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ABSTRACT

For the purpose of evaluating the restoration effect of vegetation, in this study, the areas where vegetation
was restored had been monitored for 6 years, from 2008 to 2013. The areas were restored through some
techniques by utilizing forest resources and nearby forest resources: biotope restoration method, forest topsoil
paving method and small diameter trees planting method. Biotope restoration method is indicated the most
similar properties to the existing natural forest just after they were restored because the forest likely to be
deteriorated was transplanted. Forest topsoil paving method is expected that long-time will be taken for plants
to grow to form the tree layer. However, the method is expected to acquire high restore the places of empty lands
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such as cutting areas. Community planting method is coverage can be increased for short time, relying on the

sizes of planted trees, and the tree layer can be formed. Consequently, this method is expected to create high

effect if the sizes of trees are considered after the right judgement of candidate site for restoration. This study

is meaningful in that each type of restoration is monitored to observe the change of triggered by the succession

process to forest. The study results can play as the reference data which can be utilized and applied to the area

requiring vegetation restoration or to the area facing the damage of forest resources.
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TOPSOIL PAVING METHOD
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Table 1. Status of the surveyed sites
Planting Status in 2008
. - - . .| Number
Plots* | Community Species Number of species | Number of individual |Plot size of plot
C** U S c|u|s|T]|C U S T
Lo, Om, Ea, Ps, | Ps, So, Jr, Ks, Om,
ok
Om Os, Fr, So Lo, Ss 1|77 ]10] 1 171 9 | 27
m, Cc, Ps, Rt
A | Om-Os Com. Om, Qs, Pr, Qv o So, Os Fr 416 1 9 6 15 1 22 | 5mx5m 4
Os, Qv, Om So, Rt, Jr, Ea, Pr So, Lo, Rt 3 5 3 9 3 10 4 17
Om, Qs, Pr, Qv| Sa, Ea, Om, Ps 4 4 - 7 5 7 - 12
Om Se, Q’”’SOLO’ Rom, At, Ch, Oa 1|s|3]|s8|1]6]9]16
Om Sc, Rm, At, So Fr 1|4 |1]6 1 5 3 9
B m Com. Smx5m 4
¢ Ps Om, So. Os, Cm, 15| -6 1|7]-]s8
Ws
Sc, Ps, Rt, Ch,
Om Oa, Os, Cm Fr, Qa, Os, Cc 1|74 ]10]| 1 7 4 12
Ov, Om, Os Om, QOs, So Fr, Ea 3131216 5 6 3 14
- Om, Qv, Os, So - - 4 - 4 - 10 - 10
C |Om-Ov Com. Rm, Om, So, Qa, Smx5m 4
Om Ce. Os, Rt Rm, Ps, Ch 1 713109 1 14 | 3 18
So, Om, Qs Ks - 3 1 4 - 4 1 5
D - - - - - - - - - - - | Smx5m 1
) Om, Rm, Fr, Eu,
- Om, Ps Lo, Ps -1 21616 - 2 17 | 19
Ps, Rm, Om, Eu,
E Om Com. - Om Ce, %o - 1 6|6 - 1 22 | 23 | 5mx5m 4
- - Ps, Om, Eu, Lo - - 4 4 - - 13 13
- - Om, Rm, Lo, Ps, Eu| - - 5 5 - - 15 15

* A: Control site, B: Biotope restoration method-A, C: Biotope restoration method-B, D: Forest topsoil paving method, E: Small diameter trees planting method
** C: Canopy, U: Understory, S: Shrub, T: Total
*** Qa: Quercus aliena, Ch: Corylus heterophylla, Rt: Rhus trichocarpa, Ss: Securinega suffruticosa, Qv: Quercus variabilis, Jr: Juniperus rigida, Sc:

Symplocos chinensis f. pilosa, Pr: Pinus rigida, Fr: Fraxinus rhynchophylla, Cc: Castanea crenata, Ws: Weigela subsessilis, Eu: Elaeagnus umbellata, Ps:

Prunus sargentii, Lo: Lindera obtusiloba, Qm: Quercus mongolica, At. Acer tataricum subsp. ginnala, Cm: Crataegus maximowiczii, Ks: Kalopanax

septemlobus, Qs: Quercus serrata, Rm: Rhododendron mucronulatum, So: Styrax obassia, Sa: Sorbus alnifolia, Ea: Euonymus alatus f. ciliatodentatus
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3) Am 5} 495}19ICKTable 2).
AL wlelsly] o5 TaThEA Wk AR AAlEH W= HIkE FodE AuEy, wenFo] Ff 6|t
dou ot ZATH R WEZI} ofmEZo| Yl 4= B =S R 53.91%, B EO|A 5 H-A 28.48%,
= M9 EO|AZH-B 14.18% etk 2T FH 4o

(Ki and Kim, 2012).

4) IAE

TAE 2AE 24} A 7PRjeh ko] A Belalof
TAfof RS ZARSRIY,

Ao YW oy

1) O|E H3}
Zk ZARO] Tl B AR W5, ofuES, WS
D9 3 7|50 =2 6(2008~2013W)7F A= Tk W

o] A1E Bl 2FOo|AFH-A, Hl2Fo|AFH-B= 2o
vl P o 78zt 25.43%, 39.73%p WA YERt 9
out BUEY AP SHRLE =7t SRSk Qlo] o'
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o] A9 HyE o] XY A B {3l W} 2 3
2} &9on, 2008E RAF A] A7 Tl® ZFol7) 7
T ALtz AR ERHAA A2 AR REEA
A9 A Eo] EHBHA] ot 54.48%p2| xfolE H It
I3} 201349 RAMAME = 2po|7} 7P 2 AL gl
Tof At TR Yol ot 1% A= 23.76%pE 6
(2008~2013W)7F ol == H% 27} 30.72%p 20159
ot W55 B v eFolAEE-A, HeFolAEH-B7}
2ot FARE =5 e Sl

AA o BEAA3 2AE 2 24 21320084) =z
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Table 2. Change of vegetation coverage among control site and restoration types

Plots |5 Year 1 2008) S:r‘j;%o‘:)%) 2nd(2009)  3rd(2010)  4th(2011)  5th(2012)  6th(2013)  Average
Canopy 67.20 48.88 48.88 47.16 47.64 56.04 61.60 53.91
. Understory 54.48 62.04 61.56 60.04 55.44 51.68 43.76 55.57
Shrub 520 4.00 4.00 3.40 2.44 2.68 2.16 3.41
Total 91.16 90.60 90.60 87.48 85.56 87.52 87.92 88.69
Canopy 28.00 28.32 2636 2636 2636 30.76 33.20 28.48
p  Understory 3924 40.56 43.08 4328 43.44 41.88 44.04 4222
Shrub 3.80 1.48 2.08 2.64 3.72 636 12.72 4.69
Total 61.40 60.96 61.56 61.68 62.20 64.32 69.04 63.02
Canopy 10.40 10.40 12.88 12.68 15.12 18.60 19.16 14.18
Understory ~ 44.04 44.04 44.68 44.44 31.32 40.32 40.96 41.40
© b 1.68 1.68 1.68 1.40 248 1.24 3.92 2.01
Total 51.96 51.96 55.36 54.48 54.68 54.88 56.12 5421
Canopy - - - - - - - -
b Understory - - - - - 21.92 20.00 5.99
Shrub ; ; - ; 33.60 20.64 23.05 11.05
Total ; ; - ; 33.60 40.96 40.60 16.45
Canopy - - - - - - - -
L, Understory 1.48 1.48 0.60 - 19.20 31.08 40.84 13.53
Shrub 18.60 18.60 18.72 21.72 19.20 13.04 19.52 18.49
Total 20.08 20.08 19.32 21.72 38.44 43.76 58.08 31.64

* A: Control site, B: Biotope restoration method-A, C: Biotope restoration method-B, D: Forest topsoil paving method, E: Small diameter trees planting method
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Table 4. Various species diversity analysis among restoration types

Plots Year H'(Shannon) J'(evenness) D(dominance) H'max

15t(2008) 1.9354 0.8962 0.1038 2.1607

Follow up survey(2009) 1.9138 0.9097 0.0903 2.1049

2nd(2009) 1.9138 0.9097 0.0903 2.1049

Control site 3rd(2010) 1.9138 0.9097 0.0903 2.1049

4th(2011) 1.7719 0.9363 0.0638 1.8952

5th(2012) 1.7606 0.9304 0.0696 1.8952

6th(2013) 1.7423 0.9367 0.0634 1.8618

15t(2008) 1.8448 0.9267 0.0733 1.9914

Follow up survey(2009) 1.8448 0.9267 0.0733 1.9914

, , 2nd(2009) 1.8755 0.9296 0.0704 2.0209

B‘Ot‘;ljeﬂfeztfiat“’n 3rd(2010) 2.0976 0.9373 0.0627 2.2373

e 4th(2011) 2.1819 0.9454 0.0546 23067

5th(2012) 23372 0.9421 0.0579 24818

6th(2013) 2.3341 0.9415 0.0586 2.4806

15t(2008) 1.5666 0.9299 0.2913 1.6904

Follow up survey(2009) 1.5666 0.9299 0.2913 1.6904

' _ 2nd(2009) 1.5119 0.9405 0.2807 1.6185

B‘Ot"petﬁezt‘ga“"“ 3rd(2010) 1.4789 0.9352 0.0648 1.5890

e 4th(2011) 1.6126 0.9424 0.2788 1.7199

5th(2012) 1.6505 0.9427 0.2785 1.7584

6th(2013) 1.6978 0.9346 0.0654 1.8233

 4thQ2011) 0.9434 0.6806 0.3194 1.3863

Forest :;’ptsﬁlh PAVINE  5th(2012) 0.9435 0.6806 0.3194 1.3863

e 6th(2013) 1.0431 0.5822 0.4178 1.7918

15t(2008) 1.3538 0.8286 0.1714 1.6448

Follow up survey(2009) 1.3913 0.8284 0.1716 1.6904

. 2nd(2009) 1.3188 0.8285 0.1715 1.5992

Small diameter trees 5 450, 1.4240 0.7984 0.2016 17847

planting method

4th(2011) 1.6077 0.8128 0.1872 1.9793

5th(2012) 1.6504 0.8196 0.1805 2.0127

6th(2013) 1.6798 0.7898 0.2102 2.1340
2] A HEPF FokA = %oy ohulES 4% HUE o] Jsﬂﬂt B AEBA AT EolEaL 9
o] JAstHA WEZOE F9E WS nEFo T = A2 E 5 Sk 5K A5 AuE, BleFo)4]
£ Sojual ofuEEo T4 ol A HAth  FH-AE A3(2008W) ZAMIA 11.374A01d Zlo] 3ahd
H| @ 5ol A H-A, Bo] 73 lL o WSt 24 e (011 RAfOA= 14.070A| 2 62A(2013) %= RA}

WA= ket Agte] 73‘4@}011 uel 254 WIS Hol
7] A &slgich AR R EZ A AL 321d(2011 W)= RAF
FE WSl A +°l HE7] AlAs 532013 =
ZAP| A= ofalES WE Fo| WHEE7] AlFstAnh &
ﬂ%ﬁ%&‘lﬁﬂ"ﬂ S BUERe] AYE= 6 Ft
olmBEo| ol suf o4 Z7keh Ao PAE T

2 Ao B A A A, o] Aol

o A= 18.070A 2 SVt o, H] 2 Fo] 45 H-B(11.8
AA(20086) — 12.57A|(20114) — 12.871A](2013d)),
AR FE LR A07]A(2008F) — 29.07§7](2011H) —
99.07]A1(20139)), 473 =241 2 2] <(17.5 7] 4](2008 )

— 19.57§A|(20114d) — 28.074(2013)) E3t U E

of AAHWA ARG B Soluhn G AL AT
% gk
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Table 5. Similarity index among control site and restoration types

Control site

Plots Year 1512008) 5;2% 0‘(‘)"9) 2nd(2009)  3rd(2010)  4th(2011)  5th(2012)  6th(2013)
1s(2008) 43.90 38.37 38.22 38.27 38.61 40.28 37.15
Follow up survey(2009) 42.78 37.25 37.10 37.15 37.78 39.16 36.03
Biotope 2nd(2009) 4271 37.18 37.03 37.08 37.67 39.09 35.96
restoration  3rd(2010) 4221 36.68 36.53 36.58 36.95 38.59 35.46
method-A  4th(2011) 4272 36.82 36.67 36.74 36.31 38.51 35.66
5th(2012) 43.05 36.73 36.57 36.51 35.84 39.55 36.42
6th(2013) 49.01 42.74 42.58 4252 4134 4533 4233
1st(2008) 66.06 60.97 60.75 60.64 60.85 62.21 59.89
Follow up survey(2009) 66.14 61.05 60.83 60.72 60.94 62.29 59.97
Biotope 2nd(2009) 66.62 61.53 61.31 61.20 61.41 62.77 60.45
restoration  3rd(2010) 66.10 60.66 60.44 60.27 60.49 61.85 59.20
method-B 4th(2011) 63.40 58.89 58.64 58.63 59.25 58.72 55.74
5th(2012) 63.25 58.50 58.29 58.29 60.11 58.87 55.89
6th(2013) 62.76 58.04 57.82 57.71 58.32 58.08 55.10
Forest topsoil ~ 4th(2011) 5.63 5.63 5.63 5.63 5.63 5.63 5.63
paving 5th(2012) 7.51 7.51 7.51 7.51 751 7.51 751
method 6th(2013) 14.13 14.13 14.13 14.13 14.13 14.13 14.13
1st(2008) 32.72 26.40 26.24 26.18 26.09 29.76 27.26
Follow up survey(2009) 32.72 26.40 26.24 26.18 26.09 29.76 27.26
~ Small 2nd(2009) 30.85 26.18 26.02 25.96 25.87 29.54 27.04
d‘amletetr. trees  314(2010) 10.80 10.80 10.80 10.80 10.80 10.80 10.49
I:ni?hl(r)lf 4th(2011) 27.90 25.18 25.02 24.96 24.87 27.46 25.92
5th(2012) 27.88 26.43 26.27 26.21 26.12 27.44 26.53
6th(2013) 2233 22.07 22.07 22.01 21.01 2222 21.64
Table 6. Number of species analysis among restoration types (Unit: 25 m*)
Plogs* 1s(2008) S frovli% 0‘:)%) 2nd(2009) 3rd(2010) 4th(2011) 5th(2012) 6th(2013)
¢cs* U §$ T C U S T C U S T C€C U S T C U S T C U S T . C U S T
A 133 53 29 88 23 58 28 83 23 58 25 8323 58 25 8325 40 13 68 30 38 20 68 30 35 15 65
B 10 53 20 75 1.0 58 13 75 08 60 15 7808 60 33 9508 63 3.8 103 1.0 68 63 125 13 7.5 48 123
C 110 43 15 59 08 43 15 58 10 40 15 55 1.0 40 15 53 13 40 23 60 13 48 20 63 13 45 25 68
D | - - - - - o ... ... ..o . 40 40 - 30 20 40 - 40 60 6.0
E - 08 53 53 - 08 55 55 - 05 50 50 - - 60 60 - 30 58 73 - 50 43 75 - 58 53 88
* A: Control site, B: Biotope restoration method-A, C: Biotope restoration method-B, D: Forest topsoil paving method, E: Small diameter trees planting method

** C: Canopy, U: Understory, S: Shrub, T: Total

Table 7. Number of individuals analysis among restoration types

(Unit: 25 m?)

Plot* 15t(2008) s:r(;lel%ol(l)%) 2nd(2009) 3rd(2010) 4th(2011) 5th(2012) 6th(2013)
¢ct* U S T C U S T C U S T CU S T CU ST CUST CUST
A 43 11.8 3519525 123 3.3 18.0:2.5 123 3.3 18.0i{2.5 123 3.3 18.0: 2.8 93 2.0 14.0{35 85 28 148:35 7.0 2.0 125
B 1.0 63 40 11.3i1.0 7.3 3.0 113:0.8 7.0 3311508 78 4.8 133:08 80 53 14.0:1.0 83 9.0 183i13 9.0 7.8 18.0
C 1.5 85 18 118:13 88 18 11.8:15 83 1.8 11.5:1.5 80 1.5 11.0i1.8 80 2.8 12.5:2.0 85 23 128i2.0 8.0 2.8 12.8
D - - - - - - - - - - - - - - - - - - 29.0 29.0: - 3.0 26.0 29.0: - 4.0 95.0 99.0
E - 0.8 16.8 17.5¢ - 0.8 16.8 17.5¢ - 0.5 16.5 17.0i - - 180 18.0: - 55 14.0 19.5: - 93 10.5 19.8{ - 11.8 16.3 28.0

* A: Control site, B: Biotope restoration method-A, C: Biotope restoration method-B, D: Forest topsoil paving method, E: Small diameter trees planting method
** C: Canopy, U: Understory, S: Shrub, T: Total
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Table 8. Change of basal area among restoration types (Unit: cm)
Canopy Understory Total
Plots Year Sum of No. 'of Average Sum of No. .of Average Sum of No. .of Average
BA* Indi. BA Indi. BA Indi.
15t(2008) 1,32448 17 7791 . 59126 47 1258 191574 64  29.93
Follow up survey(2009) 1,133.11 10 11331 = 869.92 49  17.75 : 2,003.03 59  33.95
2nd(2009) 1,19288 10 11929 . 907.77 49 1853 : 2,100.65 59  35.60
C"(?gglmf)ite 3rd(2010) 123503 10 123.50 93482 49  19.08 = 2,169.85 59  36.78
4th(2011) 1,359.64 11 123.60 = 75148 37 2031  2,111.12 48  43.98
5th(2012) 1,555.60 14 11111 . 39749 34 2051 | 1,953.09 48  40.69
6th(2013) 1,741.81 14 12442 60481 28  21.60 | 234662 42 5587
st(2008) 984.63 4 24616 669.63 25 2679 | 1,65426 29  57.04
Follow up survey(2009)  999.39 4 24985 79288 29 2734 | 1,79227 33 5431
Biotope restoration  214(2009) 900.15 330005 92200 30 3073 | 1,822.15 33 5522
method-A 3rd(2010) 943.70 3 31457 94740 31 3056 | 1,891.10 34  55.62
(100m’) 4th(2011) 96029 3 320.10  1,01466 32 3171 | 197495 35 5643
5th(2012) 1,085.89 4 27147  1,010.08 33 3061  2,09597 37  56.65
6th(2013) 1,182.40 5 23648  1,03649 36 2879 | 221889 41  54.12
15t(2008) 468.04 6 78.01 © 1,290.84 37  37.97 | 1,758.88 43  40.90
Follow up survey(2009)  478.41 6 79.74 | 133243 34 39.19 | 1,810.84 40 4527
Biotope restoration  214(2009) 492.30 6 82.05 133800 33 4055 1583030 39  46.93
method-B 3rd(2010) 522.81 6 87.14 130301 32 4072  1,825.82 38  48.05
(100m’) 4th(2011) 65527 7 9361 129800 32  40.56 | 195327 39  50.08
5th(2012) 866.70 8 10834 1,I87.17 34 3492 205387 42  48.90
6th(2013) 913.66 8 11421 121099 32 37.84 . 2,12465 40  53.12
Forest topsoil paving: 5th(2012) 27.00 3 9.00 27.00 3 9.00
method

@sm) 6th(2013) 3702 4 9.26 37.02 4 9.26
st(2008) 677 3 2.26 677 3 2.26
Follow up survey(2009) 6.77 3 2.26 6.77 3 2.26
Small diameter trees | 2nd(2009) 423 2 2.12 423 2 2.12
planting method | 3rd(2010) - - - - - -
(100m) 4th(2011) 13675 22 622 13675 22 6.22
5th(2012) 33396 36 9.28 33396 36 9.28
6th(2013) 684.13 48 1425 684.13 48 1425

* BA: Basal Area
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Table 9. Dead trees analysis among restoration types

Plots Year Canopy Understory Shrub Total

1s5t(2008) - - - -

Follow up survey(2009) - 2 1 3

2nd(2009) - 1 - 1

Control site 3rd(2010) - - - -

(100m’) 4th(2011) - 7 3 10

5th(2012) - 3 - 3

6th(2013) 1 5 5 11

Total 1 18 9 28

1st(2008) - - - -

Follow up survey(2009) - - - -

2nd(2009) - - - -

Biotope restoration 3rd(2010) _ _ _ _
method-A

(10011) 4th(2011) - - 3 3

5th(2012) - - - -

6th(2013) - - 2 2

- - 5

1st(2008) - - - -

Follow up survey(2009) - - - -

2nd(2009) - - - -

Biotope restoration 3rd(2010) _ . . _
method-B

5th(2012) - - - -

6th(2013) - 2 - 2

Total - 5 1 6

4th(2011) - - - -

Forest topsoil paving 5th(2012) _ . . _

method

(25m) 6th(2013) - - 1 1

Total - - 1 1

1st(2008) - - - -

Follow up survey(2009) - - - -

2nd(2009) - - - -

Small diameter trees 3rd(2010) _ 1 _ 1

planting method

5th(2012) - - 4 4

6th(2013) - - - -

Total - 1 11 12

AGHE R Aol theh AL Pebd 4 gk 2 29 A% St 20%e] 2HOU B F 34| 4
GTegAe] %ol A AR 4Be om helel A4EO  WAYE S5t ol So] Aake Folt 2T W
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