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Metin AYDOGDU, Kadir AKAN

BUGDAYDA YAPAY EPIDEMI ALTINDA SARI PAS HASTALIGI

INOKULE EDILEN VE EDILMEYEN BITKILERIN AYRIMINDA

COK BANTLI (HIPERSPEKTRAL) VERILERIN KULLANILMA
OLANAKLARININ ARASTIRILMASI

0z

Sar1 pas (Etmen; Puccinia striiformis f. sp. tritici) hastaliginin erken dénem-
de kontrolii yasanabilecek kayiplarin en alt diizeye indirilmesinde krtik derecede
onemlidir. Arastirmada hastalik inokule edilen ve inokule edilmeyen bazi ekmek-
lik ve makarnalik ¢esitlerinde spektral yansima degerleri hesaplanmis, elde edilen
grafikler yorumlanarak hastalik stresinin degisen fenolojik donemlerdeki farkls
bant araliklarindaki gelisimleri degerlendirilmistir. Arastirma 2018-2019 yetistir-
me sezonunda Bayraktar 2000, Demir 2000, Eser ve Kenanbey ekmeklik cesitleri
ile Cesit-1252, Eminbey, Kiziltan 91 ve Mirzabey 2000 makarnalik ¢esitleri kul-
lanilarak ytritilmiistir. Materyal 33-35 cm sira arasi,] m uzunlugundaki siraya
3 tekerriirlt olarak Ekim ay1 i¢inde elle ekilmistir. Hastaligin taze sporlar1 ugucu
mineral yag icinde homojenize edilerek %0, %25, %50, %100 uygulama dozlarinda
test materyaline uygulanmistir. Hastaligin reaksiyon degerlendirmeleri 25 May1s
ile 06, 15 Haziran tarihlerinde yapilmis olup, enfeksiyon katsayilar1 hesaplanmis-
tir. Calisma sonucu inokule edilmeyen grupla farkli uygulama dozu inokule edi-
len gruplar karsilastirildiginda, spektral yansima degerleri, ayn1 gelisme donemi
boyunca gériiniir bolgede artarken, Yakin Kizil Otesi bolgede azalma tespit edil-
mistir. Hastalik inokule edilmeyen Ekmeklik ve makarnalik bugday ¢esitlerinde
iceklenmenin baglangici olan (25 May1s 2019) erken orta dénemde (10.5.1), go-
riniir bolge bantlarinda diisitk yansima degerleri tespit edilmis olup, kirmizi (red)
bolgeden itibaren yansima degerlerinde bir artis gozlemlenmistir. Dane baglama
donemi olan (06 Haziran 2019) orta-ge¢ déonemde (10.5.3), siit olum dénemi olan
gec dénemde (10.5.4) Yakin Kizil Otesi bélgede ise yansima degerlerinde bir azal-
ma belirlenmistir. Caliyma sonucunda bugdayda farkli fenolojik donemlerde belir-
lenen yansima degerleri incelendiginde, sar1 pas hastaliginin teshisinde erken-orta
gelisme doneminde, goriiniir bolge bantlarimin, orta-ge¢ donemde ise Yakin Kizil
Otesi bolge bantlarinin daha belirleyici oldugu gériilmiistiir.Calismanin farkl lo-
kasyonlarda farkls hastalik dozlarinda daha sik zaman araliklarinda tekrarlanmasi
ve insaniz hava araclarina takilmis hyperspektral kameralarla dogrulanmas: fay-
dali olacaktir.

Anahtar Kelimeler: Bugday, Sar1 pas (Puccinia striiformis f. Sp. tritici), Cok Bantli
(Hiperspektral) Veri, Uzaktan Algilama.
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INVESTIGATION OF THE POSSIBILITIES OF USING
HYPERSPECTRAL DATA TO DIFFERENTIATE YELLOW RUST
DISEASE INOCULATED AND NON-INOCULATED PLANTS UNDER
ARTIFICIAL EPIDEMIC IN WHERT

ABSTRACT

Early control of yellow rust (causal agent; Puccinia striiformis f. sp. tritici) is critically
important in minimising the losses that may occur. In this study, spectral reflectance val-
ues were calculated in some bread and durum varieties inoculated and not inoculated with
disease and the obtained graphs were interpreted and the development of disease stress in
different band ranges in different phenological periods were evaluated. The research was
conducted in 2018-2019 growing season using Bayraktar 2000, Demir 2000, Eser and Ke-
nanbey bread varieties and Variety-1252, Eminbey, Kiziltan 91 and Mirzabey 2000 durum
varieties. The material was sown by hand in 33-35 cm row spacing, 1 m long row in 3
replications in October. Fresh spores of the disease were homogenised in essential mineral
oil and applied to the test material at 0%, 25%, 50%, 100% application doses. The reaction
evaluations of the disease were made on 25 May and 06, 15 June and the infection coeffi-
cients were calculated. As a result of the study, spectral reflectance values increased in the
visible region and decreased in the Near Infrared region during the same growth period
when the non-inoculated group and the groups inoculated with different application doses
were compared. In the early middle period (10.5.1), which is the beginning of flowering (25
May 2019) in bread and durum wheat varieties that were not inoculated with the disease,
low reflection values were detected in the visible region bands, and an increase in reflection
values was observed from the red region. A decrease in reflectance values was determined
in the Near Infrared region in the middle-late period (10.5.3), which is the grain setting pe-
riod (06 June 2019), and in the late period (10.5.4), which is the milking period. As a result
of the study, when the reflectance values determined in different phenological periods in
wheat were examined, it was seen that visible region bands were more determinative in the
early-mid development period and Near Infra Red region bands were more determinative
in the middle-late period in the diagnosis of yellow rust disease. It would be useful to repeat
the study at different locations with different disease doses at more frequent time intervals
and to verify it with hyperspectral cameras mounted on unmanned aerial vehicles..

Keywords: Wheat, Yellow Rust (Puccinia striiformis f. Sp. tritici), Hyperspectral
Data, Remote Sensing.
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1. GIRIS

Uzaktan algilama teknolojilerinin bitkisel tiretim alanlarinda farkli amaglarla
kullanimi her gegen giin artmakta olup, kritik diizeyde verilerin hizli toplanmasi
ve islenmesi ulusal ve kiiresel diizeyde siirdiiriilebilir gida giivenliginin saglanmas:
i¢in 6nemlidir. Uzaktan algilama teknikleri ve konularinda son dénemde yasanan
gelismeler bazi fitopatojenler tarafindan olusturulan bitki hastaliklarinin yerinde
belirlenmesinde, hiperspektral teknikler kullanilarak bitkiye herhangi bir zarar
verilmeden teshis imkanlar1 saglayabilmektedir (Lu ve ark., 2018). Hiperspektral
analizler, zengin dar bant ve yiiksek ¢6ziiniirliik 6zellikleri nedeniyle bitkiler tize-
rinde hastaliklarin neden oldugu biyofiziksel ve morfolojik degisimlerin ortaya ko-
nulabilmesinde 6nemli bir aragtir. Bu avantajlari nedeniyle farkli gelisme donem-
lerinde bitkilerde gozlenebilecek bazi hastaliklarin erken teshis edilebilmesinde
ve erken donemde kontrol edilmesi igin karar alinmasinda énemli bilgilerin elde
edilmesi miimkiin olabilmektedir (Zhang ve ark., 2012; Devadas ve ark., 2015).
“Hiperspektral Uzaktan Algilama” teknikleri, farkl: tipteki bazi abiyotik ve biyo-
tik stres faktorlerinin bitkilerde neden oldugu fakat ¢iplak gozle belirlenemeyen
biyofiziksel ve biyokimyasal degisikliklerin tespit edilmesinde kullanilabilmekte-
dir (Mahlein ve ark., 2013). Bir¢ok basit ama etkili optik ara¢ kullanilarak insan
goziiniin algilayabileceginden ¢ok daha genis bir spektral bant araliginda nesne
veya yapilar algilanabilmektedir (Hatfield 1993; Nicolas 2004; Moshou ve ark.,
2005; Qin ve Zhang 2005). “Uzaktan Algilama” ve “Optik sensor” teknolojilerin-
deki son dénem de yasanan gelismeler, genis alanlarda bazi bitkisel iiriinlerin de
vejetasyonun gelisimi, farkli stresleri varligi, siddeti ve yaygiliginin belirlenmesi
ile aralarindaki iligkileri onyargidan ve olas1 kisisel degerlendirme yanlislarinin bir
sonucu olarak olusabilecek hatalar1 ortadan kaldirarak veya en alt seviyeye indi-
rerek, izlenen parametre veya parametreler hakkinda siirekli kayit altina alabilme
ve depolama imkani vermektedir. Optik sensor teknolojisi ve buna bagh uzaktan
algilama teknikleri bitki kanopisinin spektral yansima karakteristikleri tizerine da-
yandirilmaktadir. Bu karakteristikler; bitkinin vejetatif donemde beklenen gelisme
(sagligina), yapragin pigment ve fotokimyasal kapsamui ile bunlarin 151k ile olan
iligkisine baghdir (Gitelson ve ark., 2001).

Bitki hastaliklarinin 6ncelikle teshis sonrasinda ise hastalik siddetinin belir-
lenmesi i¢in hipersektral uzaktan algilama verileri kullanilarak, bugdayin spektral
yansima Ozelliklerinin ortaya konulmasi, sar1 pas hastaliginin siddetinin belirlen-
mesinde, hastaligin kontroliiniin zamaninda ve ekonomik olarak yapilmasi i¢in
onemlidir. Saglikli olarak degerlendirilen yesil bitkilerin yesil bant disinda visible
(goriiniir) bolgede ytiksek absorbsiyon (diisiik reflektans) gosterdigi, Yakin Kizilo-
tesi (Near Infrared Reflactance, NIR) bolgede diisiik absorbsiyon yiiksek reflektans
gosterdigi bildirilmistir (Nilsson ve ark., 1995).

https:/doi.org/10.7161/0muanajas1338803 d



Bugdayda Yapay Epidemi Altinda Sari Pas Hastaligi inokule Edilen ve Edilmeyen...

Bitki hastaliklarinin tespitinde, spektral verilerin etkin olarak kullanimi, uy-
gulama amacina baglhdir. Bant araliklarina gére 400-700 nm bitkinin yaprak pig-
ment kompozisyonu ve striiktiiriinii, 700-1100 nm ise su kapsami hakkinda bilgi
verebilmektedir (Mahlein ve ark., 2013). Farkli aragtirma gruplar: tarafindan, bitki
yapraginin sahip oldugu klorofil, antosiyanin ve su miktarini belirlemek i¢in farkl
dalga boylarindan reflektans degerleri kullanilarak elde edilmis farkli indeksler ge-
listirilmigtir (Penuelas ve ark., 1995; Gitelson, ve ark., 2002). Naidu ve ark. (2009)
tarafindan yiritilen bir ¢alismada, bitki virtis hastaliklarin teshisinde yaprak
reflektans degerlerini kullanmistir. Hastalikla enfekteli olan ve enfekteli olmayan
yapraklarin tespiti, vejetasyon indeksleri kullanilarak %70 dogrulukta belirlene-
bilmistir. Moshou ve ark. (2004) tarafindan yiirtiilen bir ¢caligmada ise, bitkilerde
kanopi seviyesinde yapilan ¢aligmalarda spektral bolgede sar1 pas hastaliginin be-
lirlenmesinde kullanilabilecek en hassas bantlarin 680, 725 ve 750 nm oldugunu
rapor etmiglerdir. Bugdayda pas hastaliklarinin tarla kogullarinda belirlenmesi i¢in
kanopi ve yaprak seviyesinde olmak tizere farkli ¢alismalar yiirtitiilmistiir. Benzer
sekilde Zhang ve ark. (2012) tarafindan yiiriitiilen bir ¢calisma sonucunda, bitkide
sar1 pas hastaliginin belirlenmesinde, bazi spektral bant bolgelerindeki spektral se-
killer ve spektral 6zellikler arasinda korelasyonlar oldugunu ortaya koymuslardir.

Bu ¢alismanin amacy; bazi ekmeklik ve makarnalik gesitler kullanilarak yapay
epidemi gartlarinda farkli sar1 pas (Puccinia striiformis f. sp. tritici) hastalig1 spor
dozu uygulamalarinin farkli fenolojik dénemlerde olusan hastalik siddeti gelisi-
minin spektral yansima degerleri ile izlenmesi ve ¢aligma sonucunda hastalikli
inokule edilen ve edilmeyen bitki gruplarinin karsilagtirilarak, farkli diizeylerde
hastalik gozlenen test bitkilerin ayriminda kullanilabilecek spektral bolgelerin ve
bant araliklarinin incelenmesidir.

2. MATERYAL VE YONTEM
2.1 Materyal

2.1.1Temel Arastirma Bilgileri ve Materyal

Arastirma, Tarla Bitkileri Merkez Aragtirma Enstitiisiit (TARM) Yenimahalle
(Ankara) lokasyonu arastirma alanlarinda 2018-2019 iiretim sezonunda ytiriitiil-
miistiir. Lokasyona iliskin 2018-2019 yilinin bazi aylarina iliskin ortalama iklim
verileri (OMNI-Meteoroloji) Sekil’ 1 de verilmistir (Anonim, 2019). Arastirma
alan1 toprak tekstiirti, killi-tinli olarak belirlenmistir. Arastirmada kullanilan ire-
tici ve tiiketici ihtiyaclarina uygun olarak farkli yillarda, TARM Mudiirligi tara-
findan tescil ettirilmis 4 ekmeklik ve 4 makarnalik ¢esidin yapay ve dogal epidemi
sartlarinda sar1 pas hastaligina karst olan reaksiyonlar1 bilinmektedir (Cizelge 1).
Arastirma materyaline ek olarak; hastaliginin yayilmasi, degerlendirme zamani-
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nin belirlenmesi ve hastalik reaksiyon diizeylerinin kontrol edilmesi i¢in amaciyla
“Little Club” genotipi “hassas kontrol” olarak kullanilmuistir.

Ankara-Yenimahalle Lokasyonu fklim Verileri (2018-2019)

0
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Sekil 1. 2018-2019 tiretim sezonu Yenimahalle (Ankara) lokasyonun da 6lgiilen
bazi ortalama aylik iklim verileri

Figure 1. Some average monthly climate data measured at Yenimahalle (Ankara)
location during the 2018-2019 growing season

Cizelge 1. Arastirma da kullanilan gesitler tescil yillar1 ve hastalik reaksiyon grubu

Table 1. Varieties used in the research, registration years and disease reaction group

Ekmeklik Grup Makarnalik Grup
Cesit Adi Tescil Yih ~ Hastalik Cesit Ad1 Tescil Yili  Hastalik
Reaksiyonu Reaksiyonu

Eser 02.05.2003  Dayanikli Eminbey 06.04.2009  Dayanikh
Bayraktar 2000  28.04.2000  Orta Hassas  Cesit-1252 26.04.2000 ~ Orta Hassas
Demir 2000 28.04.2000  Hassas Kiziltan 91 26.04.1991  Orta Hassas
Kenanbey 06.04.2009  Hassas Mirzabey 2000  28.04.2000  Orta Hassas

2.2 Yontem

2.2.1 Materyalin Ekimi

Aragtirmanin yiiritiilmesinde kullanilan ekmeklik ve makarnalik cesitler ile
hassas kontrol genotipi igin dort farkls hastalik dozu uygulamasi (%0, %25, %50,
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%100) i¢in tesadiifi bloklar1 deneme desenine gore ekilmistir. Hem ekmeklik hem
de makarnalik cesitler i¢in hastalik inokule edilmeyen 2 blok (negatif kontrol veya
%0 dozu*ekmeklik ve makarnalik grup) ve hastalik inokule edilen alt1 blok (%25,
%50, %100*ekmeklik ve makarnalik grup) olmak {izere toplam 8 bloktan olustu-
rulmustur. Tim materyale, hastaligin erken dénemde bulagsmanin engellenmesi
i¢in tekerriirler aras1 mesafe 50 cm., farkls hastalik dozu uygulama bloklari arasin-
daki mesafe 75 cm. olacak gekilde planlanmistir. Téiim test materyali 3 tekerriirlii
olarak, 2018 yili Ekim ay1 icerisinde 33-35 cm sira aralig1 ve 1 metre sira uzunlugu
olacak sekilde 3 sira olarak elle ekilmistir.

2.2.2 Test Materyaline Hastaliin inokiilasyonu

Tarla (ergin) evresi ¢alismalar: icin hastalik inokulasyonu “Ulusal Bitki Koru-
ma Standartlarina” (Li ve ark., 1989) uygun olarak ytriitilmiistiir. Bitkinin sapa
kalkma donemi olarak degerlendirilen 06 Mayis 2019 tarihinde (Bitki gelisme
donemi, Feekes skalasi 6) birinci inokulasyon, 13 Mayis 2019 tarihinde (gigek-
lenme baslangici 6ncesi donem Feekes skalas1 10) ikinci inokulasyon uygulamast
yapilmistir. Hastalik inokulasyonu i¢in hastalik enfeksiyonu i¢in uygun olabilecek
sicaklik ve nem kosullarinin saglanabildigi glinesin batisina yakin bir zamanda ya-
pilmistir. Inokulasyon sirasinda havanin riizgarsiz olmasina 6zellikle dikkat edil-
mis olup, inokulasyon dozunun diger tiim bloklara tagmnmasi veya bulasmasinin
engellenmesi i¢in uygulama yapilan blogun cevresi plastik tasinabilir bariyerlerle
cevrelenerek spor taginimi engellenmistir. Hastalik inokulasyon uygulamalari i¢in
yeni toplanan etmenin iirediniosporlar1 3 mg/200 mL (%25), 6 mg/200 mL (%50),
12 mg/200 mL (%100) dozlar1 i¢in ugucu mineral yag (Soltrol® 170) igerisinde ho-
mojenize edilerek ULV+® cihazi kullanilarak hastalik gozlemlerinin alinacagi 6
bloga uygulanmustir. Negatif Kontrol Grubu olan %0 grubuna ayni miktarda saf
su uygulanmustir.

2.2.3 Hastalik Reaksiyonlarin Dedgerlendirmesi ve Hiperspektral Gbzlemlerin
Alinmasi

Calismanin amaci, hastalik inokule edilmeyen ve hastalik inokule edilen grup-
lar arasinda hastalik reaksiyonlarini en iyi korele edebilecek spektral yansima de-
gerlerini ve bu degerlerin ayrilmasinda kullanilabilecek olan bant araliklarinin
belirlenmesidir.

Bu amaca yonelik olarak; tiim test materyalinin yaprak diizeyinde ve kanopi
seviyesinde sar1 pas hastaliginin siddetinin hesaplanmast i¢in, sar1 pas hastaligina
ozgi farkli renk degisimlerine gore belirlenen spektral reflektans degerlerindeki
farkliliklar kullanilarak ¢oklu korelasyon (multi correlation) teknigi uygulanmistir.
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Hastalik gozlemleri 25 Mayis 2019, 06 Haziran 2019, 15 Haziran 2019 tarihle-
rinde (7 giinliik periyotlarla) hastalik inokule edilmeyen ve hastalik inokule edilen
gruplarin farkli fenolojik dénemlere gore bitki fenolojisi ile ilgili tim gozlemler,
ayni1 giin i¢inde farkli fenolojik gelisme donemleri i¢in Feekes skalasi kullanilarak
alinmustir (Large, 1954). Hastalik reaksiyonlarinin degerlendirilmesi ve hipers-
pektral degerlendirmeleri es zamanl olarak yapilmistir. Hastalik reaksiyonlarinin
degerlendirildigi hiperspektral gozlemlerin alindig: tarihler, fenolojik donem ve
Feekes skalasi ile Zadoks skalalar1 Cizelge 2’ de verilmistir (Fowler, 2018).

Cizelge 2. Gozlem tarihleri ile Feekes skalas1 ve Zadoks skalasina gore bitki evresi

Table 2. Plant stage according to Feekes scale and Zadoks scale with observation dates

Gelisme Dénem  Gozlem Tarihleri Evre Feekes Skalas1  Zadoks Skalas1
25 Nisan 2019 Bagaklanma Sonu 10.5.0 59
Cigeklenme Baglangici 10.5.1
Erken 25 May1s 2019 (Erken Dénem) 60
. Dane Baglama 10.5.3
06 Haziran 2019 (Erken-Orta Donem) 69
Geg 15 Haziran 2019 Siit Olum Dénemi 10.5.4 71

(Orta-Geg Dénem)

Her tekerriirde ve her hastalik uygulama dozundan 20 yaprak olacak sekilde
(8 cesit *5 yaprak) tig tekerriirde toplam 60 bayrak yapraginda hastalik reaksiyonu
degerlendirilmistir. Hiperspektral 6l¢timler istten ti¢tincii yaprak tercih edilmekle
birlikte, bu yapragin 6l¢iim icin uygun olamadigr durumlarda istten ikinci yap-
raktan yapilmustir.

2.2.4 Hastalik Reaksiyonlarinin ve Hiperspektral Verilerin Degerlendirilmesi

Hastaligin reaksiyonlarinin degerlendirmesi i¢in “Modifiye Cobb” skalasi kul-
lanilmigstir. Bu skalaya gore; “Hastaligin siddeti” (Hastaligin yaprak da kapladig
% alan) (Peterson vd., 1948) ve “hastaligin reaksiyon tipleri” (Reaksiyon tipleri;
R:0,2; MR:0,4, MR-MS:0,6; MS:0,8; S: 1) (Roelfs vd., 1992) ¢arpimu ile Enfeksiyon
Katsayist (EK) hesaplanmustir (Roelfs vd., 1992). EK reaksiyon birlikte degerlendi-
rildiginde 5 grup olusturulmustur (Akan, 2019). Bu reaksiyonlar1 gruplar1 EK= 0;
Immun, EK < 0,1-5; Dayanikli, EK < 5.1-20; Orta Dayanikli, EK < 20.1-40; Orta
Hassas, EK < 40.1-100; Hassas olarak degerlendirilmis olup EK= 0-20; Dayanikli
grup, EK < 20.1-100 hassas grup olarak degerlendirilmistir.

Hastalik indeksinin (HI) hesaplanmasinda Huang vd., (2007) tarafindan bildi-
rilen esitlik 1. kullanilarak hesaplanmistir.
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f
Hi(%)= i?f x100 (1]

Hi(%)= Hastalik Indeksi
n= En yiiksek hastalik siddeti degeri
f= Her hastalik siddeti derecesindeki yapraklarin sayis:

Bu hesaplama i¢in 6l¢iim yapilan yapraklarin dijital ve termal kamera kullani-
larak elde edilen resimlerinden ArcGIS 10.5.1 Programi® igerisinde “Image Clas-
sification” gorintii siniflama modiiliinde kontrolsiiz siniflandirma (Unsupervised
Classification) uygulamas: kullanilarak her bir gesit icin ortalama bir hastalik sid-
deti (%HS) hesaplanmustir.

Hastalik indeksi (HI %), hesaplanmasinda, hastaligin yapragn iist yiizeyinde
kapladig1 hastalikli alanin toplam yaprak alanina boliinmesi ve enfeksiyon katsa-
yist (S:1, S-MS, MS-S: 0,9; MS: 0.8; MS-MR, MR-MS: 0.6; MR: 0.4; R: 0.2) (Roelfs
vd., 1992) ile carpilmasiyla esitlik 2. elde edilmistir. Enfeksiyon katsayilar1 (EK)
hastalik siddeti reaksiyonlarina gére (%HS) 5 grup igerisinde smiflandirilmistir
(Immun: 0 EK, Dayanikl:: 0.1-5.0, Orta dayanikli: 5.0-20.0, Orta hassas: 20.1-40.0,
Hassas: 41.0-100) (Akan 2019). Her degerlendirmede her gesit i¢in hastalikla kap-
l1 alan hastalik siddetine gore 9 sinifa ayrilmistir (%0, %1, %10, %20, %30, %45,
%60, %80 ve %100). Herhangi bir hastalik belirtisi gozlenmedigi durumda yapilan
hesaplanmalarda %0 degeri, yapragin tamamen hastalikla kapli oldugunu ve en
siddetli hastalik sinifinda yapilan hesaplanmalarda %100 degeri ile ifade edilmistir.

HS(%)= HI (%) x EK (2]

HS (%)= Hastalik Siddeti
EK = Enfeksiyon Katsayisi

2.2.5 Bitki Kanopi Seviyesi Spektral Yansima Olciimlerinin Alinmasi ve
Dederlendirilmesi

Kanopi spektroradyometrik reflektans 6l¢timleri, portatif el spektroradyomet-
resi ekipmani kullanilarak bulutsuz ve giines 15181n1n deneme alanina dik geldigi
zaman dilimlerinde (11:00-15:00 saatleri arasinda) yapilmistir. Spektroradyomet-
re kullanilarak spektral reflektans 6lgiimleri, 330-1150 nm ‘lik bant genisliginde
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3 nm'lik araliklar ile yapilmistir. Olgiimler, bitkinin kanopi yiizeyinden 25 cm’lik
yukaridan ve toprak yiizeyine 25°lik bir aci ile yapilmistir. Yapilan olgiimler, es
zamanl olarak kablo baglantisi kullanilarak bilgisayar ortamina aktarilmigtir. Ol-
¢imler 3 farkli fenolojik donemde yapilmis olup alinan spektral yanstma ol¢tim-
lerinin (her bir ¢esit i¢in 3 adet yansima degeri) ortalamas: alinarak hesaplamada
kullanilmistir.

Biitiin fenolojik donemler igin regresyon ve korelasyon analizleri IBM SPSS
Statistics (versiyon 24.0) paket programu kullanilarak temel istatistik ve varyans
analizleri yapilmigtir (IBM SPSS Statistics 2016).

3. BULGULAR VE TARTISMA

3.1 Farkli Hastalik Dozu Uygulamalarinda Hastalik Siddetinin Farkli Dalga
Boylarindaki Yansima Degerleri ile iligkileri

Bir yapragin spektral-optik davranisi, yapragin striiktiirii ve igerisindeki mev-
cut pigmentlerin yapisina baglidir. Klorofil; bitkinin yesil yapraklar: igerisindeki
mevcut dominant pigmenttir. Klorofil, elektromanyetik spektrum tizerindeki go-
rinir (visible) bolgedeki mavi (blue) (450 nm) ve kirmizi (red) (680 nm) bolgeler-
deki 151810 yaklasik %70-90’1ik kismini absorbe eder. Yesil 151k ne kadar az absorbe
edilirse o kadar fazla yansitilir (Nilsson, H.E., 1995a). Insan gozii sadece canl
bitkinin rengi olarak yesil 151§1n baskin oldugu yansimasini goriir (Myers 1983;
Lillesand ve Kiefer 1994; Campbell 1996).

Genel olarak yesil vejetasyon doneminde yapilan yaprak yansima okuma de-
gerlendirmeleri, elektromanyetik bolgenin goériiniir, Yakin kizil6tesi (Near-infra-
red, NIR) ve kisa dalga boyuna sahip kizil 6tesi bolgelerde (Infrared veya IR), yap-
rak pigmentleri, hiicre yapisi ve hiicresel su kapsamindan etkilendigi bilinmektedir
(Huang vd., 2007; Huang vd., 2012). Farkli spektral bant araliklarindaki yansima
degerlerini ifade etmek igin, elektromanyetik spektrumun 331-1141 nm bant ara-
l1g1 icerisinde yer alan goriiniir bolge bantlar1 (331-700 nm) ve NIR bolge bantlar:
(700-1141 nm) arahigr dikkate almmmistir. Hastalik inokule edilmeyen gruplarin
farkl: fenolojik dénemleri i¢in spektral yansima egrileri incelendiginde gelismenin
erken dénemlerinde bitkilerin klorofil absorbsiyonunda degisim olmadig, gorii-
niir bolgede hastalik inokule edilmeyen gruplar da yansima degerlerinde bir azal-
ma gozlenirken, kirmizi (Red) bolge bantlarindan itibaren yansima degerlerinde
artisin oldugu belirlenmistir.
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3.2 Farkli Fenolojik D6nemlerde Hastalik inokule Edilmeyen Gruplar icin
Spektral Yansima iliskileri (%)

Hastalik inokule edilmeyen gruplarda (negatif kontrol veya %0 dozu) yer alan
ekmeklik bugday cesitlerinden Eser, Bayraktar 2000, Kenanbey ve Demir 2000
cesitlerinde ciceklenmenin baslangici olan (25 Mayis 2019, Feekes 10.5.1) erken
donemde, goriiniir bolge bantlarinda diisiik yansima degerleri ve kirmizi bolge-
den itibaren yansima degerlerinde bir artis belirlenmistir. Dane baglama dénemi
olan erken-orta donemde (06 Haziran 2019, Feekes 10.5.3) ve siit olum dénemine
rastlayan orta-ge¢ donemde (15 Haziran 2019, Feekes 10.5.4) ise NIR bolgede yan-
sima degerlerinde bir azalmanin oldugu belirlenmistir (Sekil 2). Makarnalik bug-
day ¢esitlerinde de (Eminbey)giceklenme baglangici doneminde, goriiniir bolge
bantlarinda, diisiik yansima degerleri belirlenirken, en yiiksek yansima degerlerine
Kirmizi bolgeden itibaren 6zellikle NIR bolgede tespit edilmistir. Bitki gelisiminin

ilerleyen siireglerinde NIR bolge bantlarinda yansima degerlerinde azalis egilimi
belirlenmistir (Sekil 3).

Bayraktar 2000 Fenolojik Dénem Yansima
(%) Tligkisi (Hastahk Inokule Edilmeyen Grup)
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15 Haziran 2019 25 Nisan 2019

Dalga Boyu (nm)
25 Mayis 2019 e 06 Haziran 2019
15 Haziran 2019

Sekil 2. Fenolojik Dénem-Yansima Sekil 3. Fenolojik Donem-Yansima
(%) 1ligkisi (Bayraktar 2000 cesidi (%) Tliskisi (Eminbey cesidi hastalik

hastalik inokiile edilmeyen grup) inokiile edilmeyen grup)
Figure 2. Phenological Period-Reflection  Figure 3. Phenological Period-Reflec-
(%) Relationship (Bayraktar 2000 tion (%) Relationship (Eminbey va-
variety disease not inoculated group) riety disease not inoculated group)

3.3. Ekmeklik Bugday Cesitlerinde Hastalik Siddeti (%HS) ve Spektral
Yansima (%) iliskileri

Hiperspektral uzaktan algilama verileri kullanilarak, bugday bitkisinin sar1 pas
hastalig stresine bagli olarak olusan spektral tepkisi, hastalik reaksiyon seviyeleri-
nin ayirt edilmesinde gok 6nemli oldugu degerlendirilmistir. Arastirmada hastalik

inokule edilmeyen ve edilen test materyali bitkilerin ti¢ farkli fenolojik donemdeki
yansima degerleri kayit edilmistir.
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Eser ¢esidi i¢in; hastalik inokule edilmeyen grup da NIR bélgede kanopinin
yesil oldugu pigment konsantrasyonun en yogun oldugu ¢igeklenme baglangici
doneminde belirlenen yansima degerleri, en ytiksek seviyede (695-930 nm) oldu-
gu saptanmistir. Bu durumu sapa kalkma donemi takip etmis (695-950 nm) olup
gelismenin ge¢ agamalarinda dane baglama ve siit olum doneminde ise daha dii-
stik yansima degerlerinin varligi belirlenmistir (Sekil 4). NIR bolgede farkli has-
talik dozlarina bagl olarak hastalik inokule edilen edilmeyen gruplar arasindaki
en yliksek yansima degisimi %50 ve %100 hastalik dozu uygulamalarinda tespit
edilmistir. Bu durum %50 ve %100 hastalik dozu uygulamalarimin NIR bolgede
(723-970 nm) hastalik siddetinin artisinda etkili oldugunu gostermektedir. Erken
donemde hastalik inokule edilen edilmeyen gruplar arasindaki yansima degerleri

birbirine yakin iken, gelismenin ileri donemlerinde farkliligin daha belirgin hale
geldigi tespit edilmistir (Sekil 5).

. E;eere$1d1 Fenolojik Dt‘mgm Yansuma (%) Eser Cesidi Hastalik Dozu Yansima [ligkisi
iligkisi (Hastalik Inokule Edilmeyen Grup) (%0 (%) (Hastalk Inckule Edilen Gruplar)
100

dozu) 100
]
80 ~ 80 Y
~ ~ ',
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g 40 g a0
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2 SIFARACEER IRz REEES 822
Dalga Boyu (nm) Dalga Boyu (nm)
25 Nisan 2019 e 25 Mayis 2019 e ORT (Hastalilsiz) s ORT (% 25)

06 Haziran 2019 15 Haziran 2019 ORT (% 50)

ORT (% 100)

Sekil 4. Fenolojik Dénem-Yansima (%)  Sekil 5. Fenolojik Dénem-Yansima
Mliskisi (Eser gesidi hastalik inokule (%) Tligkisi (Eser gesidi hastalik
edilmeyen grup) inokule edilen gruplar)

Figure 4. Phenological Period-Reflection  Figure 5. Phenological Period-Refle-
(%) Relationship (Eser variety disease not  ction (%) Relationship (Eser variety
inoculated group) disease inoculated groups)

Kenanbey ¢esidi i¢in; hastalik inokule edilmeyen grupta yapilan degerlendir-
meler sonucunda, yansima degerlerinde en yiiksek degisim, erken donemleri i¢cine
alan NIR boélgede yer alan sapa kalkma doneminde ve yine ayni bélgede yer alan
ciceklenme baslangic1 déneminde, 716-930 nm bantlarinda belirlenmistir (Sekil
6). Hastalik inokule edilen edilmeyen gruplarin, farkli hastalik dozu uygulama-
larina bagl olarak yansima degerleri incelendiginde hastalik inokule edilmeyen
ve %25 hastalik dozu uygulamasinda 700-975 nm NIR bélgesi bant araliginda en
yliksek yansima degerleri belirlenmistir (%36-%39). Ayni bant araliginda daha dii-
siik yansima degerleri saptanan %100 ve %50 hastalik dozu uygulamalarinin takip
ettigi degerlendirilmistir (%18-%34) (Sekil 7).
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Sekil 6. Fenolojik Dénem-Yansima (%)
Mliskisi (Kenanbey cesidi hastalik
inokule edilmeyen grup)

Figure 6. Phenological Period-Reflection
(%) Relationship (Kenanbey variety
disease not inoculated group)

Sekil 7. Hastalik Dozu-Yansima (%)
Iliskisi (Kenanbey ¢esidi hastalik
inokule edilen gruplar)
Figure 7. Phenological Period-Ref-
lection (%) Relationship (Kenanbey
variety disease inoculated groups)

Bayraktar 2000 gesidi igin; hastalik inokule edilmeyen grupta en yiiksek yansi-
ma degerlerine erken donemleri igeren ¢igeklenme baslangici1 doneminde NIR bol-
gede yer alan Kirmizi+Kirmizi Sinir (Red+ Red Edge) bantlarinda (682-921 nm)
izlenmis olup, bu durumu sapa kalkma doneminin takip ettigi belirlenmistir ($ekil
8). Hastalik inokule edilen edilmeyen gruplar karsilastirilmali olarak degerlendi-
rildiginde en yiiksek yansima degerleri (%18-%36), hastalik inokule edilmeyen
(%0) ve %25, %100 hastalik dozu uygulamalarinda NIR bant araliginda (709-930
nm) oldugu tespit edilmistir. Ayni1 bant araliginda daha diisiik yansima degerini
%50 hastalik dozu uygulamas: takip ettigi degerlendirilmistir (%17-%33) (Sekil 9).
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(%0 Dozu) eruplar)
) N 3
< g ] £ 4
rJ = 3
g 50 o R 0 ==
g /"wn"'/ a
& E o
I . - A

Dalga Boyu (nm) - — . Dalga Boyu (nm) __
25 Mayis 2019 s 06 Haziran 2019 e ORT (Flastallisiz) e OF,

15 Haziran 2019 25 Nisan 2019 OR (% 50)

ORT(

Sekil 8. Fenolojik Dénem-Yansima (%)
Miskisi (Bayraktar 2000 gesidinde has-
talik inokule edilmeyen grup)
Figure 8. Phenological Period-Reflection
(%) Relationship (Bayraktar 2000 va-
riety disease not inoculated group)

Sekil 9. Fenolojik Dénem-Yansima
(%) 1ligkisi (Bayraktar 2000 ¢esidi
hastalik inokule edilen gruplar)
Figure 9. Phenological Period-Reflec-
tion (%) Relationship (Bayraktar 2000
variety disease inoculated groups)
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Demir 2000 ¢esidi i¢in; degerlendirme yapilan fenolojik dénemlerde hastalik
inokiile edilmeyen grupda en yiiksek yansima degerlerine erken donemleri de igi-
ne alan sapa kalkma déneminde NIR bolgede yer alan Kirmizi+Kirmizi Sinir bant-
larinda belirlenmistir (685-942 nm). Bu durumu ¢iceklenme baglangic1 dénemi,
erken-orta donem ve orta-ge¢ donem takip ettigi degerlendirilmistir (Sekil 10).
Hastalik inokule edilen edilmeyen gruplar birlikte degerlendirildiginde; farkl: has-
talik dozu uygulamalarinda en yiiksek yansima degerleri (%19-%38), %25 hastalik
dozu uygulamasinda NIR bolgesi bant araliginda (704-940 nm) saptanmustir. Ayni
bant araliginda daha diisiik yansima degerlerini hastalik inokiile edilmeyen (%0)

ve %100 ile %50 hastalik dozu uygulamalarinin takip ettigi belirlenmistir (%12-
9%34) (Sekil 11).

Demir 2000 Cesidi Fenolojik Donem -Yansima (%)
{ligkisi (Hastaltk inokule Edilmeyen Grup)
100 (%0 Dozu)

g
%40 @
g 240
>420 > 20
" P

Demir 2000, Gesidi Hastaltk Dozu-Yansima (%)
Tliskisi (Hastalik Inokule Edilen Gruplar)

L
MO MNNCCNCEOCILONN RS —m TN = = -= Tyt
GEEEREAORRECERERRYEEREEREEE SRS ETIRE2NaREgEHYseE
Dalga boyu (nm.) Dalga Boyu (nm)
e 25 Nisan 2019 5 May1s 2019 s ORT (Hastaliksiz) s ORT (%525
i 2 S i 2 .
06 Haziran 2019 e 15 Haziran 2019 ORT ('?'n 30) ORT (% 100)

Sekil 10. Fenolojik Donem-Yansima
(%) Tliskisi (Demir 2000 gesidinde has-
talik inokule edilmeyen grup)

Sekil 11. Fenolojik Dénem-Yansima
(%) Tliskisi (Demir 2000 gesidi hasta-
lik inokule edilen gruplar)

Figure 10. Phenological Period-Reflecti-
on (%) Relationship (Demir 2000 variety
disease not inoculated group)

Figure 11. Phenological Period-Ref-
lection (%) Relationship (Demir 2000
variety disease inoculated groups)

Ekmeklik bugday cesitlerinde farkli sar1 pas hastalig1 doz uygulamalarinda
spektral bant araliklarina karsilik gelen yansima degerleri (%) olarak Cizelge 3'de

verilmistir.
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Cizelge 3. Ekmeklik bugday cesitlerinde spektral bant bolgelerine gore farkls
hastalik dozlarina karsilik gelen yansima degerleri (%)

Table 3. Reflection values corresponding to different disease doses according to
spectral band regions in bread wheat varieties (%)

% Yansima Degeri Bant Araliklar:

é Mavi Yesil Kirmizi Kirmizi Sinir NIR NIR
‘g Hastalik Fark
O Dozlan 335-510 510-600 600-700 700-750 nm  750-1100 nm
g %0 27.39-7.49  7.49-1049  10.49-14.05  14.05-34.96 34.96-78.30  43.34
§ %25 26.50-7.35  7.35-10.60  10.60-14.23  14.23-34.72 34.72-75.39  40.67
:i %50 21.87-7.88  7.88-9.50 9.50-12.73  12.73-28.40  28.40-76.61  48.21
& %100 24.15-10.25 10.25-11.61 11.61-15.34  15.34-35.23 35.23-77.83  42.60
- %0 28.15-8.11  8.11-11.45  11.45-15.38  15.38-39.02 39.02-77.95  38.93
% %25 29.14-8.93  8.93-12.41  12.41-16.83  16.83-44.60 44.60-75.22  30.62
.g %50 21.61-8.11  8.11-9.53 9.53-13.11  13.11-31.70  31.70-76.45  44.75
= %100 22.22-7.97  7.97-8.64 8.64-12.24 12.24-33.65 33.65-75.85  42.20
%0 27.26-7.27  7.27-10.35  10.35-14.29  14.29-36.54 36.54-78.96  42.42
5 %25 25.77-7.25  7.25-10.39  10.39-14.41  14.41-37.33 37.33-74.87  37.54
& %50 21.96-8.02  8.02-9.15 9.15-12.79  12.79-29.14  29.14-75.83  46.69
%100 20.81-7.19  7.19-8.20 8.20-11.80 11.80-30.98 30.98-74.60  43.62
%0 27.13-7.47  7.47-10.86  10.86-14.58  14.58-34.44 34.44-75.61 41.17
.-g %25 25.13-7.57  7.57-10.19  10.19-13.99  13.99-34.16 34.16-74.52  40.36
Ea %50 20.99-6.87  6.87-8.26 8.26-11.41  11.41-27.00  27.00-76.04  49.04

%100 21.92-8.39  8.39-10.53  10.53-14.26  14.26-29.81 29.81-76.51 46.70

Ekmeklik grup birlikte degerlendirildiginde; farkli hastalik dozu uygulama-
lar altinda farkli bant bolgelerine gore degisen yansima degerleri elde edilmistir.
Hastalikl1 ve hastaliksiz bitkilerin ayriminda kullanilabilecek bant araliklarinin be-
lirlenmesinde belirleyici esas unsur, Yakin Kizil Otesi (NIR) bolgedeki minimum
ve maksimum yansima degerleri arasindaki farkin biyiikliigii olmustur. Bu fark
ne kadar biiyiik ise hastaligin siddeti o kadar fazla, ne kadar kiigiik ise o kadar az
olmaktadir.

Ekmeklik esitler tizerinden yapilacak genel bir degerlendirmede; NIR bolgesi
incelendiginde hastalik inokule edilmeyen grup ile farkl: hastalik dozu uygulama-
lar1 arasindaki en yiiksek yansima degeri (%34.96-%78.30) Bayraktar 2000 ¢esi-
dinde belirlenmistir. Bunu sirasiyla, Eser (%36.54-%78.96), Kenanbey (%34.44-
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%75.61) ve Demir 2000 cesitleri takip etmistir. Ekmeklik ¢esitlerde, %25 hastalik
dozu uygulamasinda en fazla fark (%40.67) Bayraktar 2000 ¢esidinde tespit edilmis
olup, en az fark (%30.62) ise Demir 2000 ¢esidinde belirlenmistir.

Eser gesidinde farkls hastalik dozu uygulamalarin da en fazla degisim 729-1022
nm bant araliginda %24.66-%49.24 arasinda gergeklestigi belirlenmistir. En fazla
hastalik siddeti degisiminin %50 hastalik dozunda gergeklestigi, buna karsin %100
ve %25 hastalik dozlarinda ise hastalik siddetinde 6nemli bir degisim olmadig1
degerlendirilmistir.

Kenanbey ¢esidinde farkli hastalik dozu uygulamalarinda yansima degerlerin-
de en fazla degisim 723-1010 nm bant arahiginda %21.48-%45.34 arasinda gergek-
lestigi belirlenmistir. Hastalik inokule edilmeyen grup ile hastalik inokule edilen
gruplar karsilastirildiginda, en yiiksek hastalik siddeti degisimi %50 hastalik dozu
uygulamasinda gerceklestigi belirlenmistir. Bununla birlikte %100 ve %25 hastalik
dozlarinda 6nemli bir degisim olmadig1 degerlendirilmistir.

Bayraktar 2000 ¢esidinde farkli hastalik dozu uygulamalarinda en fazla degi-
sim 689-984 nm bant araliginda %50 hastalik dozu uygulamasinda %12.63-%38.74
yansima degerleri araliginda gergeklestigi belirlenmistir.Bunu sirastyla %100 has-
talik dozu ve %25 hastalik dozu uygulamalarinin takip ettigi degerlendirilmistir.

Demir 2000 cesidinde farkli hastalik dozu uygulamalarinda en fazla degisim
729-1033 nm bant araliginda %26.76-%60.04 yansima degerleri araliginda gergek-
lestigi belirlenmistir. Hastalik inokule edilmeyen grup ile hastalik inokule edilen
gruplar karsilagtirildiginda, en fazla hastalik siddeti degisimi %50 hastalik dozun-
da gergeklestigi, %100 ve %25 hastalik dozlarinda ise 6nemli bir degisim olmadig1
degerlendirilmistir.

Hastalik inokule edilmeyen gruplarda yer alan bitkilerin farkli fenolojik d6-
nemlerinde elektromanyetik spektrum tizerinde bant bélgelerine gore farkl yan-
sima degerleri belirlenmistir (Cizelge 4). Bu farkli yansima degerleri hastalik ino-
kule edilen yada edilmeyen grupta hangi fenolojik donemlerin daha etkin olarak
kullanilabileceginin bir 6l¢iisii olarak yorumlanmistir. Ozellikle NIR bolgesindeki
yansima degerleri arasindaki belirlenen farkliliklar, hastalik inokule edilen ve edil-
meyen grupta hangi bantlarin 6ncelikli olarak kullanilacag1 yontinde karar veri-
lebilmesinde 6nemli oldugu diistiniilmektedir. Hastalik inokule edilmeyen test
materyalinde bu farklilik, biitiin ekmeklik cesitlerde 6zellikle erken dénemde ¢ok
daha az, orta-ge¢ donemde ise en yiiksek diizeydedir.
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Cizelge 4. Hastalik inokule edilmeyen (%0) ekmeklik ¢esitlerde bant bélgeleri-
ne gore fenolojik donemler i¢in hesaplanan spektral yansima degerleri ve araliklar

Table 4. Spectral reflectance values and ranges calculated for phenological periods
according to band regions in bread varieties not inoculated (0%) with disease

% Yansima Degeri Bant Araliklar:

5 Fenolojik Mavi Yesil Kirmiz1 Kirmiz1 NIR T
7 Donem 335510 510600 600-700 S 750-1100 oo
o nm nm nm 700-750 nm nm

10.5.1 37.39-9.84  9.84-11.89  11.89-17.24 17.24-60.87  60.87-78.23 17.36

10.5.3 19.71-491  4.91-7.85 7.85-10.43 10.43-27.09  27.09-81.14 54.05

Bayraktar
2000

10.5.4 19.74-7.04 7.04-11.23  11.23-14.21 14.21-17.03 17.03-81.15 64.12

§ 10.5.1 8.03-8.92 8.92-12.14  12.14-15.95 15.95-63.37  63.37-73.11 9.74
f‘é 10.5.3 4.71-5.84 5.84-8.19 8.19-11.26 11.26-32.22  32.22-73.10 40.88
8 10.5.4 6.30-8.92 8.92-14.78 14.78-18.14 18.14-21.48 21.48-81.78 60.30

10.5.1 7.15-8.96 8.96-10.98  10.98-16.99 16.99-64.35  64.35-78.96 14.61
2 10.5.3 5.19-5.84 5.84-8.73 8.73-11.63 11.63-28.19  28.19-72.68 44.49

10.5.4 4.90-6.93 6.93-10.98 10.98-14.28 14.28-17.08 17.08-85.13 68.05
5 10.5.1 37.33-8.28  8.28-12.73  12.73-15.64 15.64-61.39  61.39-77.24 15.85
-§ 10.5.3 19.92-5.78  5.78-7.98 7.98-10.98 10.98-23.55  23.55-77.17 53.62
>

10.5.4 19.37-7.48 7.48-12.56 12.56-15.74 15.74-18.39 18.39-77.24 58.85

Yaprak pigmentleri, yapraklarin yansima karakteristiklerini ve 151k absorbsi-
yonunu 6nemli diizeyde etkileyen karotinoidler ve antosiyaninler icerir. Yaprak
gelisimi siirecinde klorofil miktar1 zamanla azalir, karotinoidlerin miktari artar ve
yaprak sararir. Bu durumda goriiniir bolgede (500 nm) yansima degerinde keskin
bir artig gozlenmesi beklenir. Bu artig gortiniir bolgenin yesil ve kirmizi bantlar:
boyunca devam eder. Yakin Kizil Otesi (NIR) dalga boylarinda sar1 yapraklar, yesil
yapraklara gore daha diisitk yansima gostermektedir (Myers 1983; Lillesand 1994;
Campbell 1996).

3.4 Makarnalik Bugday Cesitlerinde Hastalik Siddeti (%HS) ve Spektral
Yansima (%) iligkileri

Kiziltan 91 ¢esidi i¢in; Hastalik inokule edilen grupta spektral yansima de-
gerleri, ayni fenolojik donem siiresince goriniir bolgede artarken, NIR bolgesinde
azalmistir (Sekil 12). Erken donemde hastalik inokiile edilen ve edilmeyen bitki-
ler arasindaki yansima farkliliklar1 daha sinirli diizeyde degerlendirilmis olmak-
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la birlikte, gelismenin ilerleyen donemlerinde bu farklilik daha da belirgin hale
gelmistir. Gelismenin ileri agamalarinda ekimden sonraki gegen giinler itibariyle
(185., 197. ve 206. giinler) hastalik inokule edilmeyen grupta, goriiniir bolgede
550-700 nm bant araliginda belirlenmistir. Hastalik inokule edilen gruplar da ise,
daha diistik yansima degerleri saptanmis, gelismenin ileri asamalarinda ise artan
hastalik dozu uygulamasina bagli olarak NIR bolgesinde daha yiiksek yansima
degerlerinin varlig1 belirlenmistir. Bu durum incelenen erken gelisme dénemin
de bitkilerin klorofil ve pigment miktarinin fazla olmasi ve buna bagl olarak 151k
absorbsiyonunun yiiksek olmasindan kaynaklanmasiyla iliskilendirilmistir. Erken
donemde goriiniir bolgede hastalik inokule edilen ve edilmeyen gruplar arasinda-
ki yansima degerleri arasinda fark daha sinirli olarak degerlendirilirken, bu oran
NIR bolgesinin icinde yer aldig1 ge¢ donemde 710-972 nm bant araliginda daha
yiksek olarak belirlenmistir. NIR bolgede hastalik inokule edilen ve edilmeyen
gruplar karsilastirildiginda hastalik belirtisi gozlenen gruplarda daha digiik yan-
sima degerleri saptanmustir. Yansima degerleri incelendiginde, bu bant araliginda
en bityiik farklilik %25 hastalik dozu uygulamasinda belirlenmis olup bu durumu
sirastyla %50 ve %100 hastalik dozu uygulamalar: takip etmistir. Bitki fenolojik
periyotlar1 goz ontine alindiginda hem hastalik inokule edilen hem de edilmeyen
gruplarin spektral yansima farkliliklari goriiniir bolgede Mavi+Yesil (Blue+Green)
bolgede 426-575 nm bant araliginda, Kirmizi+Kirmizi Sinir bolgede 585-740 nm
bant araliginda ve NIR bolgesinde 760-1050 nm bant araliginda yiiksek korelasyon
degisimleri belirlenmigtir ($ekil 13). Farkli bant araliklarindaki bu degisimler yap-
raklarin yaglanma siirecine bagl olarak mezofil dokulardaki pigmentlerin kapsami
ile iligkili oldugu diisiiniilmektedir (Gitelson ve ark., 2002).

Kiziltan 91 Cegidi Fenolojik Dénem % Yansima iligkisi Kuziltan 91 Cesidi Hastalik Dozu-% Yansima
Hastalik Inokule Edilmeyen Grup (%0 dozu) 1ligkisi (Hastalik inokule edilen gruplar)
100 = 100
20 & 20

Yansima (%)
F
o
L
B
Yansima (%)
o [}
=} (=]
L6
5 ) §

Dalga Boyu (nm) Dalga Boyu (nm)
— 15 Mayis 2019 s (06 Haziran 2019 e ORT (Hastaliksiz) s ORT (% 25)
15 Hairan 2019 orr (% 30) ORT (% 100)

Sekil 12. Fenolojik Donem-Yansima (%) Sekil 13. Fenolojik Donem-Yansima
Mliskisi (Kiziltan 91 gesidinde hastalik (%) iliskisi (Kiziltan 91 ¢esidi hasta-
inokule edilmeyen grup) lik inokule edilen gruplar)

Figure 12. Phenological Period-Reflection  Figure 13. Phenological Period-Ref-
(%) Relationship (Kiziltan 91 variety dise-  lection (%) Relationship (Kiziltan 91
ase not inoculated group) variety disease inoculated groups)
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Cesit-1252 cesidi igin; Farkli fenolojik donemlerde hastalik inokule edilmeyen
grupta en yiiksek yansima degerlerine (%27-%68), erken donemleri igine alan ¢i-
¢eklenme baglangicinda belirlenmigtir. NIR bélgesinde yer alan Kirmizi+Kirmizi
Sinir bantlarinda (685-930 nm) belirlenmis olup, dane baglama dénemi olan er-
ken-orta donemin bunu takip ettigi degerlendirilmistir (%7.66-%35). Orta-ge¢ do-
nemde (siit olum) ise ayn1 bant araliginda daha sinirli (%14-%32) yansima deger-
leri saptanmugtir (Sekil 14). Hastalik inokule edilmeyen grupta en yiiksek yansima
degerleri (%26-%38) Kirmizi+ NIR 730-950 nm bantlar1 araliginda belirlenmistir.
Bu durumu ayni1 bant araliginda daha diisiik yansima degerleri (%24-%34) belirle-
nen %25, %50 ve %100 hastalik dozu uygulamalarinin izledigi degerlendirilmistir
(Sekil 15).

Cesit-1252 gesidi hastalik dozu-% yansima iligkisi
(Hastalik inokule edilen gruplar)

Cesit-1252 gesidi fenolojik donem % yansima iligkisi
hastalik inokule edilmeyen grup (%0 dozu)

Yansima (%)
[
(=l <lN=]
=
1 R
3
Yansima (%)
[ S .
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o | —_ o
TRARAIEN22TgRa8-89838R EoADEQIZLLRIBIBESRIZ A
P I e v v vy EREE Rt T PN
SRR RFLEBRERLRE S CERARAEEEREREIRRERSE
Dalga Boyu (nm) Dalga Boyu (nm)
e ORT (Hastaliksiz) e ORT (%% 25)

5 May1s 2019 s (}§ Haziran 2019

15 Hairan 2019 ORT (%30)

ORT (% 100)

Sekil 14. Fenolojik Donem-Yansima (%)
Miskisi (Cesit-1252 cesidinde hastalik

Sekil 15. Fenolojik Donem-Yansima
(%) Tliskisi (Cesit-1252 cesidi hasta-

inokule edilmeyen grup)

Figure 14. Phenological Period-Reflecti-
on (%) Relationship (Cesit-1252 variety
disease not inoculated group)

lik inokule edilen gruplar)

Figure 15. Phenological Period-Ref-
lection (%) Relationship (Cesit-1252
variety disease inoculated groups)

Eminbey cesidi i¢in; Hastalik inokule edilmeyen grupta en yiiksek yansima
degerleri (%16-%63), ciceklenme baglangic1 doneminde NIR bolgesinde yer alan
Kirmizi+Kirmizi Sinir bantlarinda (700-930 nm) belirlenmis olup, bunu dane bag-
lama d6énemi olan erken-orta doneminin izledigi degerlendirilmistir (%12-%34).
Orta-ge¢ donemde ise ayn1 bant araliginda daha diistik yansima degerlerinin var-
lig1 degerlendirilmistir (%11-%27) (Sekil 16). Hastalik inokule edilmeyen ve edi-
len gruplarin farkli hastalik dozu uygulamalarinda en yiiksek yansima degerleri
(%21-%41), hastalik inokule edilmeyen grupta Kirmizi+ NIR 720-1007 nm bant-
lar1 araliginda belirlenmistir. Bu durumu ayni bant araliginda daha diisiik yansima
degerleri (%21-%33) gosteren %100, %50 ve %25 hastalik dozu uygulamalarinin
sirastyla izledigi degerlendirilmistir (Sekil 17).
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Sekil 16. Fenolojik Donem-Yansima (%)
[liskisi (Eminbey cesidinde hastalik ino-
kule edilmeyen grup)

Figure 16. Phenological Period-Reflection

(%) Relationship (Eminbey variety disease
not inoculated group)

Sekil 17. Fenolojik Donem-Yansima
(%) Tliskisi (Eminbey cesidi hastalik
inokule edilen gruplar)
Figure 17. Phenological Period-Ref-

lection (%) Relationship (Eminbey
variety disease inoculated groups)

Mirzabey 2000 gesidi i¢in; Farkli fenolojik donemler de hastalik inokule edil-
meyen grup da en yiiksek yansima degerlerine (%15-%62) ¢iceklenme baslangi-
cinda NIR bolgesinde yer alan Kirmizi+Kirmizi Sinir bantlarinda (682-912 nm)
degerlendirilmis edilmis olup, bunu dane baglama dénemi olan erken-orta donem
takip etmistir (%10-%35). Orta-ge¢ donemde ise ayn1 bant araliginda daha diisitk
yansima degerleri (%10-%26) belirlenmistir (Sekil 18). Hastalik inokule edilen ve
inokule edilmeyen gruplar birlikte degerlendirildiginde, farkli hastalik dozu uygu-
lamalarinda en yiiksek yansima degerleri (%19-%44), hastalik inokule edilmeyen
grupta Kirmizi+NIR bolgeleri bantlar: (712-915 nm) araliginda degerlendirilmis-
tir. Bu durumu ayni1 bant araliginda daha sinirli yansima degerleri belirlenen %50,
%100 ve %25 hastalik dozu uygulamalarinin sirastyla (%17-%37) izledigi (Sekil 19)

degerlendirilmistir.
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Mirzabey Cesidi Fenolojik Dénem % Yansima Iligkisi
Hastalik Inokule Edilmeyen Grup (%60 Dozu)
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Sekil 18. Fenolojik Donem-Yansima
(%) 1ligkisi (Mirzabey 2000 gesidinde
hastalik inokule edilmeyen grup)
Figure 18. Phenological Period-Reflec-

tion (%) Relationship (Mirzabey 2000
variety disease not inoculated group)

Sekil 19. Fenolojik Dénem-Yansima
(%) liskisi (Mirzabey 2000 gesidi
hastalik inokule edilen gruplar)

Figure 19. Phenological Period-Reflec-
tion (%) Relationship (Mirzabey 2000
variety disease inoculated groups)

Makarnalik grup birlikte degerlendirildiginde; Hastalik inokule edilmeyen
grubun ayriminda kullanilacak olan etkili bolge, NIR boélgesi olarak belirlenmis-
tir. Hastalik inokule edilen ve edilmeyen gruplarin ayriminda kullanilan bolgenin
(NIR) spektral bant aralig1 icinde kalan en diisiik ve en yiiksek yansima degerleri
arasindaki farkin, farkli hastalik dozu uygulamalar: arasindaki hastalik siddetinin
ortaya konulmasinda etkili olabilecegi belirlenmistir. NIR bolgede hastalik inokule
edilen ve edilmeyen gruplar karsilastirildiginda, yansima degerlerindeki farklarin
yiiksek olmasi, hastalik gsiddetinin daha yiiksek olarak belirlenmesi, farkin diigitk
olmasi ise hastalik siddetinin daha diisiik olmast sonucunu ortaya koyabilecegini
distindtirmektedir.

Makarnalik gesitler tizerinden yapilacak genel bir degerlendirme olarak; NIR
bolgesindeki hastalik inokule edilmeyen grup ile farkli hastalik dozu uygulamalar:
arasindaki yansima degerlerindeki farkin en fazla Eminbey (%32.20-%76.17) gesi-
dinde oldugu belirlenmistir. Bu durumu sirasiyla Kiziltan 91 (%34.79-%78.17), Ce-
§it-1252 (%34.21-%74.23) ve Mirzabey 2000 gesitleri (%37.18-%75.08) izlemistir.
Makarnalik gesitlerde %25 hastalik dozu uygulamast ile hastalik inokule edilme-
yen grup karsilastirildiginda yansima degerleri arasindaki en fazla fark (%50.49)
Eminbey ¢esidinde, en kiigiik fark (%47.23) ise Kiziltan 91 ¢esidinde saptanmuistur.
Benzer sekilde yapilan karsilagtirmalar da; %50 hastalik dozu uygulamasinda en
fazla farkin (%49.99) Eminbey ¢esidinde, en dusiik farkin (%46.18) ise Mirzabey
2000 gesidinde belirlenmis olup %100 hastalik dozu uygulamasinda ise NIR bélge-
sindeki en yiiksek fark (%46.03) Cesit-1252, en kiigiik fark (%43.72) ise Kiziltan 91
gesidinde belirlendigi degerlendirilmistir
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Farkli hastalik dozu uygulamalariin makarnalik gesitler tizerindeki etkisi goz
ontine alindiginda, Kiziltan 91 ¢esidinde en yiiksek hastalik siddeti %25 hastalik
uygulama dozunda belirlenmis, bunu sirasiyla %50 ve %100 hastalik dozu uygu-
lamalarinin izledigi saptanmustir. Cesit-1252 ¢esidinde %25, %50 ve %100 hasta-
lik dozu uygulamalar1 arasindaki yansima degerleri birbirine benzer olup hastalik
siddeti degerleri arasinda 6nemli bir fark belirlenememistir. Eminbey cesidinde
en yiiksek hastalik siddeti degerlerine %25 hastalik dozu uygulamasinda belirlen-
mis olup bu durumu sirastyla %50 ve %100 hastalik dozu uygulamalarinin izledigi
saptanmuistir. Mirzabey 2000 ¢esidinde en fazla hastalik siddeti degerlerine %25
hastalik dozu uygulamasinda belirlenmis olup bu durumu sirasiyla %100 ve %50
hastalik dozu uygulamalarinin takip ettigi saptanmigtir (Cizelge 5).

Cizelge 5. Makarnalik bugday gesitlerinde spektral bant bélgelerine gére farkl
hastalik dozlarina karsilik gelen yansima degerleri (%)

Table 5. Reflection values corresponding to different disease doses according to
spectral band regions in durum wheat varieties (%)

% Yansima Degeri Bant Araliklar:

ko)
;"; Hastalik Mavi Yesil Kirmizi Kirmizi Sinir NIR NIR
Dozlar1 335-510 510-600 600-700 700-750 nm 750-1100 nm  Fark
%0 24.06-6.36  6.36-9.22  9.22-12.94  12.94-34.21 34.21-74.23 40.02
g %25 19.92-6.74 6.74-7.82 7.82-11.24 11.24-28.35 28.35-76.54 48.19
% %50 19.38-6.68 6.68-7.79  7.79-11.07 11.07-28.03 28.03-76.09 48.06
%100 19.87-7.22  7.22-8.14  8.14-11.43 11.43-28.95 28.95-74.88 46.03
%0 24.24-6.33  6.33-9.05  9.05-12.59 12.59-32.20 32.20-76.17 43.97
_“E %25 18.90-6.13 6.13-7.34 7.34-10.24  10.24-24.45 24.45-74.94 50.49
E %50 19.29-6.44 6.44-7.08  7.08-10.04  10.04-27.16 27.16-77.15 49.99
%100 19.94-7.55 7.55-8.77  8.77-12.17 12.17-30.30 30.30-76.32 46.02
%0 25.74-7.48  7.48-10.72 10.72-14.49 14.49-34.79 34.79-78.17 43.38
5 %25 20.72-7.04  7.04-8.35  8.35-11.43 11.43-27.38 27.38-74.61 47.23
S %50 20.64-6.74 6.74-7.87 7.87-11.20 11.20-30.24 30.24-78.01 47.77
%100 22.43-8.37 8.37-991  9.91-13.62 13.62-31.80 31.80-75.52 43.72
g %0 25.10-6.25  6.25-9.20  9.20-13.05 13.05-37.18 37.18-75.08 37.90
i %25 19.19-5.52 5.52-6.83 6.83-9.78 9.78-26.70 26.70-75.28 48.58
-g %50 20.38-6.56  6.56-8.05  8.05-11.51 11.51-30.74 30.74-76.92 46.18
=

%100 21.35-8.22  8.22-9.70  9.70-13.35 13.35-30.57 30.57-75.06 44.49
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Yansima degerleri arasindaki bu farkin hastalik inokule edilmeyen grup da ma-
karnalik gesitler i¢in NIR bolgesinde daha diistik olmasi, hastaligin yogun olarak
gozlendigi ge¢ donemlerde ise hastalik siddetinin artmasi ile iligkilendirilmistir.
Bu durumun yansima degerleri farkli hastalik dozu uygulamas: yapilan gruplar ile
hastalik inokule edilmeyen gruplarin ayriminin daha kolay olmasina imkan vere-
bilecegini ditsiindiirmektedir (Cizelge 6).

Cizelge 6. Hastalik inokule edilmeyen (%0) makarnalik ¢esitlerde bant bolge-
lerine gore fenolojik donemler i¢in hesaplanan spektral yansima degerleri ve bant
araliklar1

Table 6. Spectral reflectance values and ranges calculated for phenological periods
according to band regions in durum varieties not inoculated (0%) with disease

% Yansima Degeri Bant Araliklar:

g "

=  Fenolojik

%2 Dénem Mavi Yesil Kirmizi  Kirmizi Smur NIR NIR
o 335-510 510-600 600-700 700-750 nm  750-1100 nm  Fark
o 1051 22.28-7.84  7.84-9.87 9.87-15.19 15.19-61.53 61.53-67.09 5.56
N

:':. 10.5.3 20.48-4.82  4.82-7.16 7.16-15.19 15.19-24.99 24.99-81.52 56.53
@

Q

o

10.5.4 20.46-6.17 6.17-9.89 9.89-13.41  13.41-16.12  16.12-81.70  65.58

10.5.1 32.17-8.28  8.28-11.24  11.24-15.94  15.94-58.28 58.28-65.95 7.67

10.5.3 19.92-5.17  5.17-8.42 8.42-11.46 11.46-24.33 24.33-90.41 66.08

Eminbey

10.5.4 18.27-5.36  5.36-8.45 8.45-11.48  11.48-13.98  13.98-82.79  68.81

= 1051 22.17-8.16  8.16-10.47  10.47-15.19  15.19-58.95 58.95-69.55 10.60
_§ 10.5.3 19.96-9.78  9.78-6.17 6.17-9.02 9.02-21.72 21.72-82.27 60.55
5 10.5.4 25.92-9.89 9.89-15.27 15.27-19.25 19.25-21.72  21.72-87.29  65.57
§ 10.5.1 23.52-8.76  8.76-11.92 11.92-17.44 17.44-65.60  65.60-66.79 1.19
Q

_g 10.5.3 19.05-4.78  4.78-7.87 7.87-17.44 17.44-32.37 32.37-83.67 51.30
N

§ 10.5.4 19.02-4.78 4.78-7.82 7.82-10.63  10.63-13.56  13.56-83.67 70.11

Bazi bitki patojenler ise yapraklar tizerinde nekrozlara (6lit alanlar) neden ola-
bilir. Nekrotik yiizeylerde, yaprak alaninin bu kisminin kurumasi nedeniyle olusan
hiicresel yapinin bozulmasinin bir sonucu olarak bu alanda pigmentler deforme
olurlar ve 6zelliklerini yitirirler (Monteith 1972; Aparicio ve ark., 2000; Trotter ve
ark., 2002; Nicolas, 2004; Muurinen ve Peltonen-Sainio, 2006).

Hastalik enfeksiyonu, bocek zarar1 ve nem eksikligi nedeniyle pigmentlerce
151810 absorbe edilmesini azaltir, bu nedenle spektrumun goriiniir bélge de daha
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yiksek yansimaya sebep olur. Bitkilerde strese neden olan faktorler, yapraklarin
i¢ bosluklarinda hiicre duvarinin bozulmasina NIR bélgedeki yansimanin azal-
masina sebep olur. Sonug olarak, goriiniir ve NIR bolgedeki bu degisiklikler, bitki
hastalik ve bocek zararlarinin belirlenmesinde kullanilabilecek vejetatif canlilikta
degisiklikleri ortaya ¢ikarabilirler (Hatfield ve Finter 1993; Nilsson 1995b; Zhang
ve ark., 2003).

Ekmeklik ve makarnalik bugday cesitlerinde elektromanyetik spektrumun her
kategorisi i¢in hastalik inokule edilen ve edilmeyen gruplar icin ortalama spektral
yansima degerleri elde edilmistir. Hastalik inokule edilmeyen grupta, “Yesil bant”
disindaki “g6riiniir” bolgede yiiksek absorbsiyon (diisiik reflektans) belirlenirken,
“Yakin Kizil Otesi” bélgede diisiik absorbsiyon (yiiksek reflektans) belirlenmis olup
bu durum Nilsson ve ark. (1995a) ¢aligmasi ile uyumludur. Bu periyot siiresince
hastalik inokule edilen grup test bitkilerin yansima egrisinin sekli ile, hastalik
inokule edilmeyen grup test bitkilerin yansima egrisi temelde birbirine benzerlik
gostermekle birlikte goriiniir bolgede fotosentetik pigmentler nedeniyle diisiik ref-
lektans, NIR bolgede ise yiiksek reflektans gosterdigi belirlenmistir. Genel olarak
bitytimedeki artiga bagli olarak erken dénemde goriiniir bolgede yansima dege-
rinde artis, gelismenin ileri asamalarinda NIR bolgede azalma egilimi gozlendi-
i rapor edilmistir (Feng ve ark., 2017). Kardeslenme ve sapa kalkma doneminde
(159-210 DAS) (Days After Sowing; Ekimden Sonraki Giinler)), hastalik belirtisi
hastalik inokule edilen ve edilmeyen gruplar arasindaki reflektans degerleri arasin-
daki farkliligin belirginligi sinirlt olup, bitki gelisiminin ileri donemlerinde 25 Ni-
san 2019 (159 DAS), 25 Mayis (189 DAS), 06 Haziran (201 DAS), 15 Haziran 2019
(210 DAS) bu farklilik daha belirgindir. Gelismenin ileri déonemlerinde goériiniir
bolgede (500-700 nm) hastalik inokule edilen ve belirti gozlenen gruplar yansima
degerleri hastalik inokule edilmeyen grup tetst bitkilerinin yansima degerlerin-
den daha yiiksek oldugu belirlenmistir. NIR bolgede ise hastalik inokule edilen
ve inokule edilmeyen guplara karsilagtirildiginda hastalik inokule edilen (belirti
gozlenen) bitkilerin hastalik inokule edilmeyen bitkilere gore daha diisiik yansima
degerleri gosterdigi belirlenmistir. Spektral farkliliklarinin karsilastirilmasi sonucu
hem hastalik inokule edilen gruplarda ve hem de hastalik inokule edilmeyen grup-
larda test materyali bitkilerin Kirmizi ve NIR boélgede 520-710 nm, 730-1000 nm
(DAS 210) bant degerlerinde yiiksek yansima degerlerine ulastig1 belirlenmistir.
Bu degisimler bitkilerin mezofil dokusundaki pigmentlerin kapsami ve yaprakla-
rin yaglanmast ile ilgili oldugu farkli arastirmalarda rapor edilmistir (Yuan ve ark.,
2013).

Bitki hastaliklarinin tespitinde, spektral verilerin etkin olarak kullanimi, uygu-
lama amacina baglidir. Bant araliklarina goére 400-700 nm bitkinin yaprak pigment
kompozisyonu ve striiktiiriinii, 700-1100 nm ise su kapsami hakkinda bilgi vere-
bilmektedir (Mahlein ve ark., 2013).
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Hastalik belirtisi gozlenmeyen test bitkilerinde, “Yesil bant” disindaki “Goriintir
bolgede” yiiksek absorbsiyon (diisiik reflektans) belirlenirken, ”Yakin Kizil Otesi”
bolgede diigitk absorbsiyon (yiiksek reflektans) belirlendigi rapor edilmigtir (Nil-
sson ve ark., 1995a). Spektral farkliliklarin karsilastirilmast sonucu hem hastalik
inokule edilmeyen ve hem de hastalik inokule edilen gruplarin Kirmizi (520-710
nm) ve Yakin Kizil Otesi (730-1000 nm) bélgedeki bant degerlerinde yiiksek yansi-
ma degerlerine ulastig1 belirlenmistir. Elde edilmis bu sonuglar bizim ¢aligmamizla
uyum gostermigtir. Caliymamizda, bugdayin ti¢ farkli fenolojik déneminde elde
edilen yansima degerleri goz ontine alindiginda, hastalik inokule edilmeyen test
grubunda ciceklenme baglangici donemlerinde pigment konsantrasyonunun en
yiiksek ve yesil oldugu donemde NIR bolgede (695-930) yansima degerleri yiiksek
oldugu belirlenmistir. Bu durumu sapa kalkma dénemi bunu takip etmis, gelis-
menin ge¢ asamalarinda dane baglama ve siit olum doneminde ise daha distik
yansima degerleri dikkati ¢ekmistir. Hastalik inokule edilen ve edilmeyen bitkiler
arasindaki yansima degerleri arasindaki belirlenen fark, erken donemde birbirine
daha yakin, ge¢ donemde ise daha belirgin olarak degerlendirilmistir. Bu nedenle
bugdayda sar1 pas hastalik inokule edilen ve edilmeyen hastaliksiz bitkilerin ayri-
minda kullanilabilecek en etkili spektral bélgenin “Yakin Kizil Otesi” (NIR) ve bu
bolge igerisine giren bantlarin oldugu tespit edilmistir.

Ekmeklik gesitler tizerinden yapilacak bir degerlendirmede; NIR bolgesindeki
hastalik inokule edilmeyen grup ile farkli hastalik dozu uygulamalari arasindaki en
yiiksek yansima degeri farki (%34.96-78.30) Bayraktar 2000 gesidinde belirlenmis-
tir. Bunu sirasiyla, Eser (%36.54-78.96), Kenanbey (%34.44-75.61) ve Demir 2000
(%39.02-77.95) cesitlerinin izledigi degerlendirilmistir. Ekmeklik cesitlerde, %25
hastalik dozu uygulamalarinda en yiiksek fark (%40.67) Bayraktar 2000 ¢esidinde
tespit edilmis olup, en kiigiik fark (%30.62) ise Demir 2000 ¢esidinde belirlenmistir.

Ekmeklik ¢esitler i¢in hastalik inokule edilmis bitkiler i¢cin NIR boélgesinde
yansima degerleri arasindaki bu farka en fazla Kenanbey ¢esidinde %50 hastalik
dozu uygulamasinda belirlenmis (%49.04) olup, bunu sirasiyla, %50 hastalik dozu
uygulamasinda Bayraktar 2000 (%48.21) gesidi, %100 hastalik dozu uygulamasin-
da Kenanbey (%46.70) gesidi, %50 hastalik dozu uygulamasinda Eser (%46.69) ce-
sidi ve %50 hastalik dozu uygulamasinda Demir 2000 (%44.75) ¢esidinin izledigi
belirlenmistir.

Makarnalik cesitlerde erken dénemde (185., 197. ve 206. giinler) hastalik ino-
kule edilmeyen grupta erken déonemde 550-700 nm bant araliginda daha yiiksek,
farkls hastalik dozu inokule edilen gruplarda ise daha diisgiik yansima degerleri be-
lirlenmis, gelismenin ileri asamalarinda ise artan hastalik dozu uygulamasina bagl
olarak hastalik gozlenen gruplarda da daha yiiksek yansima degerleri belirlenmis-
tir. Bu durum erken dénemde bitkilerin klorofil ve pigment diizeyinin fazla olmasi
ve buna bagli olarak 151k absorbsiyonunun yiiksek olmasindan kaynaklanmasiyla
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iliskilendirilmistir. Erken dénemde goriiniir bolgede hastalik inokule edilen ve
farkli dozlar da hastalik inokule edilen gruplar arasindaki yansima degerleri ara-
sinda fark daha sinirli olarak degerlendirilirken, bu oran NIR bolgesinin i¢inde yer
aldig1 ge¢ donemde 710-972 nm bant araliginda daha ytiksektir. NIR bolgesinde
hastalik inokule edilen edilmeyen gruplar karsilastirildiginda farkli dozlarda has-
talik inokule edeilen gruplarda daha diisitk yansima degeri belirlenmistir. Yansima
degerleri birlikte incelendiginde bu bant araliginda en biiyiik fark %25 hastalik
dozu uygulamasinda belirlenmis bu durumu sirasiyla %50 ve %100 hastalik dozu
uygulamalar: takip etmistir.

Makarnalik ¢esitler tizerinden yapilacak bir degerlendirmede; NIR bélgesinde-
ki hastalik inokule edilmeyen grup ile hastaligin farkli dozu uygulamalar1 arasinda-
ki yansima degerindeki farkin en yiiksek (%32.20-76.17) oldugu gesit Eminbeydir.
Bunu sirasiyla Kiziltan 91 (%34.79-78.17), Cesit-1252 (%34.21-74.23) ve Mirzabey
2000 (%37.18-75.08) gesitlerinin izledigi belirlenmistir. Makarnalik cesitlerde %25
hastalik dozu uygulamasi grubu ile hastalik inokule edilmeyen grup karsilastirildi-
ginda, yansima degerleri arasindaki en yiiksek fark (%50.49) Eminbey ¢esidinde,
en kiigiik fark (%47.23) ise Kiziltan 91 ¢esidinde saptanmigtir. Makarnalik gesitler-
de %50 hastalik dozu uygulamasinda en yiiksek fark (%49.99) Eminbey ¢esidinde,
en diisiik fark (%46.18) ise Mirzabey 2000 ¢esidinde belirlenmistir. %100 hastalik
dozu uygulamasinda ise NIR bolgesindeki en yiiksek fark (%46.03) Cesit-1252 ge-
sidinde, en kiiciik fark (%43.72) ise Kiziltan 91 ¢esidinde belirlenmistir.

Ekmeklik ve Makarnalik gesitlerinde ¢igeklenme baslangici dénemi, erken
orta donemde goriiniir bélge bantlarinda, diisitk yansima degerleri gézlenirken,
en yitksek yansima degerlerine, hastalik inokule edilmeyen bitkilerde kirmiz1 bél-
geden itibaren 6zellikle Yakin Kizil Otesi bolgede belirlenmistir. Gelismenin ileri
asamalarinda ise Yakin Kizil Otesi bélge bantlarinda yansima degerlerinde azal-
ma, goriiniir bolge bantlarinda ise artis egilimi belirlenmistir. Caliyma sonucunda
bugdayda farkli fenolojik donemlerde belirlenen yansima degerleri incelendigin-
de sar1 pas hastaliginin teshisinde erken-orta gelisme déneminde, goriiniir bélge
bantlarinin, orta-ge¢ donemde ise yakin kizil 6tesi bolge bantlarinin daha belirle-
yici oldugu gorilmiistiir.

Gelecekteki caligmalara algak irtifaya sahip insansiz hava araglari tizerine
monte edilen yiiksek ¢oziiniirliikteki hiperspektral kameralarla sik araliklarla elde
edilen hastalikl: bitki goriintiilerinin, yerden toplanan egitim verilerinin dogru-
lama amaciyla kullanilmasiyla yapay zeka ve derin 6grenme teknikleriyle entegre
edilerek hastalik takibinde daha kisa zamanda ve daha kesin sonuglar alinmasi y6-
niinde sekillenecektir.
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Tesekkir

Bu ¢aligma Metin AYDOGDU tarafindan Kirgehir Ahi Evran Universitesi Fen
Bilimleri Enstitiisii Tarimsal Biyoteknoloji Anabilim Dalinda yiiriitiillen “Kiglik
bugdayda farkli demir ve ¢inko uygulamalarinin sar1 pas (Puccinia striiformis f.
sp. tritici) hastalig1 tizerine olan mevsimsel etkilerinin ¢ok bantl veriler kulla-
nilarak belirlenmesi” isimli yiiksek lisans tezinin (YOK Tez No: 671046/Tarih:
25.05.2021) bir kismini kapsamaktadir. Tez jiirisinde bulunan saym Prof. Dr.
Hikmet GUNAL ve sayin Dr. Ogr. Uyesi Nurullah ACIRe katkilarindan dolay:
tesekkiir ederiz.

Cikar Catismasi

Bu ¢aligmada herhangi bir ¢ikar ¢atigmas: olmadigini beyan ederim.

Etik

Bu ¢aligma etik kurul onay1 gerektirmez.

Yazar Katki Oranlari

Calismanin Tasarlanmasi (Design of Study): MA (%80), KA(%20)
Veri Toplanmasi (Data Acquisition): MA(%90), KA(%10)

Veri Analizi (Data Analysis): MA(%70), KA(%30)

Makalenin Yazimi (Wriring Up): MA(%80), KA (%20)

Makalenin Gonderimi ve Revizyonu (Submission and Revision): MA(%80),
KA (%20)
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THE FORAGE YIELD AND SILAGE QUALITY
OF MAIZE-SORGHUM-SAINFOIN MIXTURES

ABSTRACT

The aim of the study was to determine forage yield and silage quality in ma-
ize/sorghum (M/S) with sainfoin (SA). The field trial was conducted in 2022 to
study the effects of different binary sowing ratios (80%M-20%SA, 60%M-40%SA,
30%M-70%SA; 80%S-20%SA, 60%S-40%SA, 30%S-70%SA, 100%M, 100%SA,
100%S) in 3 replications. Prior to ensiling, the hay yield and fresh yield in the
intercropping plots were measured. Parameters of dry matter ratio, pH, crude pro-
tein, ADF, NDF, mineral matters, and organic acid were defined in silages opened
after fermentation. Before ensiling the highest yield was obtained from maize and
yield decreased with an increase in sainfoin sowing density. After ensiling, all of
the silage parameters were affected by mixing ratios. When the sainfoin ratio was
decreased, dry matter, crude protein, and pH of mixture silages were dramatically
reduced, but mineral matters were increased. The highest dry matter was determi-
ned in sole sainfoin silage. The best results of lactic acid and acetic acid contents
were defined in 80%S-20%SA and 60%S-40%SA silage (except for sole treatments).
Besides, it was seen that the addition of sorghum to sainfoin silage increases lactic
acid content compared to maize. As a result, intercropping of sainfoin with maize
and sorghum provided profitable feed production and improved silage quality. As
a result, intercropping of sainfoin with maize and sorghum provided profitable
feed production and improved silage quality.

Keywords: Fermentation, Forage Yield, Intercropping, Organic Acid, Protein.

ek

MISIR-SORGHUM-KORUNGA KARISIMLARININ OT VERIMI
VE SiLA) KALITESI

Oz

Bu ¢aligmada korunga (K) ile misir ve sorgum (M/S) yalin ve karisik ekimleri-
nin ot verimi ve silaj kalitelerinin belirlenmesi amaglanmistir. Deneme 2022 yilin-
da 3 tekrar ve ikili karisim oranlarinda (%80M-%20K %60M-%40K, %30M-%70K;
%80S-%20K, %60S-%40K, %30S-%70K, %100M, %100K, %100S) yiirttilmiistiir
yapilmistir. Islemlerin silolama 6ncesi kuru ot verimi ile yesil ot verimleri belirlen-
mistir. Fermantasyon sonrasi agilan silajlarda kuru madde orani, pH, ham protein,
ADE NDF, mineral maddeler, organik asit parametreleri belirlenmistir. En yiiksek
verim silolama 6ncesi misirdan elde edilmis olup, korunga oraninin artmasiyla ve-
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rim azalmistir. Silolama sonrasinda tiim silaj parametreleri karigim oranlarindan
etkilenmigstir. Korunga orani azalmasiyla karisim silajlarinin kuru maddesi ve pH'1
onemli olgiide azalirken, ham protein ve mineral maddeleri ise artmustir. En yiik-
sek kuru madde orani yalin korunga silajinda belirlenmistir. En yiiksek laktik asit
ve asetik asit ierikleri sirastyla %80S-%20K ve %60S-%40K silajlarinda belirlen-
mistir. Ayrica korunga silajina sorgum ilavesi misira gore laktik asit icerigini arttir-
mustir. Sonug olarak korunga ile misir ve sorgum karisik ekimi karli yem tretimi
saglarken, silaj kalitesini de iyilestirmigtir.

Anahtar Kelimeler: Fermantasyon, Ot Verimi, Karisik Ekim, Organik Asit,
Protein.

ik

1. INTRODUCTION

With the increasing population in developing countries, the problem of food
shortage is very important. The amount and quality of protein, which is the basis
of healthy nutrition, plays a key role in solving the problem of food shortage. To
be cheap, accessible and increasing animal products that provide quality proteins
can be possible with the development of animal husbandry. The development of
livestock enterprises in Turkey is related to the affordability of the animal forage
supply, which constitutes a large part of the cost. In this context, one of the most
important and valuable natural resources that can play a vital role in meeting the
needs of people in terms of animal protein is rangelands. However, the yield of ran-
gelands in Turkey is quite low due to natural and human factors. For this reason,
it is necessary to increase forage production in various ways (Afshar et al. 2014).

In this context, Sainfoin (Onobrychis sativa Scop.) is one of the most important
legume forage crops favored by animals due to its high taste and nutritional value
(Delgado et al., 2008). Sainfoin has been cultivated for hundreds of years in many
parts of the world, including Asia, Europe, North America, and Turkey. However,
the share of sainfoin in forage crop cultivation has decreased in Turkey in recent
years. The sainfoin to Turkey origin has many features such as a large root surface,
the ability to tolerate drought and severe weather conditions, the ability to grow in
poor soils, abundant availability in natural rangelands, the ability in nitrogen fixa-
tion, and generally need very little fertilizer and maintenance. It also has the poten-
tial to increase protein utilization and reduce greenhouse gas emissions due to its
unique tannin and polyphenol composition. However, sainfoin is not preferred by
farmers because it is difficult to harvest, its regrowth is very slow, and its yield dec-
reases from year to year. Therefore, the use of sainfoin in mixed cropping systems
and for silage purposes presents an alternative for assessing a quality forage source.
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It has been known from the past that the grass and legume mixed cropping
system is more advantageous than pure sowing and provides the best use of the
unit area (Lu et al., 2000; Li et al., 2022). Because intercropping makes better use of
light, water, and food sources while also inhibiting weed development, it produces
a higher yield per acre than mono-cropping. (Rad et al., 2020; Eichler-Lobermann
et al,, 2021). Akdeniz (2019) and Dubbs (1971) reported that sainfoin was used in
this system to increase yield and quality. In the study, the general reason for sowing
intercropping to sainfoin, a high-quality perennial forage plant, is to obtain econo-
mic products in the planting year, to form rapid soil cover, and to combat weeds. In
detail, since biomass yield is high and silage is the aim, companion plants that will
form high-quality silage were selected. For thousands of years, forages have been
preserved by ensiling raw plant material via silage, a fundamental biological pre-
servation technique based on spontaneous lactic acid fermentation under anaero-
bic conditions. Silage production is important in countries where winters are harsh
and animals cannot obtain the energy or nutrients they need throughout the year
without grazing, especially in Turkey. Epiphytic lactic acid bacteria use simple car-
bohydrates found in silage plants and metabolize them to lactic acid inhibiting the
formation of acetic acid, preventing the deterioration of the silage, and allowing it
to be stored for a long time. Thus, cereals such as maize and sorghum, which have
higher amounts of water-soluble carbohydrates, provide better quality silage pro-
duction compared to legumes (Li et al., 2022). On the other hand, sainfoin, which
is a legume, has a high dry matter yield and high nutritional value in the early
period, making it suitable for silage production with a quality fermentation (Ca-
vallarin et al., 2005). Moreover, tannin-containing species such as sainfoin under-
go less protein degradation during ensiling than non-tannin-containing species.
However, direct ensiling of legumes may be insufficient to initiate the production
of lactic acid and prevents the pH decrease and causes the increase of acetic acid
and undesirable microorganisms such as yeast and mold (Muck, 2013). It is also
well known that when storing legumes as silage, severe protein degradation occurs
due to the combined effect of both plant and microbial activity. This can reduce
the nutritional value of silage, dry matter uptake by ruminants, and nitrogen uti-
lization efficiency. For this reason, it is more beneficial to ensilage sainfoin silage
as a mixture of additives or grasses such as maize and sorghum. Moreover, mixed
plantings for silage increase yield and quality, as well as ease of harvest and silage
(Basaran et al.,, 2018).

In order to meet all of these needs, silages were made using four different
mixing ratios for sainfoin, maize, and sorghum cultivation. The investigation of
the impact of seeding rates on the yield and chemical composition of silages was a
consequence of the study.
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2. MATERIAL AND METHODS

In the study, sainfoin (Onobrychis sativa Lam.; SA), maize (Zea mays L; M),
and sorghum (Sorghum bicolor L.; S) plants were grown in the vegetation peri-
od of 2022 with different mixing ratios. The mixture ratios were determined in 3
ratios (80%M-20%SA, 60%M+-0%SA, 30%M-70%SA; 80%-+20%SA, 60%S-40%-
SA, 30%S-70%SA) binary mixtures for both grasses, and pure sowing (100%) as
control. This experiment was established using a randomized blocks experiment
design, with three replications in the research field of Yozgat Bozok University
(with an average monthly minimum temperature of 11.6°C, an average 89 monthly
maximum temperature of 22.7°C, and a total precipitation of 174 mm). The soil
of the experimental area was clay-loam with medium lime content (10.95%), low
salinity (0.21%), a saturation of 76.27%, and a high pH value (7.56). It also conta-
ined high organic matter (6.65%), medium phosphorus (11.50 kg da'), and high
potassium (485.90 kg da!). The seed rate was calculated based on the sowing rate
of each plant individually: 12.000 plant da' for maize, 3 kg da™ for sorghum, and 8
kg da! sainfoin. Sowing was done in April on 6-meter-long plots with a distance of
35 cm for sainfoin and 70 cm for maize and sorghum (sole sowing). The mixtures
were made by sowing sainfoin seeds between rows of maize and sorghum (Figure
1). Irrigation was done twice during the growing period. The plots were harvested
on August 18, 2022, for silage, in account of the development period of maize and
sorghum (at 65-70% humidity).

ANAJAS, 2024, Cilt 39, Sayi 3, Sayfa 469-483



Medine COPUR DOGRUS(Z, Ugur BASARAN, Erdem GULUMSER, Hanife MUT

Intercropping

L O CHOH DHEH DD DG O CHEH D

Q O
o [
4] [5)
o] [
=] [
Q =)
Q [
o a Sowing
] [
A L;} A 0 A
] O
a] 0
o O
] 0
&) [&)
3Sem Hem | em Sem | em
= - Sole
] 15cm Maize/Sorghum
Ocm 0cm T0cm 0om Ocm
] 0 & & & a
o 0 B 0 0 il
Q 9 0 ) u) fa]
o o] 4] 4] ] o]
Q o 4] ) ] a)
9 i3 9 0 o o
o 9 01, “ 0 ]
5 o @ be § 0 O  suhin
4] o Q a @ a
o [a] 5] O o Q
Q ] Q Q W] o
o 9 [ fa] o o]
Q <] [} 7 % &
Q <] & g 8 o
(] Q [#] & & Q
5 35em X 35em 3 ij i3 ..‘5“ ! 3Sem L

Figure 1. Sole and intercropping system in an experiment

2.1. Fresh Yield, Hay Yield, and Silage Preparation

Weighing the plants in a 1 m? area that was evenly distributed among the plots
allowed us to calculate the fresh yield (kg da™) (three repetitions). Hay yield (kg
da-1) was determined by weighing the plants after 105 drying at 65 °C. Following
the mixing ratios, the collected plants were cut into 2 cm pieces (Gulumser et al.,
2021b) and placed into 1.0 kg plastic cans with three replications. After being pac-
ked airtight, the silages were allowed to ferment for 45 days at 25+2 °C.
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2.2. Physical Analyses, Dry Matter Ratio, and pH

As mentioned by Algicek and Ozkan (1997), physical analyses (smell, struc-
ture, and color) were performed after the cans were opened during fermentation,
with the top 3-4 cm being eliminated. Weighting a 100 g dried sample from each
silage at 105 °C allowed us to compute the dry matter ratio. 20 g of sample was
homogeneously combined with 100 ml of distilled water in a blender to measure
the pH of the silages, and the mixture was then filtered using filter paper into 50
ml Eppendorf tubes (Basaran et al., 2018). HANNA Edge, a digital pH meter, was
used to measure pH.

2.3. Crude Protein, ADF, NDF, and Mineral Matters Ratios Analyzes

After drying the 100 g silage sample at 65 °C until it reached a constant weight
and grinding it to less than 1 mm, various quality features were determined. Crude
protein, Ca, Mg, K, and P ratios, as well as ADF (acid detergent fiber) and NDF
(neutral detergent fiber), were measured using the IC-0904-FE calibration softwa-
re on a Foss NIR Systems Model 6500 Win ISI II v1.5 instrument.

2.4. Organic Acid Analyzes

The HPLC (Shimadzu, Kyoto, Japan) auto sampler system model LC - 20AT,
equipped with four pumps and an SPDM20A diode array detector (DAD), was
used to quantify the organic acids (lactic, acetic, and butyric acids). HPLC analysis
revealed that butyric acid was not present in every silage sample.

2.5. Statistical Analyzes

The SPSS 20.0 program was used to analyze all of the data according to the ran-
domized blocks experiment design. To identify and find the significant differences
between treatments, the Duncan test was used; a p-value less than 0.05 was deemed
to indicate a significant difference.

3. RESULT AND DISCUSSION

The analysis results (Figure 2, 3 and Table 1, 2) showed that the effect of dif-
ferent mixture ratios on all the examined features was significant (p<0.01). The
results of the main effects of the binary mixture ratios of sainfoin with maize and
sorghum showed that the highest fresh yield was found in the 80%M-20%SA and
pure maize plots while the lowest yield was measured in the control SA treatment
(Figure 2). The hay yield results showed that the highest value was obtained from
80%M-20%SA treatment, while the lowest value was obtained from the pure SA
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plot (Figure 2). The results of the comparison mean of different plant and mix-
ture ratios showed that the highest and lowest yields were related to the ratio of
high biomass maize and sorghum, and maize mixtures are better than sorghum.
Intercropping of leguminous forage crops with high biomass plants such as maize
and sorghum generally results in an inversely proportional relationship between
139 the proportion of legumes and yield (Basaran et al., 2017). However, the most
important effect of legumes in the mixture is to provide nutritional balance in nut-
rition. In contrast, Akdeniz (2019) cultivated blue split and bromine, which have
a smaller biomass than sainfoin, in different locations and reported a decrease in
fresh and dry grass yields with the decrease in the ratio of sainfoin in the mix-
tures. Basaran et al. (2018) have declared that alfalfa-sorghum intercropped at a
100%:60% seed ratio produced the highest hay yield.

Table 1. Crude protein ratio, pH and dry matter (DM) ratio of silages

Treatments DM (%) ** pH** Crude Protein**
Sainfoin 41.01a 6.28a 2494 a
Maize 29.57 g 4.18 e 12.09 f
Sorghum 37.67d 4.93 be 13.66 e
80%M-20%SA 31.52f 417 f 13.96 ¢
60%M-40%SA 36.08 e 4.55d 2043 ¢
30%M-70%SA 39.11 be 4.52 de 2133 ¢
80%S-20%SA 38.08 cd 4.50 de 14.93d
60%S-40%SA 38.30 cd 4.67 cd 20.46 ¢
30%S-70%SA 39.69b 5.23b 22.47b
Mean 36.78 4.78 18.25
Standard error (SE) 1.27 0.21 1.53

There is no difference between the means shown in same letter (p<0.05). **:p<0.01

The DM content of sole silages showed significant differences, and the highest
was in sainfoin (41.01%) and the lowest in maize silage (29.57%). Similarly, the hi-
ghest pH was determined in sole sainfoin (6.28), while the lowest was determined
in 80%M-20%SA (4.17). When the sainfoin ratio was lowered, the combination
silages’ DM and pH significantly fell. As expected, the highest CP was found in sole
sainfoin (24.94%), and CP increased when the ratio of sainfoin in the mixture was
raised. The lower CP was determined in sole maize (12.09%) (Table 1).
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Figure 2. Effects of the binary mixture ratios of sainfoin with maize and sorghum
on fresh** and hay yield**

Table 2 shows the chemical composition dynamics of silages. The ADF content
of the silages varied between 19.12 (30%S-70%SA) and 35.74% (sole sorghum),
while NDF ranged from 40.06% (sole sainfoin) to 66.28% (sole sorghum). The sila-
ges’ increases in calcium and magnesium occurred concurrently with the mixture’s
higher sainfoin content. Mg content in silages of 30%M-70%SA and 30%S-70%SA
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were found to be high, respectively 0.45 and 0.44%. The highest potassium content
(3.69%) was obtained from sole sorghum. The phosphor content of 80S-20SA was
higher (0.35%) than that of others.

Table 2. Chemical composition (%) of silages

Treatments ADF** NDF** Ca** Mg** K** pr*

Sainfoin 23.74 cd 40.06 f 2.18a 0.45a 2.52d 0.34b
Maize 35.35a 65.59a 079¢g 037e 3.01 be 0.34b
Sorghum 35.74a 66.28 a 1.08 f 0.39d 3.69a 0.33 ¢
80%M-20%SA 33.09 ab 60.84 b 1.07 £ 0.37e 2.80 cd 0.30e
60%M-40%SA 27.89 a-d 47.95d 1.87 cd 0.44b 2.70d 0.30e
30%M-70%SA 25.64 bed 4575 1.10b 0.45 ab 2.73d 0.34b
80%S-20%SA 33.61 ab 60.16 b 1.32e 0.42c 325b 0.35a
60%S-40%SA 29.34 abc 51.72 ¢ 1.79d 0.44b 3.02 be 0.32d
30%S-70%SA 19.12d 48.67 d 1.93 be 0.44 ab 2.74d 0.34 bc
Mean 29.28 54.11 1.56 0.42 2.93 0.33

Standard error (SE) 1.90 3.12 0.16 0.010 0.11 0.005

There is no difference between the means shown in the same letter (p<0.05). **:p<0.01

Organic acids content in sainfoin with maize and sorghum binary mixtures
were given in Figure 2. The highest lactic acid was found in sole maize (2.75%), sole
sorghum (2.69%), 80%S-20%SA (2.58%), and 60%S-40%SA (2.49%). The acetic
acid of silages ranged from 0.50 to 0.25%. Due to the low water-soluble carbo-
hydrates of legumes, the lactic acid level has increased according to the maize and
sorghum ratio, but the acetic acid level decreased. Compared to maize, the highest
LA and AA contents were observed in mixtures with higher ratios of sorghum
(80S-20SA and 60S-40SA silage). In addition, it was seen that the addition of sorg-
hum to sainfoin silage increases lactic acid content compared to maize (Figure 3).

A mixed cropping system effectively improves the utilization rate of resources
on the same land, increasing yields and quality. According to Jeroch et al. (1999),
before ensiling, the fresh mass and dry matter accumulated by the silage plants
should be adequate to provide the highest-quality, most profitable silage. In this
study, sainfoin and silage plants were cultivated both alone and in combination.
The production of fresh and hay from the 80M-20SA mixed plant was higher than
that of the other cultivars. However, the decrease in the rate of maize and sorghum
with high biomass in the mixtures caused a decrease in yield. Many researchers
support these results (Gianoli et al., 2006; Basaran et al., 2017; Lienhard et al., 2020;
Igbal et al.,, 2021).
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A common practice in forage conservation is ensiling, which is based on spon-
taneous fermentation caused by epiphytic lactic acid bacteria (LAB) that produce
lactic acid (LA) from water-soluble carbohydrates (WSC) in the absence of oxygen.
Consequently, the forage is maintained, and the pH drops (Weinberg et al., 2001).
Legumes have low WSC, which results in lower silage quality, but they have high
DM and protein content. On the other hand, in maize and sorghum silages, the
reverse of this situation is present. Maize is the most widely used type in silage
production, but due to problems such as groundwater scarcity, plant attacks by
certain parasites, and mycotoxin contamination in its cultivation, it is necessary to
consider alternative crops. For these reasons, many researchers have used legume/
grass mixtures in silages and have increased the quality and nutritional content of
the silage (Lima et al., 2010; Amado et al., 2012; Gulumser et al., 2021a). Experi-
ments on lactating cows have proven that replacing maize silage completely with
sorghum silage does not affect milk yield and is an alternative product (Oliver et
al., 2004; Colombini et al., 2012). In this study, it was determined that the quality
of silage mixed with sainfoin was higher and sorghum was an alternative to maize.
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There is no difference between the means shown in the same letter (p<0.05). **:P<0.01

Figure 3. Effects of the binary mixture ratios of sainfoin with maize and sorghum
on lactic** and acetic acid** ratio of silages

Panyasak and Tumwasorn (2013) reported that 25-40% of dry matter should
be in quality silage. Otherwise, if the DM content is more than 60% or less than
25%, deterioration occurs. In this case, Clostridium spp. anaerobic bacteria begin
to grow, resulting in the decomposition of sucrose and protein into butyric acid
and ammonium. This situation raises up to 5.0 the pH, which should be between
3.7 with 4.8 (Fiyla, 2001), and it reduces silage quality. In addition, low DM silage
causes an increase in acetic acid content and unwanted epiphytic microorganisms,
thus reducing the fermentation process and quality of the silage (Jeroch et. al.,
1999). In the study, DM results were suitable for all processes except for sole sain-
foin, while the pH content was found in others except for sole sainfoin, sorghum,
and 30%S-70%SA treatments. Moreover, the pH values decreased with an increa-
sed percentage of maize silage in the mixtures, possibly due to pure maize having a
high WSC content suitable for lactic acid production. Ke et al. (2017, 2018) showed
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a pH value even higher than 5.0 in alfalfa and grass silage, and such inconsistency
can be attributed to different application rates and species. As a result of the physi-
cal evaluation of the silages, sole sorghum, 80%M-20%SA, and 80%S-20%SA were
found to be successful.

The amount of ADF and NDF in silages influences the amount of energy dairy
cows obtain from silage-based diets and consequently, milk production (Ferraretto
et al. 2015; Tharangani et al. 2020). NRC (2001) states that silages of a high caliber
should normally have 25-35% ADF and 40-50% NDEF. Except for 30%S-70%SA in
ADF content and sole treatments in NDEF, other treatments were found suitable.
Similar results were found in like studies (Balezentiené and Mikulioniené, 2006;
Seydosoglu, 2019; Mut et al., 2020; Gulumser et al., 2021a,b). The plant type, the
harvest time, and the competition from a high mixed planting density might all be
contributing factors to the decline in these contents. Moriri et al. (2010) showed
that flowering and maturity of plants were delayed by intensification of interspeci-
fic competition, which may be the reason for the affected NDF content.

Well-fermented silage generally has a higher nutrient content (Kung et al.
2018). In the present study, CP content increased with increasing sainfoin sowing
density. Zeng et al. (2020) announced that soybean effectively compensated for
the low CP content in maize silage in its study. Baghdadi et al. (2016), reported
that as the proportion of soybeans in the mixed silage decreased, the CP content
also decreased significantly, and our study found similar results, with maize having
the lowest CP content. The elements that must be obtained from the feed for the
animals to carry out their tasks in a healthy manner are the mineral substances
that are studied in silages (Yogeshpriya and Selvara, 2018; Trailokya et al., 2017;
Arnoud, 2008). According to Kidambi et al. (1993) and Tekeli and Ates (2005),
forage must have a minimum of 0.8% K, 0.21 P, 0.3 Ca, and 0.1 Mg in order to
provide animals with a balanced diet. Furthermore, compared to grass, legumes
have a higher nutritious value. The silages in this study were all higher than these
mineral content levels. Additionally, solitary sainfoin had a substantially greater Ca
concentration than the other components, but not of the other.

The main fermentation product in silage is lactic acid, which is also a crucial
indicator of silage quality. Ruminant performance is impacted by the organic acids
found in properly fermented silage, which serve as energy sources (Daniel et al.
2013). Lactic acid bacteria (LAB), which is found naturally in plants, is the source
of lactic acids, the most significant of these organic acids. Crop LAB counts vary
greatly by species, ranging from 1 x 107 CFU/g (colony-forming units) in sorg-
hum and maize to the lowest detection limit of 10 CFU/g in alfalfa (Broberg et al.,
2007; Comino et al., 2014). Acetic and butyric acid levels rise in proportion to the
amount and rate of lactic acid formation (Guo et al., 2018). The primary metabolite
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of Acetobacter, acetic acid, is constantly present in large concentrations and raises
pH, which is favorable to the growth of undesirable bacteria such as Clostridia
(Zheng et al.,, 2017). This results in a drop in the protein level and nutritional value
of silage, which lowers its quality. According to Algigek and Ozkan (1997), lac-
tic acid in high-quality silage should be greater than 2% and acetic acid less than
0.8%. Our results fell within these ranges. Better-quality silage was produced in
comparison to lean ones by increasing lactic acid production, decreasing pH and
acetic acid in silages, and altering the mixing ratios. It was shown that compared
to maize, the combination made with sorghum had more lactic acid and less acetic
acid. Therefore, the optimal choice was 80%S-20%SA and 60%S-40%SA from the
perspective of chemical composition and fermentation quality in the conditions of
the experiment. While Basaran et al. (2018) revealed that levels of different ratios
of mixed had variable effects, Gulumser et al. (2021a) said that can enhance lactic
acid content with mixes. This conclusion was consistent with prior findings (Li et
al., 2022). Different effects have been observed in other studies, as well (Li et al,,
2016; Konig et al., 2019). The plant species, culture, climate, soil fertility, growing
season, and harvest timing may all contribute to these variations in silage quality.

4. CONCLUSIONS

The primary objective of this study was to maximize land use efficiency in an
intercropping system by preparing silages with mixed legume and grass. This ap-
proach aims to minimize dry matter loss, promote lactic acid production, suppress
undesired microorganisms, and increase nutritional quality. As a result, sainfoin
and maize/sorghum silage complement each other well, and intercropping these
combinations resulted in high-quality silage and fodder output. Before ensiling,
the combined forage yields exceeded those of pure. Notably, the 80%S-20%SA
combination yielded the highest. It is confirmed that using sainfoin alone for silage
is less advantageous, as indicated by positive indices such as high hay yield, lactic
acid contents, and chemical composition specified before ensiling within maize
and sorghum sainfoin mixes. We have found that all of the studied parameters
had mixed ratios of beneficial impacts. However, 80%S-20%SA and 60%S-40%SA
mixed silage outperformed the others, suggesting that sorghum could be a viable
substitute for maize.
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SIDE EFFECTS OF SOME INSECTICIDES AND ACARICIDES ON
DIFFERENT BENEFICIAL INSECTS IN LABORATORY CONDITIONS

ABSTRACT

Side effects studies are important for the development of Integrated Pest Mana-
gement (IPM) strategies, especially due to the adverse impacts of broad-spectrum
pesticides on natural enemies. This study was conducted to evaluate the side effects
of commonly used pesticides on Chilocorus bipustulatus L. (Coleoptera: Coccinel-
lidae), Anagyrus pseudococci (Girault) (Hymenoptera: Encyrtidae), and Amblyseius
swirskii Athias-Henriot (Acari: Phytoseiidae) under laboratory conditions. The re-
sults revealed varying mortality rates among the natural enemies, with Abamectin
exhibiting the highest mortality rates of 65.00%, 71.50%, and 78.75% respectively.
Spirodiclofen (S1) showed the lowest mortality rate of 17.50% for C. bipustulatus,
while Buprofezin (B) and Spirodiclofen (S2) showed rates of 18.78% and 18.93%,
respectively for A. pseudococci. For A. swirskii, Spirodiclofen (S1 and S2) recor-
ded the lowest mortality rates of 21.25% and 23.75% respectively. According to the
IOBC dlassification, Spirodiclofen (S1 and S2) was classified as harmless (N,) aga-
inst all three natural enemies. Abamectin (A) was classified as slightly harmful (M)
for all three species, while Buprofezin was rated as slightly harmful (M) for C. bi-
pustulatus but harmless (N,) for A. pseudococci and A. swirskii. This research high-
lights the differential effects of pesticides on different natural enemies and under-
lines the importance of considering such impacts in pest management strategies.

Keywords: Side Effect, Citrus, Insecticide, Acaricide, Natural Enemy.

e 2k

BAZI INSEKTISIT VE AKARISITLERIN LABORATUVAR
KOSULLARINDA BAZI FAYDALI BOCEKLER UZERINDEKI
YAN ETKILERININ ARASTIRILMASI

0z

Yan Etki ¢alismalari, ozellikle genis spektrumlu pestisitlerin dogal diismanlar
tizerindeki olumsuz etkileri nedeniyle Entegre Zarar Yonetimi (EZY) stratejileri-
nin gelistirilmesi i¢in 6énemlidir. Bu ¢alisma, laboratuvar kosullarinda yaygin ola-
rak kullanilan pestisitlerin Chilocorus bipustulatus L. (Coleoptera: Coccinellidae),
Anagyrus pseudococci (Girault) (Hymenoptera: Encyrtidae) ve Amblyseius swirskii
Athias-Henriot (Acari: Phytoseiidae) tizerindeki yan etkilerini degerlendirmek
amaciyla yapilmistir. Sonuglar, dogal ditsmanlar arasinda degisen 6liim oranlarini
ortaya koymus olup, Abamectin’in sirastyla %65,00, %71,50 ve %78,75’lik en yiik-
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sek olim oranlarini gosterdigi tespit edilmistir. Spirodiclofen (S1), C. bipustulatus
i¢in %17,50’lik en diisitk mortalite oranini gosterirken, Buprofezin (B) ve Spiro-
diclofen (S2) sirasiyla %18,78 ve %18,93 oranlarinda A. pseudococci igin belirlen-
mistir. A. swirskii igin ise Spirodiclofen (S1 ve S2) sirasiyla %21,25 ve %23,75’lik en
diisiik 6liim oranlarini tespit edilmistir. IOBC siniflandirmasina gore, Spirodiclo-
fen (S1 ve S2), li¢ dogal ditymana kars: zararsiz (N,) olarak siniflandirilmistir. Aba-
mectin (A), ti¢ tiir i¢in de hafif zararli (M) olarak siniflandirilmis, Buprofezin ise C.
bipustulatus i¢in hafif zararli (M), ancak A. pseudococci ve A. swirskii i¢in zararsiz
(N,) olarak derecelendirilmistir. Bu arastirma, pestisitlerin farkli dogal diismanlar
tizerindeki farkli etkilerini vurgulamakta ve zararli yonetimi stratejilerinde bu tiir
etkilerin dikkate alinmasinin 6nemini vurgulamaktadur.

Anahtar Kelimeler: Yan Etki, Turunggil, Insektisit, Akarisit, Dogal Diigman.

i

1. INTRODUCTION

Citrus is one of the most important agricultural products for Tiirkiye both in
terms of production and consumption (Anonymous, 2023). Several limiting fac-
tors, including crop protection problems, affect citrus yield and fruit quality, with
89 pests, 155 weed species, 34 diseases, and 16 nematode species identified as sig-
nificant challenges (Uygun and Satar, 2007). Notable pests such as the citrus meal-
ybug (Planococcus citri Risso), citrus scale insects (Aonidiella aurantii (Mask.) and
Aonidiella citrina (Coq.)), Mediterranean fruit fly (Ceratitis capitata Wied.), citrus
rust mite (Phyllocoptruta oleivora Ashm.) and citrus red spider mite (Panonychus
citri McGregor) are economically significant species causing damage in Turkish
citrus orchards (Anonymous, 2017).

Conventional control methods have been used against citrus fruit pests, but
they often lead to negative results in terms of human health and the environment.
Consequently, alternative control methods, such as the use of biological and bio-
technical approaches within Integrated Pest Management (IPM), have been pro-
posed to provide more sustainable and environmentally friendly strategies against
these pests (Simsek and Uygun, 2013).

Numerous predators and parasitoids have been identified in citrus orchar-
ds in Tiirkiye (Kansu and Uygun, 1980; Uygun et al., 2001). Uygun et al. (2001),
reported the presence of nine predator+parasitoid species for citrus mealybugs,
nine predator species and six parasitoid species for citrus scale insects, and nine
predator species for citrus spider mites. These results showed that there are many
natural enemies of citrus in Tiirkiye; therefore, chemical control should be applied
carefully, and broad-spectrum pesticides should not be used in citrus orchards.
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Furthermore, the side effects of insecticides on beneficial organisms should be tho-
roughly studied in order to develop effective IPM strategies for pest management
in citrus orchards (Simsek and Uygun, 2013; Satar et al., 2012; Serdar et al., 2018).
Laboratory and field studies to assess the side effects of insecticides against natural
enemies have to be applied according to IOBC/WPRS standards before their re-
gistration by the Ministry in Tiirkiye (Anonymous, 2018).

This study aimed to detect the side effects of some acaricides-insecticides in cit-
rus orchards, specifically focusing on Spirodichloen, Buprofezin, and Abamectin,
against Chilocorus bipustulatus L. (Coleoptera: Coccinellidae), Anagyrus pseudo-
cocci (Girault) (Hymenoptera: Encyrtidae), and Amblyseius swirskii Athias-Henriot
(Acari: Phytoseiidae) in laboratory conditions. The results of this study are expected
to contribute to the development of IPM strategies for citrus production in Tiirkiye.

2. MATERIAL AND METHODS

The laboratory trials were conducted according to Standard test methods for
the side effects of pesticides on beneficial organisms by the General Directorate of
Agricultural Research and Policies (TAGEM). (Anonymous, 2018). Tested insecti-
cides and acaricides under laboratory conditions have been given in Table 1.

Table 1. The used insecticides and acaricides in side effect experiment

Applications Types of Pesticides Active Ingredient Recommended Doses
(g/l) (100 1t water)

W (PositiveControl) Water

A Insecticide + Acaricide ~ Abamectin 18 g/l 25 ml

S1 Acaricide Spirodiclofen 240 g/l 20 ml

S2 Acaricide Spirodiclofen 240 g/l 20 ml

B Insecticide Buprofezin 400 g/l 65 ml

D (Negative Control)  Insecticide Dimethoate 400 g/1 150 ml

2.1. Insect Rearing

Three natural enemies, which were used in experiments, were reared in climate
rooms at the Biological Control Research Institute in Adana/Tiirkiye during 2017-
2018. Potato tubers (Solanum tuberosum L.) were used for P. citri and A. pseudo-
cocci were reared on these tubers. Additionally, Aspidiotus nerii Bouche (Hemip-
tera: Diaspididae) was used for the rearing of C. bipustulatus along with potatoes.
Carpoglyphus lactis L. (Acarina, Carpoglyphidae), dried apricot fruit and Typha
latifolia L. pollen were used for the rearing of A. swirskii during experiments. Cli-
mate rooms conditions were maintained at 26 + 2 °C, 65 + 10% RH and a 16:8 h
(L:D) photoperiod
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2.2. Side Effect Experiments

The experiments investigating the side effects on all three natural enemies were
conducted under laboratory conditions in accordance with the Standard Test Met-
hods for the Side Effects of Pesticides on Beneficial Organisms written by TAGEM
(Anonymous, 2018). Side effect studies were carried out in climate rooms for A.
pseudococci, the predator insect C. bipustulatus, and the predatory mite A. swirskii.
The insecticides were applied in laboratory conditions at 26°C, 65% humidity, with
a 16:8 h (L:D) photoperiod, using a Spray Tower (Hassan et al., 1994).

Circular test units made of plexiglass with a diameter of 13 cm (inner diameter
11.5 cm) and a height of 2 cm were utilized to determine the mortality rates of
parasitoid, predator, and predatory mite adults exposed to pesticides. In the ex-
periments, pesticides were applied onto 13 cm glass plates using a Spray Tower to
achieve a thin film layer of 2+0.2 mg/cm” of the pesticide and distilled water was
applied for Control. After spraying, test units were prepared for C. bipustulatus, A.
pseudococci, and A. swirskii, and the pesticide-treated glass plates were placed into
these units (Figure 1 and 2).

In the experiments, 3rd instar larvae of C. bipustulatus were used, and indivi-
duals were monitored until they reached adulthood. For A. pseudococci, both dead
and alive individuals were counted 24 hours after exposure to the pesticide. Counts
were conducted to calculate mortality rates of A. swirskii protonymphs 24 hours
after exposure to the pesticide. The trials consisted of Control, Toxic pesticide, and
4 characters and 40 replications were used for C. bipustulatus and A.pseudococi,
and 80 replicaitons were used for A. swirskii for each characters in the experiments.
Counts of the trials were performed according to the Standard Test Methods for
the Side Effects of Pesticides on Beneficial Organisms (Anonymous, 2018).

Figure 1. Experiment units for Anagyrus pseudococci(A) and Chilocorus bipustulatus(B)

Sekil 1. Anagyrus pseudococci(A) ve Chilocorus bipustulatus(B) i¢in kullanilan
deneme {initeleri
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Figure 2. Experimental units for Chilocorus bipustulatus (A), Anagyrus
pseudococci (B), and Amblyseius swirskii (C)

Sekil 2. Chilocorus bipustulatus (A) and Anagyrus pseudococci (B) ve Amblyseius
swirskii (C) i¢in kurulan denemeler

2.3. Statistical Analysis

The relative effect (%) was calculated using Abbott’s formula (Abbott, 1925).
Arcsin square root transformation was applied for the mortality rates before sta-
tistical analysis. Prior to analyses, the Shapiro-Wilk Normality Test was applied
to assess whether there was a statistical difference among the mortality rates (%)
between groups, a One-way ANOVA test was applied, and Duncan’s multiple com-
parison test was conducted to determine the differences in mortality rates resulting
from pesticide applications. All statistical analysis was performed using the SPSS
23 program.

In the laboratory experiments, pesticides were categorized into four groups
based on relative effect (%), which was calculated by the Abbot formula, according
to IOBC: N: harmless (< 30%); M: slightly harmful (30-79%); T: moderately harm-
ful (80-99%); (Hassan et al., 1994; Candolfi et al., 2000; Boller et al., 2006).

3. RESULTS AND DISCUSSION

The insecticides/acaricides tested in the experiments exhibited varying side ef-
fects on C. bipustulatus, A. pseudococci and A. swirskii. The highest mortality rates
among the three natural enemies were recorded as 65.00%, 71.50%, and 78.75%,
respectively, for Abamectin (A). Conversely, the lowest mortality rate of 17.50%
was observed for Spirodiclofen (S1). For A. pseudococci, the lowest mortality rates
were 18.78% and 18.93% for Buprofezin (B) and Spirodiclofen (S2), respectively.
Furthermore, the lowest mortality rates for A. swirskii were 21.25% and 23.75% for
Spirodiclofen (S1 and S2) respectively. Dimethoate (D) served as a negative control
for toxic insecticide exposure for C. bipustulatus, A. pseudococci and A. swirskii
during the experiments, resulting in 100% mortality rates (Table 2).
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Table 2. The mortality rates (%) of Chilocorus bipustulatus, Anagyrus pseudo-
cocci, and Amblyseius swirskii for different insecticides and acaricides

Tablo 2. Farkl insektisit ve akarisitlerin Chilocorus bipustulatus, Anagyrus
pseudococci, ve Amblyseius swirskii i¢in 6liim oranlar1 (%)

Mortality rate(%)
Applications Chilocorus bipustulatus ~ Anagyrus pseudococci ~ Amblyseius swirskii

w 10.00+6.70* 0.00£7.42a 7.5+1.44a

A 65.00+2.88¢c 71.50+2.80c 78.75+4.26¢
S1 17.50+4.78ab 22.17+4.82b 23.75+6.57b
S2 25.00+2.88b 18.93.6.14b 21.25+3.75b
B 52.50+8.53¢ 18.78+1.73b 30.00+4.08b
D 100.00+6.70d 100.00+7.42d 100.00+7.16d

*Means in columns followed by the same letter are not significantly different (p<0.05)

Table 3. IOBC Classification and relative effect (%) of tested insecticides-acari-
cides for three natural enemies

Tablo 3. Denemelerde kullanilan insektisit ve akarisitlerin Yiizde etkileri (%) ve
IOBCye gore siniflar

I0BC Classification RP(%)

Applications  Chilocorus Relative Anagyrus Relative ~ Amblyseius  Relative
bipustulatus  effect(%) pseudococci  effect(%) swirskii effect(%)

A M 61.11 M 72.82 M 77.05
S1 N 8.33 N 25.24 N 17.39
S2 N 16.67 N 20.89 N 14.84
B M 47.22 N 18.78 N 24.27
T 100 T 100 T 100

The IOBC classification of each insecticide/acaricide used in the experiments
was determined in this study. The relative effect (%) compared to the control was
calculated using the Abbott formula. Spirodiclofen (S1 and S2) was classified as
harmless (N) for C. bipustulatus, A. pseudococci, and A. swirskii. Abamectin (A)
was classified as slightly harmful (M) for C. bipustulatus, A. pseudococci and A.
swirskii. Buprofezin was classified as slightly harmful (M) for C. bipustulatus but
harmless (N) for A. pseudococci and A. swirskii. In addition, dimethoate was classi-
fied as harmful (T,) for all three natural enemies in this study (Table 3).
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The laboratory experiments revealed different impacts of insecticides and aca-
ricides on various natural enemies. Moreover, these substances affected different
stages of beneficials in different ways. For instance, Buprofezin, known as an Insect
Growth Regulator (IGR), reduced the survival of adult stages and restricted the de-
velopment of insects from larval to adult stages (Simsek and Uygun, 2013; Cabral
et al., 2008). Several studies have investigated the effects of Buprofezin on cocci-
nellid larvae (Mendel et al., 1994; Olszak et al., 1994; James, 2004; Liu and Stansly,
2004). Aghajanzadeh et al. (2020), investigated the lethal and sublethal effects of
mineral oils and insecticides and classified Buprofezin as “Moderately harmful”
according to IOBC standards, especially due to its reduction in larval emergence
and pupal development. This finding is consistent with our study, in which Bupro-
fezin was observed to affect larval-to-adult development and was classified as “M”
according to IOBC standards. Nadimi et al. (2008), investigated the side effects of
some acaricides on Phytoseiulus persimilis Athias-Henriot (Acari: Phytoseiidae),
and found abamectin to be toxic. Similarly, Kolcu and Kumral (2023), investigated
the toxic effects of acaricides on A. swirskii and found abamectin to be slightly
toxic. These results are consistent with our study, where abamectin was classified
as “slightly harmful” to A. swirskii and other natural enemies. Alimohamadi et al.
(2004), studied the effects of hexaflumuron and spirodiclofen on the developmen-
tal stages of Hippodamia variegata (Goeze) (Coleoptera: Coccinellidae), and found
no significant effects of spirodiclofen on the developmental stages of predator. Va-
rious studies have explored the toxicity of certain insecticides on the parasitoid
Aphytis melinus DeBach (Hymenoptera: Aphelinidae) and Encarsia formosa Ga-
han (Hymenoptera: Aphelinidae), with abamectin and spirodiclofen being clas-
sified as “slightly harmful” (Vanaclocha et al., 2013; Hoseininaveh et al., 2012).
Additionally, Karmakar and Shera (2020), studied the lethal and sublethal effects
of insecticides on Aenasius arizonensis (Girault) (Hymenoptera: Encyrtidae), clas-
sifying buprofezin as “slightly harmful” according to IOBC standards. Although
different parasitoid species were used in our study, the methodology was similar
and the mortality rates were comparable to previous studies. Gonzalez-Zamora et
al. (2013), observed the side effects of twelve different pesticides widely used in cit-
rus orchards in Spain on A. melinus, resulting in changes from harmless to slightly
harmful classifications for certain pesticides. Furthermore, the sublethal effects of
spirodiclofen on A. swirskii have been investigated, indicating that sublethal con-
centrations of this active ingredient may slightly affect the population parameters
of A. swirskii (Alinejad et al., 2016).

These studies collectively demonstrate that insecticides and acaricides affe-
ct different natural enemies. In particular, Insect Growth Regulators (IGRs) are
shown to affect the developmental stages of natural enemies. Despite being clas-
sified as an acaricide, abamectin can impact all predators and parasitoids, with
spirodiclofen identified as the least harmful, and spirodiclofen may be classified as
more environmental-friendly than abamectin in terms of natural enemies, especi-
ally predatory mites, in above studies.
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4. CONCLUSION

The side effects of insecticides and acaricides on natural enemies is one of the
most important issues in crop protection, and research on this topic has increased
significantly in recent years. This issue is of particular importance for Tiirkiye, gi-
ven the country’s dependence on citrus as a major trade and import commodity.
The presence of pesticide residues poses a significant threat to trade, making it
imperative to investigate the side effects of commonly used insecticides and acari-
cides in Turkish citrus regions. The aim of this study was to investigate the impacts
of select insecticides and acaricides, widely used in Turkish citrus areas, on C. bi-
pustulatus, A. pseudococci, and A. swirskii under laboratory conditions. Additio-
nally, IOBC Classification of these pesticides was carried out as part of this study.
The results of this research are fundamental, and further investigations conducted
under semi-field and field conditions should help to contribute to Integrated Pest
Management (IPM) strategies in Turkish citrus regions.
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KURAKLIK STRESI ALTINDA HOROZ iBiGi (AMARANTHUS ALBUS
L.) BITKISINDE RIBOFLAVIN UYGULAMALARININ FiZYOLOJiK VE
BiYOKIMYASAL OZELLIKLER UZERINE ETKISI

0z

Bu caligma, horoz ibigi (Amaranthus albus L.) bitkisinde PEG 6000 ile olustu-
rulan farkli ozmotik basingta (kontrol, -0.5 MPa, -1.0 MPa ve -1.5 MPa) kuraklik
stresi ile Riboflavin (B2) (kontrol, 0.1, 0.5, 1.0 ve 2.0 mM) uygulamalarinin bitkide
bitylime parametreleri ile biyokimyasal degisiklikler {izerine etkilerini belirlemek
amacyla yiirtitillmustiir. Arastirmada uygulanan faktorlerin etkisi dogrultusunda
horoz ibiginde bitki boyu (9.0-25.83 cm), kok uzunlugu (28.07-46.07 cm), gévde
yas agirlig1 (2.57-13.23 g), govde kuru agirligs (0.39-1.23 g), kok yas agirlign (4.79-
15.90 g), kok kuru agirlig: (0.64-2.27 g), bitki sicakligr (23.60-24.87°C), askorbik
asit miktar1 (13.55-20.96 ppm), malondialdehit (4.06-9.65 umol g'), azot balans
indeksi (27.60-86.40 mg g™), klorofil (28.87-41.30 SPAD), Flavonoid (0.41-1.14 dx)
, antosiyanin (0.02-0.08 dx) ve suda ¢oziilen madde miktar1 (% 3.90-10.53) ince-
lenmistir. Caligma sonucunda; PEG 6000 ile olusturulan kuraklik stersi sonucunda
bitki boyu, kok uzunlugu, gévde yas ve kuru agirligi, kok yas ve kuru agirligs, klo-
rofil ve Flavonoid degerlerinin kismen ya da tamamen azaldig1 goriilmiistiir. Aras-
tirmada sicaklik, MDA, azot balans indeksi ile suda ¢6ziilen madde miktarinda ise
artiglara neden oldugu belirlenmistir. Kuraklik stresinin askorbik asit ve antosiya-
nin tizerine etkisi ise istatistiksel olarak 6nemsiz bulunmustur. Bu ¢calismada PEG
6000 ile olusturulan kuraklik stersine kars1 riboflavin (B2) dozu uygulamalarinin
incelenen fizyolojik ve biyokimyasal 6zellikler {izerinde olumsuz etkisini azaltic1 ve
diizenleyici etkiye sahip oldugu tespit edilmistir.

Anahtar Kelimeler: PEG 6000, Riboflavin, Horoz Ibigi, Kuraklik Stresi, Tolerans.

ek

EFFECT OF RIBOFLAVIN APPLICATIONS ON PHYSIOLOGICAL AND
BIOCHEMICAL CHARACTERISTICS OF AMARANTH (RMARANTHUS
ALBUS L.) PLANT UNDER DROUGHT STRESS

ABSTRACT

This study was carried out in amaranth (Amaranthus albus L.) plant with drou-
ght stress at different perturbation pressures (control, -0.5 MPa, -1.0 MPa and -1.5
MPa) created with PEG 6000 and Riboflavin (B2) (control, 0.1, 0.5, 1.0 and 2.0
mM) applications on growth parameters and biochemical changes. In the resear-
ch, plant height (9.0-25.83 cm), root length (28.07-46.07 cm), stem fresh weight
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(2.57-13.23 g), stem dry weight (0.39-1.23), root fresh weight (4.79-15.90 g) of the
amaranth plant. , root dry weight (0.64-2.27 g), plant temperature (23.60-24.87
°C), ascorbic acid (13.55-20.96 ppm), malondialdehyde (4.06-9.65 umol g*), nit-
rogen balance index (27.60-86.40 mg g'), chlorophyll (28.87-41.30 SPAD), flavo-
noid (0.41-1.14 Delux index), anthocyanin (0.02-0.08 dx) and the amount of wa-
ter-soluble substance (3.90-10.53 %) were examined. In the results of working; As
a result of drought stress caused by PEG 6000, plant height, root length, stem fresh
and dry weight, root fresh and dry weight, and Flavonoid values were partially or
completely reduced. In the research, it was determined that temperature, MDA,
chlorophyll, nitrogen balance index and the amount of substance dissolved in wa-
ter caused increases. The effect of drought stress on ascorbic acid and anthocyanin
was found to be statistically insignificant.

In this study, it was determined that riboflavin (B2) dose applications against
drought stress caused by PEG 6000 had a regulating and reducing effect on the
physiological and biochemical properties examined.

Keywords: PEG 6000, Riboflavin, Amarant, Drought Stress, Tolerance.

R
1. GIRIS

Horoz ibigi bitkisi Amaranthaceae familyasi icerisinde yer alan Amaranthus
cinsine ait 60-70 kadar tiirden olugan tek ve ¢ok yillik kozmopolit bir cinsidir
(Anonim, 2015). Amerika kitasinda genis bir yayilim gosteren bitki Aztek ve Inka
uygarhiginda besin maddesi olarak kullaniminin yaninda dini ve sosyal ritiiellerde
kullanildig: bilinmektedir. Bir¢ok ¢esidi olan bitkinin sebze, yalanci tahil ve siis
bitkisi olarak genis bir kullanim alani vardir. Horoz ibiginin daneleri ve yapraklar
insan ve hayvan beslenmesinde kullanilmaktadir. (Yarnia ve ark., 2011; Ergun ve
ark., 2014; Ozaslan ve Kendal, 2014). Ayrica bitkinin goz alic1 bir cicek yapisina
sahip olmasi peyzaj ¢aligmalarinda ¢ok tercih edilen bitkiler arasinda yer almis-
tir ( Keskin ve ark., 2021). Avrupa kitasina 16. yiizyilda yeni kitanin kesfinden
sonra bir tahil olarak getirilmistir. Bitki Hindistan, Cin, Giineydogu Asya, Mek-
sika, ABD ve Rusya, Avrupa ve Cek Cumhuriyetinde ticari olarak yetistiriciligi
yapilmaktadir (Belton ve Taylor, 2002). Ulkemizde ise resmi kayitlarda ekilis ve
tiretimine dair herhangi bir resmi kayit bulunmamaktadir (Ulker ve ark., 2022).
Pismemis horoz ibigi tanesi bir¢ok tahil ile kiyaslandiginda protein, yag, lif ve
mineral madde igeriklerinin daha yiiksek, karbonhidrat miktarinin ise diisiik ol-
dugu gorilmistiir. (Alegbejo, 2013; Arendt ve Zannini, 2013). Bitki tohumlar1
ortalama olarak %12 su, %65 karbonhidrat (%7’si diyet lifi dahil), %17 protein,
%8 yag ve %3.5 kil icermektedir. (Berghofer ve Schoenlechner, 2002). Ayrica bit-
ki tohumlarindan elde edilen undan yapilan ekmek, biskiivi ve eriste gibi gidalar
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gluten icermediginden ¢olyak hastalarinca tercih edilmektedir (Rastogi ve Shuk-
la, 2013). Bitkinin su titketimi oldukg¢a diisiik oldugu gibi stres sartlarina olduk-
¢a dayaniklidir. Kurak dénemlerde yavaslayan biiytime ve gelisme yeterli suyun
kargilandig: sartlarda yeniden aktif duruma gelebilmektedir. Bityiime ve gelisme-
nin ilk dénemlerinde goriilen kuraklik stresi bitkilerde generatif donemin erken
baslamasina neden olabilir. Bu nedenle bitki fizyolojisi a¢isindan benzer meka-
nizmalarin anlagilmasi hayvancilik agisindan kaba yem veya insan beslenmesinde
tane tiretiminde faydali olacaktir (Ergun ve ark., 2014).Tarim sektori artan kiiresel
iklim degisikliginin ¢ok biiytik tehdidi altindadir. Bu degisimler kuraklik sikligs,
kuraklik siddeti, yagislarin diizensizligi, sicaklik degisimleri ve tuzluluk gibi abiyo-
tik stres faktorleri olarak bilinmektedir. Bitkisel iiretimde siirdiiriilebilir bir iiretim
modelinin saglanmasinda vejetatif ve generatif yolla cogaltim ¢ok 6nemlidir. Son
yillarda doku kiiltiirii teknikleri arasinda yer alan ve abiyotik streslere kars: bitki-
lerin dayaniklik mekanizmalarinin belirlenmesinde in vitro teknikleri 6nemli rol
oynadig1 goriilmustiir. Tarimsal tiretim tizerinde en dliimciil etkilere neden olan
abiyotik stres faktort hi¢ stiphesiz kurakliktir (Sevindik, 2021). Bitkilerin kurak-
lik stresi karsisinda gosterdikleri tepkiler cins ve tiirlere gore degismekle birlikte
genetik x gevresel faktorlerin etkisi altindadir. Bitkilerin kuraklik stersine karsi en
hassas olduklar1 donemler ¢imlenme ve fide olusum donemleridir. Bu dénemde
fotosentez, solunum, besin maddelerinin alinimyi, terleme gibi bir¢ok fizyolojik ve
biyokimyasal olaylarda degisim meydana geldigi tespit edilmistir (Farooq ve ark.,
2008). Benzer ¢aligmalarda kuraklik stresinin etkilerinin daha iyi anlagilmas: adi-
na benzer etkiye sahip degisik kimyasal maddeler kullanilmaya baglanilmistir. Bu
maddelerden biri olan polietilen glikol (PEG), ortamdaki su potansiyelinin diisme-
sine ve dolayisiyla kuraklik stresinin olusumuna yardimci olur. Bu madde kimyasi
geregi toksik olmayan ancak kuraklik stresinin meydana gelmesine yardimci olan
bir 6zellige sahiptir (Bressan ve ark., 1981). Kuraklik stresine bagli olarak bitki tiir
ve gesitlerinde degisen gevre ve genetik 6zelliklerin en basta ¢cimlenme, bityiime ve
gelismeyi etkilemeden optimum diizeyde tutacak 6n uygulamalar giderek 6nem
kazanmaktadir. Bitkilerde stres sartlarinda bliylime ve gelismeyi diizenleyiciler
(BGD) olarak etilen, giberellinler, sitokininler ve bunlara ilave olarak engelleyi-
ciler olarak gruplandirilir. Gintimiizde bu maddelere ilave olarak polifenolik bi-
lesikler ve B2 vitamini olarak bilinen riboflavin eklenmistir. Ancak bu maddeler
ile yiiriitiilen arastirma sayisi yetersiz diizeyde oldugu gériilmiistiir. Ozellikle stres
sartlarinda B2 vitamini olarak bilinen riboflavinin kontrol gruplarina gore ¢imlen-
me oranlarini artirdiy gortlmistir (Ercisli ve ark., 1999).

Bu ¢alismada polietilen glikol (PEG) ile olusturulan kuraklik stresine kars1 B2(-
riboflavin) vitamin'in horoz ibigi bitkisinde meydana getirdigi fizyolojik ve biyo-
kimyasal degisikliklerin incelenmesi amag¢lanmustir.
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2. MATERYAL METOT

Bu ¢aligma 2022 yilinda Van Yiiziincii Yil Universitesi (Van YYU) Ziraat Fakiil-
tesi Tarla Bitkileri Bolimi’ ne ait tam kontrollii iklim kabininde yiiriitiilmistiir.
Iklim odasinda bitkiler floresan lambalarla 1siklandirilmis (16 saat aydinlik, 8 saat
karanlik) ortamda 22.5 °C sicaklikta, %65’lik neme sahip bir ortamda tutulmustur.
Tesadiif parsellerinde faktoriyel deneme desenine 4 tekerriirlii olarak yiiritalmis-
tiir. Van YY U Tibbi ve Aromatik Bitkiler Bah¢esinden elde edilen Amaranthus albus
L. tohumlary, turba + perlit + toprak karisimi (1: 1: 2) icerisine ekimler yapilmistir.
Bu karisim yapilan analizinde hafif alkali reaksiyona sahip, organik maddesi orta
seviyede ve tuzsuz oldugu tespit edilmistir. Tohumlar 500 mI'lik saksilara ekilerek
% 65 nem; 8/16 saat karanlik/aydinlik periyotta; 25 °C sicaklik ortaminda yetisti-
rilmistir. Tohumlar 02.03.2022 tarihinde viyollere ekilmistir. Gergek yapraklar ¢ikis
yaptiktan sonra (3-4 yaprakli donem) saksilara 25.05.2022 tarihinde aktarilmigtir.
Saksilardaki bitkilere 15.06.2022 tarihinde standart hoagland besi ¢ozeltili (1000
ml Hoagland besin ¢ozeltisi iceriginde; 1.0 g KNO3, 0.5 g Ca(NO3)2, 0.25 g NH-
4H2PO4, 0.5 g MgSO4, 0.003 g H3BO3, 0.0015 g MnCI2, 0.0001 g CuSO4, 0.0001
g H2MoO4, 0.0006 g C4H606, 0.0003 g FeSO4 ve 0.0003 g ZnSO4) ile giibreleme
yapimistir(Hoagland ve Arnon, 1950). Bitkilerin 8-10 yaprakli oldugu donemde
yapraktan piskiirtme seklinde riboflavin uygulamasina baslanmistir. Riboflavin
dozlar1 kontrol (0), 0.1 mM, 0.5 Mm, 1 Mm ve 2 mM olarak belirlenmistir. Ik uy-
gulama 31.05.2022 tarihinde yapilmis olup toplamda 4 uygulama yapilmistir. Stres
faktérii olarak 0 g, -0.5 MPa, -1 MPa ve -1.5 MPa PEG-6000 uygulanmistir. {lk
uygulama 19.06.2022 tarihinde yapilmis olup toplamda 5 uygulama yapilmistir.
Bitkilerde solma ve sonrasinda kuruma gibi fizyolojik parametreleri etkileyecek
belirtilerin ortaya ¢ikmasindan sonra deneme 05.07.2022'de sonlandirilmigtir.

2.1. Arastirmada incelenen Ozellikler;

Bitkide yaprak sicaklig1 6l¢timiinde taginabilir kizil6tesi infrared termometre
kullanilmustir. Bitkinin morfolojik gelisim parametrelerinden kok ve gévde uzun-
lugu dijital kumpas yardimiyla cm cinsinden 6l¢iilmiis, kok ve govdenin yas ve
kuru agirliklar: ise hassas terazi (0,0001 g) yardimiyla belirlenmistir. Yas agirliklar:
belirlenen bitki ve kokler daha sonra 40 °C'de 72 saat kurutulmus ve kuru agirliklar:
tespit edilmistir (Bat ve ark., 2017). Klorofil, Flavonol, Antosiyanin icerigi ve nitro-
jen balans indeksi (NBI), Cerovic ve ark. (2015) gore Dualex bilimsel + (FORCE-A,
Fransa) cihazi kullanilarak belirlenmistir. Lipid Peroksidasyon seviyelerinin belir-
lenmesi i¢in (MDA) 0.5 g yaprak 6rnegi 10 ml % 0.1’lik trikloro asetik asit (TCA)
ile homojenize edildikten sonra homojenat 15000 gde 5 dakika santrifiij edilmistir.
Santrifiij edilen 6rnegin siipernatant kismindan 1 ml alinip, tizerine 4 ml % 20’lik
TCA igerisinde ¢oziilmiis % 0.5lik tiobarbiturik asit (TBA) eklenmistir. Karigim
95°C su banyosunda 30 dakika bekletildikten sonra hizla buz banyosunda sogutu-
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lup 10000 gde 10 dakika santrifiij yapildiktan sonra siipernatant kisminin 532 ve
600 nm dalga boyunda absorbans: belirlenmis ve MDA igerigi nmolg'T.A olarak
tespit edilmigtir. MDA icerigi Giineri ve Bagc1 (2010)’ya gore hesaplanmustir. Top-
lam Antioksidan aktivite FRAP yontemine (Benzie, Strain 1996) dayandirilmis ve
ardindan 593 nmde absorbans degeri okunmus ve antioksidan aktivite degerleri
Trolox esdegeri (TE)/ olarak kaydedilmistir. Toplam flavonoid madde tayini Quet-
tier-Deleu ve ark. (2000)’n1in gelistirmis olduklar1 yontem baz alinarak belirlenmis-
tir. Bu galismada 2 ml ekstrakt {izerine 2 ml %2’lik AICI, eklenerek oda sicakliginda
ve karanlikta 60 dakika bekletilmistir. Hazirlanan 6rnekler 415 nm dalga boyunda
spektrofotometre ile 6lgiilmiis ve standart quarsetin (QE) kullanilarak hazirlanmis
olan kalibrasyon egrisinden faydalanilarak mg QE/100 g cinsinden hesaplanmistir.
Antohosiyanin igeriklerinin tespitinde dualex cihazi kullanilmistir. Askorbik asit
tayini spektrofotometrik olarak belirlenmistir (AOAC, 1990). 100 pl siipernatant
tizerine 400 uL %0,4 oksalik asit ve 4,5 ml 2,6-diklorofenolindofenol ¢ozeltisi ek-
lenerek 520 nmde absorbans degerleri spektrofotometrik olarak belirlenmistir. Saf
askorbik asit ile ¢izilen kalibrasyon egrisi yardimiyla numunelerdeki askorbik asit
miktar1 mg/100 g cinsinden hesaplanmistir. Bu ¢aligmada suda ¢oziinebilir kuru
madde miktar1 (SCKM) ise dijital el reflaktometresi ile tespit edilmistir.

Elde edilen verilerin istatistiki analizleri tesadiif parsellerinde faktoriyel 4*5
deneme desenine gore, Costat 6.303 istatistik Analiz Programrnda yapilmuistir.
Ortalama veriler ayrica Duncan Coklu Aralik Testi ile P<0.05’te karsilasgtirilmistir
(Dtizgiines ve ark., 1987).

3. BULGULAR VE TARTISMA

Aragtirma sonunda elde edilen verilere gore Riboflavin, PEG ve R x PEG uy-
gulamalariin horoz ibigi bitkisinde bitki boyu tizerine etkisi istatistiksel olarak
onemli bulunmugtur (Cizelge 1; Sekil 1). En yiiksek bitki boyu 18.79 cm ile R20 uy-
gulamasindan elde edilirken, en distik bitki boyu 14.84 cm ile RO5 uygulamasinda
olgiilmustiir. Elde ettigimiz bu sonuglara gore riboflavin dozlarinin bitki boyu de-
gerlerini 6nce azalttig sonra ise artirdigi tespit edilmistir. Sonuglarimiz ile kismen
benzerlik gosteren bir diger calismada riboflavin dozlarinin stres karsisinda koru-
yucu 6zellikteki antioksidatif bilesenlerin tiretimini uyardigi goriilmektedir (Mori
ve Sakurai 1995). Bu ¢alismada PEG ile olusturulan kuraklik stresi sonucunda elde
edilen en yiiksek bitki boyu 22.80 cm ile kontrol uygulamasindan, en diigitk deger
ise 12.07 cm ile -1.5 MPa doz uygulamasinda tespit edilmistir. Artan dozlardaki
PEG uygulamalarinin horoz ibigi bitkisinde bitki boyu uzunlugunu azalttig1 goriil-
mistiir. Benzer bir ¢alismada ekinezya bitkisinde PEG 6000 ile olusturulan kurak-
lik stresi sonucunda bitki boyunun %10 azaldig: goriilmustiir (Bat ve ark., 2021).
R x PEG uygulamalar1 sonucunda elde edilen en yiiksek bitki boyu degeri 25.83
cm olarak R20 ile stresin olmadigi kontrol grubundan elde edilmistir. En distik
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deger ise stresin olmadig1 kontrol grubunda R05 doz (20.00 cm) uygulamasinda
olgiilmustiir. Stres sonunda plazmolize ugrayan bitkilerde fotosentez ve solunum
gibi hayati faaliyetler sekteye ugramaktadir. Bunun sonucunda bityiime ve gelisme
aktiviteleri ya kismen yada tamamen durma noktasina gelmektedir. Tiitiin bitki-
sinde riboflavin seviyelerinin kuraklik toleransini artirdig: gérillmustiir (Deng ve
ark. 2014). Riboflavinin stres karsisinda savunma mekanizmalarini aktivite hizini
artirdigs tespiti calismamaiz ile benzerlik gostermistir (Taheri ve Tarighi 2010).

Peg 6000 dozlar1 (Mpa)
mP0 mPO5 mP10 mP15

RO RO1 ROS R10 R20

Riboflavin dozlan(mhl)

Bitki Boyu (cm)
w B H 8 R B

=

Sekil 1. Horoz ibigi bitkisinde R x PEG uygulamalarinin bitki boyu tizerine etkisi
Figure 1. Effect of R x PEG applications on plant height in amaranth plant.

Horoz ibigi bitkisinde riboflavin uygulamalarinin kok uzunlugu iizerine et-
kisinin istatistiksel olarak 6nemli oldugu goriilmistiir. En yitksek kok uzunlugu
RO5 ve RO1 doz (37.44 ile 37.41 cm) uygulamalar1 sonucu ayni1 grupta yer alirken,
en diigitk deger ise riboflavinsiz kontrol uygulamas: sonucunda 34.08 cm olarak
ol¢tilmiistiir. Kok uzunluk degerlerinin artan riboflavin uygulamalarina bagli ola-
rak Once artig1 sonra ise azaltig1 tespit edilmistir. Bu diististe stresin siiresinin ve
siddetinin etkili oldugu diisiintilmektedir. Benzer ¢alismalarda stres sartlarinda
riboflavinin bitkilerde solunum tizerine olumlu ve pozitif etkisinin oldugu ve kok
ile govde gelisimini olumlu yonde etkiledigi bildirilmistir (Ghur ve ark., 2017).
Kuraklik stresi sonucunda elde edilen en yiiksek kok uzunlugu ise 40.87 cm ile
kontrol grubundan, en diisiik deger ise 31.77 cm ile -1.5 MPa doz uygulamasindan
elde edilmistir (Cizelge 1; Sekil 2). Bat ve ark. (2021)’nin ekinezya ile yiiriittikleri
calismada kuraklik stresi sonucunda kok uzunlugunda %11 oraninda azalma go-
rilmistiir. Horoz ibigi bitkisinde R x PEG uygulamas: sonucunda en yiiksek kok
uzunlugu 46.07 cm (RO1 x P0), en disiik deger ise 28.07 cm (RO5 x P15) olarak
ol¢tlmiistiir. Stresin siddetine ve siiresine bagh olarak siirglin ve kék meristem
hiicrelerinde biiyiime ve ¢ogalmanin yavasladig: goriilmiistiir (Tungtiirk ve ark.,
2021). Kurakligin ilk zamanlarinda bitki suya erismek igin kokleri daha derine bii-
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yiitme egiliminde olmasina ragmen sonraki donemlerde stresten kurtulamaz ise
biiylime durma noktasina gelebilir. Stres karsisinda bitki bitytime diizenleyicile-
rinin varligi kok ve govde oranlarindaki dramatik kayiplar: azalttig belirtilmigtir
(Anjum ve ark., 2011). Stres karsisinda riboflavin gibi vitaminlerin koklerin de-
rinlere uzama ve emme potansiyelini artirdig1 diisiik seviyede bile olsa bliyiimeye
devam ettigi gortilmiistiir (Blum 2005).
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Sekil 2. Horoz ibigi bitkisinde R x PEG uygulamalarinin kok uzunlugu tizerine etkisi
Figure 2. Effect of R x PEG applications on root lenght in amaranth plant.

Riboflavin uygulamalar1 sonucunda en yiiksek govde yas agirligi 7.29 g ile R10
uygulamasindan elde edilirken, en distik deger 3.80 g ile kontrol uygulamasinda
ol¢tlmiistiir. Riboflavin dozlar: artik¢a kuraklik stresine karsi govde yas agirligin-
da ¢ok sert diistisler goriilmemistir. Bu durumun ortaya ¢ikmasinda strese karsi
riboflavin uygulamalarinin koruyucu ve iylestirici bazt mekanizmalara etki ettigi
diisiiniilmektedir. Ancak stresin sidddeti ve siiresi uzadik¢a bu etki zayiflayabilir.
Bitkiler bu sartlarda riboflavin gibi enzimatik olmayan bazi etki mekanizmalarinin
diizenleyici katkilarina sahip olabilir (Ingram ve Bartles, 1996). Riboflavin (B2 vi-
tamini) bitkilerde kurakliga toleransi diizenleyen bir antioksidandir (Ghur ve ark,
2017). PEG ile olusturulan kuraklik stresi sonucunda en yiiksek govde yas agirlig:
11.12 g ile kontrol grubundan, en diisiik deger ise 3.35 gile -1.5 MPa doz uygu-
lamas! sonucunda ol¢iilmiistiir. Bugday ve bezelyede PEG 6000 (%10) ile olustu-
rulan kuraklik stresi sonucunda bitkilerde yas ve kuru agirligin azaldig: bildiril-
mistir (Alexieva ve ark., 2001). Benzer bir diger ¢alismada kuru agirligin kontrol
gruplarina gore %43-50 oranda azaldig1 tespit edilmistir (Tsuji ve ark., 2003). Bu
caliymada R x PEG uygulamasinda en yiiksek gévde yas agirlig1 13.23 g (R05 x P0),
en diisiik gévde yas agirlig ise 2.57 g (R05x P10) olarak tespit edilmistir (Cizelge 1;
Sekil 3). Kuraklik stresi sonucunda olugan reaktif oksidasyonda glutatyon ve ribof-
lavin (B2 vitamini) gibi metabolitler de antioksidan gorevi gordiigt belirtilmistir
(Mittler 2002).
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Sekil3.HorozibigibitkisindeRx PEGuygulamalariningovdeyasagirhigiiizerineetkisi
Figure 3. Effect of R x PEG applications on stem fresh weight in amaranth plant.

Bitkide govde kuru agirlig: tizerine Riboflavin ve PEG uygulamalarimin etki-
si onemli, R x PEG uygulamalarinin etkisi ise istatistiksel olarak énemsiz bulun-
mustur (Cizelge 1). Bitkide en yiiksek govde kuru agirlig 0.87 g ile R20 uygula-
masindan elde edilirken, diger dozlarla birlikte sirasiyla 0.56, 0.66, 0,69 ve 0.70 g
agirlik degerleri ile ayn1 grupta yer almigtir. Kuraklik stresi ile birlikte solunumun
azalmas: bitkide govde ve kok gelisimini etkiledigi bildirilmistir (Manzoni ve ark.,
2012). Mantarda 20 MPa dozu uygulamasinda kontrol uygulamasina gore yaklagik
% 200-300 oraninda yas ve kuru agirlik kayb: meydana geldigi belirtilmistir (Ghur
ve ark., 2017). Bu ¢alismada PEG ile olusturulan kuraklik stresi sonucunda elde
edilen en yiiksek govde kuru agirlik degeri 1.07 g ile kontrol uygulamasindan, en
diisiik deger ise 0.46 ve 0.53 g (P15 ve P10) olarak ayni grupta yer aldiklar1 go-
rilmistiir. Bat ve ark (2021)de yiriittiikleri ¢alismada kuraklik stresinin ekinezya
bitkisinde kuru kok agirligini kontrol grubuna gore %14.4 oraninda azalttigini bil-
dirmislerdir. Kirazda Polietilen Glikol (PEG-8000) ile olusturulan kuraklik stresi
sonucunda kullanarak kuraklik stresinde ¢ok ciddi kayip oldugu gortilmiistiir (Siv-
ritepe ve ark., 2008).

Horoz ibigi bitkisinde Riboflavin PEG ve R x PEG uygulamalarinin kok yas
agirhigr tizerine etkisinin istatistiksel olarak onemli oldugu goriilmiistiir(Sekil 4).
En yiiksek kok yas agirligi 11.87 g ile R10 uygulamasindan, en distiik deger ise
kontrol uygulamas: sonucunda 7.77 g olarak 6l¢tilmiistiir. Bitkilerin kok ve gévde
gelisimleri tizerine riboflavin gibi vitaminlerin kuraklik stresinde dayanikli gen-
lerin aktivasyonlarini artirdig: bildirilmistir (Garcia-Martinez ve ark., 2015) Elde
edilen en yiiksek kok yas agirligr 12.48 g ile kontrol grubundan, en diisiik deger
ise 6.29 gile -1.5 MPa doz uygulamasindan elde edilmistir (Cizelge 1). Strese bagl
verim kayiplar1 kurakligin siddeti ve siiresinin yani sira bitkinin tiir ve gesit 6zelligi
ile yakindan ilgili oldugu bildirilmistir (Sani ve Farhani, 2010). Horoz ibigi bit-
kisinde R x PEG uygulamasi sonucunda en yiiksek kok yas agirlig 15.90 g (R10 x
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P0), en diisiik deger ise 4.79 g (R05 x P15) olarak dl¢tilmiistiir. Bitkilerde biiyiime
ve gelisme (bitki boyu, kok, govde yas ve kuru gb) tizerine stres faktorlerinin akut
etkilerini silisyum, giberalik asit ve riboflavin gibi dogal ve sentetik maddelerin iyi-
lestirici ve diizenleyici etkilere sahip oldugu belirtilmistir (Tungtiirk ve ark., 2021).
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Sekil4.Horozibigibitkisinde Rx PEG uygulamalarinin kék yasagirligi tizerine etkisi

Figure 4. Effect of R x PEG applications on root fresh weight in amaranth plant.

Cizelge 1. Kuraklik stresinin fizyolojik 6zellikler tizerine etkisi.

Table 1. Effect of drought stress on physiological characteristic

PD]‘E)SI::)]OO gg;’ﬂa"i" BB (cm) KU (cm) GYA (g) GKA(g) KYA(g)
RO (kontrol)  21.5240.33c  34.83x1.04b-d 3.85:0.67ef  0.83:0.04 921%0.18 ef
RO1 21.67+120bc  46.07+3.30a  10.01£1.03cd  1.05£0.16  13.50+1.31 be
Kontrol (P0)  RO5 2000+41.00c  42.67+143ab  1323%1.30a  123:026 9.95:0.80 e
RI10 25004058 ab  41.43x0.83b  11.80£0.94c  1.20+0.11 15.90+2.29a
R20 25.83+044a  39.3742.55b  11.024043d  1.06£0.05 13.83+1.51b
PO Ort. 22.80 A 40.87 A 1112 A 107 A 1248 A
RO (kontrol)  14.674120de  34.63:3.76b-d 4.41:0.07ef  0.60+0.04 8.25:0.45eg
RO1 1600£1.73d  39.00£330b  4.12+0.19¢f  0.58+0.04 11.04+1.22 de
-0.5MPa (P05)  R05 1533£0.67d  36.00£153bc  4.43:044e  0.63:0.10 8.29+0.59 ef
R10 1633+133d  39.17+1.76b  9.48+0.79d  1.17+024 14.200.50 b
R20 18674120 37.80+249bc  4.29+0.04ef  0.67+0.09  11.04+1.06 de
P05 Ort. 16.20 B 37.32 AB 534 B 073 B 10.56 AB
RO (kontrol)  14.33+0.67de  3237+1.62c-e  3.09:0.07fg  0.43+0.05 8.12+0.86 e-g
RO1 12674032 31.83:0.89de  3.06:0.14fg  0.53£0.03 7.25+0.84fh
1.0 MPa (P10) R05 12.00£1.53 e 29.07+320de  2.57+021f  0.56+0.06 8.07+0.79 e-g
R10 1533£1.32d  35.67+151bc  4.10:0.80ef  0.5240.09  11.9320.25 cd
R20 1535£0.30d  34.90+1.08b-d  3.97+025ef  0.63+0.09 11.01+1.43 de
P10 Ort. 1394 C 3276 B 356 C 053C  927B
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RO (kontrol) 12.00+£0.58 e 34.50+3.17 b-e  3.85+0.07 ef 0.41+£0.03  7.33+0.20 e-g

RO1 12.00+1.15¢ 28.73t1.24 ¢ 3.15+0.34 fg 0.500.006  6.51+0.64 gh
-1.5 MPa (P15) R05 12.05£1.00 e 28.07+1.53 ef 2.70+0.18 g 0.39+0.05  4.79+0.15 h1
R10 9.00 +1.53 f 33.50+3.46 c-e  3.79+0.18 ef 0.61+0.09  5.45+1.15h
R20 15.33+1.76 d 33.27+2.05c-e  3.27+0.13fg 0.40+£0.07  7.37£1.00 e-g
P15 Ort. 12.07 D 31.77 C 3.35 CD 0.46 C 6.29 C
RO (kontrol)  15.63 B 34.08 B 3.80 C 0.56 B 8.22 CD
RoO1 15.58 B 3741 A 5.08 B 0.66 B 9.57 BC
R Doz Ort. RO5 1484 B 37.44 A 573 AB 0.69 B 7.77 D
R10 16.41 B 36.33 AB 729 A 0.70 B 11.87 A
R20 18.79 A 36.85 AB 563 B 0.87 A 10.81 AB
VK (%) 11.65 10.84 16.48 20.02 18.08
R ot * ot ot ot
PEG ot - ot ot ot
RxPEG * ot ok 5d ot

*: p<0.05 diizeyinde 6nemlilik, **: p<0.01 diizeyinde 6nemlilik, 6d: énemli degil.R: Riboflavin, P: PEG 6000, VK:
Varyasyon katsayisi, BB: Bitki boyu, KU: Kok uzunlugu, GYA: Govde yas agirhgl, GKA: Govde kuru agirhigl, KYA:
Kok yas agirligr.

Cizelge 2'de goruldigi gibi kok kuru agirlig: tizerine R, PEG ve R x PEG uy-
gulamalarinin etkisi istatistiksel olarak énemli bulunmugtur. En yiiksek kok kuru
agirhigi 1.54 g ile R10 uygulamasinda olgiilmustiir. En diigiik deger ise 1.05 g ola-
rak kontrol uygulamasinda tespit edilmistir. Kuraklik stresi uygulamasi sonucun-
da elde edilen en yiiksek kok kuru agirligi 1.87 g ile kontrol uygulamasindan, en
diisiik deger ise sirastyla P10 ve P15 uygulamalar: sonucunda 1.07 ve 0.85 g olarak
ayni grupta yer aldiklar1 gorilmustiir. Kok kuru agirlig: tizerine R x PEG uygula-
malar1 sonucunda elde edilen en yiiksek deger 2.27 g (R01XP0), en diisiik deger
ise 0.64 g (R20 x P15) olarak ol¢tilmiistiir (Cizelge 2; Sekil 4). Stres esnasinda bitki
yeterince su alamadig i¢in turgor basincinda azalma kok ve govde kuru agirliginin
azalmasina neden olabilmektedir (Delfine ve ark., 2002). Su kaybi ile plazmoli-
ze ugrayan bitkiler farkli fizyolojik ve morfolojik tepkiler verebilir. Bu sonuglara
bakildiginda riboflavin dozlarinin kuraklik kargisinda bitkiyi koruyucu baz: bile-
siklerin sentezini tegvik ettigi diisiiniilmektedir. Benzer ¢alismalarda bazi organik
veya inorganik bilegiklerin stres karsisinda koruyucu etkileri oldugu ve ¢esitli biyo-
kimyasal aktiviteleri hizlandirdig bildirilmistir (Tungtiirk ve ark., 2021). Ornegin
stres sartlarinda prolin ve SOD (stiperoksit dismutaz) iceriklerindeki artislar strese
karst mukavemeti artirdig1 tespiti riboflavin uygulamalarinin bir sonucu olarak
diistiniilebilir(Sepanlo ve ark., 2014).
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Figure 4. Effect of R x PEG applications on root dry weightt in amaranth plant.

Bitkide sicaklik iizerine PEG uygulamalarinin etkisi 6nemli, R ve R x PEG uy-
gulamalarinin etkisi ise istatistiksel olarak 6nemsiz bulunmustur (Cizelge 2). Ku-
raklik stresi sonucunda en yiiksek sicaklik 24.66 °C ve 24.51 °C (-1.5 MPa ve -1.0
MPa) dereceleri ile ayn1 grupta yer almistir. En diisiik deger ise 23.79 °C ile kont-
rol uygulamas: sonucunda dl¢tilmistir (Cizelge 1). Benzer ¢alismalarda kuraklik
stresi sonrasinda bitkilerde sicaklik degerlerindeki artisa paralel olarak fotosentez
ve solunum dengesinin bozularak verim ve verim kayiplarina neden oldugu bil-
dirilmistir (Tungtiirk ve ark., 2021). Ekonomik degere sahip bitkilerde susuz veya
yari kurak yetistiricilik bu kayiplarin artisina neden olmaktadur. (Bat ve ark., 2017).

Askorbik asit miktar1 tizerine R, PEG ve R x PEG uygulamalarinin etkisinin
istatistiksel olarak 6nemli olmadig1 goriilmiistir. Bu ¢aliyma sonunda elde edilen
Askorbik asit degerleri 13.55-20.96 ppm ASA arasinda degisim goriilmiistir (Ci-
zelge 2). Bitkilerde strese tolerans mekanizmalarindan biriside askorbik asit ice-
rigidir. Hidrojen peroksitin enzimatik olarak nétralizasyonunda birincil substrat
olarak rol oynayan suda ¢oziilebilen bir antioksidant olarak bilinmektedir (Belgati,
2008). Bitki hiicresinde béliinme, hiicre duvarinin kalinlasmasi gibi bazi fonksi-
yonlarinin oldugu bilinmektedir (Aqil, 2008). Bu ¢aliymada stres sartlarinda ri-
boflavin dozlarina ragmen bazi aragtirmacilarin aksine askorbik asit degerlerinde
istatistiksel olarak 6nemli bir degisim goriilmemistir.

Cizelge 2de goruldigii malondialdehit (MDA) iizerine R ve R x PEG
uygulamalarinin etkisi 6nemsiz, PEG uygulamasinin ise istatistiksel olarak 6nemli
bulunmustur(P<0.01). Kuraklik stresi altinda horoz ibigi bitkisinde en yiiksek
malondialdehit (MDA) degeri 8.69 umol g ile -1.5 MPa dozu uygulamasindan
elde edilmistir. En diisiik deger ise 5.67 pmol g olarak kontrol uygulamasinda
olgiilmiustiir (Cizelge 2). Elde etigimiz bulgular ile benzer bir¢ok ¢alismada stresin
siddetine ve siiresine bagli olarak MDA degerlerinde artis tespit edilmistir (Qing
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ve ark., 2015; Kaya ve Doganlar, 2016). Cesitli stres sartlarinda oksidatif zararin bir
belirtisi olarak lipid peroksidasyonun son iiriinii olarak ortaya ¢ikan bir biyokim-
yasal maddedir. Van ekolojik kogullarinda domates yerel ve hibrit gesitler ile yiirii-
tiilen bir caligmada MDA iceriginin kontrol grubuna gére % 3.22-103.35 oraninda
artiglar tespit edilmistir (Alp ve Kabay, 2017). Bulgularimiz benzer ¢alismalardan
elde edilen sonuglar ile benzestigi sonucuna varilmaistir.

Bu galisma sonucunda Riboflavin, PEG ve R x PEG uygulamalarinin horoz ibi-
¢i bitkisinde nitrojen balans indeksi (NBI) tizerine etkisi istatistiksel olarak 6nemli
bulunmugtur (Cizelge 2). Riboflavin uygulamalar1 sonucunda en yiiksek NBI de-
geri 57.87mgg" ile kontrol uygulamasindan elde edilirken, en diisiik sonug 38.22
mg g’ olarak 6lgiilmistiir. PEG ile olusturulan kuraklik stresi sonunda elde edilen
enyiiksek NBI degeri 67.15mg g™ ile-1.5 MPa uygulama dozundan en diisiitk deger
ise 31.99 mg g olarak kontrol grubu uygulamasindan elde edilmistir (Cizelge 2;
Sekil 5). Caligmada R x PEG uygulamalar1 sonunda elde edilen en yiiksek NBI de-
geri 86.40 mg g olarak RO x P15 doz uygulamasinda dl¢tilmustiir. En diisiik deger
ise 27.60 mg g* R10 x PO dozunda tespit edilmistir. Benzer bir ¢aligmada ayni sefa
bitkisinde endofit bakterileri ile olusturulan stres sonucunda azot balans indeksi-
nin 25.17-70.56 mg g-1 arasinda degisim gostermistir (Selem ve ark., 2023). Soya
fasulyesinde yiiriitilen bir ¢aliymada kuraklik stresi kargisinda azot balans indeks
degerlerinin artig1 goriilmiistiir (Oral ve ark., 2021) soya fasulyesinde yaptig1 galis-
mada bitki gelisimini tegvik eden bakterilerin bitkideki azot balans indeksi degerini
kontrol grubuna kiyasla arttirdigini ve sonugta erken olgunluga neden oldugunu
ortaya koymuglardir. Elde edilen sonuglara bakildiginda riboflavin uygulamala-
rinin bu etkiyi azalttig1 cogu arastirmacilarin bulgulari ile benzerlik gostermistir.
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Sekil 5. Horoz ibigi bitkisinde R x PEG uygulamalarinin azot balans indeksi tizerine etkisi

Figure 5. Effect of R x PEG applications on nitrogen balance index in amaranth plant.
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Cizelge 2. Kuraklik stresinin fizyolojik ve biyokimyasal 6zellikler tizerine etkisi.

Table 2. Effect of drought stress on physiological and biochemical characteristic

meem e g Rl s W)
RO (kontrol) ~ 1.48+0.02 c-f 23.77+0.09 14.37+0.05 7.68+1.68 29.85+5.86 j-1
RO1 2.27+0.26 a 23.73+0.63 19.42+0.04 5.68+0.15 34.73 £2.15 hj
Kontrol (P0) RO5 1.59+0.22 c-e 23.97+0.55 13.83+0.04 5.35+0.41 38.63+4.95 g-i
R10 2.10+0.27 ab 23.60+0.49 17.78+0.02 5.58+0.11 27.60+3.86 1
R20 1.94+0.28 be 23.87+0.29 16.96+0.02 4.06+1.15 29.13+2.85 kl
PO Ort. 1.87 A 23.79B 18.66 5.67 B 3199 D
RO (kontrol)  0.99+0.28 e-h  23.83+0.18 17.65+0.03 8.65+0.26 42.87+5.21 e-g
RO1 1.46+0.03 d-f  23.80+0.30 15.46+0.04 6.52+1.08 37.87+5.55 f-i
-0.5 MPa (P05) RO5 1.54+0.20 c-e 24.63+0.12 18.10+0.06 6.39+2.20 43.60+2.13 ef
R10 1.79+0.18 cd 24.73+0.10 17.96+0.03 7.94+3.32 33.80+2.14 ij
R20 1.44+0.10 ef 24.77+0.54 18.42+0.01 8.65+1.15 31.90+2.51 jk
P05 Ort. 1.44 AB 24.35 AB 17.52 7.63 AB 38.18 C
RO (kontrol)  0.88+0.06 e-h  24.17+0.23 17.15+0.07 9.58+3.65 72.40+2.23 b
RO1 1.18+0.20 ef 24.67+0.09 15.10+0.05 7.29+0.63 45.83+x1.76
-1.0 MPa (P10) RO5 1.05+0.19e-g  24.63+£0.12 16.69+0.04 7.06+7.86 56.97+3.79 cd
R10 1.52+0.09 c-e 24.30+0.32 16.37+0.03 8.42+0.30 42.50+2.70 e-g
R20 0.76+0.03 gh 24.83+0.42 20.96+0.09 9.35+5.25 39.40+1.36 f-h
P10 Ort. 1.07 B 24.51 A 17.25 8.34 A 51.42 B
RO (kontrol)  0.88+0.06 f-h 24.60+0.26 16.55+0.02 9.65+2.46 86.40+1.70 a
RO1 0.9240.35e-h  24.70+0.12 13.55+0.09 9.06+3.35 74.57+1.50 ab
-1.5 MPa (P15) RO05 1.00£0.21 e-g  24.73+0.09 15.55+0.08 8.84+0.15 61.53+2.48 ¢
R10 0.75+0.21 gh 24.40+0.21 17.78+0.05 7.06+1.04 60.80+3.02 ¢
R20 0.64+0.12 g-1 24.87+0.42 18.28+0.04 8.84+2.72 52.47+1.19d
P15 Ort. 0.85B 24.66 A 16.34 8.69 A 67.15 A
RO (kontrol) 1.05 C 24.46 16.43 8.89 57.87 A
RO1 1.45 AB 24.42 15.88 7.13 48.47 B
R Doz Ort. RO5 1.29 A-C 24.43 16.04 6.91 50.18 B
R10 1.54 A 24.25 17.47 7.25 41.18 BC
R20 1.22 BC 24.58 18.65 7.22 3822 C
VK (%) 18.44 2.34 20.18 20.04 11.98
R * 6d od od il
RxPEG bl 6d od od il

*: p<0.05 diizeyinde 6nemlilik, **: p<0.01 diizeyinde énemlilik, 6d: 6nemli degil. KKA: Kok kuru agirhigs,
MDA: Malondialdehit, NBI: Azot balans indeksi.
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Klorofil orani tizerine R ve R x PEG uygulamalarinin etkisi 6nemsiz, PEG uy-
gulamasinin ise istatistiksel olarak 6nemli bulunmustur (P<0.01). PEG uygulamast
sonucu olugturulan kuraklik stresi sartlarinda en yiiksek klorofil orani 38.38 SPAD
ile kontrol uygulama dozundan elde edilmistir. En diigiik deger ise sirasiyla 33.35,
33.72 ve 30.75 SPAD degerleri ile kontrol, -0.5 MPa, -1.0 MPa ile -1.5 MPa doz uy-
gulamalar1 sonucu elde edilmigstir (Cizelge 3). Arastirma sonuglarina bakildiginda
artan stres dozlarina paralel olarak klorofil degerlerinde azalma tespit edilmistir.
Klorofil fotosentez olaylarinda rol oynayan bir organel oldugu belirtilmistir (Bat ve
ark., 2017). Bitkilerdeki su bilangosundaki 6nemli bir azalma klorofil degerlerinde
diistise ve sonrasinda pigment olusumunun gerilemesine neden olmaktadir (Vir-
gin, 1965). Bulgularimiz ile birgok arastirmacinin sonuglari benzerlik gostermek-
tedir. Yapilan bircok ¢alismada kuraklik stresi altinda klorofil miktarinda azalislar
oldugu saptanmistir (Binici ve ark., 2022; Demir ve Basayigit, 2022).

Arastirma sonunda flavonoid miktari izerine R ve PEG uygulamalarinin etki-
si istatistiksel olarak 6nemli bulunmugtur(P<0.01). En yiiksek Flavonoid miktar1
0.91 dx ve 0.90 dx olarak R10 ile R20 doz uygulamalar1 sonunda elde edilmistir.
En digsiik deger ise 0.66 dx ile kontrol uygulamasinda tespit edilmistir. Riboflavin
uygulamalarinin horoz ibigi bitkisinde Flavonoid icerigini olumlu yonde etkiledigi
gortulmistiir. Bitkide PEG ile olusturulan kuraklik stresi sonunda Flavonoid mik-
tarinin sirastyla 0.83, 0.91 ve 0.95 dx degerleri ( -0.5 MPa, -1.0 MPa ve -1.5 MPa)
ile ayn1 grupta yer aldiklar1 gortilmistiir. En dastik deger ise 0.56 dx olarak kont-
rol doz uygulamasinda 6lgiilmistiir (Cizelge 3). Biyotik ve abiyotik stres faktor-
leri bitkilerde verim ve kaliteyi olumsuz yonde etkileyen faktorlerdir. Kurakligin
siddetine ve siiresine bagl olarak antioksidant savunma mekanizmasini bozarak
oksidatif strese bagli zarar ortaya ¢ikmaktadir. (Kalefetoglu, 2006). Domates, bug-
day ve ¢ilekte kuraklik stresine bagli olarak flavonoid karotenoid ve fenolik madde
miktarinda artis tespit edilmistir (Aydiner, 2011; Ilhan, 2016; Adak ve ark., 2018).
Bitkiler stres kaynakli oksidatif hasar1 tolere etmek adina antioksidant enzim ve
aktiviteleri artirdig: bildirilmistir (Bat ve ark., 2017). Benzer sekilde riboflavin
dozu uygulamalarinin da benzer bir etkiye sahip oldugu diisiiniilmektedir.

Anthosiyanin miktar iizerine R, PEG ve R x PEG uygulamalarinin etkisinin
istatistiksel olarak 6nemli olmadig1 goriilmistiir. Bu ¢alisma sonunda elde edilen
Anthosiyanin degerleri 0.02-0.05 dx arasinda degisim goriilmiistiir (Cizelge 3).
Falavonoidler gibi suda ¢oziilebilen bir pigment olmasinin yaninda pH durumu-
na gore degisik renkler alabilir. Bitkide epidermal veya mezofil hiicrelerinde yer
alan vakuller icerisinde farkls stres sartlarina kars: bitkide farkli metabolitler olarak
bilinmektedirler. Miktarlar1 ve gesitlerine gore bitkilere stres sartlarinda mukave-
ment sagladiklar1 bilinmektedir (Aztekin ve Kasim, 2017). Elde ettigimiz sonugla-
ra gore antosiyanin iceriginin istatistiksel olarak 6nemsiz ¢ikmasinda farkl stres
sartlarinda farkl bitki tiir ve ¢esitlerinin gosterecegi tepkilerin farkli olabilecegi
distiniilmektedir.
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Cizelge 3. Kuraklik stresinin biyokimyasal 6zellikler iizerine etkisi.

Table 3. Effect of drought stress on biochemical characteristic

PEG 6000 Dozlar1 Riboflavin (B2) Klorofil SPAD  Flavonoid(dx)  Anth.(dx) SCKM (%)
RO (kontrol) 37.13+2.02 0.41+1.60 0.04+0.03 6.40+0.03 fg
RO1 41.30+2.78 0.51+6.42 0.02+0.01 7.07+0.00 e
Kontrol (P0) RO5 37.93+2.75 0.59+3.21 0.05+0.02 3.90+0.03 ki
R10 37.70+1.84 0.64+2.54 0.02+0.00 4.00+0.21 k
R20 37.83+2.22 0.66+8.42 0.04+0.03 6.23+0.00 g
PO Ort. 38.38 A 0.56 B 0.03 552 C
RO (kontrol) 31.07+4.40 0.48+6.15 0.04+0.02 7.87+0.03 d
RO1 34.83+4.37 0.82+6.42 0.03+0.02 7.10+0.10 e
-0.5 MPa (P05) RO5 32.37+2.94 0.85+3.21 0.02+0.02 5.67+0.10 h
R10 38.53+1.14 0.85+2.54 0.05+0.04 6.30+0.15 ¢
R20 29.27+2.31 1.14+8.42 0.05+0.02 6.40+0.18 g
P05 Ort. 3335 B 0.83 A 0.04 6.67 B
RO (kontrol) 34.77+2.34 0.87+0.53 0.04+0.01 10.2040.06 ab
RO1 31.37+3.61 0.85+13.23 0.03+0.01 4.90+0.03 i
-1.0 MPa (P10) RO5 36.10+3.03 0.88+8.89 0.04+0.02 9.30£0.19b
R10 33.33+1.86 0.85+1.07 0.04+0.02 4.30+0.12j
R20 33.07+2.47 1.14+14.83 0.04+0.01 4.87+0.151
P10 Ort. 33.72 B 091 A 0.04 6.78 B
RO (kontrol) 30.80+2.35 0.89+3.61 0.05+0.02 10.5+0.06 a
RO1 31.00+1.68 1.08+1.20 0.03+0.03 8.73+0.18 ¢
-1.5 MPa (P15) RO5 31.17+3.13 0.83+4.94 0.09+0.04 6.17+0.10 g
R10 28.87+1.82 0.97+12.22 0.08+0.02 6.63+0.21 f
R20 31.93+1.19 1.00+5.45 0.02+0.03 4.27+0.24j
P15 Ort. 30.75 B 095 A 0.05 7.20 A
RO (kontrol) 33.44 0.66 C 0.04 875 A
RO1 34.62 0.81 AB 0.03 6.95 B
R Doz Ort. RO5 34.39 078 B 0.05 6.25 C
R10 34.60 0.90 A 0.05 530 D
R20 33.20 091 A 0.04 544 D
VK (%) 13.80 21.92 18.21 3.52
R 6d b od b
PEG or o 5d *
RxPEG 6d od 6d il

*: p<0.05 diizeyinde 6nemlilik, **: p<0.01 diizeyinde 6nemlilik, 6d: 6nemli degil.

SCKM: Suda ¢6ziilen kuru madde miktari.
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Bu ¢alisma sonucunda Riboflavin, PEG ve R x PEG uygulamalariin horoz
bitkisinde suda ¢oziiliir madde miktar1 (SCKM) iizerine etkisi istatistiksel olarak
onemli bulunmugtur (P<0.01). Riboflavin uygulamalar1 sonucunda en yiiksek
SCKM oran1 %8.75 ile kontrol uygulamasindan elde edilirken, en diisiik deger-
ler %5.30 ve % 5.44 olarak R10-R20 dozlarinda dl¢tilmistiir. PEG ile olusturulan
kuraklik stresi sonunda elde edilen en yiiksek SCKM %7.20 ile -1.5 MPa uygu-
lama dozundan en diisiik deger ise %5.52 olarak kontrol grubu uygulamasindan
elde edilmistir. Caliymada R x PEG uygulamalarinda elde edilen en yiiksek SCKM
orani %10.53 ile RO x P15 uygulamasinda 6l¢iilmiistiir. En diisiik deger ise %3.90
olarak R05x PO dozunda tespit edilmistir(Cizelge 3; Sekil 6). Stresin dozuna bagl
olarak kontrol grubuna goére SCKM oranlar: artarak dozlar arasinda istatistiksel
olarak 6nemli farklar ortaya ¢ikmustir. Benzer ¢aligmalarda bitkiler stres sartlarina
uyum gosterebilmek i¢in ozmotik olarak aktif ¢oziinen madde miktarini artirdigt
belirtilmistir (Munns ve Tester, 2008). Bazi tathi sorgum cesitlerinde yiiriitiilen bir
caligmada suda ¢oziiniir kuru madde orani (brix) % 13.36 ile % 20.40 arasinda
degistigi bildirilmistir(Oktem ve ark., 2021). Elde ettigimiz bulgular ile diger aras-
tirmacilarin sonuglar1 kiyaslandiginda artan stresin siddetine bagli olarak SCKM
miktarlarindaki artigin olmasi neden-sonug baglaminda benzerlik gostermektedir.
Riboflavin doz uygulamalarinin stres kargisinda savunma mekanizmalarini aktivite
hizini artirdigy bildirilmistir (Taheri ve Tarighi 2010 Elde ettigimiz sonuglara gore
kontrol grubuna gore SCKM oranlarinin azalmasinda riboflavin dozlar: etkili
oldugu diisiiniilmektedir.

Peg 6000 dozlar (Mpa)
m PO mPOS m=mPlO P15

B
&
4
2
]
RO RO1 ROS R10O RZO

Riboflavin dozlar{mhT)

Suda Cozillebilen Kuru Madde (%)

Sekil 6. Horoz ibigi bitkisinde R x PEG uygulamalarinin suda ¢oziilebilen kuru
madde iizerine etkisi

Figure 6. Effect of R x PEG applications on water soluble solids in amaranth plant.
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SONUC

Bu ¢aligmada horoz ibigi (Amaranthus albus L. bitkisinde PEG 6000 ile olus-
turulan kuraklik stresine karst Riboflavin(B2) uygulamalarimin fizyolojik ve bi-
yokimyasal ozellikler {izerine etkisi incelenmistir. Bu ¢alisma sonunda bitkilerde
gerek gelisme ve gerekse biiyiime {izerinde olumlu etkilere sahip olan riboflavin
uygulamalarinin horoz ibigi bitkisinde kuraklik stresine maruz kalma agamasinda
nasil bir etki ortaya koyacagi hususunda gerek fizyolojik olarak ve gerekse biyo-
kimyasal olarak bitkide bazi parametrelere bakilmistir. Kuraklik stresi karsinda
riboflavin uygulamalarinin kontrol uygulamalarina gore bitki boyu, kok uzunlugu,
govde yas ve kuru agirhigi, kok yas ve kuru agirhigi, NBI, flavonoid ve SCKM de-
gerleri tizerine olumlu etkiye sahip oldugu gériilmiistiir. Bu sonuglar PEG 6000 ile
olusturulan kuraklik stresine kars: riboflavin (B2) uygulamalarinin hasar diizeyini
azalttig1 soylenebilir. Ancak daha gergekgi sonuglara ulasabilmek i¢in bu ¢alisma-
nin tarla sartlarinda test edilmesi gerekmektedir. Bu amagla kuraklik stresine kars:
benzer ¢alismalarin yiiriitiilmesinin literatiire ve problemin ¢6ziimiine katki sagla-
yacag1 kanaati hasil olmustur.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar catismasi olmadigini beyan eder.

Etik

Bu ¢aligma etik kurul onay1 gerektirmez.

Yazar Katki Oranlari

Calismanin Tasarlanmasi (Design of Study): RT(%50), EO(%10), MT(%30), TT(%10)
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Makalenin Yazimi (Writing Up): RT(%30), EO(%40), MT(%15), TT(%15)
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THE EFFECT OF PUTRESCINE AND MODIFIED ATMOSPHERE
PACKAGING (MAP) TREATMENTS ON FRUIT QUALITY
CHARACTERISTICS OF STRAWBERRY (KABARLA CULTIVAR)
DURING COLD STORAGE

ABSTRACT

Strawberry is a fruit species that must be harvested at full ripening and at the
same time has an extremely short shelf life and deteriorates rapidly. Therefore, it is
important to extend the shelf life after harvest. In this study, putrescine and mo-
dified atmosphere packaging (MAP) were applied during cold storage in order to
maintain the quality and extend the shelf life of strawberry fruit. The commercial
ripening fruit were treated with 1 mM putrescine and stored in MAP for 20 days.
The quality characteristics such as weight loss, soluble solids content, titratable aci-
dity, fruit color, organic acid and phenolic content were measured and analyzed on
days 4, 8, 12, 16 and 20 of storage. At the end of 20 days of the cold storage, the hi-
ghest weight loss was in control treatment (%). The decrease in soluble solids con-
tent (SSC) and titratable acidity (TA) values during cold storage was slowed down
by MAP and putrescine treatments. Organic acids and phenolic compounds were
significantly affected by storage time and MAP and putrescine treatments. After 20
days of the cold storage, citric acid (748.91 mg 100 g ') and malic acid (258.34 mg
100 g'), which were determined as basic organic acids, were highest in putrescine
treatment. Shikimic acid (0.77 mg 100 g*) and isocitric acid (112.58 mg 100 g*)
as phenolic compounds were highest in MAP and MAP+ putrescine treatments,
respectively. These results releaved that the application of putrescine and modified
atmosphere packaging (MAP) during cold storage significantly extends the market
life of strawberries by preserving their quality attributes.

Keywords: Phenolic Compunds, Organic Acids, Soluble Solids Content, Wei-
ght Loss.

i

SOGUK DEPOLAMA SIRASINDA CILEK (KABARLA CESIDI) MEYVE
KALITE OZELLIKLERiI UZERINDE PUTRESIN VE MODIFIYE
ATMOSFER PAKETLEME (MAP) UYGULAMALARININ ETKISI

Oz

Cilek tam olgunlastiginda hasat edilmesi gereken ve ayni zamanda raf omrii
son derece kisa olan ve hizla bozulan bir meyve tiiriidiir. Bu nedenle hasat sonrasi
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raf dmriiniin uzatimas: 6nemlidir. Bu ¢aligmada, ¢ilek meyvesinin kalitesini ko-
rumak ve pazar dmriinii uzatmak amaciyla soguk depolama sirasinda putresin ve
modifiye atmosfer paketleme (MAP) uygulanmistir. Ticari olgunlagan meyveler
1 mM putresin ile muamele edilmis ve 20 giin boyunca MAP i¢inde depolanmus-
tir. Agirlik kaybs, ¢oziiniir kati madde igerigi, titre edilebilir asitlik, meyve rengi,
organik asit ve fenolik icerik gibi kalite 6zellikleri depolamanin 4, 8, 12, 16 ve 20.
giinlerinde 6l¢iilmis ve analiz edilmistir. Soguk depolamanin 20. gliniiniin sonun-
da en yiiksek agirlik kayb1 kontrol uygulamasinda (%) gergeklesmistir. Soguk de-
polama sirasinda SSC ve TA degerlerindeki diistis MAP ve putresin uygulamalari
ile yavaglatilmigtir. Organik asitler ve fenolik bilesikler depolama stiresi ile MAP
ve putresin uygulamalarindan 6nemli 6l¢iide etkilenmistir. Soguk depolamanin
20. giniinden sonra, bazik organik asitler olarak belirlenen sitrik asit (748,91 mg
100 g ') ve malik asit (258,34 mg 100 g') putresin uygulamasinda en yiiksekti.
Fenolik bilesiklerden sikimik asit (0.77 mg 100 g*) ve izositrik asit (112.58 mg 100
g') sirastyla MAP ve MAP+ putresin uygulamalarinda en yiiksek bulunmugtur.
Bu sonuglar, ¢ileklerin soguk depolama sirasinda putresin ve modifiye atmosfer
paketleme (MAP) uygulamalarinin, kalite 6zelliklerini koruyarak pazar dmriinii
onemli dl¢iide uzattigini gostermektedir.

Anahtar Kelimeler: Fenolik Bilesikler, Organik Asitler, Coziinebilir Kat: Mad-
de Icerigi, Agirlik Kaybu.

2

1. INTRODUCTION

Strawberry that consumed as a table food, increases the interest of producers
in the fruit due to its important health effects and the fact that it can be proces-
sed in various ways in different industrial sectors. It is especially preferred in jam,
marmalade and ice cream production. The fact that strawberry fruit contains high
amounts of vitamin C and phenolic compounds increases the interest in the fruit
(Aaby et al,, 2005).

Worldwide, it is known that fresh fruit and vegetables suffer a loss of ap-
proximately 25-30% from the field to the table. For this reason, the storage of the
more perishable products in appropriate conditions and the technologies used in
transportation processes play a major role in preventing the loss of products until
the consumer (Khosroshahi et al., 2007).

Strawberries have a soft fruit structure without a protective outer skin. The-
refore, it is important to maintain its quality after harvest. Various factors such
as microorganisms, enzymes, biochemical reactions, light can cause it to lose its
nutritional values and pose a health risk. It requires the preservation of products
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in cold storage and the successful management of this process. This depends on a
good knowledge of plant and crop physiology both pre-harvest and post-harvest
(Hashmi et al., 2013).

The various methods have been used to date to extend the shelf life of strawber-
ries at postharvest. These methods include Aloe vera (Sogvar et al.,, 2016), putres-
cine (Zafari et al., 2015) and 1-MCP (Jiang et al., 2001) MAP (Belay et al., 2016).

Polyamines are known as natural compounds found in almost all living orga-
nisms, playing important roles in many physiological processes such as cell growth
and development. Polyamines commonly found in plant cells are putrescine (dia-
mine), spermidine (triamine) and spermine (tetramine). Putrescine, which delays
the removal of the epicuticular waxes that protect the membrane integrity of the
fruit and play an important role in water exchange from the peel, can be used to
extend the storage period and shelf life (Khosroshahi et al., 2007).

Modified atmosphere packaging (MAP) can extend the storage life of products
and contribute to the prevention of product losses (Belay et al., 2016; Peano et al.,
2017; Falagan and Terry, 2018). By controlling the respiration rate and gas perme-
ability of the product with MAP applications, an atmosphere close to the optimal
storage atmosphere recommended to maintain fruit quality and safety is achieved
(Guillaume et al., 2010).

The aim of this study was to determine the effects of Putrescine and MAP treat-
ments on some quality parameters of strawberry fruit during cold storage.

2. MATERIAL AND METHOD

This study was carried out with ‘Kabarla’ strawberry (Fragaria vesca) cultivar
hand-harvested from the producer orchard in Diyarbakir province in 2023. Kabar-
la is a neutral day strawberry variety that produces large, firm, sweet, and bright
red fruit. It begins to bear fruit with very little delay compared to other neutral
day varieties and continues to produce fruit for an extended period. It bears fruit
throughout the summer in highland regions. Its yield is also very good in coastal
areas, making it a high-yielding variety. The harvested samples were kept in cold
storage and quickly transfered with refrigerated vehicle (15+0.5 °C and 80+5%) to
the laboratory of GAP International Agricultural Research and Training Center
Directorate (GAPUTAEM). Some of the fruit were used for harvest time analysis
and the rest were divided into 4 groups. The control group was applied with water
only, the second group fruit were immersed in putrescine for 15 min, the third
group fruit were immersed in putrescine for 15 minutes and then placed in MAP
packages and the fourth group fruit were placed in MAP packages without any
treatment and stored in cold storage (0 °C and 90% relative humidity) for 4, 8, 12,
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16 and 20 days. The fruit at the end of the storage period were analyzed and stored
at -20 °C for organic acid and phenolic compounds analysis. The research was de-
signed according to completely randomized block design with three replications.
For each replicate, 10 fruit were used.

2.1Weight loss, Soluble Solids Content and Titratable Acidity

Weight loss was measured using a digital scale (£0.01 g) (Radwag PS 4500/C/1,
Poland) for the fruit designated for each analysis period (3 rep). Weight loss was
determined as the difference between the initial and final weights. The measu-
rement values were expressed as a percentage (%). Five fruit in each replication
were washed with distilled water. Fruit were homogenized by a blender (Promix
HR2653, Philips, Turkey) and the homogenate was filtered through cheesecloth, to
obtain juice filtrate. SSC was determined with a digital refractometer (Atago PAL-
1, USA) and recorded as a percentage (%). pH was determined with pH meter. For
TA measurement, 10 mL of distilled water was added to 10 mL of juice. Then 0.1
N sodium hydroxide (NaOH) was added until the solution’s pH reached 8.2. Based
on the amount of NaOH consumed in titration, titratable acidity was determined
and stated as g malic acid kg™'. For vitamin C measurement, 0.5 mL juice was added
to 5 mL of 0.5 % oxalic acid

2.2. Color Characteristics

Fruit color values were measured on the 4, 8, 12 16" and 20" days of the sto-
rage period. The color characteristics were determined with a colorimeter (Minol-
ta, model CR-400, Tokyo, Japan) from three different points on the equatorial sec-
tion of fruit skin. The CIE L*, a* and b* values of fruit skin color were determined.

2.3. Organic Acids

5 g fruit was homogenized with sulfuric acid and centrifuged. Extraction was
passed through a 0.45 um membrane filter (Millipore Millex-HV Hydrophilic
PVDE, Millipore, USA) and SEP-PAK C18 cartridge. The acids were analyzed in
high performance liquid chromatography (HPLC) with Aminex HPX - 87 H, 300
mm x 7.8 mm column (Bevilacqua and Califano 1989).

2.4. Phenolic Compounds

Rodriguez-Delgado et al. (2001) was used for the determination of phenolic
compounds. 5 g fruit was homogenized, diluted with distilled water and centri-
fuged. The extract was filtered with a 0.45um millipore filter and transferred to
HPLC. Chromatographic separation was performed on Agilent 1100 HPLC sys-
tem, using a DAD detector and a 250%4.6 mm, 4pm ODS column.
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2.5. Statistical Analysis

The normal distribution control of the data obtained from the study was done
by Kolmogorov-Smirnov test and the homogeneity control of variances was done
by Levene test. Descriptive statistics are given as mean and standard error. Data
analysis was done by analysis of variance. Differences between groups were deter-
minate by Tukey’s multiple comparison test. SAS package program (SAS 9.1 versi-
on, USA) was used for statistical analysis. The level of significance was considered
as a=5% in statistical analyzes.

3. RESULTS AND DISCUSSION

3.1. Weight loss, Soluble Solids Content and Titratable Acidity

One of the most important quality characteristics during storage is weight loss.
In the study, it was determined that weight loss increased during the storage pe-
riod. The highest weight loss occurred in control fruit stored for 20 days (6.55%).
At the end of the cold storage, MAP+Putrescine was the most effective at reducing
weight loss (0.81%). Weight loss occurred in all treatments during storage. These
losses were the lowest in the MAP treatment on 4™ and 8™ days of the cold storage
and in the MAP+Putrescine treatment on 12™, and 16" and 20™ days (0.42, 0.46,
0.68%, respectively) (Table 1). Weight loss, which occurs as a result of water evapo-
ration through fruit transpiration, increases with storage time and may cause eco-
nomic losses (Kader and Yahia 2011). The 3-10% weight loss in fruit after harvest
is due to water loss due to transpiration and respiration, which varies depending on
the cuticle and physical properties of the fruit (Ben-Yehoshua and Rodov, 2002).
Post-harvest applications such as MAP, spermidine, putrescine are effective in de-
laying cell wall degradation, reducing respiration and reducing weight loss (Onik
et al., 2020; Rastegar et al., 2020). The low weight loss occurring in polyamine-app-
lied fruit can be attributed to stabilization and consolidation of cell integrity and
permeability of tissues (Champa et al., 2014). Putrescine application can reduce the
permeability of tissues, maintain cell integrity and reduce fruit weight loss (Fawole
et al., 2020). Previous studies were reported that putrescine applications decreased
the weight loss in fruit species including peach (Kibar et al., 2021; Bregoli et al.,
2016) plum (Serrano et al., 2003), lemon (Valero et al., 1998), strawberry (Khos-
roshahi et al., 2007), mango (Jawandha et al., 2012), apricot (Martinez-Romero et
al., 2002; Davarynejad et al., 2013) and mandarin (Ennab et al, 2020). It is reported
that the respiration rate decreases with MAP application, thus increasing the du-
ration of cold storage (Nielsen and Leufvén, 2008). Ozturk et al. (2019) found that
modified atmosphere packaging application significantly reduced the weight loss
in black cherry, Islam et al. (2022) in jujube, Cantin et al. (2008) in Japanese plums.
As fruit ripen, titratable acidity decreases and SSC content increases. The SSC con-
tent of the fruit applied with MAP on 4" day at cold storage was higher than the
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other applications, and the difference was significant. During the following storage
period, the SSC value in the fruit decreased during cold storage and the control
fruit had lower SSC at the end of the storage period. TA decreased during storage
and control fruit had lower TA values than putrescine applied fruit (Table 1).

The decrease in SSC and TA content of strawberry fruit during cold storage
may be due to metabolic changes and utilization of respiratory substrate (Ngu-
yen et al. 2020). SSC and titratable acidity, which are important harvest criteria
in fruit, are the main quality characteristics that determine the storage period of
the fruit (Mahto and Das, 2013). However, during the postharvest storage process,
acid metabolism causes the conversion of starch and acid to sugars, leading to a
decrease in titratable acidity and an increase in SSC (Duan et al., 2011). This can
accelerate the progression of the ripening process in fruit. Putrescine can inhibit
these degradation processes occurring in fruit and delay the chemical changes of
fruit ripeness (Jongsri et al., 2017). Studies in different fruit species show that inc-
reases and decreases in the SSC content are often associated with an increase in the
respiration rate. This is attributed to events such as the conversion of sugar to CO,
and H,O, the conversion of starch to sugar, the reduction of fruit water content and
the breakdown of polysaccharides in the cell wall (Martinez-Romero et al., 2006;
Diaz-Mula et al., 2012). Hazrati et al. (2017) reported that MAP application dec-
reased TA content in peach and Islam et al. (2022) reported that MAP application
decreased TA content in jujube fruit but presented higher TA content than control
fruit. Ozturk and Aglar (2019) observed that MAP application increased the SCC
content in cornelian cherry fruit.

Table 1. Effect of MAP and Putrescine applications on weight loss, soluble soli-
ds content and titratable acidity of strawberry fruit during storage

Storage Time (day)
Applications
Harvest 4 8 12 16 20

Control 0.62+0.03a 2.11+0.14a 5.01+2.82a 5.21+2.47a 6.55+0.76a
Weight MAP 0.16£0.00c 0.25+0.90c 0.44+0.14c 0.54+0.09¢ 0.81+0.17¢c
Loss (%) putrescine 038£0.10b  1.13%0.16b  3.14%1.26b  3.45:0.76b  3.52+1.60b

MAP+Put 0.20£0.04c 0.36+0.10c 0.42+0.07¢ 0.46+0.02d  0.68+1.38d

Control 10.58 9.57+0.41ab  9.04+0.73a 8.73+0.87b 8.13+0.43b 7.73+0.64b

MAP 10.17+0.27a  9.13+0.32a 9.13+0.52a 8.77+0.53a 8.13+0.33a
SSC (%)

Putrescine 9.58+0.40ab 9.43+0.52a 9.33£0.66a 8.47+0.39a 8.40+0.51a

MAP+Put 9.27+0.38b 9.13+0.52a 9.00£0.79a 8.60+0.43a 8.13+0.40a

Control 1.07 0.79+0.03b 0.75+0.01c 0.73+0.06b 0.70£0.03c 0.65+0.44c

) MAP 0.91+0.02a 0.86+0.02a 0.85+0.04a 0.75+0.03a 0.75+0.02b

TA (%

Putrescine 0.83+0.01ab  0.78+0.01b 0.77+0.04b 0.76+0.04a 0.77£0.02a

MAP+Put 0.90+0.05a 0.82+0.02ab  0.81+0.01ab  0.74+0.06bc  0.73+1.02b

Means in columns with the same letter do not differ according to Tukey’s test at P<0.05

ANAJAS, 2024, Cilt 39, Sayi 3, Sayfa 515-526



Ferhat OGURLU, Hikmet OGURLU, Ceyda Kizgin OZCENGIZ, Emine KUCUKER, Erdal AGLAR

3.2. Fruit Color (L, a* b*)

L* values in MAP and putrescine applied fruit generally increased during the
storage period. On the 20" day of the storage period, MAP+Putrescine applicati-
on exhibited the highest L* value at all times with 25.66 and showed a significant
difference compared to the other applications at the same time. On the 4%, 8 and
12" days of cold storage, a values were statistically similar in all treatments. On
the 16™ day of the cold storage, the control group had the lowest value. On the 20"
day of the cold storage, the values of the control group were lower than the values
of the other applications. b* value had similar values in all applications on the 4*
and 12" days. At the end of the cold storage, the highest value was measured in
MAP+Putrescine application with 44.09. Fruit color is an important quality cha-
racteristic that affects consumer preferences as well as an indicator of ripeness for
many fruit species. In the post-harvest period, the color changes are observed in
the fruit with the ripening process and it is of great importance to control these
changes. In our study, it was observed that MAP, putrescine and MAP+Putrescine
applications slowed down fruit ripening and therefore the color change was lower
(Table 2). Ozturk et al. (2019) found that L* value was higher in a study in which
MAP treatments were applied to blackcurrant fruit. Ozturk et al. (2022) found that
physiological and biochemical changes in MAP applied medlar fruit during stora-
ge were less and fruit color was preserved.

Table 2. Effect of MAP and Putrescine applications on color characteristics of
strawberry fruit during storage

Storage Time (day)
Applications
Harvest 4 8 12 16 20

Control 17.43+3.34a  18.44+0.16ab  25.48+1.58a  16.19+0.84b  23.82+2.71ab

MAP 57 16.64+0.87a  17.59+1.55b  21.60+2.91a  17.31+224b  22.81x0.59ab
t Putrescine 7 21.53+3.59a  21.07+1.69ab  23.53+1.50a  21.81+1.98b  21.65%1.65ab

MAP+Put 17.64+320a  24.1943.66a  24.59+2.34a  23.09+0.92ab  25.66%1.55a

Control 43.56+2.87a  43.91+1.21a 435243992  37.58+1.87c  39.85%3.01b
. MAP 4427+0.87a  44.51+1.31a  4524+2.15a  41.82+1.77b  50.94%0.47a
‘ Putrescine e 423143592 42.59+2.33a  4520+1.87a  46.34+1.53ab  48.40+1.81a

MAP+Put 4527+3.30a  47.43+1.14a  49.09+1.99a  49.66+0.82a  >1.25%¥1.79a

Control 29.89+5.75a  31.64+1.21ab  3330+2.97a  24.88+159c  35.44%3.51b
. MAP 28.55+1.50a  30.17+1.31b 33742452  29.61+3.88bc  39.17+1.03ab
° Putrescine ot 32.2145.76a  35.37+233a  38.39+3.54a  38.81x1.05a  39.56+2.84ab

MAP+Put 30.27+5.50a  36.39+1.14a  42.25+4.03a  37.94+2.04ab 44.09+2.67a

Means in columns with the same letter do not differ according to Tukey’s test at P<0.05
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3.3. Organic Acids (mg 100 @)

The changes in the organic acid content of strawberry fruit during storage were
analyzed in terms of three different acids. Citric acid, malic acid and succinic acid
were the main organic acids detected in strawberry fruit. The fruit were found to
have the highest content of citric acid, malic acid and succinic acid, respectively
(Table 3). All organic acids were found to be significantly affected by putrescine
and MAP applications. The amount of organic acids decreased during storage and
the highest decrease was observed after 20 days of storage (Table 3). Citric acid va-
lues were highest in putrescine application with 748.91 and lowest in control group
with 577.10 at the end of the storage period. Malic acid values showed the lowest
value in the control group on the 20* day of the storage period. Succinic acid va-
lues were significantly higher in MAP+Putrescine treatments on the 12* and 16™
days. After 20 days of the cold storage, putrescine application provided the best
protection in citric and malic acid values, while MAP+purescine application was
the best protection in succinic acid values. The highest decrease in all organic acid
values at all times was found in control fruit (Table 3). Polyphenols are secondary
metabolites that improve the quality of fruit and vegetables and contribute to the
defense mechanism of plants. These components affect the quality characteristi-
cs of fruit such as firmness, taste, bitterness and color and also have antioxidant
properties (Sreekumar et al., 2014). A decrease in acidity occurs during the fruit
ripening process because organic acids are used as substrates for the respiration
process and the amount of organic acids decreases as the respiration rate increases.
Hormone-like treatments such as polyamines and salicylic acid can slow down the
decrease in acidity in fruit and maintain the amount of organic acids in fruit by
slowing down the ripening process (Patel et al., 2019; Liu et al., 2019). Jongsri et al.
(2017) reported that putrescine application increased acidity in mango.

Table 3. Effect of MAP and Putrescineapplications on organicacids of strawberry
fruit during storage (mg 100 g*)

Storage Time (day)
Applications
Harvest 4 8 12 16 20
Control 566.06+20.12d  563.60+20.30d  592.28+18.10d  586.62+4.01d 577.10+2.98d
Citric MAP 643.79+1536c  656.05+9.54c  658.23£7.17c  646.79+5.33c  600.41+14.95¢
. 652.44
acid Putrescine 844.78+6.63b  755.9148.97b  752.26+23.17a 754.65+4.6la 748.91591a
MAP+Put 994.08+7.56a  794.85+9.0la  666.74+3.48b  654.08+4.19b 653.10£2.69b
Control 301.41+551c  263.1046.38c  255.76+5.02d  247.45+2.18d 211.45+1.96d
; MAP 337.36+6.37a  287.48+5.61b  277.36+6.54c  277.19+#3.55c 241.33+4.43c
Malic 245.00
acid Putrescine 325.01+4.20b 3033335562  304.3146.73a  298.96+2.28a 258.34%2.35a
MAP+Put 341.15¢590a  288.16+5.63b  295.26+2.64b  287.54+3.62b 251.33+1.98b
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Control 82.54+4.21¢c 73.58+2.46¢ 69.89+1.41¢ 59.25+¢121d  33.630.62d
Succinic MAP 5500 95.51+5.49b 94.75+1.14b 92.15+2.75b 90.56+1.20b  80.54%1.63a
acid Putrescine 98.70+1.61b 93.08+1.23b 90.83+2.98b  68.86+0.68c  40.78+0.73c
MAP+Put 11433+126a  114.56+1.28a  125.18+0.75a  124.13+1.36a  43.80+0.74b

Means in columns with the same letter do not differ according to Tukey’s test at P<0.05

3.4. Phenolic Compounds (mg 100 g7)

Phenolic compounds are important compounds affecting the taste and color
formation of fruit. Phenolic compound contents of strawberry fruit were analyzed
during storage and shikimic acid and isocitric acid contents were determined. It
was determined that MAP and Putrescine applications significantly affected the
amount of phenolic compounds in the fruit. Isocitric acid values increased in all
applications on the 4™ and 8" days of storage and decreased in all applications
except MAP on the 12" day. At the end of the cold storage, MAP+putrescine app-
lication had the highest value and control group had the lowest value. Shikimic
acid values increased on the 4" day of the cold storage and decreased on the 8% day
in all applications except MAP. On day 12%, there was an increase in control and
MARP applications, while on days 16 ™ and 20™, there was a decrease in all applica-
tions and MAP application gave significantly higher values (Table 4). Polyamines
such as spermidine and putrescine are used to improve fruit quality by increasing
the levels of beneficial compounds such as natural antioxidants, phenolics, flavor
compounds, polyphenols and soluble solids (Liu et al., 2019). These compounds
can also lead to an increase in the content of compounds such as anthocyanins,
phenols, flavonoids (Pang et al., 2020; Wang et al., 2020; Xia et al., 2020).

Table 4. Effect of MAP and Putrescine applications on phenolic compounds of
strawberry fruit during storage (mg 100 g™')

Storage Time (day)
Applications
Harvest 4 8 12 16 20

Control 0.72+0.01d  07130.04d  1.03+0.01c 0.55£0.03d  0.30+0.02¢
Shikimic MAP o4 0.92+0.00c 0.81+0.01c 1.23+0.03a 0.85+0.01b 0.77+0.01a
acid Putrescine 1.0940.01a  091+0.01b  091+0.02cd  0.64+0.01c  0.40+0.01b

MAP+Put 1.06£0.01b  1.35:0.05a 1.1320.02b 1.16+0.03a  0.44%0.01b

Control 110.57+0.32d  112.41+2.61d  108.08+0.66c  111.06+1.47d 89.09+1.82d
izocitric MAP o 117.55£0.47c  117.721.77c  120.10£0.81a  117.54+2.28c  98.27+2.06¢
acid Putrescine 127.58+0.49a  128.81+0.65b 105.40+1.21cd 127.64+1.15b 108.40+1.05b

MAP+Put 125.60£0.31b  147.41+1.45a 113.662.34bc  170.03+1.71a 112.58+1.0la

Means in columns with the same letter do not differ according to Tukey’s test at P<0.05
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4. CONCLUSION

The study aimed to evaluate the effects of MAP, putrescine, and MAP+Put-
rescine applications on the storage performance of strawberry fruit. According to
the results of the study; in terms of fruit weight loss, MAP, Putrescine and MAP+-
Putrescine applications extended the shelf life of the fruit, and these applications
significantly reduced fruit weight loss. The lowest weight loss values were observed
in MAP+Putrescine application and the highest weight loss was observed in put-
rescine applications during storage period.

In strawberry fruit, MAP, putrescine and MAP+ Putrescine applications all did
not delayed ripeness and the lower SSC in control, but the higher titratable acidity
values were found with MAP, putrescine and MAP+ Putrescine applications. It was
observed that MAP, putrescine and MAP+ Putrescine applications slowed down
ripening and therefore color change was lower. In strawberry fruit, MAP, putresci-
ne and MAP+ Putrescine applications caused changes in the ratio of organic acids
and individual phenolic compounds during storage, and these changes varied de-
pending on the type of organic acids and individual phenolics. In general, organic
acids and individual phenols decreased in all applications, while the significantly
maintained their values compared to the control. As a result, it was concluded that
MAP, putrescine and MAP+ Putrescine applications can be used effectively to de-
lay ripeness and maintain quality in strawberry fruit during cold storage.
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SIYAH ALACA SUT SIGIRLARINDA SUT VE DOL VERIM
OZELLIKLERININ MAKRO CEVRESEL FAKTORLERE GORE
VARYASYONU

0z

Bu caligmada Siyah Alaca siit sigirlarinda siit ve dol verim ozellikleri ile bu
ozelliklerin bazi temel etkili ¢evresel faktorlere gore degisiminin belirlenmesi
amagclanmustir. Etki miktarlar1 ve ortalamalar arasindaki farklar genel dogrusal
model ve Tukey testi ile belirlenmistir. Populasyonda laktasyon siit verimi (LSV) ile
buzagilama aralig1 (BA) 8620+20400 kg ve 383.07+55.46 giin olarak bulunmustur.
Varyans analizinde laktasyon sirasinin (LS) pik sagimda gecen giin (PSGG) ile ku-
ruda kalma stiresi (KKS) disindaki siit verim 6zellikleri tizerine etkisi 6nemli bu-
lunmugtur (p<0.01). Buzagilama yilinin (BY) ise yalnizca 100 giinliik laktasyon siit
verimi (LSV ), pik siit verimi (PSV) ve PSGG {izerine etkisi dnemlidir (p<0.05,
p<0.01). Buzagilama mevsiminin (BM) ise sadece sagimda gecen giin (SGG) iizeri-
ne etkisi 6nemlidir (p<0.05). BY nin servis periyodu (SP) tizerindeki énemli etkisi
(p<0.05) disinda LS, BY ve BM’nin dol verim ozellikleri tizerindeki etkisi 6nem-
siz bulunmustur. Ayrica dogum yilinin ilkine damizlikta kullanma yas1 (IDKY)
ve ilk buzagilama yas1 (IBY) iizerine etkisi ile dogum mevsiminin IBY tizerindeki
etkisi 6nemlidir (p<0.01). Sonug olarak, genetik seleksiyon halen pahali bir yon-
tem oldugundan, hemen hemen her yetistirici tarafindan uygulanan fenotipe da-
yali seleksiyonda basarinin artirilmast i¢in gevresel faktorlerin etki miktarlarinin
hesaplanmasi ve degerlendirilmesi, siit sigirciliginin siirdiiriilebilirligine katki sag-
layabilecegi kanaatine varilmistir.

Anahtar Kelimeler: Cevresel Faktorler, Dol Verimi, Etki Miktari, Siyah Alaca,
Stirdiriilebilirlik, Siit Verimi.

ek

VARIATION OF MILK AND REPRODUCTIVE CHARACTERISTICS
IN HOLSTEIN-FRIESIAN DAIRY CATTLE BY MAJOR
ENVIRONMENTAL FACTORS

ABSTRACT

This study aimed to determine the milk yield and fertility traits of Holste-
in-Friesian dairy cattle and the changes in these traits depending on some major
environmental factors. The general linear model and Tukey test were used to de-
termine the differences between effect sizes and averages. Lactation milk yield
(LMY) and calving interval (CI) in the population were found to be 8620+2040
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kg and 383.07+55.46 days. In the analysis of variance, the effect of lactation num-
ber (LN) on milk yield traits was significant (p<0.01), with the exception days to
peak milk yield (DPMY) and dry period (DP). The effect of calving year (CY) only
on 100-day of lactation milk yield (LMY ), peak milk yield (PMY) and DPMY
was significant (p<0.05, p<0.01). The effect of calving season (CS) only on days
in milk (DIM) was significant (p<0.05). Except for the significant effect of CY on
service period (SP) (p<0.05), the effects of LN, CY and CS on fertility traits were
insignificant. In addition, the effect of birth year on age at first breeding (AFB) and
age at first calving (AFC) as well as the effect of birth season of on AFC was sig-
nificant (p<0.01). As a result, since genetic selection is still an expensive method,
calculating and evaluating the effect sizes of environmental factors to increase the
effectiveness of phenotype-based selection, which is used by almost every breeder,
will contribute to the sustainability of dairy cattle farming.

Keywords: Environmental Factors, Fertility, Effect Size, Holstein-Friesian,
Sustainability, Milk Yield.

e e
1. GIRIS

Sigir yetistiriciligi endiistrisinin gelisimine diger hayvan yetistiriciligi ugrasla-
rina kiyasla daha ¢ok 6nem verilmektedir. Bu endiistri, siit ve kirmizi et gibi temel
gidalarin tiretilmesine, iilke ekonomisine (istihdam, ihracat, hammadde vb.) ve bit-
kisel tiretime (giibre) sagladig: katkilar bakimindan 6nemli bir tarimsal faaliyettir.
Diinyada niifusun ve refah seviyesinin yiikselmesine bagli olarak hayvansal prote-
ine olan talep artmigtir. Tiirkiye gibi gelismekte olan tilkelerde, bu talep artis1 yiik-
sek verimli kiltiir irklarina egilime neden olmustur. Ancak, kiilttir irki sigirlarin
genetik potansiyelinin ortaya ¢ikmast siirti yonetimiyle yakindan iliskilidir. Bu ba-
kimdan siirii ydnetiminin basarisi sigirlarin sahip oldugu stit ve dol verim 6zellik-
lerinin degerlendirilmesi ile miimkiindiir. Siit sigircilig1 isletmelerinde yetistirilen
erkek ve disi buzagilar siit ve kirmizi et ihtiyacini karsgiladigi i¢in bu isletmelerdeki
siit ve dol verim 6zellikleri diger sigir isletmelerine nazaran daha 6nemlidir. Siit ve
dol verim ozellikleri genetik ve cevresel faktorlere gore varyasyonlar gostermekte
ve igletmenin stirdiiriilebilirligi tizerine dogrudan etkilidir.

Siit sigir isletmelerinde siit ve dol verim ozellikleri ile bunlar tizerine etkili
cevresel faktorlerin (LS, BY ve BM) belirlenmesi amaciyla bir¢ok arastirma yapil-
mustir (Ray ve ark., 1992; Kumlu ve Akman, 1999; Kogak ve Ekiz, 2006; Bakir ve
Kaygisiz, 2013; Glingor ve Ziilkadir, 2019; Mundan ve ark., 2020; Tankal, 2021;
Tankal ve Tiizemen, 2022; Sahin, 2023). Kaya ve Bardakg¢ioglu (2016) ¢aligmasinda
Siyah Alaca siit sigirlarinda GS iizerine isletme, IBY ve BM'nin etkisini 6nemsiz,
BY’nin etkisini 6nemli bulmustur. Ayni arastiricilar gebelik bagina tohumlama sa-
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yis1 (GBTS) iizerine ise BY ve BM’nin etkisinin énemsiz, isletme ve IBY nin énemli
oldugunu bildirmislerdir. Geng ve Soysal (2018) Siyah Alaca sigirlarda siit verim
ozelliklerinden LSV, . ve SGG ile dél verim Ozelliklerinden BA 6zelliklerinin yil,
ay, LS ve il faktorlerine gore istatistiki olarak farklilik gosterdigini bildirmislerdir.
Aynu arastiricilar KKS tizerine ise LS'nin etkisinin 6nemsiz oldugunu, ancak yil,
ay ve il faktorlerinin 6nemli oldugunu belirtmislerdir. Giirses ve Bayraktar (2012)
isletme, BY, BM, buzagilama yas1 ve LS faktorlerinin Siyah Alaca sigirlarda LSV
LSV, , ve LSV, . karakterleri {izerine etkisinin 6nemli oldugunu bulmuslardir.

100

Genel bir literatiir taramasi sonucunda isletme, y1l, mevsim ve laktasyon sira-
s1 gibi gevre faktorlerinin siit ve dol verim ozellikleri {izerine temel etkili oldugu
gortlmektedir. Populasyonun sahip oldugu siit ve dol verim 6zellikleri ile igletme
ve bolgeye ait kosullar siirekli olarak varyasyon gosterdiginden farkli populasyon-
larda aragtirmalarin yapilmasi 6nemlidir. Bu nedenle, bu ¢alismada Konya ili Ilgin
ilgesinde yetistirilen Siyah Alaca siit sigirlarina ait siit ve dol verim ozellikleri ile
bu 6zellikler izerine bazi temel etkili gevresel faktorlerin etkilerinin arastirilmasi
amaclanmustir.

2. MATERYAL VE YONTEM

2.1. isletme ve Hayvan Materyali

Bu ¢alisma Tiirkiyenin I¢ Anadolu Bélgesi Konya ili Ilgin ilgesinde bulunan
ozel bir siit sigircilign isletmesinde yetistirilen Siyah Alaca siit sigirlarinda yiirditiil-
mistiir. Bu caligmada sadece hayvanlara ait kayith veriler kullanildig1 i¢in etik ku-
rul onay1 gerekmemektedir. Bu arastirmada kullanilan tiim veriler isletmede kulla-
nilan siirli yonetimi programi veri tabanindan elde edilmistir. Ilgin ilcesi 38.2817
enlem ve 31.9140 boylam tizerinde yer almaktadur. Ilcede karasal iklim hiikiim siir-
mekte yani yazlari kurak ve sicak, kiglar1 ise soguk ve kar yagish gecmektedir. Islet-
menin toplam arazi varlig1 500 da olup bunun 200 dekarinda sulu ve 300 dekarinda
kuru tarim yapilmaktadir. Igletmede kullanilan kaba yemlerin yaklagik %50’si bu
arazilerden kargilanmaktadir. Kaba yem olarak silajlik yonca ve misir iiretimi yapil-
maktadir. Isletmede suni tohumlama uygulamasi yapilmaktadir. Geng inekler igin
disi buzaginin iiretilmesine yonelik sperm kullanilmasina ragmen yash inekler i¢in
standart sperm kullanilmaktadir. Isletmede erkek buzagilar besiye alinmamakta ve
6-7 aylikken satilmaktadir. Isletmede mevcut durumda 210 bag (100 bag sagmal, 5
bag kuru, 30 bas gebe diive, 30 bas diive ve 45 bas disi ve erkek buzag1) sigir bulun-
maktadir. Isletmede 8x2 balikkilgigi sagim sistemi kullanilmakta ve giinde sabah
ve aksam olmak iizere iki kez sagim yapilmaktadir.
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2.2. Siit ve DL Verim Ozellikleri

Calismadasigirlaraaitsiitve dolverim 6zelliklerineait veriler degerlendirilmistir.
Verim ozelliklerine ait degerler isletmede kullanilan Afifarm V 4.1 siiri yonetim
programindan elde edilmistir. Bu ¢alismada siit verim 6zellikleri olarak laktasyon
siit verimi (LSV), 305 giinliik laktasyon siit verimi (LSV, ), 200 giinliik laktasyon
siit verimi (LSV,), 100 giinliik laktasyon siit verimi (LSV ), pik siit verimi (PSV),
glinliik ortalama siit verimi (GOSV), sagimda gecen giin (SGG), pik sagimda ge-
¢en giin (PSGG) ve kuruda kalma siiresi (KKS) kullanilmistir. D6l verim 6zellikleri
olarak ise servis periyodu (SP), gebelik basina tohumlama sayist (GBTS), buza-
gilama araligi (BA), gebelik siiresi (GS), ilkine damizlikta kullanma yag1 (IDKY)
ve ilk buzagilama yas1 (IBY) degerlendirilmistir. Siit ve dol verim 6zelliklerinin
degerlendirilmesinde Kibar (2022)’nin belirttigi tanimlamalar kullanilmistir.

2.3. istatistiksel Analiz

Siit ve dol verim ozelliklerine ait tanitici istatistiki degerlerin belirlenmesin-
de ve varyans analizinde Minitab 16.1.1. paket programi kullanilmistir (Minitab,
2010). Stit ve dol verim 6zellikleri tizerine etkili cevresel faktorlerin belirlenmesin-
de kullanilan genel dogrusal modeller (GLM) asagida verilmistir.

Kjkl=y+ai+bj+ck+kov(A,B)+eijkl 1
Y, =u+d+e+kov,  +e, 2
Birinci model tiim siit verim ozellikleri (LSV, LSV, , LSV, , LSV . PSV,

GOSYV, SGG, PSGG, KKS) ve baz1 dol verim 6zellikleri (SP, GBTS, BA ve GS) i¢in
kullanilmigtir. fkinci model ise sadece IDKY ve IBY icin kullanilmistir. Birinci mo-
delde; Y, i. laktasyon sirasinda, j. buzagilama yilinda, k. buzag}lama mevsimin-
deki [. stit sigirimin tizerinde durulan 6zellige ait fenotipini; y: Uzerinde durulan
ozellige ait populasyon ortalamasiny a;: i. laktasyon sirasinin etki miktarini (i=-
laktasyon sirasi/LS); b;: j. buzagilama yilinin etki miktarini (j=buzagilama yili/BY);
¢ k. buzagilama mevsiminin etki miktarini (k=buzagilama mevsimi/BM); kov, ,:
Uzerinde durulan siit ve d6l verim 6zellikleri ile stirekli faktorler arasindaki kovar-
yansi (siirekli faktorler Tablo 1deki regresyon siitununda verilmistir) ve e, : hata
etki miktarini ifade etmektedir. Baz1 dol verim 6zellikleri icin (GS ve IDKY) ise
siirekli faktérler modele dahil edilmemistir. Ikinci modelde ise birinci modelden
farkli olarak; Y : i. dogum yilinda, j. dogum mevsimindeki L siit sigirinin IDKY
veya IBY degeri; d;: i. dogum yilmin etki miktarini (i=dogum yil); e: j. dogum
mevsiminin etki miktarini (j=dogum mevsimi) ve e : hata etki miktarini ifade
etmektedir. Varyans analizi sonucunda etkisi 6nemli ¢ikan kesikli faktorlere ait
ortalamalar arasindaki farkliligin belirlenmesinde Tukey coklu karsilagtirma testi
uygulanmustir.
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3. BULGULAR

3.1. Siit ve DL Verim Ozelliklerine Ait Bazi Taniticl istatistiki Degerler

Siyah Alaca siit sigirlarinda siit ve dol verim 6zelliklerine ait bazi tanitici istatis-
tiki degerler Cizelge 1'de verilmistir.

Cizelge 1. Siit ve dol verim ozelliklerine ait bazi tanitic istatistiki degerler

Table 1. Some descriptive statistical values of milk yield and fertility traits

Standart  Varyasyon

Ozellikler N Ortalama sapma Katsayist Minimum Medyan Maksimum
LSV (kg) 155 8620 2040 23.67 4395 8552 13398
LSV, (kg) 159 7847 1485 18.92 4395 7772 12369
LSV, (kg) 159 55715 10714 1923 3751.4 54650  8552.4
LSV, (kg 159 28331 624.4 22,04 1689.8 27439 43632
Sutverim - poy 10 179 36.451 7.324 20.09 22.800 3550  59.00
ozellikleri
GOSV (kg) 159 25902  4.623 17.85 16.696 2521 4250
SGG (gin) 106 33103 61.50 18.58 207.00 32000 504.00
PSGG (giin) 179 56.90 26.04 45.77 12.00 5000  148.00
KKS (gin) 75  60.01 13.39 2231 26.00 6100  102.00
SP (giin) 123 11295 6065 53.69 33.00 9200 284.00
GBTS (adet) 83 181 1.05 58.26 1.00 1.00 5.00
D6l verim  BA (giin) 75 38307 5546 14.48 308.00 366.00  566.00
ozellikleri  Gg (giin) 75 278.87 7.12 255 246.00 280.00  294.00
IDKY (giin) 285 50640  54.89 10.84 372.00 50000  681.00
IBY (gan) 253  780.88 5330 6.83 640.00 77700 950.00

N: Ornek sayisi; LSV: Laktasyon siit verimi; LSV, .: 305 giinliik laktasyon siit verimi; LSV, : 200 giinliik laktasyon

200"
siit verimi; LSV, : 100 giinliik laktasyon siit verimi; PSV: Pik siit verimi; GOSV: Giinliik ortalama siit verimi; SGG:

Sagimda gegen giin; PSGG: Pik sagimda gegen giin; KKS: Kuruda kalma siiresi; SP: Servis periyodu; GBTS: Gebelik
bagina tohumlama sayisi; BA: Buzagilama araligy; GS: Gebelik siiresi; IDKY: Ilkine damizlikta kullanma yagy; IBY: ik
buzagilama yas1

Siit verim ozelliklerinden LSV, LSV, ., LSV, , LSV ., PSV, GOSV, SGG,
PSGG ve KKS verilerine ait ortalama degerler sirasiyla 8620+2040 kg, 7847+1485
kg, 5571.5+1071.4 kg, 2833.14624.4 kg, 36.451+7.324 kg, 25.902+4.623 kg,
331.03+61.50, giin 56.90+26.04 giin ve 60.01+13.39 giin olarak bulunmustur. LSV,
LSV, » PSV, PSGG ve KKS 6zelliklerine ait varyasyon katsayilar1 %20'nin iizerinde
tespit edilmistir. D6l verim 6zelliklerinden SP, GBTS, BA, GS,IDKY ve IBY verilerine
ait ortalama degerler ise sirasiyla 112.95+60.65 giin, 1.81+1.05 adet, 383.07+55.46
giin, 278.87+7.12 giin, 506.40+54.89 giin ve 780.88+53.30 giin olarak belirlenmis-
tir. SP ve GBTS ozelliklerinin varyasyon katsayist %50’nin tizerinde bulunmustur.
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3.2.SiitVerim Ozelliklerinin Bazi Temel Etkili Cevresel Faktérlere Gére Degisimi

Siyah Alaca siit sigirlarinda siit verim 6zelliklerinin bazi temel etkili ¢evresel
faktorler ile arasindaki iligkiler Cizelge 2'de verilmistir. Cizelge 2'de gorildiigi gibi,
LSV iizerine LS ve SGG'nin etkisi 6nemli bulunmus (p<0.01) ve R* %69.97 olarak
belirlenmistir. En yiiksek LSV ikinci (9642+197 kg) ve tigtincii (10061+246 kg) lak-
tasyonda elde edilmis ve SGG’nin bir giin artmasina karsilik LSV’nin 23.51£1.46
kg artacag tespit edilmistir. LSV, _ ve LSV, iizerine sadece LSnin etkisi 6nemli
bulunmus (p<0.01) ve R? degerleri sirasiyla %39.78 ve %57.62 olarak belirlenmis-
tir. Her iki verim ozelligi i¢in en yiiksek siit verimi ikinci ve ti¢iincti laktasyon-
da elde edilmistir. Ancak LSV iizerine ise LS ve BY nin etkisi 6nemli bulunmus
(p<0.01, p<0.05) ve R?%61.97 olarak tespit edilmistir. En yiiksek siit verimi ti¢iinci
(3593£80 kg) laktasyondaki ve 2019 yilinda laktasyona basglayan ineklerden elde
edilmistir. IBY’nin LSV, LSV, , LSV, ve LSV iizerine etkisi nemsiz bulunmus-
tur. LS ve BY’nin PSV fizerine etkisi 6nemli ¢tkmasina ragmen GOSV {izerine sa-
dece LS'nin etkisi 6nemli olmustur (p<0.05, p<0.01). PSV ve GOSV igin belirlenen
modellerin R? degerleri sirasiyla %53.63 ve %43.69 olarak tespit edilmistir. PSV
en yiiksek tiglincii (43.95+0.86 kg) laktasyonda elde edilmesine ragmen GOSV
ikinci (28.80+0.61 kg) ve tiglincii (30.82+0.72 kg) laktasyondaki hayvanlarda daha
yiiksek olmustur. SGG 6zelligi LS, BM, SP ve LSV faktorlerinden 6nemli derecede
etkilenmis (p<0.05, p<0.01) ve modelin R*degeri 79.85dir. SGG en diisiik ikinci
(304.1+6.68 giin) ve ligtincii (305.8+7.88 giin) laktasyondaki hayvanlarda belirlen-
mistir. Ayrica SGG en diisiik ilkbahar ayinda laktasyona baslayan ineklerde tespit
edilmesine ragmen kis ve sonbahar aylarinda baglayanlarla arasindaki fark 6nem-
siz bulunmustur. Diger etkili faktorlerden SP ve LSV’nin ise sirasiyla bir giin ve 1
kg artmasina karsilik SGG'nin sirastyla 0.541+0.057 ve 0.016+0.002 giin artacag:
belirlenmistir. PSGG fiizerine ise sadece yilin etkisi 6nemli bulunmus (p<0.01) ve
modelin R?si %14.01'dir. Daha ¢ok siirii yonetimine bagl olarak degisen KKS tize-
rine beklendigi gibi etkili gevresel faktor tespit edilmemis ve modelin R¥si de buna
bagli olarak %5.75 ¢ikmuistir.

ANAJAS, 2024, Cilt 39, Sayi 3, Sayfa 527-539



Mustafa KIBAR, Emre BULUT, ibrahim AYTEKIN

Cizelge 2. Bazi gevresel faktorler ile siit verim 6zellikleri arasindaki iligkiler

Table 2. Associations between some environmental factors and milk yield traits

. Laktasyon siras1 Buzagilama yili Buzagilama mevsimi 2
Ozellikler - - i - Regresyon ‘y"’i
Sira N XS Yil N X=S_ Mevsim N XES_ (%)
2017 44 94204239  Kis 15 9419+316 iBY:
1 88 7852+161" :
2018 25 8911+267  ilkbahar 30 9049+235 -1.10+1.97
+ A
LSV (ke) ; gé ?gngi;i@ 2019 47 9193+186  Yaz 85 8911+148 SGG: 6997
- 2020 43 9215+184  Sonbahar 29 9361+217 23.51+1.46*
2017 44 85924244  Kis 15 86224324
1 88 7042+165 ;
2018 25 81524275  {lkbahar 30 81434233 .
+2034 : +
LSV, (kg) ; ‘2*‘7‘ gggé;;g; 2019 47 8366+188  Yaz 85 gigaxl4g DV O95ELI8 3978
- 2020 43 8356+187  Sonbahar 29 8519+223
2017 44 61784148  Kig 15 61524196
1 88 4882+100° ;
2018 25 5849+166  flkbahar 30 5977+141 .
A 0
LSV.yy (ke) ; ;‘; E;zgﬂi; 2019 47 6113+114  Yaz 85 ssalsg0  (DY:0.08£120 57.62
- 2020 43 59474113  Sonbahar 29 6117135
2017 44 3188482  Kig 15 3125+108
1 88 2398455 ;
2018 25 3023492  flkbahar 30 3141478 .
B 0
LSV, (ke) L e 019 47 aeer Ya 85 3018450  Dv007+0.66 6197
B 2020 43 2959+62°  Sonbahar 29 3108+75
2017 57 39.71+0.80° Kis 18 39.24+1.22
1 88 311540.70° -
PSV(kg) 2 54 30sseozs 2018 29 3581:L06 llkbahar 33 37.86+0.93  PSGG: 563
3+ 37 1395086 2019 48 3954£079°  Yaz 96 37.65+0.57  -0.03+0.02
o 2020 45 38.26+0.79" Sonbahar 32  38.57+0.90
2017 44 28.42+074  Kis 15 28.17+0.98  IBY:
1 88 23.44+0.50° ;
2018 25 26.94+0.83 Ilkbahar 30 27.68+0.70  -0.0009+0.006
+1 A
GOSV (ke) ; g ig'zgzg'g; 2019 47 27.68+0.57  Yaz 85  26.77+0.45  SGG: 43.69
o 2020 43 27.7240.56  Sonbahar 29 28.13+0.67  -0.004+0.004
iBY:
2017 39 307.7+7.24 K 7 321.8+11.80% 0.098+0.070
+ A .
SGG (giin) ; g; ;gi'i;gggu 2018 21 333348.00 I{lkbahar 15 30524738  SP: 7985
v 3+ 19 30587 8gy 2019 36 3163%535  Yaz 62 331.3+4.60°  0.541+0.057*
S 2020 10 312.849.72  Sonbahar 22 311.846.76®  LSV:
0.01620.002**
2017 57 53.55+4.06" Kis 18 52.37+6.00
+ .
PSGG (giin) ; gi gggz;;'gg 2018 29 483745.10° {lkbahar 33 5200451  PSV: 1401
8 3+ 37 meoesor 2019 48 52314398 Yaz 96 52.95+2.77  -0.59+0.37 ’
PETT 2020 45 67.29+43.82%  Sonbahar 32 64.19+4.39
N .
I 42 58204403 2017 34 66.13:3.01 S 5 65308624 SGG:
. ilkbahar 11 67.13+3.96  0.033+0.055
KKS(gin) 2 21 6228+4.65 2018 15 67.77+4.46 5.75
3+ 12 68.09+495 2019 26 58324299 L 45 60.35£248  LSV:
e o Sonbahar 14 63.51+3.83  -0.002+0.002

N: Ornek sayisy; Rzadj: Diizeltilmis belirleme katsayiss; *: p<0.05; **: p<0.01; *®: p<0.05; *®; p<0.01; X : Ortalama; S - Standart

hata; LSV: Laktasyon siit verimi; LSV,,.: 305 giinliik laktasyon siit verimi; LSV, 200 giinliik laktasyon siit verimi; LSV

: 100

100°

giinliik laktasyon siit verimi; PSV: Pik siit verimi; GOSV: Giinliik ortalama siit verimi; SGG: Sagimda gegen giin; PSGG: Pik
sagimda gegen giin; KKS: Kuruda kalma siiresi; IBY: Ilk buzagilama yasy; SP: Servis periyodu
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3.3. D6l Verim Ozelliklerinin Bazi Temel Etkili Cevresel Faktdrlere Gére Degisimi

Siyah Alaca siit sigirlarinda dél verim 6zelliklerinin bazi temel etkili gevre-
sel faktorler ile arasindaki iliskiler Cizelge 3’te verilmistir. Cizelge 3’te goriildugi
tizere, SP lizerine BY, LSV ve PSV faktorlerinin etkisi 6nemli (p<0.05, p<0.01), LS
ve BM'nin etkisi ise 6nemsiz ¢ikmigtir. SP icin olusturulan genel dogrusal modelin
R”si %46.44 olarak belirlenmistir. LSV ve PSV’nin sirasiyla bir kg artmasina karsilik
SP’nin sirastyla 0.03+0.003 giin artacagi ve 4.68+0.92 giin azalacag1 tespit edilmistir.
SP’ye benzer sekilde LSV ve PSV’nin GBTS {izerine etkisi 6nemli ¢ikmis (p<0.05,
p<0.01) ve modelin R*si %26.37 olarak belirlenmistir. LSV ve PSV’nin sirasiyla bir
kg artmasina karsilik GBTSnin 0.0004+0.00007 adet artacagi ve 0.07+0.03 adet
azalacag1 bulunmugtur. Diger bir 6nemli dol verim 6zelligi olan BA {izerine sade-
ce SGG’nin etkisi 6nemli bulunmus (p<0.01) ve modelin R*si %94.51 olmugtur.
SGG bir giin arttig1 zaman BAnin 1.03+0.06 giin artacag: tespit edilmistir. Siirii
yonetiminden ziyade sigirin genetigine bagl olan GS {izerine modele dahil edilen
faktorlerin etkisi 6nemsiz ¢ikmis ve R* degeri %3.04 bulunmustur. Sigirin émri
boyunca verecegi verim iizerine etkili olabilecek olan IDKY &zelligi iizerine sigirin
dogum yili etkili olmustur (p<0.01) ve modelin R¥si %17.56dir. IDKY ile korelas-
yona sahip olan IBY karakteri iizerine sigirin dogum yili ve mevsimi ile IDKY’nin
etkisi dnemli bulunmustur (p<0.01). IBY igin belirlenen modelin R”si %76.56dur.
[lkbahar ve yaz aylarinda dogan inekler daha diisiik IBY’ye sahip olmasina ragmen
sonbaharda dogan ineklerle arasindaki fark 6nemsiz bulunmugtur. IDKY bir giin
arttig1 zaman [BY nin 0.85+0.05 giin artacagi tespit edilmistir (Cizelge 3).
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Cizelge 3. Bazi cevresel faktorler ile dol verim 6zellikleri arasindaki iligkiler

Table 3. Associations between some environmental factors and fertility traits

Laktasyon sirasi Buzagilama yili Buzagilama mevsimi § s
Ozellikler _ B B § 8
Sira N X+S - Yil N XS - Mevsim N e 7
: : ~ ~
5%
o &
2017 50 135.86+8.39° Kis 8 125.20+16.7 IS
+ . 5 9
SP (giin) i gi ii;;é:g?g 2018 25 101.70£11.1° [lkbahar 18 133.10+10.7 E H
8 3+ 27 122.60:169 2019 37 114.16+8.45® Yaz 73 105.25+6.27 g :
T 2020 11 119.10+£14.9® Sonbahar 24 107.30+10.1 R 3
aA T
*
I
>~
S
=
1 46 2074025 2017 35 1934021 K > 2192043 =g
GBTS Ilkbahar 11 1.53+0.28 i S
RO B - B e R
. . Sonbahar 20  1.73+0.22 2
SE 09
2z 3
r g
o S
+ S S
1 42 38247+346 2017 34  389.19+3.01 glfbahar ; gggfg:g'gg s ¥
BA (giin) 2 21 368.56+3.83 2018 15 390.82+4.46 Yaz 45 383‘41:2-48 23
Al£2, =3
3+ 12 39235441 2019 26 381.37+2.99 Sonbahar 14 386.5643.83 o >. =
Qun «
= f=)}
+
1 42 277.98+1.63 2017 34 279.75+1.60 gll(sbaha il ;gégg;;ii
GS (gin) 2 21 280.78+1.74 2018 15 282.36+2.38 Yaz d 45 280.39;1'29
3+ 12 282.52+2.26 2019 26 279.18+1.53 Sonbahar 14 278.0141.90 . :?:
Dogum yilt Dogum mevsimi
. Yil N X3S, Mevsim N X=S,
bRy A
(giin) 2012 14 56930£15.1%
2013 31 529.67+9.9448 Hlfbahar 34 532.25+9.24
2015 119 512.37+6.328¢ Yaz 104 510.50+6.18
2016 17 486.50+12.85¢P S:nba— 130 507.37+6.46
2017 80 491.27+6.36°P har 17 491.80+13.0 ﬁ
2018 24 473.70+10.7° w o=
2013 17 787.63+6.994 K
2015 115  792.49+3.45* Hlfbahar 797.52+6.22* En
iBY # 2016 17 774.32+6.73% Yaz 93 776.80+3.47° g
(giin) 2017 80 787.94+3.38* Sonba- 126  768.45+3.79® H
2018 18 743.20+6.37° har 15 773.24+7.7048 g
2019 6 788.40+11.6* P ©
4 0
a8 ¥

N: Ornek say1sy; RZadJ: Diizeltilmis belirleme katsayisy; *: p<0.05; **: p<0.01; *®: p<0.05; *®: p<0.01; X : Ortalama; S
Standart hata; SP: Servis periyodu; GBTS: Gebelik bagina tohumlama sayis;; BA: Buzagilama araligy; GS: Gebelik siiresi;
IDKY: ilkine damizlikta kullanma yasy IBY: ilk buzagilama yasi; LSV: Laktasyon siit verimi; PSV: Pik siit verimi; SGG:
Sagimda gegen giin
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4. TARTISMA

Siit sigircilign isletmelerinde siit ve dol verim 6zellikleri ile bu 6zellikler {izerine
etkili gevresel ve genetik faktorlerin belirlenmesi damizlik se¢imi i¢in 6nemlidir.
Genetik varyasyonun belirlenmesi giiniimiizde halen maliyetli bir yéntem olma-
sindan dolayi, temel etkili gevresel faktorlere gore verim 6zellikleri arasindaki var-
yasyonun belirlenmesi, bagarili seleksiyon i¢in ilk asamadir. Verim 6zellikleri {ize-
rine yapilan arastirmalar gevresel faktorlere gore standardizasyonun yapilmasinda
ve buna bagli olarak seleksiyon ¢alismalarinda isabetin artirilmasinda énemlidir.
Bu galigmada incelenen siit verim &zelliklerinden LSV ve LSV, _i¢in populasyona
ait ortalamalar (8620+£2040 kg ve 7847+1485 kg) Sarar ve Tapk: (2017)nin bil-
dirdigi 7046.18+219.25 kg ve 6588.38+224.37 kg (Kogas Tarim Isletmesi) degerle-
rinden yiiksek bulunmustur. Dominguez-Castafo ve ark. (2020) Brezilyanin Sao
Paulo sehrinde yetistirilen Siyah Alaca sigirlara ait SP, BA ve GS 6zelliklerine ait
ortalamalari sirasiyla 158.40+86.97 giin, 448.77+107.52 giin ve 276.18 giin olarak
bildirmislerdir. Ayni aragtiricilar LSV, _ ve PSV ozelliklerine ait ortalamalar: ise
9350.04+2402.39 kg ve 39.77+7.34 kg olarak bulmusladir. Mevcut ¢aligmanin ya-
pildig1 populasyon Dominguez-Castafio ve ark. (2020)den siit verim 6zellikleri ba-
kimindan daha verimsiz olmasina ragmen dél verim &zellikleri bakimindan daha
fertil oldugu belirlenmistir. Erkmen ve Kul (2021) LSV, , SP ve BA &zelliklerine
ait ortalamalari sirasiyla 9805.09+1715.92 kg, 134.07+72.04 giin ve 414.53+74.22
giin olarak belirtmisler ve mevcut ¢alismadan yiiksek bulunmustur. Siyah Alaca
populasyonlarinda siit ve dél verim 6zellikleri arasindaki varyasyonlarin genisligi
bu ozelliklerin kantitatif 6zellikler oldugunu géstermektedir. Kantitatif fenotipler
lizerine ¢evrenin ve birgok genin etkisinin olmasi bu 6zellikler i¢in belirli zaman
araliklarinda ¢alismalarin yapilmas: gerektigini gostermektedir.

Tiizemen ve Tankal (2023) Gokkale Tarim Isletmesinde yetistirilen Siyah Alaca
sigirlarda SP'nin SGG ve LSV, izerine etkisinin dnemli oldugunu bildirmiglerdir
(p<0.01). Ayni arastiricilar SP 80'den az oldugu zaman 80'den fazla olmasina kiyas-
la sigirlarin LSV, ’nin daha diisiik oldugunu bildirmislerdir. Ayrica, SP arttikga
SGG’nin dogrusal olarak arttig1 belirtilmis ancak optimum 305 giinliik SGG’ye en
yakin deger SP 81-110 giin arasinda oldugunda bulunmustur. Mevcut ¢aliymada
SP bir giin arttig1 zaman SGG’nin 0.541+0.057 giin artacag istatistik olarak 6nemli
bulunmus ve Tiizemen ve Tankal (2023) ile benzer bulunmustur. $ahin ve Ulutas
(2010) Polatl Tarim Isletmesinde yetistirilen Siyah Alaca sigirlarda LS, BY ve BM
faktorlerinin BA ve SP iizerine etkisini 6nemli (p<0.05), GS tizerine etkisini ise
6nemsiz bulmuglardir. Arastiricilarin bu sonuglari mevcut ¢alisma ile sadece yilin
SP iizerine etkisi bakimindan benzer bulunmustur. Bu farklilikta isletme, bakim ve
besleme gibi ¢cevresel faktorlerin yani sira modele dahil edilen faktorlerin 6nemli
etkisi olmustur. Bu durum mevcut arastirmada tespit edilen BA iizerine yalniz-
ca SGGnin etkisinin 6nemli ¢ikmasi ile modelin belirleme katsayisinin %94.51

ANAJAS, 2024, Cilt 39, Sayi 3, Sayfa 527-539



Mustafa KIBAR, Emre BULUT, ibrahim AYTEKIN

olmasi ile agiklanabilir. Cura (2016) Trakya bolgesi Damizlik Sigir Yetistiricileri
Birligime iiye isletmelerde yetistirilen Siyah Alaca sigirlarda il, mevsim ve y1l fak-
torlerinin IDKY ve IBY {izerine etkisini 6nemli bulmuslardir (p<0.01). Arastirici-
lar IDKY nin ilkbahar IBY nin ise yaz aylarinda dogan sigirlarda diger mevsimlere
kiyasla daha diisitk oldugunu bildirmislerdir. Mevcut arastirmada en diisitkk IBY
yaz aylarinda dogan sigirlarda gozlenmesine ragmen ilkbahar ve sonbahar aylar1
ile arasindaki fark 6nemsiz bulunmus ve Cura (2016) ile kismen uyumlu bulun-
mugtur. Haile-Mariam ve Pryce (2015) Avustralyada Siyah Alaca sigirlarda yaptig
caligmada stit verimi ve buzagilama araligina ait minimum ve maksimum kalitim
derecelerini sirasiyla 0.19-0.34 ve 0.03-0.06 olarak belirtmislerdir. Mevcut arastir-
manin sonuglari ele alinan faktérlere gore LSV, LSV, , LSV, ve LSV, ozellikleri-
ne ait R? degerlerinin BAdan yiiksek bulunmasi bakimindan Haile-Mariam ve Pr-
yce (2015) ile benzer bulunmugtur. Mevcut ¢aligmanin sonuglarina gére PSGG ve
KKS siit verim ozellikleri ile GBTS, GS ve IDKY dél verim &zelliklerine ait kulla-
nilan modellerin belirleme katsayilarinin %30’un altinda olmas1 s6z konusu verim
Ozelliklerine ait kalitim derecelerinin daha yiiksek olabilecegini gostermektedir.
Ancak LSV, SGG, BA ve IBY 6zelliklerine ait R> degerleri bu ézelliklerin kantitatif
ozellikler oldugunu ve ¢evreye bagl olarak 6énemli varyasyonlar gosterdigini dog-
rulamaktadir. Bu ¢aligmada elde edilen 6nemli bir sonu¢ta LSV, , LSV ve LSV

305° 200 100

ozelliklerine ait elde edilen R* degerlerindeki degisimdir. LSV,  iizerine LS ve BY
faktorlerinin etkisi onemli olmasina ragmen BY nin etkisi LSV, _ ve LSV, ‘de kay-
bolmustur. Bu durumda laktasyonun ilerleyen déonemlerindeki siit verimi tizerine
bakim-besleme faktorlerinin etkisinin 6nemli varyasyonlar olugturabilecegi 6ngo-
rilmistir. Hoka ve ark. (2019) Kenyada Siyah Alaca sigirlarda yaptig1 ¢caligmada
LSnin GS ve GOSV iizerine etkisini 6nemli, SGG tizerine etkisini ise nemsiz bul-
muglardir. Ayni aragtiricilar buzagi dogum agirligs ve dogum sonrasi ilk kizginliga
kadar gegen siire arasinda onemli pozitif korelasyonlarin oldugunu ve bu nedenle
stt sigirlarinin performans degerlendirilmesinde LS ve buzagi dogum agirliginin
dikkate almmasi gerektigini bildirmislerdir. Yapilan aragtirmalar arasinda LS, BY
ve BM’nin daha ¢ok siirii yonetimine bagl olarak degisiklik gosteren GS ve KKS
izerine etkileri bakimindan farkliliklar bulunmaktadir (Sahin ve Ulutas, 2010;
Kaya ve Bardakgioglu, 2016; Tankal ve Tiizemen, 2022). KKS iizerine ¢evresel
faktorlerin etkilerinin 6nemli ¢ikmasi siirti yonetimindeki farkli uygulamalardan
kaynaklanmaktadir. KKS sigirin siit verimine bakilarak belirlenmesine ragmen ya-
pilan bilimsel aragtirmalarla KKSnin diger laktasyon verimlerini ve dogumu etki-
leyebilecegi belirlendikten sonra ortalama 60 giinliik bir KKS uygulamasi entansif
stit s1g1r1 igletmelerinde yayginlasmustir. GS ise genetik olarak degisen kalitatif bir
fenotip olmasindan dolayi ¢cevresel faktorlerden ¢ok az etkilenmektedir. GS tizerine
cevre faktorlerinin etkili ¢ikmasi veri setine erken ve/veya ge¢ dogum gibi anormal
degerlerin de eklenmis olmasindan kaynaklanabilir. Bu arastirmada, Siyah Alaca
stit sigirlarinda ekonomik 6neme sahip siit ve dol verim 6zelliklerinin ayni isletme
icerisinde yillar ve laktasyonlar bakimindan 6nemli farkliliklar olusturabilecegi
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tespit edilmigtir. Bu nedenle, isletme kogullarinda daha standart bir siirti yonetimi
programinin uygulanmasinin gerektigi ve sigirlarin laktasyon siralarina gore
gruplandirilarak bakim-besleme uygulamalarinin yapilmasimnin optimum siit ve
dol verim ozelliklerinin elde edilmesinde 6nemli olacag: belirlenmistir.

5. SONUC

Bu caligmada, 6zel bir siit sigircilig1 isletmesinde yetistirilen Siyah Alaca siit
sigirlarina ait 2012-2020 yillar1 arasinda siirii yonetim programina kaydedilen siit
ve dol verim ozellikleri ile bu 6zellikler tizerine bazi cevresel faktorlerin etkileri
tespit edilmistir. Stit sig1r1 isletmelerinde genellikle iiretim ve tiremenin gostergesi
olarak kabul edilen LSV ve BA karakterlerine ait minimum ve maksimum degerler
sirastyla 4395-13398 kg ve 308-566 giin olarak bulunmustur. S6z konusu 6zellikle-
re ait varyasyon katsayilari sirastyla %23.67 ve %55.46 olarak belirlenmistir. Ozet-
le, bazi siit ve dol verim 6zellikleri bakimindan tizerinde durulan populasyonda
onemli derecede varyasyonlarin oldugu ve bunun damizlik seciminde kullanilmasi
ile seleksiyonda basariin artacag ifade edilmistir. Calismada siit verim 6zellikle-
ri tizerine daha ¢ok laktasyon sirasi ile kismen buzagilama yilinin etkileri 6nemli
cikmistir. DOl verim Ozellikleri tizerine ise daha ¢ok buzagilama yilinin etkisi
onemli bulunmustur. Genel olarak siit ve dol verim 6zellikleri tizerine buzagilama
mevsiminin etkisi 6nemsiz bulunmustur. Sonug olarak, farkli populasyonlarda ge-
nis 6rnek hacmine sahip siit sigirlarinda siit ve d6l verim 6zellikleri ile bu 6zellikler
tizerine etkili cevresel faktorlerin belirlenmesi damizlik seciminde fenotipe dayali
seleksiyonda nispeten basar1y: artiracaktir.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar catigmasi olmadigini beyan eder.
Etik

Bu ¢aligma etik kurul onay1 gerektirmez.

Yazar Katki Oranlari

Caligmanin Tasarlanmasi: MK (%50), EB (%15), IA (%35)

Veri Toplanmasi: MK (%10), EB (%70), IA (%20)

Veri Analizi: MK (%40), EB (%10), IA (%50)

Makalenin Yazimi: MK (%75), EB (%5), 1A (%20)

Makalenin Génderimi ve Revizyonu: MK (%85), EB (%5), IA (%10)
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TARLA PULVERIZATORLERI ILE PESTISIT UYGULAMALARINDA
PENETRASYON VE PESTISIT SURUKLENMESININ IYiLESTIRILMESI
AMACIYLA BiR APARATIN GELISTIRILMESI

0z

Pestisit uygulamalarinda uygulama basarisinin diismesi ve gereksiz pestisit
kullaniminin yaninda gevre ve canlilarin olumsuz etkisini de dikkate almak gere-
kir. Bu ¢aligmada gerek pestisit siiritklenmesini gerekse penetrasyonu iyilestirmek
amaciyla tarla piilverizatorlerine takilacak bir aparat gelistirilmistir. Bu amagla bir
bum 6niine takilan boru aparat ve arkasina takilan bir sac perde (siper) kullani-
larak olusturulan tasarim, klasik bir piilverizator kullanilarak yapilan uygulama
ile karsilastirilmistir. Bu amagla, suya duyarli kagitlar yardimiyla damla 6rnekleri
toplanmis ve degerlendirmeler yapilmistir. Denemelerde basing degisiminin etkisi
dikkate alinarak dogru uygulama sartlari ortaya konulmaya c¢aligilmistir. Stiriik-
lenmeyi 6nlemek amaciyla ilerleme yoniine gére bumun arka tarafina takilan apa-
rat sayesinde gerek ilerleme hizi ile gerekse riizgar sebebiyle damlalarin hareketi
kisitlanmis ve penetrasyon iyilesmistir. Buna ek olarak pestisit siiriiklenmesinin
azaltildig1 gézlenmistir. Ancak bunun etkisi ile bitki tizerinde kalan damla say1-
s1 artmustir. Bu da asir1 bir birikime sebep olmustur. Piiskiirtme uygulamasinda
basing degerleri incelendiginde basing arttik¢a genel olarak penetrasyon iyilestigi
belirlenmistir. Ancak damla boyutlari iist iiste gelme (6rtiisme) sebebiyle artis goz-
lenmis ve lekeler buytidiigii i¢in iist ylizeylerde artislar ka¢inilmaz olmustur. Klasik
ve yeni sistem karsilastirildiginda 2-4-6 bar i¢in elde edilen sonuglar incelendigin-
de yeni sistemde sirasiyla %35.8-57.8-41.9 Dv, _degeri degisim gostererek azalmis-
tir. Yiizey kaplama degeri ise basing degisiminde (2-4-6 bar) sirastyla yeni sistemde
%60-71.4-70.8 degisim gerceklesmistir. Yapilan ¢alismalar sonunda gelistirilen bu
aparatin bugday yetistiriciligi yapilan tarim alaninda basarisi ortaya konulmustur.

Anahtar Kelimeler: Damla, Penetrasyon, Pestisit, Stiriiklenme, Piilverizator,
Uriin Egici.
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DEVELOPMENT OF AN APPARATUS THAT IMPROVES THE
PENETRATION AND PESTICIDE DRIFT PERFORMANCE OF FIELD
SPRAYERS

ABSTRACT

In pesticide application, in addition to the decrease in application success and
unnecessary use of pesticides, it is also necessary to take into account the nega-
tive effects on the environment and living things. In this study, an apparatus to be
attached to field sprayers was developed in order to improve both pesticide drift
and penetration. For this purpose, the design created using a apparatus attached to
the front of a boom and a sheet metal curtain attached to the back was compared
with the application made using a classical sprayer. Drop samples were collect-
ed and evaluated with the help of water-sensitive papers used for this purpose.
The success of this developed apparatus in the field of wheat cultivation has been
demonstrated. In the trials, correct application conditions were tried to be deter-
mined by looking at the effect of pressure change. In order to prevent drift, the
movement of the drops is restricted due to both the advancement speed and the
wind, and penetration is improved, thanks to the apparatus placed on the back side
of it, depending on the direction of advancement. In addition, it was observed that
pesticide drift was eliminated. However, as a result of this, the amount of drops
remaining on the plant increased. This has led to excessive accumulation. Consid-
ering the effect of pressure change, penetration generally improved as the pressure
increased. However, while drop sizes increased due to overlapping, increases on
the upper surfaces were inevitable.

Keywords: Droplet, Penetration, Pesticide, Drift, Sprayer, Canopy Opener.

e 2 %
1. GIRIS

Insanlarin hayatlarini siirdiirebilmeleri igin gerekli birgok ihtiyacini saglama
gorevi tarim iizerindedir. Ulkemizde oldugu gibi tiim iilkeler bu ihtiyaglar1 asgari
derecede saglamak zorundadir. insanlarin temel gidalarindan birisi olan ekmegin
hammaddesi bugday, buytik tiretici kitlesini ilgilendirmekle beraber, Diinyada ve
ilkemizde oldukga degerli bir tarimsal tirtindiir. Kiiresel 1sinma nedeniyle her ge-
¢en giin artarak karsgimiza ¢ikan tarimsal riskler, tarimsal alanlarin azalmasi, bu-
nun yaninda diinya niifusundaki hizli artis 6zellikle bugday iiretimini 6n plana
gikarmustir. Ancak iiretim maliyetlerinin de artmas ciftcileri sikintiya sokmak-
tadir. Ozellikle pestisit kullanimi tarimsal iiretim maliyetlerinde énemli bir paya
sahiptir.
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Diinyada oldugu gibi tilkemizde de son yirmi yilda tarimda makinelesme ve
yeni tarim alanlarinin olugturulmasi ¢abasi ve yeni teknolojik gelismeler ile kim-
yasal girdilerin kullanimi, tiretim miktarini ve kaliteyi ylkseltmistir (Anonim,
2023). Sonug olarak tarimsal siirdiiriilebilirligi her gecen giin azalmig, fauna ve
flora olumsuz etkilenmistir. Bu kimyasallar zararlilarin dogal diismanlari tizerinde
yarattig1 olumsuz etki hastaliklarla miicadeleyi zorlagtirmistir.

Pestisit uygulamalarinda en biiyiik sorunlardan birisi olan pestisitin siiriiklen-
mesi (drift),kimyasal ilaclama uygulamalari sirasinda pestisitlerin gesitli sebeplerle
hedefytizeye ulasmayarak hedef disindaki farkli alanlara tasinmasi olarak ifade edi-
lebilir. Bu problem sonucunda insan ve ¢evre olumsuz etkilenebilmektedir. (Celen,
2022).Damlaciklarin hedefe dogru hareket ederken olugan, uygulama yontemleri-
ne ve kullanilan ekipmana bagli olarak gelisen stirtiklenme sekli en ¢ok karsilasti-
gimiz bir olaydir. Cesitli arastirmalarda kiigitk damlalarin kilometrelerce uzaklara
gidebildigi ve havadayken buharlagabildigi goriilmiistiir (Celen ve Onler, 2011).

Riizgér hiz1 ve yonii, hava boslugu, bagil nem, atmosfer basinci ve hava sicakli-
&1 siiriiklenmeye neden olmaktadir. Pestisit piiskiirtme uygulamalar1 kapsaminda
puskiirtme memesinin tipi ve dl¢iisii, pestisitin hedefe birakildig: piiskiirtme yiik-
sekligi ve basinci 6nemli parametrelerdir. Bunlarin yaninda piiskiirtme sistemleri-
nin teknik 6zellikleri ve kullanimini, operatoriin bilgi ve becerisini de unutmamak
gerekir (Celen ve ark., 2009).

Bitki koruma amaglh kullanilan kimyasal pestisitlerin piiskiirtiilmesindeki ba-
sarty1, hava kosullar1 ve pliskiirtme huzmesini etkileyerek kalint1 dagilimi ve he-
def ylizeyin kaplama oranlarini degistirmektedir (Grazianove ark., 2017).Ozellik-
le pestisitlerin bitki tist kistmlarinda kaldig: ifade edilmistir (Sumner ve Herzog,
2000; Jiang ve ark., 2023; Derksen ve ark., 2012). Benzer sekilde Wu ve Wei (2019)
¢ogu pestisitin puskiirtiildiikten sonra bitki ortlisiiniin {ist kisminda kaldigini
vurgulamiglardir. Piskiirtme sivisinin yogun bitki ortiisiiniin i¢ine niifuz edebi-
lecegini, ancak sadece kiigiik bir kisminin bitki ortiisiiniin orta ve alt seviyelerine
ulagacagini belirtmiglerdir. Ancak, en iyi penetrasyon ve kaplamanin saglanabil-
mesi i¢in, bitkiye en az zarar verecek sekilde optimum bir konumda iiriin egicinin
yerlestirilmesi gerektigini ifade etmislerdir.

Womacve ark.,(2022) ¢alismalarinda, derin bitki ortiisiine yapilan piiskiirtme-
de,bitki ortiilerinin icinde ve ¢evresindeki hava akiminin kalint1 birikimi tizerinde
etkisini irdelemislerdir. Uygulamalar sirasinda olusan hava akiminin, piiskiirtme
sonucu damlanin tagiyict olarak veya penetrasyonu sinirlayan ig bitki ortiisti yapi-
sinin bir gostergesi olarak etkili oldugunu bildirmislerdir. Bu bilgilerin piiskiirtme
memesi ve bum uygulamalarinda yeni firtinlerin ortaya ¢ikmasina sebep oldugunu
aciklamiglardir. Bunun sonucu cesitli ptiskiirtme memesi tipi, piiskiirtme konfi-
giirasyonlar1 ve damla boyutlarina sahip mevcut ptiskiirtme ucu tasarimlarinda
onemli artislar gozlenmektedir.
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Son zamanlarda bitkilerin st kisimlarini bitkerek piiskiirtiilen zararli kontrol
maddelerinin alt bitki ortiistine girmesi i¢in bir yol olusturmak amaciyla birgok
tasarim dretilmistir. Zhu ve ark., (2008b) Bitki egilmesi, piiskiirtme memesinden
alt bitki ortiisiine damla hareketi i¢in gegen siire, iirlin agic1 (egici/itici) tasarimin
bitki ortiisii i¢indeki derinlik ve bitki yiiksekligi arasinda iligkiler kurarak, bitkinin
irlin agicidan serbest birakildiktan sonra toparlanma hareketinin hesaplamalarina
dayali olarak acilma genisligi ortaya konulmustur. Egiciyle donatilmis bum, hava
destekli pliskiirtme sistemine kiyasla bitki ortiilerinin ortasinda kalinti miktar: ve
yiizey kaplamada anlamli bir fark yaratmamistir. Ancak alt bolgelerde hava destek-
li ptiskiirtme sistemine kiyasla anlamli 6l¢tide daha diigiik kalint1 ve yiizey kaplama
elde edilmistir (Zhu ve ark., 2006; Zhu ve ark., 2008a; Moura ve ark., 2017).

Bugday tretiminde ortaya ¢ikan pestisit kayiplarini 6nlemek ve etkili pestisit
uygulamasini saglamak ¢ok 6nemlidir. Bu faktorlerin yonetimi hem cevre kirliligi
hem de tarimsal iiretimin maliyetini etkilemektedir.

Bu caligmada gerek pestisit siiriiklenmesini gerekse penetrasyonu iyilestirmek
amaciyla tarla piilverizatorlerine takilabilen bir aparat tasarlanmistir. Gelistirilen
bu aparat ile penetrasyonu ve pestisit siiritklenmesi durumu klasik piilverizator-
lerle karsilastirilarak bugday yetistiriciligi yapilan tarim alaninda basarisi ortaya
konulmustur.

2. MATERYAL VE YONTEM

Bu caligmada yapilan tiim denemeler, Tekirdag ili Siileymanpasa Ilgesi Kara-
deniz mahallesinde, 2000 m?lik, ekmeklik bugday ¢esidi LG59 (Triticum aestivum
L.) ekili bir tarim arazisinde (K 40°59”212-D 27°28741’) yiriitilmistiir. Deneme-
lerde ERKUT 110 Hagmet model traktor, tarla piilverizatori olarak ORUC markai
i¢ nokta aski sistemine sahip depo kapasitesi 400 litre, is genisligi 12 m olan bir
pulverizatori kullanilmigtir. .

Piiskiirtme memesi olarak Lechler firmasina ait Kirmizi ST11004 yelpaze huz-
meli pliskiirtme memesi tipi kullanilmigtir. Belirtilen tiim uygulamalarda 2-4-6
bar basing uygulamasi uygun gortlmiistiir (Lechler, 2022). Pestisit siiriiklenmesini
arttirmak amaciyla 6 bar basing 6zellikle se¢ilmistir. Piiskiirtme memeleri katalog-
da belirtildigi gibi 50 cm aralikla yerlestirilmis ve hedef tizerinde 25 cm (ptiskiirt-
me yiiksekligi) olmasina dikkat edilmistir. Denemelerde, suya duyarl kagitlar kul-
lanilarak 6rnekler alinmigtir. Ayrica sicaklik, nem ve riizgar 6l¢timleri yapilmistir.

Denemeler iki bolimde yiiriitilmiistiir;
1. Yeni bumlu sistemin takildig: ptiskiirtme

2. Klasik bumlu piiskiirtme
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2.1. Yeni Sistem

Yeni sistemde bum tizerine iki farkli eleman takilmigtir. Bunlardan birisi tirtint
egen ve penetrasyonu iyilestiren iiriin egici elemanlar, bir digeri ise piskiirtilen
damlalarin siiriiklenmesini onleyerek bitki {izerinde tutunmasini saglayan Siiriik-
lenme Onleyici Perdedir.

Piilverizator tizerinde 12 m genisligindeki bum 30x30x2 mm profil demirden
5 bolimlii olarak yapilmis olup {izerine sonradan Egici ve Siiriiklenme onleyici
sistem eklenmistir.

2.1.1. Uriin Egici Sistem

Bum iizerine penetrasyonu arttirmak amaciyla 20 mm ¢apli borular ve 30 mm
genisliginde 2 mm kalinliginda lamalardan tiriinii egecek bir sistem tasarlanmustir.
Uriin egici sistem iki kissmdan olusmaktadir. Bunlar iiriinii egen boru ve borunun
piilverizator kanatlarina baglanmasini saglayan lamadir. Bunlar birbirlerine kay-
nak ile baglanirken kanat profillerine civata ile baglanmstir. Egici sistem hareket
yoniine gore onde kalacak ve her bir kanat bolmesine ayr1 ayr1 olacak sekilde yer-
lestirilmistir.

Zhu ve ark. (2008b) belirttigi gibi, bitkilerin egildikten sonra kapanmadan
damlalarin penetrasyonu i¢in, damlalarin istenen bolgeye ulasma siiresi bitkinin
diklesme siiresinden daha kisa olmalidir. Bu aragtirmaya gére, bitkinin diklesme
stiresi 0.26 saniye olarak belirlenmistir. Bu siirede (0.26 saniye) piiskiirtme me-
melerinden ¢ikan damlalar 1.4 metre asagiya kadar gidebilir. Yapilan denemeler
sirasinda bitki boyu 0.95 metreden kisa olup, piiskiirtme sistemlerinden ¢ikan
damlalarm bitki ortiistintin alt kismina ulagmast igin yeterli zamani olmadigini
belirtmistir. Bu nedenle egici sistem genisligi ilerleme hiz1 ile piiskiirtme meme-
lerinden bitki ortiisiiniin altina kadar damlalarin penetrasyonu igin gereken siire
carpilarak, egici sistem 6ne dogru olan genisliginin bu degerden daha kiigiik olma-
s1 gerektigini belirtmislerdir. Bu kapsamda;

T : Bitkinin diklesme siiresi

T,: Damlanin bitkinin alt kismina ulagma siiresi(sn)
T,: Damlanin bitkinin {ist kismina ulagma siiresi (sn)
G: Egici sistemin 6ne dogru genisligi (cm)

V: Ilerleme hiz1, (m/sn)

V.: Bitkinin egilme hiz1 (m/sn)

V,: Damla hiz1 (m/sn)
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V=V Vd<V;Tp>T, ; G<TxV; G>TxV (Zhu ve ark., 2008b)

Egici sistemin bitki ortiistint egdigi hiz, puiskiirtme sistemlerinin ilerleme hi-
zina esittir. Bum piskiirtme sistemler icin, piiskiirtme sistemlerinin ilerleme hizi
genellikle damla hizindan daha yavastir. Damlalarin bitki 6rtiisiine ulagmasini sag-
lamak i¢in, egici sistemin damlalarin bitki rtiistiniin tist kismima ulagmadan 6nce
bitkileri egmesi gerekmektedir. Bu nedenle, ideal egici sistemin genisligi, ilerleme
hiz1 ile ptskiirtme memelerinden bitki ortiisiiniin tist kismina kadar damlalarin
ulagmasi i¢in gereken siire ¢arpilarak hesaplandiginda, elde edilen degerden daha
bityiik olmali, ancak ilerleme hizi ile piiskiirtme memelerinden bitki 6rtiisiintin al-
tina kadar damlalarin penetrasyonu igin gereken siirenin ¢arpimindan daha kiigiik
olmalidir. Ayrica, egici sistem genisligi, acilan bitki ortiistine ulasan damlalarin
gereksiz bir gecikme yaganmamasi i¢in maksimum yatay egilimden daha biyiik
olmamalidir. Bu nedenle, egici sistem derinligi gereksinimi, bitkiyi maksimum egi-
ci sistemin genisliginden daha fazla egecek sekilde olmalidir (Zhu ve ark. 2008b).

Bu sebeple deneme alanindaki bugdayin diklesme siireleri deneme alaninin
farkli bolgelerinde rastgele segilerek kronometre kullanilarak belirlenmeye ¢alisil-
mustir.

2.1.2. Stiriiklenme Onleyici Perde

Stirtiklenme 6nleyici perde plakanin hemen arkasinda veya korunan alan igin-
de dusiik hizli bir bélge olusturmaktadir. Bu disitk hizli bélge, kiigitk damlala-
rin hareketinde énemli bir rol oynar. Cap1 95 umden daha kii¢iik olan damlalar
stirtiklenmeye karst en hassas olanlardir. Kii¢iik damlalarin hareketi, damlalarin
¢apindan daha ¢ok, bu damlalarin etrafindaki hava akis alanina baglidir (Tsay ve
ark., 2002).

Suraklenme
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Sekil 1. Yeni sistemin teknik gosterimi

Figure 1. Technical representation of the new system
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Sadece perde kullanimiyla driftin yeterince azaltilmadi: ¢esitli arastirmalarda
ortaya konulmus ve meme agis1 ile yapilan kombinasyonlarda perde tizerindeki
biriken pestisitin akintisinin farkls bir problem ortaya ¢ikardig belirtilmistir (Tsay
ve ark., 2002). Meme yiiksekligi arttikca, 45 cmden sonra, drift riski artmaktadir.
Bu nedenle perde yiiksekligi 45 cnr’lik bir alani kaplayacak sekilde tasarlanmalidir.

Piilverizasyon sirasinda ortaya ¢tkan pestisit siiritklenmesini 6nlemek amaciyla
sac malzemeden 06zel sekillendirilerek bir panel olugturulmustur. 2 mm paslanmaz
sac malzemeden yapilan bu kisim, hareket yoniine gore arka tarafa, baglant: nok-
talarina kaynakla yerlestirilen kisa metal pargalar yardimiyla buma civata ile bag-
lanmigtir. Ayrica bitkiye temas eden kenar yuvarlatilarak hasar olmasi 6nlenmistir.
Her bir kanat bélmesine ayr1 ayr1 olacak sekilde 5 adet konumlandirilmistir. Bu
kapsamda ayni kogullarda siiriiklenme 6nleyici perdenin genisligi 25 cm derinligi
ise 25 cm olarak belirlenmistir.

2.1.3. Suya Duyarli Kagit (WSP)

Piskiirtme sonucu olusan damla karakteristiklerini belirleyebilmek i¢in 6rnek-
leme ylizeyi olarak suya duyarli kagitlar (5x2.6 cm) kullanilmigtir. Bir scanner ile
(1176x1176 pixel ¢oziliniirliikte) taranarak bilgisayara aktarilmigstir. DepositScan ya-
zilimikullanilarak damlaanalizleri yuritilmugtiir (Zhuveark.,2011; Zhuve Sciarini,
2010).Sonuglar hacimsel ortalama damla boyutu dagilimini (Dv, ,,Dv, ve Dv, ), se-
¢ilen alan ytizey kaplama yiizdesini (%), analiz edilen goriintii alanini (Goriintii Spot
Alani), tek tek damlaboyutlarini (Ger¢ek Cap) ve toplam damla sayisini vermektedir.

Dv,; Piiskiirtme hacminin %10’unun bu degerden daha kii¢iik damlaciklar
halinde oldugunu ve siiriiklenebilen ince damlaciklarin biiyiik bir boliimiinii ice-
rebilecegini gosterir. Dv,; Pliskiirtme hacminin yarisinin bu degerden daha yiik-
sek ve yarisinin daha kiigitk damlaciklar halinde oldugu anlamina gelir. Ortalama
hacimsel damla biiyiikliigii (VMD) olarak kabul edilir. Dv,; Piiskiirtme hacminin
%90'in1n bu degerden daha kiigiik (veya %10 daha biiyiik) damlaciklar halinde
oldugunu gosterir. Dv, , biiyiikse (6rnegin 800 mikron), sprey hacminin ¢ok fazlas:
birkag biiyiik damlacik tarafindan alinabilir. Bazi uygulamalarda uygulama yapilan
tim ytizeyleri yeterince kaplamaya yetecek kadar damlaciklar olamayabilecegin-
den sprey kapsamui ve etkinligi azalabilir.

2.1.4. Bugdavyin Diklesme Siiresi

Bu amagla dijital el tipi bir OEM C803 Dijital kronometre kullanilmigtir. De-
neme alaninin farkli bolgelerinde belirlenen bugday bitkileri bir cubuk yardimiyla
egilerek diklesmesi takip edilmistir. Rastgele alinan él¢timlerde ¢ok farklilik goste-
renler ortalamaya katilmayarak elde edilen ortalama deger bitkinin diklesme siire-
si olarak kabul edilmistir.
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2.1.5. Sicaklik-Nem-Riizgar Hizi Olcer

Denemelerde meteorolojik veriler, bir LUTRON AM-4202 ve bir TESTO 605-
H1 sicaklik ve bagil nem probu kullanilarak bir kalkan i¢ine yerlestirilerek izlen-
mistir. Sensorler bir stand tizerine monte edilerek bitki drtiisiiniin en tstiinden
2 m yiikseklikte konumlandirilmistir. Ayrica, sensorler traktdr hattinin yaklagik
20 m uzagina konumlandirilmistir. Veriler, uygulamadan onceki 5 dakika ve uy-
gulamadan sonraki 5 dakika olmak {izere toplanan 10 dakikalik bir zaman dilimi
icerisinde toplanarak ortalamalar alinmistir.

2.2. Tarla Denemeleri

Denemelerde, alan igerisindeki piiskiirtme damla karakteristiklerini belirle-
mek i¢in bugday tarlasina ve pestisit siiriiklenmesini tespit edebilmek i¢in uygu-
lama alan1 digina yerlestirilen 6rnekleme yiizeyleri tizerine piiskiirtme islemi uy-
gulanmustir. Bu amagla suya duyarl kagitlar bugday bitkisini 3 bolime ayiracak
sekilde (bagak-orta-kok) yerlestirilmistir (Sekil 2).

Sekil 2. Suya duyarli kagitlarin bitki tizerine yerlesimi

Figure 2. Placement of water-sensitive papers on the plant

Denemeler planlanirken, piskiirtilen damla karakteristiklerini belirlemek
amaciyla, traktor ilerleme yoniine dik gelecek sekilde 10 m araliklarla 3 sira (te-
kerriir) ve her bir sirada sag, sol ve orta kanat altina gelecek sekilde suya duyarli
kagitlar yerlestirilmistir. Ayrica damlalarin siiritklenmesini saptayabilmek i¢in uy-
gulama alani digina, 10 m araliklarla, 2.0 m uzunlugundaki citalar tizerine tstten
50 cm araliklarla suya duyarli kagitlar konumlandirilmistir (Sekil 2).

Denemelerde sehir sebeke suyu kullanilarak 2-4-6 bar basing uygulanarak ayri
ayr1 gerceklestirilmistir. Ayrica Traktor sabit 6km/h hizda kullanilmigtir. Uygula-
malar sirasinda piiskiirtme memeleri bitki tizerinden 25cm yiikseklikte tutulmus-
tur. Ilag normu ise 2-4-6 bar basinca gore sirasiyla 260-370-475 litre/ha olarak
kontrol edilmistir. Bu 6l¢iimlerde meme verdisi farkli basin¢larda sirastyla her bir
meme i¢in 1.3-1.8-3.0 litre/dk olarak tespit edilmistir.
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Pestisit stiritklenmesini tespit etmek i¢in farkli yonlerde 10 m araliklarla Sekil
3 de goriildiigii gibi 2.0 m uzunlugumda ¢italar yerlestirilmistir. Bu ¢italar tizerine
en st (X) ve 50 cm altina (Y) suya duyarli kagitlar sabitlenmistir.

Piiskiirtme sonunda tiim suya duyarli kagitlar, 5 dk. kurumaya birakilarak
toplanmis ve laboratuvarda analizleri yapilmistir. Suya duyarli kagitlar tizerindeki
damla ¢aplari, kaplama alani yiizdesi, birim alandaki damla sayis1 ve toplam damla
sayist hesaplanmustir (Zhu ve ark., 2011).

Toplamda alt1 uygulama yapilmistir. Klasik ve yeni sistemde 3 farkli basing (2-
4-6 bar) uygulamasi yapilarak ayr1 ayr1 degerlendirilmistir. Ozellikle damla biiyiik-
likleri degerlendirilirken bazi kriterlere dikkat edilmistir; Siirtiklenme potansiyeli
yalnizca hacimsel ortalama damla biiyiikliigii (Dv,,) degerine degil, damla ebatla-
rinin toplam spektrumuna baghdir. Dv , degeri ne kadar biiyiik olursa, siiriiklen-
me olasilig1 o kadar diisiik olur. Dv,  degeri ne kadar biiyiik olursa, yeterli kapsama
alani saglamak i¢in mevcut damla sayis1 o kadar az olur (Celen, 2012).

Ozelliklere ait ortalamalar arasindaki farki belirlemek amaciyla Varyans Analiz
Yontemi (ANOVA) kullanilmistir. Ortalamalar arasindaki farkliligin hangi grup
ortalamalar1 arasinda 6nemli oldugunun belirlenmesi amaciyla Duncan Coklu
Karsilastirma Testi kullanilmistir (Diizgiines ve ark., 1993). Arastirmada verile-
rinin analizinde SPSS (version 18,0 for Windows, SPSS Inc. Chicago, IL) paket
programindan yararlanilmistir.
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Sekil 3. Ornekleme yiizeylerinin (WSP) yerlesim
Figure 3. Location of sampling surfaces (WSP)
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3. BULGULAR VE TARTISMA

Tiim sonuglar degerlendirilirken, Klasik ve Yeni sistem i¢in damla dagilimi ve
penetrasyon ayr1 ayr1 incelenmistir. Elde edilen veriler dikkate alinarak iki sistem
karsilagtirilmastir.

3.1. Tasarim

Deneme alaninda bitki boyu yaklasik 60 cm olarak belirlenmis ve bumun bitki
tizerinden ytiksekligi 25 cm olarak saptanmistir. Kronometre ile yapilan 6lgiimler
(50 adet) sonucunda bitki itildiginde geri eski haline gelme stiresi 0.45 s olarak
belirlenmistir.

Denemelerde kullanilan piiskiirtme memeleri (Lechler ST 10004) Lechler
(2022) katalogu incelendiginde 200 litre/ha debide 400 um (VMD) damla iiret-
mektedir. BCPC siniflandirmasina gore Kaba (Coarse) sinifina ISO 25358 (2020)
ye gore ise Cok Kaba (Very Coarse) sinifina girmektedir. Matthews (1992) de be-
lirtildigi {izere 400 pm biiyiikliigiindeki damla igin damla gikis hiz1 1.62 m/s olarak
alimustir. Bununla birlikte bitki boyu ve bumun bitkiden yiiksekligi dikkate alin-
diginda T,: 0.43 s ve T.: 0.16 s hesaplanmustir.

Ayrica Zhu ve ark., (2008b) yaptiklar1 galismada belirttigi gibi ilerleme hizi
ve damlanimn bitkinin alt kismina ulagma siiresinin ¢arpimi sonucu egici siste-
min éne dogru genisliginden kiigiik olmalidir kosulu bu tasarimda da (G<T2xV;
0.55<0.43x1.66=0.71) saglanmistir. Ayrica ilerleme hizindan (1.66m/s) damla hiz1
(1.62 m/s) kugiiktiir.

Bunlara gore 6 kmh™ (1.66 ms™) ilerleme hizinda olmas: gereken egicinin 6ne
dogru genisligi hesaplanmistir. Zhu ve ark.(2008b) de belirtigi sonuglara gore bu de-
ger damlalarin alt kisimlara ulagabilmesii¢in 57 cm ve tist kisimlara ulasabilmesiigin
15 cm olmasi gerekmektedir. Calismanin hedefi penetrasyonuiyilestirmek oldugun-
dan ve topraga cok pestisit bulagsmasi istenmediginden 55 cm degeri kabul edilmistir.

Buna ek olarak siiriiklenme 6nleyici perde (paslanmaz sac) 6l¢iileribelirlenirken
memenin bitkiden yiiksekligi ve bir miktar penetrasyonu yogunlastirmak ve damla
kagigini 6nlemek icin kapali alanin 250x 250 mm boyutlarinda olmasi saglanmistir.
Bumaksatla sekilde verilen yeni sistemin tasarimi saglanmustir. Piilverizatordeki her
bir bum boliimiine ayr1 ayr1 monte edilebilecek sekilde tasarlanmistir (Sekil 4 ve 5).

Tiim denemeler yontem béliimiinde belirtildigi gibi 2 m yiikseklikten deneme-
ler siiresince kayit altina alinmig ve ortalama ile ifade edilmistir. Bu kapsamda s1-
caklik 23 °C ve bagil nem %73 olurken riizgar hizi ortalama Giiney Dogu yoniinde
12 km h' olmugtur.
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Sekil 4. Uriin egici sistem

Figure 4. Canopy opener

Sekil 5. Pestisit siiritklenmesini 6nleyici sistem

Figure5. Pesticide drift prevention system

3.2. Klasik Sistem

Klasik sistemle yapilan uygulamalarda 2-4-6 bar basing altinda toplanan tiim
bolgelerde damla 6l¢limleri arasinda goriilen bazi farkliliklarin sebebi olarak bit-
ki yogunlugu ve esen hafif riizgirin etkisi sdylenebilir. Ust tiste gelmelerin varligi
ornekleme yiizeyleri tizerinde anlasilmaktadir. Denemelere baglamadan 6nce piis-
kiirtme memelerinin debi kontrolii yapilmis, diizgiin atip atmadigy, titkanma olup
olmadig kontrol edilmistir. Tekerriiriiler arasinda yapilan analizlerde homojen
dagilim oldugu gozlenmistir.

Tekerriirlerde tiim bitki izerindeki farkli bolgelerdeki ortalamalara bakildigin-
da Dv, | degeri basing arttik¢a artig gdstermistir. 2 bar basing altinda 136-207 um,
4 bar basing altinda 146-193pum ve 6 bar basing altinda 169-209 p arasinda degisim
gostermistir. Dv, . degeriise gok biiyiik farkliliklar gostermeyerek 2 bar basing altin-
da 306-471 pm, 4 bar basing altinda 333-455 pm ve 6 bar basing altinda 359-464 pm
arasindatespitedilmistir. Dv,  degeriise 2barbasingaltinda414-505 um, 4 barbasing
altinda462-651 umve 6 bar basingaltinda 462-688 um arasinda oldugu gortilmiistiir.

Yiizey kaplama degeri basing artisiyla artis gostermistir. Buna gore 2 bar basing
altinda elde edilen yiizey kaplama degeri %6-15, 4 bar da %6.9-14 ve 6 bar ba-
sing altinda ise %8.5-15.1 olarak saptanmuistir. Bunun yaninda toplam leke miktar1
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(TD) sirasiyla 98-131 adet; 132-158 adet ve 151-161 adet olmustur. Birim alana
diigen damla sayisi (DS) 2 bar basing altinda 114-158 adet/cm?damla olurken 4 bar
da 149-185 adet/cm’ve 6 bar da 172-196 adet/cm?olup artis gostermistir.

Damla siklig1 uygulamanin etkinligi hakkinda en 6nemli parametrelerden bir
tanesidir. Syngenta Crop Protection AG’ye gore pestisit gesitlerine gore minimum
gerekli damla sayilar: insektisit ve ¢ikis 6ncesi herbisitler icin 20-30adet/cm?, ¢ikis
sonras! herbisitler i¢in 30-40adet/cm?, Fungusitler i¢in 50-70adet/cm? damla ola-
rak 6nerilmistir(Syngenta, 2002)

3.2.1. Penetrasyon

Uygulamalarda penetrasyon uygulama alani igerisine 3 tekerriir olacak sekilde,
ist-orta ve alt bolge olarak ayri ayri irdelenmistir. Genel olarak beklendigi gibi
tim uygulamalarda ist kisimlarda (u bolgesi) tim degerler yiiksek tespit edil-
migtir. Benzer sekilde alt kisimlarda (m ve d) ise bu degerler en diigiik olmustur.
Dv,, degeri basing arttik¢a damla ¢aplarinin basing artigina baglh olarak kiigiilme-
si sonucu azalma gostermistir. Sekil 2 incelendiginde 2 bar basing altinda 91-259
mm,4 bar basing altinda 96-276 mm ve 6 bar basing altinda 119-299 mm arasinda
degisim gostermistir. m ve d bolgelerinde bu degerin bityiimesine sebep olarak
st tste gelen damlalar gorillmustiir. Ayrica 1slanan bitki ylizeylerinin temasi da
bu sebepler katilabilir. Dv, , degeri ise basing degisiminden ¢ok etkilenmemistir. 2
bar basing altinda 234-746 mm, 4 bar basing altinda 241-759 mm ve 6 bar basing
altinda 298-765 mm arasinda tespit edilmistir. Dv , degeri ise 2 bar basing altinda
313-653 mm, 4 bar basing altinda 333-908mm ve 6 bar basin¢ altinda 398-958 mm
arasinda oldugu goralmistiir.

Ortalamalarda yiizey kaplama degeri basing artisiyla artis gostermistir. Buna
gore 2 bar basing altinda elde edilen yiizey kaplama degeri %0.76-23.05, 4 bar da
9%1.0-23.1 ve 6 bar basing altinda ise %3.3-28.3 olarak saptanmistir. Bunun yanin-
da TD sirastyla 29-258 adet; 98-269 adet; 108-259 adet olmustur. DS degeri 2 bar
basing altinda 20.1-274 adet/cm? damla olurken 4 bar da 120-280 adet/cm*damla
ve 6 bar da 132-297 adet/cm*damla olup artis gostermistir.

Klasik sistem kullanilarak yapilan piiskiirtmeler sonucunda bitki orta bol-
gesinde (m) Dv ,, Dv, ., Dv,, degerleri belirgin degisimler gdstermezken yiizey
kaplama, TD, deposit cm™degerlerinde daha belirgin olmustur. Dv, , degeri 2 bar
basing altinda 71-350 mm, 4 bar basing altinda 89-262 mm ve 6 bar basing altinda
101-268 mm arasinda degisim gostermistir. Islanan bitki ylizeylerinin temasi da bu
degisime sebep olarak soyleyebiliriz. Dv, . degeri ise basing degisiminden ¢ok et-
kilenmemistir. 2 bar basing altinda 119-595 mm, 4 bar basing altinda 129-603mm
ve 6 bar basing altinda 141-623 mm arasinda elde edilmistir. Dv, , degeri ise 2 bar
basing altinda 211-697 mm, 4 bar basing altinda 302-801 mm ve 6 bar basing altin-

da 312-829 mm arasinda tespit edilmistir.
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Olgiimler sonucunda yiizey kaplama degeri 2 bar basing altinda %0.38-17.61,
4 bar da %0.5-24 ve 6 bar basing altinda ise %1.1-2.42 olarak saptanmigtir. Ayrica
TD degeri sirasiyla7-207 adet; 89-220 adet; 96-234 adet olmugtur. Santimetrekare-
ye ditsen damla sayis1 2 bar basing altinda 93-158 adet/cm*damla olurken 4 bar da
89-232 adet/cm*damla ve 6 bar da 97-295 adet/cm*damla olup artis gostermistir.

Penetrasyonu ortaya koyan en 6nemli faktor dip kisimlara kadar ulagilabili-
yor olmasidir. Bu kapsamda analizler incelendiginde damla karakteristiklerinin bu
bolgede ¢ok biiyiik degisim gostermedigi diger bir ifadeyle basing artiginin etkili
olmadigr saptanmustir. 2 bar basing altinda Dv, | degeri 60-202 mm. 4 bar basing
altinda 88-189 mm ve 6 bar basing altinda 96-203 mm arasinda degisim gostermis-
tir. Islanan bitki yiizeyleri ile birlikte bitki siklig1 de buralarda etkili olmustur. Dv, .
degeri ise basing¢ degisiminden ¢ok etkilenmemigstir. 2 bar basing altinda 150-541
mm. 4 bar basing altinda 162-559 mm ve 6 bar basing altinda 169-559 mm arasinda
tespit edilmistir. Dv, , degeri ise 2 bar basing altinda 26-690 mm. 4 bar basing altin-
da 185-608 mm ve 6 bar basing altinda 193-602 mm arasinda oldugu goriilmistir.

Ornekleme yiizeyleri incelendiginde. basincin artmasiyla yiizey kaplama de-
geri de artarak 2 bar oldugunda elde edilen ylizey kaplama degeri %0.27-14.9. 4
barda %1.0-15 ve 6 barda ise %1.2-22.3 oldugu saptanmistir. TD degeri ise sirasiy-
la 18-180 adet; 38-239 adet; 58-200 adet elde edilmistir. DS hesaplandiginda 2 bar
basing altinda 14.3-247 adet/cm*damla olurken 4 bar da 45-241 adet/cm?damla ve
6 bar da 61-254 adet/cm*damla olup artig gostermistir.

Klasik sistemde yapilan uygulamalar sonucunda, istatistiksel acidan (P<0.05)
farkli basinglarda Dv, . Dv, . Dv,  degerleri ve YK degerlerinde basincin bitkinin
farkli bolgelerinde tespit edilen farkliliklar 6nemsiz bulunmustur. Ancak TD ve DS
degerlerinde goriilen farkliliklar 6nemli bulunmustur (Cizelge 2).

3.2.2. Pestisit Striiklenmesi

Denemelerde riizgar hiz1 ve yoniine (Giiney-Dogu) bagl olarak klasik sistem-
de siirtiklenme tespit edilmistir. Dogu yoniindeki ¢italarda damla tespit edilirken
diger yonlerdeki citalarda herhangi bir damla tespiti olmamistir. Sonuglar Cizel-
gelde goriilmektedir.

Uygulama alanindan 10 m araliklarla yerlestirilen 2 m uzunlugundaki ¢italar
(X-Y) tizerine yukaridan itibaren 50 cm araliklarla 6rnekleme ytizeyleri yerlestiril-
mistir. On ¢itadaki iist ytizeylerde damlalar tespit edilirken 10 m uzaklikta yerles-
tirilen ¢itanin alt kisminda damlalar goriilmiistiir. On taraftakilere gore arka gitada
daha kii¢lik damlalar elde edilmistir.
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Cizelgel. Klasik sistemde elde edilen siiriiklenen damlagaplari (mm )

Table 1. Drifting drop diameters obtained in the classical system (mm )

Ornekleme yiizeylerinin

¢italarda konumlari Dv,, Dvos Dvy, YK Db DS
C X 135 149 165 0.08 1 1.2
1 Y -
C X 56 66 82 0.02 2 1.9
Y

3.3. Yeni Sistem

Klasik sistemle yapilan uygulamalarda elde edilen uygulama alaninda farkli
bolgelerde farkli basinglarda yapilan uygulama sonuglarinin ortalamalari incelen-
diginde bazi farkliliklarin sebebi olarak bitki yogunlugu ve esen hafif riizgarin et-
kisi soylenebilir. Ayrica damlalarin hedef yiizeyde tist iiste geldikleri belirlenmistir.

Tekerriirlerdeki ortalamalara bakildiginda Dv,, degeri basing arttik¢a artis
gostermistir. 2 bar basing altinda 79-193 mm. 4 bar basing altinda 87-103 mm ve
6 bar basing altinda 92-128 mm arasinda degisim gostermistir. Dv . degeri ise ok
biiytik farkliliklar gostermeyerek 2 bar basing altinda 199-302 mm. 4 bar basing
altinda 187-192 mm ve 6 bar basing altinda 168-272 mm arasinda tespit edilmistir.
Dv,, degeri ise 2 bar basing altinda 299-358 mm. 4 bar basing altinda 212-315 mm
ve 6 bar basing altinda 206-374 mm arasinda oldugu gériilmiistiir. Basingla damla
capinin azaldigi tespit edilmistir.

Ortalamalarda yiizey kaplama degeri basing artisiyla artis gostermistir. Buna
gore 2 bar basing altinda elde edilen yiizey kaplama degeri %1.75-6. 4 bar da %1.5-
4 ve 6 bar basing altinda ise %3.2-4.4 olarak saptanmistir. Bunun yaninda TD s1-
rastyla 52.8-145 adet; 52-102 adet; 36-179 adet olmustur. Santimetrekareye diisen
damla sayis1 2 bar basing altinda 70.2-173 adet/cm*damla olurken 4 bar da 52-150
adet/cm? damla ve 6 bar da 69-107 adet/cm?* damla olup artis gostermistir.

3.3.1. Penetrasyon

Uygulamalarda penetrasyon uygulama alani igerisine 3 tekerriir olacak sekil-
de. iist-orta ve alt bolge olarak ayr1 ayr1 irdelenmistir. Incelendiginde genel olarak
beklendigi gibi tiim uygulamalarda st kisimlarda (u bolgesi) tiim degerler yiiksek
tespit edilmistir. Benzer sekilde alt kisimlarda (m ve d) ise bu degerler en diigitk
olmugtur.
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Dv,, degeri basing arttika damla ¢aplarinin basing artigina bagh olarak kii-
¢iilmesi sonucu azalma gostermistir. Cizelge 1 incelendiginde 2 bar basing altinda
55-553 mm. 4 bar basing altinda 55-136 mm ve 6 bar basing altinda 60-217 mm
arasinda degisim gostermistir. Minimum ve maksimum biiytikliiklere baktigimiz-
da ortaya ¢iktig1 gibi. m ve d bolgelerinde bu degerin biiytimesine sebep olarak iist
tiste gelen damlalar goériilmistiir. Dv, degeri ise basing degisiminden ¢ok etki-
lenmemistir. 2 bar basing altinda 129- 304 mm. 4 bar basing altinda 114-313 mm
ve 6 bar basing altinda 112-453 mm arasinda tespit edilmistir. Dv,, degeri ise 2
bar basing altinda 129-473 mm. 4 bar basing altinda 111-573 mm ve 6 bar basing
altinda 116-582 mm arasinda oldugu gorillmustiir.

Ortalamalarda yiizey kaplama degeri basing artisiyla artis gostermistir. Buna
gore 2 bar basing altinda elde edilen yiizey kaplama degeri %0.34-16.5. 4 bar ba-
sing altinda %0.33-14.1 ve 6 bar basing altinda ise %0.04-29.8 olarak saptanmuistur.
Bunun yaninda TD degeri sirasiyla 12-247 adet; 28-182 adet; 1-243 adet olmustur.
DS degeri 2 bar basing altinda 15.6-347 adet/cm” damla olurken 4 bar basingta
22-235 adet/cm? damla ve 6 bar basing altinda 1.2-305 adet/cm?* damla olup artis
gostermistir.

Yeni sistem kullamlarak yapilan piiskiirtmeler sonucunda bitki orta bélgesinde
(m) Dv,,. Dv .. Dv,, degerleri belirgin degisimler gostermezken ylizey kaplama
TD degerlermde daha belirgin olmustur. Dv,, degeri 2 bar basing altinda 78-319
mm. 4 bar basing altinda 58-134 mm ve 6 bar basmc; altinda 52-180 mm arasinda
degisim gostermistir. Islanan bitki yiizeylerinin érnekleme yiizeylerine temas et-
mesi sonucunda da bu degisim ortaya ¢ikmus olabilecegini sebep olarak soyleyebi-
liriz. Dv,, degeri ise basing degisiminden ok etkilenmemistir. 2 bar basing altinda
127-631 mm. 4 bar basing altinda 111-330 mm ve 6 bar basing altinda 77-341 mm
arasinda elde edilmistir. Dv,, degeri ise 2 bar basing altinda 239-819 mm. 4 bar
basing altinda 201-421 mm ve 6 bar basing altinda 105-460 mm arasinda tespit
edilmigtir.

Yapilan analizler sonucunda ytizey kaplama degeri 2 bar basing altinda %0.61-
11.9. 4 bar basing altinda %0.3-8.2 ve 6 bar basing altinda ise %0.4-6.65 olarak
saptanmustir. Ayrica TD degeri sirasiyla 15-177 adet; 22-147 adet; 11-64 adet ol-
mustur. Santimetrekareye diisen damla sayis1 2 bar basing altinda 17.6-211 adet/
cm?damla olurken 4 bar basingta 12-298 adet/cm*damla ve 6 bar basing altinda
17-108 adet/cm*damla olup artis gostermistir.

Penetrasyonunun basaris: diplere kadar ulasan pestisitlerin varligidir. K6k bol-
gesine yakin ornekleme yiizeyleri incelendiginde damla karakteristiklerinin bu
bolgede ¢ok biiyiik degisim gostermedigi saptanmuistir. Bu bolgelerde diger karak-
teristikler basing arttik¢a degisim gostermislerdir. 2 bar basing altinda Dv  de-
geri 59-326 mm. 4 bar basing altinda 55-226 mm ve 6 bar basing altinda 61-133
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mm arasinda degisim gostermistir. Islanan bitki ylizeyleri ile birlikte bitki siklig
de buralarda etkili olmustur. Dv, . degeri ise piiskiirtme basinci degisiminden ¢ok
etkilenmemistir. 2 bar basing altinda 100-764 mm. 4 bar basing altinda 85-219 mm
ve 6 bar basing altinda 91-509 mm arasinda tespit edilmistir. Dv , degeri ise 2 bar
basing altinda 116-345 mm. 4 bar basing altinda 74-352 mm ve 6 bar basing altinda
116-585 mm arasinda oldugu gortlmiistiir.

Ornekleme yiizeyleri incelendiginde. basincin artmastyla yiizey kaplama de-
geri de artarak 2 bar basing altinda elde edilen yiizey kaplama degeri %0.14-17.4.
4 bar da %0.2-7.2 ve 6 bar basing altinda ise %0.04-4.3 olarak saptanmigstir. TD
degeri ise sirasiyla 8-212 adet; 17-210 adet; 1-54 adet elde edilmistir. DS degeri
hesaplandiginda 2 bar basing altinda 8.6-242 adet/cm*damla olurken 4 bar basing
altinda 11-222 adet/cm®damla ve 6 bar basing altinda 1.2-70.3 adet/cm?damla olup
artig gostermistir.

Yeni sistemde yapilan piilverizasyonlar elde edilen sonuglar incelendiginde,
farkli basinglarda yapilan puskiirtme uygulamalarinda 6rnekleme yiizeylerinden
elde edilen Dv,,, Dv ,, Dv ,, YK, TD ve DS degerlerinde basinca bagl olarak

bitkinin farkli bolgelerinde tespit edilen farkliliklar: istatistiksel acidan (P<0.05)
6nemsiz oldugu bulunmustur.

3.3.2. Pestisit Siiriklenmesi

Yeni sistem kullanilarak yapilan denemelerde 5 m araliklarla yerlestirilen tim
yonlerdeki ¢italar tizerine yerlestirilen 6rnekleme yiizeylerinde herhangi bir damla
stirtiklenmesine rastlanamamstir. Bu da uygulamanin basarisini gostermistir.

3.4. Yeni ve Klasik Sistemin Karsilastirilmasi

Genel olarak bakildiginda meteorolojik kosullarin da iyi olmasi sebebiyle pesti-
sitsiiriiklenmesinin olmadig1 ve penetrasyonunun daha iyi oldugu gézlemlenmistir.
Bu amagla damla karakteristikleri ayr1 ayr1 degerlendirilmistir. Sekil 5de klasik sis-
temle yeni sistem arasindaki degisim yiizdelik olarak oranlanmis ve degisim oran-
larina gore karakteristiklerin degisimi degerlendirilmistir.

Genel olarak incelendiginde tiim bolgelerde Dv, | degeri tiim basinglarda klasik
sisteme gore yeni sistemle yapilan puskiirtme sonucunda artis gostermistir. Yeni
sistemden beklenen damlalarin hedef disina siiritklenme durumu azaltilmistir. Ol-
¢iimlere bakildiginda 2-4-6 bar basinglarda elde edilen degerler ortalama sirasiyla
tist kisimlarda 138-197-111 mm, orta kisimlarda 130-93-114 mm ve alt kisimlarda
ise 106-93-90 mm elde edilmistir. Yeni tasarlanan sistemin puiskiirtme sistemlerin-
de kullanimuryla tist kisimlarda 177-200-228 mm. orta kisimlarda 162-165-180 mm
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ve alt kisimlarda ise 129-123-136 mm elde edilmistir. Sonuglardan da gortldiga
gibi kiigitk damlalarin alt kisimlara dogru ulagimi saglanmigtir. Damla cap deger-
lerinin buytdigi ve bu duruma damlalarin st iiste gelmelerinin neden oldugu
distiniilmektedir.

Tiim bolgelerde Dv,, degeri klasik sistemde basing degisimi ile farkliliklar gos-
terirken. basing degisimine ragmen yeni sistemde birbirine yakin ¢ikmistir. Bu de-
gerde de klasik sisteme gore ytikselis gostermistir. Bunun nedeni olarak st tiste
gelme s6ylenebilir. Elde edilen degerler 2-4-6 bar basinglarda ortalama sirasiyla tist
kisimlarda 214-214-249 mm. orta kisimlarda 274-208-213 mm ve alt kisimlarda
ise 227-145-196 mm olarak tespit edilmistir. Yeni tasarlanan sistemin piiskiirtme
sistemlerinde kullanimryla tist kisimlarda 492-480-516 mm, orta kisimlarda 392-
308-409 mm ve alt kisimlarda ise 351-344-353 mm olmugstur. Genel olarak bakil-
diginda yeni sistem Dv,, degerinin tiim bélgelere homojen bir dagilimin olusma-
sint saglamustir.

Dv, , degeri yiiksek basinglarda yeni sistemin kullanilmasiyla artig gostermistir.
Ornekleme yiizeylerinde toplanan damlalar incelendiginde 2-4-6 bar basinglarda
ortalama sirasiyla tist kisimlarda 354-324-329 mm, orta kisimlarda 406-284-291
mm ve alt kisimlarda ise 226-163-265 mm olarak tespit edilmistir. Yeni tasarlanan
sistemin piiskiirtme sistemlerinde kullanimiyla iist kisimlarda 526-656-695 mm.
orta kisimlarda 470-573-615 mm ve alt kisimlarda ise 391-386-409 mm olmustur.
Genel olarak degerlendirildiginde yeni sistem Dv,, degerinin tiim bolgelere homo-
jen bir dagilimin olusmasini sagladig goriilmustiir..

Yiizey kaplama (YK) degerleri incelendiginde yeni sistemin kullanimiyla deger-
ler yiikselmistir. Ozellikle 6 bar basing altinda énemli yiikselisler goriilmiistiir. YK
degeri 2-4-6 bar basinglarda ortalama sirasiyla tist kisimlarda %6.1-3.8-8.1 damla
orta kisimlarda %4.3-3.2-2.2 damla ve alt kisimlarda ise %3.0-1.6-15 damla olarak
tespit edilmistir. Yeni tasarlanan sistemin ptiskiir damla tme sistemlerinde kullani-
miyla {ist kisimlarda %13.2-12.4-11.9 damla, orta kisimlarda %8.9-9.4-11.7damla
ve alt kisimlarda ise %6.2-6.6-8.4 damla olmustur.

Yeni sistemle yapilan uygulamalarda 6rnekteki toplam leke miktar: (TD) degeri
diger karakteristiklerde oldugu gibi yiikselmistir. TD degeri 2-4-6 bar basin¢larda
ortalama sirasiyla tist kisimlarda 134-101-113 adet. orta kisimlarda 71-67-31 adet
ve alt kisimlarda ise 55-50-28 adet olarak tespit edilmistir. Yeni tasarlanan sistemin
puskiirtme sistemlerinde kullanimiyla tist kisimlarda 142-189-204 adet orta kisim-
larda 97-143-158 adet ve alt kisimlarda ise 93-96-108 adet olmustur.

Santimetrekaredeki damla sayis1 (DS) degeri 6zellikle 6 bar basing altinda kla-
sik sisteme gore yeni sistem 6lgiimlerinde artig gostermistir. Tiim bolgelerde basing
artistyla artiglar gozlenmistir. 2-4-6 bar basinglarda ortalama sirasiyla st kisim-
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larda 160-143-156 adet/cm*damla. orta kisimlarda 97-83-62 adet/cm*damla ve alt
kisimlarda ise 67-58-42 adet/cm’damla olarak tespit edilmistir. Yeni tasarlanan
sistemin piskiirtme sistemlerinde kullanimiyla iist kisimlarda 170-201-214 adet/
cm’damla. orta kisimlarda 119-168-190 adet/cm*damla ve alt kisimlarda ise 114-
137-158 adet/cm*damla olmustur. Genel olarak resme bakildiginda yeni sistem DS
degerinin klasik sistemde basing artigiyla gosterdigi diigme yeni sistemde daha az
olmustur.

~2bar =4bar ¥Gbar
Yeni DvOl Yeni DVO05
 — Yenl ) ) N=4 Kasik Yeni Yeni
Klasik RE4 wasik = Klasik Yeni §E \=
3, 82 3., :g Y=z ke N4 sg Kiasik
N=Z 354 N2 NG ¥z ¥ Iy R R S
NE7 NZ4 NS4 NS4 NEL N NE7 NE7 NS4 NES 8=
N/ NI N AR R AR
NS N2 NTd =4 0=/ N=2 NG NT2 =2 M
Orta Alt Ust Orta Alt
eni i a
s Yeni N/
= Klasik 3= Yeni
NS 7
s 2N N
N /A NS Klasik N=
hNEANE
NANE N
N2 NS N=% N4
Ust

" Kiasik  Yeni

fﬁ’( 7l
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Sekil 5. Klasik ve yeni sistemle yapilan piiskiirtme sonucunda farkli bélgelerdeki ve farkli
basinglarda elde edilen karakteristikler

Figure 5. Characteristics obtained in different regions and at different pressures as a result of
spraying with the classical and new systems
Cizelge2. Klasik sistemle yapilan piiskiirtme sistemlerinde elde edilen verilerin istatik-

sel agidan analizi

Table2. Statistical analysisof data obtainedin sprayingsystems madewith the classical system

Degis- Dv,, Dv,, Dv,, YK D DS
ken

158.60+47.06™  407.48+116.50™  462.59+85.08 ™ 9.50+5.75™ 111.04+36.08*  135.20+£51.96*
163.15+44.68™  412.37+110.22™  538.89+176.15™  9.51+4.71™ 143.00+47.23"  168.82+44.73®
182.81+46.22™  426.41+107.88™  573.33+177.72™  10.71+4.59™  157.3747.231>  187.41+44.31°

Alt 133.00+13.32* 349.70+29.45* 396.04+50.34* 7.11+3.76 99.63+36.70* 136.68+61.56*
Orta 169.52+38.45®  400.22+81.68" 552.78+120.75"  10.08+4.94™  133.07+33.46*  159.41+42.46®
Ust 202.07+48.78"  496.33+131.93>  626.00+170.39" 12.53+4.73" 178.70+31.9° 195.33+26.03°
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Cizelge 3. Yeni sistemle yapilan piiskiirtme sistemlerinde elde edilen verilerin istatiksel

acidan analizi

Table 3. Statistical analysis of the data obtained in the spraying systems made with the new system

Degisken Dv, Dv,, Dv,, YK TD DS
2 125.1956.87™  238.81+91.77™  328.26£97.00™  45142.92™ 86.89+59.39™  108.43+68.62"™
4 94.78+2140™  189.59+443.93™  257.52+86.22%  291+1.84™ 73.03+33.19™  94.85+61.18™
6 105.22+30.96™  219.56+84.20™  295.52+117.37™  3.99+3.46™ 57.55+50.64™  87.35+£60.90™
Alt 96.96£36.45™  189.6390.20™  218.44+66.18'  208+1.76'  44.48£27.63°  56.06+32.00°
Orta 112.56+26.54™  232.22+55.61%  327.19+7826%  3.29+155%  56.78+33.00°  81.08+34.82%
Ust 115.67+5412™  226.11+80.00™  335.67+11542°  6.04+326°  116.22+50.08° 153.50+66.48°
Istatistiksel agidan (P<0.05) farkli basinglarda Dv, ,, Dv,, Dv,, degerleri ve

YK degeri 6lciimlerinde basincin bitkinin farkli bélgelerinde tespit edilen farkli-
liklar Klasik sistemde yapilan piilverizasyonlar sonucunda 6nemsiz bulunmustur
(Cizelge 2). Ancak TD, DS ve UL degerlerinde goriilen farkliliklar 6nemli bulun-
mugtur. Bunun yaninda yeni sistemde tiim sonuglar arasinda gozlenen farkliliklar
6nemsiz bulunmustur (Cizelge 3). Ayrica bitkinin farkli boliimleri incelendiginde
Klasik sistemde elde edilen tiim veriler arasindaki farkliliklar 6nemli bulunmustur.
Yeni sistemle yapilan piilverizasyon da ise Dv, | ve Dv,_ degerleri kendi icerisinde

O6nemsiz bulunurken. Dv

0.9

acisindan 6nemli bulunmugtur.

4. SONUC VE ONERILER

YK. TD ve DS degerleri arasindaki farkliliklar istatiksel

Tarimsal miicadelede en biiyiik sorunlardan birisi pestisit siirtiklenmesi ve
damlalarin homojen bir sekilde penetrasyonudur. Bu sorunu ¢6zmek i¢in bir¢ok
calisma yiiriitilmekte ve birgok teknik ve teknoloji gelistirilmektedir. Bu galismada
bu sorunlar giderilmeye ¢alisilmis damla karakteristikleri irdelenmistir. Deneme-
lerde basing degisiminin etkisine bakilarak dogru uygulama sartlar1 ortaya konul-

maya ¢alistimistir.

Siiriitklenmeyi 6nlemek amaciyla ilerleme yoniine gére memenin arka tarafini
kapatan bir perde yerlestirilmistir. Bu sayede gerek ilerleme hizi ile gerekse riizgar
sebebiyle damlalarin hareketi kisitlanmistir. Ancak bunun etkisi ile bitki {izerinde
kalan damla sayis1 artmistir. Bu da agir1 bir birikime sebep olmustur.

Klasik ve yeni sistem karsilastirildiginda 2-4-6 bar i¢in elde edilen sonuglar
incelendiginde. Yeni sistemde sirastyla %35.8-57.8-41.9 Dv, , degeri degisim goste-
rerek azalmistir. Yiizey kaplama degeri ise basing degisiminde (2-4-6 bar) sirasiyla
yeni sistemde %60-71.4-70.8 degisim gerceklesmistir.
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Ancak 0n tarafa yerlestirilen bitki egici sistem ile bu damlalarin bitki i¢ ki-
simlarina dogru ulasmasi saglanmistir. Boylece uygulamanin penetrasyonu iyiles-
mistir. Dolayisiyla tist kisimlardaki birikme klasik sisteme gore daha fazla olmakla
birlikte orta ve alt kisimlarda birikim artmigtir.

Basing degisiminin etkisine bakildiginda basing arttikca genel olarak penetras-
yon iyilesmistir. Ancak damlalarin ist iiste gelmesi sebebiyle arti gosterirken tist
yuzeylerde artiglar kaginilmaz olmugtur.

Bu sonuglar 15181 altinda bu sistem kullanimi sirasinda piiskiirtme memesi nu-
marasi (meme orifisi) kii¢tiltilebilir. Diger bir ifade ile basing arttirilabilir. Boylece
daha kii¢lik damlalar olusacagindan iist ylizeylerde goriilen iist tiste gelme ve biri-
kim daha homojen olacag1 beklenmektedir. Bunlara ek olarak bakildiginda damla
stirtiklenmesi galismadan da beklendigi gibi dnlenmistir. Klasik sistemde goriilen
stirtiklenme hareketi yeni sistem kullanildiginda gériilmemistir. Bu nedenle yeni
sistemin basarili oldugu s6ylenebilir.

Denemelerde uygulanan 4 bar basing uygulamasi ve meme delik ¢apinin diisii-
rillmesi ¢aligmanin basarisini daha da arttiracaktir. Bu aragtirma sonucunda klasik
sisteme gore gerek penetrasyon gerekse siiritklenme acisindan iiriin egici ve drift
onleyici perde elemanlarindan olusan yeni sistem basarili olmustur.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar ¢atigmasi olmadigini beyan ederiz.
Etik

Bu ¢aligma etik kurul onay1 gerektirmez.

Yazar Katki Oranlari

Caligmanin Tasarlanmast: NY (%50), IHC (%50)

Veri Toplanmast: NY (%630), IHC (%40)

Veri Analizi: NY (%70), THC (%30)

Makalenin Yazimi: NY (%50), THC (%50)

Makalenin Génderimi ve Revizyonu: NY (%50), THC (%50)
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YUKSEK COZUNURLUKLU TERMAL GORUNTULERIN URETIMI
VE DEGERLENDIRILMESI: LANDSAT 8 VE PLANETSCOPE UYDU
VERILERI ORNEGI

0z

Bu ¢alisma, Landsat 8 ve PlanetScope uydu goriintiileri kullanilarak yiiksek ko-
numsal ¢oziiniirliige sahip yapay termal goriintiilerin tiretilmesi ve bu goriintiiler-
in dogrulugunun degerlendirilmesini amaglamaktadir. Sultansuyu Tarim Isletmesi
arazileri 6rnegi iizerinde yiiriitiilen arastirmada, Normalize Edilmis Vejetasyon
Indeksi (NDVI) ve yiizey sicakligi (Ts) haritalari kullanilarak gelistirilen regresyon
modeli PlanetScope goriintiilerine uygulanmis ve yiiksek ¢oziiniirliiklii Ts haritas:
olusturulmustur. Arastirmadan elde edilen sonuglara gére PlanetScope goriintiiler-
inin yiitksek ¢oziiniirliikli Ts haritalarinda parsel sinirlar: daha net bir sekilde be-
lirlenirken, Landsat 8 Ts goriintiilerinde s6z konusu detay ortaya konulamamustir.
Istatistiksel analizler, her iki uydu verisinin de benzer NDVI degerleri tirettigini ve
tutarli sonuglar sagladigini dogrulamistir (R=0.90). Ancak, PlanetScope verileri,
Landsat 8% gore, genel olarak, daha yiiksek NDVT degerleri ve daha genis bir vary-
ans sergilemistir. PlanetScope ile iiretilen yapay Ts haritalari, homojen bolgelerde
Landsat 8 ile benzer sonuglar iiretmesine ragmen, ozellikle sulama yapilan diistik
ortii ylizdesine sahip alanlarda hatali Ts tahminleri yapilmaktadir. Gergeklestirilen
bu ¢aligma, uydu verilerinin tarimsal izleme ve ¢evresel analizlerde etkin bir sekil-
de kullanilabilmesi i¢in metodolojik bir temel saglamaktadir.

Anahtar Kelimeler: CNDVI, Landsat 8, PlanetScope, Termal Goriintiileme,
Yiizey Sicaklig:.

e

PRODUCTION AND EVALUATION OF HIGH-RESOLUTION
THERMAL IMAGES: AN EXAMPLE USING LANDSAT 8 AND
PLANETSCOPE SATELLITE DATA

ABSTRACT

This study aims to generate high spatial resolution synthetic thermal images
using Landsat 8 and PlanetScope satellite data and evaluate the accuracy of these
images. The Sultansuyu Agricultural Enterprise lands served as the test site for this
investigation. Regression model was developed using Normalized Difference Veg-
etation Index (NDVI) and surface temperature (Ts) maps, which was then applied
to PlanetScope images to generate a high-resolution Ts map. The results showed
that PlanetScope images allowed for clearer delineation of parcel boundaries in the
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high-resolution Ts maps compared to Landsat 8 Ts images. Statistical analyses con-
firmed that both satellite datasets produced similar NDVI values and consistent
results (R?=0.90). However, PlanetScope data generally exhibited higher NDVI
values and a wider variance compared to Landsat 8. The Ts maps produced using
PlanetScope yielded similar results to Landsat 8 in homogeneous regions, but in-
accurate Ts values were estimated in areas especially with low vegetation cover in
irrigated fields. This study provides a methodological foundation for the effective
use of satellite data in agricultural monitoring and environmental analyses.

Keywords: SNDVI, Landsat 8, PlanetScope, Thermal Monitoring, Surface
Temperature.

e e
1. GIRIS

Uzaktan algilanmis termal veriler, yiizey sicakliginin (Ts) olgiilmesi ve hari-
talanmast i¢in en etkili araglardan birisidir (Tomlinson ve ark., 2011). Ts enerji
dengesi, su dongiisti ve iklim degisikligi gibi birgok cevresel siirecte kritik bir rol
oynamaktadir. Bu kapsamda termal uydu gortintiileri, tarimsal kuraklik izleme
(Taner ve ark., 2022), kentsel 1s1 adasi analizi (Cevik Degerli ve Cetin, 2023), hidro-
lojik modelleme (Tianjie ve ark., 2021) ve ekolojik ¢aligmalar (Yang ve ark., 2013)
gibi cesitli aragtirmalarda basarili bir bicimde kullanilmistir. Ancak, mevcut termal
uydu sensorlerinin diisiik konumsal ¢oziiniirliigii nedeniyle birgok uygulama igin
gereken ayrintilar saglanamamaktadur.

Giintimiizde Ts'nin uzaktan algilama ile belirlenmesi igin kullanilan uydu sen-
sorleri, genis alanlarin goriintiilemesini basarili bir bicimde gerceklestirebilmek-
tedir ancak diigiik konumsal ¢oziiniirliige sahip veriler saglamaktadir. Landsat,
MODIS ve ASTER gibi yaygin olarak kullanilan platformlardaki termal sensorler
diisiik konumsal ¢oziiniirliige sahiptir. S6z konusu uydu sistemlerine ait ¢oziiniir-
likler bolgesel dlgekte gerceklestirilecek calismalar igin yeterli olsa da kiigiik 6lgek-
li caligmalar i¢in yetersiz kalmaktadir (Sobrino ve ark., 2016). Bu nedenle, yiiksek
¢ozliniirliiklii termal goriintiileme ihtiyaci artarak devam etmektedir.

Son yillarda arastirmacilar, goriintiilerde 6lgek kiigiiltme teknigi kullanarak
yiiksek ¢oztintirliklil termal uydu goriintiilerini basarili bir bicimde olugturmay:
basarmislardir (Cruz ve ark., 2020). Bu yaklagimda, ayni uydu platformundaki,
yiitksek konumsal ¢ozlintirlige sahip spektral goriintiiler kullanilarak diisiik ¢o6-
ziiniirliikli termal goriintiilerde olgek kiictiltme islemi gergeklestirilebilmektedir
(Agam ve ark., 2007). Ayrica s6z konusu teknik farkli uydu platformlar: arasinda-
ki goriintiilere de uygulanabilmektedir (Bisquert ve ark., 2016a; Bisquert ve ark.,
2016b). Boylece, yiiksek yersel detaylara sahip termal gortintiiler basarili bir bi-
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¢imde elde edilebilmektedir. Bu dogrultuda, Alemayehu ve ark. (2017)de 1 km
¢ozunirlikli MODIS Ts goriintiilerinde 6l¢ek kiigiiltme islemi gergeklestirilerek
Landsat seviyesinde Ts haritalar1 elde edilmistir. S6z konusu haritalar SSEBop
ET tahmin yonteminde kullanilarak yiiksek ¢oziiniirliiklit ET tahmin haritalar
olusturulmustur. Benzer sekilde, Boyte ve ark. (2018) tarafindan gerceklestirilen
bir ¢alismada MODIS Ts haritalar1 6l¢ek kiigtiltme teknigi kullanilarak Landsat
Ts ¢oziiniirliigiine yiikseltilmistir. Olgek kiigiiltme uygulamalarinda; Che ve ark.
(2017), Modifiye Edilmis Uyarlamali Regresyon Modeli (IMAR) yontemini, Ji-
ang ve ark. (2017) yapay sinir aglarin1 ve Wang ve ark. (2017) ise geo-istatistiksel
yontemler kullanmuglardir. Ayrica 6lgek kiictiltme uygulamalarinda Ts haricinde,
yiksek ¢oziiniirliikli NDVI (Boyte ve ark., 2018), toprak nemi (Knipper ve ark.,
2017) ve yiizeyden yansima (Che ve ark., 2017) goriintiileri basarili bir bigimde
olusturulmustur. Teknolojik gelismelerle birlikte uydu sistemleri tizerine 6nemli
iyilestirmeler gerceklestirilmistir. Bu kapsamda giinliik uzaktan algilanmis veri
iiretebilen yiiksek konumsal ¢oztintirlige sahip uydu sistemleri gelistirilmistir. S6z
konusu platformlar arasinda en sik tercih edileni ise PlanetScope uydu sistemle-
ridir. PlanetScope, giinlitk gortintiileme 6zelligi olan ve yaklagik 3 m yersel ¢ozii-
nirliik saglayan bir uydu takimyildizidir. Her ne kadar PlanetScope uydularinin
termal bantlar1 olmasa da yiiksek ¢oziinirliikli optik gortntiiler, yeryiizii termal
ozelliklerinin ¢ikarilmasi i¢in zengin bir bilgi kaynag: olusturmaktadir. Yiiksek za-
mansal ve konumsal ¢6ziiniirliiklii PlanetScope goriintiilerinin Ts degisimlerinin
izlenmesinde 6nemli bir potansiyele sahip olmasina ragmen goriintiilerde 6lgek
kiigiiltme tekniklerinin bu goriintiilere uygulanmasi tizerine yapilan ¢alismalar ol-
dukea siirhdir.

Bu galismanin temel amaci, Landsat 8 ve PlanetScope uydu goriintiileri arasin-
da olgek kiigiiltme teknikleri kullanilarak yiiksek konumsal ¢6ziiniirliige sahip ya-
pay Ts goriintiilerinin iiretilmesidir. Bu amag dogrultusunda, Sultansuyu TIGEM
arazilerindeki farkli vejetasyon ortiilerine sahip tarim alanlari icin elde edilen yiik-
sek ¢oztniirliikli yapay Ts gortintilerinin dogrulugu ve giivenilirligi degerlendi-
rilmistir

2. MATERYAL VE YONTEM

2.1 Calisma Alani

Aragtirmada ¢alisma alani olarak Malatya Sultansuyu Tarim Isletmesi Miidiir-
lugitne ait tarim arazileri kullanilmigtir. Caligma alanindaki tarim arazileri, ve-
rimli aliivyal topraklardan olugsmakta ve derin, drenaj sorunu olmayan ve organik
madde bakimindan da zengin topraklardir. Toprak pH’ hafif alkali olup, tarimsal
tiretim icin idealdir. Arasgtirma alani, yar1 kurak iklim bolgesinde yer almakta ve
yazlari sicak ve kurak, kiglar1 ilik ve yagishdir. Yillik ortalama sicaklik 14.3 °C, yillik
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ortalama yagis 365.8 mmdir. Aragtirma alaninda yetistirilen bitkiler, Sultansuyu
Cay1 ve baraj goletleri ile sulanmaktadir. Isletmede, basta bugday arpa ve misir
yetistirilmektedir. Ayrica yonca ve ¢esitli yem bitkileri de yetistirilmektedir.

2.2 Calismada Kullanilan Uydu Gérintileri

2.2.1Landsat 8 Uydu Goriintileri

Landsat 8 uydusu yeryiiziinii gézlemlemek igin tasarlanmis, Landsat progra-
muinin sekizinci nesil uydusudur. Landsat 8 uydusu Diinya yiizeyinin tamamini 16
glinde bir gorintiilemektedir. Uydunun goriintilleme sistemi, goriiniir, kizilétesi
ve termal olmak {izere 11 banttan olugsmaktadir. S6z konusu goruntiilerin ¢ozii-
nirlitkleri 15 metreden 100 metreye kadar degisen orta ¢oziintirliikte veriler sag-
lamaktadir (Cizelge 1).

Cizelge 1. Landsat 8 uydu goriintiilerinin teknik 6zellikleri

Table 1. Technical specifications of Landsat 8 satellite imagery

Bantlar Dalga Boyu (um) Coziiniirliik (m)
Kiy1 Aeroso 0.43-0.45 30

Mavi 0.45-0.51 30

Yesil 0.53-0.59 30
Kirmizi 0.64-0.67 30

Yakin Kizil6tesi (NIR) 0.85-0.88 30
SWIR-1 1.57-1.65 30
SWIR-2 2.11-2.29 30
Pankromatik 0.50-0.68 15

Cirrus 1.36-1.38 30
Termal-1 10.60-11.19 30 (100m)
Termal-2 11.50-5.51 30 (100m)

2.2.2 PlanetScope Uydu Gériintileri

PlanetScope uydu goriintiileri yeryiiziiniin detayl bir bicimde goriintiilenmesi
i¢in 3 metre konumsal ¢oziiniirliige sahip dort spektral bantta (Kirmizi, Yesil, Mavi
ve Yakin Kizil Otesi), 16 bit radyometrik ¢oziiniirliige sahip ve giinlitk olarak go-
riintiiler sunmaktadir (Cizelge 2).
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Cizelge 2. PlanetScope uydu goriintiilerinin teknik 6zellikleri

Table 2. Technical specifications of PlanetScope satellite imagery

Bantlar Dalga Boyu (um) Coziiniirliik (m)
Mavi 0.45-0.51 3
Yesil 0.50-0.59 3
Kirmizi 0.59-0.67 3
Yakin Kizil6tesi 0.78-0.86 3

2.3 Uydu goriintilerinden NDVI ve Yiizey Sicakligi Hesaplamasi

Yapilan bilimsel ¢aligmalarda farkli atmosferik dogrulama yontemleri (6SV,
DOS, radyasyon transfer yontemi, FLAASH) kullanilarak hesaplanan vejetasyon
indeksleri arasinda istatistiksel olarak 6nemli bir fark olusmadig belirtilmistir (Ke
ve ark., 2016). Bu nedenle ENVI yaziliminda yer alan FLAASH modiilii kullanarak
uydu gorintiilerinde atmosferik dogrulama islemi gerceklestirilmistir. Landsat 8
uydu goriintiilerinden Normalize Edilmis Vejetatif Degisim Indeksi (NDVI) ve yii-
zey sicakligi hesaplamalari (Jeevalakshmi ve ark., 2017)de verilen yontem dikkate
aliarak gergeklestirilmistir. NDVT, her iki uydu goriintiisii i¢in, yakin kizilétesi ve
kirmizi bantlarin normalize edilmesiyle hesaplanmustir (Esitlik 1):

(Yakin Kiziltesi — Kurmizi)
NDVI = -
(Yakin Kizilotesi + Kirmizi) (1)

Termal goriintiilerin hesaplanmasinda ilk olarak goriintiiniin dijital say1 deger-
leri spektral radyans () degerlerine dontstiirtilmiistiir (Esitlik 2):

_ (me’ B mel‘t) x le
(Qr.'nlmn.r - an[min)

LJ\ + Lmin -

' )

Esitlikte L  en yiiksek radyans degeri, L = en diisiik radyans degeri, Q_,
goriintii hiicresinin dijital say1 degeri, Q , ve Q_, . en yiiksek ve en diisiik dijital
say1 degeri ve O, ise bant 10 i¢in diizeltme degeridir.

Sonraki adimda termal bant verisi (Bant 10) sensordeki parlaklik sicaklig: de-
gerine (BT) Esitlik 3 kullanilarak dontigtiirtilmiigtiir:

K2

= 15
BT f“[(f_i) " 1] +273.1 o
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Esitlikte K1 ve K2 katsayilar1 gortintiiniin metadata dosyasinda yer alan termal
sabit degerleridir.

Ortii yiizdesi hesaplamalari Esitlik 4% gore gerceklestirilmistir.

v

(:fpw — NDVI, )2

DVI, — NDVI, (4)

Esitlikteki ve degerleri0.2 ve 0.5 olarak alinmistir (Jeevalakshmi ve ark., 2017).

Yiizey emissivite degerleri, yiizey piirtizliliigi, vejetasyon ortil yiizdesi ve ND-
VTa dayali olarak hesaplanmistir (Esitlik 5):

€5,  NDVI< NDVI,
f(x)=1essP+es;(L—P)+C;,  NDVI,< NDVI< NDVI,
€a+ Ci. NDVI> NDVI, 5)

Esitlikte €, ylizey emissivite degeridir, €., toprak emissivitesi, € , vejetasyon
emissivite degeri, and C, ise ylizey purizliliik degeridir (0.005). Yiizey sicakligy
degerleri Esitlik 6 kullanilarak elde edilmistir:

" e [ a]

Esitlikte T yiizey sicakligi degeridir (°C). A, termal bantin ortalama dalga boyu
degerive p = 1438 x 107 mK

2.4 Uydu Gériintiilerinde Olgek Kiigiiltme

Calismada olgek kii¢tiltme islemi i¢in ayni tarihli (10.08.2023) uydu gériintiile-
ri kullanilmugtir. Olgek kiigiiltme islemi, diisiik ¢oziiniirliiklii uydu goriintiisiinden
hesaplanan NDVT ile T arasinda dogrusal iligki elde edilip, s6z konusu iligkinin
yiiksek ¢oztintirliklii uydu goriintiilerine entegre edilmesini igermektedir. Bu dog-
rultuda éncelikle Landsat 8 uydu goriintiilerinden elde edilen NDVTile T arasinda
dogrusal bir iligki belirlenmistir. Ardindan, farkli spektral ve konumsal ¢6ziintir-
luklere sahip Landsat 8 ve PlanetScope uydu goriintiileri arasinda bir kalibrasyon
denklemi olusturulmugtur. Bu kapsamda, 6ncelikle PlanetScope uydu gorintiileri
Landsat 8 uydu goriintii ¢ozinirliigiine getirilip kaydedilmistir. S6z konusu go-
rintiiler dogrusal regresyon ile birbirine kalibre edilerek iki uydu sisteminden he-
saplanan NDVI degerleri arasindaki fark ortadan kaldirilmistir. Landsat 8 NDVI
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ve Ts goriintiillerden elde edilen regresyon denklemi katsayilar: PlanetScope uydu
goruntiilerine uygulanarak yiiksek ¢oztiniirlitkli Ts haritas: olusturulmustur. S6z
konusu Ts haritasinin ¢oztintirligi ilk olarak Landsat seviyesine indirgenmistir.
Daha sonra olugturulan yapay Ts haritas1 ile Landsat Tsnin fark: alinarak her bir
goriintii hiicresi i¢in tahmin hatasi haritasi (residual) olusturulmustur. S6z konusu
harita olusturulan yapay Ts haritasindan ¢ikartilarak hata diizeltilmesi yapilmis Ts
haritasi elde edilmistir. Son olarak, yapay Ts haritasinin ¢oziiniirliigi orijinal sevi-
yesine indirgenerek nihai Ts haritasi elde edilmistir. Arastirmada kullanilan tim
formiiller ve detaylar1 Bisquert ve ark. (2016b)de verilmistir. Olgegin degistiril-
mesi sonucunda olusturulan goriintiilerin basar1 diizeyinin ortaya konulmasinda
Determinasyon Katsayis1 (R?) ve Hata Kareleri Ortalamasinin Karekokit (RMSE)
kullanilmistir.

3. BULGULAR VE TARTISMA

3.1NDVI Bulgulari

Caligmada Landsat 8 ve PlanetScope uydu goriintiilerinden NDVT haritalar:
olusturulmus ve sonuglar Sekil 1'de verilmistir. Hesaplanan haritalar incelendigin-
de PlanetScope uydu goriintiilerinden hesaplanan NDVT haritalarinin Landsat 8
uydu goriintiillerinden hesaplanan NDVT haritalarina oranla daha yiiksek konum-
sal detay yakalayabildigi, 6zellikle parsel sinirlarini Landsat 8¢ gore daha net bir
sekilde ortaya koydugu acik bir sekilde gortilmektedir. Calisma alan: icerisinde
Landsat 8 uydu goriintiilerinden hesaplanan NDVT degerlerinin ortalamasi 0.21,
standart sapmasi 0.08, en diisiik degeri 0.001 ve en yiiksek degerleri 0.62 olarak
bulunmugtur. PlanetScope NDVI degerlerinin ortalamasi 0.31, standart sapmast
0.14, en disitk degeri 0.002 ve en yiiksek degeri 0.85 olarak hesaplanmistir. Bu
sonuglar, her iki uydu verisinin de benzer NDVI degerleri iirettigini gostermek-
tedir. Ayrica her iki uydu platformundan hesaplanan NDVI degerlerinin benzer
degisim kaliplarini gostermis olmas, farkli sensorlerin tutarl sonuglar trettigini
dogrulamaktadir.
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Sekil 1. Landsat 8 (A) ve PlanetScope (B) uydu platformlarindan hesaplanan NDVT haritalar:.
Figurel. NDVI maps generated using Landsat 8 (A) and PlanetScope (B) satellite platforms

Iki farkli uydu platformundan hesaplanan NDVTI degerlerini kalibre edebilmek
amaciyla, Landsat 8 ¢oziiniirliigiine diistiriilen PlanetScope goriintiileri ile Land-
sat 8 uydu goriintiisiinden hesaplanan NDVI degerleri karsilastirilmis ve sonugclar
Sekil 2'de verilmistir. Sekil 2 incelendiginde, genel olarak, PlanetScope uydu go-
riintiisiinden hesaplanan NDVI degerleri Landsat 8-NDVIdan daha yiiksek ger-
ceklesmistir. PlanetScope uydu goriintiilerini kalibre edebilmek i¢in olusturulan
denklemin R? degeri 0.91 iken RMSE degeri ise 0.02 olarak hesaplanmustir.

1.0

4
o

y=1.5937x - 0.0059
R*=0.90

PLANETSCOPE NDVI
=)
o

o
w

0.0 0.3 0.5 0.8 1.0
LANDSAT 8 NDVI

Sekil 2. Landsat 8 (A) ve PlanetScope (B) uydu platformlardan hesaplanan NDVI degerleri.
Figure 2. NDV1I values obtained by using Landsat 8 (A) and PlanetScope (B) satellite platforms
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3.2 Landsat 8 Termal Bulgulari

Landsat 8 uydusu tarafindan elde edilen termal spektral bantlar kullanilarak
hesaplanan yiizey sicaklig1 degerleri, istatistiksel ve gorsel analiz ile incelenmistir.
Elde edilen yiizey sicaklig1 goriintiisiiniin histogrami, $ekil 3’te detayli bir sekilde
verilmistir. Buna gore, Landsat 8 termal bant gortintiisiindeki yiizey sicakliklar:
28.05 °C ile 49.98 °C arasinda bir dagilim gostermektedir. Bu genis sicaklik araligi,
bolgenin heterojen yiizey 6zelliklerini yansitmaktadir. Arastirma alaninda goz-
lemlenen en yiiksek sicaklik frekanslari, ¢iplak toprak ve yol gibi smniflarin hakim
oldugu bolgelerde 40.10 °C civarinda yogunlagmistir. Bu durum, bu tiir yiizeylerin
gilines 151nlarini daha fazla absorbe etme ve daha yiiksek yiizey sicakliklarina ulag-
ma egiliminde olmalarindan kaynaklanmaktadir (Kalkstein ve ark., 2022; Taha ve
ark., 1992). Ote yandan, tarimsal faaliyetlerin yogun olarak gerceklestirildigi alan-
larda ise daha diisiik yiizey sicakligi degerleri (30 °C ile 35 °C arasinda) hesaplan-
mustir. Bu durumun, bitki ortiisii olan bélgelerde evapotranspirasyon ile soguma
islemlerinin gergeklestigini ve bunun sonucunda da yiizey sicaklig1 degerlerinde
azalmaya neden olmas ile iligkilendirilebilir (Tunca ve Koksal, 2024). Histogram
analizinde dikkat ¢eken bir diger 6nemli nokta da en yiiksek sicaklik degerlerinin
(45 °C-50 °C) genellikle tarim dis1 bolgelerde kaydedilmis olmasidir. S6z konusu
bolgelerin albedo degerlerinin diisiik olmasi daha fazla giines 1s1nimin1 emerek
daha yiiksek sicakliklara ulagmasina neden olmaktadir (Allen ve ark., 2007). G6-
rintiideki ortalama sicaklik degeri 40.95 °C olarak hesaplanmustir. Ayrica, ylizey
sicaklig1 degerlerinin ¢eyreklik analizi sonucunda, birinci ¢eyrek (Q1) degeri 39.63
°C, t¢lincii ¢eyrek (Q3) degeri ise 42.54 °C olarak belirlenmistir. Sonug olarak, bu
caligma, Landsat 8 termal goriintiilerinden elde edilen yiizey sicaklig1 verilerinin,
arastirma alaninin yiizey 6zellikleri hakkinda detayli bilgiler sunma potansiyeline
sahip oldugunu gostermektedir.

Landsat 8-Ts Histogram
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Sekil 3. Landsat 8 Yiizey Sicakligi Haritalarindan Hesaplanan Histogram Grafigi.
Figure 3. Histogram graph calculated using Landsat 8 Surface Temperature map
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3.3 Landsat 8 ve PlanetScope Termal Gériintilerin Karsilastirilmasi

Landsat 8 termal bantindan hesaplanan yiizey sicaklig1 haritasi ile yiiksek ¢o-
ziiniirliiklii PlanetScope goriintiilerinden yapay olarak olusturulan yiizey sicaklig
haritalar1 hesaplanmis ve sonuglar Sekil 4'te verilmistir. Sekil 4 incelendiginde Pla-
netScope gorintiileri 3 m konumsal ¢oziintirliikle bitkisel tiretim yapilan parsel
icerisindeki degisimleri (arag yolu, parsel smirlari vs.) basarili bir bicimde ortaya
koyabilirken, Landsat 8 goriintiileri (30 m konumsal ¢6ziiniirliik) ile s6z konusu
detay belirlenememistir. Bunun yaninda, her iki uydu goriintiisii i¢in de tarimsal
tretim yapilan alanlarda disiik yiizey sicaklig1 degerleri elde edilirken, yiiksek s1-
caklik degerleri ciplak toprak ve/veya yol arazi siniflarinin oldugu bélgelerde tespit
edilmistir.

Daha detayli analiz gerceklestirebilmek adina bitkisel {iretim yapilan dort par-
selin (Sekil 4’te verilmistir) ortalama, en kiigiik, en yiiksek ve varyans degerleri
hesaplanmis sonuglar Cizelge 3’te verilmistir. Gergeklestirilen analiz sonuglarina
gore, Landsat 8 ve Planetscope uydularindan elde edilen yiizey sicaklig1 verileri,
her iki ¢alisma parselinde farklilik gostermektedir. Landsat 8 yiizey sicaklig1 ve-
rilerinden, Parsel-1 i¢in ortalama 35.94 °C, en diisitk 33.01 °C ve en yiiksek 40.23
°C olarak hesaplanirken, varyans degeri ise 1.92 olarak hesaplanmistir. S6z konusu
diisiik varyans degeri, Parsel-1 igin hesaplanan ytizey sicakliginin nispeten homo-
jen bir dagilima sahip oldugunu ve sicaklik degerlerinin daha dar bir aralikta yo-
gunlagtigini ifade etmektedir. Diger yandan, Parsel-2 i¢in ortalama sicaklik 32.29
°C, en diisiik sicaklik 30.42 °C ve en yiiksek sicaklik 35.29 °C olarak tespit edilmis,
parselin varyans degeri ise 1.36 olarak hesaplanmustir. Belirtilen bu bulgular, Par-
sel-2’nin yiizey sicakliginin Parsel-1’e gore daha diisiik bir ortalama sicakliga sahip
oldugu ve daha az degiskenlik gosterdigini ifade etmektedir.

PlanetScope verileri incelendiginde, Parsel-1 i¢in ortalama sicaklik 32.00 °C,
en diisitk sicaklik 26.11 °C ve en yiiksek sicaklik 42.64 °C olarak tespit edilmis
ve varyans 7.26 olarak belirlenmistir. Bu durum, PlanetScope verilerinin, Landsat
verilerine kiyasla, Parsel-1de ¢ok daha genis bir yiizey sicakligi araligy ve yiiksek
varyans ile karakterize edildigini gostermektedir. Parsel-2 i¢in ise ortalama sicaklik
32.38 °C, en diisiik sicaklik 28.54 °C ve en yiiksek sicaklik 39.27 °C olarak hesap-
lanmus, varyans 1.97 olarak ol¢iilmistiir. Bu, Parsel-2’nin yiizey sicaklig1 verileri-
nin de PlanetScope ile daha genis bir aralikta oldugunu ve Landsat verilerine gore
daha yiiksek bir varyans gosterdigini belirtmektedir.

Parsel-3 ve Parsel-4 incelendiginde, Landsat 8 yiizey sicaklig1 goriintiilerinde
varyans degerleri sirasiyla 5.74 ve 0.07 olarak hesaplanmistir. Bu durum, Parsel-4
yiizey sicakligi degerlerinin olduk¢a homojen dagilim gosterdigini ifade etmekte-
dir. Ortalama sicakliklar incelendiginde ise sirasiyla 36.73 °C ve 41.78 °C olarak
tespit edilmistir. PlanetScope goriintiilerinden elde edilen ytizey sicakligi deger-

ANAJAS, 2024, Cilt 39, Sayi 3, Sayfa 563-576



Emre TUNCA

leri incelendiginde ise benzer bir varyans degerlerinin hesaplandig: (5.13 ve 1.80)
ancak ortalama ve en yiiksek sicaklik degerleri Landsat’a gore Parsel 3 icin daha
yiiksek ve Parsel-4 igin ise daha diisiik tahmin edilmistir. S6z konusu farkliliklarin
en Onemli sebebi, PlanetScope goriintiilerinden elde edilen yiizey sicakligi hari-
talarinin yapay olarak NDVT indeksine dayali olarak tiretilmis olmasidir. NDVI,
bitki ortiisiiniin sagligini ve yogunlugunu gosteren bir indekstir ve diisiik vejetas-
yon seviyeleri, yiizey sicakhigi tahminlerinin dogrulugunu etkileyebilir. Ozellikle,
vejetasyon seviyesinin diisitk oldugu parsellerde, NDVTye dayali yiizey sicaklig
tahminleri gercek degerlerden sapmalar meydana gelmektedir. Landsat verilerinde
ise dogrudan termal bantlardan 6l¢iim yapildig i¢in, bu tiir bir sapma meydana
gelmemektedir. Bu durum, sulama uygulamalarinin yeni basladig bir donemde
ozellikle belirgin olabilir. Landsat, sulama sonrasi olusan yiizey sicakligi degisim-
lerini daha dogru bir sekilde yakalayabilirken, PlanetScope’un NDVI’ye dayali mo-
deli sulama etkisini yeterince dikkate alamayarak hatali tahminler yapmus olabilir.

Cizelge 3. Aragtirma alaninda yer alan bazi parsellere ait ortalama, en diisiik,
en yliksek ve varyans yiizey sicaklig1 degerleri

Table 3. The average, minimum, maximum, and variance land surface tempera-
ture values of some parcels located within the research area

Ortalama En Diisiik En Yiiksek Varyans
Landsat Parsel-1 35.94 33.01 40.23 1.92
Parsel-2 32.29 30.42 35.29 1.36
Parsel-3 36.73 31.89 40.92 5.74
Parsel-4 41.78 41.14 42.67 0.07
PlanetScope  Parsel-1 32.00 26.11 42.64 7.26
Parsel-2 32.38 28.54 39.27 1.97
Parsel-3 46.16 39.23 51.29 5.13
Parsel-4 32.97 27.56 36.26 1.80
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Sekil 4. Landsat 8 (A) ve PlanetScope (B) uydu platformlardan hesaplanan yiizey
sicaklig1 haritalar1.

Figure 4. Surface temperature maps generated using Landsat 8 (A) and PlanetScope
(B) satellite platforms

Genel olarak, PlanetScope verileri, her iki parsel i¢in de Landsat verilerine gére
daha ytiksek maksimum sicaklik degerleri ve daha genis varyanslar sergilemek-
tedir. Bu durum, PlanetScope’'un daha yiiksek konumsal ¢6ziiniirliigiiniin, ytizey
sicakhigindaki kiictik 6lgekli degisimleri daha iyi yakalayabilecegini ve bu nedenle
daha genis bir sicaklik aralig1 ve varyans ortaya ¢ikarabilecegini gostermektedir.
Ancak, bu durum ayn1 zamanda, PlanetScope verilerinin, 6zellikle yiiksek ve dii-
stik sicaklik degerlerinde, daha fazla asir1 degerlere sahip olabilecegini de goster-
mektedir, bu da ug sicaklik degerlerine dayali uygulamalar igin veri kalitesini etki-
leyebilir. Landsat verilerinin daha diisiik varyanslari, genis alanli ve daha homojen
yuzey sicakligi dagilimlarini temsil etme egiliminde oldugunu gosterir. Bu, 6zel-
likle biyiik 6l¢ekli tarim alanlarinin izlenmesi, ¢cevresel izleme ve arazi kullanim
planlamas gibi uygulamalarda 6nem arz etmektedir. Ancak PlanetScope goriin-
tilerinden elde edilen diisiik NDVT degerleri, 6zellikle vejetasyon seviyesinin dii-
stik oldugu ve sulama uygulamasi yapilan alanlarda yiizey sicakligi tahminlerinde
hatali tahminler olusturabilmektedir. Bu tiir durumlarda, yapay zeka tekniklerinin
kullanilmasi, tahminlerin dogrulugunu artirmak i¢in etkili bir yontem olarak kul-
lanilabilir.
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4. SONUC

Bu ¢alismada Landsat 8 ve PlanetScope goriintiilerinden elde edilen spektral
vejetasyon indeksi (NDVI) degerlerinin karsilastirilmas: ve Landsat 8 uydu go-
riintiilerinden NDVI ve yiizey sicaklig degerleri arasinda olusturulan modelin
PlanetScope a uygulanmasi ve nihayetinde yiiksek ¢oziiniirliikli yiizey sicaklig
haritalar1 olusturulmustur. S6z konusu haritalar Landsat 8 haritalar1 ile hem gorsel
hem de istatistiksel olarak karsilastirilmigtir. Olusturulan NDVT haritalarinda, Pla-
netScope’'un daha yiiksek konumsal detay sagladig1 ve parsel sinirlarini daha net
bir sekilde ortaya koydugu belirlenmistir. Ayrica, her iki uydu platformundan elde
edilen verilerin farkli sinif tiirleri i¢in benzer degisim kaliplarini sergilemesi, aras-
tirmada kullanilan sensorlerin birbiriyle tutarli sonuglar tirettigini gostermektedir.

Landsat 8 uydu goriintiilerinden hesaplanan termal haritanin, ¢aligma alani-
nin heterojen yiizey 6zelliklerini basariyla yansittigini ortaya koymustur. Ciplak
toprak ve yollarin yiiksek sicaklik degerleri sergilemesi, bu yiizeylerin 1siy1 daha
fazla absorbe etme egiliminde oldugunu gosterirken, tarimsal alanlarda daha dii-
stik sicaklik degerlerinin gozlemlenmesi, bitki ortiisiiniin terleme ve buharlasma
ile sogutucu etkisine isaret etmektedir. PlanetScope goriintiileri kullanilarak yapay
olarak olusturulan termal haritalarin, diisitk ve yiiksek sicaklik degerlerinde asir1
degerlere sahip olabilecegi ve bu durumun 6zellikle diisiik vejetasyon seviyesine
veya sulama uygulamalarinin yapildig: tarim alanlarinda hatali tahminlere neden
olabilecegi belirlenmigstir. Yapay zeké teknikleri, 6zellikle dogrusal olmayan iligki-
leri modellemek ve karmasik veri yapilarindan anlaml 6riintiiler ¢ikarmak konu-
sunda oldukga basarili sonuglar tiretmektedir. S6z konusu teknikler, diisiik NDVI
degerlerinin ylizey sicakligi tahminlerine olan etkisini daha iyi anlamak ve bu tah-
minleri iyilestirmek igin kullanilabilir. Ozellikle, derin 6grenme ve konvoliisyonel
sinir aglar1 gibi gelismis modelleme teknikleri, yliksek ¢oztintirlitklii uydudan elde
edilen verilerin karmasikligini isleyebilir ve daha dogru tahminler tiretebilir. Ay-
rica gelecekte yapilacak ¢alismalarda farkli uydu sensorlerinin farkli ortii siniflar
tizerindeki performanslarinin degerlendirilmesine ihtiya¢ bulunmaktadir.

Cikar Catismasi
Yazar herhangi bir ¢ikar catismasi olmadigini beyan eder.
Etik

Bu ¢aligma etik kurul onayi gerektirmez.
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DETERMINING THE POTENTIAL OF LAVENDER AS CUT FLOWER:
ENHANCING VASE LIFE WITH DIFFERENT VASE SOLUTIONS

ABSTRACT

Lavender, renowned for its pleasant aroma and beautiful spike structure, is a
popular decorative plant often utilized in dried form for vase arrangements. Howe-
ver, its potential as a fresh cut flower has been relatively underexplored. This study
aimed to assess the potential of lavender as a cut flower and investigate the impact
of various vase solutions on its vase life. Two different lavender species remove
(Lavandula angustifolia, Lavandula hybrida) were subjected to seven different vase
solutions: control (water), two different doses of silver nitrate (AgNO,), salicylic
acid, sodium hypochlorite, lavender essential oil, and vinegar. The effects of the-
se solutions on vase life and overall quality were evaluated. Results indicate that
lavender holds significant potential as a cut flower when placed in appropriate
vase solutions. Among the solutions tested, silver nitrate treatments exhibited the
longest vase life in both species, extending vase life up to threefold compared to
the control, while also limiting microbial activity within the vase and preserving
flower color. This study underscores the importance of selecting suitable vase so-
lutions to maximize the vase life and aesthetic appeal of lavender as a cut flower.

Keywords: Cut Flower, Lavender, Ornamental Plant, Silver Nitrate.

e 2k

LAVANTANIN KESME CICEK POTANSIYELININ BELIRLENMESI:
FARKLI VAZO COZELTILERI iLE VAZO OMRUNUN ARTIRILMASI

Oz

Lavanta, hos kokusu ve giizel bagak yapisi ile taninan, siklikla kurutulmus
formuyla vazo diizenlemelerinde kullanilan popiiler bir siis bitkisidir. Ancak, la-
vantanin taze kesme ¢icek olarak potansiyeli de oldukea yiiksektir. Bu ¢alisma,
lavantanin kesme gigek olarak kullanim potansiyelini degerlendirmeyi ve ¢esitli
vazo ¢ozeltilerinin vazo émrii iizerindeki etkisini aragtirmayir amaglamistir. ki
tarkli lavanta tiirti (Lavandula angustifolia, Lavandula hybrida), kontrol (su), iki
farkli doz giimiis nitrat (AgNO,), salisilik asit, sodyum hipoklorit, lavanta ugucu
yagi1 ve sirke iceren yedi farkli vazo soliisyonu igerisinde denemeye alinmistir. Bu
vazo soliisyonlarinin vazo émrii ve genel ¢igek kalitesi tizerindeki etkileri deger-
lendirilmistir. Sonuglar, lavantanin uygun vazo soliisyonlarinda kesme ¢igek olarak
6nemli bir potansiyele sahip oldugunu gostermektedir. Vazo soliisyonlar1 arasinda,
giimiis nitrat igerikli uygulamalar her iki tiirde de en uzun vazo 6mriinii saglamis,
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kontrol grubuna kiyasla vazo 6mriint ii¢ katina kadar arttirmis ve ayni zamanda
vazodaki mikrobiyal aktiviteyi sinirlayarak ¢igek rengini korumustur. Bu ¢alisma
ile lavantanin kesme ¢igek olarak vazo dmrii ve estetik ¢ekiciligini maksimize et-
meKk i¢in uygun olan vazo soltisyonlar1 belirlenmistir.

Anahtar Kelimeler: Kesme Cigek, Lavanta, Stis Bitkisi, Glimiis Nitrat.

ik

INTRODUCTION

Lavender, an important ornamental and aromatic plant belonging to the Lami-
aceae family (Guenther, 1954), carries economic importance as both an essential
oil and an attractive decorative plant in dry regions. Particularly, Lavandula hybri-
da and Lavandula angustifolia are noteworthy for their substantial quantities and
high-quality essential oils (Urwin et al., 2009; Dalda-Sekerci et al., 2024; Simsek et
al., 2024). Moreover, owing to lavender’s pleasant aroma, it is utilized as a fresh-cut
flower. Although lavender’s value in the cut flower industry hasn’t fully materialized,
there’s been a growing demand for it in recent years. Lavender varieties with elonga-
ted stems are prized as cut flowers, with their spikes being especially suitable for this
purpose. Both fresh and dried spikes are preferred for decorative vase arrangements.

In Tiirkiye and worldwide, the production of cut flowers is predominant in tra-
de due to their ease of cultivation and transportation (Gursan, 2002; Kelley et al.,
2006; Schimmenti et al., 2013; Akca, 2019). Maintaining the freshness of the pro-
duct from harvest onwards and ensuring a long vase life is crucial for a quality cut
flower trade (Batt, 2001; Akca et al., 2019). Therefore, studies on practices starting
from the harvest of cut flowers and extending their vase life are highly significant.
Various factors influence the vase life of cut flowers, including the plant’s genetic
structure, pre-harvest conditions (cultivation practices and cultural treatments),
harvest timing, and post-harvest treatments. The vase life of cut flowers tends to
shorten due to various factors, primarily due to the blockage of microbial vessels,
interrupting water uptake and transport, and depletion of respiratory substrates
limiting energy for sustaining life processes (Kazaz et al., 2008; Elgimabi and Ah-
med, 2009; Danaee et al., 2011; Fanourakis et al., 2013). In addition, there is also
the accelerating effect of ethylene on aging in ethylene-sensitive species and the
harmful effects of reactive oxygen species (ROS) that occur during oxidative stress
after the separation of flower stems from the parent plants (Skutnik et al., 2021). It
has been noted that interventions at the antioxidant level through different appli-
cations in vase solutions extend vase life. Asrar (2012), emphasized the necessity of
two fundamental substances, sugar and antiseptic agents, in vase solutions. While
added sugar provides respiratory substrates, antiseptic agents are essential for pre-
venting bacterial growth, proliferation, and blockage of vascular bundles. Sucrose
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is the most commonly used sugar to extend the vase life of cut flowers (Pun et al.,
2003; Lama et al., 2013; Norikoshi et al., 2016).

Effective in limiting the microbial population in vase water, 8-hydroxyquinoli-
ne citrate (Islam et al., 2003; Bahrami et al., 2013; Sharifzadeh et al., 2014), alumi-
num sulfate (Liao et al., 2001), sodium hypochlorite (Lakshmaiah et al., 2019), sil-
ver nitrate (Hutchinson et al., 2013), nano-silver (Lii et al., 2010), silicon and silver
(Kiamohammadi, 2012), have been reported to extend vase life, especially when
applied together with sucrose. Sodium hypochlorite can reduce bacterial counts
in the vase and extend the flowers vase life (Halevy and Mayak, 1981; Macnish et
al., 2010). However, effective concentrations can be toxic to flowers (Knee, 2000;
Macnish et al., 2010). AgNO, can act either as an antimicrobial agent (Mayak et al,,
1977; van Doorn, 2010), or as an inhibitor of ethylene synthesis and ethylene acti-
on. Salicylic acid has been found to delay the senescence of gladiolus flowers (Ala-
ey et al., 2011). The salicylic acid has effects such as inhibiting ethylene biosynt-
hesis and seed germination, blocking wound responses, reducing transpiration in
leaves and epidermis, and reversing ABA-induced stomatal closure (Ozeker, 2005).

In this study, the effects of solutions prepared using chemical agents such as
silver nitrate (AgNO,), sodium hypochlorite, and salicylic acid, as well as natural
solutions with added vinegar, lavender essential oil, and sugar, on the vase life of
lavender cut flowers were investigated. This study aims are to explore the potential
use of lavender, commonly used as a garden plant or dried flower, as a cut flower
and to determine the vase life durations within different vase solutions.

MATERIAL AND METHODS

Plant Materials

The research was carried out at the Department of Horticulture, Erciyes Uni-
versity. Cut lavender spikes from two distinct species, Lavandula angustifolia and
Lavandula hybrida, were assessed in the study. The spikes were harvested when
approximately 80% of the flowers on each spike had bloomed, ensuring that they
had stems of appropriate length for vase placement.

The Vase Solutions Used in the Study

Flowers were harvested at a commercial stage where approximately 80% of
flower clusters exhibited the colors characteristic of the variety (Kitamura et al.,
2017). Within half an hour after harvest, they were transported to the laboratory
in a dry condition. Stems were re-cut to minimize contamination in a vase life
chamber. Subsequently, they were placed in glass bottles (1000 ml), containing 750
ml of different vase solutions.
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The experiment was set up in triplicates for each of the two lavender species,
with 50 g of lavender placed in each vase. A total of 6 different vase solutions and a
control were prepared (Table 1). The experiment was conducted under conditions
of 22-24°C room temperature and 30% humidity. The aim was to carry out the
experiment under conditions resembling a household environment.

Table 1. Contents of vase solutions for cut lavender

Treatments Species Vase Solutions
T1-A Lavandula angustifolia 50 mg/L AgNO,
T2-A Lavandula angustifolia 100 mg/L AgNO,
T3-A Lavandula angustifolia Vinegar (6%) + sucrose (6%)
T4-A Lavandula angustifolia Sodium hypochlorite (3mg/L)
T5-A Lavandula angustifolia Salicylic acid (5mg/L)
T6-A Lavandula angustifolia Control- tap water
T7-A Lavandula angustifolia Lavender essential oil (5mg/L)
T1-H Lavandula hybrida 50 mg/L AgNO,
T2-H Lavandula hybrida 100 mg/L AgNO,
T3-H Lavandula hybrida Vinegar (6%) + sucrose (6%)
T4-H Lavandula hybrida Sodium hypochlorite (3mg/L)
T5-H Lavandula hybrida Salicylic acid (5mg/L)
T6-H Lavandula hybrida Control- tap water
T7-H Lavandula hybrida Lavender essential oil (5mg/L)

The assessed characteristics encompassed vase life, relative fresh weight, and
solution uptake. Vase life was documented on a daily basis, with conclusion rea-
ched upon the observation of wilting, browning of sepals, or drying of sepals in
roughly 80% of the flowers (Kitamura et al., 2017). Weights of vases were measured
both with and without flowers, and evaluations of fresh weight and solution uptake
were conducted every other day.

Relative fresh weight (%); Relative fresh weight, expressed as a percentage, was
determined by measuring the change in fresh weight using the formula: Relative
Fresh Weight (%) = (Wt/Wt-0) x 100, where Wt represents the weight of the stem
(in grams) at t = 0, 1, 2 days, and so forth, and Wt-0 denotes the weight of the same
stem (in grams) at t = 0 day (He et al., 2006).

Solution uptake; Solution uptake was assessed on a daily basis and quantified
in terms of both daily and cumulative solution uptake. The formula for daily so-
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lution uptake is: Daily Solution Uptake (g stem—1 day—1) = (St—1 - St), where St
represents the weight (in grams), of the vase solution on days 1, 2, 3, and so forth,
and St—1 denotes the weight of the vase solution on the preceding day (He et al.,
2006; Lit et al., 2010).

The Bacterial Quantity in Vase Solution; The amount of bacteria in the vase
solution was determined by scoring the solutions obtained after the end of the vase
life of lavender plants on a scale of 1-5. Additionally, the Flower Shedding Density
in lavender spikes was observed and recorded.

Spike Color Measurements; Spike color measurements were conducted using
a Konica Minolta colorimeter device (Chroma Meter, CR-400). The average valu-
es of the readings for L (lightness/darkness), a* (red/green), and b* (yellow/blue)
were calculated to obtain results (Trigueros et al., 2011; Ucok, 2019). Spike colors
were measured in terms of L, a*, and b*, and utilizing the a* and b* values, Chro-
ma (C) and Hue angle (h°) were calculated. The calculated Hue angle represents:
O=red, 90=yellow, 180=green, and 270=blue (Siomas et al., 2002; Madeira et al.,
2003; Ucok, 2019).

Formula; C*: V (a>+b 2) and he: tan™ (b/a)

The study comprised seven treatments and was carried out using a completely
randomized design (CRD) with three replicates, each replicate consisting of three
flowers. The data obtained from the study were analyzed using the “JMP 13.2.0”
software according to the factorial experimental design in randomized complete
blocks. The treatment means were compared using Tukey’s Honestly Significant
Difference (HSD) test (Snedecor and Cochran, 1967). Also, PCA and correlation
analyses were carried out JMP 13.2.0 software.

RESULTS AND DISCUSSION

Vase Life

The vase life is terminated when the rate of wilting in the flower spikes or the
rate of leaf drying reaches 80% (Namita et al., 2006; Kitamura et al., 2017). In this
study, seven different vase solutions were used to evaluate the vase life of cut laven-
der flowers. According to the obtained results, all applications except for lavender
essential oil had a longer vase life compared to the control group. The longest vase
life in Lavandula angustifolia was achieved with the T2 (100 mg/L AgNO,) treat-
ment, with 11.33 days. This was followed by the T1 (50 mg/L AgNO,) treatment
with 10.67 days. The vinegar (6%) + sucrose (4%) vase solution, salicylic acid vase
solution, and sodium hypochlorite-containing vase solutions also had a longer
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vase life compared to the control. The vase life in silver nitrate-containing vase
solutions increased up to threefold compared to the control (Table 2 and Figure 1).

In Lavandula hybrida species, the longest vase life was obtained with the T1 (50
mg/L AgNO,) treatment, lasting 8.33 days. The T2 treatment (100 mg/L AgNO,)
followed with a vase life of 7.33 days. The T3, T4 and T5 vase solutions also had a
longer vase life compared to the control. The findings indicate that L. angustifolia
species have a longer vase life compared to L. hybrida species, and vase solutions
treated with lavender oil had the lowest vase life. In L. hybrida species as well, silver
nitrate-containing vase solution applications increased vase life up to two times
compared to the control (Table 2 and Figure 1).

The results obtained in this study are consistent with previous research. Silver
nitrate (AgNO,) is a potent inhibitor of ethylene action in plant tissues. A study
reported that AgNO, application reduced ethylene production in cut rose flowers
compared to the control (Ketsa, 1995). Norikoshi et al. (2016), indicated that suc-
rose application increased the concentrations of glucose and fructose within the
vacuole, thereby enhancing water uptake and supporting cell expansion during
flower opening. However, it has also been reported that carbohydrates, especially
sucrose, may lead to an increase in bacterial populations in vase water, potenti-
ally causing blockages in the cut flower xylem vessels (Hajizadeh et al., 2012). In
line with these views, nanoparticles have been observed to contribute to a longer
vase life by reducing antimicrobial activity. In similar studies, various chemical
substances known for their antimicrobial effects, such as silver thiosulfate (STS),
silver nitrate (AgNO,), hydroxyquinoline sulfate (8-HQS), and hydroxyquinoline
citrate (8-HQC), have been used and found to be highly effective in extending
the vase life of gerbera flowers (Khan et al., 2015; Mohamed et al., 2018; Sharma
et al., 2018). Previous studies have reported that the addition of silver nitrate to
vase water prevents the occlusion of vascular bundles and effectively prolongs vase
life (Nowak and Rudnicki, 1990; Damunupola and Joyce, 2008). In another study,
it was noted that the highest vase life in cut rose flowers was achieved when the
flowers were placed in preservative solutions, and sodium hypochlorite-containing
vase solutions were reported to inhibit bacterial formation, thus extending vase life
(Masoome et al., 2003).
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Figure 1. Graph showing the effects of different vase solutions on the vase life of
cut lavender

Table 2. Vase life periods of cut lavender depending on different vase solution

Treatments Vase Life
T1-A 10,67 a
T2-A 11,33 a
T3-A 7,67 be
T4-A 533 ef
T5-A 5,67 de
T6-A 3,67 fg
T7-A 2,33g
T1-H 8,33b
T2-H 7,33 bed
T3-H 6,33 cde
T4-H 5,33 ef
T5-H 5,67 de
T6-H 3,67 fg
T7-H 2,33g

Species x Treatment b

* p<0.05, **p<0.01
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Relative Fresh Weight Value (%) Results

It was found that different vase solution applications caused statistically signi-
ficant differences in proportional fresh weight among all plants, and applications
made on the 2nd, 4th, 6th, 8th, 10th and 12th days were statistically significant in
lavender species. In Lavandula angustifolia species, on the second day, proportio-
nal fresh weights varied between 86.39% and 97.72% among treatments. On the
final day, flowers with the highest proportional fresh weight were observed in the
50 mg/L AgNO, (T1) treatment, with 79.72%. The lowest values were observed in
the control, salicylic acid-containing vase solution (T5), and sodium hypochlo-
rite-containing vase solution (T4) treatments, with 46.78%, 47.78%, and 47.89%,
respectively. A positive correlation between vase life and proportional fresh wei-
ghts has been determined (Figure 2). Also, the interactions between species and
different vase solution treatments were found to be statistically significant.

In Lavandula hybrida species, on the second day, proportional fresh weigh-
ts varied between 110.89% and 72.44% among treatments. On the final day, the
treatment with the highest proportional fresh weight was the 100 mg/L AgNO,
(T1) treatment, with 91.17%. The lowest values were observed in lavender essen-
tial oil-containing vase solutions (T7) and salicylic acid-containing vase solutions
(T5), with 46.72% and 47.11%, respectively. Proportional fresh weight showed a
gradual decrease after a certain period. A positive correlation between vase life
and proportional fresh weights was observed (Figure 2). In terms of relative fresh
weights, interactions between species and different vase solution treatments were
also found to be statistically significant.

Previous studies have also observed increases in proportional fresh weights in
vase treatments, with increases continuing up to 7 to 8 days and then declining
(Alaey et al., 2011; Unsal, 2022). In vase life, a high number of isolated bacteria
in vase solution led to a sharp decrease in flower fresh weight (Li et al., 2012). In
Movie Star cut roses, stem fresh weight rapidly increased in the first 40 hours of
the vase period and then gradually decreased (Lii et al., 2011). Vascular blockage
caused by bacteria leads to reduced water uptake and ultimately results in stem
bending, breaking, and leaf wilting in roses (Nair et al., 2003; Balestra et al., 2005;
Meman and Dabhi, 2006; Solgi et al., 2009). In the study by Soletmany-Fard et al.
(2013), salicylic acid treatment on alstroemeria flowers resulted in a significant
increase in proportional fresh weight during the first 4 days of the experiment,
followed by a significant decrease until the end of the experiment. Similar patterns
of change have been reported for cut rose flowers, where a decrease in proportional
fresh weight over days after harvest may be attributed to a reduction in water upta-
ke (Lii et al., 2010; Alaey et al., 2011; Soletmany-Fard et al., 2013).
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Figure 2. Graph showing changes in relative fresh weight of cut lavender during
vase life

Daily Solution Uptake Results

In the first measurement regarding daily vase solution uptake in Lavandula
angustifolia species, the highest solution uptake was observed with 80 g in the vase
solution containing salicylic acid application. The lowest solution uptake was obta-
ined as 26.17 g in the treatment of 50 mg/L AgNO, (T1). On the last day of vase life,
the highest daily solution uptake values are, respectively, in treatments T1, T2, T6,
T5, T7, and T4. The lowest value occurred in the T3 treatment. Daily solution up-
take in Lavandula hybrida species decreased gradually. At the end of vase life, the
highest values are in treatments T1, T3, T2, T7, T4, T5, respectively. The lowest va-
lue was detected in the T6 application (Figure 3). While daily solution uptake may
be insignificant, statistical significance has been found in the interactions between
total solution uptake, species, and different vase solution treatments.
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Figure 3. Graph showing changes on the daily solution uptake of cut lavender
during vase life
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Results of Color Measurement in Cut Lavender Flowers

The color characteristics of lavender spikes were measured using a Minoltach-
romameter, determining chroma values and hue angles. Upon examining the color
properties of cut lavender flowers, it was observed that flower colors were preser-
ved compared to the control in various vase solution applications. In L. angustifolia
species, lavender cut flowers appeared brighter and more purple in the applications
of 50 mg/L AgNO, and 100 mg/L AgNO.,. Similarly, in L. hybrida species, the treat-
ment of 100 mg/L AgNO, resulted in the highest quality flower color. Additionally,
in both species, T3 vase solutions reduced color loss in flowers compared to the
control (Table 3).

Table 3. Changes on the flower color of cut lavender over vase life

UYGULAMA L a* b* CHROMA HUE
T1-A 42,14 ab 7,53 a-d -6,99 abc 18,15 26,69 a
T2-A 39,53 ab 9,52 ab -7,51 abc 17,35 8,61a
T3-A 35,15ab 2,87 bed -0,27 ab 13,8 8,56 a
T4-A 30,49 b 3,01 bed -0,79 ab 12,27 -1,93a
T5-A 36,17 ab 3,17 bed -0,88 ab 10,3 -2,75a
T6-A 34,05 ab 3,64 bed -1,12 ab 5,18 -5,63a
T7-A 33,62 ab 4,14 bed -2,08 abc 4,16 -8,2a
T1-H 38,63 ab 12,64 a -13,02 ¢ 4,12 -20,98 a
T2-H 41,93 ab 12,16 a -12,33 ¢ 4,06 -22,19a
T3-H 44,08 a 9 abc -10,45 bc 3,81 -3593a
T4-H 31,39 ab 1,89 cd 0,19 ab 3,78 -41,23a
T5-H 33,6 ab 2,19 cd -0,15 ab 3,15 -44,01 a
T6-H 31,56 ab 1,9 cd la 2,62 -45,73 a
T7-H 40,4 ab 0,96 d 2,42a 2,36 -48,11 a

Species x Treatment nsg * * nsg bl

* p<0.05, **p<0.1

The Observation of Bacterial Content in Vase Solution and Senescence
Rate in Cut Lavender Flowers

The contamination of vase solutions has been observed during period. After
the expiration of the vase life, the amount of bacterial accumulation in the vase wa-
ter was determined by scoring on a scale of 1-5. The highest bacterial accumulation
was detected in the vase water of L. angustifolia species in the T7 application. This
was followed by vase solutions from T4, T6, and T5 applications, respectively. The
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lowest bacterial density was obtained from the T1 application, followed by the T2
treatment. In L. hybrida species, the highest value was obtained from the lavender
oil (T7), as in L. angustifolia, with the same value (Figure 4). This was followed by
T4, T6, and T5, respectively. The lowest value was obtained from the T1 treatment,
followed by the T2-T3 treatments. The T3-vinegar+sucrose solution, while sugar
is nutritive, vinegar reduces antimicrobial activity, resulting in a lower bacterial
count compared to the other three treatments (T4-sodium hypochlorite, T5-sa-
licylic acid, T6-sodium hypochlorite). Previous studies have reported the high
antimicrobial effect of lavender oil (Badr et al., 2021; Yilmaz and Karadag 2021).
However, it is thought that the components within lavender oil, which have anti-
microbial properties, do not show their effects due to being oils of the same species
in cut lavender flowers. In lavender cut flowers, flower senescence can also occur
in lavender spikes. The most flower senescence in spikes of L. angustifolia occurred
in treatment T7. This was followed by vase solution applications of T4, T5, and T6,
respectively. The lowest flower senescence in spikes was obtained from the T1, T2,
and T3 treatments. In L. hybrida species, the most shedding in flowers occurred in
the T7 treatment. This was followed by T4, T6, T2, T1, and T5 treatments. The least
senescence occurred in the T3 treatment.
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Figure 4. Graph showing the amount of bacteria in different vase solutions

Results of Principal Component Analysis (PCA) and Correlation Analysis

In this study, the effects of seven different vase solutions on vase life, flower
color, and the accumulation of bacterial quantities in the vase solution were sup-
ported by PCA analyses. According to the obtained PCA analysis, the graphical
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representations explain 83% of the variance (Componentl: 67.3%; Component2:
15.9%). Upon examination of the findings, a linear relationship between vase so-
lutions extending vase life and flower color parameters is observed. Additionally,
it is noted that the accumulation of bacteria in the vase is inversely related to vase
life parameters. As bacterial formation in the vase solution increases, vase life dec-
reases (Figure 5). Furthermore, based on the scatterplot matrix and correlation
analysis created between different vase solutions and vase life parameters, correla-
tion coefficients between vase solutions, vase life, flower color, and vase bacterial
formation have been determined (Figure 6).
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1 @Bacterial Content M‘* oo
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T
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Component 1 (67,3 %)

Figure 5. Principal Component Analysis (PCA) between different vase solutions
with vase life, flower color and the amount of bacteria accumulated in the vase
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Figure 6. Scatterplot matrix and correlation of the vase life parameters of
lavender with different vase solutions treatments.
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CONCLUSION

This study has determined that lavender can be used as cut flowers in vases.
It was found that under the correct vase solution, lavender can have a vase life of
over 10 days. In both lavender species, vase solutions with the addition of AgNO,
resulted in longer vase life. The AgNO, treatments used in the study increased the
vase life compared to other treatments. According to this study, the longest vase life
in both species was observed in silver nitrate, vinegar sugar, sodium hypochlorite,
and salicylic acid solutions, respectively. However, the vase life was found to be
lower in the control and lavender essential oil solutions.

The results of proportional fresh weight indicated that silver nitrate, vinegar
sugar, and lavender oil solutions provided high values on the final day in L. angus-
tifolia species, while silver nitrate and vinegar sugar solutions provided high values
in L. hybrida species. Sodium hypochlorite, salicylic acid, control, and lavender oil
solutions resulted in low proportional fresh weights. In L. angustifolia species, low
fresh weights were determined in sodium hypochlorite, salicylic acid, and control
treatments.

This study is consistent with previous studies. Additionally, it has supported the
positive effects of sugar in extending vase life, including factors such as maintai-
ning stem quality, sustaining turgor, providing nutrients, and regulating water ba-
lance and osmotic pressure. The addition of salicylic acid and sodium hypochlorite
to the vase has been shown to increase vase life by limiting antimicrobial activity.
Silver nitrate is a potent inhibitor of ethylene effects in plant tissues. The AgNO,
treatment not only extended vase life compared to the control, but also contributed
to reducing microbial activity within the vase solution and reducing flower shed-
ding in spikes while preserving flower color. This study identifies lavender as an
alternative cut flower for vases while also determining vase solutions that increase
vase life.

Conflict of Interest

The author declares that there is no conflict of interest.

Ethics

This study does not require ethics committee approval.

ANAJAS, 2024, Cilt 39, Sayi 3, Sayfa 577-592



Akife DALDA SEKERCI G

REFERANCES

Akga, S. B, Yazici, K, Karaelmas, D, 2019. Zonguldak Ili Kesme Cicek Perakendecilerinin Analizi. Bartin Orman
Fakultesi Dergisi, 21(3), 580-588.

Alaey, M., Babalar, M., Naderi, R, & Kafi, M. 2011. Effect of pre-and postharvest salicylic acid treatment on phy-
sio-chemical attributes in relation to vase-life of rose cut flowers. Postharvest Biology and Techno-
logy, 61(1), 91-94.

Asrar, A. W. A. 2012. Effects of some preservative solutions on vase life and keeping quality of snapdragon (Antir-
rhinum majus L) cut flowers. Journal of the Saudi Society of Agricultural Sciences, 11(1), 29-35.

Badr MM. Badawy MEI. Nehad EM. Taktaka NEM. 2021. Characterization antimicrobial activity and antioxi-
dant activity of the nanoemulsions of Lavandula spica essential oil and its main monoterpenes. journal
of Drug Delivery Science and Technology 65: 102732.

Bahrami, S. N,, Zakizadeh, H., Hamidoghli, Y., Ghasemnezhad, M. 2013. Salicylic acid retards petal senescence
in cut lisianthus (Eustoma grandiflorum ‘Miarichi Grand White’) flowers. Horticulture, Environment, and
Biotechnology, 54, 519-523,

Balestra, G.M., Agostini, R, Bellincontro, A, Mencarelli, F, Varvaro, L, 2005. Bacterial populations related to ger-
bera (Gerbera jamesonii L) stem break. Phytopathol. Mediterr. 44, 291-299.

Batt, P.J. 2001. Strategic lessons to emerge from an analysis of selected flower export nations. Journal of Interna-
tional Food and Agribusiness Marketing, 11(3): 41-54

Dalda-Sekerci, A, Beyzi, £, Ildiz, N., Baldemir Kilic A, & Gulsen, 0. 2024. Evaluation of some lavender genotypes
with high ornamental potential for essential oil properties and antimicrobial activities. Journal of Essen-
tial Oil Research, 1-13.

Danaee, E, Mostofi, Y, Moradi, P. 2011. Effect of GA, and BA on postharvest quality and vase life of gerbera (Ger-
bera jamesonii. cv. Good Timing) cut flowers. Horticulture, Environment, and Biotechnology, 52, 140-144.

Elgimabi, M. N,, Ahmed, O. K. 2009. Effects of bactericides and sucrose-pulsing on vase life of rose cut flowers
(Rosa hybirida). Botany Research International, 2(3), 164-168.

Fanourakis, D., Pieruschka, R, Savvides, A, Macnish, A. J, Sarlikioti, V., Woltering, E. J. 2013. Sources of vase life
variation in cut roses: a review. Postharvest Biology and Technology, 78, 1-15.

Guenther, E. 1954, The French lavender and lavandin industry. Econ. Bot, 8, 166-173

Girsan, K. 2002. Tirkiye sis bitkileri sektoriinin genel durumu. II. Ulusal SUs Bitkileri Kongresi, 1, 22-24.

Halewy, A. H., Mayak, S.1981. Senescence and post-harvest physiology of cut flowers-part 1. Horticulture Review,
3,59-143.

He, S, Joyce, D.C, Irving, D.E, Faragher, J.D, 2006. Stem and blockage in cut Grevillea ‘Crimson Yul-lo” inflorescen-
ces. Postharvest Biology and Technology, 41:78-84.

Hutchinson, M. ], Muchiri, J. N, Waithaka, K. 2013. Effects of chemical preservatives and water quality on posthar-
vest keeping quality of cut Lisianthus (Eustoma grandiflorum L). Bots. ). Agric. Appl. Sci, 9 (1), 8-18.

Islam, N,, Patil, G. G, Gislerod, H. R. 2003. Effects of pre-and postharvest conditions on vase life of Eustoma gran-
diflorum (Raf)) Shinn. European Journal of Horticultural Science, 68(6), 272-278.

Kazaz, S, Yilmaz, S, Aydinsakir, K. 2008. Kesme Cicek Sektor(ine Genel Bir Bakis. Iyi Tarim Uygulamalar Isiginda
Karanfil Yetistiriciligi. Bati Akdeniz Tanimsal Arastirma Enstitidst Yayinlar, s, 1-9.

Kelley, K. M., Conklin, J. R, Sellmer, J. C, Bates, R. M. 2006. Invasive plant species: results of a consumer awareness,
knowledge, and expectations survey conducted in Pennsylvania. Journal of Environmental Horticulture,
24(1), 53-58.

Kiamohammadi, M. 2012. The effects of different floral preservative solutions on peduncle bending and quality
attributes of lisianthus cut flowers. Acta Horticulturae, (943), 203-208.

Kitamura, Y, Kato, Y. Yasui, T, Rizawa, H., Ueno, S. 2017. Relation between Increases in Stomatal Conductance of
Decorative Sepals and the Quality of Antique-Stage Cut Hydrangea Flowers. The Horticulture Journal.
86(1), 87-93

Knee, M, 2000. Selection of biocides for use in floral preservatives. Postharvest Biology and Technology, 18,
227-234.

Lama, B, Ghosal, M, Gupta, S. K, Mandal, P, Bengal, N. 2013. Assessment of Different Preservative Solutions on
Vase Life of Cut Roses. Journal of Ornamental Plants (Journal of Ornamental and Horticultural Plants),
3(3), 171181,

Li, H, Huang, X, Li, J., Liu, J. Joyce, D, He, S, 2012. Efficacy of Nano-silver in Alleviating Bacteria-related Blockage in
Cut Rose cv. Movie Star Stems. Postharvest Biology and Technology, 74, 36-41.

Liao, L. ], Lin, Y. H, Huang, K. L, Chen, W. S. 2001. Vase life of Eustoma grandiflorum as affected by aluminum
sulfate. Botanical Bulletin of Academia Sinica, 42, 41-49.

https:/doi.org/10.7161/0muanajas 1469856 d



Determining the Potential of Lavender as Cut Flower...

L0, P, Cao, ), He, S, Liy, J, Li, H, Cheng, G, Joyce, D. C. 2010. Nano-silver pulse treatments improve water relations
of cut rose cv. Movie Star flowers. Postharvest Biology and Technology, 57(3), 196-202.

L0, P, Huang, X, Li, H, 2011. Continuous Automatic Measurement of Water Uptake and Water Loss of Cut Flower
Stems. HortScience 46, 509-512.

Macnish, A. J, Leonard, R. T, Borda, A. M, & Nell, T. A. 2010. Genotypic variation in the postharvest performance
and ethylene sensitivity of cut rose flowers. HortScience, 45(5), 790-796.

Meman, M. A, Dabhi, K. M. 2006. Effects of different stalk lengths and certain chemical substances on vase life of
gerbera (Gerbera jamesonii Hook.) cv/Savana Red’ Journal of Applied Horticulture, 8(2), 147-150.

Nair, S.A, Singh, V, Sharma, TV.RSS, 2003. Effect of chemical preservatives on enhancing vase-life of gerbera
flowers. J. Trop. Agric. 41, 56-58.

Norikoshi, R, Shibata, T, Niki, T, Ichimura, K. 2016. Sucrose treatment enlarges petal cell size and increases vacu-
olar sugar concentrations in cut rose flowers. Postharvest Biology and Technology, 116, 59-65

Ozeker, E. 2005. Salisilik asit ve bitkiler Uzerindeki etkileri. Ege Universitesi Ziraat Fakiiltesi Dergisi, 42(1), 213-223.

Pun, U. K, Shimizu, H, Tanase, K, Ichimura, K. 2003. Effect of sucrose on ethylene biosynthesis in cut spray
carnation flowers. In VIl International Symposium on Postharvest Physiology of Ornamental Plants 669,
pp. 171-174).

Schimmenti, £, Galati, A, Borsellino, V., levoli, C, Lupi, C, Tinervia, S. 2013. Behaviour of consumers of conventional
and organic flowers and ornamental plants in Italy. Horticultural Science, 40(4.), 162-171.

Sharifzadeh, K., Asil, M. H., Roein, Z, Sharifzadeh, M. 2014. Effect of 8-hydroxyquinoline citrate, sucrose and
peroxidase inhibitors on vase life of lisianthus (Eustoma grandiflorum L) cut flowers. Journal of Horti-
cultural Research, 22(1), 41-49.

Simsek, 0, Dalda Sekerci, A, Isak, M. A, Bulut, F, izgd, T, TGtiinct, M., & Dénmez, D. 2024, Optimizing Micropropaga-
tion and Rooting Protocols for Diverse Lavender Genotypes: A Synergistic Approach Integrating Machine
Learning Techniques. Horticulturae, 10(1), 52.

Siomas, A.S. Papadopoulou, P.P and Gogras, C.C. 2002. Quality of Romaine and leaf lettuce at harvest and during
Storage. Proc.2nd Balkan Symposium on Vegetables and Potatoes. Acta Hortic. 579: 641-646.

Skutnik, E., tukaszewska, A, Rabiza-Swider, J. 2021. Effects of postharvest treatments with nanosilver on senes-
cence of cut lisianthus (Eustoma grandiflorum (Raf) Shinn.) flowers. Agronomy, 11(2), 215.

Soleimany-Fard, £, Hemmati, K, Khalighi, A. 2013. Improving the keeping quality and vase life of cut alstroemeria
flowers by pre and post-harvest salicylic acid treatments. Notulae Scientia Biologicae, 5(3), 364-370

Solgi, M., Kafi, M., Taghavi, T. S, Naderi, R. 2009. Essential oils and silver nanoparticles (SNP) as novel agents to
extend vase-life of gerbera (Gerbera jamesonii cv.Dune’) flowers. Postharvest biology and technology,
53(3), 155-158.

Trigueros, L., Perez-Alvarez, J. A, Viuda-Martos M. ve Sendra, E, 2011. Production of low-fat yogurt with quince
(Cydonia oblonga Mill)) scalding water, Food Science and Technology 44: 1388-1395.

Ucok, Z. (2019). Bagribiitin kavunu (Cucumis melo LYnun morfolojik ve fenolojik dzelliklerinin belirlenmesi. Akde-
niz Universitesi Fen Bilimleri Enstitiist, YUksek Lisans Tezi.

Unsal, H. T. 2022. Hasat sonrasi 6n uygulamalarin kesme gl (Rosa hybrida L) ciceklerinin vazo 6mrG ve gicek
kalitesine etkisi, Master’s thesis, Fen Bilimleri Enstit(isU.

Urwin, N. (2009). Improvement of Lavender Varieties by Manipulation of Chromosome Number; RIRDC (Rural
Industries Research and Development Corporation, Australia); Charles Sturt University: Canberra, Aust-
ralia, 30p.

Van Doorn, W. G. (2010). Water relations of cut flowers. Horticultural reviews, 18, 1-85.

Yilmaz, G, & Karadag, H. 2021. Gerbera Ciceklerinin Vazo Omrii Uzerinde Ceviz Cayi ve Mikrokapsile Emdirilmis
Lavanta Yaginin Etkisi. Turkish Journal of Agriculture-Food Science and Technology, 9, 2560-2564. 1.

ANAJAS, 2024, Cilt 39, Sayi 3, Sayfa 577-592



RAnadolu Tarim Bilimleri Dergisi,
Anadolu Journal of Agricultural Sciences

|

e

S
p
tans NS

e-ISSN: 1308-8769, ANAJAS Ekim 2024, 39 (3): 593-605

FarkU Silajlik Misir Cesitlerinin ve Sira Uzeri
Mesafelerin Kalite Parametrelerine Etkisi

Effect of Different Silage Corn Variety and Row
Distances on Quality Parameters

Sancar BULUT', Fatih ONER?, Ayse Ozge SIMSEK SOYSAL3

'Kayseri Universitesi, Safiye Cikrikgioglu Meslek Yiksekokulu, Bitkisel ve Hayvansal Uretim BolimG Kayseri, Turkiye
- sancarbulut@kayseri.edu.tr - > 0000-0002-6261-0256

20rdu Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Bolim, Ordu,Turkiye
- fatihoner38@gmail.com - > 0000-0002-6264-3752

30rdu Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Bolim, Ordu,Turkiye
- ayseozgesimsek@odu.edu.tr - > 0000-0002-2494-0844

Makale Bilgisi/Article Information

Makale Tiirii/Article Types: Arastirma Makalesi/Research Article
Gelis Tarihi/Received: 26 Nisan/April 2024
Kabul Tarihi/Accepted: 19 Agustos/August 2024
Yil/Year: 2024 | Cilt-Volume: 39 | Sayi-Issue: 3 | Sayfa/Pages: 593-605

Atif/Cite as: Bulut, S, Oner, F, Simsek Soysal, A.0. "Farkl Silajuk Misir Cesitlerinin ve Sira Uzeri Mesafelerin Kalite
Parametrelerine Etkisi" Anadolu Tarim Bilimleri Dergisi, 39(3), Ekim 2024: 593-605.

Sorumlu Yazar/Corresponding Author: Fatih ONER

https://doi.org/110.7161/0muanajas1473983 d



Sancar BULUT, Fatih ONER, Ayse (zge SIMSEK SOYSAL

FARKLI SILAJLIK MISIR CESITLERININ VE SIRA UZERI
MESAFELERIN KALITE PARAMETRELERINE ETKISI

0z

Bu arastirma; sulu kosullarda ikinci tiriin olarak yetistirilen farkli Misir (Zea
mays) gesitlerine uygulanan farkli sira tizeri mesafelerin kalite 6zelliklerine etki-
sini belirlemek amaciyla 2012- 2013 yillarinda ytratilmistiir. Arastirmada; KWS
6565, Tarex 596 ve Maro SNH 8606 musir ¢esitleri ile 12, 14, 16, 18, 20, 22, 24
cm sira Uzeri mesafeler faktor olarak ele alinmistir. Tesadiif Bloklarinda Faktoriyel
Diizenleme Deneme desenine gore 3 tekerriirlii olarak kurulan arastirmada, ham
protein orani (%), ADF (%), NDF (%), ham kiil (%) ve ham seliiloz (%) degerleri ile
tanede bulunan yag asidi miktarlar: (Palmitik asit (%), Stearik asit (%), Oleik asit
(%), Linoleik asit (%), Linolenik asit (%)) incelenmistir. Yillar arasinda Linolenik
asit hari¢ incelenen tiim parametreler arasinda istatistiki farklilik olmustur. Kul-
lanilan cesitler igerisinde KWS 6565 ¢esidi ham protein ve ham seliiloz degerleri
agisindan istatistiksel olarak ilk grupta yer alirken, ADF degeri igin en diisiik ista-
tistiksel grupta yeralmistir. Maro SNH 8606 ¢esidi yalnizca ham seliiloz degerleri
acisindan ilk grupta yer alirken, Tarex 596 ¢esidi ADF ve ham kiil degerleri baki-
mindan ilk grupta bulunmustur. Sira tizeri degerler bakimindan incelendiginde;
ADF ve NDF degerleri i¢in 12 cm sira tizeri mesafe istatistiksel olarak ilk grubu
olusturmustur. Ham protein orani degeri bakimindan ise sirasiyla 14 cm ve 16 cm
(%9.8-9.9) sira tizeri mesafeler istatistiksel olarak ilk grubu olustururken, ham
kiil ve ham seliiloz degerleri bakimindan ise 24 cm sira iizeri mesafede istatistiksel
olarak ilk grupta yer almgtir.

Silajlik misirda kaliteyi olusturan bu parametreler incelendiginde YxC, YxS
ikili interaksiyonlar1 ham kil degerleri hari¢ tiim parametreler agisindan ¢ok
onemli bulunmustur. Cesit ve siklik degerleri yillar arasinda farklilik géstermis bu
farklilik anlaml olmustur. YxCxS ti¢lii interaksiyonu incelendiginde tiim incele-
nen parametreler istatistiksel olarak 6nemli bulunmustur.

Anahtar Kelimeler: Cesit, Misir, Sira Uzeri, Yem Bitkisi
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EFFECT OF DIFFERENT SILAGE CORN VARIETY AND ROW DIS-
TANCES ON QUALITY PARAMETERS

ABSTRACT

This study was conducted during the 2012-2013 growing season to evaluate the
quality characteristics of different corn (Zea mays) varieties cultivated as a second
crop under irrigated conditions, with different row spacing. The factors were 12,
14, 16, 18, 20, 22, 24 cm row spacing with KWS 6565, Tarex 596 and Maro SNH
8606 corn varieties. In the research, which was established with 3 replications ac-
cording to the Factorial Arrangement in Randomized Blocks experimental design,
the crude protein ratio (%), ADF (%), NDF (%), crude ash (%), crude cellulose (%),
crude cellulose (%), and the amount of fatty acids (%) (Palmitic acid (%), Stearic
acid (%), Oleic acid (%), Linoleic acid (%), Linolenic acid (%)) were examined. Sta-
tistical differences were observed between years in all parameters examined except
Linolenic acid. Among the varieties used, KWS 6565 variety was statistically in the
first group in terms of crude protein and crude cellulose values, while it was in the
lowest statistical group for ADF value. While the Maro SNH 8606 variety was in
the first group only in terms of crude cellulose values, the Tarex 596 variety was
in the first group in terms of ADF and raw ash values. When analysed in terms of
row spacing values, 12 cm distance formed the first group statistically for ADF and
NDF values.In terms of crude protein ratio values, 14 cm and 16 cm (9.8-9.9%)
row spacing were statistically in the first group, while crude ash and crude cellulose
values were statistically in the first group at 24 cm row spacing.

The YxC, YxS binary interactions that provide this growth, which creates the
quality of silage corn, are very important in terms of all effects except raw ash
values. Variety and frequency values differed between years, and this difference
was significant. When the YxCxS triple interaction was examined, all examined
parameters were found to be statistically significant.

Keywords : Variety, Corn, Row, Forage Plant.

2 2
1. GIRIS

Tahuil bitkilerinin igerisinde yer alan misirin (Zea mays) %27’si insan beslen-
mesinde, %73’ ise hayvan beslenmesinde kullanilmaktadir. Gelismekte olan tilke-
lerde hayvan beslemede %46, insan beslenmesinde ve sanayi de kullanimi %54’tiir.
Ekonomik olarak gelismis, iiretim miktari yiiksek olan iilkelerde bu oran hayvan
beslenmesinde %90dir (Oz ve ark., 2017). Besleme, hayvancilikta énemli sorun-
lardan bir tanesidir. Meralar kaba yem kaynaklarinin en 6nemli alanlaridir. Son
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TUIK verilerine gore iilkemizde, 13 147.701 ha mera alani vardir. 2023 yili itibariy-
le Tiirkiyede 16.583.005 adet biiytikbag hayvan, 52.363.410 adet kii¢iikbag hayvan
varligi bulunmaktadir. Kaba yem kaynaklarinin artirilmasi i¢im iiretimde verim
i¢in 6nemlidir. 2023 yilinda iilke genelinde 18.296.282 ton yonca, 3.717.866 ton
fig, 1.579.972 ton korunga, 3.155.197 ton yulaf ve 616.709 ton [talyan ¢imi iiretimi
olmugtur. Silajlik misir iiretimi ise 28.653.531 tondur. Toplam kaba yem tiretimi-
nin bityiik kismi silajlik misir iiretimi 528.617.2 hadan saglanmustir (TUIK, 2024).
Hayvanlara gerekli olan kaliteli kaba yem ihtiyaci yaklagik 7 milyon ton olup, yem
bitkileri tarimu ile kargilanmasi gerekmektedir. Ulkemizde kaba yem ihtiyacinin
kargilanmast igin silajlik misir, korunga, yonca, Italyan ¢imi, fig, yem bezelyesi
ve yem salgami gibi yem bitkileri ile bugday, yulaf gibi yesil ota yonelik tahillar
yetistirilmektedir. Bu veriler silajlik misir iiretimin Tirkiye'nin hayvansal tiretimi
acisindan ne kadar 6nemli oldugunu ortaya koymaktadir. Misir, ekimden hasada
kadar makineli tarima uygun olmasi, kayip oraninin az olmasi, yiiksek enerji veri-
mi, saklama ve kullanim kolayligs, yitksek kuru madde verimi, sindirilme oraninin
yuksekligi, kaliteli ve lezzetli bir silaj yemi olmasi ve birim alandan yiiksek verim
alinabilmesi, tohumlugunun kolay bulunmasi, silolama kolaylig1 nedeniyle diinya-
da ve tilkemizde silajlik olarak en fazla ekimi yapilan bitkilerin baginda yer almak-
tadir (A¢ikgoz ve ark., 2002). Silolanabilme kolaylig1 nedeniyle kisin hayvanlarin
taze sulu tiiketebildikleri bir bitkidir. Bolgeye uygun cesit se¢imi yiiksek verim
elde etmede en 6nemli kriterdir. Her ekolojiye uygun cesitler farklidir, ayn1 ¢esit
farkli ekolojilerde farkli performansa sahiptir. Fazla sayida musir ¢esidi tilkemiz-
de bulunmaktadir. Cesitlerin verim ve kalite 6zellikleri bakimindan gosterdikleri
performanslar birbirinden farklidir. Bu farklilik genotipik farkliliktan, ekolojik ko-
sullardan, kiilttrel islem farkliliklarindan ortaya ¢ikabilmektedir (Cesurer ve ark.,
1999; Cusicanqu and Lauer, 1999). Ekolojilere uygun gesit ya da cesitlerin belirlen-
mesi bu nedenle biiyiik 6nem arz etmektedir. Hibrit 6zelligi bulunmasi nedeniyle
mustr bitkisi ile yapilan ¢aligmalarin her yil yapilmas: 6nem arz etmektedir.

Bu ¢alisma, ikinci tiriin olarak ekilen 3 farkli misir ¢esidinin ve 7 farkli sira tize-
ri mesafenin kalite parametrelerine etkisini gézlemleyebilmek i¢in kurulmustur.

2. MATERYAL VE YONTEM

Aragtirma, 2012-2013 yetistirme sezonunda Kayseri Tarim Kredi Kooperatifle-
ri Bolge Birligi Mudirligiine bagli olan Bagak tarim AS.ye ait Yozgat ili Bogazliyan
ilcesi deneme alaninda kurulmugtur. KWS 6565, Tarex 596 ve Maro SNH 8606
musir gesitleri deneme materyali olarak kullanilmistir. Ekimler sira aras1 70 cm,
sira uzeri 12, 14, 16, 18, 20, 22, 24 cm olacak sekilde mibzerle ekim yapilmuistir.
Giibreleme %21N iceren Amonyum siilfattan dekara 18 kg N ve %46 P O, igeren
TSPden dekara 7 kg PO, gelecek sekilde yapilmistir. Deneme, Tesadiif Bloklarin-
da Faktoriyel Diizenleme Deneme Desenine gore 3 tekrarli olarak kurulmustur.
Faktor olarak; 3 musir ¢cesidi (KWS 6565, Tarex 596 ve Maro SNH 8606), 7 farkli
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sira tizeri mesafe (12, 14, 16, 18, 20, 22 ve 24 cm sira lzeri) ve yil ele alinmistir.
Aragtirma, parsel aras1 1 m, blok aras1 1.5 m olacak sekilde toplam 63 parselden
olusmugtur. “Cesit x sira tizeri mesafe” kombinasyonlar1 parsellere tesadiifi sekilde
dagitilmis, Her parselde, sira aras1 70 cm olacak sekilde 10 sira yer almigstir. Her
uygulamadan 15 m uzunlugunda 2 sira ekim yapilmistir. Ekim zamani ekimin ya-
pildig1 yerin ikinci dirtin gartlarina uygun olarak 2012 yilinda 18 Haziranda 2013
yilinda 21 Haziranda yapilmistir. Fosforlu giibrenin tamami ve azotlu giibrenin
yarist ekimle birlikte, azotlu giibrenin diger yarisi bitkilerin 20-25 cm boya ulag-
tiklarinda giibreleme islemi tamamlanmustir. Tkinci uygulama sirasinda bogaz dol-
durma islemi de yapilmistir. Capa makinesi kullanilarak yabanci otlar yok edilmis-
tir. Sulama, karik sulama yontemi ile 3 farli zamanda sira aralarindan (bitkilerin
morfolojik goriiniisleri esas alinarak) toprak suya doyana kadar yapilmustir. Silajlik
musirin en uygun hasat zamani olan, bitkinin % 65-70 nemde oldugu ve koganlarin
tizerindeki danelerin ise yaklasik % 50 stt ¢izgisi olustugu donemde hasat islemi
gerceklestirilmistir. Her parselde yanlarda birer sira, baslarda ticer ocak kenar te-
siri olarak ayrildiktan sonra geriye kalan alandan 5m uzunlukta 3 sira bitki orak
yardimiyla hasat edilmistir.

Caligmanin yapildig1 ilin iki yila toplam yagis miktar: ortalamalar1 uzun yillar
ortalamasindan ilk y1l diisiik olurken ikinci y1l son ay harig diisiik kalmistir. Sicak-
lik degerleri bakimindan ise ilk yil sicaklilar uzun yillar ortalamasindan yiiksek,
ikinci yil ortalamalari ise uzun yillar ortalamasinda seyretmis birkag ay daha dii-
stik bulunmugtur. Nispi nem yoniinden de deneme yillar1 uzun yillar ortalamasina
gore daha disiik gerceklesmistir (Sekil 1). Deneme topragi kumlu tinli, organik
maddece ve kire¢ bakimindan fakir, orta derece alkali, yarayish fosforu orta diizey-
de ve potasyum yoniinden zengin bir topraktir (Sekil 2).

Yag asidi kompozisyonu i¢in; biitiin gesitlere ait yag asitleri miktar1 Gaz Kro-
matografi cihazinda % olarak belirlenmistir. Yag asitleri olarak palmitik, stearik,
oleik, linoleik ve linolenik yag asitleri miktarlar1 % olarak belirlenmistir. Temizle-
nen tohumlar 6giitiilmiis ve ardindan 1.5-2 g numune alinmis ve tiiplere aktaril-
magtir. Tipiin icerisine 3 ml Petroleum eter (solvent) eklenmis iyice karigtirilmig
ve agz1 kapali bir gekilde yarim saat oda sicakliginda siv1 kisim berraklasana kadar
bekletilmistir. Daha sonra iistteki berrak kisimdan pipet ile 0.8 ila 1 ml civar 6r-
nekler alinarak bagka bir tiipe aktarilmistir. Tiipler ici dolu ve agz1 agik sekilde
traklara yerlestirilmis ve bu sekilde desikatorde 1 gece bekletilmistir. Bekleyen 6r-
neklerdeki solvent u¢urulduktan sonra artakalan yag 2 ml NaMethylat ile esterlen-
mistir. Hafifce, saga-sola olacak sekilde parmaklar arasinda iyice karistirilmis ve
yarim saat oda sicakliginda bekletilmistir. Esterlemek i¢in kullanilan NaMethylat
¢ozeltisi i¢in, karistiric1 iizerine konan 1 litrelik behere 100 mL metanol koyulula-
rak hafifce karistirilmaya baslanir. Karisma esnasinda yavas yavas ve karisimin eri-
mesi sonrasinda olmak iizere 5 gram sondyum metilat igine dokiiliir ve tamamen
erimesi saglanir. Tamamen eridikten sonra behere 700 mL metanol yavas yavas
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eklenerek toplam etanol miktar: 800 mIe ardindan rengi berraklasan ve tamamen
eriyen ¢ozeltiye 200 mL Iso-propanol ilave edilerek toplam seviyesi 1000 mLye
tamamlanir. Hazirlanan ¢ozelti koyu renkli bir sisede ve oda sicakliginda muha-
faza edilir). Yarim saat oda sicakliginda bekleyen ¢ozeltiye 1.5 mL Iso-Oktan ilave
edilerek 2 defa saga-sola cevrilerek karigtirilmistir. Boylece yagin Iso-Oktan saf-
hasina gegmesi saglanmistir. Hazirlanan 6rnekler altiminyum folya veya benzeri
bir madde ile kapatilarak yaklagik 30 dakika buzdolabinda bekletilmistir (Baydar,
2005). Buzdolabindan ¢ikartilan 6rneklerden tiiplerin iistte kalan parlak fazdaki
tabaka kismindan alt kismina degmeyecek sekilde bir vialin yarisini (minimum
0.5 mL) dolduracak kadar ¢ozelti, pipet ile viale aktarilmistir. Agz1 kapatilan vial-
ler buzdolabina konmustur. Gaz kromatografi cihazi ¢aligtirilacagi zaman vialler
dolaptan alinip, vialdeki ¢ozelti gaz kromatografi cihazinda okutularak yag asidi
kompozisyonu belirlenmistir.

Arastirmadan elde edilen veriler, 1985 yilinda gelistirilen istatistiksel analiz
yazilimi kullanilarak degerlendirilmistir (Sas, 1985). Elde edilen sonuglar varyans
analizi ile incelenmis, ortalama degerler arasindaki farkliliklar ise Duncan’in ¢oklu
kargilagtirma testi ile belirlenmistir.
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Iklim verileri Meteoroloji Genel Miidiirliigiinden temin edilmistir.

Grafik 1. Deneme alanimin yer aldig1 Yozgat ili Bogazliyan ilcesi, 2012-2013
yillarina ait bazi iklim verileri*

Graphic 1. Some climate data for the years 2012-2013 in Bogazliyan district of
Yozgat province, where the trial area is located
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*Toprak analizleri Bogazliyan Ziraat Odasi laboratuvarlarinda yapilmistir.
Grafik.2. Deneme yeri topraklarinin baz fiziksel ve kimyasal 6zellikleri*

Graphic.2. Some physical and chemical properties of trial site soils

3. BULGULAR VE TARTISMA

3.1 Ham Protein Orani (%)

Ham protein degerleri incelendiginde iki yil ortalamalar1 farkli istatistiksel
grupta yer almigtir. Misir gesitlerinde protein orani en diisiik 8.3 ile Tarex 596 ¢e-
sidinden elde edilirken, siklik faktoriinde 14 ve 16 cm sira {izeri mesafe degerle-
rinden(% 9.8, 9.9) elde edilmigtir. Yiiksek protein orani ise KWS 6565 ¢esidinden
(% 8.9) elde edilmis ve gesitler arasindaki protein farkliliklar: 6nemli bulunmustur
(Cizelge 1.).

Yem bitkisi olarak tretimi yapilan bitkilerde kalite parametrelerinde énemli
bir 6lgiit olan protein orani, misir bitkisine ait ¢esitlere gore farklilik gosterdigi ve
mustr bitkisinin genetik yapisinin protein orani iizerine etkili oldugu bildirilmistir.
Ayrica kiiltiirel islemlerinde ham protein tizerine etkisinin 6nemli diizeyde oldugu
belirtilmistir (Geren ve ark., 2003) .

Ulkemizin farkl: ekolojik bolgelerinde ikinci iiriin gartlarinda birgok aragtirma
yuritilmistir. Calismamiz sonucunda elde edilen ham protein oran: degerleri ile
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farkli kogullarda yapilan caligmalar karsilastirildiginda; farkli cesitler ile farkli sira
tizeri mesafesi (16, 18, 20, 22, 24 cm) ile yapilan bir deneme sonucunda elde edilen
ham protein oranlarinin sira tizerinde % 7.5-8.3 arasinda degiskenlik gosterdigi
bildirilistir (Kir ve Unsal, 2020).

Iptas ve Acar (2006) yaptiklari alisma sonucunda, birim alandaki bitki say1si-
nin ham protein oranini etkilemedigini bildirirken; Bayram ve ark., 2017 sira tizeri
mesafedeki azalis1 sebebiyle birim alandaki bitki sayisinin artisinin ham protein
oranini arttirdigini, Oztiirk ve ark., 2008 yilindaki ¢aligmalarinda daralan sira aras
mesafenin birim alandaki bitki sayisinin artisi ile artan rekabet sonucu besin nok-
sanligina sebep oldugunu ve dokularda azalan azot sebebiyle ham protein oraninin
azaldigini bildirmiglerdir. Keskin (2001), Konyada ytriittigi arastirmada, misir
gesitleri arasinda protein oraninin degiskenlik gosterdigini belirtmistir.

3.2 ADF ve NDF Orani (%)

Misir ¢esitlerinde asitte ¢oziinmeyen lif orani en diigitk KWS 6565 cesidinden
(%31.5) elde edilirken, en yiiksek asitte ¢oztinmeyen lif orani ise Tarex 596 ¢esidin-
den (%32.5) elde edilmis ve gesitler arasindaki asitte ¢6ztinmeyen lif farkliliklar
onemli bulunmugtur (Cizelge 1.). Bu ¢caligmada kullanilan gesitlere ait ADF deger-
leri yontinden degerlendirildiginde KWS 6565 ¢esidi degerleri ADF igin istenen
degere daha yakin bulunmugstur. ADF i¢in kalite parametresi olarak en kaliteli ola-
rak istenen deger %31 ve altindaki degerlerdir (Budak ve Budak, 2014). Yaptigimiz
caligma sonucunda sira tizeri mesafe degerleri ile ADF degerleri arasindaki iligki
incelendiginde; sira tizeri mesafe daraldik¢a ADF oraninin arttig1 belirlenmistir.
24 cm sira tizeri mesafede ADF degeri %30.2 iken, 12 cm mesafede bu deger %33.7
olarak bulunmus ve sira tizeri mesafe degerleri bakimindan istatistiksel olarak
onemli bulunmugslardir (Cizelge 1.). Basaran ve ark., 2017 yilinda yaptiklar1 de-
neme sonucunda ADF degerlerini %26.8 ile %37.8 araliginda belirlediklerini kay-
dederken; Kir ve Unsal, 2020 ise ADF degerlerini degisen sira iizeri mesafelerde
% 31.7-34.5, gesitlerde de %31.3-35.0 arasinda bulduklarin: bildirmislerdir. NDF
degerleri bakimindan ¢alisma sonuglarimiz incelendiginde yillar arasinda ve sira
iizeri mesafe agisindan fark istatistiksel olarak 6nemli bulunurken gesitler arasinda
fark 6nemsiz bulunmustur. Cesitler icin NDF %44.9-45.1, sira Gizeri i¢in %42.7-47
degerleri arasinda bulunmustur (Cizelge 1.). NDF bir kalite parametresidir ve en
kaliteli sinifinda adlandirabilmek icin istenen deger %40 ve altindaki degerlerdir
(Budak ve Budak, 2014). Calisma sonuglarimiz agisindan gesitlerin ve sira tizeri
mesafenin hi¢ biri bu kriteri saglamamustir. %42.7 ile 24 cm mesafe en kaliteli ot
i¢in uygun mesafe olarak 6ne ¢itkmaktadir.
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3.3 Ham Kiil ve Ham Seliiloz Degerleri (%)

Ham kiil ve ham seliiloz degerleri sonuglari gesitler, yillar ve mesafe bakimin-
dan istatistiksel olarak 6nemli bulunmustur. Ham seliiloz orani sindirilebilirligin
degerlendirilebilmesi agisindan 6nemli bir kalite parametresidir. Rasyon hazir-
larken belirli miktarda seliiloz igermesinin nedeni mikroorganizmalarin ihtiyaci
ve ruminantlarin aglik hissinin bastirilmasidir. Seliiloz igerigi fazla olan yemlerin
hayvanlar tarafindan yenilmesi ve sindirilebilirligi, seliiloz igerigi az olan yemler-
den daha azdir. Dengeli bir rasyon hazirlanirken, yemlerin seliiloz igeriginin kul-
lanilacak hayvanin cinsine, irkina gore farklilik gostermektedir. Ham seliiloz orani
(HSO) siit ineklerinde %14-18 olarak istenmektedir. %20 tizerine ¢ikan seliiloz
orani istenmemektedir. Yem bitkilerinde ham kiil oran1 degeri 6nemlidir. Tek tek
bir¢ok mineral maddenin analiz yapilmasi zor, maliyetli ve uzun zaman almasi ne-
deniyle ham kiil orani ile yetinilmektedir (Yiiksel ve ark., 2000; Aydinoglu, 2005).

Misir gesitleri ve sira iizeri mesafelere ait, sindirilebilir kuru madde (SKM),
sindirilebilir enerji (SE), metabolik enerji (ME), kuru madde tiiketimi (KMT) ve
nispi yem degeri gibi parametreler degerlendirilmistir. Istatistik analiz sonucun-
da SKM, KMT ve NYD degerleri bakimindan siklik faktorii degerleri ¢ok 6nemli
bulunmustur. Cesitlerin SKM oranlar1 %63.5 ile %64.3, SE miktarlar1 2.99 ile 3.02
Mcal kg-1, ME miktarlar1 2.45 ile 2.48 Mcal kg-1, KMT oranlar1 %2.66 ile %2.67
ve nispi yem degerleri 131.1 ile 133.3 arasinda degiskenlik gostermistir. Sira tizeri
mesafenin SKM oranlar1 %63.1 ile %65.3, SE miktarlar1 2.95 ile 3.06 Mcal kg-1,
ME miktarlar1 2.42 ile 2.51 Mcal kg-1, KMT oranlar1 %2.55 ile %2.81 ve nispi yem
degerleri 123.9 ile 142.3 arasinda degiskenlik gostermistir. En yiiksek nispi yem
degerine sahip cesit, 133.3 ile KWS 6565 olarak kaydedilmistir (Cizelge 2.). 2022
yilinda 4 gesitle yapilan bir ¢alismada KMT oranlari 2.05-2.45 bulunmustur. Bizim
elde ettigimiz degerler bu ¢aligmadan biraz yiiksek bulunmustur (Simsek Soysal ve
ark., 2022).
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Cizelge 1. Cesitlere ve sira fizeri mesafelere ait ham protein (HP), asit deter-
janda ¢oztinmeyen lif (ADF) ve nétral deterjanda ¢oziinmeyen lif (NDF), ham kiil
(HK), seliiloz oranlar:

Table 1. Crude protein (HP), acid detergent insoluble fiber (ADF), neutral deter-
gentinsolublefiber (NDF), crude ash (HK), cellulose ratios for varieties and row spacing

HamProtein ADF NDF Ham Kiil Seliiloz
Orani (%) (%) (%) (%) (%)
Yillar
2012 8.73 A 30.35B 4346 B 19.06 B 4.88 B
2013 8.45B 33.64 A 46.50 A 21.18 A 523 A
Ortalama  8.59 32.0 44.98 19.62 7.67
Cesitler
KWS 6565 8.9 a 31.5 [¢ 44.9 20.1 b 5.2 a
g/:(‘)rGOSNH 8.5 b 3.9 b 450 197 ¢ >1 @
Tarex 596 8.3 C 32.5 a 45.1 206 a 4.8 b
Sikliklar
(cm)
12 cm 9.2 b 33.7 a 47.0 a 17.5 4.9 ¢
14 cm 9.8 a 33.0 b 462 b 184 f 52 a
16 cm 9.9 a 32.5 c 456 ¢ 192 e 5.1 ba
18 cm 8.5 [¢ 32.0 d 45.1 d 199 d 4.9 bc
20 cm 8.2 d 31.6 e 445 e 208 ¢ 5.1 ba
22 cm 7.6 e 31.0 f 437 f 218 b 5.0 bac
24 cm 6.9 f 30.2 g 427 g 231 a 52 a
Var. . .
kaynaklar: F degerleri
il (Y) 36.32*%* 3374.92** 3091.99** 552.49** 89.28**
Cesit (C) 60.52%* 106.34** 2.07 31.59%* 36.07%*
Siklik (S) 339.31** 254.27** 403.31** 271.61** 3.89*
YxC 73.59** 26.30** 28.57** 1.67 189.35%*
YxS 13.85%* 7.36%* 8.81** 0.41 9.50**
CxS 20.80%* 3.65* 12.55%* 2.20* 30.82%*
YxCxS 4.73%* 2.19* 4.30%* 7.94%* 6.00**
AOF 0.09 0.11 0.11 0.18 0.07
DK (%) 3.01 0.99 0.68 2.52 4.06

Ayni harf ile isaretli ortalamalar arasindaki farklar 6nemsizdir. AOF: asgari onemli fark, VK: varyasyon katsayist
*(P<0.05), **(P< 0.01)
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Cizelge 2. Misir ¢esitlerine ve sira tizeri mesafelere ait sindirilebilir kuru mad-
de (SKM), kuru madde tiiketimi (KMT), sindirilebilir enerji (SE), metabolik enerji
(ME), ve nispi yem degerleri (NYD)

Table 2. Digestible dry matter (SKM) of maize varieties and row spacing, dry
matter consumption (KMT), digestible energy (SE), metabolic energy (ME), and re-
lative feed values (NYD)

SKM** KMT** NYD** SE ME
(%) (%) (Mcal (Mcal
kg-1) kg-1)

2012 65.26 2.76 139.64 3.06 2.51
2013 62.70 2.58 125.38 2.95 242
Ort. 63.97 2.67 132.51 3.00 2.46
KWS 6565 64.36 2.67 133.31 3.02 2.48
MaroSNH 64.05 2.66 132.36 3.01 2.47
8606
Tarex 596 63.58 2.66 131.11 2.99 2.45
Ort. 63.99 2.66 132.26 3.00 2.47
12cm 62.64 f 2.55d 123.96g 2.95 242
14 cm 63.19¢ 2.59cd 127.20f 2.97 2.44
16 cm 63.58 de 2.63bcd 129.67¢ 2.99 2.45
18 cm 63.97 cd 2.66abc 131.91d 3.00 2.46
20 cm 64.28 ¢ 2.69ab 134.34c 3.02 248
22 cm 64.75b 2.74b 137.79b 3.04 2.49
24 cm 65.37 a 2.81a 142.38a 3.06 2.51
Ort. 63.97 2.67 132.46 3.00 2.46
**(P<0.01)

3.4 Tanede Bulunan Yag Asitleri Miktari (%)

Yag asitleri degerleri icin Cizelge 3. incelendiginde; ¢esitler arasinda linoleik
asit harig tiim yag asitlerinde farklilik 6nemli bulunmustur. Sira {izeri mesafe ba-
kimindan da stearik ve linolenik asit bakimindan fark ¢ok 6nemli (P<0.01) diger
parametreler bakimindan 6nemli (P<0.05) bulunmugtur.

En diistik palmitik asit %9.0 ile KWS 6565 ¢esidinden, en yiiksek ise Maro
SNH 8606 ve Tarex 596 ¢esitlerinden elde edilmistir. Bu iki cesit sirastyla % 10.3-
10.6 degerleri ile istatistiki olarak ayni grupta yer almislardir. Sira tizeri bakimin-
dan ise palmitik asit degerleri ti¢ farkli grup igerisinde degisiklik gostermistir. Ste-
arik asit degerleri ise %3.8 (Maro SNH 8606) — 5.3 (Tarex 596) arasinda degisiklik
gostermigstir. Oleik asit degerleri yag asitleri kompozisyonunda doymamais yag asidi
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olmasi sebebiyle yiiksek olmasi istenen bir parametredir. Calismamizda en distik
oleik asit % 39.3 ile Tarex 596 gesidinden en yiiksek deger ise 42.5 ile KWS 6565
¢esidinden elde edilmigstir. Linoleik asit degerleri % 43.6 (KWS 6565)- 44.7 (Maro
SNH 8606) araliginda tespit edilmistir. Idikut ve ark. (2020) 17 farkli musir gesidi
ile yaptiklar1 ¢aliymada yag oranlariin %2.4 (Sancia) -3.5 (Macha) arasinda degis-
tigi, cesitlerin ortalamast ise %3.0 olarak bulundugunu bildirmislerdir.

Cizelge 3. Mistr gesitlerine ait yag asit degerleri

Table 3. Fatty acid values of corn varieties

Palmitik Stearik Oleik Linoleik asit Linolenik asit

asit (%) asit (%) asit (%) (%) (%)
Yillar
2012 9.45B 501 A 37.83B 46.75 A 0.97
2013 10.47 A 3.72B 43.50 A 4136 B 0.95
Ortalama  9.96 4.37 40.67 44.06 0.96
Cesitler
KWS 6565 9.0 b 4.1 b 425 a 43.6 0.8 ¢
246‘(‘)2°SNH 103 a 3.8 b 402 b 447 1.0 b
Tarex 596  10.6 a 53 a 393 b 43.8 1.1 a
Sikliklar
12 9.1 b 53 a 386 ¢ 46.1 a 1.00 b
14 9.9 ba 5.1 ba 394 bc 448 ba 0.72 [
16 10.3 a 4.5 bc 413 a 42.8 bc 1.06 b
18 10.1 a 4.2 dc 419 a 427 ¢ 1.03 b
20 9.9 ba 3.8 d 41.1 ba 445  bac 0.75 C
22 10.7 a 3.7 d 413 a 432  bc 1.14 a
24 9.7 ba 3.9 dc 411 ba 442  bac 1.04
Var.
kaynaklar1
il (Y) 20.46** 67.02** 160.22%* 122.43** 0.41
Cesit (C) 20.03** 34.02** 18.03** 2.05 29.65%*
Siklik (S) 2.86* 9.65** 4.05% 3.54* 29.01%*
YxC 2.36 11.80** 2.33 1.63 9.00%
YxS 18.35** 16.60** 7.28%* 18.89** 27.11%*
CxS 10.51** 12.50** 7.60%* 8.87** 13.53**
YxCx§ 1338 9.87** 9.53%* 9.31%* 29.10%*
AOF 0.45 0.31 0.89 0.97 0.05
DK (%) 1273 20.14 6.19 6.21 1326

Aym harf ile isaretli ortalamalar arasindaki farklar Snemsizdir. AOF: asgari onemli fark,
VK: varyasyon katsayis1 *(P< 0.05), **(P< 0.01)

https:/doi.org/10.7161/0muanajas 1473983 d



Farku Silajlik Misir Cesitlerinin ve Sira Uzeri Mesafelerin Kalite Parametrelerine Etkisi

4. SONUCLAR

Bu ¢aligmada ikinci iiriin silajlik musir yetistiriciliginde 3 gesit ve 7 sira iizeri
mesafenin kalite parametreleri tizerine etkisi belirlemek i¢in fiziksel ve kimyasal
analizler yapilmis ve sonuglar1 incelenmistir. Elde edilen sonuglara gore yil, cesit
ve siklik ozelliklerinin yanisira bunlarin ikili ve ti¢lii interaksiyonlar1 da incele-
nen parametreler 15181inda hesaplanmistir. Cizelge 1 ve Cizelge 3 incelendiginde,
SE, ME ve Linolenik asit (%) degerleri harig tiim parametreler istatistiksel olarak
P<0.01 diizeyinde 6nemli bulunmustur. Sira tizeri mesafeler Ham seliiloz (%), Pal-
mitik asit (%), Oleik asit (%) ve Linoleik asit bakimindan P<0.05, diger 6zellikler
bakimindan P<0.01 diizeyinde énemli bulunmustur. Ham kiil orani, Palmitik asit
(%), Oleik asit (%) ve Linoleik asit hari¢ diger incelenen parametrelerde YxC inte-
raksiyonu 6nemli bulunmugtur. Cesit 6zellikleri yillar arasinda degisen faktorlere
bagl olarak degisiklik gostermistir. Yine YxS interaksiyonu bakimindan ham kiil
degerleri istatistiksel olarak dnemli bulunmustur. Siklik degerlerindeki artisa bagh
olarak incelenen kalite parametreleri degerleri arasinda farkliliklar saptanmistur.
Sira {lizeri mesafesinin farkli uzunluklarda ekilmesinin yemlik misirda istenen
ozelliklere etkisi oldugu gozlemlenmistir. Yem degerinin yiiksek olmasi i¢in bir
diger parametre olan ham seliiloz oraninin da diisiik olmasi istenmektedir. Ham
seliilloz orani bakimindan 24 cm yerine 12 cm sira tizeri mesafenin 6ne ¢iktig1 go-
rilmektedir. KWS 6565 ¢esidi ve 24 cm sira {izeri mesafenin yem kalite parametre-
leri bakimindan inceledigimiz bu ¢alismada 6ne ¢iktiklar: séylenebilir.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar catismasi olmadigini beyan eder.
Etik

Bu ¢alisma etik kurul onay gerektirmez.

Yazar Katki Oranlari

Calismanin Tasarlanmast: SB (%100)

Veri Toplanmasi: SB (%100)

Veri Analizi: SB (%30), FO (%50), AOSS (%20)

Makalenin Yazimi: SB (%20), FO (%50), AOSS (%30)
Makalenin Génderimi ve Revizyonu: FO (%50), AOSS (%50)
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ANALYSIS OF GENETIC DIVERSITY OF SOME VITIS LABRUSCA
AND VITIS SPP. WITH MOLECULAR MARKERS

ABSTRACT

Tiirkiye has a very suitable climate for viticulture, and different grape varieties
have been grown in almost every region since ancient times. Although these grape
varieties have different names, there are also grape varieties with the same genetic
structure. In particular, in the Black Sea Region, Vitis labrusca, which is resistant to
heavy rainfall and humidity, and hybrids of this species grow. However, it is known
that different genotypes of this species are grown in the region. Genetic confusion
exists in Vitis labrusca L. and its hybrids due to natural pollen transfer and crossing.
This study evaluated the genetic similarities and differences among Vitis varieties
and genotypes, mainly Vitis labrusca genotypes, with 18 different SSR primers. In
the genetic relationship dendrogram, the varieties/genotypes showed similarity at
rates ranging from 0.65% to 0.98%. The highest similarity rate between the varie-
ties and genotypes used in the study was determined between the genotypes 5 ‘57
Gerze 04’ and 6 ‘61 Of 04’ with 92%. The results obtained have revealed different
grape gene pools, especially in the Black Sea Region, and are expected to contribute
to disease resistance breeding studies in the future significantly. Increasing consu-
mer awareness of climate change will increase the interest in disease-resistant or
tolerant grapes, such as Vitis labrusca species, in the coming years.

Keywords: Grape Cultivars/Genotypes, Ssr Markers, Similarity Index, Natural
Cross, Breeding.

ek

BAZI ViTiS LABRUSCA VE VIiTiS TURLERININ GENETIK CESITLILI-
GININ MOLEKULER MARKORLERLE ANALIZi

Oz

Tiirkiye bagcilik i¢in olduk¢a uygun bir iklime sahip olup, eski ¢aglardan beri
tilkenin hemen her bolgesinde farkl: iiziim cesitleri yetistirilmektedir. Bu tiziim
gesitleri arasinda farkli isimlere sahip olanlar bulunsa da ayni genetik yapiya sahip
tiziim gegsitleri de bulunmaktadir. Ozellikle Karadeniz Bélgesinde yogun yagislar
ile neme dayanikli Vitis labrusca tiirtine giren iiziim tip ve melezleri yetismekte-
dir. Ancak bélgede bu tiiriin farkli genotiplerinin yetistirildigide bilinmektedir.
Vitis labrusca L. ve melezlerinde dogal polen transferi ve melezlemeden dolay1 ge-
netik karisiklik s6z konusudur. Bu ¢alismada Vitis labrusca genotipleri basta olmak
lizere Vitis cesitleri ve genotipleri arasindaki genetik benzerlik ve farkliliklar 18
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farkli SSR primeri ile degerlendirilmistir. Genetik iliski dendrograminda gesitler/
genotipler %0,65 ile %0,98 arasinda degisen oranlarda benzerlik gostermistir. Ca-
ligmada kullanilan gesit ve genotipler arasindaki en yiiksek benzerlik orant %92
ile 5 57 Gerze 04’ ve 6 ‘61 Of 04’ genotipleri arasinda tespit edilmistir. Elde edilen
sonuglarin 6zellikle Karadeniz Bolgesinde farkli tiziim gen havuzu oldugunu or-
taya ¢ikarmig olup, gelecekte hastalik direnci 1slahi ¢alismalarina 6nemli katki sag-
lamasi beklenmektedir. Tklim degisikligi ve tiiketicilerde farkindaliginin artmasi
ile birlikte, onitimiizdeki yillarda V. labrusca tiiriine mensup tiztimler gibi hastaliga
dayanikli veya tolerant olan tiztimlere talebin artmasi beklenmektedir.

Anahtar Kelimeler: Uziim Cesitleri/Genotipleri, Ssr Markorler, Benzerlik
Indeksi, Dogal Melezleme, Islah.

ik

1. INTRODUCTION

Vitis vinifera subsp. vinifera is the most cultivated vine species, especially in the
temperate climate zone, and is economically very important (Li and Gschwend,
2023). It was domesticated from wild Vitis species in Eurasia in the past. (De Lo-
renzis, 2024; Dong et al., 2023; Zhou et al,, 2017; Xiao et al,, 2023). Due to the
highly heterozygous nature of genotypes belonging to the V. vinifera species, culti-
vated grapevines are commonly propagated clonally so that they do not lose their
desired fruit quality characteristics (Franks et al., 2002; Riaz et al., 2002; Vondras
et al., 2019). More than seventy species of Vitis grow worldwide, most of which
are native to North America and China but are also grown in different climates.
Many of these species have adapted to different climate conditions (Ma et al., 2018;
Walker et al., 2019).

Since most of the wild Vitis species are tolerant or resistant to different abiotic
and biotic stress conditions, they are frequently preferred as genetic resources in
grapevine breeding programs and studies on the development of new grape varie-
ties (Atak, 2023; Reynolds and Reisch, 2015). Different varieties and genotypes of
Vitis labrusca, which grows naturally, especially in the north and east of the Uni-
ted States, are easily distinguished from other species by their disease resistance,
cold tolerance, and unique, intense foxy-flavored berries. Many new interspecific
hybrid varieties have been developed by crossing V. labrusca and other wild gra-
pevines, due to their resistance to different stress conditions, with V. vinifera va-
rieties because of their superior berry quality characteristics in breeding programs
(Wen et al.,2020).

First, ampelographic identification studies were carried out to reveal the gra-
pevine genetic potential in Tiirkiye and to identify grape varieties suitable for dif-
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ferent evaluation purposes from the existing population (Daler and Cangi, 2022;
Hizarci et al., 2012; Karatas et al., 2007; Karatas et al., 2014; Yilmaz et al., 2020).
Later, isoenzyme studies and, finally, DNA markers were used in identification
studies due to their superiority over the ampelographic method (Ergiil et al., 2011).

Different methods examine genetic variations in other plant species at the ge-
nome, gene, transcriptomic, proteomic, and metabolomic levels. The light of the-
se studies and the results obtained enable the development of an ecoprotection
strategy that includes maximum allelic variation for the relevant species and the
determination of suitable functional alleles for special studies. Among the most
critical molecular markers used in grapes are SSR(microsatellites) (Bowers et al.,
1996; Grassi et al., 2003).

In Tiirkiye, different grape genotypes that have a unique foxy aroma, thick
skins, seeds, and slip-skin that are easily separated from the flesh and show the
characteristics of the Vitis labrusca L. species are grown mainly in the coastal areas
of the Black Sea Region. These grape genotypes, generally called ‘Tsabella’ or foxy
black grapes, strawberry grapes, black grapes, or American grapes, are resistant
to fungal diseases and can grow naturally in places with cool and humid climates
(Cangi et al., 2006; Celik et al., 2008; Kose, 2014).

No previous study has used molecular markers on such a large number of
Vitis labrusca L. genotypes grown, especially in the Black Sea Region. In this study,
the genetic similarities of a total of 71 genotypes collected both from the Black
Sea region and from different origins and showing V. labrusca characteristics were
compared with each other using 18 simple sequence repeat (SSR) loci.

2. MATERIAL AND METHOD

2.1. Materials

The study material consists of grape varieties and genotypes collected in the Ya-
lova Atatiirk Horticulture Central Research Institute collection vineyard, collected
within the scope of TUBITAK Project Number 1130641. Some of these varieties
and genotypes were collected from the Marmara and Black Sea Regions through
selection within the project framework above. Some materials were obtained from
the collection vineyard of the Horticulture Department of the Faculty of Agricul-
ture of Ondokuz Mayis University. Other materials were brought by cargo from the
USDA Grape Genetic Collection located in the Geneva Campus of Cornell Univer-
sity. Information on the 71 varieties and genotypes characterized with the help of
SSR markers in the project is given in Table 1. A total of 69 V. labrusca/interspecific
hybrids and 2 V. vinifera varieties (Red Globe and Italy) were used in the study.
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2.2. Methods

2.2.1. DNA Isolation

Leaf samples of the genotypes were taken into 2.0 mL Eppendorf tubes and sto-
red at -80 °C until the samples were analysed. For DNA isolation, leaf tissues were
first thoroughly homogenized. The samples were shredded using a Qiagen brand
Tissuelyser-1I shredder until they became powder. DNA isolation of the powdered
samples was carried out with the Qiagen brand DNeasy Plant mini kit by the kit
protocol. The isolated DNAs were stored at -20 °C until use.

2.2.2. SSR and Genetic Analysis

A total of 18 primer pairs were used in PCR reactions, including the VVS2,
VVMD5, VVMD7, VVMD?27, ViZAG62, and VrZAG79 microsatellite loci, which
are included in the grapevine variety identification list and are now accepted as the
minimum standard set all over the world. Base sequences and TM temperatures of
the SSR primers are given in Table 2.

Table 1. Species and origins of the grape varieties and genotypes. (SOMU:
Samsun Ondokuz Mayis University; TVRI: Tekirdag Viticulture Research Institu-
te; YAHCRI: Yalova Atatiirk Horticulture Central Research Institute; USDA: Ge-
neva USDA Grape Repository; CFDT: Collected from Different part of Tiirkiye;
IGBG: Institute for Grapevine Breeding Geilweilerhof

I‘\,I:rri:etyo/fégg?pe Speices Origin I‘\;Zﬁfet}(’)/féggzyp ¢ Speices Origin
57 Ayancik 01* Vilabrusca ~ SOMU | Ozer Karas Interspecies ~ TVRI
Batum 4 Interspecies SOMU FX1-10 Interspecies TVRI

57 Erfelek 03 Viabrusca ~ SOMU | 55 Merkez 09 Vlabrusca SOMU
57 Gerze 04 Vilabrusca ~ SOMU | 57 Gerze 01 V.labrusca SOMU
61 Of 04 Viabrusca ~ SOMU | 57 Merkez 07 Vlabrusca SOMU
61 Siirmene 01 Viabrusca ~ SOMU | Bluebell Interspecies ~ SOMU
61 Stirmene 02 Vilabrusca ~ SOMU | Buffalo Interspecies ~ SOMU
57 Merkez 02 Vilabrusca ~ SOMU | Vanessa Seedless Interspecies SOMU
61 Yomra 04 Vilabrusca ~ SOMU | Niagara Interspecies ~ SOMU
53 Merkez 02 Vlabrusca ~ SOMU | Ontario Interspecies SOMU
Rizessi Vilabrusca ~ SOMU | Steuben Interspecies ~ SOMU
Rizpem V.labrusca ~ SOMU | Kyoho Interspecies ~ YAHCRI
Celiksu Viabrusca ~ SOMU | Rize geggi Interspecies ~ YAHCRI

ANAJAS, 2024, Cilt 39, Sayi 3, Sayfa 607-621



Yesim DOYGACI, Arif ATAK

Rizellim Vilabrusca ~ SOMU | Marechall Foch Interspecies ~ USDA
55 Merkez 06 Vilabrusca ~ SOMU | Valiant Interspecies USDA
55 Merkez 12 V.labrusca ~ SOMU | Orion Interspecies  IGBG
55 Merkez 11 Vilabrusca ~ SOMU | Regent Interspecies  IGBG
53 Giineysu 01 Vlabrusca ~ SOMU | Kay Grey Interspecies ~ YAHCRI
08 Arhavi 01 Vilabrusca ~ SOMU | Muscat Bailey A Interspecies ~ YAHCRI
Ulkemiz V.labrusca ~ SOMU | Price Interspecies ~ USDA
53 Pazar 02 Vilabrusca ~ SOMU | Edelweiss Interspecies ~ USDA
55 Carsamba 01 Vlabrusca ~ SOMU | Canadice Interspecies USDA
28 Tirebolu 02 Vilabrusca ~ SOMU | Himrod Interspecies ~ SOMU
28 Merkez 01 Vlabrusca ~ SOMU | Lakemont Interspecies SOMU
Concord Vlabrusca ~ SOMU | Newyork muscat  Interspecies =~ USDA
Yerli Isabella Vilabrusca ~ TVRI Seneca Interspecies ~ USDA
Mercan Vilabrusca  TVRI Sheridan Interspecies USDA
Favli Interspecies TVRI Van Buren Interspecies USDA
Giircii Vilabrusca ~ TVRI Yates Interspecies ~ USDA
S1 Isabella V.ilabrusca ~ CFDT Venus Interspecies ~ SOMU
S2 Isabella V.labrusca ~ CFDT Glenora Interspecies USDA
S3 Isabella V.labrusca ~ CFDT Hendrickson Interspecies USDA
seedless
Sunbelt Interspecies USDA Concord seedless  Interspecies USDA
Isabella (Yalova) Vilabrusca ~ YAHCRI | Italya V. vinifera YAHCRI
Kofteci tiziimii Viabrusca ~ YAHCRI | Red globe V. vinifera YAHCRI
FX1-1 Interspecies TVRI

Table 2. Base sequences and TM temperatures of the SSR primers.

No Locus Primer Sequence (5°3’) Tm (°C)
1 VVS1-F ACAATTGGAAACCGCGTGGAG 53
VVS1-R CTTCTCAATGATATCTAAAACCATG
5 VVS2-F CAGCCCGTAAATGTATCCATC 55
VVS2-R AAATTCAAAATTCTAATTCAACTGG
3 VVMD5-F CTAGAGCTACGCCAATCCAA 55
VVMD5-R TATACCAAAAATCATATTCCTAAA
4 VVMD7-F AGAGTTGCGGAGAACAGGAT 55
VVMD7-R CGAACCTTCACACGCTTGAT
5 VVMD21-F GGTTGTCTATGGAGTTGATGTTGC 55
VVMD21-R GCTTCAGTAAAAAGGGATTGCG
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VVMD24-F GTGGATGATGGAGTAGTCACGC

6 VVMD24-R GATTTTAGGTTCATGTTGGTGAAGG >
7 VVMD27-F GTACCAGATCTGAATACATCCGTAAGT 55
VVMD27-R ACGGGTATAGAGCAAACGGTGT

VVMD28-F AACAATTCAATGAAAAGAGAGAGAGAGA
VVMD28-R TCATCAATTTCGTATCTCTATTTGCTG

VVMD31-F CAGTGGTTTTTCTTAAAGTTTCAAGG

? VVMD31-R CTCTGTGAAAGAGGAAGAGACGC >
10 ZAG21-F TCATTCACTCACTGCATTCATCGGC 65
ZAG21-R GGGGCTACTCCAAAGTCAGTTCTTG
1 ZAG47-F GGTCTGAATACATCCGTAAGTATAT 55
ZAG47-R ACGGTGTGCTCTCATTGTCATTGAC
12 ZAG62-F GGTGAAATGGGCACCGAACACACGC 55
ZAG62-R CCATGTCTCTCCTCAGCTTCTCAGC
13 ZAG64-F TATGAAAGAAACCCAACGCGGCACG 55
ZAG64-R TGCAATGTGGTCAGCCTTTGATGGG
14 VRZAG79-F AGATTGTGGAGGAGGGAACAAACCG 66
VRZAG79-R TGCCCCCATTTTCAAACTCCCTTCC
15 ZAG83-F GGCGGAGGCGGTAGATGAGAGGGCG 66
ZAG83-R ACGCAACGGCTAGTAAATACAACGG
16 ZAG112-F CGTTTAAAGCCAGCTGAATCTTGGG 55
ZAGI112-R TGGCTCCATACTGCTTCACGTAGGC
17 VMC2h4-F ACCAGGTGTGCCTATAAGAATC 50
VMC2h4-R TCTCTGGAACATCCAATCAAC
18 VMC2c3-F TGCAATCCCATTATTATCTCTT 48
VMC2c3 -R AATATTTGTAGAATGGTGCTTTT

Isolated DNA samples were amplified in the Bio-Rad T100 Thermal Cycler de-
vice and amplified bands were obtained. Amplification conditions for Polymerase
Chain Reaction DNA: 20-100 ng, Primer pair: 20-50 pmol, dNTP: 200-500 mM,
MgCl: 1.5-3.5 mM, DNA Polymerase: 0.5-1.5 Unit,10X Buffer: 2.5 pl Total vo-
lume: 25 pl. The PCR program was set as 3 min at 94 C, 1 min at 94 C, 1 min at
50-60 C depending on the binding degree of the primer, 2 min at 72 C, and 10 min
at 72 C in the final stage. Additionally, steps 2, 3 and 4 were repeated a total of 35
times. After PCR products belonging to the loci were checked in 2% agarose gel,
the numerical bath sizes of the amplified samples were determined by capillary
electrophoresis.
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Fragment analyses of the genotypes used were performed on the Bioptic Q
sep 100 Genetic Analysis System. The scored band images were entered into this
program and as a result, the genetic similarities of the varieties and types used in
the study were revealed and their molecular identifications were made. The poly-
morphism information content (PIC) coefficient of each primer is PIC = 1-Zpi2 (pi
frequency of alleles) Smith et al. (1997) method. PIC values were obtained for each
of the 18 SSR primers used. The ratio of shared alleles was calculated by genetic
uniqueness and these data were converted into a similarity matrix in Excel.

Dendrogram data based on the genetic similarities of the varieties and genoty-
pes used in the study were used to create an Unweighted Pair Group of Arithmetic
Average (UGCMA cluster) analysis and similarity index and Principle Component
Analysis (PCA) tables using the NTSYSpc (Numerical Taxonomy and Multivation
Analysis System) statistical program developed by Rolf (2000).

3. RESULTS AND DISCUSSION

In this study, the genetic similarities of 35 V. labrusca, 34 interspecific hybrids,
and 2 V. vinifera varieties or genotypes were evaluated with the help of 18 different
SSR markers. The results obtained, the amplified band sizes are given in Table 3,
and the total number of polymorphic bands and average polymorphism coefti-
cient are shown in Table 4. Additionally, frequency values at SSR loci are given in
Figure 1, and the Genetic similarity dendrogram of 71 varieties and genotypes are
given in Figure 2.

When we look at the band sizes obtained from a total of 18 SSR loci, it is seen
that the widest band size range is obtained from the VrZAG64 primer with a range
of 121-255 bp. It is followed by the VVS2 primer with a band size range of 112-225.
The narrowest band size range was obtained from the VrZAG79 primer with a
band size range of 246-271 (Table 3).

A total of 201 alleles were obtained in studies conducted with 18 SSR primers.
While the highest number of alleles was obtained from the VIZAG62 primer with
15 alleles, the lowest number of alleles was obtained from the VVMD7 primer with
8 alleles. ViZAG79, VVS1, VVMD28 and VrZAG21 1 primers were determined to
be the other highest allele yielding loci with 13 alleles each. The SSR primers with a
high rate of polymorphism (difference) and the highest PIC values were VVMD31
(0.98), VrZAG47 (0.97) and VrZAG21 (0.96), respectively. The lowest polymorp-
hism (difference) was obtained from VVMD?7 (0.79) and VVMD24 (0.89) primers,
respectively (Table 4).
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Table 3. Amplified band size of the SSR primers

SSR Primer Minimum and Maximum Band size (bp)

VrZAG62 185-226
VrZAG79 246-271
VVMD24 210-255
VVMD7 250-320
VVMD27 187-223
VVMD5 239-278
VVS2 112-225
VVMD21 225-294
VVS1 160-245
VVMD28 217-275
VVIB01 295-364
VVMD31 189-220
VrZAG21 202-274
VrZAG47 167-202
VrZAG64 121-255
VrZAG83 167-256
VVIH54 240-278

VrZAG112 152-212
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Table 4. Total Number of Polymorphic Bands and Average Polymorphism
Coefficients of SSR Primers

SSR Primer Total Polymorphic Band Number Average Polymorphism

Coefficient
VrZAG62 15 0.93
VrZAG79 13 0.90
VVMD24 12 0.89
VVMD7 8 0.79
VVMD27 12 0.96
VVMD5 9 0.95
VVS2 11 0.97
VVMD21 12 0.95
VVS1 13 0.92
VVMD28 13 0.96
VVIB0O1 12 0.95
VVMD31 10 0.98
VrZAG21 13 0.96
VrZAG47 11 0.97
VrZAG64 11 0.95
VrZAG83 12 0.94
VVIH54 12 0.93
VrZAG112 11 0.95
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Figure 1. Frequency values at SSR loci
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In terms of probability of identification (PI: Probability of Identity), all primers
used were from Sefc et al. (2000) gave results above the 0.05 threshold value. The
highest value was obtained from primers VVMD7 (0.43), VVS1 (0.24), VrZAG83
(0.21), ViZAG79 (0.21) and VVIHS54 (0.21), respectively (Figure 1).

When the genetic relationship dendrogram is examined, it shows that the va-
rieties/genotypes are not the same and show similarity at rates ranging from 0.65%
to 0.98%. Among the varieties and genotypes used in the study, the highest simila-
rity rate, 92%, was determined between genotypes 5 ‘57 Gerze 04’ and 6 ‘61 Of 04"
These were followed by genotypes 43, ‘55 Merkez 09, and 44, 57 Gerze 01 with
a similarity rate of 91%. In the dendrogram, varieties/genotypes belonging to the
V. labrusca species are shown with a blue line on the right side, while interspecific
hybrids are shown with a green line and V. vinifera ones with a red line. When the
genetic relationship dendrogram is examined, it has been determined that althou-
gh the varieties/genotypes of the same species are sometimes in the same branch,
some of them are in the same branch with other species. This shows that there may
be traces of parents from different species in the origin of the varieties/genotypes,
or in other words, there is a possibility of cross-pollination (Figure 2).
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Figure 2. Genetic similarity dendrogram of 71 varieties and genotypes
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Many researchers have used SSR or microsatellite markers successfully, as in
our study, to determine the similarities of grape varieties and genotypes to each
other because they are highly polymorphic, show a co-dominant mode of inheri-
tance, and allow simple data interpretation. (Bowers et al., 1999; Tkten et al., 2024;
Margaryan et al., 2023).

In research on the identification of international grapevine genetic resources,
as in this study; Using SSR markers, different levels of homonymous (genotypes
called by the same name but genetically distinct from each other) and synony-
mous (genotypes called by different names but genetically identical) genotypes are
frequently encountered (Ibafiez et al., 2003; Martinez et al., 2006; This et al., 2004).
Similarly, studies conducted with Turkish grape varieties have revealed the pre-
valence of homonymous and synonymous groups (Karatas et al., 2014; Selli et al.,
2007; Vouillamoz et al., 2006).

This study revealed that many grape genotypes grown in the Black Sea Region
with the same name actually show genetic differences. In this study, the allele num-
bers obtained with a total of 18 primers are largely similar to studies conducted by
different researchers in terms of values such as allele sizes and polymorphism rates
(Atak et al., 2012; Dangi et al., 2001; Ibanez et al., 2003; Selli et al., 2007; Vouilla-
moz et al., 2006). Additionally, this study contains similar results to other studies
reporting that the VVS2 locus has 10 or more alleles (Fatahi et al., 2003; Sefc et al.,
2000; Vouillamoz et al., 2006).

In their study, Tahmaz Kahraman et al. (2022) examined the phenolic com-
pound and antioxidant capacity contents of grape varieties/genotypes similar to
this study. According to their results, they confirmed their differences by obtaining
different results for all genotypes and varieties. This reveals the differences between
similar grape varieties grown with the same names, in line with the results obtai-
ned in our study.

Also, Celik and Kose (2018) ampelographically identified 109 grape varieties/
genotypes collected from the Black Sea Region, which they thought belonged to
the Vitis labrusca species. According to the ampelographic identification dendrog-
ram formed from their study, they reported that the Central and Eastern Black Sea
Regions have two main groups. They also noted that all genotypes were similar to
each other at different rates. The same genotypes from the Black Sea Region were
studied at the molecular level in our study. According to the results, some genot-
ypes were in the same group, while some were in different groups. This situation
shows that some genotypes may be varieties that emerged due to pollination with
different varieties at flowering time.
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4. CONCLUSION

Grapevine genetic resources are protected in many countries for use in later
years. The varieties and genotypes of these resources found in different regions
within the country should be screened regularly, and those that differ should be
included in the collections. Especially Vitis labrusca species and the varieties/ge-
notypes obtained by crossing these species with different species are very valuable
due to their disease resistance and high phenol content. In the coming years, espe-
cially with the effects of climate change, it is expected that varieties or interspecific
hybrids of this species will be used more both in breeding studies and production.
For this reason, it is important that all grape varieties of this species within the
country are protected in at least one location.
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Meshenene Charles MALIMA, Muhammet Safa HACIKAMILOGLU, Orhan KURT

EFFECT OF GERMINATION TEMPERATURE ON GERMINATION
AND SEEDLING GROWTH PARAMETERS IN COTTON
(GOSSIYPIUM HIRSUTUM L.) VRRIETIES

ABSTRACT

Germination and seedling growth periods have a very important function in
plant life. Especially in cases where abiotic stress conditions occur, these periods are
of vital importance for the sustainability of plant life. Taking this into account, this
research was conducted to determine the most suitable temperature for germinati-
on and seedling growth parameters of cotton varieties. In this research conducted
under controlled conditions, germination and seedling development parameters of
two cotton varieties (May-344 and Candia) were tested at 8 different temperature
levels (8, 12, 16, 20, 24, 28, 32 and 36°C). It was determined that the germination
percentage was 45.17-16.17%, the germination time was 4.06-3.94 days and the
emergence rate index was 1.89-0.58 in May-344 and Candia cotton varieties, respe-
ctively. Moreover; root length 37.89-16.43 mm, stem length 44.69-41.00 mm, root
fresh weight 22.40-19.51 mg, stem fresh weight 90.37-131.80 mg and the root/stem
ratio was 0.26-0.16 mg/mg in May-344 and Candia cotton varieties, respectively.
The results of the experiment revealed that most of the tested parameters were
significantly affected by temperature. The highest germination rate, as the average
of the two varieties and for both varieties separately, was obtained at 20 °C and no
germination occurred at 8 °C. Except root to shoot ratio, other seedling growth pa-
rameters were maximum between 20-32 °Cand decreased at higher temperatures.

Keywords: Cotton, Temperature Treatment, Germination Parameters, Seedling
Growth.

ek

CIMLENME SICAKLIGININ PAMUK (GOSSIYPIUM HIRSUTUM L.)
CESITLERINDE CIMLENME VE FiDE BUYUME
PARAMETRELERINE ETKISI

0z

Bitki yasaminda ¢cimlenme ve fide biiylime periyodu ¢ok 6nemli bir fonksiyona
sahiptir. Ozellikle abiyotik stress kosullarinin olustugu durumlarda bu periyotlar
bitki yasaminin siirdiirtilebilirligi icin hayati derecede 6neme sahiptirler. Bu du-
rum dikkate alinarak pamuk cesitlerinin ¢imlenmesi ve fide bityiime parametreleri
acisindan en uygun sicaklik derecesinin tespit edilmesi amaciyla bu arastirma yii-
ritilmigtiir. Kontrollii kogullar altinda ytiriitiilen bu arastirmada, iki pamuk ¢esi-

https:/doi.org/10.7161/omuanajas1498795 d



Effect of Germination Temperature ...

dinin (May-344 ve Candia) ¢imlenme ve fide gelisim parametreleri 8 farkls sicaklik
seviyelerinde (8, 12, 16, 20, 24, 28, 32 ve 36°C) test edilmigtir.

Arastirma sonucu May-344 ve Candia pamuk cesitlerinde sirasiyla ¢imlenme
ytizdesinin %45,17-16,17, ¢imlenme siiresinin 4,06-3,94 giin ve ¢ikis orani indek-
sinin 1,89-0,58 oldugu belirlenmistir. Ayrica; May-344 ve Candia pamuk gesitle-
rinde sirastyla kok uzunlugu 37,89-16,43 mm, govde uzunlugu 44,69-41,00 mm,
kok taze agirligi 22,40-19,51 mg, govde taze agirligi 90,37-131,80 mg ve kok/govde
orani 0,26-0,16 mg/mg olarak bulunmustur. [lave olarak test edilen parametrelerin
¢ogunun sicakliktan 6nemli dl¢tide etkilendigini belirlenmistir. Her iki pamuk ce-
sidinin ortalamas ve her iki ¢esit icin ayr1 ayr1 en yiiksek ¢cimlenme orani 20 °C'de
elde edilmistir. 8 °C'de ise ¢imlenme kaydedilmemistir. Kok/stirgtin oran: diginda
diger fide biiylime parametreleri 20-32 °C arasinda maksimuma ulasirken, daha
yiiksek sicakliklarda azalmigtir.

Anahtar Kelimeler: Pamuk, Sicaklik Uygulamasi, Cimlenme Parametreleri,
Fide Biiylime Parametreleri.

ek

1. INTRODUCTION

Cotton (Gossypium hirsutum L.) is one of the most important industrial plants
that can be used for multiple purposes. For example, it is used in the textile in-
dustry as fibers, its seeds pulp is used as nutrients in animal feeds and in oil and
biodiesel industries, and plant stems are used in paper industries (Demiray et al.,
2023). Cotton provides income and prosperity to more than 250 million farmers
worldwide (Anonymous, 2017).

Cotton is successfully cultivated in the tropical and temperate regions, where
the frost-free period is less than 180 days (Anonymous, 2022a). It can be grown in
regions where abiotic stresses such as high temperature, drought, salinity and che-
mical toxicity caused by heavy metals affect physiological growth and final yield
which limit plant cultivation (Jingxiang et al., 2023). However, it could tolerate
stresses such as salinity and drought (Abdelraheem et al., 2019).

Temperature is among the important environmental factors affecting the ger-
mination, growth, development and maturation of cotton (Bibi et al., 2008). De-
pending on genetic and environmental interactions, temperature directly affects
plant life by hindering chemical reactions, including respiration and photosynt-
hesis, (Khetran et al., 2015). The temperature need of the plant throughout its life
varies depending on the genetic, morphological and physiological structure of the
plant, time and duration of heat formation (Ekinci et al., 2017).
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High yield depends on healthy growth and development after high germination
and emergence percent (Raphael et al., 2017). Seed germination rate and seedling
growth capacity can be determined as a standard by studies conducted under labo-
ratory conditions (Anonymous, 2022b). Many studies have been conducted to de-
termine the effect of temperature on the germination of cotton seeds. These studies
have reported that the optimum germination temperature of cotton varies among
varieties (Khetran et al., 2015; Raphael et al., 2017; Ahmad et al., 2020). These fin-
dings indicated that the variation of germination test results among cottonseeds in
a constant temperature is due to genotypic variability.

In recent years, cotton producers in the tropical region have been facing a
problem in their planting schedule and seedling emergence resulting in reduced
fiber and seed quality. The existing germination and emergence studies conducted
with cotton varieties have revealed that cold temperatures cause chilling damage
in seedlings and reduce stand establishment (Bradow and Bauer, 2010). Initial in-
jury begins with the absorption of cold water during the germination process, and
secondary injury may occur after the start of germination at below 18°C tempe-
rature (Duesterhaus et al., 2000). Determining the genotype and the optimal ger-
mination and seedling development temperature over a wide temperature range
can provide a more accurate understanding of the performance of new varieties.
Therefore, this research was conducted to determine whether genotypes are affe-
cted by temperature changes that may occur during the germination and seedling
growth period in cotton.

2. MATERIAL AND METHOD

2.1. Experiment Area Properties

The experiment was carried out at the Department of Field Crops, Faculty of
Agriculture, Ondokuz Mayis University. Ondokuz May1s University is located at
latitude 41° 22’ 6” north and longitude 36° 11° 54” east.

2.2. Seed Imbibition and Sterilization of Petri Dishes

A total of 150 seeds of each variety were placed in petri dishes (147 mm in
diameter and 22.4 mm in depth) and then kept in distilled water for 60 minutes.
The seeds imbibed were removed from the distilled water and transferred into the
sterile cabinet for sowing. Before sowing, petri dishes (9 cm diameter, 19 mm
depth) containing two filter papers (Whatman 541) were placed in the sterilizing
oven at 180 °C for three hours.
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2.3. Germination Test

The experiment was laid in an 8x2 Factorial Experimental Design in Rando-
mized Blocks (CRD) including factors namely temperature and varieties. In the
research, eight different temperature regimes (8, 12, 16, 20, 24, 28, 32 and 36 °C)
and two cotton varieties (May- 344 and Candia) were used. Seeds of each cotton
variety were planted in ten petri dishes to provide ten replications.

Fifteen cottonseeds imbibed were evenly distributed on double layer of What-
man filter paper in each sterilized Petri dish. Before sowing, filter papers were mo-
istened with 5 ml of sterilized water. Sowing was carried out on moistened filter
papers. After sowing, the lids of the petri dishes were closed and the petri dishes
were transferred to the incubator with a sensitivity of +1 °C and germination was
started at the germination temperature to be tested. The number of germinated
seeds was determined by counting on the 2™ and 12 days from the beginning of
the test. The germinated (plumule emergence) seedlings were recorded after 48
hours. When measured with an electronic digital calliper, the seeds were conside-
red germinated if the rootlets reached 2 mm. During counting some petri dishes
were kept moistened with distilled water. Diseased seeds or abnormal seedlings
were removed once observed (Raphael et al., 2017).

2.4. Germination Parameters

For each treatment, germination measurements were calculated and organized
into the excel spreadsheets for statistical analysis. Germination percentage (%),
germination rate, root and stem dry weight were calculated based on methodology
outlined in Ranal et al., (2009). To calculate the weight of shoots and roots; after
germination completed seedlings were collected and the weights of the shoots and
roots were weighed separately on an electronic scale with a sensitivity of 0.001 g
and their dry weights were recorded.

Germination percentage (%) = (N, /N) * 100. (N.. = the total number of se-
eds that germinated on the 12" day and N_ = the number of seeds planted in the
petri dish).

Germination time (day) = En_t/>n. (t = the time (day) from the beginning of
the experiment to the nth observation and n. = the number of seeds germinated
over time).

Emergence rate index= (G,/N,) + (G,/N,) + ... + (G /N ). (G,, G, G = percenta-
ge of seedling emergence in the first, second and last count, respectively, N, N, N =
number of days until the first, second and last count, respectively (Maguire, 1962)).
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After the last count (12 days); After the root and shoot lengths were measured
separately, the roots and shoots were weighed separately on a scale with an accu-
racy of 0.001g. Thus, root and shoot lengths and weights were determined. Then,
the root/shoot ratio was determined using the calculated root and shoot weights
(Ketran et al., 2015).

2.5. Statistical Analysis

All evaluated parameters were analyzed using the SPSS (Version 17) computer pac-
kage program. LSD value was used to compare the means (Gomez and Gomez, 1984).

3. RESULT AND DISCUSSIONS

3.1. Germination Parameters

Germinability was reduced for seeds from MAY-344 and CANDIA at low and
higher temperature levels. Temperatures, genotypes and their interaction all had
significant (P<0.01) effects on cotton germination (Table 1). Germination at diffe-
rent temperatures showed different patterns; the highest germination rate (66.33%)
was recorded at 20 °C and the lowest germination rate (1.67%) was recorded at 12
°C. As the temperature was lowered, final germination decreased and seeds failed
to germinate at 8 °C. It has been observed that the seeds of cotton varieties germi-
nate within a certain temperature range. The results revealed that the upper limit
seed germination (45.17%) was found in the May-344 cotton variety and the lower
seed germination (16.17%) was recorded in the Candia variety (Table 1). When
the interaction of temperature and genotype was evaluated; It was determined that
both genotypes within the scope of the research had a maximum germination rate
at 20 °C. The highest germination percentage at 20 °C was recorded as 91.30% in
the May-344 cotton variety and 41.33% in the Candia variety (Table 1; Figure 1).
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Figure 1. Effect of genotype and temperature interaction on germination
percentage (%)
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In this research, it was noted that there were significant differences (P<0.01)
between temperature regimes in terms of germination time, whereas the effect of
genotypes and genotype x temperature interaction on germination time did not
make a significant difference (Table 1). It was noted that the average germination
time varied between 0.00 and 6.91 days, depending on the temperature regimes
applied. The shortest germination time was obtained at 36 °C (1.93 days). At 0/8 °C,
no germination was observed. In other words, cottonseeds were unable to germi-
nate under 0/8 °C temperature range, but germination was completed in approxi-
mately two days (1.93 days) at 36 °C. The shortest germination time was recorded
at 36 °C in both cotton varieties (1.91 days in May-344 and 1.95 days in Candia),
while the longest germination time was recorded at 16 °C with 8.48 days in May-
344 variety and 6.24 days at 28 °C in Candia variety (Table 1).

Temperature is vital for manipulating several features of plant growth and de-
velopment. The result reveled that temperature effect in optimizing cottonseed
germination increases linearly as a sigmoid growth curve (i.e., quantitatively the
percentage increases rapidly until they reach some limit) (Raphael et al., 2017).
The highest germination percent was recorded at 20 °C. The temperature signi-
fies the optimal temperature for the biochemical and physiological responses in
germination. The result of increased germination percent at 20 °C was similar to
previous research teams such as in cotton (Smith and Varvil, 1984), wheat (Sharma
et al,, 2022) and rapeseed (Sghaier et al., 2022). The minute temperatures excee-
ded or lagged the upper limit triggered the germination potential of cottonseeds
to decline. The embarrassment of seed germination as temperatures went beyond
20 °C happened due to various factors, including enzyme denaturation, cellular
damage and metabolic imbalances (Iloh et al., 2014). In addition to that, some ear-
lier studies concluded that temperatures >35 °C tend to reduce the effectiveness of
physiological processes such as seed membrane imbibition and increase content of
stress-induced phytohormone (e.g. Abscisic acid) (Ikram et al., 2022). Conversely,
cotton varieties exhibited genetic potential at different temperature regimes during
germination. Indeed, genetic variation among varieties when exposed to tempe-
ratures might be due to differences in tolerance to temperature instabilities, indu-
ction of secondary dormancy and seed reserve mobilization (Hasan et al., 2013).
Genetic discrepancies in seed germination under different temperature levels have
been reported in cotton (Chu et al. 2016; Fernando and Anibal, 2018).

3.2. Seedling Characteristics

Emergence rate index (ERI) showed significant effects (p<0.01) with tem-
perature levels, genotypes and their interaction (Table 1). There was no seed-
ling emergence at 8 °C. At 12 °C, 16 °C and 36 °C, lower ERI values were found
for May-344 and Candia. Both Varieties were associated with high ERI at 20 °C
(Table 1). May-344 genotype had higher ERI (1.89% d) than Candia with ERI
(0.58 % d). The differences between temperatures, 20 °C resulted in the highest
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values of ERI (2.77% d!). As a genotype and temperature interaction, the highest
emergence index was obtained at 20 °C with 4.12% d-1 in May-344 and 1.42% d-1
in Candia. However, at 12 °C, May-344 resulted in lower ERI (0.02% d!) than Can-
dia with ERI (0.03% d') Table 1; Figure 2a).

Cotton varieties showed significant differences (p<0.01) in terms of seedling
root length at all temperature levels and genotype x temperature interaction. In
contrast only the temperature regime created a significant difference (P<0.01)
in terms of seedling root fresh weight (Table 1). The maximum root length
(50.00 mm) was recorded at 28 °C followed by 24 °C and 32 °C (49.33 and 49.23
mm respectively) temperatures. In terms of genotype and temperature interacti-
on, the longest root length of May-344 was 75.45 mm at 28 °C, while in Candia
it was 34.07 mm at 20 °C. The shortest root for May-344 (9.91 mm) and Candia
(6.25 mm) varieties was observed at 16 °C (Table 1; Figure 2b). The weights of the
rootlets of the seedlings increased as the temperature level increased and reac-
hed a peak (49.93 mg) at 24 °C and then decreased slightly despite the increasing
temperature level.

a)

S = N W b

Emergence Rate Indedx (%d-1)

Genotype X Temperature Interaxtions

=
~

Root Length (mm)

Genotype X Temperature Interactions

Figure 2. Effect of genotype and temperature interaction on emergence rate
index (a) and root length (b)
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Although fresh shoot length was statistically significantly (p<0.01) affected
only by changing temperatures, fresh shoot weight was statistically significantly
(p<0.01) affected by genotype, temperature and their interactions (Table 1). Shoot
length increased continuously depending on increasing temperatures and reached
its maximum (86.79 mm) at 32 °C. On comparing the seedlings, at 32 °C all the
genotypes under study produced longest shoots (92.28 mm and 81.31 mm) for
May-344 and Candia, respectively (Table 1). The range of values widened for se-
edling fresh shoot weight accumulation among the temperature levels. Fresh shoot
weight; the maximum (222.52 mg) was recorded in the 28 °C temperature regime
and the minimum (35.13 mg) was recorded in the 16 °C temperature regime (Table
1). Candia had higher fresh shoot weight (131.80 mg) than May-344 (90.37 mg).
On the other hand, the highest fresh shoot weight was recorded at 28 °C tempera-
ture regime in both May-344 and Candia genotypes, with 188.31 mg and 256.72
mg, respectively (Table 1).

The ratio of root to shoot biomass varied, unsurprisingly, significantly (p<0.01)
with temperature and genotypes (Table 1). The analyzed results showed the highest
ratio (0.29 mg/mg) at 16 °C. At all temperature levels, the ratio of root to shoot of
the May-344 was higher (0.26 mg/mg) than Candia (0.16 mg/mg). The interaction
between varieties and temperature levels did not show a strong relationship betwe-
en root and shoot biomass (95% confidence interval of slope ranged from 0.05 to
0.33 mg/mg). The highest ratio of root to shoot for cotton varieties under study
was recorded at 16 °C whereas the ratio of root to shoot varied from 0.33 mg/mg
(May-344) to 0.24 mg/mg (Candia) after 12 days of growing (Table 1).

ANAJAS, 2024, Cilt 39, Sayi 3, Sayfa 623-636



Meshenene Charles MALIMA, Muhammet Safa HACIKAMILOGLU, Orhan KURT

Table 1. The effects of genotype and temperature interaction on germination
parameters and seedling growth parameters of the studied cotton varieties

‘Germination Paramelers Seedling Growth Paramelers

Germinatton  Germination Root!

Treatments Percentage Time Shoot

%) (days) Emergence Hool Root Fresh Shoot Shoat Rallo
Rate Index Lenght Welght Lenght Fresh (mgimg

(% d?) (mm} (mg) (mm)  Welght (mg) )
Genotypes
May-344 45.17a 4.06 1.89a 3748% 22.40 44.69 90.37b 0.26a
Candia 1617 304 0.58b 16.43h 19.51 4100 131.80a 0.16h
SEM 0,02 065 68,51 18425,56 35408 Sd6.86 6865365 078
F-value 29413 0.068= 1241227 18492 208 271 295" 3115
T s
] 000 Q00r o.00d 100 ond 0.00d 00 0.00d
12 1e7T 3.00de 0.02d 000 fond n.00d 00d 0.00d
16 29.67d 6.91a 0.68cd 2.08he 1001ed  10.27d 35.13cd 0.29a
20 66.33a 500k 277a 42253 38.72b 5324b 168.77h 0.24ah
M 57 00k 5.43abc 2.0Zab 49.33a 4993 72728 206.97ab 0.26ab
28 36 33cd 5.91ab 1.27he 50.00a 37 80b 8062a 212 52a 0.18bc
32 42.67c 3.83cd 237a 49.23a 1887c  E6.T% 189.40ab 011
36 1167e 1.93e 0.75cd 18.37b 1227c 3813 65.91c 0.22ab
SEM 0,23 104,16 1228 41341 TIR542 258567 181604,73 e
Fvalue 5766 15364 AD3TH 1M1 B GL56" 9174
Genotype x Temperature [nteractions

8 May-344 .o0r o0 0.00e 0.00f 0.00 .00 0.00g 0o
Candla LT oo 000 0.00F 0.00 0.00 0.00g o
12 May-344 2000 360 002 0.00F 0.00 0.00 0.00g 0.0
Candla 130 240 002 0.00F 0.00 0.00 0.00g 0.00
1% May-344 47 33c B4R 1.06cde 9 0el 1222 1214 G6.510g 033
Candia 12.01er 5.33 03le 6.25¢ 794 1039 35750 0.
2 May-344 91.33a 412 4.12a 50.42h 36,60 50.54 124 54de 0z
Candla 41.33cd 3.0 1AZed 3407 40.84 55.04 212.99abc 0.20
" May-344 85340 565 3.09b 66.44a 53.67 700 171.37hed 0.32
Candia 2&67de 5.30 0 86cde 32713 46.19 7543 241.57ab 010
28 May-344 55.33bc 5.5 1.90c T545a 4115 Ho.60 188 3abad 0.2
Candla 19.34el 624 0.63de 24 56cd A5 Ta6d 15672a (AL ]
132 May-344 67.33h 317 398 7536a 27.08 9228 16021cd w17
Candla 17.99¢r 449 0.76de 13.09cde 10.65 513 218.59abc 005
38 May-344 14.67al 181 087cde 35.52cd 851 45.98 A2.020g 015
Candia &67el 185 0.53de 11.22der 16.03 3027 B9 EDer g
SEM 0,01 11,95 766 235291 28333 330,57 681287 0,05
F-value 12,987 1.762= 1388 2121 207 0.9 235 0.22=

* Averages followed by the same letters, in the columns, do not differ by the LSD test at 5% probability.
*Significant at P<0.05; **Significant at P<0.01; ns=not statistically significant at p=0.05, SEM: Standart

error of means

The values for emergence rate index to some extent were higher at 20 °C, in-
dicating that under this temperature regime water uptake is greater in regulating
seed reserve utilization, cell division and elongation, and finally growth of the ra-
dicle and plumule. The outcome, the hypocotyl elongates more rapidly while pus-
hing the cotyledons and epicotyl above the soil surface (Rajjou et al., 2012). Com-
paring these two cotton varieties, May-344 had the highest emergence rate index
values. The differences were possible because different varieties respond differently
to temperature levels based on variations of seed parameters, viz., seed weight, seed
vigour, seed size, dormancy, seed storage reserve mobilization, seed reserve utili-
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zation, seed depletion ratio, seed coating, radicle length and dry weights (Maleki et
al., 2023; Maskova and Herben, 2018; Singh et al., 2018; Bradow and Bauer, 2010).

Plant growth is mainly in need of several abiotic factors including temperatu-
re. The growth patterns vary as the temperature increases or decreases from the
optimal level. In the temperature range, 32/20 °C, the radicle growth pattern was
higher than at other temperatures (Table 1). This was possible because high tem-
perature inhibits the synthesis of endogenous hormones, such as brassinolide and
auxin, in roots. The result corroborates previous studies (Khaeim et al., 2022) that
were renowned shortest root when temperature exceeded the optimal range. Con-
versely, shoot growth was highest when the temperature range, 32/24 °C, implying
that stem elongation requires higher temperature than roots. The results of higher
temperatures being conducive for stem growth were consistent with previous stu-
dies (Reddy et al., 2017; Raphael et al., 2017).

At 36 °C seedling development was diminished; the impaired development
can be allied to errors in metabolism that result in an enzyme imbalance. Jackson
(1967) noted similar effects and confirmed that growing cotton at temperatures be-
yond 35 °C has damaging effects on seedling growth traits. However, in the tempe-
rature range, 12/8 °C, no difference in seedling development in both varieties was
observed. In each of the two temperature levels, no seedling managed to emerge,
signifying those lower temperatures involved bringing chilling injury and dipping
seedling formation (Brand et al,, 2016). On the other hand, emergence rate in-
dex revealed genotypic variation within cotton varieties for stand establishment.
overall, the May-344 showed the longest roots and shoots than the Candia. The
discrepancies between varieties seemed attributed to activity of enzymes, reactive
oxygen species and vascular tissue (Sharma, et al, 2022; Khaeim et al., 2022; Sg-
haier et al., 2022). There is emerging evidence that differences exist among cotton
cultivars for seedling growth at different temperature levels (Singh et al., 2018;
Brand et al., 2016).

Each variety reacted slightly differently to temperature levels, with variety May-
344 displaying the highest root fresh weight compared to variety Candia (Table 1).
Genotypic variability for root fresh weight is likely due to alterations in varieties
of root length, root diameter, root surface area, root tips, root forks, root crossings
and speed to emergence. These findings corroborate previous research (Fan et al.,
2022; Walne and Reddy, 2022; Virk et al., 2021; Singh et al., 2018) which concluded
that plant roots perceive conditions in the soil and adapt their architecture accor-
dingly. On the other hand, the Candia presented the highest shoot fresh weight
than May-344. This is supported by the observation that variety Candia took shor-
test time to germinate than variety May-344 (Table 1). The highest values for shoot
fresh weight shown by Candia variety might be due to differences in morphologi-
cal, physiological and chemical reactions compared to other varieties. The genoty-
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pic disparity in response to shoot fresh weight was reported by earlier researchers
(Singh et al., 2018; Reddy et al., 2017; Raphael et al., 2017).

In this study, both varieties conquered the highest root fresh weight at 24 °C
(Table 1). The highest root fresh weight was possibly because the root system elon-
gated while protecting the meristem which can probably accelerate cell division,
increasing the number of roots and hence decreasing the length of lateral roots
(Mahmud et al., 2019; Martins et al., 2017; Ribeiro et al., 2014). However, at tem-
peratures (24 °C and 28 °C) there were fewer differences in root length (Table 1).
The decrease in root length may result in to increase in root branching strength,
vigor and average root diameter which may change the acquisition of root nut-
rients, water and hence maximum biomass (Gaveliené et al., 2022; Alsajri et al.,
2019; Mahmud et al., 2019). Also, shoot fresh weight was maximized at 28 °C and
slightly abridged at 24 °C (Table 1). The highest shoot fresh weight at 28 °C might
be accredited by higher water uptake resulting in vigorous shoot. This finding cor-
roborates previous research (Sghaier et al., 2022; Fiaz et al., 2020; Sainju et al., 2017;
Wanjura and Buxton, 1972) that noted the effect of increasing water accessibility,
flow and assimilation by the hypocotyl in 32/15 °C. Overall, seedling fresh weight
was smaller at 16 and 36 °C, signifying that under these temperatures, seed meta-
bolic processes, germination and emergence speed were negatively affected. These
findings corroborate the aforementioned studies (Fan et al., 2022; Khaeim et al.,
2022; Walne and Reddy, 2022; Virk et al., 2021; Singh et al., 2018) which concluded
that seedling growth is consistent with the situations in the surrounding.

The values of root to shoot ratio for the health of plants in all temperature
levels were slightly higher under 16 °C. In this study, the detected trend, overall,
root: shoot ratio was higher in variety May-344 than that in variety Candia in each
temperature level, excluding 12/8 °C (Table 1). In our experiment, the interaction
of these two parameters, the results revealed the highest root-shoot ratio in the 16
°C, indicating the top is 29 times heavier than the roots. Working across terrest-
rial plants, earlier studies have found a similar observation of highest root/shoot
ratio in cool temperate than in tropical climates (Whitford and Duval, 2020; Qi et
al,, 2019), but the results indicated that genetic dynamics and plant development
plays an additional important role of root biomass. Contrary to our results, former
studies have documented temperatures, viz., 28/24 °C in protecting the meristems
for healthier roots (Sghaier et al., 2022; Khaeim et al., 2022; Virk et al., 2021). The
studies went further and noted that, under low temperatures, root parameters such
as root diameter and xylem size, possibly can condense and hence end up with little
water uptake. Also, the preceding studies recognized the change in root hydraulic
conductivity under low temperatures even under well-water conditions and finally
lowest root: shoot ratio (Brand et al. 2016). Moreover, increasing or decreasing
degree of temperature beyond the optimal level in the seeds - affects the biomass
distribution comparably. Higher temperatures hinder root development and chan-
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ge root architecture, thus, decreasing the absorption and transportation of water
and nutrients to the other parts. Decrease in root mass and later lower root: shoot
ratio due to higher temperatures have been pointed out by other research groups;
in cotton (Fan et al., 2022; Virk et al., 2021; Reddy et al., 2017), wheat (Sharma et
al., 2022; Benlloch-Gonzalez et al., 2014), Maize (Walne and Reddy, 2022; Hat-
field and Prueger, 2015), rapeseed (Sghaier et al., 2022), Brassicaceae (Maleki et al.,
2023) and potato (Taranet et al., 2018).

4. CONCLUSIONS

Temperature has a direct control over the rate of many chemical reactions, inc-
luding respiration and photosynthesis. The findings of this research highlighted
the critical factors affecting cottonseed germination and established the optimal
range for successful germination and seedling growth. The optimal temperature
for cottonseed germination and seedling growth was within a more comprehensive
range from 20 °C to 24 °C. Maximum germination speed was obtained at 36 °C,
and seedling growth in terms of length and dry matter accumulation was observed
at 24 °C. Genotypic variability was observed in the response towards heat stress
given during the germination and seedling growth stage. These findings have the
potential to optimize the sowing time in different agroclimatic regions and bree-
ding programs for the development of modern cotton cultivars tolerant to early
heat stress.
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EFFECTS OF MERCURY ON THE GROWTH AND DEVELOPMENT
OF MUSCA DOMESTICA (DIPTERA: MUSCIDAE)

ABSTRACT

Mercury is a highly toxic heavy metal and a serious source of environmental
pollutants. The purpose of the present study was to determine the effects of mer-
cury on some life history parameters of Musca domestica Linnaeus, 1758 (Diptera:
Muscidae). Forty larvae of M. domestica were placed on rearing media with three
different concentrations of mercury (1.5 ug/g, 2 pg/g, 2.5 ug/g), and some life his-
tory parameters recorded (larval and pupal periods, larval, pupal and adult weigh-
ts, larval and pupal survival rate). The development of M. domestica was studied at
30°C, 50% RH, and a photoperiod of 12:12 (L:D) h.

In the present study, larval and pupal survival decreased as mercury concentra-
tions increased and mercury decreased the pupal weight compared to the control. It
has been demonstrated that the life-history parameters of M. domestica are sensitive
to mercury residue and mercury changes in the environment. This study provides
basic knowledge about the biology of this species, suggesting that the effect of the
presence of mercury on larval development in corpses found in industrialized areas
with high heavy metal pollution should be kept in mind in criminal investigations.

Keywords: Entomotoxicology, Heavy Metal, Housefly, Life History Parameters.

ek

CIVANIN MUSCA DOMESTICA’NIN BUYUME VE GELISiMi
UZERINDEKI ETKILERI

0z

Civa oldukga toksik bir agir metaldir ve ciddi bir ¢evre kirletici kaynagidir. Bu
caligmanin amaci, Musca domestica Linnaeus, 1758 (Diptera: Muscidae) tiiriiniin
yasam parametreleri tizerinde civanin etkilerini belirlemektir. Kirk adet M. domes-
tica larvasy, tig farkli civa konsantrasyonu (1.5 pg/g, 2 ug/g, 2.5 ug/g) igeren besle-
me ortamlarina yerlestirilmistir ve bazi yasam Oykiisti parametreleri kaydedilmis-
tir (larva ve pupa donemleri, larva, pupa ve ergin agirliklari, larva ve pupa hayatta
kalma oranlar1). M. domestica’nin gelisimi, 30°C sicaklik, %50 bagil nem ve 12:12
(A:K) fotoperiyot kosullarinda incelenmistir.

Mevcut ¢aligmada civa konsantrasyonlar arttik¢a larva ve pupa sagkalimi
azalmig ve civa, pupa agirligini kontrolle karsilagtirildiginda azaltmustir. M. do-
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mesticanin yagam Oykiisii parametrelerinin civa kalintisina ve ¢evredeki civa de-
gisikliklerine duyarli oldugu ortaya konulmustur. Bu ¢alisma, bu tiiriin biyolojisi
hakkinda temel bilgi saglamaktadir ve agir metal kirliliginin ytiksek oldugu sa-
nayilesmis bolgelerde bulunan cesetlerde civa varliginin larva gelisimi tizerindeki
etkisinin kriminal sorusturmalarda dikkate alinmasi gerektigini 6nermektedir.

Anahtar Sozciikler: Agir Metal, Entomotoksikoloji, Ev Sinegi, Yasamsal Para-
metreler.

ik

1. INTRODUCTION

Heavy metals are elements characterized by their high densities and atomic
weights (Fu and Zi, 2019). Heavy metal pollution is one of the most important
environmental problems in the world (Kokdener et al., 2022). Heavy metals are
naturally found in the earth’s crust; and dispersed to the environment through na-
tural processes such as volcanic eruption, spring waters, erosion, and bacterial ac-
tivity (Ali et al., 2019). Also heavy metals generally arising from industrialization,
transport, metal mining, increased vehicle use, and modern farming practices con-
duce to environmental pollution that are impacting diverse terrestrial and aquatic
organisms (Tchounwou et al., 2012).

Although heavy metals, such as chromium, copper, iron, cobalt, and nickel, are
necessary for various physiological and biological processes in the human body
(Fu and Zi, 2019), high doses of heavy metals may be toxic to humans and affect
many processes. People are exposed to heavy metals directly and indirectly. Long
term exposure to heavy metals may result in various disorders such as Parkinson’s,
muscular dystrophy, Alzheimer’s, and cancer (Fu and Xi, 2019).

Heavy metal, is present in the soil, water, and air. Insects are exposed to various
heavy metals in their ecosystems (Azam et al., 2015) and these compounds in in-
sects have negative effect on the growth, behavior, physiology, and development of
insects (Mogren and Trumble, 2010). Heavy metals can enter the arthropod body
through skin penetration ingestion, and respiration (Jiang et al., 2021).

Mercury (Hg) exists in elemental, inorganic, and organic forms and is a unique
element which is liquid at room temperature. Mercury metal is extensively utilized
in various industries such as battery and thermostat production, dentistry, caustic
soda production, pharmaceutical preservatives, and nuclear reactors (Tchounwou,
2012). Human may be exposed to mercury under different circumstances, inclu-
ding eating contaminated fish and inhalation of mercury vapor (Kamensky et al.,
2019). Mercury poisoning leads to severe dysfunctions, such as bloody diarrhea,
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intestinal necrosis, colitis, kidney failure (Mahurpawar, 2015), stomach irritation,
nausea, diarrhea, circulatory and respiratory failure (Bai et al., 2020). These com-
pounds can cause organotoxicity and carcinogenic effects (Risher et al., 1999).

M. domestica Linnaeus, 1758, also known as the house fly, is a cosmopolitan
species and important sanitary pest of humans and animals (Malik et al., 2007; Ig-
bal et al., 2014; Davies et al., 2016; Khamesipour et al., 2018). It is found in close as-
sociation with human activities and a carrier of a large number of vectors of many
human and animal diseases. Houseflies are medically and forensically important
flies (Chin et al., 2008). Many diseases transmitted by M. domestica include hepa-
titis, cholera, dysentery, and tuberculosis (Erdogan, 2017; El-Hamid et al., 2018).
It may be used as an alternative protein source for poultry and fish (Fitches et al.,
2018). Houseflies can be employed in environmental studies and forensic investi-
gation as biological indicators.

Although there have been several studies showing the adverse impacts of heavy
metals on M. domestica development ( Niu C. Y. et al. 2002; Borowska and Pyza,
2011; Hagq et al,, 2012; Wang et al. 2021; Kokdener, 2022), there has been little
research about the effects of mercury on the development of M. domestica (Raina
et al,, 2001; Mishra and Tewari, 2011). The presence of toxic substances in corpses
can directly impact fly development and lead to the calculation of an inaccurate
postmortem interval.

Therefore, given its economic, forensic, and veterinary importance, it is clear
that further research is needed on the biology and life history of the house fly. The
purpose of the current study was to determine the effects of mercury on the life
cycle of M. domestica. Hence, the present comparative study focuses on the effects of
mercury on the developmental stages and different vital parameters of this species.

ek
2. MATERIALS AND METHODS

2.1. M. Domestica Colony

This study was carried out in the the animal physiology laboratory at the Fa-
culty of Science of Ondokuz Mayis University, Samsun (41° 15’ N, 36° 19’ S), Tur-
key between May and September 2023 to examine the effects of some life history
parameters of M. domestica fed on diets with different mercury concentrations.
Some of the eggs collected were used to maintain the colony and some of the eggs
were used for experiments. M. domestica adults were collected from Ondokuz
May1s University campus in 2021 and added periodically with wild-caught adults.
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Adult flies were cultured in fly cages (50 cm X 50 cm X 50 cm) at 30 °C and 50 %
humidity with a photoperiod of 12:12 (L:D). Water and sugar were supplied ad
libitum. Wheat bran-milk mixture was used as oviposition substrates and larval
rearing diet. Five days after adult emergence, a Petri dish (9 cm) containing wheat
bran diet was provided as an oviposition substrate for 24 hr. Newly hatched first
instar larvae were placed on a wheat bran diet in a 500 ml glass jar (Pagabahge,
Turkey) and reared under the same conditions described earlier.

2.2. Experimental Design

The compound mercuric chloride (HgCL) at three concentrations (1.5 pg/g, 2
ug/g, and 2.5 ug/g) was used in this study. The metal salts were dissolved in distil-
led water to prepare a stock solution of 2,000 ppm. which was diluted with distil-
led water to prepare the series of various concentrations. All metal concentrations
were left for 3 hours in laboratory conditions until used. The wheat bran diet was
prepared by mixing different concentrations of mercury and wheat bran that was
mixed with milk served as the control treatment without heavy metals (untreated).

Forty first-instar larvae were transferred into a 500 ml jar containing a diet, and
a total of 1080 larvae were utilized. The labeled plastic containers were transferred
to the growth room.

Two larvae were collected and measured daily until pupation. Larval length
was measured using a ruler, and larval weight was measured with microbalance
(AUW 220D, Shimadzu Corporation, Kyoto, Japan). Pupae were monitored every
12 hours until adult emergence. The total number of pupae and adults, larval len-
gth and weight, the duration of larval and pupal development stages, and larval and
pupal mortality were recorded. The resulting adults were checked every 8 hours
and not provided food and water. After adults died, weight and sex were recorded.

2.3. Statistical Analysis

The data analysis was performed on SPSS 21.0 software (SPSS, Inc., an IBM
Company, Chicago, IL). Shapiro-Wilk and Levene’s tests were used to check the
data for homogenous variances and normality. Larval and pupal survival, and
pupal, larval and adult weight, and larval length were compared using One Way
ANOVA, followed by the Tukey HSD test for means comparison. Chi-square
analysis was used to test the dose-dependent relationship between the number of
pupae, adults, and the number of females and males. In all tests, significance levels
were determined at the level of at a =0.05).
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3. RESULTS

3.1. Larval and Pupal Development Durations

The duration of larval and pupal development are shown in Table 1. Our results
showed that the larval and pupal development periods were impacted by mercury.
Larvae exposed to different concentrations of mercury developed slower compared
to the control group. Mean larval development duration was similar to the control
when reared on a diet with mercury at concentration 3 (2.5 pg/g). The pupal de-
velopment period decreased with increasing mercury concentration compared to
the control group. The shortest pupal development period (3d) was recorded at a
concentration 3 (2.5 pg/g).

Table 1. Larval and pupal development durations under varying mercury concentrations

Larval Period (day) Pupal Period (day)
Concentration (Mean +SE) (Mean+SE)
1 4.27+0.04b 5.25+0.06b
2 4.17+0.06b 4.20+0.02b
3 3.15+0.06a 3.12+0.04a
Control 3.07£0.04a 6.15+0.06¢
F=118.738 F=531.037

P<0.001 P<0.001

* Concentration 1 (1.5 pg/g) concentration 2 (2 pg/g), and concentration 3 (2.5 pg/g), the differences

between the means indicated by different letters in the same column are statistically significant (p<0.05)

3.2. Larval Length and Weight

The mean larval length and weight are presented in Table 2 and Table 3, respe-
ctively. The findings of the current study suggested that mercury exposure affects
the larval weights negatively. The maximum larval weight was recorded (0.0215
g) in the control group. The results of this study also demonstrate that mercury
exposure negatively affects the larval length. The maximum larval length was ob-
served at the control (14 mm). The total larval length significantly differed among
concentrations (F =15.495; P< 0.001). In the present study, the larval weight and
length of M. domestica decreased with increasing mercury concentrations.
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Table 2. Larval length (mm) of M. domestica at different mercury concentrations

Concentration 1st Instar Larvae 2nd Instar Larvae 3rd Instar Larvae
1 2.08+0.20b 9.06+0.60b 10.33+0.44b
2 2.00+0.18a 8.00+0.51b 8.56+0.60ab
3 1.50+0.18a 5.08+0.37a 7.00+0.57a
Control 2.76+0.08b 9.95+0.47b 13.33+1.05¢
F=9.462 F=15.172 F=15.495
P<0.001 P<0.001 P<0.001

* Concentration 1 (1.5 ug/g) concentration 2 (2 ug/g), and concentration 3 (2.5 ug/g), the differences
between the means indicated by different letters in the same column are statistically significant (p<0.05)

Table 3. Larval weight (mg) of M. domestica at different mercury concentrations

Concentration 1st Instar Larvae 2nd Instar Larvae 3rd Instar Larvae
1 0.0024+0.001b 0.0104+0.011b 0.0129+0.010b
2 0.0013+0.001ab 0.0092+0.004b 0.0123+0.009b
3 0.0007+0.000a 0.0015+0.005a 0.0024+0.008a
Control 0.0029+0.002b 0.0117+0.008b 0.0154+0.020b
F=39.537 F=45.170 F=21.593
P<0.001 P<0.001 P<0.001

* Concentration 1 (1.5 pg/g) concentration 2 (2 pg/g), and concentration 3 (2.5 pg/g), the differences
between the means indicated by different letters in the same column are statistically significant (p<0.05)

3.3. Pupal and Adult Weights

The mean pupal and adult sampled from different concentrations of mercury
are presented in Table 4. Pupal weight was significantly different among concent-
rations (F=5.465; P<0.001). Adult weights decreased with increasing mercury
concentrations. Male weight was significantly different among concentrations
(F=3.070; P=0.033) while female weight was not significantly different among con-
centrations (F=0.500; P<0.683). The highest pupal, female, and male weights were
observed at control, while the lowest pupal, female, and male weights were obser-
ved at concentration 3 (2.5 pg/g). The lowest pupal weight (0.0053 g) was observed
in a concentration of 3 (2.5 pg/g).
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Table 4. Pupal and adult weight (mg) values at different concentrations of mercury

Concentration Pupa Weight Female Weight Male Weight
(Mean=*SE) (Mean=*SE) (Mean*SE)

1 0.0137+0.005b 0.0022+0.001 0.0020+0.001ab

2 0.0132+0.006b 0.0021+0.001 0.0018+0.001ab

3 0.0079+0.006a 0.0020+0.001 0.0017+0.002a

Control 0.0201+0.006¢ 0.0023+0.003 0.0024+0.001b
F=5.465 F=0.500 F=3.070
P<0.001 P<0.683 P=0.033

* Concentration 1 (1.5 pg/g) concentration 2 (2 pg/g), and concentration 3 (2.5 pg/g), the differences
between the means indicated by different letters in the same column are statistically significant (p<0.05)

3.4. Numbers of Pupae and Adults of M. Domestica

Larval and pupal survival are summarized in Table 5. Larval survival was sig-
nificantly different between concentrations (F=29.588; P<0.001). The results from
this study showed that larval and pupal survival impacted as mercury concentra-
tions. The lowest number of pupae (12) was recorded at concentration 3, while the
highest number of pupa (25) was observed in the control group. Pupal survival was
significantly different among concentrations (F=34.272; P<0.001). Male and fema-
le survival was significantly different among concentrations (for male: F=30.983;
P<0.001; for female: F=7.132, P<0.005). Chi-square analysis was used to investiga-
te whether there was a relationship between dose and the number of pupae, adults,
females, and males. According to the results of the chi-square analysis, there was a
statistically significant relationship between dose and number of pupae and adult,
with chi-square values of 22.868 and P<0.001 significance level. Similarly, a statisti-
cally significant relationship was observed between the dose and number of fema-
les and males, with a chi-square value of 46.667 and a P<0.001 significance level.

Table 5. Numbers of pupae, adult, female and male of M. domestica at different
mercury concentrations

Number of

Concentration Number of Pupae  Number of Adult Female Number of Male
1 16.00+0.64a 11.00+0.85a 5.00+0.62a 6.00x1.15a
2 15.00+.0.64a 11.00+0.86a 7.00+0.70a 4.00+0.28a
3 12.00+1.08a 9.00+1.64a 6.00+0.47a 3.00+0.25a
Control 25.00+1.54b 21.00+1.47b 9.00+1.00b 12.00+0.95b
F=29.588 F=34.272 F=7.132 F=30.983
P<0.001 P<0.001 P<0.005 P<0.001

* Concentration 1 (1.5 pg/g) concentration 2 (2 pg/g), and concentration 3 (2.5 pg/g), the differences
between the means indicated by different letters in the same column are statistically significant (p<0.05)
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4. DISCUSSION

Heavy metals are remain persistent in the environment (Butt et al. 2018). Heavy
metals can enter many organisms through different pathways and lead to harmful
effects on enzymatic processes and metabolism. In addition, they have destructive
impacts on the ecological balance and can damage DNA structures to living orga-
nisms. Thus, arthropods are sensitive to ecological and environmental changes and
are used as environmental pollution bioindicators. Heavy metals adversely impact
population dynamics, density, survival, development, reproduction, and biodiver-
sity of insects (El-Sheikh et al., 2010). The extent of heavy metal accumulation in in-
sects depends on several factors, including specific heavy metals, type of substrate,
insect species, and environmental conditions (Meyer et al., 2021).

Heavy metals have adverse impacts on the process of metamorphosis, develop-
ment, and growth (Beamish et al., 2021; Rebolloso Herndndez et al., 2023). Our
results suggested that mercury has a substantial adverse effect on some life-history
parameters of M. domestica. Previous studies showed that different heavy metals
impacts on the development and survival of M. domestica (Borowska and Pyza,
2011; Mishra and Tewari, 2011; Haq et al., 2012; Wang et al., 2021; Kokdener 2022).

In the current study, mercury exposure is associated with affected development
time of house. Larvae exposed to different concentrations of mercury developed
slower compared to the control group and pupal development duration decrea-
sed with increasing mercury concentrations. Similarly, Borowska and Pyza (2011)
showed that larval development and metamorphosis of M. domestica were pro-
longed by heavy metals exposure such as lead (Pb), zinc (Zn), copper (Cu), and
cadmium (Cd). Wang et al. (2021) reported that larvae took more hours to reach
the pupal stage as mercury concentrations increased.

Raina et al. (2001) showed that the total development duration of M. domestica
larvae treated with mercuric chloride was longer than the development duration
in the control group. Similarly, Kokdener and Yilmaz (2021) showed that the total
development duration of Lucilia sericata (Meigen, 1826) (Diptera: Calliphoridae)
decreased with increasing antimony (Sb), barium (Ba), and Pb concentrations.
Contrary to our study, Frat et al. (2021) reported that the larval development dura-
tion increased with increasing Hg concentrations in diets. In contrast, Kaur (2016)
showed that a high concentration of mercury caused delayed pupal duration of
Chrysomya megacephala (Fabricius, 1784) (Diptera: Calliphoridae). Abnoos et al.
(2013) showed that larval and pupal periods of Drosophila melanogaster (Meigen,
1830) (Diptera: Drosophilidae) prolonged with increasing mercury concentrations.
Also, Beamish et al. (2021) showed that larval survival of D. melanogaster was afte-
cted, and the larval development period was prolonged by mercury exposure. Kok-
dener (2022) showed that increasing lead concentrations prolonged the develop-
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ment period of M. domestica. Heavy metals could adversely affect the metabolism of
carbohydrates, lipids, and proteins and alter development durations of arthropods.

Our study showed that the weights of larvae and pupae decreased with incre-
asing of mercury concentration in the diets is a pattern similar to that observed
by Kaur (2016) in larvae of L. sericata and C. megacephala. This is supported by
observations made by Niu et al. (2002) who showed that high Cd**concentrations
enriched diets significantly reduced larval weight of M. domestica. The lowest pu-
pal weight (0.0053 g) was observed in larvae reared the diet with concentration 3
(2.5 ug/g). Heavy metals can effect decreased diet or food absorption (Frat et al.,
2021) and its toxic effect caused smaller pupae, adults, and larvae (Bayley et al.
1995, Servia et al. 2006, Safaee et al. 2014).

In the present study, the female weight is greater than the male in a pattern
similar to that observed by Zheng et al. (2010) in larvae of Cryptotympana atrata
(Fabricius, 1775) (Hemiptera; Cicadidae), Kaur (2016) in larvae of C. megacepha-
la. Adult weight was negatively associated with the concentration of mercury in
the present study. Al-Misned, 2001 and Simkiss et al., 1993 found that a diet with
cadmium significantly reduced the adult weight of blowflies. Similarly, Kékdener
(2022) demonstrated that the pupal and adult weight of M. domestica was adver-
sely affected by increasing concentrations of lead. Kokdener and Yilmaz (2021)
showed that a diet with Pb, Sb, and Ba significantly reduced the pupal and adult
weight of L. sericata.

The results of the present study also indicate that mercury exposure negatively
affects the larval length. The results are similar to Kaur (2016) who indicated the
larval length of the C. megacephala decreased with the increase of mercuric chlo-
ride concentrations. Abnoos et al,, (2013) found that a diet with mercury signifi-
cantly reduced the length and width of D. melanogaster. Several studies have also
shown that heavy metal exposure adversely impacts the larval length ( Kékdener
and Yilmaz., 2021; Kokdener et al., 2022).

The results from this study also showed that larval and pupal mortality of M.
domestica increased with increasing heavy metals. The possible reason for decre-
asing larval and pupal survival is exposure to heavy metals that may impact the
essential enzyme function, which is responsible for arthropod organogenesis and
pupal morphogenesis (Al-Momani and Mossadeh 2005). Similarly, Raina et al.
(2001) and Mishra and Tewari (2011) reported that larval mortality of M. domes-
tica increased with increasing mercury concentrations.

Several studies showed that the mortality rate increased with increasing lead
concentration of M. domestica (Haq et al., 2012; Wang et al., 2021). Also, Niu et
al. (2002) reported that the emergence of M. domestica decreased with the increa-
sing cadmium concentration. Similarly, Kékdener (2022) reported that the pupal
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and larval mortality of M. domestica increased with increasing lead concentrations.
Kokdener and Yilmaz (2021) reported that the larval mortality of L. sericata inc-
reased with increasing heavy metals concentrations. Kaur, 2016 and Abnoos et al.,
2013 indicated that the percentage of pupa and egg hatching decreased with inc-
reasing mercury concentrations. Heavy metals have an adversely impact on meta-
bolic genes, their expression (Al-Momani and Massadeh 2005; Safaee et al. 2014;
Heer and Singh 2019) and result in reduced body mass and lipid storage (Ilahi
et al. 2020). Mercury toxicity induced changes in reactive oxygen species (ROS),
which damages proteins and nucleic acids. This toxicity may impact the activi-
ties of enzymes responsible for pupal morphogenesis causing increased mortality
(Zaman et al., 1994).

5. CONCLUSION

Larval and pupal development durations were affected in the presence of mer-
cury, and larval and pupal mortality increased with increasing concentrations of
mercury in the diets. Hg exposure significantly reduced adult and pupal weight
and adversely affected their life history parameters.

The pupal development duration was shortened compared to the control group.
The total development period was approximately 3 days shorter than the control
group. The results of our study showed that M. domestica is sensitive to environ-
mental stress caused by mercury exposure and is a suitable model organism to
examine the effect of heavy metals on the developmental stages of the organism. It
would be useful to conduct further laboratory and field studies to determine the
effects of heavy metals on insects in a corpse found in industrial areas with high
heavy metal pollution.
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COMPARISON OF DIFFERENT FERTILIZATION RATES ON YIELD,
EVAPOTRANSPIRATION, AND WRATER USE EFFICIENCY OF SWEET
CORN UNDER DROUGHT-SALINITY STRESSES

ABSTRACT

The present study investigated the effects of three fertilization (N-P,0,-K,0)
rates (F : 240-100-120 kg ha™', F.: 192-80-96 kg ha™', F.: 154-64-77 kg ha™') coupled
with four irrigation practices (Control: C, irrigated at the 100% field capacity, Drou-
ght: D, irrigated 60% of C, Saline: S, irrigated at the 100% field capacity, Drought
and saline: D+S, irrigated 60% of S) on sweet corn yield, evapotranspiration (ET),
water use efficiency (WUE), and shoot fresh-dry weights. The obtained results de-
picted that the grain yield at D, S, and D+S treatments decreased by 24.2%, 46.6%,
and 62.0%, respectively, relative to the C treatment. Moreover, grain yield at the F,
condition was reduced by 45.3% compared to the F, condition. Additionally, the
highest ET (330.7 mm) and yield (74.0 g) was achieved with F xC treatment. The
F, and F, treatments reduced WUE by 17.9% and 31.5%, respectively, compared
to the F, treatment. The highest reduction in yield, ET, WUE, and shoot fresh-dry
weights was found at D+S irrigation treatment under all fertilization conditions.
The tallest plants were observed in the F1xC treatment, being 24.0%, 33.5%, and
43.2% taller than plants in the F x(D+S), F x(D+S), and F3><(D+S) treatments,
respectively. Under F, conditions, exposing sweet corn plants to single or combined
salinity and drought stress remarkably degraded the growth ability of the plants,
and therefore, it is not economical and sustainable cultivation for agriculture. Final-
ly, cultivation of sweet corn plants under individual or combined drought-salinity
stress is not recommended due to the high reduction in grain yield.

Keywords: Grain Yield, Irrigation, Fertilization, Zea Mays Var. Saccharate,
Water-Salt Stress.

ek

FARKLI GUBRELEME ORANLARININ KURAKLIK-TUZLULUK STRESI
KOSULLARINDA TATLI MISIRIN VERIM, BITKi SU TUKETIMI VE SU
KULLANIM VERIMLILIGININ KARSILASTIRILMASI

0z

Bu ¢alismada ti¢ giibreleme (N-P,05-K O) orani (F :240-100-120 kg ha', F.;:
192-80-96 kg ha', F.:154-64-77 kg ha) ile birlikte dort sulama uygulamasinin
(Kontrol: C, tarla kapasitesinin %100’i kadar sulanmistir, Kuraklik: D, C konusun
%60°1 kadar sulanmistir, Tuzlu: S, tarla kapasitesinin %100’ kadar sulanmstir,

https://doi.org/10.7161/0muanajas 1516821 d



Comparison of Different Fertilization Rates ...

Kuraklik ve Tuzlu: S konusunun %60°1 kadar sulanmistir) tatl misirin verim, bitki
su tiikketimi (ET), su kullanim verimliligi (WUE) ve govde yas-kuru agirliklari iize-
rine etkileri aragtirtlmistir. Elde edilen sonuglar, D, S ve D+S uygulamalarinda tane
veriminin C uygulamasina gore sirastyla %24.2, %46.6 ve %62.2 oraninda azal-
digint gostermistir. Ayrica, F, kosulunda tane verimi F1 kosuluna kiyasla %45.3
oraninda azalmigtir. Bununla birlikte, en yiiksek ET (330.7 mm) ve verim (74.0 g)
F xC konusundan elde edilmistir. F, ve F, uygulamalari, F, uygulamasina kiyasla
WUE’ yi sirastyla %17.9 ve %31.5 oraninda azaltmistir. Tiim giibreleme kosulla-
r1 altinda verim, ET, WUE ve siirgiin taze-kuru agirliklarinda en yiiksek azalma
D+S sulama uygulamasinda bulunmustur. En uzun bitkiler F xC uygulamasinda
gozlenmis olup, F x(D+S), F,x(D+S) ve F_x(D+S) uygulamalarindaki bitkilerden
sirastyla %24.0, %33.5 ve %43.2 daha uzun olmustur. F, kosullarinda, tatlt misir
bitkisinin tek basina veya birlikte tuzluluk ve kuraklik stresine maruz birakilma-
s1, bitkinin biiylime yetenegini 6nemli dl¢lide bozdugundan, tarimsal agidan eko-
nomik ve siirdiiriilebilir bir yetistirme yontemi degildir. Sonug olarak, tatli misir
bitkilerinin tek basina veya kombine kuraklik-tuzluluk stresi altinda yetistirilmesi,
dane verimindeki yiiksek diisiis nedeniyle 6nerilmemektedir.

Anahtar Kelimeler: Tane Verimi, Sulama, GUbreleme, Zea Mays Var. Saccha-
rate, Su-Tuz Stresi.

ek

1. INTRODUCTION

Water scarcity is a global concern impacting agricultural productivity and food
security. Optimizing water use efficiency in crops is crucial as water resources di-
minish (Yue and Guo, 2021). Drought and salinity stress are major factors affecting
plant growth and yield, presenting challenges to sustainable agriculture (Vaughan
et al,, 2018). Both stresses share similarities in plant structure, function, and bioc-
hemistry (Hu and Schmidhalter, 2005). Drought leads to oxidative stress, hampers
photosynthesis, limits growth and causes injury (Cao et al., 2023). Salinity stress
affects physiological processes like leaf water potential photosynthesis rate and da-
mages photosystem II, hindering plant productivity by specific ion toxicity and
disrupting nutrient uptake (Singh, 2022). Managing these stresses is a priority in
modern crop production.

Fertilization is crucial for alleviating abiotic stress in plants, enhancing growth,
increasing yield, and improving water use efficiency (Abaza et al., 2023). Nitrogen,
phosphorus, and potassium (NPK) fertilization notably influences plant growth.
Among essential nutrients, nitrogen enhances tolerance in maize and improves
tolerance mechanisms under salinity stress (Javed et al., 2024). Potassium, being
highly mobile in the phloem, plays a crucial role in distributing photosynthates
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for plant activities (Sperling et al., 2024). High potassium concentrations support
phloem loading by maintaining a high pH and osmotic potential in sieve tubes
(Sperling et al., 2024). Phosphorus is crucial for plant metabolism, energy transfer,
nucleic acid synthesis, and root development (Guo et al., 2023). Balanced NPK
fertilization has been shown to improve plant growth, yield, and stress tolerance by
enhancing nutrient uptake, promoting root development, and improving water use
efficiency (Ashraf et al., 2008). Recent studies have indicated that the proper appli-
cation of NPK fertilizers can play a crucial role in alleviating the negative impacts
of salinity and drought on plant growth and development (Han et al., 2016; Wang
et al., 2019; Yaghoubi Khanghahi et al., 2021). This is achieved by enhancing os-
motic adjustment mechanisms within the plants, which helps them maintain pro-
per cellular water balance in challenging environmental conditions (Abaza et al.,
2023). Additionally, NPK fertilization has been found to reduce the harmful effects
of ion toxicity in plants exposed to high levels of salts in the soil (Acosta-Motos et
al., 2017). Overall, these findings highlight the importance of balanced NPK ferti-
lization in enhancing plant resilience and promoting sustainable crop production
in saline and drought-prone areas

Sweet corn (Zea mays var. saccharate) is a popular and nutritious crop with
a high demand for water and nutrients (Osman and Arslan, 2022; Subrata et al,,
2022). Understanding how different fertilization management practices affect its
yield, evapotranspiration, and water use efficiency under stress conditions is cruci-
al for developing effective cultivation strategies. This study aims to fill this knowle-
dge gap by evaluating the impact of different NPK fertilization rates on sweet corn
under drought, salinity, and combined stress conditions. The main objectives of
this study are to (1) evaluate the impact of different NPK fertilization rates on eva-
potranspiration, yield, and water use efficiency in sweet corn plants and (2) assess
the effect of drought, salinity and their combined stress on the yield and growth
ability of sweet corn plants.

2. MATERIAL AND METHOD

2.1. Experimental Conditions and Plant Material

The pot experiment was conducted at Ondokuz Mayis University, Faculty of
Agriculture, under a rain shelter from June 15, 2022, to September 8, 2022. The da-
ily changes in the air temperature and relative humidity during the growth of sweet
corn maize were recorded using a datalogger. The average daily air temperature
ranged from 22.0 to 31.5 °C, and the relative humidity fluctuated between 49.0 and
91.3%, as illustrated in Figure 1.
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Figure 1. Daily average air temperature and relative humidity changes during

growing season of sweet corn.

The soil texture in the research was clay loam, and a comprehensive description
of the experimental soil properties is provided in Table 1. The dimensions of the
plastic pots used in the experiment were 30 cm high, 28 cm in top diameter, and
26 cm in bottom diameter, respectively. Before filling the pots with soil, the soil
was dried in the open air under a rain shelter, then crushed and sifted through a
4 mm sieve. Subsequently, each pot was filled with 1 kg of gravel at the base and 9
kg of sifted experimental soil. Sweet corn (Zea mays var. saccharate) cv. Merit F1
seeds were acquired from a local private company, planted on June 15, 2022, and
harvested on September 8, 2022.

49 56 63 70 77 84
Growing period

Table 1. The physical and chemical traits of the study soil.
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Relative humidity (%)

Soil property Value

Clay 32.1%

Silt 29.9%

Sand 38.0%
Texture Clay loam
Field capacity 32.4%
Permanent wilting point 15.1%
Saturated EC, 0.28 dSm'!
Saturated soil pH 7.85

Organic matter content 12.0 gkg!
Total Nitrogen 23.90 mg kg
Available phosphorus 12.65 mg kg!
Available potassium 15.41 mg kg™!
Calcium carbonate 63.2 gkg!

ANAJAS, 2024, Cilt 39, Sayi 3, Sayfa 649-665



Mehmet Sait KIREMIT

2.2. Experimental Design

The pot study was carried out using a randomized complete block design with
three replications involving three fertilization applications in the main plots and
four irrigation treatments in the subplots. A total of 36 pots were used to carry out
the present study. Details of the treatments are provided in Table 1. Three fertiliza-
tion rates of N-P,O_-K,O (kg ha™') were applied, representing control, moderate,
and severe deficiency levels: F [240-100-120], F, [192-80-96], and F, [154-64-77].
The F, treatment served as the control and followed the recommended rates by
Gucdemir (2006). The fertilization rate needed for each treatment was determined
and implemented based on the chemical analysis of the soil used in the experi-
ment. In this regard, soil analysis was conducted prior to the commencement of
the experiment. The 100% requirement of P and K fertilizer, in the form of triple
superphosphate (45% P,0,) and potassium sulfate (45% K,O), was applied at a 10
cm soil depth before sowing for all treatments in soil preparation. Nitrogen ferti-
lizer, with 46% nitrogen content, was applied twice: half post-emergence and the
other half at the 3-]eaf stage.

Five pots loaded with research soil were saturated with tap water to determine
their average field capacity. Plastic covers were used to prevent evaporation, and
after 48 hours for drainage, the pots were weighed to establish their field capa-
city based on the average weight (Ozdemir et al., 2009; Kurunc et al., 2011). After
that, all pots were first weighted and irrigated to field capacity. Two days later,
tive sweet corn seeds were planted in each pot and irrigated with equal amounts
of tap water (0.18 dS m™) up to starting various irrigation treatments. Once the
sweet corn seedlings reached 2 true leaves, thinning was done, leaving only one
seedling per pot. Subsequently, once the sweet corn seedlings had developed 3
true leaves, various irrigation methods were implemented. The control (C) and
drought (D) treatments received irrigation with tap water (0.18 dS m™), while the
saline (S) and drought + saline (D+S) treatments were irrigated with saline water
(2.5 dS m™). The saline water was prepared by adding NaCl to tap water. When
the usable soil moisture decreased by approximately 35-40% in F xC, F,xC, and
F xC treatments, the irrigation water was implemented for the corresponding pots.
Before irrigation, pots were weighed and watered according to irrigation practices.
The detailed information for irrigation water applications is explained in Table 2.
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Table 2. Description of the treatments.

Fertilization  Irrigation

Applications  Treatments Abbreviation  Descriptions

C (Control) FxC Irrigated at 100% FC of the pots.
. D (Drought) FxD Irrigated at 60% of F xC
! S (Salinity) F xS Irrigated at 100% FC of the pots.
D+S (Drought+salinity) F x(D+S) Irrigated at 60% of F xS
C (Control) F,xC Irrigated at 100% FC of the pots.
. D (Drought) F,xD Irrigated at 60% of F,xC
: S (Salinity) F xS Irrigated at 100% FC of the pots.
D+S (Drought+salinity) F,x(D+S) Irrigated at 60% of F,xS
C (Control) ExC Irrigated at 100% FC of the pots.
. D (Drought) F,xD Irrigated at 60% of F,xC
: S (Salinity) F, xS Irrigated at 100% FC of the pots.
D+S (Drought+salinity) F,x(D+S) Irrigated at 60% of F,xS

2.3. Data Collection

2.3.1. Evapotranspiration and Water use Efficiency

Evapotranspiration (ET) and water use efficiency for each treatment were cal-
culated based on the equations provided by Unliikara et al. (2015) and Kiremit and
Arslan (2018);

AW +[1D]
ET=L W J1
A (1

Where, AW represent the weights of the pots at n and n+1 days before the ir-
rigation event (in kg), while I and D denote the volumes of irrigation and drainage
water. The water bulk density is represented by p_ (1 g cm?), and A stands for the
soil surface area (m?).
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2.3.2.Yield and Growth Traits

After 84 days, when the sweet corn was at the milking stage, the plants were
harvested to measure yield and growth from all pots. Ears with cob and bract were
picked by hand from each potted plant. The shoot fresh weight was determined
by weighing the stem, leaves, and ears, while the shoot dry mass was obtained by
oven-drying the stem and leaves at 70°C until a constant weight was reached. Plant
height was measured using a tape measure, and the grains were detached from the
ears, weighed, and used to calculate the grain yield per plant.

2.4. Data Analysis

Data were analyzed using two-way ANOVA with SPSS 25.0 software to evaluate
the effects of fertilization, irrigation, and their interaction. The Duncan multiple
range test was used to compare differences between treatments at a 0.05 probability
level (Takma et al., 2023). Figures were created with Microsoft Excel [Office 365].

3. RESULTS AND DISCUSSION

3.1. Irrigation Water and Evapotranspiration

As seen in Table 3, the irrigation water amount (IW) was significantly affected
by fertilization, irrigation, and their interaction. Besides, the highest IW (283.2
mm) was found in the F, treatment, which was 13.6% and 25.9% higher than the
F, and F, treatments, respectively (Table 4). Regarding irrigation treatments, the
reduction in IW more obviously occurred at D+S treatment, which was 50.7%,
10.8%, and 64.9% lower than S, D, and C treatments, respectively Table 4. Additio-
nally, the highest and lowest IW values (355.4 mm and 163.1 mm) were observed
at F xC and F x(D+S) treatments, respectively (Table 4). Under all fertilization
conditions, the highest IW values were observed at C treatments, while the lowest
IW values were seen at D+S treatments (Table 4). Also, the IW values in F x(D+S),
F x(D+S), and F,x(D+S) treatments reduced by 38.9%, 36.5%, and 43.1%, respec-
tively compared to the F XC F xC, and F xC treatments (Table 4).

The irrigation, fertilization, and irrigationxfertilization interaction had sig-
nificantly impacted the evapotranspiration (ET) of sweet corn plants, as depic-
ted in Table 3. The irrigation treatments considerably differed in the ET values
of sweet corn plants (Table 4). According to that, the mean ET values for the C,
D, S, and D+S treatments were found to be 288.7 mm, 184.3 mm, 263.0 mm, and
165.0 mm, respectively (Table 4). Relative to the C treatment, the ET values dec-
reased by 36.2%, 8.2%, and 42.8% in the D, S, and D+S treatments, respectively
(Table 4). Regarding fertilization treatments, a significant decrease in fertilizer
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supply resulted in a notable reduction in ET values of sweet corn plants (Table 4).
The F, treatment showed the highest ET value (254.4 mm), surpassing the F, and F,
treatments by 14.1% and 28.6%, respectively (Table 4). Considering the interaction
between irrigation and fertilization, the highest ET value (330.7 mm) occurred at
F xC treatment, while reducing the fertilization rates caused more decreases in
ET of sweet corn plants at C conditions. For instance, the ET value in F,xC and
F,xC decreased by 15.5% and 22.6%, respectively, relative to the F xC treatment
(Table 4). The results clearly indicate that ET and IW were reduced more under S
and D+S treatments than under C and D treatments (Table 4). This situation could
be mainly related to the inhibition of the water uptake ability of sweet corn plants
due to the high osmotic potential in the soil and reduced water accessibility of the
plants. Besides, the present findings suggested that sweet corn plants were more
sensitive to salinity and combined drought stress than drought stress. This result
can be associated with the S or D+S treatments inhibited leaf photosynthesis func-
tions and reduced assimilate accumulation in plants. Angon et al. (2022) explained
that osmotic stress induced by salinity disrupts photosynthetic function, leading to
a decrease in photosynthesis activity and an increase in chlorophyll degradation.
This results in reduced CO, intake and ultimately decreases water consumption
in plants. In another study, Ye et al. (2022) suggested that optimal NPK fertiliza-
tion can improve the crop’s ability to utilize soil water storage under abiotic stress
conditions. Yurtseven et al. (2005) found that tomato plants’ water consumption
remained unaffected by varying potassium levels but was significantly reduced by
salinity stress. Ahanger et al. (2019) found that adequate N supplementation pro-
tects essential cellular processes, such as photosynthesis and membrane integrity,
enhancing the water uptake capacity of wheat plants under 100 mM NaCl stress.
On the other hand, the reduction in ET due to a decrease in NPK fertilization rate
may be linked to ion-specific impacts, indicating that plants experiencing drought
or salinity stress under inadequate fertilization conditions became more sensitive
to stress, ultimately reducing the metabolic functions of the plants.

3.3. Grain Yield

Significant variation and decreasing trends in grain yield were observed with
decreasing fertilization rates (Table 4). Accordingly, the grain yield in F, F,, and
F, treatments was found to be 50.3, 35.9, and 27.6 g plant”, respectively (Table 4).
Regarding irrigation treatments, irrigation practices have caused more inhibition
in the grain yield of sweet corn plants (Table 4). The highest yield (56.9 g plant™)
was found at the C treatment, while the lowest (21.4 g plant') was observed at
the D+S treatment (Table 4). Additionally, the irrigationxfertilization interaction
drastically reduced the grain yield of sweet corn plants (Table 4). The reduction
in fertilization rates caused more reduction in grain yield, especially the lowest
values were observed at F x(D+S) treatment. The highest grain yield was observed
at F xC treatment, which was 134.6%, 237.1%, and 553.1% higher than F x(D+S),
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F x(D+S), and F,x(D+S) treatments, respectively (Table 4). Moreover, the grain
yield of sweet corn showed a linear relation with evapotranspiration (Fig. 2). Inc-
reasing evapotranspiration increased the grain yield of sweet corn at all irrigation
practices. The greatest increase in yield per unit of water consumption was seen
in the drought treatment, with the smallest increase being observed in the salinity
treatment (Fig. 2). Considering all, combined salinity and drought (D+S) stress
caused a greater reduction in grain yield of sweet corn plants compared to under
single stress, confirming past studies (Cao et al., 2023; Chavez-Arias et al., 2021).
In our study, under severe fertility conditions (F,), the lack of essential nutrients
limits the plant’s ability to cope with drought, salinity, or combined stress, leading
to extreme physiological disruption, stunted growth, and minimal grain produc-
tion. Similarly, Wei et al. (2023) further explained that the significant decrease in
rice grain yield under combined drought and salinity stress was strongly linked to
the reduction in leaf photosynthesis rate and increased leaf senescence. Javed et al.
(2024) found that nitrogen plays a key role in forming amino acids, proteins, and
chlorophyll. Ye et al. (2022) explained that providing sufficient nitrogen throu-
gh fertilization boosts leaf and stem growth, enhancing photosynthesis, leading to
improved nutrient absorption, energy generation, and, ultimately, a higher rate of
grain filling. Finally, cultivating sweet corn plants under inadequate fertilization
conditions, particularly in the presence of drought, salinity, or combined stress, is
not advisable as it results in significant reductions in yield due to the adverse effects
caused by these stress factors.

Table 3. The results of the two-way ANOVA for the effects of fertilization, irri-
gation, and their interaction on irrigation water amount, evapotranspiration, grain
yield, water use efficiency, and growth traits of sweet corn plants.

Variation Irrigation Water - R Shoot Fresh
Sources df Amount Evapotranspiration Grain Yield Weight
mm mm g plant! g
value Pvalue Fvalue Pvalue Fvalue Pvalue Fvalue Pvalue
Fertilization 2 216.85 <0.01 89.04 <0.01 176.55  <0.01  827.59 <0.01
Irrigation 3 681.67 <0.01 293.14 <0.01 240.73 <0.01  547.74 <0.01
Fert.xIrrig. Int. 6 4.16 <0.01 197 <0.05 3.60 <0.05  3.99 <0.01
Variation ar Shoc?t dry Plant height Wate.r use
sources weight efficiency
g cm gmm
Fvalue Pvalue Fvalue Pvalue Fvalue Pvalue
Fertilization 2 99.92 <0.01 94.48 <0.01 45.14 <0.01
Irrigation 3 32.68 <0.01  69.77 <0.01 112.15  <0.01
Fert.xIrrig. Int. 6 3.48 <0.05 1.39 <0.05 1.87 <0.05

df: degree of freedom.
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Table 4. The effects of different fertilization applications on irrigation water
amount, evapotranspiration, grain yield, and the shoot dry and fresh weight of
sweet corn under various irrigation practices.

Irrigation water amount (mm)

Irrigation treatments RV
Fertilization treatments

Mean
F, F, EF,
C 3554a 307.4c¢ 286.5d 316.5A
D 236.0 f 207.2¢g 194.6 h 212.6 C
S 3243b 287.6d 2558 e 289.2B
D+S 217.0g 1953 h 163.11 191.8 D
Mean 2832 A 2494B 225.0C
Irrigation treatments Evapotranspiration (mm)
Fertilization treatments
F, F, F, Mean
C 330.7a 279.3 be 256.1d 288.7 A
D 206.3 f 180.8 gh 1659 h 1843 C
S 291.0b 266.1 cd 232.0e 263.0 B
D+S 191.8 fg 165.5h 137.61 165.0 D
Mean 255.0 A 2229B 197.9C
Grain yield (g plant™)
Irrigation treatments Fertilization treatments
F, F, F, Mean
C 74.0a 51.6b 45.1c¢ 56.9 A
D 55.0 b 428¢c 31.6d 43.1B
S 415¢ 27.1de 22.6 ef 304C
D+S 30.8d 219f 113g 214D
Mean 50.3 A 359B 27.6C
o Shoot fresh weight (g plant™)
tlrzralgit;[tls Fertilization treatments Mean
F F, F,
C 286.0a 180.0 e 1153 g 193.8 A
D 263.0b 162.7 f 104.0 gh 176.6 B
N 236.0 ¢ 154.7 f 99.3 h1 163.3C
D+S 216.2d 1193 g 86.01 140.5D
Mean 250.3 A 154.2B 101.2C
o Shoot dry weight (g plant™)
tIrl;l?::;z?s Fertilization treatments Mean
F F, F,
C 46.7 a 30.9 be 26.3 cd 346 A
D 42.6a 28.4bc 209e 30.6 B
S 323b 26.2 cd 19.3 ef 259C
D+S 27.1cd 233 de 14.6 f 21.7D
Mean 37.2A 272B 20.2C

Distinct capital or lowercase letters in a column or row indicate significant differences at the 5%
significance level, based on the Duncan multiple range test. C: Control, D: Drought stress, S: Salinity,
D+S:Drought and salinity.
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Figure 2. The relation between evapotranspiration and grain yield of sweet corn
under various irrigation conditions.

3.4. Shoot Fresh and Dry Weights

As seen in Table 3, both irrigation and fertilization had a significant impact
on shoot fresh weight (SFW) and shoot dry weight (SDW). Application of from C
to (D+S) irrigation practices gradually decreased SFW and SDW of sweet corn at
all fertilization conditions (Table 4). The response of SFW and SDW to irrigation
practices was similar under various fertilization rates. According to that, the mean
D+Sirrigation treatment showed a 27.6% and 37.2% reduction in SFW and SDW as
compared to the C treatment (Table 4). Additionally, fertilization practices showed
a dramatic reduction in SFW and SDW of grain yield (Table 4). The F, treatment
showed a maximum SFW (250.3 g plant™) and SDW (37.2 g plant’), which was
147.2% and 84.0% higher than the F, treatment. In terms of irrigationxfertilization
interaction, the greatest shoot fresh weight (286.0 g plant') was obtained under
the F, condition at the C treatment, which was 58.9% and 148.0% higher than
E, and E, fertilization treatment, respectively, at the C treatment (Table 4). Simi-
lar to SFW, the lowest fertilization application (F,) caused significant decreases in
SDW in sweet corn plants in comparison to the F, treatment. The F xC treatment
resulted in the maximum SDW, which was statically at par F xD treatment (Table
4). Additionally, the lowest SDW was observed at D+S conditions for all fertili-
zation applications, while the lowest SDW was realized at the lowest fertilization
condition (F,). Adequate fertilization can partially mitigate these adverse effects by
ensuring that the plants have sufficient nutrients to support metabolic functions
and stress responses (Arif et al., 2020; Liu et al., 2023). Wei et al. (2023) showed that
combined salinity and drought stress caused more reductions in shoot biomass
of rice plants compared to single effects of salinity or drought stress. (Javed et al.,
2024) found that salinity stress significantly reduced the fresh biomass of maize.
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They proposed that enhancing nitrogen nutrition in salinity-stressed plants could
boost biomass by promoting increased leaf area and vegetative growth. Similar to
our findings, Du et al. (2022) indicated that soil salinization negatively affected
maize’s water and nutrient metabolism, leading to decreased plant biomass. Kaplan
et al. (2016) noted that higher irrigation rates improved maize yield but reduced
quality, while higher nitrogen rates improved both yield and quality. However, they
demonstrated that when soil salinity is below 0.25%, adequate nitrogen application
can mitigate the adverse effects of salinity. In our study, the reductions in SDW and
SEW are primarily caused by single or combined stresses that impair the protective
enzyme systems in plants, leading to compromised leaf photosynthetic functions.
This, in turn, results in reduced mineral uptake/transport and accumulation in
the plant body, ultimately leading to decreased shoot weights. Furthermore, expo-
sing sweet corn plants to drought or salinity stress under sufficient fertilization
(F,) showed better improvement in shoot weight compared to moderate or lowest
fertilization conditions (F, and F,). This highlights the important role of provi-
ding essential nutrients to support growth, enhance stress tolerance, and promote
healthier plants. In the future, additional research must be conducted to explore
various irrigation and fertilization methods in order to gain a more comprehensive
understanding of the ideal NPK needs for sweet corn crops.
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Figure 3. Effects of various irrigation practices on plant height of sweet corn
plants under different fertilization conditions. Different letters on the bar graph
indicate significant differences at the 5% probability level, according to the Duncan
multiple range test. The vertical lines on the bar graphs show the standard error of
the three replicates for each treatment. C: Control, D: Drought stress, S: Salinity,
D+S: Drought and salinity.
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3.5. Plant Height

The height of sweet corn plants was significantly influenced by a two-way inte-
raction between irrigation and fertilization, as shown in Table 3. Plants fertilized
under F, conditions exhibited greater height compared to those under F, and F,
treatments (Fig. 3a). Moreover, a reduction in irrigation rate had a notable impact
on plant height, with plants under condition C being 7.4%, 15.6%, and 23.1% taller
than those under D, S, and D+S treatments, respectively (Fig. 3b). The constru-
ctive interaction of fertilization and irrigation indicated that lowest fertilization
combined with saline deficit irrigation significantly impeded the growth of sweet
corn plants, resulting in the smallest plant heights among all treatments (Fig. 3¢).
Notably, plant heights varied between 215.3 cm and 173.7 cm for F, 202.3 cm to
161.3 cm for F,, and 180.0 cm to 150.3 cm for F, (Fig. 3c). The tallest plants (215.3
cm) were observed in the F xC treatment, being 24.0%, 33.5%, and 43.2% taller
than plants in the F x(D+S), F,x(D+S), and F,x(D+S) treatments, respectively
(Fig. 3c). Du et al. (2019) point out that the leaf anatomical structures of maize are
significantly hampered by potassium deficiency, thus reducing the growth ability
of the plants. Javed et al. (2024) reported that optimum nitrogen supply improved
plant metabolism and increased the growth ability of the maize plants under sa-
linity stress. Therefore, plants must receive adequate nutrients and water in order
to support optimal hormone production and sustain healthy growth patterns. Our
findings clearly show that low fertilization combined with high osmotic stress lea-
ds to a further decrease in cell division and growth, ultimately resulting in reduced
plant height. Based on the findings, it could be noted that low fertilization levels
in soil caused a significant impact on plant growth, especially when coupled with
high osmotic stress. The combination of these factors ultimately leads to a decrease
in the production of growth hormones within the sweet corn plants. As a result,
the normal processes of cell division and elongation are disrupted, causing a noti-
ceable stunting in overall plant development. Collectively, individual or combined
drought-salinity stress disrupted reactive oxygen balance and caused high oxida-
tive damage, reducing the growth ability of sweet corn under low fertilization. It is
essential to focus on determining the optimal irrigation and fertilization require-
ments of plants for sustainable agriculture.
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Figure 4. Effects of various irrigation practices on water use efficiency (WUE)
of sweet corn plants under different fertilization conditions. Different letters on
the bar graph indicate significant differences at the 5% probability level, according
to the Duncan multiple range test. The vertical lines on the bar graphs show the
standard error of the three replicates for each treatment. C: Control, D: Drought
stress, S: Salinity, D+S: Drought and salinity.

3.6. Water use Efficiency

The results from the two-way ANOVA analysis on WUE indicate that the im-
pacts of irrigation, fertilization, and their interaction on WUE were statistically
significant (Table 3). As illustrated in Figure 4a, the fertilization treatments had a
notable influence on the WUE of sweet corn plants. The F, treatment resulted in
the lowest WUE of 0.14 g mm™, which was 19.1% and 46.0% lower than the WUE
values of treatments F,and F , respectively. According to irrigation treatments, the
highest WUE of 0.23 g mm™ was observed in the D treatment, while the lowest
was found in the S treatment, which did not significantly differ from the D+S tre-
atment (Fig 4b). In terms of interaction, it can obviously be seen in Fig. 4c that the
highest WUE values were found at D treatment under all fertilization treatments.
The maximum WUE (0.27 g mm™) was found at F xD treatment (Fig. 4c). Additio-
nally, the WUE for the F xD treatment was 60.9%, 101.6%, and 226.7% higher than
that of the F x(D+S), F x(D+S), and F,x(D+S) treatments, respectively (Fig.4c).
The highest WUE values were observed at F conditions due to enhanced plant
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growth from adequate water and nutrient uptake. However, the highest WUE was
detected at drought stress (D) conditions. In response to soil drying, roots produce
abscisic acid to regulate the stomatal aperture, causing partial closure under deficit
irrigation (Wang et al., 2022). This action reduced the transpiration rate, limited
shoot growth over time, decreased water consumption and enhanced WUE (Kang
and Zhang, 2004). Garcia y Garcia et al. (2009) noted that sweet corn plants had a
higher WUE value under deficit irrigation compared to full irrigation. Our results
align with Zou et al. (2020) in demonstrating that the WUE of spring maize decli-
nes with lower fertilization rates and higher irrigation water application.

Conclusion

The present study concluded that applying saline or deficit saline irrigation to
sweet corn plants significantly decreased evapotranspiration, yield, and WUE, es-
pecially under medium or high fertilization deficiency. Therefore, more studies
are needed to determine the optimal fertilization management of sweet corn un-
der various irrigation strategies to ensure sustainable irrigation and fertilization in
harsh environmental conditions. Finally, the findings of this pot trial serve as the
baseline data for future experiments in field conditions to verify the results.
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