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Management Planning and Change for Nineteen Years(1993~2011) of Plant Community of

the Pinus densifloraS. et Z. Forest in Namhan Mountain Fortress, Korea™

Kyong-Jae Lee’, Bong-Ho Han’, Hak-Gi Lee’ ", Tai-Hwan Noh*
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o] & AUEHO] 165%2 FA AU ARolA] BE AL, FR 4 Haak Abo]o] 4 HAlo] BEsk glc,
Hol 7hs Aol W AURYL 47%2 HIAEENL § Aol F2 BEsT Y9, Wolrk ABFA AtRYL
2.9%, EHFQ AUFYE 1%tk 1997 A4 T2 Wet A 23 2URY-AUE W FUEE SEg-H0
FRY Aol Y O Hol7} o Zelm, Agke] Auitel ket R Aol Sehugich Haa Aubry
of A BEOLe AR EAS Neldte] Bl UGS TESGL, el DG S 2URY ABH A 553,508,
AURY ABEAA S 1142930, 434 BIAS 205306m, Aol A9 1,169973mr0] 9.

ABSTRACT

This study, targeting Namhan Mountain Fortress which was designated as a No. 57 national historic site and
placed on the World Heritage Tentative List in 2010, was intended to identify the change of vegetation structures
by reviewing past references, pictures, research data and additionally conducting a site survey. Also, it was
designed to draw up measures for restoring vegetation suitable for historically and culturally valuable Namhan
Mountain Fortress. According to the biotope mapping of study site, Quercus spp. forest distributed a greatest
part of area with 40.8% of 2,611,823 m’. Pinus densiflora forest, highly likely to go through ecological
succession, was dispersed in the whole region of Cheongryangsan, the area from West Gate to North Gate and
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the ranges between South Gate to Cheongryangsan with taking 16.5%. Pinus densiflora forest with a low

probability of succession amounted to 4.7% and was dispersed mainly in the forest behind Namhansan

elementary school. Pinus densiflora going on the ecological succession is distributed a portion of 2.9%. And

the currently dying out Pinus densiflora forest amounted to 2.1%. As a result of analysis of the vegetation

structure for 19 years, the succession from Pinus densiflora forest to Pinus densiflora and succession from

Quercus spp. mixed forest to Quercus spp. forest to Carpinus laxiflora forest were predicted. Additionally,

Quercus spp. expanded its dominance over time. According to the characteristics of each classified zone, the

site was categorized into 553,508 m’ area of Pinus densiflora forest area for the landscape maintenance, 114,293

'’ area of Pinus densiflora forest area for the landscape restoration, 205,306’ area of Pinus densiflora forest

area for the disclimax, and 1,169,973’ area of Pinus densiflora forest area for inducing ecological succession.

KEY WORDS: WORLD HERITAGE TENTATIVE LIST, IMPORTANCE PERCENTAGE, PREDICTION
OF SUCCESSION, Pinus densiflora SECONDARY GROWTH FOREST
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Mountain Fortress
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Table 1. Area and ratio of actual vegetation of Namhan

Mountain Fortress

Division Ar?a Ratio
(m) (%)
A. Forest
1. Pinus densiflora forest 549,014 209
2. P. densiflora-P. koraiensis forest 4,497 0.2
3. P. densiflora-Quercus mongolica forest 42,764 1.6
4. P. densiflora-Q. variabilis forest 19,817 0.8
5. P. densiflora-Carpinus laxiflora forest 12,476 0.5
6. Q. mongolica forest 364,474 14.0
7. Q. mongolica-P. koraiensis forest 1,271 0.0
8. Q. mongolica-P. densiflora forest 39,001 1.5
9. Q. mongolica-Q. variabilis forest 461,184  17.7
10. Q. mongolica-C. laxiflora forest 165,308 6.3
11. Q. serrata forest 6,574 0.3
12. Q. serrata-P. densiflora forest 14,803 0.6
13. Q. serrata-Q. variabilis forest 3,798 0.1
14. Q. variabilis forest 61,222 23
15. Prunus padus forest 3,313 0.1
16. Acer mono-P. densiflora forest 1,615 0.1
17. Deciduous broad-leaved mixed forest 3,673 0.1
18. Zelkova serrata forest 6,623 0.3
19. C. laxiflora forest 4,179 0.2
20. C. laxiflora-Q. mongolica forest 79,985 3.1
21. Salix koreensis forest 20,546 0.8
22. Robinia pseudo-acacia forest 29,429 1.1
23. R. pseudo-acacia-Alnus hirsuta forest 4,156 0.2
24. R. pseudo-acacia-Castanea crenata forest 9,784 0.4
25. R. pseudo-acacia-Acer mono forest 2,632 0.1
26. A. hirsuta forest 15,078 0.6
27. A. hirsuta-P. densiflora forest 16,333 0.6
28. A. hirsuta-Ca. crenata forest 7,198 0.3
29. Ca. crenata forest 16,840 0.6
30. Ca. crenata-A. hirsuta forest 6,218 0.2
31. Ca. crenata-P. koraiensis forest 2,733 0.1
32. Ca. crenata-Q. acutissima forest 5,159 0.2
33. P. koraiensis forest 22,571 0.9
34. P. koraiensis-Fraxinus rhynchophylla forest 4,764 0.2
35. Abies holophylla forest 3,782 0.1
B. Grassland and waters
36. Grassland 6,179 0.2
37. Surface of the water 5,943 0.2
38. Bare area 49,445 1.9
C. Planted area with landscape tree
39. Planted area with landscape tree 30,996 1.2
40. Tree nursery 13,582 0.5
D. Farmland
41. Dry paddy 228,317 8.7
El. Urban area
42. Urban area 223,529 8.6
E2. Road
43. Road 41,018 1.6
Total 2,611,823  100.0
2) H2E /¥
MOES & 15§02 ERHGoH FTERol
40.8%= 71 & WAZ AAskL Qgloen Auigol
262%01 =, o] F Hol7ks/dol 2 £UFd 16.5%,
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Legend

1. Pinus densiflora forest
2. P. densiflora-P. forest

3. P. densiflora-Quercus mongolica forest
A. P. densiflora-Q. variabilis forest

5. P. densiflora-Carpinus laxiflora forest
6. Q. mongolica forest

7. Q. mongolica-P. koraiensis forest

8. 0. mongolica-P. densiflora forest

9. 0. mongolica-Q. variabilis forest

10. Q. mongolica-C. laxiflora forest

14. Q. variabilis forest
15. Prunus padus forest

16. Acer mono-P. densiflora forest

17. Deciduous broad-leaved mixed forest

18. Zelkova serrata forest

19. C. laxiflora forest

20. C. laxiflora-Q. mongolica forest

21. Salix koreensis forest

22. Robinia pseudo-acacia forest

23. R. pseudo-acacia-Alnus hirsuta forest

28, R. pseudo-acacia-Castanea crenata forest
25. R. pseudo-acacia-Acer mono forest

29. Ca. crenata forest
30. Ca. crenata-A. hirsuta forest

31. Ca. crenata-P. koraiensis forest

32. Ca. crenata-Q. acutissima forest

33. P. koraiensis forest

34. P. koraiensis-Fraxinus rhynchophylla forest
35. Abies holophylla forest

36. Grassland

37. Surface of the water
38. Bare area

39. Planted area with lands¢ape tree
10. Tree nursery

11. Q. serrata forest 26. A. hirsuta forest 41. Dry paddy
12. Q. serrata-P. densiflora forest 217. A. hirsuta-P. densiflora forest 42. Urban area
13. Q. serrata-Q. variabilis forest 28. A. hirsuta-Ca. crenata forest 43. Road

[ Pinus densiflora dominan{ forests

025 250 500(m)
Figure 3. Actual vegetation map of Namhan Mountain Fortress(Mar. 18, 2011)
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Table 2. Area and ratio of the biotope types of Namhan Mountain Fortress

i 49 2 gEold AFA Afolof At

Division Area(m’") Ratio(%)

1. Pinus densiflora forest with a low probability of succession 123,496 4.7
2. Pinus densiflora forest with a high probability of succession 430,012 16.5
3. Pinus densiflora forest with on-going succession 75,057 2.9
4. Pinus densiflora forest currently dying out 55,419 2.1
5. Quercus spp. forest 1,063,833 40.8
6. Deciduous broad-leaved forest 118,319 4.5
7. Artificial forest 146,678 5.6
8. Grassland 6,179 0.2
9. Surface of the water 5,943 0.2
10. Bare area 49,445 1.9
11. Planted area with landscape tree 30,996 1.2
12. Tree nursery 13,582 0.5
13. Dry paddy 228,317 8.7
14. Urban area 223,529 8.6
15. Road 41,018 1.6

Total 2,611,823 100.0
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Legend

5. Quercus spp. forest

7. Artificial forest
8. Grassland

1. Pinus densiflora forest with a low probability of succession
2. Pinus densiflora forest with a high probability of succession
3. Pinus densiflora forest with on-going succession

A. Pinus densiflora forest currently dying out

6. Deciduous broad-leaved forest

9. Surface of the water
10. Bare area

11. Planted area with landscape tree
12. Tree nursery
13. Dry paddy
14. Urban area
15. Road

025 125 250 500(m)

Figure 4. Biotope map of Namhan Mountain Fortress(Mar. 18, 2011)
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(I: Pinus densiflora community,

I: Pinus densiflora-deciduous broad-leaved community,
II: Quercus spp. community,
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Table 3. Mean importance percentage of major woody plants by the stratum in four community types of Namhan

Mountain Fortress

Community 10
Species Plot 5 7 10 15 16 17 18 22 23 24 27 28 3 4
Pinus densiflora 479 50.0 50.0 48.5 432 50.0 50.0 45.6 43.7 50.0 27.3 442 18.1 379
Carpinus laxiflora - - - 03 89 51 - 6.1 80 19 - 0.1:19.8 17.1
Quercus mongolica 1.1 07 - 03 15 12 07 26 34 03 93 02:163 0.6
Quercus serrata - - - 03 26 02 16 25 62 02 09 - - -
Prunus sargentii 83 06 210 - 100 25 03 178 162 14 62 7.0 20 1.6
Sorbus alnifolia 21 - - 1.5 42 - - 0.1 - 88 102 - 82 53
Acer pseudo-sieboldianum 82 47 174 40 86 26 24 05 04 190 173 0.1 35 3.0
Cornus controversa 56 31 - - - - 82 - - 43 02 47 - 33
Styrax obassia 89 20.1 7.6 379 166 175 181 115 42 26 50 196:120 12
Fraxinus rhynchophylla 07 08 0.6 - - 1.0 - 02 03 03 - 0.1i 05 3.0
(Table 3. Continued)
Community I m v
Species Plot 6 8 9 11 12 13 19 20 21 26 : 14 25 1 2
Pinus densiflora 31.1 52.1 458 394 229 377 502 303 244 477 27 31 - 6.6
Carpinus laxiflora 155 11.5 10.0 134 149 31.6 139 21.0 275 156 56 59 337 346
Quercus mongolica 114 1.7 43 139 74 18 6.0 199 183 0.6:198 7.1:31.0 15.7
Quercus serrata 41 22 36 7.8 192 24 - - - 39 165 21.7: - -
Prunus sargentii 122 35 - - 48 - 14 - - 1.0: 133 1.0: 2.1 42
Sorbus alnifolia 1.0 44 66 17 44 30 77 60 39 - 51 254 89 88
Acer pseudo-sieboldianum 11.8 2.1 101 87 184 09 - 09 120 04:308 219:17.1 63
Cornus controversa 1.6 - - - - 1.9 - 1.0 - 0.1 - - - -
Styrax obassia 51 154 137 94 3.0 107 46 93 81 137: 07 3.0: 40 88
Fraxinus rhynchophylla - 0.1 19 04 21 - 0.7 - - 04 - - - -
Lo Al B skl 8~10cm, 4 7]-& 30~50%, HE3F2 Hyt I 2m, 47
& 5~30%°]%0th 4 NVEUFF-AouFZ3)= 270
2) Q=!HI_|-I_'|I 7H§o}- Z/\]"?‘(l 2)01 a1 _U_E'_?—‘-_Q_ _,;]q_ AT 191’11 hy _—nL 6‘_*]1;(1
AX = 61+ o T > 0L T
Table 4= Fatibgoll A 287) AL UubA 7 A 22~25cm, 49§ 80~90%, ot E%S HF 1L 8m,
Bolth T TEURBWE 124 24TC7, 10,15 92 §247 T~bom, Aoks 050, BREL 9T
16, 17, 18, 22, 23, 24, 27, 28) o WEZ2 Ho 5 £ 2m, A9E 10%°] 3t
17~22m, 4 F3147 30~50cm, 43 E& 60~80%° ]M
oul, o WBFL BF 41 4~10m, FF Fuy 4~ O THE JULTX
Dom, 431% 10~80%0|i 3L B om A SR AAFE SHS BAR, @A TG
A& 10800l 2 TS JARILTDE & DIF) SR 91497} UKL ool
127} ZAME@3, 4, 6, 8, 9, 11, 12, 13, 19, 20, 21, 26)°] 3} 1L Ae Z2FWUE(LP.: 28.4%), AFEUT(LP.: 21.4%), § ¢
NEZ2 FHi 431 18~23m, B4 F2A7 30~50cm, FUS(LP.: 13.7%)7} 32513 Q3ich BEZoA= &
A& 60~85%, otilEF Bt i 6~13m, Bt §F SHUF(LP.: 23.7%), S UH(1LP: 11.9%)7F 8 =3
D47 T~15em, 43 & 50~70%, BEFE HE £ Folddrh & 2AE WA 2Tt $Ystm 9ot okm
2m, A3 10~60%0] 9. 233 B850 ARo] Hgo] oFsiel A7|HoR Uy
A MEHF T2 270 2ARE(14, 25)0] AL & g A4S oz gaHER aurgo g A
< Hat 3l 19~20m, Fat FalA % 20~35cm, 4] S29 #el7h dastgi
£ 70~75%, ol LEEE W 2 8~9m, BF FUAE 24 [(HABAGe AT 2URZH)E BEZo]
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Table 4. General description of the physical features and vegetation of surveyed plots

Canopy layer

Understory layer Shrub layer

Community Plot  Aspect Sl(;pe Height Mean Cover  Height Mean Cover  Height Cover

©) DBH . DBH . .

My OO ) ) ()

5 S80E 23 17 45 80 5 6 70 2 60

7 S40E 26 18 50 75 4 5 70 2 50

10 S80E 20 22 40 60 6 8 10 2 10

15 S20E 30 22 40 75 7 6 70 2 20

16 NS50E 25 20 40 75 6 6 70 2 40

(Pinus dIens iflora 17 N40E 18 20 45 70 6 6 70 2 40

. 18 N30E 23 22 50 80 7 6 80 2 20
community)

22 S70E 25 19 35 80 8 10 35 2 80

23 S65E 20 19 35 75 8 12 50 2 60

24 N8OE 13 20 30 70 10 10 70 2 25

27 N60E 28 20 35 80 8 10 70 2 60

28 S45W 20 20 30 80 4 4 80 2 70

3 S80W 30 19 30 80 8 8 60 2 40

4 NI9OE 30 18 45 70 10 7 60 2 40

6 NI10E 25 18 35 80 7 7 50 2 50

8 S70E 27 23 40 75 10 10 60 2 30

I 9 S50E 25 21 45 50 10 10 25 2 15

(Pinus densiflora- 11 S70E 20 20 40 70 10 12 60 2 40

deciduous broad-leaved 12 N8OE 23 21 35 85 12 12 50 2 40

community) 13 NSOE 22 21 40 60 13 15 70 2 50

19 NlOW 22 16 50 75 7 7 60 2 20

20 S30E 30 18 45 85 6 7 60 2 10

21 NS55E 25 19 35 80 8 10 70 2 15

26 N8OE 25 18 35 65 10 10 60 2 60

i 14 N40E 16 19 35 75 9 8 50 2 30
(Quercus spp.

community) 25 N75 15 20 20 70 8 10 30 2 5

i 1 S8OW 30 19 25 90 8 8 40 2 10

(Quercus spp.-

Carpinus laxiflora 2 S8OW 30 19 2 80 8 750 2 10

community)
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oItk & AL AR AU AU, AUy, &
} | WEZo|A BE3I QAN A7 H o7 )
4 Hol7b & ZS2 A ZE
(%Wr%l%%él)" WESAM AHR(LE.: 5.5%)
1 38.6%), AIZUHH(LP.: 20.8%)
MOQOHE oA FEFUR
2 20.6%), AOJUFEL(LP.: 11.5%)7}
#star At ﬁ%%ﬂHL S UTF(LP.: 33.8%),
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W
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PEE 20 2HES
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A

sy

d9] 1997H(1993~20114) A2 W3te}

et 567

i

Table 5. Importance percentage of major woody plants by the stratum in four community types

Community I I il IV
Scientific name c v s M v s M ¢ v ¢ M c U s M
Pinus densiflora 914 - 0.1 45.7:685 4.6 02 358! 55 - - 28 75 - - 3.8
Carpinus laxiflora 07 72 07 29 86 39.7 27 180: 2.0 11.5 22 52:37.8 433 5.7 343
Quercus mongolica 1.6 23 27 20i123 65 45 9.0:208 39 26 12.1:38.0 55 83 222
Quercus serrata 09 12 11 10 48 26 0.6 34:38.6 - 1.3 195 - - - -
Lindera obtusiloba - 02 21 04 - 46 0.8 - - 41 0.7 - - - -
Stephanandra incisa - - 119 20 - 38 06 - - 34 06 - - - -
Prunus sargentii 04 214 13 76 14 43 14 23 81 48 38 63 55 16 - 33
Sorbus alnifolia 23 49 03 28 19 11.2 0.7 48:21.3 206 1.3 17.7: 3.1 16.1 12.5 9.0
Rhus trichocarpa - 0.8 76 1.5 04 65 12 - - 30 05 - - - -
Acer pseudo-sieboldianum - 137 88 6.0 6.5 139 45 - 593 33.8 254 - 19.6 343 122
Cornus controversa - 52 21 21 1.2 13 06 - - - - - - - -
Rhododendron mucronulatum - - 1.2 0.2 - 0.8 0.1: - - - - - - - -
Symplocos chinensis for. pilosa - 03 18 04 - 23 04 - - 1.3 02 - - - -
Styrax obassia - 284 237 134 17.0 212 9.2 - - 128 21 - 134 86 59
Fraxinus rhynchophylla - - 20 03: 04 08 13 0.7 - - - - - - - -

*1: Canopy layer, 2: Understory layer,
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Table 6. Average DBH class distribution of major woody species of four commnuities

(Unit: 400 m*)

Community Plot No. Scientific name Shrub D, D3 Dy D5 De D7 Dg D9 D]() Dy Dy,
Pinus densiflora 0 0 0 0 0 0 0 2 8 2 3 1
17 Carpinus laxiflora 0 0 0 1 1 0 0 0 0 0 0 0
I Quercus mongolica 4 2 0 0 0 0 0 0 0 0 0 0
(Pinus Quercus serrata 4 0 0 0 0 0 0 0 0 0 0 0
densiflora Pinus densiflora 0 0 0 0 0 0 0 0 0 3 1 3
community) 5q  Carpinus laxiflora 4 o 0 1 0 0 0 0 0 0 0 o0
Quercus mongolica 8 0 0 0 0 0 0 0 0 0 0 0
Quercus serrata 4 0 0 0 0 0 0 0 0 0 0 0
Pinus densiflora 0 0 0 0 0 0 0 0 2 2 1 0
I 12 Carpinus laxiflora 0 1 4 4 1 0 0 0 0 0 0 0
(Pinus Quercus mongolica 8 0 1 1 0 0 0 1 0 0 0 0
densiflora- Quercus serrata 4 0 0 2 3 1 1 1 0 0 0 0
deciduous Pinus densiflora 4 0 0 0 0 0 0 0 1 2 1 2
broad-leaved Carpinus laxiflora 0 2 2 1 2 0 2 0 0 0 0 0
community) 21 Quercus mongolica 16 0 2 1 1 2 1 0 1 0 0 0
Sorbus alnifolia 16 2 1 1 0 0 0 0 0 0 0 0
Pinus densiflora 0 0 0 1 0 0 0 0 0 0 0 0
14 Carpinus laxiflora 0 0 0 0 2 0 0 0 0 0 0 0
it Quercus mongolica 0 0 0 0 1 1 1 1 1 0 0 0
(Quercus Quercus serrata 0 0 0 0 1 0 2 1 0 0 0 0
spp. Pinus densiflora 0 0 0 0 0 0 0 0 1 0 0 0
community) 25 Carpinus laxiflora 4 0 0 1 1 0 0 0 0 0 0 0
Quercus mongolica 8 0 0 1 1 2 0 0 0 0 0 0
Quercus serrata 4 0 0 0 0 4 2 2 0 1 0 0
Carpinus laxiflora 4 2 5 3 4 5 1 0 0 0 0 0
vV Quercus mongolica 12 0 0 3 2 2 1 2 0 0 1 0
(Quercus Sorbus alnifolia 12 2 2 1 1 0 0 0 0 0 0 0
spp.- Acer pseudo-sieboldianum 24 12 4 0 0 0 0 0 0 0 0 0
Carpinus Pinus densiflora 0 0 0 0 0 1 1 1 0 0 0 0
laxiflora Carpinus laxiflora 2 5 7 7 7 4 1 0 0 0 0 0
community) 2 Quercus mongolica 12 0 2 2 1 1 1 2 0 0 0 0
Sorbus alnifolia 12 8 6 1 0 0 0 0 0 0 0 0
*Dy: 2em < DBH<7cm, D;3: 7em < DBH<12em, Ds: 12em < DBH<17cm, Ds: 17em < DBH<22cm, Ds: 22em < DBH<27cm, D7: 27em <
DBH<32cm, Ds: 32em < DBH<37cm, Dy: 37cm < DBH<42cm, Dio: 42em < DBH<47cm, Dii: 47em < DBH<52cm, Di2: DBH>52cn
2718ttt 20114 87.4%% 7+45te] tfEAo]aHglo Figure 72 ¢4 T (aYE-GATAFTH) 2AH 21
o, 2ot FAse a4 de] yag gt sl o] 19934, 20054, 20119 F8 =d+Fo] 5948 A4
W € ASR 20l ] AURYS FAUAL Ao FUA S U o2 & IUTE GRAN Lol
2 gaERlt ofuEIME 3Ld°ﬂ A5 ol W A 7R2El AL Agleh 19939 w5
(15.2%), H5M47(21.3%) 5°I gfﬂ 3H3aL 20059 o = A 2U(58.6%)9F A oluh(18.8%)7F - ote 7he

AP UL(55.9%)9F A o] LFE(25.1%) 7} Tﬂa} 1 2011
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Figure 6. Change of importance percentage in community I (Pinus densiflora community, plot 23)
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Figure 7. Change of importance percentage in community II(Pinus densiflora-deciduous broad-leaved community, plot 21)
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Figure 8. Change of importance percentage in community III(Quercus spp. community, plot 25)



A

e

oXx,

AU 199 7H1993~20114) A4

oz
-
PN
rE
toh
o
i
C)
ok
rO

571

Lee et al(1990)9] Qo] o|ahil Waabao] 414
19809t &9 gatele] W) Lupe] Helo] gasa
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Table 7-2 d 207220l A BN RE A
sfof olgtA E4S BT Aolth B EHAT AG
EO14e, FAAE 67fLol9dy, EFAEE pH
4.10~4.520]9) o0 H pH 4330 ’&/\JEOJO]ME]'
7B 1.16~8.57%, Bt 433%2 U A2 AAE
B §718 T 6.40%5c e Abglo]glon] Hit
B AURER BE §7IBUEL 35T%R T
AUR ARG T FABYSTY BT 97180
ol 483%HE W& Ak B &4 - o] 4d
ol Fefo] ool §& AR 1.59~16.09mg/kgo] %
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Table 7. Soil Physicochemical Properties of Namhan Mountain Fortress

Community Plot pH ECl:5 OM. Avail-P CEC Ca Mg K Na Soil Texture
WI:5 dS/m % mg/kg cmol/kg cmol/kg
5 448 003 1.77 321 1866 129 1.15 038 0.7 Sandy loam
7 432 003 225 516 1435 0.9 0.1 058 0.15 Sandy loam
17 420 0.03 3.06 298 19.05 0.2 0.1 038 0.5 Sandy loam
(Pinus ;ens lora 22 414 004 544 401 1764 007 0.16 042 0.09 Sandy loam
community) 23 426 003 429 451 1913 0.03 004 042 0.09 Loamy sand
24 435 004 592 716 2266 099 030 0.56 0.17 Sandy loam
27 433 003 1.16 371 1811 0.7 0.09 040 0.12 Sandy loam
28 437 002 187 378 1474 027 023 046 006 Loamy sand
3 425 0.03 422 298 1788 0.05 0.09 041 0.1 Sandy loam
4 436 004 415 263 1788 0.19 0.3 047 0.09 Sandy loam
6 425 003 374 7.5 1835 0.06 0.09 035 021 Loamy sand
oI 8 433 004 7.69 326 2266 0.08 009 045 0.19 Loamy sand
(Pinus densiflora- 11 442 004 742 159 2838 0.05 008 043 027 Loamy sand
deciduous broad-leaved
community) 19 444 003 225 1467 1592 0.3 0.2 034 0.1 Sandy loam
20 452 0.03 265 523 1497 0.05 008 042 024 Sandy loam
21 423 004 857 260 2760 0.10 0.1 047 0.17 Loamy sand
26 433 004 436 215 2407 008 008 039 0.18 Sandy loam
I 14 410 0.04 694 433 2775 0.09 0.17 044 0.0 Sandy loam
(Quercus spp.
community) 25 438 0.03 381 347 21.17 0.08 0.07 037 0.10 Sandy loam
\Y
(Quercus spp- 1 451 002 245 1609 1552 0.0 007 046 0.12 Sandy loam
Carpinus laxiflora
community)
Total 433 003 433 538 2011 0.16 0.12 043 0.14 -
Non-agricultural soil* 4.80 - 6.40 5.60 - 227 0.70 0.25 - -

*Kim, K.H., J. Y. Yun and S.H. Yo00(1995) Distribution of Cs-137 and K-40 in Korean Soils. J. KOREAN SOC. SOIL

SCL FERT. 28(1): 33-40.
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AA it 538mg/kg o= | B2 AAEFS Ht 77]E AAT EATET tf7] e o] ARt gAtE T 3 Ao®
el 5.60mg/kgt 7 O] H]Sg ol qiTh A2 ol Ut Y] A7 Aztet Aoz statE . webA
< FeFe Wit Ca "= 0.16cmol/kg, Mg = 0.12cmol/kg G AU o] FFdh S-S QA= AEtE &
2 v A% AR EY} FFETh Weron K= 0.43cmol/kg 4= MAsfoF & Aol
Z HRAA AANEY Bttt 24 UEE
WA 2UR o Eofolgtet] EAE Ae Eat 5. AlM ntg|diot
(Park, 2005), ¢ 23 (Shim, 2010)7 vl sf & A}
EAL Feit o] AAY RO FARS A A2 AIYE, 2 AFolME IA - EHA e R THA7E Qe EEatkd
ASE, AER FAE o T3S AEGEST o Y7 5w 235 o] FAL wjA o] He LURH
EFAEE HeAA pH 4.14~4.48% 01 FAF U E o A HA 9 545 fIsto] @A v 9 A4
pH 4.07~6.60(§ 7 pH 5.00]3}), T35 pH 4.03~5.16 el HoE HeF Ay AEdAFRE Ldste] Aol
B} 2olt} {71 Tk daibdol Bt 3.57%E Hal 7tFeldo] ¥ aURH, Hol 7heAdo] w2 AuRY, A
71E AU Ht 3.30%, TEFU Hit 3.39%K Tt o] AYPFY aUFd, ZHF aurd, JUFRE, o
O A e T AgA ol S ey v Agdrd, dsd 2 2NN R LR
wate] K'E A9stites e Ao gy A& @I O A Te] B A= 2,611,823m" 5 Al7FS}
AL Y YT ES Hag 43 fU1E g vss) Ao S A9gt 2,043,080mE At ® sHelh A

Table 8. Management planning and characteristics of biotope type and plant community structure type in Namhan
Mountain Fortress

Plant community

Biotope type Characteristics of plant community structure Management plannin
pe typ structure type P vty Structt & p £
*The dominant species is Pinus densiflora in *Pinus densiflora forest
Pinus densiflora . . canopy layer. for the landscape
. P . .
forest with a low ”ngmﬁzzﬂom *Although some deciduous broad-leaved trees maintenance
probability of (10, 15 1%]) competing with Pinus densiflora grow in *Implementation of
succession T understory and shrub layer, the more stronger  continuous
dominant species is Pinus densiflora. mornitoring
. . . . *The dominant species is Pi densi in . .
Pinus densiflora Pinus densiflora P inus densiflora *Pinus densiflora forest
. . : canopy layer.
forest with a high community . .. for the landscape
o *The more stronger dominant species is .
probability of 5, 7, 17, 18, 22, . . maintenance
. deciduous broad-leaved trees than Pinus .
succession 23, 24, 27, 28) *Negative management

densiflora in understory and shrub layer.

Pinus densiflora-

. *Pinus densiflora competing with deciduous
Deciduous i petng

Pinus densiflora broad-leaved trees in canopy layer evenly. *Pinus densiflora forest
. . broad-leaved . S . O
forest with on-going . *The dominant species is deciduous for the disclimax
. community . . . . .
succession (3.4.68 9 11, 12 broad-leaved competing with Pinus densiflora  *Positive management
13, 19, 20, 21, 26) in understory and shrub layer.
Quercus spp. *Quercus spp. dominated the canopy layer
Quercus spp. forest community while Pinus densiflora went through natural *Ecological succession
(14, 25) selection.
. Qu_ercus SPP-- *Quercus spp. or deciduous broad-leaved trees
Deciduous Carpinus laxiflora . . . . .
. dominated the canopy layer while Pinus *Ecological succession
broad-leaved forest community

densiflora went through natural selection.

1, 2
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Figure 9. Zoning map of each forest types for the management targets in Namhan Mountain Fortress
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