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ABSTRACT

This study was conducted to find out appropriate rates of seed mixture of both native and for-

eign plants in order for stabilization of early afforestation and proper vegetation on road slope.

The results are summarized as follows:

1. Characteristics of germination @ After seeding, 2 weeks for both Lespedeza bicolor and
Lespedeza cuneata, and 4 weeks for both Arundinella hirta and Zoysia japenica were needed
for vigorous germination; and 1-4 weeks for 3 cool-season grasses were spent for grad-
ual germination.

2. Plant height : There was no difference between Lespedeza cuneata and Lespedeza bicolor
in plant height by 7 treatments. As mixture rates of cool-season grasses were lowered, plant
height of Arundinella hirta became longer. Descending order of cool-season grasses for plant
height was Tall fescue, Perennial ryegrass, and Creeping redfescue.

3. Number of tillers : The number of tillers tended to increase in the experimental plots where
competition was low.

4. Ground cover rate : Ground cover rate was the highest in Mixture IV (96.7%) and was fluc-
tuated from 13.3% on Sept. 13 to 45% on Nov. 3 in Mixture [[. Descending order of gronud
cover rates in 7 treaments was Mixture IV, Mixture I, Mixture VI, Mixture V, Mixture
VI, Mixture I, and Mixtur I when measured on Oct. 13.

5. Visual assessment : High preferences were observed on Mixture IV and VI.

In sum, the best seed mixtures were Mixture IV and VI. It meant that (1) either mixture of

70% the native plants with 30% cool-season grasses or (2) mixture of 80% the native plants with
20% cool-season grasses was best for this study.
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ticosa L.), AR (Poncirus trifoliata
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go] A3t AEHo] e HEYR
(Weigela subsessilis 1. H. Bailey), Z8U5-(Spi-
raea prunifolia var. simpliciflora Nakai), ¥
A5 (Celastrus flagellaris Rupr.), SFUF-
(Stephanandra incisa Zabel.) % A&
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(Artemisia princepts var. orientalis), t2%
(Arundinella hirta var. ciliata), Kentucky
bluegrass (Poa pratensis L.) 59 £%°| ot
3 B, 419912 n&x2e] AEAME
< 2R A3, % (Artemisia princeps var. ori-
entalis), A|v1% (Artemisia japonica), <A
(Miscanthus sinensis Anderss), €M (Them-
mda japonica Tanaka), @%°|¥(Oenothera
odroata), 7N (Erigeron annus), 17144
(Rumex acetocella), AH3%, ¢tzz, Hl4g,
Weeping lovegrass, Tall fescue(Festuca
arundinacea Schreb.) 5°] F5& o|F3 &
o] Y&zl

o|9je]] AHEHe WEHEL vRIE(Trache-
lospermurm asiaticum var. intermedium N.),
@A o] (Parthenocissus thunbergii N.), A%
(Lonicera japonica T.), 2-& (Akebia quinata D.),
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9% (Stauntonia hexaphylla D.), EAFEYT
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R.), & (Pueraria thunbergiana), 7292 (Smi-
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ol Tttt st om, Skux, A, vge
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FHo 4353 SEaRE Bda IHh
Jensen and Sindelar(1979) & 26719 £5& &
ate] A A3 3 dx I EF Hol
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Table 1. Soil analysis of the field experiment plots
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497 AR A Ege] of - Fakd 4R
& BY3) Aa 4879 ERS ARl ¥
2054 $971ed7ad gy, 2a2
s} Ape] 57.8%°17, 47} 4229601927, A
E8 73 o] - g8d 4R $NE ¥ 4%
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FA 2 - BEL BERATF(4, 1990, 1991;
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(Analysis dats: Oct 31, 1994)

Organic Total Available C.E.C.

Exch. cations(me/100g)

Mech. Analysis(%)  Soil

pH matter N  P:0s (me/100g) Texture
(%) (%) _ (ppm) Ca” Mg K Na' Sand  Silt Clay
6.5 24 0.13 533.3 1.9 58 164 0.17 0.05 82,5 13.4 4.1 LS




116

FEW AL - S - BHEHE

(REERPEE, Vol.23,No.2

Table 2, No. of seed per 1 gram, purity, germination and seeding rate.

(June 4, 1994)
Species No. of seeds Purity Germination Seeding rate

per 1 gram (%) %) (g/m?)
Festuca rubra (CRF) 722 97.7 96.7 1.3
Festuca arundinacea (TF) 469 91.7 88.0 2.1
Lolium perenne (PRG) 456 98.0 96.7 1.9
Zoysia japonica (ZJ) 1,500 97.7 43.0 42
Artemisia princepts var. orientalis (SSU) 4,000 51.6 56.0 43
Lespedeza cuneata (BIS) 483 98.7 58.7 2.2
Arundinella hirta var. ciliata (SAE) 636 33.3 61.0 6.5
Lespedeza bicolor Turcz var. (SSA) 135 99.0 32.0 4.9

9 AR Ao e AL & A, 19765 %
% 19915 2k, 1991; ;EBRARLIRZWE, 197T) 5
< 7122 A 9P 2F Creeping red fescue
(Festuca rubra), Tall fescue(Festuca arun-
dinacea ‘Arid’ ), Perennial ryegrass(Lolium
perenne ‘Dandy’) 3#EZ, Ay %x-E2&
Wormwood (Artemisia princepts var. orientalis,
%), Sericea lespedeza (Lespedeza cuneata, ¥)
42]), Arundinella hirta (Arundinella hirta
var. ciliata, %t31%) and Bush dover (Lespedeza
bicolor Turcz var., A=) 488, I83 Bt
B9 §=2t] (Zoysia japonica Steud) & A%

Table 3. Mixture design of seeding

3t A% E FAY wolE, €% RiUg,
FFFE A AFe O3 ZTKE 2.

3, HARAHE
0P EEES HRAR

e Al 7189 A7 @, 190, 1991; #
5 1992; &, 1978; I=EA/NEFAL 1987; H
B GIE, 1979; BENE LR RIGRERE
ZES, 1991 2ENGERERE, 1990004 34
T A& Fa= s EWA] 2 BEZ 3

Treaments No. of species

Mixture ratio of the used plants

Perennial ryegrass(40%) + Wormwood (6%) + Sericea lespedeza(12%) +

Arundinella hirta(30%) + Bush clove(12%)

Tall fescue(40%) + Wormwood (6%) + Sericea lespedeza (12%) +

Arundinella hirta(30%) + Bush clover(12%)

Tall fescue{40%) + Creeping red fescue(40%) + Perennial ryegrass(20%) +
Wormwood (10%) + Sericea lespedeza (20%) + Arundinella hirta(50%) +

Tall fescue(20%) + Creeping red fescue(10%) + Perennial ryegrass(10%) +

Wormwood (6%) + Sericea lespedeza(12%) + Arundinella hirta(30%) +

Tall fescue(10%) + Creeping red fescue(10%) + Perennial ryegrass(10%) +

Wormwood (10%) + Sericea lespedeza(15%) + Arundinella hirta(30%) +

Tall fescue(10%) + Creeping red fescue(5%) + Perennial ryegrass(5%) +

Wormwood (10%) + Sericea lespedeza(20%) + Arundinella hirta(30%) +

Mixture | 5
Mixture 1 5
Mixture I 3
Mixture V 4

Bush clover (20%)
Mixture V 7

Bush clover (12%)
Mixture VI i

Bush clover (15%)
Mixture VI 7

Bush clover (20%)
Zoysiagrass VI 1 Zoysia japonica - Seeding

Zoysiagrass 1

Zoysia japonica - Sodding
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o] A1 #HFY F e Aoz WFHAE IR
o, J2F AT Ad=3sE At A
Hold| Ffebe Aw = - 5 {59 wjFg4A
Z A7 43 Y E3hE fE3 Zoysia-
grass SAET VI, Zoysiagrass WA ZT KX
2 UG AE SAKE 3.

FoAeREe) B O Mixture [ (PRGH
A 2B gom)e 27 2SI BE
Perennial ryegrass® 40%, A % 22§
60%2 5431593, © Mixturel (TF+Aje] % -
B8 sop7) & fEive 34246 H8g0| 7}
A &2 Tall fescued 40%, A = - 28-S 60%
2 Evsgls, © Mixturell (TF+CRF+PRG
B e YexF S e, @ Mix-
turelV (A& & - B8 E9) e A - BE£ 4
T 98151, @ Mixture V (TF+CRE+PRGH
A - B8 E97), VI(TF+CRF+PRGHAIZ
Z - 22 Z3-7), V(THCREPPRGHA = - &
B Ed e SR 3 AY 222 4E
o] v &-& 247} 40:60%, 30:70%, 20:80%<]
Evhu] o] HEE St

(D) =R BiEES ZUETE
Zoysiagrass FAE VI AFS3hgAlel &
Table 4. Characteristics of germination

1) Mixture | (PRG+e % - B2 60%)

Aol W] €Y £ et KFstaat
2728 2430, Zoysiagrass EHAl 3
Ne =780 E ShaIgsid e Syt
o} W) B-g-& v wslaAl 0cm H4Y) WA T
E AT, 19715 2%, 1992).

4, BRI

ZARE 10cm x 10cmd] EEA[AES HEo]
AP WHE z2ALE g3o= %09 (Jon-
sen, 1979), A AE+x SASE o] &3ld
Duncan %oz EAsIATH ZARIZIE
ZAV R w24

V. & i R
1 B

£v} 2. 228 WolEAE sellad T
A7 2T 125 1702 380 A4 A
R} elehrgs 259 TR mdsd s
A WkoH, (& HE BA & BES 2]
A& 59} BolSHE el Roloh,

£ 229 dolE4e w4s Al

2) Mixturell (TF+Al2] % - BE 60%)

speciest 16 Jun, | 23Jun | 7 Jul
SSA *40b  **50.0b ** 9.8
BIS 1.0c 8.4d 2.2d
SSU 0.0c 2.3e 1.0e
SAE 0.0c 13.0c 15.0b
PRG 55.3a 51 1a 46.6a

3) Mixture Ul (TF+CRF+PRG 100%)

SpeciesDate 16 Jun. | 23Jun. | 7 Jul

Cool-season |, o 94.2 121.0

grasses

SpeciesDate 16 Jun. 23 Jun. 7 Jul,
SSA **4,5b *42 2a *59. 0z
BIS 0.6¢c 8. 5¢ 11.84
SSU 0.0c 2.8d 2.6e
SAE 0.0c 22.Th 18. 8¢
TF 42,0a 41.1a 47.6b

4) Mixture IV (A £ - B& 100%)

SpeciesDate 16 Jun. | 23 Jua | 7 Jul
SSA *h.4a **9.2b **10.4b
BIS 1.6b 8.4c 4. 4c
SSU 0.0c 2.44 1.6d
SAE 0.0c 28.2a 43.4a
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5) Mixture V (TF+CRF+PRG+Al&] % - 2¥ 60%)

SpeciesDate 16 Jun. | 23Jun. | 7Jul
SSA **5.4b *B4, 4a **7.0c
BIS 1.8¢ 9,8c 5.8d
SSU 0.0d L6d 2.2
SAE 0.0 12.4b 24.2b

Cool-season 55.8a 54.4a 48.4a

grasses

7 Mixture VI (TF+CRF+PRG+A2} % - Z& 80%)

SpeciesDate 16 Jun. | 23 Jun. | 7 Jul
SSA "8.4b _ "27.6a _ "10.8¢
BIS 1.2¢ 8.6¢ 8.8d
SSU 0.0d 2.0d 1.2
SAE 0.0d 18.2b 23.0b

Cool-season | =, . M6a  29.6a

grasses

Z)Unit: No./0.64 m?

6) Mixture VI (TF+CRF+PRG+Al# % - B70%)

S peciesDate 16 Jun. | 23Jun. | 7 Jul
SSA “54b  *49.4a  *'8.8¢
BIS 1.0c 10.8¢ 7.24
ssU 0.0d 1.0d 1.0e
SAE 0.0d 15.20 _ 3L0b

Coolseason | ) 49.4a 41.0a

grasses

8) Zoysia japonica seeding VI

SpeciesDate 16 Jun. | 23Jun. | 7Jul

7J 0.0 32.7 61.0

**: Mean separation within column by Duncan’s multiple range test, 1% level
*: Mean separation within column by Duncan’s multiple range test, 5% level
SSU: Artemisia princepts SSA: Lespedeza bicolor SAE: Arundinella hirta

BIS : Lespedeza cuneata ZJ : Zoysia japonica

A% 9 3%, dnis PRV UF 43
Fo] $AT Wold S BT, AY2IL B |
FEVE TEG WolEYS Hgow, 2] 24
ST/l =Y AP Y Jnze FIBIE
Jex30l MY Aee weED 1eln M)
£ B3F 2350 348 Uobrh ol Foizr}
4737} ARG Tl BHE F3 7743 24
She A%E BT, Iz AU A
B3go] & APl

Table 5. Piant height of the native plants.

2. #R - Ao ERMT

274& AEsse 7Eed] 9L vAE &
zol3 3} & BE 7o 4EAALE HlnY
A7l SBE o] ¥t LS YA S
Aok EEAAEAN 2] 74 1 PhE ¥Y
slel ZRSEOR, 2 AYTF VRO 24}
ek (& e Vi EHUPTE A &
2PEz $RC] 45 Wnd Avelr,

(Unit: cm)
Date SSA BIS SAE

Treatments 7 Jul |18 Aug. |13 Sep. | 11 Oct (7 Jul (18 Aug.|13 Sep. {11 Oct. | 7 Jul. (18 Aug.|13 Sep. |11 Oct.
Mixture | 8.3a **15.1b 14.0a **12.5b | 8.4a 7.3a 9.5a  8.0a {**3.8a **17.1b **8.5¢c **10.0b
Mixture [ 8.1a 16.1b 1428 13.4b | 8.1a 7.8a 94a 9.0a| 3.6a 13.4b 12.3bc 13.0b
Mixture W | 9.3a 22.1a 19.3a  21.2a | 932 86a 10.3a 10.7a | 9.3a 28.5a 23.8a 29.5a
Mixture V 8.6a 16.4ab 13.7a 15.4ab| 8.6a 7.0a 9.6a 81a | 3.5b 12.1b 1l5bc 12.6b
Mixture VI 9.2a 17.1ab 13.6a 16.1ab| 9.2a 823 9.3a 9.2a| 4.8 137 17.3b 13.3b
Mixture VI | 8.6a 17.5ab 15.6a 15.4abl 8.6a 7.3a 9.3a 7.4a| 4.0b 1680 13.3bc 15.4b

)**: Mean separation within column by Duncan’'s multiple range test, 1% level.
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Table 6. Plant height of the foreign plants.

(Unit: cm)
Date TF PRG CRF

Treatments 18 Aug. |13 Sep. |11 Oct. | 3 Nov. {18 Aug. 13 Sep. | 11 Oct: | 3 Nov. (18 Aug.|13 Sep. |11 Oct. | 3 Now.

Mixture [ - - - - **11.2ab**'6.8bc  *7.5a *12.1a - - - -

Mixture I [**17.9a **13.9ab *12.0a 19.7a| - - - - - - - -
Mixture I 9.2 82b 7.8 155af 6.2¢c 51lc 54b T.7c | 11.2a **7.80 *5.3b 8.2a
Mixture V 4.9ab 12.8ab 10.6ab 16.8a| 9.8b 6.5bc 8.0a 9.8b | 12.8a 1l.4a 8.7a 9.1a
Mixture I | 14.2b 17.2a 12.2a 17.1a| 12.9a 7.5ab 7.5a 8.6bc| 10.72a 10.8a 10.0a  9.5a
Mixture VI | 16.5ab 15.8a 11.6a 18.4a| 11.8ab 86a 7.8a 9.0bc| 12.4a 11.6a 9.8a 10.2a

Z)**: Mean separation within column by Duncan’'s multiple range test, 1% level.
*: Mean separation within column by Duncan’'s multiple range test, 5% level.

A x - B9 24 BN A9 R, v,
duFE Mixture VellA Aoy EsET
e a7k it #F 1073 5E1(8Y 18
d) Ae 343 AU 2 o) Fo A%
o] E3HA, 53] vigEle AAol ¥3t3, ¢
T2E IF 465 Alelo] AZJUAT 10530
F33] F718i

ST 2F Hlmel A 107-Fol Aele Mix-
ture VellA 22 lemE A3, 32+ Mixture
VolA 29.5ecm= 718 AW W, o2 xF<]
Entgo] BETE 24| HoAle AR, &
A g7 Mixture VI > Mixture VI ) Mixture V
JEe1 At

2o 24 FH43KE 6), A Z Tall
fescue ) Creeping red fescue ) Perennial
ryegrass JEoIR oA studEAo R 8F o|F XX
o] ZtAsitiz} 1149 3Y AN BF 240
3 E5E AFHQ dA P A4S EAth

Eolgd 7] vwoA] o RFEL Mix-
ture MolME AB-50] Az YHAZF 7] 4
g A&7 Ao] dojvtn USS ¢ Utk

ojie] AxE EYA A HFee 2L
A 2704 e AFE Jehug oefxg)
EdElox S & AZE ¥4 g Ze=
AZrEc), w5 Ael9) Qkmze) 24 A8 TH
178914 88 18HA}olol &3] A3she 7 &l
ojA g 7t AEUe] AFFHJUL 53|
dnze gHRFTHY] ESA] M2 ASHYS
Yol ¢mvt eJPRE Hoh BSAHAe]

A AR Aoz Azkan, o= 279 dgz
Fol w8 Bolksst =] HRe] Gh2F
ola) 9] WEoz gaEn

24e) 2RA7} WA ol 2% 3
3 TRSYH smage] skl ey o
golo, A2is) Hl4Dle B 8 Wol 4E
A HEE B2 A wEelh

3. SskEAES| HEERE Mt

FAASTE 9Pl HAQ Tall fescue, Perenr
nial ryegrass®t ZASIHTE A&27ol & FiES
TR Zdsle] FEo| et AV 105
%, 8A 18H)¥El AR AEE n2¥Fe
2 A Eo] Azdte] LTV Ao 10A1%HF
B £d740] F7kske 284S YEATKE 7).

H-A7Z 4= Perennial ryegrass’} Tall fescue
2} dA e g8 A4S Jep3idh

E3g T 7t ¥ o A& Perennial ryegrass
9] A% Mixture VIolA £do] F4sigiom,
Tall fescuee Mixture 1, VIl 287457 o
& EET B g3t

ol AME HY F 2F BT xF
Expgo] A EERYSTE EEAF B
2 Zog Hop fxF7E] AT ASA44E
33 gl Aoz AztEd. =5 10575(8Y 18
o) Tall fescuer= Mixture [ o4, Perennial rye-
grasst Mixture [ oA £Yo| @o} dute] F3}
7} AP HAL.
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Table 7. Number of tillers.

Date Number of tillers
18 Aug. 13 Sep. 11 Oct. 3 Nowv.

Treatments TF PRG TF PRG TF | PRG TF__| PRG

Mixture - **2.9a - 1. 2ab - **3.3b - **6.4b

Mixture I 1.9a - **2.Ta - 2.6a - 3.5a -

Mixture [ 1.4a 1.3d 1.0b 1.0b 2.0a 2.4c 5.1a 7.0b

Mixture V 1.3a 2.1c 1.8b 1. 5ab 1.9 3.3b 4.4a 6.9b

Mixture VI 1.3a 2.2bc 1.6b 1.7a 2.1a 2. Tbe 3.3a 6.8b

Mixture VI 1.4a 2.7ab 1.5b 1.6ab 2.9a 4.2a 6.3a 9.2a

3)**: Mean separation within column by Duncan’'s multiple range test, 1% level.

4, #ERo| L

EdAYET B9 Aole meshE o] 831
ZAV AE wasted] AT & 5, 198D,
EHIE Y] =] fFeAE Yijlen, B
HnE ¥ dde E 9T 2

g0l HEEo] 7Y 53 EsHETE
A - 529 &7 Mixture NoH,
27)] SEgL MY AR 4.8%2A AW B
B B 98-80 A% F7Hl 109 13dde
9.7%% 29t 284 108 o] Fole M 58]
HAeH Z4astn e, oRL tuxe] F
A, gl vigeele] 2 T Yo s Ay g
o] Bk

Mixture [ & 7] 5&-&°| 30.8%=A H|2F
Fon 53] 8¥o|¥ 3z FEEo|

60%7H4 Zastq ot A F718HT. Peren-

nial ryegrasss}t A X - S8 ETypete e B
T 60% o149 ¥5§ 9E8e-S By

Mixture I+ 7] d&8-&o] 14.1%2A &
I, Mixture [ ®o} Az3 JF5&S Holu,
Alge] ZA#EFE H FEEo] 82 5%7A
olz2# Mixture |9 HUHEE 7T1.6%ET} &
Al el ©]RA2 Tall fescue?l Perennial
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Table 8. Percentage of ground cover of the 9 seed-mixture experiment plots.

Date Ground cover(%)

Treatments 23 Jun. | 7Jul | 21Jul | 4Aug | 18 Aug. | 13 Sep. | 13 Oct. | 3 Nov.
Mixture 1 *30.8b  **65.0a  **71.6ab **71.6a _ **66.7bc  **60.8bc  **60.0c __**60.8ab
Mixture I 14, 1de 60. 8a 75.0a 71. 5a 82.5ab 74.1abc  80.8ab 80. 8a
Mixture [ 28.3bc  51.6ab  56.6b  43.3b 23.3e 13.3e 26.7d 45.0b
Mixture ¥ 4.8fg  45.0b 70.0ab  178.3a 85.7a 87.5a 96.7a 70.8a
Mixture V 16.6de  6l.6a 71.6ab _ 173.3a 66.Tbc _ 69.2bc _ 65.8bc  73.3a
Mixture VI 20.0cd  58.3ab  65.0ab  64.1a 60. 8¢ 69. 2c 65.0bc __ 60.8ab
Mixture VI 9.6ef  59.lab  75.8a 77.5a 78.3abc  77.5ab _ 712.5bc _ 7Tl6a
Zoysiagrass VI 0.0g 5.0c 5.0c 7.0c 2.3f 5. 3e 4. 8e 0.0d
Zoysiagrass I 40.0a 45.0b 36.6¢ 45.8b 41.7d 3L.7d 32.5d 21, 6¢

Z)**: Mean separation within column by Duncan’s multiple range test, 1% level.
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7} &0t (Horst et al., 1986). 54719 437
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159 fo)AS HYTKE 9.

Mixture [2 %719 Perennial ryegrass®]
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Table 9. Visual assessment of the 9 seed
-mixture experimental plots.

Date Visual assessment
Treatmen! 21 Jul. 18 Aug. 13 Sep. 11 Oct. 3 Now.
Mixture [ [**40ab **3.3b *26b *'3.0c *2lcde
Mixture I 35ab 38b 33 33k 32ab
Mixture |t 2. 8be 1.5 0.5 13 17de
Mixture [V 4.5a 4.8a 48 4.8 3.8a
Mixture ¥V 35ab  3.2bc¢ 28 33k 2.5bed
Mixture W 3.2abc 3.2b¢ 28 30 3.3ab
Mixture VI 40ab  40ab 355 40ab 3.3ab
Zoysiagrass V[ | 0.0d 22d 03 02 0.5f
Zoysiagrass | 2.0c 1.8 1.2 0.8de 1.3ef

Z)**: Mean separation within column by Duncan's
multiple range test, 1% level.
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