HaN13)0e

< d v Al v
4.1 mdunlszansmsoanseanazmanlszanianuyediuvesihmiindiivey
1 3 a Qo’ 1 U a Qd d‘ Q'.l 1 Oy v o %
mduilszansmsanassuazMavlszansanurelius e NOIMITnAIN oY
U521 01A2835 05 Linear regression L8 Curvilinear regression (Table 7) WU “ﬁﬂﬂﬂWEgLLi ALAA D9

[

[ A a A o 2 . e =S Y 2
129 Umduilseansanuwesiu ( R) ¥93auN15 Cubic curvilinear Nﬂﬂﬂmﬂﬂﬂﬂ‘ﬂﬁ'l\lﬂﬁ
Quadratic curvilinear UANINNIEUNNS Linear regression TAumny 0.818, 0.789 o 0.621

ANAINY

Table 7. Regression coefficient and coefficient of determination between weight and age from

birth to 12 year

2

Equation b, b, b, b, R

Linear regression 85.076 22.617 — — 0.621**
Quadratic curvilinear 44.925 56.218 -3.698 — 0.789**
Cubic curvilinear 25.827 85.188 -11.488 0.511 0.818**

b, = y-Intercept, b, b,, b, = regression coefficient, R’ = coefficient of determination

** significant at P<0.01

] Y
ennsanduaanssvenimiindinueguedla @y WU idunanoy

YOIAUMS  Cubic curvilinear JanvugIndifsenumdunanazin R’ gaiige

]
v o =

9 ! o A A g’ A =2 = .
NLTUDADDYNUIN I‘ﬂ VIATWU ITUNHINUNAIANNINDDI1Y 3 D 4 1l ( Figure 5)
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Figure 5. Regression line between weight and age from birth to 12 year
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4.1.1 u3nifa 93 91 200 Tu

4 4

ﬁﬁmﬂizi?ﬁn%msaﬂaemmgmﬁ’mﬂixﬁ‘ﬂ%mmLsﬁaﬁuﬁwﬁnﬁmﬁﬂﬁaﬁ’umq
UYs2iliudIe35Ms  Linear regression 8% Curvilinear regression (Table 8) WUN
290195 MIAR B9 018 200 Su DAdulszantanuiesiu (R VO 3 @uMs Ao Linecar
regression, Quadratic curvilinear {8 Cubic curvilinear i lndiReedy mify 0.729, 0.733

1ag 0.734 MNAIAL

Table 8. Regression coefficient and coefficient of determination between weight and age from

birth to 200 days

Equation b, b, b, b, R’
Linear regression 20.222 0.277 — — 0.729%**
Quadratic curvilinear 18.783 0.350 0 — 0.733**
Cubic curvilinear 18.474 0.398 -0.001 2.51x10° 0.734%*

b, = y-Intercept, b,, b,, b, = regression coefficient, R’ = coefficient of determination

**  significant at P<0.01

4.1.2 91¢ 200 1 99 01¢ 18 1A0U

4 4 1 ' Y
ﬂ'lﬁll“lJig’ﬁ‘ﬂ‘ﬁﬂ'ﬁﬂﬂﬂﬂ8&Lﬁ$ﬂ1ﬁﬂﬂi$ﬁﬂ‘ﬁﬂ31mL%’E]Nuigﬂﬂl'l\?u'lﬁuﬂﬁﬁﬂﬂﬁﬂq
a YA . . o / '

Us21iuA1895M3  Linear regression Ua¥ Curvilinear regression (Table 9) WU
1 [ =2 A = - a A o 2 0311 A .
PINDEY 200 IU DN 01 18 IADU umdulseansanuyenu (R) U994NMNI 3 aUN1S A9 Linear

. . J o ey ! 4 [ Y
regression, Quadratic curvilinear Uag Cubic curvilinear umlnamesnu mny 0.275, 0.280

1ag 0.280 AINA1A1

Table 9. Regression coefticient and coefficient of determination between weight and age from

200 days to 18 months

2

Equation b, b, b, b, R

Linear regression 49.392 51.368 — - 0.275%*
Quadratic curvilinear 24.611 104.562 -26.534 - 0.280**
Cubic curvilinear 24.611 104.562 -26.534 0 0.280%*

b, = y-Intercept, b, b,, b, = regression coefficient, R’ = coefficient of determination



** significant at P<0.01
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4.1.3 01 18 1Aou D9 Toudinfi (3 Ba 4 7))

1 % a Qd’ J QI a Q‘{ 4 Q'J 1 3’ v o Y
?ﬂﬁllﬂi%ﬁ‘i/]‘ﬁﬂTii‘lﬂﬂ’E]ﬂlla$ﬂ1ﬁhﬂi$ﬁﬂ‘ﬁﬂ’31mL%ﬂhui%’ﬁ’ﬂﬁuTﬂuﬂ@l’)ﬂUfﬂq
Ys2uA835M3 Linear regression (8¢ Curvilinear regression (Table 10)
1 1 A 2 3 A = = Al o a A o 2 qaj
WU PINDIY 18 AU N Tﬁmam (B304 ‘]J) Imdudszansanuyenu ( R)v9ane 3
@3 A0 Linear regression, Quadratic curvilinear Ha¥ Cubic curvilinear imIndiReaiu

(91100 0.387, 0.391 11ag 0.391 AIUAIAY

Table 10. Regression coefficient and coefficient of determination between weight and age from

18 months to 3 — 4 years

2

Equation b, b, b, b, R

Linear regression 56.229 0.128 - — 0.387**
Quadratic curvilinear 1.430 0.258 -7.30%10° — 0.391**
Cubic curvilinear 18.195 0.197 0 -2.77x10° 0.391%*

b, = y-Intercept, b, b,, b, = regression coefficient, R’ = coefficient of determination

** significant at P<0.01

4.1.4 Toudiun 3 9941) 99129

4 4 ! v b4
ﬂ?ﬁll‘].lﬁgﬁ‘ﬂﬁﬂWiﬂﬂﬂ@EJLLﬁSﬂ?ﬁﬂﬂi%ﬁﬂ‘ﬁﬂ?”lﬂl%ﬂﬂﬂigﬂ'JNHTHHﬂ@’I’Jﬂ‘]Ji’Nq
Y52iiud1e38mMs  Linear regression 8¢ Curvilinear regression (Table 11)

4

1 [] < 1 Y Aa a 4 o anJ
WU ¥901g Tadud (3 094 1) 89 12 I Iedulszanianudenu (R ¥091e 3 dums

f® Linear regression, Quadratic curvilinear 1ifi¥ Cubic curvilinear HANNmnu Av 0.056

Table 11. Regression coefficient and coefficient of determination between weight and age from 3

—4 years to 12 years

2

Equation b, b, b, b, R

Linear regression 198.810 4.815 - - 0.056%*
Quadratic curvilinear 194.233 6.268 -0.103 - 0.056**
Cubic curvilinear 182.356 11.909 -0.932 0.038 0.056%*

b, = y-Intercept, b, b,, b, = regression coefficient, R’ = coefficient of determination



** significant at P<0.01
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T o Yy 1! g C < d'
4.2 ﬂ19ﬂ§1ﬂ1’i!ﬂﬂg1ﬂ'ﬁuﬂiﬂ!ﬂﬂ°ﬂ (mature rate)

I v v v
AnndeuazaIlsuuUINAIFINYeNhMInA 1A YA UNGLIINA, 200 TU, 18

A 3' @ g A =2 = ' v
oY uazmwuﬂiﬂmw B304 ‘]J) INNU 18.09+2.44, 71.93+16.94, 121.54+25.43 L1a

v

a o 2/ ) "o 1o o 3 A ° a
206.12 +34.80 filansu mud1ay moasmshgiminla@mun S uiuawIimsves

e

[

Fitzhugh and Taylor (1971) Tasujailusieeny fail

- U 14 19 200 Tu
(% = A
- 918 200 14 019 18 1A0U

—
- 919 18 1A0U D9 TaAud (3 D9 41)
AmasayaIWLeAVUNINTFIUYD Idegree of maturity (AUNITN 3.1) VB TAVIIA WY
A a ] A g’ o 3 A = = [ -2
NogUInna, 200 11, 18 1AoU uazthmtin Ia@un (3094 ) 1Ay 0.08+0.01, 0.36+0.08,

0.59+0.12 t1az 1.00 MUa19 Y ( Table 12)

Table 12. Means and standard deviation of body weight and degree of maturity

Age N body weight (kg) N degree of maturity
Birth 678 18.09+2.44 244 0.08+0.01
200 days 625 71.93+£16.94 251 0.36+0.08
18 months 464 121.54+25.43 248 0.59+0.12

maturity (3 - 4 years) 288 206.12+34.80 288 1.00




38

Amasaza I DeAVUNIATIIUYBIOATIMIITYALTA  (absolute growth rate;
AGR, dums 91 3.2) veela 181y AF1901gusMAADN 200 T1, 200 TUD 18 HoU 1AL
A = 2 o 3 A = P "W
18 wouduhmin Taun G094 Wymniuo02 6£0.08, 0.14+0.07 tag 0.12+0.04
Alansuaediu a1ua1aL ( Table 13)
1 = [l ~ o Y gl o 3 A
ANRALAs AUTIAVULIAT FIUURIOATIN TGN T (absolute
maturing rate; AMR, @513 913.3) vela 1198 1mu N51901gusniAang 200 1, 200 Tu
=< A A = J ™ 3 A = ~ Vo
29 18 190U waz1g weuduimun law@un (399 4 ) MAY 0.13£0.04, 0.07+0.03 1A
s 3 S 1w o @
0.05+0.01 0osiuaaeIu Mud1wy ( Table 13)
Anndgaz DAV UNIATTIUYOY  relative maturing rate (RMR, aun1sf 3.4)
o A A = o o = A A = J 1y
Y911A VIIA WU NFIDIGUINAAD 200 T1, 200 U 18 1ADY LA 18 ABUDIIHIIN
3 A W 3 J w
Taun 3094 ) wndy 0.66+0.13, 0.15+0.06 az 0.07+0.02 WeosiFuane

@119 ( Table 13)

Table 13. Means and standard deviation of absolute growth rate (AGR), absolute maturing rate

(AMR) and relative maturing rate (RMR)

AGR (kg/day) AMR (%/day) RMR (%/day)

Age
N Means N Means N Means
Birth to 200 days 544  0.26£0.08 223 0.13+0.04 544 0.66+0.13
200 days to 18 months 423  0.14+0.07 225 0.07£0.03 423 0.15+0.06

18 months to maturity (3 - 4 years) 248  0.12+0.04 248 0.05£0.01 248 0.07+0.02




39

v v
=

4.3 tadpniidnEnanemonsimsingiimiinladiam

a 1 1 A

a L4 v Aaa [ 1 oy o 3 !
’lﬂﬂﬂ"li'llﬂﬁ']3141’?1{'%%ﬂﬁﬁﬂﬂﬁWﬁ@]ﬂﬂWﬂﬁiWﬂ?ﬁLSIQIIWQUWWUﬂIGIMNVI WUN

'
A a

@ a A 1 1 . g a " v J 1o J
flasuiiioninaned1 degree of maturity [HevgUINNA Ao WA WoWu T uiwug Tina

v
v A

wazgddugninnasa Jadenlioninaden  degree of maturity adeNUdNTWAdDM
. A o = A a A a U v Ada a
degree of maturity 18918 200 U Ao WA ggnIanna uazlnine uaziledenNonina

1 1 4 1 [ 4 a A a
ADA1 degree of maturity HAZIUBO1Y 18 1ADY AD Wl WOWUE aMaina  1na taz

[

anuaninaen (Table 14)

flavenionsnanomm 851 AYla ( AGR) ‘qumﬂ LINNADIBIY 200

o

@ A 1 4 a A a v Ada a 1 1
U AD WONWUT LLZJWH‘E fanian Lﬂﬂ oz Ynina Jadenuonsnanom AGR ‘W]S’N Eﬂfal

v
S A %

200 Jude01g 18 1A0Y D WoNWUE fgmaiina Uina uaza"wﬁugﬂﬁﬂaaﬂ wazilafuii

3
€
o
2

o

A = = A A a o w A
ﬂﬂ‘ﬁwaﬂ@ﬂ'] AGR ﬂGIf’NfJ']fJ 18 !ﬂ@uﬂ\iiﬂl 1] (3 4 ﬂ) D INF ﬂﬂ!ﬂﬂ llagaqﬂugﬂﬂﬂa@ﬂ

(Table 14)

e

o o AAa a 1 o I { {1 a
Yadeniionsnanen oasimsngimin Ta@ud ( AMR) 1924901 UINAADY

£

A A de a

[ ' [ 4 a 1
91¢ 200 YU ﬁ’é) INF WOWUTF Qﬂfﬂﬁﬁlﬂﬂ ‘]J‘i/]!,ﬂﬂ Lm“’aW’l‘Uaﬂ‘ﬂﬂﬁ@@ {lﬂi]ﬂ NUDNTNAND

M AMR #1924 014 200 uiee1y 18 hou  Ae gamafiia Tiifa uas didugniinaen

o AAa a ' 1 A A = 3 A = = A
naziledenioninadon AMR 1933018 18 oudelaaun 3 09 41) Av A ggna
nina Ve uaz didugninasa (Table 14)

Y {aa 1 J A =

aenUdNTWNANDA1  relative maturing rate (RMR) N51901Y mmﬁ@mmﬂ 200

[

[ A " v 1o o A a A a a
AU AD WONWUT LLUNUT  §ani1aning ‘]J‘i/]!,ﬂﬂ LL@”ﬁWﬂUaﬂ‘ﬂﬂﬁﬂﬂ ﬂﬂﬂﬂ T]‘ﬁWﬁGI’E)ﬂ1

a

] o

A = A A o Aa
RMR NI 341} 200 IUINDY 18 19U AD WOWUSD ﬂﬂﬂ']aﬂ!ﬂﬂ Uae ﬂﬂlﬂﬂ l!agﬂ%ﬁ]ﬂﬂu

q U

a A A

' ! A A = 3 A =2 = [ A A a
aNINaAdA1 RMR NN 01Y 18 mauaﬂmﬁw B3 94 TJ) A INA WONUT  fANIanNiNg

Unina uaz draugninaea (Table 14)
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Table 14. Factor affecting of degree of maturity, absolute growth rate (AGR), absolute maturing

rate (AMR) and relative maturing rate (RMR)

Traits Sex Sire Dam Season of Year of Parity

birth birth of dam

degree of maturity

- Blrth ksk kk ek ns %k %

- 200 days ok ns ns ok % ns

- 18 month *k * ns * *eok %
AGR

- Birth to 200 days ns v * ok *ox ns

- 200 days to 18 months ns ik ns ok *ok ok

- 18 month to maturity o ns ns ns *% *
AMR

- Birth to 200 days * g * ns ko * % *

- 200 days to 18 months ns ns ns *% *ok ok

- 18 month to maturity o ns ns * o ok
RMR

- Birth to 200 days ns ** *E *x ok ok

- 200 days to 18 months ns wx ns *E * K ns

- 18 month to maturity *k * ns * Hok %

*  significant at P<0.05
** significant at P<0.01

ns non significant
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4.4 MINFNAUFNITNVOIMOAIMSINGIHITN TN

1 1w o 1 o 1 3’ o 1< { {1
Flﬂﬂ'ﬂﬁlﬁﬁﬂ‘kﬂ WUN ﬂ’lﬂﬁﬁ'lwu‘lj‘ﬂiii]"’llﬂ\?ﬂT@ﬁi']fniL%’]qu’]ﬁuﬂiﬂ!ﬂu“ﬁ ﬁ“])"N'E)']fal
IS

a = o v = A A = J o 3 A = =
HINNADT 200 IU, 200 IUD 18 1ADU LAY 1S8 Lﬂﬂut]\iu'lﬁ‘l‘lﬂjﬁlﬁl]‘ﬂ 334 TJ) u

1110 0.407+0.109, 0.130+0.088 t1ag 0.115+0.070 AINA19Y (Table 15)

Table 15. Heritability of relative maturing rate (RMR)

2

Age N h
Birth to 200 days 543 0.407+0.109
200 days to 18 months 418 0.130+0.088
18 months to maturity (3 - 4 years) 243 0.115+0.070

4.5 IJEManageum s yRUlafitvinzan

HeNAABUANMIAIEITANT Steepest Descent WU aWAIS Brody 1uaumsni
A MSE  gaiigauas R® MNgauiiy 6773.6 4az0.764 Aua 181 aIuauns Exponential,
Bertalanffy, Richards, Logistic i8¢ Gompertz 1A MSE uaz R lndifeeny Taeiinn MSE
AU 1370.2, 1321.2, 1338.2, 1294.0 1A 1305.0 AMUSIAD 1Az R’ MU 0.952, 0.954, 0.953,
0.955 1182 0.954 MUAIND WAUNTUMI Logistic (Juaumsiilim MSE miigauay R
qaNga (Table 16)

1 a 4 ' I AA g} o 3 A

A52NUINITINN0T WU duMS Brody Wuaumsnimiszanaimtn ladun

2 v [ v
(A) wazmdasimstngiminTa@ui (k) difiga Ao 194.243.63 Alansu uaz 0.240.16
AUAIAY AIUTUMNST Exponential, Bertalanffy, Richards, Logistic i8¢ Gompertz Imyszanu
Y 1
vmnin Tadiud (A) IndiReeiu e 206.240.54, 206.140.49, 206.2+0.58, 206.8+0.45 LAz
a [ o w LY 9 oy o < A Y [ A

206.5+0.47 Dlansy MuEAY  uazmoasIMsngiimiin ladun ( k) Indineany ae

0.710.007, 0.93+0.009, 0.82+0.02, 1.34+0.01 11a% 1.04+0.01 MNUA1AV (Table 16)
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Table 16. Means and standard errors of growth parameters by Steepest Descent method

2

Equations A B k m MSE R
Brody 194.243.63 11.83+3.25  0.24+0.16 - 6773.6 0.764*
Exponential ~ 206.2+0.54 0.95+0.003  0.71+0.007 - 1370.2 0.952
Bertalanffy ~ 206.1+0.49 0.52+0.003  0.93+0.009 & 1321.2 0.954
Richards 206.2+0.58  0.80+0.02  0.82+0.02  1.52+0.10 1338.2 0.953
Logistic 206.8+0.45  4.35+0.06 1.34+0.01 - 1294.0 0.955**
Gompertz 206.5£0.47  2.01£0.01 1.04+0.01 - 1305.0 0.954
A = asymptotic mature weight B = integration constant
k = mature rate m = power constant
MSE = Means square error R = coefficient of determination

o ' = A

werheaumsnlia MSE diiganas R gafige Ao aums Logistic Hagaumsniial
MSE gafiganaza1R’ @1fige fio auns Brody 11a3 19ns uiaaamswsqay Tnveslavidyu

1 iAo I ] o I a
WU aumM3 Brody Iridunsiidnasiuduaseliasandesiuanuiueie aeandoq

2

@ = A 1 A o [ o . Y 9 A o
NUNITUAT MSE wqaﬁmmzm R ‘1/1&5]1’(?!@ aIUTUNIT Logistic Glﬁlﬁuﬂ‘ﬂﬂﬂhﬂ’ﬂll%u

Q

[ a a A A g’ v W A A ddy £ < 1
blucb"gqufiﬂall@\iﬂ’lﬁlﬂﬁm!ﬁﬂiﬁllﬁgﬂgﬁmuu'lﬁuﬂﬁﬁﬂﬁﬂlﬂ@@’lq 4 ﬂelluhlﬂ HAVSATUIN

IndiResiuanuazmsnsyauIavesln (Figure 6)
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Figure 6. Growth curves of White Lamphun cattle by Steepest Descent method

y —1942-11.83%c~ O-24(R°=0.764)  : Brody
t

-1 .
v, =206.8(1+4.35*e_1'34t) (R"=0.955) : Logistic

enaaeuaNMIAIe 33M3 Newton WU @um5  Exponential iiluaunisfiza
MSE qqﬁqmgax R’ ﬁwﬁqmﬁﬁu 4572.2 11820.840 AR IAY AIUAUNT Brody, Bertalanffy,
Richards, Logistic tiag Gompertz A1 MSE uag R® IndiReaiy Taslia1 MSE m1ny 1075.8,
1076.9, 1081.2, 1110.1 uaz 1083.6 MUAIAY 1Az R 110U 0.962, 0.962, 0.962, 0.961 Lag

0.962 MUMAU HAUNAUMNT Brody (Huaumsiitial MSE difigauay R® gafiga(Table 17)
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1 a J ' . < A g’ o 3 A
ﬂ’lﬂﬁgﬂ'lmw'ﬁ'llllﬁﬂi NWUIEUNIT Exponential Lﬂuﬁnmiﬂumﬂizm1mumuﬂ1ﬁmuﬂ
(A) ﬁ1ﬁq¢] A9 169.0+£0.56 N lan3u @IUANMNT Brody, Bertalanffy, Richards, Logistic L%

Gompertz Jan)szananimiin Tadiui (A) IndiReasy Ae 248.5£0.67, 240.7+0.57, 239.0+0.55,

233.7+0.49 1Ay 238.3£0.54 1 1ansy MuEIAY auMT Logistic (Huaumsnimensimstng

U

viin TaAud (k) qafige Ao 1.06£0.008 #aUauM3 Brody, Exponential,  Bertalanffy,

. AW Y IZI o 3 A Y A v A
Richards 18z Gompertz UA18A3IMIINGHHIN Taudnd ( k) InaiReany Ao 0.45+0.004,

0.47+0.01, 0.64+0.005, 0.7120.005 118g 0.75+0.006 AUA1AU (Table 17)

Table 17. Means and standard errors of growth parameters by Newton method

2

Equations A B k m MSE R
Brody 248.5+0.67 228.2+0.75 0.45+0.004 - 1075.8 0.962%*
Exponential ~ 169.0+0.56 0.20 0.47+0.01 - 4572.2 0.840%*
Bertalanffy =~ 240.7+0.57 0.49+£0.002  0.64+0.005 - 1076.9 0.962
Richards 239.0+£0.55 0.18+0.001  0.71£0.005 9.46 1081.2 0.962
Logistic 233.74£0.49 4.37+0.04  1.06+0.008 - 1110.1 0.961
Gompertz 238.3+0.54  1.91+0.01  0.75+0.006 - 1083.6 0.962
A = asymptotic mature weight B = integration constant
k = mature rate = power constant
MSE = Means square error R® = coefficient of determination

dethaumsfifien MSE fifigauas R qafiqa fie aun1s Brody uwagaumsiinan

= ' 2 0 A

MSE gafiganagza R’ d1m
TAYIE WY WU
I~ a 9 Y] =
ANNTIUIT doAndoInUMINA

v 9 { o 1 a a 2 o
Taqunsmnanuduluriwsnvesmsnigay Tatazazisuliimin

A

qf v 7UNI1T Exponenti

Q

£

MSE #igegaazal R

v
2 A

Y
v W

£ S 1 Yy v w a a .
Faozmu Inamsanuanvazmsniyan Invedla (Figure 7)

al Masunsmludaimsniganlaveq
. Y ¥ Aa o =T 1 Y o

AuM3 Exponential THidunsiitianyauziduduaseliaeandoanu

ndga dimaums Logistic

H ) 4
Inefiiieeg 6 Yl
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Figure 7. Growth curves of White Lamphun cattle by Newton method

y —2485-2282%e O45(R'=0962) : Brody
t

y = 169(1 —_02xe 047t j (R’ =0.840) : Exponential
t

HeNAXRUANMIAIY IFMT  Gauss-Newton WU auMI Brody, Exponential,
Bertalanffy, Richards, Logistic a2 Gompertz 114 6 aumM3 WA MSE uaze R® Indifeeny
TasiiA1 MSE 11111 1075.8, 1075.8, 1076.9, 1073.3, 1110.1 uag 1083.6 A& AU taza1 R’

I 0,962, 0.962, 0.962, 0.962, 0.961 LAY 0.962 ANAINY LU ANNIT Richards 13U

] ]
IS Y= =

o A { < 1 {
auMmsniA1 MSE dfigauas R’ gainga nazauns Logistic Huaumsnia1 MSE gaiiga

1oy R* Mnga (Table 18)
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U a 4 ' L. I AA g’ @ g A

ﬂ’lﬂign'lmW’li’llllﬁﬂi WU T7UNIT Logistic Lﬂuﬁllﬂ’]iﬂllﬂ’lﬂigiﬂmu'lﬂuﬂiﬁm@lﬁﬂ

(A) G‘ﬁﬁfﬁ] AD 233.740.47 N 1an5u dIuaums Brody, Exponential, Bertalanffy, Richards 4o
Y v

Gompertz Han)szunanimiin Tadiud (A) InAReafy Ao 248.5£0.68, 248.5+20.68, 240.70.56,

244.6£0.77 1Az 238.3£0.53 dlan¥u AW§AY aums Logistic iuaumsilimsnsimsg
iiin Tawdui ( k) gafige Ao 1.06£0.008 #aUaUM5 Brody, Exponential,  Bertalanffy,
Richards ~ 11a% Gompertz Hadasimsdgiiminladui ( k) Indifeeiu fie 0.4520.004,

0.46+0.004, 0.64+0.005, 0.53+0.01 1A% 0.75+0.006 AIUAIAU (Table 18)

Table 18. Means and Standard errors of growth parameters by Gauss-Newton method

2

Equations A B k m MSE R
Brody 248.5£0.68 228.2+0.75  0.45+0.004 - 1075.8 0.962
Exponential ~ 248.5+0.68 0.92+0.002  0.45+0.004 - 1075.8 0.962
Bertalanffy =~ 240.7+£0.56  0.49+£0.002  0.64+0.005 - 1076.9 0.962
Richards 244.6+0.77  0.81+0.02  0.53+0.01  1.37+0.06 1073.3 0.962**
Logistic 233.7£0.47 4.37+0.04  1.06+0.008 - 1110.1 0.961*
Gompertz 238.3£0.53  1.91+0.01  0.75+0.006 - 1083.6 0.962
A N asymptotic mature weight B = integration constant
k = mature rate m = power constant
MSE = Means square error R = coefficient of determination
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A o Ao o A 2 = A . Ay
WeaumINNaA MSE angauas R’ gaiga Ao dun3 Richards tagaumsnim
MSE gafigauazal R’ difiga Ao aums Logistic a3 ensmuaasmsniyaulaves
9

Taudmu wuine 2 aums Ididunsnlndifeeny uagumsLogistc 1didunsmnazizy

A A =R

Y
Mihmindinanilienny 41 0l usigums  Richards Whdunsmliifianudulushusnves
v 9
masapdv Tauazzsuiimindanafidesty 6 'l azshminTadiufieznnnh

.. 8 9 .
"UN1T Logistic tanHd8 (Figure 8)
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Figure 8. Growth curves of White Lamphun cattle by Gauss-Newton method
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dlenaaouaumsae 3505 Marquardt WU @uMS Brody,  Exponential,
Bertalanffy, Richards, Logistic 11a% Gompertz W4 6 auns 1A MSE uaze R Tndifsain
TaediAn MSE 11111 1075.8, 1075.8, 1076.9, 1073.3, 1110.1 tag 1083.6 MUA1A Az R’
MR 0,962, 0.962, 0.962, 0.962, 0.961 LAY 0.962 MUAINL LU AUNT Richards 1111
qumsiifiin MSE fifigauas R qefiga tazaums Logistic iuaunsfiiidn MSE gafiga
oz R $1figa (Table 19)

Aszanamsiimes wud1 aums Logistic Fuaumsinanlszmnanimiinladui
(A) @‘hﬁqﬂ A 233.740.47 N lansy @IUauN5 Brody, Exponential, Bertalanffy, Richards tiag
Gompertz SanlssananhminTagd (A) 1nAIRBINY Ao 248.5+0.68, 248.5+0.68, 240.7+0.56,

244.6£0.77 1Az 238.3£0.53 Alanfu AWSAY aums Logistic iuaumsiiimonsimsiing

Wniin Tadun (k) q\iﬁfm Ao 1.06+0.008 AIUANNTT Brody, Exponential, Bertalanffy,
Y v

Richards 1A% Gompertz HAdasimadgiiminTadui ( k) Indifeeiu fie 0.45:0.004,

0.45:0.004, 0.64+0.005, 0.530.01 t1a% 0.75+0.006 AIUGIAU (Table 19)

Table 19. Means and Standard errors of growth parameters by Marquardt method

2

Equations A B k m MSE R
Brody 248.5+£0.68 228.2+0.75  0.45+0.004 - 1075.8 0.962
Exponential ~ 248.5+0.68 0.92+0.002  0.45+0.004 - 1075.8 0.962
Bertalanffy 240.7£0.56  0.49+0.002  0.64+0.005 - 1076.9 0.962
Richards 244.6+0.77 0.81£0.02  0.53+0.01  1.37+0.06 1073.3 0.962%*
Logistic 233.7+£0.47 4.37+0.04  1.06:£0.008 - 1110.1 0.961*
Gompertz 238.3+£0.53 1.91£0.01  0.75+0.006 - 1083.6 0.962
A = asymptotic mature weight B = integration constant
k = mature rate m = power constant
MSE = Means square error R® = coefficient of determination
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A o Ao o A 2 = A . Ay
WeaumINNaA MSE angauas R’ gaiga Ao dun3 Richards tagaumsnim
MSE gafigauazal R’ difiga Ao aums Logistic a3 ensmuaasmsniyaulaves
9

Taudmu wuine 2 aums Ididunsnlndifeeny uagumsLogistc 1didunsmnazizy

A A =R

Y
Mihmindinanilienny 41 0l usigums  Richards Whdunsmliifianudulushusnves
v 9
masapdv Tauazzsuiimindanafidesty 6 'l azshminTadiufieznnnh

.. 8 9 .
"N Logistic tanHd8 (Figure 9)
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Figure 9. Growth curves of White Lamphun cattle by Gauss-Newton method
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4.6 aumsuaznsmimssyRulafimngay

a 7Y 9 & 1 A qyax =
NNHANIIAATIZHVNAY V211U 118 1575 Gasiss-Newton TUMITNATDUTUMINHIIZ AU
TuTaumdmyu wun aumsivinzaniige Ao @ums  Richards 11199910 1A MSE Miiga
2 A 1w o w = 2’ o 3 A 1w
tag R ganga (mind 1073.3 wag 0.962 muaiay Tasian)szunanimiin ladui (A) miny
a [ @ lg’ o <] { [ 1 { 1
244.6+0.77 A lansu uazdasimadngiimmin Ta@ud (k) iy 0.53£0.01 daudumsiiia
MSE gafigauas R’ @1¥iga Ao auns Logistic F40AWMAY 1110.1 118z 0.961 MR 1ay
A 2} o 3 A [ Y a o Y Y 1 g’ @ g A
ualszananimiinTadun (A) 19101 233.7£0.47 N 1Ny uazdns 1MsNg1min laaun
(k) 191101 1.06£0.008 AIUEI1AY (Table 16)
A o A A A . ¥ A a
wehauMsNtMuzaunga Ao auMs  Richards ¥1a519AMLaAINIRTYAY Ia

4

o 1 a a (] = AR a KR o a Y

“U’E')\‘]Iﬂelﬂﬁaﬂ{‘\l,u NWUN ﬂ?il%iﬂgl@lﬂiﬂiﬂ%?ﬁfﬂﬁj 0909271 “ﬁilﬂuigﬁl&!ﬁiﬂlﬂﬂﬂ\‘l')fllﬁ]iﬂ]uwu‘lj‘

= o 9 U 9 J d‘ = =% a a
fl]gilﬂ'JanWD'u“U@\Hﬁuﬂﬁ']‘l/\lﬂﬂuéll'l\‘]q\iﬂ'ﬂsluﬁgf%@u‘] L!ﬁﬂ\iﬂ\ﬂﬂﬂ@ﬁi? ﬂ']ﬁﬁ]ﬁﬂ]um‘ﬂjﬁ

1 <3 [V 1 = a a A o ~ 3 o w o
BYNTIATI NYNAININTINBY 2 -4 1) mmitymungmmmaﬂmgﬂumﬂu FUNTSIN
Y 1 s A Y 1 g’ @ 3 A Y 9 o Y l:' @ 3 A
dhggudiodngiimmin Tadun mndunswlszanaldnTavndmuszdhdihmiinTaaun
4 &
ooy 6 hiludulyl (Figure 10)
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150 1.37

y =244.6(1—0.81*e .
t (R"=0.962)

—0.53‘[)

100 ;

50

Age (year)
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Figure 10. Growth curves of White Lamphun cattle by Richards equation
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4.7 aumsuaznsimssyRulasaning

1101933113 Gauss-Newton TumsnagevaumsfimingauluTaviaguyumes
WU Brody, Exponential, Bertalanffy, Richards, Logistic {{a¢ Gompertz 17;”@ 6 a3 19 A1 MSE
uaga R Indifeeriu TagliAl MSE A0 961.1, 961.1, 955.5, 952.9, 1008.1 Az 964.5
UMY 1aza RE 19U 0.958, 0.958, 0.958, 0.958, 0.956 LAz 0.958 ATNAINY FUN
U3 Richards iluaumsiieumsimnzeaniiqa Tasfidn MSE mfiqauas R qaiiga uas
aums Logistic (uaumsiifia MSE qaﬁqmmz R’ éﬁﬁqw (Table 20)

A1z Iimes WU aums Logistic SumumsaineszananiniinTagud
(A) @‘%Tﬁ’s’m A0 333.542.12 Alansy @um3 Brody Lo Exponentialﬁﬁwﬂaxmmfmﬁﬂiﬂ
A (A) qaﬁqw A 42245.41 AL 422+5.41 N 1aN5N MUEIRY auM5 Bertalanffy, Richards
1182 Gompertz SenssnanimeinTagud (A) IndiReariu fio 367.8+3.11, 382.9+5.51 uag
355+2.69 N 1ansu MINA1AY AT Logistic ﬁJuﬁumi‘ﬁﬁmﬁﬁ31ﬂ131%’1dﬁy1ﬁﬁﬂimﬁuﬁ (k)
q&ﬁlq’ﬂ A9 0.83+0.008 AIUFUNT Brody, Exponential, Bertalanffy, Richards li6i¢ Gompertz

nmdasimsngiminTa@ui ( k) Indifoaiu fie 0.22£0.004, 0.22£0.004, 0.41£0.006,

0.33+0.01 1182 0.51£0.006 AUAIAU (Table 20)

Table 20. Means and Standard errors of growth parameters by Gauss-Newton method of male cattle

2

Equations A B k m MSE R
Brody 4224541  397.545.10  0.22+0.004 - 961.1 0.958
Exponential 4224541  0.94+0.001 0.22+0.004 — 961.1 0.958
Bertalanffy 367.84£3.11  0.53£0.002  0.41+0.006 - 955.5 0.958
Richards 382.9+£5.51  0.77+0.03 0.33+0.01  1.65+0.13 952.9 0.958%*
Logistic 333.5£2.12  5.85+0.06  0.83£0.008 - 1008.1 0.956*
Gompertz 35542.69  2.17+0.01  0.51+0.006 - 964.5 0.958
A = asymptotic mature weight B = integration constant
k = mature rate m = power constant
MSE = Means square error R = coefficient of determination
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11101935M35 Gauss-Newton TumsnaaevaumsimimngeanluTavdmumnwaie
WU Brody, Exponential, Bertalanffy, Richards, Logistic 16i& Gompertz W4 6 U3 1A MSE
uaza R Indifeany Taslian MSE M1fiu 816.9, 816.9, 823.5, 816.5, 858.9 i@y 831.3

MUSIA taza1 R2 901 0.974, 0.974, 0.973, 0.974, 0.972 1Az 0.973 MUAGY dLHUN

~

U3 Richards ifuaumsfieumsimmzaniiqe Tasfidn MSE Mifigauas R qaiiga uas
N5 Logistic fuaumsisia MSE qqﬁqmmz R’ ﬁwﬁqﬂ (Table 21)
Aszanamsiimes wud1 aums Logistic Fuaumsinanlszmnaniminladui
(A) éﬁﬁqﬂ A0 227.6+0.45 A 1an5y AIUAUMT Brody, Exponential, Bertalanffy, Richards (g
Gompertz SanlszananhninTagd (A) 1ndiReany Ao 241£0.64, 241+0.64, 234.1+0.54,

239.5£0.77 1Az 231.9£0.51 Alansu AWSAY aums Logistic iuaumsiimonsimsiing

Wmin Tadumn (k) q\iﬁ’cjﬂ Ao 1.01£0.009 AIUANMS Brody, Exponential, Bertalanffy,
Y v

Richards 1A% Gompertz Hadas imadgiiminTadni ( k) Indifeeiu fie 0.4420.004,

0.44+0.004, 0.62+0.005, 0.47+0.01 118 0.72+0.006 ANA1AY (Table 21)

Table 21. Means and Standard errors of growth parameters by Gauss-Newton method of female cattle

2

Equations A B k m MSE R
Brody 241+0.64  220.7+0.80  0.44+0.004 - 816.9 0.974
Exponential 241+0.64  0.91+0.003  0.44+0.004 - 816.9 0.974
Bertalanffy 234.1£0.54 0.48+0.002  0.62+0.005 - 823.5 0.973
Richards 239.5+0.77  0.87+0.01 0.47+0.01  1.11£0.04 816.5 0.974%*
Logistic 227.6+£0.45 4.17+0.05  1.01+0.009 - 858.9 0.972%*
Gompertz 231.9+0.51 1.86+£0.01  0.72+0.006 - 831.3 0.973
A = asymptotic mature weight B = integration constant
k = mature rate m = power constant
MSE = Means square error R® = coefficient of determination
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Wiohaumsimingauiige Ao aums  Richards a3 ensmluaasmsnsgyayIn
o 1 A = = d? 9 ~ :l v v =
yod Taundyuuenmd wui e lalierg 2 Yl Tamadee Tihmiindaunnnduneiile uas

v b4 [ b4 ' Y
duns il lumsniioszisihimmindansiidonny 4 vl uarduns i lumsdazisaihming,

A1y 6 Uau 11l (Figure 11)
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Figure 11. Growth curves of White Lamphun cattle males and females by Richards equation

1.65
yt=382.9(1—0.77*e_0'33t) R*=0.958 : Male

1.11
v, :239.5(1—0.87*(3_0'47'[) R>=0974 : Female



