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Estimation of Heritabilities and Genetic Gains for Height and
Diameter Growth of Korean White Pine Open-Pollinated
Progeny Stands'*

Sang-Keun Chon’, Man Yong Shin’*, Dong-Jun Chlmg2 and Yong-Seok Jsmg2
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ABSTRACT

This study was carried out to analyze the genetic variation and to estimate both heritabilities and
genetic gains for height and diameter growth of 20-year-old opén-pollinated progenies of Korean white
pine in three different sites, For there, amalysis of variance for both height and diameter growth was
conducted to see if there exist significant differences among families, sites, blocks, and their
interactions exist or not and to analyze the variance components for each factor,

Mean height and diameter at Gapyeong site were 7,66m and 11.92cm, respectively. they were 7.42m
and 11.35cm at Gwangju site, 6.13m and 8.4lcm at Youngdong site, and 7.12m and 10.68cm for the
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overall sites, The family No. 20 showed the most excellent growth of 7.99m in mean height and

12.14cm in mean diameter for all sites surveyed.

The estimates of heritabilities for individual-tree and family were 0.35~0.73 and 0.65~0.83 for
height growth, and 0.12~0.40 and 0.46~0.75 for diameter growth, respectively. For the combined
data from all the sites, the estimates of individual tree heritability were 0,80 for height and 0.20 for
diameter, and those of family were 0.91 for height and .77 for diameter. Heritability estimates varied
with testing sites, and those for height were higher than those for diameter in all sites. Given egual
intensity of selection, combined selection method provided the most efficient genetic gains for both

height and diameter growth.

Key words : Heritability, Genetic Gain, Pinus koraiensis, Genetic Variation, Selection Method.
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BEEG 02 diqe 234 AANE AT
Fel A slet., 2 wegE AA MAE AW
sl EEBM(Mass selection)® FER(Family)
E5 Cloned AWshs FARBB(Family selection)
o2 Uk 4 o, Add HRkY K3A 7
AE gwbsted oA s F2 08-S BRA
o st KM EProgeny test)E A A sl w,
o] & FalA FEKL S5tk RHYo) T B
9| ARG A ohd 4§ R HigE
AE Bdsls Aol whebd, kAKEES HA
vl glelA k@A HE 5o RESKE #
Eshe AL BRERES 7] o) Hi= HolcH(ZH
1B, 1993).
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Table 1. The general description of three experimental sites,

Soil Mean

Site Latitude Longitude Aspect Altitude(m) Slope(’ ) Texture Temp.(T) Precipitation(mm)
Gapyeong 37° 52" 127" 34" - SE 200 20~26 - Sil. / CL 9.9 114.6
Gwangju 37° 27 127" 227 SE, W 250 33~36 CL 10.3 113.5
Youngdong 36° 07" 127° 55" SW 500 30~35 L 10.7 99.0

3. BAE woy

249 67| F=(2WR %, 1999) Table 1)
gl A 2o,

2. EAEE

FAbE 1999 dA 200634 ol & WiiE
T, ORA, 2o BEALE KES AT RRK
REE-E oz stgdct. ol F Aol g3}
of Al F uAbEe] wtd AW TS
Aol A HAsE o] FAAHL AgL s B
MAEL Aelsta, A 20 KA A 2,911F
(m#F - 1,166%, mHl : 8584, K[E : 8874)&
Aoz Fast AL FA}AG. FuE ER
o] 43 AAF ¥ HEmHEE o843 mIHE
st n, MBERS 242258 1.2m A4
& A7Aeel ZE gt cmdH 2 FA skl

7 A9 9@ ) A9E FYstd st AA
Aakel] g Aol § Aty FARME 4
Alstel BA 9 KR RMAS Wright(1979)9] v
Holl g FAsA, Y fFAY¥H AL
(=179 u}E AFEAE A9E 2 37
Ad-g Fgsled s, H AN ES
2 AL A9 10%9 BAIA RAE Adstgdel
{Becker, 1984; Namkoong and Snyder, 1969).

A % D@
1. 3 ¥ 815Y YRy

1) #349% 54
30 e 2094 BRI ERS 22 A4

Table 2. Variation of height growth by family planted in three test sites, (unit ; m)
FL Gapyeong PL Gwangju FL Youngdong FL Overall
Mean*S.E. Mean*S.E. Mean*S.E, Mean=*S.E.
20 8.56110.06 20 8.54+16.82 20 6.85+12.24 20 7.99% 9.70
18 8.30+ 8.25 18 8.15£12.50 8 6.55+ 9.86 18 T7.74% 9.43
8 8.08+ 8.32 8 8.00=11.67 22 6.361+12.21 8 7.56% 7.46
12 7.96% 9.88 1 7.78*12.67 18 6.33+12.79 9 7.34+ 8.22
1 7.85+12.67 9 7.58+15.25 23 6.26:£10.09 12 7.31% 9.67
9 7.82+ 7.65 21 7.51+14.86 10 6.25+13.34 1 7.29% 9.86
7 7.80* 9.32 23 7.45+18.96 9 6.23*+ 9.76 23 7.20+ 8.66
23 7.78% 9.46 12 7.43%+15.16 4 6,17t 9.77 7 7.19% 8.59
21 7.63%£10.15 7 7.35+£10.42 13 6.06+ B8.82 22 7.06 6.86
17 7.47112.94 10 7.30%£10.60 3 6.03+10.68 10 7.01%°7.20
22 7.45% 8.65 17 7.28+12.67 1 6.014+13.32 17 7.00%£ 9,72
2 7.42%10.18 6 7.21+ 9.04 7 6.00%t13.87 15 6.9310.72
11 7.40t12.18 22 7.17£10.30 12 6.00+11.49 21 6.93%10.50
10 7.40F 7.84 11 7.15+13.60 2 5.93%+11.02 6 6.84* 8.15
13 7.40% 9.99 15 7.0818.47 17 5.92+15.78 11 6.83*+ 9.64
6 7.35+ 9.42 5 7.00+11.82 11 5.84%+11.59 2 6.77t 8.59
15 7.34%10.76 13 6.98+11.83 5 5.83+12.38 4 6.77+ 8.46
4 7.16:12.83 2 6.96*15.22 6 5.78£12.27 13 6.75t 7.55
3 7.10%+13.06 3 6.89+13.94 21 5.67+11.18 3 6.69+ 8.38
5 7.04112.42 4 6.84+17.99 15 5.58+15.91 5 6.63t 8.72
Mean 7.65%t 2.54 Mean 7.42+ 3.38 Mean 6.13%+ 2.81 Mean 7.12+ 2.07
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ol & 7t A9 g aeln A9E FHstd $AY
A3 Table 24 vetd 23 Aok, 24 A9d
& 7H AYgel b 4% AA4E 2ot
FEAAL 7 A2 A%E vEdN. A
A 39 HAE 4HEH, MF A Y] 42
4.2~10.5m, B&M #¥°] 3.6~10.8m, K[FE A
o] 2.5~8.6mAct. ¥H, 4 AGH HF,L
= 7H4 A4e] 7.65m, #F AHL 7.42m,
2l 4% A 9L 6.13mA k.

RARBZE 3N A 254 200 74A7 7
A 58 AL B 7R vEites, o g
o2y 189 8 sAAc, zelw, 3t
Aol aldlevt 3, 44, 54, 13, 159, 21
#H o 7HA o] A AA o2 A2 AL e
oh b S ARe debldE 2008 A )
7b8 AYq FFsie8.56me shE AH HAH
TA el vlEte 0.91m(12.0%), 9F Ao Hrie
2.43m(39.6%), 223 3N AHE FHIHA &
A3 Astuches 1.4m(20.2%) A=9 %
A& 1al Flolrt,

N A RERREERE FEHoE E4Y
A3 Jgie 7.12mAx, M 58 43e
BEW HlE 24 mFlE SR Ashst vhavh

AhF BEERARERS] B 2 EEERS] RN RMERY 4% #R

Az 208 7HAden, dFgeiae 1.9msi0t,
ol 2 AA HEAel w4 0.8Tm(12.2%)7}F
& grelsich, ¥, 71 Az A4S 24 54
Ae HEPart 6.63mE A A o) wsl
o 0.49m(6.9%)7F =& grelslvt.

2) #3474 AR58AY

3N sk 200848 BREERMBREHKS F3137
AR el E 7 AYE R a3 X 9E Sty
245 A3 Table 3¢ el A g}, 4
2 B4 B4 A FdsA A A9
= 79 A Qo] iAEEE 208 FHAZ M ¢
g YAg 2e Ao ey, A9y Fx
ARl WS AR, mF #Fe] 2zt 3.5~
20.9cm, BEH A o] 2.8~19.0cm, Kk # el
3.1~14.2cmgic}.

g, 7 Ady YFFaaEdL s Ade)
11.92em, #5 A9 11.35cm, 28z 9% A
o9& 8.4lcmr}.

A -8 A& Jehigdd 204 hAY A}
3 A FFFIAYL 14.26cmB 7HH =9 A
AGFAel wisle] 2,34em(19.6%), 2F A9
b 5.85em(70.0%), 2Elm 34 A9-& $¢

Table 3. Variation of DBH growth by family planted in three test sites. (unit : cm)
FL Gapyeong FL Gwangiju FL Youngdong FL Overall
Mean+S.E. MeantS.E. Mean*S.E, MeantS8.E.
20 14.26+0.33 20 12.57+0.41 20 9.32£0.26 20 12.14%0.25
18 12.88+0.26 18 12.18%£0.32 4 9.05%£0.26 18 11.46+0.23
7 12.78+0.34 10 12.05%0.35 12 8.94%0.30 9 11.25+0.22
8 12.53+0.24 8 11.85+0.34 10 8.79%0.30 12 11.20+0.23
12 12.51%0.32 1 11.80+0.44 9 8.75+0.28 7 11.17+0.24
9 12.37%+0.29 21 11.75+0.50 8 8,71+0.23 8 11.10£0.19
23 12.23£0.28 9 11.75%0.36 23 8.49+0,22 10 11.02+0.21
10 12.02+0.28 11 11.33£0.31 17 8.44%+0.37 1 10,77+0.24
1 11.91+0.33 7 11.32+0.32 22 8.41+0.25 23 10.70+0.22
2 11.83%0.30 8 11.21£0.32 13 8.38+0.21 17 10.54+0.23
13 11.64+0.32 12 11.20+0.39 7 8.34+0.31 6 10.42+0.23
6 11.64+0.36 5 11.08+0.42 18 8.26+0.25 4 10.38+0.22
17 11.51£0.36 17 11.04%0.32 2 8.25+0.,28 2 10.30+0.22
11 11.42+0.36 3 10.99+0.42 1 8.16+0.26 11 10.26%0.24
15 11.23+0.35 23 10.95+0.43 3 8.07+0.24 15 10.21+0.28
4 11.23+0.34 2 10.91+0.34 6 8.02+0.29 13 10.01+0.20
5 11.17%0.41 22 10.91+0.34 11 7.90-0.23 2 10.00+0.18
3 10.80+0.37 4 10.63*0.49 15 7.7610.45 5 9.98+0.26
21 10.80%0.28 13 10.39+0.37 5 7.65+0.28 3 9.97+0.23
22 10.46=0.24 15 9.88%0.48 21 7.54%0,21 21 9.91+0.24
Mean 11.92%0.07 Mean 11.35£0.09 Mean 8.41+0.06 Mean 10.68£0.05
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#71R 2 20 7HAd e, JFFTAFE 12.14em
ek, o)A AA HFAle] nlsiA 1.46cm(13.7%)
7t & golddel, 9, 71 A2 44E R
2149 7HAle FFFTAA 9.9lem®E AA HF
2ol nlaked 0.77em(7.2%)7} =& grolsdct.

7+ A gd 8 3 A9g Fjpste) EAY 5
2} FA7 AAelel sl HEEE HA
B M-S AT fste] BALRHE A
3 Zi Table 49 #vh, 2 A9d 43 9
F3nA7A Aol F4kel Block, Family 2 Block
x Family 4338 254 21431 20| & 4l
A ¢ dedt, A9 F1374 9 Block x
Family 45343 9% A9 Fael Fux739
Block #4telAE #2914 4% & gt

olelgl A BHE) YiEA UL Fol
M gale] wae] A velhx getheE dF12
TR e, 1985 @AEE %, 1988)¢)

o]l 3% N A¥+7t Blockel W& B
72 Aolr A& B ol FMApH] )
2Eo} glon, 30~35" o @3k 734 2 500m
o @il Mgz T o8 IMHEHN 8Fel
zZH b A HEg AR Ao BdE A
c},

B4, 3 AdE gt 24T AgqAE
Family, Site, Block-within-Site, Family X Site
A28 o8] 7 Family X Block-within-Site =
Folla 1% & F94E AAY 5 Ut
a2}, A% gleid Family % Site 432
29 B A M-S Y S gk, o]
s} o] NgEE 41 ¥ FuAG AR Ao
7F dehde AL A9% B3, A4 27 F
Az, w9 ols} fuE Bz mela 7
XA #7a9 ol =A ¥ ZoE @i
o), e g ol#F Ay [JEY 4FE& Ha
3 &) fi8te g B EREY AA 2 A
£59 A4FT7 a9 A A EF HRE 2
o . SEI ke AR AL AR 3] 2
A1 w7158 B2 o8 $44 adEd g
13 5 Fd WVle Aol AT EMTEER

Table 4. Analysis of variance for height and DBH growth in three test sites.

Mean Square
Sites Source of Variance df

Height DBH
Block 3 28061053 285.47"
Gapyeong Family 19 88875.79™ 44.68™
Block X Family 57 15233.22™" 11.27™

Within-Plot 1086 4951.95 4.75
Block 3 199334.46™ 117.84™
Gwangju Family 19 87292.51™" 18.65™"
Block x Family 57 18416.23"™" 7.1588

Within-Plot 718 6513.26 5.73
Block 3 17703.90N-5 46545
Youngdong Family 19 41130.63™ 9.51™
Block x Family 57 1370467 4.90™

Within-Plot 807 5691.65 3.10
Family 19 198144,94™ 54.10™
Site 2 6295613.46™" 3347.10™
Overall Block-within-Site 9 152591. 70" 133.01™
Family x Site 38 18675.377S 12,11
Family x Block-within-Site 1m 15784, 71" 707

Within-Plot 2671 5630.21 4,54

N.S : Non-significant, ™ : Significant at 5% level,

Ll

. Significant at 1% level,
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ALEEE FHoR ste £ A7 FA8 ¢
= A,

2. fu™el &3

A S B BATANE 2R Aad
2094 AF BERARER 2 2 F134
Aakel o BA W KR @WHE e
st 44 8l cH(Table 5).

HOgs oAl Abel gloiAM Bk RMbS
o] (.73, B =Ao] (.68, el KE = Ye]
0.352 A|Y3tel] Aol & Helx ivl. T, KR
BMNE 7192 0,83, B3 AHFL0.78, 283
FE AYge] 0.65% A} AL Holw glenvd
BR EMel vlste] dAwigog & kg vehy
I osler, 53] dF A4 A% sngte] o
¥ KR RMHS B RES vsted oF 2u)
Ve BE Ao A},

Aepd FaA A oY Bk EEMHS
7 920,40, FF x|de] 0,17, 2l 4%
o] (.128 FAF o FadAe] g F3H
oy g4 e Ao vehgt), ol: 4mA)
A el o’ HAte] FwAlA AR B} wA
eyl b Aee Ao, w2 KR K
whel AS 7 AY9L 0.75, FF A Yo
0.60, 9% Ago] 0.462.8 FHFHe] FaAA
oMot vhAER R Bk M AHEC) & Hor 1
otE =, ol#¥ Al o]9 s} ax
Bh= AolcHZ MR, 1993; 2R3t k8, 1986;
2RI Kk, 1993).

I AdE B3 Alged oAl RS 4

AT RERARERS] % % BEER] BMHT WAKR VY HR

a W FaAA AR Bk g8 242 0.60
#0.20°191 o9, FR HMAS A T2
0.912 0.778 FA4=dch. AAH 2 2 o, #
WA 23N A e FRE A MY A
W ooy yAdde & Xelg Jehied, 5%
FE Ade fHYe] & A niste] A
o2 3 AYE By,

3. NS IFHYREY)

Table 5¢14 geia €Y FA44 A8
7122 3F A9 208 FR 8 2,911F8 4L
2 Akl o 1w A AR Aeas)
£ F4stgcH(Table 6).

ool gleiM BEEHS AAY A¢ hga
HE M = el 1,06m(13.84%), WM ==
1.14m(15.38%), k& A9l 0.4Tm(7.67%)&
FAEGer, RARBRE AT Al 27
0.57m(7.38%), 0.61m(8.25%), 0.34m(5.51%)
o AFEE Jdehie des FA=EYc), g
W, #EERHE A Ade 7bE AYe)
1.36m(17.76%), 2% Ade] 1.47Tm(19.78%),
4% A9l 0.69m(11.26%)2 +4= e, o
oz A ZF A% £ 322 vebd el

o, FuAged glolME saoAe BYs
A HAERKE AASGE A% AgEAHE 7
el 2.39em(20.05%), #FF Aol 1.25cm
(11.01%6), 2% #9de] 0.68cm(8.09%)2 A=
o 3/ Ao BE HARRE AN A2 9
NFass dg ¢ v Aoz 3=, &
3 ¢322] ARERt A7 i ol 4

Table 5. Estimates of variance components and heritabilities for height and DBH growth of Korean

white pine at three sites.

Variance Component Heritability

Ste Fr P Cw/S Frs Fw  Fa h®; h%g
Gapyeong Height 1259,22 716.14 - - 4951.95 5036.88 0.73  0.83
DBH 0.57 0.45 - - 4.75 2.28 0.40 0.75

Gwangiu Height 1567.39 1164.36 - - +6513.26 6269.56 0.68 0.78
DBH 0.26 0.14 - - 5.73 1.04 0.17 0.60

Youngdong Height 607.90  741.65 - - 5691.65 2431.60 0.35  0.65
DBH 0.10 0.17 - - 3.10 0.40 0.12  0.46

Three Sites Height  1049.23 - 94.10 162,16  5630.21 4196.92 0.60 091
DBH (.24 - 0.0021 0.12 4,54 0.96 0.20 0.77

Note :

> o= 4 X & = Additive genetic variance.
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FAHQEY, ol BEBKE #EY U
Anbg-g A gsto] 1084 AFEE v
2 AAE o)A Aqs} dAjsle doeltHEHR
I fhki, 1993). olAE WUukH o fhibke]
VHEES AR SadAte] HA A
HH 7 72 g GAR ARG e] AYEe AY
el Aoz dekgich(Kramer, 1988).

Akl o) wE AFESE WARRKR el
s ¥ HAAY 2 FA FA=EHRALH,
2 ogesE SWBH, KRR B, FERER
2] JEelddrh. olAL AE 5~9d AR e o
T ol A MBI Wl A1 F& A
E gdg 4 dvzn ug Age ezt gloy
(2B S8, 1992), & d7eAdE dubd
ol Al HARKRS T AFante] gl /M
aA EHEdEd, oA EMAel #Hgel F
718tel wiel ZelzledE el 9low, i
Zrogye B Ao AAR BaEAe] FHk
M tE4E EEEK AAE AR § A
waEige] WolAl Aex fele] 9l AR gt
Het, welA, ¢og el Sl ot HE
A He AHEY FolE AFHH A7 Y2
2 233 o]& EdlE shekAdte] H 2¢A
Q1 HEZ} o) Foixebt A AAg Aduyel
AAY 4 9& Aoz g},

3 A xR

1. WiAkmE, 1998, thEEMERHFH,

2. ZBHE, 1980. KiHwREE. Hi. A8,
pp. 990.

3. 28, 1987, A HEERmURE R KRR
MR MRS WY WR. BB
B SMREPBHRA BoTE 8 90-99.

4. 2. 1993, A Bk 1244 8
oY EEERY RMNY ARR, BEKX
4 WOk 22 0 619-639.

5. Z#E - &K8B. 1986, A+ RkiM el B
T @ (). - 5, 6442 #E 2 HrESR
kg2 RMS - BEREEE 74 61-66.

6. R - &8E. 1992, AT BUERA 114
42 i W EEERS] SRel Mol B
g R, BEABRHRER OMSUREM BT
Wk 13 69-80.

7. 2B - AhkiT, 1993, 3@ Ml AT R
KA 104542 #E 2 BEEERS] XML
BRSR. BEABRRET AEIERERTE
Br #ocsE 14 31-38.

8. iR - M - BSHEB - BEMR - &YWk,
1999, il Ao AR s MR
B2 B, - ENMTEERRST REESS W

Table 6. Expected genetic gains for tree height and DBH in different sites with selection method.

Genetic gain

Selection method Site Height (%) DBH %)
Gapyeong 1.06(13.84) 1.66(13.93)

M. Gwangju 1.14(15.38) 0.74(6.52)

ass Youngdong 0.47(7.67) 0.38(4.52)
Three Site 0.87(12.20) 0.76(7.12)

Gapyeong 0.57(7.38) 1.14(9.56)

Famil Gwangiu 0.61(8.25) 0.70(6.17)
amily Youngdong 0.34(5.51) 0.39(4.64)
Three Site 0.54(7.59) 0.75(7.02)
Gapyeong 0.79(10.38) 1.25(10.49

Within-famil Gwangju 0.86(11.54) 0.55(4.85)
thin-tamily Youngdong 0.35(5.75) 0.29(3.45)
Three Site 0.6509.15) 0.57(5.34)
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