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Fitting Analysis of the Growth and Development of Hybrid F, Generation of Jilin Luhua Chicken and Jilin Black Chicken
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Abstract
Black Chicken (HH for short) , screen out the optimal cross combination pattern. [ Method ] In this experiment, 6 cross combinations were es-
tablished by complete double-row hybridization between LL, Jilin Dwarf Luhua chicken ( AA for short) and HH. Adding 3 crossing parents,
total of 9 combinations were selected to measure the weight gain per week from 0 to 21 week age. Finally, the fitting growth curves were drawn
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[ Objective ] To study the growth and development laws of hybrid F, generation of Jilin Luhua Chicken ( LL for short) and Jilin

by three nonlinear growth models ( Logistic ,Gompertz, Bertalanffy). [ Result]All 9 populations had similar growth and development laws. The
weekly weight gain increased with the week age, and the weekly weight gain reached the maximum value at 9 week age, and then showed the
gradually decreasing trend. Bertalanffy model and the Gompertz model had the same fitting R* in LL, LA, AL, HL, LH and AH F, popula-
tions. Bertalanffy fitting R* was higher in hens than cocks in AA and HA populations. The cocks of HH population had better Gompertz fitting
R’ than Bertalanffy model. The hens of HH population had better Bertalanffy fitting R* than Gomperiz model. [ Conclusion ] Through the fitting
analysis of the growth and development of the F, generation, the matching lines with high heterosis were screened out, and the growth and de-
velopment laws of the F, generation were revealed, which provided the theoretical basis for the hybrid selection and development of Jilin Luhua
chicken and Jilin black chicken.
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Table 1 Three non-linear models

) N PiridkE EiN it RS
i : )=} Iy
ﬁifl hf&ﬁl&‘ Body weight at Week-age at Maximum weekly
ode xprossion inflection point inflection point weight gain
Logistic W,=A/( 1+ Bxe™) A/2 (InB)/k kw/?2
Gompertz W, =Ae Boxe(h) Ale (InB) /k kw
Bertalanffy W,=A(1-Bxe™)? 8A4/27 (In3B) /k 3kw/2

TE:W Oy o AR A SR BRAE Kol (B A Kbt EVACER) LB AT 28, K BRI AT 2R SR

Note: W stands for ¢-week-old body weight, A stands for the limit growth (ultimate growth, mature body weight) , B stands for the adjustment parameter, and

K stands for the instantaneous relative growth rate
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Table 2 Parameter estimates and fitting degree of LL by three fitting models
FLHIZB Simulation parameters B AT 1 E N b
T5ETY T Fi o Body weight Week-age at Maximum
itting . . . - .
Model Sex A B K degree( R%) at inflection inflection weekly weight
egree( point//g point//w gain//g
Logistic ) 2 730.74 23.04 0.30 0.99 1 365. 37 10. 60 202.07
? 2 103.30 19.76 0.30 1.00 1 051.65 10.01 156. 70
Gompertz ) 3.094.70 4.46 0.16 1.00 1138.48 9.17 185.57
? 2 351.45 4.13 0.17 1.00 865. 05 8.50 144. 46
Bertalanffy ) 3 410.95 0.90 0.12 1. 00 1 010. 65 8.40 178. 89
? 2 564.98 0.85 0.12 1.00 759.99 7.68 139.08
£3 3MMAEE AA BSHEITHENIESE
Table 3 Parameter estimates and fitting degree of AA by three fitting models
BUUZH Simulation parameters WA 155 kT 155 BRI
FEAY P Fit?inx Body weight Week-age at Maximum
Model Sex A B K d Iiz at inflection inflection weekly weight
egree(R”) point//g point //w gain//g
Logistic d 2 159.98 20.42 0.27 0.99 1 079.99 11.13 146. 34
? 1 873.42 16. 05 0.24 0.99 936.71 11.47 113.34
Gompertz ) 2529.17 4.09 0.14 1.00 930. 43 9.85 133.05
? 2 248.26 3.62 0.13 1. 00 827.09 10. 30 103. 39
Bertalanffy é 2 895.99 0.83 0. 10 1.00 858.07 9.20 127. 42
? 2 646. 64 0.76 0.08 1. 00 784.19 9.83 98. 81
x4 3MIEEE HH (S A ITEMBEE
Table 4 Parameter estimates and fitting degree of HH by three fitting models
28 Simulation parameters A Bk 5 S Ny
HELH PE5I Fitinx Body weight Week-age at Maximum
Model Sex A B K d (1%2 at inflection inflection weekly weight
cgree ) point//g point//w gain//g
Logistic o 2 220. 45 23.09 0.32 1.00 1 110.23 9.75 178.75
? 1 948. 36 17. 89 0.27 1.00 974. 18 10. 56 132.98
Gompertz ) 2 443.40 4.54 0.18 1.00 898. 88 8.27 164. 49
? 2237.89 3.86 0.15 1.00 823.27 9.12 121. 84
Bertalanffy 6 2614.15 0.93 0.14 1.00 774. 56 7.35 161.50
? 2513.43 0.80 0.10 1.00 744.72 8.42 116. 18
x5 3MISEE LA HSHGITHEMMSE
Table 5 Parameter estimates and fitting degree of LA by three fitting models
BHUZHL Simulation parameters - Ik A B AR
e} T Fi o Body weight Week-age at Maximum
ithing . . . - .
Model Sex A B K deeree( R at inflection inflection weekly weight
egree(R”) point//g point//w gain//g
Logistic é 2 801. 84 23.98 0.29 1.00 1 400.92 11.07 201.03
? 2222.19 19.53 0.28 0.99 1111.09 10. 46 157.78
Gompertz ) 3238.69 4.46 0.15 1.00 1191.45 9.78 182.29
? 2 528.99 4.08 0.16 1.00 930. 36 9.02 145. 14
Bertalantfy b 3643.89 0.89 0.11 1.00 1 079.67 9.06 174.91
? 2 807.57 0.84 0.1 1. 00 831.87 8.23 139.75
£6 3TIMGHE AL (SHIEHERIAE
Table 6 Parameter estimates and fitting degree of AL by three fitting models
A B2 Simulation parameters . P B R P R N
L 78 PR - ody weight eek-age at aximum
LAY il Fnzng Body weigh Week-ag M.
Model Sex A B K d (R at inflection inflection weekly weight
earee ) point//g point//w gain//g
Logistic ) 2 587.29 25.80 0.32 1.00 1293. 64 10. 32 203.75
? 2043.79 20.43 0.27 1.00 1 021.90 11.34 135.91
Gompertz b 2 891.99 4.75 0.18 1.00 1 063.90 8.90 186. 18
? 2 425.01 4.06 0.14 1.00 892. 11 10. 15 123.11
Bertalanffy ) 3133.94 0.95 0.13 1.00 928.58 8.06 181.07
? 2 819.28 0.82 0.09 1.00 835.34 9.58 117.78
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Table 7 Parameter estimates and fitting degree of HL by three fitting models
S8 Simulation parameters - A 5E NG
FRiE PR s Body weight Week-age at Maximum
Fitting
Model Sex A B K lear o at inflection inflection weekly weight
degree (R") point//g point //w gain//g
Logistic é 2 647.30 26.00 0.32 1.00 1 323.65 10. 28 209. 80
? 2421.53 19. 66 0.27 0.99 1210.77 10. 87 165. 87
Gompertz ) 2 952.08 4.78 0.18 1. 00 1 086. 01 8.84 192.22
? 2 805.57 4.04 0.15 1. 00 1032.11 9.50 151.72
Bertalantfy o 3 191.38 0.96 0.13 1.00 945.59 7.99 187.23
? 3 178.00 0.82 0. 10 1.00 941. 63 8.79 145. 48
*8 3IMIAEE LH WS HEITEMLEE
Table 8 Parameter estimates and fitting degree of LH by three fitting models
AL S0 Simulati sters e
BHIZ L Simulation parameter - LT AR ROV
FEL IR el LR Body weight Week-age at Maximum
Fitting
Model Sex A B K p) IS at inflection inflection weekly weight
egree (R°) point//g point//w gain//g
Logistic ) 2 786. 89 24.39 0.28 1.00 1393.44 11.41 195.08
? 2284.43 18.43 0.26 0.99 1142.22 11.43 145.63
Gompertz b 3 278.86 4.43 0.15 1.00 1 206.23 10. 19 176. 11
? 2725.97 3.86 0.13 1.00 1 002.83 10.24 132.37
Bertalanffy ) 3 768. 61 0.87 0. 10 1.00 1 116.62 9.62 167.49
? 3 188. 61 0.79 0.09 1. 00 944.77 9.75 126. 13
£9 3SR HA WBSHMEITHETBEE
Table 9 Parameter estimates and fitting degree of HA by three fitting models
4 Z%L Simulation parameters e PiUAE S e
BT 5 Fit?inx Body weight Week-age at Maximum
Model Sex A B K d (%2) at inflection inflection weekly weight
cgree point, /) g point /W gain //; g
Logistic 6 2 607.39 20. 61 0.28 0.99 1 303.70 11. 00 179.26
? 2449.11 18.75 0.26 0.99 1 224.55 11.50 156. 13
Gompertz ) 3032.87 4.14 0.15 1.00 1115.73 9.73 162.90
? 2 920. 38 3.91 0.13 1. 00 1074.35 10.25 142. 89
Bertalanffy ) 3447.41 0.84 0.10 1.00 1 021. 46 9.04 156.28
? 3414.25 0.80 0.09 1.00 1011.63 9.74 136. 57
F10 3 MINAEEE AH WSEHIHEMNEE
Table 10 Parameter estimates and fitting degree of AH by three fitting models
SHIZSEL Simulati sters o N
BUHZHK Simulation parameters o B Bl RS
e PESHI Fitltjiny: Body weight Week-age at Maximum
Model Sex A B K d %2) at inflection inflection weekly weight
egree ( point//g point //w gain//g
Logistic ) 2 730.87 23.63 0.26 1.00 1 365. 44 12.07 178.87
? 1576.75 16.58 0.27 1. 00 788.37 10. 40 106. 43
Gompertz ) 3339.19 4.29 0.13 1. 00 1228.42 11. 11 160. 92
? 1 806.97 3.70 0.15 1.00 664.75 8.90 97.72
Bertalanffy ) 4021.23 0.84 0.09 1.00 1191.47 10.79 153.70
? 2 026.79 0.78 0.10 1.00 600. 53 8. 11 93.68
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7 HH 2417 Gompertz A3 XS5 b fZE 48L& 5 Bertalanffy
AL Xof I T 2 1AL G BE S A 1. 000,
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Table 11 Comparison of body weight’ s measurement value and the estimated value of the fitted curve of LL

JEs LL 52 {E Measured value of LL LL Logistic LL Gompertz LL Bertalanffy
Week-age b Q é Q ) ? b ?
0 39.97 39.34 113. 60 101. 32 35.75 37.67 3.62 8.48
1 65.97 67.74 150. 58 134.26 69. 92 71. 14 28.09 38.53
3 204.22 192. 62 260. 58 231. 61 200. 69 192. 08 172.38 176. 56
5 391.62 365.73 437.32 385.72 429.59 391. 17 432.06 398. 55
7 702. 03 645.39 699. 96 609. 02 744.09 650. 96 762.32 665. 24
9 1 156. 61 950. 02 1 048.25 894.27 1 106. 18 937.42 1118.11 942. 14
11 1556.53 1272.86 1 446. 41 1 205. 37 1472.72 1217.15 1 466. 66 1 206.08
13 1759. 80 1426.77 1 831.21 1491.20 1 810. 67 1 467. 40 1788.17 1 444.28
15 2041.75 1 640. 21 2 147.22 1715.33 2 101. 82 1677.64 2 072.95 1 651.40
17 2 306. 48 1 831.89 2 373.85 1 870.22 2 340. 67 1 846. 44 2 318. 10 1 826.85
19 2 531.79 1987.57 2 521.06 1968. 15 2 529.76 1977.65 2524.83 1972.69
21 2 710. 54 2 090. 48 2 610.62 2 026. 62 2 675.67 2 077.30 2 696.52 2 092.22

R12 AA GENEESMABEMEITERNIEER

Table 12 Comparison of body weight’ s measurement value and the estimated value of the fitted curve of AA

JE AA SZU{E Measured value of AA LL Logistic LL Gompertz LL Bertalanffy
Week-age 8 Q 8 Q 3 Q 3 ?

0 35.55 36.42 100. 84 109. 90 42.34 60. 03 14.48 36.13
1 55.38 63.35 130.33 137.77 73.01 91.89 44,78 71.68
3 171. 68 168. 99 214.78 213.76 176. 34 186. 39 164. 00 180. 44
5 325.26 315.69 344. 64 323.83 342.01 323.32 350. 54 330. 80
7 557.27 516. 14 531.57 474. 38 562.57 496. 52 581.09 509. 25
9 844. 18 738.33 776. 52 664. 90 817.63 693. 46 832.23 702. 55
11 1131.73 956. 98 1 060. 81 883. 60 1 082.78 899.53 1 085. 42 899. 80
13 1 306. 85 1 066. 10 1347.79 1 108.27 1 337.16 1 101.58 1327.87 1 092. 83
15 1547.71 1 252.56 1 599.43 1314.22 1 566. 87 1 289. 88 1 551.79 1276.07
17 1731.41 1 434.00 1794.26 1 484.20 1 765. 05 1 458. 56 1753.25 1 446. 08
19 1925.39 1604.72 1931.07 1612.76 1 930. 26 1 605. 06 1 930.98 1 601. 06
21 2 096. 56 1 776.25 2 020. 67 1703.71 2 064. 46 1 729.28 2 085. 45 1 740. 40

#13 HH GENEESHSHRMEITERNLER

Table 13 Comparison of body weight’ s measurement value and the estimated value of the fitted curve of HH

e HH SZl{E Measured value of HH HH Logistic HH Gompertz HH Bertalanffy
Week-age 5 ? 5 ? ) ? 5 ?

0 37.48 36. 56 92.17 103. 17 26. 11 47.29 1.06 20. 11
1 64.34 64.02 125.21 133.34 55.77 80. 39 19. 14 54. 60
3 190. 62 180. 41 226. 84 219.29 177. 64 188.51 154.77 178. 88
5 376.94 344. 89 395.41 349.95 396.71 355.34 406.75 362.42
7 676. 46 580.21 648. 49 534.42 692. 56 569. 38 717.98 580. 95
9 1 030. 46 824.54 976. 84 769. 31 1019.24 808. 55 1 037.82 812.28
11 1368.72 1 073.20 1 330.72 1 032.09 1332.47 1 .049.51 1334.87 1 039.98
13 1595.76 1238.10 1 643.39 1 286. 68 1 604. 61 1274.21 1594.11 1253.49
15 1 815.63 1 449.97 1874.72 1501. 18 1825.34 1 472.01 1811.34 1 446.99
17 1977.61 1 625. 81 2024.38 1 661.63 1 996. 01 1638.79 1 988.37 1 618.06
19 2 127.65 1771.09 2112.97 1771.31 2 123.65 1774.98 2 129.86 1766.53
21 2 230.29 1 900. 06 2 162. 68 1841.72 2216.93 1 883.56 2 241.36 1 893.59

R 14 LA FENEESHUISHEMGEITHERNILR

Table 14 Comparison of body weight’ s measurement value and the estimated value of the fitted curve of LA

JE LA FZ{H Measured value of LA LA Logistic LA Gompertz LA Bertalanffy
Week-age ) ? ) ? 6 ? ) ?

0 36.44 37.07 112.15 108. 25 37.37 42.59 5.26 11.94
1 62.89 68.59 147. 47 141.54 70.38 76.82 30. 85 44.29
3 194. 16 172.87 251.55 238.18 193. 12 195.97 167. 86 181.23
5 380. 80 359. 80 417.53 388.48 406. 10 388.95 410. 85 397. 80
7 692. 08 646.97 664. 49 604.72 702.01 642. 40 723.98 660. 71
9 1081.91 958.71 996. 47 883.34 1 050.49 927.50 1 068. 82 939. 15
11 1 460. 43 1263.15 1 386.70 1 195.46 1413.49 1213.59 1415.30 1 210.93
13 1 736.04 1 468.41 1779.15 1 494.73 1758.79 1 477.53 1 743.50 1 462.45
15 2 049.03 1 633.81 2 116.54 1741.82 2 065.91 1 706. 46 2042.11 1 686. 86
17 2 302.11 1 849.29 2 369.67 1 921.85 2325.86 1 896.21 2306. 13 1 881.90
19 2534.03 2 050.53 2 540.83 2 041.41 2 537.98 2 048.36 2 534.69 2048.19

21 2 737.19 2 210. 95 2 648. 58 2 116.01 2 706. 45 2 167.41 2 729.47 2 187.94
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Table 15 Comparison of body weight’s measurement value and the estimated value of the fitted curve of AL

i AL SZ{A Measured value of AL AL Logistic AL Gompertz AL Bertalanffy
Week-age é Q ) ? [ ? 6 Q

0 41.00 39.76 96. 55 95.38 25.02 41.95 0.39 16.44
1 67.10 65.78 130. 50 122.71 53.64 70.78 14.29 45.96
3 201. 49 157.97 234. 64 200. 43 174.13 165.99 142.35 156.53
5 378.71 311.97 408. 08 319.22 399.26 316.94 401. 35 326. 63
7 674.33 507. 84 673.05 489.70 716. 48 517.75 738.27 536. 90
9 1 096. 33 747.99 1 028. 84 713.55 1 081. 83 751. 38 1 098. 85 767.53
11 1 490. 62 1 059.47 1432.01 975. 50 1 446. 34 996. 75 1 445.61 1 002. 34
13 1 781.04 1 226.93 1 .809.71 1243.71 1774.75 1235.14 1757.88 1229.77
15 2025.11 1 409. 38 2 105.48 1483.27 2 050. 03 1453.39 2 027.20 1 442.40
17 2247.33 1 627. 56 2 306. 21 1672.52 2 269.29 1 644. 40 2 252.69 1636.11
19 2439.33 1812.44 2 429.58 1 808. 02 2 437.75 1 805.91 2 437.53 1 809. 18
21 2 579. 81 1 955.90 2 500. 83 1 898.37 2 563.91 1 938.98 2 586.77 1 961. 50

%16 HL ENEESMSHEEITHENLS

Table 16 Comparison of body weight’ s measurement value and the estimated value of the fitted curve of HL

el s HL SZ{EH Measured value of HL HL Logistic HL Gompertz HL Bertalanffy
Week-age 5 ? ) ? 6 ? 6 ?

0 39.76 39.03 98. 06 117.22 24.71 49.42 0.25 17.33
1 67.26 75.62 132.80 151.85 53.69 85.84 13.40 53.72
3 198.31 199. 80 239.70 251.18 177.29 208. 66 143.91 195.91
5 395.48 379.91 418.34 403.91 410.04 404. 49 411.92 415.79
7 691.30 652.09 691. 86 622. 86 738. 60 662. 46 761. 11 684. 11
9 1 128.86 997.95 1059.23 907. 13 1116.34 956. 84 1133.94 972. 66
11 1 533.66 1 296. 54 1 474.56 1232.26 1491.78 1 258.46 1 491.09 1 259.91
13 1 833.06 1 520.07 1 861.82 1554.32 1.828.42 1543.58 1811.28 1531.59
15 2073.44 1 753.87 2163.18 1 830.96 2109. 12 1797.33 2 086. 12 1779.51
17 2 305.16 1975.11 2 366. 37 2 040. 96 2 331.50 2013.21 2315.11 1.999.98
19 2 511.88 2 185.97 2 490. 46 2 185.90 2501.45 2 190. 80 2501.91 2192.29
21 2 636.55 2 366. 50 2 561.72 2 279.48 2 628.08 2 333.27 2 652.00 2 357.60

®17 LHEENEESHNEHEGITHENILR

Table 17 Comparison of body weight’ s measurement value and the estimated value of the fitted curve of LH

JE s LH SZI{E Measured value of LH LH Logistic LH Gompertz LH Bertalanffy
Week-age ) ? ) ? b ? ) ?

0 37.33 36. 67 109.76 117.57 39.26 57.20 7.90 27.87
1 63.40 63.76 143. 40 149. 48 71.62 92.24 35.39 65.31
3 207. 61 183.17 241.71 238.54 188. 61 202. 37 167.19 192.15
5 387.57 368.72 397.29 371.44 388.70 369.99 394.03 371.87
7 624.00 591.37 628.29 558.18 667.01 588.07 686. 88 603. 50
9 1027.31 884.51 940.72 799. 55 998. 31 839.42 1 013.47 850. 02
11 1 385.81 1141.18 1313.95 1 080. 01 1349.12 1 103.25 1347.32 1 101.70
13 1 650.71 1 334.98 1 698.99 1368.19 1 689.33 1 360. 89 1 669.74 1 347.05
15 1.996.74 1 564.91 2 040. 54 1629.25 1 998.24 1598.92 1 969. 09 1 578.40
17 2 265.76 1 778. 65 2 305.26 1 840.09 2 265.22 1 809. 61 2239.26 1791.25
19 2487.42 1 986. 11 2 489.76 1995.12 2 487. 61 1.990. 08 2 478.01 1 983.45
21 2 671.18 2 180. 10 2 609. 03 2 101.45 2 667.82 2 140. 81 2 685.67 2 154.50

®18 HA AENEESHIEHEMGITENILE

Table 18 Comparison of body weight’s measurement value and the estimated value of the fitted curve of HA

JE HA SZi{& Measured value of HA HA Logistic HA Gompertz HA Bertalanffy
Week-age 8 Q 8 Q B Q S Q

0 36.94 37.44 120. 68 123.99 48.44 58.58 14. 66 26.91
1 62.04 64.72 156. 58 157. 68 84.97 95.32 49. 63 65. 68
3 204.52 186. 31 259.95 251.80 210. 09 212.00 193. 54 200. 25
5 395. 36 377.25 419. 87 392. 47 413.07 391.18 422.67 399. 87
7 660. 50 625.34 650. 89 590. 62 684. 35 625.59 706. 76 643. 66
9 1045.54 947.26 953. 60 847. 56 997.72 896. 56 1 015.52 910. 50
11 1411.88 1 234.68 1 303.32 1147.29 1322.15 1181.31 1325.31 1183.01
13 1 620.59 1 422.67 1 653.09 1 456. 61 1 631.51 1 459. 39 1 620. 17 1 448. 44
15 1 857.69 1 658.24 1 955.94 1737.99 1 908. 87 1716.07 1 890. 68 1 698.41
17 2097.43 1 895.96 2 187.11 1 966. 05 2 146.33 1942.97 2132.34 1928.01
19 2 336.89 2 125.62 2347.17 2134.22 2342.72 2 136.98 2 343.99 2 134.94

21 2 566. 95 2 344.53 2 450. 64 2249.78 2 501.02 2 298. 69 2 526.61 2 318.72
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Table 19 Comparison of body weight’ s measurement value and the estimated value of the fitted curve of AH
FE AH SZ{H Measured value of AH AH Logistic AH Gompertz AH Bertalanffy
Week-age 5 Q S ? 5 ? 5] Q
0 36.71 35.76 110. 89 89. 68 45.95 44.72 15.56 23.09
1 62.35 64.91 142.38 115.44 77.77 74. 15 46.71 55.58
3 194.83 170. 62 232.11 188.23 184.99 167.25 170. 50 164. 21
5 366. 12 303. 10 370. 30 297.57 360. 38 306. 65 370. 41 317.81
7 560. 55 482.46 571.93 449.85 602. 02 481.79 627.15 496. 66
9 917.58 678.19 844.10 641.00 893.52 674. 68 918.31 683.49
11 1271.64 884.57 1175.28 851.97 1210.79 867.12 1 223.96 865. 80
13 1504. 89 1014.58 1 530.96 1054.15 1529.73 1.045.45 1528.57 1035.73
15 1792.44 1184.28 1 865.22 1223.33 1831.29 1201. 82 1821.18 1 189.08
17 2 085.98 1 339. 66 2 142.17 1 349.54 2103.23 1333.38 2 094.71 1324.22
19 2 383.83 1 448.08 2 348.67 1435.88 2 339.69 1 440.71 2345.22 1441.23
21 2 531.33 1 520. 36 2 490. 85 1491.48 2 539. 60 1526.28 2 571.01 1541.18
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