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In 2023, a number of seeds suspected to be discolored black oat seeds on oat farms in Gangjin were observed
and examined for fungal infection. The species Alternaria alternata was predominant, accounting for 84% of
all fungal infections. The appearance and quality of seeds harvested in 2022 were compared with seeds har-
vested in 2023 from the same field. The lightness value was lower in the seeds harvested in 2023, while the
electrical conductivity was higher in the seeds harvested in 2023. The content of avenanthramide was found
to be 10 times higher in the 2023 seeds than in those harvested in 2022. The accumulated precipitation in
Gangjin in May 2023 was 230 times higher than that in May 2022, and the average relative humidity was high.
These conditions created an environment suitable for infection of A. alternata, which were thought to have
caused discolored black oat seeds.
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E](Avena sativa L)= A|A ZxJo)| A 2000 o] 3] Thek3t ZHE 0] Sgfut ZF o] A5}, Bl o5k szt
% Sluto|thiSang} Chu, 2017). A= Z751a Q= )\EWO]T% Ben Mariem 5, 2021; Juroszek 5, 2020).

%EEEP% 2 HlER aHEI g e A Aol WSt T Bo ol T, 11, 2

TE Fl g oAbt wid[E, e Hiels AR a8 SR o] Lol B EIt(The Ko-

71} o dAetalo]| et e 714 SR E-2 2SSl Q) rean Society of Plant Pathology, 2022). 184} %] &¢] 2018¢
Ao=w “;_‘Jrc‘i]X% THAlo] Eolx] 1z Q)th(Brindzova S, 2008; Vil- ol Pyrenophora avenae®l| 2|8t FALS Y, 20209 Alternaria
mane £, 2015). o]o]] w2 A2 AuA] H& L WAgFo| & alternata®]] 2]t leaf spot, 20239 Epicoccum tabaicum®]| 2]t
ojular %& Zx|o]tHLee 5, 2016). 18} 22 7|5H3}=E Q1 brown leaf spot, Ceratobasidium cereale®] 2t sharp eyespot

Research in Plant Disease
elSSN 2233-9191
www.online-rpd.org

So] ) A7AE] o) AEA Ale) Fo FRoFOR
H 3 EQIcHChoi 5, 2018; Jeong 5, 2023a, 2023b; Kim, 2021;
The Korean Society of Plant Pathology, 2022). 2] AjajH&o]
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Fig. 2. Cultural and morphological characteristics of Alternaria alternata GJ-17-1 isolated from oat seeds. Top and bottom side of a colony on po-

tato dextrose agar at 25°C for 14 days (A) and conidia (B).

S7FePHA Al hgela] Qlof TAgst= - gogel thet A+
+ &siA HagEar glovt A SR A YsH= HFol
o gt A= P avenaeol] O3t TASHY A+ Qo= MR
g Aot} i A= 20234 ZFR9] 57t =85t A2 &
Aol A afde] vlsl S FAdo] th= AR Ze Eelstal o
of| thgh A=3H4 9 2] gl s =AFHIT
20239 747 g7kl A 85 2 S4 &5 2% A
A A% SR = A 2 52 HE MY SH FAAS H
ole FA=0] thg BEEUTHFig. 1A). SR F4fo] F3lst
Al Hol= Al T4 13270 F A sto] TA ol AFHe =
A&t EREHHS A5 MF A AE-5HItH(Upadhyay
2} Singh, 2019). 2] £A}E 70% ethanoli} 1% NaClOZ &
HAES AASE th potato dextrose agar (PDA) HJ Ao
25718 2)/4Fste] g27]0f st & aBo] AHES At
gt A3k, Alternaria%;0] 84%F A& T AL o]0
A Epicoccum<:3}; Pyrenophora<;©] ZYZk 7%= LERGS
Nigrospora<;, Cladosporium<;, 181l Fusarium<s 0] &
TEH 20 FFolE0] 2% e r A HEHU 7t

2 £8 A& Alternaria 7-3= PDA Hjx]o]| 4] &¢]
B wri} Alzko] Zakgel ube P o 2 wglon
BAEAE 1-5719) YFutz} 1-3709) F2to] Y B
Y Ee= 2EFolglon, 37]= 8-25%x5-10 um (n=50)% Ttk
ig. 2A, B). o] 3t FEjHd S A. alternata| A T
AT} A5t THWoudenberg 5, 2013). 2 &3 2
=L o) dFF el B #3< GJ-17-19] internal tran-
scribed spacer (ITS) ¥ glyceraldehyde 3-phosphate de-

3
(o]

hydrogenase (GAPDH), RNA polymerase Il second largest
subunit (RPB2)9] §-H2F A7|1MEE FE3to] A3t
(Berbee &, 1999). o|2]gt A <& GeneBank (ITS: OR815935;
GAPDH: OR879108; RPB2: OR879107)¢] S &23}5om, A.
alternata type strain CBS916.96 9 A. alternata isolate Oaa-
2 (MT786424), MAAS-1 (MW487388), MAAS-2 (MW741962)
S FAEE HjaRt A, 99.7-100%2] AF/do] &1l
o] A. alternata® A= tHKim, 2021; Praveen £, 2021;
Woudenberg 5, 2013). Choi 5(2018)-2 A3 HAZ =7}l
A A% AREAY] S AL 9ot Wl g
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Bo] Pyrenophoras; 2. & 45% S A5 Alternariass
T} Epicoccum43©] Z}Z} 15%, 3% 2 AESEHJAt B 135
o Pyrenophora w52 ITS 5$]2} GAPDH 5=} 474
4 B4 59l HFHSE P.avendeE FAsI T EI

2 T

< =004 P. avenged] 7] A3t FA| i HA A
< T3 "FAAvEE ol B A AN AL A=
2|

SFolof A HFH oz "FASHY 02 FYstAH(Choi
5, 2018; The Korean Society of Plant Pathology, 2022). &
A7AN 4N ALDFAL W FHS QoL FUFY
BEZ HY 7|2 d7e} o] 3579 WFe] F2 7
=5 Alternarias; 99 HE Bl&oA B2 Aol
HolT 9le-g & 4 k. o] $-eters EgaA
=, 9%, u7| A8 S| A A. alternata”’} HE] leaf spotS
Yoyl Wedtolgha R7HER Hx B ErHChen 5,
2020; Kim, 2021; Praveen <, 2021; Raza 5, 2018). o]&| gt
FHER v ojno} FATHAYS Aos|E SHFO| P
avenae®l| 4| A. alternata= 13+ A3} 2] Aufj g of A
Ao leaf spot Y o7|= HUHHO| A. alternatazt= 2
A Ae Aol 9IS Ao 2 A=k

20230] 3 FA7} T4 ShelEl Uele Totsl] $1s) 7
2 A2s7He) 22 2ol A 202230 &t § HtE o] 3l
< A= AT o 9 FAS Blastgin 202230 4~
g AR TR ARz B2 A wu 723 Bk, 2023
doll =23t Ag] T4 AAF 2 ofFf SIS Wi gl
= A ZAE = AXTHFig. 1B). FRE FARS] A4 vl
£ 913l AMx}A|(3NH color spectrophotometer, China)E o|-&
sho 20223} 2023\ ] FAHS] AE=gEQl L (lightness), a
(redness), b (yellowness)& 43}t 1 A1), H=& e
Y= Lgko] 2023 9] Aa] FA}oA] 50.00L. 2 LFEFLY 56.72
= 581 2022\ FAtol| Hsl| F-2l5HA YA UEbstthTable 1).
S L3R 2023130]| =2HE 2] FA12] o] o) |r=of H]
3 o} g ths AL ouldith T3 2 AT AA o] Az
57} 2323 78 o A w7F 23 e =R E 20227 2023
dol =37 2= tide 2 JA LS S747 23, 2022
o= B4t 55.592 2 LERA HHH 2023 A| R0 A= 49932
2 et sl 4719 ThE 7 oA Bl AR Byl
(data not shown). £x}2] £2-& AAS] Y3l 4 3 92 30
mle] F-Fof 6A17F F<F IARE F H7]H=A|(HM Digital,
COM-100 Waterproof Professional Series, Los Angeles, CA,
USAE o83t T4 259 A7 |d==s S5t &
S A7 $A Z3t FALFE Alazto] &4 E| IEEl
7kt o529 HotE ST =N s &A4EE

mo ofN

Ir

Table. 1. Comparison of color values of oat seeds harvested in
2022 and 2023

L* a* b*
Year (lightness) (redness) (yellowness)
2022 56.72+1.40 b 5.68+0.22 22.65+0.32
2023 50.00+0.44 a 5.62+0.30 21.74%0.21

°Significant differences (P<0.05) among experimental condi-
tions by Student'’s t-test are labeled with different letters in the
same column.

Table. 2. Comparison of electrical conductivity of oat seeds har-
vested in 2022 and 2023

Year Electrical conductivity (ps/cm)
2022 212.33%£11.02a°
2023 270.00+11.27 b

“Significant differences (P<0.05) among experimental condi-
tions by Student'’s t-test are labeled with different letters in the
same column.

Ao o 2 WINE R} £84% S geo] @
Ao 2 ts 4= QIth(Hallz} Wiesner, 1990; Hampton 5,
1992). 2022 AR} A= A7 AEE 7} 212.332 2 VLS
U} 2023 FAFA= 270002 2 =4 SA = o] FAL2 &
off F-ol4Ql Apol7} A= & = USATH(Table 2). 2 F=
7t &2 55 1 Sl o= Aot EA5hs tHEA
QA 715/32Q] opdzietuto| = 9] ghital, A%, B 1
I g=stoln] Xuf o © A= Fa 22 oot AR e
ZF-g-o| =7| gj&Eo|thEmmons&} Peterson, 2001; Meydani,
2009; Ramasamy <5, 2020). 2] FAtol| -2 opdd2ietnt
o= 3}k 3Fols)| 1A} high performance liquid chroma-
tography (Agilent Co., Santa Clara, CA, USA)E ©]-8-35}o] £4]
Stk opdidAetuto] = standard+= Sigma (St. Louis, MO,
USAYOIA] Felato] B2 RS 2HAde 3 gakallck 20224
712 FAe] ohyetntol= L 285 pglg S E.E L
eh o1} 20239 Fle) FAolA S 2893 po/g= ekt f)
202 ohihaetutol= gafo] 7 Uehhs HaHe Bg
thHTable 3). Son 5(2018)0] 2016 4ol A e =] &
4 72 5 B5E o) @ste] ohzeiulo)= e BT
AT olA] k2] 2985 g/ge] F4Ele] qlekm 1 wsHck
TS 2 AN Sl w7 2300 AR e s 23k =
HE] 202217} 2023 o] Rt 2F-S Y = o d2etn}
o|= gere B AJE A}, 20220 169-2.62 pg/g Holl A
SAE U0 20231 Al mof| A= 26.98-38.1 ug/g HY = e

flo I

lo

rr
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Table. 3. Comparison of avenanthramide contents of oat seeds
harvested in 2022 and 2023

Table. 4. Weather characteristics from April to June in 2022 and
2023 in Gangjin

Year AvnA AvnB AvnC Total Weather element Year Apr May Jun
2022  104+026a° 064+0.17a" 1.17#033a"  285+0.76a° Average daily 2022 14.36 1822 23.06
temperature (°C
2023 1247#157b 1381+245b 954+1.11b  2893+1.16b P (0 2023 13.54 1832 2286
*Significant differences (P<0.05) among experimental condi- Accumulated 2022 99.00 140 9740
tions by Student’s t-test are labeled with different letters in the precipitation (mm) 2023 9570 32170 17150
same column.
Average relative 2022 66.13 64.03 79.77
humidity (%) 2023 71.80 7784  77.30

U} Table 30j|A4] A|A|3F A3ke} B3t AFL B9tk (data not
shown). op¥ld2Aetuto| == Puccinia coronatash= ool
OJ8fl crown rustol] ZHE A= 9| oA A EHE slolE
elle] Ao 2 el qlom Bge] Bl AlE fH AR
k& A~ Edg|A®al oz} benzothiadiazoled} ZH-& A A1A3F
23 ARl BN E = ZZHCR B 1EIcHMayama
5 1982; Wise, 2011). Z|2olli= 7juthollA] opdid2retutol=
ool 44 9@ BAH WelE BAT AT 54 Aol
e Aol A o R Hof| vl opH|itAEtutol = Beko]
=7 yebgt=dl 2 o7t ohE A el vlsf A= crown rust
I Eo] && | %o]7|of opd2einto| = ZA 3} HytE o]
& Ao 2 AyZFsIFtHMalunga 5, 2022). °o]&|st 215
2313 B S ZAko| ezl 2023 A=A oA 2022
ol B3} 108 Y= opitretuto| & ghgo] A UEhd o
fr= A7E A== 4004 A. alternata 5ol I3+ A&
2 2 Ed| Ao gt o] Bhgo] A-g3le Ao m AT 4
Ak

2 Aol AHEE 2% A= ARoA Bz 10
Trof| A NGz otFet & 6ol 53514 =HE= 2023
d AYEAY S @AY 71423 ABAdE ohotst
7] 918l 20227} 20239 2W7F 497 H 6971R] 9] B
71&(°Q), Zrgmm), Bt A F=(%) 5= 427 7144
O] 713ARE T3l s Hytrh 2Wzte] 5 B+
22022 18.22°C&} 20234 18.32°CE o]z} Qi ot 7

Skt W ATSES) AL LA 2 fol7} eg 3
A 4= Utk 2023 59 ZHHIFol= 1MY7E 7971 9lo
g Wt Zhaes 321.7 mmolE Wi 2022 5¥)=
34°F 73271 (AT B 0.46 mm7ZF YH F 1.40 mm
Hoj 20227} v sl & o 2023 d0f 2 230u)9] g
7123}0] 202399) 5 HHF AYESELE 77.84% 2 e}
th(Table 4). 5429 7|/4S QE=E AA5] AuEH 54 4
URE 7U7H] 497 YBEHF2 2= 16.5°CE UEyton ¥
T AEEE 95.5%2 $x|5tach 281 59 17¢EE 20

r
oft.

tlo

Table. 5. Patterns of average daily temperature and relative hu-
midity in May 2023 in Gangjin

Month/ Average daily Average relative
Year temperature (°C) humidity (%)

May 2023 4 16.9 95

5 194 100

6 16.6 95

7 13.1 92

17 21.2 83

18 17.7 95

19 19.9 82

20 20.2 79

28 224 94

29 215 100

30 20.0 88
A7HA 427 AW FLEL 19.8°CR Yehton B A
HEE 84.8% 5 FAISIY 2T 59 28U R E 3087H4] 3Y
7t QP FLEE 21.3°CE Yehon 94%9] B AEE
£ 4AI5HcHTable 5). 29ke] F4717ke oF 400 HE o

A Ql=tl| 7o A BHA o2 4 FeAo| S5 5t
A e g 599 7|Ake 285)7] A AR ] oo 29

stthar 3 4= k. Alternaria%; 30 = AlAIR S 2 thekgt
Aol Y& 71AH BAK 2 AT Ede 2Ee ¥
Yo 2 Fohal gt Ao gtk 53] ot <
T Aol vk, Ao, e S e He o= A
alternata= B| 22| It eh-g 7|3 Qloh SRS
Adst 2A o) 27 20qA A= EHo sk H
of7} AR AL AL &2 AFE g U SERt %

&S50 93l R EcHTimmer 5, 2003). Tangerineo] A

ternaria brown spot& 40 7]|= A. alternata®) Z A} Eo‘/‘{)“’ﬂ
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= 74%%1 7350l
ASE 85%9}F 1
ﬁé*éE] At} Reis 5, 2006).
T2}, tangerine Y] 104]
7 AA Zojgar YEF-2 =7} 20°CHE] 28°C 27of|A
2 o] Zr o] o] FolFthaL B 1154 tH(Reis 5, 2006). 2014
of S-2utet FRAF oA ¥ o]A=grgo] Ay 5F3l=T
7 8912 37 913 FIAARS SHIs Ax), dRA 5
Hat dFol A | o] A gro] Aol WAEsHA] (ot 2018
of vl 2014\ 8¢ 3t 2| H7|2o] XA gE= 717+ 3.2°C,
3.1°C Wk 7H4eek S 7kz} 70.0%, 42.0% T9kthKang 5,
2019). & = X Hoj|A 2014 0] 201890 H|&|| AAjA o =2
o y]egl o o MO oz Zo] Az Ae| 7HaA
5 A2 v E G| et oA oA =g o] &
felojgka B sg) o] AntES T HH 20234
54 3 g 53k AR A eyl A. alternata®] ZAH)
P, HE 2 A gl ARt Aol 24 HoA FASHY
of A9 TR} A stHE Ao = AZE U v &
A AAE2H 5 I s5H AERIA 552 EH, A
PP HERRON, S0, WHPAUE o2 48 )
at Zefjolm 2] Auf FFo A= 2307
¢ 39 l4°H7} A ot A7} o] FAXA] &AL Q=
o|t}. E3t A. alternataS E$FS Alternarias 5 5°|&
AT AR Aol A= 707HA] o) HAaE A
tedl 25l 4R = QY 529 Aol ¥F=
A0 2 Y& A Qlth(Escriva 5, 2017). mHabA] 7]
off 3ot A2 712N A gt FHo 2
T TASHEY 22 P50 ET 5= ey 7
of g = ElRa gl o] 7] Ag L A3A B
ol g gsiriar Ayzhgiet.

l‘l

lF °" oE oX oft ot
> m(

|

(o
_E,L%E

—_

oo s o o
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202390 3 Al Aes7hel ] FAZ o] AL
FA7} o DR T FAL Bolt F2EA 132

NS Aste] Bgo| ZAES A A, Alternariaso]
84%E A& wHE Ao 2 AET R Alternaria alternata
T TR R Auls7 ko] 22 2ol A 20221 8
o FA0 o 9 EAL vlwet A3, WS el gk
0] 2023 9] Az FAtOIA FEJ5HA] RA UEbg o FAF &
AL Prhshe WIREEE 20239 FANA foHoR &
A Z4=lo] FAke] Felol Holrk igiek Fe sl

o 2 dEAl opdidzieiuto| = gk 20231
wof| vsj 10u) H= =A ‘:“—‘451521‘3} T35
A 7)74o]] S dat= 2023 59 73R19) 3
< 2022 5o B3} 2304l WAL Bt A Hl:._ o} A
alternata®) Z+gol 33t g7o] RAJE|o] TS o] BHAY

StS Aoz AZER 7| HSke AT 4= A Bl
et 2UE P A A=52 BA| l=go] Hasteet A
qk

FALol| A 2022
3 0}71 A4
EE:

Bt 7F4rsF
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