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ABSTRACT

Damping-off is the most destructive disease in seedling stage of crops and the
causal pathogenic fungi have not only a wide-host-range but also long-term survive in
the infested soil. In this study, damping-off pathogenic fungi were isolated from the
infected brassica seedlings and the surrounded soil using moist chamber, baiting
technique and tissue transplanting methods. The fungi were finally purified and
identified as Fusarium oxysporum, Pythium aphanidermatum, Rhizoctonia solani and
Sclerotium rolfsii. Pathogenicity test indicated that those fungi were pathogenic to

Chinese cabbage and tomato seedlings.

Sixty-six isolates of endophytic actinomycetes were isolated from 18 medicinal
plants that collected from the north of Thailand. Each isolate had difference in color of
colony, such as white, gray, cream, light yellow and dark, and pigment that secreted
into the culture medium. Those isolates were then evaluated for the ability to inhibit
colony growth of the casual damping-off pathogenic fungi using dual culture
method. The results showed that 12 isolates including GAR1, KAE1, HOU2, NEEL1,
COF1, COF4, COF6, ERY1, MET4, POL2, PRE5 and SOL1 strongly inhibited

colony growth of F. oxysporum, P. aphanidermatum, R. solani and S. rolfsii



with the inhibition percentage greater than 60%. MET4 and COF4 showed the
strongest growth inhibition against F. oxysporum by 72.41% and 67.58%,
respectively. ERY1 and COF1 showed the strongest growth inhibition against
P. aphanidermatum by 72.14% and 70.21%, respectively. COF6 and PRE5 showed
the strongest growth inhibition against R. solani by 58.27% and 54.97%, respectively.
PRES5 and SOL1 showed the strongest growth inhibition against S. rolfsii by 77.46%
and 52.77%, respectively. The results indicated that those isolates may produce
bioactive compounds with antifungal activity that could inhibit the growth and
development of damping-off pathogenic fungi.

Study of the capacity to produce hydrolytic enzymes showed that isolates COF6,
ERY1 and POL2 had ability to degrade cellulose and phosphate in specific media.
Moreover, isolates GAR1, KAE1, NEE1, ERY1, POL2, PRE5 and SOL1 also produced
the effective antifungal metabolites against damping-off pathogenic fungi. ERY1
produced the most effective antifungal metabolites against P. aphanidermatum by
84.31%. PRES5 produced the most effective antifungal metabolites against R. solani by
60.14%. Besides, GAR1, KAE1, NEE1, COF1, POL2 PRE5 and SOL1 produced the
most effective antifungal metabolites that completely inhibited the growth of S. rolfsii
(100%). All inhibited fungi showed abnormal growth, penetration of mycelia into the
medium; and malformation, mycelium swollen, protoplasm aggregation, colony cluster,
shrinkage of hyphal tip and sporangial membrane lysis. In this study, however, only the
effective isolates ERY1 and PRE5 were selected to study in the next steps.

Study of morphological characteristic showed that ERY1 had gray aerial mycelia
and yellowish brown substrate mycelia on IMA-2 medium, and had a rectiflexibiles
type of spore chain. PRE5 had white aerial mycelia and light yellow substrate mycelia
on IMA-2 medium, and had a spiral type of spore chain. ERY1 and PRE5 were
identified using 16S rRNA gene sequence analysis. Comparison of the sequencing with
GenBank, EMBL, DDBJ and PDB sequences indicated that ERY1 was the most closely
related to Streptomyces rochei strain A-1 with 99% similarity and PRE5 was the most
closely related to Streptomyces albus subsp. albus strain DSM 403137 with 99%

similarity.



Antifungal metabolites from the culture filtrates of S. rochei ERY1 and S. albus
subsp. albus PRE5 were extracted and evaluated for the minimum inhibitory
concentrations (MICgo). The results showed that MICgo value of antifungal metabolites
produced by S. rochei ERY1 was 3.58 mg/ml on P. aphanidermatum. The MICg
value of antifungal metabolites produced by S. albus subsp. albus PRE5 was 5.19 mg/mi
on S. rolfsii. Concentrations greater than MICg values were then evaluated for the
ability to control damping-off of Chinese cabbage seedlings. The results showed that
antifungal metabolites produced by S. rochei ERY1 had potency to reduce the disease
caused by P. aphanidermatum by 40%, 40% and 78% after treatment with 4, 5 and 6 mg/ml
of the metabolites, respectively. Antifungal metabolites produced by S. albus subsp.
albus PRE5 had potency to reduce the disease caused by S. rolfsii by 20%, 70% and
20% after treatment with 1, 2 and 3 mg/ml of the metabolites, respectively.

S. rochei ERY1 and S. albus subsp. albus PRE5 were further evaluated for their
ability to colonize inside Chinese cabbage seedlings by planting the mixture of Chinese
cabbage seeds and dry spore mass of the strains in the sterilized vermiculite. The
inoculated seedlings were then re-isolation at 7-, 14- and 21-day-old seedlings. The
results showed that the strains had not only ability to colonize cotyledon, hypocotyl and
root parts of the seedlings but also promoted the growth of seedlings; root length, fresh
and dry weight were increased in comparison with control seedlings. Study of the
productions of plant growth hormones found that S. rochei ERY1 produced IAA
4.490 mg/l, GA3 0.179 mg/l and cytokinin 0.067 mg/l, and S. albus subsp. albus
PRES5 produced IAA 32.49 ng/l, GA3 0.05 mg/l and cytokinin 0.20 mg/l, implying
that those increases of seedling growth may attribute to the activities of S. rochei ERY1
and S. albus subsp. albus PRE5. Besides, scanning electron microscope also confirmed
the establishment of both strains on epidermal-cell and guard-cell of Chinese cabbage

seedling leaves and roots.

Overall results revealed that S. rochei ERY1 and S. albus subsp. albus PRE5, and
their antifungal metabolites had potency to be developed as bioproducts for controlling
damping-off disease of brassica seedlings. In this study, 3 formulations of bioproducts
were formulated as follows: 1) Powder formulation, this formulation was developed
with the purpose to use as seed coating which allows the effective strains to colonize

and promote seedling growth; 2) Granular formulation, this formulation was developed



with the purpose to use as adding in the hole bottom of transplant seedlings and/or
sowing for prevention seedlings from the infection of damping-off pathogenic fungi;
and 3) Effervescent tablet, this formulation was developed with the purpose to use as
foliar spray which the strains and its antifungal metabolites can directly inhibit the
infection of damping-off pathogenic fungi. Besides, study of the effect of all excipients
in the bioproducts on the growth of effective strains showed that there was no negative
effect on the growth of strains. Moreover, the survival rates of effective strains in the
developed bioproducts were approximately 10°-108 cfu/ml, after production and storage

at room temperature for 7 months.



