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Extended Abstract

Background: The study of growth is a key economic aspect of domestic animal breeding, as adult cattle
weight is an important trait in breeding programs due to its impact on economic factors, such as
maintenance requirements, reproduction, and other biological characteristics.

There are extensive mathematical models, including logistic, Gompertz, Von Bertalanffy, Brody, and
Richards, which are used to express the growth capacity and statistical relationships between the age and
weight of the animal.

This study focuses on mathematical models that summarize growth patterns using biologically interpretable
parameters. These models provide valuable insights for developing breeding strategies by allowing for
adjustments in management practices and genetic structures related to growth curves. As a result, analyzing
growth curves serves as a foundation for adapting breeding policies, determining nutritional requirements,
and making informed decisions about specific technologies. In the growth curve, the A parameter represents
the weight at maturity—essentially, the maximum weight of the animal. The B parameter indicates the time
at which the individual reaches its maximum growth rate, while the K parameter reflects the growth rate at
maturity. Regression coefficients and growth parameters play a critical role in management and breeding
decisions, as these parameters typically exhibit good heritability and can be effectively used for the genetic
improvement of dairy calves. In this study, we explore the growth pattern of Holstein calves using the
dynamic nonlinear model (DOLS) for the first time. We compare its effectiveness with other nonlinear
models, such as Gompertz and Logistic.

Methods: For this study, we utilized birth weight and body weight records from 10 to 90 days of age
collected at the Kohan Aberdej Agriculture and Industry Unit in Tehran Province. We recorded
approximately 10 body weight measurements for each weanling calf, which were initially analyzed using
Excel 2007 software. Subsequently, we performed statistical analyses using non-linear Gompertz and
logistic models from the nime statistical package in R software. The nime package in R is used to fit and
compare Gaussian linear and nonlinear mixed-effects models. It allows users to specify variance-covariance
structures, enabling the analysis of data with hierarchical or correlated structures. To estimate growth

parameters, we employed numerical calculations and the Gauss-Newton algorithm. In the DOLS method,

a nonlinear method based on the law of diminishing returns is used to estimate the parameters of the growth
model, which correctly estimates the regression coefficients of the growth stages. We evaluated the
goodness of fit of the models based on the corrected coefficient of determination (R_Adj*2) and mean
square error (MSE).

Results: Both the logistic and DOLS models provide the best description of the growth pattern. These
models exhibit high values of R_Adj*2 and the lowest MSE. While the logistic model has demonstrated
strong performance in estimating growth parameters for dairy calves in previous studies, it does have a
weakness: it tends to overestimate or underestimate body weight at different time points. However, the
DOLS model, as demonstrated in this study, accurately predicts body weights at various times without such
biases. This is a key strength of the DOLS model. Various models have been introduced in studies to predict
maturity weight and maturity rate, with differences often attributed to factors such as breed, management
practices, and feeding methods. Notably, the Gompertz model ranked last among the non-linear models.
Evaluation indicators confirm that the DOLS model excels, with a high R_Adj*2 value and low MSE.
Furthermore, it effectively calibrates time and body weight at turning points, ensuring accurate predictions
within the available field data. Here is a corrected and more clearly structured version of your sentence.

In the DOLS model, a concave curve is generated based on the law of diminishing returns, allowing infinite
time to be approximated by the time available in real data. This model produces a well-defined function
that is differentiable, enabling accurate prediction of the maximum mature weight using the first-order
derivative. Additionally, the DOLS method estimates the final weight in the shortest possible time and,
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unlike the logistic and Gompertz models, does not require iterative procedures, such as the Gauss-Newton
algorithm.

Conclusion: The results showed that, unlike Gompertz and logistic nonlinear models, the DOLS growth
model exhibits dynamics in the estimation of growth model parameters. Additionally, while logistic and
Gompertz models do not allow for achieving the maximum economic productivity using food inputs, the
DOLS model effectively establishes a relationship between the amount of consumed inputs and maximum
productivity. Consequently, this model can be employed to provide expert recommendations. By
differentiating the DOLS model, it is possible to accurately predict the maturity weight and estimate the
optimal time for marketing and selling calves. Because the DOLS growth model provides accurate
predictions of maturity weight, it can be incorporated into management plans to help improve economic
productivity.
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point

How to Cite This Article: Tajik khari, M., Peykani Machiani, Gh., Salehi, A., & Gholizadeh, M. (2025). Estimation of
Parameters of the Growth Models of Holstein Calves Using the DOLS Method and Comparing it with Some Non-
Linear Models. Res Anim Prod, 16(2), 104-114. DOI: 10.61882/rap.2024.1471



http://dx.doi.org/10.61882/rap.2024.1471
https://rap.sanru.ac.ir/article-1-1471-fa.html
https://rap.sanru.ac.ir/article-1-1471-en.html
http://dx.doi.org/10.61882/rap.2024.1471
https://rap.sanru.ac.ir/article-1-1471-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-05-08 ]

[ DOI: 10.61882/rap.2024.1471 ]

4

Vo F VEFIY oyl [pd 3l Jo ool s (sla img sy

Sl b gille g (55U gl oIl

las (399, 31 o3lw! b (ol Jlos pod (GaalliogS’ iy (s ure (5 ol 351 2
By e (B b ol gaualio g bgy (B pE Olayyo

ol 8 oo 9T o Lo s Slabe S Lo pME 5 )led Sl sesxe

Al (sl sl o i 5 (558 pole oSl M g pls pale 21Kl ¢_als pole 09,8 cpld 3155 Mol 5 S5 sdi, (6,8 (gsomails —)
ulﬂl ‘Ol)“’; ‘O‘)‘@ oKl ‘d)'”lu’;f suSisly ‘d)')gLf‘S sl 59; ‘)l:‘;‘.jl.) -y
(arsalehi@ut.ac.ir : Jggue odiuw 5) ¢yl yal ()25 eyl ya oKl ¢ 65y5liS” (559Ud 0aSLil> (ygubo g pl> pole 09,5 oyluatily =Y
Qlﬁ\ ‘LS)L" «s)lw Lf““]” Ella 9 d)'”LfS F9lr. olRusly « s 9 ‘nl.) ‘n?lc 0aSisly ‘Ls"‘) ‘p9l.: as)f ‘)l:‘f.}].) -¥

VYOI 1l o VXYl g s VEX/ VY il s
VWE BV F asi

-‘?W °~‘»:5~%
dwuﬁ,;},&am@ & gl8 59 85 1o ol al Sl 359, 9 (olaidl gladis op pbol 5| ol (sadllas g 4y Coanl sBa g dodde
LSLQJ..\A J)‘SUA )l)ﬁ 4>9A d)90 u_ia)?‘y; Sl );L» 9 J.\A..\Jy ‘LS)L\@ dl.&a)l.u <\L<>> )l d.)La.\ﬁ‘ Slas <9y ul k_)l))l LJJ)AJ &S ol LS.)I)J CM“D‘

199 U)99U’wu"" d)l.pl d‘.mwus.km) u.d).lo uLJ d‘)adb)b J9>9 ))Jb’)ﬁdbﬁ)’ E‘SGAYLJ)J 9 ‘)4)445 M ‘d.A})I d]ob)mswo\.:)
smlio Cuoyd 008 yuunds cCanl (SS5ean s gl o)l din LB > oSy W) Cundg jl glaoME L) sl Jse 555 o yl,E edlaiwl )50
A L;La,u:xf s oplplo S o palyd M) donie (e glaylalo b g Copde i 3ok 5l o0l el sba gyl (ganwgi Iy )
S o il p ol (5955 S bl el (xS erenal B9y g gl slagaiofls s (o3P Mol ol i sl ) ol g4
Iy ady & S las 40,8 S (duw, dln)‘!3 aomawlyd Cal Gl (i s T mBly 3 g Canl E5b (59 sonmd LS Wby ot 3 A gazul )b
ol g Copdo (sl xS e )3 1) (oo S35 A8y (Sladoxinl B g (ygm)S) culpd 3o (U ) Eob 48) E55 K (gomiunl B g amd oo LS
dlf dalllas u;l BEl g)f ool d)...w dLbAJL»; US\HJ) Dol )JLb l)l l?’g;"?"\")b)?)’ Lf? d)_v_\.vual)j )‘ .L») dLb AMI)S _\;)l.l J‘);
ke L;|a> )A.c LSL‘Z’JAA )l )J l.>5 o3l L};Lmlm )|5>).\.M> dLdeLu)gf ..\w) d9i” W9 L?"))’ dl)) (DOLSI) by u.la>).$ J.\A )‘ dvd)ﬂ M
OIRG Qlind 5301 plagS Canivo g S sl )3 39290 (S5, A0 BV e 3 0% 39 9 U 039 s2)gS) ‘»lé'w o dl)‘ Hahg) 9 3190
dl).:umus)f)l)sdujjl@u)):l)yo ExcelY. - V)I)Blfb).:)‘ oDMlL‘M‘swuxu)ﬁl)f) L.;)m x)‘?ﬂd‘\ﬂ.’:}s}ndlf A ealaiwl
dulio g il sl R > nime di .m; odlizsl R )l)slf); nime (¢,L! L;w )\ Stz 9)4).«5 UE})J- dMJAﬁ L5)Lcl L;LmJ.l;u 5 4350
ooyl 5l eolazl b )l)Su PRTR uL.qu?u Uigy b sy L;mel)ﬁ .))L»L;a );_\;ulinl Aot b (ol pedlidis laylidlo L 1) Lm:l: o g 4y 350
o ol 015 odlil 13; o slagially (035 (sl Jg5 2L 08 pitine (B3 e gy K J DOLS by, 53 50 250 (15598 paglS
i) 290 955 ily slaylire bwgi Jaa o Feaslie «lwlre o 5 4525 | i (eSS (yd @]y My Jole gme Sy culps

285 8 duglie 3)90 Codginl 5 (ygesl jl edlinul b R34y jlade (31 55 5 c8)5 )18
Iy ady o 3l Cpog oy yie MSE jlide s jiaS g REg; YL Jlade (yuily L DOLS g Swd (sla Jso o Wl ()L asdllas () gl sldaidly
J.,\n L)Jl 299 d:l]a.m ol 04 02> UL.-.J Olalllas )l d)L.A.uJ )° Ed).a.ué d‘.m:\.lt..:; .,\.w) dhzm!)s 3);)’ )° M J.,\n d\fl; @L‘y A;)‘)
LSLQ’ Ln) )bl u..\.: LSLD"Q)B DOLSJ.\A lnl 4wl ..\.ul; .!)94).\.: Slallas ul.cl ) &9@9@ L)"l «§ wl calisee L5Ltb Ln) ) u.).x L))9 ):pfl; ):uu.u 3)9‘))
L;Lmu»b UL )l)s B 64.\;)4 )s 4‘_;Ia> 2o o 5l ‘)J).«J Jae il byl i cogo0 o w);.u ml); ,\;Iyuo u‘ J.J; ’ .»wge
dd]a.n.v P OR U)9 9 ULQ) d)\.wb).uj‘s @L"J a3 uL«u).o ()‘xl.m )L\.u u)wa 9 \jb RAd] )L\.ﬂ.n 0P ‘)]J )40534.9 DOLS J,\n FUN ) @L))‘
e Sy DOLS Jao 3 eadly 15 3,03 )15 deyio 13 35390 sadly CleMbl (o354 ;> DOLS Juo ) oslil b (3 (59 (s 9 393 |y cikae
&b S DOLS Jas yles S35 (8l SleMbl 3 39290 (o 40 1y colidar gloj olgiisn 9 4 (oo 3bml 1) 935 233k 098 2 (stn 5 paie
i3y 3 3 ot (e &y b Gis s Jg a5y 553 b ol 5 23 359 ol J S G bl 45 45 o sl 130055
0098 wipoUl 5l oalil b 1S5 & (g3l ¢ peS 9 St slabyy wile 53] eSS ) 26 By P 0See Oloj (S Sye b DOLS
oo sladominl 3 a5 3 Sbg sl )s DOLS Las 1é ady Jie «cSitacd g 55 yaS ad pud slaJbe O a8 wial Ui s 26 g5 4l
o Ul o3y9] sty 38 looslys 51 onlial b 1) (oobaidl (g y90 0 pSMs o5 s0d ¢ pead 5 Syt (gloJbo 5l o0lisl b o pogdle .ol 43,
Jio ol s bl sl 45 3ls (Lis sy |y (0080 ST 5 By (slaodlys Jluie ym bls) sbul LUl digy o pue Sl Jolas
olej 93,8 uw‘);w syd 1y Eoby 5 ydlie g5 o DOLS Jas 3l (6565 Gidio b 0)S aaL&:@\’ds\p Mol 5 (w5 sauwsg gl <y
loasty > ol Ggee s dly gk (g J1 1) (s> Sbodmpin DOLS 3y Jas oS sty 35 (50055 |y ladlluogS' (12958 9 (b )liL
28 )5 S gobaidl ()50 540 iul38l 50 5 0,8 eolitul e

Jo (365 ecibae galai gl S Jg3 033k (g eay slaaseinl b Jao ol 1 slS (g0l

1- Dynamic Ordinary Least Square


https://doaj.org/toc/2676-461X
mailto:arsalehi@ut.ac.ir
https://orcid.org/0000-0003-3938-717X
http://dx.doi.org/10.61882/rap.2024.1471
https://rap.sanru.ac.ir/article-1-1471-fa.html
http://dx.doi.org/10.61882/rap.2024.1471
https://rap.sanru.ac.ir/article-1-1471-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-08-08 ]

[ DOI: 10.61882/rap.2024.1471 ]

03038 e 5 oo Lo Jlae (lale S Lo e (s lss Sali wome

AR Slaye JBlis g, 5l oolatul b opluile )lgs pus cladllogS 1) claJre sl sal )b 3,9

SleMbl (sladiges (so3g050 3 Ay s e sla s
2Lyl jlaygdp (VL cuenl e g0 53 39290 (Bl
Comal g )3 a8y plosly Dbl g SRS G e o)
9 o5 Sy gy ol o &S o)l (VL ool
Culgo 655 ol YL ple (S sladye
b Gysods 1y o8 59 ST ecpl » L (Arrango, 2002)
S ooy it 290 3 OlFier S Sl 50 olej ]
AlONSO ) 3405 (635 waouc (S50 ]3] (6l Sl
J(etal., 2018

OLS: Ordinary Least) Jsoxo Slaspo Jilis i,
2 bl gy cp 0,85 5l (S olgsas (Square
2 o sl o)y ol 2950 sledd 4 Lo ptelly (3050
soteie b ool (Ferdric Gaus) wels < 08 lawgs
e sy )9l o) ol Sl a5 25k Sl
S8l & ellas Sl o gg0me 45 (G565 & ] S5
).)dSJ.JI Cawddy RAd] L R )I.AM u.s).:\jl.» u»).su,i.«»
Tamari et ) D95 o 5 t;:y.w)s) ]a.’> U”)‘“‘V ‘ul (A
On g3 &S Jh»ol u’l 4 49 b wliwle (al., 1996
S99 )xmo 9 A u_b )...c ely wl{;u.; ‘L§)L°1 uIAmLM
ul:.s).o Jﬁlb d)Lo| (J‘°9) )] odléwl l.» | QSM c..\J)l.)
&b S gl & oo (bt 8 2l (095 (OLS) Jgome
S plesdbol (Jo3 (235k 9B 2 (e g p RS e
ol g (wlid) dpog 45 » al) «ygo ol
ol 3 el osB el oSee bl
Ny o ol saball & 0 (g Gl b Mg o (0l
Sy b 8y I3 &5 (03,5 gala) b ] 5l o 5
oY O Sl 4 coled o B uiS e Ty deldl latual
22 3l oslawl ¢ golaidl e | aST sl S5 4 p5Y sy
S )] &5 A8 o Iy el gleai b (B pme (g3l
Wb e a4 g bMasl 5 ol ] cauie b ag
(Malakoutl and Homaei 1994 )
))la);MJd})A.CLIJ¢D)A.C9M‘)))~Q§JJ
odlasw! sllas 9 u}b)‘ ;gy..gu )I A)L lm ‘ M dl)) U)I
Slazpo Pl (bg) 53 Sbgy 2929 &5 "M‘ b2 cnl s
(Dynamic Ordinary Least Square) L s e
olmmwpl))xaaglas)ﬁ.é‘_ju&%wlmlg
llad Glayyo gaomme (jlo JBlis pogMe oS and &3l 5, Lol
@ 2 55 1) oloj sileydlS s Rigj olie sVl
Sluye Jols igy 5l eoliisl & bgpe Gladlae (S0
oL (Tohidi mehr eta.l.,, 2021) (DOLS) Ly, as i
225 b llge 33y Jole 3 o5 23k o6 45 dind e
596 I DOLS g, 13 5 5,03 3935 S9 g0 ol ML £
ol o o3lasiwl Sllgs 3 by Caogi (sl Joi 035
Bran and ) cul sals 5 il L;ab)ﬂ 93 shls sy
u,u)l)a ‘_5]), LmJAA CR AR ‘U"l (ROUSh 2005
et (Jo55 (233b 0pB (e d“J-\» by (Foie

doddo

oloj aly )3 o (g0l (g Sl e o 13,
s Ll Cosots gie |y Cho ol & cul
A5, (Daskiran et al., 2010) »)8" iy a5 (S sl Jsbe

Slader (oolasdl canle Js 4 ol e Jg Sl om

o5 olye> ol 3 8 1 ecanl Jlaye (65 M‘f‘
ito S 5 bamo «Si55 dley ) ilisee Jole 3T
o1 Sl Ol yess b Slgie 9 25 00 )3 baee 9 S
D)5 3939 w2 SE (godle Ban o &S Gl b
L ol b St ol (Agarey, 2002) 355 ol
bug 5 xS phie @boysd > o Gy xSojlul
2 con gl 5,50 3 5 Biln 5L, LSL“J-\A

olasdl sl kol 5 o canllas 5 03 Coonl
o Bl 5 b s Sy ool ol Sl s
Sl s 4 g sl (0015 Mol sladol s > poe Caiio
Joddgs 6y IS slajly alen 5l oLl Sl (g9, ol
Costa et ) 5 oo )3 x5 3,90 (Rjglom Clio plo
Wiged (S sk gojluil b sl L’wl)sl {(al., 2011
I GhE i Cppot Ygen 5 s b5 0o
My bl pl 4 (Aman Ullah et al., 2013) »,.5 -
sladde jl (slgil b a8 WS o Copmd JSS S izmie S
> ((Kum et al, 2010) cuwl 3l LB 8L,
ol bl Calisee i 50 Wby (09 JSBES b (64565
W3 o0 &) Slgz olej 3 48 i 05V o)l & sl
s Gl 505 (Silisds g Jloges (b (oS cage oS
Ol 28 caldl )3 & ol (Bl3E 25 b (S sla sl
SIS ST AU IRIDWE B P e
S B g cunl GRlE s plaes ialS co
LSS Opgody (e S cyoo Eob Gig @ Olo
(Arrang,2002) s.l anlss > (Blo)

09 FeS « St clax jl glod s 3L sla s
Cad )b glo slp 45 251 3929 50l 9 (39 AV
oMl 3590 g (139 9 (0 O Sl S 9 A3
Sl e s oo ol (Kumet al., 2010) & ,.5 o 1,8
seds Ly doild dix CJB > a5 ) AS, Cumdy
9 (Salem et al., 2013) wiad o &l bl (S59)gm
P ol glag il (gamug gl |y ole cuo
3y (ioxie (555 oSl b g ot Jiss Gk
9 49 g opp ddlas S0 (B)b | A e el
‘)’OK‘"I ol oBaSS e o A, Lf‘:x;.c- sl Ll
O oadanlis oilgd b 1) b len U oyl dg2 g4
555 el ) sl gl K g 0l cabllas
(Arrango, 2002) 5,5 pladl 655 39350

b My Gty (S slrdotil )b pnds ¢ Al
Cllge (Sf cad )l oLyl pede n el
Sodoliyy pulars Sy gl sl Iyuo {(Aggray, 2002)
& by Ol Loguad g i oy e sl (SIS
5,5 olitel sl YL sl Caenl (s &S gl
laasislp oo 30y (Daskiran et al., 2010)


http://dx.doi.org/10.61882/rap.2024.1471
https://rap.sanru.ac.ir/article-1-1471-fa.html
http://dx.doi.org/10.61882/rap.2024.1471
https://rap.sanru.ac.ir/article-1-1471-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-08-08 ]

[ DOI: 10.61882/rap.2024.1471 ]

o5 8 puore 9 (o Lo las (Slale S Lo podle «(g)les Sl Yoz

ARYA

VEF Y ojlasds /ool Jlo oold> s (sla iy

03 o Jlou 5l 3l edlil b iy psbes g5 ) e
Ohalpg o BAE S (355 poboey 1a3)8) 5 ploxil )
0592395, OF+ 3l ggamm0 43« yy (slaoaly Cals g cLleMb
A oalatwl Ay e il el o

FpeS bt (3L lae kil 3)90 sy,
by hs e lape JBlis gl Jao o Situod
i 5 K g B A (cloasiuld b5 5 ool
Gy ok (g SoMBI U Co A (St g a8
Jhe 30 Ag 5 A1 sladscilp aiwe Eoly £ g A,
Sk (6 s (SrdllngS 13 Ay Cus yuw goniLis DOLS
YU DOLS Jie 5 Az 5 Ar SomessS) gl p> dsilis oS
b Galyie) s 5 I 5 1y VL S il
ol b (S 5 Syad ladse )5 K gaomul b
Sl (DOLS) gy (s o wlayyo Jlas (g i3 o
S o5 g 331y o 53 9290 el go3gu5 13
OFB p (e gyl pow (42,0 @l (ke (IS L g
S N eS8 s Jse ol o 1) Jo55 (ol
Tajik khari et al., ) wib awslh 35 1) (g5lwe S oUlgs
oS amd e Ui 5 (s Ll de3ge wle M (2024
09 el 2 Ur g 3y okl Joi (233l (196 5l (o5 0
096 5l oozl L (DOLS) Lgy sy luye Jilas
2 hled Cnogi |y 45) (e (p yitg Sl o0 (Jg35 a3l
4o (2b) Jdo S e 59 leMbl 5l oolasiol b «adly
S 3980 bl Jop (2L 9B p (e g e pou
sglej o 1y b oyj9 (Calibration) gjlwe yJIS” Ules
2, asuie

ol 1y oolizl 3590 Do e @ ¥oles V (go)led Joi
R

@75 SeMbl > & €85 dni g b onlpl
bt Jde et (0 Gy SB35 5l oad odalin
S Sl Jo5 (2]l 0P8 p e g puie Jho Sy A
aS" 3 les (calibration) (gjluwe pJIS' 1y 0 oy5g Sl jlade
oanlis o 5 Stund 5 S 13, (sla e > 9550 0ol
CAB9eSaw Sjgody (o ADy &S olsl I g e
o3 25L o9l jl (Arrango, 2002) 5l )8 (ISsS)
dallles pl 5l Gun U g 0 edlaiwl DOLS g, yo
Slsisas (DOLS) by (s b Clapyo Jilis (og) (b yee
9 Sl by graoinld (pe3S )3 e k) Je S
St Wlan by gl se ylo b Jae oyl siailys
g bbb oy mone (eSS JuB I FpeS
Olyn b cd)S aalss L8 alie 5)50 clgdy slagle
oSagy e 3 ol 5l g bl |y ad) Jue e

2,8 edlawl (ool Mol

w W yigy 9 dlg
ol Jao g s b (2l sl Jao J adln ol sl
oS nyre o sl (DOLS) by (Jas e Sl
aleMbl 5l edlatwl b (ooladl sladusg sdl)) 4 A,
g CuiS doly cpluln JlgS b (gllogS (], 0F 4 by
Lalloss Ag s () s pbml s bl 5] Coxio
i) 583 > bl sdyss)y 5 <l gl e alob
W2y Slicsws oo Ginlj olej 0 oS pladllesd i e
& bdlugS pl slois gaaby Lus Bls Sl
i gl 5l e gy 4w B g o) 5l 45 9 g ol
Ol op g b g Jo) Jl g W25 Bpas jefl
b 35 0jg (V-c8)5 )18 allugS jLadl )3 gl s, 515151

_ il g5 b SloallugS 5> 13 ioxko (il (sl 02,8 iy b i (claJae =) Jgae
Tablel. Nonlinear models considered for fitting the growth curve in Holstein weanling calves.

(references) x> yo (formula) Jse 3 (model) Jo

Fathi Nasri et al., 2008

Nelder, J.A. 1961

Tajik Khari et al., 2024

Y=A-(1+B exp)

Y= A (exp-B exp™) FpeS

Gompertz function

Logistic function

Loy (Joexe Glayye JBlis Jos (DOLS)
Dynamic Ordinary Least Square (DOLS)

Y= Ao + Art + Agt? + Ast®

R2= SSreg ")

SS tot . ) .

S BB else o gorimo )L @Bly )3y o p
I st byl g ol Slinlie o (BS1n 5 @595
dool S BB Jelge (sdlowg 4 &5 Cunl Cio STy
Aidyge Chio (59) p Fye Jelse Sl lodas (5 0)lgen
0 3l e o b e (Cuwl sdel ST B o ypoas
R e e e e
ol 505 (V) S5 oae @ o]

AL lo; 3 o 0jg Y FeS 9 St o
&r Kdhe gabais U Ay gloj jlady £5 B sl 09
Ao oS saiBblay Jao )3 liten plg G Ty Esh
oLl Jol (galsyo o iowie bt i Ar diwo jl 5 5e
b s Az oladl pod gatls po > doxie bt s Ag
s g G Ty 3Ll o (g al> o 3 (ixxie

bl s ylre
(R?) (s oy


http://dx.doi.org/10.61882/rap.2024.1471
https://rap.sanru.ac.ir/article-1-1471-fa.html
http://dx.doi.org/10.61882/rap.2024.1471
https://rap.sanru.ac.ir/article-1-1471-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-08-08 ]

[ DOI: 10.61882/rap.2024.1471 ]

ol5 8 puore 9 (o Lo s (Slale S Lo podle «(g)les Sl Yoz

V-4 Slaye JBlis g, 5l oolatul b opluile )lgs pus cladllogS 1) claJre sl sal )b 3,9

e 93 olil 0y oS caogs sl Jde e
29 JAo oAb ol (e o pd g b Sl (1S
Sloaly olis alisee wldllae (Moreir et al., 2016) >4
derg Gllos Wiy Jove il {b iz sla Jao oS
s (G pde gobaw & (g oo o) hel LY a5
0Ll a5y 53 Esh €5 glds § 5iSargS g ol
55

bt e a3y b bl Gins LIS 5 S
3 e b i ey i (9 b &b b By (eSS
ol i ) Ken 5 da g (sadllas 4o .l ably lade
9 OL»T peow d‘)b Y » 09)4& «839 J.\n PLENW
S ey oo 3 1y &l o g Ll 22 (glosls Slbee
(Gbangboche et al., 2011) 5; o5 8lg 3 5l YL
hasl 4.\.0 ol bl i (gdads lgieds Wlgs o cpl g
B 5> Vgona 0dd 03j(pedS (Jjg pilie 503 (B
e b jeS 9 850 )18 G 0y By s13)s5)
, g g0 03] (a3S By o

bt ooby ladie T CleMbl 4 g L
) 1) ol 039 4 ey ploj silwe S SUlg )
5 Seecd by gladse jleliwl b Ky ()ke
o a h Esh Gis & ot gloj Ol FeS
g Sswad (o) sl 5 LlRn S Soghe
@ Oy Oloj egd (il pSlis (loj 4 S [0S
285 algg )5 SleMbl (godgae Sl )b sk
=35 3 (DOLS) bgy (s clope Jilis g
(K 9 prie pow (5420 (ad uf A (e (Slaaoiul b
@) colidig gloj U a8 o 0 (o3 (a33b 066
Candds 1y 59 oYl ballwsS o] ;0 a8 loy xSTas
JUl o)) 3g3g 5 bly GleMbl cdiges > o Llod sl
ol 03l LIS Y Jodo ;0 &S jobo lad ciges laisds amd
so)led sallogS’ 53 (4 (g S & (e loj ]
iy A peS 5 Sumacd oo 5 odlizul by AVOV
603930 ;3 layloj cpl 45" Cusl joy YAD 4 VOYAY/-D
Sldiges 390 SleMbl b o 15,5 )3 ably cleMD]
S5 0l (0L sl (galold el 59, A+ a5 A8l
2Ulgs (DOLS) Ly (s pui Sl Jolus Jio a8 ol
@ ey oloj (2t 9 3 (g3 4l ploj (siluo
O3S (S (loj (2 5eS Byo by (o ydaly g ST
Olej 3 pade Ojs & O Ol rote 9 Sie
b oobdl jd aad o I8 Sledbl godgiaze 40 1y olgsdd
DOLS 29y 3 (hd o8 (g5 ulpd (e (e
il galabi ) 85 sl o dile g Jlooay
A3l sl J1E a8l SleMb (go3gd0 5 0 635 05
Vb Rigj (o9l oy le «Stuad (3L Jao cnlple
9 oM 0jg P & Gy ) me (eSS (Ul
D61y giloo S s (Frlea

Da Silva et ) ss5 00 ol R3g; = g:;; (1-R*»)Y

ol )l slawi P g lialie sliss N sl ol 55 (al., 2013

Sl
. (MS2) s S5l (eSleo
MS, = > v)

Afe

s Jae 6 Cbasl b o ials Jas 4 i (gl puio
5,1 353 ISl pl 15 el @YL st cste (g0l ol
ol o g b rals las (ooljl gdn )3 «jgo cpl jo &S
ol m > 9wl Gl s Slaye ggeme o

b aalg (I3 s (Slyo gg0cs)
Ny sdllogS o0 Gy s9) 2 (oS pE e
J38ls 5 (Pinheiro et al., 2016) nime gaus jl odlatwl b
L Aol Jdo (sladotiwl 8 g il (F/+/F sa5us) R
oozl by 5,S5 g (goue Cluslre gy b iy (slaaseinl )
ol bl e g, el )3 -85 39l 2 (95 955= S oS ]
S a8 5 St by (sl e slraseinl b 51 S
b 9 3980 033 )13 (53 lpiedr (o34e e
JSL;OK.\A .J).\fL;o O)ygo M ‘l.muT )‘ odlazwl
OJ”] Cowddy (gl Lmdi 1 ead dpwlbre Jdo (slaasciwl s
S om0 e odlaiwl alae gdladi loj 4 59 9 oy
bug b Riag gl glis Riagi olie (sl

8,5 )18 dunlie )90 Codguil T g0l

cou g b

& sl ZAe 5l gYL Jae ples R s
Lol cliseo sl Jde canlio jlaws (55ln (gosmdyLis
‘RzAd]- lie « K g B A sladomwld & by yolie
Jolis Jaw A (ioxio Jses S5l izen 5 MSE
ol g leads el Hlis Y eds o Lgy (Jed e Slaye
Slagye S8l 5 Setucd oo 45 45 jaseie cdalllas
0258 5 Rhqy e o 53U sl (DOLS) by o
LA Syme Jdo pying laisds a5 Wdgy MSE 5.0
Slaye Jilis 5 Swod sl Jie oy ol @glis et
Slaye S8l Jao Ul 395 5l sine (DOLS) Lgy Jas e
SleMbl g5 121y 65385 (b3l (DOLS) gy s
Sy Jo cpsing elllas pl ols b alino sl o 59
2 hoe S5 Jaagls 5 sladllogS p3 03y (e (Bl
9 FeS sbe (ol 5l o g 29 S Jao a8y
5 o35 S8 sadlas (Araujo et al., 2011) Ld4 (5390
5 (Gholizadeh & Tajickhari, 2022) )l Sab
Gle sl Jse pryie Sted By Jae a5 b L
Hom 909 ool gosle 5 35 sladllogS )3 0, (ot
8)5 )8 dm g48) 3 FpeS Jse

9y 2 5 Slllae (ingh cpl slaaidl B
S Wb gl by WY slagls o Gy sy,


http://dx.doi.org/10.61882/rap.2024.1471
https://rap.sanru.ac.ir/article-1-1471-fa.html
http://dx.doi.org/10.61882/rap.2024.1471
https://rap.sanru.ac.ir/article-1-1471-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-05-08 ]

[ DOI: 10.61882/rap.2024.1471 ]

o5 B puome g (2o Lo las (Slale S0 Lo pode «(g)les Sl Yoz

V- VEF Y ojlasds /ool Jlo oold> s (sla iy

2 il A5 glaizie ly s Slaye sloSike g (REqj) odbgmonas s calpd @0d 03503056 (sladzeil -Y Joio
u)bmlzb doJLa 9 » LSLMJL»;
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Table 3. Maximizing the time to reach maturity weight using logistic, Gompertz, and dynamic ordinary least squares
(DOLS) models
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DOLS = Dynamic Ordinary Least Square
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Table 4. Estimation of body weight (kg) at the time of turning point using different mathematical models
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Figure 1. (A) The concave cubic growth curve based on the law of diminishing returns and (B) the quadratic curve
representing the first derivative of curve A.
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