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Abstract

This study was initiated to investigate seed germinating vigor, germination speed, and
establishment characteristics of Festuca species under natural conditions (5-25°C).
Germination rate was 62.0% in CRF ‘Audubon’ to 97.0% in TF ‘Olympic Gold’. It was
greater with TF over fine-type fescues, being TF>SF>CF, HF>CRF. The germination
speed, measured as days to seed germination of 50% through 80%, was fastest with TF,
medium to high with CF, medium with HF and SF, and slowest with CRF. However, it was
approximately 4 days slower under natural conditions, as compared with that under alternative
conditions (15-25°C). Germination peak time was much faster with TF. It ranged from 0.73
to 1.84 days with TF, being 1.45 days in average. But it varied with 2.16 to 11.75 days
among fine-type species. The peak time was longer in order of SF<CF<HF<CRF.
Considering germinating vigor, germination speed and peak time, TF ‘Olympic Gold’ was
the best cultivar under natural conditions, while CRF ‘Audubon’ the poorest one. The
overall establishment characteristics among Festuca species were even better with TF over
fine-type fescues, which decreased in order of TF>CF>SF>HF>CREF.

Keywords: Alternative conditions, Chewings fescue, Germination speed, ISTA (International
Seed Testing Association), Tall fescue
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20029 AEASAU RS FAISHAA FUlolA] T4, 87, T2, HlEH 24 A 54 2] 7]|3te] 71 §h7]
Q@ T O] AR F7F5EAL QITK(Kim, 2012). $HA 9 2] & Bo] &85 ti 2 2Q TRole MELH AR, &
TR, o] LA AR, Flad7 Y7 /led, oS A g o s o 2l g HE i Alg 5] F& °]

L5 = 2F-L2 JAFF AlE ot Watschke, 1990; Riordan, 1997; Dernoeden, 1998). | AF-F-oll = 2F 1004
Fol AoH o]F HMAAA c & I B g A FEE T = TR A 57H FF7E U S, AI93 QY
H & | AF(Festuca rubra L. ssp. rubra Gaud.), A2 JAFH(F. rubra L. ssp. commutata Gaud.), SF= | AFH(F.
longifolia Thuill.), & FIAFHE. ovina L)%} FRIR & ANAT(F. arundinacea Schreb.)7t Zo] &85 11 Q)
(Beard, 1982; Alderson and Sharp, 1995).

freol AArRQl A E YA 223 Y E HAFE E2]7] % 51 cool-humid 7] FH oA A E 7] EF 1=
2~(Poa pratensis L.) T} 0 2 ZQ 3+ ZF 0|11, FAA FAFE G o] YALA 2 cool-humid 2| G| A AE 7] &
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o] Q1= FFo|th(Meyer and Watkins, 2003; Beard and Beard, 2005; Kim, 2012).
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of| A A A 0.2 FH Q5 AF-E X PotHA AT 58511 QITHNTEP, 19944, 1994b, 19952, 1995b, 19964,
1996b, 1996¢, 1997, 1998, 1999, 2000a, 2000b, 2001a, 2001b, 2001c, 2002).

U 7]F 2700A LB FATF & A E o] 83t A= AATHKim and Nam, 1999; Lee et al., 2001a, 2001b;
Shim and Jeong, 2002; Kim and Nam, 2003; Kim and Park, 2003; Kim and Shim, 2003; Kim et al., 2003a, 2003b;
Kim, 2005; Kim et al., 2005; Kim, 2008, 2009), & A5, FI2 AT, 223 = JAF, ot= A7 L 4 2
A5 5 TR SRE 089 T A= oF4] v|&3t HoltK(Kim and Park, 2010; Kim, 2013a, 2015). B
o el | =4 FATF U o] AFEFS o8t AF=w obd] SEokA o, AEF o R TR X
Z7] 9 & W 7|2 S it A= g5 57 Aol

A | Z/3517] Yol A whE F 2E71bol st

Al 1 E-& =k Zo] SR8 (Kim, 2013b). REA @ 7t & 24 S =77 ke 2t = wey o 2ol 1
2(Lolium perenne L.)°]1L, 717 =" F-7+= A 7] EF 18 Aot} duby o &2 njy g gfo] TefA0] 4= &
T2 HH o A oNA AT T3 AT f-o] WEshal, 4-74 Ato]of 50-80% ©/d o7t 7Fsstet. f AT
& o] dotg e = AE 7] S5 184 s wEx|nt weyd gho] 182~ Kk =2{th(Hanson et al,,
1969; Turgeon, 2005). SFAIRF FAF & 7] Fo e FFEF ATt AEE A9 HolE 2o) 7} 8l
R FAG 2F QoM = FFell E}E‘r o5/ 9 ol 2to] 7} Lrehd 4= QITH(The Lawn Institute, 1991a;
Kim, 2008; Kim and Jung, 2008; Kim and Park, 2010). T&]] Zrtj & /48 A] Woehg o] ;b2 o] & 2Fof st =
d T 7|2 B4 A= Zasith
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JA ZF-2 oA ARkt Wl 3zt A of| o] &5 11 Q1= E F)| AT tall fescue, TF) (Festuca arundinacea

Schreb.), F U2 | 2AF(Chewings fescue, CF) (F. rubra L. ssp. commutata Gaud.), 1 2|8 2| = 2|25 (creeping red
fescue, CRF) (Festuca rubra L. ssp. rubra Gaud.), St= |25 (hard fescue, HF) (F. longifolia Thuill.) & 4 ¥ A5

Table 1. Common name, scientific name, cultivar and seed supplier of turfgrass entries in the study.

Classification Common name Scientific name Cultivar Seed supplier
Coarse-textured Tall fescue Festuca arundinacea  ‘Arid 11’ Jacklin Seed Company
fescue Schreb. Post Falls, ID, USA
‘Olympic Gold’ Turf-Seed, Inc.
Hubbard, OR, USA
‘Tar Heel II’ Turf-Seed, Inc.
Hubbard, OR, USA
‘Tomahawk GT’ Turf-Seed, Inc.
Hubbard, OR, USA
Fine-textured Chewings fescue Festuca rubra L. ‘Jamestown II’ Jacklin Seed Company
fescue ssp. commutata Gaud. Post Falls, ID, USA
‘Shadow II’ Turf-Seed, Inc.
Hubbard, OR, USA
Creeping red fescue Festuca rubra L. ‘Audubon’ Jacklin Seed Company
ssp. rubra Gaud. Post Falls, ID, USA
Hard fescue Festuca longifolia ‘Aurora Gold’ Turf-Seed, Inc.
Thuill. Hubbard, OR, USA
Sheep fescue Festuca ovina L. ‘Little Bighorn’ Turf-Seed, Inc.
Hubbard, OR, USA
5 kinds 5 species 9 cultivars 2 sources
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rof, Ot 2 o} o3 7|2k ZAL
HotA o] T ot dobA] Bl ot 3 7|7 A= AF|(petri dish)oll 91742 201 S 25 FAHE 236l 4
ot Aglof A ARg-eh S 71E 2 2 31 1TH(Kim and Jung, 2008; Kim, 2015). wh2bA] Holg =

W71 ]

AHE A4 519 7.0 2 $308] 2AFS Sk Table 2). 241 A] o} el A4 4 220] 10mm 3= %
e U2 7202 Stk BA 250) T2 WolH e HE Wol kS 7|02 BHFYON, HF Wobg e A
A} 5 309 ZARE P4 ol g2 ol gahrt.

Table 2. Seed storage condition, environmental conditions, replication, experiment period, and investigation
frequency in the germination test.

Item Description for germination experiment

Seed storage conditions in refrigerator below -20°C

Environmental conditions in the study 5 to 25°C (natural conditions at the room temperature)
No. of seeds per replication 100 seeds

Replication 4

Experiment period 30 days

Investigation frequency daily

=
oA FF HRE vlwollek. T1e|ar A8 o e oA HlofE Hlw A2 ISTA ¥ X719 A%
(Growth chamber, VS-1203PF-CN, Vision Scientific Co., Ltd., Bucheon, Kyounggi) ]|l 4] 4= 3F H|o] e} & &-8-01%]
TH(Kim, 2015). T3t o} 1] 3 7712 7} 5-5-2] 'obA||7F 50%01 A1 60% (Peak time I) 2 50%0114] 70% (Peak time
7H] ok A8 Y45 7|2 & glo|E & 4513t
Hropgo] Al @ Wi 2] = B A 9572 B8 A5 o 49HE.0 2 ufj x| oto] A9l 48519l om, AT
ol & Z5H 4uhE WA IS o]- &35l eh SA A SAS ver 8.0 (Statistical Analysis System) T2 13- o]-&
5lo] ANOVA E41-2 A A5 1(SAS Institute, 2001), 2] H7t -G-2]4 7H74-S DMRT(Duncan’s Multiple
Range Test) 5% <=0l 4] A A|o}$i
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gA7 =F'E Zot Hlw

2 AR0] AR AT & 7] FAe] Tol g tEhils 21 ok 25 2 BFol et Ao §
Sk 2}o| 7} Q)T A 9= ZE 0] X E Hrol-8-2 21 AlL SHA oA 62.0-97.0% Ato] 2 LFERGTE E2} WolE o]

S
71 93F EE-2 TF ‘Olympic Gold® &F0]%1 11, 714 4 23 252 CRF ‘Audubon’ &50] ] th(Fig. 1).

Natural conditions
1000

90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

=1 TF Arid I
bC 2. TF Olympic Gold
C =3, TF Tar Heel II
d m 4. TF Tomahawk GT
m 5. CF Jamestown II
6. CF Shadow II
7. CRF Audubon

8. HF Aurora Gold

Germination rate(%)

9. SF Little Bighorn

Turfgrass entries

Fig. 1. Seed germinating vigor in 9 cultivars of Festuca spp. (TF: tall fescue, CF: Chewings fescue, CRF: creeping red
fescue, HF: hard fescue, SF: sheep fescue) grown under natural conditions at the room temperature of 5 to 25°C.
Mean separation was made by Duncan’s multiple range test at ~=0.05.

& ot S Am HH TF F59] 'Wol&o] 85.2-97.0% Aol 2 71 o3It TF & tha 9=+ SF
‘Little Bighorn’ &-3-°] 80.0%% %<5t} 18|11 CF &52] o2 72.2-74.2% Atol, Bt 73.2%= LEFGE
Tt} E3F HF “Aurora Gold” #-3-9] &oh& e CFoF ISt 73.0% o ATt o)/de] A¥f 2hd A2 g3 oA gl
& Z2F A o2 A Bob= BRI TF 2F0] o Spoginh. 1= 1 A9 3 AT 25 H ot
-2 SF>CF, HF>CRF <A1 2 YRSttt
SEA|RE o] 219 A= ISTA H-2 73 ol A AARE A58 7H(Kim, 2015)9h= 2 th2 @0l /. 15-25°C A
O] H-2of| A ARt Fl At & 2F0] T ot 2 A2 o g Fd TF7HAY A AT H ok 9-5-5FAAIR,
AlD F&T el A= HF 2F0] 7Hd -3l A 71 B 8A7} HF>SF>CF>CRF A & ‘/}E‘r‘;lfﬁ‘r. o|o} gol &
o FFolete A e of thE ol Aol = the 2F W FF ol = BalE 3 QJth(Kim and Nam, 2003; Kim
and Jung, 2008). = A4 Al7]of whet 714 o] th2 1, R 2o wpet F2he] XF Wolhg2 FEHE A7
zZpol7h e &= Q7] wiloll Rt 24 Al AR AlZ]el sid A o] s et gids] Sasttt st
(Beard, 1973; Turgeon, 2005).

A 2451 1 A B TE £30] S ok 85% o} 27512 ek Beand, 197). et
o}Al3lof| AL TF 42 BL% Hro}-80] 85% 0|40 2 ks ottt Tal AE9d FAF ] 7|5 Holg-S TF £
Z xRt ohA e 759 ]“'0] B 2 (Vengris and Torello, 1982), = A @ oJ|A4] CRF ‘Audubon’ &% A 2|3t =

Al 250 Foha2 72.2-80.0% Atel= @2k # 9] ol A A4 ok 75% w2 S50kt shARt 244

E
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A e Ao A Y TF ZF 7 AT 11.7% Ax, 182 AFE I ZF o= 2 18.0% A o] Zpo] 7}
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9ol AL G B BEL S QT AT FAIR 54 A4 F4 A A B okl 3
o Ao clg e U 3 x}~4§4 wot - AXISHAck thebd AQ A AT & 25

XéOﬂ w2h +XH H*Ohg XM 7FAA v 5 A= A
AT & 2 F AEE 7 25 1 SAL] Pordy
(Landschoot et al., 2000). o] 2{3t Ztt] F2to] Hotd ztol = thE 23 OME 138 s ‘zlt Eﬂ EE—@ oz EZJ
oy 2o o] 8511 Q)= A2 Wl E 1= A (Agrostis palustris Huds.) SAHE 0183t A7 2= ISTA H2 3
7oA &= 7+ 2] 36.7% AFo| 7} el 21 0 2 e 2] 17 Qltk(Kim and Jung, 2008). TEoF ¥ Z 7 of| A ZAIE]
7] BRI A EF 15EFE H2G AFoN T EF 7F 142% Apo]7F Ueh= Z o2 421 Qlth(Kim,
2014). & o=l A 5t F T A3 Hobgo] 908 FE YA Bt oA Ul AR ol 482 v+
T2t HotEo] Aok 4= Lo B & AlF Al of ot HAS AA|o|A] Akg-ot= A o] HigA] o}t
ZZE YOolM| £/ vl
AT & 0] A oM = 25 9 F-Fof what 2fo| 7t f-]shA] Uttt A A2 e ol A =4 ot
0] 242} 50%, 60%, 70% 2 80%7H4] EEsl=t] B a gt dolA| S ] w et Bo] Bl Table 337t 2t

Table 3. Germination speed in 9 cultivars of Festuca spp. grown under natural conditions at the room temperature
of 5 to 25°C. Germination speed was evaluated as days to seed germination of 50, 60, 70 and 80%, respectively.

Germination speed under natural conditions (days)

Cultivars™

50% 60% 70% 80%
1. TF ‘Arid III’ 11.35¢ 11.80 cd 12.82 cd 1490 b
2. TF ‘Olympic Gold’ 11.28 ¢ 11.64d 12.01d 12.74 ¢
3. TF ‘Tar Heel I’ 11.79b 12.60 be 13.63 ¢ 15.33b
4. TF ‘Tomahawk GT’ 11.72b 1242 ¢ 13.50 ¢ 15.00b
5. CF ‘Jamestown II’ 11.54 be 12.05 cd 1550 b N/A?
6. CF ‘Shadow II’ 11.79b 12.71 be 15.46 b N/A
7. CRF ‘Audubon’ 13.85a 19.00 a N/A N/A
8. HF ‘Aurora Gold’ 11.75b 1325b 1733 a N/A
9. SF “Little Bighorn’ 13.12 ab 1293 b 15.28b 28.00 ¢
Range 11.28-13.85 11.64-19.00 12.01-17.33 12.74-28.00
Difference (max-min) 2.57 7.36 5.32 15.26

*TF: tall fescue, CF: Chewings fescue, CRF: creeping red fescue, HF: hard fescue, SF: sheep fescue.
YMean separation within columns by Duncan’s multiple range test at P=0.05.
“N/A: not applicable.

Hokgo] 50% =2 W7HA] £ 8 5= 50% TorAl £ 11.28-13.85Y Aol 2 o & 25 72574 A=
o] Zpo)7t A= AL & UEtTth A FA 9FF 5 50% TorAl £ &7t 7P whE FF-= TF ‘Olympic Gold” &
Zo= 11.28¢ o]gl.om, vhj & 714 & FH5L CRF ‘Audubon’ EZF0| T},
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AT 25 7 50% Lot E= FFI A TF 250] 11.28-11.79Y Ato]-H 11.53L 2 71 wghet. 614
TFTF &8 7+ 50% oA £ 4= 0519 Ao 2po] 7} Sl A 0 & Yedth TF 28 tha 0 & #hE F-57-+= CF

%0 g2 Jhol-go] 50% EE5H=t] £ 8% 7]17H0] 11.54-11.79 Ato] & Bt 11.662 0|11, HF ‘Aurora Gold’
EZ5 11,759 2 H]Z=51A) UeRytth. o] Hhof| SF “Little Bighorn” & CRF ‘Audubon’ %2 787} 13,12 9 13.85
U= et

N

Hrob-g0] 60% =2 W7HA] £ Q El= 60% WOobA] = 50% TobAl] So vlel &kt o2 ¥ o 7 e}
Sk 2 Ao A 60% oA Hr= 11.64-19.008 Ao 2 AT & 25 77368 FEo] o7t = Ao
UERSTE A4 34 98F 5 60% LotA S27t 71 W2 F-7+= TF ‘Olympic Gold’ 522 11.64< 0]%.0H,

g2 71 =@ £-F7E CRF ‘Audubon’ &3]t

AT 25 7H60% Lot £t FAFQ TF 250] 11.64-12.60 Ato], Bt 12.11LE 71 Blct. 514
9 TF 38 1 60% 'ToMA] £+ 0.96Y H o] 2po|7F ol A 0 2 YERtth TF 28 th3 0 & WhE /= CF
ZZ0 2 dolgo] 60% LEsh=d] 2% 7]710] 12.05-12.71Y Ato]| 2 B 12.380]¢lth. 112] 11 SF “Little
Bighorn’ @ HF ‘Aurora Gold’ Z%-& o] Wt} oF7h =2 12,939 3 13250 & LrePRtT). 60% Wobd] &7} 74
L3 Z2L CRF ‘Audubon’ ZZ0 2 19,002 2 L}ebgc},

Hrolgo] 70% =2 wi7HA] 4 8 FE 70% WobA] S 50% D 60% TolA] £=9f 1 73kl the A Lre
ot AT & 25 7H70% okl = 12.01-17.33Y AMo| 2 25 7F5.32Y H o] xpo] 7t Q= A 0 2 L}
et HA] BA] 9ZE Z 70% o] £ 7t 7H w2 £ 5= TF ‘Olympic Gold® 2£ 0.2 12,01 o]g.om, bt
o) 2 7} 7 5= HF ‘Aurora Gold’ &Zo]¢]th.

2% 7170% WobH] £ 5= A Q) TF 2F0] 12.01-13.632 Ato]-H 12299 2 714 Wt} sl 9t TF &
T 2H70% oM = 1.629 AL o] Zo|7} Qs A0 &2 U TF 2% tha 0 & WhE $-R/-= SF “Little
Bighorn® %0 & Hrolgo] 70% =Esh=t] 289 7]7to] 1528Y0|Qlt}. 12|12 SF 2% th&. 0 2& CF 2%
© 7 Holgo] 70% okt £8% 717H0] 15.46-15.509 Atol= Bt 15.48U0lSiet. 71 A %7 252
17334 2 YEP HF “Aurora Gold” 35-°] %t CRF ‘Audubon’ E3-2 Z|F- Ho&0] 62.00%= 70% HobA| &

£ vlwd 4= gl

Hrolgo] 80% LE et i 7hA] A Q &= 80% HotA| £ Ici= 12.74-28.004 Ato| = AT & 235 7H15.269 4
0] 2ol 7} Qli= A0 2 Uepytth AH| FA] 9EE F 80% SHobA] £ 7t 7H wiE Z7= TF ‘Olympic Gold’
E207 12,749 o]Qith. 1811 80% HHobA| £ &7} 7F =7 EF-= SF “Little Bighorn® 2% 0 2 UFeRytTE,

AT 28 21 80% IO Z = A 50-70% HobA| 7t 71 Bl | A4 a TF 250] 12.74-15.339 A+
O]-Z W 14.49U 2 71 Wsrc. SHAGHTF B 71 80% ol £=i 2,599 AT o] 2jo]7} gl 510 & Lhe}
Wk TF 2% o202 w2 F-7E SF “Little Bighorn’ 502 ¥ol80] 80% LEsh=t] A4 & 45 591
28.00¥ 0] A Q &]}itt. o] Hiof] L} 2] CF ‘Jamestown IT’, CF ‘Shadow II’, CRF ‘Audubon’ 2 HF ‘Aurora Gold’ &
Z£2 1T & Wolgo] 80% o|ste 2F 7t 80% LolA| AxtE vlwd 4= ¢t

o] Fo] Aol A AT & FA] 259 obA|= ot & A|7to] Aatgtol what 25 1F oA &I xfo] 7t
7¥stgiek. wol-go] 50%0] EEa w7hA] 4 Q5= 50% WolA] &2 E 80% oA £ E7hR] AR A 2F
A FAY TF 250 ol £r7h 7 W om, TF th2.0 2 WhE 2352 CF 230 & Yehyth 17

LS

HF B SF 25.0] Wopd] &k 57F 4 2 Uehetar, #1577 & 2504 Wobd) 457} 7V 1) S5 CRF

Rl oy

o
ADE F AL ATe 22 7 24 57t 3] 2Fol7t Qs Ao 2 &A1 QJthPerdomo et al., 1999). 2
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Aol A HER o] 27t 2% I dobE I Zpol= Y 2F ARl 1312 ]l B4 {Rlo] Sle A or 4
At A A2 g ol A AT 2 A0] A Hopul e ¥lal A] 22 Frob= F A TFE] -9 218 5 7-99 Atol,
3283 D AATFE 8-102 Abelof] R Th(Kim, 2009, 2013a). SHAITE 2 AE-E FalA] AT 2% 7F 60%
Tt = 15 A=, 18] al ARe] & B Z3ste] 80% ot =25 o) 3-719] 169 A= Afo] 7} et
UAL SITH(Table 3). 5 712 5ARE A7 o] o7t A= QA 25 B FF f0] 31249 54 o= Qlsf &
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Fig. 2. Comparison of germination speed in 9 cultivars of Festuca spp. (TF: tall fescue, CF: Chewings fescue, CRF:
creeping red fescue, HF: hard fescue, SF: sheep fescue) grown under between alternative (A) and natural (B)
conditions. Germination speed was compared as days to seed germination of 50 and 70%, respectively. Alternative
and natural conditions represent alternative conditions of 8-hr light at 25°C and 16-hr dark at 15°C and natural
conditions at the room temperature of 5 to 25°C, respectively. Data under alternative conditions were adapted from
Kim (2015). Mean separation was made by Duncan’s multiple range test at 2=0.05.
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Fig. 3. Comparison of germination peak time in 9 cultivars of Festucaspp. (TF: tall fescue, CF: Chewings fescue, CRF:
creeping red fescue, HF: hard fescue, SF: sheep fescue) grown under natural conditions at the room temperature of
5 to 25°C. Germination peak time was measured as days to seed germination speed from 50 to 60% (Peak time I)
and 50 to 70% (Peak time Il), respectively. Mean separation was made by Duncan’s multiple range test at 2=0.05.
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Table 4. Summary of seed quality, germination speed and germination peak time in 9 cultivars of Festuca spp.
grown under natural conditions at the room temperature of 5 to 25°C.

Germination characteristics under natural conditions

Cultivars” . Germination speed )
Seed quality Peak time
50% 70%
1. TF ‘Arid I’ Good Fast Fast Short
2. TF ‘Olympic Gold’ Good Very fast Very fast Very short
3. TF ‘Tar Heel II’ Good Medium to fast Medium to fast Short
4. TF ‘Tomahawk GT’ Good Medium to fast Medium to fast Short
5. CF ‘Jamestown II’ Good Medium to fast Medium Medium
6. CF ‘Shadow II’ Good Medium to fast Medium Medium
7. CRF ‘Audubon’ Poor Very slow N/A? Very long
8. HF ‘Aurora Gold’ Good Medium to fast Very slow Long
9. SF “Little Bighorn’ Good Slow Medium Short

TF: tall fescue, CF: Chewings fescue, CRF: creeping red fescue, HF: hard fescue, SF: sheep fescue.
“N/A: not applicable.
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