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Global marketing trend

and outlook for biocontrol

Tina Zhang HiAt

(Head of product development
for North Asia and South Asia, Arysta)
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Global marketing trend and outlook for biocontrol

Tina Zhang

Head of product development for North Asia and South Asia, Arysta

Content

GLOBAL MARKETING TREND IN

THE BIOPESTICIDE INDUSTRY + Global background

E

Tira Zhang E L ot
Head of RRO, Nortn BSouth Az
Arysta LifeScience
@Arysta @Arysta
POPULATION OF THE EARTH Allianz Global Population Growth
Number of people living worldwide since 1700 I billions 2048: 9 bin
« Global population increasing 75 millfyr %Ué:: * UN estimates 3 people die each second from hunger
. related causes.
= Roughly equivalent to the population of Germarny 012
199; To feed 9 Bn people, need to produce 70-100% more
food by 2050 using:
v Less Land

¥ Less water
¥ Less fertilizer
¥’ Sustainably

®Arysta




Global Climate Change

*+ Climate change impacts crops through increased €02
and higher Temperature

+ Effects are not uniform, Vary by crop and geography

+ Climate change will alter pest problems
+  Potential magnitude is uncertzin
Same weeds Beaelit mare Irom higher CO2 thar eraps
*  Higher temp can increase or reduce disease and insect pressure
*  Wherange of pests attacking oops will change
*+ Extreme weather events will be mare common
*  Heatwaves, drought, etr.

Timing and location of these svents during crop develapment can greatly
influence the impact

Biocontrol maket bacl;ground

+ Global food security is susceptible due to
— massive growth of population,
— changes in global cimate,
- the emergence of novel pest
+ demands from increasing consumers for chamical-free,
sustainably produced food products.

Biocontrols, if used as part of an integrated management
system, may satisfy the above demands.

@Arysta ®Arysta
Definition of
Content Biocontrol/ Biopesticide! Biostimulant
Biocontrol
+  Biological control involves the management of pest populations
+ Biocontrol Definition and History through the use of natural enemies, including predators,
(B $ parasitoids, and pathogens,
. bal ma of Biocontrol
2l e 2RI +  Biocontrod is the broadest definition, encompassing
« Driver and trend biopesticides and macro-organisms.
« Examples of Biocontrol products Biopesticides
+  EPA defines as naturally occurring substances that control pests
|biochemical pesticides), microorganisms that control pests
{microbial pesticides), and pesticidal sub o5 produced by
plants containing added genetic material (plant-incorporated
protectants.PIPs}
@Arysta ®Arysta

Biostimulant

NO accepted official definition in most of the world,

The definition below is based upon Ewropean Biostimulant Industry Council
propasal which is being reviewead by the EL Cammission

+  Agricultural biostimulants include diverse formulations of
compounds, substances and micro-organisms that are applied
to plants or soils to Improve crop vigor, yields, quality and
tolerance to abiotic stresses.

= Blostimulants differ from biopesticides through action only on
the plant’s vigor and da not have any direct action against pests
or disease.

+  Biostimulants also differ from fertilizers in that their benefit is
not derived solely from supplying nutrients to the plant.

DArysta

e 7 PArysta

Biocontrol /Biopesticide/Biostimulant

" Biocentrol is the Biosolutions segment relative to Plant Pratection
¥ Biocontrol products are registered the similar way as chemicals are

¥ Biostimulants are more about Nutrition [ Aliotic stress
management and often differ in terms of regulation / registration

Fertilizers
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Biocontrol — Product Types

PRIV ERIIGCIE VIR i o LA ¢ B, Tofbowasd by Fangs ke || ¢ Insets Folbiesd by e
vagmend in tha grous -t st e reaunap tre Largest grez
v T

[rT————— © Wecrebizh ave the lrgess market e intke famat
produas o Wigesticides at U513 B, s, B, e o 3
Largess chabenge for ¥t Bt Biges: chaliengesfor iabiaks Phiegpe
L o i Lishall |- Most impertant chalboage
[e—— e 3 Seabliny; §) Ferfermanc [ —
Ennmnent shigping e wegamvam that
v 10 e e el care

Biocontrol History

1M Century. MNicotine used againg! plurm beetles

A0 Century: - mineral eils vaed as plant protectants

= Early 1830s: the French began to use Bt as a biological irsecticide
1935 first commerclally avallable Bt product Sporeine, appeared in
Franca

= 1950%: inUSA, widespread use of biopesticides began to take hold as a
hest of research on Bt efficacy was published

1878 U B EPA regstered the first insect pheromone for use in mass
trapping of Jepanese beetles
= 1DB0s /1830 First sustainable commercial success stories

Pyt et

7 Ghnysta

Key Industry Associations

ANEP founded in 1930

- Priducers [40 enmpsries|
 MRrO-DEAS T
® Lynn b Lelleck (fx. Or
= IBMA founded in 1595
~ international Biccontrol Manufacturers' Associstion 160 com panies)
= Digcontrel

- Duwid Cary fan. Ok
BRI founded in 2000
~ BinPesticids Industry Allance {50 coemganies|
* Blopesticides
= Bill Stoneman (ex, Dar}
ABCBI fourded 2007
= Brauilian Assoclation of Sickagical Conirl Companies 35 companies)
* Biocontro!
* Gustavs Herrmann (Presdent ABC Biol. Employed by Koppert do

Brasil
7 @Ansta

B ey —

Content

+ Global market of Biocontrol
Jriver and trend

+ Examples of Biocontrol products

7 @Anysta

Market growth from 90's till now

3500
E )
i
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£ 2000
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0258
S0 pam 1589

R

1590 199 2000 2005 010 2015 20 oy

Exponential growth of the market, following a growing interest of
consumers for food safety and raising of envirenmentalawareness

— T ®Aysta

T T

Market growth from 90's till now

The Global Biopesticide market in 2003 is 3 2.1 Ba—growes kevel

Projected to exceed § 3Bn by 2016, 5 4 Bn by 2018 and 5 5 B by 2020—grower
leved

Projected 15%-16% CAGR for 20082018,

Langest Product Type Markat |s microbials making up 2/3 of the global biepesticide
market{Bacterial §5- 72%; fungi 20-24%)

The largest Usa Segments are bio-insexticides making up 494-53% of the global
biopestiide market follawed by bio-fungicides at 37%-42% of the global
biopesziide market

* Biopestiides is the fastest growling crop pretaction market sector, 3t 2x the:
traditional crop protaction market CAGR

Intast year of 2015 aver 3 28n was spent on acquisitions

In 2015 there were »30 announced acquisitions, distribution & funding
Aagreements covering hippesticide companies

Today biopesticides are based on science with known MOR's

7 OAyse

+ v D




BioControl Market Dimensions

= The Global Biocontrol Market is dominated by the Biopesticide
Biccontrol Global CAGR = >14%

2013 Gilokal Binc ontrol macket (52.318n) 2013 Microbial Market by Type
{$1.3Bn, Grower)
g

\

u Mictabias

OrEIREmMS . e Bacteris e Fuigi o Vines o C

e 7 GAnysta

—

Microbial,56%
Y
Bacterial,T0% Fungi.21% Othors 4%

Bacteriak Fungi
+ Bt (50% M5) + Beauverla spp [45%M5)

M5 ereding, but sales have held and + Largest fmpi AL

Erown + Wl stablished i market

* 10 years ago was 80% of bi * Tri pp {25% M3}
* Bs & other Baciflus [35% m5) :;.'Uﬂ!ﬂ\-li

' :':'em”mm Al benind Bt . petabitid o top (L MS]
+ Pasteria {134 + s biean Sastust grewing Rungi i),

+ Fastest growing AL with Syngenta 5T

=
o —— TR

Biopesticide market dimension by region

i Nt by bigiees
+ USA{Camada (355 M) §9550 M e
= Largus: & meet devalopod biopesticide i vath 3
mansable apulatiry yyitem
* Eurgpe {EU) (25% WS}
= Trademnaily strong bic-Insactickda mic, mainy Bt
= Mist lorgest with problematic repulatory systers

blordong developrent
* APt |18% M)
= Wid-kevd wih frapmented seguistory, dornated by
Chine Siokal Bihusicda Narist vy Fagiors DAGAK
= Gowng with linge Toundetion for grosth =
* Ranfim (16% Ms) &,
= Famest prowing mglon with poteatial to b largest e
e in future with high demend of bicpetitide
-

+ B 5]

= Dpporiusistic markets

Biopesticide Use Segments

2013 Blopesticide market By use segmant

* Bapelnsecticides (SO%MS)

+ Stardands are stil Bt's & plant {51.9Bn)
extracts Brematicos ot 6%
* b b W Pk, 1%
+ Fastest growing sgnificant use i
segment

* Bin-Nematicides [3.5% MS)
+ Mainly bazed on potantial
developmant of Pasteurla products
+ Big-Harbicides
+ Chalenge for biopesticide
devilopaint
* Faw companies developing bie-
herhicides

T © ®Arysta

alot silol s Bl 8 Bonemaocte o o

Biopesticide Sagments by crop

2013 Biopesticlde market by crop type

» Fruits &Vegetables (B0% M5} | .
+ Will cantirue the standard for - 5T, 250%
biopesticices Harws crom, 10 B0R:

+ Row crops [/ cereals [10% MS)
+ Highest patential growth which eould
axplade with naw products
+ Highest unside potential

= Seed treatments (13%-6% MS)
= Fastest grawing segment

Biopesticide mkt vs CP mkt

eowens gy Traditional crop protection
rarkat highty concentrated in
a few companies
S pomgsnie
70 of sales.
35 companies globally
Gkohal market aceess

) account for

»  Biopesticide market highly
fragmented
*  Top 20 hin companies (10%]
account far twao thirds of
mnarket
Chver 300 companies glonally
*  Market access limited

A fas A
~heysta

o250ty
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Biopesticide Consolidation

+  The global biopesticide market is the initial stages of
consolidation

*  Akey trend is the Entry of Major Multinational Companies

—tgratumst & Pmpbyza

Backar Undorunod
frysts Life Scmncs-Gemmar

Arysta Life Science — Flant Health Care
0s Sangoese - Blograparaty & Senales
FMC— I Etlem Reserarch & Che Hensest

Fassiunls & Davgn
Moreaeso— Rosetts Geeen & dloylars

Monsanto —Nosonymas
Syrerta— Howanmes, Marmne o

Phammz alionk Blaekingss - Bomar Microhish
Ravoggmes—Hanwal in A | hedermatt [ Beandt | Biowerks [ (0C
Technzing Graup  Ropeart | Marnna B f MG Sk

Walent BanSciences - Pace I

Content

+ Driver and trend

nples of Biocontrol pr

oducts

®Arysta ®Arysta
BioControl market Trend Market Trends
Biopesticide sector s Fastest growing sectar *+ Biopesticides represents 3 % (2013} of the Global CP mkt, will grow
BiaPrsticds to 5% by 2017
Last Syr 1817% 1% + Fruit and Yeggies are the most shart-term promising markets for
Future growth 2% ™ biocontrol (since major issues of resistance
- Global biocontrol market trend management, residues, and consumer awareness about pesticides)
12 + Fastest growing segment is seed treatment
1) + Combination of regular pesticides + Biopesticides is a strong trend
n in the industry, with big players coming into this field {e.g Dupont
L] and its Acapella fungicide for row crops)
J l I * Biocontrol is now a big part of the strategy of Agchem
i - - companies, and they all |In\.lest a lat in developing solutions, that
2 zs zms 2020 2an will come to the market in 5 to 10 yrs
W Blopesticids W Madro Ovganism
e ®Arysta - @Arysta

Bipiptcise M. Duivers

Grower

demand
Fesidue 1 o
-Reduced chemical rasidus
-Export Standard® supermarket standard
Resistance- need sdditional MOA ¥ ¥
PHI-Shorter PHI with biopesticides- i

Worker Safaly & Re-wnlry Timing-Reducsd L d
restrictions for works to re-enter fields

Application flexibility-Near )
water, valatiity, drilt, timing
Sustainabliity X

Regulatory- lower st and shorter timefine
Product portfalio lifzcycke mgm

¥
¥
¥
~—

=

Development Costs & Timelines

New Product Discovery [ Development

Syrthetic Peuticides Launch Costs = Total Costs SUS $858 - 156 Me*

= [Binpesticides Launch Costs = Total Costs $U% 3-510 Mn

et
[
Biqulatory
= Upto 10 years for i = disaovery
Oy are g of LISHE
Besedzpmem mary o
et
= Much shorter time for a blopesticide approval in LS
+ Dhezeerysharter = e croded (P
= utum far i ttractive
- ~Arysta




BIOPESTICIDE MARKET SUMMARY

+ Biopesticides Growth
= The presant market drivers will
corlipue to suppart fast growth
for biopasticides
Fomchuced Rewdies
Fomamtscae Mges
Zero day PH
Efun Re-ariry
Apsbeslive Flechity
Suminabiiy
= The continued investmant by the
Nrancial marked & majar P
comparies will provade im proved

Use Segments

- Bicirsecticides & biofungicides
‘will poringe to be the twa drivirg
ferces for major
growth, particularty in FEV

= ST wil ba fashest growing
application segmert

- Efficacious | Economical
BioHerbicide-Potartial gama
changer, but nething on the
horizen

st meet similar sgandards b

market support rapid
gromth
+ Musstagoes = §

traditianst OF in arder ta he suutgasbie
ompanies must know product MOA anc
praduct performance mast ke basac on

@Arysta

BIOPESTICIDE MARKET SUMMARY

Reglons Products

= The LEA wil cansnua to kad in + Micrabial produess wil continu s b
development & adeption of bispesticides tha Inad products dua fo:

ko tha 2020 —  Abilty ko idenify & secur P

Vot Eracei| can avar takn. of match th Ezmse ol disoovery vs synietos.

LS in ua of biopesticides in the 2020 o I L e

= Brazd & kely the Rrst couniry o have a fit - Mose consistent poduct qual
for binpesticide uze in 1w ciops & and lese compluated Uy c
oAl fogishos than siant edracts

Il
+ Geath i the ELwill continue f b B OrTL 1) I o el
siowad by an unpradictabla regulaony planiial m;ﬂnewmmaenu
wystem inlo the 2020s dmm and daveiopmant
AziaPac, spaciicaty China s he Pt asticts wl onkue 1o be held

sotentialtn 3ckbtwdw1£|unu corskRngy

ket the workd, under s cum + Hawsechnn . such 3 sidar

stardards and defiilions wenam & emerge o
become s HO[ |l| he B

®Arysta

Content

+ Examples of Biocontrol products

@Arysta

B vacciplant C

+ Lamrarin rmnnal and purfisd omgound lrom saamend) bosesd Mitural Defenca
Ssmulasce tox
+ Paterted ard Remsl.elsd In =13 countris inchading France, Potand, el Spain. LISA

+ Vacciplart protects planms against various diseases, fungus. bacteras

+ Vacsiplanl hes been the first Mstueal MDS registend i the werd in the e ly 2000°, Tirstly on
‘whest in France. Wery ahead concepl at that time, Vacoiplan enbers a rew life cychs after 1e-
pasiticring in Francs in 2014

Gty @Ary&t@,

VacciplantZ'

MOA-Plant naturol deferde mechanismm

« Tolmit pathegan sriranceidaveiopmart Flants
peosluca lignin 1o have strargar physical barers{oell

wally agairst pathogens.
*  Counter altack

- Planis produce natem lamibictios piryinslexines, hat prevest

pafngeas dawskpmant

- Pl prodses dilancs pr

a1 amach gathegans tal

5 i i
e

i poracy

b, Mgt e g D usaneas, abetors of st dilncss

et

Laminatin, the elecitor of plant defence

Lamirarin imolsculat struches] is wary simiar b the molecules released by fungi ool wal,

oige giucans « degracation +

e e

Ofigo glucans from lungi cell wall

MOA of Laminarine

Laminarine mimics fungues attack

The plant set up its natural ded i pathag
attack

The plant takes advantage upon fungus attacks and is protecied

[“Vaccinalion™). Laminarine @Ary_stﬁg
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Polyoxin-D (PHD)  Epdorse

Description:

i i alia agairest resistant

Ahemana, Botrytis 2nd Powdery midew, Water Dispersible Granules.

alus Propositicns to the Groves

PH.0 Fungicids provides almend. pistachic, grape and strawbarry growars wih Highly efectivn
disease conmbol Beough & wigue mads of selian Bl s ety into an sversll kgicds
rolation program

Pelysuis [ Tise: EMelent bis husgieide faf high valie ereps

: MRL Tlerancss > e agement, P

3 W?ﬂgw‘wmmmvmwwm

+ Targeted crops: Thus.
2 g o) s

®Arysta

Codling moth Granulosis Virus Carpovirusine
arpa

Dascription & Valur Progostion

Deseriphan
Bimiresscheite basedon Coding ot granuoines

Viahie FrigoaRoss 10 M G
Estfenlsvsis Mt e0iuban 1Bt ochg ol oo Ange, Pea ind FArs and Griemt i oath on
Puacars, Mectarne Ak, chd Asaiot

Carpovimsne: The sustalabie referesce aga nst Coslirg meth
+ MalirE crigh, spaciic 5 Cye spacks
+ bl afloct an Pt il msvets sl et
+ Piler ol oegani: frming
+ Dot ol ty 5 shomra:
. =l 0 on the laeg e
+ st Ires B ol 10 GUTnrs
+ Carsarer sty
Fis orteria jex. 2 WRLS oy

.
Rergicics]

+ Pretact 1w Mating Disnsbos prograss

+ Wazagemert of sesasisnoe tn ohemioa | msectiores.

+ Camglete raady o use prdoct hgh vis oad, Lviaroectant, butfer
LR =

Product are selling in ALS JP

Japan Unit: Fungi antagonist

Idemitsu Botokiller+» =+ B. sublilus

Cenlral Glass Biokeeper Erwinia carofovoralavirulent)
Central MomiGenki Pseudomanas flucrescens
TakiChem CellNas Pfluorescens

Koppert Benaficial All regi i as pesticide
Pollinators Us2 million

Koppert Microbials Werticillium lecanii

Emerald Botaniguard Besuvena bassiana

Portfolio & R&D Analysis

[

Fata of o

Phaanaa

Wit al Siancan. Frd

03k

Acppmt!
ot

Technican Diffreresaion (Effary Tech=ingy)

@Arysta

Conclusion

* The Bincontrol market is growing 3 times faster than the
comventional; with high expectations on F&V crops.
Biopesticides are in fact many different products
[microorganisms, virus, natural substances) each of them
having very specific characteristics and mode of use

The combination of conventional pesticides and biocontrol is
a very promising concept to answer to short term problems
that farmers face such as resistance management, Low
residues strategies, etc...

ALS is positioned as a market leader for Biocantrol, bringing
very innovative products, in almost all of the categories

— T GAnysta

T T

Thanks for your attention

: T At




[SEZ9 2]

Development of a novel microbial
inoculant with multi-functional activities
using a new endophytic bacterium
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Development of a novel microbial inoculant with
multi-functional activities using a new endophytic
bacterium

Young Ryun Chung

Division of Applied Life Sciences, Plant Molecular Biology and Biotechnology Research
Center, Gyeongsang National University, Jinju 52828 &JGreen Inc. Jinju 52840,
Republic of Korea

Increasing food production especially in Asia, Central America and Sub-Saharan
Africa is vital to meeting the needs of a world population expected to hit 9 billion by
2050. Selective plant breeding produced high yielding varieties of rice and other crops,
but which performed best only under intensive agriculture which requires high
applications of fertilizer, and also more expenditures for pesticides, farm machinery, etc.
Now increasing attention has been paid to the development of microorganisms for
sustainable agriculture by many global chemical companies. A novel endophytic strain
Bacillus oryzicola (YC7007) isolated from the rice roots has been developed as a
microbial inoculant with multi functional activities for controlling seed-borne rice
diseases (SDRD) and brown plant hopper (BPH). YC7007 had biocontrol efficacy
against the rice bakanae, bacterial blight and leaf and grain rot in pot and field

conditions. The growth of Xanthomonasoryzaepv. oryzae (KACC 10208),
Burkholderiaglumae (KACC 10359) and Fusariumfujikuroi (KACC 44022) was
inhibited by the strain in vitro and systemic resistance against the diseases was induced
by root drenching or seed dipping of bacterial suspension (2 x 10’CFU/ml)atsowing. The
mechanism of disease resistance b yYC7007was elucidated in riceand Arabidopsis. The

expression of different defensive related genes of rice OSPRI0, OSOLOX2 and

OSAOC were enhanced faster and stronger in compared to the control, which suggested
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YC7007 followed the jasmonic acid pathway in rice seedlings. In Arabidopsis,
however, PR1 expression was enhanced indicating the involvement of salicylic acid
pathway. YC7007 also showed the good controlling efficacy against the BPH. The strain
resulted in increased survival of rice seedlings at five days after infestation with BPH,
whereas the untreated control plants showed symptoms of stem chlorosis, leaf wilting
and death of the whole plant in all plantings. In addition, YC7007 promoted the growth
of rice with high germination rate, numbers of seedlings and tillers. Novel compounds
produced in culture broth of the strain were found to induce systemic resistance against
the diseases and BPH in rice. The novel bacterial strain was mass-cultured, formulated
in powder (2 x 1010CFU/ml) and developed as the microbial inoculant to control SDRD

and BPH in rice cropping system.
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Ag Microbiome

What are the limits to the world's food supply?

+  lnereasing food production 1o Assa, Cenral America and Sub-Ssharan

Alfica is vital 10 meeting the peeds of a world population expected to hit 9

balliom: by 2050

Sebective plant breedmg procluced high veehfing vasiegies of nee and other

crops, but which performed best only under high spplications of fentilizer,

and also required mone expendi for pesticides. fanm kinery, ete

= Now incrensing attention hos  been paid b the  development  of
micrsorganisms for sustainable agrculiure by omany plobal chemical
CHmpanie

13 bion

Harw LN, word

Taw

o fill this up?

Lizmis of the current
ngriculr

system

Mext green revelubion

Untapped plant microbiome could help feed billions

o Microbdome: The collective genomes of the miceoorganisms that reside in

an environmental niche (syn, microbrda; the microorganisms themselves)

Understanding the intimate relatienships betwien mroorgamisms and

roots 15 eritical for incrassing agricuwdiunal producti espexially given

rising global demand for food By Pae Asdrey Smith, Sei, Ases, 2034)

+  Rood microbiome engineering improves plant growth oColl Press, Sepe 25 2015
Sehecting art ficinl microhiomes moy be o cheaper way o help curb plang
cliseases rather than pesticides or creatimg geneteally modified ongmnsms

Plant probiotic microorganisms

« antibiodic, host resistance induction, plant growth promation
+ plant health srengthener, plant stimulator, biopesticide

SPECIAL ISSUE | 16 AUGUST
2013 Smarter Pest Cortrel

Microbint nabled irsights imo plar imeractions
MNature Reviows Genetics 15, 797-813 [2014). Carecied anbre 03 Nevember 2014
P. Gohutre-Lofer:. Dopt. Microbe-Plant Interact. Max Planck insatute for Plant Breeding

What are biopesticides?

+  Any preparation or formulation manufaciered 10 be used in the

conirol or eradication of pests i which the active mgredient or
principle is based on a living (micro-) organizm, or 15 derived without
significant purification or modification from & living (micro-)
OTganism

| Comventiomal Chemical Pesticide

[ Hikgical Fest Camtrod Agern
]

Cther Living PCA

I
* Nemssodes

+ Macroseopic

rotome
+ PIP {genes, rocins)

=
* Protarnans

What are the advantages of using biopesticides?

Environmentally friendly: generally affect only the targed pest and
related organisms

*  Less or non-toxic to men and animals

No (less) build-up of resistance

Caontrel of ecologically hurd-to-control pests

Reduwced use of chemical pesticides by incorporation into [FM

Market 1on for organic or p ides free foods
Less cost for the development in comparison to chemical pesticides




Present and prospect of global biopesticides market

S2.09 billion (200145 — $5.11 billion (2024} CAGR, 16.0%

Asia Pacific: the potential markets for growth (around 30% of the woial land
available on earth and around 60% of total world popalation)

Growth i the organie food morke! and eosy registration than chempenls
pesticides are diving factors for the global market

G Ms Sy D F38 bt o Voarh

011 004 3003 28 3T T S IWD P T 207

Wit hrerica Wi drerice UL Bials S hisraks  Abes 0 Rt ol workd

Seuew Lis Rewarth, e

SHE M =Y U A @Y B

v O=EJIYEY AMF0EE- (S8 N =43
S0 Bayer CropScience, Agragues 818 14
-2013H 128 Monsonio & Noverymes B8 E2: Bioag
- 20158 B Monsanto DEZ5S TSN 500,000 1t ploss DTS AR
-2015E 48 DoPont 01 0| SE 22 53 2 A BE Bl Tanon
- Syngenta 20202 THE] B AR S6HE HE0 DIAE T S 018

SEEE BE HRH 623 B BASE 16 E Mosanio) 8 R}
SR AN FUARTEIH RNY AR - 54 !

-rozod OLUE, MO EE 2R AN AE o sk ol
CEUAASTUSE AN HEY FEES FOLHD
-HEEZME LR IES HE B8

Concept of biopesticides for plant diseases

~1970s: antagonist against soil-bome diseases
1980s- 2000s; antagonisi+PGPRHISR+SAR

20005~ next generation?

» Next generation

Demand for the combination of biopesticide & biofertilizer
{growth stimulator etc)

Multifunctional microorganism

Endophytic microorganism: contact & systemic

Seed (seedling) treatment

.

Trichoderma harsianum YC459 (TORY): 2001~

Lysis of pathogens by chiunase production
Plant growth promotion by solubilizing fixed nuirients

Reduction of fungal inoculum by removal of senescent petals

Induced systemic resisiance

% ¢ High cost?
¥ Short sheltste .
¥ Unstable eficacy?

= Development of multifunctional endophytic bacteria for rice production

= Microbial inoculant for managing rice diseases & nsects
o Sung, KO & Chung, ¥, 1 1997, Bocontzol of rice sheath blzght using
imation of bacteria: 5 vees, Baeilffis spp. (4% PGPR Waorksbop)

e ceal 3000 Trzhs Tl 5k 1454
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# Soed-borne fungal & bacterial pathogens cause lwsavy losses in nee

F Chenucal eatiment of nee sced bas been wseeful i reducang ssed
infestation and disease cowsed by the patbe

# Biokogical control Tas been attempred 10 manage the disease withoat
adverse effects of chemicals

ens

+  Blast (Magnaporthe grisea)
- Bakinse (Favariom fajikue)

=304

- Epidernie of bakanae i Korea:
= Chemical resistance: prochloras, Dudiesonil
= Brown spod {Cochiiobolns mivabearie)
= Bacterial blaght | Xanrhomarmas orvzae)
«  Cirmn ron ( Bueekfoldderio glimoe)
= Seedling necrosis (Preudomonas spp, |

= About 20 maeel specivs case significant yiehd losses n nce producton

# Two planthopper species nfest nve: brown Nelaparvara figens (BPH}
and the white backed planthopper, Soyated mu (WHPH)

+ Brown planthopper can transmit fice tamt and Rice Grassy
Stumt diseases. Neither disease can be cure

w Cineen leathoppers (GLI are the most common Tealbappers i rice
fielibs: Nephoteiric mobavane and Nephotenic vireeeons

= GLH abse spocad the viral disease wngn

# Use G -resistant und tungro-resistant vapeties

# Transplant older scedhings (=3 weeks) W0 redoce viral  disease

susceptibality tranannted by beathoppers

= Selection and characterization of endophytic bacteria

Amtagonistic activity against & fiurikuend & X oryz

Plant growth promotion

Resigtance mduction against 8 glanae & BPH

Identification :
- analysis of 165 fRNA pene sequence

- DNA-DNA hybridization

- phenotypic characterization

Isolation of antagonistic endophytic bacteria isolated from
the rhizosphere of rice

bty refatd
speess

R — ]
YT Bacsining e e . - e oo
Fravibocih poeas 020
Pt i (000
Sty i

)

- Tt bl Barley ey Py
e

(165 rRNA gene sequence)

g ot Phant Paod 4 302 150988 (0 ¥

e i
Leat ey E . » -.| = = ]
e o = u ] 5 e e u
Phylogenctic tree of Bacillns orvzicolz YOT00T, FO107 = 3 >
Identification of Bacillus aryzicola YCTO0T, 70107

(polyphasic approach)

BOX-PCR lusaling patens

St

B oeyevnin YEROMIT
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Induced Systemic Resistance by Bocillus orvzicola YCTOOT
against bacterinl panicle blight (Fwrbholderia plimae)

o e VOB ETHBE o e VOTg  ETHTE

Tresinsenl®

tedie
Tdrigea

H gin

VC 078,

Induced Systemic Resistance by Sacilfus ervzicola Y CTO0T against
bactersal blight { Xevethowmonas eryzae pv. orveoe )

N2 A

Disesse rating Coairu
[

redwstion (%31

Treatment*

Lontred

Control of Bacterial blight by Bocilfus onzicola YCTOOT

Trememwnt [iTp—— %o Hngass raducton
Bostingunge | Frumisg
(G0 old) (0 days olef) e
Comirol 21%a 36Za = -
VEHOTAN L1k 243 b i £
VOWT IS 118 c 217¢ s 43
(2013, 340

Disease

Induced Systemic Resistance by Bacillus aryzicola
YOTT aganst £ feiiduroi in vice & Arabidopsss

h

Comtro] YOTOT HTH Me)
—e— Cogieil
—e— YOUNT

e HEH
Mel

ity

Diays post moculation

Control efficacy of Bacillus aryzicola Y CT007 against bakane
disease of rice (2014, nursery)

Corned YCTOGT/500 Peochioraz + Fuudeonil
[Hagsese severmy (Inde | 153
? % ses e
ik 40 DAT reduition’ severiny (MEanh
k05 = 1IRE02 s - 25
VOTHTSM BRI R 058 bk
Frchlorar 1341 =
1555 L6201 EEAT) 172

Biocontrol of major seed-bome diseases by Bacillus orvzicola
YOTHT treatment

Tratmem Drscase Imadex®*
Bakanae Bacterial Blight Bast Corain Kot
103} (1) 8 (-3}
Ceatrel 053 £ [ FIT I
Technfialam* LK £ 485209 605 £07  LIRERD
W 00 I IGWEUE BME 2
WM 25 (TR R R N SN R WhE YN ]

19 spray: 40 DAY, 24 33 DAT. *#*1i0 Bl
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Plant growth promaotion by Bacilis oryzicala YCT7007

[Py ———

Trestmeni

Localization of Bae:

Cont | Base lme WO Base line

H/ENT

Comt Tt N Rt

s arpzicols YCTOOT in ree tissues

YT 50

“Siual o (28 b e
-

Tillerang seae Booting sizge
Shoat L {em) Tiller no
emirol Ib leedlb [}
WO TO0T 463 1 24n 192018 Glis20a 710
Cont | St YOSt {1 e abirve the hase line §
* The Gip-tagged YCMOT in rice s wan ohsreed mder the confoal mecniscope
at B davs afier moculasion
Reduced accumulation of hydmogen peroxide in rice tissues Expression of defensive genes by Bacilliy aozicofa YCOT007
by Baciliuy oryzicola YCT007
Rice
YerneT - * F * Mock YOI
L - * *
0 6 12 4 T2 0 6 (2 34 4% T2 {uyw
4 5 : —— M i o i 5
Increase in the rice yield by application of the formulated Microbial '“';;"!_T:l for rice :cs"f‘l? ;]c;dl Ings using
: s Az il !
product of Baciffuy oryzicofa YCTOOT in field tests cillus eryzicola YL
Treatment 2m3 2014
Toud Geains e lceesse okl %5 lacrome
{ubry w1, ton hal {ddry wr
Curem| ST = 1Tl -
Chemicals* 5.60 10 w05 133
VCTT S i G286 [tT)
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(¥ TOWARDS A NEW GREEN REVOLUTION IN RICE

“THE NEW grasn ravalution draws on fie best of the tachnolonies
et have doubied production over tha past 30 years. At lhe same
fims, it emphaszesWistmative §0Roschas and impraved farm e
management and nfomislion Sysems in order Lo minimize

aringnmania damags fromextemal inputs...."
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Opportunity & Challenge:

Case Study of Microbial Insecticides
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Opportunity & Challenge:
Case Study of Microbial Insecticides

Jae Su Kim*, Se Jin Lee, Sihyeon Kim, Jong Chul Kim,
Mi Long Lee, Yong Cheol Shin, Yi-Ting Yang

Department of Agricultural Biology, Chonbuk National University, Korea

The present issue of insect resistance and environmental toxicity of pesticides is
triggering deep discussion about the pest management tactics, in which pest monitoring
and control activity are mainly involved. Novel control agents, hopefully overcoming the
present issues and problems, should be researched and commercially applied to the farm
fields. With the monitoring-based research, additionally we have to focus on the
control-based, particularly control agent-based research and application. Entomo-
pathogenic fungi can used as one of the possible novel control agents once
considerations are given to the control of soil- or water-dwelling pests. In our research
group, the entomopathogenic fungal library has been constructed using the
mealworm-based isolation system, which showed a variety of opportunities of their use
in pest control. Important key production technologies including granular formulation
have been developed to increase their industrialization. Some entomopathogenic fungal
isolates showed high biological performance in the control of rice weevils, western
flower thrips and Japanese bettles in field stands. To elucidate the fungal mode of action,
a fungal transformation system using AtMT and gene identification tools were
established. Recently a more deep study about the relationship between insect and
entomopathogenic fungi is be investigated using RNA seq. We suggest that to make the
entomopathogenic fungal products be applied to agricultural farm field, R&D of
down-stream process should be seriously considered as the key step.

Key words: insect resistance, environmental toxicity, entomopathogenic fungi, graular
formulation, thrips
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Opportunity &
Challenge : Case
Study of Microbial
Insecticides

April, 2018

; 58 Jin Lee, Sthyeon Kim, Jong
Chul Kim, Mi Long Lae, Yong Cheol Shin,
¥i-Ting Yang

Bisligy,

2018 IMEL {Insect Micratiiology & Bialschnalogy Lt

Pest management R&D

_P_J]onitoﬁr_lg — R&_D of I'c‘lonitl_:ring & Control

Global
warming

Sporadic
insects

Insect-
resistance

Eco-
toxicity

Monitaring
Control

ience

2018 IMBL (\msact Microblology & Blobechnology Lak

Change of
|Ecological toxicity & resistance issues

— After 2010 7

BIOPESTICES kseconinis

Annual Biocontrol Industry Meeting L

Cooperation in R&D

2018 IMBL (msact Microblology & Blobechnology Lak

DE SANGOSSE
Y =ocano

2018 IMBL (\msact Microbiology & Blobechnology Lak

Fungal pesticide

|Broad spectrum but slow killing & unstable |

Merit & Challenges

Broad spectrum

Possible control agents
Soil pest control
Slow pathogenesis
Unstable

0
e
O | G

Fungal biopesti

2018 IMBL (msact Microblology & Blobechnology Lak

(;)@MQ a ,_.I S
e

" Vory narrow specirum

(M e ok, 3014 Warume Soclity f Amped Enbemslogy]

12043 yry

|MS: 37% of total biopesticide market

Isolate s ial praducts
BetaniGard, Baversd,
Maturals. L, Broscol
WMycantrol Beauverian Bic

poanr

Peaineng basiland

Beted, Schweizer Beawvera
Wycatal, Bio-Catch Vertales

FedvE BromyaT
Lecansiiom decan

Metarfummn arvsophae
Akararh Harvovinols

Ixana fumorarasea

Bic-Magc
BisGreen, BioCane
Prafaral, Pricrity,

Fasciiomyces acius Bic-Memstoa

Ertamopathogenic fungt: 37% of total Biopesticide masket [2017)
From TREND im Microbicd, 2014
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2018 IMBL (Wnsect Microbiology & Blotechnology Lab

Internation ion on fungal works
Fungal Collection in U Vermont & USDA-ARS
The Lntomologv

Laboramry
PR
FUNGAL DATABASE

Ureeeratty of Verrmont WarkWiss Dedschen of Ennmspibngess gt

2018 IMBL (msect Microbiology & Blotechnology Lak

Domestic fungal ction

Establishment of EPF library

2018 IMBL (Wnsect Microbiology & Blotechnology Lab

Domes!

2018 IMBL (msect Microbiology & Blotechnology Lak

| Copm roaxmancee, {fl (W

- i L £ ()
mmbmﬁm |I|.‘M‘|ﬂ|"MM\II i Jmn_\uu Bt w,mwmmw o

'_\—%Sl_‘_’lul.'l.xlul if
W) (enzymes)

Y

B, bassiana
SFB-205
Supernatant
(2 days)

= Chimam
=1,

2018 IMBL (Wnsect Microbiology & Blotechnology Lab

Enhanced sta ty of enzymes

Attagel-mediated enzyme absorption
(Easy Protein Separation Method)

{Mim et w2010, Appl MicrsBicl Beotochesl
Genaral methods Atlag madiated enxyme absorpti
Hard to

scale up

2018 IMBL (msect Microbiolagy & Blotechnology Lak

5 baissians | 50 signal for chitnase
i

—.| sarine proteinase domain (VSP)
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Relation of conidial thermotolerance with hydrophebicity
# hydrophobic conidia 7+ thermotolerance |

1%l ot al, 390, - Iivartee Pathal |

Higher
thermatalerance

130 30 40 50 60 TO B0 S0 10D
AL SR

Total docrease in geemination (%]
g 3

102030 40 B 40 D A0 B0
% conidal cobecion

2016 IMBL (msact Microblolagy & Blotechnology Lak
ial thermotolerance
Italian millet, millet and sorghum

1] JEF $3 b JEF o604 i) JEF 008

7 fa} i

JEF 003 & 004: M. anvsopiise
JEF 006 & 007: 8 Sassiang

Haurs afer exposure 1o 50°C

2018 IMBL (\msact Microblology & Blobechnology Lak

Substrate fo rance

|Cereal grains as substrate for solid cultures_|

[-Iep—
ua [
e ume M e b LD S, e Besern [
- [ e U e

ERLESS

JEFa0T

JEF003

2018 IMBL (msact Microblology & Blobechnology Lab
)
|>80% of control efficacy |

{BKinner ot sl 2011, Biol Carteol)
qal Wi et ol 3090, Crop Probec)

Control of western flower thri

(WF

Number total WFTiplant

e E 1
Infest 2wks 4wks Gwks Awks [0wks

e

2018 IMBL (\msact Microbiology & Blobechnology Lak

Control of rice water weevils by fungal GR
Granular application and pathogenesis

2018 IMBL (msact Microblology & Blobechnology Lak

Control of brown planthoppers

|Granular application and pathogenesis

(L] ]
) ib)
% live M. lugens Infucted N, lugens
Lo X B o

. 1 [
W
g -
B 2
€. i
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Coer FRARS FRLITT RATIT FRLISTS Eeliegrs Cantral ERLE3E

e
Treadamcat
- Xel kel ge]
U\_":70 ﬂJ—l' —L—I 35




<« | 20164 v F7|S % #2) GaLEo )
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Control of brown planthoppers

|Mycosis of planthoppers and colol
iy

Wi o1 al, 3014, Bingsntrl)

e

ERLE3G Untreated Bb-egfp
onstem  control  mutant

L]

Application of granules Infectsd
brown planthoppers

148 day=)

2018 IMBL (msact Microblology & Blobechnology Lak

Granular application and fast control

Wit oA, 115, 3 Ania-Pivtifin Ertosmaly

»

— f
v-ﬂw ’
s

Wyrokal groweh
e Wi
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Exp lon of egfp in Bb ERL836
Observation of strong fluorescence |
WT Calory 1 Caolamy 7
] > i = Mo marphological
. changes in
transformants.

.

Two transforamants
showed highly EGFP
signal

Bolh conidia and
hyphae could be
observed with EGFP
signal.

Egiptransformant 1
showed stronger egfp
signal than other ones.
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Bb transforman
| To figure out pathogenecity-related genes |
(a)
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|Fungal transcriptome |
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Knock down of insect genes
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For R&D of biopesticides

+  More virulent isolates need to be developed for iIndustrialization considering
ecological approaches,

+ Wirulence-related genes are under characterization, which possibly leads to the
Ideas of novel insecticides with altemative mode of actions.
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Biopesticide R&D

Down stream-centric R&D |
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Bacterial volatiles
and plant health

Choong-Min Ryu
Molecular Phytobacteriology Laboratory,
KRIBE

Conclusion: Q and A

©

Why do we care "plant heaith"?

© Why are we fighting against pathogens?
© WWe eat plants!

The pathogens eat plant too!

» From the discovery to field application upon
the active bacterial volatiles as biostimulants
and biopropectants

Rhizosphere and
rhizosphere bacteria

How much do we know?

™,

mare than 10*
bacteria and many
others are existed.

In the small waorld

(2 g of underground [ =i

hidden half (soil); “ 70%=Neutral .
H£ P

15%=Negative \ |
' \_/

General questions upon root-
associated bacteria in the rhizosphe@

- Ifyou apply high population of inoculants (good
bacteria) into soil, the population declines and
stabilizes. Why?

¢ Why does "conducive (bad bacteria) soil” change to
“suppressive 50il"?

© The microbiome studies demonstrate microbial
pattern under certain condition. Why?

= What is the deriving-farce regarding them?




X RS e

= “Too much (many)” cannot reach certain level.
« Nature does not like anything “too much (many)”.

Decoding my brief (his)story with
stinking bacterial odors

% When I was young. ... In 1997,

Controlling human mind with smell

After field experiments
for two years o)

Escaping field cropst

. Finding bacterial determinant(s)
upon plant growth promotion
or induced systemic resistance @

Can Ifind anything NEW

Growth
promotion

Bacterial determinants upon plant growth
promotion and induced resistance?
Defense signaling during eliciting induced
resistance?

Role of 2,3-butanediol on bacterial cell
robustness in the rhizospehre

Methodology to apply into field?

M DAPG
Rl 41 ||



Experimental system

@

e PGPR inoculation O

[ YiMsmedia
containing 1.5% sucrose

@ Arabidopsis seeds

B. subtilis GBo3 Water

Growth promaotion and ISR by
bacterial volatiles in Arabidopsis

Contral

day 3 day & day § day 12 day 15

[Ryu et al, [2003) FNAS; Ryu et al,, (2004) Plant Fhysiology; Fare et al, (2005) Protosyrthesls
Rescarch, Farg o al,, (2006) Phytochemistry, Zhang e al,, [2007) Planta)

PGPR

AndX and¥

Chromatographic profiles of volatiles released
Bacillus subtilis and fermentation gene mutants

B swibtills parental scrais 168
Overeupresier ine BSPT1T1

# | [nbeczivn mutarm line BP117
& U Detective mutant BEIP1174

Salt

rboveground

Fertility

High aceurtaton of
Filrate ang phospiets

Uirserground

Induced Systemic Tolerance 2 _
‘Yang, Klospper, and Ryu {2009) Trends in Plant Science

Aturaioe of rost

reepholngy.
ranspoeles activity

HETT — nae uptace.
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Can | find anything new defense
signaling during eliciting mducec;@

resistance?
Saboylc ackd Ingole-S-acatic acd Absris ackd
["""“u
HO. .'.om a U=< % m_\ ’?.0«
I. K C T
g H i o
= (/_ I A=
‘} M(G'f:?}‘ ] i
LS N -N\
\/::'F-'O :‘vn 0 {“-}—-uN"
Jasmonic acd Gibbarsllic acd Zoatin
{eytokining

qRT-PCR analysis
and hormone quantification o

L

&
I]l.llIIIII

- S
=--------n==-u

[ L

s s gars sxpramsien (083} verusy contrah

Kwon etal (ao11) Hamane conterts {pmaligFw)

GROF VOC treated Contral

90445 + 7463620 SGBLE £ 409630
195,725 + 61,4839 125,94 # 1083620

A proteomics study:
Ellcmng ET blosynthe5|5 pathw%

Ewon ot al, (auaa)

Growth promotion response of A. thaliana
mutants planted on |-plates with airborne
exposure to GBo3 and INg37a strains &)

Growth promation effect
Strain code Description prre i .
a0, C24, W5, Ler WWild types " "
an? Gtk m.--l‘r:':'rrlr-.(-lwr - o
chbf Mesinostemcid-imenstive a e
2 Cibberelic acid serestive “ -
Asmin-trmigert-ddiaent ind
o ety ke senites "
etef Birphese-{roes: stien . v
Cytokinin raceptar-
— ++
el deficient

Ryu et al. (2003) PRaS

ARRiS

Cytokinin is another player Ao s
on induction of plant i ._'
 defense ‘3",':&;""" e

HAED oy

b st

Chol et al. (2010) Developmental Cell

sesanel 43 |
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Binding ARR2 to the PDF1.2/PR1/PR2
promoter regions after bacterial volatile
emission

[ ucleus

T

Nl D iaan (NP} sy

Park et al. (2015} Under revislon s

‘Why do bacteria produce 2,3-butanediol?
Bengﬁt for bacteria themselves? @

hint from Vibrio cholerae

I anmediol svodce

| =N —S5Vm

ISFECTION AMD LMMUNITY, (2004) 6547-6556

Role of 2,3-butanediol

- ‘g : i introduced bacterial numbers '
in bacterial rhizosphere =,
competence I <
IR |
CELT E )
- 8 bt 1 23 butanesiol noa-produces 3,
- B ot 160 wid type 5 o

0 ? " a an

Number of fungal colonies Days o inseulasion.

Pogeilation denalty (1 chuiy oot}

" ] Y
23-hutamedhel did not attect on

Daps of inculation

Elicitation of root exudate
secretion by 2,3-butanediol on
the pepper root
S
M
Y —

PREnEiaiiidil

Rangal growsn

¥i #1 al., unpublished

Dual function (—# = &) model

§ 228 producersibaciin
[} =238 producers/Fseudamonad

l.. = 2,58 nan-producers

2,36 = 7, 3-butanedisl

‘ = ront exudates

- Technology transfer to farmers:
Considering issues for application of the bacterial
volatile as an ISR trigger

new balance
o Balancing between plant growth and ISR ——1—-
capacity (allocation fitness cost issue)

« Minimizing effect of plant growth and maximizing
induction of systemic resistance

o The high evaporation rate after application in
the open field
o Inconsistent effectiveness.

o

¥i et al., unpublished




“Allocation fitness cost” (2000}

control

dim
nE
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2
W
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“Allocation fitness cost/trade-off”

Plants are hungry all the way!
If plants have € 200,

When
pathogens
attack

Under normal
condition |

~ Avolatile 3-pentanol prom'pts-i'ndUcea '

resistance

f‘““’"’f"’ wa R .
]

et

‘I|||I|I| |||II
i A,

éiﬁ‘f‘f{fj?f A
u;,c‘

}3; ARG
1
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Chai et al, (2013) gl
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mkamr.awrwn:q:q;o,uﬂwdapm
naturally

g

diseases

30°dpi

Two-quétiie'qrganiﬁ-i:émp_nunds-trigger-plant self-
defense against a bacterial pathogen and a sucking
insect in cucumber under open field conditions

>
vw
' Chericl Fathijen  Weaaring
8
]
N
Ea
:
]

oy

The bad guys’ attack and
counterattack by bodyguards in plant

Myzus persicae

S50
i~ -
™
Exo
i .
=0 —
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I= i,
y Er
is E
[ | §°
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Song and Ryu (2013) = ]

Beside bacterial volatile-mediated plant
interactions, something new was demonstrated
on airborne communication between ba cte@

HETICLE
el CHC TS U S P T — - — v |
Interspecific bacterial sensing through airborne
signals modulates locomation and drug resistance

mgton K, S Lo ey Vo B3

|Bacilius subtifs £ coll
g

e

_ Role of bacterial
- = volatile compounds in
' bacterial biology &

"5 Gut & mucosal
microbiota™

resistance
—-‘\.I-P
d

e, Furag Fyu, and Ghigaiasag)
FAMS Miraotvelogy Awviam.

Summary

Certain strains of lPlant growth-promati @
rhizobacteria elicit both induced systemic resistance
and plant growth promotion by volatiles emission.

2,3-butanediol from Bacillus subtilis is a bacterial
determinant to elicit plant growth promotion and
induced systemic resistance.

Bacterial volatile-elicited ISR and plant growth
promotion are involved in cytokinin signaling
directly and indirectly.

Bacterial volatile can serve as biostimulants and
bioprotectants under greenhouse and field
conditions.
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(A-01) 09:15~09:30

A study on multiresidue method for the analysis of polar pesticides by LC-MS/MS
Jongsung Ahn, Jung-Yun Park, Chae-Uk Lim, Hyo-Young Kim, Eun-Ock Kim, Yong-Kyong
Kim, Jae—hwon Lee

National Agricultural products Quality management Service / 70

(A-02) 09:30~09:45

Simultaneous Analysis of Herbicides in Agricultural Products by Liquid
Chromatography-Tandem Mass Spectrometry

Sang-Hyeob Lee*, Jeong-In Hwang, Min-Su Kang, Hye-Hyun Jung, Jun-Sang Ryu, Se-Yeon
Kwak, Ja-Gun Kang, Jung-Ah Do!, Moon-Ick Jang!, Gyu-Seek Rhee', Young-Deuk Lee?,
Jang—-Eok Kim

School of Applied Biosciences, Kyungpook National University, Daegu 702-701, Korea
"National Institute of Food and Drug Safety Evaluation, Osong 363-951, Korea 2Division of Life
and Environmental Science, Daegu University, Gyeongsan 712-714, Korea / 71
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Study for Establishing the Soil Management Guideline of Endosulfan through Uptake
Experiment

Se-Yeon Kwak*, Jeong-In Hwang, Sang-Hyeob Lee, Min-Su Kang, Hye-Hyun Jung, Jun-Sang
Ryu, Seong-Hyeon Hong, Ja-Gun Kang, Jang-Eok Kim

School of Applied Biosciences, Kyungpook National University, Daegu 702-701, Korea / 73
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(B-01) 09:15~09:30
LC-MS/MSE 0|83t ©7|(Fragaria ananassa Duch.) ¥ Amisulbrom ¥ Metrafenone?]
ABArA ZRel871E AA

AA*, AN e, BT, HAe, AV, W
AW UGS vhol oAU TS, FAUSE WA SAZAA A, M Folok
EoHA AE7|Z / 76

(B-02) 09:30~09:45

Biodegradation of endosulfan and pendimethalin by three types of bacteria isolated
from pesticides polluted soils in the Sudan

Abd Elaziz S. Ahmed* Azhari O. Abdelbagi!, Ahmed M. A. Hammad2, Elsiddg A. E. Elsheikh®,
Osama G. Elsaid®, Jang H. Hur’

* 3 4University of Khartoum, “Ministry of Higher Education and Scientific Research, *Al-
Neelain University *Kangwon National University / 77

Az o3 G F azoxystrobinZt bifenthrin®] FF 54 ¥ M3 F7L
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(C-01) 08:45~09:00

Entomopathogenic fungal resources for control of Locusta migratoria

Mi Rong Lee*, Jeong Seon Yu!, Jong Cheol Kim, Se Jin Lee, Jae Su Kim

Department of Agricultural Biology, Chonbuk National University, Korea 'National Institue of
Agricultural Science, RDA, Korea / 82

{(C-02) 09:00~09:15

Agrobacterium tumefaciens—mediated transformation of Beauveria bassiana JEF-007
reveals pathogenesis—-related gens against Ripfortus pedestris

Sihyeon Kim®*, Se Jin Lee, Yi-Ting Yang, Jae Su Kim

Department of Agricultural Biology, Chonbuk National University, Korea / 83

{(C-03) 09:15~09:30
Bacillus thuringiensis CAB56693F2] crystal protein® WS4 binding $-8&A 2] Ex}st
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=, 454
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(C-09) 11:00~11:15

Microbial screen bag formulation (SBF) containing DBeauveria bassiana and
Metarhizium anisopliae for pest management

Se Jin Lee*, Jeonung Seon Yu', Sihyeon Kim, Mi Rong Lee, Jae su Kim

Department of Agricultural Biology, Chonbuk National University, Korea

"National Institue of Agricultural Science, RDA, Korea / 90

{C-10) 11:15~11:30

Collection of entomopathogenic fungi base on pathogenicity against 7enebrio molitor
Jong Cheol Kim*, Sihyeon Kim, Se Jin Lee, Mi Rong Lee, Jae Su Kim

Department of Agricultural Biology, Chonbuk National University, Korea / 91
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(D-01) 09:15~09:30
Honey bee(Apis mellifera), Chronic Oral Toxicity Test 10 Day Feeding Test®] =%
HEY* Az, gAY, gz Ao, oY, el
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GLP sZol4le] B85534 N¥Y 271
WAL W, $23], ol gl WA MBA, B U4
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(D-06) 10:45~11:00

Toxicity Evaluation and Preliminary Risk Assessment Study on Daphnids Spraying
Plant Extracts for Pest Control

Kyung-Hun Park, Jin—-A Oh, Min-Kyung Paik, Mi-Yeon Son, Sung-Jin Lim, Sang-gyun Han'
National Academy of Agricultural Science

'Research Policy Bureau, Rural Development Administration / 97
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A study on multiresidue method for the analysis of
polar pesticides by LC-MS/MS

Jongsung Ahn, Jung-Yun Park, Chae-Uk Lim, Hyo-Young Kim,
Eun-0ck Kim, Yong-Kyong Kim, Jae—-hwon Lee

National Agricultural products Quality management Service

Polar pesticides(Log P, <0), such as Glyphosate, Glufosinate, Ethephon, polyoxin
and focety alumium, cannot be amenable to simultaneous multiresidue analysis method.
To analyse these porlar pesticides, laborious effort for sample preparation and
furthermore, additional step for derivatizations are required. Since these polar pesticides
are completely water-soluble, it is essential to employ derivatization process for
determination by GC in order to make analytes volatile or by HPLC in order to obtain
low LOD and easy application for reversed-phase column.

We newly developed the multi-residue method for 7 compounds of polar pesticides
which should be analysed individually by only a single-residue method, because such
pesticides need to be derivatized and involve complicated preprocessing. The method we
developed enables the compounds to be analysed by simple “dilute and shoot” by
LC/MS/MS.

The method showed good linearity in a concentration range of 5 - 200 pg/kg (R2=
0.9981~0.9999). The average recovery was found to be 56.66 - 93.2% (RSD(n=9) <
2.78~9.72%).
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Simultaneous Analysis of Herbicides in Agricultural
Products by Liquid Chromatography-Tandem Mass
Spectrometry

Sang-Hyeob Lee", Jeong-In Hwang, Min-Su Kang, Hye-Hyun Jung,
Jun-Sang Ryu, Se-Yeon Kwak, Ja-Gun Kang, Jung-Ah Do,
Moon-Ick Jang', Gyu-Seek Rhee', Young-Deuk Lee?, Jang-Eok Kim

School of Applied Biosciences, Kyungpook National University, Daegu 702-701, Korea
"National Institute of Food and Drug Safety Evaluation, Osong 363-951, Korea
ZDivision of Life and Environmental Science, Daegu University, Gyeongsan 712-714, Korea

Modern agricultural production depends considerably on the use of herbicides to control
weeds in cultivating land. Due to herbicide use, crop production was high and the quality
was also good. Therefore, monitoring of herbicide residues may be necessary for a proper
assessment of human exposure through agricultural products. For this reason, residue
analysis method of herbicide is required to develop, and must be capable of residue
measurement at low level. This study describes a method for sensitive and selective
determination of 76 herbicides in orange, green pepper and brown rice using liquid
chromatography-tandem mass spectrometry. Acetonitrile and sodium citrate were used for
the extraction of herbicide residues in samples, and the dispersive solid phase extraction
using primary secondary amine and anhydrous magnesium sulfate was employed for a
clean-up. The method has been validated for 76 herbicides. Limits of quantification were
below 0.01 mg/kg for all tested herbicides. Recoveries were determined at three spiking
level (0.1, 0.25 and 0.5 mg/kg) with 6 replicates for each level. The matrix effect,
expressed as a signal in solvent compared to signal in the matrix, were between 78 and
114%. Mean recoveries ranged from 75.2 to 121.4%, and relative standard deviation proved
to be less than 24.1%. Therefore, the proposed method can be used for the analysis of all
76 herbicides as a sensitive and simultaneous analysis.

Key Words : Agricultural products, Herbicide, LC-MS/MS, Residue analysis
Corresponding author : Jang-Eok Kim, jekim@knu.ac.kr
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Study for Establishing the Soil Management Guideline
of Endosulfan through Uptake Experiment

Se-Yeon Kwak”, Jeong-In Hwang, Sang-Hyeob Lee,
Min-Su Kang, Hye-Hyun Jung, Jun-Sang Ryu,
Seong-Hyeon Hong, Ja-Gun Kang, Jang-Eok Kim

School of Applied Biosciences, Kyungpook National University, Daegu 702-701, Korea

Many studies have reported that an organochlorine insecticide endosulfan (ED)
consisted of ¢ - and 8 -isomers was consistently detected in Korean arable soils due to
its residual characteristics. This study assessed the uptake amount of isomers and sulfate
metabolite of ED by a root vegetable carrot, grown on soils treated with concentrations
of 2 and 10 mg/kg, respectively. The dissipation half-lives of total ED in soil treated
with two levels were 57.3 and 87.7 days. The ED-sulfate was constantly detected with
0.01-0.07 and 0.02-0.12 mg/kg in two soils for 90 days after ED treatment. The uptake
amount of total ED in root were the highest with 0.3 and 2.4 mg/kg at 60 days after
2 and 10 mg/kg treatment in soil. The distribution of ED isomers in root and shoot was
82.3% and 17.7%, while in case of ED-sulfate was 27% and 73%, respectively. There
is no set maximum residue limit (MRL) of ED for carrot in Korea, but set MRL of ED
at 0.05 mg/kg for carrot in EU. In this study, uptake amount of carrot root at final
harvesting day was 0.08 for 2 mg/kg treated soil and 1.06 mg/kg for 10 mg/kg.
According to this result, if residual amount of ED in soil was 1.76 mg/kg, the final
residual amount of carrot at harvest day would be below MRL of EU. This study could
be provided as the useful informations for establishing the management guideline of ED
in soil in order to produce the safe agricultural products.

Keywords : Carrot, Endosulfan, Plant uptake, Soil residue, Management guideline
Corresponding author : E-mail - jekim@knu.ac.kr
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69) 9 $71(7~9%) ZF 132 4| 23] EA
10,37071 o]u o]F ZF-seke] HAEH|&
LERgth 2ol o] 49 Tlof A sk

2t =
of ARSI, 207t & 2AEH AES=
2t 3.2%, B 2.2%, 4 0.6%%0 Ao=
dEdleet FHEsEe ool ot 2H7)
2.1, 3.18, EFolA = Fofdlol7} 2Bt 242F 1.3, 3.28) H &2 Ao= UEyith
$719] A% 2, Ee] tigh ARt dEtles A71Eoh 242F 1.2, 208, S5
= ZH2F ofF 28] woioh AAAROIA HEE 59 Azoxystrobin, Carbofuran,

Chlorpyrifos, Daconil, Deltamethrin, Diazinon, Endosulfan, Fenitrothion,

Pendimethalin, Phenthoate, Toclofos—methyl, Chlorpyrifos—methyl, Flutolanil,
Iprodione, Tebuconazole, Thifluzamide, Carbendazim, Thiophanate-methylZ & 18
N 2Rl Aoz vehytth 2ol HE¥ =7 2 HEZS2 Fenitrothion (1377H)
> Pendimethalin (557l) > Diazinon (537H) » Chlorpyrifos (367H) > Toclofos-methyl
(3271) > Chlorpyrifos—methyl (87])8] A2 el oy, o5 =9 Hadsr+= 2.85
~9.35 mg/kg HEE BRTE EYo| A= Thifluzamide (1467]) > Flutolanil (2871) >
Tebuconazol (177H) > Azoxystrobin (107H) > Iprodione (O7H)¢] AR o T=2] F
55X+ 0.06~0.36 mg/kg HI2 v]&Ql Ao 2 YUehygt}, 4o A+ Flutolanil (31
73+ Tebuconazole (2071)¢] 7} =& ASHIEE HY T, Fd5E= 7H7F 0.0057,
0.0031 mg/LZ n]Eo =z HEE It

1) o] A= AAEL, FHIEBSY R&D ATARY (NO. 076-1900-1946-303-330)2] 2] o]l 23]



HPLC-MS/MSE o|&3st 1129 A3 ( irsium setidens) %
spirotetramat 3! CHAMMEC| THR 4 AL
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TAISr Hi0|Q SRS Aot}

Spirotetramat= 2 ZA|He|, AH=F 5ol ¢FaE UERY = ketoenol Al ASAHZA
=% 522 Qs AFE HOl= Spirotetramat, BYI08830-enol, BYI08330-keto-
hydroxy, BYI08330-mono- hydroxy ¥ BYI08330-enol-glucoside®] §to|th & o
= 2 Qi 2 GA Tl gt =280l A Spirotetramat 22% M/ 3214
2 d9AE T YA H A5 pEote] 28 A AR e ¥ ARHES A5kt
HPLC-MS/MSE ©o|-&sdto] AFEAstgtt. ZHAES 21t 1™ AHe4t= 2 8¢
12 A & A= A+ 2 7Y 14 23] HEA Y § A& (F]SHA|
dx F0, 1, 3,5, 8¥82h A2|200] diste] ZH2h 3RkRo 2 dAsHl BYI08330-
enol-glucoside formic acid”} Z7Fel acetonitrile/water(4/1, v/v)Z, spirotetramat
2 YA tAMAFES formic acid7b H7FE acetonitrile® F&3FATH FEHL
dichloromethane .2 EHl5}t0] matrix macthed standardS ZA|5to] HPLC-MS/MSZ
HFEA st 24 ALl = spirotetramat, BYI08830-enol ¥ BYI08330-keto-
hydroxy-& 0.02 mg/kgd 2™, BYI0330- mono-hydroxy ¥ BYI08330-enol-glucoside”}
0.0002 mg/kgol Rt BFEAIH2 27l B% 2 FRHA 108) 2 508)) oA 39HE0
2 $ste] BolehE Y AR A 71.2% ~ 113.3% $20] 3]t} SpirotetramatS 3L
g7 F el tigt x| Afufol A o] XF JAIF oA kAl 12] Ao 8Y It T X[
T+ 0.34 mg/kgo| L, oFA| 23] A2 5 0¢, 1€, 3Y, 5¢ 9 8Y ZHutd<eof o
2 o 25He ZH7F 16.57 mg/ke, 8.57 mg/kg, 1.47 mg/kg, 1.21 mg/kg ¥ 0.33
mg/kgol it YAleE F ALoho] X FokA| A & 8URFY] X XREol fAke
s GRSt L, A& Rg 2AFEIE SAX R Hesty 28-S
Fste] abEtt A=A 7= L5Yoldith & A7 AT oA AR o] Sl=
o2 spirotetramat®] 2] F7F o tigt QHAARE 7] 9 XEo 8] AAS H% 7]
AR EA &8st o|F Aekstaat skt
*HSEAZ} © Tel. 041-540-9696, E-mail. hrchang@hoseo.edu
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LC-MS/MSE o|&3t Y7|(Fragaria ananassa Duch.) &
Amisulbrom %L Metrafenone?|
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7\(Fragaria ananassa Duch.) % “rstA amisulbrom %
metrafenone®] ZA14 HFHSIE TAFSHY HEoH SHY7|E At e = A kA
A7 staiAt =5k th Amisulbrom ¥ metrafenone 59k SHAALE-
21, 22 AJo® o] 7| A5kl o, ofA| A 2] 24
T EE 0YAR 5k 0, 1, 2, 3, 5, 7, 104}l AIRE A3 skl EASkTE F oFA|
2% LC-MS/MSE o]&3dle] EAsIgH o, MLOQ(Method Limit of quantitation)—
0.005 mg kg 'o]ith, BAA 3t amisulbrom 3482 94.8~109.1%0°]%1 1L, metrafenone
o] 3|42 85.8~94.2%01%1 00, T oA E BEHEAN= 10% Uluto|Qich BY] &
7}zto] zool tigt B W7l amisulbrom®] - 5.8% (E% )3t 5.2 (X%
2)2 UERF o, metrafenone®] ¢ 6.7 (EF 1), 7.929 (X% 2)2 Uepgct 457
2 3)71A1E o]-&ste] AitdA 2hE587|ee AFET A3k amisulbrom®] 3¢ EH
1914 5.61 mg kg™!, & 20] A4 5.89 mg kg '0]9 2.0, metrafenone?] - 7247+ 10.6
mg kg!, 9.29 mg kg ' 22 UEFITE Amisulbrom 2 metrafenone®] tiste] ¥ En}
E 210 A Rl 47 589 mg kg, 9.29 mg kg oJoh2 urehdtid, 2
RS MRL 2 ofstd Ao 2 Az,
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Biodegradation of endosulfan and pendimethalin by
three types of bacteria isolated from
pesticides polluted soils in the Sudan

Abd Elaziz S. Ahmed* Azhari 0. Abdelbagi,
Ahmed M. A. Hammad?, Elsiddg A. E. Elsheikh?,
Osama G. Elsaid®, Jang H. Hur®

“34University of Khartoum, ?Ministry of Higher Education and Scientific Research,
“Al- Neelain University *Kangwon National University

Biodegradation of endosulfan (¢ and /4 ) and pendimethalin by Bacillus safensis
strain FO-36b", Bacillus subtilis subsp. inaquosorum strain KCTC13429" and Bacillus
cereus strain ATCC14579" isolated from pesticides polluted soil were studied in mineral
salt medium. Endosulfan and pendimethalin were incubated with each of the three strains
of bacteria with samples drawn at 0, 3, 7, 14 and 30 days for gas chromatographic
analysis. Loss in the initial concentrations, were monitored and used to compute the half
Lives following a biphasic model. GC-MS was used to identify the major metabolites.
Remaining amount of endosulfan and pendimethalin recovered from media inoculated
with the three bacterial strains were ranged from 0.499 to 0.031 mML™' (¢ endosulfan);
0.29 to 0.024 mML™' (8 endosulfan) and 0.628 to 0.186 mML™' (pendimethalin)
respectively. Despite the significant decrease in the starting materials in B. safensis strain
FO-36b™ no metabolites were detected, whereas two major metabolites of endosulfan; 1,
2, 3, 4, 7, 7-hexachloro-5,6-dihydroxybicyclo{2.2.1}-2-heptene and 1, 2, 3, 4, 7,
7-hexachloro-formaldehyde-6-methylbicyclo{2.2.1}-2-heptene, were detected in B. subtilis
subsp. inaquosorum strain KCTC13429" culture and one metabolite of pendimethalin
metabolite; N-(1-ethylpropyl)-3-methyl-2, 6-diaminobenzine was detected in B. cereus
strain ATCC14579" culture.
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AZXof| 9|5t T} = azoxystrobini} bifenthrine]
E

§ U oA Bl

.

HOX*, WY 0L, WY, FHY, ZTA, S4H? A

G Z AFFA azoxystrobin(21.7% HAESHA) T AF=A]| bifenthrin(2% $3HA]) <]
T oA A g oE 3R EAE FYct PAAdS Frteh] Yotk S5 Al

4= ¥
o] el x| A AFLE YA T Azoxystrobine £ A kA A Y-S Tl sl
0.0434 kg a.i./10a9] eFFo 2 335] 9 43] AF23519 21, bifenthrine 0.004 kg a.i./10a
o] ekro 2 23] 9 33] ArEalith Alg= o E GHo] YA fEotglon], =5 7Y
A A2t A2t A% ofAl A2 Fdole AlRE AF sk AF et SH= H Y
of wet Yz EFx T8 WS AAH HUx FHE AXs e, o|E vhst
of BEAM8 ARZ ARESHETE AR 7 5 azoxystrobindt THARAH R230310 ¥
bifenthrin®] A& Z5F 0.04 mg/kgolH o0, 348 AF2 HETA 10819}
508 ol A B 74.3-118.8%2 A Y stk A2 Y F azoxystrobin®]
R 2 oFA A2 Yol 40-30-21L ¢l A 2|7+e] ZHFEo] 0.62-0.66 mg/kgC=
7P Seken], 30-21-14-7L1 A2 oA 4E YL AR F HRFo| 0.92-0.94
mg/kg O = 7P oIt o] Aibz oA A Slgeet pukdof QIFget woF AET) AR
2ol ggke n|Hty waE 9ok T2y AR 97 = azoxystrobin THARA R230310
9 bifenthrin®] ZHFE2> ZF FETHA v]gholgltt. R v o R ARET 494
A

=
=
25|92 thy] dUHH2HYOl %A A 8FS BT 0.01% ojoko| it

Z Al of : &, azoxystrobin, bifenthrin, 2559k UAM2|5|22F

=
M2} E-mail, kskyung@cbnu.ac.kr; Tel, 043-261-2562
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25 44 5 50l HREY BUHY Y AW Yt

01", LMD OHe, UnA, oY

U 78 e B e RS 7B ffste] A= 157] 2192 4571 A=
T

AR AOIA 4570 AlRE A T GC-MS/MSSF LC-MS/MSE o] 83t RS

AEARE ol §3te] ARSORS BASHYIh ARS B4 A % 457 F 1689 A

F2O|A cypermethrin, fenitrothion, fludioxonil, thifluzamide, tolclofos—methyl®] 73
590y, HEE8L 35.6%°]% . Tolclofos—methyle] 7P & AEUEE HFO
o, ¢latol tigt FAARE 7|t ZhR51-87150] AR E o] UA| &2 fenitrothiono] 7
=5 %ot dEH 592 GC-ECD/NPDE o83t /HE2A 02 4 5 AReds 4
ol Tt A = cypermethrin® ZHFEE 0.04 mg/kge] 8l o0, fenitrothion? 73

0.06-0.29 mg/kge|qitt ESF 4F 5 fludioxonil®} thifluzamided] ZHHFS 7+
0.04-0.203} 0.07-0.27 mg/kg®]%l 2 M, tolclofos—methyl®] ZFF-E 0.03-0.48 mg/kg
ojgitt. atollAd AEd 592 BF AR587]E vjvolgley, 4 T HEH 59

o AAYH§F thul AVHAFHFS 0.03-16.67%0] %k,

K H oo

T A O @ e, MRS ZUEY, FEUREEY, 2LHERHFET

'

=
H2XZ} : E-mail, kskyung@cbnu.ac.kr; Tel, 043-261-2562



2I17] xlolef| ME #F T A4 FRT HW

[—

soke ahgo] WEHE oY wi welsty] 8] eeiHse Aguo] ton] ofg

3 5oF0] ZIRAL GRALY olsfata o] A AuiE & ohel, 2% &)
GFE 27 W)= Bha gkl A SR AEPHo] TepA R xfol7h ek, 5oF

AF3z 7] (application technology)2 7|44 9l E4o2 =29 e U FHoF 2 1]
Al 240o] 753t 71AIA QL QIA} off Wt 2HE ZHRAdo] IS A= 8% 8

& Aol = A2 WS Aol AMSE= HE ok A £IAE ol8ste] A
off oFAl ] A2719] g Y AEALE polof WE A F 5o AbRe 2ASH
2 oA AlL'ES HESELAL ST oS ffsl WA o2 AREE L 9= 7

AA A7 22 S =g B AR PAof MBS & AvjEaszeo] ZAh U
off tiet #2329 RS vlal F7} sttt A2 Ao AR AE2AEE &
EHolA XdPstE e LC-MS/MSE 245H¢i et

Aol ARgE A2719] =F Y AZAILY S AP 08 AN TIAY 218
ol-gste] 23] itz AAEHE 7[R0 R SS EF7] AlA"EE ARSSRGITh AT
4 B =E3FH, =T 7], SAFF Sl 7IEste] A el dRde Bkt Ay
7IAIA B527] 0.8 mg/kg, SS 2571+ 0.6 mg/kg 22 LRSI 1 3t e
Aol & Ff Aol TSk Yol Fo] Al Aol dF= v Ao
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Entomopathogenic fungal resources for control of
Locusta migratoria

Mi Rong Lee®, Jeong Seon Yu', Jong Cheol Kim, Se Jin Lee, Jae Su Kim

Department of Agricultural Biology, Chonbuk National University, Korea
"National Institue of Agricultural Science, RDA, Korea

Locust, Locusta migratoria (Orthoptera: Acrididae) is one of the outbreaking pests
worldwide and such big occurrence was recorded in 2014, Korea, however little
consideration was given to the management strategy of the pest. Herein we established
a indoor locust-rearing system and constructed a locust-pathogenic fungal library to
further facilitate the resources to be used as possible biological control agents. A locust
colony was provided from the National Institute of Agricultural Science and Technology
and reared in corn or barley plants at artificially manipulated rooms. The critical
developmental stages, such as oviposition, hatching and mating were successfully
proceeded. Entomopathogenic fungal granules were treated to the locust (2 g/rearing
box), and in 5~7 days mycosis was observed in the membranous cuticles of head,
abdomen and legs. In particular JEF-003 (Metarhizium anisopliae), JEF-186 (M.
lepidiotae) and JEF-187 (Clonostachys rogersoniana) showed high virulence against the
locust. A population of locust was exposed to the entomopathogenic fungal
conidia-incorporated soil to investigate the possibility of the fungal isolation from natural
soil, which resulted in the pathogenesis in 7~10 days in laboratory conditions. More than
80% of control efficacy was observed in the greenhouse trial of fungal granular
application. This work suggests that locust rearing system was successfully established

and entomopathogenic fungi can be used to control the migratory locust.

Keywords: Entomopathogenic fungi, Granular application, Locusta migratoria,
Locust-pathogenic fungal library, Metarhizium anisopliae
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Agrobacterium tumefaciens-mediated transformation
of Beauveria bassiana JEF-007 reveals
pathogenesis-related gens against Riptortus pedestris

Sihyeon Kim®, Se Jin Lee, Yi-Ting Yang, Jae Su Kim

Department of Agricultural Biology, Chonbuk National University, Korea

Bean bug, Riptortus pedestris (Hemiptera: Alydidae) is an agriculturally serious pest
in East Asian countries, reducing the value of crop quality and loss of income in
agribusiness. Chemical pesticides have been contributed to the management of the pest,
but nowadays insect resistance limits the use of chemical pesticides, thus alternatively
new pesticides with different mode of actions such as entomopathogenic fungi are
considered. Herein entomopathogenic Beauveria bassiana JEF isolates were collected,
identified and assayed against bean bugs in laboratory conditions. Some isolates showed
>80% virulence by contact-exposure and spray methods. The Agrobacterium
tumefaciens-mediated transformation of B. bassiana JEF-007 generated random
transformants and some mutants showed reduced virulence against Tenebrio molitor
(Coleoptera: Tenebrionidae) larvae and R. pedestris nymph. Compared to the wild-type,
the two transformants showed remarkably different morphology, conidial production, and
thermotolerance. To figure out pathogenicity-related genes, thermal asymmetric interlaced
(TAIL) PCR of the random transformants was performed and possibly N-acetylmuramic
acid 6-phosphate etherase, formyl-tetrahydrofolate deformylase, ABC transporter
substrate-binding protein, and some other candidates were predicted. This work can be

a strong platform for the functional genetics of bean bug-pathogenic B. bassiana.

Key words: Agrobacterium tumefaciens-mediated transformation, Beauveria bassiana,
Entomopathogenic fungi, Riptortus pedestris, Thermal asymmetric interlaced PCR
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Bacillus thuringiensis CAB566@ 32| crystal proteini}
LH=A binding £8/2| £XI3HX EA

Bacillus thuringiensis(B. thuringiensis)+= 1”0““1]—?2& LSHEE nBER
A A oy, sz 5 F= HHE §5 5ol dis) 4584 Uetd= U=
4A(5 -endotoxin)@l crystal proteing ZJAFetth  Crystal proteine & 3%
proteinase®! trypsinZ} chymotrypsin® &5l &3} ¥o] &/ds}t =o], /g3t =
S 5 Wel binding $-8A1<F Aeste] 254082 LFo] A "t & Aol
AMe A Sl FuiAA eIV aehRre] proteinased] A EARFA}
inhibitor ¥F-3-of oJgF Thulz] Wi = 9] zymogram 24-2 AE 5143, o]Ho A% B
thuringiensis subsp. aizawai CAB566 w55 99l & Aopdo G2 £2 §& T4
2] 939 3% Wof crystal protein &/d3to] #ASH= proteinase?l trypsinit
chymotrypsin, WS4 binding &A% aminopeptidase®} cadherin®] Real-time PCR
A4S St HAFS Hlaste] EAkeH] B4 Eelstith AldE & SR 25 5
% proteinase EAEE SA5H7] Yol zymogram 4% A}, GEjAA O
30-75kDa, TppERe 25-50kDa®] Bt o 2 B 4719 e el o trypsin
7+ chymotrypsin—J inhibitorg AR&slo] AA| &= proteinas A s 2RRIshy
of. G AA o sehuako] CABS66 #E Yol & }‘a}% o 2 75
BX2 839 proteinase] trypsin} chymotrypsin, WS=2 binding +&A <
aminopeptidase?t cadherin® Real-time PCRS E3l Wz EA oA x}o]7) S-S
SFoI5}H 11, proteinase2t W=4 binding 8471 529 5% Y crystal protein &4
ste] zpolE UedS & 4 Stk
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Oxathiapiprolin(a.i. 4%, WG)2| 115 d¥o] thst YA g s 41 LAY S F
sto] sl AW As Bote] At Phytophthora capcisi®l 2t 235 @A 9
0zl B3 ARSI 24T 2A A oA = oxathiapiprolin®] o3} 2| 2&7}
A& 52 Ao T, AU A= metalaxylol] oAl 2zt A dat /gl
P. capsici JHAW1-22}F P capsici 061432 AR5t dildof tfigt 2312 ZASHYE
of 24 Aol HedS AEohal 219 Fof A2 Y Fg0] 100%7t = A=
d], o] © oxathiapiprolin®] 0.16, 0.8, 4.0 z ¢ mL ™' A 2|72 WA &7}= 60, 80, 100%
o|Qith WIS HE5H7] 2190 20 4 g mL™'9] oxathiapiprolin® #|2|5t9S 4%
80%2] RIS Bon 2580 AT Ffole ¥ ES 100% AAsH o ¥
= AFshiE 24 2o A5 ™oll= 100% ¥ 28-S dAlstR o 49 F57E
YA B 60%2 Aottt ZEA = Y-S JEoH7] 1493 7 Hof 2kt
2|3t oxathiapiprolin A 2] A = 76%%} 83%2] FAaHE oy, ¥
shal 2 2o 10¢ Fof 23] A2 45 80%2] YA IS EHth AU 4
oxathiapiproling 0.0064 x ¢ mL'2 X 2|5}& o] 115 o] FAMY
ARG @Y, ARG E] Woto tigt AR &t LSt A, G-FEARe] L
=1} AR Yoo il A= A= Wekth Oxathiapiprolin®l ThgE P capsici® 7+
3 7182 HAHst7] Sste] 200619 FE 2008E7HA] A 223k 53719 Y =
= ARESte] Aol 7lee Akt Aol ARSSE I te] et ECsodt-> 0.002
g mL'o]o], HAgT Hohghe 72t 0.00049F 0.0054 1 g mL o] gtk A o]l ARES
1= oxathiapiproling =UlollAl AMESH7] AR E ZA oA E2|sto] Hykste
F gtol”| ol & AwtAle] A wejet AP o RE ddek=d ol
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T A S-S L o7|= Colletotrichum horii®] Thge AlE AtAlol thsh 24
3 BEF A7) fote] A HS o] 85k ofAl BUEFS Al Ad ol AR
gt °FA4l= DMIAIE tebuconazole, prochloraz, difenoconazole®t benzimidazoleA|E
carbendazim, carbendazim/diethofencarb®t QolAIE  pyraclostrobin  SDHIAIE
isopyrazam, penthiopyradg AR&SHETE Aol ARESE wH5~= 20058 =ofl 2Tt 10+
F9} 2015 o] ARG 17d-F0)11, & 27¢F2] ITS (Internal transcribed spacer) 54
2 G7IME B4 Ad BE #57F C. ohorii2 BAEACE ESE Glyceraldehyde-
3-phosphate dehydrogenase, Chitin synthase, Actin $HAZ F7IAEL EU=RZ
Phylogenetic TreeZ ZHJst A3t NCBIOIA Z1%t C horiie} S gt Z3E= AL
sholsh 4~ Qe AtAl mUE"Y A3 BenzimidazoleAlE, QolAIY, SDHIAIE kAo
oA = =35 ATe] 2317F HolX] FtX|ek, DMIAIE 35-2] AatAlol tajAl= =
g T AP Aol FRAE A tebuconazole®] -9 A/d 2] EC504t Bt
0.013 ug mL™"0] 31, AP/ ko] ECsot B 1.091 ug mL' 02 2F 1008] H o] 2}to]
S BT 20059 = Y = 109 B gdap/d Aol £5klar, 20159 A
T 8T A Aol 997 A Y Aol == Qioh A Aol &= 9+
F= A A Yol L, WAl AR B Aepd o] x|stgith. A3 =
o|Z] QkorH 2005d Ao Hlo 20159 = AL HFF= Ayt ool AP RS
gt olgish A2 & off 109 HEh AdA o] thsh g
& 4 ok webd 2Rl ¥ WA YoiA AEA Q] Al DU E- I Tl FEs
P 713 Zdsfiof gt DMIAIE AtAle] A 717te == AdtAlo] 284
CYP51 Rdxke] SA®olef CYPS1 f-xte] ., ABC tranporterol ©J9h oFA] efflux
ol &A ot IrjuzE 2AYA SlHE A U] At A7 &lst
7] 91t 27141 Ado] e+t
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Bacillus thuringiensis #+%2} Tannic acid ¥ =%
Proteases?| A5 %t

[t

upahupgkol| 4o Q= M 28 Bacillus thuringiensis w45 22| B4 sk, A%
A& E017] Y3l protease inhibitorQ! tannic acid?} =2 st ASaTE L
C}. Proteases®] 5ol whe 7|8 ¥h& 242 & AT Trypsin®] 74-¢ il Zoff &
o] BApNA, BPVApNA 7|HollA Z+z} 91.4%, 89.4%% YEFHSITE Trypsin® tannic
acidE A 2|3t 4-ol= o A Eoff /o] BApNA, BPVApNA 7|&ollA 247} 62.2%,
54.5%% WERHATE Tannic acidol &8 trypsin 7132 29.2%2%} 34.9% <A it
Trypsin colorimetric activity assay~ Positive control, Control, 123 B
thuringiensis subsp. kurstaki KB100 55 JAI5t1L 52 459 trypsin activity &
t} B thuringiensis KB100 w#39} 40mM tannic acidE FAlo] J4I5E {50 A
trypsin activiyx= thd @opd-S Elst Tt Trypsin qRT-PCR 42 &3t trypsin
gene?| & BA Adlo| A= trypsin | gened B, thuringiensis KB100 #+F2 W=
A2 oA Btk B, thuringiensis KB100 w20l 40mM tannic acid= ClstR-S o @3
$o] ¢ F&& & 4 Qth Trypsin 2 geneX DB Z B, thuringiensis KB100
w0l 40mM tannic acide F7I6IRE o FAEo] ¥ WS S5ttt "3BT
AH A Ao\ A B thuringiensis KB100 #F5 3hgtare] 34 proteases”| =5l
< off 40mM tannic acide 7Fetoll weh FAF 9 oju] 2| FAlo] QlojA Atol7t Q=

Ao tepfglth




Succinate dehydrogenase®] &/4& AHdlSk= AA(Succinate Dehydrogenase
inhibitor, SDHI)+= U|EZE2| o} complex 112] ubiquinone ¥ B&E *|3fi5to] A
O 355 Aotz AtAloltt, Sfet xof wetA F 7HX]e] OFO0 R s 4 o,
A= boscalid, fluopyram, fluxapyroxad, isopyrazam, penthiopyrad §¢] th5Zo] A4l
THolY YAAZE SFE ] AMEEHI it 2 AdoA= 2011d3 2015Eof] B, 20|,
EULE, Q4f 59| 7IFAEolA E=let AdEFolEwtel Botrytis cinerea®l 5671 w55
AR&5H] ) boscalid, fluopyram, fluxapyroxad, isopyrazam, penthiopyrad®] ths] A& &
AL shAs|A o g AASETE 1 AT boscalidoll tdt ECsoate] 100 # g mL™' o)Akl
ALY d7F AEHIE ARG 552 sdhB AR G714 E-S 2lst Aut 22587
codon®] CCC(proline)ollA] TTC(phenylalanine)®, 230¥1#] codon®] AAC(asparagines)
oA ATCC(soleucine)®, 27294 codon®] CAC(histidine)ollA] CGC(arginine) F=
CTC(leucine) & 2|2 712 =I5k 53] 225% A ofu|i=4tat 2729 A ofu]ieito] Z}
Z} proline®| Al phenylalanine 2. Z(P225F), histidine®|A] arginine 2 (H272L) .2 X|%+
& o] U= 9= boscalid28F ofu| 2t Ui x| 4749] AtAlo] A= AZ/Foldth 1
Ad F U] sdhB G| A ofu| ke ike] X|gho] L= ¢|X|of wefA] SDHIO| tigt
HHwe AP A=7F th27] wiZoll, ofv]ieibo] 2| fIx|E AAsh= 7o 5ast
o} o]¥ o] /2 FUI FH AollA ofn| Akl X%k Y27} MR thE B cinerea w1
4910 PCRo] opd 7 ®lo] PCRES st Al&sHl Fd&d 4 e multiplex
allele-specific PCR ¥ &rdstgict o[ o] A oA &I 4319 point mutation ¢
2|5 vt o2 sto] F 6709 primerE A&t on, o SHH O] multiplex allele-specific
PCR-& &5} P225F+= 761bp, N230I+= 780bp, H272L2 904bp, H272R2 159bp 27]9]
AME TE PCR AFHE2 S o 24, ot =ike] |8 {27} Th& 47l 9] point mutation

g, 3 Wl PCRE Boto] BAlo] A& 5 Yolnt
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Microbial screen bag formulation (SBF) containing
Beauveria bassiana and Metarhizium anisopliae for
pest management

Se Jin Lee", Jeonung Seon Yu', Sihyeon Kim, Mi Rong Lee, Jae su Kim

Department of Agricultural Biology, Chonbuk National University, Korea
"National Institue of Agricultural Science, RDA, Korea

Formulation of microbial pesticides, particularly entomopathogenic fungi, is a key
process to efficiently deliver the active microorganisms to target pests or plants and to
provide optimal conditions for them to express their biological activities. Now most of
fungal pesticides are produced in the formulations of wettable powder, liquid concentrate
and emulsifiable concentrate, however separation of fungal conidia from granular
substrates increases the production cost and needs hard physical works. Herein we for
the first time produced a screen bag formulation using mycotized granule from solid
cultures of Beauveria bassiana JEF-007 and Metarhizium anisopliae JEF-003. The two
isolates were collected from lepidopteran larval cadavers and identified by sequencing
the ITS and beta-tubulin primers. The two isolates were solid-cultured on Italian millet
granules and showed 2~5x10°onidia/g of conidial productivity. The cultured granules
were packed in a screen bag to produce screen bag formulation and after the shaking
the formulation in water, the number of released conidia into water was examined,
compared to the number after vortexing the granules. About 95% of conidia was released
from the formulation and showed similar insecticidal activity to the vortexed conidial
suspension. To increase the conidial release rate from the bag, surfactants of Silwet
L-77, CO-2.5, CO-12, LE-7, PE-61, TDE-3, Tween 20 and Tween 80 were investigated
and finally Silwet L-77 was selected for the highest conidial release. The screen bag
formulation effectively controlled the Riptortus pedestris nymphs, comparable to the
conidial suspension, which was made by conidial separation from the substrates. This
work suggests that screen bag formulation can be more easily used compared to the

present formulation methods in the conidia-based biopesticides.

Keywords: Beawveria bassiana, talian millet, Metharhizium anisopliae, screen bag formulation, surfactant



Collection of entomopathogenic fungi base on
pathogenicity against 7enebrio molitor

Jong Cheol Kim’, Sihyeon Kim, Se Jin Lee, Mi Rong Lee, Jae Su Kim

Department of Agricultural Biology, Chonbuk National University, Korea

Entomopathogenic fungi are facultative microorganisms, dwelling in soil or infecting
host insects, and some of the genera have been used as biological control agents
worldwide. Collection of fungal isolates should be a platform for the development of
highly effective resources, thus in this work we constructed a fungal library using a
mealworm pathogenicity-based fungal collection method and further characterized some
isolates with high virulence. A phylogenetic three was generated, and of the isolates 17
isolates’ biological features were characterized, such as morphology, spectrum of
virulence, cultural characteristics, thermo-stability of fungi, production of biologically
active materials, such as enzymes. This work reports an attractive entomopathogenic

fungal library including the information of effective isolates in pest management.

Key words: biopesticide, entomopathogenic fungi, fungal library, phylogeny, 7enebrio molitor
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Toxicity Evaluation and Preliminary Risk Assessment
Study on Daphnids Spraying Plant Extracts
for Pest Control

Kyung-Hun Park, Jin-A Oh, Min-Kyung Paik, Mi-Yeon Son,
Sung-Jin Lim, Sang-gyun Han'

National Academy of Agricultural Science,
'Research Policy Bureau, Rural Development Administration

Promoting the organic farming, much of the plant extracts used for controlling pests
have been imported from China, India and Myanmar. But, it is so worrisome that aquatic
animals such as water flea inhabiting in paddy field and river exposed to the so much
plant extracts likely be harmed. In South Korea, organic farming materials are evaluated
for pest control. This study was conducted in order to evaluate the risks of aquatic
animals influenced by the three plant extracts, i.e. Sophora flavescens, Azadirachta
indica and Derris elliptica. The toxicities of water flea(Daphnia magna) and
PEC(Predicted environmental concentration) exposed to the three plant extracts were
estimated by the typical spray volume method. Risks, expressed as TER(Toxicity
Exposure Ratio), were determined by the toxicity value as of 48-hr LC50 (Lethal
concentration, median) or NOEC (No observed effect concentration) into PEC.

48-hr LC50 and NOEC of water flea by Sophora flavescens extracts was
12.0(8.2~25.4), <2 mg/L and 11.9(6.7~106.6), <2 mg/L by Azadirachta indica extracts
and 49.4(39.5~66.0), 5 mg/L by Derris elliptica extracts, respectively.

The PEC spraying the plant extracts in paddy field and river water of 47 sophora
extracts were 3.0~68.0, 0.0018~3.0 mg/L and 37 neem extracts were 1.2~90.9, 0.003~6.0
mg/L. The PEC of 5 derris extracts in river were 0.003~0.009 mg/L.

The TER using the toxicity values of water flea in paddy field and river water of
sophora extracts were 0.2~4.0, 4.0~6666.7 and neem extracts were 0.1~9.9, 2.0~15866.7.

Derris extracts TER was 555.6~1666.7 in river water.
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Analysis of pesticides in corn silage for an analytical method development of
multiresidue method using QuUEChERS sample preparation and LC-MS/MS analysis
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Analytical method development for determination of pyflubumide residue in
agricultural commodities by High—Performance Liquid Chromatography
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’Department of Agricultural Chemistry, Bangladesh Agricultural University, Mymensingh-2202,
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Kyu-Won Hwang*, So Young Moon, Eun Ji Lee, Joon-Kwan Moon

Department of plant life and environment science, Hankyong National University, Anseong
456-749, Korea / 158

(P-49)

E5ot 5 A3A Bistrifluron ¥ Cyenopyrafeno] that FAHHA 7518715 AR of
@ a7

2 2P, A%, Aol
ot} dho] ©-3-GEAJstut, 4] E o] oFE kA
(P-50)

Analysis method of the active ingredients from the commercial biopesticide in
Chenopodium ambrosioides L.

Ji-Yeon Yang*, Song-Hee Ryu, Sung-Jin Lim, Geun-Hyoung Choi, Byoung-Jun Park
Chemical Safety Division, National Institute of Agricultural Sciences, RDA / 160

(P-51)
A 2E55L o] &% §7]15AA % Cinnamaldehyde® Cinnamyl alcohol?] B2 % of
£ AR

s T O s O o - O , T )
2B AT SAFRQPAA R ShetR ek T}
2 - S =11 2] I o=
Ageista S AP U e St E o / 161
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(P-52)
Indaziflam®] GHS *“7-1101] 0E 5418 ¢ 2458
ok, @Alol, WAl 290, o412, ol Yol

=H5dasrd / 162

(P-53)
Metazachlor®] GHS AAlo] @& SA47E ¥ EXEF
b, exlol, waAl, 2ol ol A% WA, Yor

=dsdasrd / 163

(P-54)
Metazachlor®] 24 =2318F 2 AYYANEF 43S A% SHY7
fropd, ool vrdl, 240], oAl st Y, old

=Hsdasrd / 164

>

(P-55)

Sensitivity of Korean Isolates of Phytophthora infestans to Commonly Used
Fungicides in Potato Crops

Md. Aktaruzzaman®*'?, Young Gyu Lee’, Byung Sup Kim'

"Department of Plant Science, Gangneung-Wonju National University, Gangneung, Gangwon-
do, 25457

Highland Agriculture Research Institute, NICS, RDA, Daegwallyeong, Pyeongchang, Gangwon—
do, 25342 / 165

(P-56)
7] Z 2 Hojo] & (Pyflubumide)] A284 U ok - o] 7}

Aoz, e, Ae, 495, d, F4A!
T AT AT, SREAEE) / 166
(P-57)

LA ARATORTT U 03 ATIHA VIS FAY U =39 287 YA

U & 5o 45840 J= MEE Bacillus thuringiensis ¥52 FEstd 54 XA}
B, AU, oI, AeAA, Pl HEY, 2T, 8

[e]

o

(P-59)

Plant essential oil treatment enhance plant growth on cultivation

Seung-Heon Kong', Dong-Kyu Jeong', Geun-Hyoung Choi?, Jin-Ho Ro? Jin-Hyo Kim'
Divison of Applied Life Science (BK21 plus Program), Institute of Agriculture & Life Science
(IALS), Gyeongsang National University

Division of Chemical Safety, National Institute of Agricultural Science, RDA / 169
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(P-60)
45 ool o)A ofutaleis £3HUY AF AAL WEAe] % mFukEe EA
39l WA &3}

AR, A5, ¥, gz

(P-61)
e we|uelot Sof 5
AEs 7153 ofgd ez SAY wixy)

~, O o > [ =P}
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(P-62)
Ol E&R 7| (Adedes aegypt) ol BEZAR Y= ME-L Bacillus thuringiensis &322 &4
A8|A*, Ay, ol44, dgot, FEY, 29, &

Sdtjstn g8t / 172

(P-63)

Evaluation of Adsorption and Desorption Rate of Current Methyl Bromide Fumigation
on Several Fresh Commodities

Min-Goo Park, Bong—su Kiml, Bo-Hwan Yangl, Byung-Ho Lee!*

Animal and Plant Quarantine Agency(QIA) 'Dongbu ARI, Dongbu Farm Hannong Co. Ltd / 173

(P-64)
AsHAYE LAY FASH2 8takF Acidovorax spp.o] €AY
w7, go)E. Aol 34

284 YU

[} wng Nare)

(P-66)

Control Effect of Tomato Bacterial wilt caused by Ralstonia solanacearum Using
Water Extract of Spent Mushroom Media of Lentinula edodes

Sang Yeob Lee*, Jeong Jun Kim, Ji Hee Han and Dayeon Kim

Agricultural Microbiology Division, National Institute of Agricultural Science (NIAS), Rural
Development Administration (RDA), Wanju 55365, Korea / 176

(P-67)

Z2|ZAO|E A 2A o] ol W7k wro} B o] A
olgd71*, H A, o, A, A4y

5208y AR THAEYATE /177
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(P-68)

Application of pesticide spray program for exporting grape to Australia and New
Zealand

Yang-Sook Lim', Seung-Yeol Lee’, Sangkyu Park’, Jin-Ho Keum’, Hae Keun Yun® and
Hee-Young Jung?*

"Persimmon Experiment Station, Gyeongsangbuk-do Agricultural Research & Extension
Services, Sangju 37268, Korea

2College of Agricultural and Life Sciences, Kyungpook National University, Daegu 41566, Korea
*Department of Horticulture & Life science, Yeungnam University, Gyeongsan 42415, Koreal49 / 178

(P-69)
Wa, gk, ofg| o] WS Fa Wl B4

J‘]-XH_’,E‘_ , Ug‘_]éll, Z—liu— “IA]—O
SENEY FUAASLTIo Ul EUATL FENEH FesATe AR/ 179
(P-70)

spel A A o A A SEYAE ST
ok oFekul Abizuby

Ag*, o5, AN, Yol HEY, LA, 28
Fetista SY YN $8YBLY / 18

J

(P-71)

U 8 7|tte]¥F2] Tebuconazole AZAH ZYEHT
Zad's, o] g3k, o|gr|, 47, AH<=
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Analysis of pesticides in corn silage for an analytical
method development of multiresidue method using
QUEChERS sample preparation and LC-MS/MS analysis

Hyeyoung Kwon, Ji-Won Kim®, Teak-Kyum Kim,
Su-Myeong Hong, Byeong-Chul Moon

Rural development Administration, National Institute of Agriculture Sciences

The aim of this study was to establish simultaneous analysis method of pesticide
residues in Korean bulky feeds. Silage is one of the storage forage and to save the plant
with the moisture condition. Corn silage is the most important forage crops that can
solve the shortage because it facilitates the production of the highest dry matter yield
per area and total digestible nutrients (TDN) and it is easy to mechanized operation. We
searched Maximum Residue Limits (MRLs) for feed of Korea, the United States, Japan
and CODEX and selected 161 pesticides which can be applied multi-residue analysis
using LC-MS/MS. The corn silage samples were extracted by acetonitrile with 1%
glacial acetic acid, followed by QUEChERS acetate buffer, and dispersive SPE cleanup
with MgSO,, primary secondary amine (PSA) and C18. The method was validated at
three spiking levels (0.05, 0.125, and 0.5 mg/kg) in corn silage blank sample. The
average recoveries of 93 out of 161 pesticides were in the range of 70-120% with <
20% RSD. In the future, through the addition of the study, it seems that this method
is able to take advantage of the analysis of the rapid pesticide residues and improve

safety in Korean bulky feeds.
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Analytical method development for determination of
pyflubumide residue in agricultural commodities by
High-Performance Liquid Chromatography

Hyeyoung Kwon, Youn-Jeong Jo, Seong-Hwan Moon", Teak-Kyum
Kim, Su-Myeong Hong and Byeong-Chul Moon

Rural development Administration, National Institute of Agriculture Sciences

This study was conducted to establish an analytical method for pyflubumide residue
in agricultural commodities. Nine agricultural commodities (apple, pear, peach, sweet
persimmon, mandarin, potato, pepper, hulled rice and soybean) were primarily selected
for development of method. Acetone was used for extraction of pyflubumide in
agricultural commodities. Liquid-liquid partition and Florisil SPE cartridge were used at
clean-up process. Additional purification with C18 SPE cartridge was conducted after
Florisil SPE cartridge in case of pepper, hulled rice and soybean. HPLC instrument was
used by setting UV detector at 260nm. The recoveries were within 76.4 ~ 99.8% with
RSD of below 2.3% and the limit of quantification (LOQ) was 0.025 mg/kg in all
agricultural commodities. Finally, liquid chromatography tandem mass spectrometry
(LC-MS/MS) with electro-spray ionization was provided to confirm the suspected residue

of pyflubumide.



LC-MS/MSE ©o| 2%t sAE F
MEMHYZIHN CHyE2MH Il

h (o) LIS | o= H;-
Aol AFAl, A, AlzAet A A= A 3 FEFEE FHeR gol
8= ik AlFJokEPA o AAIE LC-MS/MSE o83t tH A4 Holl=

Gibberellic acid, Thidiazuron, Pendimethalin, Forchlorfenuron, Diniconazole,
Hexaconazole, Iprobenfos, Metconazole®] ZgtE|o] 9l oL} 1 o] ABES BAt)A}
of ZIE oI UA] et Feskeha 4o Aolst 287|240 wef o2 JEOoR 55
o= ARG A tigh 24 Fyolu 4R5-87|e2 vl g ol w2t
A z&ﬂa]m o7 o] &85 1 9= QuEChERS(quick, easy, cheap, effective, rugged
and safe) & I Q&2 LC-MS/MSE o|-&3t #4Y-& Atolict. 7|& A9 84423t

4-CPAS ;5@ sto] MS/MSZ2Z& eistylon], 5, 2k, Ju] AlRE EH/E}BE B
B4 5%%(0.5,5,10,25,50 ug/kg) #E22 QuEChERSH 2 A 2|3k & LC-MS/MS
2

4 5%
E45E At dojofA] IprobenfosE A QI3 BE AJE2] HFA R23to] 0.9990]/4 02
240 ot &A= 0.134 ng/kgol™ HHF3HAI= 0.442 ug/kgol it 3
% 9! RSDE ZARGH A1} 2.5 ug/kgsat pH 3.0004 A A& A= 95.0~106.2%2]
287} RSDZHE 4%0|9to 2 UEbtT, 25 A|2oA = 97.8~ 103.6%2] 3]4&3} 2%
0] 9ko] RSDZFS LERH O, Oﬂﬂll\lioﬂfﬂL 97.4-103.1%2] ¥]4&3} RSDE] 2%0] T
© 2 UeRdTh 25 ng/kgmEollA 348 9 RSDZES AFEA| 204 96.5-106.3%2] 34
{73} 3%0|9ke] RSDFS L}E}ﬁguq 2% A RoA = 98.6-103.3%2] 3|43} 3%0] Tk
o] RSDZFS YeR L, Au| A|Zo)AE 98.7-105.6%2] 3|48t 2%0|9ke] RSDZES U
et 7+ Algo] tiste] 95~106% w2 B B3 on], RSDIE 4%0[|THe =2 &
AEd-e Bt metd 2 dAtoA HYPE QuEChERS M 2]t LC-MS/MS
o]-gsto] sitbE T ASYFRGA 4ol 7Hed AoR whH
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Volatilization of Ethoprophos sprayed
on upland soil in lysimeter

Ji-Hwan Song®, Dan-Bi Kim, Taek-Kyum Kim,
Su-Myung Hong, Hye-Young Kwon, Sung-Jin Lim,
Byeong-Chul Moon, Jin-Hwan Hong

Department of Agro-Food Safety/Chemical safety division, NAS, RDA

In cultivation environment, various pesticides are used and some of them could be
volatilized into the air. These could affect farmers’ health and environmental pollution.
So, This study was conducted to evaluate aspects of volatilization of Ethoprophos
sprayed on upland soil. The experiment was conducted at the lysimeter which is 1 m?
area, 1.5m depth upland soil in greenhouse. Ethoprophos was treated with 5%
EC(emulsion concentrate) at 0.5 ppm level of upland soil weight. Volatilized
Ethoprophos in air was collected by personal air sampler with PUF tube every 1~2 hours
at 4 L/min flow rate. In addition, Temperature and humidity are measured. The collected
samples were extracted with soxhlet apparatus and acetone solvent during 7hours. And
then, extracted Ethoprophos was resoluted with acetonitrile and diluted 10 times. Finally,
it was analyzed with LC-MS/MS. During 30 days experiment, vaporization amounts of
Ethoprophos in air were determined from 0.06ug/m® to 2.77ug/m*. And it showed a

tendency to increase the concentration in air for 2days.
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A2l 3 Fenpyrazaminel}
[HAMERS-2188-DCo| M 2 Zr=af

t}, Zctefo] thdt Fenpyrazamine] AE%0F5]27]2(MRL)S A 20| AA35H7] st

Alstitt. Aol As717F 5 201549 9g~11¢ef 4
| Fenpyrazamine Y53HE Aokl I R AdS oklth Algoll ARE-gt oFAl|
© =AREolA Az, #uiE e HuetE AATEE 60 % YIS AES
20008 3)Afsto] FEF7|= Aaetgnh. A Axe EdE 7[ECR 50, 40, 30,
21, 14, 79 A 33]of AA 474 Azftol] AEZstlal A2l e 33 g Aokl
AR Al of 9FAl Fenpyrazamine®t 71 EH/\}g ol §-2188-DC2] ofju] A& 1l 3|4g
A8 519t} Fenpyrazamine?] ZAES5HA = 0. m, JAFEA S-2188-DCe] A &%t
A= 0.01 ppm FE22 0.999 oo =2 ;i"ﬂ*é 2 B30 fenpyrazamine®] 7%
acetonitrile®2 =3l methylene chloride2 EH] & silica 1 g°©] % ¥ SPE
cartridge ©l-8sl A stalL A2 8—2188—Dcs>4 A9 acetone O.2 FEW 3
methylene chloride® 8] & HLB 1 go] 22 = SPE cartridgei A 5t
UPLC-UVDE #4513t Fenpyrazamine @7]~E=E 0.2 ppm $Zo] A 33] Bh=
91.3+3.1 %, ¥7Fs%= 1.0 ppm =0 39] HJ% Bt 89.6+1.3 %4 I5es ggﬂ;u}.
T3F AHEA S-2188-DCE A7Fs% 0.1 ppm &4 79.5+1.9 %, 0.5 ppm %]
A 743121 % O 34aS UE I

AFFA| Fenpyrazaminel] AHaisoFs]87]2(MRL)S 2 729 AZof| 5250 9]
E
o}

AE ZAY kA Abz AlE-S AA

rir ol

THAFE2A S-2188-DC2] 7% fenpyrazamined} 2 BAH 0 2 FSA| 3|48 o0] 27
dt=d, FZ8UE acetonitrile01]/\1 acetone 2.2 AAZ Silica cartridged] Al HLB
cartridge® HHLo] 24318 o] AW 3]4go] A

AP Al¥ & Fenpyrazamine?] 2H32 Z]#] 1.13 ppm ©l|A] JJL 3.09 ppm 2220]4]

T, AREA S-2188-DCo] AEFL B (0,01 ppmbFo| Tt

32
_SL
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Mol i}

X
=
Boscalid?| THRAME/ H|W

o 1

Boscalide= ¥ ¥re] u|EF =20l o] HARAEA ] complex I-§ A8i5h= A=Al
ojt, ti5-2] Al IFFol§ YAE flalf Axsto] Ao we Aot o5 5
boscalid®] Aol thsl v]alsH Tk :‘TE%”\]@Q Aol A AR on, Al kA
S 13 A¥st9a, e Almes oFA A2l 3, 2417 Holl A3 skt Boscalid+=
acetone 0.2 3&3}to] n-hexane/dichloromethane(8/2, v/v) .2 -o Buljslil SPE
cartridgeS ©]-&35lo] A5l HPLC/DADZ E4351 ) Boscalid?] MLOQ (Method
limit of quantitative)= 0.02 mg/kgo]lA 1, 34+EL2 0.04 meg/kg?t 1.0 mg/kg Oﬂf\‘]
101.8 ~ 109.3%°] %t} Boscalid®] 0L AF 2R3 AHth5=2] 7% 0.48 mg/kgo] Il 7
t5=9] 9 2.62 mg/kg ©I3Ath 4L2] FAH =ollA 32 5t A5k S o, Hoi52
ZF2RES 0.24 mg/kg, At)32] 2538 0.44 mg/kge| Tt 0.5 L/mind] §&o0 =2 88
B AHSHE S o, AdS2] ZhRF2 0.28 mg/kg, AF9] {2 0.75 mg/kgo]
Atk AlF ol o FoiFet HiF 5 boscalid?] RadES ]JJ—G}‘I] HAAE

shS o AAdiF= 50.0%, AdlF= 84.1%7F 4= a, 52

HTZE 41.7%, AtEE 72.9%7t 2459 52 22 A=t :%UHEE} RS
AFE mf AHo] o FE|Qlon], ARk ARy el o o] 241 A
S 2 2 otk Atizuch AdjaolA adlo] o Wol | AL Lro me Rz
shehE,
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28Y Hujx= ST F 2

Fluguinconazole % Pyraclostrobin?| X&5E4

*
e, oty

=

o]'g7l, o8, 2

Okt
=l

Ho

2 ATt AU AuiEEel E709) 9& 422 fluquinconazaole ¥ pyraclostrobin
BNA ARELe FE5H 5 F565F AR H ARl ki HUHE gt
7|22t R EEotaat £otgint & A S 52 Fdolt, fluquinconazole

TS 7Y 7H4 23], 33 A/AES 0, 1, 3,
5, T4zt Al =5 AF st 45t E7 & F 59 25 dichloromethane &2 &
Higt & florisil, NH2 cartridge columns ©]-835}o] A & HPLC/DADE ¢]-&35ta] &
A5 T Fluquinconazole®] 3)48-2 76.7~87.6% ©] 20, pyraclostrobin® 3]4&
2 85.9~108.6%, A= Q1 BF500-39] 3|82 93.2~109.3%°]%1 o0, & 5<Fof tf
3 MLOQ(method limit of quantiation)+ 25 0.01 mg/kg®| Tt Fluquinconazole2]
RS 23] Aol oA 7Y T 14.66~17.55 mg/kg, 33] A2|FolA=
15.53~25.91mg/kg ©]% 3, pyraclostorobin®] EXFFZE SFAAE 7 T 6.71~9.21
mg/kg, 32 2ol A= 10.36~16.04 mg/kg ©|3lth o|Z o= S L] SHA H71o
83 AAr2 &8E & Qe ASR AlRETh

19
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MALCHA| Z7|(Fragaria ananassa Duch.)
% Flubendiamide % Pyriofenone?| FA|A X2 EM

[iling | o = = —
LRSI AU AZOIAMIE] IAZOIORZORK AZ7|E}

= A= B7|(Fragaria ananassa Duch.)ol| Tisto] flubendiamide ¥ pyriofenone<
AFIEE B leoko] ZhaZo|2 mpolsln, MBS ukzly| S AREshe] AT 2hEE]
7]&(PHRL; Pre-Harvest Residue Limits)2 A5t} =345 th Flubendiamide

9 pyriofenone RS ZA 13} 4 2 Ao g o] QFHARR 7| Zo] &5fo] 13] AF
X T O AR QA7 5 0YAFR st 0, 1, 2, 3, 5, 7, 104kl Al RS AFH 5T
& oK B% HPLC/UVDE o]&sty EA4st%en, MLOQ (Method limit of
quantiation)+ 0.01 mg kg—loloﬁ‘% Flubendiamide ¥ pyriofenone®] MLOQ, MLOQ
108] =202 348 AFS 35t A}, 22 81.4~92.9%, 83.9 ~89.2%% L}EFY o]
SRI4e HYS ‘?_FJ‘B}OE‘E}. @7]| % flubendiamide ¥ pyriofenone®] X732 A|7H
o Fagtoll wet AP TE Bolon, 24 23E EURE 4ad Foida A4S
flubendiamide®] 7% ZA 13} & 204 y=0.861¢ *%* (R?=0.9487), y=0.9468¢ **7
(R2=0.9704), pyriofenone®] 7% ZHzh y=0.2704e **™ (R’=0.9092), y=0.2618¢ """
(R?=9865) 2 LERT

Bl d4A 3AHAE o835 AAHA AEE]-87]E2 flubendiamide?] F-2 1.87 mg
kg'!, pyriofenone® S 1.88 mg kg'® A¢kstgitt E ALAINE  Eolo]
flubendiamide ¥ pyriofenone?] oFA| A & £:317|71R] 9] kR AAlof Tt o =0] 7}
5ot Hof PRt SitES AAbstr] 1k ket o] V|2 lR R €8 ZloR wd
ot



QA(Arctium lappa L.) T MEH Acetamiprid &
Chlorantraniliprole?| X&®E4

XL, ST, YT, O, UAHI, ST

LRSI SRAYTUOIS HIO| QRIS FRUTHOII KIBSASOTHMIES

A= Y (Arctium lappa L)& HFLE A5 A acetamiprid ¥ chlorantraniliprole
= T35k ZhRsere] b FHIHE fItt 71 2A R R E-8staar st

ATt Acetamiprid 8% WG ¥ chlorantraniliprole 5% WG 522 Z+HzF 20008 3145k
of 23] A3t & PG AIRE AF ot F4kIth + oFAl ©5 dichloromethanes
o|-gsto] Eulist o, SPE-NH2 cartridges AR&ste] A &, LC-MS/MSE ©o| &
oto] EASHATE Acetamiprid 2 chlorantraniliprole®] MLOQ (Method Limit of
quantitation)= 0.005 mg kg'o]gon, 348 AlFL 533t Ayt z+zk 949~
104.89%, 84.5~88.9%% UEto] fas|4g S WSt 99 5 acetamiprid
o] ZFZHL (0.005~0.025 mg kg o] 2, chlorantraniliprole®] 7% <0.005~0.011
mg kg-10]th & oFA| o] AReFo 2 RE LFE3E ADI tiy] Ao H&(RADD-E 22t
14.4367%, 3.5780%% 2% = acetamiprid ¥ chlorantraniliprole®] thgt ADI thy] Al
o[ d¥E&0] 80%E Z2UTHA] Fou R AolE 53 F A9 k& AP s AT 5
ol Aoz AFREC} o]of acetamiprid 8% WG ¥ chlorantraniliprole 5% WG 9<%
S5 YAl 82 o o, thRsoke ekl tigt aeF el w7t 7Hs

2 gehEh

d

ST

(o of
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Fluensulfone?| &FWN HIlet 7| &5 ME

(=] y

*

AR, A0, 22, 0jBIS, 2ol
3
o

Fluensulfone (MCW-2, 5-chloro-2-[(3,4,4-trifluoro-3-butene-1-yl)sulfonyl]- thiazole)
o] 374 SofithAtet EG 9 A o5 wRlE BuAE FESH oA o] JEE/g
SA RO 0]BAS AHAL IfHS4E By, FEYRR AL T LIS
AFESHETE Fluensulfoned S7|EQTAM 2lske] M-3625 (TSA, Tiazole Sulfonic acid,
5-chloro-thiazole-2-sulfonic acid)2F M-3627 (BSA, Butene Sulfonic Acid, 3,4,4-trifluoro-
but-3-ene-1-sulfonic acid.) & 2tz 59~77% L 19~31%7HA] HEE 3 DT502 7~92U (%8
o 22, S 11, 8 EF(HE 6, =Ul 2)0l3ith tirbbEe] 27| ETiAt] &gt DT50-2
M-3625 18~26%, M-3627 228~560¥ ]3It} Fluensulfone= §7|27oM+= Aol 2% A
UUIL, FrEoflol oJgk DT502 59 40%= o527 oA 359 & 427 tizo] vlel 67t &
Z15] 912‘% 10%5 Z6h= Foliba2 glsith 22004 fluensulfone?] tiAME 23
ZR22 2u] 4 B 2ANA 19T & 1~14%2 Z4stE 1, 2 EY DTS00 18~53¢
o]%ltt Fluensulfoned} TiAMHE M-3625, M-36272] §7]8t47|&82HA15(Koc)= 712t
151~251 L/kg, 6~10 L/kg, 4~11 L/kg®]%, fluensulfone?] UK SSLRC ©o|&/4 &2
‘moderately mobile’ S0l S1F5t%Ith Fluensulfone pH 4~9 @ jollAl 7i-2sfio] ¢Hst
oL}, Fol sl Fali7F FRE ] A 574 ' 2A 9] ¥t ]= 2.6901%l e F Fafi4t
S2 THU-1, THU-2, BU-27F A =S 357 Evks 4] ¥tk E-AHYE Ao ot
DT502 37|27 49~50%, §7|x2HdoA 26~28¥0l%le 3% F UAKIEZ M-36271
deschloro-MCW-27F A= 7|2 A= M-3625, E7|ZoJA= MS2 Butene
sulfinic acid”} & tHAMFEOl| 371 itt. Fluensulfone 40% -3-A]2] 48H-Ha| S vhA| 280
ek Akt 2| #40] At 5w 22 0.33 pg/Le 1.3~18 pg/LE AMEE0] A 4
et 8571 40 pg/Loll 2 7570l QA8 e, PRZM-EXAMSe| o)k X &4 3785
L= L7~57 pg/LE F5ol7 9 S8 5ol tigh stkpddazol vl 22 30|l =2
of thet PrrgFs ol ok =0l Fluensulfoned] XFeg EY, X ES 2 A
5t ol tiste] fluensulfone, M-3525, M-36272 2|5tttk
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Indaziflam (AE 1170437, N-[(1R,2S))-2,3-dihydro-2,6-dimethyl-1H-inden-1-yl]-
6-[(1R)-1-fluoroethyl]-1,3,5-triazine-2,4-diamine)2] 73 = EsjtjAlet EF U 4|
ol5/de] HHE BEuANE HEsI SHA Y IFELAT AR ol5de BHA=
sS85k, W A=Az des 18sty $HR=EsEE ARSI
Indaziflam®] ESjALo] <25t AE 2158968 (Z1, triazine indanone, (2R,3R)-3-
({4-amino-6-[(1R)-1-fluoroethyl]l-1,3,5-triazin—2-yl}amino)-2,5-dimethylindan—1-
one)@} AE 2158969 (Z2, carboxylic acid, (2S,3R)-3-[{4-amino-6-[(1R)-1- fluoroethyl]-
1,3,5-triazin-2-yllamino]-2-methylindane-5-carboxylic acid), AE 1956114 (Z6,
diaminotriazine, 6-[(1R) —-1-fluoroethyl]-1,3,5-triazine-2,4-diamine)”’} =Y 45 E L9
7Aool T~38% B E AL b EGONA S BEE vt S HEHSIT EY
DT50 28~176Y (B 3%, S+ 664, 8 EFHH 4, vl 2, I 2)o[3ch
Indaziflam> @727 M= AL 2oli=A] ebokar, ZEafiol 2lgt otey] o827 DT50
< 559 R FES aap JIFESN O 10%E 236t Eoliite Atk 2R AA
indaziflam @& 9 3% AMNE 23 EQF DTS00 2+ 9~ 68U (B 414, 7 EF (0=
5, U 2)3} 28~108L (Bt 87%)01tt. Indaziflam®] f7]8t47]EE 2 A4 (Koc) & 150 ~
1,143 L/kg (Bt 605 L/kg, 594 502 L/kg, 11 EHEY 3, u]= 2, 4& 2, Ul 4)o
2 UK SSLRC ©]54 552 ‘moderately mobile oA ‘slightly mobile’ol| dlgstETh.
IndaziflamS pH 4~9 HElojA 7tBafof] Hgsd 1 B-AHYUE Ao 25t DT50-&
127~65140]3l o, Foll oJaff a7t ZX= o] Y2 574 SHx0A Y FEal sht7]=
2.5¢0]3lt} Indaziflam 19.05% - HA3HA19] Afabe-2 @A ARgo gk A5t
9 A x40 AF FHsEE 27 0.024 pg/Let 1.1 ﬂg/Li AbEE]o] ADIE 13ste] 2+
AT 871 50 pe/Loll 28T 7HsA2 Ul R34tk EPA GENEEC 2 of 2Jgh

AR 5 0 gt 225 i 34 ug/Li FrolF, BHE 9 52579
et B g ez vlg] ¥ =Fo|th Indaziflam®] ZHF22 EY, A% 9 A5k
Do tiste] indaziflam3 AE 2158968, AE 2158969, AE 19561142 A olstgitt,
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Oxathiapiprolin (1-(4-{4-[(5RS)-5-(2,6—difluorophenyl)-4,5-dihydro-1,2-oxazole- 3-yll-
1,3-thiazol-2-yl}-1-piperidyl)-2-[5-methyl-3-(trifluoromethyl)-1H-pyrazol-1-yl]et
hanone) 2] 37 EafithAtet EYG 9 4] o5 dol TAE BEIAE FESI] T o4
IREAT FARY olFsde ABAe NS SHota, A=Al alefshy
S-S 2 AFESHYTh  Oxathiapiprolin®  Z7]EQthAte]  olste]  IN-E8S72,
IN-QPS10, IN-RDT31 ¥ IN-RAB067} 7~14%7HA] AZEE 3 DT502 16~140Q (B
81, 9l 744, 8 EL(RHE 3, Ul 3, =Wl 2)°I%th tjAMIES] S7|EGTAF DT50
& IN-E8S72 216~477¥, IN-QPS10 4~2,656%, IN-RDT31 49~2,0259 ¥ IN-RAB06
4~156 Qo] tt. Oxathiapiproline @7|Z2AAN = AL Eal|EA] LFont, FEsfof 9
SF AP 27 A Q] DT502 28 2 E3ll7F 34| 2= Q1 F B2 IN-E8S727F 4§
A9t} ZARAA oxathiapiprolin®] EF DT502 6 ~205Y (B4 58Y, 94 21,
12 EFEE 4, 501 6, =34 2))ol%lth. Oxathiapiprolin® TtHAMFE IN-E8S72,
IN-QPS10, IN-RDT31 ¥ IN-RAB069| §7|et47|&52H4(Koc)= 2+t 4,350~
12,800 L/kg, 5~11 L/kg, 1,790~14,400 L/kg, 630~2,520 L/kg ¥ 381~665 L/kgo]$laL
oxathiapiprolin® UK SSLRC ©]84 T2 ‘non-mobile’ S5 aNgstIch
Oxathiapiprolin pH 4~9 oA 7h=gsfof QPgstH o, ol oJsf =2ali7t EX1=
of AldzxzoAel sd7]= 15~2090]¢len F E54tE= IN- RSA90, IN-RLD5I,
IN-P3X267F Q=N L5 2= ATt Oxathiapiprolin® E-HUYE A|E9]
DT502 7|27 22~45Y, E7127 45~63¥0]len T5 tAHERE IN-RYJ52-A,
IN-RSEO01, IN-S2K66, IN-Q7D41°] A= %t} Oxathiapiprolin 4% WA -3SHA|Q] 2=
Ly Agof gt XSkt A B AFH FHsE= 242 0.0016 ng/Le} 0.26 ng/LZE
AbEE o] A AATE S87]E 100 pg/Lo 2-E 7Hs/3S mi-$ Wi, GENEECY]
OISt A/ ES FHEEE 0.57~1.07 pg/LZ S0l EHE U 527 dFszof vls)] &
2 20|t} Oxathiapiprolin®] E¥F1t 2|54 ZHFE-2 oxathiapiprolint IN-E8S72,
IN-RDT31, IN-RAB06, (IN-QPS10), X|&F4 ZHFE-S oxathiapiprolin®} IN-E8S72,
IN-RDT31, IN-RABO06, IN-RYJ52-A, IN-RSEO1, IN-S2K66, IN-Q7D41 2 A |5}t



*
Uoty", ALY, 07|

(= i,

2 A9 avd el LujRke] (el ALlulzhE didew
fenpyrazamine ¥ fludioxonil®] ZH/dS 7ot 5¢F S565= A7 U A5k
FA/d B7HE SRt 71 2A R R EEotaAt Skl 2 9] oAt F5E 54
o]t, fenpyrazamine 30% SC ¥ fludioxonil 20% SC 52 74 742 23] ZYGAESH
ZF, YAlegote] E45kth 2ulAt § F 5oF ©5F QuEChERS #4Y& o]-§35to
A2t A|2E LC/MS/MSE 243519t} Fenpyrazamine®| 3|82 71 Q0]Z}of| A
84.0~101.2%, "J20]x}of| A= 85.2~105.0%0]% o0, thAFZZAQl S-2188-DCo 34-&
2 72|zl A 73.9~104.0%°1 3L, A 0|2t A= 73.9 ~83.7%% 2.1, fludioxonil®]
382 7 20]AtofA] 100.1~106.7%, 20| AFo A= 81.1 ~111.9%0] 91 o0, & 52F
of tfgt MLOQ(method limit of quantiation)+= 2% 0.004 mg/kg®] 3Tt

Fenpyrazamine®| 71 20|}l A 9] SRR 1.286 ~12.776 mg/kg, A4 20| A}Fof| A 9]
SR 4.790~5.296 mg/kgol L, fludioxonil®] 7 0|xfofA 2] ZhRaFe 1.251 ~
4.508 mg/kg, AL 0|Z}of| A Q] FFRFS 2,517 ~2.841 mg/kgol Tt 48 0¥ 28] 2
T9] 7MEAls~= fenpyrazamine©] 2.408, fludioxonil®] 3.205% ¢t o]7 o= 2 n]z}9]
PR Bt -8t A ER F8E e AR A"
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Development of Multiresidue Method for
Flupyradifuron, Indaziflam, Valifenalate using
LC-MS/MS

Hyo-Young Kim*, Eun-ock Kim, Yong-Kyoung Kim,
Chae-Uk Lim, Jongsung Ahn, Jae—-Hwon Lee

Experiment & Research Institute, National Agricultural Products Quality Management Service

A multiresidue method for newly registrated 3 pesticides (Flupyradifuron, Indaziflam,
Valifenalate) has been developed using the QuEChERS EN method with high
performance liquid chromatography-tandem mass spectrometry (LC-MS/MS) in 4
agricultural commodities (Brown rice, potato, pepper, mandarin). Using solvent-only
calibration standards (SOCSs) and matrix-matched calibration standards(MMCSs), it was
demonstrated that a minimal concentration of 5-10 ug/kg of analytes in matrix is
required for the consistent identification of targeted pesticides with two MRM transition.
To evaluation of matrix effects on the quantitative analysis each agricultural products,
we compared to two calibration standards. To reduce interfering compounds from matrix,
samples were diluted with buffer and acetonitrile before LC-MS/MS analysis. The
Method was validated by the precision and accuracy results. All commodities spiked
with two concentration levels of 10 and 100 ug/kg. The recoveries were within 71.1 ~
110.9% with relative standard deviations (RSD) of <12.2% and the limit of
quantification (LOQ) of method were 10 pg/kg in all agricultural commodities. Linear
calibration functions with correlation coefficients were obtained 7> > 0.99.

For 3 pesticides residues analysis, this method with LC-MS/MS was used to identify
and quantitate pesticides residues with concentrations ranging from 10 to >200 xg/kg in

a variety of agricultural samples, demonstrating fitness for screening applications.
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ot} o|F= Zr=olut Au7 | 7=
o] e 5 tivh, ul=, 8% 5 209 H7FR &5kl e ‘1] 2015 ShEE7| R Al A
FOE T PEAE G SERYAEVIE Sttt FAES EAl SUie] A&
e B pEWEEY e Adsfjor o %"*ok/\]'ﬁoﬂ 53] Folsfof gttt
T2 WA A HEo] EFTEEl Uit galls SAY oyeS
sf45t7] fI5te] A AGTE AFYS 4\—636}1 ATt

2 At Z=AE Al FAI7E E 2 Qe SRS SAISH ] fI't A4SAl Lufenuron
I} Deltamethrin®] 2H=72Hd2 F71st7] {6l

ST AlHS A& AAG F7FE
AN st on, AFESS Ao AF5FOe 2= Lufenuron 5% ALt
Deltamethrin 1% WALSHAIS Z2H2F 2,00081<2F 1,0008] 2 3|46t L= EX|E W7l ot}

S Ui FA] SEHETT|E o]-8oto] JGAESH T Lufenuron®t Deltamethrin®] 2HF-A

do

L2 £3PA 30-21, 21-14, 14-7, 7-09 A2t FA T2 Lro] ek A2l YA
L5ttt IEFEAL zZHzF HPLC-UVD® GC-ECDE  ARgste] BAstgith

Lufenuron® Deltamethrin®] 3482 747+ 90.1-103.2% ¥ 93.2-102.0% HHFoH,
A& = 22 0.01 mg/kg™t 0.005 mg/kgo]th X&= = Lufenuron?] AR
0.22-0.81 mg/kg?] H¢lo]9l 1, Deltamethrin®] ZFRZFS 0.05-0.08 mg/kgd] HYS Lt
elfiQich B A2 3= —’r—%—.‘%‘—%}l}%"] 2o tist Lufenuron¥}t Deltamethrin® 2+
Fo1-871=(%h) tlx}; QFAARE 7| Aol =83t 7[2AR R E8E ACE AlRET.
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Accelerating Chlorpyrifos Degradation in Agueous
Solution with Iron Salts and Persulfate during
Zerovalent Iron Treatment

M. Mokhlesur Rahman'?*, Jeong-In Hwang', Jang-Eok Kim'

'School of Applied Biosciences, Kyungpook National University, Daegu 702-701, Korea
2Department of Agricultural Chemistry, Bangladesh Agricultural University,
Mymensingh-2202, Bangladesh

Zerovalent iron (Fe0, ZVI) has drawn great interest as an inexpensive and effective
material to degrade environmental organic contaminants in water environment. As an organic
contaminant, the widespread occurrence of chlorpyrifos in water system is significant due to
its extensive use in agriculture for control of various foliage and soil-borne insect pests on
a variety of crops. To overcome limitation related to passivation and unreactivityin aqueous
medium, abiotic catalysts are added for effective degradation of organic contaminants. The
aim of the present study was to investigate the degradation of chlorpyrifos in aqueous
solution by iron salts and persulfate during zerovalent iron treatment through a series of
batch experiments. In aqueous system, the effects of iron salts and persulfate on degradation
rate were compared on the basis of their concentrations separately in unannealed Fe0
treatment. Degradation rate of chlorpyrifos was enhanced with increasing concentrations of
iron salts and persulfate in aqueous system. Ferric chloride was found to be the most
effective iron salt for degradation of chlorpyrifos in aqueous solution mediated by ZVI. The
order of effectiveness of iron salts was found to be FeCI3 > Fe2(SO4)3 > Fe(NO3)3.
Persulfate-ZVI system remarkably degraded chlorpyrifos from aqueous medium. The result
reveals that chlorpyrifos degradation by FeO treatment was promoted by adding ferric
chloride and potassium persulfate. Degradation kinetic of chlorpyrifos with persulfate-
amended Fe0 was higher than iron salt-amended Fe0. This study suggests that a sequential
Fe0 reduction—ferric chloride or Fe0O reduction—persulfate process may be applied as effective
strategy to accelerate chlorpyrifos degradation in the contaminated water.

Key words: Agueous solution, Chlorpyrifos, Degradation, Iron salts, Persulfate, Zerovalent
iron
Corresponding author: E-mail. jekim@knu.ac.kr
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Atatojl M Bistrifluron, Chromafenozide, Cyantraniliprole,
Cyenopyrafen 2 Thiaclopride| AACHA| XtREA W
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Bistrifluron, chromafenozide, cyantraniliprole, cyenopyrafen % thiacloprid 5%
oF] AAtA At & ZR61871ES Aokt 2MREAS st A=t
7] (Biological half-life)g AF&sto] 8 A 7ge 2ASIA AlY 242
STt A= 270l HAIRE ARt TpoflA 28kRo 2 RSt 2 ofAlE2 142
13 Az Eglon, SFAAEZ F 0, 2, 4, 6, 8, 10(11), 14, 21¥xtof| & 83] &5+
HPLC-UVDE o|-&sto] &A% At 7} 5052 &34 (LOD)= 2+ 0.005 mg/ke
o]9l o, At = bistrifluron, chromafenozide, cyantraniliprole, cyenopyrafen ¥
thiacloprid®] 3|4&2 B& 70~120% S wSokith Al 5 bistrifluron,
chromafenozide, cyantraniliprole, cyenopyrafen ¥ thiacloprid® 27| Z&H3e 2%
At AAE ol ZRS|87] (MRL) ol|sto|dith ESH ARt 5 bistrifluron,
chromafenozide, cyantraniliprole, cyenopyrafen @ thiaclopride] H=a+-4 vizl7|=
FFA 9 o] AlEA o= Zh2E 19.1, 10.9, 5.0, 3.2 X 7.2 o] EHA| ] Atz

oM ZHzt 24.1. 4.0, 4.3, 4.3 Y 4842 UERyiTE

N
=

o rz ©
= e d
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= 49+
difenoconazole ¥ fluquinconazoled] ZHFFAS BA5F] Codex ¥ $Y=2] ZA5HET
|71% A4S A% ety ZA AR R ZE5h] o = Qleh 2EAES =
9, Aebd® Fe, AEE A 3x o] YRSk e A TSR SR =
o} Al A 9] A el= QPHARE 7|0 whet difenoconazole (FH H/2tA, 4%, &
A AL 1,0008] 3]AB-S 10Y 74 43 AFEZS}E T fluquinconazole (BFEE 423}
Al, 10%, /dE3Feh)2 1,0008) S]AH-S 109 7H4 33] Aottt A|59] 2k oFA|
A 2AIZE B35 0¥ANR St 0, 3, 7, 14, 21, 28 W 35U} 73] A|BE A5,
difenoconazole™} fluquinconazoles UFLC/UVD< ©]-&3to] F3F £451%ch B4
9] 3]48-5 difenoconazole® A= 85.5~96.5%, fluquinconazoled| A= 86.0~105.6%
oL, BF A= 27 0.03 mg/kgol AUt Difenoconazole®] A9 R o4,
g, FAoA ZHzE 0.13~0.67, 0.02~0.33, ¥ 0.03~0.27 mg/kg® YEFHOD,
fluquinconazole®] A|9¥ RS 9], B¢, FGolA 2+2F 0.17~0.46, 0.08 ~0.52,
2 0.07~0.24 mg/kgE YEITE o]F FoFe| AATA Z78Ht7]+= difenoconazole
o] BF 91, =Y, BA0NAM A 25, 17 3 18Uo]u], fluquinconazole®] - 91,
Y, FAoA Z17F 34, 19 9 31U =E B o5 FoFEl AN TS SAR
sto] 2|Z ok E 7Y $9] ZHZS difenoconazole?] ¢ 9], T, FAA 2+
ZF 0.37, 0.20 2 0.18 mg/kge]™ fuquinconazole? 3% ¢, d¥, FAoA z+z+
0.37, 0.33 ¥ 0.18 mg/kgZ o|& 5o 2 Z=5-87]&2 1.0 ¥ 2.0 mg/kg ©|5l=
=50l HAARE 7ol whet oFAlE ARSI =Uio] 8 E MRL 7]&& 549
UEA7 = AR BT

A=l Il HEWETE w2 triazoled & S

r
1
i
o
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Comparison of Residual Characteristics between Two
Formulations (WG and EC) of Pyraclostrobin on
Persimmons

Joo Yeong Byeon’, Hyeong Wook Jo, Gi Jun Hwang,
Min Hye Kim, Sang Hyun Sohn, Byeom Haeng Cho

Chemical Residue Team, CRI Global Institute of Toxicology, Croen Research Inc.

This study was carried out to evaluate and compare residues between WG(water
dispersible granule) and EC(emulsifiable concentrate) formulations of pyraclostrobin in
persimmons. Samples of persimmon were collected at 0- day after one treatment of
pyraclostrobin. Persimmons were extracted with acetone and partitioned with
n-hexane/dichloromethane(8/2, v/v). The organic solvent layer was then concentrated in
vacuo, cleaned up with a NH2 SPE cartridge, and analyzed with a HPLC equipped with
a UV detector. At the fortification levels of 0.04 and 1.0 mg/kg, recoveries ranged from
99.0 to 111.5%. The method limit of quantification (MLOQ) was found to be 0.02
mg/kg in persimmon. Initial residues of WG formulation was 0.183 mg/kg, while initial
residues of EC formulation was 0.173 mg/kg. In detail, initial residue of WG formulation
was the 1.06 times higher than EC formulation. In addition, final residues of WG
formulation was 0.076 mg/kg, while final residues of EC formulation was 0.036 mg/kg.
In detail, initial residue of WG formulation was the 2.11 times higher than EC
formulation. Finally biological half-live of WG formulation was 13 days, while
biological half-live of EC formulation was 7 days. In detail, biological half-live of WG
formulation on persimmons was approximately 2 times longer than EC formulation.
Therefore, EC formulation degradation was the slowly than WG formulation degradation

on persimmons.
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A MTHHY 7|29l M carbendazimi} diethofencarb Z§tH|2|

HEEH
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TRIZSTHOND BRI YEHBOH, 2HIZFOICH] OEHRIOARIITA
=

SHIFHT LM YEEOEHETA, ‘SYSMBEIU|R HIFX|Y

H A3 A7) 71YE dAAC 2 carbendazim¥} diethofencarb E9HA|9] AHRE
de FAskL o] wE AR TIE 2R 7IRARE FEstA 35k
Carbendazim¥} diethofencarb®] XHFa2 Al Z] 7|90 2L 7|E02 14Y
V219470 7-10Y ZtA o2 2-33]of AAH EA(25% + 25%, 4=SHA) 10008 3]4
2 AEGE & 36 7|9 E A S 2 carbendazim¥} diethofencarb?] 8- 24z 24
sto] AFESHATE L A3 carbendazim®] 9= Be A 2te] XHRE97F0.11-0.28
mg/kgl & 719oA Q] 2H75]-87]12¢1 0.5 mg/kg(KFDA) Bl W 45298 3klgh
4 Q%t} ¥k | diethofencarb®] -9+ B& A 2] 2 917F 0.74-1.16 mg/kg S
2 HgEE A 75871282501 0.3 mg/ke, KFDA) B} 52 ¢34 golst
4= it olglst Ay &2 & u, carbendazim¥} diethofencarb ZTAIS A/ Aul %] 2]
719l Ab&st= ¢ 2 30-409 Woll 23] o4 ARESh= A2 diethofencarb®] il

BE ARE Qdste] WRIAGIIFS 2B Sefvh Ygich
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The QUEChERS method for the confirmation of 124
pesticides in perilla leaf, by HPLC-MS/MS

Ha na So’, Hyo Sub Lee, Taek Kyum Kim, Su Myung Hong,
Hye young Kwon, and Byeong chul Moon

Department of Agro-Food Safety/Chemical safety division, NAS, RDA

The QuEChERS (quick, easy, cheap, effective, rugged and safe) multi-residue method
has been receiving much attention as a fast extraction and cleanup method of pesticide
residue analysis. This QuEChERS method can get to minimize the moisture and
impurities in the analyte. It is lead to the same results as soon as possible. This study
was focused on QuEChERS method and HPLC-MS/MS analysis for measurement of
pesticide residues in perilla leaf. 124 pesticides were spiked at two levels of 0.01 and
0.1 mg/kg in perilla leaf samples. Prepared samples were treated with AOAC 2007.01
QuEChERS method and analyzed with HPLC-MS/MS Matrix-matched standard
calibration was used for quantitative analysis. And then Triphenylphosphate(TPP) was
used to validate the detection ability of instrument. Recoveries for the analysts ranged
from 70 to 120 except for some pesticides. RSD values were under 20% for all
pesticides. The results showed that the using of QuUEChERS sample preparation and
HPLC-MS/MS could be applied to multi-residue analysis of pesticides in perilla leaf.
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18-S Saohod Woa w43k 2 &4 S0l thel 2Ase YT egH
7} 5015t A AAME TP X2 A (Standard Operating Procedures, SOP)2kal gt}
FPQES 2= Al 78] BE 5% SOP, AlFAEA U A FT LI AR
B3t AlgAIEA e SOP7F GLP 928 &43h=t] Zogt JBE xgstal Q=4
B3 g2t Aol GLPYEE &39S 245k Hall A"+
A4, 2342 42 vk £ HFSEIAE JHst] Wy, dxap, ol
Aoty B A7t A7 222 IAISH J SHA=A] ”74 At A=
= AFAE A REE AE-EH, AL A A7 22 =2t &7
A QoFR ALt HFE AT FHote S HdEH.
Aol SOP= WATA A7 &1 QA1 28 254 THolE 5 B@7]7] AR&at
Iel; HPLC, GC, ¥A=22]7], SF= A=71, homogenizers, food cutters, HUas=7] 5
@RZZFY Y Hag OARY 3 AdS S AlR 1], AlRRA oA A=
oo YA AFA A5 FH] AP AlES flstd AR s ESE H7E
A= 24 @AY 2 5ol 5oz 1gd 4 Utk SOPo| ohE 24 7542
O5H 27 Al5e] ZJH AlRe] AFA ID; ZHAF ] Xi7 Alg 55 QAR 24
Az @4 7|23 ARE @Analytical Standard Use Form; Dilute Solution
Preparation; Stock Solution Preparation ®A|& ZA|A] FAATE] A7 ®Standard Log
(DFreezer Room Verification and Maintenance Record ®Primary Standard Card ©
Balance Log QA2 XZF AR MDaily Residue Data Reporting Form 5¢] AF2 & 2
o] FA9] Al=dat A vebdlith 24N 7S48 ) 24 S8E A2 A9
ix].izg :Lﬂi HH_Q._ol:E_,—_r}\-p} xl—/dE]r,]- HA%_QLOkEJ_/\-]q]__ q.]ﬁ: EEU}E:LE.,
¥EE 24434, LOD/LOQ Calculator’F HEE W tfd M2 A E = ¥5F dFA
© =2 ‘one analytical set' 2 FZFste] 295 11U Q] calculation page’} BF JE=HCH o
dk2 © 2 one analytical set -2 A& 44 (1 &23+2 X 2]L+1 concurrent recovery spike)
£ 3%, #5 P 2 ARE 7Vl 24 FUslel RASKD ANk FS 48T
ok FAAIRE 715783 BaAMo] 5Lt Laboratory Sample ID'E 7| U5to] Al=2] o]
Ho] golstES g,

0,

dr oY ol oy o
1 o ofx
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.
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Al A3 H Oxathiapiprolin HArA3R| 2]

=
NEHU HEY L Y BT}

o
Ol
ru

Yol
10
gal
oo
Ral
4>

Oxathiapiproline= O|EAMREYA Al AtAZA HUwA|W Oxysterol-binding
protein(OSBP)& Alsh= 285 Stof 7]& AatA|eke] wat Aol gle 99, waf
g ZZokxo|tt & Lo A= Oxathiapiprolin HAsHA| o] Al 24U HAEALS F7}
ShaLAlE @ofof oFA 2] & AlZF Fato] ThE A=A Ae] #EH(Leaf Surface), &A%
(Waxy cuticle), AlZZH=(Intercellular space) |49l SFAl b7 BEX 5 AT T
St WS Frbstaar EukEe] okAl A7 A, 0.5, 1, 3AIXF At Fof| 5 s
225k ok oFA| A 2] 24417 & Ay HAF(GFAPG 1 X104 cfu/ml)-S FHEsh o
A2 7Y & S d e AEBHRIE 2ABIAAL oFAl AP 149 T AlEAIY
F= ZAFSHA T

Oxathiapiprolin  HHFSHAIE o] <o gt T 1A7to] HIpstle o
Oxathiapiproling 20| o] FHo| 69.3%, %}Z:%Oﬂ 28.3%, *ﬂ 7 Oﬂ 2.4% -E_—‘Thﬁ}?&

ol

59 AItAol= A EHO| 26.4%, %}i%oﬂ 72.4%, *ﬂi =l 1. 2%7P +5£6P°“‘E} 3t
EUtEo| Oxathiapiprolin HSFHAIE A2et 4% JAFJFE AZtdE o
Oxathiapiprolin®] ZHF&2 7% the] 7122 22| Al 50.3%, 1/16F 2] A 35.2%
o|lar, oAl A2l A7t T Qg - AH2fotls e - A2 thy] 7S A
Al 81.3%, 1/16%F A2 A] 95.5% ©|th. Oxathiapiprolin BA3IHAE A2t 23,
0.5, 1, 3AIE T 5795 Agstls el EntE diof tigt BA7F= 715 A
2 Al 2% 100% ©|at, 1/163F =2 Al 99.6~100% ©]%itt.

wepA] Oxathiapiprolin HatAl= A2 & w2 AIZF Yol ASAUE 55| o
GgAZo| 2 H[ERE FEH O Qlo] e T ol ot &40l A7) wiZo o' X<

a2 Yol SATE & 5 U

O

[HA
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Pyrifluquinazonz} CLHALZE Pyrifluquinazon B2| XM

IE o

r
olo
K
o

|52, H23d, 0[X|12, 8’89, o)gs, ZyY

= dAolA = LC-MS/MSE &8st A 1%, &, i+, d0] Z pyrifluguinazon
(1-acetyl-6-(perfluoropropan-2-yl)-3-((pyridin-3-ylmethyl) ~ amino)-3,4-dihydroquinazolin
-2(/H)-one) ¥ tHAFE pyrifluquinazon B (1,2,3,4- tetrahydro-3-[(3-pyridylmethyl)
amino]-6-[1,2,2,2-tetrafluoro—1-(trifluoromethyl)ethyl quinazolin—2-one)2] &4
S Y5 LC-MS/MS+ Shimadzu LCMS-80400]%1 21, ESI positive mode &
scheduled SRM (selected reaction monitoring) modeS ARg3ste] EA ST
Pyrifluquinazon ¥ WARZQ] E5-8M-LS matrix matched YO 2 A X5H¥ L 71714
A= 5 pgol e, BT (method limit of quantitation; MLOQ)+ &&=
A2 A 10 ng/mLe|gith A3 ¥ 5-100 ng/mL (weighting: 1/x)ollA A3 A
A1(R)E »0.990] 2 3L matrix effects ZE A ROIA +20% ot 348 4L
{8l A& 50 gofl pyrifluquinazon ¥ AR MLOQ, 10 MLOQ ¥ 50 MLOQ7} &=
= A2sta(dF, @l S57 30 mL2 529 30:2), acetonitrile 100 mL=Z 102 1t
Y F=3 F, NaCl 15g2 7kt 12 5 A-s] g3k ths, 3,000 rpmofA 10
= 7+ A2 ottt 45N 6mLE Fok] PSA 150mg MgSOs 900mge] ¢ =

tubeo] ¥ & 42 %, 3,000rpmofA 102 &<t HAZ=lsta e Fste] 245t

At Zk =Fo| A pyrifluquinazon @ thAFES] 3482 70-120% (CV {10%)E =
Sttt = AroflA Syt 24H-E Boto] AA| A& ARl tigt pyrifluquinazon ¥

pyrifluquinazon B2 A] & RUEHS FE5] 9T 4 S o2 AlrHth



1% F AN Difenoconazole?| XRE/M

M7= 0]

S 5 AMEE HEVETF & EfobEA AtAIQl difenoconazoles
oAl difenoconazole®] AHEEA-S mlotslr| ¢5te] 4w Qi)
F5 o2 747 37 AY(ELF: 27, o, 94/ Tl
st ot AJYeFA|Ql difenoconazole(dH )
4% WA S SHAARS 7ol wet £arseet Farso] 109 7J7—ﬂ| o= 4§1 7‘13] Sk
Ch Al&o] oS EF0| F9 FAEE 247 35 0YAtR Shof 2FoMA| Ax &
0, 1, 3, 5, 7, 10, 14¥2fe] = stglon, S5 2 HAEE T 2 Bt &
AA] 28 5F¥th AR 5 difenoconazoled A|ZE acetonel & F&, oilgt & &
Mo =2 A dichloromethane &2 EH|5}aL florisilZ FATH & acetonitrileo]] A&
a5t HPLC/UVDE ARE-5HY difenoconazole?] 23S JFEA sheich £159
T30 A5 0.03 mg/kgollon. 3482 2+ 84.4~101.2%2} 93.9~107.8%
Aot XEsek 24 A 27, oA, G4A] 9] =13 F difenoconazole®] ZHEF
Zk7} 0.09~0.30, 0.07~0.41, 0.11~0.40 mg/kgolglov], Qek 3t 34 x|eo] T
F-2 Z2+7F 0.19~0.31, 0.27~0.32, 0.36~0.47 mg/kg®| Tt
130 ZF ZAE 9= 22 27 10Y, o 7Y, A4 109 oAtk ESF FAAL
7120l AAIE 2 A 290] AT ZhRAYE BY E1F, S5 B U A2
% MRL 1.0 mg/kg Bt} W2 5= 3o, Ao ARH AR BFoA MRL 5%
Sh= o] daskith mEbA FAARE 7|zl Wt ofAlE Sl Rt
ol A8%E MRL 7|2 389 UHEA7]= Ao SRIEI
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Quantitative analyses of ricinoleic acid and ricinine in
Ricinus communis extracts and its biopesticides

Deuk Yeong Lee'’, Leesun Kim', Cholong Jin', Sung-Jin Lim’,
Byung Jun Park’, Jin-Hyo Kim?, Geun Hyoung Choi',?

"Chemical Safety Division, National Institute of Agricultural Sciences, RDA
%Institutes of Agriculture and Life Science, Gyeongsang National University

A variety of biopesticides containing plant extracts or oil, are available without
indicating bioactive compounds or target pests at the South Korean market. However, a
few analytical methods to screen or determine bioactive compounds in the biopesticides
are available for quality control. The quantification for a bioactive substance, ricinine
and an index compound, ricinoleic acid in castor plant (Ricinus communis) extract or oil
was carried out. To determine ricinine, successive cartridge clean-up method combined
with ultra-performance liquid chromatography was developed with ENVI-Carb and C18
SPE cartridges. Accuracy and precision were evaluated through fortification studies of
one biopesticide at 10 and 100 mg kg-1. Mean recoveries were 98.7 and 96.0% (<10%
RSD) respectively. To determine ricinoleic acid, saponification and methylation were
optimized using gas chromatography-time of flight mass spectrometry. Recovery was
81.0% (6.2% RSD) after derivatization. Both methods were applied to analyze real
samples including three castor oil products and six biopesticides containing R.
communis, collected at the South Korean market. The contents of ricinine and ricinoleic
acid in most commercial biopesiticides were less than the oil or extract contents

indicated by label on the products.

1) ZAIAAF ¢ 29, E-mail : tendergreen@korea.kr
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ZANY HEEN A7

OLMY, LI, R, ATR?, HOR"

TOMORLD HIQFBOD, HIO|QSBSAOT, 2AEOIIBOINK AR |EY

=

A Ao 5=H HAFHA Z55]87]<(PHRL, Pre-Harvest Residue Limit)< %
157] /2ol AR Eo] lon, o] F oF 710%7t AFA ol sigdEct. o] BFHE 4o
7l U4 2 tiu]fe o @ 3o HellE fdcto] A A AstAlZ = 2
Yallsoz2 4 A Atk Chlorantraniliprole®] -9 W WA A= A=A si52]
% E= g4 Al HhE 23RS Edoks 5/d0] 9loH, Thiaclopride 5ol FHolut
i o 3 I 5 s ol WAlol Hold AR G AU & At A T
Chlorantraniliprole ¥ Thiacloprid®] HAI&A AHEAS 1Yt HAAA Z735]-87]
= A4 gt 71 2R EA EEotaAt QT AP EZES AR et e B2
2 sHd o2 A shelal, % 1494 FHARE 7ol whet 13] ofAd . & k40,
1, 3,5, 7, 10, 14)0f wpet ZF 73] A|8E AFI5}+I T} Chlorantraniliprole ¥ Thiacloprid
+ Acetonitrile ¥ Acetone2. 2 F&5}9] Dichloromethane 2.2 23] 2|5} 1L Silica &
Florisil Cartridge® ©]-83}4 A & HPLC/MS/MSE o|-&35to] HgEAstoict g3t
Ae F oAl B5F 0.02 mg/kg R, AFeHA Sl 108 & 508 oA IpEAldS 4=
33t 23} Chlorantraniliprole®] gt + #o|Al(CV%)= 97.2 + 2.1 % L 1059 + 1.3
% ©]% 11, Thiacloprid2 91.3 + 1.1 % ¥ 97.3 + 4.5 % ©|%it}. Chlorantraniliprole ¥
Thiacloprid®] k4] AFZ & 0¥ 2} ZHE3e B8 9 SH4 oA Chlorantraniliprole2 7.5
meg/kg ¥ 3.4 mg/kg]8lal, Thiacloprid= 2.6 mg/kg ¥ 2.6 mg/kg®|Sitt AEE 253
C2RE IJAGPAS Bl AdAAFE ot AR SRIe B2 2 SHolA

Chlorantraniliprole®] 7% 2.34 U 44 0]¢1 31, Thiacloprid®] 4% 479 9 5.2¢0]3¢it}

* WAZZL H2k2 © E-mail, hrchang@hoseo.edu; Tel, 041-540-9696
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Survey of global maximum residue limits for exporting
grapes in Korea

Seung-Yeol Lee', Sang-Hwa Lee', Yang-Sook Lim?,

Hae Keun Yun®, Jong Kyun Park®, Hee-Young Jung'*

'College of Agricultural and Life Sciences, Kyungpook National University, Daegu 41566, Korea
ZPersimmon Experiment Station, Gyeongsangbuk-do Agricultural Research & Extension
Services, Sangju 37268, Korea

3Department of Horticulture & Life science, Yeungnam University, Gyeongsan 42415, Korea
“College of Ecology and Environmental Science, Kyungpook National University, Sangju 37224, Korea

In this study, we surveyed and arranged maximum residue limit (MRL) information
for grape in 7 countries; New Zealand (NZ), USA (US), Singapore (SP), China (CH),
Canada (CA), Austrailia (AU), Hong Kong (HK) collected from global MRL database
and each of government organization. As cross-border trading volume of grapes in North
American and Oceanian countries have been increased, MRL is became a most important
factor in exporting agricultural products. However, recent MRL information is very
insufficient. Based on surveyed results indicate that a total 223 active ingredient; 164
for fungicide active ingredients (FAI) and 59 for insecticide active ingredient (IAI) are
used in grape cultivation in Korea. Among them, 154 FAI and 56 IAI can be use for
NZ, 96 FAI and 40 IAI for US, 88 FAI and 39 IAI for SP, 53 FAI and 6 IAI for CH,
154 FAI and 56 IAI for CA, 96 FAI and 36 IAI for AU, 95 FAI and 27 IAI for HK.
Based on these data, we will schedule to compile a book with MRL information which

can easily notice and disseminate them to farmers and government organization.



ADIY TEHEE S5 F

Penthiopyrad®t [LHAFZ(753-OH, PAM)2| 2= EAM

opFer, 01FY, L, NST, oK, HUQ, AH
3
o

72y Ao AMSE = carboxamide] A=A penthiopyrad= 2H=ollA N-[2-
(3-hydroxy-1,3-dimethylbutyl)thiophen-3-yl]-1-methyl-3-trifluoromethyl-1H-pyrazol
e-4-carboxamide(753-OH) ¥ 1-methyl-3-trifluoromethyl-1H-pyrazole-4-carboxamide
(PAM) L. 2 tiAbdgtE]= Z1o 2 dalA Qlrh 2 Aol e &2 AufarE<l w5of
A penthiopyrad®} tiAFEQl 753-OH, PAMO] Z4d-S 1yste] BoF E252 2t7
9 RAARETIE A Y] 7IRARE FEskA 35kt penthiopyrad®t HARE:
753-OH, PAMQ] &3 2el-& Y5t LC-MS/MS (Shimadzu LCMS-8040)-& ©]-8-3F
SABAH-S S5tk BEAHRHA(MLOQ)= 2.5 ug - kg 'o|9la BAH o 5l4g
2 F $£2 5201 2 0.2 mg- kg HolA AAIGH A} penthiopyrads 22+ 94.6 ~
103.7%, 98.4~102.0% 753-OH+ 93.2~100.4%, 96.2~110.6% PAM=2 95.6 ~ 104.0%,
102.0~106.0% W2 AP FAHezr wddsifoh =5 FFE ™ol
penthiopyrad 20% FA(F#E: 7S ARSIt ZHAIALS 37| % 33 &7t
A sk, A EoR 4000812 S5t Y772 AEsHRTh oAl dxe 5
Fdg 7I€L® 21, 14,7, 0 A AYFE o] Z2F 7Y 744 33] A 2okal, dAleE
sto] ety 33] ghE AAsyith A2 AIY & penthiopyrad®] 2R 79 A A=
oflA 2.6~2.8 ug - kg A1, 02 A A2 FoIA 10.0~12.9 ug - kg o3tk thAHE PAM
219 A Azl FolA 2.9 ug - kg oA, 02 A A2 F7bA] B A jgko|9l o,
753-OHe Z& A 2fTHollA SA4 73 nleto] it o= penthiopyrad®| 2HFo]
ORAlAE T AlZro] Fibge] wet FAACRE AT UEe T, A
753-OHe 715t= A3e &l & 4 Qllch o] AukE vig o= 494 Aol 222
=570l tiste] penthiopyrad®] 2H751-87](%h) oA} PAARE 7] Aol 83t A}
22 &8 H 5 S JoE wdHnh
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LC-MS/MSE ©| g3t 30|, tHE R ZXjoA2
Fenthion X CHAIAME 539 FA| XtREMH 3t

O1Z2t, oIget, oIX|2, M8T, HUQ, WAl A2, 2y

Fenthion& W2 #91¢] a3 dA o ol-85 1L = /71204 45A 24 CODEX, Ul
=, YoM = AR08V A8 A% AREoEA BakehEat ARl oxon,
sulfone ¥ sulfoxide@EQ] Sho2A] Holsta Qltt whehba] =uo fenthion0ﬂ 223
g7]0] A ||, thF U ZRpof| thste] fenthiondt 1 AFSFHAREEQ] fenthion-
oxon, fenthion-oxon sulfoxide, fenthion—-oxon sulfone, fenthion sulfoxide %
fenthion sulfoneo] tiste] FAl A HS A-5HATE LC-MS/MS 7171245 ¢
o}o] electrospray ionization mode(positive)ollA 6/3-0] thet SRM(Selected reaction
monitoring) 7\7-]£ 3‘;1}313].0:1-7 HA—] 71—594 *5*1:/&1—2 _?—]6]-01 37]-74] o]EM—:rL/doﬂ u:]-%
ZEE vwste], 2119 ZHEQt peak FEHE Hol: 0.1% formic acidE 43+ 21t
methanol & & 0542 47435ttt Fenthion sulfoxideX} Fenthion oxon sulfone
o] %, precursor ion®] VAFF(M+H] =295)0] 23 FZ7} FAlste] B4 F20tE
I AR GFE A BR o825 AIZke] At 227 a49S 2elstsinh
2E e AR MAYor du] Y tfF= 5z, DA= 10 g= acetonitile 2 F&
St il 4 ¢ MgSOs, 1 g NaCl, 1 g NaCitrate, 0.5 g disodium citrate sesquihydrate s
7¥sto] 2gst & 225t A459-2 dispersive SPE (50 mg PSA, 150 mg MgSOs)E
o]_g.-a]-oi] X~]Z—ﬂf)*]-o:] 7]7]31_\_‘1' g Ho]— /\]ii }\]-_9.6*}-03]'4- 7(4‘1]:-—- Ho]— 741?6?/‘\_1_8 0.01 ~
0.5 mg/kgoll Al matrix matched calibration¥-2 ©|-&5t% = B 4BASR)
+= 0.99 o]Ao|R o, BEAAZSHA (Method limit of quantltatlon)—‘:—_ 0.01 mg/kg ©1%
ot 2499 F5& HAsto] FA2F A=l A2lsk 0.01, 0.1 % 0.5 mg/kg22 34
& 30 Iegs ST A B o H AR 34E 70 ~ 120 %, B LA
Rl g 3paS Btk ol o R |ul, i 2 Aol tigt fenthion?]
G H7HE Yt ARRAYH R Zhgo] 7HeEe SRlskeiT




kel A 9 AEA|
== et} m2o] A
|5 = Amet 7171 2 AdEH 9
neonicotinoidAl 2&A|Ql thiamethoxame /o2 AAEH =SS 0|85
Ao =2 &4 S
=, A AR, & ARY, A=, 5282 E § 650l =
o|-gst3itt. 7171 &A= 2 pe, 717] AFRHAl= AEeAe] HAlElel 10 pe, &4
A=A (Method limit of quantitation: MLOQ)+ 0.005 ug/mLo.2 A TH ES
AFAS AL 7 AJE¥ matrix matched standardE ©]-&dte] 2HJstH o
(R?0.99), matrix effect= £(8.5%), F7H-0.1%), HZ(-4.3%), WE(-5.4%), A 2
E(-10.6%), F2l4-42E(-14.3%) £o2 Yepdeh 77|1Ad42 & (1 MLOQ,
10 MLOQ)= 6§l ¥t 24519l on] Aib= tf-¢ -5t THC.V.(7.6%). &3, 3 %
(1 MLOQ, 10 MLOQ, 100 MLOQ) .= 33t =& A= (" A&, W&, &3 AlE 9,
& AHNY, A=, f2ld5-2E) 3 thiamethoxam®] 3|4&2 75.6~113.6%2 £ &
e BETh 9o 2E BA/ATYY HS5S Eote] AAEYLEYE o8dto] X
BAIAALL Al BPEoA fEfE & AESS AIEAE YA 24T & e S =

185/ A
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W20 S FYEEZA 1990d] FHto] dEFESE AR 2 tiut 5 Bgol=7t
2 ey, o= 54 YEL U2 SYUE I Qo "ES Auf 5444, 124
2H2 2 2E A S 5H7] w2ol @Eolr st wE S22 HAA YA
olgZo] QUt} ol & HAaslolr] oA a2 trdst HEalo e = = 5oF
o] SEH o] SlojoF aFARI YA} 7hsottt o], s&X5H S 1998H R 5ok
ASEAEE AAlote] AWA QuztE 2 FY2HES 5o 253 Yulsd A
U] 5559F ARgof oh2 B2 Al $YS PAE ot =38 7|29 gt

2 A= dE gt AAl Azoxystrobin®] 2FERHRAA S Frke] %t 7|22t R

£ Aibstr| flsto] 3lotith Al 52 oFFAIAERR] 21.7 % BFSBHA| (A ES:
QEUHE AMSSIY AL, AlEESS HES(MAIEE) oGt AT A5 1
9] ST EZAFANA S skt 2R A 2l Azoxystrobin SCE 7|5 (20008H) 2} Y
F(1000tH) B]Asto] vjRAl 52775 o]-8ato] J G425ttt Azoxystrobin®] 2F
A4 AFL 3R 40-30-21-14, 30-21-14-7, 40-30-21Y A 2|F&2 o] kA4S A
2)5la UA] SEhslg on], 45k 30-21-14-7Y 2| tollA] oA X EAE T, 1, 3,
5, 192k ABE F7F2 AQFote] oAl SAHE T HRH Th FFS A6
HPLC-UVDE ARgste] EASH Al Azoxystrobin ¥ Azoxystrobin®] THARA
R2303100] gt 3|82 83.7-95.26% @ Fon, AEFHAE 0.01 mg/kgol it
Azoxystrobin®] ZFEEFE 7|1EFF AT 0.17-0.40 mg/kg, vIFF A2+ 0.94-1.75
mg/kg 9 HF o thARAIQl R2303102 7|3 0.02-0.04 mg/kg, HiZF 0.03-0.04
mg/kg o]t HFAE T 0~7UA} AR Q] Azoxystrobin RS 7|E 0.37-0.40
mg/kg, B 1.36-1.75 mg/kg ©loA FAIH o= ZHastgl oo, thAAIQl R230310
7153 0.03-0.04 mg/ke, B1%F 0.03-0.04 mg/kg?] ¥¢E UHEtHAct B A1 2= d
o] 3t Azoxystrobin®] ZHF5]-8&7|=(¢h) vFARt PAARS7 | Ao 783 Xt ER
48E o+ e AoE AtrEH
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/‘1 e Y5 2AE AFA-E B3l 19950l Al 2006 7HA] 574 A]
o ZAOA AfEiEE W o= Qb ae] Wt Bu A 443} 107
OS2 Uehgton, % dEYE7F 1%0]4°lH, B+ dE5=7H0.1
o] AAl 9E, ASA 3E, ARA 4502 ZAME T 2y o]
oFZ] 501]/\1 o] ¢A F&F 5 Sle EY 5 AR B
7} 53 Agolth & AAoA = s7tolA ol AREE= w¢F 107}
S EUNTA Fdoll I EY T et daaitel wsto] A9
JEYo| azoxystrobin 5 1059 == A2t &, AH2H EL
INFAE A2lstal BEY 5 5oF AT Helks SRlskiith B
4 H/ﬂ QuEChERS HA 2oz Az & LC-MS/MSE o]-&5}¢]
o2 859 NFAE A=t T Ao 7Y FA] £ HRE
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imidacloprid, isoprothiolane, procymidone 5 77l 5k A3 X g|HfoA EY =
90%°1% Fsh= aiks YERN AT d1methomoph4 85 FA 2ol vlste] mjjg]4]
“ﬂﬂlﬁ A R, RHE AN £ Eola

= 870 HBA A2 f-7et WAl B 33—1'7]‘ 2
}‘(«” = }\H/dg_]oﬂ]\i 7]-7(} U_l-_‘% lr_O]:O] —z‘—% 78]71‘_‘5:3‘_‘7 =

I+ ¥ 37, boscalid, trlcyclazole
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Persistent Organic Pollutants (POPs) Residues in
Greenhouse Soil and Green perilla (Perilla frutescens
var. japonica Hara) Leaves-Organochlorine Pesticides

Sungjin Lim", Youngtak Oh, Yousung Jo, Geunhyoung Choi,
Songhee Ryu, Byungjun Park

National Academy of Agricultural Science, Rural Development Administration

Residual organochlorine pesticides (OCPs) are chemical substances that are resistant to
environmental degradation chemical, biological and photolytic process, and are
bioaccumulated with potential significant impacts on human health and the environment.
OCPs were designated as persistent organic pollutants (POPs) by the international
community at the Stockholm Convention on Persistent Organic Pollutant. Extraction and
clean-up method for the quantitative analysis of OCPs was developed and validated by
gas chromatography (GC). The method was established using the modified QuEChERS
method for OCPs in greenhouse soil and green perilla (Perilla frutescens var. japonica
Hara) leaves. Recovery and limit of detection (LOD) of OCPs in greenhouse soil and
green perilla leaves were 75.7-115.6 and 79.4-107.3%, 0.3-2.0 and 0.2-0.3 mg/kg,
respectively. The precision was reliable since RSD percentage (0.5-3.5 and 2.8-4.0%)
was below 20, which was the normal percent value. The residue of OCPs in greenhouse
soil was analyzed by the developed method, and dieldrin and endosulfan sulfate were
detected at 1.6-9.2 and 22.0-87.8 mg/kg, respectively. Those in green perilla leaves were
not detected in all samples. Dieldrin and endosulfan sulfate in a part of investigated
greenhouse soil were detected. But those were not detected in investigated green perilla
leaves. These results showed that the residue in greenhouse soil were lower level than

bioaccumulation occurring.
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Persistent Organic Pollutants (POPs) Residues in
Greenhouse Soil and Oriental Melon, Green Pepper,
and Lettuce-Organochlorine Pesticides

Sungjin Lim*, Youngtak Oh, Yousung Jo, Geunhyoung Choi,
Songhee Ryu, Byungjun Park

National Academy of Agricultural Science, Rural Development Administration

This study was conducted to investigate residual organochlorine pesticides in green
house soil and oriental melon, green pepper, and lettuce. These were designated as
persistent organic pollutants (POPs) by the international community at the Stockholm
Convention on Persistent Organic Pollutant. Extraction and clean-up method were
developed using the modified QuUEChERS method for OCPs in soil and oriental melon,
green pepper and lettuce. Recovery of OCPs in greenhouse soil and oriental melon,
green pepper, and lettuce were 75.7-115.6, 78.3-94.2, 78.3-92.4, and 73.3-92.6%,
respectively. Limit of detection (LOD) of OCPs in soil and 3 crops were 0.3-2.0 and
0.2-0.3 mg/kg. The precision was reliable since RSD percentage (0.5-3.5, 1.9-3.9, 2.8-4.8
and 2.5-5.8%) was below 20, which was the normal percent value. The residues of OCPs
in oriental melon, green pepper and lettuce greenhouse soil were analyzed by the
developed method, and dieldrin, b-endosulfan and endosulfan sulfate were detected at
1.4-72.5, 0.1-78.7 and 0.0-214.1 mg/kg, respectively. Those in oriental melon, green
pepper, and lettuce were not detected in all samples. These results showed that the
residue in oriental melon, green pepper and lettuce greenhouse soil were lower level than

bioaccumulation occurring.
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Persistent Organic Pollutants (POPs) Residues in
Greenhouse Soil and Strawberry-Organochlorine
Pesticides

Sungjin Lim", Youngtak Oh, Yousung Jo, Geunhyoung Choi,
Songhee Ryu, Byungjun Park

National Academy of Agricultural Science, Rural Development Administration

Residual organochlorine pesticides (OCPs) are chemical substances that persist in the
environment, bioaccumulate through the food web, and pose a risk of causing adverse
effect to human health and the environment. They were designated as persistent organic
pollutants (POPs) by Stockholm Convention. Extraction and clean-up method for the
quantitative analysis of OCPs was developed and validated by gas chromatography (GC)
with electron capture detector (ECD). The clean-up method was established using the
modified QUEChERS method for OCPs in soil and strawberry. Limit of detection (LOD)
and recovery rates of OCPs in greenhouse soil and strawberry were 0.3-2.0 and 0.2-0.3
mg/kg, 75.7-115.6 and 75.6-88.4%, respectively. The precision was reliable since RSD
percentage (0.5-3.5 and 2.9-5.2%) was below 20, which was the normal percent value.
The residue of OCPs in greenhouse soil was analyzed by the developed method, and
dieldrin, b-endosulfan and endosulfan sulfate were detected at 1.6-23, 2.2-28.4 and
1.8-118.6 mg/kg, respectively. Those in strawberry were not detected in all samples.
Dieldrin, b-endosulfan and endosulfan sulfate in a part of investigated greenhouse soil
were detected. But those were not detected in investigated greenhouse strawberry. These
results showed that the residue in greenhouse soil were lower level than bioaccumulation

occurring.
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Polychlorinated biphenyls in Korean agricultural soils

Hwang-Ju Jeon', Tae-Hun Nam', Yong chan Kim',
Ji hyoung Lee', Sung-Deuk Choi?, Sung-Eun Lee",
'School of Applied Sciences, Kyungpook National University, Daegu 702-701, Korea,

2School of Urban and Environmental Engineering, Ulsan National Institute of Science
and Technology, Ulsan, 44919, Korea

Polychlorinated biphenyls (PCBs) are known to translocate from agricultural soils to
crops. Therefore, humans can consume PCBs present in human foods including edible
parts of crops. In this study, the congeners of PCBs were analyzed by GC-ECD in
conjugation with GC-MS or HRGC-HRMS. In this study, 42 PCB congeners were used
to monitor PCBs in agricultural soil samples using GC-ECD. All pre-treated procedures
were followed by a guideline certified by Environment protection Agency. Samples were
analyzed through GC-ECD and some of peaks matched with retention time to the PCB
congeners were confirmed by GC-MS. With this analysis, all results were below the
LOD value. With the analysis by HRGC-HRMS, we found PCBs in the range of 0.11
to 0.22 (ng/g) in soil samples. All samples contained high levels of hexachlorobiphenyls
when compared to other PCBs. Pentachlorobiphenyls were analysed and ranked after
hexachlorobiphenyls. With these analytical methods, hepta- and tetrachlorobiphenyls
were also found in the soil samples. Conclusively, all soil samples contain PCBs and
they are needed an environmental risk assessment. [This study was carried out with the
support of "Cooperative Research Program for Agricultural Science & Technology
Development (Project No. PJ010922032015)", Rural Development Administration,
Republic of Korea]
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Development of Analytical Method for Fenamidone
Residues in Agricultural Commodities Using
HPLC-UVD/MS

Hong-Heon Rhee, Gyeong-Ha Kim, Gi-Ppeum Kim,
Ryeon-Woong Kang, Myunghyun Kim, Heeju Kwon,
Hyeji Hwang, Haeun Joo, Young-Sun Hwang,
Young Deuk Lee', and Myoung-Gun Choung”

Dept. of Herbal Medicine Resource, Kangwon National Univ., Samcheok 25949, Korea,
"Division of Life and Environmental Science, Daegu Univ., Gyeongsan 38453, Korea

This experiment was conducted to establish an analytical method for residue of
fenamidone, as imidazole fungicide showing inhibition of fungal respiration in crops
using HPLC-UVD/MS. Fenamidone residue was extracted with acetone from
representative samples of five raw products which comprised apple, green pepper, kimchi
cabbage, hulled rice and soybean. The extract was diluted with large volume of saline
water and directly partitioned into dichloromethane to remove non-polar co-extractives
in the aqueous phase. Florisil column chromatography was additionally employed for
final purification of the extract. Fenamidone was separated and quantitated by HPLC
with UVD, using a YMC-Pack Pro C18 RS(4.6 x 250 mm, 5 pm) column. The crops
were fortified with fenamidone at 3 levels per crop. Mean recoveries ranged from 85.5%
to 97.9% in five representative agricultural commodities. The coefficients of variation
were less than 10.0%. Quantitative limit of fenamidone was 0.04 mg/kg in representative
five crop samples. A LC/MS with selected-ion monitoring was also provided to confirm
the suspected residue. Therefore, this analytical method was reproducible and sensitive

enough to determine the residue of fenamidone in agricultural commodities.
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Development of Simultaneous Analytical Method for Cadusafos,
Dimethylvinphos, Profenofos, Pyrazophos and Triazophos
Residues in Agricultural Commodities Using GC-NPD/MS

Hong-Heon Rhee, Gyeong-Ha Kim, Gi-Ppeum Kim,
Ryeon-Woong Kang, Myunghyun Kim, Heeju Kwon,
Hyeji Hwang, Haeun Joo, Young-Sun Hwang,
Young Deuk Lee', and Myoung-Gun Choung’

Dept. of Herbal Medicine Resource, Kangwon National Univ., Samcheok 25949, Korea,
'Division of Life and Environmental Science, Daegu Univ., Gyeongsan 38453, Korea

This experiment was conducted to establish a simultaneous analytical method for 5
kinds of organophosphorus pesticide as insecticides(cadusafos, dimethylvinphos,
profenofos and triazophos) and fungicide(pyrazophos) in crops using GC-NPD/MS. All
the pesticide residues were extracted with acetone from representative samples of five
raw products which comprised apple, green pepper, kimchi cabbage, hulled rice and
soybean. The extract was diluted with large volume of saline water and directly
partitioned into n-hexane/dichloromethane(80/20, v/v) to remove polar co-extractives in
the aqueous phase. The extract was finally purified by optimized Florisil column
chromatography. The analytes were separated and quantitated by GC-NPD using a DB-5
capillary column. The crops were fortified with standard solutions of cadusafos,
dimethylvinphos, profenofos, pyrazophos and triazophos at 3 levels per crop. Mean
recoveries ranged from 77.8% to 106.5% in five representative agricultural commodities.
The coefficients of variation were all less than 10%. Quantitative limit of the analytes
were 0.002 mg/kg(cadusafos) and 0.004 mg/kg(dimethylvinphos, profenofos, pyrazophos
and triazophos) in representative five crop samples. A confirmatory technique using
GC/MS with selected-ion monitoring was also provided to clearly identify the suspected
residues. Therefore, this analytical method was reproducible and sensitive enough to
determine the residues of cadusafos, dimethylvinphos, profenofos, pyrazophos and
triazophos as organophosphorus pesticides in agricultural commodities.
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Residue of Fluquinconazole during Cultivation of Tomato

Jin-Wook Jeong’, Eun-Young Kim, Jong-Kyou, Kim,
Byung-Jin, Bae, Jae—-Ryong, Shim, Seok Chai,
Jong-Woo Park, Tae-Hwa Kim

Analysis Technology and Tomorrow, Daegu 702-832, Korea

In order to elucidate residual characteristics of fluquinconazole by application to
tomato, and to generate the data for the maximum residue limit (MRL) establishment
in an importing country of tomato for Fluquinconazole in or on tomato. Fluquinconazole
SC (10%a.i) was applied onto tomato according to its safe use guideline, and then
tomatoes were harvested at 0, 1, 3, 5, 7, 10, 14 days after final application from
pesticide-applied plots at each 6 sites. The tomato samples were extracted with
acetonitrile. The extracted samples of fluquinconazole were analyzed by LC-MS/MS. The
average recoveries of fluquinconazole at three different fortification levels (LOQ,
10LOQ, 70LOQ) was ranged from 95.6 to 116.7% in tomato and the coefficient of
variations (CV) was less than 10%. The residue range of fluquinconazole was 0.13~0.78
mg/kg and the residue was decreased to below MRL (0.7 mg/kg, KFDA) in 1 day
harvest samples after final application. The biological half-lives of fluquinconazole were

14.3, 16.3, 9.0, 11.0, 6.4 and 10.1 days at each six test sites, respectively.
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Establishment of Pre-Harvest Residue Limit (PHRL) of
Fungicides Boscalid and Fludioxonil on Mandarin
during cultivation

Kyu-Won Hwang®, So Young Moon, Eun Ji Lee, Joon-Kwan Moon

Department of plant life and environment science, Hankyong National University,
Anseong 456-749, Korea

This study was carried out to investigate the residual characteristics of fungicides
boscalid and fludioxonil in mandarin, and establish pre-harvest residue limits (PHRL)
based on dissipation and biological half-life pesticide residue. The dissipation and residue
of boscalid and fludioxonil in mandarin was studied under rain sheltering greenhouse
condition, in Uigwi-ri (field 1) and Taeheung-ri (field 2), respectively. The fungicides
were sprayed onto the crop at recommended dosage. The samples of mandarin were
collected at 0, 1, 3, 5, 7, 10 and 14 days after application. To estimate the residues of
boscalid and fludioxonil on mandarin, analytical methods were validated by conducting
recovery tests, residues were analyzed by HPLC-DAD. Limit of Quantitation (LOQ)
were both 0.02 mg/kg, average recoveries of boscalid at two fortification levels of 0.2
and 1.0 mg/kg were determined 88.6 + 2.9% and 83.1 £ 2.6%, and fludioxonil were 92.3
+ 7.1% and 89.3 = 0.8%, respectively. The residue level of boscalid was 0.34, 0.34
mg/kg at 0 DAT (day after treatment) and decreased to 0.19, 0.15 mg/kg at 14 DAT
on field 1 and 2, respectively. The residue level fludioxonil was 0.97, 1.15 mg/kg 0
DAT (day after treatment) and decreased to 0.32, 0.44 mg/kg at 14 DAT on field 1 and
2, respectively. The biological half-life of boscalid was about 17.1 days in Uigwi-ri
(field 1), and 12.6 days in Tacheung-ri (field 2). The biological half-life of fludioxonil
was about 8.7 days in Uigwi-ri (field 1), and 10.2 days in Taeheung-ri (field 2). In case
of application of boscalid and fludioxonil following guidelines on safe use of pesticides,
the final residue level was predicted to be lower than Maximum Residue Limit (MRL,

0.5, 1.0 mg/kg, respectively).
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Establishment of Pre-Harvest Residue Limit (PHRL) of
Insecticides Chlorantraniliprole and Novaluron on
Mandarin during cultivation

Kyu-Won Hwang®, So Young Moon, Eun Ji Lee, Joon-Kwan Moon

Department of plant life and environment science, Hankyong National University,
Anseong 456-749, Korea

This study was carried out to investigate the residual characteristics of insecticides
chlorantraniliprole and novaluron in mandarin, and establish pre-harvest residue limits
(PHRL) based on dissipation and biological half-life pesticide residue. The dissipation
and residue of chlorantraniliprole and novaluron in mandarin was studied under rain
sheltering greenhouse condition, in Uigwi-ri (field 1) and Taeheung-ri (field 2),
respectively. The insecticides were sprayed onto the crop at recommended dosage. The
samples of mandarin were collected at 0, 1, 3, 5, 7, 10 and 14 days after application.
To estimate the residues of chlorantraniliprole and novaluron on mandarin, analytical
methods were validated by conducting recovery tests, residues were analyzed by
HPLC-DAD. Limit of Quantitation (LOQ) were both 0.02 mg/kg, average recoveries of
chlorantraniliprole at two fortification levels of 0.2 and 1.0 mg/kg were determined 95.5
+ 4.2% and 93.8 + 7.9%, and novaluron were 94.0 + 2.9% and 94.7+£8.5%, respectively.
The residue level of chlorantraniliprole was 0.17, 0.14 mg/kg at 0 DAT (day after
treatment) and decreased to 0.07, 0.07 mg/kg at 14 DAT on field 1 and 2, respectively.
The residue level novaluron was 0.29, 0.28 mg/kg 0 DAT (day after treatment) and
decreased to 0.11, 0.13 mg/kg at 14 DAT on field 1 and 2, respectively. The biological
half-life of chlorantraniliprole was about 13.1 days in Uigwi-ri (field 1), and 14.4 days
in Tacheung-ri (field 2). The biological half-life of novaluron was about 10.8 days in
Uigwi-ri (field 1), and 12.4 days in Tacheung-ri (field 2). In case of application of
chlorantraniliprole and novaluron following guidelines on safe use of pesticides, the final
residue level was predicted to be lower than Maximum Residue Limit (MRL, 1.0, 0.5
mg/kg, respectively).
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Analysis method of the active ingredients from the
commercial biopesticide in Chenopodium ambrosioides L.

Ji-Yeon Yang’, Song-Hee Ryu, Sung-Jin Lim,
Geun-Hyoung Choi, Byoung-Jun Park

Chemical Safety Division, National Institute of Agricultural Sciences, RDA

The commercial biopesticides containing Chenopodium ambrosioides L. extracts,
which is registered as the ingredients of the commercial biopesticide by the organic
agriculture materials, have been used in Republic of Korea. However, the quantitative
analysis of the active ingredients from the commercial biopesticides containing C.
ambrosioides L. extract has been not known. To analyze the quantitative analysis of
ascaridole, carvacrol, and cymene in the commercial biopesticides containing C.
ambrosioides L. extract, solid phase extraction (SPE) was conducted using a hydrophilic
lipophilic balance (HLB) cartridge. The eluate was analyzed by the gas chromatography
(GC) with flame ionization detector (FID). The LOQ values of ascaridole, carvacrol, and
cymene were 10, 5, and 2 mg/L, and the recovery rates of ascaridole, carvacrol, and
cymene were 96.273, 84.041, and 82.450%, respectively. The content of ascaridole,
carvacrol, and cymene in the commercial biopesticides containing C. ambrosioides L.
extract was 0.082 to 12.745%. Therefore, the quantitative analysis was suitable for the
active ingredients from the commercial biopesticdes containing C. ambrosioides L.

extract.
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Sensitivity of Korean lIsolates of Phytophthora infestans
to Commonly Used Fungicides in Potato Crops

Md. Aktaruzzaman™?, Young Gyu Lee?, Byung Sup Kim'

"Department of Plant Science, Gangneung-Wonju National University, Gangneung,
Gangwon-do, 25457, ?Highland Agriculture Research Institute, NICS, RDA,
Daegwallyeong, Pyeongchang, Gangwon-do, 25342

Phytophthora infestans (Mont.) de Bary is a devastating pathogen of potatoes
(Solanum tuberosum L.) in Korea as well as world-wide, and thus causes a disease
well-known as late blight. A total of 167 isolates of P. infestans were isolated from the
diseased leaves of potato isolated from different potato growing locations of Korea in
2013 and 2014. All of the isolates were the Al mating type, no A2 mating type isolates
were found.Frequencies of metalaxyl resistant isolates (4.7% and 4.9%), moderate
resistant isolates (75.3% and 80.4%) and sensitive isolates (20.0% and 14.7%) were
found in 2013, and 2014, respectively. For other chemicals, frequencies of sensitive
isolates (52.1%) and moderate resistant isolates (47.9%) to mancozeb; sensitive isolates
(65.9%) and moderate resistant isolates (34.1%) to chlorothalonil; sensitive isolates
(6.6%) and moderate resistant isolates (93.4%) to cyazofamid; sensitive isolates (3.6%)
and moderate resistant isolates (96.4%) to cymoxanil; sensitive isolates (56.3%) and
moderate resistant isolates (43.7%) to famoxadone; but all isolates were sensitive to
dimethomorph and mandipropamid. The EC50 values for dimethomorph ranged from
0.08 to 0.21 pg/ml, mandipropamid ranged from 0.012 to 0.032 pg/ml, mancozeb ranged
from 2.62 to 22.6 pg/ml, chlorothalonil ranged from 0.95 to 6.25 pg/ml, cyazofamid
ranged from 0.01 to 0.096 pg/ml, cymoxanil ranged from 0.29 to 3.15 pg/ml, and
famoxadone ranged from 0.27 to 1.58 pug/ml. Among these results it could be said that
uses of metalaxyl, mancozeb, cyazofamid, cymoxanil chemicals for potato late blight

management need more attention to resistance occurrence.
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Plant essential oil treatment enhance plant growth on
cultivation

Seung-Heon Kong', Dong-Kyu Jeong', Geun-Hyoung Choi?,
Jin-Ho Ro?, Jin-Hyo Kim'
Divison of Applied Life Science (BK21 plus Program), Institute of Agriculture & Life

Science (IALS), Gyeongsang National University
ZDivision of Chemical Safety, National Institute of Agricultural Science, RDA

The market of environmental-friendly agricultural material (EFMA) is growing on
currently since the public concern for health and environmental effects of synthetic
pesticides. However, the replaceable active ingredients for synthetic pesticide are limited
several extracts and microbes, thus the development research for new alternatives is
issued. Plant essential oil is known fungicidal and insecticidal activities as well as plant
growth regulation activity. In here, rose oil was tested their plant growth regulation
activity on the early and the cultivation stages. Rose oil enhanced over 50% of early
stage root growth on the treatment of 10 mg/L and 20.5% of harvest index based on
the weight of chinese cabbage on the treatment of 20~50 mg/L.
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Evaluation of Adsorption and Desorption Rate of
Current Methyl Bromide Fumigation
on Several Fresh Commodities

Min-Goo Park, Bong-su Kim', Bo-Hwan Yang', Byung-Ho Lee"

Animal and Plant Quarantine Agency(QIA)
"Dongbu ARI, Dongbu Farm Hannong Co. Ltd

Methyl bromide (MB) has been used globally for quarantine and pre-shipment (QPS)
since 1930. However, MB causes acute and chronic inhalation accidents in fumigators
and related workers. We've investigated the adsorption and desorption rate of current MB
fumigation protocol to suggest proper ventilation method to decrease the MB
concentration under TLV (threshold limit value) level. The adsorption rate of MB was
lowest at kiwi and pineapple and highest at cabbage. When the desorbed MB in fruits
(pineapple, kiwi, orange) and vegetables (cabbage, lettuce, broccoli) ventilated with
current ventilation protocol (<2hr), TLV level of MB was expected remarkably higher
than current regulation (1ppm). Current ventilation protocol of MB could be dangerous
to workers who involved in post fumigation, especially in packing place. We strongly
suggest that there must be a reestablishment of ventilation process like extending the
aeration time, reducing amount of commodities in storing room and equipping ventilation

facility in packing place.
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BHOLE Acidovorax spp.o| g

Acidovorax avenae subsp. citrulli(=Acidovorax citrull)©l 28l @Yst= LA S
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Control Effect of Tomato Bacterial wilt caused by
Ralstonia solanacearum Using Water Extract of Spent
Mushroom Media of Lentinula edodes

Sang Yeob Lee’, Jeong Jun Kim, Ji Hee Han and Dayeon Kim

Agricultural Microbiology Division, National Institute of Agricultural Science (NIAS),
Rural Development Administration (RDA), Wanju 55365, Korea

Bacterial wilt caused by Ralstonia solanacearum is one of the most devastating
soil-borne diseases of plants worldwide and affects many important crop species. R.
solanacearum has been investigated both biochemically and genetically and recognized
as a model system for the analysis of pathogenicity. Chemical control has become less
effective due to the development of pathogen resistance beside the potentially undesirable
effects of the fungicides on human, plants and other beneficial organisms. Control could
be considered as an alternative of chemical control. Derived extract of spent mushroom
(Lentinula edodes) compost was screened for antibacterial activity against Ralstonia
solanacearum. The derived extract of spent mushroom (Lentinula edodes) compost
showed antibacterial activity against R. solanacearum in vitro. Also, this extract

suppressed the disease development of Bacterial wilt on tomato in pot test.



WAt i o] oAbl ofs XARRR Ewstx] 2ske Hai7k 2014~20154
AT ol A2A 2fs The Aol Lrehhs B4 o SA o] Fuj Alue]
3 Qe TR AEAE Aejste] 1 9ele THstA sttt Ymesiniels, Hzt
ol AEAY, getERe, doge ZSLEE, SRoEn, FREAY0|E 2
% 2 EA0E 350] A2A L TH AR AL 95 AHREE 1A 5 1352
xmo}oq ARSIk A A S IGAR R A R A A

Zb5ko] 3 & A S| TARSHE I, FRIA|IYO|E A ZRA 220] 5Y & FEZA0|E
AZAE 89 5 2bis] TABIGE) Clv AZAS Helat 29 258 Aol 172
QA xo] A Euj7}

a7k A1eA 2ebAl Aol Urhste), SelAlol = AZA el
depA 3 Washs A SISt 489 4atE A%, taut A2A Hel Tl
THe vE AT, FeEAC|E A2A Mo TE B ol 3ol HAsTE
FRlEb} 3 7hRo] Wobel S Shol ok Ak, ozut AZA| Hel T gAts Wobrt 5%

9L, F) EAo|E A2l Tol gk thaty FolAtol Lertth o] B4R s7to] w3
£ Zodl A g WAko Sl Hgich nteb ko] thiby Zolalaoel ofst A4}
B ol Ul FeEAo|E AzA oF wsel Ao Bl Helr

H
>

REESnEl 177 [



<< | 20161 PRSI HIIEY| Y E7) OHEUEY J

Application of pesticide spray program for exporting
grape to Australia and New Zealand

Yang-Sook Lim', Seung-Yeol Lee?, Sangkyu Park?,

Jin-Ho Keum?, Hae Keun Yun® and Hee-Young Jung?®
"Persimmon Experiment Station, Gyeongsangbuk-do Agricultural Research & Extension
Services, Sangju 37268, Korea

2College of Agricultural and Life Sciences, Kyungpook National University, Daegu 41566, Korea
®Department of Horticulture & Life science, Yeungnam University, Gyeongsan 42415, Korea

Previous study, we surveyed maximum residue limits (MRL) of Australia (AU) and
New Zealand (NZ). Based on surveyed MRL data, we selected fungicide and insecticide
for grape. The developed pesticide programs in 15 days interval were sprayed on
‘Campbell Early’ and ‘Kyosho’ cultivar in Modong, Hwaseo, Gyeongsan in Gyeongbuk
province in 2015. As the results, it was shown that the major diseases was
pseudocercospora leaf spot and occurrence of anthracnose, gray mold were very little in
3 different region. Although there was a small variation, one of experimental plot which
was added fenhexamide+ttebuconazole in mid of July was the most effective to control
the fungal disease. In case of insect pest, it was shown that major insect pests were chilli
thrips and plant bug in 3 regions. The developed spray program was effective compare
than untreated plot and control plot. There were no differences in characteristics of
harvested fruits and no chemical residue were detected on harvested fruits. Based on
these results, we are schedule to examine reduce the spraying time and change the

spraying period in this year.
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