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Anahtar Kelimeler
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Oz: Calismada, Yozgat ilinde dogal olarak yetisen kusburnularin yetismis
oldugu topraklarin organik madde durumu ve bunun asinabilirlik basta
olmak Uzere bazi toprak 6zellikleri ile iliskisi saptanmaya calisiimistir. Bu
dogrultuda 30 farkli noktadan bozulmus ylizey toprak 6rnegi alinmistir. Bu
ornekler kullanilarak organik madde (OM), tekstir, toplam kalsiyum
karbonat (CaCOs), pH, elektriksel iletkenlik (EC), bazi makro besin
elementleri (N, P, K, Ca ve Mg), bazi mikro besin elementleri (Fe, Mn, Zn
ve Cu) ve evrensel toprak kaybi esitliginin toprak asinim faktéri (USLE-K)
belirlenmistir. Elde edilen bulgulara goére; topraklar bazi makro ve mikro
baesin element icerigi bakimindan “yeterli” sinifinda (P, Fe, Mn, Zn ve Cu),
bazi elementler bakimindan ise daha yukar sinifta (Ca, K ve Mg) yer
almistir. Topraklarin organik madde igerigi %2.28 ile %9.87 arasinda
degisirken, topraklarin USLE-K degeri 0.02-0.06 t ha' ha MJ* h mm™*
arasinda degisim gostermistir. Yapilan istatistiksel degerlendirmelere gore,
organik madde; pH ve USLE-K ile negatif iliski, Mn ve Zn ile pozitif iligki
sergilemistir. Bu topraklarin bitki besin elementi iceriginin yeterliligi ve
erozyona karsi direngli bir goriintl sergilemesi topraklarin organik madde
iceriginin yluksek olmasina atfedilmistir.

Atif Kiinyesi: Yakupoglu T., Kog A. ve Kara Z. (2023). Yozgat ilinde Yabani Kusburnu Yetisen Topraklarin Bazi Genel Ozellikleri ile Erozyona
Duyarliliklari Arasindaki iliskiler, Bozok Tarim ve Doga Bilimleri Dergisi, 2(2), 73-84. How To Cite: Yakupoglu T., Koc A. ve Kara Z. (2023).
Relationships Between Some General Properties and Erosion Susceptibility of Soils Where Wild Rosehip Grows in Yozgat Province, Bozok
Journal of Agriculture and Natural Sciences, 2(2), 73-84.

Relationships Between Some General Properties and Erosion Susceptibility of Soils Where

Wild Rosehip Grows in Yozgat Province

Article Info

Received: 16.08.2023
Accepted: 26.10.2023
DOI: 10.59128/bojans.1344157

Abstract: In this study, it was tried to determine the organic matter status
of the soils where naturally growing rose hips were grown in Yozgat
province and its relationship with some soil properties, especially
erodibility. In this direction, degraded surface soil samples were taken
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from 30 different points. Organic matter (OM), texture, total calcium
carbonate (CaCO;), pH, electrical conductivity (EC), some macronutrients
(N, P, K, Ca and Mg), some micronutrients (Fe, Mn, Zn and Cu) and soil
erodibility factor of universal soil loss equation (USLE-K) were determined

Keywords using these samples. According to the findings, the soils were classified as
Erodibility "adequate" in terms of some macro and micronutrient contents (P, Fe,
Organic matter Mn, Zn and Cu) and higher in terms of some elements (Ca, K and Mg). The
Rosehip organic matter content of the soils varied between 2.28% and 9.87% and
Soil the USLE-K value of the soils varied between 0.02-0.06 t ha™ ha MJ™ h

mm™. According to the statistical evaluations, organic matter was

negatively correlated with pH and USLE-K and positively correlated with
Mn and Zn. The adequacy of the nutrient content of these soils and their
resistance to erosion were attributed to the high organic matter content
of the soils.

1.Giris

Toprak en onemli dogal kaynaklardandir. Bu dogal kaynagin korunmasi ve
surdirdlebilirliginin saglanmasi tim canlilar (insan, hayvan, bitki ve mikroorganizmalar) igin
onemlidir. Saghkli topraklar, bitkisel ve hayvansal (retimi slrdirme, c¢evresel
suirdurulebilirligi devam ettirme Uzerinde 6nemli rol oynarlar. Topragin organik madde
icerigi, boylesine hayati bir dongliyl saglamak igin kritik 6neme sahiptir. Organik madde,
toprak sagligi ve kalitesi lGzerinde énemli bir rol oynamaktadir (Amundson ve ark., 2015).
Toprak organik maddesi, su ve besin elementlerinin tutulmasi, drenaj ve havalandirmanin
diizenlenmesi ve erozyon yoluyla Ust toprak kaybinin azaltilmasi gibi bircok géreve katkida
bulunur (Robertson ve ark., 2014).

Topragin organik madde icerigini, topografya, bitki ortlsu, arazi kullanimi, toprak
dokusu ve tarimsal uygulamalar gibi parametreler kontrol eder (Danesh ve ark., 2022). Bitki
ortlisi toprak ozelliklerini etkileme potansiyeline sahiptir (Alaamer ve ark., 2022). Bitkisel
atiklar topraklarin organik madde icerigini artirarak su depolama potansiyellerini, infiltrasyon
hizini, agregat stabilitesini, erozyona karsi direncini ve bitki besin element icerigini
artirmakta, penetrasyon direncini ve hacim agirligini azaltmaktadir (Kara ve Aydemir, 2023;
Aydemir ve Kara, 2023; Kara ve ark., 2022a; Kara ve ark., 2021; Jeddi ve Chaieb, 2010).
Organik madde, genel olarak topraklarin fiziksel (Yakupoglu ve ark., 2017; Kara ve ark.,
2022b; Karadag ve ark., 2022; Kara ve Yakupoglu, 2023), kimyasal (Saltali ve Kara, 2022;
Saltali ve ark., 2023; Kara, 2023) ve biyolojik 6zelliklerini (Bender Ozeng ve ark., 2019)
etkileyen en onemli dinamik toprak degiskenidir. Ayrica toprak organik maddesi, kiiresel
iklim degisikligine neden olan sera gazlarinin olumsuz etkisini en aza indirme potansiyeline
de sahiptir (Emadi ve ark., 2020; Baligh ve ark., 2021).

Dogal kosullarda da yetisebilen kusburnu toprak istegi bakimindan secici degildir.
Rosaceae familyasinda yer alan Kusburnu (Rosa spp.), genellikle Haziran ayinda ciceklenen,
sonbaharda olgunlasan parlak kirmizi renkte meyveler veren, kisin yapragini doken cali
formlu bir bitkidir. Ulkemizde kusburnu dogal yayilim gostermektedir (Kutbay ve Kiling,
1996). Gorsel olarak cicek ve meyvelerinin albenisinden dolayr peyzaj dizenleme
calismalarinda kullanilmaktadir (Kogan, 2010). Meyvelerinden ¢ogunlukla ¢ay veya marmelat
yapiimaktadir. Modern tesislerde veya geleneksel yontemlerle elde edilen marmelati
Ulkemizde yogun olarak tiliketilmektedir (Agcadag ve ark., 2013). C vitamini basta olmak
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Uzere birgok yararli madde igerdiginin anlasilmasindan sonra gida sanayinin yaninda ilag ham
maddesi olarak da degerlendirilmeye baslanmistir (Poyraz Engin ve Boz, 2019).

Meyve Uretimi; 2014 yilinda kurulmus bahcelerden 26,67 ton, dogadan toplama ile 611
ton iken; 2017 vyilinda bahgelerden 221,04 ton ve dogadan 1754,25 ton olarak
gerceklesmistir (Kirci, 2015; Yavuz ve Erdogan, 2019). Ozellikle bahge uretimindeki artisin,
yabani islahi ve kiltiire alma galismalariyla dogrudan iliskisi vardir.

Kusburnunun dogal yayilis alanlari Orta ve Bati Asya, Avrupa ve Kuzey Afrika’dir. Bu
alanlar icerisinde Anadolu’da da ¢ok genis bir alanda tiir ve genotip zenginligiyle yogun
olarak yetismektedir (Nilson, 1997; ilisulu, 1992; Giines, 2013). Ulkemizin hemen her
yoresinde yetismekle birlikte 6zellikle Orta-Kuzey ve Dogu Anadolu bdélgelerinde daha yogun
olarak gorilmektedir (Gunes, 2013). Kusburnunun icinde yer aldigi Rosa cinsi, Kuzey
yarimkirenin tliman ve subtropik bolgelerinde 100’den fazla tiire sahipken, lilkemizde 27
tlrd yetismektedir (Nilson, 1997; Tlibives, 2023).

islemeye acilmamis alanlarin, dzellikle ¢cayir-meralarin, sera gazlari saliniminin gérece
dislik olmasinin yani sira, blyuk ve kiiclikbas hayvanciligin vazgegilmez yem kaynagi olmasi
bu alanlara ayri bir 6nem kazandirmaktadir. Bu dogal kaynaklarin korunmasi ve
strdirilebilirliginin saglanmasi icin toprak 6zelliklerinin bilinmesi gerekmektedir. ileride
atilacak yerinde adimlar ve dogru pratiklerin gelistirilmesi topraklarin fiziksel, kimyasal ve
biyolojik 0Ozellikleri ile erozyona ugrama egilimlerinin bilinmesinden ge¢mektedir. Bu
¢alismada, Yozgat ili sinirlari icerisindeki, yabani kusburnu yetisen bazi alanlarda yayginlik
gosteren topraklarinin bazi Ozellikleri belirlenmis ve bu 06zelliklerin birbiriyle iliskisi
incelenmistir.

2.Materyal ve Yontem

Yozgat ilinin merkez ilceyle birlikte 14 ilgesindeki yabani kusburnu yetisen alanlar,
arastirma sahasi olarak belirlenmistir. Ornekleme noktalarinin koordinat ve yiikseklik (asl)
bilgileri Cizelge 1’de, haritada gosterimi Sekil 1’de verilmistir. Dogal olarak kusburnu yetismis
alanlardan (meralar) bozulmus toprak Oornekleri rastgele ornekleme yontemine gore
yuzeyden, 0-30 cm derinligi temsil edecek sekilde alinmistir. Alinan toprak érnekleri uygun
kosullarda laboratuvar ortamina tasinmis ve analize hazir hale getirilmistir.

2.1.iklim Ozelligi

Yozgat ilinde genel olarak karasal iklim hakimdir. Yazlari sicak ve kurak gecerken, kislari
soguk ve yagish gegcmektedir. Uzun yillar iklim verilerine gore (1991-2020), en yiiksek sicaklk
Temmuz (38°C), en disuk sicaklik ise Subat ayinda (-24.4°C) gorilmektedir. Yozgat ili en fazla
yagisi ilkbahar ve kis aylarinda alirken, yillik ortalama yagis miktari 571.0 mm’dir (Anonim,
2023).
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Tablo 1. Yozgat yoresindeki yabani kusburnu lokasyonlari ve gevresel 6zellikleri

ilce ismi Lab. No Koordinat (DMS) Yikseklik (m)
N E
Akdagmadeni 1 39°39'18.6" 35°49'14.1" 1412
Aydincik 2 40°06'25.7" 35°17'58.0" 1303
Aydincik 3 40°12'11.9" 35°19'14.3" 647
Bogazliyan 4 39°18'34.2" 35°10'16.4" 1266
Bogazliyan 5 39°13'57.9" 35°18'36.5" 1086
Bogazliyan 6 39°15'19.9" 35°25'59.8" 1171
Candir 7 39°13'45.9" 35°29'35.8" 1212
Cayiralan 8 39°18'10.3" 35°40'37.7" 1365
Cekerek 9 39°57'48.6" 35°22'06.9" 1251
Kadisehri 10 40°01'28.4" 35°47'17.2" 1086
Merkez 11 39°42'51.6" 34°44'33.6" 1142
Merkez 12 39°59'08.8" 34°58'34.2" 1135
Merkez 13 39°51'37.1" 34°55'35.5" 1183
Merkez 14 39°50'03.5" 34°46'27.7" 1385
Merkez 15 39°49'26.5" 34°44'43.4" 1304
Merkez 16 39°53'22.0" 34°44'36.9" 1317
Merkez 17 39°46'20.1" 34°48'07.4" 1358
Merkez 18 39°41'09.3" 34°52'11.9" 1113
Saraykent 19 39°43'02.0" 35°31'06.8" 1085
Sarikaya 20 39°19'36.4" 35°18'20.7" 1136
Sarikaya 21 39°32'24.1" 35°15'07.6" 1067
Sarikaya 22 39°28'49.0" 35°15'07.5" 1154
Sarikaya 23 39°24'01.0" 35°19'05.1" 1301
Sorgun 24 40°01'36.5" 35°13'18.3" 1257
Sorgun 25 39°49'14.5" 35°29'45.0" 984
Sorgun 26 39°46'39.4" 35°11'45.7" 1217
Sorgun 27 39°33'17.9" 35°09'08.5" 1034
Sefaatli 28 39°30'24.0" 34°44'36.4" 916
Yenifakili 29 39°12'31.7" 35°05'36.8" 1031
Yerkoy 30 39°36'02.6" 34°31'40.9" 797
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Sekil 1. Toprak 6rneklerinin alindigi dogal olarak yetismis kusburnu mera alanlari

2.2.Yéntem
2.2.1.Toprak Analizleri

Topraklarin pH’si Thomas (1996)’in ve elektriksel iletkenligi (EC) ise Tiiziiner (1990)’in
calismasinda bildirildigi sekilde tespit edilmistir. Bouyoucus hidrometre yontemine goére
blnye analizi (Gee ve Bauder, 1986), Scheibler kalsimetresi ile toplam kire¢ (CaCO3) analizi
(Allison ve Moodie, 1965) ve yas yakma yontemine gore ise topraklarin organik madde icerigi
(OM) belirlenmigtir (Nelson ve Sommers, 1996). Topraklarin total N igerigi Kjeldahl
yontemine gore belirlenmistir (Kacar, 1994). Evrensel Toprak Kaybi Esitligindeki toprak
asinim faktori (USLE-K) Wischmeier ve Smith (1978) tarafindan gelistirilen hesaplama
yontemi esas alinarak belirlenmistir. Topraklarin Ca, Mg, Na ve K analizleri amonyum asetat
ekstraksiyonu yontemine gore (Helmke ve Sparks, 1996), P analizi ise NaHCO;
ekstraksiyonuna dayali yonteme (Olsen ve ark., 1954) gére yapilmistir. Topraklarin mikro
element (Fe, Zn, Cu ve Mn) igerikleri DTPA yontemine gore belirlenmistir (Lindsay ve Norvell,
1978).

2.3.istatistiksel Degerlendirme

Analiz sonucunda elde edilen verilerin tanimlayici istatistigi, korelasyon analizi ve temel
bilesen analizi SPSS paket programi kullanilarak yapilmistir.

3.Bulgular ve Tartisma

Belirlenen toprak ozelliklerine ait tanimlayici istatistikler Cizelge 2’de verilmistir. Adi
gecen cizelgeye gore topraklarin kil icerigi %12.52-47.63 arasinda degismis ve ortalama
degeri %26.23 olarak, kum icerigi ise %30.77-86.18 arasinda degisim gostermis ve ortalama
degeri %57.59 olarak belirlenmistir. Toprak degiskenlerinden organik madde %2.28-9.87
arasinda olup, ortalama degeri %5.34 olarak belirlenmistir. Buna gére mera topraklarin
ortalama organik madde icerigi Glicdemir (2006)’in siniflama sistemine gore yiiksek sinifinda
yer almistir. Yabani kusburnu yetisen topraklarin tarim makineleri ile islenmemesi organik
madde birikmesine neden olmus olabilir. Tarim makineleri ile islenmeyen alanlarin islenen
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alanlara oranla daha yilksek organik madde igerigine sahip oldugu birgcok arastirmaci
tarafindan (Ozyazici ve ark., 2016; Giindiiz ve Barik, 2019) bildirilmistir. Tarim yapilan
alanlarin dusiik organik madde igerigi mineralizasyon ile iliskilidir (Balesdent ve ark., 2000).

Topraklarin makro besin elementlerinden ortalama total N, yarayisli P, degisebilir Ca,
Mg ve K icerigi sirasi ile %0.14, 21.5 pug/g, 34.20 me/100g, 15.67 me/100g ve 1.37 me/100g
olarak tespit edilmistir. FAO (1990), siniflama sistemine gore P yeterli, Ca ve K fazla, Mg ise
cok fazla sinifinda yer almistir. Topraklarin fazla Ca igerigi topraklarin kireg igerigi ile
iliskilendirilmistir (Cizelge 2). Calisma alaninda karasal iklimin hakim olmasi topraklarda Mg
birikimine neden olmustur. Kurak-yari kurak bolge topraklari genellikle yiksek Mg icerigine
sahiptir (Mengel ve Kirkby, 2001). Topraklarin yarayisl Fe, Cu, Zn ve Mn igerigi sirasi ile 5.51
ug/g, 1.63 pg/g, 1.66 pg/g ve 22.96 pg/g olarak belirlenmistir. Yapilan siniflandirma
sistemine gore Fe, Cu, Zn (Lindsay ve Norvell, 1978) ve Mn (FAO, 1990) yeterli sinifinda yer
almistir. Mikro besin elementlerinin (Fe, Cu, Zn ve Mn) toprak icindeki varhgn topraklarin
organik madde ve kil miktari ile iliskilidir. Topraklarin USLE-K faktori 0.02 ile 0.06 t ha™ ha
MJ™t h mm™ arasinda degisim gosterir iken ortalama degeri 0.04 t ha™ ha MJ™* h mm™ olarak
tespit edilmistir. Topraklarin hepsi USLE-K faktoriine gore yapilan siniflama sistemine goére
cok az asinabilir toprak sinifinda yer almistir (Ozdemir, 2002). Topraklarin erozyona karsi
direnci, topraklarin yiiksek organik madde ve kil icerigine baglanmistir.

Tablo 2. Olciilen degiskenlere ait tanimlayici istatistikler

Degiskenler Birim En Diislik En Yiksek Ortalama Standart Carpikhik Basikhk
Sapma
Kil % 12.52 47.63 26.23 8.90 0.34942 -0.22109
Silt % 1.30 31.45 16.18 8.61 0.12060 -0.81526
Kum % 30.77 86.18 57.59 14.69 -0.19193 -0.40606
pH 6.35 7.58 7.24 0.228 -2.00659 7.09983
EC uS 387.0 1238.0 747.29 199.16 0.28379 0.27098
CaCOs % 0.42 58.88 15.26 13.95 1.35972 1.87982
oM % 2.28 9.87 5.34 1.827 0.77037 0.70384
% 0.04 0.41 0.14 0.08 1.66116 3.98206
P ua/g 3.88 55.50 21.50 12.59 0.92830 0.32759
Ca me/100g 16.82 62.75 34.20 8.76 0.67428 3.14174
Mg me/100g 1.82 57.15 15.67 12.83 1.64544 2.89869
K me/100g 0.30 3.53 1.37 0.79 0.94529 0.58340
Na me/100g 3.08 5.81 4.07 0.71 0.62397 -0.17035
Fe ua/g 2.05 8.56 5.51 1.995 0.00394 -0.98904
Cu ua/g 0.55 3.76 1.63 0.793 1.03411 0.58936
Zn ua/g 0.12 5.86 1.66 1.566 1.42700 1.04833
Mn ua/g 3.73 84.68 22.96 14.93 2.75189 9.90054
tha™ ha
MI™h
USLE-K mm™* 0.02 0.06 0.04 0.007 0.66037 1.19100

Olciilen toprak 6zelliklerinin birbiri ile iliskisi Cizelge 3’te verilmistir. Yapilan korelasyon
analiz sonucuna gore kil; kum (r = -0.845**), Fe (r = -0.451*) ve USLE-K (r= -0.561%) ile
negatif iliski, Cu (r = 0.431*) ve K (r= 0.429%*) ile pozitif iliski sergilemistir. Konya’nin farkl
ilcelerinde (Eregli, Karapinar, Akéren ve Seydisehir) fig tarimi yapilan topraklarda yirdtilen
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calismada, toprak degiskenlerinden kil ile Cu arasinda dogru bir iliski belirlenmistir
(Karadavut ve ark., 2011). Manisa’nin Salihli ilgesinde seftali bahgelerinde yapilan bir
calismada, toprak degiskenlerinden kil ile Cu (pozitif iliski) benzer sonuglar sunmustur
(Yagmur ve Okur, 2015). Taskin ve ark. (2018) toprak degiskenlerinden alinabilir Fe ile kil
icerigi arasinda ters bir iliski oldugunu rapor etmislerdir. Topraklarin asinabilirligini
degerlendirmede kullanilan indekslerden birisi USLE-K'dir. USLE-K topraklarin kil igeriginden
onemli 6lglde etkilenir (Zhang ve ark., 2004). Topraklardaki kil igerigi ile USLE-K arasinda ters
yonli bir iliski vardir. Yani toprak kil igerigi arttikca topraklarin erozyona ugrama
kabiliyetlerinde azalma gorilir (Yakupoglu ve Demirci, 2013). Toprak degiskenlerinden pH;
organik madde (r= -0.508**), P (r= -0.445%*), Cu (r= -0.392%*), Zn (r= -0.526**) ve Mn (r= -
0.845**) ile negatif iliski sergilemistir. Cayir-mera topraklarinda yurutilen bir ¢alismada,
pH'nin diger toprak ozellikleri (Organik madde, P, Cu ve Mn) arasinda negatif iliskiler
sergiledigini rapor etmislerdir (Yalgin ve ark., 2018). Organik madde ile USLE-K arasinda (r= -
0.666**) negatif iliski, Zn (r= 0.625**), Mn (r= 0.569**) ve P (r= 0.384*) ile arasinda ise
pozitif yonli iliskiler vardir. Toprak organik maddesi ile USLE-K arasinda ters bir iligski vardir
(Yakupoglu ve Demirci, 2013; Atalay, 2018). Bu calismada yabani kusburnu alanlarinin
topraklarinin islenmiyor olmasi topraklarda bir organik madde birikimine neden olmustur.
Topraklardaki organik madde birikimi erozyona ugrama egilimini azaltmistir. Toprak
degiskenlerinden organik maddenin topraklarin makro ve mikro besin elementleri tGzerinde
olumlu etkiler biraktig bircok arastirmaci tarafindan belirtilmistir (Yalgin ve ark., 2018; Kara
ve ark., 2021; Kara ve ark., 2022a). Toprak degiskenlerinden USLE-K; kum (r= 0.550**) ile
pozitif, EC (r = -0.573**), N (r= -0.439%*), K (r= -0.385%*) ve Mn (r= -0.393*) ile negatif yonla
onemli iliskiler gostermistir. Dulkadiroglu (2017) tarafindan yurutilen bir calismada, topragin
kum igeriginin artisina bagh olarak USLE-K faktoriiniin de artis gosterdigi bildirilmistir.

Organik maddenin bazi diger degiskenlerle (USLE-K, Zn, Mn ve pH) iliskisi Sekil 2’de
verilmistir. Organik maddenin artisina bagh olarak USLE-K (R2= 0.4439) ve pH (R2= 0.2578)
azalma gosterir iken Zn (R’= 0.3905) ve Mn (R%= 0.3239) artis gdstermistir. Organik madde,
toprak agregat stabilitesinde 6nemli rol oynar. Toprak organik maddesi ile toprak yapisal
stabilitesi arasindaki glicli pozitif iliski her yonilyle tanimlanamamis olsa da bilinmektedir
(Rhoton ve ark., 2002).

Benzer sonuclari baska arastirmacilar da belirtmistir (Herath ve ark., 2013; ilay ve
Kavdir, 2018). Toprak islemenin yapilmadigi orman ve mera topraklari tGzerinde yapilan bir
calismada, toprak organik maddesi ile toprak pH’si arasinda negatif bir iliski oldugu rapor
edilmistir (Sadyilmaz, 2022). Toprak organik maddesi, mikrobiyal aktiviteyi artirarak topragin
CO, ve organik asit oranini artirir (Aksu, 2020). Organik asitler toprak pH’si Uzerinde direk
etki etmektedir. Toprak icinde birikmis CO, ise su (H,0) ile tepkiye girerek karbonik asit
(H,CO3) olusturmasindan sonra toprak pH’sini distirmektedir. Bu doéngl toprak organik
maddesi ile pH arasindaki ters iliskiyi aciklayabilir niteliktedir. Ozgiiven ve Katkat (2002),
yaptiklar bir ¢alismada toprak organik madde igerigi ile alinabilir Zn arasinda %1 6nem
diizeyinde pozitif iliski belirlemislerdir.
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Tablo 3. Belirlenen toprak 6zelliklerinin korelasyon tablosu

. . usL
Kil Siltt Kum pH EC CaC OM N P Ca Mg K Na Fe Cu Zn Mn E-K
O;
Kil 1
Silt 3'*40 1
KU 084 083 1
pH 0.04 0.15 2'12 1
8 8
EC 8'27 8'31 035 010 1
6 5
CaC 035 064 021 0.32
0.58 1
0; O 2% e 1 6
om 021 0;36 034 0.50 o;ﬂs*o 022
8 5 6 ges B 5
y 015 044 .. oo 050 006 024
3 4% 3** 3 0
3 4
P 2'19 8'09 0.17 0.44 3'30 0.03 2'*38 2'17 1
2 5% 0
Ca 2'29 g.oo 0.17 8'33 8'03 2'09 0.03 008 026 1
9 2 5 9
Mg 2'23 8'04 0.17 (1)'19 0.02 2'05 0.13 0.33 0.19 853* 1
1 8 3 5 7
042 045 ) 0.65 0.40 031 0.63 046 00
K " W 052 0.06 . [ o 00 1
9 3 ser 3 1 6 0 2 1 46 g
0.04 007 0.22 038 0.14 004 0.00 003 01 0.1 0.20
Na 0.07 1
0 8 0 1 0* 9 7 4 6 92 63 3
Fe 045 0.10 3'33 0.00 041 0.49 0.22 (1)'21 0.19 00 00 0.28 8'10 1
1* 9 1 4% 4*x 3 4 49 63 9
0.43 047 ) 0.14 001 028 040 040 00 00 035 __ 03
cu we 053 039 " " 0.0 1
1 3 grr  gx 042 6 3 0 13 39 3 Y
Zn 0.16 2'27 0.06 0.52 gfz 3'15 g.*e*z (1"23 g.*41 02 03 8'29 2’50 0.0 2’22 1
3 2 6** 79 34 07
Mn 8'09 2'16 0.15 0.84 2'20 0.25 8;5*6 2'13 2'*5*6 02 0.1 2'20 0.1 8'11 2;5*2 g;f 1
8 Sk 9 12 67 31
lEJ_?(L 0.56 0.35 8;5*5 (7"29 0.57 0.15 0.66 0.43 023 0.0 8'31 0.38 0.0 2’22 0.26 032 0.39 1
1** 9 3kx 2 6** 9% 1 97 5% 81 2 1 3*
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Bozok Tarim ve Doga Bilimleri Dergisi, Cilt: 2, Say:: 2, Syf: 73-84
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Sekil 2. Organik maddenin bazi toprak 6zellikleri ile iligkisi

Toprak degiskenlerinin temel bilesen analizi Sekil 3’te verilmistir. Sekil 3’e gore toprak
degiskenleri 5 bilesen ile tanimlanmistir. Bilesen-1’de organik madde, Zn ve Mn ayni yonli
iken USLE-K bu degiskenler ile ters iliski gostermistir. Temel bilesen analiz sonucuna gore
toprak degiskenlerinden organik madde toprak kil icerigine oranla toprak asinim faktor
Uzerinde daha olumlu bir etki gdstermistir. Bilesen-2’de kiimelenen Cu ile kil birbiri ile ters
yonli iliski gostermigstir. Varyansin yaklasik %11’ini agiklayabilen bilesen-3’te ise toplam kireg
ile Fe birbiri ile negatif iliski sergilemistir (Sekil 3). Temel bilesen analizinde elde edilen
sonuclar ile korelasyon analizinde elde edilen iliskiler birbirini destekler niteliktedir.

Bilesen 2

-0,5

-1,0

Degiskenler PC-1 PC2 PC3 PC4 PCS5

ki OIS30N =R

Kum = -0.793  --- e e

pH 0731 - s s e

caco3 e e S0 1R

oM 0 RGO

N - 0.896 -

. 0.707

o e -0.724

Mo 01553

o mmme s s 0590 -

Fe = - 01888 ——

cu Ol72 O

Zn D77 — B R

10 Mn 07330 — e

1.0 .05 QR USLE-K S0l66T e
’ 005 1,010 05 ™ 3 Ozdegerler 4743  3.022 1.605 1491 1.015
Bilegep, 3 Bx\eﬁe“ Varyans Yiizdesi % 31.619 20.144 10.697 9.940  6.765
Eklenerek Artan Yiizde % 31.619 51.763 62.460 72.401 79.165

Sekil 3. Topraklarin temel bilesen analiz (PCA) sonucu
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4.Sonug

Kusburnu vyetistiriciligi icin kurulacak bahgelerle, bdlgede tarimsal faaliyetlerin
gelismesine etki ederek, aile ve llke ekonomisine katki saglayacak, kirsal kesimden goci
onleyecek, kusburnunun cesitli Grlinlere islenmesi ile ilgili isletmelerin hammadde
ihtiyaglarini karsilayacak, yeni is sahalari olusturulacak ve issizlik azalacaktir. Ekonomik
acidan pazar imkanlarina sahip olmasi ve yulksek satis fiyati ile kusburnu, giftgilerimiz igin
onemli bir gelir kaynagi olma potansiyeline sahiptir.

Elde edilen sonuglara gore, Yozgat ilinde genis bir dagilim gosteren yabani kusburnu
yetisen alanlardaki topraklarda, bitki besin elementlerinden P, Fe, Mn, Zn ve Cu yeterli
seviyededir. Bu topraklarda Ca, K ve Mg ise fazla sinifinda yer almistir. Topraklarin ortalama
organik madde igerigi ylksek ve ortalama USLE-K degerleri ise “¢ok az asinabilir” sinifinda yer
almistir. Yabani kusburnu topraklarinin stabil bir yapi sergilemeleri yiiksek toprak organik
madde icerigine baglanmistir. Bu organik madde havuzunun heniiz bu topraklarin islemeli
tarima acilmamasindan kaynaklandig disiniilmektedir. Bu alanlarin tarim alani olarak
kullanima acilmamasi, en azindan bu yabani tirler ile ilgili calismalar tamamlanana kadar ya
da mimkiinse kiltiire alinana kadar 6nemlidir. Bu alanlarda halihazirda toprak asinim riski
bulunmamaktadir fakat topraklarin erozyona ugrayip ugramayacagl toprak erodibilitesinin
yaninda bircok faktoriin bileske etkisine bagli oldugundan yine de dikkatli olunmalidir.
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Oz: Bu galisma, farkli siire ve siddetlerde manyetik alan uygulamalarinin
biber tohumlarinin tuz stresi altinda ¢imlenmesi (Uzerine etkilerinin
arastirilmasi amaciyla yurutilmustir. Bitkisel materyal olarak “Arzuman”
tath sivri kil gesidi biber kullanilmistir. Tohumlara O, 3, 5 ve 7 dakika sire
ile 0,0.3,0.5,0.7, 0.9 ve 1.1 Tesla (T) siddetinde manyetik alan uygulamasi
yapilmistir ve tohumlar tuz stresine (150 mmol) maruz birakilarak toplam
¢cimlenme orani, ortalama c¢imlenme siresi ve c¢imlenme Uniformitesi
incelenmistir. Tuz uygulamasinin ¢imlenme oranini (%80.29-%31.10)
dustrduglu ve ortalama gimlenme slresi (5.81-7.28 giin) Ulzerine ¢ok
onemli etkilerinin oldugu, ¢cimlenme tniformitesine ise dnemli bir etkisi
olmadigi gorulmustur. Farkh strelerde uygulanan Manyetik alan (MA)
uygulamasinin ¢imlenme orani ve ortalama g¢imlenme siresi Uzerinde
onemli etkileri oldugu belirlenmistir. En iyi ¢imlenme orani %59.33 ile
kontrol grubunda; en disiik ¢cimlenme orani ise %53.03 ile 3 dk Tesla
uygulamasinda tespit edilmistir.
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Abstract: This study was conducted to investigate the effects of magnetic
field applications of different durations and intensities on the germination
of pepper seeds under salinity stress. The sweet pointed pepper variety
“Arzuman” was used as plant material. The seeds were subjected to
magnetic field applications at intensities of 0, 0.3, 0.5, 0.7, 0.9 and 1.1
Tesla (T) for 0, 3, 5 and 7 minutes and then exposed to salinity stress (150
mmol). Total germination percentage, mean germination time and
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germination uniformity were examined. It was observed that salt
application decreased the germination percentage (80.29%-31.10%) and
had very significant effects on the average germination time (5.81-7.28
days), while it had no significant effect on germination uniformity.
Different durations of magnetic field application were found to

Keywords

Pepper, Germination
Magnetic field,

Salt stress significantly affect germination percentage and mean germination time.
The highest germination rate was found in the control group with 59.33%,
while the lowest was found in the 3 minute Tesla application with 53.03%.

1.Giris

Solanaceae familyasindan olan biber (Capsicum annuum L.), ihman iklim kosullarinda tek yillik
olarak yetistirilen, meyvesi yenen bir sebzedir (Vural vd., 2000). Biber bitkisi tuza dayanikh bir sebze
degildir ve tuz seviyesindeki her 1.0 dS/m artis sonucunda meyve veriminde yaklasik %14 oraninda
kayip meydana gelmektedir (EI-Hifny ve El-Sayed, 2011).

Uriin verimiyle ilgili talepler son yirmi yilda, hizla artan diinya niifusuna ayak uydurmak icin
diinya genelinde 6nemli bir artis gdstermistir (Savary vd., 2020). Bu nedenle, Urin veriminin ve
kalitesinin nasil arttirilacagi, kiresel tarim sorunu haline gelmistir. Toprak tuzlanmasi, diinya capinda
tarimi tehdit eden 6nemli bir cevresel sorundur (Hazell ve Wood, 2008). Sulu tarim alanlarinin
yaklasik %20'si toprak tuzlanmasi nedeniyle olumsuz etkilenmektedir. Toprak tuzlanmasi sorunlari,
dogal gevrenin bozulmasi, yanlis sulama uygulamalari ve iklim degisiklikleri gibi faktorlerden dolayi
daha da kotilesmektedir (Ziska vd., 2012; Park vd., 2016). Bu nedenle, riin verimini etkili bir sekilde
artirmak icin, artan bir tehdit haline gelen toprak tuzlanmasi sorununu ele almak son derece
onemlidir (Zhao vd., 2021). Tuzluluk bitkilerde morfolojik ve biyokimyasal fonksiyonlar lzerinde
olumsuz etkiye neden olmakta, tohum cimlenmesini, bitki blylmesini, gelismesini ve verimini
olumsuz yonde etkilemektedir (Zhang ve Dai, 2019). Tuzluluk 6zellikle bitkilerde klorofil ve karotenoid
icerigini azaltir, kloroplast altyapisini bozar, stoma iletkenligini azaltir, fotosentetik mekanizmayi,
terlemeyi ve gaz alisverisini engeller (Pan vd., 2021), ayrica yaprak suyu potansiyelini disurerek
bitkinin su iliskilerini bozar ve bitkinin turgorunu azaltir. Bu da ozmotik strese yol acar (Navada vd.,
2020) ve bitki hicrelerindeki reaktif oksijen tirlerinin (ROS) igerigini arttirarak oksidatif stres
olusturur (El Ghazali, 2020).

Manyetik alan (MA), hareket eden elektrik yikine etki eden kuvvet olarak tanimlanir. MA
uygulamalarinin pek ¢ok kullanim alani bulunmakta ve son yillarda tip, biyoloji ve tarim alanlarinda
kullanimina iliskin calismalar artmaktadir (Bagatirlar, 2016). MA uygulamalari organizmalar Gzerinde
cesitli etkiler yapmaktadir. MA uygulamalari elektron donuslerini etkileyerek kimyasal reaksiyonlari
etkilemekte ve bazi biyolojik sonuglara neden olmaktadir (Alshalwi, 2017). Bitki gelisimi ile ilgili MA
uygulamalari ilk defa 1930 yilinda bugday bitkisinde yapilmistir. Ginimize kadar pek cok bitkide
(bezelye, sogan, biber, lahana, domates vb.) MA uygulamasina iliskin ¢alismalar yirGtalmustir (Sari,
2019). Tohumlarin manyetik alanla islenmesi tarim sektoriinde oldukca popiler hale gelmistir.
"Magnetopriming" olarak adlandirilan MA ile ekim ©ncesi tohum uygulamasi, birgok Urinin
¢cimlenme oranini ve fide giiclinG arttirdigi bildirilen, tahribatsiz ve kuru bir tohum hazirlama islemidir
(Shine vd., 2011; Bhardwaj vd., 2012; Sunita vd., 2015; Anand vd., 2019). Stressiz kosullarda
manyetopriming'e yanit olarak tohumlarda ¢imlenme sirasinda meydana gelen metabolik
degisiklikler hakkinda gesitli arastirmalar bulunmaktadir (Shine vd., 2011; Bhardwaj vd., 2012; Sunita
vd., 2015; Anand vd., 2019). Sabit MA ile tohumlara uygulanan manyetik biyo-stimilasyonunun tuz
stresi altinda ki etkileri yapilan ¢alismalarda rapor edilmistir (Thomas vd., 2013; Kataria vd., 2017).
MA kullaniminin bir diger avantaji, cimlenme oranlarinin arttirilmasi ve membran gecirgenliginin olasi
artusi ile iliskili olup, tohumlarin su emme islemini kolaylastirmasidir (Reina ve Pascual, 2001). MA'nin
bitki biyUmesini iyilestirmenin yani sira su ve besin emilimini etkileyebilecegi bildirilmistir (Hilal vd.,
2002; Maheshwari ve Grewal, 2009). Cimlenme oranlarini iyilestirmenin 6tesinde, MA'a maruz kalan
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tohumlar, muhtemelen bitkilerin hizli blyimesini tetikleyen artan hiicre ¢ogalma kapasitesi gibi
olumlu etkilere neden olmaktadir (Cakmak vd., 2010). Diger arastirmacilar ayrica MA'nin tohum
¢imlenmesini, fide canlihgini, fotosentetik pigmentleri, fotosistem II'nin (PSIl) etkinligini ve isik
enerjisinin emilimine dayali performans indeksini arttirmanin yani sira verimli fotosentezi tesvik etme
ve 1sik etkilerini hafifletme Gzerindeki olumlu etkisini de bildirmislerdir (Baghel vd., 2016; vd., 2017,
2019). Bazi ¢alismalarda MA'nin, bitki hiicrelerinde peroksidaz, polifenol oksidaz (PPO), stiperoksit
dismutaz (SOD) ve katalaz (CAT) gibi antioksidan enzimlerin aktiviteleri nedeniyle bitki oksidatif
hasarini azalttigi bildirilmistir. Spesifik olarak MA, antioksidan aktiviteyi etkilemis ve bitkilerdeki
serbest radikal iyonlarinin aktivitesini arttirmistir (Dhawi, 2014; Maffei, 2014; Vian vd., 2016).

Bu calismada; tohuma MA uygulamasinin biberin tuz stresi altinda ¢cimlenme 6zellikleri (izerine
etkisi incelenmistir. Tuz stresinin biber tzerindeki zararli etkisini azaltmak igin daha 6nce arastirmalar
yapilmis ancak MA uygulamasinin etkinligi ile ilgili cok fazla ¢alisma bulunmamaktadir.

2. Materyal ve Yontem

Calisma Bozok Universitesi Ziraat Fakiiltesi Bahge Bitkileri Bolimi iklim odalari ve
laboratuvarlarinda gerceklestirilmistir. Arastirmada piyasada ticari olarak satilan biber ¢esitlerinden
biri olan Arzuman tatl sivri kil ¢esidi kullanilmistir. MA uygulamalari, Bilim ve Teknoloji Uygulama ve
Arastirma Merkezinde (BILTEM) Hall Etkisi Olgiim Sistemi (HEMS) kullanilarak 0, 0.3, 0.5, 0.7, 0.9, 1.1
siddetlerinde ve 0, 3, 5 ve 7 dakika strelerle gerceklestirilmistir. HEMS sistemi ile tohumlara MA
uygulama Sekil 1’de gortlmektedir.

Sekil 1. HEMS sistemi ile tohumlara MA uygulama
2.1. Cimlenme testi

Cimlenme testi, 10 cm ¢apindaki petri kabinda ¢ift kat kurutma kagidi ile her tekerriirde 50
tohum ve (g tekerrirli olacak sekilde faktoriyel deneme desenine gore kurulmustur. Denemede tuz
(150 mmol) uygulamasinin yani sira optimal kosullarda c¢imlenen tohumlar da kontrol olarak
kullanilmistir. Tuz stresi uygulamasinda tohumlara ilk glinden itibaren 150 mmol konsantrasyonunda
tuzlu su, optimum kosullardaki tohumlara ise saf su uygulamasi yapilmistir. Kékglik uzunlugunun 1
mm’ye ulasmasi ¢imlenme icin vyeterli kabul edilip cimlenen tohum sayisi ginlik olarak
kaydedilmistir. Cimlenen tohum sayisi sabit oluncaya kadar bu isleme devam edilmistir.

Cimlenme testi sonunda asagidaki parametreler belirlenmistir (Farooq ve ark., 2006).
Toplam ¢imlenme orani (%)
- Ortalama ¢imlenme stiresi (glin, MGT) = (A1D1+A2D2+...AnDn) / (A1+A2+...An)

A= her glin ¢cimlenen tohum sayisi, D: A sayisi kadar tohumun ¢imlenmesi igin gerekli gln, n:
son sayima kadar gecgen giin sayisi (Cimlenme Analizi 1.0 yaziimi kullanilarak hesaplanmistir.)
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- Cimlenme Uniformitesi (Gig.90): (Toplam ¢imlenme oraninin %10’una kadar gegen sire ile
%90'na kadar gecen sire arasindaki fark, gin) (Cimlenme Analizi 1.0 yazihmi kullanilarak
hesaplanmistir.)

2.2. istatistiksel analiz

Arastirma siresince elde edilen tiim verilerin ortalamalarinin hesaplanmasinda "Microsoft
Office XP EXCEL" programi kullaniimistir. SPSS 20.0 paket programi Duncan Multiple Range Test (%5)
¢imlenme 6zelliklerine ait degisimlerini analiz etmekte kullaniimistir.

3. Bulgular

Biber tohumlarina farkl siire ve siddette MA uygulamasinin tuzlu kosullarda toplam gimlenme
orani, ¢cimlenme Uniformitesi ve ortalama cimlenme siiresi lzerine etkileri Tablo 1’de sunulmustur.
Tablo 1 incelendiginde, tuz uygulamasinin ¢cimlenme orani ve ortalama ¢imlenme siiresi (izerine ¢ok
onemli etkilerinin oldugu, ¢imlenme {niformitesine ise dnemli bir etkisi olmadigi goriilmektedir. En
iyi cimlenme orani %80.29 ile kontrol grubunda belirlenmis olup, tuzlu kosullarda ¢cimlenme orani
%31.10 olarak tespit edilmistir. En erken ortalama ¢imlenme siiresi, 5.81 giin ile kontrol grubunda
saptanmis olup, tuzlu kosullarda ortalama ¢imlenme siiresi (7.28 giin) 1.47 glin daha uzun olmustur.

Farkl siirelerde uygulanan MA uygulamasinin ¢cimlenme orani ve ortalama ¢imlenme siiresi
Gzerinde 6nemli etkileri oldugu belirlenmistir. Cimlenme Uniformitesi lzerine ise istatistiksel acidan
onemli bir etkisi olmadigi bulunmustur. En iyi cimlenme orani %59.33 ile kontrol grubunda; en disik
gimlenme orani ise %53.03 ile 3 dk uygulamasinda tespit edilmistir. Ortalama ¢imlenme siiresi 6.06
gin ile en erken kontrol grubunda kaydedilirken, en ge¢ cimlenme siresi 6.82 giin ile 5 dk
uygulamasinda tespit edilmistir.

Farkh siddet ve farkh dakikalarda MA uygulamasinin ¢cimlenme orani, ¢cimlenme Gniformitesi ve
ortalama ¢imlenme siiresi Gzerine etkileri goriilmezken ortalama cimlenme siiresi Gzerine ¢cok 6nemli
etkisi bulunmustur. En iyi ortalama ¢imlenme siresi; 6.06 giin ile kontrol grubunda belirlenirken en
gec cimlenme siresi 6.94 giin ile 0.9 tesla siddetinde tespit edilmistir.

Tablo 1. Farkh siddetlerde farkli dakikalarda MA uygulamasinin cimlenme orani, ¢cimlenme Uniformitesi ve
ortalama ¢imlenme siiresi (izerine etkileri

Cimlenme Orani (%) | Ortalama ¢imlenme siresi (glin) | Cimlenme Gniformitesi (glin)
Tuzluluk T- 80,29 a 581b 7.63
M T+ 31.10b 7.28 a 7“.39
0 59.33 a 6.06 b 6.72
MA 3 53.03b 6.37 ab 6.57
Dakika 5 57.50 ab 6.82a 7.79
(MD) 7 55.83 ab 6.53 a 7.34
* * Od.
0 59.33 6.06 c 6.72
0.3 56.89 6.28 bc 7.66
,MA 0.5 54.00 6.16¢c 7.22
ST'::? 0.7 55.44 6.72 ab 7.03
(MS) 0.9 55.39 6.94a 8.02
1.1 55.56 6.79a 7.89
Od. *xk Od.

T: Tuz, MD: Manyetik alan uygulama siiresi (Dakika), M$: Manyetik alan uygulama siddeti (Tesla)

Tablo 2’de goruldugu tzere, “(TxMD)” interaksiyonu istatiksel agidan énemli bulunmamistir.
Bununla birlikte, rakamsal olarak en iyi ¢cimlenme orani normal kosullarda %81.47 ile 5 dakika
uygulamasindan elde edilirken, en az ¢cimlenme orani %78.6 ile 3 dakika uygulamasinda saptanmistir.
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Tuzlu kosullarda en iyi ¢imlenme orani %37.33 ile kontrol grubunda ve en az ¢imlenme orani ise
%27.40 ile 3 dakika uygulamasinda tespit edilmistir. Cimlenme (iniformitesi bakimindan en yiksek
degerler normal kosullarin saglandigi kontrol grubunda (5.58 giin) belirlenmis olup, en diistik degerler
7.90 giin ile 7 dakika MA uygulamasinda belirlenmistir. Ortalama ¢imlenme siresi ise en erken tuz
uygulamasi yapilmayan kosullardan elde edilen kontrol grubunda (5.19 giin) belirlenmis olup, en ge¢
5.96 glin ile 5 dakika MA uygulamasindan elde edilmistir.

Tablo 2. MA uygulamasinin tuzlu ve normal kosullarda T x MD, T x MS, MD x MS ve T x MD x MS uygulamasinin
¢imlenme orani, ¢cimlenme Uniformitesi ve ortalama gimlenme siiresi Gzerine etkileri

Cimlenme orani (%) | Ortalama gimlenme siresi (glin) | Cimlenme Uniformitesi
(gtin)
0 81.33 5.19 5.58
T 3 78.67 5.83 7.59
5 81.47 5.96 7.82
7 80.53 5.76 7.90
TxMD 0 37.33 6.93 7.87
T+ 3 27.40 6.91 7.56
5 33.53 7.69 7.75
7 31.13 7.30 6.77
Od. Od. Od.
0 81.33 5.19 5.58
0.3 80.44 5.50 7.25
T 0.5 79.56 5.49 7.51
0.7 81.56 5.92 7.53
0.9 80.67 6.35 8.52
1.1 78.89 5.99 8.03
T™XM$ 0 37.33 6.93 7.87
0.3 33.33 7.06 8.06
T+ 0.5 28.44 6.82 6.93
0.7 29.33 7.51 6.54
0.9 30.11 7.53 7.52
1.1 32.22 7.59 7.75
Od. Od. Od.
0 0 59.33 6.06 b 6.72 bc
0.3 53.00 6.17 b 7.61 abc
0.5 48.00 6.03 b 7.64 abc
3| 07 57.00 5.87b 6.07 ¢
0.9 55.33 6.83 ab 7.88 abc
1.1 51.83 6.97 ab 8.64a
0.3 60.33 6.38 ab 7.91 abc
0.5 57.67 6.18 b 6.41c
MDxMS$ 51| 0.7 53.00 7.66a 8.39ab
0.9 59.67 7.19 ab 8.33ab
1.1 56.83 6.70 ab 7.88 abc
0.3 57.33 6.28 ab 7.45 abc
0.5 56.33 6.26 b 7.60 abc
7 | 07 56.33 6.62 ab 6.64 bc
0.9 51.17 6.80 ab 7.86 abc
1.1 58.00 6.69 ab 7.13 abc
Od. * *
TXMDxMS$ ok Od. 0Od.

T: Tuz, MD: Manyetik alan uygulama siresi (Dakika), MS: Manyetik alan uygulama siddeti (Tesla)
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“TxMS” interaksiyonunun g¢imlenme orani, ¢cimlenme Uniformitesi ve ortalama ¢imlenme
siresi Uzerine istatiksel acidan onemli bir etkisi olmadigl saptanmistir. Rakamsal olarak
inceledigimizde, tuz olmayan kosullarda en iyi cimlenme orani %81.56 ile 0.7 tesla siddetindeki MA
uygulamasinda tespit edilmistir. En az cimlenme orani ise %78.89 ile 1.1 tesla siddetindeki MA
uygulamasinda saptanmistir. Tuzlu kosullarda en iyi ¢cimlenme orani %37.33 ile kontrol grubunda
kaydedilirken, en az cimlenme orani %28.44 ile 0.5 tesla siddetindeki MA uygulamasinda
saptanmistir. Cimlenme Uniformitesi normal kosullarda rakamsal olarak en erken 5.58 giin ile kontrol
grubunda en gec¢ ise 8.52 giin ile 0.9 tesla siddetindeki MA uygulamasinda belirlenmistir. Tuzlu
kosullarda en erken ¢cimlenme Uniformitesi 6.54 giin ile 0.7 tesla siddetinde olurken, 8.06 giin ile en
gec 0.3 tesla siddetinde saptanmistir. Ortalama c¢imlenme siresi rakamsal olarak en erken tuz
olmayan kosullarda 5.19 giin ile kontrol grubunda belirlenmis olup, en ge¢ 0.9 tesla siddetinde (6.35
gin) saptanmistir. Tuzlu kosullarda ortalama c¢imlenme siiresi en erken 6.82 giin ile 0.5 tesla
siddetinde kaydedilmistir ve en ge¢ 7.59 giin ile 1.1 tesla siddetinde saptanmistir.

“MDxMS” interaksiyonunun ¢imlenme orani Uzerinde istatistiksel olarak 6nemli bir etkisi
gorilmezken, ¢cimlenme Uniformitesi ve ortalama ¢imlenme siireleri (izerine etkisi istatistiksel agidan
onemli bulunmustur. istatistiksel olarak &nemli olmamakla beraber, rakamsal olarak en iyi gimlenme
orani (%60.33) 5 dakika slireyle 0.3 tesla siddetindeki MA uygulamasinda saptanmistir. En az
¢imlenme orani ise %48.00 olarak 3 dakika siire ve 0.5 tesla siddeti uygulamasinda kaydedilmistir.
istatistiksel olarak nemli oldugu belirlenen ¢imlenme tniformitesinde en yiiksek deger 6.07 giin ile 3
dakika 0.7 tesla siddetinde MA uygulamasinda saptanmistir ve en distk ¢cimlenme Uniformite degeri
ise 8.64 giin ile 3 dakika boyunca 1.1 tesla siddetinde MA uygulanan tohumlardan elde edilmistir.
Ortalama ¢cimlenme siresi bakimindan en erken ¢imlenme, 3 dakika boyunca 0.7 tesla siddetinde MA
uygulanan tohumlarda (5.87 giin) tespit edilmis olup, en ge¢ ortalama ¢imlenme siiresi 7.66 giin ile 5
dakika boyunca 0.7 tesla siddetinde MA uygulamasinda saptanmistir.

“TxMDxMS” interaksiyonunun g¢imlenme orani Uzerine etkisinin istatistiksel agidan 6nemli
oldugu tespit edilmis olup, cimlenme Uniformitesi ve ortalama cimlenme siiresi Uzerine etkileri
onemsiz bulunmustur (Tablo 2).

Manyetik alan uygulama sireleri ve siddetlerinin tuzsuz (T-) ve tuzlu (T+) kosullarda ¢imlenme
orani lizerine olan etkileri incelendiginde ¢cok énemli fark tespit edilmistir (Sekil 2). Tuzsuz kosullarda
MA uygulamalarinin ayni grupta yer aldigi gorilmustir. Uygulamada en yiliksek ¢imlenme orani
%86.00 ile NS-5DK-0.3T olurken en disik ¢imlenme orani ise %19.11 ile TK-7 DK-0.9T olarak
belirlenmistir.
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Sekil 2.

Manyetik alan siddeti ve siiresinin normal ve tuzlu kosullarda ¢imlenme orani Gzerine etkileri
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Manyetik alan uygulama sireleri ve siddetlerinin optimum ve tuzlu kosullarda ¢imlenme
Uniformitesi lzerine etkileri Sekil 3’te gorilmektedir. Uygulamalar incelendiginde T x MD x MS$S
interaksiyonunun ¢imlenme Uniformitesi Gzerine etkisi istatiksel olarak 6nemsiz bulunmustur.

[y
o

Cimlenme Uniformitesi (giin)
O FP N WP oolod N OO
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Sekil 3. Manyetik alan siddeti ve siiresinin normal ve tuzlu kosullarda ¢cimlenme Uniformitesi Gizerine etkileri

MA uygulamalarinin ortalama ¢imlenme siiresi bakimindan istatistiksel olarak énemli olmadigi
bulunmustur (Sekil 4).
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Sekil 4.

Manyetik alan siddeti ve sliresinin normal ve tuzlu kosullarda ortalama ¢imlenme siiresi izerine

etkileri
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4. Tartigma ve Sonug

MA uygulamalari pek ¢ok bitki tliriiniin tohumlarina uygulanabilmekte ve ¢cimlenme oOzellikleri
Gzerinde birtakim etkilerde bulunmaktadir. Shine vd. (2017), misir tohumlarina sabit MA uygulamasi
yapmislardir. Cimlenme hizi, ¢cimlenme orani, taze agirlik, kuru agirlik, fide uzunlugu ve canlilik indeksi
gibi cimlenme ile ilgili parametrelerde olumlu yanitlar tespit edilmistir. Bununla birlikte fide uzunlugu
ve canhlk indeksi en bariz artis gésteren (%72 ve %59) parametreler olarak belirlenmistir. Bhardwaj
vd. (2012) tarafindan yuritilen bir calismada, hiyar (Cucumus sativus) tohumlari degisen bir sabit
manyetik alan siddetine maruz birakilmistir. Manyetosartlandirmaya tabi tutulan tohumlar, islem
gormeyenlere gore ¢imlenme oraninda %18.5'lik, cimlenme hizinda %49.0'lik, fide uzunlugunda
%34.0'hk ve kuru agirlikta %33.0'lik bir artis orani gdstermislerdir. Bitkilerde ve hayvanlarda gevre
kosullarinin olumsuz etkilerini azaltmak icin MA uygulamalari kullanilabilmektedir. MA uygulamasi ile
su ve besin elementi alimi, enzim, protein ve fotosentez aktivitelerinde artis saglanirken kurak ve tuz
stresi gibi abiyotik stres faktorlerine karsi dayanim da arttirilabilmektedir (Radhakrishnan, 2019).
Calismamiz sonucunda tuzlu kosullarda bazi MA uygulamalarinin (slre ve siddet) ¢imlenme verilerini
olumsuz etkiledigi veya istatistiki olarak fark bulunamadigi tespit edilmistir. Yapilan bir calismada, tuz
stresine maruz birakilan misir tohumlarina manyetik alan uygulamasi yapilmistir. Manyetik alan
uygulanan, tuzsuz ve tuzlu kosullara maruz kalan tohumlarda manyetik alan uygulanmayan
tohumlara kiyasla nispeten daha yiiksek cimlenme stresi tolerans indeksi ve cimlenme orani degerleri
elde edilmistir (Baghel vd. 2019). Thomas vd. (2013), nohut tohumlarina MA uygulayarak, nohutta
erken dénem tuz stresinin azaltilabilecegini belirlemislerdir. Calismamizda tuz stresine karsi MA
uygulamasinin pozitif etkisinin sinirli kalmasinin nedeni, MA kullaniminin avantajlarindan biri olarak
degerlendirilen membran gecirgenliginin artmasi ve tohumlarin su emme islemini kolaylastirmasi
(Reina ve Pascual, 2001) ile hicre icine fazla miktarda tuzlu su girmis olma olasiligini akla
getirmektedir. Benzer sekilde farkli siire ve siddetlerde MA uygulanan biber tohumlarinda kurakhk
stresine karsl cimlenme verilerinin incelendigi bir calismada uygulama sire ve siddetlerinin ¢cimlenme
oranini arttirdigi tespit edilmistir (Ozkan 2023).

Galismanin sonuglari genel olarak ele alindiginda, Arzuman tath sivri biber tohumuna tuzlu
kosullarda MA uygulamasinin 6nemli bir etkisinin olmadig tespit edilmistir. Ayrica MA
uygulamalarinin tlr ve gesitler bazinda farkhlik gosterdigi bilinmekte olup ilerleyen ¢alismalarda
baska tlr ve gesitler Uzerine etkileri incelenebilir. MA uygulamalarinin kolay ve diisiik maliyetli bir
yontemdir. Sebze tohumlari lzerinde bu konuda yapilan ¢alismalarda yetersiz kalmaktadir. Bu
nedenle, MA uygulamalarinin etki mekanizmasinin daha iyi anlasilabilmesi igin yeni ¢alismalara
ihtiya¢ duyulmaktadir.
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Abstract: Salt stress negatively influences fruit yield and quality in trees. In
addition to environmental stresses, excess energy from sunlight possesses
harmful effects on plant metabolisms. Here we reveal the effects of
shading on short term salinity stress in cherry plants. Salinity and shading
treatments were introduced approximately two months after planting.
Three shading levels (40%, 60%, and 80%) were applied. To induce
moderate salinity stress, 35 mM NaCl (sodium chloride) was utilized for
one month. Many morphological and physiological aspects and
chlorophyll metabolism were evaluated. We found that the plant growth,
stomatal conductance and chlorophyll biosynthesis were significantly
retarded under salinity during a month. However, shading treatments
alleviated the salinity damage. Moreover, salt stress hindered the
biosynthesis of chlorophyll at Mg-Proto IX step. Shading treatments
mitigated salinity damage associated with decreasing air and leaf
temperature and preventing the loss of chlorophyll and the precursors
and increasing anthocyanins. The results of the study showed that shading
treatments possessed a protective effect on short term salinity in cherry
plants.

Aras S. ve Keles H. (2023). Golgelemenin Kirazda Kisa Streli Tuzlulugun Zararini Azaltmasi ve Yaprak Pigmentlerini Korumasi, Bozok Tarim ve
Doga Bilimleri Dergisi, 2(2), 95-103. How To Cite: Aras S. and Keles H. (2023). Shading Alleviates Damage of Short Term Salinity and
Protects Leaf Pigments in Sweet Cherry, Bozok Journal of Agriculture and Natural Sciences 2(2), 95-103.

1. Introduction

Salt stress represents a detrimental environmental factor that constrains plant growth and
productivity. Numerous plants are adversely affected by salinity, often exacerbated by excessive
fertilization and inadequate drainage (Aras and Esitken, 2018). Sweet cherry is known as salt-
sensitive (Aras and Esitken, 2019a; Aras et al., 2019). Salinity causes ion toxicity, decline in mineral
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uptake, and growth depression in sensitive plants (Ghaffari et al., 2014). Malignant influences of salt
stress depend on the period of salt exposure (Vigo et al., 2005). In previous experiments, we stated
that short term salinity led decline in leaf chlorophyll, water content and stomatal conductance in
cherry (Aras and Esitken 2018; 2019b) and apple plants (Aras and Esitken, 2019a). Salt stress also
hampers chlorophyll biosynthesis (Santos, 2004) and nitrogen metabolism (Yang et al., 2013).

Leaves cannot use photosynthetically active radiation (PAR) when exposed to stress factors.
This excess energy must be dissipated, otherwise production of reactive oxygen species (ROS)
increases which harms photosynthetic machinery (Pompelli et al., 2010). Plants reveal some
mechanisms to dissipate excess energy that decrease photosynthetic capacity (Hichem et al., 2009;
Wilhelm and Selmar, 2011). Neto et al. (2014) reported that salt-tolerant plants can dissipate excess
photosynthetic energy that contributes to salinity tolerance. One defense mechanism to dissipate
excess energy under stress conditions could be a decrease in environmental light conditions. Shezi et
al. (2020) studied the photoprotection of avocado leaves between within and outside the canopy.
They stated that optimum photoprotection was maintained under low light intensity. Da Silva et al.
(2019) applied calcium particle films to promote the shading effect in grapevine and suggested that
shading promoted photoprotection and alleviated thermal stress.

Several studies demonstrated that shading promotes plant growth and fruit quality (Dussi et
al., 2005). Furthermore, shading treatments were used against water stress in many studies
(Barradas et al., 2005; Nicolas et al., 2005). The impact of shading practices on salinity stress has
been less investigated. Within the above-mentioned context, the current paper aims to reveal the
effects of artificial shadings on salinity in sweet cherry plants. Many morphological and physiological
aspects and chlorophyll metabolism were evaluated.

2. Material and Method

The experiment was conducted in a greenhouse in March of 2020. 1-year-old 0900
Ziraat/MaxMa 14 sweet cherry was utilized. About 2 months after planting in pots, salinity stress and
shading treatments were initiated. Three levels of black colored net shadings (40, 60 and 80%) were
used. All plants were watered with tap water until the beginning of the study and then during one
month the treated plants were watered with a fertilizer solution (Hoagland’s nutrient solution
(Hoagland and Arnon, 1950) containing 35 mM NaCl and the untreated control plants were watered
without NaCl (Aras and Esitken, 2018; 2019b). The treatments were: no shading and no salinity as
control (A), no shading + NaCl (B), shading with 40% + NaCl (C), shading with 60% + NaCl (D) and
shading with 80% + NaCl (E). The plants were stressed for one month. The experiment was carried
out following a randomized complete plot design with three replications and 5 plants per replication.

2.1. Morphological measurements

The assessment included the examination of relative growth rates for shoot diameters and
shoot length. A digital caliper (Mitutoyo) was employed for measuring shoot diameter, while a ruler
was used for determining shoot length. The calculation of relative growth rates (RGR) followed the
formula established by Del Amor and Marcelis (2003).

2.2. Physiological measurements

Stomatal conductivity and leaf temperature were assessed using a leaf porometer (SC-1
porometer, Decagon Devices). Leaf relative water content (LRWC) was calculated according to the
formula proposed by Smart and Bingham (1974).

Total phenolic content was determined according to the study of Singleton and Rossi (1965).

Chlorophyll a, b, and a+b, as well as carotenoid concentrations, were determined using the
equations provided by Corte Real et al. (2017). The total anthocyanin concentration was computed
utilizing the formula outlined by Mita et al. (1997).
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2.3. Chlorophyll precursors

The assessment of chlorophyll precursor concentrations followed the methods outlined by
Hodgins and Van Huystee (1986) and Liu et al. (2015). Chlorophyll yield was approximated using the
ratio of chlorophyll a + b to Proto IX, as suggested by Aras et al. (2021).

2.4. In-situ detection of cell death

Cell death was detected through leaf staining with 0.025%. Evans blue, employing the
methodology outlined by Ray et al. (2016) and Riaz et al. (2019) with certain adaptations.

2.5. Microclimate of experimental areas and soil EC

Light intensity was gauged using a luxmeter (CEM, DT-1308). The air temperature of the
phyllosphere (on the leaf surface) beneath the nets and above the unshaded control plants was
documented using a digital thermometer. Soil electrical conductivity (EC) was assessed following the
methodology outlined by Richards (1954).

2.6. Statistical analyses

Statistical analyses were performed with the statistical software package SPSS, version 20.0.
The data were compared by the Duncan multiple range test at the 5% level of significance.

3. Results

The investigation illustrated that shading enhanced salinity tolerance in cherry plants.
Various plant parameters were assessed to unveil the protective effects of shading against salt stress.

3.1. Morphological responses

Salt stress caused a remarkable decrease in plant growth (Table 1). RGR of shoot diameter
decreased by 69% in salinized plants compared to control. Salt treatment declined RGR of shoot
length by 54% compared to the control and shading treatments increased RGR of shoot length
compared to salinized plants.

Table 1. Effects of shading on plant growth of cherry under salinity condition

Treatments RGR of shoot diameter RGR of shoot length
Control 0.5713 ab 0.6360 a
Salt 0.1747 ¢ 0.2923 b
%40 + Salt 0.5447 ab 0.4075 b
%60 + Salt 0.5044 b 0.4050 b
%80 + Salt 0.7695 a 0.3855 b

3.2. Physiological responses

Salinity and shading treatments had a significant impact on the physiological responses of
cherry, as indicated in Table 2. The highest decline in stomatal conductance was found in salinized
plants and shading treatments had higher stomatal conductance than salt treated plants. Leaf
temperature decreased with increasing shading levels (60 and 80% shadings). LRWC value decreased
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by salinity and increased by shading with 60 and 80% treatments. The highest carotenoid content
was found in salinized plants (Table 3). Shading treatments decreased carotenoid content.

Table 2. Effects of shading on stomatal conductance, leaf temperature and LRWC of cherry under
salinity condition

Treatments | Stomatal conductance (mmol m?2s?) Leaf temperature (°C) LRWC (%)
Control 77.8 a 29.63 a 75.9 bc
Salt 63.4c 29.40 ab 72.4c
%40 + Salt 64.3c 29.83 a 73.8 bc
%60 + Salt 72.0ab 29.00 ab 76.8b
%80 + Salt 69.0 bc 28.60 b 82.0a

Table 3. Effects of shading on total carotenoid, anthocyanin and phenolics contents of cherry under
salinity condition
Total phenolics (ug

Treatments Carotenoid (mg L™) Anthocyanin (mg L™) GAE 100 g fw)
Control 10.92 a 9.06c 0.0762 b
Salt 10.98 a 5.87 e 0.1049 a
%40 + Salt 9.06b 9.66 b 0.0730b
%60 + Salt 7.57d 6.77d 0.0549 c
%80 + Salt 7.92c 10.15a 0.0426 d

3.3. Chlorophyll and precursors in chlorophyll pathway

Salinity decreased chlorophyll content and shading treatments significantly increased
chlorophyll compared to control (Table 4). In the presence of salinity, chlorophyll a, chlorophyll b,
and chlorophyll a+b exhibited reductions of 26%, 25%, and 26%, respectively, as compared to the
control. Shading treatments led to remarkable increases in chlorophyll a, b and a+b contents
compared to salinized plants. Moreover, the contents of chlorophyll precursors were significantly
influenced by treatments (Table 5). Salinized plants had higher Proto IX content than the control,
however salinity caused decreased Mg-Proto IX and Pchlide contents. Shading with 80% possessed
the highest Proto IX, Mg-Proto IX and Pchlide contents among treatments.

Table 4. Effects of shading on chlorophyll a, b, a+b contents of cherry under salinity condition

Treatments Chlorophyll a (ug g™ fw) | Chlorophyll b (ug g™ fw) = Chlorophyll a+b (pg g™ fw)
Control 16.07 a 5.29a 21.39a

Salt 11.83 e 3.99b 15.84d

%40 + Salt 13.08 d 4.04b 17.13c

%60 + Salt 13.76 ¢ 4.13b 17.89 bc

%80 + Salt 14.86 b 4.10b 18.90 b

Table 5. Effects of shading on chlorophyll precursors of cherry under salinity condition

Proto IX (ug g | Mg-Proto IX Pchlide (pg g™

Treatments Chl a+b/Proto IX

! fw) (ng g™ fw) fw)
Control 0.0917 d 0.0574 ¢ 0.0417 ¢ 233.6a
Salt 0.0999 ¢ 0.0554 d 0.0363 e 155.3 ¢
%40 + Salt 0.1059 b 0.0476 e 0.0404 d 161.7 bc
%60 + Salt 0.1069 b 0.0643 b 0.0462 b 167.4b
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%80 + Salt 0.1157 a 0.0722 a 0.0536 a 163.2 bc

3.4. In-situ detection of cell death

The assessment of leaf cell death was conducted using the Evans blue staining method
(Figure 1). No necrotic lesions were observed in the leaves of the control group, as well as in plants
subjected to 60% and 80% shading. In plants treated with salt, necrotic spots appeared at the leaf
edge and tip. Shading at 40% demonstrated fewer necrotic lesions in comparison to the plants
exposed to salinity.

Salinity
Control
\ e
pana iy
"'_’.‘7{7,’7'?/‘__‘?’-_ o | /" :
— 40% shading T
60% shading 80% shading

-

Figure 1. Leaf salinity damage observation by Evans blue, *arrows show necrotic spots on the leaves.
3.5. Microclimate of experimental areas and soil EC

Maximum mean light intensities were 70 klux in non-shaded area and 50, 30, and 15 klux in
areas of shading with 40, 60 and 80%, respectively. Maximum mean temperatures were 29.0°C in
non-shaded area and 27.0, 26.7 and 25.9°C in areas of shading with 40, 60 and 80%, respectively. Soil
EC values were found as 441, 561, 508, 484 and 464 uS in control, salinized plants, shading with 40,
60 and 80% plants, respectively.

4. Discussion

Salt stress critically causes impaired plant growth and dysfunctions in metabolisms. Our study
presented that shading treatment remarkably mitigated damage of NaCl stress in cherry plants.

4.1. Morphological responses
Salt stress depresses plant growth and the response to salinity depends on rootstocks and

the period of salt exposure. In previous experiments, we defined short term salinity for cherry and
apple trees as treatment of 35 mM NaCl during one month (Aras and Esitken, 2019a; b). In the
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current experiment, cherry growth was depressed by short term salinity and promoted by different
shading levels. RGR of shoot diameter and length was suppressed by salt stress, however shading
treatments improved the parameters compared to salinized plants. Shading with 50% enhanced
height and canopy of lemon trees in a study by Garcia-Sdnchez et al. (2015). They stated that
improvement in plant growth could be due to better CO, assimilation and soil water status.
Moreover, improved growth was attributed to a decrease in leaf temperature. Under 80% shading
condition, leaf temperature decreased from 29.63 to 28.60°C (control and 80% shading values,
respectively). Furthermore, mean air temperature decreased from 29.0 to 25.9°C (control and 80%
shading values, respectively). A remarkable increment in RGR of shoot diameter by 80% shading
could be a result of remarkable decreases in leaf and air temperatures. Shading conditions, as
demonstrated by Aras and Esitken (2019c), lead to a reduction in soil temperature, thereby inhibiting
water loss. Therefore, we consider that evaporation was higher in salinized plant due to high soil and
air temperatures that increased salinity concentration in the soil and higher salinity damage was
found in salinized plants. The soil EC decreased by shading treatments compared to salinized plants
as shown in the results.

4.2. Physiological responses

In the current experiment, stomatal conductance decreased by salinity. This result was
consistent with previous experiments demonstrating that salinity reduced stomatal conductance in
cherry (Aras and Esitken, 2018) and apple (Aras and Esitken, 2019a). Shading treatments led to an
increment in stomatal conductance compared to salinized plants. Furthermore, shading treatments
decreased leaf temperature and increased LRWC. We suggest that higher stomatal conductance and
LRWC and less leaf temperature are due to a decline in air temperature by shading treatments.
Moreover, improvement in leaf water status by shading may have favored stomatal conductance and
leaf temperature values.

Carotenoids belonging to plant pigments play important roles in photosynthesis and
dissipation of excess energy (Muzzopappa et al., 2020). Under stress conditions, plants accumulate
carotenoids as a photoprotective mechanism (Nisar et al., 2015). Moreover, carotenoids act as
signals against stress factors (Shumbe et al.,, 2014). In the present experiment, salinized plants
increased carotenoid content for defense mechanism, however shaded plants did not require higher
contents of carotenoids may be due to lowering excess light by shading. In addition to carotenoids,
phenolics play a critical role in the regulation of stress tolerance (Parida et al., 2004). Similar to the
carotenoid behavior of plants in our study, salinized plants increased and shading treatments
decreased total phenolic content.

Anthocyanins are also plant pigments that play an important role in plant tolerance against
stress conditions (Gu et al., 2019). Anthocyanin content increased in water spinach under 25 mM
NaCl condition in a study by Kitayama et al. (2019). Zhu et al. (2013) stated that increased
anthocyanin content led to an increment in tolerance against chilling stress. In the present study, salt
stress remarkably decreased total anthocyanin content and shading increased accumulation of total
anthocyanin. Increment in anthocyanin content may be also a result of capturing more light under
shading conditions.

4.3. Chlorophyll and precursors in chlorophyll pathway

Chlorophyll, a tetrapyrrole incorporating Mg, plays a crucial role in light absorption for
photosynthesis (Tanaka and Tanaka, 2007). Within plants, two primary types of chlorophyll exist—
chlorophyll a and b. Numerous studies have indicated that salinity induces a reduction in chlorophyll
content (Zhu et al., 2019). Consistent with these findings, chlorophyll a, b, and the combined a+b
exhibited a notable decrease under conditions of salinity stress. However, shading treatments
maintained a protective effect on chlorophyll. Prevention of chlorophyll loss was greater in shading
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with 80% among treatments. Plants increase chlorophyll content to capture more light under low
irradiance conditions (Brouwer et al.,, 2014). In our study, shading promoted chlorophyll content
compared to salinized plants and alleviated salinity damage.

The synthesis of chlorophyll necessitates the involvement of specific precursors, with Proto
IX, Mg-Proto IX, and Pchl serving as crucial elements in chlorophyll biosynthesis (Shen et al., 2007).
Proto IX, among these precursors, acts as the final common intermediate in both chlorophyll and
heme synthesis. The initial step in the chlorophyll branch involves the insertion of Mg** ions into
Proto IX (Tanaka and Tanaka, 2007). In our study, Proto IX increased in salinized plants compared to
the control, however, Mg-Proto IX and Pchlide decreased by salinity treatment. We consider that
salinity blocked the biosynthesis of chlorophyll at Mg-Proto IX step in our study. In a previous
experiment, we reported that biosynthesis of chlorophyll was hampered at Mg-Proto IX step in peach
under calcium deficiency conditions (Aras et al., 2021). Xiong et al. (2018) demonstrated that salt
stress caused a decline in Proto IX, Mg-Proto IX, and Pchlide. Chlorophyll yield was also assessed in
the experiment. The lowest value was found in salinized plants which may be a consequence of the
participation of Proto IX to other tetrapyrrole, heme (not determined in the study). Therefore, the
reason for chlorophyll loss in salinized plants may be caused by the failure of Proto IX to Mg-Proto IX
synthesis. Shading 60 and 80% mitigated the detrimental effects of salinity through the accumulation
of Proto IX, Mg-Proto IX and Pchlide.

Conclusion

The study provides insights into physiological responses and chlorophyll metabolism in
cherry in response to short term salinity stress and shading treatments. The findings obtained in the
current experiment demonstrated that short term salt stress remarkably decreased plant growth,
stomatal conductance, LRWC and contents of chlorophyll and chlorophyll precursors in cherry plants.
Salt stress hampered the biosynthesis of chlorophyll at Mg-Proto IX step. Shading treatments
alleviated salinity damage associated with decreasing air and leaf temperature and preventing the
loss of chlorophyll and the precursors. Anthocyanins may be involved in the protective mechanism of
shading treatments. The results of the study showed that shading with 80% had a higher protective
effect on short term salinity in cherry plants.
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1. Introduction

Water is the most influential, yet most overlooked aspect of poultry production performance.
Poultry can live for weeks without feed, but not even a few days without water. Water is vital for the
body with its functions such as the passage and transportation of nutrients in the digestive system. It
is involved in many enzymatic and chemical reactions in the body, regulation of body temperature,
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lubrication of joints and organs and excretion of residues and toxins from the body (Aksoy et al.,
2000).

Maintaining body water balance under normal physiological conditions is related to water
intake and excretion. The water requirement of the body is met by drinking water (70%), consumed
feed (10%) and metabolic water (20%) formed as a result of oxidation of organic nutrients (protein,
fat and carbohydrate) taken with feed. Water is excreted from the body through respiration, feces,
growth and yield (Leeson et al., 1976; Karaalp and Demir, 1995). Water consumption in poultry may
vary depending on genotype (age, sex, productivity level), environment (temperature, humidity and
other poultry house conditions), feeding (feed intake, feed composition and form) and rearing
management (water temperature, type of drinker and water presentation) (A¢ikgoz et al., 2002).

Feces, which is a by-product of poultry, refers to animal excreta consisting of undigested feed
and body residues mixed with urine (Tlrkoglu et al., 1997). Animals cannot digest all of the nutrients
they consume and excrete a significant amount of them as feces (Baydan and Yildiz, 2000). The
amounts and chemical compositions of feces obtained from animals vary according to the type of
animal, number of animals raised, age, weight, disease status, feeding method, feed consumption,
type of poultry house and litter, environmental conditions, obtaining and drying technique, drying
temperature, duration and storage conditions (Baydan and Yildiz, 2000).

The aim of this study was to determine the daily (24 hours) water consumption and the
amount of feces produced depending on live weight in male geese of local genotypes.

2. Material and Method

2.1. Material of the Study

The material of the study consisted of 24 male geese of local Turkish genotypes at 48 weeks of
age. The geese were placed in individual cages in a poultry house in Bozok University Agricultural
Research and Practice Center with 80 m? floor area, 6 windows and 1 fan at 48 weeks of age.

2.2. Methods Used in Data Gathering and Analysis

The geese were weighed in terms of live weight at the beginning of the experiment and
divided into 3 groups as low (3124 - 3864 grams), medium (3865 - 4160 grams) and high (4161 - 4780
grams). Data were taken from the geese for 24 hours once a week for 4 weeks. The cages were made
of wire mesh system and their dimensions were 100x100x100 cm. There is one individual feeder and
drinker in each cage. Cage bottoms are wire mesh and perforated. Under each cage, there are
independent, portable and cleanable wooden underlayers. The substrate was cleaned at the
beginning of the time interval (24 hours) determined for fecal measurements. At the end of the
specified time, the feces on the substrate were cleaned with a spatula and taken into the measuring
cups. The feces in the tared measuring cups were weighed with a scale with a precision of 0.1 gram.
Male geese were given 200 grams of limited feed daily, and the remaining feed amount on the
analysis days was weighed again with a 0.1 gram scale and daily (24 hours) feed consumption was
determined. On the day of analysis, 1000 ml of water was measured and poured into the drinkers. At
the end of 24 hours, the remaining water was determined in ml. Dry matter analysis of fecal samples
was determined in the laboratory according to AOAC (1990) and expressed as % (Sarica and Cam,
1998).

2.3. Statistical Analysis

The data obtained in the study were evaluated using One-Way Analysis of Variance (ANOVA)
and Tukey test in Windows SPSS 20.0 computer program. A value of P<0.05 was considered
statistically significant.
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3. Result and Discussion

In the study, male geese were fed 200 grams of limited feed daily. However, since not all
geese consumed feed at the same rate, the feed consumed in the treatment groups was also
calculated. Feed consumption differed according to body weight groups (P<0.05) and the group with
the highest body weight had the highest feed consumption (Table 1).

Table 1. Feed intake (g) based on body weight

Body weight Feed intake min max
Low 197.1% 173.6 200.0
Medium 192.9° 124.0 200.0
High 198.1° 184.0 200.0
Total 196.1 124.00 200.0
SEM 0.961

o *

SEM; Standard Error of Means, P; treatment effect, a, b; Means within columns with no common superscript letter differ
significantly (P<0.05); *; P<0.05.

Daily water consumption did not differ depending on body weight (P>0.05; Table 2).
Considering each treatment group in water consumption, the maximum water consumption was 750
ml and the minimum water consumption was 100 ml in male geese.

There was no difference between the treatment groups in feces production based on body weight
(P>0.05; Table 2). The minimum amount of feces produced from geese was 74.3 grams and the
maximum amount of feces production was 437.9 grams.

Table 2. Water Consumption (ml) based on body weight

Body weight Water Consumption min max
Low 585.9 315.0 750.0
Medium 592.8 100.0 750.0
High 621.4 340.0 750.0
Total 600.1 100.0 750.0
SEM 13.450

P NS

SEM; Standard Error of Means, P; treatment effect, NS: P>0.05.

Table 3. Feces production (g) based on body weight

Body weight Feces production min max
Low 226,0 130.2 399.1
Medium 244.7 74.3 335.9
High 242.8 107.1 437.9
Total 237.8 74.3 437.9
SEM 6.632

P NS

SEM; Standard Error of Means, P; treatment effect, NS: P>0.05.
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There was a difference between the dry matter (DM) content of the feces obtained among
the treatment groups (P<0.05). While the DM ratio was lower in the group with medium body
weight, it showed the highest value in the group with low body weight. The maximum DM rate was
70.7% and the minimum DM rate was 87.6%.

Table 4. Faecal dry matter (DM) content (%) in relation to live weight

Body weight faecal DM min max
Low 79.1° 72.3 85.0
Medium 77.2° 70.7 86.3
High 78.4° 71.8 87.6
Total 78.2 70.7 87.6
SEM 0.359

b *

SEM; Standard Error of Means, P; treatment effect, a, b; Means within columns with no common superscript letter differ
significantly (P<0.05); *; P<0.05.

It is reported that there is a relationship between feed consumption and water consumption
in poultry (Belyavin, 1991). In a study conducted with unlimited feeding in laying hens, the
correlation between feed and water consumption was found to be 0.73 (Savory, 1978). Akbay (1985)
reported the ratio of feed and water consumption in laying hens as 1/1.5-2. In our study, this ratio
was 1/2.9-3.1.

Water and feed consumption may vary depending on genotype and environmental
conditions. Although there was no statistical difference depending on body weight in the study,
water consumption showed a trend parallel to body weight. However, feed consumption did not
show the same trend. Similarly, fecal production did not show the same trend. This may be a species-
specific situation. Because the factors affecting feed and water consumption and feces production
were similar for all geese in this study. The intake and drying of the feces, drying temperature and
duration may also have been effective here.

In previous studies, it was reported that the water content of feces of cattle, sheep, horse and
chicken was 21%, 36%, 41% and 24%, respectively (Kiglikersan, 1993). In geese, this rate was
determined between 20.9% and 22.8%.

4. Conclusion

In the study, it was observed that domestic genotype Turkish male geese with low, medium
and high body weights had similar water consumption and fecal production. It was determined that the
amount of feed consumption and fecal dry matter ratio changed depending on live weight. Although
water consumption and feces production were similar, it was also determined that fecal dry matter
ratio could be different: When the results of the study were evaluated in general, it was determined
that the daily water consumption in male geese was on average three times the amount of feed
consumed.
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1. Introduction

The agricultural sector remains the backbone of most African country's economies as it
accounts for about 65% and 35% of employment and gross domestic product (GDP) respectively,
however, poverty remains high, especially in rural areas where most of the population depends on
agriculture as a major source of living (NAERLS, 2014). Through sustainably raising farm productivity,
generating more income and employment as well as reducing food prices, adopting climate-smart
agricultural practices can be a more transformative instrument for reducing food insecurity and
poverty in Africa. Nigeria which is the most populous country in Africa has a projected population of
over 180 million as of 2015 with an annual growth rate of 3.2% and it is predicted to reach 289
million by 2050 (NPC, 2006). The country dives wholly within the tropics along the Gulf of Guinea on
the western coast of Africa with a total land area of 923,768 km2. It is estimated that about 75% (68
million ha) of the total land area has potential for agricultural activities with about 33 million ha
currently under cultivation (NISER, 2012). The highly diversified agroecological condition of the
country makes the production of a wide range of agricultural products possible. Hence, agriculture
constitutes one of the most important sectors of the economy.

The deficit in the food supply in Nigeria has been exacerbated by the low level of productivity
of resources used in recent times. Increased output and productivity are directly related to
improving production efficiency which arises from the adoption of improved technologies and
efficient input usage (UNDP, 2019). In this regard, many policies and interventions were
implemented in the country to reverse the trend of low productivity and reduce the poverty level.

Prevalence of undernutrition remains relatively high especially in Africa and Asia as close to
821 million people do not have sufficient access to nutritious foods, whereas an estimated 2 billion
people suffer from micronutrient deficiency due mainly to low intakes of vitamins and minerals such
as iron and zinc (IFPRI, 2014). Nutritional deficiencies have been responsible for a large number of
health problems resulting in loss of productivity, impaired physical and mental human development,
susceptibility to various diseases, and premature deaths (UNDP, 2019). Nutritional deficiencies are
the result of low food quantity and quality of food consumed in addition to poor dietary diversity.
Dietary diversity has been designated as a good indicator of a population's broader nutrition of
population status, as more diverse diets tend to be associated with lower rates of stunting and
overweight. Diversifying agricultural production can provide a wide range of different types of foods
to be available and accessible to the poor population segments (Pingali, et al., 2015). Increasing
dietary diversity among households is therefore an important strategy to improve nutrition and
health.

The main objective of this study is to determine the food security status and describe the
demographic characteristics of the Sasakawa Africa Association (SAA) program in three project
states of Northern Nigeria.

2. Material and Methods
2.1. Description of the Study Area

The study states are located in the Sahel Savannah zone of the extreme Northern region of
Nigeria. Gombe state was created in 1996 from part of the old Bauchi state. It is surrounded by
Borno, Yobe, Taraba, Adamawa, and Bauchi States. It is located within the Savanah region having
coordinates of 10.2833°N, and 11.1667°E. The state has an estimated population of 2,365,000 with
an area of 20,265 km?. It has two distinct climates which are the dry season (November — March)
and the rainy season (April — October) with an average rainfall of 850mm. The mean average
temperature of the state is between 16 — 26°C at night and day respectively.

Gombe state has its major river 'Gongola' which flows into the state from the northwest
through Bauchi and flows eastwards through the Dukku and Nafada Local Government Areas of the

110



state. Also, Dadin Kowa is a dam in Gombe state that provides irrigation to farmers. Major crops
cultivated are rice, maize, sorghum, wheat, cowpeas, groundnuts, and Bambara nuts. Also, they are
known for cattle rearing. Jigawa is located in Northwestern Nigeria and lies between latitude 10 57"
North to 13 03 North and Longitude 8 08 East to 10 37. The state shares a boundary with Katsina and
Yobe states; Niger Republic to the North, Bauchi State to the East and South, and Kano State to the
West. The population of the state was 4,348,649 in 2006, National Population Census with an
expected growth rate of 2.9%. By 2022, the estimated population was 6,870,690. The state has a
land mass of 23,154 square kilometers. Vegetation is predominantly Sudan Savannah in the northern
part and Guinea Savannah in the southern part. There is vast arable land for crop production and
grazing land for livestock production. Major crops produced in the state include millet, groundnut,
sorghum, cowpea, and sesame. Livestock production in the state includes cattle, small ruminants
such as goats, sheep, and poultry.

Kano State has been a commercial and agricultural state. It is located in North Western
Nigeria. The state was created on May 27", 1967 from the then Northern Region. Kano State shares
borders with Katsina to the northwest, Jigawa State to the northeast, Bauchi State to the southeast,
and Kaduna State to the southwest. The State is located between Latitudes 11°30” and 12°30” N
and Longitudes 8° 30” and 11°E. It lies within the Semi and Sudan savannah region of West Africa.
The state occupies a total land area of 20,131 sg km. The 2006 census figures ranked the state as the
most populous state in Nigeria with a population of 9,383,682 people and a population density of
470 people/sq km.

Legend

Map of Nigeria showing study area

Figure 1. Map showing the study area
2.2. Sample Size and Sampling Procedure

A multi-stage sampling procedure was employed for the survey. Three states were purposively
selected based on the fact that they are the states where the Agro-processing Enterprise Centre
Models (AECM) were implemented by the SAA project. Three Local Government Areas (LGAs) each
were also purposively selected in Jigawa and Kano and four Local Government Areas were selected
in Gombe being the LGAs where AECM was implemented. All the communities in each of the
selected LGAs where the center model is implemented were considered. Based on the population of
the farmers who received the intervention, an online sampling calculator was used to determine the
total sample size of three hundred respondents (300 respondents) in which 100 respondents were
randomly selected from among each of the selected three states.

111



Table 1. States, LGAs, and Communities Selected

States LGAs Communities Respondents
Gombe Akko, Balanga, Billiri and Maiganga,Talese, Pobawure and 100
Yamaltu Deba Dadinkowa
Jigawa Auyo, Birnin Kudu & Ringim Ayama, Babu wawa, Kafingana and 100
Gujaba
Kano Gwarzo, Kura and Sumaila Kutama, Getso, Bugau, Gani, Danbazau | 100
yamma and Riyi

2.3. Data Collection, Processing, and Analysis

A multi-disciplinary team of experts carried out the study under close supervision and in conjunction
with SAA state coordinators. The data was analyzed using Stata 17 to achieve the survey objectives.
Descriptive statistics and household food consumption scores as well as household dietary diversity
scores were used to analyse the data.

2.3.1. Descriptive statistics

Mean, standard deviation, frequency distribution, and percentages were used to describe and
benchmark key impact indicators of the project. In this regard, basic information and data on the
socioeconomic activities of communities and individual households were sourced and described.

2.3.2 Food consumption score (FCS)

Food Consumption Score for each household was computed by summing up the products of
the consumption frequency for each food group and its corresponding assigned nutritional weight.
Therefore, the FCS is a composite measure of dietary diversity, food frequency, and relative
nutritional importance of different food groups. Data on these parameters were collected from each
household using a 7-day recall. The food frequency was measured as the number of days a particular
food group consumed in the seven days. The food groups and weighting applied to each based on
their respective nutritional values are shown in Table 2. For each household, FCS is computed by
summing up the products of the consumption frequency for each food group and its corresponding
weight. Itis thus calculated as;

FCS = XstapleYstaple + XpulseYpulse + XvegYveg +Xfruityfruit + XanimalYanimal + XsugarYsugar + XdairyYdairy +
XoilYoil ============ (1)

Where: FCS is the food consumption score, ys are the frequencies of food consumption =
number of days for which each food group was consumed during the past 7 days (7 days was
designated as the maximum value of the sum of the frequencies of the different food items belonging
to the same food group), xsis the weight of each food group

Table 2. Food groups and their corresponding weight

S/No | Types of foods Food Group Weight
1. Maize, millet, sorghum, rice, bread/doughnuts, pasta, Cereals and tubers 2.0
cassava, yam, plantains, other tubers
Groundnuts/legumes (cowpeas, beans, peas, etc) Legumes 3.0
3. Vegetables (+ leaves) Vegetables 1.0
4, Fruits (mangoes, oranges, bananas, etc) Fruits 1.0
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5. Meats, fish, seafood, snail, eggs Animal Proteins 4.0
6. Milk/Dairy products Dairy products 4.0
7. Sugar, honey, and other sweets Sugar 0.5
8. Oil and fats QOils 0.5
9. Condiments, spices Condiments 0.0

Source: World Food Programme
Households with FCS equal to and or less than 21 points are grouped as poor, those between
21.5 and 35 as borderline, and those households with FC score of above 35 as acceptable, see Table

5 (WFP, 2015; Butaumocho and Chitiyo, 2017).

Table 3. Food Consumption (FC) Thresholds

S/No Profiles Food Consumption Score
1. Poor Food Consumption 1.0-21.0

2. Borderline Food Consumption 21.5-35.0

3. Acceptable Food Consumption >35.0

Source: World Food Programme, (2015)

2.3.3. Household dietary diversity score (HDDS)

HDDS as an indicator, measures the number of different kinds of food groups that the
household had consumed and the frequency with which they eat them over a given reference period.
It occasionally involves weighting these groups with the result being a score that represents the
dietary intake but not necessarily the quantity. It is the same as the FCS but does not provide
information on the frequency of consumption of the food groups and does not assign weights to
food groups based on their nutritional value. It is calculated by a binomial variable that has two
values and attaching them to the food groups. Then the binomial variables are added up to create
the Household Dietary Diversity Score. The new variable will have a range from 0 through the
maximum number of food groups collected. The HDDS which ranges between 0-12 is used to
measure a household's dietary diversity and also ranked accordingly into high dietary diversity (6-12)
and low dietary diversity (0-5) (Wineman, 2014).

3. Results and Discussion

3.1. Socioeconomic Characteristics of Respondents

Socioeconomic characteristics of Respondents play an important role in influencing their
willingness to learn about new ideas and consequently adopt innovation which could improve
productivity. Thus, the socioeconomic characteristics of respondents in the study area were assessed
to know how those characteristics affect the adoption of the innovations brought to them by the
Sasakawa Africa Association (SAA) project.

The results of the socioeconomic characteristics of the respondents in the study area are
shown in Table 4. The results depict that the mean age of the respondents was found to be 39 years
thus implying that this age can influence respondents' adoption of improved agricultural practices
and other important technologies. This finding is in agreement with the findings of Nazifi et al.
(2021) who reported a mean age of 39 in their study of the impact of contract farming on
productivity and food security status of smallholder maize farmers' households in Kano and Kaduna
states, Nigeria and that of Dingchou et al. (2022) who also reported a mean age 39.69 years in their
study on the evaluation of food security status among rice farming households in Kano state Nigeria.
Results further showed the mean respondents' experience of about 16 years. This means that most
of the respondents have experience of at least 16 years in one or more post-harvest activities thus
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implying that they have acquired enough experience that will assist them in multiplying their level of
output which will therefore assist in reducing food insecurity of their respective families.

The results further showed the mean years respondents spent in cooperatives was about 6
years and the mean credit amount received by them was found to be NGN222,632 ($525.20) only.

It can be seen from the results that Gombe state had the lowest mean age of about 36 years
which is followed by Jigawa with around 41 years and then Kano with 42 years as the mean age.
Kano on the other hand had more years of experience (22 years) and more years spent in a
cooperative society (10 years) and Jigawa had the least experience and years spent in a cooperative
society (7 years and 3 years respectively).

On the mean amount of credit received by the respondents, Gombe state respondents had
received an average of Nigerian Naira (NGN) 302,307 ($713.16), and Jigawa state respondents
reported NGN50,000 ($117.95) as the mean credit received by the respondents while Kano state
respondents reported having no credit at all.

Table 4: Mean Age, Years of post-harvest Experience, Years in Association & Credit amount

State GOMBE JIGAWA KANO POOLED

Variable Ave SD Ave SD Ave SD Ave SD

Age 35.6 13.1 40.7 9.3 41.8 | 8.6 394 10.8
Post-harvest Experience 18.0 13.1 10.5 8.6 21.7 10.1 15.6 11.5
Years in Association 6.2 4.1 34 0.9 10.2 | 44 6.3 4.4
Credit amount (NGN) 302,307 217,491 50,000 | 27386 | - - 222,631 215086

Note: $ = NGN423.9 (2022)
3.1.1. Sex of the Respondents

Results of the respondent's sex as revealed in Figure 2 showed that males constituted about
69% while females constituted about 31%. However, state-wise reports showed less participation of
females in Kano where only 1% of the respondents were female. This is similar to the findings of
Dingchou et al. (2022), who revealed that male farming households participate more (85%) than
their female counterparts (15%). This is an indication that males contribute more to the attainment
of food security in their respective households.

Respondents sex

120
99
100
80 67 69,4
57,4
60 42,6
40 33 30,6
0
Female Male Female Male Female Male Female Male
GOMBE JIGAWA KANO POOLED

Figure 2. Sex Distribution of the respondents
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3.1.2. Marital status of the respondents

The marital status of the respondents is presented in Figure 3. The breakdown of the total
respondents showed that 86 % were married while only about 14% were single. Gombe state had
the highest (32.7%) single respondents while Kano had the highest (98%) married respondents. This
is in agreement with the findings of Dingchou et al (2022) who reported that 82% of their
respondents were married.

Marital Status of the Respondents

120
98
100 94
86,4
80
67,3

60

40 32,7

20 13,6

6 2
0

GOMBE JIGAWA KANO POOLED

H Single H Married

Figure 3. Marital Status of the Respondents
3.1.3. Respondents’ Relationship with Household Head

Results in Table 5 depict respondents' relationship to the household head. The summary of
the relationship between the respondents and the household head revealed that about 63% were
the household heads themselves, 22.3% were spouses of the household heads, 11.6% were found to
be children, 1.7% were other family members, and 0.3% each were siblings and non-family members.
This shows that many people (37%) were relying on the household head thus, implying that as the
number of dependents on the household head increases the chance of food security decreases
thereby increasing food insecurity.

Table 5. Distribution of Respondent according to Relationship to Household Head

State GOMBE JIGAWA KANO POOLED
Relationship to Household Head

Child 29 28.7 6 6.0 - - 35 11.6
Household head 31 30.7 63 63.0 98 98.0 192 63.8
Non-family member - - 1 1.0 - - 1 0.3
Other family members 1 1.0 3 3.0 1 1.0 5 1.7
Sibling 1 1.0 - - - - 1 0.3
Spouse 39 38.6 27 27.0 1 1.0 67 22.3
Total 101 100 100 100.0 100 100.0 301 100.0
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3.1.4. Respondents’ Educational Level

The result of the educational attainment of the respondents is presented in Table 6. It showed
that about 93.4% of the respondents had one form of education or the other while the remaining
6.6% had no formal education. The majority (42.2%) of the respondents completed secondary
education and only a few (6.6%) had some secondary education.

This implies that the respondents are exposed to adopting new practices and thus help in identifying
challenges affecting their activities thereby improving their food security situation. This is in
agreement with the findings of Folorunso et al. (2023) who reported in their study on Assessment of
Food Security Determinants and Coping Strategies of Urban Households during COVID-19 Pendamic
Lockdown in Jos, Plateau State, Nigeria that, all the respondents had attended formal education.

Table 6. Distribution of Respondent according to Educational Level

State GOMBE JIGAWA KANO POOLED
Education Attainment Freq % Freq | % Freq | % Freq | %
Adult literacy training 1 1.0 - - - - 1 0.3
Completed primary education 9 8.9 11 11.0 6 6.0 26 8.6
Completed secondary education 58 57.4 28 28.0 41 41.0 127 42.2
No formal education 14 13.9 4 4.0 2 2.0 20 6.6
Post-secondary education 5 5.0 10 10.0 35 35.0 50 16.6
Qur’anic education 2 2.0 42 42.0 7 7.0 51 16.9
Some primary education 4 4.0 2 2.0 - - 6 2.0
Some secondary education 8 7.9 3 3.0 9 9.0 20 6.6
Total 101 100 100 | 100 100 100 301 | 100

3.1.5. Respondents’ Primary Activity

The major activity of the respondents as presented in Table 7 was found to be crop production

(83.4%) and this is followed by livestock production (8.0%). The least was formal private
employment, Non-agricultural trading business, Artisans, mechanics, retired and Unemployed with
only 0.3% each. This is in contrast to the findings of Folorunso et al. (2023) who reported that civil
servants constitute the major primary occupation of the household in their study location.
The breakdown of the respondents' primary activity based on state showed that crop production is
the main activity carried out by the majority (92.1%, 86%, and 72% respectively in Gombe, Jigawa,
and Kano states). This entails that Agriculture gives more occupation opportunities for rural
households than any other occupation in rural areas.

Table 7. Respondent according to Primary Activity

State GOMBE JIGAWA KANO POOLED
Primary Activity Freq % Freq | % Freq | % Freq | %
Crop production 93 92.1 86 86.0 72 72.0 251 83.4
Livestock production 3 3.0 - - 21 21.0 24 8.0
Domestic duties - - 5 5.0 - - 5 1.7
Agricultural processing - - 4 4.0 - - 4 13
Agricultural trading business - - - - 4 4.0 4 1.3
Students in school any type - - 2 2.0 - - 2 0.7
Traditional medical practitioners - - - - 2 2.0 2 0.7
Transportation business 1 1.0 - - 1 1.0 2 0.7
Public sector employment - - 2 2.0 - - 2 0.7
Formal private employment 1 1.0 - - - - 1 0.3
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Non-agricultural trading business - - 1 1.0 - - 1 0.3
Artisans incl. mechanics 1 1.0 - - - - 1 0.3
Retired 1 1.0 - - - - 1 0.3
Unemployed 1 1.0 - - - - 1 0.3
Total 101 100 100 100 100 100 301 100

3.1.6. Respondents’ Major Sources of Income

The results in Table 8 revealed the average income per annum of the respondents. Looking
at what was reported in Table 7 above, where crop production was found to be the major activity of
the respondents, our findings here are corroborated with that of the major activity (crop production)
which is reported to offer the highest income of (NGN) 641,870 ($1,514.20) followed by agricultural
trading NGN 504,750 ($1,190.73) and then non-agricultural trading NGN397,444 ($937.59). These
figures are quite below the reported average national income of NGN907,146 ($2,014) per annum
(www.statista.com/gross-national-income-per-capita-in-nigeria/).

Table 8. Respondents’ Major Sources of Income

State GOMBE JIGAWA KANO POOLED POOLED
Variable Mean SD Mean SD Mean SD Mean SD Freq | %
Crop Production 518.131 | 318.080 | 592.946 | 413.519 | 908.523 | 549.758 | 641.870 | 446.616 | 251 | 83.39
Livestock Production 235.884 | 105.975 | 284.926 | 124.649 | 446.436 | 296.747 | 348.374 | 233.131 | 24 7.97
Poultry Production 160.000 | 192.412 | 123.077 | 56.330 | 50.000 | - 140.556 | 151.831 | 9 3.00
Fisheries 425.000 | 388.909 | 350.000 | 150.000 | - - 380.000 | 225.278 | 4 1.33
Agricultural Processing | 230.714 | 346.319 | 188.000 | 140.098 | - - 199.074 | 205.875 | 4 1.33
Agricultural Trading 100.000 | - 582.353 | 328.320 | 47.500 | 24.749 | 504.750 | 356.125 | 4 1.33
Non-Agric. Trading 230.000 | 183.848 | 216.250 | 130.600 | 424.615 | 233.789 | 397.444 | 232.483 | 1 0.33
Transportation 300.000 | 141.421 | 240.000 | - 70.000 | - 227.500 | 135.984 | 2 0.66
Construction 225.000 | 184.842 | 200.000 | - - - 216.667 | 143.759 | 2 0.66
Total 301 | 100

3.1.7. Households with acceptable FCS (>35)

The study analyzed food utilization of the households by computing their Food Consumption
Scores and the results are presented in Table 9. Food security of households across the three states
was generally acceptable as revealed by the FCSs. On average 98.7% of the households in the project
area were analyzed to be at the acceptable stage in terms of food security level. Our finding is in
agreement with the findings of Dingchou et al. (2022) who reported that 72.6% of their respondents
were food-secured. It is also in agreement with the findings of Folorunso et al. (2023) who reported
that 75% of the individuals in their study area were food secure.
The results further showed that in Jigawa state, all the respondents were found to be food-secure
while in Gombe and Kano states 2% and 1% of the respondents were found to be at the borderline.
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Table 9. Food Security Level of Respondents using FCS

State GOMBE JIGAWA KANO POOLED

FCS2 Freq. Percent Freq. Percent Freq. Percent Freq. Percent
0-21 (Poor) 1 1.0 - - - - 1 0.3
21.5-35 (Borderline) 2 2.0 - - 1.0 1 3 1.0

>35 (Acceptable) 98 97.0 100 100 99.0 99 297 98.7
Total 101 100 100 100 100 100 301 100

3.1.8 Household Dietary Diversity Score (HDDS)

The study also analyzed the household's food utilization by computing their HDDS and the
results are presented in Table 10. From the results. it can be inferred that households in the project
area had low dietary diversity in their consumption as 61.8% had HDDS of between one to four,
while only about 5.3% had the highest HDDS of nine to twelve. The majority (32.9%) of the
household had a medium diversity score of five to eight. This is contrary to the findings of Nazifi et al.
(2021) who reported that 52% of their respondents had a medium dietary diversity score.

Table 10. Food Security Level of Respondents using HDDS

State GOMBE JIGAWA KANO POOLED

HDDS Freq. Percent Freq. Percent Freq. Percent Freq. Percent
1-4 (Low HDDS) 44 43.6 56 56.0 86 86.0 186 61.8
5-8 (Medium HDDS) 44 43.6 42 42.0 13 13.0 99 32.9
9-12 (High HDDS) 13 12.9 2 2.0 1 1.0 16 53
Total 101 100 100 100 100 100 301 100

3.1.9. Coping Strategies for Food In-secure Households

The study identified the coping strategies adopted by the households to mitigate the effects
of food insecurity in the study area and the findings are presented in Table 11. The most practiced
coping strategies were relying on less preferred foods (5.61%), purchasing food on credit (5.61%),
restricting consumption by adults (3.3%), borrowing food/relying on help (2.64%), and reducing
volume at meal times (2.31%) among others. This is in line with the findings of Oluwafunke Opeyemi
et al. (2020) who reported in their study on Assessing the Household Food Insecurity Status and Coping
Strategies in Abeokuta, Ogun State, Nigeria that, the most common
coping strategies included; compromising food quantity, food quality, and finances; taking a loan to
buy food, selling sheep and goats, eating once a day, reducing food quantity as well and skipping
meals for children.

Table 11. Copping Strategies for Food Insecurity

Coping Strategies Gombe (%) | Jigawa (%) | Kano (%) | Pooled (%)
Rely on less preferred and less expensive foods 34.6 91.8 50.0 67.7
Borrow food. or rely on help from a friend or relative 154 - 100.0 9.3
Purchase food on credit 53.9 40.5 - 44.6
Consume seed stock held for next season 11.5 5.4 50.0 9.2

Send household members to eat elsewhere 3.9 5.4 - 4.6

Send household members to beg - - 50.0 1.5
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Reduce volume at mealtimes 30.8 35.1 - 323
Restrict consumption by adults for small children to - 5.4 - 3.1
eat

Reduce the number of meals eaten in a day 11.5 10.8 - 10.8
Skip entire meals like breakfast, Lunch, or dinner 3.9 24.3 - 15.4
Planting Short Day crop - - 50.0 1.5
Sale of Production Asset 7.7 5.4 - 6.2
Sale of Household Assets 154 - - 6.2
Diversification of Production 3.9 10.8 50.0 9.2
Irrigation Farming 7.7 - - 3.1

4. Conclusion and Recommendations

The result of the Food utilization of households across the three states was generally
acceptable with an average of 98.7% of the households in the project area at the acceptable stage
(FCS >35) in terms of food security level, at the same time, the food utilization by households using
their HDDS shows low dietary diversity in consumption. The most practiced coping strategies
reported were relying on less preferred foods (5.61%), purchasing food on credit (5.61%), restricting
consumption by adults (3.3%), borrowing food/relying on help (2.64%), and reducing volume at meal
times (2.31%) among others. This is an indication that the respondents have several coping

strategies to deal with poverty and food shortages.

RECOMMENDATIONS

e The results showed that some of the respondents (<5%) were still at the borderline of food
security, thus the project needed to improve its strategies to not allow those on the edge to

cross the border.

e Also, findings showed that households in the project area had low dietary diversity scores
hence it is recommended that capacity building on food fortification, diversification, and
utilization be given to beneficiary farmers in the project area.

e Even though the evaluation results indicated a large number of the respondents have one
form of coping strategy or the other, these need to be strengthened around a crop-livestock
combination. This combination can increase resilience by generating better nutrition and
income, while also maintaining natural environmental conditions through the use of organic

manure produced.
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Abstract: In the study, the emergence power of 4 different edible flower
seeds was determined using different parameters. It has been observed
that final emergence percentage alone is not sufficient to express the
emergence characteristics of the seed. When evaluated in terms of final
emergence percentage, while calendula, red nasturtium and yellow
nasturtium seeds had similar seed emergence, electric flower seeds had
less emergence compared to the others. Considering the average
emergence time, it was determined that nasturtium seeds emerged faster
and more homogeneously compared to calendula and electric flower. In
the study, germination index, emergence rate coefficient, emergence rate
index values were calculated and it was determined that red and yellow
nasturtium had better seed emergence in terms of these values compared
to calendula and electric flower. As a result of the study, it was
determined that final germination or emergence percentage alone was
not sufficient to define the germination characteristics of seeds, and that
determining at least one of the parameters such as germination index,
emergence rate coefficient or emergence rate index in addition to the
final emergence percentage would provide more reliable results.

Farkli Parametreler Kullanilarak Bazi Yenilebilir Cigeklere Ait Tohumlarin Cikis Oranlarinin

Degerlendirilmesi

Makale Tarihgesi

Gelis: 29.11.2023
Kabul: 28.12.2023

DOI: 10.59128/bojans.1397537

Anahtar Kelimeler

Yenilebilir Cicek, Cikis indeksi,

Oz: Calismada, 4 farkli yenilebilir gicek tohumlarinin ¢ikis giicii farkl
parametreler kullanilarak belirlenmistir. Tek basina tohum gikis oraninin
tohumun gikis 6zelliklerini ifade etmede yeterli olmadigi gérilmustar. Cikis
orani degerlendirildiginde kalendula, kirmizi Latin ve sari Latin gicegi
tohumlarinda benzer oranda tohum cikisinin oldugu, elektrik c¢icegi
tohumlarinda ise digerlerine kiyasla daha az ¢ikis olmustur. Ortalama cikis
sliresi dikkate alindiginda ise kalendula ve elektrik gicegine kiyasla Latin
cicegi tohumlarinin daha hizh ve daha homojen bir c¢ikis yaptigi
belirlenmistir. Calismada ayrica ¢cimlenme indeksi, ¢ikis hizi katsayisi, ¢ikis
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Cikig Suresi orani indeksi degerleri hesaplanmis ve bu degerler bakimindan kalendula
ve elektrik cicegine kiyasla kirmizi ve sari Latin gigeginde daha iyi bir
tohum gikisinin oldugu tespit edilmistir. Calisma sonucunda, tohum
¢imlenme veya tohum cikisini tespit etmeye yonelik c¢alismalarda tek
basina ¢imlenme veya c¢ikis oraninin yeterli olmadigi, son ¢ikis orani
yaninda ¢imlenme indeksi, ¢ikis hizi katsayisi veya ¢ikis orani indeksi gibi
parametrelerden en az birisinin de belirlenmesinin daha glvenilir sonuglar
verecegi belirlenmistir.

Yilmaz G. ve Yildiz K. (2023). Farkh Parametreler Kullanilarak Bazi Yenilebilir Cigeklere Ait Tohumlarin Cikis Oranlarinin Degerlendirilmesi,
Bozok Tarim ve Doda Bilimleri Dergisi, 2(2), 121-127. How To Cite: Yilmaz G. and Yildiz K. (2023). Evaluation of Emergence of Seeds of Some
Edible Flowers Using Different Parameters, Bozok Journal of Agriculture and Natural Sciences 2(2), 121-127.

1. Introduction

In many countries of the world, traditional dishes, desserts, and salads have been made using
edible flowers for a long time (Fernandes et al., 2020). Nowadays, consumers search for new tastes,
their longing for their previous lifestyles or the increase in awareness about the health benefits of
the bioactive compounds contained in edible flowers have made edible flowers more popular. The
increase in the number of cookbooks and culinary magazines containing recipes using edible flowers
clearly shows that the interest in these plants is increasing (Rop et al., 2012). Additionally, some
organic or gourmet markets have started selling fresh edible flowers in small packages, increasing
consumer interest in this new trend. Again, in some restaurants, chefs have started to use edible
flowers to add different tastes and colors to their dishes, drinks, or desserts (Fernandes et al., 2020).

Increasing interest in edible flowers has also led to an increase in the number of scientific
articles published on these products. Although many scientific articles have been published on edible
flowers, the majority of these articles discuss the health benefits and nutritional content of flowers.
There are almost no studies on the cultivation techniques of these products. Since edible flowers are
mostly grown with seeds, this study aimed to determine the emergence status of the seeds of some
edible flowers.

Seed germination or emergence rate and speed affect cultural processes such as determining
planting time, fertilization, ripening time of the product, and harvesting. It is suggested that high
germination rate and seed strength provide an advantage to the plant in terms of stress resistance.
(Kader and Jutzi 2002). In addition, the dynamics of the germination process, such as time, speed,
homogeneity, and synchronization of germination, are indicators of the ecology in which any plant
species will develop better (Scott et al., 1984; Ranal and Santana, 2006).

Many studies have been conducted on germination, which is an important stage of the plant
life cycle. In most of these studies, it has been emphasized that only the final germination percentage
will not be sufficient and it is also necessary to determine the germination velocity. Since simple
approaches such as the final germination percentage make it difficult to evaluate the seed
germination, more complex indices and coefficients have been used in scientific studies (Kader and
Jutzi 2001, 2002; Grundy et al., 2000; Kader, 2005; Al-Ansari and Ksiksi, 2016; Fernandes et al., 2020).

In the seeds of higher plants, the term germination refers to the emergence of a root or shoot
from the seed coat, while seed emergence means the shoot becomes visible above the soil surface.
In studies conducted to determine the germination status of plant seeds, germination or emergence
rate or both are used. In this study, seed emergence characteristics of four different edible flower
species were determined with the help of some coefficients and indices developed to measure
germination or emergence rate.
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2. Material and Method

The experiment was carried out in an unheated greenhouse belonging to Tokat
Gaziosmanpasa University Research and Application Center. The study was carried out using four
types of flower seeds, including yellow nasturtium (Tropaeolum majus L.), red nasturtium
(Tropaeolum majus L.), calendula (Calendula officinalis), and electric flower (Spilanthes oleracea),
which are frequently used among edible flowers. The seeds used in the study were obtained from a
company that specifically produces organic edible flower seeds in the Netherlands.

The experiment was set up according to the random plot design with 3 replications and 100
seeds in each replication. At the end of the experiment, the data was analyzed (checking whether it
met the necessary assumptions for variance analysis). Whether the differences between the
treatments means were significant or not was determined by the Duncan Multiple Comparison Test.

The seeds were planted in viols filled with peat on April 14, 2022, without any pre-treatment.
Viols in which seeds were planted were watered regularly to keep them constantly moist. Daily
checks were made and the emerging plants were counted and recorded. The following parameters
were calculated using the data obtained at the end of the experiment.

Final emercence percentage (FEP):

FEP(% Total number of seeds emerged 100
= x
(%) Number of seeds planted

Mean emergence time (MET): The formula developed by Orchard (1977) was used to
calculate the mean germination time.

Yin
»f

where: f=n. Percentage of seeds emerging per day.

MET(day) =

Emergence Index (El): The formula developed by Bench Arnold et al. (1991) for the
germination index was modified and used as follows.

El=(g.n1)+((g-1). n2) +..... (1 xng)

Emergence index; The number of seeds hatched each day is multiplied by different weight
scores. The highest score is given to the seeds produced on the first day, and the scores gradually
decrease. The lowest score is given to the seeds produced on the last day.

In the formula, g = the time in days from seed sowing to the last seed emergence, nl, n2... ng
=1, 2 and g respectively. percentage of seeds hatched per day.

Emergence Rate Coefficient (ERC): According to Jones and Sanders (1987), it was calculated
as follows.
(T Ni).100
ERC= BiNLTD)

Ni=i. Number of seeds released per day, Ti = from seed sowing i. passes day by day

Emergence Rate Index (ERI): Based on Kader (2005).

ERI (%/glin)=N1/1+ N2/2 + ....... + NX/X
N1 = Number of seeds hatched on the first day.
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N2 = Number of seeds hatched on the second day.
Nx=X. number of seeds hatched per day

Emergence rate index; Indicator of the exit percentage for each day in my checkout process.
First Emergence Day (FED): The day on which the first seed emergence event occurred
Last Emergence Day (LED): The day on which the last seed emergence event occurred

Emergence Period (EP): The time in days between the first emergence and the last
emergence.

3.3. Results and discussion

The emergence percentage of seeds depending on time is given in Figure 1. As can be seen from the
figure, nasturtium seeds started to emerge earlier. The first emergence was observed on the 8th day
in yellow nasturtium and on the 10th day in Red nasturtium. Compared to nasturtiums, calendula,
and electric flower seeds started to emerge later. The seed emergence rate in all four edible flower
species showed a steady increase over time. Red and yellow nasturtiums started to emerge at almost
the same time and reached similar emergence rates at the end of the germination period. Although
calendula seeds started to emerge relatively late, they reached the highest emergence rate with
faster germination.
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Figure 1: Time-dependent seed emergence rates of edible flower seeds.

Different formulas have been developed by researchers to measure the germination and
emergence success of seeds. Some of these formules were used in this study. When the final
emergence percentage (FEP) were compared, it was seen that electric flower seeds had a lower
emergence percentage compared to other species. While 50.3% of calendula seeds reached the soil
surface, this rate was found to be 31.3% in electric flower seeds. Yellow and red nasturtiums had an
FEP of 48.0% and 45%, respectively. Mean emergence time (MET) is calculated in days, and a low
MET value indicates a high emergence velocity. As a result of the evaluation made in this respect, it
was seen that the emergence velocity of red and yellow nasturtiums, which have lower MET values,
compared to calendula and electric flower, was higher. When the emergence index (El) values
reflecting emergence velocity rate and emergence rate, are compared, the highest value was
obtained from yellow nasturtium and the lowest El was obtained from electric flower. This result

124



shows that when emergence rate and velocity are evaluated together, the best emergence is in
yellow nasturtium seeds and the poorest emergence is in electric flower seeds. Emergence rate
coefficient (ERC), another measure of seed emergence, increases as the number of seeds emerged
increases and the time required for emergence decreases. This value reveals that yellow and red
nasturtium seeds emerged better than calendula and electric flower seeds. Emergence rate and
emergence velocity in seeds are also expressed by the emergence rate index (ERI). High ERI value
indicates high and rapid emergence. In terms of this value, the best emergence was found in yellow
nasturtium seeds and the weakest emergence was found in electric flower seeds. Compared to
calendula and electric flower, yellow nasturtium and red nasturtiums started to emerge earlier. The
first seed emerge was observed on the 8th day after sowing in yellow nasturtiums and approximately
on the 10th day in red nasturtiums. This period was up to 16 days in electric flower and 20 days in
calendula. No seed emergence was observed after the 56th day in any of the seeds of the four
flowers examined in the study. The period between the date of the first seed emergence and the
date of the last seed emergence is expressed as emergence period (EP). This period lasted 44 and 46
days for red nasturtiums and yellow nasturtiums, respectively. EP took approximately 38 days in
electric flower seeds and 36 days in calendula seeds.

Table 1: Germination data of flowers

Flower FEP MET El ERC ERI FED LED (giin) EP (day)
species (%) (day) (%/day) (day)

Calendula 50.3a 38.4a 9713b 26b 14b 20.3 a 56.7 a 36.3b
Electric 313b 36.9a 646.3c 27b 1.0c 18.0a 56.3 a 383b
Yellow Nas. 48.0a 31.7b 12143 a 32a 19a 10.0b 56.0a 46.0a
Red Nas. 450a 339b 1042.7ab 3.0a 16b 123b 56.3a 44.0a

*: Differences between means marked with the same letter are not significant (p<0.05).
(FEP: Final emercence percentage, MET: Mean emergence time, El: Emergence index, ERC: Emergence rate coefficient, ERI:
Emergence rate index, FED: First emergence day, LED: Last emergence day, EP: Emergence period)

There are no sufficient studies in the literature on the emergence rate of seeds of edible
flowers. In very few studies, evaluations were generally made only by taking into account the final
emergence percentage. For example, Ruiz De Clavijo (2005) and Joly et al. (2013), in their study
where they examined the effects of different applications on the germination and emergence rates
of calendula seeds, reported that the germination rates were high (70-95%) and the emergence rates
were similar to the value obtained in this study. Molina et al. (2018) reported that the germination
rate of nasturtium seeds could be increased with different applications, and found the emergence
percentage in the control application to be around 45%. Fakava (1992) reported that the emergence
percentage of nasturtium (Tropaeolum majus Linn.) varies between 11% and 63% depending on the
time of seed collection and sowing frequency. Similar emergence percentages were obtained in this
study.

No study has been found in the literature on the emergence of electric flower seeds. Honorio
et al. (2011) examined the germination rate of electric flower seeds and reported that the
germination rate varied between 50.9% and 69.5% depending on the medium used. In this study, the
emergence percentage was measured and the emergence percentage of electric flower seeds was
found to be 31.3%. In studies on seed performance, the emergence rate is generally lower than the
germination rate, since the root tip coming out of the seed coat is referred to as germination and the
plant rising to the soil surface is referred to as emergence. From this perspective, it can be said that
the emergence percentage obtained from this study is not too low compared to the value obtained
by Hondrio et al (2011). The results obtained reveal that it is not always appropriate to express the
germination or emergence characteristics of seeds with the final emergence percentage alone. While
there was no significant difference between calendula and nasturtiums in the evaluation made by
taking into account the FEP, MET values showed that seed emergence in nasturtiums is faster. The
MEP is a value that shows the output speed, and the lower this value is, the higher the output speed
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(Kader, 2005). A similar situation can be said for El, ERC, and ERI values, which express both
emergence velocity and emergence output rate. These values mean that seed emergence is better in
nasturtium plants. It has been seen that the coefficients and indices except the FEP are compatible
with each other. While nasturtium seeds emerged earlier, the last seed emergence was completed
almost on the same day in each four edible flower seeds. This caused the seed emergence period in
calendula and electric flowers to be shorter than in nasturtium flowers. Similarly, in her study using
hypothetical data, Kader (2005) emphasized that the final germination rate alone does not provide
sufficient information about other germination dynamics such as germination speed and germination
uniformity in seeds.

This study provides useful information about the germination abilities of some edible flower
seeds, for which there is limited information in the literature, for those considering growing these
plants. In addition, it has been seen once again that the final germination percentage is not sufficient
to express the seed germination ability, and the final germination percentage alone does not provide
information about the germination rate of the seeds. It has been determined that using one of the
MEP, El, ERC or ERI in addition to the final germination percentage to measure seed performance will
provide more reliable results.

In this study using four different edible flower seeds, it was observed that the highest
germination rate belonged to the calendula flower, with a rate of 50.3%. It was determined that the
rate, which was 48% and 45% in yellow and red nasturtiums, respectively, was 31.3% in electric
flower. Considering that there is not enough information about edible flowers, whose use is
increasing day by day, it is thought that this study will be an effective literature for future studies.
This study will serve as an incentive to conduct studies that will increase the germination rates of
edible flower seeds.
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1.Giris

Cilek, Gzlimsi meyve grubunun en 6nemli Gyelerinden birisidir. Her yil diizenli Grliin vermeleri
ve yetistiriciliginin kolay olmasi nedeniyle cilek Gretimi diizenli olarak artmaktadir. Cilek yetistiriciligi
aile isletmeleri icin ideal bir yetistiricilik tlrtdir. Ayni zamanda meyvelerinin gida maddesi olarak
degerlendirilebilmesi de dnemini glin gectikce artirmaktadir. Cilek hem taze tiiketilebilen hem de
sanayiye elverisli bir meyve tirtdir. Recel, marmelat, dondurma, icki endustrisi, kozmetik, ilag
endustrisi gibi alanlarda yaygin kullanima sahiptir. Derin dondurulmaya elverisli olmasi cilegin
Onemini artirmaktadir. Ev ve kiclik bahcge isletmelerinde taze olarak satis imkani bulunmaktadir.
Blyik isletmelerde ise endistriye yonelik biylk Olglide yetistirilerek iretim yapilmasi bakimindan
¢ok 6nemlidirler. Hasattan sonra saklanmalari diger meyvelere oranla zor ve uzun middet soguk
depolarda muhafazasinin mimkiin olmamasi dezavantaj gibi goziikse de endistride blyik alic
kesimine sahip olmasi nedeniyle cilegin pazarlanmasinda 6nemli sorunlar ¢ikmamaktadir. Cilek,
enerji, protein, yag ve karbonhidrat bakimindan fakirdir. Ancak dogal antioksidanlarin yani sira;
vitamin, mineral, antosiyanin, flavonoidler ve fenolik asitler acgisindan cilek meyvesi oldukca
zengindir. C vitamini igerigi oldukga yiksektir. Zengin elajik asit icerigi nedeniyle anti kanserojen
etkisinin yani sira antioksidan, antibakteriyel ve anti viral etkileri de vardir. Zengin seliiloz iceriginden
dolayi sindirimi kolaylastirici etkisi de vardir (Caglar ve Demirci 2017).

Dilinyada tzlimsi meyveler icinde en 6nemli yeri cilek tGretimi almaktadir. Dlinya cilek Gretimi
2000 yilinda 3.299.287 ton iken 2021 yilinda 9.175.384 ton olmustur (FAO, 2021). Tirkiye cilek
Uretimi; 2000 yilinda 94.650 da alanda 130.000 ton iken 2022 yilinda 222.715 da alanda 728.112 tona
ve dekara verim ise 3269 kg/da’a ulasmistir. Ulkemizde cilek tretimi sirasiyla Akdeniz, Ege, Marmara,
Merkez Anadolu’da bélgelerinde yapilmaktadir. Ulkemizde en fazla gilek tiretimi yapan il 240.071 ton
ile Mersin ilidir (TUIK, 2022).

Cilek yetistiriciligi; her yil dizenli Grin vermesi ve yetistiriciliginin kolay olmasi nedeni ile

tarimsal isletmelerin 6nemli bir tamamlayici bitkisi ve ayni zamanda ki¢lk aile isletmelerinin ideal
Granadar. Bu ozellikleri nedeniyle karli bir tarimsal {retim dali olan ¢ilek Gretiminden elde edilen
gelir, Uretici bazinda disliniildiglinde, diger tarim kollari icin de biylk destek saglamaktadir (Bayram
ve ark., 2013)
Triptofan (TRP), R3-indolylalanine olarak da bilinen oldukga buyik, bitkilerde, hayvanlarda ve
insanlarda 6nemli etkilere sahip bir amino asittir. Bitkiler, TRP'ni baslangi¢ta 3-fosfoshikimik asit ve
ardindan korismik asit ve antranilik asitten sentezlemektedir (Meister, 1965). TRP, bitkilerde indol
Asetik Asit (IAA), melatonin (MEL) ve serotonin (SER) hormonunun 6ncil maddesidir (Yakupoglu ve
ark., 2018). IAA hormonu, hiicre zarinin esnekligini, ozmotik basinci ve hiicre zarlarinin gegirgenligini
artirarak hiicre blyimesini tesvik eden bir bliyiimeyi diizenleyicidir. MEL ise yapragin ve slrginlerin
blylimesini ve yaprak yaslanmasini diizenlemektedir. Ayni zamanda MEL; soguk, kuraklik, tuzluluk
gibi stres kosullarina bitkilerin tolerans seviyelerini ve antosiyanin miktarini artirdigi da bilinmektedir
(Arnao, 2014). Bitkilerde oksinin aktif 6nciisii olan TRP (Abbas ve ark., 2013; Hassan ve Bano, 2015;
Mustafa ve ark., 2016), dissal uygulamalarla bitki dokularinda oksin seviyesini arttirabilir (Ahemad ve
Kibret, 2014). L-triptofan bitkilere, toprak uygulamasi (Chen ve ark., 1997; Muneer ve ark., 2009),
yapraktan spreyleme (Yassen ve ark., 2010; El-Awadi ve ark., 2011) ve tohum asamasinda (Parvez ve
ark., 2000; Abbas ve ark., 2013) olmak Uzere cesitli yollarla uygulanabilir.

Xiaohong ve ark. (2004), cilek Uzerine yaptiklari calismalarinda, triptofanin cilekte biyime ve
meyve kalitesi Gzerine etkilerini incelemislerdir. Calismada, triptofanin blylimeyi destekleyebilecegi
ve meyve kalitesini iyilestirebilecegi bildirilmistir. Mosa ve ark. (2021) elmalarda yaptiklari triptofan
uygulamasinin meyve kalitesini artirdigini belirtmislerdir.

Bu calismanin amaci cilek yetistiricili§inde vejetatif blylime Uzerine etkili olan triptofan
dozunun belirlenmesidir.
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2. Materyal ve Yontem

Arastirma Atatiirk Orman Ciftligi, Bitkisel Uretim Muidurliglu Gretim alanlarinda yer alan
Isitmasiz plastik seralarda ve potlar icerisinde vyuritilmistir. Calismada Albion cilek c¢esidi
kullanilmistir. Notr glin cilek cesidi olan Albion cilek cesidi ile karasal iklim kosullarinda bile yiksek
verim ve Kkaliteli cilek Gretimi yapilabilmektedir (Balci ve ark., 2017). Calismada kullanilan 2 It’lik
potlar; 1:1 perlit torf karisimi ile doldurularak hazirlanmistir. Hazirlanan potlara 2021 yili 6 Haziran
tarihinde frigo fide kullanilarak dikim yapilmistir. TRP uygulamalari ise dikimden yaklasik 1 ay sonra
(bitkiler 4 tam yaprakh oldugunda) yapilmistir. Kontrol uygulamasi (0- TRP dozu) olarak su
kullanilmistir (Sekil 1).

Sekil 1. Deneme genel goriiniim

3 tekerrirli tesadif parselleri deneme deseni ile kurgulanan galismada TRP uygulamalari
asagidaki Tablo 1’de verilmistir.

Tablo 1. Deneme Plani

Uygulama Sekli TRP Dozu (mM) 1. Tekerriir 2. Tekerriir 3. Tekerriir
0 15 bitki 15 bitki 15 bitki
0.1 15 bitki 15 bitki 15 bitki
Toprak 0.5 15 bitki 15 bitki 15 bitki
1.0 15 bitki 15 bitki 15 bitki
1.5 15 bitki 15 bitki 15 bitki
0 15 bitki 15 bitki 15 bitki
0.1 15 bitki 15 bitki 15 bitki
Yaprak 0.5 15 bitki 15 bitki 15 bitki
1.0 15 bitki 15 bitki 15 bitki
1.5 15 bitki 15 bitki 15 bitki

Topraktan uygulanan TRP her bitki kok bolgesine 100 ml’lik ¢ozeltiler sekilde uygulanmistir.
Yaprak uygulamasi ise tiim bitki yapraklari islatilacak sekilde sprey seklinde uygulama yapilmistir. TRP
uygulamasindan yaklasik 1 ay sonra bitki sokiimleri yapilmistir. Sokilen bitkilerde asagidaki kriterler
incelenmistir.

Kok uzunlugu (cm): Sékilen fidelerin kok uzunluklari cetvelle dlgilerek cm cinsinden verilmistir.

Govde ¢apl (mm): Sokilen fidelerin gévde ¢api kumpas yardimi ile mm cinsinden ol¢tlmastar.

Bitki boyu (cm): Sokiilen fidelerin boylari cetvelle dlglilerek cm cinsinden 6lgilmustar.

Yaprak alani (cm” bitki"): ADC BioScientific Area Meter AM300 ile 6lgilerek cm?® cinsinden
kaydedilmistir.
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Kuru agirlik (mg): Sokilen bitkiler 5 giin boyunca 70 °C’de etiivde kurutulmustur. Sabit agirliga
gelen bitkiler hassas terazide tartilarak mg olarak ifade edilmistir.

Kol sayisi (Adet): Deneme boyunca olusan kollar sayilarak kaydedilmistir.

istatistiki analizler SPSS 20.0 Paket Programinda degerlendirilirken, ortalamalar arasindaki
farklar Duncan Coklu Karsilastirma Testi ile belirlenmistir.  Sonuclarin  istatistiksel
degerlendirilmesindeki farklar arasindaki 6nemlilik diizeyi 0.05 olarak belirlenmistir.

3. Bulgular ve Tartisma

TRP uygulamalarinin gilek bitkisinin bazi vejetatif blylime kriterlerinin lizerine etkisi Tablo 2’de
verilmistir.

Cilek fidelerinin kok uzunluklari incelendiginde uygulama seklinin istatistiksel agidan 6nemsiz
oldugu, uygulama dozlarinin ¢cok 6nemli oldugu ve Uyg. Sekli x Doz interaksiyonun ise dnemli oldugu
belirlenmistir (Tablo 2). TRP dozlarinin etkisine bakildiginda ise en uzun kék uzunlugu kontrol
uygulamasindan (41.00 cm) elde edilmistir. Diger uygulamalar ise ayni istatistiksel grupta yer almistir.
interaksiyon incelendiginde ise toprak ve yaprak uygulamalarinin 0 dozunda (41.00 cm) en iyi sonuc
elde edilmis, en kisa kokler ise toprak uygulamasinin 0.5 mM (24.00 cm) TRP uygulamasindan elde
edilmistir. Sanada ve Agehara (2023) soya fasulyesine uyguladiklari TRP’nin kék alanini kontrole
kiyasla %14 oraninda artirdigl, kok uzunlugunu ve ince koklerin ylizey alanini (<0,2 mm ¢ap) siraslyla
%25 ve %21 oraninda artirirken, birincil kok uzamasini hafifge inhibe ettigini bildirmislerdir. Ayrica
topraktan uygulanan TRP’nin kdk olusumunu uyarmadaki daha etkin oldugu vurgulamislardir. Mas
fasulyesine topraktan uygulanan TRP’nin kokleri uzattigi ve kok agirliklarini arttirdigi tespit edilmistir
(Hussain ve ark., 2011).

Govde capi verilerine bakildiginda uygulama sekli ve dozun 6énemsiz oldugu Uyg. Sekli x Doz
interaksiyonun énemli oldugu gortlmiustir. En kalin gbévde toprak uygulamasinin 1.0 mM (14.51 mm)
dozundan elde edilirken, en ince gévdeler ise yaprak uygulamasinin 0.1 mM (9.46 mm) dozundan
elde edilmistir. Sarwar ve Frankenberger (1994), yaptiklari calismada TRP uygulamasinin misir
bitkisinde govde ¢apini arttirdigini tespit etmislerdir.

Bitki boyu 6l¢limleri sonucunda uygulama sekli 6nemsiz iken TRP dozu dnemli ve Uyg. Sekli x
Doz interaksiyonu ise ¢ok 6nemli oldugu belirlenmistir. En uzun bitkiler TRP uygulamasinin 1.0 mM
(37.83 cm) dozundan elde edilmistir. En kisa bitkiler 30.51 cm ile 0.1 mM, 31.62 cm ile OmM ve 33.19
cm ile 1.5 mM dozlarindan elde edilmistir. En uzun bitki 44.84 c¢cm ile topraktan uygulanan 1.0 mM
TRP dozundan elde edilmistir. En kisa bitkiler ise yapraktan uygulanan 0.1mM TRP dozundan elde
edilmistir (25.57 cm). Misirda yapilan bir ¢calismada TRP uygulamasinin bitki boyunu olumlu etkisi
oldugu bildirilmistir (Sarwar ve Frankenberger, 1994). Kirmizi yaprakh filodendron bitkisine uygulanan
TRP’nin kontrole kiyasla bitki boyunu arttirdigi tespit edilmistir (Abou Dahab ve Abd El-Aziz 2006).

Deneme bitkilerinde yapilan yaprak alani dlgiimlerinde uygulama sekli énemli olurken, doz ve
interaksiyon dnemsiz ¢ikmistir. En genis yaprak alani toprak uygulamalarinda elde edilmistir (17.89
cm?). Arpada yapilan TRP uygulamasinin yaprak alani tizerine dnemli etkisi oldugu belirlenmistir
(Dawood ve Sadak, 2007). Sus bitkisi olan Philodendron erubescens (kirmizi yaprakh Philodendron)
yaprak alani incelendiginde dissal TRP uygulamasinin énemli etkisi oldugu tespit edilmistir (Abou
Dahab ve Abd El-Aziz, 2006).

Kuru agirlik degerleri incelendiginde uygulama sekli ve interaksiyon dnemli olurken TRP dozlari
ise cok 6nemli olmustur. En fazla kuru agirlik toprak uygulamasindan elde edilmistir (8.00 g). TRP
dozlarina bakildiginda ise en iyi sonuglarin 0.5, 1.0 ve 0.1 mM dozlarindan elde edildigi gortlmustir
(sirasiyla 8.79, 8.71 ve 7.92 g). interaksiyonuna bakildiginda ise en iyi sonucun toprak uygulamasinin
1.0 mM uygulamasindan elde edildigi gérilmektedir (9.77 g). En az kuru agirliklar ise her iki uygulama
seklinin kontrol dozlarindan elde edilmistir (sirasiyla 5.60 ve 5.39 g). Soya fasulyesinde yapilan bir
calismada TRP uygulamasinin kuru madde birikimini arttirdigi rapor edilmistir (Sanada ve Agehara,
2023).

Kol sayisi degerlendirildiginde incelenen tiim kriterlerin ¢ok dnemli oldugu goérilmiustir. 8.20
adet ile toprak uygulamasinin en fazla kol Gretimi sagladigi gorilmustir. TRP dozlari incelendiginden
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12.50 adet ile 0.5 mM dozundan en fazla sayimi yapilmistir. Uyg. Sekli x Doz interaksiyonunda ise en
¢cok kol sayisinin 15.00 adet ile topraktan uygulanan 1.0 mM uygulamasindan elde edildigi
goralmastir.

Tablo 2. TRP uygulamalarinin gilek bitkisinin bazi vejetatif bliyime kriterlerinin tzerine etkisi

Uygulama Kok Govde Cap1  Bitki Boyu Yaprak Kuru Kol Sayisi
Uzunlugu (mm) (cm) Alani Agirhik (adet)
(cm) (cm?) (g)

Uygulama Sekli

Toprak 30.78 12.70 34.10 17.89a 8.00a 8.20a

Doz

0 41.00a 11.32 31.62b 14626 5.50c 5.00d

0.1 29.84b 11.60 30.51b 17.443 7.92a 7.00c

0.5 28.17b 12.25 3493ab 16929 879  12.50a

1.0 29.42b 13.23 37.83a 17.405 8.71a 9.50b

15 28.01b 12.52 33.19b 16.575 6.83b 4.00d

Uyg.SeklixDoz
0 41.00a 11.73abc 29.38df 17.121 5.60c 5.00e
0.1 29.50bc 13.73ab 35.45bcd 18.068 9.30a 9.00cd

Toprak 0.5 24.00d 11.71abc 33.48b-e 18232  8.50ab 15.00a
1.0 29.67bc 14.51a 44.84a 19.184 9.77a 8.00d
15 29.75 bc 11.80abc 27.35ef 15325  6.82cd 4.00e
0 41.00a 10.91bc 33.86b-e 12.132 5.39¢ 5.00e

Yaprak 0.1 30.18b 9.46¢ 25.57f 16.819  6.54cd 5.00e
0.5 32.33b 12.78ab 36.37bc 15.626  9.07ab  10.00bc
1.0 29.17bc 11.95abc 30.83c-f 15.626  7.65bc 11.00b
15 26.26cd 13.24ab 39.02ab 17.826  6.83cd 4.00e

Onemlilik

Uygulama Sekli od od od * * *E

Doz *k 6d * 6d *k *

Uyg. SeklixDoz * * ok od * *E

*Siitun ve satirlarda ayni harf iceren degerler, p=0.05 6nem seviyesinde, Duncan testine gore birbirinden farkl degildir.
4. Sonug

Ulkemiz tarimsal iretiminde dénemli bir yer tutan cilek lretiminde, insan saghgi lzerinde
olumlu etkilerinin oldugu bilinen triptofan kullaniminin etkileri arastirilmistir. Sonug olarak, gilek
yetistiriciliginde vejetatif bliyime Uzerine etkili olan triptofan dozunun belirlenmesi ¢alismasinda,
toprak uygulamalarin incelenen birgok kriterde olumlu etki yaptigi belirlenmistir. Uygulama dozu
olarak ise 1.0 mM dozun diger dozlara goére 6n plana ¢iktigi tespit edilmistir. Bu calismanin daha genis
arazi galismalarina 1sik tutarak yol gosterici olacagi diisiinilmektedir.
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