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Application of Italian Ryegrass-Rice Double Cropping Systems to
Evaluate the Physicochemical Properties of Soil and Yield and
Quality of Rice in Paddy Field in Southern Parts of Korea

Seo Young Oh*, Seong Hwan Oh, Jong Ho Seo, Jisu Choi

Paddy Crop Research Division, Department of Southern Area Crop Science, National Institute of Crop Science, Miryang
50424, Korea

Abstract

The physicochemical properties of soil and the yield and quality of rice (Oryza sativa L. cv. Sailmi) were assessed using
Italian ryegrass (Lolium multiflorum Lam. cv. Kowinearly)-rice double cropping systems in the paddy fields at Goseong and
Miryang in southern Korea. The average temperatures during the ripening period were approximately 1 °C higher than the
optimal temperature for rice ripening and the sunshine duration was reduced by frequent rainfall. Consequently, it was slightly
below the optimal conditions required for rice ripening. In the soil at Goseong, winter Italian ryegrass cropping increased the
pH, electrical conductivity, and the contents of organic matter, total nitrogen (T-N), available P,Os, K, Ca, and Mg than winter
fallowing. Particularly, the contents of T-N and available P,Osincreased significantly. In the soil at Miryang, Italian ryegrass
slightly increased the electrical conductivity and the T-N, Mg, and Na contents. Therefore, winter Italian ryegrass cropping
improved the physicochemical properties of paddy soils; however, Italian ryegrass-rice double cropping slightly reduced the
culm length at both Goseong and Miryang, without markedly changing the panicle length or number compared to fallow-rice
cropping. Furthermore, at Goseong, Italian ryegrass-rice double cropping slightly decreased the spikelet number and milled
rice yield, and increased the ripened grain rate; however, at Miryang, contrasting results were observed. In addition,
fallow-rice cropping revealed no differences in the head rice or opaque rice rates. The protein content was slightly increased in
Italian ryegrass-rice double cropping, without significant changes in the amylose content or Toyo value, compared to that in
fallow-rice cropping. The peak and breakdown viscosities were slightly decreased. These results indicate that winter Italian
ryegrass cropping might alter rice taste but may not exhibit remarkable negative effects on rice cultivation. Therefore, Italian
ryegrass-rice double cropping system is recommended for paddy fields in southern Korea. Nevertheless, to increase the rice
yield and quality, fertilization standards for rice cropping that consider the changes in the T-N and organic matter contents in
paddy fields caused by winter Italian ryegrass cropping need to be established.
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H(Oryza sativa L.)= Z(Triticum aesticum L.), =
T(Zea mays L)} A AlA 3t AlFalE 5 sh=
S0 Al XS 7L 9lom, LRUREE HIRES]o
opxJo} X|fel] FAL0 R Y o] gHlaL 9l Fagh
Agolc). Teju S AME Qo] wisjel clite] 4)
% 2eulsiglo] A wislalod 4 40} Ao R 7
45131 lo] o= 1] A HRle] AR ololA B &
F2)7} 9AYE] a1 QJrkKim and Chung, 2020). Hlo]]
85 Avls Z7RIEA AlRS BRet 2R T1AS
AL Qlo] AL §F RS Bt ALRAE
& QAR ebs Tefgk Wk gk

H2 GFAY) B ZAR AFE L 9150 1
53 & olgdg|et glolaak(Lolium  multiflorum
Lam.; IRG), &Y(Secale cereale L.), F|2](Avena
sativa L.) 59| AlRZAES AL A= o|mzf
ARAA} E4H5 7S FALOR 0|Fof |1 YUrklu et
al., 2012; Ahn et al., 2019). E3| oJ&z|et glo| a8}
£ Follol= 28l =2 A% o8-S flal Het ZRAA
£ AL SAFs7lolA AR S Hol AL QL
o}, AERARES] PRl =ol7] ffel FolE Blmy
B8] 5o Qlef A W Had f71E ol okA
ol=3sfl v Al Al m]A Asf aQlow A-gsk 4= qlk
(Jeon et al., 2005). AA|Z B Q122 o]gT|Ql go]
JRpAE ARt 3 XSt AFET|E wefisk] S8l
T1FE7] H)8 Fa 30 kg/hath ¥ AHRA] SEEAH]
o oJsff 7[r|Ea: 100%E A&t okt Uit =5
o] oplEo] W Sifo] ZAE|QItk(Song et al.,
2011). 2T GF GHEAO A= =] APdeeAE A
Aolal FAER HE AuistAY B HHERE, AR
2z 5o Ak 2R ElollA ol o3t B
A2, v As} 5 ARl o] Al thiREar Sk
(Jeon et al., 2005). wapA] AFRZE AR} o] ¢F
FHoAN M40l v RS SIFAE EOF U 2
20k 9712 P EARL kst AR A A
oFRTIY| eto] BT A0 Helk vkt ko
2 30| FAo1$EEE fol7] Slote] ARAHE A7}
723 713k A0 Kol uf, ARAES At o]

T 2 Ao ) AT 4 Gl BAES A

oz Hed) & Zdark ok

ShE, TR = s o=y vhde 7Y
oAt Aekd Al RM2062 o834 43] o
e ofrioke F3l 201 1ol S5 FFolthLee et
al,, 2015). A= 2 v oz 94do) 1A
HARE o2 9 siEolle ot B Ad dnsE
thAste] def HaEglem, 2018~20194 = Afuj
H2|(10.7~11.4%) 2] 3915 AAJSHAL QI Bl Af
Anele pElEe 2o e A e it #of
7haoll thet Al do] 2 FF50 8 Aol &
o] A=) QlekKim et al., 2016).

ujEba] 2 Aol FER o] gt Wk =
of o] Q efo| et 1 o] rAl AR Ao A EQk
/49] HIFE HISEsto] Ajdu]sie] At n)d E4
H7ksk%ick

o A r

o= oj=ejot ejo]zekA(Lolium multiflorum Lam.
cv. Kowinearly, IRG)E Aulish= A2E F2bol 374
< SIQic ogE|ql golefie “Hofe” FES
20199 104 5of| a/dx} ko]l 212t 4 kg/10a A
Tslglom, H|EE N-P,0s-K,0Z 14-15-15 kg/10a
TR ARSI EE F 20201 59 o st
a1, ZHYE B E29] “AJgn]’(Oryza sativa L. cv.
Sailmi)E 54 28 o] 0|53l o, 94 ol 5131
ok W Al Al AJEJEES N-P,0s-K,0Z 9.0-4.5-5.7
kg/10a =02 ARSIl on, 7]ef Auftele s
374 Aol stk

2.2, 71MEtd

25, G, A9 5 H YARES FAR
Aol A S-g3tal Q= WFR|(N35°497 147" E128°
74’412”, 8 m above sea level)Z} 1A= (N34°84°
541" E128°43561”, 20 m above sea level)2] 74
oA AT717KH2019E 9€~2020d 9%) H<oF =A3H
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2.3. EY9| o]3lety EY BN

BopA| i ofgtelol glo] Tekas 4t )
s=ollH 22t IO, 1] gt Fol 2izte] g
ool Afsle] ojsfebd B4 e olgsisi) &
OFAH=(pH) 2} 4714 == (Electrical Conductivity, EC)
= B S HIE 1152 o] AR 59t XA
71 3 Z}Z} pH u|E|(Five Easy Plus FP20, Mettler
Toledo, Greifensee, Switzerland)Q} Z7]H==A)
(InoLab Cond Level 1, Wissenschafilich Technishe
Werkstatten, Weiheim, Germany)S o|-83}o] =45}
It BEOF 17]=(Organic Matter, OM) 52 Tyurin
H, 22 4x(total nitrogen, T-N) $=E2 Kjeldahl ¥, -5
# 2lAKavailable phosphate, Av-P,Os)-2 Lancaster
o <Js HMA(UV/VIS spectrometer Cary 100,
Agilent, Santa Clara, USA)E ARg-5lo] B43190cE &
F U ®|Ed oFol(K, Ca, Mg)> IM Ammonium
acetate (pH 7.0)2 F=d}o] fedtEei=n) Uy
TA|(Inductively Coupled Plasma Spectrophotometry
-Mass, ICP-Integra XL, GBC Scientific Equipment
Pty Ltd., Victoria, Australia)E o]-85}o] EA4513c)

24, 4% 54 U 28y TN

Bo] s SR 4719 IV, 4 e A
E=E AR O, W R S5 540U A A2
£ Esl S 558 WS Wulede
ARSI o] effa] 5442 STE7I(RN-500,
Kett Electric laboratory Co. Ltd., Tokyo, Japan)E ©]
ga1o] Z2Aslgick wiule hau|(elo] 7iEslaL 7]
o] gl 4, FAPA(Au], Hjn] 9 Gul] 5 9|
0] 172 oio] BAFHRl ), FHYEI W, A=)
(A ) oz TR
QAL A7)0 et Al

= Ex]O = & 2
ol 542 s=A8H

2,5, Wo| izl ojgzA gl fE F BM

o] chilz] opfg A dl il FIRES wiu| S ALGS
o] Z7s1Glct. Tl FRk2 Micro Kjeldahl A475F
HE AMSSIGITE S, WnlE Eaffsto] A= 0.5 g5 A
3] A8F 3 Kjeldahl 2330 YW1 gt 2FAH,S04)
|H 20 mLe} FEA3.5 g KySOs 3.5 mg

=

-

Selenium (1000 Kjeltabs S/3.5, Foss Analytical AB,
P.O., Sweden)] S D& 3 400C A 2417 2k 3
3t 3, AFs-E94](Foss Kjeltec 2300, Foss Tecator,
Huddinge, Sweden)Z o]-85}o] Aaksloich opd=A
A2 8ot HPAARRHo| w2t 3RkERo = S4519)
ChJuliano, 1985). 2, 0.1 g2} W] FajA| 2] 95% o]
g2 | mLe} IN NaOH 9 mLE 7|50 Agfakesz
oA 10:22F SoPAR] % SR 100 mL2 Agiek
7125 mLoj IN acetic acid 1 mL, 2% L-KI 894 2

£ 7RI & $H4E 100 mLE UE o 202
UV/Viz 3353 7|(UV2450, Shimadzu, Kyoto,
Japan)E o831 620 nmojA =S SASIUTE
HEFEZ 25 Potato amyloseS ARE3Io] Al 24
3 oftle TR MBIl 48 TR BEaE
Z77](Riceter-M, Kett Electric laboratory Co. Ltd.,
Tokyo, Japan)& o]-83}o] =435}t

2.6, ‘&l Aln|zint 33t Hx £

Toyo AlAIZES: Hle] 7141 710] 2t 4 Qe
palatability £4°2 Toyo meter (MA-90B, Toyo
Engineering Crop., Tokyo, Japan)E- o|-8-3}0] =73}
Rk 5, Him] 33.0 g FFste] 80°C2] =0k 102
7 25 3 4RO 3ELHES 591 vo] Fwlo]
A= 871418 ek 4ol 53 A 54 A
X T==AA(Rapid visco analyzer, RVA 4500,
Perten Instruments, Australia)S -85} =434k
2 3.0 go] ] B RS BAHg 4710 Eelakn
25 mLe] Z540] FAIA S0CAA 157 A1)
% 50TolA 95T7HA] 4.78 F2lof| A5A17]131 95T
A 2.58 7 AT 15, ThA] 3.7 51tol S0C=
WZA7IHA He £ 2RI & A3 AR
of 133 HERA AY T 27| SHLE(pasting
Z| - % (peak viscosity), A=
(trough viscosity), ZJZd%(final viscosity), Zd5F%=
(breakdown viscosity) 2! X|HFH = (setback viscosity)

£ k=Sl

temperature),

2.7. SAEN

HE SAREA SPSS BA w717 18.0 (SPSS,
Chicago, IL, USA)E o]-83lo] 435|310, AdS
Eoto] dojdl A FEEE AR UEiglar
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A Iu =] BAREA 9 Duncan®] TEAA(p < 0.05)2
BatA] 1ke] oo thgt ol dS Askich

Lam. cv. Kowinearly; IRG)-H#(O. sativa L. cv.
Sailmi) o] =2} A AE 485k = AYeA] Q2] of
7] SR |25, G E, A 35 dxA
7hel 4 WskE A EIT(Fig. 1). o[ge¢t gfolL
kA AEi7172019d 109 54~2020 5€ 10Y) 5
Qr] 7|22 UH8.6C)t 114(8.8T) Tl Afo|7}
UL, FE2 1eFo] 1.6 m/sec= FE AT 2HA 0
ol om, 11782 2.3 m/sec 2 FE AT 3tA0l
Gk 73 UFRAZES 1317-1397 hr2 314Jo] T}
2 AR A Zhol] & A7k ek W ARz IzE
(20204 59 289~20201d 9¥ 30¢) Ft] A7
& 9UH23.9C)0] 179(23.3C) Hrk tha w3k, 3
A71-(dF 20.0C, 114 18.9C)3} 2|ar7]-(deF 29.
0T, 11/ 27.60) % B5 =30ttt 5 71X g =
T A B 80%E A3Istelom, 9717k 7T
e)o] A/J(49Y) Hrt Wotour 4 Zkeeke 25
1oK1024.0 mm)o] 114J(1422.5 mm) Er}28% A
om, F A HE 7Y e 9 Sol HEA o
okt 452 1eko] 1.3 m/secolH, 11/d2 o]kt ot
A =2 2.4 m/seco|th. 1.1~1.7 m/sec oJ5}e] A=
AL B B RS SN B ot 2k
w2t ol I AT A= o] WelrF sl Ao
2 AR Qo AL F<40] 1.7 misec 04107 o}
% oY, =5 Foll ofRh 4= At g2 71 A vk
5ol ofaf mdolle GRS v AoR KRl =4 o
ZAIEE-710-720 hr2 A& Tkl Zfo] 7} GISiT

HO] FPE7 59t 27 F oA AdtA 0.2 1 9]
A5 S A A| Bl=t(Sang et al., 2018), A5 27|
O] 1122 R} QJo) AAS: ZXISAU R S E 5
7WAIA B 5= A0l 34 RS = 4 oL, s
TR0 R S5 |7 ohas webd 4= Qo 1 A4
Y71, 53] 5710l k2ol wiztsio] E2loll Sfsl AY
Akgo] A F4asl= 52 Tsl7t LERdth(Prasad, et al.,

O

2006). 5] QLS 7VF AL Z4- T 4001710] 95y
7120 20-22C oL, URARKS QHF TARECR o

7| QITHRDA, 2012). 7t i wopx| o] 7.9 527
(8 202-99 302 402 2t0] By |- Mg St

o 1T A 9k URAREE A% TARIOR T 1
280X mA1A] Fedle] ANELO R ol i 2]
270 epgk

3.2, EYQ| 0|5}5M EM

Aot 2] A9 W =0 B S4S HY,
pHE} K, Mg, Na §eke 11/dx|do] Hefx| o] H]s
=11, A7)t fa Sk Eoko] A VeIt
ojgE|t glo|TekA Auf - 3144 9) =E ol = 5
=] v]al| Na gteo] ok Wobxld] vlal, pH, 7|4 %=
T, s AEA, fa4L K, Ca, Mg o] B5%
A F7stsict Teiu, oA F78=oll Hlsl
71E, fradhile] thas Wopglo, 71dewEel HA
25, Mg, Na 3] tha: S7Isi9lt) o|#fet A= o]
S|t go| ek Au & HE Afufsioles v B =
2ol 3sha] BAdo] ZiE 4= Sl Holaal 9l
o} T12)aL, §78 5 v Al A a/dollAd= pHeF Na
Zo| Wolx|al falit gieo] F7siek 1R o]
2ot glol1eks ko g viE AulsiolS woll=
pHe} A7) = gt opuet B W B 7w 3
Fo] st vhd, defolls= v ths Aufo]= o]
S|t glo] ek $2F B Ajujol= F A9 HiRollA
] Zfjal) 13- 7hof] tiR-E 2 2jo] 7} $iSic(Table 1).

ekt g A A o] E9ke] E4JS vl AulE f1gh =
EF] AA7IHNAAS, 2010)2 H|wslo] Hke: uf,
K 3Fe & A9 9] m= 27lolx] 2% 7| HIfE &=
Fstglom, fa ik /AgX| o] F7 Fof o]t
go]1ekA-H AAF 5 A|efslal R A 7]
£ Z2slie). 53], /A9 H QIR R o]ge]
2o 1ekAE Al =EollAl= pH, F715, 738
4k K, Ca, Mg $o] 2% 715 s =2A 25191
o}, /gt U F A oA 3EHO0R 5 5 v Al
A A|gEo] ZH2} 26.8%, 23.7%21d) Hl5] ojgkz|et 2}
o] 1efA $AR0 & WS st wolli= 212t 47.5%,
29.2%= AHa 7L mol(Ho e nlAA)), B o] FUAY
7 = Al o[ 8 AU Tl ofsf -4

(HA oA )
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Fig. 1. Changes in daily air temperature (A), daily mean relative humidity (B), precipitation (C), and sunshine
duration (D) in the Italian ryegrass (Lolium multiflorum Lam. cv. Kowinearly) and rice (Oryza sativa L.
cv. Seilmi) field during the experimental period (September 2019 - August 2020). The arrows in (A)
indicate the days when Italian ryegrass seeds or rice infant seedling were sown (or transplanting) and
above ground of those plants were harvested.
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Table 2. Comparison of growth of rice (Oryza sativa L. cv. Seilmi) grown under different cropping systems in Goseong and

Miryang regions
. . Culm length Panicle length No. of panicle
Growing area Cropping systems (cm) (cm) (ca/plant) SPAD value
Fallow-Rice 76.7£0.4°” 21.3+0.2a 22.840.7a 34.5+0.4a
Goseong .
IRG-Rice 75.1£0.5¢ 21.5+0.4a 22.840.8a 35.1+0.4a
Fallow-Rice 78.5+0.5a 18.5+0.3b 17.7+0.4b 32.4+0.4b
Miryang .
IRG-Rice 77.3£0.7ab 18.5+0.4b 17.2+0.5b 33.1+0.3b

“Values are expressed as means =+ standard error of 30 replicates.
Significant differences among treatments are indicated by the different letters within each column (p < 0.05).

33. &7 ¥ 27| EY

57 F o] Ao} ofkelol efol 1ok TR0 v
Al A] B TS IR oA T 0L 4,
S, A wlopur) oA 3 Uehdeh, <
AR 718 oferelol gfol tekn] olmal Ay
A) ths Yoo, 494, 4, AL ofgkelok 2ol
T1Efs Al of o] whEba] fou|gt 2jolE HolA=
ISJEHTable 2). ¥1o} A 5ot 7} ol
W ovle] A8 Swsh webA] Ed(Sang et al.
2018), Fig. 1A0||A] AHi uiel Zro| Wefo] /g
s} 27} o o} AARS] 7FS] Ao ofo]
e Ao eIk el Qo) ofe] AL
ol lofrl= argo] ofsf) AlsE Wol %7 %2 Y
QollA] 4t S L M AR W), LET
uighd stollA AulE o) 24 wsloAE 7] R=
HOp+3C & 2% 2ok 24o] ZA fo-2
5} 5 57 AR} oA} ok 43T 8 5
220]| 2J8f) Alsfiwh= 2oz Hark vl QItH(Oh et al.,
2018). A Bl Aol AlRNE= fitslr]of &
2977 7Y & e=m dA]aL gl=tl(Diker and
Bausch, 2003; Kim et al., 2006), Table 10]|A] A
Ble} go] 31/49] =R e Wefol] Hjsl] it f71E
Fleo] Aft.0.2 fpo} 4} 4ol SBAH 0 g
Slal POt Pk r]Hl A o' W)

e} ool Wil Ao ek ool 3t

lo

o]

[

on|, SRl WEAYES T 7 Lhetdc
e, Aol Wl S el

S B oA v mfon, S5EL olgEYt 2

o] Tl AR Th 8 02 Lepgey 1
FollMl= S50l B THEoIA 2 vHdol| et
S HHS-E oETet efolieki-w AuigolA =3k
tHFig. 2). d2AG0] S7h= TFHTE S715, 4=
o ks WIS AJBIAl7 e 02 BT Hi(Lee
et al., 2014; Shin et al., 2019), X Hof|A =FH4=
7} 52 4 Fig. 1Do]A] Al nje} o] 547](8%)
204~9¢ 30)0]l W Kk dxAto] T 7] wl
o7 wHolrk vl Fig. 1AQ} Table 104 B}
of o] W F=57]0f Wkt Bt Wal Haet
712 e B A EH BaHoR 48aAL A
oz welck, i, Fugo] wek wrk elARo] Tl
AARE Wn|a2 05| WeF Kot Wol=d|

714:0] fl0o] F 4= Q)= Elso] "ok W} =204 7|

3.4, Yo 29| £4

2| ) ZREAAME R AY4kE W] o] FAS 213
o8 zAW| H(Table 3), 2bdnle] HIE-2 62.9
~65.7%= 2|9 Ztol| frejulgt 2tz glar, ZRFA|A
w2 Zjo] E5E Gloiet. e Ebge] ol A

HIA| S hof] v o] Hol=H] RS A
oA ol Hk 2ulf ol Wkt AAHE

o) BRI HaAlufato] Z7Hlo] et 7 1ohe
Zog ®H3% vi(Lee et al.,, 1984; Won et al., 2005),
2 Arola] AR oAl AR o] 2 A
Fig. 1914 547182 2021-9% 3020 o 34
= o] 749 Mol ke Ao] GAlste] Table |

oot o] a/gA| & W] EgellA WA ol w2
A 71Q1RE Ao = Heln). TR v Al |RFe<t Bl
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Fig. 2. Comparison of yield components (A, Spikelet number; B, Ripened grains; C, 1000-grains weight) and
yield (D, Milled rice yield) of rice (Oryza sativa L. cv. Seilmi) grown under different cropping systems
in Goseong and Miryang regions. Values are expressed as means =+ standard error of four or seven
replicates. Significant differences among treatments are indicated by the different letters within each

column (p < 0.05).
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Table 3. Characteristics of yield of rice (Oryza sativa L. cv. Seilmi) grown under different cropping systems in

Goseong and Miryang regions

Percentage (%)

Growing area Cropping systems

Head rice Opaque rice Damaged rice Broken rice etc.
Fallow-Rice 62.9+3.3%" 15.1£1.6a 12.3+0.9a 9.6t1.4a 0.13+0.08a
Goseong
IRG-Rice 63.6+3.6a 16.2+1.8a 11.2+1.0a 9.0+1.3a 0.06+0.04a
Fallow-Rice 64.945.1a 6.3+1.0b 15.8+2.9a 13.0+3.1a 0.04+0.02a
Miryang
IRG-Rice 65.7+8.1a 6.2+0.3b 14.443.8a 13.74+4.6a 0.04+0.04a

“Values are expressed as means + standard error of four or seven replicates.
YSignificant differences among treatments are indicated by the different letters within each column (p < 0.05).

Table 4. Palatability characteristics (moisture, protein and amylose content) of milled rice (Oryza sativa L. cv. Seilmi)

grains harvested under different cropping systems

Growi Cropping systems Moisture Protein content Amylose content
rowing area pping sy %) %) %)
Fallow-Rice 12.940.23%a" 9.25+0.13% 17.5+0.6a
Goseong
IRG-Rice 12.9+0.48a 9.50+0.20a 17.6+0.4a
Fallow-Rice 11.5+0.26b 7.19+0.08¢c 17.8+0.6a
Miryang
IRG-Rice 12.440.12ab 7.85+0.17b 16.6+0.3a

“Values are expressed as means + standard error of four replicates.
YSignificant differences among treatments are indicated by the different letters within each column (p < 0.05).
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