Korean Journal of Environmental Agriculture

Korean J Environ Agric. 2023;42(4):346-352, https://doi.org/10.5338/KJEA.2023.42.4.39 Online ISSN: 2233-4173
Published online 14 December 2023, Printed 31 December 2023 Print ISSN: 1225-3537

Research Article () cosovio

D|MEXN|(Sphingobium sp. Cam5-1) xz|of w2
E = FIFAIEAL] 2=}

3y, THE, A, ¢

L IS, otRiE!, St
12859k SUAER FAUAAED, (A sFAHE v AEARISAI A AAE

—_7 —

Enhanced Degradation of Residual Cadusafos in Soils by the Microbial Agent of
Cadusafos—degrading Sphingobium sp. Cam5—1

Jehyeong Yeon', Joon-hui Chung', Han Suk Choi', Young-Joon Ko', Dayeon Kim', Sihyun An', Jae-Hyung Ahn’,
Gui Hwan Han? and Hang-Yeon Weon'" (‘Agricultural Microbiology Division, National Institute of Agricultural
Sciences, Rural Development Administration, Wanju 55365, Korea, “Center for Industrialization of Agricultural and
Livestock Microorganisms, Jeongeup 56212, Korea)

Received: 06 November 2023/ Revised: 28 November 2023/ Accepted: 07 December 2023

Copyright (©) 2023 The Korean Society of Environmental Agriculture

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

ORCID

Jehyeong Yeon Sihyun Aq
https://orcid.org/0000-0002-3846-7795 https://orcid,org/0000-0002-1743—1961
Joon—hui Chung Jae—Hyung Ahn
https://orcid,org/0000—0001-9545-941X https://orcid.org/0000-0002-7250-4959
Han Suk Choi Gui Hwan_Han
https://orcid,org/0009-0003-8222-3805 https://orcid,org/0000-0001-9352-9445
Young—Joon Ko Hang—qun Weon
https://orcid,org/0000—0002—6228—311X https://orcid.org/0000-0002-9084-4316
Dayeon Kim

https://orcid,org/0000-0002—9726-7128

Abstract bial agent (CDMA) prepared using Sphingobium sp.
Camb5-1, which was previously reported to effectively
degrade residual Cadusafos in soil. Experiments were
conducted under both controlled laboratory and green-
house field conditions. Under laboratory conditions,
CDMA (10° cfu/g soil application rate) decomposed
97% of Cadusafos in the soil in the untreated control
after 21 days. Additionally, when CDMA (10° cfu/g
soil) was mixed with quicklime, 99% of Cadusafos was
decomposed within 3 days. Under greenhouse field con-
ditions, the combined effect of CDMA (10° cfu/g soil)
“Corresponding author: Hang-Yeon Weon and quicklime was not observed. However, CDMA (10°

Phone: +82-63-238-3027; Fax: +82-63-238-3834; cfu/g soil) application alone was capable of decompos-
E-mail: why@korea.kr

Cadusafos, an organophosphorus insecticide, has been
commonly used against various pests worldwide. Org-
anophosphorus pesticides have shorter half-lives and
lower toxicities than organochlorine pesticides. How-
ever, excessive use of Cadusafos can increase pest re-
sistance and issues with acetylcholine biomagnification,
potentially resulting in human toxicity. In this study, we
investigated the effect of a Cadusafos-degrading micro-
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ing 91% of Cadusafos after 3 days. These results indic-
ate that CDMA can effectively decompose high residual
levels of Cadusafos in soils under field conditions using
a low inoculum rate.

Key words: Biodegradation, Cadusafos, Microbial agent,
Soil
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o] A tellA $-El= Sphingobium sp. Cam5-1 w7}F
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PARE ZHFAREAS] Fall 2] F7he A ZxdelAnt 4
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Atk wEbA # ATelME IFFAREAS Falldhs VIAER
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Sphingobium sp. Cam5—1 T CHZFHHY L XI5}

Sphingobium sp. Cam5-1 72| g widS 913k &
2 HjA] = yeast extract 3%, glucose 2%, K;HPO, 0.03%,
MgSO; 0.012%, CaCl, 0.012%, pH 6.30.% ZAJ¥|o] AM-
sigick #H 2 WA E ARSSE Sphingobium sp. Cam5-1
& Wik Yeon “s{14]0] AR I FAsHA x13s)
Ao o wiek = ik HE AL SMEWHE S8l o
Tcfu/mL)E I35t 1.5 ton HiE7]olA 1 tono.E o
& Wl Sphingobium sp. Cam5-1 #5-2] A F3E= 23,
W %FHE 6,800 rpmellA] 1AI7F 52t TlA~a Y427 (ton/
h, GEA Co., Korea)E °|&3to] #A1E 553101t} 554
A8 BES 918l skim milk 20%, monosodium gluta-
mate 7.5%, vitamin C 0.5% 5 37Fstal 120A3F 52t &4
AzsE $ 27| E ol &ato] s d B AlFs Sl

AlE 1 FFEAIEA 235 S1h

F AlEe) AMEE EQkS HElEL A5 oAH =Y
YIS W A ARAllA Z10] 10-30 em B At
o] 2kAAZS F, 2 mm AE AMEste] o]2H S AAS
AREEIGITE B o E(WM-C100, 473: 60 mm, 0] 70
mm)°f AANZS B 50 g& Tl TFFAREA(92.5%, U
A)E acetonitriles AH- 1% L= 34 $F 10 mg/kg
soilo] HE=% EF 50 goll Attt v|dEAlE EY g
A7 8.0 x 10% 8.0 x 10° 28] 8.0 x 10° cfus] 3714
SE7F HES Bl A 5 7 Al FEgEe] 14% 7}
HEE 7 mLA B #F Atk vA=AE At
A a1 FRT7 7 mLe Bl A8 A s U2 E AR
sk3ict.

B =A A F 28°C wj7]lA 3F wt AldS 118
ailom 6310, 1, 3, 7, 14, 219)°ll A4 AA§ FrAE
ARgeto] Eoke At & B AR 5 g& Fske] 250 mL
NzZyE et~ ol %S}kl acetone 100 mLS 713t F 30487+
g F2300t) 555 5 g9 celite 54571 27 Biichner
funnel JollA 7Ftoizlstal, o]u] acetone 30 mLZ £7]
2 AR Aol oo o3t gelgit. o of s Foizyy]
o $A S5 150 mLe} 23} NaCl 50 mLE 7}kl di-
chloromethane 50 mL#Z 23] #8]5}%ic}. Dichlorome-
thanes& 50 g2 anhydrous sodium sulfate®l] &¥}-A]#

Stgltt o] F 40°C F873elA Aeke, AaLE ¥ ace-

o

tonitrile 20 mLe]l A|-8-3}3}°] primary secondary amine
(PSA), MgSO,E 7Fste] 2421 S531 4,200 rpmellA] €
e 0.2 pm 35 FEIR oJei9itk o] ool 3 ul
= LC/MS/Msel| F9Jsto] pehd A 2vE1314e] v)=

WAL St BEARA 8 ARBES At

A (2= E7H)
T Mg 2 B A7H A A 2 A 19} 5
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E 9 AIEHE ARESGITE A7 HAE ndEAY] A% E
FellAe] FHFAREX H3 @S F35P] Q8 Badow
E7EREN], SR, dadoR: 24 pH 2EARE

ol Aefstalrh15,16]. PIBEARE B Al 104 Adket
B g T AT 8.0 x 10° cfu/g soil & HE FEZ AR
stalom Z47te] A7 Aeleh B9 50 goll % 14%
7b HEE 7 mLA B w5 APesith 7 mA=A
S AHEe] 4al SRS 7 mLE Bl #5e AP E vx
TE ARSI H7HAIE v AEAl A7) - 28°C wid1elA
79 B YRS AFgeelon EF AR, FFARES S
%, LC/MS/MS 42 &2 A3 17} FUskA 21883t

AHRHHHX[OlAM O’ SE X2 FHFEAIZA 25l S0t
APAEIA|(Fig. 1) A8 AeHs daewtell $IAIst =5
YA 2023 6-79 St KISk AE 7IRE 5
QF B3t L= 28.845.3°C, Hei 79.5+19.4% %tk HdY
SJHIAE S ARgEte] AlRTE HiAIBIGo M 7 AJRe] WA
215 m? (1.0 m x 1.5 m)&E 24709 A(Lactuca sativa
L. cv. Seon Hong Jeok Chuk Myeon)E 413t31th w4
EA A2] A AP Bl I A|F¥} 5U3 10 mg/kg
soil ¥57F HEE FFFAEA(92.5%, AA))E acetonitrile
S MRSkl 1% 34 & AP 013 L/m* 2 Asielth
FFFAREA 7] B A7) o] AEZ(15 em)7HA st
St HES BES wdseIoith s § 3 AlE g,
2 %5 71F2E (1) 744 (2) 8.0 x 10° cfu/g soil 7|4
EA ©5A2] (3) 8.0 x 10° cfu/g soil P|EAI} pH 24
A(A3413]) 300 mg £ (4) 8.0 x 10° cfu/g soil 1|4

B4 @542 (5) 8.0 x 10° cfu/g soil PIEAS} pH 24
(784 2]) 300 mgs EFA SIStk EY AR A= &
oF A $0, 3,7, 14, 21, 28%0l| BFAE AMESR] 7} A
2] 67 A1%2] 0-15 em ZolellA] <k 500 gX AF3IA
TF TFFARES AL 3 - AASE Ada= Al 289 § )Y
EA Aol o3t A5 £X avs gRlsh] s Al
NF PAZ SHA AR £R = pHE B %
FE 15 HEE o] 308 whk $ AgNE pH meter
(Thermo Fisher Scientific X200, USA)Z =73}t

A £% AR PR el a3 BrAa) )
B ATARES 23, LC/MS/MS ¥4E 3¢ AF 1, 29
FU3HA Z3soiTt.
SOIEESY U 7|72

AT FHFAREA(92.5%, £E) = S A AT ZH(Seong-
nam-si, Gyeonggi-do, Republic of Korea)olA] #&to}
ARESIGITE A st A agel AHE-¥l acetonitrile
(99.9%), dichloromethane (99.9%), methanol (99.9%)2
Burdick & Jackson (MI, USA), formic acid (98%), mag-
nesium sulfate anhydrous+= Sigma Aldrich (Homburg,
Germany), ammonium formate (99%)+= Fluka (New
Jersey, USA), QUEChERS Extract Pouch, EN Method
AL Agilent technology (California, USA), 18|1
PSA-Kit-03+= Bekolut (Homburg, Germany):= Varian
Co. (Crawley, UK)ZHE ]t ARSIt

FHFAREA % 7)7]iA Shiseido nanospace SI2
LC/MS/MS (TSQ Quantum Discovery Max. USA)E A}
L3l om, AYL Unison UK-C18 (2.0 m x 100 mm, 3
um, Imtakt, Japan)< ARS8, 015749 <52 0.3 mL/

-

Fig. 1. The greenhouse field treated with the Cadusafos-degrading microbial agent.
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min®] 3t}

S 2o

a2, AAEA] AP 30 R FeE|glon AE A
= IBM SPSS BAIX 2 13(Version 23.0 for Windows;
SPSS, Chicago USA)T% ALEElo] H+EFoatE YERY
AUtk A A GAuA] FAREA o whe AAJERGE S
™, Bk 1F T4 7 Tukey’s HSD test (p <0.05)%
ARSI

zd

240} 0 it

xJ_'—E

——

22 HolM D|dEHe FiFAZA Eol 20t
DPBEA A A S B AR AR e &
= 24817 18l 10 mg/kg®] FHFFAREAT 2okE Eok
off w2l 2] 3 28°CollA] Meralsich, 2Rz oA 71
AR 7] A FE(E B 9.00£019 mg/kgel
A 219 % 8.28+0.31 mg/kg= °F 8.0% Frasto] 7FFARE
229) A1 ¥} R dofybk 2L WSS Fig. 2)
WA A2l moe) AMAEA 2] A% SEAE @
)= 8.67+0.29 mg/kg (8.0 x 10° cfu/g soil), 9.31+0.29
mg/kg (8.0 x 10° cfu/g soil) 121 9.27+0.15 mg/kg
(8.0 x 10* cfu/g soil)o] o™ v]AEA] 8.0 x 10° cfu/g
soil 3|4 A2] Fieelr= A2 194 F FA2T tiH] 7HFAR
I TS 33.3% AFOR 214AHA] FAfE]tel vl 7F
FAREX 96.7% 7} w3l H= &2, 8.0 x 10° cfu/g soil g
A A wEoMe A 19§ FAET o] JRRARES
TAHE 9.5% AACR 21UAIA] FA el vl 7HFARE
2~ 67.4%7} 3l = SckFig. 2). ol Avk= # AR F

2 &
il

oo
H o

Cadusafos (mg/kg)
[e]

A3 §% 10 mg/kgel THFAREATE A2l Bkl Sphin-
gomonas paucimobiliss 4.3 x 10° cfu/g soil 8|4 &
7 Asiole v 24 § Helf 80% 714 FHFARES WEf &
2 X318k Karpouzas 5(2005)9] A7-2#HT} 1] w2 4
F skold et B&ll 237 Sles vlt17]. skt
nEA] 8.0 x 10* cfu/g soil Az]TelME 3F F 7FFAL
I B A FEE 8.01 mg/kgE FAHET 9.00 mg/kg
o Fogt 2pol7k ISiH. ol gt A= mEA AA 8=
98t Als i 8.0 x 10° cfu/g soil o]ge] Hojo} stk
e ndith

NI D|¥EN 2l =2 fé !
ThFE 7S Bl E3F Al FRPAREA Eal
= A Sl 7]'—'?*}35327} 10 mg/kg E9He &
A9, 429, pH 284, ARgAE 28 F 14 3
AlRelx] 7Hg 9 Bk R FHRARES Bel aikE
ERd v EA] HF F5 8.0 x 10° cfu/g soilE AH2|et &
28°CellA wokalolet. nEA HF 55 8.0 x 10° cfu/g
soil T A2feh FrelX ] FFFAbEAS 27] R (A @
o)) 7.79+0.43 mg/kgolA 15 ¥ 0.25+0.13 mg/kg= +
)T O] 97.4% HAadhs 21e Yehlo] 13 XE AR
AR FHRFAREA 3l &L QASITHFig. 3). Bkl 37t
A 3 F n|AEA HF F5(8.0 x 10° cfu/g soil) =
At AFeNA FFFARES 271 A wE(HE] $Y)e A
2l 17 § 5+ Fig. 39 o] wAEAlE b5 et 2%
o3t Aoli= Sieh v pH 2EA|(AA ) 7F 3
EollM= FAElTt tiv] FRFARES 27] R —‘LE(XM £l
)= 3.0140.56 mg/kg® FA2|TF tin] 68.6%, 15+ F 71+
AV ZHR 55 0.0840.00 mg/kg 2 A2 th] 99.1%

o% o2
L o é

O Control m 107 cfu/g soil

@ 105 cfu/g soll 108 cfu/g soil

a a
a a

o]

= o

0 1 3

Time (day)

Fig. 2. Degradation of Cadusafos in soil according to the inoculum rate of the Cadusafos-degrading microbial agent in
the laboratory condition. Values are presented as meanststandard errors, n=3. Different lowercases indicate significant
difference among the treatments based on Tukey’s HSD test (p <0.05).
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[

A R R R R

aControl

m 10" cfu/g soil

@ Carbon fertilizer 1

@ Carbon fertilizer 2
T O Nitrogen fertilizer
Quicklime
@ Surfactant

be B Fertilizer mix

bbbp,bb

s | e

s P

3 7
Time (day)

Fig. 3. Degradation of Cadusafos in soils according to the presence of the Cadusafos-degrading microbial agent and
various supplemental agents in the laboratory condition (Carbon fertilizer 1; Animal waste compost, Carbon fertilizer 2;
Press cake, Nitrogen fertilizer; Urea). Values are presented as meanststandard errors, n=3. Different lowercases indicate
significant difference among the treatments based on the Tukey’s HSD test (p <0.05).

7} Aaate] wEA v Aud 2 avE el
(Fig. 3). &3t pH X2 A|(AA3])7F 298 BEdelMs B
pH7F 8.9740.15% w]8EA] W5 A2] E9F pH 5.20+0.051.
t pHZE dssialth. 9714 pHellA= #7190 25419
shet kel dold = SlaL 719 AeAlS) T
& 54 7 pHYF8.5:9.5% ATHY] witel] M43 W7}
7F FRPAREAS] S AE e Eal SRE SAARL A
o% FAE18]. ol vEAld pH 2EA(M2)E &
gretsle wf migEol o3k whis el gt ohuet A4 3]
A7tell gt f7190A A9 el ) Ealaa 2 &
O] vpeket FRFAREA Fal &y Fxlo] YEhds gujgith

AER{EHX|Ol A O] 4= XS] FHFAIZA 26l St
eI AldAmiA oM R v AEAE A
T TRFARES 2] AR (A Bd) B APl
10.69+1.12 mg/kg = LEFTHFig. 4). FA2lolx= A
2] 79 FHE FFALES Y Reih AREglor 289 F
1.20£1.10 mg/kg o= 7taslo] P& Aldel] vls] FHFARE
2 A 27 8 AA Bske 2l sl vhd, A
2] 3% & RE u]YEA} pH 28A(YA2]) E3F Aol
A AT O] FRRAREA Eok Eal mvbrh AlEE o
(Fig. 4). WAEA &5 A2)(8.0 x 10°° cfu/g soil)$} pH
ZAA(YN ) EF A2 39 F FAT B 3 TR
ARE2 B EIH8.0 x 10° cfu/g soil: 65.7%, 8.0 x 10°
cfu/g soil + A43): 54.3%, 8.0 x 10° cfu/g soil: 91.5%,
8.0 x 10° cfu/g soil + A43]: 70.5%)7} YEFEOH Al7to]
A AS 7RI A 289§ B Aol B
THFARES 27]) 5% o] 98.1-99.3% ol =Tt

(Fig. 4). A2AA] AldelM e & AIE Ao}l Ut
nEAE 8.0 x 10° cfu/g soil o1 AalolS vf 973
THPARES Eoll g3 vrERSIt s m A EAl ok pH
AN E]) T Al I AldelM vehd JRFAREES $
T BAlEE F7Rs YERA ekokth Al AEiAlel pH 24
AW 3)) 2] F EF pHi= Table 19} 0] H+f 792 &
= A9 29 pH 28A1(843]) A2 =2 pH 9.0¢1 Hlsl
siokth ol&st pH 2ol QI EoF I JHFARES 3
FI7E AP A A A4 ek Ao w FYHTh
AFA FHFAREAS A AEA] A F 289 51t v
EAIE JFFALEAE Fig. 494 20] 99.1% wafaision, o=
FRFAREA 23l v AER] Sphingomonas paucimobilise 2|
A ol g%t AE ARl A 249 ¥ 80% sk A Bl
St Karpouzas '5(2005)°] 1747 K}t o 9t sl &}
= UepiStH17]. A7k vdES 286to] B 2 7t

FAEAZ Baa] 17 9} olTolAm gtk

DjdExe| A0 0|Xl= =3¢

nAEA 8.0 x 10° cfu/g soil #g] Al 5] A=
30.59+3.73 g O & F-A2]7 20.0840.84 g ] 52%°] A5
I ATk 1 9] Aelgelde A5 Aa e St
T A itk ol et Avk= nAEA 8.0 x 10° cfu/g
soil FE=9} B et pH 5 Z7lol|4= v|A8E Rhodococ-
cus sp. 3-20] B g0k Hall9h AEAS £S5 et
Azte} FAsirial T 14]. vAYEA S pH 28 A (234
3)E =% A NPT EY pHE 7.8-7.9% A& v|F
A2 Frel Asks WA 5 vkl HuEglont vigEA &
g e Al A5 Asks e ekkeH19,20].
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Cadusafos (mg/kg)

o Control

m 10° cfu/g soil

@ 10 cfu/g soil + Quicklime
O 10° cfufg soil

108 cfu/g soil + Quicklime

Time (day)

Fig. 4. Degradation of Cadusafos in soils according to the presence of the Cadusafos-degrading microbial agent and
quicklime in the greenhouse field. Different lowercases indicate significant difference based on Tukey’s HSD test (p <0.05).

Table 1. Effects of the treatment of Cadusafos-degrading
microbial agent and quicklime on the soil pH and the
growth of lettuce plants

Treatment Soil pH Lettuce weight (g)
Control 5.184+0.11 20.08+0.84b

10° cfu/ g soil 5.22+0.08 19.64+3.35b
10° cfu/g soil +

Quicklime 7.92+0.02 22.76+4.85b
10° cfu/ g soil 5.15+0.23 30.59+3.73a

6 .
10° cfu/g soil + 7 ¢3.015 21.2740.53b

Quicklime

Values are meanststandard deviations of three replicates
(24 lettuce plants/replicate). Each treatment consisted of
72 lettuce plants. Different lowercase letters mean signi-
ficant differences (p <0.05) by Tukey’s HSD test.

B Aol 4% A F Kool vlzkels dw) 53]
olFoiA4) gtk wd, YEA Aol F ABY% 2 B

Z(IAA: Indole Acetic Acid, Siderophore, 314t 71835,
ACC: 1-aminocycopropane-1-carboxylic acid &) 84 &
AL o] FolAA] itk wheb] FF TFFARE ] 0 =
ol mIBEA Al F A= S FHshs B vRdA 7t
3k 9 AESZ 2 B4 it AE7E A esirhar dd

Ak
4E

2 QI A5ke 719070 AFAR AFEARESS] Sk A}
g0 £} A% AFALAZ WAEAZ o8 A4 ¥E
W pH 22PN T Egste] L2 AFAH FFAES
£ FIH O RSt AN FFE G
A0 stk 95 ALY 09ln B4 i A
AAWAA A Aol kA 0w AL ol T3t

7H AHBEA] ] A7), &5
o7 Algdth

s
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