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Transplantation Method of Damage Ecosystem Associated with Development of

the Borrow Pits™
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ABSTRACT

The aim of this study was to propose methods to transplant for the ecosystem damage borrow pits. The
research site is Junggun-dong Gwangyang-si Jeollanam-do. The total area of the site is approximately 199,026
m’, but the area damaged by exploitation of soil and rocks is about 84,200m’. This signals the transplanting
method to solve the problems of ecological destruction. The research will focus on the areas either which are
evaluated as damaged or in which the development is inevitable. Therefore, this study will investigate the
vegetation structure and their evolution, topological and soil character, and annual ring structure; in the end, the
study will propose compensating and restoring options. This study proposed the selection of trees and their
planting methods by using the models of the community transplantation(Quercus mongolica trees) and the tree
transplantation(Pinus thunbergii trees). The study set out plans that will attempt to restore the Quercus

1

2

3

* &

A 20124 449 59, A0 20129 6 18Y), AAEA 20124 6¥ 19Y

Received 5 April 2012; Revised(Ist: 18 June 2012); Accepted 19 June 2012

Aty distn 2735k} Dept. of Landscape Architecture, Gyeongnam National Univ. of Science and Technology,
Jinju(660-758), Korea(ecoplan@gntech.ac.kr)

At st 87 273t} Dept. of Environmental Landscape Architecture, Sangmyung Univ., Cheonan(330-720),
Korea(hkkang@smu.ac.kr)

o] = 2012W% FEsty|etistul 7] Ao oste] AFE S

WAl AR} Corresponding author(hkkang@smu.ac.kr)



EFE el o

F& e A o] Aot A 395

mongolica forests and 89 Quercus mongolica trees of the canopy layer trees, 153 middle layer trees, and 661

shrubs are suitable. The tree transplantation utilized the existing Pinus thunbergii trees. The number of

transplantation is 2,648. The total area of the transplantation topsoil is calculated to be 15,353 m’. These study

results must be contributed to reduce a damaged ecosystems and compensated damaged ecosystems for solving

the problem of damaged borrow pits.
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TREE TRANSPLANTATION
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Table 1. Research contents and procedure
Phase Research contents and Procedure
Topological
structure * Analysing the slope, aspect and the altitude of elevation by Arc-view programme
analysis
* The study mapped the status of vegetational distribution that resulted from topological structure,
Vegetation dominant species, and land-use. Considering the tree layer structure in the tree dominant region
1st Phase ecosystem * Vegetation quadrat survey for tipical communities: Scientific name, D.B.H., tree height, crown size
Ecological Analysis = Verifying the number of species, individuals and dominant species ages, etc., per typical
communities' units area(100m’).
= Soil layer-classifying the soil profile such as O, A, B(B1, B2) for calculating the amount of
Soil topsoil
environment = Physic-chemical characteristics of soil-analyzing pH, consumer electronics control, available

phosphate, organic content, etc.
* The selection of the indicators for transplantation when ecosystem is damaged

2nd Ph . . .

ne rhase * The selection of the transplanted types: to classify the transplanted types by research and analysis
Select indicators for . .

. * Tree transplant: to choose the transplantation areas and to select standard for transplantation trees
transplantation . . . . . .
* Soil transplant: to select standard for calculating the amount of transplanting materials by physical environment

3rd Phase

Propose * To calculate the amount of transplanting materials: the amount of tree transplant and soil transplant
transplanting option = Reclamation plan-to propose the restoration plan for this abandoned lands after soil transplant and rock transplant

for damaged areas
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Table 2. The area and ratio of elevation in research sites

. Research site Damaged area

Elevation 3 - S -
Area(m’) Ratio(%) : Area(m’) Ratio(%)
100m below than 11,850 5.95 8,445 10.03
100m ~ 130m 32,031 16.09 16,772 19.92
130m ~ 160m 75,060 37.71 57,198 67.93
160m ~ 190m 52,894 26.58 1,785 2.12

190m ~ 220m 18,378 9.23 - -

220m ~ 250m 7,731 3.90 - -

250m more than 1,083 0.54 - -
Total 199,026 100.00 84,200 100.00

Table 3. The area and ratio of slope in research sites

Slope Res}earch site Dan}aged area
Area(m’)  Ratio(%) | Area(m’) Ratio(%)
5° below than 14,762 7.42 6,576 7.81
50 ~ 15° 15,271 7.67 4,867 5.78
15° ~ 20° 20,045 10.07 6,349 7.54
20° ~ 30° 89,796 45.12 37,789 44.88
30° ~ 45° 56,371 28.32 26,733 31.75
45° more than 2,781 1.40 1,886 2.24
Total 199,026 100.00 84,200 100.00

Table 4. The area and ratio of aspect in research sites

Aspect Research site Damaged area
P Area(m’)  Ratio(%) | Area(m)  Ratio(%)
FLATLAND 17,312 8.70 7,738 9.19
NORTH 28,296 14.22 8,243 9.79
NORTHEAST 4,809 2.42 1,027 1.22
EAST 1,356 0.68 1,566 1.86
SOUTHEAST 26,996 13.56 15,476 18.38
SOUTH 22,361 11.24 17,968 21.34
SOUTHWEST 17,728 8.91 3,924 4.66
WEST 24,032 12.07 2,282 2.71
NORTHWEST 56,136 28.21 25,976 30.85
Total 199,026 100.00 84,200 100.00
2) e Y
(1) #EAM 2 HOE #Y
EAYFR L Ity -aE58, 559, Jur
2 FH0R F 187 R0 TEEGIE QA CelAE
SANE FA0E 2o oY ohtist EXstel A%
ste 7|t - 5E1(25.38%) 3 H&-27 v
7A(23.46%), AR A A 21 33%)
o] S-Fwolqltt. A H FR o= dHAI Ao A
A wEE 7.92%, AZUTE 2.83%0]%l o AR &
o AR 2 AU Sl Qe S A
H(1.55%) 7 A4 -5 3H(1.01%), HolgtAof 2l
L AZH )| AL R R0.96%) & AwHolglth. 7
AS wheh A2 89 =(0.69%)T H(1.26%), AH-S.
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Table 5. The area and ratio of actual vegetation in research sites

No Actual vegetation types : Research site : Damaged area
Area(m’) Ratio(%) Area(m’) Ratio(%)
1 Pinus thunbergii forests 15,772 7.92 3,174 3.77
2 P. thunbergii-Quercus aliena forests 3,077 1.55 - -
3 P. thunbergii-P. rigida forests 46,693 23.46 35,763 42.47
4 Pinus densiflora forests 658 0.33 2,070 2.46
5 Quercus mongolica forests 5,640 2.83 3,179 3.78
6 Q. mongolica-P. thunbergii forests 2,006 1.01 - -
7 Q. mongolica-P. rigida forests 1,915 0.96 1,942 231
8 Pinus rigida forests 5,652 2.84 - -
9  P. rigida-P. thunbergii forests 50,522 25.38 16,008 19.01
10 P. rigida-Q. mongolica forests 1 0.00 - -
11 Castanea crenata forests 42,449 21.33 10,405 12.36
12 Alnus firma forests 2,932 1.47 1,075 1.28
13 Shrub forests 5,569 2.80 2,785 3.31
14  Paddy field 1,360 0.69 1,190 1.41
15 Grass lands 6,352 3.19 - -
16  Field 2,500 1.26 - -
17  Abandoned lands 1 0.00 1 0.00
18  Road 5,927 2.98 6,608 7.85

Sum up 199,026 100.00 84,200 100.00
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Table 6. The area and ratio of biotopes types in research sites

Research site Damaged area

N Biot t g - 7 -
° tofope types Area(m’) Ratio(%) Area(m’) Ratio(%)
1 P. thunbergii multi layer structure forests 5,981 3.01 - -
2 P. thunbergii single layer structure forests 12,868 6.47 3,174 3.77
3 P. thunbergii single layer structure artificial forests 46,693 23.46 35,763 42.47
4 Pinus densiflora single layer structure forests 658 0.33 2,070 2.46
5 Quercus mongolica multi layer structure forests 7,647 3.84 3,179 3.78
6  Quercus mongolica single layer structure artificial forests 1,915 0.96 1,942 2.31
7 Evergreen coniferous artificial forests 51,295 25.77 16,008 19.01
8 Deciduous artificial forests 50,261 25.25 11,481 13.64
9  Shrub forests 5,568 2.80 2,785 3.31
10 Grass lands 6,352 3.19 - -
11 Cultivated area 3,860 1.94 1,190 1.41
12 Abandoned lands 0.00 1 0.00
13 Urbanized areas 5,927 2.98 6,608 7.85
Sum up 199,026 100.00 84,200 100.00
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Figure 3. The map of biotope in research site
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Domin?.nt Plot no. Canopy layer trees Middle layer trees Shrubs Sum up

vegetation Species Individuals Species Individuals Species Individuals Species Individuals

. 1 2 27 1 14 3 7 6 48

P thunbergii 2 2 30 3 35 7 7 1 72

5 2 14 2 20 8 18 9 52

P. thunbergii 6 2 7 4 9 6 9 9 25

-P. rigida 8 1 17 5 25 8 11 10 53

9 2 14 5 14 4 12 8 40

0. mongolica 7 1 7 4 11 9 12 10 30

10 3 15 5 8 7 18 11 18

P. rigida 3 2 18 3 11 12 18 14 47

-P. thunbergii 4 2 40 1 5 8 13 10 58

C crenata 11 3 3 4 13 1 1 4 16

12 1 3 1 2 2 13 3 18

Table 8. The sample trees of tree age and size

Plot Species name D.B.H.(cm) Height(m) Tree ages Plot Species name D.B.H.(cm) Height(m) Tree ages
Plot 1~2 P. thunbercii 12 17 21 Plot 7 0. mongolica 21 8 32
P. rigida 14 7 22 Plot 8~9 P. rigida 10 7.5 25
Plot 3 P. thunbergii 12 8 21 P. thunbergii 12 8 27
Plot 5~6 P. thunbergii 11 8 22 Plot 10 0. mongolica 10 7 27
P. thunbergii 21 11 27 Plotl1~12 Castanea crenata 14 7 18

Table 9. The analysis results of soil physical factors in research site

Plots of typical communities pH ECU:5) oM Avail. P Ex-Cation (cmol/kg) Texture
1:5 dS/m % mg/kg Ca Mg K Na

P. thunbergii- 5~6 4.87 0.05 2.52 2.49 0.12 0.07 0.07 0.06 sandy loam

P. rigida 8~9 4.78 0.02 1.77 1.49 0.12 0.05 0.16 0.07 sandy loam

Q. mongolica 7 4.70 0.02 2.72 1.64 0.03 0.04 0.07 0.06 sandy loam
Mean 4.78 0.03 2.34 1.87 0.09 0.05 0.10 0.06

Cultivated soil(topsoil)** 5.80 - 1.90 216.00 4.60 1.40 0.59 - -

Uncultivated mountainous 4.80 ) 6.40 5.60 297 0.70 025 ) )

soil**

** Kim K.H., J.Y. Yun and S.H. Yoo(1995) Distribution of Cs-137 and K-40 in Korean Soils. Journal of Korean Institute of Soil

Science and Ferthilizer 28(1): 33-40. (in Korea, with English abstract)
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Table 10. The status of soil layers in typical communities (unit: cm)
Communities Plot Litters layer Organic material layer A layer Bl layer B2 layer Depth of the topsoil
P. thunbergii 1-2 1.5 2 2 18 - 23.5
. . 5-6 1 0.5 3 5 over 15 9.5
P. thunbergii-P. rigida A 5 s 3 0 - 2.3
i 7 3 2 2 15 - 22
Q. mongolica 10 0.5 0.5 10 30 over 15 41
P. rigida-P. thunbergii 3-4 1 0.5 5 10 over 15 16.5
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Table 11. The selecting standard for tree transplant and tree communities transplant

Standard for selecting Contents
Vegetation e . . . .
. * Non-autogenous artificial species and other species that lack ecological succession should be excluded from
delelopment(Ecological ) 1
. transplantable plants’ list
succession)
Nature To protect the ecological succession and restoration regard to list P. rigida, C. crenata, ect.,, as
non-transplantable trees. As an exception, soundly well growth of C. crenata is able to transplantable tree
Tree Size * To consider autogenous after tree transplant, it should be transplanted the tree that has got D.B.H. 20~30cm,

naturalized species, good tree form, short culm trunk and upright tree form.

Growth and development
of tree trees

* Transplant trees of transplanted communities while excluding overtopped trees, half-dead trees, and pest-infected

Status of tree form and

tree trunk, ramification  many sprouting.

* Excludes underperforming trees due to loss of competition with other species in addition to trees that have too
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Figure 5. The map of communities transplant and tree
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Table 12. The area and ratio of communities transplant and trees transplant
No. Forest type Area(m’) Ratio(%)
1 Q. mongolica forest for communities transplant 3,179 3.78
2 P. rigida forest for trees transplant 38,937 46.24
3 Usage topsoil 71,547 40.73
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Table 13. Biotope type, plant species and individuals for communities transplant

Vegetation type . Size ..
» L : Ind 1
(area:) ayer Species DB.H (om) Feight(m) Crown(m) ndividuals Sum up
Canopy layer . 9 % 223
troes Q. mongolica 14.5(8~21) 7.5(6~9) 4.4x3.6 223 individuals
Q. mongolica 5.5(5~6) 4.3(4~4.5) 2x1.5 64 .
Middle layer  Vaccinum oldhami 2.5(2~3) 1.6(2.5~4) 1.8%1.5 127 4 53"86;‘“
trees Corylopsis coreana 2.5(2~3) 3 2x2 64 individuals
Juniperus rigida 2.8(4~7) 2.3(3~6) 0.9x0.9 127
Q. mongolica Juniperus rigida - - 0.2x0.2 127
communities Rhododendron mucronulatum - - 0.6x0.6 255
transplant Rhododendron yedoense var.
(3,179) poukhanense ) ) 0.7%0.7 509 .
Understory layer Lespedeza cyrtobotrya - - 0.2x0.2 127 9 181366503165
trees Vaccinum oldhami - - 0.8%0.8 127 in di,vi duals
Corylopsis coreana - - 0.4x0.4 127
Ligustrum japonicum - - 0.2x0.1 127
Quercus serrata - - 1.2x1.2 127
Smilax china - - 0.3x0.3 127
2ol A/|AURE AT BE 6619%, BAUR 39 A Zuol = AN nw & Ao A4 BEFL
FRA F 701032 AAHEGOH, ofuEZAE B7]  15353m'R AP Eglon, FetolAx|el AdURYe]
CHELRE AORH 3502 3 SASIF, LR 389 Al EEZolt 4lm2A] ol 4thabA] WA 3179 4
+, TIH—?;L}—,— 719524 & 6,61957} o]AlgFo g2 AL x] 93le] REZFS A A} 1,303m' 0] ek S50 A%
ek BESAM = 11502 F 29 592—r7P A= o xR wE-QEd, wEHY ZELolE
A Z(7,787F), AZUI4,673F), ADEE,112%), & 16.5~26.5m0]| 3o o] AmAof 2-g3510] 2F2} 5,901,
]

of 7}
PREolch 1 9] 27 chanks S0 4
o g
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Zo| 247} 155854 o|ABaFoz AE ek ofgfat & FYL 5082w APYE QATKTable 14).
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AR, A D AAERE wefstol AAgely O 4TSS B8Y SEs 39
40%0] AFE = BBF| T 264857 AT oz (1) 7|B2WE
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Table 14. The amount of available topsoil excavation by biotope types

No Biotope type Area(m’) Topsoil volume(m')
1 Quercus mongolica multi layer structure forests 3,179 1,303
2 P. thunbergii single layer structure forests 3,174 841
3 P. thunbergii single tree layer structure artificial forests 35,763 5,901
4 Quercus mongolica single layer structure artificial forests 1,942 785
5 Evergreen coniferous artificial forests 16,008 1,441
6 Deciduous artificial forests 11,481 5,082

Sum up 71,547 15,353
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Table 15. The restoration methods and techniques for compensation plan

Scheme Detail transplantation methods Area(m’)
* Q. mongolica communities transplant in good condition
Communities = Canopy layer trees: Q. mongolica(the total transplantation of tree: 89 trees, 7 trees per 100m’)
transplant = Middle layer trees: Q. mongolica, V. oldhami, C. coreana, ect. 1302
(the existing (the total transplantation of tree: 153trees, 12 trees per 100m’) ’
forest) = Understory layer trees: R. mucronulatum, R. yedoense var. poukhanense, Lespedeza cyrtobotrya,
C. coreana, V. oldhami ect.,(the total transplantation of tree: 661 trees, 51 trees per 100m’)
* Creating decidous landscape and buffer forest via the transplantation of exisiting P. thunbergii
Trees transplant ° Canopy layer trees: P. thunbergii(the total transplantation of tree: 2,648 treea, 15 trees per 100m’)
(the existing = The buffer green area where is located in parking area boundary improves a buffer function through 45,292

forest) the alternation of tree planting.

= And also promotes a visual effects via R. yedoense var. poukhanense planting in understory layer

(2) OA422 HBH =BAUAY
EARY BUA Qo BAE FHRE /|E A7
22 2eolAS B BUY 24, Beo|AA FARE
e 7)E B4 olAS BT A8 L 939 24S
Ak, AEAL] 2eolae] glojA AR
243t0] 4P| BAL Eust, o4zl Qi =
QR 13020 EA LB AZUE 89%, ofnEd

1535, A5 66157 AT A 02 A OHR o
A 100 55 75, ohilES 125, g 5157}
AR Ao 2AEG pEol4 S e Fehaed
S8 FEstglon], & Ha 4529209l 7|29 5&
oAl F 2,648, TIHA 100mF 1557} 275 Ao
2 AFREGtH(Table 15). & A7t= APF22 SH A
BAFE 20°013, A EE-S dLesto] AAETFA 40%
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Forest 92: 33-41. (in Korea with English abstract)
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