S EH 7SS R], Al26H A33E(2024) (pISSN 1229-5671, eISSN 2288-1859)

Korean Journal of Agricultural and Forest Meteorology, Vol. 26, No. 3, (2024), pp. 151~160
DOI: 10.5532/KJAFM.2024.26.3.151

(© Author(s) 2024. CC Attribution 3.0 License.

_;:<_|_J|k_o=|1 =33 1, I:II-%1A2, 7IA|§|., ngépgl‘ 7IAHI:I_|1 o|_g_%3

SR 12, A S, ek g
(202418 079 0520 <= 20241 08 2891 224; 20241 09 192 =2}

Impact of Temperature Changes on the Occurrence of Grain Rot
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ABSTRACT

Bacterial grain rot (BGR) caused by Burkholderia glumae is a serious threat to rice
production and quality. Burkholderia gladioli and Burkholderia plantarii have also been
frequently isolated from rice panicles exhibiting Grain rot. The disease by the Burkholderia
species are becoming prevalent due to the prolonged hot and humid conditions during the
heading stage. However, the effects of the changing environments on the incidence of GR by
the Burkholderia species remain to be explored. In this study, we inoculated rice panicles at
the heading stage with the three Burkholderia species under different temperatures (25T, 3
0C, and 357C) and evaluated disease incidences in both indoors and field conditions. B.
glumae induced high disease incidences at the elevated temperatures in both conditions,
whereas B. gladioli and B. plantarii showed no significant variations with temperature
changes. Further analysis indicated that the increased incidence caused by B. glumae at the
elevated temperature is linked to higher toxoflavin production and motility. The results of
this study suggest that rising temperature due to climate change during the rice heading stage
could potentially increase the incidence of BGR caused by B. glumae. This study provides
insights for preparing for the outbreak of BGR.
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H(Oryzae sativa L.)= AIAZ o= T2 Letol A
FA 072 el ARFEHERA FARE 277t
A A AseAe] AA ohekgt ®o] IAYskH(Wang
et al., 2008; Ochi et al., 2017), 57|15 55719
olatoll el 0 o mi AlpnlE, ojt
EEH, oPHFER 5o] HalEo] glri(Lee and Park,
1979; Ham et al., 2011; Baite et al., 2021). o|& =
ANt IS8 22 Burkholderia  glumae©l] ]3]
wpslo] QiolN A RIE ol oo Aot
ulsest vle] e A olA v el glct
(Song and Kim, 1999). =Ujoll X+ B. glumae2]ol =
Burkholderia gladioli®} Burkholderia plantarii7} ¥
olat(uiehe] vhE W A Ftel olshe Aom
oA QtiRa ef al., 2016; Kim ef al., 2018; Kim
et al., 2023).

ol5 Wt v AetA 9 Ao whet
oheRt Be FUShet, B. glumaes= W FH M5
3 W o] A W nESde] = e
2 QoA W E7]o] WASE At drE
9] ol HYHoz U AJrtHGoto and Ohata,
1956; Ham ef al., 2011). B. gladioli+ QXAMS=A4F
o] Fa Ao, L = - Yoj|A] oXEETY=
Fratekal HarE o, B. glumaed] Bl A w1
=9} 9= Y Ham ef al., 2011; Islam et al.,
2023). B. plantarii= LEo|| A SHAIA}Q] SHuLE
ZAol A A& HIlE Q) o m(Azegami et al., 1985),
st W e A8 ojAjel e ulEEAl
8 WAo|t(Wang et al., 2013). B. plantarii= B.
gladiolis} VPRI7IAZ ol Al ]2} MAle st
= WYt BuEa QlEoE Eetal, ofAtofA]
Ao s B oAl )l et HHAd
d Agts FERE AAolth

Al RS 240 7iE719) a2 t53t 34
of| Al ®Wgto] wMol A Fdste] ol ZHHETH
(Cha er al., 2001). Z5=7]0l| B¥UtE S/ Fdst
= Burkholderia 2] o] Z¢)sto] AJo] AlafA|H
o] WA A, FA A TOo& Q| ikl

S AT 4 7] dhitel] FALENE A4
Be o - WAk Aol F238kKTrung e al,
1993; Ham et al., 2011).

715k Qe olvlee Welze] Wkt 4

2012; Schauberger et al., 2017). 1128 ZH&E9] Hlo}
& U2 3 =Y 7 fIste] Aol d3s
= 4~ %) 9(Hasanuzzaman et al. 2013), £3] HF &
E A5E v o gkl 43S ErPeng ef dl
2004). B. glumae?] A A& LEH = 30~35C
= ohE gYstEn diideR 7] wof(Kurita
et al., 1964), o/gaLgolx H RIMIsHA Wy 4=
Sick LEE AEWewe) ARl S 7] e
of|(Onaga et al., 2017), Burkholderia species©l] ]t
ol =7} v|R= Gkl tigh B AEAIE o8
3t Qi) weige) wal pat 9E Fa) /)5
st2 IRt syt 5% WduE Sl nlE F3F
o gk @77 Wast
HenlE 2ARS A © 7%= Burkholderia species ¥
A== AY7AI7E A Sl
t}h B. glumae7} A= EAZT(toxoflavin) =
2 =S WAL, A} ol ARt S4e W
Efim(Choi et al., 2013), BloflA] -FHO| #le] AL
AP 247] olAte] dete) Mgt nhg 4
ket 93t 98-S SoHKim ef al., 2004).
el A A 29E e HE e
o] Lheiy] wjio] BaZeilo] B glumaed)
23k B ek AL oo ofe] AT £
ATHKim et al., 2004; Kim et al., 2023). 124},
L7} Bazah A4 oA ol dhole W
shobA| HalE|A] etk 3, B. glumae= HEE
ol & d(motility)& 7HX|=H], HE= AlEA] #
Hol| 22 =2 AARRY olsol Bash] =
of 412 WA 27] SOl Fad e sl
2935} HA Qxlo|tiCharacklis, 1990; Romantschuk,
1992; kim et al., 2007; Venieraki et al., 2016).
OB Qla) W] QgAl Alkte] SIS W
e S 1T o, 2=l wat o] Atol A
ujolubE Zalat phelE eldo] ojeh A
Q1 B Yte] SA4o] ofFA stsh=Aof sl
a7t ek webd, 2 dAtoflxl= HjolA B
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kg5l Hofshs Ao R dEXl 359 Burkholderia
species S o= 2LH3lo| whE B o]itof| 9]
B o] wslel o WA T QIAke] WIS H
WEIATE 2EHETL ES47] ofAollA BidmER W
Aol ot FaFe wAl=Aol gt & ko] At
= 23] tinjste] QHYAQl W AR f1RE 7%
Amg g ¢ & Aolth

AR T

Ot

2.1. Aol AMEE HEd ¥ H &

B Aqto|| AN Burkholderia < 33(B. glumae,
B. gladioli, B. plantarii)2- v o]Xlol|A He|sto] HY
Aol HEE FHE 2 BATRE 00 2AL IE
aof A7 23, ol wlel Luria-Bertani (LB)
JAERR o] 30°CoflA] 48A1KF HlFsto] AR]of ARg-S)
ok MY 7ol ALgT Bl AU S R
afshel ZE 8o oo} Aol ALs}o,

H AR T2 A 60ColA 1027 25
J4] &, 3009 ul2=po] of|Zufslo]=FEAo]= - o]
s SAAE WsHAIemL/L)S H71stod
TollA 48417 F3to] =33y Aol & FA4F
g R vhEste] A=k v
HE Fel 2B 300)olA 377 SH8H
A& 12cm, =0 1lem)of] =8 AEES
T 08 o 74 oloks}ol EE T I5em
24104 olato] L& a7 Apuisteick
QHB. glumae, B. gladioli W B. plantarii)
A Alof] wieFste] 2t AZE Hatoll
tol S8= 600nmojlA] 0.5%2 By B=te] o
E(1x10°CFUML)E A3kt oje} o] Fuet
o AEAS B S50l EF71E o8-St ol
& 3mLY BRRESG AF 5 4w $AE 99
HEE ool vlda 29l 24A17HEt tha’t 2
20e FABIEE 22 vt SERAYY &
7] Bt 7141 25T ~30T] AL 1L, 5%
7]20] Ao Aoz oAiste FA &47] 7129
e 2E(257), @AY =2 2=(300) H 5% A

- =]
23} 11.8(357) 02 A5l Husla) EEL 4]
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7HBHEA HE 7UZof Mizobuchi er. al., (2018)9]
371 iRl whet WdmE5de] AP ES 10% I
Aoz y¥H 0~100%= F7}5Fct

2.3. 7|Astdo| ci2 X|9Y Burkholderia & H
2120| B OlAlollo] HE U WAL

Sy AlsLe] AUATE BY EHEF
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258 B glumae®] E4ZUN] YA A=
Chen et al., (2012)2] HpHo| ula} A9} LB
AR A A B. glumae?] TY FEYE 3mL
o] LB Al F3t oh5 25T, 30T ¥ 35T
2o A 160rpm O = 24 A17F F<t ZIgkufeFstich
HFY 2mL-2 4E2](13,000rpm, 52)5he] A5-H
= 3okl A4S ImLof| 5F9] ER22E5S ¢
5| AlolFGlt o] SrojA ApAESIo]
AAEE 80% W FEdto] 3B EAE ©]8
sto] 393nmef|A SFES SATI] S5 %
£ AXlstsickIgbal er al., 2021).

=

P rlo

2.5. Swimming motility 473

LB gBdux|of uie?t B. gluame®] & 2=UE
DtE OlFAINE ARESte] ROl 0.25% THE
LB JARA] Fetell Hgstaleh. e uixl= 25T,
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30C 9 35 HjFs|HA 2443 IHA o= 3UXE

ol AelE ZAsHh

2.6. SHENM

e MAE 9 54 2] ol v
317] §J8ll R 2 13 (http://www.r-progect.org)< ©]
43lo] EAHEA(ANOVA)S 33l ct. Aalghol
AR FOJ8HE 0.05 EollA] Turkey Tt 9
A& (multiple range test)S ©]-8s}F o, H= Ax}t
ghe et EERae ek

L Zap » &

3.1. Burkholderia speciesOf 2|t H O0|At0jlA{Q]
H S 27t 0jXl= FE

Wt AlEA| 2zt A - Ao R
Z¥ak opgt o] 7H] AT Agol FFS

m] X)L g A o] ZolE 744 A EtkAnderson
et al. 2004). 53], 2= AREo A B kol S
g FFe vA= RO RA 2ERSE Al
Hato] e - Aol B2 JaFe v|XItHOh er al,
2014; Hunjan and Lore, 2020). Burkholderia species
of o3t W o|2}e] WWAE HH B. glumae®| 735~ 1A
Z7]0f| w{eo] ZHsIrE Al7ko] AUHA ZAo =
uE5do] el Zlo] 540l B. gladioli®t B.
plantarii= W] HAo] 29 EF oz Bt
of AL Apol7} ek 47| Bt B o4
&S ol =7t o2 eFgolA Aulishy 7R
H oA o] B WS 2ARE A} B. glumae®] 73
9 25, 30C 9 35CollA EHETt 242} 29%, 48%,
89% =2 27} 5T S7IRtoll whet of 2ujd F71sk3d
=t 53], 35TolAe) W=7} 25T, 30T} Has)
e ol TRt A7t e AS =eld 4= Ui
(Fig. 1). B. gladioli®] 73-5-olli= 25CollA W=7}
30%%.00, 30T 2 3STAHE Rk s 4
Sk BFolglont BAROE folulst Zol 91
t}. B. plantarii®] 7%, =7} F71EE dH e
Z7kste] 35 CollA= WHE7E 60% HEH o 2
W2 fojulat Aol glgick. ojAke] Fup 2ol
Z71= Burkholderia species®l| 2J3F Hoj|A 2] ¥ &
Sof wishs: §u 4= Qlrks 2 AAI B3,
B. glumae®] 735~ 715-R3tof| o3k 2 Af5of| whet

e

Eoﬁ

WAL ST Aol vl w2 Hed o dh
Ho] S0l HdHrh 2 oldalZoe] A&5E By
B. gluamel| I3t Alatw{dvE1y WA ST gt
o2 o] Bad Zlofv) ok 7|$rshr) vy Ty
of mAls I E4ol= 715 A E= A=
7 HEhEnto] opyt W date] A%, WA ¥t 5
I oE e 89 59 HekE A asiof 57|
miEo] 2= Hejel 22 54 agdvter 1 WAy
WSS A|Sshe 212 AL 3l& = th(Elad and
Pertot, 2014). wapA, 23t Al drtE TS
&3] Helirls 2= olell= CO, He} 3 &
= e B4 8 S5 1YL Aed el
gt e TR Hste] ol gt oot
2y e} o5 97t dasitta stk

3.2. Burkholderia speciesO 2|8t B O[At0{|A2]
o]l xHuiX|Holl e Mxetdo| Oxl=
o3t
Burkholderia speciesE ¥ o|4tof &35t Fof &
Eislo] w2 W] ol ABulebolA 24}
sk 23 R vl A87IRIEe] L7t Aolite
5 oAoaR el AR AT TAA B
glumae, B. gladioli 2 B. plantarii 330 2]t ¥}
o2 ZApslsIc 1% F % Aoiie] Bl v
B U, erEo] AFTARG HE AT 12
o] Ht7]0] 3T ol wakor, 1095t
7|2 32T Apol7}h HrhFig. 2).
I Feat7]o] U Aol e
bRt Srleke AL Sle 4
=U|(Fig. 3), B. gladioli®} B. plantariiol] 2]t 2t

= 27l wet ot Frleke Ao E SA1A
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Fig. 1. Disease incidence caused by Burkholderia spp. on rice panicles depending on temperatures. (A) Bar
graph shows the percentage of disease severity on rice panicles 7 days after inoculation with each
Burkholderia glumae, B. gladioli, and B. plantarii. Results are means and standard deviation of 7
replicates. Different letters above the columns indicate significant differences by Turkey’s multiple range
test, P<0.05. (B) Photograph shows the representative disease incidences at each temperature.
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Fig. 2. Meteorological characteristics of Wanju-gun and Sangju-si in August 2023. The graph shows the average
temperature (C) and the amount of rainfall (mm) for 10 days after inoculation.
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Fig. 3. Disease incidence caused by Burkholderia spp. on rice panicles in different regions. (A) Bar graph
shows the percentage of disease incidence on rice panicles 10 days after inoculation with each
Burkholderia species. Results are means and standard deviation of 20 replicates. Different letters indicate
significant differences by Turkey’s multiple range test, P<0.05. (B) Photographs show the representative
disease severity in each region.
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33. B glumael| EAZEE|(toxoflavin) AHAHO]|
gt 2z9| Fet

SIS B. glumae®] 8 Y AAE W

olatoll Sulsl LS ftsto] ARl HZiet 4]
2 dozickar BiE o] QItiKim et al., 2004; Chen
et al., 2012). 2}, &r=of wE Al A5
9] =4 AgAbel| et A= vEE der 2
Aol M= =257, 30C Y 35C)7F B. glumae®)
Eadepdl YAk mAl= GRS 2ARKAE I 4
I, 25CollA et wiEe 35TolA MR
o) EAZal] PAJEFo] BEA o S-ou|slA x}o]
7 ke A shele 4 sloickFig 4). 27 Sokd
5 ezl ot o] el dAHoR =
assep gio] S7ekAA Weldo] Z7K 4 otk
1 B 1Eo] QltiMatsuda and Sato, 1988). w2hA],
CIeit Ak 45y S ST et St
AVIEFE 718 4 Itk RS AR, SE A
o W B glumaco] ST WY F7He B AT
AT F7Pt Fas 89l F9) shigeks 4L 9
oI ik S HE 3 kel Aol vieole
) Fateht Bl vl e
R AR G, B AT BAE §

Fo) A7E ©ad Zolck

1|

ox &

O

)

)
Al

ME
el

100 -

Toxoflavin concentration (pg/ml)

34. B glumae2| 2Z(motility)0l] CHEH 29
ot

B. glumaeZS vl R|o]| HZE3}aL 24 A17E, 48A|7L, 72

AIRE B3} Fof| ol s =S RARE A3t 25 TollA =

7

Z¥zF 5.3mm, 17.3mm 2 26.2mm, 30 CoA= 22+
182mm, 46.7mm % 713mm, 35ColAE ztzt

22.2mm, 59.2mm ¥ 85.0mmE °©]53dte], =7t =
b4 2540l 27 F7ek A BRI 4 9
Sieie 5, Wi 5 olgal A2 U o5
fakEale) 37, AsEo| ) 7FRe] ofsut
Sfieh A2 wriole] B2 WRRSIe] olF. Sol
- % Q 31t Ottemann & Miller, 1997). A+
o] &5 A k=0 wet Haksll e m(Hockett ef
al., 2013), o|2|3t Ait= =S HAHdY] A
ojuf gk 25 919] gEAolE FE v 4 ok
= A& Rtk B gluameo]] oJ7t MY Aot a2
SHAB5 Tl =8k=dl, ol2fRt Y F7toll= 25T
off vl 30Tt 35T A2 5ol HFom STt
gh Ak A Apolo] 1 Aer HojZth
ool Aikg FsHH, 112(357) o0& W3t
%W B. gladioli®} B. plantariiol V]3] B. glumae®]
ofgt olfollxle] W HES S Ao dli
o ofefat ol g 21 2ol W2 Abge] 2l
ofje Bazeinl Ay W 954 2Pt Fad
2209 Row TeEy] golt), ST Swo
sl A=l Welymuloh el Aze] Ay

H

a0
60
40
20 A
0 A

35°C

Fig. 4. Toxoflavin production by Burkholderia glumae depending on temperatures. B. glumae was cultured
in LB broth at 25C, 30T, and 35C for 24 h, and the amount of toxoflavin was quantified
spectometrically. Results are means and standard deviation of 3 replicates. Different letters indicate
significant differences by Turkey’s multiple range test, P<0.05.
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Fig. 5. Motility patterns of Burkholderia glumae depending on temperatures. (A) B. glumae was cultured on
0.25% agar LB medium at 25¢C, 30C, and 35C. The diameter of colony was measured 24, 48, and
72h. After incubation at each temperature. (B) Bar graph shows the diameter of the colonies on the
media in time. Results are means and standard deviation of 3 replicates. Different letters indicate
significant differences by Turkey’s multiple range test, P<0.05.

o= G 1 4 ek webi] G5 LEslol
wE Hjo] 4aby WSS Jefstel Zlsbt why
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9 4 9 Ao ogel ket olef st ghuzh
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5 sUE SjollXs BUvESdE Hole
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2 &7 B9t AGEE 120553 R0 9l
sho] WAiH R o] Z7)slal gl o, Burkholderia 430
osf] TAYsh= wdnkg 5439 ol oigh 24 |
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