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Figure 2. Development of (A) female strobili, (B) conelet, (C) mature

cone and (D) male strobili of Pinus koraiensis.
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3. A (GD, genetic diversity)
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3070 F2ke) A, Aol &, FAE S (Fig. 4).

Figure 3. Measure length and width of cone.
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Figure 4. Seed classification of Pinus koraiensis — (A) damaged seed,
(B) aborted ovules in the 1st year, (C) aborted ovles in the 2nd year

and (D) developed seed

N5EAES Softex AFS X—ray AAF|(Work leader 60s)E ©o]&3t
X-ray &9 AAlgte] E7AT 29 olvA= S -] wigl wi

B2 ALE2l= Softex A X—ray #AAF] (Work leader 60s) ®
FZgstal I olmAE gRlete] R/ttt (Figure 5). ¥igh w7k & B
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e
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Figure 5. X—ray inspection of Korean pine seeds

TAE BT B F, oo e olgste] FAEANEH (seed
potential), A<E24 (percent developed seeds), &AE24 (percent
filled seeds), A&l W EA3] AP (percent aborted ovules), &4}
A& (seed efficiency) & AT (Bramlett et al., 1977). ©o]% AL
P g FAA FY948 HAY E AsEA THes 2@
SAS(University Edition) A X218 o]gslo] FEAMEA 9 Ay

S|
ay

b fdele Ak,

o
o

AA

¢ Seed potential = Fertile scale X 2

* Total developed seeds = Filled seeds + Empty seeds + Damaged
seeds

¢ Percentage developed seeds = Total developed seeds/Seed
potential X 100

» Percent filled seeds = Filled seeds/Total developed seeds X 100
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e Percent damaged seeds = Damaged seeds/Total developed seeds
X 100

* Percent empty seeds = Empty seeds/Total developed seeds X
100

e Percent of 1st—year aborted ovules = 1st—year aborted
ovules/seed potential X 100

e Percent of 2nd—year aborted ovules = 2nd—year aborted

ovules/seed potential X 100

A 72 AYAR T3 AFH ek

T ARAEA] 248 7 28 TG B FAEA AR
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Sk AA A st S22 AwWkE35E (GCA, general combining
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4 5, 2009), AtEd FATA B dnixzdseel 727t 0.3, 0.7
o] 7ksAE HFolgte] ofgisl ol FAFTAREAl dig SF7HBV,
breeding value) & AlAFsIth TEgk dubgof mE & FAFTA ik

(TF) S AArsit
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=} (selection differential), At} (genetic diversity) ¥ a3
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7] (status number) & AlAtsto] S35 WS Al o]
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A4 AT 43

A1AE 7T, 770 D AT AT H)

1. Ak A3} - A% ol

AT H s AR 20184l 0.599, 2019
5.033, 202l 11.489% ZALEQlow Ht g3t AA=2 20184
o] 112.565, 20199l 576.936, 2020l 1627.755% FA}E it 3
o 3 AAEES 2018l 2.713, 20199l 1.109, 2020\ el

13.246% AMEN O™ Ho A= 73 A2 201999 1.109, 2020

el 11.052%2 A AT AZF 718t - AR dist ikt Ay

20199 73 BAFS ALsta FEH 2olrh R Fond A
© 2 Uehdth(Table 1).

Tukey TFEHIS9 A& AAeh A¥, b8s Ak 2018de 2
2 219 aFol TAaA vgkor 2019del 370 15, 2020l 571 1
Fo2 Uehgth Fae AR 2018del 370 13, 2019l 57
1%, 20206 570 2Fo® uEhstth f AR 2018
2019 22 3] 5ol LA ygtoen 2020dl= 7l 1Eo
2 vehgth o Ak 201996 571 15, 20206 107 152
2 YERSH(Table 2).
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Table 1. Mean, minimum, maximum, CV and F—value on the production of female and male strobili, conlets and cones in

the 1.5 generation seed orchard of Korean pine (Pinus koraiensis) for three consecutive years

2018 2019 2020

Female Male Female Male Female Male

strobili  strobili "O"™  sirobili strobili NI COMES i bili Strobil  onelets Cones
Mean 0599 112.565 2713 5033 576.936 0520  1.109  11.489 1627.755 13.246 11.052
Min 0 0 0 0 0 0 0 0 0 0 0
Max 16 6000 55 40 11700 17 21 63 88200 100 87
CV(%) 293.479 398.442 243568 116.838 221.570 292.000 219.840 85.169 381.645 113.808 106.970
Fovalue 1.525% 4.107#% 2561%sx 2342%kx 4204ss 1159  2.616%% 1.506%  3.300%% 3.67d#xx  3.950%

Rounded off to four decimal places; CV, Coefficient of variance; ***p < .001. #p < .05; N=687.
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Table 2. Multiple comparison for clonal production of female and male

strobili, conelets, and cones.

(1—a) Female strobili in 2019

Group Clone ID Estimate
a 185 1.1846
ab 125 0.8976
ab 218 0.7645
ab 126 0.6235
ab 216 0.553
ab 238 0.5044
ab 239 0.4761
ab 116 0.4591
ab 21 0.3344
ab 124 0.3222
ab 28 0.3155
ab 29 0.3004
ab 153 0.2858
ab 221 0.2615
ab 120 0.2494
ab 227 0.2494
ab 212 0.2449
ab 115 0.1774
ab 210 0.1643
ab 121 0.1443
ab 242 0.1025
ab 156 0.06988
ab 244 0.06988
ab 144 0.01556
ab 13 —0.00569
ab 146 -0.02115
ab 245 -0.0227
ab 11 —0.05428
ab 222 —0.08298
ab 32 -0.09071
ab 241 -0.09071
ab 118 -0.09071
ab 155 -0.09725
ab 122 -0.1029
ab 151 —-0.1285
ab 158 -0.1332
ab 231 -0.1531
ab 160 —-0.1757
ab 141 —-0.2066
ab 243 -0.2097
ab 1116 -0.2557
ab 1112 -0.285
ab 225 —0.3658
ab 232 -0.4138
ab 248 -0.4694
ab 1104 -0.5077
ab 230 —-0.5158
ab 162 -0.528
b 148 -0.575
b 161 -0.6251
b 184 —0.6386
b 154 -0.7029

-
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(1—b) Female strobili in 2020

Group Clone ID Estimate
a 210 1.3808
ab 185 0.9975
abc 146 0.8791
abc 21 0.5924
abc 116 0.5496
abc 28 0.5291
abc 230 0.4517
abc 13 0.4354
abc 148 0.3988
abc 241 0.3792
abc 245 0.369
abc 221 0.3077
abc 121 0.2987
abc 216 0.2858
abc 218 0.2566
abc 1116 0.1845
abc 227 0.148
abc 118 0.08415
abc 124 0.06681
abc 153 0.05221
abc 126 0.03688
abc 144 0.03305
abc 155 0.01291
abc 1104 0.003549
abc 1112 0.001116
abc 151 -0.02159
abc 242 —0.05927
abc 225 —-0.07403
abc 158 —0.08405
abc 156 —-0.1068
abc 238 -0.1068
abc 244 —-0.1068
abc 160 -0.1215
abc 120 —-0.1266
abc 115 -0.1758
abc 231 -0.1862
abc 184 -0.2033
abc 232 -0.2135
abc 248 —-0.2172
abc 29 —-0.2237
abc 222 -0.2451
abc 243 -0.2953
abc 122 —0.2982
abc 162 -0.3128
abc 32 —-0.331
abc 212 -0.3351
abc 141 —0.3659
abc 125 —0.4204
abc 161 —-0.4223
ac 154 —0.5099
ac 11 —-0.5975
C 239 —0.8165
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(2—a)Male strobili in 2018

Group Clone 1D Estimate
a 184 2.4642
ab 141 1.026
ab 241 0.9307
b 1104 0.6706
b 222 0.3368
b 245 0.3153
b 1116 0.1504
b 221 0.144
b 122 0.1376
b 230 0.01252
b 21 0.003837
b 118 —-0.02801
b 244 —0.03545
b 239 —0.03916
b 238 —0.06765
b 161 -0.07261
b 126 —0.08153
b 144 —0.08376
b 116 —0.1023
b 227 —-0.1256
b 243 —0.1484
b 148 —0.1502
b 156 —-0.1544
b 151 -0.1618
b 125 —-0.2008
b 11 —-0.2128
b 216 —-0.2128
b 153 -0.2128
b 120 -0.2212
b 218 —-0.2221
b 212 —0.2228
b 225 -0.23
b 1112 —0.2319
b 162 —0.2319
b 231 —0.2331
b 154 -0.2421
b 248 —0.2429
b 146 —0.2429
b 232 —0.248
b 124 -0.251
b 155 —-0.251
b 29 —-0.251
b 115 —-0.251
b 160 -0.251
b 242 -0.251
b 121 -0.251
b 158 —-0.251
b 32 —-0.251
b 185 —-0.251
b 13 —-0.251
b 210 —-0.251
b 28 —-0.251
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(2—b) Male strobili in 2019

Group Clone ID Estimate
a 184 1.648
ab 241 1.4958
abc 222 1.0624
abc 243 1.0131
abc 1112 0.8537
abc 141 0.524
abc 239 0.4558
abc 245 0.3595
abc 225 0.2299
abc 144 0.1435
abc 1116 0.05739
abc 28 0.05107
abc 218 0.05002
abc 227 0.04713
abc 126 0.03369
abc 230 0.01769
ac 118 —-0.02449
ac 1104 -0.02517
ac 216 —0.05544
ac 155 -0.07764
ac 162 —0.09483
ac 21 -0.09539
ac 120 -0.125
ac 221 —-0.1499
ac 238 —-0.1528
c 232 —-0.1744
c 156 -0.1756
c 122 -0.1921
c 11 -0.2125
c 151 -0.2147
c 244 -0.2182
c 124 -0.2787
c 148 —0.2865
c 116 -0.3251
c 153 -0.3287
c 160 -0.3383
c 248 -0.3411
c 231 -0.3507
c 125 -0.3721
c 242 -0.3731
c 121 -0.3736
C 161 —-0.3742
c 146 —0.3788
c 154 —0.3868
c 158 -0.3979
C 29 -0.4071
C 185 —0.4249
c 115 —-0.4399
c 212 —-0.4416
C 32 —0.4425
c 210 —-0.4513
c 13 —-0.4513
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(2—c) Male strobili in 2020

Group Clone ID Estimate
a 28 1.909
ab 216 1.584
abc 241 1.2448
abc 184 1.0177
abc 144 0.4021
abc 141 0.2807
abc 238 0.2526
ac 122 0.1245
ac 124 0.1022
ac 1112 0.09292
ac 151 0.09149
ac 126 —0.000283
ac 239 —0.03076
ac 161 -0.05333
ac 148 -0.07754
ac 116 —-0.07852
ac 1116 —0.08003
ac 121 -0.1137
C 155 —-0.1205
c 222 -0.1262
C 244 -0.1411
c 13 -0.1654
c 248 -0.1754
C 243 -0.1836
c 230 -0.1839
c 221 -0.1871
c 225 —0.1938
c 218 -0.1962
c 232 —-0.1986
c 125 -0.2062
c 156 -0.2153
c 120 -0.2156
c 146 -0.2208
c 212 -0.2317
c 21 -0.2333
c 1104 —0.2406
c 154 -0.2467
c 227 -0.2524
c 245 -0.253
c 118 —0.2555
c 153 —0.2559
C 11 —-0.2579
C 158 —-0.258
c 160 -0.2591
c 242 —0.2598
C 231 —-0.2599
c 115 -0.2602
c 32 -0.262
c 29 -0.262
C 185 -0.262
c 210 -0.262
c 162 -0.262
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(3) Conelets in 2020

Group Clone ID Estimate
a 239 1.4983
ab 160 1.3037
abc 120 1.0395
abc 218 0.9475
abc 116 0.8637

abcd 32 0.6802

abcd 121 0.5534

abcd 238 0.5365

abed 115 0.5093

abced 156 0.4701

abcd 210 0.448

abed 21 0.3154

abcd 125 0.3112

abcd 221 0.2395

abcd 241 0.1827

abed 126 0.1694

abed 146 0.1525

abcd 185 0.08318

abcd 28 0.05002

abed 222 0.02589

abcd 153 —-0.02106

abcd 216 —-0.02579
abcd 231 —-0.05612

abed 1116 —0.05924

abcd 29 -0.06275

abcd 245 —-0.07602

abcd 212 —0.08964

abcd 158 —-0.1048

abed 227 -0.1283

abcd 242 -0.1369

abcd 118 -0.1407

bed 1112 —-0.1869
bed 124 -0.1869
bed 144 —0.1946
bed 155 -0.2102
bed 244 -0.219
bed 141 -0.2817
bed 225 -0.3207
bed 162 —0.3385
bed 122 -0.348
bed 243 —0.3546
bed 248 -0.3601
bed 151 -0.3701
bd 184 —0.4475
bd 161 —-0.4522
bd 11 —0.4522
bd 154 —0.4541
bd 13 -0.4972
bd 1104 —0.4996
bd 230 —0.5349
bd 148 —-0.547
d 232 —0.7725
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(4—a) Cones in 2019

Group Clone ID Estimate
a 125 1.5188
ab 185 1.2881
abc 218 1.1373
abc 116 0.6387
abc 244 0.4793
abc 239 0.4679
abc 161 0.3653
abc 160 0.3243
abc 241 0.2218
abc 126 0.2218
abc 121 0.2206
abc 221 0.2189
abc 242 0.2162
abc 29 0.1603
abc 158 0.1603
abc 225 0.0276
abc 21 0.01382
abc 124 0.01382
abc 1112 —0.01548
abc 231 —-0.01743
abc 144 —0.04477
abc 32 —-0.04477
abc 11 —-0.04477
abc 153 —0.04477
abc 122 —0.04477
abc 115 —-0.04477
abc 238 —-0.09034
abc 146 -0.1193
abc 245 -0.1268
abc 243 -0.1678
abc 154 -0.1678
abc 118 -0.1729
abc 212 -0.1959
abc 156 —0.2043
ac 232 -0.2362
ac 1116 -0.2378
ac 120 —0.2498
ac 1104 —0.2596
ac 248 —-0.2685
ac 216 -0.3084
ac 28 -0.3182
ac 151 —-0.341
ac 230 —0.343
ac 141 —0.3803
ac 162 —0.3963
ac 227 —0.4036
ac 155 —-0.4233
ac 184 —-0.4321
ac 148 -0.437
c 222 —0.4549
c 210 —0.4549
C 13 —0.4549
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(4—b) Cones in 2020

Group Clone ID Estimate
a 239 1.4758
abc 218 1.319
abcd 32 1.2854
abcde 116 1.1402
abcdef 160 0.8837
abcdef 238 0.5031
abcdef 210 0.5031
abcdef 125 0.4132
abcdef 146 0.4108
abcdef 121 0.3637
abcdef 156 0.348
abcdef 221 0.3218
abcdef 21 0.3097
abcdef 115 0.2623
abcdef 241 0.2324
abcdef 28 0.1929
abcdef 222 0.1878
abcdef 245 0.1732
abcdef 120 0.1647
abcdef 126 0.1436
abcdef 185 0.1013
abcdef 242 0.08015
abcdef 122 0.08015
abcdef 216 0.03786
abcdef 29 0.0294
abcdef 158 —-0.04672
abcdef 231 —0.04954
abcdef 227 —0.0573
abcdef 144 —0.06258
abcdef 124 —-0.07693
abcdef 153 —-0.07693
abcdef 118 —-0.1102
abcdef 244 -0.1501
abcdef 155 —0.1606
bedef 1116 —0.2582
bedef 151 —0.3005
bedef 212 -0.3116
bedef 248 —-0.3274
bedef 11 —0.3367
cdef 141 —0.3581
cdef 1112 —-0.379
def 162 -0.3971
def 225 —0.4124
def 161 -0.4153
def 230 —0.4504
def 1104 —0.4596
def 243 —0.4866
def 184 —0.5025
ef 13 —0.5542
ef 154 —0.5881
ef 148 —0.6406
f 232 —0.8446
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Figure 6. Rank of male strobili production by clone ID (aligned in
descending order as of 2019)
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Figure 7. Rank of female strobili production by clone ID (aligned in

descending order as of 2019)
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Figure 8. Rank of conelets production by clone ID (aligned in
descending order as of 2019)
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Figure 9. Rank of cone production by clone ID (aligned in descending
order as of 2019)
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Table 3. Variances for clone and error, and broad—sense heritability for production of female and male strobili, conelets,

and cones in 1.5 generation seed orchard of Korean pine (Pinus koraiensis) for three consecutive years.

Female strobili Male strobili Conelets Cones

2018 2019 2020 2018 2019 2020 2018 2019 2020 2019 2020

Variance of clone 0.039 0.093 0.037 0.193 0.196 0.149 0.107 0.012 0.169 0.109 0.184
Variance of error 0.971  0.909 0.964 0.820 0.808 0.854 0.904 0.988 0.834 0.893 0.820
H? 0.038 0.092 0.037 0.191 0.196 0.149 0.106 0.012 0.169 0.109 0.183

Rounded off to four decimal places; H?, broad—sense heritability.
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Table 4. Pearson’s correlation coefficient among production of female and male strobili, conelets, and cones in the 1.5

generation seed orchard of Korean pine (Pinus koraiensis).

Female strobili Male strobili Conelets Cones
2018 2019 2020 2018 2019 2020 2018 2019 2020 2019 2020
2018 . 0.195*x* 0.095%* —-0.062 —-0.004 -0.012 0.229*x* 0.493x*x* 0.164*x* 0.493™ 0.163*
Female
bili 2019 0.195%= . 0.024 —0.096* —0.038 —-0.023 0.177*x 0.089=* 0.523*x 0.263™ 0.563"
strobili
2020 0.095% 0.024 . —-0.019 —0.038 0.052 0.157*x= 0.137x*x 0.021 0.097" 0.016
Mal 2018 —-0.062 —-0.096%* -0.019 - 0.468%*x* 0.258x*x* -0.73 —-0.009 —-0.078+ | —0.090" —0.087"
ale
bil 2019 —-0.004 —-0.038 —-0.038 0.468x*x* . 0.319%*x* —-0.005 —-0.006 0.034 —-0.061 0.025
strobil1
2020 -0.012 0.023 0.052 0.258x*x 0.319x*x . 0.028 —-0.029 0.004 —-0.031 —0.006
2018 0.229*= 0.177*x* 0.157*x* —-0.073 —0.005 0.028 . 0.119x*x 0.226%x* 0.576™ 0.249™
Conelets | 2019 0.493%x 0.089% 0.137*x* —-0.009 —-0.006 —-0.029 0.119%*x* . 0.103*x* 0.315™ 0.073
2020 0.164 0.523x*x* 0.021 —0.078=* 0.034 0.004 0.226%x* 0.103x*x* . 0.236™ 0.845™
2019 0.493™ 0.263™ 0.097" —-0.090" —-0.061 —-0.031 0.576™ 0.315™ 0.236™ . 0.267"
Cones
2020 0.163™ 0.563" 0.016 —-0.087" 0.025 —-0.006 0.249™ 0.073 0.845™ 0.267"

Rounded off to four decimal places; **p < .01. *p < .05; N=687
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Table 5. Effective population size (Ns), relative effective population size (Nr) and genetic diversity (GD) for production

of female and male strobili, conelets, and cones in the 1.5 generation seed orchard of Korean pine (Pinus koraiensis) in
2018—2020 (NV=52).

Female strobili Male strobili Conelets Cones

2018 2019 2020 2018 2019 2020 2018 2019 2020 2019 2020

Ns 5.409  3.081 7.501  21.986  8.800 5.458  30.138 3.340 22.656  8.915  24.251
Nr(%) 10.403 5.926 14.425 42.281 16.922 10.497 57.958 6.425 43.569 17.144 46.636
GD 0.908 0.838 0.933 0.977 0.943 0.908 0.983 0.850 0.978 0.944 0.980
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(A) Female strobili (B) Male strobili
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Figure 10. Parental balance curve in the 1.5 generation seed orchard of

Korean pine (Pinus koraiensis) in 2018~2020.
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Table 6. Mean, minimum, maximum, coefficient of variance (CV) and
F—value of cone characteristics in the 1.5 generation seed orchard of

Korean pine (Pinus koraiensis) in 2020.

Wt (g) L (mm) Wd (mm) DW (g)

Mean 172.643 128.324 77.243 109.298
Min 76.125 95.97 56.9 51.041
Max 304.842 168.49 101.61 187.208
CV 25.742 10.594 10.949 22.588

F—value 2.94 3 1.753#x 2.603%#x 2796

Wt, weight; L, length; Wd, width; DW, dry weight;
#x+xxp < ,001. #*p <.01; N=250.

41



Table 7. Multiple comparison for cone characteristics.

(A) Cone weight

Group Clone ID Estimate
a 244 239.1
ab 212 229.52
abc 216 219.89

abcd 241 215.98

abcd 121 211.55

abcd 144 210.97

abced 21 206.69

abced 232 206.34

abcd 155 204.31

abcd 1104 203.57

abcd 32 197.53

abced 28 197.09

abcd 221 193.88

abcd 227 190.54

abcd 118 186.63

abcd 151 185.51

abcd 239 184.97

abcd 185 184.82

abcd 11 184.34

abcd 238 181.47

abcd 230 179.56

abcd 122 179.22

abced 242 178.81

abcd 184 176.9

abcd 245 173.88

abcd 158 171.58

abcd 231 169.33

abcd 222 169.13

abcd 29 169.02

abcd 162 168.16

abcd 225 166.83

abcd 218 163.55

abcd 116 163.3

abcd 13 162.62

abcd 210 161.66

abcd 154 158.53

abcd 115 156.09

abcd 1112 155.63

abcd 141 152.06

abcd 146 144.87

abcd 126 143.7

abcd 153 143.48

abcd 248 143.46

abcd 161 141.54

abcd 120 141.47

abcd 148 140.82

bed 243 134.7
bed 1116 132.44
bd 124 125.08
bd 156 124.13
bd 125 123.82
d 160 118.07
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(B) Cone width

Group Clone ID Estimate
a 144 87.256
ab 232 86.185
abc 121 85.854
abc 241 85.632
abc 230 85.304
abc 115 83.94
abc 32 83.584
abc 244 83.062
abc 216 82.63
abc 151 82.512
abc 155 81.944
abc 154 81.4767
abc 225 81.04
abc 239 80.706
abc 238 80.566
abc 231 80.496
abc 124 80.33
abc 21 80.215
abc 29 79.978
abc 212 79.606
abc 162 79.388
abc 221 79.266
abc 158 79.048
abc 227 78.926
abc 222 78.718
abc 1112 77.844
abc 242 77.826
abc 146 77.33
abc 148 76.4433
abc 11 76.2533
abc 248 75.435
abc 28 75.336
abc 120 74.796
abc 125 74.546
abc 118 74.5
abc 1104 74.492
abc 126 73.98
abc 141 73.668
abc 122 73.604
abc 218 72.714
abc 185 72.64
abc 184 72.344
abc 153 72.004
abc 156 71.144
abc 245 70.856
abc 116 70.27
abc 210 69.966
abc 13 69.75
abc 243 68.656
ac 161 66.954
ac 1116 66.8025
C 160 66.574
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(C) Cone dry weight

Group Clone ID Estimate
a 244 152.71
ab 241 150.92
abc 212 137.13
abc 118 129
abc 227 128.68
abc 232 128.06
abc 28 126.84
abc 216 124.58
abc 230 123.32
abc 121 122.55
abc 221 121.18
abc 222 118.19
abc 29 118.12
abc 115 117.13
abc 242 115.92
abc 151 115.86
abc 185 114.88
abc 154 114.39
abc 144 113.84
abc 155 113.2
abc 32 112.8
abc 238 112.79
abc 231 112.42
abc 1112 111.39
abc 239 110.74
abc 162 110.65
abc 116 110.28
abc 146 108.51
abc 148 108.41
abc 13 107.09
abc 225 106.46
abc 11 106.22
abc 218 105.57
abc 21 105.54
abc 248 104.39
abc 245 102.09
abc 124 100.35
abc 120 99.4104
abc 1104 98.9244
bc 126 95.6248
bc 141 95.5362
c 125 92.398
c 122 91.9918
C 184 91.2252
C 158 91.215
C 153 90.0722
C 161 88.4562
C 160 88.2138
c 243 84.786
C 1116 84.4153
c 210 84.3358
C 156 81.497
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Table 8. Mean, minimum, maximum, coefficient of variance (CV) and
F—value of seed characteristics in the 1.5 generation seed orchard of

Korean pine (Pinus koraiensis) in 2020.

Wt (g) L (mm) Wd (mm) T (mm)
Mean 0.401 15.616 9.911 6.899
Min 0.087 3.340 0.980 0.600
Max 0.832 20.230 14.130 9.990
C.V 34.590 9.643 12.664 13.658

F—value 21.09 2% 30.77 0k 8.81 5%k 10.915%xx

Wt, weight; L, length; Wd, width; T, thickness;
#xxp < .001; N=252.
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Table 9. Multiple comparison for seed characteristics.

(1) Seed weight

Group Clone ID Estimate
a 244 0.6132
ab 212 0.5842
ab 216 0.5794
abc 241 0.5494
abcd 121 0.5384
abcde 144 0.5164
abcdef 21 0.5155
abcdef 232 0.5108
abcdef 155 0.503
bcdefg 1104 0.4976
bcdefgh 32 0.4851
cdefghi 28 0.4572
cdefghi 221 0.4568
cdefghij 227 0.4496
cdefghij 118 0.4458
cdefghij 151 0.4434
cdefghij 239 0.4412
cdefghij 185 0.4409
defghijk 11 0.4371
defghijk 238 0.4304
defghijk 230 0.428
efghijkl 122 0.4111
efghijkl 242 0.406
fghijkl 184 0.4045
fghijkl 245 0.4042
ghijklm 158 0.388
hijklmn 231 0.385
hijklmno 222 0.378
;jklmno 29 0.366
ijklmno 162 0.3615
ijklmno 225 0.3612
ijklmno 218 0.3585
ijklmno 116 0.3583
ijklmno 13 0.3562
ijklmno 210 0.3553
ijklmno 154 0.3529
1jklmnop 115 0.3479
Jjklmnop 1112 0.3449
jklmnop 141 0.3442
jklmnop 146 0.3436
klmnop 126 0.3268
Imnop 153 0.3135
Imnop 248 0.3108
Imnop 161 0.3049
Imnop 120 0.3045
Imnop 148 0.3008
mnop 243 0.2899
mnop 1116 0.2803
mnop 124 0.2769
nop 156 0.2752
op 125 0.2688
D 160 0.2364
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(2) Seed length

Group Clone 1D Estimate

a 227 18.944

ab 28 17.8817

bc 244 17.4117
bed 231 17.1323
bcde 241 17.095
bedef 212 16.9333
bcdefg 144 16.9013
cdefgh 248 16.58
cdefghi 29 16.3197
defghij 115 16.2907
defghij 21 16.2787
defghij 158 16.2337
defghijk 162 16.1853
defghijk 146 16.1797
defghijk 120 16.17
defghijk 225 16.155
defghijkl 1104 16.0963
defghijklm 210 16.038
efghijklmn 1116 15.99
fghijklmno 154 15.9383
fghijklmno 125 15.9353
fghijklmnop 230 15.8497
fghijklmnop 242 15.8387
ghijklmnop 232 15.8003
hijklmnopq 239 15.6567
hijklmnopq 238 15.623
hijklmnopq 155 15.619
hijklmnopq 222 15.6113
hijklmnopq 221 15.561
1jklmnopqr 13 15.3657
1jklmnopaqr 185 15.3573
1jklmnopqars 118 15.252
ijklmnopqrs 124 15.2447
jklmnopqrs 245 15.18
klmnopqars 184 15.1107
klmnopqrs 1112 15.0773
Imnopqrs 243 15.0263
mnopqrst 121 14.9537
mnopqrst 148 14.9327
nopqrst 11 14.9163
oparst 156 14.8483
opqrst 32 14.8413
parst 153 14.7917
parst 216 14.754
qrst 126 14.68
qrstu 151 14.6223
rstuv 116 14.3727
stuv 141 14.1977
tuv 122 13.8887
uv 161 13.561

v 218 13.4843

v 160 13.3173
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(3) Seed width

Group Clone 1D Estimate
a 120 11.4957

ab 144 11.149
abc 154 10.7207

abc 125 10.693

abc 227 10.6843
abcd 243 10.6563
abcde 225 10.603
abcdef 146 10.5737
abcdefg 115 10.516
abcdefgh 28 10.4647
abcdefgh 124 10.4643
abcdefghi 29 10.414
abcdefghij 244 10.3437
bcdefghijk 185 10.3133
bcdefghijk 242 10.2883
bedefghijk 13 10.2827
bedefghijkl 212 10.2297
bcdefghijklm 248 10.1973
bcdefghijklm 230 10.1547
bcdefghijklm 153 10.126
bcdefghijklm 162 10.1
bcdefghijklm 241 10.0867
bcdefghijklmn 158 10.0257
cdefghijklmn 21 9.984
cdefghijklmn 118 9.979
cdefghijklmn 231 9.9517
cdefghijklmn 11 9.9287
cdefghijklmn 1116 9.877
cdefghijklmn 210 9.8283
cdefghijklmno 156 9.7883
cdefghijklmno 155 9.7673
cdefghijklmno 184 9.767
cdefghijklmno 245 9.757
cdefghijklmno 116 9.72
cdefghijklmno 221 9.6957
defghijklmno 32 9.5107
defghijklmno 141 9.498
efghijklmno 216 9.475
fghijklmno 122 9.4203
ghijklmno 238 9.364
hijklmno 148 9.3527
hijklmno 1104 9.349
hijklmno 160 9.3403
1ijklmno 126 9.2883
jklmno 222 9.2363
jklmno 1112 9.1833
klmno 151 9.1657
Imno 239 9.0847
mno 232 9.0667

no 121 8.9103

no 218 8.866

0 161 8.6557
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(4) Seed thickness

Group Clone 1D Estimate

a 125 7.9643

ab 120 7.8807

abc 242 7.588
abcd 28 7.5423
abcd 124 7.5327
abcde 153 7.457
abcde 144 7.4553
abcde 225 7.418
abcde 243 7.4033
abcde 11 7.3767
abcdef 146 7.3553
abcdefg 212 7.289
abcdefg 227 7.2863
abcdefg 118 7.2573
abcdefg 158 7.2463
abcdefgh 231 7.2327
abcdefghi 156 7.1837
abcdefghi 244 7.1577
abcdefghi 154 7.1403
abcdefghij 248 7.1187
abcdefghijk 162 7.1147
bcdefghijkl 185 7.092
bcdefghijklm 21 7.07
cdefghijklmn 245 7.0003
cdefghijklmn 1116 6.9657
cdefghijklmn 230 6.9347
cdefghijklmn 210 6.9147
cdefghijklmn 141 6.8857
cdefghijklmno 29 6.8513
cdefghijklmnop 221 6.8453
cdefghijklmnop 13 6.8407
cdefghijklmnop 241 6.7657
cdefghijklmnop 126 6.7463
defghijklmnop 238 6.734
efghijklmnop 122 6.6813
efghijklmnop 216 6.6407
efghijklmnop 116 6.6247
fghijklmnop 1112 6.516
ghijklmnop 148 6.5017
ghijklmnop 115 6.489
hijklmnop 160 6.388
1jklmnop 218 6.335
Jklmnop 222 6.283
jklmnop 151 6.2723
klmnop 1104 6.2667
Imnop 121 6.2453
mnop 155 6.242
nop 232 6.219
nop 184 6.1777
nop 161 6.1723

op 32 6.033

D 239 5.9977
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Table 10. Cone analysis in the 1.5 generation seed orchard of Korean pine in 2020.

1SLAOP ondp Op Developed seeds
SP 15'A0 2MAQ
(%) (%) F FP (%) E EP (%) D DP (%) ID  IDP (%)
Mean 180.683 46.385 25.703 9.940 5.449 38.567 29.902 56.861 31.576 14.583 8.319 14.127 7.809
Min 128.000 7.000 3.365 0.000 0.000 0.000 0.000 9.000 6.081 0.000 0.000 0.000 0.000
Max 258.000 117.000 60.256 106.000 46.078 135.000 84.444 142.000 72.667 91.000 61.486 65.000 34.211
C.V 11.833 41.133 39.358 159.367 152.291 72.055 63.004 46.431 45.260 93.115 102.130 80.493 79.018

F—value 2.24 Lo 1.300 1.447% 2.27#wk 2318wk 2.1 5%k 1.984swsx 2,355k 2.234 s 3.1 1w 3.029%#x 2.6k 2 58T

Var
«l ) 93.492 21.230 8.653 52.201 14.772 148.819 60.058 152.620 41.601 56.254 21.405 32.160 9.432
one
Var
E ) 365.089 343.131 93.819 199.575 54.316 625.766 295.809 546.767 163.294 129.016 51.106 97.647 28.794
rror
2 0.204 0.058 0.084 0.207 0.214 0.192 0.169 0.218 0.203 0.304 0.295 0.248 0.247

Rounded off to four decimal places; **xp < .001. *p < .05;

SP, seed potential; 1% AO, aborted ovule in the 1% year of cone mature; 2™ AQ, aborted ovule in the 2™ year of cone mature; F, filled seed;
FP, percent filled seed; E, empty seed; EP, percent empty seed; D, damaged seed; DP, percent damaged seed; ID, damaged seed in seed coat;
IDP, percent damaged seed in seed coat; Var (Clone), variance of clone; Var (Error), variance of error; H?, broad—sense heritability; N
= 252.
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Table 11. Multiple comparison for seed production.

(1) Seed potential

Group Clone ID Estimate
a 244 211.2
ab 121 202.4
abc 32 201.6
abc 222 201.6
abc 116 199.2
abc 225 198
abc 148 197.67
abc 146 194.8
abc 162 192.8
abc 241 192.4
abc 151 190.4
abc 232 189.5
abc 1112 188.4
abc 245 187.6
abc 212 187.6
abc 1116 186.5
abc 230 186
abc 221 184.8
abc 248 184.5
abc 28 183.6
abc 161 183.2
abc 239 183.2
abc 227 183.2
abc 185 183
abc 126 182.4
abc 21 182
abc 29 181.2
abc 156 181.2
abc 118 181.2
abc 115 179.5
abc 154 179.33
abc 120 178.8
abc 242 178
abc 238 177.6
abc 155 176
abc 141 174.4
abc 11 171.6
abc 122 171.6
abc 231 171.2
abc 144 170
abc 13 170
abc 216 168.67
abc 218 167.6
abc 243 167.6
abc 184 165.6
abc 1104 164.4
abc 125 164.4
abc 160 162
abc 158 161.6
abc 210 161.2
bc 153 160
c 124 151.6
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(2) Aborted ovule in the 2" year of cone mature

Group Clone ID Estimate
a 225 50
ab 156 32.6
ab 184 30.8
ab 243 29.4
ab 120 25.4
ab 21 22
ab 1116 21
ab 222 18.6
ab 11 17.2
ab 153 16.4
ab 242 16.4
ab 185 13.25
ab 29 12.8
b 122 114
b 162 11.2
b 125 10.2
b 146 9
b 118 8.2
b 248 8
b 218 7.6
b 116 7.4
b 32 7.4
b 151 7
b 1112 6.6
b 221 6.6
b 212 6.4
b 210 6.2
b 227 6.2
b 160 5.8
b 141 5.8
b 241 5.4
b 244 5.2
b 232 4.75
b 13 4.6667
b 158 4.6
b 1104 4.6
b 124 4.4
b 238 4.4
b 154 4.3333
b 115 4.25
b 121 4
b 230 4
b 144 3.6
b 245 3.4
b 28 3.2
b 126 3
b 161 2.4
b 239 2.4
b 148 2.3333
b 216 2.3333
b 155 2.2
b 231 2

53 =



(3) Percent aborted ovule in the 2™ year of cone mature

Group Clone ID Estimate
a 225 25.2685
ab 184 18.2229
ab 156 15.6201
ab 120 15.5508
ab 243 15.3248
ab 21 11.4362
ab 1116 11.4183
ab 153 10.0167
ab 11 9.8003
ab 222 9.2391
ab 242 9.0168
ab 29 7.2896
ab 185 6.9749
ab 122 6.6202
ab 125 6.1827
ab 162 6.1646
b 218 4.7202
b 118 4.626
b 248 4.4504
b 146 4.4489
b 1112 3.7591
b 116 3.7267
b 160 3.7115
b 151 3.6755
b 32 3.6123
b 210 3.5477
b 221 3.5265
b 212 3.4618
b 141 3.3815
b 227 3.3795
b 158 3.2914
b 241 2.9139
b 232 2.8713
b 124 2.8555
b 13 2.7176
b 1104 2.7071
b 238 2.5248
b 154 2.4791
b 244 2.3671
b 115 2.2742
b 230 2.1368
b 144 2.1184
b 121 1.9759
b 245 1.7743
b 28 1.7173
b 126 1.5894
b 216 1.3798
b 161 1.3581
b 239 1.3338
b 155 1.2245
b 231 1.151
b 148 1.1432
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(4) Filled seed

Group Clone ID Estimate
a 239 77.2
a 244 73.8
ab 222 61.4
ab 227 60.8
ab 230 60.4
ab 221 59.6
ab 29 58.4
ab 121 58.2
ab 216 55
ab 116 54.8
ab 232 54
ab 242 53
ab 241 52
ab 238 51.2
ab 118 50.4
ab 218 49.2
ab 28 49.2
ab 248 45.5
ab 212 45.2
ab 155 44.8
ab 185 42.75
ab 124 42.4
ab 126 41.8
ab 141 40.2
ab 231 39.6
ab 32 38.8
ab 120 36.2
ab 1104 34.2
ab 146 34
ab 1112 33
ab 154 33
ab 115 30.75
ab 144 28.2
ab 245 28
ab 160 28
ab 161 27.2
ab 125 26.8
ab 225 26.2
ab 162 26.2
ab 156 24.6
ab 11 23.8
ab 122 23.8
ab 184 23.6
ab 243 21.4
ab 151 20.6
ab 153 18.8
ab 148 17.6667
ab 21 16.75
ab 13 14.6667
ab 1116 14
ab 158 13.6
b 210 4.4
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(5) Percent filled seed

Group Clone ID Estimate
a 239 54.0257
a 29 49.153
ab 230 45.6291
ab 227 45.2178
ab 222 44.3622
ab 244 44.2195
ab 242 42.7191
ab 218 42.31
ab 216 42.0222
ab 238 39.5222
ab 120 39.2572
ab 118 39.0933
ab 221 38.6627
ab 116 38.43
ab 124 38.0191
ab 28 37.1702
ab 185 35.9971
ab 241 35.9121
ab 121 35.5225
ab 231 33.7118
ab 155 33.0955
ab 232 32.3055
ab 126 31.9016
ab 141 30.846
ab 212 30.7554
ab 248 30.4109
ab 32 27.4632
ab 1104 27.405
ab 154 26.9729
ab 243 26.5112
ab 146 25.9434
ab 1112 25.252
ab 184 25.0109
ab 225 24.3798
ab 144 24.2184
ab 161 22.9251
ab 125 22.4351
ab 156 21.4422
ab 160 21.1878
ab 115 21.1696
ab 11 20.8352
ab 162 20.4693
ab 122 20.0308
ab 245 19.9062
ab 153 18.6118
ab 158 16.6149
ab 151 15.5413
ab 21 15.2321
ab 1116 13.4158
ab 148 12.9567
ab 13 11.0819
b 210 3.718
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(6) Empty seed

Group Clone ID Estimate
a 148 103.83
ab 115 93.25
abc 245 89.2
abc 21 84
abc 121 80.2
abc 160 79.4
abc 151 76.8
abc 13 74.6667
abc 162 72.4
abc 158 69.8
abc 32 69.8
abc 225 66.8
abc 1116 66.75
abc 241 66.4
abc 156 66.2
abc 28 62.4
abc 1112 60.2
abc 11 59.4

abc 154 59.3333
abc 146 59.2
abc 144 58.4
abc 155 57.8
abc 238 56.8
abc 221 56.4
abc 122 55.6
abc 184 554
abc 210 54.8
abc 212 54
abc 125 53.6
abc 153 53
abc 1104 52.8
abc 161 52.6
abc 231 51.4
abc 248 51.25
abc 239 51
abc 216 48.8333
abc 126 48.2
abc 242 45.6
abc 244 45
abc 141 44
abc 116 43.2
abc 230 42.8
abc 218 42.6
abc 222 42.2
bc 232 41.5
bc 124 41.4
bc 227 37.8
bc 185 37.25
bc 243 36.2
bc 118 33.4
C 120 31.2
C 29 27.6
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(7) Percent empty seed

Group Clone ID Estimate
a 148 53.3926
ab 115 51.6369
abc 160 50.0816
abcd 21 46.6558
abcd 245 46.533
abced 13 43.7176
abcd 158 42.2391
abed 151 40.4628
abed 121 39.3832
abced 162 37.9099
abcd 156 37.8764
abed 1116 35.4139
abed 241 34.6934
abcd 28 34.3848
abcd 11 34.2635
abed 144 34.1802
abcd 32 34.1192
abcd 184 34.0313
abcd 238 33.516
abed 153 33.3666
abed 125 33.0425
abcd 210 32.8689
abcd 155 32.5083
abed 1104 32.3747
abed 225 32.3267
abcd 154 32.0203
abcd 1112 31.5948
abed 122 31.4655
abed 221 30.6978
abcd 146 30.6591
abcd 231 30.231
abed 216 28.998
abed 212 28.9789
abcd 161 28.7546
abcd 248 28.3383
abcd 239 28.2085
abed 124 27.6245
abcd 126 27.221
abcd 218 25.6795
abcd 141 25.6137
abcd 242 25.0355
abed 230 23.1869
abed 243 22.8438
abcd 232 21.6025
abcd 244 21.5433
abed 116 21.2634
abed 222 21.034
abcd 185 20.5122
abcd 227 20.4985
bed 118 19.136
cd 120 17.3176
d 29 15.0546
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(8) Damaged seed

Group Clone 1D Estimate
a 210 57.8
ab 232 36.25
abc 154 29.6667
abc 248 28.25
bc 161 26.2
bc 13 26
bc 243 24.4
bc 185 24
bc 118 20.8
bc 32 20.8
bc 141 18
be 1112 17.6
be 153 17.4
bc 151 16.8
bc 29 16.6
be 1116 16.5
be 11 16.4
bc 144 15.8
bc 146 15.4
be 121 14.8
be 244 14.6
bc 231 14.2
bc 156 14.2
be 227 14.2
be 155 14
bc 120 13.8
bc 230 13.8
be 126 13.6
be 115 12.75
bc 122 12.6
bc 116 12.2
be 184 12
be 222 11.4
bc 148 11.3333
bc 162 11.2
be 241 10.6
be 216 9.8333
bc 221 9.8
bc 225 9.2
bc 245 9
bc 218 8.8
bc 212 8.2
bc 21 8
bc 1104 7.6
bc 238 7.4
bc 239 7.2
bc 242 6.4
c 160 5.8
c 28 4.8
c 158 4.4
c 125 3.4
c 124 2.4
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(9) Percent damaged seed

Group Clone 1D Estimate
a 210 36.8035
ab 232 20.3826
b 248 17.3682
b 154 16.7679
b 243 16.135
b 13 155771
b 161 14.0954
b 185 13.1929
b 153 11.8451
b 118 11.4374
b 32 10.6456
b 141 10.1806
b 29 10.174
b 11 9.7137
b 144 9.3617
b 1116 9.194
b 1112 9.1896
b 151 8.8289
b 231 8.5522
b 122 8.0723
b 155 8.0594
b 156 8.0571
b 227 8.0346
b 120 7.6362
b 146 7.6097
b 121 7.4224
b 230 7.4131
b 244 7.4051
b 115 7.2961
b 126 7.2228
b 184 7.2038
b 116 6.2458
b 216 5.8549
b 148 5.7682
b 241 5.7089
b 162 5.6805
b 222 5.6489
b 245 5.5279
b 221 5.2387
b 225 5.0606
b 218 5.0453
b 1104 4.7274
b 212 4.5026
b 21 4.3833
b 238 4.1173
b 239 3.7507
b 160 3.7278
b 242 3.6392
b 28 2.642
b 158 2.5474
b 125 1.9982
b 124 1.5399
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(10) Damaged seed in seed coat

Group Clone ID Estimate
a 212 40.2
ab 116 31.4
abc 244 28.4
abc 1104 26
abc 124 23.8
abc 242 22.2
abc 221 21.8
abc 118 20.6
abc 227 20.4
abc 155 20
abc 1112 19.4
abc 232 19.25
abc 222 19.2
abc 216 17.5
abc 151 16
abc 231 15.2
abc 146 14.8
abc 141 14.6

abc 11 14.6
abc 238 14.4
abc 248 14.25
bc 13 13.6667
be 125 13.2
bc 28 13
bc 144 12.6
be 218 12.6
be 1116 12.25
bc 29 12.2
bc 241 11.2
be 158 10.8
be 156 10.8
bc 185 10.75
bc 121 10.4
be 243 10.4
be 148 10.1667
bc 230 10
bc 160 9.8
be 32 9.6
be 120 9.
bc 126 9
bc 162 9
bc 184 8.8
bc 122 8.8
bc 161 8.4
bc 153 7.6
bc 245 7.6
bc 239 7.4
bc 21 6.75
bc 115 6.5
C 154 5
c 225 3.8
C 210 2.4
b o ’ I;
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(11) Percent damaged seed in seed coat

Group Clone 1D Estimate
a 212 21.1551
ab 124 15.7961
ab 1104 15.7438
abc 116 15.4614
abc 244 13.7924
abc 242 12.3854
abc 118 12.1357

abc 221 11.6939
abc 155 11.4919
abc 227 11.4299
abc 1112 10.5352
abc 216 10.3316
abc 232 9.6524
abc 222 9.2964
abc 11 8.6744
abc 231 8.5803
abc 141 8.4058
abc 151 8.3075
abc 146 8.0935
abc 13 7.9118
abc 238 7.8397
abc 125 7.8241
abc 144 7.4363
abc 248 7.3886
abc 218 7.3688
abc 28 7.0675
abc 158 7.0097
bc 29 6.5403
be 1116 6.4436
bc 156 6.311
bc 243 6.1574
be 185 6.0617
be 241 5.8705
bc 160 5.7991
bc 230 5.4523
be 184 5.3724
be 120 5.3407
bc 121 5.2411
bc 148 4.936
bc 126 4.8782
bc 122 4.7907
bc 32 4.7662
bc 153 4.6602
bc 161 4.5691
bc 162 4.5252
bc 245 4.0785
bc 239 3.9692
bc 115 3.7095
bc 21 3.6624
bc 154 2.7587
bc 225 1.9832
C 210 1.5018
b oy
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Table 12. Pearson’s correlation coefficient among clonal mean production of female and male strobili, cones and filled

seeds per a cone and cone and seed morphological characteristics in the 1.5 generation seed orchard of Korean pine

(Pinus koraiensis) in 2020.

Female Male Filled Cone Seed
. .. Cone Dr
strobili  strobili seeds | Weight Length Width ey, | Weight Length  Width Thickness
Filled seeds -0.127  0.149  0.280° 0.458™ 0.534" 0.456™ 0.692" | 0.362" 0.237 -0.112  —0.175
Weight | 0085  0.293° -0.023 0.458" 0.539" 0.618" 0.747"| 0.162 0.389" -0.078  —-0.204
Length | 0.112 0216  0.054 0534" | 0.539" 0.539" 0.798™ | 0.308" 0.320° 0.119 0.004
Cone
Width | -0.133  0.137 —0.059 0.456" | 0.618" 0.539" 0.695 | 0.328" 0.438° 0.110  —0.086
Dry weight [ 0.071  0.246  —0.041 0.692" [ 0.747" 0.798" 0.695" 0.450 0507 0102  —0.046
Weight | —0.144  0.112  -0.069 0.362" | 0.162 0.308° 0.328" 0.450" 0.713" 0.676"  0.619"
Length | 0.108 0113 -0.195 0.237 | 0.389" 0.320° 0.438" 0.507"| 0.713" 0.607°  0.443"
Seed
Width 0.078  —0.034 -0.192 -0.112|-0.078 0119 0110 0.102 | 0.676" 0.607" 0.809"
Thickness | 0.086  —0.062 -0.196 —0.175 | —0.204 0.004 —0.086 —0.046| 0.619" 0.443" 0.809"

Rounded off to four decimal places; **p < .01. *p < .05; N=52.
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A ‘¢ sklet(Table 10).

FEAGIAI V) E TS 90%1M 44.369% ATe, 10%
oA 31.951& HAighs dehllo] FRAH &) =555 FEHTAI7L
7kl (Table 10). E=3 fdthld A FapaH o] dold 45

Haste] AFE 90%1M 0.989% Hhgt=, 10%14 0.9840] FHA4k

o

o7 yYehjo] A Ay nwd fAced i

rr

A W

¢

2o 2 Yehstth(Table 10).
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Table 13. Changes of clone and ramet numbers, and linear cone collection at various collection rates.

Collection rate  100% 90% 80% 70% 60% 50% 40% 30% 20% 10%
N 52 ol ol ol ol ol 51 51 ol 51
n 687 618 550 481 412 344 275 206 137 69
BV 0.019 0.101 0.165 0.226 0.286 0.338 0.387 0.435 0.521 0.523
TF (10,000) 17.58 16.24 14.9 13.44 11.83 9.93 7.88 5.9 3.92 1.97
Ns 46.477  44.345 42.825 41.126  39.058 37.629 36.716 35.877 32.820 32.783
GD 0.989 0.989 0.988 0.988 0.987 0.987 0.986 0.986 0.985 0.985
S 0 0.082 0.146 0.207 0.267 0.319 0.368 0.416 0.502 0.504

Rounded off to three decimal places for TF; Rounded off to four decimal places for BV, Ns, GD and S;
N, number of clone; n, number of ramets; BV, breeding value, sum of GCA and mean production of filled seeds per ramets; TF, total production

of filled seeds; Ns, status number; GD, genetic diversity; .S, Selection differential.
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Figure 11. Selection differential (S) and effective population size (Ns)

under the alternative option of linear cone collection at various cone

collection rates.
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Abstract

Development of Superior Seed Production Model
through the Analysis of Cone and Seed Characteristics

in a 1.5 Generation Seed Orchard of Pinus koraiensis

Ye—ji Kim

Major in Forest Environmental Science

Department of Agriculture, Forestry and Bioresources
The Graduate School

Seoul National University

The purposes of this study were to estimate genetic characteristics
of strobilus, conelet and cone production and to develop and
continuously utilize linear cone collection model in a clonal seed
orchard of Korean pine (Pinus koraiensis S. et 7Z.). The production of
strobili, conelets and cones per clone was investigated for three
consecutive years (2018~2020) to analyze the genetic variation of
cone and seed characteristics. The effective population size was
estimated for the production of strobilus, conelet and cone production

and also parental balance curve was drawn to estimate fertility
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variation among clones. The status of cone and seed production was
figured out through cone analysis. Then, the linear cone collection
model was proposed to collect cones from selected ramets and/or
clones (families) showing excellent growth and filled seed production
based on filled seed production and clonal GCA. As a result of one—
way variance analysis of the production of female strobili, male
strobili, conelets and cones (2018~2020), significant differences
among clones were found in all characteristics except for the conelet
production in 2019. In particular, clones with poor strobilus
production tended to be continuously poor. Broad—sense heritability
estimated from variance components was lower in the number of
female strobilus compared to the number of male strobilus, indicating
that there was larger variation among the individuals than the clones.
The year by year correlation of strobilus, conelet and cone production
showed positive in all years. In addition, the correlation between the
production of female strobilus and male strobilus was found to be
insignificant each year. The production of strobilus production among
clones was the most unbalanced when the seed production was poor

in 2018, Male strobilus production was more screwed than female,
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implying that only a few clones was contributing to the male strobilus

production. The effective population sizes for cone production were

8.9 and 24.3 in 2019 and 2020, respectively. This result reveals the

decrease of genetic diversity in seeds from the seed orchard. One—

way variance analysis of cone and seed characteristics showed that

the morphological characteristics of the cone and seed differed

significantly among clones. Cone analysis showed the highly

significant difference of morphological seed traits among clones and

also average ratio of damaged seeds and aborted seeds in the first

year. It was expected that if cones were collected with the linear cone

collection model presented in this study, genetic gain would increase

according to the selection rate and the genetic quality of seeds and

the production of superior seeds could also be improved.

Keywords: Pinus koraiensis, 1.5 generation seed orchard,
reproductive variation, genetic diversity, cone analysis, linear cone

collection

Student Number: 2019—-23128
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