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Summary of scientific research
The main line of my research envisaged from the beginning alternatives for the increasingly
expensive and hazardous nitrogen fertilizers. The use of the unlimited reserve of molecular
dinitrogen via photosynthesis which uses sun energy seems the obvious solution. Along this line
research which permits more efficient use of biological dinitrogen fixation in the legume-
Rhizobium symbiosis focalized in tropical agriculture, where an infinitely larger choice of still
unexplored systems exists. Breeding of grain and forage legumes and selection
of Rhizobium strains adapted to poor acid soils and high temperatures was one approach.
Surveys of nitrogen-fixing legume trees which have not been known as such before, representing
additional alternatives. Studies on the physiology of grain legumes in relation to photosynthesis
and to the efficiency of the translocation of the fixed nitrogen to the grain yield also are very



interesting new prospects. The major challenge of our research was and still is the expansion of
dinitrogen fixation to the major cereal crops. Seven new dinitrogen fixing bacteria were described
and their association with maize, sorghum, wheat, etc., demonstrated. N balance studies
performed over the last few years have shown that several Brazilian varieties of sugarcane are
capable of obtaining over 60% of their nitrogen (>150 kg N ha-1 year-1) from biological nitrogen
fixation (BNF). This may be due to the fact that this crop in Brazil has been systematically bred for
high yields with low N fertilizer inputs. Rice can obtain at least some N from BNF and acetylene
reduction (AR) assays also indicate differences in N2-fixing ability between different rice varieties.
Although many species of diazotrophs have been isolated from the rhizosphere of both sugarcane
and wetland rice, the recent discovery of endophytic N2-fixing bacteria within roots, shoots and
leaves of both crops suggests, at least in the case of sugarcane, that these bacteria may be the
most important contributors to the observed BNF contributions. In sugarcane both Acetobacter
diazotrophicus and Herbaspirillum spp. have been found within roots and aerial
tissues, Herbaspirillum spp. are found in many graminaceous crops, including rice (in roots and
aerial tissues), and are able to survive and pass from crop to crop in the seeds. The
sugarcane/endophytic diazotroph association is the most efficient N2-fixing system to be
discovered associated with any member of the gramineae. As yet the individual roles of the
different diazotrophs in this system have not been elucidated and far more work on the physiology
and anatomy of these systems is required. However, the understanding gained in these studies
should serve as a foundation for the improvement/ development of similar N2-fixing systems in
wetland rice and other cereal crops.
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