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= A AuEZ T (MAFRA, 2018).

[Coix lacryma-jobi L. var. ma-yuen (Rom.Caill.)
Stapffie SHE}e) ol 134
oA Al B} (Lee et al., 2002). $-2vietell

ABSTRACT

Background: Adlay [Coix lacryma-jobi L. var. ma-yuen (Rom.Caill.) Stapf] is a nutritionally
superior resource, but food hygiene problems are emerging due to mycotoxin contamination. It is
difficult to predict the source and timing of mycotoxin contamination. Prevention and reduction
methods for mycotoxins are important. Experiments were conducted to determine the optimal time
for spraying pesticides and to select pesticides effective in the reduction of mycotoxins.

Methods and Results: Metconazole and fludioxonil were sprayed onto the test field during the
three growth stages, i.e., before the flowering stage, after the flowering stage, and at the maturing
stage. Experiments were conducted on fungal density, seed yield, and mycotoxin evaluation of
fumonisin (FUM), deoxynivalenol (DON), and zearalenone (ZEN). The harvested adlay seeds
were analyzed for residual pesticides. Seed yield, fungal density and mycotoxins were better than
in other treatments when metconazole was administered after flowering. The residual pesticides
increased over time; after flowering, metconazole (1.25 mg-kg™') was up to 1.3 times higher than
fludioxonil (0.96 mg-kg™). Spraying in the after-flowering stage was superior to other growth
stages, and metconazole was more effective than fludioxonil in reducing mycotoxins.
Conclusions: It is considered most effective to treat adlay with metconazole after the flowering
phase to reduce fungal toxins in Fusarium spp.

Key Words: Coix lacryma-jobi L. var. ma-yuen (Rom.Caill.) Stapf, Fusarium, Deoxynivalenol,
Fludioxonil, Fumonisin, Metconazole, Seeds, Zearalenone
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o] F= FAZ ML A} (Lee er al, 2019).
A g & dF &F FA A deoxynivalenol

(DON), zearalenone (ZEN)# 7+ o] 547 AZE At
#7F BE 3 913, fumonisin (FUM)YS S5, %, ¥ 59
FRolA &8 WA o]Fe] TN E HEARITE
RI= 9t} (Sydenham et al, 1991; Choi et al., 2014).

A
g
o] Tgo] EA= & Ao o8] A EH
2]

3 =4 Fusarium =

2Z A EAZE tiFE5L AT} (Yoshizawa and Morooka,
1973; Leslie et al., 1992).

o
71;_—’\__?
)

FgolEat Tgol7t AT 24 TAMIRE 1S He
FORE AR} THol AAE S 712 W ohleh Fe

o=to] Bt 9 FAS AT (Ham er al,
2017; Choi et al., 2019). Il LAsks F2E3ol
We thiEHQ Fusarium AAsF= Fo 24 DON,
ZEN To] f¢lo] #At} (Lee et al, 2014; Jang et dl.,
2018). o] gt Fgo] Haie= AlglA w4 e fud
T 7] el AN FEY 71T (Food and Agriculture
Organization of the United Nations, FAO), A|AlX A7
(World Hrade Organization, WHO) 52 F3°] 545 2%
A WHollA AFA7EeY thRsetE o & 9
2 =3It} (Kang er al, 2010). FUME 2%=9F
A== FAHEL 9o, A% Alxe] Hys 2
o7 4#EA Atk (NIFDS, 2016). DONS olA|ol] F
A o oA, FE, A B, T, dUs 2
Aoz 4R YL, ZENS A7kA A z<=
3 T F e ez 4R Aok (Luo,
1988; Boevre et al., 2013).

Fgo] Ehve FRHSE QYo7 witdl] B, A,
7t ZE Al G4A R gorE w2 Au gl
A g R Fgo] IS Ao M FEo] H4 9F
S FHA4g)sle o] Tosith weh B Ao &7
FFo] 54 AEE gk ofA A g A AI71E et
Al SAAM L] a2 FA4 A7l S A
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2 A4S S5t A AdEd B &
RAEA AN FHEAY F Ad F5 4715 0%
sfo] AR AlolE 160 cm FOo® FES AT F A2
Hd 2@ skl & AP T 50 em x 30 em A Ao
2 92 &5 [Coix lacryma-jobi L. var. ma-yuen (Rom.Caill.)

Stapf] & =A& 3 #Y A3l EoF § 1 /IS
W3 e AAE AAEIT o 3 08 A, s 3, A
471 5 AVIEE FAE AEslen, ARS o=

29

PN S EIAY

metconazole suspension concentrate (MSC), fludioxonil
suspension concentrate (FSC) 2 E5-3 AR5

2. 58 3 285 AR fx 2=

T F A &5 TAE 500 g8 AFH stk 2
T "t SRT AFELL 72714 40CE AXAIR &
7S ol&ate] A T RS AlEE ARSI

gl sopd o] wAESEAIEY (MFDS, 2019)0l ¢1738t
o] Wi FHFo| 3435l Streptomycing E$HEF 1/10

potato dextrose agar (PDA, BD Difco, Franklin Lakes, NJ,
USA) 3HA] wjx 2 A EZTA] (100 mm x 15 mm, SPL Co.,
Ltd., Pocheon, Korea)oll A% ¥ A|8E5 =3l 25C 32
710l @ol 2 A7 wjdsiiTt. PDA wiA el Yehs 79
TE ARSI plate B & TS ST
3. MADIE oKX

Algol] A3t Tk A ATE B8l Fusarium
AgAA a7t A He F5o
EFolA ZEE
s AAlske 237t
3 zearalenone®] 33 Fusarium graminearum| A <t
a37F okl BArEo] Ut (An et dl., 2016). A= FoF
AREAIRA (KCPA, 20190 554 7% &=l wet 3]4s)
of 7ist A (7€ 179), 7Hst F (8€ 74), 247 98 11
)l A 7+4 3 3] AE3IUT} (Table 1).
AEsHle 7471, 27717 S2Ee A7 s A (@
T 84 d)ow AL, ol T AIFYH -
o] o]FoA= AZIE VNSt F (FF F 103 A)yHAIE, vl
7F AR A71E A7) G F 134 )= Al

&=

=
It} (An et al., 2016).
= RE Fusarium o oAt

-
o™ fludi i d ivalenol
2™ fludioxonil deoxynivaleno

R

L

Metconazole2

=
<]

(Fig. 1).
4. 2% T ARIPY Sz

Fusarium % F3°|7} A3k= #9] 548 ZZ37] Sls)
Enzyme-Linked Immunospecific Assay (ELISA)E A1&-3}S

t}. 7]EE ELISA Kit (AgraQuant®, Romer Labs Inc.,
Table 1. Comparisons of representative date, days after sowing

and periods of pesticides treatment according to growth
stage of Adlay.

Growth stage Date Dsagfvsv?:tger Peri(:;jesa(t);ﬁ?i)cide
Emergence 15 Jul. 84 17 Jul. - 31 Jul.
Heading 22 Jul. 91 17 Jul. - 37 Jul.
Flowering 3 Aug. 103 7 Aug. - 21 Aug.
Maturing 3 Sep. 134 11 Sep. - 25 Sep.

DPesticides were applied three times per week during the period.
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Fig. 1. Growth stage of Adlay. (A) emergency stage, (B) heading stage, (C) flowering stage, (D) maturing stage.

Newark, DE, USA)S AF&-31992™ deoxynivalenol (DON,
COKAQ4000), zearelanone (ZEN, COKAQS5000)
fumonisin (FUM, COKAQ3000) #|& Shlirol] A x|
Foll wet EA 3

BE AEe BH71Z 37 2ot 05 m AE T3 &
< vl 22 ol &St AEF B 4SS FUM, ZENG]
BEALS 93] 70% HERS 50 mlol] £351913. DON 24S
A SFT 50 me ol Este] 3 2E7F BRlTlelA &
Z #2483} 3. oA (Whatman, Maidstone, England)Z
FEES oA F ZE AES pH 72 =A8ITh

DON #419] 7% ozl | mb & ZF5 3 ml o), ZENS]
745 ozt 1 mbE 70% vEkE 4 meel, FUMe] 75 o2}
4 0.1 mE FFHT 1.9 meol Z}zh &9t 5488t 200 144
9] conjugates 3] Lol EFSEAL 100 L8] AFES} RFEE
A& conjugate”t EFHE 3|M o) EF35to] & ST
15 FA7E 2P ol 100 & A TF T
DON¢| 7%+ 15 ¥, FUM, ZEN2| 7%+ 10 £7F
f2o A HjFslAth. ©]F DONS wy g0z 5 3] A
, FUM, ZENS ZR52 5 3 94S A3 100 L
14 B 5 5 27 A2 vtz 100 0 BAY 5

=T
T ELISA 96 Z#°|E 2t]”7] (VERSAmax Tunable

=1
=

(SRS
AR

D oox 41 O

N
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Microplate Reader, Molecular Devices, San Jose, CA, USA)
E AREEt] 450 oA A ke sk F 54 FEE
A

5. Me|2Y soikte 2A

B AIge AR 7171%A 21 Table 27 ) woF
Aol et SFEAE vilsle] 43 st Als
5 g8 3l acetonitrile 10 mé, 4 g magnesium sulfate,
sodium chloride 1 g, sodium citrate tribasic dihydrate 1 g,
sodium citrate dibasic sesquihydrate 0.5 g& 7}et ¥ &3}
3l SFaL 30 B2 =319tk 2 3 5TollA 4,200 rpme
2 4wy & H, Aedd 1 mlE FH3t] PSA 25 mg,
magnesium sulfate 150 mg, C18e 25 mgE Yo tubed]
A g2 5 w7l 1 27 E3elal 3 B7 9AlEE Al
71 & FE (02 mydle] LC-MSMSel 5 1l Fske] et
W AZetEadde] BanAS SAs FF AR ¢
3 e g AFEsITh

Fludioxonil, metconazole standard 1,003 mg/ £, 991 mg/ ¢
acetonitrile®] stock solutionS acetonitrile® & Z}Z} 8] 3}e]
0.005, 0.010, 0.050, 0.100, 0.500, 1.000 mg/ £ 2] working

solutionS YHE & | ml 2 sl ArEEI|E oA B
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Table 2. Operating conditions for the HPLC-MSMS analysis of
Metconazole and Fludioxonil.

Instrument SHISEIDO NANOSPACE SI2
Column Imtakt Unison UK-C18 (100 mm x 2.0 mm, 3 zm)
Detecter TSQ Quantum Discovery Max. U.S.A.
Injection volumn 5 ul
Flow rate 0.3 mé/min
Temperature 40T

Solvent A: Deionized water with 5 mM
Mobile phase ammonium formate and 0.1% formic acid

Solvent B : Methanol with 5 mM ammonium
formate and 0.1% formic acid

Time Solvent A Solvent B
(min) (%) (%)
(Initial) 95.0 5.0
1.0 95.0 5.0
3.0 50.0 50.0
. N 5.0 50.0 50.0
Gradient conditions 10.0 300 0.0
12.0 30.0 70.0
14.0 2.0 98.0
17.0 2.0 98.0
17.5 95.0 5.0
20.0 95.0 5.0
Spray voltage Positive polarity 3,800
Transfer capillary ~ 270TC
temperature
Sheath gas pressure 35 psi
Aux gas pressure 10 psi

Table 3. Calibration curve equations of Metconazole and

Fludioxonil.
Pesticides Equation” Correlatlo(rrlz;:oefﬂ(:lent
Metconazole y = 1,439,188x + 7,436 0.9999
Fludioxonil y = 1,200,613x + 44,185 0.9998

YEquation (y; peak area, x; concentration of standard solution).
Correlation coefficient for five data points in the calibration curve.

AINATE AEEAY AHES Azl FA4E AlE 1 b= AL
5

U=
gl

3|5l matrix matched standard solutionS THE &
A LC-MSMSel| F9Jato] Uehd AzvtEasige] v=
g 7Ee R A At
XE Hd#3Ael 44A4 (RDE metconazole, fludioxonil
B 099 oo g =2 APAE BRYeH, ek A
A

HAo) 21519t} (Table 3).
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OXIMEF 2l HEA|Z |

M= X

6. SAIXE

SAEAL SAS T2 (ver. 9.1; SAS Institute Inc.,
Cary, NC, USA)S AME-319 oM, 5% o4 Duncan’s
Multiple Range Test (DMRT)Z 524 7HAS A}
( < 0.05).
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1. 8% A s Y

Metconazole, fludioxonil®] 2 Z2 SIS ASA7|EHE 2
E39S e Fusarium a4 SFHYE=} AEH FAe &
S RIS ASA7Ie M2 o= st & A2
AN Fusarium o 9 2=7}F th2 A2t vl dulde
29 Epdth =gk ofA APl e Fusarium v+ S9A
WX = metconazole 21277} fludioxonil X271 vl Zt
6 v A JEFST} (Table 4).

2 A= ASA7IE 5o dxo| wE Fusarium 373

52> (DON, FUM, ZEN) HE Z¥els Z3do] dx|3

o A2 &% [Coix lacryma-jobi L. var. ma-yuen
(Rom.Caill.) Stapf] A 2 FA 2]t Hls) 7|3} &

metconazole 22 oA F 61.5% Z=FEo], o] wWE
metconazole®] FFAELT7} F2]4Q] 2}o]E HATE (Table 5).
ol A5V T AX=E Q% &7 &, 74 T A4
3t ka7t mu|Ek Aog Rt %2 A 2S¢

metconazole, fludioxonil % metconazole A#& S W &
7t e, AV EE s & skt a3t A
< HoFH

Tateishi 5 (2014)2 metconazole FAE 7M3t7] F7]
(mid-flowering stage)ll *2]8tAS W Fusarium <ol €3k
ojAtmiE WA Bl Fgo] H4 At g oR HAse
3, Parkk 5 (2012)2> metconazoleo] HollA FE WA=
F2ZFolgor =2 WAZHE WIS Tk
Pirgozliev 5 (2003)2 metconazole®] Fusarium < w2 W
2] oA &xel DONO| F& 7H4e] &3t e 2108 B
23t =Y o]# 8t A= metconazole °FA| S} e
triazoleZ]] A+tAl7} A &35 FFolgdo] & 2
HE A3 AsfjAllo)7] W&oz FETt (Seo ef al., 2009).

weba 2 A7) A= ol fArATe} ¥l A
S B9 metconazole TAN7} Fusarium o 23S A
AR BAM FFo] H4 Azt B T2 S ST A
o2 JAdEch

=

(o] 3
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e sget 89 &Xholl T5sok= Fusarium
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213574 (MFDS, 2020)14



DONS [ ppm ©]&}, FUMS 2ppm ©l&}, ZENS 100 ppb
olsl®= sl Utk FF W Fusarium o LGFOZ Q13
F3go] Hae] WAl MAIHoR FEE] BaEa 9o,
AA == ALk 25%7F o] 4] LA e AL
2 A8l vt Ryu et al, 2011). ATl W& Fx}¢]
=42 74X A3, DONS RE Aol 38 7|54 1]
o Uebta, FUMS 1 7, ZENS 4 7)9] 2]l
71EAE Z2H3h= Fte] YERSTE (Table 6).

ol& Kim 5 (2013)0] X33k win] wg| Sppel 74
FEoA FUM, ZEN®] DONHU Ftjzoz =& o0H8S
HAE dgAe fAksE A3t #s Eth Eg DON,
FUM, ZENZ fludioxonil Z]7-ET} metconazole #2777}k
54 HAETo] @kon, E3] 78t F metconazole 2HAIE
APE W O A7) ARy FEolEA AEHo] B
Yeh= 43S 2k

B A= ASAE T A W &% FA 385
9 o Ux AE Aol A3do] dXEIth wEka 3
o] & A7 9 AMS FAE AAksl] Hside sk &
metconazole A E AHEsR= Zlo] @& olgty AGET]

gl

Table 4. Density of Fusarium spp. in growth stage of Adlay.

SISM - OEHRI - O|RK| - 0|24 - elsH] - oA

Hob

AS o

MR

3. £ | 8%9| 5% TUREM

Aol mE &5 Tl thétd LC-MS/MSE ©]-&-t
metconazole ¥ fludioxonil®] FFES ERISAH. Al7E=
IAE xS W /13 A metconazole’} fludioxonil &
Bt FHrEe] 0.01 mgkg RIREC R LERGO W A]7]7} A
TE A9 o] S7kshe AS RIS (Table 7).
3] metconazoleS X2 atS Wl 78k F (0.08 mg-kg 'yl
Ad7) (125 mgkg ' Aolell oF 15.6 wie] A% S71E
Atk

W3t Metconazoled} fludioxonil F <Al 7he] &<
FEF2 st A, N Fole HkER oy AA7]
metconazole®] fludioxonil®tt &F 1.3 ¥) ¢ & &
ZHRo] HAEEUT. olg A= metconazole©] cis®}
trans ©1BZEANZ TR HFAQ triazoleAl A ZA
phenylpyrrolAl5-2] HIEFAdQ! fludioxonil2 T 2HE ZHFAd 0]
O =t B Hiel 2t (Kang e al., 2016).

Choung 5 (2016) &2He Aul7|17F & AEsh Fofke] 7
FHo] =] AFo=E gk AT St AL EvstE
2 B2, opAxE] W, 7R B ok AX & AAds

:

> o at 4
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Density of Fusarium spp. according to growth stage (cfu-g™)

Pesticides - - - NC
Before flowering After flowering Maturing
Metconazole 2.85 x 10* 1.65 x 10* 3.75 x 10%° 825 » 10
. X
Fludioxonil 9.45 x 10 1.00 x 10° 4.65 x 10%P

NC, not treated control. “The different letters indicate a significant difference by Duncan’s Multiple Range Test (DMRT, p < 0.05).

Table 5. Adlay seed yield by Pesticide treatment.

Seed yield according to growth stage (g-plant™)

Pesticides - . . NC
Before flowering After flowering Maturing
Metconazole 90.8% 116.7° 111.0® 1.8
Fludioxonil 83.1% 93.8% 102.2% '

NC, not treated control. "The different letters indicate a significant difference by Duncan’s Multiple Range Test (DMRT, p < 0.05).

Table 6. Detection of Mycotoxins by growth period and pesticides.

Content of Mycotoxin

Pesticides Growth stage SO - 5 - 3 -
(mg-kg™) FUM? (mg-kg™) ZENY (mg-kg™)
Before flowering 0.23-0.43 N.D.?-0.47 N.D. - 88.80
Metconazole After flowering 0.21-0.26 N.D. N.D. - 21.40
Maturing 0.26 - 0.50 N.D. - 0.65 N.D.-103.10
Before flowering 0.33-0.95 0.25-1.89 N.D. - 424.50
Fludioxonil After flowering 0.28-0.62 1.34-2.41 N.D. - 88.80
Maturing 0.73-0.92 0.49-1.40 71.45 - 560.20
NC¥ 0.49-0.84 N.D. -0.43 51.60-116.10

"DON; Deoxynivalenol, ?FUM; Fumonisin, *ZEN; Zearalenone. NC; not treated control, N.D.; not detected.
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Table 7. Amount of pesticide residue by treatment (Metconazole and Fludioxonil).

Residual amount of pesticides according to growth stage" (mg-kg™"

Pesticides - - -
Before flowering After flowering Maturing
Metconazole < 0.01 0.08 = 0.01 1.25 +0.02
Fludioxonil < 0.01 0.10 = 0.03 0.96 = 0.18

YEach value represents the mean of three replicate in treatment.
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