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Rice brown spot, caused by Bipolaris oryzae (syn. Helminthosporium oryzae; sexual stage Cochliobolus miyabea-
nus), has re-emerged as a major threat to rice production in Asia, particularly under climate-induced environ-
mental instability. Long recognized as a stress-associated disease, brown spot is tightly regulated by interac-
tions among temperature, humidity, rainfall, leaf wetness duration, and host nutritional status. Recent shifts in
seasonal rainfall patterns, rising nighttime temperatures, and increasingly frequent periods of high humidity
have created microclimatic conditions that strongly favor pathogen infection, lesion expansion, and sporu-
lation. In parallel, chronic nutrient imbalances in intensively cultivated paddy soils—especially suboptimal
availability of nitrogen, phosphorus, potassium, silicon, and key micronutrients—enhance host susceptibility
and accelerate foliar senescence, thus creating a physiological niche highly conducive to B. oryzae. In 2025,
unusually severe brown spot epidemics were reported across the southern rice-growing regions of Korea,
coinciding with extreme rainfall events, prolonged overcast conditions, high relative humidity, and clear evi-
dence of nutrient depletion in long-term rice systems. This mini-review synthesizes current advances in our
understanding of pathogen biology, climate drivers, and nutritional ecology, places Korea's recent outbreaks
in a global context of brown spot re-emergence, and discusses plausible mechanisms linking climate and nu-
trient stress to disease epidemics. Finally, we argue for integrative climate-nutrient-pathogen frameworks and
climate-smart nutrient management as central components of future brown spot mitigation strategies.

Keywords: Bipolaris oryzae, Brown spot disease, Climate change, Microclimate, Nutrient balance

M E

H(Oryza sativa L.)= 2 AA Q] A kRo] Fagth A%
28, ofAofotz a7} Ql7e] Huk ol4ke] £ JF TF

(©The Korean Society of Plant Pathology
@ This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/

by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.5423/RPD.2025.31.4.320&domain=pdf&date_stamp=2025-12-31

Research in Plant Disease Vol.31 No. 4 321

Lotk (Mohidem 5, 2022; Nguyen, 2002; Rezvi 5, 2022).
Food and Agriculture Organization (2023)¢] W= & A
A B AL A7) 59 £ o|Afol A\, 7 Wska olgh
ool Sjg sioh S7hs QA A Ak okue

= 2025). YAl Wyl = o 7N ZELH (brown spot dis-
ease)® 20417] ZHE] 71251 LEAA 7|50l A 3
o=, A AA W YA 1-34%9] EAS dod 5 =7
A g HYeFe 2 Azt rh(Ham <, 2011; Kaboré
5, 2025; Savary &, 2011).

AR O 2 ¥ A FHY Bipolaris oryzae?] T|3f= 1918
olx HlZ t7]Z(Great Bengal Famine)ol|A] 2 ga|& &
2009 o] opAITHE 7|23} H2o] AN majatee) ot

o] AtH(Ou, 1985). 194|7] & L&, =, Tt Al

N B8l ol 2 A1 o] AN 2ol gk A%
° 2 i3S doA gtk 53] ol 715 0he, L)% EY
PG Aol A ANl di7|ES sk, AA|, Al 2 2
A §17100l 71998f fehSavary 5, 2019). o] o2 QIgt =2
TEAS AP EFS B 21 9 QS Al T tEr,
H O] H AE7)o) yeh -8k 77 5-45%71A] EAE

Qltkal B skl Qlch(Barnwal 5, 2013; Choudhury 5, 2019;
Estrada, 1984; KamalX} Mia, 2009; Padmanabhan, 1973; Web-
ster2} Gunnell, 1992).

v 7| F LBt B. oryzae+= Pleosporaleso]] 4310, 44
M|t} A2l Cochliobolus miyabeanusZ2= L&A Q. of
A 7A| FgAIH et A B0l & o AFEE AL QUTt B,
oryzae+= XA} vlE-S B8 A7 E] o]53lH 25-30°C 112
T} A7) 58 AN A ZA} drolel FAF AAo] 74AF Skt
3ltH(Kaboré 5, 2025). H Al (genome) 3= A3}, Z
Aelo|= gHA(polyketide synthase), H|2]| 24 HElo|= &
A(non-ribosomal peptide synthetase), reactive oxygen
species-gHAFS} A|AH] mitogen-activated protein kinase
signaling A3 42 & /\Eﬂﬂ)\ Hhea =4 A T 8 A
7«]—7} g2tEo] 9l-8-o] H 11E|Q] 2m(Wang 5, 2025), o] =

7 wiolol 28 Bat 9 A=A ol S 48
AAVEEhD WStk B8 Ao 8 B 7 AR
FollH -2 A ekel(haploid type) ThFgat A2 ¥
=7} B sjo], YuFo] AulAeh EF Aok Hato] uhe}
B2 A 23 = QS-S AA] o}@‘“—}(Kabore 5 2022).

715 WP} o AN L) Wa kS S5 Fa
HAUZL goa} 2t} 1) &% AFS @ of7t 180] 713 =
A 7lofste #9102, WURY| A ot St 8 /)2t
U3, 7|50 BER oldel s, AARuo|E H=) oA

Jﬂf

o Lo
Lo ofo N

(Cao 5, 2024; Liang 5, 2022)7} AA| =] 1L Qltt 2) <5 T

o wske] A9E 7)ol 4 g, M7k ASH 2 el
ol 7120] B1A02 AL FAH02 440 2
ol G2 G H8 A%, SLA% WROE QY 2A} 7
AF 738HHue 5, 2025; Percich 5, 1997)7} 1 WAYZ & s}
A 4 9l 3) 7] % CO, B Fvtoleh Huwe B4 thit
e A SRR 7179 AR ZE S5 A2 (Dallagnol 5,
2009; Dhingra®} Sinclair, 1995)7} g3k nj3 4= itk 4) o}
Auko 2, 7B EF G BRFY 7HsAolth AT Yol
ofs} B 2% v E A2, Beat B3 -8ol3HAdzigbe -,
2025; Andreo-Jimenez 5, 2019; Bidzinski <, 2016)7}.1 oA
olt}. o] F F& H&, 53] AAN), ZE(K), AU(P), 7F4(Si) Al
H7 g P El A o] Fast ¢ Txﬂ_es A 9l
tHKaboré 5, 2025).

H FYZANFES FA2A] T2 A 1047} 1 7}
A F] vby WA of B oF 1,65k ha $Z0]9lout, 2025
o= 9¢ 164 7| 2979t ha, 104 1¥ 7]& <F 3.69t ha7}hx]
F53 A0 2 B EtH(Ministry of Agriculture, Food and
Rural Affairs, 2025a, 2025b). &2 A 3ot &, A&, A
5 5 dAlsiet AR He] AFE e, l"—i’qE’ﬁ =44
LS olil dibol 788 ot e 0% ke 4,
AIZFE 100 mm oJA+e] X235 Q2 Q1% BEQF OFE 44, &

] o1 A ARSI B8, Aol o1t A2 Astel B2
HE So| Batr o g 283t Avlz Brlsta QIckMinistry
of Agriculture, Food and Rural Affairs, 2025a, 2025b; Rural
Development Administration, 2025). 59} X2 A= ¥ 7
AFHHE FH Az 34 sk gsf) 2AHS A=
ahH, S2-914 7N A o, 8 A ) T3t 7)o
B4, A5 BE 44 % 8 el 43 BF 5 TR
71% Wty ‘é‘H% el AAE gdista o, 53 715
A 98 WS AR Y o3 BTt AN BAL of
A 27| GA 9 Digﬂi QItH(Ministry of Agriculture, Food and
Rural Affairs, 2025a, 2025b; Rural Development Administra-
tion, 2025).

2 YR =22 715 Halel v AR R T2y B 9
Ew @ B AT tste] FHA o= nEsto, 7|5
S sl 3 A A 7k 4 Gnsp] 94 aat
A2 TAZ AN A BEL Stk 53] A A3

ofl A T W AN T whE St oS 71E] B
AT FIE 70 2 AT, 3 W] Tofshs Fa 2y
821 7he) A5 28-S =% /d 4 RAEE Fig. 19 A8}
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Fig. 1. Conceptual model of climate-nutrient-host-pathogen inter-
actions driving rice brown spot epidemics. The diagram summa-
rizes how climate stressors (high temperature, altered rainfall, pro-
longed humidity, and extended leaf wetness) and soil nutrient
imbalances (notably N, P, K, Si deficiencies) weaken host physiolog-
ical resilience and enhance infection and sporulation by Bipolaris
oryzae. The convergence of these factors increases host suscepti-
bility and accelerates brown spot development, emphasizing the
need for integrated climate-smart nutrient and disease-manage-
ment strategies.

71= tHelet B THMIFEE
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20| B. oryzae2| He|-5-H-Az2lof| O|xX|

.oryzae®] 7HH 4 HAHE EX05H= &
A 9tk Percich £(1997)& 2% 9} gH
HE PN 25:30°C Tl T4
7, =0 2 nol AT |7 &G 2o B
StEl22 Wz Z3o] walAtky B 15k} =35 Amorio}
Cumagun (2017) B. oryzaes &3} Bipolaris spp.7} 112
Z 7o) A A A haustoria-like structure) A L FA} AZHo]
Z7k}o] 74 EEOIA] W S Sm) wel e AR S
welcka AAISHT.

OFZt 3122 W9 715 7| 2lE& s Al 7 A H
2 BolyslA wrEa, Are]Aliksalicylic acid) A mY|0]
E(jasmonic acid) A3 A& A 2 9] A5 28-2 W37t}
(Cao 5, 2024). ©| 2 I3 7157} A HY vh-g-& w2 A &4
sfah) o, W) 27] W] Folshdl 4= qlrk 2,
.29 AL 4 F4= 9 A7 2] 1dsHlignification) S
A5t 71A1 A ol S oF A 4= Uk

2@ ofxlol Fte] Welst A e o] ¥ KR

02
K

=18 o

o7 9Qle =
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go] 7}
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o MRS SOl FTMIAIE R0 A4S ABEA B
o] &t} Percich £(1997)& &&= /\Pél—} 2717k
AE4E B. oryzae®] ABET W A =7} FH6HA F
7Fstckal B 313519 9™, Amorio2} Cumagun (2017) T 112
21739 Bipolaris spp.2] wAF A2t ik SHAES 216kl
S REELEE

ohxjo} A&l 7] BUEE AR AE H3t Hako] vet
ek o2 5ol Awe} Fiol W ARl A L 1L 22
o A& dol] B AR WYo] FEshu], 7
5% 2B A7 E e A7) 95 W iy ASHE et
th= B 17} 9JQith(Savary 5, 2019).

r=ro A= FUE o] BaET 2023-20259 o5&
A} 219 9 o)A} 3L 7I7H7-8Y) Sk WA st Bo
Sholl 4 = ZRR T A wo] el ] 2A) ZAehe.
H, EXETHLE ol L& thg B, A foll e g7
A, s 7] 1& 279 53 ¥ = EA45HAtHRural
Development Administration, 2025). o|&| 3t A3} = 7|2 Al
o] 1] AN WAL 713kt AAA Ha Axgk

U2 U B IfEe

tH3k EH 0|M7 |22 HE Hst.  Per-
cich 5(1997)2 oW E TjALC 2 3 AJF o)A, 25-30°Cof| A
HHo] 16-28A|7F A&H 0 2 Alof 91 | B. oryzae®] *RE L

Z(lesions cm?)7} 22 3] 27181, BL &8 A)7H2-6A|7H9]
U F1ke] Az 717k0] 71015 A9 79 Egol A ghdict
11 X} 75 tHBarnwal 5, 2013; Percich 5, 1997).

22 =EsolA= W AAFHREE 25-30°CY] 2=, AT
&1 85% o]AL, AL 7H9-ZRe o]&EE U 50 2 9l v
olo] AA|7F Ro] Q)= 2 A oA 71AF Al HHst= Ao 2
B askal 9lom, o]t 7|A4F 270] ofAJol E4= X|Hof A ¥l

ol A A5 tHBarnwal 5, 2013; Bhutia 5, 2025; Imran
5 2020). ForAof E< 7]9Hol| &3k =] Anplole
A2 70%9} G2 U of goh - ) 99 G

AL T 19 24T A )4
7157 JAE 7 % Ao =t}(Barnwal 5, 2013; Sudhasha 5,

CH7| = CO, == 7|2t HElH A YIEQIT. W)7] CO, =
T 7P H- e Aol 9 £the a9 2aE
itk 9= £-9, da Rosa Dorneles 5-(2020)-2 700 ppm CO, #|2]
oA Ble| A =, FIA, BrshE 53 5o] HelelAaL, 1
A3} Bipolaris oryzae—vﬂ} B 7| o] Z=Ako] Azl 7} @
38 015tk B sk 124 COo, 37 Bewel &
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& HA EGAEA Ul 7RG, Ee 5) S0l o
7

w315 w} gick WA CO, Wste)

212 ol TIe G o5 ulE oI, BRI A
o2 WSS FAlo] 12fFt 271 A7} B stk

EQ XL R} b ML

AL H THMREIE.  ofz] 24 A5 Fa Aol
Tk v 8] AW L] vy BT} ) A7 (disease sever-
ity)7} S71etth= AFAS B 18Itk Kumar 5(2024)-2 24
£ 120 kg/ha 43t Aol A ¥ AT B H2t=7}
7 =4 BEESQIL, SAlO] S skt B arskgl
t}. ¥, Eju|(well-decomposed farmyard mannure) £¢J, &
Z(line sowing ) W B3 A AH|(split application)Q} 2+

4 B HAT A2 PN wae] Fasta 5

o] ¢k E}El A A A= ATHKumar 5, 2024). 0|23t
= Aok Fas Fgo] B 22 doks} 9l vhof ¥k A5}
Z|5}o ‘%%T—’F*é = =Y 7 e oA 7led M
A x| gt} (Agrios, 2005).

I “BA A (hon-N) B= A 29" 3t
3 ubo] 2715k 797} nEEA, oo 2 v 7N
FHE TS &) otk %*Zéﬂi’ Slct Yea 5
(20092 T 1= Ao 3 ao] At A5 2 =]
LB opet A X8 ZF, AL O E I ES

A A 0 2 veteka W ushgiek Nt Eof 7|4 Rol
w3 W A =ollAs W o] AHiE o= AA ek
THYea 5, 2009). ©]+= F 4 IR ofu2t A4 A HA| B9
A2 oFskE zfsto] Bl tiet e 7 = Y
2 mojzel,

A2 AElEgo] ¥ 7R Ao JFS vXths B
< 2 ARE Ao ghot, T avt= A AR HEE Al

H] HFA(timing, split application) @ Th2 JoFA 919 H50
ofsf| ZA Eeix]= Aol Utk Sunder 5(2005) Has 4>
(0-180 kg/ha)& 223t ZA AlFoA Y7 FFolM= 2
2 F7PFH ANFHE S A5 E sk, e FF

Nz 2358 77| & el At F35-2ol whet
olFAHYUS BT L £ AlH|(split N)7F T3] AJH] &
S oo AaAl7lE At e AlAIske, E

HO

2:9] B3 WpAlo] WA 2o S0 84S Mol R}

mﬂ. oS.';‘. oh‘, _\:_‘.

i

°1WE 23]

_1
=]
(Sajjad 5, 2025; Sunder 5, 2005).

HEo] ZEK)T) ABALE B 7R FL
& v|dk Carvalho 5(2010)02 AA-Z-E(N-K) v|&o

o] 2

o of

Ao oy Be] AYACE 9L njXn, 53] 1
472G 270IA 3 W] AAJS] Frhsicka B maksict
(Carvalho %, 2010). ]2t A5 A4 AJu|eF AA| Ee} o
& F%¥A 7+ AT AL (multinutrient interaction), £3] &4
25-T4-219] FFo| ¥l AN LB J3he AYsHs By
291918 A}

FTHA oz =, ¥ AN T PR wrejel X4 7S
T AALS SN TeE] AT ZolAL e WA
Al Blojul, 27 A Ale], B8 A], A7) 24, thE et
o] #F(Si, K, P 3), EF H /MAS S we] Aol e
sk 2] Shrist 2 B ) WS oA - Slet
oA, FF AFollM e ES FT7I15- B et F228S 1
ot A 24 T (precision N management)7| ALY A
© 2 HeltHKaboré =, 2025).

ZET H M

LI, Carvalho 5(2010)2] AA(N)-ZF
(K) 291 AN o1& <

<= B EZRo|A Aat ZE AR £E

o z@sto] AT T, W AR FLYe] W Az} Sk ut
S BAslg 1 AT}, e 7B S2AE A4 Z7ks

A W AR O] Rt 2|9} BRI F7s= B
BYOU, FEFLES AN T AP ¥ W2 24
A= g A 7E skE A AE et ol TidEE %
S B sk tHCarvalho 5, 2010). o] A3}= ZHgo] T3] 2
% Al §13 0912 B ojjel 8 A BAoI WASHE A
22 AEHAE G551 B. oryzaeo| et A2 A
71 24 QAR 24T 5 Y-S Attt
o= ZF ZHA|7} B. oryzae AFHE wi7lEHS A <l

At Mg APH 02 QST AFE B Yt Silva 5
(2024)-2 919 ZF FE7 X545 W7} B. oryzae 7H ol o
A B ARHE Bgrka stk AR, d 2E
2 AP AL B B, e S 52
ol gt ¥Ao] Au|stR, 2 ZF vt =
A2 A4=71H ZhSilva 5, 2024). ARE2 2
Fo) Fo] 9 20| BF Z7 vl Bo] ¥ o] Bt A
(A 24, 2B A vhA )9 AT dAET = S
AR, ZEo| ¥ MAFLHPT B o] JE2-goA a3t
oF 7|ulHlo] @ Aakar A|oksteith

4

l

rU

Yea 5(2009)¢] = E o AL o] ] ZjxRL]uo] A%t =
FUSE QAL 2F, A F OEAA 24 (Ca), %

(Mg) 5 wlep st 419 298 et gl qlglon, of
S5 v vz 2ol v AT ofe) o) Hanib-

bler disease”) &AL A8ty H 11519 ch
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A& =of, TEolAotell = BEYF M2 ol A=l7HGili-
con) 718k ]2 FE= BAR) (rice husk ash)S 2831 A3}, v 7
AFLE ] B A= 7L §-oJsHA| Aagith= B a7} Qi o]
28t AT EL EOF By|ooF E5] HF };L_J_g} 72 w3t
gt 3 Al7E ) AR FEY ool {83 4= IS AlAE

‘I—Mu

Stk ol "EoFe] ANkA AujS el v WS AgAle s
A EA4% A= E=7] dwoll, ]—‘?‘——E—% FF 37 AT
7} g @5}t Mahmad-Toher 5, 2022). o] Aol = B 73

T Y =o] ZES BT 1726, BTHMn), H(Fe), Z
#(Ca), nl1H|E(Mg) Fo] Z¥EAH o 2 i o] ahefo] ¥
EoFu}t AEH k. B 715}¢ tHMahmad-Tohers, 2022).

AT FHES FFS, ¥ AN T 2 JBT
AL G LE BehaaT FUS ol ) TE 2B E

A ] A 28 RS el A ¥ A2t 51
1,2 5 Ad 240N FEG 2E FHE W B4L 25}
3, 3) 28 Zaek o Jopo] Ale] Bkl e A
u]8, =opol 4 1] ZpR L] WA o % ER|5E 4 gt
11 8 4= 9Jck(Barnwal 5, 2013; Carvalho 5, 2010; Mahmad-
Toher %, 2022; Yea <, 2009).

wepa] W AN T BrEjolA ZE Al 5329
Al ol | H, it 5 ThE 9%t +3
= ol He| Aot HolsS 2T & 4= Stk

AT A2 W AN FE P o e Hgko] a3t AA}
& At 4, ES A8e 7o = 3 A Z4F Al
o Aa-Zgo) vle 282 ¥ 7R FH ol gt 712 A3
(general defence) X o BeZo|, 2 ALY AR &
= A9 Au)S ARl g Talis Zo] FasithCarvalho 5,
2010; Kaboré 5, 2025).

B3 AE e A, AR A e, A EF
AHE, Al & AR E Rl 2E S 2%3E o 7
2 A0S Yehd A0 = A=, B AN o] =T
SHAL QL= 715 §isk S0l A 2 718 94 w7 a5
| Eofof gtk

Qlikat B THMRLE. v 7| RS o=k 77|E 2
‘Eol WIS 2 T8 a0l g A FE gtk S
% Aol A Yea 5-(2009)2 8] WK L HAYo] A%t =

011*1 fH2l4Havailable P), 2|2 Z-8(K), FE7HAHS), 2+
(Ca), Il (Mg) 5 F8 #7190l ARk ez wekon,
R QRS L3Rt B STt Fogt 2ol A= Al
=7t o2& B skl o|2iet A= Qlito] B9 Ag
2 P4 L 71A wolg f-AJof| 7]ofstH, Q14 Aol ¥ A

A FHE O 7P A 91 a0lo = 288 4= &= AAReITh

I QUAHP)E AN FHY S T a8
lojgr| Het= ZE(K), #4650, Z+(Ca) 5 thE F71%=E2
A A G BH EPHISE 840] ARE 43}
°l Epgsie 2 G 2RelAe W AR FE ol

P) 29 Eth= A4 N)-RP)-ZE(K)-+2(S)F7HMN) 5 o=
“?"7100"1!_‘ ZHo] Rk Au|E Bk AEY A= B A
2] et o Wids] ddEar AHstich(Barnwal 5, 2013;
Bhutia 5, 2025), ¥ 7AR|F-HH2 2S5k Hloket E4F v
T 9] X]H(disease indicator)Z2 7FFE|o] &or, oj73 F7|¥
a5o] 4BArgatel HH VSR FATTHE AE 7=
lrkBamwal 5, 2013). 7]k} ¥ AaH4el dAE e
g Y2 1Y g7 =22 73 &2 AaN)RIP)-ZEK)-F

A5(50) BT B ¥ % A7H ) AR Ee) slijoletn
AABFL JckShrestha 5, 2020; Tripathi 5, 2022).

ol2|gt o|F-= itk AAsl W AN FHE v|X|= 4
qBNE AT A A= AY EAH Fe Az B
Itk 1 ol= A, 2 Aol A A AJHl= BF EAa(N):
ZEK-F26) 51 A o|FAR B R, U &= A= 5
Aoz vj@UZo|AY A el 247 H=7] gok &
A, ¥ AN R L 7|5 (S 7Fe.T1L), T BEA, pH,
L7158 £2 5 vkl 34 Q213 A EE-5] & ¢l
A THE kS BA1F 0 7 Belsr|7} o ofFHrH(Bhutia 5,
2025). A, @7 7|9k A i REo] B AlEA RS
¥ EX(multinutrient pattern analysis) e 2 tF27] oj&
o, Qlate] A EFHe WAH o2 B3t 09l o] BFHEo]
A ETH(Yea 5, 2009). webA Q4R Fa3F G 82101A|
o, B ZAR R ] A s e ST AT A
She 28, 284 2 2ol

T HRIREE. s B ANFEE S e

S o b2, 27] B ATOIARE W40 A
Ve 7 a3 A|&2 02 SRIE i) Datnoff 5-(1997)

T4 A =04 et AMIskE ol B =83} A
] ZpR L o) 7tasti Sako] S71RThR B Tsigon,
o) Th) 24 AT T Au]7t st B 229 77
4 2HE 2717 BT YW WS Fole T} Skl
E|th(Datnoff 5, 1997; Rezende =, 2009). o]&]st A3}=
2719} 7|2 B A ek 583 Y 24U A

Abgttt
a0 Adte @t 22 A oflzt Bo| 5F 4 A
& F B 715 AR fAe B ddETh Rezende 5
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(2009)2 F4: AJu] =2

¥ kel A7k SRk v+
29 qta FAo] ¥ AYAS EIE] AT & dAA
(threshold)2 288 4= Q18-S X 313} tHDatnoff 5, 1997;
Rezende 5, 2009). 3+ 2| Welo] Ao} 27 A-Lo|A = Z
A B AR (rice husk ash)E 083t 74~ 350 -
Qju] 22|9] 4 S5 F7HIZIAL B ARFHY BA|eet
A ] HALS [-oJ5HA| ARl 2o = YEbgthMahmad-
Toher &, 2022).

ESE 4 2 2SN T T3 &5 45D
7+ F 7 WEA sk W Ay 4171 = (disease sever-
ity)7} oA AR, a7t SRS 2= BT g
3HE AL RAIE] B Szt A E T E o E i
(Dallagnol 5, 2013). o]= {47} AEH A AN E A&
A& Hststo] B A A4 =S B YA 43 AR
2 7158 ofuigtth

Bl Uo7} i Bo B AHde Zstete Ad % &
A2 712o] Fofst= Aoz HilEo] gtk 2 U 2E A
A

HollAe w4 FFol ¥ AN FHE ¥ WS AL HA
o] WAl (discoloration) & ZAA7|= HI} 2|42 0 2 81e]

E|tHMahmad-Toher -3, 2022; Rezende 5, 2009). 314, +
27} 9] 522 A 5A R (= ARAA-| D fethylene] A
B2g)0h MEAL T WHS-S 2Aste] W 7 T 3}
T35 =3l (senescence)2} YA S skttt R x §)
o o]t F2 = ¥ JUFHR SRS YR B AT
o| ] =& H Z3lo]H(Van Bockhaven 5, 2015), B 7} 1]
o4 AT EAH AUz AHFIEAE obd] A7t 3
Zgt Abeolck
Prabhu 5(2012)3} Dallagnol 5(2014)2] 7} 9 o]} 1]3]|
AT = 4 AJH|= ¥ AT A= A HAY
= E0)|3L £F T4 820 1,0008F)E 77 = Aoz
HaElo], a7} B AT B afalo|a A8
ol FF 716 A=Fdo] Al =|qick
a4 9

—

= Bipolaris oryzae®l| &J3t ¥ AN FEEE FHE

2, 715 Wsbrh ¥ WA shate] vl thd ke
3 w4813t Bipolaris oryzaeol| &3t B 7R FEHE-2 7]
wistel i o2 ¥ 4 g, 53] £ 44, 344
$,74wte] 718} CO, 5 371, B G B Bl
S 7H453HE 4 9l A0 R Btk 3, oleidt Tkt

rz
i)
Ehs

N
A Hor o>

a9le] 7|5¢] HeI e tALE FeRAFE 7Hs Aol Atk
o] A}, =2 EAT A AIA ¥ A= T A719f 27]
Steb X2 24t 7BA1A Telo] SHizhs Hdel 2Hs Aot
whebA WU S FF51E, B | o B 94l A
U oZ-271FE A 75, A T GAL AR EAA A
o] Pp2joltt. T Loyt thg 2E| A 7|REe| Al 57| B
of wdlat =29 Hloly F/E 8 5 7|5 ~EH A 51
e A dS3foF Aot o2t T4 diso] AFE ),
=3 A A 715 HepE 7hEskEs vl A= A& 7t
S W Ak AT IEE FAIE 5 e Aolth mhEkA W
RFEY ke BAlshe o e fdde AN +
U= Th3t o] Aobste vholok 1) WA W EE &35 7N
& OsFBNG, WRKY -5 A @A #3AE 7o =2 3 =% 4
CRISPR/Cas9 74| |2 715 W} st A P&l A
4= e Y 7]eolthCao 5, 2024). FF AL Al &
AR ofyet 27 a-CO, B9k AEH 2o igt Uy
< Aol aBsfor et 2) EF R 2 ] AL EY H
G e A v 7] Y Ao A e T
&S Sl AAIR, 1 o] AR =22 QAL

H

e

o ST ST
shulA ] 7R S E9rhs B QlrHNing
014). =3 513 &Y 4 EY 71E Y, A 4 2
&AM & EG A% A0 71998 5 e AR
111 2 A A=) 3L 9IcHRural Development Administration,
2025). Tt o3t Y H EoF wejrt ket 2 =M,
T2, BEYE, ) stollA dH=A W ARFHEO WS
AR 4= Slrke e obx] FEat TskA PEo] ojFolx|Y
QFsro B2, g7 A7ke] BA) A7k a7 3) A o
ZHd 271HE AA: 22 5 d4EA R ORE 59 Te
ol HFH o 2, =2/unmanned aerial vehicle, $A], Internet of
Things (IoT) A2} o412 g & Asket v W) 7] 8% &
A& A2 9 7HsAde] Al71E L ltkDogra 5, 2023; Li 5,
2023; Pirian3} Selvi, 2025; Yan 5, 2025). o]&]gt A2 | 7
WRLBS TP o) Jale) 271308 T15ap B A
= AU, 53] 714 2 B HlolE, Y 58 A AdH, ¢
A B AT BT P ol 3w g A Ao
PAE 3 5= = 83 =771 2 Aotk 4) X 5
3} "4 (integrated disease management): 23} T|AY=(Strep-
tomyces, Bacillus '5)] ABA FAAE AZ A AHA A7
E7VES BE} AAIS A Al dEsh= T EA A
S oA A WS AAlshL 8 R 2o T

78

N =

7

Yo ol %o

A
al(f

sl

iy
i
o
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Aolek 5) A8 A2 A9 B 552 10| A ) Ho
ML ZA 3 S Y=S A0IEE S5 BY A2
A B 7iaEslkal(Ministry of Agriculture, Food and Rural
Affairs, 2025b), 5 A3l BT} BT F3) FA|ZA 13|
2 g3 sfof atek

2 o
v 7R Y-S Bipolaris oryzae (syn. Helminthosporium
oryzae; ’3A|t Cochliobolus miyabeanus)o]l 23 A&},
212 715 Wl g 87 BebgAo] Askeel uat ofxjo}
] AL RAA T F0% S1g0 2 RARsha gl A2
2 AT w3f|(stress-associated disease)Z L% o] H 2
5,45, 79, 9U 4@ AR 391 715 9oF A 2ol A
o) o] YA 20k 53] Al AT 22
i) wis), of7h 718 Ak, e o] Hlvta wao] Wl
9] 9], Wk S, EA GAS el B vl
280 Q)e}. 3H, A7|7F Ak AulE ol A THA o = 1,}
Rt A, Q) 2E e D AR o gsel By EE 2
L o] AL ol 90) 135S 7H48ko] B, oryzaer)
=3 i AR

oA yehd vAA 0 2 AZEeE W AR R S =4
S 7S, A7) 39 G, 2 s 1A A7) Al
= A9 FFE 14T BHA AHEHUE 7ol s
Ao 2 dSHth £ 2R Hdd AES 715 7N Y
o, FEAEH T 183 A AlAIA S sl ot 24l A4
o B35l 31310 X HEAY OFARS AWEl 4 9l 7h3)
A5 stk Yot nl e titE A9S oy
A3l 71 -FE- Bt FoAES THH L= o5t 28
9|39} 715 AutE (climate-smart) GoF T H2ko] WA

r

[e3
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