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Abstract

This research was initiated to investigate the effects of seeding rates on top and root growth
characteristics in Kentucky bluegrass (KB, Poa pratensis L.) under the USGA (United States Golf
Association) soil system and to provide practical information on proper KB seeding rates.
Treatments were comprised of the following five seeding rates: VLS (6 g'm?), LS (9 g'm™), MS (12
g'm?), HS (15 g'-m™?) and VHS (18 g-m™). Each treatment was replicated four times in a randomized
complete block design. Visual turfgrass color, turf quality and root growth were measured from
May to December in 2009. Thesse growth characteristics varied with seeding rate and increased
with month after seeding (MAS). Evaluation in the establishment phase indicated that the best color
was associated with VHS until 3 MAS, but with HS after that. The turf quality rating score was
greatest with VHS until 5 MAS, but with HS after that. Data on root growth, however, showed
opposite responses as compared with those of top growth characteristics. During the study, the
lower the seeding rate, the longer the root length. Therefore, the best root growth performances
were associated with LS and VLS, while HS and VHS, in which the seeding rate was over 15 g~m’2,
showed poor performances. In the first-year establishment phase, optimum seeding rates in KB are
between 15 and 18 g-m™ in regards to turfgrass color and quality. However, in terms of root growth,
they are in the range of 6 to 9 g-m™. Further data analysis in a mature-phase will be a practical
necessity for the best turfgrass quality and sustainable performance on high-quality sports turf design,
construction and management.

Additional key words: Poa pratensis, root length, sand-based soil system, turfgrass color, turfgrass
quality
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USGA(United States Golf Association) A4S nj=-Z T4 5|04 18180 2 et Rej| 2]Hko 2 nj=t & 8 2 of| A
Szt gl 7 71Ako] go] ARSstal Qi A|FFo|tH Cockerham, 1994). ZE 7| 121 2(Poa pratensis L.) = 257} 15 -
24°C Aol x| A o] S o, w3t 7hE A E S o s Aehe 250 = SRAMTONA A5 =4 52] 717to] gk
Z¥(Zoysia japonica Steud.)l| B3l 3 — 470 € A o] 71 A o] QIthKim, 2005). T3F A2 0 2 ok Z4o] 4=}
1, FA g 7hs oA 248 & X o] Peko] F oot 2Rz 2 Ao] RE 2|9 HFE 9 Ax = ek £

7dell A gtstH(Shim, 1996).

FAF TS o WA ol el A1) )7 Q12 Eqlo] HA) 4]t o] U W B 24 2L cheis] W
o] e A1) Asek(Turgeon, 2005). SHETHERAE Aol AE)7] SRRl x2 ATl A7) U A3 A T 4
BT 240 thets) 308 840]ckKim, 2012). ST AE T A S k50| AL 49 42 EE YR
A5H5:0.2 el A4 E2o] B 2 4 Qlck(Schadlich, 1986). W2 AT 24 A] mHEapo] IR B A9 9740,
273) 58P T B0 SUERA A1Z 2] 2] WerHe UehbAle, 471402 mepge] Bapsld 4 it

(Cho et al., 2005).

Ae)7] EF A8 T 24 Al FAF Rk n]=of| 4= 3.5 - 10g-m™(Beard and Beard, 2005; Turgeon, 2005), =+
ol A= 5 - 15g-m™(Kang et al., 2014; Korean World Cup Organizing Committee, 2000) AFO| = ChFHA] B 11537 QJct.
g ) ol 2 27 5 Aol A B AT RARIA £7] 1388 ol7] 917 7] B oA TS A
W olito 2 Wilal el ZafckKim, 2013). 2 AUl BT} AT=g g 2] 5 AR 0 T
Wol 85|11 §l=AE 7] EF el tigh A wigdol tiet H5o] B asith

TFA o= Al AR @Al Zed 240 A] 271 Alg SAIQ] Aelf 2 ]2, e 2t 9 27] 53515 9ol A1
R S1Fe] Wt & 15-20g-m” Afo] MuRERE AR§oH= 7397tk oRA|gt o] 2fgh Wl 24l 27] Zheji ml-Ho] w
2] o]f0{z]7] wlZofl(Shim and Jeong, 1999), T 2/do] ehm ¥l AasttA o A= @] Uk Zhef o] HHA] 334
5] Zdeko & Qo A Q1 ] o] BXIsh A 4= k. Z A}y | EF 12 A A ukg  npg i Afolof g 24T
% AP of| wheh T At e S0 digt A7t 2 @ stk et A Rol A AlE7| SR 1A T oy S AL =
Yt ol-g, 18] 31 AH] ARG 0 = lol Feto] ZFoliRl= AA-E Al eo A AR Fe o] A e ol A kg et
st} ol

R AR 9 0] sk e el e 1A e ko] A 2ol
ZA A FA 0§ nhgdol ThE APFE G229 AT Aok Beds 59 S49S wefole A2 Ay, 24 9
T3 & AT oI Fast. SlelA 87| EF1HAE o83 A HHEE 2002  HEASET 2] AF AFE
SR 2] 1 Itk Shim and Jeong, 1999; Korean World Cup Organizing Committee, 2000; Lee et al., 2001; Shim and
Jeong, 2002; Kim et al., 2003; Kim and Park, 2003; Kim, 2005; Bae et al., 2012; Park, 2012; Kim et al., 2013; Lee, 2016;
Lee et al., 2018; Kim, 2022). SHA|TF 4] 114 9] USGA Zefjz]qtof| A e} 7] EF T AE A AA 0.2 485t A2 7H=
A o H, TR 2HkS oFA 0 & 2AJSIAL At Edlo] p<roflA] AAIRT A7 -] th(Shim and Jeong, 2002;
Kim and Park, 2003; Kim et al., 2003; Kim, 2005). E2+ F2]% 2tt] Z2 1 A] A7 mlg RS Aol | 919 A
ZE512] &tHCho et al., 2005; Kim and Shim, 2009),

= A= USGA Bef| Z|5e & A4S 24 3 87| SF 184 A Rt o0& w5 197

IASA| o/

i
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2 ﬂ:rui LEHFA 7ol 243 USGA 2|5t T At 7gol| ] A A STt Zt] AL 270 Z[RE2A] A ARG &
A= H —9mm T4 2] FAZ] 65% oV 2 AAE ARSI o™, F5(5em)ol= 97 1-4mm
FAo %um 90% oAl RS TAFE 12|31 AAE(B30cm)olE USGAAE Agket Rajs o]851%
(Cockerham, 1994).

USGA 2N 274 52009 49 F<= 1452t AE 7] &7 1282 (Poa pratensis L.) ] T2 A F RO ] A7 A7
F47F01 12 - 15g- m™2 3 3(Taesung Afforestation, 2012)314] 6 — 18g-m™ Afo| 2 A7 5 5=0] A5 FH|5)A] 115
Sttt & A2 o] 6g'm™ 2 A IS A HVLS), A2 TEo] 9g-m” 2 Aukg A2 H(LS), T2
Ae3E gl 12gm? 2 S AHMS)0| It o] Hiell A2 4= ThEFo] 15g:m? 2 1ukE 4|2 HHS)HLL,
A5 TEEO] 18gm” 2 10 AT VHS) 0| 3ck
B Ao A8 AE)7] EF T2 EF(Courtyard, Excursion, Midnight I1, Prosperity)2 =1t % sl 2]of| 4] Alg-51a1
2 S AR FAHS] AN Taesung Afforestation Industry Co., Ltd., Sungnam, Kyounggi, Korea) S 5of &+ 5F

.o o) FA= AR A A2 F0l 80% o] Hokas S}l § FA Y| FARE ARSI At At o] = 2t
& T AAE o 8ol F23-52], 12] 3 —4mm 7|50 2 A-85rh I o 2= 5233] A=, 20 -23mm Ate]€] of|
= AT AlH|TH] = TRt AT A8 H] 5 (18-3-18, 20-3-20, 21-2-21 5)E ol8sto] o AAGR 7| o= Izt
20g m> 48513k

T
S
(2]
2
=2
c\ 0

8 32
_\1 FIF F

IS ZA}

)
o

A 2Ll Bl 5] QfsiA] The A Bl 2 54 S ARSI 7 QA1 T A Rl ol A 7P Eol ARg
Far FAIA 7P (visual rating system)= ©]-8-5Fth(Skogley and Sawyer, 1992). A5 A4 7]of| YehE= %
Skl ARt A S 2|01 9l 93 0 = 51511, FH ol e B B Ui A4S 23 4l 15 0= sfof 1 -97
Atolof| x| A B7HE AAIoRTE. 181l AAE]7| EF 1A R A5 A= T oA B 0] 3] FAE 67 71
© 2 HrlstgitH(visual color rating 1 —9; 1 = brown, 6 = acceptable, 9 = dark green).

Zhepd 4 FARE 7R B7HRS o 8Stletl 7Y SRR IHIE 97, A Aol Ve 7P B =Rt
BHIE 13 02 5to 1 -97] AlolollA] 8- B7Iskeltt. 18] AH 7| SF18As A A= X}‘—/]H}Oﬂ/ﬂ HE s
O] #t] F4-S 6% 0 2 B7FsF3tH(visual quality rating, 1 —9; 1 =poorest, 6 = acceptable, 9 = best quality). T3+ T=55F]|
R A 2]k 2ol Fre g 2fol 5 H st QleiA Bl S Akl Bel -2 A2l7d 5 x 20em 7] 9] 0]
& AF F 7 2 Ao A ARgohe AR AIQ] Fofo] ST 32]7] o] e ZolE ARGt

ARl A] 2VFE 2 FA B B2 w2 171 koA 59 129714] D 23] 71E0 & AAISISInh T8

A5t Weldo] ZAR: FL B 5 1/hY A sY F4RE 11970 9151 71202 sl

_>|4_|‘

0,
N

=S
T

ol
)

3

r:lJ
1=

AT Hiz| 2 SAEA

= Aol AT B A= 5] whg AR A TS G 49HE O = viR|seint. Al A2}t shte] e
AAT7E2 x 2m 2 A 2070 A0 & HAL 80m® 0] ATt BAEA-L SAS(statistical analysis system) L2 1318 0]

4510 ANOVA B4 AA5H H(SAS Institute, 2001), A 2]77F-73-24 A%-2 DMRT(duncan’s multiple range test)
5% ol A AASHAH.
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7| SF I E A 0k 525 THA 0 2 ZARMIT QA2 AlZto] A fstaA A2t 2107k -#-25HA| Ll
A G2 27] Lol E 108 Ske7MA] 2154 0 2 F7FsHlH. SEA|Rh akgafo] whet 22| 7-2F 2] A 2jo 7] o
= Aol AE 7] EF T L0] FA Hoks 11 5 1 - 25 ARl o AIFEI L, HiFE Aol s9te
T & AL A EL wkE § 4 - 55 A ZakePaA UelgTt

e 7] ST A0 7T A4 87 E = 24 0.30(4217H) - 21 227.60 8 (A 21H4) Ao 2 HeRd T Table 1). 3
A e Al R o] T 5 14U ZARRE T QA2 7 A0 w4 o whet of7ke] o7} Lieh.
FAo] 71 Fo A e ol 18g:m™? 22 210E A2l VHS B-HAT5)0l0th th0 2 e et 4]
T IS A2 7] HSEREH (A 274 = LreRe e Z g4o] 718 B3t A2l 7 mEgol 6gm” o2 TP e =
Ak A2l VLS mhg-H A 2] 3ieh

AE 7] ST A QA2 utE & 27 A akehaA] 22| frofet Aol B FSisiA e Aol
it o = 24 271 371 F A GA 2 miSf e B o] e o= Yebd T 1k 5 371 Z A
79 159 2AFA] GAo] 7HE ¢t ARl mhEe] M W 20k A2l7H}] VHS TSR 7HAA G4 et
6.154 0 2 et & RiA 2 et A2l HS 152 775,80 0] Al K = e fAjo] 78 2t A
27 SRl 7P A2 VLS M52 B/ 4754 0= TP WSt

79 T 015 129 27M) T G e 05 ol wht Ao |7 oA wehdth 24 2719 nRd7 A = o] 717ke]
& mREEO] 15g'm” OO HS B VHS 3h5-7-0] Zr] GAlo] 945t ZoE0 2 Ut shAet 4273t 9 A= 24
2719k k= A Uebd ). 78 28Q RAFAI T GA o] BrPE BE ARl AE7| SR AR 2 I FE AR
2ol HE HEE Ao Ay Al a2l 64 ol ez R, o] 5 7 -9t A=l S A= H
TSR 7P AA 71 7.60 8010 the o2 o]t A2lHE VHS TR 7S 424 0 = LT v
o2 ] GAle] 7P Bt el ol 6gm® 0= 7Y A2 2 A1E A2 7 VLS BHETR 7AA 747
6.80 0= 7P S| vt

ot

w2

Table 1. Effect of seeding rates on turfgrass color of Kentucky bluegrass grown under the USGA soil system from May to
December, 2009. Turfgrass color was rated on a visual rating scale of 1 to 9, where 1 = brown, 6 = acceptable, and 9 =
dark green

Visual turfgrass color
May 14 May 27 June 10 June25 July 15 July28 Aug 17 Sep.2 Sep.16 Oct.7 Oct.26 Nov.13 Dec.4

Treatment”

1. VLS 030c¢* 0.50c 092d 1.50c 4.75¢ 680b 4.00b 420b 5.00a 572a 592a 592a 537a

2.1S 040bc 070c 1.07cd 1.72bc 497bc 732a 440ab 507a 575a 647a 675a 650a 632a
3.MS 050b 1.00b 132c 205b 547abc 742a 4.70ab 532a 58a 650a 672a 630a 6.00a
4.HS 065b 1.15b 167b 245a 580ab 7.60a 530a 587a 645a 692a 717a 662a 625a
5. VHS 0.77a 1.50a 2.00a 250a 6.15a 742a 5.10ab 577a 630a 6.85a 7.05a 6.67a 632a
Mean 052" 0977 1397 204 5427 731" 4707 52477 586™ 649™ 672™ 640™ 605™

“VLS: very low seeding (6 g-m?), LS: low seeding (9 g-m?), MS: medium seeding (12 g'm?), HS: high seeding (15 g-m?), VHS: very high
seeding (18 g'm?).
YMean separation within columns by Duncan’s multiple range test at p = 0.05.

ns, *, o, ok

Nonsignificant or significant at p <0.05, 0.01 and 0.001, respectively.
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89 - 129 22 Atool o]} Hl5:gh o] LiefLt o] 171 /1§44 el 71412 44 B7147F.30-7.17

7 Ao]2 Lebdt HS 15741, T2 GFEa el B714715.10-7.057% Ao]2 Wb VHS 5ol gir. =

AL T 271 3742 791 971 79 S5 129714 670 59k 2] GRS sk o] 18g el VHS THE

oSl Lsg P AHS ST J00 A0 2 ebieh AL ANE 29 LA
Fego] 71 AL VLS 7572 et

S % 271 2,500, 3 60 S 141 434 0302507 Aol 6] Azeisic

AT S 2] AW e AL g2 1&\’4&*“@] gt Ji»}ﬁ}% i w2

o =
4.00-5.874 Atol= 27 74 Sl %7}01] ‘ﬂOH 20-40% &= Ax 3} ek E’r. Olﬂiﬂ A 7“*t @741’55‘ Fye A+
NFFe= Qlef X % A7 ERFHA, o] 2 Qlsf e d B A4 Aol gasial 1 An
A

FAE 725 AR TR E A mRgafel met-f-ofeh Afo 7k Rt T g2 At koAl ANt
HO = P, sl mE A7-E 23 Aol7t o] A HeRdTHTable 2). TS A A7 74
P77 59 B HA 040 (A TF)NA 119 B F1 5. 877 (HEl4) Afo] 2 ThsiA vebiteh. dytka o 2 7t
FAE g DR RO Ol A 0 R HERdT whebA mRERo] 15g- m POl O B Sk e 2 HS
(H=174) SLVHS mH57(H12]75) 2] Fogdo] 71 -g<st it 2 VLS w1 (A2]71) 2] -9 1] 6gm™ 2.
R 7PE Soked o2 el 24 271 SAIQ whE-5 a3 A A A 2] /A e 0 = Qs 2 53 8
a7tV W ehd 2 0 & =gl

Table 2. Effect of seeding rates on turfgrass quality of Kentucky bluegrass grown under the USGA soil system from May to
December in 2009. Turfgrass quality was rated on a visual rating scale of 1 to 9, where 1 = poor, 6 = acceptable, and 9
= best quality

Visual turfgrass quality
May 14 May 27 June 10 June25 July15 July28 Aug 17 Sep.2 Sep.16 Oct.7 Oct.26 Nov.13 Dec.4
1. VLS 040b¥ 0.60d 1.00c 1.75¢ 3.2b 3.82b 3.57b 290b 3.17c¢ 330c 337b 3.67b 3.55b

Treatment”

2.1LS 040b 0.65cd 1.07c¢ 2.15bc 340b 3.72b 345b 3.55ab 3.75b 4.02b 4.12ab 435ab 4.15ab
3.MS 045b 0.77¢ 147b 235b 342b 3.70b 337b 3.57ab 3.72b 4.00b 4.12ab 4.57ab 4.50ab
4.HS 0.60b 1.00b 1.72ab 2.75ab 4.15a 4.70ab 4.35ab 4.50a 4.82a 5.10a 537a 587a 570a

5. VHS 085a 135a 2.05a 3.12a 450a 492a 462a 4.67a 480a 500a 507ab 550ab 530ab

Mean 054" 087 146" 242 3717 4177 387 3837 405 428 44177 4797 4647

“VLS: very low seeding (6 g'm?), LS: low seeding (9 g-m?), MS: medium seeding (12 g'm?), HS: high seeding (15 g'm?), VHS: very high
seeding (18 g'm?).

YMean separation within columns by Duncan’s multiple range test at p = 0.05.

ok ok

Significant at p < 0.05, 0.01 and 0.001, respectively.
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A oL 27158 w1 S71E A AR 99 2571 B ”Jf?é: o] 18g'm” 0 & 7H 2 VHS 1572
H7H4710.85 - 4.927 Afo| 2 BAA 0 2 7P 941t T HAIR 949t A= 0.60 - 4.707 Afo] 2 UEhd g
o] 15gm >N HS TE-0] Gtk W2 o] 717kl 7P Bt A 2| 7= H7Hd4710.40 - 3.827 Aol 2 Urehd i o]
6g-m> 02 ZAuRE 22|91 VLS mREFo| Qi SHAITH9Y S5 0|5 1297HA] 24 18R} A1 37 DAl A 2277t
A EL SGTAE ThEA HLEP*E} o] 7|7tolli= HS mH5-1-9] H7Hd4-714.82 - 5.877 Aol = LrERLE 4.80 - 5.507 A

o] = UeRd VHS Tt} o] 95 7eko 2 eyt 1211 7P ERkt A s B7H4713.17 -3.67- Alo]=
U VLS T2 24 27| 2 Azt gitt. & 2E 7] EflﬂiiJ ) EEL 27] oF 578 Bk xaimt
F AR VHS TE17H 71 94050, tha 0 2 o A2l = HS 1o 3irh. slA|Rt ukg: 5 57 o] 2|t 41
710 9-F TAT ZEpAHA HS TR VHS TREEFRTHE o 905k Aoko 2 LRyttt
PdolA 248 1821 Al A1) 7o) A 2 218 7Y Sl 8Y S Alo] 3520 2 B A4t HAeklet
ol= G4 Ed Y e Aot yeio] Gl Ao W QL) F o] Al7|of of§H 1-27] AEHAR Qle] G4 T
&1 7o WA Al o] Wy 345 74451t 79 28 HA| A2 o] Bk AM H471 731014 89 178 4.702.
2 3A| At A Al o] Ba A B e 78 28Ul 4.17014 8 17 3.87= ZhAsodrt. Fht) APdH =
2] o] o]t A} Tae Hajo] e Aot waet MAP} ol A 02 weE| ik

B 9o 69 5l — 7Y S Afo] Ha] Wi HRe A HH 69 26U ZAA] #a2]Z0]714.95-5.65cm Afo| 2 W]
Ae] 7o) gt Ba] Zo]7t 5.40em ORI 7Y 15 a0l 2.92 -4.10cm At0] 2 A A2]Tte] Bat #e] Lozt
3.60cmE e} 79 Z4 Maliato] Iy A A ol Table 3). 0]2{3H A= A=A o]& 7153t 24 Bl
SH 9 -3 o] e A 0= T QI S 1k 27 ofd 1 959] ZhriTell A 6 ok — 79 T Alo]
W27t 7 0] 25°C7HA] oA A (Fig. 1) ] Baldgat 2 A5 Aafo] Wolz| 1, B4 thit 7]s0] 4shd

A VEhc Azl pekE ol

O

AR AT Hlo]e] BAS oA Ael] B2 24 A AT 2 B SR B A A e gl
2] e A 9 B AHE 7l 98 A7) 1 wje} 418 g W a7} Qlek, 5 AE ] SRIeA AR TR
T A7 oI Ae) AP 8l W2 $150) 24 B A7)7H1E 7 671 ol BRI Aol 18 gm?, 1HE

18- 118 A1 3R 155 o] A el wR

40

=@ 2009 Mean air temperature(°C)

30

20

o - O A T S N T T . I SR T T 1 TR - O TR (N N R N THY A W G MU O “ )

-20

1234567 8 91011121314151617 18192021 222324252627 2829303132333435363738394041424344454647484950515253

J F M A M J J A S o] N D

Week of the Year

Fig. 1. Mean air temperature by week in Seoul, 2009, during the study period. J through D on the X-axis represents the
month from January through December, respectively.
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w2y

7] EF 1A e A ukg S AlTto] A atohaA] mhE e A7t Ao 7k -fofskA] VreRktet. T 24 1
A2 AIZE A1 20091 4] Fe A7 2141 1.12em(A 2] 75)0MA] 2T 15.00em(H 21712)7H4] mhE3 <ol whet o
S ApO|7F BT Table 3). F-2]447% % S A gl ] A= thE A 1 27) ol AT EAIR S frold el 7t
719 UrERA] ittt kg 1771 291 58 14 FAFA] B2] o= 1.12 - 1.75cm Aol = 214 2] ef7-0] Bejiiigo]
LRt ol2fet Axprh uEhd 212 AE 7] EF 184 250 71 IR Als A T Hols o 7HE ol T el
LA AJ2FE © 2(Beard and Beard, 2005), T 5 17192 oF2] A 2] 77 Saj it 2jo]7h Z86] Uehd 4= 9= 4877
o] of7] wZolct.

uHE 5 270D A A1 68 26U AL A B A %5% 2 12} ZAY] H|3) AA| )l B2 — 48] AT 27}
Al H2l o] 7H4.95 - 5.65cm Afo] = WEREAIRE, FA12] 0 2 ot Aol = o et o] wff B ke A H A 7}
G A e o] 9g'm™ 0.2 Autg A7l LS ThEH( A 2) R 5.65em O] ek ¥HA 7P B At
g0l 18gm? o= iuﬂﬁ e} VHS TEHA 25) = 4.95cm o] Ut o= #e] o7k 7P 4| LS o5
ofl Hlaf °F 12.3% A= e A oJnjgict.

A EAA OJ FOJRt Afol = FAL ol - Agto] Z ot A PRt AV SR A A wE Tt ST bR A wkE
371D A} A0l 79 322 0] B A ZA} A LR T 79 152 ZAFA] Ba]Zo]=2.92 —4.10cm AL 2 %E}‘i_tq,
el 7P et Aelahe Aukg A e 7Q1 LS 12 4.10cm ©] et A 7P SRRt A2 7hs kg A2l
HS R e]74) = F2]do]712.92em 0| 3rt. S HS ThEH0] FePA-2 LS mhg-o] 1|5} 28.7% H = -2 w05
Lebtth

849 Ske A2 79 F<eoll Hlol HAlA o= of 1.5 - 34l A= F7151A 8 28 AE)7] EF 120 Hejdol=
10.00 - 11.00cm Apo] = T 2 2f7-of| A H1—o}ﬂl Uehyleh. Hepiidol] 7P oot Ao}t 2A R A 2712l VLS
AR 22 0]7F11.00em ©| AL, F A= F o g Ae] e S0 A2 MS B (A3 = e d
©]7}10.5¢m ©] itk Ue{ 2] A 2jto] el ol BT 10.00cmE 5 A5 78 <=t 8 Y sk A A o= B

o] AA F7IF A2 69 T O1F AEAY 2% AJ50] 89 T o] F RolA| A WA 2k g0 §RA| Y sl A7
S0 s AAEAI(Fig. 1) ERH8E X< o] % H & 350 & Aol HAsHA Uehd 21 0 & s e, & e

Table 3. Effect of seeding rates on root growth of Kentucky bluegrass grown under the USGA soil system from May to
November in 2009

Treatment’ Root length (cm)
May 14 June 26 July 15 August 28 October 26 November 8

1. VLS 1.37a” 5.50a 3.60 ab 11.00a 13.75a 14.00 a
2.LS 1.62a 5.65a 410a 10.00b 1225b 15.00 a
3.MS 1.50a 550a 3.65 ab 10.50 ab 11.50 b 12.50 b
4.HS 1.75a 542a 292b 10.00b 11.12b 12.50 b
5. VHS 1.12a 495a 3.77 ab 10.00b 11.50 b 14.00 a
Mean 147™ 540™ 3.60° 1030° 12.02" 13.60™

“VLS: very low seeding (6 g-m?), LS: low seeding (9 g-m?), MS: medium seeding (12 g'm?), HS: high seeding (15 g'm?), VHS: very high
seeding (18 g'm?).

YMean separation within columns by Duncan’s multiple range test at p = 0.05.

ms "% Nonsignificant or significant at p < 0.05, 0.01 and 0.001, respectively.
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AH] e} glEo] 25 7}24°C o|5te Wo WA Al 7] B2 Te|A 0] Z)AiAto] oF 5 S| 1 A4 el R o] 24
gof whet 2o Be] 22 i oA AolA Bl Ao th(Kim, 2013). FHe] AEA| ol A B -2 AU ek 547
L of| RS Hhon, Eo] 3HA3 3] O] A9 23 g 22 9] 2AUAL 7|50l Aotel= o5 7ol e AA 7

l~>

SHk(Turgeon, 2005).

109 Sk H A2 89 Sheeof] HIal Ht 10-30% H= 571614 109 269 AR AE]7] S5 12|20 e dol=
11.12-13.75cm 2 UEFTh 99 - 1082 B 5= 12 -22°C Alo] 2 Ba| o] Zglel o] B 2 Ba)zto] 242
02 HJsHA vephd A o2 = Qich(Fig. 1). Sivfetd A8 7] S5 1A Baj o] Aelet X4 2=10-18°C A
o] = QFA|R 7t} o] -9 M2 Bt 7+ GAISHA| Uehe, Ald A o 2 A o] Blel ity BH T 7R Uehte
Ao= A Ith(Christians, 2004). ©] 7|7te] Hel o] 7Hd ot Aefqte ZAE A2+Q] VLS Tﬂri?i
13.75cm O3}, TR0 2 FS 3 A= AukE A2 19l LS TEEE 12.25¢m ©]QIt. B2 Hajixto] 7P 29
AT kg AR HS T 11.12em ©]{th 5 HS mhg19] Fej dol= Bej o] 7Hd et VLS H}Q
of H]oH 19.1% B &= A x5k

e 7| EF A FAF 11 & A2 770 B AlRoll AR 119 Z B4 109 sheol Hlsf] o S7 skt
1149 8% AT A AE|7] B 12 A 0] H2] {1 91=12.50 — 15.00cm ARl = LT, o] o] Bajd7fo] 71 oF o et A2+
£ IERo] 9gm” o2 Aulg Al LS TR 15.00em 0|31, F HAR Fogh Al s npgeto] ngol
6gm=O = 7 AL VLS mhEL R #a] Z10]7} 14.00em ©] ek 1317 L R] & 2] 4to] BalPARe- 12, 50cmE LI
Wk

EARE B AE7| EF A TS T 27) 24 DA 13} R -2 nig o] 2 EEZML* A27R1 VLS
upEef AukE A2l LS w7 7 S<patoltt. 181l SuEE T =2 HS B VHS 19| Hiefdol= A9
712 W 7P AZSHA] YErstTt. o] 22 ofel W Arg e oA 2 o) EA ol ekt }%*5] ohe Zatolth. &,
Tables 1 and 24 A Hollofl A ZE 71 A Eats) 11_}1’4 G 2 FA 5 AR ABSEAS G o 2 Sk HTH T

=)

Z/4 27 lﬂro %37HgJ B AR 7Y S 01 270 Baga-e Aol T glo] 69 Fr°ﬂ H]5f 2F20-50%
Ao Aaselet. o)A 5k § 27] ofdl G 9159 ol 69 Z o] AEAQ] 2 507 Btk
25°C7HA] &ef7FAA (Fig. 1) of el fH.0] Frajddol FAetely| wlZof Vet 21 0 2 wodE|glek. k2|3 Zr] o] 79 7]
Spe ma) o) ALl 10— 18°C Afo]2 &a]A It Christians, 2004).

= U7 ZollA] 21 AlE o e A] o & X A %Oﬂ A G T 8022k oIt FH 717kl ¢; B9
A 7= 54201 15 -24°CE Mg 71201 €, FQ1 HA R k=t of vls Wi/ 2 Al do] efopr| wfiZof &
T7h25°C o S b o B 27| A Al 12 7&1 2ERAS 47 dop xtr] 2] o] ofsiA[HA H4- S8 et
S 7S 0] Aok 4= QT Wallner et al., 1982). ©] A|7]of| et 24T 1 4 =t ol=
Park(2012)0] B3 3547] 7E]7| EF 12 2.9 I G4 deliQl Bt 4 - 61 HLof ] A 2 Aejolt). & o5 11
2 2EYAR QI G4 A, AVFE FE A 9] SATAL A, AW A EahE A 2 S AJo 5 0= Qlof HejAy
Zo| 3A fashe Ao = ToE|gleh

A 0 = A7) EF e 20] e upgako] A5 4T ﬂﬁl v 2 2} oEgo] Ba g B U
EfsiTh whebA 2t 9 52 dreolA] ¢hal Aol Badg 9l wek A AE]7] EF A Fe Al ARt g

AT 54 193} A3 SRS B P ] 2 6ogm Aol RIS, ol 39K
FH8 A B9 e 2712 A 02 27] mo] e 1 e R S/ SEAL, Aok e ETE A
] i

Zo] o A5 W3 =7] wfolthLee et al., 1995). Z VLS W LS} 22 #julg—Lo] HIs] HS W VHS Tu}E2] 739
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APFE- B7Fo] ZREHA AU A SotaS Wol o 85k o= AJtia o s eyt 9l dido] Bl & qlrt
(Christians, 2004). & 2t 2/ & Z|op5 Biejdido] oFasA UltAdo] Qlofok ol e off Eot a2l zireo & 2|4
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Aui= e THd oA tidks] RAEeE A 0 2 e ik

Zo1A o 2 AlE]7| EF A et 24 A
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S Ao 1k 5 7 -7 A AUof AL TET 4= Q= A0 = WREQITE o= 2t 549 73 ATk o =h
A, A, dUE 5O of7kA] 84 FHA 0 = Vol Hhesty| wiell(Turgeon, 2005), ZE 7| 51842 24
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}% U AT @A e 7| EF1A2 24 Al 27] GAIY R 1datol| 235 Zhedo] A, mi 9 e 9

ToA oS ARgols a2 A 9 art glrk.

H‘%‘ﬂ* 24 3 Pejo] QA= i A% Bk A Ao Hee] A FUoH feohs Aolth(Vengris and
Torello, 1982). /352 Q1 Zheid 2A4dof B ot A7 ohA| whgd=2 2454, A7), 719 4 84 2 A A" 59
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off A4oh7| Bk T4 02 £7] 53515 7 A A BkE Qloii] 3 ng o) o B2 1ukE 9= WukE of
£ 73%ko] Zoitt. Bo] AE7] EF 12120 A9 8 A7 7 F 24 £&7t 7MY L2]7] diZol(Beard and Beard,
2005), A5 @M= 27| Al gDARlA 27] 55t 9 whE w22 Q)] 71 g T 2 15gm” o] dutE AS
Sk 73ko] Alst.

SHA|RH o] 23t ulEFo 2 Ut AR E
o] wa] LJeR}R]TH(Cho et al., 2005), 7
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|4 ZAdlef| ofef A7 ok AARRS ok A o] 585K Cho et al., 2005).
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27} 201 : Poa pratensis, 217101, BeAt, Ay, Aj 22
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