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SOHY SEEY SUYH ZC4Y B BE
‘Geumgang 1’, High-yielding Tongil-type Rice Cultivar with Medium-late Maturing
and Multiple Disease Resistance

ZABI - DEG - HYST - IR - TR - UL - 0T -S4 - NSF - QR4 - 0[x|*
Sumin Jo?, Jun-Hyeon Cho', Yeongho Kwon', So-Myeong Lee’, Ju-Won Kang', Woo-Jae Kim', Jong-Hee Lee?, Dong-Soo Park?,
Dongjin Shin?, Ki-Won Oh?, and Ji-Yoon Lee?"

TSENISY IYAZSIY URSHUR Abstract ‘Geumgang 1’ (Milyang307) is a high-yielding Tongil-type rice cultivar developed
?féo(l:g&?m H Division. Decartment by the National Institute of Crop Science, RDA, in 2017 for the rice processing and baking
o0 1o TIeSEareh LMISIon, Uepartmen®—industries. It was derived from a cross between ‘Dasan1’ and ‘Geumgangbyeo’. The culti-

of Upland Crop Sciences, National Institute ; . . ) . : .
of Crop Science, RDA, Miryang 50424,  var heading date is on August 14 in the southern plain region of Korea and is classified as

Republic of Korea medium-late maturing. It has a culm length of 74 cm, 13 panicles per hill, 142 spikelets per
2%%5'%"8 nPATUSE 72 ER panicle, a ripened grain ratio of 78.6%, and a 1,000—grain weight of 23.1 g. ‘Geumgang 1’
Planning and Coordination Division, is resistant to leaf blast, bacterial blight (K1-K3a), and rice stripe virus but susceptible to

National Institute of Crop and Food . s _ . . _
Science, RDA, Jeonju, 55365, Republic brown planthopper. In regional adaptability tests (2015-2017) at three locations, it pro

of Korea duced an average milled rice yield of 8.17 MT/ha, the highest recorded among Korean rice
SERANSH IYMYTSIY AFEXA cultivars and was 23% higher than the yield of ‘Dasan’. With 19.0% amylose and flour prop—
Sangju Branch Office, National Institute  erties similar to those of japonica rice, it is well suited as a wheat flour substitute for bakery
of Crop Science, RDA, Sangju, 37139,  products and is recommended for single—cropping plains in southern Korea (Registration

Republic of Korea No. 7686).
*Corresponding to
Ji-Yoon Lee Key words rice, Geumgang 1, Milyang307, Tongil-type, high-yield
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A2 A AA A2 ZHE ool o= oEste Y AF Ader, F=E AT Tt VIS gl UE
= 7V A AT R ARt Agel HAl th(Godfray et al. 2010, Parry et al. 2004). 53] 2

YTt FA FE ST WEA o Tk AU FFH 43F R o vl FYs) 2751
o r= ARISter =ASE BEE AjEl Mg so= Isf B AjH) = W20
o=t A WA BuAY e Irjste 5 e 20 ¥ BB
M B2 I 2D 5 e AT 7100 disshy] A 7HE gAstal 2]l sjaFolti(Cho et al.
2012, Song et al. 2013).

197045 U Bl9] ke ) @ A el WSS o]Zo] A g IV o FYHOR Ylofsisit
(Song et al. 2013). 1990t &4t o] % =uff ¥ A7} Wt 9159 1FA YWt (Japonica) FF 082 N EHHA
20h/g Bol gt Bho] Al A5kl 2K (Cho et al. 2012), FA| B2 Aol AlAZQ AT o5 2 SolA
20454 E50] A= AL - 5YH 7L B9 FR317)7 YckKhush 2005, Yuan 2017). Erh4 He
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BYE SR A4S $0E Y 4 od 4P AFE FARL offet AR Z1oF 24 4D 5 HAAY
= 4 &Y 71&°lth(Yuan 2017).

o = Hfi F5eC 79 U SO I EAeu, i a0l B4 s FAEE ATt
UATHCho et al. 2012). TebA 7|& FFE9] TAE FESIL W T 7152 BAdT SA0] =8 Addt
AU/ Aulstol Al HYdS tE: PIA AN 2H4 F59 Aide] EA5] 275 ATHCho et
al. 2012, Song et al. 2013).

olo] m&%157% 5.@”3*49}% RS/ ROAE F - 2 BoFA| 124R] o] AG5hH, WeEdT HhHA
Sulgtog Y B £ & A= g 1 5249 817 kg/10aS FASt] ZY| S TS BAG BT
TS My F5U ‘%‘7*12(%1“307@’% 7S Th(Kim 2020, Lee et al. 2018). 2 =A== U = HA
T4 A E AR ¢tE gEo) Z|ofstaizt JidE F412Y S4 At 8 w94, WESA, AYds 2
7 S EAL B3R Sol(Lee et al. 2018).

E A7 2015~2017d 370ATE AAJSH
ZZO| A HE7| tha] AR TAPS o)
mHE5te] 59 25~3040] o] 43
18-9-11 kg/10a (Rt EFAH

=4

d - T 9 FE Hop a7 A(aF, WY, T, £ B X284l
3 e B 49 20~25Y9
(ﬂq /\]H]EOI:_S_ N-P,05-K,0 =

-s}aiu}. Jlet Al Bl BE R4 A% 22 wAH B4, 4% B4,
s

B, B3sl A8 % = 52084 i

ZIMATHRDA 2012). TA A=0] & l% ARSI, %710 Bl 207) Aol thsto] 7, = 2 —’F—’F%
S8IAT 45710 3575 AF5t 58 W FTHFE 2ABIALT, 100578 3WHEOR 35t J2FS
St 2t A= 1 kg AH|7|(FC2K, Kett, Janpan)2 A|Foto] FAv &S St F B2l st
dnlade AETHL olF 0.922 F9t0] 10 ad FH(HUDOR 4SSO, AddE dAvE o8t PSS
oI d2E$o e 59Y BE 535U THPS TAISKIT. 7IEF Al Helet 5 S-S fl 2 594
=4, 5 B4, A, Wsls A % FE B A s s lE dFRARRAIE | ARSI
AT AA Y 2AIE wet AAISH

o o

347) 9% 9 SR BT ofF Fhue) % Shist AW HES SREAlR Wt W AL
FYARILY EAEHL NIH AHAREGNA ANstech. S0 PP 39715 Ta 13C 274
109 4 Aol 9 WS 109] AHEI: W 50 2po WS 4] Y g% ol
5 20URE 547171 $2 17C, 54 5 cm 2N BH T 25AALS W JUES FASNGI ALl

B B
o T
100 38RO = 13C F27]A 1593t 245t 2AFSHA.
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=
A JEFOE N-P,0s-K,0F 240-80-120 kg/ha& F9101, WS SX14717] A3t oA %%(spreadeﬂoi
‘g o] &t F & 30% °1$°ﬂ oy HA471E FHOE RASHY =g AR HA 712 0
g, 1ovkEH e 37 H A 2T 2 Z—__}*—T.‘ ek 30 24 12 mmo] AFI| R 40 FF 1-2 mmA

73

B 3loutEr A3 AAL 7]12 A(Noh et al. 2003, Shin et al. 2011)E Fst] F& T+ é}é@(elip-in-
oculation method)2 o] Al8lo)| ARE-H Xanthomonas oryzae pv. oryzae (Xoo) K1, K2, K3 ¥ K3a #F+=
FENTH TH AL HoA —EOJ Hrop ARZSFAT ZF 5= peptone sucrose agar (PSA) BjA|o] = %‘3—5—@
T 28C AZA0NA 48~72A17F 53t A viFsiainh. v dAl= B SRTE °l8oto] dgeiion, 88T A
(spectrophotometer)E o]-&5t0] %< o O57]- 1 % 10® CFU/mL (ODgy = 0.5~0.6)7} EZE 5]A5lo] HZEYo=z
Ageteich. 278 ABel el HILEAo] 5 B2 274 G 3 om FIE 9129 HF5ATHKauffman
et al. 1973). HT& & 35 o] Z1Z9] A9 7W 1 HERE 2AFSEY] 5 cm o]skE AZ/I(R; resistant), 5-10
cm £ SEAFPAA(MR: moderately resistant), 10 cm A2 o]¥AJ(S: susceptible) .2 A A FAS FLE5FH THPark
et al. 2019). HIAUIETY 2 AFd AEAAY FS= HB1009 (K3a wA) #5F °]&st of AAAE 7€
AEoIAL, FHETF = 42 =014 oL AAAE At
STUQUlEY FHS BAL ol8T g AYUOD Holela BES WA U AT %o BEFo] SR
A8 WA B ABE WS F ol B o] B ekl o) A 74402 WyshelrkKwak
et al. 2007). QAL ARFRALE BN BEFS FFolo] voleiay Ay dnF ol94 BF 2L
umslo] AgSech AT U ofET Ay AR M ¥ 2 239710] R} TS BEete] 44
e BEQ AET 0] TN Fol WE ABL AP Feen B,

4>
o
_?_‘
2
_r;

drjol AY 542 AR A A4 dnl 2030 Histe] #yof A2 (Mitutoyo, Japan)E ©]-85}0]

4oj(length), F(width) % F7|(thickness)E 0.01 mm D7kA] St &, do] o 9| vz dv| FFH|S
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= 1 kg2 YHzH4] Fu]7|(FC2K, Yamamoto, Japan)& A|&@3le] @u]e}
FAE Bk, Az Sl et dv] S MESE A@E(%)S ARSIt AldE Avls vpE4] Agn)7|(ve-3e,
Yamamoto, Japan)g AM83t] EAE 128X 2 Fusiolon, Au] F%F tiH] wWu] FFo) =&l AUE(%) X
AE FF dib) Ho) S0 vl Zkzt Sotgiek. div] o] HRE%) B A& FETIAETIES
grain, Korea)g ©]&sto] FLstA &5 - SHsI3ith

win] Hj8-9] U7leE]E T (Alkali digestion value, ADV): Little et al. (1958)2] ¥ o] whe} ] ¥ 642 1.7%
KOH €9 10 mL7} 971 #]A o AR|5}L, 25C 37|04 2447t 9 Uk 4|71 & &eto] By HLE 1 (B3
EEHRH 7 (&4s] SHB)7HA 794 4 FFoE B7le

0
H
oX,
i
R
o
J

Zh A (%) Micro-Kjeldahl®(Kjeltec 8200, FOSS, China)2 ©o]835fo] A5 Rz BA7|2 24
S ST T, ¥ AE da-dwmd SHAASQl 5955 F5t0] AFESHITH(Kjeldahl 1883).
u

ofgl 2 A eK(%)2 Williams et al. (1970)°] 8 Q& v|MWo] wal 2435199k A= Wu] 7k 20 mgo] 0.5 N
KOH €94 10 mLE 7}ota] &=2] $38HX]71 &, 0.1 N HCl 894 5 mLe} R 0 & AJ9F 0.5 mLE AH7}oto] AAIFTH
E353 A|(8452, Agilent Technologies, USA)E ©0]-&3 680 nmo|A SJE=E &3t F, &5 A ofdzA U
oluzHE FFHoZRE ofNzA TS AL

EA X2 (Statistical Analysis)

2 Aol A 8 594 FE E 7 549 BAHE 7IEsANCE 4Eellon |, #F HiH| F53
oA AL SAS (Statistical Analysis System) T2 138 0|83} rtest (E= ANOVA £4 & 9 o534,
DMRT, p<0.05)5 AAlsto] B - A5kt ERL AR 7] 4w T W H| W E fIsto] & &4(Principal
Component Analysis, PCA)Y} 544 E232](Statistical Quality Control, SQC) £4& 495}

[o

o
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FHEE Zredold] WER U BeEA W B5e 4% BH0% 20074 sHAo] BUY 2ok 5
NS BEOR 1 B4WE REow JFWU(YR28124)5t0] S4E EFoltt

ABSEHE Bto] 2014-20159 PAHAHA NN 24T 52 SHo] 948 YR28124-81-11 ABL
Arsto] Wok075 'R AEES HolsITt. 2015ERE 2017d71K] 374ZE 340K AAIE AHAY Az

Sepgat WEs, Bpgdel 95Ee] 20179 129 BAE AR8H AESHYIUI FBEEY FEo=
HAET B7H 2 stk Figs. 1, 2). B0 THo|N ] 233} @rl, Wn] we Fig 33} Ptk 2L
WS- olAbAlolH, Qere AlEuo] okzt k.
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Fig. 1. Pedigree diagram of ‘Geumgangl’.
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Fig. 2. Generation diagram of ‘Geumgangl (Milyang307)’.
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i}

£47| 9 X 5UH E4
FHEY 5471k B9 B 9 Bobd] 1E7] chilguel Bt 89 14YR FREFY THELE 7Y R
Bt Table 1). 42 8ol Y'Y ZRolck 142 74 e ChiE) et S 2 cme]ck(Table

A TP B, $E4E 142712 13719 TP 351 Hot 459 23
S%u]82 78.6%010, ®n] APSL 231 go]HTable 1)

Table 1. Major agronomic traits and yield components of ‘Geumgang 1’.

. Culm panicle No of No of Ratio of 1000-grain weight of
. Heading . . . . .
Variety date length length panicles / spikes / ripened grain brown rice
(cm) (cm) hill panicles (%) (g
Geumgangl Aug. 147 74" 26 13" 142" 78.6™ 23.1™
Dasan Aug. 7 75 25 12 113 81.2 24.7

*: significant at 5% level, ns: no significant.

A YA E A4 2 A Eae 159, Ut dAES 28.3%% WA oFgt Ho|tK(Table 2). &
J%Z %o mo|tKTable 2). T2 Ta EAJJA W77} 93 cmZ 3 F-E0] 1,383 g_E
1112 ‘TP 1172t} Zrop A} Eo] dRAISER] QkQFti(Table 3).

Table 2. Abiotic stress response of ‘Geumgang 1.

Cold tolerance”

. Leaf senescence Discoloration” Viviparous germination
Variety .
at maturing 1~9) Heading delay (day) Grain fertility (%) (%)
Geumgangl Medium 7 15™ 28.3™ 5.7
Dasan Medium 6 15 41.7 7.2

“Evaluation at maximum tillering stage (1: tolerant, 9: susceptible).
YCold tolerance was evaluated at cold water (17C) irrigation nursery in Chuncheon.
*: significant at 5% level, ns: no significant.



of
ra
0x
I
el
=
0F
0x
ofm
e
ogr
Poi
o
4>
ox
&£
ol
oy
fol
w
00
ol

Table 3. Major characteristics related to lodging of ‘Geumgang 1’.

Varie Plant height Third internode length Breaking strength Lodging Lodging in the field
ty (cm) (cm) @ index (1~9)
Geumgangl 93" 10™ 1,383"™ 111™ 1"
Dasan 99 9 1,479 117 1

*: significant at 5% level, ns: no significant.

o]2 Hio] ZFohL, HiolHAR A EFH ARl A S

FhoE A= 127H’\ A= W] Ao BFE A3 AGAS UERIOH (Bt 14), ZEFHL A5
3 9 K3a g <
= At % AP AAGolA ofE ol Aoty HETole Ze/doldnt

Table 4. Resistance reaction to blast disease and bacterial blight.

Reaction at blast nursery test”

Baterial blight

. y : 3 X
Variety Number of tested sites Neck blast (infected spikes, %)
R M S Mean Milyan, Icheon Tksan Jinju K K. K. K.
0-3)  (4~6)  (7~9) yang J ! 2 : n
Geumgangl 12 0 0 1.4 0.0 0.0 0.0 0.0 R R R R
Dasan 11 1 0 1.6 0.0 0.3 0.0 0.0 R S S S

N fertilizer of blast nursery test : 240 kg/ha.
YR: resistance, M: moderately resistance, S: susceptible.
*N fertilizer of neck blast : 220 kg/ha.

‘F7415°9] du] Zoj&= 575 mm, & 2.66 mm, FZH| 21602 THAF 2173 AR Gy 4F EA4S EQlth
AFELS 81.2%, EHES 73.5%2 ‘THF 71.3%HT} =0t G EAL ofdZ A SHgo] 19.0%%2 HE $F0|H,
Zhd oFgE 6.2%%2 THF 7.0%5t Rot n|d E/Jo] S5iti(Table 5). B71F 715 A4 B7IolA S22
A2 4 &4 AR ®rl2o] ofh g A o] 22} 18.09%, 19.26%%2 ALEU7L YutA W72} fASle] T3} &
A 24 = AHE AL ASHEEZH7|(RVA) B4 AT}, H T - T} 3,485~3,492 cP 42202 =o} QUulA

£ol 5t oot A EA4S How, A4AR B71Re SAAIR B7HE 2He] ERlgketd E4 Apol7t
A AF H AR 780 2A B8 IRV e w2 AoE HIHEI.

o rlr

_1

Table 5. Grain quality of ‘Geumgang 1’.

Varie Milling recovery Length/width ratio of Amylose Protein Alkali digestion
&l %) brown rice %) %) -7
Geumgangl 73.5" 2.16™ 19.0™ 6.2" 6.6"
Dasan 71.3 217 17.9 7.0 6.1

*, Significant at p<0.05 and p<0.01 by t-test, respectively.
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2014~20154 27§d7F B57] ofe] ez AASH AR AAAY 2T, F7015°9 Hi & 2 727 kg/10aZ2
E FF2 THF 646 kg/10a TH] 12% S5EUTh 2015 RE 2017971 37HEZE AAGH G H-GAE HE 7
o] Zju Ak, SOk 820 kg/10a, F'F Hof 816 kg/10aZ 3W Ht & £ 817 kg/10a (8.17 MT/ha)E
71Z3t0] |z ZZ9] ‘TAl 667 kg/lOa iy 23% S5EE 89S 7]%6}‘2"14(Table 6).

Table 6. Yield of ‘Geumgang 1’ at local adaptability test on Ordinary season culture (LAT: '15-'17).

Yield of milled Yield of milled rice ‘Geumgangl’ (kg/10a)
Culture season” Tested site Rice ‘Dasan™ } ) ) Mean Index
(kg/10a) (B) 15 16 17 ) (A/B)
Honam plain region 1 653 795 859 807 820 126
Yeongnam plain region 2 674 772 826 850 816 121
Mean 3 667 779 837 835 817** 123

“Yeongnam plain area: Miryang, Daegu. Honam plain area: Jeonju.
YDasan’ is check variety of high yield rice in local adaptability test.
**: ns: no significant at 1% level.

XSXI L B RO

T F - T BoRA] 154K A3dh= TLY HB FFolH TLF 5 S B 58 FEeA
2710 RW71E e&sfof shH, 2o +F2 FEsP] ) J-E}—HH = Al ABIHN-POsK0 = 189-11 kg/102)7}

F—?L_l

A RSO mE BT Eo Dok, A4 WS S} NS A B4 AL, 22 U 43 W)
Ao 4 QomR By 3P AMS AA|stok de. Edh, v AEe]2(Mesotrione) B HH|Afo] ZE (Benzobicyclon)
R PRI AZAZ AT A9 FE A U Wek WA U T A AT LASIER T A2AY
A48 4] Folok Gk Widgel tha OFF WolDR W4 §EF 5 54 A9 L o Mot Sese AL
RS wofo} s, AW WE WG A 25 A, £5 L FoiF A AR Y 2P AE so}
sfo, W7 Sl oSt A7) olF 2 s|E WA Bast

(¢}

ﬂJl

xQ
2 AN AT FHE(P07E)E $EATY FTYAFHRY THBATRAN A5H 5H WA
ast st sk, V& Zukid we) Suy WAE Fustel B} A% RS Hus TEshaud
201790] £ FE I AT FPYS FYY FWNF o BFolch
FHEE T NS TAYRBIAT F ATLFUL AH Ao, 20152017 A H A
A

Hopx] 7|& 8¢ 14Yo|th 7HY 74 cm, = 26 cm, FFES 137, $FESF 142709 =5
2 78.6%, @1 AHPSE 23.1 goloh. FEF(1,383 g)o] Fsto] 2 =5 AP0 Jﬂ“ﬂ
, SATEH(K1~K3a), EFH AP 2 ofEgto] At EFARES HRlth dn| AFH= 2.16, A

2 ol 244 +F 54T HERA ¥ SIS 95U AEToR SEH9h
=
o



FFS 62%, oFURA FFS 10.0%2 ALUFL LulA B3t SARE B E4S AU
8] e e AQAGAT e B 817 kef1oaS 7| Eote] EER TP 667 kgioa o
A%

23% Z4ET. ol FAIEo] AW Zriey vlo) S YA IAS IO FAT U, BESE T
5 BF B VY RO S WSl TER A A BEE IR oA B - 594 oo}
s 2

A @G - 29 HokA 122 A ot} ey} FoH 0B = HAEF]2(Mesotrione) H
(Benzobicyclon) /J#9] A=A A& A o7} LAYSFEE AHE-S HAS] FofoF ot 5Y Sl 7] o]d &

204 B3 78 AHE E40)oF i)

1

[¢)

ALAL

H =72 528 AAREAE: Y 2 58 A4S ¥ 3571 ARISE IR S RS-2026-02215005)2]
A Qo] oJ5f| o]Folx AY. F7NEE 840 o] = FHolo] A FHA S ES7 e} SHAREATA
B2 2 & 5d7led MAGESAY BARET 5205 ATHAT BT oleBEA 2L ke Sat,
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