Online ISSN 2287—2051
|=g<lf3'_}§.*ilxl(Koreqn J. Pestic. Sci.) Print  ISSN 1226-6183

|VO|. 28. No. 3. pp. 271279 (2024) M) Check for updates
https://doi.org/10.7585/Kjps.2024.28.3.271

ORIGINAL ARTICLES
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Abstract Fire blight is a prohibited plant pathogen with a wide range of fatal effects, including withering of the entire
tree. Once a fire blight break-out occurs, it is virtually impossible to treat and completely eradicate . Fire blight causes
significant economic and psychological damage to farms. Therefore, this study was conducted to develop more effective
pesticide treatments by supplementing the pesticides that have been previously used . Among the registered pesticides
used continuously for foliar treatment, streptomycin (1%) SL, an effective treatment for controlling pathogens, was
selected as the target pesticide. The spraying method was changed to truck injection, a more direct application method,
and the apple and pear trees were injected right before flowering. Samples were collected and the methods of pretreatment
and instrumental analysis were established according to the elapsed time and the height of the tree. Then, mobility and
sustainability factors were judged based on the physiological characteristics of the tree, the physicochemical properties
of the injected pesticide, and established residual analysis results The results for both apple and pear trees were positive.
Based on this, the onset time of the drug’s efficacy was compared with the life cycle of fire blight. It was determined that
the treatment would be more effective in the process of spreading to new shoots 30 to 50 days after the initial pesticide
injection than within 10 days of full bloom. However, there is a need for more research and effective development as it is
difficult to derive accurate results with limited experimental methods.
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Streptomycin sulfate (89.9%)+= Dr. Ehrenstorper GmbH
(Augsburg, Germany)A}ol| 4] dihydrostreptomycin sesquisulfate
(98.0%)+= Sigma-Aldrich (St. Louis, MO, USA)Ao)| A GLulj5}o]
A3 T}, Acetonitrile ! methanol J.T. Baker (Philliosbug,
NJ, USA)2] HPLCHF2 ARE-51312. 1 ammonium formate (97%),
formic acid (95%), heptafluoro-butric acid (99.5%)= Sigma-Aldrich
(St. Louis, MO, USA)AL Al 55 AR8-3F3It. T3 SPE-HLB (0.5
g, 6 cc)= Waters (Milford, MA, USA)AL, syringe filter (PTFE,
0.22 pm)+= Thermo Fisher Scientific (Waltham, MA, USA)AF<]

A& AFE-8FITE. A X]719](35 mm)+= Narion (Seoul, Korea)At,
HA)E-2] 7]+ Hanil Science (Gimpo, Korea)A2] Combi R545,
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RFEY £55 3185} streptomycin sulfate 11.0 mg 2
dihydrostreptomycin sesquisulfate 10.2 mg= 20 mL2] deionized
water®] ¢ 500 mg/L9] stock solutione TH=SIt}. o] &
deionized water® 3]4]3}0] E3EFEN 2 mg/LE ZA|H
2 dAA o 72 3143514 0.005, 0.01, 0.02, 0.05, 0.1 2 0.2
Z A8kt o] ZH2+9] working
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Lgkis8-9 0.00025, 0.0005, 0.001, 0.002, 0.005 Z 0.01
mg/LE A5t 3, ofnle e ZAO| E A =
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Fig. 1 Trunk injection method per chest height diameter.
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Fig. 2 Days after trunk-injection sampling parts of height.
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Aol 228042 ol g 3tel % Ru7} 50 L7} HES
A-g-519t) o] & Methanol 5 mL2} water 5 mLE X8| 2 &
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Streptomycin % dihydrostreptomycin®] #-4-2 Shimadzu
(Kyoto, Japan)AFe] A 3 2o} & 18 Z(Nexera UPLC)2};
2R A 7| (LCMS-8060)S AM&-3FSItH 7] 7] 24 o A=
2 streptomycin®] - Waters (Milford, MA, USA)AHS]
Xbridge" Amide (3.5 um, 2.1 LD.x100 mm L.)E AR&-3}90H,
dihydrostreptomycin®] 7% OKAKA SODA (Osaka, Japan)A2]
CAPCELL PAK CI18 MG I (5 um, 2.0 mm LD.x100 mm L.)E
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S, BSI (Electrospray
ionization)2] positive mode= cone voltage, collision energy 2!
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Table 22} 24t}

Table 1. Analytical condition for determination of streptomycin and di-
hydrostreptomycin

Compound Streptomycin Dihydrostreptomycin
Instrument Shimadzu LCMS-8060
Detector Triple Quadrupole Mass Spectrometer
Column Xbrige Amide CAPCELL PAK C18 MG IIT
(3.5 um, 2.1x100 mm) (5 pm, 2.0x100 mm)
Flow late 0.5 mL/min 0.2 mL/min
Injection vol. 2ul 10 uL
Column temp. 40°C
Time %A %B
Initial 10 90
3.0 10 90
4.0 100 0
Mobile phase 55 100 0
(Streptomycin)
5.6 10 90
8.0 10 90
A: 150 mM Ammonium formate + 0.2% formic acid in
water
B: Acetonitrile
Time %A %B
Initial 98 2
3.0 98 2
5.0 25 75
Mobile phase
(Dihydrostreptomy- 8.0 25 75
cin) 8.1 98 2
10.0 98 2
A: 75 mM Ammonium formate + 2.5 mM Heptafluo-
ro-butric acid + 0.1% formic acid in water
B: 0.1% formic acid in acetonitrile
MS/MS Condition
Nebulizing gas flow 3 L/min
Heating gas flow 10 L/min
Interface temp. 400°C
Desolvation temp. 526°C
DL temp. 250°C
Heat block Temp. 250°C
Drying gas flow 10 L/min
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I8LAA|4(1.25) = 730.7(Dihydrostreptomycin sesquisulfate2]

B2} /583 .6(Dihydrostreptomycin®] F-A15)

) BLAFA|9(0.997) = 581.3(Streptomycin @] H-A-2F) / 583.6
(Dihydrostreptomycin®] F-A15F)
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Fig. 3 Chromatograms of streptomycin and dihydrostreptomycin. (A) matrix-matched standard 0.1 ng, (B) control, (C) recovery test 0.2 mg/kg, (D)

sample



Table 2. LC-MS/MS condition for streptomycin and dihydrostreptomycin

K2 EN 215

Compound Molecular weight Precursor ion Product ion Q1 Pre Bias Collision energy Q3 Pre Bias ~ Retention time
P (g/mol) (m/z) (m/z) ) V) V) (min)
) 264.05" 22 -32 -19
Streptomycin 581.58 582.25 4.5
246.05 22 39 -18
) . 264.15" 22 31 -10
Dihydrostreptomycin 583.59 584.30 2.1
246.05 22 -39 -17
“Quantification ion
Table 3. Recovery result and Limit of quantitation
Fortification Recovery LOQ Minimum detection amount
Sample Compound (mgke) (% RSD) (mgkg) (ng)
0.02 109.4+£2.9
Streptomycin 0.02 0.005
0.2 743+5.1
Appletree
0.02 113.8+ 1.0
Dihydrostreptomycin 0.02 0.005
0.2 98.9£12.3
0.02 88.6+9.0
Streptomycin 0.02 0.005
0.2 106.7+9.3
Peartree
0.02 85.7+6.9
Dihydrostreptomycin 0.02 0.005
0.2 106.3 + 6.5
dihydrostreptomycina AU} HjLFE B A & of A _ Avple
B pple tree
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A RAE I AL R 7t Salgglojor
- _ 40
stk e, e ARET) wek £ BYe mE B
. L g 20 u
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Fig. 4 Average residual amount graph over time after trunk-injection as
apple tree & pear tree.
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E4 2 AF 5o ArkReil, 1979, Perry et al., 1991, Tattar, 1989,
Sanchez-Zamora and Fernandez-Escobar, 2000, Sur and Stork, 2003;
VanWoerkom, 2012, A¢imovi¢ et al., 2016).

RO Al EA oA Fo e HAE
T2 olsAdd & ¥F= 1A
A EZE T (vessel), 7F=T(tracheid), A-3(fiber) U
%% (peranchyma) 5 Y 7HA| 2 o] Fo] A gl om, Z2 o]
Tgoll ek o] E Ako] 7t ok, ke A 5ol A W 4

o]'5/d= 7FAH(Chaney, 1986), 7FH=¥h-e =3tof H3) &L
ol 159l Fxo|ung o7 o]F/do] HWrk(Sinclair,
1981). XA 2o 2 YF9] A(wood)= AHs-Al|(Diffusive
porous wood), 54 (Ring porous wood), T3 A|(Non-porous
wood) 50| Itk A W £9] o5 tiEfd o= 2y A
S A > BB ole). £, WULe BolA ok
oI glk. SHedaet Eat Fhgho] He] E3Heol

e v, AAeE F2 EVER ol 2ol AL
AR} B U AR 840 BfjetE] o] (VanWoerkom,
2012) 53] W B o]0 ufe} ko] AZEA A3
olFE=AS g 4 U3l

T35 streptomycin®] =] 8}8HE 54 F B tjgh SellE
>2x10° mg/L (pH 7, 28°C) 2.2 =& A4S 714 11 (MacBean,
2013), A8 52RO A NA| =AY streptomycine =0 =53
s AlHZHAIE A7Fste] AA|Eke AYAP 02 Zof gt

=7t =t whebA o W) S a&A 0= o] E o]
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M Ao m}euﬂ AR SE AR UG Ao 43k

of g}

.

R I EATH(Cha et al., 2003, Sanchez-Zamora and Fernandez-
Escobar, 2000 , Tattar and Tattar, 2007).

AR 43 el 71702l S0 7] 157k A S 8L
ShlalelehTable 4). {1448 2AoHe RIS 42148
oFrl] ofo] A3 4-840] 5845 4] o] ok X4 ATHE
ZojZctal BaE vf Qlck(Lee at al., 2020). whehA], 7H§}14
streptomycin WA E FIAHT 1 mLY =724 5192
U] eid B4, 59 AZIgh 8 B4, B9 B2ty
54, ARe) B4, ob FUF U BRRA 23S B2
11 545 4448 I I 2 gy
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L
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M7l A of A Aejg F8f Zolu 422 gMtE = As
APA o] 2pekel 8 @ AJo) 9tk (Ham et al., 2023).

Streptomycing AFZHUHT-O} HjLHRo] ) 3HA A 4=7ka=6]
A7 Aol i KR 2ol wEH ARRRRO] H$- 10

1S ok

F 2ohE $7059 BE U Boh 95 F ol B ofthel A shElelA] Argroze] ofale] o5 4o] shelsiglon,
Nek7]of 7&’"‘ o WS ofefo] FUFRRE o] Fsto] 30U o] Fof @2 ol o w Rt A & = UM W] B
o|&A o] FHo|th(Clifford et al., 1987). T3, 1 BFo] W& 10~202 o] o] 3lcto] A - Acte 2 o]xo] SHelE|gl o)
AP E A% 715} Z7]0] $717¢00] o APshcki 302 o) E HliA Stk B 4 Yck(Table 4). webA]
Table 4. Total streptomycin residues in the apple and pear trees after trunk injection
Days Residue (mg/kg + RSD")
Sample Compound After
Injection Lower part Middle part Upper part
10 24.90 +10.81 2.60+1.29 1.57+1.21
20 39.62+16.51 6.14+5.14 1.39+1.12
Apple tree Total streptomycin
30 51.33+24.16 38.68 £25.11 22.80+3.64
50 8.08 £ 4.66 53.52 £25.86 35.88 £23.84
10 14.17 £ 6.87 <0.02 <0.02
20 4482+ 17.61 241+2.57 0.28 +0.46
Pear tree Total streptomycin
30 42,03 +3.89 6.69 £5.67 0.45+0.33
50 79.20 +37.80 17.39+£2.14 6.23+0.40

“Relative standard deviation
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