Korean Journal of Environmental Agriculture

Korean J Environ Agric. 2023;42(4):311-323, https://doi.org/10.5338/KJEA.2023.42.4.35 Online ISSN: 2233-4173
Published online 08 December 2023, Printed 31 December 2023 Print ISSN: 1225-3537
Research Article ®CrossMark Open Access

o = - o IL X
UX, B2, M2 sHFoM 2HE AN HoEE2
Hi2 i DA
4 HSa FEe xSy

1 2 =3
718, 43y, ol8=s

0000 00000, 00000 00000000 0000, 0000000 0000000

Growth Response and Durability of Landscape of Ornamental Miscanthus sinensis
Cultivars to Drought, Rain Fall and Low Temperature Condition

Ki-Dong Kim', Young-Sun Kim? and Jeong-Ho Lee® (‘Department of Golf Course Landscaping Business, Nousbo
ENG, Yongin 17035, Korea, 2Depar’cment of Horticultural Science, College of Natural and Life Sciences, Daegu Univ-
ersity, Gyeongsan 38453, Korea, 3Department of Golf Course Management, Korea Golf University, Hoengseong
25249, Korea)

Received: 09 November 2023/ Revised: 15 November 2023/ Accepted: 01 December 2023

Copyright (©) 2023 The Korean Society of Environmental Agriculture

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

ORCID
Ki-Dong Kim Jeong—Ho. Lee
https://orcid,org/0000-0002—3266-4683 https://orcid,org/0008-0001-4073-010X

Young—Sun Kim
https://orcid,org/0000—0002—-5645-7021

Abstract (‘Commorn’, ‘Gracillimus’); and group III (‘Gold Breeze’,
‘Morning Light’) where the least water loss occurred.

Miscanthus sinensis Andersson (Poaceae) cultivars ex- The drought resistance index (DRI) remained low as

hibit excellent visual appeal as ornamental grasses and

) i e . water shortage conditions persisted. The lodged angle
adapt well to diverse environmental conditions. This

underwent more pronounced changes in reproductive
growth stage than in vegetative growth stage, notably
decreasing after heading. Discoloration patterns were
classified into two types: group I (‘Common’, ‘Gold
Breeze’, ‘Kleine Fonténe’, “Strictus’) and group II (‘Gra-
cillimus’, ‘Morning Light’, ‘Variegatus’) based on the

study focused on assessing the growth response and
landscape durability of seven popular Miscanthus culti-
vars (‘Gold Breeze’, ‘Strictus’, ‘Morning Light’, ‘Vari-
egatus’, ‘Gracillimus’, ‘Kleine Fontine’, ‘Common’)
under drought, rainfall and low temperature condition.
The test cultivars were transplanted and cultivated on
research plots in 2013, with data collected from June

2017 to February 2018. Plant materials were categorized Key words: Discoloration, Drought resistance index, Lod-

into three types based on the amount of the water lost; ged angle, Mean weekly discoloration, Miscanthus si-
group I (‘Kleine Fontédne’, ‘Variegatus’, ‘Strictus’), ex- nensns. Poaceae

periencing the most significant water loss; group II

periods of peak duration.
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000 0ooob boob 0bo00b 0boo oboo boo o
0,00 00O Obob bbo bodobob 0bbo bodoo O
O[1]. 00 000 000 000 00 00 0000 ooo
o0 ooobo 00 oboo 0o oob booboda oo
0000 0000 00 000 00 oofz-6].

000000 (ornamental grasses)d 00, OO, 00,
oo 0 0o0ddoo oobono boob, oo oo gd
(soil texture)d OO0 U000 OOOO0 OO0 500 O
000 000o0[78]. 0 D00O00 OO0, 00 00, 00O
0 000do ooodoobo ooob oogoo ooo, oog,
0000000 00000000000 o0fpe-11]. o
00 oob 00 000 00 000 o0 Oooo oo oo
O (Miscanthus spp.), 00 O O (Pennisetum spp.) 00 O
0O 000 00 G typel OO OOOO OO OO OOO
gdoo 0od goo oodo.

U0 0odb Oo0ob obbodb oo ooo o oda
0O 0000 00000 00 0 00 00 0000 ggfi2-
14]. 000 OO0 00O OO0 0000 00000 o0oOodo
gdo obooo. ood oobd oob bodo oo ogd
00, 00000 oo booo, obo oo oooo o o
00 000 0O0O0O0O0 0O0O0O0d[1s5 00 ooo ooo
000 00 000 00 00 000[4,16,17]. 000 OO
00 obodoo, oboodob, oobob 0 obooog gd
o000 000 0odb 00 Oob OO0 boooo oo o
000 00 0d ooo bdo oo. 040, 000 oood
000 000 000 O0(discoloration)J0 OO0 OO
ad.

0 o0ododo ob o0 oo 7000 bodobo oo g
goooodd od, odgo DEIEI(drought resistance in-
dex, DRI), 000 (lodged angle, LA), 00O (lodging rate,
LR), 0000 (visual rating), 00 OO OO0 (mean weekly
discoloration, MWD)O 0000 OO, 00O, OO0 oOOO
0 00 000 OO0 boboo ooo oobao.

o

SAl =

00 000 0000 0000 OO0 00(Miscanthus
sinensis) 00 000 700 OO0O000O(Table 1). 0000
000 O O000(United States Department of Agricul-
ture, USDA)O Natural Resources Conservation Service
Plant Databasell Missouri Botanical Garden (MBG)O
Plant Finder, The Encyclopedia of Grasses for the Liv-
able Landscapes, 000 (Korea Forest Service, KFS)O O
000 0000 0O 00 0000000 ooooofs,19).
0000 00000 (Korea National Arboretum, KNA)
00000000 (Korean Plant Names Index, KPNI)[
000 000 0000 0000d[21] o000 oog o
0d oo 0boddo Oobodo oobo oo ggood.

AZ BAT ME WS

00 00000 OO0 OO0 00O 20170 7000 90O
0 0000 D0DOO(even span greenhouse)J0 3000
0 000od. oo ogo 20170 70 O OO 300 mm, O
0300 mmO O0O0O0O OO0 OO0 OO0 OO0 OO0 O
dooog obdo oo o 10-1500 ooo oobooo
goooo. 1000 00 ooo 0o o 8o 150 0o oo
0 000 0O 000 00 00 000(field capacity) 000
0000 0bO0o 3900 00 00d boood. obooo
000 D00 0O0O0O0O(TDR 150, Spectrum Technol-
ogies, Inc,, Plainfield, IL, USA)D 0000 OO 00O
(permanent wilting point)00 40 0000 00000,
00 obo gobob booboo obobobooboo o
gob oo bodo bodoo. boobo 0ob odo od
00 phase 1 (O0), phase 2 (1/4 OO O0O), phase 3
(1/4-1/2 OO 0O0O), phase 4 (2/3 0O O0O), phase 5
(000 00)0 5000 00000, DRIO Nilsen[20]0 O

Table 1. Height, leaf pattern, growth habit and overall form of 7 Miscanthus sinensis cultivars in the study

Cultivar Height (m) Leaf pattern Growth habit Overall form
‘Gold Breeze’ 1.2-1.5 .
Zebra-stripe”
‘Strictus’ 1.2-2.7
‘Morning Light’ 1.2-1.8 o
. Strlpe . 4) . . 5)
“Variegatus’ 1.5-2.7 Short rhizomatous Upright arching
‘Gracillimus’ 1.2-2.1
‘Kleine Fonténe’ 0.9-1.2 Normal®
‘Common’ 1.2-2.1

YHorizontal bands of yellow variegation.

?Longitudinally striped with leaf vein of light golden-yellow or white variegation.

Green color without variegation.

YClumps slowly expand in circumference by short rhizomes, but typically retain tight clump shape.
Foliage ascends stiffly and vertically, then falls in a fountain of arcs from the top. ‘Gold Breeze’ and ‘Strictus’ are more

upright than other cultivars.
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00 0oooo oo Oooo 0o 000 ooo oo oo o
00 000 00b0 ooooo. DRIO oooOo ‘o oo
000 00 0oo0O 000oobo DRIO oooo.

DRI = Lwi / LW

Lwi: leaf width of after drought stress
LW: leaf width of normal growth

YEYTAE 20l 2t =52t Halet =58
ooooo oo 0 oob booo bOoo boooboo
20170 600D 20180 2000 40000 OOOOO. LA
0 Ooooob ooobooob obobooooooboob booo o
00 000 DO0 OO (exterior angle)0 0 OO0O0O00O. O
000 ooo0o00 000 50ecm x50 em OO0 OO OO
oooO. 00 ooob 10 00O 000 oooobo oo oo o
ooooo 00 000 Oobo ooooo. RO Ooo oo
uod oo, todoono ooo oo ooo oooo
ouQd 1000 OO0 OO00O 000 O 0oooobo.oo o
0 000 00000 o00o00o0 ooooooooo oo
000.0000 000 00 phase 1 (LA 0-30°), phase 2
(31-60°) O phase 3 (61-90°)00 3000 00O0ODOO O
00 00 0ouoo 0 oooo ooo ooo ooogo.

LR = (ni / N) x 100

ni: number of lodged plant
N: total number of plant

X2 2tZol st B ElE

00 000 00 ooo 0o 000 oo oooo 2017
0 o000 12000 20 0O0,40000 0DOO0OO0O0O Na-
tional Turfgrass Evaluation Program (NTEP)J 00O O
00 0OO0O000.NTEPO 000 OO0 000 OO0 scale 1
(equaling straw brown or no color retention)0O 9
(equaling dark green)00 0000 0OO. 00 OO OO
O 00 000 oooo 0oo 00D 00 ooog boo
0 00 000 0000 0D0000(Fig. 1). MWDO scale
0O 0000 00 0000 00 000 ooooo. ‘Scale 17
O NTEP scaleD 00000 OO0 OO0 OO0 OO0 O
00 0000 000 scaled OOOO ‘YO0 ‘0’0, scale
oooo ‘oyoo0 ‘g0 0000 ooooo.

MWD =8 /T

8: calibrated maximum scale (constant)
T: total discoloration period (weeks)

A B

Fig. 1. Scale of winter discoloration. Discoloration evalua-
tion method was applied to the National Turfgrass Eval-
uation Program (NTEP). It was evaluated with a 1 to 9
visual rating scale of 1=straw brown (A ‘Strictus’) and 9=
completely green (B ‘Strictus’) color based on plot color
not genetic color.

Ao xjay

0O 000 000 0o0obO 00 0o oobobo boooo
0 ooooo oobo oo, 0o, 0o 00 oooo oo
0od 00 ooob obogo ooood.

71&dole 3 ®X| 22|

20170 7000 20180 2000 OO OO OO0 OO
gdobO obbodo 000 oo booo oodgoo o
000 000 O0(monthly mean temperature, MMT),
000 0000 (monthly mean minimum temperature,
MMmT) O O 00 000 (monthly cumulated precipit-
ation, MCP)O 00000 (Fig. 2).

0oo0o 0o oboo oo oo oo oo oo gog
0000 obooooob Ooo b0 ooo oboo ooo o
0000. O0(soil texture), pH, 00000 (electronic con-
ductivity), 000 00O (organic matter)d Tyurind, OO
00000 (cation exchange capacity)d 1.0 M NH,OAc
(pH 7.00000, 0000(NOs), DODO0O/(available phos-
phate, Av-P,Os)0 Lancasterd, 000 OO 0OO
1.0 M NH,OAc (pH 7.0)000 0000 0000 OO0
0 00O000dCP-OES, GBC, Integra XL Dual, Australia)
00 O00O0O(Table 2).

00 000 20130 00 O OO OO0 0O ooo o
gdb obodoo obobdodo oob booo ooo. oo
30 00 OO(shoot)D OO0O0O O OO O0OO OO OO
000 O0000 OoObO oogo 20em OO0 OO OO
00 00000 [22-24].
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Fig. 2. Weather information during the test period. Monthly mean temperature (MMT), monthly mean minimum tempera-
ture (MMmT) and monthly cumulated precipitation (MCP) at the research field from June 2017 to February 2018 during

the test period.

Table 2. Physicochemical properties of soil used in this experiment

. . EC (1:5) OM CEC Av. P,Os NO; K*
Soil texture pH (1:5) (dS/m) (%) (cmolc/kg)  (mg/kg) (mg/kg)  (cmol./kg)
Sandy loam 6.5 0.022 3.0 15.4 430.6 160.3 0.2

S5 24

udd ood ocogoooooo ooooo. oooo
O Statistical Analysis System (SAS) 94 0OO0O0O0O
ANOVAD 0000 00O 0 00 ooog, 00 oo oo
0 000 000 00 0obooo.o0 0 ooo ooo o
00 00000 (Duncan’s multiple range test) 5% 00O
oooo ooooao.
Fnt ¥ %
UZE sFollMe M=

oo oo oo oo 0 ob oooboo oo oo oo
000 OO0 000 000 oDOoOoO(Table 3). 80 150
000000 26.7 (Strictus’) - 28.4 (‘Gold Breeze’) %0
uod ooo ooo oooo oo goooo ooodad.
0000 OO0 00 00 00 00 O group I (Kleine
Fonténe’, “Variegatus’, ‘Strictus’), 00 OO 00O group
II (‘Common’, ‘Gracillimus’) 0 00 OO0 OO group III
(‘Gold Breeze’, “‘Morning Light)0 300 0000 00O
00. Group I (‘Kleine Fontine’, ‘Variegatus’, ‘Strictus’)
0 00 12000 80 270 OO0 OO(phase 50000
group II (‘Common’, ‘Gracillimus’)0 00 16000 80
310, group III (‘Gold Breeze’, “Morning Light)d OO
24000 90 80 000 OOOOO. 00 00 00 group

I, group II0 OO phase 100 phase 4 00 00O OO
000 0000 group IO 000 OO0 OOO. DRIO
00 OO0 group I, group IO OO phase 4 000 O O
000 000000 group IO OO0 OO0 OO OO
00 000 000 OOO0oOoO(Table 4). OOOOO0 OO O
0000 5% 000 00 00000 000 O 000 oo
0O 000 00O oooo.

000 00 000 0000 000 oooo goooo
000 00, 0000 0000 O 00ooo oooals,
24-26]. 0 00000 0O0OO0OO OO0 00O O OO O
0000 000 00 000 ooooooo oo oooo
oo0oOoO0.00 000 00 00O 000 oooog ooo
OO0 00000 000 0000 DRIO 000000 DRI
0 000 000 000 OO0 000 OO0 Oooo ooo o
00 00000[27-29]. M. sinensis cultivarsd 00 00O
00 00 000 000 “Zebrinus” > “Gracillimus’ > ‘Va-
riegatus’ > ‘Common’l] OO0 0000 0000 O0OO
0 00[30]. OO0, 0 00000 “Gracillimus’'d “Varie-
gatus’D 00 0O 000 000000 ‘Common’ (M. sin-
ensis Andersson)0] 00 000 “Variegatus’OO 000
0O 00 000 0000. M sinensis Andersson] 000
0000 000 OO0 00 0000 000 0ooo oo
000 000 000 0O 00 000 0oooo[31-3s).

00,0 000 000 000 ooo sgoo oo o o
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Table 3. Changes of soil water content under water cut-off condition in the green house (August 2017, n=3)

Soil water content” (%)

Cultivar
Aug. 15?7 Aug. 19 Aug. 23 Aug. 27  Aug. 31 Sep. 4 Sep. 8 Sep. 12

‘Gold Breeze’ 28.4 21.2 15.8 9.4 6.7 3.7 2.0 0.0
“‘Strictus’ 26.7 13.1 44 26 0.0 = - -
‘Morning Light’ 27.8 21.4 141 6.5 3.1 1.2 0.0 -
‘Variegatus’ 27.9 12.6 5.4 1.6 0.0 - - -
‘Gracillimus’ 27.3 16.1 8.8 3.7 1.5 0.0 - -
‘Kleine Fontédne’ 28.1 10.1 33 1.5 0.0 - - -
‘Common’ 27.6 16.2 11.9 5.8 2.2 1.7 0.0 -

DIt was measured by soil moisture meter (Field Scout™ TDR 150).

YField capacity.

9Not measured after water contents 0.0%.

Table 4. Wilting rate and drought resistance index (DRI) of 7 Miscanthus sinensis cultivars under water cut-off condition

(August 2017, n=3)

Wilting rate? (DRI)?

Cultivar

Aug. 15 Aug. 19 Aug. 23 Aug. 27  Aug. 31 Sep. 4 Sep. 8 Sep. 12

‘Gold Breeze’ 1 (0.92) 1 (0.92) 1 (0.93) 1 (0.93) 1 (0.93) 3 (0.61) 4 (0.27) 5 (0.15)
‘Strictus’ 1 (0.90) 1 (0.90) 1 (0.90) 5 (0.20) D - - -
‘Morning Light’ 1 (0.84) 1 (0.85) 1 (0.85) 1 (0.85) 3 (0.62) 4 (0.37) 5 (0.22) -
Variegatus’ 1 (0.94) 1 (0.94) 1 (0.94) 5 (0.18) - - - -
‘Gracillimus’ 1 (0.90) 1 (0.91) 1 (0.91) 1 (0.92) 5 (0.26) - - -
‘Kleine Fonténe’ 1 (0.92) 1 (0.92) 1 (0.92) 5 (0.22) - - - -
‘Common’ 1 (0.94) 1 (0.94) 1 (0.95) 1 (0.95) 4 (0.26) 5 (0.19) - -

DVisual rating of wilting rate is based on phase 1 to 9 rating scale by Rural Development Administration (2012). 1=nor-
mal growth, 2=1/4 wilted, 3=1/4-1/2 wilted, 4=more than 2/3, 5=mostly wilted.
2DRI = Lwi/LW. Lwi=leaf width after drought stress (cm), LW=leaf width on normal growth (cm).

Not measured after phase 5.

00 000 40°CO 0000 000000 pot OOOOO
O 00000 o000 OO0 ooo ooooo ooo oo
00[36-38]. 00 OO0 00O OO0 OO0 O0O,000
00 000 00O 00 0000 0o 000 00 DRIO O

00 000 oooo OO0 oob 000 ooo oooo.

YITHAE 22 Al HMel =52

Kim et al.[39]0 000 000 OO0 OO0 OO 00O
O 000 000 oog ooo 00 oooo ogo oo
ooo oooooobo o ooooo oo oob oo oo
o000 000 O0oo0O oooo.00oo0 ooo ed 20
uo ooooo oooo 78.8-80.0°0 OO0 O0OUOO O
uod ooo oooo oo ooo ooooo ooooo
0000 000 0DO000(Fg. 3-5, Table 5). 0000 OO
0 00 000 00 0000 0o 000 0o oo oo o
O (‘Kleine Fontédne’, ‘Common’, ‘Strictus’)d 00 00O O
O (‘Variegatus’, “Gracillimus’, ‘Morning Light)OO OO
00[42] DOOO OO0 0O0O0O0O0.00 00 00 000

‘Kleine Fontane’d 70 O OO0 OO0 OOOO 70 26
0 0000 0odo 8d 60 51.3°00 OO0 ODOOOO
(Fig. 3, Table 5). 00 90 20000 80 600 O OO0
d0odo 100 30 OO0 O0OObOO ooooa. “Strictus’O
‘Common’] OO0 OO OO0 OO0 O0OO0O OO OO
0 OO0 00000 (Fig. 3, Table 5). ‘Strictus’D “Common’
0o0 0 000 000 oobaoed 120 00O 90 2000
00000 000odo 100 130 0O booo oooo
0.00 00 00 0 “Variegatus’D 00O OO OO0 OO
00 00 00 00 00 0000(Fig. 4, Table 5). 00O O
o0 000 0ooo bodg oo oo ooo gooo o
00 00 O0[41-43], 00 000 OO0 00[4445]0 OO
000 0000 O00. ‘Variegatus’D 000 OO OO0 O
od odd oboo bbodb oo oo obo oo gd
0 000 0000 00 oooo oo bobo ooo oo
god. 00 90 1200 200 OO OO0OO 40° 000 O
00 0ooooo oo o oobo boo oo ooob oo
0d0 000 0o 0ob Ob0Db 000 OO0 oooo o
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Early heading pattern cultivars
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Jun.2, Jun. Jun. Jul. Aug. Aug. Aug. Sep. Sep. Oct. Oct. Nov. Jan.22,
2017 8 28 26 6 12 25 12 20 3 13 15 2018
Date

Fig. 3. Changes of lodged angle of 3 early heading cultivars (‘Kleine Fontdne’, ‘Common’, ‘Strictus’). It shows that more
lodged in the reproductive growth stage than vegetative growth stage. The numbers above histogram indicate the date
of successive precipitation days.

Late heading pattern cultivars

100 + r 200
80 - r 160
o g
P g
T 60 1 e Precipitation r120 7
=
g,) ---0--- Variegatus e o ‘ =
:g" 40 1 --2v— Gracillimus ' - r 80 %
= —0— Morning Light , &
20 A . F 40
S
0 0
Jun.2, Jun. Jun. Jul. Aug. Aug. Aug. Sep. Sep. Oct. Oct. Nov. Jan.22,
2017 8 28 26 6 12 25 12 20 3 13 15 2018
Date

Fig. 4. Changes of lodged angle on the late heading cultivars (“Variegatus’, ‘Gracillimus’, ‘Morning Light’). It shows that
more lodged in the reproductive growth stage than vegetative growth stage. ‘Morning Light’ was kept its overall form
during test period. The numbers above histogram indicate the date of successive precipitation days.

Gold Breeze
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Fig. 5. Changes of lodged angle on ‘Gold Breeze'. It did not bloom and showed that kept its overall form during test
period. The numbers above histogram indicate the date of successive precipitation days.
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Table 5. Chances of lodged angle on 7 Miscanthus sinensis cultivars after rainfall (7=4)
Lodged angle” (°)

Cultivar 2017 2018
Jun.  Jun. Jun. Jul. Aug. Aug. Aug. Sep. Sep. Oct. Oct Nov. Jan.
2 8 28 26 6 12 25 12 20 3 13 15 22
‘Gold Breeze’ 800 775 85 85 800 8.0 8.0 8.0 8.0 8.0 750 800 80.0
‘Strictus’ 800 775 813 8.0 775 8.0 8.0 650 600 500 475 650 750
‘Morning Light” 838 800 838 800 788 800 8.0 775 800 775 800 800 800
Variegatus’ 788 738 750 700 688 675 650 425 350 525 475 600 525
‘Gracillimus’ 788 775 775 713 688 738 725 675 600 675 675 675 600
‘Kleine Fontine” 788 725 775 700 513 563 550 500 525 625 650 750 700
‘Common’ 800 775 85 763 750 750 725 600 475 525 500 650 750

UExterior angle of stem to the ground. It measured after rainfall throughout 1 day and excluded completely lodged

plants.

00 000 0000. ‘Gracillimus’d OO0 OO0 O0O0O
‘Variegatus’D 000000 OO0 OO0 00 DOO(Fig. 4,
Table 5). ‘Morning Light0 0000000 000000
00 0O 000 Ooooo oo oo 0 oo oo oo oo
0000 (Fig. 4 Table 5). 00, ‘Gold Breeze’'D OO0 O
0, 00000 00 000 0 0boo 0O oo ooo o
000 000 000 OO0 0DO00D00(Fig. 5, Table 5).
oo odbb Ob 000 0o booo ooobooad
gooo ood o ooo.

U0 00 0 ooooo oo ogd so 2500 ood
0O 000 000 ‘Kleine Fontdine’” 10000. ‘Kleine Fon-
taine’d OO0 6000 80 250 ODOOODOOOOOO O
0 00 000 0000 O 000 ood. ooo0 ‘Kleine
Fontdine’d OO OOO0O0O OOO 80O 25000 OO OO
0 0000 80 6000 OO OOODOO DODOO booo
000 0b 00 oooboo ooo ooo oo gobooo
odoo0oo oooo. 00 o0dbo 0obh boooooo od
odoo ooo 0o oo0b Oobo oo ooo od, od
000 0o0obOo 00 oooob bodo oo boo o
0 doodad.

U0 0bd obo 0o ooo odoo oodo og g
000 000 000 0 00000 000 oooo[4e]. O
g, 00000 790 00 0bdo 0bo oboo oo gd
oo 790 OO0 00O bob O 0obo obo 0 ood
0d goob bodo bo oodo oob obodo odgd
000 000 0o ooo oooo. oo, oboo ooo o
00 0000 obdb 0o oo, 00 0 ooo goooo
00odoO 000 O0bo oooo oboboo oooo oo
00[47]. 000, 000 OO0 0000 000 ooOo(Wwm.
sacchariflous x M. sinensis)0l Miscauthus x giganteus(]
O00(M. sinensis) 0 M. sinensis 000 OO 00O 00O
00 0000 000 00[48]. 0 OO OO M sinensis O
0 0000 ‘Kleine Fontdne’, ‘Gracillimus’, “Variegatus’

U ououo ooo oo ocodu ooo o ooo oo
ooo ooooo.

YHYYEAOM =58

000 00 000 00 D000 000 0boo Do
00 000 90 00 100 00 000O0O0.000 000
10000 0000 LRO 000 000 0000 obooo
(Table 6). ‘Morning Light'0 ‘Gold Breeze’0 000 50
00 000000 b0000 0 00 000 00 000 o
0 000 000 000 000 00o00.90 200 00 0
00 00 000 000 000 ‘Common’, ‘Variegatus’,
‘Strictus’, ‘Kleine Fontédne’ 40 000000 phase 10
30%00. 00 ‘Strictus’, ‘Kleine Fontane’d 100 1300
0 phase 2 0000 ODO0OD0ODO “Commor, ‘Variegatus’
0 000 phase 10 00 10%0 20%0 00000.

o0o0oo0 000 000 000 000 00 oooo
00 00 O 0000 0000 000 000 000 bo
0 DO0O0O[49-52], 00O 00O 00O 0O0O0OO0D 000
0 0O0[40]. 00O 00 000 000 00 0 ODOO0OO O
00000 00000 00000 000 oooo. oo,
00 00 000 000000 00000 00 000 00
0 000 000 ‘Morning Light'D “Gold Breeze’ 000
000. ‘Gold Breeze’'l 00 OOO0O0 OO0 OO OO
0 000 000 000 000 00 00 0ooooob o
00 000 0 000.000 000 000 0, "Morning
LightD OO0 000 5000 00 00 0000 00O
000 00 000 00 000 0000 o000 oo o
0oo0 ooooo.

X2 2tZ0lIM 22| HA

00 000 0 000,000 000 00,00000
00 000 00 000 0000 0000(53]. 00000
000 0000 0000 0000 0000 0000 00
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Table 6. Lodging rate (LR) of 7 Miscanthus sinensis cultivars in reproductive growth stage (7=10)
LR” (%)
Cultivar Sep. 20 2017 Oct. 3 Oct. 13
Phase 17 Phase 2° Phase 3 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3
‘Gold Breeze’™ 0 0 100 0 0 100 0 0 100
‘Strictus’ 30 60 10 0 40 60 0 100 0
‘Morning Light’ 0 0 100 0 0 100 0 0 100
‘Variegatus’ 30 60 10 30 70 0 10 80 10
‘Gracillimus’ 10 60 30 0 30 70 20 80
‘Kleine Fontédne’ 30 50 20 20 50 30 20 80
‘Common’ 30 50 20 20 60 20 20 60 20

ULR = (ni/N) x 100. ni=number of lodged plant, N=total number of plant.

?Lodged angle 0-30°.
YLodged angle 30-60°.
“Lodged angle 60-90°.
9Gold Breeze’ did not bloom during test period.

00 000 00000 0000[54]. ‘“Common’, ‘Kleine
Fontane’0 90 220, ‘Gold Breeze’, ‘Strictus’, ‘Morning
Light’, ‘Variegatus’, ‘Gracillimus’0 100 60 00O 00O
O0O(Table 7). OO0 OO0O0 O0OODO OO0 OO0OO
0000 00 00)0 000 00000 00 00 00 o
O (‘Common’, ‘Kleine Fontédne’, ‘Strictus’)d 00 00O O
0 (‘Gracillimus’, “‘Morning Light’, “Variegatus’) 200 O
000 dbdod. oo 0ob ooo oo 220 0od ood
O 0000 100 60 scale 8.0-7.00 OO0 OOO0O OO
00 100 200 scale 5.8-45 000 00O OO0OO0O OO
0odg oooog. 04, ‘strictus’d OO0 OO0 OOO O
0 000 00 Oooboob oboo odo 00 “Common’
O ‘Kleine Fontdane’l OO0 0000 O0O0O0O0 0OOO

‘Gold Breeze’l OO O0OOO0O. 00 OO OO (‘Gracilli-
mus’, ‘Morning Light’, ‘Variegatus’)J 00 110 3000
scale 7.0-6.00 OO0OO OOO0O 110 170 scale 3.5-2.0
00 000 00000 00 000 0Oooo(Table 7). 110
30 00 00O 000 scale 4.5 (‘Common’) - 3.5 (“Stictus’)
0 00 00 00 00 000 scale 7.0 (‘Morning Light’,
‘Variegatus’) - 6.0 (‘Gracillimus’ )00 000 OO0 OO
0ddobd oo oo Oobb 0o oo oobo oo o
00 00 000 OO0 ObOoo. Mwbo 00 OO0 go
000 oo obdo oobo 0 oo oobo oo o
0O 000 120 10 scale 10 O0O0OOO(Table 7).
000 0ooog 1s°cobdn oouo oboooo go
000[55] 00000 00 90 000 100 00 00000

Table 7. Discoloration (scale), total period, peak duration and mean weekly discoloration (MWD) of 7 Miscanthus sinensis

cultivars in 2017 test (11=4)

) Discoloration (scale 1-9)" Period? Peak MWD?
Cultivar . 3
Sep. 22 Oct. 6 Oct. 20 Nov.3 Nov.17 Dec. 01 (weeks) duration”  (scale)
‘Gold Breeze’ 90a” 75bc  28d 20 e 10d & 6 Oct. 620 13 a
‘Strictus’ 9.0 a 7.5 bc 45 ¢ 35d 1.5 cd 1.0a 8 Oct. 6-20 1.0 b
‘Morning Light’ 9.0 a 8.0 ab 73 a 7.0 a 35a 1.0a 8 Nov. 3-17 1.0 Db
‘Variegatus’ 9.0 a 85 a 73 a 7.0 a 2.0 bc 1.0a 8 Nov. 3-17 10D
‘Gracillimus’ 9.0 a 85 a 63 b 6.0 b 2.0 be 1.0a 8 Nov. 3-17 1.0 b
‘Kleine Fontane’ 83 Db 8.0 ab 58 b 4.0 od 23 Db 1.0a 10 Oct. 6-20 0.8 ¢
‘Common’ 8.0 b 7.0 c 48 ¢ 45 ¢ 1.5 cd 1.0a 10 Nov. 3-17 0.8 c

DVisual rating of cold tolerance is based on discoloration. 1 to 9 rating scale by National Turfgrass Evaluation Program
(2017). 1=straw brown and 9=completely green based on plot color not genetic color.
?Total period of weeks from when start discoloration till termination.

JPeriod of the highest reduced discoloration scale.

YMWD =8/T. 8=constant (maximum scale), T=total green up period (weeks).
*Different letters in each row indicate significant difference by Duncan’s multiple range test at p<0.05.

9Not evaluated after scale 1 (straw brown).
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000000000 o000 0bo ooooo. oo, 10
OO0 000 0000 10.0°C 1100 OO0 00000 0.2
°CO00 Cqy type U0 OO[Arundinella hirta var. ciliate
Koidz, Panicum virgatum L., Pennisetum alopecuro-
ides (L.) Spreng, Zoysia japonical D 00 000 10°C O
00 oooo 10-1100 oo 0oooo oooo ooo
00[10,56,57].

42, UX, M2 24 ZZolM g8 |X| Ed

00000 000 OO0 OO 0000 OO0 ooo oo
00 00 000 00000(Table 8).

‘Gold Breeze’'Dl 80 OO OO O0O0O0O OOO OOO
02400 00000,00000 4% 000 00 o000
0 ddob boo ooobo.oobodbo obodo ada
0 75.0-82.5°000 OO0 OO OOO OOO0O O0Od. 10
00000 0000 oooo 100 00 oo ooo oo
00.00 00 00O bodo 110 oo oobo oooo o
00O (Fig. 5, Table 8).

‘Strictus’d] 80 U0 OO O0OOO OOO OOOO 12
00 0000, 00 0000 5% 000 00 ooooao
0000 000 00000, 000000 ooog ooao
77.5-81.3°000 000 OO0 OO0 OOOO OOO. 00
gdob0O bodo 000 475-75.0°000 O0OOO OO0O
0000000000000 ooog. 00 0000 d
000 00doo 100 OO0 OO0 Ooo boboo. oo oo
000 0000 110 000 120 0 OO0 Ooooo ooo
(Fig. 3, Table 8).

‘Morning Light'0] 80 00O OO 0000 00O OO

00 2400 0000, 00 0000 4% 000 00 000
00 0000 000 0oooo. ooooooo ooooo
00 OO0 000 00 77.5-83.8°0 77.5-80.0°0 O OO0O
000 00 000 ooo00 goo. 100 0 000 ooo
O 0000 110 0 00 000 0000, 00 00 ogo
0000 120 O 000 0000 000 (Fig. 4, Table 8).

‘Variegatus’ 80 00O OO 0OO0O0O0 OO0 O0OO0OO
1200 00000,00 0000 6% 000 00 0000
0 0000 000 OO0OO0.000000 0000 boo
45.0-78.8°000 OO0 OOOO OOO OOOO.O00000O
0 0000 000 35.0-60.0°00 0000 O0OO0O OO
000 00 000 0o0o0O0 Ooo.100 0 000 ooo
O 0000 110 0 00 000 0000, 00 00 ooo
0000 120 0 OO0 0000 000 (Fig. 4, Table 8).

‘Gracillimus’0 80 00O OO0 0000 OO0 OO0O0O
1600 00000, 00 0000 4% 000 00 oOoO00
0 0000 0000o. 000000 oooo 000 68.8-
788°000 OO0 OO OO OOO ODOOO OoOoo O
0 0000 000 OoooO0.000000 0000 ooo
60.0-67.5°000 000 OO OO0 OO0 O0O0O0 oOOO0O
00 OO0 ODO ODODO OOODO OO0 OO0 O od.1o
00 000 0000 0000 110 0 00 000 000
O.00 00 000 0000 120 0 000 0000 0O
O (Fig. 3, Table 8).

‘Kleine Fontane’d 80 OO OO OOOO OO0 OO
00 1200 00000 (Table 8). OO OOOO 4% OO0
00 00000 oooo 000 oooo.oooooo o
000 000 725-788°000 OO0 OO OO OO0 O

Table 8. Durability of landscape on 7 Miscanthus sinensis cultivars under environmental stress

Drought Lodging Discoloration
Cultivar UID? PWP? LAY range (°) Occurrence of lodging® Peak MWD
(day) (%) vGs” RGSY VGS RGS duration”

‘Gold Breeze’ 24 37 75.0-82.5 2 X - Oct. 6-20 F
‘Strictus’ 12 44 77.5-81.3 47.5-75.0 X A Oct. 6-20 M
‘Morning Light’ 24 3.1 77.5-83.8 77.5-80.0 X X Nov. 3-17 M
‘Variegatus’ 12 5.4 45.0-78.8 35.0-60.0 VA O Nov. 3-17 M
‘Gracillimus’ 16 3.7 68.8-78.8 60.0-67.5 X A Nov. 3-17 M
‘Kleine Fontdne’ 12 3.3 72.5-78.8 51.3-75.0 X A Oct. 6-20 S
‘Common’ 16 2.2 72.5-82.5 47.5-75.0 X O Nov. 3-17 S

1)Unirrigated dates. Total period from phase 1 (normal growth) to phase 5 (almost wilted) to water stress.
YPermanent wilting point. Soil water contents of phase 5 (almost wilted).

“Lodged angle. Exterior angle of stem.

“Occurrence of lodged plant from phase 1 (lodged angle 0-30°) to phase 3 (lodged angle 61-90°). X=phase 3, /A =phase

2 and O=phase 1.
*Period of the highest reduced discoloration scale.

MWD =8 /T. 8=calibrated maximum scale and T=total discoloration period.

Wegetative growth stage.
®Reproductive growth stage.
?Gold Breeze’ did not bloom during the test period.
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000 DO00. 000000 0000 000 51.3-75.0°00
0 000 00 00 D00 0000 0000 00 000
00 00 0000 D00 D00 0 00.90 00000
000 0000 100 00 00 000 00000, 00 00
000 000 120 0 000 0000 O00(Fig, 3, Table 8).

‘Common’0 80 OO 00 D000 000 000D
1600 0000, 00 0000 3% 000 00 00000
0000 0O000. 000000 0000 000 72.5-82.5°
000 000 00 00 000 0000 000.00000
0 0000 000 475-75.0°000 000 00 0000
0000 00 000 OO0 000 0000 000.90 O
000 0000 0000 110 0 00 000 0000.0
0 00 000 000 110 000 120 0 000 0000
000 (Fig. 3, Table 8).

R

o0 ood oodo 0bd bobdob o bgboo oo
O 00 (Miscanthus sinensis Andersson) 0000 700
(‘Gold Breeze’, “Strictus’, “Morning Light’, ‘Varieagatus’,
‘Gracillimus’, ‘Kleine Fontine’, ‘Common’)00 00, 00,
00 000 00 00 000 000 0000 ooooo. o
0 000 20130 00000 OO, DO000O 20170 600
0 20180 2000 ODOO0O ODO0ODOO. 00 OO0 ooo
00 0obooboo boboo boood. oooobooo
00 00 00 000 group I (‘Kleine Fonténe’, ‘Varie-
gatus’, “Strictus’), group II (‘Common’, ‘Gracillimus’) [
group III (‘Gold Breeze’, ‘Morning Light')d 300 OO
od oboooo. bodo bbooobo oooboao o
00 00000 00 00 00 00 00000. ‘Morning
Light’, ‘Gold Breeze’'D 000 5000 000000 OO
00 0000 “Variegatus’D 000000 00000 OO
0000 000 0000.000 0000 0oo oooo
000 00 group I (‘Common’, ‘Gold Breeze’, ‘Kleine
Fonténe’, “Strictus’)d group II (‘Gracillimus’, ‘Morning
Light’, ‘Variegatus’)J 2000 000000,

Note

The authors declare no conflict of interest.
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