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ABSTRACT

This study was evaluated to compare annual productivity and feed value of Italian ryegrass and summer forage crops at paddy field
in middle region of Korea. Italian ryegrass (Kowinearly) was used as winter forage crop, and forage rice (Youngwoo) and barnyard
millet (Jeju) were used as summer forage crops. Each crop was cultivated using the standard forage cultivation method. The plant
height, dry matter yield, crude protein content, and total digestible nutrient content of Italian ryegrass were 90.6 cm, 7,681 kg/ha,
9.2%, and 63.8%, respectively, and it was no significant difference by summer forage crops (p>0.05). The plant height of summer
forage crops was the higher in barnyard millet than in forage rice (p<0.05). The dry matter, crude protein, and total digestible nutrient
yields of summer forage crops were the higher in forage rice than in barnyard millet (»p<0.05). Also, the feed value of summer forage
crops was higher in forage rice than in barnyard millet. In conclusion, the combination of Italian ryegrass-forage rice was the most
effective cropping system for annual forage production with high-yield and high-feed value, and it was considered the combination of
Italian ryegrass-barnyard millet was good cropping system for annual forage production through reducing labor and cultivating stable

at paddy field in middle region of Korea.
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I. M2

FEjuee] S4bE AR HE9] Skl glom, olet oF
7| ZAFRS] FRAE TR Qlrt 2020 EA Syt =
AR F A8FR2 49 g2kEo|H o]F Iff APAlRES 39 924
Eog Y AR AZFEL 81.4% 4-Fo|tHMAFRA, 2021).
81.4%9] AR AFE T T RAETF Aok HlES
26.1%(MAFRA, 2021)0] B3}t 207 Fd RAE ZE
9zt ko] dysht HRoK= AR 58A AlF, RAE
A7 IEE SSALY, = BFEE AR 5] AJEE ATl &
Al ARE A AR BARS Fislr] ffel skl itk

SRR sAwR o] eFg&o] 1l AdHsk T Eisto] oFd
AR A FHE fleixe B9 wAG S S A1
T U= TEAR] AFAAE Ea5PH(Song et al., 2014), o}
sliA= & Aloll HEE= Aol ofd = A= Szt B

[oleh @A BEAR0 FAkE BARS flolo] AZH o8k &
= =olK A ARAEE ABilohs Alo| BHskE| T it 9
Ut SEA G0l A AEAER Al HEAl A S
oot 2T et/ |2 A5 A AlEEEo] vig- 9%t
ojgZ|et glo]T1ekA Aulrt Sk Qick ofdEet 2] 12t
A SR ARAREEHN] Z27A8S0] Aokl gdat ATt
A7t Eom, 7150] 7|34 ESF fpsto] f2juRt T ARt
E Aufszlo] 71 WL Zlo] Eo|ck(Lee et al., 2020). ]2}t
A & A AT W AEEAE RAISFEA SAlO] RARR
Ak dl ol SIS RIeoks = ERME AuiAIGo] AlgEaL
AUtk 271 =04l A AEARE Al S50t 1Al
A7t W= oL o] AEES =9 EY B visT &
olo] HolE ol Aibde] oF 70% ol MEEH ARl
250l ol 97T BRlTHKim et al., 2018). WehA oF4d
=0 B Al ARREE Apisks 22 EYe] B4 d= &
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S i) 223 ZEEAA] 5] EAs o] AdgE|oiof
Sk 28y =0l AlmAE At At A AEERRES
o 9 A AP 2 AR EXO) BlAl= FRHKim
et al., 2007; Kim et al., 2016) & =ofA] af 7153 E& At
(Ji et al, 2011; Na and Ji, 2011) 59| i/} tiy o]k

a2 As FHEAY = ARAACA A ARAER]
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1. SA H oA Z=XHul

E AE 2017¢ 99RE 2020 9L7HR] S HMA] 27
SARIIER = AlRlzolk] ARSI 20179 9EHE 2018
| 97IA] 197} FA-SHA ARAA AlES AAISHL 2018
9LRE] 2019 9L 2WR} SAFSHA| ZHEAA| Al ARSI
Ou, 2UR} ARIZRE BRF 7Vt Afeiie]e] A 5o= AEAHN
7} YE5HA o]F:0ix]A] o} 20199 9YRE] 20201 9¥UTHA]
2t A Alte: F7EE AATsle] F 2WAt HleEE ZE
TEoI0TE AIR7IRE B2t AR X9 o Bt T =Lt
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o} oHA| AlRAES] STt BAElE ofEH(6¥-8Y) B2
194} 25.1C, 282} 23.8C2 HA712(23.50)3} vSs19T, 7=
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Fig. 1. Average air temperature and precipitation during the growth period of Cheonan from September 2017 to September

2020.
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2. 4854 H Yig =i

A AEAE olget glo]aekAl] 48R 2018 59 11
At 2020 59 7ol AAGISIEE oHA AlEAES AES B
L 527191 2018 9 28U} 2020 9 24U SS519],
AFEE 1= 24357101 20184 9Y 1793} 20204 9L 1o
Sl Z47be] AlEARE2 180 m’(6mx30m) 712 AR
ol TFSIAT, TF T 2F 10 em DI W AATE
BT S5 s FAE At ZF AlFTE 6 m'(2mx3m) 37
9] ZANEE 3714 AAsto] BSEAL 9 AAMIE ARSI
AN EE Z7F 249 ERS RARE & 1A HAE 4 g
T had O R SISt 8t H A= 2F 300 ¢ HEE
Fotod 65T =8H] FF A7 124K AR & & A=
RS ZARIITE AR ol E(DM), ZHEE(CP), 7}
ABFIYAZTTHTIDN) FFE FHolo] ha & DMST, CP,
TDN<S SHASISITh

3. ME7R| 2M

Az B ABE AT 242 91519] 20 mesh screen0] &
& Wiley mill22 Fafato] olgubivt Sl S=taE B0l Hol
ZARHdo] SA] k= 3ol Hasto] 240 ol 83yt CPa

= AOAC (1995)%of] oJAsto] EA5191a1, F/9AIAE-834
FANDF) 2 AHAIAHE-8/3 43R4 ADF) 12 Goering and
Van Soest (1970)0] w2} FAJ513ick TDN T2 ADF
A4 TDN % = 88.9 - (ADF % x 0.79)0.8 Z45}0] Als}
Itk Holland et al., 1990). A|FEAC] EAEAL Table 19 Lt
Eft Ble} a1 521187 EYRREAHRDA, 201009 &5
o] EAsitt

4. SAEA

T
EAAE= SAS program(Ver. 9.1)& o]83}o] HAMLAS
AAJ8199L, Duncan’s multiple range testol] 2J5}] 5% 824
zoz Aol Aojg TSIk

I 23 9 0%

1. 751 AlRtEe| MeEN

=olA A B S AlEARES] 855732 Table 2014 B
= HeH 2t} EA AEARER] o[" IRt Fol 1k S5
2018 59 1€} 20209 59 4YoQick. Hat 242 91 em

Table 1. Chemical properties of experimental paddy field in middle region of Korea

Year pH T-N! OM? Available P,0s CE§3
(%) (g/kg) (mg/kg) (cmol'/kg)

2018 7.23 0.09 16.39 59.54 15.83

2020 7.41 0.10 15.42 78.18 14.79

" T-N : Total nitrogen
> OM : Organic matter
* CEC : Cation exchange capacity

Table 2. Growth characteristics of Italian ryegrass and summer forage crops at paddy field in middle region of Korea

Cropping system

Winter forage

Summer forage

Winter ~ Summer Year H'i;ﬁieng H(grgl})lt L(C)E%i)rllg H%zﬁ(iang I_%?:irgll)lt Lc()?ggi;lg
2017-2018 May 11% 87.0 6 Sep. 6 144.2 1
F‘r’fj‘ege 2019-2020 May 4" 93.4 2 Aug. 24" 134.1 1
RG Average - 90.2N8 4Ns - 139.2 1™
2017-2018 May 11% 88.5 6 Sep. 6 181.3
B;“i‘l{:trd 2019-2020 May 4" 93.2 2 Aug. 26" 224.7
Average - 90.9 - 203.0" 4

"1 = Good, 9 = Bad
NS Means in the same column were not significant (p>0.05).
" Means in the same column were significantly different at p<0.01.

- 143 -



Forage cropping system using Italian ryegrass with Forage rice or Barnyard millet

O]9 T2 2018'd0] AlaHi oL, 20202 53t HoelSick
S AEARES] &4 AlEg Bl 20184 99 623} 2020
Y 89 24%0]UT, AlR-E mH= 2018 99 697} 20201 8L
2697 T= 2018E T} 2020W0] oF 10¥ A= wiekt) slAR
BO| 2L A28 1] 203.0 em, AR ¥ 1392 cmZ AlR-S
Hol A =9tkp<0.01). FE-S AlZ-E vi9} olul vlo] A9 ujle-
GBI ARG T 197 D 237} Bl stk

2. 3 AMzE=E9| Azt Wikl

\&A AR ol EiRt o] 1ekAe} shA AlEARE AlE-g
¥ 9 Al58 2|9] DM, CP, TDN 32 Table 3] LERIC
o[}t Zlo|12pAY] 472 S1A| AlmAlE] Wt foF’l
2o )7} IAEA] BATHp>0.05). ot 2] 1e}42] DM 4
22 7,647-8,179 kg/ha® Kim et al. (2005)2] AT} H]
23071 Kim et al.(2018)9] A7} Hrj= =2 5X|9it)h CP
=2k 709~757 kg/ha, TDN $5RE 4,797-4,967 kg/hag Lfeh
Wtk SHA| AlRAES] DM CP R 217t Al-g- Bl
A] 16,270 kg/ha T} 1,612 kg/ha$ial, ALE-& 1ojlA] 9,394 kg/ha
7} 478 kg/hal = Al B7F A8 1 Hoh A Yehtor
2 7] Feldo] AAEA(p<0.01). TDN 7R Al ¥
10,730 kg/ha, AFE-8 1] 5438 kg/ha= AFE-8 BlojA] f2ojd o
B 230 p<0.05). FA-51A AFEAAR Al A AT BAES
Akrelole ©, DM R ofgeiet glo] gk Alag B7t
23,964 kg/ha®ldl, olgeet glo]aaiAAlEg T 17,102
kg/ha® oF|Q 2lo]TIekA-ALR-8 B TN A Yehdtt

(p<0.01). SA-HA MNEAEL] A% CP $5(p<0.01) E TDN
T (p<0.05) EIF o[Tet Zo| IpA-ALER B XA =
Ut Yang et al. (2012)i= ZHHA] EYo|A 5A ALRAEHE
g, 37, o[=EQt gjo| 12t 9] SAE(SHA ARAR)E &
T} xSRI WS AHl Al DM S 287 11,550
kg/ha®t 12,190 kg/ha® HIATSIOIET], 2 A7 ZojA SHA|
AlEAREC] DM £330} HWoI9kE o] Aleg- B9 £ D5
5| =okom AlE-g H9] T W] oR2S TRl & 4= Qi
TS SHAY =olA vigA 27t A AEAE] A4
Al B|X]= FFel ek st Aol ofshd A AEAE
He|o} QAR 5HA| AlEARE S50 DM 55, CP o, 1
23 TDN 2R 77} 10,051 kg/ha, 603 kg/ha, 1211 6,654
kghaO =2 2 A 23| AlE-§ W9 $FHt= Wil AR
1|Q}= B]S:5E SRS M 9Irk(Shin et al., 2008). wERA E A
S o R FRA|Y =ojlA] o[deet o] 12kt AlE-&

= Al AF FAE A Al 22 S IS S U2
Ao wHErh 2 AloflA 2 A W Bt =4 29k
A9k AggAtollA &1 gt HieF o] thE oM AlEAEEL
T} Bl o] Bt 52 HoHA SHe oY, &
I 59 lemgo] BRTt ALE-E #iet 2 Aufje] SHolA
7} B8} see e Al & & Qs AEg o St
A NEAEEA 8 7P okl AlEEE ERE Lee et al.
(2018):> AlE-& 1= 53 = Ao = AJ50] oot =
71Zto] ot tpfet AleAlEa} AEAAC] Addshal 5=
of|, o] A S At BA D SHAl AEARES] Y nSA]

Table 3. Dry matter (DM), crude protein (CP), and total digestible nutrient (TDN) yield of Italian ryegrass and summer
forage crops at paddy field in middle region of Korea

Cropping system Winter forage Summer forage Total
Year DM’ CP>  TDN’ DM CP TDN DM Cp TDN
Winter  Summer yield yield yield yield yield yield yield yield yield
(kg/ha) (kg/ha) (kg/ha)  (kg/ha) (kg/ha) (kg/ha) (kg/ha)  (kg/ha)  (kg/ha)
2017-2018 7,819 711 4,814 15303 1,907 9311 23217 2,548 14,125
F‘r’{é‘fe 20192020 7,474 706 4,780 17237 1317 12,148 24711 2,023 16,928
RG Average  7,647°% 709N 4797 16,2707 1,612 10,730 23,964 2,3217 15527
2017-2018 7,407 674 4,468 9,870 489 5,725 17,263 1,096 10,193
Barg‘l{jtrd 2018-2020 8,022 757 5,201 8,918 466 5,151 16,940 1223 10,352
Average 7,715 716 4,835 9,394 478 5,438 17,102 1,193 10273

' DM : Dry matter

2 CP : Crude protein

> TDN : Total digestible nutrrient, TDN %=88.9-(ADF %x0.79)

™ Means in the same column were not significant (p>0.05).

" Means in the same column were significantly different at p<0.01.
" Means in the same column were significantly different at p<0.05.
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Table 4. Feed value of Italian ryegrass and summer forage crops at paddy field in middle region of Korea

Cropping system Winter forage

Summer forage

Winter  Summer o % igP]IDMS) (%I\i]]]q)FSM) (%Airrl)lBM) (%TiEI\SM) % iEPDM) % I;;DFDM) % o FDM) % i I\1;1\/1)
2017-2018 9.1 542 322 63.5 8.5 57.9 35.5 60.9
F(r’fj‘ge 2019-2020 9.1 59.7 315 64.0 7.6 412 23.5 70.3
RG Average 9.1 57.0M 31.9M 63.8"% 8.1 49.6 29.5 65.6"
2017-2018 9.1 55.6 333 62.6 5.0 65.8 39.2 58.0
Bfn"?l{:trd 2019-2020 9.4 58.1 30.4 64.9 5.2 67.0 39.3 57.8
Average 9.3 56.9 31.9 63.8 5.1 66.4° 39.3" 57.9

CP : Crude protein
NDF : Neutral detergent fiber
ADF : Acid detergent fiber
TDN : Total digestible nutrrient, TDN %=88.9-(ADF %%x0.79)
DM : Dry matter

Means in the same column were not significant (p>0.05).

Means in the same column were significantly different at p<0.01.
Means in the same column were significantly different at p<0.05.
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3
4

71E IR W A g Batrleo] W2 SEARY
o= wSAZI7E 8%t B ARAlEe] dukt 2HAA
AHE fIste] Al Bl vis] T Bl s |7 o=
AR Al 17} BA] SHeld 2] € Ae= ddd
ot meb FHAY w=oflA] ogEet o]kt AR 5HA|
AfEARE I ARAARA AF Bl =2 ofgE]t ol
gh-AlEg B 29 o ofg] 2SS AEfEiE o R
Azt 7Fset ofgEIRt Blo| ek A-ARRE: 1] i Ego] 7}
s Aos oL,

3. SO M=E=E2 AR

BA AEAET oM ARAES AR ARG E 7t
ZFE9] A7 HX| = Table 49F At o[g2|et 20| 124A9] CP,
NDF, ADF, TDN #=R ZFt B3t 93%, 57.0%, 32.1%,
63.6%2 % UEPtom s AlEAkEe]| wE Aol glgith
Kim et al. (2018 dHA|Y =olA A= HE 58 T Afuj
H F52E9] AlETAel disl Barsieled], wEAl7of wE
oJgz|ot o] 1ekA0] Wit CP TR 9.4%, NDF:= 56.1%,
ADF:= 36.1%, TDNZ 60.4%% & A7419} &gt Aus
Bt} sHA| AlERES] CP T2 AlEg H(8.1%)7F AlE-g
1(5.1%) 20} =4 UEier A& 7He] feldo] oI =it
(p<0.01). TDN ST ALE-8 B 65.6%, AFE-8 1] 57.9%2 At
=& HojlA o A Ul (p<0.05). = AoflA ALE-§- H
O] FeA T2 A= H(dEH)Y AETHA] Bl Bt
CP 3RS 6.4%%, Bt TDN TES 60.7%FTH= Kim et
al. (2015)9] A543} Hrf oha =90tk ok 2 A EnE

uigor AR A} B ekt AR B} ol AR A
A2 gi8to] 5 AlmAlE ofeteleh 2ol 1ekAgt QA ol
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£ A FHAY =i 5A AEAES] o[gE|’t 2ol L
2pAet SHA| ALRARES AAISH] At ALY 9 ARZ RIS H
wsp7| flete] S A ARARER] o[gEet ol et
A FAofE] B35S ARSI s ARAER AEE B(Y
P2t Al S(AFHE ol&silh A7) A2 EAMY
= ol&sto] Aulisiitt. o=t glolEkAo] Hek AR
90.6 cm, DM 4=52- 7,681 kg/ha, CP TS 9.2%, TDN 3=F
2 63.8%30L, oA AlEZAREC] WE Aol VERER] Qlsith
SHA AEARES] 22 AlE-g I7t Aleg B Hoh =00, &
o)go] 1g=3dct. oHA| AEARES] DM, CP 12|11 TDN 45
2 AlEg 7L AR 1] Hot fejF o= = UERT) of
AEAFES] ARTHA ESE AR H7E AE-E TR A 57}
E3le} o] AE ol B o SHAY =ollA AlERE
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