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Abstract
Bacteria with the ability to grow on nitrogen-free media and with nitrogenase activity under aerobic or microaerobic
conditions were isolated from sugarcane roots collected from four different agricultural locations in Granada
(Spain). Isolates were Gram negative rods and were identiﬁed as Azotobacter chroococcum and Azospirillum
brasilense. Our results suggest that Azotobacter isolates do not have a particular afﬁnity for sugarcane rhizospheres
and that, on the contrary, Azospirillum isolates show speciﬁc association and perhaps endophytic colonization of
sugarcane. However, obligate endophytes (Gluconacetobacter diazotrophicus) were not found in the apoplastic
ﬂuid of the stems and macerates extracts of sugarcane tissues with the procedure applied. Population of this
microorganism might be in low number in the Spanish sugarcane varieties studied which is also discussed.

Introduction
Grasses constituted an important source of food all
over the world. In particular, grasses such as rice,
wheat, maize, sorghum, and sugarcane, currently have
much of their N needs supplied by costly mineral
fertilizers (Döbereiner et al., 1995; Triplett, 1996).
Evidence for biological nitrogen ﬁxation in sugarcane
(Saccharum spp.) was reported in Brazilian sugarcane
varieties. Studies on long-term N-balance and 15 N isotope dilution technique (Urquiaga et al., 1992) have
shown that some sugarcane varieties may actually obtain up to 70% of their N requirements by nitrogen
ﬁxation. In this process seems to participate both rhizosphere and endophytic diazotrophs (Baldani et al.,
1997). N2 ﬁxing bacteria such as Enterobacter cloacae, Erwinia herbicola, Klebsiella pneumoniae, Azotobacter vinelandi, Paenibacillus polymixa, Azospirillum spp., Herbaspirillum spp. and Gluconacetobacter
diazotrophicus colonise the sugarcane plant and its tis∗ FAX No: 34-958-243094.
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sues (Cavalcante and Döbereiner, 1988; Olivares et al.,
1996).
Azotobacter is able to ﬁx at least 10 mg N per gram
of carbohydrate (Becking, 1992). This bacterium is an
obligate aerobic, although it can grow under low pO2 .
The ecological distribution of Azotobacter spp. is a
complicated subject and is related with diverse factors which determine the presence or absence of this
bacterium in an speciﬁc soil. It has been shown that
the soil characteristics and climate conditions affect
the distribution of this microorganism (Döbereiner and
Pedrosa, 1987; González-López, 1992); it includes organic matter content, moisture, C/N relation and pH
(González-López, 1992).
Azospirillum species belong to the facultative endophytic diazotrophs group which colonize the surface
and the interior of roots, being this kind of association considered as the starting point of most ongoing
BNF programs with non-legume plants worldwide
(Baldani et al., 1997). Bacteria are microaerophilic,
nitrogen-ﬁxing, Gram-negative rods and often associated with roots of cereals and grasses (Grifoni
et al., 1995). However obligate endophytes such as

