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Republic of Korea.
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stelon, WHolAF(CY) = Ha

= 2ol wHjxEe st wEEAf
(standard deviation, S.D.) & ¥ (mean) © & Fo] 4F=E38FSith
S.D.
CV =
Mean
ey da7] (effective  population size, Ny)+= FujAS (W) 2k

Ho| A4 (CV)E ©]8€3F= Kang and Lindgren (1998)2] HHo ula}
ofef ¢} o] F74 ATt

N__ N
Y CV-+1

A7 N AT HADE d F b Aol H, Wi
A4 (sibling  coefficient) ]2 CVA= WOl A (coefficient  of
variation) ©| t}.

A EA 7] (relative  effective  population  size, N)=

FERNGATI (V) E A iz SV E Y A B

£ (%) o)™,
ofefj o} o] AAFs3T

N, (%) = s
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AR (genetic  diversity, GD)=  oFdl  FA I o]
R

t} (Lindgren and Mullin, 1998; Kang, 2000).

GD=1-——
2

5. 73} #4

THEAS gt FE& AFY U A5 @67) =g, 308¥)=
Ao 2 201435 2016374 3dzF o] NAG HAs 7=

ol

2~3744 AFsATE 267 welzEE e ddE wH E
¥q =

AT S5/ oz AEsk AT gL ke Aol (mm),

s

Z(mm) ¥ FA(0)E SAI G (HLE 5, 2011) (Figure 4).

Cone width (mm)

Cone length
(mm)

Figure 4. Morphological characteristics of mature cone collected from

the second generation seed orchard of Pinus thunbergii.
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Filled seed Empty seegi': Aborted (:,%:vulc

f

First year Second year
Removed scales and Seperated seeds aborted ovules aborted ovules

v

Figure 5. Method of cone analysis.

ZE AW Bk w94 AW (fertile scale) I EIA
Q1A (infertile scale) &% T3kl om, FTx= Ad=5FAF(developed
=

FESAG. AEFAHE 32

M
rlo

seeds) 8} A= (aborted ovules)
Z 2} (filled seeds), B]HFA(empty seeds) % Abs]EA}F(damaged
seeds) &  FEsIg o, wAMIFE A & TAMIF (first—year
aborted ovule)®} =4 3 AP (second—year aborted ovule) =
TE3G T (Lee et al., 1984) (3= 1).

Ak T2k 54 A5 o]&dte] FAYAEE (seed potential),
A 4xZE 24 (percent  developed seeds), ZFAZEA& (percent filled
seeds), A& (percent aborted ovules) % ZF2}§ & (seed

22
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efficiency) s AFEs k(A A2 345, 2013; Bramlett et al.,

1977) (F-= 1).

6. B4 4

WHESE 7 9t ST ASE W ST BAFY AolE

AAsta, FYSAH(Hel, &, FA) W FAR FHAEF 54
TAAN s, TS, FAFTA il )= =437 §lske
IBM SPSS statistics ver. 23.0& AFg3fo] dgujx] EAHEA (one—

way ANOVA)S AAstHch ofed  zZhzhe] EAkA

Hu:
<
aQ
3.
Q
=)
(@]
D

components) & AFE3IR oW, o]|ZHE H9 4 (broad—sense

heritability) & F74 3+ tH(Table 1).

Table 1. Estimation of broad sense heritability (4?) using variance

components.
Source of Expected ’
df H
variation mean square
Among clones iIC—-1 Ge’ + ko’
Geg/ (Ge2 + Gcz)
Within clones PN-2C Ge’

4 C : number of clones
PN : number of ramets within the clone

¢ k : harmonic mean (1/C—1) (N—3N%/N)
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T AL A (SCA) & istE 9 fara A 3 ea
TAEAY FHREN FE e #AE Zetrry] 98
@<=Ar 4 (Pearson’s correlation) al =217 7 (Spearman’s
correlation) #2415 AASAT. AMAYE A7 A 2 3H of A
By H& wwERgdE 55%% 59 (special combining  ability)
A2E FEelnh (e 5, 2009) (Table 2).

SAEAS A7) ool ZAzke] HolEel tigk Shapiro—Wilk

A AAS AAEE o, Tukey HSD (Honestly Significant

Difference) oz A AAS AAsPTE §o =& 0.056%

Akl

24



Table 2. Specific combining ability (SCA) for volume growth of the
combination of Pinus thunbergii grafted in the second generation seed

orchard.

NO. Combination SCA NO. Combination SCA

1 0638 X076 3.8810 14 075%X045 1.4363

2 06440646  3.3300 15 075x0641 0.9113

3 0648 <0815  3.3179 16 072x0636 0.7868

4 087 <0645 2.4431 17 096 X083 0.6563

5 0641 X073 2.4347 18 0619 X083 0.6196

6 0640 %094 2.0727 19 076x092 0.6159

7 0621 x0817  2.0344 20 0619 X062 0.5067

8 0233x0643 1.9332 21 0634 X077 0.4505

9 0638 <083 1.8347 22 0634 X081 0.4273

10 0214 x0661  1.6481 23 072>x045 0.3998

11 0614x0229 1.6205 24 096 X0638 0.3394

12 0224 X063 1.6006 25 075%x0636 0.3367

13 0644 <087 1.4382 26 076x0641 0.3180

*Z=2 0 AR 38 (2009)
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4% AT A%

1 ASF B 479 A4F o) ¥4

oFgr At Hte 20159 164.670, 20161 187.17) dow, =4
Me=F HrS 20159 2,257.170, 20169 5,112.970%ck 72
A Hare 201590 126.571, 20161 176.270tH(Table 3).
Mategat f2 Aarege] dist A=) FakRAe £ BAF A,

wilEs b FoSE Zpolzk dglem o NI fty ARl

WHEEE z2po]E Felalr] ¢lske] Tukey HSD tHEWAAS
AAeE Ax, 20159 & st WA (ramet) F HA 27 F-E]
A 6007474 2ol E BTt 2670 wEIR TS H ZFolo Ao
el 57 ZFoE vroRth BEHow s HAA A 23
0619x083(94.57)elda, 7b¢ weol 7istet =3 0638x083
(2727101t} % s zbol= A (ramet) 1+ A3F 7)35EkA
& ZFH 1690070704 WHe7E ®Wlvh wejxed g Aol
Aol wek 57 o ® yire] glom, FuHow 7 AA Jishe
2 0233x0661(15570), 7H& ®Weol 7Hstst =32 0644 0646

(4,96071) &= oF 304 o] Ate]E B ATt
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Table 3. Mean, range, CV (coefficient of variation) and F value for the production of female and male strobilli and

conelet during the period of 2015 and 2016 in the second generation seed orchard of Pinus thunbergii.

2015 (N=26) 2016 (N=26)
Female Male Conelet Female Male Conelet
Mean 164.6 2,172.0 121.0 187.1 28,211.0 171.9
94.5 155.0 23.5 27.1 22,171.8 88.4
Range
~272.0 ~4,960 ~271.0 ~337.8 ~39,333.3 ~271.0
CV (%) 25.1 11.2 52.9 29.4 16.0 23.8
F—value 3.03™ 4.36™" 4.677 2.617" 4.92™ 3.19™
wxx 1 p<0.001
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ol gtk
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=

A9 20159

0619x083%]

itk 087 X 0645

5

AT

A=

7S

ol

o

RK

R

oh

fro
N

1971w

==
5

T

;OHH

Nd

AR 2670 el

s

Nepake] Fatel Aol

Sk
=

B

A=

el At

wol =

1

R

o}
=

’

o
3%

7F worE 0648 X08159)

7§ &} o

LN
T

20154 9]

B

o)
=

7Hg sk 023306439 A5,

L A 2470

Eis

of o€ 27 2¢= A9l

=
=

bl

S

/2)]-.

F7HA 2

214,

28



Table 4. Multiple comparison for female (A), male (B) strobilus and
conelet (C) production in 2015 by post—hoc Tukey HSD test
(p<0.05).

(A) Female strobilus production in 2015

Group Combination Mean

0619 X083 94.55

: 087 x0645 102.00

0644 X0646 115.17

ab 0233X0643 117.14

0224 X063 117.33

075%x045 138.18

0960638 144.62

0640x094 147.86

075x0641 155.00

06480815 156.67

0619 %062 159.00

072x045 160.67

0641x073 162.67

0644 X087 168.75

abc 075X0636 170.67

076>x092 175.00

072%x0636 176.67

0214 x0661 179.17

0614 x0229 184.62

076x0641 185.63

0634 X077 192.00

0638 X076 203.64

0634 X081 209.09

0621 x0817 218.18

be 096 X083 249.00

c 0638083 272.00
29



(B) Male strobilus production in 2015

Group Combination Mean

a 0233X0643 155.00

075%x045 367.73

0619X062 567.00

076 x0641 588.75

0640x094 701.79

0638 X083 856.00

ab 0214 %0661 922.50

072%x0636 1554.44

0641x073 1566.67

0621 x0817 1765.45

076>x092 1884.00

0644 X087 2047.50

06140229 2057.69

075x0636 2058.00

096 X083 2068.00

0224 X063 2114.67

abc 0634 <081 2321.82

0960638 2370.77

0634 X077 2884.30

075x0641 3052.86

0638 X076 3064.55

0619 X083 3091.82

0644 X0646 3137.50

bc 087 x0645 3219.00

072x045 3301.33

c 06480815 4960.00
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(C) Conelet production in 2015

Group Combination Mean
a 0619 %083 23.45
ab 075 % 045 50.00

0233%X 0643 58.57

abe 072% 045 74.67

0640 % 094 83.86

076X 0641 84.81

0614 X 0229 91.38

0644 X087 93.75

076 %092 95.50

abed 096 X083 95.50

096 X 0638 97.69

087 X 0645 98.40

0224 X063 101.93

0641%073 103.27

075 %0636 117.13

0648 X 0815 125.67

0644 X 0646 126.42

abcde 0638 %083 141.20

075% 0641 149.50

072% 0636 152.11

0634 %077 154.80

bede 0621 %X 0817 198.00

0634 %081 210.64

cde 0214 X 0661 212.00

de 0638 %076 250.64

e 0619 %062 271.00
31



2016 & JREkEFe]l A9 AFH AFskH e AREH FHY
1,5607017FA] 7RA)| (ramet) 3F ®Wol7F Zivh JNstsy f-75-3 ALk

s Tukey HSD thEH 9 AAL Axst Axp, wozshd w9

o,

Zpolo] o8] 5709 aFCo® Uroizion, 0619x083, 0233 %0643,
0621 x0817, 072x0636< AlQlst 2270 wujxFo] FLst 15l
23 9= A#ES YEbtH(Table 5). F#F o7 ¢tzto] 713 o]
Meket 23> 072x0636(337.87N) ol 71 AA Jshet x93k
0619 x083(81.171) ©] it}

2016 % Mz de AMgstA o ZFE 60,000707H
NA ZE ApelZE ZAR, 23 2 B vuRS o 7 o] Agst
Z3 0648x0815(39,333.37D % 7H& AA Mskst =3 075x045
(22,181.171) 2] Atol= AA] okokh. Hte] Apole] &3] 267 wwl

Z3to] 117 1507 Yo ).

% TNstEe] 7HE A" 0619x0839 A 3 JHstE a9
T AR B W2 T5Eel &8 Uitk b skl THE
Wekd 072x06369] A-¢, v MN3F = 1ol F& AR

G2 NEee] Jbg kR 075%0459] A% 9 AFws 47
WAl B e TFo] 3t 0648% 08159 A4 % s

Tt ARl TR wstod, o e S 1Eel =
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Table 5. Multiple comparison for female (A), male (B) strobilus and
conelet (C) production in 2016 by post—hoc Tukey HSD test
(p<0.05).

(A) Female strobilus production in 2016

Group Combination Mean
a 0619 X083 81.09
ab 0233xX0643 120.50

0619 %062 127.90

0644 xX0646 131.58

087 x0645 133.60

075%x045 140.91

075x0641 156.43

076>x092 162.08

0641x073 171.67

075x0636 178.87

0960638 179.92

0638 X076 181.82

he 0644 X087 183.06

0224 X063 184.47

072x045 188.93

0638 X083 193.40

06140229 203.85

0634 X081 207.36

06480815 215.00

076x0641 216.44

0634 X077 225.00

0214 %0661 225.83

096 X083 229.50

0640x094 233.14

bc 0621 x0817 315.73

c 072x0636 337.78
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(B) Male strobilus production in 2016

Group Combination Mean

a 075x045 22181.82

ab 0619x083 22272.73

abc 096 X0638 22769.23

abed 0638X076 23636.36

075X0636 24866.67

0634 <077 24900.00

072x0636 25333.33

0224 X063 25400.00

076x0641 25562.50

abcde 0638 X083 25800.00

072x045 26200.00

075x0641 26214.29

0619 x062 26400.00

076x092 26416.67

096 X083 26800.00

087X0645 29100.00

0621 x0817 30000.00

abcdef 0214 x0661 30083.33

0233x0643 31214.29

06440646 31750.00

bcdef 0640>x094 33071.43

cdef 0644 <087 33375.00

def 0634 X081 33727.27

0641x073 34600.00

of 0614x0229 35461.54

f 06480815 39333.33
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(C) Conelet production in 2016

Group Combination Mean

a 0233X0643 88.43

075%x045 113.45

ab 0619 X083 114.45

he 087 x0645 118.80

0224 X063 136.73

075x0641 153.71

0640x094 155.71

0960638 155.85

072x045 160.47

076 x0641 161.75

0644 X087 165.81

0641x073 168.53

0644 xX0646 171.25

abcd 0638 X076 176.91

075x0636 184.87

0621 %0817 193.73

0638 X083 194.00

072x0636 199.56

076>x092 200.17

0634 X077 201.10

0214 x0661 204.83

0619X062 206.10

bed 096 X083 220.40

0634 X081 221.64

cd 0614 x0229 242.15

d 06480815 271.00
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Table 6. Variance component and broad—sense heritability (#) for the production of female, male strobilli and conelet in

the second generation seed orchard of Pinus thunbergii.

2015 2016
Female Male Conelet Female Male Conelet
Var (clone) 857.8 711,930.8 2,741.6 11,698,027 14,995,443 1,352.1
Var (error) 11,814 2,306,492 9,295 49,663,992 92,387,122 6,623.6
K 0.068 0.236 0.228 0.191 0.140 0.170
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1.3 Parental balance curve

o NS 201599 A9, AT 24 T 20600 wexd
7R 11238 38%) ol Al 7HstEe] °F 50% o= A,
2016 d == 2228 (85%) 0l A MeFHS] oF 90% olds 747
A ske] A A o7 2T 7 bEEe] Vol EE A skt (Figure 6).

A9, AA 2670 wHizd F 2015dole= 8%%
(30%), 2016\l 1223 (46%) 0] WA MaF] o 50%5 #A
o, AA MepFe] o 90% oS AABE ZFe] 2015\l

1823(69%), 2016Wel= 2323 (B88%)S.x FA=o 20159
F2o] 7l st v At 2FoE FAEHASS & F AN

T Ak A
(35%), 20169l 11x25U2%)°] HA F73 ikl 50%E
]_
20159l 2123 (81%), 2016WelE 222F(85%) 02 #72

S, AA 2670 welzd T 2015dd= 9x%%

rir

29471

ol

Ao, AA o A 90% ol

o

ZFA]

kel 23 7]olgo] At o® nE=A YEbdS & 5 AT
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(A) (B) ©)

E Female 1 Male . 1 Conelet
R g i g
S o8 8 £
E Z 08 Z o8
= g =
= = =
§ o6 g 06 S 06
= =1
g g 2 -
5 04 5 04 g 04 -
E E R I = -===-2015
g 2015 E E
g o2 — - -2016 g o0z g oz -~ 2016
Z Expected < Expected 4:‘3 —— Expected
0 0 0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Proportion of parents Proportion of parents Proportion of parents

Figure 6. Parental balance curve; accumulated contribution of female (A), male (B) strobili and conelet (C) production
for proportion of parents during the period of 2015 and 2016. Straight line represents equal contribution among

combinations.
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1.4 83937 4 39U 4

FEATHATI (V)= 201599 A9 +E 245, % 126 1¥
el 20.302 FAEHSNOH, 20169 AE ¢
25.4 18]al fFaEko] 24,602 FAEH A (Table 7).

201599 A FEY fFaygddarizr owe 9A FAEH

TAGSEE (GD) A A 9GA FAAHEJAH(Table 7). =,

K

bl

23.9, &

bl

ATl 09572 FEHY wE 2Ad AFAA FAY
S el FAuFd Hae By HAd(eExdh)
4.3

%[=(1-0.957)x100] = FH = At}

Table 7. Effective population size (N, relative effective size (N)
and gene diversity (GD) for female, male strobili and conelet

production in the second generation seed orchard of Pinus thunbergii.

2015 (N=26) 2016 (N=26)
Female Male Conelet Female Male Conelet
Ns 24.5 11.5 20.3 23.9 25.4 24.6
N; (%) 94.1 44.2 78.1 92.0 97.5 94.7
GD 0.980 0.957 0.975 0.979 0.980 0.980
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1.5 AAPZ X2 Mg 9 /73 AAF 7 3R

o FE s G AR Wed # (Person’s correlation)
w4 Ay, 201593 2016 B o7 Ao AdeE BT (p<0.05)
(Table 8). -3 Mty #2k Aakel] izt =943
(Spearman’s correlation) °|A+= 20169 &3 F+3 7+ A3

A9t BE 98 A JATS 1At (p<0.05).

R

Table 8. Person’s (below the diagonal) and Spearman’s (above the
diagonal) correlation coefficients. Between specific combining ability
(SCA) and female, male strobili and conelet production. (* : p<0.05,
** : p<0.01).

2015 SCA Female Male Conelet
SCA - -0.52 -.011 .038
Female —.067 - 717 403"
Male .007 187" - 1747
Conelet .047 4117 184" B
2016 SCA Female Male Conelet
SCA - —.009 290" —.085
Female —-.019 - 307" 366"
Male .233" .305™ - .320
Conelet —-.099 379" 341" -
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2. 79 U FAEY 2

2.1 73] JHsy 54

T3 ol HFE 2014de] 554 mm, 2015¢°] 51.5 mm,

2016d°] 60 mm%ltt. ¥ F HFLS 2014W°] 31.4 mm,

20159d9°] 29.7 mm, 2016d°] 31.7 mmz uYEeErst T3 i
TAE 2014do] 18.1 g, 2015do] 22 g, 20164Wo] 28.4 go#&,

ARk o R 201699 F#7F 7H 5 S Yelth(Table 9).

Table 9. Length, width and weight of conelets in the second
generation seed orchard of Pinus thunbergii during the period of

2014~2016.

2014 2015 2016

L Wd Wt L Wd Wt L wd Wt

Mean 55.4 31.4 18.1 51.5  29.7 22 60.0 31.7 284

SD. 532 331 5.13 5.7 246 573 637 277 6.95

Cv  0.083 0.097 0.251 0.098 0.072 0.224 0.088 0.079 0.210

Min 43.3  23.7 8.6 41.1 23.5 11.6  52.8 23.61 12.87

Max 70 404 31.3 73.3 38 489 778 394  53.8

#* L ¢ length (mm), Wd : width (mm) and Wt : weight (g) of conelet, respectively.
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Table 10. Multiple comparison for length (A), width (B) and weight
(C) in 2014 by post—hoc Tukey HSD test (p<0.05).

(A) Cone length in 2014

Group Combination Mean (mm)
a 075%x045 46.64
ab 0619X083 49.32

0634 X077 49.96
0634 X081 50.34
abc

0638 X083 50.36
076 X0641 50.90
0644 xX0646 51.52

abcd
096 X083 52.06
0619X%X062 53.94
abcde 0224 X063 54.10
087 xX0645 54.10
075x0641 55.14

bcde
0648 X0815 55.86
0233X0643 56.00

bcdef
096 X0638 56.00
0644 X087 56.52

bcdefg
0638X076 56.60
0214 X0661 56.90

cdefg
075%X0636 57.08
0621 X0817 57.18

cdefgh
076 X092 57.32

defgh 072 %045 58.90

efgh 072%X0636 60.48
fgh 0641 X073 63.46
gh 0640X094 63.90
h 0614 X0229 64.70
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(B) Cone width in 2014

Group Combination Mean (mm)
087 %0645 26.02
: 0638 %083 26.48
0638 %076 28.22
076 xX0641 28.44
ab 0644 x0646 28.62
075x045 28.74
0634 %081 29.32
abc 075x0641 29.38
0619x083 29.62
096 x083 30.20
bed 0648 x0815 30.40
072x0636 30.64
0224 x063 30.78
0619x062 31.44
bcde 0634 x077 31.60
072%x045 31.70
0644 x087 32.62
cdef 0640x094 32.74
075x0636 32.94
dof 076x092 33.50
0214 x0661 33.82
ef 0621 xX0817 34.82
efg 0614 x0229 35.14
g 0233x0643 35.54
096 X0638 35.54
g 0641 %073 38.84

47

8

)

: 1_'_” [

|

I

1L



(C) Cone weight in 2014

Group Combination Mean (g)
a 096 X0638 9.59
0233X0643 13.10
075x045 13.17
ab 087 x0645 13.31
0638083 13.59
075x0636 13.87
be 0644 X0646 15.39
0638%076 15.47
0619x%083 15.84
096 X083 16.36
0224063 16.49
bcde 076 x0641 16.52
075x0641 16.53
0634 %081 16.74
beder 0634 X077 18.72
0641x073 18.74
bedef 0619X%062 18.80
0648X0815 18.81
cdefg 072x0636 20.43
defg 072x045 21.70
efgh 0214X0661 22.92
076 x092 23.46
fgh 0621 x0817 23.68
0644 X087 24.14
gh 0640x094 25.44
h 0614 xX0229 28.53
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Table 11. Multiple comparison for length (A), width (B) and weight
(C) in 2015 by post—hoc Tukey HSD test (p<0.05).

(A) Cone length in 2015

Group Combination Mean (mm)
0224 x063 44 .41
‘ 075x045 44.63
ab 0648 x0815 45.49
096 X0638 46.03
0214 x0661 46.26
0614 %0229 47.16
abc 075x0641 47.57
0621x0817 47.71
076 X092 48.01
0619x083 48.48
072x045 50.56
bed 096 X083 50.58
072x0636 50.66
0634 x077 51.24
0641x073 51.36
abcdf 0619 x062 52.06
0644 x087 52.27
0644 x0646 52.86
cdfg 087 x0645 53.17
076 x0641 53.33
dfgh 0634 x081 56.73
0233x0643 58.25
fgh 075x0636 58.60
0640x094 58.65
gh 0638 %083 59.13
h 0638 %076 63.15
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(B) Cone width in 2015

Group Combination Mean (mm)
a 075xX0641 25.91
ab 0634 X077 26.31

0648 X0815 26.45

abc
087 X0645 26.75
075 X045 27.76

abcd
0621 x0817 28.13
0224 X063 28.80
0644 X087 28.84

abcde
0214 x0661 29.09
072xX0636 29.12
096 X0638 29.17
abcdef 076 x092 29.20
0641 X073 29.24
0634 X081 29.25

bcdef
072 X045 29.63
cdef 096 X083 29.69
076 X0641 30.67

defg
0640x094 30.71
0619x%x083 31.60
0614 %0229 31.66
efg 075x0636 31.92
0644 X0646 31.92
0619%062 32.06
fg 0233%x0643 32.47
0638%x083 33.36

g
0638%076 33.65
51
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(C) Cone weight in 2015

Group Combination Mean (g)
075x0641 15.42
! 075x045 15.82
ab 0634 X077 16.95
0648X0815 17.35
abc 087 x0645 17.51
0224063 18.16
abcd 096 X0638 18.46
0214 %0661 18.85
0621 x0817 19.23
076 <092 19.30
0641X073 19.94
abcde 0644 X087 20.13
072x045 20.19
072x0636 20.49
096 X083 21.08
0614x0229 22.65
abcdef 0619%083 23.04
abcdefg 0634 X081 23.33
bedefg 076 x0641 24.70
0619X%062 24.76
cdefg 0644 X0646 25.18
defg 0640x094 26.45
efg 075%x0636 26.80
fgh 0233x0643 29.77
gh 0638 %083 30.98
h 0638%X076 35.49
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Table 12. Multiple comparison for length (A), width (B) and weight
(C) in 2016 by post—hoc Tukey HSD test (p<0.05).

(A) Cone length in 2016

Group Combination Mean (mm)
a 087 x0645 52.78
096 X083 53.00
ab 0634 X081 53.04
0619x062 54.33
abc 0619x083 54.41
0621x0817 55.03
abcd 075%x045 55.28
bede 0638083 56.19
0214 %0661 56.23
0224 X063 56.70
abcdef 075x0641 57.37
096 xX0638 58.37
abcdefg 072x0636 58.58
0644 %087 60.23
2bedefgh 076x0641 60.57
0644 X0646 61.79
0641x073 62.15
becdefgh 0638 %076 62.69
cdefgh 0648 x0815 63.30
defgh 0634 X077 64.95
defgh 0614 %0229 65.06
efgh 076 X092 65.44
fgh 075x0636 66.33
gh 0233x0643 68.34
N 072X045 68.57
0640x094 69.71
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(B) Cone width in 2016

Group Combination Mean (mm)
a 087 %0645 25.41
ab 0644 <0646 28.38

0638 <083 28.55
abc
0638 %076 28.58
bed 096 X083 29.20
bcde 075%x0641 29.67
0214 x0661 30.49
072%x0636 30.57
bcdef 096 x0638 30.73
0648 <0815 30.80
0619x%062 31.24
075%045 31.42
bcdefg
0621x0817 31.46
cdefgh 0634 %081 31.80
076 %0641 32.23
076092 32.27
defghi
075%x0636 32.31
0619x083 32.54
072x%045 32.74
efghij
0641x073 32.87
fghij 0224 %063 33.34
ghij 0233%x0643 34.63
hij 0614 %0229 35.03
N 0640x094 35.18
1]
0634 <077 35.49
j 0644 <087 35.95
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(C) Cone weight in 2016

Group Combination Mean (g)
a 087 x0645 16.15
096 X083 22.30
0638083 23.12
ab 075x045 23.53
075x0641 23.53
0638%076 23.91
0644 X0646 24.24
abc 0621X0817 24.58
0634 X081 24.60
0619x%062 25.21
072x0636 26.09
be 096 X0638 26.47
0619%083 26.68
bed 0224 X063 26.69
0214X0661 26.89
bcde 076 x092 28.51
076 <0641 28.82
bcdef 0648X0815 28.84
075X0636 30.43
bcdefg 0641x073 31.83
cdefg 072%X045 33.50
defg 0634 x077 36.29
ol 0644 X087 37.78
0614 %0229 38.14
fg 0233x0643 38.18
g 0640x094 41.28
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T3 & FAEAEE S 20140l 80.4, 2015 el 80.9, 2016l
96.5% A= om, FH 94 AWMF+= 2014 40.170, 201549
40.470 2016l 49702 dxE Xpolrp A Stk (Table 13).
ey v s 20144o] b 29.871, 20154o] HAt
38.371, 2016d°] B+t 46.8702 WL pol7t vl 2l A YEFH

FAMRFE 20149 HiE 20.070, 20154d0] 15.87H, 201649
25.570% vk (Table 13). IAMIFES 2014l 24.9%, 201549

=

32

18.9%, 2016l 23.9%% 2014d°] 7V =

Table 13. Cone analysis at the second generation seed orchard of

Pinus thunbergii between 2014 and 2016.

Aborted  Developed seed Filled Seed
Seed Aborted o
Year ovules ; seed efficiency

. Empty Filled
potential ovules (%) Total P S g (%)

seed seed

2014 80.4 20.0 249 604 13.1 473 77.6 58.8
2015 80.7 15.8 189 65.0 10.0 550 84.2 68.5

2016 96.5 25.5 239 71.0 6.8 64.2 90.1 68.6
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T3 A s FAFE 201499 60.470, 20159l 65.070,
2016l 71.070%ew 1 5 FAHAFTATE 2014 47.37H, 20154
55.071, 2016\ 64.270 4t}

FATAELS 20149 77.6%, 201590 84.2% 1¥]al 2016l
90.1%= 20164° FAFAEC] 7M. TH/EES
2014 58.8%, 20159 68.5%, 20164l 68.9%% 2016d¢]
Vg A vEbs T we s bR dae R Fy-skgion,

T D B BYS 2F 3 A F BAT(RE 2).

sy 3 Ay, 201499 A9 FAAASEE 117) 1Fo%
throlgom, 075x0636 3ol 50.4%2 7F wekom, 0614 x0229
zgo]l 114.08% 7FF =tk (Table 14). A5FAES 107
OFo®  Uoson, 075x0641(34.47)°01 P S@gtw
0648 x0815%F 072x0636 %3+ 7FF @& OFo EIHUAL
096x0638(86.10) 2] A=FA&e] 7P #Svh SATAES 1470
OFo®  UrolFal,  0644x0646(11.36) 0%  7pg wgkor
075X0641(96.11)°] 7F¢ =gtk IAMIFEES 114 I§o=
ol Rrk. 0214 X0661(4.8)0] 7Hg w9kil, 0640x094(63.18) 7}
7bg =tk 096 x063837 0638 x0830] 0640x0948 o] H 4+
a8 EEHIAY. FAEELS 127 aFeE uFo  FoH,

0644 xX0646(9.8)°] 7 w3kl 096 x0638(80.26) o] 7Hg =Skt
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Table 14. Multiple comparison for seed characteristics from cone
analysis in 2014 by post—hoc Tukey HSD test (p<0.05).
(A) Seed potential in 2014

Group Combination Mean (seed)
a 075%X0636 50.40
ab 0648 x0815 60.80

075%x0641 60.80

0634 %081 61.60

0644 x0646 66.00

abc 0638%076 69.20

0214x0661 70.00

0233x0643 71.20

bed 075X%045 72.40

0641073 73.20

072%0636 78.00

abcde 0644 X087 78.40

0640x094 79.20

bcde 096 X083 82.00

0224 X063 83.20

072X045 84.00

0619x083 87.60

bedet 087 X0645 87.60

096 X0638 88.00

0638083 88.80

0619x062 90.40

0621 x0817 91.20

cdef 076x092 92.80

def 076 x0641 102.80

ef 0634 X077 105.20

f 0614x0229 114.00
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(B) Developed seed rate (%) in 2014

Group Combination Mean

075x0641 22.21

a 06480815 33.77

072x0636 38.31

0634 %081 57.47

b 075x045 57.64

075%0636 59.48

bc 0644 x087 59.90

0641x073 60.96

bed 0214 x0661 61.69

0619x083 64.1

087x0645 65.61

bcde 0233x0643 66.01

0619 x062 66.14

0640x094 68.29

0638 X083 68.32

072X%045 69.36

076x092 70.44

bedef 0638X076 70.50

0634 <077 70.95

0224063 70.99

0621 X0817 74.66

096 X083 74.90

cdef 076x0641 76.41

def 0614 x0229 78.91

ef 06440646 82.89

f 096 X0638 86.10
60
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(C) Filled seed rate (%) in 2014

Group Combination Mean

a 0644 x0646 11.37

b 075x045 52.87

bc 06480815 63.09

bed 0634 %081 69.36

cd 076x0641 70.16

cde 075x0636 70.64

cdef 0638x076 71.94

cdefg 0638 X083 77.46

0214 x0661 78.36

cdefgh 0640x094 79.32

0634 <077 79.57

087x0645 80.10

096 X083 80.44

0619 %083 81.40

defgh 0224 X063 81.57

0233x0643 81.73

0619 x062 83.68

096x0638 84.21

0621 x0817 84.53

efgh 0641x073 87.35

fgh 072x0636 87.85

072x045 90.21

0644 X087 90.30

e 076x092 91.56

0614x0229 92.59

h 075x0641 96.11
61
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(D) Aborted ovules rate (%) in 2014

Group Combination Mean
a 0214 x0661 4.84
0224 %063 8.75
ab 0638076 9.10
abc 0644 <0646 12.40
bed 06480815 13.90
096 X083 14.00
072x045 17.78
0614x0229 18.01
abcde 0641X073 19.02
0634 X077 19.35
0233X0643 19.46
072x0636 20.68
bcde 0619x083 21.79
076x092 23.39
0621 x0817 24.92
cde 075x0636 24.94
0634 %081 25.72
075x045 26.95
087x0645 27.76
de 076x0641 27.89
075x0641 28.28
0644 X087 32.30
¢ 0619x062 32.56
0638083 52.12
f 096 x0638 55.34
0640094 63.19
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(E) Seed efficiency (%) in 2014

Group Combination Mean
a 06440646 9.80
ab 0648 x0815 27.90
bc 075x045 35.40

bcd 075x0641 35.61

bcde 072x0636 41.97

cdef 076x0641 52.64

def 0634 X077 53.95

ef 0634 %081 54.54

0619 x083 58.37

ofg 087x0645 58.44

0638 X083 58.56

0619x062 60.37

0214 x0661 63.25

075xX0636 64.37

0640x094 65.34

0638 X076 65.60

0644 <087 66.98

fgh 0224 X063 67.00

0614x0229 67.33

0621 X0817 68.19

076x092 68.87

0641073 69.16

0233X0643 70.19

096 X083 70.30

gh 072x045 73.02

h 096 x0638 80.26
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Table 15. Multiple comparison for seed characteristics from cone
analysis in 2015 by post—hoc Tukey HSD test (p<0.05).
(A) Seed potential in 2015

Group Combination Mean (seed)
a 0634 X077 56.40
ab 0640x094 58.40

abc 0648 0815 66.80

bed 087 X0645 69.60

075X045 71.20

076 x092 74.40

072X045 76.00

072%X0636 76.00

0224 X063 76.40

075X0636 77.60

bede 0621 xX0817 78.40

096 X0638 78.40

0233 x0643 80.80

0644 <087 82.40

0614 X0229 82.80

0641 X073 82.80

096 X083 83.20

bcde 0634 <081 85.60

cde 0644 X0646 86.00

076 x0641 87.60

ede 0619X%062 91.20

0638 X083 92.80

075x0641 94.00

0214X0661 94.40

ae 0619%083 94.80

e 0638 X076 100.40
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(B) Developed seed rate (%) in 2015

Group Combination Mean

075%x045 50.84

a 075x0641 52.32

0644 X087 52.54

b 0214 x0661 69.48

bc 072x045 77.25

0233X0643 77.52

0641 X073 77.75

bed 0638 X083 78.21

0621 x0817 78.95

0619X062 79.74

bcde 075x0636 80.08

bcdef 0224 X063 81.84

bcdefg 0638 X076 82.64

076>x092 85.27

0614 x0229 85.41

087 x0645 86.61

0619 X083 86.74

cdefg 0644 x0646 88.45

06480815 88.80

076 x0641 89.32

096 X0638 91.00

0640x094 91.18

defg 0634 X081 91.70

efg 096 X083 94.05

fg 0634 X077 95.88

g 072x0636 96.26
66
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(C) Filled seed rate (%) in 2015

Group Combination Mean
a 075x0636 43.92
b 0614 x0229 69.96
be 096 X0638 74.45

0634077 79.55
0641x073 81.27
075x045 82.05
075x0641 82.59
0644 xX0646 82.68
0640x094 82.78
bed 0644 X087 83.39
0224x063 83.49
072x045 84.62
06480815 85.19
076x0641 85.76
0621 x0817 85.85
0214 x0661 85.87
096 X083 87.53
cd 0619x083 88.65
0233X0643 90.18
076x092 91.69
a 087x0645 91.85
0638083 91.98
0634 X081 92.66
d 0619X062 93.20
0638X076 93.59
072x0636 94.57
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(D) Aborted ovule rate (%) in 2015

Group Combination Mean
a 072x0636 3.74
ab 0634 X077 4.12

abc 096 X083 5.95
abed 0634 %081 8.30
0640x094 8.81
096 X0638 9.00
076x0641 10.68
06480815 11.20
abcde 0644 x0646 11.54
0619x083 13.26
087x0645 13.39
0614x0229 14.59
076x092 14.73
abcdef 0638x076 17.36
bcdef 0224 X063 18.16
cdef 075x0636 19.91
0619 x062 20.25
0621 x0817 21.05
def 0638 <083 21.79
0641073 22.25
0233X0643 22.48
ef 072x045 22.75
f 0214 x0661 30.52
0644 X087 47.46
g 075x0641 47.68
075x045 49.16
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(E) Seed efficiency (%) in 2015

Group Combination Mean

a 075X0636 35.04

075x045 41.81

ab 075x0641 42.94

0644 X087 44.02

be 0614 x0229 59.56

0214 x0661 59.64

cd 0641 %073 63.14

cde 072x045 65.77

096 X0638 67.73

0621 x0817 67.81

cdef 0224 X063 68.36

0233xX0643 69.81

0638083 71.93

06440646 73.17

0619x062 74.32

06480815 75.54

cdefg 0640x094 75.98

0634 X077 76.20

076x0641 76.73

0619x083 77.01

0638 X076 77.42

deig 076x092 78.18

087x0645 79.46

efg 096 X083 82.38

fg 0634 %081 85.01

g 072x0636 90.99
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096 <083 (84.23)°] 7}d =9kth 0640%x094%] 37) ZFo]
0644 x087% 2 &l EZF= Gtk (Table 16).
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Table 16. Multiple comparison for seed characteristics from cone

analysis in 2016 by post—hoc Tukey HSD test (p<0.05).

(A) Seed potential in 2016

Group Combination Mean (seed)
a 0233%X0643 60.40
ab 0619X083 67.20

abc 0641 %073 70.00

abcd 087 %0645 74.80

abcde 096 x083 78.40

abcdef 0634 X081 82.40

abcdefg 072 X045 84.40
0648 X0815 85.20
bcdefg
075 X045 88.00
bcdefg 075%X0636 88.00
0640 X094 89.60
bcdefgh
072X0636 90.40
0224 X063 92.00
cdefgh 096 X0638 92.80
0619 X062 94.40
0634 X077 96.00
defghi
076 X0641 98.80
efghi 0614 %0229 102.40
0621 %0817 104.00
fghi
0638x076 106.00
. 0638x083 108.40
ghi
075%x0641 108.40
hi 076x092 112.80
i 0214 xX0661 119.60
) 0644 <087 155.20
J
0644 x0646 158.80
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(B) Developed seed rate (%) in 2016

Group Combination Mean

a 0644 X087 32.56

0214 x0661 52.77

b 075x045 54.30

bc 0644 x0646 57.76

bcd 075x0641 64.27

bcde 0619x062 66.35

cdef 0638076 71.45

defg 0634 X077 74.18

defgh 076x092 75.39

0614x0229 75.98

defghi 096x0638 79.33

0648 x0815 81.41

efghi 0638 X083 81.81

0621 x0817 82.00

072x0636 82.42

0619 %083 82.51

0224 X063 83.06

fghi 075xX0636 83.59

087x0645 83.99

0233X0643 84.75

076x0641 85.26

072x045 85.35

ghi 0640>x094 88.05

0641x073 88.66

hi 0634 %081 91.16

i 096 X083 92.43
72
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(C) Filled seed rate (%) in 2016

Group Combination Mean
a 075X0636 43.97
b 087x0645 73.57

0619x062 85.20
075x045 85.46
be 0619x083 86.01
0621 X0817 86.39
0634 %081 89.98
0644 X087 90.94
0214 x0661 91.08
096 X083 91.12
0638x076 92.06
072x045 92.51
0641x073 92.71
075x0641 93.56
072x0636 93.73
0640x094 93.82
‘ 06440646 94.32
0233X0643 94.98
096x0638 95.14
076x0641 95.36
0634 X077 95.42
0224X063 95.82
076x092 95.94
0614 x0229 97.21
06480815 97.32
0638 X083 97.70
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(D) Aborted ovule rate (%) in 2016

Group Combination Mean
a 096 X083 7.57
ab 0634 %081 8.84

he 0641x073 11.34

0640x094 12.16

072x045 14.65

076x0641 14.74

bed 0233X0643 15.25

087x0645 16.01

075x0636 16.41

0224 X063 16.94

0619x083 17.49

072x0636 17.58

abcde 0621 x0817 18.00

0638083 18.19

06480815 18.59

abcdef 096 X0638 20.66

bedef 0614x0229 24.02

076x092 24.61

cdef 0634 X077 25.82

defg 0638X076 30.43

efgh 0619x062 33.65

fgh 075x0641 35.73

0644 X0646 42.23

e 075x045 45.24

h 0214 x0661 47.23

i 0644 X087 67.44
74
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(E) Seed efficiency (%) in 2016

Group Combination Mean
a 0644 X087 29.35
ab 075x0636 36.91

abc 075x045 46.28
abed 0214 x0661 47.93
bcde 0644 <0646 54.47
cdef 0619x062 56.94

cdefg 075x0641 59.94

cdefgh 087x0645 61.86

defghi 0638 <076 65.98

0634 X077 70.86
0621 x0817 71.13
efghi 0619 %083 71.39
076x092 72.36
0614x0229 73.88
fghi 096X0638 75.43
072x0636 77.34
ghi 072X%045 78.96
0648 <0815 79.30
0224 x063 79.53
ni 0638083 80.00
0233X0643 80.53
076x0641 81.21
0634 %081 82.00
) 0641x073 82.12
1 0640x094 82.51
096 X083 84.23
75

i)

8

-]

]| '@}

] L8



VAP S7FekH W EAE FAshe Ao yErsit) oof ek

wHjRFe] HBAES AbEstel 399 A9 (broad sense

heritability, /)& F43 2

J;

o
T3dol= H4 0.081(2016), Hj
0.651(201H = YeEFed, F3%HS HA 0.171(2015), Hd
0.759(2014) ¥z F¥HFAE  HA 0456 (2015, Ho
0.748(2014) & YeRsttH(Table 17). uwebd 342 ey 54
A= T Aot M AE 74 W= o7 e,

2014959 T3} gAo] 71 =2 $A4HS B

o
s

nt

TASA fHEs FH% Ay, FANAEES Hx 0.328
(2015), Hdl 0.528(2016), A=FAHE> H4A 0.417(2016), FHl
0.699(2014) = ettt TATAES] #4482 H4 0.214(2016),
Hd 0.466(2014)°10 o, wAMNFES] F482 4 0.422(2016)
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Table 17. F—value, variance components and broad—sense heritability (#°) based on the analysis of cone and seed for

the studied years (2014 ~2016)

2014 2015 2016
F c.2 6.2 W F c.2 6.2 Vig F c.2 6.2 ik
L 10.58™ 19.1 10.2 0.651 12.84™" 15.2 28.8 0.345 7.09™ 201.3 2,292.9 0.081
Wd 19.43™ 8.5 2.7 0.759 13.37" 7.2 34.7 0.171 10.65™" 8.7 18.8 0.316
Wt 12.34™ 20.9 7.0 0.748 12.39" 31.2 37.2 0.456 10.60"" 37.9 30.0 0.558
SP 7.08™ 125.8  207.0 0.378 4.42™ 68.8 141.1 0.328 17.48™ 293.2 262.1 0.528
DS (%) 11.63™ 157.5 67.8 0.699 14.13* 113.0 55.0 0.672 10.52"" 89.4 125.0 0.417
FS (%) 11.49™ 159.8 182.8 0.466 7.50™ 69.3 118.9 0.368 4.16™ 53.0 162.5 0.246
AO (%) 16.96™" 148.5 50.5 0.746 14.13* 154.8 1455 0.515 10.63*" 179.8 245.8 0.422
SE (%) 10.63™ 180.3 134.1 0.573 13.57 139.4 71.4 0.661 9.82™ 182.7 157.1 0.538

#xx 1 p<0.001
L :length (mm) and Wd : width (mm) and Wt : weight (g) of conelet, , respectively. SP : seed potential, DS : developed seed percentage (%),

FS : filled seed rate (%), AO : aborted ovules rate (%), and SE : seed efficiency (%)
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A

Table 18. Pearson’s correlation coefficient (below the diagonal) and
Spearman’s correlation coefficient (above the diagonal) between cone

and seed characteristics for the studied years (2014 ~2016).

(a) 2014
2014 L wd Wt SP DS (%) FS (%) AO (%) SE (%)
L - 679 622 —.065 -.043 358 -.062 287
wd 667 - 500 070 134 3757 012 477
Wt 628 417 - 136 —-.051 341 —-.076 .117
SP -.054 .035  .128 - 576 3200 .193  .185
DS (%)  —-.031 .122 -.074 577 - -.017 -.055 407
FS (%) 352 337 291 269  —.100 - 106 535
AO (%)  -.028 -.003 -.127 180 -.019 .106 - ~-.014
SE (%) 285  .442 053 214 376 533  .020 -
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® 2015

2015 L wd Wt SP DS (%) FS (%) AO(%) SE (%)
L - 518" 7597 2217 069 293" -.073  .147
Wd 584" - 901 452 .035 A11 —.021  .040
Wt 798" 915 - 4217 082 2100 -—.071  .113
SP 217 449 404 -  -318 179 303 —.075

DS (%) 105 041 104 —349"7 - 137 —1000° 736

FS (%) 250 .105 191  .152  .144 - -138 708"

AO (%) -.115 -.034 -.103 306 -.999 —.148 - 731"

SE (%) 131 045 122 -.095 748" 708" —.745" -
© 2016

2016 L wd Wt SP DS (%) FS (%) AO(%) SE (%)
L - 797 797 122 —.007 214  .050 .052
wd 783" - 1.000 .072 008 909 .012 .082
Wt 783" 1.000 - 072 .008 209 .012  .082
SP 081  .081  .081 - —595 243 595  —.400

DS (%)  —.015 —.057 =-.057 —g22 - 012 —999 826

FS (%) 169 210 .210 .211  .007 - —.019 433"

AO (%) 071 088  .088 18 —.998 —.028 - —894"

SE (%) 014 011 011 —437" 8297 455" —g26 -

# 1 p<0.05, ** : p<0.01
L :length (mm), Wd : width (mm), Wt : weight (g), SP : seed potential,
DS : developed seed percentage (%), FS : filled seed rate (%), AO : aborted

ovules rate (%), and SE : seed efficiency (%)
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Cone analysis items

Classification

Cone morphology

Cone length (mm)
Cone width (mm)

Cone weight (g)

Seed characters

Filled seeds

Damaged seed

Empty seeds

First—year aborted ovules

Second—year aborted ovules

Cone analysis

*Seed potential

> Developed seeds

“Percent of developed seeds
4Percent of filled seeds

¢ Percent of damaged seeds
"Percent of empty seeds

&M Percent of aborted ovules

I'Seed efficiency

2Seed potential = Fertile scale x 2

bTotal developed seeds = Filled seeds + Empty seeds + Damaged seeds
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Total developed seeds
“Percent of developed seeds = - x 100
Seed potential

Filled seeds
dpercent of filled seeds = x 100
Total developed seeds

o o . ds = Dmaged seeds % 100
ercent ot damaged seeds = - "1 developed seeds

fp t of ty seeds = Bt seed x 100
Creent ot eMmpLy SeeMs = T otal deveoped seeds

First year aborted ovules

9Percent of first year aborted ovules = x 100

Seed potential

"Percent of second year aborted ovules

_ Second year aborted ovules

100
Seed potential
: o Total filled seeds
'Seed efficiency = . x 100
Seed potential
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(A) 2014 A3

Az

Aborted  Developed seed  Filled  Seed
Combination Seeq Aborted ovules Empty Filled seed efficiency
potential ovules (%) Total sele)dy eod (B (%)
0214x0661 70 13.6 19.4 56.4 12 444 787 63.4
0224x063 83.2 15 18 68.2 12.2 56 82.1 67.3
0233%x0643 71.2 10.2 14.3 61 10.8 50.2 82.3 70.5
0614 %0229 114 34.4 30.2 79.6 5.6 74 93 64.9
0619x062 90.4 25.4 28.1 65 10.6 54.4 83.7 60.2
0619x083 87.6 25.2 28.8 62.4 11.6 50.8 814 58
0621x0817 91.2 17.6 19.3 73.6 11.4 62.2 845 68.2
0634 x077 105.2 33.8 32.1 714 142 57.2 80.1 54.4
0634 x081 61.6 13.6 22.1 48  14.2 33.8 70.4 54.9
0638 %076 69.2 6.4 9.2 62.8 17.6 452 72 65.3
0638 X083 88.8 22.2 25 66.6 14.8 51.8 77.8 58.3
0640x094 79.2 14.4 18.2 64.8 13.4 51.4 793 64.9
0641x073 73.2 15 20.5 58.2 7.4 50.8 87.3 69.4
0644 x0646 66 9 13.6 57 504 6.6 11.6 10
0644 %087 78.4 20 25.5 58.4 5.8 52.6 90.1 67.1
0648 <0815 60.8 33.2 54.6 276 106 17 61.6 28
072x045 84 16 19 68 6.6 61.4 90.3 73.1
072%x0636 78 41 52.6 37 4.6 324 876 41.5
075%x045 72.4 23.8 32.9 48.6 23  25.6 527 35.4
075x0636 50.4 4.4 8.7 46  13.4 32.6 70.9 64.7
075%x0641 60.8 39 64.1 21.8 0.8 21 96.3 34.5
076 %0641 102.8 25.6 24.9 77.2 23.2 54 699 52.5
076 X092 92.8 21.6 23.3 71.6 7.6 64 894 69
087x0645 87.6 23.8 27.2 63.8 12.8 51 79.9 58.2
096 X 0638 88 4.2 4.8 83.8 126 71.2 85 80.9
096 X083 82 10.2 12.4 71.8 14.2 57.6 80.2 70.2
Average 80.4 20.0 24.9 60.4 13.1 47.3 77.6 58.8
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(B) 2015 A%

Aborted Developed seed Filled Seed
Combination Seeq Aborted ovules Empty Filled seed efficiency
potential ovules (%) Total mpty (%) (%)
seed seed
0214x0661 94.4 29.6 30.5 64.8 9 55.8 85.9 59.6
0224x063 76.4 14.2 18.2 62.2 10.2 52 83.5 68.4
0233x0643 80.8 18.4 22.5 62.4 5.8 56.6 90.2 69.8
0614x0229 82.8 12.2 14.6 70.6 21 49.6 70 59.6
0619x062 91.2 18.4 20.3 72.8 5 67.8 93.2 74.3
0619x083 94.8 12.8 13.3 82 9.2 72.8 88.6 77
0621x0817 78.4 16.6 21 61.8 8.6 53.2 85.8 67.8
0634x077 56.4 2.4 4.1 54 11.2 428 79.5 76.2
0634x081 85.6 6.8 8.3 78.8 5.6 73.2 92.7 85
0638x076 100.4 17.6 17.4 82.8 5.2 77.6 93.6 77.4
0638x083 92.8 20.4 21.8 72.4 5.8 66.6 92 71.9
0640x094 58.4 5.6 8.8 52.8 104 424 82.8 76
0641x073  82.8 18.4 22.2 64.4 124 52 81.3 63.1
0644 X0646 86 10 11.5 76 13 63 82.7 73.2
0644 X087 82.4 39.2 47.5 43.2 7 36.2 83.4 44
0648x0815 66.8 7.8 11.2 59 9 50 85.2 75.5
072x045 76 17.6 22.8 58.4 9 49.4 84.6 65.8
072x0636 76 2.8 3.7 73.2 4 69.2 94.6 91
075x045 71.2 34.6 49.2 36.6 6.4 30.2 82.1 41.8
075x0636  77.6 16.2 19.9 61.4 34 27.4 43.9 35
075x0641 94 45.8 47.7 48.2 8.4 39.8 82.6 42.9
076x0641  87.6 9.4 10.7 78.2 11 67.2 85.8 76.7
076x092 74.4 11 14.7 63.4 5.4 58 91.7 78.2
087x0645  69.6 9.8 13.4 59.8 4.8 55 91.9 79.5
096x0638 78.4 7.2 9 71.2  18.2 53 74.5 67.7
096 X083 83.2 5 5.9 78.2 9.8 68.4 87.5 82.4
Average 80.7 15.8 18.9 65.0 10.0 55.0 84.2 68.5
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(C) 2016\@ A%

Aborted  Developed seed Filled Seed

Combination Seed. Aborted ovules Empty Filled seed efficiency
potential ovules (%) Total pty (%) (%)

eed seed
0214x0661 119.6 57.4 47.2 62.2 56 56.6 91.1 47.9
0224 X063 92.0 15.2 16.9 76.8 3.4 734 95.8 79.5
0233x0643  60.4 9.2 15.2 51.2 2.6 48.6 95.0 80.5
0614x0229 102.4 24.4 24.0 78.0 2.2 758 97.2 73.9
0619%x062 94.4 31.4 33.7 63.0 8.2 54.8 85.2 56.9
0619x083 67.2 11.6 17.5 55.6 7.2 484 86.0 71.4
0621x0817 104.0 19.0 18.0 856.0 11.6 734 86.4 71.1
0634 x077 96.0 24.8 25.8 71.2 3.2  68.0 95.4 70.9
0634 %081 82.4 7.4 8.8 75.0 7.6 67.4 90.0 82.0
0638x076  106.0 32.2 30.4 75.8 56 70.2 92.1 66.0
0638x083  108.4 20.4 18.2 88.0 2.0 86.0 97.7 80.0
0640x094 89.6 11.0 12.2 78.8 4.8 74.0 93.8 82.5
0641x073 70.0 8.2 11.3 61.8 44 574 92.7 82.1
0644x0646 158.8 67.0 42.2 91.8 5.2 86.6 94.3 54.5
0644x087  155.2 105.0 67.4 50.2 4.8 454 90.9 29.3
0648 x0815  85.2 15.8 18.6 69.4 1.8 67.6 97.3 79.3
072x045 84.4 12.4 14.6 72.0 54  66.6 92.5 79.0
072x0636 90.4 16.8 17.6 73.6 46 69.0 93.7 77.3
075x045 88.0 40.0 45.2 47.6 7.0 40.6 85.5 46.3
075x0636 88.0 14.6 16.4 73.4 41.2 32.2 44.0 36.9
075%X0641  108.4 38.8 35.7 69.6 4.8 64.8 93.6 59.9
076x0641 98.8 15.2 14.7 83.6 3.8 79.8 95.4 81.2
076x092 112.8 27.8 24.6 85.0 34 816 95.9 72.4
087 X 0645 74.8 12.2 16.0 62.6 16.4 46.2 73.6 61.9
0960638 92.8 20.2 20.7 72.6 3.4  69.2 95.1 75.4
096 X083 78.4 6.2 7.6 72.2 6.4 65.8 91.1 84.2
Average 96.5 25.5 23.9 71.0 6.8 64.2 90.1 68.6
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—Key indication for data interpretation (Bramlett et al., 1977).

Cone characteristic and

threshold level (percent)’

Interpretation

1. First—year aborted ovules

0-10

11-19

20+

2. Second—year aborted ovules
0—5
6—9
10+

3. Percent filled seeds

85+

50—84

Below 50

4. Seed efficiency
55+
35—56

Below 35

Good management practice

Evaluate possible insect or pollination
problems

Identify and correct insect or

pollination problems

Good management practice
Evaluate seedbug control program

Increase seedbug control

Good management practice
Evaluate possible seedbug or
inbreeding problems

ldentify and correct seedbug or

inbreeding problems

Good management practice
Evaluate causes of seed loss
ldentify causes of seed loss and begin

correction

""Each organization may wish to modify these thresholds to meet its targets.

109



Abstract

Variation of Strobilus and Conelet Production
and Analysis of Cone and Seed Characteristics
in the second Generation Seed Orchard of
Japanese Black Pine (Prinus thunbergii)

Park Ji—Min

Major in Forest Environmental Sciences
Department of Forest Sciences

The Graduate School

Seoul National University

Seed orchards are established from selected trees (plus trees) by
sexual or asexual propagation methods, and functioned as the
bridge between breeding program and plantation establishment.
They are designed and managed to produce genetically improved
seeds as many as possible.

Pinus thunbergii is a two needle pine and native along the coastal
areas in Korean peninsula. The first generation seed orchard of P.
thunbergii was established at An—myeon, Chung—nam province 1in
1979, and the size was 22 ha with 5 m X 5 m spacing. Based on

the genetic information of progeny tests, the second generation
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seed orchard was established in 2006 to achieve further genetic
gain by grafts propagated from the selected combinations.

The main purposes of present study were to survey the variation
of female, male strobili and seed conelet production among
combinations, and to estimate effective population sizes (gene
diversity) and genetic parameters (variance component, heritability
and correlation on) based on the variation of strobilus and conlelet
production, and to investigate the characteristic of cone and seed by
cone analysis in the second generation seed orchard of £
thunbergii. The results would be useful for efficient management of
seed orchard such as stable, mass production of seed and for basic
information of the establishment of advanced generation seed
orchards.

The numbers of female, male strobili and conelet were surveyed
for two consecutive years (2015 and 2016). The multiple range
analysis of Tukey HSD showed that there was a larger difference in
male strobilus production than female strobilus among combinations.
The conelet production was classified as nine groups in 2015 and
seven groups in 2016. Especially, the average of conelet production
was not much difference among combinations in 2016, showing 17
combinations were grouped as the same one.

The effective population size was larger than 20 for strobilus and

conelet in all studied years except only male strobilus in 2015. The
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broad—sense heritabilities of male strobilus and conelet were 0.236
and 0.238 in 2015, and 0.140 and 0.170 in 2016, respectively. The
broad—sense heritability of female strobilus was higher in 2016
(0.194) than 2015 (0.068).

The correlation between strobilus and conelet production was
positive and statistically significant among combinations. The
correlations between volume growth and strobilus production, and
volume growth and conelet production did not show significant
differences. These results implied that volume growth and conelet
production are independent traits each other. A consist monitoring
of reproductive characteristics could be needed for the selection
breeding of advanced generation.

The morphological characters of cone (length, width and fresh
weight) were surveyed for three consecutive years (2014 ~2016),
and all characteristics of cone were significantly correlated each
other. The multiple range analysis of Tukey HSD showed that the
averages of cone length, width and fresh weight were significantly
different among combinations. The difference was consistent during
the surveyed years.

The cone analysis revealed that full—filled seeds and aborted
ovules were increased but empty seeds were decrease from 2014
to 2016. This was mirrored to the increase of seed potential, filled

seed rate and seed efficiency, on the other hand, aborted ovule rate
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was almost constant. The high 10% group of combination for filled
seed rate and seed efficiency in 2015 was the same 10% group as
in 2016. More study on the cone analysis would be necessary for
analysis of stability. When the result of cone analysis was compared
to the guide line of USDA FS cone analysis, the aborted ovule rate
was relatively high but filled seed rate was low. This might be
interpreted as inbreeding depression by related mating rather than
cone insect damages.

The ANOVA and variance component showed that the broad—
sense heritabilities of seed characteristics was ranged from 0.3 to

0.8, implying that seed traits are under strong genetic control.

Keywords : Pinus thunbergii, second generation seed orchard, cone
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