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ABSTRACT

This study was conducted to investigate the germination rates and ground coverage rates of the 16
native wild flower, herbaceous, shrub and woody plants according to temperature and seeding timing
for the revegetation and rehabilitation of the roadside slopes. Also, this study was conducted to suggest
design criteria to select revegetation plants and to decide proper seed mixture for ecological restoration
of the disturbed manmade slopes as a environmentally friendly construction. The results are
summarized as follows.

1. Most of the plants germinated after 10~ 14 days. Woody plants germinated more slowly than
wild flowers and herbaceous plants because of the hard seed.

2. Most of the plants showed the highest percentage of the germination rates under 15/25T
temperature. The next was in order of under the 20/30°C temperature, normal temperature(October)
and 25/35C temperature.

3. At the chamber experiment, the Sorbaria sorbifolia var. stellipila showed the highest germination
rates. Most of the native wild flowers germinated well and showed high germination rates under the
various temperature.

4. As the field germination experiments, the seeding at August shows higher germination rates than
that of the seeding at September, but showed lower surviving percentage of the germinated seedlings
and lower ground coverage percentage than those of the seeding at September. After one year,
Chionanthus retusus, Acer palmatum, Albizzia julibrissin are germinated and showed 10% coverage
rates. So, they can be used as revegetation plants for the restoration works.

5. As seed mixture experiment, it was not effective only to increase the proportion of the ratio
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of the tree seeds, relatively high price, for making woody vegetation. It would be more successful

to make vegetation structure by natural competition among wild flowers, shrubs and trees.

6. The excessive dominance of trees in revegetation works may destroy the lower layer of

vegetation and it will be undesirable on the species diversity. It is more important to recover the

species diversity of the plant community by seed mixture with the considering the germination, the

growth characteristics and the correlation effect among revegetation plants.

7. To recover the manmade slopes quickly, increasing the ratio of the wild flower was

recommended.

Key words : seed mixture, revegetation, restoration, environmentally fiiendly construction, wild

Hower, woody plants
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Figure 1. Photograph of experimental slope

Table 1. Seed mixture composition and seeding rates
of native herbs, shrubs and trees.(unit : g)

seeding rate
o Mixture rate

Flora Scientific name (Hetb : Shrub : Tre)

5:3:2 2:5:3 2:17

Aster foratensis (87)7)5) 009 004 004

Lutos cormiculatus var. japonicus (8=%]) 018 007 007

Taraxacum mongolicum () 005 002 002

T dser yomena (23730)) 007 003 003

Callistephus chiensis (32) 036 014 0.4

Platycodon grandifforum (=27 012 005 005

Lespedean cyrobotrya (3AV2)) 085 141 028

Lespedezs cumeata (H15°%]) 017 029 006

i Indigoféra pseudo-tincroria (‘$0}%) 132 220 04
Sorbaria sorbifolia var. stelljpila var.

s (0% s

Spiraea chinensis (3ZHUT) 027 046 009

Acer palmatum (FFUT) 120 181 421

Ailanthus altissima (7F5H5) 922 1396 3239

Albizzia julibrissin (AT 366 555 1287

™ Chionanthus reusus (918117 B 5005 1612

Pims densiflora (22VF7) L3 1 39

Pins thunbergii (%) 078 L19 275
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Table 2. Germination of laboratory(chamber) and experimental plots(October).

Germination (%)

laboratory (chamber) experimental

Flora Scientific name .
15CJ 20T/ 257/ plots Mean LSD
25C 30T 35T (October)

Aster Koraiensis 70.00 79.33 64.00 44.67 64.50  23.031
Lotus corniculatus. var japonicus 52.67 34.00 30.00 49.33 41.50  13.583
Herb  Taraxacum mongolicum 66.67 71.33  60.67 62.67 65.33 17.379
Aster yomena 62.67 64.67 67.33 74.00 67.17 16.782
Platycodon grandiflorum 90.00 83.67 25.33 4533 6233  14.712
Lespedeza cyrtobotrya 60.67 60.67 48.00 47.33 54.17  13.033
Lespedeza cuneata 49.33  48.67 49.33 38.00 46.33  20.331
Shrub  Indjgofera pseudo-tinctoria 3267 29.33 29.33 12.67 26.00 10.593
Sorboria sorbifolia var. stellipila 94.00 88.00 88.67 82.67 88.33  12.225
Spiraea chinensis 0.00 0.00 0.00 0.00 0.00 0.000
Acer palmatum 4.67 1.33 0.00 0.00 1.50 2.746
Ailanthus altissim 18.00 23.33 4.00 14.00 14.83 7.992
Woody Albizzia julibrissin 18.00 26.00 29.33 15.33 22.17 8.019
Plants Chionanthus retusus 0.00 0.00 0.00 0.00 0.00 0.000
Pinus denisiflora 28.00 27.33 9.33 5.33 17.50  17.379
Pinus thunbergii 30.67 30.67 29.33 18.67 27.33  22.397
" Least Significant Difference(0.05)
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Table 3. Germination and Ground coverage of seeding at August and September in 2001.

Germination(%) coverage rate(%)

Flora Scientific name seeding at  seeding at seeding at seeding at
August September August  September ean
Aster Koraiensis 7.68 13.70 2.67 14.22 8.44
Lotus corniculatus. var japonicus 30.14 27.16 34.67 55.00 44.83
Herb Taraxacum mongolicum 45.71 14.14 37.78 47.22 42.50
Aster yomena 21.66 15.36 17.33 28.89 23.11
Platycodon grandiflorum 37.85 36.70 6.11 13.11 9.61
Lespedeza cyrtobotrya 36.16 49.03 30.56 28.89 29.72
Lespedeza cuneata 12.45 36.08 5.33 12.22 8.78
Shrub Indigofera pseudo-tinctoria 17.56 19.59 12.22 16.67 14.44
Sorboria sorbifolia var. stellipila 1.72 21.66 0.00 2.33 1.17
Spiraea chinensis 0.15 0.07 0.00 0.00 0.00
Acer palmatum 0.00 0.60 0.00 3.56 1.78
Ailanthus altissim 39.57 31.69 68.33 31.67 50.00
Tree Albizzia julibrissin 26.60 19.70 62.78 21.67 4222
Chionanthus retusus 0.00 1.10 0.00 0.00 0.00
Pinus denisiflora 23.85 6.67 5.11 5.44 528
Pinus thunbergii 12.32 4.76 3.00 6.78 4.89

8.27 9.07

L SHE 1AFQ 20003 % Wobdel HEF T ARl 60% OO teht AT
B ARG Fu/EF 524G A% 9 HAG ARFFL BAT ST A
3

$ HEF RRE wANN AES W olFo] wolsel
£& Audo] BRARe] Mgl BIAA  10%0] /he MEEE vehio} AREsA
&eF F aBuTe 2% B840l 98-S JERiATh 39 (1986)

73

16cm, ZAFAVHE 38cm, olFY I HJAA (20002 Aot 2ol TdFu
N =
4

= 5em, A% 11.67cm, 24 4677t A A Fob olgUREE ALS AT FAEolst

Ak AAYES} 7FFURETE 22 FuaRs s APEHE AL d0F 5 Jernz

3t oiH-E Scm IHS’JA FAAGE BHYo Yoz FUEIE FEFOE ALEo] HEE A

28 2EF 2 BEFY E3A gFdesE oz dAddth AAYRES JMEUE, T4, 4

2Hg A %XMEOE AEAE F AS BUFR T HAEE(1997a; 19970)F HEE T

Ao waHET (2001)] Aol 19Jr 2ol dntslA wolsto =z
FA7IEREE 8 FFo] 99 FHFRTU & M ZV|FHIE BEAER &80 /M5 A

a7 g eS ¢ F Atk AEFY o= FoHEHGg

A AElFe FaalFoe] Edsgon, of

A FRG 31 A% =A Yege=Z4 1 3. Z7|FESo| HEsh AlSuE A

o] At Fole oMeFE A= 5 3 1) IA5&

& Aoz FHdEh AAYER 2ED AAorAszE v FHe ot
HEgdAe FEF] AS 4F 1dFd 2 JFaFHY HludXe 4F T 7FA=

FuAFe]l G AUA FEEE FAA 24 FFEZ FolHo] Aoy 7F o] FHE

S AL & & Atk 53], 7t URe A & 7 A¥FEC BEF 60% ol HEE&S



78 AgE A SFA - EAF - P4
Table 4. Number of seedlings, height, and ground coverage in 2002.
Number of seedlings and height(cm) Cr(;\t,zz;;g)e
Flora Scientific name seeding at August seeding at September Se::;fstat SSZ)?::nnfb:;
May 2002 Nov 2002 May 2002 Nov 2002
Seedling | . Seedling Seedling . Seedling . May — May
height height height height 2002 2002
number number number number
Aster koraiensis 33.00 7.10 4.00 933 030 6.00 033 433 14.00 10.00
Lutos corniculatus 2.10 1030 5533 32.00 1333 15.00 59.00 21.60 58.33 60.00
Herb Taraxacum mongolicum 6.67 8.00 36.33 1830 233 9.60 5333 13.66 7833 51.67
Aster yomena 330 28.60 36.00 50.67 3.00 21.67 38.67 70.00 66.71 63.30
Callistephus chinensis 330 11.87 26.00 3500 1.67 19.00 11.00 28.33 4333 41.67
Platycodon grandiflorum  4.60 15.00 18.33 23.67 4.10 14.00 4.10 21.00 33.33 33.00
Lespedeza cyrtobotrya 500 2560 42.67 95.00 2.00 24.00 400 69.33 85.00 64.00
Lespedeza cuneata 1.67 1130 27.67 62.60 133 9.00 1.67 5933 45.00 32.00
Shrub /ndigofera pseudo-tinctoria 233 21.00 14.67 6333 137 1.00 6.33 40.00 36.60 30.33
Sorbaria sorbifolia var. stelljpila  0.67 6.00 7.67 1333 0.67 5.33 137 462 1333 12.34
Spiraea chinensis 0.67 6.10 0.67 450 140 3.69. 133 410 6.10 7.33
Acer palmatum 1.67 1.83 1.67 450 133 1.67 133 410 833 6.00
Ailanthus altissima 6.60 11.66 4333 1600 067 0.67 3033 10.16 76.67 64.33
Woody Albizzia julibrissin 233 11.00 48.00 3800 100 150 11.67 17.33 70.00 61.67
Plants Chionanthus retusus 0.67 0.14 0.67 500 1.00 150 1.00 6.1 333 3.30
Pinus densiflora 1.67 6.00 8.67 11.67 1.00 1.33 7.00 10.00 9.33 736
Pinus thunbergii 1.67 4.00 4.67 9.67 1.00 3.00 233 7.00 833 633
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Table 5. Ground coverage rate of the three mixture
types(Seeding date : 2001/ 5/ 26)

Coverage rate (%)
Mixture  Mixture rate 35 7T 9 1B IS
type (Herb : Shrub © Tree) weeks weeks weeks weeks weeks weeks
later later later later later later

Herb

T 5:3:2 49.50 60.83 70.50 76.67 86.33 91.33
Shrub 2:5:3 34.50 40.17 61.17 73.00 87.50 95.00
+ o
Tree 2:1:1 29.50 45.33 70.17 82.17 93.83 98.17
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Table 6. Seedling number of native herbs, shrubs and trees by 3 mixture rates.

(Seeding date : 2001/ 5/ 26)

Mixture rate

Seedling number (EA/m’)

Species

(N.h" @ Shr.” @ Tre.") 9/Jul 30/Jul 6/Aug 11/Sep
Aster koraiensis 0d" 0.7¢ 3.3d Oc
Lutos corniculatus 15.3d l4c 21.7d 13c
Taraxacum mongolicum 5d 6¢ 4.3d 2.7c
Aster yomena 8d 8.3c 5.3d 3.3c
Callistephus chinensis 19.7d 20.3¢c 19.3d 14.7¢
Platycodon grandiflorum 13d 18.7¢ 16d 6.3c
Native herb Total 61 68 70 40
Lespedeza cyrtobotrya 27.7d 25.3c 26d 12.7¢
Lespedeza cuneata 1d 2.7¢c 3.3d 3,3¢c

5:3:2 Indigofera pseudo-tinctoria 11d 10c 12.7d 13c
Sorboria sorbifolia var. stellipila 1.7d 1.7¢ 1d Oc
Spiraea chinensis 0d Oc od Oc
Shrub Total 413 39.7 43 29
Acer palmatum 0d Oc 0d Oc
Ailanthus altissima 139.7¢ 141b 138c 87b
Albizzia julibrissin 3.3d 4.7c 1.7d 4c
Chionanthus retusus 0d Oc 0od Oc
Pinus densiflora and Pinus thunbergii 11.3d 11.3¢ 11d 9¢
Tree Total 154.3 157 151 100
Aster koraiensis 0d 0.3¢c 1.3d Oc
Lutos corniculatus 3.7d 11.3¢ 7.7d 1.3c
Taraxacum mongolicum 0d 1.7¢ 0.3d Oc
Aster yomena 1.7d 5c 3.3d 1.3¢
Callistephus chinensis 7.3d 8.7c 9d 5c
Platycodon grandiflorum 7.7d 9.3¢c 5.7d 4.7c
Native herb Total 203 36.3 43 29
Lespedeza cyrtobotrya 34d 47.7c 37d 25¢
Lespedeza cuneata 6.3d 3.7c 6.7d 8c

5:5:3 Indigoféera pseudo-tinctoria 2.7d 17.3¢ 19.3d 16.7¢
Sorboria sorbifolia var. stellipila 4.3d 4.7c 1.7d Oc
Spiraea chinensis 0d Oc 0d Oc
Shrub Total 473 733 64.7 49.7
Acer palmatum 1d lc od Oc
Ailanthus altissima 222.7b 156.7b 213b 113.3b
Albizzia julibrissin 6d 10.7¢ 6.7d 9.7¢
Chionanthus retusus 0od Oc 0d Oc
Pinus densiflora and Pinus thunbergii 17.3d 15.7¢ 12d 14.3c
Tree Total 247 184 232 137.3

Continued table 9
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Mixture rate . Seedling number (EA/m’)
z . v . x Species
(N.h". © Shr. @ Tre.") 9/Jul 30/Jul 6/Aug 11/Sep
Aster koraiensis 0od 1.3¢c 1.3d Oc
Lutos corniculatus 6.7d 3.7c 1d 1.3¢c
Taraxacum mongolicum 0.7d 1.3c 0.7d Oc
Aster yomena 1.3d 2c 2.3d 1.3¢c
Callistephus chinensis 4.3d 6¢ 7.3d 2.3c
Platycodon grandiflorum 2.3d 4.7c 4.3d 1.7¢
Native herb Total 15.3 19 17 6.7
Lespedeza cyrtobotrya 8.7d 9.7¢ 8.3d 10.3¢
Lespedeza cuneata 1d lc 0.3d lc
2:1:7 Indigoféera pseudo-tinctoria 2.3d 6.7¢c 5.3d 7.3c
Sorboria sorbifolia var. stellipila od Oc 0od Oc
Spiraea chinensis 0od Oc 0d Oc
Shrub Total 12 17.3 14 18.7
Acer palmatum od Oc od Oc
Ailanthus altissima 487a 403.3a 419a 319a
Albizzia julibrissin 15d 14.7¢ 15.3d 11.3¢c
Chionanthus retusus od Oc 0od Oc
Pinus densiflora and Pinus thunbergii 21d 21.3c 18d 10.7¢
Tree Total 523 439.3 452.3 341
“ Herb, ¥ Shrub, * Tree
Y Means with same letter within column are not significantly different at P=0.05 level by DMRT test.
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Table 7. Dominance of native herbs, shrubs and trees by 3 mixture rates. (Seeding date : 2001/ 5/ 26)
Mixture rate Species Dominance (%)
(N.h" © Shr'. : Tre.) 9/Jul 30/Tul 6/Aug 11/Sep
Aster koraiensis 0g" 1ij 3.1ef Og
Lutos corniculatus 5.4ef 4.6ef 5.3de 6.5de
Taraxacum mongolicum 4ef 3.8fg 3.4de 3ef
Aster yomena 3.3fg 4.1fg 3.5de 2.8ef
Callistephus chinensis 8.5de 7.4ef 5.7de 7.4cd
Platycodon grandiflorum Sef 5.4ef 3.6de 3.3ef
Lespedeza cyrtobotrya 10d 8.7e 6.9cd 7.6cd
5:3:9 Lespedeza cuneata 2.2fg 3.1fg 3.3de 4.4de
Indigofera pseudo-tinctoria 4.7ef 4.4fg 4.6de 6.8de
Sorboria sorbifolia var. stellipila 2.2fg 2.1gh 2.8ef Og
Spiraea chinensis Og 01 Og Og
Acer palmatum Og 01 Og Og
Ailanthus altissima 45.5¢ 47.5b 51.8b 49.8b
Albizzia julibrissin 3.8ef 3.6fg 2ef 4.8de
Chionanthus retusus Og 01 Og Og
Pinus densiflora and Pinus thunbergii 5.3ef 4.3fg 4de 3.6ef
Aster koraiensis Og 0.9kl 1.4fg Og
Lutos corniculatus 3.5fg 4.3fg 4.6de 3ef
Taraxacum mongolicum Og 1.9hi 1.1fg Og
Aster yomena 3.3fg 3.3fg 3.6de 2,8ef
Callistephus chinensis 4.8ef 5.3ef 4.8de 5.1de
Platycodon grandiflorum 4ef 3.9fg 2.7ef 2ef
Lespedeza cyrtobotrya 10.1d 18d 10.5¢ 12.2¢
Lespedeza cuneata 4ef 3.2fg 4.3de 5.3de
2:5:3 Indigofera pseudo-tinctoria 2.1fg 6.4ef 8.2cd 9.4cd
Sorboria sorbifolia var. stellipila 3.7fg 3.3fg 1.2fg Og
Spiraea chinensis Og 01 Og Og
Acer palmatum 2.1fg 0.9jk Og Og
Ailanthus altissima 50.7b 37.5¢ 49.1b 46.7b
Albizzia julibrissin S5.1lef Sef 4.7de 7de
Chionanthus retusus Og 01 Og Og
Pinus densiflora and Pinus thunbergii 6.6de 5.3ef 3.9de 6.6de
Aster koraiensis 0g 1.4hi Ifg 0g
Lutos corniculatus 4ef 2.6gh 2 7ef 3ef
Taraxacum mongolicum 2.4fg 2.2gh 1.3fg 0g
Aster yomena 2.6fg 2.3gh 2 def 2.6ef
Callistephus chinensis 3fg 4.1fg 4.5de 4.3de
Platycodon grandiflorum 3.7ef 2.4gh 2 5ef 1.4fg
Lespedeza cyrtobotrya 5ef 5.4ef 4.8de 5.6de
2:1:7 Lespedeza cuneata 2.4fg 3.4fg Ifg 2.5ef
Indigofera pseudo-tinctoria 2.5fg 4.2fg 4.4de 5.1de
Sorboria sorbifolia var. stellipila Og 01 Og Og
Spiraca chinensis Og 01 Og Og
Acer palmatum Og 0l Og Og
Ailanthus altissima 63.3a 64.8a 64.8a 64.6a
Albizzia julibrissin 5.5ef 5.7ef 5.7de 6de
Chionanthus retusus 0Og 01 0Og 0g
Pinus densiflora and Pinus thunbergii 5.4ef Sef Sde 5.1de

* Herb, * Shrub, * Tree
¥ Means with same letter within column are not significantly different at P=0.05 level by DMRT test.
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