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The Variation of Natural Population of Pinus densiflora S. et Z. in Korea*!

——Characteristics of Needle and Wood of Wangsan, Bonghwa and Yangju Populations——

Kyong Bin Yim*?« Kyong Jae Lee*?

Three Pinus densiflora populations as shown in location map (Fig. 1) were studied in 1977.

These succeed the population numbers 10, 11 and 12 after the preceeding populations. Follo-

wing the previous study methods, 20 trees were chosen from each population and the morp-

hological characteristics such as tree forms, branching habit, needle and wood properties were

investigated.

The results are summerized as follows;

1.

The mean stand ages were ranged from 40 to 45. The growth performances of trees of pop-
ulation 10 and 11 was similar, but 12 seemed to be inferior more or less.

The ratios of clear bole length was 0.53 in population 12 as the highest but 0.43 for popul-
ation 10 as the lowest.

The population 12 was considered to be a stand of the coarser branching habit having the
crown index (The maximum crown diameter/the crown length) 1.65 though the mean branc-
hing angle indicates almost horizontal.

The differences were observed in the clear bole length ratios and crown-indices between pop-
ulations as shown in Fig. 3 and 4.

No inter-population differences in serration density of needle was shown but significant inter
and intra-population and individual differences (within population) in number of stomata

rows and resin duct.

6. Population 12 shown 0.119 of resin duct index as the maximum.

7. The pattern of diameter growth, analyses based on the width of 10-year-ring segment unit

(for example, the 1st segment denotes the width between pith center and 10th year ring and
the 2nd one is from 11th to 20th year ring and so on.), was alike among populations as
shown in Fig. 9.

No significant differences between population in mean summer wood percentages as well as
in wood specific gravity was observed. The values of wood specific gravity were increased
with the increase of ages in population 10 and 11 however vice versa in population 12.

The fiber length was increased with the increase of age but no differences hetween populat-

ions as shown in Fig. 12

#1 Received for publication on December 15, 1978
*2 Qe MBlA® College of Agriculture, Seoul National University
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Tab. 1 Locatxon of Pmus d4 nszﬂora S. et Z. populatlons

Population J Location %ﬁg;?ﬁf ' Lo&gaist;l)de
10 Delun, Wangsanm\on \Ivong]ugmr‘ Kangwondo 37° 3¢/ 128° 44/
11 Secbyokri, Chunyangmyon, Bonghwagun, Kyongbuk. 37° 2 128° 48’ 4

12 Janghyonri, ijeopmyon Yang]u;{un K)ongkxdo 37° 43 12"“ 10’
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Tab. 2 The general de scrlptmn of the 91{(‘%

T ' ) “T"Stand | Degree of |
. A]txtudc Soil S(nl S(nl Age of Hc1ght Tree
Populauon[ Aspect | Slope (m) texture | depth !moisture stand (m) lct(;(r)rrllpos ‘Z{lg‘gn(ii% No./ha
i - Y S T T o [
i o o iSandy . Mode- 45 19 |Pure -
10 ‘ SE  20°~30 760 U loam Medium ratel o753 | 7~ | Stand 90 | 400
\ ‘
‘ 43 21 :
11 i SE  |30°~40°} 960 | do. do. do. 3752 | [8eas do. ' 50 : 400
: ‘ 40 13 i
12 SE  10°~20° 230 @ do. \ do. do. 33~45 | [i~15 do. ‘ 30 300
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Tab. 3. The measurements of individual tree. Population of Wangsan. (Pop. No. 10)
; Heicht | D.B.H. | Stem Cleai , Cleaxi) . Crown p Branches
Tree No. Age cight N |straight- ol O Diameter o .,rowr;* Diameter|
(m) (em) ness.* 1(2Irlng>th g;ﬁ%i}; (Widest) L(e:lg)th index (largest)] Angle
(m) (cm)
1 39 20.5 22.6 A 9.5 0.46 5.5 11.0 0.50 3 80°
2 41 19.5 24.2 A 2.0 0.46 6.0 10.5 0.57 4 80
3 41 19.5 24.0 A 8.0 0.41 6.5 11.5 0.57 3 80
4 49 22.0 35.2 A 11.0 0.50 6.5 11.0 0.59 5 80
5 51 17.0 29.7 B 7.0 0.41 6.0 10.0 0.60 5 80
6 37 21.5 27.3 B 8.0 0.37 6.0 13.5 0.44 5 80
7 44 19.0 28.0 | B 5.5 0.28 10.0 13.5 0.74 5 80
8 43 19.5 23.1 A 6.0 0.31 8.5 13.5 0.63 5 80
9 47 18.5 30.6 B 7.0 0.38 . 8.0 11.5 0.70 6 80
10 43 | 18.5 | 32.8 B 7.0 | 0.38 | 10.5 | 11.5 | 0.91 6 90
11 44 19.0 32.4 | B 6.5 0.34 9.0 12.5 0.72 5 90
12 44 19.5 37.6 A 6.5 0.33 11.5 13.0 0.88 8 80
13 48 13.0 28.4 A 8.5 0.47 9.5 9.5 1.00 4 90
14 52 18.5 32.9 B 9.5 0.51 9.0 9.0 1.00 4 90
15 49 16.5 31.4 B 7.0 0.42 8.5 9.5 0.89 6 85
16 43 17.0 3.4 A 8.5 0.50 6.0 8.5 0.71 4 80
17 52 19.5 27.8 C 10.5 0.54 5.5 9.0 0.61 4 75
18 50 21.0 | 30.9 A 11.0 0.52 8.5 10.0 0.85 4 90
19 47 17.0 26.4 | A 8.5 0.50 8.0 8.5 0.94 4 80
20 42 16.5 27.4 A 8.5 0.52 7.5 8.0 0.93 \ 85
Mean | 4 | 189 | 29.2 | sz o4z | s |08 |om | a7 | 3

J

* A: Very Straight B: Straight C: Crooked D: Very

Crooked

#* Clear bole length ratio=clear bole length/total stem length.
**% Crown-index=crown diameter/crown length
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Tab. 4. The measurements of individual trec. Population of Bonghwa.

Tree No. Age H?if)ht D(cBm}SI Stfréz;g}
1 47 | 240 | 334 | A
2 40 | 21.4 | 29.9 | B
3 42 | 20.2 | 25.6 A
4 38 | 19.6 | 25.3 B
5 42 1 20.0 | 30.8 B
6 45 18.0 | 23.1 B
7 47 17.0 | 26.4 B
8 45 19.5 | 201 . B
9 4 180 | B0 ; B
10 45 200 | 35.5 | B
11 52 | 224 | 342 \ B
12 48 | 23.0 | 27.0 B
13 41 | 23.0 | 29.2 B
14 41 250 | 29.8 B
15 40 20.0 | 345 B
16 37 | 245 | 3.7 | B
17 41 . 200 | 248 B
18 48 18.0 | 2.9 | A
19 45 19.0 | 4.2 | B
20 38 195 | 2.1 | B

Mean | 43 | 206 | 298 |

(BB gz No. 40

(Pop. No.11)

%'lelar gle{ar Crown Branches
nsth | tength DI Lengun SndexteDimeE
) Jrato™ | Ty | () eemy T
14.0 | 058 | 65 | 10.0 | 0.65 6 | 60°
126 | 0.59 | 8.0 8.8 | 0.91 8 75
10,4 | 0.51 | 5.0 9.8 | 0.51 6 60
¢.8 | 0.50 | 4.0 9.8 | 0.41 6 . 80
10.2 | 0.51 | 5.3 9.8 | 0.54 4 80
12.0 | 0.67 | 5.2 | 60 | 0.87 5 75
7.0 | 041 | 50 | 10.0 | 0.50 7 75
&5 | 0.44 . 55 | 11.0 | 0.5 6 80
8.0 | 0.44 7.3 | 10.0 | 0.73 8 75
720 | 0.35 | 7.0 | 130 | 0.54 7 60
13.0 | 0.58 | 10.5 9.4 | 1.12 6 75
19.5 | 0.85 | 9.5 3.5 | 2.63 6 80
1.5 | 0.50 | 6.5 | 1.5 | 0.57 6 80
4.5 | 0.58 | 9.5 | 105 | 0.9 6 80
6.5 | 0.33 | 1.7 | 13.5 | 0.87 8 80
130 | 053 | 84 | 1.5 | 0.73 6 80
9.0 | 0.45 55 | 1.0 | 0.50 5 80
9.0 | 0.50 | 6.5 9.0 | 0.72 6 80
0.5 | 0.55 | 7.5 8.5 | 0.88 8 65
45 | 074 | 6.0 | 5.0 | 1.20 4 80
1m0 [ 055 7o | 96| o8| ez | 7

ST — A g

(L

Fig. 2. The view of tree forms by population. 10-1 means the individual No. 1 of population 10.
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Tab. 5. The measurements of individual tree. Population of Yangju. (Pop. No.12)
Tree N Height . D.B.H 'I Stem %1glaer | Ck}glacr *'-**C"r*ozljf‘* Crown ——“?w*——
re N Y [ttt igh- - 1 e i
R R e | S e | enet, OIS e xRS e
1 42 | 150 | 310 cC | 90 ] o6 [ 85 6.0 | 1.42 | 6 | 90°
2 35 | 14.0 | 29.0 B | 90 | 0.64 6.5 50 | 1.30 | 6 1 90
3 33 | 145 | 200 B 6.5 | 0.45 7.5 8.0 | 0.94 8 85
4 3 | 150 . 30.5 B 6.5 | 0.43 9.0 8.5 | 1.06 6 90
5 43 | 12,0 | 310 B ' 35 ] 02 | 105 | 85 | 124 6 90
6 39 | 13.0 5 33.0 B 7.0 | 0.54 | 10.0 6.0 | 1.67 8 85
7 43 | 13.5 | 28.0 A 7.0 | 0.51 = 12.0 6.5 | 1.85 4 90
8 13 | 140 | 29.0 B 80 | 0.57 | 9.5 6.0 | 1.58 « 5 90
9 33 | 14.5 E 35.0 c 55 | 0.38 9.0 9.0 | 1.00 8 9
10 37 | 14.0 ; 31.5 B 9.0 | 0.64 | 9.0 5.0 | 1.80 6 95
11 45 | 14.5 | 25.0 C 7.0 | 0.48 . 8.5 7.5 | 1.13 6 85
12 37 | 1.0 | 27.0 C 8.0 E 0.72 | 8.0 3.0 | 2.67 490
13 43 | 11.0 | 28.5 B 7.0 | 0.64 1 120 4.0 | 3.00 8 | 100
14 43 | 11.0 | 310 C 4.5 | 0.41 | 12.0 6.5 | 1.85 8 | 90
15 13| 15.0 | 3.0 B 55 | 0.37 | 12.0 9.5 | 1.26 6 | 90
16 43 | 145 | 25.0 B 9.5 | 0.66 i 11.5 50 | 2.30 5 0 90
17 43 1 140 29.0 C 7.0 0 0.50 | 10.5 7.0 | 1.30 6 1 90
18 43 | 120 27.0 B 8.0 0.67  10.3 4.0 | 2.63 6 90
19 43 | 1.0 | 27.5 B 4.5 0.1 0.5 6.5 | 1.00 6 90
20 41 | 11.0 \ 31.0 B 45 | 0.41 | 110 6.5 | 1.70 4 100
Mean 0 132 | 207 68 | 052 | 9.7 | 64 | 165 | o1 | w0

|
|
|
}
|
!
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Fig. 2. The view of tree forms by population. 12-20 denotes the individual No.20 of Population 12.
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Tab. 6. Average density of serration per 0.5cm of
needle by population and ANOVA.
Population [ Aveégggity i Range ‘ S.D. } C.V.
10 97.5 |23, 6~31.4‘ 2.21 j 0.08
11 27.6 21.9~31.9 2.38 0.09
12 27.9 s 0.10

22.3~31. Oi 2.67

F-Values: Population (d.f.=2.57): 0.08"-¢
Within Population (d.f.=57,840): 1.31™*
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Fig. 5. Frequency distribution of serration density
by population.
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Tab. 7. Average number of stomata row on adaxial
and abaxial-side of needle

S o ]
dion ¥ Side | Mean | Rane | 8. | c..
10 |gdaxial | 473 | 3.9~6.1] 0.56 l 0.12
11 side] 939 [ 4.0~7.3 0.81 0.15

12 5.98 |4.3~8.0] 0.98 ‘ 0.16

10 |abaxial | 687 51~ 87 1.08 0.16
1 side| 7-83 6.7~ 9.8 L.01 0.13
12 8.26 15.9~10.7] 1.27 0.15

F-Values: Population (d.f.=2.57): 11, 662%* (adaxial)
8, 470** (abaxial)

Within Popualation (d.f.==57,840): 8, 875%*

(adaxial)

8, 172** (abaxial)

Frequency
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Number of stomatd row
(adaxial side)
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Fig. 6. Frequency distribution of stomata row (adaxial
side) by population.
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Fig. 7. Frequency distribution of stomata row by
population.
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Tab. 8. Correlation coefficient between adaxial-side
and abaxial-side of stomata row.

Population l r 1 Equation (¥ =adaxial)
10 0.741*+ ¥ =1. 440z—0. 058
11 0. 870** ¥=1.082z+1. 998
12 | 0. 906** ¥=1.176z+1.228
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Tah. 9. Average number of resin canal per needle o -
b} populatlon j p%J
_ o 3 R o o o ~ T Cf
4 ; ] - P F\?
Populatlon Mem ! Range | S.D. C.V. a B
f - ! . : ‘ /
10 ' 5.07 2.9~ 7.1 f 1.17 0.23 o
1| 7.8 | 6.1~10.9 | 1.31 | 0.17 g0t PR -
12 } 6.3 4.1~ 9.5 145 | 0.23 £ Vo ‘
F- \alues Populatlon (d £, —2 57): 71“;40—” - 0 N \\\ R
Within Population (d.f.==57, 840; :17. 92 VA \ AN .
FALFgl HaAAdE £ 7, 83 29 6, 7o) NS - “‘_”Té*‘?"*‘{o“"«f;"z“ﬁ:j
Heleh el A= 2FHg 5~6, il A i 7~8 = oresm cans Cfeeonecdle?
o ke weolz vk EEA  (HISRS BB 3 I3 8. SR BRI S AG

T OESTE 0.1~0.2

BB AR

of o fEile] vt grEES @ 2
F 10, 5 gHE

Fig. 8. Frequency distribution of resin canal by
population
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Tab. 10. Comparison of anatomical characteristics in the iransverse scction of needle.

Flb"()\ ascular bundlc

B ( Hypodermzs Rpsm canal (pr +ac ) !
Population ‘Sdmp e size |3 ll |
I ne Le 1Blf0rm laer‘(temali N[Ldlal J R. D L ‘r Approachec Separated
10 | 300 { 235 | €2 | 2073 10 [ 0.005 20 | 10
1 300 | 266 [ 4 ! 2092 13 | 0.015 265 | 35
12 Coao |2 g9 | 2385 57 | 0.024 209 91
AER e Be #Asz ,?l_‘lﬁi, RS AT g 11 PG FHaEnE (RN A
o] sz, A EEMAGE 94 & 2R 9l Tab. 11. Avcrlag'e brca(;h })f .afnnual ri?g;ns\fg::f\m by
o oel 3 ALFIge) iw agtw rame e population and significance ot T
M) BF r=0.70 19 ¥ B9 MRS Eo Populatwn ‘\Iean(mm)‘Range (mm, S.D. ; C.V.
Cpthed 5}#}’1‘61 £ AT Eo I oY S R I — ot P o S
o 10 | 364 47.s~a7.3[ 7.30 | 0.20
) 0} ! ~ i .
el sl “ 11 3.6 |27.8~545 | 6.75 | 0.19
o] i Fhu el el Al e, Sy B 2 12 J 1.6 | 3L1~617 | 874 0.21
R ERE 2o I

e % 1060 A i
1le] ohE e 2 g% hidlz g
IL K (Core) 70 K3 HES RERE
HEe #Rfke] Al A Wil 4 N 1 lemd
4 gsk e pith#Rsrel Hiaete & Bopd AH(Core) &
pithZel 4 5] 4RdF 10SEHIRLR 4ot 4FdGu, PO 4,

o, BEA S-S WEstel iy 2ol 2 FEE D
B gRe ’}HT sieh
fEahEe) HIElE 1L 1290 =8 9el A s e

gkl k%ﬁﬁLkéE-}M szr’f‘%O] FERNE e Bde
e EiEE U = 4 103F 122 —%K] 104
fa=r kel 105l - ORI B Bl £ 11

% ~:,x:1 10tFEE KEY ¥ A% 4 = A =
pel Kl HE AHEST S 8D REA
?JEM 23 el HobdE AL FEMel A,

l’ Values: Populauon (df =2.9): 0.03H"-°-
Ring segment (d.f.=:9.223):52 257%*
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Fig. 9. Average breadth by 10-year ring segments.
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Populauon
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Tab 12. Average widdh by 10 annual xmg segment by populatlon (mm)

ng Segment l $}ej& (mm) l Rangc (mm) S.D. ‘ C.V. -
~10 | 52.7 | 30.8~93.6 18. 24 i 0.35
10 11~20 ! 38.5 25.6~57.8 3.94 0.12
21~30 26.2 i 16.1~42.8 7.41 ; 0.28
31~40 14.9 ; 11.1~29.1 755 0.51
1~10 57.6 45.1~78.2 ! 7.91 | 0.14
11 11~20 28.4 13.4~42.6 } 7.38 ‘ 0.26
21~30 22.5 11.8~58.1 | 11. 36 ‘ 0.51
31~40 15.7 17.1~22.3 8.55 | 0.5
1~10 56.9 ( 38.3~93.1 16.48 l 0.29
12 11~20 39.0 ‘ 18.0~54.8 9.52 ! 0.24
21~30 21.0 l 15.2~37.1 5.02 k 0.24
31~40 9.6 | 4.8~19.7 5.83 | 0.60
sl MR 11¢) £ 10, 1289 28 A gol e I
2elx, ERESC KT FHEE AAn 3% A % 046F -
Mo = AEZE ., FRESRAdAE & EERE caik o T
= 0.
vherd 2 gleh b= r
7 2 o42F .
x 13. REG FokHE =t '
Tal. 13. Average summerwood percentage by popu- 2 ok T opw
ldtlon and ANOV “é —Pop i1
= - S | _
Populatxon ; ! C.vV he 0,38~ —= Pop 12
! N - ' I L S T
10 26.0 |16.7~3L.9 | 4.23 | 0.16 1-10 1~20  21-30 3145
11 26.8 | 19.8~38.0 i 4.77 | 0.18 10year seqment (years from pitn)
2| 261 |20.7~31.8 | 270 | 0.10
TFVal Poodl — >y - 8 10, SR SERIES I Rk E
atues: opu ation <df =2.9): 0.072 Fig. 10. Average summerwood percentage by 10-year
Ring segment (d.f.=9.223). 15, 000** ring segments.

® 14 FiRESH B

Populauon 1 ng Segment

Tab. 14 Average summerwood peru ntagc by 10 vear rmg segment by populatlol‘

SD

Mean ("/)I Range (/) [ C.V.

1~10 24.1 13.1~35.0 | 5.90 0.24

10 11~20 25.2 15.2~32.1 4.39 0.17
21~30 27.0 15.4~38.7 7.23 0.97

31~40 | 30.0 26.1~39.8 5.01 0.17

1~10 20.3 11.6~31. 5 451 0.22

" 11~20 27.4 18.6~36.2 5.49 0.20
21~30 29.6 | 19.8~46.2 7.43 0.25

31~40 31.6 “ 27.5~44.9 10.02 0.32

1~10 22.4 17.1~28.1 3.02 0.14

12 11~20 27.0 19.1~40.6 4.77 0.18
21~30 29.5 23.1~37.6 4.13 0.14

31~40 31.3 19.8~40.2 15.14 0.48
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Fig. 11. Average specific gravity by 10-year ring
segments.

& 15. #M5 FHtE
Tab. 15. Average specific gravity by population and

ANOVA
Population ]Mean (mm)'Range (mm)l S.D. \ C.V.
10 0.428 ]0.340~0.485] 0.033 | 0.08
11 0.454 10.400~0.517, 0.028 | 0.06
12 0.411 10.344~0.471] 0.036 0.09

N F-Values: l;opuilﬂation (d.f.=2.9):0. 681"
Ring segment (d.f.=9.223):181,667%*

Tab. 16. Average specific gravity by 10-year ring segment by population.

Mean

Population Ving Segment f Range S.D. l C.V.
1~10 0.446 0. 363~0. 522 0.048 0.11

0 11~20 0. 425 0.371~0. 492 0.034 0.08
21~30 0. 423 0. 290~0. 533 0.062 0.15

31~40 0.391 0.231~0. 514 0.115 0.29

1~10 0.440 0. 395~0. 485 0.031 [ 0.07

I 11~20 0.445 0. 393~0. 536 0.034 0.08
21~30 0. 461 0.222~0.571 0.074 0.16

31~40 0. 467 0. 415~0.520 0.115 0.25

1~10 0. 426 0. 267~0. 503 | 0. 060 0.14

2 11~20 0.419 0. 330~0. 500 0.039 0.09
21~30 0.416 0. 368~0. 467 0.031 0.07

31~40 0.381 0.333~. 467 0.038 0.10
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Tab. 17. Average tracheid length by population and ANOVA.
Population Mean (p) { Range (p) S.D. C.V.
10 2634.9 1883. 4~3202.0 399. 224 0.15
11 2760.6 2155.3~3302. 3 324.748 0.12
12 2689.9 |

) ;I':-Val;es—: 'i’iorpulati”oﬁm(d.f=Z.WE))71 0045’“’
Ring Segment (d.f.=9.223): 74.336**

® 18 £H7 FRESN BEE &

Tab. 18. Average tracheid length by the

2256.5~3154.4

218.399

0.08

10-annual ring segment by population.

Population ‘ Ring Segment i Mean (g) Range (g) S.D. C.V.
1~10 2217.6 1379.1~3088.0 492. 112 0.22
10 11~20 2539.5 1614.7~3462.9 476.174 0.19
21~30 2762.0 1913.8~3538.9 461.769 0.17
31~40 2964.8 1935.3~3708.1 744. 604 0.25
1~10 2155.6 1304. 9~2966. 3 555. 635 0.26
11 11~20 2729.9 1595.6~4127.1 627. 667 0.23
21~30 2988.7 1925. 0~3964. 9 538. 380 0.18
31~40 3171.1 2185.8~3814.9 703.503 0.22
1~10 2189.7 1640.7~2918.8 629. 755 0.29
12 11~20 2640.1 1372.9~3537.6 496. 694 0.19
21~30 2899. 1 2367.3~3562.9 346. 365 0.20
31~40 2993.9 2481.8~3840.7 688. 455 0.23
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Fig. 13. Comparion of coefficient of variation of

needle characters by population.
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Fig. 14. Comparion of coefficient of variation of core
characters by population.
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