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Abstract

Honey bees (Apis mellifera L.) play a crucial role in the ecological chain as producers of
valuable substances such as honey, pollen, royal jelly, bee venom, and propolis, and as one of
the most important pollinators of wild plants and various agricultural crops. Like all living
organisms, honey bees are adversely affected by global climate change, which threatens their
survival, reproduction, and natural habitats. Honey bees obtain their nutrition by collecting
nectar and pollen from plants in the wild. However, numerous adverse environmental factors
are increasingly leading to a reduction—even the extinction—of these vital plant sources. The
decline in access to natural food sources brings about a range of problems for honey bees. In
response, researchers have been investigating alternative feed supplements to support bee
colonies during periods when natural forage is insufficient, ensuring the development of
colonies and the effective performance of bees. This study aims to present the effects of
different nutritional sources on honey bees through a review of the existing literature.

Citation: Sahin, i. (2024) The Potential Effects of Supplemental Feeding on Honey Bees (Apis mellifera L.). Journal of BinBee - Apicultural
and Natural Products, 2025,5(1), 1-7.

Ek Beslemenin Bal Arnisi (Apis mellifera L.) Uzerindeki Potansiyel Etkisi
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Bal arilan (Apis mellifera L.), bal, polen, ari sitl, ari zehri ve propolis gibi degerli maddeleri
uretmelerinin yani sira, yabani bitkiler ve cesitli tarim Grtinlerinin en 6nemli tozlayicilarindan biri
olarak ekolojik zincirde hayati bir rol oynamaktadir. Tim canli organizmalarda oldugu gibi,
kiresel iklim degisikligi bal arlarini da olumsuz etkilemekte; bu durum arilarin hayatta kalma,
ureme ve dogal yasam alanlarini tehdit etmektedir. Bal arilari besin ihtiyaclarini dogada bulunan
bitkilerden nektar ve polen toplayarak karsilamaktadir. Ancak, giderek artan olumsuz ¢evresel
kosullan, bu hayati bitki kaynaklarinin azalmasina, hatta bazi durumlarda tamamen yok
olmasina neden olmaktadir. Dogal besin kaynaklarina erisimde yasanan azalma, bal arilarinda
cesitli sorunlara yol agmaktadir. Bu duruma karsilik olarak arastirmacilar, dogal nektar ve polen
kaynaklarinin yetersiz oldugu dénemlerde ar kolonilerini desteklemek amaciyla alternatif yem
takviyeleri Uzerine calismalar ylritmektedir. Bu calismada, mevcut literatlir taramalar
dogrultusunda, farklh besin kaynaklarinin bal arlan Uzerindeki etkilerini ortaya koymayi
amaclanmistir.

Atif: Sahin i. (2024) Ek Beslenmenin Bal Anisi (Apis Mellifera L.) Uzerindeki Potansiyel Etkisi. BinBee Ari ve Dogal Uriinler Dergisi,

2025,5(1), 1-7.
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Bal arisi (Apis mellifera L.), bal, propolis, ari zehri, balmumu ve tarimsal agidan 6nemli bitkilerin tozlagsmasini saglayan
hem ekonomik hem de ekolojik agidan en 6nemli béceklerden biridir ([6]; [22]; [25]). An popuilasyonlarindaki azalma,
bu sosyal béceklerin diinya genelindeki bitkilerin dortte Ggliniin tozlagsmasindan sorumlu olmasi nedeniyle tarimsal
verimliligi olumsuz etkilemektedir [23]; [1]; [20]). Bal arnisi poptilasyonlarindaki azalmanin muhtemel sebepleri arasinda
tarimda bilingsiz kullanilan kimyasallar, iklim degisikligi ve ariliklarin sosyo-ekonomik kosullari bulunmaktadir. Bu
olumsuz etkiler tek baglarina veya bir arada, bal arilarini ve ari trtnlerini etkileyebilmektedir. Sicaklik ve bagil nemdeki
belirsiz dalgalanmalar, su kithgi, ¢icekli bitkilerin yok edilmesi, bilimsel temellere dayanmayan aricilik uygulamalar ve
an zararhlar/hastaliklarn da ar populasyonundaki azalmay etkileyen diger 6nemli etmenlerdir [30].

Bal arnlarinin dogadan kaliteli besin temin etmeleri hayatta kalmalarini ve nesillerini saglkh bir sekilde devam
ettirmelerine olanak saglamaktadir. Bal anlar, hayatta kalabilmek icin seker ve protein alimina ihtiyag duyarlar.
Ozellikle karbonhidrat kaynagi olarak nektar [5] ve protein kaynagi olarak polenlere [16] dayanan dogal kaynaklara
bagimiidirlar. Fakat dogadan kesintisiz ve sirekli besin temin edilemedigi icin bal anlan belli dénemlerde besin kithg
yasayabilmektedirler. Bal anlarinin dogadan besin ihtiyaclarini karsilayamadigi bu dénemlerde, aricilar kolonilerini
korumak ve kayiplarin éniine gegmek icin arilar seker surubu ve farkl yapay gidalarla beslerler [28].

Yetiskin isci arilarin kuru maddesinin yaklasik %66-74’ini proteinler olusturur [17]. Bal arilarinin viicudundaki protein
icerigi, erginlesmeden sonraki ilk gunlerde protein anabolizmasi nedeniyle artis gosterir ([10]; [7]), fakat arnlar
yaslandikga hafif bir azalma gorilir. Bir isgi ari, glinde ortalama 3,4-4,3 mg polen tiketir. Polen tiiketimi anlarin
hemsirelik doneminde en yiiksek seviyeye ulasir [8]. Hemolenfteki protein konsantrasyonu da erginlesmeden sonraki
ilk birka¢ gun icinde artar. Farkli polen veya protein diyetleriyle beslenen 6 giinliik arlar icin hemolenfteki protein
konsantrasyonu 11,4-27,6 ug/uL [9] veya 6,0-9,4 pg/uL [11] arasinda degisir.

Bal arilan enerji ihtiyacglarini karbonhidratlardan karsilamaktadirlar. Kolonilerde bulunan yetiskin isci arilar, peteklerde
bulunan gida stoklarina buylk o6lgtide bagimhidirlar. Bal arlarinin viicutlarinda yeterli miktarda karbonhidrat, protein
veya lipid rezervleri bulunmadiginda uzun sire a¢ kalmaya dayanamazlar ([20];[17]). Yetiskin isci arlar larvalardan
farkli olarak viicutlarinda isci basina 0,05-0,47 mg arasinda degisen sinirli glikojen depolarina sahiptirler [17]. isci arilar
enerjiye ihtiya¢c duyduklarinda (6rnegin, yiyecek arama ucuslarindan énce), bal midelerinde depolanan sekerleri
tilketirler. ihtiyaglar olan bu sekerleri bal stoklarindan veya trofallaktik etkilesimler yoluyla elde ederler [5].

Bal arisi yapay beslemesinde, tahillar ve baklagiller, meyveler, sebzeler, sentetik ilaglar ve mineraller, mayalar,
vitaminler, proteinler ve sekerler gibi ¢esitli besin kaynaklari tek baglarina ve kombinasyonlar halinde bal ari kolonileri
Uzerinde denenmistir [4].

Bu makalede bal arisi yapay beslenmesinde kullanilan farkli materyallerin bal arilan tzerindeki etkileri kapsamli bir
literatlr taramasi yapilarak degerlendirilmistir.

Bal Arilarinda Ek Besleme

Aricilar, bal arilarinin dogadan yeterli miktarda nektar ve polen getiremedigi dénemlerde ariliklarinda strdurilebilirligi
saglayabilmek icin kolonilerine takviye besleme yaparlar. Bal arilarinin beslenmesindeki amag, arilarin saglikli bir
sekilde gelismesi, koloni popllasyonunun artmasi ve arilarin agliktan élmesinin éniine gegebilmek icindir[28].

iran bal arisi (Apis mellifera meda) kolonileri ile yapilan bir ¢calismada, tiamin ve riboflavin vitaminlerini iceren besin
kaynaklar ile beslenme yapilmasi sonucunda, kolonilerde popilasyon artisinin, fonksiyonel 6zelliklerin, arilarin viicut
yag ve protein rezervlerinin olumlu etkilendigi, koloni performansinin iyilestigi ve ekonomik verimliligin arttig
bildirilmigtir [26].

Hindistan cevizi yagi (%0,5 ve %1) ile zenginlestirilmis besin kaynagi ile beslenen yeni ¢ikan ve tarlaci arilarin hayatta
kalma orani, yem alimi, bagisiklik sistemi, antioksidan sistemi ve hem yag hem de vitellogenin icerigi Uzerindeki
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etkisinin arastirildigi bir calismada, yeni ¢ikan arilara uygulanan %1 Hindistan cevizi yagi takviyesinin, yem tiiketiminde
bir azalmaya, beslenmenin 3 ila 14. glinleri arasinda hayatta kalma oraninda bir artisa, fenoloksidaz aktivitesinde kisa
sureli bir azalmaya, viicut yaginda bir artisa ve vitellogenin igeriginde bir farkindaligin olmadigini géstermistir. Ancak,
%0,5 Hindistan cevizi yadi takviyesinin, beslenmenin 3. giiniinden 15. gliniine kadar hayatta kalma oraninda ve uzun
vadede (yani 20 gin) yag iceriginde bir artigi sagladidi tespit edilmistir. Diger taraftan, %0,5 ve %1 Hindistan cevizi
yagdl iceren besin kaynagi ile beslenen tarlaci arilarda ise yalnizca yag iceriginde bir artisin oldugu belirlenmistir. Bu
nedenle, bal arisi diyetlerinde dlsiik ylzdelerde (%0,5 ve %1) Hindistan cevizi ya@i takviyesinin yag kazanimini
arttirdigi tespit edilmistir. Kis aylarinda zayif kolonilerin yag kaybini dnlemek icin bu tiir takviye gidalarin kullanimini
degerlendirmek icin daha fazla arastirma yapilmasi gerekliligi bildirilmistir [27].

Alti farkli protein kaynagdi polen, spirulina tozu (Arthrospira platensis Gomont), taze yumurta sarisi, liyofilize laktozsuz
yagsiz st tozu, taze aktif maya ve ApiProtein iceren besin kaynaklarinin, is¢i arilarn fizyolojik 6zellikleri vitellogenin
(Vg), abdominal lipid icerigi (ALC), hipofarengeal bez (HPG)) ve tiiketim Uzerindeki etkilerinin incelendigi bir
calismada, isci arllarin en yuksek tiketimi spirulina ile desteklenen diyet grubunda (diyet IlI) gerceklesmigtir.
Hemolenfteki Vg icerigi acisindan istatistiksel bir fark bulunmamasina ragmen, en yiiksek icerik numerik olarak diyet
IV grubunda (liyofilize laktozsuz yagdsiz siit tozu) tespit edilmistir. ALC ve HPG degerleri ise diyet |l ile beslenen grupta
en yilksek dizeyde bulunmustur. Bu sonuclar, belirli protein kaynaklari igceren besinlerin bal arilannin fizyolojik
Ozelliklerini destekleyebilecegini géstermistir [14].

Bati bal arisi (Apis mellifera) is¢ilerinin in vitro kosullarda beslenmesinde ticari olarak temin edilen polen takviyeleri
(AP23, MegaBee, UltraBee) ve yabani gicek poleni kullanilan bir gcalismada, arilarin yabani gicek poleni ile etkilesiminin
ticari olarak temin edilen polen takviyelerinden daha fazla oldugu ve tiikettigi gézlemlenmistir. Elde edilen verilerden,
arilarnn ticari olarak temin edilebilen polen takviyelerine kiyasla yabani gicek polenine gliclu bir sekilde tercih ettigi
bildirilmistir[24].

Beslenme davranisini ve bazi imminolojik kriterleri (enkapsilasyon indeksi ve melanizasyon icin ana enzim olan
fenoloksidaz (PO) aktivitesi) degerlendirmek ve ayrica protein ve yag (P:Y) diyetlerinin hipofarengeal bez (HPB)
protein igerigi Uzerindeki etkisini incelemek icin yapilan bir calismada, arilar laboratuvar kosullarinda yag orani degisen
belirli P:Y diyetleri ile beslenmistir. Arilar, yiksek yaglh diyetlere kiyasla disik yagh diyetleri tercih etmistir. Ancak,
sakkaroz tiketimi yiksek yagl diyetlerde daha yuksek olmustur. Arlarin enkapsilasyon indeksi ve fenoloksidaz
aktivitesi, tikettikleri yag seviyesiyle pozitif bir iliski géstermis ve bu iliski 10 glin boyunca devam etmistir. En yiksek
enkapstulasyon indeksi yuzdesi, yiiksek yagh diyetle beslenen arilarda, en dusik ylizde disik yagh diyet tiiketen
arilarda tespit edilmistir. Benzer sekilde, fenoloksidaz aktivitesi, arllarin tikettikleri yag miktar arttikga hemolenfte
artmistir. Yuksek yagh besin tiketen arilarin hipofarengeal bezlerindeki protein igerigi, disik yagh diyetle beslenenlere
kiyasla iki kat daha fazla bulunmustur. Elde edilen sonuglar, yagli diyet ile ari sagligi arasinda bir iliski oldugu ve bazi
durumlarda koloni kayiplarinin, belirli bir yag takviyesi ile birlikte sakkaroz ve protein beslemesi saglanarak
azaltilabilecegini géstermistir [2].

Farkli besin kaynaklari ile beslenen geng bal arilarinin hemolenf protein iceriklerini dlgmek igin yapilan bir calismada,
iki ticari besin kaynag), anlarin topladigi polen ve akasya meyvesi unu (Brezilya'nin bazi bélgelerinde aricilar tarafindan
kullanilan) karsilastinimistir. Ticari besinler, soya bazli olmayan polen ikame diyeti (Feed-Bee® olarak adlandinimis)
ve soya bazli bir diyet (Bee-Pro® olarak adlandiriimis) olarak belirlenmistir. Besinler, 100 Afrika kdkenli bal arisindan
olusan gruplara, pat formunda verilmis ve bu gruplar dogumdan alti glinliik yasa kadar beslenmistir. Sakkaroz, protein
icermeyen bir kontrol olarak seker surubu seklinde kullaniimistir. Feed-Bee®, Bee-Pro®, polen ve akasya meyvesi
unu diyetleri arlara yalnizca sakkaroz ¢ézeltisi verilenlere kiyasla hemolenfteki protein seviyelerini sirasiyla 2.65, 2.51,
1.76 ve 1.69 kat artirmistir. Feed-Bee® ve Bee-Pro® ile beslenen arilarin hemolenf protein seviyeleri, kontrol gruplarina
ve akasya meyvesi unu ile beslenenlere goére anlamli derecede daha ylksek bulunmus, polenle beslenenlerden ise
hafifce daha yiiksek elde edilmistir. Dért proteinli diyetin tamaminin protein seviyelerinin, yalnizca seker surubu ile
beslenenden anlamli derecede yiiksek oldugu bildirilmistir [11].

Bal arnlarnnin besin yetersizligi dénemindeki atypik toplayicilik davraniglarini arastirmak amaciyla, gesitli beslenme
stratejileri kullanilarak in vitro kosullarda geng bal arlan arasinda hayatta kalma surelerinin karsilastinldigi bir
calismada, uygulama gruplarina, %100, %67 ve %33 oraninda arlarin topladigi misir tanesi tozu, %100, %67 ve %33
oraninda elle toplanmis misir tanesi tozu ve %100 ticari polen ikamesi iceren katikili besin verilmistir. Ayrica, arllara
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0.5:1, 1.5:1 sakkaroz surubu ve yukarida belirtilen takviyelerle birlikte 1.5:1 sakkaroz surubu verilmistir. Farkh kati
yemlerle beslenen gruplar arasinda hayatta kalma siresi agisindan anlaml bir fark gézlemlenmemistir. Bu ¢alisma,
misir tanesi tozunun tercih edilen besin kaynaklan bulunmadiginda hayatta kalmak igin yeterli besini sagladigini
gostermektedir. Farkh surup tirleriyle beslenen gruplar arasinda in vitro hayatta kalma suresi agisindan istatistiksel
olarak anlamh bir fark bulunmustur. Aricilanin besin kayna@ bulunmadigi dénemlerde surupla birlikte takviye
sa@lamalarinin bal arlarinin hayatta kalma potansiyeline artirabilecegi belirtilmistir [29].

Bal arlarinda, dogal polen kaynaklarinin genis cgesitliliginin larval gelisimi Gzerindeki etkilerinin arastirildigi bir
calismada, Bati Avustralya aricilik endustrisi igin dnemli olan 4 dogal polen kaynaginin besin kalitesinin bal arisi (Apis
mellifera L.) gelisimi (izerindeki etkisi test edilmistir. Calisma 800 g isci ari ve 1 adet ciftlesmis ana aridan olusan 40
adet paket ariyla olusturulan koloniler lizerinde yapilmistir. Rastgele secilen her bir 10 koloniye 4 farkl besleme
artiniinden bir tanesi: marri (Corymbia calophylla Lindl.), jarrah (Eucalyptus marginata Sm.), yonca (Trifolium repens
L.) ve kanola (Brassica napus L.) poleni uygulanmistir. Besleme yapildiktan sonra yeni ¢ikan arilar toplanmistir. Yeni
cikan anlar tek tek tartiimis ve viicut kompozisyonlari, beslenme tedavi gruplarina gére topluca dlgtlmistir. Deney
siresince yiyecek tiketimi kaydedilmistir. Hemsire arilar, 4 farkl besin kalitesine sahip polen ile beslendiklerinde, larva
asamasindan yetiskin isci arilara kadar basaril bir sekilde besleme yapmistir. Farkli polen tlrleriyle beslenen yeni
¢ikan arilarin vicut kompozisyonu veya agirhiginda herhangi bir fark bulunmamistir. Ancak, arilarin vicut agirhgi
zamanla artmistir. Bu durum muhtemelen koloni blykltigu ve yapisiyla iliskilendirilmistir. Polen tirinin larval gelisim
Uzerinde ¢ok az etkisi oldugu gézlemlenmistir. Polen pargaciklarinin turl larva gelisimi Gzerinde ¢ok az etkiye sahip
oldugu, arilarin tim temel besin maddelerine erisebilmesini saglamak icin polenin bilesiminden ziyade bulunabilirliginin
daha 6nemli olabilecegi belirtilmistir [21].

Yapilan bir calismada, nane, targin ve papatyanin ari kolonilerinin gelisimi ve saghg Uzerindeki etkileri
degerlendirilmistir. Bu bitkilerle takviye edilmis seker surubu ve yalnizca seker surubu (kontrol grubu) ile ari kolonileri
haftalik olarak beslenmistir. Targin katkili seker surubu ile beslenen kolonilerde balmumu petek yapma oraninda artis
oldugu belirlenmistir. Bu grup ayrica Varroa akarlariyla en disik enfestasyon oranlarina sahip olup, tarcinin Varroa
kontroliindeki spesifik roliine isaret etmektedir. Koloni gelisimi, papatya grubunda diger gruplardan belirgin sekilde
daha iyi olmustur. Nane grubunda ise c¢ogu parametrede kontrol grubuna gére herhangi bir degisiklik
g6zlemlenmemigtir. Tum besleme tlrleri, morfolojik &zellikler ve ar hayatta kalma sonuclarina gére guvenli
bulunmustur. Pratikte, balmumu petek yapimi gerektiginde targin, koloni gliclini artirmak istendiginde ise papatya
onerilmektedir. Tarcinin Varroa kontroliindeki rolu, ileri galismalar igin 6nerilmistir [3].

Laktik asit bakterilerinden elde edilen probiyotik ve postbiyotik Urlinlerle bal arisi kolonilerine yapilan besleme
takviyesinin, ar nifusu, kapali-acik yavru alanlari ve saglik parametreleri tizerindeki etkilerini degerlendirmek amaciyla
yapilan bir calismada, ¢ grupta toplam 30 kovan olusturulmus ve bu kovanlar kontrol, probiyotik veya postbiyotik
urtnlerle takviye edilmis besin ile beslenmig, toplamda iki ay boyunca sonbaharda dokuz uygulama yapilmistir.
Kovanlarin gu¢ ve saglik durumlarini degerlendirmek icin iki izleme testi yapiimistir. Postbiyotik Grlnler tiiketen
koloniler giiclerini, an nifuslarini, kralice yumurtlama oranini artirmis ve polen rezervlerini korumustur. Buna karsin bu
parametreler diger gruptaki kolonilerde azalmistir. Ayrica, sonuglar postbiyotik Urlinlerin N. ceranae enfeksiyon
seviyesi Uzerindeki olumlu bir etkisi oldugunu gdsterirken, probiyotikler ara sonuclar vermistir. V. destructor
enfestasyonu ile ilgili uzun vadeli sonuclar beklenirken, tim gruplarda benzer egilimler gozlemlenmistir.
Postbiyotiklerle yapilan besleme takviyesinin, aricilar igin kolonilerin gli¢c ve saglik durumunu artirmak amaciyla énemli
bir Griin olabilecegi bildirilmistir [15].

Ciceklerde nektar bulunmadigi dénemlerde sukroz surubu yerine verilmek tzere muz kabugu atigindan elde edilen
monomerik sekerler iceren surup, hidrolize edilerek bal arilarini besleme i¢in hazirlanmistir. Bu ¢alismada, bu suruba
monomerik sekerler (glukoz, fruktoz) eklenmis ve eklenmemis olarak iki hafta sureyle kafeste tutulan isci arlara
beseleme yapilmistir. Deney No. 2'de (polenler + %25 w/v glukozlu muz kabudu atik surubu) yer alan is¢i arilarn
omriinde anlamli bir artig gézlemlenmistir. Morfometrik ¢calismalar, isci arlarin viicut parametrelerinde belirgin artislar
oldugunu dogrulamistir. Hipofaringeal bezleri gelismis olup, kontrol grubuna kiyasla daha buyik oldugu belirlenmistir.
Mide ve ince bagirsagin 8 um'ye kadar kesitleri hazirlanip mikroskop altinda incelenmistir. Deney No. 2'deki arilarda,
midelerinde peritrofik zarlarin bulunmasi, hiper kromatik boyanmis c¢ekirdekler, mide hiicrelerinde artan salgi miktari
ve bagirsak lumeninin ortasinda yogun, homojen sekilde sindirilmis polen kitlesinin olustugu gézlemlenmistir. Bu,
sindirimin iyilestigine isaret etmektedir. Ortalama mide lumen ¢api1 450 + 34.6 um? iken, kontrol grubunun ortalama
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lumen ¢api 240.0 + 30.5 um? olarak Ol¢liimustir. Ortalama bagirsak lumen ¢api ise 223.3 + 33.3 um? olarak ol¢iimus
olup, kontrol grubunun ortalama ¢ap1 113.3 + 38.4 um? olarak belirlenmistir. Bu sonug¢ doku gelisimini gdsteren bir
diger belirtidir. Sonug olarak, biyoseker surubunun kullaniminin bal arilari i¢in sakkaroz seker surubuna iyi bir alternatif
oldugu o6nerisinde bulunulmustur [18].

Polen eksikligi ddbnemlerinde arilar, misir gibi alternatif Grlinlerde besin aramak zorunda kalirlar. Ancak misir poleninin
protein ve temel amino asitlerden yoksun oldugu diglinilerek anlar icin disuk degerli bir besin kaynagi oldugu kabul
edilmektedir. Misirin bal arlar igin besin degerinin degerlendiriimesi amaci ile yapilan bir ¢alismada, misirda histidin
konsantrasyonu belirgin sekilde diisiik bulunmus, ancak diger tim temel amino asitlerin miktarinin karigik polenden
daha yiksek oldugu tespit edilmigtir. Saf misir poleni diyeti (A) ile beslenen arilarin performansi ve bagisiklik yetkinligi,
cok cicekli polen diyeti (B) ve yapay polen ikamesi diyeti (C) ile beslenen arilarla karsilastiriimistir. Diyet A ve C'nin
tliketimi, yavru yetistirme kapasitesinde ve yasam siresinde azalma ile iliskilendirilmistir. Ancak, humoral bagisikhgin
iki parametresine dayanarak bagisiklik tizerinde herhangi bir etkisi olmadigi gézlemlenmemistir [19].

Sivi bir hidrolize protein takviyesinin koloni saghgi ve genel durumuna etkilerini incelemek icin yapilan bir calismada,
ayni dogal besin kaynaklarina erisimi olan ve benzer iklim kosullarinda bulunan koloniler kullaniimistir. Bes anlikta, her
biri on kovandan olusan iki grup (biri plasebo, dideri protein takviyeli) secilerek yetiskin ari sayisi, yavru miktan (acik
ve kapali), bal ve polen rezervleri, V. destructor, N. ceranae, deforme kanat virlisii (DWV) ve kronik ari felci virlist
(CBPV) enfestasyonu durumlari belirlenmistir. Ayrica, bagisiklik sistemi ile iliskili dort gen ve vitellogenin kodlayan bir
genin ekspresyonu degerlendirilmistir. Calisma sonunda, proteinle takviye edilen kolonilerde agik yavru sayisinda
anlaml bir artis ve V. destructor enfestasyonunda bir azalma gozlemlenmistir. Ayrica, bu kolonilerde kis sonrasi 6lim
oraninda 6nemli bir diisliis kaydedilmistir. Sonug olarak, bu Griinle yapilan takviye, koloni saghgini iyilestirmis ve ar
kolonisi kayiplarina karsi umut verici bir ara¢ olarak degerlendirilmistir [12].

Sonug

Dunya ve ulkemizde bircok etmenin bir araya gelmesi sonucu belirli dénemlerde bal arilari ihtiyaglari olan nektar ve
poleni yeterli miktarda karsilayamamaktadir. Dogada yeterli miktarda nektar ve polen olmadigi durumlarda bal
arllarinin besin ihtiyaclan farkli ikame yemlerle karsilanmaktadir. Fakat uygun besin ikameleri kullaniimadig
zamanlarda ana arinin yumurtlama etkinligi dismekte, erkek arilarin Greme etkinligi dismekte, is¢i arilarin bagisiklik
sistemleri zayiflamakta buna bagl olarak yasam sureleri kisalabilmektedir. Bunlara bagimli olarak koloniler
zayiflamakta, verimlilik azalmakta ve hatta koloni kayiplari gérilebilmektedir.

Bal arilarina uygun ikame yemlerle takviye beslemelerin yapiimasi giinimuz diinyasinda bir zorunluluk haline gelmistir.
Arilarin beslemesinde kullanilan ikame besin kaynaklarinin icerdigi hammaddelere dikkat edilmesi gereklidir. Uygun
diyet takviyeleri ile beslenen bal anlarninin bagisiklik sistemlerinin artmasi ve genel saglik durumlari ile Varroa destructor
ve Nosema ceranae gibi bazi patojenlerin neden oldugu enfestasyonlarida iyilestirebilecegini bilinmektedir.

Beslemede kullanilan materyallerin iceriklerinin bitki kokenli olmasina, bal ve polen kullaniliyorsa sterilize edilmesine
6zen gosterilmelidir. Seker surubu ile besleme yapillyorsa HMF dizeyine dikkat edilmeli, nisasta ve misir
nisastasindan elde edilen suruplar kullaniimamaldir.

Bal anlarninin yapay beslemesinde kullanilacak besin kaynaklarinin i¢eriklerinin arilann ihtiyaglar dogrultusunda olmasi
cok dnemlidir. Bal arisi beslemesindeki Ar-Ge ¢alismalarinin arttirilarak devam edilmesi gerekmektedir.
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Determination of Sugar Composition of Bingdl Royal Jelly by High Pressure Liquid
Chromatography - Refractive Index Detector (HPLC-RID)
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Abstract
Auticle info Royal jelly is a very important natural product secreted from the upper jaw and throat glands of
Received:06.03.2025 .
Accepted:06.18.2025 5-10-day-o_|d worker bees_ to feed the queen _and larvae and can be white or cream colored. It
is also an important functional food that is widely consumed and known to be good for many
diseases. For this reason, it should be determined that quality parameters are met in its
Article type: Research consumption and that it is free from counterfeiting and adulteration. One of the significant
components of royal jelly is carbohydrates. It is very important to determine the amount of sugar
content with reliable and sensitive methods and technologies.
Keywords: Royal Jelly, HPLC- | |n this study, four different sugar contents of royal jelly obtained from Bingél province were
RID, Sugar determined by High Pressure Liquid Chromatography - Refractive Index Detector (HPLC-RID)
technology. Fructose (m/m) 4.87 + 0.76, glucose (m/m) 6.13 £ 0.81, sucrose (m/m) 1.13 + 0.57,
and maltose (m/m) 0.32 + 0.80 were determined. It was determined that the values found were
in accordance with the royal jelly sugar content values in the Turkish Food Codex Bee Products
Communiqué. It is important to carry out these analyses regularly, especially for royal jelly,
which is a functional food, to be free from imitation, adulteration and counterfeiting.
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Bing6l An Sutiiniin Seker Bilesiminin Yiksek Basingh Sivi Kromatografisi- Kirilma indisi
Detektori (HPLC-RID) ile Belirlenmesi

Ozet
g:lli;aszrti)P:Ii%ge&S 2025 Ari siitii, 5-10 guinliik isgi arilarin tist cene ve bogaz bezlerinden ana ari ve larvalari beslemek icin
Kabul Tarihi: 18.06.2025 salgilanan, beyaz veya krem renginde olabilen ¢ok énemli bir dogal trindir. Ayni zamanda
yaygin olarak tiiketilen ve bircok hastaliga iyi geldigi bilinen 6nemli bir fonksiyonel gidadir. Bu
Makale tiirii: Aragtirma nedenle tiketiminde kalite parametrelerinin saglandigi, taklit ve tagsisten uzak oldugu tespit
edilmelidir. Ar sGtunin O6nemli bilesenlerinden biri karbonhidratlardir. Seker igeriginin
miktarinin guvenilir ve hassas yontem ve teknolojilerle belilenmesi gok dnemlidir.
Anahtar kelimeler: Ari siitd, Bu calismada Bingdl ilinden elde edilen ari siitiintin dort farkli seker igerigi Yiksek Basingli Sivi
HPLC-RID, Seker Kromatografisi - Refraktif indeks Dedektoérii (HPLC-RID) teknolojisi ile belirlenmistir. Fruktoz
(m/m) 4.87 £ 0.76, glukoz (m/m) 6.13 + 0.81, sakkaroz (m/m) 1.13 + 0.57 ve maltoz (m/m) 0.32
+ 0.80 olarak belirlenmistir. Bulunan degerlerin Tirk Gida Kodeksi Ari Uriinleri Tebliginde yer
alan ari siitii seker icerigi degerlerine uygun oldugu tespit edilimistir. Ozellikle fonksiyonel bir gida
olan ari sutiinuin taklit, tagsis ve sahtecilikten ari olmasi i¢in bu analizlerin
dizenli olarak yapilmasi 6nem arz etmektedir.
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Introduction

Royal jelly is a creamy, viscous liquid secreted from the cranial exocrine (mandibular and hypopharyngeal) glands of
Apis mellifera L. [1]. It plays a critical role as a staple food for queen bees and larvae [2]. Its unique biological
composition and nutritional value make it more valuable than other bee products. Not only its raw form but also its
addition to various foods with different formulations continues to increase its consumption and prevalence worldwide
[3, 4]. From a biomedical point of view, the fact that it is an antioxidative [5] and vasodilator agent, microbial and
inflammation inhibitor, and immunomodulator shows that it is a potential chemopreventive and protective [6-8].
Recently, the production and consumption of functional foods in the promotion and protection of human health has
become an important market for the food industry. It is understood that a link has been established between healthy
nutrition and the treatment or control of various diseases [9]. In this context, “superfoods,” which are defined as
functional foods, attract attention in terms of being formed both naturally and by adding certain ingredients to certain
substances [10]. Royal jelly, which is among the functional foods obtained by natural means, is of scientific, therapeutic
and economic importance [11].

Apart from its nutritional value, royal jelly is used as a medicinal product in many countries as a medical support in a
wide age range, including pediatric and geriatric areas [12]. Apart from the food and health sector, this product is also
used effectively in cosmetic applications. Royal jelly production is increasing worldwide to meet the demand every
day. In particular, China is the world's largest royal jelly producer and exporter, accounting for about 90% of global
production with an annual capacity of 4000 tons [13, 14].

In the chemical composition of royal jelly, the majority of the secretion consists of 60-70% water, with the remaining
parts consisting mainly of proteins, carbohydrates and fats. Twenty-three different amino acids, albumin, globulin
types, lipoproteins and glycoproteins are included in the protein amount between 9% and 18%. The fats in royal jelly
are mostly composed of medium-chain fatty acids. The total fat content in royal jelly is approximately 3-8%. Especially
in this group, 10-hydroxy-2-decanoic acid (10-HDA) and phenolic lipids are important. It is very rich in mineral content
(zinc, potassium, calcium, manganese, iron and sodium) and vitamins (B group, A, C, D, E and K). The total proportion
of simple sugars in royal jelly varies between 7% and 18%. Sugar content is mostly composed of monosaccharides
such as glucose and fructose. Apart from these, trace amounts of sugars such as inositol, trehalose, ribose and
isomaltose are also found [15-18].

These sugars in royal jelly not only contribute to energy and nutrition but also play a differentiating role in the
developmental differentiation of queen and worker bees for the continuity of the colony’s life cycle [19]. Differentiation
of the colony into worker or queen bees is influential in hive dynamics by providing nutrition-triggered epigenetic
pathways such as IGF-1/mTOR [4,20].

The sugar profile has been found to vary depending on climatic and geographical factors, the type of bee population,
and floral sources [21, 22]. These monosaccharides are among the components that need to be carefully monitored
in terms of food safety. In particular, the glucose/fructose ratio, which hovers around 1:1, can be used as a marker to
understand the authenticity of the source of the product and possible environmental contamination [18, 23].

In particular, research on the bioavailability of sugars in royal jelly, their effects in the gastrointestinal system, and their
activities on metabolism at the cellular level indicate that this component has biological functions beyond being a
source of energy metabolism [24]. Therefore, analyzing the structural and functional properties of monosaccharides
(glucose and fructose) in royal jelly in a holistic manner contributes to overcoming the lack of information in the
functional foods discipline of food technology [25].

In chromatographic-based analyses, mainly with the help of the HPLC-RID method, it is used in the separation and
guantitative analysis of sugars in royal jelly because it provides high sensitivity and accuracy [26].

In this context, HPLC-RID method is of critical importance for the determination and concentration of sugars in royal
jelly with sensitive methods, control of product quality and prevention of adulteration (fraudulent product production).
Studies with chromatographic-based analytical approaches allow comprehensive characterization of carbohydrates
in royal jelly [27,28].

Material and Methods

Chemicals

We bought the chemicals and standards needed for HPLC-RID analysis from Sigma-Aldrich (Steinheim, Germany).
Supply of royal jelly

Royal jelly was obtained from beekeepers registered with the Bingdl Beekeepers Association. Royal jelly collected
with an injector was kept in a cold chain.
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Figure 1. Royal Jelly

Preparation of royal jelly for analysis

1 g of fresh royal jelly (RJ) was diluted in water: methanol (3:1) in a 10 ml volumetric flask. Proteins were precipitated
by adding 0.1 ml Carrez | and 0.1 ml Carrez Il reagent and then homogenized. The solution was transferred to a glass
centrifuge tube and centrifuged at 3800 rpm for 20 min to remove the protein fraction. 2 ml of the supernatant was
transferred to a capped glass tube and prewashed with dichloromethane. The sugar fraction was then transferred to
vials using a 0.45 um syringe filter [26, 29].

Determination of sugar contents by HPLC-RID

Royal Jelly (RJ) sugars were determined by the HPLC method described by Sesta (2006). The following modules
were used for HPLC analysis (Agilent 1260 Infinity Il): autosampler/injector, pump, column oven, refractive index
detector (RID), software (Agilent OpenLab ChemsStation), and column (Cosmosil NH2, 5 um, 250 x 3.2 mm). Elution
was performed at an isocratic flow rate of 1.4 mL/min using acetonitrile/water (85:15) as the mobile phase. The column
and RID were kept at 30 °C. The injection volume was 5 pL. The assay was based on the injection of an external
standard prepared as a 100 mL water/methanol solution (3:1) containing 1.1 g fructose, 1.1 g glucose, 0.3 g sucrose,
and 0.3 g maltose. Results were expressed as a percentage (g/100 g) of each sugar on RJ [26, 29, 30].

Results and Discussion

Sugar content by HPLC-RID

The determination of RJ sugars is a crucial step towards quality standardization. This method allows the determination
of the three main RJ sugars (fructose, glucose, and sucrose) and the rare maltose. Figure 1 shows the standard
chromatogram obtained in the analysis of a mixture of sugar standards (fructose, glucose, sucrose and maltose).
Peak identification was done by comparison with a standard mixture solution based on retention time similarity. The
mean and standard deviation values of RJ as a result of this study are given in Table 1.

Table 1. Sugar contents of Bingdl Royal Jelly by HPLC-RID

Parameters Quantity

Fructose (% m/m) 4,87 £0,76
Glucose (% m/m) 6,13+0,81
Sucrose (% m/m) 1,13+0,57
Maltose (% m/m) 0,32+0,80
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Figure 2. Chromatogram of mixture sugars standards

The highest sugar content is glucose, followed by fructose, sucrose and maltose. In the Turkish Food Codex
Communiqué on Bee Products (Communiqué No: 2024/6), the sugar limits that RJ should carry are shown in Table
2.

Table 2. Turkish Food Codex Royal Jelly(RJ) specifications

Parameters Quantity
Fructose (% m/m) 2-9
Glucose (% m/m) 2-9
Sucrose (% m/m max) 3
Maltose (% m/m max) 15

As a result of the study, it was determined that the royal jelly obtained from the Bingdl region complies with the values
in the Turkish Food Codex Bee Products Communiqué. This is an indication that royal jelly is not supplemented with
any sugar from outside. The amount of carbohydrate in its content is important to show that royal jelly is consumed
for many diseases and especially for diabetic patients. It is especially important for diabetics that glucose and fructose,
which cause an increase in blood sugar, are not in high amounts.

Sesta et al. (2009) determined the sugars of 97 different RJ samples by HPLC. The average sugar contents of 97
samples were fructose 4.6%, glucose 5.8%, sucrose 1.0%, and maltose 0.4% [26].

In another study, 10 different RJ samples were analyzed. The average sugar content of 10 different RJ samples was
4.83% fructose, 6.61% glucose, 1.87% sucrose, and 0.3% maltose, respectively [29].

Balkanska and Kashamov (2011) conducted a study to determine the chemical content of 6 different lyophilized RJ
samples produced in Bulgaria. As a result of the study, they detected 11.85% fructose, 9.9% glucose, and 7.65%
sucrose, including 29.4% total sugar in RJ samples [31].

Simath (2001) found the amounts of fructose, glucose, and sucrose to be 14.0%, 18.8%, and 1.0%, respectively, in
his study on RJ.

In a study by Zhu et al. (2019), 19 types of sugar compounds were analyzed in royal jelly samples produced in China
using the HPLC-RID method. This study revealed the high sensitivity of the method and comprehensive sugar
analysis.

In a study conducted by Senel et al. (2010), it was reported that glucose (3.2-4.3%) and fructose (3.8-5.1%) levels
were significant in royal jelly samples by the HPLC-RID method, while sucrose was generally detected at <1% levels.
The data obtained in this study are consistent with the sugar levels reported in the literature and Turkish Food Codex
[26, 27, 29, 31]. There are some differences in the values of RJ samples; this difference depends on factors such as
geographical location, climate, etc. Sabatini et al. (2009) reported that fructose was more prevalent than glucose.
Sucrose is present in almost all RJ samples, but its concentrations are highly variable [33].

Conclusion

Royal jelly is a significant product that is a pioneer among alternative natural products and has uses for many diseases.
The need for quality standards for bee products other than honey is widely recognized, both for consumer safety and
for the development of beekeeping through value-added products. Royal jelly should be unaffected by the sugar
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syrups used in beekeeping and should not have external additives. Sugars are among the main components of royal
jelly, and their quantification is crucial for quality control, including the detection of possible adulteration of royal jelly
with honey or sugar. Fructose, glucose and sucrose are the main sugars in royal jelly. In this study, royal jelly produced
in Bingdl province, which is one of the important beekeeping centers of Turkey, was profiled for sugars at the Bee and
Natural Products R&D and P&D Application and Research Center at Bing6l University, a specialized university in bees
and bee products. The results were found to be in accordance with the data in the Turkish Food Codex Bee Products
Communiqué.
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Abstract

In this study, grain yield and silage quality of some corn varieties were determined. The aim of
the study is to determine the second crop silage corn varieties which are suitable for the
ecological conditions of Bismil District of Diyarbakir province and to propose high yield and
quality varieties suitable to the demands of producers and consumers.Three different
registered silage corn varieties Pioneer-1921, KWS Klips and Sygenta Lucroso) were used as
material in the study. The experiment was carried out on the second crop of farmers' fields after
the main crop of wheat in 2017 in Diyarbakir Province Bismil District with three replications,
according to randomized blocks trial design. In the study, characters such as grain yield and
other yield characteristics, green grass yield and silage quality were investigated in the corn
plants.In this research, agrlcultural characters such as plant length (2.17-2.40 cm), green grass
yield (380.0-421.3 kg/ha) male tasselling period (62.7-81.0 days), female tasselling period
(90.7-110.7 days), number of corncobs (1.67-2.00), thousand grains weight (0-189.73 q),
corncob grain yield (0-88.93 g) and silage quality characters such as silage pH value (4.05-
4.28), ADF (30.92-33.90 %), NDF (56.91% -59.91%) and crude protein ratio (6.52 %-7.48 %)
were found statistically significantlt was concluded that the Sygenta Lucroso variety showed
superior values in terms of the above-mentioned yield components and earlier in point of
tasselling period, and that the important quality component, which is an animal feed item, also
showed superior values in terms of crude protein ratio compared to other varieties.

Citation: Akyildiz ve Alp (2025). Determination of grain and silage yield and silage quality characteristics of some maize
varieties. Journal of BinBee - Apicultural and Natural Products (JBANP), 5(1), 15-23.

Bazi Misir Gesitlerinin Tane Verimleri ile Silaj Ve Kalite Ozelliklerinin Belirlenmesi

Makale bilgileri
Gelis Tarihi: 09.05.2025
Kabul Tarihi: 27.06.2025

Makale tiri: Arastirma
makalesi

Anahtar kelimeler

Misir, Tane Verimi, Tarimsal
Karakterler, Yesil Ot Verimi,
Silaj, Silaj Kalitesi

Ozet

Bu galismada bazi misir gesitlerinin tane verimleri ile silaj ve kalite 6zelliklerinin belirlenmesi
amaclanmistir. Calismaile Diyarbakir ili Bismil ligesi ekolojik kosullarina uygun ikinci trdn silajlik
misir gesitlerinin belirlenerek Uretici ve tiketicinin taleplerine uygun, verim ve kalitesi yuksek
cesitlerin 6nerilmesi hedeflenmektedir.Arastirmada materyal olarak 3 farkli tescilli silajlik misir
cesidi (Pioneer-1921, KWS Kilips ve Sygenta Lucroso) kullanilmstir. Deneme, tesaduf bloklari
deneme desenine gore 3 tekrarlamali olarak Diyarbakir li Bismil ligesi 2017 yili ana trtin bugday
sonrasi ikinci Urin ciftgi tarlalarinda yuritiimastar. Arastirmada yetistirilen misir bitkilerinde tane
verimi ve verim unsurlari ile yesil ot verimi ve silaj kalitesi gibi karakterler incelenmistir.Bu
arastirmada silajlik misir gesitlerinin; bitki sap capi (2.17-2.40 cm), yesil ot verimi (3800.0-4213.3
kg/da), tepe puskiill gikarma siresi (62.7-81.0 glin), kogan pUskulii cikarma siiresi (90.7-110.7
gun), kocan sayisi (1.67-2.00 Adet), bin tane agirhigi (0-189.73 g), kocan tane verimi (0-88.93 g)
gibi tarimsal karakterler ile silaj pH degeri (4.05-4.28), Asit deterjanda ¢oziinmeyen lif orani
(ADF) (% 30.92-33.90), Notral Deterjanda ¢oziinmeyen lif orani (NDF) (% 56.91-59.91) ve ham
protein orani (% 6.52-7.48) gibi silaj kalitesini belirleyen karakterler istatistiki olarak énemli
bulunmustur.

Sygenta Lucroso gesidinin yukarida bahsedilen verim unsurlari yoninden ustiin degerler
gosterdigi ve tepe plskull ve kogan plskull ¢ikarma gin sayisi yonlinden daha erkenci
olmasi ayrica hayvan besleme 6gesi olan 6nemli kalite unsuru ham protein bakimindan da
diger gesitlere oranla ustiin degerler gsterdigi sonucuna variimistir.

Atif: Akyildiz ve Alp (2025). Bazi Misir Cesitlerinin Tane Verimleri le Silaj Ve Kalite Ozelliklerinin Belirlenmesi Journal of BinBee-
Apicultural and Natural Products (JBANP), 5(1), 15-23.
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GIRIS
Misir, basta insan gidasi ve hayvan yemi olarak kullaniimasinin yaninda sanayide tatlandirici sektdriinde nisasta bazli
seker, yag, alkol, ispirto, irmik, tutkal, biyoetanol gibi triinlerin tretiminde hammadde olarak da kullaniimaktadir.

Misir dinya tahil ekim alanlari iginde bugdaydan sonra ikinci sirayi almakta olup, Gretim miktari bakimindan birinci
siradadir. FAO verilerine goére, diinya misir ekim alani 2014 yilinda 183.3 milyon hektar, toplam tretim ise 1.02 milyar
ton civarinda olup, verim 557 kg/da’dir. Silajlik misir ekim alani 2014 yilinda 1.1 milyon hektar, Gretim 9.7 milyon ton,
verim 885 kg/da civarindadir. Dinyada ve Turkiye’de ekim alani giderek artmaktadir (Anonim, 2016).

Tarkiye'nin bir cok bélgesi ekolojik yonden misir tarimina uygun ve birim alan verimi, diinya ortalamasinin tzerindedir.
Ulkemizde 2014 yili tane misir Gretimi 5 950 000 ton olup, ortalama verim ise 907 kg/da’dir. Giineydogu Anadolu
Bolgesinde ise, lretim 1 544 000 ton civarindadir. Tiirkiye’de tane musir retimi TUIK verilerine gére 2017 yilinda
6.390.844 dekar, Uretim 5.90 milyon ton civarinda olup, verim 930 kg/da’dir. Silajlik misir tretimi 2017 yilinda
4.862.296 dekarlik alanda 23.152.841 ton uretime sahip olup, verim 4760 kg/da’dir.

Ulkemiz hayvanciliginin en énemli sorunu, hayvan varligimizin yiiksek olmasina ragmen kaliteli kaba yem agigimizin fazla
olmasidir. Kaba yemler, ciftlik hayvanlarina taze olarak, kurutulmus ve silaj yapilarak yedirilen bitkisel materyallerdir
(Bahtiyarca ve Cufadar, 2003). Siit ineklerinin kuru madde tiiketimlerinin en az % 40’1 kaba yemlerden karsilanmalidir.
Ureticilerimiz kaba yem sikintisinin yasandigi dénemlerde genelde hayvanlarini zorunlu olarak, besin maddesi igerigi
duguk tahil samani ile beslemek zorunda kalmaktadir. Fakat son yillarda dreticilerin bilinglenmesi ile taze ve su
bakimindan zengin, karbonhidrat icerigi yiksek yem bitkilerinin pargalanmasi ile elde edilen ve silaj adi verilen kaba
yemler tercih edilmeye baglanmistir (Orak ve iptas, 1999).

Ulkemizdeki misir Gretiminin %26’s1 Giineydogu Anadolu Bélgesi'nden karsilanmaktadir. Bélgemizde bugday, arpa ve
mercimek diginda ana urin ve ikinci triin tane misir tarimi da yapilmakta olup, $anhurfa ilindeki ekim alanlarinin
%96’sinda ikinci Uriin ve %4’Unde ana Urtn, Mardin ilindeki ekim alanlarinin %99’unda ikinci Griin ve %1’inde ana
uriin misir ekimi yapilmaktadir (TUIK, 2014). Bu iki ilimizde bugday, arpa ve mercimek hasatlarinin iklim kosullarindan
dolayl Mayis ayi sonu ve Haziran ayi baglarinda bitmesi, sonbahar yagislarinin ge¢ zamanda ve dusuk miktarda
yagmasi ikinci Urtin tarimina olanak saglamaktadir.

Diyarbakir ili tane misir ekim alani 2014 yilinda 199.707 dekar, Uretim ise 229 201 ton olup, ortalama verim ise 1148
kg/da’dir. Diyarbakir'da silajlik misir ekim alani 29 099 dekar, Uretimi ise 386 086 ton olup, ortalama verim ise 3962
kg/da’dir. Diyarbakir'daki tane misir ekim alanlarinin yaklasik %92’si ana triin, %8'i ikinci rtin olarak yetistiriimektedir
(TUIK, 2014).

Guneydogu Anadolu Projesi kapsaminda Atatiirk Baraji'ndan sonra en buyiik sulama baraji olacak olan Silvan Baraji
tamamlandidinda 2 milyon 453 bin dekar alan sulanabilecektir. GAP’in bitmesiyle de misir Uretiminde buyuk artiglar
ongorilmektedir.

Bu arastirmada, farkli firmalar tarafindan tescil edilen silaj ve dane olarak ekilebilen 3 adet melez misir gesitlerinin
(Pionner 19-21, Syngenta Lucroso, KWS) Diyarbakir ilinde ikinci triin olarak yetistirilebilme olanaklarinin arastiriimasi,
bu cesitlerin dane ve silajlik adaptasyonu ile bazi tarimsal 6zelliklerinin belirlenmesi amaclanmistir.

MATERYAL VE METOT
Materyal

Denemede materyal olarak Pionner 1921, KWS Klips ve Syngenta Lucroso olmak lzere Ug¢ adet tescilli silajlik misir
gesidi kullanilmistir. Bu arastirma Diyarbakir ili Bismil ilcesi Uctepe koyi ciftci tarla kosullarinda 2017 yetistirme
sezonunda yurutulmuistar.

Deneme alaninin toprak hazirligi, 2016-17 yetistirme déneminde ana Urin bugday hasadindan sonra toprak isleme
yapilarak ikinci Griin silajhik misir ekimi yapildi. 2017 yaz donemi 2 Temmuz 2017 tarihinde diskaro ile siirim yapilip
tapanla tesviye edildikten sonra pénomatik mibzer ile ekim yapilmistir.

Deneme tesadif bloklarinda faktoriyel deneme desenine goére 3 tekerriirlli olacak sekilde kurulmustur. Denemede
parsel boylari 20 m, sira arasi 65 cm, sira Gizeri mesafe 15 cm ve her parselde 6 sira olacak sekilde ekim yapilmistir. Saf
olarak dekara 15 kg azot (N) ve saf 10 kg fosfor hesabiyla 20:20 kompoze giibre ve % 46’lik azot Ure formunda
kullanilmigtir. Ust giibre uygulamalari ekimle birlikte, tepe piiskiilii olusumu ve kogan piiskiilii olusumu dénemlerinde
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u¢ defada sulama suyu ile birlikte yapilmistir. Bitkiler 15-20 cm iken traktorle sira aralari ot mucadelesi ve topragin

havalandiriimasi amaciyla bir kere gapalanmistir.

Yabanci otlarin kontrolil amaciyla dar ve genis yaprakli otlara karsi ilk sulamadan 20 giin sonra ilaglama yapilmistir.
Deneme alani haftada bir yagmurlama sulama yontemi ile sulanmistir. Toplam sulama sayisi 10 civarinda olmustur.
Bitkilerin hasadi sit-hamur olum déneminde 07.10.2017 tarihinde toprak seviyesinden bicilmek suretiyle elle
yapiimigtir.

Arastirmada bitki boyu (cm), bitki sap ¢api (mm), yaprak sayisi (adet), yaprak agirhdi (g), yaprak/sap orani (%), sap
agirh@i (g), yesil ot verimi (kg/da), ilk kocan yiiksekligi (cm), tepe plskili ¢ikarma siresi (giin), kocan puskili gikarma siresi
(guin), kocan sayisi (adet),kocan/bitki orani (%), kocan boyu (cm), kogcan ¢capi (mm), kocanda sira sayisi (adet), sirada
tane sayisi (adet), bin tane agirligi (gr), tane verimi (kg/da), silaj pH degeri, asit deterjanda ¢éztinmeyen lif orani (ADF),
noétral deterjanda ¢dziinmeyen lif orani (NDF) ve ham protein orani (%) karakterleri incelenmistir.

Ogutilmus kuru ot drneklerinin analizleri NIRS cihazi ile Dicle Universitesi Bilim ve Teknoloji Uygulama ve Arastirma
Merkezinde yapilmigtir.

Elde edilen veriler IMP istatistik paket programi ile tesadif bloklari iki faktérli deneme desenine uygun olarak analizi
yapilmistir. Varyans analizi sonuglarina goére istatistiksel olarak énemli ¢ikan faktor ortalamalari LSD testi ile
karsilastinimistir (Kalayci, 2005).

BULGULAR VE TARTISMA

Aragtirmada kullanilan silajlik misir ¢esitlerinin en yiiksek bitki boyu degeri Pionner 1921 silajlik misir gesidinde 293.47 cm,
KWS gesidinde 243.73 cm, arastirmada kullanilan silajlik misir gesitlerinin yaprak sayisi Pionner 1921 gesidinde

11.13 adet, Syngenta Lucroso gesidinde 11.07 adet ve KWS ¢esidinde 11.00 adet, yaprak agirligi degeri Pionner 1921
silajlik misir gesidinde 126.57 g, Syngenta Lucroso gesidinde 116,80, KWS ¢esidinde 112.50 g bulunmustur. Bitki
yaprak/sap orani degeri KWS silajlik misir gesidinde % 46.3, Pionner 1921 ¢esidinde % 45.7, Syngenta Lucroso ¢esidinde
% 42.3 bulunmustur. Arastirmada kullanilan silajlik misir ¢esitlerinin bitki sap agirhgi degeri Pionner 1921 gesidinde 284.20 g,
Syngenta Lucroso gesidinde 278.13 g ve KWS gesidinde 238.27 g olarak bulunmustur. Yukarida degerleri verilen bitki boyu
(cm), bitki sap ¢cap! (mm), yaprak sayisi (adet), yaprak agirligi (g), yaprak/sap orani (%) ve sap agirhdi (g) yoniinden
cesitler arasinda istatistiki olarak 6nemli farkhliklar gézlenmemistir (Cizelge 1).

Silajlik misir gesitlerinin bitki sap ¢api (cm) degerlerine iliskin gesitler arasinda istatistiki olarak % 5 diizeyinde 6nemli
farkliliklar gézlenmigtir. En yiksek bitki sap ¢api degerinin 2.40 cm ile Syngenta Lucroso ¢esidinde, en dusuk bitki sap capi
degeri KWS gesidinde 2.17 cm oldugu saptanmistir. Ortalama bitki sap ¢api degeri 2.28 cm olarak dlgiimuistir.

Silajlik misir gesitlerinin yesil ot verimlerine iliskin ¢esitler arasindaki farkhliklar istatistiki olarak % 1 duzeyinde 6nemli
bulunmustur. En yiksek yesil ot verimi degeri Pionner 1921 ve Syngenta Lucroso silajlik misir gesitlerinde 4063.33 ve
4213.33 kg/da olarak dlctulmustir. Bu ¢esidi 3800.00 kg/da ile KWS c¢esidi izlemigtir. Ortalama yesil ot verimi 4025.56
kg/da olarak hesaplanmistir (Cizelge 1).
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Cizelge 1. Misir gesitlerinin bitki boyu, yaprak sayisi, sap ¢api, yaprak agirhdi, yaprak/sap orani, sap agirhg: ve yesil ot
verimlerine iligkin ortalama degerler

Cesit Adi Bitki Boyu Yaprak Sap Yaprak Yaprak/Sap | Sap Agirhd Yesil Ot
Sayisi Capi(cm) Agirhgi(gr) Orani (%) (an Verimi(kg/da)
(adet)

Pionner 293.47 11.13 2.27 ab 126.57 45.7 284.20 4063.33 a

1921

Syngenta 209.90 11.07 2.40 ab 116.80 42.3 278.13 4213.33 a

Lucroso

KWS 243.73 11.00 217b 112.50 46.3 238.27 3800.00 b

Ortalama 249.03 11.07 2.280 118.62 44.8 266.87 4025.56

LSD 221.75 1.080 0.180* 25.74 0.103 93.47 152.82**

CV (%) 39.00 4.300 3.400 9.60 10.00 15.50 1.70

Silajlik misir gesitlerinin tepe puskuli gikarma surelerine iliskin gesitler arasindaki farkliliklar istatistiki olarak % 1
dlzeyinde 6nemli bulunmustur. En yiksek tepe puskiliu gikarma siresi de@erinin 81.0 gun ile KWS ¢esidine ait oldugu
gorilmustar. Bu gesidi 73.0 gun ile Pionner 1921 izlemis ve en disuk tepe puskill ¢gikarma slresinin 62.7 gin ile
Syngenta Lucroso silajlik misir gesidine ait oldugu géralmustir. Ortalama tepe puskuili gikarma stresi 72.2 gin olarak
hesaplanmistir (Cizelge 2).

Silajlik misir gesitlerinin kocan puskuli ¢ikarma sirelerine iliskin gesitler arasindaki farkhliklar istatistiki olarak % 1
dizeyinde 6nemli bulunmustur. En yiksek kogan puskuli ¢ikarma stresi degerinin 110.7 gun ile KWS g¢esidinde
oldugu, en dusuk kocan puskuli ¢ikarma siresinin 90.7 gun ile Syngenta Lucroso silajlik misir ¢gegidine ait oldugu
goérulmastar. Ortalama kogan puskuli gikarma siresi 100.8 guin olarak hesaplanmistir (Cizelge 2).

Silajlik misir ¢esitlerinin kocan sayilarina iligskin ¢esitler arasindaki farkliliklar istatistiki olarak % 5 diizeyinde énemli
bulunmustur. En yiksek kocan sayisi dederi 4.00 adet ile Syngenta Lucroso ¢esidinde, en dusik kogan sayisina iliskin
degerler Pionner 1921 cesidinde (1.67 adet) bulunmustur. Ortalama kogan sayisi degeri 2.67 adet olarak
hesaplanmistir (Cizelge 2).

Arastirmada kullanilan silajlik misir gegitlerinin kocan / bitki oranina iliskin ¢esitler arasindaki farkhliklar istatistiki olarak
O6nemsiz bulunmustur. Kogan / bitki orani degeri Syngenta Lucroso silajlik misir gesidinde %38, KWS ¢esidinde %24 ve
Pioneer 1921 ¢esidinde %21 olarak bulunmustur. Ortalama kogan / bitki orani degeri %28 olarak hesaplanmistir (Cizelge
2).

Silajlik misir ¢esitlerinin asit deterjanda ¢dziinmeyen lif oranina (ADF) iligskin ¢esitler arasindaki farkliliklar istatistiki
olarak % 1 dizeyinde 6énemli bulunmustur. En yiksek ADF orani degeri % 33.90 ile KWS gesidinde, en diusik ADF
oranina iliskin degerler Pionner 1921 gesidinde %30.92 olarak bulunmustur. Ortalama ADF orani degeri % 32.41 olarak
hesaplanmistir (Cizelge 2).

Silajlik misir gesitlerinin notral deterjanda ¢dztinmeyen lif (NDF) oranina iliskin ¢esitler arasindaki farkliliklar istatistiki
olarak % 5 dizeyinde 6nemli bulunmustur. En yiksek NDF orani degeri % 59.91 ile KWS c¢esidinde, en disik NDF
oranina iliskin degerler Pionner 1921 gesidinde % 56.91 olarak bulunmustur. Ortalama NDF orani degderi %32.41 olarak
hesaplanmistir (Cizelge 2).
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Cizelge 2. Misir gesitlerinin ilk kogan yuksekligi, tepe puskulu gikarma siresi, kogan puskili ¢ikarma stresi, kogan
sayisl, kocan/bitki orani, ADF, NDF verilerine iliskin ortalama degerler

Cesit Adi Tepe Puskuli Cikarma | Kogan Puskilt | Kogan Kocan/Bitki | ADF(%) | NDF(%)

Sdresi(gin) Cikarma Suresi(gun) Orani(%)

Sayisi

Pionner 1921 | 73.0c 101.0b 0.50b 21 30.92¢ 56.91c¢c
Syngenta 62.7b 90.7c 1.00 a 38 32.40b | 58.57b
Lucroso
KWS 8l.0a 110.7 a 0.75ab 24 33.90a |5991la
Ortalama 72.2 100.8 0.75 28 3241 58.46
LSD 3.3* 0.76** 1.85 33 0.72** 0.71*
CV (%) 2 0.3 30.00 53.00 0.98 0.53

Arastirmada kullanilan silajlik misir gesitlerinin kogan uzunluklarina iliskin ¢esitler arasindaki farkhliklar istatistiki olarak
6nemsiz bulunmustur. Syngenta Lucroso gesidinde 16.43 cm, KWS ¢esidinde 12.80 cm ve Pioneer 1921 cesidinde
12.37 cm olarak bulunmustur. Ortalama kogan uzunluklari degeri 13.87 cm olarak hesaplanmistir (Cizelge 3).

Silajlik misir gesitlerinin kogan c¢api degerlerine iliskin ¢esitler arasindaki farkliliklar istatistiki olarak 6nemsiz
bulunmustur. Syngenta Lucroso gesidinde 4.50 cm, Pineer 1921 gesidinde 2.70 cm ve KWS g¢esidinde 2.43 cm olarak
bulunmustur. Ortalama kocan ¢capi degeri 3.21 cm olarak hesaplanmistir (Cizelge 3).

Silajlik misir gesitlerinin bitki pH degerlerine iligkin cesitler arasindaki farkliliklar istatistiki olarak % 5 diizeyinde 6nemli
bulunmustur. En yiksek pH degeri 4.28 olarak KWS ¢esidinde, en dustik pH degeri ise Pioneer 1921 gesidinde 4.05 olarak
bulunmustur. Ortalama pH degeri 4.17 olarak hesaplanmistir (Cizelge 3).

Arastirmada kullanilan silajlik misir gesitlerinin ham protein orani degerlerine degerlerine iliskin ¢esitler arasindaki
farkhliklar istatistiki olarak % 5 dlUzeyinde 6nemli bulunmugtur. En ylksek ham protein orani degeri % 7.48 olarak
Syngenta Lucroso c¢esidinde, en dusuk ham protein orani degeri ise Pioneer 1921 cesidinde %6.52 olarak
bulunmustur. Ortalama ham protein orani degeri %7.05 olarak hesaplanmstir (Cizelge 3).

Cizelge 3. Misir ¢esitlerinin kogcan uzunlugu, kogcan ¢api, koganda sira sayisi, sirada tane sayisi, bin tane agirligi, kogan
tane verimi, bitki Ph degeri ve ham protein oranlarina iligkin ortalama degerler

Cesit Adi Kogcan  Uzunlugu | Kogan Gapi(cm) Bitki Ph Degeri Ham Protein
(cm) Orani(%)

Pionner 1921 12.37 2.70 4.05b 6.52b

Syngenta Lucroso 16.43 4.50 4.18 a 7.48 a

KWS 12.80 2.43 4.28 a 714 a

Ortalama 13.87 3.21 417 7.05

LSD 14.12 3.12 0.11* 0.54*

CV (%) 45.00 43.00 1.20 3.40
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SONUGC VE ONERILER

Yapilan bu arastirmada silajlik misir gesitlerinin; bitki sap ¢api, yesil ot verimi, tepe puskill ¢ikarma siresi, kocan
piskulu ¢ikarma siresi, kocan sayisi, Asit deterjanda ¢éziinmeyen lif orani (ADF), Nétral Deterjanda ¢ozinmeyen lif
orani (NDF), kocanda sira sayisli, sirada tane sayisi, bin tane agirlhidi, kogan tane verimi, bitki pH degeri, ham protein
orani karakterleri istatistiki olarak dnemli bulunmustur. Bitki boyu, bitkide yaprak sayisi, bitki yaprak agirligi, yaprak/sap
orani, bitki sap agirhd, ilk kocan yiksekligi, kocan/bitki orani, kocan uzunlugu ve kogan ¢api karakterlerinin ise istatistiki
olarak 6nemli olmadidi sonucuna variimistir.

Calismamizda materyal olarak kullandigimiz silajlik misir ¢esitlerinin yesil ot verimi ve silaj kalitesi yoninden
gosterdikleri performanslari istatiki olarak degerlendirdigimizde; Sygenta Lucroso ¢esidinin en iyi ortalama gosterdigi sekiz
karakter sirasiyla; bitki sap ¢api, yesil ot verimi, kogan sayisi, koganda sira sayisi, sirada tane sayisi, 1000 tane agirhgi,
kogan tane verimi ve ham protein orani olmustur. Sygenta Lucroso ¢esidinin yukarida bahsedilen verim unsurlari
yoninden Ustlin degerler gosterdigi ve tepe puskilu ve kocan puskili ¢ikarma giin sayisi yéniinden daha erkenci
olmasi da bu ¢esidin bdlgede erkencilik agisindan 6nemli oldugu sonucuna varilmistir. Ayrica hayvan besleme 6gesi olan
6nemli kalite unsuru ham protein bakimindan da diger ¢esitlere oranla Ustln degerler gosterdigi saptanmigtir.

Calisma materyali olan Pioneer 1921 cesidi ise Silaj kalitesi yoniinden ADF ve NDF oranlarinin daha disik ¢ikmasi
yoninden 6nem tasidigi gdzlenmigtir.

KWS cesidinin pH yoninden diger cesitlere gore daha yiksek deger gostermesi daha dusik asidik karakterde oldugu
go6zlenmigtir.

Calisma neticesinde elde edilen ortalama 4025.56 kg/da silaj verim degerinin, 2014 yili Turkiye ortalamasi olan 4630
kg/da verim de@erine yakin oldugu, 2014 yili dinya ortalamasi olan 885 kg/da verimin ¢ok Uzerinde oldugu
belirlenmistir.

Bu sonugclar 1siginda Diyarbakir ili Bismil ilgesi ekolojik kosullarinda tane verimi ve yesil ot verimi bakimindan bélge
ciftcilerimiz icin Sygenta Lucroso ¢esidini ikinci Uriin silajik misir yetistiriciliginde Onerilebilecek gesit oldugu sonucuna
variimistir. Ancak bu ¢alismalarin 1-2 yil daha yurattlmesi gerektigi sonucuna varilmigtir.
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Abstract

otton crop basically serves the fiber need of mankind but it goes beyond the fiber and also add up to ensure
ood safety for growing populations. A Cottonseed contains 15-20% oils and is no longer considered a
yproduct and is used for edible purpose. Cottonseed oil is an essential agricultural product derived from
otton processing, serving the food products market, pharmaceuticals, cosmetics, and the biofuels industry.
echanical pressing and solvent extraction methods yield cottonseed oil containing both saturated and
nsaturated fatty acids, with linoleic acid comprising 50-60% of its content. The combination of high oxidative
tability together with tocopherol content ensures that cottonseed oil works well for food preparation during
rying and baking activities. However, the safety of cottonseed oil consumption depends on refining methods
ince research shows gossypol toxicity and pesticide residues combined with an unbalanced omega-6 to
mega-3 ratio. Cottonseed oil holds dual industrial significance, as its emollient and antioxidant properties
ake it valuable for both biodiesel production and cosmetic formulations. The cotton farming sector pursues
rganic cultivation and genetic modification as methods to boost oil production while minimizing the
nvironmental effects. Now, research is focused on exploring modern extraction strategies built around
nzyme-assisted and supercritical CO2 methods which both boost the process's efficiency while
educing chemical solvent requirements. The rising market demand for plant-based oils alongside
ustainable farming methods creates substantial opportunities to secure global food supplies while fostering
enewable energy development and nutraceutical innovation. The paper examines cottonseed oil’'s structural
omposition, extraction methods, health impacts, industrial applications, and its sustainable

rospects.

Citation: Younas, A., A. Parveen & S. Waqgar (2025). Versatile Applications, Challenges, and Future Prospects of Cottonseed Oil.
Journal of BinBee - Apicultural and Natural Products (JBANP), 5(1), 24-33.

Pamuk tohumu yaginin ¢cok yonlid kullanim alanlari, zorluklari ve gelecekteki

Article info
Received: 04.03.2025
Accepted: 30.05.2025

Article type: Arastirma

Keywords: Pamuk tohumu
yag, Ekstraksiyon yontemleri,
Gossypol toksisitesi,
Surdurdlebilir tarim,
Enduistriyel uygulamalar

beklentileri

Ozet

amuk mahsull temel olarak insanhgin lif ihtiyacini karsilar, ancak lifin 6tesine gegerek artan nufus icin gida
tvenligini saglamaya da katkida bulunur. Pamuk tohumu %15-20 oraninda yag icerir ve artik bir yan triin
larak gorilmemekte, gida amagli kullaniimaktadir. Pamuk tohumu yagi, pamuk isleme surecinden elde
dilen 6nemli bir tarim Grinddur ve gida Urlnleri pazari, ilag, kozmetik ve biyoyakit endistrisine hizmet eder.
ekanik presleme ve ¢o6zlicl ekstraksiyon yontemleri, iceriginin %50-60'in1 linoleik asit olusturan, hem doymus
em de doymamis yag asitleri iceren pamuk tohumu yagi verir. Ylksek oksidatif stabilite ile tokoferol iceriginin
irlesimi, pamuk tohumu yaginin kizartma ve firinlama faaliyetleri sirasinda gida hazirlama icin iyi sonuglar
ermesini sagdlar. Ancak, pamuk tohumu yagi tikketiminin glivenligi, arastirmalarin gossypol toksisitesi ve pestisit
alintilarinin dengesiz omega-6 ve omega-3 oraniyla birlestigini gostermesi nedeniyle rafine etme
ontemlerine baglidir. Pamuk tohumu yagi, yumusatici ve antioksidan 6zellikleri sayesinde hem biyodizel
uretimi hem de kozmetik formilasyonlari icin degerli olmasi nedeniyle enddistriyel agidan ¢ift 6neme sahiptir.
amuk yetistiriciligi sektoru, cevre tzerindeki etkileri en aza indirirken yag
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retimini artirmak icin organik yetistirme ve genetik modif_ikasyon yontemlerini uygulamaktadir. Su anda
rastirmalar, hem surecin verimliligini artiran hem de kimyasal ¢ézlicti gereksinimlerini azaltan enzim destekli
e slperkrittk CO2 yontemleri etrafinda gelistiilen modern ekstraksiyon stratejilerini  kesfetmeye
daklanmaktadir. Bitki bazli yagdlara yonelik artan pazar talebi ve surdirtlebilir tarim yontemleri,
enilenebilir enerji gelistirme ve nutrasétik inovasyonu tesvik ederken, kiresel gida tedarikini glivence altina
Imak icin énemli firsatlar yaratmaktadir. Bu makale, pamuk tohumu yaginin yapisal bilesimi, ekstraksiyon
ontemleri, saglk Uzerindeki etkileri, endistriyel uygulamalari ve surdirulebilirlik beklentilerini
ncelemektedir.

Atif: Younas, A., A. Parveen & S. Wagar (2025). Pamuk tohumu yaginin ¢ok yonlu kullanim alanlari, zorluklari ve gelecekteki
beklentileri.Journal of BinBee - Apicultural and Natural Products (JBANP), 5(1), 24-33.

1 *Corresponding author, Abia Younas, Cotton Researc Station, Ayub Agricultural Research Institute,
Faisalabad, Pakistan, abia.younas@aari.punjab.gov.pk, ORCID: 0000-0001-9974-1041

Introduction

The textile industry relies on lint production from cotton plants, which generates economic value. China,
India, the United States, Pakistan, and Brazil are the leading cotton-producing countries worldwide.
Significant work is been done to improve cotton seed yield via different conventional and advance breeding
methods [1] the focus on byproducts of cotton crop is very little till now. Cotton is among the significant
crops because its lint fulfills the requirement of textile industries and its seed is used for extracting edible
oil. The byproducts of cotton are used for domestic and industrial purposes (Figure 1). Cottonseed oil is a
valuable byproduct obtained after separating natural fibers from cotton seeds and then extracting oil from
them. Seed contents makes about 50-60% of the total seed cotton yield and thus can contribute a
considerable amount of oil [1]. Industrial companies extract cottonseed oil during the production of
cottonseed meal and oil-based ingredients. Despite the common perception that cottonseed oil is a
secondary product, it is widely used in animal and human food, cosmetics and paints. Germplasm
screening is one of the powerful technique to determine the potential of genotypes for potential
improvement areas of crop breeding [3]. The germplasm of cotton has been screened for cotton seed oil
many times and it reveals that it ranges between 16-20% while protein contents ranges from 20% to 25%.
While the mineral contents of seed do not impact their protein levels [4].

Hybridization is been used for centuries to improve cotton traits like seed cotton yield and fiber quality. It is
now also been utilized for developing resistance against various pathogens and tolerance for many abiotic
stresses [5]. Thus hybridization after screening can be a potential approach to improve inherent oil
guantities in the cotton seeds. Extraction methods for cottonseed oil are crucial because they deliver
advantages to nutritional areas and industrial facilities. Eating raw cottonseed as a single portion is risky
because gossypol is toxic polyphenolic compound that makes it poisonous [6. 7].

Production and export of cottonseed oil occurs in huge volumes in the United States as well as India. The
Chinese market uses cottonseed oil at its peak for edible purposes. Cottonseed oil replaces traditional
soybean, palm and canola oil due to its neutral taste profile combined with high cooking tolerance [8]. The
production chain of cottonseed oil fulfills its basic needs both for agricultural and food industry exports to
international markets. The market demand of cotton seed oil keeps on increasing because of its functions
both as edible purpose and industrial raw material. Cotton researchers have dedicated their efforts to
resolve three main problems involving gossypol toxicities and pesticide residues while handling sustainable
productions. Cottonseed oil continues to expand its market value as a useful agricultural commodity due to
growing demand for vegetable oils and environmentally friendly farming practices which point toward
considerable potential in food sector applications and pharmaceutical research and biofuel production. This
review explores cottonseed oil structural features alongside extraction techniques, medical applications,
safety considerations and industrial utilization possibilities.
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Used in cooking, frying,
and processed food

— Cotton seed oil (16-20%)

Protein-rich animal feed

— Cotton meal (30-50%)
after gossypol removal

Used in livestock feed and

—| Cotton hull (20-30%) industrial applications

Fine fibers used in paper,
cellulose, and explosives

Cotton Seed

_— Linter (1-2%)

Figure 1 Percentages of byproducts of cotton and their usages

Cotton seed oil processing

The cottonseed oil industrial processing began in the nineteenth century when cotton mills started
extraction of oil from seed during their manufacturing operations [9]. The scientific community initially
discarded the substance until they found that it offered valuable commercial potential in food manufacturing.
The process of oil extraction starts with cleaning operations followed by de-hulling after which oil extraction
takes place and then refinement completes the procedure. The majority of oil extraction uses press methods
along with solvent techniques and then requires degumming combined with neutralization, bleaching and
deodorizing [6]. The oil processing methods accomplish double purposes to convert oil into edible food
while ensuring extended storage period. Cottonseed oil serves as highly stable frying oil that people
extensively use in food baking and frying and manufacturing operations. It has mild nutty flavor and
preserve food during deep frying since it remains fresh for 12 months and has a 232°C smoke point [10].
Rich in tocopherols (vitamin E) along with sterols and antioxidants offer both nutritional qualities and stability
to the substance [11].

Beyond food applications, cottonseed oil is used in pharmaceuticals and cosmetics as a natural moisturizer
in lotions, hair products, and soaps [12]. The biological fuel market makes primary usage of cotton seed oil
while industries utilize it to produce lubricants and paints. The substance qualifies as sustainable because
cottonseed oil emerges as a processing byproduct so no production material becomes unnecessary waste
[13, 14]. However, cotton farming poses three major challenges affecting oil quality: pesticide use, high
water consumption, and the presence of gossypol, a naturally occurring toxin that makes unrefined
cottonseed oil unsafe for direct consumption [15, 7]. Adopting organic and hon- GMO cotton production can
enhance ecological sustainability [16].

Chemical Composition of Cottonseed Oil

Cottonseed oil contains a balanced combination of saturated, monounsaturated, and polyunsaturated fatty
acids, contributing to its stability during frying. Its primary fatty acid is linoleic acid (an omega-6 fatty acid),
which makes a major part of cotton seed oil. While oleic acid (omega-9), palmitic acid, and stearic acid also
found in comparatively less amounts [9]. Furthermore, tocopherols (vitamin E), phytosterols, and
polyphenols help prevent spoilage and extend shelf life benefits [18]. Due to these properties, cottonseed
oil is gaining popularity in food industries for margarine, salad dressings, and baked goods.

Regular consumption of cottonseed oil provides essential fatty acids that support heart health, as it is
cholesterol-free and rich in linoleic acid [19]. This omega-6 polyunsaturated fatty acid plays a vital role in
cell structure, skin health, and immune function [20]. However, excessive omega-6 intake relative to
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omega-3 may promote inflammation and chronic health conditions [21]. Although the omega6: Omega3 is
very high (15:1) in human diets, a relatively small ratios (3:1 or 4:1) are required to prevent pathogenesis
of many diseases including hypertension, cancer, arthritis, diabetes, neurodegenerative diseases and
coronary heart disease. However, a target of 2:1 to 1:1 of omega 6 to omega 3 is desirable in diet for
optimal neurodevelopment and gene expression [22]. Pesticide residues are another problem of cotton
seed oil. As much as 38% of cotton seed oil has some residues of pesticides including propenofos,
chlorpyrifos, acephate and highest probability of monocrotophos. These chemical residues in edible oil is
a big threat to human health but Bt. Gene has made this problem less effective as pesticide sprays has
been reduced in Bt. cotton [23]. Additionally, gossypol is a natural polyphenol in unrefined cottonseed oil,
which must be removed during processing to ensure safety for human consumption [24, 7]. World health
organization has permitted 0.6 pg/mg free gossypol in edible oil, which can be ensured in cotton seed oil
processing and packaging [25]. Despite its imbalanced omega-6 to omega-3 ratio, cottonseed oil remains
a valuable nutritional resource in regions with limited food alternatives (Figure 2)

Extraction Methods of Cottonseed Oil

There are two distinct methods usually used for extracting cottonseed oil. These two methods used for
cottonseed oil extraction include mechanical pressing followed by solvent extraction whereas the second
method involves cold pressing. Product certainty estimates and end-quality attributes together with product
purity depend on the selection of extraction method [8].

g Oliec acid (18-
30%)~0Omega 9

— UFA ~75%
Linocleic acid (50-
80%)~Omega &
O Palmitic acid (20-
76%)
~ SFA™~25%

£ steric acid (2-5%)

Figure 2 Fatty acid composition of cotton seed oil [53]

Physical Extraction Method

The physical extraction process of cottonseeds produces the end products of oil alongside seed cake [26].
The extraction process effectively conserves nutrients yet yields a lower extraction output compared to
solvent extraction methods

Solvent Extraction Methods
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Hexane extraction and its variant solvent extraction methods dominate the industrial process to extract 98%
seed oil [8]. Cottonseed oil emerges through extraction since crushed cottonseeds absorb hexane solution
before evaporating the liquid substance to produce clean cottonseed oil. Cottonseed oil extraction works
efficiently with solvents but needs supplementary steps to eliminate all solvents along with impurities.
Cold Extraction Method

Cold pressing enables peak retention through its extraction method which operates at low temperatures
thus preserving tocopherols antioxidants and essential fatty acids [27]. The commercial extraction method
fails to produce enough oil for profitable use. Production of edible oil in refining plants removes harmful
compounds which shorten shelf life by following degumming and neutralization into bleaching and
deodorizing processes [28].

Refining Process

Cottonseed oil needs comprehensive refining for making it suitable for human consumption, various
procedures are follows to remove both impurities with toxic substances alongside undesirable flavors from
the oil [29]. Cottonseed oil requires various processing stages for remove gossypol (natural toxin) and
additional impurity groups consisting of free fatty acids and phospholipids along with pigments and waxes
[30]. The first step involves removing excessive gossypol, followed by degumming to extract phospholipids
and gums. Next, neutralization eliminates free fatty acids, while bleaching removes color pigments.
Deodorization then strips away flavor compounds and residual impurities. Finally, winterization prevents
crystallization at low temperatures. The resulting refined oil is colorless, tasteless, and versatile for various
applications [31].

The degumming process employs water and acidic chemicals to remove phospholipids and mucilage,
enhancing oil clarity and stability [32]. After degumming, neutralization (alkali refining) purifies the oil further.
Sodium hydroxide is added, triggering reactions that form soap stock, which is later separated. Activated
carbon or clay adsorption then extracts pigments and heavy metals, improving brightness, purity, and color
[33]. Product deodorization conducted by exposing distillates to steam under vacuum to extract volatile
compounds alongside off-flavors that also eliminates gossypol for product neutralization and extended shelf
life [10]. Winterization, a critical step in some refineries, prevents crystallization, making the oil suitable for
salad dressings and margarine production [28]. Refineries use refinements on cottonseed oil to achieve
product stability along with regulatory safety requirements suitable for industrial and commercial food use.
Health Benefits of Cottonseed Oil

Cottonseed oil combines a favorable fatty acid composition with strong antioxidant properties, offering
multiple benefits for cardiovascular and metabolic health [19]. As a cholesterol-free oil, it is primarily
composed of linoleic acid (50-60%), a polyunsaturated fatty acid (PUFA) known to help lower cholesterol
levels and promote heart health [34]. Scientific studies confirm that PUFASs reduce the risk of coronary heart
disease and atherosclerosis while improving lipid profiles and decreasing inflammation. Additionally,
cottonseed oil contains vitamin E, which acts as an antioxidant, protecting cells and preventing lipid damage
in body tissues [8]. According to researchers, incorporating cottonseed oil into a balanced diet can
contribute to heart disease prevention [19].

Beyond cardiovascular benefits, cottonseed oil supports immune function, skin health, and metabolic
regulation. Its high tocopherol content provides antioxidant, healing, and UV-protective properties, making
it a valuable component in dermatological and cosmetic applications [35].

Recent studies about this oil identify the insulin-enhancing capabilities of polyunsaturated fatty acids
coupled with phytosterols which supports diabetes prevention efforts for high-risk groups [36]. Furthermore,
the plant sterols in cottonseed oil may help block intestinal cholesterol absorption, offering additional
advantages for heart health [37]. While cottonseed oil provides essential fatty acids and
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antioxidants, excessive omega-6 intake should be balanced with omega-3 to avoid inflammation. When
used in moderation, it serves as a healthier alternative to saturated and trans fats in a balanced diet.
Potential Health Risks and Concerns

Due to unbalanced omega-6 to omega-3 ratio and toxic gossypol content which might not be effectively
remove due processing difficulties possess significant health risks. More importantly, chronic inflammation
can occur in individuals who consume cottonseed oil due to its extremely high linoleic acid (an omega-6
fatty acid) content, which exceeds Research indicates that an excessive intake of omega-6 over omega-3
contributes to cardiovascular diseases, arthritis, and metabolic disorders [38]. Commercial preparation of
cottonseed oils undergoes hydrogenation treatment to maintain product stability and create unsafe trans
fats which elevate LDL cholesterol alongside decreasing HDL cholesterol levels in the human body [19].
Another major concern is gossypol, a naturally occurring toxin in cotton plants that serves as an insect
deterrent. Even trace amounts remaining after refinement can cause reproductive harm, liver damage,
and anemia [39]. Research has proven that high levels of gossypol toxicant in unprocessed cottonseed oil
cause reduced sperm movement and male infertility issues in human male reproduction. The extensive
pesticide usage in cotton cultivation raises considerable concerns about non-organic cottonseed oil
containing pesticide residues because these chemicals may eventually cause endocrine disruption and
neurotoxicity. Consumers should restrict their dietary intake of authentic cottonseed oil to the point where
its health risks are properly counterbalanced.

Industrial and Culinary Applications

The food industry along with industrial usage depends on cottonseed oil because of its lack of taste and
ability to withstand high temperatures as well as its natural resistance to chemicals. The food processing
industry employs cottonseed oil throughout its operations for deep-frying as well as baking production and
salad dressing manufacturing and margarine making so it becomes fundamental in creating processed food
meals and fast food items [40]. The product maintains resistance to oxidation and degradation at high
temperatures of up to 232°C (450°F) which allows cottonseed oil to extend the preservation time of fried
items [41]. Cottonseed oil appearance in light tones and flavor protection properties provide manufacturers
with versatility to use it during snack food processing near mayonnaise and sweet food products [28].
Vitamin E (Tocopherol) in cottonseed oil increase its anti-oxidative properties to protect commercially
packaged foods from spoilage thus increasing their total preservation duration [42].

The food sector is one of many industries where cottonseed oil serves as a key industrial ingredient. Beyond
food production, it is utilized in biodiesel production, pharmaceuticals, cosmetics, and textiles. In cosmetics,
cottonseed oil is valued for its emollient properties and antioxidant activities, making it a beneficial
component in moisturizers, lotions, and soaps. These properties help enhance skin hydration and protect
skin cells from oxidative stress. In biofuel production, cottonseed oil is converted into biodiesel, offering a
sustainable energy alternative to fossil fuels and supporting eco-friendly power solutions [43]. Additionally,
byproducts of cottonseed oil are repurposed as nutritious animal feed and environmentally friendly
fertilizers, promoting sustainable agricultural practices.

Due to its diverse industrial and food applications, cottonseed oil has emerged as a driver of economic
growth and environmental sustainability, holding significant commercial value.

Environmental and Sustainability Aspects

Cotton primarily serves as a textile material, but extracting oil from cottonseeds reduces agricultural waste,
improve environmental sustainability together with resource conservation. The extraction of oil from
cottonseeds improves waste reduction in agriculture and promotes economic opportunities [44].
Furthermore, by products obtained from processing of cottonseed such as cottonseed meal and hulls,
contribute to the agricultural circular economy by being used as organic fertilizers and animal feed [30].
However, conventional cotton cultivation poses environmental risks due to excessive pesticide use and
high water consumption. Addressing these challenges requires the simultaneous advancement of organic
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cotton farming and genetically modified pest-resistant cotton varieties [45].

The production cycle of cottonseed oil also has environmental impacts, primarily through emissions, energy
intensity, and solvent-based processing. For instance, hexane-based solvent extraction releases volatile
organic compounds (VOCs) that often exceed environmental safety standards, attracting regulatory
scrutiny [46]. Fortunately, advancements in mechanical pressing and sustainable refining technologies
have helped mitigate these environmental concerns [47]. Additionally, cottonseed oil is gaining market
traction as a renewable biofuel and biodiesel feedstock [48]. The cottonseed oil manufacturing industry
continues to implement environmental conservation techniques that reduce water consumption and lower
pesticide impact and facilitate organic product documentation [8]. Plant-based oil consumers are driving
growth while requiring sustainable agricultural practices for cotton farming to combine with environmentally
safe processing methods which minimize environmental footprints from cottonseed oil operations.
Recent Research and Future Trends

Modern scientific inventions of cottonseed oil extraction focus on innovative industrial methods and
enhanced extraction methods and genetic approaches to boost oil yield. The study reveals GhHACD2
functions as a key regulator of very long-chain fatty acid synthesis for eventual genetic improvement of
cottonseed oil production and quality enhancement. The research also highlights strategies for developing
cotton cultivars with improved nutritional profiles, optimized oil production, and reduced gossypol content
[49]. Additionally, scientists are exploring alternative extraction methods, such as supercritical carbon
dioxide extraction combined with enzyme-assisted techniques, which provide environmentally friendly
solutions [50]. The research community discovered nutraceutical applications of cottonseed oil because
scientists proved its capacity to minimize inflammation while fighting oxidative stress.

The future applications of cottonseed oil focus on both sustainability goals and the creation of biofuel
products along with functional meal development. Regulatory interest in non-GMO organic cottonseed oil
has risen because consumers want plant-based oils and this drive led to pesticide-free sustainable
agriculture practices [51]. The biofuel industry advancement requires renewable biodiesel materials which
utilize cottonseed oil [48]. The application of nanotechnology for cottonseed oil stabilization using
antioxidant nanocontainers to lengthen food storage durability [52]. Studies using biotechnology and
agricultural solutions and green processing methods indicate cottonseed oil will become a leading choice
for food security worldwide as well as sustainable energy solutions [53].

Conclusion

Cosmetic manufacturers together with industries and the food sector use cottonseed oil to fulfill their
adjustable vegetable oil requirements. What draws many people to use cottonseed oil as their cooking
medium is its ability to stay stable and high content of natural antioxidants along with unsaturated fats.
People should exercise careful consumption of refined cottonseed oil because they remain worried about
gossypol toxicity and excessive omega-6 content and pesticide contamination. Cottonseed oil retains its
market value in the international sector thanks to improved biotechnology with sustainable agriculture
practices and innovative food and energy applications. Futuristic scientific investigation needs to enhance
nutritional content along with producing beneficial farming results through sustainable farming methods.
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number of sympodial branches. The hybrids VH-330 x Debel, VH-330 x MS-DK and FH- 444 x VH-330
exhibited significant and highest heterotic effects for yield and yield related traits and fiber quality parameter.
The estimates of broad sense heritability exposed that moderate heritability was observed between all traits.
The value of GCV was less than the value of PCV which means the influence of environment is more on all traits.
These hybrids can be utilized for exploitation of yield and fiber quality parameters in future breeding
programmes.
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Yuksek verimli pamukta tohum pamuk verimi ve verimle ilgili bilegenler tizerine heterozis

calismalari
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MaI_(aIe t."l.g'le” Pamuk, Malvaceae familyasina aittir ve diinya gapinda “Beyaz Altin” olarak bilinen baslica lif bitkilerinden
Gel_|§_Tar|h|:26.05.2025 Kabul biridir. Pamuk ve yan urlnleri, gelismis ve gelismekte olan Ulkelerin ekonomisinde 6nemli bir rol
Tarihi: 26.06.2025 oynamaktadir. Pamukta diisiik verim ve diistik lif kalitesinden gesitli biyotik ve abiyotik faktérler sorumludur.
o Heterosis galismalari, melez kombinasyonlarin gelistiriimesi ve ticari tiketimine temel olusturur. Mevcut
Makale tira: Aragtirma arastirma, dort ebeveyn ve alti melez ile iig tekrarli RCBD tasariminda tohum pamugu verimi ve verimle ilgili

bilesenler icin heterozis derecesini arastirmak amaciyla gergeklestiriimistir. Bitki boyu, simpodya/bitki,
) ) monopodia/bitki, meyve veren digim sayisi/bitki, tohum pamugu verimi/bitki, diigiim orani, koza agirhgi, GOT
Anahtar kelimeler; Gossypium | yiizdesi, tohum indeksi, mikroner, lif uzunlugu, lif mukavemeti ve koza sayisi/bitki igin veriler toplanmistir.
hIFSUt}Jm L, tohgm pamuk Varyans analizi, ebeveynler ve melezler arasinda énemli farkliliklar oldugunu gostermistir. Debel ve VH-330
verimi, Heterosis, Kalitim ebeveynleri, bitki boyu, koza agirligi ve monopodyal dal sayisi, tohum pamugu verimi/bitki, mikronaire, lif
uzunlugu, lif mukavemeti, Got% ve simpodyal dal sayisi 6zellikleri i¢in en etkili gapraz kombinasyon olarak
gosterilmistir. VH-330 x Debel, VH-330 x MS-DK ve FH-444 x VH-330 melezleri, verim ve verimle ilgili
ozellikler ile lif kalitesi parametresi igin 6nemli ve en yliksek heterotik etkiler sergilemistir. Genis anlamli
kalitim tahminleri, tim 6zellikler arasinda orta dizeyde kalitim goézlemlendigini ortaya koymustur. GCV
degeri PCV degerinden daha disuktl, bu da ¢evrenin tiim 6zellikler Gizerinde daha fazla etkiye sahip oldugu
anlamina gelir. Bu melezler, gelecekteki islah programlarinda verim ve lif kalitesi parametrelerinin
gelistirilmesi icin kullanilabilir.
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Introduction

Cotton (Malvaceae: Malvales) is one of the most crucial natural fiber producing crop. Cotton has four domestic species viz G.
hirsutum and G. barbadence (American) G. herbarium and G. arboreum [1] which are commercially cultivated for household use
[2]. G. arboreum and G. herbaceum are diploid while G. hirsutum & G. barbadense consisted of allotetraploid genomes, and belongs
to family Malvaceae [3]. Cotton is vital crop that is grown in more than 80 countries because of its products and socioeconomic
importance. The top five countries India, China, the USA, Brazil, and Pakistan produce 80% of the world's cotton production [4].
Our World’s population is increasing day by day, so appropriate cotton production is needed to encounter the increasing demand of
fiber [5]. Pakistan's economy is based on cotton production, which is regarded as a cash crop [6]. Cotton crop is the backbone of
Pakistan’s economy and is considered as a main earning commodity by providing 0.3% to gross domestic product (GDP) and 1.4%
to cost added in agriculture (Economic survey of Pakistan, 2022-2023). The area of cotton that was grown in the 20222023 season
increased to 2,144 thousand hectares, an increase of 10.7% from the 1,937 thousand hectares of the previous year (Economic survey
of Pakistan, 2022-2023). Cotton is referred to as a king of fiber occupies a huge and crucial position as a cash crop that has a
substantial influence on the world economy and social dynamics [7].It is known as “White gold” because it gives excessive profit
and exported in almost 111 countries of the world [2]. Cotton and its by-products play significant role in the economy of developed
and developing countries [8]. The cotton crop provides the raw materials for a wide range of industries, allowing for the manufacture
of edible oil, textiles, seed cakes for use as livestock feed, organic matter, and a number of other goods [9]. It employs millions of
people globally in activities like cultivation, seed production, marketing, industry utilization, and research as the primary raw
material (representing 85% of the textile industry's needs) [10].

Cotton is exposed to several biotic and abiotic stresses that causes to produce less cotton production. Cotton is susceptible to several
diseases, including Fusarium wilt, Verticillium wilt (Bardak et al., 2021; Celik et al., 2017; Celik et al., 2019; Celik et al., 2022)
bacterial blight, and fungal blight [11]. Whiteflies and thrips caused substantial damage to the cotton crop in the cotton belts of
Punjab and Sindh. The CLCV Disease repeatedly and persistently present produced a detrimental effect on the cotton crop [12].
Several ecological factors, including temperature variations, rainfall distribution and intensity, relative humidity, and winds all
indicators of climate change have an impact on the growth and development of cotton [13]. Since cotton is more susceptible to
environmental challenges, temperatures above the optimum will gradually reduce yield. Additionally, in most cotton belts during
the flowering stage and the production of the bolls, the temperature is already above the ideal threshold temperature is 60°F, and an
increase will reduce the crop's yield [13]. Farmers and the textile industry are seeking enhancements in both fiber quality and seed
cotton yield [12; 14].

Considering the tendency towards diminishing yields and the rising demand from the textile sector, it is crucial to develop breeding
programmes that can significantly increase cotton production in the country. Pakistan has the potential to become a large global
producer of cotton [12]. The development of commercial hybrid varieties (both interspecific and intraspecific) is a crucial strategy
to fulfil the current cotton demand among the many tactics used to improve yield and quality in grown cotton [1]. According to
[15] heterosis has constantly distinguished itself as a noteworthy accomplishment in cotton breeding processes. Heterosis refers to
the enhancement in a hybrid's performance compared to the average of its parents, and this can manifest as either positive or negative
values. Breeders of cotton have become more interested in heterosis during the past few decades [16]. Heterosis involves assessing
the performance of an F1 hybrid resulting from the crossbreeding of two varieties or pure lines, although its effective utilization in
cotton breeding has not yet reached its full potential [17]. According to [7; 18] genetic traits relating to economic and fiber properties
in cotton cultivars were improved through heterosis breeding. The heritability signify the genetic variance transmitted to offspring,
holds a substantial role in the improvement of quantitative traits [19]. The aim of this research was to investigate heterosis and
heritability analysis for various yield and yield related components in upland cotton that can be employed in future cotton breeding
programme.

Materials and Methods

The experiment was conducted in the field area of Department of Plant breeding and Genetics, University of Agriculture, Faisalabad
during 2020-2021. During November 2020, seeds of four cotton genotypes viz. FH-444, MS-DK, Debel, VH-330 were planted in
pots in a glasshouse. At flowering, these varieties were crossed in complete diallel fashion to develop F1seed. Only six F1 hybrids
viz. FH-444 x VH-330, FH-444 x Debel, FH-444 x MS-DK, VH-330 x Debel, VH-330 x MS-DK and Debel x MS-DK were

developed. There were 5 pots for each variety. The temperature in the glasshouse was kept at 35°C. Selective crossing was made at
the time of flowering. All preventive measures were adopted to avoid any genetic contamination at the time of flowering. The
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parental seeds and F; hybrids of these varieties were treated with sulphuric acid after harvesting to eliminate fuzz before sowing.

The seeds of six hybrids along with their parents was field planted in randomized complete block design (RCBD) design with three
replications. The space between rows and plants was kept at 75cm and 30cm respectively. Standard and uniform cultural practices
was followed to each genotype. At the maturity stage, five plants per replication of each genotype was chosen for collecting data of
Plant height(cm), Number of monopodial branches, Number of sympodial branches, Number of fruiting nodes per plant, Number
of bolls/plant, Boll weight (g), Seed cotton yield/plant (g), Ginning out turn (%), Seed index (g), Fiber length (mm), Fiber strength
(g/tex), Micronaire (ug/inch) and node ratio.

Lint weight(g)

0f, — X
GOT% Seed cotton yield (g) 100

Statistical Analysis

The recorded data was examined for the analysis of variance (ANOVA) suggested by [20] Heterosis were estimated by following
[21]. The values of GCV, PCV, and broad sense heritability were calculated by using method [22].

MP and BP heterosis of these F1 hybrids were estimated by given formulas;

(F1 — MP)
Mid Parent Heterosis = W x 100
(F1 — BP)
Better Parent Heterosis = —————
(BP) X 100
Heritability h? was estimated as following;
h? =Vp/Vg

Test for significance of mid and better parent heterosis

The t-test was utilized to examine whether the F1 hybrid's mid and better parent heterosis was statistically significant. The t value
was calculated using the following formula by [23].

t- test for heterosis
t= (F1-MP)/ 3/2rEMS)°5
t- test for heterobeltiosis
t= (F1-BP)/ 2/fEMS) 05

3. Results and discussion

3.1. Heterosis

Statistical analysis for all parameters revealed significant differences among genotypes. It revealed that all genotypes differ from
one another exhibited in table (3.1). The estimation of heterosis and heterobeltiosis for plant height are exhibited in table (3.2). VH-
330 x Debal exhibited maximum heterosis (-26.74) followed by Debal x MS-DK (-9.73). The crosses FH-444 x VH-330, FH-444
x Debal and FH-444 x MS-DK showed non-significant mid parent heterosis. The hybrid VH-330 x Debal revealed highest
significant and negative heterobeltiosis (-27.92) followed by Debal x MS-DK (-19.60), VH-330 x MS-DK (-13.59), FH-444 x Debal
(-11.29) and FH-444 x VH-330 (-10.97). The estimation of heterosis and heterobeltiosis for monopodial branches are exhibited in
table (3.2). The hybrid FH-444 x VVH-330 showed the highest heterosis (43.07) followed by FH-444 x Debel (-18.07), VH-330 x
MS-DK),(-21.05) and Debel x MS-DK (-31.91). The hybrid FH-444 x\VH-330 revealed the highest heterobeltiosis (40.90) followed
by FH-444 x Debel (-32), VH-330 x MS-DK (-31.81) and Debel x MS-DK (-36). For sympodial branches, the estimation of
heterosis and heterobeltiosis are given in table (3.2). The hybrid VH-330 x Debel showed the highest heterosis (- 39.89) following
VH-330 x MS-DK (-29.73), Debel x MS-DK (-15.33) and FH-444 x VVH-330 (-12.80). The highest heterobeltiosis (-45.73) was
exhibited by VH-330 x Debel. Five crosses FH-444 x VVH-330, FH-444 x Debel, Debel x MS-DK, VH-330 x Debel and VH-330
x MS-DK revealed significant and negative (-13.56, -17.85, -22.53, -45.731 and -30.76).
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For number of bolls/plant, the estimation of heterosis and heterobeltiosis are shown in (3.3). VH-330 x MS-DK revealed maximum

heterosis (-23.24) following VH-330 x Debel (-22.06). The hybrid VH-330 x MS-DK revealed highest heterobeltiosis (-27.58)
following VH-330 x Debel -24.34) while remaining four crosses revealed nonsignificant and negative heterobeltiosis and heterosis.
For number of fruiting nodes/plant, the estimation of heterosis and heterobeltiosis are shown in table (3.3). The hybrid FH-444
xV/H-330 revealed highest heterosis (20.16) followed by Debel x MS-DK (19.11). All hybrids revealed nonsignificant positive and
negative heterobeltiosis. For seed index, the estimation of heterosis and heterobeltiosis are shown in table (3.3). The hybrid Debel
x MS-DK showed significant and positive heterosis (20.77) following VH-330 x Debel (19.20) and FH-444xVH-330 (17.85). The
hybrid Debel x MS-DK showed maximum heterobeltiosis (19.23) followed by VH-330 x Debel (18.42) while remaining four
crosses showed nonsignificant positive and negative heterobeltiosis.

For boll weight, the estimation of heterosis and heterobeltiosis are exhibited in table (3.4). The hybrid VH-330 x MS-DK exhibited
the highest heterosis (36.44) followed by VH-330 x Debel (22.14) and FH-444 x VVH-330 (19.10). The hybrid VH-330 x MS-DK
showed the maximum (33.24) heterobeltiosis followed by FH-444 x Debel (-21.14) while remaining four crosses showed
nonsignificant heterobeltiosis. For ginning outturn, the estimation of heterosis and heterobeltiosis are shown in table (3.4). The cross
VH-330 x MS-DK exhibited highest heterosis (-11.99) followed by VH-330 x Debel (-10.24) and FH-444 x Debel (9.60) while
remaining three crosses FH-444 x VH-330, FH-444 x MS-DK and Debel x MS-DK exhibited nonsignificant positive and negative
heterosis. The cross VH-330 x MS-DK exhibited maximum heterobeltiosis (-14.72) followed by FH-444 x Debel (9.46), VH-330
x Debel (-12.58). For fiber strength, the estimation of heterosis and heterobeltiosis are shown in table (3.4). The hybrid FH-444 x
MS-DK showed maximum heterosis (17.46) followed by VH-330 x Debel (-9.59) and Debel x MS-DK (-9.04). The hybrid FH-
444 x MS-DK showed significant and highest heterobeltiosis (14.51) followed by FH-444 x VVH-330 (-11.03), VH-330 x Debel (-
13.58), Debel x MS-DK (-10.75) and VH-330 x MS-DK (-9.16).

For micronaire value, the estimation of heterosis and heterobeltiosis are shown in table (3.5). Debel x MS-DK revealed significant
and negative heterosis (-13.54) while the remaining five crosses FH-444 x Debel, FH-444 x VH-330, FH-444 x MS-DK, VH-330
x MS-DK and VH-330 x Debel revealed nonsignificant heterosis. Debel x MS-DK revealed significant and negative heterobeltiosis
(-14.43) while the remaining five crosses revealed nonsignificant heterobeltiosis.

For fiber length, the estimation of heterosis and heterobeltiosis are shown in table (3.5). The hybrid FH-444 x Debel revealed highest
heterosis (-20.55) followed by Debel x MS-DK (18.07) and VH-330 x Debel (-13.51). The hybrid FH-444 x Debel revealed
significant and negative heterobeltiosis (-21.41) following VH-330 x Debel (-16.43), Debel x MS-DK (11.50) and FH-444 x VH-
330 (-10.72). The estimation of heterosis and heterobeltiosis for node ratio are shown in table (3.5). The hybrid VH-330 x MS-DK
exhibited highest heterosis (-25.75) while the remaining crosses showed nonsignificant heterosis. The hybrid VH-330 x MS-DK
showed maximum heterobeltiosis (-25.75) followed by Debal x MS-DK (-21.35), VH-330 x Debal (17.51) and FH-444 x MS-DK
(-9.07). For seed cotton yield/plant, the estimation of heterosis and heterobeltiosis are shown in (3.5). The cross FH-444 x \VH-330
exhibited maximum heterosis (30.95) followed by FH-444 x MS-DK (23.52) and VVH-330 x Debel (-19.15). The hybrid FH-444 x
VH-330 showed significant and positive heterobeltiosis (30.33) followed by VH-330 x Debel (-29.98), FH-444 x MS-DK (20.86)
and Debel x MS-DK (-16.33).

Table 3.1. Analysis of variance for yield and fiber parameters in upland cotton

SOV PH MB SB SI NB NFN BW
Replication 76.69 0.09 11.08 0.96 9.03 122.21 0.3
Genotypes 319.56** 0.38* 55.98** 2.25** 23.45% | 421.70** | 0.74**

Error 59.19 0.09 4.99 0.46 4.22 119.93 0.17

SOV GOT% FS MIC FL NR SCY
Replication 10.64 2.7 0.002 0.08 0.01 122.21
Genotypes 17.89** | 12.86** | 0.002* | 20.77** | 0.061** | 421.70**

Error 5.27 3.07 0.055 5.16 0.015 119.93

Table 3.2. Mid and better parent heterosis (%) for Plant height, number of monopodial branches and number of sympodial

branches in F1 of upland cotton
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. Number of monopodial Number of sympodial

Crosses Plant height (cm) branches P branc%lesp
MP (%) BP (%) MP (%) BP (%) MP (%) BP (%)
FH-444 x VH-330 -6.76 ns -10.97* 43.07* 40.90* -12.80* -13.56*
FH-444 x Debal -5.64 ns -11.29* -18.07* -32* -9.74ns -17.85*
FH-444 x MS-DK 7.513 ns 1.46 ns 9.09ns -4.54ns 1.55ns 0.95ns
VH-330 x Debal -26.74* -27.92* 3.65ns -15ns -39.89* -45.73*
VH-330 x MS-DK -4.39 ns -13.59* -21.05* -31.81* -29.73* -30.76*
Debal x MS-DK -9.73* -19.60* -31.91* -36* -15.339* -22.53*

Table 3.3. Mid and better parent heterosis (%) for number of bolls, number of fruiting nodes and seed index in F; of upland cotton

Crosses Number of bolls Number of fruiting Seed index
nodes/plant

MP (%) BP (%) MP (%) BP (%) MP (%) BP (%)

FH-444 x VH-330 7.20ns -0.85ns 20.16* 2.65ns 17.85* 6.45ns
FH-444 x Debal -3.36ns -8.08ns 12.52ns 10.78ns 6.50ns -3.22ns
FH-444 x MS-DK -7.41ns -9.36ns 8.29ns 0.76ns 5.26ns -3.22ns
VH-330 x Debal -22.06* -24.34* 0.71ns -6.94ns 19.20* 18.42*
VH-330 x MS-DK -23.24* -27.58* 6.88ns -6.29ns -9.80ns -11.53ns
Debal x MS-DK -4.68ns -7.43ns 19.11* 12.46ns 20.77* 19.23*

Table 3.4. Mid and better parent heterosis (%) for boll weight, ginning outturn and fiber strength in F1 of upland cotton

Crosses Boll weight Ginning Outturn Fiber strength
() (%) (g/tex)

MP (%) BP (%) MP (%) BP (%) MP (%) BP (%)

FH-444 x\VH-330 19.10* 19.04ns -5.93ns -8.27ns -6.34ns -11.03*
FH-444 x Debal -8.49ns -21.14* 9.60* 9.46* 5.15ns 4.46ns

FH-444 x MS-DK -1.05ns 14.65ns 4.30ns 3.62ns 17.46* 14.51*
VH-330 x Debal 22.14* 5.26ns -10.24* -12.58* -9.59* -13.58*
VH-330 xMS-DK 36.44* 33.24* -11.99* -14.72* -6.71ns -9.16*
Debal x MS-DK 10.10ns -3.15ns -6.36ns -6.84ns -9.04* -10.75*

Table 3.5. Mid and better parent heterosis (%) for micronaire, fiber length, node ratio and seed cotton yield/plant in F1 of upland

cotton

Crosses Micronaire (pg/inch) Fiber length (mm) Node ratio Seed cotton yield/plant

MP (%) BP (%) MP (%) BP (%) MP (%) BP (%) MP (%) BP (%)

FH-444 x VH-330 -3.22ns -4.25ns -8.59* -10.72* 1.90ns 1.90ns 30.95* 30.33*
FH-444 x Debal 3.66ns 2.06ns -20.55* -21.41* -6.14ns -6.14* 1.08ns -12.10ns
FH-444 xMS-DK -3.70ns -4.21ns 1.16ns -5.44ns -9.07ns -9.07* 23.52* 20.86ns
VH-330 x Debal -0.52ns -3.09ns -13.51* -16.43* -17.51ns -17.51* -19.15* -29.98*
VH-330 x MS-DK 0.53ns -1.05ns 9.93* 0.51ns -25.75* -25.75* -9.27ns -11.63ns
Debal x MS-DK -13.54* -14.43* 18.07* 11.50* -21.35ns -21.35* -5.57ns -16.33ns
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Fig. 3.1.1: Percent increase (+) or decrease (-) of F1 hybrids over MP and BP for plant height in upland cotton
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Fig. 3.1.2: Percent increase (+) or decrease (-) of F1hybrids over MP and BP for number of sympodial branches in upland cotton
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Fig. 3.1.3: Percent increase (+) or decrease (-) of F1 hybrids over MP and BP for number of monopodial branches in upland cotton
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Fig 3.1.4: Percent increase (+) or decrease (-) of F1 hybrids over MP and BP for number of fruiting nodes/plant in upland cotton
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Fig. 3.1.5: Percent increase (+) or decrease (-) of F1 hybrids over MP and BP for number of bolls in upland cotton
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Fig. 3.1.6: Percent increase (+) or decrease (-) of F1 hybrids over MP and BP for boll weight in upland cotton
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Fig. 3.1.7: Percent increase (+) or decrease (-) of F1 hybrids over MP and BP for node ratio in upland cotton
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Fig 3.1.8: Percent increase (+) or decrease (-) of F1 hybrids over MP and BP for seed cotton yield/plant in upland cotton
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Fig. 3.1.9: Percent increase (+) or decrease (-) of F1hybrids over MP and BP for ginning outturn in upland cotton
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Fig. 3.1.10: Percent increase (+) or decrease (-) of F1 hybrids over MP and BP for micronaire in upland cotton
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Fig. 3.1.11: Percent increase (+) or decrease (-) of F1 hybrids over MP and BP for seed index in upland cotton
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Fig. 3.1.12: Percent increase (+) or decrease (-) of F1 hybrids over MP and BP for fiber strength in upland cotton
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Fig. 3.1.13: Percent increase (+) or decrease (-) of F1 hybrids over MP and BP for fiber length in upland cotton

3.2. Heritability

The evaluation of genetic variability revealed a strong association between phenotypic and genotypic variations for all parameters.
The value of heritability for plant height recorded (0.59 or 59%) with genetic advance (13.85%). The value of GCV (8.72%) was
less than the value of PCV (22.58%) which means the influence of environment is more on this trait. For number of monopodia the
heritability (0. 51 or 51%) was observed with genetic advance (23.84%). The value of GCV (16.17%) was less than the value of
PCV (22.58%), which means the influence of environment is more on this trait. The value of broad sense heritability for number of
sympodial branches (0.77 or 77%) was estimated with genetic advance (31.15%). The estimated heritability value (0.35 or 35%)
was observed for number of bolls with genetic advance (11.79%). The GV was less in comparison to PV for number of sympodial
branches and number of bolls. For number of fruiting nodes/plant estimated value of broad sense heritability (0.34 or 34%) with
genetic advance (10.73%). The estimated value of heritability for seed index (0.38%) was recorded with genetic advance (8.27%).
The broad sense heritability for boll weight (0.51 or 51%) was observed with genetic advance (18.53%). The value of GCV was less
than the value of PCV which means the influence of environment is more on number of fruiting nodes/plant, seed index and boll
weight. The estimated value of broad sense heritability for ginning outturn % (0.37 or 37%) was observed with genetic advance
(6.66%). For fiber strength the estimated heritability value (0.51 or 51%) was observed. The assessed value of broad sense
heritability for micronaire (0.34 or 34%) was recorded with genetic advance (4.48%). The estimated value of broad sense heritability
for fiber length (0.39%) with genetic advance (6.36%). For node ratio the assessed value of heritability was (0.48%) with genetic
advance (18.68%). The value of GCV was less than the value of PCV which means the influence of environment is more on ginning
outturn %, fiber strength, micronaire, fiber length and node ratio. For seed cotton yield the estimated heritability (0.45 or 45%) value
was observed with genetic advance (16.44%). The phenotypic variance observed more than genotypic variance. It means seed cotton
yield not only influenced by genotypes also affected by environment.

3.2.1. The range of heritability for yield and fiber quality parameters

Traits PCV GCV Heritability (H? GAM%

Plant height 11.31 8.72 0.59 13.85

Number of monopodial 22,58 16.17 051 23.84
branches

Number of sympodial 19.56 17.20 0.77 3115
branches

Number of bolls 16.12 9.60 0.35 11.79

Number o fruiting 15.13 8.8 0.34 10.73

nodes/plant
seed index 10.50 6.49 0.38 8.27
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Boll weight 17.36 12.49 0.5182 18.53
Ginning Outturn % 8.52 5.25 0.3797 6.66
Fiber strength 9.18 6.5942 0.5150 9.74
Micronaire 9.7482 3.6976 0.3467 4.4844
Fiber length 7.8443 4.9241 0.394 6.3675
Node ratio 18.5563 12.9728 0.4887 18.6876
Seed cotton yield/plant 17.5022 11.8205 0.4561 16.4454
Discussion

The genetic technique of heterosis commonly called hybrid vigor, has become essential for raising the yield of both self- and cross-
pollinated crops. It is recognized as a ground-breaking accomplishment in the field of crop improvement. Heterosis can have a
positive or negative effect depending on how much the hybrid's average value differs. The significant increase in agricultural plant
yield is the primary goal of heterosis breeding. Similar results were also showed by [16] who reported that medium tall plants may
be chosen for further selection in cotton and negative heterosis is useful for discourage the highest plant height. Similar results were
also found by [24], [25],[26], [27] and [28] were also reported the same results in their experiment. Similar outcomes were also
found by [29] who said that negative heterosis for the number of monopodia is very desired because more monopodia make the
plant bushier and more resistant, which wastefully increases the amount of space the plant occupies. Therefore, it is desirable to
reduce the number of monopodia. The results were also supported by [27], [28] and [30]. Similar findings was also found by [31]
who stated that number of sympodial branches are the primary component which directly reflects the seed cotton yield/plant and
proposed as suitable selection criteria for high yielding hybrids. Results showed similarities with the results of [32], [2] and [27].

[33] found similar results and described that number of bolls per plant is crucial yield-attributing trait and generally positively linked
with seed cotton yield. This demonstrated that an increase in the number of bolls also correlates to an increase in the yield of seed
cotton. Similar results were also corroborated by [28], [14], [34] and [26]. The results are supported by [35] who described that
number of fruiting nodes was positively linked with seed cotton yield and fruiting bolls. Therefore, by rising the number of fruiting
nodes also rise the chance of producing more fruiting bolls. Similar results were also described by [18], and [29]. The results are
corroborated by [36] who reported that significant heterosis and heterobeltiosis exhibited in their experiment and ranged varies from
(17.26% and 14.17%) for seed index. Similar results were also showed by [27] and [16]. [30] found similar results and reported
that boll weight is an important yield attributing character and positively correlated with seed cotton yield. Boll weight was the
primary contributor towards increased the heterotic effect for seed cotton yield/ plant. Similar results were also found by [37], [26]
and [38] in their research. The findings are corroborated by [27] who stated that GOT % is important economic trait and considered
as a secondary contributor to increase the heterotic effect toward seed cotton yield/plant. Thus, positive heterosis for GOT% was
desirable and positively associated with seed cotton yield/plant. The results are corroborated by [39], [36] and [40]. Fiber strength
is important fiber quality parameter and quantitively inherited. Stronger, finer, longer and more uniform fiber is preferred by textile
industry thus positive heterosis for fiber strength is desirable. Similar outcomes were also showed by [27], [17], and [41] also found
same results in his experiment. Similar results were also showed by [28] who reported that micronaire value is important fiber
quality trait in assessing the lint quality of cotton. Minimum micronaire value is always into consideration as it shows good fiber
fineness. Therefore, negative heterosis is required for good micronaire value. Similar findings were also found [27], [39; 41], and
[42]. High fiber length is stronger and finer then shorter ones thus positive heterosis for fiber length is desirable. Modernized
spinning mills today require the identification hybrids with high fibre length. The results are supported by [17], [41] and [16]. The
results are supported by [28] for node ratio trait.

The combination of heritability estimations and genetic advancement holds greater significance in predicting yield through
phenotypic selection, as proposed by [43] and [44] as opposed to depending solely on heritability estimates. The results were similar
to the previous results (Gnanasekaran et al., 2020) for plant height and boll weight. Plant height and boll weight exhibited moderate
heritability estimates. These results are similar with the findings described by [45] for plant height; [46] for boll weight. The results
are supported by [47] for fiber length. [48], [49], [50] and [51] estimated 33%, 62%, 68% and 47.14% heritability for fiber
strength trait. The results are supported by [52], [53] and [54] studied 79%, 43% and 79.17% broad sense heritability for parameter
of number of sympodial branches/plant respectively. [53] and [55] assessed 34% and 56% broad sense heritability for of number of
monopodial branches/plant. The findings are supported by [46] who observed broad sense heritability 0.26 for micronaire. The
results are supported by [51; 56] estimated heritability 29.5 and 19.98 for ginning outturn% . The results are similar with the results
of [51] estimated heritability 36.66 for Seed cotton yield/plant. The findings are supported by [19] who reported broad sense
heritability 25.58% for seed index. The results are corroborated by [57] for number of bolls and number of fruiting nodes/plant. The
results are similar with the findings [56] for number of bolls/plant trait. These results align with the findings described by [58]
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for node ratio. Seed cotton yield/plant were positively linked with number of bolls/plant, boll weight and sympodia/plant thus

considered to the main yield contributing traits. Comparable findings also showed by [27], [36] and [39].

Conclusion

The aim of this research was to investigate heterosis and heritability analysis for seed cotton yield and yield associated components
in upland cotton that can be employed in future cotton breeding programme. The parents Debel and VH-330 were found to be the
most effective for cross combination for the parameters viz. plant height, boll weight and number of monopodial branches, seed
cotton yield/plant, micronaire, fiber length, fiber strength, Got% and number of sympodial branches. The hybrids VH-330 x Debel,
VH-330 x MS-DK and FH-444 x VH-330 exhibited significant and highest heterotic effects for yield and yield associated
parameters and fiber quality parameter. The estimates of broad sense heritability exposed that moderate heritability was observed
between all traits. These hybrids can be utilized for exploitation of yield and fiber quality parameters in future breeding programmes.

References:

1. Isong, A., Balu, A., Isong, C., & Bamishaiye, E. (2019). Estimation of heterosis and combining ability in interspecific
cotton hybrids. Electronic Journal of Plant Breeding, 10(2), 827-837. https://doi.org/10.5958/0975-
928X.2019.00110.8

2. Chakholoma, M., Nimbal, S., Sangwan, O., Mor, V., & Jain, A. (2021). Studies on economic heterosis for yield and
fibre quality traits in American cotton (Gossypium hirsutum L.). Journal of Cotton Research and Development,
35(2), 185-192.

3. Khan, A. M., Khan, A. A., Azhar, M. T., Amrao, L., & Cheema, H. M. N. (2016). Comparative analysis of resistance
gene analogues encoding NBS-LRR domains in cotton. Journal of the Science of Food and Agriculture, 96(2),
530-538. https://doi.org/10.1002/jsfa.7120

4. Farooq, A., Shakeel, A., Saeed, A., Faroog, J., Rizwan, M., Chattha, W. S., Sarwar, G., & Ramzan, Y. (2023). Genetic
variability predicting breeding potential of upland cotton (Gossypium hirsutum L.) for high temperature
tolerance. Journal of Cotton Research, 6(1), 1-17. https://doi.org/10.1186/s42397-023-00144-z

5. Bilwal, B., Vadodariya, K., Lahane, G., & Rajkumar, B. (2018). Heterosis study for seed cotton yield and its yield
attributing traits in upland cotton (Gossypium hirsutum L.). Journal of Pharmacognosy and Phytochemistry,
7(1), 1963-1967.

6. Rizwan, M., Farooq, J., Farooq, M., Sarwar, A., Ali, A., llahi, F., Asif, M., & Sarwar, G. (2021). Quantitative Studies
in Upland Cotton (Gossypium hirsutum L.) using Multivariate Techniques. Pakistan Journal of Agricultural
Research, 34(1).

7. Gohil, S., Parmar, M., & Chaudhari, D. (2017). Study of heterosis in interspecific hybrids of cotton (Gossypium
hirsutum L. x Gossypium barbadense L.). Journal of Pharmacognosy and Phytochemistry, 6(4), 804-810.

8. Masood, S. A., Rehman, H. U, Yasin, M., Ali, M., Ahmad, S., Salman, S., & Ali, Q. (2019). Genetics of fiber quality,
oil content, seed-cotton yield and its allied traits in cotton: A review. Genetics, 4(3).

9. Khan, N., Han, Y., Xing, F., Feng, L., Wang, Z., Wang, G., Yang, B., Fan, Z., Lei, Y., & Xiong, S. (2019). Plant
density influences reproductive growth, lint yield and boll spatial distribution of cotton. Agronomy, 10(1), 14.
https://doi.org/10.3390/agronomy10010014.

10. Vavdiya, P., Chovatia, V., Madariya, R., Mehta, D., & Solanki, H. (2019). Heterosis studies for seed cotton yield
and its components over environments in cotton. Journal of Pharmacognosy and Phytochemistry, 8(2), 2049-
2053.

11. Hasan, I., Rasul, S., Malik, T. H., Qureshi, M. K., Aslam, K., Shabir, G., & Manzoor, H. (2019). Present status of
cotton leaf curl virus disease (CLCUVD): A major threat to cotton production. International Journal of Cotton
Research and Technology, 1(1), 1-13. https://doi.org/10.33865/[JCRT.001.01.0240

12. Khokhar, E. S., Shakeel, A., Magbool, M. A., Abuzar, M. K., Zareen, S., Syeda, S. A., & Asadullah, M. (2018).
Studying combining ability and heterosis in different cotton (Gossypium hirsutum L.) genotypes for yield and
yield contributing traits. Pakistan Journal of Agricultural Research, 31(1).

13. Ullah, K., Khan, M. I., Mahmood, Z., Igbal, T., Muhammad, S., Hag, H. A., Ahmad, A., & Hussain, S. (2017).
Response of yield and related attributes of upland cotton to weather variables. American Journal of Plant
Sciences, 8(07), 1711. https://doi.org/10.4236/ajps.2017.87118

14. Richika, R., Rajeswari, S., Premalatha, N., & Thirukumaran, K. (2021). Heterosis and combining ability analysis
for yield contributing traits and fibre quality traits in interspecific cotton hybrids (Gossypium hirsutum L. x
Gossypium barbadense L.). Electronic Journal of Plant Breeding, 12(3), 934-940.

47


https://doi.org/10.5958/0975-928X.2019.00110.8
https://doi.org/10.5958/0975-928X.2019.00110.8
https://doi.org/10.1002/jsfa.7120
https://doi.org/10.1186/s42397-023-00144-z
https://doi.org/10.3390/agronomy10010014
https://doi.org/10.33865/IJCRT.001.01.0240
https://doi.org/10.4236/ajps.2017.87118

15.

16.

Khan et al., BinBee Ari ve Dog. Uriin. Derg, 2025, 5(1)
Pheirim, R., Niyaria, R., & Singh, P. K. (2017). Heterosis prediction through molecular markers. Rising A j. Res,
1(1), 45-50.
Baloch, A., Solangi, A., Baloch, M., Baloch, G., & Abro, S. (2015). Estimation of heterosis and heterobeltiosis for
yield and fiber traits in F1 hybrids of upland cotton (Gossypium hirsutum L.) genotypes. Pakistan Journal of
Agriculture, Agricultural Engineering and Veterinary Sciences, 31(2), 221-228.

17. Aydn, U., OZBEK, N., & Cinar, V. M. (2019). Line x tester analysis for yield and fiber quality in cotton (Gossypium

18.

19.

20.

21.
22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

hirsutum L.). Turkish Journal of Field Crops, 24(2), 215-220. https://doi.org/10.17557/tjfc.509134

Monicashree, C., Balu, P. A., & Gunasekaran, M. (2017). Combining ability and heterosis studies on yield and fibre
quality traits in upland cotton (Gossypium hirsutum L.). Int. J. Curr. Microbiol. App. Sci, 6(8), 912-927.
https://doi.org/10.20546/ijcmas.2017.608.113

FaizaNizamani, M. J. B., Baloch, A. W., Buriro, M., Nizamani, G. S., Nizamani, M. R., & Baloch, I. A. (2017).
Genetic distance, heritability and correlation analysis for yield and fibre quality traits in upland cotton
genotypes. Pakistan Journal of Biotechnology, 14(1), 29-36.

d Steel, R. G., & Torrie, J. H. (1986). Principles and procedures of statistics: a biometrical approach. McGraw-Hill
New York, NY, USA.

Falconer, D. S. (1996). Introduction to quantitative genetics. Pearson Education India.

Singh, R. K., & Chaudhary, B. D. (1977). Biometrical methods in quantitative genetic analysis. Biometrical methods
in quantitative genetic analysis.

Wynne, J., Emery, D., & Rice, P. (1970). Combining ability estimates in Arachis hypogaea L. Il. field performance
of F1 hybrids 1. Crop Science, 10(6), 713-715.

Nirania, K., Kumar, A., & Pundir, S. (2017). Heterosis studies for seed cotton yield and other traits in upland cotton
(Gossypium hirsutum L.). Journal of Pharmacognosy and Phytochemistry, 6(6), 583-586.

Zapadiya, V., Valu, M., Madariya, R., & Katara, D. (2018). Estimation of heterobeltiosis and standard heterosis for
seed cotton yield and its component traits in upland cotton (Gossypium hirsutum L.). Journal of Pharmacognosy
and Phytochemistry, 7(5), 2167-2172.

Naik, K. S., Satish, Y., & Babu, D. P. (2020). Studies on heterosis for yield and yield attributing traits in American
cotton (Gossypium hirsutum L.). Int. J. Chem. Stud, 8(1), 2064-2068.
https://doi.org/10.22271/chemi.2020.v8.ilae.8568

Udaya, V., Saritha, H., & Patil, R. S. (2023). Heterosis studies for seed cotton yield and fibre quality traits in upland
cotton (Gossypium hirsutum L.). Indian journal of agricultural research, 57(2), 150-154.

Monicashree, C., Amala Balu, P., & Gunasekaran, M. (2017). Heterosis studies for yield and fibre quality traits in
upland cotton (Gossypium hirsutum L.). Int. J. Pure App. Biosci, 5(3), 169-186.

Kencharaddi, H., Hanchinal, R., Patil, S., Manjula, S., Pranesh, K., & Rajeev, S. (2015). Studies on heterosis in inter
heterotic group derived cotton hybrids for lint yield and its components. Plant archives, 15(1), 323-333.

Rani, S., Chapara, M., & Satish, Y. (2020). Heterosis for seed cotton yield and yield contributing traits cotton
(Gossypium  hirsutum  L.). International  journal of chemical studies, 8, 2496-2500.
https://doi.org/10.22271/chemi.2020.v8.i3aj.9581

Saifullah, A., Sawan, L., Deho, Z., & Manjh, M. (2014). To estimates heterosis and heterobeltosis of yield and
quality traits in upland cotton. Journal of Biology, Agriculture and Healthcare, 4(6), 19-22.

Ranganatha, H., Patil, S., Manjula, S., & Patil, B. (2013). Studies on heterosis in cotton (Gossypium hirsutum L.)
for seed cotton yield and its components. Asian Journal of Bio Science, 8(1), 82-85.

Solanki, H., Mehta, D., & Valu, V. R. M. (2014). Heterosis for seed cotton yield and its contributing characters in
cotton (GossypiumhirsutumL.). Electronic Journal of Plant Breeding, 5(1), 124-130.

Vineela, N., Murthy, J., Ramakumar, P., & Kumari, S. (2013). Heterosis for morpho physiological studies in cotton.
J. Nat. Sci, 1(2), 53-64.

Munir, S., Hussain, S., Manzoor, H., Quereshi, M., Zubair, M., Nouman, W., Shehzad, A., Rasul, S., & Manzoor,
S. (2016). Heterosis and correlation in interspecific and intraspecific hybrids of cotton. Genet. Mol. Res,
15(10.4238). https://doi.org/10.4238/gmr.15028083

Soomro, A. W., Panhwar, F. H., Channa, A. R., Ahsan, M. Z., Majidano, M. S., & Sial, K. B. (2016). Study of
heterosis and heterobeltiosis in upland cotton. Int. J. Biol. Biotech, 13(1), 111-114.

Mastungi, S., & Ansari, B. (2015). Heterosis manifestation leading to hybrid development in upland cotton. Pakistan
Journal of Agriculture, Agricultural Engineering and Veterinary Sciences, 31(2), 240-248.

Patel, N., Patil, S., Patel, S., & Jadhav, B. (2015). Estimation of heterosis for seed cotton yield and its component
characters in upland cotton (Gossypium hirsutum L.). Trends in Biosciences, 8(4), 925-928.

Srinivas, B., & Bhadru, D. (2015). Heterosis studies for yield and fiber quality traits in intra hirsutum hybrids of
cotton (Gossypium hirsutum L.). Agricultural Science Digest-A Research Journal, 35(4), 295-299.

48



https://doi.org/10.17557/tjfc.509134
https://doi.org/10.20546/ijcmas.2017.608.113
https://doi.org/10.22271/chemi.2020.v8.i1ae.8568
https://doi.org/10.22271/chemi.2020.v8.i3aj.9581
https://doi.org/10.4238/gmr.15028083

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Khan et al., BinBee Ari ve Dog. Uriin. Derg, 2025, 5(1)

Tigga, A., Patil, S., Edke, V., Roy, U., & Kumar, A. (2017). Heterosis and inbreeding depression for seed cotton
yield and vyield attributing traits in intrahirsutum (G. hirsutum L. X G. hirsutum L.) hybrids of cotton.
International Journal of Current Microbiology and Applied Sciences, 6(10), 2883-2887.
https://doi.org/10.20546/ijcmas.2017.610.339

Usharani, K., Vindhiyavarman, P., Balu, P. A., & Boopathi, N. (2015). Heterosis studies for fibre quality traits in
diallel crosses of upland cotton (Gossypium hirsutum L.). The Bioscan, 10(2), 793-799.

KAIPU, B. R. (2015). Heterosis for seed cotton yield and quality traits in cotton (Gossypium hirsutum L.). Electronic
Journal of Plant Breeding, 6(4), 1124-1131.

Johnson, H. W., Robinson, H., & Comstock, R. (1955). Estimates of genetic and environmental variability in
soybeans 1. Agronomy journal, 47(7), 314-318.

Swarup, V., & Chaugle, B. (1962). Studies on genetic variability in sorghum. Phenotypic variation and heritable
component in some quantitative characters contributing towards yield. Indian Journal of Genetics and Plant
Breeding, 22, 31-36.

Sunayana, R., Sangwan, S., & Nimbal, S. (2017). Studies on association, path analysis and genetic parameters for
seed cotton yield and it’s contributing characters in desi cotton (Gossypium arboreum L.). Int J Curr Microbiol
Appl Sci, 6(11), 104-111.

Reddy, R. Y., & Sarma, A. (2014). Genetic variability for yield components and fibre characters in cotton
(Gossypium arboreum L.). Plant archives, 14(1), 417-419.

Nawaz, B., Sattar, S., & Malik, T. A. (2019). Genetic analysis of yield components and fiber quality parameters in
upland cotton. International Multidisciplinary Research Journal, 9(9), 13-19.

Desalegn, Z., Ratanadilok, N., & Kaveeta, R. (2009). Correlation and heritability for yield and fiber quality
parameters of Ethiopian cotton (Gossypium hirsutum L.) estimated from 15 (diallel) crosses. Agriculture and
Natural Resources, 43(1), 1-11.

Shahzad, M. T., ljaz, F., Khan, O., Saleem, B., & Hassan, U. (2015). Correlation, Path Analysis & Heritability
Among Some Yield and Fibre Related Traits of Gossypium hirsutum L. Cotton Genomics and Genetics, 6.
https://doi.org/10.5376/cgg.2015.06.0004

Khokhar, E. S., Shakeel, A., Magbool, M. A., Anwar, M. W., Tanveer, Z., & Irfan, M. F. (2017). Genetic study of
cotton (Gossypium hirsutum L.) genotypes for different agronomic, yield and quality traits. Pakistan Journal of
Agricultural Research, 30(4).

Komala, M., Ganesan, N. M., & Kumar, M. (2018). Genetic variability, heritability and correlation analysis in F2
populations of ratoon upland cotton hybrids. International Journal of Agriculture, Environment and
Biotechnology, 11(6), 815-827. https://doi.org/10.30954/0974-1712.12.2018.2

Joshi, H., Chovatia, P., & Mehta, D. (2006). Genetic variability, character association and component analysis in
upland cotton. Indian journal of agricultural research, 40(4), 302-305.

Farooq, J., Anwar, M., Riaz, M., Farooq, A., Mahmood, A., Shahid, M., Rafig, M., & llahi, F. (2014). Correlation
and path coefficient analysis of earliness, fiber quality and yield contributing traits in cotton (Gossypium
hirsutum L.). JAPS: Journal of Animal & Plant Sciences, 24(3).

Baloch, M., Baloch, A., Baloch, M., Mallano, I., Baloch, A., Baloch, N., & Abro, S. (2015). Association and
heritability analysis for yield and fiber traits in promising genotypes of cotton (Gossypium hirsutum L.). Sindh
University Research Journal-SURJ (Science Series), 47(2).

Vineela, N., Samba Murthy, J., Ramakumar, P., & Ratna, K. (2013). Variability studies for physio morphological
and yield components traits in American cotton (Gossypium hirsutum L.). J. Agric. Vet. Sci, 4(3), 7-10.

Jarwar, A. H., Wang, X., Wang, L., Ma, Q., & Fan, S. (2018). Genetic advancement, variability and heritability in
upland cotton (Gossypium hirsutum L.). J Envir Agric Sci, 6, 24-31.

Dhamayanathi, K., Manickam, S., & Rathinavel, K. (2010). Genetic variability studies in Gossypium barbadense L.
genotypes for seed cotton yield and its yield components. Electronic Journal of Plant Breeding, 1(4), 961-965.

Dhivya, R., Amalabalu, P., Pushpa, R., & Kavithamani, D. (2014). Variability, heritability and genetic advance in
upland cotton (Gossypium hirsutum L.). African Journal of Plant Science, 8(1), 1-5.
https://doi.org/10.5897/AJPS2013.1099

49


https://doi.org/10.20546/ijcmas.2017.610.339
https://doi.org/10.5376/cgg.2015.06.0004
https://doi.org/10.30954/0974-1712.12.2018.2
https://doi.org/10.5897/AJPS2013.1099

1

Celik, BinBee Ari ve Dog. Uriin. Derg, 2025, 5(1)

BinBee Arr ve Dogal Uriinler Dergisi, 2025: 50-54
Journal of BinBee-Apicultural and Natural Products (JBANP)

S, BINGOL UNIVERSITESI
—— PILOT t_lNiAVU‘\S.I'l'E KOORDINASYON
MERKEZ BIRIMI

Article info
Received:06.19.2025
Accepted: 06.25.2025

Article type:Letter to editor

Keywords:
KKKA, Hyalomma marginatum,
Nairovirus, Ixodidae

Bee

ARIVE DOGAL URUNLER DERGISI

CRIMEAN-CONGO HEMORRHAGIC FEVER (CCHF)
Sadettin CELIK*

Abstract

Crimean-Congo Hemorrhagic Fever (CCHF) is a severe and often fatal viral infection caused
by a virus belonging to the Nairovirus genus and transmitted by the Hyalomma marginatum
tick. First identified in Crimea in 1944, the disease was reported in Turkey in 2002 in Tokat
province. Hyalomma marginatum, a member of the Ixodidae family, is most active between
April and October. The primary modes of transmission include tick bites, contact with the blood
and bodily fluids of infected animals, and human-to-human transmission. In Turkey, the highest
incidence rates are observed in the northern regions of Central and Eastern Anatolia and in the
Central Black Sea region, with Sivas, Corum, Tokat, and Amasya provinces being most
affected. The disease has a case fatality rate of 10-40%, and the incubation period typically
ranges from 1 to 3 days. Early diagnosis and proper tick removal techniques are critical to
reducing mortality. Preventive measures include the use of protective clothing, body
inspections, sterilization of animal shelters, and public awareness campaigns. This study aims
to provide a comprehensive overview of CCHF epidemiology, transmission pathways, and
prevention strategies to raise public health awareness.
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KIRIM KONGO KANAMALI ATESi (KKKA)

Ozet

Kirm Kongo Kanamali Atesi (KKKA), Nairovirus cinsine ait bir virisin neden oldugu,
Hyalomma marginatum kenesiyle bulasan ciddi ve 6liimciil viral bir enfeksiyondur. llk kez 1944
yiinda Bati Kinrm’da tanimlanan bu hastalik, Turkiye’de ise 2002 yilinda Tokat ilinde
gorilmustir. Hyalomma marginatum, Ixodidae familyasina ait olup 6zellikle Nisan-Ekim aylari
arasinda aktiftir. Enfeksiyonun bulasma yollari arasinda kene isingi, enfekte hayvanlarin kani
ve vicut sivilaryla temas ile insandan insana gegis yer alir. Tirkiye’de en yogun vaka goériilen
bélgeler I¢ Anadolu’'nun kuzeyi, Dogu Anadolu’nun kuzeyi ve Orta Karadeniz olup, Sivas,
Corum, Tokat ve Amasya illeri 6ne ¢ikmaktadir. Hastalik %10-40 oraninda 6limciil seyredebilir
ve inkiibasyon stiresi genellikle 1-3 giin arasinda degisir. Erken teshis ve dogru kene cikarma
teknikleri hayati 6nem tasir. Koruyucu 6énlemler arasinda uygun giysi kullanimi, viicut kontroli,
hayvan barinaklarinin sterilizasyonu ve halkin bilinglendirilmesi yer almaktadir. Bu calisma,
KKKA’nin epidemiyolojisini, bulagsma yollarini ve korunma stratejilerini kapsaml sekilde ele
alarak halk saglig1 acisindan farkindalik olusturmayi amaglamaktadir.
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Sayin Editor;
Bu hastalia Hyalomma (Hyalomma marginatum) kenesi neden olmaktadir[1]. Kinm Kongo Kanamali Atesi (KKKA),
Nairovirus cinsine ait bir viristin neden oldugu, kene kaynakli bir viral enfeksiyondur [2]. Bu kenenin neden oldugu vaka
ilk olarak Bati Kinm’da 1944 yilinda rastlanmigtir [3]. Turkiye'de ise ilk kez 2002 yilinda Tokat’ta, Mayis (Anonim, 2025a)
ayinda rastlanilmistir [1]. Hatta Almanya’da bu Hyalomma kenesinin yasadigi alanlarin haritasi ¢ikartilip, basin ve yayin
yoluyla Alman halki bilingdiriimektedir. Hyalomma kenesi, Ixodidae familyasina ait bir kene cinsidir. Toplamda 8 ayagi

vardir. On ayaklar ile insan bedenine yapisarak kafa tarafindan dikey bir dalis yaparak insan bedenine girer [4,5]
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Sekil 1. Kinm Kongo Kanamali Atesi hastaligina neden olan kene (Kaynak: Andrea Schnartendorff/Robert Koch-Institut)

Hyalomma marginatum veya Akdeniz Hyalomma kenesi (Hastaliga neden olan tir), Hyalomma cinsinin 27
turiinden birisidir [4]. Bu kenenin erginleri Mart ayindan itibaren aktif hale gelir, Nisan ve mayis aylarinda zirve (Pik)
yapar, ancak Eylll-Ekime kadar aktif olabilecegi g6z 6niinde bulundurularak bu aylarin sonuna kadar tedbiri elden

birakmamakta fayda vardir.
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Sekil 2. Kinm Kongo Kanamali Atesi hastaligina neden olan kene (Kaynak: European Centre for Disease Prevention and Control)

Keklik ve silin gibi kanatlilar bu kene tiriinin dogal dismanlarndirlar. Bu kene cinsinin 27 tir bulunmasinin
yaninda bunlardan sadece bir tlrt bu hastalik virisinu tasidigr bilinmektedir. Dolayisiyla Viicuda yapisan her kene bu
atesli hastahgi viristinl tasiyan kene oldugu dusinip panik yapmamak lazim, ancak bu zehirli kene olabilece@i hesaba

katilarak tedbirli davraniimasi hayati 6nem tagimaktadir.

v

Sekil 3. Kinm Kongo Kanamali Atesi hastaligina neden olan kene [6]

KKKA kenesinin insan bedenine tutunduktan sonra inkiibasyon stresi (Viicuda girmesinden ilk hastalik belirtilerinin
goérilmesine kadar gecen sire) 1-3 glin arasinda degismekle beraber, maksimum 9-10 olabilmektedir. Dolayisiyla
keneye tutunan kisi, kene cikartildiktan sonra bile en az 10 giin boyunca saglik kuruluslarinda tedbir takibini yapmasi
Onerilmektedir [2].
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BULASMA YOLLARI
Cogu defa 6lim korkusu 6liime sebebiyet verebilir. Yukarida belirtildigi gibi bu kene cinsinin 27 tiriinden sadece

bir tanesi KKKA hastaligi virisinu tasidigindan, her kenenin zehirli olmayacagi ihtimalini géz éntinde bulundurarak
keneye yakalanan kisi sakin durmali, panik yapmamalidir. Kenenin isingi, viicuda temasi, enfekte hayvanlarla temas
(Kan, vicut sivilari veya dokular), insandan insana bulagma bu ategli hastalik Virtistiniin bulagsma yollarinin en yaygin

olanlandir. Bu durumda saglik calisanlari, hasta yakinlari, hayvancilikla ugrasanlar, kasaplar ve veteriner hekimleri

yiksek risk altinda olan kisilerdir. KKKA, hizli seyir eden 6limcil viral bir hastaliktir ve 6lim orani %10-40 arasinda

degismektedir [2].

KENENIN TURKIYE’DE EN YOGUN GORULDUGU COGRAFi BOLGELER
Turkiye’de kenenin en fazla gérildigi bolgeler i¢ Anadolu’nun kuzeyi, Dogu Anadolu’nun Kuzeyi ve Orta

Karadeniz'dir. il bazinda ise en fazla vakalarin gériildiigii Sivas, Corum, Tokat, Amasya illeri olmakla beraber

Kahramanmarag, Bingél gibi diger illerde de goriilmektedir. Ulkemizde en yaygin gériildiigi aylar, Nisan, Mayis, Haziran

ve Temmuz aylaridir [2].
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Sekil 4. Tiirkiye’deki kene riskinin en fazla oldugu iller (kaynak: EKMUD dernegi, Prof. Dr. Iftihar Koksal)
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KENENIN BULASMASINI ONLEME
Orman, calilik, hayvan barinaklar gibi kene olma ihtimalinin yiksek olan yerlerde kapali ayakkabilar yaninda, uzun

ve aclk renkli gémlek ve pantolonlarin giyilmesi ve pantolon pacalarinin ¢oraplarin i¢cine sokulmasi gerekir.

Mesire alanlar, bag, bahce, sera, orman alanlari, tarim alanlari vb. yerlerden dénerken, mutlaka soyunup kenenin
yapisma ihtimali yliksek olan kulak arkasi, koltuk alti, kasik, diz arkasi kesinlikle kontrol edilmesi gerekmektedir. Bu
gibi yerler kenelerin gizlenmeyi tercih ettikleri yerlerdir.

Kene vicuda yapistiginda yaygin olarak bilinen yanliglar olan kolonya dékme, ates veya gaz yagi ile yakma gibi yollar
kesinlikle denenmemesi gerekir. Aksi takdirde cani yanan kene zehrini kusacaktir ve kurbaninin élmesine yol
acacaktir.

Kene bulagsmasi olayr meydana geldiginde kene viicuttan ne kadar erken ¢ikarilirsa tehlike o kadar az olacaktir ancak
burada yanlis bir uygulama kenezedenin hatta keneye dokunan kisginin de hayatini kaybetmesine yol agacaktir.
Sivas’ta esine kene tutunan bir kisinin bilingsiz miidahalesi kenenin viicut bitinliginu bozulmasina yol actigi icin
kene kani kendisine bulastirmis ve midahale eden kisinin 6lmesine sebebiyet vermistir. Ancak bir mucize yasanarak

keneye yakalanan kigi 6lmemistir.
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B KKKA hastaligina neden olan kenenin belirtileri vakanin gergeklesmesinden itibaren 10 giindir ve bu siire iginde

halsizlik, istahsizlik, bulanti, kusma, siddetli bas agrisi, kas agrisi ve yuksek ates gibi, bunlardan hepsi veya bir kaginin
gorilmesi durumunda da mutlaka en yakin saglik kurulusuna gidilmesi gerekmektedir (Anonim, 2025b).

B Piknige veya ormanliga gidildijinde yere oturulmamasi, yere beyaz renkli bir ortli serilerek lzerinde oturulmasi
tehlikeyi azaltacaktir.

B Koruyucu hekimlikte oldugu gibi en iyi ydntem ise bu kenenin taninmasi, bulagsma riskinin oldugunu aylarin, iklimin ve
boélgelerin belirlenmesi ve ona gére tedbirlerin alinmasidir. Bunun icin basin ve yayin yollariyla kenenin taninmasinin
saglanmasi gerekir.

B Hayvan barinaklarinin strekli sterilize edilmesi, hayvancilikla ugrasanlar, veteriner hekimleri ve kasaplarin koruyucu
eldiven kullanmalar gerekmektedir.

B Keneye tutunma ihtimalinin yiiksek olan alanlarda kenenin resminin net bir sekilde goriilecegi uyar levhalarinin
konulmasi gerekmektedir. Alinan butiin tedbirlere ragmen yine de keneye tutunma meydana gelmisse asagida kene

cikarma teknikleri belirtilmistir.

KENE CIKARMA TEKNIKLERI
B Kene yeni viicuda yapisti ve viicuda giris yapmaya calisiyorsa dogrudan kene ile elle temas etmeden kenenin

cikartiimasinin denenmesi ilerde olusabilecek oOlimcil riskleri bertaraf edebilir. Ancak bu cok risklidir. Keneyi
¢ikartmak icin karnndan tutuldugunda cani yanar ve zehrini kusar veya kene ¢ikmamak icin direndigi icin kene ezilir
ve kan bulasir. Her iki olayda da 6limli vaka ornekleri vardir. Bu kenenin bas kismi sert abdomen (Karin) kismi
yumusaktir. Dolayisiyla bu kene viicuda girdiginde veya kafasi girdiginde kesinlikle hi¢ kene ile temas etmeden en
yakin saglik birimine gidilmesi gerekir. Halk saghg yetkilisinin de kenenin bas kismindaki sert yerlerden bir pens
yardimiyla tutup canini yakmadan ¢ikartmasi gerekir. Keneyi ¢ikardiktan sonra ellerin sabunla yikanmasi ve kenenin
yapistigi bélgenin antiseptik bir soliisyonla temizlenmesi gerekmektedir. Halk saglik merkezlerindeki herkesin de
keneyi dogru cikartamayacagi g6z éninde bulundurularak, bu konuda egitim almis saglik personelleri tarafindan

cikartiimasi hayati 6nem tagimaktadir.
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