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Abstract

Miscanthus spp. is a perennial rhizomatous Cs grass and used to be considered as a weed
in orchard and riparian areas. Due to its unique phenotypic characteristics, it has also been
considered as a promising multifunctional plant for biomass, gardening, and conservation.
However, its propagation is mainly been made using rhizomes rather than seeds due to its
improper seed propagation method. Therefore, we investigated the effects of exogenous
chemicals, GAs, KNOs, NaClO and prochloraz, to improve seed germination. Miscanthus seeds
placed on petri dish were treated with GAs, KNOs, NaClO and prochloraz solutions at a range
of concentrations and daily germinated seeds were recorded. Among the tested chemicals,
GAs showed the best performance in improving seed germination of both Miscanthus
species (Miscanthus sacchariflorus, dkwlMiscanthus sinensis) with particular increase in
germination rate. In the cases of the other chemicals, seed germination was slightly improved
at lower concentrations of KNOs and NaClO, while decreased at higher concentrations and
with increasing prochloraz concentration. Our study concluded that 50 mg/L GAs and 10
mg/L GAs are the most effective chemical treatments for improving seed germination of M.
sacchariflorus and M. sinensis, respectively. Our findings can be used for the mass propagation
of Miscanthus spp. by their seeds and for seed germination study of other grass species.
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e/d A ZAIQ! glyphosate 2 & WA 7} of 22 22 QIAE|ojgith T2 20008t S0] A= FHAEEIE o=
Zhg-& W] ARG o, 2010 toll= Hio] oL A] AHEEA 7R 9le thedet A7t RIdYE|ojgiry. Hio]
Qo] AEEA IS B Y= F2 AAE2 A= FoFAloF Aol E25HH ol 370 F(M. sinensis,
M sacchariflorus % M. floridulus)°] =2 0 & ApAY5H= 710 2 B 1% ]ThChung and Kim, 2012; Hodkinson et al.,
2002a). A= =2 Hio] QA A S ZE QLOTAM = 27 A-3/d 0] FHolu s Q]of| A= o|n| o] 2oL =] &}
=2 YA A7t o] FoIA| AL Lo, PEjH o 2 & ofF TR Q2 MFE 2780 & AHE] 3L TH(Clifton-brown
et al., 2011; Stewart et al,, 2009). A= = ABAkFo] Eol Al &2 A 7id 7hsAdo) /lom, Ao whe A7
4 o E5H2 e 5 8oz &g

Al 2] Aol Jlof Ao Q12 HAlo] & F7o] ol&Estal Qlom, TAFE Foh A B 2| 4] Wit o] 3-75] 2yl
&lo] QA k= Aolth 7S 58 A E A A2 T2 A7} i Fo] FiE B & e H|-8o] o] A Q B (Lee,
2010), °l= 53] A4 A E 212k g A o] 222X 9] BAHE AdRAIXI. o] & FESILAL 249
ZIUele St il B, £71 atd, 2|1 B 52 AAtete ot HA] ’iRo] )0} tout folgt ks 7
FA] 551 thAtkinson, 2009; Hwang et al., 2018; Xue et al., 2015). Xue et al. (2015)0] E11$F o] w2 xjo] &
73,271 D 2t 7|5ke] §1A i & TALE S Alo] Uit A 24 A 7 Aol =2 A0 E A E ]I,
e A S ol FdohA] Yol Hokgo] Yot fJ 87t o 9] AF8-2tst 7ol @17t QI TK(Christian, 2012;
Christian et al., 2005). GA7F AHYSHA] Gh= fal=7ke] -9 1930t D20l A AU 7H 28] )] ZrdAf(2n=2x=38)2t
48iA] =2 M (2n=4x=76)2] AFA W 3HE21 38| M. x giganteus (2n=3x=57)7} B}o] QujA AJARE O 2 Z{ujE| 31 Q1O
L (Hodkinson et al., 2002b; Linde-Laursen, 1993), &0 2 FAHH Al o] E7}5l0] Fola|ofof| A =215t 28 A A A|
9] w3ks Fofl A A o] 7Hs gt FAM FES 7EstaL Qlek fejuhs M) AHYA| = A thefet Ak, &
5| SAPYARo] 7hsgk 26l A ZrelAlel 26l A B 4uiA] SAA §ARF 0] AHYstL Qlof(Lim et al., 2014; Yook et al.,
2014), SARH A o] 7H53t AMEZ 70| go|sttt. 12{u o] 5 AAe] FApHotE/dol| tigh A7} F25] 43
| 2] grol TAFE 7|Hko = o tkSA] ko] & o] Q1A] gl gt ozl Sol tigh A E} HESE AAo]
o}, webr] SR AIsH= A 552 7 B AF-82HE flol] Al S| HotE A aLsh] 9fgh i Q] 7Hidko] Alg5]
QEh

SAke] HokE Algtoh= 2912 i vl&, F1] d, FHEe] EA) 5= ¢ theFotH(Baskin and Baskin,
1998), A FAt2] Holrt B3t Q12 HEa] Hiof X vl gl7]ol] A FAke] ots Al 7] ot 270 FH S
Q3 dukA 0 2 Fapx]2|of] AFEE] = AH|F(GAs), KNO; X EFAAEA| 5 9 H S15HE-2 $A1% 0 & % 835}o] 11
ks H7k a7t ok mEki & A= GAs, KNOs 52] 'olE21 72t NaClO, prochloraz 5] SAMAEA] 2 2]

of w2 o] Fxje] ol 53 S Hrsto] 918 SRSl Wol 571 S IS A B P S wEoT
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ShrEol whE A FAke] WolE/d H7HE flol ElEgtiqlol oA & Zar ZH2te] A/dE 50842 uhEot
Act. Al Ztel| ehgt o % St5hE A 2= ohaat Zo] 3= Utk GAs2 KNOsE= B AH(SNU-M-040) B 2 AY
(SNU-M-044)Z i} 0 &2 A7) s =2 2ASH-gHS HEQ |40l et & T2 2datal St nhge] 8
S $AIZ BESII GAs2 22] 55 0, 2, 10, 50, 250 mg/L, KNOs+= 0, 1, 10, 100, 1000 mMO] T}, FatA %
A 2 A8 = NaClO % prochloraz= #2] &= &40l ZAM(SNU-M-004) FAHE 1A7F 5 HAAR & S/
ofl 3-43] A% & w|E2jt]4o) mpEet & TAP7F EokA] BZ A e R AT 2 $AIE FF5F{T NaClog]
] %= 0,03, 0.6, 1.2, 2.4%0C] AT, prochloraz= 0, 0.01, 0.1, 1, 10%0C] Atk 2 2] L= 3HHE0 2 k9 ofuj
Z|ske] 30°C (14 b/ F7H-20°C (10 v oRZhe] 2% 2-& |AI5kqich ohE & 3GA7EA] ulf 8AIZE 7HA, 4 Al ]
10GA7HA] 24A17F 244 © 2 o} 7] 5 ZAKSI O™, §0] 2 mm o)/ YEPd AHE Hobd 7o & 7hEs}
ek

SAe] 1kE F AlZhpoll T A ok (y)y2 HIAHE 32 S Fol AlE<] Wol, ZoF 3 a4l &b
o1 Gompertz (2] 1)°]] Z213HAIA (Gompertz, 1825; Kim et al, 2006; Steppunn et al., 1998) 2|2 2ol8(C), 2]t
ot 2] 715 71(B), T2 ok (C)] 50%0ll =Eoh=tl £ 25= 717H M) oIl 22| Gompertz 22}
FHE H4(C, B, M)E ©]-8-510] 90% ot Egol] A Q&= 7|7HTw)S AT BE SAREA2 Genstat (Genstat
5 Committee, 1997)< ©]-8-5t0] AA|=| it

C
y: —e e-B(t-M) (1)

Za o o

AM Zxrotol 0|X]= GAs =2t

GAs 2|7} Al ZA} oto]] Bl = FFE B7Iotalat Algtol| mhE A Eokg2& Gompertz &0l AgHA|7]=
H A3 AR S 3 Aah, 2 MLt A F & 5 T2 tiH] 2E X2 sEollA] ol =7 4 E Tt
(Table 1; Fig. 1). 2AH2] S A 2)(24A17hE A| Q)5 BE @] TLol|A] 2|z Holol| AQ ¥l A|7to] 16A|7tO2 TF
=50, Gompertz = of| &35 2| off Hokg9] 50%0] =g ot Al M) 2 27] WolEE(B)= FA{2lolA] 266
AZFE 0.1519021} 2, 10, 50 2 250 mg/L GAs A 2] A ZH2} 19.6, 18.1, 16.5, 17.7A17+2k 0.250, 0.221, 0.369,
02082 F7%]o] GA; Z{2jol oJ5lf WolA7} wobx]= aatE Ittt ool 749 2| = o} 7hAI7} ZAE
AIZHE T2 2|2k 2 mg/l GAs 2710141 24A17H0] 1AL 10 mg/L GAs °1/d9] 5 =& A2 S tl= ohg & 16A17F 20
ot 7NAIE & 4= AUt H ol Eokg2] 50%0l =Eoh= AlZHM) B 27] WolEE(B)= T2l 276417 B
0.247°]112M 2, 10, 50 & 250 mg/L GAs 2] Al Z}2} 23.9, 22.1, 22.4, 19.5A17F2} 0.331, 0.412, 0.271 2 0.220
O & Ao GA; A fo] oJsf| o7} F7Fok= A 0 2 LEFT

ool

o] =AM 2] HolgHE/Jol| T3 7|E Aol A GAs A 2]of] oJsf| o} L=} 7tk Autete UX|5kelTt
(Aso, 1976; Christian, 2012, Christian et al., 2014). 2HAE 0|85 WolE/J &2 u- At o]l o} & A At

5 55l et FASHAl GAsoll 2Jsl o7t 11 5)= Zs W 4= USITh 53] 2|5 EokE2] 90%0l| =B 5h= Al

ZHTw)0] EJM= F2]2] ths] Zth 45% 74450 mg/L GAs)5Fo] 25% (10 mg/L GAs) 74 FojjH et ¢ 2 do}
X ZI7F UERT o]de] ZitE Fall GAs 2] Al 2] 24 ol 27 50 mg/L, F A= 10 mgL 5=7}
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Table 1. Estimated parameters of non-linear regression analyses in germination rate for Miscanthus seeds

treated with GAs.
Parameter estimates’
o llaazt) Too (hrs) B M C R
SNU-M-040 (M. sacchariflorus)
0 41.20 0.151 (0.014)* 26.606 (0.451) 100.0 (1.65) 0.989
2 28.63 0.250 (0.013)  19.630 (0.214) 100.0 (0.78) 0.996
10 28.26 0.221 (0.008)  18.088 (0.130) 99.9 (0.52) 0.998
50 22.56 0.369 (0.056)  16.484 (0.189) 100.0 (1.09) 0.986
250 28.48 0.208 (0.021)  17.693 (0.376) 100.0 (1.49) 0.987
SNU-M-044 (M. sinensis)
0 36.88 0.247 (0.022)  27.609 (0.375) 99.6 (1.51) 0.984
2 30.75 0.331 (0.019)  23.864 (0.073) 99.7 (0.45) 0.999
10 27.56 0.412 (0.076)  22.096 (0.352) 100.0 (0.46) 0.998
50 31.17 0.271 (0.061)  22.427 (0.510) 98.9 (1.54) 0.981
250 29.75 0.220 (0.016)  19.527 (0.317) 100.0 (1.18) 0.992

¥ Tw: Time required for 90% of C, B: Initial increasing rate of the germination, M: Time required for 50% of C, C:
The maximum cumulative germination rate, R% Coefficient of determination.
z The values in parenthesis are standard errors.
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Fig. 1. Cumulative germination rate (%) of M. sinensis (A) and M. sacchariflorus (B) treated with GAs. The curves and
symbols represent the fitted lines with the Gompertz model and the observed germination rates, respectively.

A SXHEotoi 0]X|= KNOs &2t

E Al A FAtol KNOsE 2 2lato] otoll u|X]= G B71st Aol 2 A5k A ej= 27] ol &
TE 37714 2 &3t ululstlal, 100 mM o] /gollAl= Wokg: 9l dho} &7} HE 23] E] o 1,000 mMol|A=
olsk 7HA|7F SATH Table 2; Fig. 2). M2 79 2| % ol 717} ZARE AJZRE B3] 2]= 24A17E, 1, 10 mM &
ZAollA] 16417+ 2 Zobthr} 100 mM 271014 THA] 24A17E0 2 F713ITE. Gompertz ZEE of| 5391 Z|0)] Holg-<]
50%0l =2k AlIZHM) 2 27] Hok& 2By Fx]EolA] 26,6417 2 0.1510142H 1, 10 2 100 mM KNO; 2]
2] A] ZFz} 223, 21.0, 38.6A17FT} 0.251, 0.177, 0.0792 5% Z7}ol| whe} Holx|7} Wol x| = AdFS Bt} oAy
9] 73-9- KNO; A gl u}2 F-oju] gt o} 31 g3t5 %3 4= gl]lrt.
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Table 2. Estimated parameters of non-linear regression analyses in germination rate for Miscanthus seeds

treated with KNO:s.

Parameter estimates’
G (i) Too (hrs) B M C R

SNU-M-040 (M.sacchariflorus)

0 41.20 0.151 (0.014)  26.606 (0.451) 100.0 (1.65) 0.989

1 29.78 0.251 (0.030) 22.334 (0.489) 98.8 (1.61) 0.985

10 34.29 0.177 (0.019) 20.972 (0.525) 98.9 (1.83) 0.983

100 -z 0.079 (0.196) 38.570 (1.950) 75.1 (3.92) 0.938

1,000 - - - - -
SNU-M-044 (M. sinensis)

0 36.88 0.247 (0.022) 27.609 (0.375) 99.6 (1.51) 0.984

1 36.17 0.207 (0.014) 25.689 (0.245) 100.0 (1.07) 0.995

10 41.57 0.171 (0.016)  25.167 (0.407) 95.6 (1.49) 0.990

100 69.47 0.108 (0.176) 36.531 (0.835) 92.6 (2.44) 0.978

1,000 - - - - -

¥ Too: Time required for 90% of C, B: Initial increasing rate of the germination, M: Time required for 50% of C, C:
The maximum cumulative germination rate, R% Coefficient of determination.
z Short dash line means no germinated seeds in the treatment.
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— .
=2
= 80 | f 80 | /.
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20 + 20 1 A 100 mM
E 1000 mM
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Fig. 2. Cumulative germination rate (%) of M. sinensis (A) and M. sacchariflorus (B) treated with KNOs. The curves and
symbols represent the fitted lines with the Gompertz model and the observed germination rates, respectively.

ol/ge] Axntel T90 FAH7ES 1 e uf FA2] thz2< thu] KNOs %j2jol] o]gh Hol 31 Gk A5k A2] Al &
Aol ARt bjo]EkA] LERGTE KNOsE YREA O & F2ko] 7 e S 2-she 7|6 she Ao = g3 glont
7gekst dob 271 7)2k2 Bhs|A] Q1] Ytk wheka Q1S 7551 o221 0.2% KNOsE 2 A F2tol| 23S
] ool tiztoll B3l 50% o)/ Aadt 7]& A+ AiK(Cho et al, 2012)F 1S m KNOs+= A A} %2
Rl o 2 AghelA] ghrhal wHE T

AM Expotof| O0|X|= BXtA=HQ| 22t

NaCIOE B FAtol| Zdxje]sto] Wot 5438 1715t Ak, 0.3%2t 0.6% 2] 2] ollA] ot £31 §3l7} Lpersk oLt
L7} =342 dlolg W o} £57} 714519 ThTable 3; Fig. 3A). 25 NaClO 2] 719] &% Hho} 4 Q A|7He F
2] 273} 5U5HA 24A17E0. 2 HZE] Q)T Gompertz 2 of| S5 2| Hok8-9] 50%0) EEsh= Al7HM) 2
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Z7] oL r (B)= Fa|glol|A 26.6A17F H 0129928 0.3 L 0.6% 2] Al 22} 20.7, 21.8A17F} 0.247, 0.179
& Aek 20| A= doba7t oA F7kehe A 02 YT 124 NaClo 527} ot 48 Z0)7} == 70
SRIEIATL 120% o)/F2] FollA = Soent of et FAHE U+ wlsiE ) o rA] Holrk F45] Aofj=]o] |t &+
2 Hrok-g0] 64.79%712] Z4stSiT). whebA 747191 NaClool] o5t F1l o] mlahE 2| AdketH A ot £X15H7] 9
S22 28] e 0.3%2 F7HE Ak
SHH FAAEA| = 0]8-E]= Prochloraz?] 78-F- & *{2] ol Holr} ZRIEthe 7242l Xfol 5 W o
o, 23] 1%el|A= 27| Hol £ &7} 7h45H 10% 2] Alofl= & WolgulA] 50% o|AF 7hAadte] &
SAke] o} Z-tiE 919k A 2] 2 F-A4 351 THTable 3; Fig. 3B).

Table 3. Estimated parameters of non-linear regression analyses in germination rate for M. sacchariflorus
(SNU-M-004) seeds soaked in NaClO or Prochloraz before sowing.

f

12 4>

2l

3

N

A

Treatment (%) Parameter estimates*
Too (hrs) B M C R?

NaClO

0 45.32 0.129 (0.022)  26.560 (1.020) 98.3 (2.71) 0.941

0.30 33.83 0.247 (0.032) 20.726 (0.514) 93.6 (1.19) 0.979

0.60 39.03 0.179 (0.021) 21.771 (0.539) 94.2 (1.36) 0.976

1.20 “ 0.091 (0.025)  26.480 (2.300) 86.9 (4.95) 0.811

2.40 - 0.096 (0.049)  30.240 (3.940) 64.7 (6.64) 0.603
Prochloraz

0 45.32 0.129 (0.022)  26.560 (1.020) 98.3(2.71) 0.941

0.01 46.66 0.124 (0.014)  25.861 (0.667) 97.1 (1.72) 0.974

0.1 43.49 0.146 (0.017)  26.912 (0.600) 98.3 (1.54) 0.974

1 51.54 0.124 (0.012)  31.688 (0.602) 98.0 (1.66) 0.981

10 - 0.084 (0.028)  38.070 (2.900) 42.0 (3.24) 0.783

* Too: Time required for 90% of C, B: Initial increasing rate of the germination, M: Time required for 50% of C, C:
The maximum cumulative germination rate, R% Coefficient of determination.
¥ The values in parenthesis are standard errors.

z Short dash line means no germinated seeds in the treatment.

100 - A A 100 4 B
PO n SEEE— E—
. 4 @® Control
"-e ® 0.01%
) ] i
S 80 80 Py
= A 1%
2 60| 60| m 10%
©
£
= 40 Control 40 1
s ® 0.3%
] 0.6% ]
0 = A 1.2% 2
m 24%
0 0

0 10 20 30 40 50 60 70 80 90 100 110 0 10 20 30 40 50 60 70 80 90 100 110
Time after sowing (hrs)

Fig. 3. Cumulative germination rate (%) of M. sacchariflorus seeds soaked in NaClO (A) and Prochloraz (B) before
sowing. The curves and symbols represent the fitted lines with the Gompertz model and the observed germination rates,
respectively.
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f

A FAke] FH 2912 AEA o & Yes] Bs]A| 2] 24O L} Baskin and Baskin (1998)0l] T2 Uk o &2 512
T 225 A A =24 71 2 FEd fHo] gl tixl 2 A2 A golo) o5k Frvk Exfjsh, o2
2 A%, 29 2 UY 52 EH O R A B GA AP E 5ol oyt 1€} 2 Aol A= A 9 o] X7}

A FAE AHA Az A2 B3k, F2 AASH JA FAME AFE5H] OB 2 Baskin and Baskin (1998)°] A|A|SH 8}
2 225 TAe 9 bR F £ 77 E Aol A Ade 4385kl o] o wheh Fx g iz 2F
24 Hokg-o] il 2 100%0] =25to] 2 shehEe] A2 b7t Aag7hE] S 7Fs/do] Atk AA| tigR Ale
fet &5 Aloll= F& A5 171 ol S B=Z 2 Aol AQHE A FA| A 2] W o] f2 A AsHA] %2 2700
Al o]H oz UEPEA] 5 A7} o] FojAof & Ziolt}. hH A} FARRE S 1H S SHI Ao
w2 do L7t uE F5o0] a7} ddsie] Bt E SAoiA] o] 7hedt E2 18 F/dshe Al7|ol WEA
L6191 0 B = (Hwang et al, 2018), FRHE A2 & 5o Al SAke] 27] Hol £ &5 FHiA|7]= Zlo] A S5 Al
B 87} A)7HS A7tete SIS 7FA S 2 0 2 oAkt 4 Qlek whebA] oA Eafe] FH S e} Wl Holg FHARS 94
259 WotE 2|9} 25-2] FAAFAIE B71eE AiF E A FA= A5 =2] KNO; 3 NaClo A2 Alof| = ol7} o}
& Z71E] 0, GAs A 27t A E B o] Wol ZXlof 71 g3k o|girt. 2 Ao At FH o2 T

slgie ) Zolile] £t ot G4 et 24 A2 2L 50 mel Ga, FAE 10 mell Gas 1217} 71 94
x| Yo Brbegi

O} B3| thet 2 S20] 1 A St ME EHOR Q18] A8 At ol 2l Gl Aol H wpol ufs
of APAT B AJE S 2ol HTSIE, AL B8 I A AR 215) 4§31l ol i o) ek wepA & Aol
SYT GAs 7] B PP o) FAE F3 OJAIe] WA HES TR oo chitm A Bate] T8
TR/ S AT 5 9 70 2 7IhETE Ed oMot AR BHE st Al e) B3t R Bt 2 ol §
FA N il $-8 283 4 %S RO = et
Q o

oA Cha ) SRt ABEA 278, o] 20l 48, JEISUS 5 TR SE2 o|go] 7|l AlBolet. 1

-

EM}—X} 2o} gl B AR o] o] Q)A] °‘°}% 2 SR RIA R o] 22 ARG E| L Qlo] HI g3} AlRte] Hol =
© 7S AYAL ok -2|uhs A FollA = AFAA ZRx)7F 2 A B 2] LATA =A SRR Alo] 7}
5t A == sfdbo]| 926t 2 Qo) = B5) a1 oA x}o] HlolEA 2| A dlolz 7 9L So| nf.e B ALY
o|c}, wfzbA] B A= 23] ol R A (GAs, KNOs)2F 25-9] FAFAEA(NaClO, Prochlaz)2] %12]7F 2 Af Z4} wto}
off a]xl= G2 F7ekaL o] ot = 919t 24 st 9 w22 Seotat 3w glom 1 A=
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