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ABSTRACT

This thesis describes a study of diazotroph endophytic bacteria found in
cultivated and wild plants growing in Thailand. It comprises an enumeration of
diazotroph population in leaf, stem and root tissues of rice plants, the isolation and
characterization of diazotroph isolates, the screening of diazotroph isolates for their N,
fixing ability and an evaluation of the effects of effective N, fixing diazotroph isolates
on growth of rice. The endophytic bacteria were isolated from three cultivated rice
cultivars, Khao Dawk Mali 105, Kum Doi Saket and Bue Po Lo, and four wild rice
populations, Oryza rufipogon, O. rufipogon 18883, O. nivara 18852 and O. granulata.
It was found that the number of endophytic bacteria (per gram fresh weight of plant
tissues) in different tissues were similar among the three cultivated rice cultivars. The
population size of diazotroph endophyte found in the roots and stem tissues were more
than that in the leaf samples. The population size of the bacteria was estimated by most
probable number (MPN) method making isolation on semisolid N free medium at
various stages of growth of the plants. It was found that the numbers ranged from 10” to

10° organisms per gram of fresh tissues. The maximum number was found at 60 days
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after transplanting. The population size of diazotroph endophytes in wild rice was
greater in the roots than in stems and leaves. The largest population of bacteria, about
5x10° organisms per one gram of fresh root, was found in O. rufipogon. All of the wild
rice species contained endophytic bacteria in the stem about 10* organisms per gram
fresh weight.

The typical characteristics of 114 purified isolates of diazotroph endophytic
bacteria obtained from both cultivated and wild rice were studied. Azospirillum was the
dominant with 53 isolates identified as while 35, 14 and 12, respectively, were
Herbaspirillum, Beijerinckia and Pseudomonas. All isolates were motile gram
negative bacteria and could decompose pectin and cellulose.

The nitrogen fixing ability of these endophytic bacteria was evaluated using the
acetylene reduction assay (ARA). There were 11 isolates showing high nitrogenase
activity (> 100 nmol C,H, /mg protein/h).  Sixty six isolates exhibited intermediate
nitrogenase activity (50.1-100 nmol C,H, /mg protein/h), while 37 isolates showed low
rate (0-50 nmol C,H, /mg protein/h). ~ Representative isolates from each group of these
endophytic bacteria were selected for testing of N, fixing ability in association with rice,
rice root colonization and phytohormone production. It was found that isolate
Azospirillum CM15 had the highest nitrogenase activity. The endophytic bacterial
isolates which had high nitrogenase activity in pure culture also expressed high activity
and colonization when associated with rice roots. Most isolates (20) produced more
than 20 pg/ml of IAA especially the groups having intermediate and high N, fixing
rates. The optimum temperature and pH for growth and N, fixation of 15 isolates of
endophytic bacteria with high rate of nitrogenase activity and IAA production were
studied. It was found that the optimum temperature for each group were as follows:
Azospirillum 30-350(?, Herbaspirillum 30-350(3, Beijerinckia 25-35°C. The
optimum pH for each group were; 6-7 for Azospirillum, 6.0-7.5 for all isolates of
Herbaspirillum group except Herbaspirillum CMS isolates, 6.0-7.5 for Beijerinckia

group. The optimum pH for Herbaspirillum CM8 was 4.0-8.0. The suitable carbon
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sources for growth and N, fixation of all tested endophytic bacterial isolates were
combination of glucose and sucrose and sodium malate. All tested nitrogen compounds,
NH,CIl, NH,NO,, KNO; and Ca(NO,), supported growth but inhibited N, fixation of all
of the bacteria.

Fifteen high N, fixing diazotroph endophytic bacterial isolates were selected for
evaluation of their effects on growth of Kha Dawk Mali 105 rice cultivar in both
laboratory and green house experiments. In the laboratory testing, rice plants were
grown in N-free Hoagland medium containing 0.6% agar in a controlled environment
while under green house testing, the plants were grown in sterilized soil. At 30 days
after transplanting, there were 13 isolates were found to increase shoot dry weight
significantly compared to the uninoculated control, while 12 isolates had significant
positive effect in the greenhouse experiment.  The first five endophytic isolates
(Azospirillum CM15, Azospirillum CM23, Azospirillum CM44, Beijerinckia CM12 and
Beijerinckia CM35), which had the greatest stimulation effect on rice growth were
selected for further testing at 45 days after transplanting. It was found that rice plants
inoculated with 4Azospirillum CM15 and Azospirillum CM44 were the tallest and had the
highest shoot and root biomass. These two isolates increased significantly the number of
tillers per plant at 45 and 75 day after transplanting. Observation of the bacterial
population in the rice plant at 75 days after transplanting, revealed that there was a larger
number of these bacteria in the stem than in the root. The population of Azospirillum
CM15 of 10° cells per gram of fresh root and about 10° cells per gram of fresh weight of
stem were found. There were about 10° cells of Azospirillum CM44 found in one gram
of fresh stem and about 10° cells per gram of fresh root.

This study has shown that diazotroph bacteria are present in the tissues of both
cultivated and wild rice with a larger population in the former. Eleven of the isolates
were found to have high N, fixing ability as well as stimulating effect on rice growth.
The isolates grew and fixed N, over the range of temperature (30 -35°C) and pH (5.5-

8.0) using the combination of glucose and sucrose and sodium malate as carbon source.
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An interesting exception was Herbaspirillum CM8 which could grow and fix N, at a pH
as low as 4.0. Two isolates, 4zospirillum CM15 and Azospirillum CM44 had the

highzst stimulating effect on the rice plant. They should be further investigated.
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