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Studies on the Principal Characteristics of Superior Hybrid Pine*!

Kun Yong Ahn*?

This experiment was conducted to investigate the percentage of fertile seed in terms of crossa-
bilities and relationships of taxonomic affinities for the X P. rigitaeda of interspecific hybrid, X P.
rigida - rigitaeda and X P. rigitaeda - rigida of backcross hybrids, F, of X P. rigitaeda and natural
hybrid of X P. rigitaeda within Sub-genus Diploxylon of the Genus Pinus. The possibility of esta-
blishment of hybrid seed orchard and differentia of hybrids for the purpose of extensive program
of reforestation in the future have also been investigated. And, the experimental results obtained
are summarized as follows:

1. On the basis of crossabilities as well as on the taxonomic affinities according to the systems
of Shaw, Pilger and Duffield, it has been proven that the parental species of those hybrids are of
close affinities and range of the fertile hybrid seed production rate was as high as 67—87% in the
best hybrid combination (Table 6).

2. Those hybrids seemed to be most promising in the growth perfermance exhibiting 28—80%
more volume growth compared to the P. rigida with the statistic significance of 1-—5% level
(Table 7,8,9). And all hybrids exhibit cold hardiness as much as P. rigida except F; hybrid of
x P. rigitaeda and it seems to suggest that the characteristics of cold hardiness were transmitted
from the P. rigida.

3. With regard to the anatomical characteristics of needle, the hypoderm is biform in most of
the hybrid pines and the characteristics of resin canals are medial in all hybrid. And, the fibro-
vascular bundles are intermediate of both parent in all hybrid. Therefore it was found to be possi-
ble to distinguish the hybrids pines from their parents by the needle characteristics (Table 10).

4. It has been demonstrated that the hybrids pines have a phenolic substance (No. 7) of pale
yellow at Rf-0.66, same as P. rigida, but no trace of phenolic substance was observed in the P.
taeda. This fact will serve as an important criteria for early identification of hybridity in progeny
testing (Table 11).

5. It was found to be possible to distinguish by the starch gel electrophoretic variations banding
patterns and staining densities of isoperoxidase in the needles of the hybrids pines from their

parents (Fig. 1).

228 DiploxylonZi/e] Mg — %8 X P. rigitaedast RATHEQ X P. rigida-rigitaeda
9} X P. rigitaeda-rigida, x P. rigitaeda®) F, 3 BRI xP. rigitaeda Wind% 2| Brre TS

*1 Received for Publication in February 20, 1976.
*2 2] oK EEHF BEFIAE College of Agriculture, Seoul National University, Suweon.
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Table 1. Species used for controlled pollination
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Seed parent Pollen parent
Species Location | Age l Species ! Pollen source
Pinus rigida College Forests, i 10-20 Pinus taeda Eddy Arboretum Pl., Calif. Georgia,
Suweon Mississippi, N.Carolina, Virginia,
do. Qsan Forests, I 815 Florida, Texas, Arkansas, Marvland,
Kyunggi-do ! Louisiana, Kwang-Ju, Kwang-Yang
do. Homesil-Ri Forests, ( 10-15 X P. rigitaeda | Eddy Arb. Pl,, Calif.,, Kwang-Yang.
1.F.G., Suweon { Homesil-Ri Forests, I.F.G., Suweon
x P. rigitaeda do. | 8-15 Pinus rigida Kwang-Yang, Osan Forests,
. f Homesil-Ri Forests, 1.LF.G., Suweon
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Table 2. Samples investigated
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Specie Lot e Tarel e | Tolhaenl  Sed coue

Pinus rigida | Gome-Ri, Kyunggi-do 1964 1-0-12 — | Osan, Kvunggi-do
X P. rigitaeda ' do. do. do. 1961 " Homesil-Ri Suweon
X P. rigida-rigitaeda do. do. do. do. ce.

X P. rigitaeda-rigitaeda | do. do. do. l do. : do.

X P, rigitaeda+ Wind 1’ do. do. do. ! do. | da.
Pinus rigida Joong-Ri & Suyung-Ri ‘ 1972,1974 1-1-4, | —_ Homesil-Ri, Suweon

Kyunggi-Do | 1-1-2 !

X P. rigitaeda do. ’ do. do. | 1968,1970 de.

X P. rigida-rigitaeda do. | do. do. | do. do.

X P. rigitaeda‘rigida do. , do. do. : do. do

X P. rigitaeda-rigitaeda do. [ do. do. | do. co.

X P. rigitaeda- Wind do. ] do. do. ! do. do.
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Table 3. Arrangemeent of test plantation No. 1

| Replication I
Speceis ' Seed or pollen source ‘ Total

| [ w |
Pinus rigida l Osan 25 2 | 2 ’ 26 102
X P. rigitaeda ! Kwang-Ju 23 25 24 26 98
X P. rigida-rigitaeda : Homesil-Ri 25 | 25 23 24 o7
X P. rigitaeda-rigitaeda l do. 25 | 26 24 25 100
x P. rigitaeda- Wind ' do. 25 25 25 24 99-

*Test plantation No. 1: Location=Gome-Ri Forests, L.F.G., Suweon.
Slope=5°—25° toward northwest, red clay soil.
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Table 4. Arrangement of test plantation No. 2

Replication
Species Seed or pollen source Total
. Lo |

Pinas rigida . Homesil-Ri L2 24 ; 24 25 98
% P. rigitaeda | Kwang-Yang s | 4 25| 2 99
% P. rigida-rigitaeda | Homesil-Ri ] 26 26 : 25 | 25 102
% P. rigitaeda-rigida | do. ‘ 26 o5 | 24 | 25 100
x P. rigitaeda rigitaeda ' do. 24 25 | 25 24 98
% P. rigitaeda- Wind I do. 25 23 } 24 \ 25 97

*Test plantation No. 2: Location=Joong-Ri Forests, I.F.G., Suweon.

Slope  =15°—25° toward northeast, sandy loam soil.
Table 5. Arrangement of test plantation No. 3
Replication
Species Seed or pollen source = — Total
I | 1] 1 | ¥

Pinus rigida | Homesil-Ri | 2 25 | 25 | 25 | 100
% P. rigitaeda Kwang-Yang \ 25 2% | 24 2 | 101
% P. rigida-rigitaeda Homesil-Ri | 24 23 ! 25 26 ; o8
v P. rigitaeda-rigida do. | 23 25 24 25 ‘ o7
% P, rigitaeda-rigitaeda do. ‘ 24 25 25 24 | 98
x P. rigitaeda- Wind | do. 25 26 24 25 | 100

*Test plantation No. 3: Location=Suyung-Ri Forests, 1.F.G., Suweon
=gentle, sandy loam soil.

Slope
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Table 6. Results of controlled pollination

by year

Hybrid combination Pollen Year of Number of | Number of l Number of | Percentage
pollination | cone ! of sound
Female Male source pollination | bags " harvested ; sound seeds | seeds

P. rigida P. taeda Kwang-Ju 1956 3, 822 7,535 97, 260 27
do. do. Tex. etc. 1957 13,621 22, 559 217, 000 15-22

do. do. Ga. etc. 1958 23,545 44,119 659,460 31-34

do. do. Ga. 1959 25, 624 47,200 | 658,000 | 29

do. do. Ga. etc. 1960 26,459 80,441 | 768,460 21-45

do. do. Ga. etc. 1961 33,885 63,138 1 904, 300 31-51

do. do. N.C. etc. 1962 19,377 46, 549 605, 200 20-29

do. do. Ga. 1963 16, 986 27,519 ‘ 325,100 23

do. do. N.C. etc. 1964 11,529 20,144 190,960 13-39

do. { do. La. etc. 1965 1,881 2,694 l 49, 900 15-64

do. do. calif. etc. 1966 946 2,261 | 32,100 29-58

do. do. N.C. etc. 1967 4,249 7,747 80, 100 11-67

do. ‘ do. Kwang-Yang 1968 780 1,140 18, 800 39

do. | do. | do. 1969 1,14 | 2,054 47,400 43

do. do. | do. 1970 415 | 726 3,100 34

P. rigida P. rigitaeda | Calif. ! 1956 12,198 22, 606 867, 200 76
do. do. do. 1958 1,187 494 1, 900 43

do. do. Suweon 1962 191 345 11, 500 64

do. do. do. 1963 228 312 6, 850 ‘ 59

do. do. do. 1964 450 917 25,700 | 80

do. do. Calif. 1965 554 1,135 55, 900 77

do. do. Suweon 1967 546 299 6,350 | 58

do. do. do. | 1968 174 137 5,300 | 70

do. \ do. do. ;’ 1970 153 [ 54 700 f 52
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P. rigitaedali P. rigida

i

Suweon

: 1939 115 150 ] 2,400 57

do. | do. do. 1964 452 35 | 10,600 82
do. ! do. do. j 1963 349 375 | 10,400 | 58
do. { do. ~  Osan : 1966 506 1| 4,400 3 15
do. i do. Kwang-Yang 1967 382 . 464 | 3,200 73
do. do. |  Osan ; 1968 144 86 115 23
do. | do. do. ? 1970 157 | 73 | 516 v
P. rigitceda  P. rigitaeda|  Suweon 1961 125 | 155 | 4,600 | 7S
do. do. do. 1962 ' 282 | 437 | 18,200 86
do. do. do. i 1964 ! 85 | 52 ( 5.600 87
do. do. Calif. 1963 | 1,308 ° 1,483 27,800 84
do. | do. - Calif. etc. 1966 | 590 | 965 . 15,200 3243
do. do. Calif. 1967 | 124 | 64 | 446 62
do. do. ~ Kwang-Yang 1968 | 10 | 67 | 614 37
do. | do. . do. ‘: 1970 | 135 73 * 434 29

% 64 RESS FEH REETEGES 24,
R P, rigitaedats 1967 FEFOl 11~67%Z  HxiKel Al
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%o0F BB HET 2RV ddgol HE =Hoh BE, BIX 2 MBSy MEEEE oE F 089

ARG A AMES WHREE Shawsl S o} zbe,
Kol #£37o 2 EFRIHY P. rigidax Group XII,

Table 7-1. Comparison of growth at the plantation No. 1 (1-0-12)

Stem height (cm) Diameters at stem base(cm) | t Ratio
Species ; , lvfcum‘?? I of

M. | o |Max|Min |CV. M. | o | Max| Min [CV. [ ™Y [yolume

Pinus rigida , 644.6 58.00] 800 470 8.99 7.83 1.62] 13.00 5.0l 20. 68“ 15,551.12, 100

X P. rigitaeda ' 717.8) 77.84; 920 600; 10. 84| 9.97] 2.25 14. 5. 6. 0‘! 22. 56, 28,061.07, 180

x P. rigida-rigitaeda 704.4| 47.25 820{ 600 6.70 9.73 1.92] 13.00 6.0 19. 73i 26, 228.71‘: 169

x P. rigitaeda-rigitaeda _ 639. Ol 80.16| 840 460 12.54; 7.97 2.67| 16. 0! 4.2 33.50 15,971.52; 103

x P. rigitaeda Wind | 680.6{ 55.39] 800 520 8.13 8.91 2.31 14.0/ 5.2 25.92 21,255.01 137
*M: Mean

o: Standard deviation
C.V.: Coefficent of variability
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Table 7-2. Analysis of varience of height

$S. o Ms. | o F

X P. rigitaeda-rigitaeda | 154.1) 39.80 260 75| 25.82J 3.34 0.49‘; 4.4) 2.2/ 14.67  674.74 137
x P. rigitaeda- Wind )

P i
5 df |
Total 4 19 | 30,007.9 | !
Replication | 3 | 150 | 532.7 0.66<3. 49=Fo.0s
Species | 4 i 19,703.6 4,925.9 6.10%*>5. 41=Fo.1
Error % 2 | 9,693 808.0 |
L.S.D. 0401261.47
Table 7--3. Analysis of varience of diameter at stem base
sV. | df | s | wms. | F
Total 19 'l 20.90 |
Replication 3 ’ 2.35 | 0.78 1.86
Species 4 ) 13.51 | 3.38 8. 05**
Error \ 12 5.04 i 0.42
L.S.D. 0.05=0> 98
L.S.D. 0-01':—1.37
Table 8-1 Comparison of growth at the plantation No. 2 (1-1-4)
‘ Stem height (cm) Diameters at stem base(cm) | { Ratio
Speci | ; Volume | "¢
pecies 7 ; - i L (cm?) ‘
{M. |0 [ Max.| Min. [CV.IM. |0 \Max.[ Mon. | C.V. | | volume
Pinus rigida 113.8 32.53 220 70/ 28.58 3.31 0.54 4.6 2.4/16.31  492.33] 100
% P. rigitaeda 157.9) 54.42 270 70) 34.46 3.30 0. 65} 4.8 2.0019.69  674.92 137
% P. rigida-rigitaeda 151.5 33.29 240 90 21.97, 3.52 0.69, 4.8 2.0/19.60  736.78/ 150
X P. rigitaeda-rigida 165.7 32.91 240 1001 19. SGi 3.42 0.57 4.8 2.1/16.66  760.70, 155

147.2 39.69 240 70& 26. 96 3.70‘1 0.60. 4.8 2.3 16.21 790.95| 161

\

Table 8-2. Analysis of varience of height

sv. | d | ss. | ms | F
' Total | 23 | 12,408.2 ! |
Replication | 3 L 2,3208 | 773.6 | 3.52°>3.20=Fq.05
Species | 5 } 6,787.1 | 1,357.4 | 6. 17**>4.56=F .01
Error l 15 3,300.3 | 220.0 |
L.S.D. ¢.0s=19.97
L.S.D. g.c-1=27. 67
Table 8-3. Analysis of varience of diameter at stem base
sv. | & | ss. | wms | F
Total 23 | 1.29 1
Replieation 3 l 0.19 0.06 1.50
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Species 5 0.44 0.0 | 2.25
Error 15 0.66 | 004 |
' L.S.D. 0.05=0.25
L.S.D. 0.0=0.35
Table 9-1. Comparison of growth at the plantation No. 3 (1-1-2)
. " . .
Species ! Stem height (cm) ' Diameters at stem base(cm) Voluame ijno
‘M. | 2o | Max.| Min lcv. (M |0 Max.] Min. |C.V. | ™Y yolume
. § i i
Pinus rigida t 79.2 1492 120 40| 18. 83; 248 048 37 131935 19119 100
X P. rigitaeda 93.3 19.24 135 60/ 20.62 2.600 0.38 3.4 1.2 1461 247.55 129
X P. rigida + rigitaeda 92. 0: 17. 72¢3 132j 571 19. 26\‘ 2.80] 0.59] 4.2 1.5 21. 07 283. 10 148
X P. rigitaeda + rigida . 87. 1]: 17. 5G| 130 571 20.16; 2.64| 0.59 4. 0‘( 1. 4| 22. 34; 238.27 125
X P. rigitaeda « rigitaeda | 92. 4{ 19. 45I 135 58| 21. 04‘ 2.60; 0.58 3.8 1.4{ 22. 30; 245.16 128
% P. rigitaeda « Wind 1 80. 6; 18. 60; 130 50} 23. 07% 2.311 0.62 3.7 1.1} 26.83 170. 27 89
Table 9-2. Analysis of varience of height
S.v. | dt | ss. MS. | F
Total 23 1,431.2 ’
Replication 3 246. 5 82.17 2.93
Species 5 763.4 152. 68 5.44**>>4.56=Fg.01
Error | 15 421.3 28. 09
L.S.D. 0.05=7. 13
LSD. 0.01=9. 88
Table 9-3. Analysis of varience of diameter at stem base
S.V. df S.S. M.S. F
Total 23 1.25 '
Replication 3 0.23 0.08 2.67
Species | 5 0.56 0.11 3.67%>3.29=Fo.05
Error \ 15 0.46 0.03 i
LSD 0.05=0. 23

#IMERK(E 7—1,2,3) A HES BT &
& SO R, SEMAA 1%k#es BEYI F
Firol Slglezz HETFHMY LSD.F BED
Bl dolA XP. rigitaeda’= P. rigida B+ 1% X
# o3, XP. rigida-rigitaeda’= 5%KHELE BE B
FE7F d9 oy fi@AA e AEES dded, B
TEL XP. rigitaeda$t XP. rigida-rigitaeda’} P.
rigida 3.c} 1%K¥ 02, XP. rigitaeda- Winde 5%
Koz £& FEE Aot XP. rigitaeda-rigi-
taedats HEE7} g os HREANAE XP. rigitae

LSD 0.01:0. 32

da-rigitaeda® BT MBEN A E P. rigida ¥} 37
~80%4 2t ¥& HE XA

OB (E 8—1,2,3)d A HEY B #
T BT SR, HEY EEMAOAT 1%kEoZ
HWES BEHC Aderz MEFHMY LSDE K
ETu #E Ul A P. rigida ok 1%K
#o2 FEES ddo9, BIALL XP. rigitaeda-
Wind gto| P. rigida 2t} 1% Koz FEEF AR
o BRI M E 2E&c] P. rigida 2Tk 37~61%
o ¥ E& fEE 2o



_ 1976% 3R] St ERITEME

kol BRY WRE 111

B IMERK (K 9—1,2.3)04 HES Bikd &
T SN R HRY BEMIAN 1%kE, BT
B HERINE 5 KELR BEY HEK 92
oz HWETHMS LSD.& BEd #Ed U
A X P. rigitaeda- Winds B3 &S P. rigida
Bk 1~5% Koz HEE/ Yo, HETEL
X P. rigida-rigitaedawto] P. rigida BT} 1%KiEe 2
E‘E%ﬂ' At HBEEA A X P. rigitaedar Wind

§ BAR A& S P rigida Bt 25~48%9 xch
sm°: g wych

LlEke Rz Bof £RBREREN =+ KE&

Bl et ARG BRE HRAL FEo=x ik
el MRS MBRE EEEES g ddz e
o BB T %A ERH BEesEA Rt
T Mufre] MBIz EREFES Xhdd= 2
T2 BEE ¢34 Utz de, WEE UiA
%X XP. rigitaeda® W83 P. rigidas) “EEA
2 E ENo BY RMEMEL tAH SHRIEER
of FRET e ER¥EEE )42 B
3. SPWEQ MEERE LK
AP AM MEEE Kz HEREE Jevide
S vHe % 105 2o

Table 10. Comparison of anatomical characteristics in the transverse section of needle

Hypoderm Resin canal Fibrovascular bundle
Species Nuo?bm On ‘ Numb Distiret id ]7
sample cil} Biforml Néu]t" Medical Internal oinge:r Close from Vglep?ary»
: layer orm ; needle together  each ated
i i other |
Pinus rigida 00 | 15| 28 | — | ez —|z2a! 2| 5|
X P. rigitaeda 300 — | 102 | 198 | 667 | — | 2.22 81 | 216 |
X P. rigida - rigitaeda 300 7 ][ 212 81 685 | 5 2.30 91 175 34
X P, rigitaeda + rigida 300 15 ; 258 27 651 { — 2.17 29 1 118 153
X P. rigitaeda - rigitaeda| 300 53 | 247 — | 610 — | 203 72 191
X P. rigitaeda + Wind 300 — 222 78 81 2 2.94 — 84 l
Pinus taeda 30 | 273 | 2 — | el — | 20| 217 f 23 i
# 10914 P. rigida®} P. taeda R X P. rigitaedaol *#5 biforme) ¢l 3, resin canal® ZHRAME] $

e Rtk s EEo kS BEF wiel o] hyp-
oderm& P. rigida’} K#¥ 4ol biformed K3te P.
taeda’= Bl 2 X P. rigitaeda’= XK#B4%°] mul-
tiforme 2 5B{LEglon EES P. rigida$t 7o)

fiz oo, fibrovascular bundleo] A& P. rigida® X
ool MR K&t P. taeda= Kol s
oo fEae B EgsAe 2oy k#gel

HEMES VelWld. 43 XP. rigitaeda- Wind=

Table 11. Phenolic substances in needles of hybrid pines and their parents separated by

thin-layer chromatography

Substance

8

Species No.:1 ‘ 2 | 3 4 5 ] 6 1 ‘

Rfvalue: | 013 | o020 | 03 | o040 | 046 | 0.66 | 0.87

Yellowish | Dark- | Yellowish| Yellowish Pale reddish| Pale reddish| Pale | Reddish

Pinus rigida brown brown ! brown brown brown brown vellow | brown
X P. rigitaeda do. do. : do. do. do. do. do. '| do.
X P, rigida + rigitaeda do. do. ‘ do. do. do. do. do. ; do.
X P. rigitaeda » rigida do. do. , do. do. do. do. do. \ do.
X P. rigitaeda  rigitaeda do. do. | do. do. do. do. do. 1 do.
X P. rigitaeda + Wind do. do. do. do. do. do. do. | do.
Pinus taeda do. do. do. do. do. do. Absent . do.

*Developing solvent : Benzene-Methanol- Acetlc acid (90 : 16 : 8v/v)

Colour reaction : Diazotized p-nitroaniline solution
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x P. rigitaeda®) RAEE =t Fol ZEsE Aoz
P. rigida$ht 7o) k#grel g St LI HEAHE
22 dof FZEAMS FREM WS RS 1y
b ol = ZEES RAFe WSz £

4. Phenoli&aR0I th3t LK

ZERAARS #t3E] A H#HET phenoEHEE TLCe]
fhate] HEME BT BR * 113 24

=K%Y BERKRoE R—BEANdA BRI, R’
IR, S 2 EREmIE EAE RIGHY
KT 8, phenolEHES HEE 2 HEAR FH—
BERAAN s 2RV 28 dgled, BEBES
4 = Aceton-Chloroform(3:7 V/V)& AR &9
Benzene-Methanol-Acetic acid (90:16:8 V/V)& {&
ARy A—3 RES B8YE T A% B 26
RERZE] diaxotized p-nitroaniline solution$ {FHT
R, # 1114 8 o] Rf-fE 0.663%] phenol B ER
70] P. taedaol %t o} % [XHEol WEMA @ fhifE
dE 28 gpEEoEZ JE FAE & Adedt, H
flie] phenol#yBE2 2 FA—% KMl Yelxgd 2
o} P. taeda® BT B AL P. rigida®) RELEE
wro #hs) H— KIEel WEb ZEAM BRAE T
4 Aglers doz #E RN TR B

5. Isoperoxidase2| R L¥

ZHAR] WY AFENS BT ER 3% 2
g 13 .

d v {

|
1 Catbode

R RT R-RT RT'R  RT-RI  RT-W T

Fig. 1. The starch gel electrophoretic banding patte-
rns of isoperoxidase in needles of hybrid
pines and their parents. Staining density is
classified five grades from 5(high) to 1(low)
on upper right side figure.

*R : P. rigida, RT : X P. rigitaeda, R+ RT:
X P. rigida-rigitaeda, RT+R : X P. rigitaeda
« rigida, RT « RT : X P. rigitaeda - rigitaeda,
RT + W : X P. rigitaeda - Wind, T : P. taeda

2.8 1o {k3twl 248 7f8 band’t B M
Bz 9t ®He R-RTE 69 band’t HEH}A 7
A %2 29 bandE 747 #ifEclz, Te 39 band
7} HEEd 74 42 %9 bandE A Bl
308 bandt BNl EHL S0 XRT dov 2
{3 3] B slevd, RT-RTS RT-W 30,
37,44,47,509 band® F—% W& Eiez 8 4
st B ESS € 4+ ey RT-Wx RT-RT9:
F—3 SEYsFs Qe oz 2heH, Hft B8
Mol X4 e HBE bandd #s} v ¥ EiEEe %R}
MRS =2 o= BE il miEsidz Bxiddg.

] ]
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