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Introgressive Hybridization of Pinus densiflora in Korea
by the Position of Resin duct in Needle'

Jang Bal Ryu? . Sung Ho Hong?. Hun Gwan Chung?
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ABSTRACT

Introgressive hybridization of Pinus densiflora in Korea was investigated by examining the position of resin
ducts in 4,992 trees from 67 populations, Judging that P. densiflora has only external resin ducts, P. thunbergii
only medial resin ducts, and any tree which has even one needle with external and medial resin ducts is hybrid,
hybrids are found at all populations investigated. As variation in position of resin ducts was found among
needles on a tree, the number of needles investigated from a tree affects judgment of the tree’s hybridity.
Therefore, hybridity seems to be judged by many traits rather than by the single trait, position of resi: ducts.
Seed production by artificial pollination between P. densiflora and P. thunbergii was very poor, ie. cne full
seed from five female flowers or from two mature cones, This poor seed production, in addition to the low
hybrd vigor, if any, seems to make the artificial pollination between the two species for mass-production of

seeds for planting impractical.
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Table 1. Examples of hybrid pines judged by the
position of resin ducts

Tree 1 Tree 2 Tree 3
Needle  pof Med.  Ext. Med  Ext. Med.
1 9 0 3 4 0 6
2 6 0 2 4 0 6
3 10 0 5 4 0 7
4 8 0 2 6 0 7
5 7 0 3 4 0 6
6 9 0 5 2 0 6
7 8 0 4 4 0 4
8 6 Q 4 3 0 6
9 10 0 4 3 0 6
10 8 0 4 2 0 7
11 7 0 5 2 0 6
12 8 0 3 2 1 8
13 10 0 3 4 0 7
14 9 0 4 2 0 3
15 7 0 3 3 0] 6
16 9 0 4 2 0 6
17 8 1 4 3 0 5
18 10 U] 2 2 0 11
19 10 0 4 4 0 9
20 8 0 3 3 0 7
Total 167 1 71 63 1 129
RDI 0.01 0.47 0.99
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Table 2. Number of trees investigated, frequency of RDI and average RDI at 42 populations in
experiment [

No. tree 001 011 021 031 041 051 0.61 071 081 091

No. investigated 000 0,10 0.20 0.30 0.40 0.50 0.60 0.70 -0.80 0.90 .99 00 RDI
1 26 9 16 1 0 0 0 0 0 0 O 0 0 004
2 33 0 2 1 0 0 o 0 0 0 0 0 0 004
3 32 4 27 1 0o 0 0 O0 0 O 0 0 0 005
4 25 4 19 2 o 0 0 0 0 0 ©0 0 0 005
s 31 2 16 2 1 0 0 0 0 0 0 0 0 004
6 7 o 6 1 0 0 0 0 0 0 0 0 0 006
7 37 4 29 2 2 0 0 0 0 0 0 0 0 006
8 16 ©o 0o o0 o 0 0o 0 ©0 0 1 4 11 098
9 26 6§ 1 2 L 0 1 0 0 0 0 0 0 007
10 10 2 4 0 3 0 0 1 0 0 0 0 0 0I5
1 28 o u 9 o 0 o ©0 ©o 0 0 0 0 o034
12 30 2 10 2 0 1 0 0 0 2 0 12 0 047
13 10 o 7 2 1 0 0 0 0 0 0 0 0 009
14 20 3 14 1 1 0 1 0 0o 0 0 0 0 008
15 10 2 s 0 2 1 0 0 ©0 0 0 0 0 on
16 1 2 6 2 1 0 0 0O O O O O 0 008
17 10 2 7 0 1 0 0o © 0 ©0 0 0 0 006
18 10 1 8 o 1 0 0 0 ©0 0 0 0 0 007
19 21 9 7 3 1 0 0 0 ©0 0 0 0 0 009
20 29 s 20 3 1 0 0 0 0 0O 0 0 0 006
21 25 2 16 3 2 0 0 0 0 0 0 0 0 0I5
22 30 1 23 3 1 1 0o 0 1 0 0 0 0 010
23 55 o 3% 6 5 1 0 0 0 0 ©0 0 0 008
24 68 2 4 6 3 1 1 0 ©0 0 1 1 0 008
25 50 4 25 2 4 0 0 0 0 0 1 4 0 012
26 29 4 18 4 1 1 1 0 0 0 0 0 0 009
27 65 4 4 8 0 2 0 ©0 0 0 0 0 0 006
28 40 2018 1 0 ©0 o0 0 O O O O 0 o004
29 25 8§ 12 1 0 4 0 0O 0 0 0 0 0 009
30 40 9 17 3 1 0 0 0 0 0 0 0 0 004
31 48 19 22 5 0 1 0 0 0 0 1 0 ] 0.07
32 38 nm 17 3 1 2 t 1 0 1 0 0 1 013
33 20 7 9 1 1 0 1 0 1 0 0 0 0 010
34 40 9 22 0 0 0 0 © 0 0 O 0 0 003
35 35 s 2 1 1 0 o0 0 0 O 0 0 0 008
36 30 % 6 o0 0 o o 2 0 0 0 1 013
37 40 20 17 2 o0 0 0 0 0 0 0 1 0 005
38 35 3 18 3 0 1 0 0 ©0 0 0 0 0 005
39 35 5 12 5 3 0 o 0 0 0 0 0 0 006
40 34 7 25 1 o o 1 0 0 0 0 0 0 005
41 30 § 20 1 o 0 0 O 0 0 0 0 0 004
42 9 3 4 0 0 1 0 1 0 0 0 0 0 012
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Table 3. Number of trees investigated, frequency of RDI and average RDI at 25 populations in
experiment II

No.tree 0.00 0.01 0.11 0.21 0.31 0.41 051 061 0.71 081 091 100

No. investigated ~ 0.10 0.20 0.30 -0.40 -0.50 -0.60 0.70 -0.80 -0.90 -0.99 100 RDI
1 150 02 3 8 1 3 0 0 0 ©o 0 0 o0 003
2 152 06 3 3 3 2 0 0 0 o0 0 0 0 003
3 150 102 3 8 2 3 0 0 0 0 0 0 0 003
4 157 49 8 o0 0 0 0 0 0 0 0 0 0 000
5 150 08 3 3 3 2 0 0 0 0 0 0 0 002
6 150 06 26 13 4 1 0 0 0 0 0 0 0 003
7 138 101 29 4 3 o0 0 1 0 0 0 ©o 0 006
8 155 119 24 5 3 2 2 1 0 o0 0 0 o0 003
9 150 05 383 7 2 3 2 0 ©0o o0 0 0 0 003
10 156 4 97 12 1L O o0 O © 0 0 0 0 004
11 150 132 10 2 2 2 2 0o 0 o0 0 0 o0 002
12 150 47 3 0 0 0 0 © 0 0 0 0 0 000
13 150 77 57 13 1 1 0 1 0 0 ©0 0 0 004
14 322 233 58 16 8 5 2 0 O 0 0O ©o 0 003
15 150 s8 48 28 13 1 1 1 0 0 0 0 0 007
16 188 72 8 22 0 0 0 0 0 0 0 0 0 004
17 154 90 50 1 4 1 2 0 0 0 0 0 004
18 153 38 111 i 0 o 0o 0 0 ©0 0 o0 004
19 150 12 23 s 6 2 2 o0 0 0 0 0 o0 003
20 150 97 37 100 4 1 0 0 1 0 0 0 0 004
21 152 102 490 4 5 1 0 0 © O 0 0 0 003
22 150 92 49 4 3 1 0 ©0o 0 1 0 0 0 003
23 152 04 26 9 3 2 5 3 0 0 0 0 0 005
24 150 30 46 40 17 7 4 3 2 1 0 0 0 0.0
25 150 33 37 26 22 19 6 3 4 0 0 0 0 017
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Diagram of hybrid pine percentage (black)
at 25 populations in experiment 11
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Table 4, Seed production by artificial pollination between P, densiflora and P. thunbergii

Pollination Female Full seed/ Full seed/
year Flower Cone Full seed Female flower Cone
P. densiflora X
P. thunbergii 1967 4,475 2,066 893 0.20 0.43
“ 1972 ? 676 200 ? 0.59
P. thunbergii x
1967 1,770 223 715 0.40 3.21

P. densiflora
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Table 5. Comparison of hybrid percentage at same
populations with 20 or 5 needles

Hybrid percentage with

Population 20 needles 5 needles
Seongsan, Myeongju, Gangwon 0.40 0.33
Daehwa, Pyeongchang, Gangwon 0.46 0.26
Seomyon, Uljin, Kyeongbuk 0.89 0.07
Chunyang, Bonghwa, Kyeongbuk 0.61 0.12
Anmyon, Seosan, Chungnam 0.85 0.41
Gochang, Gochang, Jeonbuk 0.40 0.33

gk, MM RFdAN e AL nal AL
A EREREOL Fohgd oheb #ER wolae 2
% Aoz AHFED

Lot F40 EHCHES ET £BP:
BiREE R (kT Sk BB fike Aot
seith & “ElE#E4 547 (Resin canal  type
analysis)* & slo] o8 JEERY 2 4rEM) ik
Bt A SEERIT S Principal component
analysis & HERE (34 #ET R)E #Est
gt 2 BIEEY SfrolM BB MBE ®
Bzt SIBEAAMNE S8R Yyol, 227
o SAfr, Hify, RIS 38 Aol difirel Ahrabeld
Bl At vebue B4, MAM LT
Amt dERbE CREA” (BIEESY —H 7t hypoder
mal ol #28te] £ o] 4te] sclerenchyma #iB2~} &
ofal M)g Emetgoh 2 #®aol I difyr
Afrstolal s BiEE 9-& <+ dooz, difiwl
Afr7h dedelys 2 qleoz BMERTE 4gd e
BEAYE LE87 ot 445 o 5EE
o g FIESE AL BEBY fakkel doeoz o
B EEE HENT EARNES s zlo B
el A4z o

EHR oo gHEEo] shb P monophylia$t &
ol FAMQl P.oedulis MY HREES HHED
Lanner ' & #H o] 98 %7t §3o] sfrholnd
B3t P monophylle = RAsta R 2% LTl
A gtiEo] shiidtold M P, edulis B PN ShL,
o e R R fEsd oot Ty
HENES MIEE EReR fEdod Afet
hfrst sthuels Ao god @t fEst:
ARvte Hdoode HES W Yo fmg 4
i F42 fEste e fEyeletn 4 HRIvE

SHIERH S #ES Mo A REBEY b
MEHS e ER LD BAZHS A4z @4
BEER o] oY A, phenol™ P ol HEIBEFES
E A RBrgal Fikel KT EER Y HE=a o
o, old| gk4are HiE S Beol RV EME
oo FHEsH HENe ERE ¥old HEREET o
BEE Zolvh £3 RMRE WEE LR
(co~dominance )& WU EZR REMEMAN BRE
o= #REYE EEENS AN Aol

2. BEALIF BFH
EEA T ERMe HERSEO U KH KBS



Dol gt HigERlch avFot T4 HR HE
ol A HE &S0 HEdE BRo dod, ALXE
of (kT FolAMe BEEZ AT K EEE
o B RBRE KEAAA #F o Au-Frrt 4
Rel vgot kEsH e F&9 £F Y £
olnz @Y AFHE Ymeely 44Y £ o,
e ERe AFT BB EREMANAE HEE
AuFRohEe ARl vor|e ey FE4xntie
v elel A zh Rl

U E HEEZ BEA BRI Aeex
foa 27 e dAA o THE4edAE AuFuc
g vurch FE3 rlay oksa R (P massons
ang) fo BERHE P HES 2oh® oel
A AVl Aol AR W BMERSE oS =
B odolH, ghigol HE®RHIL BHY Afus T
o sE#sL Aebale Rl

JEERE KT HEY #FEL 278 chaR
A A E S, AvRe FEe EBdMe 3
A7 ok ol F EEC HHMA Fud 2R
7boglrl mEer Ao

a3y BHESD SvF BHK BE ot gEM oY)
KBRS Rt £Re] 5T A2 HET A3l
o} Seviele] EEMEl A A KT B
EAUT EFfo HAwH KT ziez 4z
sh= AREE AT 2B u ffgEAE MRS
GeEbgs !, & BRI AL o2 Jsygown
2, HBE cUre BFEHEL gEES U2 B
Bt iy et A 4Rl

AREEE o=st FRIAE #FR 2457
HAMmez EHEStor, B #imaAE A
of e MRk o) olFolal HREx 4AKd &
out Mol Ax ARH Figbol A& HiEkel sy
Aol A KHe £ UFE AsA KR
MAste) Fx £ vhFab e zlo] otdnt A2
g7}, olFE RREEA VT #FM HLE [
- Mol A #REI FEHmS HEERE Sleforw
waf zelelm A 2sich

3. AIZEO K3t AUF 2t SEMH2 #HE
BT &E
Ao} T&Me ALRENA HIE 5EA =
2 BE 2@ KHEEF 1o 1 AEHo A
2 dokth BB RXAAE 94 avpret FEM
o] TEAME ol%A hiEthe] FunhhEI EK

25

d £U4FY A BRE RAEFE 404 E2E
Azt BASHANAS ust B REATE
YAS OB, AFot B4 ATLEANA %
KEF7H o9 42 AL Kighkol &7 weo
2 AR o RREEWE HREM BAKE
= 237 ¥ goden 44w

2vbEet Ffol BIEN ERE 94 BREE
o BABEE 29U Ao AAWL AuTe %
o BEME —KYrE BEE doulY Wri-

ght %™ F&o BEHZ st sigod,
MW 6B ERA Anin - 4tk XEE
ol BEIT vtes F&o BN vFxct 6d

BE wgich BHEMCE R 69 JiAEZ UAE 27
Chavtel | opaute B, v E 5 BEE X
HR Addels #EEEE] 07 %4 =Hx &
9 et ®

Atk Féo] A9 BEHA d2 3 Kol
ot BREE4AEE o FL Aok & 2414
AT} Tdo] BESY e RolAHAE HEHE
°] 44 RDI 7 059 7714 E#a7 ge L
olyeR, #Eo Ardels a1 HEE 4 &
ol tt,

HEETo 4E oFA v wiEd &t}
TE ALxAY] ERfEA oo 42 =7
ciavh-ob H faub-io] ZEe A FEET LR
BE 208, XEKE 30Ky EHAdou®, #EK
M BT KEEER B&o 4 1960 R o7t
2le WgEut ot HEE EEHEMlS A4k
asle2 FdgEge] olAe 25 %oE =ix £
St AVt xFE2 TEY, olrtt 2F & F
Ex AN ErAES FEHEANCEtZ A4

AR ol3A ¥ Afes Ty
F-zro] MUEMC AHSA Y BTl ML E K
Mg EHAE & dvkd 'R A A SR
A AUtE 23 Al =9stA Estgirh o
-7 o @AM FHEESHY, #F el 2
HE 22 g€ Zo BREsD2 £u4Fel Z4
fle] ALRHN Kk HEREF KELEES BER
7 EEST AE e Az,

5 B X

1. Ahn, K. Y. 1972. Studies on the species crossa-

bilities in the genus Pinus and principal charac-



26

10,

1.

. Chung, M. S.

PED - RHE . WEE. $3Zo] HIEE (B KT U SUFY BARERR AR

teristics of F; hybrids. J. Korean For. Soc.
16:1-32.

. Anderson, E. and L. Hubricht. 1938. Hybridi-

zation in tradescantia, III. The evidence of
introgressive hybridization. Amer. J. Bot.

25:396-402.

. Chung, H. G. and S. K. Lee. 1982, The iso-

peroxidase variation and the morphological
variation of needles of 25 natural populations
of Pinus densiflora. Res. Rep. Inst. For. Gen,
Korea 18: 60-73.

1984, Allozyme variation of
pinus rigida Mill, in Fy -hybrid seed orchard and
estimation of the proportion of F,;-hybrid
seeds by allozyme analysis. J. Korean For. Soc.
66:109-107.

. Florence, L. Z. and R. Hicks, Jr. 1980, Further

evidence for introgression of Pinus taeda with
P. echinata. Electrophoretic variability and
variation in resistance to Cronartium fusiforme.

Silvae Genet. 29:41-43.

. Furukoshi, T. and M. Sasaki. 1983. Hybridiza-

tions among species belong to sub. sect. Sylves-
tres and their resistance to wood nematode.

(translated) Forest Genetics, Japan 129: 1-6.

. Hanover, J. W, and R. C. Wilkinson. 1970.

Chemical evidence for introgressive hybridiza-

tion in Picea. Silvae Genet. 19:17-22.

_Hyun, S. K., K. H. Koo and K. Y. Ahn. 1967.

Introgressive hybridization in red pine in the
eastern part of south Korea. I. Res. Rep. Inst.
For. Gen. Korea 5: 43-52.

. Hyun, $.K.and X. Y. Ahn. 1959, Mass produc-

tion of pitchloblolly hybrid pine (x finus
rigitaeda) seed. Res. Rep. Inst, For.Gen, Korea
1:1-24,

iwamura, M. and T. Ishikawa, 1962. Morpho-
logical features in interspecific hybrids between
Pinus densiflora and P. thunbergii. 11. Discern-
ment of types in hybrids by external features.
Scientific Rep. Agr. Okayama Univ. Japan
19:29-36.

Jo. D. G., H. M. Kwon, S. G. Choi and S. U.
Han. 1983. Self-pollination effects in a Pinus

13.

14.

15.

16.

17.

18.

19,

20.

2. Shibata, M.

densiflora seed orchard on seed production,
germination and survival of seedlings (1-0).
Res. Rep. Inst. For. Gen. Korea 19: 56-72.

. Katsuta, M. 1966. Seed yield in interspecific

pollination between Pinus thunbergii and
P. densiflora. The Tokyo Univ, Forests 16:
27-33.

Lanner, R. M.

between Pinus edulis and Pinus monophylia

1974, Natural hybridization

in the American southwest.
23:108-116.
Lee, K. J,,J. S. Lee, J. J. Lee and S. K. Lee.

1984. Estimation of seed production efficiency

Silvae Genet.

in seed orchards by measurement of pollen
dispersal, cone survival, and cone analysis.
Res. Rep. Inst. For. Gen, Korea 20: 116-125.
Mergen, F. 1958, Genetic variation in needle
characteristics of slash pine and in some of its
hybrids. Silvae genet. 7: 1-9.

Mergen, F., G. R. Stairs and E. B. Snyder.
1965. Natural and controlled loblolly x short-
leaf pine hybrids in Mississippi. Forest Sci.
11:306-314.

Morris, R. W, W. B, Critchfield and D. P.
Fowler. 1980, The putative Austrian x red pine
hybrid :

variation

A test of paternity based on allelic
at enzyme-specifying loci. Silvae
Genet. 29: 93-100.

Panetsos, C. D. 1975. Natural hybridization
between Pinus halepensis and Pinus brutia in
Greece, Silvae Genet, 24: 163-167.

Saylor, L. C. and R. L, Koenig. 1967, The slash
x sand pine hybrid, Silvae Genet. 16: 134-133.
Schoenike, R. E., D. H, Van Lear and J. D.
Benson. 1977. Comparison of shortleaf, loblol-
ly, and putative hybrid pines in the piedmont
of South Carolina, Silvae Genet. 26: 182-184.

. Shaw, G. R, 1914, The Genus Pinus. Arnold

Arboretum pub. No. 5. Riverside press, Cara-
bridge. 96 pp.

1977,
studies on the Japanese Pinus species, P. densi-
flora Sieb. et Zucc., P.
their hybrids. Bull. Oji Inst. For., Tree Imp.

Genetical and breeding

thunbergii Parl. and



23.

24,

No.4.192.

Wright, J. W, and W. J. Gabriel. 1957, Species
hybridization in the hard pines, series Sylve-
stres. Silvae Genet. 7: 109-115.

Uyeki, H. 1928. On the physiognomy of Pinus
densiflora growing in Corea and sylvicultural
treatment for its improvement. Bull Agr. &

forestry Coll. Suwon, Korea. No. 3. 263pp.

25.

27

Uyeki, H. 1926. Corean Timber Trees. Vol. 1.
Ginkgoales and coniferae. For. Exp. Sta. Rep.
4. 154pp.

. Yim. K.B. and Z. S.Kim. 1975. The variation

of natural population of Pinus densiflora S. et.
Z. in Korea (1). Characteristics of needle and
wood of Chuwang-san, An-myeon-do and Odae-

san populations. J, Korean For. Soc. 28: 1-20.



