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Control efficacy of Lime Bordeaux Mixture against Collectotrichum
gloeosporioides JAFPS and Serratia plymuthica JABP11 in Ginseng
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Abstract The purpose of this study was to evaluate the properties and antimicrobial activities between
commercialized lime bordeaux mixture (CLBM) and self-made lime bordeaux mixture (SMLBM) for use in
environmentally friendly control of ginseng anthracnose (Collectotrichum gloeosporidoides JAFPS) and bacterial
root-rot (Serratia plymuthica JABP11) diseases. Of the nine types of CLBM, three types of bordeaux’s
solutions (CLBM7, CLBM 8, and CLBM 9) were revealed the antibacterial activity against S. plymuthica
JABPI11 by showing over 12.5 mm in diameter of clear zone on culture media. In the case of SMLBMs, only
SMLBM6-6 was revealed the antibacterial efficacy in S. plymuthica JABP11. In the screening of lime
bordeaux mixtures efficacy against C. gloeosporidoies JAFP5 by conidia germination and appressorium

formation, CLBM7,
concentrations (1.25, 2.5, 5.0,

CLBMS8 and SMLBM6-6 were revealed the high efficacy at the treatment of four
10%/v). As a result, the three kinds of lime bordeaux mixtures (CLBM7,

CLBMS§ and SMLBM6-6) can be used for eco-friendly control of ginseng anthracnose and bacterial root-rot
diseases, and additional field experiments are considered to develop more practical application techniques.
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™ (Cho et al., 1998; Mok, 2000), L] EAA w&t}
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3 o} (Lee et al., 2010).
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Table 1. The composition, recommended treatment rates, pH and EC of commercial and self-made lime bordeaux mixtures for crops
in this study

. . Recommended label rates EC
o,
Bordeaux Formulation composition (%) (crops and diseases) pH (mS/cm)
CLBM” 1 g/;f;?%%d lime 20, Cupric sulfate 12, 100 times (apple, pear, grape, persimmon, ginseng) 6.9+£0.019  9.1+£0.02
CLBM 2 &J; g{a&f;(tlelrlr;lg. 61 4.9, Cupric sulfate 60 times (Korean melon), 40times (soybean) 6.6£0.03  111.5+0.05
CLBM 3 Slaked lime 20.5, Cupric sulfate 100 times (hot pepper, lettuce, Chinese cabbage, 6.70.00 21.240.15
15.5, water 64 cucumber, tomato, rice)
CLBM 4 Slaked lime 40, Cupric sulfate 20, 100 times (apple, hot pepper, ginseng, grape, 6.7-0.00 914001
water 40 peach, pear, plum)
CLBM 5 Slaked lime 35, Cupric sulfate 10, 100 times _(apple, hot pepper, ginseng, grape, 6.940 01 12.120.0
water 55 lettuce, onion)
Unslaked lime 0.4, Cupric sulfate . .
CLBM 6 0.4, water 99.2 12 times (rice) 6.8+0.04 49.7+£1.03
. . 500-250 times (fruit tree, rice), 625 times (root
CLBM 7 Unslaked lime 14.1, Cupric sulfate vegetables), 500 times (fruit vegetables), 150 times 7.0+0.01 10.1+0.01
14.1, water 71.8 b
(ginseng)
CLBM 8 Slaked lime 5, Cupric sulfate 5, 1',000 times (prevention of gray mold disease), 500 652001  195.0+0.19
water 90 times (cure of gray mold disease)
Slaked lime 33, Cupric sulfate 8.32, 1,000 times (leafy vegetables, stone fruits,
CLBM9 water 58.68 persimmon), 750 times (fruit vegetable, fruit tree) 6.6+0.01 27420.10
SMLBM® 2-4 Unslaked lime.0.4, Cupric sulfate All kinds of vegetable, food crops, and tree 7.1£0.02 1.6+0.04
0.2, water 99.4
SMLBM 4-4  Unslaked lime 0.4, Cupric sulfate 5 50 4ouny mildew 6.9+0.04  2.7+0.03
0.4, water 99.2
Unslaked lime 0.5, Cupric sulfate
SMLBM 5-5 0.5, water 99.0 Grape leaf spot 6.9+0.02 3.240.03
SMLBM 6-6  Unslaked lime 0.6, Cupric sulfate 5 0 40 mildew 6.8£0.04  3.7+0.02
0.6, water 98.8

ICLBM : CLBM is a commercial lime bordeaux mixture.
»SMLBM : SMLBM is a self-made lime bordeaux mixture according to the standard method (NIAS, 2010).
9Each value represents the mean=standard error (n=10)

S} CH(Frank et al., 2008). ITS2} 16s rDNA -4} £4-& 4 A8 S8l Al B ARz M3 EEEd Ydas
BigDye Terminator v3.1 Cycle Sequencing Kit (Applied HaEFrol 1.25%, 2.5%, 5% 2 10%((v/v)= 845k
Biosystems, USA)E ARE-3lo] Z&sldTt. Zh A& AF HE 8x1.5mm paper disk (Advantec Co. Ltd)ell 30 ul
o] d7IMEe] 4 fFAMIS NCBI (https:/blast.ncbi. A dojrey I 3027k Al A - AFel| A
nlm.hih.gov/Blast.cgi)ell 718 € A|A29} Hlaslglon & et 747 wFS S. plymuthica JABP119] Y 3
2 Al LAY = MEGAT 222304 =tk Kumar & b Ate WEAE wA 10 ml Be5Fel 343}
et al, 2016). 7] 4% 4#AAA= MCL (Maximum o] 200 ¥ TSAERAS] A2A] =wet 3 IR F
Composite Likelihood) < 2] A3t F438150H FHZ 3MdS T3 paper diskE YA Ao &
$7%% 72l Neighbor-joining Y852 2838l TAl 2] 28°C 270 747F weFebaA 2447 THAC R clear
&t} zone F/3¢] A71E FAlete] atEE WrsIGiTh
Me|EZ T ool ol MY SHao e &7y M|EZ ool ol EIXMEHHT BEYEA L H &
a4& 7l 84 AdMsy HE

Q4 AlFE) N EUAE S phymuthica JABP11] O
Sk Al A3 H 2 6% AGAN-FETT Al Fr T2
3l (Table 1), A7HAIZS ASHZ o 459 Zg dHS
AGES AZsith mebi] AR e A3 EERd e 3}

Aok AFRHSH LA S plymuthica JABP119Y] o
3l Jtgo] e MIREEN 435 Addste] Qi &
AW LF2 C. gloeosporioides JAFP5S] H-AY 2} who} Ul
B27] &4 9A1%8S Dohe} Kill (2001)HES Halste]
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A Collsctotrichum gloeosporioides (KX483044.1)
Coll ichum g porioides (KX463048.1)
| » Isolates tested in this study
i Collsctotrichum gloeosporioides (KX463021.1)
1 Collectotrichum gloeosporioides (KX960811.1)
Collectotrichum viviferum (KX594371.1)
? Collectotrichum fructicola (MK874588.1)
* Coll ichum fructicola (MN296045.1)
[ > Collectotrichum aenigma (MN286073.1)
| 0.004 "
B
Serratia plymuthica (MW886735.1)
Serratia quinivorans (CP038467.1)
Serratia liquefaciens (KP318487.1)
f Serratia plymuthica (CP085673.1)
+Serratia plymuthica (LS483469.1)
s Serratia plymuthica (MK720277.1)
3 Serratia plymuthica (NR_037111.1)
Serratia sp. (KX857734.1)
* Isolates tested in this study
| 0.004 N

Fig. 1. Phylogenetic relationship between Colletotrichum gloeosporio

ides JAFPS (A) and Serratia plymuthica JABP11 (B) isolated

from ginseng plant constructed using the neighbor-joining tree analysis, based on the combined ITS region and 16s tRNA gene

sequences.
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o AFEES AFstaL Sl A7 Axg S HEE
o4} SMLBM5-5¢F SMLBM5-62 ¥ & QA3 w7}
ol ALEE B3 on SMLBM4-4= u}o]
o A& 715, SMLBM2-4x o] )49}
& 9 Fpo] AL 7Fse 2 o= F38kal ATk(Tabl

Al A3 REE N AP FEE 12~1,0008]©
o 310 E A-g2=o] wet g HeseE 73
Atk Al AFHEwd FoM CLBMS¥ CLBM9S| 7
T Z¢zF Aol ) A4, e 9 el 1,0004)
2 gMste] AMES Al 21oH CLBM6S] 73
o 12819 IFER AT AL AFEER FHSIAL Ut
A7F Az A3 REEN 9 Fof 34 6kA] ARE-slA|
o A Az Y] Lol g Bof FAlsle] AR
EE 7]%3taL JTH(Table 1).

Al A3l HEEH o] pHe] HEE 6.5~7.002 UERRAL
B3t pHE 6.70|30t}. Al A3 HEEY FojA] CLBMS8
o] pH7} 6.52 7P WAl ZAKE IS, CLBM72] pH:=
7002 7P =0Tk A7 RS A3 HEr ] pHe| |
9 6.8~7.10F UEPHAL ¥+t pHE 6.92 Al# A3H=
oo Hgkuoh =4 YEisth A Es A3 R 2 s
oA SMLBM6-62] pH7} 6.82 714 W9ty SMLBM2-4
9] pH= 712 7F =3kcK(Table 1).
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Fig. 2. Evaluation of commercial and homemade lime Bordeaux on the antibacterial activity against ginseng bacterial root rot
pathogen, Serratia plymuthica (P1, P2, and P3) on TSA at 28°C for 7 days. CLBM: CLBM 1, 2, 3, 4, 5, 6, 7, 8 and 9 are the
commercial lime bordeaux mixtures. SMLBM: SMLBM 1, 2, 3, and 4 are the self-made lime bordeaux mixture according to the
standard method (NIAS, 2010). Error bars show the standard error among 10 replications. Mean with same letters are not

significantly different in DMRT (p=0.05).
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Al A3 Erole] ECO B
F9 el wet thFsiAl vERtaL H+ ECe

21001 . AR}
o (e}
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[}

9= 9.1~195 mS/emZ Al
49.5 mS/

cm ©|ATH Al A3|R 2w FojlA CLBM49] EC7} 9.1

mS/cmZ 7P VA ZARESH CLBMSS ECe
mS/emZ 7HF =A YERstTh A s
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195

CEEELTE

3l ¥+ ECe 2.8

mS/ecmz AT AsH o] Hygu) ulg- vA yEel
Utk A7z AR and Fof|A SMLBM2-49] EC
7} 1.6 mS/emZ 7P 7 ZAMEon SMLBMG6-62]
3B 2ol
S7HsS EC

EC7} 3.72 7P =4 Jelgtl. A7t =3k
o] ECE A3lnaxd o) 7o) §gol

7} F7YslE 210 & HeltK(Table 1).
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Table 2. Evaluation of commercial and self-made lime bordeaux mixtures on the inhibition ratio of spore germination and
appressorium formation of anthracnose fungus, Collectotrichum gloeosporioides on 16 well culture plate

Inhibition ratio of (%)

Treatments Content (%/v) Germination Appressorium formation

12 24 36 48 12 24 36 48
1.25 0+0° 0+0 0+0 00 0+0 0+0 0+0 0+0
2.5 00 0+0 0+0 0+0 0£0 0+£0 0+0 0+0

CLBM® 7
5 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0
10 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0
1.25 00 0+0 0+0 0+0 0+0 0+0 0+0 0+0
25 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0

CLBM 8
5 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0
10 00 0+0 0+0 0+0 0+0 00 0+0 0+0
1.25 2.3+0.8 2.1+0.7 6.6+1.3 10.8+1.5 0+0 0=0 0+0 0+0
2.5 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0

CLBM 9
5 0+0 0+0 0+0 0+0 0+0 00 0+£0 0+0
10 0+0 0+0 0+0 0+0 0+0 0+0 00 00

1.25 15.840.8  16.34+0.7 20.24+0.8 21.6+2.0  4.0£1.6 3.7+0.7 3.8+0.8 3.8+0.7
b 2.5 00 0+0 0+0 0+0 0+0 00 0+0 0+0
SMLBM” 6-6
5 0+0 00 0+0 0+0 0+0 0+0 0=0 00
10 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0
1.25 00 0+0 0+0 0+0 0+0 00 0+0 0+0
LoS® 2.5 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0
O
5 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0
10 00 0+0 0+0 0+0 0+0 00 0+0 0+0
CK - 431445  52.6+2.0 69.9+2.8 73.0+2.0 18.6x1.4 19.5+0.7 24.0+2.0 30.3+2.0

ICLBM 7, 8, and 9 is a commercial lime bordeaux mixture.

YSMLBM 6-6 is a self-made lime bordeaux mixture was made with 0.6% unslaked lime and 0.6% cupric sulfate according to the standard

method (NIAS, 2010).
9LoS : LoS is positive control as a self-made loss-sulfur mixture according to the standard method (NIAS, 2010).
9Each value represents the meantstandard error (n=10).
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Fig. 3. Microscopic observation of the spore germination and appressorium formation of ginseng anthracnose fungus,
Collectotrichum gloeosporioides JAFP5 treated with the commercial (CLBMS (A-24 hr, B-48hr), CLBM9 (C-24 hr, D-48 hr)) and
self-made (SMLBM6-6 (E-24 hr, F-48 hr)) lime bordeaux mixtures i vitro assay. Untreated control (G-24 hr, H-48 hr) was treated a
distilled water same volume of each treatments. cs, conidia spore; gt, germ tube; ap, appressorium; my, mycelia.
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Fig. 4. The mechanism of antimicrobial activity of lime bordeaux mixture (Whiteside, 1977).
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