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Abstract

Kentucky bluegrass (Poa pratensis), one of the cool-season grasses, has inappropriate
growth when air temperature is lower than optimum range which are 18 to 24°C. It leads to
sluggish growth, weed invasion, disease outbreak, and drought stress. Potassium (K) which
is an essential nutrient for turfgrass growth is well-known to enhance turfgrass ability to
tolerate environmental stresses such as low temperature stress. Turf cover has been used to
protect the crowns from direct low temperatures and desiccation during the winter season.

'.) However, limited information has been reported on timing of the turf cover application and
e interaction with potassium application to improve cold tolerance. The objective of the study
podales was to investigate the timing of turf cover application and late fall potassium application for

Kentucky bluegrass spring green-up. The six timing of turf cover application which are no
a OPEN ACCESS cover, daily, December, January, February, and March were treated. The four K rates which
*Corresponding Author: are 0, 5, 10, and 20 g m? were applied. The K application did not have effects on Kentucky
122)1%25-31{-5512,%-558878% bluegrass spring green-up. When air temperature is lower than 18°C, the effects of turf cover
E-mail) sklee@hoseo.edu application is required for the period of 33 days for spring green up. If the period for cover

application is less than 11 days, no effects of turf cover were found for turfgrass quality and
Received: March 15,2021 coverage. When relatively high turf quality is required in the season of spring green up, the
Revised: June 18, 2021 turf cover would be applied at the December, January, or February to ensure the enough

Accepted: June 21, 2021 period of turf cover application for increase spring green up.
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Introduction

ZHE)7]&F 12| A (Kentucky bluegrass, Poa pratensis)y= H| 14} -2 2 Iof| 4] /g7o] 2] = 32| § Zhr] 9] & F-70]
o}, £3] 2HA HFol A HE7| &7 1eAs B2 oA A= Wildo] o S|zt of H]slA] v] w2
E=2710 2 HEH} QT Fry and Huang (2004)01] &J5HH UigHd& H] 1wt 67}12] $HA| 3 ZHH]F0ll A creeping bentgrass
(Agrostis stoloniferayS A| 2] S+ 47}A] SHA|F 2], weeping akaligrass (Puccinellia distans), creeping red fescue (Festuca rubra),
hard fescue (Festuca brevipila), perennial ryegrass (Lolium perenne) ‘5= ZHE]7 | &-F 1A H T} UfsHdo] Y2710 2 Hal
=] 3T} Creeping bentgrass2] 73-F- AR (LTso)7} -5°COllA] -35°C7HA] Yeh AL 9l oLt FHE) 7| E-F e A B} st
/g 0] -2 perennial ryegrass2] 74-%- ARZE(LTs)7}-6.9°Coll A -10.3°CE gt 0 2 =2 2% 5 YE 1L 3ITHEbdon
etal., 2002; Gusta et al., 1980). T=oF B w &) A 22| 250 2 A7 tall fescue (Festuca arundinacea) . 7+l 2A4H 79
HE7|EF 1A Hope Ujghdo] W27 0 2 B 1 HH| QITkBeard, 1973; Stier et al., 2008). L2 $FA| 7kt 9] A%
< et A9l o] =91 18-24°C K} W2 73 2ol = ZHE7| EF L2 A of| &= o2 7}A] wfsliF/do] UERdTh(Beard,
1973). SFA| 7] 9] Ag7tell A4 9] o] R H Tk o] = 49 /750l 4ste] W7t Rolz| 7| &, ofojjuzt
Az Rol Ay, BEoF A Al] 37t Axnal 37 BHkE = of 2| 7kA] wlsEAdo] UEhe A0 B g} it
(Dipaola and Beard, 1992; Trenholm, 2000). £3] T7] %7} 0°C o|st& ZAg 739 Azt MlzzAtolol] IS AZA|7F
/g5l o] M2 o) Ro] R EE ZHAE fidsto] AJHAE Z2lioHA] H th(Danneberger, 2011). 2 =737l 2 Q
S A7 Q] ofste] W A Hol|A= HE 7| EF LA L of2|7HA] wlsE/do] UEh7| wizol] B2 A Aol
9Jof) #2of| . ZH Al 52| TlohE A3tsl7] 913k of=2]71A] Bel A vk o] A= L {let.

AlE-0] /g7l = a3t 170 4 Y AR ZHE (potassium, K)-2 Al=0] 2= B 482-5-0] o] ol 2w = 7
Z, 12, A2, AEY5 AE A0 HSohs 5 FAT= Y4E F EBA Uk Bermudagrass (Cynodon
dactylon)”} 712 740l A mlal|S4do] 2ol H A2 49 22 98 gm?2] ZHg AJH| 2 3|5 7|7to] GEEQth= 2
7} BarE v} QlthMiller and Dickens, 1997). Webster and Ebdon (2005)°] 25HH perennial ryegrassell A 23St snow
mold (typhula blight)= 44.1g m? yr'9] Z-& AJH| 2 11 Z4)0] 93% 7HAE|Q{ckal B 15k v} Itk Creeping red fescue 2F
perennial ryegrass©ll 42| Z-g-2 WA/d2 S7HIZIthe A+23HE B &I TH(Krishnan and Brown, 2009). A]=-2]
FrigH ol tigt Z-E2] WA, W/, /g axt o] Qloll & Wighdol oist Atdxte B vt lrt Hurto and
Troll (1980)°1] 2]5HH Z-g-2] AJH|+= perennial ryegrass” | 41-20| =] o] mjslE/do] IS £ A4 9] 4= ZX
AA 57 17HE GEFAZI T A2 3E Bt T2uZ2HE0] Wikl tigh Aol tishiA= 1 5317} 3
Che Bhtie] A7 nte 2 aEnt 9Tk Cook and Duff (1976)= $HA| X 9] 9t F-37< tall fescueol] ZHE AlH|= UigH
/goll FFo| glthe At ks B it whehA, SRzt of| A tighdol| tigt ZHg-2] ate 7o) A dats
et 7Hd AFol B esit.

A w] =24 turf cover)= ZHH7F A 200l =F EH ST BRE-S BoSkl A 35 =22 7, ALE 4
203l S ol she Wi 0.2 o] ARgo] o] RITh(Fry and Huang, 2004). 23t 74270l Zrt] o 2} 8- It n] &A=
o) 9fol] ARl =5 At o = QFHAIRE Rt FAIAA A EA 22 FF6) 0, F2 ti7| 2 =o tigt dd &
e Fo] L5 S EE 53} lukal B vl QITHHapp, 2004; Tompkins et al., 2004). =3t 22 AAZ Q1 g}
o|ejo]] Q13-4 0 = | 2to] & thefet 2| o] JtjulEx|7} Agdol] ARE| o] FFEE Fifol| thgt A7dnrt B
=] ATk Roberts (1986)= TFYSH £-7-2] 2] o] E2HS- creeping bentgrassOl] A-8-5t0] 1 S+ 2731} A2 3tof
o]t Zrtju] =9l F-7-F polyester, polypropylene, pine needle= 724 RIS E A7 |= EHE LERH O,

polyester blankets2 =8 1 Y& FAI7]= BIS LFEFRITE Lee 20132 67 1] - 1] 5415 JHE] 7] 57 12| 20
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A gsto] 74 1ol v|x|= FF= SHHATE A-Atol] 2JshH, 2 o] 527 ARSE BE 2] tol| A R
o =2 W7o FH2 7t o7 2L K} 31004 8.7°C =2 28 YERJ o, o]2fgt ko] Z7k= Xit|o =27}t
A= A2t vl asted 3.3 of -2 JE S LERHSITE Tapp et al. (1988)2 bermudagrass©]| straw, polypropylene 2]
11 polyester -2 ZT| T EANE AHEEO =X | E o] Pl= T3t Yehton, 387 a3t =
ohal A A Husioih ey 254 A e T EA S AR sFle s -2 7 9] A7l B 23 0.2k CO,
5-9] u o] YUTS}A| o] F0] 2| 2] ghot ZtT| A Ujol] CO,7} 52 %| o] phytotoxicity s Zeligtthe A4 xte H s Hf
2AtHAndrews and Pomeroy, 1989; McKersie and Leshem, 1994).

o) E5A27F etA gz ol 48 = QlZu Wighdol tist 3784l axtg B st gk At d k= X7} mEo]
e 7] SEHT E2 25 FAE 4 JArhe Ao 284S TS ths ol FE o] itk 1
2tz a] 5ae] 28 A 7|9k A-8-0] 2)&A o] tisiA] T Aol ot ik Atsh Ah= oF2] B v glot. 2o
EXE &5k 717t w2 =0] #stefol| 2to] 7t YERUHA| = H, gt 4EAl ko] xfo| = Ayt Hck. ¢
Uete] oo Me ASd 29 2ol Holtt J}u B2 E AMshe 497 S5 Ut o] B ] EA =
oI5l Wt Hho] 7)-2xH(temperature fluctuation)”} ZHAE]o] Abth o 2 mjs)7}t 7h4E 4= QITKNielsen, 1974). ©]2H= T}
£ B2 A= Ho| AIAE7] Aol 2 m 541 & A-83Ho 24 Jtj7t E2-2 kol e E &= 7|The Al 7], 3
5 Y] BHREE SAIA A2msl7t At 548 1 AS AT THLee, 2013). K] m] 5212 -84
719} 717to]| whe} ghx| g zte] o] /g 7ol| o PEFS Zelish=Aol et A2 k= Aol E 85ttt Sk o]o
2 AdoMe HE7IEF 1A B4 IS S7HA1717] Sl A Jdujga]e] 8A)7|e Z4F AHE &
off ZHEZ | EF 1A Aol vl x| = Y= A5 o 3=t

Materials and Methods

2 AL tiel= S ofitol] f)x|ek SAfcieta Zhr e A g el 2016\ 129 24 FE 2017 6€ 1Y
7HA] 4=8Y=] Qlct Adol] ARSH Z2F-2 20149 10€ 0] 24| H FHE]7 | EF 12l A (Kentucky bluegrass, Poa pratensis)
‘Midnight (TotalGreen, Inc., Seoul, Korea)°] AF8-E|%] o, Zit]ulEzet ZH5-2] A& E Y35l 1.2 X 0.8 m 2712 22|+
7t A=At A Ay o] A4S 9J5l B3] & Super (21-17-17, Namhae Chmistry, Inc., Yeosu, Korea)”} 5 g N'm?
HlE= A 2] 43274 2|50 Ag A|2Pd7HA] wejzt = lok 2 o) E2) 2= Hlo] ZgE-0] 75%°|H F71710.04
mm¢! Black poly-vinyl chloride (PVC) film©] AF&-E] 21 THKahn and Leskovar, 2001). Z21-8-A] 7= 24 2], i, 12, 1,2, 3¢Y
9] 6714 M7t /= o, Huj o] mjd X727 2% 6Alol] AlAtste] thgd @7 9AIZ7HA] ol 154
TH &t A A E A -85kl A7 = A8 A 2ats 242 A2t s o] ARA) 5 5ol A-8o] E]loH
Algo] TEFu7HA] 24417t A 80| E|Qict. ZHg-2] A8 FAE, 5, 10,20 gm?e] 47FA| 2 F/do] E|Qlom, 4
AB]E- Q]3] &abE(potassium sulfate, 0-0-50, Poongnong Inc., Seoul, Korea)©] AR&-E| Tt AE-& 95t 28]+ 742
Table 19| AHE|QUch JHE7| EF 12| AZ 24 A7 U AdS st} A4 Q19141 T47} o] Fof

AR g3rom, d7|1ZFERt 371/l G4 AlH] = o] Fof A|A| B3kt

O
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Table 1. Treatment list for six timings of turf cover and four rates of potassium applications.

No. Timing* of cover application Potassium rates (g m?)
1 No turf cover 0
2 No turf cover 5
3 No turf cover 10
4 No turf cover 20
5 Daily 0
6 Daily 5
7 Daily 10
8 Daily 20
9 December 0
10 December 5
11 December 10
12 December 20
13 January 0
14 January 5
15 January 10
16 January 20
17 February 0
18 February S
19 February 10

20 February 20
21 March 0
22 March 5
23 March 10
24 March 20

#Daily treatment of turf cover was applied for 15 hrs per day from 6pm to 9am. Turf cover treatments of
December, January, February, and March were applied at the 5th day of each month for each treatment,
respectively.

Zr) o] At F1-8 =7d5}7] 9)5HA NTEP (National Turfgrass Evaluation Program)©fl A AASH 8P 0 2 o3 42
=)Aok o] QM2 =2, 9= =M 6=2] 28 M0 g7 77t E|Qlom, Xty o] F4-2 1=l LHE, 9=n-9-
B7P7t =ik =g 2] a5 o] b g7H%)oll 2ol uijs =88 o] =] it 7 2] of Mt
= - 80|95 237 0 2 o] H|Ql o o}FF 16A] A H AlZtol S7o] o] Foj Rt EF
| Time Domain Reflectometry (Field Scout TDR-300, Spectrum Technologies Inc., Illinois, USA)& ©]-8-5}0 uj5= S &

A/ EHC 2 HE 5 em Zo]ol|A EG2 7t S Ut 7| 2= b i ol EAfjol| o gt R IS 57
517 fJeliA] o) EA) et EGA| B Atolo] 2 =7} s Z7 = Qi

£ A5 9] A= 73] 5] (Randomized complete block design) 3850 2 o] 0] 3| Ut EAEA S SAS EZ T
Z(SAS Institute Inc., 2001)2 ©]-8-5}+0] the General Linear Model procedure (PROC GLM).C-Z H|o] ] F-A o] 4-3]|Q]T},
= A2 2] R-o) 2} A2 915 Fischer's protected least significant difference (LSD)7F =34 =] ATt

=0
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Results and Discussion
Rojm)E e} 25 AlH| k] FxEl T 7ke] 4
= 2 o] EJoll A S-2Jx7} LFERLFA] 94THTable
Zj2) 7 7k0) 4o akgo| Lhehktet ZcimlE Ay 184 7]o] o)gk 2T Ale] o3t Hlo| ¢
B 42 19971X] M §A)7|9 Aiglo] AeimlBalsl A 88 Mol T B Bt e
(Table 3). EE3F 4% 7YU7}A] FA{g] o] it G Alo] 2| 248 712l 6.0 ofst] 2k LR oL, %t
Al719t BAglo] HE A 2] rollA] 2 GA 2248 4kl 6.0 o)/32] g2 e Zj o) Ex)
F5<tol 714 &2 7hei o] Uiekt
o2 Lepton, 39 X274 3
4% 199 o] 9l 4% 720] BFhr|eE

o7} Lehd mE 73
gl 2

p=%
= X—]O = O
-1 O E] S

Lo
ck R ) Daily) ] 79 427208 714 e rrigiAtt folabt

2%

H 9] 2 e T data not shown) (Fry and
zo
) 3.1-8.7°C Tf =2

A5 L
IAZIE AIE

o v
H

A2 TollM= A8
A&A715 12,1,2829] 282717} Elo]H
M
230 FE 421997H] 7P w2 FH AT A7 )l A 02 et d2iu 42 199 ool 2E X
oA Zre] Gl TRt R-of ke LrERFA] @3k o] 212 Tlo] &
7H5.1°C2 AT 24 82w el ot $2 =5 Uehigl o) 49 79 Ao 5 yiie] g Ee 7
)5 3t BE 2 2] oA 234-24.62 2 S|P 8ol A
Huang, 2004). ©] 2E=2o]= t7| 2= o} v Sl ] o 52 UjF-o] 3+ 2=71839.0°C o= E7hH
Fr) o) EAl o] 2 8o offt 2k g0 2 T G Aol 7ol Lrehd 202 W Lee (2013)
ol oJ5t, thegat A o) Rbrju] Aol o rjul A .o R 2= o 7| 2o Hl W RS
202 Ugton, il Eaol o3t o] 2iAjols 2&7} W2 3¢9 7|3l Rhrjo] At £ &
2 o] Foll= FrjulEAl o] 52 22
AolM APFEAA 6¥ 1Y o] Fojl = 2]
Sl FejulEAl Ujo] R 2] F5o s B
H 2312527} 24.0°C o) 79 R = =4 X
=R R

L.

L= 0
o v

_]lNl f
we

2L

o

=

2 oo 39 7|7k
UreRdok B ugic J2iu H 3 thr] 2571 26.1°CE U= 59 21
T Qlsf iAol Zrashe Axp7F Hehdtial Bash) otk &
B 27} 2-go] FrtH 5 28 21 7| =7} 29.4°CU S 1
TGS ERdZl o 2 dhehe T Lee (2013)01] 2]}
2|t 2ot A 2te] e dMo] | Y22l oz B Ht Qlok 2 AFolA = 59 214 K E]
F 5ol A7 29T 52 265°CE B Qlo] 59 219 o= dAe] At o] fof Aoz
ERLEA] QEotet | wj Bl o] 2-8-A1717F 12, 1,281 371A] X2 Foll A B8 1Y Al7]ol 27| A 0] Fa3 A
ojgt wetE|m], A AT} A-8A]7] 12, 1,2
o 169 FE 49 279717] 6L e
R u] =2

W zk
7Hs?t3

27 v}
32 e}

BekEl], 4927 4YERY 68 1Yol Frigae] BE H2lTolM 6365 MR ekton] felxte
F27 ERIES
=

At
Heblom, olul =) 2841712t dkglo] &
e T Table 4). T2 ] el =5210] 2-8-A]7] 382 3¢ 16

33

Aol nHE, B E Aj2l7 225 7}
eja ) 2.84)7] 2J2l7o] ofst AT B e 129e] Hlo]E] 2747
Sl LERE 7]
ERYom, o] 371A] 22 77ke] felahe LA oxeleh 2 At
147

9] 3712] A2 7% f-2jaks U] gkokeh
JojlA G227t UEbdTh f-2)27t LR glole] S Y 59k B g 42 2798 A|Q) et 5Y 52t
4L
Z3s
of| A FHEA 2 A48 7kl 6.0 oJ5ke] Zho] ekttt Xrjml B o] H-8-A]7] 3€ 9] 93¢ 5
of Zoul B2 28] & 39 23U7}kA] Frju]Eafo] oet & A5 avhs QIlott O g3 A u] Ex) X2]% 18
= W2 ko2 A=) 2 Agdat 1
Zoshy 121,29 g7t 2 &
9] Ede

& WY EA 2748 3kl 6.0 olske] 2]
27t o] 717et Bl Bk 2 3

2738 139 2HY
Aot WrlE YoM PxjelT Bk Eort A48 el omck
)8 7o] of3t 2B Erhe 27148 32 60 o140l 517 $lsjAl= 25e
3 502 ZEgick ) 2] 2.8 A7

e 7H) = 330 B
e
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9717 b A17191 39 71745 Hlad] 8 HrE o] 2 7Els Bela] 4ol
o] g} 2w B A AgA7] A2 7ol B 62 1Y
2287101 6.0 o]A+S Ll o) ok i) mlEa) A8 7] 2]} vlasto] 39 16dollA] 42 797k 7H =
eEAS UEUA] 230 s 277t 7 2 3 FE S Uehdle A 2]tek fof 27 UehuA] e A
U150 26 48 BRUHR skt R} e RIS 1T 52 U FUE o ot 28
2 0.7-1.0 JHFA 2 2fo]7F HESITh Aed =243} Zo] ] 9] o] -§o] B aslal, 387|753 7.0 o)/
tE2o] 275 A| G w2 gl mi U] 2|3t ] A A GA1 7| = e e 4= Qlual T Th T2 ol
o)zl o] 2w e B g3t 0 2 Q15 Hetmlsle] 7RsAo] Tk Aajeltol efsh th7] 2ol Ahol7} 3
23t WASPA B 7% WA B kel 52lo] 3451 ZARITR ATk o) B bl glchHarivand tal,
1984; McCarty et al., 2005; Smith, 1979; White and Dickens, 1984).

|\
o,
e
o
é
o
ol
=

ol

Table 2. Analysis of variance for turfgrass color, turfgrass quality, turf coverage and soil temperature.

Source Mar 16 Mar23 Mar30 Apr7 Apr19 Apr27 May7 May 14 May21 May28 Jun4 Jun1l
Turfgrass color

Cover timing (CT) o o o o N NS NS NS NS NS NS

K rate (KR) NS NS NS NS NS NS NS NS NS NS NS NS

CTXKR NS * NS * * NS NS NS NS NS NS NS
Turfgrass quality

Cover timing (CT) bl wx bl kil ok bl * NS NS NS NS NS

K rate (KR) NS NS NS NS NS NS NS NS NS NS NS NS

CTXKR NS NS NS NS NS NS NS NS NS NS NS NS
Turf coverage

Cover timing (CT) NDv o o NS NS NS NS NS NS NS

K rate (KR) ND NS NS NS NS NS NS NS NS NS NS NS

CTXKR ND NS NS NS NS NS NS NS NS NS NS NS
Soil temperature

Cover timing (CT) ND wx wk wk ok NS NS NS NS NS NS NS

K rate (KR) ND NS NS NS NS NS NS NS NS NS NS NS

CTXKR ND NS NS NS NS NS NS NS NS NS NS NS
YND means no data.

2 NS indicates not significant at P=0.05.
* ** indicates significance at P=0.05 and P=0.01, respectively.

Table 3. Mean turfgrass color for cover timing effect.
Cover timing* Mar16 Mar23 Mar30 Apr7 Aprl9 Apr27 May7 Mayl4 May?2l May28 Jun4 Junll

No cover 32d> 46c 45c 58  64c 87 9.0 8.6 8.0 78 76 6.5
Daily 66bc 74b 75b 82a 77b 87 84 85 78 79 73 6.5
December 742  8la 79ab 82a 80ab 85 86 81 76 75 72 6.3
January 76a 83 84a 85 79ab 86 8.5 8.2 71 74 7.6 6.4
February 772 83a 852 8% 86a 87 89 8.8 79 7.8 7.5 6.5
March 64 74b 83a 89a 83b 85 838 84 7.7 7.7 7.5 6.4

* Daily treatment of turf cover was applied for 15 hrs per day from 6pm to 9am. Turf cover treatments of December,
January, February, and March were applied at the 5th day of each month for each treatment, respectively.

¥ Mean turfgrass color was measured by visual evaluation using 1 to 9 scale (1=straw green, 6=acceptable, and 9=dark
green).

#a-d: Means in a column with the same lower-case letters, or no letter are not significantly different according to Fisher’s
least significant difference (LSD) (P=0.05).
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WejaEale] 28 A]7) il el T 2t ke uhAlzh] HejnEAlS M 8stel lmA 257} e Late] &
EAjolg 72A17)E &3} 9l olo] met LEjole] 742 Qla) R Aol MAlslE TalE 7hanA 2 &
7} e Ao 2 etk A% AT 571 24.1°07 UER 49 79) o 2 2l B ) 2.84)7] 22l 7ke] e
AH= LA 9R9ko m, 312 =7} 23.1°C 7 Uk s 720 Bl = 2] Edol M Bl 72 Bat R X277}
o] §oJxj7} LFEIA] QRStTH(Tuble 4 Fig 1), E3F 9% A T2 57} 204°C2 LU= 59 289 o] 2= RrjE o]
27158 7491 60 olake] grol Mzl ol met Liekgth, 2l Rale] 48 A1) 38| A9 o7} Lieht ol
247170 50 Bajel 7 B} 2 WAL Uepio} 38 7170l 12, 1,28 H8A17] B e BrjEo] 1t
ERe} AHS 7)70) 2}l ALS7|7He B2l PR e ) EAo] Lehto L} Atjd 0 2 2l ALg

717k0] 71 el Wek R EAo] A Uekdtch mebd ShAlRitie] M 1S e el nr) ke 2.k At
Wiml AP 12, 1,28 M2l e} o] Al o 2 Qahy|7h Bot Haw Helpet BUst B} ety Qs
QI Hle} o] 332 o o] Wesh Ao 2 B g A Ueih

Table 4. Mean turfgrass quality for cover timing effect.
Cover timing® Mar16 Mar23 Mar30 Apr7 Aprl9 Apr27 May7 Mayl4 May2l May28 Jun4 Junll

No cover 45d 4.3d 49d 5.4c 5.3b 6.1c 6.9 6.4 6.9 6.0 59 51
Daily 6.2bc  6.3bc  64bc  6.3b 6.5a 69ab 7.6 7.3 7.5 6.8 6.2 59
December 6.5ab 69ab 7.la 69ab 6.7a 7.3a 74 7.1 7.3 6.3 6.2 5.8
January 7.0a 7.3a 7.2a 7.0ab  69a 71ab 7.3 6.9 7.1 6.1 58 55
February 6.5ab 6.7ab 6.8ab 7.3a 6.3a 6.7abc 7.0 6.7 7.2 6.1 6.0 5.1
March 5.7¢c 5.8¢c 6.2c 69ab 6.3a 64bc 6.8 6.5 7.0 6.1 5.8 5.2

* Daily treatment of turf cover was applied for 15 hrs per day from 6pm to 9am. Turf cover treatments of December,
January, February, and March were applied at the 5th day of each month for each treatment, respectively.

¥ Mean turfgrass quality was measured by visual evaluation using 1 to 9 scale (1=worst, 6=acceptable, and 9=best).

#a-d: Means in a column with the same lower-case letters, or no letter are not significantly different according to Fisher’s
least significant difference (LSD) (P=0.05).
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Fig. 1. Maximum, minimum and average air temperature (°C) from March 16, 2017 to June 18, 2017.
Relative humidity (%) was measured at the same measurement day as temperature measurement.
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Table 5. Mean turf coverage for cover timing effect.
Cover iming® Mar16 Mar23 Mar30 Apr7 Aprl9 Apr27 May7 Mayl4 May?2l May28 Jun4 Junll

No cover 475 563d 562c 629¢ 638 61.3 674 730 712 70.8 61.3 571
Daily 6l.7bc 68.8bc 69.5b 70.0bc 704 718 78.7 83.8 83.2 771 69.5 67.9
December 71.7a  775a 7782 779ab 788 75.1 78.7 80.5 81.1 73.8 64.3 63.8
January 717a  771a  787a 788a 763 74.3 774 818 82.3 704 621 60.0
February 63.8ab 72.5ab 724ab 804a  75.8 69.7 74.9 784 788 71.3 62.1 59.2
March 550cd 638c 653b 763ab 725 68.8 76.6 776 78.5 67.5 9.5 59.6

* Daily treatment of turf cover was applied for 15 hrs per day from 6pm to 9am. Turf cover treatments of December,
January, February, and March were applied at the first week of the month for each treatment.

¥ Mean turfgrass coverage (%) was measured by visual evaluation.

2 a-d: Means in a column with the same lower-case letters, or no letter are not significantly different according to Fisher’s
least significant difference (LSD) (P=0.05).

APt ofshH r] ] Ea o) A2 372 BIHE LEPE 4 Yl 7171l Utk ti7| 2 :=2k2] 2foloj] ofsiA]
=jo] 53] W} 9] 2= 2K (temperature fluctuation) & ZHAA| A T oiE eHaeh= &7} T Dionne (2000)
o] &2 9l 22 T EAljol] ofs Eofo 227t th7| =9} Hlwste] 5°C7HA] =7t g

om, o] 7] 2ot EYR =0l & 2kxfol| ofs) Mgshe HeiE AaATlE Aoz Ba
HuEA0E A7 AHE-S sfioFsheAl, 0] =7|3E Rt AR8aloF S| ol thgh At Ak Hal
I} RE3 ol & A Al oot A2 7IFs <t A2 nfslE Hasteto] W FA T Mt u)
S7H717] QI o] B o] ARg-2 AR o) A7 AY8-2 = 9]l 18-24°C Rt 2

p

[
o
ox

=2
Lo >

_0|L

2o

r.!

S

Kl
5
rok
3:3
39,
l

L L L )
0 &
-+ 30
My I
[
o
)
)

ke
1o
otz
2
[
r
e
o

Weed & Turfgrass Science Vol.10 No.2, 2021 150



Late Fall Potassium Application and Timing of Turf Cover for Kentucky Bluegrass Spring Green-up

2= U] 24 3397te] A-87|7te] " esirhs Zlo] AYAut vepdtt meka, B4 19
oSS AHSE 79 3ol ARgahe A2 o7 lﬂEﬁ} H|w5lo] EFL =380 £
tjo 524 A 2)+Le] HJEZH ofzfjo] AU L= 55°C7H] =2 255 UER o U 4-87]7to] 119 o]uiRl 732 F4{ 2
T -Rolx7E UERA] ekgtom 33 o)t 7Hg -2 At UEtTE 2 Aol A] £33 At Zo] midd 154]
3 uE B RS H8ohs A2 33 o) 717t 24417 A8 o m S Ko} b2 2o E A 3} 2kl E-E o
UER O A5 211257} 24.1°C o)/ m 33 o)/e] 717He¢h A8 2o ol Eajet 22 254 & Yepylch
T2y ZHEo] A-8o] Azt e] Wshd-S Z7Istthal B w2 Ml el thE A 2 Agoa= ZHgoll o3t
HEV7| EF 12|40 B AR lo] Moy F4 81 nj 580l 378 24Q1 Exp7} yehA] ehgteh gk 3
] 5Aieke] F o8- LERA] 9ttt o] A2 Z-Eo) SatH o Xt u) EAj o) gatol| thgt fox7t o] 2A] &85t
7o & moteEc) 2 A Aat= EMEH&} Zo] ZHe 7| EF 1 A0 AEH ARgo] Wo| 21| FoflA= 3t 1]
E2)0] 4 8A171E el Favt s = Ats ' g8 4 Jlrkar whE,

e 271717 gl 2
o exg epion 3
=

H.I

2 o

ZHE) 7|27 3202 (Kentucky bluegrass, Poa pratensisy= @A Tt} o] RF F-7o|m, /g2 it A4R9le] 2=&
18-24°CQ) A0 2 A& th A 2= H} Bhe HQof= z2us)| 2 3l A& o] 7Haste] W7t YolA,
Az o) vl EoF Alo] 27} Az uls] 2715 of2|71A] mlslEAto] Uehdt ZHE-2 Al Eo| S o] 2]F
Hohe A2 ajelot 22 AEYAS FE= 58S FIAAFE 4R F LA Qlot o E )= 2T 7HA
esjol e HSu] BRE BEHT, A 8jHo] £2- 0, 728 7Z5)S ok W02 Wol A}
go] glof gith. 2 A FojulEaie] 81719t £7H 2851 E ZEo AlH|Fo] ZHE7|ER 820 B 1
2ol )2l JFg Lohw ] glal Y=k & 471712) ZEZF 0,5, 10,20 gm? 7h 2R o v, 6712] Fhr ==
A A7 A, v LA 2] 12, 1,2, 38 0] A 2=l & A A v Zgo| | ul St dealg2 Uehd
X Q¥orom ZHgo] autol oA E LhebA] ekgket i mEAle] Ag-2 SHx A Tie] A 82 W9l 18-
24°C B} e Bd 1S 9ok 2] &3 A u) 52 95l 2|4 33U7ke] A-87)7to] oo #8777k
o] 11 o|Ujo] QS uf= F2] 2]} fo] A o] L,}E}L}X] olorr} 23 721Q] 7|7ho]| Lo ] Z AT} 2t u]Ego] @
T = el AuEae] 4841717k 124, 14, 299w 7P =2 o E AT} 2 n) E-go] Yehgon, 7
" 50 39 282 AT Hof U2 754_ LPEPJ* oL}, ztjmlEAje] A8 7|7ko] 283} 12, 1,29 XJg)L B}
S o EA A 2 EEgo] ekt =7k 2] AH| ks 2 oA G atet vl wste] 587l /o) ois]
oJu|= EIp7F LFERA] Qoo t, A% 2| 1257} 24.1°C 18] 3 19°C 7} Urehd o] Sojle mE X2 FoA] 242}
) gt oAl R LERA] 3t

ZF.Qo0}: ety 2hrim ), 28, Welr| 2 aes

Author Information

Sang-Kook Lee, Hoseo University, Associate Professor

Weed & Turfgrass Science Vol.10 No.2, 2021 151



Late Fall Potassium Application and Timing of Turf Cover for Kentucky Bluegrass Spring Green-up

References

Andrews, C.J. and Pomeroy, M.K. 1989. Physiological properties of plants affecting ice-encasement
tolerance. Icel. Agric. Sci. 2:41-51.

Beard, J.B. 1973. Turfgrass: Science and culture. Prentice Hall, Englewood Cliffs, NJ, USA.

Cook, TW. and Duff, D.T. 1976. Effects of K fertilization on freezing tolerance and carbohydrate content of
Festuca arundinacea Schreb. maintained as turf. Agron. J. 68(1):116-119.

Danneberger, T.K. 2011. Winter injury. Global Turf Network, Dublin, OH, USA.

Dionne, J. 2000. Winter protection of annual bluegrass golf greens. pp. 11-13. USGA Green Sec., Liberty
Corner, NJ, USA.

DiPaola, J.M. and Beard, J.B. 1992. Physiological effects of temperature stress. In: Waddington, D.V,,
Carrow, R.N. and Shearman, R.C. (Eds.) Turfgrass — Agron. Monograph no. 32. ASA, CSSA, and SSSA,
Madison, WI, USA.

Ebdon, J.S., Gagne, R.A. and Manley, R.C. 2002. Comparative cold tolerance in diverse turf quality
genotypes of perennial ryegrass. Hort Sci. 37(5):826-830.

Fry, J. and Huang, B. 2004. Applied turfgrass science and physiology. John Wiley & Sons, Inc., Hoboken,
NJ, USA.

Gusta, LV., Butler, J.D., Rajasheka, C. and Burke, M.J. 1980. Freezing resistance of perennial turfgrasses.
Hort Sci. 15:494-496.

Happ, K. 2004. Winter damage. USGA Green Section Record, Liberty Corner, NJ, USA.

Harivandi, M.J., van Dam, W.L., Davis, H.M. and Gibeault, V. 1984. Selecting the best turfgrass. California
Turfgrass Culture 34:17-18.

Hurto, K.A. and Troll, J. 1980. The influence of nitrogen:potassium ratios on nutrient content and low
temperature hardiness of perennial ryegrass. p. 114. Agronomy abstracts. Amer. Soc. Agron., Madison, USA.

Kahn, B.A. and Leskovar, D.I. 2001. A ratoon cropping system for fall bell pepper production. HortSci.
36(5):897-899.

Krishnan, S. and Brown, R.N. 2009. Na* and K* accumulation in perennial ryegrass and red fescue
accessions differing in salt tolerance. Int. Turfgrass Soc. Res. J. 11:817-827.

Lee, S. 2013. Various turf covers for Kentucky bluegrass growth and spring green-up. Weed Turf. Sci.
2(3):292-297.

McCarty, L.B., Gregg, M.F., Toler, J.E., Camberato, J.J. and Hill, H.S. 2005. Minimizing thatch and mat
development in a newly seeded creeping bentgrass golf green. Crop Sci. 45:1529-1535.

McKersie, B.D. and Leshem, YY. 1994, Stress and stress coping in cultivated plants. Kluwer Academic Publ.,
Dordrecht, Netherlands.

Miller, G.L. and Dickens, R. 1997. Water relations of two cynodon turf cultivars as influenced by potassium.
Int. Turfgrass Soc. Res. J. 8:1298-1306.

Nielsen, K.F. 1974. Roots and root temperatures. p. 293-333. In: Carson E.W. (Eds). The plant root and its
environment. Univ. Press Virginia, Charlottesville, VA, USA.

Weed & Turfgrass Science Vol.10 No.2, 2021 152



Late Fall Potassium Application and Timing of Turf Cover for Kentucky Bluegrass Spring Green-up

Roberts, J.M. 1986. Influence of protective covers on reducing winter desiccation on turf. Agron. J. 78:145-147.
Smith, G.S. 1979. Nitrogen and aerification influence on putting green thatch and soil. Agron. J. 69:680-684.
SAS Institute Inc. 2001. The SAS system release 8.2 for Windows. SAS Inst., Cary, NC, USA.

Stier, J.C., Koeritz, E.J. and Garrison, M. 2008. Timing the establishment of Kentucky bluegrass : perennial
ryegrass mixtures for football fields. Hort Sci. 43:240-244.

Tapp, L., Powell, A.J.Jr. and Richardson, A. 1988. Bermudagrass winter management study. Ky. Turf. Res.
Progr. Rpt. 319:55-61.

Tompkins, D.K., Ross, J.B. and Moroz, D.L. 2004. Effects of ice cover on annual bluegrass and creeping
bentgrass putting greens. Crop Sci. 44:2175-2179.

Trenholm, L.E. 2000. Low temperature damage to turf. p. 3. Fact Sheet ENH-80 University of Florida
Extension, Institute of Food and Agricultural Sciences, Gainesville, FL, USA.

Webster, D.E. and Ebdon, J.S. 2005. Effects of nitrogen and potassium fertilization on perennial ryegrass
cold tolerance during deacclimation in late winter and early spring. Hort. Sci. 40(3):842-849.

White, R.H. and Dickens, R. 1984. Thatch accumulation in bermudagrass as influenced cultural-practices.
Agron. J. 76:19-22.

Weed & Turfgrass Science Vol.10 No.2, 2021 153



