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Abstract

Rhizome rot caused by pathogenic fungi adversely affects ginger yield. The use of biocontrol
microorganisms to prevent and control this disease is an interesting and environment-friendly method. This
research aimed to isolate pathogenic fungi causing rhizome rot in ginger and to screen bacteria capable of
inhibiting the most virulent pathogenic fungus from the isolated fungi. In this study, 5 isolates of rhizome rot
causing fungi, ZP1 , ZP2 , ZP3 , ZP4 and ZP5, were isolated from the diseased parts of ginger. From the
pathogenicity test in ginger, it was found that the most virulent pathogenic fungus was the isolate ZP4. By using
morphological and molecular methods, the fungus isolate ZP4 was identified as Pythium aphanidermatum. From
the screening of antagonistic bacteria from soil surrounding ginger plants, it was found that out of 78 selected
bacterial isolates, only 11 isolates showed antifungal activity against P. aphanidermatum ZP4 by the dual culture
technique among which 5 isolates produced bacteriocin to inhibit P. aphanidermatum ZP4. The antagonistic

bacteria exhibited the highest activity against the fungal pathogen P. aphanidermatum ZP4 were the isolates
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CP-8f and CP-13e which were identified by 16S rDNA sequence analysis as Bacillus velezensis and Bacillus subtilis,

respectively. Furthermore, both of them were found to produce proteinase, a-amylase, cellulase and pectinase.

These findings indicated that Bacillus velezensis CP-8f and Bacillus subtilis CP-13e had potential to be safe and

environment-friendly biological control agents against rhizome rot causing fungi.
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[12] Tnenstluideasunems PDA Tl wazlueims
PDA slant Unfigaungil 28 ssmwaidea 1unan 5 Ju
s stock culture WivliAnwdely
n1sfigalsavimiuisues Tran et al. [13] lay
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Uu Pythium aphanidermatum (Figure 1)
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Figure 1 A phylogenetic tree based on ITS1-5.85-TS2 sequence region showing the position of the isolate ZP4

Numbers at nodes represent levels of bootstrap support (%) based on analysis of 1,000 replications.

The scale bar represents an estimated 10 base substitutions per 1,000 nucleotide positions.
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Figure 2 Antifungal activity of bacterial isolates against P. aphanidermatum ZP4

Means with different letters are significantly different (p < 0.01).

Figure 3 Antifungal activity of the isolates CP-8f and CP-13e against P. aphanidermatum ZP4

using the dual culture technique
(A) Growth of P. aphanidermatum ZP4 without antagonistic bacteria;
(B) Inhibition of P. aphanidermatum ZP4 by the isolate CP-8f (arrow),
(O) Inhibition of P. aphanidermatum ZP4 by the isolate CP-13e (arrow)

% [ = d‘l v 14 a a
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Figure 4 Antifungal activity of bacterial isolates against P. aphanidermatum ZP4 using the agar well diffusion assay

(A) Sizes of inhibition zones produced by different bacterial isolates [means with different letters are significantly

different (p < 0.01)]; (B) Inhibition zone of the isolate CP-8f; (C) Inhibition zone of the isolate CP-13e

Table 1 Enzyme production of bacterial isolates

Bacterial isolates

Enzymatic index [hydrolysis zone diameter (mm)/colony diameter (mm)]

Protease a-Amylase Cellulase Pectinase
CP-Tc 2.30+0.15¢ 0.0+0° 1.23+0.05° 0.0+0?
cp-7d 1.76+0.12° 0.0+0? 0.0+0? 8.41+0.08°
Cp-8f 2.70+0.05¢ 1.74+0.07° 3.43+0.06¢ 16.30+0.04¢
CP-11b 1.52+0.03 1.84+0.05° 0.0+0° 9.62+0.05¢
CP-13e 2.28+0.04¢ 3.62+0.04° 2.83+0.06° 10.21+0.03¢

Means with different superscript letters in a column are significantly different (p < 0.01).
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Figure 5 A phylogenetic tree based on 16S rDNA sequences showing the positions of the isolates CP-8f and CP-13e

Numbers at nodes represent levels of bootstrap support (%) based on analysis of 1,000 replications.

The scale bar represents an estimated 0.5 base substitutions per 1,000 nucleotide positions.
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