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(Beta vulgaris L.) Grown in Elbistan District

oz

Bor (B) eksikligi dlinyanin bircok bolgesinde bitkisel Gretimi sinirlayan bir faktor olarak kabul edil-
mektedir. 2016-2017 yili ekim sezonunda Kahramanmaras-Elbistan yoresinde seker pancarinin
mevcut beslenme durumunu belirlemek amaciyla bir saha ¢alismasi yapilmistir. Toprak ve bitki
bor eksikligine isaret eden saha ¢alismasinin sonuclari nedeniyle, 2017-2019 yillari arasinda borun
seker pancarinin verim ve kalitesine etkisi belirlemek amaciyla tarla denemeleri yapilmistir. Saha
calisma sonuglarinda toprak ve bitki drneklerinin sirasiyla %85 ve %75'den fazlasi kritik sinirlarin
altinda bor igerdigi tespit edilmistir. Bitkilerin toplam bor kapsami ile topraklarin alinabilir bor kap-
sami arasinda dlizeyinde onemli pozitif iligki tespit edilmis ve r=0,7611"" olarak hesaplanmistir
(y=57,3703x+29,0349). iki yillik tarla denemeleri sonuglarina gére seker pancari topraktan bor
uygulamasina onemli olglide yanit vermistir. Seker pancari kok verimi ve aritilmis seker verimi
istatiksel olarak anlamli diizeyde artarken, seker varligi ve aritilmis seker varligindaki artiglar
anlamh bulunmamistir. Bor uygulamasi melas yapici maddelerden seker pancari koki potasyum,
sodyum ve zararli azot kapsami Uzerine etki yapmamistir. Aritiimig seker veriminde kontrole gore
artig; 150 g da™ bor seviyesinde %13,2, 300 g da” seviyesinde %14,5, 450 g da bor seviyesinde
%18,7, 600 g da bor seviyesinde ise %13,4 olarak gergeklesmistir.

Anahtar Kelimeler: Bor noksanligl, seker varligi, kdk verimi, seker pancari

ABSTRACT

Boron deficiency is considered to be a limiting factor in plant production in many parts of the
world. A field study was conducted to determine the current nutritional status of sugar beets
in the Kahramanmaras-Elbistan region in the 2016-2017 season. Due to the results of the field
study indicating the lack of soil and plant boron, field trials were conducted between 2017 and
2019 to determine the effect of boron on the yield and quality of sugar beet. In the results of the
field studies, it was determined that more than 85% and 75% of the soil and plant samples, respec-
tively, contain boron below the critical limits. A significant positive relationship was determined
between the total boron content of the plants and the available boron content of the soils and it
was calculated as r=0.7611"" (y=57.3703x+29.0349). According to the results of the field trials
of two years, sugar beet responded significantly to the application of boron from the soil. While
sugar beet root yield and purified sugar yield increased statistically significantly, the increase in
the presence of sugar and the presence of refined sugar was not found to be significant. Boron
application did not affect the content of sugar beet root potassium sodium and harmful nitrogen
content. Increase in purified sugar yield; 13.2% at 150 g da~" boron level, 14.5% at 300 g da~" level,
18.7% at 450 g da~"' boron level, and 13.4% at 600 g da~' boron level.

Keywords: Boron deficiency, purified sugar yield, root yield, sugar beet
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Giris

Seker pancari onemli bir seker bitkisi olup diinya seker Ureti-
minin yaklasik %20 (35,9 milyon ton)'sini karsilamaktadir. Ulke-
miz 3,700,000 ton seker Uretim ile dlnyanin 5. blylk pancar
sekeri Ureticisidir (TSFAS, 2020). Seker pancari lilkemizde yetis-
tirilen 6nemli endustri bitkisi olup 2020 yili seker pancari ekimi
3,363,480 da, Uretim ise 23.025,738 ton olarak gergeklesmistir
(Tarim ve Orman Bakanlidi, 2021). Elbistan Seker Fabrikasi ekim
sahasinda her yil yapilan yaklasik 31,500 da ekim ve 420,000 ton
Uretimle seker pancari yetistiriciligi onemli bir tarimsal faaliyettir
(TSFAS, 2017).

Seker pancari (Beta vulgaris L.) mikro besin elementlerinden bor
(B)'u; asit ve notr toprakta borik asit (H,BO,), alkali topraklarda
ise borat iyonu (H(BO),") formunda almaktadir. Bitkilerin erken
blylime déneminde bor noksanlidi; yaprak klorofil igeriginin
artmasina, yaprak stomalarina ait iletkenligin ve net fotosentez
oranini digmesine ve sonugta yapraktan yapisal olmayan karbon-
hidrat tagsinmasinin azalmasina neden olmaktadir (Zhao & Oos-
terhuis, 2002). Bu nedenle bor diger bitkilerde oldugu gibi seker
pancar i¢in de gerekli olan temel bir bitki besin maddesidir. Bor
bitkiler igin temel bir mikro besin elementi olmasina ragmen top-
rakta fazla birikmesi durumunda toksik olmaktadir (Sakamoto ve
ark., 2011; Shorrocks, 1997). Seker pancari genel olarak bora tole-
ransli bir bitkidir (Rozema ve ark., 1992). Ancak bor uygulamasi
sonrasi 0zellikle kil bakimindan yoksun topraklarda yetisen bitki-
lerde bor zarari gorilebilmektedir.

Seker pancari, ortalama bir kdk verimi igin yilda dekardan 30-35
gr bor kaldirmakta olup bitki su stresi yasamamasi durumunda
ihtiyaci olan boru, esik dederin altindaki topraklardan da kargila-
yabilmektedir (Draycott, 2006). Ayrica kullanilan kimyasal glibre-
lerde bulunan eser miktardaki bor veya sulama suyunda bulunan
bor da bitkinin ihtiyacini giderebilmektedir. Seker pancari yeteri
kadar bor ile beslenemedigi durumlarda yaprak ayasi kivrilmakta,
koyulasmakta ve yaprak sapinda catlaklar olugsmaktadir. iletken
dokuda meydana gelen zarar nedeniyle solmaya ve yaprak aya-
sinda surubumsu maddenin akmasina neden olmaktadir. Yap-
rak ayasinin Ust ylzeyi beyaz ag gibi pargalanmis bir gorinti
almakta, blyime noktasindaki meristem doku dagilmakta ve
sagak kok gelisimi azalmaktadir. En 6nemli belirti ise seker pan-
carinin orta (gébek) kisminin 6limudir (Draycott & Cristenson,
2003).

Seker pancari yetistiriciliginde glibreleme daha ¢ok NPK temelli
yapilmakta ve mikro element noksanli§i olan yorelere 6zgu gtib-
releme programlarina yeterince dnem verilmemektedir (Turhan
& Mihirdaroglu, 2002). Pancar ekim alanlari bor durumunun
belirlenmesi ve bor yetersizligi gorilen alanlarda bor gibrele-
mesi yapiimasi pancar ve seker verimini olumlu yonde etkilemesi
beklenmektedir. Ulkemiz seker pancari ekim alanlari bor duru-
muyla ilgili gok az ¢alisma bulunmaktadir. Gezgin ve ark. (1999)
Konya Ovasinda yaptiklari calismada seker pancari ekim alanla-
rinin %52’sinde borun noksan oldugunu tespit etmislerdir. Ozgiir
(2015) de seker pancari ekim alanlarinin %26,6’sinin borca yoksul
oldugunu bildirmistir. Colak ve ark. (2013) Carsamba Ovasi pancar
ekim alanlarinin %63,6'sinda, Bafra Ovasinin ise %33,0’tinde bor
noksanhgi oldugunu belirtmislerdir.

Seker pancari bor glibrelemesiyle ilgili dlinyada ve Glkemizde pek
cok caligsma yapilmistir. Diinyada yapilan galismalarin bazilarinda
bor giibrelemesi, seker pancarinin verim ve kalitesine olumlu katki

yaparken (Dewdar ve ark., 2015; Kristek ve ark., 2006; Mekdad
& Shabaan, 2020) bazilarinda etki gorilmemistir (Cattanach,
1991; Giles ve ark., 1991). Bor glibrelemesiyle ilgili yapilan calisma-
larda birbiriyle uyumlu olmayan sonuglarla karsilasilabilmektedir.
Bor gubrelemesinin olumlu etkisinin gorildigu bir lokasyonda
(Voth ve ark., 1979) belirli sure sonra yapilan baska bir caligmada
etki gérilmeyebilmektedir (Chiristenson ve ark., 1991). Ulkemizde
yapilan calismalarda da benzer olumlu ve olumsuz sonuglar
bulunmaktadir. Gezgin ve ark. (2001) elverigli bor kapsami 0,55
mg kg~" olan kiregli toprakta yaptidi calismada pancar kdk verimi,
seker varligi ve aritiimis seker oraninin 300 g da~" bor uygulama-
sinda arttigini, 600 g da~' dozunda ise dnemli dlglide azaldigini
bildirmislerdir. Yine Gezgin ve ark. (2007) Ug¢ farkl lokasyonda
yaptiklari galismada 300-450 g da~' bor uygulamasinin pancar
verimini artirdigini, 6zellikle bor kapsami yeterli diizeyde olan
lokasyonda 600 g da~' bor uygulamasinda verimin distdgd,
seker varliginda ise verime bagl artis ve azaliglarin oldugunu
ifade etmislerdir. Durak ve Ulubas (2017), yarayigl bor kapsami
0.46 mg kg™ olan kiregli toprakta yaptiklari galismada bor uygu-
lamasinin seker pancar kok verimini artirdigini, seker varligini ise
etkilemedigi tespit etmiglerdir.

Ulkemizde yapilan calismalar genel olarak orta ve yeterli dizeyde
bor kapsami olan topraklarda yapildigi gortlmektedir. Topraktaki
borun yarayighgini toprak pH’si, tekstlr, organik madde, kireg,
nem, sicaklik ve diger besin maddeleriyle iligkiler etkilemektedir
(Emir, 2017). Seker pancari ekim alanlarimizin bor durumunun
yoresel olarak belirlenerek noksan alanlar icin gtibreleme oneri-
leri amagch tarla denmelerinin yapilmasi nem arz etmektedir. Bu
arastirmanin amaci; saha galismasiyla, agirlikl olarak kahverengi,
kiregsiz kahverengi ve allivyon toprak tiplerin hakim oldugu Kah-
ramanmaras-Elbistan yoresinde yetistirilen seker pancarinin bor
(B) beslenme durumunu tanimlamak ve bor uygulamasinin tarla
kosullarinda seker pancarin verim ve kalite degerleri Uzerine etki-
sini belirleyerek glibreleme dnerilerine katki yapmaktir.

Yontem

Saha Calismasi

Tarla denemelerine baglamadan 6nce Dogu Anadolu Bolgesi
Bati Firat Bélimunde (Elbistan Seker Fabrikasi ekim sahasi) bor
noksanhiginin tespiti amaciyla seker pancari ekim alanlarinda
2016-2017 vejetasyon doneminde saha galismasi yapilmistir.
Afsin, Elbistan, Goksun ve Tufanbeyli ilgelerinde 40 farkli giftgi tar-
lasindan toprak, bitki ve pancar 6rnedi alinmistir. Bitki 6rnekleri
temmuz ayi ortasinda, toprak ve pancar 6rnekleri hasattan sonra
alinmistir. Toprak orneklerinde pH, kireg, organik madde, bitki-
lerce alinabilirmagnezyum ve bor, bitki ve pancar 6rneklerinde ise
toplam bor analizleri yapilmistir. Calismanin yapildigi yorede agir-
likh olarak kahverengi toprak (%40,4) hakim olup kiregsiz kahve-
rengi, kirmizimsi kahverengi ve allivyon toprak tipleri de yaygindir
(Esen, 2014).

Tarla Denemeleri

Tarla denemeleri icin Elbistan Seker Fabrikasi Uretim tarlalari
secilmistir. Kahramanmaras ili Elbistan ilgesi Hasankendi koyU
mevkiinde yUrGtllen deneme vejetasyon siresince 2018 yilinda
384,4 mm, 2019 yilinda ise 436,0 mm toplam yagis almistir.

Ekim Oncesi kahverengi toprak grubunda olan deneme alanlarin-
dan 0-30 cm derinlikli toprak 6rnekleri alinmistir. Toprak érnekle-
rindeyapilanverimlilikanaliz sonuglarina gore (Tablo 1) denemenin
kuruldugu alanlarda (Elbistan) tuzluluk problemi bulunmamakta,

Atatlrk University Journal of Agricultural Faculty | 2022 53(2): 97-104 | doi: 10.54614/AUAF.2022.940116
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ggzlgn:'e Alanindan Ekim Oncesi Alinan Toprak Orneklerinin Bazi Fiziksel ve Kimyasal Ozellikleri

Bulunan Degerler
Toprak Ozelligi Yontem Birim 2018 2019
Tekstlr sinifi Bouyoucos (1951) - Tin Tin
Kil - % 247 23,0
Silt - % 32,8 31,8
Kum - % 42,5 45,2
Kireg (CaCO,) Hizalan ve Unal (1966) % 211 25,9
Elektriksel iletkenlik (EC) Jackson (1962) dSm-’ 915 803
pH 1:2,5 (toprak: su) Jackson (1962) - 8,4 8,3
Organik madde Jackson (1962) % 21 2,0
Alinabilir fosfor Olsen ve ark. (1954) mg kg™’ 225 24,0
Alinabilir K,0 Knowels and Watkin (1967) mg kg™ 90,0 107,0
Bitkiye yarayigh SO, Ca(H,PO,),H,0 mg kg™ 54,0 52,0
Alinabilir Mg Jackson (1962) mg kg™’ 716,0 700,0
Bitkiye yarayigli Zn Lindsay and Norvell (1978) mg kg™ o7 0,8
Bitkiye yarayisli bor (B) Sicak su mg kg™ 0,34 0,23

toprak pH’si ise orta alkali reaksiyon gostermektedir. Cok kiregli
sinifta olan deneme alani topraklarinin organik madde kapsami
az, alinabilir fosfor ve potasyum kapsami orta diizeydedir. Kikdrt,
magnezyum ve ¢inko sorunu bulunmayan sahaninin bor kapsami
ise duslk siniftadir.

Konularin tamamina toprak analiz sonucuna gore iki yilda da 16
kg da™' N, 8 kg da™" P,O, ve 4 kg da~" K,O verilmistir. Bu amagla
glbrelemede 12-30-12 kompoze gubresi kullaniimis, bakiye
azot Ure (%46 N) ile tamamlanmistir. Azotlu glbrenin yarisi ile
fosfor ve potasyumun tamami ekim Gncesi bor uygulamasiyla
beraber parsellere verilmistir. Azotun dider yarisi ise 2. ¢apa
online verilerek capayla topraga karistiriimistir. Ekim 6ncesi
toprak ylzeyine elle homojen olarak parsellere verilen boraks
diger glbrelerle birlikte kombi kirdmler kullanilarak 8-10 cm
derinlige karistiriimistir.

Tarla denemeleri Tesadif bloklari deneme deseninde 3 tekerrirli
olarak kurulmustur. Deneme konulari; kontrol (bor uygulanma-
mis), 150 g Bda~, 300 g Bda™, 450 g Bda~'ve 600 g B da~"uygu-
lama dozlarindan olusmustur. Doz araligi ve miktar belirlemede
daha once yapilan galismalar, Glkemiz seker pancari bor glibrele-
mesi doz Gnerisi (Er ve ark., 2017) ve toprak analiz sonucu dikkate
alinmustir. Bor uygulamasi igin %11,35’lik boraks (Na,B,0,.10H,0)
kullanilmistir. Teknik sinifta ve toz yapida olan boraks (BORAKS
DEKAHIDRAT) ETIMADEN'den temin edilmistir.

Ekimler, Rhizomania ve Cercospora hastaliklarin toleransli Sere-
nada KWS seker pancari (Beta vulgaris L.) gesidiyle yapilmistir.
Ekim parseli blyukltgu; 4,50 (10 sira) x 10,00 m=45 m?, hasat
parseli; 2,70 (6 sira) X 7,4 m=20 m? olarak belirlenmistir. Ekim,
hassas pancar mibzeriyle sira arasi mesafe 45 cm, sira lizeri 8 cm
olacak sekilde yapiimistir. Sira lizere mesafe 20 cm olacak sekilde
tekleme ve seyreltme yapilarak hasat igin parselde 220 bitki
birakilmistir.

Pancar ekimi; 1.yil 25.04.2018 tarihinde, 2. yil 20.04.2019 tari-
hinde gerceklestirilmistir. Her iki yilda da gerekli bakim iglemleri
zamaninda aksatiimadan yapilmig, seker pancarinin verim ve

kalitesini etkileyecek 6nemli bir hastalik veya zararli ile karsilasil-
mamistir. Her iki yilda da 6 kez yagmurlama seklinde ile sulama
yapilmistir.

Bitkilerin makro ve mikro besin maddeleri agisindan beslenme
durumlarini belirlemek Uzere yaprak 6rnekleri alinmistir (Ulrich ve
ark., 1959). Alinan yaprak 6rneklerinin ayalari saplarindan ayrildik-
tan sonra aya ve saplar ayri ayri kagit torbalar igerisine konula-
rak hi¢ zaman kaybetmeden laboratuvara getirilmistir. Alinan aya
ornekleri, laboratuara getirildikten sonra yikanarak gerekli temiz-
leme islemleri yapiimis, 65-70°C'de kurutulmus, paslanmaz celik
degirmende 6gutllerek analize hazirlanmig ve bordan ari kliglk
cam siselerde korunmustur (Ulrich ve ark., 1959). Seker pancari
yaprak ayasl ve pancar koki B kapsami Milestone Plus mikrodalga
ekstraksiyon cihazi ile elde edilen ekstraktlarda, Perkin Elmer
4300 DV marka ICP OES cihazi ile belirlenmistir (Kacar & inal,
2008).

Fizyolojik olgunluga erisen seker pancari 1. yil 24.10.2018 tarihinde
2.y1120.10.2019 tarihinde hasat edilmistir. 10,00 (1,35 m x 7,41 m)
m?lik hasat parseli alanindaki pancarlarin hasadi skme beli kul-
lanilarak el ile yapilmistir. Parsellerden alinan pancarlarin tamami
bez torbalara konarak Seker Enstitiist laboratuarlarina taginmis-
tir. Laboratuarda pancar kok verimi her parsel icin ayri ayri belir-
lendikten sonra, hasat parsellerinden alinan pancarlarin tamami
frezeden gegirilerek elde edilen kiyimdan alinan drneklerde soguk
digestion yontemine gore seker varligi (ICUMSA, 2003), a-amino
azotu kapsami (Kubadinow & Wieninger, 1972), sodyum ve potas-
yum kapsami (Kubadinow, 1972) belirlenmistir. Aritilmis seker
varhgi (ASV)=SV-{0.343 (Na+K)+(0.094 a-aminoN)+0.29} formlU
(Reinefeld ve ark., 1974), aritilmis seker verimi (ASVE)=ASV x kok
verimi/100 esitligi ile belirlenmistir.

istatistiksel Analiz

Alan calismalarinda topraklarin bor kapsami ile yaprak ayasi ve
pancar kokl bor kapsamalari arasindaki iligskiye belirlemek igin
dogrusal regresyon analizleri yapiimistir. Tarla denemeleri tesadif
bloklari deneme deseninde ve Ug tekrarlamali olarak tasarlanmig-
tir. Elde edilen veriler varyans analizine tabi tutulmustur (Minitab,
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1995). Uygulamalar arasindaki farklarin belirlenmesinde, LSD
(asgari dnem fark) ¢coklu karsilastirma testi uygulanmistir.

Bulgular

Saha Calismalari Sonucu

Dogu Anadolu Bolgesi Yukari Firat Bolimiinde bulunan Elbistan
Seker Fabrikasina (Kahramanmarag) ait pancar ekim bolgeleri
olan Afsin, Elbistan, Goksun ve Tufanbeyli ilgelerinden toplan 40
adet toprak ve yaprak orneklerinin bor (B) durumuna ait sonuglar
Tablo 2'de sunulmustur.

Alinan 40 adet toprak 6rneginin alinabilir bor (B) kapsami 0,12 mg
kg~ ile 1,49 mg kg~" arasinda degismis, ortalama ise 0,37 mg kg™’
olmustur. Seker pancari bor noksanliginin en ayirt edici noksanlik
belirtisi olan “pancar gdbek ¢lrikligu” topraklarin alinabilir bor
kapsaminin 0,35-0,40 mg kg="dan disulk oldugu alanlarda ortaya
¢ikmaktadir (Draycott & Christenson, 2003). Ancak topraklarin ali-
nabilir bor kapsami igin kritik deger 0,50 mg kg~ olarak belirlen-
mistir. Bu de@er Uzerindeki alanlarda yetisen seker pancarinda bor
noksanhgindan kaynaklanan yaprak, kok veya seker verimi ile ilgili
herhangi bir kayip yagsanmadigi belirtilmekle beraber bazi arastiri-
cilar; sulama sikintisi olan yerlerde alinabilir bor kapsaminin 0,95
mg kg~"'degerinin altindaki seker pancari ekim alanlarina bor giib-
relemesi yapilmasi gerektigini ifade etmektedirler (Firstenfeld &
Burcky, 2000). Elbistan Seker Fabrikasi pancar ekim alanlarinda
sulama sorununun bulunmadi§i goze alindiginda bolge toprakla-
rin %85’inde bor noksanhgi oldugu gorilmektedir.

Bircok arastirici tarafindan topraklarin alinabilir bor kapsami ile
topraklarin pH’si, kireg, organik madde ve magnezyum kapsamlari
arasinda olumlu veya olumsuz iligki oldugunu belirtilmesine rag-
men bolge topraklarinda yapilan galismada benzer iligkiler kurula-
mamistir (Akin, 2009; Gezgin ve ark., 2007).

Seker pancari yaprak aya orneklerinin bor (B) kapsami 26,0 mg
kg~"ile 92,0 mg kg™" arasinda degismis, 40 adet 6rnede ait orta-
lamasi ise 50,0 mg kg~ olarak belirlenmistir (Tablo 2). Seker pan-
cari bor noksanlik tespitinde en uygun yontem; bitki yaprak ayasi
bor kapsaminin belirlenmesi olup yaprak sap ve pancar kok rnek
degerleri iyi bir gosterge olarak kabul edilmemektedir (Draycott
& Christenson, 2003). Yaprak ayasi analiz sonuglarinin dederlen-
dirilmesinde arastiricilar, bitki drmegdi ahm dénemini dikkate ala-
rak farkh referans degerleri sunmuslardadir. Noksanlik belirtisinin
gorilmedigi sinir degeri; Eaton (1944) agustos-eylil aylarinda ali-
nan yaprak aya orneklerinde 20-35 mg B kg™, Christenson ve ark.
(1991) ise ekimden sonra 12. haftada alinan yaprak aya ornekle-
rinde 34 mg B kg~ olarak belirtmiglerdir. Bu ¢alismada oldugu gibi
temmuz ayi ortasinda alinan érneklerde sinir deger, Kluge (1990)
tarafindan 55 mg B kg™ olarak bildirilmistir. Kluge (1990)'nin
degerleri dikkate alindi§inda Elbistan Seker Fabrikasi ekim alani
icindeki dort bdlgeden alinan 40 6rnedin %75'inde seker pan-
carl yaprak ayasi bor kapsami yeterli diizeyin altinda bulunmus-
tur. Tablo 3'de gortlecedi gibi bitkilerin yaprak ayasi toplam bor
kapsami ile topraklarin alinabilir bor kapsami arasinda onemli
pozitif iligki tespit edilmis ve r=0,7611"" olarak hesaplanmistir
(y=57,3703x+29,0349).

Bor Uygulamasinin Tarla Kosullarinda Etkisi

Seker pancarina artan seviyelerde uygulanan borun, seker pancari
yaprak ayasi bor kapsamini nemli dlizeyde artirmistir. Tablo 4de
gorilecedi gibi kontrolde 49,16 mg kg~ olan yaprak ayasi bor kap-
sami, bor uygulamalarinin bitlin seviyelerinde 6nemli 6lglide art-
mis, 150 g B da~" uygulama seviyesinde 61 mg kg~ olarak tespit

edilmistir. Diger uygulama seviyelerinde 150 g B da~" uygulama
seviyesine gore kismi bir dists egilimi olsa da bitln uygulama-
lar ayni istatistiki grupta yer almislar ve aralarindaki fark anlaml
bulunmamistir. Yaprak ayasi bor kapsami 300 g B da~' uygulama-
sinda 60,13 mg kg™, 450 g B da~" uygulamasinda 59,11 mg kg™’
ve 600 g B da~" uygulamasinda 57,64 mg kg~' olarak tespit edil-
mistir. Bor uygulamasi yapilan konularinin yaprak ayasi bor kap-
samlari, seker pancari igin kritik deger kabul edilen 55 mg B kg™’
degerinin Ustlinde tespit edilmistir (Kluge, 1990). Bor uygulamasi
yapilmayan kontrol parsellerden alinan 6rneklerin bor kapsami
ise deneme alani topraklari bor kapsaminin her iki yilda da toprak
sinir degeri olan 0,40 mg B kg="nin altinda olmasina bagl ola-
rak yaprak ayasi kritik seviyesinin altinda bulunmustur (Draycott
& Christenson, 2003). Bu sonuglar seker pancarinin bor glbrele-
mesine olumlu tepki verdigini ve bitkinin topraktan verilen boru
blinyesine sorunsuz sekilde aldiginin bir géstergesi olarak deder-
lendirilebilir. Gezgin ve ark. (2007) tarafindan yapilan calismada da
benzer bulgular elde edilmistir. Ancak ¢alismada 150 g B da™" ve
daha yUksek bor dizeyleri arasinda bitki bor kapsami agisindan
anlamli bir fark olugmamasi bitkinin daha yliksek miktarlarda veri-
len boru biinyesine artan oranlarda almadigini gostermektedir.

Seker pancari kokl bor kapsami, uygulanan bor seviyelerinden
etkilenmemis ve seviyeler arasindaki farklar énemli bulunma-
mistir (p > ,5). Kontrol parsel 6rneklerinde 16,02 mg kg=" olan bor
kapsami, uygulama seviyelerinde 16,86-22,58 mg kg~ arasinda
degismistir (Tablo 4). Seker pancari koki bor kapsami 15 mg kg™
Uzerinde olmasi durumunda bitkide noksanlik belirtilerinin gordil-
medigi bildiriimektedir (Draycott, 2006). Ancak Draycott and
Christenson (2003) tarafindan seker pancari koki bor kapsam
sonuglarinin noksanlik belirlemede her zaman dogru sonug ver-
memesi nedeniyle dederlendirmelerde kullanilmamasi gerektigi
aciklanmistir.

Tarla kosullarinda topraktan yapilan bor glbrelemesinin seker
pancarina ait pancar verimi, seker varlidi, zararli azot, sodyum,
potasyum kapsami, aritiimis seker varligi ve aritiimig seker verimi
Uzerine etkisini gosteren iki yillik birlestirilmis varyans analiz
degerleri Tablo 5'de verilmistir.

Seker pancari kok verimi uygulanan bora tarla kosullarinda 6nemli
Olclide tepki vermistir. Butlin uygulamalarda istatistiki olarak
%5 (p > ,5) onemlilik dlizeyinde kontrole gére artig gozlenmistir.
Uygulamalar arasindaki farklar dnemli olmamakla birlikte kont-
role gore en ylksek verim artisi 450 g B da~" uygulamasindan elde
edilmistir. Bu uygulamada; kontrole gore %12,7 artis gorilmus ve
pancar kok verimi 7223 kg da~"dan 8137 kg da"a yikselmistir.
Diger uygulamalar, 450 g B da~' uygulamasi ile ayni grupta yer
almislar ve aralarinda istatistiki bir fark olusmamistir. Pancar kok
verimleri 150 g B da~" uygulamasinda 8057 kg da~', 300 g B da™’
uygulamasinda 8065 kg da~' ve 600 g B da™' uygulamasinda kg
da~" olmus, kontrole gore artiglar ise sirasiyla %11,6, %12,7 ve %9,0
olarak gerceklesmistir (Cizelge 5). iki yillik verilere gére borca yok-
sul olan deneme alaninda artan seviyelerde uygulanan bor seker
pancari kok verimini bor uygulamasi yapilmayan kontrole gore
%9,0-12,7 oraninda artirmistir. Seker pancari kék verimine bor
uygulamasinin olumlu katkisina ait benzer sonuglar birgok aras-
tirici tarafindan ortaya konulmustur (Abdel-Nasser & Ben Abdalla,
2019; Gezgin ve ark., 2007; Kristek ve ark., 2006; Mekdad & Sha-
baan, 2020). Bor, yeni yaprak olusumu icin hiicre cogalmasinda
ve yapraklarda olusan asimilasyon drtnlerinin depo organlarina
tasinmasinda gorev almaktadir (Marschner, 2012). Bor noksan-
g1 ceken bitkilerin yapraklari daha kuglk, sert ve kalin olmasi
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Tablo 2.

Kahramanmaras Elbistan Bélgesinden Alinan Toprak Numunelerine Ait pH, Kireg, Organik Madde, Alinabilir Mg, Alinabilir B ve Yaprak Ayasi B Degerleri

. Kireg 0. madde Alinabilir Mg Alinabilir B Yaprak ayasi B
Ornek No Yer pH (%) (%) (%) (mg kg™) (mg kg™)
1 Afsin 8,1 21,1 1,77 0,123 0,82 90,0
2 8,4 21,8 1,35 0,103 0,60 87,0
3 8,0 16,2 1,31 0,186 1,02 770
4 8,4 13,6 1,48 0,055 0,21 51,0
5 v 34 1,58 0,058 0,18 34,0
6 8,4 16,9 142 0,037 0,30 36,0
7 79 2,6 2,01 0,087 0,22 36,0
8 8,4 24,0 1,64 0,083 0,24 39,0
9 8,2 26,7 2,20 0,054 0,29 36,0
10 85 28,6 2,00 0,048 0,20 52,0
1 8,1 19,2 2,00 0,087 0,39 48,0
12 8,5 211 1,35 0,055 0,16 30,0
13 8,2 20,5 1,31 0,042 0,27 40,0
14 8,4 30,9 2,67 0,059 0,29 41,0
15 8,3 22,9 210 0,077 0,33 44,0
16 Goksun 8,2 135 2,80 0,026 0,20 29,0
17 8,0 39 1,51 0,022 0,17 26,0
18 8,3 17,6 2,82 0,026 0,21 31,0
19 8,2 4,3 1,97 0,035 0,17 43,0
20 8,3 25,8 1,81 0,016 0,17 32,0
21 Elbistan 8,3 279 2,00 0,079 0,23 45,0
22 82 12,4 2,86 0,133 1,49 92,0
23 85 27,6 2,30 0,077 0,33 54,0
24 8,1 27,1 1,98 0,091 0,42 52,0
25 85 15,9 2,67 0,058 0,50 50,0
26 85 14,5 142 0,073 0,81 85,0
27 8,3 355 1,97 0,068 0,39 73,0
28 8,6 41,8 214 0,070 0,26 36,0
29 8,6 31,8 1,97 0,091 0,24 35,0
30 8,6 13,6 2,53 0,059 0,45 82,0
31 8,1 30,6 2,20 0,105 0,42 74,0
32 85 35,5 2,30 0,067 0,32 42,0
33 8,6 16,1 2,23 0,075 0,40 63,0
34 85 40,2 2,01 0,080 0,29 85,0
35 84 41 2,24 0,159 0,39 46,0
36 Tufanbeyli 84 5,5 2,01 0,042 0,12 27,0
37 8,3 4,4 2,24 0,044 0,23 33,0
38 8,5 8,9 2,17 0,042 0,17 28,0
39 85 16,3 2,73 0,072 0,38 44,0
40 84 12,9 1,94 0,122 0,32 51,0
Ortalama 8,3 20,36 2,03 0,072 0,37 50,0
Enaz 7.7 2,60 1,31 0,016 0,12 26,0
En gok 8,6 41,80 2,86 0,186 1,49 92,0
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Tablo 3.

Toprakta Alinabilir Bor Kapsami ile Toprak pH, Kireg, Organik Madde,
Alinabilir Mg ve Yaprak Ayasi B Arasindaki Regresyon Analizlerive
Korelasyon Katsayilari

Parametreler Esitlikler r
Toprak alinabilir B kapsami- y="0,1712x+1,7881 -0,1332%
Toprak pH’s

Toprak alinabilir B- Toprak y=-0,0003x+0,3716 -0,0018%
kirec kapsami

Toprak alinabilir B- Toprak y=-0,0418x+0,2804 -0,0699%
organik madde kapsami

Toprak alinabilir B- Alinabilir y=0,0005x+0,0169 0,6621...
magnezyum kapsami

Toprak alinabilir B- Yaprak y=57,3703x+29,0349 o,7611™
ayasl B kapsami

Not: Korelasyon dnemlilik seviyesi: *p <,05. "p <,01. *"p < ,001. &d: dnemli degil.
n-1=39

nedeniyle (Nemeata Alla, 2017) asimilasyon olumsuz etkilenmek-
tedir. Bor uygulamasi yapilan 150 g B da=" konusu ve tzerindeki
konularin yaprak ayasi bor kapsamlari (Tablo 4), seker pancari igin
kritik deger kabul edilen 55 mg B kg~" degerinin (Kluge, 1990)
Ustlnde tespit edilmis ve pancar kdk verimindeki artis bor nok-
sanhginin giderilmesiyle iliskilendirilmistir. En distik doz olan 150
g B da~'uygulamasiyla bitkinin gereksinimi olan miktarin tama-
minin karsilanmasina bagh olarak 300 g B da™', 450 g B da™ ve
600 g B da~"'dozlarinda verim artigi olmadigi distinilmektedir.
Ayrica deneme sonuglarina gore en ytksek uygulama dozu olan
600 g B da~'uygulamasi sonucu kok veriminde bir azalis olmamig
ve bor toksititesiyle karsilagilamamistir.

Artan miktarda uygulanan bor seviyeleri seker varliginda (diges-
tion) artisa neden olmus ancak bu artis istatistiksel olarak
anlamli bulunmamistir (p > ,05, Tablo 5). Deneme konularinda
seker varliklari %14,48-15,02 arasinda olusmustur. Istatistiki
olarak 6nemli diizeyde olmayan artiglar kontrole gére %2,1-3,7
arasinda degismistir. Benzer sonuglar Durak ve Ulutas (2017)
tarafindan da gdzlemlenmistir. Bor uygulamasinin seker varli-
gini artirmasina iligkin arastirmalarda mevcuttur (Abbas ve ark.,

2014; Abdel-Nasser & Ben Abdalla, 2019; Dewdar ve ark., 2015;
Enan, 2016; Kristek ve ark., 2006). Ancak bor uygulamalarinin
seker varligini artirdigi belirtilen galismalarda seker pancari kok
veriminin de artigi bildirilmekte ve uygulamalarin hem seker
varhigini hem de kdk verimini ayni anda nasil artirdidi ile ilgili bilgi
verilmemektedir. Bu ¢alismada uygulamalarin seker varliginda
anlamli artiglar olmamasina; Gezgin ve ark. (2007)'nin belirttigi
gibi pancar kok verimindeki onemli artiglar neden olmus olabilir.
Clnku seker pancari kok verimi ile seker varligi arasinda negatif
iliski bulundugu bilinmektedir (Draycott & Christenson, 2003;
Tayfur ve ark., 2008). Bazi arastiricilar ise bor glibrelemesinin
seker varligini azathgini (Gezgin ve ark., 2001) belirtmektedirler.
Galismada seker pancari kok verimindeki artisa ragmen seker
varliginda azalma olmamasi bor uygulamasinin olumlu etkisi
olarak varsayilabilir.

Seker pancari kalite olgttlerinden olup sekerin fabrikasyonunda
alimini etkileyen ve distk olmasi beklenen melas yapici mad-
delerden seker pancari kokl sodyum, potasyum ve zararli azot
(ax-amino azot) dederleri Uzerine; artan seviyelerde uygulanan
bor miktarlari istatistiki olarak 6énemli olmayan etkiye neden
olmustur. Uygulanan bor seviyeleri seker pancari koki potasyum
ve zararli azot kapsamlarinda anlamli olmayan dustse, sodyum
kapsaminda ise artisa neden olmustur. Denemede seker pancari
koku potasyum kapsam 5.20-5.63 mmol 100 g=' pancar, zararli
azot 2.88-3.23 mmol 100 g~' pancar arasinda degisirken sodyum
kapsami 3.33-4.16 mmol 100 g~' pancar arasinda degismistir
(Tablo 5). Degisik arastiricilarin elde ettigi sonuglar bu galisma
ile farklilik gostermektedir. Enan ve ark. (2016) bor uygulamasi-
nin seker pancari kokl potasyum ve zararli azot kapsamini etki-
lemedigini ancak sodyum kapsamini azalttigini belirtmislerdir.
Nemeata Alla (2017) ise bor giibrelemesinin sodyum ve potasyum
kapsamini dislirmesine ragmen zararli azot kapsamini artirdigini
bildirmektedir. Yine calismada seker varliginda oldugu gibi pan-
car kok veriminin artmasina ragmen safiyet bozucu maddelerde
(ex-amino N, K ve Na) anlamli artis olmamasi bor uygulamasinin
olumlu etkisi olarak dustinllebilir. Clinkl seker pancarinda kok
verimi ile safiyet bozucu maddeler arasinda da pozitif iliski bulun-
maktadir (Draycott, 2006; Piskin & inal, 2014).

-I—[ZEI!Z g.or Uygulamalarinin Yaprak Ayasi ve Pancar Kokii Bor Kapsami Uzerine Etkisine Ait iki Yillik Birlestirilmis Analizi
Yaprak Ayasi B Pancar Kokii B

Kapsami Kapsami
Konular mg kg™ mg kg™'
0 g B da~' uygulamasi (kontrol) 49,16b 16,02
150 g Bda™ 61,00a 16,86
300gBda™ 60,13a 20,87
450 g Bda™’ 59,1a 18,52
600 gBda 57,64a 22,58
Varyasyon Serbestlik
Kaynaklari Derecesi
Tekerrtr 2 od od
Yillar 1 : od
Doz od
Yil x Doz od od
Hata 18 - -
Genel 29 - -
Not:*p < ,05, 6d: 6nemli degil
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-IEZEI:;/) g;)r Uygulamalarinin Seker Pancari Verim ve Kalite Uzerine Etkisi Ait Iki Yillik Birlestirilmis Analizi
Arrtilmig Arrtilmig
Pancar Kok |  Seker Zararh Seker Seker
Verimi Varligi Sodyum Potasyum Azot Varligi Verimi

Konular (kg da™) (%) (mmol100g~) | (mmol100g~) | (mmol100g~) (%) (kg da™)
0 g B da~' uygulamasi (kontrol) 7223b 14.48 3.33 5.63 3.23 10.81 781b
150 g B da™ 8 057a 14.78 4.43 524 3.21 10.97 884a
300gBda’ 8 065a 14.86 416 5.20 3.02 11.08 894a
450 g Bda™ 8137a 15.02 3.39 5.48 310 11.40 927a
600 gBda™ 7873a 14.87 3.50 542 2.88 11.25 886a
Varyasyon Serbestlik
Kaynaklari Derecesi
Tekerrtr 2 od od od od od od od
Yillar 1 od od od od od od od
Doz i od od od od od :
Yil ‘Doz od od od od od od od
Hata 18 - - - - - - -
Genel 29 - - - - - - -
Not: *p < ,05, 6d: 6nemli degil
Aritilmig seker varligi; seker varlidi, zararli azot, sodyum ve potas- Sonug ve Oneriler

yum degerlerinden hesapla elde edilmekte olup verilen degerle-
rin artis veya azaligsindan etkilenmektedir. Bu nedenle Tablo 5'de
gorildigu gibi artan seviyede uygulanan bor dozlarin aritiimig
seker varligina yaptigr olumlu etki, seker varliginda oldugu gibi
istatiksel olarak anlamli olmamistir. Denemeden elde edilen ari-
tilmis seker varliklari %10,81-11,40 arasinda degismis, anlamli
olmamakla birlikte kontrole gore de %1,5-5,5 arasinda artig goril-
mUstlr. Durak ve Ulubas (2017) benzer bulgular elde etmelerine
ragmen Gezgin ve ark. (2001) yaptiklari calismada bor giibreleme-
sinin pancar ¢ikisini olumsuz etkileyerek bitki sikhi§ini azaltmasi
sonucu aritiimig seker varhginin disttginu bildirmislerdir.

Bor uygulamalari, pancar kok verimi ile aritiimis seker varhigin-
dan hesapla elde edilen aritiimig seker verimi tzerine glcll pozi-
tif etki yapmig ve 6nemli artisa neden olmustur (p < ,05). Kontrol
parselinden 781 kg da~" aritiimig seker verimi alinirken 150 g da™’
boruygulamasindan 884 kg da-', 300 g da~" bor uygulamasindan
894 kg da~" alinmistir. 450 g da~' bor uygulamasinda ise 927 kg
da~" seker verimine ulagilmistir. Denemede en yliksek doz olan
600 g da~' bor uygulamasinda ise aritilmis seker veriminde ista-
tistiki olarak anlamli olmamakla birlikte bir miktar disis olmus
ve 886 kg da~" olarak belirlenmistir. Kontrole gore oransal artig
450 g B da™" uygulamasinda %18,7 seviyesinde olmustur. 150 g
da~" bor seviyesinde %13,2, 300 g B da~" seviyesinde %14,5, 600
g B da' seviyesinde ise %13,4'IUk artiglar olmustur. Ancak bor
uygulama dozlarinin etkisiyle aritiimis seker veriminde gorilen
onemli olumlu artiglar kendi aralarinda bir fark olusturmayarak
ayni istatistiki grupta yer almiglardir (Tablo 5). Calisma sonucuyla
uyumlu olarak pek ¢ok arastirici bor uygulamasinin aritilmig
seker verimini artirdigini bildirmislerdir (Dewdar ve ark., 2015;
Gezgin ve ark., 2007; Kristek ve ark., 2006; Mekdad & Shabaan,
2020). Seker pancari kalite degerlerinden seker varlidi ile safiyet
bozucu maddeler olan sodyum, potasyum ve zararl azot(a-a-
mino azot) kapsamina bor uygulamalarinin olumsuz bir etkisi-
nin olmamasina bagli olarak pancar verimindeki artiglar, aritilmig
seker veriminin kontrole gore anlamli sekilde artmasina neden
olmustur.

Bitki besin maddelerinin tarim topraklarinda azaliginin ana nedeni
bitkisel Uretimdir. Bitki tarafindan alinan besin maddeleri glibre-
leme yoluyla karsilanmazsa denge bozulmaktadir. Buna bagli ola-
rak da topragin Uretim kapasitesi dligmesi sonucu bitkilerin verimi
dismekte Urdnln kalitesi bozulmaktadir. Son yillarda bitkisel Greti-
min azot, fosfor ve potasyumlu kimyasal glibre kullanimiyla artacagi
inanci hakimdir. Bu da mikro besin elementlerinin bitkisel tretim-
deki 6neminin gbézden kagmasina neden olabilmektedir. Seker
pancari Uretim alanlarinda verim ve kaliteyi sinirlandiran mikro ele-
mentlerden bora yeterli dnem verilmemektedir. Yapilan ¢alismada
seker pancari Uretiminde 6nemli bir yere sahip olan Kahramanma-
rag Elbistan yoresi topraklarinda dnemli derecede bor noksanlig
tespit edilmistir. Yine bolgede yetistirilen seker pancarinda bor nok-
sanliginin yaygin oldugu ve topraktaki noksanlik ile bitkideki noksan-
lik arasinda ytksek pozitif iliski oldugu ortaya konulmustur.

Yapilan tarla denemelerinde bor glbrelemesinin seker pancari
kok verimi ve aritiimis seker verimini 6nemli olglide artirdigi
ortaya konulmustur. Kahramanmaras Elbistan yoresine benzer
iklim ve toprak ¢zelliklerine sahip, bor bakimindan yoksul seker
pancari ekim alanlarinda minimum 150 g da=" bor glibrelemesi
yapilmasinin seker pancari kok verimi ve aritilmis seker verimini
artiracagi gortlmektedir. Ancak glibreleme yapilirken seker pan-
carindan sonra ekilecek bitki gz onlinde bulundurulmalidir. Fazla
bor uygulamasi bora hassas bitkilere toksik etki yapabilmektedir.

Hakem Degerlendirmesi: Dis bagimsiz.
Cikar Catismasi: Yazar, ¢ikar catismasi olmadigini beyan etmistir.
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Feed Usage and Feeding Practices in
Cattle Farms in Ispir County of Erzurum
Province
Erzurum ili ispir ilcesi Sigircilik isletmelerinde Yem
Kullanimi ve Sigir Besleme Uygulamalari

Recep AYDIN®,

Mete YANAR®,

Abdulkerim DILER®?, ABSTRACT

Ridvan KOCYIGIT®", The aim of this study was to determine the current situation on feed usage and cattle feeding

Veysel Fatih OZDEMIR®", practices and reveal the concerning problems in cattle enterprises in ispir county of Erzurum

Mesut TOSUN® Province to suggest solutions for these problems.

For this purpose, a face-to-face survey was conducted with the owners of 394 randomly selected
cattle breeders. Data obtained were statistically analyzed using the chi-square independence and
frequency analysis test. Results: According to the findings, it was determined that 97.7% of the
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Atatlrk University, College of
Agriculture, Erzurum, Turkey

2Department of Plant and Animal enterprises made plant production. Silage, which is an important source of roughage, was utilized
Sciences, Vocational School of at a very low level (2.8%) in the county. It was also determined that the breeders generally fed
Technical Sciences, Erzurum, Turkey their animals based on their own knowledge and experience. They started offering roughage and

concentrate feed to the calves in the fourth week (97.5%) and watering in the third week (98.7%)
after birth. It was found that 99.7% of the enterprises initiated pasture grazing in April (95.4%) and
animals were grazed in the pasture for more than 5 months.

It was concluded that there is a lack of information about animal feeding among breeders in the
county. For this reason, training activities by the relevant institutions, increasing the knowledge
and skills of the breeders, and encouraging silage production will benefit the development of the
region’s livestock production.

Keywords: Cattle, feed usage, feeding practices, forage, silage
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rin %97,7’sinin bitkisel Uretim yaptigi saptanmistir.

Gelis Tarihi/Received: 0911.2021

Kabul TarihijAccepted: 12022022 Onemli bir kaba yem kaynagi olan silaj ise ilcede ¢ok distk diizeyde (%2,8) kullaniimaktadir.

Yetistiricilerin yemleme uygulamasini genellikle kendi bilgi ve tecriibelerine gore yaptiklari belir-
Sorumlu Yazar/Corresponding Author: lenmistir. Yetistiricilerin buzagilara kaba ve kesif yem vermeye dogumdan sonra dordiinci haf-
Veysel Fatih OZDEMIR , tada (%975), su vermeye ise Uclincli haftada (%987) basladiklari tespit edilmistir. isletmelerin
E-mail: veysel.ozdemir@atauni.edu.tr %99,7'sinin mera kullandigi, genellikle Nisan ayinda (%95.4) meraya ¢ikildigi ve 5 aydan daha fazla

Cite this article as: Aydin, R., Yanar, M., merada kalindigi belirlenmistir. Sonug: ilcede hayvan yemleme ve besleme konularinda bilgi
Diler, A., Kogyigit, R., Ozdemir, V. ., & eksikligi bulundugu sonucuna varilmistir. Bu nedenle ilgili kurumlar tarafindan egitim c¢alismasi
Tosun, M. (2022). Feed usage and yapilmasi, yetistiricilerin bilgi ve becerilerinin arttiriimasi ve silaj Gretiminin tesvik edilmesi bolge
feeding practices in cattle farms in J o
ispir county of Erzurum province. hayvanciliginin kalkinmasina fayda saglayacaktir.
Atatlrk University Journal of 0 & I
Agricultural Faculty, 53(2), 105-113. Anahtar Kelimeler: Sigir, yem kullanimi, besleme, kaba yem, silaj

Introduction
Content of this journal is licensed The Eastern Anatolia Region has an important potential in terms of animal production, with its wide
under a Creative Commons . . . . . .
Attribution NonCommereial 4.0 gnd fruitful pgstures and ple}teaus beS|dgs quality |and§ suitable for forage crops CU|t!VaT;IO.I’1. Although
International License. itis the most important region of Turkey in terms of animal husbandry with its potential, it is one of the

regions where structural problems are observed the most in animal production.


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9319-9319
http://orcid.org/0000-0002-5311-5675
http://orcid.org/0000-0001-7958-6179
http://orcid.org/0000-0001-9979-0804
http://orcid.org/0000-0003-3035-7695
http://orcid.org/0000-0001-6251-2771

106

Livestock production in Ispir county of Erzurum province is an
important source of livelihood in areas that are unsuitable for
growing cultivated plants due to its topographic and climatic
conditions. However, this type of animal husbandry is mostly car-
ried out with traditional techniques and is quite simple compared
to animal husbandry in developing countries (Akbay & Boz, 2005).
Therefore, the only way to survive in today’s dairy cattle industry,
where competition is severe, is to follow and apply the innova-
tions in the sector. The acceptance and spreading of agricultural
innovations are extremely important for the development of agri-
culture and the society living in rural areas. One of the ways to
increase the profit in animal production is to use new technolo-
gies that are proved to be effective in reducing the costs of the
enterprises. Adoption of new technologies by farmers will help
economic profitability in the short-term and improve the living
conditions of the society and the sustainability of the sector in
the long-term (Boz et al.,, 2002).

The breeders of the Eastern Anatolia region do not meet the
requirements to increase the yield in animal production. In order
for the region’s enterprise owners to continue their work prof-
itably, it is highly required to give up working with low-yielding
breeds that increase the production cost and decrease the qual-
ity and to improve the conditions and techniques for livestock
production (Kogyigit et al., 2015).

ispir county is located 143 km north of Erzurum city center and
the total area of the county is 22,44 km2. There are many large
and small mountains at an altitude of between 2400 and 3900
meters within the boundaries of the county. Small and large live-
stock and plant productions are highly important in the livelihood
of the local community (Anonymous, 2021).

According to TUIK (Turkish Statistical Institute) 2021 first period
data, Erzurum province constitutes 5.03% of Turkey’s cattle stock
with 920,642 animals. With this number, this province is in sec-
ond place after Konya in terms of cattle population. Ispir county
constitutes 2.67% of the cattle present in the Erzurum province.

Methods

The survey study was carried out on the owners of randomly
selected dairy cattle enterprises in the ispir county of Erzurum
province, and the data obtained from the questionnaire consti-
tuted the material of the study. The enterprises were visited and
the current situation was tried to be revealed through observa-
tion together with survey questions.

(a)

No; 2.3%

(b)

Yes; 97.7%

Figure 1.

5 years;
86.0%

Since the variance is unknown as well as the population is limited
and there are qualitative variables dependent on probability, the
method whose formula is given below was utilized for the deter-
mination of the sample size of the research (Arikan, 2007).

N.tz.p.q
(N—l).D2 +12.pg

In this formula,

n = minimum number of necessary samples, N = population size,
D = acceptable or desired sampling error (5%), t = table value
(t=1.96 for a=.05), p = the rate to be calculated (.5), g=1—p.

2
- 2107.(1.96)7.0.5.(1-0.5) 325

(2107 -1).(0.05)° +(1.96)*.0.5.(1-0.5)

With the formula written above, the estimated sample size was
calculated to be approximately 325. According to this result,
the number of surveys was increased by 21.23% and the number
of surveys to be conducted in the villages of the ispir county of
Erzurum province was determined as 394. The data obtained
from surveys were transferred to Excel 2010 computer program.
The percentage values were obtained by using frequency analysis
in descriptive statistical method available in the IBM Statistical
Package for the Social Sciences version 20.0. (IBM SPSS Corp.,,
Armonk, NY, ABD). Graphs were produced by using the propor-
tional values and the results were interpreted. The effects of
number of animals (0-10, 11-20, 21-30, 31-40, and 41+ head
cattle) raised in the enterprises and the educational status of the
owners of the enterprises (illiterate, literate, primary school grad-
uate, secondary school graduate, and high school graduate) on
the parameters investigated in the current study were analyzed
statistically by using the Chi-Square test in the SPSS package
program (Yildiz & Bircan, 2006).

Results

Feed costs constitute the largest share of expenses in dairy cattle
farms. For this reason, enterprises are required to make plant and
animal production together in order to reduce feed or feeding
costs. It was determined that 977% of the surveyed enterprises
are engaged in plant production in the county (Figure 1a). The
majority of these enterprises (86.0%) were determined to have
been making crop production for more than 5 years (Figure 1b).

1year; 1.0%
2 years;

2.5%

” 3 years;
) 539,
Vkél years;

7.9%

(a) Do You Make Plant Production? (b) How Long Have You Been Cultivating Forage Crops?
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Figure 2.

Types of the Roughage and Concentrate Feeds Produced in the Enterprises.

Mostly alfalfa, sainfoin, and vetch were produced as roughage in
the enterprises, while barley, wheat, rye, and corn were the most
produced as concentrate feed (Figure 2). Corn silage production
in the county was at a very low level.

In terms of forage and concentrate feed production, findings
related to alfalfa, sainfoin, vetch, barley, and wheat production
were similar to other literature findings. However, the data con-
cerning corn production in the county was quite lower than the
results of many studies. Sezer et al. (2020) reported that 91.4%
of the enterprises in Nevsehir province produced alfalfa, 83.8%
corn for silage, 33.3% oats, 36.2% vetch, and 96.2% straw. Simi-
larly, Oztiirk et al. (2019) determined that 91.67% and 81.82% of
the breeders in Tekirdag and Kirklareli provinces, respectively,
produced forage crops and barley, silage corn, and alfalfa most
commonly. Bakir and Kibar (2018) reported that 87.8% of the
enterprises in Mus province produced forage crops and the most
produced forage crop was alfalfa (33.82%). Vural (2018) reported
that enterprises in Kirikkale mostly produce barley and wheat
straw (74.6%), barley (62.3%), and alfalfa (22.0%). Diler et al. (2018)
determined the percentages of forage crops cultivated in the
cattle enterprises in Narman county as 61.5% alfalfa, 60.1% bar-
ley, 45.7% vetch, and 37.5% sainfoin. Hozman (2014) stated that
90.2% of the farms in Sivas have wheat, 62.4% alfalfa, and 48.9%
barley production, but vetch and silage corn production is quite
low. Demir et al. (2013) stated that 88.7% of the enterprises in
Kars Province produce forage crops. On the other hand, in some
studies conducted in Turkey, the production rate of forage crops
was reported at a lower rate (Akkus, 2009; Diler et al., 2016; Sur-
men et al,, 2008; Tugay & Bakir 2008). In the aforementioned

70.3%
43.9%
12.9%
= 1.0%
Wheat Barley Rye Maize

studies, it can be seen that the production of silage corn, which
is an important source of forage for dairy cattle, is quite low in
the provinces in the Eastern Anatolia Region and higher in other
regions.

In the multi-select question, it was asked to breeders “Which
type of roughage do you use in your enterprise?” and the majority
of the enterprise owners stated that they used alfalfa, sainfoin,
dry meadow, grass, and vetch. Corn silage usage was found to be
very low (Figure 3).

It was determined that the rate of those who buy roughage from
outside in the enterprises in ispir county was extremely low
(0.8%), while the breeders who make their own production were
the majority (Figure 4). Of all the self-producing enterprise own-
ers, 44.2% of them stated that they use their own land for produc-
tion and 35.0% of them noted that they produce the roughage on
rented land. Moreover, 19.8% of these breeders stated that they
meet their roughage needs by purchasing when their production
is not enough.

Similarly, Diler et al. (2018), Bakir and Kibar (2018), Demir et al.
(2013), Bogdanovi¢ et al. (2012), and Dou et al. (2001) reported
that roughage was mostly produced in the enterprises in Nar-
man county, Mus Province, Kars Province, in Serbia, and the
United States, respectively. On the contrary, Sezer et al. (2020),
Diler et al. (2016), Das et al. (2014), Ayman (2014), and Kaygisiz and
TUmer (2009) reported that the percentages of the enterprises
that purchased the roughage instead of producing was consider-
ably high in Nevsehir province (98.1%), Hinis county of Erzurum
province (63.0%), Bingdl province (88.7%), and Kahramanmaras

120%
99.7% 100.0% 99.7%
100%
0 82.7%
80% 73.9%
60%
40%
20%
2.8%
0% — 4
Wheat and Dry hay Dry alfalfa hay Dried sainfoin  Dried hay of Silage
barley straw hay other legumes

Figure 3.
Types of the Roughage Used in the Cattle Farms (%).
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Figure 4.
Sources of Roughage Supply (%).

province (61.0%). Also, Kurt et al. (2020) and Oguz et al. (2013)
reported that in Burdur and Mus Provinces, the percentages of
the enterprises who used both methods for roughage supply
were 82% and 50.7%, respectively.

In this study, it was found out that in almost all of the surveyed
enterprises (99.7%), dry hay was produced (Figure 3). It was also
determined that the dry hay produced in the enterprises was
mostly used for feeding the animal (97.7%) in their own enter-
prises, only 2.3% of the enterprise owners stated that they sell
their surplus dry hay (Table 1).

The silage usage rate (2.8%) in the farms was determined to be
considerably low and enterprises supplied the silage either by
own production (0.8%) or by purchasing (2%). The longest silage
using enterprise was determined to be feeding their animal with
silage for 4 years (Table 1). Similarly, Diler et al. (2016) reported
that the use of silage was quite low (0.25%), while Kurt et al. (2020)
(18.8%), Aydin and Keskin (2019) (30%), Ozyiirek et al. (2014) (13%),
and Onal and Ozder (2008) (96.5%) reported different results in
their studies.

Table1.

Dry Hay and Silage Production

If you produce dry hay, how do

you evaluate it? Quantity Proportion (%)
| feed my animals 385 977
I sell the surplus 9 2.3
Total 394 100.0
How long have you been using

silage as roughage?

I do not use silage 383 97.2
1-2 years 5 1.3
2-4 years 6 1.5
Total 394 100.0
How do you supply silage in

your enterprise?

I produce it 3 .8

I buy it 8 2.0
Total 11 2.8

The types of concentrate feed used in the enterprises and their
percentages are given in Figure 5. The most commonly used con-
centrate feed sources by breeders were determined to be bran,
crushed barley, and fattening feed, respectively. Dairy cattle feed
and heifer feed were used at low levels. In addition, 8.4% of the
respondents stated that they do not use concentrate feed.

Vural (2018) reported that almost all of the enterprises used com-
mercial factory feed (96.2%), and barley (80.7%) usage was quite
high; however, bran (14.6%), vetch (2.3%), and wheat use (10.0%)
was considerably low in the enterprises in Kirikkale province. Fur-
thermore, Diler et al. (2018) determined that 34.0%, 23.0%, 22.0%,
and 18.0% of the enterprises in Narman county of Erzurum prov-
ince used crushed barley, fattening feed, dairy cattle feed, and
bran, respectively.

It was asked to breeders, “Where do you supply concentrate feed?”
and breeders answered the multi-select question by stating that
they either produce their own feed (69.3%) or they supply their
needs by purchasing from outside (62.7%) in addition to their pro-
duction, the (Figure 6). In addition, it was determined that a sig-
nificant amount of concentrate feed was purchased from the feed
factories (31.7%) and the agricultural credit cooperative (22.3%) in
the county. The fact that the breeders produce their own feed to
a large extent can be considered as an effort to make livestock
economically without being dependent. In addition, the high feed
prices may also have an impact on this practice.

Similarly, Vural (2018), Bogdanovié et al. (2012), Onal and Ozder
(2008), and Dou et al. (2001) stated that concentrate feed was
mostly produced by the enterprises themselves in their studies.
On the contrary, Kilig and Eryilmaz (2020), Bakir and Kibar (2018),
Diler et al. (2016), Ayman (2014), Das et al. (2014), Boz (2013),
and Kaygisiz and Tumer (2009) noted that concentrate feed was
mostly purchased from a feed factory or feed mills. Tugay and
Bakir (2008) and Diler et al. (2016) reported the percentages of
breeders who prefer feed mills to be 83.4% and 64%, respectively.
On the other hand, Kilig and Eryllmaz (2020) and Soyak et al.
(2007) reported that 65.7% and 65% of the enterprises preferred
feed dealers, while Demir et al. (2013) stated that agricultural
cooperatives were preferred by 42.5% of the enterprises for con-
centrate feed supply in their study. It is seen in Figure 7a that
most of the breeders are satisfied (78.4%) with factory feed. One
of the most important reasons for dissatisfaction is thought to
be high feed prices.

A statistically significant (p < .01) relationship was found between
satisfaction with factory feed and the education level of the
breeders and the size of the farm. Literate and illiterate breeders
were less satisfied with factory feed compared to other education
groups. While the satisfaction percentage was found between
96.3% and 100% in the enterprises possessing 21-30 heads and
above animals, a relatively lower satisfaction level was deter-
mined (61.5%-78.3%) in the enterprises having 1-10 and 11-20
heads and below animals.

It was determined that all of the enterprises kept the factory feed,
other grain, and concentrate feed in a closed store (100%). Simi-
larly, Vural (2018) reported that 74% of the enterprises stored con-
centrate feed in a separate feed storehouse.

The animals were fed either 2 (73%) or 3 (27.0%) times a day in the
enterprises of the county (Figure 7b). Similarly, percentages of the
enterprises feeding their animals two times a day were reported
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as 91.5%, 78.1%, and 63.2% by Vural (2018), Sezer et al. (2020), and
Onal and Ozder (2008), respectively.

The majority of the enterprise owners stated that they first feed
concentrate and then roughage (60.2%), and 29.7% stated that
they gave both feeds mixed together (Figure 8). The breeders,
constituting 9.0% of the enterprises, stated that they only give
roughage or concentrate feed mixed with straw.

Unlike the presented study, Akkus (2009) determined that
70.5% of the enterprises in Konya gave mixed feed with rough-
age and concentrate, 22.9% of them gave roughage first and then

concentrate, and 6.5% of them gave concentrate first and then
roughage. Sezer et al. (2020) stated that 56.2% of the enterprises
gave a mixed feed of roughage and concentrate.

In order to achieve profitability in animal production, breeders
are expected to feed the animals consciously. For conscious
feeding, it is required to obtain technical information support
from qualified persons or relevant institutions. For determin-
ing the breeder’s information sources and the situation of the
enterprises in terms of receiving information support it was
asked to the participants “What is your information sources to
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Percentages of the Methods of Feeding Animals.

feed the animals?” and to this multi-select question, 99.0% of
the breeders answered that they feed their animals based on
their own knowledge and experiences (Figure 9). In addition
to their own knowledge about feeding, it was also determined
that breeders benefited relatively from veterinary advice (32.7%),
feed factory recommendation (14.5%), unions and cooperatives
(8.6%), and agricultural engineers (animal scientists) at a very
low level (.3%).

Similarly, Sezer et al. (2020) stated that 62.9% of the breeders
practiced animal husbandry according to traditional methods
without any training education, and the amount of feed given to
animals was determined by rough estimate (42.0%) or based on
the experience of the breeders (38.1%). Oguz et al. (2013) reported
that 92.6% of the enterprises in Burdur province determined the

amount of feed given to animals according to their own knowl-
edge, while 5.6% and 2.8% of them determined the feed amount
based on the recommendations of the factory where they bought
feed and veterinarians, respectively. Vural (2018) stated that
81.5% of the enterprise owners in his study believed that they
have sufficient knowledge and experience about animal breeding
and 61.5% of these enterprises received information support for
animal feeding. It has been reported that 65.7% of the enterprises
in Agn province did not receive technical information support,
and 59.0% of these enterprises continued their breeding with tra-
ditional methods (Bakan & Aydin, 2016). Akkus (2009) found out
that 71.7% of the enterprises in Konya province received technical
information support.

It was also determined that the calves are generally fed by dry
hay or straw as a source of roughage and almost half of the enter-
prises used calf growth feed (48.2%) as a concentrate feed source.
In addition, it was determined that the calves were fed by crushed
barley, fattening feed, crushed wheat, calf starter, and dairy cattle
feed from most to least, respectively. Moreover, 24.1% of the par-
ticipants stated that they did not use concentrate feed for calf
feeding (Figure 10).

Similar to the findings in the study, Sezer et al. (2020) deter-
mined that 98.1% of the farms used concentrate feed and 100%
use roughage in the feeding of calves in Nevsehir province. On the
contrary, Tugay and Bakir (2008), Bayindir (2008), and Diler et al.
(2016) reported that 98.9%, 91.3%, and 60% of the enterprises did
not offer concentrate feed to the calves.

Information about the period of roughage, concentrate, and
water feeding of calves after birth, the dates that the calves were
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100.00%
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60.00%
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Figure 9.
Percentages of Sources of Information Concerning Cattle Feeding.
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Figure 10.
Types of Feeds Bought from Feed Factories.
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Table 2.
Times to Start Roughage, Concentrate and Water Feeding of Calves and
Dates and Duration of Starting Pasture and Plateau Feeding

When do you start roughage

and concentrate feeding of

calves after birth ? Quantity Proportion(%)
2 weeks 1 3

3 weeks 2 5
4 weeks 384 975
5 weeks 7 17
Total 394 100.0
When do you start

rouwatering calves after

birth?

2 weeks 2 5

3 weeks 389 987
4 weeks 3 .8
Total 394 100.0
Do you move your cattle to

pasture?

Yes 393 99.7
No 1 3
Total 394 100.0
In which months do you move

your cattle to pasture?

March 14 3.6
April 375 954
May 4 1.0
Total 393 100.0
How long do you feed your

cattle in the pasture?

4 months 1 3

5 months 1 3
More than 5 months 391 99.5
Total 393 100.0
Do you move your cattle to

plateau?

Yes 68 17.3
No 326 82.7
Total 394 100.0
If yes, in which months do you

move your cattle to plateau?

April 44 647
May 12 176
June 1 16.2
July 1 15
Total 68 100.0
How long do you feed your

cattle in the plateau?

2 months 24 35.3
3 months 27 397
4 months 17 25.0
Total 68 100.0

allowed to go pasture and plateau, the time spent there are pre-
sented in Table 2.

It was determined that the breeders generally started roughage
and concentrate feeding of calves at the fourth week (97.5%), and
water feeding at the third week after birth (98.7%). Similarly, Vural
(2018) stated that the majority of the enterprises in Kirikkale
Province and Savas (2016) reported that 51.7% of the enterprises
in Rize Province started to offer feed to the calves from the fourth
week after birth. On the other hand, Bayindir (2008) stated that
79.2% of the enterprises in Van Province and Akkus (2009) stated
that calves were started to be fed when they were 3 weeks old on
average in Konya Province.

Hozman (2014) determined that 98.5% of enterprises in Sivas
province started concentrate feeding of calves at 6-7 days of
age. Oguz et al. (2013) stated that in Burdur province, concen-
trate feed started to be given to calves from the ninth day on
average. Diler et al. (2016) reported that breeders generally
started to give roughage and concentrate feed to the calves at
4 weeks (52.0%) of age or later (30.0%) and water feeding started
at 1-2 weeks (77.0%) of age.

In studies conducted abroad, Vasseur et al. (2010) reported that
the average starting age of concentrate feeding for calves was 7
days; dry hay was given at 3 days of age and clean water was given
at 2.5 days of age. Heinrichs et al. (1987) stated that concentrate
feed (97.9%) was given in the first week, and roughage (78.7%) and
water (75.1%) were given in the second week after birth.

Almost all of the surveyed enterprises (99.7%) moved their ani-
mals to pasture (Table 2). It was determined that the breeders
generally started the pasture feeding in April (95.4%) and grazed
their animals in the pasture for more than 5 months (99.5%). Sim-
ilar to the presented study, Vural (2018) stated that 70% of the
enterprises in Kirikkale region utilized pasture, and the pasture
feeding lasted about 6-9 months (57.3%). Akman (2013) deter-
mined that pasture feeding lasted for 6-7 months in Sarikamig
county and 100% of the enterprises utilized pasture in the county.
Tugay and Bakir (2008) reported that 86.3% of the enterprises in
the Giresun province utilized pasture and animals for 5-7 months
(63.3%) in the pasture. Pasture utilization rates were reported
as 78.4%, 80.0%, and 95.6% in the enterprises in the Black Sea
region, Sivas Province, and Van Provinces by Surmen et al. (2008),
Hozman (2014), and Bayindir (2008), respectively.

On the other hand, Ayman (2014) stated that 45.7% of the enter-
prises in Kahramanmaras Province made pasture feeding and
this practice was started mostly in March (43.2%). Odevci (2016)
stated that 50.8% of the enterprises utilized pastures and pasture
feeding lasted mostly for 3-5 months (48.5%). Oduz et al. (2013)
reported that 16.0% of the enterprises in Burdur Province used
pasture, while Bayindir (2008) reported that the average usage
period of pastures in Van Province was 5 months.

Plateaus are important sources for the nutrition and health of
animals. Of all the participants, 17.3% of them stated that they
have the opportunity to go to the plateau. It has been deter-
mined that the date to move animals to the plateau was mostly
in April (64.7%), and breeders continued to move animals to
the plateau in May (17.6%) and June (16.2%) as well. It was also
determined that 35.9% of the enterprises let their animals stay
in the plateau for 2 months, 39.7% for 3 months, and 25.0% for
4 months (Table 2).
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In other studies, the opportunity of going to the plateau and the
duration of stay were 33.2% and generally 3-4 months in Gire-
sun region (Tugay & Bakir, 2008), 8.0% and mostly 3-5 months
in Kahramanmaras Province (Kaygisiz & Timer, 2009), respec-
tively. In Hinis county, it was reported as 20.0% and generally 2-3
months (Diler et al., 2016).

As a result, it can be deduced that feeding practices in Ispir
county of Erzurum province are fairly well. It was determined that
the enterprises could produce their own roughage and concen-
trate feeds and were satisfied with the purchased factory feeds.
The applications made in terms of the dates of feeding animals
in the pasture and the duration of their stay in the pasture were
evaluated positively. In addition, it was concluded that the time
to start roughage and concentrate feeding of calves was also
appropriate.

However, April is early for countie’s enterprises to start pasture
feeding. For pastures to stay in proper form and to be used for a
longer period of time, breeders are recommended to move their
animals to pasture in May. In addition, it was determined that
the enterprises used fattening feed, bran, and crushed barley
at a higher rate, and dairy cattle feed and corn silage at a lower
rate. The majority of the farm owners feed the animals based on
their own knowledge, and they are insufficient in terms of obtain-
ing and applying technical information in their farms. The calves
should be given starter feed first, but calf growth feed usage was
more common among breeders. A significant proportion of the
breeders did not give concentrate feed to the calves; this applica-
tion was interpreted as an important deficiency, and awareness of
the farm owners should be increased about calf feeding.

It is seen that the breeders in ispir county have a lack of knowl-
edge about animal feeding and feed usage. To eliminate these
deficiencies farm owners should be trained and information sup-
port should be provided by training studies by the relevant insti-
tutions in the region.
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ABSTRACT

This study was carried out in Erzurum in 2015 and 2016 to determine the effects of pre-shooting
and planting times on some quality characteristics of potatoes. In the experiment, there were four
different pre-sprouting (23 March, 3 April, 23 April, and Control), three planting times (5, 15, and
25 May), and two varieties (Binella and Slaney). The experimental design was the “Randomized
Complete Blocks Design” in “Split Split Parcel” arranged as three planting times (5th, 15th, and
25th days of May), two varieties (Binella and Slaney), and four pre-shooting times (March 23, April
3, April 13, and Control) with four replications. According to the average of the trial factors, there
was a statistical difference between the years in terms of tuber specific weight, dry matter, starch,
protein ratios, and chips yield, but there was no difference in terms of chips’ oil absorption rate.
According to the pre-shooting times, the highest dry matter, protein, chip ratio, and oil absorp-
tion rates of the chips were determined in the application on March 23, while the specific gravity
and starch ratio were determined from the application on April 3. According to the planting times,
the maximum specific gravity was determined in the 5th and 15th May plantings, the oil absorp-
tion rate of the dry matter and chips was determined on the 3rd of April, and the protein ratio was
determined in the 25th of May plantings. The specific gravity, dry matter, starch, and oil absorp-
tion ratio of chips were higher in Slaney variety, and protein ratio was lower than Binella variety.
As a result, although there is no difference between pre-sprouting and planting times, there were
differences between cultivars in terms of pre-sprouting time and planting time for high chips
productivity and chips efficiency and low oil absorption rate of chips, and accordingly, among the
examined cultivars, Slaney cultivar took longer time than the other cultivars. it has been sug-
gested that a period of pre-sprouting should be required and a later planting should be done.

Keywords: Planting time, potato, pre-sprouting, quality

6z

Bu galisma, patatesin bazi kalite ¢zellikleri izerine 6n stirgtinlendirme ve dikim zamanlarinin etki-
lerini belirlemek amaciyla 2015 ve 2016 yillarinda Erzurum’da yapiimistir. Denemede dort farkli
onsurglinlendirme (23 Mart, 3 Nisan, 23 Nisan ve Kontrol) t¢ dikim zamani (5, 15 ve 25 Mayis) ve
iki cesit (Binella ve Slaney) bulunmaktadir. Deneme “Sansa Bagl Tam Bloklar” Deneme Deseninde
“Bollnen Bolinmus Parseller” diizenlemesine gore 4 tekrarlamali olarak kurulmustur. Deneme
faktorlerinin ortalamasina gore, yillar arasinda yumru 6zgil agirhidi, kuru madde, nisasta, protein
oranlari ve cips verimligi yoniinden istattistiki olarak farklilik olup, cipsin yag ¢cekme orani yoniin-
den farklilik olmamistir. On siirgiinlendirme zamanlarina gére, en fazla kuru madde, protein,
cips orani ve chipsin yag ¢ekme oranlari 23 Mart uygulamasinda, 6zgil agirlik ve nisasta orani
ise 3 Nisan'daki uygulamadan tespit edilmistir. Dikim zamanlarina gore en fazla 6zgul agirlik 5 ve
15 Mayis dikimlerinde, kuru madde ve chipsin yag ¢cekme orani 3 Nisan, protein orani ise 25 Mayis
dikimlerinde belirlenmistir. Slaney ¢esiinin 6zgll agirlik, kuru madde, nisasta ve cipsin yag cekme
orani Binella gesidine gore yliksek, protein orani ise diislik bulunmustur. Sonug olarak, 6n stirgiin-
lendirme ve dikim zamanlari arasinda farklilik olmamasina ragmen, ytiksek cips verimliligi ve cipsin
distk yag ¢ekme orani icin 6n sirginlendirme siresi ve dikim zamanlari bakimindan gesitler
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arasinda farklilik oldugunu, buna gore incelenen cesitlerden slaney cesidinde diger cesitlere gore daha uzun slre on sirglinlen-

dirme ve daha geg dikim yapiimalidir

Anahtar Kelimeler: Dikim zamani, patates, 6n stirgtinlendirme, kalite

Introduction

Potato is an important food for human nutrition. Especially water,
dry matter, starch, protein, minerals, and vitamins make potato
an important nutrient (Esendal, 1980). It has important place in
agricultural enterprises, and its production requires more labor
force, for example, it needs hoeing during the growing period,
compared to other field products so it enables employment in
agricultural enterprises.

In order to obtain high yield per unit from potato, one of the most
important factors is to use high-quality seed tubers in addition to
applying practices such as irrigation, fertilization, pre-sprouting,
haulm killing, and planting time. These cultural practices have
important effects on the quality of potatoes.

Studies on the subject, the negative effect of late planting on
some quality parameters of tuber potatoes such as dry matter
and starch content, and cooking quality can be eliminated with
pre-sprouting (Lunden, 1944). Pre-sprouting treatment can give
the producers at least a 2-week or more advantage of growing
potatoes; especially in short-season climate, it may provide a sig-
nificant benefit for early planting and the longer growing season
because the seed tuber potatoes are ready for planting.

A lot of research has been carried out that states that there are
positive and negative aspects of early planting and pre-sprout-
ing on quality characteristics of potatoes. According to Emilson
(1950), the content of starch increases more than dry matter due
to pre-sprouting. Kara and Unal (1991) stated that pre-sprouting
date has no effect on tuber specific gravity, dry matter, and pro-
tein, it has effect on starch content and chip yield. As the date of
pre-sprouting delays, the rate of starch decreased and the chips
productivity of sprouted was less than that of non-sprouted.

Kara et al. (2005) practiced pre-sprouting on seed tubers on
different dates (15 March, March 30, April 14, and Control) in
Erzurum. They stated that pre-sprouting has effect on protein
content, it has no effect on dry matter and starch content, and it
is suitable that seed tubers can be pre-sprouted under Erzurum
conditions in 14 April.

Tagkiran (1988) stated that planting date has no effect on dry
matter rate of tuber, and Kara et al. (2002) detected that planting
date has no effect on tuber dry matter, protein, chips yield, and oil
absorption ratio of chips.

Akeley et al. (1955) stated that an early planting date increases
the dry matter content of tubers and high-quality chips are
obtained. Koch et al. (1969) detected that late planting decreases
tuber dry matter and quality. Also, Giinel (1976) detected that
the late planting date delays the dry matter rate and chip yield
decreased gradually, and it has no effect on the starch, protein,
and oil absorption ratio of chips.

This study was carried out to determine the effects of pre-sprout-
ing date and planting date on potato quality characteristics of
potato cultivars.

Methods

Experimental Site and Materials

This study was carried out at Atatlirk University, Faculty of Agri-
culture Experimental field in years 2015 and 2016. In the studies,
cultivars of Binella and Slaney were used for their high adapta-
tion and high yield, resistance to disease, technological charac-
teristics. For fertilization, 24 kg nitrogen, 6 kg phosphorus, and
5 kg potassium were applied as pure substance per decare
(Ilisulu, 1986; Oztlirk, 2001).

Climate Properties

Between May and September, which is the vegetation period of
potato in Erzurum, total rainfall was 285.1 mm in 2015, 303.7 mm
in 2016, and 195.5 mm in long-term average. Average tempera-
ture was 14.8 °C in 2015, 14.8 °C in 2016, 14.5 °C in the long-term
average; relative humidity was 60.4% in 2015, 53.3% in 2016, and
57.0% in the long-term average (Anonymous, 2017).

Soil Characteristics

The soil of the study field was clay and loamy, pH values varied
between 7.20 and 7.73, poor in the sense of organic matter (1.04%
and 2.28%), available phosphorus amount was changed between
8.7 and 11.9 kg da~"and rich in potassium was136.0-154.8 kg da™

Experimental Treatments

The experimental design was the Split-Split Plot with three
planting dates (May 5, May 15, and May 25) as main plots, four pre-
sprouting treatments (no pre-sprouting, starting of pre-sprout-
ing on March 23, April 3, April 13) as subplots, and two cultivars
(Binella and Slaney) as sub-sub plots with four replications. In the
plantings, hills were designed with 70-cm interrow spacing and
35-cm intrarow spacing (Senol, 1973). Each plot was composed of
4 lines, and there were 10 hills on each line. There were 96 plots
and the size of each plots was 9.8 m?(2.8 m x 3.5 m), the total
experimental area was 2507.76 m>.

Results

Variance analysis results of tuber specific gravity, dry matter con-
tent, starch content, protein content, oil absorption rate, and
chips yield determined according to experiment factors were
given in Table 1, and the averages were given in Table 2.

Specific Gravity of Tuber

The statistical difference in specific gravity of tubers between
experiment years was significant (p < .05). The specific gravity of
tuberswas 1.077 in the first year of the experiment and 1.067 in the
second year (Tables 1 and 2). This may result from the fact that
the growth period in the first year of the experiment was long and
the temperature was high, thereby dry matter content was high.
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10.8
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10.9

1141

10.0

9.9
9.9

11.5

10.3

13.3

14.2

14.0

131

13.8

134

141

13.6

19.5

21.8

20.3

197

207

19.5

221
20.2

20.8

20.0

19.9

191

19.5

20.0

21.2

19.7

1.069
1.073
1.071

1.074
1.073
1.074
1.075
1.072
1.07

1.074
1.069
1.068
1.070
1.066
1.074
1.073

15 May x 23 March x Binella

15 May x 23 March x Slaney
15 May x 3 April x Binella

15 May x 3 April x Slaney

15 May x 13 April x Binella

15 May x 13 April x Slaney

15 May x Control x Binella

15 May x Control x Slaney

25 May x 23 March x Binella

25 May x 23 March x Slaney
25 May x 3 April x Binella

25 May x 3 April x Slaney

25 May x 13 April x Binella

25 May x 13 April x Slaney

25 May x Control x Binella

25 May x Control x Slaney

Capital letters are significant at 1%, small letters are significant at 5% level

Although there was a numerical difference, planting date and pre-
sprouting time had no significant effect on the specific gravity of
tubers (Table 1). The highest specific gravity of tubers was deter-
mined for tubers planted on April 3 (1.074), followed by control
(1.073), March 23 (1.072), April 13 (1.070) pre-sprouting treatments
(Table 2). In previous study carried out by Kara and Unal (1991),
and Kara and Kavurmaci (2003), it was stated that pre-sprouting
dates have no effect on the specific gravity of tuber, and therefore,
it is compatible with the experiment results.

According to the planting times, the highest starch was in the
May 5 and 15 plantings (1.073), followed by the May 25 (1.072)
planting time. While the results obtained from the experiment
were similar to the results of Glinel (1976), they are unsimilar to
the results of Kara et al. (2002), Tagkiran (1988), and Yildirm et al.
(2005).

There were statistically significant (p < .05) differences between
tuber specific gravity of cultivars (Table 1). Tuber specific gravity of
the Slaney cultivar was 1.074, and it was detected as 1.071 for the
Binella cultivar (Table 2). Differences between cultivars may prob-
ably result from the genetic structure.

Dry Matter Content (%)

In terms of dry matter content, statistical significance (p < .01)
was found between the study years (Table 1). Dry matter con-
tent was 21.6% in the first experiment year and 18.9% in the sec-
ond year (Table 2). This may have resulted from the fact that the
growth period was longer and the temperature was higher in the
first study year.

In terms of planting time, the highest dry matter content of
potato tubers was on May 15 plantings (20.5%), followed by May 5
and 25 plantings (Table 2). In the previous studies of Glinel (1976),
Kara et al. (2002), and Tagkiran (1988), it was detected that plant-
ing date had no effects on dry matter content. The average dry
matter content of the Binella cultivar was 20.0%, and it was 20.5%
for the Slaney cultivar (Table 2).

Due to the fact that the dry matter ratio did not show stability
according to the pre-sprouting dates and planting times in the
study years caused the interaction of year x pre-sprouting date
X planting time to be statistically significant (p < .05) (Table 1,
Figure 1).

Starch Content (%)

There was a statistically significant difference between experi-
ment years in the sense of starch content of tubers (p < .01)
(Table 1). Starch content of tubers was 16.3% in the first year of
the experiment and 11.4% in the second year. This may result from
dry matter content in the first study year (Table 2). Although the
starch ratios of the tubers were numerically different between the
pre-sprouting, planting times, and the varieties, there was no sta-
tistical difference (Tables 1 and 2).

The highest starch content of tubers was obtained from April 3
pre-sprouting treatment (14.2%) followed by the control treat-
ment (14.1%), March 23 (13.9%), and April 13 treatments (Table 2).
Results of the experiment are compatible with the results of
Kara et al. (2002), incompatible with the results of Prosba-Bialoc-
zyk (1989), and reported that pre-sprouting increased the rate of
starch.

The highest starch rate determined in tubers according to plant-
ing times was obtained on May 5 (14.0%), followed by 15 (13.9%) and
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May 25 (13.7%). The results were similar to the results of Tagkiran
(1988), and it was determined that the starch ratio decreased as
the planting time was delayed. The average starch ratio was 13.8%
in the Binella cultivar and 14.8% in the Slaney cultivar.

Protein Content (%)
There was a statistically significant difference between experi-
ment years in the sense of protein content of tubers (p < .05)
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125 -
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Protein ratio (%)

(Table 1). The protein content of tubers was 12.8% in the first year
of the experiment and 10.9% in the second year (Table 2).

Although there is a numerical difference between the protein
content of potato tubers according to pre-sprouting date and
planting time, there was no statistical difference (Tables 1 and 2).

According to the pre-sprouting times, the highest protein con-
tent was determined in March 23 treatment (12.1%), followed
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Figure 3.
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Pre-sprouting Date x Planting Time x Variety of Interactions in Terms of Protein Ratios in the Average of Studly Years.
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Figure 4.

Pre-sprouting Date x Planting Time x Variety in Terms of Chips Productivity in the Average of Study Years.

by April 13 (12.0%), April 3 (11.7%), and control (11.6%) treatments
(Table 2).

According to planting times, the highest protein content was
detected in May 25 (12.2%) plantings, followed by May 15 (11.8%)
and 5 (11.6) plantings (Table 2). The results obtained from the
experiment were not similar to the results of Prosba-Bialoczyk
(1989).

There was a significant difference (p < .01) in terms of protein
content between cultivars. Protein content was determined as
12.2% in Binella variety and 11.5% in Slaney variety (Tables 1 and
2).

Due to the fact that the protein contents of the cultivars were
not stable according to the planting times in the average of years
caused the year x planting time x variety interaction to be sta-
tistically significant (p < .05) (Table 1, Figure 2). Also, the protein
content of the varieties did not show stability according to the
pre-sprouting dates and planting times caused the pre-sprout-
ing date x planting time x variety interaction to be statistically
significant (p < .05) (Table 1, Figure 3).

ChipsYield

There was a statistically significant difference (p < .01) between
experiment years in the sense of chips yield (Table 1). Chips yield
was 34.6% in the first study year and 32.0% in the second year
(Table 2).

In terms of chip yield, there was no significant difference between
pre-sprouting and planting times and cultivars (Table 1).

According to the pre-sprouting times, the highest chip yield was
determined in March 23 (33.7%), followed by control (33.4%), April
3(33.2%), and April 13 (32.9%) pre-sprouting treatments (Table 2).
The results obtained from the experiment were similar to the
results reported by Kara et al. (2002).

According to the planting times, the highest chip yield was deter-
mined in the May 5 (33.5%) planting, followed by the May 15 and
25 (33.2%) plantings (Table 2). The results obtained from the
experiment did not show similarity with the results reported by
Glnel (1976).

Chip yield was determined as 33.5% in the Binella variety and
33.2% in the Slaney variety.

Due to the fact that the chips yield of the cultivars did not show
stability according to the pre-sprouting dates and planting times
caused the pre-sprouting date X planting time x variety interac-
tion to be statistically significant (p < .05) (Table 1, Figure 4).

Oil Absorption Ratio of Chips (%)

There was no statistically significant difference between the years,
pre-sprouting, and planting times in terms of the oil absorption
ratio of the chips, while it was statistically significant (p < .05)
between varieties (Table 1).

As the average experiment factors, the oil absorption ratio of
chipswas 31.7% in 2015 and 32.0% in 2016, the difference between
years was not found statistically significant (Tables 1 and 2).

According to the pre-sprouting dates, the highest oil absorp-
tion rate was determined in the March 23 and April 13 (32.3%),
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followed by control (31.7%) and April 13 (31.1%) treatments (Table 2).
The results from the experiment were not similar to the results
reported by Kara et al. (2002) and Kara and Unal (1991).

In terms of the oil absorption rate of chips, according to planting
times, the highest oil absorption rate was determined in May 15,
followed by May 5 (32.1%) and 25 (31.3%) plantings. In similar stud-
ies (Gunel, 1976), it was reported that planting time had no effect
on the oil absorption rate of the chips.

Qil absorption rates of chips were determined as 31.1% in the
Binella variety and 31.7% in the Slaney variety (Table 2).

Due to the fact that the oil absorption ratio of the chips did not
show stability according to the pre-sprouting dates on the aver-
age of the years caused the year x pre-sprouting date x variety
interaction to be statistically significant (p <.05) (Table 1, Figure 5).

Conclusion

As a result, although there is no difference between pre-sprout-
ing and planting times, there were differences between cultivars
in terms of pre-sprouting time and planting time for high chips
productivity and chips efficiency and low oil absorption rate of
chips, and accordingly, among the examined cultivars, Slaney cul-
tivar took longer time than the other cultivars. it has been sug-
gested that a period of pre-sprouting should be required and a
later planting should be done.
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ABSTRACT

There is not enough information about how the feed quality changes according to plant parts and
growing conditions in Amaranth species used as an alternative feed source. For this purpose, a
three-replication study was conducted in randomized blocks according to the split plot design to
determine the feed value of leaves, clusters and stems of Helios, Sterk and Ultra cultivars grown
underirrigated and dry conditions in 2017-2018. The results of the study showed that the highest
crude protein (HP), dry matter digestibility (KMS), metabolic energy (ME), relative feed value (NYD)
and lowest natural solvent insoluble fiber (NDF) and acid solvent insoluble fiber (ADF) contents.
showed that it was obtained from Ultra grown in irrigated conditions. On the other hand, the
highest cluster and stem HP ratio was determined in Helios grown under irrigated conditions,
while the highest cluster and stem HP were determined in KMS, ME and NYD cultivars grown in
irrigated Ultra and Helios grown in dry conditions. In addition, HP, KMS, ME and NYD of leaves
were higher than clusters and stems, whereas NDF and ADF contents were lower, respectively. As
a result, it was revealed that the leaves and inflorescences of the examined cultivars produced a
higher quality forage material under irrigated conditions, while the stems produced a lower qual-
ity forage material in dry (except HP).

Keywords: Amaranth species, feed quality, growing conditions, morphological parts

oz

Alternatif yem kaynagi olarak kullanilan Amarant tirlerinde yem kalitesinin bitki kisimlari ve
yetisme kosullarina gore nasil bir degisim gosterdigi konusunda yeterli bilgi bulunmamaktadir.
Bu amagla, 2017-2018 yillarinda sulu ve kuru kosullar altinda yetistirilen Helios, Sterk ve Ultra
gesitlerinin yaprak, salkim ve saplarin yem degerini belirlemek igin tesadif bloklarinda boltinms
parseller deneme desenine gore Ug tekerrlrll bir caligma yUrittlmastir. Aragtirma sonuglari
en yuksek ham protein (HP), kuru madde sindirilebilirligi (KMS), metabolik enerji (ME), nispi yem
degeri (NYD) ile en distik dogal ¢oziiciilerde ¢dzlinemeyen lif (NDF) ve asit ¢ozlicllerde ¢ozline-
meyen lif (ADF) iceriklerinin sulu kosullarda yetistirilen Ultradan elde edildigini gosterdi. Diger
taraftan en ytksek salkim ve sap HP orani sulu kosullarda yetistirilen Helios'da belirlenirken, en
ylksek salkim ve sap KMS, ME ve NYD ise suluda yetistirilen Ultra ile kuruda yetistirilen Helios
gesitlerinde tespit edildi. Ayrica yapraklarin HP, KMS, ME ve NYD siraslyla salkim ve saplardan daha
yUksek, oysa NDF ve ADF igerikleri ise daha dislik bulundu. Sonug olarak incelenen gesitlerin yaprak
ve salkimlari sulu kosullar altinda dahayliksek kalitede, saplari ise kuruda (HP harig) daha distk kalitede
bir yem materyali Urettigi ortaya konulmustur. saplari ise kuruda (HP harig) daha diislk kalitede bir
yem materyali Urettigi ortaya konulmustur.

Anahtar Kelimeler: Amarant tirleri, yem kalitesi, yetisme kosullari, morfolojik kisimlar
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Introduction

Knowledge of feed quality is as important as the amount of feed
given to animals for achieving high animal product performance.
Because quality of the fodder crop is defined as the ratio of trans-
formation of the consumed feed to the animal product, which
varies as to nutritional value and digestibility of the feed (Collins
& Fritz, 2003). Nutritional value of the feed and its digestibility
are significantly affected by environmental factors (climate, soil,
etc.), plant characteristics (species, variety, maturity, etc.), and
cultural practices (irrigation, fertilizing, etc.) (Keskin et al., 2021;
Onal Asci & Acar, 2018; Tan & Temel, 2019; Temel & Tan, 2020;
Temel & Yolcu, 2020). In general, anatomical, morphological, and
chemical structures of plants may differ among species, variet-
ies, and plant parts (Fales & Fritz, 2007). In studies conducted on
different forage plant species and varieties, it was revealed that
leaves contain two to three times more crude protein and lower
acid detergent fiber (ADF) and neutral detergent fiber (NDF) ratios
than the stems (Fales & Fritz, 2007; Hatfield et al., 2007). For
example, in the quinoa plant that is considered as a feed source,
it was reported that the panicles and, particularly, the leaves had
at least three times higher crude protein (CP), dry matter digest-
ible (DMD), metabolic energy (ME), and relative feed value (RFV)
than that of the stems, while they had at least three times lower
NDF and ADF contents (Temel & Keskin, 2020). In addition, scar-
city and abundance of water in cultural practices may positively
or negatively affect the quality of the feed by stressing out the
plants (Buxton & Fales, 1994).

Amaranth (Amaranthus spp.), which can adapt well to differ-
ent environmental conditions, poor soil, and scarcity of water,
is a pseudo cereal with high nutritional value (Pospisil et al,
2009). Most of the species in this genus show weed character-
istics (Khan et al.,, 2019); however, they are widely used in human
nutrition because of their highly nutritional grains and leaves
(Adhikary et al., 2020; Alegbejo, 2013; Amicarelli & Camaggio,
2012). The interest in amaranths has also been significantly ris-
ing in recent years due to its high yield of high nutritional forage
(Peiretti, 2018), and all vegetative parts of the plant (stem, leaves,
and panicles) are preferred as alternative feed sources in animal
nutrition in the forms of fresh or dried forage, silage, and grain
feed (Leukebandara et al., 2019; Sarmadi et al., 2016; Svirskis,
2003; Temel et al.,, 2020). On the other hand, although nutri-
tional value and digestibility of amaranths, which are harvested
as a whole plant, vary according to species, varieties, sowing
frequency, fertilizer applications, and development stages (Kes-
kin et al.,, 2020; Leukebandara et al., 2015; Rahnama & Safaeie,
2017), it was demonstrated that the feed quality is higher than
the widely grown grain and many fodder species and is suffi-
cient for animal feeding (Pond & Lehmann, 1989; Pospisil et al.,
2009; Sleugh et al,, 2001). However, it is seen that the number of
research for determining the feed quality of the plant parts (leaf,
panicle, and stem) is less and the obtained results are gener-
ally from studies conducted by considering only a single grow-
ing condition (irrigated) (Garcia-Pereyra, 2009; Svirskis, 2003).
Therefore, there are no studies that are conducted to analyze the
feed quality characteristics of the varieties belonging to Amaran-
thus caudatus, Amaranthus hiybridus, and Amaranthus panicula-
tus x Amaranthus nutans species grown in irrigated and rainfed
farming systems by considering different plant parts.

The present research is planned with the aim of determining the
changes in feed quality of varieties belonging to Amaranthus spp.

according to different growing conditions and plant parts. In this
way, besides the contribution of plant parts to the feed quality,
appropriate growing conditions and varieties with the highest
feed quality were determined.

Methods

The research was carried out in the Agricultural Research and
Application Center trial area of a university, located at an altitude
of 876 m, between 2017 and 2018. The region where the study
was conducted has Turkey's most arid climate with low annual
rainfall and high evaporation ratio. Looking at some climatic val-
ues of the research area, total precipitation, average tempera-
ture, and relative humidity according to long-year averages were
measured as 267.6 mm, 12.4°C, and 54.5%, respectively. In 2017
and 2018 during which the experiment was carried out, average
annual temperatures were recorded as 12.4°C and 15.1°C, average
relative humidity at 58.4% and 60.0%, and annual precipitation
amounts as 220.8 mm and 280.0 mm, respectively. Accord-
ing to this data, it can be seen that 2017 was drier (220.8 mm),
while there was more rainfall (280.0 mm) in 2018, according to
long-year averages (267.6 mm). Moreover, average temperature
(15.1°C) and rainfall (280.0 mm) in 2018 when the trial conducted
was measured to be higher than those (12.4°C and 220.8 mm) in
2017 (MGM, 2019).

More than one-third of the Igdir plain soils have lost their pro-
ductivity due to salinity and remained out of production (Temel
& Simsgek, 2011). Similar soil structure is also found in the field
of Agricultural Research and Application Center. However, while
selecting the trial area, such areas with extremely saline soil
characteristics were avoided. In both research years, sufficient
amount of soil samples (4.0 kg) was taken by a hole digger from
different points (0-30 cm deep) to represent the research area
before sowing, and the analyses were carried out at the Research
Laboratory Practice and Research Center of a university. The
findings of the analysis revealed that the soils had a clay-loam
texture, being a medium alkaline character (pH: 8.45), with low
salt (1.43 dS/m), organic matter (1.06%), available potassium (1.66
ppm) content, very low phosphorus (2.29 ppm), and medium lime
(10.7%), medium calcium (15 ppm), and magnesium (6.2 ppm)
content (Ulgen & Yurtsever, 1995). In addition, the field capacity
of the trial site soils was measured as 26.0% and the wilting point
as 9.1%. Helios, Sterk, and Ultra varieties and leaves, stems, and
panicles of these varieties were used as plant material while irri-
gating and rainfed farming conditions were used as trial materials
in the research.

Helios variety with light green leaves is a type of grain with high-
fat content that belongs to A. caudatus (Yaroshko & Kuchuk,
2018). Sterk was developed as a variety resistant to high humidity
and temperature stress as a result of mutation breeding in Rus-
sia. It is a variety developed in 1992 by applying chemical muta-
gens to hybrid seeds of A. paniculatus x A. nutans (Jafari et al.,
2018). Ultra, on the other hand, is a variety belonging to A. hybri-
dus species which is developed for short vegetation periods. Its
leaves are light green and the seeds are white. It was registered in
Ukraine in 1998 (Goptsiy et al., 2008).

The experiment was established on randomized complete block
design with three replicates under irrigated and rainfed con-
ditions. Area of each plot was set to 9.8 m? (3.5 m x 2.8 m) by
leaving 1.2 m spaces between blocks. The sowings were made by
hand into furrows of 1.5 cm sowing depth prepared by a marker,
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with 70 cm row spacing and 15 cm intra-row spacing (Svirskis,
2003). In the first year, sowings were carried out on April 14, 2017,
and in the second year, sowings were carried out on March 25,
2018. Soil and climate conditions unsuitable for sowing were the
reason for the difference in sowing dates. Fertilization was carried
out during the seedbed preparations by applying 50 kg pure N
(21% ammonium sulfate) and 100 kg pure P,O, (46% triple super-
phosphate) per ha. Moreover, an additional 50 kg of pure N (21%
ammonium sulfate) per ha was also applied when plants reached
30 cm of height (Myers, 1998). In addition to the existing rainfall in
dry conditions, the development of the plant was achieved with-
out any irrigation. In irrigation conditions, after determining the
field capacity (26%) and the wilting point (9.1%) of the soil, irriga-
tion was started when 50.0% (8.45%) of the available water hold-
ing capacity (16.9%) was consumed. The moisture content of the
existing soil was followed by the soil moisture meter. Irrigation
was started with the sprinkler irrigation system when the mois-
ture content in the soil was seen as 17.55% in the soil moisture
meter. Irrigation was terminated when the moisture content of
the soil at a depth of 30 cm reached the field capacity (26.0%).
During the growing period under irrigated conditions, the plants
were irrigated four times in 2017 and five times in 2018. Moreover,
weeds detected in the trial area were controlled by hand-picking
and by hoeing. Harvests in all varieties were done by hand at the
beginning of flowering at a 7.5 cm soil level (Fazaeli et al.,, 2011;
Leukebandara et al., 2015). However, harvests were carried out on
different dates as to variety, year, and growing conditions. In both
years, Ultra was the first variety to reach harvest maturity under
rainfed conditions (on July 1, 2017, in the first year and on June 20,
2018, in the second year) and was followed by Sterk and Helios,
respectively, within 10-day intervals. In addition, varieties grown
under irrigated conditions were harvested 1 week later, on aver-
age, than varieties grown under rainfed conditions in both years.

During the harvest period, 10 randomly selected plants in the har-
vest area were cut and separated from stems, leaves, and panicles.
The separated parts were first dried in open air for 3-4 days and
theninadrying oven set at 70°C until their weights were stabilized.
After that, dried samples were prepared for chemical analyses by
grinding in a mill with a sieve diameter set at 1 mm. Crude protein
content of plant parts was found by multiplying the N% ratio deter-
mined by Micro Kjeldahl method by the coefficient of 6.25 (AOAC,
1997). Acid detergent fiber and neutral detergent fiber contents
were determined by the method developed by Van Soest et al.
(1991). Dry matter digestibility (DMD=(88.9-(0.779%ADF %)) and
relative feed value (RFV=(DMDxDMC)/1.29) were determined by
the method suggested by Boman (2003), while metabolic energy
(ME Mcallkg=(0.821xDE Mcal/kg)) content was determined by the
equation developed by Khalil et al. (1986). In addition, dry matter
consumption (DMC=(120/NDF%)) and digestible energy (DE Mcal/
kg =(0.27+0.0428x(DMD%))) values used in the formulas were cal-
culated by the equation suggested by Fonnesbeck et al. (1984).

Statistical Analysis
The results were subjected to variance analyses according to split
plots in randomized block design by using JMP 5.0.1 statistical
software package, and the grouping of the means which were
found to be significant was conducted by the LSD (Least Signifi-
cant Difference) test.

Results

The results obtained in the study conducted to determine the
nutritional contents of plant parts of different Amaranth spp.
varieties cultivated under irrigated and rainfed conditions for 2
years were subjected to statistical analysis, and the significance
levels and LSD values of the parameters examined are presented
in Table 1.

Igg(\e/;;ues and Significance Levels of the Examined Parameters

Variation

Sources Leaf CP Panicle CP Stem CP Leaf NDF | Panicle NDF | Stem NDF Leaf ADF Panicle ADF Stem ADF
Y B5** n.s. .94%* 173** .95** 70** n.s. B1** 1.60**
GC B5** B4** .94%* n.s. n.s. T70** A4** B1* 1.60**
Y x GC O1* n.s. n.s. 2.44** 1.35* 1.00** n.s. n.s. n.s.
Vv B2** B5** n.s. 2.14* 1.09** 1.69** .38** BO** 118**
Y xV 87** QD** 115%* 3.02** 1.55%* 2.39* 54** .84** 1.67**
GCxV 87+ 92%* n.s. 3.02%* 1.55% 2.39%* 54x* .84** n.s.
YXGCxV 1.23* 1.31%* 1.62* n.s. n.s. n.s. T6** n.s. 2.36**
Variation Leaf DMD | Panicle DMD | Stem DMD Leaf ME | Panicle ME Stem ME Leaf RFV Panicle RFV Stem RFV
Sources

Y n.s. AT 1.25%* n.s. 02** 04x* 22.5%* 5.0** 4.6%*
GC .35%* AT* 1.25%* O1** .02* 04x* n.s. n.s. n.s.
Yx GC n.s. n.s. n.s. n.s. n.s. n.s. 31.8* n.s. 6.5%*
\Y 20 A46** Q2% O1** 02 03** 20.7** B.7** 6.7+
Y xV A1F B5** 1.30** O1** 03** 04x* 20.3** 8.1%* Q.5%*
GCxV A1 B5** n.s. O1** 03** n.s. 20.3** 8.1%* 9.5%
YXGCxV B59** n.s. 1.84** 02** n.s. .06** 41.5* n.s. n.s.
Note: *p <.05, **p < .01.

ns =non-significant; Y =Year; GC =growing condition; V=variety; CP=crude protein; NDF = neutral detergent fiber; ADF=acid detergent fiber; DMD =dry matter
digestibility; ME=metabolic energy; RFV =relative feed value.
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Mean leaf, panicle, and stem CP contents of plant parts of Ama-
ranth spp. varieties grown under irrigated and rainfed conditions
are given in Table 2. When Table 2 was examined, it was seen that
the leaf and stem CP contents of the plants were higher in 2018
compared to 2017, and the leaf, panicle, and stem CP contents
of the plants were higher under irrigated conditions. This may
have resulted from the fact that plants exposed to water stress
(in 2017 and in the dry) reached form maturity at an earlier stage.
Because maturation in plants is accelerated by drought stress,
which results in decreased intra-cell material such as CP and
feed quality (Buxton & Fales, 1994). It was also reported in other
studies conducted on different fodder crops that drought causes
a decrease in CP ratio (Kuchenmeister et al., 2013; Pecetti et al.,
2016). When evaluated in terms of varieties, the highest leaf CP
ratio was determined in Ultra, and the highest panicle CP con-
tent was determined in Helios variety. The different morphologi-
cal and genetic structures of the varieties may have caused this.

As a matter of fact, it was reported by Svirskis (2003) that CP con-
tents of the plant parts vary according to genetic characteristics
in varieties of A. cruentus species grown under natural precipi-
tation conditions, with the highest stem (71%), leaf (20.3%), and
panicle (19.6%) CP ratios obtained from Raudonukai variety. In
another study conducted by considering different plant densities,
it was stated that CP ratios of leaves and stems in five genotypes
belonging to two amaranth species varied between 15.3%-24.8%
and 4.8%-9.5%, respectively (Garcia-Pereyra, 2009).

It can be seen from Table 2 that, compared to other varieties, CP
content of leaves, panicles, and stems of Helios variety grown
in 2017 has shown a lower decrease under rainfed conditions in
comparison with irrigated conditions. This may be the cause of
the significance of triple interaction in terms of leaf, panicle, and
stem CP. The highest leaf CP content was determined in Ultra
variety (23.79%) grown under irrigated conditions in 2018, while
the highest panicle (21.57%) and stem (13.73%) CP contents were
determined in Helios variety grown under irrigated conditions in
2017 and 2018, respectively. These results showed that the leaf,
panicle, and stem CP contents of the plants were higher under
irrigated conditions compared to rainfed. As reported by Stor-
dahl et al. (1999), different responses to agronomic conditions
and annually changing climatic features by varieties with different

genetic potential may be a reason for this result. In addition, the
fact that 2017 was drier than 2018 and that plants grown under
rainfed conditions mature at an earlier period compared to the
irrigated conditions may have caused this situation.

Mean leaf, panicle, and stem NDF ratios of Amaranth spp. vari-
eties planted under different growing conditions are included in
Table 3. When Table 3 was examined, it was seen that the highest
leaf, panicle, and stem NDF contents were determined in 2017. In
terms of growing conditions, only the stem NDF ratio was found
to be important and the highest ratio was determined in the rain-
fed. These differences may have been since 2017 was drier com-
pared to 2018 and that the stress conditions were higher under
rainfed conditions than the irrigated conditions. In addition, sow-
ings were executed lately in 2017 in comparison to 2018. This
resulted in more exposure of plants in 2017 to higher tempera-
tures at earlier stages of development.

As a matter of fact, increasing temperature and drought accel-
erate the maturation of plants and this causes the formation of
thick cell walls, thick cuticula, and highly lignified tissues within
the plant (Buxton & Fales, 1994). Hence, it was reported by Svir-
skis (2003) that stem, leaf, and panicle (flower) NDF contents of
varieties belonging to A. cruentus species vary and the highest
stem (37.0%), leaf (14.0%), and panicle (26.9%) NDF ratios were
obtained from Raudonukai variety. When evaluated in terms
of varieties, the highest leaf (26.75%) and panicle (39.07%) NDF
ratios were determined in Sterk, and the highest stem NDF ratio
(46.64%) was determined in Ultra (Table 3). This may be due to the
different genetic and morphological structures of the varieties.
As a matter of fact, in previous studies, it was revealed that NDF
contents of amaranths harvested as a whole plant vary between
13.8% and 47.0% according to growing conditions and variet-
ies (Fazaeli et al., 2011; Pisarikova et al., 2006; Pond & Lehmann,
1989; Sleugh et al., 2001). In the present study, it was observed
that, except stem contents, leaf, and panicle NDF contents of
amaranth varieties agreed with the literature and at the desired
levels. As a matter of fact, it is desired to have NDF ratio below
40.0% in roughages (Rivera & Parish, 2010).

Effects of all binary interactions were found to be significant on
the leaf, panicle, and stem NDF ratios (Figure 1).

I’zzlghzénges in the Crude Protein (CP) Content of the Plant Parts According to Years, Growing Conditions, and Varieties (%)
Leaf CP Ratio Panicle CP Ratio Year Stem CP Ratio Year
Year Variety Irrigated Rainfed | Year Mean Irrigated Rainfed Mean Irrigated Rainfed Mean
2017 Helios 17.97¢ 16.87¢ 16.02° 21572 2047° 17.51 11.57¢¢ 10.67% 10.05°
Sterk 17.23¢ 12.43¢ 2110% 13.70¢° 11.43cd 7.60°
Ultra 18.03% 13.60¢ 16.20¢ 12.30f 10.17¢f 8.871
2018 Helios 16.83¢ 11.83f 20.28%® 16.91¢ 17.33 13.732 10.49% 12.632
Sterk 19.17°¢ 13.29¢° 16.12¢ 11.76f 13.52% 12.00b«¢
Ultra 23.79° 19.38° 21.37% 17.55¢ 13.36%° 12.66%°
GC mean 18.842 14.57° 19.442 15.40° 12.302 10.38°
Variety mean Helios 15.87° Helios 19.73% Helios 11.62
Sterk 15.53° Sterk 15.67¢ Sterk 114
Ultra 18702 Ultra 16.86° Ultra 11.26
Note: a, b, ¢, d, e, f, g Values represented by the same letters do not differ statistically.
GC=growing condition.
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Table 3.

The Changes in the Neutral Detergent Fiber (NDF) Contents of the Plant Parts According to Years, Growing Conditions, and Varieties (%)

Leaf NDF Ratio Panicle NDF Ratio Stem NDF Ratio
Year Year Year
Year Variety Irrigated Rainfed Mean Irrigated Rainfed Mean Irrigated Rainfed Mean
2017 Helios 21.20 24.53 27132 3700 3700 39.89° 43.63 39.60 45.68°
Sterk 28.43 32.00 41.37 41.63 45.43 45.57
Ultra 2473 31.87 39.80 42.53 4776 5210
2018 Helios 25.69 22.85 23.20° 3913 35.51 35.42° 3817 41.39 40.93°
Sterk 2613 20.42 36.97 36.30 36.29 43.03
Ultra 19.95 2417 3211 32.47 39.85 46.84
GC mean 24.36 25.97 3773 3758 41.86° 44752
Variety mean Helios 23.57° Helios 3716° Helios 40.70°
Sterk 26.75% Sterk 39.07% Sterk 42.58°
Ultra 25.18% Ultra 36.73° Ultra 46.64°
Note: **?Values represented by the same letters do not differ statistically.
GC=growing condition.
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The Effect of Growing Condlition x Variety (a, b, ¢), Year x Variety (d, e, f), and Year x Growing Condition (g, h, i) Interactions on the Leaf, Panicle, and Stem

NDF. ** and * Plots Followed by Different Letters Are Significant at p <.01and p <.05, respectively. H, Helios; S, Sterk; U, Ultra.
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The highest NDF contents in terms of growing condition x variety
interaction were determined in Ultra grown under rainfed condi-
tions and Sterk grown under irrigated conditions (Figure 1a), while
the highest panicle and stem NDF ratio were detected in Sterk
grown under irrigated conditions and Ultra grown under rainfed
conditions, respectively (Figure 1b and c). These differences may
have resulted from the differences in anatomical and chemical
composition structures of the feed tissues due to variety and
environmental conditions and due to varieties reaching harvest
maturity at different dates. When evaluated in terms of year x
variety interaction, while the leaf NDF content of Helios variety
increased 6.12% in 2018 compared to 2017, Sterk and Ultra variet-
ies were decreased by 22.97% and 21.54%, respectively (Figure 1d).
When examined in terms of panicle NDF ratios, no change as to
years in the panicle NDF content of Helios variety was observed,
however, significant decreases were observed in panicle NDF
ratios of the other two varieties in 2018 (Figure 1e). Finally, look-
ing at stem NDF ratios, while a lower percentage of decrease
(4.42 %) was observed in the stem NDF content of Helios in 2018
when compared to 2017, higher decreases were seen in stem NDF
contents of Sterk (12.84%) and Ultra (13.20%) varieties (Figure 1f).
These differences caused the year x variety of interaction to be
significant, which may be due to differences in genetic structures
of the varieties and to the fact that 2017 was drier than 2018.
When evaluated in terms of year x growing condition interaction,
the highest leaf NDF ratio was determined under rainfed condi-
tions in 2017 (Figure 1g), while the highest panicle and stem NDF
content were determined under rainfed and irrigated conditions
in 2017 (Figure 1h and i). These differences may have been due
to the fact that 2017 was drier compared to 2018 and that the
stress conditions were higher under rainfed conditions than the
irrigated conditions.

Mean leaf, panicle, and stem ADF ratios of Amaranth spp. variet-
ies grown under irrigated and rainfed conditions are presented
in Table 4. When Table 4 was examined, it was determined that
the panicle and stem ADF ratios were higher in 2017 and the ADF
content of the leaf and panicle in rainfed conditions. This may
have been due to more water scarcity in 2017 and dry conditions.
Because increasing drought stress accelerates the maturation
of plants and, consequently, the increase of structural carbo-
hydrates such as cellulose and hemicelluloses (Buxton & Fales,

1994). When evaluated in terms of varieties, it was determined
that late varieties have higher leaf and panicle ADF and lower
stem ADF content than the early variety Ultra (Table 4). As a mat-
ter of fact, since late-maturing varieties are exposed to higher
temperatures than the early ones, their fiber content increases
(Collins & Fritz, 2003).

When Table 4 was examined, it was observed that the ADF ratios
of the varieties in leaf, panicle, and stem differed, and these rates
were at the levels (under 31%) that should be in quality rough-
ages (Rivera & Parish, 2010). It was also reported in another study
conducted on different amaranth species and varieties that leaf
and stem ADF contents varied between 17.4%-25.2% and 48.8%—
59.4%, respectively (Garcia-Pereyra, 2009). Moreover, it was also
reported by Sleugh et al. (2001) and Olorunnisomo (2010) that
ADF ratios varied between 16.8% and 32.9% in varieties belonging
to A. cruentus and A. hybridus harvested as a whole plant at dif-
ferent stages of development. However, these results were higher
than the findings of our study. These differences are thought to be
caused by the differences in investigated varieties, regional cli-
mate conditions, and agronomic applications.

While the panicle ADF content of the Helios variety decreased in
dry conditions according to the irrigated conditions, the panicle
ADF rate of the Ultra variety increased (Figure 2a). This may be
caused by the fact that the varieties reacted differently to grow-
ing conditions and that the Helios variety was later than Ultra.
This has resulted in the significance of growing condition x vari-
ety interaction (Figure 2a). When year x variety interaction was
evaluated in terms of panicle ADF ratio, the highest panicle ADF
content was observed in Sterk sown in 2017, while the lowest
content was observed in Ultra grown in 2018 (Figure 2b). Pos-
sible reasons for these findings may be the fact that the variet-
ies reached harvest maturity on different dates and that 2017
was drier than 2018. Hence, Sterk is a late variety and Ultra is the
earliest variety among the studied varieties. The highest leaf ADF
content, which is important in terms of year x growing condition
X variety interaction, was determined in Helios (12.45%) grown
in rainfed conditions in 2018, and the highest stem ADF content
was measured in Ultra (40.77%) cultivated under irrigated condi-
tions in 2017 (Table 4). The fact that the leaves and stems of the
varieties have different tissue organization according to the years

;22I(e?:énges in the Acid Detergent Fiber (ADF) Contents of The Plant Parts According to Years, Growing Conditions, and Varieties (%)
Leaf ADF Ratio Year Panicle ADF Ratio Year Stem ADF Ratio Year
Year Variety Irrigated Rainfed Mean Irrigated Rainfed Mean Irrigated Rainfed Mean
2017 Helios 10.33¢% 10.93b 10.53 22.50 21.80 22.512 32.230cd 26.579" 33478
Sterk 11.10P¢ 10.47°de 2377 2423 3373 31.63%
Ultra 9.50f 10.87¢ 2047 22.60 40.77° 34.07°
2018 Helios 9.97¢ 12.452 1011 23.01 21.45 19.27° 28.99¢ 27.92f 28.25°
Sterk 10.75% 11.64° 18.87 1913 31.00¢% 24.64"
Ultra 767" 8199 14.46 18.67 28.81°f 28.13f
GC mean 9.89° 10.76° 20.46° 21.312 32592 28.83°
Variety mean Helios 10.922 Helios 22192 Helios 28.93¢
Sterk 10.99° Sterk 21.50° Sterk 30.25°
Ultra 9.06° Ultra 18.97¢ Ultra 32.94°
Note: P =9 f9Values represented by the same letters do not differ statistically.
GC=growing condition.
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and growing conditions (Onal Asci & Acar, 2018) may have caused
this. In addition, it may be due to the fact that Helios is a late vari-
ety compared to other varieties and that there are more stress
conditions under rainfed.

Dry matter digestibility and metabolic energy contents are cal-
culated considering ADF ratios of the feed. According to this
calculation, feeds with higher ADF content have lower DMD and
ME values, and vice versa. It was also seen in this study that leaf,
panicle, and stem DMD-ME contents were in compliance with the
ADF values. As a matter of fact, when Table 4 was examined, it
was determined that 2018, which has a lower panicle and stem
ADF ratio, had a higher DMD (Table 5) and ME content (Table 6)
compared to 2017.

Similarly, irrigated conditions with lower leaf and panicle ADF ratio
had higher DMD (Table 5) and ME content (Table 6) than rainfed
ones and dry conditions with lower stem ADF ratio than irrigated
conditions. Because drought stress causes an increase in lowly
digestible fractions such as cell walls and a decrease in easily
digestible compounds such as non-structural carbohydrates and
CP (Onal Asci and Acar, 2018). Hence, it was expressed that the
forage plants grown in dry conditions had a thicker layer of cutin
on the epidermis compared to those grown in the cool season
and, therefore, their digestibility decreased (Hatfield et al., 2007).

When evaluated in terms of varieties, the highest leaf and pani-
cle DMD-ME content was determined in Ultra, which is the early
variety, and the stem DMD-ME value was determined in Helios,
which is a late variety. This might be caused by Ultra being an

early variety, compared to other varieties in the research, which
reached harvesting maturity at an earlier date. Early maturing
varieties will have lower fiber content and higher amount of struc-
tural carbohydrates compared to late varieties since they are
exposed shorter to higher temperatures (Collins & Fritz, 2003).
In a study conducted with amaranth species under rainfed condi-
tions, stem, leaf, and panicle (flower) DMD contents of varieties
were reported to vary between 57.5%—-62.2%, 70.4%-71.0%, and
58.5%-60.9%, respectively (Svirskis, 2003). It was reported in
another study that A. hypochondriacus, which was harvested as
awhole plant at the beginning of flowering under irrigated condi-
tions, had a content of 2.82 Mcal/kg ME (Fazaeli et al., 2011). In
this study, it was also observed that ME and DMD of the varieties
of amaranth species varied according to plant parts. Metabolic
energy and dry matter digestibility contents were found to be
sufficient and the findings were in agreement with the literature.

In the present study, panicle DMD and ME contents were found
to be significant in terms of growing condition x variety inter-
action (Figure 3a and b). While panicle DMD and ME contents of
Ultra and Sterk varieties were decreased under rainfed conditions
compared to irrigated conditions, the DMD and ME contents of
Helios variety also increased, which resulted in the significance
of growing condition x variety interaction. This may be caused by
Helios being a late variety and due to existence of more stress
factors under rainfed conditions.

When examined in terms of year x variety interaction, panicle
DMD and ME contents of Helios did not show a significant differ-
ence as to years, however, a significant increase was observed in

EZI(e?:énges in the Dry Matter Digestibility (DMD) of the Plant Parts According to Years, Growing Conditions, and Varieties (%)
Leaf DMD Year Panicle DMD Year Stem DMD Year
Year Variety Irrigated Rainfed Mean Irrigated Rainfed Mean Irrigated Rainfed Mean
2017 Helios 80.87% 80.40°%f 80.70 71.36 71.93 71.37° 63.78°% 68.20% 63.06°
Sterk 80.24¢f 80.76¢% 70.39 70.02 62.651 64.26¢"
Ultra 81.49° 80.43¢ 7319 71.31 5714h 62.35¢9
2018 Helios 81130 79.20¢ 81.02 70.98 7219 73.892 66.31« 67.15% 66.89%
Sterk 80.53¢% 79.83f 74.20 74.00 64.75% 69.712
Ultra 82.92° 82.26% 77.64 74.36 66.46° 66.98%
GC mean 81.202 80.52° 72.96° 72.30° 63.52° 66.44°
Variety mean Helios 80.40° Helios 71.62° Helios 66.36°
Sterk 80.34° Sterk 7215° Sterk 65.34°
Ultra 81.842 Ultra 74120 Ultra 63.23¢
Note: *P-«defahValues represented by the same letters do not differ statistically.
GC=growing condition.
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;;Zlce?/?z;nges in the Metabolic Energy (ME) Contents of the Plant Parts According to Years, Growing Conditions, and Varieties (Mcal/kg)
Leaf ME Panicle ME Year Stem ME Year
Year Variety Irrigated Rainfed Year Mean Irrigated Rainfed Mean Irrigated Rainfed Mean
2017 Helios 3.06« 3.05¢% 3.06 273 275 2730 2.46°%f 2.62%® 2.445
Sterk 3.04¢ 3.06« 2.69 2.68 2.42f 2.48¢
Ultra 3.09° 3.05% 279 273 2.23¢9 2.42f
2018 Helios 3.07% 3.00¢ 3.07 217 276 2.822 255 2580 2.572
Sterk 3.05¢% 3.03f 2.83 2.82 2.50% 267
Ultra 3132 311 2.95 2.83 256 2580
GC mean 3.082 3.05° 279° 276"° 2.45° 2.562
Variety mean Helios 3.05° Helios 274¢ Helios 2552
Sterk 3.04° Sterk 2.76° Sterk 2520
Ultra 3102 Ultra 2.832 Ultra 2.45°

Note: 2«9 f9Values represented by the same letters do not differ statistically.
GC=growing condition.

DMD and ME contents of Sterk and Ultra in 2018 (Figure 3c and
d), which resulted in the significance of year x variety interaction.
The fact that 2018 was a cooler year than 2017 and Ultra being an
early variety compared to others may be accounted for as other
causes behind this finding. The highest leaf DMD (82.92%) and
ME (3.13 Mcal/kg) content, which are important in terms of year x
growing condition x cultivar interaction, were determined in the
Ultra variety grown under irrigated in 2018, and the highest stem
DMD (69.71%) and ME (2.67 Mcal/kg) content in the Sterk variety
grown under rainfed conditions in 2018 (Tables 5 and 6). The fact
that leaf and stems have different tissue organization as to years
and growing conditions may be a cause of this situation. Hence
Stordahl et al. (1999) reported that vegetable-type amaranths
had a more succulent body and leaf structure, and thus a higher
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digestibility than the grain-type amaranths harvested during
the same period. In addition, DMD of the amaranths harvested
as whole plants was reported to vary between 59.0% and 79.0%
according to the growing conditions, development periods, spe-
cies, and varieties (Fazaeli et al., 2011; Olorunnisomo, 2010; Rahn-
ama & Safaeie, 2017; Sleugh et al., 2001).

Mean relative feed values of plant parts (leaf, panicle, and stem)
according to years, growing conditions, and varieties are pre-
sented in Table 7. When Table 7 was examined, RFV of leaves,
panicles, and stems was found higher in 2018 compared to 2017.

This may be due to the lower NDF and ADF ratios in 2018 com-
pared to 2017 (Tables 3 and 4). When evaluated in terms of vari-
eties, the highest leaf RFV was found in Helios (319.1) and Ultra
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The Effect of Growing Condition x Variety (a-b) and Year x Variety (c-d) Interactions on Panicle Dry Matter Digestibility (DMD) and Metabolic Energy (ME).
**Plots Followed by Different Letters Are Significant at p <.01. H, Helios; S, Sterk; U, Ultra.
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;;Zlce?/:;mges in the Relative Feed Values (RFV) of the Plant Parts According to Years, Growing Conditions, and Varieties
Leaf RFV Year Panicle RFV Year Stem RFV Year
Year Variety Irrigated Rainfed Mean Irrigated Rainfed Mean Irrigated Rainfed Mean
2017 Helios 35522 304.9¢ 284.5° 179.6 180.9 167.1° 136.0 160.2 129.7°
Sterk 262.9% 235.5¢ 158.3 156.4 128.3 131.2
Ultra 306.4¢ 242.2¢ 171.0 156.4 111.3 1.4
2018 Helios 293.9¢ 3227 329.4° 169.0 189.3 195.52 161.7 150.9 1563.32
Sterk 286.8« 364.22 186.8 189.9 167.9 1507
Ultra 386.8° 322.1b° 2251 21341 155.4 133.2
GC mean 315.3 298.6 181.6 181.0 143.4 139.6
Variety mean Helios 31912 Helios 179.7° Helios 162.22
Sterk 287.3° Sterk 172.8¢ Sterk 144.5°
Ultra 314.42 Ultra 191.42 Ultra 127.8°
Note: **?Values represented by the same letters do not differ statistically.
GC=growing condition.

(314.4) and the highest panicle (191.4) and stem (152.2) RFV in
Ultra and Helios varieties, respectively (Table 7). Differences in
leaf, panicle, and stem tissue organization of the cultivars may
have caused this. As a matter of fact, the chemical structure of
the intracellular and cell walls (NDF and ADF) differs significantly
depending on the tissue type and plant species (Zeng et al.,
2017). These results obtained in the present study were found
to be higher than the RFV (157.1-171.5) determined for amaranth
species and varieties harvested as whole plants reported by
Rahnama and Safaeie (2017). It is thought that this is caused by
the differences in investigated varieties, regional climate condi-
tions, and agronomic applications. As a result, these differences
between years and varieties are thought to be caused by the NDF
and ADF contents of the plant parts. Because RFV is calculated
by using ADF and NDF values of the feed (Moore & Undersander,

2002). Therefore, the high NDF and ADF ratios decrease the RFV
of the feed and vice versa.

Looking at Figure 4a, while panicle RFV of Sterk variety was found
to be not differ according to irrigated and rainfed conditions, pan-
icle RFV of Helios decreased under irrigated conditions in com-
parison to rainfed conditions and the panicle RFV of Ultra variety
increased.

When evaluated in terms of stem RFV, while the stem RFVs of
Sterk and Ultra varieties were decreased under rainfed condi-
tions compared to the irrigated conditions, the stem RFV of the
Helios cultivar increased (Figure 4b). This caused the panicle and
stem RFV to be important in terms of growing condition x culti-
var interaction. When analyzed in terms of year x variety interac-
tion, it was seen that the panicle and stem RFV of Helios variety
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The Effect of Growing Condition x Variety (a, b), Year x Variety (c, d), and Year x Growing Condition (e) Interactions on the Panicle and Stem Relative Feed
Value. ** and *Plots Followed by Different Letters Are Significant at p <.01and p <.05, respectively. H, Helios; S, Sterk; U, Ultra.
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does not vary as to years, while the panicle RFVs of Sterk and Ultra
varieties increased significantly in 2018 (Figure 4c and d). Besides
the varieties reacting differently to the growing conditions and
climatic conditions that change according to years, the fact that
2017 was drier compared to 2018 and the existence of more
stress factors under rainfed conditions may have caused this out-
come. Because the late varieties will be exposed to higher tem-
peratures longer than the early ones, their fiber content (NDF and
ADF ratios) increases (Collins & Fritz, 2003). Similarly, increasing
drought stress (under rainfed and in 2017) causes an increase in
less digestible fibrous compounds (NDF and ADF), such as the cell
wall in plants (Onal Asci & Acar, 2018). As a result, RFV of the pani-
cle and stem decreases because of increasing NDF and ADF con-
tents. In addition, the fact that 2018 was cooler compared to 2017
and the stress conditions were less in irrigated conditions than in
dry conditions caused the year x growing condition interaction to
be significant in terms of stem RFV (Figure 4e). As a matter of fact,
plants in cool conditions with less stress factors have thinner
cell walls and more intracellular substances (Hatfield et al., 2007;
Onal Asci & Acar, 2018). Thus, the quality of the feed, and there-
fore the stem RFV, increases under such conditions. The leaf RFV
was found to be significant in terms of year x growing condition
X variety interaction, and the highest leaf RFV was determined in
the Ultra (386.8) cultivated under irrigated conditions and Sterk
(364.2) cultivated under rainfed conditions in 2018, whereas the
lowest leaf RFV was detected in Sterk (235.5) and Ultra (242.2)
varieties grown under rainfed conditions in 2017 (Table 7). This
may be a result of 2017 being a drier year compared to 2018 and
the existence of more stress factors under rainfed conditions. In
addition, carrying out sowings at a later date in 2017 compared to
2018 caused plants to be exposed to higher temperatures during
their early development stages.

Conclusion and Recommendation

As a result, the feed quality characteristics of the plant parts (leaf,
panicle, and stem) of the amaranth varieties that were studied
differed significantly according to the climatic and growing con-
ditions. According to the 2-year means, the leaves of Helios and
Sterk varieties, panicle of Sterk variety, and the stem quality val-
ues of Ultra and Helios varieties were the least varied according
to growing conditions. In addition, considering the RFV, which is
the indicator of feed quality, Ultra variety was observed to react
more to changing climate conditions, with respect to other
types. In addition, it was revealed that the leaves and panicles of
the examined varieties produced a higher quality feed material
underirrigated conditions but their stems (except CP) under rain-
fed conditions. As a result, it has been revealed that plant parts
of Amaranth varieties can be a good alternative protein and fiber
source in animal nutrition.
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Evaluation of Interactions Among
Aphids, Endosymbionts, and Host
Plants: A Foresight for the Future

Afitler, Endosimbiyontlar ve Konukcu Bitkiler
Arasindaki Iliskilerin Degerlendiriimesi: Gelecek icin
Bir Ongori

ABSTRACT

Insects, the most common and most successful animals on earth, establish long-term and stable
ecological relationships with bacteria. Aphids (Hemiptera: Aphididae) are an insect group of agri-
cultural importance that can feed on many herbaceous, shrubs, and woody plants as hosts and
are also in close relationship with endosymbiont bacteria. It is seen that aphid is going to further
increase their current pest potential in the near future due to their high adaptability and rapid
reproduction ability. In orderto be effective and successful in the biological control of aphids, many
features of aphids are required to be known and clarified. Therefore, determining the interactions
among aphid, host plant, and endosymbiont in this relationship might make biological control
of aphids more effective. In this review, what is known about the relationship among aphids, the
primary endosymbiotic bacterium Buchnera aphidicola, and the host plant is examined, and the
possibilities of using symbiont bacteria in the biological control of aphids are discussed.

Keywords: Aphid, biological control, Buchnera aphidicola, stress

oz

Yerytiziindeki en yaygin ve en basarili hayvanlar olan bocekler, bakterilerle uzun vadeli ve istikrarli
ekolojik iligkiler kurarlar. Afitler (Yaprak bitleri), konak olarak birgok otsu bitki, ¢cali ve odunsu bitki
ile beslenen, ayni zamanda endosimbiyont bakterilerle de yakin iligki iginde olan, tarimsal 6neme
sahip bir bdcek grubudur. Yaprak bitlerinin yiiksek adaptasyon ve hizli ireme yetenekleri nedeniyle
yakin gelecekte mevcut zararli potansiyellerini daha da artiracadi gortlmektedir. Yaprak bitlerinin
biyolojik miicadelesinde etkili ve basarili olabilmek igin yaprak bitlerinin birgok 6zelliginin bilin-
mesi ve netlestirilmesi gerekmektedir. Bu nedenle, bu iligkide yaprak biti, konak bitki ve endo-
simbiyont arasindaki etkilesimlerin belirlenmesi, yaprak bitleri ile biyolojik miicadeleyi daha etkin
kilabilir. Bu derlemede, yaprak biti, birincil endosimbiyotik bakteri Buchnera aphidicola ve konak
bitki arasindaki iliski hakkinda bilinenler incelenmekte ve yaprak bitlerinin bisyolojik kontroliinde
simbiyotik bakterilerin kullanim olanaklari tartigiimaktadir.

Anahtar Kelimeler: Afit, biyolojik micadele, Buchnera aphidicola, stres

Introduction

Aphids (Hemiptera: Aphididae) are insects of agricultural importance that feed on plant sap and can
choose many plants as hosts. Since 2012, the studies about Turkey aphid fauna gradually increased
and the number of aphid species in Turkey aphid fauna reached 604 species (Gorir et al., 2022; Kok,
2021; Kok & Ozdemir, 2021). Aphids seem to have the potential to become one of the most important
pests of plants in the near future, due to their rapid growth characteristics and their high adaptability
to survive in any environment where environmental conditions are suitable. For this reason, in order to
be effective in the biological control against aphids, the physiological characteristics of aphids should
be clarified in more detail. In addition, since knowing only the characteristics of aphids may be insuf-
ficient in effective control, it is necessary to know the effect on the food chain with the change of
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all living relationships and ecological characteristics related to
aphids on the food chain. Most aphids harbor primary and sec-
ondary symbionts in specialized cells or body cavities. It has been
reported by many studies that the basis of this association is
nutrition, increasing the quality of host life under stress condi-
tions and providing protection against predators and parasites
(Dale & Moran, 2006; Dunbar et al., 2007; Tsuchida et al., 2011).
Recent research, which will bridge the gap between mechani-
cal and ecological approaches, shows that herbivores and their
natural enemies interact with the environment and other living
things (Coppola et al., 2018; Smith & Chuang, 2014). In such inter-
actions, human intervention and genetic changes can result in
the production of certain traits (such as nutritional quality and
physical structure) and defense-related products in plants, such
as primary, secondary chemicals, and plant volatiles. Therefore, it
is possible for pests to be affected by changes in host plants in
various ways and levels.

Aphid Endosymbiont Relationship

Almost all aphid species engage in mutualistic relationships
with endosymbiotic bacteria. These symbiotic relationships
may be obligatory or facultative, depending on the evolution-
ary process. Commonly, it has been reported that in these rela-
tionships, symbionts provide some amino acids and vitamins to
their hosts, protect them against predators and parasites, and
increase their host’s quality of life under stress conditions. Most
of the bacterial endosymbionts cannot be cultured indepen-
dently and can be found in the host as obligate endosymbionts
(Oliver et al., 2010). Culturing endosymbionts can be difficult due
to their slow growth, lifestyle, and requirement for certain host
metabolites (Pontes & Dale, 2006). Although some bacteria are
parasitic and reduce their host’s quality of life, most symbiotic
bacteria benefit their host in different ways. In general, it is effec-
tive for the host’s development, nutrition, reproduction, thermal
tolerance, defense, and immune behavior (Dale & Moran, 2006;
Dunbar et al., 2007; Tsuchida et al., 2011). It is stated that bacte-
rial symbionts can increase the chance of survival of their host,
as well as manipulate the reproduction of their host to benefit its
own transmission (Skaljac, 2016). The most popular and known
endosymbiont of the aphids is Buchnera aphidicola.

Aphid-Buchnera Relationship

Most of the aphids are in a mutualistic relationship with the
primary-obligate endosymbiont bacterium B. aphidicola (Oli-
ver et al., 2010). Douglas (1996), in one of their studies, expressed
that endosymbionts in aphids are not related to nitrogen fixa-
tion; however, Buchnera contributes to the reproduction of the
host by synthesizing some essential amino acids and vitamins
that the aphids cannot adequately provide from the plant sap.
It is thought that aphids provide a safe environment and food
for endosymbiont bacteria (Glz et al., 2015). Aphids overcome
amino acid deficiency with the help of the endosymbiont Buch-
nera, which can produce riboflavin with some amino acids (Naka-
bachi & Ishikawa 1999, Shigenobu et al.,, 2000). It is pointed out
that Buchnera uses some non-essential amino acids which were
taken from the sap by the aphid and converts them into essen-
tial amino acids that its host needs, and for this reason, it is of
vital importance for its host (Douglas, 1996). Various studies have
been conducted on what type of function endosymbionts have
for their hosts. In one of these studies, when the amino acid pro-
files of aposymbiotic (symbiont free) Acyrthosiphon pisum Har-
ris, 1776 obtained by the application of rifampicin were examined,
it was stated that the concentrations of aromatic amino acids

phenylalanine and tryptophan in the embryos of aposymbiotics
were very low and that these amino acid amounts could limit the
embryo development of aposymbiotics (Douglas, 1996). Accord-
ing to Douglas and Prosser (1992), aposymbiotic aphids cannot
synthesize many amino acids such as tryptophan. It has also been
shown that aphids fed on a diet that does not contain tryptophan
are unable to sustain their growth. It has been determined that
the riboflavin (vitamin B2) synthase complex of Buchnera works
actively only when the symbiotic relationship is continuous and
this relationship is well established in the young host. It has
been reported that dietary riboflavin increases the performance
of aposymbiotics. According to these results, it was stated that
young aphids containing endosymbionts met their riboflavin
needs from Buchnera (Glz et al., 2015; Nakabachi & Ishikawa,
1999). Machado-Assefh et al. (2015), in their study with aposym-
biotic Myzus persicae Sulzer, 1776 individuals, tried to determine
the effect of antibiotic administration on the feeding behavior
of aphids and the expression of genes in salivary secretion. They
reported that besides synthesizing essential amino acids and
vitamins, B. aphidicola also contributes to plant-insect interac-
tion. In addition, some bacterial proteins involved in the metab-
olism of the host plant were found in the saliva of M. persicae.
Differences in the feeding behavior of aposymbiotic aphids, some
problems during the penetration of the stylets of the aphids into
the host plant, and delays in the recognition of the host plant by
the aphids were observed (Machado-Assefh et al., 2015).

B. aphidicola, known to be related to Enterobacteriaceae, is a bac-
terium with a gram-negative cell wall of 2.5-4 pm in diameter.
However, unlike most other gram-negative bacteria, Buchnera
lacks the genes responsible for the production of lipopolysaccha-
rides found in the outer membrane structure. During this sym-
biotic relationship dating back 160-280 million years, Buchnera
lost some genes required for anaerobic respiration and genes
responsible for the synthesis of amino sugars, fatty acids, phos-
pholipids, and complex carbohydrates. It has also lost some regu-
latory factors that allow the continuous overproduction of certain
amino acids, such as tryptophan (Skaljac, 2016). It has been
stated that Buchnera has a 641 kb long genome rich in Adenin-
Timin nucleotide pairs of genes responsible for the biosynthesis
of many essential amino acids but lacks genes responsible for
the biosynthesis of cell surface components of its genome and
genes involved in cellular defense and regulatory genes (Shig-
enobu et al,, 2000). The genome of Buchnera, the endosymbiont
of the A. pisum, has been characterized as a 657 kb circular DNA
molecule. In addition, when the genome map of Buchnera was
compared with the genome map of Escherichia coli and Hae-
mophilus influenzae, it was stated that Buchnera was more simi-
lar to E. coli (Charles & Ishikawa, 1999). The genome size varies
in Buchnera species and even decreases to 450 kb in some spe-
cies (Gill et al., 2002). Genome studies with insects indicate that
during the evolutionary process, the host organism lost these
genes by establishing symbiotic relationships with the bacteria
responsible for arginine biosynthesis (Luan et al., 2015). It has
been reported that aphids and endosymbionts evolve in parallel
and endosymbionts are transferred vertically from female adult
aphids to offspring (Martinez-Torres et al., 2001).

The primary symbiont Buchnera is typically found in specialized
cell groups called mycetocytes or bacteriocytes in the body cav-
ity of its host (Sasaki & Ishikawa, 1995). An adult aphid may carry
an estimated 5.6 x 10° Buchnera cells (Baumann & Baumann,
1994). However, the number of endosymbiont bacteria can be
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affected by many factors such as the performance of the host,
seasonal changes, temperature changes, and the quality of the
host plant on which the aphid feeds (Yao, 2019). Numerous stud-
ies have been conducted to determine the effect of temperature
on this symbiotic relationship. For example, it was determined
that the bacterial density of aphids increased from 1.3 x 107 to
2.0 x 107 at temperatures between 15°C and 25°C, and the endo-
symbiotic relationship was disrupted at 37°C and —10°C. It has
also been stated that the density of endosymbiotic bacteria in
aphids may vary according to the developmental stage of the
insect (Humphreys & Douglas, 1997). There are many studies
on the role of endosymbionts in the nutrition of aphids. These
studies have been facilitated by the development of synthetic
media, the use of antibiotics, and the application of heat shock
to produce aposymbiotic aphids (Dixon, 1998). In order to study
the effect of bacteria on the aphid-endosymbiont relationship, it
is tried to make aphids aposymbiotic by applying antibiotics at
different doses and in different ways. It is known that antibiotic
application has different effects on the amount and structure of
honeydew in aphids. It was concluded that the honeydew particle
size of aposymbiotic A. pisum is smaller than that of symbionts
(Wilkinson & Douglas, 1995).

There are also many studies investigating the effects of Buch-
nera presence on aphid morphology. It has been observed that
there are limitations in the growth and development of aphids
treated with chlortetracycline, and their fertility decreased. In
addition, it was observed that A. pisum and Megoura viciae Buck-
ton, 1876, had similar effects on their size and fertility but did not
affect wing development (Hardie & Leckstein, 2007). In the study
examining the effects of starvation and symbiont Buchnera on
the wing dimorphism of the Sitobion avenae Fabricius, 1775 aphid
species, it was determined that the fertility, body weight, and the
number of winged individuals decreased in the aposymbiotics
and that starvation also reduced the winged individual percent-
age and the survival rate (Zhang et al.,, 2015). They discussed the
potential importance of reduced winged formation in integrated
management of aphids.

Besides primary symbionts, aphids can also contain facultative
symbionts known as secondary symbionts (Guo et al., 2022;
Sharma et al.,, 2021). As facultative symbionts may be non-essen-
tial for aphid species survival, aphids obtain some ecological ben-
efits, such as host plant use, defense against natural enemies,
body color modifications, temperature tolerance, and manipu-
lation of their reproduction (Guo et al., 2017). Particular atten-
tion should be given to facultative symbionts’ effect on natural
enemies in aphid management applications. Secondary symbi-
otic bacteria associated with aphids are Hamiltonella defensa,
Regiella insecticola, Erwinia aphidicola, Serratia symbiotica,
Pseudomonas aeruginosa, Wolbachia pipientis, Rickettsiella sp.,
Rickettsia sp., Spiroplasma sp., Arsenophonus sp., Photorhab-
dus sp., Xenorhabdus sp., and X-type (Oliver et al., 2010, Zepeda-
Paulo & Lavandero, 2021). Jousselin et al. (2016) stated that S.
symbiotica is the most common endosymbiont bacteria after B.
aphidicola in Cinara aphid species. They reported that H. defensa
contains a lysogenic bacteriophage that protects its host against
parasitic Aphidius ervi, while R. insecticola provides resistance
against the fungal pathogen (Jousselin et al., 2016). Secondary
symbionts are not found in specialized cell groups like primary
symbionts. Instead, they are usually localized in secondary bacte-
riocyte cells, sheath cells, which are small flat cells found around
primary bacteriocyte cells and hemolymph (Moran et al., 2005).

For example, while H. defensa, S. symbiotica, R. insecticola, and
Rickettsiella are located in the cytoplasm of secondary bacterio-
cytes and sheath cells, they are also found in the hemolymph of
A. pisum (Fukatsu et al., 2000; Moran et al., 2005; Tsuchida et al.,
2005). Secondary symbionts can be transmitted vertically
between individuals and between species, as well as horizontally
(Guo et al., 2022; Russell et al., 2003, Sharma et al., 2021). Facul-
tative symbionts are not obligatory, but they are reported to take
on very important tasks. It is stated that secondary symbionts
have important roles such as protecting their host against preda-
tors, improving host resistance against biotic and abiotic factors,
nutrition, and differentiation of body color (Brinza et al., 2009;
Koga et al., 2003; Sharma et al., 2021; Zepeda-Paulo & Lavandero,
2021; Zhang et al., 2015). It is also reported that some second-
ary symbionts provide the necessary cofactors for the synthesis
of some amino acids (Gosalbes et al., 2008). Koga et al. (2003)
studied the interactions of Buchnera and pea aphid secondary
symbiont (PASS) with each other and their effect on aphid repro-
duction—-development in members of A. pisum. As a result of the
elimination of Buchnera, it was determined that PASS replaced
Buchnera, allowing its host to survive and reproduce. On the
other hand, it has been reported that PASS suppresses Buchnera
and adversely affects the performance of aphid. In the symbiotic
relationship of Regiella insecticola and A. pisum, it is stated that
Regiella reduces the amount of spores produced by entomo-
pathogenic fungi such as Pandora neoaphidis and Zoophthora
occidentalis (Parker et al., 2013; Scarborough et al., 2005). Some
secondary symbionts such as X-type bacterium (Heyworth & Fer-
rari, 2015) protected aphids against the fungal pathogens (e.g.,
Pandora neoaphidis), increased the resistance to the parasitoids
(e.g., Aphidius ervi (Haliday, 1834), and also affected the response
of aphid to heat stress (Guo et al., 2022; Heyworth & Ferrari, 2015).
In general, phylogenetic analyses in S. symbiotica show that there
are some differences in the distribution, morphology, and func-
tions of symbionts, which potentially play a role in aphid feeding
(Burke et al., 2009), and such secondary symbionts provide ben-
efits by supporting their host under different conditions such as
heat stress (Koga et al., 2003, Montllor et al., 2002; Zepeda-Paulo
& Lavandero, 2021). It was stated that the number of PASS in
aphids increased in hot weather, aphids without PASS could not
reproduce under heat stress, and 80%-100% of aphids contain-
ing PASS gave offspring. It has been reported that temperature
changes affect some vital parameters of aphids such as survival
rate, offspring development, development time, and age-related
fertility rate (Morgan et al., 2001).

Aphid-Host Plant Relationship

Insect-plant interaction is a complex relationship influenced
by biotic and abiotic factors. Plants produce a range of chemi-
cal compounds to cope with insect infestations (Sharma et al.,
2021). Structural chemicals are produced even when the plant
is under no stress (Wittstock & Gershenzon, 2002). Herbivorous
insects use these chemicals as a cue to recognize host plants (Ali
& Agrawal, 2012; Karban et al., 2014). Most herbivorous insects
have developed various mechanisms to overcome these changes
in the host plant. Thus, both parties develop different mecha-
nisms to overcome the defense response of the other and enter
the process of co-evolution (Sharma et al.,, 2021). However, both
insects and plants are associated with many organisms and
determine the outcome of insect feeding on a plant. Microbiome
studies associated with plants and insects provide a new per-
spective on this issue and show that these interactions are more
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complexthan they seem (Bultman &Bell, 2003; Frago et al., 2012;
Sharma et al., 2021).

Aphids are insects with different adaptation mechanisms that
can adapt to changing environmental conditions in a short time.
Some factors such as crowding, host plant quality, and temper-
ature may cause stress in aphids. The nutritional quality of the
host plant is a very important factor in determining the size, dis-
tribution, survival, and reproduction rate of aphids. Some factors,
such as the aging of the plant, can lower the plant’s nutrient con-
tent. These changes in host plant quality trigger the formation
of winged individuals in aphids. In addition, they can increase the
number of winged individuals very quickly in a short time on the
host plant they live on. The increase in the number of individu-
als causes the aphids to not benefit enough from the host plant.
For example, while A. pisum reacts to crowding during the feed-
ing process from mature leaves, Dysaphis devecta (Walker, 1849)
only increases the number of winged individuals in response to
changes in host plant quality (Dixon, 1998). Not only endosymbi-
onts activate the resistance and adaptation of aphids to the envi-
ronment but also aphids activate the resistance mechanisms of
their host plant against stress conditions. A wide variety of biotic
and abiotic environmental factors in nature cause stress in plants.
Plants have many defense mechanisms to protect themselves
from pathogen attacks. Although these defense mechanisms
play a deterrent role for some pathogens, they are ineffective for
some pathogens (Kog & Ustiin, 2008).

Plants, which are food sources for many organisms, cannot be
isolated from pathogens, but they have evolved appropriate
defense strategies to detect and counter the inevitable pathogen
attacks. In order to prevent pathogen invasion, plants use induc-
ible defense responses activated by pathogen attack as well as
physical and chemical barriers existing in their structures (Kog &
Ustlin, 2008). In some studies, it has been determined that aphid
infestation increases the insect resistance of the plant and cre-
ates a vaccine effect on the plant (Coppola et al., 2018; Smith &
Chuang, 2014). Plants can either cope with stress or move away
from that stress factor. Various studies have shown that some
aphids can stimulate plant resistance, as well as plants resistant
to aphid attack. It has been determined that aphid infestation
increases the plant’s defense against secondary invasions by cre-
ating various metabolic changes such as triggering the synthesis
of stress hormones salicylic acid and jasmonic acid in plants (Cop-
pola et al., 2018; Jaouannet et al., 2014; Smith & Chuang, 2014).
It has been stated that insect and pathogen invasion increases
the production of various secondary metabolites in plants as well
as stress hormones and these secondary metabolites are associ-
ated with the plant’s defense system. On the other hand, it has
been demonstrated in different studies that aphids try to attenu-
ate the defense responses of plants with various chemicals and
enzymes found in their salivary glands (Cheynier et al., 2013; Mug-
ford et al., 2016; Thorpe et al., 2016; Wang et al., 2016).

Aphid Endosymbiont-Host Plant Tritrophic Interaction

The relationship between aphid endosymbiont-host plants is
quite complex. Insects choose hosts according to the nutrient
biosynthesis capacity of their endosymbionts. Endosymbiont
bacteria synthesize essential amino acids and vitamins to their
host by using some non-essential amino acids found in the plant
sap of their host. Endosymbiont bacteria have a very important
role in the synthesis of these compounds and in choosing the

right host for aphids. However, some endosymbionts have lost
the ability to produce different compounds in the evolutionary
process. For example, it has been reported in various studies that
B. aphidicola lost genes responsible for tryptophan and ribofla-
vin synthesis in Cinara cedri Mimeur,1936 biotin biosynthesis in
A. pisum and arginine biosynthesis in Baizongia pistaceae Lin-
naeus, 1767 (Pérez-Brocal et al.,, 2006; Shigenobu et al., 2000;
van Ham et al,, 2003). Such loss of biosynthetic capacity may
put pressure on the selection of the right host that can provide
the insect with the food it needs (Clark et al., 2010; Sharma et al.,
2021). In addition, there is information that some symbionts
change the behavior of their hosts for their own evolutionary ben-
efit (Giordanengo et al., 2010; Thomas et al., 2005).

Understanding how and why the host plant-aphid-endosym-
biont relationship is affected by the environment and other
factors are important not only for effective biological control
against aphids but also for the continuity of plant productivity.
Therefore, examining the relationship between aphid-Buchnera
and aphid-host plant alone will not be sufficient to clarify these
relations from all aspects. At the same time, all the parameters
of the tritrophic relationship should be examined without over-
looking as there are contrast findings (McLean et al., 2010). Such
interactions also raise the following questions. Why are the plant
species used as hosts by aphid species different? What are the
effective parameters on the host plant and feeding preferences
in aphids? What is the importance of Buchnera in the aphid-host
relationship? In order to answer these and similar questions, the
internal (characteristics of the living thing) and external (such
as the temperature, water, humidity, and CO, ratio of the living
thing’s environment) variables in the food chain and their inter-
actions with each other should be investigated in more detail. In
terrestrial environments, strong trophic interactions are modi-
fied by the chemistry, morphology, and behavior of the organisms
in question. It has been observed that plants attract the natu-
ral enemies of herbivores by using volatile substances (Agrawal,
2000; Birch et al., 1999). Examining such tri-trophic interactions
is important to understand the interactions of natural species
and to be able to use these interactions in pest control. It is seen
that the common denominator in the plant-Buchnera—aphid
relationship is nitrogen compounds and nutritional needs. There-
fore, the host plant is very important in the evolution and ecol-
ogy of phytophages such as aphids. As it is known, nitrogen is a
limiting element for living things. It has been determined that
changes in nitrogen availability affect the nutritional and defense
properties of the plant (Mattson, 1980), the quality of host plant
components (such as C, N, and defense metabolites), herbivore
productivity and reproductive strategies (Awmack & Leather,
2002). Since host selection also causes various mating prefer-
ences, it has been argued that the mechanisms underlying these
preferences will contribute directly to the understanding of spe-
ciation, and the functions of chemosensory genes that have an
effect on smell and taste in speciation and host selection are
sought to be investigated (Eyres et al., 2017). Many herbivorous
insects change the quality of the host plant by affecting its inter-
nal and external relations. It has been observed that the quality of
the host plant affects the higher trophic relationships of preda-
tors and parasites and that it affects insect productivity at both
individual and population scales (Awmack & Leather, 2002). In
addition, the salivary secretion of aphids has a key role in aphid—
plant relationship. Saliva content is affected by the environment
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the stylet tip encounters. Enzymes and proteins such as vari-
ous pectinases and cellulases in saliva break plant defenses and
increase the availability of organic nitrogenous compounds. It has
been suggested that some enzymes detoxify plant phenols and
that some salivary proteins may act as effectors, suppressing or
promoting plant defense (Giordanengo et al.,, 2010). It has also
been pointed out that some salivary proteins such as GroEL are
produced from Buchnera origin and that this protein is an excre-
tory product that induces defense reactions of the plant. It has
also been suggested that chitin fragments in saliva may trigger
the plant’s defense reactions (van Bel & Will, 2016). In various
studies in which endosymbionts were removed from aphids, it
was clearly determined that the growth of aphids decreased. It is
stated that the associations formed by microorganisms living in
common with plants and insects affect plant and insect relation-
ship. It has been shown that insect-microorganism associations
suppress the plant’s defenses and support the development of
insects in the plant by detoxifying protective phytochemicals.
Phytopathogens can change the effectiveness and behavior of
insects by changing plant quality and defense. The plant-ben-
eficial microorganism relationship can promote plant growth by
affecting the plant nutrient and phytochemical composition and
may positively or negatively affect the effectiveness of insects.
From the results obtained, it was stated that the protein con-
tents of the aphids were affected by the host plant and the sym-
bionts contributed to the adaptation of the aphids (Francis et al.,
20086, 2010).

Conclusion and Recommendations

Since it is predicted that insects such as aphids, which are plant
pests, will feel their negative effects more with the increase in
global warming, some unknowns need to be revealed in the bio-
logical control of these pests. In order to carry out an effective
biological control, it is necessary to determine exactly what the
functions of the obligate endosymbiont bacteria Buchnera will
play a very important role in the metabolism of aphids and other
facultative endosymbionts. In the studies carried out so far, dif-
ferent parameters have been studied in aposymbiont aphids.
However, in these studies, the aphid—Buchnera relationship was
generally considered, while the host plant effect was ignored.
For this reason, in order to be more effective in the biological
control of aphids, it is necessary to consider not only the aphid—
Buchnera relationship but also the aphid—-Buchnera-host plant
relationship together. In many studies, it is stated that the pres-
ence of plant pest herbivores such as aphids causes stress in the
plant and triggers the production of some special chemicals in
the plant. It was concluded that aphids fed with plant sap may
also undergo some morphological and physiological changes
by being affected by the plant composition, and therefore, dif-
ferences may be observed in Buchnera function. Based on this,
it was emphasized in the aphid-Buchnera relationship that
host plant can cause various changes in the metabolism of both
aphids and endosymbionts and host plant metabolism should
not be ignored in these relationships. It is thought that revealing
the aphid-Buchnera-host plant relationship will lead to signifi-
cant progress in the biological control of aphids in the long term.
It has also been observed that there are important trends in this
field recently. In this review, it was emphasized that aphids can be
controlled more effectively by considering the aphid—Buchnera—
host plant tritrophic interaction together, and it was revealed

that more studies should be done on this subject. In this con-
text, researchers should focus on finding out the answers to the
following questions which are: How did aphid obtain Buchnera?
Why was Buchnera compelled into the aphid? How Buchnera
became an endosymbiont?
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