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Arastirma Makalesi Research Article

Fasulye Tohum Bocegi, Acanthoscelides
obtectus Say (Coleoptera: Chrysomelidae),
Miicadelesinde Bazi Zeolitlerin insektisidal
Potansiyel Etkisi

Effectiveness of the Insecticidal Potential of Some Zeolites in
the Control of the Bean Seed Beetle, Acanthoscelides obtectus

Say (Coleoptera: Chrysomelidae)

0z

Bu galismanin amaci depolanmis Urlin zararlisi olan Acanthoscelides obtectus Say (Coleoptera: Chrysomelidae)
ile miicadelede kimyasal kullaniminin azaltilmasina alternatif olarak 3A, 4A ve 5A zeolitleri kullanarak zararli
popiilasyonunu ekonomik zarar esiginin altina diisiirmektir. Ulkemizde ve diinyada depo zararlilariyla
micadelede kalinti birakmayan uygulamalarin gelistirilmesi ve 6zellikle baklagillerin muhafaza edilmesinde
kullanilan zeolit minerallerini de iceren inert tozlarin kullanimi nem arz etmektedir. inert tozlar icinde yer alan
zeolit, depolanmis tahillarda Uriine karistirilarak zararhlara karsi uzun sireli koruma saglamaktadir. Sentetik
zeolitlerin adsorplama, katalizor olma ve iyon degistirici 6zelliklerine gore kullanim alanlan oldukga genistir. Bu
amagla A. obtectus’a karsi 3A, 4A ve 5A zeolitler 27 + 2°C, %65 + 5 bagll nem sabit kosullari altinda
1sitmali/sogutmali inkiibator icerisinde bes farklh dozda (25mg, 50 mg, 75 mg, 100 mg ve 125 mg) test edilmistir.
Uygulama bes tekerriirlii ve her tekerriirde 20 adet ergin olacak sekilde yapilmistir. Yiizde 6liim oranlarini
hesaplamak amaciyla 1, 3, 6, 12, 24, 48, 72, 96, 120 ve 144. saat araliklarla kontroller yapilmis, canl ve 6li ergin
sayilan kaydedilmistir. Uygulama oncesi ve sonrasi agirlik kayiplar da degerlendirilmistir. Calisma sonucunda,
zeolitlerin hepsinin kontrole gére etkili sonuglar verdigi, ancak ayri ayr incelendiginde 3A ve 5A zeolitlerin 4A
zeolite kiyasla A. obtectus’a karsi daha etkili olduklari belirlenmistir. 3A ve 5A zeolitler igin istatistiki olarak en
yuksek 6liim oraninin 125 mg dozda 72. saatte, 4A zeolit igin 125 mg dozda 96. saatte oldugu kaydedilmistir. Tim
dozlar igin %100 olimler 96-144. saatlerde tamamlanmistir. 3A, 4A ve 5A zeolit dozlarinin ve maruz kalma
strelerinin artmasi A. obtectus’un 6lim oranini arttirmis, yumurta sayisini diistirmis ve dolayisiyla F1 nesli
Uretiminde azalmaya sebep olmustur. Elde edilen sonuglara gore 3A, 4A ve 5A zeolitlerin A. obtectus’un
mucadelesi igin umut verici oldugu sonucuna varilmigtir.

Anahtar Kelimeler: Acanthoscelides obtectus, Chrysomelidae, Zeolit, insektisidal etki

ABSTRACT

This study aims to reduce the pest population below the economic damage threshold through the use of 3A, 4A
and 5A zeolites, as an alternative to reducing the use of chemicals in the control of the storage pest
Acanthoscelides obtectus Say (Coleoptera: Chrysomelidae). In our country and around the world, it is essential
to develop residue-free methods in the control of storage pests and to use inert powders, including zeolite
minerals, which are used primarily in the preservation of legumes. Zeolite, contained in inert powders, provides
long-term protection against pests by mixing with the product in stored grain. Synthetic zeolites have a wide
range of applications depending on their adsorption, catalyst and ion exchange properties. For this purpose, 3A,
4A, and 5A zeolites were tested against A. obtectus at five different doses (25mg, 50mg, 75mg, 100mg, and
125mg) in a heated/cooled incubator under constant conditions of 27 + 2°C, 65 + 5% relative humidity. Five
replicates of twenty adults each were used in the experiments. The number of alive and dead adults was
recorded at 1, 3, 6, 12, 24, 48, 72, 96, 120, and 144th hours in order to calculate the mortality rates. Their weight
losses were also evaluated before and after application. The study’s results indicated that all of the zeolites
performed better than the control, but 3A and 5A zeolites were more effective against A. obtectus than 4A zeolite
separately. It was recorded that the highest mortality rate for 3A and 5A zeolites was at the 72nd hour at 125 mg
dose, and for 4A zeolite at the 120th hour at 125 mg dose. For all doses, 100% of deaths were completed in 96-
144th hours. Increasing 3A, 4A, and 5A zeolite concentrations and exposure times increased the mortality rate
of A. obtectus, reduced the number of eggs, and, therefore, led to a decrease in F1 generation production. The
results obtained show that 3A, 4A, and 5A zeolites can be considered as a promising strategy for the control of
A. obtectus.

Keywords: Acanthoscelides obtectus, Chrysomelidae, Zeolite, Insecticidal effect
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Giris

Depolanan Urlnlerde boceklerin meydana getirdigi zararlar
dinya capinda blylk bir soruna neden olmaktadir. S6z
konusu zararlar hem drln kalitesinde kayiplara hem de
miktarinda 6nemli disUslere yol acmaktadir (de Oliveira
Vilela vd., 2021; Mssillou vd., 2022). Fasulye tohum bocegi
Acanthoscelides obtectus Say (Coleoptera: Chrysomelidae),
beyaz fasulye, nohut, soya fasulyesi ve bortlce gibi ekonomik
acidan 6nemli baklagillerin yaygin bir zararlisidir. Larvalar
baklagillerin i¢ kismina zarar vererek depolanan Grlndn besin
ve ticari degerinin yani sira ¢imlenme potansiyelinin de
azalmasina neden olmaktadir (Sen vd., 2020; Masoumi vd.,
2021). Fosfin ve piretroidler gibi sentetik insektisitler s6z
konusu  zararlinin micadelesinde  yaygin  olarak
kullanilmaktadir (Opit vd., 2016; Abdelgaleil vd., 2021).
Kimyasal insektisitlerin artan kullanimi; boceklerde direng
sorunlari, gidalarda ilag kalintilari ve insan sagligi ile ilgili
olumsuzluklar, yaban hayati ve ¢evre Gzerindeki istenmeyen
etkileri nedeniyle gin gectikce biyldyen bir sorun
olusturmaktadir (Nicolopoulou-Stamati vd., 2016). Bu
nedenle son zamanlarda zararlilarla micadelede cevre dostu
tekniklerin ve vyeni alternatiflerin arastiriimasina ilgi
artmaktadir.

Zeolitler, yapilarinda silisyum, aliminyum ve oksijen iceren
kristal yapida, hidrasyona ugramis alUminosilikat iceren
mineralleridir (Breck, 1974). Vicutta birikebilen ancak
fibrojenik ve toksik etki yapmayan bu tozlar (inert tozlarin
genel tanimi) tarla bitkilerinde, depolanmis Urln
zararhlarinda ve hayvan beslenmesinde yem katkisi olarak
glnimizde kullanilmaktadir (Golob, 1997). Bilinen 50 adet
dogal zeolit ve 200 adet sentetik zeolit minerali
bulunmaktadir (Gottardi & Galli, 1985). Zeolitler iyon
degisimi yetenegi, adsorpsiyon, molekiler elek yapisi, ylksek
silis icerigi bulunmasi, hafif yapilari, kiigtk kristal boyutlarina
sahip gozenekli yapilari gibi pek cok fiziksel ve kimyasal
Ozellikleri bakimindan olduk¢a ©nemlidir. Bu o&zellikler
zeolitlerin enerji, tarim ve hayvancilik, madencilik, metalurji,
insaat, deterjan ve kagit sanayi gibi cesitli sektorlerde
kullanilmasina olanak saglamistir (DPT, 2001). Dogal
zeolitlerin, depolanmis Urln zararlilarindan Sitophilus oryzae
(L.) (Coleoptera: Curculionidae), Rhyzopertha dominica (F.)
(Coleoptera: Bostrichidae) ve Tribolium castaneum (Herbst)
(Coleoptera: Tenebrionidae) ile micadelede insektisidal
potansiyele sahip olduklari bilinmektedir (Yilmaz Dogu &
Emekci, 2023). Zeolitler, bocek killari arasindaki mesafeden
daha kicgik capa sahip parcaciklar icerebilmektedir. Bu
parcaciklar vicutta bulunan killarin varligina ragmen vicut
ylzeyine yapisarak bocek derisindeki karbondioksit gazinin
serbest birakilmasini engellemektedir. Ayrica boceklerin
stigmalarina yapisarak solunumu engellemekte ve oksijen
yetersizliginden dolayr 6limlerine neden olmaktadir.
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Bocekler vicutlarina yabanci cisim vyapisti§l  zaman
davranissal olarak temizlenmeyi denemektedirler. Zeolit bu
temizlenme islemi sirasinda vicutta olusan ciziklere
yapismakta ve nem tutucu 6zelliginden dolayi bocegin vicut
sivisini emerek dehidrasyon yoluyla 6limune yol agmaktadir
(Ikeda vd., 1996). Boceklerde bu sekilde olimin temel
sebebinin asirt su kaybi veya kurumadan kaynakli oldugu
bilinmektedir (Subramanyam & Roesli 2000). Zeolitin
molekuler yapisi, silisyum dioksit icerigi, partikillerin sekli ve
boyutu, Aliminyum-Silisyum (Al/Si) oranlari, sogurma
kabiliyeti ve cografi orijinali insektisidal potansiyelini de
etkilemektedir (Eroglu, 2014).

Bu calismada, fasulye tohumlarinda zarara neden olan A.
obtectus ile muicadelede kimyasal kullanimini azaltmak
amaciyla alternatif olarak 3A, 4A ve 5A zeolitlerin kullaniimasi
ile  zararh popdllasyonunun kontrol altina alinmasi
amaclanmistir. Boylece insan ve ¢evre sagligi icin daha etkili
bir metot olan cevreyle dost bir micadele ydnteminin
kullanilmasi ve pahali olan insektisitlerin kullaniminin éniine
gecilerek Ulke ekonomisine katki saglanmasi hedeflenmistir.

Materyal ve Yontem

Boceklerin Yetistirilmesi

Acanthoscelides obtectus erginleri Mayis 2022'de Selguk
Universitesi Ziraat Fakiiltesi Bitki Koruma Bélimiinden temin
edilmis ve o tarihten bu yana popilasyonlar, 27 + 2°C, %65 +
5 bagl nem sabit kosullari altinda isitmali/sogutmali
inkibatoér icerisinde  SDU  Biyoloji  Bélimi  Sistematik
Entomoloji laboratuvarinda Uretilmistir. Bocekler, -18 °C'de
dolapta en az 7 glin saklanan fasulye (Phaseolus vulgaris L.)
taneleri ile beslenmistir. Fasulye taneleri bahsedilen sabit
kosullarda F1 nesli ortaya cikana kadar saklanmistir. Tim
denemeler 1-3 glinltk erginler kullanilarak yirittalmastar. Bu
yontem tim calisma slresince takip edilmistir.

Biyoanalizler

Zeolitlerin ergin A. obtectus bireyleri Uzerindeki etkisi, doz-
6lum orani biyoanalizleri ile degerlendirilmistir. Bu amagla
uygun dozlarin belirlenmesiicin 6n denemeler 27 + 2°C, %65
+ 5 bagll nem sabit kosullari altinda isitmali/sogutmali
inkUbatorde yapilmistir. Elde edilen veriler dogrultusunda
bes nihai doz 25 mg, 50 mg, 75 mg, 100 mg ve 125 mg olarak
belirlenmistir. 180 ml’lik steril numune kaplarina ¢ farkl
zeolit (3A, 4A ve 5A) bes farkli dozda (25 mg, 50 mg, 75 mg,
100 mg ve 125 mg) toz halinde ayri ayrn tartilarak
konulmustur. Her bir deneme kabi icerisine 8 gr fasulye ve 20
adet 1-3 glnlik A. obtectus bireyleri rastgele eklenmistir.
Deneme kaplarinin kapak kisimlari uygun havalandirma
saglamak ve boceklerin kacisini onlemek icin tdl ile
kapatiimistir. Uygulama yapilmayan fasulye kontrol grubu
olarak belirlenmistir. Her bir doz icin bu islemler bes



123

tekerrirli olarak uygulanmistir.  Uygulama 0Oncesi ve
uygulama sonrasi hassas tartida bdcek agirliklari
kaydedilmistir. TUm kaplar belirlenen dozlarda zeolit
uygulamalarinin ardindan yukarida bahsedilen kosullar
altindaki inkibatore yerlestirilmistir (Sekil 1). Canli ve 6lu
erginlerin sayisi 1, 3, 6,9, 12, 24, 36, 48, 72, 96, 120 ve 144.
saatlerde kontrol edilerek kayit altina alinmistir. Fircayla
rahatsiz edildiginde hareket etmeyen bireyler 61U sayilmis,
herhangi bir uzvu hareket eden bireyler ise canli olarak
degerlendirilmistir. Zeolit uygulanmis ve uygulanmamis
orneklerden elektron mikroskop gorintisu alinmistir.

Sekil 1.
Acanthoscelides obtectus erginlerinin zeolit denemeleri.

Tablo 1.
Calismada kullanilan 3A, 4A ve 5A zeolit icerikleri

Zeolit gesidi Gozenek capi  Dengeleyici katyon
Uriin ismi:

Molecular sieves, 3A

Urtin Numarasi: 334286 3 A (0,3 nm)
Marka: SIGALD

Uriin ismi:

Molecular sieves, 4A Na*
Urtin Numarasi: 688363 4 A (0,4 nm)
Marka: SIGALD

Uriin ismi:

Molecular sieves, 5A

Urtin Numarasi: 341029 5A (0,5 nm)
Marka: SIGALD

K+

Ca++

Zeolitler

Calismada kullanilan 3A, 4A ve 5A zeolitler Sigma Aldrich®
firmasindan temin edilmistir. Sentetik zeolitler (3A, 4A, 5A)
son derece dlzgln bir kristal yapiya sahiptir. Yapilarina gore;
5A zeolit kalsiyum aliiminosilikat icerir ve 5A gdzenek capina
sahiptir, 4A zeolit sodyum aliiminosilikat icerir ve 4A gozenek

capina sahiptir, 3A zeolit potasyum altiminosilikat icerir ve 3A
gbdzenek capina sahiptir (Anonim, 2020) (Tablo 1).

istatistiksel Analizler

Farkli dozlara ait probit analizleri icin JMP Pro 17 paket
programi kullaniimistir. Gozlenen 6lim ylzdesi icin Abbott
formull (Abbott, 1925) uygulanmistir. Abbott formuld;

T Gozlenen olim—Kontrol 6limi

Oliim orani (%) = —— x100 (1)
100—Kontrol oliimi

Farkli doz uygulamalarinin 6lim seviyelerini karsilastirmak ve

ayirmak icin Tukey testi yapiimistir.

Bulgular ve Tartisma

Calismada farkli zeolitlerin (3A, 4A ve 5A) farkli dozlarinin A.
obtectus erginleri Uzerine insektisidal etkilerini belirlemek
amaci ile denemeler yapilmis ve 6lu-canli birey sayilari
kaydedilmistir. Bocek o6limlerinin  basladigl 6. saatten
itibaren veriler olusturulmustur ve istatistiksel olarak
degerlendirilmistir (Tablo 2). Doz uygulamalarinda élumler
120-144. saatte tamamlanirken, kontrol grubuna ait 6limler
240-288. saatlerde bitmistir.

Tablo 2’de uygulanan dozlara bagl 6lim oranlari verilmis
olup, zamana ve doza bagh olarak 6lim oranlarinda artis
gdzlenmistir. SUtunlar ve satirlar incelendiginde, ayni harfi
gosteren ortalamalar arasinda istatistiksel olarak fark yoktur.
3A zeolit sonuglarina gore; 6. saatte 75, 100 ve 125 mg
dozlarda 6limler baslamistir. En yiksek 6lim 125 mg dozda
72. saatte gdzlenmistir. 125 mg dozda 96. saatte %100 6lUm
gerceklesmistir. 120. saatte tim dozlarda %100 o6lim
gorilmustir. 4A zeolit uygulamasinda ilk dlimler 6. saatte
baslamis, 12. saatte tim dozlarda 6lim gorilmUstir. 125 mg
dozda 96. saatte istatistiksel olarak fark gérilmds, ancak 100
ve 125 mg dozlarda 120.saatte %100 6lim gerceklesmistir.
5A zeolitte 24. saatte tim dozlarda 6lim kaydedilmistir. 125
mg dozda 72. saatte en fazla 6lum gozlenmistir. 120. saatte
25 mg  haric diger dozlarda istatistiksel bir fark
gdzlenmemistir.

TUum sonuglar bir arada degerlendirildiginde, 3A ve 5A
zeolitlerin 125 mg dozda 72. saatte, 4A zeolitin 125 mg dozda
96. saatte istatistiksel olarak en etkili olduklari belirlenmistir.
3A, 4A ve 5A zeolitlerin A. obtectus erginleri Uzerinde
insektisidal potansiyeli incelendiginde en vyiksek 6lim
oraninin 125 mg dozda 72. ve 96. saatlerde oldugu, 120.
saatte 3A zeolitin tUm dozlarinda, 144. saatte ise 4A ve 5A
zeolitlerin tim dozlarinda %100 6lum gerceklestigi tespit
edilmistir.
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Tablo 2.
3A, 4A ve 5A Zeolitlerin farkli dozlarinin ve maruz birakma siirelerinin (saat) Acanthoscelides obtectus lizerine etkileri
Zaman 3.Saat 6.saat 12.saat 24 saat 48 saat 72.saat 96.saat 120.saat 144 saat
Konsantrasyon Xa+SE X6 SE X12:SE X241 SE a2 SE X722 SE Xo6::SE X202 SE X144+ SE
3A ZEOLIT
25 MG 004000 00+00® 0,0£0,0® 08+04® 1,8+0,7¢ 3,6+0,88 190£0,4%* 20,0+0,0%
50 MG 0,0+0,0f  0,0+00% 04+02%E 20£0,3% 10,6+1,0c 156+0,8% 188+0,3* 20,0+0,0%
75 MG 0,0£0,0F  06+02F 1,4+02¢F 36£0,430 12,8+0,5%C 18,005 19,6+0,2°A 20,04 0,0%
100 MG 0,0+0,0%f  04+02% 22+02>P 520,32 13,2405 180+0,5% 19,8+0,2°* 20,04 0,0%
125 MG 0,0%0,0F 0,6+02Ff 26+02®® 52+05C 146+088 186+0,54 20,0+0,0% 20,040,0%
KONTROL 0,040,0° 0,0 40,08 0,0£0,0¢ 0,8 £0,4¢ 1,8 +0,7¢ 3,6 £0,88 5,0+ 1,0 6,8 +1,12
4A ZEOLIT
25 MG 0,0 £ 0,03 0,2 £ 0,29F 0,8+ 0,39 3,0 £ 0,4¢dE 5,8+0,390 11,8+0,3°¢ 17,8+0,3°®8 20,0+ 0,0%
50 MG 0,0£0,06 0,6+0.2096 1,8+0,3¢F 52+03bFE 88+050 14,2+0,6%C 18,2+0,328 20,0 0,0%
75 MG 0,4%0,25F  1,6+04bEF  34+050E  §8+0,7%0  11+0,8C 156+0,8%B 18,8+0,5%A 20,0+ 0,0%
100 MG 0,4+0,236  2,0£0,3F  46+0,5%  94+050 13,2+0,32C 17,2+0,398 20,0£0,0*% 20,0 0,0%
125 MG 0,6 +0,24F 3,0 £ 0,43¢ 7,0+ 0,730 11,4+0,5%¢ 152+0,32®8 19,4+0,4% 20,0+0,024 20,0+0,0®*
KONTROL 0,0+0,0° 0,0+0,0¢ 0,0+0,0¢ 0,8+0,3d 1,4+0,5¢ 2,4+0,68 4,2+0,7¢ 7,0 £0,9°
5A ZEOLIT
25 MG 0,0 £ 0,0k 0,0 £ 0,0°¢ 0,4 +0,2¢ 1,2+ 0,3¢t 5,2 +0,5P 14,2 +0,3°¢  18,2+0,328 20,0+ 0,04
50 MG 0,0£0,0€€  0,0+0,0°%  1,0+0,3b 340,30 8,8+0,3°¢  152+0,3%8 19,2+0,3%A 20,0+ 0,0%
75 MG 0,2£0,25F  0,6+0,4%F 2,4+0,6°0F 42+03"0 11,2+0,6°C 156+0,5%8 194+0,4* 20,0+ 0,0%
100 MG 1,2+04%F  36+05€  72£0,7%0 13,240,6°¢ 156+0,5%® 19,2+0,3*A 20,0+0,0* 20,0+ 0,0%
125 MG 2,0£03%®F  44+02®  82+0,5C 12,6+0,6°® 17,4+05* 17,8+1,9%A 20,0+0,024 20,0+0,0%
KONTROL 0,0+0,0° 0,0 £0,0° 0,8+0,3° 1,6+0,6° 3,2+0¢ 4,4+ 1,3¢ 7,0+ 1,4 9,8+1,3b

Bir stitunda bulunan kugik harfler ayni ise istatistiki olarak bir farklilik yoktur; bir satirda bulunan biylk harfler ayni ise istatistiki olarak bir farkllk yoktur.

Doz-tepki biyoanalizleri

Zamana bagli olarak farkli zeolit uygulamalari (3A, 4A ve 5A)
ve dozlarinda (25 mg, 50 mg, 75 mg, 100 mg ve 125 mg) A.

obtectus

poptlasyonlarinin

%50’sinin

oldagu

saatleri

gosteren LTso egrileri Sekil 2, 3 ve 4'de gosterilmistir. Bu
egrilerden yola c¢ikarak farkli doz ve uygulamalarin LTso
degerleri ise Tablo 3’de toplu olarak verilmistir.

Tablo 3.

Farkli doz ve zeolit uygulamalarinin Acanthoscelides
obtectus poplilasyonlarinin %50’sini 6ldirdigi zaman

Zaman (saat)

boz 3AZEOLIT 4AZEOLIT SA ZEOLIT
25mg 55,4 80,6 79,7
50 mg 50,3 73,3 73,5
75 mg 48,8 67,3 69,4
100 mg 47,2 61,0 52,6
125mg 38,5 54,7 50,9
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Zeolitlerin farkh dozlarinin A. obtectus erginlerinde meydana
getirdigi 6lim (%) oranlari incelendiginde, maruz birakma
siresine bagl olarak bocek o6lim oranlarinda artis
gbzlenmistir. Ayni sekilde her maruz birakma stresinde de
doz artisina bagli olarak 6limlerde artis olmustur (Sekil 5).
Yiksek dozlarda maruz kalma siresi daha kisa, dusik
dozlarda maruz kalma siresi daha fazla oldugu icin veriler
%100 6lim gorilen zamana kadar kaydedilmistir.

Zeolit uygulamalari sonucunda elde edilen verilere goére
agirhk kaybi incelendiginde ise, doz miktari arttikca
boceklerde agirlik kaybinin arttigr gézlenmistir. Uygulama
gruplarinda veriler; her bir dozda %100 6lUmun gorildugi
zaman kaydedilirken kontrol gruplarinda takip stresi 10-12
gln strmustur. Zeolitin nem tutucu 6zelliginden dolayi farkl
dozlarda maruz kalma siresine bagl olarak daha fazla agirlik
kaybi gdrilmustur (Sekil 6).

Elde edilen sonuclar dogrultusunda Ug farkh zeolit arasinda
degerlendirme yapildiginda en etkili dozun 125 mg oldugu
belirlenmistir.  Zeolitler icerik  o6zellikleri  bakimindan
karsilastirildiginda benzer insektisidal etki gbstermistir.
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Sekil 2.

3A zeolitin farkli dozlarinin Acanthoscelides obtectus erginlerinde meydana getirdigi 6liim orani.
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y =0,7233x - 8,3453

25 mg 4A Zeolit
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Sekil 3.

4A zeolitin farkli dozlarinin Acanthoscelides obtectus erginlerinde meydana getirdigi 6liim orani.
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Sekil 4.

5A zeolitin farkli dozlarinin Acanthoscelides obtectus erginlerinde meydana getirdigi 61iim orani.

Research in Agricultural Sciences



128

100
9
8
7
6
5
4
3
2
1

O O O O O O o o o

Il

3A

0

Acanthoscelides obtectus Olim Orani (%)
25mg
50 mg
75 mg
100 mg
125 mg
KONTROL &
25mg
50 mg

W 1.Saat MW3.Saat W6.Saat MWM12.Saat MW 24.Saat

Sekil 5.

(A1,

oo Qo Qo 5’ Qo Qo Qo Qo Qo 5’
€ € € = € € € € € =
N o n = n o n o n =
~ o o~ = o~ [Ta} ~ o o~ =
p4 P4
4A 5A
W 48.Saat MW 72.Saat M96.Saat MW 120.Saat M 144.Saat

3A, 4A ve 5A zeolit uygulanan Acanthoscelides obtectus erginlerinin doz ve zamana bagli éliim oranlari.

80

7

o

6

o

5

o

4

o

3

Orani
o

2

o

1

o

0

Acanthoscelides obtectus Agirlik Kaybi
25mg
50 mg
75 mg
100 mg
125 mg
KONTROL
25mg
50 mg

3A

75 mg

100 mg
125 mg
KONTROL
25mg
50 mg
75 mg
100 mg
125 mg
KONTROL

4A 5A

m ONCE mSONRA

Sekil 6.

3A, 4A ve 5A zeolit uygulanan Acanthoscelides obtectus erginlerinin uygulama 6ncesi ve sonrasi agirlik kaybi oranlari.

Nem tutucu oOzellikleri nedeniyle zeolitler bocegin vicut
sivisini emerek agirlik kaybina sebep olmustur. Zeolit
uygulanmamis ve 125 mg 3A zeolit uygulanmis A. obtectus’a
ait stereomikroskop ve elektron mikroskop gorintilerinde
bu durum acikca gorilmektedir (Sekil 7, 8).

Literatlr incelendiginde, farkli zeolitlerin (dogal veya
sentetik) farkli depo zararllari Gzerindeki insektisidal etkileri
ile ilgili calismalarin sonuclarinin bu calismayla benzerlik
gosterdigi ve yiksek o6lum oranlart ile sonucglandigl
gorulmektedir (Kljaji¢ vd., 2010a, b; Bodroza-Solarov vd.,
2011; Andri¢ vd., 2012; Perez vd., 2012; Liska vd., 2017; LU
vd., 2017; Eroglu vd., 2019; Isikli, 2019).
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Floros vd. (2018) tarafindan yapilan calismada, kuru fasulye
Uzerine uygulanan c¢ok ylksek kaliteli dogal zeolitlerin
(agirlikca %92 klinoptilolit iceren zeolitik kaya) farkl
dozlarinin bocek oldirict aktivitesi arastirilmis ve distk
dozlardaki dogal zeolitin farkl sicaklik ve bagll nem
rejimlerinde A. obtectus’un kontroli icin umut verici oldugu
bildirilmistir. Kljaji¢ vd. (2010a), dogal zeolitin (Minazel SP)
Sitophilus oryzae, Rhyzopertha dominica ve Tribolium
castaneum’a karsi bdcek oldurdcu etkinligini
arastirmislardir. Elde edilen verilere gore; yedi glnlik
uygulamanin ardindan 1 g’lik en yiksek uygulama oraninda
en ylksek etkinlik %62 ile S. oryzae’de gorilmustir. 14 ve 21
gln sonra en yilksek etkinlige ayni uygulama oraniyla T.
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castaneum (%100), S. oryzae (%96-98) ve R. dominica'da
(%70-82) ulasiimistir.

Zeolitlerin diatom topragi ile beraber kullanimlari da depo
zararhlarina karsi oldukga etkilidir. Kljaji¢ vd. (2010b),
bugdaya 0,25, 0,50 ve 0,75 g/kg secilmis oranlarda
uygulanan iki dogal zeolit formulasyonunun (Minazel plus ve
Minazel) ve onerilen oranlarda uygulanan diatomlu toprak
formulasyonunun (DE) (Protect-It™) bocek oldurici
etkinligini test etmislerdir. En ylksek yetiskin 61Gm orani en
uzun maruz kalma siresinden sonra gozlenmis; bu
donemde, Uc¢ zeolit dozaj oraninin tUmU ve Onerilen DE
dozajl, S. oryzae'de %97-100 ve T. castaneum'da %94-100
6lime neden olmustur.

Rumbos vd. (2016), ticari olarak temin edilebilen ¢ zeolit
(Zeoprofeed Land 93, Zeofeed ve vyigin zeolit)
formulasyonunun bugdaydaki S. oryzae, Tribolium confusum
du Val (Coleoptera: Tenebrionidae) ve Oryzaephilus
surinamensis (L.) (Coleoptera: Silvanidae) erginlerine karsi
insektisidal potansiyelini arastirmistir. Zeolitler, 250, 500 ve
1000 ppm olmak Gzere l¢ doz oraninda uygulanmis ve bocek
olimd, maruziyetten 2, 7, 14 ve 21 gin sonra
degerlendirilmistir. Zeolit uygulamasina en duyarli tir O.
surinamensis, en direncli olan tir T. confusum olarak tespit
edilmistir. Test edilen Uc¢ zeolit formulasyonu arasinda
etkinlik bakimindan énemli bir fark gorilmemistir. Zeolit
parcaciklarinin bugday, misir, arpa ve pirin¢ tanelerinde
farkli yapisma 6zelligi gbsterdigi vurgulanmustir.

Sekil 7.

Zeolit uygulanmamis (solda) ve 125 mg 3A zeolit uygulanmis
(sagda) Acanthoscelides obtectus’a ait stereomikroskop
fotograflari (Foto: T. Saricam, 2023).

Calismamizdaki sonuclara benzer sekilde, Ibrahim & Salem
(2019)’in yaptiklari calismada, nano zeolitin T. confusum ve
Callosobruchus ~ maculatus  (Fabricius)  (Coleoptera:
Chrysomelidae)'a karsi  bocek oldurtclt  potansiyeli
arastirilmistir. Nano zeolit ile muamele edilen bugday ve
borilce tohumlarina maruz kalan T. confusum ve C
maculatus erginlerinin mortalitesinin yiksek doz ve maruz
kalma siresine bagli olarak arttigl gbzlenmistir. Nano zeolit
kutikuladaki cizik ve yariklarin icine girmek suretiyle bdcegin

tim vicudunu kaplayarak dehidrasyon yoluyla su kaybina
yol agmaktadir. Strtcl (2020), bazi inert tozlarin (bentonit,
halloysit, nobleit, kaolin, sepiolit, zeolit) bugday taneleri
Uzerinde laboratuvar kosullarinda Sitophilus granarius (L.)
(Coleoptera: Curculionidae)'a karsi toksik ve davranissal
etkilerini arastirmistir. Elde edilen veriler, nobleit ve kaolin
inert tozlarinin S. granarius Uzerinde toksik ve davranissal

Sekil 8.

Zeolit uygulanmamis (solda) ve 3A zeolit uygulanmis
(sagda) Acanthoscelides obtectus’a ait taramali elektron
mikroskop gériintiileri.

Sonug ve Oneriler

Sonuc olarak, zeolitlerin yemeklik tane baklagillerde depo
zararhlarina karsi kullanimina yonelik arastirmalar yeni
baslamis bir konu olmasina ragmen vyapilan calismalar
oldukga basarili sonuglar vermistir. Bu ¢alismada kullanilan
zeolitlerin nem tutucu 6zelligi, maruz kalma siresine bagli
olarak bdceklerde agirlik kaybina neden olmus ve bocegin
vlcut sivisini azaltarak dehidrasyon yoluyla 6limune sebep
olmustur. 3A, 4A ve 5A zeolitler por yapilarindan dolayi
farklilk gosterdikleri icin bocek vicudunda bulunan farkli
buyuklikteki  molekillerin  gegisini  engellemektedir.
Galismada kullanilan zeolitler arasinda en kicik ¢apa sahip
olan ve yogun yapisma ¢zelligi gosteren 3A zeolit gesidinin
diger zeolitlere kiyasla oldukca etkili bir oldirme
potansiyeline sahip oldugu belirlenmistir. Zeolitlerin, vicut
ylzeyine yapisarak boceklerin hareketini kisitladigl, normal
yasamsal faaliyetlerini ve ugmalarini zorlastirdigi gbzlenmis,
bu durum disilerde yumurta birakma davranisini da olumsuz
etkilemistir. Depo zararlilarinin popdlasyonlarini kontrol
altina almada 3A, 4A ve 5A zeolitlerin etkili bir yontem olarak
kullanilabilecegi bu calisma ile tespit edilmistir. Tlrkiye’nin
dogal zeolit (Klinoptilolit) rezervlerine sahip olmasi depo
zararlilari ile micadelede yapilacak olan calismalar agisindan
oldukca 6nemlidir. Ulkemizde ve diinyada depolanmis iriin
zararhlarlyla mucadelede kalinti birakmayan, toksisitesi
disik  ve  hastallk  olusturmayan  uygulamalarin
gelistiriimesinde ve ozellikle tahil Grlnlerinin muhafaza
edilmesinde  kullanilacak ~ etmenler  biyik  6nem
tasimaktadir. Baklagil tohum boceklerine karsi dogal inert
tozlarin kullanimi sayesinde, cevreyle dost alternatif bir yol
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olusturularak zararllarin popdtlasyonlarinin kontrol altina
alinmasi saglanabilecektir. Bu durum gida glvenligini de
olumlu vyonde etkileyen o6nemli bir faktor olarak
degerlendiriimektedir.  Zeolitler, c¢evre dostu olarak
gidalarda kalinti sorunlarina neden olmamaktadirlar. Kodeks
Alimentarius Komisyonu (KAK), gidalarda zararh bocekler ile
micadelede zeoliti tavsiye etmistir. Bitki zararlilari ve
hastalik kontroli igin izin verilen maddeler icinde zeolit de
yer almaktadir. ileride yapilacak benzer calismalarin sayisinin
artmasi ile depo zararlilari ile mucadelede umut verici
sonuglar elde edilecektir.
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Vegetative Propagation of Wild Prometheum
sempervivoides (Fischer ex M. Bieb.) H. Ohba
by Leaf Cutting: Effects of Auxin and Some
Substances

Yabani Prometheum sempervivoides (Fischer Ex M. Bieb.) H.
Ohba'nin Yaprak Celigi Yoluyla Vejetatif Cogaltilmasi: Oksin ve
Bazi Maddelerin Etkileri

ABSTRACT

The aim of the research is to determine the effects of different rooting contents [control (water),
plant growth regulator-rooting hormone (Hw: 0.25 g I, Hz: 0.50 g I*and Hs: 1.0 g I'%), cinnamon
powder (T) and Aloe vera gel (AV)] and two different planting times on the rooting of leaf cuttings
prepared from the stock mother plants of wild Prometheum sempervivoides (Fisch. ex M. Bieb.) H.
Ohba taxon. Observations and measurements of vitality rate (%), number of rooted cuttings (NR),
number of callusing cuttings (NC), maximum root length (MRL), rooting rate (%) and rooting scale (1-
5) were made on cuttings whose rooting was completed. The results were evaluated statistically. The
most positive rooting effect was determined in the Hs application, which is the highest dose of the
commercial rooting hormone tested in the study. Cinnamon powder application was determined as
a more effective natural extract for rooting leaf cuttings of P. sempervivoides when compared to Aloe
vera gel application. At the end of our study, in which the effects of different planting times were also
examined, it was determined that planting the leaf cuttings of P. sempervivoides as soon as they were
taken from the stock mother plant had a positive effect on rooting. The very good quality roots were
observed in H1(0 h), H2 (0 h), H3 (0 h) and Hz (24 h) applications. These applications can be recommended
for rooting the leaf cuttings of P. sempervivoides succulent plant. It was also concluded that P.
sempervivoides can be reproduced by vegetative propagation method using leaf cuttings.

Keywords: P. sempervivoides, rooting, Aleo vera, wild flower, ornamental plants, hormone

oz

Dogal olarak yetisen Prometheum sempervivoides (Fisch. ex M. Bieb.) H. Ohba, taksonuna ait anag
bitkilerden hazirlanan yaprak celiklerinin koklenmesinde, farkl koklendirme iceriklerinin [kontrol
(su), bitki gelisim diizenleyici-kdklendirme hormonunun ti¢ farkli dozu (H1: 0.25 g I}, H2: 0.50 g I
ve Hs: 1.0 g IY), targin tozu ve Aleo vera jeli] ve iki farkli dikim zamaninin uygulanmasinin etkilerini
saptamak arastirmanin amacini olusturmaktadir. Canlilik orani (%), kokli gelik sayisi (NR), kallus
olusturan gelik sayisi (NC), maksimum kok uzunlugu (MRL), kéklenme orani (%) ve kéklenme
oOlcegi (1-5) parametreleri koklenmesi tamamlanan celikler icin yapilmistir. Sonuglar istatistiksel
olarak degerlendirilmistir. En olumlu koklenme etkisi, arastirmada kullanilan ticari koklendirme
hormonunun en yiiksek dozu olan Hs uygulamasinda belirlenmistir. P. sempervivoides yaprak
celiklerinin kdklenmesinde toz tar¢in uygulamasinin Aloe vera jel uygulamasina gore daha etkili
bir dogal ekstrakt oldugu belirlenmistir. Farkli dikim zamanlarinin etkilerinin de incelendigi
c¢alismamiz sonunda, P. sempervivoides yaprak geliklerinin ana bitkiden alinir alinmaz dikilmesinin
koklenme Gzerine olumlu etkisi oldugu belirlenmistir. H1(0O h), H2 (0 h), Hz (O h) ve Hs (24 h)
uygulamalarinda ¢ok kaliteli kokler gdzlenmistir. Bu uygulamalar P. sempervivoides sukulent
bitkisinin yaprak celiklerinin koklendirilmesi icin dnerilebilir. Ayrica P. sempervivoides'in yaprak
celikleri kullanilarak vejetatif cogaltma yontemiyle cogaltilabilecegi sonucuna variimistir.

Anahtar Kelimeler: P. sempervivoides, koklenme, Aloe vera, yabani gicek, sis bitkileri, hormon
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Introduction

Succulent plants, which have an important place among
ornamental plants, have been known and used by people
since ancient times. In recent years, especially after the
changing living conditions with the COVID-19 pandemic
(Khayru, 2021), the popularity of succulent plants as
ornamental plants has increased. In this increase, succulent
plants' unique geometric shapes that form rosettes and
their ability to hold high humidity levels play a major role
(Cabahug et al., 2018). In addition, when many succulent
plants grown in their natural environment are examined, it
can be observed that they can withstand extreme conditions
and have low irrigation requirements (Sari, 2021).

Due to the global climate change and the intense drought
expected (Bhattacharya, 2019) to be experienced due to
this, practices are carried out to reduce water consumption
all over the world (Hatfield & Dold, 2019; Zhao et al., 2020;
Tahat et al.,, 2020). Prioritizing the use of natural species in
landscape areas due to the decreasing rainfall in recent
years is a sustainable method in terms of rational use of
water. Prometheum sempervivoides, which has eye-catching
red flowers, stays in flower for 3 months and during the
flowering period, the star-shaped flowers formed by pollen
dusts of yellow on red make the flowers of this species even
more remarkable. In addition, the color of the flowers of this
species turning to burgundy in the seed period after
flowering (Fig. 1a, b) and the fact that the plant can attract
attention in this color for a long time are among the features
that can have a long-lasting effect on designs (Parlakova
Karagbz et al., 2020). In this context, it is important to
increase in the cultivation studies of P. sempervivoides, one
of the natural succulent plant species. According to our
literature review results, no study was found on the
germination or propagation of P. sempervivoides species. In
addition, it is necessary to increase in the production of
these plants by introducing them to the ornamental plants
sector, in the shortest possible time and at the highest rate,
by revealing the reproduction techniques, transferring them
to applications or carrying out breeding studies.

Propagation by cuttings is a method frequently used in
vegetative propagation of succulent plants (Anton &
Cristescu, 2009; Cabahug et al., 2018). Factors such as
rooting medium, plant part to be used as cutting, rooting
stimulants, drying time are affected rooting success in the
propagation of succulent plants by leaves (Paterson & Rost,
1978; Jeong, 1999; Mihaela et al., 2011; Cabahug et al,,
2016a; Khalid & Ahmed, 2022). The use of hormones as
rooting stimulants in order to prevent the drying and death
of the prepared cuttings, to encourage rapid rooting (Khalid
& Ahmed, 2022) and to obtain from rooted-cutting seedlings
in series has an important place in horticultural crops. Auxins

are the most commonly used of these hormones (lbrahim et
al., 2015; Chaudhari et al., 2018). Synthetic auxin
applications are widely used in cutting rooting (Khalid &
Ahmed, 2022). It has been reported that synthetic rooting
hormones such as indole-3-butyric acid (IBA) and other
synthetic growth regulators can affect the environment and
people, pollute the environment and cause harmful effects
on living things through the food chain (El-Sherif et al., 2017;
Sezgina & Kahya, 2018).

Several studies have reported that biostimulants that can
promote physiological processes in plant cells can be a good
alternative to the important and widely used synthetic
rooting hormones (Hasan et al.,, 2019; Hamza & AL-Taey,
2020; Al-Khafajy et al., 2020; Khalid & Ahmed, 2022). It has
been reported that biostimulants such as coconut water,
honey, willow tea (Shield, 2012), Aloe vera gel (Hamouda et
al., 2012; Uddin et al., 2020), cinnamon powder (Xing et al.,
2010), humic acid, seaweed extract (Rajan & Singh, 2021)
can be an alternative to widely used synthetic rooting
hormones. Comparison of the effects of both synthetic and
biological rooting stimulants on the rooting of the leaf
cutting of P. sempervivoides is important in revealing the
propagation techniques, transferring them to applications
and culturing this species in the shortest possible time and
at the highest rate.

In this context, the aim of the study is to determine the
rooting of leaf cuttings of naturally grown P. sempervivoides
and the effects of different rooting contents on the root
formation and rooting performance of the leaf cuttings.
With the results of the study, it is aimed to provide
information to the literature about the propagation method
of P. sempervivoides, which has the potential to be an
ornamental plant (Dilaver, 2001; Arslan, 2010; Erduran et
al., 2010; Gulbag, 2016; Dilaver et al.,, 2020; Parlakova
Karagbz et al., 2020), to provide data to the cultivation
studies and breeding studies and to contribute to the
proposal of landscape use opportunities.

Materials and Methods

Description of the Study Area

The research was carried out in a heated glass construction
research greenhouse between November 2022 and January
2023. The glass greenhouse where the experiment was
conducted has a composite roof, ventilation from the side
and the roof, and a steel construction. Temperatures inside
the greenhouse are between 17.6 °C and 33.1 °C. Humidity
rates in the greenhouse showed values varying between
10% and 46%.

Experimental Materials

In the study, seeds of Prometheum sempervivoides (Fischer
ex M.Bieb.) H.Ohba, grown naturally in Erzurum city and its
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surroundings (Turkiye), were collected (Fig. 1 b), and new
plants were grown by germinating in the research
greenhouse. These plants grown from seed were used as
stock mother plants from which leaf cuttings were taken
(Figure 1c). Leaf cuttings taken from stock mother plants in
appropriate sizes were used as the main plant material of
the study (Fig. 2 a, b).

For the rooting of leaf cuttings, the active ingredient of the
commercial plant growth regulator-rooting hormone
product is 0.52% 1-Naphtaleneacitic Acid (NAA) + 0.51% 3-
Indole Butyric Acid (IBA). This product was obtained from a
private company. Three different doses of this commercial

- . 8
a o.' ‘\. -

Figure 1.

product were prepared and applied in the relevant
experimental group. Cinnamon powder (Fig. 1d) was
obtained from any market, while Aloe vera gel was obtained
from plants grown in the greenhouse as potted plants at the
time of use (Fig. 1e).

The viols in which the leaf cuttings are planted are 24-cell
plug trays (viol), 320x500x82 mm in size, the lower diameter
of each cell is 55 mm and the upper diameter is 75 mm.
Ornamental peat with a pH of 5.06 was used as the rooting
medium used in the viols. The cuttings were kept under
observation in viols until the experiment was completed.

Naturally grown wild Prometheum sempervivoides (Fischer ex M.Bieb.) H.Oh. (a); Stage in which the seeds used in the
propagation of stock mother plants are collected (b); view from greenhouse grown stock mother plants (c); cinnamon powder

application (d), Aloe vera gel application (e)
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Table 1.
The details of the applications in the experiment

Application code  Definition

Application code

Definition

Control (As soon as the leaf cutting was
prepared, it was dipped in tap water and
planted.)

Control (0 h)

Leaf cuttings were prepared and planted
immediately without waiting and the solution
prepared with 0.25 g [I! plant growth
regulator-rooting hormone was applied as life
water.

H1(0.25g I'Y)
(Oh)

Leaf cuttings were prepared and planted
immediately without waiting and the solution
prepared with 0.50 g ! plant growth
regulator-rooting hormone was applied as life
water.

H2 (0.5g %)
(0h)

Leaf cuttings were prepared and planted
immediately without waiting and the solution
prepared with 1.00 g I* plant growth
regulator-rooting hormone was applied as life
water.

H3 (1.00g I'Y)
(0Oh)

Leaf cuttings were prepared and the base of
the cuttings was soaked, dipped in cinnamon
powder and planted immediately without
waiting.

T(Oh)

Leaf cuttings were prepared and the base part
of the cuttings was dipped in the gel from the
fresh Aloe vera leaf and planted immediately
without waiting.

AV (0 h)

Control (24 h)

H1(0.25g 1) (24 h)

H2 (0.5g 1Y)
(24 h)

H3 (1.00 g I'Y) (24 h)

Control (Leaf cuttings were prepared and
kept in room conditions for 24 hours, then
dipped in tap water and planted.)

Leaf cuttings were prepared and planted
after waiting for 24 hours at room
conditions and plant growth regulator-
rooting hormone (H1: 0.25 g I') solution was
applied as life water.

Leaf cuttings were prepared and planted
after waiting for 24 hours at room
conditions and plant growth regulator-
rooting hormone (H2:0.50 g I'!) solution was
applied as life water.

Leaf cuttings were prepared and planted
after waiting for 24 hours at room
conditions and plant growth regulator-
rooting hormone (H3: 1. 005 g I!) solution
was applied as life water.

Leaf cuttings were prepared and kept at
room conditions for 24 hours, then the base

T(24h
( ) of the cuttings was soaked, dipped in
cinnamon powder and planted.
Leaf cuttings were prepared and kept at
AV (24 h) room conditions for 24 hours, then the base

of the cuttings was soaked, dipped the gel
from the fresh Aloe vera leaf and planted.

Experimental Design

The research was established according to factorial
(different rooting content x 2 planting times) arrangement
in a randomized plot design. The experiment was
established with 4 replications and a total of 288 leaf
cuttings were used, 6 for each replication.

The first group of the experiment consisted of control, plant
growth regulator-rooting hormone, 3 different doses (0.25
g /L, 0.50 g /L and 1.00 g /L), cinnamon powder and Aloe
vera gel applications. The second group of the experiment is
the different planting times: The rooting ingredients are
applied as soon as the cuttings are taken (Oh) and the
different rooting contents are applied after the cuttings are
taken and kept at room conditions for 24 hours (24 h). The
details of the applications were created as in Table 1.

Establishment of the Experiment

Preparation of leaf cuttings: The branches which it was
decided to take cuttings from the stock mother plants are
determined and the stems are separated from the stock
mother plants. The dried, wilted leaves on the stem were

cleaned and the leaves were carefully plucked from their
bases. Care was taken to leave the bottom parts on the leaf
cuttings (Fig. 2 a, b). For the application groups belonging to
the 24 h planting time, the leaves were carefully plucked one
by one from the stock mother plants and kept on blotting
paper at room conditions for 24 hours (Hodzic 2020; Jeong
1999; URL-1). At the other planting time (0 h), the leaf
cuttings in the experiment group were planted without
waiting.
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Figure 2.
Preparation of cuttings by carefully separating the leaves
from the stock mother plants (a, b)
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Preparation of plant growth regulator-rooting hormone
doses: 0.25 g, 0.50 g and 1.00 g of the hormone were
weighed separately and each was dissolved in 1 liter of
water.

Planting of leaf cuttings by making applications: Leaf cuttings
belonging to the control application were dipped in tap
water (controls at two different planting times) and planted
in the medium. Cuttings were planted in viols to be applied
at different doses of plant growth regulator-rooting
hormone, and certain doses of hormone solutions were
given as life water (Fig. 3 a). For T (Oh / 24 h) application, the
base parts of the leaf cuttings were dipped in cinnamon
powder and planted in peat medium (Fig. 1d). For the AV (Oh
/ 24 h) application, the base of the cuttings was dipped into
the gel extracted from the leaves of the Aloe vera plant,
planted in the environment and the experiment setup was
carried out (Fig. 1e) (Table 1).

Figure 3.

Callus formation (a), callus and first adventitious root (b) in
P. sempervivoides leaf cuttings; measurement of maximum
root length (c); the scale prepared with the rooting status of
the cuttings in the experiment (d)

Viols were filled with moist peat, and a leaf cutting was
planted in each viol cell. Under greenhouse conditions, plant
leaf cuttings were rooted in viols at natural day length and
light intensity. As the most important maintenance process,
water was sprayed on the leaf cuttings twice a day. This
application was made in order to prevent moisture loss.
Irrigation is done in a way that does not make any difference
between applications in case of need.

Evaluated Parameters at the End of the Experiment

Vitality rate (%), number of rooted cuttings (NR), number of
callusing cuttings (NC) (Fig. 3a, b), maximum root length
(MRL) (Fig. 3c), rooting rate (%) and rooting scale (1-5) (Fig.
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3d) such as parameters were measured and evaluated in
cuttings rooted in rooting medium (approximately 2
months). Based on the studies of Wang et al. (2005) and
Cabahug et al. (2016b), the visual assessment scale
according to the 1-5 scale was adapted to take into account
only the rooting status of the cuttings. This revised scale is
"Very weak root quality = 1; Substandard root quality, not
sellable = 2; Roots are of good quality, salable = 3; Very good
quality roots = 4; Excellent root quality = 5."

Evaluation of Results

The results were evaluated according to the analysis of
variance (ANOVA) in SPSS (Statistical Package for Social
Sciences, Version 20.0) statistical program and given in
tables after calculating their arithmetic means and standard
deviations. Duncan's multiple comparison test (p=0.05 or
0.01) was used to determine the significance of the
difference between treatments.

Results and Discussion

In the study, Prometheum sempervivoides (Fischer ex M.
Bieb.) H. Ohba seeds that grow naturally in Erzurum city
(Tdrkiye) and its surroundings were collected, new plants
were grown by germinating and these grown plants were
used as stock mother plant. It was observed that the
emergence rate of wild seeds of the related species planted
in the peat during the germination stage was very low (about
1%). At the end of the experiment, the effects of our
applications on the rooting parameters of P. sempervivoides
leaf cutting were investigated. The results of the effects on
the parameters of cutting viability, number of rooted
cuttings and number of cuttings forming callus of using
different planting times and different rooting contents in
rooting of leaf cuttings belonging to the P. sempervivoides
taxon were given in Table 2.

In general, it is recommended to wait a few days for planting
after the cuttings are prepared in succulents for callus
formation (Hodzic 2020; Jeong 1999; URL-1). However, this
may vary depending on the plant species. The effects of
different planting times on the best rooting in the planting
technique of the leaf cuttings of the P. sempervivoides
succulent plant, which is a natural species and has not been
studied in its propagation, were also evaluated in this study. In
general, it was concluded that planting the leaf cuttings of P.
sempervivoides succulent immediately after leaving the stem
(0 h) has a positive effect on the rooting of the cuttings and this
method is also positive for all rooting parameters examined in
the experiment. In a study conducted by Ekici (2020), the
effects of different planting times on rooting were investigated,
including immediate planting and planting after three days of
leaf cuttings of the Sedum album L. species. It has been
reported that the highest rooting rate and number of rooted
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shoots were obtained from cuttings planted by waiting for
three days. Again, as a result of the same research, the highest
plant height, plant diameter, shoot number, shoot length, root
length, fresh weight and dry weight were determined in the
immediately planted application groups. The findings of our
study show parallelism with the findings of the study reported
by Ekici (2020).

With the application of different rooting ingredients to leaf
cuttings, the highest viability rate was found in the
cinnamon powder (T) application with 66.83%, and the
lowest viability rate was determined in the Aloe vera gel (AV)
application (46.33%). The evaluation made according to
different planting times, the viability rate of the cuttings in
the experimental group, which were planted without
waiting after the leaf cuttings were plucked from the stem
(0 h), was determined to be higher than those in the
experimental group planted by waiting 24 hours (24 h). The
highest viability rate was determined in the Hs application in
the cuttings belonging to the 0 h planting time, and it was
determined that the viability rate increased in 1.15 times
with the Hs application compared to the control (0 h)
application. T, AV and control applications were in the same
statistical group. When the effects of different rooting
contents on cuttings belonging to 24 h planting time were

evaluated, the highest viability rate was determined with
cinnamon powder application (T). Control (24h) application
and AV application are shown with the same letter, and
there is no significant difference between these two
applications in terms of viability (Cizelge 2). It is known that
synthetic auxin applications are widely used (Khalid &
Ahmed, 2022) to promote rapid rooting of cuttings and to
obtain from effective roots. We believe that the highest
viability rate obtained with the Hs application can support
the knowledge that the effects of synthetic hormones are
high and explain the reason for the widespread use of
synthetic hormones. Cinnamon application (T) on leaf
cuttings of P. sempervivoides belonging to the 24 h planting
time caused an increase in the viability rate of the cuttings.
Surjushe et al. (2008) stated that some plant extracts such
as ginger, licorice and cinnamon are used as alternatives to
promote rooting (Hameed et al., 2019). Cinnamon contains
cinnamic acid, cinnamyl acidate, cinnamon aldehyde,
cinnamyl alcohol, tannin, eugeuol and minerals (Gunjan &
Anart, 2009). In addition, cinnamon powder contains
salicylic acid, which helps the cuttings to root (Shidiki et al.,
2019). The explanation for this increase may be due to the
rich content of natural plant substances containing natural
antioxidants (Mirihagalla & Fernando, 2020)

Table 2

The effects of applications on the viability rate (%), rooted shoot number and callus forming cutting number of P.

sempervivoides leaf cuttings

Viability rate (%)

Number of rooted cuttings (NR)

Number of callusing cuttings (NC)

Treatments

Oh 24 h Mean Oh 24 h Mean 0Oh 24 h Mean
Control 87.33 bedx* 18.00 ¢*** 49 67 Dx** 1333 ns 1.67 b* 7.50 BC** 6.00 b* 2.33bkxx g 17 Bkxx
H1 83.67 b¢ 26.00° 54.83 ¢ 14.67 3.002 8.83 18 5.67° 3.00° 4338
H2 88.00 26.00° 57.00 B¢ 15.33 3.002 9.17 %8 7.002b 2.00° 4508
H3 93.67° 27.33°0 60.50 B 16.67 3.002 9.834 8.672 1.67° 5.17°8
T 79.67 < 54.00 2 66.83 A 16.00 4.67° 10.33* 8.00° 9.67°2 8.834
AV 74.67 ¢ 18.00¢ 46.33° 11.67 2.00° 6.83°¢ 7.332b 2330 4.838
Mean 83,50 Ax** 28228 14,671 A*x*x* 2.89°8 7.1 Akkx 3508
DRCxPT
interaction p <.000 p<.003 p <.001

ns: NS: insignificant at p>0.05, statistically significant at the * p < .05, ** p < .01 and ***p < .001 probability level. Note: Values followed by the same small or capital letters
are not significantly (5%) different within the columns. DRC: Different Rooting Content; PT: Planting Times

When the general average of the effects of different rooting
contents on the number of rooted cuttings is examined, the
highest number of rooted cuttings was determined in the
applications of cinnamon powder (T) with 10.33 and H3 with
9.83. However, in terms of the number of rooted cuttings, T
and Hs applications and H; and H, applications were in the
same statistical group. In the evaluation made according to
different planting times, the number of rooted cuttings
(14.61) in the experimental group planted without waiting
after the leaf cuttings were plucked from the stem (0 h) was

determined to be higher than the cuttings in the group
planted by waiting 24 hours (24 h) (2.89). The effects of
different rooting contents on the number of rooted cuttings
in the cuttings belonging to the 0 h planting time were found
to be statistically insignificant (p>0.05). The highest number
of rooted cuttings in cuttings belonging to 24 h planting time
was determined as T application. T application and H1, H;
and Hs applications are indicated with the same letter, and
there is no significant difference between these applications
in terms of the number of rooted cuttings (Table 2). In the
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study of Ekici (2020), it was determined that the effect of
different IBA doses on the propagation of Sedum album
species by cuttings was not statistically significant (p > .05)
on all parameters examined. As a result of the same
research, higher values were obtained from parameters
such as plant height, shoot length, plant diameter, rooted
shoot number, root length at the control dose (0 ppm), and
it was reported that a higher rooting rate was obtained from
cuttings with 50 ppm dose compared to other doses. Khalid
and Ahmed (2022) compared the effects of some natural
substances (Aloe vera, cinnamon and honey) and rooting
hormone naphthalene acetic acid (NAA) on the rooting of
two fig (Ficus carica) cuttings. It was reported that the effect
of using natural substances and naphthalene acetic acid
(NAA) on rooting properties was similar except for the root
number parameter. These findings (Khalid & Ahmed, 2022)
showed parallelism with our present study results.

According to the general averages of the effects of different
rooting contents on the number of callus-forming cuttings,
it was determined that the highest number of callused
cuttings was in the T application, with an average of 8.83.
While numerically the lowest number of callused steel was
obtained from the Hsapplication, all applications except the
T application were in the same statistical group as the
control application. In the evaluation made according to
different planting times, the number of callus-forming
cuttings (7.11) in the experimental group planted without
waiting after the leaf cuttings were plucked from the stem
(0 h) was determined to be higher than the cuttings in the
group planted by waiting 24 hours (24 h) (3.50). If the
effects of different rooting contents on the number of
callus-forming cuttings in the 0 h planting time are
evaluated, it was determined that the number of callus-
forming cuttings in Hs application was the highest and the
number of callus-forming cuttings increased in 1.45 times
when compared to the control (Oh) application. However,
there was no statistically significant difference between the
Hs application and the T application. If the effects of
different rooting contents on the number of callus-forming
cuttings in the 24 h planting time are evaluated, the highest
number of callus-forming cuttings was determined with the
T application. Except for the T application, all different
rooting content applications and the control application
were indicated with the same letter, and no significant
difference was found between these applications in terms
of the number of callus forming cuttings (Table 2).

When the general average of the effects of different rooting
ingredients on the maximum root length is examined, the
highest maximum root length was determined in the Hs
application, while the lowest maximum root length was
obtained from the AV application. In the evaluation made
according to different planting times, the maximum root

Research in Agricultural Sciences

length (39.34) of the cuttings in the experimental group,
which were planted without waiting after the leaf cuttings
were plucked from the stem (0 h), was determined to be
higher than those in the group planted by waiting 24 hours
(24 h) (19.09). When the effects of different rooting
contents on the maximum root length of the cuttings at O h
planting time are evaluated, it was determined that the
maximum root length of the Hs application was higher and
the maximum root length increased in 3.06% when
compared to the control (Oh) application. However, Hs;
application and H1 and control (0 h) applications were in the
same statistical group. In the evaluation made within 24 h
planting time, the highest maximum root length was
determined with the Hs application. With the Hs application,
the maximum root length increased in 146.78% compared
to the control (24 h) application. The control (24 h)
application and Hj, T and AV were denoted with the same
letter, and no significant difference was found between
these applications in terms of maximum root length (Table
3). As a result of a previous study, Aloe vera gel was shown
to be more effective than IBA in rooting Vitex diversifolia
semiwood cuttings (Shidiki et al., 2019). In the current study,
the highest maximum root length was obtained from the
application of the highest dose (Hs) of rooting hormone
containing 0.52% 1-Naphtaleneacitic Acid (NAA) + 0.51% 3-
Indole Butyric Acid (IBA). The effects of auxin on rooting of
cuttings are known in previous studies, and the result
obtained from our study is an expected result. In addition,
this increase may have been achieved by using two different
auxin derivatives together. It was determined that there was
no statistically significant difference for the highest
maximum root length parameter between the Control, Hy, T
and AV applications in the group planted by waiting 24 hours
(24 h). Uddin et al. (2020) investigated the effect of natural
substances on grapevine cuttings by comparing them with
synthetic hormones. While the longest root length was
observed in Aloe vera gel application, it was followed by IBA
application and they reported that the lowest root length
was measured in the control application. In our study, the
maximum root length was determined in the application of
the highest dose of auxin hormone. It was determined that
there was no significant difference between the other
natural substances used in our study and the control
application.

When the general average of the effects of different rooting
ingredients on the rooting percentage is examined, the
highest rooting percentage was determined in T application,
while the lowest average rooting percentage was
determined in AV and control applications. In the evaluation
made according to different planting times, the highest
rooting percentage (89.35) was obtained from the cuttings
in the experiment group, which were planted without
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waiting after being plucked from the stem (0 h). As a result
of the evaluation made if it includes O h planting time, it was
determined that the rooting percentage was higher in Hs
and T applications and the rooting percentage increased in
24.13% when compared to the control (Oh) application. As a
result of the evaluation made in 24 h planting time, the
highest rooting percentage was determined with T
application. With the T application, the rooting percentage
increased in 3.58 times when compared to the control (24
h) application (Table 3). Hameed et al. (2019), in a study
examining the effect of cinnamon extract on root formation

and vegetative growth of cuttings taken from Melaleuca
viminalis L., they found that the application with cinnamon
extract had a higher rooting rate than the control. In another
previous study (Shidiki et al., 2019), Aloe vera leaf extract,
IBA, coconut water and Aloe vera leaf extract + coconut
water were used to propagate semiwood cuttings of Vitex
diversifolia and Cordia milleneii. Aloe vera + coconut water
has been reported to improve rooting with a higher rooting
percentage than IBA (Shidiki et al., 2019). In our study, Aloe
vera gel was used alone. Combining different natural
substances can also be tried in future studies.

Table 3

The effects of applications on the average root length and rooting rate of P. sempervivoides leaf cutting

Maximum root length (MRL) (mm)

Rooting rate (%)

Treatments

Oh 24 h Mean Oh 24 h Mean
Control 42,57 3b**x* 14.54 cx** 28.53 Cxx* 80.56 bex* 16.67 cx** 48.61 CF**
H1 41.25% 15.11°¢ 28.18 ¢ 84.72 b 25.00° 54.86 B¢
H2 39.96 21.32° 30.64 8 91.67 % 20.83 ¢ 56.25°8
H3 43.81° 35.88° 39.84 4 100.00°® 19.44 b¢ 59.728
T 38.04 ¢ 14.40°¢ 26.22° 100.00° 59.72° 79.86 4
AV 30.45¢ 13.28°¢ 21.86°F 79.17 ¢ 18.06 °* 48.61 ¢
Mean 39.34 Akxx 19.09 8 89.35 Ax*x* 26.62 8
DRCxPT interaction p <.000 p <.000

ns: NS: insignificant at p>0.05, statistically significant at the * p <.05, ** p < .01 and ***p < .001 probability level. Note: Values followed by the same small or capital letters
are not significantly (5%) different within the columns. DRC: Different Rooting Content; PT: Planting Times

Table 4.
Rooting quality scores of cuttings according to applications
(1-5)

Treatments Oh 24 h
Control 5 3
H1 4 3
H2 4 3
H3 4 4
T 3 2
AV 2 3

As a result of the applications, the quality scores of the
cuttings were given according to their rooting status (Table
4).It was observed that the cuttings belonging to the control
(O h) application had very good rooting and rooting quality,
and therefore, a rooting quality score of 5 was given to this
experimental group. Good quality leaves and roots were
observed in Hi(0 h), Hy (O h), H3 (O h) and Hs (24 h)
applications. Considering the rooting quality score scale
prepared for control (24 h), Hi (24 h), Ha (24 h), Av (24 h)
and T (0 h) applications, the score of these applications was
3. At both planting times, substandard rooting and rooting
quality was determined for the cuttings of the T application

and were deemed unsaleable. Therefore, the rooting quality
score of T application was determined as 2 (Table 4). In
summary, very good quality roots were observed in H1(0 h),
H, (O h), Hs (0 h) and Hs (24 h) applications. These
applications can be recommended for rooting the leaf
cuttings of P. sempervivoides succulent plant.

Conclusion

As a result, the effects of the application of the highest dose
of IBA+NAA, which is frequently used in cuttings, on the
average root length and rooted cutting number parameters
were found to be statistically significant. At the same time,
it was concluded that the reproduction of the species can be
done without using synthetic hormones, and it can be
promoted with natural substrates. Cinnamon application
caused an increase in the viability of the leaf cuttings of P.
sempervivoides. It was concluded that cinnamon powder
applications can be considered as a more effective natural
extract for rooting leaf cuttings of P. sempervivoides
compared to Aloe vera gel application. In plant propagation
studies, the rooting percentage may vary depending on the
plant type and variety, the rooting environment conditions,
the rooting medium used, the type of cutting, the type and
dose of plant growth regulator used. In general, it has been
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suggested in various studies that in propagation of
succulents with cuttings, it is necessary to wait for a while
after the cuttings are prepared. At the end of our research,
in which we examined the effects of different waiting times
(immediate planting and planting with 24 hours waiting), it
was determined that planting the leaf cuttings of P.
sempervivoides as soon as they were taken had a positive
effect on rooting. Based on these findings, we suggest that
P. sempervivoides can be propagated with leaf cuttings by
vegetative propagation.
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Effect of Starvation and Refeeding on Gamete
Quality and Fertilization in Rainbow Trout
(Oncorhynchus mykiss) Broodstock

Gokkusagi Alabaligi (Oncorhynchus myekiss) Anaclarinda Achk
Donglisli ve Yeniden Beslemenin Gamet Kalitesi ve Dollenme
Uzerine Etkisi

ABSTRACT

In this study, the impact of starvation and refeeding on broodstocks was observed by
examining quality parameters of gametes and fertilization. While the control group fish
were fed every day, the male and female members of the group were fed one week apart
and placed in starvation after a week of feeding. Weight gain in the control group was the
highest. The feed conversion ratio was normal in all groups (0.9-1.3%). Relative fecundity
was (935+62 eggs/kg) in control group females; it was found to be (1317+241 eggs/kg) in
starving females and statistically different in the groups (p < .05). The egg diameter of the
group receiving intermittent feeding for a week (3.36+0.2 mm) was found to be the lowest.
All spermatological parameters were similar between groups, except for sperm volume.
The most sperm count was seen in the group that received one-week intermittent feeding
(46.9% 20 ml). The results of fertilization with the control female in the fertilization study
based on male individuals showed similarity for the male individuals of the trial group, the
highest fertilization rate was seen in fertilization using the control female and control male.

Keywords: Broodfish feeding, Egg quality, Reproductive performance

0z

Bu calismada, aclik ve yeniden besleme rejimi uygulanan anaclarda, bu besleme
diizeninin gamet kalitesi ve dollenme Uzerindeki etkisi incelenmistir. Kontrol grubu
baliklari her giin beslenirken, deneme grubunun erkek ve disi bireyleri bir hafta
beslenmis, bir hafta ac¢ birakilmistir. Agirlik artisi en yiksek kontrol grubunda
gorulmusken; yemden yararlanma orani tiim gruplarda normal diizeyde bulunmustur
(%0,9-1,3). Relatif fekondite kontrol grubu disilerinde 935162 yumurta/kg; bir hafta aglik
rejimi uygulanan baliklarda ise 1317+241 yumurta/kg olarak bulunmustur (p <,05). En
disik yumurta capi bir hafta a¢ birakilan grupta elde edilmistir (3,36£0,2 mm). Sperm
hacmi disinda tim spermatolojik parametreler gruplar arasinda benzerlik gostermistir.
Sperm miktari bir hafta aglik uygulanan baliklarda (46,9420 ml) kontrol grubuna nazaran
daha yliksek bulunmustur. Erkek bireylere dayali déllenme ¢alismasinda kontrol disi ile
yapilan déllenme sonuglari deneme grubunun erkek bireyleri i¢cin benzerlik gostermis,
en ylksek dollenme orani kontrol disisi ve kontrol erkegi kullanilarak yapilan dollenmede
gorilmustar.

Anahtar Kelimeler: Damizlik balik besleme, Yumurta kalitesi, Ureme performansi
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Introduction

Rainbow trout's reproductive process is controlled by both
photoperiod and temperature. However, the rainbow trout
can perceive nutritional status and regulate its reproductive
activities accordingly. In individuals whose gonads have
reached maturity before the reproductive period, body
growth slows down, with most of the energy and nutrients
going to the production of vitollogenin, which is necessary
for gonad growth (Reading et al., 2018). The broodstock’s
nutrients during oocyte growth are transferred to the
developing eggs. These reserves, taken from the female by
mobilization from the yolk sac are used for the development
of the embryo until external feeding. Therefore, the feeding
regime, ratio and nutritional content of the feed applied
before the breeding period have a direct effect on gametes
to be obtained from the broodstock fish and on the larval
life (Carrillo et al., 2000).

In aquaculture, especially in broodstock fish, the
establishment of a species-specific feeding protocol is
important both in terms of quality parameters in the
gametes to be obtained and in terms of the expenses of the
enterprises. Considering the feed expenses included in the
production cost with 60-80% of the operating expenses, the
establishment of a feeding scheme that will not affect the
quality of gametes and larvae in broodstock brings about a
cost-effective strategy for fish farmers. Fish are fed daily
under culture conditions. To reduce the cost of current feed
in broodstock management, it may be beneficial to
understand how feed restriction and refeeding affect gonad
and gamete development (lzquierdo et al., 2001). The
impact of feed restriction on fish reproductive performance
is still a matter of contention. Testicular development in
zebra cichlid (Cichlasoma nigrofasciatum) fish is not affected
by feed restriction as stated by Townshend and Wooton
(1984). Jobling et al. (1993) report that feed restriction in
Arctic charr (Salvelinus alpinus) does not influence the
number of mature males. The GSlI ratio of tilipia fish (Tilapia
zillii) remained unchanged despite the fed restriction
(Coward & Bromage, 1999). It has been shown that feed
restriction application in rainbow trout has no effect on GSI
and egg quality (Ridelman et al., 1984). However, gonadal
maturation in fish species, such as goldfish (Carassius
auratus, Sohn et al., 1998), European seabass (Dicentrachus
labrax, Cerda et al.,, 1994), and Salmonid (Thorpe et al.,
1990; Reimers et al., 1993; Hopkins and Unwin 1997) has
been observed to be hindered by a decrease in feeding rate.
Feed restriction before breeding period has been found to
have an impact on gametes, particularly egg productivity, in
rainbow trout through previous studies (Imsland &
Gunnarsson, 2011; Caldwell et al., 2014; Cleveland et al.,
2012).

By sensing the nutritional status of teleost fish, they can
regulate their reproductive development and activity
accordingly. The quality of gamete may be affected by feed
restriction, but it's unclear how. This research aimed in part
to address these problems by subjecting rainbow trout to
starvation regimes. A feeding trial with two treatments was
conducted to assess the impact of starvation periods on
growth efficiency and reproductive success before the
breeding period. During the control group's daily feeding,
the experimental group was given food for seven days and
then fasted for the next seven days. The success of
fertilization with gametes from both sexes and their quality
were investigated using this six-month feeding pattern.

Materials and Methods

Experimental Fish and rearing conditions

This study was carried out between 01.07.2022-15.01.2023
at Istanbul University Faculty of Aquatic Sciences, Sapanca
Inland Aquaculture Production Research and Application
Unit. A total of 40 females (mean weight 1601231 g; mean
total length 49.7+3.1 cm) and 40 males rainbow trout
(Oncorhynchus mykiss) (mean weight 6701127 g, mean
length 36.742.31 cm) aged 2* were used. During the study,
the fish were taken care of in four round fiberglass tanks
with a diameter of 3 m, a height of 80 cm and a water
volume of 3 m3. The well water with an average temperature
of 11.2-13.5 °C was supplied to the system. The experiment
was conducted with broodfish raised under natural
photoperiod conditions.

Experimental diet

During the study, 8 mm diameter commercial trout
broodstock feed supplied from a private company was used
to feed the fish (proximate compositions: %48.2 crude
protein; %19.3 lipid; %9.6 ash; %1.3 crude cellulose; %92.2
dry matter).

Feeding programme

The male (CM) and female (CF) fish that make up the control
group were fed every day during the study (180 days). Male
(OWM) and female (OWF) individuals constituting the
experimental group were fed every day for a week and
starved for a week. All trial groups were fed fish as ad libitum
by hand twice a daily (09:00; 16:00). The amount of feed
delivered to each group was recorded. The tanks were
cleaned after evening feeding three days a week. On the
days when the gamete maturation would be checked, the
fish were not given feed.

Growth Performance

The calculation of feed conversion ratio and growth
performance was done using Ricker's formulas (1979).
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Weight gain (g) = [final weight (g) — initial weight (g)]
Feed conversion ratio (FCR) = [total feed supplied (g) /
weight gain (g)]

Gamete quality analysis

Sperm quality

The spawning activity of male broodfish was monitored
every three days during gamete maturation (September to
December) by gently pressing the abdomen to check for any
sperm. Sperm were obtained by applying abdominal
pressure without the use of anaesthetics and stored in clean
glass beakers labelled and heated in polystyrene boxes at
4°C until they were analyzed in the lab. Following the
measurement of sperm amount (ml), the hemocytometry
method was employed to determine sperm density. In brief,
a Microcentrifuge tube was used to mix a sperm sample with
0.7% NaCl solution at a ratio of 1:1.000 and analyse it using
a Thoma slide (0.00025 mm?3) under a light microscope
(Nikon Eclipse E100, <unk> 40). The following equations
(ANSCI 2017) were used to determine sperm density (Ekici
et al., 2012);

Concentration/ml = (dilution factor) x (count in five squares)
x (0.05x10°)

At 12°C, motility parameters were assessed using CEROS Il
(Hamilton-Thorne) connected to CX41 microscope
(Olympus). Images were captured at 60 frames per second
using the rainbow trout variables determined in the
Hamilton configuration using a digital camera (U-TV1X-2
Tokyo). Sperm motility (Mot,%) and velocity of curvilinear
(VCL, <unk> m/sec) were measured in every sperm sample.
Sperm with a velocity of less than 20 m/s were classified as
immotile. Motility and kinematic parameters were
established by using Leja 2 cell chambers with a 20-ul deep
chamber (Leja Products). With a dilution rate of 1:500,
hatchery water was employed as an activator. All sperm
samples were conducted in triplicate by the same operator
to minimize errors.

Egg quality

Female individuals were monitored every week for their egg
maturation. To observe egg production, stripping was
carried out on individuals. Using a towel, the abdomen was
dried and gently massaged. Eggs were extracted from clean
and labeled stripping jars and than weighed. To prevent eggs
from direct sunlight, a sheet was put on the jars. The eggs in
each jar were counted by taking a 10-gram sample. Absolute
fertility was determined using the following formulas. The
determination of relative fecundity was made by dividing
absolute fecundity with the total weight (g) of fish (Hunter
et al., 1985).

Absolute fecundity (amount/zkg) = [Number of eggs
insub-samplextotal egg weight (g)] / [Weight of the sub-

sample (g)]
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The Leica stereo microscope with 20 magnification was used
to analyze egg samples (n:10) from each female in the
groups. The microscope system software was used to
measure egg diameters after photographing all eggs.

Fertilization experiment

Fertilization studies were carried out in a controlled manner
for each trial group. To reveal the productivity of female
individuals in trial groups; eggs from experimental group
was fertilized with the same sperm samples from control
group male fish. Again, to reveal the efficiency of male
individuals, sperm samples taken from trial group was used
for fertilization with eggs belonging to the same female from
the control group. The groups in which the fertilization study
was performed are given in Table 1.

Table 1.

Fertilization experimental in groups

Groups Control male Male (OWM)*
Control female X X
Female (OWF)* X

*OWEF: weekly feeding cycle and a week of fasting female, OWM: weekly
feeding cycle and a week of fasting male

Fertilizing the eggs (300 per female) taken from an individual
in the trial group was achieved by mixing them with the
sperm of the male individual whose spermatologic
characteristics were analyzed. Separate incubation trays (30
x 40 cm?) were used for placing the eggs after fertilization.
The incubation trays were filled with water, which was flown
continuously (at a rate of 1.5 liters per minute and 10°C).
Dead and unfertilized eggs were collected daily from the
incubator. The success of fertilization was measured by
analyzing the percentage of eyed eggs 16 days after
insemination and calculating it based on (number of eyed
eggs x initial egg number - 1*100%) (Ekici et al., 2014).

Statistical Analysis

The data obtained at the end of the study are presented
with their mean values and standard deviations. The data
obtained was analyzed using an ANOVA and then compared
by using the Tukey's (p < .05) multiple range test in
STATISTICA v. 8 program.

Results

The weight gain, calculated according to the date
determined as a result of the weighing made at the
beginning of the trial and at the end of a total of 6 months,
was measured individually, and the values were given with
mean and standard deviations. Since the total length of the
fish did not differ at the beginning and the end of the
experiment, the results were not evaluated.
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Growth performance of rainbow trout broodstock

Growth and survival parameters are given in Table 2.
Mortality was not recorded in any of the groups. The fasting
group had a statistical difference in weight gain (p < .05)
compared to the control group, which experienced the
highest weight gain.

Table 2.
Growth parameters of fish in experimental groups

CF CM OWF OWM
Initial weight (g) 15884269  673.5£126 1643.5+257 681+153

Final weight (g) ~ 43524270°  1847+403* 3365+540° 1145+1658

Weight gain 2763 1173 1721 464
FCR 0.9 14 1 14
Survival (%) 100 100 100 100

CF: control female, CM: control male, OWF: weekly feeding cycle and a
week of fasting female, OWM: weekly feeding cycle and a week of fasting
male. Each treatment's meanzS.D. value are included in the results.
Different superscripts in the same row led to significant differences in
values (p < .05).

Reproductive performance

Female

In Table 3, the spawning rates of female individuals are
shown. Spawning occurred within 177-187 days after the
start of experimental feeding.

Table 3.
Spawning parameters of female fish in experimental groups
(n:20)

Parameters CF OWF
Spawning (days) 180+3 181+3
Spawning females (%) 100 100
Absolute fecundity? 4029+432 4389+804
Relative fecundity? 935+62° 1317+241°
Egg diameter (mm) 3.5+0.16 3.36%0.24

CF: control female, OWF: weekly feeding cycle and a week of fasting
female, TWF: two week feeding cycle and two weeks of fasting female.
2Mean number of eggs per fish; 3Mean number of eggs per kg body
weight. Values in the same row with different superscripts were
significantly different (p <.05).

In the statistical study conducted on the relative fecundity
the control group and the trial group were found to be
significant (p < .05). However, there was no significant
difference between the groups in total fecundity values (p >
.05). Eggs from broodfish in experimental groups appeared
normal, and were similar in shape, and color. However, egg

diameters were higher in the control group (3.5+0.16 mm)
and lower in the group fed one week apart (3.36+0.24 mm).
The egg diameter values of the trial group fed one week
apart were compared with the control group and a
significant difference was found (p < .05).

Male

Table 4 displays the spawning performance of male rainbow
trout broodfish. Between 177-187 days after the onset of
experimental feeding, spawning occurred.

Table 4.

Spawning parameters of male fish in experimental groups
Parameters C™M OWM
Spawning (days) 18043 18143
Volume (ml/individual) 21.8+7° 46.9+20°
Spermatozoa density (x10°%/ml) 4.04+0.7°  6.5+0.8°
Total Motility rate (%) 94.242.4  93.42+1.5
Motility duration (s) 24.8+2.9 23.6x1.4
Total Curvilinear velocity, VCL 63149 1 65.746.9

(um/s)

CM: control male, OWM: weekly feeding cycle and a week of fasting male.
Values in the same row with different superscripts were significantly
different (p < .05).

In the statistical analysis with the results of sperm density;
the group that was fed intermittent for one week was
differed from the control group (p < .05). The motility rate
ranged from 90 to 94 and there was no significant difference
between the total motility values of sperm cells between the
groups (p > .05). In addition, no significant difference was
found between the groups in the motility duration of sperm
cells (p > .05). The total VCL value of sperm cells were
63.1+9.1 um/sec in the control group, 65.7+6.9 um/sec in
the group fed one week apart. Total VCL values were highest
in the one-week intermittent feeding group, but no
significant difference was found between the groups in
terms of total VCL values (p > .05).

Fertilization

In the study, fertilization studies were carried out in a
controlled manner for each trial group. To reveal the
productivity of female individuals in trial group; eggs from
trial group were fertilized with the same sperm samples
from control male fish. Again, to reveal the efficiency of
male individuals, sperm samples taken from trial group were
used for fertilization with eggs belonging to the same female
from the control group. In the fertilization study conducted
based on female individuals, the highest fertilization rate
was observed between control group female and control
group male individuals (97.75+1.2%). There was statistically
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significant difference between the data obtained in the
fertilization  study  using one  week-intermittent
female*control male (%. 43+7) (p > .05) (Figure 1).

105

a
100

% ]
90
85

80

Fertilization rate (%)

63

CM*CF CF*OWM CM*OWF
Experiment groups

Figure 1.
The percentage (%) of fertilization obtained in the
fertilization study based on male and female individuals in
the trial groups (Mean+SD). CF: control female, CM: control
male, OWM: weekly feeding cycle and a week of fasting
male, OWF: weekly feeding cycle and a week of fasting
female, the statistical difference between the values
indicated by the different letters was found to be significant
at the 95% accuracy level according to the Tukey test.

Discussion and Conclusion

By utilizing feed restriction and refeeding cycles in
broodstock management of rainbow trout during the 6
months prior to spawning, we were able to achieve a 25%
decrease in feed consumption. Live weight gain was
observed in both groups, but the control groups of female
(2763 kg) and male (1737 kg) fish showed the highest levels.
In the study where the growth and reproductive
performance of feeding with full ration (100%) and half
rations (50%) in Alpine trout (Salvelinus alpinus) broodfish
was examined; weight gain was achieved in groups fed with
a full ration; it was found to be greater than the weight gain
in half-ration-fed groups (Imsland and Gunnarsson, 2011). In
a study with sea bass (Dicentrarchus labrax), broodfish fish
were fed with two different feeding rates (0.45% and 1.04
days). Although the starvation cycle is not studied in the
study conducted with sea bass, it is thought that in this
thesis study, the feeding pattern is subject to a similar
restriction as the feed restriction it inevitably brings
(Chatzifotis et al.,, 2011). Before the breeding period in
turbot fish (Scophthalmus maximus), broodstock fish were
fed for 12 months in such a way that the amount of feed
increased or decreased according to the months but the

Research in Agricultural Sciences

total amount of constant feed was determined. At the end
of the study, the researchers reported that feeding with low
feed rations covering 4 months immediately preceding
spawning reduced fish weight by 70% (Bromley et al., 2000).
In Tilapia zillii fish, more growth was observed in female fish
that became broodstocks in high and low feed rationing for
about 17 months from the first feeding transition stage
compared to fish fed with high feed ration (Coward &
Bromage, 1999). In the rainbow trout, the weight gain was
found to be less in the feed-restricted groups than in the
control group in the results obtained by feeding the
broodstock fish regularly as ad-libitum 5 months before the
breeding period and feeding by giving 80% of the feed given
to the control group by going to feed restriction (Cardona et
al., 2019). In contrast to these studies, in the study
conducted only with male chinook salmon (Oncorhynchus
tshawytscha), the fish were fed at intervals of one week for
10-12 months and continued to be fed regularly every day
after 10-12 months. Researchers reported that there was no
difference between the groups in weight gain in fish
(Hopkins & Unwin, 1997). The results obtained in our study
were similar to other studies except for the study with
chinook salmon. The highest weight gain was seen in the
control group of individuals fed regularly daily. Regular
feeding has been shown to have a significant effect on
weight gain, but this will be re-evaluated by gamete quality.

The feed conversion rate (FCR) may vary between species
and within species. FCR, which varies according to the life
stage of the fish, the breeding conditions and the feed
material, is ideally expressed as 0.5-2 in trout (Davis, 2022).
In this study, the FCR value ranged from 0.9 to 1.4. The FCR
of this feed determined in each group are similar to the ideal
values that should be in fish farming. These results show that
the feed given in groups was consumed in a healthy way for
use in both weight gain and gamete maturation.

In present the study, although feed restriction did not have
a temporal effect on the gonadal maturation of females, it
was determined that it caused a change in egg quality. The
relative fecundity was found in the control group (935+62
n/kg) and the highest was found in the female group fed one
week apart (13174241 n/kg) and this group statistically
different from the control group. When the total amount of
eggs taken per individual was evaluated, the highest total
fecundity was found in the trial group with one-week
interval feeding (43894804 n/individual). For the control
group, 40294432 n/individuals were found, but there was
no significant difference in total fecundity values between
the groups. It has been found that changing the normal
feeding pattern in rainbow trout and giving 25 and 50% of
the daily feed amount decreases in total fecundity (Bromage
1995). In a study where the broodstock fish of the Black Sea
trout were fed with commercial feed as ad libitum, the egg
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amounts were found as 1476+1043 n/individual (Erbas &
Bascinar, 2013). Erbas et al. (2013) stated that the fed Black
Sea trout once and twice a day without altering the feed
ration, and the broodstock group fed once a day produced
higher-quality eggs. However, according to studies,
decreasing feed intake in rainbow trout can have no
negative effect on egg production or egg quality (Cardona et
al., 2019). The fecundity values obtained in our study are
similar to those of other studies. Even though the relative
fecundity results are different, the fact that there was no
difference in total fecundity is believed to be linked to the
fish's live weight. The lowest relative fecundity in the control
group females, which saw the greatest live weight gain,
shows that these fish used in the feed consumed more for
body weight gain in addition to egg formation. The fact that
the total fecundity is similar to the groups in the control
group with high kilogram weight gain can be explained by
this weight gain. It is thought that intermittent feeding of
fish increased relative fecundity, but the reason why fish in
this feeding pattern used the feed they received directly to
the egg formation did not affect total fecundity because
they gained less weight.

In addition to fecundity, one of the quality parameters of
female gametes is the egg diameter of the eggs obtained. It
is stated that the size of the pre-larva at the stage of
hatching is related to the diameter of the egg, and the size
of the pre-larvae emerging from large eggs is large
(Bromage, 1995). In order for the egg diameter, which is
affected by factors such as reproductive period, individual
age, genetic structure and nutrition, to be at the desired
level, female individuals should be fed with high-quality and
adequate nutrition in the period between the two
reproductive periods, especially in completing the
gametogenesis process (Mananos et al.,, 2009). For the
family Salmonidae, the egg diameter is expressed in the
range of 4.9-7.2 mm (Bromage, 1995). Egg diameter in
brown troutis 5.2 mm (Gunnes & Gjedrem, 1978); 5-5.3 mm
in Black Sea trout (Sonay, 2008); 4.55-5.12 mm (Erbas &
Bascinar, 2013); 4.3+1.8 mm (Gelingek & Yamaner, 2020); in
rainbow trout, 5.4+0.1 mm (Yildiz et al., 2020); has been
reported. In this study, egg diameters were found to be
3.540.16 mm in the control group; and 3.36+0.24 mm in the
one-week intermittent feeding group. The egg diameter
data obtained in the study were found to be lower when
evaluated intra-species and inter-species compared to other
studies. There are studies reporting that feed restriction in
rainbow trout leads to larger egg diameters in females and
less mortality in eggs (Cardona et al., 2019). Restriction of
nutrition in fish during oocyte formation and especially
vitellogenesis is known to slow down oocyte growth
(Bromley et al., 2000). However, in this study, it is thought
that the egg diameters of the eggs in the control group are

similar to the results in the fasted fish, and the reason why
both results are different from other studies is due to
reasons such as different origins of the fish, care conditions,
etc. In addition, the highest relative fecundity and the lowest
egg diameters obtained in the one-week intermittent
feeding group seem to be related to each other. The small
egg diameter but the large number of egg production in this
group revealed the effect of one-week intermittent feeding.

The amount of sperm differs between individuals of the
same species, as well as between each species. In the studies
conducted to date, the amount of sperm without any
manipulation has been reported as 5-20 ml/individual in the
Salmonidae family (Alavi et al., 2008; Dziewulska et al., 2008;
Tekin et al., 2007; Yildiz et al., 2021).

In this study, the amount of sperm in the one-week
intermittent group differed with control group (p <.05). The
amount of sperm obtained in the one-week intermittent
feeding group was found to be much higher than control
group. It was found that the amount of sperm increased
significantly in the application of the feeding regime with an
interval of one week in rainbow trout broodstock. There are
studies showing that the amount of sperm changes with the
change in feed amount or feed content (lzquierdo et al,,
2001; Davis, 2022). The reason for obtaining more sperm
amount in the one-week intermittent feeding group, where
the feed content does not change but the feed amount is
applied less due to the feeding pattern, is thought to be the
fact that the fish spend the feed they consume as soon as
they leave the starvation cycle on testicular maturation. The
fact that the weight gain was greater in the control group
than in the group fed intermittently for one week, but the
amount of sperm was less than in this group supports this
idea.

The spermatozoa density can vary between 2.42-23.40x10°
cells/ml in the family Salmonidae (Dziewulska et al., 2008;
Lahnsteiner, 2013; Erbas & Kocabas, 2013; Gelincek &
Yamaner, 2020; Yildiz et al., 2021). In this study, sperm cell
density was highest in the group fed at intervals of one week
(6.5+0.8x10° cells/ml). The fact that the sperm cell density,
which is similar to the sperm amount results, is found to be
the highest in the group fed intermittently for one week is
thought to be due to the high amount of sperm produced in
this group. Although the sperm cell density obtained in the
one-week intermittent feeding group was similar to that of
Salmonidae family species, the sperm cell densities obtained
in all groups were found to be low for rainbow trout. These
low results of sperm cell density can be related to the age of
the fish and the spawning time. It has been determined that
one-week intermittent feeding regime in rainbow trout
broodstock also leads to an increase in sperm cell count
depending on the amount of sperm.
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Sperm motility is one of the most important sperm quality
parameters that reveal the fertilization of sperm cells.
Sperm motility, which differs within and between species
like other gamete quality parameters, is under the influence
of many abiotic and biotic factors. The accepted motility in
breeding conditions for a successful fertilization study is
reported as 70% and above (Mananos et al., 2009). When
the motility results were compared, no difference was
detected between the groups and it was concluded that the
cells in all groups were capable of fertilization with values
above 70% and that the intermittent and regular feeding
regimen had no effect on the motility values of sperm cells.

When the results obtained from the fertilization studies
were evaluated, it was found that there was no difference in
the fertilization percentages of the male individuals in the
trial group with the control group of female individuals.
However, intermittent and regular feeding has been found
to affect fertilization in eggs from female fish that have
undergone this feeding pattern. The highest percentage of
fertilization was seen in gametes obtained from male and
female individuals of the control group, and this percentage
was statistically different from the other trial group.

Feed used in aquaculture is effective in the performance of
vital functions such as survival and growth as well as in
gonad development, maturation, reproductive performance
and quality parameters of the gametes obtained after
maturity (Bromage, 1995). Furthermore, it is also known
that the starvation cycle affects gonad and gamete
maturation in both sexes (Chatzifotis et al., 2011).

In conclusion, it was determined that feeding the fish
regularly every day led to more weight gain in the
broodstock fish, but this feeding pattern led to less egg
production per kg in the fish, more eggs per kg were
produced by feeding the fish one week apart, but the egg
diameters produced were smaller and also contributed to
the production of more sperm and sperm cells in male
individuals. The results obtained with the motility and
kinematic parameters of the sperm cells and the results of
fertilization were in parallel, and it was concluded that
intermittent feeding did not make a difference except for
sperm volume and cell density in male individuals, but that
the fertilization percentages were low in female individuals,
and that although more eggs were produced, the eggs
obtained by intermittent feeding did not fully mature. As a
result of this study, it is thought that this change in feeding
regime, which is made 6 months before the breeding period,
should be started earlier than the period applied in this
study. Gonadal maturation is influenced by starvation during
vitellogenesis, but further research is needed to establish
the duration and period of the year during which the
starvation re-feeding regime should be implemented.
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Assessment of Phytochemical Characteristics of
Walnut (Juglans regia) Leaves: Determination
of Nutritional Value and Quantitative Content
of Phenolic Compounds

Ceviz (Juglans regia) yapraklarinin Fitokimyasal Ozelliklerinin
Degerlendirilmesi: Besin Degeri ve Fenolik Bilesiklerin
Niceliksel iceriginin Belirlenmesi

ABSTRACT

This study aimed to assess the nutritional value of walnut leaves (Juglans regia), investigate the content of
major polyphenolic compounds in walnut leaves, and assess the potential of walnut leaves as a phytogenic
supplement to poultry diets. The nutritional composition of dried ground walnut leaves (crude protein,
crude fat, crude fiber, calcium, phosphorus, vitamin E, b-carotene) was assessed according to generally
accepted methods. The quantitative content of individual groups of polyphenols, such as total phenols,
hydroxycinnamic acids, flavonoids, and juglon, was determined spectrophotometrically. The content of the
sum of tannins was determined by the titrimetric method. Walnut leaves contain a high content of b-
carotene (295.0 pg/g) and natural antioxidant vitamin E (128.8 pg/g). The protein content was noted at the
level of 12.5%, the fiber content - 12.86%. In a significant amount, calcium and phosphorus accumulated in
walnut leaves - 2.04% and 0.23%, respectively. The content of the total hydroxycoric acids in terms of
chlorogenic acid in walnut leaves was 24.3 mg/g, the total content of phenolic compounds in gallic acid
equivalent was 14.4 mg/g, flavonoids in rutin equivalent was 20.2 mg/g, and juglone was 2.72 mg/g. The
content of total tannins in walnut leaves was 124.5 mg/g. The high nutritional value of walnut leaves
compared to alfalfa meal and the presence of a number of biologically active polyphenolic compounds in a
significant amount give grounds to consider this phyto-raw material not only as a valuable feed component,
but also as a source of natural antioxidants.

Keywords: Walnut, Leaves, Nutritional value, Phenolic compounds, Hydroxycinnamic acids, Flavonoids,
Tannins, Juglone

0z

Bu calisma, ceviz yapraklarinin (Juglans regia) besin degerini degerlendirmeyi, ceviz yapraklarindaki
baslica polifenolik bilesiklerin igerigini arastirmayi ve ceviz yapraklarinin kanath hayvan diyetlerine
fitogenik bir katki maddesi olarak potansiyelini degerlendirmeyi amaglamistir. Kurutulmus ve
ogutulmus ceviz yapraklarinin besin bilesimi (ham protein, ham yag, ham lif, kalsiyum, fosfor, vitamin
E, B-karoten) genel olarak kabul edilen yontemlere gore degerlendirilmistir. Toplam fenoller,
hidroksinamik asitler, flavonoidler ve juglon gibi bireysel polifenol gruplarinin niceliksel igerigi
spektrofotometrik olarak belirlenmistir. Toplam tanenlerin igerigi titrimetrik yontemle tespit
edilmistir. Ceviz yapraklari yiiksek B-karoten (295,0 pg/g) ve dogal antioksidan vitamin E (128,8 ug/g)
icerigine sahiptir. Protein igerigi %12,5, lif icerigi ise %12,86 olarak kaydedilmistir. Ceviz yapraklarinda
onemli miktarda kalsiyum ve fosfor birikmistir, sirasiyla %2,04 ve %0,23. Ceviz yapraklarinda klorojenik
asit cinsinden toplam hidroksikorik asit icerigi 24,3 mg/g, gallik asit esdegeri olarak toplam fenolik
bilesik icerigi 14,4 mg/g, rutin esdegeri olarak flavonoidler 20,2 mg/g ve juglon da 2,72 mg/g olarak
belirlenmistir. Ceviz yapraklarinda toplam tanenlerin igerigi 124,5 mg/g olmustur. Ceviz yapraklarinin
yuksek besin degeri ve 6nemli miktarda biyolojik olarak aktif polifenolik bilesiklerin varligi, bu fito
hammaddeyi sadece degerli bir yem bileseni olarak degil, ayni zamanda dogal antioksidan kaynagi
olarak da degerlendirmeyi miimkin kilmaktadir.

Anahtar Kelimeler: Ceviz, Yapraklar, Besin degeri, Fenolik bilesikler, Hidroksinamik asitler,
Flavonoidler, Tanenler, Juglon
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Introduction

The introduction of a ban on the use of feed antibiotics in
animal husbandry and strict control over their use in the
European Union since 2006 prompted a large-scale search
for alternatives. The introduction of so-called phytobiotics
into diets instead of antibacterial drugs, plant complexes,
the use of which makes it possible to obtain environmentally
friendly food, has gained immense popularity. Herbal
supplements, unlike drugs, can be used for clinically healthy
animals almost throughout their lives.

In this context, much attention is paid to the search for local
plant materials that have both nutritional value and the
presence of biologically active ingredients with antioxidant
and antibacterial properties. These criteria are met by the
walnut (Juglans regia), whose products, such as husks and
leaves, are rich in phenolic compounds and are a valuable
source of antioxidants (Shah et al. 2018). Walnut is
cultivated worldwide not only for its nutritious nuts but also
for its valuable by-products, such as husks and leaves, which
have numerous applications due to their rich phenolic
composition. Walnut cultivation is particularly important in
regions like Ukraine, where it contributes significantly to the
agricultural economy. According to FAOSTAT, Ukraine
occupies the 7th position in the world in the cultivation of
walnuts. In the period from 2018 to 2021, 14,218 hectares
of new orchards were planted in the country, 41% of their
total area was walnut plantations (Mazur & Gontaruk,
2021). These statistics indicate that Ukraine has a sufficient
amount of walnut plant material.

Some studies have demonstrated the antioxidant and
antimicrobial activity of various walnut parts, including the
leaves (Jahanban-Esfahlan et al.,, 2019). The phenolic
composition of walnut leaves, their antibacterial activity and
antioxidant potential have been studied, and the
dependence of these parameters on the crop variety has
been shown (Pereira et al., 2007). It has been reported that
walnut leaves have a significant content of phenolic
compounds, in particular flavonoids of the flavone and
flavonol groups, hydroxycinnamic and hydroxybenzoic acids,
and tannins (Nour et al., 2016). Most of the properties of
this raw material are determined by the presence of juglone
in its composition. It is a natural antibiotic of a number of
naphthoquinones, toxic to fungi and plants, inhibits
Helicobacter pillory enzymes, exhibits pronounced
antioxidant properties, is active against the bacteria
Pseudomonas aeruginosa, Candida albicans,
Helminthosporium sp., S. aureus, Bacillus subtilis and can
have a positive effect on the human body, as well as on the
body of animals and birds (Chaudhary et al., 2021).

At the same time, the nutritional potential of walnut leaves
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is insufficiently studied, the details of its chemical
components have not yet been fully elucidated. Such
information is almost absent in the Ukrainian scientific
community. Leaves are readily available in large quantities,
and their collection does not endanger the life of plants.

Thus, the literature contains information about the
antioxidant and antimicrobial potential of walnut leaves
from trees growing in different regions of the world, but
there is no characterization of the nutritional value and
polyphenolic profile of walnut leaves growing in the forest-
steppe zone of Ukraine. The insufficient level of research on
the nutrition and polyphenolic complex of walnut (Juglans
regia) leaves of this region does not allow to fully use it in
poultry feed as a phytogenic antioxidant additive.

The aim of the research is to study the nutritional potential
and polyphenolic composition of walnut (Juglans regia)
leaves.

Methods

Experimental studies on the determination of the nutritional
composition and content of polyphenolic compounds in
phytogenic raw materials were conducted in the conditions
of the testing laboratory of the Department of Quality and
Safety Assessment of Poultry Feeds and Products of the
State Poultry Research Station of the National Academy of
Agrarian Sciences of Ukraine (SPRS NAAS) using available
laboratory and analytical equipment.

Plant material preparation

The material for research was walnut leaves without
petioles, which were collected in early June in dry weather
from adult plants growing on the territory of the SPRS NAAS
without the use of phytosanitary treatments. The walnut
trees were of the 'Bukovynskiy' variety, a commonly
cultivated type in Ukraine known for its high yield and
resistance to disease. Plant raw materials were dried under
natural conditions at ambient temperature (20-24°C) in a
dark, well-ventilated room without access to direct sunlight.
Samples were ground in an electric mill to a fraction that
passed through a 1-mm mesh sieve and then stored at room
temperature in paper bags until analysis.

The chemical composition and nutritional value of raw
materials from walnut leaves (content of crude protein,
crude fat, fiber, calcium, phosphorus, concentration of
vitamin E and B-carotene) were studied using generally
accepted methods (lonov & Shapovalov, 2015).

The amount of tannins in terms of tannin was determined
by the classical titrometric method, based on the titration of
the infusion of raw materials with potassium permanganate
in the presence of indigosulfonic acid as an indicator
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(Cobzaru et al., 2019).

About 3 g (exact weight) of the tested walnut leaf powder
was extracted with distilled deionized water (dd H,0) in a
250 ml volumetric flask for 4 hours at room temperature.
Then the infusion was filtered through cotton wool into a
measuring flask with a volume of 250 ml so that particles of
raw materials did not enter the flask, the volume of the
solution was brought up to the mark with water and mixed.

25 ml of the obtained infusion was placed in a conical flask
with avolume of 11, 25 ml of indigosulfonic acid solution and
750 ml of distilled deionized water (dd H,0) were added. For
titration, a 0.1 N aqueous solution of potassium
permanganate (KMnQO,) was used until the blue color of the
solution changed to green. Then a few drops were added
until the solution turned golden yellow.

In parallel, a control experiment (blank sample) was
conducted by titrating a mixture of 25 ml of indigosulfonic
acid solution and 750 ml of distilled deionized water (dd
H,0). All samples were analyzed in duplicate. The content of
the total amount of tannins in the sample was expressed in
milligrams of tannin per gram of dry leaves.

Quantitative assessment of the content of other
polyphenolic compounds (hydroxycinnamic acids, phenols,
flavonoids, glycosides) in phytogenic raw materials was
carried out by the spectrophotometric method at the
appropriate wavelength, using the Beer—Lambert law. A SF-
26 spectrophotometer and 10-mm quartz cuvettes were
used for all optical density measurements.

Determination of the total amount of hydroxycinnamic acids
was carried out in terms of chlorogenic acid (Proskurina et
al., 2021).

Basic solution. 2.0 g (exact weight) of the test sample was
placed in a flask with a capacity of 200 ml, 50 ml of 70%
ethanol was added and heated in a reflux water bath for 30
min. After cooling, the extract was filtered through a
Buchner filter paper. The filtrate was transferred to a
volumetric flask with a capacity of 200 ml and the volume
was brought up to the mark with 70% ethanol.

Test solution. 2 ml of the basic solution was added to a 50
ml volumetric flask and the volume of the solution was
adjusted to the mark with 70% ethanol. The optical density
of the obtained solution was measured at a wavelength of
32542 nm. As a comparison solution, 70% ethyl alcohol was
used.

The total amount of hydroxycinnamic acids was expressed
in milligrams of chlorogenic acid per gram of dry leaves, the
specific absorption index of chlorogenic acid at 325+2 nm
was 531.

The total content of phenolic compounds present in walnut

leaf extracts was determined quantitatively in terms of gallic
acid (Fedosov et al., 2018).

Basic solution. An exact weight of the raw material (about
1.0 g) was placed in a conical flask with a capacity of 100 ml
with a ground stopper, poured 30 ml of 40% ethanol, closed
with a stopper and weighed (error £0.01 g). The flask was
connected to a reflux condenser, the contents were heated
in a water bath until boiling, and a gentle boiling was
maintained for 30 minutes. After that, the flask was cooled,
closed with a cork, weighed, adjusted to the initial mass with
40% ethanol, and the contents were filtered through a dry
paper filter into a dry flask with a volume of 50 ml.

Test solution. 1.0 ml of the filtrate was collected with a
pipette, transferred to a volumetric flask with a capacity of
50 ml and the volume of the solution was brought up to the
mark with 40% ethanol. The optical density was measured
on a spectrophotometer at a wavelength of 27012 nm. The
comparison solution was 40 % ethanol.

The total content of phenolic compounds was expressed in
milligrams of gallic acid per gram of dry leaves, the specific
absorption index of gallic acid was 540.

The  total flavonoid content was  determined
spectrophotometrically, in terms of rutin (Vronska et al.,
2015).

Basic solution; An exact weight of the sample (approximately
1.0 g) was placed in a 100 ml flask with a ground stopper,
and 30 ml of 70% ethanol was added. The flask was
connected to a reflux condenser and heated in a boiling
water bath for two hours, periodically shaking to wash off
particles of raw materials from the walls. After cooling, the
contents of the flask were filtered through a paper filter into
a 100 ml flask and made up to the mark with 70% ethanol
(solution A).

Test solution; 2 ml of basic solution A was poured into a 50
ml volumetric flask, 2 ml of a 3% solution of aluminum
chloride in 96% ethanol and 0.1 ml of diluted acetic acid
were added, and the volume of the solution was brought up
to the mark with 96% ethanol (test solution). After 40
minutes, the optical density of the solution was measured
on a spectrophotometer at a wavelength of 41542 nm. As a
comparison solution, a solution containing 2 ml of solution
A, 0.1 ml of diluted acetic acid, and made up to the mark
with 96% ethanol in a 50 ml volumetric flask was used. In
parallel, the optical density of a standard sample of rutin,
prepared similarly to the tested solution, was measured. The
total flavonoid content was expressed in milligrams of rutin
per gram of dry leaves.

Juglone content in walnut leaves was measured by the
spectrophotometric method (Kocacaliskan et al., 2020).
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An exact weight of crushed walnut leaves (about 2.0 g) was
placed in a 100 ml flask, 50 ml of petroleum ether was added
and stirred for 30 minutes on a magnetic stirrer. After
filtration, the filtrate was centrifuged at 18,000 rpm in a
cooled centrifuge for 15 min. The supernatant was diluted
ten times with petroleum ether and its absorbance was
recorded by spectrophotometric measurement at a
wavelength of 41012 nm.

The blank sample was petroleum ether. 10 mg of
commercially purified juglone was placed in a 50 mL
volumetric flask and sufficient petroleum ether was added
to make up the volume. A standard curve obtained from a
series of pure juglone solutions in the juglone content range
of 0.01, 0.02, 0.03, 0.04, and 0.05 mg was used to determine
the juglone content in leaves. Juglone content was
expressed in milligrams of juglone per gram of dry leaves.

Microsoft Excel software was used for statistical analysis. All
determinations were performed in five replicates for each
raw material sample and the results were expressed as
mean t error.

Results and Discussion

The growing interest in the powerful biological activity of
plant phenolic substances and the potential of using
phytobiotics in animal feed has outlined the need to
determine the nutritional properties of walnut leaves and
evaluate its potential as an alternative to commonly used
plant components of poultry feed. Table 1 lists some of the
chemical constituents of ground walnut leaves and alfalfa
meal that reflect their nutritional value.

Table 1.
Chemical composition of walnut leaves (Bratyshko et al.,
2013)

Parameters Walnut leaves Alfalfa meal *
B-Carotene, ug/g 295.0 150-250
Vitamin E, ug/g 128.8 170-215
Crude protein, % 12.5 14.2-17.3
Crude fat, % 1.19 2.4-2.7
Crude fiber, % 12.86 22.0-27.1
Ash, % 11.54 9.0
Moisture, % 8.25 10.5
Calcium, % 2.04 0.92-1.22
Phosphorus, % 0.23 0.21-0.26

A high content of B-carotene (295 pg/g) was found in the
studied samples of walnut leaves. This is significantly higher
than in alfalfa meal, where the concentration of B-carotene
can be from 150 to 250 pg/g, depending on the grade. A
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similar result regarding the content of B-carotene in walnut
leaf powder was obtained in the study by Kravchenko & Pop
(2014), as well as Panaite et al. (2019).

The studied raw material has a fairly high content of natural
antioxidant - vitamin E (128.8 ug/g). A somewhat higher
concentration of vitamin E in walnut leaves was noted by
Untea et al. (2020) — at the level of 157.54 ug/g. However,
according to this indicator, the studied raw material is
inferior to alfalfa meal, in which, depending on the class, the
content of vitamin E is noted in the range from 170 to 215
ug/g. At the same time, according to other data, the content
of this vitamin in alfalfa meal ranges from 27.55 to 83.77
ug/g (Cort et al., 1983).

The content of crude protein in walnut leaves is 12.5%,
which is slightly lower than alfalfa meal (14.2-17.3%). Our
results are confirmed by the data of Panaite et al. (2019), in
whose study this indicator was at the level of 12.83%. In
contrast, in another experiment, the mass fraction of
protein in walnut leaf powder was 7.7% (Kravchenko & Pop,
2014). This indicates the existence of differences in the
composition of nutrients in plant organs of different
varieties and grown in different places.

As for fiber, its content in walnut raw materials was
significantly lower than in alfalfa flour. 12.86% fiber is noted
in the walnut leaf, in alfalfa meal, most of which consists of
plant stems, the crude fiber content is almost twice as high
and reaches 22-27.1%. At the same time, the study by
Panaite et al (2019) noted the content of crude fiber in
walnut leaves at the level of 17.41%.

The analysis of phytoraw material showed the content of
crude fat at the level of 1.19%. In alfalfa meal, its content is
twice as high - 2.4-2.7%. A significantly higher result was also
reported by Untea et al (2020), in whose study walnut leaves
contained 2.21% crude fat.

Regarding the content of macroelements in the investigated
phytogen, calcium and phosphorus accumulated in
significant quantities in the walnut raw material. Thus, the
calcium content in walnut leaves was more than 2 times
higher than in alfalfa meal, and was 2.04%. The phosphorus
content in the studied samples of walnut leaves was at a
fairly high level (0.23%), which is at the level of the average
indicator in alfalfa meal (0.21-0.26%). Our data do not
contradict the results obtained by Turfan N. et al. (2020), in
whose research, depending on the age of the plants, the
content of calcium in walnut leaves was in the range of
1.713-2.206%, phosphorus - 0.236-0.277%. In another
experiment, the variation of the content of these
macroelements in the leaves of different varieties of walnuts
was determined - calcium at the level of 1.23-1.85%,
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phosphorus at the level of 0.17-0.37% (Mitek et al., 2022).
At the same time, according to Solmaz & Adiloglu (2017), the
content of calcium and, especially, phosphorus in samples of
walnut leaves fluctuated within wider limits - calcium from
0.31 to 2.86%, phosphorus from 0.11 to 12.32%.

Walnut (Juglans regia) is rich in phenolic compounds,
including phenolic acids, tannins, naphthoquinones, and
flavonoids. Phenolic compounds, which are the most
common secondary metabolites of plants and contain a
wide range of molecules with a phenolic structure, exhibit
various types of pharmacological activity: antioxidant,
antiradical, antibacterial, antiviral, antimicrobial, anti-
inflammatory, antitumor, immunostimulating (Nardini,
2022).

The content of the main groups of phenols and juglone in
dry ground walnut leaves was determined, the results are
shown in Table 2.

Table 2.
Quantitative content of the main groups of phenols in
walnut leaves

Group of phenol . Content in walnut
Measurement units
compounds leaves
THCAC mg CGAEs/g DW 24.3x0.34
TPC mg GAEs/g DW 14.4+£0.72
TFC mg REs/g DW 20.2+0.19
TTC mg TAEs/g DW 124.5+13.12
TIC mg J/g DW 2.7210.571

THCAC: total concentration hydroxycinnamic acid content; TPC: total phenolic
content; TFC: total flavonoid content; TTC: total tannin content; TJC: Total juglone
content; CGAEs: chlorogenic acid equivalents; GAEs: gallic acid equivalents; REs:
rutin equivalents; TAEs: tannic acid equivalents; J: juglone; DM: dry matter; DW:
dry weights.

According to the results of research, it was established that
the content of hydroxycinnamic acids in walnut leaves in the
equivalent of chlorogenic acid is 24.3 mg/g. At the same
time, Gutiérrez Ortiz et al (2018) reported that the content
of hydroxycinnamic acids, depending on the period of leaf
collection, ranged from 23.49 to 68.59 mg/g. Variations in
the content of hydroxycinnamic acids from 8.9 to 26.8 mg/g
were noted in the leaves of different varieties of walnut
(Medic et al., 2022).

The content of total phenols in terms of gallic acid in walnut
leaves was observed at the level of 14.4 mg/g in dry weight.
According to a general review, dried leaves have a significant
amount of total phenolics ranging from 34 to 194 mg/g in
gallic acid equivalent (Jahanban-Esfahlan et al.,, 2019).
According to other data, the total content of phenolic
compounds in walnut leaves is 25.3 mg/g in dry matter
(Santos et al., 2013). In another study, depending on the
plant variety and leaf collection period, the total phenolic
content of walnut raw materials ranged from 15 mg/g to

88.1 mg/g in gallic acid equivalent (Kocacaliskan et al,,
2020). Mitek M. et al. (2022) noted the variation of the total
content of phenols in the leaves of different varieties from
25.6 to 64.78 mg/g. Such a wide range indicates a high
dependence of the content of phenols in the studied plant
material on a large number of factors, including also
geographical location.

The analysis of the total amount of flavonoids showed their
content in walnut raw materials in terms of rutin at the level
of 20.2 mg/g. A slightly lower result was obtained by Vieira
etal. (2019) - 13 mg/gin green leaf and 17.4 mg/g in yellow.
However, other authors report a significantly higher content
of flavonoids in walnut leaves - 89.62-93.51 mg/g (Turfan et
al., 2020), and even 330 mg/g (Chaleshtori et al., 2011).

The content of the amount of tannins in terms of tannin in
walnut leaves in our study is 124.5 mg/g in dry matter.
According to Cobzaru et al. (2019), the content of this
phenolic compound in the walnut leaf ranged from 91.4
mg/g to 124.7 mg/g, depending on the extraction method.
At the same time, a significantly lower content of tannins is
noted in fresh walnut leaves, which shows seasonal and
varietal variations from 1.98 to 9.04 mg/g (Giura et al.,
2019).

As can be seen from the data presented in Table 2, the
content of juglone in the studied raw material is 2.72 mg/g.
Meanwhile, Cosmulescu et al (2011) reported significant
differences in juglone content in leaves between cultivars,
ranging from 0.054 to 0.228 mg/g. According to other data,
the average value of juglone, depending on the variety, was
2.26-3.51 mg/g, and its seasonal variations from 0.21 to 4.46
mg/g of dry leaves were also noted (Kocagaliskan et al.,
2020). In another study, the content of juglone in walnut
leaves was 3.57 mg/g, although its individual variations
depending on the place of cultivation of the plants ranged
from 0.13 to 15.56 mg/g dry weight (Cahalan et al., 2011).

According to the above results of the analysis of the content
of nutrients and phenolic compounds in walnut leaves, it can
be assumed that the above-mentioned raw material can be
considered as a phyto-additive with a positive effect on
animal health and productivity. The assessment of the feed
properties of the plant showed that walnut leaves can serve
as an alternative to alfalfa meal in poultry feeding, and
according to a number of researchers, it has high potential
as a feed additive to improve the quality of eggs, in particular
egg vyolk, in quails (Eratalar et al., 2017) and laying hens
(Untea et al., 2020; Abbasi Rad et al., 2014).

At the same time, the high content of biologically active
polyphenolic compounds found in walnut leaves allows the
use of this phytoraw material in feeding animals and poultry
in order to improve metabolic processes in their bodies to

achieve higher productivity. Some studies have also shown
Research in Agricultural Sciences
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the high antioxidant capacity of walnut leaves (Jahanban-
Esfahlan et al., 2019), as well as its antimicrobial activity
against infections caused by P. geruginosa and E. coli.
(Badiefar et al., 2022), confirming its powerful health
benefits the potential of this phytoraw material.

Conclusion

Walnut leaves, in particular the "Bukovynskyi" variety,
grown in the forest-steppe zone of Ukraine, are a by-product
of the plant and are obtained in large quantities during its
growing season. The high content of natural antioxidants,
such as B-carotene and vitamin E, as well as significant
amounts of essential minerals, such as calcium and
phosphorus, highlight the possibility of using walnut leaves
as an alternative to conventional feed components. In
addition, the rich polyphenolic profile and the presence of
bioactive molecules with antioxidant and antimicrobial
properties indicate the potential of walnut leaves as an
alternative to antibiotics in animal husbandry. Overall, the
results of this study provide grounds for considering walnut
leaves as a potential phytobiotic feed additive for organic
poultry production. Future studies should focus on the
effects of walnut leaf supplements on poultry health and
performance to validate their use in feed.
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Turkiye’de Pamuk Uretiminin Su Yonetimi
Acisindan incelenmesi

Water Management Perspective on Cotton Production in
Turkiye
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Pamuk Uretimi Gzerine yapilan calismalar, pamuk vyetistiriciliginin ylksek su tiketimine sahip
oldugunu dolayisiyla, 6zellikle kurak bolgelerde su kaynaklarinin strdrilebilirligi tGzerinde
olumsuz bir etkiye sahip oldugunu goéstermektedir. Pamuk sulamasinda ihtiyac¢ duyulan suyun az
oldugu bolgelerin tespit edilmesi, Ulke bazinda su kaynaklarinin korunmasi adina énem arz
etmektedir. Bu calismanin temel amaci, Tirkiye'deki pamuk Gretiminin yesil ve mavi su kullanimi
Uzerinde derinlemesine bir analiz sunarak su ve tarim yénetimi ¢alismalarina katki saglamaktir. Bu
baglamda ulusal iklim ve bitki verileri sanal su (SS) ve su ayak izi (SA) metodu kapsaminda analiz
edilmistir. ArcMap 10.7 yazilimi ve alansal interpolasyon araglari kullanilarak tlke genelinde ekimi
yapilan pamugun yesil ve mavi su ayak izi ylksek mekansal ve zamansal ¢ozinurlikle
hesaplanmis, sonuglar 24 il ve 141 ilge genelinde gorsellestirilmistir. Buna gore, 2019-2023 yillari
arasindaki Uretim verileri dikkate alindiginda Turkiye genelinde yillik kitli pamuk Uretimine
yaklasik 3.68 milyar m3 mavi suyun harcandig gorilmektedir. Tarladaki pamugun birim yesil ve
mavi su ayak izleri ise ortalama 205 ve 1641 m3/ton olarak bulunmustur. Hali hazirda Sanliurfa,
Diyarbakir ve Aydin illeri, Glke icin en 6nemli pamuk ekim merkezleri olup, pamuk yetistiriciligi icin
tlketilen suyun yariya yakini Sanliurfa ilinde kullanilmaktadir. Bu galismanin sonuglarina gore,
pamuk Uretiminde kullanilan birim mavi su (m3/ton), bazi bélgelerde iki katina kadar ¢ikmakta, bu
durum ozellikle toprak neminin az oldugu kurak bolgelerde asiri miktarda su tlketilmesine sebep
olmaktadir. Buna gore, Tlrkiye'deki pamuk yetistiriciliginin Glineydogu bolgesinden Cukurova
bolgesine kaydiriimasi, Ulkenin su kaynaklarinin korunmasi adina énemli bir strateji olacaktir. Bu
calismada pamugun su tiketimini azaltmaya yénelik stratejiler de tartisiimistir.

Anahtar Kelimeler: Tiirkiye, Pamuk, Sanal su, Ayak izi, Politika, Yonetim

ABSTRACT

Studies on cotton production have shown that cotton cultivation has high water consumption and
thus negatively impacts the sustainability of water resources, especially in arid regions. Identifying
areas with lower water requirements for cotton irrigation is important for the conservation of water
resources at the national level. The primary aim of this study is to provide an in-depth analysis of green
and blue water use in cotton production in Turkiye and contributing to water and agricultural
management works. In this context, national climate and crop data were analyzed using the virtual
water (VW) and water footprint (WF) methods. Using ArcMap 10.7 software and spatial interpolation
tools, the green and blue WF of cotton cultivated across Turkiye were calculated with high spatial and
temporal resolution, and the results were visualized for 24 provinces and 141 districts. According to
the production data for the years 2019-2023, approximately 3.68 billion m* of blue water is used
annually for cotton production in Turkey. The unit green and blue WFs of cotton were found to be 205
and 1641 m3/ton on average, respectively. Currently, Sanlurfa, Diyarbakir, and Aydin are the most
important cotton centers in the country, with nearly half of the water used for cotton cultivation being
consumed in Sanlurfa. According to the results of this study, the unit blue water (m3/ton) used in
cotton production can increase up to two times in some regions, leading to excessive water
consumption, particularly in arid areas with low soil moisture. Thus, shifting cotton cultivation from
the Southeast region to the Cukurova region would be an important strategy for conserving the
country's water resources. Strategies to reduce water consumption in cotton cultivation are also
discussed in this study.
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Giris

Son derece stratejik 6neme sahip olan pamuk, sanayi
devriminin en temel drinlerinden birisi olup, tekstil
enduUstrisi basta olmak Uzere cesitli sektorlerde genis bir
kullanim alanina sahiptir (Telatar vd., 2016). Tarladan kdtld
pamuk seklinde hasat edilen Urinler, ¢irgirlanma sirecinden
sonra lif ve ¢igit (pamuk cekirdegi) olarak ikiye ayrilmaktadir.
Lif pamuk, tekstil, seltloz kimya sanayi, savas endUstrisi ve
yatak ve dolgu sanayiinde yogun bir sekilde kullanilmaktadir.
Cigitten elde edilen ham yag, margarin veya likit yag seklinde
rafine edilmekte, kalan alt Grinler ise hayvan yemi olarak
degerlendirilmektedir (ZMO, 2018).

Kuresel pamuk Gretimi 2021 yili itibariyla, yaklasik 25 milyon
ton/yil olup, toplam Uretim miktari yilda ortalama %1.5,
ekim alani ise yaklasik %0.5 artmaktadir (OECD-FAO, 2021).
2021 istatistiklerine gore, Hindistan ve Cin dinyanin en
blyik pamuk Ureticileri olup, toplam pamuk Uretiminin
yaklasik vyarisini bu iki Ulke karsilamaktadir. Bunlarin
ardindan ABD, Brezilya ve Pakistan gibi tlkeler gelmektedir.
Kiresel pamuk Gretiminin %77’si bu Ulkeler tarafindan
karsilanmaktadir. ABD ve Brezilya ise global pamuk
ihracatinin yarisindan fazlasini tek baslarina
karsilamaktadirlar (OECD-FAQ, 2021).

Tirkiye istatistik Kurumu (TUIK) verilerine gore, 2022 yilinda
Turkiye’'de yaklasik 573 bin hektarlik alanda 2.25 milyon ton
kitld pamuk Uretimiyapilmistir. Bu, yaklasik 1.02 milyon ton
lif pamuga denk gelmektedir. Son yillardaki rakamlara
bakildiginda, Tirkiye'nin lif pamuk Uretiminin 0.8-1 milyon
ton/yil arasinda degistigi gorulmektedir. Turkiye’de pamuk
Uretimi, 23 ilde yapilmakta olup, bu Uretimin yaklasgik
%87’sini Sanliurfa, Diyarbakir, Aydin, Hatay, Adana ve izmir
illeri karsilamaktadir (Oztidogru, 2023). Turkiye’de kit ve lif
pamugun verim ortalamasi son alti sezon (2018-2024) igin
sirasiyla  4.75 ve 1.81 ton/ha olarak hesaplanmistir
(Ozidogru, 2023).

Dis ticaret istatistikleri Turkiye'nin pamukta net bir ithalat
Ulkesi oldugunu gostermektedir. ihracat miktarlari da
dustlduginde 2023/24 sezonunda, yurt ic¢i kullanimin
yaklasik %52’sine denk gelen net 0.837 milyon ton lif
pamugun yurt disindan ithal edildigi gorilmektedir. Buna
karsilik Turkiye'nin lif pamuk ihracati 0.1-0.2 milyon ton
arasinda degismektedir. Ulkemizde, pamuk UGretiminin
tiketimi karsilama orani ortalama %45’tir. Turkiye'de lif
pamuk ihracatinin az olmasi, i¢ piyasadaki hazir giyim
sektérinin yitksek ihtiyacina baglanmaktadir (Oziidogru,
2023). Uluslararasi Pamuk istisare Komitesi’nin (ICAC)
giincel (2023/2024) verilerine gore ise, Turkiye, diinyanin en
biyik yedinci (lif) pamuk Greticisi (0.75 milyon ton), besinci
en ylksek verimli Glkesi (1.67 ton/ha) ve dérdincl en ¢ok
tiketen (1.78 milyon ton) tlkesidir (ICAC, 2024).

Pamugun uluslararasi piyasasi genellikle lif pamuk Gzerinden
yarimekte olup, ekonomik degeri dis etkilere bagh olarak
dalgalanmasina karsin genellikle 1500-2000 USD/ton
arasinda degismektedir. 2010/2011 vyillarindaki petrol ve
iliskili polyester fiyatlarindaki asiri artistan dolayr pamuk
drinine talep artmis ve uluslararasi piyasadaki pamuk
fiyatlari yaklasik iki katina kadar c¢ikmistir. Ancak, 6zellikle
polyester ve diger sentetik liflerin piyasada alici bulmasi
sonucu, ABD dolari bazinda her ne kadar artsa da, son
yillarda pamugun reel fiyatinin distigu bildirilmistir (OECD-
FAO, 2021).

Pamuk, su tuketimi yilksek olan bir tarimsal drinddr.
Pamugun bitkisel gelisimin saglanabilmesi icin gerekli su;
iklim, toprak ve sulama yontemine gore degismekte olup bu
miktarin  700-1300 mm arasinda oldugu bilinmektedir
(Dagdelen vd., 2005). Dolayisiyla pamuk bitkisinin su
tiketimi bolgeler arasinda ciddi farkhliklar sergilemektedir.
Bolgenin toprak nemi veya vyagis durumu da dikkate
alindiginda pamuk yetistiriciliginde kullanilan sulama suyu
miktarinda Turkiye genelinde kayda deger farkliliklar
mevcuttur. GAP sulamalarinin yayginlasmasi ile birlikte,
GUneydogu Anadolu bdlgesi, son yillarda 6nemli bir pamuk
merkezi olmustur.

Ulkemizde ekimi yapilan pamuk bitkisinin farkh ézelliklerinin
cahisildigl bircok arastirma mevcuttur. Pamugun bitkisel
dzellikleri Bozbek ve Unay (2005), Bayhan vd. (2015) ve
Haliloglu (2016) tarafindan calisilmis; Memis ve Ozpinar
(2021) pamukta bitki koruma uygulamalarini analiz etmistir.
Sulama yo6netiminin bitki kalitesine etkisi; Ektiren ve
Degirmenci (2018), Tunalivd. (2019), Uzen vd. (2019), Yazdi¢
ve Degirmenci (2018) gibi arastirmacilar tarafindan
detaylandirilmistir. Pamukta su stresi ve sulama ile ilgili
ozellikler; Ertek ve Kanber (2002), Odemis vd. (2018),
Tanriverdi vd. (2018), Erten ve Dagdelen (2020) tarafindan
arastiriimistir. Copur (2018), Eski ve Kayalak (2018), Caner ve
Engindeniz (2020), Uretim ile ilgili yaklasim ve tahminleri
calismis; Candemir vd. (2017) ve Ozidogru (2021) ise
pamukta Uretim ekonomisini analiz etmislerdir. Dagdelen
vd. (2005), Aydin Ovasi kosullarinda, ylzey sulama yontemi
ile pamugun su tiketimini analiz etmislerdir. Sari ve
Dagdelen (2010), damla sulama yodnteminde farkli arazi
uygulamalarinin = su  ve verim arasindaki iliskilerini
calismislardir. Yesil vd. (2023); kumas dretimi, cirgirlama,
nakliye ve tdketici  kullanimlari  gibi  endUstriyel
sireclerindeki su ayak izini raporlamislardir. Son olarak,
pamuk bitkisinin iklim degisikliginden etkilenmesi (Unay &
Basal, 2005), gibre kullanimi (Cevheri vd., 2021) ve uzaktan
algilama (Kilicaslan vd., 2023) ile ilgili calismalar da
mevcuttur. Ancak, Ulkemizdeki pamuk Gretiminin  su
kaynaklari Gzerindeki etkisinin su yodnetimi acisindan
degerlendirilmesi ile ilgili kayda deger calismalar oldukca
kisithdir.
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Turkiye’de pamuk ve tekstil sektoriinin su ayak izinin (SA)
degerlendirildigi birka¢c tez calismasi mevcuttur. Alper
(2015), Adana, Aydin, Diyarbakir, izmir, Sanliurfa ve Antalya
illerindeki pamugun sanal su igerigini hesaplamis, ancak bu
calisma, pamugun su ayak izi konusundaki ilk calismalardan
biri olmasindan dolayi su ayak izindeki degisimler ve alt SA
parametreleri yeterince analiz edilmemistir. Baskilic (2023),
tekstil sektoriindeki su ayak izi Gzerinde 6rnek bir uygulama
yUrutmustdr. Ancak, s6z konusu ¢alisma enddustriyel acidan
yapilan bir ¢alisma oldugu igin, mevcut calismanin kapsami
disindadir. Engin (2019); 2016 ve 2018 vyillari icin Sanlurfa,
Aydin, Hatay, Diyarbakir, Adana ve izmir illerinde pamugun
mavi ve yesil su ayak izlerini net sulama suyu ihtiyaci ve
sulama randimanini gézeterek analiz etmistir. Ancak soz

konusu calisma, il bazinda bir yaklasim sergilemis ve
calismada nispeten sayili iklim ve vyagis istasyonlari
kullaniimis, dolayisiyla alansal degisiklikler

haritalandirilmamis, aylik degisimler yansitilmamis, ayrica
konu, su yonetimi acisindan yeterince tartisiimamistir.
Avanoz (2020), Turkiye'de ekimi yapilan tarimsal Grtnlerin
su ayak izini 2008-2018 vyillari igin il bazinda raporlamistir.
iraz (2021) tarafindan Firat havzasi; Erdem (2021) tarafindan
ise Seyhan, Ceyhan ve Asi havzasindaki tarimsal tretimin su
ayak izi analiz edilmistir. Ancak bu calismalarda genis bir
Uridn yelpazesine yer verildigi icin pamuktaki su yonetimi
yeterince tartigilmamistir.

Su ayak izinin hesaplanmasi Uzerine ilk uluslararasi
calismalar Hoekstra, Mekonnen, Chapagain ve ark. (2006;
2011; 2012; 2017) tarafindan yirutilmastir. Muratoglu ve
ark. (2019, 2020b, 2020a; 2022, 2023; 2019) tarafindan
yapilan calismalar ise Turkiye'deki tarimsal faaliyetlerin
detayli su ayak izlerinin hesaplandigl ve gorsellestirildigi ilk
uluslararasi  calismalardandir.  SA  konusunda artan
uluslararasi farkindalik ve GAP bolgesinde artan pamuk
tarimi, pamuk Uretiminin Glkemizin su glvenligi acisindan
detayll bir sekilde gozden gecirilmesi gerekliligi ortaya
clkarmistir.

Bu calismanin temel amaci, Turkiye'nin ulusal pamuk
dretiminin, su kaynaklarinin sdrduralebilirligi  yoninden
analiz edilmesi, ilgili sorunlarin tespit edilmesi ve gerekli
¢6zUm  Onerilerinin  getirilmesidir.  Turkiye’de  pamuk
yetistiriciliginde, optimum su yénetiminin saglanmasi adina
ilgili arastirmaci ve kurumlara, glincel veri ve metodolojiler
kapsaminda bilgi saglanmasi, bu calismanin  temel
hedeflerindendir. Bu baglamda, pamuk vyetistiriciliginin su
tiketimi son villarda uluslararasi literatlrde siklikla
kullanilmaya baslanan Su Ayak izi (SA) metodolojisi
kapsaminda analiz edilmistir. Turkiye’de ekimi yapilan
pamugun mavi ve yesil SA degerleri belirlenerek, son dort
yillk (2019-2022) ekili alan ve Uretim miktari verileri
kullanilarak il ve ilce bazinda analizler yapilmistir. Elde edilen
sonuglar alansal ve zamansal degerlendirmelere tabi
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tutularak ozellikle mavi (ylizey ve yeralti) su kaynaklarinin
srdarulebilirligi yoninden gerekli yaklasimlar
gelistirilmistir. Mevcut calismada, Turkiye'de vyetistirilen
pamugun mavi ve yesil su tiketimi hesaplari, bugline kadarki
en ylksek alansal ¢ozinlrluk ve en glncel veriler ile
gergeklestirilmis ve su ayak izi miktarlari uzun dénem iklim
verileri ile ortaya koyulmustur. Analizlerin dogrulugunun
artirllmasi amaci ile ¢ok sayida iklim ve yagis istasyonu
kullaniimistir. Elde edilen bulgularin, Glkedeki su yonetimi,
tarimsal planlama ve surdurUlebilirlik calismalarina katki
saglamasi hedeflenmektedir.

Materyal ve Yontem
Su ayak izi (SA) metodu

Su ayak izi (SA) metodu, Urln ve slreclerin arka planinda
bulunan suyun nicellestirilmesi amaci ile son yillarda ortaya
koyulan modern araglardan biridir. SA metodunda suyun
tirinin dikkate alinarak direkt ve dolayli su tahsisinin
modele katilmasi klasik su kullanim hesaplarina karsi avantaj
saglamaktadir. Bundan dolayi, SA metodolojisi son vyillarda
genis bir arastirma alani bulmus, bdlgesel ve kiresel su
yonetimi acisindan kayda deger sonuglar ortaya koymustur.
Bu acgidan, 6zellikle tarim sektérindn ve ilgili streglerin SA
analizlerinin yapilmasi son vyillarda su guvenligi acgisindan
dnem kazanmistir.

SA metodolojisi, temelde sanal su (SS) vyaklasimina
dayanmaktadir. SS ise, nihai bir liriiniin elde edilebilmesi igin
islemden gegen toplam su olarak tanimlanmaktadir. Sanal
suyun, son Urln igerisinde hapsolmasi gerekmez, Urin
Uretilirken herhangi bir slrecten gectiyse sanal su
hesaplarina dahil edilir. Bu yaklasim, 90’ yillarda Allan
(1998) tarafindan stratejik bir kaynak olarak ortaya
koyulmustur. Akabinde, uluslarin sanal su ticareti konusu
6nem kazanmaya baslamistir. Nihayetinde, 2000'li yillarda
Chapagain ve Hoekstra (2004) tarafindan SA kavrami
gelistirilmis ve ileriki vyillarda bu vyaklasimin teorisi
detaylandirilmaya baslanmistir. Pamuk da, yiksek su ayak izi
ve uluslararasi degeri ile SA calismalari kapsaminda 6nemli
oldugu degerlendirilen ve ilk calisilan (Chapagain vd., 2006)
drinlerdendir. GUnUimuzde, en giincel SA metodu, “Su Ayak
izi Degerlendirme Kilavuzu” (ing: Water Footprint
Assessment Manual) adli esere dayanmaktadir. SA metodu
ve SS yaklasimi ile ilgili diger hususlar bu ¢alismanin kapsami
dahilinde olmayip, detayli bilgi Hoekstra vd. (2011) ve
Muratoglu (2022a, 2022b) calismalarindan elde edilebilir.

SA metodu, islemden gecen suyu Ug farkli renk altinda
incelemektedir. Bunlar; yesil, mavi ve gri sulardir. Yesil su,
hidrolojik olarak toprak nemi depolama sisteminde
biriktirilen yadis miktarini ifade eder. Her ne kadar
tasinabilme 06zelligi olmasa da diger metotlarin aksine,
toprak suyu bir su kaynagi olarak kabul edilir. Mavi su ise
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akiskan ézelligi gésteren ylizey ve yeralti sularini simgeler. SA
metodunda mavi suyun vyeri ve konumundan ziyade
ulasilabilme 6zelligi 6nemlidir. Bu baglamda, yesil ve mavi su
kaynaklari her ne kadar farkli su tirleri olsa da nihai GrinUn
su ihtiyacini karsilamalari yéninden birbirlerini tamamlayici
ozellige sahiptirler. Mavi su, farkli sektorlerde saklanabilme,
iletilebilme ve dagitilabilme 6zelligine sahip oldugu icin son
derece degerli bir su kaynagi iken, yesil su topragin Ust
kisimlarinda depolanmasi ve bitki kokleri tarafindan
kullanilabilmesinden dolayl bolgesel bir 6zellige sahiptir.
Mavi ve yesil SA ise, bir (riiniin yasam dénglisiinde bu
kaynaklardan cekilen toplam su miktarini ifade etmektedir.
Son olarak gri su, bu calismanin kapsami disinda olup belli
kontaminantlar ile kirletilen suyun dogal konsantrasyonlara
geri cekilebilmesi icin eklenmesi gereken temiz su miktarini
ifade etmektedir (Muratoglu, 2019).

Bu calismadaki yesil ve mavi SA hesaplari Hoekstra vd. (2011)
tarafindan Onerilen metodolojiye dayanilarak yapilmistir.
Buna gore tarimsal Urlnlerin toplam su ayak izinin (gri SA
haric), tarla kosullarinda bitki su tiketimine (BST) esit oldugu
kabul edilmistir. BST ise, bitkisel evapotranspirasyon (ET,)
hesaplari ile modellenmektedir. BST, ilk olarak bitki kokleri
ile ulasilabilecek bolgedeki vyesil su kaynaklarindan
karsilanmakta, kalan miktar ise teorik olarak sulama ile
bitkiye mavi su cinsinden verilmektedir. Buna gore, ET, iki
alt bilesene ayrilabilir:

ET. = ETmavi + ETyesil (1)

Burada; ET. evapotranspirasyon (mm); ETmei, Sulama
suyundan gerceklesen evapotranspirasyon (mm); ETyesi ise
toprak neminden gerceklesen evapotranspirasyon (mm)
olarak verilebilir.

Yesil sudan gerceklesen evapotranspirasyonun
modellenmesi icin onerilen en ideal yontem “toprak su
dengesi” (TSD) metodudur. Ancak, genis uzamsal sinirlarda
yapilan calismalarda, topraktaki su dengesinin deneysel
olarak vyeterli hassasiyet ile takip edilmesi neredeyse
imkansizdir. Buna gore, bircok calismada, daha pratik bir
yontem olan “etkili yadis” (Peg) metodu kullaniimaktadir.
Etkili yadis, bitkilerin gelisim periyodu icerisinde su
tiiketimlerini  karsilamaya yardimci olan toplam yadis
fraksiyonu (Pathwardhan vd., 1990) olarak
tanimlanmaktadir. Literatirde bircok etkili yagis metodu
tavsiye edilmis olup, bunlardan SA hesaplarinda en givenilir
olaninin USDA-SCS (1993) metodu oldugu belirtilmistir
(Muratoglu vd., 2023). Bu calisma kapsaminda etkili yagis,
CROPWAT programi yardimi ile s6z konusu metot
kullanilarak hesaplanmistir. Buna gore etkili yagis aylik olarak
Denklem 2’deki gibi modellenmistir. BST, ilk olarak toprak
neminden karsilandigina gore, eger bitkinin toplam ihtiyaci
kadar su, toprak nemi formunda bitki kokleri tarafindan
ulasilabilir bolgede mevcut ise etkili yagis miktar

evapotranspirasyondan blyUk olacagl icin sulama suyu
ihtiyaci (SSI) olmayacaktir. Bu durumda, su tiketiminin tim
yesil sudur. Eger yeterli miktarda toprak nemi yok ise, ET.-
Peg kadar mavi suya gerek duyulacaktir (Denklem 4). Nihai
olarak, yesil ve mavi sudan gerceklesen evapotranspirasyon
miktarlari sirasiyla Denklem 5 ve 6’da verilmektedir. S6z
konusu bagintilar, bitki su tiketiminin ideal kosullarda
gerceklestigi ve herhangi bir su stresi olmayan durumlar icin
gecerlidir.  Dolayisiyla, bu kosul mevcut c¢alismanin
varsayimlarindan bir tanesidir. Kisintili sulamanin verim ve
su tUketimine etkisi bu ¢alismanin kapsami disindadir.

P(125 — 0.2P)/125; P < 250mm

s ={( )

125 + 0.1P; P > 250mm

BST = ET, (3)

§81 = {ET 0;PPEff ;TETC (4)
¢ ~ Peps ETc > Pegy

ETyesit = min(ET,, Pesr) (5)

ETmapi = max(0,ET, — Posy) (6)

Burada; P, yagis ylksekligi (mm); Peg, etkili yagis (mm), BST;
bitki su tiketimi ve SS/, sulama suyu ihtiyaci (mm) olarak
verilebilir.

Yesil ve mavi su yukseklikleri belirlendikten sonra toplam ve
birim SA hesaplarina gecilir. SA hesabi yapilirken genellikle
su hacminden bahsedilir. Dolayisiyla birim su yuksekliginin,
belirli bir tarim alani (ha) kapsaminda kullanilan su hacmine
(m3®) Denklem 7 ve 8 kullanilarak dénustirilmesi
gerekmektedir.

SAye;il = 102 ETye;il xA (7)
SAmavi = 1OZETmavi xA (8)
SAtoplam = SAye,s'il + SAmavi (9)

Burada; SA, su ayak izi (m3), A ise ekilen alan (ha) olarak
alinmahdir.

Toplam su ayak izi miktan, belirli bir bélgede tiiketilen
toplam su hacmini verdigi icin su tliketimine yonelik genel
bir cerceve sunmaktadir. Bu yolla su mevcudiyeti ile tiketimi
arasinda kolayhkla iliski kurulabilir. Ancak, farkli Grinlerin su
ayak izlerinin karsilastirilmasi veya ayni Urinin farkli
bolgelerdeki SA degisimlerinin arastiriimasi icin bu yeterl
degildir. Bunun icin birim su ayak izi parametreleri
gelistirilmistir. Bunlardan en sik kullanilani sanal su
muhtevasidir (SSM). Bu parametre, tarimsal Grtnlerin birim
kitledeki su icerigini gostermekte ve siklikla m3/ton
cinsinden ifade edilmektedir. Buna goére, SSM, bir ton
tarimsal drindn yetistirilebilmesi icin harcanmasi gereken
suyun metreklip cinsinden karsiligidir. Ancak, SA hesabindan
SSM hesabina gecilebilmesi icin bitkisel Gretim miktari veya
verimi kullanmak gerekmektedir (Denklem 10).

SSM =2 (10)
Burada; SSM, sanal su muhtevasi (m3/ton); SA, su ayak izi
(m3), T ise bitkisel Gretim miktaridir (ton).
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¢ Yagis istasyonlan

m  Bitki istasyonlan

|:| il sinirlan

Sekil 1.
Calisma alani

Uretim miktari (bin ton)

Sekil 2.
Kitli pamuk lretim miktarr ve veriminin ilgce bazl dagilimi

Calisma alani, veri ve veri analizi

Bu calisma, Tarkiye’'nin  Ulke  sinirlart  dahilinde
gerceklestirilmistir. Calismada kullanilan pamuk Gretim
miktari, ekili alan ve verim istatistikleri Tirkiye istatistik
Kurumunun 2019-2023 arasindaki dort yillik verilerine
dayanmaktadir (TUIK, 2024). Bu baglamda pamuk ekimi
yapilan 24 il ve 141 ilge bu calismanin kapsamina alinmistir.
Igdir'in Aralik, Karakoyunlu ve Merkez ilcelerinde yapilan
pamuk ekimleri oldukca distk oldugu icin, sonuclarin daha
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TURKIYE

E Pamuk ekimine elverigli bélge

250 125 0 250 km

ivi yansitilabilmesi amaciyla isleme alinmamistir (Sekil 1).

Bu calisma kapsaminda uzun dénem aylik yagis gdzlemleri
kullanilmistir.  Bu veriler CLIMWAT 2.0 (FAO, 2024)
yaziliminin veri tabanindan ¢ekilmistir. Pamuk yetistiriciligin
yapildigi bolge ve vyakin cevresinde toplam 59 vyagis
istasyonunun verisi kullaniimistir. Calismada kullanilan 91
adet istasyonun bitkisel su tuketimleri (ET.) ise Tlrkiye'de
Sulanan Bitkilerin Su Tiketim Rehberinden (TAGEM, 2017)
alinmistir. Bu veriler, ideal kosullarda uzun dénem bitki su
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tiketimi degerlerini (mm) yansitmaktadir.

Bu calismada, sonuclarin gorsellestirilebilmesi ve veri
analizinin  saglanmasi amaciyla ArcMap 10.7 vyazilimi
kullanilmistir. Noktasal yagis ve bitkisel evapotranspirasyon
degerlerinin sirekli dagiliminin ortaya koyulmasi ve bolgesel
(il, ilce) ortalamalarin tdretilebilmesi igin  alansal
interpolasyon araclari ve (ordinary) Kriging yaklasimi
kullanilmistir.

Kut ve lif pamuk istatistikleri genellikle birbirleri ile
karistirilabilmektedir. Bu ¢alismada, tarimsal Gretim ile ilgili
degerlerde  pamuk  bitkisi  veya  katli  pamuk
kastedilmektedir. Uluslararasi piyasa veya fiyatlandirmada
ise lif pamuk UrinG kastedilmektedir. Bu calismada esas
alinan TUIK bitkisel Gretim verilerine bakildiginda kiitli
pamuktan lif pamuk Gretim verimi %37, ¢igit Uretiminin ise
%60 olarak gercgeklestigi gorilmektedir. Bu baglamda kitli
pamuktan lif ve cigit verimi asagidaki gibi ifade edilebilir:

L=037K (11)

¢ =0.60K (12)
Burada; K, kitli pamuk Uretim miktari (kg), L, pamuk lifi
dretim miktari (kg), C ise cigit Gretim miktaridir (kg).

Bulgular ve Tartisma
Bitkisel iiretim ve verim degerleri

Calisma periyodu (2019-2023) icerisinde, Turkiye genelinde
yillik ortalama 460.7 bin hektar (ha) alanda 4.87 ton/ha
verim ile 2.24 milyon ton (Mton) kutld pamuk Gretimi
yapilmistir. Bu, 0.83 Mton lif pamuga denk gelmektedir. En
distk kutli pamuk Uretimi 2020 yilinda 1.77 Mton; en
ylksek Uretim ise 2022 yilinda 2.75 Mton olarak
gerceklesmistir. Pamuk Uretiminin en yogun oldugu iller
sirasiyla Sanliurfa, Diyarbakir, Aydin, Hatay, izmir, Adana,
Manisa, Denizli, Mardin ve Adiyaman olarak verilebilir.
Sanliurfa, Tirkiye'deki pamuk Uretiminin %37.6’sin1 tek
basina karsilamaktadir. Ulusal pamuk Gretiminin yarisi ise
Sanlurfa ve Diyarbakir illerinden tedarik edilmektedir.
Sanhurfa’daki pamuk verimi 4.42 ton/ha ile Turkiye
ortalamasinin altinda, Diyarbakir'daki verim ise 5.17 ton/ha
ile ortalamanin Ustindedir. Aydin’in Soke; Diyarbakir’in
Bismil ve Sanliurfa’nin Akgakale ilceleri sirasiyla Turkiye'de
en ¢cok pamuk Uretimi yapilan alt bolgeleri olup her birindeki
Uretim, Turkiye’nin toplam Gretiminin yaklasik %6’sinin biraz
Ustlndedir. Sanhurfa’nin Viransehir, Eyylbiye, Harran ve
Haliliye ilcelerinden her biri ise ulusal pamuk Gretiminin
yaklasik %5’ine denk gelmektedir. Cinar, Kirikhan, Surug,
Siverek, Antakya, Karatas, Bergama, Reyhanli ve Ceyhan
ilceleri de pamuk Uretiminin kayda deger (~%2-3) oldugu
diger ilcelerdendir. Tirkiye’de kutli pamuk Gretim miktari ve
veriminin ilce bazl dagilimi Sekil 2'de verilmistir. En yiksek
pamuk verimi, Kdycegiz, Dalaman, Alasehir, Salihli, Akhisar,
Torbali, Kinik ve Seyhan (6-7 ton/ha) gibi ilcelerde elde

edilmistir. Sekil 2'de (alt) sari ve kirmizi ile gosterilen ilgeler,
nispeten disidk pamuk verimi; mor ve mavi ile gosterilen
ilceler ise yuksek pamuk verimi sergilemektedirler.

Bitki su tiiketimleri

Ulkemizde pamugun bitki su tiketimi 541-1153 mm
arasinda degismekte olup, en dusik su tiketimi Yalova ili
Cinarcik ilcesinde, en yuksek ise Adiyaman ili Kahta ilgesinde
gerceklesmektedir.  Sekil 3'te  Turkiye'nin 5 farkl
bolgesindeki pamuk vyetistiriciliginin - 10’ar ginlik ve
sezonluk su tuketim degerleri karsilastiriimis; Sekil 4’te ise
aylk ve toplam degerler slrekli ylzey haritasi seklinde
gosterilmistir. Buna gore, Marmara bolgesi (669 mm) en
disuk BST yuksekligini sergilemekte, akabinde Akdeniz (883
mm) ve Ege (840 mm) bdlgeleri gelmektedir. Glineydogu
Anadolu (953 mm) ve Yukari Firat (874 mm) bolgeleri en
ylksek BST degerlerini yansitmaktadir. Genellikle Nisan
ayinin ikinci on giiniinde baslayan pamuk ekimi, Gineydogu
bolgesinde Mayis ayini bulmaktadir. Marmara bdlgesinde
vejetasyon slresi erken tamamlanan pamuk, Glneydogu
Anadolu bélgesinde daha ge¢ toplanmaktadir. Nisan-Haziran
periyodunda, BST degerleri arasinda c¢ok vyiksek fark
bulunmamakta; ancak Haziran-Ekim aylari arasinda BST
miktarinda bolgeler arasinda kayda deger varyasyonlar
bulunmaktadir. GUneydogu ve Yukari Firat bolgeleri, iklim
kosullari ve pamugun bitkisel 6zelliklerinden dolayi nispeten
ylksek evapotranspirasyon degerleri sergilemektedir.

SA miktarlari ve SSM degerleri

Turkiye’de pamuk Uretiminin yesil, mavi ve toplam SA
miktarlari sirasiyla 0.46, 3.68 ve 4.14 milyar m*® (Gm?3) olarak
hesaplanmistir. il ve ilcelerdeki mavi ve yesil su akislari Sekil
5’te, il bazinda mavi ve yesil SA ve SSM miktarlari, mavi su
kullanimlari ve yesil su oranlari Sekil 6'da, ilce bazinda farkli
SA parametrelerinin harita tGzerindeki dagihmi ise Sekil 7'de
gosterilmistir. Bu calismada elde edilen sonuclara gore,
pamuk tarimindaki mavi suyun %46’st 1.7 Gm?® ile
Sanlurfa’da kullanilmaktadir. En yiksek mavi su tiketimleri
siraslyla Sanlurfa’nin Akcakale, Viransehir, EyyUbiye, Harran
ve Haliliye; Diyarbakir'in Bismil; Aydin’in Soke ilcelerinde
gerceklesmektedir (Sekil 6). En yiksek yesil su tiketimleriise
Soke, Bismil, Kirikhan (Hatay), Viransehir, Akcakale ve
EyyUbiye ilcelerinde mevcuttur.

Etkili bir su ydnetimi acisindan, toplam su ayak izi skorlarinin
bolgesel veya havza bazinda su mevcudiyeti ile birlikte
degerlendirilmesi tavsiye edilmektedir. Bu c¢alismada,
pamuk 6zelinde suyun iki temel rengi, su yonetimi agisindan
farkli incelemelere tabi tutulmaktadir. Yesil su, sadece dogal
yollardan depolanabilirligi, tasinamaz ve iletilemez olma
ozelliklerinden dolayi son derece lokal bir kaynaktir. Bolgeler
arasl yesil su mevcudiyeti ise toprak, bitki, iklim ve cografya
karakteristiklerine bagli olarak degismektedir.
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Sekil 3.

Farkli bélgelerdeki pamuk yetistiriciliginin su tiketim dederleri

Su yénetiminin en temel amaclarindan biri, sulama suyunu
ve ilgili alt yapi, bakim ve onarim maliyetlerini minimuma
indirmek sureti ile toprak neminden maksimum fayda
saglamak olmalidir. SA analizi sonuglari bu agidan
degerlendirilirse mavi su kullaniminda kayda deger distsler
elde etmek mimkiindur.

SA (m3®) sonuclar, her ne kadar Urlnlerin mavi su
iceriklerinden etkilense de ayni zamanda Uretim miktarinin
da bir fonksiyonudur. Toplam su ayak izinin distrtlmesi,
Uretim miktarlarinda da bir disls anlamina geleceginden,
etkili su yonetimi agisindan tek basina bir amag olmamalidir.
Dolayisiyla tarimsal Grlnlerin daha az sulama suyu ttkettigi
bolgelerin belirlenebilmesi icin birim SA parametrelerine
ihtiyag vardir. Bu agidan Sekil 6 ve 7’de m3/ton ve m3/ha
cinsinden su ayak izi parametreleri de yansitilmistir. Burada,
SSM veya kiitle basi su ayak izi (m3/ton), bir ton pamuk
Uretilmesi icin gerekli (mavi veya yesil) su hacmini ifade
etmektedir. Benzer bir sekilde m3/ha cinsinden su ayak izi
parametresi ise alan basi harcanmasi gereken su hacmini
gostermektedir. Ton basi su ayak izinin, hektar basi su ayak
izine karsl avantaji, bitkisel Gretim veriminin de bu
parametre icinde kodlanmis olmasidir. Bu baglamda
bolgeler arasi karsilastirma vyapilirken SSM  (m3/ton)
farkliliklari son derece 6nemlidir.

Mevcut calismanin sonuglarina gore, Bozkurt (Denizli) ve
Karaisali (Adana) ilceleri, sirasiyla 4288 ve 2845 m3/ton ile
mavi SSM parametresinin en yUksek oldugu ilcelerdir.
Nitekim, bu ilceler, sirasiyla 1.67 ve 2.11 ton/ha degeri ile
Turkiye’de pamuk tarimmin  en distk verim ile
gerceklestirildigi ilceleri belirtmektedir. Bu ve benzer
bolgelerde, pamuk tariminin bu verimler ile yapilmasi, su
kaynaklarinin sdrddrulebilirligi adina elverissiz bir durum
olarak karsimiza cikmaktadir. Bununla birlikte, bu ilcelerdeki
istatistiklere bakildiginda, pamuk Uretiminin 10 ton’un
altinda kaldig| ve toplamda kayda deger bir su kullaniimadig|
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gorilmektedir. Bu baglamda, etkili bir su yonetimi
gercevesinin gizilmesi igin hem mavi SSM degerinin disik
oldugu, hem de yogun tarim yapilan ilgelerin belirlenmesi
gerekmektedir. Buna gore, Sanhurfa’nin Akgakale, Surug,
EyyUbiye, Bozova ve Haliliye ilceleri, sirasiyla Turkiye'de
pamuk tariminin en ¢ok mavi su tikettigi ilcelerden olup,
mavi SSM degerleri de 2000 m3/ton degerine yakin veya
Uzerindedir. Buralardaki yesil SSM degerleri de oldukga
distik olup 200 m?3/ton’un altindadir. Sanhurfa ilinin
geneline bakildigl zaman ise mavi ve yesil SSM degerleri
sirastyla 2018 ve 167 m3/ton olarak bulunmustur. Su
kaynaklari acisindan bakildiginda, Sanhurfa’daki pamuk, asiri
ylksek mavi; ayni zamanda bdlgesel iklim karakteristikleri
geregi oldukca distk yesil su tiketim degerlerine sahiptir.
Sanlurfa, burada tipik bir o6rnek olarak sunulmustur.
Diyarbakir ve Mardin bélgeleri de bu kadar uc olmasa da
benzer karakteristik sergilemektedirler.

Pamuk tariminda su tiiketiminin diisiiriilmesi i¢in 6nerilen
stratejiler

Bir oOnceki bolimde, bazi bolgelerde vyakin Uretim
verimlerine  sahip  olunmasina ragmen, bitki su
tuketimlerinde, iklim, topografya, bitkisel karakteristikler vb.
nedenlerden dolayl kayda deger farkhliklarin oldugunu
ortaya konmustur. Bu bélimde ise, Glkedeki su kaynaklarinin
korunmasi adina pamuk Ozelinde gelistirilmesi gereken
stratejiler incelenecektir. Bu kapsamda ilk dikkat edilmesi
gereken husus, yogun pamuk tariminda secilmesi gereken
bolgelerin gbzden gecirilmesidir. Buna goére Sekil 8de
Tarkiye genelinde aylik ve yillik teorik (uzun dénem) yesil ve
mavi SA ylkseklikleri paylasiimistir. S6z konusu haritalarin
evapotranspirasyon ve etkili yagisin bir fonksiyonu (Denklem
5 ve 6) oldugu unutulmamali, gelecege yonelik
planlamalarda bu haritalar bitkisel verim (Sekil 2) ile
degerlendirilmelidir.
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Sekil 4.
Tiirkiye’de pamuk yetistiriciliginin su tiiketim haritasi (mm)
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Sekil 5.

Tlirkiye’de pamuk tariminin mavi ve yesil su akislari
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Sekil 6.

Sanliurfa, 8% ——
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Pamuk tretiminin il bazinda mavi ve yesil su ayak izi géstergeleri

Bitki gelisim periyodunun geg baslamasindan dolayi Nisan ve
Mayis aylarinda Gineydogu bdlgesinde yogun bir yesil ve
mavi su kullanimi s6z konusu degildir. Ayrica, bu bdlgede
nispeten disltk yagis ve bununla iliskili toprak neminin az
olmasindan dolayi, yilin geri kalan aylari boyunca (Ekim
haric) yesil su ayak izi oldukca dislk seyretmektedir. Tlrkiye
genelinde pamugun vyesil su ayak izinin en yogun oldugu
merkezler iki farkli bolgede yogunlasmaktadir. Bunlar
siraslyla Adana ve Edirne illeri olup, buralara yakin bolgeler
de benzer karakteristik sergilemektedir. Mavi su ayak izi
yuksekligi dagilimina bakildiginda ise yine benzer cografi
sebeplerden dolayr Glneydogu bdlgesindeki degerlerin
oldukca yiksek oldugunu goérmekteyiz. Daha kapsamli bir
degerlendirme vyapilabilmesi icin il ve ilce bazindaki
ortalamalarin Turkiye geneli sonuglar ile kiyaslanmasi dnemli
gorilmektedir.

Yesil ve mavi su yikseklikleri, sanal su muhtevasi degerleri,
verim ve toplam ulusal Gretimi karsilama miktarlari Sekil 9'da
Turkiye ortalamalari ile normalize edilerek
boyutsuzlastirilmistir. Buna gore sekildeki her bir parametre,
ilgili parametrenin o il ve ilcedeki miktarinin Turkiye
ortalamasindan  farkinin  ylUzdesini  gdstermektedir.
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Karsilama orani ise, o bolgedeki Uretimin Turkiye deki
Uretimin (ton) % kacini karsiladigini ifade etmektedir. Negatif
deviasyonlar, ilgili parametrenin Tlrkiye ortalamasinin ne
kadar altinda (%); pozitif deviasyonlar ise ne kadar Ustlinde
oldugu gdstermektedir. il ve ilgelerin siralanisi ise mavi SSM
parametresinin dusikligine gore yapilmistir. Sonuc olarak
Sekil 9’daki grafiklerin sag tarafi pamuk ekiminin su
kaynaklari yoniinden en elverissiz; sol tarafi ise en elverisli
oldugu bolgeleri gostermektedir. Buna gore, Siverek,
Karakopri, Mazidagl, Hilvan ve Derik ilceleri su kaynaklarinin
korunmasi yoninden Turkiye'nin en elverissiz bolgeleridir.
Benzer bir sekilde Sanhurfa, Malatya, Canakkale, Mardin ve
Diyarbakir illeri, mavi su tUketimleri en yUksek olan sehirleri
temsil etmektedir. Kilis ve Adiyaman’da yapilacak yogun
pamuk tarimi, Tlrkiye'nin su tiketimini kayda deger bir
sekilde degistirmeyecek; Batman’dan itibaren grafikte sola
dogru gosterilen sehirlerdeki tarim ise mavi su tiketimini
6nemli Olctide dustrecektir. Calismamiz  kapsaminda
Tlrkiye'de pamuk ekimine en elverisli ilgeler ise Seyhan,
Ylregir, Karatas, Arsuz, Belen, Yumurtalik, Ceyhan gibi
ilceler; Adana, Hatay, Osmaniye ve Manisa gibi sehirlerdir.

Mevcut c¢alisma kapsaminda vyapilan analizler, SA
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calismalarinin 6nemli sonuclarindan birini daha ortaya
cikarmaktadir. Buna gore, Canakkale ili, Turkiye'de SA
parametreleri yoninden sira disi bir yere sahiptir. Sekil 4’teki
evapotranspirasyon miktarlari ve Sekil 8deki yesil ve mavi
SA vyukseklikleri haritalari, Canakkale bolgesindeki pamuk
ekiminin alan basina oldukca az su tukettigi bir merkez
olarak 6ne c¢ikarmaktadir. Buna gore, Canakkale ilinde mavi
su yuksekligi, kayda deger bir sekilde dustktir (640 mm).
Ancak, Uretim verimindeki azliktan dolayi (3.60 ton/ha) mavi
SSM oldukca yuksek ¢cikmakta, bu durumu Canakkale ilini en
dezavantajli illerden biri olma konumuna (Sekil 9)
getirmektedir. Buna gore, Canakkale ve yakin bolgelerde
eger pamuk verimi modern zirai metotlarla iyilestirilip,
Turkiye ortalamalarina yaklastirilabilirse, gelecekte buranin
onemli bir pamuk Uretim merkezi olma potansiyeli vardir.
Ancak bu calisma kapsaminda mevcut verimler ile Canakkale
bélgesinde pamuk tariminin 6nemli o6lclide su kaybi
yasanmasina sebep oldugu sonucuna varilmistir.

1980’li yillara kadar Turkiye’deki pamuk Gretiminin blylk
cogunlugu  Akdeniz,  ardindan Ege  bolgelerinde
gerceklestirilmekte idi. Ancak GAP sulamalarinin baslamasi
ile birlikte 1995 vyilindan itibaren Glneydogu’daki pamuk
Uretiminde kayda deger artislar ortaya ¢ikmis, 2000 yilindan
buglne, GAP sulamalarinin artmasi ile Ege ve Akdeniz
bolgesindeki pamuk ekim oranlari énemli dlcide azalmis,
pamugun yarisindan ¢ogu artik GAP bolgesinde Uretilmeye
baslanmistir. Harran ovasindaki pamuk ekiminin, toplam
Urin deseni igerisindeki yerinin 2000’li yillardan bugline
kadar alan bazinda % 75-90 arasinda degistigi raporlanmistir
(Copur, 2018).

Ancak bu calisma kapsaminda yapilan analizler, tlkedeki
genis alan ve iklim cesitliligi dustndldiginde Glineydogu
bélgesinde oldukca yogun bir sekilde yapilan pamuk
tariminin su kaynaklari yéniinden 6nemli miktarda kayiplara
sebep oldugunu ortaya koymaktadir. Gineydogu’da pamuk
tarimina en elverisli bolge ise, nispeten yuksek yesil su
muhtevasi ile Siirt-Batman hattidir. Gelecekte su yapilarinin
planlanmasinda pamuk yoninden bu bolgeye agirlik
verilebilir. Ancak, temel sonuglarimiz ulusal Gretimin
genelinin Adana-Hatay-Osmaniye bolgesine kaydirilmasinin
gerekli oldugunu ortaya cikarmistir. Adana ve Sanliurfa,
ulusal pamuk tariminin su tiketimi agisindan iki u¢ érnek
olarak ortaya c¢ikmaktadir. Ortalama bir ton pamuk
yetistiriciliginde Sanliurfa ilinde kullanilan su, Adana ilinden
yaklasik 923 m?® daha fazladir. Ulkedeki pamuk tariminin
agirhikl olarak bu bolgeye tasinmasi durumunda, toplam
mavi su tiketiminin yaklasik %30’una denk gelen 1.1 Gm?
degerinden fazla suyun tasarruf edilmesi mimkindur.

Su tiiketimini diisiirmeye yonelik diger uygulamalar

Bitkisel Uretim veriminin iyilestirilmesi, su kaynaklarinin
korunmasina en az diger parametreler kadar etki

etmektedir. Ekim zamani, bitki sikhigi (Bozbek & Unay, 2005)
gibi tarla ve arazi yonetimi uygulamalari, Grln kalitesinin
yaninda verimi de direk olarak etkilemekte, bu da kullanilan
suyun minimize edilmesini saglamaktadir. Farkli pamuk
tirlerinin tarlalarda denemesinin yapilmasinin (Ekinci &
Genger, 2015; E. Karademir vd., 2015; Mustafayev vd., 2005)
ve farkl azot ve fosfor uygulamalarinin (C. Karademir vd.,
2005) verimi iyilestirildigi gorilmastir. Benzer bir sekilde
sulama araligl ve sulama dzeylerinin (Dagdelen vd., 2009)
farkl bolgelerdeki pamuk icin optimize edilmesi suretiyle
kayda deger miktarlarda su tasarrufu saglanabilir. Bu
kapsamda topragin su tutma kapasitesini artiracak organik
ve inorganik maddelerin uygulanmasi ve su hasadi gibi
tekniklerinin gelistiriimesi yerinde olacaktir. Bu sayede vyesil
su miktari artirilacak olup, yesil suyun kullanimi maksimize
edilebilecektir.

Kisintili sulama uygulamalari da su ayak izinin dusdrilmesini
saglayan onemli tedbirlerdendir. Sulama suyundaki
kontrollt eksiltmeler ile (Tunali vd., 2019) her ne kadar bitki
veriminde kismi dususler yasansa bile, bitki su tiketimi
kayda deger miktarlarda azaltilabilir. Cheng vd. (2021)
yaptiklari global analizlerde, kisintili sulama metotlari ile WP
(birim su basina tarimsal Grln Uretim miktar) degerlerinde
ortalama %5.3’lik artis olmasina karsin, verimde %20.2’lik
bir kayip yasanacagini ifade etmislerdir. Bununla birlikte fide
ve ciceklenme asamasinda kisith sulama vyapilmasi
durumunda ise WP'de %16.2°lik artis saglanabilecegi
gosterilmistir. Zoidou vd. (2017) kisitli sulamanin pamugun
sanal su muhtevasini (m3/ton) %35’e kadar azaltabilecegi;
buna karsin mahsul veriminde % 30’a varan verim kayiplari
yasanabilecegi gostermislerdir. Ahmad vd. (2021) ise kisintili
sulama ile pamuk veriminde %8-9 arasinda verim kaybi
gorilmesine karsin su kullanim veriminde (kg/m3ha) %75’e
varan artis gozlemlemislerdir. Li vd. (2019) ise diger
calismalara paralel olarak kisith sulama ile su verimliliginin
artacagini, fakat pamuk veriminin azalacagini ifade etmisler
ve kisith sulama ile sulama suyundan %37 oraninda tasarruf
saglanabilmesine karsin bitki Gretim veriminde %17.5 disUs
yasanacagl gdstermislerdir. S6z konusu konu oldukca 6nem
tasimakta olup, farkli gelisim asamalarinda uygulanacak olan
kisitlarin daha detayli incelenmesi gerekmektedir. Bu sayede
daha yuksek verimlerin elde edilmesi olasidir.

Mevcut ¢calismada uzun dénem iklim verileri ve 2019-2023
bitkisel Uretim verileri baz alinmistir. Ancak, iklim
degisikliginin Tlrkiye geneli pamuk verimini % 14’e kadar
disUrecegi (Gurkan vd., 2017) tahmin edilmektedir. Bu
durum, gelecek yillarda pamugun su ayak izinde 6nemli
degisiklikler olacagini ortaya koymakta ve ekim icin uygun
bolgelerin  degisebilecegi sonucunu dogurmaktadir. Bu
acidan, farkli bolgelere adapte olmus pamuk tiirleri Gzerinde
yapilacak zirai calismalar (Kéken & ilker, 2020) énem arz
etmektedir.
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Sekil 7.
Pamuk tretiminin ilce bazli alansal su ayak izi géstergeleri
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> | Yesil su ayak izi (mm) ) Mavi su ayak izi (mm)

Nisan

Sekil 8.
Ttirkiye genelinde pamuk tretiminin teorik ve zamansal su ayak izi ylikseklikleri
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Sekil 9.

Pamuk dretiminin yesil ve mavi su ylikseklikleri, sanal su
muhtevasi dederleri, verim ve toplam ulusal dretimi
karsilama oranlari

Sonuglarin 6nceki ¢aligmalar ile kiyaslanmasi

Engin (2019) tarafindan yapilan calismada, pamuktaki yesil
su ayak izi oldukga disik hesaplanmis, mavi su ayak izi
degerleri ise bu galisma ile tutarli gérinmemektedir. Alper
(2015) ile kiyaslandiginda, bu calismada ulasilan mavi SSM
degerleri daha disik cikmistir. Ancak, bu calismada elde
edilen vyesil ve mavi SSM dagilimlari, Avanoz (2020)
tarafindan CROPWAT programi kullanilarak hesaplanan
bitkisel su tlketim degerleri ile oldukca tutarli
gdrinmektedir. Bu calismada elde edilen llke ortalamalari,
Chapagain vd. (2006) tarafindan hesaplanan, pamugun mavi
su tuketimleri (874 mm) ve etkili yagis (90 mm) degerleri
(Sekil 8) ile oldukga tutarhidir. Esetlili vd. (2022) tarafindan
Kicik Menderes havzasl 6zelinde elde edilen sonuclara
gore, vyesil SSM (292 m3/ton) her ne kadar bu calisma ile
uyumlu olsa da, mavi SSM (2331 m?3/ton) degerleri,
pamugun o bolgedeki bitkisel evapotranspirasyon degerleri
gdz 6nlne alindiginda yazarlar tarafindan oldukca ylksek
hesaplanmistir. Bu c¢alismada elde edilen ulusal ortalama
degerler Muratoglu ve Avanoz (2021) tarafindan raporlanan
2008-2019 yillari arasindaki yesil (244 1728 m3/ton) ve mavi
SSM (1728 m3/ton) degerleriile de paralellik arz etmektedir.

Research in Agricultural Sciences

Pamuk Uretiminin Dicle-Firat bolgesinde strdarilebilirligi ile
ilgili kaygilar Pilevneli vd. (2023) tarafindan da not edilmistir.
Bu calismanin Turkiye 6zelinde yapilan diger ¢alismalardan
farki, cok sayida yagis ve bitki istasyonlardaki alansal
varyasyonlarin yansitilmasi ve en gincel bitkisel Uretim
verilerinin kullaniimasi suretiyle bugline kadarki en genis
¢Ozundurlikteki sonuglarin yansitilmasi ve bu sonuglarin
bolgesel ve ulusal su glivenligi agisindan irdelenmesidir.

Kisitlamalar

Bu calisma kapsaminda yapilan varsayimlardan kaynaklanan
birtakim kisitlamalar mevcuttur. Oncelikle, bitki su
tiketiminin (BST), ideal kosullardaki evapotranspirasyona
(ET.) esit oldugu varsayilmis, su stresi ve kisintili sulama
durumlari g6z 6niine alinmamistir. Ayrica, bu calismada elde
edilen sonuglar, net bitki su tiketimini yansitmaktadir. Bu
baglamda sulama randimaninin %100 oldugu varsayilimis,
farkli sulama yoéntemlerinin su ayak izine etkisi dikkate
alinmamistir.  Tarlada pamugun sulanmasi sirasinda
kullanilan enerjinin su ayak izi, hesaplara dahil edilmemistir.
Su kirliginin bir gdstergesi olan gri su ayak izi analizleri bu
calisma kapsami disinda tutulmustur. iklim degisikliginin
olasi etkileri gb6z 6ninde bulundurulmamistir. Fabrikada
katli pamugun lif ve ¢igit olarak ayristiriimasinda kullanilan
enerji ve tiketilen suyun ayak izi hesaplarda dikkate
alinmamistir. Bu calismada pamuk su tiketimi agisindan
incelenmis, nihai Urln kalitesi ve ticaret ile ilgili hususlar gdz
onlnde bulundurulmamistir.

Bu ¢alismada kutll pamugun su ayak izi analizleri yapiimistir.
Lif, ¢igit, yag, kumas vb. alt Grlinlerin sanal su muhtevalarinin
belirlenmesi icin kitli pamugun SSM degerlerinin, ilgili alt
drdn fraksiyonuna bolinmesi ve bu siireclerde de islemden
gecen su miktarinin da eklenmesi tavsiye edilmektedir.
Tekstil endUstrisindeki alt proseslerdeki su ayak izi degerleri
icin Baskilic (2023) calismasi referans alinabilir.

Sonug¢

Bu calismada, Turkiye’de ekimi yapilan kitli pamugun su
ayak izi analizleri yapilmis, islemden gecen vyesil (toprak
nemi) ve mavi su (ylzey ve yeralti suyu) kaynaklari yliksek
¢OzUnUrlakld alansal ve zamansal degerlendirmelere tabi
tutulmustur. Bu calismanin temel vizyonu, ulusal pamuk
tariminda tlketilen su kaynaklarinin miktarindaki bdlgesel
farkliliklarin gorsellestiriimesi ve analiz edilmesi sureti ile su
yonetimi calismalarina katkida bulunmaktir. Bu baglamda,
GAP bolgesi, Dicle-Firat havzasl veya Sanliurfa-Diyarbakir
bolgelerindeki yogun pamuk tariminin distk yesil su ve
oldukca yiksek mavi su tikettigi tespit edilmistir. Temel
bulgularimiza gére, tlkedeki pamuk ekiminin Adana, Hatay,
Osmaniye illerinde veya Seyhan, Ydregir, Karatas, Arsuz,
Belen, Yumurtalk, Ceyhan, Kozan, Antakya vs. gibi yesil su
muhtevasl yUksek olan ilcelerde (Sekil 9)
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yogunlastiriimasinin, sulama suyu tiketiminde % 30’lara
varan dismeler ve bu suretle GAP bdlgesindeki su
kaynaklarinin strdurulebilirligine dnemli katkilar saglayacagi
tespit edilmistir. Uzun yillar bUyUk alt yapi maliyetleriile insa
edilen GAP sulamalarinda, bdlgesel su tiketimi daha dustk
drdnler yetistirecek sekilde agirliklandiriimasi ve tarimda
firsat maliyetine dikkat edilmesi elzemdir. Ulkemizdeki su
kaynaklarinin tasarruf edilebilmesi ve sudrdardlebilirligin
artirilmasi icin, bu calismada sunulan sekil, grafik ve temel
ciktilarin - su yonetim otoriteleri tarafindan gelecek
planlamalarina dahil edilmesi tavsiye edilmektedir. ileriki
calismalarda, pamuk tariminin vyeralti suyu kaynaklari
Uzerinde olusturdugu baskilar ve iklim degisikliginin pamuk
tariminin  su tdketim paternleri Gzerindeki potansiyel
etkisinin analiz edilmesi tavsiye edilmektedir.
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Enhancing Growth of Upland Rice in Low-
Phosphorus Soil by Leveraging Root
Morphological Traits

Dusik Fosforlu Topraklarda Kék Morfolojik Ozelliklerinden
Yararlanarak Yayla Pirincinin Blyumesinin Artirilmasi

ABSTRACT

Low phosphorus (P) in the upland ecosystems negatively influence rice growth and cause significant
yield losses. Upland rice to effectively adapt to low P in upland agroecosystems requires a suite of
novel root traits. However, studies to identify these traits in upland rice grown in low P agroecosystems
have received limited attention in Kenya. In the present study, nine (9) upland rice cultivars were
screened to identify root traits that support low-P soil growth in a cement tank. Upland rice cultivars
showed significant (p < 0.05) variation in number of root tips (NRT), number of root branching points
(NBP), total root length (TRL), whole root network area (NA), average root diameter, root volume (RV),
root surface area (RSA), first-order root length (FORL), and second order root length (SORL). BWO1 and
ITAO1 recorded the highest NRT, NBP, TRL, RV, NA, RSA, FORL, and SORL, while NERICAO4 had the
lowest, representing 5.8, 8.0, 7.6, 6.8, 9.0, 5.8, and 9.3 differences in these traits under low P soil. NRT
was significantly and positively correlated with NBP, TRL, NA, RV, RSA, and FORL, indicating the role of
these traits in foraging for soil nutrients. Principal component analysis (PCA) showed that NRT, NBP,
TRL, RSA, and SORL are important and effective root traits for selection in rice breeding under low P
soil. BWO1 and ITAO1 recorded well-developed root systems, indicating that they are more P-efficient
than the P-inefficient NERICAO4 under low P soil conditions. Therefore, BWO1 and ITAO1 can be
targeted for cultivation in P-deficient soils and used as trait donors to improve P-inefficient rice
cultivars.

Keywords: Low phosphorus, Phosphorus efficiency, Root trait variation, Rice breeding, Upland rice

0z

Yayla ekosistemlerdeki dusiik fosfor (P) seviyeleri, pirincin blyimesini olumsuz etkileyerek
onemli verim kayiplarina neden olur. Yayla pirincinin yayla tarimsal ekosistemlerindeki diisiik P’ye
etkili bir sekilde uyum saglamasi igin bir dizi yeni kok ozellikleri gerekmektedir. Ancak, Kenya’da
disik P iceren agroekosistemlerde yetistirilen yayla piringlerinde bu o6zellikleri belirlemeye
yonelik calismalar sinirli ilgi gormdistir. Bu ¢calismada, bir cimento tankinda distk P’li toprakta
blyimeyi destekleyen kok o6zelliklerini belirlemek amaciyla dokuz (9) yayla piring cesidi
taranmistir. Yayla piring gesitleri, kok ug sayisi (NRT), kok dallanma noktasi sayisi (NBP), toplam
kok uzunlugu (TRL), tim kok ag alani (NA), ortalama kok capi, kok hacmi (RV), kok yiizey alani
(RSA), birinci derecede kok uzunlugu (FORL) ve ikinci derecede kok uzunlugu (SORL) agisindan
anlamli (p < 0,05) varyasyon gostermistir. BWO1 ve ITAO1, NRT, NBP, TRL, RV, NA, RSA, FORL ve
SORL igin en yiksek degerleri kaydederken, NERICAO4 en disiik degerlere sahip olup, diisiik P
toprakta bu 6zelliklerde sirasiyla %5,8, %8,0, %7,6, %6,8, %9,0, %5,8 ve %9,3 oranlarinda farklilik
gostermistir. NRT, NBP, TRL, NA, RV, RSA ve FORL ile anlamli ve pozitif bir sekilde iliskilidir, bu da
bu 6zelliklerin toprak besin maddeleri i¢in forajlamadaki roliini géstermektedir. Temel bilesen
analizi (PCA), NRT, NBP, TRL, RSA ve SORL’nin distik P toprakta piring islahi icin 6nemli ve etkili
kok ozellikleri oldugunu gostermistir. BWO1 ve ITAOL, iyi gelismis kok sistemleri kaydederek,
disuk P toprak kosullarinda P-verimsiz NERICAO4'ten daha P-verimli olduklarini géstermistir. Bu
nedenle, BWO01 ve ITAO1, P bakimindan fakir topraklarda yetistiriimek ve P-verimsiz piring
cesitlerini iyilestirmek icin 6zellik donorleri olarak hedeflenebilir.

Anahtar Kelimeler: Dusik fosfor, Fosfor verimliligi, Kok 6zellik varyasyonu, Piring 1slahi, Yayla
pirinci
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Introduction

Rice is a principal cereal crop that provides the global
population with calories. Increased preference of rice in sub-
Saharan Africa (SSA) due to a shift in consumer preference
away from traditional crops toward rice consumption has
triggered rice production to lag behind local demand for rice
in Kenya. Therefore, there is a need to maximize production
in traditional irrigated ecosystems and expand cultivation
into upland ecosystems to meet Kenya’s demand for rice. In
upland acidic soils, free iron and aluminum oxides bind to
native and applied phosphorus (P), whereas in calcareous
soils, abundant calcium and magnesium compounds bind
tightly to inorganic phosphates, making P inaccessible to
plant roots (Alewell et al., 2020). This has contributed to
over 80% of the soils in western Kenya becoming P deficient
(Jama & Straatan, 2006). Therefore, P deficiency is one of
the factors that limit rice production in upland rice
ecosystems. The drought occasioned by climate change is
likely to contribute to enhanced P deficiency because P
mobility decreases with the decline in soil moisture in
upland ecology (Marin et al., 2021). Low P levels in the soil
are likely to affect rice seedling establishment and
development because soil foraging by roots is insufficient to
acquire immobile P. One strategy that can reduce P
limitations is to search for varieties or cultivars with novel
root traits that yield well under low P soil conditions
(Rakotoson et al., 2020; Anandan et al., 2022).

Plants can withstand low P in soil by developing root
morphological changes that enhance P uptake and increase
internal P use efficiency (Kale et al., 2021a; Dinh et al., 2023).
Previous studies have shown that rice root morphological
and biomasses vary under P-deficient conditions (Wissuwa
et al., 2020; Kale et al., 2021b; Anandan et al., 2022; Ranaivo
etal., 2022). The genotypic differences in P uptake observed
in rice are attributed to variations in the root growth and, to
a lesser extent, differences in the quantity of P acquired per
root size or root efficiency (Mori et al., 2016; Wissuwa et al,,
2020). Rapid seedling root development drives differences
in P acquisition ability during early rice seedling stages
(Pariasca-Tanaka et al., 2015). The variation observed in
these studies indicates that there is an opportunity to
exploit root traits to improve the performance of rice
cultivars under low P conditions. Although significant root
morphological traits that enhance rice growth have been
identified in low P soil, the characteristics of many rice
varieties and cultivars grown by farmers in upland ecology in
Kenya is unknown. Therefore, the yield of upland rice in P-
deficient upland ecology is extremely low. Consequently,
there is a need to search for root functional phenotypes that
confer better establishment of upland rice in low P soil. This
is likely to support better crop establishment, sustain rice
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production, and reduce the economic burden of the farmers
that rely on fertilizer imports. The present study aimed to
screen nine (9) upland rice varieties/cultivars in a cement
tank to identify novel root traits that support growth under
low P conditions.

Materials and Methods
Plant materials

Nine rice cultivars sourced from the Kenya Agricultural
Research Organization were used in this study. These
cultivars were named as BWO01, IRO1, IR02, IR64, ITAOL,
Komboka, Mnuri, NERICAO1, and NERICAO4, respectively.

Phenotyping for phosphorus stress in a cement tank

Low-P soil was collected from the top 15 cm of an
unfertilized farm, native grassland vegetation at the
University of Eldoret (0.584° N 35.309° E. 2100 masl). The
soil was air-dried, sieved through a 2 mm mesh to remove
coarse fragments, and thoroughly mixed. Soil pH was
measured in a 1:2 (w/v) soil to distilled water suspensions,
following the method described by Anderson and Ingram
(1993). Total organic carbon was determined using the
Walkley-Black method (Nelson and Sommers 1982),
whereas Kjeldahl nitrogen was measured according to
Jackson (1962). Total P was quantified using the ammonium
bicarbonate-diethylenetriaminepentaacetic acid (AB-DTPA)
extraction method as per Soltanpour and Workman (1979).
Approximately 10 g of soil was placed in a beaker, mixed
with 20 ml of extraction solution containing 1 M AB and 5
mM DTPA, shaken for 15 min, and then filtered. The filtrate
was analyzed for P content using a colourimeter. For calcium
measurement, about 0.5 g of sieved soil was placed in a
beaker with 40 ml of 0.5 N HCl, left at room temperature for
5 min, and the filtrate was analyzed (Sahrawat 1987). The
physical characteristics of the sieved soil were determined
using the hydrometer method as described by Bouyoucos
(1962). The soil exhibited the following properties: pH-H,O
5.73, organic carbon (%) 1.89, total nitrogen (%) 0.15,
available P (mg/kg) 5.38, Na (m/kg) 427, Ca (mg/kg) 1770,
sand (%) 61, clay (%) 25, and silt (%) 14.

The phenotyping of root morphological traits of nine rice
cultivars was carried out in a cement tank following the
procedure described by Anandan et al. (2022). The cement
tank was filled with air-dried, and sieved soil. Fifteen rice
seeds per cultivar were sterilized by adding 10 ml of 10%
sodium hypochlorite to a beaker for 10 min. Seeds were
rinsed five times with distilled water to remove any sodium
hypochlorite. The seeds were imbibed in water for 24 h to
accelerate germination. Soaked rice seeds for each cultivar
were directly seeded in a cement tank on 1% February 2023
following a completely randomized design with three
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replicates. Seeds were sown in a single-row plot measuring 80
cm long and spaced 20 cm between plants within a row and
20 cm between the rows. NERICAO4 was used as a P-sensitive
control to identify P-efficient cultivar in this study. Weeds
were manually uprooted during the experiment. No fertilizers
or chemicals were applied to the experimental setup.

The soil was irrigated daily, and 15 days after sowing, the
seedlings were thinned, leaving only two seedlings per hill.
On the 45th day, five plants per cultivar were uprooted and
placed in individual plastic bags. The roots were washed with
distilled water and stored at 4°C for further analysis. Five
intact root samples, including first- and second-order roots,
were randomly selected for morphological measurements.
Root classification followed the standard method, where
first-order roots are the most distal and unbranched, and
second-order roots originate at the junction of two first-
order roots (Pregitzer, 2002; Freschet & Roumet, 2017). The
samples were arranged in water on a transparent tray
measuring 30 x 20 x 3 cm, and scanned at 300 dpi using an
HP scanner (hp300 version). The following root traits were
recorded: number of root tips (NRT), number of root
branching points (NBP), total root length (TRL, mm), whole
root network area (NA, cm?), average root diameter (ARD,
mm), root volume (RV, cm3), root surface area (RSA, cm?),
first-order root length (FORL, mm), and second-order root
length (SORL, mm). These traits were recorded for each
replication and analyzed using RhizoVision version 2
(Seethepalliet al., 2021).
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Figure 1.
Root morphological traits of nine rice cultivars grown under
low phosphorus soil conditions.

Statistical Analysis

Phenotypic data: NRT, NBP, TRL, NA, ARD, RV, RSA, FORL,
and SORL were subjected to one-way analysis of variance
(ANOVA) to determine the response of genotype variation
in low-P soil. ANOVA was performed using IBM SPSS
Statistics for Windows, version 23.0 (Armonk, NY: IBM Corp),
based on a general linear model at p <.05. Cultivar means in
low-P soil were compared using Tukey’s significance
difference test. Pearson’s correlation coefficient was used

to determine the relationship among the root traits using
IBM SPSS version 23. Principal component analysis (PCA)
was performed on root morphological traits to identify novel
root traits that can be used to select genotypes for
cultivation and breeding to improve P use efficiency under
low-P conditions. PCA analysis was executed using the
GenStat (GenStat, 2003)

25000 -

[

000.0
1500.0

[ root tips

5 1000.0

Number o

LA
[=
[=]
[=)

Rice cultivars

Figure 2.

Number of root tips of rice cultivars grown under low soil
phosphorus soil conditions. Bar graph columns with different
letter(s) sindicate that the means differ significantly at p < .05.

Results
Root morphological trait variation among rice cultivars

One-way ANOVA revealed highly significant (p < .05)
variation in NRT, NBP, TRL, NA, ARD, RV, RSA, FORL, and
SORL among the upland rice cultivars, as presented in Table
1 and Figure 1. There was a 5.8-fold difference in NRT,
ranging from 336 for NERICAO4 to 1865 for BWO1 (Figure 2).
In low-P soil, NBP varied significantly, with an 8-fold
difference varying from 216.7 in NERICAO4 to 1775.3 in
BWO1 (Figure 3). BWO1 recorded the highest TRL at 505.4
mm, whereas NERICAO4 had the lowest at 66.6 mm,
showing a 7.6-fold difference among cultivars under low-P
soil (Table 2). The rice cultivars showed a 6.8-fold variation
in NA, with BWO1 having the highest of 63.0 cm?, while
NERICAO4 had the lowest of 9.3 cm? (Table 2). The rice
cultivars exhibited a 1.9-fold in average root diameter, with
Mnuri recording the highest value of 2.76 mm, while IR02
had the lowest value of 1.46 mm (Table 2). The root volume
(RV) varied significantly, with BWO1 recording the highest
value of 65.48 cm3, whereas IRO1 had the lowest value of
4.54 c¢cm3, indicating a 14.4-fold difference among rice
cultivars (Table 2). IR02, NERICAO4, IR64, and NERICAO1
recorded RV values less than 10.0 cm3, with no significant
differences among them. The rice cultivars exhibited a 9-fold
difference in RSA, with BWO1 recording the highest value of
449.4 cm?, while IRO1 and NERICAO4 had the lowest values
of 47.97 cm? and 54.12 cm?, respectively, in low-P soil
(Figure 4). BWO1 recorded the highest FORL at 120.81 mm,
whereas NERICAO4 and IRO1 had the lowest value at 20.78

Research in Agricultural Sciences



178

mm and 22.30 mm, respectively, showing a 5.8-fold = 25000
difference among rice cultivars (Table 2). The SORL of the § 2000.0
rice cultivars showed a 9.3-fold difference in response to 2 5000
low-P soil, with BWO1 recording the highest value of 304.86 E T
mm, while NERICAO4 and IRO1 had the lowest values of ;10000 b b bcoc
32.72 mm, and 33.70 cm, respectively (Table 2). 5 5000 a 2 % % % %
E 00 2 . i . .
= PO
Table 1 ' . . {/__?gb‘ é)\ \Q_@‘ $F_\i‘ \{\é &
Analysis of variance for root morphological traits among é@ %a{‘ a3 &
nine rice cultivars in low phosphorus soil s =
Rice cultivars
Genotype ;
Parameters Figure 3. . . ) .
Df Meansquare Fvalue Pvalue Number of root branching points of rice cultivars grown under
low phosphorus conditions. Bar graph columns with different
NRT 8 709134.0 4310.4 <.001 letter(s) sindicate that the means differ significantly at p <.05.
NBP 8 725571.8 1697.6 <.001 6000
TRL 8 57052.7 1587.2 <.001 55000 £
- e
2 400.0 ek
NA 8 948.7 272.9 <.001 = f 2
2 300.0 e <
ARD 8 05 8.7 <.001 £ 200.0 b be ¢ 9 %
Z1000 | 2 B % % EEE
RV 8 1287.8 853.6 <.001 £ i &ﬂ é % % 4
RSA 8 48826.4 859.8 <.001 > e ™ Qv > i NN
\ig‘) \(ﬁ'@‘ ‘3} \C.-_{_‘}'-‘ & \\&6{? ".‘\\‘6 "\("?9 QQ:‘*Q
FORL 8 3932.9 2504 <.001 _g}“ \ﬁﬁ' &+
SORL 8 238846 8707  <.001 . Rice cultivars
Figure 4.

NRT = number of root tips, NBP = number of root branching points, TRL =
total root length, NA = whole root network area, ARD = average root
diameter, RV = root volume, RSA = root surface area, FORL = First order
root length, SORL = second order root length. p <.05

Root surface area of rice cultivarss grown low soil phosphorus
soil conditions. Bar graph columns with different letter(s)
sindicate that the means differ significantly at p <.05.

-Il;;:; 2voz/ues of root morphological traits of nine rice cultivars s grown in low-phosphorus soil
Mean

Genotype

TRL (mm) NA (cm?) ARD (mm) RV (cm?3) FORL (mm) SORL (mm)
BWO1 505.56+1.0 63.0t1.0 2.4%10.3 65.5740.8 120.8'+0.9 304.98+0.4
IRO1 82.0°+0.5 11.1°4¢3.6 1.7%°+0.1 4.5°+0.1 22.3°t1.6 33.7°+0.4
IRO2 272.4%£10.3 22.7°41.3 1.5%+0.2 7.1°+1.4 105.7°£2.4 107.2°48.9
IR64 201.8°¢14.3 17.6+2.5 1.6%°+0.1 8.8°+0.1 61.0°+10.5 79.8°+10.6
ITAO1 387.2"+1.9 48.0°¢1.0 1.8*+0.4 24.3%40.3 103.0°40.6 226.5+1.1
Komboka 207.8%1.2 25.542.1 2.174+0.3 14.9°40.7 45.5°+3.5 126.29+1.2
Mnuri 218.99%+1.0 32.19+0.7 2.8°+0.3 43.2°43.2 54.540.3 135.4%42.2
NERICAO1 208.2°¢1.8 17.2°+1.4 1.7%+0.1 9.3°+0.7 63.69+3.0 83.5°46.9
NERICAO4 66.6°£1.2 9.3%+1.3 2.2¢+0.2 8.3°+0.3 20.8°£0.4 32.7°£0.7

NRT = number of root tips, NBP = number of root branching points, TRL = total root length, NA = whole root network area, ARD = average root diameter,
RV = root volume, RSA = root surface area, FORL = First order root length, SORL = second order root length. Means in the same column followed by a
different letter(s) differ significantly at p <.05.
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Table 3
Person’s correlation coefficients for pairwise root morphological traits for nine rice cultivars in response to low soil phosphorus
NRT NBP TRL NA ARD RV RSA FORL SORL
NRT 1
NBP 0.974™ 1
TRL 0.967" 0.982™ 1
NA 0.908™ 0.948" 0.953" 1
ARD 0.045 0.195 0.161 0.398 1
RV 0.684" 0.767" 0.753" 0.872" 0.737° 1
RSA 0.876™ 0.927" 0.922" 0.983" 0.511 0.940™ 1
FORL 0.880" 0.874™ 0.931" 0.799™ -0.091 0.544 0.745° 1
SORL 0.929™ 0.965" 0.968" 0.996™ 0.353 0.847" 0.976" 0.822" 1

NRT = number of root tips, NBP = number of root branching points, TRL = total root length, NA = whole root network area, ARD = average root diameter,
RV =root volume, RSA = root surface area, FORL = First order root length, SORL = second order root length. ** significant at p < .01, * significant at p <.05.

Table 4

Principal component analysis showing eigenvectors,
percent and cumulative variation of root morphological
traits of nine rice cultivars at low phosphorus soil.

Components

Root traits PC1 PC2
ARD 0.00008 0.00394
FORL 0.04466 -0.02850
NA 0.02337 0.04746
NBP 0.68318 0.50959
NRT 0.67340 -0.6916
RSA 0.16311 0.44071
RV 0.02148 0.11457
SORL 0.11954 0.20349
TRL 0.18950 0.1007
Eigen values 7.311 1.468
% of Variance 81.238 16.307
Cumulative % 81.238 97.545

NRT = number of root tips, NBP = number of root branching points, TRL =
total root length, NA = whole root network area, ARD = average root
diameter, RV = root volume, RSA = root surface area, FORL = First order
root length, SORL = second order root length.

Correlation coefficients of root morphological traits

Table 3 shows the Pearson’s correlation coefficients of the
root morphological traits for rice cultivars in low P soil
conditions. In the low P soil, NRT significantly and positively
correlated with NBP (r = 0.95, p <.0001), TRL (r =0.94; p <
.0001), NA (r=0.84; p =.001), RV (r=0.47; p =.042), RSA (r
=0.77; p=.002), FORL (r=0.77; p =.002), and SORL (r =0.86;
p < .0001), except for the average root diameter. NBP
significantly and positively correlated with all root
morphological traits under low P soil conditions, except for

ARD. ARD showed a positive significant correlation only with
RV (r = 0.54; p = .024). RV showed a positive significant
correlation with RSA (r =0.88; p <.0001) and SORL (r=0.72;
p = .004), while FORL positively and significantly correlated
with SORL (r = 0.68, p = .007). The two principal component
analyses (PCA) revealed a total variability of 97.55%, as
shown in Table 4. PC1 and PC2 accounted for 81.24% and
16.31% of variability at low-P soil conditions, respectively.
NBP, NRT, and TRL contributed to variation in PC1, whereas
RSA and SORL were associated with PC2 (Table 3; Figure 5).

Discussion

Plants alter root morphological features as an adaptation to
improve P acquisition under low P soil conditions (Gutierrez-
Alanis et al.,, 2018). In this study, there were significant
differences in root morphological traits: NRT, NBP, TRL, NA,
ARD, RV, RSA, FORL, and SORL among the upland rice
germplasm grown under low P soil. These variations may
have arisen from evolutionary adaptations of upland rice to
diverse habitats or indirect selection by farmers over the
years. Previous findings indicate that rice landraces
collected from different agroecological zones exhibit
variations in root morphology, and are well adapted to
survive low levels of P in the soil (Panda et al.,, 2021;
Anandan et al., 2022). The observed variation indicates the
presence of novel traits that can be harnessed for improved
growth of P-sensitive rice cultivars such as NERICAO4 under
low P soil. These findings are in agreement with previous
studies, which reported high variation in root number, total
root length, total root surface area, root average diameter,
root volume and root tips, and root and shoot biomasses in
diverse rice lines under low P soil conditions (Anis et al.,,
2018; Solangi et al., 2020; Kale et al., 2021; Anandan et al,,
2022; Ranaivo et al., 2022).

Research in Agricultural Sciences



180

Prindpal components biplot (97.55%)
ARD R\

RSA
= YA
< RL
(‘l 1
&

NBP
RL
NRT

PC-1 (81.24%)

Figure 5.

Principal component analysis of nine root morphological traits
of in nine rice cultivars grown at low phosphorus conditions.
ARD = average root diameter, RV = root volume, RSA = root
surface area, NA = whole root network area, SORL = second
order root length, NBP = Number of root branching points, TRL
= Total root length, NRT = Number of root tips, FORL = First
order root length. Numbers in figure represent genotypes as
follows: 1 = NERICAO4, 2 = IRO1, 3 = Mnuri, 4 = Komboka, 5 =
NERICAO1, 6 =IR64, 7 =1R02, 8 =ITAO01, 9 = BWO1.

BWO1 and ITAO1 recorded higher NRT, NBP, TRL, RV, RSA,
FORL, and SORL than NERICAO4 and IR01, indicating that
they are well adapted to low P soil conditions. Therefore,
BWO1 and ITAO1 are P-efficient rice cultivars, whereas
NERICAO4 and IRO1 are P-inefficient. NERICAQ4 exhibits slow
seedling growth and root development under P-limiting
conditions, as reported by Wissuwa et al. (2020) and
Ranaivo et al. (2022), which aligns with the findings of this
study. Previous findings in Arabidopsis, rice, and cotton have
revealed that increasing the root tip density, lateral root
density and length, total root length, and number of root
tips under low P stress increases the capacity of P to be
absorbed (Fitter et al., 2002; Gutierrez-Alanis et al., 2018;
Kayoumu et al., 2022; Dinh et al., 2023). De Bauw et al.
(2020) similarly reported that root tips and lateral root types
are key drivers of P uptake in upland rice. Rice cultivars with
high root phenes, such as NRT, NBP, TRL, RV, RSA, FORL, and
SORL are suitable for low P conditions.

In this study, NRT showed a significant positive correlation
with NBP, TRL, NA, RV, and RSA, demonstrating that root
morphological traits work synergistically to enhance P
foraging in low P soil. Previous studies identified multiple
traits, including root volume, total surface area, number of
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root tips, and total root length, that contribute to
phosphorus deficiency tolerance in rice (Panda et al., 2021;
Anandan et al.,, 2022). Kaysar et al. (2022) reported a close
relationship among root length, root number, root volume
and root porosity when sourcing water and nutrients from
the soil in different rice cultivars under subtropical
conditions. These findings align well with those of Anis et al.
(2018), Kale et al. (2021b), and Anandan et al. (2022), who
reported significant positive correlations among root traits
in rice under low P. The strong positive correlation among
the root traits demonstrates the potential to improve P-
inefficient cultivars. PCA identified NBP, NRT, TRL, RSA, and
SORL as important root traits that enhance P stress
tolerance in upland rice. These results are consistent with
previous studies by Fitter et al. (2002) and Kayoumu et al.
(2022), which identified the number of root tips and total
root length as key traits for improving phosphorus uptake
in Arabidopsis and cotton genotypes. Therefore, NRT, NBP,
RSA, and SORL are valuable root traits that can be leveraged
in breeding programs to improve the growth of P-sensitive
upland rice germplasm in low-P soils.

In conclusion, nine rice cultivars revealed wide variation in
root morphological traits, with most traits showing
significant positive correlations, indicating that they are
synergistically linked in enhancing growth under low P soil.
PCA showed that NRT, NBP, TRL, and RSA are key traits to
target for selection in rice breeding under low soil P supply.
BWO1 and ITAO1 recorded higher NRT, NBP, TRL, and RSA
than NERICAO1, NERICAO4, IRO1 and IRO2, among others,
under low soil P conditions. Therefore, BWO0O1 and ITAO1 are
suitable candidates for cultivation in P-limited upland
ecosystems, and as potential donors of novel root traits to
improve P-inefficient upland rice cultivars.
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Is Tea Waste A Promising Co-substrate for
Optimizing The Cultivation, Growth, and Yield of
Charleston Pepper (Capsicum annuum L.)?

Cay Atig1, Carliston Biberi (Capsicum annuum L.)
Yetistiriciliginde, Biylime ve Verimi Optimize Etmek icin
Umut Verici Yardimci Bir Substrat midir?

ABSTRACT

To address growing concerns about sustainable agriculture and waste management, this study aimed
to explore the viability of tea waste as an eco-friendly alternative substrate for cultivating Charleston
peppers (Capsicum annuum), with the goal of optimizing plant growth and yield while reducing soil
dependence, lowering cultivation costs, and repurposing agro-industrial waste. Six different substrate
combinations were evaluated: 1) Tea waste, 2) Tea waste + Manure, 3) Tea waste + Soil, 4) Manure +
Soil, 5) Tea waste + Manure + Soil, and 6) Tea waste + Manure + Soil + Perlite. Data were analyzed
using both multivariate and univariate analyses to assess significant differences among treatments.
Notably, significant differences in stem diameter were observed among plants grown on different
substrates (one-way MANOVA, p <.05). However, plant height and chlorophyll content remained
unaffected by substrate type. Although leaf structure exhibited considerable variation across
treatments, no significant difference in dry matter content was observed. These results demonstrate
that tea waste, especially when combined with other materials, is a promising sustainable substrate
for Charleston pepper cultivation, potentially reducing soil dependence and agro-industrial waste.

Keywords: Pepper, Organic substrate, Manure, Tea waste substrate, Perlite

0z

Surdurdlebilir tarim ve atik yonetimi konusundaki artan endiselere yanit olarak, bu calisma,
Carliston biberi (Capsicum annuum) vyetistiriciliginde cay atiginin ¢evre dostu alternatif bir
substrat olarak kullanilabilirligini arastirmayi ve bu sayede bitki blylimesini ve verimini optimize
ederek topraga bagimliligi azaltmayi, yetistirme maliyetlerini diisirmeyi ve tarimsal sanayi
atiklarini yeniden degerlendirmeyi amaglamistir. Bu amagla, alti farkli substrat kombinasyonu
degerlendirilmistir: 1) Cay atigi, 2) Cay atig1 + Gubre, 3) Cay atigi + Toprak, 4) Glbre + Toprak, 5)
Cay atig + Gubre + Toprak ve 6) Cay atigi + Glbre + Toprak + Perlit. Elde edilen veriler,
uygulamalar arasinda anlamli farkliliklari degerlendirmek amaciyla hem ¢ok degiskenli hem de tek
degiskenli analizler kullanilarak incelenmistir. Farkli substratlarda yetistirilen bitkiler arasinda
govde capinda anlamli farkhhklar gozlenmistir (tek yonli MANOVA, p <.05). Ancak, bitki boyu ve
klorofil icerigi substrat tipinden etkilenmemistir. Yaprak yapisi uygulamalar arasinda onemli
farkliliklar gostermesine ragmen, kuru madde igeriginde anlamh bir fark gézlenmemistir. Bu
sonuglar, Ozellikle diger materyallerle kombine edildiginde c¢ay atiginin, Carliston biberi
yetistiriciligi icin toprak bagimliligini ve tarimsal sanayi atiklarini potansiyel olarak azaltabilecek
surdurilebilir bir substrat oldugunu gostermektedir.

Anahtar Kelimeler: Biber, Organik substrat, Glibre, Cay atigI substrati, Perlit
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Introduction

Tea (Camellia sinensis), a globally cultivated perennial crop
with a worldwide production of 27.2 million tons in 2020 and
28.2 million tons in 2021, is projected to experience
significant market growth of 54.4%, increasing from USD
~96 billion in 2020 to USD ~148 billion by 2027 (Debnath et
al., 2021; Industry Research, 2022; FAOSTAT, 2023).
According to FAOSTAT (2023) China was the largest tea
producer with 13.7 million tonnes in 2021, followed by India
(5.4 million tonnes), Kenya (2.3 million tonnes), and Turkiye
(1.4 million tonnes). Tea leaves are processed into different
types (i.e., green, white, yellow, oolong, black, and dark tea)
based on the degree of fermentation, ranging from non-
fermented to post-fermented (Ho et al., 2008; Wong et al.,
2022; Shi et al., 2023). Black and green teas are the most
popular, accounting for approximately 75% and 15% of
global tea consumption, respectively (Debnath et al., 2021;
Shi et al., 2023).

As global tea consumption rises, so does the amount of
biomass waste generated during harvesting and processing.
Tea consumption was estimated at 6.3 million tons in 2020
and is expected to reach 7.4 million tons by 2025 (Duarah et
al., 2024).The increase in tea consumption has resulted in a
corresponding growth in tea waste, including discarded
leaves, buds and stems. This waste disposal poses
environmental risks if not properly managed (Debnath et al.,
2021; Duarah et al., 2024). India, the second-largest tea
producer, reported producing approximately 0.2 million
tons of tea waste, representing 22.2% of its total production
of 0.9 million tons (Wasewar et al., 2009; Debnath et al.,
2021). Improper disposal of tea waste can contribute to
environmental pollution, affecting water, soil, and air quality
(Debnath et al., 2021). In response to these environmental
concerns, various studies have explored the potential and
sustainable utilization of tea waste in diverse fields, such as
environmental remediation (e.g., bioremediation and soil
amendment) (Kaliaperumal et al., 2023; Zou et al., 2023),
energy generation (e.g., biogas production) (Seth et al.,
2023), fabrication of polymer composites (Prabhu et al,,
2021), development of electrical devices for energy storage
(e.g., supercapacitors) (Ratnaji & Kennedy, 2020), and its
application as a bio-manure (Karatas, 2022; Seth et al.,
2023). Tea waste contains similar components and
guantities to regular tea, with notable levels of nitrogen
(4.5%), potassium (4.6%), and phosphorus (0.6%), and it has
been proven pathogen-free and non-phytotoxic (Manyuchi
et al., 2018; Sui et al., 2019; Debnath et al., 2021; Seth et al.,
2023). Several studies have shown that the use of tea waste
as a co-substrate can significantly improve the growth and
yields of both tomato and oyster mushrooms compared
with control treatments (Pane et al., 2016; Karatas, 2022).
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Peppers (Capsicum annum L.), an exotic vegetable with a
unique flavor, are a valuable source of vitamins and
bioactive compounds (Anaya-Esparza et al., 2021). These
compounds, including provitamins A, E, and C, phenolic
compounds, and carotenoids, offer several health benefits,
including anti-inflammatory, antidiabetic, antimicrobial, and
immunomodulatory properties (Sagar et al., 2018; Coman et
al., 2020; Samtiya et al., 2021). Peppers, which range in color
from red to yellow depending on ripeness and pigments
(chlorophylls or carotenoids), are categorized as either hot
or sweet and are cultivated in subtropical climates
worldwide (Anaya-Esparza et al., 2021).

This study conducted the first comprehensive evaluation of
tea waste as a substrate for Charleston pepper cultivation,
investigating its effects on growth, yield, and optimization
potential in various combinations: 1) Tea waste alone, 2) Tea
waste + manure, 3) Tea waste + soil, 4) Tea waste + manure
+ soil, and 5) Tea waste + manure + soil + perlite.
Additionally, a control substrate of 6) Manure + soil,
commonly used for Charleston pepper cultivation, was
included for comparison. This study aims to provide
complementary data on the potential of tea waste as a
sustainable alternative substrate, with the goal of reducing
reliance on soil, lowering cultivation costs, and promoting
the valorization of agro-industrial waste.

Material and Methods

The study was conducted at the Recep Tayyip Erdogan
University Faculty of Agriculture research greenhouse in
2016. The experimental setup used organic tea waste
sourced from a tea factory in Rize as the primary growing
medium. Composted barn manure was obtained from a
local producer in Rize. The manure used was derived from
year-old, composted cattle manure. The perlite used in the
mixture was coarse agricultural perlite with a particle size of
3-6 mm. The peat used was a fine-textured sphagnum moss
peat with a pH of 6 and was sterilized to be free of
pathogens such as nematodes and fungi (Klasmann TS1).
Both perlite and peat were acquired from the “Tartes”
company.

The soil characteristics analyzed in this research were as follows:
pH = 4.7 (indicating acidity), EC = 0.73 dS/m (non-saline), organic
matter content = 1.93% (low), lime content = 0.21% (low), and
phosphorus content = 2.19 mg/kg (very low). The soil was
classified as clayey.

The plant material used in this study consisted of the
“Charliston 341” “Yalova Charleston” variety obtained from
the Torun Seed Company. This variety is characterized by its
yellow-green color, thick fruit wall, and sweet taste, and it is
classified as a Charleston-type pepper.
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Table 1.
Compositions of different substrates applied to Charleston
pepper (Capsicum annuum L.) cultivation.

SUBSTRATE Ratios (v/v)
Manure + Soil (control) 1:1

Tea waste 1

Tea waste + Manure 2:1

Tea waste + Soil 2:1

Tea waste + Manure + Sail 2:1:1

Tea waste + Manure + Soil + Perlite 2:1:1:1

The experiment involved the preparation of five different
media using tea waste (T), perlite (P), soil (S), and composted
barn manure (M) at varying volume ratios (v/v) (Table 1). A
mixture of manure and soil (M + S) was used as the control.
The experiment was designed as a randomized block trial
with three replications, each containing five plants.

e Seed sowing occurred on March 24, 2016, in black plastic
pots (18x16 cm), with 3-4 seeds planted per pot.

e After germination, two seedlings were left in each pot, and
one was used for seedling measurements. The time at
which 50% of the seeds germinated was recorded as the
germination time.

e Measurements were taken when the seedlings had 3-4
true leaves and included cotyledon width, cotyledon
length, leaf width, leaf length, leaf area, leaf chlorophyll
content, hypocotyl length, seedling height, seedling stem
diameter, and dry matter content. These measurements
were conducted on five samples.

e Flowering dates were recorded when 50% of the plants
had flowered.

e Plant and leaf measurements were taken on August 9,
2016, and fruit harvesting was conducted on August 10,
2016. For green peppers that had reached harvest
maturity, measurements included fruit width, fruit length,
peduncle length, average fruit weight, and dry matter
content. These measurements were taken from five fruits.
Additional mature Charleston peppers were harvested
once and categorized into three groups: red, orange, and
green. For each group, measurements of fruit width,
length, fruit count, total fruit weight, and average fruit
weight were taken.

e Leaf measurements were performed on 10 fully grown
leaves to assess leaf blade width, length, area, leaf
chlorophyll content, and dry matter content. At the end of
the experiment, plant height and stem diameter were
recorded for each of the five plants.

Irrigation was carried out using a filtered bucket, based on
the drying of the soil in the pots. To more precisely
determine the impact of environmental conditions on plant
development, no commercial manure was used.

e The dry matter content was determined by drying the
leaves in an oven at 70°C until the weight of the fresh
leaves stabilized.

e Leaf area measurements were taken on fully developed
leaves randomly selected from each plant. The leaf area
was measured using the WinDIAS image analysis system
(Delta-T Devices, UK) and an HP Scanjet G2410 scanner
(Hewlett-Packard, Palo Alto, California, USA).

e Chlorophyll levels were measured using a Konica Minolta
SPAD-502 Plus chlorophyll meter (Konica Minolta, Tokyo,
Japan). Width and length measurements were performed
using a digital caliper and millimeter ruler.

Statistical analysis

The data from three replications are presented as Mean +
SD, are displayed in descending order in the figures to clearly
illustrate the decrease in observed values across different
substrate treatments. To evaluate significant variations in
the cultivation, growth, and vyield characteristics of
Charleston pepper across various substrates, one-way
ANOVA was used if the data followed a normal distribution,
as verified using the Shapiro-Wilk test. For data that did not
meet the normality assumption, the Kruskal-Wallis test was
applied. Prior to conducting principal component analysis
and dendrogram analysis, the data were standardized using
the log + 0.1 transformation (Alkan et al., 2019). All statistical
analyses were performed using R software.

Results
Duration to Tso
Seed germination

The mean number of days required for Tsp germination of
control seeds was 20.3 + 0.6 days, which was significantly
higher than the Tea Waste + Manure + Soil treatment and
Tea Waste + Manure + Soil + Perlite treatment (one-way
ANOVA, Fs12) = 17.6, p <.05). The overall maximum number
of days was observed for tea waste treatment, with 8.4%
more time required for Tsp germination (Figure 1).

Flowering

The control treatment, Manure + Soil, produced Tso
flowering in 55.0 + 1.7 days, which was significantly
shorter than that of all other treatments (one-way
ANOVA, Fis12) = 32.1, p <.05). The control treatment was
followed by Tea Waste + Soil treatment, which took 58.0
+ 1.0 days to Tso flowering (Figure 1).
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Physical properties Seedling leaf of the Charleston pepper
(Capsicum annuum L.) cultivated on different substrates. T,
tea waste; M, manure; S, soil; P, perlite.
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Physical properties of Cotyledons of the Charleston pepper
(Capsicum annuum L.) cultivated on different substrates. T,
tea waste; M, manure; S, soil; P, perlite.
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Fruiting

Similarly, flowering, the control treatment of Manure + Soil
took a shorter time to provide Tso fruiting, which was 60.0 £
1.0 days, followed by Tea Waste + Manure + Soil treatment
with 62.0 £ 1.0 days) and Tea Waste + Soil treatment 62.7 +
1.5 days (Figure 1). The T fruiting was significantly different
between treatments (one-way ANOVA, Fis 12 = 21.3, p <.05).

Physical properties Seedling leaf and Cotyledon

The mean (+ s. d.) of the seedling leaf and cotyledon leaves
under different treatments are provided in Table 1. The control
treatments, Manure + Soil and Tea Waste + Soil, provided the
seedling leaves with the highest length and width sizes, which
differed significantly from the other treatments (Figure 2). On
the other hand, on the other hand, the smallest length and
width of the seedling leaves were treated with Tea Waste,
followed by Tea Waste + Manure. The highest chlorophyll
contents were observed in the control treatment (Manure +
Soil) followed by Tea Waste + Manure + Soil treatment, while
the Tea Waste treatment had the lowest chlorophyll contents
(Figure 2). The highest dry matter content of seedling leaves
was provided by the Tea Waste + Manure treatment, followed
by the Tea Waste + Manure + Soil and Tea Waste + Manure +
Soil + Perlite treatments, which were significantly similar (one-
way ANOVA, P > 0.05). Likewise, the Tea Waste treatment
provided the poorest results and the lowest dry matter content
among the treatments (Figure 2).

The Cotyledon response to different treatments was consistent
with seedling leaf, providing better results in the control,
Manure + Soil, and Tea Waste + Soil treatments. Furthermore,
the lowest chlorophyll was observed in Charleston pepper
cultivated under Tea Waste treatment. However, the smallest
Cotyledon length and width were provided by Tea Waste +
Manure + Soil + Perlite followed by Tea Waste (Figure 3).
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Physical properties of plants and leaves

The plant size of the Charleston pepper also showed significant
variations between different treatments, with the highest
height of the plant being achieved by the Tea Waste + Manure
treatment, followed by the Tea Waste + Soil. The smallest plant
size was observed for Tea Waste + Manure + Soil + Perlite
followed by the control treatment, Manure + Soil treatment
(Figure 4). The highest chlorophyll contents were recorded in
leaves treated with Tea Waste + Manure and Tea Waste + soil.
On the other hand, the control treatment (Manure + Soil
treatment) provided the leaves with the lowest chlorophyll
content (Figure 4).

The length, width, and dry matte of leaves did not
significantly differ between treatments (P > 0.05). The
highest length and width of leaves were recorded for Tea
Waste + Soil followed by Tea Waste + Manure + Soil and then
the control treatment, Manure + Soil (Figure 5). However,
the highest dry matter content of leaves was recorded in the
Tea Waste + Manure + Soil + Perlite treatment, followed by
the Tea Waste + Manure + Soil treatment and then the
Control treatment, Manure + Soil.
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Physical properties, plant height, and leaf chlorophyll
content of the Charleston pepper (Capsicum annuum L.)
cultivated on different substrates. T, tea waste; M, manure;
S, soil; P, perlite.
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Physical properties of leaves of the Charleston pepper
(Capsicum annuum L.) cultivated on different substrates. T,
tea waste; M, manure; S, soil; P, perlite.

Fruit number per plant

At 139 days, the fruits were harvested and categorized (as
green, yellow, or red), and counted for each substrate. The
highest mean number of total fruits (green, yellow, and red)
per plant was observed in the Tea Waste + Soil substrate,
with an average of 18 fruits per plant. This was followed by
Tea Waste + Manure + Soil + Perlite substrate, with an
average of 15 fruits per plant. The lowest mean count of
total fruits per plant was recorded for the Tea Waste +
Manure substrate, with an average of 11 fruits per plant.

The mean counts of fruits (green, yellow, or red) among
different substrates showed significant differences.
However, in the subsequent analysis using the Tukey test,
the differences among the different substrates were not
significant. Nonetheless, significant differences were
observed for the green fruits, with the Tea Waste substrate
exhibiting a significantly higher number of green fruits
(Fs,12) = 12.59, p <.001; Figure 6). The mean weight of a
single Charleston pepper did not differ significantly among
the different substrates (Green: one-way ANOVA, Fiz6 =1.78,
p =.251, Yellow Charleston pepper: Kruskal-Wallis One-
Way ANOVA, H=4.02, p =.547; and Red: one-way ANOVA,
Fs,12) = 0.578, p =.717).

Physical characteristics of the Charleston pepper

The physical properties of the Charleston pepper differed
greatly between treatments. The highest-width Charleston
pepper was produced using the Manure + Soil treatment,
followed by Tea Waste + Manure + Soil and Tea Waste + Soil.
The Charleston pepper was the smallest width in the Tea
Waste treatment. The dry matter of the Charleston pepper
also exhibited significant variations. The highest dry matter
content was provided by Tea Waste + Manure + Soil +
Perlite, followed by Tea Waste and Tea Waste + Soil. The dry
matter of Charleston peppers obtained using the Manure +
Soil treatment was significantly smaller than that of other
types (Table 2).

PCA and dendrogram analysis

The first and second principal components explained up to
60% of the variation in the data (Figure7). The number of
significant correlations was 17, and six were negatively
correlated. Negative correlations were found between fruit
weight (green) and Fruit width with a Pearson correlation of
-0.65. A significant positive correlation between Fruit width
and red Charleston pepper count was recorded (a Pearson
correlation of 0.49. However, the green fruit and red
Charleston pepper counts were negatively correlated, with
a Pearson correlation of -0.82 (Figure 7).

The cluster analysis dendrogram identified three clusters.
The first cluster was created by Tea Waste treatment and
Tea Waste + Manure treatment, which contributed up to
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97.1%. This cluster exhibited the highest dissimilarity with
the others. The second cluster was created by the control
group, Manure + Soil (Figure 8). This second cluster
exhibited the highest similarities with the third cluster

16

compared to the first cluster. In the third cluster, the highest
similarity was recorded between the Tea Waste treatment

and the Tea Waste + Manure + Soil, at 98.2%.
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Fruit count per plant and mean (+ s. d.) weight of individual Charleston pepper (Capsicum annuum L.) cultivated on different

substrates. T, tea waste; M, manure; S, soil; P, perlite. The green, yellow, and red colors indicate the fruit colour stage.

Table 2.

Effects of different substrates on the physical properties (Mean # s. d.) of Charleston pepper (Capsicum annuum L.) harvested

at Tso fruiting stage.

Fruit width Fruit length Fruit stem length Fruit dry matter TSS
SUBSTRATE (mm) em) ) %) (%)
Tea waste 30.16 £+ 2.97° 13.95+0.61 40.60 £ 0.25 9.90 £0.29 6.87 £ 0.59
Tea waste + Manure 31.16 £+ 2.07° 14.73 £0.91 38.78 +2.52 6.06 + 5.25 417 £3.61
Tea waste + Soil 34.01+1.72% 15.13+0.49 4191+3.04 9.29£0.36 7.47 £0.50
Manure + Soil 36.58 +£1.33° 14.75 £ 0.59 45,18 £2.73 8.27+0.42 6.57 £ 0.38
Tea waste + Manure + Soil 34.07 £ 0.45% 14.41+0.84 42.63+2.92 9.20+£0.72 7.00 £ 0.00
Tea waste + Manure + Soil + Perlite 32.87 £1.25% 15.32+£1.22 39.08 £4.47 10.06 £ 0.49 6.87£0.42

TSS: total soluble solid content

Substrates with the same letter are not significantly different from each other.
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Principal component analysis revealed a correlation between
the different types of Charleston pepper cultivated on
different substrates. The green, yellow, and red colors
indicate the fruit colour stage and values in italic belong to
the fruiting stage of Tso. TSS stands for total soluble solid
content (%).

Discussion

The findings of this study highlight the potential of tea waste
as a sustainable co-substrate for Charleston pepper
cultivation, especially when combined with other materials
such as soil and manure. This is consistent with the results
reported by Duarah et al. (2024), who also demonstrated
the effectiveness of tea waste in enhancing soil fertility and
plant growth when used as part of an integrated substrate
mix. In this study, it was observed that high concentrations
of tea waste (e.g., tea waste treatment) initially hindered
seed germination and early plant growth. This can be
attributed to the high polyphenol and tannin content in tea
waste (S6kmen et al., 2018; Duarah et al., 2024; Wang et al.,
2024), which might have allelopathic effects and potential
phytotoxicity in young seedlings. These compounds are
known to delay germination and inhibit root elongation, a
phenomenon previously documented in studies on organic
waste materials in agriculture (De Almeida et al.,, 2014;
Nahed et al., 2015; Wang et al., 2024). However, when used
as part of a balanced co-substrate, tea waste has significant
benefits for early-stage pepper growth, likely due to the
synergistic interactions between tea waste and other
organic materials (Debnath et al., 2021; Kumar et al., 2023).
The combination of soil, manure, and perlite in the growing
medium not only dilutes the phytotoxic effects of
polyphenols but also enhances the physical properties of the
substrate (Kumar et al., 2023). This balanced mixture may
improve aeration, water-holding capacity, and nutrient
availability, promoting more vigorous early growth, as
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evidenced by increased seedling height and leaf number. In
this study, the inclusion of perlite, for example, could
contribute to better root oxygenation and drainage,
mitigating potential waterlogging issues often associated
with the use of organic waste as a substrate (Pane et al.,
2016; Karatas, 2022; Kumar et al., 2023).

Tea leaves, which are rich in nitrogenous compounds (Wang
et al., 2020; Debnath et al., 2021), release nitrogen into the
soil as they decompose, which can improve leaf color and
plant health over time, even without the use of commercial
manure (Peksen & Yakupoglu, 2009). Nitrogen is a vital
macronutrient for pepper plants, particularly during the
vegetative stage, as it is essential for chlorophyll synthesis,
leaf development, and biomass accumulation (Hunde, 2020;
da Silva Magalhdes et al., 2023).

Tea waste enhances soil structure by improving porosity,
water retention, and cation exchange capacity (CEC), which
are crucial for plant growth, while also helping to retain
moisture, reduce irrigation needs, and form stable soil
aggregates that facilitate root penetration and nutrient
access (Debnath et al., 2021; Kumar et al., 2023). The
presence of lignocellulosic compounds in tea waste further
supports its use as a co-substrate (Barathi et al., 2017).
These compounds enhance the structural integrity of
substrates, allowing for better root anchorage and water
infiltration (Sial et al., 2019). Thus, combining tea waste with
faster-decomposing materials like manure might offer a
balanced nutrient supply throughout the growth cycle,
making it a valuable resource for sustainable agriculture,
particularly where high-quality organic amendments are
limited.

Conclusion and Recommendations

This study highlights the potential of tea waste as a
sustainable alternative substrate for Charleston pepper
cultivation, particularly when combined with components
like soil, organic manure, and perlite. While high tea waste
concentrations initially inhibited seed germination and early
vegetative growth—probably due to its limited immediate
nutrient availability and the presence of inhibitory
compounds—its use as part of a balanced mixture showed
significant benefits. The combination of tea waste with soil
and manure promoted early seedling development,
enhanced leaf coloration, and improved overall plant vigor,
suggesting a gradual release of nutrients, particularly
nitrogen, as tea waste decomposes over time.

Based on these findings, the use of tea waste as a co-
substrate is recommended, rather than as the sole medium
for Charleston pepper cultivation. Further research is
needed to optimize tea waste as a sustainable substrate by
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exploring pre-treatment methods like composting or
microbial inoculation to enhance nutrient release.
Additionally, testing different substrate compositions with
materials such as biochar or compost could help identify
optimal mixtures for various crops. Investigating the long-
term effects of tea waste on soil health, including nutrient
cycling and microbial activity, is also crucial, as is studying
crop-specific responses to ensure broader agricultural
applicability. Addressing these areas will further validate tea
waste as an eco-friendly alternative to synthetic fertilizers
and promote more sustainable agricultural practices.
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