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ICINDEKILER

Arn1 Islahinin Prensipleri ve Zorluklar:
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ARI ISLAHININ PRENSIPLERI VE
ZORLUKLARI

Gorkem YANIK!?

1. GIRIS

Giinlimiizde 20 binin iizerinde tiirii tanimlanmis olan
arilar, dogal ekosistemlerin isleyisi, biyolojik ¢esitliligin
korunmasi ve tarimsal tiretimin siirdiiriilebilirligi agisindan kritik
oneme sahip olan boceklerdir. Ozellikle farkl ekolojik kosullarda
yasayabilen bal arilar1 (Apis mellifera L.), morfolojik, fizyolojik
ve davramig Ozellikleri bakimindan genis bir varyasyon
gostermektedir. Bu varyasyon birbirinden farkli irklar ve bu irklar
icerisinde ¢esitli ekotiplerin olusmasina olanak saglamaktadir.
Kiiresel ¢apta tarim liriinlerinin yaklasik %75’inin tozlasmasinda
rol oynayan bal arilar1, meyve, sebze ve yagli tohum iiretimi gibi
ekonomik ve stratejik 6neme sahip bitkilerde tozlastirict vektor
olarak gorev yaparak {riin verimi ve kalitesini dogrudan
etkilemektedir (Klein ve ark., 2007; Aizen ve ark., 2009).

Aricilik hem bal, balmumu, polen, propolis ve ar1 siitii gibi
tirlinleri iireten hem de tarimsal iiretimin verimliligini artirarak
ekosistem hizmetleri saglayan 6zgilin bir tarimsal faaliyettir.
Diger tarimsal faaliyetlerden farkli olarak, toprak kullanimina
bagli olmadan gergeklestirilebilmesi, kiigiikk Olcekli isletmeler
icin diisiik baslangic maliyetleri sunmast ve genis cografi
alanlarda uygulanabilmesi, biyolojik ¢esitliligi korumasi ve iklim
degisikligine  karst  siirdiiriilebilir  tarim  sistemlerinin
olusturulmasina yardimci olmas1 gibi oOzelliklere sahiptir
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(Bradbear, 2009). Ancak, son yillarda aricilik sektorii iklim
degisikligi, habitat kaybi, yogun pestisit kullanimi, mono-kulttrel
tarim uygulamalari, hastalik ve parazitler gibi kolonilerin sagligi
ve verimliligini tehdit eden wunsurlarla kars1 karsiyadir
(vanEngelsdorp ve Meixner, 2010; Goulson ve ark., 2015). Bahsi
gecen unsurlarin tek basina veya kiimiilatif etkileri kiiresel ¢apta
ciddi koloni kayiplarinin yaganmasina sebep olmaktadir. Biiyiik
bir kismi insan kaynakli olarak ortaya ¢ikan bu kriz durumu
aricilik uygulamalariin yeniden degerlendirilmesini ve 6zellikle
ar1 1slah1 galigmalarinin 6ncelik kazanmasini gerekli kilmaktadir.

Islah, tarihsel olarak insanlar tarafindan evcillestirilmis
hayvan ve kiiltiire alinmis bitki tiirlerinde arzu edilen fenotipik
Ozelliklerin ~ gelistirilmesi amaciyla uygulanan en eski
biyoteknolojik yontemlerden birisidir. Buna karsin, ar1 1slahi
uygulamalarina ait ilk bilimsel ¢alismalar 20. yiizy1lin sonlarinda
ortaya konulmustur (Winston, 1987; Laidlaw ve Page, 1997).
Bunun temel nedenleri arasinda bal arisinin karmagsik sosyal
yapisi, dogal ciftlesme siireglerinin kontrol edilememesi ve
genetik analiz araglarinin sinirli olmasi yer almaktadir. Ari 1slahi,
A. mellifera L. kolonilerinin genetik yapisinin, aricilik
faaliyetlerinin verimliligini, siirdiiriilebilirligini ve kolonilerin
hastaliklar ve patojenlere kars1 direnglerini, degisen cevre
kosullarina adaptasyon yeteneklerini bilimsel ydntemlerle
gelistirmeyi amaclayan onemli  bir disiplin olarak ifade
edilmektedir (Kosoglu ve ark., 2021). Antik Misir’daki ilkel
kovanlardan Ingiltere’deki Buckfast arisinn gelistirilmesine
kadar uzanan 1slah ¢alismalari, hirginlik davranisin azaltilmast,
bal veriminin arttirilmasi, ogul verme egiliminin diisiiriilmesi gibi
ticari agidan Onemli bircok Ozelligin gelistirilmesi amaciyla
tasarlanmistir. Ancak, son yillarda artan koloni kayiplari
nedeniyle s6z konusu hastalik ve zararlilara direncli olabilecek
genetik cesitlilige sahip olma ve uygun davranis Ozellikleri
sergileyebilmeleri gibi 6zellikler g6z dniine alinarak yapilan 1slah
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calismalar agirlik kazanmistir (Spivak ve Reuter, 2001; Villa ve
ark., 2008; Kovaci¢ ve ark., 2020).

Ar1 1slaht belirlenen hedeflere ulagsmada stratejik bir arag
olarak karsimiza c¢ikmaktadir. Mevcut kosullarda geleneksel
aricilik uygulamalar1 yetersiz kalmakta iken modern aricilikta
genetik temelli siirdiiriilebilir ¢ézlimlere ihtiya¢ duyulmaktadir.
Gunimuzde ar1 1slah1 molekiiler genetik araglar, yapay
tohumlama teknikleri ve uyarlanabilen yetistirme programlari
sayesinde kontrollii ve bilimsel temellere dayali sekilde
yiritilebilmektedir. Ar1 1slahinda modern bilimsel teknikler
kullanilarak hem ekonomik hem de ekolojik siirdiiriilebilirlige
katki saglanmaktadir (Spotter ve ark., 2012; Harpur ve ark.,
2012). Bu baglamda, ar1 1slahi yalnizca iiretim verimliligini
artirma degil, ayn1 zamanda kolonilerin hastalik ve ¢evresel stres
faktorlerine karsi dayanikliligini iyilestirme agisindan stratejik bir
oncelik haline gelmistir. Bu ¢alismada, bal arist 1slahinin temel
ilkelerini, uygulamada kullanilan yoOntemleri, karsilasilan
zorluklar1 ve aricilik iizerine etkilerini giincel literatiir 15181nda
kapsamli sekilde ele alinmas1 amaglanmigtir.

2. ARI ISLAHININ TEMEL iLKELERI

Zarkanatlilar takiminda yer alan bal arilar1 (Apis mellifera
L.) essiz bir lireme sistemi olan haplodiploid yapiya sahiptir. Bu
sistemde, dollenmis yumurtalardan diploid disiler (ana ar1 ve is¢i
ar1) gelisirken, doéllenmemis yumurtalardan haploid erkekler
(partenogenez) meydana gelmektedir. Disi arilar, her ebeveynden
bir set olmak iizere 32 kromozoma, erkek arilar yalnizca ana
aridan aldiklar1 16 kromozoma sahiptir. A. mellifera L. 1slahi, tek
bir diploid ana armin birden fazla (yaklasik 10-25) haploid erkek
ar1 ile ¢iftlestigi karmasik tireme biyolojisiyle karakterize bir
yapiya sahiptir (Meixner ve ark., 2014). Bu Ureme stratejisi
koloni igerisinde 6nemli genetik cesitlilige yol agmaktadir. Cogu
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hayvancilik 1slah  uygulamalarinda bireysel performans
ozelliklerinin oldukg¢a basit bir sekilde degerlendirilebilmesinin
aksine, ar1 1slahinda kolonilerin performansinin hem ana ari
genetigi hem de birden fazla erkek arinin katkilariyla olusan
sliperorganizma yapinin kolektif davranislarma odaklanmak
zorunludur. Poliandri {ireme stratejisi bal verimi, hastalik ve
parazit direnci, davranigsal Ozellikler gibi ekonomik agidan
onemli ozellikler i¢in 1slah ¢aligmalar1 yapilirken hem avantajlar
hem de zorluklar ortaya g¢ikarmaktadir (Plate ve ark., 2019).
Ekonomik acidan 6nemli 6zelliklerin ¢ogu kantitatif karakterdir
ve birden fazla gen ve ¢evresel faktor tarafindan etkilenmektedir.
Bu ozellikler irklar arasinda farklilik gosterdigi gibi, ayn1 irktan
aym arilikta bulunan koloniler arasinda bile farklilik
gorulebilmektedir.

Dogal seleksiyonla olusmus bir popiilasyon iistiin genetik
karakterlere sahip olsa bile bunun ortaya ¢ikmasi c¢evre
faktorlerine baglidir. Dogadaki nektar bollugunun bal verimini
etkileyecegini, ancak tek sorumlusu olamayacagi belirtilmis olup,
bal veriminin %75’inin makro ve mikro faktorler, %25’inin ise
genetik yap1 tarafindan kontrol edildigi yapilan g¢alismalarla
belirlenmistir (Giiler, 2006). Bu durum, genetigin yani sira bazi
koloni performans 6zelliklerini etkileyen cevresel faktorlerin de
1slah uygulamalarinin verimliligini optimize etmek igin goz
onlinde bulundurulmas: gerekliligini net bir sekilde ortaya
koymaktadir.

2.1. Genetik Cesitlilik

Bal arilar1 gibi sosyal ar1 tiirlerinde genetik ¢esitlilik, ana
arllarin  ¢ok esli ciftlesme davranisi (poliandri) sayesinde
koloniler igerisinde genis bir patrilineal varyasyonun olusmasini
saglar. Patrilineal, ana arinin ¢ok sayida erkek ariyla ¢iftlesmesi
sonucu, kolonide farkli baba soylarindan (patriline) gelen is¢i
arilarin genetik cesitliligini ifade eden terimdir. Her bir baba ar1,
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dollenmis yumurtalara (diploid) kendi genetik katkisini yapar ve
buda kolonide genetik olarak birbirlerinden farkli is¢i ari
gruplarinin (patrilinlerin= alt aile gruplar1) olugsmasina olanak
saglar. Koloni icerisinde %75 benzerlik gosteren siiper kiz
kardesler, %50 benzerlik gosteren 6z kiz kardesler ve %25
benzerlik gdsteren ilivey kiz kardesler bir arada bulunmaktadir.
Ana arinin hem ayn1 hem de farkli kolonilerden gelen birden ¢ok
erkek artyla ciftlestigi bir senaryoda; ayn1 babadan olan is¢i arilar
kendi aralarinda siiper kiz kardesler, kardes erkek arilardan olan
is¢i arilar 6z kiz kardesler, akraba olmayan erkek arilardan olan
is¢i arilar ise livey kizkardesler olarak adlandirilir (Harbo ve
Rinderer, 1980; Giiler, 2017). Kolonilerdeki bu genetik ¢esitlilik,
isci arilar arasinda fenotipik ve davranigsal varyasyonlara yol
acmaktadir. Kolonilerin sahip oldugu bu genetik mozaik,
popiilasyon saglig1 ve koloni dayanikliligini belirleyici hayati bir
unsurdur. Genetik c¢esitlilik sosyal termoregiilasyon, hastaliklara
kars1 direng, patojen savunmasi ve ¢evresel degiskenliklere karsi
adaptasyon gibi bir¢ok oOzellikte plastilite saglayarak koloni
diizeyinde hayatta kalma yeteneginin temelini olusturmaktadir
(Desai ve Currie, 2015; Lelania ve Lorraine, 2017; Frunze ve ark.,
2021).

Bal arilar, parazitlerle ve patojenlerle savagmak i¢in hem
dogustan gelen bagisiklik hem de sosyal bagisiklik davranislarina
sahiptirler. Ancak bagisiklik gen repertuarlari tek basina yasayan
boceklere kiyasla daha smirlt iken, koloni igerisindeki genetik
cesitlilik hastalik ve patojenlere karsi kiimiilatif bir direng
gostermelerine olanak saglamaktadir. Diisiik genetik ¢esitlilige
sahip kolonilerin diisiik davranigsal esneklige sahip olmalari
sebebiyle patojenlere kars1 daha duyarli hale geldikleri ve bunun
koloni saghigini ve siirdiiriilebilirligini olumsuz etkiledigi
belirtilmektedir (Tarpy ve Seeley, 2006; Nino ve Jasper, 2015).
Genetik c¢esitliligin ~ yiiksek oldugu koloniler ise viral
enfeksiyonlara, bakteri kaynakli hastaliklara ve parazitlere karsi
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daha fazla direng gosterebilmektedir. Bunun nedeni farkli
bagisiklik genotiplerine sahip bireylerin bir arada bulunmasi
olarak ifade edilmistir (Seeley ve Tarpy, 2007). Kolonilerin sahip
oldugu genetik yapi, yerel iklimler, flora yapisi, hastalik ve
patojen etkenlerinin baskilarina adaptasyon gibi siireglerden de
etkilenmektedir (Guichard ve ark., 2023). Ayrica, yerel
adaptasyon saglamis popiilasyonlarin korunmas: da genetik
cesitliligin siirdiiriilebilirligi agisindan 6nemlidir. Bu nedenle,
basarili 1slah programlar1 genetik ¢esitliligi koruma ve gelistirme
stratejilerini igerisinde barindirmak zorundadir.

2.2. Ekolojik ve Biyolojik Faktorler

Islah uygulamalarinin basarisi, genetik potansiyelin
degerlendirilmesiyle sinirli olmayip ayni zamanda ekolojik ve
biyolojik faktorlerin dogru yonetilmesine de baghdir. Ekolojik
faktorler arasinda habitat, iklim kosullari, besin kaynaginin
kalitesi ve mevcudiyeti, pestisit maruziyeti ve bolgesel yonetim
uygulamalar1 yer almaktadir. Buna paralel olarak biyolojik
faktorler, ana ar1 ve ig¢i ar1 genetigi, tireme Ozellikleri, hastalik
direnci (hijyen davranigi ve parazit toleransi) ve giftlesme
sistemlerinin sonuglarindan olusmaktadir. Bu iki faktor birbirine
bagimhidir. Ekolojik kosullar koloni gelisimini ve genetik
ozelliklerin ifadesini etkilerken, kalitsal biyolojik o6zellikler
arillarin ¢evresel kaynaklardan nasil yararlandigin1 ve stres
faktorleriyle nasil basa ciktigin1 belirlemektedir (Lozier ve
Zayed, 2017).

Kolonilerin gelisim performanslari habitat kaybi, pestisit
maruziyeti, iklim degisikligi gibi ekolojik faktorler tarafindan
dogrudan etkilenmekte, genetik potansiyelin tam olarak agiga
¢ikmasini engelleyebilmektedir (Goulson ve ark., 2015; Alaux ve
ark., 2019). Ozellikle iklim degisikligi, ¢igeklenme dénemleriyle
arilarin aktivite periyotlar1 arasinda zamanlama uyumsuzluklar
yaratarak tozlasma verimliligini diistirmekte, kislama basarilarini
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ve ciftlesme dongiilerini degistirerek 1slah slireglerinde
ongoriilemeyen riskler olusturabilmektedir (Kerr ve ark., 2015).
Iklim kosullariyla ilgili yapilan ¢alismalarda, asir1 derecede sicak
kosullar veya kuraklik yasanan ariliklarda, is¢i arilarin yetersiz
besin kaynag1 nedeniyle strese girdigini ve enfeksiyonlara karsi
savunmasiz hale geldiklerini, yiiksek rakimlara ¢ikildik¢a veya
cesitli topografyaya sahip bolgelerde bulunan ariliklarda ise is¢i
arilarin parazit yiiklerini azaltabildigi ifade edilmektedir (Nino ve
Jasper, 2015). Ek olarak, yogun pestisit kullanimi ve mono-Kultur
temelli habitatlardan kaynaklanan insan temelli ekolojik
faaliyetlerin etkisiyle balmumunda biriken pestisit kalintilarinin,
arilarda immiinosiipresyona ve artan viral replikasyonlara yol
actig1 ve onemli koloni kayiplarina sebep oldugu bildirilmektedir
(Usta ve Yildirim, 2020). Kolonilere uygun cevresel kosullarin
saglanmast amaciyla arilik yer se¢cimi ve yetistirme
programlarinin planlanmasi sirasinda ekolojik faktorlerin dikkatli
degerlendirilmesi gerekmektedir. Ekolojik stres faktorleriyle bas
edebilme kapasitesi yiiksek olan kolonilerin sec¢imi 1slah
programlarinin oncelikli hedefleri arasinda yer almalidir (Lin ve
ark., 2024).

Biyolojik faktorler ise koloni performansini belirleyen
kalitsal, fizyolojik ve davranigsal 6zellikleri kapsamaktadir. Islah
programlarinda biyolojik odak nokta ana ar1 kalitesidir. Ana ar1
kalitesi viicut agirligi, toraks genisligi ve spermatheca biiyiikliigii
gibi morfometrik ve Ureme parametreleriyle belirlenmektedir.
Caligmalar, bu temel fiziksel Ozelliklere gore degerlendirilen
yiiksek kaliteli ana arilarin koloni tiretkenligi, gelismis yavru
iretimi ve is¢i arilar tarafindan kabul goérmesi ile pozitif
korelasyon gosterdigini belirtmektedir (Oztiirk, 2014). Ek olarak,
spermatheca’da depolanan sperm sayis1 ve ovaryum gelisimi, ana
arinin yumurta birakmay1 siirdiirmesi gibi tireme 6zellikleri ile
koloni dayanikliligini etkileme potansiyelini anlamak i¢in kritik
oneme sahiptir (Uzunov ve ark., 2017). Ozellikle parazit ve
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patojenlerine karst genetik direncin biiylik 6l¢lide belirleyicisi
biyolojik faktorlerdir. Bireysel ar1 diizeyindeki genel fizyolojiyi
etkileyen beslenme yetersizligi, hastalik etmenlerine karsi
duyarliligimin ortaya ¢ikmasina katkida bulunmaktadir (Lin ve
ark., 2024). Bu durum hem koloni diizeyindeki davranigsal
Ozelliklerin hem de bireysel fizyolojinin dikkate alinmasi
gerektigini ortaya koymaktadir. Ayrica arilarin g¢iftlesme
davraniglar1 ve gen akisi da 1slah ¢aligmalart iizerinde belirleyici
etkiye sahiptir. Bal arilarmin dogal c¢iftlesme davranisi,
kontrolsiiz gen karistmina neden olup 1slah c¢alismalarinin
etkililiginin azalmasina sebep olabilmektedir. Bu nedenle izole
ciftlesme bolgeleri, yapay tohumlama ve kontrollii damizlik
yonetimi gibi tekniklerin kullanimi giderek daha fazla 6nem
kazanmaktadir (De la Rta, 2009; Cobey ve ark., 2013). Sonug
olarak, ar1 1slah programlar1 olusturulurken genetik se¢cimin yani
sira gevresel degiskenler, patojen baskisi, iklimsel riskler ve
davranigsal biyoloji gibi ¢ok yonlii faktorlerin birlikte ele
alinmas gerekliligi goz ard1 edilemez bir gergektir.

3. ARI ISLAHINDA KULLANILAN YONTEMLER

Aricilikta 1slah, bal arist popiilasyonlarinin genetik
yapisin1 optimize etmek ve arzu edilen fenotipik ozelliklerin
nesiller boyunca aktarimini saglamak amaciyla uygulanan ¢ok
yonlu  bir surectir. Bu sure¢ geleneksel fenotip gudumli
yontemlerden geliserek genomik seleksiyon yaklagimlarina
dogru evrimlesmistir (Kaskinova ve ark., 2023). Islah
calismalarinda uzun yillar boyunca fenotipik secime dayali
geleneksel yontemler uygulanmistir. Geleneksel 1slah yontemleri
uzun siiredir bal verimi, davranissal oOzellikler ve Varroa
destructor parazitine kars1 direng gibi fenotipik 6zelliklere dayali
olarak kolonilerin dogrudan gézlemlenmesine ve seleksiyonuna
dayanmaktadir. Saha kosullarinda kolonileri degerlendirmek i¢in
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standartlastirilmis protokoller ve performans testleri gelistirilmis
ve baslangicta oldukga ilkel olan seleksiyon uygulamalari
kademeli olarak iyilestirilmistir (Biichler ve ark., 2013). Bu
yontemler kullanilarak koloni diizeyinde kisa vadeli iyilesmeler
saglanabilmistir. Dogal ¢iftlesme kontroliiniin zorlugu, cevresel
faktorlerin etkisi ve uzun siire gozlemlerin gerekliligi gibi
nedenlerle genetik ilerleme acisindan sinirli  bir  basari
saglamaktadir (Guichard ve ark., 2020). Gunumuizde bu
eksiklikleri  gidermek amaciyla  geleneksel  seleksiyon
yontemlerine ek olarak, modern ar1 1slahinda molekiiler genetik
araclarin kullanimi giderek artmaktadir. Bu modern yaklagimlar,
klasik yontemlerle birlestirildiginde, hem koloni saglig1 ve
verimliligini arttirmada hem de ¢evresel stres faktorlerine karsi
daha diren¢li ar1 hatlariin gelistirilmesine 6nemli katkilar
saglayabilmektedir (Beki¢ ve ark., 2015). Marker destekli
seleksiyon, genomik seleksiyon, melezleme ve yapay tohumlama
gibi teknikler hem genetik ilerlemeyi hizlandirmakta hem de
istenilen ozelliklerin daha giivenilir sekilde aktarilmasini
miimkiin kilmaktadir (Harpur ve ark., 2012; Parejo ve ark., 2020).
Bu boliimde, bal aris1 1slahinda kullanilan yontemler dort temel
baslikta ele alinmustir.

3.1. Geleneksel Islah Uygulamalar

Bal arilarinda (Apis mellifera L.) yiratilen geleneksel
islah  uygulamalari,  genellikle  kolonilerin  fenotipik
performansmna  dayali  olarak  yapilan  seleksiyonlari
kapsamaktadir. Bal verimi, hijyen davranigi, sakinlik gibi
ozellikler {iizerinden yapilan bu degerlendirmeler ¢ogunlukla
kitlesel veya pedigri temelli secilim biciminde yurutilmektedir.
Ancak, bal arilarinin koloni diizeyinde degerlendirilen
sliperorganizmalar olmasi, bu yontemlerin dogrudan birey bazli
tirlerdeki kadar etkin olmasini simirlandirmaktadir (Blchler ve
ark., 2013; Guichard ve ark., 2023).
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Kitlesel seleksiyon c¢aligmalari, koloni performansini
tanimlayan gozlemlenebilir (bal verimi, uysallik, hijyen
davranisi, ogul verme egilimi vb.) Ozelliklere dayanarak
yapilmaktadir. Ornegin, kolonilerin bal verimleri ya da
parazitlere kars1 hijyen davranis seviyeleri belirlenerek en ytiksek
performans goOsteren koloniler ana ar1 kaynagi olarak
secilebilmektedir. Ote yandan pedigri seleksiyonu, gecmis
performans verilerini ve c¢iftlesme sonuclarini dikkate alarak
belirli 6zelliklerin aktarimini izlemek i¢in soy kiitiigii kayitlarinin
kullanildig1 yontemdir. Her bir bireyin kendi performansi ile
akrabalik iligkileri (ebeveyn, kardes, kizi) dikkate alinarak
genetik degeri tahmin edilir. Ornegin, bir ana armin irettigi
kizlarimin olusturdugu kolonilerin yiiksek performansli olmasi, o
ana armin yliksek 1slah degerine sahip oldugunu gostermektedir.
Boylece gelecek kusaklarda kullanilacak ana arilarin se¢iminde
hem kendi fenotipik performanslarina hem de soy kiitiigiindeki
akrabalarinin  performanslarina bakilarak ana ar1 segimi
yapilmaktadir. Bu yoOntemlerin kalitm diizeyi diisiik olan
ozelliklerde kullaniminin etkinligi, 6znel degerlendirme ve bal
arllarin genetik ve sosyal yapisinin karmasikligi nedeniyle
siirlidir (Guichard ve ark., 2020). Ek olarak, genetik sapma ve
makro - mikro ¢evresel faktorler bu tip 1slah ¢alismasi sonuglarini
biiylik oranda etkilemektedir. Bal arilarinin genetik ve sosyal
yapisinin karmagiklig1 nedeniyle bu uygulamalar olduk¢a yogun
emek ve uzun siire almaktadir.

3.2. Yapay Tohumlama ve izole Ciftlestirme Bolgeleri

Bal arilarinin kendine 6zgil ciftlesme davranisi, dogru
genetik secimlerin  yapilabilmesi ve istenilmeyen genetik
Ozelliklerin seyreltilmesi amaciyla kontrollii ciftlesme stratejisi
olarak yapay tohumlama ve izole ciftlestirme bdlgeleri
yontemleri kullanilmaktadir. Izole ciftlestirme bolgeleri, dogal
engellerle ¢evrili ya da insan miidahalesiyle izole edilmis cografi
alanlarda kurulan c¢iftlestirme istasyonlar1 olarak ifade edilir
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(Koeniger ve Koeniger; 2000). Sadece secilmis erkek ari
kolonilerinin bulundugu bu alanlara ana arilar ¢iftlesme igin
gotiirtliir. Bu yontem, istenmeyen genetik karisim riskini en aza
indirerek  hedeflenen  genetik  yapilarin ~ korunmasini
saglayabilmektedir. Ancak 1slah uygulamalarinda kullanilacak
yeterli sayida ve cografi dagilimda izole giftlestirme bdlgesi
olusturmak ¢ok giigtiir (Uzunov ve ark., 2022).

Yapay tohumlama, teknik zorluklara ve uzmanlik
gereksinimlerine ragmen kontrollii ¢iftlesme saglamak igin
yaygin kullanilan bir yéntemdir (Collins, 2004). Ozellikle
ABD’de 1970’li yillarda baslayan ve 1980’li yillarda ilerleyen
caligmalar giinlimiizde {ilkemizde de aktif kullanilmaktadir
(Cobey, 2007). Bu teknik sayesinde erkek ve ana arilarin genetik
materyalleri kontrollii olarak birlestirilerek genetik gecisleri
yonlendirme ve istenmeyen gen akisini popiilasyonlarda
sinirlama imkan1 sunmaktadir (Ozkok ve Selguk, 2020; Du ve
ark., 2023). Bu yaklasimla, 1slah ¢alismalarinda istenen genetik
bilesimin siirdiiriilebilmesi, yerel ya da saf hatlarin korunmasi
saglanabilmektedir. Ek olarak, yapay tohumlama erkek arilarin
katkisinin tam olarak kontrol edilmesi ile belirli 6zelliklerin nasil
kalittm  gOsterdigini  arastirmak i¢in akraba hatlarmin

olusturulmasina da imkan taniyan bir yontemdir (Du ve ark.,
2024).

Her iki yonteminde uygulamasi bazi zorluklar icermesine
ragmen, ana ve baba hatlarmin genetik etkilerinin daha dogru
bicimde yoOnlendirilmesini saglamalar1 ve 0&zellikle yiiksek
performansli hatlarin gelistirilmesi ve korunmasinda basarili
olabilecek 1slah programlarmin olusturulmasinda vazgecilmez
araglardir.

3.3. Melezleme (Hibritlestirme)

Art 1slahinda melezleme, her soydan arzu edilen
ozellikleri birlestirmek i¢in farkli alt tiirlerin veya 1rklarin
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caprazlanmasi anlamina gelmektedir. Melezleme ¢aligmalarinin
bilimsel temelleri, Gregor Mendel'in 19. yiizy1l ortalarindaki
genetik prensipleri ortaya koyan c¢alismalarina dayanmaktadir.
Aricilikta ise yliksek iiretkenlik, hastalik direnci ve uygun mizag
gibi Ozelliklerin basariyla Dbirlestirildigi Buckfast arisinin
gelistirilmesi  ilk basarili melezleme ¢alismas1 Ornegidir
(Maucourt ve ark., 2020). Giiniimiizde melezleme ¢aligsmalari ile
yerel ekotiplere adaptasyonu yiiksek hatlar1 daha verimli veya
hastalik ve parazitlere direngli hatlarla caprazlayarak hibrit elde
etme amaci giidiilmektedir. Ancak, bu yaklasim belirli ¢evresel
kosullar altinda kolonilerin hayatta kalmasi i¢in gerekli olan
adaptasyonun ve benzersiz genetik kimligin kaybim1 6nlemek
i¢cinde kullanilabilmektedir (Calfee ve ark., 2020).

3.4. Molekuler ve Genomik Secilim

Son yillarda molekiiler biyoloji ve genomik
yaklagimlardaki ¢caligsmalar ar1 1slah yontemlerinin énemli dl¢lide
gelisim  gostermesine katki sunmaktadir. Genom c¢apinda
iligkilendirme ¢alismalari, koloninin performanst ve hastalik
direnci ile iliskili aday genleri ve gen aglarini belirlemeyi
kolaylastirmaktadir. Genomik seleksiyon ve isaretleyici destekli
secilim gibi molekiiler teknikler, koloni soylarinin dogrulanmasi,
akrabalik iligkilerinin belirlenmesi ve hedeflenen oOzelliklerle
iligkili gen bolgelerinin tespit edilmesinde kullanilmaktadir
(Gupta ve ark., 2012). Ozellikle hijyen davramsi, Varroa’ya
direncli hatlarin gelistirilmesinde anahtar O6zellik olarak One
¢ikmaktadir. Spivak ve Reuter (2001) tarafindan gelistirilen ve
Minnesota Hijyenik Ar1 Hatti olarak bilinen hat, bu yaklagimin
basarili bir Ornegidir. Hijyen davramisinin fenotipik testleri
arasinda “dondurulmus yavru testi” ve “pin test” gibi hizli tarama
yontemleri yer almaktadir (Guichard ve ark., 2021). Ayrica
genom capinda iligkilendirme  ¢alismalari, bal arisi
popiilasyonlarinda 6nemli ekonomik ve biyolojik karakterlerle
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iligkili gen bolgelerinin belirlenmesini saglamistir (Lorenz, 2013;
Wallberg ve ark., 2014).

Molekiiler tani1 araglarinin kullanimi, hastaliklarin erken
tespiti ve 1slah caligmalar1 yapilan ar1 popiilasyonlari igerisinde
etkin yonetim acgisindan kritik oneme sahiptir. PCR tabanli
patojen tespiti, kantitatif PCR (qQPCR) ve yeni nesil dizileme gibi
teknikler, Varroa destructor, Nosema tirleri, Amerikan yavru
clirtikliigli ve kire¢ hastalig1 gibi patojenlerin varligini izlemek
amaciyla rutin olarak kullanilmaktadir. Bu tani yontemlerinin
1slah degerlendirmelerine entegre edilmesi sayesinde hem giiglii
hijyen davranisi sergileyen hem de dogal hastalik direncine sahip
koloniler secilebilmekte, bdylece kimyasal mudahalelere olan
ihtiyac azaltilarak ar1 sagliginin uzun vadeli stirdiiriilebilirligi
saglanmaktadir (Jones ve ark., 2020). Gergeklestirilen ilk biiyiik
6lcekli genomik tahmin ¢alismalari, genom verisinin ebeveyn soy
bilgilerine gore daha yliksek tahmin dogrulugu sagladigini ortaya
koymustur. Bernstein ve ark., (2023), genomik verilerin dahil
edilmesiyle bal verimi tahmininde dogrulugun 0,12’den 0,23’¢
yiikseldigini bildirmistir. Bu bulgular, genomik seg¢ilimin ar1
1slahinda  basariyla  uygulanabilecegini  gostermektedir.
Molekiiler genetik alanindaki gelismeler, arzu edilen 6zelliklerle
iligkili genetik isaretleyicilerin tanimlanmasina olanak saglayarak
bal aris1 1slahinda devrim niteliginde gelismeler ortaya
koymaktadir.

4. ISLAH UYGULAMALARINDA
KARSILASILAN ZORLUKLAR

Bal aris1 (Apis mellifera L.) 1slah1 esasen tiiriin 6zgiin
iireme biyolojisi, genetik karmasikligi, ¢evresel etkiler, yonetim
uygulamalar1 ve ekonomik kisitlamalardan kaynaklanan c¢ok
sayida zorlukla kars1 karsiyadir. Bu zorluklarin temelinde, ana
arinin dogal c¢iftlesme davranist yer almaktadir. Dogada ana
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arilar, ciftlesme uguslar1 sirasinda farkli kolonilerden birgok
erkek ariyla ciftlesir. Bu durum, kolonide farkli derecelerde
akrabaliga sahip bireylerin beraber yasamasina yol acgar. Bu
ciftlesme sistemi, koloni i¢inde muazzam bir genetik cesitlilik
Uretirken, istenilen 6zelliklerde homojenlik saglamay1 zor hale
getirir. Tarihsel olarak da bu karmasik ciftlesme biyolojisi, erken
donem seleksiyon c¢alismalarinin ¢ogunun basarisiz olmasina
neden olmustur (Du ve ark., 2024). Ciftlesme siirecini manipiile
ederek genetik girdiyi kontrol etmek i¢in kullanilan yapay
tohumlama, teknik bir uygulamadir ve 6zel ekipman, egitimli
personel gerektirmektedir. Yapay tohumlama pratikte ve ticari
Olcekte uygulanabilirliginin smirli olmast nedeniyle yaygin
olarak kullanilamamaktadir. Ayrica erkek arilar1 tam cinsel
olgunluga ulasana kadar laboratuvar veya yar1 dogal kosullarda
tutmanin zor olmasi durumu daha da karmasiklastirmaktadir.
Ciftlesmeyi genetik olarak giivence altina alabilmenin alternatif
bir yolu olarak izole ¢iftlesme bdlgeleri kullanilmaktadir. Ancak,
uygun cevresel kosullar, erkek ar1 popiilasyonlarin titiz
yonetimi ve bolgede olmasi istenmeyen erkek arilarla kontrolsiiz
ciftlesme olaylarim1 en aza indirmek i¢in birka¢ kilometre
boyunca cografi izolasyon olmasi gerekmektedir (Uzunov ve
ark., 2017).

Genetik karmasiklik da i1slah caligmalarini zorlastiran
etmenler arasinda yer almaktadir. Bal verimi, hijyenik davranig
ve hastalik direnci gibi ekonomik olarak dnemli bir¢ok 6zellik
kantitatif ve poligeniktir. Coklu kantitatif 6zellik lokuslarinin
tanimlanmasi ve es zamanli yonetimi, bazi 6zellikler i¢in diisiik
kalitilabilirlik nedeniyle fenotipik seleksiyonu belirsiz hale
getirerek genetik ilerlemeyi yavaslatmaktadir (Kaskinova ve ark.,
2023). Genetik homojenlik saglama amaciyla yapilan akraba
ciftlestirmesi ile genetik g¢esitliligin korunmasi1 gerekliligi
arasindaki ¢eliski ise bir diger Onemli zorluktur. Kiiciik
popiilasyonlarda yapilan 1slah ¢alismalar1 ve kapali yetistirme
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gruplarinin ~ kullanimi homozigotlugun  artmasmna  yol
acabilmektedir. Bu durum, gen lokuslarinda diisiik ¢esitlilik
olusturmasi sebebiyle diploid erkek arilarin olugsmasina neden
olabilir. Dolayisiyla koloni biiyltimesi ve canliligimi iizerinde
tehlike olusturabilir (Dietemann ve ark., 2013). Mikrosatellitler
veya SNP analizleri gibi molekiler genetik belirteclerin
kullanimi, bal arilar1 popiilasyonlarinin ayrimi igin olanak
saglamaktadir. Ancak bu yontemler yliksek maliyetli, kapsamli
laboratuvar destegi gerektirmekte ve henlz evrensel olarak
standartlagtiritlmis protokoller gelistirilememistir (Spotter ve ark.,
2012).

Cevresel kosullar ve yoOnetim uygulamalar1 da 1slah
faaliyetlerini olumsuz etkileyen diger 6nemli faktorlerdir. Iklim
degisikligi, floral kaynaklardaki azalma, pestisit maruziyeti ve
hastalik baskis1 gibi ¢evresel stres etkenleri arzu edilen genetik
oOzelliklerin fenotipik olarak ortaya ¢itkmasini
engelleyebilmektedir. Ana ar1 iiretimi siirecinde sicaklik
dalgalanmalar1 veya olumsuz hava kosullari, ana ve erkek ari
saghigint olumsuz etkileyebilmektedir. Bu durum c¢iftlesme
basarisin1i olumsuz etkilemekte ve ana ar1 kayiplarina sebep
olabilmektedir (Pettis ve ark., 2016). Teknik zorluklar arasinda
ise ciftlesme kontrollerinin sinirli olusu, fenotip belirlenmesi i¢in
uygun testlerin gelistirilme gereksinimi ve veri toplama zorluklari
sayilabilir. Bal aris1 kolonilerindeki pek cok 6zellik g¢evresel
sartlara duyarli olup sezonlar arasi tutarsizlik gosterebilmektedir.
Bunun yani sira farkli kolonilerde yer alan binlerce is¢i aridan
bireysel fenotip toplamak pratik bir uygulama degildir.

Islah ¢alismalarinda belirli 6zelliklerin iyilestirilmesine
yonelik yapilan ¢aligmalar, koloni sagligi, savunma davraniglari
ya da cevresel tolerans gibi yasamsal Oneme sahip diger
ozelliklerin zayiflamasina neden olabilmektedir. Bu nedenle,
1slah stratejilerinin birden fazla 6zelligi eszamanli degerlendiren,
bolgesel cevre kosullarina uyarlanmis ve uzun vadeli genetik
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cesitliligi koruyan ¢ok boyutlu yaklagimlara dayandirilmasi
zorunludur (Beki¢ ve ark., 2015; Ostroverkhova, 2024). Ek
olarak, uzun seleksiyon donguleri, yiksek ekonomik maliyetler
ve aricilik isletmeleri arasindaki uygulama farkliliklar: 1slah
programlarinin  siirdiiriilebilirligini olumsuz etkilemektedir.
Butiin bu biyolojik, cevresel ve teknik engeller, bal arist 1slahini
diger hayvansal liretimde kullanilan yontemlerden farkli kilmakta
ve Ust diizey uzmanlik gerektirdigini ortaya koymaktadir.

5. ISLAH UYGULAMALARININ ARICILIK
UZERINDEKI ETKILERIi VE GELECEK
PERSPEKTIFI

Islah uygulamalar1 aricilik sektoriiniin - verimliligini,
stirdiiriilebilirligini ve cevresel degisimlere karsi adaptasyon
kapasitesini onemli 6l¢iide etkilemektedir. Genetik temelli 1slah
caligsmalari sayesinde, hastalik ve parazitlere karsi daha direngli,
Iklim stresine dayanikli ve yiiksek verimli kolonilerin
gelistirilmesi miimkiin hale gelmistir. Ozellikle hijyen davranis,
diisik ogul egilimi ve sakinlik gibi Ozelliklerin secilmesi,
ariciigin hem ekonomik yoniinii hem de aricilarin ¢alisma
giivenligini dogrudan iyilestirmistir (Spivak ve Reuter, 2001;
Harpur ve ark., 2012). Modern 1slah yaklasimlari, bal arilarinin
koloniden koloniye ve nesilden nesile genetik olarak daha
ongoriilebilir sekilde aktarilabilmesini saglamaktadir. Bu durum
uzun vadeli tretim planlamalarini daha saglikli temellere
oturtarak, aricithigin -~ tarimsal  kalkinmadaki roliinii
giiclendirmektedir. Genomik seleksiyonun kullanilmasiyla,
verimlilik ve diren¢ gibi kompleks 0Ozelliklerin daha erken
ongoriilebilmesi miimkiin olmus, bdylece 1slah siiresi kisalmistir
(Wallberg ve ark., 2014; Parejo ve ark., 2020). GlnUmuzde iklim
degisikligi, habitat kaybi ve yaygin pestisit kullanimi gibi
tehditler karsisinda, yerel irklarin korunmasi ve adaptif
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ozelliklerinin  gelistirilmesi biiyilk Onem tasimaktadir. Bu
baglamda 1slah programlarinin yalnizca tiretim odakli degil, ayni
zamanda biyogesitliligi koruma perspektifiyle de yiiriitiilmesi
gerekmektedir (Meixner ve ark., 2010; 2014; Hua ve ark., 2016).
Yerli ar1 wrklarinin korunmasi, sadece genetik kaynaklarin degil,
aynt zamanda yerel ekosistemlerin sagliginin da teminati
niteligindedir.

Gelecekte, ariciligin  karst karsiya oldugu kiiresel
zorluklarin  iistesinden gelmek ic¢in ar1 1slah1 alaninda
multidisipliner yaklagimlarin benimsenmesi kag¢inilmazdir.
Molekiiler biyoloji, davranis ekolojisi, iklim bilimi ve yapay zeka
destekli veri analizleri gibi farkli disiplinlerin entegrasyonu daha
etkili 1slah stratejilerinin gelistirilmesini miimkiin kilabilecektir
(Zayed ve Whitfield, 2008). Gelecekteki 1slah programlar:
muhtemelen daha butlincul hale gelecek ve ¢evresel ve yonetim
degiskenlerini seleksiyon modellerine entegre edecektir. Bu
sistem tabanli yaklasim, peyzaj konfigiirasyonunu, beslenme
durumunu ve diger tozlastirict tiirlerle etkilesimleri dikkate
alarak, ar1 islahinin yalnizca ekonomik kaygilara degil, aym
zamanda daha genis ekolojik zorunluluklara da yanit vermesini
saglayacaktir. Sonug¢ olarak, gelecekte ar1 1slah1 uygulamalari
sadece kolonilerin {iretim kapasitesini arttirmakla siirh
kalmayacak, aym1 zamanda ekosistem dayanikliligi, tozlagma
hizmetlerinin siirekliligi ve biyolojik ¢esitliligin korunmasi
acisindan da temel bir siirdiiriilebilirlik aracina doniisecektir.

6. SONUC

Art 1slaht yalnizca aricilik sektorii igin degil, tarim
ekosistemlerinin siirdiiriilebilirligi ve kiiresel gida giivenligi igin
de temel bir bilimsel ve stratejik olgudur. Bal aris1 (Apis mellifera
L.) kolonilerinin kars1 karsiya oldugu kiiresel tehditler, 1slah
calismalarin1 yalnizca verim odakli bir siire¢ olmaktan ¢ikarip,
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ayni zamanda ¢evresel uyum, dayaniklilik ve biyolojik biitiinligii
gbzeten bir stratejiye doniistiirmiistiir. Bal arilarinin karmasik
genetik yapisi ve sosyal yasam big¢imleri, 1slah programlarinin
hem bilimsel hem de teknik diizeyde hassasiyetle ydritilmesini
zorunlu kilmaktadir. Geleneksel seleksiyon yontemlerinin
stnirliliklarr, molekiiler biyolojideki ilerlemelerle asilmaya
calisilsa da ¢evresel unsurlarin degiskenliginin genetik ilerlemeye
olan etkisi hala 6nemli bir engel olarak karsimiza ¢ikmaktadir. Bu
baglamda, basarili 1slah uygulamalar1 yalnizca genetik materyalin
iyilestirilmesini degil, ayn1 zamanda ¢evresel kosullarin optimize
edilmesini ve aricilik sektoriindeki uygulamalarla senkronize
caligmalar yiiriitilmesini  gerektirmektedir. Gelecekte ar1
1slahinin yapay zeka destekli veri analitigi, biyoinformatik ve
sistemsel ekoloji gibi alanlarla daha siki entegrasyon kurarak,
yiiksek direncli ve adaptif koloniler gelistirme yoniinde evrilecegi
ongoriilmektedir. Ayrica ulusal ve uluslararasi diizeyde biyolojik
cesitliligi gozeten ve bilimsel gelismelerle entegre sekilde 1slah
programlarinin olusturulmasi gerekmektedir.

18



Akademik Perspektiften Zootekni

KAYNAKCA

Aizen, M. A., Garibaldi, L. A., Cunningham, S. A., & Klein, A.
M. (2009). How much does agriculture depend on
pollinators? Lessons from long-term trends in crop
production. Annals of Botany, 103(9), 1579-1588.
https://doi.org/10.1093/aob/mcp076

Alaux, C., Le Conte, Y., & Decourtye, A. (2019). Pitting wild
bees against managed honey bees in their native range, a
losing strategy for the conservation of honey bee
biodiversity. Frontiers in Ecology and Evolution, 7, 60.
https://doi.org/10.3389/fevo.2019.00060

Beki¢, B., Mladenovi¢, M., & Macukanovi¢ J., M. (2015).
Review of tests used in honey bee selection (Apis
mellifera L.). International Symposium On Animal
Science Serbia.

Bernstein, R., Du, M., Du, Z. G., Strauss, A. S., Hoppe, A., &
Bienefeld, K. (2023). First large-scale genomic prediction
in the honey bee. Heredity, 130, 320-328.
https://doi.org/10.1038/s41437-023-00606-9

Bradbear, N. (2009). Bees and their role in forest livelihoods: A
guide to the services provided by bees and the sustainable
harvesting, processing and marketing of their products.
FAOSTAT.

Biichler, R., Andonov, S., Bienefeld, K., Costa, C., Hatjina, F.,
Kezic, N., Kryger, P., Spivak, M., Uzunov, A., & Wilde,
J. (2013). Standard methods for rearing and selection of
Apis mellifera queens. Journal of Apicultural Research,
52(1), 1-30. https://doi.org/10.3896/IBRA.1.52.1.07

Calfee, E., Agra, M. N., Palacio, M. A., Ramirez, S. R., & Coop,
G. (2020). Selection and hybridization shaped the rapid
spread of African honey bee ancestry in the Americas.

19


https://doi.org/10.1093/aob/mcp076
https://doi.org/10.3389/fevo.2019.00060
https://doi.org/10.1038/s41437-023-00606-9
https://doi.org/10.3896/IBRA.1.52.1.07

Akademik Perspektiften Zootekni

PLOS Genetics 16(10), e1009038.
https://doi.org/10.1371/journalpgen.1009038

Cobey, S. W. (2007). Comparison studies of instrumentally
inseminated and naturally mated honey bee queens and
factors affecting their performance. Apidologie, 38, 390—
410. https://doi.org/10.1051/apido:2007029

Cobey, S. W., Tarpy, D. R., & Woyke, J. (2013). Standard
methods for instrumental insemination of Apis mellifera
queens. Journal of Apicultural Research, 52(4), 1-18.
https://doi.org/10.3896/IBRA.1.52.4.09

Collins, A. M. (2004). Sources of variation in the viability of
honey bee, Apis mellifera L., semen collected for artificial
insemination. Invertebrate reproduction & development,
45(3), 231-237.

De la Rua, P., Jaffe, R., Dall’Olio, R., Munoz, I., & Serrano, J.
(2009). Biodiversity, conservation and current threats to
European honeybees. Apidologie, 40, 263-284.
https://doi.org/10.1051/apido/2009027

Desai, S. D., & Currie, R. W. (2015). Genetic diversity within
honey bee colonies affects pathogen load and relative
virus levels in honey bees, Apis mellifera L. Behavioral
Ecology and  Sociobiology, 69,  1527-1541.
https://doi.org/10.1007/s00265-015-1965-2

Dietemann, V., Ellis, J. D., & Neumann, P. (2013). The Coloss
Beebook Volume 11, Standard methods for Apis mellifera
pest and pathogen research: Introduction. Journal of
Apicultural Research, 52(4), 1-4.
https://doi.org/10.3896/IBRA.1.52.4.16

Du, M., Bernstein, R., & Hoppe, A. (2023). The Potential of
Instrumental Insemination for Sustainable Honeybee

20


https://doi.org/10.1371/journalpgen.1009038
https://doi.org/10.1051/apido:2007029
https://doi.org/10.3896/IBRA.1.52.4.09
https://doi.org/10.1051/apido/2009027
https://doi.org/10.1007/s00265-015-1965-2
https://doi.org/10.3896/IBRA.1.52.4.16

Akademik Perspektiften Zootekni

Breeding. Genes, 14(9), 1799.
https://doi.org/10.3390/genes14091799

Du, M., Bernstein, R., & Hoppe, A. (2024). The number of drones
to inseminate a queen with has little potential for
optimization of honeybee breeding programs. Hereditas,
161, 28. https://doi.org/10.1186/s41065-024-00332-0

Frunze, O., Brandorf, A., Kang, E. J.,, & Choi, Y.S. (2021).
Beekeeping Genetic Resources and Retrieval of Honey
Bee Apis mellifera L. Stock in the Russian Federation: A
Review. Insects, 12(684).
https://doi.org/10.3390/insects12080684

Goulson, D., Nicholls, E., Botias, C., & Rotheray, E. L. (2015).
Bee declines driven by combined stress from parasites,
pesticides, and lack of flowers. Science, 347(6229),
1255957. https://doi.org/10.1126/science.1255957

Guichard, M., Droz, B., Brascamp, E. W., von Virag, A,
Neuditschko, M., & Dainat, B. (2021). Exploring two
honey bee traits for improving resistance against Varroa
destructor: development and genetic evaluation. Insects,
12(3), 216.

Guichard, M., Neuditschko, M., Soland, G., Fried, P., Grandjean,
M., Gerster, S., Dainat, B., Bijma, P., & Brascamp, E. W.
(2020). Estimates of genetic parameters for production,
behaviour, and health traits in two Swiss honey bee
populations. Apidologie, 51(5), 876-891.
https://doi.org/10.1007/S13592-020-00768-Z

Guichard, M., Phocas, F., Neuditschko, M., Basso, B., & Dainat,
B. (2023). An overview of selection concepts applied to
honey bees. Bee World, 100(2), 2-8.
https://doi.org/10.1080/0005772X.2022.2147702

21


https://doi.org/10.3390/genes14091799
https://doi.org/10.1186/s41065-024-00332-0
https://doi.org/10.3390/insects12080684
https://doi.org/10.1126/science.1255957
https://doi.org/10.1007/S13592-020-00768-Z

Akademik Perspektiften Zootekni

Gupta, P., Conrad, T., Spoétter, A., Reinsch, N., & Bienefeld, K.
(2012). Simulating a base population in honey bee for
molecular genetic studies. Genetics Selection Evolution,
44, 1-6.

Giiler, A. (2006). Bal Arilar1 (Apis mellifera L.)’nda Yapay
Tohumlama ve Tiirkiye i¢in Onemi. Anadolu Tarim
Bilimleri Dergisi, 21(3), 370-378.

Giiler, A. (2017). Bal Ars1 (Apis mellifera L.) Yetistiriciligi
Hastaliklar1 ve Uriinleri, Agro plus yayimevi.

Harbo, J. R., & Rinderer, T. E. (1980). Breeding and Genetics of
Honeybees. USDA/ARS Agriculture Handbook, 335, 49-
57.

Harpur, B. A., Minaei, S., Kent, C. F., & Zayed, A. (2012).
Management increases genetic diversity of honey bees via
admixture. Molecular Ecology, 21(18), 4414-4421. doi:
10.1111/j.1365-294X.2012.05614.x. Epub 2012 May 5.
PMID: 22564213.

Hua, F., Wang, X., Zheng, X., Fisher, B., Wang, L., Zhu, J., Tang,
Y., Yu,D.W., & Wilcove, D. S. (2016). Opportunities for
biodiversity gains under the world’s largest reforestation
programme. Nature Communications, 7(1), 12717.
https://doi.org/10.1038/ncomms12717

Jones, J. C., Du, Z. G., Bernstein, R., Meyer, M., Hoppe, A,
Schilling, E., Ableitner, M., Juling, K., Dick, R., Strauss,
A. S., & Bienefeld, K. Tool for genomic selection and
breeding to evolutionary adaptation: Development of a
100K single nucleotide polymorphism array for the honey
bee. Ecology and Evolution, 10(13), 6246-6256. doi:
10.1002/ece3.6357.

Kaskinova, M. D., Salikhova, A. M., Gaifullina, L. R., &
Saltykova, E. S. (2023). Genetic methods in honey bee

22


https://doi.org/10.1038/ncomms12717

Akademik Perspektiften Zootekni

breeding. Vavilovskii Zhurnal Genet Selektsii, 27(4), 366-
372. doi: 10.18699/VJGB-23-44. PMID: 37465190;
PMCID: PMC10350855.

Kerr, J. T., Pindar, A., Galpern, P., Packer, L., Potts, S. G,
Roberts S. M., Rasmont, P., Schweiger, O., Colla, S. R,
Richardson, L. L., Wagner, D. L., Gall, L. F., Sikes, D. S.,
& Pantoja, A. (2015). Climate change impacts on
bumblebees converge across continents. Science,
349(6244), 177-180.
https://doi.org/10.1126/science.aaa7031

Klein, A. M., Vaissiére, B. E., Cane, J. H., Steffan-Dewenter, I.,
Cunningham, S. A., Kremen, C., & Tscharntke, T. (2007).
Importance of pollinators in changing landscapes for
world crops. Proceedings of the Royal Society B:
Biological Sciences, 274(1608), 303-313.

Koeniger, N., & Koeniger, G. (2000). Reproductive isolation
among species of the genus Apis. Apidologie, 31(2), 313-
339.

Kovaci¢, M., Puskadija, Z., Drazi¢, M. M., Uzunov, A., Meixner,
M. D., & Buchler, R. (2020). Effects of selection and local
adaptation on resilience and economic suitability in Apis
mellifera  carnica.  Apidologie, 51, 1062-1073.
https://doi.org/10.1007/s13592-020-00783-0

Kosoglu, M., Yiicel, B., Savas, T., Topal, E., & Dogaroglu, M.
(2021). Bal Arisi Islahi ve Bazi Temel Yaklasimlar. MAS
Journal of Applied Sciences, 6(3), 593-609.

Laidlaw, H. H., & Page, R. E. (1997). Queen Rearing and Bee
Breeding. Wicwas Press.

Lelania, B., & Lorraine, B. (2017). Tracking the Genetic Stability
of a Honey Bee (Hymenoptera: Apidae) Breeding
Program With Genetic Markers. Journal of Economic

23


https://doi.org/10.1126/science.aaa7031
https://doi.org/10.1007/s13592-020-00783-0

Akademik Perspektiften Zootekni

Entomology, 110(4), 1419-1423.
https://doi.org/10.1093/jee/tox175

Lin, Z., Shen, S., Wang, K., & Ji, T. (2024). Biotic and abiotic
stresses on honeybee health. Integrative Zoology, 19(3),
442-457. doi: 10.1111/1749-4877.12752. Epub 2023 Jul
10. PMID: 37427560.

Lorenz, A. J. (2013). Resource Allocation for Maximizing
Prediction Accuracy and Genetic Gain of Genomic
Selection in Plant Breeding: A Simulation Experiment.
G3 Genes|Genomes|Genetics, 3(3), 481-491.
https://doi.org/10.1534/g3.112.004911

Lozier, J. D., & Zayed, A. (2017). Bee conservation in the age of
genomics. Conservation Genetics, 18, 713-729.
https://doi.org/10.1007/s10592-016-0893-7

Maucourt, S., Fortin, F., Robert, C., & Giovenazzo, P. (2020).
Genetic parameters of honey bee colonies traits in a
Canadian selection program. Insects, 11(9), 587.
https://doi.org/10.3390/insects11090587

Meixner, M. D., Biichler, R., Costa, C., Francis, R. M., Hatjina,
F., Kryger, P., Uzunov, A., & Carreck, N. L. (2014).
Honey bee genotypes and the environment. Journal of
Apicultural Research, 53(2), 183-187.
https://doi.org/10.3896/IBRA.1.53.2.01

Meixner, M. D., Costa, C., Kryger, P., Hatjina, F., Bouga, M.,
Ivanova, E., & Buchler, R. (2010). Conserving diversity
and vitality for honey bee breeding. Journal of Apicultural
Research, 49(1), 85-92.
https://doi.org/10.3896/IBRA.1.49.1.12

Nino, E. L., & Jasper, W. C. (2015). Improving the future of
honey bee breeding programs by employing recent

24


https://doi.org/10.1093/jee/tox175
https://doi.org/10.1534/g3.112.004911
https://doi.org/10.1007/s10592-016-0893-7
https://doi.org/10.3390/insects11090587
https://doi.org/10.3896/IBRA.1.53.2.01
https://doi.org/10.3896/IBRA.1.49.1.12

Akademik Perspektiften Zootekni

scientific advances. Current Opinion in Insect Science,
10, 163-169. https://doi.org/10.1016/j.c0is.2015.05.005

Ostroverkhova, N. V. (2024). Honey bee selection: achievements,
problems, and prospects. Becmuux  Tomckozco
T'ocyoapcmeennoco  Yuusepcumema, 67, 102-151.

https://doi.org/10.17223/19988591/67/8

Ozkok, A. O., & Selguk, M. (2020). Sperm Storage and Atrtificial
Insemination in Honey Bees. International Journal of
Science Letters, 2(1), 12-25.
https://doi.org/10.38058/ijsl.661629

Oztiirk, A. 1. (2014). Ana Arida Kalite Kavrami ve Ana Ar
Kalitesini Etkileyen Faktorler. Anadolu, 24(1), 53-59.

Parejo, M., Wragg. D., Henriques, D., Charriere, J., D., &
Estonba, A. (2020). Digging into the Genomic Past of
Swiss Honey Bees by Whole-Genome Sequencing
Museum Specimens. Genome Biology Evolution, 12(12),
2535-2551. https://doi.org/10.1093/gbe/evaal8s

Pettis, J. S., Rice, N., Joselow, K., vanEngelsdorp, D., &
Chaimanee, V. (2016). Colony Failure Linked to Low
Sperm Viability in Honey Bee (Apis mellifera) Queens
and an Exploration of Potential Causative Factors. PLoS
ONE, 11(2), e0147220.
https://doi.org/10.1371/journal.pone.0147220

Plate, M., Bernstein, R., Hoppe, A., & Bienefeld, K. (2019). The
importance of controlled mating in honeybee breeding.
Genetics Selection Evolution, 51, 74,
https://doi.org/10.1186/s12711-019-0518-y

Seeley, T. D., & Tarpy, D. R. (2007). Queen promiscuity lowers
disease within honeybee colonies. Proceedings of the
Royal Society B: Biological Sciences, 274(1606), 67-72.
doi: 10.1098/rsph.2006.3702.

25


https://doi.org/10.1016/j.cois.2015.05.005
https://doi.org/10.17223/19988591/67/8
https://doi.org/10.38058/ijsl.661629
https://doi.org/10.1093/gbe/evaa188
https://doi.org/10.1371/journal.pone.0147220
https://doi.org/10.1186/s12711-019-0518-y

Akademik Perspektiften Zootekni

Spivak, M., & Reuter, G. S. (2001). Resistance to American
foulbrood disease by honey bee colonies Apis mellifera
bred for hygienic behavior. Apidologie, 32(6), 555-565.
https://doi.org/10.1051/apido:2001103

Spétter, A., Gupta, P., Nurnberger, N., Reinsch, K., & Bienfeld,
K. (2012). Development of a 44K SNP assay focussing on
the analysis of a varroa-specific defence behaviour in
honey bees (Apis mellifera carnica). Molecular Ecology
Resources, 12(2), 323-332.
https://doi.org/10.1111/j.1755-0998.2011.03106.x

Tarpy, D., R., & Seeley, T., D. (2006). Lower disease infections
in honeybee (Apis mellifera) colonies headed by
polyandrous VS. monandrous queens.
Naturwissenschaften, 93(4), 195-199. doi:
10.1007/s00114-006-0091-4

Usta, A., & Yildirim, Y. (2020). Bal Arilarinin Viral Hastaliklari.
Cukurova Tarim ve Gida Bilimleri Dergisi (Online),
35(1), 57-66. doi.org/10.36846/CJAFS.2020.18

Uzunov, A., Brascamp, E. W., & Biichler, R. (2017). The Basic
Concept of Honey Bee Breeding Programs. Bee World,
94(3), 84-87.
https://doi.org/10.1080/0005772X.2017.1345427

Uzunov, A., Brascamp, E. W., Du, M., & Biichler, R. (2022). The
relevance of mating control for successful implementation
of honey bee breeding programs. Bee World, 99(3), 94-98.
https://doi.org/10.1080/0005772X.2022.2088166

vanEngelsdorp, D., & Meixner, M., D. (2010). A historical
review of managed honey bee populations in Europe and
the United States and the factors that may affect them.
Journal of Invertebrate Pathology, 103, 80-95. doi:
10.1016/}.jip.2009.06.011.

26


https://doi.org/10.1051/apido:2001103
https://doi.org/10.1111/j.1755-0998.2011.03106.x
https://doi.org/10.1080/0005772X.2017.1345427
https://doi.org/10.1080/0005772X.2022.2088166

Akademik Perspektiften Zootekni

Villa, J. D., Bustamante, D. M., Dunkley, J. P., & Escobar, L. A.

(2008). Changes in honey bee (Hymenoptera: Apidae)
colony swarming and survival pre- and postarrival of
Varroa destructor (Mesostigmata: Varroidae) in
Louisiana. Annals of the Entomological Society of
America, 101 (5), 867-871.

Wallberg, A., Han, F., Wellhagen, G., Dahle, B., Kawata, M.,

Haddad, N., Simoes, Z., L., P., Allsopp, M., H., Kandemir,
I., De la Ra, P., Pirk, C., W., & Webster, M., T. (2014).
A worldwide survey of genome sequence variation
provides insight into the evolutionary history of the
honeybee Apis mellifera. Nature Genetics, 46, 1081-1088.
https://doi.org/10.1038/ng.3077

Winston, M. L. (1987). The Biology of the Honey Bee. Harvard

University Press.

Zayed, A, Whitfield, C., W. (2008). A genome-wide signature of

positive selection in ancient and recent invasive
expansions of the honey bee Apis mellifera. Proceedings
of the National Academy of Sciences the United States of
America, 105(9), 3421-6. doi: 10.1073/pnas.0800107105.

27


https://doi.org/10.1038/ng.3077

Akademik Perspektiften Zootekni

MYCOTOXIN CONTROL IN POULTRY FEEDS

Yunus Emre BOGA!
Ali KEPEZKAYA?

1. INTRODUCTION

The poultry enterprise performs a pivotal position in
addressing the worldwide call for for low-cost and extremely
good protein, making it a cornerstone of present day agriculture.
With an ever-developing human population, hen merchandise
together with meat and eggs have grow to be important in
assembly nutritional desires worldwide (FAO, 2021). However,
one of the chronically demanding situations in hen manufacturing
is ensuring feed protection and quality, as feed debts for as much
as 70% of manufacturing costs (Smith et al., 2020). Among the
contaminants that threaten feed protection, mycotoxins are
especially regarding because of their full-size prevalence,
toxicity, and effect on animal fitness and productivity. The hen
enterprise is a cornerstone of world meal manufacturing,
assembling the growing call for low-cost, extremely good protein
reassets within the shape of meat and eggs (Bryden, 2012).
However, this enterprise faces big demanding situations,
including sickness outbreaks, feed shortages, and infection
troubles that affect productiveness and profitability. Among those
demanding situations, mycotoxin infection in hen feed stays one
of the maximum pervasive and negative elements affecting each
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animal fitness and the protection of hen-derived meal
merchandise (Streit et al., 2012).

Among the myriad dangers undermining feed safety,
mycotoxins are a specifically sizable risk because of their full
prevalence, robust toxicological outcomes, and the sizable
damage they inflict on hen fitness and performance. These
secondary metabolites, produced with the aid of using diverse
species of fungi which include Aspergillus, Fusarium, and
Penicillium, can contaminate feed components at more than one
levels of the deliver chain, such as crop cultivation, post-harvest
handling, and garage. Factors that include humidity, temperature,
and insufficient garage situations exacerbate their proliferation,
making their presence nearly unavoidable in positive feedstuffs.
Even at low concentrations, mycotoxins can motivate a cascade
of terrible outcomes on hen. They compromise immune gadget
functionality, leaving birds extra at risk of diseases, even as
concurrently impairing nutrient absorption and metabolism. This
results in stunted growth, decreased feed efficiency, and a decline
in egg manufacturing, affecting each the amount and fine of the
output. Such influences aren't best adverse to animal welfare
however additionally bring about tremendous financial losses for
the industry, in addition to highlighting the importance want for
powerful mycotoxin control techniques in feed manufacturing
and garage practices.

The poultry sector is crucial to worldwide meals
manufacturing, assembly the growing call for for affordable,
remarkable protein reassets withinside the shape of meat and eggs
(Bryden, 2012). Nevertheless, this enterprise faces great
challenges, along with sickness outbreaks, feed shortages, and
infection problems that without delay affect productivity and
profitability. Mycotoxin infection in chicken feed stays one of the
maximum extensive and dangerous elements impacting animal
fitness and chicken-derived meals products™ protection (Streit et
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al., 2012). Mycotoxins are poisonous secondary metabolites
produced with the aid of using filamentous fungi, particularly
from the genera Aspergillus, Fusarium, and Penicillium (Pitt &
Hocking, 2009). These fungi infect vegetation each earlier than
harvest and for the duration of garage beneath appropriate
environmental conditions, along with excessive humidity and
temperature (Paterson & Lima, 2010). Feed elements like maize,
wheat, barley, and oilseeds—nutritional staples for chicken are
especially prone to fungal infection and next mycotoxin
manufacturing (CAST, 2003). The maximum sizeable
mycotoxins regarding chicken feed encompass aflatoxins,
ochratoxins, fumonisins, and trichothecenes (along with
deoxynivalenol) and zearalenone, all of which pose various tiers
of danger to chicken fitness and productiveness (Binder, 2007;
Streit et al., 2012). The bad consequences of mycotoxins on
chicken fitness can appear in severa ways, starting from acute
toxicity to continual subclinical conditions. These consequences
encompass immunosuppression, decreased boom rates, reduced
egg manufacturing, and harm to important organs just like the
liver and kidneys (Zain, 2011). Furthermore, mycotoxin infection
affords a twin danger: it now no longer simplest hinders chicken
overall performance however additionally threatens human
fitness because of the capacity switch of pollutants or their
metabolites into meat, eggs, and different chicken-derived
products (Bryden, 2018). Therefore, controlling mycotoxin
ranges in chicken feed is crucial for monetary viability and is a
important component of meals protection and public fitness
(EFSA Panel on Contaminants, 2020). Despite improvements in
agricultural practices and feed technology, mycotoxin infection
remains a continual difficulty because of the complicated
interactions amongst environmental elements, fungal biology,
and crop control systems (Paterson & Lima, 2010). Additionally,
the co-prevalence of more than one mycotoxins in feedstuffs
exacerbates their poisonous consequences, highlighting the want
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for complete manage measures that span the whole feed
manufacturing chain (Streit et al., 2012). This article pursuits to
offer an intensive evaluation of mycotoxin manage in chicken
feed, addressing the reassets of infection, the poisonous
consequences on chicken, detection methods, and control
strategies. Emphasis can be located at the today's improvements
in pre- and post-harvest mitigation techniques, the function of
feed additives, and regulatory frameworks designed to lessen
mycotoxin exposure. By synthesizing present day know-how and
first-rate practices, this dialogue pursuits to underscore the
significance of incorporated strategies to coping with mycotoxins
withinside the chicken enterprise, in the long run making sure
sustainable manufacturing and meals protection (Binder, 2007;
Bryden, 2012).

1.1. Types of Mycotoxins and Their Impacts on
Poultry Health

Mycotoxins are poisonous secondary metabolites
produced with the aid of using fungi, specially from the genera
Aspergillus, Fusarium, and Penicillium. These compounds can
contaminate diverse feed ingredients, inclusive of cereals,
oilseeds, and with the aid of using-products. Mycotoxins can
negatively effect fowl fitness with the aid of using disrupting
physiological processes, lowering increased performance, and
growing susceptibility to diseases (Zain, 2011; Marin et al.,
2013). Some mycotoxins which are of considerable difficulty in
fowl feed encompass aflatoxins, ochratoxins, fumonisins,
deoxynivalenol (DON), and zearalenone.

1.2. Aflatoxins

Antitoxins, primarily produced by the molds * Aspergillus
Flavius * and * Aspergillus parasitic us *, are among the most
potent and economically significant mycotoxins affecting flesh
product. Antitoxin B1, the most poisonous and current variety,
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has dangerous goods on the liver, suppresses the vulnerable
system, and is carcinogenic (Bryden, 2012). In flesh, antitoxins
vitiate liver function by dismembering protein conflation and
adding oxidative stress, eventually leading to reduced growth
rates and feed effectiveness (Marin et al., 2013). The flesh
assiduity plays a pivotal part in meeting the global demand for
affordable, high-quality protein, making it an essential part of
ultramodern husbandry. As the mortal population continues to
grow, flesh products, similar as meat and eggs, are vital for
satisfying salutary requirements worldwide (FAO, 2021). Still, a
patient challenge in flesh product is icing the safety and quality
of feed, which accounts for over to 70 of product costs (Smith et
al., 2020). Among the pollutants that hang feed safety,
mycotoxins are particularly concerning due to their wide
circumstance, toxin, and adverse goods on beast health and
productivity. The flesh sector is vital to global food product, as it
meets the rising demand for affordable, high-quality protein
sources in the form of meat and eggs (Bryden, 2012).
Nonetheless, the assiduity faces considerable challenges,
including complaint outbreaks, feed dearths, and impurity issues
that directly impact productivity and profitability. Mycotoxin
impurity in flesh feed remains one of the most wide and
dangerous factors affecting beast health and flesh-deduced food
products' safety (Streit et al., 2012).

Mycotoxins are poisonous secondary metabolites
produced by filamentous fungi, primarily from the rubrics
Aspergillus , Uranium and Penicillium (Pitt & Hocking, 2009).
These fungi can infect crops both before crop and during
storehouse under suitable environmental conditions, similar as
high moisture and temperature (Paterson & Lima, 2010). Feed
constituents like sludge, wheat, barley, and oil seeds salutary
masses for flesh — are particularly susceptible to fungal impurity
and posterior mycotoxin product (CAST, 2003). The most
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significant mycotoxins of concern in flesh feed include antitoxins,
ochratoxins, fumonisins, and trichothecenes (including
deoxynivalenol) and zearalenone, all of which pose varying
degrees of threat to flesh health and productivity (Binder, 2007;
Streit et al., 2012). The negative goods of mycotoxins on flesh
health can manifest in colorful ways, ranging from acute toxin to
habitual subclinical conditions. These goods include
immunosuppression, reduced growth rates, dropped egg product,
and damage to critical organs like the liver and feathers (Zain,
2011). Likewise, mycotoxin impurity presents a binary threat it
not only hinders flesh performance but also threatens mortal
health due to the implicit transfer of poisons or their metabolites
into meat, eggs, and other flesh-deduced products (Bryden,
2018). Thus, managing mycotoxin situations in flesh feed is
essential for profitable viability and is a critical aspect of food
safety and public health (EFSA Panel on pollutants, 2020).
Despite advancements in agrarian practices and feed technology,
mycotoxin impurity continues to be a patient issue due to the
complex relations among environmental factors, fungal biology,
and crop operating systems (Paterson & Lima, 2010). Also, the
Theo-occurrence of multiple mycotoxins in feedstuffs
exacerbates their poisonous goods, pressing the need for
comprehensive control measures that gage the entire feed product
chain (Streit et al., 2012). This composition aims to give a
thorough analysis of mycotoxin control in flesh feed, addressing
sources of impurity, poisonous goods on flesh, discovery styles,
and operation strategies. Emphasis will be placed on the rearmost
advancements in pre- and post-harvest mitigation ways, the part
of feed complements, and nonsupervisory fabrics designed to
reduce mycotoxin exposure. By synthesizing current knowledge
and stylish practices, this discussion aims to emphasize the
significance of intertwined approaches to managing mycotoxins
in the flesh assiduity, eventually icing sustainable product and
food safety (Binder, 2007; Bryden, 2012).
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1.3. Types Of Mycotoxins and Their Impacts on
Poultry Health

Mycotoxins are toxic secondary metabolites produced by
fungi, particularly from the genera Aspergillus, Fusarium, and
Penicillium. These compounds can contaminate various feed
ingredients, including cereals, oilseeds, and by-products.
Mycotoxins negatively affect poultry health by impairing
physiological processes, reducing growth performance, and
increasing susceptibility to diseases (Zain, 2011; Marin et al.,
2013). Among the mycotoxins of significant concern in poultry
feed are aflatoxins, ochratoxins, fumonisins, deoxynivalenol
(DON), and zearalenone.

1.4. Synergistic Effects of Mycotoxins

Poultry feeding of animals is often contaminated with
multiplecotoxins that can have synergistic effects that increase
toxicity. For instance, the simultaneous presence of aflatoxins and
fumonisins in feed has been shown to exacerterbate stress and
oxidative stress. Similarly, Exposure to both deoxynivalenol
(don) and zearalelenone has a compounded negative impact on
Growth Performance and Reproductive Health (Eskola et al.,
2020). These interactions emphasize the critical need to analyze
and control multiplecotoxins to ensure feed safety. The Diverse
toxic Effects of Mycotoxins on Poultry Health, Along With Their
Synergistic Interactions, Underscore the Necessity for Effective
Detection, Prevention, and Mitigation Strategies. Implementing
these interventions note only protects and productivity of the
flock but Alsores the Safety of Poultry Products for Human
Consumption.
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1.5. The Most Common Mycotoxins Found in Poultry
Feed, and They Typically Affecting Poultry Health
and Productivit

The most common mycotoxins found in poultry feed
include aflatoxins, fumonisins, zearalenone, ochratoxins, and
trichothecenes such as deoxynivalenol (DON) and T-2 toxins.
These mycotoxins are toxic secondary metabolites produced by
molds, particularly species of the Aspergillus, Penicillium, and
Fusarium genera (4). Mycotoxins negatively affect poultry health
and productivity through several mechanisms. They can cause
direct damage to the digestive tract, leading to issues such as feed
passage and abnormal feces. This impairs nutrient absorption and
can result in poor growth performance and feed conversion
efficiency. Mycotoxins also induce oxidative stress and apoptosis,
leading to cell destruction and reduced cell replacement, which
can affect various organs and tissues (GOomez-Osorio and
al.,2024). One of the most commonly recognized external signs
of mycotoxicosis in poultry is mouth lesions caused by
trichothecenes, particularly T-2 toxin. Other visible symptoms
include paleness of combs, shanks, and feet, leg problems, ruffled
feathers, and poor feather coverage (Gomez-Osorio and al.,2024).
Furthermore, mycotoxins can cause severe immunosuppression
by inhibiting protein synthesis and consequently reducing the
immune response, making birds more susceptible to infections
(Bionte Technical Department, 2024). The presence of
mycotoxins in poultry feed depends on several factors, including
weather conditions, storage practices, and the overall handling of
feedstuffs. Molds that produce mycotoxins can contaminate
grains at various stages, including during growth, harvest,
storage, and processing (Sandu 2023, 4). The level of
contamination and the duration of exposure, along with the age,
sex, and stress level of the poultry, influence the severity of
mycotoxicosis (Sandu 2023). Given the widespread occurrence
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and potential severity of mycotoxin contamination, it is critical
for commercial poultry producers to regularly assess and mitigate
these threats through careful monitoring, feed analysis, and
postmortem diagnoses (Shanmugasundaram, 2022). Mold
mitigation strategies and the use of enzymatic deactivation
technologies can help prevent and reduce mycotoxin levels in
poultry feed (Paulk and Truelock, 2021).

1.6. Strategies For Mycotoxin Control in Poultry Feed

Mycotoxin contamination in poultry feed represents a
significant challenge to both animal health and performance.
Given the toxic nature of mycotoxins, effective control measures
are essential to mitigate their detrimental effects on poultry. A
variety of strategies are employed to address mycotoxin
contamination, including chemical detoxification methods,
biological approaches, nutritional management, regular testing
and monitoring, and prevention at the source.

1.7. Chemical Detoxification Methods

Chemical detoxification styles play a vital part in reducing
mycotoxin impurity in flesh feed, which is pivotal for guarding
beast health and icing food security. Among these styles, alkaline
treatments exercising instrumentalities like ammonia and sodium
hydroxide have proven largely operative in breaking up
mycotoxins. These treatments are especially effective in
demeaning antitoxin B1 (AFB1) and deoxynivalenol (DON), two
of feed's most common or garden and dangerous mycotoxins.
inquiries have shown off alkaline treatments can achieve junking
classes exceeding 95 across different feed constituents (Gomez-
Osorio et al., 2024). The process works through alkaline
hydrolysis, a chemical response that alters the structure of
mycotoxins, transubstantiation them into lower poisonous or
entirely non-toxic composites. This eliminates dangerous poisons
and mitigates the threat of mycotoxin-related health effects in
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flesh, which could result to significant profitable losses for
producers. However, several expostulations must be managed
when applying these chemical treatments. One primary company
is the eventual confirmation of masked mycotoxins — modified
derivations of mycotoxins that can shirk standard-issue discovery
styles yet still pose health pitfalls. Also, the goods of alkaline
treatments on the nutritive composition of feed are overcritical,
as changes in nutrient quality could impact flesh health and
interpretation. While chemical detoxification represents an
encouraging result for managing mycotoxin impurity, careful
evaluation of these procurators is essential to ensure the
forcefulness, security, and nutritive veracity of flesh feed.

1.8. Biological and Phytogenic Approaches

In extension to chemical ways, organic detoxing strategies
are being laboriously evolved as occasion ways for mycotoxin
mitigation. The use of photogenic feed complements, involving
excerpts from turmeric and garlic, has vindicated vast pledge in
negativing mycotoxins constitutionally (Shanmugasundaram,
2022). These factory-deduced composites can bedeck usual
detoxing instrumentalities, supplying a reciprocal system to
dwindling the bioavailability of mycotoxins in fowl feed. The
developing hobbyhorse in organic ways underscores the want for
sustainable, non-poisonous options to standard-issue chemical
detoxifiers.

1.9. Nutritional Management

Food styles are crucial for lessening the bad goods of
mycotoxins on raspberry health and how well they do. One strong
expressway is adding sauces full of antioxidants to raspberry
refections, which helps ease oxidative pressure from being around
mycotoxins (Gémez- Osorio et al, 2024). While these
antioxidants can slash down the detriment caused by mycotoxins,
their use might be limited when there's a lot of oxidative strain.
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Another important food plan system includes utilizing mycotoxin
binders in raspberry diets. These flyers can catch and hold
mycotoxins, therefore halting their take-up in the gut and
lessening their dangerous goods.

1.10. Regular Testing and Monitoring

The operative operation of mycotoxin infection in flesh
feed requires a robust testing and monitoring device. To directly
identify and measure mycotoxin situations, it is pivotal to sample
all raw accouterments regularly and perfected feasts. Largely
sensitive and special styles, similar as fluid chromatography-mass
spectrometry (LC- MS/ MS) and side inflow immunoassays
(LEIA), are generally assumed for this purpose
(Shanmugasundaram, 2022). These improved testing ways enable
the early discovery of pollutants, reducing the threat of alloyed
feed entering flesh product systems and allowing for prompt
remedial conduct.

1.11. Prevention at the Source

Mollifying the pitfalls associated with mycotoxin
impurity requires a long-term strategy concentrated on
forestalled. This entails espousing Good Agricultural Practices
(GAP), similar to crop gyration, maintaining proper storehouse
conditions, and exercising resistant crop kinds to minimize fungal
growth and posterior mycotoxin product (Paulk and Truelock,
2021). Preventative measures are inversely critical in feed
product installations. These include strict monitoring of
constituents during both the receiving and storehouse stages to
reduce the liability of impurity throughout the feed manufacturing
process (Hosseini et al., 2023). Inning that raw ingredients are
free from mycotoxins before entering product is vital to
conserving the safety and quality of flesh feed. Effectively
managing mycotoxins in flesh feed requires a multifaceted
approach that integrates salutary, chemical, natural, and
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preventative strategies. Combining these styles makes it possible
to alleviate the dangerous goods of mycotoxins on flesh health
and performance, thereby promoting the safety and productivity
of flesh operations.

1.12. Reduction Of Mycotoxins in Poultry Feed with
Alternative Feed Sources

The frequency of mycotoxins in colorful feed constituents
has made their operation a critical concern for the flesh assiduity.
These poisonous composites pose significant pitfalls to beast
health and productivity, challenging the development of effective
mitigation strategies. Recent exploration has concentrated on
indispensable feed constituents and advanced technologies to
address these challenges. One notable strategy involves the use of
byproducts from milling and ethanol distillation as cost-effective
druthers to conventional feed constituents, similar as sludge and
soybean mess. This druthers have gained attention due to the
rising costs of traditional feed sources. Still, the application of
similar byproducts isn't without challenges, as they are also
susceptible to mycotoxin impurity. To address these pitfalls, feed
directors are decreasingly employing advanced enzymatic
deactivation technologies. These technologies are specifically
designed to degrade mycotoxins that There are resistant to
conventional list agents. The significance of similar approaches
is underlined by a global mycotoxin check conducted in 2013,
which revealed that 81 of tested grain and feed samples contained
at least one type of mycotoxin. In addition to enzymatic results,
several feed complements have been developed to alleviate the
adverse goods of mycotoxins on flesh health. For case, Unike ®
Plus by Adisseo provides comprehensive protection for vital
organs such as the liver, gastrointestinal tract, and feathers,
thereby enhancing vulnerable and reproductive system functions
(Abdollah1 and Ravindran, 2021). also, AncoFit by ADM Animal
Nutrition employs natural microorganisms to help flesh manage
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salutary challenges and stressors, including mycotoxin exposure
(Abdollahi and Ravindran, 2021). Likewise, rigorous monitoring,
handling, and testing of feed constituents are essential factors of
an effective mycotoxin operation strategy. Visionary discovery
and mitigation sweats are particularly pivotal given the different
nature and varying impacts of mycotoxins on beast health and
productivity. Eventually, the meat sedulity is decreasingly
espousing a multifaceted approach to mycotoxin mitigation,
integrating the use of necessary feed ingredients with advanced
enzymatic technologies and specialized feed complements. These
strategies not only guard meat health and productivity but also
contribute to ensuring food safety for consumers. Likewise,
rigorous monitoring, handling, and testing of feed ingredients are
essential factors of an effective mycotoxin operation strategy.
Visionary discovery and mitigation sweats are particularly vital
given the different nature and varying impacts of mycotoxins on
beast health and productivity. In the end, it is increasingly to adopt
a versatile approach to mitigation of more and more mycotoxin,
the use of the necessary feed components integrates the use of the
necessary feed components with advanced enzymatic
technologies and special feed complements. These strategies not
only maintain meat health and efficiency, but also contribute to
food safety for consumers.

2. CONCLUSION

Feed security in poultry production holds critical
importance, especially due to mycotoxin contamination, which
directly affects the health and performance parameters of poultry
species such as roosters and hens. Mycotoxins including
aflatoxins, ochratoxins, fumonisins, deoxynivalenol (DON) and
zearalenone induce severe metabolic disruptions similar as
immunosuppression, hepatic and renal damage, reproductive
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diseases, and growth retardation thereby adversely impacting
fertility in roosters and egg quality and production performance
in hens. The co-occurrence of multiple mycotoxins in feed
constituents often leads to synergistic toxic effects, making
effective operation increasingly complex. Thus, mycotoxin
control must be grounded not only on reactive but also on
visionary strategies. At every stage from agrarian product to feed
expression, a comprehensive management approach is required,
encompassing good agricultural practices, proper harvesting and
storage conditions, regular mycotoxin monitoring, and the
operation of chemical and natural detoxification ways. The
controlled use of indispensable feed constituents, enzymatic
degradation systems, mycotoxin binders, and antioxidant-
supported nutritive strategies contribute to enhancing the
adaptability of roosters and hens against mycotoxin- convinced
stress and supports production sustainability.

In conclusion, the healthy, productive, and economically
sustainable rearing of poultry necessitates a multidisciplinary and
integrated approach to mycotoxin control. Modern technologies,
scientific advancements, and effective monitoring systems
developed in this environment will safeguard both animal welfare
and public health.
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