda artirmaktadir (Tiizel ve ark., 2021).

Temel olarak ilave giibre kullanimu fide yetistiricileri i¢in 6nemli bir girdi ka-
lemi haline gelmistir. Bunun i¢in 6zellikle farkli organik giibre olarak kullanilacak
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preparatlarin hazirlanmasi girdi maliyetini azaltabilecek ve fide kalitesini artirabi-
lecek potansiyele sahip olabilir. Bu nedenle, bu ¢alisma ile ticari giibrelere alternatif
olarak kullanilabilecek farkli organik giibrelerin (kompost suyu ve kiil suyu) do-
mates fidelerinin kalitesi izerine etkilerinin arastirilmasi amaglanmustir.

2.MATERYAL VE YONTEM

Arastirma, Ondokuz Mayis Universitesi Ziraat Fakiiltesi Bahge Bitkileri Bolii-
miine ait cam serada 15 Mart-30 Nisan 2023 tarihleri arasinda gergeklestirilmistir.
Calismada bitkisel materyal olarak H-2274 domates ¢esidine ait tohumlar kulla-
nilmistir. Domates tohumlarinin ekimi igin 695 x 470 x 75 mm dis 6lgiilere ve 31
x 31 x 65 mm ig Olgiilere (g6z hacmi) sahip 216 gozlii EPS viyoller hazirlanmustir.
Hazirlanan viyoller torf (%100) ile doldurularak ekim islemi gergeklestirilmistir.
Domates tohumlari, ¢cimlenme ve ¢ikis gosterene kadar ¢cimlenme dolabinda 27
°Cde bekletilmistir. Daha sonra, viyoller sicakliklar1 giindiiz 23-24 °C/gece 19-21
°C olarak ayarlanan seradaki fide tezgahlarina yerlestirilmistir. Fidelerde, ilk ger-
¢ek yaprakli donem ve iigiincil yapraklarin olugsmaya bagladigi dénem olmak tizere
iki defa giibreleme uygulamasi yapilmuistir.

Aragtirmada, fide kalitesini artirmak i¢in kompoze giibre (20-20-20) ve 2 farkls
organik giibre (kompost suyu ve kiil suyu) kullanilmigtir. Kompost suyunun ha-
zirlanmasinda, domates bitkilerinin sap ve yaprak atiklar1 yigin metodu kullani-
larak kompostlastirilmistir (Inckel ve ark., 2005). Bu metodu uygulamak i¢cin kul-
lanilan plastik (770L) konteynere 2cm (10cm aralikli) capinda delikler agilmustir.
Domates budama artiklar1 (5cm ¢apinda) pargalara ayrilarak 25 cm’lik yigin
olusturulmugstur. Bu yiginin tizerine 10cm yiiksekliginde yanmis hayvan giibresi
uygulanmistir. Hayvan giibresinin tizerine gelecek sekilde 2cm yiiksekliginde
bahge toprag: eklenmistir. Bu isleme konteynir dolana kadar devam edilmistir. Son
olarak yigin nemlendirilerek beklemeye alinmistir. Kompostlama siireci 60 giin
boyunca devam etmistir. Bu stiregte y1gin haftalik olarak karistirilmistir.

Kiil suyunun elde edilmesinde kullanilan atik mese odunu kilii (Quercus sp.),
Samsun bolgesinde ekmek iiretimi yapan firindan (Yazicioglu kardesler) temin
edilmistir. Kompost ve kiil 6rneklerinin pH, EC, azot, fosfor ve potasyum ana-
lizleri Kagar ve Inal (2008)e gore yapilmustir (Cizelge 1). Caligmada giibrelemede
kullanilan kompoze giibre 1000 ppm olarak hazirlanmistir. Kompoze giibreden
elde edilen soliisyonun elektriksel iletkenlik (EC) degerleri 1.3 ds/m olarak dlgiil-
miistiir. Kiil ve kompost suyunun EC degerleri de kompoze giibrenin degerine (1.3
ds/m) gore ayarlanarak siiziikler hazirlanmustir. Elde edilen siiziikler ilk gergek
yaprakli donem ve 2-3 yaprakli donem olmak tizere 2 defa giibrelemede kullanil-
mustir. Giibreleme yapilirken, siiziikler fidelerin tiim yapraklar: ve fide yetistirme
ortamlari 1slanana kadar uygulanmigtir.
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Cizelge 1. Kompost ve kiil suyu giibresinin bazi kimyasal 6zellikleri

Table 1. Some chemical properties of compost and lye fertilizer

Kompost Kiil
pH (1:10) 7.73 12.0
EC (dSm™) 3.58 14.04
Azot (%) 0.40 0.13
Fosfor (%) 0.84 0.79
Potasyum (%) 0.44 6.76

2.1.Fide Kalite Parametreleri

Fidelerin kalitesini belirlemek amaciyla domates fideleri dort\bes gercek yap-
rakli dikim agamasina geldiklerinde her giibre uygulamas: i¢in (Kompoze giibre,
kompost suyu ve kiil suyu) 3 tekerriir ve her bir tekerriirde 6 fidede olmak tizere
toplamda 54 domates fidesinde asagidaki kalite parametreleri incelenmistir.

Yaprak Klorofil icerigi: Fidelerin yapraklarinda klorofilmetre (CCM-200,
Opti-Sciences, ABD) kullanilarak sabah 09:00-11:00 saatleri arasinda yapraklarda-
ki klorofil icerigi (CCI) tespit edilmistir.

Yaprak Alani: Domates yapraklarinin (bas, sag ve sol yaprakeik) en ve boyla-
r1 6l¢tilerek Beyhan ve ark., (2008)% gore yaprak alanlar1 hesaplanmigtr.

Fide Boyu: Ol¢iim bitkilerinde fidelerin kok bogazindan biiyiime noktasina
kadar olan kisimlari cetvel ile 6l¢tilmiistiir.

Govde Capr: Olgiim bitkilerinde kok bogazinin 1 cm iizerinden kumpas
yardimuiyla 6l¢tilmiigtiir.

Yaprak Sayist: Ol¢iim bitkilerinde toplam yaprak sayisi sayilarak belirlenmistir.

Kok Uzunlugu: Olgiim bitkilerinde fidelerin kok bogazindan en uzun kokiin
ug noktasina kadar olan kisimlari cetvel ile dl¢iilmiistir.

Kok, Govde ve Yaprak Yas ve Kuru Agirliklar:: Ol¢iim igin fidelerin sokiim
isleminde kok kaybr olmayacak sekilde kokler yikanarak ayrilmigtir. Sonrasinda
kok, govde ve yapraklar olmak tizere kisimlarina ayrilarak yas agirliklar: tartilmis-
tir. Bitkiden ayrilan yaprak, kok ve govdeler ayr1 ayr kiiciik kese kagitlarina yer-
lestirilerek 80 °C sicakliktaki etiive yerlestirilmistir. Kurutma iglemi en az 48 saat
stireyle yapilmistir. Bu zaman siiresinde kurumasini tamamlamamis 6rneklerde
agirlik degisim metodu uygulanarak kurutma isleminin tamamlanip tamamlan-
madigina karar verilmistir. Orneklerin tam olarak kurudugu anlagilinca yapraklar,
kok ve govdenin kuru agirliklar: 0.01 g’a duyarli terazi ile tartilmistir.
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2.2.Kantitatif Hesaplamalar

Domates fidelerinde bitki biiytimesini belirlemek amaciyla Cizelge 2'de verilen
bitki bityiime parametreleri ve hesaplama modellerine ait formiiller kullanilmistir
(Uzun, 1996).

Cizelge 2. Kantitatif analizlerin yapilmasinda kullanilan bitki bilyiime
parametreleri ve hesaplama modelleri (Uzun, 1996)

Table 2. Plant growth parameters and calculation models used in quantitative
analysis (Uzun, 1996)

Parametreler Hesaplama Modelleri

Oransal Yaprak Alan1 (YAO) Toplam Yaprak Alani (cm?) / Toplam Bitki Kuru Agirhig: (g)

o (1/YA) * dA/dt (gem? gin™)
Net asimilasyon Oran1 (NAO) .
[W2(g)- Wi(g)/A2(cm?)- Al(cm?)]/(t,-t)) (g/cm?/giin)

(In A,-In A )/(t,-t) veya

Nispi Bitytime Hizi (NBH) L )
Net Asimilasyon Orani (NAO) x Oransal Yaprak Alani (YAO) (g/g/giin)

YAO: Oransal yaprak alani; NAO: Net asimilasyon orani; NBH: Nispi bityiime hizi, A: agirlik, t: giin

2.3.istatistik Analizler

Aragtirma, 3 tekerriirlii Tesadiif Parselleri deneme desenine gore kurulmustur.
Aragtirmadan elde edilecek sonuglarin istatistiksel varyans analizinde ve ortalama-
lar arasindaki farkliliklarin (Tukey testi) belirlenmesinde IBM SPSS versiyon 20.0
istatistik analiz programi kullanilmigstir.

3.BULGULAR VE TARTISMA

Domates fidesi yetistiriciliginde farkli organik giibre uygulamalarinin gévde
capy, bitki boyu, yaprak sayisi, yaprak klorofil igerigi, yaprak alani, kok uzunlugu,
toplam fide kuru agirlig1 ve nispi bitytime hizi (NBH) tizerine 6nemli (p<0.05) et-
kileri belirlenmistir. Fide kalite parametreleri incelendiginde en yiiksek gévde ¢api,
yaprak sayisi, yaprak klorofil icerigi, yaprak alani, kok uzunlugu ve toplam fide
kuru agirlig1 degerlerinin kompoze giibre uygulamalarindan elde edildigi belirlen-
mistir. En yiiksek, nispi bityiime hiz1 ve bitki boyu degerlerinin kiil uygulamasin-
dan elde edildigi tespit edilmistir. Ancak, genel olarak bitki boyu, yaprak klorofil
ierigi, yaprak alani, kok uzunlugu, toplam fide kuru agirlig: ve NBH degerlerinin
kontrol harig tiim giibre uygulamalarinda istatistiki olarak benzer degerlerin elde
edildigi belirlenmistir (Cizelge 3).

Fidelerde govde capi, bitki boyu ve kuru madde miktar1 degerleri fide kalitesi
ve boy kontroliinde belirleyici rol oynamaktadir (Ugan ve Ugur, 2021). Fide kalite
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kriterlerinden govde cap, bitki boyu ve yaprak sayis1 degerlerini inceledigimiz-
de domates fide yetistiriciliginde farkli uygulamalarin fide kalitesine etkilerinin
incelendigi ¢aligmalarla benzer degerlerin elde edildigi belirlenmistir (Sonmez,
2017; Okuyucu ve ark., 2018; Ozer, 2018; Yilmaz ve ark., 2018). Ureticilerin fide
kalitesine bakig agilar: tizerine, fidelerin goriintiilerindeki kalite hissi ve fidelerin
dikim sonrasi performanslarinin belirleyici oldugu diistintilmektedir. Caligmamiz-
da, govde ¢ap1 degerleri arasinda 6nemli fark olusmamak ile birlikte 6zellikle bitki
boyu, yaprak sayis1 ve yaprak klorofil icerigi degerleri incelendiginde hem istatis-
tiki ve hem de gorsel olarak kiil ve kimyasal giibre uygulamasinin 6n plana ¢iktig
belirlenmistir (Cizelge 3).

Cizelge 3. Farkli organik giibre (kompost suyu ve kiil suyu) ve kompoze
glibre (20-20-20) uygulamalarinin bitki boyu, yaprak sayisi, yaprak klorofil ice-
rigi, yaprak alani, kok uzunlugu, toplam fide kuru agirlig1 ve nispi bitytime hizi
(NBH) tizerine etkileri

Table 3. The effects of different organic fertilizer (compost water and lye) and
compound fertilizer (20-20-20) applications on plant height, leaf number, leaf ch-
lorophyll content, leaf area, root length, total seedling dry weight and relative
growth rate (NPH)

. . Yaprak . Toplam
G doy So MO L g PR N
(mm) (cm)  (adet) (‘C cf) (cm?) (cm) g(g) 888
Kontrol 2.8 12.7b 43b 6.3b 37.30b 12.6 b 0.161 b 0.080 b
Kompost 3.1 149a 4.7b 128a  41.86 ab 20.7 a 0.204 a 0.091 ab
Kil 2.7 16.5a* 5.0ab 119a 43.14 ab 15.0 ab 0.267 a 0.110 a*
Kimyasal 3.2 16.4a 6.0a* 14.7a* 49.42a* 21.0a* 0.287 a* 0.095a

*: p<0.05 diizeyinde 6nemli

Fide iiretimi, yetistirme siiresinin kisa olmasi, kullanilan yetistirme ortamlari-
nin besin elementleri yoniinden yoksun olmasi ve bitki koklerinin gok kiigiik ortam
hacmi iginde bulunmasi nedeniyle giibrelemeye 6zen gostermeyi gerektirmektedir.
Fide gelisimini etkileyen en 6nemli faktorlerin baginda azot gelmektedir ve azotun
bitkiler tarafindan alinabilmesi i¢cin mikroorganizmalar tarafindan ayristirilarak
mineral forma déniistiiriilmesi gerekir. Genellikle organik giibreler, bagli organik
N nedeniyle mineral azot igeriginin azalmasi nedeniyle organik giibrelerin uygu-
lanmasinda bitkilerin azotu etkin bir sekilde almasi sinirl olabilmektedir (Tiizel
ve ark., 2021). Kompoze giibrenin azot igeriginin yiiksek olmasi ve hizli ¢6ziiniir
olmasi nedeniyle 6zellikle yaprak klorofil igerigi ile toplam fide kuru agirhigi ve
kok uzunlugu degerlerinde 6n plana ¢iktig1 diisiiniilmektedir. Yapilan ¢alismalarda
fide kuru agirlig1 degerlerini inceledigimizde domates fidesi yetistiriciliginde farkl
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yetistirme ortami ve farkli dalga boyunda 151k uygulamalar: ile fide kuru agirlik
degerlerinin 0.15 ile 1.14 g/fide arasinda degistigi bildirilmektedir (Okuyucu ve
ark., 2018; Ozer, 2018; Yilmaz ve ark., 2018; Kaya, 2022). Kimyasal giibreleme uy-
gulamasindan sonra en fazla fide kuru agirlig: kill uygulamasinda elde edilmistir.
Bu durum kiil uygulamasinin potasyum igeriginin kontrol ve kompost uygulama-
sina gore bir hayli yiiksek olmasiyla agiklanabilir. Bilindigi gibi potasyum bitkinin
fotosentez yetenegini artirir, bitki bliylimesi i¢in elzem olan hiicre gelisimini tesvik
eder ve bir¢ok enzimatik siirecte gorev alir (Hepler ve ark., 2001; Marschener, 2012).

Diger taraftan kok uzunlugu parametresinin kompost uygulamasindan ikinci
en iyi sonucu verdigi belirlenmistir. Kiil uygulamasinin kék uzunlugunu artirmada
kompoze giibre ve kompost uygulamasina gore daha az etkili olmasi fosfor icerigi-
nin diger iki uygulamadan daha diisitk olmasiyla agiklanabilir. Nitekim, fosforun
bitki kok gelisimini artirdig1 yapilan ¢alismalarla ortaya konulmustur (Samuel ve
ark, 1993; Mohammed ve ark, 2008).

Bizim ¢alismamizda elde ettigimiz degerler diger ¢aligmalarla benzerlik goster-
mektedir. Bununla birlikte genelde kompoze giibre uygulamas: fide kalite ve biiyii-
me parametreleri yoniinden 6n plana ¢iksa da istatistiki olarak diger giibre (kompost
ve kiil) uygulamalar1 ile benzerlik gostermektedir. Bu benzerlik nispi bitylime hiz1
(NBH) degerlerinde farkli bir gekilde kiil suyu uygulamasini 6ne tagimistir. NBH bit-
kide elde edilen yeni biiyiimenin daha 6nce var olan bitki aksamlarina bagh oldu-
gunu belirler. Cizelge 2’incelendiginde NBH belirli bir zaman araligindaki bitkinin
agirhgindaki degisim hizini belirlemektedir. Bu esitlik farkli bityiikliikteki bitkilerin
bityiimesini karsilattirmada biiyiik 6nem kazanmaktadir. NBH degerleri bitkilerin ilk
evrelerinde genellikle hizli olmakla birlikte zamanla hiz1 yavaslamaktadir. NBH de-
gerleri sicaklik ve 151k gibi cevre faktorleri ile onemli sekilde etkilenmektedir (Uzun,
1997). Ancak, bizim ¢alismamizda 11k ve sicaklik degerleri tiim fideler icin ayni sart-
larda gergeklestigi i¢in giibreleme uygulamalarinin etkisi daha belirleyici olmustur.

SONUC

Calisma sonucunda iki farkli organik giibre (kompost suyu ve kiil suyu) uygulama-
sinin domates fidesi yetistiriciliginde kompoze giibre ile rekabet edebilir oldugu belir-
lenmistir. Kiiliin, giibre olarak kullanimimin kompost uygulamasina gore fide kalitesi
degerleri ve ozellikle fide boy kontrolii yoniinden 6n plana ¢iktig1 belirlenmistir.

Fide yetistiriciliginde giibre kullanimi 6nemli bir girdidir. Kompost ve kiil
uygulamasi ev yapimi bir soliisyon olarak kolay ve ucuz hazirlanan materyallerdir.
Tim bu avantajlarinin yaninda odun kiiliiniin kullaniminin hem bitki bilyiime
hizini arttirmasi hem de bitki kuru madde miktarin: artirarak fidede sinirhda olsa
boy kontrolii saglamis olmasi fide tiretim maliyetlerini 6nemli oranda diigiirme
potansiyeline sahiptir.
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Cikar Catismasi

Yazarlar herhangi bir ¢ikar catismasi olmadigini beyan eder.

Etik

Bu ¢aligma etik kurul onay1 gerektirmez.

Yazar Katki Oranlari

Caligmanin Tasarlanmast: Z$ (%20), ACT (%30), SD (%20), HO(%30)
Veri Toplanmast: Z$ (%40), ACT (%30), SD (%10), HO(%20)

Veri Analizi: Z$ (%20), ACT (%30), SD (%20), HO(%30)

Makalenin Yazimi: Z$ (%10), ACT (%30), SD (%10), HO (%50)

Makalenin Génderimi ve Revizyonu: Z$ (%10), ACT (%60), SD (%10), HO(%20)
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DETERMINATION OF FRUIT QUALITY CHARACTERISTICS OF
BLACKBERRY GENOTYPES GROWING NATURALLY
IN DUZCE (TURKIYE)

ABSTRACT

In this study, the morphological, physicochemical and biochemical properties
of the fruit of the blackberry (Rubus spp.) genotypes grown naturally in the village
of Dagdibi, Kaynash district of Diizce province were determined. Fruit weights
of the genotypes ranged from 1.77 g (81KYN10) to 0.80 g (81KYN?2). Fruit width
ranged from 13.55 mm (81KYN10) to 9.05 mm (81KYN2). Fruit length was de-
termined between 14.26 mm (81KYN10) and 11.09 mm (81KYNZ2). In terms of
the highest rate of amount of soluble solids content (SSC) in the study, 81KYN1
(16.70%), 81KYN3 (15.65%), 81KYN4 (15.40%), and 81KYN5 (16.20%) genot-
ypes were more important. In terms of the highest titratable acidity (TA) value,
81KYN7 (0.52%) and 81KYN13 (0.51%) genotypes were more dominant. The hi-
ghest L*, a*, b*, chroma and Hue® angle values in color value parameters were
found as 13.88 (81KYN?7), 1.34 (81KYN4), 1.12 (81KYN4), 1.77 (81KYN4) and
40.63 (81KYN1), respectively. In terms of biochemical content, the highest total
phenolic amounts were detected in 81KYN2 (45.77 mg GAE/g), 81KYNG6 (47.55
mg GAE/g), 81KYN7 (52.16 mg GAE/g) and 81KYN13 (46.31 mg GAE/g) geno-
types, the highest total antioxidant capacities were seen in 81KYNI1 (29.30%) and
81KYN2 (30.57%) genotypes. Additionally, the highest total protein amounts was
determined in 81KYN1 (20.48 g/L), 81KYN3 (20.60 g/L) and 81KYNS5 (20.87 g/L)
genotypes. As a result of the study, it was concluded that the genotypes that stand
out in terms of morphological, physicochemical and biochemical characteristics
can be evaluated in functional blackberry production.

Keywords: Blackberry, DPPH, Physicochemical, Protein, TPC.

ek

DUZCE'DE (TURKIYE) DOGAL OLARAK YETISEN
BOGURTLEN GENOTIPLERININ MEYVE KALITE
OZELLIKLERININ BELIRLENMESI

0z

Bu ¢alismada, Tiirkiyede Diizce ili Kaynash ilgesi Dagdibi kéytinde dogal ola-
rak yetisen bogiirtlen (Rubus spp.) genotiplerine ait meyvelerin morfolojik, fiziko-
kimyasal ve biyokimyasal 6zellikleri belirlenmistir. Genotiplerin meyve agirliklari,
1.77 g (81KYN10) ile 0.80 g (81KYN2) arasinda degismistir. Meyve eni, 13.55 mm
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(81KYN10) ile 9.05 mm (81KYN?2) arasinda degismistir. Meyve boyu ise 14.26 mm
(81KYN10) ve 11.09 mm (81KYN?2) arasinda degismistir. Calismada, en yiiksek
suda ¢o6ztinebilir kati madde miktar1 (SCKM) orani agisindan 81KYN1 (% 16.70),
81KYNS3 (% 15.65), 81KYN4 (% 15.40) ve 81KYN5 (% 16.20) genotipleri, en yiik-
sek titre edilebilir asitlik (TA) degeri agisindan ise 81KYN7 (% 0.52) ve 81KYN13
(% 0.51) genotipleri daha baskin olmustur. Renk degeri parametrelerinde ise en
yitksek L*, a*, b*, kroma ve Hue® acis1 degerleri, sirasiyla, 13.88 (81KYN7), 1.34
(81KYN4), 1.12 (81KYN4), 1.77 (81KYN4) ve 40.63 (81KYN1) olarak bulunmus-
tur. Biyokimyasal icerik agisindan, en yiiksek toplam fenolik miktarlar1 81 KYN2
(45.77 mg GAE/g), 81KYNG6 (47.55 mg GAE/g), 81KYN7 (52.16 mg GAE/g) ve
81KYN13 (46.31 mg GAE/g) genotiplerinde tespit edilirken, en yiiksek toplam
antioksidan miktarlar1 81KYN1 (29.30%) ve 81KYN2 (30.57%) genotiplerin-
de gorilmiistiir. Ayrica, en yiiksek toplam protein miktarlar: ise 81KYNT1 (20.48
g/L), 81KYN3 (20.60 g/L) ve 81KYNS5 (20.87 g/L) genotiplerinde belirlenmistir.
Calismada sonug olarak, morfolojik, fizikokimyasal ve biyokimyasal 6zellikler
acisindan 6ne ¢ikan genotiplerin fonksiyonel bogiirtlen tiretiminde 1slah materyali
olarak degerlendirilebilecegi kanaatine varilmistir.

Anahtar Kelimeler: Bogiirtlen, DPPH, Fizikokimyasal, Protein, TPC.

2

1. INTRODUCTION

Blackberry, taxonomically located in the Rosales order of the Rosaceae family,
is a fruit belonging to the Rubus spp. genus (Agaoglu, 1986). Blackberry, which
has a very low ecological selectivity in the environment where it grows, can easily
adapt to cold and harsh climatic conditions with this advantageous feature (Orzet
et al.,, 2016; Gruner, 2019). With the breeding studies carried out in blackberry,
which has gone through a very long historical process in terms of cultivation th-
roughout the world, today very productive varieties and genotypes have emerged
(Clark and Finn, 2011; Clark et al., 2012; Finn and Clark, 2012; Giindesli et al.,
2019). In addition to the high productivity of varieties and genotypes, many advan-
tages of blackberry such as high resistance to various diseases and pests that may
arise make the cultivation of this fruit even more attractive (Takeda et al., 2013;
Demir and Aktag, 2018; Gruner, 2019). Blackberries, which are mostly consumed
fresh, are widely used in fruit juice, jam, marmalade, canning, pastry and ice cream
industries in addition to the cosmetics industry in today (Di Palma, 2011). Fruit
of blackberry, which can reach from small sizes to certain sizes, have a pleasant
taste and smell, and a delicate aroma. The fruiting time of blackberries is usually
between May and August. Bloom time in blackberry, which prefers medium heavy
(sandy-clayy), rich in organic matter, high water holding capacity and well-drained
environments as soil demand, usually starts in May and continues until August.
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The sizes of blackberry flowers vary between 10 mm and 15 mm. The leaves are
small and irregularly distributed on the shoots. The edges of the leaves are serrated
and green. It usually has a sharp tip and an elliptical shap. The upper side of the
leaves is hairless, and the bottom is covered with lighter colored and white hairs.
The height of blackberry fruit trees growing in the form of ivy can reach approxi-
mately 3 meters (Glindesli et al., 2019). According to 2022 production data, a total
of 3100 tons of blackberry production was been produced in Tiirkiye. Mersin, Bur-
sa, Kahramanmaras and Samsun provinces are leading in blackberry cultivation
in the country (FAO, 2022). Blackberry, which is rich in flavonoids, carotenoids,
sugars, organic acids, minerals, phosphorus, calcium, magnesium, iron, vitamin C
and antioxidants, is one of the fruit groups that have an important role in impro-
ving and protecting human health (Sarkar et al., 2016; Lee, 2017; De Gomes et al.,
2019). Consumption of blackberry, which has many benefits in terms of healthy
and balanced nutrition in humans, is frequently recommended by dietitians and
health professionals (Kolbas et al., 2012). Blackberries, which balance blood sugar
in humans, are also rich in fatty acids such as omega 3 and omega 6. In addition,
blackberry, which contains many beneficial properties such as restoring the ner-
vous system in humans, protecting against depression and enhancing memory, is
one of the most preferred fruits with these advantages (Ozdal et al., 2016; Selma et
al., 2017). This study was carried out to determine the fruit morphological, phy-
sicochemical and biochemical properties in some blackberry genotypes. As a re-
sult of the analysis, statistical distributions and definitions of blackberry genotypes
were carried out morphologically and biochemically.

2. MATERIAL AND METHOD

2.1. Fruit Material

In this study, naturally grown blackberry genotypes were determined in Dag-
dibi village of Kaynasl district of Diizce province. Fruit samples taken from bla-
ckberry genotypes were placed in appropriate containers, labeled and brought to
the laboratory. After the agro-morphological properties of these fruit samples were
determined, the samples were stored at -20°C until analysis to determine some
bioactive properties. Morphological-physicochemical analyzes were performed in
Bolu Abant {zzet Baysal University, Faculty of Agriculture Laboratory.

2.2. Determination of Agro-Morphological Characteristics of Fruit

Fruit Weight (g): It was determined by randomly taking 20 fruit from each
genotype and weighing them separately on a sensitive balance sensitive to 0.01
g. After taking the arithmetic average of the values obtained in the fruit, the fruit
weight (g) values of the genotypes were determined separately (Kalyoncu, 1996).
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Fruit Width and Length (mm): It was found by measuring 10 fruit samp-
les taken randomly from each genotype with a caliper sensitive to 0.01 mm
(Kalyoncu, 1996).

Leaf width and length (mm): It was found by measuring 10 leaf samp-
les taken randomly from each genotype with a 0.01 mm sensitive caliper
(Karadeniz et al., 1996).

Middle Leaf Length (mm): After determining the middle part of the lea-
ves, the arithmetic average of the values obtained was taken and the middle
leaf length values of the genotypes were determined separately as ‘mm’ value
(Karadeniz et al., 1996).

Petiole Length (mm): It was measured as the part between petiole and fruit tip.
After taking the arithmetic average of the values obtained on the leaf, the petiole
length values of the genotypes were determined separately as ‘mm’ value (Karade-
niz et al., 1996).

The Amount of Soluble Solids Content (SSC) (%): It was determined as % value
by hand refractometer (Atago PAL-1, Washington, USA) (Esitken, 1992).

Fruit Juice pH: In order to determine the pH of the fruit (Thermo, OrionStar
A111, USA), a homogeneous juice mixture was obtained by squeezing the juice of
20 randomly selected fruit. Measurements were performed when the temperature
of the juice was at room temperature. About 10 mL of the juice mixture was taken
into a 50 mL beaker and the electrode of the pH meter was immersed in the juice
mixture. After waiting until the value stabilized, the value read was recorded as the
pH value (Esitken, 1992).

Titratable Acidity Value (TA) (%): In order to determine the titratable acidity
(TA) content of the fruit examined in terms of TA in fruit juice, 20 fruit from each
genotype were squeezed in cheesecloth and their juices were extracted. About 10
mL of the fruit juice obtained in this way was diluted to 50 mL with distilled water.
The diluted samples were titrated with 0.1 N NaOH to pH 8.1. The TA acid value in
terms of malic acid according to the amount of spent NaOH was calculated accor-
ding to the formula below (Karacali, 2002; Tas et al., 2023).

_ NAOH zpent (ml) x 0.1 x 0.067 (malic acid) x 100
amount of juice used (ml)

TA

Fruit Skin Color: It was measured in terms of L*, a*, b*, chroma and Hue® angle
values with a Konica Minolta CR-400 brand colorimeter. L* is the brightness value,
0 indicates black and 100 indicates white. Accordingly, a* shows red, -a* shows
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green, b* shows yellow and -b* shows blue. Chroma value expresses the intensity
(saturation) of the fruit skin color. The Hue® angle value indicates what the color
of the fruit skin is. If Hue® angle is 0, the color is red, if 90 is yellow, if 180 is green,
if 360 is blue. Hue® angle is the distance from the vertical axis of the point in the
color space. It indicates the intensity of the color. In blackberry, color values were
calculated for each fruit with three mutual measurements taken from the equator
region of the fruit (Ertekin et al., 2006).

2.3. Determination of Biochemical Properties of Fruit

Determination of total phenolic and DPPH scavenging activity: To determi-
ne the total phenolic content (mg GAE/g), the microscale procedure reported by
Waterhouse (2002) was used, with modifications. Briefly, 1600 pL of distilled wa-
ter and 50 pL of Folin-Ciocalteu agent were added to 50 uL of methanolic extract
and mixed gently. Then, 300 uL of 7% (w/v) calcium carbonate solution was added
and vortexed. After the mixture was left in the dark at room conditions for 2 h, its
absorbance at 760 nm was read, using a UV-Vis spectrophotometer (SP-UV1100,
DLAB, Beijing, China). The obtained absorbance values were converted to real con-
tent through the calculation of the equation obtained with the standard curve (R* =
0.99) prepared using 0.5, 1, 2, 3, 4, 5, and 6 mM gallic acid with the same procedure.

The 2,2 Diphenyl 1 picrylhydrazyl obtained from Sigma-Aldrich (Darmstadt,
Germany) was prepared in ethanol, with a final absorbance within the range of
0.7-0.8, to measure the DPPH scavenging activity. Then, the activity was measured
using the following procedure. The most appropriate methanolic extract amount
was determined through preliminary trials, with a final volume of 2 mL; 50 uL
sample, 1450 pL ethanol, and 500 pL of DPPH solution were added sequentially
and vortexed. The prepared solution was measured at a 520 nm wavelength using
a UV-Vis spectrophotometer after 15 min, and the DPPH scavenging capacity was
calculated using the following formula (Gtiler ve ark., 2023).

DPPH (%) = (A

blank ample

As, )/ Ablank'

Determination of total protein amount: The plant samples, which were previ-
ously prepared and stored at +4°C, were diluted 10 times to measure their absor-
bance in the spectrophotometer. The diluted samples were read in triplicate against
the blank cuvette at 595 nm with the Bradford Coomassie Blue stain. Obtained
absorbance values were recorded and averaged, and protein concentrations were
calculated for each sample using the standard curve (Bradford, 1976).
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2.4, Statistical Analysis

Student’s t (LSD) test was used in the analysis of agro-morphological and
biochemical data. Experiments were carried out according to the randomized
plot design with 3 replications and 15 plants in each replication. SAS Version
9.1 (SAS Institute Inc., Cary, NC, USA) software was used to evaluate the data
(Gentleman et al., 2004).

3. RESULTS AND DISCUSSION

3.1. Agro-Morphological Properties of Fruit

Tiirkiye has a very rich range of fruit species due to its geographical location.
Blackberry fruit is one of the fruits that stand out with the important useful phyto-
chemicals it contains. In this study, fruit samples of selected blackberry genotypes
were taken and necessary measurements and analyzes were made to determine
the morphological and physicochemical characteristics of the fruit. In the study,
statistically significant differences were found between genotypes in terms of fruit
weight (p<0.001). When genotypes were examined, the highest fruit weight (1.77
g) was found in 81KYN10 genotype, and the lowest fruit weight (0.80 g) was deter-
mined in 81KYN?2 genotype. 81KYN10 (1.77 g), 81KYNS (1.68 g), 81KYNG6 (1.31
g), and 81KYN9Y (1.31 g) genotypes stand out with high fruit weight, respectively
(Table 1). Mikulic-Petkovsek et al. (2021) determined the highest fruit weight as
10.08 g and the lowest fruit weight as 5.95 g in blackberry fruit of the variety named
‘Cacanska Bestrna. Yilmaz et al. (2009) determined the maximum fruit weight of
5.4 g in blackberry fruit named ‘Bursa 1. Connor et al. (2005) observed the highest
fruit weight of 10.10 g in blackberry fruit named ‘Black Butte. Makus (2011) stated
that the highest fruit weight in blackberry fruit named ‘Dewitt (black)” was 9.22 g.
Duan etal. (2023) determined the highest fruit weight as 9.31 g and the lowest fruit
weight as 7.57 g in the blackberry fruit they studied. Meyers et al. (2017) examined
the maximum fruit weight of 3.6 g in blackberry fruit of the ‘Navaho’ variety. Ga-
razhian et al. (2020) reported the highest fruit weight as 1.30 g in blackberry fruit
with the ‘Sepidan (Roodbal)’ variety in Iran. Huang et al. (2022) recorded the hig-
hest fruit weight as 6.84 g in blackberry fruit of the ‘Chester’ variety. Milosevic et al.
(2012) reported the highest fruit weight as 7.61 g in blackberry fruit with varieties
named ‘Cacanska Bestrna’ and ‘Loch Ness. Memete et al. (2023) reported the hi-
ghest fruit weight as 9.11 g in blackberry fruit with “THRNFR’ variety. When the
results of the above literature study related to fruit weight in blackberry were eva-
luated together with the results of this study, it was seen that significantly higher
fruit weights were examined in the literature studies. The reason for this difference
between this study and literature studies is related to factors such as differences in
genotype and varieties.
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Table 1. Fruit weight, fruit width, fruit length, leaf length and leaf width values
from morphological characteristics of blackberry genotypes

Genotypes Fruit Weight Fruit Width Fruit Length Leaf Length Leaf Width
(8 (mm) (mm) (mm) (mm)
81KYN1 0.92 £0.08 a* 9.76 £0.49 a 11.29+0.42a 9.15+0.05a 7.30+0.20a
81KYN2 0.80+0.03 ¢ 9.05+0.19abc  11.09+0.12cd 10.05+0.25bc  7.40 + 0.20 bc
81KYN3 1.04+0.06d 10.02+0.31bcd 12.08+0.28cd 10.90+0.10bc  9.55+0.35 bc
81KYN4 1.06 +0.08d 10.25+0.39cde 11.84+0.21cd 9.70 £0.10 bc 7.25+0.25bc
81KYN5  1.22+0.04de 10.84 +0.28 de 1246 +0.26 d 11.40+£0.20 ¢ 9.10 + 1.00 be
81KYN6 1.31£0.09ef  11.45+0.40 de 1245+ 0.34 e 1420+0.10c  11.95+0.35bc
81KYN7 1.18 £0.06 f 11.01 £ 0.35 ef 12.19+0.25f 15.60 £0.50 ¢ 12.15+£0.85¢
81KYN8 1.68 +0.12 f 12.21+0.30 fg 13.29+0.27 f 14.50 + 0.40 ¢ 12.60 £ 0.10 ¢
81KYN9 1.31+0.04¢ 12.19+0.22 g 12.74+£0.14 g 12.60 + 0.60 ¢ 9.60 = 0.00 ¢
81KYN10 1.77+0.21a 13.55+0.40ab  14.26+0.51ab 14.30 £0.90ab 11.80 + 1.40 ab
81KYNI11 1.21+0.10ab 11.75+03lab 1239+0.19bc 7.25+0.15bc 6.45 +0.05 bc
81KYNI12 1.24+0.11ab 11.56+0.49ab 11.94+0.23cd 14.50 £0.40bc 12.70 + 0.00 bc
81KYN13 1.08+0.05b 10.96 £0.23ab  12.06 £0.15cd 13.65+0.05bc 11.70 +0.10 bc

*: The difference between the means indicated by the same letter in the same column is insignificant (P < 0.05).

Differences between genotypes in terms of fruit width and fruit length were
found to be statistically significant (p<0.001). When genotypes were examined,
the highest fruit width (13.55 mm) was determined in 81KYN10 genotype, and
the lowest fruit width (9.05 mm) was determined in 81KYN2 genotype. 81KYN10
(13.55 mm), 81KYN8 (12.21 mm), 81KYN9 (12.19 mm) genotypes stand out with
high fruit width, respectively. When genotypes were examined, the highest fruit
length (14.26 mm) was found in 81KYN10 genotype, and the lowest fruit length
(11.09 mm) was determined in 81KYN2 genotype. 81KYN10 (14.26 mm), 81KYNS8
(13.29 mm), 81KYNO (12.74 mm) genotypes stand out with high fruit length, res-
pectively (Table 1). Yilmaz et al. (2009) reported the highest fruit width value as
19.8 mm in blackberry variety named ‘Chester’ The same researchers determined
the maximum fruit length value of 26.4 mm in fruit of another blackberry variety
named ‘Bursa 1’ Duan et al. (2023) reported the maximum fruit width value as
25.59 mm and the maximum fruit length value as 31.41 mm in the blackberry
fruit they studied. Huang et al. (2022) stated the maximum fruit width value as
23.22 mm and the maximum fruit length value as 27.35 mm in blackberry fruit of
‘Chester’ variety. Memete et al. (2023) reported the maximum fruit width value as
7.20 mm and the maximum fruit length value as 2.77 mm in blackberry fruit with
‘THRNFR’ variety. According to the data of this study related to fruit width and
length, the data of the above sample literature studies were significantly higher. It
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is thought that this difference between studies may be caused by genotype/variety.
Differences between genotypes in terms of leaf width and leaf length were found to
be statistically significant (p<0.001). The highest leaf length (15.60 mm) was found
in 81KYN7 genotype, while the lowest leaf length (7.25 mm) was determined in
81KYNII genotype. 81KYN7 (15.60 mm), 81KYN8 (14.50 mm), and 81KYN12
(14.50 mm), 81KYN10 (14.30 mm) genotypes were in the foreground, respecti-
vely. The highest leaf width (12.70 mm) was detected in 81KYN12 genotype, while
the lowest leaf width (6.45 mm) in 81KYN11 genotype. 81KYN12 (12.70 mm),
81KYNS (12.60 mm), 81KYN7 (12.15 mm) genotypes are dominant with high leaf
width, respectively (Table 1).

The differences between genotypes in terms of middle leaf length were found to
be statistically significant (p<0.001). The highest middle leaf length (7.65 mm) was
found in 81KYN?7 genotype, while the lowest middle leaf length (3.50 mm) was
determined in 81KYN11 genotype. The 81KYN7 (7.65 mm), 81KYN10 (7.55 mm),
81KYNS (7.25 mm), 81KYN12 (7.20 mm) genotypes were in the foreground, res-

pectively (Table 2).

Table 2. Middle leaf length, petiole length, soluble solids content (SSC), pH and
titratable acidity (TA) values from morphological and physicochemical characte-
ristics of blackberry genotypes

Middle Leaf

Petiole Length

Genotypes Length (mm) (mm) SSC (%) pH TA (%)
81KYN1 435+0.15aF 310+ 040a 16.70 £ 0.40 a 3.88+£0.00a 044+0.37a
81KYN2 4.55 + 0.05 de 4.15+0.05abc  15.15+0.05bcd 3.85+0.01 cde 0.38 +0.04 ab
81KYN3 495+ 0.15def  4.50 + 0.40 abc 15.65+0.25cd  3.90 £ 0.02 def 0.41 +£0.17 bc
81KYN4 4.25+0.05efg  3.80 +£0.10 bed 1540 £0.10cd  3.88 £ 0.00 def 0.41 +0.04 bc
81KYN5 5.05 + 0.15 efg 4.35+0.15cd 16.20 £ 0.20 cd 457 +0.02ef 0.19+0.04 bc
81KYNG6 6.90 £ 0.10 efg 5.50 £ 0.10 cd 15.10 £ 0.10 cd 3.95+0.01f 0.3 +0.25 bc
81KYN7 7.65 + 0.45 fg 5.65+ 0.05 cd 11.80 £ 0.20 cd 3.51+£0.02f 0.52+0.77 bc
81KYN8 725+005g 525+0.25d 15.30 £ 0.10 cd 424+0.02f 0.30+0.67 bc
81KYN9 530+0.10h 530+0.40d 15.00 £ 0.10d 4.07+0.03g 032+042c¢
81KYN10 7.55+0.05b 4.80 + 0.30 ab 13.80+0.10a 391+0.0lab 0.32+0.02ab
81KYN11 3.50+0.20b 2.75 + 0.05 ab 12.55 £ 0.25 ab 3.88+0.03bc 0.35+0.17ab
81KYN12 7.20 £0.00 c 5.25 + 0.25 abc 15.30 £ 0.10 bc 424+0.02cd 0.30+0.67 ab
81KYN13 6.10 £ 0.00 d 5.10+0.00 abc  12.95+0.05bcd 3.82+0.02cd 0.51+0.38ab

*: The difference between the means indicated by the same letter in the same column is insignificant (P < 0.05).
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The differences between genotypes in terms of petiole length were found to be
statistically significant (p<0.001). The highest petiole length (5.65 mm) was found
in 81KYN7 genotype, while the lowest petiole length (2.75 mm) was determined
in 81KYN11 genotype. The 81KYN7 (5.65 mm), 81KYN6 (5.50 mm), 81KYN9
(5.30 mm), 81KYN8 (5.25 mm), and 81KYN12 (5.25 mm) genotypes were in the
foreground, respectively (Table 2). No sample studies have been found in the lite-
rature regarding leaf width, leaf length, middle leaf length and petiole length, and
it is thought that the data obtained in this study regarding these parameters may be
useful for various researches.

When the data were evaluated in terms of SSC rate, the differences between
genotypes were found to be statistically significant (p<0.001). The highest rate of
SSC (16.70%) was found in the 81KYN1 genotype, while the lowest rate of SSC
(11.80%) was found in the 81KYN7 genotype. The 81KYN1 (16.70%), 81KYN5
(16.20%), 81KYN3 (15.65%), 81KYN4 (15.40%) genotypes were in the foreground
in terms of high SSC, respectively (Table 2). Yilmaz et al. (2009) determined the
highest SSC rate of 14.1% in blackberry fruit named ‘Navaho. Makus (2011) sta-
ted that the highest SSC rate in blackberry fruit named ‘White Plastic’ was 11.5%.
Duan et al. (2023) reported the highest SSC rate of 10.43% in the blackberry fruit
they studied. Meyers et al. (2017) examined the highest SSC rate of 15.1% in bla-
ckberry fruit with the ‘Navaho' variety. Milosevic et al. (2012) recorded the highest
SSC rate of 13.50% in blackberry fruit with the ‘Navaho' variety. The results of the
above-mentioned literature regarding SSC and the results of the SSC obtained in
this study were similar to each other.

When the data were analyzed in terms of fruit juice pH, statistically significant
differences were found between the pH amounts of fruit juices belonging to black-
berry genotypes (p<0.001). Among the genotypes, the highest pH value (4.57) was
found in the 81KYN5 genotype. In addition, pH values observed in all genotypes
in the study were found to be close to each other (between 3.51 and 4.57) (Table
2). Mikulic-Petkovsek et al. (2021) determined the highest fruit pH as 3.08 and
the lowest fruit pH as 2.71 in blackberry fruit of named ‘Cacanska Bestrna’ Yilmaz
et al. (2009) found the highest pH value of 3.6 in the blackberry fruit with named
‘Bursa 3’ Makus (2011) stated the highest pH value of 3.43 in blackberry fruit with
named ‘White Plastic. Milosevic et al. (2012) recorded the highest pH value as 3.12
in blackberry fruit with ‘Dirksen Thornless’ variety. Memete et al. (2023) reported
the highest pH value as 4.066 in blackberry fruit with ‘OCHIT’ variety. In terms of
pH value, the results of the sample literature study given above and the pH value
results in this study showed parallelism with each other.

When TA values of fruit juices belonging to genotypes of blackberry were exa-
mined, statistically significant differences were found (p<0.001). Among the ge-
notypes, 81KYN7 genotype has the highest TA value (0.52%). This genotype was
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followed by the 81KYN13 genotype with a TA value of 0.51%. The lowest TA value
(0.19%) was recorded in the 81KYNS5 genotype (Table 2). Yilmaz et al. (2009) de-
termined the highest TA value in fruit of the blackberry variety named ‘Bursa 2’ as
1.4%. Makus (2011) stated the highest TA value as 1.29% in fruit of two blackberry
varieties named ‘None’ and ‘Dewitt. Duan et al. (2023) reported the highest TA
value as 1.91% in blackberry fruit they studied. Garazhian et al. (2020) investigated
the highest TA value of 0.83% in blackberry fruit of the ‘Namak Abrud 2’ variety in
Iran. Milosevic et al. (2012) recorded the highest TA value of 2.36% in blackberry
fruit with ‘Chester Thornless’ variety. When the above sample literature results de-
termined in terms of TA values in blackberry fruit were compared with the results
of this study, it was seen that the studies were parallel to each other.

When the data were examined in terms of fruit skin color, statistically signi-
ficant differences were found in terms of L* value (p<0.001). According to the
measurements, the lightest fruit color among the genotypes was detected in the
81KYN?7 genotype with a L* value of 13.88. This genotype was followed by 81KYN6
(13.67) and 81KYNS5 (13.20) genotypes, respectively. The 81KYN9 genotype had
the darkest fruit color with an L* value of 11.73 (Table 3). Differences in a* valu-
es in color measurements of blackberry genotypes were found to be statistically
significant (p<0.05). According to fruit color measurements, +a value indicates
red color, -a value indicates green color. Among blackberry genotypes, 81KYN4
genotype had the highest a* value with 1.34, while this genotype was followed by
81KYNS3 genotype with 1.04 a* value. In addition, the 81KYN5 genotype had the
lowest a* value of 0.54 (Table 3). Differences in b* value in color measurements of
blackberry genotypes were found to be statistically significant (p<0.05). While de-
termining the fruit color, the +b value indicates that the color is yellow in the fruits
and the —b value indicates that the color is blue. In the measurement of the samples
taken, the 81KYN4 genotype with 1.12 had the highest b* value, while the 81KYN6
genotype with 0.24 had the lowest b* value. 81KYN4 genotype was followed by
81KYNT1 genotype with a b* value of 0.85 (Table 3). Chroma refers to the intensity
(saturation) of the color. Differences in chroma values of blackberry genotypes in
color value measurements were found to be statistically significant (p<0.05). In
color measurements, 81KYN4 genotype has the highest (1.77) chroma value, whi-
le 81KYNS5 genotype has the lowest (0.67) chroma value. The 81KYN4 genotype
was followed by the 81KYNT1 genotype with a chroma value of 1.29 (Table 3). The
hue® angle value, which indicates the intensity of the color, is the distance from the
vertical axis of the point in the color space. Differences of blackberry genotypes
in terms of hue® angle value in color measurements were found to be statistically
significant (p<0.01). In the color measurements of the samples, the highest hue®
angle value (40.63) was determined in 81KYN1 genotype, and the lowest hue®
angle value (20.03) was determined in 81KYNG6 genotype. 81KYN1 genotype was
followed by 81KYNS5 (36.27) and 81KYN4 (36.16) genotypes, respectively (Table
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3). Duan et al. (2023) reported the highest L* value as 17.72 in the blackberry fruit
they studied. Escuredo et al. (2019) stated the highest L* value in blackberry fruit
as 73.46. When the results of the literature were compared with the results of this
study in terms of color parameters, it was seen that other data showed parallelism
with each other, except for the L* and b* values determined by Escuredo et al.
(2019). On the other hand, it is thought that this partial difference in studies may
be caused by genotype.

Table 3. Fruit color values of blackberry genotypes

Genotypes L* a* b* Chroma Hue®

81KYNI1 12.31 +0.31 a* 0.98+£0.03a 0.85+0.08a 1.29+£0.07a 40.63 +2.05a
81KYN2 11.77 £ 0.36 bc 0.98 +0.10 bc 0.54 £ 0.06 cd 1.15+0.10 be 25.67+2.12a
81KYN3 12.03 £ 0.07 ¢ 1.04 £ 0.15 be 0.57 £0.15 cd 1.19 £ 0.20 cd 26.50 £3.51b
81KYN4 12.30 £0.27d 1.34 £ 0.25 bed 1.12+£040cd  1.77 £ 0.43 cde 36.16+7.05b
81KYN5 1320+ 045de  0.54+0.02bcd  0.39+0.02cde  0.67 £0.01 cde  36.27 +2.95 bc
81KYNG6 13.67 £0.33 ef  0.65 +0.04 bed 0.24+£0.05de  0.70+0.03def  20.03+4.19cd
81KYN7 13.88£0.16 f 0.84+0.30cde  0.42+0.14def 093 +0.33efg 27.02+0.97d
81KYNS 12.34+0.22f 0.98 +0.08 de 0.64 +0.02 ef 1.18 £ 0.07 fg 32.56+1.07d
81KYN9 11.73+0.23 g 0.80+0.12¢ 0.51 £0.07 f 095+0.13 g 3254+2.14d
81KYN10  12.51+0.35ab 0.76 £0.15a 0.57+0.17b 0.96 £0.22b 3446+ 1.67a
81KYNI11 12.52 £ 0.11 ab 0.69 £0.04 b 0.29 £ 0.04 bc 0.75+0.04b 22.89+3.03a
81KYNI12 12.34£0.22b 0.98 £0.08 b 0.64 £ 0.02 cd 1.18 £ 0.07 be 3256 +1.07a
81KYN13 12.51+£0.16 b 0.75+0.07 be 0.38+0.04 cd 0.84 £ 0.07 be 2749+284a

*: The difference between the means indicated by the same letter in the same column is insignificant (P < 0.05).

3.2. Total Phenolic, Total Antioxidant and Total Protein

Table 4 shows the total phenolic, total antioxidant and total protein amounts
of blackberry genotypes. There were statistically significant differences at p<0.001
level between genotypes in terms of parameters. The highest total phenolic content
(52.16 mg GAE/g) was found in 81KYN7 genotype, while the lowest total phe-
nolic content (34.70 mg GAE/g) was found in 81KYN1 genotype. The 81KYN7
(52.16 mg GAE/g), 81KYNG6 (47.55 mg GAE/g), 81KYN13 (46.31 mg GAE/g),
81KYN2 (45.77 mg GAE/g) genotypes stand out in terms of high phenolic con-
tent, respectively (Table 4).
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Paczkowska-Walendowska et al. (2021) reported the highest total phenolic
content as 71.29 mg GAE/g in blackberry fruit of the variety named ‘Loch Tay’ Ga-
razhian et al. (2020) determined the highest total phenolic content as 129.3 in bla-
ckberry fruit with Jade Haraz’ variety in Iran. Glindogdu et al. (2016) recorded the
highest total phenolic content in blackberry fruit in Eastern Anatolia as 438.970
mg GAE/g. Milosevic et al. (2012) stated that the highest total phenolic content in
blackberry fruit with the ‘Black Satin’ variety was 413.2. When the literature studies
determined regarding the total phenolic amount were compared with the data of
this study, it was seen that significantly higher total phenolic amounts were detec-
ted in the literature studies compared to this study. It is thought that this difference
between the studies may be due to factors such as the differences in genotypes and
varieties, the differences in cultural practices and the different geographical condi-
tions in which the fruits are grown.

Table 4. Total phenolic content (TPC), DPPH total antioxidant capacity (TAC)
and total protein content from bioactive compound contents of blackberry genotypes

Genotypes TPC (mg GAE/g) DPPH (%) Total Protein Content (g/L)
81KYNI1 34.70 £ 0.02 I* 29.30+0.08 b 20.48 £ 0.15 be
81KYN2 4577 £0.10d 30.57+0.18a 20.10 £ 0.06 de
81KYN3 38.68+0.18 k 9.18+0.16d 20.60 + 0.14 ab
81KYN4 39.36 £0.13 328+0.10k 19.79+£0.10 fg
81KYN5 41.82+0.10h 641 £0.23 e 20.87£0.06a
81KYNG6 47.55+0.08 b 3.73£0.06j 19.70 £ 0.09 fg
81KYN7 5216 £0.15a 4.14+£0.131 19.09 £ 0.08 h
81KYN8 43.80 +£0.09 f 5.74 +0.07 fg 19.61£0.06 g
81KYN9 40.23 £0.091 11.76 £ 0.07 ¢ 19.90 + 0.05 ef
81KYN10 43.13+0.06 g 564+0.12¢g 20.35 % 0.11 bed
81KYNI11 38.82 £0.09k 5.12+£0.10 h 18.07 £ 0.06 i
81KYN12 44.19+0.07 e 3.08+0.07k 20.28 £0.09 cd
81KYN13 46.31 +0.08 ¢ 6.09 +0.08 ef 19.79 £ 0.07 fg

*: The difference between the means indicated by the same letter in the same column is insignificant (P < 0.05).

When genotypes were evaluated, the highest total antioxidant amount (30.57%)
was found in 81KYN2 genotype, while the lowest total antioxidant amount (3.08%)
was found in 81KYN12 genotype. The 81KYN2 (30.57%) and 81KYNT1 (29.30%)
genotypes stand out in terms of high antioxidant activity, respectively (Table
4). Glindogdu et al. (2016) determined the highest total antioxidant amount as
48.900% in ‘Cherokee’ variety blackberries and the lowest total antioxidant amount
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as 30.855% in Jumbo’ variety. Garazhian et al. (2020) reported the highest total
antioxidant amount as 88.08% in blackberry fruit of the ‘Yasuj (Naregah)’ variety
in Iran. Giindogdu et al. (2016) recorded the highest total antioxidant amount as
48.90% in blackberry fruit in Eastern Anatolia. Huang et al. (2022) reported the
highest total antioxidant amount in blackberry fruit as 11.48%. Milosevic et al.
(2012) stated that the highest total antioxidant amount in blackberry fruit with
the ‘Black Satin’ variety was 312.72%. When the literature studies related to the
total antioxidant amount were compared with the data of this study, it was seen
that significantly higher total antioxidant amounts were examined in the litera-
ture studies compared to this study. It is thought that this difference between the
studies may be due to factors such as the differences in genotypes and varieties,
the differences in cultural practices and the different geographical conditions in
which the fruits are grown.

The highest total protein amount (20.87 g/L) was found in 81KYNS5 genotype,
while the lowest total protein amount (18.07 g/L) was found in 81KYN11 genoty-
pe. The 81KYN5 (20.87 g/L), 81IKYN3 (20.60 g/L), 81IKYN1 (20.48 g/L) genotypes
stand out with high total protein content, respectively (Table 4). No sample study
has been found in the literature regarding the total protein amount, and it is thou-
ght that the data obtained in this study regarding this parameter may be useful for
various studies to be carried out.

3.3. Clustering and Heat Mapping Analysis of Some Morphological and
Biochemical Features

Hatmap analysis was performed to reveal some quality criteria and bioche-
mical characteristics of blackberry genotypes. In the Hatmap analysis, the color
change towards red in the color scale shows that the level of statistical signifi-
cance has increased. The genotypes examined in the hierarchical cluster analysis
were divided into four different clusters in total. The 81KYN11 genotype was
found to be statistically insignificant (blue) in terms of agro-morphological and
bioactive properties (Figure 1).
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Figure 1. Clustering and heat map representation of some morphological and
bioactive properties of blackberry genotypes. Blue to red color scale shows low
to high values.

CONCLUSION

In this study, morphological, physicochemical and biochemical properties of
13 blackberry (Rubus Linnaeus) genotype fruit grown in Diizce province were in-
vestigated. In the examinations made in terms of morphological and physicochemi-
cal content, 81KYN6, 81KYNS, 81KYN9 and 81KYN10 genotypes were found to be
promising in terms of fruit weight. It was determined that 81KYNS8, 81KYN9 and
81KYN10 genotypes were superior in fruit width and length determined in the study.

The content of SSC ratio in fruit is one of the basic criteria that is important in
determining the maturity period of a fruit and therefore can directly affect con-
sumption. In this study, 8IKYNT1, 81KYN3, 81KYN4 and 81KYNS5 genotypes were
significantly superior to other genotypes in terms of high SSC rate, and at least 15%
SSC rate was investigated in these genotypes. In the study, the values observed in
all genotypes in terms of pH value were found to be close to each other (between
3.51 and 4.57). In terms of the highest TA value, 81KYN7 and 81KYN13 genotypes
were more dominant.

In the study, in terms of biochemical content, 81KYN2, 81KYN6, 81KYN7
and 81KYN13 genotypes were dominant in the highest total phenolic amount,
81KYN1 and 81KYN2 genotypes in the highest total antioxidant amount, and
81KYNI, 81KYN3 and 81KYNS5 genotypes in the highest total protein amount
were significantly more dominant. As a result of the study, it was concluded that
the genotypes that stand out in terms of morphological, physicochemical and bi-
ochemical characteristics can be evaluated in functional blackberry production.
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CHANGES IN GERMINATION AND QUALITY
CHARACTERISTICS OF MUNG BEAN SEEDS STORED
FOR DIFFERENT TIMES

ABSTRACT

Maintaining seed quality during long-term storage of plant genetic resources
is crucial to avert projected food crises linked to a changing climate and a growing
world population. However, seed viability caused by senescence during storage re-
mains an unavoidable process that jeopardizes productivity in some traditional
seed crop species. Therefore, this study aimed to determine the change in germina-
tion and quality characteristics of mung bean seeds stored under the same storage
conditions for different periods of time. In the study, mung bean seeds numbe-
red 02G05, 07A05 and 07G04 were used as seed material and stored under the
same temperature and humidity conditions for 36, 48, 60, 72 and 96 months. In the
study, germination rate, germination index, moisture content, water absorption
capacity and water absorption index of mung bean seeds decreased as the storage
period increased, while mean germination time, electrical conductivity, cooking
time and dry matter loss during cooking increased. In the study, seeds of mung
bean genotypes stored for 36 months showed better germination rate and germina-
tion index, followed by seeds stored for 48 and 60 months and significant decreases
were determined in the following months. 02G05 genotype stood out in terms of
germination characteristics and some quality characteristics and was the least affe-
cted by the prolonged storage period. In the study, the highest and positive corre-
lation was determined between cooking time and dry matter loss during cooking,
while the lowest negative correlation was determined between moisture content
and electrical conductivity and between water absorption capacity and cooking
time. As a result, it can be suggested that mung bean seeds can be stored for 60
months for germination characteristics and 36 months for quality characteristics
without causing any negativity, but after these months, storage can be terminated
as negativity in germination and quality characteristics will begin.

Keywords: Mung Bean, Storage, Germination, Cooking Time, Water
Absorption Capacity.

ek

https:/doi.org/10.7161/omuanajas 1338713 d



Changes in Germination and Quality Characteristics of Mung...

FARKLI SURELERDE DEPOLANAN MAS FASULYESI
TOHUMLARINDA CIMLENME VE KALITE
OZELLIKLERINDEKI DEGISIM

0z

Bitki genetik kaynaklarinin uzun siireli depolanmasi sirasinda tohum kalitesi-
nin korunmasi, degisen iklim ve artan diinya niifusu ile baglantili 6ngériilen gida
krizlerini 6nlemek i¢in ¢ok 6nemlidir. Bununla birlikte, depolama sirasinda yas-
lanmanin neden oldugu tohum canliligy, bazi geleneksel tohumlu mahsul tiirlerin-
de tretkenligi tehlikeye atan kaginilmaz bir siireg olmaya devam etmektedir. Bu
nedenle ¢alismada farkls siirelerde ayni depo sartlarinda depolanmis mas fasulyesi
tohumlarinin ¢imlenme ve kalite 6zelliklerindeki degisim belirlenmesi amaglan-
mistir. Calismada 02G05, 07A05 ve 07G04 nolu mas fasulyesi tohumlar1 tohum
materyali olarak kullanilarak, 36, 48, 60, 72 ve 96 ay boyunca ayni sicaklik ve nem
sartlarinda depolanmistir. Calisgmada depolama siiresi artikca mas fasulyesi to-
humlarinin ¢imlenme orani, ¢imlenme indeksi, nem orani, su alma kapasitesi ve su
alma indeksi azalmis, ortalama ¢imlenme siiresi, elektriksel iletkenlik, pisme siiresi
ve pismede kuru madde kaybi artmigstir. Calismada 36 ay depolanan mas fasulyesi
genotiplerinin tohumlar: daha iyi ¢imlenme orani ve ¢imlenme indeksi gostermis
bunu 48 ve 60 ay depolanan tohumlar takip etmis ve daha sonraki aylarda énemli
azalmalar belirlenmistir. 02G05 genotipi ¢cimlenme 6zellikleri ve baz: kalite 6zel-
likleri yoniinden 6n plana ¢ikmis, depolama siiresinin uzamasindan en az etkile-
nen mas fasulyesi genotipi olmustur. Calismada 6zellikler arasinda en yiiksek ve
pozitif korelasyon pisme siiresi ile pismede kuru madde kaybinda; en diisiik negatif
korelasyon ise nem orani ile elektriksel iletkenlik arasinda ve su alma kapasitesi
ile pisme siiresi arasinda belirlenmistir. Sonug olarak mas fasulyesi tohumlarini
cimlenme ozelliklerinde 60 ay; kalite 6zelliklerinde 36 ay boyunca depolanmasi
herhangi bir olumsuzluga sebep olmadan depolayabilecegini, bu aylardan sonra
¢imlenme ve kalite 6zelliklerinde olumsuzluklar baslayacagindan depolamay1 son-
landirmalar 6nerilebilir.

Anahtar Kelimeler: Mas Fasulyesi, Depolama, Cimlenme, Pigme Siiresi, Su
Alma Kapasitesi.

o o %
1. INTRODUCTION
Given the increasing global demand for food today, it is crucial to ensure the

conservation of plant genetic resources for future food production (Hoban et al.,
2013; Jacoban et al., 2013). By 2050, it is estimated that more than one billion peo-
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ple will be added to the world population (WPP, 2023). Therefore, the food security
problem will worsen with the increasing impact of hunger and poverty, especially
in developing countries. The importance of seeds is increasing day by day to pre-
vent food crises that may occur in the coming years. Seeds, which account for more
than 80% of human nutrition (FAO, 2023), are important for biodiversity con-
servation as well as for economic aspects of trade and storage-related agricultural
activities (Adetunji et al., 2021).

Although the lifespan of seeds varies according to plant species, they can gen-
erally remain viable for a period ranging from weeks to thousands of years. Seed
senescence is as the loss of seed quality and viability over time (El-Maarouf-Bou-
teau, 2022). Various factors such as climatic conditions during seed production,
moisture content, mechanical damages, storage time, relative humidity of the stor-
age, diseases and pests affect the viability of seeds (Krishnan et al., 2003; Marshall
and Lewis, 2004). During the aging of seeds, all physiological events of the cells
are damaged, and the cells lose their functions and die. Physiological symptoms
of seed deterioration include decreases in enzyme activity and respiration, and in-
creases in the amount of leachate (electrolytes) and free fatty acids in seed soaking
water (Copeland and McDonald, 2001). In addition, poor germination, abnormal
seedling formation or non-germination are observed in old seeds. Seed vigour and
viability decrease moderately in the early stages of storage, followed by a sharp de-
cline and finally a gradual decrease in viability (Shaban, 2013). On the other hand,
farmers keep harvested seeds in stock for months or even years before selling them
or planting the next crop. Rapid seed aging and deterioration during storage is one
of the major problems faced by farmers (Chan and Mohd, 2019). Rao et al. (2017)
stated that under the same storage conditions, seeds of different genera, species, va-
rieties or single plants often show differences in their storability. For these reasons,
it is of great importance to determine how long the seeds of different plant species
and varieties can be stored.

Mung bean is an important legume consumed all over the world, especially
in Asian countries (Hou et al., 2019), and its production and consumption are
increasing day by day in our country (Karaman and Tiirkay, 2022). It is known to
be an excellent source of protein, dietary fiber, minerals, vitamins, and significant
amounts of bioactive compounds including polyphenols, polysaccharides, and
peptides (Gan et al., 2017; Hou et al,, 2019), and its popularity as a functional food
for improving health is increasing. Therefore, it is of great importance to determine
the effect of aging on mung bean seed viability. Indeed, this could improve the
storability and increase the productivity of mung bean seeds, thereby benefiting
producers and national economies. In this study, it was aimed to determine the
changes in germination and some quality characteristics of mung bean genotypes
stored under the same temperature and humidity conditions in different years in
order to maintain seed quality.
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2. MATERIALS AND METHOD

Mung bean seeds obtained from Adiyaman (02 G 05; Gerger) and Antalya (07
A 05; Alanya and 07 G 01; Gazipasa) provinces were used as seed material in the
study (Karaman, 2019). The seeds used in the study were collected by survey study
and grown in the same way every year and harvested in the first week of October.
The seeds were then kept in storage at the same temperature and humidity (5°C
and < 40% relative humidity). Palabiyik (2006) found that storage of bean seeds at
+4 °C for up to 32 months did not have a negative effect on seed germination and
field emergence rates, but if they were stored for longer periods such as 44 months,
they suffered significant loss of viability. Considering these conditions, the storage
period was started from the 36th month. In the study, the storage period started
in October 2015 after harvesting in 2015 and ended in October 2022. Seeds were
stored in the warehouse for 36, 48, 60, 72 and 96 months. The study was established
according to the completely randomized design with 3 replications.

For each of the genotypes used in study, a total of 6000 seeds were stored, 2000
seeds per replicate. At the end of storage, 50 seeds for each replicate were left to
germinate for 7 days at 20+1 °C according to ISTA (2012) rules for mung bean
[Vigna radiata (L.) Wilzeck = Phaseolus aureus L.] paper seeds. During this period,
seeds with rootlets reaching 2 mm in length every day were considered germinated
(Murillo-Amador et al., 2002; Karaman and Kaya, 2017). When the germination
period was completed (at the end of the 7th day), the number of germinated seeds
was proportioned to the total number of seeds and multiplied by 100 to determine
the germination rate. The germination index (Wang et al., 2004) was calculated by
dividing the germinated seed rate by the number of counting days, and mean ger-
mination time (Ellis and Robert, 1980) was calculated by multiplying the number
of germinated seeds per day by the number of germination days and dividing the
sum by the total number of germinated seeds. While determining germination in-
dex and mean germination time, seeds were counted every day and the day when
germination stabilized was determined as the last day of counting.

From the stored mung bean seeds, 1000 seeds for each replicate were weighed
with a precision balance (M1) and the samples were placed in an oven at 105°C
until the weight was fixed (17+1 hours) and moisture loss was ensured. The we-
ights (M2) of the dehumidified samples were determined again. After these we-
ights were determined, seed moisture content was determined according to the
following formula (Eq.1) (ISTA, 1993).

Moisture content= [(M1-M2)/M1]*100 (Eq.1)

The weights of 100 seeds for each genotype were taken from the stored seeds,
then the seeds were placed in a 250 ml beaker and 150 ml of distilled water was
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added. The beakers were sealed and kept at room temperature for 16 hours. At the
end of the period, the seeds in the beaker were drained and the excess water was re-
moved with blotting paper. The seeds obtained were weighed and their wet weights
were determined (Sehirali and Atli, 1993). After separating the hard-shelled grains
that were not swollen in the seeds whose wet weights were determined, the water
absorption capacity (g/grain) of the weighed seeds was determined according to
the following formulas (Eq.2; Eq.3).

Water absorption capacity = (Y-(X-(X/100) x N2 ))/(N1 - N2) (Eq.2)

Y = Wet weight after separation of non-swelling grains, X = Dry 100
grain weight, N1= Initial number of grains, N2= Number of non-swelling
hard-shelled grains.

If there are no non-swelling grains;
Water absorption capacity=(Wet weight-Dry weight)/100 (Eq.3)

The water absorption index was calculated by dividing the water absorption ca-
pacity by the single grain weight (Eq.4). The value calculated for each sample indica-
ted the number of times a grain would take up water compared to its original weight.

Water absorption index =[(Water absorption capacity)/
(Grain weight (Dry weight/100)] (Eq.4)

The seeds whose wet weights were determined were thrown into boiling water
and the cooking time was calculated when the white spot on the cotyledons disap-
peared by checking every three minutes (Karayel, 2012). The cooked seeds were
filtered after cooling and the cooking water was diluted to 200 ml with distilled
water. 25 ml of the diluted cooking water was taken and placed in beakers. They
were dried in an oven at 105°C until they stabilized and weighed with a precision
balance (SA). The weighed seeds were proportioned to their weight before cooking
(BS) and dry matter loss on cooking was determined according to the following
formula (Eq.5) (Black et al., 1998).

Dry matter loss on cooking (%)=[SA/(BA/Number of seeds)*100] (Eq.5)

Among the stored seeds, 300 seeds were weighed and kept in pure water in a
sealed jar for 24 hours. The electrical conductivity of pure water was determined
before the seeds were added (EC1). At the end of the specified time, the seeds were
removed and the amount of electrolyte leakage (EC2) of the remaining water was
substituted in the following formula (Eq.6) and the electrical conductivity values
of the seed batches were determined as pS/cm/g (Kulan, 2018).
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Electrical conductivity (EC) (uS/cm/g)=[EC2-EC1)/Initial seed weight] (Eq.6)

The data obtained from the study were analyzed using the MINITAB statistical
package program according to the completely randomized design. Tukey compa-
rison test was used to determine the differences between storage periods and ge-
notypes. In order to determine the relationship between the traits examined in the
study, a heat map of the correlation analysis was created using the plot.corr_coef
package program in the R program (RStudio 4.1.2).

3. RESULT AND DISCUSSION

3.1. Results

In the study, the seeds of mung bean genotypes were stored for different peri-
ods of time, and when the data obtained as a result were analyzed, genotypes were
found to be statistically significant in germination rate, water absorption capacity,
water absorption index, electrical conductivity, cooking time, dry matter loss du-
ring cooking; storage time was found to be statistically significant in all examined
traits; genotype x storage time interaction was found to be statistically significant
in moisture content, water absorption capacity, electrical conductivity and dry
matter loss during cooking traits (Table 1; 2).

Germination rate, which is one of the main indicators of seed viability, was hig-
hest in 02G05 and lowest in 07G01 genotypes. It was determined that there was no
statistical difference between 02G05 with 98.15% germination rate and 07A05 ge-
notypes with 97.60% germination rate. In terms of the storage period, the highest
germination rate was 100% in 36 months storage and the lowest germination rate
was 93.78% in 96 months of storage. It was determined that there was no statistical
difference between 36, 48 and 60 months storage periods. Although the genotype
x storage period interaction was insignificant, the germination rate generally dec-
reased as the storage period increased (Table 1). Although there was no statistical
difference between the genotypes in the germination index, the highest value was
determined in the 07GO01 genotype. The highest germination index was 23.67 at 36
months and the lowest was 19.11 at 96 months. It was determined that there was
no statistical difference between 36, 48 and 60 months, in the storage period ger-
mination rate (Table 1). When the storage period was taken into consideration in
mean germination time, it varied between 0.73-0.95 days. The fastest germination
was found in seeds stored for 36 months, and the latest germination was found in
seeds stored for 96 months. In the study, no difference was observed in germina-
tion times when the seeds were stored for 36, 48 and 60 months. In general, mean
germination time was lowest in the seeds stored for the least time and highest in
the seeds stored for the longest time (Table 1).
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Table 1. Mean values of germination characteristics and moisture content of
mung bean genotypes stored for different times

C . Germination Germination =~ Mean Germination  Moisture Rate
Application

Rate (%) Index (%) Time (Day) (%)*
Genotypes
02G05 98.13a 21.60 0.86 7.98
07A05 97.60 a 21.27 0.85 8.17
07G01 95.47 b 2243 0.81 7.83
F-value /MS 5.85%*29.87' 2.12 ns/5.42 1.05 ns/0.01 1.78 ns/0.44
Storage Times (months)
36 100 a 23.67 a 0.73b 8.96a
48 98.22 ab 23.17a 0.77b 8.27b
60 97.33 ab 22.67 a 0.85 ab 8.05b
72 96.00 be 20.22b 091 a 7.66 be
96 93.78 ¢ 19.11b 0.95a 7.01c
F-value/MS 9.68*%/49.42 13.91**/35.89 7.72**/0.08 19.29%*/4.72
Interactions
02G05 36 100.00 23.50 0.73 8.82ab
48 100.00 23.00 0.79 8.46 ab
60 97.33 23.33 0.92 8.09 a-c
72 97.33 19.83 0.93 7.57 b-d
96 93.33 18.33 0.94 6.95 cd
07A05 36 100.00 23.50 0.86 8.48 ab
48 96.00 22.83 0.78 8.37 abc
60 96.00 21.50 0.76 8.21 abc
72 93.33 19.50 0.91 7.90 be
96 92.00 19.00 0.94 7.90 be
07Go1 36 100.00 24.00 0.60 9592
48 98.67 23.67 0.73 7.97 be
60 98.67 23.17 0.87 7.86 bc
72 97.33 21.33 0.91 7.53 bed
96 96.00 20.00 0.96 6.17d
F-value /MS 0.80 ns/4.09 0.34ns/0.87 1.69 ns/0.02 3.24*/0.79

* The difference between the means in the same column and starting with the same letter was statistically insignificant
according to the Tukey-HSD test (P<0.05). MS: Mean Square
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The moisture content of the seeds of different genotypes decreased by 27.8%
with the increase in storage period. The highest moisture content was determined
in seeds stored for 36 months, and the lowest moisture content was determined in
seeds stored for 96 months. When the genotype x storage period interaction was
examined, the highest moisture content was determined in the seeds of genotype
07GO01 stored for 36 months with 9.59% and the lowest was determined in the see-
ds of the same genotype stored for 96 months (6.17%) (Table 1).

It is very important to determine the water absorption characteristics during
aging of seeds. The mean water absorption capacity and water absorption index of
mung bean genotypes aged for different periods varied between 0.031.0.070 g/gra-
in and 1.23-1.55, respectively. The highest value in water absorption capacity was
determined in genotype 07G01, while the highest value in water absorption index
was determined in genotypes 02G05 and 07GO1. The smallest value in water ab-
sorption capacity and water absorption index was determined in genotype 07A05.
The water absorption properties (water absorption capacity and index) generally
decreased with the extension of the storage period (Table 2).

As a matter of fact, the highest water absorption capacity and index were deter-
mined in seeds at the end of 36th month and the lowest in seeds at the end of 96th
month. However, the highest value in water absorption capacity was found in the
seeds of genotype 02G05 at the end of 36th month and the lowest value was found
in the seeds of genotype 07A05 at the end of 96th month (Table 2).

Electrical conductivity, which is a measure of seed quality, varied between
98.56-108.02 uS/cm/g according to mung bean genotypes, with the highest mean
electrical conductivity in genotype 02G05, followed by genotypes 07G01 and
02GO05. The electrical conductivity values of mung bean seeds varied between
49.62-128.07 uS/cm/g according to the storage period and the electrical conducti-
vity values increased with the extension of the storage period (Table 2).

Cooking time of legumes is one of the quality criteria and it was determined
that the cooking time of mung bean genotypes varied between 10.4-18.8 min.
The shortest cooking time was 02G05 genotype and the longest cooking time was
07A05 genotype. The cooking time also increased with the prolongation of the
storage period. As a matter of fact, the shortest cooking time was determined at
36th month and the longest cooking time was determined in mung bean seeds
stored for 96th months. On the other hand, dry matter loss during cooking showed
similar results to cooking time, with the lowest dry matter loss during cooking in
genotype 02G05 (2.69%) and the highest value in genotype 07G01 (4.70%). Dry
matter loss during cooking varied between 2.80-4.93% according to the storage
periods, and an increase in dry matter loss during cooking was observed with inc-
reasing storage period (Table 2).
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Table 2. Means of quality characteristics of mung bean genotypes stored for

different times

Water

Absorption Water Electrical Cooking Time Dry Matter
Application p Absorption Conductivity 8 Loss During
Capacity Index (uS/cm/g) (min) Cooking (%)
(g/grain)
Genotypes
02G05 0.051b 1.55a 108.02 a 104 ¢ 2.69¢
07A05 0.031c¢ 1.23b 98.56 b 18.8a 4.19b
07G01 0.070 a 1.50 a 103.82 ab 17.4b 470 a
F-value/MS 404.26**/0.01 44.24**/0.45 6.04**/337.15  300.93**/303.8 115.60**/16.4
Storage Times (months)
36 0.071a 1.61a 49.62d 13.33d 2.80d
48 0.052b 1.54 ab 99.37 ¢ 14.33 cd 3.6lc
60 0.046 ¢ 1.44 be 115.99b 15.67 be 3.78 bc
72 0.042 cd 1.32cd 124.29 ab 16.00 b 4.16b
96 0.041d 1.24d 128.07 a 18.33 a 493a
F-value/MS 96.22**/0.00 20.39**/0.21 165.66**/9251.6 32.00**/32.3 38.70**/5.49
Interactions
02G05 36 0.095a 1.72 68.49 e 9 2.10f
48 0.044d 1.63 89.43 de 10 2.20f
60 0.042 de 1.52 114.05 abc 10 223f
72 0.037 def 1.51 132.29a 11 2.90 def
96 0.036 dfg 1.39 135.85a 12 4.00 bed
07A05 36 0.035 dfg 1.47 40.62 f 16 2.80 ef
48 0.035 dfg 1.44 101.19 cd 18 4.07 be
60 0.031 efg 1.26 113.61 abc 19 4.47 be
72 0.028 fg 1.01 117.27 abc 19 4.72b
96 0.026 g 0.97 120.11 abc 22 4.88 ab
07G01 36 0.083 b 1.63 39.75f 15 3.49 cde
48 0.080 b 1.55 107.51 bed 15 4.56 bc
60 0.061 ¢ 1.53 120.29 abc 18 4.65b
72 0.061 ¢ 1.43 123.30 abc 18 4.86 ab
96 0.061 ¢ 1.35 128.26 ab 21 593 a
F-value/MS 30.83**/0.00 1.77 ns/0.02 5.00%*/279.12 2.28ns/2.30 2.69%/0.38

* The difference between the means in the same column and starting with the same letter was statistically insignificant
according to the Tukey-HSD test (P<0.05). MS: Mean Square.
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The heat map of the correlation coeflicients of the correlations between the traits
examined in the study is given in Figure 1. The highest and positive correlation was
determined between cooking time and dry matter loss during cooking (0.84***); the
lowest negative correlation was determined between moisture content and electrical
conductivity (-0.66***) and water absorption index and cooking time (-0.66***). A
positive and significant correlation was found between moisture content and ger-
mination rate and germination index, while a negative and significant correlation
was found between electrical conductivity, mean germination time and dry matter
loss during cooking. There was a positive and significant relationship between water
absorption capacity and water absorption index, germination rate and germination
index, and a negative and significant relationship with electrical conductivity and
mean germination time. There was a positive and significant relationship between ger-
mination index and water absorption index, germination rate, moisture content, water
absorption capacity and negative and insignificant relationship with cooking time. The-
re was a positive and significant relationship between germination rate and water ab-
sorption index, and a negative and significant relationship with electrical conductivity,
mean germination time, dry matter loss during cooking, and cooking time. A negative
and significant relationship was determined between water absorption index and elect-
rical conductivity, mean germination time, dry matter loss during cooking and cooking
time There was a positive and significant relationship between electrical conductivity
and dry matter loss during cooking and mean germination time.
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GR: Germination rate; GI: Germination Index; MGT: Mean Germination Time; MC:

Moisture Content; WAC: Water Absorption Capacity; WAL Water Absorption Index;
EC: Electrical Conductivity; CT: Cooking Time; DMLC: Dry Matter Loss in Cooking

Figure 1. Heat map of the correlation coeflicients between the properties exa-
mined in the study

ANAJAS, 2023, Cilt 38, Sayi 3, Sayfa 581-596



Ruziye KARAMAN, Cengiz TURKAY

3.2. Discussion

In this study, the changes in germination and some quality characteristics of
mung bean genotypes stored under the same temperature and humidity conditions
in different years were determined. Significant differences were determined in ger-
mination characteristics (germination rate, germination index, mean germination
time), which is one of the best indicators of seed viability, according to the storage
period. The germination rate and germination index decreased and the mean ger-
mination time increased with increasing storage time (Table 1). In addition, there
was a positive and significant correlation between germination rate and germi-
nation index and water absorption characteristics (water absorption capacity and
index) (Figure 1). Among the genotypes, statistical differences were determined
only in germination rate. Indeed, genotypes 02 G 05 and 07 A 05 maintained their
viability more than the seeds of genotype 07G01 during the storage period. This
shows the negative effect of storage time on germination and it was concluded that
it may differ according to mung bean genotypes (Table 1). Indeed, Rao et al. (2017)
stated that the storability of seeds of different genera, species, varieties or individu-
al plants stored in warehouses with the same storage conditions varies.

During storage, germination, which is one of the most important factors for
evaluating seed quality, decreases even before the loss of quality and quantity of
stored seeds is detected (Jian, 2022). In addition, after the physiological matu-
rity period, which is the highest level of seed germination power and emergence
performance in the field, the seeds begin to age depending on the environmental
conditions. Then the germination power of the seed weakens and finally the seed
loses its viability (ilbi and Geren, 2005; Palabiyik, 2006). In addition, Rajjou and
Debeaujon (2008) reported that seeds that deteriorate during storage lose their
strength and become more susceptible to stress during germination. Garoma et
al. (2017) stated that maize seeds produced and stored for less than one year show
better germination and emergence and this is also shown in the second years, but
this varies according to maize lines and storage time. The researchers also reported
that longer seed storage delayed the mean germination time, as well as decreased
the germination index and seedling characteristics. Tati¢ et al. (2008) stored soy-
bean varieties for 6 and 12 months (under normal and controlled conditions) and
found that the germination rate decreased with increasing storage time and this
difference varied according to varieties and storage conditions. However, many re-
searchers (Basra et al., 2003; Verma et al., 2003; Mrda et al., 2010) stated that the
germination and emergence rate of seeds decreased with increasing storage time
and this supports the findings of this study.

In the study, the moisture content of the seeds decreased with the extension of
the storage period, the highest moisture content was determined in seeds of genot-
ype 07 G 01 stored for 36 months and the lowest moisture content was determined
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in seeds of the same genotype stored for 96 months. The aging rate of seeds is
strongly influenced by environmental and genetic factors such as storage tempera-
ture, seed moisture content and seed quality (Walters et al., 2005). For stored cereal
seeds, a decrease in moisture content or temperature is known to increase viabi-
lity and hence safe storage time. However, even different varieties of seeds under
the same storage conditions may have different moisture contents and therefore
different germination and storage times. Cortelazzo et al. (2017) found that the
moisture content of freshly harvested bean seeds stored in a refrigerator at 8 °C for
12 years was 6.5+0.3% and they had lower moisture content than freshly harvested
seeds (12.9+1.2%). Similar to the findings of this study, many researchers (Berjak
and Pammenter, 2008; Parkhey et al., 2014) reported that the moisture content of
seeds decreased with the prolongation of storage time in different plant species.

During the storage of edible grain legumes, determination of water absorpti-
on capacity, water absorption index, electrical conductivity, cooking time and dry
matter loss during cooking is important for determining the germination power
and quality losses of seeds. In this study, water absorption capacity and water ab-
sorption index properties decreased, while electrical conductivity, cooking time
and dry matter loss during cooking properties increased with increasing storage
time. On the other hand, among the mung bean genotypes stored for different
periods, genotype 02G05 stood out in terms of the quality criteria (except water
absorption capacity) (Table 2). As a matter of fact, as a result of the decrease in
water absorption properties and increase in electrical conductivity values with the
prolongation of the storage period, germination rate and germination index decre-
ased and the mean germination time was prolonged (Table 1; 2).

In addition, there was a negative and significant correlation between water ab-
sorption characteristics and electrical conductivity (Figure 1), which supports the
other findings of the study (Table 1; 2). Singh et al. (2010) stated that the differen-
ces in hydration properties varied depending on the permeability of the seed coat
and softer cotyledons. In this direction, it can be concluded that the permeability
of the seed coat of mung bean seeds decreases with increasing storage time and this
difference varies according to genotypes.

Seeds with high water absorption have higher electrical conductivity values
because they secrete more cell solution (Palabiyik, 2006). As a matter of fact, in
this study, the electrical conductivity values of the varieties with high water ab-
sorption were also high (Table 2). Electrical conductivity values are an indicator
of seed secretion and are similar to water absorption rates of varieties (Kantar and
Giiveng, 1995). Electrical conductivity and tetrazolium tests are defined as tests
that determine seed quality more quickly and accurately and give more reliable
results than germination tests (Kolasinska et al., 2000). Palabiyik (2006), in the
study in which he stored bean varieties for different periods of time, stated that the
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electrical conductivity value increased with the increase in storage time, while
the germination rate decreased. As in the findings of this study, electrical con-
ductivity decreases with increasing storage time in different plant species (Singh
et al., 2015; Brar et al., 2019).

The cooking time of mung beans is one of the main factors affecting the ease
and prevalence of consumption. The cooking time for mung bean grains ranges
from 14-60 minutes (Dahiya et al., 2015) and has been attributed to the pheno-
menon of “hard cooking’, which is related to variety and storage conditions and
storage time (Rodriguez and Mendoza, 1990). This has been attributed to the de-
velopment of tissues that are difficult to cook. This leads to hardening of the bean
cotyledon and although the beans are able to absorb water properly, it prevents the
beans from softening and prolongs the cooking time (Shiga et al., 2004; Shiga and
Lajolo, 2006). On the other hand, due to the long cooking time of legumes, the
nutritional value of their proteins decreases (Bishnoi and Khetarpaul, 1993), thus
the essential amino acid content decreases (Chau et al., 1997). Since an important
nutrient passes into water during cooking, low dry matter loss is desired (Culha
and Bozoglu, 2017). As a matter of fact, in this study, mung bean showed signi-
ficant differences according to the varieties and storage time, and dry matter loss
in cooking increased as the storage time increased. However, it was determined
that there was a positive and significant relationship between cooking time and
dry matter loss during cooking (Figure 1). These reasons are due to the prolonged
cooking time of mung bean seeds during storage (Table 2).

CONCLUSION

Quality losses occur in many processes throughout the viability of the seed. In agri-
cultural production, seeds should be stored without losing their viability and germination
power or with minimum loss. As a matter of fact, the study revealed significant differen-
ces in germination and quality characteristics of mung bean genotypes stored for diffe-
rent periods. In this study, seeds of mung bean genotypes stored for less than 36 months
showed better germination rate and germination index, followed by seeds stored for 48
and 60 months. Genotype 02 G 05 stood out in terms of germination characteristics and
some quality characteristics and was the least affected by storage periods. In addition,
germination rate, germination index, moisture content, water absorption capacity and
water absorption index of mung bean seeds decreased, while mean germination time,
electrical conductivity, cooking time and dry matter loss during cooking increased as
storage time increased. Since farmers need high quality seed that ensures germination of
a high percentage and uniformity of seedlings under the required conditions, agricultural
seed quality traits have a direct impact on seed quality. For this reason, it can be recom-
mended that farmers can store mung bean seeds for 36 months without causing any ne-
gativity in germination characteristics, but after this month, storage should be terminated
as negativity in germination and quality characteristics will start from the 60th month.
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MEKANIK PUSKURTME PATERNATORU TASARIMI,
PROTOTIP iMALATI VE PULVERIZATOR MEMELERINDE
AKIS TESTLERI

0z

Bu aragtirmada piilverizatér memelerinin piiskiirtme paternini belirlemek ve
akis diizgiinliigiinii kontrol etmek i¢in 60 kanalli 120x100 cm olgiilerinde 20 mm
kanal agikligina sahip tek noktadan piskiirtmeli, yiiksekligi ayarlanabilir tipte
diisiik maliyetli bir piiskiirtme paternatdriiniin tasarimi ve prototip imalat1 yapil-
mistir. Paternatoriin 6l¢lim tablasinda kullanilan kanallar paslanmaz celik sacdan
imal edilmistir. Test sisteminin ana govdesinde yap1 ¢eliginden tretilmis profil-
ler kullanilmistir. Paskiirtme sirasinda her bir kanalda biriken sivi, 25 ml hacimli
olgti silindirlerinde toplanmistir. Her denemeden sonra 6l¢ii silindirlerinde biri-
ken akigkani tahliye etmek i¢in a¢-kapa mekanizmasi gelistirilmistir. Her bir 6l¢ii
silindirine yerlestirilen isaretleyiciler sayesinde piiskiirtme paterni izlenebilmistir.
Piiskiirtme paternini sayisallagtirmak i¢in goriintilleme yapilmis ve degerlendir-
meler goriintii isleme teknigiyle gerceklestirilmistir. Pliskiirtme testleri i¢in 5 farkls
orifis ¢apina (?1.0 mm, @1.2 mm, P1.6 mm, ¥2.0 mm ve ¥2.4 mm) sahip konik
hiizmeli meme plakalar: kullanilmistir. Piiskiirtme denemeleri sabit 8 bar isletme
basimcinda ve 55 cm piiskiirtme yiiksekliginde yapilmistir. Denemeler her bir orifis
capi i¢in 40 tekerriirlii yilriitilmiistir. Deneme sonucunda piiskiirtme paterniyle
ilgili carpiklik, basiklik, piiskiirtme paterninin varyasyon katsayisi (%CV), farkl
meme araliklarinda (25 cm, 30 cm, 35cm, 40 cm, 45 cm ve 50 cm) enine dagilim
diizgiinliigii (%CV), meme hiizme agis1 ve meme ortme genisligi degiskenleri be-
lirlenmistir. Arastirma sonuglarina gore; paternator prototipinde yapilan tiim piis-
kiirtme paterni testleri pratik bir sekilde yapilmis ve degerler basarili bir sekilde
alinmustir. Hiizme agis1 ortalamalar1 78.1°-93.8° araliginda belirlenmistir. Meme
orifis cap1 arttik¢a piiskiirtme paterninin ¢arpikligi azalmigtir. Piiskiirtme patern-
leri genelde normale gore iistten basik formda olusmustur. Ofisi ¢ap1 ©1.0 mm ve
1.2 mm olan meme plakalarinin en diisiik CV ortalamasi; 25 cm ve 30 cm meme
araliklarinda elde edilmigstir. Biiytik orifis capli memelerde optimum bum yiiksek-
liginin belirlenmesi gerekmektedir.

Anahtar Kelimeler: Dagilim Diizgtinliigii, Hizme Agisi, Paternator, Piiskiirtme,
Piilverizator.
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DESIGN OF A MECHANICAL SPRAY PATERNATOR,
PROTOTYPE MANUFACTURING AND FLOW TESTS
ON SPRAY NOZZLES

ABSTRACT

In this research, to determine the spray pattern of the sprayer nozzles and to
control the flow uniformity, the prototype of a 60-channel, 120x100 cm, single-po-
int, height-adjustable, low-cost spray pattern with 20 mm channel opening was de-
signed and manufactured. The channels used in the measuring table of the patterna-
tor are made of stainless-steel sheet. The profiles made of structural steel were used
in the main body of the test system. The liquid accumulated in each channel during
spraying was collected in 25 ml volume measuring cylinders. An open-close mec-
hanism was developed to evacuate the fluid accumulated in the measuring cylinders
after each attempt. The spray pattern could be monitored thanks to the markers pla-
ced on each measuring cylinder. The imaging was performed to digitize the spray
pattern and the evaluations were performed by image processing technique. The
hollow cone nozzles with 5 different orifice diameters (1.0 mm, @1.2 mm, @1.6
mm, ¥2.0 mm and 2.4 mm) were used for the spray tests. The spraying trials were
carried out at a constant operating pressure of 8 bar and a spray height of 55 cm.
Trials were conducted with 40 replicates for each orifice diameter. As a result of the
experiment, skewness, kurtosis, coefficient of variation of the spray pattern (%CV),
transverse distribution uniformity (%CV), nozzle spray angle at different nozzle
intervals (25 cm, 30 cm, 35cm, 40 cm, 45 cm and 50 cm) and the coverage width
variables were determined. According to the research results; all the spray pattern
tests on the spray patternator prototype were done practically and the values were
taken successfully. The spray angle means were determined between 78.1°-93.8°. As
the nozzle orifice diameter increased, the distortion of the spray pattern decreased.
The spray patterns are generally formed in a flattened form from above compared
to normal. The lowest CV average of nozzles with office diameters of @1.0 mm and
(1.2 mm obtained at 25 cm and 30 cm nozzle intervals. For the nozzles with large
orifice diameters, the optimum boom height must be determined.

Keywords: Beam Anglen, Patternator, Pulverizer, Spraying, Sprayer Uniformity.
o o %
1. GIRIS
Bitki koruma uygulamalarinda en ¢ok tercih edilen yontem pestisitlerin kul-

lanildig1 kimyasal miicadele yontemidir. Hizli ve kolay uygulanabilir oldugundan
dolayi tercih edilen pestisitler, zararli etmeni ortadan kaldirarak tirtin kaybr riski-
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ni minimize etmektedir. Kimyasal miicadelenin verimli, ekonomik ve ¢evre dostu
olabilmesi i¢in pestisit uygulama yontemlerinin dogru segilmesi ve bunlarin uygun
isletme kosullarinda kullanilmasi bityitk 6nem tagimaktadir. Kimyasal miicadelede
biyolojik etkinligin yiiksek olmasi, piiskiirtme sistemlerinin uygulamadaki basarist
ile dogrudan iliskilidir. Pestisit uygulamalarinda ana hedef; etkili maddeyi ¢evreyi
kirletmeden hedefe iletmek ve uygulamay1 onerilen dozda yapmaktir (Tuncer ve
ark., 1998). Basing etkisi altinda ptiskiirtme yapan sistemlerde basing, meme 6l-
¢isli, uygulama hacmi, ptskiirtme yiiksekligi, uygulama hizi parametrelerinin
atmosferik kosullara bagli olarak secilmesi ve uygulama 6ncesinde sistemin kalib-
re edilmesi gerekmektedir (Grisso, 1989). Aksi halde pestisitlerin 6nerilen dozda
uygulanmamasi ve damlalarin hedef disina siiriiklenmesi, atmosfer ortamini ve
toprag kirleterek biyolojik dengeyi bozmakta ve insan saglig1 icin potansiyel bir
risk olusturmaktadir (Younes ve Gorchev, 2000; Sayinci ve Bastaban, 2008a).

Pestisit uygulamalarinda piiskiirtme sistemi tarafindan tretilen damlalarin
hedef yiizeye homojen bir sekilde yayilmas1 gerekir (Sehsah ve Kleisinger, 2009).
Ancak piiskiirtmeyi saglayan memelerin kullanim siiresine bagl olarak agmma-
s1 ve orifis geometrisinin bozulmasi veya meme {iretimi sirasinda olugan imalat
kusurlari, ideal piiskiirtme dagiliminin degismesine veya bozulmasina neden ol-
maktadir (Ergiil ve Dursun, 2003b; Sayinci, 2016). Bunun yani sira piiskiirtme me-
meleriyle birlikte kullanilan girdap plakas: ve siizge¢ gibi ek donanimlar bazi piis-
kiirtme 6zelliklerinin (meme debisi, damla ¢api, piiskiirtme agis1) de degismesine
yol acabilmektedir (Sayinci ve ark., 2013; Sayinc ve Kara, 2014).

Pestisitlerin etkinligi, bitki koruma makinalarinin uygulama basaristyla dogru-
dan iligkilidir. Bu nedenle piilverizatorler i¢in gelistirilen test ve analiz sistemlerin-
de akiskan hacmi, piiskiirtme paterni, akis diizgtinliigii, hiizme agisi, piiskiirtme
genisligi, damla ¢ap1 ve damla homojenligi gibi 6nemli piiskiirtme 6zellikleri belir-
lenmektedir. Bu alanda yaygin olarak kullanilan test ve analiz sistemlerinden birisi
pskiirtme paternatorleridir (Richardson, 1986). Paternatdrler piiskiirtme sistem-
lerinin akis dagilimlar1 hakkinda bilgi verebilmekte ve bir veya ¢ok noktadan akis
saglayan pliskiirtme sistemlerinin akig 6zellikleri piiskiirtme paternatdrleriyle pra-
tik bir sekilde belirlenebilmektedir (Spraying Systems Co. USA 2016).

Giintimiizde piskiirtme sistemlerini test ve analiz etmek icin mekanik veya
elektronik donanima sahip ¢esitli 6zelliklere sahip yatay ve dikey piiskiirtme pater-
natorleri gelistirilmistir. Bu paternatérler, 6lgme teknigi acisindan birbirlerinden
farkl1 oldugu gibi 6lgme hassasiyeti, desenleme yontemi, kullanim kolaylig1, hizli
Olgiim yapabilme ve iiretim maliyeti yonleriyle farklilik gostermektedir. (Koh ve
ark., 2006) tarafindan yiiksek basingh sistemlerde piiskiirtmeyi analiz etmek i¢in
optik bir paternator gelistirilmistir. Bu paternatoérde yiiksek basingta piiskiirtmeyle
olusan dagilim, lazer 1gmiyla taranmis ve piiskiirtme bolgesinden gecen 1sinla-
rin miktar1 bir CCD kamerayla belirlenerek piiskiirtme dagilimi incelenmistir.

https://doi.org/10.7161/omuanajas.1351081 d



m Mekanik Piiskiirtme Paternat6ri Tasarimi, Prototip imalat..

Optik yontemle ptiskiirtme paternini analiz eden bir paternator de (Ullom ve So-
jka, 2001) tarafindan gelistirilmis ve paternatoriin piskirtme sistemlerinin kali-
te-kontrolil i¢in basit, hizli ve yiiksek ¢oziiniirliikli desenleme verileri saglandig
belirtilmistir. (McVey ve ark., 2012) tarafindan gaz tiirbinlerinin yakit enjektorleri
tarafindan yiiksek basingta olusturulan piiskiirtmenin paternini analiz etmek i¢in
bir paternator gelistirilmistir. Puskiirtmeyle olusan kiitle akisi, uzay geometrisi
esas alinarak paternatorde analiz edilmis ve desenleme ¢alismalar: yiiksek ¢ozii-
nirlitkte yapilmustir. (Luck ve ark., 2016)’un arastirmalarinda mekanik paterna-
torlerde otomatik bir piiskiirtme 6lgtim sistemi gelistirmek icin dijital siv1 seviye
sensOril kullanilmistir. Arastirmada manuel ve otomatik 6lgiimle alinan veri set-
leri arasindaki standart sapma oldukea diisiik bulunmus ve otomatik 6l¢iim siste-
minin farkli meme konfigiirasyonlar: i¢in uygun sonuglar sagladig: belirtilmistir.
Otomatik 6l¢iim sistemlerinden 6nce paternatoriin toplam silindirlerinde biriken
akigkanin kiitlesinin bilgisayara bagli elektronik bir teraziyle tartilarak belirlendigi
goriilmektedir (Richardson ve ark., 1986). Standart tip mekanik paternatorlerde
kullanilan sivi toplama silindirlerinin manuel olarak degerlendirildigini, verilerin
kaydedilmesinde ve ptiskiirtme paterninin analiz edilmesinde operator duyarli-
liginin yiiksek oldugunu ve desenleme ¢alismalarinin ortalama 34 dakikada ta-
mamlandigini belirtmiglerdir. Bu gerekgeyle arastirmalarinda otomatik bilgisayarli
puskiirtme modeli analiz sistemi gelistirilmis ve puiskiirtme paterninin otomatik
olarak zaman kayb1 olusmadan hizli ve dogru bir sekilde belirlendigi vurgulanmistir
(Ozkan ve Ackerman, 1992).

Piiskiirtme kalitesi tizerine yapilmis bilimsel ¢caligmalarda paternatorlerin kul-
lanimi oldukga eskiye dayanmaktadir (Rice, 1967). Giintimiize kadar temel galisma
prensibi degismeden piiskiirtme sisteminin yapisina uygun sekilde gereksinimleri
karsilayan sadece yatayda degil, dikey oryantasyonda da test ve analizler yapan
paternatorler gelistirilmistir. Bu kapsamda ceviz agaglarinda eksenel fan ve radyal
fan tertibatina sahip iki farkli hava akimli bahge piilverizatoriini piiskiirtme dagi-
lim1 agisindan karsilastirmak (Bock ve ark., 2023); elma agacinda konvansiyonel ve
elektrostatik yiiklemeli piiskiirtme sistemlerinin performansini belirlemek (Salce-
do ve ark., 2023); yelpaze hiizmeli memelerde orifis biiyiikliigii, ¢aligma basinci ve
memeler aras1 mesafenin hacimsel dagilima olan etkisini ortaya koymak (Griesang
ve ark., 2022) ve hava emisli yelpaze hiizmeli memelerin siiriiklenme potansiyelini
(Dafsari ve ark., 2021) belirlemek i¢in paternatér kullanilmigtir. Aragtirmalarda
pestisit uygulama sistemlerinin hacimsel dagilim dizgiinligi tizerinde riizgar et-
meni (riizgar hiz1 ve yonii) ve piilverizator isletme parametrelerinin (bum yiik-
sekligi, ptiskiirtme basinci, meme konum agisi, memeler aras1 mesafe, hava hiz,
uygulama hacmi vb.) etkisi incelenmekte ve piiskiirtme sistemleri siiriiklenme
acisindan degerlendirilmektedir (Sehsah ve Kleisinger, 2009; Minoy ve ark., 2014;
Pascuzzi ve ark., 2017; Grella ve ark., 2022; Palleja ve ark., 2023).

ANAJAS, 2023, Cilt 38, Sayi 3, Sayfa 597-618



Ruchan COMLEK, Bahadir SAYINCI

Paternatorler, pestisit uygulamalarinda kullanilan piiskiirtme sistemlerinin
performansini ortaya koyan onemli bir test ve analiz ekipmanidir. Elektronik do-
nanima sahip paternatorler mekanik olanlara gore pratik ve oldukea hizli sonuglar
saglasa da tretim maliyetleri olduk¢a yiiksektir. Bu aragtirmada amag; standart
endiistriyel malzemeler kullanarak hassas 6l¢tim yapabilen, kullanimi kolay, islevi
pratik ve diigitk maliyetli mekanik bir paternator tasarlamak, prototip imalatini
gerceklestirmek ve bazi piilverizator memelerinin degisen isletme kosullar1 altinda
akis testlerini yapmaktir.

2. MATERYAL VE YONTEM

2.1. Paternatér Prototipinin imalatinda Kullanilan Malzemeler

Paternatoriin modelleme ¢alismalar1 i¢in AutoCAD yazilimi kullanilmistir.
Olg¢iilii modellenen tek pargalarin montaji gergeklestirilmis ve her birinin yapim
resimleri hazirlanmistir. Modellemede imalat sektoriinde yaygin olarak kullanilan
standart boru, profil ve kosebent olgiileri esas alinmigtir. Prototipin ana gévdesini
olusturmak i¢in 80x40 mm ve 40x40 mm kutu profiller, 40x40x3 mm ve 30x30x2
mm ol¢iilerinde L kdsebentler kullanilmigtir. Ana govdede kullanilan tiim profil ve
kosebentler S235 ¢eliginden secilmistir. Paternatore hareket 6zelligi kazandirmak
i¢in ana govdenin tabanina 4 adet @125 mm ¢apinda endiistriyel teker (rulmanli)
monte edilmistir. Paternatoriin kanal tablas1 20x40 mm ol¢iilerinde dikdértgen
profilden (S235) imal edilmistir. Kanallar i¢in 0.5 mm kalinhiginda ve 120 mm
yiiksekliginde paslanmaz celik (AISI 304) sac kullanilmistir. Her bir kanalin 6niin-
de perde gorevi gorebilmesi i¢in polipropilen (PP) boru kesitleri kullanilmistir. Stvi
iletim hattinda kullanilan silindirik borular delrin (polioksimetilen, POM) malze-
meden imal edilmistir. Akigkanin tahliye hattinda kullanilan borular piring mal-
zemeden imal edilmistir.. Ol tiipleri i¢in 25 ml hacminde polistren malzemeden
tiretilmis pipetler kullanilmigtir. Stv1 iletim hatt1 ile tahliye hatt1 birbirine i¢ ¢ap1
6.0 mm olan kauguk hortumlarla baglanmistir. Olgi tiipleri i¢in 40x40 mm ve
25x25 mm kutu profiller ve 25x25x2 mm 6l¢iilerinde L kdsebentler kullanilmistir.
Paternatoriin tiim aksaminda kaynakli ya da civatal birlestirme yapilmistir.

2.2. Piilverizatér ve Giig Unitesi

Paternatorde yiiriitillen denemelerde piiskiirtme hatt1 200 litre depo (polietilen,
PE) kapasiteli bir tarla piilverizatériinden (TP 200 Piton, Taral, Istanbul, TR) sag-
lanmigtir. Piilverizatoriin standart donaniminda 6 metre is genisligine sahip bum
tizerinde 50 cm araliklarla 12 adet tek ¢ikish membranli tip meme govdesi bulun-
maktadir. Basing regiilatorti (maksimum 40 bar, 90 1 dk*, RG-7 Model) kademesiz
olarak ayarlanabilir 6zelliktedir. Isletme basinci 0-25 bar gostergeli gliserin dol-
gulu bir manometreden (Pakkens Model, TR) kontrol edilmistir. Piilverizatoriin
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pompasi piston-membranli tip (TAR30, 2 pistonlu, %67 verim, Taral, TR) olup
39.2 bar (40 kg cm™?) anma basincinda 40 | dk! anma debisine ulasmaktadir.

Deneme siiresince piilverizator pompasi, anma giicti 2.2 kW (1405 rpm) olan
bir elektrik motoru (AGM 100L 4a type, Gamak, TR) kullanilmistir. Motor devri
bir kayis-kasnak tertibatiyla 1/2.8 oraninda diigiirtilmistiir. Pompa milinin devri
optik bir takometreyle (Testo 465, KGaA) 500 rpm olarak ol¢tilmiistiir.

2.3. Piiskiirtme Sistemi

Piilverizatoriin pompa ¢ikist 15 metrelik bir hidrolik hortumla paternatdriin
(60 kanalli, 125 cm genislik, 100 cm uzunluk, 20.5 mm kanallar aras1 mesafe) akis
hattina baglanmigtir. Piilverizator memesi paternatoriin akis hatt1 tizerindeki ti¢
¢ikish membranli tip meme govdesine (Arag SRL 40642W7 Model, IT) monte
edilmigstir. Piiskiirtme basinci, memeye ¢ok yakin bir noktada monte edilen maksi-
mum 10 bar gostergeli gliserin dolgulu bir manometreden (Pakkens’ MGO50GRS1
Model, TR) kontrol edilmigtir. Akis kontrolii diyaframli tip bir selenoid valf (SMS-
TORK S1020 tip, TR) ile saglanmugtir.

2.4, Paternatér Prototipinin Tasarimi ve imalati

Piskiirtme paterni test ekipmani olarak adlandirilan paternator prototipi tek
memeden piiskiirtme yapacak sekilde piiskiirtme ytiksekligi ayarlanabilir 6zellikte
imal edilmistir (Sekil 1)

nas

1000

212

(a) On goriiniis (b) Yan gériiniis

Sekil 1. Paternat6riin 6n ve yan goriiniisleri ve genel 6lgiileri

Figure 1. Front and side views and general dimensions of the paternator
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Test ekipmanu, yeri degistirilebilir 6zellikte planlandigindan paternatdr 6l¢ii tiip-
leri stands, paternatdr kanal tablasi, piiskiirtme yiiksekligi ayar catisi, paternatoriin
ana govdesine monte edilmis ve tiim aksamin dort adet endiistriyel teker iizerinde
hareket etmesi saglanmistir. Kat: modeli olusturulan paternatoriin en biiytik genis-
lik, yiikseklik ve derinlik 6lgiileri sirasiyla 147x215x121 c¢m olarak belirlenmistir.

Piiskiirtme paterni test ekipmaninin montaji yapilmis halde izometrik goriini-
mii Sekil 2’de gosterilmistir. Paternatérde bir adet membranli tip meme govdesi kul-
lanilmistir (Gortinim A). Paternatdriin kanallarina giren sivi (Goriinim D), egimli
duran tabladan sivi iletim borularina (Gértinim C) ulasmaktadir. Akigkan, kauguk
hortumlar vasitasiyla sivi tahliye borularma (Goriinim B) ulasarak 6lgii tiiplerine
akmakta ve enine diizlemde piiskiirtme paterninin olusmasi saglanmaktadur.

D(1:2) Al

B (1:2) c(1:2)

Sekil 2. Sekil Paternatdr prototipinin izometrik goriiniimii ve bazi 6nemli kisimlar:

Figure 2. Isometric view and some important parts of the patternator prototype

Paternatoriin ¢atist tiim aksamuiyla yeri degistirilebilir sekilde tasarlanmigstir. Bu
amagla ytiriiyen aksamda dort adet @125 mm ¢apinda endiistriyel teker kullanil-
mustir. Paternatdr tablasinin egimli konumlandirilabilmesi igin {ist govdeye lama
ve kosebent yerlestirilmistir. Piiskiirtme hatti ve piilverizatér memesinin montajini
yapmak ve piiskiirtme yiiksekligini ayarlanabilir kilmak i¢in ana govdenin arkasi-
na yiiksek cat1 yerlestirilmistir (Sekil 3).
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248

a8

Endastriyel teker = 1212 a

(04125 men)

On goriiniis Yan goriiniis Izometrik gériiniis
Sekil 3. Paternatér catisinin 6n, yan ve izometrik goriiniisleri

Figure 3. Front, side and isometric view of the paternator body.

Paternator tablast 123x100 cm Olgiilerinde imal edilmistir. 60 kanalli imal
edilen paternatdrde kanallar aras1 mesafe 20.5 mm ve kanal yiiksekligi 85 mm
olarak belirlenmistir ($ekil 4). Kanallarda toplanan akigkan, egimli paternator
tablasindan siv1 iletim kanalina ulasirken perdenin oniinde birikmektedir. Kanalin
sonundaki orifisten siv1 iletim kanalina ulagan akigkanin tahliye borusu araciligiyla
ol tiiplerine iletilmesi saglanmugtir. [letim hatti boyunca sizdirmazlig: saglamak
amaciyla kauguk ve siv1 conta kullanilmigtir. Sivi iletim ve tahliye hattini orifise
baglamak i¢in M12 imbus civata kullanilmigtir. Bu amagla civata saftinin ortas1 @9

mm ¢apinda boydan boya delinmistir.

Paternatos
kanal (Cr sac)

1230

M (1:2)

(a) On goriiniis (b) M igin biiyiitiilmiis gdsterim
ve pargalar

il &

c) Ust goriiniis (d) Izometrik goriiniis

Sekil 4. Paternat6riin kanal tablas:
Figure 4. The channel table of the patternator

Parda (FF)
S ilatim

kiali (Dalrin )

MA2x25 civata

Sive lbtim
kanal (Piring]

ANAJAS, 2023, Cilt 38, Sayi 3, Sayfa 597-618



Ruchan COMLEK, Bahadir SAYINCI

Paternator Sl¢timlerinin pratik bir sekilde yapilabilmesi i¢in 6l¢ii tiplerinde
biriken sivinin kolayca tahliye (bosaltim) edilebilecegi bir a¢-kapa mekanizmasi
tasarlanmistir. Bu mekanizmanin genel dl¢iileri ve izometrik goriiniimii Sekil 5de
gosterilmistir. Olcii tiiplerinin yerlestirildigi profil ¢atisi, ana gat1 iizerinde men-
tegeli olarak monte edilmistir. Akiskan: bogaltmak i¢in 6ncelikle tahliye borulari,
agma kolu vasitasiyla geriye gekilerek 6l¢ii tiiplerinin i¢inden gikarilmaktadir. Olgii
tiiplerinin yerlestirildigi profil catis1 Sekil 6" da gosterildigi gibi ok yoniinde hareket
ettirilerek tiiplerde biriken akiskan disar1 tahliye edilmektedir.

1271

1210

373

1
Mentese

Pipet =20

(a) On goriiniis (b)Yan gériiniis

Cati (40x40 mm)
(c) Ust goriiniis
Sekil 5. Olcii tiiplerinde biriken akiskani tahliye etmek iin hazirlanan ag-kapa mekanizmast

Figure 5. On-off mechanism prepared to discharge the fluid accumulated in the measuring tubes

(a) Izometrik goriiniis (b)Yan goriintis

Sekil 6. A¢g-kapa mekanizmasinin ¢aligmast (Akigkan transfer borularmin geri
¢ekilmesi ve tiip standinin 6ne agilmast)

Figure 6. The operation of the on-off mechanism (Retraction of fluid transfer tubes
and forward opening of tube stand)
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Kat1 modeli olugturulan paternatdr prototipinin yapim (imalat) resimleri olustu-
rularak malzeme gereksinimi belirlenmis ve prototip imalat asamasina gecilmistir.
Imalat1 yapilan mekanik paternator gorselleri Sekil 7de gosterilmistir. Her bir olgii
silindirinde biriken akigkanin birbirleri arasindaki seviye farkliliklarini gozlemle-
mek i¢in her bir tiipe beyaz renkli isaret boncugu (isaretleyici) birakilmistir. Akiskan
silindire doldukga isaret boncugu da yiikselerek sivi seviyesi gozlemlenebilmektedir.

(a) Genel goriiniis (b) Akigkan transfer hatti (c) Akiskanin ag-kapa
ve Ol¢ii tipleri mekanizmasiyla tahliye edilmesi

Sekil 7. Paternatdr prototipi
Figure 7. Patternator prototype

2.5. Piskirtme Paterni Testlerinde Kullanilan Memeler

Piiskiirtme paterni ve akis diizgiinliigtinii kontrol etmek i¢in orifis ¢aplar1 ©1.0
mm, P1.2 mm, P1.6 mm, P2.0 mm ve P¥2.4 mm olan polioksimetilen (POM)
malzemeden ftiretilmis konik hiizmeli meme plakalar1 kullanilmistir. Denemeler
her bir ¢ap grubundan sansa bagli secilen 40 adet meme plakasiyla ylritilmistir.
Meme plakalarinin her birinde ayni girdap plaketi (POM, 2 girdap a¢ikligi, sar1
renkli) ve ayni tip siizge¢ (50 mesh, Cr-Ni, yuvarlak tip) kullanilmis ve test boyun-
ca degistirilmemistir. Boylece girdap plaketi ve siizge¢ kullaniminin gerek debiye
gerekse pliskiirtme karakteristiklerine olan etkisi elimine edilmis ve mevcut dona-
nimlarin varyasyona olan etkisi giderilmistir. incelenen parametreleri etkileyebi-
lecek kosullarin standardize edilmesi, hem diizgiin akis vermeyen meme plakasini
belirlemeyi, hem de meme plakalarinda akisi bozan etmeni tespit etme agisindan
da 6nem kazanmustir.
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2.6. Meme Debisinin Olgiilmesi

Debi 6lgtimleri her meme plakasi igin sabit 8 bar isletme basincinda yapilmig-
tir. Olgiimler dijital gostergeli bir debi 6lcerle (Sprayer Calibrator, SpotOn’, Mo-
del: SC-1, IL, 6l¢tim hassasiyeti: +%2.5; 6l¢tim araligi: 0.08-3.79 1 dk!) yapilmis ve
her 6l¢iim 3 kez tekrarlanmigtir. Debi degerleri; ortalama, standart sapma ve %95
gliven araliklariyla birlikte verilmistir.

2.7. Piskirtme Paterninin Goriintiileme Yéntemiyle Sayisallastirilmasi

Piilverizatér memelerinin akis testlerinde paternator kanallarinda biriken stvi,
serbest rejimde 6l¢ii silindirlerine dolmakta ve iki boyutlu (x-y) diizlemde bir pa-
tern olusturmaktadir. Bu diizlemde olusan paterni saysallastirmak icin goriintiileme
yontemi kullanilmistir. Bu amagla 6l¢ti silindirlerinin dizili oldugu tablaya 200 cm
uzaklikta dijital bir kamera (Panasonic Lumix DMC-FZ50, JP) yerlestirilmistir. Test
boyunca goriintiileme mesafesini sabitlemek i¢in bir tripod kullanilmistir. Goriintii-
leme sirasinda titresimi elimine etmek i¢in kameraya harici bir deklangér baglanmis-
tir. Dijital kamerayla elde edilen piiskiirtme paterni 6rnekleri Sekil 8de gosterilmistir.

Ornek 1

Ornek 2

Ornek 3

Sekil 8. Dijital kamerayla elde edilen baz1 piiskiirtme paterni goriintiileri

Figure 8. Some spray pattern images obtained from the digital camera
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Akigkanin 6l¢it silindirlerinde birikerek beyaz renkli isaret toplarinin olustur-
dugu piiskiirtme paternini sayisallagtirmak i¢in Image] (Wayne Rasband, v.1.38x,
USA) gortntii isleme yazilimi kullanilmigtir. Goriintiiler programin arayiiziinde
acilmis ve her bir tiip icindeki isaretleyicilerin y koordinati markoérle isaretlenerek
belirlenmistir. Koordinatlar piksel cinsinden kaydedilmis ve piiskiirtme paterni
her 6l¢ti silindirinde biriken akiskanin yiiksekligine gore sayisallagtirilmustir.

2.8. Ortme Genisligi ve Hiizme Agisinin Belirlenmesi

Piskiirtme uygulamalar: 55 cm yiikseklikten yapilmistir. Her bir meme pla-
kasi, sabit 8 bar isletme basincinda ¢alistirilmis ve piiskiirtiilen sivinin paternator
kanallarindan 6l¢ti silindirine akarak piiskiirtme paterninin olusmasi saglanmis-
tir. Ortme genisligi (b, cm), paternatérde iki kanal arasi mesafe (m,), piiskiirtme
paterninin elde edildigi tiip sayisiyla (,, adet) carpilarak belirlenmistir (Esitlik 1).
Meme hiizme agisini («®), sabit piiskiirtme yiiksekliginde (4, cm) hesaplamak i¢in
Esitlik (2) kullanilmistir.

b=mk-nk (1)

a®=2-tan™! (%) (2)

2.9. Piiskiirtme Paterninin Hacimsel Dagilim Diizgiinligd, Carpiklik ve
Basiklik Acisindan Karsilastirilmasi

Hacimsel dagilim diizgiinliigtint belirlemek igin tek noktadan ptiskiirtme ya-
pilarak olugan paternin verileri kullanilmistir. Her bir piiskiirtme paternine ait veri
setinin standart sapmasi (SS), ortalamaya () oranlanmis ve hacimsel dagilim diiz-
gunliigii varyasyon katsayist (%CV) olarak hesaplanmistir (Esitlik 3).

Piiskiirtme paternlerinin normale gore simetrik dagilip dagilmadigini veya
daha basik olup olmadigini belirlemek ve buna gére dagilimin tanimini yapmak
i¢in her bir veri setinin carpiklik ve basiklik istatistikleri incelenmigtir. Piiskiirt-
me paterninin ¢arpiklik katsayisinin 0 olmasi dagilimin istatistiksel olarak nor-
mal oldugu anlamina gelmektedir. Carpiklik katsayisinin pozitif olmasi paternin
saga carpik, negatif olmasi ise sola carpik oldugunu gostermektedir. Pozitif ¢ar-
piklik durumunda ortalama medyandan biiyiik; negatif carpiklik durumunda
ise ortalama medyandan kiiciik deger almaktadir. Carpiklik katsayisi +0.5
sinirlari arasinda dagilim “tamamen simetrik” ve £1.0 sinirlari arasinda ise da-
gilim “iyi derecede simetrik” kabul edildigi belirtilmistir (Hatem ve ark., 2022).
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Piiskiirtme paterninin basiklik katsayisi, dagilimin sivriligi ya da basikligi hak-
kinda bilgi vermekte olup normal dagilimda bu degerin 0 olmasi beklenmektedir.
Basiklik katsayis1 pozitif oldugunda dagilim normale gore daha sivri, negatif ol-
dugunda normale gore daha basik bir dagilim olusmaktadir (Kalayci, 2006; Kara-
g0z, 2016; Hatem ve ark., 2022).

_ 55
eV = 5 =100 (3)

2.10. Enine Dagilim Diizginligiu

Farkli orifis ¢aplarina sahip konik hiizmeli memelerin yan yana 25 cm, 30 cm,
35 cm, 40 cm, 45 cm ve 50 cm araliklarla yerlestirilmesi durumlar i¢in enine da-
gilim diizglinliigii belirlenmis ve bu amagla Esitlik (3)de verilen varyasyon katsa-
yis1 (%CV) formiilt kullanilmistir. Hesaplamalar: yapmak i¢in Excelde kisisel bir
makro modiil gelistirilmistir. Bu modiilde her bir meme aralig1 i¢in 5 adet meme
yan yana dizilmis ve her bir memenin piiskiirtme paterni verileri iist tiste bindirme
yapilarak toplanmistir. Arastirma siiresince puiskiirtme yiiksekligi sabit olup 55 cm
yiikseklik i¢in veriler toplanmuistir.

2.11. [statistik Analiz

Meme plakasi orifis ¢apinin 6rtme genisligine, hiizme acisina, hacimsel da-
gilim diizglinligiine, dagilimin carpiklik ve basiklik istatistiklerine olan etkisini
belirlemek igin elde dilen verilere tek yonlii varyans analizi uygulanmistir. Onemli
bulunan ortalamalar arasindaki fark %95 6nem diizeyinde Tukey HSD testiyle be-
lirlenmistir. Istatistiksel analizler SPSS 20.0 paket programinda yapilmugtir.

3. BULGULAR VE TARTISMA

3.1. Mekanik Paternatdr Prototipinin Kullanimi

Prototip tizerinde ¢ok tekrarli piiskiirtme uygulamalar: yapilmustir. Paternator
tablas: ve akigkan transferinde kullanilan tiim baglantilar sizdirmazlik agisindan
kontrol edilmistir. Tablanin altinda, 6l¢ti tiplerinde, hortum ve rekorlu baglan-
tilarda olusan kagaklar sivi conta kullanilarak giderilmistir. Piiskiirtmeden sonra
kanallarda toplanan akigkanin kendi rejimiyle transfer borularina iletilebilmesi
i¢in tablanin %5’lik egimi yetersiz bulunmus ve egim %8%e artirilmigtir. Akigkanin
kanallardan akarak sivi transfer borularindan o6l¢ii silindirlerine kayip olmadan
iletebilmesi icin boru ¢ikisinin silindirin icinde kalmasi ve 6l¢i silindirine temas
etmeden sabit bir konumda kalmasi saglanmistir. Olgii silindirlerinde biriken
akigkani bosaltmak i¢in kullanilan ag¢-kapa mekanizmasi, agik konumda yakla-
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sik 150° agiyla sabitlenmistir. Mekanizmanin kapali konumda iken yerinde sabit
kalabilmesi i¢in govdeye neodyum miknatis yerlestirilmistir. Piiskiirtme paterni
olustuktan hemen sonra puiskiirtmeyi durdurmak i¢in pompanin basma hattina
normalde a¢ik konumlu bir selenoid valf monte edilmis ve valfin kontrolii bir
elektrik anahtariyla saglanmistir.

3.2. Meme Debisi

Konik htizmeli meme plakalarinin debi ortalamalar1 ve istatistikleri Cizelge
1'de verilmistir. Farkli orifis caplarina sahip konik hiizmeli meme plakalarinda 8
bar igletme basincinda olgiilen debi ortalamalar: 0.73-2.24 1 dk* araliginda degis-
mistir. Orifis ¢ap1 (d, mm) ve debi (g, 1 dk!) arasindaki iliski (R?=0.9995) dogrusal
esitligi ile tanimlanmugtir.

Cizelge 1. Farkli orifis ¢apli konik hiizmeli memelerde 8 bar isletme basincinda
olgiilen debi istatistikleri (Kullanilan girdap: Yerli yapim sar1 renkli plaket; Stizge¢
tipi: 50 mesh yuvarlak tip)

Table 1. Flow statistics measured at 8 bar operating pressure in conical jet nozzles
with different orifice diameters. (Swirl used: Locally made yellow plate; Strainer type:
50 mesh round type)

Orifis Cap1 (mm) Debi ort.+SS (1 dk', @8 bar) %95 Giiven Araligi
1.0 0.73+£0.02 0.72-0.73
1.2 0.98+0.04 0.97-1.00
1.6 1.39+0.05 1.37-1.41
2.0 1.81+0.06 1.79-1.83
D2.4 2.24+0.08 2.21-2.27

3.3. Piiskiirtme Paterninin Ortme Genisligi ve Hiizme Acis!

Varyans analizi sonuglarina gore meme plakalarinda kullanilan farkl orifis
¢aplarinin drtme genisligine (HKO= 33,2; SD= 4; F= 63,3, p<0.000) ve hiizme
acisina etkisi (HKO= 14,4; SD= 4; F= 61,3, p<0.000) istatistiksel agidan ¢ok
6nemli bulunmustur.

Meme plakalarinin 6rtme genisligi ve hiizme acisi ortalamalari Cizelge 2de
karsilagtirilmistir. Orifis ¢ap1 ©1.0 mm, ©1.2 mm ve @1.6 mm olan meme plakala-
rinda 6rtme genisligi 70.6-72.7 cm ve hiizme agis1 78.1°-81.2° araliginda degismis
ve ortalamalar arasindaki fark istatistiksel agidan 6nemsiz bulunmustur. En bityiik
ortme genisligi ve hiizme agis1 degerleri ©2.0 mm ve 2.4 mm orifis ¢apli meme
plakalarinda saptanmis ve ortalamalar diger kiiciik orifis capli memelere (©1.0
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mm, @1.2 mm ve @1.6 mm) gore 6nemli diizeyde farkli bulunmustur. Orifis ¢ap1
2.0 mm ve ¥2.4 mm olan memelerde 6rtme genisligi 79.5-80.8 cm ve hiizme
ac1s1 91.7°-93.8° araliginda degismistir.

Cizelge 2. Farkli orifis ¢apli konik hiizmeli meme plakalarinda 8 bar igletme basinct
kosulunda elde edilen 6rtme genisligi ve hiizme agist ortalamalarmin karsilagtiriimasu.

Table 2. Comparison of the average coverage width and beam angle obtained
in conical beam nozzle plates with different orifice diameters under 8 bar operating
pressure condition.

Orifis Cap1 (mm) Ortme Genisligi (b, cm) Huizme Agist (a°)
1.0 72.7+4.7 a* 81.2+7.0 a
?1.2 70.6+3.6 a 78.1+5.1 a
1.6 719439 a 79.9+5.7 a
2.0 79.5£3.4 b 91.7¢54 b
D24 80.8+3.3 b 93.8+55 b

*: Tukey HSD ¢oklu karsilagtirma testine gore ayni siitunda farkli harfle (a-b) gosterilen ortalamalar %95 6nem

diizeyinde farkhidir.

3.4. Piiskirtme Paterninin Hacimsel Dagilim Diizgiinligd, Carpiklik ve
Basiklik Katsayilari

Varyans analizi sonuglarina gére meme orifis ¢apy; piiskiirtme paterninin
varyasyon katsayisini (HKO= 39,5; SD= 4; F= 6.278, p<0.000), ¢arpikligin1 (HKO=
0.064; SD= 4; F= 7.550, p<0.000) ve basikliginm1 (HKO= 0.326; SD= 4; F= 6.335,
P<0.000) istatistiksel agidan ¢ok 6nemli diizeyde degistirmistir.

Cizelge 3’te karsilastirilan ortalamalarda meme orifis ¢ap1 arttik¢a piiskiirtme
paterninin hacimsel dagilimdaki varyasyonu artis gostermistir. Ozellikle yiiksek
debilerde varyasyon katsayisi artma egiliminde olmasina karsin paternin ¢arpiklig
ise cok 6nemli diizeyde azalmistir. Meme plakas: delik ¢carpi arttikea carpiklik nor-
mal dagilima yaklagmistir. ©¥2.0 mm ve ©2.4 mm orifis ¢capli meme plakalarinin
carpiklik katsayis: istatistiksel digerlerine gore belirgin diizeyde farklhidir. Tim
meme orifis ¢aplari i¢in ¢arpiklik katsayisi pozitif oldugundan dagilim saga ¢arpik
olarak gerceklesmistir. Ancak istatistiksel olarak carpiklik katsayist 1.0 sinirlari
arasinda degistiginden elde edilen tiim dagilimlar “iyi derecede simetrik” olarak
kabul edilmistir (Hatem ve ark., 2022). Basiklik katsayis: en diisiik ve dolayisiyla
normal dagilima en yakin meme plakas: ©1.0 mmde elde edilmistir. Diger meme
orifislerinin basiklik katsayilar1 arasindaki fark 6nemsizdir. Tiim basiklik katsayi-
lar1 negatif oldugundan konik hiizmeli memelerinde normale gére basik bir dagi-
lim gésterdigi sonucuna varilmustir.
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Cizelge 3. Piskiirtme paterninin hacimsel dagilim diizgtinliigii, ¢arpiklik ve ba-
siklik katsayilarinin karsilastirilmasi.

Table 3. Comparison of volumetric distribution uniformity, skewness and kurtosis
coefficients of the spray pattern

Orifis Cap1 Hacimsel Dagilim Diizgiinliigii

(mm) (%CV) Carpiklik Basiklik

21.0 59.7+6.1 a* 0.583+0.299 a -0.842+0.832 a
Q1.2 58.6+5.7 a 0.454+0.175 b -1.364+0.379 b
1.6 59.4+49 a 0.419+0.204 b -1.416+0.442 b
22.0 64.9+84 b 0.391+0.304 bc -1.247+0.602 b
024 61.4+5.7 ab 0.280+0.257 ¢ -1.281+0.487 b

*: Tukey HSD ¢oklu karsilagtirma testine gore ayni siitunda farkli harfle (a-c) gosterilen ortalamalar %95 6nem

diizeyinde farklidur.

Sekil 9%a gore simetrik dagilimda piiskiirtme paterninin dikey orta eksenin her
iki tarafinda da ayni olmasi beklenmektedir. Piiskiirtme paternlerine gore orifis
¢ap1 @1.0 mm olan meme plakasinda piiskiirtme paterni i¢i dolu konik hiizme
seklinde olusurken, diger orifis ¢aplarinda ortas: gukur cift tepeli yani i¢i bos ko-
nik hiizme seklinde olusmugtur. Ortalama degerler esas alinarak olusturulan bu
dagilim grafiklerinde orifis ¢ap1 @1.2 mm, @1.6 mm, ¥2.0 mm ve ¥2.4 mm olan
memelerde asimetrik dagilimlar az ya da ¢ok gozlemlenebilmektedir.
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Sekil 9. Meme orifis ¢aplarina gore piiskiirtme paterninin degisimi (Ortalamaz+
Standart hata)

Figure 9. Variation of spray pattern according to the nozzle orifice diameters
(Mean=Standard error)
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3.5. Yan Yana Diziliste Enine Dagilim Diizgiinligi

Memeler aras1 mesafesinin 25 cm, 30 cm, 35 cm, 40 cm, 45 cm ve 50 cm olma-
s1 kogullarinda enine dagilim diizgiinligtiniin (%CV) orifis ¢aplarina gore degisimi
Sekil 10da gosterilmistir. Tim meme plakalarinda en disiik CV, 25 cm ve 30 cm
meme araliklarinda elde edilmistir. Memeler aras1 mesafe 25 cm ve 30 cm oldugunda
orifis capi arttik¢a daha diisiik CV degerlerine ulagilmistir. Memeler 35 cm ve daha
biyiik araliklarla yerlestirildiginde CV ortalamalar1 belirgin bir sekilde artmistir.

Prairie Tarim Makinalar1 Enstitiisit (PAMI, Kanada) tarafindan duragan ko-
numda paternatérde yapilan 6l¢iimlerde %15 diizeyindeki enine dagilim i¢in var-
yasyonun kabul edilebilir oldugu bildirilmektedir (Bode ve ark., 1983; Azimi ve
ark., 1985). Buna karsin %10 diizeyindeki varyasyon igin sivi dagilimi “olduk¢a
homojen” olarak tanimlanmigstir (Azimi ve ark., 1985; Krishnan ve ark., 1988). Ka-
bul edilebilir enine dagilim diizglinliigline gére sinir kosullar olarak 8 bar isletme
basinci ve 55 cm piiskiirtme yiiksekligi goz 6niine alinirsa konik hiizmeli memele-
rin 25 cm araliklarla yerlestirilmesi gerekmektedir. Diger taraftan @1.0 mm orifis

¢apli meme harig, diger meme plakalar1 30 cm araliklarla yerlestirildiginde kabul
edilebilir CV degerlerine ulagildig goriillmiistiir.

40
33 r
| 1 I
1t 1
5
tmi
-
5
%13
';E]D r
5
]
25cm 30cm 35cm 40 cm 45em 50 em
MMameler zras mesafe (em)

@l0mm w@l2mm #@lémm "Q20mm =@24mm

Sekil 10. Meme orifis ¢aplarina gore memeler aras1 mesafenin enine dagilim
diizgtinligiine etkisi (%CV), (Ortalamalar, standart hata degerleriyle gosterilmistir)

Figure 10. The effect of the distance between the nozzles according to the nozzle

orifice diameters on the evenness distribution uniformity (%CV), (Averages are shown
with standard error values)
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SONUC

Standart paternatorlerde kanallar aras1 mesafe 25 mmdir (Ozkan ve ark., 1992).
Prototip olarak tasarlanan mekanik paternatdriin kanal araligi mevcut halde 20,5
mm oldugundan piiskiirtiilen akigkanin dagilimi daha dar araliklarla 6l¢iilebilmek-
tedir. Bu agidan degerlendirildiginde imal edilen prototipin 6l¢iim hassasiyetinin
standart paternatore gore daha ytiksek oldugu kanisina varilmigtir. Prototip imala-
t1, arastirmanin amacina uygun sekilde diisitk maliyetli olarak iiretilmistir. Ancak
imalatta standart gelik malzemeler kullanildigindan sistemin toplam agirlig: yiik-
sek olmugtur. Catiya monte edilen endiistriyel teker sayesinde sistemin hareketi
tek bir operator tarafindan gerceklesebilmektedir. Bu aragtirma kapsaminda gelis-
tirilen gortintilleme yontemi sayesinde piiskiirtme paterni grafikleri pratik olarak
elde edilebilmis ve kolayca sayisallastirilmistir. Genis hiizme agili piiskiirtme me-
melerinin kullanilmas1 durumunda veya daha ytiksek piiskiirtme yiiksekliklerinde
yapilacak akis testleri i¢in daha biiytik olgiilere sahip kanal tablasina gereksinim
duyulmaktadir. Buna gore kanal tablasinin en az 2.0x2.0 m (enxboy) olgiilerde
olmasi 6nerilmektedir.

Stireklilik denklemine gore akis debisi, meme orifis ¢apinin karesiyle dogru
orantilidir. Ancak bu ¢aligmada sabit basing kosulunda meme debisindeki artisg,
orifis ¢apiyla orantili olarak artmamugtir. (Sayinc ve ark., 2013), orifis ¢ap arttik¢a
akis katsayisinin azaldigini belirlemislerdir. Akis katsayisi, ayn1 zamanda bogaltim
katsayis1 olup bu katsayinin azalmasi, meme debisini sinirlandirmistir.

Orrifis ¢ap1 ©1.0 mm, @1.2 mm ve @1.6 mm olan meme plakalar: dar hiizme a¢1-
l1 sinifta kategorize edilebilir. Bu yoniiyle kiigiik capli memelerin seritsel ilaglamada
kullanilmast tavsiye edilir. Orifis ¢apt ©2.0 mm ve ¥2.4 mm olan meme plakalari-
nin ise yiizeysel ilaclamada bum yiiksekliginin arttirilarak (60-90 cm) kullanilmasi
onerilir.

Meme orifis ¢api arttik¢a piiskiirtme paterninin ¢arpikligi azalma egiliminde-
dir. Sabit basin¢ta meme orifis 6l¢iisiindeki artis, debinin de artmasim sagladi-
gindan garpiklig iyilestirme yoniinde etki gostermistir. Basiklik degiskenine gore
normale en yakin piskiirtme paterni, orifis ¢apt @1.0 mm olan meme plakasinda
elde edilmis ve piiskiirtme paterni i¢i dolu konik formda olusmustur. Diger orifis
gruplarimin piiskiirtme paterni incelendiginde i¢i bos konik hiizmeli dagilima ben-
zer bir patern olustugu gézlemlenmistir.

Isletme basinci 8 bar, piiskiirtme yiiksekligi 55 cm ve memeler aras1 mesafe
25 cm ve 30 cm kosullarinda kiigiik orifis ¢capli memelerin varyasyon katsayisi
¢ogunlukla %15’in altindadir. Diger biiyiik ¢apli meme plakalar: i¢in optimum
puskiirtme yiiksekliginin belirlenmesi gerekmektedir.
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Cikar Catismasi

Yazarlar herhangi bir ¢ikar catigmasi olmadigini beyan eder.
Etik

Bu ¢aligma etik kurul onayi gerektirmez.

Yazar Katki Oranlari

Calismanin Tasarlanmasi: RC (%50), BS (%50)

Veri Toplanmasi: RC (%80), BS (%20)

Veri Analizi: RC (%50), BS (%50)

Makalenin Yazimi: RC (%50), BS(%50)

Makalenin Gonderimi ve Revizyonu: RC (%90), BS (%10)
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INTEGRATED CONTROL OF ECHINOCHLOA
CRUS-GALLIRESISTANT TO ALS AND ACCASE
INHIBITOR HERBICIDES

ABSTRACT

Rice is an important cereal crop, both due to its high domestic consumption
and its significant role in global food security. The challenges of crop rotation and
the difficulty of fallow-free cultivation in rice production have led to the emer-
gence of competitive weed species that have a rapid reproductive capacity and are
adapted to aquatic environments. The adverse effects of these weeds on rice yield
and farm profits have created a demand for cost-effective weed management stra-
tegies. Prolonged use of herbicides with the same mode of action has rapidly incre-
ased the number and population of herbicide-resistant weed species. So integrated
weed control is the only method and an important solution in managing the rice
weeds that should be developed according to the countries’ production systems.
Echinochloa crus-galli (barnyardgrass) is one of the earliest resistant weeds adapted
to rice production areas. In this study, the aim was to determine the interaction
between cultivation methods, water management, and rice varieties (Osmancik,
Gonen, Koral) for effective weed management. The experiments were conducted in
Turkey’s Marmara and Black Sea Regions with four replications. The water level, es-
pecially high water levels, not only had a highly suppressive effect on weeds but also
contributed to the growth and yield of rice. Deep and moderate water levels incre-
ased the tillering number and dry weight of rice. The data obtained indicated that
maintaining the water level in rice cultivation areas can lead to better rice growth
and higher yields. The development of competitive and local rice varieties is consi-
dered a viable approach in an integrated herbicide-resistant weed control program.

Keywords: Echinochloa crus-galli, Cultural Control, Rice, Integrated Management.

ek

ALS VE ACCASE iNHIBITORU HERBISITLERE
DAYANIKLI ECHINOCHLOA CRUS-GALLI'NIN
ENTEGRE MUCADELESI

0z

Celtik, yiiksek i¢ tiiketimi ve kiiresel olarak gida giivenligi acisindan 6nemli bir
tahil iirtintidiir. Uretiminde miinavebe ve nadassiz ekimin zorlugu nedeniyle, hizli
iireme kapasitesine sahip, suya adapte olmus rekabet¢i yabanci ot tiirleri sorun ha-
line gelmistir. Yabanci otlarin geltik verimi ve ¢iftlik karlar: tizerindeki olumsuz et-

https:/doi.org/10.7161/0muanajas1329376 d



Integrated Control of Echinochloa crus-galli Resistant to ALS...

kileri, uygun maliyetli yabanci ot yonetim stratejileri i¢in bir talep yaratmigtir. Ayni
etki mekanizmasina sahip herbisitlerin uzun siireli kullanimi herbisitlere dayanikli
yabanci ot tiirlerinin sayisi1 ve populasyonunu hizla artirmigtir. Dolayisiyla entegre
yabanci ot kontrold, tilkelerin tiretim sistemlerine gore gelistirilmesi gereken ve
celtik yabanci otlariyla miicadelede 6nemli bir ¢6ztimdiir. Echinochloa crus-galli
(darican), celtik iiretim alanlarina uyum saglamis en 6nemli yabanci otlarindan
biridir. Bu ¢alismada, etkili yabanci ot yonetimi adina yetigtirme yontemi, su yone-
timi ve celtik cesitleri (Osmancik, Gonen, Koral) arasindaki etkilesimin belirlen-
mesi amaglanmuistir. Denemeler Tiirkiyenin Marmara ve Karadeniz Bolgelerinde,
dort tekerriirlii olarak yiirtitiilmustiir. Su seviyesi (6zellikle yiiksek su seviyesi) sa-
dece yabanci ota kars: oldukea baskilayici bir etkiye sahip olmakla kalmayip, ayni
zamanda ¢eltigin bitylimesini ve verimini artirmaya da yardimeci olmustur. Derin
ve orta su seviyeleri, ¢eltigin kardeslenme sayis1 ve kuru agirligini artirmigtir. Elde
edilen veriler, geltik ekim alanlarinda su seviyesinin korunmast ile daha iyi ¢eltik
gelisimi ve yliksek verim elde edilebilecegini ortaya koymustur. Rekabetci ve yerel
celtik cesitlerinin gelistirilmesi, herbisite dayanikli yabanci otlarla entegre miicade-
le programinda gegerli bir yaklagim olarak goriilmektedir.

Anahtar Kelimeler: Echinochloa crus-galli, Kiiltiirel Miicadele, Celtik;Entegre
Miicadele.

2

1. INTRODUCTION

The rice production system necessitates a completely aquatic environment,
which results in a limited but significant number of weed species that are adapted
to this system. Among the most problematic weed species in rice cultivation areas
across Asia, America, and Europe, the majority belong to the Echinochloa genus.
These weed species pose substantial challenges in rice-growing regions and are no-
toriously difficult to control (Holm et al., 1977; Ruiz-Santaella et al., 2006; Talbert
and Burgos, 2007; Mennan et al., 2012). Within this genus, Echinochloa crus-galli
stands out as the most prominent species that presents challenges for weed ma-
nagement both globally and in our country (Isik and Mennan, 2001; Damalas
et al., 2008; Mennan and Kaya-Altop, 2012). The significant negative impact of
weeds on rice yield and farm profitability has spurred a demand for cost-effe-
ctive weed management strategies. It has been reported that weed-related los-
ses in rice yield account for approximately 40% of total production worldwide
(Chauhan and Abugho, 2013).

Yield losses resulting from weed competition not only lead to increased labor
costs but also contribute to water shortages, prompting producers to explore al-
ternative weed control methods. Selective herbicides have been widely adopted
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due to their ease of application, high effectiveness, and cost efficiency when com-
pared to alternative approaches. However, the global use of herbicides has raised
concerns about the potential development of herbicide-resistant weeds, shifts in
weed populations, environmental contamination, and impacts on human health
(Johnson and Mortimer, 2005).

Rice weed control primarily relies on chemical-based methods, predominantly
employing ALS and ACCase inhibitor herbicides. However, the issue of herbicide
resistance is on the rise, particularly among species within the Echinochloa genus.
A comprehensive analysis of herbicide resistance across various product groups
has identified resistance in 267 weed species since the initial reports, with 154 cate-
gorized as dicotyledons and 113 as monocotyledons. Taking into account the num-
ber of biotypes within the same species, this figure has expanded to 513. When
evaluating the mechanisms of action of herbicides in these studies, the highest
resistance has been observed against ALS (Acetolactate Synthesis Enzyme) inhibi-
tory herbicides in 167 species, followed by Photosystem II inhibitor herbicides in
103 species and ACCase (Acetyl-CoA Carboxylase Enzyme) inhibitor herbicides
in 49 species. Echinochloa crus galli tops the list of the ten most resistant species
to herbicides. In the context of herbicide resistance in rice, 89 out of 171 cases are
associated with the Echinochloa and Cyperus genera, and 60 of these cases involve
ALS and ACCase resistance records (Anonymous, 2022). It has been determined
by Mennan et al. (2012) that E. crus-galli exhibits resistance to at least one or both
inhibitor groups of ALS and ACCase inhibitor herbicides in approximately 50% of
rice cultivation areas in Turkey’s Marmara and Black Sea regions, a problem that
is growing over time.

The emphasis on integrated control stems from the dual objectives of mainta-
ining yields and reducing unsustainable herbicide applications. Integrated Weed
Management (IWM), encompassing various weed control methods, can aid in rice
weed control by delaying resistance development and/or enabling the management
of herbicide-resistant weeds. Research has shown that farmers are transitioning
to the seedling planting method to address weed concerns, leading to significant
investments in machinery. Hence, an integrated control system seeks to establish
a connection between planting methods, water management, rice varieties, and
weed control. Studies have highlighted the importance of planting methods and
water management in weed control (Azmi et al., 1994; Chauhan, 2013). It is impe-
rative to determine the effectiveness of weed suppression, especially as rice plan-
ting using the seedling method has recently gained traction.
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Given these findings, the goal is to contribute to the development of local integ-
rated control techniques and implement them to manage E. crus-galli populations
resistant to ALS and ACCase inhibitor herbicides.

2. MATERIAL AND METHOD

Trials were conducted in farmers’ fields with the aim of developing a culturally
integrated control program to manage herbicide resistance, representing both the
Marmara and Black Sea Regions. Careful consideration was given to the selection
of trial sites, with a focus on fields previously confirmed to have herbicide-resistant
weeds. Several trial factors were taken into account, including the sowing method
(broadcast sowing and seedling transplantation), water management (5-7 cm, 10-
15 cm, and submergence in winter at 15-20 cm), and rice varieties (Osmancik,
Koral, and Gonen). The experiments were carried out with four replications, and
the plots were subdivided according to the experimental design. Plot dimensions
were set at 50 m? (10 m x 5 m), leaving a 2 m safety strip. Once the weeds had
emerged, Echinochloa crus-galli (barnyardgrass) was intentionally left within the
experimental setup, while other weed species were treated with herbicides based
on their susceptibility. The average weed density was standardized to 25 plants per
m? across all plots. In the trials representing the Black Sea Region, rice was planted
at a rate of 200 kg/ha in the third week of May in both 2015 and 2016, specifically
in the Bafra district of Samsun. In the trials representing the Marmara Region in
Edirne Center, adjustments were made during seedling transplantation to achieve
a density of 140 plants per m? Fertilization and maintenance practices followed
regional guidelines. After sowing and planting, various observations were made
regarding barnyardgrass and rice varieties, and the potential for weed control was
assessed, following criteria established by Estorninos et al. (2005). Various para-
meters were assessed to understand the competitiveness of rice plants and their
interaction with weed control methods. These parameters included:

Seedling Growth Rate: Approximately 21 days after sowing and seedling
transplantation, rice plants were carefully removed from a 0.25 m? area, and their fresh
and dry biomass weights were determined in the laboratory. This data was then used to
investigate the relationship between seedling growth rate and competitiveness.

Leaf Area: In each plot, 10 rice plants were selected and brought to the labo-
ratory, where their leaf areas were measured using a leaf area meter, following the
method outlined by Gibson et al. (2003b). This assessment aimed to determine
whether leaf area had any impact on competition between rice and weeds.
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Number of Tillering: Tillering, or the production of additional shoots from
the base of the rice plant, is known to play a significant role in competition among
rice cultivars. To evaluate this, plants in a 1 m2 area were counted 6 weeks after
emergence, and the tillering numbers were manually counted during the harvest.
A logistic function was applied to determine the number of tillers with T represen-
ting tillering number, Tm as the maximum tillering number, T as the number of
days after sowing, and Ta and Tb being fixed parameters of the function.

T =Tm/1 + exp (Ta - Tbt)

Plant Height: Plant height was measured at 30, 60, and 90 days after emer-
gence, with ten randomly selected rice plants from each plot and rice cultivar. A
logistic function was utilized to explore the competitive relationship, with H rep-
resenting plant height, Hm as the maximum plant height, t as the number of days,
and Ha and Hb as fixed parameters of the function.

H=Hm/1 + exp (Ha — Hbt)

Root Weight: At intervals of 30, 60, and 90 days after emergence, ten rice plants
from each plot and rice variety were randomly harvested. After washing and sor-
ting, the root parts were separated, and their wet weights were recorded. Subsequ-
ently, these roots were dried in an oven at 65°C for 72 hours to determine their dry
weights, following the procedure described by Ottis et al. (2005).

Yield: Yield values were obtained by harvesting rice varieties from each plot wit-
hin a 10 m? area. The mean values obtained in the experiment were subjected to sta-
tistical analysis using Fisher’s protected test with LSD (Least Significant Difference).
Arcsine transformations were applied to improve homogeneity before conducting
variance analysis (ANOVA) on the obtained weed control percentage values.

3. RESULT

3.1 The Effects of Competition of E. Crus-Galli on Seedling Growth with
Different Cultivars in Different Rice Growing Systems

In both the Black Sea Region and the Marmara Region, the data from both
years, 2015 and 2016, were found to be statistically nonsignificant in the trials.
However, a significant difference between the two regions was identified (P<0.05).
Therefore, the results from both years were combined to provide a comprehensive
overview of the trial outcomes.

Table 1 presents the percentage of dry biomass loss caused by herbicide-resis-
tant Echinochloa crus-galli at a density of 25 plants/m? across different rice varie-
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ties, planting methods, and water levels for the Black Sea Region, averaging data
from 2015 and 2016. Statistical analysis of the two-year averages indicated that the
year itself was not a significant factor, allowing for the presentation of combined
data. It was observed that planting methods and water levels played a crucial role
in rice seedling biomass formation. Notably, the competitive ability of E. crus-galli
was heightened due to its very early emergence, with the seedling method offering
a substantial advantage in early-stage competition. Broadcasting at a water level of
only 5-7 cm resulted in intense competition, leading to the highest biomass loss.
Conversely, it was noted that biomass loss was reduced at other water levels. The
Gonen variety exhibited the highest biomass loss among seedlings at all water le-
vels, with an observed decrease in competition as the water level increased. Turning
to the results obtained in the Marmara Region, it is evident that competition was
more intense, yielding similar outcomes as shown in Table 2.

These findings shed light on the dynamics of competition between rice and
herbicide-resistant E. crus-galli under various conditions, emphasizing the impor-
tance of planting methods and water management in influencing rice seedling bi-
omass and weed competition.

Table 1. Seedling biomass loss caused by herbicide-resistant E. crus-galli in dif-
ferent varieties at 25 plants/m? density, different planting methods and water levels,
the average of 2015 and 2016 for the Black Sea Region (%).

Water Level (cm)

Planting )
Variety 5.7 10-15 UVV (15-20) LSD P<0.05
Methods - -
Seedling Biomass Loss (%)
Broadcasting Osmancik 5.1 2.3 0 0.8
Koral 5.6 3.0 1.2 1.5
Gonen 10.6 6.1 5.3 1.1
Transplanting Osmancik 3.7 0 0 NS
Koral 2.9 0 0 NS
Gonen 8.1 5.1 0 1.9

NS; LSD P<0.05 not significant

UVV; under water in winter
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Table 2. The percentage of dry biomass loss caused by herbicide-resistant E.
crus-galli in different varieties at 25 plants/m?* density, different planting methods
and water levels, the average of 2015 and 2016 for the Marmara Region (%).

Water Level (cm)

Planting .
Variety 5-7 10-15 UVV (15-20) LSD P<0.05
methods - -
Seedling Biomass Loss (%)
Broadcasting ~ Osmancik 7.1 34 2.1 1.9
Koral 59 4.2 1.1 0.8
Gonen 11.6 8.7 5.7 2.1
Transplanting ~ Osmancik 3.9 2.4 0 NS
Koral 33 2.1 0 NS
Gonen 8.2 9.4 6.3 1.2

NS; LSD P<0.05 not significant

UVYV; under water in winter

3.2. Effects of Competition of E. Crus-Galli on Tillering of Different
Cultivars in Different Rice Growing Systems

Upon combining the results of the studies conducted in 2015 and 2016, the
log-logistic model for tillering was found to be significant for both broadcasting
and transplanting methods, as illustrated in Figure 1 and Figure 2. The analysis
revealed that, on average, there were 4 tillers per plant for the Osmancik variety
and 5 tillers per plant for the Koral variety. In the case of the Gonen cultivar, an
average of 3.85 tillers was observed (Figure 1). Similarly, when examining the tille-
ring numbers in seedlings, they were lower than expected and consistent with the
2015 results (Figure 2).

Modeling proved to be particularly significant for broadcasting when consi-
dering the two-year average. Referring to the tillering numbers in the Black Sea
Region from Table 3, it becomes evident that the transplanting method and water
level played crucial roles in terms of competition. The highest tillering loss occur-
red at a water level of 5-7 cm, reaching 23% for the Gonen variety. In contrast, this
rate was reduced to 12.4% when transplanting was adopted at the same water level
and with the same variety.

This analysis underscores the significant advantage of the seedling method in
early-stage competition. However, it is important to note that the cumulative ef-
fects observed during the yield phase indicate that this approach may not be the
most economically efficient in the long run.
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Figure 1. The log-logistic model of tillering numbers obtained in the control plots in the
broadcasting system according to the averages of 2015 and 2016 in the Black Sea Region.
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Figure 2. The log-logistic model of tillering numbers obtained in the control
plots in the transplanting system according to the averages of 2015 and 2016 in the
Black Sea Region.

The tillering rates obtained from the control plots were lower than in the Black
Sea Region, as in 2015, and the planting method and water level played an im-
portant role in the competition and affected the number of tillers in rice varieties
(Table 3). In the results obtained from the Marmara Region, it was seen that the
competition of E. crus-galli was more intense in both planting methods (Table 4).
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Table 3. Tillering number loss by herbicide-resistant E. crus-galli in different
varieties at 25 plants/m* density, different planting methods and water levels, the
average of 2015 and 2016 for the Black Sea Region (%).

Water Level (cm)

Slanting Variety 5-7 10-15 UVV (15-20)  LSD P<0.05
Methods
Tillering Number Loss (%)

Broadcasting ~ Osmancik 10.2 6.3 3.1 2.6
Koral 14.9 4.4 2.3 3.1
Gonen 23.1 14.2 9.7 2.7
Transplanting ~ Osmancik 8.1 4.5 1.1 NS
Koral 7.7 9.8 1.3 3.1
Gonen 12.4 8.1 14.1 NS

NS; LSD P<0.05 not significant

UVYV; under water in winter

Table 4. The percentage of tillering number loss caused by herbicide-resistant
E. crus-galli in different varieties at 25 plants/m* density, different planting met-
hods and water levels, the average of 2015 and 2016 for the Marmara Region (%).

Water Level (cm)

Planting i
Variety 5-7 10-15 UVV (15-20)  LSD P<0.05
Methods
Tillering Number Loss (%)
Broadcasting Osmancik 12.2 24 1.1 1.7
Koral 11.9 6.8 0.9 2.1
Gonen 18.7 18.9 15.9 NS
Transplanting Osmancik 10.1 2.0 0 3.8
Koral 10.9 3.7 5.4 4.7
Gonen 21.6 15.5 14.9 NS

NS; LSD P<0.05 not significant

UVV; under water in winter

3.3. The Effects of Competition of E. Crus-Galli on Leaf Area with
Different Cultivars in Different Rice Growing Systems

The flag leaf area has revealed that it is not important in competition in dif-
ferent planting methods and in different water levels in 2016, as in 2015. This is
thought to be due to the varieties used.
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3.4. The Effects of Competition of E. Crus-Galli on Plant Height with
Different Cultivars in Different Rice Growing Systems

The results of the log-logistic modeling and variance analysis conducted on the
average plant heights from control plots in the Black Sea and Marmara Regions
revealed significant differences (P<0.01) between planting methods and rice culti-
vars, as depicted in Figure 3 and Figure 4.

In plots where the seedling method was employed, plant heights were notably
shorter compared to field planting. Notably, variations were observed in the changes
in plant height due to competition between the Black Sea Region and the Marmara
Region (Tables 5 and 6). Overall, it was observed that competition intensified as wa-
ter levels decreased. The highest loss in plant height was recorded in the Echinochloa
crus-galli Gonen variety, amounting to 10.6% at a density of 25 plants/m* Moreover,
it was evident that the seedling method resulted in greater plant height loss, with the
Gonen cultivar experiencing the highest loss at 12.4%. Conversely, an increase in
water levels correlated with reduced losses in plant height. These findings undersco-
re the impact of planting methods, water levels, and competition on plant height in
rice cultivation, with significant variations observed between regions and varieties.

120
* Osmancik ]

100 + Koral

80 -| © Gonen P

Plant height (cm)

Day after sowing

Figure 3. The log-logistic model of plant height was obtained in the control
plots in the broadcasting system according to the averages of 2015 and 2016 in the
Black Sea Region.
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Figure 4. The log-logistic model of plant height was obtained in the control
plots in the broadcasting system according to the averages of 2015 and 2016 in the

Black Sea Region.

Table 5. Plant height loss caused by herbicide-resistant E. crus-galli in different
varieties at 25 plants/m? density, different planting methods and water levels, the
average of 2015 and 2016 for the Black Sea Region (%).

Water Level (cm)

Planting Variety 5-7 10-15 UVV (15-20)  LSD P<0.05
Methods
Plant Height Loss (%)

Broadcasting ~ Osmancik 4.3 2.2 1.5 NS
Koral 6.9 3.8 2.3 1.7
Gonen 10.6 9.3 10.8 NS
Transplanting ~ Osmancik 7.3 2.6 0 2.0
Koral 4.7 3.9 0 1.1
Gonen 11.9 12.4 9.7 NS

NS; LSD P<0.05 not significant

UVV; under water in winter
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Table 6. The percentage of plant height loss caused by herbicide-resistant E.
crus-galli in different varieties at 25 plants/m?* density, different planting methods
and water levels, the average of 2015 and 2016 for the Marmara Region (%).

Water Level (cm)

Planting X
Variety 5.7 10-15 UVV (15-20)  LSD P<0.05
Methods
Plant Height Loss (%)
Broadcasting ~ Osmancik 6.2 3.9 2.6 NS
Koral 5.9 7.8 0 1.9
Gonen 10.1 8.6 5.9 2.2
Transplanting ~ Osmancik 6.4 5.1 1.2 1.2
Koral 8.1 2.1 3.9 1.9
Gonen 14.6 11.4 9.3 NS

NS; LSD P<0.05 not significant

UVV; under water in winter

3.5. The Effects of Competition of E. Crus-Galli on Root Weight with
Different Cultivars in Different Rice Growing Systems

Based on the first-year results obtained, there was no observed interaction
between root fresh and dry weights, planting methods, and water levels in rice
cultivars. These findings suggest that rice varieties may not play a significant role
in weed competition in this context. Consequently, specific data related to these
parameters are not presented.

3.6. The Effects of Competition of E. Crus-Galli on Yield with Different
Cultivars in Different Rice Growing Systems

The average yield values of Echinochloa crus-galli, obtained from the trials con-
ducted in the Black Sea Region in 2015 and 2016, focusing on the competition
between rice cultivation methods and water levels, are presented in Figure 5 and
Figure 6. Among the rice cultivars, the highest grain yield of 903 kg da' was ac-
hieved with the Osmancik variety in the control plots using the pre-germinated
and broadcast sowing method. The Koral variety followed closely with a yield of
841 kg da’. In contrast, the Gonen cultivar exhibited the lowest yield, particularly
in the 5-7 cm and 10-15 cm water regimes (Figure 5). Considering the first-year
results, there was a significant interaction between Region, Variety, and Water regi-
me (Table 7). Notably, the Gonen variety suffered a product loss of over 20% at the
lowest water level, highlighting the sensitivity of this variety to water availability.
Regarding seedling yield, it was consistently lower across all cultivars and other
factors (Figure 6). The highest yield among seedlings was recorded at 804 kg da-' in
the control plots for the Osmancik variety, which employed a sprinkling method.

ANAJAS, 2023, Cilt 38, Sayi 3, Sayfa 619-636



Emine KAYA ALTOP, Hiisrev MENNAN

Following closely, the Koral variety achieved a yield of 799 kg da'. Importantly,
there was no significant difference between these two cultivars in terms of control
plots, indicating their similar competitive abilities. Conversely, the lowest seedling
yield of 485 kg da! was observed in the Gonen variety under the 5-7 cm water
regime (Figure 6). These findings illustrate the impact of rice cultivar, cultivation
method, and water level on grain yield and highlight the importance of water ma-
nagement in achieving optimal crop yields.
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%00 I .
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-
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1]
Osmancik Koral Ganen
Rice variety

Figure 5. According to the averages of 2015 and 2016 in the Black Sea Region,
the broadcasting method of E. crus-galli at a density of 25 plants/m?* and the yield
loss in varieties at different water levels.
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Figure 6. According to the averages of 2015 and 2016 in the Black Sea Region,
the transplanting method of E. crus-galli at a density of 25 plants/m? and the yield
loss in varieties at different water levels.
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The yields obtained from the Marmara Region, as depicted in Figures 7 and 8,
demonstrated outcomes similar to those observed in the Black Sea Region. Signi-
ficant differences were identified, as in the Black Sea Region, with respect to weed
competition involving planting methods, rice cultivars, and water levels. Upon
examining the results for the seedling method, although similar trends were ob-
served, it became apparent that Echinochloa crus-galli exhibited more pronounced
competition with rice varieties. These findings underscore the consistent impact
of planting methods, rice cultivars, and water levels on crop yields across different
regions, emphasizing the importance of these factors in weed management and
optimizing rice production.

m3]

m10-135
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Figure 7. According to the averages of 2015 and 2016 in the Marmara Region,
the broadcasting method of E. crus-galli at a density of 25 plants/m? and the yield
loss in varieties at different water levels.
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Figure 8. According to the averages of 2015 and 2016 in the Marmara Region,
the transplanting method of E. crus-galli at a density of 25 plants/m?and the yield
loss in varieties at different water levels.
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Table 7. The importance levels of the competition of E. crus-galli with different
cultivars according to the ANOVA results in different rice growing systems in Mar-
mara and Black Sea Regions according to the average of 2015 and 2016.

L. Seedling  Seedling . Flag Root Root
Variation Tillering Plant
Fresh Dry Leaf Fresh Dry Yield
Source Number Height
Biomass  Biomass Area Weight ~ Weight
Year (Y) 1 NS * NS NS NS NS * NS
Region (R) 1 NS * * NS * NS NS el
Variety (V) 2 NS * * NS ** NS NS **
Water regime(W) 2 NS bl o NS bl NS NS bl
RxY 1 * * NS NS NS NS NS NS
RxV 2 NS NS o NS il NS NS xx
YxV 2 * NS ** NS NS * NS NS
RxW 2 NS NS NS NS NS NS NS NS
VW 4 NS * b NS o NS NS >
YxVxW 4 * NS * NS ** NS NS *
RxVxW 4 NS * NS NS * NS NS o
YxRxVxW 4 * NS * NS NS NS NS o

NS; not significant
*P<0.05 significant
**P<0.01 significant

4. DISCUSSION AND CONCLUSION

Despite the widespread use of intensive herbicides for weed control in rice
cultivation globally, there remains a significant yield loss of 25-35% (Ozer, 1993;
Radosevich and Holt, 1984; Savary et al., 1997; 2000). If left uncontrolled, this loss
can range from 45% to 90% depending on ecological and climatic conditions in
different cultivated plants (Ampong-Nyarko and De Data, 1991; Moody, 1996).
Developing integrated control systems that rely less on chemical control is crucial
in managing weeds resistant to ALS and ACCase inhibitor herbicides (Watanabe
et al,, 1997; Itah et al., 1999; Fischer et al., 2000). Studies investigating integrated
control possibilities for Echinochloa crus-galli populations resistant to ALS and
ACCase inhibitor herbicides have emphasized the importance of the interaction
between water levels, rice cultivars, and planting methods based on cultural pra-
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ctices. Comparing sowing methods, it has been observed that broadcast sowing
results in higher yields than seedling planting and demonstrates greater competi-
tive ability against these types of weeds. This advantage is often attributed to the
increased tillering of rice and its relationship with competition and yield.

Water levels have also emerged as a critical factor in weed control. Research has
consistently shown that maintaining the water level at around 20 cm is essential for
effective weed management. Variations in competition among rice varieties have
been documented in previous studies. Fischer et al. (1997) found that competition
between Echinochloa species and different rice varieties can lead to yield differen-
ces ranging from 27% to 60%. Other researchers have also noted that certain rice
varieties exhibit varying characteristics in terms of yield and weed suppression
(Callaway and Forcella, 1992; Rutger et al., 1993; Pester et al., 1999; Gibson et al.,
2003b). In regions where weed competition is more pronounced, such as Asia, diffe-
rences of up to 75% in weed suppression by rice varieties have been observed (Gar-
rity et al., 1992). Additionally, some researchers have found differences within the
same rice type and between species (Gealy et al., 2003). Given the challenges posed
by cultivation systems and weed control, using rice varieties with high competitive-
ness is essential (Saito et al., 2010; Chauhan and Johnson, 2011; Mennan et al., 2012).

When examining factors influencing competition between rice varieties and
ALS and ACCase inhibitor herbicide-resistant E. crus-galli, parameters such as til-
lering number and rice height were identified as crucial. These parameters yielded
similar results in both locations where the experiments were conducted. Overall,
factors such as seedling growth rate, flag leaf area, plant height, tillering number,
and leaf and root development have been recognized as important in assessing
competition between different rice varieties and weeds (Fischer et al., 1997; 2001;
Gibson et al., 2003a).

In conclusion, the water level has emerged as a pivotal factor in rice weed com-
petition, and effective weed control hinges on proper water management. Given the
potential challenges posed by climate change and water scarcity, it is essential to ma-
intain the water level in rice fields at an optimal level, typically around 20 cm. Furt-
hermore, the development of competitive and locally adapted rice varieties is consi-
dered a promising approach in integrated herbicide-resistant weed control programs.
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USING MANNITOL AS DROUGHT STRESS AGENT ON GLOBE
ARTICHOKE [Cynara cardunculus var. scolymus (L.) FIORI]

ABSTRACT

The globe artichoke [Cynara cardunculus var. scolymus (L.) Fiori], one of the
special members of the Asteraceae family, has been consumed by people for their
culinary and health advantages since ancient times. Global agricultural output and
production efficiency are both hampered by adverse environmental conditions,
notably drought. In order to promote breeding studies, it is crucial to use plants
that are adaptable to drought stress, which negatively impacts plant productivity.
It is crucial to understand the changes taking place in plants under drought stress.
In the present study, artichoke seeds were initially kept in mannitol, which is a
commonly used drought stress agent, in three different concentrations (50, 100,
and 250 mg L) for 8 hours and later on obtained seedlings were subjected to same
mannitol concentrations with 15 days intervals. Later on some seed germination
and vegetative growth parameters, such as number of leaves, root length, stem he-
ight, plant height, chlorophyll, proline, leaf-related water contents, and total phe-
nol-antioxidant contents in three globe artichoke cultivars (Sakiz OP, Bayrampasa
OP, and Olympus F)) were investigated under drought stress. Results revealed that
the impact of drought stress on artichoke seeds and seedlings varied depending on
cultivars and pre-treatment and treatment concentrations

Keywords: Abiotic Stress, Stress Agent, Growth Parameters, Total Phenol,
Content, Total Antioxidant.

ek

ENGINARDA [Cynara cardunculus var. scolymus (L.) FIORI]
KURAKLIK STRESI AJANI OLARAK MANNITOL KULLANIMI

Oz

Asteraceae familyasinin 6nemli iiyelerinden biri olan enginar [Cynara cardun-
culus var. scolymus (L.) Fiori], eski ¢aglardan beri mutfak ve saglik agisindan fay-
dalar1 nedeniyle insanlar tarafindan tiiketilmektedir. Kiiresel tarimsal iiretim ve
tiretim verimliligi, bagta kuraklik olmak iizere olumsuz ¢evre kosullar1 nedeniyle
sekteye ugramaktadir. Bitki verimliligini olumsuz etkileyen kuraklik stresine daya-
nikl bitkilerin kullanilmasi, 1slah ¢aligmalarinin tesvik edilmesi agisindan biiyiik
6nem tagimaktadir. Kuraklik stresi altinda bitkilerde meydana gelen degisiklikleri
anlamak ¢ok 6nemlidir. Bu ¢aligmada enginar tohumlari ilk olarak yaygin olarak
kullanilan kuraklik stres ajani olan mannitol igerisinde ti¢ farkli konsantrasyonda
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(50, 100 ve 250 mg L") 8 saat stireyle bekletilmis ve daha sonra elde edilen fide-
ler 15 gtin araliklarla ayni mannitol konsantrasyonlarina tabi tutulmustur. Daha
sonra {i¢ enginar gesidinde (Sakiz, Bayrampaga ve Olympus F,) yaprak sayisi, kok
uzunlugu, goévde uzunlugu, bitki boyu, klorofil, prolin, yapraga bagl su icerigi ve
toplam fenol-antioksidan icerigi gibi bazi tohum ¢imlenmesi ve vejetatif bityiime
parametreleri kuraklik stresi altinda arastirilmigtir. Sonuglar, kuraklik stresinin en-
ginar tohumlar1 ve fideleri tizerindeki etkisinin cesitlere, 6n isleme ve uygulama
konsantrasyonlarina bagli olarak degistigini ortaya koymustur.

Anahtar Kelimeler: Abiyotik Stres, Stres Ajani, Bliylime Parametreleri, Toplam
Fenol Igerigi, Toplam Antioksidan Igerigi.

ik

1. INTRODUCTION

The globe artichoke [Cynara cardunculus var. scolymus (L.) Fiori] is an import-
ant perennial species and a crop alternative medicine. It has been extensively culti-
vated, particularly in the various countries of the Mediterranean basin.

The alterations that arise in the environmental circumstances of the plants and
the changes that impact all developmental phases in an unfavorable sense are ex-
pressed as ‘biological stress. Stress factors are categorized as ‘biotic’ such as bac-
teria and viruses, or ‘abiotic’ such as salinity, drought, etc., and may have serious
negative effects on plants at all stages of their lifespan. Stress factors not only have
a detrimental impact on plant growth and development, but they also reduce pro-
duction and yield. Abiotic stress factors are thought to have alarming dangers that
threaten the sustainability of agriculture and the ability to meet future generations’
food needs (He et al., 2018). While 20% of irrigated fields and more than 6% of
the world’s cultivated land struggle with salinity challenges, the fact that 45% of
them are under drought stress and it makes the severity of the situation quite clear
(Ashraf and Foolad, 2007; Munns and Tester, 2008; Kusvuran, 2010).

Plants are subjected to a drought stress restricts plant growth and causes a va-
riety of physical, physiological, biochemical, and molecular problems in plants
(Gong et al., 2005; Martinez et al., 2007; Sankar et al., 2008). The photosynthetic
process of plants is negatively influenced by drought stress, and various qualita-
tive and quantitative variations in the components of chlorophyll occur. Therefore,
while the accumulation of reactive oxygen species (ROS) increases and the balance
in the cells’ defense mechanisms is upset, the plant-water relationship deteriorates
as aresult of the disruptions in the plants’ photosynthetic order and the irregularity
of their nutrient intake (Munns and Tester, 2008; Kugvuran, 2010; Choudhury et
al., 2017). All of these circumstances hinder plants growing and developing nor-
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mally, cause yield and quality losses, and, probably more crucially, threaten food
safety (Mancosu et al., 2015; Cao et al., 2018; Dawood et al., 2021).

In their study, Mozdzen et al. (2015) examined the impact of mannitol, a poly-
hydric alcohol that is used to induce osmotic stress in plants as a result of drought
in maize. According to the findings of their investigation, mannitol adversely af-
fected corn plant germination, decreased water intake, and delayed plant growth
and development. It was also noted that it affected the amount of chlorophyll and
gas exchange in the leaves.

The present study is focused on revealing the effects of different dosages
of mannitol as drought stress agent on seed germination and some vegetative
growth parameters (number of leaves, root length, stem and plant heights, con-
tents leaf-related water, chlorophyll, proline, and total phenol-antioxidant in three
globe artichoke cultivars.

2. MATERIALS AND METHODS

2.1. Plant Materials, Growing Conditions and Treatments

The present study was carried out at Akdeniz University, Faculty of Agricul-
ture, and Department of Horticulture. Seeds of two open-pollinated (OP) globe
artichoke cultivars namely Sakiz and Bayrampasa and, one F, hybrid cultivar, Ol-
ympus, were employed as plant material in the current study. For these objective,
plastic pots with 35 cm diameter — 13 cm lengths were used. As growing medium,
a combination of peat: perlite (2:1, v/v) was utilized. Starting 2 days before the seed
sowing, the peat: perlite mixture was irrigated with tap water. Irrigation was conti-
nued every day in order to keep soil moisture at field capacity. Five seeds of three
artichoke cultivars were sown in each plastic growing pot, and then as the first true
leaf emerged, plants were reduced to two plants in each plastic pot.

2.2. Pre-Treatment Process of Seeds

The seeds of artichoke cultivars were subjected to surface sterilization with
0.1% mercury (II) chloride (mercuric chloride) for 5 minutes, and then rinsed 4
times with sterile distilled water (Dawood et al., 2021). For the pre-treatment of
drought stress, after the sterilization process, the seeds were kept in 50 mg L' (M
50), 100 mg L™ (M 100), and 250 mg L' (M 250) concentrations of mannitol for 8
hours. Then, pre-treated seeds and control group seeds were sown in plastic pots.
After sowing seeds, all pots were treated with 100 mL of semi-strength Hoagland
nutrient solution (Dawood et al., 2021) and the same solution was applied on the
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10™ and 30" days during the growth processes of the plants. The prepared nutrient
solution pH was adjusted to 5.5 with 0.1 mM KOH. The measurements of the se-
edlings in the pots were made in accordance with the determined parameters and
recorded as the first measurement values.

2.3. Treatment of Mannitol to Seedlings and Measurements

Following the seed sowing, mannitol treatments to seedlings were conducted
on the plants with three or four true leaves. A total of 200 mL mannitol solution
was given at 50 mg L' (M 50), 100 mg L' (M 100), and 250 mg L' (M 250) con-
centrations, with 15 days intervals (day 0, day 15, day 30), while the control group
was treated with only distilled water. At the end of the 45" day, observations about
some growth parameters (length of shoot and root, shoot diameter, fresh and dry
weights of leaves) were recorded. The evaluation of the obtained data as a result of
the treatments was recorded as a second measurement.

After sowing, seed emergence time, emergence rates, first true leaf emergen-
ce time, and germination percentages of seeds were recorded. At the end of the
mannitol treatments, measurements were taken regarding growth parameters.
Accordingly, from 10 randomly selected plants; length of shoots and roots, shoot
diameters, fresh weights of the leaves were measured. Finally, after keeping the
leaves in an oven set at 70 °C for 72 hours, dry weights were scaled. To measure the
amount of chlorophyll in the leaves, a portable chlorophyll meter called the SPAD
(SPAD-502, Minolta Corporation, Ltd., Osaka, Japan) was employed. To ascertain
the SPAD values, measurements were conducted at the leaf center. Twenty random
readings were performed for each application, averaged, and then transformed
into a single SPAD value. Using a digital scale (0.0001 g), the weights of the leaves,
while they were fresh and dried, were calculated.

2.4. Determination of the Leaf Relative Water Content (LRWC)

The fresh weights of leaf samples taken randomly from plants under mannitol
treatments and control groups were scaled. Removed leaves were transferred to
petri dishes containing pure water, kept under low light intensity for 4 hours, and
turned into turgor. At the end of the 4 hours, the weight of the turgor leaves was
measured and recorded as “turgid weight”. Afterward, the turgid leaves were kept
in an oven set at 65 °C for 48 hours, then weighed and their “dry weight” was ex-
pressed in g. Accordingly, the relative water contents (%) of these leaf samples were
calculated based on down stated formula (1) (Sanchez et al., 2004; Kugvuran, 2010);

LRWC (%) = [(Fresh weight - Dry weight) / (Turgid weight — Dry weight)] x 100 (1)
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2.5. Biochemical Analyses

2.5.1. Quantification of Chlorophyll (by spectrophotometer)

A total of 200 mg fresh leaf samples were grounded in 80% acetone prepared in
dark and homogenized. After filtering the homogeneous leaf samples acetone was
added to extract to make it up to 10 mL, then chlorophyll amounts of leaf samples
were measured at 652 nm with a spectrophotometer device (Kusvuran, 2010).

2.5.2. Determination of Proline Content

The acid-ninhydrin method and the spectrophotometric approach were both
employed to calculate the proline concentration. The following protocol has been
employed to serve the purpose. A total 100 mg fresh leaf sample weighed, and
crushed in liquid nitrogen. The powdered materials were extracted in 2 mL of 40%
methanol. One mL of glacial acetic acid, 6 M orthophosphoric acid and 25 mg of
ninhydrin were added on top of the 1 mL obtained extract. This mixture was incu-
bated at 100 °C for one hour. After adding 5 mL of toluene, the tubes were thorou-
ghly mixed, and then were allowed to cool down. After cooling down two distinct
phase forms were obtained as a consequence. The upper phase was examined with
a spectrophotometer at a wavelength of 528 nm to determine the proline quantity.
After drawing calibration curves and expressing them as mmol g proline fresh we-
ight, the proline quantity in the leaves was calculated using the L-proline standard.

2.5.3. Determination of Total Phenol-Antioxidant Contents

The leaf sample’s total phenol content was calculated using the Singleton et al.
(1999) approach. The Folin-Ciocalteu reagent (FCR) was used to accomplish the
goal. Ethanol was used to dilute the leaf sample extracts to a 500 g mL concentra-
tion before adding 0.5 mL of FCR. After shaking the extracts for three minutes to
homogenize, 0.5 mL of saturated Na CO, solution was added, which was followed
by adding 5 mL of diluted de-ionized water. After completing these steps, the mix-
ture was placed in the dark for two hours, and then absorbance readings were cal-
culated using a spectrophotometer set at 760 nm. The outcomes were presented as
gallic acid equivalent (mg GAE/g extract), which was done by making a calibration
curve for gallic acid.

The following method was used for estimating the total antioxidant content of leaf
samples. One mL of each buffer solution of copper (II), neocuproin, and ammonium
acetate were added to each test tube containing the leaf sample extracts. Then, antioxi-
dant solution and distilled water were added to each test tube to complete the total vo-
lume to 4.1 ML. A spectrophotometer was used to determine the absorbance values at
450 nm after they had been well agitated and kept at room temperature for 30 minutes.
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2.6. Statistical Analyses

An entirely randomized factorial design with three replications was used to
conduct the current experiment and the statistical software JMP version 5.0.1 (SAS
Institute Inc., Cary, NC, USA) was used to analyze the data.

3. RESULTS AND DISCUSSION

3.1. Effects of Mannitol on Seeds From Emergence to Germination

There were statistically significant differences among cultivars and mannitol
treatment concentrations regarding their respond to mannitol applications based
on data obtained on seed emergence times, number of germinated seeds, seed
emergence rates (%) and germination percentage (%). Application of 50 mg L™
mannitol solution ended with statistically significant differences on seed emer-
gence times of Sakiz OP and Bayrampasa OP cultivars in a comparison to control
treatment (Figure la). It was determined that the applied mannitol concentrations
suppressed the number of germinated seeds, and the seeds in the control group
germinated better than all other mannitol applications (Figure 1b). Results re-
vealed that seed emergence rate of Sakiz OP cultivar was not adversely affected
by increasing mannitol concentration. In many studies, it has been reported that
the regression detected in seed development was due to the increase in the dose
of mannitol (Sadeghian and Yavari, 2004; Younis et al., 2010). In the present study,
it was determined that the treatment Bayrampasa OP cultivar seeds with 50 mg
L' and 100 mg L' of mannitol solutions did not have any negative affect on seed
emergence rate. However, in present study at the highest mannitol application con-
centration (M 250 + M 250) resulted with the highest seed emergence rate for Sakiz
OP cultivar, clearly indicating cultivar response to mannitol treatments may vary
based on the cultivar used (Figure 1c).

In terms of germination percentage (%), the seeds of Sakiz OP and Olympus F|
cultivars had the highest germination percentage in the control application, while
the seeds of Bayrampasa OP cultivar demonstrated the highest germination per-
centage at 100 mg L' mannitol pre-treatment (Figure 1d). It clearly shows that al-
though there are differences in germination percentages in terms of their response
to pre-treatment on the basis of cultivars, Bayrampasa OP cultivar is more tolerant
to drought conditions compared to the other two cultivars. The negative effect of
germination by applied mannitol as a drought agent has been reported in previous
studies. The rate of germination decreased when drought stress was introduced.
The study’s findings are not in line with those of other studies (Gholamin and Kha-
yatnezhad, 2010; Jorenush and Rajabi, 2015), maybe due to cultivar differences.
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Considering the first true leaf emergence times were negatively affected for
Sakiz OP cultivar with the control group and Olympus F, cultivar with 50 mg L™
mannitol pre-treatment (Figure le). This clearly shows that there are differences
between the first true leaf emergence times in terms of their response to pre-treat-
ment on the basis of cultivars, and some cultivars do not positively respond to low
mannitol solution. As it is known, water is an essential component of photosynthe-
sis, a fundamental transporter of nutrients, and has a role in ensuring the optimal
plant growth and development. Water stress is often defined as either abundance
or an absence of water that significantly affects the biochemical and physiological
functions of plants. It becomes apparent in the early stages of the life cycle of plants
and inhibits seed germination (Mozdzen et al.,, 2015). However, in the current
study, it was determined that drought pre-treatments on seeds did not have nega-
tive effects at certain concentrations, but on the contrary, showed positive effects in
some growth parameters such as first true leaf emergence. So, it is thought that the
negative effect of drought stress on the life cycles of plants is related to the severity
of drought stress and the tolerance levels of varieties.
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(1): Different letters among cultivars and mannitol treatments denote signifi-
cant differences (LSD test, p<0.05).

(2): (a) LSD cultivars* = 0,620; LSD treatments = 0,947; LSD cult. x treat.* =
1,641; (b) LSD cultivars* = 0,901; LSD treatments = 1,376; LSD cult. x treat.* = 2,384;
(c) LSD cultivars* = 5,954; LSD treatments = 9,095; LSD cult. x treat.* = 15,753; (d)
LSD cultivars* = 5,966; LSD treatments = 9,114; LSD cult. x treat.* = 15,785; (e) LSD
cultivars = 0,312; LSD treatments* = 0,476; LSD cult. x treat.* = 0,825.

(3): Abbreviations: M50 = 50 mg L' mannitol, M100 = 100 mg L* mannitol,
M250 = 250 mg L* mannitol; DW = Distilled water; Cont. = Control.

Figure 1. Effect of mannitol as drought agent on; (a) seed emergence times, (b)
the number of germinated seeds, (c) seed emergence rates (%), (d) germination
percentage (%), (e) first true leaf emergence times.
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3.2. Effects of Mannitol on Growth Parameters

When the effects of mannitol treatment on the number of leaves of the culti-
vars were evaluated, there was no statistical difference among the cultivars in the
first measurement, although there was in the second, while there were statistically
important differences among the mannitol treatments, for both measurements. As
can be seen from the Figure 2, Sakiz OP cultivar had the highest number of leaves
in the first measurements of 50 mg L' and 100 mg L mannitol concentrations.
However, in the second measurement, the response of the Olympus F, cultivar to
50 mg L' mannitol solution was found to be better than the other cultivars and
among mannitol treatment doses. Results clearly show that although there was no
negative effect of drought pre-treatment in early stage of life cycles, those pre-tre-
atments may lead negativities in later stage of life cycles.
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(1): Different letters among cultivars and mannitol treatments denote signifi-
cant differences (LSD test, p<0.05).

(2): (a) LSD cultivars = 0,203; LSD treatments* = 0,311; LSD cult. x treat.* = 0,539;
(b) LSD cultivars* = 0,261; LSD treatments* = 0,399; LSD cult. x treat. * = 0,692.

(3): Abbreviations: M50 = 50 mg L' mannitol, M100 = 100 mg L mannitol,
M250 = 250 mg L"! mannitol; DW = Distilled water; Cont. = Control.

Figure 2. Effect of mannitol as drought agent on the number of leaves: (a) first
measurement, (b) second measurement.

Considering the shoot lengths of the seedlings of the cultivars, statistical dif-
ferences were determined among cultivars and mannitol concentrations in both
measurements taken. In Figure 3a and 3b, although there were statistically signi-
ticant differences among cultivars and application concentrations, it was seen that
pre-treatment did not have a positive effect on shoot length, except for 250 mg L
mannitol concentrations in Sakiz OP cultivar and 50 mg L' in Bayrampaga OP cul-
tivar. However, looking at the second measurement data, it is clearly seen that 250
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mg L' of mannitol application or the addition of distilled water positively affects
the shoot length in the 250 mg L pre-treatment Sakiz OP cultivar.

Considering shoot diameters of the seedlings, no difference was determined
among the cultivars in the first measurement, but all treatments were found to be
effective. In the second measurement, statistical differences were recorded among
the cultivars and treatments. Bayrampasa OP cultivar with 250 mg L' mannitol
treatment came to the fore regarding shoot diameter among other treatments and
cultivars (Figure 3¢ and d).
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(1): Different letters among cultivars and mannitol treatments denote signifi-
cant differences (LSD test, p<0.05).

(2): (@) LSD cultivars* = 0,316; LSD treatments* = 0,484; LSD cult. x treat. *
= 0,838; (b) LSD cultivars* = 0,228; LSD treatments = 0,349; LSD cult. x treat. * =
0,605; (c) LSD cultivars = 0,149; LSD treatments* = 0,228; LSD cult. x treat.* = 0,395;
(d) LSD cultivars* = 0,216; LSD treatments = 0,330; LSD cult. x treat. * = 0,573.

(3): Abbreviations: M50 = 50 mg L' mannitol, M100 = 100 mg L mannitol,
M250 = 250 mg L' mannitol; DW = Distilled water; Cont. = Control.

Figure 3. Effect of mannitol as drought agent on shoot lengths; (a) first me-
asurement, (b) second measurement; shoot diameters (c) first measurement, (d)
second measurement.

ANAJAS, 2023, Cilt 38, Sayi 3, Sayfa 637-656



Tugce OZSAN KILIC, Timur TONGUR, Ahmet Naci ONUS

Regarding the root lengths, there was no difference among the cultivars in the
first measurement, but a statistically significant difference was determined in the
second measurement and the Sakiz OP cultivar had the longest root length. Ac-
cordingly, 100 mg L' mannitol pre-treatment on Bayrampasa OP seeds had posi-
tive effect on root length, while there were no positive effects of various mannitol
concentrations on root length in the all second measurements (Figure 4). Due to
the fact that roots are in direct contact with the soil and absorb water from the
soil, root length is one of the most significant drought stress features. Because of
this, root length is a crucial indicator of how a plant will react to drought stress
(Mostafavi et al., 2011).
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(1): Different letters among cultivars and mannitol treatments denote signifi-
cant differences (LSD test, p<0.05).

(2): (a) LSD cultivars = 1,105; LSD treatments* = 1,688; LSD cult. x treat.* = 2,923;
(b) LSD cultivars* = 1,041; LSD treatments* = 1,590; LSD cult. x treat.* = 2,755.

(3): Abbreviations: M50 = 50 mg L' mannitol, M100 = 100 mg L' mannitol,
M250 = 250 mg L' mannitol; DW = Distilled water; Cont. = Control.

Figure 4. Effect of mannitol as drought agent on root lengths; (a) first measu-
rement, (b) second measurement.

Considering plant heights, statistically significant differences were found
among cultivars and mannitol treatments. Mannitol pre-treatment concentrations
did not produce positive results on plant height, excluding pre-treatment of 100
mg L' mannitol concentration with Sakiz OP cultivar. However, it is clearly seen
from Figure 5 that the responses of cultivars to mannitol treatments were different.
Applying 50 mg L'! of mannitol or distilled water to the 50 mg L mannitol pre-tre-
ated Sakiz OP cultivar resulted with satisfactory results on plant height.
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(1): Different letters among cultivars and mannitol treatments denote signifi-
cant differences (LSD test, p<0.05).

(2): (a) LSD cultivars* = 1,514; LSD treatments* = 2,313; LSD cult. x treat.* =
4,00; (b) LSD cultivars* = 1,546; LSD treatments* = 2,361; LSD cult. x treat.* = 4,090.

(3): Abbreviations: M50 = 50 mg L' mannitol, M100 = 100 mg L' mannitol,
M250 = 250 mg L' mannitol; DW = Distilled water; Cont. = Control.

Figure 5. Effect of mannitol as drought agent on plant heights; (a) first measu-
rement, (b) second measurement.

One of the primary abiotic stress factors that may limit plant growth as well
as affect the biochemical structure of plants is drought stress (Anjum et al., 2012;
Grand et al,, 2014). Due to its high foliage yield and lengthy production cycle,
artichokes demand a lot of water, but once they develop after the first year, they
are quite drought tolerant and can endure low water conditions (Fernandez et al.,
2006). The reduction or absence of nutrition transfer from seed-storage tissues to
embryos during drought circumstances is one of the mechanisms that led to a drop
in shoot length. Additionally, during drought stress, seeds absorb less water, resul-
ting in with a decrease on hormone and enzyme output, which consequently hin-
ders seedling development on root and shoot development of seedlings. Regarding
the findings of the current study on seedling growth parameters, it was seen that
applied mannitol concentrations negatively affected seedling growth and develop-
ment. However, it has been clearly revealed that the pre-treatment of artichoke
seeds with 50 mg L or 100 mg L of mannitol solution positively affected seedling
growth and development.

Related to SPAD values of leaves, it was determined that there were statistical
differences among cultivars and mannitol treatments in both measurements. Oly-
mpus F, cultivar showed the highest SPAD values with 50 mg L mannitol appli-
cation in both pre-treatment of seeds and further mannitol treatment (Figure 6).
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(1): Different letters among cultivars and mannitol treatments denote signifi-
cant differences (LSD test, p<0.05).

(2): (a) LSD cultivars* = 2,145; LSD treatments* = 3,276; LSD cult. x treat.* =
5,675; (b) LSD cultivars* = 1,880; LSD treatments = 2,873; LSD cult. x treat.* = 4,976.

(3): Abbreviations: M50 = 50 mg L' mannitol, M100 = 100 mg L' mannitol,
M250 = 250 mg L' mannitol; DW = Distilled water; Cont. = Control.

Figure 6. Effect of mannitol as drought agent on; SPAD values, (a) first measu-
rement, (b) second measurement.

3.3. Leaf Relative Water Content (LRWC)

Turgid fresh (TFLW) and dry leaves (TDLW) were recorded, and the changes
in the weights were presented in the charts below (Figure 7a). The relative water
content (%) of the leaves belonging to the cultivars was presented in the following
graphic (Figure 7b). The relative water content, which depicts the water status of
plant tissues under water stress, is another stress level indicator. The relative water
content of artichoke leaves was affected by different mannitol concentrations app-
lied. Although relative water content is known to decrease in conditions of water
scarcity or extreme stress, it was shown that this drop was cultivar-specific in the
current study. The relative water content relates to cell volume and represents the
balance between absorbed water and water consumed by transpiration (Hassan-
zadeh et al., 2009). The relationship between retaining high relative water content
and tolerance to drought stress is the key factor that provides better conditions for
a plant’s metabolic functions via osmotic regulation (Nouraei et al., 2018).
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Figure 7. Effect of mannitol as drought agent on; (a) Turgid fresh (TFLW) and
dry leaf (TDLW) weights; (b) Leaf relative water content.

3.4. Biochemical Analyses
After the measurements, the fresh and dry weights of the leaves (fresh leaf we-

ight ‘FLW, dry leaf weight DLW’) were recorded, and the changes in the weights
were presented in the Figure 8.
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Figure 8. Effect of mannitol as drought agent on; artichoke fresh leaf weight
‘FLW;, dry leaf weight DLW

In order to reveal the effects of different doses of mannitol applied to the seed-
lings, biochemical analyses were carried out after determining the fresh and dry
weights of the leaf samples of the cultivars.

Considering the effects of mannitol treatments in terms of chlorophyll a and
b contents in artichoke leaves, statistically significant differences were determined
among both cultivars and mannitol treatment doses (Figure 9). In light of the ob-
tained data, the highest amount of chlorophyll a was recorded in 250 mg L* man-
nitol pre-treated Bayrampagsa OP cultivar, while the highest chlorophyll b obtained
in the control group of Olympus F cultivar. Considering drought stress, the redu-
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ctions in chlorophyll levels in the leaves of artichokes and chickpeas were deter-
mined by Mafakheri et al. (2010) and Nouraei et al. (2018), respectively, while the
chlorophyll content of potatoes has not changed according to Masoudi-Sadaghiani
et al. (2011). Results of present study clearly shows there was no positive effect
of mannitol treatments on chlorophyll a formation while, there was a positive
effect of mannitol pre-treatment at high volume concentrations. Regarding ch-
lorophyll b, there was no increase on chlorophyll b formation for both mannitol
pre-treatment and treatments.
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(1): Different letters among cultivars and mannitol treatments denote signifi-
cant differences (LSD test, p<0.05).

(2): (a) LSD cultivars* = 2,631; LSD treatments* = 4,02; LSD cult. x treat.* = 6,962;
(b) LSD cultivars* = 1,901; LSD treatments* = 2,904; LSD cult. x treat.* = 5,030.

(3): Abbreviations: M50 = 50 mg L' mannitol, M100 = 100 mg L' mannitol,
M250 = 250 mg L' mannitol; DW = Distilled water; Cont. = Control.

Figure 9. Effect of mannitol as drought agent on; (a) Chlorophyll a and (b)
Chlorophyll b contents in artichoke leaves.

When the results of mannitol treatments in terms of proline amount were exa-
mined, statistically significant differences were determined among cultivars and
mannitol treatments (Figure 10). It was determined that the highest amount of
proline was obtained in Bayrampasa OP cultivar with 100 mg L* mannitol treat-
ment. The rise of the proline concentration levels in globe artichoke leaves based
on mannitol treatment doses and time is in agreement with other researches on
different crops such as C. annuum, M. pomifera, A. thaliana (Anjum et al., 2012;
Sperdouli and Moustakas, 2012; Khaleghi et al., 2019). Due to proline’s dual ro-
les as an osmotic agent and a radical scavenger, its production and accumulation
have been linked to plants’ ability to withstand drought stress. Proline acts as an
osmo-compatible substance as well as a non-enzymatic antioxidant (Gill and Tu-
teja, 2010; Kauer and Asthir, 2015). When cells are under stress, proline can assist
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reduce their osmotic capacity and protect proteins by maintaining their chemical
composition (Hossain et al., 2014). Proline may act as a free radical scavenger and
also it may have performed a crucial role in the plant amelioration process after
stress conditions (Khaleghi et al., 2019).
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(1): Different letters among cultivars and mannitol treatments denote signifi-
cant differences (LSD test, p<0.05).

(2): LSD cultivars* = 0,00940; LSD treatments* = 0,014; LSD cult. x treat.* = 0,024.

(3): Abbreviations: M50 = 50 mg L' mannitol, M100 = 100 mg L' mannitol,
M250 = 250 mg L' mannitol; DW = Distilled water; Cont. = Control.

Figure 10. Effect of mannitol as drought agent on proline amount of
artichoke leaves.

Considering the total phenol and total antioxidant contents, statistical diffe-
rences were determined among cultivars and mannitol treatments, as can be seen
in Figure 11. In the current study, drought stress led to an increase in phenolic
content. It is thought that the increase detected in the total polyphenol content may
be related to the lignification of the cell wall and the production of specific amino
acids in order to provide osmotic regulation. Therefore, the increase is perceived
as a biochemical response of plants when they encounter various stress conditions
(Salem et al., 2014; Okunlola et al., 2017). On the other hand, in the current study,
the highest total antioxidant content among mannitol treatments was recorded in
the control group. Similarly, in the studies conducted by Nouraei et al. (2018) and
Lucini et al. (2016), they stated that flavonoids decreased in artichoke leaves when
they were subjected to stress conditions. Therefore, it was thought that it caused
changes in the levels of genes that had important roles in the biosynthesis of fla-
vonoids, which lead to a change on antioxidant content under drought conditi-
ons and also decreases the beneficial components of artichoke leaves (Yuan et al.,
2012; Nouraei et al., 2018).
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(1): Different letters among cultivars and mannitol treatments denote signifi-
cant differences (LSD test, p<0.05).

(2): (a) LSD cultivars* = 0,055; LSD treatments* = 0,084; LSD cult. x treat.* = 0,146;
(b) LSD cultivars* = 40,852; LSD treatments* = 62,403; LSD cult. x treat.* = 108,086.

(3): Abbreviations: M50 = 50 mg L' mannitol, M100 = 100 mg L mannitol,
M250 = 250 mg L' mannitol; DW = Distilled water; Cont. = Control.

Figure 11. Effect of mannitol as drought agent on; (a) Total phenol, (b) Total
antioxidant contents.

CONCLUSION

Findings of current study clearly revealed that different mannitol treatment
concentrations largely affected globe artichoke physiological and biochemical
characteristics. Results of the present study also indicated that response to mannitol
treatments relating to seed and seedling growth parameters, chlorophyll, proline,
total phenol, and total antioxidant contents varied based on cultivar differences.
Considering the results of the second measurement obtained from the treatment, it
is thought that the obtained results might have been affected by the pre-treatment.
Therefore, it is recommended to use different mannitol concentrations and various
drought-tolerant cultivars for future studies.
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FESLEGEN (Ocimum basilicum L.YDE ZAMANA BAGLI
KUTLE KAYIPLARI UZERINE KURUTMA
METOTLARININ ETKISI

0z

Feslegenin hasat donemi nemli ve yagish gecen bolgelerde giineste kurutma
tercih edilmez, bunun yerine yaygin olarak konveksiyonel kurutucular kullanilir.
Bu ¢alismada yeni bir kurutma yontemi olan LED’li (Light Emitting Diode; 151k ya-
yan diyot) kurutma ilk defa feslegen bitkisinde denenmistir. Ayrica karsilastirmak
i¢in feslegen yapraklar: tiinel tipi konveksiyonel kurutucuda, giineste ve golgede
kurutulmustur. LED’li kurutucu 3 renk sicakliginda (3000 K, 4000 K ve 6500 K)
dogal tasinimla kurutma yaparken, konveksiyonel kurutucu 3 hava hizinda (0, 0.6
ve 1.2 ms™) ve 40 °C sicaklikta caligtirilmustir.

3000 K renk sicakliginda yapilan kurutma ile 4000 K renk sicakligindaki ku-
rutma egrileri yaklasik ayni olup, 6500 K renk sicakligindaki LED’lerden kurut-
ma siiresi %22 daha kisadir. LED’li kurutucularda kabin ig sicakligt maksimum 52
°Cye ¢ikmistir. Tiinel tipi konveksiyonel kurutucuda, hava hizinin artmasi kurut-
ma stiresini kisaltmig ancak hava hizi artis oranina (%100) gore kurutma siiresinin
kisalmasi (%15) yetersiz kalmustir.

Golgede kurutmaya gore giineste kurutma, konveksiyonel kurutma (1.2 ms™)
ve LED’li kurutma (3000 K renk sicaklig1) karsilastirildiginda sirasiyla %48, %71
ve %85 daha kisa siirede tamamlanmustir. 3000 K renk sicaklikli LED’li kurutma
dogal tasinimla olmasina ragmen, kuruma siiresi 1.2 ms™ hava hizindaki kanal tipli
konveksiyonel kurutucudan (T=40 °C sicaklikta) %50 daha kisa olmugtur.

Bu ¢aligma, verilen kurutma sartlarinda, LED’li kurutmanin konveksiyonel ku-
rutuculara, giines ve golgede kurutmaya gore zaman ve buna bagli olarak enerji

tasarrufu yoniinden daha avantajli oldugunu gostermektedir.

Anahtar Kelimeler: Feslegen, Gida Kurutma, LED, Konveksiyonel Kurutucular,
Gida Ozellikleri.
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EFFECT OF DRYING METHODS ON TIME-DEPENDENT
MASS LOSSES IN BASIL (Ocimum basilicum L.)

ABSTRACT

In regions with humid and rainy harvesting season, sun drying of basil it is
not preferred; instead, convection dryers are commonly used. In this study, a new
drying method, LED (Light emitting diode) drying, was tried for the first time on
basil plants. Additionally, for comparison, basil leaves were dried in a tunnel type
convective dryer, in the sun and in the shade. While the LED dryer was working
by natural convection at three color temperatures (3000 K, 4000 K and 6500 K),
the convection dryer was operated at 3 air speeds (0, 0.6 and 1.2 ms™”) and a tem-
perature of 40 °C.

The drying curves at 3000 K and 4000 K color temperatures are approximately
the same and the drying time is 22% shorter than LEDs at 6500 K color tempera-
ture. In LED dryers, the cabin interior temperature increased to a maximum of 52
°C. In the tunnel type convective dryer, increasing the air speed shortened the dry-
ing time, but the shortening of the drying time (15%) was insufficient compared
to the air speed increase rate (100%). LED drying (3000 K color temperature) was
completed in 48%, 71% and 85% shorter times, as compared to shade drying, sun
drying and convection drying (1.2 ms™), respectively. Although the LED drying
with 3000 K color temperature was operating by natural convection, drying was
completed in 50% shorter time than the channel type convection dryer (at T = 40
°C temperature) with 1.2 ms™ air speed.

The present study revealed that, under the given drying conditions, LED drying
is more advantageous for both time and energy saving in drying basil compared to
convection dryers and sun and shade drying.

Keywords: Basil, Food Drying, LED, Convection Dryers, Food Properties.

ek
1. GIRIS

Lamiaceae familyasindan tek yillik bir bitki olan Feslegen (Ocimum basilicum
L.), ¢ok eski zamanlardan beri diinya genelinde yaygin olarak kullanilmaktadir
(Ozcan ve ark., 2005). Diinyanin sicak ve giinegli bélgelerinde dogal olarak yayilim
gosteren feslegen, ozellikle Akdeniz {ilkelerinde yaygin olarak yetistirilmektedir.
Tiirkiyede bat1 ve Gliney Anadoluda siklikla kii¢iik ev bahgelerinde feslegen yetis-
tiriciligi yapilmaktadir. Cok yonli kullanimi olan bitkilerden birisi olan feslegen,
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icerdigi ugucu yaglardan dolayr tibbi ve aromatik amagh kullaniminin yani sira
baharat ve gida katkisi olarak ¢ok gesitli iiriinlerde yer almaktadir (Ozcan ve Chal-
chat, 2002; Karaca ve ark., 2017).

Gidalarin kurutularak sonradan kullanimi igin saklanmasi ilk ¢aglardan beri
tercih edilen bir yontemdir. Kurutma bitkilerin uzun siireli saklanmas: yaninda
depolama kolaylig1 saglar ve nakliyede hem hacim hem de kiitle azalmas: sebe-
biyle en uygun gida tasima yontemdir. Gida kurutmada ilk baslarda sadece gi-
danin uzun stireli korunmasi 6nemli iken bugiin gida 6zelliklerinin korunmast,
hijyeni, miisteri memnuniyeti, kurutma maliyeti ve siiresi 6nemli hale gelmistir
(Giinaydin ve ark., 2022).

Tibbi ve aromatik bitkilerin kurutulmasi, bitkilerin kullanim 6émriinii uzatmak
ve ugucu yaglarin korunmasini saglamak i¢in 6nemlidir. Tibbi ve aromatik bitki-
lerin kurutma yontemleri arasinda dogal kurutma (giineste ve golgede), konvek-
siyonel kurutma, mikrodalga kurutma ve dondurarak kurutma gibi yontemler yer
almaktadir (Aksiit ve ark., 2023).

Gida iiriinlerinin kurutulmasinda en basit ve en yaygin olarak kullanilan yén-
tem agik havada giines altinda gergeklestirilen kurutma olmakla birlikte bu y6n-
temin gida ozelliklerinde bozulmaya sebebiyeti ve kuruma siiresinin uzun olmasi
dolayisiyla kurutma sartlarinin kontrol edilebildigi ve hijyenik konveksiyonel y6n-
temlere gecilmigtir (Ozcan ve ark., 2005; Danso-Boateng, 2013; Topdemir, 2019).

Konveksiyonel kurutma, firin veya kurutma makinesi gibi 1s1 kaynaklar: kulla-
nilarak yapilmaktadir. Bu yontemde gida 6zelliklerini koruyacak sekilde kurutma
prosesinde kurutucu havanin sicakligi, nemi ve hizi ayarlanabilir, miisteri istekle-
rine uygun (renk, koku, sekil) ve hijyenik olarak tiréiniin kurutulmasi saglanir (Ak-
giin ve ark., 2017; Topdemir, 2019). Mikrodalga kurutma ise, mikrodalga enerjisi-
nin kullanildig: bir yontem olup diger kurutma metodlarina gore daha kisa siirede
kuruma gergeklestirilir (Di Cesare, 2003; Aksiit ve ark., 2023).

Kurutma sicakligi, kurutma siiresi ve kurutma yontemi bitkilerin kalitesi-
ni etkilemektedir. Yiiksek sicakliklar, bitkilerin ugucu yag icerigini azaltabilir,
vitamin degerlerinde ve mineral 6zelliklerinde degisime sebep olabilmektedir
(Hassanpouraghdam et al., 2010).

Akgiin ve ark. (2018) erik meyvesini LED, firin (43 °C) ve giineste kurutarak
zamana bagli kiitle kaybx ile birlikte gida 6zelliklerinin bu yéntemlere bagli degi-
simini aragtirmiglardir. Calismada, 3 farkli LED sicakligindaki kuruma siiresinin,
glineste kurutma ve firininda kurutma siiresinden daha kisa oldugunu belirlen-
mistir. Giineste ve LED’le kurutulmus erik meyvelerinin C vitamini degeri firinda
kurumaya gore daha yiiksek bulunmustur.
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Akgiin ve Kandemir (2019), dogal taginimda LED ile findik arasindaki mesafenin
(5, 10, 15 cm) ve findik boyutunun (@ 14-15, @ 16-17, @ 18 mm ve {istii) tombul fin-
digin kuruma siiresine etkilerini deneysel olarak incelemiglerdir. LED renk sicakliginin
(3000 K, 4000 K, 6500 K), LED mesafesinin ve findik boyutunun artmas: findigin kuru-
ma siiresini uzatmugtir. Dogal tasinimda konveksiyonel kurutucuya goére LED’li (3000 K,
4000 K, 6500 K) kurutma sirastyla %53, %44 ve %35 daha kisa siirede gerceklesmistir.
Kurutma siiresinin kisalmasi ayni oranda enerji ve is¢ilik maliyetlerini de diigtirmiistiir.

Enerji maliyetlerinin ve arzinin 6nemli oldugu giiniimiizde daha kisa siirede daha
az enerji ile gida ozelliklerini koruyacak yeni metodlarin kurutmada kullanimini cazip
hale gelmistir. Iklim sartlarinin geleneksel kurutmaya (Giineste kurutma) miisade etme-
digi nemli ve yagish bolgelerde imalati kolay, enerji maliyeti diisiik, kuruma siiresi kisa
ve ayn1 zamanda gida Ozelliklerine zarar vermeyen yenilikci konvensiyonel kurutma
yontemlerinin kullanimini zorunlu hale getirmistir. Bu amagla Giinesin modellendigi
1s1 etkisi yaninda 1ginim etkisinden yaralanildigi LED’li kurutma yontemi birkag fark-
I driinlerde denenmis, ancak feslegende kullanilmamistir. Bu ¢aliyma, LED ‘din dogal
tasinimda feslegenin kuruma davranigina etkisini ortaya koymak amaciyla yapilmustir.

2. METARYAL VE YONTEM

Calismada materyal olarak Ordu ilinden hasat edilen Feslegen (Ocimum basi-
licum L.) kullanilmigstir. Taze feslegen yapraklar: dalindan ayiklanmis gekilde bir
tepsi tizerne serilerek Sekil 1de verilen LED’li ve tiinel tipi kurutucuda kurutul-
mustur. Yeni bir kurutma yontemi olan LED’li kurutucularla kargilastirmak ama-
cryla feslegenler konveksiyonel kurtucuda, glineste ve golgede kurutulmugtur. Sekil
1(a)da verilen ttinel tipi konveksiyonel kurutucuda hava 3 farkli hizda (0, 0.6 ve 1.2
ms-1) ve 40 °C sicaklikta feslegenin tizerinden ge¢irilmistir.

Bu ¢alisma i¢cin LED’lerin 1sinimla 1s1 transferi etkisinden yararlanarak diisiik
enerji maliyetli ve uzun siire kullanim 6mrii olan LED’li kurutma sistemi tasar-
lanarak {i¢ adet imal edilmistir. Imal edilen LED’li kurutma sisteminin Sematik
resmi Sekil 1 (b)de kurutma kabinin fotografi Sekil 2de verilmistir. Her bir kabin-
de 3000 K renk sicakligr (Sabit akim 15 cm mesafe i¢in 35100 lx, 4299 Im), 4000
K renk sicakligr (Sabit akim 15 cm mesafe i¢in 36200 lx, 4334 Im) ve 6500 K renk
sicakligina (Sabit gerilim 37250 Ix, 4563 Im) sahip yaklasik sabit Im degerlerinde
t¢ farkli gubuk LED’ler bulunmaktadir. LED’ler aliiminyum tabla (33x33 cm) tize-
rine yerlestirilmisdir. LED’le feslegen yapraklar: arasindaki mesafe ortalama 15 cm
olup Sekil 2de verilmistir. Bu sistemde kurutucu hava baskin olarak 1s1nim etkisiy-
le 1s1tildig icin kurutucu ortam sicakligt LED renk sicakligina ve havanin hizina
bagli olarak degisim gostermektedir. Bu nedenle kurutma kabini igerisindeki or-
tam sicaklif1 zamana bagl olarak K tipi termoeleman cifti ile dl¢tilmistiir. LED’li
kurutma sisteminde feslegenden havaya olan kiitle transferi dogal dolagimla (hava
hiz1 yaklagik sifir kabul edilmistir) gergeklesmistir. Tiim kurutma metotlarinda
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feslegenler polietilen tepsiler tizerine yerlestirilmis ve her saat bag1 karistirillarak
hassas terazi ile tartilmigtir. Glineste kurutmada feslegen yapraklar: tizerindeki si-
caklik infraret termometre ile 6l¢tilmiistiir.

Feslegenin nemi, Precisa marka XM60 model infraret nem tayin cihazi (max
sicaklik 110 °C) ile belirlenmistir. Deneylerde kullanilan feslegen yapraklarinin ilk
nemi %88 * 1 iken, kurutma deneylerine literatiire (Danso-Boateng, 2013) uygun
olarak nemi %19 *1 diigiiriiliinceye kadar devam edilmistir.

Kontrol paneli Taze hava girigi Nemli hava gikigi

Th |

— | -
[ re— P —————

Elektrikli isitici g Kanal
-

by =

] Felefen yapraklan Tepsi

St
S
m m

Taze hava et Sicak hava segee  Nemli hava @ (&)

Sekil 1. Konveksiyonel tiinel tipi kurutucu (a) ve LED’li kurutma sisteminin (b)
sematik gortintisii

Figure 1. Schematic view of conventional tunnel type dryer (a) and LED drying
system (b)

Sekil 2. LED’li kurutma kabini

Figure 2. Drying cabinet with LED
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3. BULGULAR VE TARTISMA

Feslegenin {i¢ farkli renk sicakligindaki LED’le kurutulmas: sonucunda zama-
na bagl kiitle kaybi Sekil 3'de verilmistir. Egrilerden goriildiigii gibi 3000 K ve 4000
K renk sicakligina sahip kurutucular yaklagik 840 dakikada %84 su kaymetmisken
6500 K renk sicakligina sahip kurutucu 1080 dkda kurutma islemini yapmistir.
6500 K renk sicaklikli kurutucuya gore 3000 K ve 4000 K renk sicakligina sahip
kurutucular %22 daha kisa siirede feslegeni kurutmustur. Bu durum Akgiin ve ar-
kadaslarinin (2018) erik kurutulmasinda aldig1 sonuglar ile benzerdir.
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Sekil 3. Feslegenin LED ile kurutulmasinda zamana bagh kiitle kayb1
Figure 3. Mass loss dependent on time in drying basil with LED

Feslegenin farkli metodlarda kurutulmasi sirasinda maruz kaldig: sicakliklarin
24 saatlik degisimi Sekil 4.de verilmistir. Sekil 4'te gorilldugti gibi LED’li kurutma-
da literatiirlerde verilen feslegen sicaklik tist degeri (50 °C) asilmamustir. Bu sistem-
de fan olmamasina ragmen (kiitle transferi tamamen dogal tasimnimla gergekles-
mistir. Verilen liimen degerleri i¢in ortam sicaklig1 4000 Kde 50.1 °C’ ye ¢ikmuistur.
3000 K ve 4000 K renk sicakligina sahip kurutuculardaki kurutucu ig sicakliklari
yaklagik ayni1 (ort. 49 °C) iken 6500 K renk sicakligindaki max. sicaklik 46.5 °C
olmustur. 6500 K renk sicakliginda kabin sicakliginin disiik olmasi feslegende
kuruma siiresinin diger LED’lere gore %22 oraninda uzun olmasina sebep olmustur.
Bina icerisinde golgede kurutmada sicaklik ortalama 27.5 °C civarinda iken giineste
feslegen yapraklar: tizerindeki sicaklik 21 °C ile 52.4 °C arasinda degisim goster-
mistir. Maksimum sicaklik 6gle arasinda kisa siireli olarak gerceklesmistir. Giineste
kurutmada kiitle kayb1 ortam sicakligindan daha ¢ok giinesin 1s1nim etkisi etkili ol-
dugu goriilmektedir. Bu durum $ekil 5deki egrilerden de anlagilmaktadir. Giineste
kurutmada maksimum kiitle kaybi sicakligin arttig1 saatlerde gerceklesmistir.
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Sekil 4. Feslegene uygulanan sicakligin yonteme gore degisimi

Figure 4. Variation of temperature applied to basil according to method

Konveksiyonel kurutucuda feslegenin zamana baglh kiitle kayb: egrileri Sekil 5’te
verilmistir. Elde edilen egriler Aksiit ve ark., (2023) elde ettigi egrilere benzer sekilde-
dir. Konveksiyonel kurutucular i¢in bu beklenen durumdur. Burada firin sicakligi 40
°C se¢ilmistir. Kanal tipi kurutucu icerisinde hava sirkiilasyonu olmadiginda (v=0 ms™)
feslegen 1980 dakikada kururken 0.6 ms"' hava hizinda 1740 dakikada, 1.2 ms™ hava
hizinda 1680 dakikada kurumustur. Dogal taginima gore 0.6 ms™ hava hizinda kurutma
%12, 1.2 ms™ hava hizinda kurutma %15 daha kisa siirede gerceklesmistir. Kurutucu
Hava hizinin artmasimin kuruma siiresini kisaltmasi Akgiin ve ark. (2017) ve Daric1 ve
Sen (2011)’nin farkl iiriinlerde yapmis oldugu ¢alismalarla da uyumludur. Hava hizi-

nin 0.6 ms'den

Katle (g)

1.2 ms™ye 2 kat artmas1 kuruma siiresini ancak %3.5 kisaltmistir.
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Sekil 5. Konveksiyonel kurutucuda feslegenin zamana bagli kiitle kayb:

Figure 5.

Time-dependent mass loss of basil in convection dryer
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Feslegenin dort farkli metotla kurutulmasinda zamana baglh kiitle kayiplari-
nin kargilagtirilma grafikleri Sekil 6da verilmistir. Burada verilen egriler yapilan
deneylerde en kisa stirede kurumay: saglayan sartlarin degerlendirilmesini sagla-
yacak sekilde kargilagtirma yapilmasi amagli verilmistir. En uzun stireli kurutma
5820 dakika ile golgede gerceklesmistir. Golgede kurutmaya gore giineste kurutma,
konveksiyonel kurutma (1.2 ms™) ve LED’li kurutma (3000K renk sicaklig1) kars:-
lastirildiginda sirastyla %48, %71, %85 daha kisa siirede kurumustur. Beklenildigi
gibi golgede ve glineste kurutma uzun zaman almaktadir. Bu hem sanayici igin
hem bolge ciftcileri i¢in golgede ve glineste kurutmanin uygun kurutma yonte-
mi olmadigini gostermektedir . 3000 K renk sicakhigindaki LED’li kurutma do-
gal taginimla olmasina ragmen 1.2 ms* hava hizindaki kanal tipli konveksiyonel
kurutucudan (T=40 °C sicaklikta) %50 daha kisa stirede kurutmustur. Bu durum
gostermektedir ki hem fan kullanmadan hem de yiiksek sicakliklara ¢ikmadan ya-
pilan LED’li kurutma daha kisa stirede kurumayi gerceklesmektedir. Sonug olarak
LED’li sistemler hem enerjiden hem de is¢ilik zamanindan tasarruf saglamaktadir-
lar. Bunun yani sira LED’li sistemler kurutma makinalarinin birim makine bagina
tiretim kapasitesinin de artmasini saglamaktadir.
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Sekil 6. Feslegenin zamana bagl kiitle kaybinin dort farkli yonteme gore
kargilastirilmasi

Figure 6. Comparison of time-dependent mass loss of basil according to four dif-
ferent methods
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SONUC

Geleneksel yontemlerin bazi dezavantajlari, 6zellikle enerji maliyetleri ve kuru-
ma siiresi agisindan daha az verimli olmalari, modern kurutma yéntemlerinin cazip
hale gelmesine yol agmistir. LED ile kurutma gibi yenilik¢i yontemler, enerji tasar-
rufu saglayarak ayni zamanda tiriinlerin kalitesini koruyarak hijyenik bir kurutma
siireci sunabilir. LED teknolojisinin gelisimi, iklim kosullarinin geleneksel kurutma
yontemlerine uygun olmadigi bolgelerde bile gida endiistrisine siirdiiriilebilir ve et-
kili bir kurutma alternatifi sunma potansiyeline sahiptir. Bu nedenle, saglikli kurut-
ma yontemleri ve LED ile kurutma gibi yenilik¢i yaklagimlarin gida endistrisinde
daha fazla kullanilmas1 hem enerji tasarrufu saglamak hem de tiriin kalitesini yiik-
seltmek acisindan dnemlidir. Bu ¢aligmada 6zetle agagidaki sonuglara ulagimistir.

1. Dogal taginima gore 0.6 ms™” hava hizinda kurutma %12, 1.2 ms™’ hava
hizinda kurutma %15 daha kisa siirede ger¢eklesmistir.

2. Kabin sicakliginin 6500 K renk sicaklikli LED'de diisiik olmast feslegenin ku-
ruma siiresinin diger LED’lere gore daha %22 uzun olmasina sebep olmustur.

3. LED’le kurutma siiresinin kisalmasi ayni zamanda enerji ve is¢ilik maliye-
tini de azaltacaktir.

4. LED’le kurutma siiresinin golge, giines ve firinda kurumaya gore kisa ol-
mas1 bu yontemin geleneksel ve konveksiyonel kurutuculara bir alternatif
oldugunu gostermektedir.

Cikar Catigmasi

Yazarlar herhangi bir ¢ikar catigmasi olmadigini beyan eder.
Etik

Bu ¢aligma etik kurul onay1 gerektirmez.

Yazar Katki Oranlari

Caligmanin Tasarlanmasi: MA (%70), SMK (%30)

Veri Toplanmasi: MA (%70), SMK (%30)

Veri Analizi: MA (%60), SMK (%40)

Makalenin Yazimi: MA (%50), SMK (%50)

Makalenin Gonderimi ve Revizyonu: MA (%70), SMK (%30)
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