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ABSTRACT

This study was conducted in Cheonan, the middle region of South Korea, to evaluate the forage characteristics of six medium
maturing Italian ryegrass varieties: ‘Kowinmaster’, ‘IR 601°, ‘IR 602°, ‘IR 603’, ‘IR 604’ and ‘IR 605’. In growth characteristics,
'Kowinmaster' exhibited the earliest heading date on April 30, while 'IR 601" exhibited the latest on May 17. 'IR 601" exhibited the
highest lodging resistance, and all varieties demonstrated excellent disease resistance, waterlogging tolerance, and cold tolerance. 'R
603", 'IR 604', and 'IR 605' demonstrated above-average plant length, with 'IR 604" reaching the longest at 114.8 cm. In productivity,
'IR 602" and 'IR 605' produced the highest total dry matter yield, each exceeding 12,800 kg/ha. Regarding feed values, 'Kowinmaster'
recorded the highest RFV and TDN at 119.18 and 66.07%, respectively, with IR 605' exhibiting the second highest. IR 604' and 'IR
601' demonstrated crude protein concentrations over 9%, with IR 604' exhibiting the highest at 9.74%. Analysis of monosaccharide
content in Italian ryegrass revealed that 'IR 605' exhibited the highest glucose and fructose content at 23.35 g/kg and 50.70 g/kg,
respectively. In summary, 'IR 602' exhibited the highest productivity, 'Kowinmaster' recorded the highest feed value, and 'IR 605'
exhibited the highest glucose and fructose content. Therefore, 'IR 605' is considered the most outstanding variety due to its superior
productivity, second highest feed value, and significant monosaccharide content.
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Table 1. Comparative mean temperature ("C) and total precipitation (mm) between normal year and the experimental

periods at the study site in Cheon—-an, South Korea

Mean air temperature (C)

Total precipitation (mm)

Plz:r/lgrlilt;e/rs Experimental period N i Experimental period i
’21-°22 ’22-°23 ormat yeat 21-°22 ’22-°23 Normal year
Sep. 21.1 20.6 20.6 440.7 1 198.5
Oct. 14.4 13.1 13.3 49 98.9 149.8
Nov. 7.1 8.4 6.6 289.2 297.6 147.2
Dec. 0 -3.7 -0.8 92.9 17 137.9
Jan. -3.6 -2.3 -2.6 0 307.2 148.9
Feb. -2.3 0.5 -0.2 296.8 0.5 81.7
Mar. 6.2 7.5 6.3 0 120.5 100.2
Apr. 12.6 12.6 11.7 284.1 127.4 183.7
May 17.8 18.6 17.8 301.9 41.5 151.6
Source : Agricultural Weather Infomation Service (RDA).
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Fig. 1. Comparative mean temperature (A) and precipitation (B) between normal year and the experimental periods at the

study site in Cheon-an, South Korea.
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H ARO] FAE Sdste] AEES ARSIt e
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5. AF27X| Z=AL

ojge|Qt 2ol I1ekA0] ZhiA FRES AOACH|(1990) 0%
2451900, 71ASE 99%k4 EFHTotal digestible nutrient,
TDN) = Menke S Huss (1980)9] ®H5 ol83lo] Altslal,
APIAA] B8 Ad-84x(Acid detergent fiber, ADF) St 4
A B8 A-95A(Neutral detergent fiber, NDF) 3RS Goering
9l Van Soest (1970)9] WO R BA 519ty AEA3EHDry
matter intake, DMI) 7}43} 7AE(Digestible dry matter, DDM)

)31 AR kX (Relative feed value, RFV)= oFEfQ] 4o
w2} A1t Goering and Van Soest, 1970).

TDN = 88.9 - (0.79 x ADF %)
DDM = 88.9 - (0.779 x ADF %)

- DMI (% of Body Weight) = 120 / (NDF %)
- RFV = (DDM x DMI) / 1.29

6. I=4

o[gE|Rt Slo]TEiA0] TR TS AR fI6l AE AR
16 53051] 20 ml szt Tgkto] A Azst T HPLC
(Thermo Dionex Ultimate 3000; Thermo Fisher Scientific, USA)
£ &3 BA519tt. AE7|E% Corona Discharge Detector
(Corona Veo RS; ESA Chelmsford, USA)7} AR&E|}l o, ZH
< ULTRON AF-HILIC-CD (LCC-13131-179; Shinwa Chemical
Industries Ltd., Kyoto, Japan)E AR&-5}3Tt
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EAA 2= R program (version R-4.4.0, 2024)& o]&3s}o]
stats pakage®| aov FE ol&sto] GO R FAREAS A
Ajslo] F52k B2he) Aol vZSIATE 2P Ao} ot
= Q9Io) o5l agricolae pakage (de Mendiburu, 2023)2]
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o HE EFUSE o 2GS vk B e of
al., 2020). 4% oIgelet 2ol Teks EF /1T Z7IE
71202 91} £47 17} Wetglon, B3] £UYA] 24717} 7
% sk “ololet 6029} AT 7} 217} 62t 13%olut
QFFAFH Choi et al., 2008; RDA, 2020b). EEAL ‘olo]
% 601°0] 714 9431 (p=0.035), WY, g % ek
6 B% = 9451 Uepton, ufebd S 74 olgelet

o

TlolIekn BUF 6 BEL FHAA A Aol
2431 Ao g A7) AL ofo]d 603°0] 114.8 cmE
£ E5 3o RR0R 74 golon, TR 7} 037
emi 7P S A0 Uehdrkp<0.001). E50] SEHUL
GIe} Hlmsle] FAE 6 BE wE 2go] WA Uskton], 2
Aol 27g0] 71 A “ololet 603°0] A BN M1

= 103 cm Xt} 9.8 cm T ZA YERFTHRDA, 2020c).

Ahry

2.

U 84 olgzet o]tk FBE 6 EE0] AL
Table 30] UERAQICE 13} 2R ofo]d 604°7} 51,810
kg/ha® T2 E30] Hs foHos 7P w2 Zog Ve
o}, <FYELAE]Q} ‘olo] 602° 7} 212t 43,716 kg/hal} 42,421
kg/hag FoJH 0= 7P Azseafo] 2k TIF 0 R LERom,
WA F59] - 46,000 kg/ha oV3e] Bz 71531
o} ozl So|aEA ST 6 FFO UEES 23.75%-
30.80% $2Z0|3loH, ‘oo 602’7} 30.80%= FojFo=7 7}
% =Skt AEEO] 7HY W 50l &3 EF2 olo|Y 604,
olo]t 601 &} ‘FUMAE G o, 1% ‘ofofd 604’7} 23.42%
2 7P W AEES 7ISSI(p-0.038). 7V A=l
Hold 3AE BF2 ofelY 602°¢} ‘ofo|d 605’ = 77t
12,935 kg/ha®} 12,809 kg/haS 7|E519]0H, 7P 7A840]
A9k £52 10,833 kg/has 7153t FAUPAE FF0|ATt
(p=0.029). 3E 6 £F T AEEY A=) 7P =2 “of
o|d 602°7} Aol 7MY 945t FF O WE &4
ol% AEES #45] TV, E80l S7Isk= Akl Aol7t
AUtk A= S0 TR Fdof 9] e E5Al00 14.8%0]
A &= F710= 19.5%2 4.7% Z7FKSeo et al., 2013) HIH,

Table 2. Growth characteristics of six different medium maturing cultivarsvarieties of Italian ryegrass developed in South

Korea
Varieties/ Heading Lodging Discase WL tolerance  Cold tolerance Plant length
tolerance resistance
Parameters date (1-9) (1-9) (1-9) (1-9) (cm)
Kowinmaster 30™ April 2.0%° 1 1 1 93.7°
IR 601 17" May 1.0° 1 1 1 94 6%
IR 602 4™ May 2.5 1 1 1 99.1¢
IR 603 11"™ May 1.3 1 1 1 114.8*
IR 604 13" May 1.3 1 1 1 105.5°
IR 605 6™ May 2.8° 1 1 1 103.7%
p-value - 0.035" - - - <0.001™"
SEM - 0.28 - - - 1.77

a-b

WL: waterlogging; SEM: standard error of the mean.

means within a row without a common superscript letter are significantly different (p<0.05).
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Table 3. Forage productivity (fresh yield, dry matter, dry matter yield) of six different medium maturing varieties of ltalian

ryegrass developed in South Korea

Varieties / Parameters Fr?ligl/galf 1d Dry(or/?)a ter Dry matter yield (kg/ha)

Kowinmaster 43,716° 24.70° 10,833¢

IR 601 47,022 23.42° 10,991*

IR 602 42.421° 30.80° 12,935

IR 603 46,281 26.78% 12,415

IR 604 51,810° 23.75° 12,127%¢

IR 605 46,087° 28.28% 12,809*
p-value 0.038" 0.043" 0.029
SEM 4462.5 1.494 901.5

a-b

SEM : standard error of the mean.

means within a row without a common superscript letter are significantly different (p<0.05).

Table 4. Feed values (NDF, ADF, CP, TDN, DDM, DMI and RFV) of six different medium maturing varieties of Italian

ryegrass developed in South Korea

NDF! ADF?

CpP’

TDN* DDM’® DMI®

Varieties / Parameters (%) (%) (%) (%) (%) (%) RFV’
Kowinmaster 51.83° 28.90¢ 7.05¢ 66.07° 66.39° 2.31° 119.18*

IR 601 56.63° 32.19° 9.42° 63.47° 63.82° 2.12° 104.85°

IR 602 58.19° 33.72° 8.42° 62.26° 62.63° 2.06° 100.13¢

IR 603 59.26" 34.98" 7.344 61.27° 61.66° 2.02° 96.79¢

IR 604 55.65¢ 32.19° 9.74* 63.47° 63.82° 2.15° 106.69°

IR 605 55.74¢ 32.26° 7.09% 63.42° 63.77° 2.15° 106.43°
p-value <0.001™"  <0.001""  <0.001""  <0.001""  <0.001""  <0.001" <0.001"""

SEM 0.291 0.255 0.097 0.201 0.199 0.011 0.877

a-b

NDF! : neutral detergent fiber; ADF? : aeutral detergent fiber; cp?

matter; DMI® : dry matter intake; RFV’: relative feed value; SEM :

TRRIE0] “SlAF 1015°9] AL 15.9%0014] 23.1%E 7.2% 27151
THChoi et al., 2011b). WEhA 2 A7LAo)A olo] 602°
9} cofo|d 605°7} &3t 7H ABET} HAESTHe] ¥39H IF
9] A &7 S8t Al 7HR] 5U9] AR 7FZo] A
glom, o= Qlef thE Fo| vlsl 45 A BSTAPT 7]
ofl XI5l AN, thE EF} H|wolo] ASHAE AEES] &
7} Brrt Ao g AM dEsEol 7P Wokd Ao= A7t
Het olgElRt ol ek ST AESTF] A FEol &
TE|S 19 Al Blalsto], tiRE AakRko] 371 A
o0& YehtHChoi et al., 2008; Kim et al., 2020; NIAS, 2022;
Ji et al,, 2023). 53] & Aol HAESFHO| 7FE B2 159
43} ‘ol 605°2] 74, 2015W0]4] 20174 F9t FHSloj|A] Al
AJgE Kim et al. (2020)9] G279} vlwslo] 3,298 kgha?t 2
7Rt 202 UeRth o]z 71eRiskE Qg B34 7129] TVt

e a3

means within a row without a common superscript letter are significantly different (p<0.05).

: crude protein; TDN* : total digestible nutrient; DDM® : digestible dry

standard error of the mean.

8 Qo= A7kt ARSIt o] AV =2 8%
3 oh= B ARRwg HokoH, sig 8glo] 1 T S71t
mulch AESTgo] 4.409 T SRR B 5HICKPeng et
al,, 2017). & AN A4S 7HA7]Q1 24 o F Bt7|2o]
WETH £ Z o= Hol B 7|2 Z7PH kK 37100 7]

ofgt Zo=z gkt

3. AI=7HX|

= 84 o[=EQt glo]aetA BT 6 BF Al &
AZAI = Table 49} Zth NDF 3Rk ‘ofo]d 603 oflA
59.26%% T= FF FolA RFoR M E9koH, thao
2 ‘olo]d 602’7} 58.19%F 715ot3irt. §HH NDF 30| 7}

O Zx0 <JAUIAE R 51.83%F 7|E5l0] §ojHo=
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71 @A Uepstor, thao =& cofo|d 605°2} ofo]d 6047}
247} 55.74%} 55.65%2 T HAR 7P e Og o= el
THp<0.001). ADF 39| 79 NDF 3tat fAfsHA ‘ool
603’1} ‘ofo|2t 602’7} ZHzZt 34.98%2} 33.72%% A WA} F
AR =2 Z 0= Ueitow, < TAUAE7} 28.90%= 7HY
2 RS 71E5190t) B el 7R W IR0l &%t
‘olo|d 605°2] ¢ 32.26%% F HAE 7HY H2 S 7S
St 02 LERITH(p<0.001). SIS child gl Bichie]
A4 SIgRE0] ok QulohH, WU niE ol M
IRt of)ieAt W ol o] FFat 7159] op| Al Fgol 5
83t oJoFAoltKIgbal et al.,,2015; Schwab and Broderick,
2017). o[}t o] 12tA FAF 6 52| Ihd Rk
Bt 8.17% $EOE UEREOH, T1F ofold 604°2} ‘ofo|d
601°9] 7L 217} 9.74%2} 9.42%2 {oJF 07 /P =0 = 1
Fo& ERTHp<0.001). IHFE o= AlEAE2 AJ50] X135
Holl w2t Af4eo] ol FAt S7tekal el ke X%
sl ZA}RO] AE7kA7} sk Fariani et al., 1994). 2
Aol ST 6 FFQ 8 A7 Aot AL, &1 o]
ol o] & “ofo]d 604’2} ool 601°2] B THE FFaL
H|wslo] 445491 NDF} ADF gfgo] Atid o= w2t Cp 9F
o] FA Yehd A 02 AYZHETE TDNL 7HASIdgAFFe
AbEOlA o187Fs3t oflfA] Sthe UEhH, 71SoA At
oIA] Fe= Flol F83F FrelohKim et al., 2019). & Ao
4] TDN SRS <FUIAE 7} 66.07%E S2jH 0= 71 =9k
om, ‘olo]e} 603°0] 61.27%= 7P FJF o= A Uepsith
‘olo]2k 605’ 2] 73%- F BIA= TDN o] B TI50] £5191
oM, 63.42%S 7|51 tHp<0.001). RFVE AATALE 713
2 AR FAH ovA] HFH e S5kt ol8EH

(Sanson and Kercher, 1996). RFV $I5F9] 79 <FAUPAE)
119.182 7F} oA o g w3fon, = AR 7MY w2 5
og “olo]t 601°, ‘ofo]Y 604> 12| ‘oo 605’7} E3tE]
}lom, 715 ‘olo]t 605° 2] 73 106.43- 7= TH(p<0.001).

4. CI5k2f

- OoOo

= $4 IRG 38T 6 559 F IF 242 Table 5
off WERIE. AEAEY] fEl SR ARdERY] Tadd
o ¥FE vxk= o= Bl E|QIrKShao et al., 2003; Gao et
al,, 2021). & ¢A=0f| o}-g%l o[==|Ql o] 12k I
21.22 g/k8g-50.70 g/kg =0 = UERTE 1504 ‘olo]d
605’7} 50.70 ghkgO= FoJH o= 7H} ogo] & o=
Ehgton, 1 thgo® FAURAE’ TIE]Al ‘oo 602°9] <A
B #9koH 30.00 g/kg o1t 71ESI3TH(p<0.001). ZEE
TG SollA AldeiR] e S8 AT 7P w2 Ae
& B Fglow, ARIE|Ao] 7R 2 ol8shke o]
A& o0F AFtElo] gith(Shao et al., 2007, Asano et al.,
2018). & Aol olERt SO Ik ST 6 FF X
T A2 14.08 ghke-23.35 gheo] $E0= LB O, ‘ofo]
& 605°7F 2t o] 2335 ghg= HE F300 HIs] 1§
ol FojFlow 7Y w3, FAAE T} 20.02 gheR F
WAz grom, Unix B300] Soe e sloit
(p<0.001). WA} ool 605°F ALRIRE 24 Al T8 F4
o] 7M 5 Aow Az

Table 5. The composition of monosaccharide (glucose, fructose and galactose) of six different medium maturing varieties

of Italian ryegrass developed in South Korea

Varietics / Parameters Fructose Glucose Galactose '
(g/kg) (g/kg) (g/kg)

Kowinmaster 43.58° 20.02° Undetected

IR 601 21.22¢ 16.38° Undetected

IR 602 30.01° 14.08° Undetected

IR 603 29.09° 16.10° Undetected

IR 604 22.74° 16.38¢ Undetected

IR 605 50.70% 23.35% Undetected
p-value <0.001"" <0.001""" -
SEM 1.209 0.779 -

a-d

TUndetected means less than 20ppm.
SEM : standard error of the mean.

means within a row without a common superscript letter are significantly different (p<0.05).
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V. 29

B A= Shf) 84 ojgelet glo|asks B 6 50 &
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JEks ST B S5 TUAE 7L 49 30UE 7R
wsror, cofo|d 601°0] 59 1792 7H &9t WeEAgd
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£ 30| oolt. 242 cole]d 603, “ofo|d 604 17
a1 ‘olo]d 6057t Bt opdeldlom, Es]| cofo]d 604°7F
114.8 cm& 7P A%tk & HAEFHS olo]d 602’2} ofo]d
605’7} 12,800 kg/ha o0& 7P W2 502 YR AF
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