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Comparison of Germination Power, Germination Speed, and
Germination Peak Time among Five Festuca Species
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ABSTRACT. Research was conducted to investigate germination and establishment characteristics of five fescue species.
Alternative conditions of 8-hr light at 25°C and 16-hr dark at 15°C were applied. Significant differences were observed in seed
germination power, germination speed and germination peak time. Germination power was 62.25% in CRF ‘Audubon’ to 96.75%
in TF ‘Olympic Gold’ It was greater with TF over FE being TF > HF > SF > CF > CRE Germination speed, measured as days to
seed germination of 50% through 80%, was fastest with TE, medium with CF and HE and slowest with CRF and SE being TF > CE,
HEF > CRE SE Germination peak time was much faster with TF over FE It ranged from 0.94 to 1.47 days with TE But it varied with
2.80 to 12.36 days among FF species. The peak time was longer in order of HE SF < CF < CRE Considering germination power,
germination speed and germination peak time, TF 'Arid III' was the best cultivar under alternative conditions, while CRF
‘Audubon’ the poorest. Overall establishment characteristics among Festuca species were even better with TF over FF in order of
TF > CE, HF > SF > CRE.
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A-l = Y= F| AT (Festuca rubra L. ssp. rubra Gaud.), "= 3
XFH(E elatior L), 9 S| AFH(E ovina L), U2 FAF(E
= ZZA| o] 511 Q= A HA|E Ftjol=  rubra L. ssp. commutata Gaud.), & | AF(F arundinacea
Agrostis 23(bentgrasses), Poa <;(bluegrasses), Lolium <5  Schreb.), 3t= JAFH(E ovina ssp. longifolia Thuill.) 2 3
(ryegrasses) W Festuca <5(fescues) 52 thFst 771 9l o JAF(E capillata Lam.) 5-0] Q). ol IAF 2F
th o] T AT & A= =4 gz d HAbEY = 2 HX(leaf texture)of] whekA] FY F AT (coarse-textured
2 o] &= Q= JEAQ xZFo|th(Dernoeden, 1998; fescues) L Al 3| ATF(fine-textured fescues)2 FETF 4=
Riordan, 1997; Watschke, 1990). 3|2 <&of|= ¢F1000] & ¢t} (Hanson et al.,, 1969).
o] Slov] o} FRE A7k WS4 D o] A WU AAFohE B AL L WES AT s
chen of & ik} Qe AT SRS e o 3 dpsen dotel gol 2942 sl 55
2 WER QAR AT, AN GEA WA BRI W & B WATFOIHKim, 2012, AP WAFE Ao of
ﬂﬁii -rTfIiP E/44& 21 Qlth(Beard, 1973). @3] 57] wiizoll k¢l 2 (fine fescues)ehal Sh=t| 1
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Tt & 2] 5% ol

| AF 5°] Ut (Anderson and Sharp, 1995).

el A= 20000 FHE o] F Ll=elef ot A A
AZF Z71EHEA AT 4 ) ASE W 27181 9)
ok E35] Hx A A AFTEWE YA (Scottish links) 2
efale] 37} AAEEA Ha5 a0 e ABEt
SR ek 2 ol AT 4 2FoR 24 o
=7} 7haol ke o5 EES ol8% ATl WaAE
A Solu ek,

&5t & FFE NLE vFoA= F50] s5=HH
347k A oR FAYSA ATE AT A A
ol 58513 QJTHNTEP, 1994, 1996, 2001). Y| 7|5 =%
AA AT & AR 25 FEAOR o]gT A
QA HH(Kim, 2005, 2008; Kim et al, 2003a, 2003b, 2005;
Kim and Nam, 1999, 2003; Kim and Park, 2003, 2010; Kim
and Shim, 2003; Lee et al, 2001a, 2001b; Shim and Jeong,
2002, 2009), & AT, FHL HaTF, 223 HgE Fa
T, ot A 9 4 AT T oS FRE o8 F
LAl A= mEE Holoh B Ro] | e =9
AT & A9 AFEE o] 83 A= oF F
BoHA| o, AEgor S 24 Al ast 24 o
A 72 54 Al gt At oL BESE AAolnth

24 Al Al HA Y A Ao g 2461
AaliMe= T4 F 5 27] 27| tel| L ES A7
= Ao| Yts] Z83HKim, 2013b). 8 $HA| 3 At
% Wotg kvt 7HY e SRE HEy Y golaga
(Lolium perenne L.)o]|1L, 7} ¥l £5+= A7 &7
2| 2~(Poa pratensis L.)©]T}(Turgeon, 2005). YA 0= 1
Ay gho] 120 L3t 52 229 Kol A
A % 34 AE fo] WSkl 4~7Y Alolofl 50~80%
ot Wolrt 7hssdltt. A2 = AISAH A E 2] (International
Seed Testing Association, ISTA)O|A] AJA|5}= HE 317 of
Al 3t Aol AE 7] EF L AE 45 Aok
90%0ll =EshA R, YA efo] 1 e A4t & 15 vt
of drol& 90%°] E==3}9chH(Kim and Nam, 2003).

Faqt & 9] ol e AH7| EFLHAET=
mE2qt, HYU L gto]agjA B o= 2]t} (Turgeon, 2005).
SHAIRE AT & Ay FolM e FIE flaTFet AdE
Fagt 2F oG Apol7) Qlar, ERF A2 2F ¢
oM FFol wet HolsAd 9 Holuel Apol7h vehd
T Utk 2T FfollA Hol o] &H il e thE AF
Z¥eol =2 WE T8 (Agrostis palustris Huds.)(Kim and
Jung, 2008), ZIE]7] &FLef2(Kim, 2015) X HH YL =}
o] 7L 2 (Kim, 2013a) 2F9] Wopts 7| 54 A4
HIE T A, AATRE Ao Hat ATl FEER
7] wiol #E ol oA olE 2Fol it 7]E

A

ol 9 Ho} w21 7Rk Wl 331
EA 2AR= dasi)
2 A2 ISTA ¥12 oA T ol Wol o]&
I 9= AT & [ 2359 $AF o, oA Y
drop 73 7|7t 59 54 A HlawsiA Z2A 24
T Aol S8kt AlFsEa L.

R

A 2FE oA dut Je 9 F /o] o]
|HIL e AaTF 2T F FAFLE & 2 (Festuca
arundinacea Schreb., tall fescue, TF) 1550} A|g3o=z &
A2 F|AF(E rubra L. ssp. commutata Gaud., Chewings
fescue, CF), 22|13 Y= J|AF(E rubra L. ssp. rubra Gaud.,
creeping red fescue, CRF), 3}= J|AFF(E longifolia Thuill,
hard fescue, HF) 2 4§ 3| AF(E ovina L., sheep fescue, SF)
4TFE A FAAERE 557 9FFoIUh o] uf ARE-
3t 952 TF 4% (‘Arid IIT;, ‘Olympic Gold’, ‘Tar Heel
I, ‘Tomahawk GT’), CF 2% (‘Jamestown II’, ‘Shadow
II’), CRF 1&3%(‘Audubon’), HF 1Z%(‘Aurora Gold’) 4 SF
1555 (‘Little Bighorn’)o]{t}(Table 1).

oS FAISAEEAS] 8+ 27091 ISTA H2 g
7oA =3} tH(Anonymous, 1964). ISTA HL 373 =
AL nsAog Fi 2= 5o A5 40| 7Hsdt
A 8-AF(growth chamber)(VS-1203PF-CN, Vision Scientific
Co., Ltd., Bucheon, Kyounggi)2 ©]-&3}itt. uraha 27
IAIFE 25 SAI7FA] 8AIRE F%F F 2 o=, T1Pjal @
T SAIRE tad oA IAIZHA] 16A17E st oF S =1
O & 3q}. o] Wopide] == 27 A 25°C, =
£ Al 15°CE A 51T

FAb= AFell(petri dish)of] o142 205 231 #5 H=
100385 Adskeh. 34 #859) T4 27 =ollA] 4
o A A A FEg e R e gujof o=
Y=o AFAom Aol o] &=L Sl= AR T4
£ SHEafA A2 e Hakgel SAE o]&shith 1
2ol & AoA RHES 4o 2 QAL HA| X4 F
A= 4009 o] ieh 2 A4 o]k | HopA]
A AR A A 717k 30Y 7|22 4235k th(The
Lawn Institute, 1991).

wolg ZAME A4 F 19 0% £305] 212 o)
Sick. 24} A] do} Abelis AR 9 270] 10mm HE
e U 1RO stk BA 2Ee) B4 wojee
2% wobg S V1o AWt HE Wohke A4
T 3020 ZAR A Wokg S ol g st Al 2%
dholy] 4 )i wrokgo] 50%, 60%, 70% I 80%0] &
ol /e TlEoR B U vmslglt. Eat Wol
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Table 1. Common name, scientific name, cultivar name and source of turfgrass entries in the study.

Classification =~ Common name Scientific name Cultivar name Source
Coarse- TF Festuca arundinacea ‘Arid 11 Jacklin Seed Company
textured Schreb. Post Falls, ID, USA
fescue

‘Olympic Gold® Turf-Seed, Inc.
Hubbard, OR, USA
“Tar Heel I Turf-Seed, Inc.
Hubbard, OR, USA
‘Tomahawk GI” Turf-Seed, Inc.
Hubbard, OR, USA
Fine- CF Festuca rubra L. ‘Jamestown II’ Jacklin Seed Company
textured ssp. commutata Gaud. Post Falls, ID, USA
fescue ‘Shadow IT’ Turf-Seed, Inc.
Hubbard, OR, USA
CRF Festuca rubra L. ‘Audubon’ Jacklin Seed Company
ssp. rubra Gaud. Post Falls, ID, USA
HF Festuca longifolia ‘Aurora Gold® Turf-Seed, Inc.
Thuill Hubbard, OR, USA
SF Festuca ovina L. ‘Little Bighorn® Turf-Seed, Inc.

Hubbard, OR, USA

“TF: tall fescue; CF: Chewings fescue; CRF: creeping red fescue; HF: hard fescue; SF: sheep fescue.

Y= 71702 2 FF2] DotAlZE 50%l 4 60%7HA] =
3= 48 U4 (Peak time 1)} 50%0)| A 70%7HA] E=E3l=
22 914 (Peak time INE 7|20 do|E2 EAslc}.

solate] AT WAL BAIH 9£RE) BE A7iTE
R adhEo g wjx|ste] AES skt AR oflA
olg glojee F5E HE P2 o83t 4
E A2 SAS (Statistical Analysis System) Z 2133 o] &
3lo] ANOVA EA-8 A A5} IL(SAS Institute, 1990), #]
2 Hat 5ol H74S DMRT (Duncan's Multiple Range
Test) 5% =04 AAISHATE

2oy o

=l
E

Z=FE Yoy dluw

W] BA9] ol e % Wolse A 2
ol wet EAHCR foI3t 2ol7} et BA 0%
79| 2E oka2 ISTA W2 oA 62.25~96.75% At
o] UERgTh 24 Wolelo] 71 $4et BES TF
‘Olympic Gold> &F°|% 1, 7} A=z% 252 C
‘Audubon’ &F0|Ith(Fig. 1).

2% b Yol & AHHEW TF FF9Y Holso]
86.50~96.75% Ato], B 91.68%= 7P 223}it}. TF %
% 222X HF ‘Aurora Gold’ &%0| 82.00%= 355}
oith. 712]al SF ‘Little Bighorn® &% 9] Wol-8-2 78.25%
o]2ltl. CF &£9] dholgl& 74.25~75.75% Alo]S H PO

&

flo

Alternative conditions w 1. TF 'Arid 11T

=2, TF 'Olympic Gold'

cd w3, TF 'Tar Heel II'

® 4. TF 'Tomahawk GT'

w5, CF 'Jamestown II'

w 6. CF 'Shadow II'

Germination rate(%)

7. CRF 'Audubon’

8. HF 'Aurora Gold'

9. SF 'Little Bighorn'

Turfgrass entries

Fig. 1. Seed germination power in 9 cultivars of Festuca species
(TF: tall fescue; CF: Chewings fescue; CRF: creeping red fescue;
HE: hard fescue; SF: sheep fescue) grown under alternative
conditions of 8-hr light at 25°C and 16-hr dark at 15°C. Mean
separation was made by Duncan's multiple range test at
P=0.05.
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AldE a9 7|E WolhgS TF 2FHT tha W2

2 =2

7
=l

B



Pt £ 2 550 ot WopA| Bl o} w5 7Y vl 333
75% ©]AFO] EL2 (Vegris and Torello, 1982), A|F& FAF  2009). = oA A & FAHA A} dhopgo| 4

%Z% CRF ‘Audubon’ ZZ& A3l tjH B Zx0] dlo}
& FEokth AU FAF & X o] HropA 291
ISTA W& 7oA =3et &2 HFol|lA FFE TF 55
b A 1025% FE=, 223 AIEE AT 5 Dole
29 1975% A=) Ao]7t LehdehFig 1)
ot & Y F AGD e 2F 1 T4 Tot
g zjo|7} thoFshA yEldth(Landschoot et al., 2000). &
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and Jung, 2008). I3t Kim (2008)2 & J|AF FAE 9]
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FRE QoA WU ool 1 AB o] 87 ATOIAE
EE7F | 27.75% F= 2po]7} YERGTHKim and Jung,
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7 §0l51] LFEbITE ISTA B8 3104 4] uro}-go]
ZYZ} 50%, 60%, 70% L 80% 71A] =Esl=g B35k 2
OAIE H|uRt HoJE= Table 29} Zt}. Wok&o] 50% =
9t fj7hA] AQEE 50% WOk S 7.42~9.64YU AL
o|2 A & 2T I 2224 HEO| Zpol7t e
AR A 9EE % 50% Wb £t b ME ERe
TF ‘Arid I’ E208 7.42¢] oglon, vifa 7pa g
%=L CRF ‘Audubon’ Z£90=F 9.64Y o]}t

o T 1=
AT 2F 7F 50% Hobd| = FFHP QA TF 25|
7.42~8.18% Ato]-Bt 7.67U% 714 whekr}, SR |uk TF &

Z 7F 50% dolA] £ 076 HEO] xpo|7) 9=
© 2 yeyth TF 2% thao 2 we 7= CF 2%
2 drobgo] 50% Eddhet] 228 7|7ko] 8.26~848
Abo| 2 ot 8.37Y0|Qlth 1 yrof| HF ‘Aurora Gold),
‘Little Bighorn’ @ CRF ‘Audubon’ &%2] WolA| £x=
27y 8,554, 9.28Y W 9.64U =2 LENITE

£ 1o o W

Table 2. Germination speed in 9 cultivars of Festuca species grown under alternative conditions of 8-hr light at 25°C and 16-hr
dark at 15°C. Germination speed was evaluated as days to seed germination of 50, 60, 70 and 80%, respectively.

Germination speed under alternative conditions (days)

Cultivars*
50% 60% 70% 80%
TF ‘Arid IIT 742 ¢ 7.78d 8.36d 9.60 cd
TF “‘Olympic Gold 7.62 ¢ 8.14d 8.59d 9.13d
TF ‘Tar Heel IT 8.18 bc 8.68 cd 9.65 ¢ 12.25b
TF ‘Tomahawk GT’ 748 ¢ 7.92d 8.79 cd 1042 ¢
Avg. 7.67 8.13 8.84 10.35
CF ‘Jamestown II’ 8.26b 9.10c¢ 13.33a -
CF ‘Shadow IT’ 8.48 ab 9.44bc 12.50 ab -
Avg. 8.37 9.27 12.92
CRF ‘Audubon’ 9.64a 14.80 a - -
HF ‘Aurora Gold’ 8.55 ab 9.52 bc 11.35b 16.00 a
SF “Little Bighorn’ 9.28a 10.37b 12.50 ab -
Range 7.42~9.64 7.78~14.80 8.36~13.33 9.13~16.00
Difference (max-min) 222 7.02 497 6.87

*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.
“Data were not available due to the final germination rate of below 70% or 80%.
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& 2% 70 7002 AEO] Hol7} Lhetey. AA] B4 9F
T 5 60% WolA| £=7t 7P WE FF+= TF Arid I
EFTOR 778Y o|glom, B R TP w7 TR ot
ANl X7} 1480291 CRF ‘Audubon’ &Fo|%tt. J|AF
ZZ 7F 60% WolbA| £ FH3ol TF 50| 7.78~8.68
o Ajol- B 813UR 714 Wk S TF ES 2
60% LWobA| £ke= 0.90Y A =o] zfol7} yetylth. TF %
% Ugog wWE FHE CF 2502 dolgo] 60% =
Gt=d] AQF 7|710] 9.10~9.44Y Alo| 2 H4t 927U 0|
2111, HF ‘Aurora Gold> &ZZ& o]|Hr} oF7F =2 9.5
2 e o] ghof SF “Little Bighorn” ¥ CRF ‘Audubon’
252 77 10379 9 14.80¥ 2 et

Hrolgo] 70% =Ed w74 &R %= 70% WobA| &
T 50% 2 60% ok &= 1 Zgko| th=A Uret
STk FATF & 2E 7F 70% o] £x= 8.36~13.33Y
Aol 2 2F ZF 4.97U H&of Aozt Sl RS R YE
th AA FAl 95F 5 70% HobM| £=rt 7t whE F
2L TF Arid III” &£0 2 8364 o]¢low, vtz 713+
g 5L dolA £%7} 1333942l CF ‘Jamestown II’
FTolqh 2F 71 70% Wobd| = FHPEA TF =
Zo] 836~9.65YU Alo]-Ht 8.84U = 71 Wkt shARE
TF &% ZF 70% WobA] £ 1299 HE9 2|7t U
Elgth TF 2% t}go 2 wE £25= HF ‘Aurora Gold’
ZZ0 7 dlolgo] 70% EEsl=1 429% 7]7to] 11.35
Qlo]gitt. 18|31 HF 2% t}& 22X CF ‘Shadow II' ¥
SF ‘Little Bighorn’ &%0] 125042 E£Zo] Yeltal, 7}
ZF Az 222 133342 UEY CF ‘Jamestown II7 &
20]9Jt}. CRF ‘Audubon’ &EFL %|Z Hlol&0| 62.25%=
70% WobM| HXE Hlwd 4= gloich

Hrolgo] 80% =Ed W74 AR %= 80% WobA| &

= 9.13~16.00¥ Alo]=2 IPAF & 2E 71 6874 A=
o] Zfol7} LheRgeh. A BA 9B 5 80% WobH] £
7} 71 w2 £5= TF ‘Olympic Gold” &52.2 9.13Y
]9 0.1, 50~70% HrolA| =7} 74 webe TF ‘Arid
I 52 9604 = = WA= w=7 vepyt) 1e)al
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& TF 2£0] 9.13~12.25¢ A}o|-= H4 1035U =2 713
watch AU TF 25 7F 80% wolA] £ 3.12¢ A
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2% wolo] sl ot 3= 7|710] B BHS %
SESE AR A
A
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o
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=

ot rlo

Tz 3717 AdiE e s A &7l A
3] f-2]soh(Kim, 2013b). 2 Aol A wolg-0] 50%0]
A 60%7FA] Eesl=t] " Q3 7| 7FH(Peak time )X} 50%
of A 70%71A] E=sl=t] A3t 7]7H(Peak time 1) H]
o JEA%E ol o3 7|7t Aik= Fig. 29} Pt}

ISTA ¥2 7 7oA ot mj= 7|7k A &
ZFol| wet 2pol7F folskA| Uepstth ot £&=7F 50%
oA 60% =3 wi7tx] ZFE ol u=A 7|7ke] H =
0.36~5.16 Alo|2 FA| 2Z 7t 4804 AEQ 0|7} Ql
Atk EQF ol £E7F 50%A A4 70% =gd wfj7hx] i

=
(]
(o]

Alternative conditions -
= |. TF 'Arid III'

m2. TF 'Olympic Gold'
w3, TF 'Tar Heel II'
4. TF 'Tomahawk GT'
m5. CF 'Jamestown II'

w 6. CF 'Shadow II'

Days after seeding

7. CRF 'Audubon’
8. HF 'Aurora Gold'

9. SF 'Little Bighorn'

Peak time II

Peak time I

Fig. 2. Comparison of germination peak time in 9 cultivars of
Festuca species (TF: tall fescue; CF: Chewings fescue; CREF:
creeping red fescue; HF: hard fescue; SF: sheep fescue) grown
under alternative conditions of 8-hr light at 25°C and 16-hr
dark at 15°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 II), respectively. Mean separation was made by
Duncan's multiple range test at P=0.05.
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Table 3. Summary of seed quality, germination speed and germination peak time in 9 cultivars of Festuca species grown under
alternative conditions of 8-hr light at 25°C and 16-hr dark at 15°C.

Germination characteristics under alternative conditions

Cultivars* ) Germination speed ]
Seed quality” Peak time
50% 70%
TF ‘Arid II’ good very fast very fast very short
TF ‘Olympic Gold’ good fast very fast very short
TF ‘Tar Heel IT’ good medium to fast medium to fast short
TF ‘Tomahawk GT” good very fast fast short
CF ‘Jamestown II’ good medium to fast very slow long
CF ‘Shadow II’ good medium slow long
CRF ‘Audubon’ poor very slow NA* very long
HF ‘Aurora Gold’ good medium medium medium
SF “Little Bighorn' good slow slow medium

*TF: tall fescue; CF: Chewings fescue; CRE: creeping red fescue; HF: hard fescue; SE: sheep fescue.

'Seed quality: based on the final germination rate of 70% above or below.

“NA: not applicable.
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