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ABSTRACT

High agrochemical input in current vegetable production has led to
environmental problems especially in the highland areas of northern Thailand, which
are the head watershed. This study aimed to evaluate the effects of seedling media
with high humus and beneficial microorganisms on vitamin C content, antioxidant
levels and growth of Chinese kale as an alternative way to produce high quality and

safe vegetables. The study was divided into four experiments as follows:



vii

In the first experiment, twenty-five isolates of bacteria (eight Azospirillum spp.
(VAs), six Beijerinckia spp. (VBe) and eleven actinomycetes (VAc)) isolated from
plant rhizosphere were evaluated for plant hormone (IAA) production, nitrogen
fixation and phosphate solubilization. The effectiveness of these isolates on growth
and nutrient uptake in Chinese kale (Brassica oleracea var. alboglabra) seedlings was
also measured. The results showed that all isolates had a certain potential in IAA
producing, nitrogen fixing and phosphate solubilizing ability with the values ranging
between 5.67 — 460.31 mg IAA /L, 1.29 — 132.37 nmole C,H,4 /24 hr /tube and 1.47 —
260.96 ug P /mL, respectively. The twenty-five isolates were tested in Chinese kale
seedlings for growth and nutrient uptake. The results showed that effective isolates
improved growth and nutrient uptake in Chinese kale seedlings. Within each group of
microorganisms the most effective isolates for growth improvement were VAs 2, VBe
75 and VAc 77 with the shoot dry weight values of 3.047, 2.793 and 3.417 g /10
plants, respectively. The results showed that all of the inoculated treatments enhanced
nutrient uptake in Chinese kale seedlings with values that were higher than those of
the control. These results suggested that isolates with the highest potential activity in
production of plant growth promoting substances or highest potential activity in
improvement of nutrient uptake may not be the most effective in all of the
measurements.

In the second experiment, the most effective isolates from each microbial
group for growth improvement (VAs 2, VBe 75 and VAc 77) were selected from the
first experiment to study the effect of single, dual and triple inoculation on growth and

nutrient uptake in Chinese kale seedlings. The results showed that the triple



inoculation (VAs 2 + VBe 75 + VAc 77) gave the highest shoot dry weight of 2.927 g
/10 plants and the single inoculation of VAc 77 gave the highest root dry weight of
0.360 g /10plants.  The use of single and mixed inoculations increased the uptake of
all nutrients in Chinese kale seedlings.

The third experiment was performed at the same time as the second
experiment and with the same selected isolates, VAs 2, VBe 75 and VAc 77. The
effects of seedling media with leonardite (high humus material) and single microbial
inoculation on growth and nutrient uptake in Chinese kale seedlings were measured.
Each single isolate was mixed in the seedling media with various rates of leonardite
(5, 10 and 15%). The results showed that the use of seedling media with 15%
leonardite and actinomycetes isolate VAc 77 gave the highest root and shoot dry
weight (1.69 and 0.2123 g /10 plants, respectively). This treatment also gave the
highest phosphorus and magnesium uptakes with values of 10.92 and 6.77 mg /10
plants, respectively. The second best performance was obtained with the use of
seedling media with 10% leonardite and Beijerinckia isolate VBe 75 with the shoot
and root dry weights of 1.65 and 0.141 g /10 plants, respectively. This treatment also
gave the highest calcium uptake of 20.01 g /10 plants.

The fourth experiment was conducted to study the effects of seedling media
with leonardite and beneficial microorganisms on vitamin C content and antioxidant
activity in Chinese kale. The best treatments were selected from the third experiment,
which included seedling media + 15% leonardite + VAc 77 and seedling media +10%
leonardite + VBe 75. The plant samples were analyzed at both 20 and 40 days after

inoculation. The results indicated that seedling media + 15% leonardite + VAc 77



showed the highest values of vitamin C content and antioxidant activity at both 20 and
40 days after inoculation. The content of vitamin C obtained from this treatment was
33.08 and 44.66 pg /mL, respectively. The antioxidant activity at 20 and 40 days
after inoculation obtained by this treatment was 1.9285 and 4.733 pumol trolox /g
sample, respectively. In addition, root infection of these two isolates was also studied
by scanning electron microscope using the same treatments already described but with
sterilized seedling media. The results indicated that Chinese kale root cells were
infected by the inoculated isolates except for the control, which was without
inoculation. VAc 77, on the average, performed as the most effective isolate in all
experiments, and was identified using 16S rDNA sequencing. The isolate showed
high homology with the sequence of Streptomyces variabilis with an overall 99.48%

similarity.

Key word: Chinese kale, antioxidants, vitamin C, beneficial microorganisms,

leonardite



