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Summary

A series of experiments was conducted from March 16 to July 12 in 2004
in Jeju Island to investigate the effects of sowing date, sowing rate, sand
particle size, split nitrogen application time and worm casting organic
fertilizer rate on the vegetation creeping bentgrass (Agrostis palustris

Huds. cv. Penncross). The results obtained are as follows;

1. Effect of sowing date on turf vegetation of creeping bentgrass

The seeds were sowed on March 16, March 26, April 5, April 15 and April
25 to determine the optimum sowing date of creeping bentgrass in Jeju

island.

1) The plant heights were decreased with delaying sowing date, which
ranged from a maximum 22.7 cm in the plot sowed on March 16 to a
minimum 16.6 cm in the plot sowed on April 25. A similar results were

observed in root length and SPAD reading value.

2) Leaf and root weights showed a maximum value in plot sowed on
March 16 (1,373 and 2,374 g/m’, respectively), and then they were
gradually decreased as sowing dates were delayed from March 16 to April

20.

3) Land coverage and density rate of creeping bentgrass decreased form
98.0 and 99.3 % to 975 and 98.7 %, respectively, as sowing dates were
delayed from March 16 to April 25. However, land coverage and density

rate of weeds tended to increase gradually as sowing date was delayed.



4) The numbers of weed species were increased as sowing date was
delayed from March 16 to April 25. Dominant species of weeds were
different with the sowing dates; The orders it the dominant were Poa
annua, Stellaria media and Chenopodium album var. centrorubrum in plot
sowed on March 16, P. annua, Digitaria adscendens and C. album var.
centrorubrum in plot sowed on March 26, D. adscendens, C. album var.
centrorubrum and S. media in plot sowed on April 5, D. adscendens, S.
media and C. album var. centrorubrum in plot sowed on April 15, and D.
adscendens, Polygonum hydropiper and C. album var. centrorubrum in plot

sowed on April 25.

5) Based on these findings above, optimum sowing date for the
development of creeping bentgrass seems to be the middle of March in

Jeju island.

2. Effect of sowing rate on turf vegetation of creeping bentgrass

Creeping bentgrass was cultivated at five sowing rates (4, 6, 8 10 and 12
g/m’) from March 21 to July 12 in Jeju Island to investigate the effect of

sowing rate on creeping bentgrass vegetation.

1) The plant heights were increased from 19.6 to 30.3 cm as sowing rate
increased from 4 to 10 g/m’, and then levelled off at 12 g/m’. A similar
results were observed in root length, SPAD reading value, and leaf and

root weights.

2) As sowing rate increased from 4 to 12 g/m’, land coverage and density
rate of creeping bentgrass also increased while land coverage and density

rate of weeds decreased.



3) The numbers of weed species were decreased with increasing in sowing
rate. Dominant species of weeds were D. adscendens, C. album var.

centrorubrum, S. annua and P. annua

4) These results show that the optimum seeding rate is 10 g/m’ for

growth of creeping bentgrass in volcanic ash soils of Jeju island.

3. Effect of sand particle size on turf vegetation of creeping bentgrass

Five kg/m' of sands with different particle sizes (0.3-0.5, 0.5-0.8, 0.8-1.0,
1.0-15 and 15-20 mm) were applied before sowing (on March 21) to
investigate the effect of sand particle size on creeping bentgrass

vegetation.

1) The plant heights became shorter as particle size was increased from
0.3-0.5 to 1.5-2.0 mm. A similar results were observed in root length, SPAD

reading value, and leaf and root weights.

2) Land coverage and density rate of creeping bentgrass decreased as the
particle size was increased from 0.3-05 to 1.5-2.0 mm, and land coverage

and density rate of weeds increased.

3) The numbers of weed species were increased as the sand particle size
was 1increased. Dominant species of weeds were Portulaca oleracea,

Trifolium repens, P. hydropiper and C. album var. centrorubrum.

4) Based on these findings above, the optimum sand particle size for
growth of creeping bentgrass seems to be about 0.3-0.5 mm in volcanic ash

soils of Jeju island.



4. Effect of split nitrogen application time on turf vegetation of

creeping bentgrass

Nitrogen was split applied at a rate of 20 g/m’ from once to 5 times at
Jeju island to investigate the influences of split nitrogen application times

on creeping bentgrass vegetation.

1) The plant heights increased from 18.2 to 21.8 cm as nitrogen was split
applied from once to 4 times and levelled off at 5 split application. A
similar results were observed in root length, SPAD reading value, and leaf

and root weights.

2) Land coverage and density rate of creeping bentgrass increased as
nitrogen was split applied from once to 5 times. However, land coverage

and density rate of weeds decreased.

3) The numbers of weed species were decreased as nitrogen was split
applied from once to 5 times. Dominant species of weeds were P. oleracea,

P. hydropiper, D. adscendens and P. annua.

4) These results indicate that the optimum frequency of split N
applications is four times for growth of creeping bentgrass in volcanic ash

soils of Jeju island.

5. Effect of worm casting organic fertilizer on turf vegetation of

creeping bentgrass

Worm casting was applied at sowing (on March 21) at five rates (0, 150,

300, 450, 600 g/m’) to investigate the influences of worm casting fertilizer



rate on creeping bentgrass vegetation.

1) As the organic fertilizer rate was increased from 0 to 450 g/m’, the
plant heights increased from 16.7 to 20.0 cm and then levelled off at 600 g/
m’. The similar results were observed in root length, SPAD reading value,

and leaf and root weights.

2) Land coverage and density rate of creeping bentgrass increased as the
fertilizer rate increased from 0 to 600 g/m’. But land coverage and density

rate of weeds decreased.

3) The numbers of weed species were decreased with increasing the
organic fertilizer rate. Dominant species of weeds were P. hydropiper, D.

adscendens and P. oleracea.

4) Based on these findings above, the optimum worm casting organic
fertilizer rate for growth of creeping bentgrass seems to be about optimal

450 g/m’ in volcanic ash soils of Jeju island.
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Table 1. Chemical properties of experiment surface soil before cropping

pH Sand Organic Available Exchangeable cation (cmol’/kg) CEC EC
pH matter P20O5
(15) (15  (g/ke) (mg/ke) @ Mg K Na  cnol'/kg (dS/m)

535 620 545 147 179 080 128 026 860 0.3
18713 5 718232 & 20 veplidih 2= gdel vls) 74l
L7CAE =gtod dAHe=R T Aol7h glolon, 492 545 Alelsal



Table 2. Meteorological factors during the growing season and 30-year (1975-2004) average

Temperature (C) Precipitation Hours of
Average Maximum Minimum (mm) sunshine
T N T N T N T N T N

Mar. 10.0 89 142 123 6.2 5.6 57.7 839 200.3 159.8
Apr. 143 136 185 173 104 9.8 55 922 2220 1953
May 181 175 221 213 147 139 1248 882 1728 2180
June 215 212 247 247 188 182 66.1 189.8 1777 1745
July 214 257 312 288 243 230 55.7 2319 301.6 203.2
T : 2004, N : 30-year average (1975-2004)

Ay FEe zZEW wEaE~(Agrostis palustris Huds.)9 A2~
(Penncross)ollom, Zt Az FE /2 NG R &) day 3urE
o8 ANFTE AT FFE A7 1olA = 2004 3 16€ A 49 25
A7kA] 109 A o2 53](3Y 169, 26¥, 4€¥ 54, 15¢¥, 26l AA =F
st ar, o2 AlgeA = 2004d 3€ 21d0] HFstAT. FF > AlF 200 A4

= 4,6 8 10, 12g/m'e] 65FL R Fon, 2 A= md 6gol 3
Fote &S FF 10mtd o=z 2939t

Ag 3 e BHE FAEFHA(DAIHAN Standard Test Sieves)® =
71E 0.3-05, 0.5-0.8, 0.8-1.0, 1.0-1.5, 1.5-2.0m2] 552 LrojA Alg+
F Bke/m' A T AsHA A st

Ag 4ol e dan g AHFS mE 20g02 31, ® 3914 B nle}
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Timing of N application
(days after sowing)
0+ 15+ 30 + 45

0+ 15 + 30 + 45 + 60

0 (at sowing)

0+ 15
0+ 15+ 30

1

N rate per application
(g/m’)
20.0
10.0
6.7
5.0
4.0

2004 79 69H-H 129744

-

T

No. of N
applications
A Z A}

=

Table 3. Description of N split applications to creeping bentgrass
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V. 23 2 3%

1. 3}F7]e] W& 323 WEIZ}E Iy HA4ds

) e A% 9 Fuuks

FE7)0] we Ze)W WeTese) AKNES £AF AP T 4904 B
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Table 4. Effect of sowing date on growth and fresh weight yield of creeping bentgrass

Sowing Plant Root SPAD Fresh weight yield (g/m’)
height length reading

date (cm) (cm) value Leaves Roots Total
Mar. 16 22.7 20.5 30.8 1,373 2,374 3,747
Mar. 26 224 20.0 30.5 1,333 2,354 3,687
Apr. 5 18.3 179 294 1141 2,091 3,232
Apr. 15 17.7 17% 29.5 1,081 2,000 3,081
Apr. 25 16.6 169 285 990 1,919 2,909
LSD (0.05) 1.9 1.1 0.8 87 135 176

% Measured on 6-12 July

o

T 232 39 169 dFolA 227mol oy, U FF 242 FolA
A 49 259 BFoE 166emol At F 2 GEL SAAE 23 sie)
0523k Aol drh. 39 169 FFolM 2 205em, 4 A

Z717F Adgd wel Ao r HaEo], 49 25U HFoA 2y F=
25 47 169cm, 2852 A H A}

oo FAxFHF(AT+TT)S FE717F 3¢ 1694 49 2692 Add
of wel 3747g/m'el A 2,909g/m .2 45 AT, 2 IFHEE FAX
T Wstel wizg Aot fdFH 2T 39 169 FHFAA A4
1,373g/m’, 2,374g/m' o] Aol 3F7|7} A AHel| met FAHdoz 74y
o] 449 25 HFoA TS 990g/mez, Tt 1919g/me 2 THE A
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g ®ar oluel, 15-20C M A2AF L 2 BEF G5 Holw, 20T/
| zt 1 YA WH(Tompkins, 2000), 20Co] o s %7} Fold ZH$-
o = A% 2 2 wrgo] BAE oz Wy v Yt (Cooperst Edwards,

1961; Huang, 2000; Bigelow, 2001b; Fu, 2003).

o
=

N
ot

2) Aye] v= g dHls W}

gBE7]e mE Yol v= 8 HHle W3ks % bollM B oRkel 2

Table 5. Effect of sowing date on land coverage of turf and plant density rate

Sowing Land coverage (%) Density rate (%)

date Turfgrass Weeds Total Turfgrass  Weeds Total
Mar. 16 98.0 2.0 100 99.3 0.7 100
Mar. 26 97.9 2.1 100 99.1 0.9 100
Apr. 5 96.6 3.4 100 99.0 1.0 100
Apr. 15 96.2 3.8 100 98.8 1.2 100
Apr. 25 95.7 4.3 100 98.7 1.3 100

LSD (0.05) 0.2 0.2 - 0.6 0.6 -

% Measured on 6-12 July
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Table 6. Effect of sowing date on distribution of dominant weed species

Sowing date

Weed species
Mar. 16 Mar. 26 Apr. 5 Apr. 15 Apr. 25

Lamium amplexicaule (332" 1207(5)" 109(8) 104(8) 1159 11.8(8)
Chenopoditim album var. cenffolubim 136(3)  141(2) 165(2) 155(3)  16.4(3)
Digitaria adscendens (¥}2]0]) 13.4(4) 13.9(3) 16.8(1) 18.7(1) 19.2(1)
Cyperus amuricus (5A4) 11.9(6) 11.2(7) 14.2(6) 13.7(6) 14.6(6)
Stellaria media (8% 14.9(2) 13.6(4) 157(3) 15.8(2) 15.6(4)
Poa annua (M 3Eo}E) 15.4(1) 156(1) 152(4) 13.8(5) 14.4(7)
Portulaca oleracea (31]&) 11.0(7)  11.4(6) 11.4(7) 126(7) 15.2(5)
Polygonum hydropiper (¢1%]) 10.5(8) 12.7(5) 14.7(5) 15.2(4) 17.3(2)
Trifolium repens (E7)%) 10.009) 9.1(9) 939 1168 11.2(9
Others 3.1 9.9 12.2 11.8 12.5

Number of species 105 11.0 13.4 15.2 16.0

% Measured on 6-12 July
1 . Korean name
ii : The number of weeds per pot (0.785m’)
i : Values in parenthesis are rankings of dominant weeds
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Table 7. Effect of sowing rates on growth and fresh weight yield of creeping bentgrass
sowed on 21 March

Sowing rate }Eiagrgt IEI;qu[til rig(ﬁr?g Fresh weight yield (g/m")
(g/m’) (cm) (cm) value Leaves Roots Total
4 19.6 175 29.2 859 1,798 2,657
6 20.6 18.4 30.4 1,004 2,000 3,004
8 25.6 194 30.8 1,159 2,199 3,357
10 30.3 20.7 31.3 1,538 2,934 4,471
12 30.4 21.0 32.1 1,558 2,966 4,524
LSD (0.05) 2.5 1.1 1.2 89 332 318

¥ Measured on 6-12 July
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Hazk k(3 A, 1991; & 5, 2001b; Staggenborg, 2003).
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HEF Aoldl mE M= B "EHlE Wslkes & 8o FASHATH

Table 8. Effect of sowing rate on land coverage of turf and plant density rate

Sowing rate Land coverage (%) Density rate (%)
(g/m’) Turfgrass  Weeds Total Turfgrass  Weeds Total
4 93.2 6.8 100 96.2 3.8 100
6 95.3 47 100 97.7 2.3 100
8 96.5 35 100 98.3 1.7 100
10 97.9 21 100 98.9 1.1 100
12 98.0 2.0 100 99.0 1.0 100
LSD (0.05) 0.7 0.7 - 0.8 0.8 -

% Measured on 6-12 July
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Table 9. Effect of sowing rate on distribution of dominant weed species

Sowing rate (g/m’)

Weed species

4 6 3 10 12
Sagina japonica (NP A2 ") 163"@®" 142(7) 138(6) 106(8) 12:2(5)
Lamium amplexicaule (GFtiUE) 15.8(6) 15.7(6) 12.4(8) 123(7) 11.6(6)
Alopecurus aequahs var. amurensis 13g)  1158) 116©9) 829  83(9)

(5A13%)

Chenopodium album var. centiolbrm 18 4)  176(2)  179(1) 1512)  148(1)
Digitaria adscendens (¥} o)) 186(1) 18.1(1) 16.0(3) 152(1) 14.4(2)
Cyperus amuricus (*5AH4) 16.1(5) 16.2(5) 14.8(4) 126(5) 11.5(7)
Stellaria media (‘2% 16.8(6) 17.5(3) 13.8(6) 13.6(3) 10.4(8)
Poa annua (M 3Eo}E) 176(3) 164(4) 16.6(2) 127(4) 14.3(3)
Polygonum hydropiper (¢1%) 169(4) 11.2(9)0 14.1(5) 1246) 14.14)
Others 20.2 11.9 10.5 94 9.6
Number of species 15.2 12.6 12.1 11.0 11.0

¥ Measured on 6-12 July
1 . Korean name

ii © The number of weeds per pot (0.735m’)
ii : Values in parenthesis are rankings of dominant weeds

_22_



gAY Apolo] MmE AP WEIZFE Jr)e YA

Table 10. Effect of sand particle size on growth and fresh weight yield of creeping
bentgrass sowed on 21 March

Particle Plant Root SPAD Fresh weight yield (g/m’)
size height length reading
(mm) (cm) (cm) value Leaves Roots Total
0.3-0.5 22.5 19.0 309 1,485 2,182 3,667
0.5-0.8 22.0 185 30.0 1,354 2,141 3,495
0.8-1.0 21.2 17.6 28.4 1,182 2,040 3,222
1.0-15 20.6 175 28.2 1,101 2,000 3,101
1.5-2.0 19.7 16.5 28.4 1,040 1,676 2,717
LSD (0.05) 1.18 0.8 ns 199 152 128

¥ Measured on 6-12 July
ns : not significant
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Table 11. Effect of sand particle size on land coverage of turf and plant density rate

Particle size Land coverage (%) Density rate (%)

(mm) Turfgrass  Weeds Total Turfgrass Weeds Total
0.3-0.5 93.7 1.3 100 93.8 1.2 100
0.5-0.8 98.5 15 100 93.5 15 100
0.8-1.0 97.9 2.1 100 98.5 15 100
1.0-15 975 2.5 100 98.2 1.8 100
1.5-2.0 97.0 3.0 100 98.1 1.9 100

LSD (0.05) 0.6 0.6 - 0.3 0.3 -

¥ Measured on 6-12 July
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Table 12. Effect of sand particle size on distribution of dominant weed species

Particle size (mm)

Weed species

0305 0508 0810 1015 1520
Lamium amplexicaule (3t} 98"@M"  9.5(8) 11.8(5) 10.5(7) 10.6(8)
Chenopodium album var. centronibim = 759)  889)  84(9)  9.7(8) 10.3(9)
Digitaria adscendens (¥}ejo]) 12.2(3)  124(2) 13.1(4) 12.8(4) 13.1(5)
Cyperus amuricus (5AY) 11.7(4)  11.3(4) 13.8(3) 10.3(9) 12.8(6)
Stellaria media (‘8% 10.4(6)  10.3(5) 10.8(8) 10.7(6) 12.2(7)
Poa annua (M 3Eo}3E) 9.6(8) 10.2(6) 11.6(7) 12.0(5) 14.3(3)
Portulaca oleracea (19]%&) 16.1(1)  145(1) 156(1) 153(2) 16.6(1)
Polygonum hydropiper (&%) 11.4(5) 102(6) 11.7(6) 13.2(3) 16.3(2)
Trifolium repens (E7]%) 12.4(2)  12.4(2) 151(2) 155(1) 13.3(4)
Others 6.0 84 10.6 134 15.2
Number of species -2 11:2 125 13.0 15.1

¥ Measured on 6-12 July
i : Korean name

ii . The number of weeds per pot (0.785m’)

ii :© Values in parenthesis are rankings of dominant weeds
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Table 13. Effect of split N application time on growth, fresh weight yield and nitrogen
use efficiency of creeping bentgrass sowed on 21 March

Split N Plant Root SPAD  Fresh weight yield (g/m’) NUE
application  height  length  reading (@ DM/g N)
time (cm) (cm) value  Leaves  Roots  Total g Ve
1 18.2 16.9 29.1 1,091 2,263 3,354 36.9
2 19.7 174 30.0 1,232 2,526 3,758 41.3
3 20.8 18.0 30.2 1,334 2,717 4,071 44.8
4 21.8 18.6 31.0 1,404 2,768 4,152 45.7
5 21.9 18.6 31.6 1,485 2,808 4,293 47.2

LSD (0.05) 1.0 0.8 0.6 75 130 164 1.8

¥ Measured on 6-12 July

Axol§E &S 15 EANA 369 DM/g N2 744 wekor), A4 24

357 Be4% AAH O Srhstel, 4815k 53] LA A b Egkeh
439} 53] BAA 2AF 2% Az5E 0% 2 2F 5 2E @40

N FEF Ao wel A F7), Wl A BRF AL F7)

of FF Ao FE =, Michael(1996)& &7 wh

i
of
0%
M
rlo
2
v
3

_27_
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Table 14. Effect of split N application time on land coverage of turf and plant density rate

Split N Land coverage (%) Density rate (%)
application
time Turfgrass  Weeds Total Turfgrass  Weeds Total
1 96.0 4.0 100 974 2.6 100
2 96.1 3.9 100 98.1 1.9 100
3 97.2 2.8 100 98.7 1.3 100
4 98.0 2.0 100 98.8 1.2 100
5 98.4 1.6 100 98.9 1.1 100
LSD (0.05) 0.8 0.8 & 0.9 09 -

¥ Measured on 6-12 July
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A tHHoyte Nybrog, 1971).

Table 15. Effect of split N application time on distribution of dominant weed species

Split N application time

Weed species

1 2 3 4 5
Sagina japonica (|7 #42]") B7M" 1356) 129G) 1147 9.9(7)
Lamium amplexicaule (GFtiy%) 13.8(5) 1454) 129(5) 11.6(6) 8.2(9)
Alopecurus aequahs var. anuirensis 13g5(5)  1328) 1058)  1029)  104(5)

= =

Digitaria adscendens (¥}e]o]) 14.2(4)  146(3) 152(1) 127(4) 12.2(4)
Stellaria media (8 %) 14.4(3)  13.3(7) 109(7) 11.8(5)  10.3(6)
Poa annua (M 3Eo}E) 13.6(8)  14.4(5) 136(4) 14.1(2)  14.4(1)
Portulaca oleracea (%4 &) 181(1) 16.7(1) 146(2) 164(1) 13.7(2)
Polygonum hydropiper (o]%) 16.4(2)  15.3(2) 13.8(3) 13.3(3) 13.4(3)
Trifolium repens (E7)%) 8.4(9) 77090 9409  10.8(8) 9.6(8)
Others 171 15.6 13.1 85 6.3
Number of species 15.7 15.2 134 11.7 11.8

¥ Measured on 6-12 July

1
i
il

: Korean name
: The number of weeds per pot (0.785m’)
: Values in parenthesis are rankings of dominant weeds
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Table 16. Effect of worm casting rate on growth and fresh weight yield of creeping
bentgrass sowed on 21 March

Worm casting Plant Root SPAD Fresh weight yield (g/m)
rate height length reading
(g/m") (cm) (cm) value Leaves Roots Total
0 16.7 12.3 26.7 788 1515 2303
150 174 13.8 217 929 1767 2697
300 185 14.4 271.8 1030 1959 2990
450 20.0 15.7 28.8 1191 2060 3253
600 20.2 16.0 29.0 1202 2141 3343
LSD (0.05) 1.8 1.0 2.2 124 294 408
€ Measured on 6-12 July
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Table 17. Effect of worm casting rate on land coverage of turf and plant density rate

Worm casting Land coverage (%) Density rate (%)
(g/m’) Turfgrass Weeds Total Turfgrass Weeds Total
0 92.3 7.7 100 97.2 2.8 100
150 93.8 6.2 100 97.7 2.3 100
300 94.3 5.7 100 97.8 2.2 100
450 96.6 3.4 100 93.0 2.0 100
600 97.0 3.0 100 98.1 19 100
LSD (0.05) 1.1 1.1 - 0.3 0.3 -

¥ Measured on 6-12 July
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Table 18. Effect of worm casting rate on distribution of dominant weed species

Worm casting (g/m’)
0 150 300 450 600

Sagina japonica (/\\] A2 ) 174N 16.7(6)  15.8(6) 12.3(7)  13.1(7)

Weed species

Lamium amplexicaule (3 HE) 13.3(9) 13.1(8) 15.2(7) 105(9) 11.2(8)
Chenopodium album var.centrorubrum 1g61)  179(5) 180(2) 138(5) 13.8(6)

(Hol)
Digitaria adscendens (v} 0]) 17.7(3) 188(2) 17.6(3) 154(3) 16.4(2)
Cyperus amuricus (5AFY) 16.8(6) ~ 17.5(4) 14.7(8) 13.6(6) 14.2(4)
Poa annua (M 3EoFE) 17.3(6) 145(7) 16.4(5) 156(2) 13.9(5)
Portulaca oleracea (2]9]%&) 176(4) 197(1) 17.2(4) 152(4) 154(3)
Polygonum hydropiper (%) 17.8(2) 187(3) 19.3(1) 185(1) 18.7(1)
Trifolium repens (E7]%) 13.6(8) 1159 11.2(90 11.3(8)  8.4(9)
Others 214 19.8 13.3 94 3.6
Number of species 165 16.7 155 124 12.0

¥ Measured on 6-12 July
1 . Korean name
ii : The number of weeds per pot (0.785m’)
il : Values in parenthesis are rankings of dominant weeds
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