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A 2% ATAL

A1Z2 HEW(C obtusa)d A L A

SR (Cupressaceae) &= A7+ AAld] AA A= L3

8
i

2 2= URSE (Juniperus) & 54F 02 & FUF M @
HA om 9] e &2 7F olstolth (394, 2004).
A At Ao A AEete] Ay Aol wE™ ol
& EoRAoH(dE, Wivb el 4F3 v=e] AF9L FHol 77

1502 % 650 B¥3tH, 719 C eureka® C. linguaefolia 7°]

PR
lo =2
fe

.

i)
£l

o)
=
Lpx

3 7IEo 2w dol Q= HESH =5 ¢tk (Farjon, 2005; Hwang et
al., 2001; Kotyk et al., 2003; Wang et al., 2022; Zobel, 1985).

Ik 659 x5 AR C Jawsoniana(Port Orford cedar
T+ Lawson cypress)© HU|S] Adfks wel At w2 ollA]
=A%, C thyoides(Atlantic white cedar, Atlantic white cypress,
southern white cedar, white cedar, false—cypress)< v A<
Aol YiAE FH ects wEt He FEE EASHH(Farjon,
2005). ¥ 3/ C  pisifera(Sawara cypress) e fiuke] C
formosensis(Formosan cypress, Taiwan cypress)”’} w3X3lH, C
obtusa(Japanese cypress, hinoki cypress, hinoki) &= €3 tj7H(C
obtusa®l °o}FOoFE FF%ET C taiwanensis)o| EF XS C
hodginsiiz= <=3 wWEWo] EX3}(Farjon, 2005; Mao et al.,
2010) (Figure 1).
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Figure 1. Biogeographic distribution of genus Chamaecyparis
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gel @ b ATk FAEgey EREE ko ojus] AgFeld
(Li et al., 2003; Liao et al., 2010; Little, 2006; Wang et al., 2003;
Wang et al., 2022).

Aue AR e A4S PP BHEOR IBEEA), =FUHE
81m7] (hinoki, V&) Fo dFerh Ad A FHd Fae

30~40meolH, #F& 1~2m 7FF At 9o Jde= YA 7] 59|

8~10702 1o ® wo] Gtk FI= 9~10€e] Ao R A58,
A= Aol7b oF 3.4mm, Y¥ZE °F 3mm=E 2709 A F&
7N 7E lew A A o]tk (Ishii, 2013).

A YA 545 BHYW 5ol sgol ok =

Aol M= Aol Axd il dof FFor deAq gl

Hnog dHA 9O (Nagakura et al., 2004; Tsuji et al., 2022) EF
T2 Adsta vl53s AHd SFEAA AFo] AT SA4S THA L

21t} (Son et al., 2014).

A9 B Arsl 3 HEAHC] Fol AxA, 27, AulA

Ty o o7 2oy HxE A7 7 3 Fol:= WA 7} Ao
TEo| 2 5o AR AFE-EH(Cheng et al., 2007; Kofujita et al.,

2002; Son et al., 2014). Z3gk A2 k& do] gld v 3l
of tigh A7t o]Fo1x 11 Slth(Raha

du
%

HTo= T2 Ve =4
et al., 2019).
Al AbE ARG WelE Te] A9 Z2 AbE AE] @A g
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Folom, 19709t =58 FA14R

AENIRSES

[<]

2012).
IR

A oA

al=
™

3tk (Choi et al., 2012). 1960dH-E 198071

=

et al.,
[e)

A7 AF o] FoH T} (Son et al., 2014; Yang et al.,
SRR
285 A&
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5
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his
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o
42948 (2012 74+ A="d Faugk F
A7 (Choi et al., 2012)7F Qlom 1 A¥} Mg 7] A 37
S5 A, M Feol digk Sul A8 A elA JHA b Fast
A7 A st zpolrh gAHI F il
Agrch B8 depston Aol et ke 371 7HA 9
6~9 Alolo] A&He LS stprh o]
37~45d Apole]l wAl FrbekE el uEwt Wb kel 37K

kI
»
N
lo
oz
o

X
e
=
D
<
ox
o,
(o
ol
E

7HAIl A 37~45d Apolell B Fol WiFE Hadte SAS
veERdt el sEwe) aek Fa A4, AAe uig JRA
g 0.3 o, Ml FAEE 0.6 oldor FAHH A
g ve A Fdgo] v EA dEtdte AdE Baud v

21 tH(Choi et al., 2012).

1982\l A E AAX AT A st Hols &8s S8 ¢
Hj-¢-2} 7]oj el Fxp Ak A AT (84 &, 2014; Kang and
Mullin, 2007) A 2002d%-¥E 2010d7k4] A wl-¢-2H (3D 9F 343
w92k (FEh, JAEAEIH S fE AY P BEF 20 oldem
FAE fAdow Y AHE YegE Ao ®Rusrt 59
AckollA  FAke] Ak wWolo]  #d AF(NiFoS, 2014)+
2002978 2008E7bA] ZAbstlow, ohFE A @ A sk
FEAA fFE FE S =24 FEEHASY, S Fds Held

=

Ao A9 WA FEO KE FE S AY W A wSA S



7oA AMFLAH 28 F 20%7e] AA HstEFe] °F 50%E
=1

ol "HFHol e, T2 YA

7 pHe] g W AF A FA o] A FeFo] @
AN ZEW T3 APl Hebzed FA Am

AA = Aol Yesdlal, had S Akl o] 1 Aol

A FHo wE 3600 ol ATE FAelewn, o wet

et B kel AR FHE A (Goto et al., 2008; Ishii,
1986, 2002; Osone et al., 2020). g+ AF A2 2o AGHlA F&
s A D FA AR Wol BAS SEl f A s
743t A+ (Endo and Akasi, 2003; Tang and Ide, 2001)%}
EY a4 (allozyme), chloroplast DNA (cpDNA), microsatellite 34
= ol&3ste] AMFTHAA FA B4 i L¥9E T 4 HolE
A8 A7t 2tk (waizumi et al., 2011; Seido et al., 2001;
Shiraishi et al., 2001; Tang and Ide, 1998).
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5% (seed farm)’olgt &o]& AREetgleon, 1931 Scrymgeour—
Wedderburno] #E4AE ol &st7] sl +F S35 g SdEe
AR AFdE 24T dA dA AFdo] wEo

gtol = o} (Fennesy et al., 2012; Jansson et al., 2017; Parthiban et al,
2020; Prescher, 2007).

AEdel #S BAA A= 1930duiFE AduE FHOR
olFolgon, MAACE HE FA A Byl & WHItE A
sheb 299, AR, vE 5 99 A=l 1950 E
AEd A AME T TR O FFYd xHE T diEs
ASdAo =z Fusta dow AAAY AT =4S S A

/\g A

-

o

S A F=21e) A& "F A% skar th(Parthiban et al.,

2020). U= 1968 AFd =4 5/d AFS Ao =R

949 AFTdel 7HE WA 2AHYoH FF vE, ATd 24
FAR Aol Bek 5 7 A 2AS AA 20229 @A Ay, A
9l 627 FFEOE  F 996.4ha?l AFTLES FAs] A
ATHINFSV, 2022).

dE FFooA HAdold, MAEES] 4 FA% Al 3 FA

Aol Z7FFet F49 olss EYF ESerh 1 3 HwheA
AR Rzel W= Hue] =], A g A Aol FHAk
©] %] (migration), =AW o] (mutation), A ¥4 (mating system) -l
o5ty oS W=t} (Burczyk et al., 2004).

ANFEL FA Arks dAshy] Asids VIEAoR sk () &
33 8 JhsE A7k RSkl disk AR dostth AFE 1H
Mt A7 EDAE AE ] wule] 73 & dAsHA sk, S8 1

13 A&t Ik



MetsE zkol= o Aol tigk -2 (gamete) 71 %=E T LsH
&4 EsHAl sto Ak R Wste] JEFS w1 7] wjZolt

M3k A7 Foll whet ZEA A Hloju thE i AAsie
B Wste g dFor S A7) ®so] dojd = Stk s
Al71e) ®E2 AFHY] FA Aar Aol HF il (negative
assortative mating), FdA F
A (selfing) ©] F7keh 74 7i% myte] FAAQA &= vHE =+
Atk webA g o] ke A delA st A8 AFE HellA
ANsk A71e) WE AxRE 9 e
7IHG AT 59 T35S ddo®E Al A9y =9 A YA /g
AZ1E vlast A5 FdEIT. 1
°F 10~18¥U%ke] AfolE HEtH oY, Rivisk= Al717F dA|ste] i3]
A2 g T A Ao EEd dF2 fle AoE ddHIn
(e 5, 2014).

a2 AT AV A Wl AAlEe] g Fo AdE HE
UE oAl Ao AV]E ¢n gtk (Lindgren and Mullin, 1998;
Wright, 1931). 8oz AFH HAds TS MASFES Us
Al F2k el ddsHAl 71ofskA] 7] wiEell 1 ] Al 3F
HsE duzr & owl, Jek ) AA JfA S (census number) & ©]44]
Aol el A o Adgshe AR glsor & FAert vk 7R
A4 7o Fa A A7l daids o2 7 FAo] A
AWrH o w 20~30 A== A Qv aHu Al el fFE Hd
A7 30 o¥e® FASH] fdM= 27 AdEe 47F 50~100
o]/Fo] Hojof sk, 200 ool Hojof k= FH = Stk (Lindgren
and Mullin, 1998; Lindgren and Prescher, 2005).

14 M2l



FE AW /) QB B o] Fllo] s, AHgolFolwA
A7t Qlojub eh=ths 7bg shel FgH v, Al Ao 4

4 9lo} A thakge] tig 49AR) Wt Thsa,

]

AN Ny,
¢ Ny + Ny

AZIM Ne= @38 WAl Folm, Nu 5738 7HA|l sFoltt. uhetA
dol JHA 7 sdFE A, AA A Ao fE AY AVs
sdaA =, A W Az SEE AW A 2 A E

Aol wa A A7 A JEe] AV Eu Fopxi
FAaAoR <A wA glom A7t
& A 27l= AA A Fek sdsHA

[e)
o
FAEC AW AFY o= wk o (half—sib), APl (full-sib) &

A, JHAl 2 FAF 2d #wAVE S7rEs Y fa Jd
7] (N relative status number) = 7F4& 8kt (Kang et al., 2001). Pinus
brutia, P. sylvestris, P. densiflora, P. thunbergii, P. koraiensis,
Cryptomeria japonica, Picea abies %5 TFF3t A4 A= (Bilir et al.,
2004; Dutkuner et al., 2008; Gomory et al., 2000; Kang and Lindgren,
1998; Nikkanen and Ruotsalainen, 2000; Park et al., 2017) 3}
Quercus accutissima 5 3T AFTL I+ &, 2014; Kang et al,,
2005) 14 & A 2719 Ao &2 JAdS FF8 74 A5
AEAe fra HAd ArVle I M FE L NS we oAl

Uebkom Hd 30 olde faE A AVI7E FAHW kA



_L4

Aoz westdth agm d¥E Aste 8 FERG A4

FrolAd fE Ad A7V A dEide AeE Raskilth Q
accutissima AFAAAE F4 ] W 9 Ao mE fa Ao
A71E FAsem 7 = AF 523 2§85 HAY A7 T
B0 ndsgdS W hH AE 60%°A NF avsl dd {1
A a77y Mg wS Ae® Rausigith webs A ol
FdHE FAAder =AY SF AddX= Azt Asdss JiA
FFAAE 2A BATE S ThsAel w71 wieel e JHe] At
HAds 2AE Y3t & 4 dPdes AT F A §F

AFAe] 4 GFdS AFE0] Adhel FdsiA 7 o 7
=7 A" AR A fE A A7|E FESe B2 Ay

Aol ®agk wpel o] AFE F FdIT UlEs A RE

Hol 5 o] &3l ool o]l fa& A A7] (N, effective number of
parents) S 78 4 At} (Kang and Mullin, 2007; Kang et al., 2003;

Lindgren and Mullin, 1998).
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o714 N AR W F JHA eld, v Fvl Al (sibling

coefficient) & ¢ v] gt}

UE FEo] FHlE Folxlthe A& 9w gtk (Kang and Mullin, 2007;
Kang et al., 2003; Lindgren and Mullin, 1998).

A W 7 hAls BAEHE 7HAa glen, WMol Al (coefficient
of variation, CV+ & W ©& 7WAe ddo= Hlwste] B

T 3ErRA Al Zlodsks AEE n et

v CVZ(N—1)+
B N

Gl Ales A Wl JHA 3 AN Wo] AleR REEE, N
il

A e FZFd xE] A7)0t B

g Age WHol AFERFH EIHAY WHo] Ages B

17 2 ¢



Al A F4e, P ASE BEA EE Al wo A
Agrol gtk AN Wolt mAEg RGN nE s

=
(G2, w0 B A FE, W) WA FEANE 474 7T 5

2
o,

21t} (Kang and Lindgren, 1998; 1999).

— 2
¥, = CVE +1

Y, =CV2+1

AZIA CVEE CVir A H A w2k A2 =e] st Wol
Aloltt. 9 &2l g&te] A (M) 2 8 Now) WA FF0
st 8 Je 27+ o= Zo] F4 3 (Kang and Lindgren,
1998; Kang and Lindgren, 1999; Park et al., 2020).

2T (P, densiflora) AEAANA 2 BAER 24 692k
712 E A3t o] AleE F4% A7 Ao M= (Kang and
El-Kassaby, 2002), $A& AL o /MA 3+ 43t Fo] FAE

AAst olgF W, YA wolst gaE & Qom(w, = 1),
=

18 A&t Ik



Holol skt e AE AT I A A

uebAd  FAdS FAE AFS] A wleA FEe WolE
agskar, A g3 ke AudAr v JHEEE o,
A g she] Tl ®olzh QIS WRu Ao ow Fap Aol of
114% o] 718 Zez FAHAY. olek #2 A3= Scots
pine (Nikkanen and Velling, 1987), Norway spruce (Kjer, 1996), black

0%"
o
i

N

spruce (Caron and Powell, 1989), white spruce (Schoen et al., 1986)
ANE Fdst d3E YERAT

sl e FE A 2719 Ade Edskd v, s,

T&, WY, 99F 5O dad BG5S AFUUE, 2R
YT 9 AZYY 5 8PS ZE AEQ 9 FE nEddA
Asd Wolz AR vl ot 22 7+ s JoE ol v

7199% =4 (parental balance curve) 2% 7}A & 4
(o] mE)ox HoALE FE I+ 7R EdFo] WA=
HAow Attt A FAME OiFEY FES FS F 20%c

Agets 2Eol AA MFF 50%2 AAS] 25 2 YT

1 9 -":rxﬁ-! _k::l x -I_-li .:.I } e



}9th(Kang and Lindgren, 1998; Kang et al.,

S

AEHE Kol

2003; Kim et al., 2008).

=z 0.2

T,

o

9o

3k THEkE e

Aol A

0.15, =73} 7Msl=e fd=ge] 0.36

) &}Fol

Ho} 9]

g

2 F

O

o}
=

0.06,

Gl
Xo

X

4w
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R

B

™

2 oshgel el 0.25%

718 A

Ao 7 ®u3dtgtt(Kang and Lindgren, 1998).
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o dAS AR YHA gdE KPS o]gste] A LS )
ks HshA SHeA AES 8 SAG dujE Atxsta, =714
AN be] dEe FAske = 540 3tk (Sakai and Harada, 2001).

dutAl o2 Ayt FAE JYARE S5HSte] ol &dtr] wEel
AEo]l T dmiE ASAZ W =7, e, 459 AES
oAt = Aol dew, AR (Betula papyrifera) 8t vE
(Pseudotsuga menziesii) ©] 73-% SA7F @ol Aikd wf, 27 Ao
wASH Frast I gFo] 2d /A ASKETy dEA UAth(Lee,
1993).

Que Frhe) T4 Aol Frel sl P wol 2R He]

, TRboly 7HA e BhestE e A AL AR AR Aol
Utk E=F Aujsel stop kel S S AR A vsiEo]
g AEE olg ddds FAF Aol HareE AdFS Hilv
(Sedgley et al., 1989).

dE A4 FAeE A FA ALY EARAAS AT

A FA9 gAoln FA4H FF AAT FEHeh: d A#H
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X<s F2F(developed seeds) &} 1A} vl (aborted ovules) & -3k},

%

TAE= F4 FAH(illed seeds), WY FAl(empty seeds), ‘3l

iy

FAF(damaged seeds) & =-3tth A4 F717F 3@ o]dl £F9

ol
—o

>
=

JAF vl A 8] A} vl (first—year aborted ovules) &F &4 3l 11
1= (second—year aborted ovules) & T3t} (Lee et al., 1984). w23t
T 5H0® e olgsto FA A ¥ (seed potential), <
S A& (percent developed seeds), 4 A& (percent filled seeds), A
d W =4 3 1A wl5& (percent aborted ovules), FAF && (seed
efficiency) & T-3FcH(USDA Forest Service, 1977).

s g 2uRRe AT AEeta 3=, LAF wisEe

2013dHE 201497k <QtdE  AQFELe AUE T3 27X
Aol AEE 1z 2 22 TAF HlFE FASE A3 2013d9 &
Zv7y 1.03% 4.072 Ve, 20143-E 7+7F 3.087 0.500. % e}

A A Y] A i, T B 9 A S8 FF0l = o=

22 A2

| &1

11



Bk v Qop(FER &, 2015).
ok ol AyF AEdelA] A 3 BA Ao A g

A MFEES W 20.0%(13.8~26.9%)F UER} Zau 3R

ojel o] T3 A wobd HAS T AFTH FA Aatel
et B7hs F718] T AF AR V1 AR 24 s Hdud
S Aatel ddd E A, Bl WA, % A A =

TAACR HES £ 9e Hol FA AEE 9 ARG el i

i—";
)
Yy
0,
ol
rE
tlo
>
ol
ol
rlr
=
Jo
oo
ok
2
kil
N
N
i
-
o
O

A4 DNA EAE o8¢ a ¥4 A7

F(species) W Fd7% ®Wolo Haes AE OFY HARY F2
deloz oty A Qlth(Balvanera and Aguirre, 2006; Wilson and Peter,
1988). uwkebA Ak o 30 Wojol gk A= AeA 722k 7es
A= Hogurh v A A e AEAE @4k @
P

ol WA Al g8l AYH, 1 AT meel ww Fo

(i
o
fo
-
BN
i
o
%
ol
ol
)
o
<
B
2
10
o
E
o
v
-
(O]
2.
=)
Q
=
(@R
=
(@)
=
23
(O]
=

Atk vbA A Eol wH] A2 AUt 4 94 ¥ (predominantly

selfing), E7F 4 Al 324 (predominantly outcrossing), A7F %
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El7F 4 &3 ¥ (mixed selfing and outcrossing), T4
A2 (apomixis) 18] WA 27 =4 &2 (haploid selfing) &2
A 57 =2 FE¥H(Brown, 1990).

A=+ A A7F wast B wvlE 85k WA o ®
kst 23 wHlE Q1gk A4 A A (inbreeding depression)
FEAAA deh= Zlo® deAd glvk(Mitton, 1992). wrebA 247}
wrjel B wHlE AR 2ol AEA] xbol= AE mEl A9

WAl =dHolx 93-S u It (Lande and Schemske, 1985;

A

/E)I-o

of\
i

[R5
=

Schemske and Lande, 1985).

B welEe e wWiel %, 3o A, mul &
ol Sof 93] JFS W=t (Burczyk et al., 1996). ti7]5ol WEH
shte]l dxs wu) Zloj el 4TS v, wel 39 ®lol= s
A, skt olF AE, e &Y Fol dFS uAH wud
Ndshs Ao fHd4 P WEE FHHEGAEES 5., 2021
Burczyk et al., 2004; Lee et al., 2022). T3 /A5 FHo] ALY,
a717F Ze AdE AR ow R Aol ol gt

&o] Eow, A& AVt F4F JNEkEe] Wolxla u7]Fel
FEH o] Ee WURR EASA Ho FEFERA 7]9&0
=7Vt Al Pk (Burczyk et al, 1996). 72 wghoq & UE7}
T7hstd di71gel WEEE st thddo] etk AdiF oz At

I s7F 2 EA Hol FA Aol v]odstE sEel bt
wHjEo] Sk = Stk (Mitton, 1992).

AE Aereld wHl] oF2 4 Ado FAAES F&) 3

gepge RS gow, A EAT AgFoRM AT Yol

o
1o

O

1o
)

AR A, A7 F - AL Y& A8 Aol w9 (allozyme),

24 ..-{4 _:-.I.-I 'I_“



restriction fragment length polymorphism (RFLP), amplified fragment
length  polymorphism (AFLP), random amplified polymorphic
DNA (RAPD), inter simple sequence repeat(ISSR), microsatellite,
AL Atk

XA E o] &gt wul e #Het 7] AFES UFE FHELE

& gl 2viAl FER gddS Bole

A soret = dvh= A3 (Buth, 1984)0] Slo] AA7A F2 &2

.
A fA WMol Al ol olgHI Ytk AW ;i P wA
%

single nucleotide polymorphism (SNP) 52| ZA]7} AF&5

RAPD, ISSR, AFLP #4= tefg ZRTddA 54 9495 52
7wl AR o FAE 5T F Avks Aol 3o
therst ATelA &8 v AH(Goto et al, 2001; 2002). 3FA%E
AUe sHEF #lo] Erbestr] wiel o] S AT w4
AToll= AFEEH A s FAlolth(Carlson et al., 2020).

Microsatellitex 3, 9=, nEZEgolel & AME A7|H9

2L

A wjg FHEEA =AY, oA [ ¥ microsatellite 9
&

o :[0
Hir
rlo

gdAde Hol:= ¥4 (codominant) ¥AZ UE SF
gt W By e FoF T A 728
A7 s A8k oA vkt &85tk (Mansur et

al., 1996; Wang et al., 2009a; Wang et al., 2009b).

re
IR
™
(i
Jdo
&Y
1%
o
e
N
o

Jo

Microsatellitex X% 2~6bpQ Z2 HHE A7 dg=, ZHzH9
Fdzze]  E3td mAE AFEste] $E3H (Goldstein and
Schlstterer, 1999) #24 7RA 3+ wWHE Fof Zfol7F & AHS EA=Z

g3 4 9Qlt}. Microsatellitex PCR Whg

|o

2 4 K49

2 5 -":r'\-\.ﬁ-! 'l:l:l 5 -I_-]i ‘_I } T



2

J R 7}
7HAI S ANAE

dl

A=

YA
ar

i

o} &2

S#¥E  microsatellite

A = A of| A

&3 ol

o] i e 2o} o)

)

ol
gl

I

null

s

S

’

A £]

=

=

=AW o]

e s At
T,

(24 <

o

i

)=
349

-

R

A]

3T
ar

LREEE

L —

L

A

3T
ar

' microsatellite

h

Y 3

[e)

T

1ol A
ol AFh o] ARG AN R R

I
=L

microsatellite

allele

A&

Ay FAAAT F 10.3719 o

9709] microsatellite

Qs

o

652

o

=

v} Qlt}(Nakao et
H-+4d (parental

¥
7H

=7 (exclusion),

analysis),

o

T

analysis)

& 0.779] o]
probability parentage

F2 (parental

o

5|

YA

7HA
(categorical allocation), §+ <t (fractional allocation), A A 714 &&

reconstruction), ++¢1 ¥A A4 (sibship reconstruction)’

F 4 =}
al., 2001).
A (full

ol

Y

H}

L —
L.

—
o

18 37

=
= 4

o
AR

ol ¥

o] 9th(Jones et al, 2010).

™

Fol ache} B, 1

£AZ 043

DNA

Zzte] FApe

sl

IR TE AASE Ao=®, CERVUS %= 1

[}

S|
~

1l

i=]

o+

o

oo

e
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CERVUSE %% (likelihood score) & 7|Hto @ Frel xir) o
&k logarithm—of—odds (LOD) k& AlAtete] AA Aol dfsh ¢ 1
Y4 (candidate parent) & ®iAg3%th ]l AlEYCIAS FE A
HA el F WA TR RS LOD #e Aol dEkA) Y dA#RES
cbEste] vl Ao AFE s A7 etk (Kalinowski et al., 2007).

B g 4 e A4 R, o)F, A, EdAnielrt H3Y

ool RS AFgSa, wM 29 /Mo o

1o

R #54d
TxoA Ede FAHseE ACeE TwoGener WHE 7HE Eol
AF-3t (Austerlitz and Smouse, 2001; Burczyk et al., 1996; Peakall
and Smouse, 2006; Peakall and Smouse, 2012; Robledo—Arnuncio et
al., 2006).

TwoGener Wi Eol FA9 Fad 3 29 912 JEE
AR B w7 e ol Ade A Tz Z3E FEe
(Robledo—Arnuncio and Gil, 2005; Smouse and Sork, 2004; Sork and
Smouse, 2006), $H hErol st FAAE R} A R a5k
7] wiZell Wlgd AE Hefd 4 vk &Aool Unh o MWWl
Ao A7l Algte] A Beb abth7h # A 200 o] 4fo]ojok
et AdE =% 4 er F O 40071(16x25~25%X16 E&
10x40~40x10) 9 &4 ZAAZE Advbd 1 d3s AFRE F Uk

aPla AR I3 deg FAR9E Fysta glow, gE FdAkY

Aghgel glor, s YuFol FUshm, sre AITE FAol

YEF= TA deves 2 A TS wSeor @

i)
2
12
o
o
iy
(o

o] WHEA vy FhC exprt RS Hv o ww) @Al

27 A & T} ¢



Smouse et al., 2001).

A9 A FAL B st Aeel FRA e
2w (b s sHE Vo], A 2 2R uH, 3R 29 T OES
Q4o o AJIFS W=t (Eriksson et al, 1973; Woessner and
Franklin, 1973). =, 54 2&°l 93] #dFE 39 7= T4
Fd gdds FaAzie, Al 23 e 283 3 L9

B FA4 AF wnE PAss 2oy WP faxow

$5E FAE Aok s ATANA FsAl shepslof s 2
% shjolut

AEANNE FE 2 /44 WolB B 23 wiE FAFOEA
ol e AHE 5 o (Wright, 1940), AFE o) 245 259

&3 F7F wjdo] wul e & Y9ES v]th(El-Kassaby, 1995;
Funda and El—Kassaby, 2013). we}A =7} wujel] &3t =} dAE
Haisteta E7F wwlE Sdigslr] fEiMe AsEs FEYE

Wdslol stk sXu gl FAgA wde FEom olFofl

AT HaHQ 4L s ANE AL 5 9ok
A9 A% Bb wiE Azste APl Faksl mEel,
Qurrow 23 wilsb olFeld A A el sgow 7w

A2 DA A dojyAd, wal A Gl E st o] FAR
s A eth(El-Kassaby, 1995; Mitton, 1992; O’Connell, 2003).
Ty AFdeld DNA BAE 83 Aol wEW FAelA
1~15%9] vheFst 27wl dAdo]l ## s vk (Doerksen et al., 2011;
Sk Lai et al., 2010; Slavov et al., 2005).
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A3 A A T
AlE AT ddA A%

oo 2AKE (1) degss udgy diabd Zupg] 4k 18-
4(35° 197 15” N, 126° 33" 25" E)oll A& #HW AFdzt (2)
MAE HAAZA HES AH1-5(33° 18" 39”7 N, 126° 33" 37" B),
1-1-2 7969 @A) el f1xgk AW x5 dojrt,

1.1 2% #e A5
a7 | ATl diwae 357 19, Wele WA AAEE
5~10°, EAS AFSFERD ghubst Atjolth. A H 7]&S 13.3°C,
HA 7l —12.4°C, A A¢EFS 1,396mme 71 5AES Kol
(KoFPI, 2022), 2015de] =A A 1,095% F

5)
b o] 7x7m HACR Y adel F4 vFEdE wol7] S w4

pastgon, 22 REdl £3%% QA A9 16 5 374
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Figure 2. Location (A) and landscape of the seed orchards of C. obtusa in

Gochang (B, C) and Seogwipo (D, E), Korea
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A, A B 72 16~16.6°C, A S 1,800~1,900mm 2]
717 54E Holv AYolth 1969d FA T 48022 ()79
(b7 2+ 2ha?®, F 4had WA 5xX5m FHFo=Z do Hjd
W oz AR o] itk (Figure 2).

&

dE el MAE AFd W Aol g

i
AL
[4>~

A
HEQoM Felo] B il AFE ol &b b= &l JHAI(S)

\]
(@)
\)
)
i
1
i)

At (NiFoS, 2020). # 79 A% gy dd

7 Figure 2— (D) —(b) 792 X &34 93O, Figure

¢

]
2-D)— (@799 A% 9d AL 28%olda, SEM@ A ZE,

e HL 124 Hd 71

Jo
2
_>|~l_‘
ol
Sl
o
Rl
re
1o
=
0
of
\\)
N
o
re
o

A2 N} 5l T A

oA AFde] A AF 61 F2, 9453, MTE A
AEHe] AS Figure 2—(D)—(a) FHANA 247 28, T 24525
s (- 3 W Sy AAES 20209 4H

2022\d7kA 3d7F ZAFSES Y. o (FEE, female strobilus),

oz 7

==
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T3 (%, male strobilus) & A% 7782 7st&°] 80% °]/dolH,
shit-o] Hlabet7] Al&skE Al7IR1 59 Zol o JAET
HAe 2" 2 s VIEeR,
MateES T3tk (Wakushima, 2004). @9 (8<% #3939 3%
98 =%, FTol & 7HA Ed 3 e E VIseE, MAET
TR G A FE w7 AA%e skt (Bramlett
and Bridgwater, 1989; Bramlett and O'Gwynn, 1980) (Figure 3).

A3d F3 92 F2 54 4

A ) AFE ddes 20209FE 20219704 297 o)
g€ JRAET A7t = A FHE 10748 AF s, 3~574
THE dor dEste FE29 HA 671 ol FHE FAEI
Az A AFHe] dol(mm), F(mm) 9 FA(gE FsAh(HE=
5, 2011) (Figure 4).

FHA SA 2AFE g4ET Tae oF 470 Adleld S H,
Axd FHeM x5 EF "do] et Adx § Ao
Ao, Fa= A5 S8 A wiFE FEsiT s
T FA TR vE FAE FEsIT(01EF 5, 1984b; Owens

and Fernando, 2007). ZAFSE 219l A A5 E o]gstod FA Ak

A

e
2
N

51

(o]
i

138 2=
8 T

¢

=9, 4= FAE T4 FAE W odEFE 3 T4 asEs

ArEsld (A2 3 A5, 2013; Bramlett et al., 1977).

T E2AE 4Rd T FAE ARES], JRAE 5094
5~6HIEO R 25°C, H& 80%9  AEANA  4F3E delE s
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(A)

Figure 3. Female (A) and male strobili (B), and mature cones (C) of C.

obtusa
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Figure 4. Morphological characteristics of mature cone collected from the

seed orchard of C. obtusa
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Figure 5. Test for seed germination of C. obtusa
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Asd A B4 2 fAY 33

flo

& - sk sk, T A, T "W FA2b
ZI(=LN(x+1)) wW&ste] Shapiro—Wilk d++4 783 O'Brien,

)
I

A

Brown—Forsythe, Levene, Bartlett 5®4Hd & 313ttt 73 2
A G Ak S8 1 /23 ZolE AFSH] fEl SAS IMP
Pro Software, Ver. 16.25 A}&3lo] 79 =5 (p) 0.052 4¢ v

BAE X (one—way ANOVA)S AAsPow, FHA A E (variance

o
!
o,
ol
2
O
—
Q

o
o

components) = AtE3to] F7 = (47, heritability)
D. st 9 3 A 2, 79 9 F2 B4 3 AsaAE
T3] 8w A (Pearson’s correlation) 4 % £
AF3 (Spearman’s  correlation) & #4339 Tukey—Honestly

Significant  Difference  AF¥ A (Tukey—HSD  post—hoc) &

A A3k,

F2 71od& A (parental balance curve) < ¢F - =319 JH &}

de 7 Aol diE AFd W 228 vEGEH:) e HlEeR

ol o7t 7lolgo] xobA st W I Akl 22 3 Ed ¥
olFth= A= gmgth(Kang, 2000). webd F4 7o HA4AE

37 A2



Table 1. Estimation of heritability (#°) using variance components

= _
Source df EMS 17 (clone) B Gndividuab

Among clones c—1 o + koo’
o/ (0/k +o®) o’/ (0" +6c?)

Within clones c(m—1) e’

¢, number of clones; m, harmonic mean of number of ramets within clones; %,

coefficient of variance component (1/c—1) (N—2=N;?/N)

38 = M 21



AR & AW 77 L &4 kA =3

ra,
o

Sa A 271 (V) 2 kA (genetic diversity, GD) F8&
Hat AWs 9 g AL Wo] Al E AbEste] AT W NS 9
T3 BARES] HEA S v

Hol AF(Ce =
AbEskth #E A 271 FW Al @) 9k §lol ATE ol 8dhe

Kang and Lindgren (1998) 2] ®Hof whe} ofgf o} o] F=4 3513 tt.

N

N, _N_
STy T vz +1

9 BN NS AFA FW U F FE FAeIM, wi o)
Aot Ad fE A% AODE &
SN the YA HlE (@) elH, ofdleh o] At

N
Ny(%) = % 100

4 g ofg] 2 o] F4 53 th(Lindgren and Mullin,

1998; Kang, 2000).
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A7d Microsatellite ¥4 ¥4

Zy A E A 2AFH S A FA FAE EFoke] oty FA 5
H 24E Adstlth(Figures 6, 7).

Adkgt B (i 3070AlL, A

=]
ol
=
é
i

F3eto] QTS
TASI YE RE FRQY, 612E; ATE, 2428 2 9
MAE (2%, 670 AFAE, 287D & dde=z S20RADE 1~571A19
9SS microsatellite ZA] EA o A3t HA 1070004 FHo)
40719 wolH el 39S DNeasy Plant Mini Kit (QITAGEN, Hilden,
German) & ©]83lo] DNAE F=33th

==

= Hw microsatellite ¥4 <= T3S

-1 T T

S
=
o
|o
[l
=
(2
i,

e = ‘Co2018, Co02023, Co02043, Co2047, Co2050, Co3026,
Co03033, Co4012, Co4014, Co4049 (Kim et al.,, 2016)> & 10719
TAE o] &R o, M13 forward sequence? 5 @dke] FAMo|u
Aok gl FHsk3th(Table 2).

PCR <%& k8 g9 11ul% template DNA  20ng,

HEX®Z &3 a8 &

5

forward/reverse primer 7} 0.2uM, 0.2mM¢] dNTP, 0.8unit®] Taq
polymerase (BioFACT A-Star Taq DNA Polymerase, Daejeon,
Korea) & X%3sto] FA3AY. PCR  ®ES2  94°CellAq 53t

AW A (denaturation) &, 94°C 30%7F 9w, 55~62°C 187
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(A)

8596 | 8597 | 8598 8599|8600 8701 8702|8703 8704 | 8705 | 8706
8602 8603|8604 | 8605 8606 | 8607 | 8608 8609|8610 8611|8612 8613
8727|8726 | 8725|8724 | 8723 872218721 | 8720|8719 (8718|8717 |8716|8715
8629|8628 | 8627 | 8626 8625 8624|8623 | 8622|8621
8739|8740 | 8741 |8742| 6743 | 8744|8745 8746 8747|8748 8749|8750 | 8751
8641 |8642| 8643|8644 | 8645|8646 8647 8648 | 8649 | 8650 | 8651 | 8652 | 8653
8769|8768 | 8767|8766 | 8765|8764 | 8763 8762|8761 8760 8759|8758 | 8757
8670|8669 | 8668 | 8667 | 5666 | 8665 | 8664 8661
8785 /8786|8787 | 8788|8789 | 8790 8791|8792 8793|8794 |8795|B796 8798
8683|8684 | 8685|8686 | 5687 | 8688 8690|8691 (8692|8693 | 8694 8695 | 8696
8917|8916 8915|8914 | 8913 8912 8911 (8910|8909 8908 | 8907
8814|8813|8812|8811 8810|8809 8808 8807 | 8806
8937 8938 8939 | 8940|8941 | 8942|8943
8837 8838|8839 8840|8841 | 8842|8543
8962 8960 8959|8958 | 8957 | 8956 | 8955 | 8954 | 8953
8859 8858 8857 | 8856 8855 6854 | 8853
8974 8975|8976 8977 8978 8979 | 8980
8876 8878|8879 8880|8881 | 8582 | 8883 | 8884

Figure 6. Layout (A) and selected 30 mother trees marked with red for
mating system analysis (B) at the seed orchard of C. obtusain Gochang,

Korea
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Figure 7. Layout (A) and selected 5 mother trees marked with red for

mating system analysis (B) at the seed orchard of C. obtusa in

Seogwipo, Korea
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Table 2. Microsatellite markers for C. obtusa used in this study

Locus Primer sequence (5-3) Repeat motif Size (bp)

Co2018  F:GOCCTAGAAACTCGGGGTAA CA) 16 CA) 11 240-270
R GTTTGGGGCAATACACAGCGTAATA

Co2023 F:CACTATCGGGATGCTTGTGA CD 28 210-310
R GTTTAGAGAATGGACTOGATGCAAA

Co2043 F:GGAATTAATTACCACGCTGAAA CDISTTCTCCA6  160-210
R:COCCAAAAGCCTATGAGACA

Co2047 F:ATGOCCAAAACACACAAACA Ch21 200—-230
RGTTTCTTCCCTTTGTCTCTTTGTCA

Co2050 F:GOCCTCAACCTCAAACCATA GA 31 110-180
R GTTTCACACTCCCTTATCTCCCTCA

Co3026 F:CGAAACGAAACCAATTCCTC CTAD 19 210—290
RIGTTTACCTCCTCCCACAATTOG

Co3033 FTGTCTCACCAATGCCAAAAG (ATAG) 8 220-250
R:CCACTCCOCCTTTTCAAATC

Co4012 F:CTTGCATCCCTACCTTGCAT CATO 8(CTAO 7  140-190
R'TTCCACTTCCATGTCAACCA

Co4014  EFTTCCACTTCCATGTCAACCA (TAGG 7 150-200
RGTTTCTTGCATCCCTACCTTGCAT

Co4049 FETTTGICIGTTTATCTIGCCTTTCIC (TCTA) 7 340-39%0

RGTTTGCTCCTATTGTGATTTTGAGTG
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Corp., Carlsbad, CA, USA)E o|g3}o] E33519 29, Geneious Prime
Ver. 2022.2.2 (Biomatters Ltd., Auckland, New Zealand) & ©]&3&}4
FAaxE S AdH At

AgE A TR L B P B

8.1 frd 732 9 F4 oA

GenAlEx Ver. 6.51b2(Peakall and Smouse, 2006; 2012)<
ojgstel fFE WY FHAA TN, °olF HIE #HFA(H,) %
71t A (He), Shannon®] 3 theFd #A4=(D), 124 A4~ (fixation index,
FE AAsta, CERVUS Ver. 3.0.7 (Kalinowski et al.,, 2007) <
o] gato] wE fHA} REE FAR sk A% H9 A
J ¥ & (polymorphic information content, PIC)¥} ¥X]9] AHA
3}& (exclusion probability, EP), WAS T84 %8 & (average
non—exclusion probability for identity of two unrelated individual,
NE-D, s} RyzFE Al A (FE2p el MAE F-235HA
23g 35 (average non—exclusion probability for identity of two

sibling, NE—-SD & F74 33t

8.2 shE¢e Fd4 £33t 9 F& 3 olE A F4

GenAlEx Ver. 6.51b2(Peakall and Smouse, 2006; 2012)%
o] £3to] TowGener " (Smouse et al., 2001)¢] uwz} E 49
T2 FHd wo] Exo thdk AMOVA (analysis of molecular
variance) w42 &3 ofde A o] FEAY [FHH

£ 3} (differentiation among pollen clouds, ®r) & 73}t
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1 [ee) [ee) 2
=3 j f p® (x,y)dxdy
1 0 [o'e] 2
= gf f p* (x, y)p(x — z,y)dxdy

ol p(xy)+ EF9 AAZE 0,004 # 3E7F FHE(xy) el
AXE &S nEH, px — zy) v EFY A7 (0,000 B

B AY7E 2 EolA 3l W st Ax Kyl 9 &
g

gtxlb B9 (normal dispersal model)?] Z|Wgkel 3 EIEE

theistel B fra 3HE ol A (mean effective pollen dispersal

distance, §)E& AF&E3F Y (Austerlitz and Smouse, 2001a).
Qft(d,z) = 1
(d2) = {574
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A

Ao FHo] W "WojA Qla, M W A sy
A3 Aelrt Fdsigd 7Hgstd o= (2Ne,) ' 1™ (Smouse et al.,

2001), 3& o]F Ao wE Fa 3IFF (effective number of
£

pollen donors, Ng)8 ©ol& o]&sto] 7|9 3IEFe X
H &) (effective pollination neighborhood area, Ae, = Nep/d)E
AFESFSl T

wHf ok BA& MLTR Ver. 3.2(Ritland, 2019)& ©o]&3lo] Hwt
ul ZhA 3 2ol e THEste A FRE VIEgeRr ARt
ZF Bl 9l fAxE B wlE (), v AR Bt
WS (tn), % wHl& (biparental inbreeding, tm—ts) < 43T}
F-A 243 (paternity correlation, rp) < tWg A%z E7F wHl &S
A B4 FH e Expectation Maximization (EM)

A +
=S ol gyttt EFHAE= 1,000 boot straps® Do, 99%

8.4 A F#AA U 3} oF9s F4
CERVUS Ver. 3.0.7% o]g3to] ¢ (likelihood) & 7]vto 2 FA

AR 4 (paternity analysis) = AAIsIGoH, 71 disE IAZ 7+

Jdo

59 B} wul$ (outcrossing rate) 3 3t 295 (pollen contamination
rate) 2 A5t (Kalinowski et al., 2007; Marshall et al., 1998)
A FAx B4 FAY FAAEAA EgelA 7|Jdsk o™

FARE AT yuA el oY fFAAEE SAee WY eR,
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shitrel = zolE vEe de @ s AlE Y AxE
AAsih # AFtellA= 10,0003] AlEHOIHCRE 99% (restricted) 9}
95% (relaxed) 8] A% <ol W} shtTE AFEstion, 4% ket
Q5 WAEL 0.012 ATt
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A4% A3t

A1E A3 - A

1.1 88 3 sk W 73 BakeE dlo)
BoaAT g = 13 A2 6174 22 7 o7s #F

A (LN) 2 2020058 20221704 Zh7F 3.14, 5.37, 5.310]310.H,
T3t H AL 2020dFE 2022W7HA] 3.87, 5.88, 6.87%
Hetgth s e 28 3 Hd AARS 202046 2.47,
2021de] 4.55, 2022d¢] 5.28% FAlEo] 2020¢%E 2022W7HA
Msh 9 3 A=) AKA R Frhehes FAE Btk (Figure 8A).

202099 <o - FE AEEH A 7 Wol Alge 44
0.483, 0.563, 0.533¢]91ew, 202139 A% Z+Z+ 0.277, 0.503,
0.34401tk. 2022d9] A & - 573 MEFH A 73 Wl
ATE 247 0.252, 0.428, 0.2120]%1e9, & 7}

-

A Wole

AT A 202099 F 9 T8 A% TR 22 11, 15,
107 2HC2 throl gt 202199 A% ¢ - 78 A% ko)A
247 24, 21, 13 2HO®, 202239 A9 ok - FyEelA 47 g,

—

157 1% 02 Yol 5t (Tables A1-A3).
ANAZ AELoA 2020058 2022¢7+4 2370 F&2 7+ A3t
9 Gyl AAZ(LN) S AR A3 o3l Ho AR 2020E4-H
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Figure 8. Female and male strobilus, and mature cone production at the seed

orchards C. obtusa in Gochang (A) and Seogwipo (B), Korea during

2020~2022
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2022@7kA 242y 2.49, 3.05, 3.740]%0°W, 13 HF AAHS
Zkzy 2.69, 7.59, 10.88°]3lth. A= T3] H AAZES 6.22, 4.00,
8.79¢0191 o, <F - 5}
T A dA Ao ® FHASgliv(Figure 8B).
WHol AFES EEI Ay, 202089 AF S s Akl
Aot E€ 1k §lol7k 0.542% H3H0.374) 2F T2 AAFEF(0.176)
=

= Wolglth Tkl FE g WT ANFS 347

A o

7 Zle)

Y

rL
N,

rir

3

A]

b

il
ofN
N
=
&
9
s
[\
(@)
[\
—
l—lV‘
ki

FAREGA R, 202199 Ae AdHer FE 1 4
#o](0.527)7F ¥, F73ke] Wel(0.146)7F ster, 1
Tl W0l (0.828)7F g wmowAl ARl Az Als
stelstolth (Figure 8). 20229 A% ¢ - 738 /Mg=ko] FrlataA
Fodol (¢, 0.461; 47, 0.176)7F Wotow, 3 A
Fstla &8 2k ol (5-3%, 0.147) 7} w3kt

A wjx AP B4 A, BE AP oA &

il
rf
[-'\I

ofN
N
$3%

i
=
Jo
1o
r {

z}o] 7k 21912 ™ (p < 0.05) Tukey—HSD ths WS ARS 243 A3,
20209 A5 - Fasket A AaelM Zhzt 3, 7, 3 IEoR
ol ek 202199 A drskek s FaelA A 5, T
IFSE vUHglen, £3te] A9 A9 wix A Ao 28 3t
Fo% 2ol 7t o}, Tukey—HSD AME EA o= §35 2jo]7}
LR Qkottt. 20229 B¢ Faskel s rakelM A2 3, 570
IFCE Yrolgon, obgte] A9 Tukey—HSD ARF A oA &=
% akol 7k yEbA] ¢kotth(Tables A4—A6)
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% AFde AL HAA 61 FEOF 202049 A¢
1282 (19%), 2021d°] A% 1388 21%)°] AA I3 st
50%% AAsFRoH, 3271 ZFEG2%)ol A JEES] 90%E
AA e Aoz FFHT 202232 B9 15.37) FE(24%) 0] A
Ao 5092 AP, 437 FE(70%)o] AA Ao
90%E AT AoZ yEhd dFste] 7l erh vlwd AeA
Row F= At (Figure 9A).

Tk Mk A9 20209FH 2021974 AA NS S 50%
oS AABHE FEol 671(10%) 2 FHEAQL, 202299 A
I (15%) Z&°l AA NF T 50% o= AAs= A=
FAEAT. 2020958 2022€97bA Z42F 2170(35%), 2470 (40%),
3270 (62%) ZS&°l AA MsFe] 90%E AASL Qo] F7E
Ak 28 1 B30 =2 Ao®E YeRwth(Figure 9B).

T3 AR A 20209 1170(18%), 202132 1371(22%),
20229 671 (11%) 8 8ol AAl F+3 A= 50%5 A=
Ao FAHEJT. 202097 2022del= 3070 (49%) 2,
2021dell= 377H(60%) &) AA T3 AAFS] 90%E At
AE AoE FAHYCH, 1 AT AF 259 FEo| st
T A Yot Qe Ao® s ok (Figure 9C).

AAE AEL W b3 JiEEe] A9 2020EFE 20229744
77} 4170 (18%), 1.870(8%), 571 (22%) Z&°] AA MetZe] 50%%
AR om, AnHE 24zt 14.370(62%), 1171 (48%), 16.17H(70%)
ol AA EFe] 90%E AAS=E Aow FF ST (Figure
10A).

-3} skl A9 20206 2.371(10%), 2021 del 1.271(5%),
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Figure 9. Parental balance curves for accumulated contribution of female (A)
and male strobilus (B), and mature cone production (C) to the
proportion of clones at the seed orchard of C. obtusa in Gochang, Korea
during 2020~2022. Straight line represents equal contribution among

the clones
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2022 3.570(15%) E&°] AA MeZFe 50%5 Ao,

2020978 20229714 27+ 8.178(35%), 5.170(22%), 10.47] (45%)

FEo] AA 7 A 90%E AAsHs Ao FHE Ak (Figure
10B).

T3 AAREFS] B 2020delE 2.370(10%),  2021d3

F&20] AA T AAF 50%E AA S

Ao FAEJ oW, 2020@3 2021dE= 1170(48%), 2022d <+

2022+ 4.171(18%)

1570 (65%) Z&cl A T3 BAFE 90%E AAsteE Ao=E
F4 = ok (Figure 100).

AMAE AT A AA 23/ FE 5 2F 13.4%7F AA A
2o AAZY 50%E AAGH, skel A 39z o of
1471(60%) =&°l AMFL Wl 7istet 3 AAZe] 90%E AFA8h=
Aoz ueuth #7549 JHsEe] 90%E AAGE FE9
Hlgol 34%= uEtwon, T3 A A 50%E AASE
FE2 Bt 13%, 90%E AHAste 8 A 53.7%E 2 I
Evgol W A YeEbstth(Figure 10).
ol9} ZE A¥E FTHFSAS W, I AMAX AW AFA]
3zt M3 - A F2 &

g FEol ol FAF Aate] o] FoRE Ao w HAehE T

oIt

1.3 85 A 737] 2 §4 ek =34

13 AEYe FE5 A I7)= 2020dl= o3 31.52, -3

17.95, A= T 26542 FHFHNCH, 20219 A 43t 23.64,

73k 156.52, A5 73 35.94% FHH U 20220l o3} 37.38,
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Figure 10. Parental balance curves for accumulated contribution of female
(A) and male strobilus (B), and mature cone production (C) to the
proportion of clones at the seed orchard of C. obtusain Seogwipo, Korea
during 2020~2022. Straight line represents equal contribution among

the clones
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S8k 19.84, A% T3 20152 FHEAG. SEke] 39zt
AdE He 1.935, 73k 3.398, A% T 22998 FAHH
TRk 3z B 0.97 oo ® Ul {4 tkd i ok
3% = 574 % A (Table 3).

MAZ AFLY) F5 A =271= 202099 B9 -8 9.99, =73}
6.14, 4= ¥ 7.300]1910H, 2021d°] A9 3l 6.40, -3} 4.32,
As 3 10712 FAHAT. 202299 A9 43k 15.45, 73}
9.58, < T 10.572 FAFHRoH 2021d] T3 AAEFe| g
Fa& A 2717F vw A @A FEEAT. 3 sl gk A
2 Ad 27y 2 s sk s g Aakge] Ao &
Ak Z71e) vl A yeEbgo §d gdde 20219 s

AF BE A FEo|A 090 ololglow, 202199 A

£

flo

Jo
)

=
|, F AT EF 2022499 i3k 2

)
il

M
1%

13 AFL W 610 T diste AL WA B 2 2

Hrg o2 FAF IS ol gste] 2020dFH 202274 3zt JiA 9}
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Table 3. Clonal average (mean), sibling coefficient (¥), effective population size (Ny), relative population size (N,),

and genetic diversity (GD) for female and male strobili, and cone production at the seed orchard of C. obtusa in

Gochang, Korea

2020 (N = 61) 2021 (N =61) 2022 (N = 61)
Parameter
female male cone female male cone female male cone

Mean 232.1 15648.9 159.2 904.4 16747.3 472.3 815.2 26722.5 2218.0
SD 224.5 24234.8 181.5 1136.8 28669.4 394.3 647.9 38493.5 3157.8
cv 0.967 1.549 1.140 1.257 1.712 0.835 0.795 1.440 1.424
b d 1.935 3.398 2.299 2.580 3.931 1.697 1.632 3.075 3.027
N 31.52 17.95 26.54 23.64 15.52 35.94 37.38 19.84 20.15
N: (%) 51.68 29.43 43.50 38.76 25.44 58.92 61.28 32.52 33.04
GD 0.984 0.972 0.981 0.979 0.968 0.986 0.987 0.975 0.975

SD, standard deviation; CV, coefficient of variation
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Table 4. Clonal average (mean), sibling coefficient (¥), effective population size (Ny), relative population size (N,),

and genetic diversity (GD) for female and male strobili, and cone production at the seed orchard of C. obtusa in

Seogwipo, Korea

2020 (N = 23) 2021 (N = 23) 2022 (N =23)

Parameter

female male cone female male cone female male cone
Mean 22.93 53.21 518.6 103.3 22780.9 153.9 4348.8 216769.6 16573.2
SD 26.17 88.22 760.8 166.2 47375.6 164.9 3040.8 256538.3 17979.4
cv 1.141 1.658 1.467 1.610 2.080 1.072 0.699 1.183 1.085
v 2.303 3.748 3.152 3.591 5.325 2.148 1.489 2.401 2.177
N 9.989 6.136 7.297 6.404 4.319 10.71 15.45 9.581 10.57
N: (%) 43.43 26.68 31.72 27.85 18.78 46.54 67.16 41.66 45.94
GD 0.950 0.919 0.931 0.922 0.884 0.953 0.968 0.948 0.953

SD, standard deviation; CV, coefficient of variation
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Table 5. Analysis of variation and heritability (4#%) estimates for the strobilus and cone production at the seed orchard

of C. obtusa in Gochang, Korea

Female strobili

Male strobili

Cone production

Source

df 2020 2021 2022 2020 2021 2022 2020 2021 2022
Among clones 60 22.64 20.89 17.22 55.85 77.92 77.89 19.76 21.00 9.321
Within clones 884  5.823 2.767 4.646 14.18 9.613 13.43 5.909 4.054 7.904
F—value 3.888™"  7.549"" 3.707"" 3.940™ 8.105" 5.814"" 3.343"" 5.179" 1.178™
B individual 0.159 0.309 0.150 0.161 0.326 0.239 0.133 0.221 0.013
B clone 0.743 0.868 0.730 0.746 0.877 0.828 0.701 0.807 0.152
ns, not significant; **x, p < 0.001



13l Al A Y Finaviaw) < 20200FE 2022d744 242+ 0.159,
0.309, 0.150°2.2 FHHYoH, F2 FHEH (Fum)> 0.743, 0.868,
0.7300.% FAHA JhA A 3dzr Bk 0.2060= AAgsh
FFolgon, Al g ns F8 Fdgo] i 0.7802.% 1l$- =7
UEFTH(Table 5).

3t MY A fRge JdxEE 727 0.161, 0.326,

2397 YEbgow 3@z Ft 0.2428 FHEAC 3 A3

FAYge dAxd 0746, 0.877, 0.828¢]%lem 3dzt A

0.817% F4 ¥ AtH(Table 5).

T3 A JiA fAEE dx¥ 0.133, 0.221, 0.013°.%

0.152%2 FAHAJY. 1%

AEd ) T3 Al thd F2 7k fAge o s g

e mlEf we FFEolglew, 53] 202249% A 49
fFAago] Wl WA YEREth(Table 5).

AMAEL AT W 2370 8l diste] 2020dFE 2022W7HA
MAE 28] Helo fH9S F4 A gk A FAEE

Ho] 3dz H 0.177°0]1%0.H,
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Table 6 Analysis of variation and heritability (/%) estimates for the strobilus and cone production at the seed orchard

of C. obtusa in Seogwipo, Korea

Female Male Cone

Source

df 2020 2021 2022 2020 2021 2022 2020 2021 2022
Among clones 22 2.518 10.20 6.700 9.684 19.79 23.47 11.85 13.03 5.935
Within clones 186 1.080 2.414 3.922 1.169 12.123 6.763 3.987 2.084 2.454
F—value 2.332"  4.225™ 1.708" 8.287™ 1.633™ 3.470™ 2.972™ 6.252"" 2.419™
B individual 0.149 0.297 0.086 0.489 0.077 0.245 0.206 0.408 0.156
B cone 0.571 0.763 0.414 0.879 0.388 0.712 0.664 0.840 0.587

* p <0.05; =%, p <0.01; #++, p <0.001



0.587% F4 At (Table 6).

2021d%e] kst Al Aol Frteta, FEe]
FAago] HasRE w, 7% A FAY w9 Frtete AdE
HPom 2022950 bste] fHHo] Aty Fshe] Aol
s7htgetE 7 FAYS dsiel o] ghiste AFTS
e SItH(Table 6).

ojgl & A¥E FTHIIAE W, 1F
202198 shel 3 AR fAgo] P Hskew, 3dxt
Metgat 3 Agakge] {9 wole kol fARsHlth ¥

G auTh 578 FA
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_{
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X
<
o
o
3

A-S 1A (p < 0.05) (Table 7).

AAE AFL Wl oF - w8 sk 7 Ak 1 g AT
Ay, 202090 20229704 EF Fod Jo AHEs HEl
AoEA Aule M 20209 % Sskel b Ak A
% Jo] Avke B (p < 0.05) (Table 7).

1 ATl A A% 2 o FE AstE T AR
9 ArRS BAS 43 202093 202279 k3t sRE R 2021d 3}
202239 3 IS §-95kA 2dtH(p < 0.05) (Table 8).
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Table 7. Pearson's (above the diagonal) and Spearman’s (below the diagonal)
correlation coefficients among female and male strobili, and cone

production at the seed orchards of C. obtusa in Gochang and Seogwipo,

Korea
Location Year Variable Female Male Cone
Gochang 2020 Female - 0.406™ 0.763"
Male 0.412™ - 0.383™
Cone 0.789™ 0.389™ -
2021 Female - 0.484™ 0.732™
Male 0.484™ - 0.360™"
Cone 0.709™" 0.337" -
2022 Female - 0.704™ 0.103™
Male 0.638" - 0.111"
Cone 0.132™ 0.124™ -
Seogwipo 2020 Female - 0.273""  0.353"™
Male 0.249™ - 0.158™
Cone 0.365™" 0.090™ -
2021 Female - 0.384™ 0.632™
Male 0.336™ - 0.199™
Cone 0.634™" 0.225™ -
2022 Female - 0.309™ 0.451™
Male 0.253™ - 0.330™"
Cone 0.549™ 0.370™ -

ns, not significant; #*, p < 0.01; =xx, p<0.001
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Table 8. Spearman’s correlation coefficients among years at the seed

orchards of C. obtusa in Gochang and Seogwipo, Korea

Location Variable Year 2020 2021
Gochang Female 2020 -
2021 0.295™ -
2022 0.029™ 0.085"
Male 2020 -
2021 0.239™ -
2022 0.103™ 0.326™
Cone 2020 -
2021 0.1717 -
2022 0.158™ —0.045™
Seogwipo Female 2020 -
2021 0.400™ -
2022 0.074™ 0.207™
Male 2020 -
2021 0.306™" -
2022 0.556™" 0.354™
Cone 2020 -
2021 0.283™ -
2022 0.113™ 0.452™

ns, not significant; *, p < 0.05; **, p < 0.01; ***, p < 0.001
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wepd mgs AAE AEA A ST ol Astebe
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Fakel BAA A WY W] 9 Zlow wa gl
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54 22 % EF fsler(p < 0.05) Tukey—HSD AR 24
A3, gae] FA dele ztzh 3 %, THe £ 10 4,
Az FA= 570 252 el St (Table A8).

20219 4 F 6170 229 A s AHs 3o &
it 257 s EAEelYh 289 P e 0.64g, Adx T3

FA B 0.26g, F Fr2 10.79mm, el FEE 9.51mmo] 3t

(Table 9). 732 Hed EAL Z2 7 % #9899 (p<0.05),

Tukey—HSD AR 4 Ay, o] FA= 384 IFe=
throlgleh. ate] Aol 41 awo® uwrelxlon, ke £
2670 o R, Ax 7399 FAE 344 IFCE WrelA 2021d
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Table 9. Cone characteristics among clones at the seed orchards of C. obtusa

in Gochang and Seogwipo, Korea

. Fresh Dry weight Width Length
Location Year .

weight (g) (g (mm) (mm)

Gochang 2020 0.84 0.25 10.06 8.91
2021 0.64 0.26 10.79 9.50

Seogwipo 2020 0.55 0.23 10.30 9.37
2021 0.56 0.25 11.26 11.40
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AH T A Aol FE I Aol & Aoz yEhwth
(Table A9).

MFE AT Lol =
AR e, S FBd 26000 FHE BAHEAH. 22F T
> 0.55g, AxT % FA HHE 0.23g, F B2 10.30mm, 4o]
Bt 9.37mmel 3tk 2020 el AFHT T FEjH Sl digh

Qe WA RA EA Av BE 2GRN FE 7 §OT Aol
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B ow (p < 0.05), Tukey—HSD AM%- 4 Azl F3to] FA 9 %2
Zvzy 1170 28, 739 dol:= 1670 1%, dx 73 FAE 137
IFO % ol fltk(Table A9).

202199 AS F 21 FEo=2FREH 1A FoE A

A

o,
Har 210 T35 A&l 2 4y 289 A B
0.56g, #Ax T3 FA HFS 0.25g, F HFS 11.26mm, Zo]
H2 11.40mmo]Qlth(Table 9). 2021de] AFH3 F34e] 4
54 49 wix 24 24 Ay, 739 Aol dx 7 FAe
2 7 FF 2olE BIoH(p < 0.05), FH Fi FAE FE
ZFoFAs aelE: dERA dgkth. Tukey—HSD AR 24 A
T3] FALL Hole 5/ %, Ax 7R FAE 9 IFoE
ol o, 7o) o {o% a7t e ¢kokth(Table A10).
297t 130 AAXZ AT AakE el A, FeEA
E4ols & abol7t vebuA gharon A9 el = xfolzh glolth

0&

:

2.2 F2 54 A
20209 5E 2021374 1%

H
FA A 5, 4% S48, B SA4E, WA NFE U S 58S
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A5 Ay FA A 8 202093 2021del 77 33.81,
37.57°1%t. 2020d¢] T FAES 72.69%, WY FAES
27.31%, 1A b WiFE2 11.57%°100™ T &2 57.96%°]1UH.
2021 A" FA FAELS 56.43%019t HIY  FAES
43.57% %2 et A FAEH vy FAEL vlEo]l Akl
A A&o] 46.98%= FF ¥ o 2020del nld) WA el (Table

10).
ol vzl BAF BA Ay 2@l EE BE Ex EXoA FE

ot
e
ik
(b
—\T‘—l‘

F st AolE Bt (p < 0.05). Tukey—HSD A}
=

< 157 1%, s TAES 9 1w, A

¢

gL 307 15, T4 FAEE 287 aE, A wFES 1270

I
°
=
=
—
o
o
&
€]
-

OF, a9y =2 5288 32/ agow

AFAE AFANA 2020l AHA FHE dFoR T 54
A% An A4 Ak T8 202093 2021d ZH7 34.94,
36.46°0.% FAHHEUT 20202 A FA FAEC] 9.46%, WH
FAHEo] 90.54%, A HFEo] 33.06%% FRH FA FA
Aol wlg- Axsow, FA a&ol 7.51%=2 HA FHEHAC
202199 A% FA FTAE] 25.77%, W FTAEO] 74.23%, A
HlF=&0] 3.33%% FAH FA @] 24.36%°F 2020de] H]

A B a2 SUEIANE S FAF Aol A x8k3ltH(Table 10).
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Table 10. Seed characteristics among clones at the seed orchards of C. obtusa in Gochang and Seogwipo, Korea

Developed seeds Filled
seed .
) Filled Empty Aborted Seed
) weight Seed .
Location  Year Empty Filled - otential seeds seeds ovules efficiency
nti

Total pe P %) %) %) %)

seed seed cone

(@
Gochang 2020 26.77 7.33 19.45 0.038 33.81 72.69 27.31 11.57 57.96
2021 3147 13.69 17.78 0.042 3757 56.43 4357 1.47 46.98
Seogwipo 2020 26.54 23.85 2.69 0.018 34.94 9.46 90.54 33.06 751
2021 3440 25.50 894 0.019 36.46 25.77 74.23 3.33 24.36




S
A AR, 20209 AF PG FA FA FAE T AFoE
Folpal, FA A TEe 3 IFoE uropod, A5
TAES 10 O%, FH FTAES 1A FEE 5 a5, TA
&2 7 aFo® UFoFlth(Table A13). 20219 FAF Aat
82 3 OaF, As FAEY A FAE 2831 A 5852 570
T1Eo® Yot (Table Al4). AP wjF&S A9 wjx] Al
A= FE
WA A= EE A A9kt

202095H 20219704 13 AT A FA @afol Hf

+ f9st zZolzb AR, Tukey—HSD  AFF

el
el mla MAE AFAe] A\ FAVE 2d3t G vsEC] 82%
¥, TAES F 18% mvte® A yehd ¥k

AR HFE S 2020 MFAE AFHM Y A5 Alelstal v

2.3 7% 2 FA B FdY 4

2020978 20219704 1% AFAelA Akt 3 W FAb
549 ik Aws AbEstel g2 fH8 ) S 4% A7 (Table
11), 202099 242 o], & FEAC gt AA F38 (Kindgividea) 2
4% 27+ 0.115, 0.031, 0.044% A yebgow, 202199 A%
0.270, 0191, 0.239% FHF=HAT. A A2k 559 A FHES

m
M

202097 2021d9] ZFzF 0.195, 0.1590]91oH, =2 82 0.131,
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Table 11. F-value,

variance components

(%),

and narrow—sense

heritability (/%) based on the analysis of cone and seed characteristics

at the seed orchard of C. obtusa in Gochang, Korea

Year  Characteristics F o’ e’ Hindividual A clone
2020 L 3.392™  0.016 0.002 0.115 0.705
Wd 1.599™"  0.023 0.001 0.031 0.374
Wt 1.813""  0.039 0.002 0.044 0.448
DWt (g) 2.125™ 0.008 0.000 0.057 0.529
FSWt (g) 2.059™  0.001 0.000 0.053 0.514
SP 5.560"™"  0.011 0003 0.195 0.820
DS (%) 3.631"" 0.115 0.016 0.123 0.725
FS (%) 4.330""  0.072 0.013 0.151 0.769
ES (%) 3.552™  1.007 0.137 0.120 0.718
AO (%) 3.026™  1.645 0.177 0.097 0.670
SE (%) 3.839"" 0.188 0.028 0.131 0.740
2021 L 10.209"™"  0.007 0.003 0.270 0.902
Wwd 6.885"  0.007 0.002 0.191 0.855
Wt 8.825™"  0.008 0.003 0.239 0.887
DWt (g) 9.068™  0.002 0.001 0.245 0.890
FSWt (g) 6.838"  0.000 0.000 0.190 0.854
SP 5.700""  0.005 0.001 0.159 0.825
DS (%) 12.048™ 0.042 0.018 0.308 0.917
FS (%) 6.637"" 0.145 0.033 0.185 0.849
ES (%) 6.997°"  0.328 0.079 0.194 0.857
AO (%) 3.760™  0.577 0.064 0.100 0.734
SE (%) 6.6577"  0.194 0.044 0.185 0.850
w0 p < 0.001

n, number of individuals (976, 2020; 1476, 2021); N, number of clones (54, 2020;

61, 2021)

L, length; Wd, width; Wt, fresh weight; DWt, dry weight of mature cone; FSWt,
filled seed weight; SP, seed potential; DS, developed seed; FS, filled seed rate;

ES, empty seed rate; AO, aborted ovlues rate; SE, seed efficiency
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Table 12. F-value, variance components (c°), and narrow—sense
heritability (/%) based on the analysis of cone and seed characteristics

at the seed orchard of C. obtusa in Seogwipo, Korea

Year  Characteristics F o’ oo’ Pondividual  Aelone
2020 L 18.289™"  0.008 0.009 0.456  0.945
Wd 12.289™"  0.003 0.006 0.354  0.919
Wt 9.389"  0.006 0.015 0.290 0.893
DWt (g) 16.646™"  0.002 0.003 0.432  0.940
FSWt (g) 4,267 0.005 0.019 0.219 0.766
SP 7.2277  0.056 0.185 0.232 0.862
DS (%) 6.176™  0.180 0.716 0.201  0.838
FS (%) 4,676 0.041 0.231 0.152 0.786
ES (%) 3.419™  0.068 0.576 0.105  0.707
AO (%) 3.318™  0.004 0.031 0.101  0.699
SE (%) 6.393™ 0.366 1.397 0.208  0.844
2021 L 3.0517  0.006 0.047 0.104 0.672
Wd 1.400™ 0.001 0.054 0.022  0.286
Wt 17.583™  0.006 0.007 0.485 0.943
DWt (g) 19.221™"  0.003 0.003 0.508  0.948
FSWt (g) 7.429™  0.00011 0.00030  0.268  0.866
SP 7.4867  0.017 0.041 0.298  0.882
DS (%) 8.173™  0.195 0.479 0.289  0.878
FS (%) 1.162™ 0.004 0.384 0.009  0.139
ES (%) 2.459™  0.036 0.441 0.076  0.593
AO (%) 4,410  0.001 0.008 0.162  0.773
SE (%) 7.1987  0.248 0.706 0.260  0.861

ns, not significant; **, p < 0.01; *=x* p < 0.001

n, number of individuals (580, 2020; 435, 2021); N, number of clones (23, 2020;
21, 2021)

L, length; Wd, width; Wt, fresh weight; DWt, dry weight of mature cone; FSWt,
filled seed weight; SP, seed potential; DS, developed seed; FS, filled seed rate;
ES, empty seed rate; AO, aborted ovlues rate; SE, seed efficiency

79 ] .-:r\ﬂ -"':i- ]_H X



cL

Table 13. Pearson’s correlation coefficient between cone and seed characteristics at the seed orchard of C. obtusa

in Gochang, Korea from 2020 (below diagonal) to 2021 (above diagonal)

Variable Wt(@ Wd@m L @mm DWt( FSWt( SP DS %)  FS @) ES@® AO%) SE %)

W@ - 0925"  0893™  0965" 07737  0409™ 04577 03607 —0298" -0339" 05317
Wd mm) 02357 - 08257 08977 07197 03497 04657 03487 -0287" -03527 05257
L (mm) 0270" 05847 - 0865™ 06977 04077 04567 03127 —02537 -0335" 0490™
DWt (2) 02197  0168™  0301™ - 0788  0393™ 04707 03697 —03057 -0346" 05457
FSWt () 0199" 0266~ 03167 04157 - 0.334™ 04307 06957 —06297 -03737 0807"
SP 0.144™ 01477 02547 01387 01357 - -0094™ 01307 -0128" -01627 0064
DS (%) 02157 02847 03260 02917 03057 01347 - 0.05° 0016  —0.347" 0534™
FS (%) 0.099" 0189™  0204™ 01327 03457 0.034" 0.017* - -0.766" -0296" 0.870™
ES (%) -0079° -0123" -0129" -0085" -02697 -0045® 01107 -0.768" - 0226™  —06477
AO (%) -0099" -0166" -01737 -0215" -0163" 0038® —0404" -0043* 0029° - —0.420™

SE (%) 02277 0336~ 03777 03077 04517 —0084" 07837 06357 03937 -0.338" -

ns, not significant; *, p < 0.05; **, p < 0.01; ***, p < 0.001
L, length; Wd, width; Wt, fresh weight; DWt, dry weight of mature cone; FSWt, filled seed weight; SP, seed potential; DS,
developed seed; FS, filled seed rate; ES, empty seed rate; AO, aborted ovlues rate; SE, seed efficiency
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Table 14. Pearson’s correlation coefficient between cone and seed characteristics at the seed orchard of C. obtusa

in Seogwipo, Korea from 2020 (below diagonal) to 2021 (above diagonal)

Variable Wt(g Wd@m L @mm) DWt( FSWt(g SP DS (%) FS (%) ES®  AO@®)  SE

Wt (2 - 0.340™ 0356~ 09577 06727 03697 05187 04477 03017 -02777  0.550™

Wd mm) 07717 - 0.118= 0324 02127 01427 01417 01537 -0106+= -0157" 0.178"

L (mm) 0750  0.856™ - 03677 02817 0.012"® 0136™ 01787 —-01257 -0068" 02047

DWt (2) 0.808™  0.891™ 0.8517 - 0.708™  0373™ 04927 04737 -03767 -0268" 05697

FSWt 0011% 0017 0.043% 00427 - 0246™ 02417 07197 -0730" -0270"  0.750™

SP 0175"  0.176™ 0.24™ 0.218™ 0.069" - -0070® 0203" -0059® -0129" 01757

DS (%) 0454  0520™ 0501™ 05617  —0.054" 02827 - 0.096" 0.148™ -0186" 03217

FS (%) 03357  0.367" 0293 03697 —0028° 00890+  0.204™ - —05817 -0317" 0973™

ES (%) -0.151" -0168" -0066° -0.167" -0069° -0050° -0100" -—0578" - 01517  —05257
AO (%) -0233" -03377 -0283" -03517 0.065" 0062°  —03727 -0.189" 0.1590™ - —0.342™
SE (%) 04217  0454™ 0.384™  0474" -0035° 0.135" 03747 09727  —0587" —0.256" -

ns, not significant; *, p < 0.05; **, p < 0.01; *+*, p < 0.001

L, length; Wd, width; Wt, fresh weight; DWt, dry weight of mature cone; FSWt, filled seed weight; SP,

developed seed; FS, filled seed rate; ES, empty seed rate; AO, aborted ovlues rate; SE, seed efficiency

seed potential; DS,
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Table 15. One—way ANOVA of seed germination rate at the seed orchard

of C. obtusa in Gochang, Korea in 2021

Variable DF SS MS F p
Between 33 797.14 24.16 1.636 0.030°"
Within 113 1668.93  14.77
Total 146 2466.07
B (ndividual 0.132
A (clone) 0.389
* p<0.05
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Table 16. Pearson's correlation coefficient and Spearman's correlation
coefficient of seed germination rate at the seed orchard of C. obtusa in

Gochang, Korea in 2021

GR (%)
Variable
Pearson's correlation Spearman's correlation
FS 0.254™ 0.268™
FSWt 0.223™ 0.244™
FS (%) 0.147™ 0.116™
SE (%) 0.230™ 0.252™

ns, not significant; ***, p < 0.001
GR, germination rate of seeds; FS, number of filled seeds; FSWt, filled seeds
weight per cone; SE, seed efficiency
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a2 AFE ol Tl AHS S FA 67109 24 TR
TE XS AE O 19470AeA HY 3471(Co2047), HA
471 (Co3033) = F 164719 Wi FHXE &Aststk(Table 17).

.635~0.934(F+, 0.772)¢F 0.511~0.939 (B, 0.719)=

N
=
N
h
2 =

1o Co02023, Co2047, Co3026 %A= o8 Hax A=7}
712 Rel skt (Table 17). 7 ZEA A B4gl T2 #3174
Aol Hd 1.6%= FHEAG(Table 17). & UdH F3A4 F&
A 16.571(Co2047) 3  HA  1.570(Co3026) o AZx
SAARE FlE oY fdA s 27 1370(SE, 0.473) ¢
2770 (S.E, 0.597) ]l th(Table 17).

1 AFd 2ol Ad(FAh) 3 Fd A S vlasks o,
e fdx =5 247 13.870(FF 23k, 3.021) 9 15.2(%F 24},
14D NZ FAHGew, fFa Y 82 Fv 747 6.486(FF

@k 1.578), 5.797(FE%F 2%}, 1.508)% #exitt (Table 18).
0.

o X2

Shannon® AREZF A4t 247 1.844(FF 23}, 0.249), 1.713(F=
2zt 0.250)0190eH, 1AFAF AY EEE -0.062, FA=
—0.0872 &I tH(Table 18). uweA Hardy—Weinberg 33
FEd wEoh o)y FEA WErh 58 JEA WERG 52 Zlo®
F =

AMAL A FHelA AHAT e TR 97N FTAL ByE
e 5 8670AA F 100719 Al fAAE gelstelon, A
2471(Co2023), HAa 371(Co3033) 2 die fAAE Elsklth(Table
17). AFeArt gld oy fF44 F= T M4Es A4

0.499) 01910, FAapll At ele ty /A = & 207 (BE 24}
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Table 17. Polymorphic information of 10 microsatellite markers at the seed

orchards of C. obtusa in Gochang and Seogwipo, Korea

Location Locus Na Ne

Gochang Co2018 12 4
Co2023 31 108
Co2043 22 4
Co2047 34 165
Co2050 23 112
Co3026 5 1.5
Co3033 4 21
Cod4012 10 37
Co4014 13 2
Cod049 11 55

Total (mean) 165 6.1

N. I H, He F
2 1538 0.884 0.75 0.003
5 2688 0849 0908  0.005
2 1887 0787 0748 0003
0O 3009 0913 0939 0004
1 2612 0934 0911 0004
0
1
1
0
1

0772 0158 0353 0005
0792 0771 0521 0001
1576 0892 0.731 0105

1115 0635 0511  0.027

1.84 0898 0817  0.001
13 1783 772 ©719 (0016

HOHHO%MMNP—‘E!—‘@NOOW%%WU’I%Z

Seogwipo Co2018 6 34 1 1322 0769 0706 0012
Co2023 24 109 1 2597 0847 0909  0.010
Co2043 16 79 2 2251 0891 0873 0040
Co2047 22 125 4 2686 0.842 092 0.013
Co2050 20 7.1 2 2306 0775 0859 0010
Co3026 8 1.7 4 0896 0191 0400 0027
Co3033 3 2 0O 0706 0847 0499 0009
Cod4012 6 2.6 0 1263 0852 0622 0002
Co4014 4 2.1 0 0929 0694 0516 0102
0

Co4049 8 46 1737 0809 0784  0.005
Total (mean) 100 G5 20 14 @669 ©O752 0709 0023

Na, number of different alleles; Ne, number of effective alleles; Nos, number of
only presented in off —springs (seeds); Nc, number of only presented in seed
orchard clones (adult trees); I, Shannon's information index; Ho, observed
heterozygosity; He, expected heterozygosity; F, (He — He) / He
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Table 18. Genetic diversity of the adult clones and the seeds at the seed
orchard of C. obtusa in Gochang, Korea based on the analysis using 10

microsatellite markers (the standard deviation is in parentheses)

Variable  Locus N N, Ne I H, He F

Clone Co2018 7.0 42 1.532 0.948 0761  —0.247
Co2023 280 119 2764 0.758 0.916 0.173
Co2043 18.0 4.6 2.022 0.803 0781  —0.028
Co2047 300 159  3.005 0.938 0937  —0.001
Co2050 200 121 2.667 0.923 0918  —0.006
Co3026 5.0 1.6 0.807 0.052 0.373 0.862
Co3033 4.0 2.0 0.741 0.851 0503  —0.692
Co4012 8.0 4.3 1.680 0.943 0766  —0.231
Co4014 8.0 2.6 1.337 0.825 0622 —-0.326
Co4049 10.0 5.6 1.885 0.923 0822 —-0.123

Total 194 138 6.5 1.844 0796 0740 —0.062
@G0 1.6 (0249 (0085 (0059 (0.127)

Seed Co2018 100 3.9 1.518 0.866 0.744  -0.163
Co2023 260 101 2.610 0.875 0.901 0.029
Co2043 200 3.8 1.824 0.782 0.737  —0.062
Co2047 340 157 2956 0.906 0.936 0.032
Co2050 220 106 2562 0.937 0906  —0.035
Co3026 5.0 1.5 0.743 0.189 0.345 0.452
Co3033 3.0 2.1 0.802 0.748 0525 —0424
Co4012 9.0 2.8 1.336 0.878 0647  —0.357
Co4014 130 1.9 0.962 0.58 0466  —0.245
Co4049 100 5.4 1.818 0.891 0.816  —0.093

Total 671 152 2.8 1.713 0765 0702 —0.087

@D @5 (0250 (0072 (0064 (0.077)

Overall Total 865  14.5 6.1 1.779 0.781 0721  —-0.074
2D @D (0172 (0054 (0043 (0.072)

N, number of samples; Na, number of different alleles; Ne, number of effective alleles; I,

Shannon's information index; Ho, observed heterozygosity; He, expected heterozygosity; £,
fixation index, (He — Ho) /He = 1 — (Ho/He)
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0.683)°]¢ltH(Table 17). ©old AL FZF# 0.191~0.891(F +,
0.752) % &¥ 2t} Co2023, Co2047, Co2050, Co3026 A2 o]

AEE #SA7E AR Ggton 53] Co3026 XA o]
e #SA7F wg 9A yEbgth 7 ZA oA mgeh AR
T34 Aol H 2.3%% A 2t (Table 17).

AAEZ A AfFde 2Eg AU EAH 3 Fd g
nwstele W, d¥E A F= 722 1031 (GEE 244, 2.300) ¢

9.7 (ZF 24k 2.000) = FQlyglow, o
gol ¥ 2tk (Table 19).

ra
5.5(FF 24} 1.300), 4.7 (2% 2}, 0.900) &
22, 0.257), 1.564(%F

Shannon?] FRZF A= 47 1.619(%F
oah, 020202 Jehth 1AASE EEE 0037, FAE
~0.206°.% 1T (Table 19). Wala 7L A4S virE F
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Table 19. Genetic diversity of the adult clones and the seeds at the seed
orchard of C. obtusain Seogwipo, Korea based on the analysis using 10

microsatellite markers (the standard deviation is in parentheses)

Variable  Locus N Na Ne I Ho He a

Clone Co2018 50 3.7 1.395 0779 0.727 -0071
Co2023 230 11.3 2612 0744 0911 0183
Co2043 140 6.3 2100 0895 0842 —0063
Co2047 180 122 2622 0.709 0918 0227
Co2050 180 88 2456 0.756 0.386 0147
Co3026 40 15 0641 0000 0322 1.000
Co3033 30 20 0.706 0674 0487 -0.384
Cod012 6.0 27 1.272 0.860 0626 -0.375
Cod014 40 15 0606 0372 0316 —0.179
Cod049 80 49 1.782 0.884 0.795 —0112

Total 86 103 55 1619 0667 0.683 0037
23 13 0257 008y o714  0126)

Seed Co2018 50 31 1.189 0.763 0674 -0132
Co2023 170 9.0 2408 0938 0.888 —0066
Co2043 140 6.0 1.988 0.887 0834 —0063
Co2047 190 100 2506 0939 0900  —0065
Co2050 160 55 2014 0.784 0817 0041
Co3026 80 18 096 0.361 0450 0.198
Co3033 20 20 0693 1.000 0500  —1.000
Cod012 50 2.6 1.241 0.845 0617 —0371
Cod014 40 25 1002 0979 0596 —0642
Cod49 70 43 1637 0742 0.768 0033

Total 97 9.7 47 1564 0826 0704  -0206

20 09 0202 009 oD 0115

Overall  Tota 183 100 51 1591 0.747 0694  —0084
(15 08 0159 ©O0H)  OM4)  ©08Y)

N, number of samples; Na, number of different alleles; Ne, number of effective alleles; I,
Shannon's information index; Ho, observed heterozygosity; He, expected heterozygosity; £,
fixation index, (He — Ho) /He = 1 — (Ho/He)
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Table 20. Polymorphic information and exclusion probabilities of 10

microsatellites markers at the seed orchards of C. obtusa in Gochang

and Seogwipo, Korea

Location Locus PIC EP1 EP2 NE-I NE-SI  F(null)
Gochang Co2018 0.707 0.344 0,519 0.105 0.402 -0.086™
Co2023 0.901 0.690 0.816 0.015 0.300  0.034™
Co2043 0.726  0.384 0.568 0.086 0.397 —0.033™
Co2047 0.936 0.782 0.877 0.007 0.282  0.014™
Co2050 0.904 0.695 0.820 0.015 0.298 —0.012°
Co3026 0.270 0.042 0.154 0527 0.741  0.245™
Co3033 0.409 0.136 0.217 0.342 0575 —0.198™
Cod012 0.699 0.340 0.523 0.105 0410 -0.116™
Cod014 0.480 0.146 0.309 0.269 0.562 —0.147"
Cod049 0.793 0.464 0.640 0.058 0.356 —0.048"
Mean 0.683 0.402 0.544 0.153 0432 -0.035
Seogwipo  Co2018 0.651 0.280 0448 0.142 0.432 -0.053™
Co2023 0.902 0.689 0.816 0.015 0.300 0.034™
Co2043 0.860 0.592 0.745 0.029 0321 -0.010™
Co2047 0915 0.722 0.838 0.012 0.293 0.043™
Co2050 0.846 0570 0.727 0.033 0329 0.054"™
Co3026 0.383 0.088 0.237 0.376  0.644  0.348™
Co3033 0.377 0.124 0.190 0.373 0.594 -0.260"
Cod012 0.587 0.225 0404 0.178 0.483 -0.212™
Cod014 0.465 0.136 0.281 0.285 0.563 —0.184™
Cod049 0.756 0413 0592 0.075 0377 -0.016"™
Mean 0.674 0.384 0528 0.152 0.434 —-0.026

ns, not significant; *, p < 0.05; **, p < 0.01; ***, p < 0.001
N, number of alleles per locus; PIC, polymorphic information content; EP1,

exclusion probability of first parent; EP2, exclusion probability of second parent;

NE—-I, combined non—exclusion probability of identity; NE—SI, non—exclusion

probability of sib identity; #, null allele frequency
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At A gl AAE 2AL FELS FAAF F 0.3840]%10.H,

A B A4S ok A% Fu HESE AU iA B
0

o=
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r°l'

AFelMe ALt 2ol Bdd oz fuwgict

3.2 wuf kA

23 AL W we 4 Fd Z4E MLTR Ver. 3.2% #243%
Av, o §AAE E7F S ()2 0.982, % TR W& (th—
t)> 0.028% FAHAT FA A#(r, 0.172)7 A7F wolE (r,
0.152) & W& FF o7 Vet (Table 21).

AAEL AT ol wul A Fd 2 24 A, o5 A
Eb7E wwl&o] 1.000, 4% <3 wal&2 0 =
ABe 0.0643 A7) wHlES 0.11002 we 50|30 th(Table 21).

ek 1Y AAEZ AT AS dFE B auE FAt

AArEw, tare] SRzt wulel] Ylojets Ao ddE AT
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Table 21. Estimates of inbreeding parameters from progeny arrays at the
seed orchards of C. obtusa in Gochang and Seogwipo, Korea in 2021
based on the analysis using 10 microsatellites markers (The standard

deviation is in the parenthesis, 1,000 BT)

Location tm tm—ts Ip Is

Gochang 0.982 0.028 0.172 0.152
(0.01D) (0.010) (0.024) 0.071)

Seogwipo 1.000 0.059 0.064 0.110
(0.000) (0.038) 0.017) (0.010)

tm, multi—locus out—crossing rate; ts, single locus out—crossing rate; tm—ts, bi—parental
inbreeding; rp, multi—locus correlation of out—crossed paternity within progeny; rs,
correlation of selfing among loci
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3.3 shede] Fd4 3t

Analysis of molecular variation(AMOVA) A3, 313 Q59
A9 A f4 Wol T Z8 1+ Wole 13%, /Al Woles 87%=
UEbE T 2R fAe] mer sRdl §d4 FAel dE s
7YA43ta, TwoGener WHo =z 43t Lo #
0.1342 A=t (Table 22). 13 ANFHe] F4 F& skt olF
A @) o] F4o olg® A U=(dDi had 13020H, 4
AFgE 3070 B9 B Al 55.6mE AAEAT At Al

=l

o
a. =

o
)
oX,
=
ot
=Y
o
Sis
o
offt
M,
vk
rlr
o
o1
e
=)

il
fa
r o

W9 st [f-47 ®EstoA FHHE 7ol e B HY (A &
250m* & 4=tk (Table 23).
AAE AFTY U 7534 ®Ho] & B 3F Wol= 33%, 7A| ®Hol=

67%= YEFRTE. TwoGener WX o=z FAst 3R {FA4

A2 (B) 2 F4ol olgd d¥ WE(d)i had 125309, A
AFEE 57 B4 Het AgE 11.5mE AAE A gk RS
7Hget Wt 3 ols Ae 3.892mE FRIEHS

e A4 Esteld FAHE 7o sEge] X

120m*Z A=At} (Table 23).

7Ferdol loew, Bl Fik- Al s AMAIZE muje] 7]ofE
¥ B I AT Sttt et B 2be sl £ 4

TS EEAA e AloR FAHUN

3.4 %A fA4F % S 29E F7
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Table 22. Summary of analysis of molecular variance (AMOVA) at the seed

orchards of C. obtusa in Gochang and Seogwipo, Korea in 2021

Location Source df SS EMS Est.Var. % Dy
Gochang  Among mothers 29 3525 12.156 0.423 13
Within mothers 641 1744.2 2.721 2.721 87  (0.134™
Total 670 2096.8 3.144 100
Seogwipo Among mothers 4 176.6 44.144 2.047 33
Within mothers 97  403.9  4.164 4.164 67  0.330™
Total 101 5804 6.210 100
sk, p < 0.001
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Table 23.

orchards of C. obtusa in Gochang and Seogwipo, Korea

Pollen dispersal estimation for 5 density values at the seed

Location d (trees/ha) de/d Nep Agp d (m)

Gochang 130.0 1.000 3.731 0.029 5.990
65.0 0.500 3.731 0.057 8.471
43.3 0.333 3.731 0.086 10.375
32.5 0.250 3.731 0.115 11.980
26.0 0.200 3.731 0.144 13.394

Seogwipo 125.0 1.000 1.515 0.012 3.892
62.5 0.500 1.515 0.024 5.505
41.7 0.333 1.515 0.036 6.742
31.3 0.250 1.515 0.048 7.785
25.0 0.200 1.515 0.061 8.704
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2021 13 AFA 307 BFA AFHS F 671 FAE
oz 3 HdES FAsUY Hax 9N fFARHE VIeow
670 T2 A21%k 6657 FARFEH SHEgE FA A3 (Table 24),
2021 w3 AW QJFd W 3070 Rgold Aakd® Fxko 3
QAES EFE HA 0%olA Hul 20%c1R e, EbF wulEe 7

|

B 94.21% 2 =2 Fo|Qt). 3EF7F 59 5Us FA=

i

% 66570 FA T 2870(4.69%) % FAEHoH, w4 876672 Auj

Hl&o] 60%=2 714 A YErWthH(Table 25). FHA 671 FAx3E

JNEoZ 671 FAERFH sEgE % Ay, s LH9ES

0%°lem, 7t wHi&L 2z 24z Hu 100% YEH O Ha
&

53.3%% x Fwoldth Tt Baet A FA= F 67170

ofN

2} 2 337/M(5.39%) 2 &A= tH(Table 26).
A w29 Fo wet A3 thEA e
2021d9] AAXE AW AFY 5/ EFEEHE AFHI T 970

i

AT A HA

i

s F74
A3} (Table 24), 3 LAES 0%°lod, e/ wwl&e 7
TeEz A 100%FE HA 88.24%%  wiS- 5

2ol s FUst FAE T 671(4.86%) 2 FRIE U H(Table

27).
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Table 24. Paternity analysis of seeds from mother trees at the seed

orchards of C. obtusa in Gochang and Seogwipo, Korea

Assignment rate (%)

Location Confidence level (%)  Critical delta
Observed Expected
Gochang 99 8.18 7 (1%) 6 (1%)
(n = 30) 95 7.41 18 (3%) 7 (1%)
<95 647 (97%) 658 (99%)
Total 665 (100%) 665 (100%)
Seogwipo 99 9.56 4 (4%) 15 (16%)
n=5) 95 7.80 9 (9%) 29 (30%)
<95 88 (91%) 68 (70%)
Total 97 (100%) 97 (100%)

n, number of mother trees
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Table 25. Pollen contamination rates trees at the seed orchards of C. obtusa

in Gochang, Korea based on at least 9 loci

Mother tree N M S S@®) PC(%® OC (%)
8913 19 6 1 5.26 0.00 94.74
8882 17 13 0 0.00 0.00 100.00
8856 24 17 0 0.00 0.00 100.00
8854 24 14 1 4.17 0.00 95.83
8843 24 11 0 0.00 0.00 100.00
8814 31 13 2 6.45 0.00 93.55
8813 21 12 0 0.00 0.00 100.00
8811 19 9 0 0.00 0.00 100.00
8785 21 9 0 0.00 0.00 100.00
8768 14 8 0 0.00 7.69 92.31
8766 15 5 9 60.00 0.00 40.00
8764 21 12 1 4.76 0.00 95.24
8758 24 14 0 0.00 0.00 100.00
8749 23 10 0 0.00 0.00 100.00
8743 30 12 1 3.33 0.00 96.67
8741 27 12 0 0.00 0.00 100.00
8740 17 12 0 0.00 0.00 100.00
8720 24 11 2 8.33 0.00 91.67
8718 20 11 0 0.00 5.26 94.74
8716 24 12 4 20.00 20.00 60.00
8704 20 7 0 0.00 0.00 100.00
8688 24 9 0 0.00 0.00 100.00
8687 21 10 4 19.05 0.00 80.95
8686 32 15 3 9.38 0.00 90.63
8683 30 13 0 0.00 0.00 100.00
8666 30 14 0 0.00 0.00 100.00
8665 19 10 0 0.00 0.00 100.00
8647 11 8 0 0.00 0.00 100.00
8641 24 16 0 0.00 0.00 100.00
8623 21 8 0 0.00 0.00 100.00
Mean (sum) 22.17(665) 11.1 (28 4.69 1.10 94.21

N, number of seeds for each mother tree; M, number of clones as pollen; S, number
of selfing seeds for each mother tree; PC, pollen contamination; OC, outcrossing
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Table 26. Outcrossing and selfing rates at the seed orchards of C. obtusa in

Gochang, Korea based on at least 6 loci

Mother tree N M S S (%) OC (%)
8913 19 6 2 10.53 89.47
8882 17 13 1 5.88 94.12
8856 24 17 0 0.00 100.00
8854 24 14 3 12.50 87.50
8843 24 11 0 0.00 100.00
8814 31 13 2 6.45 93.55
8813 21 12 1 4.76 95.24
8811 19 9 2 10.53 89.47
8785 21 9 0 0.00 100.00
8768 14 8 0 0.00 100.00
8766 15 5 7 46.67 53.33
8764 21 12 1 4.76 95.24
8758 24 14 3 12.50 87.50
8749 23 10 1 4.35 95.65
8743 30 12 0 0.00 100.00
8741 27 12 0 0.00 100.00
8740 17 12 0 0.00 100.00
8720 24 11 1 4.17 95.83
8718 20 12 0 0.00 100.00
8716 24 15 3 12.50 87.50
8704 20 7 0 0.00 100.00
8688 24 9 0 0.00 100.00
8687 21 10 2 9.52 90.48
8686 32 15 1 3.13 96.88
8683 30 13 1 3.33 96.67
8666 30 14 0 0.00 100.00
8665 19 10 1 5.26 94.74
8647 11 8 0 0.00 100.00
8641 24 16 0 0.00 100.00
8623 21 8 1 4.76 95.24
Mean (sum) 22.37(671) 11.2 (33) 5.39 94.61

N, number of seeds for each mother tree; M, number of clones as pollen; S, number of selfing
seeds for each mother tree; OC, outcrossing
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Table 27. Outcrossing and selfing rates at the seed orchards of C. obtusa in

Seogwipo, Korea based on at least 6 loci

Mother tree N M S S (%) OC (%)
5887 34 17 4 11.76 88.24
5888 12 7 0.00 100.00
5894 26 9 2 7.69 92.31
6838 13 7 0.00 100.00
6965 17 14 0.00 100.00
Mean (sum) 20.4(97) 10.8 6) 4.86 95.14

N, number of seeds for each mother tree; M, number of clones as pollen; S, number of selfing

seeds for each mother tree; OC, outcrossing
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oy
Rl

UERR oy (Figure 8), #4324 A3 202049 =73ket 319
|9lstar Fskel EeF aElm Ik A el
g s Rt (Table 7). ®bd Ax® £9 A# Ay
Y AAE AFY BF FstelAnt foe Ao g Ko il

o skel= JHA S A oy Zlo® e (Table 8).

o
)
o
N
i

i)

Jo
1o
ok
O

Pl ke AxF Wol:= FE VIS AR JFom
A=, stob w3t Al7lel o]l FAE B sl WeokA=
ZAow Haug #H glom, IE olFe FaeAowr i dErT
FHol 7§ A d¥e Wol e Fdow dHA v (Ayari and

Khouja, 2014; Nikkanen and Ruotsalainen, 2000; Taira et al., 1997;
Takahashi and Kawashima, 1999; Yamazaki, 1985). %9
stobl 7] (horal primordium) A7 FFolvt A =1 (2%, 94
A, A el wEk Ael7E IARE AWt om  Zeo gt
FFAFe] olFAxl F, 6~7Eel F Aol FAH= AVIE AA
ol Fel Rabstel 1 thgslel sk, AAATh AW A FT8
w3b 69 FEFE 78 27HA o] FoAH, oste] £33k 64

S/HA ol FofA  rElke] Slolrh brske] FlobR v
wA - FAEn(eldE, 1993). wEb 2 dgrd 1d

o

oA
2019956 202197k#] 133 AMAXE] 6€FH TE7HA HA
1S &As A, 1] A¢ 201949 6~79 H 7|20 77

20.8~21.1°C, 202049 A 20.2~225°C, 202149 AF
ke AE EelEiT U1,
2022). M7AE B¢ 20206 799 Ft 7]£(23.4°C)°] 20199
799 i 7]2(24.2°C) Bt} oF 1°C b spAfskglon, 20214 749
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2022). AFLe] A% 7HA A7, =

71, ARl 5] BE|7E o] Folx=

o|BR A ATl stol w3} A1719] V] Apol= THEHRES

ke S,
om AEAT} 2ol el oo

2 A e, F2 3t sl

ko zjol7F A 4 Y= A B vt Quh(Bilir et al., 2002; Kjer,

1996). webA 3dz 289 713

g A g Vs

golst Ay v MAX AFY EF 2 FEOSRE HITHY

Lreb o (Figures 9, 10).

1Y A A Bd FAATES At 2EG g 7
=

FHa FE Hu 68717 HAE AA dErsed, 1171 &

A 2 o 41.27%2 A SAY. AAE QA2 ASdn
29 Ha UNFE Ad 71709 gle] dlom, 27 28] A

ey 4
el 5

I AFE AT Hol

9] 59.05%Z AT wEkd T Ao HEY g ZFE9
of A7} e Yol = st W Fap gake] Jlojne] FEs

sy, 53] 202149 12333

AAE AL ol Fste] Fuf A7 42 3.9313 5.325% wW¢

Fe FFog Yehgth =3 du AFEXFE S 2 f3 Ad
A717y 242y 1552, 4.322 $2 FFo2 FAEAY(Tables 3, 4)
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2ol A A a8a 249 594 FHAE UE F
et al.,, 2006), AMFTHAE T2 MNP gyl Aratde] #oAst= =2
=

AdE AFHY Fue Fu A4 2 AF L, FE 2

1999; Richardson and Stephenson, 1992; Snow, 1982; Winsor et al.,
1987). "= &FA AdAolA = vkt AdsFel i 73 24
AFME Ak, AT FA AN S W #7148
ZALSE EAS AAEte] FEA QD HEE st ok (Bramlett et al.,
1977).

2o AFeME 202095E 202197HA 2d3F 13 AFE
AFde] T4 FAER A wFE 2 T A 5Es
FAs. 1 ALY B 22 B 57.96%(2020) ¢
46.98% (2021 ) & AFEE9loH, AAE AT L Chn
7.51%(2020\) 9} 24.38%(2021) = AbEE o] (Table 10) @7 & €
AEDe 715 (65%) ol PIXA] Xoh= FAIATH(Bramlett et al., 1977).
A FAE T 85% oldolofok sHAIRE I MAE AT LA
B T oolsiion, g AT A 29t A FAEC] o 733
56%% et T2k 7hel Falel vlaiud 231w e ThsAdel 3=
Tol 3k (Table 10).

AAE AFTHY] FA FTAELS 2dF oF 2569% olsE YERY
sl deiv 231 wHle] ThsAdel vl w2 el agEH v

(Bramlett et al.,, 1977). 53] AAX AFHS AF v FA&Ho]
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293t 75% oo r W w2 FEoE YEEtH(Table 10). HIH
s 7Y F AAHcE dYeus SRR A T4 d"HE
e A 2] gArt S5 (Dogra, 1967). 1133 A 7%
ANEAde 229 2l o \A7E At &5 S280] sk Hlgo

g ol 54 ZEol SRAoE AFHYL sl wrh EE

_

LA

gl HAATe dider FE AFo] Yk X

SE2HYAY, 3 =, FE S o8l €=y aAF 8ot
WA 3CH(Owens and Fernando, 2007). o]& Wx|3&}7] 93 gz

3 %o FHel wEk g2yl A9 JdS AT LelA
draor shto dd RES 3l 7% 9 739 oo FHasto]
=i F4 Fx2] giko] 200% o173 7HE Zloletal o 53k ut
216 ™ (Bridgwater and Bramlett, 1982), western white pine (Pinus
monticola Dougl. ex D. Don) AFelA ] F7F F9U& &3l
skl wheto]l WA E QAL A Tl gl Bla) A e TA
A F7F SUbekel T &mEol °F 30% 7HF SUFeRIthE AT
A3} BRa® vl 9t (Owens and Fernando, 2007). T3k =27l
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A A S OIA, 0195 FE, 0.8200S AL mE A9 A
9ol 0.15 olatz WA FAHHUT(Table 11). 53] 20204l
T3 Zo] A fAgo] 0.044% 7 A FAHYOH o= FE
b Zpol= AUARE JRAE 2F Wol7p AX] kS| wiiro® Aey gt

o]

lil

JH 32

gk 202139 Ae F2 AN FE I uAb wFge] A /4
Zt7F 0.159% 0.100e= FgHo v FEogloy F2 FAHS
T 0.7 ooz = yeEstth(Table 11). 202119 FAF A4
T A QA Fol digk Wolzk 24 ko Ao w AztE
AAEZ ATdAlME 20219 o] Aojst F, vy FTAES
Aet UmA B gEE FE F fosdnt. TA 549 A
- FA A FE Y AAF gl A 7 U
FAENoH, 202199 A vy TAEHR FA A A R
A F4 AT (Table 12).
v AAZ AFTLA 24zt FA Sl oid fH8e
et A¥ FEAoE HF FAE, A HFE 283 T4 AL

ol odt wdo] He FEow yehdth ot W g A

al
271% Imm olStE WS Aol Az PN AAHAL B A
OFF W 5 Ytk webd AN A3 B4 YL o] §atol
Aolg AZeha AL a7 AN gEHO

Tobg HFS 20209 20210 25 Fasigi o, 20204 9]
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A3}71F Atk (Son et al., 2008).
" FAe] Ag- vgolu wAdS T 5 T er sk
A FTAVE wol TS, 2yoR R fgow FA FAg
Hgo]l tt(Matsuda et al., 2015). 281 T4 Fx9
THEA Ze vg FAel= vlokst wi-AE dd gloermw woprt
o] ¢tk WMl FHe] FHE] fste] ulFg FHe
AEat7] Yalde Ao ¢ e A FAE dUEeR Aatsor
b webd AEHEE FA A G B £ Qe EARE
geteta AFAAE FAL K14 AT HETE AKdop sl

Hdo= FA9 #4& sty s A, 7], A=Y (viability),

E£AE Vo | FAE AlskeE VAA FAE Ndste A7
AP n . 53] FAY FAEE st s a&Holx A
Al F7 el #s el Frhsta 9l

NIR (Fourier transform infrared, 2] 2] &3%) ol st d+47F 1=
vE glow | Fapo] AEY (Tols) ¥ s A S ISkt (Mukasa

et al., 2019). 3}X]?l' O] Hol-lﬂ% 1:/_]—% %x]_% EH/E]_QE @%QI_’ %1\01

gepde FAAAE ol AEAL FAY AY &
web FE 2 NS T3 4SS B A 0 54 Gy

dEdoR FASYE, 4A Qe wME B gd AFAN
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0.77201%lew, MAXEZ AFHS] A-¢ 0.191~0.891% Hit 0.752%
g5 tH(Table 17). FAEE EA3 Ax=s 2Adgrd e
FAA 1 AFAY FA Wol7b E=A YERoY Co2043,
Co3026, Co4014 ZEAC fra Wd 8= Fv AAXAA =4
vebsth fAxE g8y ARge a3 AFde AS
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EAR 4~2470° OF KA} 0.2~14.2709 F&E Uy {FHAE
shalskaith. F-axx 9384 AR 0.160FEH 0.9277k4 %1 2™
Co2047 A7} Br@Ao] 7Md & Ao yehwth E=3 #H
TFol AWM (C  pisitera)NE 33% oY =&
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TroE FAAHUG, A Wt vaA & F A B 0.15%
woron, & B Fabel et waA #ES 04322 FlHi.
et HlaeA gHEe] xa, w¥Adel HE F ol mA= FuH

FRg et o Adatd g Re

A7+ At (Table 20).

A f
oz SR odES F4aAth A& 9 fAARES ol gkl
2ae An 13 AER A S 9B 34 maold Ha

71O Z A Ay g e9o]l BT T 1FH AFE AT
B Gle Aow FRiFgleon ArF wuE&e] Ag 1 AT =
5.39%, AMAxE AFdAME Hit oF 3.76%E YEFRTH(Tables 26,
27).
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Hol S o] &3t HufAstolA FE AFEEHE MLTR ZTE2IIHOF
[ e R =2 S 5 4 ST =

WHjEo] 0.982% & FFoR FRlEgIon, X
e FEleRE U (Table 21).
o 2k BRF wlE 1.000%
LIS Follem X 2 wHlE0.059 % AUt
W& (0.110) & & FFoldtk(Table 21). oldsh A¥+= ShA
CERVUSE Fdl F4st €7t wwl&z A7 wej&e +33

AL AFAANAE vh27kA

flo
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Appendix

Table Al. Multiple comparison of female (A) and male strobilus (B), and

mature cone production (C) at the seed orchard of C. obtusain Gochang,

Korea in 2020 by post—hoc Tukey—HSD test (p < 0.05)

(A) Female strobilus production in 2020

Group Clone Mean
A G_14 1.486
AB G_13 1.667
JN19_typeA 1.514
ABCDEF JN33 5.289
GN50 5.286
JN15 5.226
G_21 5.133
BS5_typeA 5.078
GN46 5.019
GN37 4.895
GNb57 4.821
IN25 4.795
GN18_typeA 4.792
GN55 4.770
G_8 4.623
GN35 4.577
GN39 4.316
JN10 4.203
IN24 4.143
GN19 4.073
UK 22 4,069
G_16 4.052
GNb51 4,008
G_19 4,005
GN23 3.997
GN38 3.900
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GN45 3.800

JNO9 3.787

JN29 3.738

JJO1 3.737

ABCDF UK13 3.695
G_10 3.649

GN16 3.627

JNO8 3.524

JNO6 3.514

G_11 3.513

CNO02 3.417

IN22 3.387

JN30_typeB 3.383

G_12 2.932

ABCF GN27 2.784
G_2 2.769

GN28 2.669

JN13 2.665

G_20 2.543

ABF BS02 2.455
G.9 2.319

G_15 2.285

G5 2.004

JNO5 1.910

G_1 1.691

BCDEF UKO06 1.222
G_22 1.118

GN47 1.028

GNb52 0.983

JBO1_typeC 0.677

GN48 0.531

CDE G_18 0.000
CDEF G_6 0.331
DE G_7 0.000
E G_3 0.000

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea; JB,
Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(B) Male strobilus production in 2020

Group Clone Mean
A GN37 9.562
AB JNO9 7.656
ABCDE GN50 8.421
ABCDEF UK13 6.371
IN15 5.793
ABCDEFG GN46 6.344
GN18_typeA 6.082
ABCDEFGH JN33 6.588
BS5_typeA 6.510
GN45 6.107
JN30_typeB 6.042
G_16 5.908
GN16 5.741
GN57 5.570
GN39 5.219
JJ01 5.096
GN35 5.024
BS02 4.611
G2 4.550
G_11 4.434
UK22 4.414
G_14 4.199
IN25 4177
G_15 4.143
JNO6 4.055
GN23 3.994
G.9 3.664
JN19_typeA 3.546
G_19 3.516
G_10 3.466
UKO06 3.126
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ABCE
ABE
BCDEFGH

CDEFGH

CDFGH

DFGH

FGH

GH
H

G_18
G_21
G_8
GN38
G_12
GNb52
G_7
G5
G_3
GN28
GNb5
JN10
JN22
JNO8
JNZ29
GNb51
CNO02
G_1
JNO5
G_20
GN47
GN19
GN27
JBO1_typeC
JN13
G_13
GN48
JN24
G_22
G_6

3.045
3.006
2.364
2.203
1.684
1.600
0.000
0.000
0.000
6.776
7.529
3.928
3.696
3.686
3.666
3.539
3.191
1.941
2.433
1.902
1.335
3.808
1.825
1.692
2.142
1.057
0.000
1.607
1.212
1.178

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(C) Mature cone production in 2020

Group Clone Mean
A JN15 5.024
AB GN18_typeA 4.279
ABC GN55 4.176
JN09 3.921
IN25 3.868
UK13 3.770
GN46 3.742
GN23 3.695
JJo1 3.685
JN10 3.678
GN35 3.662
IN24 3.549
ABCD GN51 3.197
JNO6 3.058
ABCDE G_21 4.209
JN33 4.197
G.8 4.059
GN50 3.799
G_10 3.502
BS5_typeA 3.355
G_16 3.332
G_19 3.258
JN30_typeB 3.125
UK22 3.079
GN37 2.946
G_11 2.946
CNO2 2.863
IN29 2.838
JN13 2.835
JNO8 2.755
GN28 2.719
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G_2 2.615

G_9 2.571

GN27 2.334

GN16 2.306

GN45 2.258

G_15 1.981

G_1 1.895

GN38 1.798

GN57 1.768

GN52 1.698

G_12 1.599

JN19_typeA 1.361

GN48 0.907

UKO06 0.687

G_14 0.480

G_3 0.000

G_5 0.000

G_18 0.000

G_7 0.000

BC GN19 3.090
BCDE GN39 2.717
IN22 2.442

BS02 1.625

G_20 1.287

JNO5 1.136

G_13 0.941

GN47 0.893

CDE JBO1_typeC 0.958
DE G_6 0.266
E G_22 0.000

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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Table A2. Multiple comparison of female (A) and male strobilus (B), and
mature cone production (C) at the seed orchard of C. obtusain Gochang,

Korea in 2021 by post—hoc Tukey—HSD test (p < 0.05)

(A) Female strobilus production in 2021

Group Clone Mean
A GN55 7.751
AB GN35 7.241
ABC GN46 6.910
ABCDEFG JN19_typeA 7.557
GNb57 7.505

GN50 7.107

BS5_typeA 7.104

G_8 6.800

UKZ22 6.589

JN25 6.446

G_9 6.403

JN33 6.278

GNb51 6.188

JN10 6.093

JN24 6.036

GN39 6.020

GN37 5.986

JN30_typeB 5.972

GN28 5.867

GN23 5.861

CNO2 5.753

JJO1 5.705

ABCDEFGHI G_2 5.935
GN48 5.454

G_21 5.245

G_10 5.113

GN45 5.043

G_3 4.875

GN38 4.860
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ABCDEFGI

ABCDF
ABCDFG

ABCF

BCDEFG

BCDEFGHI
BCDEFGHIJ

CDEFG

CDEFGHI
CDEFGHIJ

CDEFGI
DEFGHIJ
DEGHIJ
EGHIJ
EGHIJ
EHIJ
HIJ

HJ

J

G_15
G_18
GNb2
G_19
G_16
JNO6
GN16
GN18_typeA
JN13
JNO9
JN22
JN15
GN19
UK13
G_11
GN47
G_7
JNO8
BS02
JNZ29
JNO5
G_12
G_5
GN27
G_1
JBO1_typeC
UKO06
G_14
G_20
G_13
G_22
G_6

4.707
4.615
4.126
5.705
5.462
6.525
6.556
6.427
6.687
6.670
6.588
5.968
5.821
5.673
4.789
4.440
0.693
5.308
5.088
5.049
4.830
3.729
2.055
5.025
3.834
4.325
3.187
3.183
3.759
2.266
2.373
2.082

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(B) Male strobilus production in 2021

Group Clone Mean
A GN37 10.778
ABCDEFGHIJ G_3 9.980
G_18 8.700
GN48 6.925
G_9 6.455
JN19_typeA 6.425
UKO06 5.926
GN45 4.771
GN38 4511
G_2 4.411
G_15 3.948
GNb52 3.504
G_7 0.000
ABCDEGHIJ GN50 7.614
JN33 7.592
JN24 6.604
JJO1 6.332
JBO1_typeC 6.213
JN25 6.093
JNO8 6.047
GN23 5.961
ABCDEGHJ G_8 10.043
BS5_typeA 8.454
ABCDGHJ CNO02 7.516
GN16 7.441
JN13 7.351
GN39 6.986
ABCGH GN57 10.811
G_16 9.189
GNb55 8.321
GN35 7.946
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ABCGHJ
ABGH

ABH

AH
BCDEFGHIJ

BCDEFGILJ
BCDEGHIJ
BCDEGIJ
CDEFGIJ
CDEFLJ

DEFI
DEFLJ

EFI

FI

GNb51
GN19
GN46
UK13

GN18_typeA

GN28

JN30_typeB

JNO6
BS02
JN15
G_20
GN47
G_14
G_5
JNOS
JN29
JN10
G_11
IN22
JNO9
UK22
GN27
G_1
G_21
G_10
G_12
G_22
G_6
G_13
G_19

7.874
7.282
9.155
8.854
8.739
8.530
9.108
9.028
9.009
8.876
4.812
4.215
3.999
0.000
4.793
5.820
6.129
4.235
4.995
4.889
4.487
4.431
1.956
0.000
0.000
0.822
1.343
1.246
0.502
0.836

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(C) Mature cone production in 2021

Group Clone Mean
A GNbH5 6.167
ABCDEF G_8 6.462
G_19 5.350
JNO5 4.430
JN29 4.096
ABCDEFG G_15 5.063
G_10 4.982
GN38 4.722
GN45 4.717
GN48 4.614
G_18 4511
G_2 4.484
BS5_typeA 4.465
G_3 4.394
G_21 3.856
GN27 3.757
GN47 3.678
G_1 3.627
G_20 3.434
G_11 3.377
GNb52 2.408
G_12 2.313
G_7 0.693
ABCEF GNb7 6.712
G_16 5.212
GN37 5.012
CNO2 4.640
ABEF JN19_typeA 7.114
GNb50 6.550
G_9 6.233
JN33 5.922
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AE

AEF
BCDEFG
BCDFG
BCDG

CDG
DG
G

GN16
JN25
UK22
JN30_typeB
JN24
JN13
GN18_typeA
GN23
GN51
UK13
GN28
JJO1
GN39
GN19
JN10
JNO8
BS02
GN35
GN46
JNO9
JNO6
JN22
JN15
G_b5
UKO06
JBO1_typeC
G_14
G_6
G_13
G_22

5.658
5.623
5.607
5.588
5.072
5.526
5.514
5.493
5.441
5.324
5.118
5.107
4.981
4.953
4.728
4.724
4.596
5.891
5.868
5.804
5.767
5.700
5.517
0.000
1.669
2.911
1.625
2.002
1.157
1.184

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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Table A3. Multiple comparison of female (A) and male strobilus (B), and
mature cone production (C) at the seed orchard of C. obtusain Gochang,

Korea in 2022 by post—hoc Tukey—HSD test (p < 0.05)

(A) Female strobilus production in 2022

Group Clone Mean
A IN24 7.124
JN22 6.720

UK13 6.714

GN19 6.332

ABCDE G_8 7.581
G_21 7.252

JN33 6.884

GN38 6.729

BS5_typeA 6.517

G_3 6.479

G_7 6.399

GNbH2 6.339

JN25 6.153

JNO5 6.078

GNb7 5.990

JN19_typeA 5.659

JN30_typeB 5.604

GN47 5.569

G_9 5.544

G_10 5.526

UK22 5.503

GN18_typeA 5.415

G_16 5.237

GN37 5.224

GN28 5.212

JNO8 5.138

G_13 4.936

GNb51 4.888

GNbH5 4.839
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ABD

ABDE

AD

BCDE

BCE

C
CE

JN10
GN45
G_11
UKO06
G_20
GN438
G_14
G_18
G_12
G_2
G_15
G_5
JBO1_typeC
JJO1
GN23
GN16
GN39
GN46
JN13
JNO9
BS02
JNO6
JN15
GN27
CNO2
JN29
G_19
GN50
GN35
G_22
G_6
G_1

4.788
4.636
4.514
4.298
4.199
4.191
4.149
3.932
3.609
3.388
2.700
1.522
6.482
6.420
6.245
6.215
6.009
5.985
5.929
5.784
5.775
5.774
5.661
6.708
6.483
6.332
2.900
2.888
3.814
3.495
3.015
2.419

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(B) Male strobilus production in 2022

Group Clone Mean
A GN37 11.046
BS02 10.181
ABCDEFGH G_3 9.798
GNb57 9.503
GN48 7.503
G_11 7.239
GN47 7.010
JNO5 6.844
G_20 6.656
G_15 6.492
UK22 6.218
G_2 6.048
G_14 5.473
G_1 5.431
G_5 4.736
GN45 4.518
G_21 3.182
G_8 2.900
G_10 2.303
ABCDEFH GN38 9.880
GNb52 9.778
BS5_typeA 9.207
G_9 8.592
G_16 8.273
JN25 7.708
JNO9 6.323
ABCEFH JN33 9.707
GN27 9.160
JJO1 8.923
GN18_typeA 8.151
JN30_typeB 8.034
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ABEFH

AEF

AEFH
AF

BCDEFGH
BCDEGH
BCDG
BCDGH

CDG

DG

JNO8
GNb51
GNb5
CNO2
IN24
JNZ29
JN13
GN28
JBO1_typeC
GN16
GN23
JN15
IN22
GN39
GN46
UK13
JNO6
GN19
JN19_typeA
G_12
JN10
G_19
GN50
UKO06
GN35
G_22
G_6
G_6
G_13
G_13

7.925
7.348
7.178
9.272
9.102
9.032
8.955
8.710
9.869
9.791
9.552
9.199
9.180
8.848
9.861
9.829
9.709
9.298
1.727
2.765
5.336
3.122
3.122
1.703
4.718
4.201
2.417
2.417
0.691
0.691

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(C) Mature cone production in 2022

Group Clone Mean
A G_18 6.868
G_8 6.804
G_b5 6.642
GN23 6.370
JBO1_typeC 6.351
G_14 6.143
JN 06 6.067
JN 13 5.950
JN 25 5.869
JN 09 5.815
JN 15 5.802
G_3 5.707
JN30_typeB 5.602
UK13 5.565
JN19_typeA 5.558
JNO8 5.455
JN 29 5.345
UK22 5.324
G_19 5.225
GN 16 5.207
JJ 01 5.176
GN 37 5.147
GN 28 5.028
GN 18_typeA 4.986
GN 38 4.876
JN 10 4.848
G_16 4.827
GN 19 4.823
GN 27 4.793
GN 39 4.769
JN 22 4.767
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JN 05
JN 33
G_21
GN 55
GN 50
GN 35
BS 05_typeA
CN 02
G_11
GN 46
GN 51
G_22
GN 47
G_6
G_20
G_15
GN 52
GN 48
G_13
GN 45
G_12
BS 02
JN 24
UKO06
G_7
G_10
GN 57
G_1
G_9
G_2

4.622
4.619
4.618
4.616
4.586
4.566
4.562
4.498
4.486
4.421
4.389
4.378
4.360
4.265
4.241
4.065
3.826
3.814
3.797
3.693
3.648
3.625
3.482
3.474
3.434
3.253
3.117
2.864
2.458
0.858

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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Table A4. Multiple comparison of female (A) and male strobilus (B), and
mature cone production (C) at the seed orchard of C. obtusa in

Seogwipo, Korea in 2020 by post—hoc Tukey—HSD test (p < 0.05)

(A) Female strobilus production in 2020

Group Clone Mean
A G_2 4.416
AB IN30 4.060
G_4 3.798

ING6 3.547

G_10 3.497

G_6 3.083

IN12 2.983

UKO08 2.708

JN29 2.708

JNO8 2.459

G_5 2.411

G_1 2.394

IN25 2.316

G_9 2.197

BS02 2.197

JBO1_typeC 1.993

JNO1 1.987

JBO1_typeA 1.979

BS05 1.792

G_3 1.368

G_12 1.354

G_11 1.099

B IN10 0.924

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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(B) Male strobilus production in 2020

Group Clone Mean
A G. 4 4.967
AB IN30 5.994
ABCDEF JN29 3.761
BS05 3.714

JN6 3.548

G_11 3.434

BS02 3.135

UKO08 2.773

G_10 2.398

IN12 2.333

G_12 1.869

ABCDF G_1 3.934
ABD G_6 3.879
ABDF JNO1 3.202
ABDF G5 3.126
BCDEF G.3 2.259
BCDF JNO8 2.387
CDEF IN25 1.572
G9 0.000

CE JBO1_typeC 1.623
CEF IN10 0.693
G2 0.347

E JBO1_typeA 0.902

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,

unknown
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(C) Mature cone production in 2020

Group Clone Mean
A G. 4 7.961
AB G2 7.601
IN30 7.091

G_12 6.965

G.1 5.997

G.6 5.912

G_11 5.707

IN6 5.658

G.9 5.485

BS02 5.485

BS05 5.198

G_10 4.949

IN29 4.796

IN12 4.698

IN25 4.677

UKO8 4.615

IN10 3.137

B JBO1_typeC 3.867
JBO1_typeA 3.300

G5 3.093

JNO1 2.823

JNO8 2.619

G_3 2.296

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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Table A5. Multiple comparison of female (A) and male strobilus (B), and
mature cone production (C), at the seed orchard of C. obtusa in

Seogwipo, Korea in 2021 by post—hoc Tukey—HSD test (p < 0.05)

(A) Female strobilus production in 2021

Group Clone Mean
A G_4 4.117
AB IN30 6.594
JNO8 2.405

ABC G_11 5.861
UKO8 5.802

BS05 4.277

G_10 4.263

JNG6 4.085

G_1 3.661

G_12 3.597

BS02 3.434

G_6 2.746

IN25 2.496

JN29 2.398

G_3 2.373

IN12 2.228

G_2 2.095

G_9 1.609

IN10 1.570

G_5 1.355

JNO1 1.342

BC JBO1_typeC 1.179
C JBO1_typeA 0.635

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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(B) Male strobilus production in 2021

Group Clone Mean
A G_11 10.820
UKO8 10.779
JN30 10.309
G_4 6.608
JNG6 6.127
BS05 5.707
JNO1 5.610
G_10 4.796
G_3 4.673
G_b5 4.580
JNOS 3.285
JN25 2.993
JBO1_ typeC 2.960
JBO1_typeA 2.897
JN12 2.877
G_1 2.481
G_2 2.355
G_6 1.672
G_12 0.549
G_9 0.000
BS02 0.000
JN10 0.000
JN29 0.000

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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(C) Mature cone production in 2021

Group Clone Mean
A G4 5.661
ABCD IN30 6.176
G_10 6.066

G_11 6.043

UKO08 5.638

BS05 4.263

IN25 3.715

G_2 3.431

G_9 3.045

ING6 2.821

G_5 2.745

G.3 2.677

IN10 2.220

JN29 1.792

BS02 0.000

ABD G_1 5.661
G_12 5.594

IN12 4.432

G_6 4.241

AD JNO8 3.876
B JBO1_typeC 2.430
BCD JNO1 2.214
C JBO1_typeA 1.349

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,

unknown
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Table A6. Multiple comparison of female (A) and male strobilus (B), and
mature cone production (C) at the seed orchard of C. obtusa in

Seogwipo, Korea in 2022 by post—hoc Tukey—HSD test (p < 0.05)

(A) Female strobilus production in 2022

Group Clone Mean
A G_1 6.962
G_10 9.401
G_11 7.969
G_12 7.599
G_2 7.978
G_3 6.312
G_4 7.653
G_5 8.002
G_6 5.980
G_9 8.517
UKO08 8.175
BS 02 6.256
BS 05 9.094
JN 01 8.036
JN 08 7.813
JN 10 5.806
JN 12 8.911
JN 25 9.066
JN 29 5.707
JN 30 8.019
JN 06 8.136
JBO1_typeA 6.163
JBO1_typeC 7.134

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea;
UK, unknown
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(B) Male strobilus production in 2022

Group Clone Mean
A G_4 12.811
JN 01 11.876

G_5 11.141

JN 08 10.850

JBO1_ typeC 9.535

AB UKO08 13.721
JN 30 13.508

G_1 13.281

JN 06 13.174

BS 02 11.983

G_6 11.621

G_11 11.513

JN 29 10.820

BS 05 10.800

G_9 10.714

JN 12 10.439

G_2 10.399

JN 25 10.375

G_10 9.741

G_3 9.488

JN 10 9.287

G_12 5.578

B JBO1_typeA 7.653

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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(C) Mature cone production in 2022

Group Clone Mean
A JN 08 9.064
AB UKO08 11.339
JN 12 9.420

G_4 9.405

G_3 9.251

JN 01 8.573

JBO1_typeC 8.262

ABC G_10 10.491
JN 06 9.754

JN 30 9.522

G_12 9.522

G_9 9.432

G_1 9.239

G_2 9.085

JN 29 8.882

G_11 8.748

BS 05 8.594

G_6 8.407

G_5 8.032

JN 25 8.020

BS 02 6.986

BC JBO1_typeA 7.528
C JN 10 4.632

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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Table A7. Multiple comparison of morphological characteristics of cone at

the seed orchard of C. obtusa in Gochang, Korea in 2020 by post—hoc
Tukey—HSD test (p < 0.05)

(A) Cone fresh weight in 2020

Group Clone Mean
A JN 06 0.662
AB JBO1_typeC 0.559
GN 37 0.524
GN 47 0.522
GN 57 0.514
G_16 0.490
UK13 0.482
GN 55 0.475
CN 02 0.472
UK22 0.471
G_6 0.455
GN 16 0.441
G_10 0.439
BS 02 0.439
JN 13 0.439
GN 45 0.439
BS5_typeA 0.428
GN 23 0.416
GN 52 0.412
JN 05 0.409
GN 38 0.408
G_8 0.405
G_2 0.389
JN 33 0.386
G_19 0.383
JN19_typeA 0.378
G_9 0.375
G_13 0.366
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G_12
G_21
G_15
G_20
UKO06
G_1
B GN18_typeA
JN 29
GN 51
JN 24
JN 09
GN 39
JN 15
GN 27
GN 35
JN 22
GN 46
JN 08
JJ 01
GN 19
GN 28
JN 10
G_11
GN 50
JN 25
JN30_typeB

0.345
0.310
0.305
0.305
0.292
0.274
0.436
0.431
0.429
0.428
0.425
0.419
0.413
0.409
0.393
0.391
0.386
0.383
0.381
0.378
0.375
0.374
0.357
0.354
0.322
0.322

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeon
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(B) Cone length in 2020

Group Clone Mean
A UK13 2.465
AB GN 47 2.549
GN 57 2.512
GN 37 2.491
JBO1_typeC 2.491
GN 55 2.452
UK22 2.449
G_16 2.447
JN19_typeA 2.439
JN 13 2.437
CN 02 2.436
JN 29 2.435
GN18_typeA 2.428
GN 16 2.427
JN 06 2.426
G_10 2.426

BS 02 2.425
JN 09 2.423
G_6 2.421

GN 23 2.418
BS5_typeA 2.418
GN45 2.415
GN52 2.407
G_9 2.404
JN15 2.401
GN28 2.399
GN35 2.398
GN19 2.396
GN39 2.396
JN24 2.394
G_2 2.386
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JNO8
G_8
GNb51
GN38
G_19
GN46
JJo1
JN22
JN33
GNb50
G_13
JN25
JN10
JN30_typeB
G_11
UKO06
JNO5
G_20
G_12
G_15
G_21
G_1
B GN27

2.385
2.385
2.379
2.376
2.376
2.375
2.373
2.369
2.365
2.353
2.353
2.349
2.346
2.346
2.330
2.328
2.314
2.306
2.300
2.296
2.286
2.252
2.278

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(C) Cone width in 2020

Group Clone Mean
A JN24 2.451
AB GN37 2.417
ABC JBO1_typeC 2.408
ABCD UK13 2.365
ABCDE UK22 2.344
JNO6 2.343
ABCDEF GN47 2.433
GNb7 2.377
G_10 2.351
CNO2 2.333
GNb2 2.324
BS5_typeA 2.310
GN45 2.308
GN23 2.301
G_16 2.295
GN38 2.288
G_20 2.288
G_2 2.272
G_6 2.271
UKO06 2.270
G_13 2.268
G_8 2.258
G_19 2.249
JNO5 2.248
JN19_typeA 2.247
G_12 2.244
G_9 2.225
G_1 2.172
BCDEF GNb55 2.312
JN13 2.307
GNb51 2.302
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BS02
JJO1
JNO9
GN18_typeA
GN19
GN39
JNZ29
JN22
GN16
JN15
GN27
GN28
G_11
JN33
G_21
G_15
CDEF GN46
DEF GN35
EF JN10
JNO8
JN30_typeB
GNb50
F JN25

2.297
2.291
2.283
2.281
2.281
2.280
2.278
2.276
2.274
2.272
2.268
2.268
2.267
2.239
2.178
2.176
2.252
2.242
2.241
2.215
2.211
2.176
2.181

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(D) Cone dry weight in 2020

Group Clone Mean
A CNO2 0.303
GNb52 0.358
ABC GNb57 0.273
GN37 0.264
JBO1_typeC 0.259
GN47 0.258
G_16 0.237
UK13 0.237
BS5_typeA 0.232
GN35 0.231
GNb5 0.229
BS02 0.222
JN13 0.220
GN23 0.219
G_6 0.219
JNO9 0.216
JN29 0.215
UK22 0.215
JNO6 0.213
GN46 0.212
GN45 0.211
GN18_typeA 0.206
GN16 0.205
JN15 0.205
G_10 0.204
G_8 0.201
G_19 0.200
JN24 0.199
GN27 0.199
GN38 0.197
G_9 0.196
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G_2
JN22
JNO5
GN28
JN19_typeA
G_20
JNO8
G_11
JN33
GNb50
G_13
G_12
UKO06
G_21
G_15
G_1
AC GN51
B JN10
GN19
GN39
JN30_typeB
JN25
BC JJOo1

0.195
0.193
0.191
0.189
0.187
0.185
0.184
0.183
0.180
0.179
0.170
0.158
0.150
0.149
0.142
0.133
0.273
0.189
0.186
0.184
0.163
0.146
0.169

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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Table A8. Multiple comparison of morphological characteristics of cone at

the seed orchard of C. obtusa in Gochang, Korea in 2021 by post—hoc
Tukey—HSD test (p < 0.05)

(A) Cone fresh weight in 2021

Group Clone Mean
A GN47 0.695
AB IN24 0.606
ABCDEFGHIJKLMNOPQ G_7 0.634
G_18 0.549
G_3 0.531
G_21 0.507
ABCDEFGHIJKMNOPQ GN38 0.524
ABCDEFGHIJMNOPQ BSO5_typeA 0.540
ABCDEFGMNO G_10 0.610
ABCDEFMNO GN37 0.560
ABCDEN GN52 0.665
ABCDMNO JBO1_typeC 0.579
ABCNO UK13 0.573
ABCO JN13 0.571
BCDEFGHIJKLMNOPQ G_13 0.501
G_12 0.470
GN48 0.462
GN57 0.455
G_8 0.422
UKO06 0.404
BCDEFGHIJKMNOPQ GN45 0.504
G_20 0.495
BCDEFGHMNOP JNO5 0.535
BCDEFGMNOP BS02 0.529
GN16 0.527
BCDEFMNO IN29 0.540
CDEFGHIJKLMNOPQ G_1 0.477
G_22 0.468
JN19_typeA 0.460
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CDEFGHIJKMNOPQ

CDEFGHIKMNOP
CDEFGHIMNOP

DEFGHIJKLMNPQ
DEFGHIKMP
DEFGHIKMPQ
EFGHIJKPQ
EFGHIKP
FGHIJUKLMOPQ

FGHIJUKLMPQ
FGHIUKLPQ

FGHIJKPQ
GHIJKLPQ

GHIJKPQ
HIJKLPQ
HIJKLQ

UKLQ
JL
JLQ
KL

L

G_19
G_14
CNO2
UKZ22
GNb51
GN46
JNO6
G_16
JN15
JN22
JNO9
GN19
G_15
G_2
JN33
GN27
G_11
G_9
GN18_typeA
JNO8
GNb55
GN39
JN25
GN35
GN23
JJO1
G_6
JN10
GNZ28
JN30_typeB
Single
GN50

0.456
0.438
0.487
0.487
0.501
0.513
0.501
0.458
0.493
0.490
0.483
0.492
0.433
0.432
0.449
0.464
0.451
0.433
0.464
0.455
0.450
0.458
0.438
0.441
0.435
0.435
0.416
0.437
0.415
0.415
0.373
0.338

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(B) Cone width in 2021

Group Clone Mean
A GN47 2.595
ABCDEFGHIJK G_18 2.501
G_7 2.495
G_21 2.480
G_3 2.479
G_13 2.467
G_1 2.453
G_12 2.452
GN48 2.450
GNbH7 2.450
G_14 2.430
G_8 2.426
UKO06 2.396
ABCDEFGHIJIK BSO5_typeA 2.499
JNO5 2.491
GN38 2.485
GN51 2.480
GN45 2.477
G_20 2.470
G_16 2.459
ABCDEFGJ GNb52 2.585
ABCDEFGJK GN46 2.484
ABCDEGJ G_10 2.558
ABCDG GN37 2.523
ABCDGJ GN16 2.499
GN19 2.485
ABCG JBO1_typeC 2.526
JN29 2.517
BS02 2.516
ABG UK13 2.529
JN13 2.527
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AG JN24 2.542

BCDEFGHIJK G_19 2.441
JN19_typeA 2.441

G_22 2.433

BCDEFGHIJK UK22 2.469
JNO9 2.469

CNO02 2.467

GN27 2.452

BCDEFHIJK G_9 2.428
JN33 2.421

BCDEFHIK JN15 2.469
JNO6 2.465

GN18_typeA 2.460

CDEFHIJK G_11 2.423
G_15 2.398

G_2 2.394

CDEFHIJK JN22 2.449
DEFHIJK GNb55 2.430
JN25 2.430

DEFHIJK JNO8 2.442
GN35 2.439

EFHIJK JJo1 2.421
G_6 2.410

EFHIK GN39 2.425
GN23 2.414

FHIK JN10 2.415
HI GN28 2.409
JN30_typeB 2.406

HIK Single 2.365
I GNb50 2.324

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(C) Cone length in 2021

Group Clone Mean
A IN24 2.480
AB GN47 2.498
ABCDE G_10 2.496
ABCDEFGHIJKLMNO G.7 2.440
PQ G_18 2.399
UK06 2.342
G_3 2.341
G_8 2.312
ABCDEFGHIJKLMNP G_13 2.390
Q G_12 2.375
G_21 2.371
GN45 2.363
ABCDEFGHIJKLMPQ GN3S8 2.380
ABCDEFGHIJKLPQ GN52 9.451
ABCDEFGHIJPQ BSO05_typeA 2.406
ABCDEFGHPQ INO5 2.391
ABCDEFGPQ GN37 2.408
G_20 2.406
ABCDEFPQ JBO1_typeC 2.409
ABCDPQ IN13 2.420
ABCP UK13 2.431
BCDEFPQ INO6 2.397
CDEFGHIJKLMNOPQ GN48 2.326
GN57 2.306
CDEFGHIJKLMNPQ G1 2.348
G_11 2.334
CDEFGHIJKLMNPQ IN33 9.333
CDEFGHIJKLMPQ IN29 2.353
CDEFGHIJKMPQ BS02 2.355
CDEFGHIJKPQ GN46 2.361
GN51 2.360
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CDEFGHIJPQ
DEFGHIJKLMQ
DEFGHIQ
EFGHIJKM
FGHIJKLM

FGHIJKLMN

FGHIJKLMNO

FGHIJKLMNOQ

FGHIJKM
GHIJKLMN
GHIJKLMNO
HIJKLMN

HIJKLMNO
[JKLMN
[JKLMNO
JKLMN
KLMN

LNO

MNO
NO
O

UK22
CNO02
JN15
JN22
GN16
JNO9
GN27
JJO1
G_2
G_14
JN19_typeA
G_15
G_19
G_22
GN19
GN23
G_9
GN18_typeA
JN30_typeB
GN39
G_16
JN10
JN25
GNbH5
GN35
JNOS8
GN28
Single
G_6
GNb50

2.371
2.343
2.358
2.351
2.342
2.334
2.321
2.320
2.272
2.272
2.302
2.296
2.320
2.320
2.343
2.316
2.284
2.302
2.302
2.302
2.275
2.302
2.285
2.289
2.286
2.279
2.278
2.237
2.233
2.171

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(D) Cone dry weight in 2021

Group Clone Mean
A GN47 0.328
AB GN52 0.343
ABC IN24 0.273
JN13 0.271
ABCDEFGHIJKLMN G_3 0.278
G_7 0.272
G_12 0.235
G_13 0.229
G_18 0.222
G_21 0.221
UKO06 0.195
ABCDEFGHJKLMN G_10 0.268
GN38 0.251
ABCDEFJKLM BSO5_typeA 0.269
ABCDEJKLM GN37 0.261
ABCDJ JBO1_typeC 0.273
ABCDJK JN29 0.259
ABCJ UK13 0.271
BCDEFGHIJKLMN GN45 0.228
GNb7 0.226
BCDEFGHJKLMN G_20 0.239
BCDEFGJKLM JNO5 0.250
BCDJKL GN16 0.257
BCDJKLM BS02 0.255
CDEFGHIJKLMN G_1 0.224
GN48 0.215
G_15 0.210
G_22 0.210
JN19_typeA 0.206
G_14 0.205
G_2 0.200

182 d -



CDEFGHJKLMN

CDEFGJKLM
CDEFJKLM
DEFGHIJKLMN
DEFGHJKLMN

DEFGHKLMN
DEFGKLM
DEFGKLMN
EFGHIKLMN

EFGHILMN

EFGHIMN

EFGHIN

EFGHN

FGHIN

GHIN

HI

HIN
I

G_8
CNO02
GN27
GN46
JN22
G_16
JNO6
GN51
JNO9
JN15
GN19
G_19
JN33

G_9
GN23
G_11
UK22

GN18_typeA
JNO8
GN35
GNb5
JN10
Single
GN39
GN28

JN30_typeB
JJo1

G_6
JN25
GNb50

0.191
0.232
0.222
0.239
0.242
0.211
0.230
0.226
0.226
0.232
0.229
0.203
0.198
0.195
0.212
0.200
0.210
0.208
0.213
0.209
0.201
0.203
0.174
0.195
0.192
0.191
0.186
0.178
0.187
0.149

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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Table A9. Multiple comparison of morphological characteristics of cone at

the seed orchard of C. obtusain Seogwipo, Korea in 2020 by post—hoc

Tukey—HSD test (p < 0.05)

(A) Cone fresh weight in 2020

Group Clone Mean
A G_1 0.623
ABCDE UKO8 0.601
ABCDEF G_11 0.501
G_3 0.483
JN30 0.481
G_4 0.446
JN12 0.427
G_10 0.419
JN10 0.418
JN29 0.405
JN25 0.395
JNG6 0.394
G.9 0.394
BS02 0.390
ABCE G_5 0.469
ABE JBO1_ typeA 0.485
AE JBO1_typeC 0.522
BCDEF BS05 0.338
BCDF G_6 0.392
G_2 0.307
CDF G_12 0.382
DF JNO8 0.347
F JNO1 0.300

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,

unknown
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(B) Cone width in 2020

Group Clone Mean
A JBO1_typeC 2.495
ABCDEF G_9 2.464
G_3 2.446
JN30 2.445
G_11 2.442
G_10 2.439
JN25 2.411
JN12 2.410
G_4 2.409
BS02 2.403
JN10 2.390
JN6 2.383
JN29 2.364
ABCDF UKO08 2.528
ABD G_1 2.522
ABDF G_5 2.455
AD JBO1_ typeA 2.481
BCDEF BS05 2.359
BCEF G_12 2.395
G_6 2.390
CE JNO8 2.360
CEF G_2 2.327
E JNO1 2.347

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,

unknown
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(C) Cone length in 2020

Group Clone Mean
AB G_1 2.492
ABCD JBO1_typeA 2.395
ABCDE UKO08 2.473

G_4 2.382
ABCDEF G_3 2.403
ABCDEFG JN30 2.428
ABCDEFGHI G_11 2.382

G_9 2.326

JN29 2.313

G_10 2.312

JN10 2.311

BS02 2.306
ABCDEFGI JNG6 2.353
AC JBO1_typeC 2.421
BDE G_5 2.354
CDEFGHI JN12 2.308

G_2 2.284
DEFGHI JN25 2.276
EFGHI G_6 2.270
FGHI G_12 2.252
GHI JNO1 2.237
H JNO8 2.198
HI BS05 2.154

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,

unknown
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(D) Cone dry weight in 2020

Group Clone Mean
A G_1 0.338
ABCDE UKO08 0.275
G_3 0.237
ABCDEF JN30 0.235
G_10 0.215
AE JBO1_typeC 0.264
B JBO1_typeA 0.240
BC G_5 0.215
BCD G_12 0.200
BCDE G_4 0.220
BCDEF G_9 0.203
JN10 0.202
G_11 0.190
BS02 0.175
JN29 0.173
BCDF G_6 0.204
JN12 0.191
JNG6 0.172
BS05 0.170
CDF JN25 0.170
G_2 0.144
DF JNO8 0.168
F JNO1 0.146

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,

unknown
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Table A10. Multiple comparison of morphological characteristics of cone at
the seed orchard of C. obtusain Seogwipo, Korea in 2021 by post—hoc
Tukey—HSD test (p < 0.05)

(A) Cone fresh weight in 2021

Group Clone Mean
A UKO08 0.616
G_1 0.586

JBO1_typeC 0.538

JBO1_typeA 0.505

AB G_4 0.477
G_5 0.470

ABC G_9 0.543
JN30 0.492

G_11 0.451

JN10 0.435

G_3 0.434

JNG6 0.410

G_10 0.384

BS05 0.371

BC JNO8 0.411
JN25 0.377

JN12 0.367

G_2 0.362

G_12 0.337

C G_6 0.348
JNO1 0.343

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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(B) Cone width in 2021

Group Clone Mean
A UKO08 2.632
G_1 2.527
G_9 2.520
JN30 2.507
JBO1_typeA 2.495
JNO8 2.495
JBO1_typeC 2.493
G_11 2.449
G_4 2.446
G_5 2.429
G_3 2.408
BS05 2.398
JN25 2.378
JN10 2.377
JN6 2.361
G_12 2.355
IN12 2.354
G_10 2.354
JNO1 2.348
G_6 2.347
G_2 2.336

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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(C) Cone length in 2021

Group Clone Mean
A JBO1_typeC 2.425
AB G_6 2.521
ABC UKO08 2.574
G_1 2.488

JN30 2.460

G_9 2.443

JBO1_typeA 2.403

G_11 2.394

G_4 2.387

G_5 2.365

G_3 2.334

IJNG6 2.308

G_10 2.291

G_2 2.291

BS05 2.266

G_12 2.265

JN12 2.262

JN25 2.259

JN10 2.258

BC JNO8 2.276
C JNO1 2.207

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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(D) Cone dry weight in 2021

Group Clone Mean
A JBO1_typeC 0.285
AB UKO08 0.341
G_1 0.310

JBO1_typeA 0.266

ABC G_9 0.314
ABCD G_4 0.240
ABCDE JN30 0.267
JN10 0.218

G_3 0.216

G_11 0.213

JNG6 0.196

BS05 0.177

G_10 0.176

BCD G_5 0.228
CD JNO8 0.204
DE JN25 0.180
G_6 0.175

JN12 0.169

G_2 0.164

G_12 0.153

E JNO1 0.154

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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Table A11. Multiple comparison of seed characteristics at the seed orchard

of C. obtusa in Gochang, Korea in 2020 by post—hoc Tukey—HSD test

(p <0.05)

(A) Seed potential in 2020

Group Clone Mean

A IN24 3.655

AB UK22 3.623

UK13 3.619

ABCD BS5_typeA 3.647

ABCDE IN22 3.594

ABCDEF GN23 3.597

JN13 3.595

ABCDEFGHI G_1 3.611

G_2 3.611

UKO6 3.611

G_10 3.611

G_15 3.611

GN52 3.611

GN47 3.611

INO5 3.611

GN57 3.592

GN27 3.538

G_19 3.536

G_11 3.534

G_13 3.530

JN33 3.521

G_21 3.511

JN19_typeA 3.497

GN45 3.489

GN38 3.489

G_8 3.428

G_6 3.367

ABCDEFGI G_12 3.611
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ABCDEFI

ABD
BCDEFGHI

BCDEFGI
CDEFGHI
CEFGHI

EFGHI

FGHI

GH

GHI

H

G_20
JBO1_typeC
CNO2
GN37
GNb51
JJo1
BS02
GNb55
JNO9
GN35
JNO6
GN39
JN29
GN16
G_16
GN46
G_9
JN10
JN15
GNZ28
JNO8
GN18_typeA
GN19
JN30_typeB
JN25
GNb50

3.606
3.578
3.578
3.577
3.551
3.550
3.566
3.562
3.555
3.551
3.612
3.517
3.011
3.497
3.489
3.539
3.444
3.508
3.508
3.488
3.480
3.482
3.463
3.451
3.442
3.386

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(B) Percent developed seeds in 2020

Group Clone Mean
A GN51 4511
GN35 4.498
JNO6 4.479
UK22 4.464
JN15 4.445
GN19 4.375
AB G_16 4.584
JBO1_ typeC 4.485
GN27 4.473
GNbH5 4.426
JNO9 4.406
ABC G_6 4.817
G_10 4.654
GN38 4.496
GNbH7 4.492
GN37 4.457
GN16 4.418
UK13 4.384
G_11 4.376
BS02 4.361
JN30_typeB 4.357
JJo1 4.351
JN13 4.343
JNO8 4.326
GN18_typeA 4.323
JN24 4.315
GN39 4.279
ABCD G_13 4.445
JN33 4.398
ABCDE GN47 4.483
G_2 4.477
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JN19_typeA
G_21
G_20
UKO06
GNbH2
G_15
G_19
G_8
BSH_typeA
GNb50
IN22
GN23
G_9
JN29
GN46
GN28
JN25
GN45
G_1
BCDE JN10
CDE CNO2
DE G_12
E JNO5

4.436
4.433
4.386
4.383
4.349
4.338
4.280
4.268
4.256
4.255
4.241
4.237
4.202
4.181
4.178
4.164
4.140
4.054
4.000
4.132
3.977
3.664
3.556

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(C) Percent filled seeds in 2020

Group Clone Mean
A GN37 4.555
ABCDEFG G_6 4.555
UKO06 4.487
GN57 4.291
GNb52 4.289
JN19_typeA 4.264
G_1 4.261
G_16 4.257
G_9 4.250
JNO5 4.237
G_13 4.200
JN25 4.178
G_20 4.178
JN33 4.151
GN47 4.126
G_15 4.083
G_2 3.990
ABCDF G_10 4.522
G_8 4.442
G_12 4.377
JN30_typeB 4.320
JNO8 4.319
IN22 4.318
JBO1_typeC 4.318
G_19 4.315
GN46 4.314
GN39 4.307
CNO2 4.306
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ABCDFG
ABCF

ABF

AF
BCDEFG
BCDEG

CDEG

DEG

E
EG

GN45
JNO6
GNZ238
GN19
JN10
JNO9
GN27
JJo1
GN16
GN23
BS02
GNb55
GNb51
JN29
UK13
JN15
GN18_typeA
GN50
JN24
GN38
UKZ22
GN35
G_11
JN13
BS5_typeA
G_21

4.301
4.300
4.297
4.279
4.254
4.245
4.220
4.414
4.414
4.385
4.379
4.343
4.339
4.333
4.413
4.386
4.459
4.133
4.164
3.968
4.108
4.103
4.037
4.027
3.777
3.708

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(D) Percent empty seeds in 2020

Group Clone Mean
A JN13 3.740
AB BS5_typeA 3.939
ABCD G_21 4.085
ABCDEFG GN47 3.636
JN19_typeA 3.353
GN57 3.218
JNO5 2.785
GNb52 2.704
GN16 2.667
GN45 2.577
JJo1 2.552
G_12 2.550
UKO06 2.500
G_1 2.196
G_10 2.009
G_6 1.922
ABCDEG GN38 3.836
G_2 3.835
G_15 3.683
G_11 3.626
G_20 3.472
JN33 3.450
GN50 3.431
G_13 3.385
IN24 3.238
JN25 3.223
GN27 3.174
G_19 3.163
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ABCEG
AE
BCDEFG
BCDEG

BCDG
CDFG
DF
EFG
F

JNO9
G_9
JNO8
GN28
JNO6
GN19
G_16
JBO1_typeC
GNZ23
IN22
JN10
JN30_typeB
CNO2
JN29
GNb51
GN46
UK22
GN35
BS02
GNb55
GN39
JN15
UK13
GN18_typeA
G_8
GN37

3.106
3.071
3.062
3.032
3.012
3.011
2.971
2.928
2.928
2.919
2.891
2.839
2.834
2.793
2.785
2.755
3.500
3.521
2.569
2.630
2.620
2.660
2.392
2.299
1.452
1.272

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(E) Percent aborted ovules in 2020

Group Clone Mean
A G_12 3.591
ABCDEF G_1 2.992

UKO06 2.494
GN38 2.238
G_10 2.175
BS5_typeA 2.073
G_21 1.997
G_20 1.966
GN16 1.926
UK22 1.907
G_11 1.894
GN23 1.885
JN13 1.854
G_9 1.812
IN22 1.800
G_8 1.785
JN29 1.783
JNO6 1.769
JN24 1.731
G_2 1.704
CNO2 1.666
JNO8 1.650
GN45 1.636
JNO9 1.581
JBO1_typeC 1.576
GN28 1.552
GN55 1.515
JN30_typeB 1.512
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ABCEF

ABE
ABEF
AEF

BCD
BCDEF
CD
CDF
D

JN33
JJo1

GN47
G_13
GN57

JN19_typeA
G_15
G_6
GN52
G_19
BS02
GN50
GNb51
GN27
JN10
GN19
JNO5
GN46
JN25
GN35
GN39
JN15
GN37
UK13
G_16
GN18_typeA

1.477
1.470
1.329
1.269
0.788
0.709
0.675
0.000
0.000
2.714
2.225
2.212
2.135
2.080
1.683
1.632
3.700
2.217
2.615
2.281
2.231
1.152
0.788
0.884
0.608
0.546

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(F) Seed efficiency (%) in 2020

Group Clone Mean
A GN37 4.397
ABCDEFGH UKO06 4.255

GN57 4.169
G_8 4.096
JN19_typeA 4.086
GN27 4.079
JN30_typeB 4.064
JNO9 4.038
JNO8 4.031
G_13 4.030
GN52 4.023
GN23 4.010
GN47 3.995
GN35 3.986
G_19 3.981
GN39 3.973
UK22 3.958
G_20 3.950
IN22 3.947
JN33 3.936
JN29 3.903
GN46 3.881
IN24 3.867
G_2 3.853
GN38 3.851
GN28 3.849
G_9 3.839
G_15 3.809
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ABCDFG

ABCFG

ABFG
ACFG

AFG

AG
BCDEFGH
BCDEFH
BCDEH

BDEH
CDEH
DH
EH

G_11
GN50
GN45
G_1
G_6
JJo1
BS02
GN19
G_16
GN16
JBO1_typeC
JNO6
G_10
UK13

GN18_typeA

GNb&5
GNb51
JN15
G_21
CNO2
JN13
JN25
JN10
G_12
BS5_typeA
JNOS

3.802
3.777
3.741
3.647
4.757
4.151
4.125
4.040
4.228
4.217
4.188
4.165
4.562
4.183
4.167
4.155
4.235
4.217
3.531
3.674
3.759
3.715
3.775
3.428
3.426
3.187

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(G) Aborted ovules in 2020

Group Clone Mean
A G_12 2.631
AB JNO5 2.732
ABCDE G_1 2.058
UKO06 1.609
BS5_typeA 1.473
GN38 1.403
G_20 1.386
G_10 1.370
GN27 1.349
GN23 1.275
GN50 1.269
G_11 1.238
JN22 1.222
G_9 1.212
JN13 1.206
JN24 1.175
GN16 1.164
GN45 1.152
JNO6 1.143
JN29 1.133
G_21 1.127
CNO2 1.076
G_8 1.069
G_2 1.069
JNO8 1.028
JBO1_typeC 0.995
JN33 0.864
G_13 0.798
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GN47 0.693

G_15 0.448

JN19_typeA 0.347

G_6 0.000

GNb52 0.000

ABCE G_19 1.824
BS02 1.514

GN46 1.441

GN51 1.427

UK22 1.269

ABE JN25 1.688
GN35 1.502

GN39 1.442

BCDE JN10 1.043
GN19 1.026

JNO9 1.000

GN28 0.952

GNb55 0.945

JJo1 0.889

JN30_typeB 0.845

GNb57 0.499

CD JN15 0.689
UK13 0.547

CDE GN37 0.462
G_16 0.318

D GN18_typeA 0.299

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(H) Developed seeds in 2020

Group Clone Mean
A JNO6 3.479
UK22 3.475
ABCDEFGH G_6 3.565
GN47 3.481
G_2 3.475
UKO06 3.383
G_20 3.382
GN38 3.373
G_13 3.363
GN52 3.350
G_15 3.340
G_21 3.333
JN19_typeA 3.322
JN33 3.309
GN16 3.305
G_11 3.303
BSO5_typeA 3.296
JJO1 3.292
GN19 3.233
GN23 3.232
JN22 3.229
G_19 3.209
JN30_typeB 3.200
JNO8 3.198
GN18_typeA 3.197
GN39 3.190
G_8 3.091
G_9 3.045
206 Sk



ABCDFGH

ABCFGH

ABCFH
ABF

ABFH
AF

BCDEFGH
BCDEGH

CDEG
CDEGH
DE
DEG

E

G_1
GN45
G_10
GN57
G_16
JN13
BS02
GN37
GN27
IN24
JNO9
GN55

JBO1_typeC
UK13
JN15
GN51
GN35
GN50
GN46
JN29
GN28
CNO2
JN10
JN25
G_12
JNO5

3.012
2.960
3.650
3.472
3.459
3.331
3.321
3.422
3.399
3.361
3.350
3.377
3.451
3.393
3.342
3.449
3.436
3.037
3.115
3.090
3.050
2.972
3.039
2.988
2.714
2.606

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(D Empty seeds in 2020

Group Clone Mean
A JN13 2.497
ABCDEFGH GN47 2.538
GN57 2.148
JN19_typeA 2.124
G_16 1.946
G_19 1.857
JN25 1.736
G_9 1.705
GN45 1.701
GN23 1.700
GN52 1.666
BS02 1.660
JN30_typeB 1.647
JNO5 1.594
CNO2 1.564
UKO06 1.445
G_12 1.384
G_1 1.348
G_10 1.269
G_6 1.099
ABCDEFH G_2 2.720
G_15 2.447
G_20 2.302
JN33 2.214
G_13 2.212
GN27 2.055
JNO6 1.986
GN50 1.963
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ABCDFH

ABCFH
ABFH
ABH
AH
BCDEFG

BCDEFGH
CDE
CDEFG
CDEG

DEG

EG
G

JBO1_typeC
GN51
JNO8
JN22
GN38
G_11
IN24
JNO9
GN19
G_21

BSO5_typeA

UK22
GN35
GNZ28
GNb&5
GN16
JN15
JJO1
GN39
JN10
JN29
GN46
UK13
G_8

GN18_typeA

GN37

1.893
1.834
1.778
1.727
2.623
2.369
2.106
1.986
1.863
2.820
2.654
2.418
2.399
1.663
1.662
1.554
1.619
1.492
1.608
1.598
1.571
1.548
1.480
0.749
1.235
0.731

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(J) Filled seeds in 2020

Group Clone Mean
A GN37 3.364
ABC G_10 3.558
ABCDEF G_6 3.506
UKO06 3.258
JBO1_typeC 3.162
GN57 3.156
G_16 3.118
GN16 3.110
JJo1 3.098
BS02 3.091
GN18_typeA 3.046
GNb52 3.034
GN27 3.019
GN23 3.013
GN47 3.006
JNO9 2.995
UK22 2.984
JN19_typeA 2.983
G_13 2.963
G_20 2.958
JN22 2.945
GN35 2.942
JN24 2.930
G_8 2.927
G_19 2.920
JN30_typeB 2.919
JNO8 2.915
GN19 2.910
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ABCE

ABCEF

ABE

ABE

BCDEF

CDF

DEF

DF

GN39
G_2
JN33
JN29
G_15
G_11
GN38
G_9
G_1
GN45
JNO6
GNb55
UK13
GNb51
JN15
GN46
JN13
CNO2
GNZ28
JN10
JN25
BSO05_typeA
G_12
G_21
GN50
JNOS

2.896
2.870
2.862
2.828
2.828
2.753
2.751
2.696
2.671
2.657
3.173
3.114
3.197
3.180
3.121
2.831
2.767
2.685
2.750
2.700
2.600
2.499
2.488
2.471
2.584
2.259

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknow
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Table A12. Multiple comparison of seed characteristics at the seed orchard

of C. obtusa in Gochang, Korea in 2021 by post—hoc Tukey—HSD test

(p <0.05)

(A) Seed potential in 2021

Group Clone Mean
A IN24 3.749
AB GN47 3.768
ABCDEFGH G_7 3.807
GN38 3.709
G_18 3.709
G_3 3.709
GNb52 3.709
G_21 3.709
JN33 3.692
G_15 3.684
G_20 3.684
G_1 3.676
G_13 3.671
G_9 3.660
G_11 3.660
JN19_typeA 3.650
BSO5_typeA 3.650
G_10 3.644
G_2 3.635
G_8 3.611
UKO06 3.611
ABCDEFH G_12 3.741
ABCDEH UK13 3.687
ABCDH JBO1_typeC 3.701
JNO6 3.685
ABCH JN13 3.700
ABH GN37 3.738
BCDEFGH CNO2 3.674
GN46 3.663
JJO1 3.661
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BCDEFH
CDEFG

CDEFGH

DEFG

EFG

FG

G

JNO5
G_22
JN15
GNbH5
GN16
JN29
GNbH1
GN27
G_6
GN45
GN48
Single
G_16
G_19
GN50
G_14
GNb7
GN19
JN22
JN30_typeB
JNO8
UK22
JN25
GN39
GN35
GN18_typeA
BS02
GN23
JNO9
GN28
JN10

3.660
3.644
3.672
3.654
3.638
3.638
3.637
3.630
3.622
3.611
3.611
3.611
3.611
3.611
3.611
3.611
3.611
3.644
3.639
3.634
3.631
3.629
3.626
3.625
3.624
3.621
3.620
3.617
3.623
3.619
3.615

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(B) Percent developed seeds in 2021

Group Clone Mean

ABCDEFGHIJKLM G_3 4.692

ABCDEFGHIJKLMN G_13 4.440

GNb57 4.413

G_18 4.318

G_8 4.275

G_7 4.237

G_21 4.236

ABCDEFGHIKLM UKO06 4.755

JN19_typeA 4,533

GN45 4.511

G_20 4.480

JBO1_typeC 4.465

JNO5 4.460

G_16 4.452

G_19 4.445

G_6 4.439

ABCDEFGHKLM GN47 4.548

ABCDEFGKLM BSO5_typeA 4.567

GN27 4.501

UK22 4.482

ABCDEFKLM GN438 4.613

G_22 4.568

ABCDEKLM G_2 4.619

ABCDKLM JN13 4.543

ABCL G_10 4.766

ABDKL GN51 4.581

JNO6 4.578

AK BS02 4.656

AKL GN35 4.633

BCDEFGHILM UK13 4.459

BCDEFGHIM GN16 4.444
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BCDEGM
CEFGHIM
DEFGHIJKMN
DEFGHIJM
DEFGHIJMN

DEFGHIM
EFGHI

EFGHILJ
EFGHIJMN

EFGHIJN

FHILJ

GHIJN

HIJN

IJN

JN

N

JN24
JNO9
GN46
IN22
GN19
GNbH2
G_11
Single
GN38
G_12
JN25
JN15
JNO8
GNb5
JNZ29
JN30_typeB
JJOo1
G_15
G_14
GN37
G_9
JN33
GN39
CNO2
G_1
GN23
GN50
JN10
GN18_typeA
GN28

4.437
4.428
4.425
4.462
4.419
4.222
4.365
4.335
4.278
4.238
4.379
4.378
4.367
4.353
4.349
4.345
4.311
4.256
4.197
4.297
4.258
4.250
4.302
4.269
4.226
4.265
4.188
4.157
4.132
4.087

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(C) Percent filled seeds in 2021

Group Clone Mean
A GN18_typeA 4.303
AB UK13 4.259
JN30_typeB 4.255
GN35 4.238
ABC GN37 4.300
ABCDEFGHIJKL G_7 4.164
G_18 4.072
UKO06 3.722
G_3 3.438
ABCDEFGHIKL G_21 4.113
G_2 3.950
JN19_typeA 3.906
BSO05_typeA 3.788
ABCDEFGHKL G_14 4.086
G_15 4.050
G_6 3.951
G_20 3.906
G_22 3.900
ABCDEFGKL G_8 4.370
G_10 4.294
GNb52 4.282
GNb57 4.239
GN48 4.220
GN45 4.159
GN47 4.138
GNb50 4.129
G_16 4.078
G_1 4.057
G_19 4.032
GN51 4.020
GN39 3.986
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ABCDEGKL

ABCDG
ABCDGK
ABCDGKL

ABCG
BCDEFGHIJKL
BCDEFGHIKL
BCDEFGHKL
BCDEFGKL

CDEFGHKL
DEFGHIJKL
DEFGHIKL
DEFHIKL
DEFHKL

EFH
EFHIKL

EFHL
FHILJ
HIJ
1J

J

GN23
JBO1_typeC
G_9
GN46
GN16
JN15
GNb55
JNO6
BS02
JN10
GN28
Single
G_11
JJOo1
JN22
JNO9
JN24
JN33
CNOZ2
JN25
JN13
JN29
GN19
UK22
GN27
JNO8
JNO5
G_12
G_13
GN38

3.956
3.939
4.187
4.129
4.072
4.014
4.194
4.127
4.113
4.081
4.182
3.742
3.834
3.907
3.972
3.932
3.872
3.726
3.818
3.798
3.849
3.832
3.831
3.775
3.757
3.799
3.614
3.216
3.120
3.028

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(D) Percent empty seeds in 2021

Group Clone Mean
A JNO5 4.106
AB JN29 3.957
ABC UK22 3.953
JN13 3.901
JNO8 3.890
GN19 3.840
ABCD JN33 4.063
GN27 4.000
G_11 3.980
JN25 3.908
CNO2 3.897
JJOo1 3.851
JN24 3.849
ABCDE G_12 4.262
GN38 4.141
G_6 3.864
GN23 3.804
JNO9 3.764
GN39 3.762
ABCDEF BSO5_typeA 3.993
G_20 3.871
JBO1_typeC 3.755
GNb51 3.669
JN15 3.638
ABCDEFG G_13 4.130
Single 3.923
JN19_typeA 3.862
BS02 3.603
JN22 3.567
ABCDEFGH G_2 3.881
G_22 3.735
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ABCDEFGHI

BCDEFGH

CDEFGH

DEFGH
EFGH
FGHI
GHI
HI

I

G_15
G_16
GN16
G_9
GNb50
G_19
G_1
G_3
UKO06
G_18
G_14
G_7
G_21
GN47
GN45
GNb7
GN48
G_10
GNbH2
G_8
JN10
GN46
GN28
GNbH5
JNO6
GN35
UK13
JN30_typeB
GN37
GN18_typeA

3.681
3.620
3.574
3.524
3.516
3.014
3.506
4.259
4.094
3.764
3.674
3.629
3.505
3.464
3.436
3.342
3.327
3.121
3.049
3.006
3.485
3.442
3.440
3.404
3.404
3.293
3.169
3.130
2.943
2.666

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(E) Percent aborted ovules in 2021

Group Clone Mean
A G_22 1.281
AB JN13 0.865
ABC UK22 0.855
ABC GN23 0.834
ABCDEF G_14 1.044
G_12 1.020
G_9 0.973
G_8 0.891
G_15 0.847
Single 0.810
JNO5 0.790
GN38 0.779
G_19 0.743
CNO2 0.606
BS02 0.599
G_10 0.594
G_2 0.594
GN16 0.586
GN27 0.579
G_11 0.569
G_6 0.558
GN28 0.541
G_20 0.436
GN57 0.372
JNO8 0.332
BSO5_typeA 0.321
G_13 0.313
IN30_typeB 0.280
GN48 0.279
GN51 0.272
GN37 0.227
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ABCDF

ABCF

BCDEF

CDEF

DE

DEF

E

JN33
JN25
GN47
GN50
G_16
JN19_typeA
G_3
G_21
GNb52
GN45
G_18
UKO06
G_7
GN39
JN10
JN29
JNO9
JN22
GN35
GN46
JBO1_typeC
G_1
JNO6
JJO1
GN19
UK13
JN24
GN18_typeA
GNb55
JN15

0.222
0.218
0.188
0.186
0.160
0.119
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.631
0.617
0.766
0.731
0.286
0.255
0.173
0.171
0.000
0.166
0.086
0.165
0.033
0.000
0.084
0.074
0.066

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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(F) Seed efficiency (%) in 2021

Group Clone Mean
A GN35 4.256
AB BS02 4.154
ABCD G_10 4.445
ABCDEFGHIJK GNbB57 4.038
G_8 4.032
G_2 3.955
G_19 3.864
G_22 3.853
G_9 3.834
JN19_typeA 3.825
G_6 3.777
G_20 3.772
ABCDEFGHIJKL GN52 3.891
BSO5_typeA 3.741
GN50 3.706
G_15 3.694
G_1 3.672
ABCDEFGHIJKLM UKO06 3.861
G_7 3.788
G_18 3.778
G_21 3.738
G_14 3.673
G_3 3.514
ABCDEFGHIJK GN47 4.071
GN45 4.056
GN37 3.984
G_16 3.917
GN16 3.903
ABCDEFGJ GN48 4.218
ABCDEFGJK GN46 3.941
GNb55 3.934
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ABCDEG
ABCDEGJ
ABCG

BCDEFGHIJK

BCDEFGHIJK

CDEFGHIJK

CDEFGHIJKL

CDEFGHIJK
DEFHIJK
DEFHIJKL
EFGHIJKLM
EFHIJK
EFHIJKL

FHIJK
FHIJKL
FHIK
FHIKL
FHIKLM
HIKLM
HILM
ILM

LM

M

JN30_typeB
GNb51
UK13
JNO6

JBO1_typeC
JN13

GN18_typeA
JN22
JNO9
JN24
GN27
G_11
JN15
GN39
UK22
Single
GN28
GN23

JJo1

JN25
JN10
JN29
GN19
JNO8
JNO5
JN33
CNOZ2
G_13
G_12
GN38

3.987
3.987
4.104
4.090
3.794
3.778
3.823
3.823
3.748
3.696
3.647
3.588
3.779
3.677
3.645
3.466
3.658
3.612
3.608
3.566
3.628
3.571
3.637
3.556
3.467
3.366
3.480
3.015
2.860
2.779

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam, Korea;
JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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Table A13. Multiple comparison of seed characteristics at the seed orchard
of C. obtusa in Seogwipo, Korea in 2020 by post—hoc Tukey—HSD test
(p <0.05)

(A) Seed potential in 2020

Group Clone Mean
A G_1 3.741
G_4 3.660

G_5 3.659

JBO1_typeA 3.608

JBO1_typeC 3.593

AB JN6 3.676
G_9 3.611

G_11 3.611

BS02 3.611

G_10 3.595

G_2 3.592

G_12 3.574

UKO08 3.573

G_6 3.562

JN12 3.557

JN29 3.530

JN30 3.530

BS05 3.513

JNO1 3.498

G_3 3.489

JN10 3.489

JN25 3.476

B JNO8 3.415

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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(B) Percent developed seeds in 2020

Group Clone Mean
AB G_1 4.859
ABCDEF UKO08 4.624
G_10 4.555
G_9 4.490
BS05 4.400
JNG6 4.389
G_3 4.348
G_4 4.284
BS02 4.274
JN25 4.164
JN12 4.133
JN29 3.947
ABCDF JN30 4.784
JNO1 4.237
G_5 4.197
ABCF G_12 4.345
AC JBO1_typeC 4.459
BDF JBO1_typeA 4.230
CDEF G_2 3.926
G_11 3.556
DE G_6 3.808
DEF JN10 3.726
E JNO8 3.818

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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(C) Percent filled seeds in 2020

Group Clone Mean
A JBO1_typeC 2.277
AB G_1 3.095
G_3 3.008

JBO1_typeA 1.953

G_5 1.826

ABC JN29 2.901
G_10 2.272

G_4 2.071

JN30 1.960

G_2 1.836

G_6 1.781

JN25 1.729

JNG6 1.728

UKO08 1.412

G_9 1.297

JN12 1.286

JN10 0.488

BS05 0.304

G_11 0.000

BS02 0.000

BC JNO8 1.301
G_12 1.262

C JNO1 0.641

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,

unknown
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(D) Percent empty seeds in 2020

Group Clone Mean
A G_11 4.615
BS02 4.615
BS05 4.608
JNO1 4.589
JN10 4.583
G_9 4.562
UKO08 4.562
JN12 4.548
G_2 4.542
JN30 4.539
G_12 4.522
G_10 4.521
ING6 4.507
IN25 4.505
G_4 4.477
JNO8 4.470
G_5 4.439
JBO1_typeA 4.429
JN29 4.425
G_6 4.425
JBO1_typeC 4.387
G_3 4.355
G_1 4.340

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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(E) Percent aborted ovules in 2020

Group Clone Mean
A G_6 3.933
AB G_5 3.367
JBO1_typeA 3.330

JNO8 3.317

ABC G_11 4.441
JN29 3.835

JN10 3.666

G_2 3.568

BS02 3.525

JN12 3.499

BS05 3.415

JN25 3.334

G_3 3.236

G_4 3.099

UKO08 2.923

G_10 2.849

G_1 2.832

JNG6 2.816

JN30 2.711

G_9 2.453

BC JBO1_typeC 3.017
G_12 2.781

C JNO1 2.441

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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(F) Seed efficiency (%) in 2020

Group Clone Mean
A G_1 3.329
ABCD JN29 2.283
G_10 2.223

JN30 2.095

G_4 1.900

JNG6 1.635

G_5 1.525

UKO08 1.458

JN25 1.392

G_6 1.391

G_2 1.367

G_9 1.188

JN12 1.160

ABD G_3 2.766
JBO1_typeA 1.733

AD JBO1_typeC 2.198
BC G_12 1.091
JNO8 1.029

JN10 0.410

BCD BS05 0.266
G_11 0.000

BS02 0.000

C JNO1 0.583

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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(G) Filled seed weight in 2020

Group Clone Mean
A JN12 0.533
AB ING6 0.519
ABC G_1 0.452
ABCD BS02 0.402
G_6 0.345

G_3 0.317

G_4 0.317

JN10 0.314

BS05 0.307

G_9 0.247

UKO8 0.236

BCD G_12 0.316
G_11 0.179

CD JBO1_typeA 0.273
JBO1_typeC 0.268

JNO8 0.240

JNO1 0.213

G_2 0.170

G_10 0.146

D G_5 0.201

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown

230 , _H tl ]



Table Al4. Multiple comparison of seed characteristics at the seed orchard
of C. obtusa in Seogwipo, Korea in 2021 by post—hoc Tukey—HSD test
(p <0.05)

(A) Seed potential in 2021

Group Clone Mean
A JBO1_typeA 3.662
JBO1_typeC 3.660

AB UKO08 3.741
G_1 3.709

JN12 3.660

G_5 3.658

G_11 3.645

JN30 3.645

JN25 3.624

JNO8 3.620

G_10 3.611

JN6 3.611

JN10 3.611

G_2 3.603

G_4 3.601

G_9 3.573

BS05 3.569

G_3 3.541

G_12 3.530

B JNO1 3.564
G_6 3.552

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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(B) Percent developed seeds in 2021

Group Clone Mean
A G_1 4.806
JBO1_typeC 4.647

AB G_4 4.613
ABC G_10 4.736
JN30 4.674

UKO08 4.645

JN6 4.645

G_11 4.639

G_3 4.631

BS05 4.519

G_12 4.513

JN12 4.503

G_5 4.494

G_2 4.490

G_9 4.472

G_6 4.432

JN10 4.367

BC JNO8 4.404
JBO1_ typeA 4.404

JN25 4.359

C JNO1 4.321

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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(C) Percent filled seeds in 2021

Group Clone Mean
A JBO1_typeC 3.441
AB JBO1_typeA 3.122
ABC G_9 3.832
G_2 3.696
G_11 3.552
G_1 3.548
UKO08 3.416
JN10 3.355
G_12 3.229
JN25 3.208
JN30 3.050
G_10 2.941
G_3 2.922
BS05 2.890
G_6 2.662
JNG6 2.562
JN12 2.419
BC JNO8 2.821
JNO1 2.478
G_4 2.327
C G_5 2.170

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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(D) Percent empty seeds in 2021

Group Clone Mean
A JN12 4.477
G_4 4.455
G_5 4.453
G_6 4.446
JN6 4.412
BS05 4.409
G_10 4.405
JN30 4.392
G_3 4.333
JN10 4.277
UKO08 4.269
G_12 4.261
JN25 4.248
JNO1 4.233
G_11 4.183
JNO8 4.155
G_1 4.149
JBO1_typeA 4.146
G_2 4.064
G_9 4.017
JBO1_ typeC 3.998

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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(E) Percent aborted ovules in 2021

Group Clone Mean
A BS05 2.430
JN6 1.963
G_4 1.692
JN10 1.631
JN12 1.408
G_3 1.358
JBO1_typeA 1.097
G_5 1.065
G_6 0.926
G_2 0.905
JNO8 0.802
G_1 0.786
JBO1_typeC 0.659
IN25 0.554
JNO1 0.529
G_9 0.472
G_12 0.222
G_10 0.000
G_11 0.000
UKO08 0.000
JN30 0.000

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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(F) Seed efficiency (%) in 2021

Group Clone Mean
A JBO1_typeC 3.473
AB G_1 3.738
ABC G_9 3.691
G_11 3.575
G_2 3.574
UKO08 3.446
G_12 3.142
JN10 3.114
JN30 3.107
G_10 3.057
JN25 2.967
G_3 2.935
BS05 2.796
JNG6 2.585
BC JBO1_typeA 2.934
JNO8 2.641
G_6 2.495
G_4 2.331
JN12 2.316
JNO1 2.227
C G_5 2.093

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown

236 , _H tl ]



(G) Filled seed weight in 2021

Group Clone Mean
A G_1 0.050
AB JBO1_typeC 0.033
ABC G_11 0.029
JBO1_typeA 0.024

UKO08 0.024

G_9 0.019

JN30 0.019

G_12 0.018

G_2 0.018

G_3 0.017

JN10 0.016

JN6 0.014

BS05 0.013

G_10 0.011

BC IN25 0.014
C JNO8 0.012
JNO1 0.012

G_4 0.011

G_5 0.010

G_6 0.007

JN12 0.007

BS, Busan, Korea; G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea; UK,
unknown
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Table A15. Seed germination rate at the seed orchard of C. obtusa in

Gochang, Korea in 2021

Clone Ramet Total seeds GP (%)
BS02 11 175 5.30
BSO5_typeA 3 37 4.11
CNO2 5 73 4.87
G_10 1 12 4.00
G_16 1 8 2.67
GN16 2 48 8.00
GN18_typeA 2 14 2.33
GN19 21 389 6.17
GN23 2 24 4.00
GN28 4 9 0.75
GN35 2 15 2.50
GN37 2 24 4.00
GN39 4 41 3.42
GN46 2 60 10.00
GN47 2 20 3.33
GN50 3 64 7.11
GNb51 2 57 9.50
GNbH5 4 35 2.92
JBO1_typeC 6 177 9.83
JBO1C 1 21 7.00
JJO1 9 203 7.52
JNO6 16 382 7.96
JNO8 6 66 3.67
JNO9 4 48 4.00
JN10 3 20 2.22
JN13 4 48 4.00
JN15 8 69 2.88
JN19_typeA 1 32 10.67
JN22 4 86 717
JN24 3 58 6.44
JN29 4 33 2.75
JN30_typeB 3 24 2.67
JN30B 1 8 2.67
Unknown 13 1 7 2.33
Mean 4.32 70.21 4.96

BS, Busan, Korea; CN, Chungnam, Korea; G, genotype group; GN, Gyeongnam,
Korea; JB, Jeonbuk, Korea; JJ, Jeju, Korea; JN, Jeonnam, Korea; UK, unknown
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Table A16. Seed germination rate at the seed orchard of C. obtusa in

Seogwipo, Korea in 2021

Clone Ramet Total seeds GP (%)
G_b5 2 12 2.00
JNO1 2 25 4.17
JNO8 2 3 0.50
JBO1_typeA 3 22 2.44
JBO1_typeC 4 22 1.83
Singlel 1 32 10.67
Single?2 1 1 0.33
Mean 2.14 16.71 3.13

G, genotype group; JB, Jeonbuk, Korea; JN, Jeonnam, Korea
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Abstract

Clonal Fertility Variation and Genetic
Characteristics at the Seed Orchards of
Chamaecyparis obtusa

in Gochang and Seogwipo, Korea

Ji—Min Park
Major in Forest Environmental Sciences
Department of Agriculture, Forestry, and Bioresources

The Graduate School of Seoul National University

Chamaecyparis obtusa 1s a major tree species for wood
production in Korea. It is straight and light and is used for interior
and ship materials. It also has a scent and gloss, so widely used as a
park or garden tree. In addition, it has various functional substances
such as oil extracted from wood and fragrances extracted from cones.
Therefore, it has recently been spotlighted as a preferred tree for
afforestation, and planting is being attempted in various parts the

country. C. obtusa is the most well—known species that can live in

240 M -]



warm temperate zones, but the survival rate of planted trees tends
to decrease significantly with climate. Therefore, it is urgent to
supply excellent seeds and seedlings that can adapt to various
climates. Seed orchards, the basis of forest tree breeding, are
established to produce stably and supply genetically improved seeds.
Genetic improvement refers to maximizing the characteristics and
genetic structures of plus trees to be improved by transferring it on
to the next generation (seed). By estimating the production capacity
and contribution among clones and analyzing the genetic
characteristics involved in the seed production process, the quality
of seed orchard seeds can be proved and effective seed management
methods can be suggested. This study was conducted to quantify
some reproductive traits of C. obtusa. Over the past three years

(2020~2022), the reproductive characteristics of 61 and 23 clones

were surveyed in the seed orchards at Gochang and Seogwipo, Korea.

The seed orchards were established in 2015 and 1969, respectively.
In this study, the clonal contributions of male and female strobilus,
and cone productions were estimated. It has been clearly shown that
female and male parents contributed unequally to the gamete gene

pool. Among the 61 clones at the seed orchard of Gochang, 12 to 15
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clones (20 to 25% of the total) and 6 to 9 clones (10 to 15% of the
total) produced 50% female and male strobili, respectively. The
effective population numbers of female and male strobilus ranged
from 23.64 (2021) to 37.38 (2022) and from 15.52 (2021) to 19.84
(2022) at gamete level, respectively. The effective population
numbers at zygote (cone) level ranged from 20.15 (2022) to 35.94
(2021). Among the 23 clones at the seed orchard of Seogwipo, 1 to
5 clones (5 to 21% of the total) and 1 to 3 clones (5 to 15% of the
total) produced 50% female and male strobili, respectively.
Compared with the previous reports of other species, fewer clones
contributed to the reproductive process in the seed orchards of C.
obtusa. The effective population numbers of female and male
strobilus ranged from 6.4 (2021) to 15.45 (2022) and from 4.32
(2021) to 9.58 (2022) at gamete level, respectively. The effective
population numbers at zygote (cone) level ranged from 7.3 (2020) to
10.71 (2021), compared with the gamete level, more clones had
contributed to reproductive process in the Seogwipo seed orchards.
The individual heritabilities of female and male strobilus, and cone
production ranged from 0.150 (2022) to 0.306 (2021), from 0.161

(2020) to 0.326 (2021), from 0.013 (2022) to 0.133 (2020),
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respectively in the seed orchard of Gochang. At the seed orchard of
Seogwipo, the individual heritabilities of female and male strobilus,
and cone production were estimated from 0.086 (2022) to 0.297
(2021), from 0.077 (2021) to 0.489 (2020), from 0.156 (2022) to
0.408 (2021), respectively. In both seed orchards, the clonal
heritabilities were estimated to be higher than the individual
heritabilities. The strobilus and cone production were positively
correlated and statistically significant, except for the male strobilus
and cone production at the seed orchard of Seogwipo in 2020. A total
of 10 cones were collected per each individual tree for cone analysis
over two consecutive years (2020~2021). At the seed orchard of
Gochang, the cones were analyzed to have 72.69% full—filled seeds,
and 27.30% empty seeds, and 11.57% aborted ovules, so the seed
efficiency was estimated to be 57.96% in 2020. In 2021, the cone
had 56.43% full—filled seeds, and the 43.57% empty seeds, showing
similar proportions of the full-filled seeds and empty seeds. The
seed efficiency was estimated to be 46.98% that was slightly lower
than in 2020. The germination rate per cone was very low with an
average of 5.09%. The cones had 9.46% full—filled seeds, 90.54%

empty seeds, and 33.06% aborted ovules. The seed efficiency was
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estimated to be 7.51% in 2020. In 2021, the cones had 25.77% full—
filled seeds, 73.23% empty seeds, and 3.33% aborted ovules. Seed
efficiency was higher than that in 2020, but the amount of full—filled
seeds was lower. The average germination rate per clone was very
low at 3.13%, which was similar to that of the seed orchard of
Gochang. Parameters of the mating system and pollen flow were
estimated using eleven nuclear microsatellite markers. At the seed
orchard of Gochang, the expected heterozygosity (He) and the
observed heterozygosity (H,) were 0.740 and 0.796, respectively, in
mother trees. The He and H, were 0.702 and 0.765, respectively in
seeds. Fixation indices (/) were —0.062 and —0.087 in mother trees
and seeds, respectively. At the seed orchard of Seogwipo, the He and
H, were 0.683 and 0.667 in mother trees, and those were 0.704 and
0.826 in seeds, respectively. Fixation indices (#) were 0.037 in
mother trees and —0.084 in seeds. From the analysis using MLTR,
the outcrossing rate (tm), the biparental inbreeding (tm—ts), and the
correlation of paternity (r,) were estimated to be 0.982, 0.028, and
0.172, respectively, at the seed orchard of Gochang. These values
were similar to those analyzed using microsatellite markers in other

Pinus species. At the seed orchard of Seogwipo, the tm, the (tm—ts),
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and the rp, were 1.000, 0.059, and 0.064, respectively. From the
analysis using CERVUS, the averages of outcrossing rate, pollen
contamination rate, and selfing rate were estimated to be 94.21, 1.1,
and 4.69%, respectively. The average number of pollen donors was
11.1 at the seed orchard of Gochang. The averages of outcrossing
rate and selfing rate were 95.14 and 4.86%, respectively, at the seed
orchard of Seogwipo. The average number of pollen donors was 10.8.
Using TwoGener model for optimal pollen dispersal with the effective
density of 130 trees per ha, the genetic differentiation level in pollen
pool structure was estimated to be 0.134 at the seed orchard of
Gochang. The average radial distance of pollen flow was calculated
as 5.58 m. At the seed orchard of Seogwipo, the genetic
differentiation level in pollen pool structure was estimated to be
0.330 with the effective density of 125 trees per ha. The average
radial distance of pollen flow was calculated as 3.89 m. As the
effective pollen dispersal in the population might be restricted, the
amount of genetic variation could be maintained in each generation
without loss of genetic diversity caused by selfing or inbreeding in
seedlings at the seed orchard of Gochang and Seogwipo. The genetic

diversity of pollen pool might be high at the seed orchard of Seogwipo,
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but the number of pollen donors at the seed orchard of Gochang were
similar in the natural populations. Therefore, pollen donors should be
managed to increase genetic diversity under completely random

mating conditions at the seed orchard of Gochang.

Keywords: Chamaecyparis obtusa, cone analysis, fertility variation,
gene diversity, mating system, pollen contamination
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