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

——Characteristics of Needle and Wood of Injye, Jeongsun, and Samchuk Populations—-

Kyong Bin Yim*? « Ki Won Kwon*? « Kyong Jae Lee¥*?

As a successive work of the variation studies of natural Pinus densiflora stands, some characte-
ristics of individual trees of the three natural populations selected from the Kwang-won Province,
the middle-east part of Korean peninsula, as shown in the location map, were investigated. And
the statiscal differences between individuals within population, and between populations were analy-
sed. Twenty trees from each population were selected for this study purpose. Doing this, those
trees lagged in growth, usually showing poorer form, were eliminated. The results obtained are
summarized as follows:

1. Though the average population ages had the ranage between 50 and 63, the growth of height
or diameter was similar. Population No. 9 is, however, considered to have better tree forms at
glance. Population No. 8 showed the heighest value not only in the clear-stem-length ratio. 0.53
but also in the crown-index 0.91. The higher value can be result from those trees having long
lateral branches and relatively short crown height, meaning undesirable crown shape. In regard
to the fine branchedness and the acuteness of hranching angle, the population No. 9. is considered
to be a better one, wherecas there was almost no difference in crown height among populations.

2. Checking the frequency distributions of the ratio of the clear-stem-height to the total height
and the crown-indices, some difference between populations arc considered. These might be attri-
buted to the previous way of stand mangement which alters the density.

3. In the serration density, the average number of 54 per lcm needle length, the significant diffe-
rences exist between individual trees within population but not between populations. A few trees
which extremly high serration density were observed. Asin serration, so tendencies were in the
number of stomata row and resin duct. .

4. The population 8 had the resin duct index value of 0.074 as the highest which was twice or
triple of the other ones.

5. The patterns of increasing process of the average 10-year-ring-segment were not similar till the
30 years of age, but beyond this, the tendency lines were aggregated.

6. Regading the average summer wood ratio, no diffrence between populations, but in the ranges,
i.e. 23 to 30 in population No. 8. and 16 to 36 in population No. 9., with regad to the specific
gravity of wood, there were hardly observed any difference between populations even in the
ranges values. As the increase of tree ages, the increase of specific gravity was followed but
the increasing patterns were not similar between populations.

Tw Received for publication in Dec. 10, 1977.
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7. No significant differences between populations in the average tracheid length and the range
were detected. However, the length was increased according to the age increase. The increasing

pattern was same between populations.
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Table 1. Location of Pinus denszﬂora S. et Z. populations
Population Location Izal\t;\:g)e ‘ L%%i‘;tu)de
7 Jindongri, Kirinmyon, Injyegun, Kangwondo 37°58' 128°25
8 Nakchonri, Yimkyemyon, Jeongsungun, Kangwondo 37°27 128°50°
9 Hansori, Hajangmyon, Samchukgun, Kangwondo 37°15 128°54/
Table 2. The general description of populations
. 2 o . - Degree of 1.
Popu- Altitude . Soil Soil Age of | Height Stand Tree
lation Aspect| Slope (m) ‘Sod texture depth | moisture | stand (m) |composition CI;SYS::}[E/)}NO./ha
oran® . 50 22
7 NW [20°~30 540 ‘Sandy loam Medlumj Moderate 1356 | 0~7d Pure Stand 40 400
° o j 58 22
8 SW {30°~35 720 l do. do. do 15~6d | 19~37 do 30 300
° o d0° * | _63 | _21_
9 | SW 30"~0? 700 | do. | do. do | g |5 | do 50 | 400
SR Hie 2 =2 (5—15°44) K= MK 35—45cm
S e o RERY FBHGel veEbdel ik #{Rel H3
o 4 Pop. 7 \ s obd IAREET SERT oz BREE:
GEA ‘ 5—10—15m2 =t o= #fe Flskgel =4
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S TN 425 AN B2 ¥ S, 2R, 4%
N l 1+ B, AR, R, FAE, AT, g
Pop. § N
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Fig. 1. Location of populations studied
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Tabie 3. The measurements of irdividual trces. P()pu]dtlo*l of I[‘Ij»’cg\ll'l (pop. No.7
‘ Height DB Straight- Claar | Clias | Crown | Crown B"‘“C?’CS
Tree No. J Age () (em) . length | length E Dlaéletc; Length . Dl‘ametc>r Angl
; m cm ness (m) ratio* | \wzme)st (m) index ( zzzgne)st ng—eA
1 46 21. 5 36.7 A 12.5 0.8 8.5 9.0 0.94 7 60
2 53 20. 5 36.3 A 7.5 0.37 7.0 13.0 0. 54 [§ 30
3 43 24.0 37. 1’ A 10.0 0.42 9.0 14.0 0.64 5 70
4 43 23.0 37.6) A 11.0 0.48 6.5 12.0 0.54 7 70
5 46 21.0 35.5 A 11.5 0.55 8.5 9.3 0. 90 12 70
6 56 22. 0 35. 6 A 13. 5 0.61 5.5 8.5 0. 65 7 60
7 55 21.0 38.8 A 9. 5 0.45 7.0 11.5 0. 61 [¢ 80
8 46 22.5 32. 7‘ B 13.5 0. 60 5.5 9.0 0.61 5 90
9 52 21.5 B4 A 15.6 0.70 7.5 6. 5 1.15 4 100
10 48 23.0 35.8 A 11.¢ 0.48 6.5 12.0 0.54 4 80
11 52‘ 20.5 40. 9; A 12.0 0. 59, 11.0 8. 5 1.29 6 90
12 56 230 389 B 10.5 0.4 7.5 12,50 0.60 5 60
13 52 23.0 36. 61 B 11.0 0. 48 8.0 12.0 0.75 7 60
14 46 215 35 z{ A 6.5  0.30 7.0 1500 0.47 5 80
15 54 20,00 337 A 6.0, 0.30 7.5 14.0]  0.54 8 90
16 52i 22.5 36. 2( B 9.5 0.42 G.C 13. 0 0.69 5 80
17 56 22.0 52. 4; B 7.0 0.32 9.5 15.0 0.63 14 30
18 46[ 22. 0 3.9 A 8.5 0. 39 9.5 13.5 0.70 8 70
19 49{ 20.5 36.2 A 7.5 C. 37 8.5 13.0 0.65 8 40
20 47; 22.0 41. 0: A 10.9 0. 46 10.0 12. 0 0.83 10 90
Mean | 50 219 3.5 102 047 sof 1L7 0.7 7.0 73
*A: Very Straight B: Straight C: Crooked D: Very Crooked
**Clcar length ratio=clear length/total height
#*Crown-index=crown diameter/crown length
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Fig. 2. The typical tree forms by population, 7--1 denotes population 7 and the individual No. 1,
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Table 4. The meaurements of individual trees. Population of Juong%ungun (pop. No.8)
' Height | D.B.H. [Straight- P Clear lear Crown Crown Branches
Tree N Age - om) . length | length Dlanc}eter Le;lgthr P Drlriame'twé;'; B
o o [T ] ) | raviow <W(1me>st> (m) |index (?Eifft) Angle
1 59 26.5 41.0 A 14.5 0. 55 9.0 12.0 0.75 4 80
2 62, 21.0 35.5 A 9.0 0.43 8.5 12.0 0.71 5) 80
3 58 19. 0 35.0 A 11.5 0.61 11.5 .5 1. 33 4 90
4 57 19.0 31.8 A 11.0 0. 58 8.0 L0 1.00 5 100
5 63 23.0 32.1 B 9.0 0.3% 9.0 14.0 0.64 4 90
6 62 22.5 39.0 A 15.0 (.67 6.0 7.5 0. 80 5 80
7 58 20.5 36.5 B 18.5 (1. 90 4.0 2.0 2.00 6 7
8 54 25.0 35.0 B 13. G 0.52 8.0 12.0 0.67 5 60
9 57 21.0 37.9 A 12.5 (. 60 9. ¢ 8.5 1. 06 ] 70
10 54 20.5 33.7 A 12.0 0. 59 7.5 8.5 0. 88 5 80
11 ‘ 57 21.5 42.9 A 9.5 0. 44 11.0 12.6 0.92 8 7
12 | 49 19.5 42.8 B 9.9 0. 495 10. ¢ 10. 5 0.95 [§ 80
13 45 19.5 37.0 A 4.0 0.21 7.5 15.5 0.48 8 100
14 64 24.0 39.7 B 9.0 0.38 6. 5| 15.0 0.43 8 80
15 60 22.5 36.0 A 10. 5 0. 47 7.5 12.0 0.63 6 80
16 54 22.5 35.8 B 14.0 0.62 7.5 8.5 0.88 4 80
17 i 59 24. 5! 37.3 A 14.5 0.59 9.5 10.0 0.95 6) 30
18 60 23. O! 38. 5 A 16. (] 0. 70 8.0 7.0 1.14 4 90
19 ! 63 23.5 38. 0 A 8.5 0.36 9.5 15.0 0.63 6 80
20 1 61 22 SJ 29.8 A 14.0 O, 62, 9.0 8.5 1.06 9 80
Mean | 58{ 2.1 36.9 } 11.8] 83 103 0 91| 5.5  8L0
Lg%l Soh KEURL/8),  KE(1R4/5), —10m, HG¥eHiEE 4-—5mo| = M 40—60% % 4
ﬁi‘lt‘é Eil ._f'i. B e fE, BTE e Be et
fEis 15, @, KECTI/), KB R3/D), [k TREEES 2540, A, ASuE, 5
T BIREE A, bR, A, ESelth b
16, B, MO/, REL1/2), Wi o WiRE Ao gl FERAEdol SHA E s MUl o
S HIES R, M. o], OB E Lol = BRR ) W Ak B i
58 17, @i, KECFL/), S (k4/5), giks feEl gleh, AHGE ol % f&{ﬁzm"i*i BRIFE 7 5
%, SBEMEE. whabel, ARkG BT SdlM KEBE Hute] T
B 18, EiE, BHRIFY2), &BR(LY2), s MrLtEel el T ﬁﬁ‘r'sﬂ 1/2~2/3%4 ol it 7L
B obae] &d, BiHHTERE. < g% ez fREste Mol ek FMWel = My
8% 19, BE, KBCFL/2), #8112, fifgst B 10—20cm, i 10-20ms~1 = ihEke TRER
ow TR A Sl BRELEE 50§ Aol
B 20, SBE, KBOF/S), #HE(4/5), MR B 1. e, R, ﬁﬂl& b, HEEE,
E, BHRMBEFRE. LY N 8-
(3 F{’%Eﬁ% Wil (No.9) s 20 FAAGERI9), il e, i,
A mEHoE W Bl e g2 4 it e o R lm{?
3= ek 3%l o FAR(R WU Dol o MBS iR s 30 R, A CLll/2), Bk bE, B
& 104'—%4 West 2 2y FER, Leui g & R
ME g RlE KRB o Lomge Atz B PRs 4. W4, 24 Farste B B T
oo Mg Ff:;f'i 25-20cm, #{FF 17—25m, S Fg 5 A, R e, BREmAEE.
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Table 5 The meaurements of mdw1dual trees. Population of Samchukgun (pop.-No.9)
Height | D.B.H. [Straight- Clear Clear Crown Crown Branches
Tree No. Age () (em) | nesst length | length l()‘lx;péetg Length |. dott I()liametg Ancl
(m) | ratio®* (lme)s (m) |index a%?ne)s ngle
1 49 18. 0! 26.9 A 7.0 0. 39 7.0 11.0 0. 64! 2\ 100
2 47 19.5 31.8 A 6.5 0.33 6.0 13.0 0.46 3 90
3 48 18. 5 26. 3 A 7.0 0. 38 7.5 11.5 0. 65 3 90
4 66 26.0 30.8 A 17.0 0. 65 4.5 9.0 0. 50 2) 90
5 57 21.0 31.5 B 9.0 0.43 7.5 12.0 0.63 3 100
6 64 19.5 34.0 A 13.0 0.67 7.0 6.5 1. 08 3 80
7 55 23.5 36.9 A 9.0 0. 38 8.5 14. 5 0.59 3 70
8 69 17.5 38.7 A 6.5 0.37 7.0 11.0 0. 64! 5 80
9 74 175 337 A 9.5 0.54 5.5 8.0 0.69 4 90
10 60 23.0, 31.0 A 16.0 0.70 4.0 7.0 0. 57 4 90
11 70 25.0 33.5 A 12. 5 0. 50 5.0 12. 5 0.40 3 90
12 68 20.5 35.2 A 10. 5 0.51 6.5 10.0 0. 65 5 90
13 68 21.5 24.1 A 15.0 0. 70 4.5 6.5 0. 69 3 90
14 63. 16.0 31.0 A 7.0 0.44 6.5 9.0 0.72 4 90
15 54 19.0 27.4 A 5.5 0. 29 5.5 13. 5] 0.41 8 80
16 60i 21.0 34.3 B 11.0 0. 52 6.0 10. 0 0. 60, 5 80
17 70 21. 5 33.9 A 13.0 0.61 6.5 8.5 0.77, 4 80
18 70i 23.5 37.2 A 7.0 0. 30, 7.0 16.5 0.42 3 100
19 75‘3 18.5 37.8 A 6.5 0. 35 6. 5| 12.0 0.54 4 90
20 78; 20.5 37.9 A .5 0. 32 7.0 14.0 0. 50} 4 80
Mean | 2.6 329 9.5 0. 47w 6.3 108 o GII 3.7 88
58 5. @A, HH(E3/D, K st=d, BT &_i‘ By,
B B 18. s Aok WE(k1/2), Wk e
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Table 5. Average density of serration per 0.5cm of
needle by population and significance of ANQVA

Population ‘/d\ev:;iifle l Range ‘ S.D‘ ; C.V.
7 27.2 | 24.5~31.5 | 246 | 0.09
8 27.5 | 22.7~31.9| 3.82 ; 0.14
9 27.9 | 25.9~40.2 \ 4. 68 [ D w

F-Values: Population(d.f.=2,57):0. 313"¢
Within Population(d.f.=57, 840) :16. 554%*
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Fig. 6. Frequency distribution of stomata row by
population.
Table 7. Average number of stomata row on adaxial
and zbaxial-side of needle by population
and significance of ANOVA

E%ﬁl‘la l Sxde \Te:m : Range ‘L S.D. C V
7| adaxial 524 |43~69| 1.05 | 0.20
8 5, ! 4.5~6.5 1.00 0.19
9 4. 4.0~6.7 1.03 0.21
7 5.6~8.1 1.50 0.21
8 6.1~8.9 1.20 0.16
9 5. 3~8.5 1.08 0. lf)
F-V:;Iues‘.: Populaiiond. .—:_,o‘) 1. 413" s- (amxm})

2. 6262-5- (abaxial)
Within Population(d.f.==57, 840):9. 816** (adaxial)
10. 962*%*(abaxial)

adaxial-side

Table 8. Corrclation coefficient between
and abaxial

-side of stomata row

equation (Y= dddxxal)
-1, EJZhJ:-LO )111

Y_
¥=20. 8968z +2. 6530
')7— 1. 192"1 {"0 8054

VP 30, 105} -

AT R=

104
L&
“ e
40 e
RO ‘
It
H
i
Numesr ol.- stomata row fabax a! sida}
Fig. 7. Frequency distribution of stomata row by
population.
Table 9. Average number of resin canal per needle
by population
Pnpulatlon[ Mean [ Range S.D. C.V.
7 6.7 4.6~9.4 1.46 0.22
8 6.6 5.9~9.4 1.15 0.17
9 6.1 2.7~8.2 1.50 0.24
100 f ‘\.
85
E )
40
20

5 - 10
Number of resin canal (Per ncedle)
Fig. 8. Frequency distribution of resin canal by
population,

Table 18, f‘unparwon of anatomical charactgrlsncs in the transverse section of needle.

Sam ]e{ hypodermls Resm car\al l Fxbrovascular bundle
Population ‘._}) LMO 0 e
size nliygj {Biform layer External ’ Mechal R.D.I \ Approached 1 Separated
7 300 : Z33 17 1974 J 44 0.022 i 259 41
8 300 | 277 j 23 1833 | 146 0.074 259 41
9 300 293 | 7 1770 | 69 0.038 256 | 4
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Table 11. Average width of 10-annual ring segment
by population and sngmﬁcance of ANOVA

Population l(\ﬂenr; ‘ Rangc (mm) \ S.D. l C V
7 42 0 { 34. 1'\104. 1 6. 32 0. 15
8 3.9 | 26.3~43.5 | 4.46 ‘ 0.13
9 5.1 y 18.3~37.0 4.31 1 0.17

F-Values: Population (d.f.=2,11):1.385"s
Ringsegment (d.f.=11, 266) :52. 257**

Table 12. Average breadth by 10-annual ring segment
by population (mm)

E%I:lula"‘Segmentl ?rine;? ‘ Range (mm) l S.D. ‘ C V

1~10 | 645 | 38.1~113.9 [16.66 | 0.26

; | 11~20| 50.2| 30.6~62.9 |9.56| 0.19
21~30 | 32.6 | 20.6~46.6 |7.93| 0.24
31~40 | 21.6 | 15.3~35.6 |571| 0.26

| I~10] 627 | 43.4~103.9 1486 | 0.24

‘1 11~20 | 38.6 25.1~59.5 |9.01| 0.23

8 l21~30 27.0 17.8~39.8 |5.66| 0.21
3A~40 20.6 | 13.2~27.8 |3.68 | 0.18
11~50 - 20.3| 11.9~30.6 |5.26 | 0.26

| 1~10| 38.3] 20.9~60.4 1208 | 0.32
11~20 | 27.9 | 12.1~47.2 | 9.52| 0.34

9 |21~30| 21.6| 12.3~36.9 |550 0.25
31~40 | 19.9| 12.5~34.4 |5.89 ' 0.30
41~50 | 19.5| 11.3~28.6 |5.10 ' 0.26
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Fig. 9. Average breadth by ring segments.

Table 13. Average summerwood percentage by
population and Anova.

Populatxon I Mean ‘ Range ' S D l Cv
7 26.8 18.1~33.1 .71 | 0.14
8 26.9 | 23.1~29.5 | 2.83 | 0.10
9 L 25.9 16.4~36.3 1. "4 0.07

I

F Value Populatmn (d f :2 11) 0. 4123“*
Ring segment (d.f.=11,274) :2. 0520%*

Table 14. Average summerwood percentage by 10-
annual ring segment by popu]ation.

Egﬁﬂa !Segment‘ Mean ’ Range S D. C.V.
1~10 | 30.1| 20.4~43.7 |6.21| 0.21

.| 11~20 ‘ 25.2| 16.0~30.5 |3.63| 0.14
21~30 ' 24.4| 16.3~20.9 |3.44]| 0.14

31~40 273 | 14.9~37.3 650 | 0.24

~10 ‘ 97.3| 22.0~36.9 | 3.72] o014

11~20 © 25.2| 19.3~36.8 | 4.54 | 0.18

8 |21~30  25.6| 18.0~32.6 | 420! 0.16
31~40  27.91 13.7~40.9 | 6.41| 0.23

41~50 | l 29.4 Jv 18.1~%.0 | 4.83| 0.1

1~10] 28.0| 14.0~60.1 |9.60] 0.34

11~20| 26.5| 13.9~36.4 |6.30 | 0.24

9 |21~30| 25.2| 16.9~38.3  5.73| 0.23
3~40 | 25.1| 16.6~35.2 | 5.61| 0.22
Al~0 | 25.0| 18.2~d9.2 | 7.02) 0.28
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Table 15. Average specific gravity by population and
significance of ANOVA

Population

| Ramge | SD. | CV.
7| 0424 0.364~0.525 | 0.041 0.09
8 0.434 | 0.371~0.504 | 0.04  0.08
9 0.443 | 0.381~0.503 | 0.03| 0.07

F-Values: Population (d.f.=2,11):2.00"
Ring segment (d.f.=11,274):2. 22%

Table 16. Average specific gravity by 10-annual ring
segment by population.

}}jgguld lSegmcnt’ Mean ’ Range S.D. C V
1~10 | 0.434 | 0.353~0. 555 O. 052 0. 12
" 11~20 | 0.415 | 0.257~0.496 | 0.050 | 0.12
21~30 | 0.405 | 0.247~0.459 | 0.046 | 0. 11
31~40 | 0.440 | 0.310~0.6C5 | 0.058 { 0. 13
1~10 | 0.405 | 0.351~0.514 | 0.045 O 11
11~20 { 0.434 | 0.347~0.737 | 0.084 | 0.19
8 21~30 | 0.418 | 0.293~0.468 | 0.041 { 0.10
31~40 | 0.452 | 0.382~0.608 | 0.048 | 0. 11
41~50 | 0.463 | 0.408~0.527 | 0.038 | 0.08
1~10 | 0.431 | 0.358~0.548 0.056 | 0.13
11~20 | 0.451 | 0.382~0.569 ' 0.049 | 0.11
9 21~30 | 0.446 | 0.387~0.552 + 0.039 | 0.09
31~40 | 0.448 | 0. 256~0.512 0.058 | 0.13
41~50 | 0.459 | 0. 354~0.536 \ 0.042 | 0.09
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Fig. 11. Average specific gravity by ring segments.
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Table 17. Average tracheid length by population and
significance of ANOVA

Populatlon ! Ngign ( Range (;A) S.D. C V
7 2713.9 | 2408.7~3050.6 | 164.71 | 0.06
8 2780.6 | 2269.1~3015.6 | 192.90 | 0.07

9 2794.0 | 2578. 3~2978.0 | 125.16 | 0.05

F-Values: F Populatxon (d. f.=2,11):0. 088"
Ring Segment (d.f.=11,273):25. 533**

Table 18. Average tracheid length by the 10-annual
ring segment by population.

Segment Ng )n

Popula

tion  Range () SD. IV“C._Y._

1~10 2204.81622. 0~2708. 5; 296.501 0.13
11~20 [2755. 3{2295. 0~3516. O‘ 340.033 0.12
21~30 [2914. 62424. 1~3429. 2 316.208| 0.11

31~4O 2988. 9:2389. 5~3823. 9} 379.379] 0.13

: INIO 2257.5 2| 247.749, 0. 11
11~20 |2684. 112138. 4~3152. 5| 280.627] 0.11

8 ‘ 21~30 {3031. 9)2300. 3~3633. 7| 325.982] 0.11
0

4

1799. 0~2645.

! 31~40 |2975. 52134 4~3659. 0] 314.942, 0.11
 41~50 3129 22673 9~365o 276 .350 0.09

1~10 2311 7(1810. 2~3007 4 332 181 0.14
11~20 |2672. 4[2154. 2~3098. 2| 218.464 0.08
9 | 21~30 (2884.1/2553. 8~3320. 8| 229.697] 0.08

| 31~40 [3058. 112495, 1~3492. 8| 305.418( 0.10

|
| 41~50 3079.5,2587. 1~756. 9 271. 155 0.09

) . P

3000 "‘:}:,,
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Fig. 12. Average tracheid length by the ring segments.
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Fig. 14. Comparion of coefficient of variation of in-
vestigated core characters by population.
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