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Abstract To analyze the genetic variation in diameter growth among half-sib families of Korean pine (Pinus
koraiensis) across different stand ages and to select superior families, thereby providing high-quality materials
for advanced-generation breeding populations, a progeny test forest was established using half-sib families
sourced from the National Korean Pine Seed Orchard at Lushuihe Forestry Co., Ltd., Jilin Province. Diameters
at breast height (DBH) of 34 tested families (including one control) were measured at stand ages of 18, 23, 27,
and 32 a. Differences in DBH among families were assessed using analysis of variance and Duncan’s multiple
range test. Genetic parameters, including phenotypic and genetic coefficients of variation and family
heritability, were calculated based on variance components. The breeding values of families were estimated
using the best linear unbiased prediction method. The breeding potential of families across different stand

ages was comprehensively evaluated using the technique for order preference by similarity to ideal solution
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(TOPSIS) method, and superior families were selected based on comprehensive rankings. The results showed
that no significant differences in DBH among families were observed at stand ages of 18, 23, and 27 a (P>
0.05). However, significant differences emerged at 32 a (P<0.05) , indicating that genetic effects gradually
strengthened during tree growth. The genetic variation coefficient fluctuated minimally across ages, while the
phenotypic variation coefficient decreased with stand age. Family heritability remained stable from 18 to 23 a
(0.319-0.322), declined significantly to 0.238 at 27 a, and rebounded to 0.346 at 32 a. The breeding values of
families generally improved with age, with an increasing proportion of families exhibiting positive values. Based
on TOPSIS rankings and a 15% selection rate, families No.766, 774, 851, 899, and 853 were selected,
achieving a genetic progress of 4.06%. At 32 a, the average DBH of superior families exceeded the control by
19.72%, with realized and genetic gains of 12.40% and 4.29%, respectively. The average individual tree
volume of superior families surpassed the mean of tested families by 33.09%. Artificial selection of superior
families yielded significant gains, providing high-quality breeding materials for advanced-generation Korean

pine breeding populations. This study has positive implications for the genetic improvement of growth traits in

Korean pine.
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Table 1 Comparison of DBH differences among half-sib families of Korean pine

RINIES 75 S R A Rl 19 Hh B2 ¥J5 F P
Stand age/a Source of variation SS d, MS
% % Family 138.913 33 4.209 1.468 0.054
X £H Block 76.170 8 9.521 3.320 0.001
" i%2 Error 757.048 264 2.868
ST Total 972.131 305
X % Family 262.894 33 7.966 1.475 0.052
[X 2l Block 25.344 8 3.168 0.587 0.789
» %2 Error 1425.531 264 5.400
ST Total 1713.769 305
% % Family 334.746 33 10.144 1312 0.126
[X 21 Block 40.271 8 5.034 0.651 0.734
v 1%2% Error 2040.439 264 7.729
ST Total 2 415.457 305
% % Family 490.650 33 14.868 1.529 0.037
[X 21 Block 583.690 8 72.961 7.504 <0.010
. %24 Error 2566.903 264 9.723
ST Total 3641.243 305
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Table 2 Estimation of genetic parameters for DBH in half-sib families of Korean pine

Ny Mo {E AR WRERR ity FEyrx  BEERRE RWERZAR RREMLT
Stand age/a Mean DBH/cm  Variation range/cm C, 0': O'i Cyg Cyop H
18 7.62 2.05~12.80 0.293 9 0.149 3.017 0.050 7 0.2279 0.319
23 12.14 4.00~18.70 0.2610 0.285 5.685 0.044 0 0.196 4 0.322
27 14.55 5.10~23.10 0.244 2 0.268 7.997 0.0356 0.194 4 0.238
32 17.01 5.70~30.00 0.248 0 0.572 10.295 0.044 5 0.188 6 0.346
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Table 3 Coefficient of variation and breeding value in half-sib families of Korean pine
i Stand age s Stand age i Stand age M Stand age
18a 23a 27a 32a

%% i mpRw 0 gz omm oamsw UM gr mm o omprw U0 gz o apgw 10N
Family ~ Mean/cm G Breeding Family ~ Mean/cm G Breeding Family ~ Mean/cm G, Breeding Family ~ Mean/cm G Breeding

value value value value
851 9.08£1.89° 02084 04653 774  144082.66° 01842 07345 774 1681357 02126 05392 766 2047581 0.2840 12002
774 879£225° 02561 03718 766  14.26£3.22° 02257  0.6843 766 1673:431° 02577 05185 774 19.63:3.76"  0.1915  0.9079
749 870:2.05™ 02356 03461 851 1361255 00871 04746 851 16.06£329™ 02049 03588 899  18.66:4.41™ 02365 05714
766 8.67£220™ 02540 03331 749 134243.18™ 02366 04141 853  16.04£324™ 02021 03546 853 18.56£3.50 (0.1886 05365
712 861133 01547 03149 853 1334321 02403 03864 908 1598£456™ 02856 03403 851 1827+441% 02413 04372
899 845246 02906 02650 899  13.25£3.23" 02437 03586 899 [5.74+4.07™ 02585 02839 908  18.06+5.24™ 02903 03651
916  845:233™ 02755 02642 727 1320£2.60"° 02017 03503 727 15.66:3.54™ 02259 02649 986  18.06x4.87™ 02698 03651
853 8.202.65™ 03226 0.833 944 1276£3.00™° 02351 02017 749 1543+381™¢ 02471 02089 788  17.8043.76™ 02115 02741
77 814£2.12%¢ 02609 00657 908 1250435 03483 01161 762 1529£3.05™¢ 0.1992  0.1769 762 17.61£4.10% 02331 0.2090
762 799£2.13% 02670 01161 916 12.48£2.77"* 02221 01092 944  14.95:398™° 02661  0.0947 944 17.54=5.11°" 02916  0.1859
771 7832242 03085 0.0671 762 1235£2.82°° 02283  0.0699 788  1493£340™ 02277 00909 727 17.50:4.60™" 02629 0.1709
986 7.794243°" 03115 0.0530 712 12.29£2.04°% 0.0661  0.0478 914 1475£3.96™ 02685  0.0486 729  17.38+4.35™ 02504 0.1295
713 7772226 02907 0.0466 729 12.26£2.94™° 02397  0.0380 729 1472£3.80™ 02579 00398 749 1737:5.03" 02893 0.1254
620 7765220 02835 0.0442 717 1207£2.72°° 02250 -0.0229 771 1470£2.96™ 02011 00364 914 1736£533"™ 03071 0.1209
717 775£230% 02966  0.0409 914 12.06£3.57°° 02961 -0.0244 918 14.66+3.17™ 02165  0.0254 712 17.32£346™ 0.1995 0.1093
908 7.70£2.86™" 03716  0.0254 713 12.05£2.75"° 02283 -0.0292 712 1462£2.61™ 0.1782 00168 771 1721:4.88™ 02834 0.0722
715 7555243 03214 00236 788 11.92£3.28™ 02752  -0.0694 715 1437:3.24™ 02257 -0.0418 715 17.09+3.84™¢ 02246 00292
944 7.53£169™ 02240 -0.0284 909  11.90£3.09™° 02593 -00772 620 1421£3.51™ 02469 -0.0813 916  17.02+3.08™ 0.1810 0.0042
CK - 7.38£2.68"" 03638 -0.0761 877  11.83+2.49™* 02102 -0.0988 916 14.21+3.11™ 02192 -0.0811 918 1691+336™ 0.1985 -0.0329
757 723303 04192 -0.1259 771 1180£3.82™% 03237  -0.1085 739 14.18£3.37™' 02375 -0.0884 717 1676397 02369 -0.0858
863 7.08£2.08°" 02898 -0.1408 986  [1.72£4.14™* 03529 -0.1330 651 14.14£327™ 02311 -0.0963 739  16.66:3.98"" 02391 -0.1207
924 7074203 02835 -0.1434 918  [L71£2.67%* 02284 -0.1377 713 14.14£343" 02429 -0.0985 713 16.64+3.94° 02367 -0.1269
909  7.06£1.76" 02458 01467 739 11.67£3.04 02602 -0.1515 877 14.08£3.17" 02252 -0.1130 818 16.63+3.15°" 0.1896 -0.1316
877 TIS£2.18%" 03044 01525 651  11.66£4.10™ 03517 01521 818 14.06£3.70™ 02632 -0.1166 620 1640+3.93*" 02396 -0.2102
729 704207 02906 -0.1534 767  11.58£2.54™ 02190 -0.1811 909 14.05£3.50™ 02489 -0.1188 651 1621x4.02°" 02483 -02752
739 7.024220% 03091 -0.1614 620  11.57£3.59™ 03105 -0.1837 717 13.97+2.76™ 0.1973 01391 CK 1597+4.85 03037 -03585
651 7.06£257 03634 -0.0794 715 11524375 03252 01994 767 1379£295™¢ 02137 -0.1806 909  1591x4.66" 02931 -0.3790
918  699£221® 03168 02002 CK 11394333 02923 -02398 986 13.68£458™ 03349 02074 757 15.68+455" 02901 -0.4588
767 695203 02919 02141 757 1136£3.68°° 03243 -02508 757 1351441 03267 02471 877 15.65+3.85°  0.2462 -0.468 8
788 6.94:223" 03219 02184 863 1132£3.04 02682 -02630 CK 13.50s3.61™ 02674 02489 767 1552#321% 02067 -0.5128
818 6.90£1.66™ 02407 -0.2311 818 11312291 02570 -0.2654 863 1348£391™" 02899 -0.2551 963 15412366 02376 -0.5537
914 6.80£230™ 03387 02624 760 1102347 03151 -03600 963 1318315 02391 -03272 863  1524:443" 02909 -0.6126
760 674£227% 03368 02798 963 10.58:3.11% 02944 05017 924 1259£347° 02757 -04665 924 15.13£3.82° 02528 -0.6482
963 648:222° 03431 03652 924 1047313 02993  -05360 760 12493.86° 03092 -04910 760 14.59:4.18° 02868 -0.8379
TE R EAR F R R R R E 22 57 8.3 (P<0.05) .

Note : Different lowercase letters beside mean values indicated statistically significant differences(P<0.05).
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Table 4 Comprehensive ranking of breeding values for DBH across different stand ages in half-sib families of Korean

pine

RE B R riiEy  RIDE ik
M C.

AR RtmEEE  RymeiEy IR i35

Family D; D; Rank Family D! D C Rank
766 0.1103 1.3859 0.926 3 1 713 0.8755 0.585 8 0.400 9 18
774 0.136 6 1.3594 0.908 7 2 717 0.880 5 0.580 7 0.397 4 19
851 0.356 2 1.169 3 0.766 5 3 715 0.899 9 0.567 8 0.386 9 20
899 0.404 5 1.0515 0.722 2 4 918 0.943 9 0.543 4 0.365 4 21
853 0.417 4 1.049 0 0.715 4 5 620 0.937 1 0.536 2 0.364 0 22
749 0.5211 0.997 1 0.656 8 6 739 0.9813 0.480 4 0.328 7 23
727 0.5511 0.930 2 0.627 9 7 909 1.021 2 0.444 7 0.3033 24
908 0.6123 0.886 9 0.591 6 8 651 1.024 0 0.439 2 0.300 2 25
762 0.660 3 0.804 9 0.549 3 9 877 1.048 9 0.424 8 0.288 2 26
712 0.693 9 0.816 4 0.540 6 10 818 1.0555 0.422 4 0.285 8 27
944 0.707 1 0.758 2 0.517 4 11 CK 1.0799 0.3810 0.260 8 28
916 0.7457 0.760 1 0.504 8 12 767 1.1249 0.343 4 0.2339 29
771 0.806 2 0.661 8 0.450 8 13 757 1.1213 0.336 9 02310 30
729 0.8352 0.643 5 0.4352 14 863 1.168 1 0.301 3 0.205 1 31
788 0.858 7 0.659 8 0.434 5 15 924 1.3307 0.1927 0.126 5 32
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