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[n Vitro Screening of Tannic Acid-based Eco-friendly
Farming Material (notice no. 2-4-064) against
Plant Pathogenic Bacteria

Han, Kyu Suk - Ju, Ho-Jong * Hong, Jin Sung *
Chung, Jong-Sang - Park, Duck Hwan

To date, chemical managements of plant bacterial diseases are complicated by
limitations on use of antibiotics in agriculture, antibiotic resistance development,
and limited efficacy of alternative control agents. In this study, thus, we performed
screening of eco-friendly farming material (notice no. 2-4-064) containing tannic
acid as new antibacterial-activity against 7 plant bacterial pathogens: Pectobacterium
carotovorum subsp. carotovorum (Pcc), Ralstonia solanacearum (Rs), Acidovorax
avenae subsp. citrulli (Aac), Xanthomonas cirti pv. citri (Xcc), Erwinia pyrifoliae
(Ep), Clavibacter michiganensis subsp. michiganensis (Cmm), and Streptomyces
scabies (Sc), Initial screening of antibacterial effects of eco-friendly farming material
was performed using the paper disk diffusion method and co-cultivation in broth
culture. Tannic acid based eco-friendly farming material showed inhibitory effect
against Pcc, Rs, Aac, Xcc, Cmm, and Ss, whereas it did not show inhibition zone
against Ep. However, when it tested by co-cultivation in broth culture, it showed
strong inhibition effect against all pathogens that declined growth curve compared
to bacterial pathogen only. Interestingly, when we observed morphological changes
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on those pathogens by SEM, cell morphologies of 7 pathogens were slightly
changed that seem to be malfunction in their cell envelope.
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pathogen, tannic acid
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ZhEol Ao AR, 7R AEol Ao ErtEd, BEvtE, 719 B 2 A
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LAHA e FHTAL A S WS o] &3t v Al(exclusion)d] JHdo] QlomH, o
Z1oll& =7 2 Futox o] AYE E3E TH(Schumann and D’Arcy, 2010). E3F S-2H37 F
ul 7hed

Zhol] o) gk kAT AA B Aol dAA Y AA L} - ¥ (eradication)®] i
o] 9J& 4 AtHSchumann and D’Arcy, 2010). Z2ju} Al ¢} vid o] 73S x3tsl= AE

A GAYHS 2 g840] Wal o/ ZI3F A5 A4 FA7F B o) 7]el ARl
o] A EE ¥ "ot} olF HAE F = 7P AA7 HEATEH e WA &
Ak R st BHold Ee 5ol ARgste shehA WAl ol T A5
Hola @] AHgH e Y-S & 5 vk 2y Abakeh v el s AT 5 A

YAA FAA Aol o WA o3 A3, o5 ofAlol th A& BAATe
=22 Q& AT A, oHAlAE HE U1 B gE YA &2 @4vdEdE

o AR FHAe] ol 22 FAH ] tFH Aol HAF fastal HY)oks AR

A9 A7} 9dth(Tancos and Cox, 2016). TFE Yo 2 AT oW e = Eo s
2 A5tRof EAske Ao LAstE HAH EA wjEol 3shEofe ARgo] wg- A
Al JAolar, old we} APrAE T ol &3 A=A WA|ve] FxETHEY olF 7t

A 2 FABAE dA Xt e AA O]‘:]'(Meng et al., 2013).
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A= IS 4% I 459 Jsl2Hy Al BEshr] {5t 7 T8
o]-g-3to] gkth(Scalbert, 1991). ©]oll Bhd4te] gu] Y& F3tol Tt A

53] gt A3k fdshe 2 Aol digk JA 9 7]
(Chung et al., 1998; Akiyama et al., 2001; Hancock et al., 2010).
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Table 1. Plant pathogenic bacterial strains used in this study

Disease common name Scientific name Source or reference

Gram negative
Soft rot Pectobacterium carotovorum subsp. *KACC 10057
carotovorum (Pcc)

Bacterial wilt Ralstonia solanacearum (Rs) KACC 10697

Prof. Oh, C.-S (Kyung Hee Univ.)

Bacterial fruit blotch | Acidovorax avenae subsp. citrulli (Aac) .
courtesy provide

Prof. Jeon, Y. C (Jeju N. Univ.)

Citrus canker Xanthomonas citri pv. citri (Xcc) .
courtesy provide

Black shoot blight Erwinia pyrifoliae (Ep) Epl (Han et al., 2016)
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Disease common name Scientific name Source or reference

Gram positive
Bacterial canker Clavibacter michiganensis subsp.
michiganensis (Cmm)

Prof. Oh, C.-S (Kyung Hee Univ.)
courtesy provide

Common scab Streptomyces scabies (Ss) KACC 20101

*Korean Agricultural Culture Collection.
2. 2A B AA A e 7 AAEI AA

gt o ARG AN (FELE 30.8%)2] A8 Aol tiek JAax H4L |
A nA R o A o] kel o8] <=3 & ] th(Benkerroum and Sandine, 1988). MGY LA Hl
A](Mannitol Glutamate Yeast extract: D-mannitol 10 g, L-glutamic acid 2 g, KH,PO4 0.5 g,
NaCl 0.2 g, MgSO,4- 7H,0 0.2 g, Yeast extract 1 g, Agar 15 g/L, pH 7.0)°ll 24|37} 6] s 4
EHAANT 7FE @3t Tdste] 34K F?F 28T ol A v &, 27 0.5 cm paper disk
& Adeta o7l ghdat & 8 EAA] §9-L 0, 10, 100, 500, 1,000, 5,000, 10,000
T1¥]31 20,000 ppm FEE 20 ulE HITSHATE T F 28T A 1€ v Fste] o A=
HAAT A o8] YelE= A SK(inhibition zone)e] FA ol ol wiel 3= HA S}
Atk o] of positive control = 7F2=7}uko] Al 1G] Bl A Eto] =R Aol = Q1 AF31A]
= ALgsld o, A FA FEE HAYAFEMIC, minimum inhibitory concentraion)
2 Uetiich 432 28kE Fsigion, v 7t 59§ A34E JERATh =3 4A)
Hi 2] HA S MGY HAH|A] o] tig A EH M HF-S F3 5 (optical density) 0.01-0.022
Z3te] mA A AA AN HaAAEE Bt & F=21 5000 ppmo 2 gHdAF Ff 3
FHFAANE H7rstd 1417 &9 ¥ F335E SPECTROstarNano (Ultra-fast Absorbance
Spectrometer, BMG LABTECH Inc. Cary, NC, USA)Z =23} .

3. #AAARN AL B9 AA w14

B4 3y 8 s AA o] A SR Al tie 283 dE olslisky] s, FAR A

1|7 (SEM: Scanning electron microscope)= ©|-83t] 8] & WMo WstE #@st
Aot 4 AEHdA T edat g A FEAAE 5,000 ppm ez EA Eshe] 3023E

S 3, ITon sputter E1010 (Hitachi, Japan)= ©]-&3}4] dischage current 15 mA° A 30=7t
gold IH3A ©] & Fx7|=HAdATY FHANE &% SUPRASS VP-FESEM (Vari-
able Pressure Field Emission Scanning Electron Microscope, Carl Zeiss, Germany)Z YA
®xHo HsE AT
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Bhdak 3 8] 7F A EHAA el tigk Zg AAETE 459 O
HAAF(FEFH-Pcc, ZHEH-Rs, FAHH-Aac D AZAYFH-Xeo)Z 259 13
Cmm %2 TRo]-Ss)ell ths) AAaHAE FERH ATHFig. 1).
FEW FulEy el 239 O3 34 WA Tl tsidE HAYAEE7) 1,000 ppm
o= /M agFolon, RANSHA FEAYY 181 EvtE A FHAAFA
A= 5,000 ppm, Bl olH LA ol 34 = 10,000 ppm o2 HAAFE7F 7S =4 U
EbtTh(Table 2). ¥FH Z7HA A 2ntE AAlel deixs A&7 YehdA] gk,
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Fig. 1. Disk well diffusion method to observe antibacterial acitivity of the tannic acid based
eco-friendly farming material (notice no. 2-4-064) against 7 plant pathogenic bacteria.

A, Pectobacterium carotovorum subsp. carotovorum (Pcc); B, Ralstonia solanacearum (Rs); C,
Acidovorax avenae subsp. citrulli (Aac); D, Xanthomonas citri pv. citri (Xcc); E, Erwinia pyrifoliae (Ep);
F, Clavibacter michiganensis subsp. michiganensis (Cmmy); G, Streptomyces scabies (Ss). The antibac-
terial activity was assessed by observing inhibitory zones in the background of the disks treated with
eco-friendly farming material. The experiment was repeated two times with similar results.
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Table 2. Anti-bacterial activity of tannic acid based eco-friendly material against seven
different plant bacterial pathogens

Degree of anti-bacterial activity®
Plant bacterial pathogens 1.000 5.000 10.000 20.000 o
> ’ > > Copper | Antibiotic
ppm ppm ppm ppm
P. carotovorum subsp. carotovorum + ++ ++ ++ - -
R. solanacearum ++ -+ + - - -
A. avenae subsp. citrulli - + ++ ++ - -
X citri pv. citri - ++ ++ +H+ - -
E. pyrifoliae - - - - - -
C. michiganensis subsp. michiganensis - + + + - -
S. scabies - + ++ ++ - -
* Determined by measuring the average diameter of clear zone of infection, - = no inhibition, + = 0.1 to 1.5 cm;
+ = 1.1 to 1.5 cm; +++ = 1.51 to 2.0 cm; +++ = > 2.0 cm

mucoid? FEN 2 Astr] wfzol Bd4t 3 I8F A JFEAT} Ak W&
o8 Atsdtt =3 747 FgA et FERA SEHE AF
A A 9 mysto| e R Aol = sl e BF LAl A AR A s A EHG
7F UEbGA] 29k TH(Table 2).

T HaA S E=7F B 1,000 ppm ©7de] FEolA FAEEH K=, o= aAE|A| ol
Aol Bhdat 84 21845 2R 2] Fatgol whal ZEld 4 ity AgEE, BE ¥4

oA A EZHE YebE 4 & 5,000 ppm FEZ FAu)R] AAHA S AA AT

N Aol A o] gdat gt I s AA o] A EI= A2 FE 5,000 ppmel A A
& 65 A dATe] FFETE BT Wl 24437 A] FobA A 4 TH(Fig. 2). Bl 24
AN = gdat g IBAFAANE H7HA B2 652 tlETre] A=A B
FRol F7] ¢A7] e AR AFoR HAol BaT TR AFATLE, o= |
it g G s AR o atel] os WMol AAskA Kk Aol £t 539
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Fig. 2. Comparison in growth curve of non-treated (open circle) and tannic acid based eco-
friendly farming material (notice no. 2-4-064) treated (closed circle) with 6 plant
pathogenic bacteria. Error bars represent standard error with repeated experiments.

A, Pectobacterium carotovorum subsp. carotovorum (Pcc); B, Ralstonia solanacearum (Rs); C,
Acidovorax avenae subsp. citrulli (Aac); D, Xanthomonas citri pv. citri (Xcc); E, Erwinia pyrifoliae (Ep);

F, Clavibacter michiganensis subsp. michiganensis (Cmm).

weta] A HEo 93 AA T JERE A0 R ALEE ], FAHAAR AL o] &
sto] WAAFEL] EHA Y WIS AESATKFig. 3). B4 T J&8A FAA = 2
EHAA T AAA xRS A HIAAAG & nE WA T AxE= Fe 3y
o] FAHWA AxLxHo] ko w FAHE FFH AT Aol A7 BAE TAdol
HZHAT. 71E Bdate] I E a3tet AdEo] Alx FHRs B HASE 9
gk MzArEe] 7Zbe] Y RE HE FFet] Axute] A&LYS oA 7]7] WEolgte
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Fig. 3. Scanning electron microscopy of non-treated and tannic acid based eco-friendly
farming material (notice no. 2-4-064) treated with 7 plant pathogenic bacteria. Red
arrows indicate cell that bursted during co-cultivation with eco-friendly farming material.

A, Pectobacterium carotovorum subsp. carotovorum (Pcc); B, Ralstonia solanacearum (Rs); C,
Acidovorax avenae subsp. citrulli (Aac); D, Xanthomonas citri pv. citri (Xcc); E, Erwinia pyrifoliae

(Ep); F, Clavibacter michiganensis subsp. michiganensis (Cmm); G, Streptomyces scabies (Ss).
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