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Comparison of Seed Germinating Vigor, Early Germination
Speed and Germination Peak Time in Perennial Ryegrass
Cultivars under Different Germination Conditions
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ABSTRACT. Research was initiated to investigate early germination and establishment characteristics of perennial
ryegrass (PR, Lolium perenne L.). An alternative condition was applied in Experiment I with 8-hr light at 25°C and 16-
hr dark at 15°C (ISTA condition). Experiment Il was conducted under 5°C to 25°C (natural condition). Significant
differences were observed in germination percentage, germination speed and germination peak time. Seed germinating
vigor was 66.00 to 93.75% under ISTA and 66.25 to 93.50% under natural conditions. Germination speed, measured as
days to germination of 50% through 90%, was much faster with 'Pennant II', '‘Brightstar II', 'Sonata' and 'Accent II'
under ISTA conditions. But it was faster only with 'Pennant II' and 'Brightstar II' under natural conditions. Germination
peak time ranged 1.48 to 5.65 days under ISTA, while 2.17 to 10.63 days under natural conditions. Regardless of
growing conditions, the shortest cultivars in peak time were 'Sonata’, "Pennant II', and 'Brightstar II' and the longest one
'Revenge GLX'. Considering germinating vigor, early germination speed and germination peak time, 'Pennant II',
'Brightstar II', 'Sonata' and 'Accent II' were regarded as excellent cultivars under ISTA conditions, while 'Pennant II' and

'Brightstar II' under natural conditions.

Key words: Alternative conditions, ISTA (International Seed Testing Association), Germination speed, Natural condi-

tions, Room temperature
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FUelA XY DUz 2AHE FZF E, Hojdel,
23 9 HAPA o] &H I e tEAQ] 2Fol= AH
7] EF a2 (Poa pratensis L.), H#UL o]z~ 2
& 8| &5 (Festuca arundinacea Schreb.)7t 1t}. o|% ¥
AU eolaeh it 47} olAole} Holza]ste] &
0 715 Aelor FPAAE s Fua e 92
2]4] ko] 28] 2 (English ryegrass) 2t3.% €TH(Beard and
Beard, 2005; Thorogood, 2003). HH UL glo]aegj= 2
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TH(Hanson et al., 1969). &, HAYL gho]aei= A
S wel AgAE ddA, @] A Ee 99
o] € & AUrh

AED 715Ul =M S+ 4713 Haud
o] 2~ 100%= A5k Slo] Yrt2 otk (Adams and
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Gibbs, 1994; KOWOC, 1999). sHdlX= =4 9 737]  £&7F 7P wE TRe HyUdY golagzolt. & #
d Soll A7l EFag 2t o] £ Fol o] &5 #HUY Zelas ¢ FFO AT drtEoR HH 9
ST} ol WU 24 A E7] olkust nal AEl]  ohRAGNA A4 F 39 A% o] wershw, 47)
B2 B 24 3 @ e AY 5TO8 ¢ Alold] 50-80% o] olrt 7FsEtk(Kim, 2013b). AEHE
3 &4 o] 3EsHS FHAI717] HsiAeltt. = AIE A 8 F 3l (International  Seed  Testing  Association,

TSt 7ol A E3M(Zoysia japonica Steud.) FHE] R
floll F717F FAS AT 5202 TIEE]7]8-(overseeding)
22 B YA o] & ¥ JrKKim, 2012; Korea Sport
Science Institute, 1998).
oM = 19909 &
shHA HYUL Elro]
t‘r_}, Ag,ﬂ . /\gEHXJ Ex

J

tﬂ- o]‘d fﬂ-z]tsi ;ﬂ-]:] }_A{jo]
= ARG E AE 07P6}1
WA Wzl
ATt A %LLHﬂ? 700l gl ZTR]Rk(soil system)
23 W AE A7) AESS S8 RiEA] Abs #
Z Q3 ZFo]tHKOWOC, 2000). 53 20021

% 3] o] A FxA 7ol FrlslvA *%
l 1‘” o] 2 Ak Wol SEHI Utk AEF
1 Hgud E}Ollx’ﬂ*ﬂ 715 et ol&
/Hr: x%x% ———0—1]/}57_ 9\)\
AX= vFodA = HEHUY el
FEE ML 5 55 A% 7 AAF L
AetA A+E P stHA AFol &t Ut
(NTEP, 1995, 1996, 1997, 1998, 1999a, 1999b, 2001,
2002). AT, =W 715 ZAA HYUL o]~
E ol &3 A= g AR TH(Lee et al, 2001a, 2001b;
Shim et al., 2000; Shim and Jeong, 2002), A1&%2 ©]&
3 AF=EL olz FEEA 2o A olthKim, 2010;
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Kim and Jung, 2009). 53] AFFLE Fx24 24 A 4
FHog Hash 2AEE A 7|12 SAZAM] tigh A
= 08 53 Aot
T Al Al gAY dws JFFor 245
7] M E o 27] H97|7b 4T ES AYE
Zlo] ers] FQ38th(Kim, 2013b). 3AE ] = ol

ISTA)l A AA sk W7ol A gk AtllA 28 7]
BRaYAE 4F A3 T Uobgol 0%l Eddtty
B3E3 gk AV ol azE Ag F 1F e
ol8 90%0l] =23 tHKim and Nam, 2003). 3}A] g
F5o wel wolSA L ol el zfolsh ekt w®
oﬂ 7]_@ EA FAE jJ_g_»g].l;]_

Az FhA Bol AHET Y BHY rje] ol
S5 9 Y Yo He] et AE BT Ak
(Kim, 2008, 2009, 2010, 2013a; Kim et al., 2010, 2011;
Kim and Jung, 2009; Kim and Park, 2010; Park, 2012). 3}

Ak 3 Ar)e] EE7 ZAEA B3 ATLRIE

o}z FisHA 22 A o|th(Kim and Jung, 2008; Park,
2012). wpEhA] EFE Lo}l ISTA WL 2 A
Z7oA FAE 7] AFF] tigk 24EARE =
= 28 .2 AFLE [STAYAM AAels H23 =}
A2 2dA HHUL gholag s AFFe] ot
Z7dolEE 9 dolu] 7|7k o] 2AHE V258
AT HlaEiA AF-Ao R Y e dA, Alg %

of
2
kg

Zlo ggstaal 3=
R
SAME
FAAEE FUAA L 24 2 QRr|goR

ol ARt = -IWHL]“ 2ho| L& 2~(Lolium perenne
) ZF9] ‘Accent” FF 3 A Aol Bol o] &H A
= 7719 1_%?2 EEEA AA 8FF oo 7t

ﬁtJ«L TYA = Table 17+ 3t}

Table 1. Common name, scientific name, cultivar and source of turfgrass entries used in the study.

Common name Scientific name Cultivars Source
Accent Jacklin Seed Company, Post Falls, ID, USA
Accent I Jacklin Seed Company, Post Falls, ID, USA
Brightstar IT Turf-Seed, Inc., Hubbard, OR, USA
) ] Brightstar SLT Turf-Seed, Inc., Hubbard, OR, USA
Perennial ryegrass Lolium perere L. Catalina II Turf-Seed, Inc., Hubbard, OR, USA
Pennant I1 Jacklin Seed Company, Post Falls, ID, USA
Revenge GLX Jacklin Seed Company, Post Falls, ID, USA
Sonata Pennington Seed, Madison, GA, USA
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Bopr 2 25 20 wet 4 = A nE st
of sttt A3 1(ISTA W27, alternative condition)
S WSAORE FH 25 T A5 2Ho] 7 A
$4(growth chambenel Al A A SHIh A% A L27,
natural condition at the room temperature):= A2 <1 A
FHHOR 257} 525°CE A EHL de A2 A
A skl

53], A% 2 FATHARFIANA 8Fh= 71+
15-25°C AtolollA 8 atsict. meba 24 9AIFH 9
SA7HA) 8AIZE Hot e R ava 9% 5ARE Tt
=2 24 AR 16417 Ft S 20 E BT o]
of dopde] Ew Fx Al 25°C, oF

= RIS

21319 tH(Anonymous, 1964).

B Ao AFEE 2FS Table 19 AAIE HEud
o]z 8 FFOE A I A IolA BF Fdst
ot TR AR 9ol AFA] 2ujE 245 1 AR
of FFTHZ 10095 A4staint. 2t AgdoA v &
FoagtRow siglem, maA A 2 FAE 4009
o|Att. E AFejA ol 717k F] ol AlF AR Al
Ao 717k 30¢ 71eo2 333 tH(The Lawn Institute,
1991).
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ojgt7do] mE WolL: HlwE ISTA He 2 AAde
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Table 2. Seed germinating vigor of 8 perennial ryegrass cultivars grown under alternative and natural conditions.

Germination percentage (%)

Cultivars Alternative® Natural® Differences between alternative
conditions conditions and natural conditions
Accent 85.50b° 83.25b 2.25
Accent II 84.75b 83.00b 1.75
Brightstar IT 91.75a 91.75a 0.00
Brightstar SLT 66.00 d 66.25 ¢ 0.25
Catalina IT 83.75b 84.25b 0.50
Pennant 11 90.75 a 93.50a 2.75
Revenge GLX 76.75 ¢ 81.00 b 425
Sonata 93.75a 92.25a 1.50

Alternative conditions: 8-hr light at 25°C and 16-hr dark at 15°C.
Data for alternative conditions: adapted from Kim and Jung (2009).
"Natural conditions: at the room temperature of 5 to 25°C.

Data for natural conditions: adapted from Kim (2010).

‘Mean separation within columns by Duncan's multiple range test at P=0.05.
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TA wolgo] 7 978k F52 ‘Sonata’ ©IL, 7HE
23t EFL ‘Brightstar SLT’ o]0 th A2 375
A HAYU Y gholze & FAf olE S FFol Wt ISTA
W2 S} oFke] Zpol7t AUTH A2 7oA FA
EFZ9 HF FolES 66.25-93.50% Ato] ATt o] w
ol7F 71 4%k F5S ISTA W2 3 A Wolg o]
Al HAIGE ‘Pennant I’ E50| 27, v 2 713 #) &35
F3S ‘Brightstar SLT’ ©] 1 tH(Table 2).

ISTA W3} 2AAA L 7oA FF 7F o}
0-4.25% Aol = UEFELTE. ‘Brightstar 11" 52
2 BT HF dolgo] 91.75%% FdsAuch =
‘Brightstar SLT> =55 1 2}o]7} 0.25% A L2 ofF
3L, ‘Catalina II' FF-2 ol el wal 0.50%2] =to]
7F A}t 28] YA ‘Sonata’ 2 ‘Accent II' FEF2
Wolgt ol wet HF ool Z42F 1.50% 2 1.75%
9] zpol7t A} FATE ‘Accent’, ‘Pennant 1’
‘Revenge GLX® F3F2 'Tol& Zpo|7}F 2.25-425% =2 5
o ZA YeRdtl 53] ‘Revenge GLX'9] 749 ISTA ®
oM E 76.75%% 71 HoksQl 80%°l WESHAAIRE,
HA2Z70ME 81.00%= 715 Hols o] Fo 2 Yehyitt.

o]e] A} ‘Accent’, ‘Accent II' & ‘Sonata’ FF&
ISTA ¥ 3G o|A] F2F Holgo] o Y53ttt vit)
Z WA ‘Brightstar SLT’, ‘Catalina II’, ‘Pennant II’ %
‘Revenge GLX’ &5 AAAE gHA oA FA} wolE o]
< O Szt wolshge wE ol g woly Xjo]
= A8 WEIH X (Agrostis palustris Huds.) 82 ©|
23 Ao FZE T T} Kim and Jung(2008)-
A MEIH 2] A9 U FFLAHE Lol
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HHUL o] 2 FA] FFH Dol ms doldhy
9 EFo| wl §-2fg Zfolrt YElT) ISTA H 34
oAl FA wolg-o] zHzF 50%, 60%, 70%, 80% = 90%
‘—* =]

7HA] sl a3k Wolb =S vt Hlo|E= Table
3% 2t} Eolgol 50% W 7pA] dolE e S A
HM ‘Accent II’, ‘Brightstar I’ % ‘Pennant II' &% ©]
438-4.88Y Alo]&2 7P 31T ©]F ‘Accent 1 ¥
o] 438U=E 71 Wk, Brightstar I’ 2 ‘Pennant II’
F50l 217 4809 B 4.88U= LERTE ©] Wl “Accent’,
‘Catalina II’, ‘Revenge GLX’ % ‘Sonata’ ¥£%9| ol
T 5115689 Atel2 FF AER YERET 50% T
ol =7t 7 =’ F/= ‘Brightstar SLT” #3522 6.37

oAt
Holgo] 60% 2 w7k g EE WolEEE ‘Accent
II’, ‘Brightstar I’ ¥ ‘Pennant II’ #&-°] 4.71-521% Alo]
2 WEA YEET o] T WolEerh 7Y e 5
‘Accent I'Z 4714 ©o|Jt}h thFoe= wWE FF2
U

=g

‘Brightstar 1’} ‘Pennant II'Z 212} 498 2 521U =
Ebstt}. o]5hel ‘Accent’ ¥ ‘Sonata’ EF2| WolL =
5.67-5.75% Ate]al, “Catalina I’ 2 ‘Revenge GLX® ¥
T ol FFRT 6.20-6.269 Ato]= LFEFEL

S Zz= g
ok 223 60% Wl 7H z=o .

71T —

S
—1:-% o T

Brightstar

SLT” EF02 7604 ©|AT}.
wolgo] 70% =T w7bA] ol AT 60%

Table 3. Germination speed of 8 perennial ryegrass cultivars grown under alternative conditions. Germination speed was evaluated
as days to seed germination of 50, 60, 70, 80 and 90%, respectively.

Germination speed under alternative conditions (days)*

Cultivars

50% 60% 70% 80% 90%
Accent 5.421b° 5.75bc 6.24 bc 8.00b NA°®
Accent II 4.38d 4.71d 6.10c 6.95 be NA
Brightstar I1 4.80c 498d 5.66 d 6.51c 14.00 a
Brightstar SLT 637a 7.60 a NA NA NA
Catalina IT 5.60 ab 6.20b 6.92b 11.25a NA
Pennant II 4.88 ¢ 521¢ 5.69d 6.48 ¢ 14.00 a
Revenge GLX 5.68 ab 6.26b 7.40 a NA NA
Sonata 5.11 bc 5.67 bc 6.19 be 6.59 ¢ 8.87Db

“Alternative conditions: 8-hr light at 25°C and 16-hr dark at 15°C.

*Mean separation within columns by Duncan's multiple range test at P=0.05.

‘NA: not applicable.
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ol& % A} H|S55k T} ‘Brightstar I 2 ‘Pennant I 9.67¢E % WEE UEFSTE ‘Catalina I FF2] #-2

FE dolgms 727t 5669 B 5.69UE /Y 945 10449 E = Helqiok 2E]3 A AN 50% W

oiﬂr ‘Accent’, ‘Accent II’ & ‘Sonata’ &F¢] Hol&E  ol&rt 7P =3 FR/+= ‘Brightstar SLT” 522 11.43
= 6.10-6.24Y Alo]g =R VERTE 28|13 ‘Catalina Dol

II' FF9] WYolEHET= 6,292 thah =3 3, ‘Revenge
GLX’ #F3&< WolEm7F 74042 7P w2 352
‘Brightstar II’9]] ¥]3] 1.74Y A= =& FS= el
‘Brightstar SLT” %2 & #ol&°] 66.00%%7] it
of F& 7+ 70% HolEk A= ¥ & gl

olgo] 80% = w7kx] A% = WolkdkE= ‘Accent
II’, ‘Brightstar II", ‘Pennant II"’ ¥ ‘Sonata’ % %©| 6.48-
6.954 Alo|2 7P ekt o] T 7P mME F52
6484 2 YERE ‘Pennant II” ©]A T} o]9hol ‘Accent’ &
o A% HLO}&E” R.O0YE 7+ AL =2 YErRT
‘Catalina I’ #F2 112542 73 =&, & 80%
WolEr 7} 7]-74 HE ‘Pennant I’ &0 H|&) 4.77¢9 A
T =9 s omgtt

wol-go] 90% =2 wj7hA] woldh s ke
80% ol 733t ok thEA Yt 7
ZHE ‘Sonata’ 5O 8.87U°]%0 3L, ‘Brightstar 11
‘Pennant I’ F5-& ol 7} 14.00€ 2 YERT 314
TF LU A] ‘Accent’, ‘Accent II’, ‘Brightstar SLT’, ‘Catalina
II' ¥ ‘Revenge GLX® &% FHF dol&o] 90%°]35]
7] Wil FF7 90% Wolsk Aae Hud  fIUTh

AL oA 73 Zolgol 50%, 60%, 70%, 80%
2 90% =g wj7hA] Hlwgh FEE dol&LE dloly
A= Table 49k Zth. Wolgo] 50% =T wjrbA] &
ol&L=E AW EW ‘Pennant II' ¥ ‘Brightstar II' 5]
71zt 8462 B 8.794= 7P 9rSi3itt. ‘Accent’, ‘Accent
II’, ‘Revenge GLX’ ¥ ‘Sonata’ ¥F-2 Tol&=7) 9.36-

Wol-g-o] 60% =8 w7hA] wolLr = 50% Wold:
=9} w3 Ao 2 YElET ‘Pennant 117 F5°] 8.96
A2 7P¢ W5k “Brightstar I 52 92742 oKt}
O AT A §- o]3dt}. ‘Accent’, ‘Accent
II’, ‘Revenge GLX' % ‘Sonata’ %52 Wol&L 7} 9.88-
10349 2 FAEE YEbsth YA ‘Brightstar SLT
4 Catalina I’ FF-2 11.24-12.96Y Alo] 2 Wolr} =
FEoE UERTh

wrol-g-o] 70% e wj7kA] Wol& o] 79 ‘Pennant
I’ ¥ ‘Brightstar 1’ ZFo] Z+zF 9.68Y H 9.84d = 71
G5t 223 ‘Accent” 2 ‘Sonata’ EF S WolEE
7F 72 10708 2 10.86€ = F7F FER UEREAL, ‘Accent
I’ 9 ‘Revenge GLX® #FF2 11.27-11.34Y Alo]Z o]x
o & o =% "ol 53] WolLer) 122798 7h
Z} =2 ‘Catalina II’ %2 714 W2 ‘Pennant II' &3
of wlgl 2.59d A= o =7 ASR ey

‘6]-%’-—

Wolgo] 80% =2 W WolHEk ‘Pennant I F3
°] 10.63¥=Z 7P w3t} ‘Brightstar 1" F5& 11.15Y

2 ‘Pennant II’ FFH T} 97t =AW $-53F F50|3)
t}. ‘Accent’ ! ‘Sonata’ T B¢ ‘ja“’]'%uj} 11.82-
13484 Alol2 7+ A2 Ebgth ¥, ‘Accent I’
9 ‘Catalina II’ 52 Wol& 7} 14.28-16.88Y Alo|=
= Holt} 22|32 ‘Revenge GLX EF 2 Wol&
7F 20,008 = 7P =2]A] UEstt o] 21 ool 80%
Ldsl=d ‘Pennant II' FZFol Bl Wol&E7F 9.37Y

e R ojma,

A=

Table 4. Germination speed of 8 perennial ryegrass cultivars grown under natural conditions. Germination speed was evaluated as

days to seed germination of 50, 60, 70, 80 and 90%, respectively.

Germination speed under natural conditions (days)*

Cultivars

50% 60% 70% 80% 90%
Accent 9.36¢c" 9.88 ¢ 10.70 b 13.48 ¢ NA®
Accent 11 9.67 bc 10.34 be 11.34 ab 14.28 be NA
Brightstar IT 8.79d 9.27cd 9.84 be 11.15d 17.00 a
Brightstar SLT 1143 a 1295a NA NA NA
Catalina IT 1044 b 11.24b 1227 a 16.88 b NA
Pennant 11 8.46d 8.96d 9.68 ¢ 10.63 d 12.75¢
Revenge GLX 937c 10.27 be 11.27 ab 20.00 a NA
Sonata 9.52 bc 10.21 be 10.86 b 11.82cd 15.00b

*Natural conditions: at the room temperature of 5 to 25°C.

Mean separation within columns by Duncan's multiple range test at P=0.05.

‘NA: not applicable.



3L %

>

ool we AU 2lolze)

dold] | Z7|dolir 1l dolu]=7|7) v 279

ohgo] 90% EET W7 28T 90% ol
‘Pennant I’ EF0] 127542 714 w24 vepgdeh 23]
‘Sonata” FE°] 150042 F M= wWgith 80% Lot
—-—77}1] F HAIZ W3IA Brightstar I’ 352 ‘Sonata’
FE o 29 A% o =¥ 17008 2 JERgTh 283
U A] ‘Accent’, ‘Accent 1, ‘Brightstar SLT’, ‘Catalina II’
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¢

gholgtAo| mE WolEx H|I
ISTA M2 9 A4 3olA Hud gfo] 2=
57 73 2719 wel Aes] 2
Al vebstth ol o] mE FA F57F 50%, 65% 2
80% Wolw Bl AI= Fig. 13 7o) Aubd oz 50%,
65% % 80% Tolgol| == ‘QO}Q—E
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AL B

= ISTA WA o we Ao yehst
HeU L o]z T 50% LotEEs it &
o AF ISTA He AN 59 AF2 yehst) st
A AAEE A olBmT =¥ 95U HFR

Bt & SjedY ghol g2 $AE ISTA West f
AR A7)0 HEG A 50% ol b EE WolghAo)
& gobat A7)e] 9E s AnT B 4590 FE O

A. ISTA condition
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B. Natural condition
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W 1. Accent W2 Accent Il M 3. Brightstar I ® 4. Brightstar SLT|

5. Catalina II 6. Pennant I 7. Revenge GLX ™ 8. Sonata

Fig. 1. Comparison of germination speed of perennial ryegrass
cultivars grown under between ISTA and natural conditions.
Germination speed was compared as days to seed germination
of 50, 65 and 80%, respectively. ISTA and natural conditions
represent alternative condition of 8-hr light at 25°C and 16-hr
dark at 15°C and condition at the room temperature of 5 to
25°C, respectively.
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ISTA H2o0A = 6.37Y, AFA42o
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50% WolEwrt Wt 2-39 A= O =e AS ongith
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U gholzgfze] 75 7|87 AS220] 16-24°C
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=] ATH(Fry and Huang, 2004). Kim and Nam(2003)< 7
H7] EF2HEE o] &3t wol5Ad AP A wolE 70%
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Peak time(days)

ISTA Natural conditions

1. Accent =2 Accent Il ™ 3. Brightstar I ® 4. Brightstar SLT

m 5. Catalina I W 6. Pennant II 7. Revenge GLX 8. Sonata

Fig. 2. Comparison of germination peak time of perennial
ryegrass cultivars grown under between ISTA and natural
conditions. Germination peak time was measured as days to
seed germination speed from 50 to 80%. ISTA and natural
conditions represent alternative condition of 8-hr light at 25°C
and 16-hr dark at 15°C and condition at the room temperature
of 5 to 25°C, respectively.
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Table 5. Overall comparison of seed quality, germination speed and germination peak time of 8 perennial ryegrass cultivars grown

under alternative and natural conditions in the study.

Germination Characteristics

Germination speed

Cultivars Seed quality Germination peak time
ISTA? Natural
ISTA Natural 50% 80% 50% 80% ISTA Natural
Accent good good medium medium medium medium short short
Accent 11 good good very fast fast medium slow short medium
Brightstar I1 good good fast very fast fast fast very short  very short
Brightstar SLT poor poor slow NA® very slow NA NA NA
Catalina II good good medium slow slow slow long long
Pennant I1 good good fast very fast very fast very fast ~ very short  very short
Revenge GLX poor good medium NA medium slow NA very long
Sonata good good medium very fast medium medium  veryshort  very short

*[STA: 8-hr light at 25°C and 16-hr dark at 15°C.
Natural: at the room temperature of 5 to 25°C.
"NA: not applicable.
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Seed Testing Association), AFAZZA
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