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Comparison of Germination Characteristics and Various
Pre-treatment Methods for Enhancing Germination on Zoysiagrass
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ABSTRACT. Zoysiagrass seeds had low germination or lack of germination uniformity under natural condition. To improve the
final germination percentage of zoysiagrass seeds, we investigated the methods of proper pre-treatment to enhance germination
rate of zoysiagrass. Seeds were subjected to the testa scarification and four types of seed priming methods, namely, hydro priming
(distilled water), osmotic priming (polyethylene glycol -0.5 MPa, -1.0 MPa, -2.0 MPa), halo priming (Potassium nitrate 100 mM,
200 mM, 400 mM), and solid matrix priming (seed : microcel-E : distilled water = 4:1:8) with and without 25% KOH treatment in
the testa. The scarification improved the germination rate and reduced the germination time. Osmotic priming (PEG -0.5 MPa)
with scarification were significantly increased the seed germination rate and decreased MGT, and Ts,. Seed germination rate
obtained by osmotic priming (PEG -0.5 MPa) with scarification increased above 60% in comparison with natural condition.
Conclusively, scarified and primed zoysiagrass seed germinated more rapidly and uniformly in the study. The present results
suggested that PEG priming treatment with KOH treatment prior to sowing could improve germination percentage, and this
method makes us establish the early zoysiagrasses in the field.
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Table 1. Cultivar, acquiring method, source, and physical characteristics of grasses entries used in the study.
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Cultivars Acquiring method Source sz:rg; il \(/:rrllcrlnﬂ)l lv’v(z:?ghs te Z(;l)s
Zoysia japonica 21070’ home seed production  SFRRC?, Jinju, Korea  3.24+0.03°  1.26+0.08 0.60+0.02
Zoysia japonica ‘21075’ home seed production ~ SFRRC, Jinju, Korea ~ 4.09+0.06  1.37+0.06 0.73+0.04
Zoysia japonica 21089’ home seed production =~ SFRRGC, Jinju, Korea ~ 2.66+0.11  1.10+0.04 0.55+0.03
Zoysia sinica ‘ZN2039’ home seed production ~ SFRRGC, Jinju, Korea ~ 7.87+0.14  1.64+0.04 1.4310.16
Zoysia sinica ‘ZN2139’ home seed production  SFRRC, Jinju, Korea ~ 7.11+0.12  1.47+0.02 1.09+0.03
Zoysia sinica 22148’ home seed production =~ SFRRC, Jinju, Korea  6.87+0.09  1.42+0.06 1.16+0.05
Medium-leaved zoysiagrass Z6011" home seed production =~ SFRRC, Jinju, Korea ~ 3.30+0.04  1.39+0.00 0.70+0.02
Medium-leaved zoysiagrass Z6028" home seed production =~ SFRRC, Jinju, Korea  5.32+0.13  1.43+0.04 0.75+0.01
Medium-leaved zoysiagrass Z6074° home seed production ~ SFRRC, Jinju, Korea ~ 5.7+0.09 1.73£0.07 1.02+0.01

*Southern Forest Resources Research Center.
®Mean = Standard error.
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H E3Y(Zoysia japonica Steud.) 3F(Z21070, 21075,
Z1089), A%+t (Zoysia sinica Hance.) 3%:(ZN2039; ZN2139,
72148’), S A|(medium leaf type zoysiagrass) 3&(Z6011,
76028, Z6074)°] & 9ZEE A5 TH(Table 1). 7}
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disposable petri dishof] EE]#|o|3 (Whatman No. 2) 2%
Zka Zi) SAE AE R 5094 R0 7 ulEs Gl
s Y 2mle) FR,E LA 25 o o] 23]
of A% ZF 4mLe] E-& HFo3laL, Woks A= A

NA0R & 25U7F 2AE BHglch 3 o}
o

o

i

= o4

of

i
s
ful
Of
Pl
k]
Rl
n

4o g WolS4A vl

FA wokg WA A vikoR ST F4 % ol
£ $7 B 210752 Aol ol A1 F4 A
Ao g Wol5Ad& A FA] AE= 20139
621 AT A R A &
2 (Zoysia japonica Steud. Z1075") A& 5°Ce| YAl
oA 107]€7t Hagt & Adol ARSI

HA7E 23} wolo] w A S sfetel Al %3]
A3} A2jef zeto|y] A& AAISHATE S1 A3} A2
o AHg3F oL 25% KOHZLo ™ 3087 B2 & 52
L Bo] 1247} SAlskTh T % Bl meto]y X ele}
%3] A5} X2 Fo| 27 HelzA o] Zeoly FHE oF
otR 7] 93] Hydro Z&}o|w, Osmotic 2ZZ}o|, Halo 3
o], 18] 3l Solid matrix Zzfo|W] o] HIHO 7 3 =
oF 4] F FAFE B2E Bo| 647 SHISHATHTable 2).

Hydro Zzto|-& 745 AME-6191 AL, Osmotic Zeto]ry]

Table 2. Pre-treatments applied to seeds of Zoysia japonica
21075

Treatment KOH Priming
de :
co Method Substrate Concentration
P1 Hydro Distilled i
priming water
p2 -0.5 MPa
. Polyethylene
P3 g;r;?ggc glycol -1.0 MPa
P4 (PEG-6000) o MPa
Untreated
P5 100 mM
P6 Halo — Potassium 555 1y
priming nitrate
P7 400 mM
Solid matrix . .
P8 (SM) priming Microcel E 4:1:8
P9 Hydro Distilled i
priming water
P10 -0.5 MPa
. Polyethylene
P11 grsln;l?fllg glycol -1.0 MPa
P12 (PEG-6000) o Mpa
Treated
P13 100 mM
P14 Halo Potassium 200 mM
priming nitrate
P15 400 mM
P16 Solid matrix Microcel E 4:1:8

(SM) priming

2 polyethylene glycol (PEG)S ©|-83}¢ -0.5, -1.0, -2.0 MPa
9] 3 =2 A5}3ltt. Halo Zefo|R2 KNO,& ©]-&3t
] 100, 200, 400 mM®] 3= 2 2 2]at%c}. Solid matrix
zglo|v) A= ZA}bmicrocel E:ZF40] EAH| 2 4:1:8
2 ket 2% 9 FA 2= A H(DS52G4P, Dasol
Scientific Co. LTD., Hwaseong, Korea)ol|A] 20°C, 16A]7F ¢+
27, 35°C, 8AIZE FxAE& A sl WolsAdE A
3}7] ¢35l 90x15 mm disposable petri disho] Z & 7| o] i
(Whatman No. 2) 2348 Z11 2] X2 AH2H=E 508
¥ ko2 ahgslglch, ot vfel 2mLe] SRR
LA 5o Lpiro] 23]of] AA F 4mle] RS HEF
SFAAL, Wobg ZAKS A4F 5 19 7R & 107 %
AFE B

2A} A WOl 2E 20l 1mm A% RS U} 7]
Fom wolg, B Woldls, B WolkE W HF w
obgof gt 50% Holo] AgEE
(Coolbear et al, 1984; Hartmann and Kester, 1983; Ellis
and Roberts, 1981), AAHA-S o2&} 7).

BFo}-&-(Percent germination: PG) = (N /S)x100 (N: = 2F

ok 8 & FAl FAR)
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P oYL (Mean germination time: MGT) =Y
(Tix Ni) /N (Ti: A} B 2AFO12 Nis APl Hlopss,
N, Fo}4)

Bt Wol&E (Mean daily germination: MDG) =N/ T (N:
T ol T: B 2AMYP)

50% WrotAQ U4, Ty (Days to reach at 50% seed
germination) = Ti + [((N + 1) / 2 - Ni) / (Ni - Nj)]x(Ti - Tj)]
(N: MokA} $A7HAe] F ok Ni: Nof g 50%
A 7R o] F ok Nj: Noj| gt 50% 25749 &
Solds; Ti: Ni AE7HA] 88 WolrIgh T Nj A%7H)
a9 o7

A 24

A% A= SAS (Statistical Analysis System, V. 9.1, Cary,
NC, USA) Z21H-& o|835}o] THA 9 Duncan o7
Mo SAY fole AU
=}

Zdatal

= =
| ERY word
E2k AR 21070, 21075, 210892 2| Hrolg:

2 Z}7} 34%, 61%, 14%= A-g7toll 2 47% F=o] W
ol x}o]& H YTt AR FQl ‘ZN2039, ZN2139, ‘72148’
o] 2|F Hoke-2 722t 25%, 87%, 61%= Als 1t Xt 62%
A o] Hokg Zpol5 H ek 1eal F2] AlsQl Z6011,
76028, 76074’ 2] Z|Z Hrol8-L 7F7)F 49%, 1.5%, 25% %)
ouf AFZE X 47.5%2] Wolg xfolE Yt 2t
OSA] ASZE ot Zpol= Rkt R g Zhr] ofl A
Wo] gy glom & A% [ASHA UErsT
(Kim and Jung, 2008; Kim, 2009, Kim and Park, 2010).

=T A M2 Yo mE oSy

BA] AR EAHe] A WohES 34.046.1% 1L, B

olels= 9.140.7%, HHolEEE 1.246.1Y, 50% Wola
A= 8.3+0.8U 0] }ltH(Table 3). @ =Zzto|wy Xz|ef
Zu A3}t 39| zetoly) A2E o|-&3t Zt7+ef A
HolE4 Avbe F9 A%t 77 3 Zefoly] o whek
HAZE 2] 7F AT

KOHe| 9|3t 3] A3} A2 & zZato|ry
azatoly) HejofA Hrh Wols, Futdold4(MGT), ¥
IS (MDG) 9 50% ok @ A (Ts)7F 7924 &
2 et 235 YErslch &Y Zeto|ry A PoA=
Fatdolgo] 79.3%%1L, S A3t A7 & Zefo|y A
2o A o] Wola-2 92.6%% 13.3%7} RFTh EIF Hahd
oFU(MGT)}F 50% ok U4(Ts)= 1] A3t A2
S zefoly] APlo|A 24zt 299, 31U THAIZ &
AR =t FA] FHE Elgtslr] flaliA= 25~30%
KOH-§Hof 3027+e] Fu] AstA g7t a1} Lo (Kim,
1995; Yeam et al,, 1985), o] A-& KOH”7} £A} cuticleZ 2]
71AA BHE7)so] estEo] 7 9 7pAY BEAS S
7HA|A Hrole-& Z7HA]7]7] wj&Zo|th(Cutler et al., 1982).
SHA|F Kang et al.(2008)2 3FA| % %tt] o] 79 KOH # 2]
= 527} §OINT FITko] ZojHs Wolelo] FAs)
A Aelelo] SAe] wokel £& Sfat mejolw sty
2o Agsla grkn W skt

S A A4 Hokg2 34.0%(Table 3), S%tt] &
Aol 3] sisk A2l oA g mefo]d T Ao]
= 70.7~87.3%2] WolgS Hlon, T AA A & =
glo|m 9] 22} 2] 87.3~96.7%2] Wrole-S W ¢ Th(Table
4). ol Fw18k W metol Aol ojgt M2l A2
TAET} 54~62% ©o]/Fe] Wopsxl AuE el ACeR
F3 Q15 Aelol o5 A4 45 o] o= o]y
B3} olo] A Aoz gk,

Hrotg-2 F1] A3} A 2& ohA] 94l & PEGA 2wt
SRS W] -0.5 MPaol|A] 72.0%, -1.0 MPao{|A] 74.7%, -2.0 MPa
A 70.7%= 714 Wrorot 21 eds} 48] & PEG -0.5,
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Table 3. Germination properties of Zoysia japonica Z1075 seeds with or without KOH treatment. (Controls under alternative

conditions of 8hr light 35°C and 16hr dark at 20°C).

Treatments Germination (%) MGT" (days) MDG" (days) Tse (days)
Control 34.00+6.11¢ 9.13+0.68 1.21+6.11 8.33+0.84
KOH untreated + priming 79.25%1.51 7.96+0.44 0.48+0.01 7.58+0.35
KOH treated + priming 92.58+0.78 5.11+0.16 0.41£.00 4.46x0.12
T_teste %% % X% X%

‘Mean germination time.

*Mean daily germination.

“Days to reach at 50% seed germination.
Mean =+ Standard error.

o, %, ¥+ significant at P = 0.05, 0.01, and 0.001, respectively. NS=not significant
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Table 4. Germination properties of Zoysia japonica 21075 seeds by various pre-treatments. (Controls under alternative conditions

of 8hr light 35°C and 16hr dark at 20°C).

KOH (A) Priming (B) Germination (%) MGT* (days) MDG" (days) Tso" (days)
Distilled water 80.00+3.46 e-g° 5.22+2.57 cd 0.48+0.02 b-d 6.99+0.37 bc
PEG -0.5 MPa 72.00+4.16 h 9.50+0.69 a 0.53+£0.03 a 9.06+1.00 a
PEG -1.0 MPa 74.67+1.76 gh 9.50+0.54 a 0.51+0.01 ab 9.21+0.86 a
PEG -2.0 MPa 70.67+2.91 h 9.65+£0.39 a 0.54+0.02 a 9.21+1.04a
Untreated
KNO; 100 mM 86.00 +£3.06 c-f 7.03+£0.20 bc 0.44+0.02 c-f 6.04+0.10 cd
KNO;200 mM 87.33+2.91 b-e 6.97+0.48 bc 0.43+0.01 d-f 6.13+0.32 cd
KNO;400 mM 84.00+3.06 d-f 6.85+0.21 b-d 0.45+0.02 c-e 5.92+0.09 c-e
Seed:Microcel E:water (4:1:8) 79.33+1.33 fg 8.94+0.70 ab 0.48+0.01 bc 8.08+0.86 ab
Distilled water 87.33+0.67 b-e 5.01£0.20 cd 0.4340.00 d-f 4.3840.17 ef
PEG -0.5 MPa 96.67+1.76 a 5.06+0.15 cd 0.39+0.01 f 4.18+0.25f
PEG -1.0 MPa 92.67£0.67 a-c 5.91+0.29 cd 0.41+0.01 f 5.22+0.30 d-f
Treated PEG -2.0 MPa 94.67+1.33 ab 6.50+0.30 cd 0.40+0.01 £ 5.36+0.22 d-f
KNO; 100 mM 91.33+2.40 a-d 447+0.31d 0.42+0.01 ef 423+0.11f
KNO;200 mM 94.67+0.67 ab 4.68+0.10 cd 0.40+0.00 f 4224012
KNO;400 mM 88.67+2.40 b-d 4.76+0.13 cd 0.4340.01 ef 428+0.11f
Seed:Microcel E:water (4:1:8) 94.67+0.67 ab 4.48+0.01d 0.40+0.00 £ 3.84+0.06 f
A ok ok P ook
E-test’ B * o ok bk
A*B - NS — *

‘Mean germination time.

*Mean daily germination.

“Days to reach at 50% seed germination.
Mean =+ Standard error.

‘Mean separation within columns by Duncan’s multiple range test at p = 0.05.
o, #*, % significant at P = 0.05, 0.01, and 0.001, respectively. NS=not significant

-1.0, -2.0 MPaol| A= 712} 96.7, 92.7, 94.7%2] =2 Hlol-&
< UEHHSlth ol= PEG @Y AHZloA= & T4 &
u] o] SR o] Yol Wholgo] Wokd Z O &, PEGH
2] Aoll= S9 A3t 2|7t BAQl Ao wdEH. &
5], S0 A3t A2 & 22} ol 224 PEG -0.5 MPa
of A} Wolgo] 96.7%= 7MY oY ko WE {Fo
A= STk AF7HA] wop £X1-& 98 PEGRF 22 o
A AEEH FAE IAAA7]= Zetold A7k de
ol gEojgto} w2 HAPOR Q3| §EAATE HEE o
AR AT, & U S FollAls Hote Sxlo] 1
x| aabA o] x| ot w3t A2 B FI A & F
A7F &A= o] Wotg o] AstEl= 97t Wrt= Halvt
0] 2EO L (Khan, 1992), Xt FAfe]| QlojA= Wotd &

Zof ol E7}A Q] o & FEct PEGE 412 Hf 2
ofel FEFE wA|A] kS g B3} AR =45t
o 54& UetA] o vjwA g2 27171 A

u&

(McDonald, 2000), E2}9] s & 214 E4E] a1 A

She B B4 SR BHE AE] 1% F SRS

o oJgk wrolS WAt 4= QIrh(Bac et al, 2014). HFdo}
A4= o+ PEG -0.5, -1.0, -2.0 MPa A 2] 4] Z+Z} 9.5,

2 AA vebsted), Woks Aol vlasy
EoP— ttH o] BEAA A o| 9|3} do} x]olo g wri
t}. vhdHol| 3] 3} X2] & PEG -0.5, -1.0, -2.0 MPa %]
go] A= 247} 51, 59, 65U T PEGH o 4] Hr}
3.2~444AF T FHFAolAdLE AT
okgo] 2 FALTE Fadordprt A vebt
=l ol ¥4 7IAHA] 9] Wobgs Uet= HobAl7t
Z1] A3} A & zepo|y A2 FAA =4 o
= on|gttt. FdolE = (MDG) = S 1] A3} XM %
PEGA 2lofA] 71 Wsrom Fwof mE Zpol= ¢l
gtH, KNOE A e8t9S 4%, 5%7F S7kstol uhet
dol-go] 27131ttt 400 mM 0]AFe] EEoAs £1] o
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Fig. 1. Cumulative seed germination percentage of seed grasses with the treatment of 0.2% KNO; controls under alternative

conditions of 8hr light 35°C and 16hr dark at 20°C.
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