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A rovid értekezés hattere

A Wittmann Antal névény-, allat- és élelmiszer-tudomanyi multidiszciplinaris doktori iskola
mukodési szabalyzatanak 1. sz. melléklete alapjan a “klasszikus™ doktori értekezés helyett
lehetdség van Un. rovid értekezés készitésére. Ebben a doktorjeldlt tomdren foglalja 0ssze a
doktori kutatomunkdja témakorében megjelent tudomanyos kozleményeiben publikalt
eredményeit, mellékelve magukat a kozleményeket is. A rovid értekezés és a mellékelt
publikaciok egyiitt képezik a doktori miivet. A rovid értekezésnek elsdszerzds, a SClmago
adatbazisban (https://www.scimagojr.com/journalrank.php) szereplé Q1-Q3 besoroldsu
folyoiratokban megjelent, ill. megjelenésre elfogadott teljes terjedelmi eredeti kzleményeken
(full-length original research paper) kell alapulnia. E kdzleményeknek Gsszesen minimum 6
pontot kell érniiik az alabbi szamitas szerint gy, hogy koziiliik legalabb az egyiknek Q1-es
vagy Q2-es folyoiratban megjelentnek (vagy megjelenésre elfogadottnak) kell lennie. Q1-es
cikk: 4 pont, Q2-es cikk 2 pont, Q3-as cikk: 1 pont.

A feltételek teljesiilése a csatolt publikaciok (5.1. lista) alapjan:

e Archives Animal Breeding, (Q2, IF.:1,75) 2 pont

e ANIMALS, vol. 14, no. 24, 2024. 13 p. (Q1, IF.:2,94) 4 pont

e ANIMAL BIOSCIENCE, vol. 37, no. 2, pp. 184-192, 2024. (Q1, IF.:2,4) 4 pont
Osszesen: 10 pont
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1. AKITUZOTT KUTATASI FELADAT ROVID OSSZEFOGLALASA

1.1. Bevezetés

A husmarhatartds és  husmarhatenyésztés kKiemelt szerepet jatszik a  globalis
¢lelmiszertermelésben, mindségi fehérjeforras eldallitasdban. Sokoldalusidga szamos anyagi és
nem anyagi elénnyel jar a tdrsadalom szamara. A marhahtusagazat tobb olyan kihivassal is
szembesiil, amelyeket fenntarthatosagi szempontbol sziikséges kezelni. A fokozott élelmiszer
iranti kereslet kielégitése, a marhahtstermelés volumenének novelése a jelenlegi kevésbé
fenntarthat6 rendszerekkel jelentésebb kdrnyezeti terheléssel jarna, kdzvetleniil karosithatna az
okoszisztémat. A fenntarthatobb marhahutstermelés érdekében elengedhetetlen olyan genetikai
¢s gazdalkodasi stratégidk kidolgozédsa, amelyek javitjdk a termelékenységet, mikdzben
csOkkentik a kornyezeti ldbnyomot. A marhahtsagazat legfobb korlatja a kedvezdtlen
reprodukcio, a jelentdsen alacsonyabb termelékenység, hosszabb termelési ciklus mas
allatfajokhoz képest. A husmarhaallomanyok gazdasagi fenntarthatosagat szamos tulajdonsag
befolyasolja, amelyek kozvetlen hatassal vannak a tehén reproduktiv és produktiv
teljesitményére. A hatékonysdg novelése, a tdmogatasoktol valo fliggés csokkentése, a
jovedelmezdség javitasa €s fenntarthatosagi kovetelményeknek valdé megfelelés teljesitése
kulcsfontossagl tényezOk az dgazat hossztdvi versenyképessége szempontjabol. Az ellési
iddszakban korabban elld lisz0k megkozelitdleg eggyel tobb borjut adnak életiik folyaman, a
késbbb ell6 tarsaiknal. A hasznos élettartam novelése kozvetleniil javitja a jovedelmezdséget,
csokkenti a koltségeket. Szakirodalmi adatok alapjan hat valasztott borju sziikséges egy tehén
beallitasanak gazdasagi megtériiléséhez.

Az angus az egyik legdsibb, legelterjedtebb htismarhafajta vilagszerte. Szamos nemzetkozi
kutatasi eredmény, gyakorlati tapasztalat alapjdn az angus igénytelenebb, jobban
alkalmazkodik a klimatikus és egyéb koriilményekhez, olcsébban tarthatd, jO6 mindségl
végterméket ad, temperamentuma ¢és kezelhetdsége biztonsadgosabb munkakornyezetet biztosit.
Kevés adat all rendelkezésre a hazai angus populacio genetikai sajatossagairol, ami korlatozza
a célzott tenyésztési és szelekcios stratégiak kidolgozasat. Az angus fajtan beliil genetikai
eltérések figyelhetok meg, amelyek hatdssal vannak értékmérd tulajdonségokra,
figyelembevételiik hozzajarulhat a tenyésztési stratégidk optimalizalasahoz. A fajta megfeleld
genetikai szelekcidja és optimalizalt tenyésztési programja hosszu tavon jelentds eldnyoket

biztosithatnak a magyar és nemzetkdzi husmarhadgazat szamara.



Vizsgalataim soran az alabbi célkitiizéseket hataroztam meg:

1. A magyarorszdgi angus torzstenyészetek populdcidgenetikai szerkezetének,
jellemzdinek vizsgélata, az egyes részpopulaciok egymashoz viszonyitott
elhelyezkedésének, genetikai tavolsaganak megallapitasa, beltenyésztettségi fokanak
feltérképezése.

2. A fenntarthatésagot és jovedelmezdséget nagy mértékben meghatarozé tulajdonsagok
(sziiletési suly (BW), els6 elléskori életkor (AFC), az élve sziiletett borjak szama
(NCB), a hasznos élettartam (LP), 205 napra korrigalt suly (WW)) elemzése a
kiilonb6z6 angus genetikai csoportok kozott.

3. A magyarorszagi angus allomanyok elsé elléskori életkorara vonatkozo
populaciogenetikai paraméterek meghatarozasa GLM apa - és BLUP egyed modell
hasznalataval. Az alkalmazott modellekkel kapott eredmények Gsszehasonlitasa.

4. A kornyezeti és genetikai tényezOok hatdsdnak vizsgélata az elsd elléskori életkorra.

5. Az elsé elléskori €letkor fenotipusos és genetikai trendjeinek elemzése a magyar angus
populacidban.

6. Az angus tenyészbikdk tenyészértékének meghatarozdsa, GLM apa ¢és BLUP

egyedmodell segitségével az elso elléskori életkorra vonatkozoan.

2.  ANYAG ES MODSZER

A vizsgalatok a Magyar Hereford, Angus, Galloway Tenyészték Egyesiiletének (MHAGTE)
torzskonyvezési és teljesitményvizsgalati adatainak felhasznalasaval torténtek. Az adatok
levalogatasahoz az MHAGTE registry szoftverét hasznaltam. Az informaciok elékészitését
Microsoft Excel 2021 MSO, Microsoft Word 2021 MSO programokkal végeztem. Az
értékelést, a korrelacios matrix Osszeallitasat az IBM SPSS Statistics for Windows, Version

27.0 segitségével hajtottam végre (IBM SPSS 27.0, 2024).

2.1. A magyarorszagi angus allomanyok populacio genetikai vizsgalata, értékméro

tulajdonsagaik elemzése

A magyarorszagi angus allomanyok populdcid genetikai vizsgélatanak, értékmérd
tulajdonsagaik elemzése soran 16 magyarorszagi tOrzstenyészetbdl szdrmazo 1369 angus
szarvasmarha mintait vizsgaltuk. A genotipusok azonositasahoz 12 mikroszatellit markert
elemeztiink (BM1824, BM2113, ETHS3, ETH10, ETH225, INRA023, TGLA122, TGLA126,
BM1818, MGTG4B, CSSM66, CSRM60) ABI 3500 Genetic Analyzer (Applied Biosystems,



Foster City, CA, USA) automatizalt eszkdz segitségével. Az egyes érékmérd tulajdonsagok
vizsgalatahoz 4082 tehén termelési adatait (sziiletési suly, els6 elléskori életkor, sziiletett borjak
szama, hasznos élettartam) elemeztiik. A 16 torzstenyészet esetében genetikailag meghatarozott
négy csoportot kiilonitettiink el: kék (ACM): kanadai és amerikai tipusa vords, nagyramaju,
modern tipus; piros (FILNOP): hagyomanyos tipusu vords; zold (BDEGHI): hagyomanyos,
brit tipust; sarga (K): hagyomanyos brit tipusu fekete és amerikai importbdl szarmazé voros.

Az adatfeldolgozas €s elemzés az alabbi szoftverekkel tortént: IBM SPSS Statistics 27.0
(adatértékelés, korrelaciés matrix Osszeallitas), PowerMarker, Genalex 6.5, GDA-NT2021
(populaciogenetikai paraméterek), STRUCTURE (Klaszterszam meghatarozas), MEGA
(dendrogram készités), Python Networkx 2.3 (koztes centralitas, genetikai hasonlosagi hald

elemzés).

2.2. A Magyarorszagon tenyésztett angus tehenek elso elléskori életkoranak,

populaciogenetikai jellemzdinek vizsgalata, a tenyészbikak tenyészértékbecslése

Az 1998 - 2021 kozott sziiletett tehenek elsé ellési életkorat (AFC) vizsgaltuk. Az adatbazis
2955 ismert anyai €s apai szarmazasu tOrzskonyvezett angus és magas angus vérhanyadi
(>75%) tehenet tartalmazott 6t kiillonb6z6 genetikai csoportban sorolva. A vizsgalt populacid
egyedei 2106 tehén és 200 angus tenyészbika ivadékai. Az AFC meghatarozasakor csak az élve
sziiletett borjakat vettiik figyelembe. A genetikai csoportokat szarmazas, szinvaltozat, méret és
tipus szerint kiilonboztettiik meg: 1. csoport: kanadai €és amerikai tipusi vOrds angus
nagyramaji, modern tipus; 2. csoport: hagyomanyos tipusi vOrds angus; 3. csoport:
hagyomanyos, kizarolag brit tipusti angus; 4. csoport: hagyomanyos brit tipusti fekete és
amerikai importbol szarmazd vords angus; S. egyéb csoport: a 4 csoportbdl szarmazo
egyedeinek keveréke. Az AFC tulajdonsagot befolyasolo kiilonbozd genetikai és kdrnyezeti
tényezOk fix és véletlenszerii tényezdinek hatdsat General Linear Modell (GLM) - Anova Type
IIT egyvaltozds varianciaanalizissel értékeltiik (3. tablazat), a BLUP modellel torténd futtatés
elétt. A modell Gsszeallitasakor az apa (a tehén apja) véletlenszerii hatasként, mig a tobbi
vizsgalt tényezd (dllomany, a tehén szinvaltozata, a tehén sziiletési éve és a tehén sziiletési

iddszaka) rogzitett hatasként kertiilt figyelembevételre. A becslési modell:

Y it =u+S,+F +Cj +Y, + M, + Ehijia

Hi"

ahol yhiju = az AFC becsiilt értéke "h" apatol szarmazo tehén esetében az "i" allomanyban, "j"
szinnel, "k" sziiletési évben €s "1" sziiletési idényben; p = az 6sszes megfigyelés atlaga; Sh = az

apa véletlenszerli hatdsa; Fj = az allomany rogzitett hatasa; Cj = a tehén szinvaltozatanak
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rogzitett hatasa; Yk = a sziiletési év rogzitett hatdsa; M| = a sziiletési évszak rogzitett hatasa; és
enijkl = véletlenszert hiba.

A populaciogenetikai paraméterek meghatarozasa, a tenyészbikak tenyészértékének becslése a
GLM apa ¢és a BLUP (Best Linear Unbiased Prediction) egyed modell hasznalataval tortént. Az
AFC genetikai trendjét a vizsgalt allatok atlagos tenyészértékébél (TE) GLM és BLUP
modellek alkalmazadsaval hatdroztuk meg. Az AFC genetikai trendjét linedris regresszios
moédszerrel vizsgaltuk, harom kiilonbozé forrast hasznalva: az apak GLM alapt TE-ét, az apak

BLUP alapti TE-ét, az azonos évben sziiletett teljes populacié BLUP alapu TE-ét.

1. tablazat: A becsléshez alkalmazott modellek

A modell tipusa GLM médszer BLUP egyedmodell
Véletlen hatasok

— apa (a tehén apja) + —

— tehén (allat) — +

— anyai genetikai hatas — +

Fix hatasok

— allomany + +

— a tehén szinvaltozata + +

— a tehén sziiletési éve + +

— a tehén sziiletési évszaka + +

Szarmazasi matrix
— egyed (tehén) —
—anya —
— teljes testvérek, fél testvérek —
— nagysziilok —
Vizsgalt tulajdonsag
— ¢életkor az elso elléskor + +
+, a modell tartalmazta ezt a hatast; — a modell nem tartalmazta ezt a hatast.

+ 1+ |+ |+ [+

A fenotipusos trend szdmitasakor az évenkénti AFC-t atlagoltuk, az atlagértékeket a sziiletési
év fliggvényében abrazoltuk és linedris regresszids elemzéssel meghataroztuk a fenotipusos
trend irdnyat és mértékét. A fliggd valtozo (Y) az értékelt tulajdonsag (AFC atlaga), a fiiggetlen
valtozo (X) a tehén sziiletési éve. Meghataroztuk a meredekséget (b), amely a tulajdonsag

valtozasanak és irAnyanak nagysagat jelzi, a tengelymetszet (a) és az illeszkedés (R?) értékét.
2.3. Ertékméré tulajdonsagok elemzése az eltéré genetikai angus csoportok kozott

A vizsgalt populacié 5075 tehénbdl (1990 - 2020 kozott sziiletettek) és 19142 borjubol (1997-
2023 kozott sziiletettek; 10629 bika-, 8513 lisz6borju) allt. A hat vizsgalt tulajdonsag: elsé

elléskori életkor, hasznos élettartam, élve sziiletett borjak szama, selejtezési kor, sziiletési suly,
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205 napra korrigalt suly. A selejtezési kor meghatarozasakor a tovabbtartasra értékesitett
egyedek nem keriiltek az adatbazisba. A sziiletett borjak szamanal és az els6 elléskori 1d6
meghatarozasanal csak az ¢lve sziiletett borjakat vettiilk szdmitasba, a vetélést, halva ellést
figyelmen kiviil hagytuk. A sziiletési sulyt az ellést kovetd 24 6ran beliil mérték, a 205 napra
korrigalt sulyt a borjak 6-9 honapos koraban torténé mért sulyabol szamitottuk.

A vizsgélatot IBM SPSS Statistic 20 szoftverrel végeztiik. Az adatok normal eloszlasanak az
ellendrzéséhez Kolmogorov-Smirnov tesztet hasznaltunk. A varianciak homogenitasat Levene
teszttel végeztiik. A csoportok 6sszehasonlitasa Kruskal-Wallis-probaval, a csoportok kozotti
kiilonbségek mérése Dunett T3 post hoc teszttel tortént. Valamennyi statisztikai elemzésnél a

szignifikancia értéke p <0,05.
3.  EREDMENYEK ES ERTEKELESUK
3.1. A magyarorszagi angus allomanyok populacio genetikai sajatossagai

A vizsgalt 12 16kuszban megfigyelt allélszamok 11 és 18 kozott valtoztak. Az atlagos effektiv
allélszdm Ne=3,201. A valos Ho=0,710 és a vart heterozigozitds He=0,659 (2. tablazat).

2. tablazat: Az angus alloméanyok populaciogenetikai jellemzdi.

Pop. kéd Mintaszam Ne [H, [H. [Fis

A 97 3,149 0,678 (0,656 |-0,031
B 24 13,239 10,809 (0,671 |-0,210
C 278 3,276 (0,660 (0,657 |—0,004
D 46 3,356 (0,668 (0,684 (0,023

E 132 3,588 0,742 |0,711 |-0,046
F 57 3,191 (0,683 (0,657 |-0,044
G 29 3,253 (0,695 [0,671 |-0,030
H 207 2,981 |0,685 (0,642 [-0,068
| 95 3,337 /0,739 (0,689 |-0,071
J 79 3,343 (0,743 (0,678 |—0,100
K 213 3,614 (0,746 (0,708 |-0,051
L 18 2,949 (0,690 (0,627 |-0,095
M 20 2,569 0,600 (0,531 (—0,133
N 35 3,023 (0,726 (0,634 |-0,140
o) 18 3,198 0,759 (0,670 |-0,135
P 21 3,152 (0,738 (0,656 (—0,129
Osszesen:|1369 3,201 (0,710 (0,659 |-0,079




Az allomanyok csoportositasat harom eltéré modszerrel hataroztuk meg. A Structure szoftver
alapjan a legvaldszintibb klaszterszam négy (1. dbra). K=4 esetén a 16 magyarorszagi angus
tenyészetbol genetikailag meghatarozott négy csoport: kék: (ACM), zold: (BDEGHI), piros:
(FJLOP), sarga: (K) (2. abra). Koziiliik kettdt, az ACM-et és az FILNOP-t a fékomponens
analizis (PCA) is megerdsitette, a f6 koordinatadiagramokon (3. abra), az els6 (kék-zold) és
masodik (piros-kék-zold) tengely a teljes variancia 33,68%-at, 17,88%-at irja le, az els6 tengely
kiilonbozik a kék és zold csoportoktdl, mig a méasodik elvalasztja a pirosat a kéktdl, és a zold

jelzésti gazdasagoktol.
1. abra: Az angus allomanyok klaszterszamanak (K) meghatarozasa.
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2. abra: Az allomanyok szerkezeti abrazolasa A-P-ig K= 4-nél. Fliggéleges vonal: egyed;

szin: beazonositott csoportok aranya, kék: ACM, voros: FILNOP, zold: BDEGHI, sarga: K.
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3. abra: A fékomponens analizis eredménye
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A dendrogram (4. abra) — Nei-féle genetikai tavolsaga alapjan — a filogenetikai fa ugyanazon
agara helyezte az ACM csoportot, 50-nél nagyobb bootstrap értékekkel, az FILNOP csoport:
JLOP csoport erds genetikai rokonsagot mutat.

Az IBS (Identical By State) halozatelemzés adatai alapjan az A allomany egyedei rendelkeznek
a legnagyobb koztes centralitassal, IBS = 0,624 (kozepes-magas genetikai hasonldsag), ez a
kiiszobérték, amelynél a hal6zat még egyben maradt. Az angus tenyészetekben vizsgalt allatok
meghatarozé kozponti egyedei az A alloméanybél szarmaztak. Ok rendelkeztek a legmagasabb
koztes centralitas értékekkel a vizsgalt egyedek kozott €s a legmagasabb genetikai hasonldsagot
mutattdk mas allatokkal és egymadssal is. Az A populdcié egyedei genetikai hatteriikben a
legnagyobb mértékben hasonlitottak egymasra. A legmagasabb koztes centralitas értékkel
rendelkez6 négy egyed (5. abra), melyeket a legnagyobb kék korok abrazolnak - olyan genetikai
részleteket hordoznak, amelyek kiilonb6zd részhalmazai més egyedekben is megtalalhatoak. A

koztes centralitas értékeik 0,488, 0,375, 0,251 és 0,194.

4. abra: A 16 angus populaci6 UPGMA mddszerrel kapott dendrogram.
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3. tablazat: A vizsgalt tulajdonsagok elemzése a genetikailag kiilonbdz6 csoportok kozott.

Vizsgalt tulajdonsag ACM FILNOP BDEGHI K

Sziiletési suly (kg) 25,9.+2,7 29,3pt5,3 27,2:+4,4 27,6apc+5,9
Elsé ellési életkor (n) 869,206 829%,+156 8914+226 9454031320
Elve sziiletett borjak szama | 4,8,+3,6 5,9+3,5 6,3pct3,6 8,4.t4,1
Hasznos élettartam (n) 1,996.+£1,535 | 2,221.:+1,677 | 2,563¢+£1,520 | 3,556.+1,758

Az azonos sorban 1év6 kiilonb6z6 kisbetls -a, b, ¢, d, e - atlagok szignifikansan eltérnek egymastol p<0,05-nél.

A genetikai elemzéseket az allatok fenotipusos megjelenésének ¢€s teljesitményadatainak
ismerete nélkiil végeztiik. A genetikai csoportok meghatarozott termelési- és teljesitmény
adatainak vizsgalata és a klaszter analizissel kapott genetikai csoportok kozott osszefliggést

talaltunk (3. tablazat), amelyek az allatok eltér6 tipusaival magyarazhatok.
3.2. A hazai angus tehenek elsé elléskori életkoranak (AFC) populaciégenetikai jellemzoi
3.2.1. A kornyezeti tényezok hatasa

A hazai angus tehenek AFC-jének az Osszesitett atlaga 28,1 = 0,1 honap (SD =5,3 honap, CV
= 18,9%) (4. tablazat). Az eredmény elmarad a szakirodalmi hivatkozasokban javasolt 22—-24
honaptol. A vizsgalatban az angus iiszOk atlagos tenyésztésbe keriilése 18,6 honap, ami 5-7
hénappal alacsonyabb, az idealis 12—15 honapos tenyésztésbe vételi kornal.

A vizsgalt kornyezeti tényezdk: apa (p<0,01), allomany (p<0,05), tehén sziiletési év (p<0,01),
tehén ellési idészaka (p<0,01) hatdsai szignifikdnsnak bizonyultak az AFC tulajdonsagra, a
tehén szinvaltozata alapjan elkiilonitett csoportok kozott nem mutatkozott szignifikans
kiilonbség (5. tablazat). A Pearson féle korrelacids analizis laza, de szignifikans korrelaciot
mutatott az AFC és az allomany kozott (r= 0,104, p <0,01), negativ korrelaciot a szinvarianssal
(r=-0,108, p <0,01) és laza pozitiv korrelaciot a sziiletési évszakkal (r = 0,060, p <0,01), mig
a sziiletési évvel igen laza, negativ korrelaciot (r = -0,063, p <0,01).

Az AFC-t meghataroz6 kornyezeti tényezOk szédzalékos aranya: tehén sziiletési évszaka
28,99%, tehén sziiletési éve 28,7%, tehén apja 18,32%, allomany 11,77%, maradék szoras 4,12
%. A tehén sziiletési évszaka ¢€s a sziiletési éve a legjelentdsebb tényezdok, amelyek egylittesen
magyarazzdk az AFC eltérések kozel 60%-at ezek a kornyezeti tényezOk, a tartdsi- és
takarmanyozasi gyakorlatok, az iddjaras és a legeltetés jelentds valtozasainak tudhatok be. Az
apak genetikai hatasa az ivadékok fenotipusos varianciajanak 18,32%-at magyarazza, amely

magaban foglalja a genetikai és a kdrnyezeti hatasokat (5.tablazat).
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4. tablazat: Az angus tehenek elsé ellési életkoranak (AFC) alapstatisztikaja

Paraméterek Elso elléskori életkor
n 2,955

Atlag (h6énap) 28.1

Standard hiba (S.E.) (hénap) 0.1

Szoras (S.D.) (honap) 5.3

Variacios koefficiens (CV, %) 18.9

Median (hénap) 25.9
Minimum (hénap) 19

Maximum (honap) 46
Kolgomorov-Smirnov teszt (p) 0.00

5. tabléazat: Kiilonboz6 tényezok hatasa az elso ellés korara

Tulajdonsag Adatbézis Elso elléskori életkor
Megnevezés Hatas (p) | Arany a fenotipusban (%)
A tehén apja 200 <0,01 18.32

Allomany 5 <0,05 11.77

A tehén szinvaltozata 2 > (0,05 8.10

A tehén sziiletési éve 24 <0,01 28.70

A tehén sziiletési évszaka 4 <0,01 28.99

Maradék — — 4,12

Teljes — — 100.00

Az AFC becsiilt korrigalt atlagértéke GLM modszerrel 28,3 + 0,4. A vizsgalt allomanyok
atlagos AFC-je eltér6 (6. tablazat). Az 2-es allomanyban (brit tipusu voros angus) az AFC
(30,0 £0,7) +1,7 honap atlagtol valo eltéréssel, a 3-as allomanyban (hagyomanyos brit tipust
fekete angus) 1év0 iisz6ké (26,8 £ 0,7) —1,5 honap atlagtdl valo eltéréssel (3,2 honap
kiilonbség). 1999-ben az AFC 24,9, 2012-ben 31,6, ami 6,7 honapos kiilonbség. Az eltérések
ramutatnak, hogy a kiillonb6z6 években tapasztalt kornyezeti, gazdalkodasi feltételek
jelentdsen befolyasoltak a tehenek szaporodasi képességét. A tavaszi sziiletésti egyedek AFC-

je (27,7+0,3), 1,3 honappal rovidebb, mint a nyari és 0,8 honappal az 6szi évszakban

sziletetteké.




6. tablazat: A kornyezeti tényezOk hatdsa az elsdellés kori életkora

Tulajdonsag n Elso elléskori életkor (honap)
Korrigalt atlag (+SE) 2,955 283+0.3
Kornyezeti tényezék Atlag + S.E. (6) Atlagtol valo eltérés
Allomany (kod)
1 243 29,0 + 0,7 +0.7,
2 710 30,0 £0,7 +1.7
3 93 26,8 +£0,7 -1.5
4 1266 27,6 £ 0.4 —0.7
5 643 282 +0,5 0.1
A tehén szinvaltozata
Fekete 1445 28,5+ 0,4 +0.2
Voros 1510 28,0+ 0,4 -0.3
A tehén sziiletési éve
1998 25 204 +24 +1.1]
1999 18 249+2.2 -3.4
2000 15 27.7+1.9 —0.6
2001 36 25.8+1.5 -2.5
2002 80 259+1,5 —2.4
2003 37 31,1+ 1.3 +2.8
2004 42 204 +1.5 +1.1]
2005 37 30.1+1.2 +1.8
2006 102 28.3+ 1.0 +0.0
2007 60 29,5+ 1,0 +1.2
2008 94 25,0+£0,7 -3.3
2009 113 27.4+0,7 -0.9
2010 109 28,8 +0,7 +0.5
2011 197 30,2+0,5 +1.9
2012 215 31,6 0,5 +3.3
2013 187 30,5+ 0,6 +2.2
2014 169 29,2+ 0,6 +0.9
2015 201 28,0 £ 0,6 -0.3
2016 315 273+0,5 -1.0
2017 252 27,8 £0,6 —0.5
2018 196 28,1 £ 0,6 —-0.2
2019 160 28,4 +0,7 +0.1
2020 178 28,5+0,7 +0.2
2021 117 27,1 +0,8 -1.2
A tehén sziiletési évszaka
Tél 464 28.1 £0.4 -0.2
Tavasz 1759 27,703 -0.6
Nyar 550 29,0 £ 0,4 +0.7,
Osz 182 28,5+0,5 +0.2

Alloma’myk()d: 1 = kanadai, voros; 2 = brit, voros; 3 = brit, fekete; 4 = brit, voros; 5 = egyéb.
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3.2.2. Populaciégenetikai paraméterek

Az AFC (GLM 0,51 £ 0,06 és BLUP 0,38 + 0,05) h? értékei (7. tablazat) magasabbnak
bizonyultak a szakirodalmi forrasokhoz képest. Az eltérés a populacid szerkezetében, a
szelekcios intenzitdsban vagy a kornyezeti feltételekben mutatkozo kiilonbségekkel
magyarazhat6. A két moddszerrel becsiilt 6roklodhetoségi becslések kozotti kiillonbség a

variancia-komponens becslésének modszertani eltéréseibdl fakad.

7. tablazat: Az elsd ellés koranak populdcidogenetikai paraméterei

Elso elléskori életkor
Paraméterek (GLM modszer BLUP egyedmodell

6% 21.49 9.77
6°m — 0.00
Gdm — -0.01
0% 20.94 15.98
62 42.43 25.74
h24 0,51 £0,06 0,38 £ 0,05
h%m — 0,00 + 0,03
Idm — -0,97 £ 1,00

e2 - 0,62 + 0,05

0% = apai variancia GLM-ben; 6%y = anyai genetikai variancia; cqm = direkt-anyai kovariancia; 6% = hiba variancia;
6%, = fenotipusos variancia; h% = direkt 6roklédhetdség; h’m = anyai droklédhetdség; ram = direkt-anyai genetikai

korrelacié; e? = hiba variancia aranya a fenotipusban.

A direkt és anyai genetikai hatdsok kozotti korrelacio értéke igen szoros €s negativ rgm = -
0,97£1,00. Az 1,0-s standard hiba (SE) azonban azt jelzi, hogy ez a korrelécio statisztikailag
nem kiilonbozik a nullatol. A variancia tobbségét genetikai és egyéb nem éallando kdrnyezeti

tényezOk befolyasoljak az altalunk vizsgalt angus populaciokban.
3.2.2. Az apa hatasa az elso ellési életkorra

A GLM modszerrel meghatarozé kiilonbségeket talaltunk a tenyészbikak ivadékcsoportjainak
AFC atlagértékei kozott (8. tdblazat). A 20716-os regisztracids szamu tenyészbika ivadékai
atlagosan 31,7+1,1 honaposan ellettek (TEcLm = +6,8 honap), a 20495-6s tenyészbika ivadékai
22,44+ 1,0 honapos korukban (TEcLm= —11,7 honap), az eltérés 9,3 honap. Az ivadékcsoportok
kozotti kiilonbség és az apak AFC-jének TE-je kozott is nagy differenciat tapasztaltunk. A
BLUP allatmodell hasznalataval a TE két szélsé értéke (27934: +6,0 honap és 20495: —6,2
honap), eltérésiik 12,2 honap. A Spearman-féle rangkorrelacios egytitthato (rno = 0,86; p <0,01)

viszonylag erds egyezést jelez a két modszer kozott. Ez a korrelacié azonban nem feltétleniil
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tiikkrozi teljes mértékben a kevesebb ivadékkal vagy szélsdséges értékekkel rendelkezd apak
rangsoroldsanak kiilonbségeit. Az eredmény ramutat arra, hogy a modell tovabbfejlesztése és a
tenyészértékbecslések pontossaganak javitdsa érdekében érdemes részletesebb genetikai

informacidkat bevonni.

8. tablazat: Az apa hatdsa az angus tehenek elso elléskori jellemzdire.

Tulajdonsag Elso elléskori életkor (honap)
, BLUP
GLM modszer
. . egyedmodell
A tehén apja n . .
(Kozponti lajstromszam) Az 1rvadek0k . . .
atlaga TEcLm | TEamD | TEAMM
(£ S.E.
A populacioé korrigalt
féatlaga ( S.E.) 2,955 28.3+0.3
20495 84 224+1.0 -11.7 —6.2 +0.0
20501 40 292+ 1.0 +1.8 -0.9 +0.0
20716 41 31,7+ 1,0 +6.8 +4.8 -0.0
22666 50 24.1+1.0 -8.5 —2.7 +0.0
23155 40 27.1+£1.0 -2.3 —2.2 +0.0
24100 39 289+ 1,0 +1.3 -0.8 +0.0
24608 68 29,5+ 1,0 +2.4 +0.8 -0.0
24626 44 30,6 + 1,0 +4.6 +3.6 -0.0
24635 42 224+1.1 -11.7 -5.9 +0.0
27934 35 204 +1.2 +2.2 +6.0 -0.0
27940 56 280+1,1 0.7 +3.2 -0.0
27946 56 28.6+ 1.1 +0.7 +3.6 -0.0
30947 61 272+1.0 -2.3 -1.6 +0.0
31117 68 28,0+ 1,2 —0.6 +1.5 -0.0
34296 35 287+ 1.2 +0.9 +0.7 -0.0
Frank TEGLM +0.86* | —0.86*
TEamp —0.99*

#a,tenyészértékek csak a legtobb ivadekkal rendelkezd 15 apara vonatkoznak; *p<0,01; n = ivadékok szdma ;
TEGLm = GLM modszerrel becsiilt tenyészérték(8); TEamp = BLUP egyedmodellel becsiilt direkt tenyészérték;
TEamm = BLUP egyedmodellel becsiilt anyai tenyészérték; rrank = Spearman-féle rangkorrelacios egytitthato.

3.2.4. Fenotipusos és genetikai trendek az elsé ellési életkorban

A becsiilt fenotipusos és genetikai trendek adatai alapjan a fenotipusos trend minimalis (b =
+0,03 + 0,05) és nem szignifikans, illeszkedése (R?=10,02; p>0,05), jelezve, hogy a kdrnyezeti
¢és genetikai hatasok és idébeli valtozadsok nem befolydsoltak jelentdsen az elsé ellési életkort
(9. tablazat). A genetikai trend, bar a GLM modellel értékelve szignifikans csokkenést mutatott
az AFC tekintetében (b=—0,20; p<0,05; R?>=0,18), a megbizhatobb BLUP alapjan sem az anyai,
sem a direkt tenyészérték szerint nem csékkent (b= —0,00—+0,01; SE= 0,00 — 0,03; p>0.05, R?

= 0,00). A 23 éves vizsgalati periddus soran nem tortént fenotipusos vagy genetikai valtozas.
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Az azonban, hogy a korabbinal magasabb 6roklédhetdségi becsléseket kaptunk, arra utal, hogy

az angus populdcioban az elsd elléskori életkor alapjan szelekcio lehetséges (6. abra).

9. tablazat: Az elso ellés koranak populaciogenetikai paraméterei

Trend Meredeksé Tengelymetszet Illeszkedés
Y b S.E. p a S.E. p R? p

P AFC +0.03 | 0.05 | >0.05 | —-37.11 | 107.84 | >0.05 | 0.02 | >0.05
GGS AFC™ | 020 | 0.08 | <0.05 | 403.27 | 163.47 | <0.05 | 0.18 | <0.05
GASqg AFC™ | +0.01 | 0.03 | >0.05 | -11.40 | 64.42 | >0.05 | 0.00 | >0.05
GASm AFC™ | —0.00 | 0.00 | >0.05 | 0.02 0.08 | >0.05| 0.00 | >0.05
GAA« AFC™ | +0.00 | 0.01 | >0.05 | -0.63 21.89 | >0.05 | 0.00 | >0.05
GAAm AFC™ | —0.00 | 0.00 | >0.05| 0.00 0.03 | >0.05 | 0.00 | >0.05

b= meredekség regresszids egyiitthatd; S.E = standard hiba; p = szignifikancia szint; Y = fiiggd valtozo; a =
konstans; R? = Determinacids egyiitthato ; P = fenotipusos trend; GGS = a GLM modszert alkalmazo apak TE-
nek genetikai trendje; GASy = az apak direct TE-nek genetikai trendje a BLUP egyedmodell alkalmazasaval;
genetikai trend az anyai TE-ben a BLUP egyedmodell alkalmazisaval; GAAq = a BLUP egyedmodellt
alkalmazo osszes allat direkt TE-nek genetikai trendje; GAAn = az 6sszes allat anyai TE-n@k genetikai tendenciaja
a BLUP egyedmodell alkalmazasaval; AFC = elsé elléskori életkor 4tlaga (honap); AFC™ = 4tlagos tenyészérték
AFC (hénap); TE = tenyészérték; X = sziiletési év.
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6. abra. Az angus tehenek AFC tulajdonsadganak fenotipusos és genetikai trendjei
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3.3. Az értékméroé tulajdonsagok osszehasonlité vizsgalatainak eredménye az angus
3.3.1. Elso elléskori életkor (AFC)

Az AFC értéke a vizsgalt csoportok tekintetében kis mértékben eltért. A négy genetikai csoport
atlagos AFC 2,35 + 0,54 év. A legalacsonyabb AFC-t a piros csoportnal talaltuk 2,28 + 0,49
év, a legmagasabb érték a sarga csoportnal jelentkezett 2,47+ 0,68 értékkel. A kiilonbség a
legalacsonyabb és a legmagasabb érték kozott 0,19 év, megkozelitéen 69,4 nap. Az AFC
genetikai csoportjai kozotti kiillonbségek szignifikansak (p<0,01) (10.tablazat).

3.3.2. Klve sziiletett borjak szama (NCB)

Az NCB értéke a vizsgalt csoportok tekintetében jelentdsen eltért. A négy genetikai csoport
atlagos NCB-je: 5,89 £+ 3,69. A genetikai csoportok kozotti kiillonbségek szignifikdnsak
(p<0,01). A legalacsonyabb NCB: 5,3 + 3,6 kék csoport, a legmagasabb érték 8,85+ 4,15 a
sarga csoportndl. A legalacsonyabb és a legmagasabb érték kozotti kiilonbség 3,6 borju.

3.3.3. Hasznos élettartam (LP)

A LP értéke nagymeértékben kiillonbozott a vizsgalt csoportok kozott. A négy genetikai csoport
atlagos LP-je 6,85+4,13 év. A csoportok kozotti eltérések szignifikans (p<0,01). A
legalacsonyabb LP-t a kék csoportban talaltuk, 6,14+3,6 év, mig a legmagasabb értéket,
9,8+4,6 évet, a sarga csoportban. A legalacsonyabb és a legmagasabb érték kozotti kiillonbség
3,7 év, ami jelentds, harom borju feletti kiilonbség, amit a vizsgalat NCB eredményei is

megerdsitettek.
3.3.4. Selejtezési kor (AGE)

A vizsgalt genetikai csoportok tekintetében az AGE (sziiletést6l a selejtezésig) mérsékelten
kiilonbozott. A négy genetikai csoport atlagéletkora 9,2+4,26 év. A legalacsonyabb AGE a kék
csoportban 8,44+4,11, a legmagasabb a sarga csoportban 12,27+4,53 jelentkezett. A két érték
kozotti kiilonbség 3,83 év. Ez a kiilonbség megfelel az LP és a AFC kiilonbségeinek. A
genetikai csoportok €s az AGE alapjan képzett csoportok kozotti kiilonbségek szignifikansak
(p<0,01). A genetikai csoportok és az AGE kozotti korrelaciok tiikrozik a tenyészallatok

teljesitményét és az dllomanyban maradast befolyasolo tényezoket.
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10. tablazat: Az angus csoportok elsd elléskori életkoranak, élve sziiletett borjak szamanak,

hasznos élettartamanak és selejtezési koranak leir6 statisztikai.

Genetikai | Vizsgalt
csoport tényezo AFC(év) NCB LP(év) AGE(év)
Kék Atlag 2,3063 5,3 6,1362 8,4425
N 2504 2504 2504 2504
Std. Deviation 0,50451 3,595 4,13116 4,1137
Std. Err. of
M. 0,01008 0,072 0,08256 0,08221
Minimum 1,34 1 0 1,92
Maximum 4,36 16 18,73 20,7
Piros Atlag 2,2826 5,81 7,4454 9,728
N 468 468 468 468
Std. Deviation 0,49089 3,315 4,52061 4,56527
Std. Err. of
M. 0,02269 0,153 0,20897 0,21103
Minimum 1,28 1 0,01 1,69
Maximum 4,56 14 19,08 21,02
Zold Atlag 2,4048 6,49 7,4443 9,849
N 1988 1988 1988 1988
Std. Deviation 0,57129 3,698 4,13715 4,13883
Std. Err. of
M. 0,01281 0,083 0,09279 0,09283
Minimum 1,07 1 0 1,82
Maximum 4,54 18 18,71 21,54
Sarga Mean 2,4726 8,85 9,8021 12,2748
N 115 115 115 115
Std. Deviation 0,68085 4,149 4,61153 4,52994
Std. Err. of
M. 0,06349 0,387 0,43003 0,42242
Minimum 1,31 1 0,01 1,86
Maximum 4,53 15 19,13 21,15
Teljes Mean 2,3465 5,89 6,8524 9,1988
N 5075 5075 5075 5075
Std. Deviation 0,563742 3,693 4,25445 4,25717
Std. Err. of
M. 0,00754 0,052 0,05972 0,05976
Minimum 1,07 1 0 1,69
Maximum 4,56 18 19,13 21,54
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3.3.5. Sziiletési sily (BW)

A BW ¢értéke kismértékben eltért a vizsgalt csoportokban. A négy genetikai csoport atlagos
testtomege 29,4+4,28 kg volt. A genetikai csoportok és a BW alapjan képzett csoportok kozotti
kiilonbségek szignifikansak (p<0,01). A legalacsonyabb érték a kék csoportnal jelentkezett
29,23+ 4,2 a legmagasabb a piros csoportban 31,35 + 5,8. A legalacsonyabb és a legmagasabb
sziiletési suly kiilonbsége 2,12 kg.

3.3.6. 205 napra korrigalt suly (WW)

A WW értéke a vizsgalt csoportok tekintetében lényegesen eltér. A négy genetikai csoport
atlagos WW-je 176,90+44,07 kg. A genetikai csoportok ¢s a WW alapjan képzett csoportok
kozotti kilonbségek szignifikansak (p<0,01). A legalacsonyabb WW-t a kék csoportban
talaltuk 166,57+ 41,1 a legmagasabb értéket 212,56 = 25,9 -t pedig a sarga csoportban. A
legkisebb ¢és a legnagyobb 205 napra korrigdlt valasztasi suly kozotti kiilonbség 45,99 kg. Az
eredmények alapjan jelentés kiilonbségek vannak a legfontosabb reprodukcios és élettartam
tulajdonsagok kozott a DNS mikroszatellit informaciok altal meghatarozott angus alloméanyok
genetikai csoportjai kozott (11.tablazat). A hat vizsgalt tulajdonsag atlaga AFC 2,35+0,54 év,
NCB 5,89+3,69 egyed, LP 6,85+4,13 év, AGE 9,2+4,26 ¢év, BW 29,4+4,28 kg és WW
176,9+44,1 kg. A séarga csoport a reprodukcids és novekedési tulajdonsagokban (NCB, LP,
AGE, WW), a piros az AFC-ben és a BW-ben teljesitett a legjobban. A kék mutatta a
leggyengébb teljesitményt az NCB, LP, AGE, BW ¢s WW kozott. A nagyobb testii vords angus
allomanyok nagymértékben elmaradtak a hagyomanyos, kisebb brit tipustu fekete és vords
angus populaciok teljesitményétdl a fenntarthatosagot és jovedelmezdséget befolydsold

vizsgalt tulajdonsagokban.

11. tablazat. A genetikailag kiilonboz6 angus csoportok értékmérd tulajdonsagai

Tulajdonsag | Kék csoport | Piros csoport | Zold csoport | Sarga csoport | Osszesen

AFC 2,3ac+0,5 2,3.+0,5 2,4p4%0,6 2,5¢4%0,7 2,3+0,5
NCF 5,3.£3,6 5,8p%3,3 6,5.+3,7 8,94+4,1 5,9+3,7
LP 6,1:+4,1 7,4p14,6 7,4014,1 9,8:+4,6 6,9+4,3
AGE 8,4.+4,1 9,7bct4,6 9,8hct4,1 12,3¢+4,5 9,2+4,3
BW 29,2ac+4,2 31,444£5,8 29,3:£3,6 30,84+3,8| 29,4443
WWwW 166,6a+41,1| 211,1,+40,3| 206,1c+36,9| 212,6n:£25,9]176,9+44,1

elsé elléskori életkor (AFC), élve sziiletett borjak szama (NCB), hasznos élettartam (LP), selejtezési életkor

(AGE), sziiletési suly (BW), 205 napos valasztasi suly (WW) és SE atlagértékeinek megoszlasa.
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4. AZ EREDMENYEK HASZNOSITHATOSAGA

Korabban a magyarorszagi angus allomanyok genetikai szerkezetére vonatkozdéan nem
késziiltek vizsgalatok, a kapott eredményeket az MHAGTE beépitheti a fajta genetikai
sokféleségének védelmét és megdrzését célzd, folyamatban 1évo és jovObeni tenyésztési
programjaba. Az azonositott csoportok tulajdonsagai kozotti  kiillonbségek ismerete
megnyithatja az utat egy jovobeli genomi szelekciod célzott és hatékony felhasznaldsahoz. Az
eredmények segithetik 1j tenyésztési stratégidk kidolgozasat. A genomikai szelekcio hatékony
alkalmazaséval javithatok a szaporasagi, hismindségi és egyéb gazdasagi szempontbdl fontos
tulajdonsagok, amelyek eldsegitik a termelés fenntarthatosagat és novelik az éagazat
jovedelmezdségét. A genetikai csoportok és tovabbi gazdasagilag fontos tulajdonsadgok kozotti
Osszefiiggések tovabbi vizsgalata hozzajarulhat a fajta hosszl tava genetikai diverzitdsanak
megOrzéséhez, valamint a gazdasagi teljesitmény tovabbi javitasahoz.

Az elsd ellési életkor tulajdonsag kulcsfontossagl a husmarhatarts gazdasagi fenntarthatsaga
szempontjabol, szoros kapcsolatban all a hatékonysdggal ¢és a jovedelmezdséggel. Az
eredmények alapjan a tehén sziiletési éve és évszaka, valamint az apai hatas jelentds mértékben
befolyésolja az ivadékok elsé elléskori életkorat. A 23 éves vizsgalati idészak sordn nem
talaltunk fenotipusos vagy genetikai valtozasokat. Az azonban, hogy a korabbinal magasabb
oroklédhetdségi becsléseket kaptunk, arra utal, hogy az angus populacioban az elsé elléskori
életkor alapjan szelekcio lehetséges.

Vizsgalatunk alapjan az angus tehenek AFC-jére gyakorolt f6 hatast a tehenek ellési évszaka
jelentette. Ez az eredmény felhivja a figyelmet a megfeleld ellési iddszak kivalasztasanak
fontossagara.

Az AFC stagnalo fenotipusos €s genetikai trendjei részben azzal is magyarazhatok, hogy az
AFC alacsony genetikai korrelaciot mutathat a jelenleg kozvetlen genetikai szelekcio alatt allo
tulajdonsagokkal, korlatozva ezzel a szelekcid kozvetett hatasait. A tenyésztéknek a jovoben
nagyobb figyelmet kell forditaniuk erre a tulajdonsagra, figyelembe véve annak gazdasagi
jelentdseégét és a reprodukcios hatékonysagra gyakorolt lehetséges hatasat.

Az allomanyok kozotti kiilonbségek és az AFC viszonylag magas 6roklodhetdsége lehetdséget
nyUjt arra, hogy célzott tenyésztési programok kidolgozéasaval genetikai alapon javitsék ezt a
tulajdonsagot. Ennek elérése érdekében az AFC-t specidlis szelekcios kritériumként lehetne
kezelni a tenyésztési programokban, figyelembe véve annak mas tulajdonsagokkal vald
Osszefliggéseit. Példaul az AFC-vel szorosabb genetikai korrelaciot mutatd tulajdonsagokat,

mint a reprodukcios hatékonysag vagy a hosszu ¢€lettartam, kiemelten lehetne kezelni a tébb
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tulajdonsagu szelekcids indexekben. Ezzel szemben az AFC-vel laza vagy negativ genetikai
korrelaciot mutatd tulajdonsagokat kiilon figyelmet igényelhetnek, hogy elkeriiljilk mas
kulcsfontossagu tulajdonsagok javitasanak a lehetdségét.

Hazai kutatasok nem allnak rendelkezésre az AFC koltség-haszon elemzésérol, az eredmények
ravilagitanak annak lehetséges gazdasagi hatasaira. Az AFC mérséklése csokkentheti a
felnevelési koltségeket, novelheti az élettartamra jutd borjak szamat, és javithatja az altalanos
jovedelmezdséget. Az optimalis AFC elérése érdekében hasznos a célzott genetikai szelekcio,
a magyarorszagi termelési rendszerekhez igazitott, tovabbfejlesztett allomanykezelési
gyakorlat. A jovobeli kutatasoknak a részletes koltség-haszon elemzésekre, az AFC
csOkkentésének kornyezeti hatasaira és az AFC-vel kapcsolatos tulajdonsagok tenyésztési
programokba torténd integralasara célszerti dsszpontositaniuk a hosszutavu fenntarthatdsag
tamogatasa érdekében. Az allomanyok kozotti kiillonbségek és az AFC viszonylag magas
oroklodhetdsége lehetdséget nyujt arra, hogy célzott tenyésztési programok kidolgozasaval
genetikai alapon javitsdk ezt a tulajdonsdgot. Ennek elérése érdekében az AFC-t specialis
szelekcios kritériumként lehetne kezelni a tenyésztési programokban, figyelembe véve annak
mas tulajdonsagokkal valo Gsszefiiggéseit.

A hazai populaciora vonatkozé eredményeket a kornyezeti tényezok nagymértékben
meghatarozzak (éghajlat, tartdstechnoldgia, takarmanyozasi technologia, genetika). A
tanulmany eredményei hozzajarulhatnak az AFC javitdsdhoz genetikai szelekcio és
tartadstechnologiai  eszkdzok révén. Nemzetkézi egylittmilkddéssel a kapott adatok
Osszehasonlithatok és hatdron atnytlo tenyésztési programokra is kiterjeszthetdk-

A vizsgélat eredményei alapjan jelentos kiilonbségek vannak a legfontosabb reprodukcios €s
¢lettartam tulajdonsagok kozott a DNS mikroszatellit informaciok altal meghatarozott angus
allomanyok genetikai csoportjai kozott. A nagyobb testli vords angus allomanyok
nagymértékben elmaradtak a hagyomanyos, kisebb brit tipust fekete és vords angus populaciok
teljesitményétél a  fenntarthatésagot ¢és  jovedelmezdséget befolyasold  vizsgalt
tulajdonsagokban. Ezek az eredmények hasznosak lehetnek a tenyésztési program

kidolgozéasaban, és segithetnek a szelekcidos dontések meghozataldban, hozzajarulva a fajta

crer
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DNS mikroszatellit markerekkel els6ként hataroztam meg a magyarorszagi angus
allomanyok genetikai szerkezetét. A vizsgalt 12 16kuszon megfigyelt allélszamok 11 ¢és
18 kozott valtoztak. Az atlagos effektiv allélszdm Ne = 3,201, ami kozepesen magas
genetikai valtozatossagra utal. A megfigyelt heterozigozitds Ho = 0,710, a teljes varhato

heterozigozitas He = 0,659, a beltenyésztettségi egyiitthato Fis = -0,079.

Halozatelemzés alapjan kimutattam, hogy az az IBS (ldentical By State) érték, amelynél
a haldzat egybefliggd maradt, 0,624 volt, ami az adott egyedek DNS szakaszainak azonos

alléljaira utal.

Populéciogenetikai elemzés eredményeként a 16 magyarorszagi angus torzstenyészetet

négy genetikailag elkiilonithetd csoportba sorolhatonak taldltam.

Megallapitottam, hogy a mikroszatellit informaciok alapjan elkiilonitet genetikali
csoportok kozott az angus fajtdban bizonyos, értékmérd tulajdonsdgokban is

megnyilvanuld termelési kiilonbségek mutathatok ki.

Réamutattam, hogy a legeldn tartott angus tehenek elsé ellési életkorat dontden az
idGjarassal Osszefliggd kornyezeti tényezok (sziiletési évszak 28,99%; p <0,01), a
sziiletési évjarat (28,7%; p <0,01), és a menedzsmenttel kapcsolatos, tenyészet hatdsok

(11,77 %; p <0,05) alakitottak.

Linearis regresszios trend elemzéssel megallapitottam, hogy a hazai angus tehénallomany
atlagos elso ellési €letkora, sem fenotipusosan (teljesitmény trend értéke, b = +0,03 +
0,05; p>0.05; R2 = 0,02) sem a BLUP szerint genetikailag (a tenyészérték trend értéke,
b= -0,00-+0,01; SE= 0,00 — 0,03; p>0.05, R? = 0,00) nem valtozott a vizsgalt 23 éves

1d6szakban.
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Objective: This study aims to investigate the genetic structure and characteristics of the
Angus cattle population in Hungary. The survey was performed with the assistance of the
Hungarian Hereford, Angus, Galloway Association (HHAGA).

Methods: Genetic parameters of 1,369 animals from 16 Angus herds were analyzed using
the genotyping results of 12 microsatellite markers with the aid of PowerMarker, Genalex,
GDA-NT2021, and STRUCTURE software. Genotyping of DNA was performed using an
automated genetic analyzer. Based on pairwise identity by state values of animals, the Python
networkx 2.3 library was used for network analysis of the breed and to identify the central
animals.

Results: The observed numbers of alleles on the 12 loci under investigation ranged
from 11 to 18. The average effective number of alleles was 3.201. The overall expected
heterozygosity was 0.659 and the observed heterozygosity was 0.710. Four groups were
detected among the 16 Angus herds. The breeders” information validated the grouping
results and facilitated the comparison of birth weight, age at first calving, number of
calves born and productive lifespan data between the four groups, revealing significant
differences. We identified the central animals/herd of the Angus population in Hungary.
The match of our group descriptions with the phenotypic data provided by the breeders
further underscores the value of cooperation between breeders and researchers.
Conclusion: The observation that significant differences in the measured traits occurred
among the identified groups paves the way to further enhancement of breeding efficiency.
Our findings have the potential to aid the development of new breeding strategies and help
breeders keep the Angus populations in Hungary under genetic supervision. Based on our
results the efficient use of an upcoming genomic selection can, in some cases, significantly
improve birth weight, age at first calving, number of calves born and the productive lifespan
of animals.

Keywords: Angus Cattle; Genetic Diversity; Microsatellites; Production Traits

INTRODUCTION

The Aberdeen Angus is one of the oldest — and probably the most iconic — beef cattle breeds
in the world. It derives from the Scottish counties of Aberdeenshire and Angus in northeast
Scotland, where the black hornless cattle were raised by local farmers.

The first printed reference to polled cattle in Angus was made by Rev. James Playfair in
1797 in the Old Statistical Account of the parish of Bendochy [1]. Hugh Watson, William
McCombie and Sir George MacPherson Grant are considered leading promoters and im-
provers of the Aberdeen Angus breed. Starting of the Herd Book (1862) was an important
event in the history of the breed, which was followed by the institution of the Polled Cattle
Society in 1879 [1].

In the 19th century, the breed rapidly spread across the whole of the United Kingdom,
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France and other countries, such as Argentina, Australia,
Uruguay, and the United States of America. It is currently
one of the most popular breeds worldwide due to the superior
quality of its meat. Today, the breed is available and raised in
many countries throughout the world. The number of regis-
tered Aberdeen Angus animals continues to rise year-on-year.
Based on the British Cattle Movement Service (BCMS) reg-
istration results, in 2021 Aberdeen Angus became Britain's
most popular cattle breed [2]. Aberdeen Angus cattle are re-
garded as medium-sized animals and produce a high carcass
yield of excellent quality marbled meat. The native colour is
black, but more recently red colours have also emerged. Black
and Red Angus are closely related breeds. The low genetic
distance between them indicates a relatively recent divergence
between these breeds [3]. The UK registers both Red Angus
and Black Angus in the same herd book, but in some coun-
tries (e.g. the United States and Australia) they are regarded
as two separate breeds.

The melanocyte-stimulating hormone receptor is of ma-
jor importance in the determination of bovine coat colour.
A polymorphism in the dominant E” allele of the gene is re-
sponsible for the black colour, while a frameshift mutation
in homozygous e/e animals results in a red coat colour [4].

Black-hided Angus calves had higher average daily weight
gain, required shorter fattening time to reach slaughter weight
and had fewer health problems and deaths than non-black-
hided calves [5]. Comparing the feeding behaviour of Black
and Red Angus cattle, Wolfger et al [6] observed elevated
feed intake in the case of black animals, which resulted in
higher average daily weight gains. Previously, McLean and
Schmutz [7] reported a faster rate of gain and better carcass
quality in black cattle, which was associated with a particular
melanocortin 1 receptor genotype.

Lozada-Soto et al [8] examined the consequences of genomic
selection on the genetic diversity of American Angus cattle.
They found significant depressive effects of inbreeding on
economically important growth traits.

Results of Karamfilov [9] suggested that Aberdeen Angus
cows are more docile after the age of four years. These animals
express higher resistance to diseases, have stable immunity
and lower treatment expenses [10].

The Angus breed was first introduced in Hungary in the
1950s to develop cross-breeding programmes among different
beef cattle breeds [11]. Later, both Black and Red Angus animals
were imported to Hungary on several occasions.

The Hungarian Hereford, Angus, Galloway Association
(HHAGA) was founded in 1988 and since then has continued
to work to improve breeding activity and preserve the superior
genetic characteristics of the breed. The HHAGA has been a
member of the World Hereford Council since 1990 and a
member of the European Angus Forum since 2002.

Comparing reproductive performance of nine beef cattle
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breeds (Hungarian Sim-mental, Hereford, Aberdeen Angus,
Red Angus, Lincoln Red, Limousin, Charolais, Blonde
d’Aquitaine, and Shaver) Bene et al [12] found that Red
Angus cows had the highest 205-day weaning weight per
cow and per 100 kg cow weight (143.9 kg and 23.9 kg/100
kg, respectively). Marker assisted selection (MAS) has been
used by Hungarian researchers as molecular tool in cattle
breeding since 1996 [13]. In the 2000s several studies were
conducted in Angus bulls in Hungary to investigate the ef-
fect of diacylglycerol acyltransferase 1, thyroglobulin, and
leptin loci on the marbling of meat. Significant differences
(p<0.05) were observed between genotypes in all cases, con-
cerning fat percentage values in the longissimus dorsi and
semitendinosus muscles [14,15].

Microsatellite markers are widely used in population ge-
netics, conservation genetics, and parentage identification
[16-19]. In recent years, several genetic analyses have been
performed in cattle populations based on microsatellite
markers [11,17,20,21]. Since no previous studies have been
made concerning the genetic structure of Angus cattle in
Hungary, we aimed to provide breeders with sufficient infor-
mation to preserve and protect the genetic diversity of the
breed and to indicate those herds, which demand special
consideration by the HHAGA.

MATERIALS AND METHODS

A total of 1,369 Angus cows from 16 different Hungarian
herds (Figure 1; Table 1; Supplementary Table S1) were in-
vestigated by genotyping 12 microsatellite markers (BM1824,
BM2113, ETH3, ETH10, ETH225, INRA023, TGLA122,
TGLA126, BM1818, MGTG4B, CSSM66, and CSRM60) using
an automated ABI 3500 Genetic Analyzer (Applied Biosys-
tems, Foster City, CA, USA). All of the above-mentioned
microsatellite markers are recommended by the International
Society of Animal Genetics (ISAG) for parentage control
examinations [22]. The collection of blood samples was an
integral part of the regularly executed routine parentage testing
performed by trained veterinarians. The genomic DNA ex-
traction, polymerase chain reaction and fragment length
determination were completed according to the method
used by Sztics et al [17].

The number of animals, regarding the analyses of produc-
tivity data were 4,082 cows. They were arranged [23-25] into
four sets according to the microsatellite based identification
of A-C-M, F-J-L-N-O-P, B-D-E-G-H-1, and K groups (see
RESULTS AND DISCUSSION).

Effective number of alleles, observed and expected het-
erozygosity values, inbreeding coefficients and principal
coordinate analysis were calculated by GenAlEx [26]. Neigh-
bour-joining tree was constructed by MEGA [27].

Identity-by-state pairwise value (IBS) between any two
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Figure 1. Sampling locations of 16 Angus herds in Hungary. Nearest settlement names and the coordinates are given in the Supplementary Table
1. Grey lines within the border represent the main body of rivers. Dark grey line is the Danube. The closed area, north from farms A, O, and N, south

from farm G, is the lake Balaton.

Table 1. Population codes (Pop code), number of animals (N), effec-
tive number of alleles (Ne), observed (Ho), and expected (He) hete-
rozygosity values, and inbreeding coefficients (Fis) of the investigat-
ed herds

Pop code N Ne Ho He Fis

A 97 3.149 0.678 0.656 -0.031
B 24 3.239 0.809 0.671 -0.210
C 278 3.276 0.660 0.657 -0.004
D 46 3.356 0.668 0.684 0.023
E 132 3.588 0.742 0.711 -0.046
F 57 3.191 0.683 0.657 -0.044
G 29 3.253 0.695 0.671 -0.030
H 207 2.981 0.685 0.642 -0.068
I 95 3.337 0.739 0.689 -0.071
J 79 3.343 0.743 0.678 -0.100
K 213 3.614 0.746 0.708 -0.051
L 18 2.949 0.690 0.627 -0.095
M 20 2.569 0.600 0.531 -0.133
N 35 3.023 0.726 0.634 -0.140
0 18 3.198 0.759 0.670 -0.135
P 21 3.1562 0.738 0.656 -0.129

1369 3.201 0.710 0.659 -0.079

individuals was calculated as: ([number of markers sharing
two alleles + 0.5x number of markers sharing one allele]/
number of markers). Betweenness centrality, was calculated
and visualised by Python 3.6 software using the libraries
networkx 2.3 and matplotlib 3.1.1. Betweenness centrality of

Ost|v

. . -\ .
a given animal/node = Xszv=t o> Where v is the number

of nodes, o, is the total number of shortest paths from node
s to node t and owv is the number of those paths that pass
through the node v.

For better visualisation of the genetic network based on
IBS values and from the point of view of betweenness cen-

186  www.animbiosci.org

trality, we reduced the number of visible edges/connections/
IBS values and nodes/animals.

RESULTS AND DISCUSSION

The observed numbers of alleles on the 12 loci under inves-
tigation ranged from 11 to 18. The average effective number
of alleles was 3.201. The overall expected heterozygosity was
0.659 and the observed heterozygosity was 0.710 (Table 1).
In British Angus herds, the observed heterosygosity using
twelve microsatellites (n = 33) was 0.428 [28], while 50
animals with 30 microsatellites [29] yielded 0.610 value. Eleven
microsatellites and 30 Angus individuals reared in Russia
produced Ho with 0.665 [30]. Twenty two microsatellites on
164 Canadian Angus [31] resulted 0.630 Ho value. Old and
New Type Colombia Angus (n = 29) Ho were equal to 0.734
and 0.707, respectively [32]. Ten microsatellites on 61 Colum-
bian Angus [33] have given Ho = 0.600. The hetorosygosity
on the farms studied, ranged from 0.600 (herd M) to 0.809
(herd B) which are similar to the reported values above. Only
farms E, I, ], K, O, and P exceeded the reported Ho value of
Colombian values.

All herds, excluding D, had more heterozygous animals
than expected. Six herds (B-J-M-N-O-P) had an inbreeding
coefficient lower than or equal to -0.1, and herd B had a value
lower than -0.2. At the time of testing the herds, B had the
highest heterozygosity value, while a small extent of hetero-
zygote deficiency was observed only in herd D.

The most probable cluster number was four (Figure 2). At
K= 4 the herds were grouped as A-C-M marked mostly by
blue, F-J-L-N-O-P by red, B-D-E-G-H-I by green, and K by
yellow (Figure 3).
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Figure 2. Determination of the most probable cluster number (K) of 16 Angus herds using AK approach on Structure InP(D) values. The highest

AKvalueis atK = 4.
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Figure 3. Structure plot of the herds from A to P at K= 4. Animals are represented by vertical lines, and their ratios from the identified groups are
represented by different colours. Herds where the blue colour is dominant, are A-C-M. The high portion of red is given by populations F-J-L-N-O-P,
and prevailing green defines B-D-E-G-H-I. Yellow overrepresentation is found in herd K.

On the principal coordinate plots (Figure 4) where the
first and second axes account for 33.68% and 17.88% of the
variance, respectively, the A-C-M and F-J-L-N-O-P herds
were grouped as observed in Figure 3. The first axis differen-
tiate between the blue and green groups, while the second
divides red from blue, and red from green marked farms.

The dendrogram (Figure 5)—based on Nei’s genetic dis-
tance—placed the A-C-M group on the same branch, with
bootstrap values higher than 50. From the F-J-L-N-O-P group
identified via STRUCTURE and principal coordinate analyses,
J-L-O-P were also grouped together.

The grouping of the herds was determined by three meth-
ods. STRUCTURE identified four groups; two of them, A-
C-M and F-J-L-N-O-P, were supported by the principal

coordinate analysis. The consensus tree of the population
supported the existence of the A-C-M group; their bootstrap
values were over 50.

The IBS value where the network remained interconnect-
ed was 0.624. The four highest betweenness centrality values
belonging to the four animals denoted by the largest blue
circles on Figure 6. were 0.488, 0.375, 0.251, and 0.194. The
central animals of the Angus farms under study originated
from herd A. These animals have the highest betweenness
centrality scores among the studied individuals, having the
highest genetic similarity to other animals and to each other
(Figure 6). So herd A has animals sharing their state of ge-
netic background with most of their herd companions. By
comparing the overall patterns (Figure 6) of herd A (n = 97)
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Figure 4. Representation of principal component analysis of estimated pairwise genetic distance values obtained by Genalex software, where
axes 1 and 2 describe 33.68% and 17.88% of the total variance, respectively. Herd groups are marked by their dominant colour as given in Figure
3. Blue colour is for A-C-M. Red is given to F-J-L-N-O-P, green defines B-D-E-G-H-I, yellow denotes herd K.
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Figure 5. Neighbour-joining tree of herds from A to P.Numbers indicate the bootstrap values. The A, C, and M herds are on the same branch, with
bootstrap values higher than 50. Among the STRUCTURE identified F-J-L-N-O-P group J, L, O, and P herds were also grouped together.

and the pattern obtained by the same methods on Hungarian
Merino sheep (n = 138, Figure 4A [34]) it may be noted the
appearance of a wheel-like structure. The reason for similar
genetic net patterns of the Angus cattle and the Merino sheep
[34] is that both are maintained for commercial reasons, so
parameters for production traits are primordial. Such wheel-
like structures might be common in industrial breeds and
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might not be characteristic for the breeds where maintenance
of diversity is of cardinal importance. That assumption re-
quires further tests beyond the scope of the current study.
Since the genetic analyses were performed blindly, without
the knowledge of the phenotypic appearance of the animals
and performance data, we examined the history of the studied
herds, with the support of the HHAGA. During that inspec-
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Figure 6. Genetic net based on identical by state values (IBS). IBS values above 0.624 are presented in the figure. Nodes/circles are the animals
from herd A, and connections/edges are the pairwise IBS values between the nodes. The diameter of the nodes/animals is proportional to their

betweenness centrality.

tion, we found similarities within the four groups identified
by structure clustering. In A-C-M herds, Canadian Aberdeen
Angus bulls were preferred for inseminations. Their individ-
uals were mostly red-coloured variants (over 95%) with
large body size. Herd M derives from herd C. Herds F-J-L-
N-O-P mostly consist of British red Aberdeen Angus-type
animals. Inseminating bulls were coming from herds A, C
and D. Herd N’s founders are derived from herds A and P,
herd O is the descendant of N and P, while P contains German
Fleckvieh ancestors in their maternal line. The common fea-
ture of the studied B-D-E-G-H-I groups is that they belong
to the traditional black Aberdeen Angus type. Inseminating
bulls are mostly provided by herd D, which has undergone a
cross with Blonde d'Aquitaine cattle. The fourth group con-
tains one herd, K, of which 20% are of the Limousin bloodline.

In summary, A-C-M is composed of red, large, Canadian-
type animals; the F-J-L-N-O-P group contains the traditional
red, British-type; the B-D-E-G-H-I group has traditional
black, British-type animals, while K’s ancestors can be traced
back to cows of English origin.

Since the genetic differences could be explained by the
different types of animals, we became interested in com-
paring birth weight, age at first calving, number of calves
born and productive lifespan between the identified groups.
The Kruskal-Wallis test indicated that birth weight, age at
first calving and productive lifespan were different among
the groups defined by microsatellite data. The Dunnett T3
test between the pairs of groups showed significant differ-
ences at the p<0.05 level (Table 2).

Birth weight of Angus calves in Canada averaged 34 kg

Table 2. Distribution of mean values of birth weight (kg), age at first calving (day), number of calves born (head) and productive lifespan (day) and
their +standard errors among the four groups (A-C-M, F-J-L-N-O-P, B-D-E-G-H-I, and K) identified by Structure-clustering

Measured traits A-C-M F-J-L-N-O-P B-D-E-G-H-I K
birth weight (kg) 25.9°+27 29.3°+53 27.2°+4.4 27.6°°+59
age at first calving (d) 869°+206 829°+156 891°+226 9454320
number of calves born 48°+36 59°+35 6.3"°+3.6 8.4°+4.1

productive lifespan (d) 1,996°+1,535

2,221°+1,677

2,563°+ 1,520 3,556°+1,758

>4 Means with different uppercase letters in the same row are significantly different from each other at p<0.05.
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and was positively correlated with post-weaning daily weight
gain [35]. Offspring from British (Angus and Hereford) sires
were heavier (40.5 kg) than calves from Norwegian Red,
Swedish Red and White and Friesian sires. Moreover, authors
observed that effect of sire breed in case of birth weight was
significant (p<0.001) [36]. Average birth weight of female
Angus calves in Bulgaria was 31.6 kg [37]. The mean birth
weight of progeny born to dairy cows which were artificially
inseminated to Angus and Hereford bulls in New Zealand
was 36.8 kg [38]. Birth weight values reported in present
study are lower compared to those cited from literature.

In the USA age at first calving is expected to be 22 to 24
months of age in the majority of Bos taurus heifers (e.g. Angus,
Hereford, Charolais). Heifers that first calved at two vs. three
years of age, produced an average of 0.7 more calves in their
lifetime [39], or in other respects produced 138 kg more of
weaned calf weight in their lifetime [40].

When estimating genetic parameters for the age at first
calving and first calving interval in the Czech beef cattle
population low to moderate heritability of these traits were
found. In case of Angus heifers age at first calving averaged
756.1 days [41].

Mean values regarding age at first calving of Angus cows
in Hungary was 2.76 years (1,007 days), while longevity
(productive life) proved to be 8.28 years (3,022 days) [42].
Later productive life of Angus cows in Hungary was esti-
mated at 8.14 years (2,971 days) [43]. This range is slightly
shorter than longevity of group K in the present study but
exceeds the results of the three other groups.

Concerning the impact of cow age on lifetime productivity
of female offspring it has been found that calves born to five-
year-old (or older) Angus cows had increased productivity
compared to those born to four-year-old (or younger) dams
[44]. When investigating the effect of calving period on the
lifetime reproductive performance and productivity of Angus
cows in Canada it has been concluded that heifers calving
early vs calving later in their first calving season had increased
pregnancy rates and weaned more calves [45].

CONCLUSION

Considering that no previous studies have been made on the
genetic structure of Angus herds in Hungary, the results de-
scribed here could be incorporated by HHAGA into ongoing
and future breeding programmes to protect and preserve the
genetic diversity of the breed. Identification of trait differences
among the identified groups could pave the way of the targeted
and efficient use of an upcoming genomic selection. For ex-
ample, in herds A-C-M, birth weight, age at first calving, and
the productive lifespan require substantial improvement.
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Simple Summary: This paper summarizes the results of a study on the age at first calving (AFC) in
Angus cows bred in Hungary. This trait is critical for economic and sustainability reasons due to
its relationship with effectiveness and profitability. The results show significant effects of the birth
season, herd, and the sire on this trait. No phenotypic or genetic changes were found during the
23-year study period. However, higher heritability estimates than previously reported suggest the
possibility of the selection of the AFC in the Angus population.

Abstract: This study aimed to examine the age at first calving (AFC) in Hungarian Angus herds.
This study was conducted on the basis of data from 2955 registered cows, classified into five groups
(based on different Angus types), and 200 breeding bulls, which were the sires of the cows. The
data were made available by the Hungarian Hereford, Angus, and Galloway Breeders’ Association.
The variance and covariance components, heritability, breeding value (BV), and genetic trends
of AFC between 1998 and 2021 were evaluated. A general linear model (univariate analysis of
variance) was used to examine the various effects, while best linear unbiased prediction was used
to estimate the population genetic parameters and BV, and linear regression analysis was used for
the trend analysis. The average AFC obtained was 28.1 & 0.1 months (SD = 5.3 months), showing a
relatively large variance (CV = 18.9%). The environmental factors that influenced the development
of the phenotype were the cow’s birth season (28.99%, p < 0.01), cow’s birth year (28.7%, p < 0.01),
the cow’s sire (18.32%, p < 0.01), and the herd (11.77, p < 0.05). The cow’s color variant (8.10%,
p > 0.05) was not significant and did not influence the AFC in this study. The direct heritability of
AFC (h? = 0.51 + 0.06) was higher than data in the literature (0.38 & 0.05); however, the maternal
heritability was low (h%, = 0.00 & 0.03). The correlation between direct and maternal genetic effects
was zero (rgy = —0.97 £ 1.00). The phenotypic trend of AFC increased by +0.03 months per year,
which was not statistically significant. The genetic trend calculation showed no significant changes.
Based on the h? and BV results, it seems that selecting a suitable sire can effectively reduce the AFC
of daughters. Since AFC is also an important trait in economic terms, it would be appropriate to
include AFC BV in the bull catalog.

Keywords: Angus; age at first calving; population genetic parameters; genetic trend; heritability;
breeding value

1. Introduction

The profitability and sustainability of beef herds are significantly influenced by the age at
first calving (AFC), which has a direct impact on the reproductive and productive performance
of the cows. Regarding the economic sustainability of beef cattle farming, reproductive
performance is a decisive factor. According to Pulina et al. [1], the main limitations in the beef
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sector include unfavorable reproduction, lower meat yield per live weight, significantly lower
productivity, and a longer production cycle compared to other livestock species. Heifers that
calve earlier in the calving period give approximately one more calf during their lifetime than
their counterparts that calve later. Thus, the profitability and sustainability of the cow—calf
operation are significantly influenced by the cow’s productive life and AFC [2]. The AFC does
not depend only on environmental conditions, biological factors, and genetic background; in
many cases, it also requires a strategic decision that takes into account economic efficiency
and long-term production goals. It is influenced by breeders’ concern that an earlier AFC
may increase the risk of calving difficulties, reduce the success of re-pregnancy, and have an
adverse effect on the cow’s subsequent performance [3,4].

During a study of Blonde d’Aquitaine cows, Lopez-Parades et al. [5] found that reducing
the AFC from 3 to 2 years reduced feed cost by 21.24 USD/year, reduced production cost by
26.52 USD/year, and led to an additional profit of 25.80 USD/year per calf slaughtered over
the productive lifespan of the cow. An early AFC (2224 months) has significant advantages in
beef cattle breeding: it can ensure a faster return, increase both the number of calves weaned
and meat production and reduce the replacement rate of cows [5]. If AFC was less than or
equal to 24 months, 0.7 more calves were weaned by age 6.5 compared to an AFC of 36 months.
Early calving heifers achieved a gain of 36.15 USD by the end of their fourth year of life, or
500 USD/cow over the cow’s lifetime [6].

Appropriate feeding and genetic selection are critical factors in optimizing AFC, espe-
cially in temperate regions. Based on data from the Irish Cattle Breeding Federation and
Teagasc [7], reducing the AFC from 36 months to 24 months results in a smaller (—12%) carbon
footprint of 11.2 kg CO, eq/kg live weight (24-month AFC) compared with 12.7 kg CO,
eq/kg live weight (36 months AFC); thus, a saving of Euro 114/cow/year can be achieved.
Examining data from the United States Department of Agriculture, Moorey and Biase [8]
estimate that the calving of 1.6 million heifers in the USA later than 23-27 months of age
equates to a loss of 210 million dollars to the beef sector as a result of late breeding.

Maximum production efficiency can be achieved without complications by calving at
2 years of age, with less than 5% calf mortality and a calving interval of 365 days. Based on
data from Great Britain, 8.5% of beef heifers calve before the expected age of 24 months [9].
Cushman et al. [10] found that heifers that calved earlier in the breeding season stayed
in the herd longer, and their calves were weaned with a higher total weight than their
counterparts that calved later. Hickson et al. [4] found that reducing the AFC of heifers
from 3 to 2 years of age significantly increases fertility and the number of calves weaned
annually from 2-year-old heifers who can be fed without assistance.

There are many literature sources on AFC in different beef cattle breeds. Based on the
information listed in Table 1, the h? value of AFC is low to moderate. It can be observed
that the value of AFC is typically between 2 and 3 years for breeds belonging to the
British maternal line and continental terminal breeds, while it is typically over 3 years for
late-maturing indigenous and Zebu-type cattle.

Table 1. Typical mean and heritability estimates of AFC for beef cows in the literature.

Breed AFC (Month) h? Source

ABA, HER 33.12-24.96 - Dékay et al. [11]

RED, SIM 23.79-23.81 0.14-0.19 Giess et al. [12]

ABA, CHA 24.85-35.41 0.17-0.23 Brzakova et al. [13]

CRO 30.75 0.31 Berry and Evans [14]

LIM 33.60 0.18 Zsuppan et al. [15]

LIM 33.90 0.08 Bene et al. [16]

ZEB 34.83 0.46 Magafia and Segura [17]
NEL 34.71 0.10 Boligon and Albuquerque [18]
CRO ZEB 4413 0.37 Gonzélez-Murray et al. [19]
ABA 24.28 (AFC30) 0.28 Bormann and Wilson [20]

ABA = Aberdeen Angus; SIM = Simmental; CHA = Charolais; CRO = crossed; HER = Hereford; LIM = Limousin;
RED = Red Angus; NEL = Nellore; ZEB = Zebu; h? = heritability.
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According to Twomey and Cromie [21], the AFC does not affect the performance of
mature cows in terms of a cow’s longevity or live weight, calving interval and difficulty, or
weaning weight of their calves. The genetic correlation between AFC and second-third
calving intervals (+0.40) suggests that selection on earlier AFC can reduce the calving
interval [22]. Roughsedge et al. [23] and Berry and Evans [14] reported a negative genetic
correlation for these traits. Boligon et al. [24] report negative genetic correlations of —0.29
and —0.24 between AFC and post-weaning weight and yearling weight, respectively. The
genetic correlation between AFC and the total number of calvings indicates that heifers who
calve earlier produce more calves during their lifetime [5]. There are numerous datasets
addressing the relationship between AFC and other reproductive traits, with diverse and
often conflicting information.

Precise knowledge of the genetic characteristics of the Angus breed in Hungary is
available in only a small number of populations. Therefore, our study aimed to determine
the average AFC and its heritability. Moreover, we aimed to examine the effect of various
environmental factors on AFC, as well as phenotypic and genetic trends and the breeding
value (BV) of Angus sires.

Among the breeding objectives of the Hungarian Hereford, Angus, and Galloway
Breeders’ Association (HHAGBA), the improvement of reproductive traits is given a promi-
nent role in the sustainability of beef cattle farming. AFC is of paramount importance, as it
has a direct impact on reproductive efficiency and lifetime productivity.

To achieve optimal AFC, we recommend targeted genetic selection, improved herd
management practices, and nutritional strategies adapted to Hungarian production systems.
Breeders should consider using selection indices that include AFC to improve economic
performance and sustainability.

2. Materials and Methods
2.1. The Database

The pedigree and performance testing data of the HHAGBA were used for this study.
Data for the AFC of cows born between 1998 and 2021 were analyzed. The dataset included
2955 pedigree Angus and high (>75%) blood Angus cows (Table 2) in five different genetic
groups [25].

Table 2. The structure of the initial database.

Starting Parameters Database Used
Period examined, based on the cows’ birth date 1998-2021
Number of herds 5
Number of cows 2955
Number of the examined sires (sire of cow) 200
Minimum number of female progeny per sire 5

The average number of female progeny (cow) per sire 15.0
Number of the examined dams (dam of cow) 2106

The studied population consisted of 2106 Angus dams and 200 purebred Angus
sires. Only individuals with known maternal and paternal lineage were included in the
analysis. When determining the date of the first calving, only live calves were taken into
account (aborted and stillborn calves were not considered), and a total of 199 outliers under
19.0 months (2) and over 46.0 months (179) were excluded. The AFC was determined by
the difference between the cow’s date of birth and the date of first calving.

Genetic groups were distinguished by origin, color variant, size, and type: group 1:
the large-framed modern type of Canadian and American red Angus; group 2: traditional
type of red Angus; group 3: traditional, exclusively British type; group 4: traditional British
type black and American imported red Angus; group 5: a mixture of individuals from the
other 4 groups.
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The normality of the data was tested using the Kolgomorov-Smirnov test, while the
homogeneity of the data was assessed by Levene’s test.

The data were selected by the Hungarian Hereford, Angus, and Galloway Breeders’
Association’s own database (HHAGBA registry). Data preparation was carried out using
the programs Microsoft Excel and Word 2021. The evaluation and the correlation matrix
were conducted using IBM SPSS Statistics for Windows, Version 27.0 [26].

2.2. Examining the Effects of Different Factors

The effects of fixed and random factors influencing the trait AFC were evaluated using
a general linear model (GLM) within Anova Type III univariate analysis of variance (Table 3)
before running the genetic analysis using the BLUP animal model. When compiling this
model, sire (sire of the cow) was included as a random effect, while the other factors under
examination (herd, color variant of the cow, birth year of the cow, and birth season of the
cow) were included as fixed effects. The estimation model was as follows:

A
]/hijlkl = u+ S, +F+ C]' + Y.+ M; + €hijkl (1)

i

where §p;ji = the estimate of the AFC for a cow from sire “h”, in the herd “i”, with “j” color,
in “k” birth year, and “1” birth season; p = the overall mean of all observations; Sy, = the
random effect of the sire; F; = the fixed effect of the herd; G= the fixed effect of the cow’s
color variant; Yy = the fixed effect of the birth year; M = the fixed effect of the birth season,
and epjjy = random error.

Table 3. The applied models for the estimations.

Type of Model GLM Method BLUP Animal Model
Random effects:

— sire (sire of the cow); + —
— cow (animal); — +
— maternal genetic effect. — +
Fixed effects:

—herd; + +
— color variant of the cow; + +
— birth year of the cow; + +
— birth season of the cow. + +
Pedigree matrix:

— animal (cow); - +
— sire; — +
— dam; — +
— full sibs, half sibs; — +
— grandparents. — +

Examined trait:
— age at first calving. + +
+, the model included this effect; —, the model did not include this effect.

2.3. Estimation of Population Genetic Parameters

The available database allowed for both a simpler sire model and a more complex
animal model. Population genetic parameters were determined using the GLM [16] and
BLUP (Best Linear Unbiased Prediction) [27] animal models.

The population genetic parameters determined by the GLM model were 02 = sire
variance, 02 = residual variance, 0%, = phenotypic variance, and h% = heritability esti-
mated based on sire variance. This differs from the BLUP model, which directly estimates
additive genetic variance.
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Heritability value (h?) was calculated as additive genetic variance (02,) divided by
phenotypic variance (O'ZP) using the following formula [28]:
2> _ % o

o2 +0%, 0%

()

where h? = heritability; 02, = additive genetic variance; o2

variance, and 02, = phenotypic variance.

Using the BLUP model, a database and a pedigree matrix were created. Compared to
the GLM method, the BLUP model is more complex, taking into account the individual
animal’s genetic effects (including both direct and maternal effects) as well as maternal
permanent environmental influence. This result is more accurate in estimating genetic
values, especially for traits with high genetic heritability. It contains the same fixed effects
as the GLM method (herd, as well as the cow’s color variant, birth year, and birth season).
The BLUP model contains the pedigree matrix of animals (including the sire, mother, full
and half-siblings, and grandparents), allowing for an estimate based on a whole family tree.
The animal model used was as follows [29]:

e = residual (environmental)

y=Xp+2Zyte 3)

where y = vector of observation; b = vector of fixed effects; u = vector of random effects;
e = error vector; X = incidence matrix relating observations to fixed effects, and Z = incidence
matrix relating observations to random effects.

Population genetic parameters were estimated using the MTDFREML [30] program
and based on the guidelines of Sz6ke and Komlési [31] and Szfics et al. [29].

2.4. Estimation of Genetic Values

We also estimated the BV of the sires with regard to the AFC trait, for which we
used both the GLM and BLUP animal models. GLM estimates BVs based on the genetic
differences between sires and does not take into account the animals” own genetic or
maternal genetic effects. The BLUP model estimates BV in more detail, taking into account
direct genetic and maternal genetic effects.

The BVs were determined for all 200 sires included in this study. The BV calculation
using the GLM method was performed in two steps. The calculation of the estimated
progeny difference (EPD) shows how much the progeny of a given bull differs (regarding
AFC) from the performance of other progeny in the population. The BV is twice the EPD.
The BLUP animal model directly estimates BV.

EPD = (xpg — Xai) (4)

where xpg = the mean value of the progeny group of the sire, and X,;; = the mean value of
the contemporary offspring population.

2.5. Phenotypic and Genetic Trends

When calculating the phenotypic trend, the AFC per year was averaged; the mean
values were plotted as a function of the year of birth, and the direction and extent of the
phenotypic trend were determined by linear regression analysis. The dependent variable
(Y) is the assessed trait (average AFC), and the independent variable (X) is the year of birth
of the cow. We determined the slope (b), which indicates the magnitude of the change and
direction of the property, the constant (a), and the fit (R?).

The genetic trend of AFC was determined similarly to a previous study by
Bene et al. [16] from the average BV of tested animals in two ways, using GLM and BLUP
models. The genetic trend of AFC was investigated using a linear regression method and
three different sources: GLM-based BV of sires; BLUP-based BV of sires; and BLUP-based
BV of the entire population born in the same year. In analyzing the trend, we averaged the
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BV of sires and population for each year. These annual averages formed the dependent
variable in the regression analysis, while the independent variable was the year of birth of
the cow. Similarly to the calculation of phenotypic trends, the constant of the regression
equation (a), slope (b), and degree of fit (R?) were calculated, and their statistical reliability
was evaluated.

3. Results and Discussion
3.1. The Impact of Environmental Factors

The descriptive statistics for AFC are shown in Table 4. The overall mean AFC of
Angus cows in Hungary was 28.1 + 0.1 months (SD = 5.3 months, CV = 18.9%). This
average is 5.02 months higher than the 33.12 (CV = 23.91%) months found in the An-
gus breed study by Dékay et al. [11] but lags behind the 22-24 months recommended
in the literature by Day and Nogueria [6], Lopez-Paredes et al. [5], Byrne et al. [7],
Hickson et al. [4], Giess et al. [12], Bormann and Wilson [20], and Brzakova et al. [13].
In Ireland, the average AFC in heifers is 32 months, with only 23% of the population
calving for the first time at the age of 24 months [7].

Table 4. Descriptive statistics of the age at first calving in Angus cows.

Parameters Age at First Calving
n 2955

Mean (months) 28.1
Standard error (S.E.) (months) 0.1
Standard deviation (SD) (months) 53
Coefficient of variation (CV, %) 18.9
Median (months) 25.9
Minimum (months) 19
Maximum (months) 46
Kolgomorov-Smirnov test (p) 0.00

The average breeding age of Angus heifers in this study was 18.6 months, calculated
by subtracting the mean gestation length in cattle (9.5 months) from the average AFC
of 28.1 months. This value was 5-7 months lower than the optimal breeding age of
12-15 months [6].

Among the factors we examined, those of the sire (p < 0.01), herd (p < 0.05), year of
birth of the cow (p < 0.01), and cow’s calving cycle (p < 0.01) had significant effects on AFC,
but the color variant of the cow showed no significance (Table 5).

Table 5. The effect of different factors on the age at first calving.

Trait Age at First Calving
Cl
Factor asses Effect (p) Rate in Phenotype (%)
Sire of cow 200 <0.01 18.32
Herd 5 <0.05 11.77
Color variant of the cow 2 >0.05 8.10
Birth year of the cow 24 <0.01 28.70
Birth season of the cow 4 <0.01 28.99
Residual - - 412
Total - - 100.00

The Pearson correlation analysis showed a weak but significant correlation of AFC
with the herd (r = 0.104, p < 0.01), a negative correlation with color variant (r = —0.108,
p <0.01), and a weak positive correlation with birth season (r = 0.060, p < 0.01), while the
correlation with birth year was weakly negative (r = —0.063, p < 0.01).

The proportions of the variance in determining AFC for the factors were as follows:
birth season of the cow (28.99%); birth year of the cow (28.7%); sire of the cow (18.32%); herd
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(11.77%); and residual (4.12%). The birth season and the birth year of the cow were the most
significant factors, together explaining nearly 60% of the difference in AFC. It could be due
to significant changes in environmental factors or breeding and feeding practices, weather,
and grazing. The influence of the sire on the phenotypic variance in their offspring’s AFC
was 18.32%, which includes both genetic and environmental effects, as confirmed by the
heritability values. When examining Hungarian Limousin heifers, Bene et al. [16] found
that the herd was the most influential environmental factor, accounting for 73.51% of the
variance, followed by the cow’s year of birth (13.02%), the sire (6.74%), and the calving
season (1.62%).

The effects of the environmental factors on AFC are summarized in Table 6. The
estimated adjusted mean AFC using the GLM method was 28.3 + 0.4 months. However,
the average AFCs of the studied herds were different. In herd number 2, AFC (30.0 £ 0.7)
deviated from the average by +1.7 months, while that of heifers in herd 3 (26.8 & 0.7)
deviated from the average by —1.5 months (i.e., there was a difference of 3.2 months in
the AFCs of the two herds). Herd 2 is a red type of British Angus, while herd 3 is a black
Angus population of the traditional British type.

Table 6. The effect of environmental factors on the age at first calving.

Trait n Age at First Calving (Months)
Adjusted Overall Mean (£SE) 2955 28.3 £0.3
Environmental Factors Mean + SE Deviation from the Overall Mean
Herd (code)

1 243 29.0 +0.7 +0.7
2 710 30.0 £0.7 +1.7
3 93 26.8 +0.7 —-1.5
4 1266 27.6 £ 0.4 -0.7
5 643 282 +0.5 —0.1
Color variant of the cow

Black 1445 285+0.4 +0.2
Red 1510 28.0+0.4 -0.3
Birth year of the cow

1998 25 294 +24 +1.1
1999 18 249 +£2.2 —-3.4
2000 15 277 +1.9 —0.6
2001 36 258 +1.5 -2.5
2002 80 259+ 1.5 —24
2003 37 31.1+13 +2.8
2004 42 294 +15 +1.1
2005 37 30.1+1.2 +1.8
2006 102 283 +1.0 +0.0
2007 60 295+ 1.0 +1.2
2008 94 25.0+0.7 -3.3
2009 113 274 4+0.7 —0.9
2010 109 28.8 +0.7 +0.5
2011 197 30.2 0.5 +1.9
2012 215 31.6 £ 0.5 +3.3
2013 187 305+ 0.6 +2.2
2014 169 29.2 +0.6 +0.9
2015 201 28.0 £ 0.6 -0.3
2016 315 273 +0.5 -1.0
2017 252 27.8 £ 0.6 -0.5
2018 196 28.1 £ 0.6 —-0.2
2019 160 284 +0.7 +0.1
2020 178 28.5+0.7 +0.2
2021 117 27.1+0.8 —-1.2
Birth season of the cow

Winter 464 28.1+04 —0.2
Spring 1759 27.7 £ 0.3 -0.6
Summer 550 29.0+0.4 +0.7
Autumn 182 285+ 0.5 +0.2

Herd code: 1 = Canadian, red; 2 = British, red; 3 = British, black; 4 = British, red; 5 = other.
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The AFC was 24.9 months in 1999 but 31.6 months in 2012, with a maximum between-
year difference of 6.7 months. Such differences highlight that the environmental or man-
agement conditions experienced in different years significantly influence the reproductive
capacity of the cows. For example, a comparison of weather data from the Hungarian
Central Statistical Office [32] for 1999 and 2012, the years producing the lowest and highest
mean AFCs, showed that the average mean temperature was 10.6 and 13.0 °C, respectively.
Similarly, total precipitation also differed (804 and 384 mm), as did the number of rainy
days (145 and 98), the number of frosty days (103 and 63), and the number of days affected
by a heat wave (1 and 33).

The AFC of spring-born individuals (27.7 &= 0.3 months) was 1.3 months earlier than
those born in summer and 0.8 months later than those born in autumn. According to Bene
et al. [16], one possible cause of these seasonal differences is management and husbandry;,
which can be related to the herds being driven to pasture in May and turned in at the
end of autumn, as well as the summer drought periods. The significant effect of the
calving/birth period on some reproductive traits can be attributed to seasonal changes in
climatic conditions and feeding methods [33]. The age of the first calving is also influenced
by the calving period of the females [13].

3.2. Population Genetic Parameters

The h? values (Table 7) of the AFC trait (GLM 0.51 + 0.06 and BLUP 0.38 + 0.05)
were found to be higher compared to the literature sources. This discrepancy may be
attributed to differences in population structure, selection intensity, or environmental
conditions. For instance, the intensive genetic selection within the Angus population
studied may have amplified additive genetic variance. Additionally, the inclusion of
advanced statistical models like BLUP may provide more accurate partitioning of variance
components. The difference in heritability estimates between GLM (0.51) and BLUP (0.38)
reflects the methodological differences in variance component estimation. As seen in Table 7,
the GLM model for BLUP brings overestimated variance components and heritability
values. The GLM provides a general overview; the BLUP incorporates pedigree data and
corrects for relatedness, potentially yielding more accurate but lower estimates when non-
additive or environmental effects are accounted for. These findings emphasize the need
for a holistic approach that integrates genetic selection with optimized herd management
practices to achieve long-term progress in reducing AFC. Based on data from the most
literature references, the heritability of AFC trait is low (0.08 Bene et al. [16]; 0.08 Pardo
et al. [34]; 0.10 Boligon and Albuquerque [18]; 0.14 Koots et al. [35]; 0.14 Giess et al. [12];
0.17 Brzakova et al. [13]; 0.18 Zsuppan et al. [15] or moderate 0.24 Gutiérrez et al. [36];
0.28 Bormann and Wilson [20]; 0.31 Berry and Evans [14]; 0.37 Gonzéalez-Murray et al. [19];
0.46 Magafa and Segura [17]).

Table 7. Population genetic parameters of the age at first calving trait.

Age at First Calving

Parameters

GLM Method BLUP Animal Model
02g; 02, 21.49 9.77
0%m - 0.00
O‘dm - 7001
02e 20.94 15.98
o%p 42.43 25.74
h24 0.51 + 0.06 0.38 + 0.05
hZ, - 0.00 £+ 0.03
T'dm - —0.97 £+ 1.00
e? - 0.62 + 0.05

025 = sire variance in GLM; sz = maternal genetic variance; 04y, = direct maternal genetic covariance; Gze = resid-

ual variance; 0%, = phenotypic variance; h?q = direct heritability; h?, = maternal heritability; rgy, = direct-maternal
genetic correlation; e? = the ratio of the residual variance to the phenotypic variance.
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The correlation between direct and maternal genetic effects was strong and negative
(rgm = —0.97 £ 1.00). However, the standard error (SE) of 1.0 indicates that this correlation
is not statistically different from zero. The majority of the variance was influenced by
genetic and other non-permanent environmental factors in the Angus populations we
studied. The maternal genetic influence did not have a strong influence on AFC.

3.3. The Influence of the Sire on AFC

The breeding values (BVs) were determined for all 200 sires included in this study,
although only the data of the 15 sires with the most offspring are presented in Table 8.

Table 8. The effect of sire on the age at first calving trait of Angus cows.

Trait Age at First Calving (Month)
GLM Method BLUP Animal Model

Sire of Cow n
(Registration Number) # Mean(lfslg)ogeny BVaim BVamb BV MM
Corrected mean (£SE) 2955 283 +0.3
20,495 84 224 +1.0 -11.7 —6.2 +0.0
20,501 40 292 +1.0 +1.8 -09 +0.0
20,716 41 31.7+£1.0 +6.8 +4.8 -0.0
22,666 50 241+1.0 —8.5 2.7 +0.0
23,155 40 271 +1.0 -23 -22 +0.0
24,100 39 289+ 1.0 +1.3 -0.8 +0.0
24,608 68 295+ 1.0 +2.4 +0.8 —0.0
24,626 44 30.6 £1.0 +4.6 +3.6 —0.0
24,635 42 224+11 -11.7 -59 +0.0
27,934 35 294+1.2 +2.2 +6.0 -0.0
27,940 56 28.0+1.1 -0.7 +3.2 —0.0
27,946 56 28.6 £1.1 +0.7 +3.6 —0.0
30,947 61 272+1.0 —2.3 —1.6 +0.0
31,117 68 28.0+1.2 —0.6 +1.5 —0.0
34,296 35 287 +£1.2 +0.9 +0.7 —0.0

BVeim . —0.86 *
s BV amp +0.86 —0.99 *

# breeding values are presented only for the 15 sires with the most offspring; * p < 0.01; n = number of progeny;
BViim = breeding value estimated with GLM method; BV amp = direct breeding value estimated with BLUP
animal model; BV snmv = maternal breeding value estimated with BLUP animal model; rs = Spearman’s rank
correlation coefficient.

Using the GLM method, we found significant differences between the mean AFC
values of the juvenile groups of sires. The AFC of the sire progeny groups differs sig-
nificantly. The progeny of sire registration number 20,716 calved at an average age of
31.7 + 1.1 months (BVgim = +6.8 months), while those of sire number 20,495 calved at
22.4 + 1.0 months (BVgrm = —11.7 months), a difference of 9.3 months. We also found a
large difference between the progeny groups and the BV of the sire’s AFC.

Using the BLUP animal model, the two extremes of BV (27,934: +6.0 months and
20,495: —6.2 months) produced a significant difference of 12.2 months. Bene et al. [16]
found a similar difference of 15.6 months in Limousin cattle. In the BLUP model, the
difference between the extreme values (the BV value) was smaller than that produced by
the GLM method, but this difference was not statistically significant.

The Spearman’s rank correlation coefficient (rs = 0.86; p < 0.01) indicates a relatively
strong general agreement between the two methods. However, this correlation might not
fully capture differences in rankings for sires with fewer offspring or those with extreme
values. The result highlights the potential benefit of incorporating more detailed genetic
information—such as individual-level data and maternal contributions—to refine the model
and improve the accuracy of BV estimations.
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3.4. Phenotypic and Genetic Trends in AFC

The calculated phenotypic and genetic trends are presented in Table 9 and Figure 1.
As the table shows, only the BV of sires using the GLM method resulted in a significant

change. The other effects on the trend were not statistically significant.

Table 9. Phenotypic and genetic trends in age at first calving.

Trend

Y b SE p a SE p R? p
P AFC +0.03 0.05 >0.05 —37.11 107.84 >0.05 0.02 >0.05
GGS AFCBY —0.20 0.08 <0.05 403.27 163.47 <0.05 0.18 <0.05
GASy4 AFCBV +0.01 0.03 >0.05 —11.40 64.42 >0.05 0.00 >0.05
GASpn AFCBY —0.00 0.00 >0.05 0.02 0.08 >0.05 0.00 >0.05
GAA4 AFCBV +0.00 0.01 >0.05 —0.63 21.89 >0.05 0.00 >0.05
GAAnL AFCBY —0.00 0.00 >0.05 0.00 0.03 >0.05 0.00 >0.05

Average AFC (month)

Average breeding value
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Figure 1. Phenotypic and genetic trends of AFC trait of Angus cows.

Based on these data, the phenotypic change was minimal (b = +0.03 £ 0.05) and non-
significant (fit (R? = 0.02; p > 0.05)), indicating that environmental and genetic influences

and changes over time did not significantly affect the AFC.

Using GLM, the genetic trend calculated on the basis of sires decreased by —0.2 months
per year (b = —0.2 & 0.08 months; R?2=0.18, p < 0.05); however, it was not significant for the
BLUP animal model (b = 0.01 £ 0.03 months, R%Z=0.0, p > 0.05), indicating no significant
change. Based on estimated direct and maternal BV in the overall population, the AFC
showed no change in genetic trend (GAAy4; b = +0.00 £ 0.01 months, R% =0.00, p > 0.05;
GAA,; b= —0.00 + 0.00 months, RZ = 0.00, p > 0.05). These results indicate that there were
no significant phenotypic or genetic changes in AFC over the period we analyzed. The
—0.97) sug-
gests that improving direct traits may negatively affect maternal traits, such as calving ease
and progeny-rearing ability. This could create challenges in aligning breeding objectives.
To develop sustainable breeding strategies, it is crucial to apply selection methods that
account for both genetic effects while maintaining genetic diversity. Further research is

strong negative correlation between direct and maternal genetic effects (rqy, =

needed to better understand this relationship and optimize breeding practices.
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Although domestic research is not available on the cost-benefit analysis of AFC,
our results highlight its potential economic impacts. Reducing AFC can reduce rearing
costs, increase the number of calves per lifetime, and improve overall profitability. These
results are consistent with international studies that have shown that earlier AFC reduces
production costs and the ecological footprint.

To achieve optimal AFC, we recommend targeted genetic selection and improved
herd management practices adapted to Hungarian production systems. Breeders should
consider using selection indices that include AFC to improve economic performance
and sustainability.

This study can provide a basis for further investigation of the economic role of AFC
in Hungarian herds. Future research should focus on detailed cost-benefit analyses, the
environmental impacts of AFC reduction, and the integration of AFC-related traits into
breeding programs to support long-term sustainability.

4. Conclusions

Based on our study, the main influence on the AFC of Angus cows was the cows’
calving cycles. This result calls attention to the importance of choosing the appropriate
season for calving. The stagnant phenotypic and genetic trends of AFC may also be
partly explained by its potentially low genetic correlations with traits currently under
direct genetic improvement, limiting the extent of indirect responses to selection. Breeders
should pay more attention to this trait in the future, considering its economic relevance
and potential impact on reproductive efficiency.

The differences between herds and the relatively high heritability of AFC provide an
opportunity to improve this trait on a genetic basis through the development of targeted
breeding programs. To achieve this, AFC could be treated as a specific selection criterion
in breeding programs, with careful consideration of its inclusion alongside other traits. For
instance, traits with higher genetic correlations to AFC, such as reproductive efficiency or
longevity, could be prioritized in multi-trait selection indices. Conversely, traits with minimal
or negative genetic correlations to AFC may require separate handling to avoid compromising
progress in other key areas.

The results for the Hungarian population are determined by environmental conditions
(climate, husbandry, feeding technology, genetics). The obtained results may contribute
to the improvement of the AFC trait through genetic selection and management. With
international cooperation, the obtained results could be comparable and extended for
cross-border breeding programs.
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Abstract. Angus cattle population of Hungary was categorized into four groups using 12 microsatellite markers exhibiting
notable genetic variations. Moreover some traits influencing profitability and sustainability of beef cattle farming were
compared between groups. Data from 5075 cows (born between 1990-2020) and 19142 calves (born between 1997-2023),
including 10629 bull calves and 8513 heifer calves of different genetic background. Genetic groups were distinguished by
origin, color, size, and type: Blue Group (BG), Red Group (RG), Green Group (GG), and Yellow Group (YG). The
investigated six traits were: age at first calving (AFC), productive lifespan (PL), number of calves born (NCB), culling age
(AGE), birth weight (BW) and the 205-day adjusted weaning weight (WW). The averages of the six tested traits were AFC
2.35+0.54 years, NCB 5.89+3.69 heads, PL 6.85+4.13 years, AGE 9.2+4.26 years, BW 29.4+4.28 kg and WW 176.9+44.07
kg. YG excelled in NCB, PL, AGE and WW traits, while RG performed best in AFC and BW. BG displayed the lowest
performance across NCB, PL, AGE, BW and WW. The heavier Red Angus individuals were largely behind the performance
of the traditional-type, smaller British-type Black and Red Angus individuals in the tested traits affecting sustainability and
profitability. Significant reproduction and longevity trait differences exist among different genetic groups of Angus beef
cattle genotyped by DNA microsatellite information. The results indicated significant differences in the performance of
different Angus types concerning the tested traits. These findings could be useful in developing breeding concepts and

making selection decisions, contributing to more efficient and sustainable breeding strategy.

1. Introduction and literature review

Beef cattle farming, including Angus breed is an important global source of quality beef. To understand the economy and
sustainability of beef cattle farming, the reproductive and lifespan traits of cows and the growth potential of their calves are
very important.

Szab6 et al. (2013) have found in their studies that if the economic weight of 205-day weaning weight is considered
to be 100%, the relative values of some other traits are as follows: conception rate of cows, 190% to 770%; productive
lifetime of cows, 50% to 500%; calf weight at 120 days of age, 70% to 180%, loss of calves at birth, 6% to 170%, and
conception rate of heifers, 40% to 160%. Pulina et al. (2021) have indicated that the main limitations of the beef sector are
unfavorable reproduction, narrower meat output per live weight, significantly lower productivity, and a longer production
cycle compared to other animal species. According to Boyer et al. (2020), six weaned calves were needed to recoup the
investment cost of a beef cow. When the economic sustainability of beef cattle farming is considered, reproductive
performance is a decisive issue. Increasing efficiency, reducing dependence on subsidies, improving profitability, and
meeting social expectations of sustainable beef production are key to the long-term viability of the sector.

The sustainability of the cow-calf operation depend largely on the longevity and the first calving age of cows

(Damiran et al., 2018a). Increasing the lifespan directly improves profitability and reduces costs. The length of time spent in
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production indirectly indicates animal health, resilience, and well-being (Oliveira et al., 2020). The most sustainable beef
cattle are cows with lower mature body weight and weaned calves with relatively higher weight (Snelling et al., 2022). The
brood cows’ demand for feed and resources is lower, their environmental burden is lower, they have more favorable
reproductive characteristics, their productive lifespan is longer, and they are better adapted to extreme climatic conditions.
The effectiveness of beef cattle farming and breeding depends to a large extent on the productive life of cows (Cundiff et al.,
1992).

Since Angus plays an important role in beef production, an attention should be paid for this breed. The Black and
Red Angus breeds are considered close relatives due to their low genetic distance. However, based on the research of Kuehn
(2010), recent genetic differences can be observed between them. The mature weight of the cow is a well-heritable trait,
h?=0.55 to 0.85 (Phillips, 2004) and can be easily changed through selection.

With time, beef and Angus herds in the United States have steadily increased in size. The additional cost of
maintaining a higher body weight is not compensated by the increased weight of the calves, the income from culled cows,
and the environmental burden. Meanwhile, the greenhouse gas emissions are more significant (Wiseman, 2018). DeVuyst et
al. (2022) have investigated the profitability differences of Angus, Red Angus, and Lowline Angus. These three types come
from the same lineage but have evolved under different selection pressures. The Angus was imported from Scotland to
Kansas, USA, in 1873. Red Angus color is a result of a pigmentation caused by a recessive gene, and the Lowline (lower
growth rate) is the consequence of selection made in the Trangie Research Center (Australia). The highest yielder of results
was achieved with smaller cows inseminated with Red Angus bulls. These animals had the heaviest calf weaning weight
compared to cow weight and the lowest cow maintenance cost.

The ancestors of the current Angus stock in Hungary came from 60 Aberdeen Angus pregnant heifers imported
from England in 1980 and the reproductive material of 300 American Red Angus imported in the same year. In 1994, new
breeds were established with Canadian Red Angus embryos and semen, as well as German Red Angus imports. The
American, Canadian, and British lines were primarily used for breeding.

Our previous study (Madrton et al., 2024) Angus population was genetically grouped based on microsatellite
markers. Various groups have indicated some phenotypic differences. However, there are a little information about the most
important traits of different Angus genetic groups. Therefore, the objective of this study was to analyze the selective traits of
different genetic groups of Angus breed that determine sustainability and profitability. We were curious to see the age at first
calving, productive lifespan, number of calves born, culling age, 205-day adjusted weight and the birth weight of the

different type groups of the Aberdeen Angus breed separated based on their DNA microsatellite markers.

2. Materials and methods

2.1. Source of data and the investigated cattle herds

The data for the study were obtained from the cattle pedigree and registration database of the Hungarian Hereford, Angus,
Galloway Association. Individuals with pedigree Aberdeen Angus and high (>75%) Aberdeen Angus blood proportion was
selected from the 16 herds in the study.

The studied population consisted of 5075 cows (born between 1990 and 2020) and 19142 calves (born between
1997 and 2023; 10629 bull calves and 8513 heifer calves).

The six investigated traits were age at first calving (AFC), productive lifespan (PL), number of calves born (NCB),
culling age (AGE), birth weight (BW) and the 205-day adjusted weaning weight (WW).

For the PL, the period from the birth of the first calf born alive to the culling of the cow was considered. At the
AGE, individuals sold for further maintenance removed from the association’s database were not considered. When

determining the NCB and the date of the first calving, only live calves were taken into account. Abortions and still-births
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were ignored. The BW is measured within 24 hours of calving, and the weaning weight is measured individually when the

calves are 6 to 9 months old. The WW was calculated as follows:

)

WW = x205+BW

(Where WW = calf adjusted 205-day weaning weight (kg); CW = calf weaning weight (kg); BW = calf birth weight (kg);
WD = calf weaning day (day).)

2.2. The genetic groups

The genetic structure and characteristics of the Hungarian Angus cattle population (Table 1, Table 2) were studied using 12
microsatellite markers (BM1824, BM2113, ETH3, ETH10, ETH225, INRA023, TGLA122, TGLA126, BM1818, MGTG4B,
CSSM66, and CSRM60) detected by an automated ABI 3500 Genetic Analyzer (Applied Biosystems, Foster City, CA,
USA). Principal coordinate analysis, assignment tests and dendrograms all suggest that there are mainly four different groups
among Hungarian Angus herds. Structure analysis has yielded K=4 as the most probable number of clusters. The collection
of blood samples was an integral part of the regularly executed routine parentage testing performed by trained veterinarians.
The genetic grouping of the studied Angus population was based on DNA microsatellite-based identification (Mérton et al.,
2024).

Four genetically defined groups were identified by different colors and population codes from the 16 Hungarian
Angus herds: BG (ACM groups), GG (BDEGHI groups), RG (FJLNOP groups) and YG (K group).

Blue group (BG): A: Canadian and American lines of large-framed Red Angus, crossbred with Canadian-type Red
Angus since 1996 (R1, R2, R3, R4 genotype); C: Embryos from Canadian Red Angus used as genetic material since 1994,
alongside upgrading; M: Red Angus pregnant heifers from herd C in 2011.

Green group (GG): B: Pregnant Black Angus heifers derived from E and G lines in 2010 as founder animals,
crossed with traditional British-type Black Angus from D line; D: Initiated in 1980 with 60 pregnant Aberdeen Angus heifers
imported from England, crossbred with traditional-type bulls from Blonde d’Aquitaine and Red Angus imported from
England and America; E: Pregnant heifers from herd D in 1996; G: Pregnant heifers from herds D and E in 1998; H:
Pregnant heifers from herd D in 2002; I: Pregnant heifers from herd D in 2003.

Red group (RG): F: Pregnant Red Angus heifers from A, D and other Hungarian traditional-type herds in 2011; J:
Pregnant Red Angus heifers from herd D in 2004, Red Angus bulls from D and other traditional herds, Red Angus bulls
from K herd; L: Red Angus pregnant heifers from herds C and D in 1998; N: Red Angus heifers from herds A and P in 2013;
O: Red Angus-sired heifers from herds N and P in 2010; P: German Red Angus imported in 1996.

Yellow group (YG): K: Pregnant Red Angus heifers from herd D in 1998, with less than 5% Limousin blood

proportion.
2.3. Statistical analysis

The Kolgomorov—Smirnov test was used to check the normal distribution of the data. The homogeneity of the variances was
determined using Levene’s test. Based on this test, homogeneous variance was not achieved for any traits.

The groups were compared using the Kruskal-Wallis test, and the differences between the groups were measured
using Tamhane’s post hoc test. For all statistical analyses, significance was declared at p<0.05.

The study was performed with IBM SPSS Statistics for Windows (2020).
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3. Results and discussion

Descriptive statistics of the data are shown in Table 2, while Table 3 summarizes the performance of different genetic
groups. The examination of specific production and performance data of the genetic groups implemented for the following

traits: AFC, AGE, BW, NCB, PL and WW showed significant differences.

3.1. Age at first calving (AFC)

The value of AFC differed slightly for the studied groups (Table 3). The average AFC of the four genetic groups was 2.3+0.5
years. The lowest AFC was found in the RG, 2.3+0.5 years, while the highest was in the YG, with a value of 2.5+0.7 years.
The difference between the lowest and the highest value was 0.2 years or 73 days. The differences between the genetic
groups for the AFC were significant (p<0.01). During their investigation of the AFC of different beef cattle, Ddkay et al.
(2006) have found that the AFC of Aberdeen Angus cows was 2.76 years, while the average AFC of Czech Angus heifers
was 2.07 years (Brzdkov4 et al., 2020). Compared to the Hungarian tests of Ddkay et al. (2006), 0.41 years (149.8 days) is a
significant development, but it is still small compared to the ideal of 2 years (24 months).

Research by Byrne et al. (2022) has shown that a heifer calving at 36 months compared to 24 months consumes
65% more grass, 96% more silage, and 33% more concentrate. At first calving, an AFC of 23 to 25 months optimizes
economic performance, minimizes the non-productive period, and maintains the seasonal calving pattern (Wathes et al.,
2014). A low AFC increases productivity and decreases replacement rates (Lopez-Paredes et al., 2018). The profitability and
sustainability of the cow-calf operation depend largely on the longevity and the first calving age (Damiran et al., 2018a). The
maximum efficiency is achieved when the replacement heifers give their first calf at 24 months without complications, the
cows give birth to a calf every year until the optimal culling age, and the death rate of the calves is below 5%. Based on data
from the Cattle Tracing System (database for all cattle in Great Britain), 8.5% of beef heifers in Great Britain give birth
before the expected age of 24 months; the average period between calvings for beef cows is 394 days (Gates, 2013). The
heifers that give birth earlier in the breeding season stayed in the herd for a longer period, and their calves were weaned with

a higher total weight than their counterparts that were born later (Cushman et al., 2013).

3.2. Number of calves born (NCB)

The NCB differed significantly among the examined groups (Table 3). The average NCB of the four genetic groups is
5.943.7 heads. The differences between the genetic groups based on NCB were significant (p<0.01). The lowest NCB
(5.3%3.6 heads) was found in the BG and the highest value was in the YG (8.9+4.2 heads). The difference between the
lowest and the highest value is 3.6 calves. The number of calves directly affects profitability and sustainability, and
improving it affects economic competitiveness.

Stewart and Martin (1983) have obtained an NCB of 6.4+0.3 head based on 12 years of data from 113 Angus cows.
The defining element of sustainable beef cattle breeding is the reproductive performance of breeding females. Reproductive
traits have three to nine times more influence on profitability and sustainability than other production parameters (Melton,
1995). Boyer et al. (2020) have determined the return on investment of the beef cow as six calves. A cow needs to wean at
least five consecutive calves to recoup its investment, which is only achieved by cows that calves early (Damiran et al.,
2018b). In order to refund the investment costs of the cow-calf operation, it is necessary to wean at least five or six calves
(Kertz et al., 2023). Maximizing the number of calves born and weaned and maternal productivity is a constant challenge for

beef farmers (Walmsley et al., 2018).
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3.3. Productive lifespan (PL)

The PL differed greatly among the studied groups (Table 3). The average PL of the four genetic groups was 6.9+4.3 years.
The differences between the genetic groups were significant (p<0.01). The lowest PL was found in the BG (6.1+4.1 years),
while the highest value (9.8+4.6 years) was found in the YG. The difference between the lowest and highest values was 3.7
years, a difference of at least three calves, which was confirmed by the NCB data. Ddkay et al. (2006) have reported that the
PL of Aberdeen Angus cows is 8.28 years. Szabé and Ddkay (2009) have determined the longevity to be 8.14 years. Tanida
et al. (1988) have found that the average PL of Angus cows were 4.49+0.13 years, and the possibility of genetic
improvement of the trait is moderate due to the moderate genetic variance. Calf weaning weight shows a significant positive
correlation (p<0.01) with the age of the cow, increasing the productive lifespan of cows might increase the weaning weight
of calves. The weaning weight of calves increases continuously for dams aged 2 to 4 years; however, 6- to 8-year-old cows
had the largest weaned calves (Wellnitz et al., 2022). These results correspond to the findings of Dédkay et al. (2006) and
Szabé et al. (2009) and there was a regression of 1.43 to 1.29 years in the average of the examined genetic groups (6.9
years).

Cows culled before the age of five cannot fulfill their biological potential. Their weaned calves do not reach the
peak weight; moreover, the cost of a replacement heifer is high. Based on the literature, a minimum of five or six weaned
calves is needed for the economic return for a cow from the point of view of cost-effective production and economic

sustainability (Boyer et al., 2020). Increasing the lifespan directly improves profitability and reduces costs.

3.4. Culling age (AGE)

Regarding the examined genetic groups, the AGE (period from birth to culling) differed moderately (Table 3). The average
AGE of the four genetic groups was 9.2+4.3 years. The lowest AGE was found in the BG with a value of 8.4+4.1 years. The
highest was found in the YG at 12.3+4.5 years. The difference between the lowest and the highest value was 3.9 years. This
difference corresponds to the differences between PL and AFC. The differences between the genetic groups AGE are
significant (p<0.01).

Dékay et al. (2006) have compared this trait for different beef cattle breeds. The AGE of Aberdeen Angus cows was
11.03. In Hungarian Angus herds, the proportions remaining in the herd are 68% at the age of 2 to 4 years and 53% at the
age of 4 to 6 years (Bailey and Mears, 1990). Based on an analysis spanning 23 years, the Angus AGE is 6.68 Tanida et al.
(1988), Stewart and Martin (1983) have calculated an AGE of 7.4+0.4 based on 12 years of data from 113 Angus cows. The
duration for which cows are kept in the herd does not well reflect the genetic and biological characteristics of the herd in all
cases; in many cases, this is the decision of the manager and breeder and is influenced by the management and the calf
production goals. The probability of remaining in the herd (p=0.05) at 5 years averaged 69.41%, and calves weaned from
cows 8 years or older had a higher total weight than those from three-year-old dams (Wellnitz et al., 2022). In addition, the
pregnancy rate of cows improved for 8-year-old and older animals, which is one of the most important parameters for
staying in the herd. Based on these results, the association between genetic groups and AGE reflect the factors influencing

the performance of breeding animals and staying in the herd.

3.5. Birth weight (BW)

The BW differed slightly in the studied groups (Table 3). The average BW of the four genetic groups was 29.4+4.3 kg. The
differences between genetic groups based on BW were significant (p<0.01). The lowest BW was found in the BG (29.2+4.2
kg) and the highest in the RG (31.4£5.8 kg). The difference between the lowest and highest BW was 2.2 kg. In Canada, the
BW of Angus calves averaged 34 kg and were positively correlated with post-weaning daily weight gain (Bailey and Mears,

1990). The average birth weight of Angus heifer calves in Bulgaria is 31.6 kg (Nikolov and Karamfilov, 2020), and an
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average birth weight of 38.38 kg has been reported on five farms in the Czech Republic (Tomas, 2016). The BW in our study

is slightly lower than reported in the literature references.

3.6. Calf adjusted 205-day weaning weight (WW)

The WW differed significantly among the examined groups (Table 3). The average WW of the four genetic groups is
176.9+44.1 kg. The differences between the genetic groups based on WW are significant (p<0.01). The lowest WW was
found in the BG (166.6+41.1 kg) and the highest value (212.6+25.9 kg) in the YG. The difference between the smallest and
the largest weaning weight adjusted to 205 days of age was 46.0 kg. These results are slightly different from the results of
the previous study in Hungary, namely, the WW obtained by us are smaller than the data previously published (Bene et al.,
2013). They have published WW for Black Angus calves 217 to 224 kg, for Red Angus calves 210 to 213 kg. The difference
can be explained by the fact that, while the data of our results are for the entire Angus herd in Hungary, the latter came from
a single herd, from an experimental farm. Since, weaned calf is the only marketable product of a beef cow; the WW is
closely related to the profitability of the beef sector, and thus its sustainability. According to some sources cows give calves

with the highest weaning weight at 6 or 7 years (DeVuyst et al., 2022).

4. Conclusions

The results of this study, according to which there are significant differences in the most important reproduction and
longevity traits among different genetic groups of Angus beef cattle genotyped by DNA microsatellite information call
attention to a selection possibility. These findings could be useful in the development of the breeding program and help to
making selection decisions, contributing to more efficient and sustainable breeding strategy of the breed. Understanding the
relationship between the six traits that significantly influence sustainability and profitability and the different types within
the Angus breed can help breeders make more informed decisions. By integrating this knowledge, breeders can prioritize
those Angus types with the most positive impact on productivity, profitability, environmental footprint, and sustainability.

Further research is needed to explore the interactions between these types.
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Table 1. Genetic group characteristics

Herd Sires used for insemination Color Body size/type
A excluglvely.large-framed Red Angus from Canadian and red modern, large-framed
American lines
C excluglvely.large-framed Red Angus from Canadian and red modern, large-framed
American lines
M Red Angus from C line red modern, large-framed
B Black Angus from D line, traditional British type black traditional, British type
black: imported semen from England, red: traditional-type Red 70% black, - .
b Angus from England, American semen 30% red traditional, British type
E Black Angus from D line, traditional British type 8(;‘50(713 lraecdk, traditional, British type
G Black Anggs from D line, traditional British type, Black Angus black raditional, British type
from Austria
H Black Angus from D line, traditional British type black traditional, British type
I Black Angus from D line, traditional British type black traditional, British type
F Red Angus bulls from D herd red traditional, British type
] tradmonal-type Red Angus from D line, Red Angus from other red raditional, British type
traditional herds
. modern, large-framed,
L Red Angus from D line red raditional British type
N Red Angus from C line red modern, large-framed,
German Angus
. modern large-framed,
(0] Red Angus from C and D lines red raditional, German Angus
P German Red Angus red German Angus
K Red Angus from D and other traditional herds red traditional, British type




297 Table 2. Descriptive statistics of age, lifespan and number of calves of Angus groups

Genetic group Statistics AFC NCB PL AGE

BG N 2504 2504 2504 2504
Mean 231 5.30 6.14 8.44
Median 2.06 5.00 5.88 8.30
SD 0.50 3.60 4.13 4.11
SE 0.01 0.07 0.08 0.08
Minimum 1.34 1 0.00 1.92
Maximum 4.36 16 18.73 20.70

RG N 468 468 468 468
Mean 2.28 5.81 7.44 9.73
Median 2.14 6.0 7.62 9.88
SD 0.49 3.31 4.52 4.57
SE 0.02 0.15 0.21 0.21
Minimum 1.28 1 0.01 1.69
Maximum 4.56 14 19.08 21.02

GG N 1988 1988 1988 1988
Mean 2.40 6.49 7.44 9.85
Median 2.15 6.00 7.42 9.89
SD 0.57 3.70 4.14 4.14
SE 0.01 0.08 0.09 0.09
Minimum 1.07 1 0.00 1.82
Maximum 4.54 18 18.71 21.54

YG N 115 115 115 115
Mean 247 8.85 9.80 12.27
Median 222 10.00 10.60 13.72
SD 0.68 4.15 4.61 4.53
SE 0.06 0.39 0.43 0.42
Minimum 1.31 1 0.01 1.86
Maximum 4.53 15 19.13 21.15

Total N 5075 5075 5075 5075
Mean 2.35 5.89 6.85 9.20
Median 2.09 6.00 6.84 9.21
SD 0.54 3.70 4.25 4.26
SE 0.01 0.05 0.06 0.06
Minimum 1.07 1 0.00 1.69
Maximum 4.56 18 19.13 21.54

298 AFC = age at first calving; NCB = number of calves born; PL = productive lifespan; AGE = culling age; BG = blue group;
299  RG =red group; GG = green group; YG = yellow group

10



300 Table 3. Distribution of mean values of age at first calving (AFC), number of calves born (NCB), productive lifespan (PL),
301 culling age (AGE), birth weight (BW), calf adjusted 205-day weaning weight (WW) and their SD among the four groups

302  identified by structure-clustering.

Traits BG RG GG YG TOTAL P

AFC °2.31+0.50 °2.28+0.49 2.40+0.57 2.47+0.68 2.35+0.54 <0.01
NCB 95.30+3.59 °5.81+3.32 °6.49+3.70 “8.85+4.15 5.89+3.69 <0.01
PL °6.14+4.13 ®7.44+4.52 ®7.44+4.14 9.80+4.61 6.85+4.25 <0.01
AGE 8.44+4.11 °9.73+4.57 "9 85+4.14 112.27+4.53 9.20+4.26 <0.01
BW °29.23+4.20 31.35+5.80 ®29.25+3.61 30.77+3.81 29.4+4.28 <0.01
WW °166.57+41.09 211.10+40.28  206.12+36.90  ™212.55+25.95 176.90+44.07 <0.01

303 BG = blue group; RG = red group; GG = green group; YG = yellow group; treatments without the same superscript differ
304 significantly (p<0.05)
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