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Mixed-planting of two rice cultivars, HP (‘Hopyeongbyeo’) and NP (‘Nampyeongbyeo’), having a dissimilar
susceptibility to rice blast was practiced for chemical-free control of rice blast in the field. The HP/NP combi-
nation was selected for applying under mechanized agricultural conditions. Because they have similar genetic
characteristics such as seed germination and heading time, culm length, rice quality and size of rice grains
except susceptibility to blast. Incidence of panicle blast was reduced 50.4% compare with supposed blast inci-
dence by HP/NP mixed-planting when the seeds of two cultivars were combined 1 to 1 as weight. Supposed
blast incidence was estimated from reduction of rice blast caused by addition of a resistant cultivar NP. Race
diversity of Magnaporthe oryzae was examined for correlation with control effect of HP/NP mixed-planting on
rice blast. The population of dominant race KJ-101 was diminished and replaced with various co-existing
races and eleven new races were appeared in mixed-planting plot. Total number of race isolated from mixed-
planting plot was not largely different from mono-culture. However, detection frequency of the new race was
increased and variation of the population size of each race was decreased in mixed-planting plots. It was
shown that a biased community with a dominant race (KJ-101 or KI-181) was altered to a balanced one of co-
existing races. From these results, it was supposed that the balanced diversity among co-existing races within
a community might be correlated to control effect by HP/NP mixed-planting on rice blast. Further more, it
should be studied that genetic characteristics of the individual race including a virulence on cv. HP and NP
was examined for verifying a correlation of mixed-planting effect and race diversity.
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atod au ol GBS FESATHEE A 2006).
SSR-PCRS gDNA(5 ng/ul) 6 p/ol PCR mixture 14 p/
(10 mM primer 1u/, 10 mM dNTPs 2 u/, 10Xbuffer 2 p/,
Taq polymerase 1 unit, SDW 7.8 py& ti$t the, DNA
4L 94°Co] 5% B9t 13)815L DNA F&2 cycled DNA
A 94°C 18, Za}o|w annealing 55°C 1% % DNA &
Z 72°C 2% 2= 353 —6‘}1, HFH o 72°C 1087 4
A3kt PCR EEAHE-L 3% agarose gelollAl H719 %
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Table 1. Race discrimination of Magnaporthe orvzae isolates from virulence on eight standard rice cultivars

Race Tetep Taebaegbyeo Tongil Yushin Kanto51 Nongbaeg Jinheung  Nagdongbyeo

KI-101 1* 1 1 1 1 1 1

KI-165 1 0 1 1 1 1 1 1
KI-181 l 0 1 0 1 1 1 1
KI-197 1 0 0 1 1 1 I 1
KI-1113 1 0 0 0 1 1 1 1
KI1-201 0 1 1 1 1 1 1 1
KI-209 0 1 1 1 0 1 [ 1
KI-301 0 0 l 1 1 1 1 1
KI-317 0 0 1 0 1 1 1 1
KI-325 0 0 1 0 0 1 1 1
KI-401 0 0 0 1 1 1 1 1
KI-409 0 0 0 1 0 1 1 1
KJ-101 0 0 0 0 1 1 1 1
KJ-102 0 0 0 0 1 1 1 0
KJ-103 0 0 0 0 1 1 0 i
KJ-104 0 0 0 0 1 1 0 0
KJ-105 0 0 0 0 1 0 i 1
KJ-106 0 0 0 0 1 0 1 0
KI-107 0 0 0 0 1 0 0 1
KJ-108 0 0 0 0 1 0 0 0
KJ-201 0 0 0 0 0 1 1 1
KI-203 0 0 0 0 0 1 0 1

10: no lesion or resistant response, 1: susceptible response.
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<Row interplanting>

v: resistant, \’/ susceptible

Fig. 1. The planting features of two rice cultivars having different susceptibility to rice blast.

standard o ¥ WAl ZAAGHE H W d=gHe Ay

diseased rice leaf HP NP diseased rice leaf o 471]340] 7-408] o|Ato Z W who] Zrtstoith. H
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Fig. 2. PCR profile using SSR marker RM7076 for discased =% W DB BT}l 585%9 57.8%<] ¥ 2 A
leaves collected in the field. HP: ‘Hopyeongbyeo’; NP: “Nampy- o o - = o
cangbyoo’ 22 ne) AN no TR EHFoIAG. 59
S e A4 EPY Tee Het oS

3, Fig. 4). o]At=gHe 7 £ 3@ AR gl IFH ez B8 (Fig. 3A) &Aool oF
o] vl &2 ZA) 58 EAME & A 248-585% 3 EE e A EESS BYtkFig 3B). 28y

Table 2. Rice blast incidence by interplanting or mixed-planting of two cultivars with different susceptibility to rice blast in ‘Tipumbyeo’/
‘Samkwangbyeo’ (IP/SK) or ‘Hopyeongbyeo’/*Nampyeongbyeo’ (HP/NP) combination (2005)

Rice blast incidence (%)* Control value (%)
Culture type - . .
on leaves on panicles in panicle blast
IP(S)° SK(R) IP(S) SK(R) IP(S)
Monoculture 0.14 0 673 9.0 -
Interplanting (S:R=2:6}) 5.60 0.08 50.6 9.0 24.8
Mixed-planting (S:R=1:3) 0.55 (0.04¥ 9.8 (23.6) 58.5
HP(S) NP(R) HP(S) NP(R) HE(S)
Monoculture 1.45 0.29 93.5 48.7 -
Interplanting (S:R=2:6} 104 1.29 69.5 5.0 2579
Mixed-planting (S:R=1:3) 6.21 (0.58) 25.3(59.9) 57.8

*Rice blast incidence was calculated from lesion area on leaves of the whole and No. of diseased rice panicles.
®S: susceptible, R: resistant cultivar to rice blast.
¢ Supposed rice blast incidence in mixed-planted plot.

Fig. 3. Occurrence of panicle blast on ‘Hopyeongbyeo (HP) in HP/NP (‘Nampyeongbyeo’) combination (A) and collapsui plant of ‘Samk-
wangbyeo’ (SK) in IP (‘llpumbyeo’)SK (B) combination of the inter-planted plot and healthy feature of IP/SK in mixed-planted plot (C).
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Table 3. Rice blast incidence by mixed-planting of different mixed volume of resistant cultivar to rice blast (2006)
. ) Monoculture Mixed-planting (SD:GP=S:R)"
Rice blast"
SD(S) GP(R) 3:1 2:1 1:1 1:2
. 0.15° 0.13 0.10 0.07
on leaf (%) 0.1 0
o 0 0 0
. 7.0 6.4 4.1 3.0
on panicle (%) 6.1 1.0
0 0 0 0
Monoculture Mixed-planting (HP:NP)
HP(S) NP(R) 3:1 2:1 1:1 1:2
1.42 1.54 0.73 1.04
on leaf (%) 1.87 0.11
43.6 0 26.3 0
. 64.8 60.9 37.0 27.5
on panicle (%) 72.0 6.6
0 0 59 2.5
“Rice blast incidence was calculated from lesion area on leaves of the whole and No. of diseased rice panicles.
*SD: Samdukbyeo, GP: Gopumbyeo, HP: Hopyeongbyeo, NP: Nampyeongbyeo, S: susceptible, R: resistant cultivar to rice blast.
“Rice blast incidence in mixed-planted plot.
4 Control value = (1 - rice blast incidence/supposed rice blast incidence)* 100
60.0 BEBESER Panicle bla(examd.) 0.9 é:‘;—:] HHH 7]’ E’] _@1_.,}%—1?_ 7/\—9- /\gZ}E]Eq 5‘—:-6;_]_' ° }—‘—}and
[T Leaf bla{examd.) - -
50.0 ® - Panicle bla(suppd.) 08 Hgoﬂ QolM= EAH U= 25% el TEAA &
8 O Leaf bla(suppd.) 0.7 2 2 Ho(Table 2) 1 9] _ﬁ_ A thepd L o} 8-3 =g
EA N 8 B pagye 9e7 Tt wAE Aele a9 o
7 300 “. 0 zj £ Apgel Row WuHYL.
e @, . Ko -
£ "o - A FEo) UG G W =9 Y oA &
& o Fh wEAEs A Fabe EdAElEel =9
10.0 [I o1 W odhale galR oz AR wal Ao &3t
06 RENE V&g Yelsiod ol We W WA e ENE 2AS
HP100 HFt75 HPG‘{ .HPSO HP33‘ NP100. ‘ At A EE(TSH e G EH|ge] =
Flg. 4. Decrease of rice blast 1n01d§nce accprdlr}g to increasing o}do| whe} Wuro] 7aste] A TE %L 50%
mixed sced volume of resistant cultivar NP in mixed-planting of - P
‘Hopyeongbyeo’ (HP, susceptible) and ‘Nampyeongbyeo’ (NP, A sy TN S wW(S:R=1:1) ZrE FE4
resistant) (2007). Al A BTl e ¥ HAES B Y THTable 3). a9/
abbreviations: HP100/NP100 (monoculure of cv. HP or NP), - 210 N q
HP75 (HP: NP=3:1), HP67(2:1). HPS0(1:1), HP33(1:2). B e =9y Wy oA vs asEelelA A
F4 FEY GHHE 25%T EFBE(S:R=3:1) &
olg}et EAHNEL EFAMES FoEA Bad £ U T oA e BAlo] AidE AL JEEN
UKFig. 3C). & A#ME Zhu 520008 B39} ga]  (Table 3). 22 A3 wio] o] Fridl nhet
Aol M =gd HAA TAE B S ddEd o) AL FFA wel Blgo] WolA|AL ofd wWE W ¥
= Ean akate] Auj@Ao] thEelA 71Q1gk Aoz i Ao Pas AT FAT AHE didEE velth w
thelth, Zhu 520008 AZoME &0l Wlg o8 A APA vt A wo EFAMA =T Y 2
ste] A P42 hybrid B S 4% AAT U 2 Atelol A JAEFHE A W FY vSol wE 2 &
gl ZAHE 122 Avetath ed e A AEHE vt} FAE o & Zolth. A3 Big}
Aol WS s SolY WL AR HLol Byt A wo EFvel wel F4E A IHES AA
Foltta ey )Ao1ge] 7hed Aaaduiel A& W PSS v & 2 e e Fuu ?J"ﬂ
2o 2% o|golTh. AV A FE) 23 Al A ARAHTE 50% o1 EFE A ﬂﬂ—?“’ﬂ ARk
w9y B ol 2¥steE AAE Bo(Fig 3A) U A AA w37 JAFHA 1 B AEAE Wt 75%
AL 7eke w) g el g e B 8 F9E AR w9 WUTH(Table 29} 3). 224 2007
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Table 4. Effect of mixed-planting on rice yield and quality
Yields Characteristics of milled rice (%) Rice quality (%) Characteristics of milling recovery (%)
Treatments - - -

(kg/10a)  Head rice Chalky rice Protein Amylose RB.P:? RM.P} RHP:
SD(S)* 741 86.6 05 6.0 17.9 82.5 89.2 73.6
GP(R) 651 88.5 0.5 5.8 19.2 83.9 91.1 76.4
SD+GP(2:1) 506 759 0.8 6.0 18.1 83.1 86.4 743
SD+GP(1:1) 575 82.0 0.6 6.0 18.6 83.4 87.9 733
SD+GP(1:2) 519 80.6 09 6.2 18.5 83.7 89.0 74.5
HP(S) 483 67.8 1.5 5.8 18.5 80.9 87.6 70.9
NP(R) 690 94.8 03 6.5 18.4 80.8 88.9 71.8
HP+NP(2:1) 478 774 1.3 5.9 183 81.2 88.0 714
HP+NP(1:1) 472 80.4 1.0 5.8 19.0 81.0 90.1 729
HP+NP(1:2) 564 85.5 1.0 6.3 18.8 80.5 89.6 72.1

*R.B.P. : Recovery of brown rice from paddy rice.
PR.M.P. : Recovery of milled rice from paddy rice.
“R.H.P. : Recovery of head rice from paddy rice.

¢ SD: ‘Samdukbyeo’, GP: ‘Gopumbyeo’, HP: ‘Hopyeongbyeo’, NP: ‘Nampyeongbyeo’, S: susceptible, R: resistant cultivar to rice blast.

lo,

GHHR)7} 33% SHE Z(HP67)A
oA A7 vehton, 3% 9t g
&8 22 FHPS0)IAM = A3} o]ategH

O

Do) A AT (Fig. 4). RS}
ZHHHOH o)t o]At=gw WA A b=
WA= w} ApolE B ot Ay
‘% HP50 A2+ EFAui7t Al |
2 E<t °JZ ol oA A#E Hoj(Table 33} Fig. 4)
‘o] ¥ &L AU HESHA ErokoZ gy
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e
A o] Aol e vX e JFE FAFEIF T
A FFTO THEUEE 33%NA 67%E S7HAIZ
o Ao} IEFW ZPME FRFE W]
oA 7 F59 A Hope o7 Wojxle A
2 Ugoy sy e JFgu e 2PN £,
ol £, v, EF4g oA ddAu e fARSIAL
Z Y e A0Z ZALEITHTable 4). EFAZ <1

ok o] FAo sk YT F5] 2T ulg} ke
ko] 7t et dduel vwE W 2 JIFe =
Ao R Yelth. EFAuE 3 £F 23] Ao
Ao EEW WA SHG tiEo] & £ By FEE
FHETHE Aol He 2842 ¥ =4
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= i

A=l ol A9 A3y
FAA7E ol =52 FEo] EolFol ut ¥dw

o 3} o) ME sl

Aol Aeol WAl tigsl A=
X—L‘Eo] Wy Az g3kl o)
(Dileone, 1994; Miiller, 1996). &
G EqA o] ot 2
A Fg e wstel] tisk AAHAE
Ay -rob A ulFol A ol Tk AN
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Tabile 5. Proportion of Magnaporthe oryzae isolates isolated from susceptible cv. HP or resistant cv. NP in HP/NP mixed-planted plots

Isolated cv. HP 100 HP 75 HP 67 HP 50 HP 33 NP 100 Total
. , 37 39 29 37 30
Hopyeongbyeo™ 190y (100) (96.7) (92.5) (88.2) ’ "
‘ ’ 1 3 4 46
Nampyeongbyeo 0 0 (3.3) (7.5) (11.8) (100) >4

2 No. of isolates.
® Isolates from cv. HP or NP on their each plot.

abbreviations: HP100/ NP100 (monoculure of cv. HP or NP), HP75 (HP: NP=3:1), HP67(2:1), HP50(1:1), HP33(1:2).
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Table 6. Race diversity of Magnaporthe oryzae isolated from HP/NP mixed-planted field

Treatment HP 100 HP 75 HP 67 HP 50 HP 33 NP 100
KI-201 KI-201 KI1-401 KI-101(*) K1-401 KI-401
KI1-301 KJ-101 KI-101(*) KJ-105 KI-317 KJ-101
KI1-401 KJ-201 KJ-203 KJ-107 KJ-101(*) Ki-102
KJ-101 KJ-105 KJ-203 KJ-201 KI1-103
Isolated race KJ-201 KJ-107 KI-101 KJ-203
of M. oryzae Ki-317 KJ-104 KJ-106 Ki-101 KJ-105
KJ-105 KI-101 KI-165 KJ-108 KI-181(*) KJ-107
KJ-107 KI-165 KI-181 KI-1113 KI-197
KI-181 Ki-1113 KI-209(*)
KI-1113 KI-325
KI-409
No. of isolated race 8 (0)** 9 (4) 73) 10 (6) 7(0)
% of new race 12.5 444 42.8 60.0 285

(*) Race isolated from cv. NP (‘Nampyeongbyeo’).
itralics: race from mixed-planted field.
underline: treatment specific race.

**(): No. of isolates only from HP (‘Hopyeongbyeo’)/NP mixed-planted field.
abbreviations: HP100/ NP100 (monoculure of cv. HP or NP), HP75 (HP: NP=3:1), HP67(2:1), HP50(1:1), HP33(1:2).

Q1 gy oja] Eeld Ao|Utk(Table 5). ¥&l€
I’r—.@] aﬂo]é% AAE A KI-101% Eg3 22709 ¥
Y- Eda AeEREE 7oA 107]9) glo]a7h
A tHTable 6). AFA oz AwRA KI-1013 7+
o] grelxfuljFol A B 4 g 1179 A2$ ol
7b EAuIAl EEsIH T v KI-301, KI-102, 103 &
3709 glolae EFAN M= FEEA &t 53,
K1-301, KJ-102, 103 @l 1_. =0 AUl A ek 2a)
wlo] HElg FolFl Aag Biey oldgt g &
Shaul ol A = BT KJ 104 5 6702 #oj2vt A
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Fig. 5. Race diversity of Magnaporthe oryzae in HP/NP mixed-planted field. (A) Distribution of universal race KJ-101, (B) distribution
of co-existing race in each different mixed volume of resistant cv. Nampyeongbyeo.
abbreviations: HP100/ NP100 (monoculure of cv. HP or NP), HP75 (HP: NP=3:1), HP67(2: 1), HP50(1:1), HP33(1:2).
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Fig. 6. Frequency of each race occurred in different HP/NP
mixed-planted plot.

abbreviations. HP100/ NP100 (monoculure of ¢cv. HP or NP),
HP75 (HP: NP=3:1), HP67(2:1), HPS0(1:1), HP33(1:2).
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Table 7. Relative frequency and divergence degree of Magnaporthe oryzae races isolated from HP/NP mixed-planted field (2007)

Specification HP100 HP75 HP67 HP50 HP33 NP100

Reduction of penicle blast incidence 6.1 26 123 116 )

(suppd.-examd.)
Control value (%)
Panicle blast - 0 10.2 504 67.8 -
Leaf blast - 3.0 0 44.7 67.7 -
No. of total race 8 9 8 7 10 7
Dominant race(%)
KJ-101 62.2 103 36.7 500 294 67.4
Bxcept KL101 I R o R T A
Co-existing races (%)*
Total 378 64.1 63.3 50.0 70.6 32.6
Average frequency 54 8.0 9.0 8.3 78 54
Population size variation (%)° 20.4 9.8 11.5 16.4 8.8 23.6

2 All of races isolated from each plot except 1st dominant race KJ-101 or KI-181.

® Standard deviation(STDEV) between individual races in a treatment.

abbreviations: HP100/NP100 (monoculure of cv. HP or NP), HP75 (HP: NP=3:1), HP67(2:1), HP30(1:1), HP33(1:2).
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