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ABSTRACT

Naturally infected tomato plants cv. ‘Cherry’ and cv. ‘Thomas’ showing typical
Fusarium wilt symptoms were collected from eleven commercial fields at Doi Inthanon
National Park, Chiang Mai, Thailand. A tissue transplanting technique yielded one
hundred and twenty-six pathogenic isolates from infected stems. The initial color of
colonies on Potato Dextrose Agar (PDA) was white, and then the color turned to deepen
with aging within 10 days, which divided, according to a visual representation of colors,
into 3 categories as follows:- purplish-white cottony colony (67 isolates, 53.17%),
white cottony colony (43 isolates, 34.13%) and orangish-white cottony colony (16
isolates, 12.70%). The average growth rate of the colonies was 8.51 + 0.13 mm/day.
The colonies from cultures showed hyaline branching septate hyphae and smooth
margins. Conidiophores typically scattered as solitary phialides on the aerial mycelium.
They formed 3 types of asexual spore including:- 1) microconidia are one-celled hyaline
oval-ellipsoid, straight to curved with an average 6.63-8.50 x 2.65-2.82 um, 2)
macroconidia are 3 - 5 septate, fusoid-subulate, straight to curved with an average with
an average 35.37-39.20 x 3.43-5.50 um and 3) chlamydospores are both smooth and
rough walled, generally solitary and vary in shape and size. These morphological



characteristics were identified as Fusarium oxysporum based on the identification
criteria by Nelson et al. (1983) and Synder and Hans (2003).

The pathogenicity test confirmed that one hundred and twenty-six isolates of
isolated F. oxysporum were pathogenic to tomato seedlings cv. ‘Bonny Best’
(susceptible to Fusarium wilt). At final assessment (21 days after pathogen
inoculation), 59 (46.83%), 57 (45.24%), 4 (3.17%), 5 (3.97%) and 1 (0.79%) isolates of
F. oxysporum revealed variable scale 1 — 5 of disease severity index, respectively.
According to disease severity index, 3 (2.38%), 113 (89.69%), 9 (7.14%) and 1 (0.79%)
isolates were categorized as avirulent (DSI = 1), low (DSI < 3.5), moderate (DSI > 3.5
to 4.5) and high virulent groups (DSI > 4.5) based on pathogenicity, respectively. In
addition, some F. oxysporum isolates of each pathogenic group were randomly selected
to re-test for pathogenicity. The results of disease severity were the same as the first
test that cv. ‘Bonny Best’, whereas unable to infect the resistant cv. ‘EWS-37434’
(resistant to Fusarium wilt). The more detailed tests confirmed that these isolates were
identified as F. oxysporum f. sp. lycopersici (Fol). The isolate FoICK 117 was
identified as race2 virulent phenotype and was selected to be used as the presentative of

virulent strains in further experiments.

Streptomyces isolate NSP3 was selected to be the representative of the
antagonistic strain from six isolates; NSP1 — 6, by to Dual culture assay. The NSP3
revealed the highest rate of colony growth inhibition of FoICK_117 at 79.50% and
sporulation at 89.00%.

Plants have acquired defense mechanisms to counteract potential pathogens and
the strategy involves inducible defense reactions that are activated after elicitor
applications. The recognition event leading to expression of 4 pathogenesis-related
proteins (PR-protein), including 1) PR-la encoding pathogenesis-related class 1,
2) Chi3 encoding acidic chitinase, 3) Chi9 encoding basic chitinase and 4) CEVI-1
encoding peroxidase, was analysed from mRNA of tomato plants cv. ‘Bonny Best’ after
inoculation of Streptomyces NSP3. The effects of either seed treatment or soil

application with the NSP3 and the combination of two methods were compared against



challenge the inoculation with FoICK_117. Afterwards, samples were analysed using
Real-time quantitative Polymerase Chain Reaction (QPCR) and normalized to the Actin
gene at 0, 3, 6, 12 and 24 hour post-inoculation (hpi). The results implied that
combination of seed treatment and together with soil application was the most effective
for induction and accumulation of these PR proteins. Gene expression of PR-1a was
increased to maximum (73.1 fold) at 3 hpi. Gene expression of Chi3 was remarkably
increased at 24 hpi to 56.1 fold. Gene expression of Chi9 and CEVI-1 were also
increased to maximum at 12 hpi (50.7 and 43.3 fold, respectively). These results

suggested that Streptomyces NSP3 is a strong elicitor of plant defense responses.

In greenhouse conditions, the effects of combination of seed treatment or soil
application with the Streptomyces NSP3 were tested against Fusarium wilt disease. The
tomato cv. ‘Bonny Best’ (susceptible to Fusarium wilt) and cv. ‘EWS-37434’ (resistant
to Fusarium wilt) were used for comparison. Overall results confirmed that induction
of defense proteins positively correlates with defense against pathogen invasion
involved with Fusarium wilt disease in the pot experiments. This study implied that the
NSP3 did not have the effect the increasing of tomato seed germination, but higher
vigour index potential was affected. The NSP3 also protected tomato plants from
infection of F. oxysporum f. sp. lycopersici FOICK_117 causing Fusarium wilt by
colonization inner root tissues and potting soil. Moreover, this study clearly showed
that Streptomyces NSP3 could increase seedling vigour and consistently reduced the
disease incidence. Disease assessment showed potential of the NSP3 on disease
reduction. The results clearly showed that cv. ‘Bonny Best’ plants treated wiyh
challenge inoculation of the NSP3 and with FolCK 117 survived until harvesting,
whereas plants inoculated with only FolCK 117 died at 21 days after inoculation.
Furthermore, they had the ability on increasing plant growth parameters, plant height,
root length, aerial fresh and dry weight, root fresh and dry weight and fruit weight.
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