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Table 1- Summary statistics of traits used in this study

SOlaalie dlass

lio ofhe e ool s el
Traits No. O.f Mean SD (+2,2) Range
observations CV (%)

(P 5hS) Salesws U 55 alis) 0 2151 11379 0.12 0.0355 2958 03
Average daily gain from birth to 3-month (kg)
(p,55kS) (oo b g Sl &lig) pig o133 8008 0.094 0.0245 26.06 0.184
Average daily gain from birth to 6-month (kg)
(p,55kS) (Salod b (Saloaw jl 4l g 215 7964 0.071 0.035 4930 0.28
Average daily gain from 3-month to 6-month (kg)

Salods b g5 51 yolS o
Salot Bl 51 kS o 11379 0.015 0.0031 20.67 0.027
Kleiber ratio from birth to 3-month
Solagfd Ul jlpelS o 8008 0.0095 0.0013 13.68 0.011
Kleiber ratio from birth to 6-month

Salo 55 b Snlodws || oS Cans
Falond b (Sabew Sl 5 7964 0.007 0.0031 4429 0.029

Kleiber ratio from 3-month to 6-month




WAF Jle ) ojleds ¥ e oyl pl old pole Glatidgly 4y piis V0 F

(1 Jie 4 bgpe SOBT leMbl jlrs jluie AIC; akaly oyl )
W Py 1 Jue 5l Jools sleiiwy o0,LS) gl LogL;
Jabe S 45 Jae il e T Jde Lo 3y9lp (sla yzal b
S 9 Jdod 3 Jio o Scalie Glgie 4 oy s ) AIC
O o 9 (s (S gl Stuan 35950 pslato
s cemwlio s 3od opl 50 b edlitwl oo 93 40 jl Glaw
g b a8 yS a1 Ao S5 Ay g )0 Cho yb gl e
(oo 9> laa o )3 Slas Jl Sy il <ol Sl iz e
Se sl Slhe 1S el 0l s Jae (il
W08 sl ae
i) S ol B (555 A gmnsS5 o JS syl
3 s D90 Slimo sl g 300 (LS 1) cgid 4 (ke g
() dol Comdey o alal,
+1.50,,

2 2
_o.t 0.50,,

ht2

% @)
ol S55 lly O (S sy BYalady ol 3
ot oSS O s pdle ol 8l (S5 il)ls O s

58 plly O 9 6ole 5 e (]38l (Si55 <l

sl e

2 Gl gl o Blite Il g laome oSBT (390 I ne
ol oad o3y LY Jaan j0 asllas 5y 0 Glaw jl S
ST aledbl )lms ol 1 oy gl Joo o Fuslic
ol ol 03y L5 ¥ > 50 (AIC)

F S 2 Gl bl gllad 5 Ol ye Jlis (Sl
o3y L ¥ Jodn 33 () 350 Slas coli @l il gla WS
o Slas olod 1 5 (slmo s ool Comddy gols gub .Canl 00d
Mome 55 i 93 om SWS] g Wity (g5 03lo (sloyy 4
U ady olej jl Caumin aS a8l o yol cpl odimd oyl &S 54y
il GJaiiaagS slioy 13y lio 2 (3bj 556 Salo i
sbacuas 5 aliy) iy Ol S0le (392 SYL ) (IS
S ol Loy > aliy) slagyjy gl b Gidaie yulS
Slacglis 3929 5 (i Slaggeygn Sl (Siolnsd Jolss
VgV ) cails o3lo g 5 slaply oy (S5

GLM any; | lice cpl 2 e <ol Jolge 31 (y 0 sl
Jie > ol Jolos il cas g A edlawl (YY) SAS l58l 45
Coll clslid w8 )5 s )3 [00 (b dxe aw o 2l
—al5 S 5 el olel 438 Jae )3 o B S s
¥ g o dosle g )5) wASTY 3 0y i (Juad = Jlo
P oiali P 53 pale o (9B 5 5893 ol5 ST) LS
F =) S 5 g an 09, 5 5 (Jlw VL5 Y) (oIS
g Miza i 5 (F > +/-0 . <F <-/-0
3y50 Do (gl (S55 slayl)ly 5 puiloly slaadlye
353 pys (REML) 0 3930 platioyd 581> gy b dllas
39l 5 JSb an Jae F B8 s 5Ly (YY) Wombat

VW
Jsl Jae
y=Xb+Z,ate
P> J4o
y=Xb+Z,at+Z.c+e
pow Jdo
y=Xb+Z,a+Z,m+e Cov(a,m)=0
ol Je
y=Xb+Z,a+Z m+e Cov(a,m)=A o,
oy Jde
y=Xb+Z,at+Z,m+Z.ct+e Cov(a,m)=0

y=Xb+Z,a+Z,m+Z ct+e Cov(a,m)=A o,
My a ol Jolse ldl jlayp b alialin jlpy b Jio opl 4o
ol 38l S S M et e ]38 sy il i)
5 08leudl Sl sl e (gyole (B Jaore Gl by €0l
slaguwple Zog Zn Za X ol (s0slings balgy u yilo A
il (S5 e Sl bLs)) iy 4 48 s b
b (B Jaome clyil g (g)ole aisli8l (S5 ol 3l paiiine
o= U“L’)]; Oam (22 J”s@ )I):é)’. clialie )b)’. Ll
Iy syobe (il 38l S5 Ol Sl g e (ool 8] (Ss§ ol 3
)l_.uuo )l oalawl l) Slaw d‘)} [ XW) ) dLQJ.\A R uLMJ
ol jlase o) 0 aulie ;5005 b (AIC) SIST cle M
o jl el e an @ (gyle] o S 5l odlatul 45 amd o
By yle ol jhre (pl 00 &le 4 098 0 SleMbl 8,
(1) oo Cawdey o dlal 5l g 1S o )18 o] (S 9 S
AIC i -2 LOg Li + 2P1 (\c)



VoVl Cond g 49, (39 o381 (S sl eyl 2,91

aallas 350 Slao p (Jae Jolos cpo blite &lyil 5 culs )UT -y Jg-&?
Table 2- Effects of fixed and interaction between environmental factors on studied traits

<ol el gl

) ADG;, ADG, ADG; KR, KR, KR;
Fixed effects
Jab =l —als . " " . - -
Flock-year-season
oy (> & s # # #
Lamb sex
g God # * * ns * *
Birth type
oils pEin oo oy « N # N 4 "
Dam age
g 09,5 w ® ® o ns ®
Inbreeding group
Vo s — ;

$E TR o ns ns ns ns ns ns
Lamb sex*birth type

Ll B ol o =0y i
R PENR O (e To o ns ns ns ns ns ns

Lamb sex*dam age
(See 09,5 —oy Luix . %

. . ns s ns ns
Lamb sex*inbreeding group
ol B 3o o = ns ns ns ns ns ns
Birth type*dam age
U’JN 09)? _AJ?J ;MJ & sk ns ns e ns
Birth type*inbreeding group
en 03)5 ~lj plam oo ns ns ns # ns ns

Dam age*inbreeding group
b (Sale aw jl alis) iy (el (x50ke : ADG3 (Sale s bilgs 5l alis) (g Sl (Sle : ADG, f Salodus b Ags ] il (g (el ¥l ke :ADGy
Salo (i 5 Sale 4 51 polS s : KRy g (Salo b balgs §1 yualS o : KRy ¢ Snloas b 055 51 yolS’ s : KRy £ Slo i
Loy gy pdaw 53 5 gine ¥ 0o)d G e b FF Iy jise i 118
ADGH: Average daily gain from birth to 3-month; ADG2: Average daily gain from birth to 6-month; ADG3: Average daily gain

from 3-month to 6-month; KR 1: Kleiber ratio fgﬁ)m birth to 3-month; KI}Z: Kleiber ratio from birth to 6-month; KR3: Kleiber ratio
from 3-month to 6-month. ns: Non significant, = Significant at P<0.01, ~ Significant at P<0.05

adllae 3550 Slao (glp caliseo slaJae 3 AIC polie =Y Jgao
Table 3- AIC values in different models for studied traits

Olas Y Jse Y Je Y J ¥ Js A J 5 Js
Traits Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
ADG, -69616.306 -38433.276 -42322.1 -69627.992 -43042.782 -69625.722
ADG, -55896.074 -35963.434 -35202.472 -55833.23 -35920.196 -55786.296
ADG, -47259.75 -19926.61 -28852.03 -47170.816 -24165.126 -46557.216
KR, -122319.914 -62579.236 -63563.416 -120964.46 -65047.414 -113029.738
KRy, -97996.21 -52568.186 -55420.798 -86677.7 -50162.976 -87793.104
KR, -82145.168 -46056.288 -46178.478 -65021.484 -56336.512 -64782.878

b (Saloaw 5l &lig) )iy (Al ke : ADGe $( Saleyia b gs 5l ailigy (59 (2l ¥l (ke : ADGyy £ Saloaus b g jl ailig) (g (tal ¥l (ke :ADG,
4 eslie Jao AIC . Salo 23 b (Saloaws j) S cos : KRG g (Solo s b W5 ) 1S coas 1 KRy £ Salocus b Wgs 31 1008 s 1 KRy £ Salo 2
Cawl 0 0300 Ui At &y

ADG1: Average daily gain from birth to 3-month; ADG2: Average daily gain from birth to 6-month; ADG3: Average daily gain
from 3-month to 6-month; KR 1: Kleiber ratio from birth to 3-month; KR2: Kleiber ratio from birth to 6-month; KR3: Kleiber ratio
from 3-month to 6-month. AIC of appropriate model is shown as bold-face.
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Table 5- The estimates of (co)variance components and genetic parameters for studied traits

ol Jss ADG,(kg)  ADGy(kg) ADG(kg) KR, KR, KR,
Parameter/Model 4 1 1 1 1 1

o; 0.0005 0.00005 0.00004 0.000001 0.000001 0.000001
o 0.0002 - - - - -

ol 0.0003 0.0002 0.0007 0.000004 0.0000009 0.00001
o, 0.0007 0.0003 0.0008 0.000006 0.000002 0.00002
O am -0.0003 - - - - -

h? + SE 0.79£0.074  0.18£0.033  0.06+0.029 0.25 £0.027 0.53+£0.045  0.07+0.049
h + SE 0.28 +0.040 - - - - -

h’ 0.24 0.17 0.05 0.17 0.5 0.05

¢ ol 4315,) s u:.;l)‘é\ % ADG, Sl i 05 iy oy Sl O.iJLA-ADGb ‘uimlnm 5 Sl ojs o219 O.;;u ADG,

oot ol O'am ‘gt obly 1O

Syt llas 0 S
ADG1: Average daily gain from birth to 3-month; ADG2: Average daily gain from birth to 6-month; ADG3: Average daily gain
from 3-month to 6-month; KRl Kleiber ratio from birth to 3-month; KR2 Kleiber ratio from birth to 6- month KR3: Kleiber ratio
from 3-month to 6-month. (7 : Direct additive genetic variance; (7 : Maternal additive genetlc variance; (7 : Error varlance

Phenotyp1c variance; O ,
her1tab111ty, hT Total herltablllty, SE: Standard error.
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: Covariance between direct and maternal genetic effects; h : Direct herltablhty, h : Maternal
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Table 6- Estimates of genetic, phenotypic and environmental correlations between studied traits

Jilcdo ey cde raioms (Siij (Kmod s P8 (Shamod b (Swmod
Trait 1 Trait 2 Direct genetic correlation Phenotypic correlation Environmental correlation
ADG, ADG, 0.28+0.098 0.59 +0.008 0.77 £0.036
ADG, ADG; -0.18 +£0.201 -0.19+0.012 -0.27 £0.048
ADG; KR, 0.59 +0.073 0.80+0.006 0.88 £0.026
ADG; KR, 0.40 +£0.092 0.49 £0.016 0.60 £0.091
ADG; KR; -0.11 £0.123 -0.37 £0.011 -0.55 £0.049
ADG, ADG; 0.49 +0.184 0.61 +£0.008 0.64 +0.017
ADG, KR, 0.44 +0.087 0.43 +0.010 0.43 +£0.023
ADG, KR, 0.70 +0.092 0.79 +0.010 0.84 +0.026
ADG, KR; 0.21 £0.347 0.38+0.019 0.41 +0.043
ADGs; KR, 0.94* 0.08 +0.069 0.57*
ADG3; KR, 0.93* 0.08 £0.074 -0.15%*
ADGs; KR; 0.91 +0.027 0.90 +0.004 0.90 +0.016
KR, KR, 0.31+0.113 0.28 +0.092 0.28*

KR, KR; 0.61 £0.179 -0.06 £0.012 -0.23 £0.028
KR, KR; -0.48 +£0.065 -0.07 +£0.013 0.38 £-0.047

b (Saleaws | ailig) 0)jg Sl38l (Xl : ADG £ Salo i B g5 5l ailjg) )5 Jalj3l (x5ike :ADG, £ Saloaw b g 5l ailjs) ()5 il B (xike :ADG)
Sl i U Saloduw 3l pudS cons : KR g (Salo i b W 51 pudS Cowns : KR ¢ Saloduws b Wy 5l judS s : KRy ¢ Salo i
ol 0395 3,85kl (ollas 591y 4y 2B l531p 5 *
ADGH: Average daily gain from birth to 3-month; ADG2: Average daily gain from birth to 6-month; ADG3: Average daily gain
from 3-month to 6-month; KR 1: Kleiber ratio from birth to 3-month; KR2: Kleiber ratio from birth to 6-month; KR3: Kleiber ratio
from 3-month to 6-month.
* Software was not able to estimate standard error.

ool (950 YU peored ¢ (oo (Suwen 9 (S} (Siwsod uJS ‘_;};W W0
L 35 sad dpogs (S il ltdsS (sl oyl 559052 Jlins
U5 5l alisy (ijs SRl Silbe o il Sl 4 arg
day oo B A ] PYL Slas plo jl adllas opl 0 Saledw b

oMol sladsbyy (Ab sl |y (saido slozyglyy calllas oyl

LIS Gl litinsS $5o (Seif (L))l amwg 9 o3I5
Oliwl laiawsS o &S aad o i ikoh opl guld (Cuwl 03)S
Sl olive ol (S5 oyt 93,03 3929 (S (S5 95 (S
e 350 Slio (Sif (b)) ol Sl Gl g b
NS 5o )35 (392 Sog8 > 4 hodiz lase slue

O Ojs ORIBl cae Gl e lgis 4 cho il I plg e
Dges odliiol (WS liwl liiawsS )

.

&be

1- Abegaz, S., J.B. Van Wyk, and J.J. Olivier. 2005. Model comparisons and genetic and environmental parameter
estimates of growth and the Kleiber ratio in Horro sheep. South African Journal of Animal Science, 35: 30-40.

2- Ahmadi, M., H. Roshanfekr, E. Asadi Khoshoei, and Y. Mohammadi. 2004. Study on genetic and phenotypic
parameters for some growth traits in Sanjabi sheep of Kermanshah. Journal of Science and Technology Agriculture
and Natural Research, 11(3):91-98. (In Persian)

3-  Akaike, H. 1974. A new look at the statistical model identification. IEEE Trans. Automatic Control, 19: 716-723.

4- Asadi Khoshoei, E., S. R. Miraei-Ashtiani, A. Turkmenzehi, Sh. Rahimi, and R. Vaez Torshizi. 2000. Evaluation
of Kleiber ratio as one of criterion for selecting ram in Lori Bakhtiari sheep. Iranian Journal of Agriculture
Science, 30(4):649-655. (In Persian)

5- Badenhorst, M. A. 1990. The Kleiber ratio as a possible selection for sire selection. The Shepherd, 35: (11): 18-19.

6- Bahreini Behzadi, M. R., F. Eftekhar Shahroudi, and D. Van Vleck. 2005. Effect of maternal traits on heritability
estimate and determination of environmental factors affecting on initial growth traits in sheep. Journal of Science
and Technology Agriculture and Natural Research, 11(1):195-202. (In Persian)

7- Baneh, H.S., and H. Hafezian. 2009. Effects of environmental factors on growth traits in Ghezel sheep. African



AP Sl ) oyl ¥ ad oyl ol ool pole Gloipgy aspits VY

13-

14-

15-

16-

18-

19-

20-

21-

22-

23-

25-

26-
27-

29-

30-

Journal of Biotechnology, 8(12): 2903-2907.

Bergh, L., M. M. Scholtz, and G. J. Erasmus. 1992. Identification and assessment of the best animals: The Kleiber
Ratio as a selection criteria for beef cattle. Proc. Aust. Assoc. Animal Breeding Genetic, 10: 338- 340.

Elfadilli, M., C. Michaux, J. Detilleux, and P. L. Leroy. 2000. Genetic parameters for growth traits of the
Moroccan Timahdit breed of sheep. Small Ruminant Research, 37: 203-208.

Farhangfar, H., H. Naeemipour, and B. Zinvand. 2007. Application of Random Regression Model to Estimate
Genetic Parameters for Average Daily Gains in Lori-Bakhtiari Sheep Breed of Iran. Pakistan Journal of Biology
Science, 10: 2407-2412.

Gafouri-Kesbi, F., and M. P. Eskandarinasab. 2008. An evalution of maternal influences on growth traits: the
Zandi sheep breed of Iran as an example. Journal of Animal Feed Science and Technology, 17: 519-529.

Galal, E. S. E., H. R. M. Metawi, A. M. Aboul-Naga, and A. L. Abdel-Aziz. 1996. Performance of and factors
affecting the small-holder sheep production system in Egypt. Small Ruminant Research, 19(2): 97-102.
Ghafouri-Kesbi, F., M. Ali Abbasi, F. Afraz, M. Babaei, H. Baneh, and R. Abdollahi Arpanahi. 2011. Genetic
analysis of growth rate and Kleiber ratio in Zandi sheep. Tropical Animal Health Production, 43(6): 1153-1159.
Gholaminia, A. H., and J. Shodja. 2005. Estimation of genetic and phenotypic parameters in Shall sheep.
Proceedings of 4™ National Conference of Islamic Republic of Iran Biotechnology, Kerman, Iran.

Jafaroghli, M., A. Rashidi, M. S. Mokhtari, and A. A. Shadparvar. 2010. (Co) Variance components and genetic
parameter estimates for growth traits in Moghani sheep. Small Ruminant Research, 91: 170-177.

Kalantar Nistanaki, M. 2004. Study on some environmental factors affecting on growth traits in Zandi sheep.
Research Agriculture, 4(2):49-58.

Karami, K., H. Moradi Shahre Babak, A. Ghazikhani Shad, and A. Mirzamohammadi. 2012. Estimation of genetic
parameters for preweaning weight traits in Zandi sheep. Proceedings of 5™ Animal Science Congress of Iran,
Isfahan, Iran.

Matika, O., J. B. Van Wyk, G. J. Erasmus and R. L. Baker, 2003. Genetic parameter estimates in Sabi sheep.
Livestock Production Science, 79:17-28.

Meyer, K. 2006. WOMBAT- A program for mixed model Analyses by Restricted Maximum Likelihood. User
Notes. Animal Genetics and Breeding Unit, Armidale, 55pp.

Mohammadi, H., M. Moradi-Shahrebabak, H. Moradi-Shahrebabak, A. Bahrami, and M. Dorostkar. 2013. Model
comparisons and genetic parameter estimates of growth and the Kleiber ratio in Shal sheep. Archive Tierzucht,
56:264-275.

Mohammadi, K., A. Rashidi, M. S. Mokhtari, and M. T. Beigi Nassiri. 2011. The estimation of (co)variance
components for growth traits and kleiber ratios in zandi sheep. Small Ruminant Research, 99: 116-121.
Mohammadi, Y., A. Rashidi, M. S. Mokhtari, and A. K. Esmailizadeh. 2010. Quantitive genetic analysis of growth
traits and kleber ratios in sanjabi sheep. Small Ruminant Research, 93: 88-93.

Rafiei, F., N. Emam Jome, and Sh. Nanekarani. 2007. Application of linear models in prediction of animal
breeding of animals. 1* ed. Haghshenas publication, Rasht, Iran.

Rashidi, A., M. S Mokhtari, A. K. Esmailizadeh, and M. AsadiFozi. 2011. Genetic analysis of ewe productivity
traits in Moghani sheep. Small Ruminant Research, 96: 11-15.

Rashidi, A., M. S. Mokhtari, A. Safi Jahanshahi, and M. R. Mohammad Abadi. 2008. Genetic parameter estimates
of pre-weaning growth traits in Kermani sheep. Small Ruminant Research, 74: 165-171.

SAS Institute. 2003. User’s Guide: Statistics, Version 9.1 Edition. SAS Inst., Inc., Cary, NC.

Savar-Sofla, S., A. Nejati-Javaremi, and M. Ali Abbasi. 2011. Investigation on direct and maternal effects on
growth traits and the Kleiber ratio in Moghani sheep. World Applied Science Journal, 14 (9): 1313-1319.
Schoeman, S. JI., 1995. The relevance of W*' as predictor of actual weaning efficiency in sheep. Proceeding
Australian Association Animal Breeding and Genetics, 11: 394-397.

Vatankhah, M., M. Moradi Sharebabak, A. Nejati Javarami, S. R. Miraei-Ashtiani, and R. Vaez Torshizi 2004. A
review of sheep breeding in Iran. Proceeding 1* Iranian Congress Animal Aquatic Science, Tehran, Iran.

Willham, R. L. 1972. The role of maternal effects in animal breeding. III. Biometrical aspects of maternal effects
in animals. Journal of Animal Science, 35: 1288-1293.



