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Abstract Azorhizobium caulinodans was directly ino­
culated onto rice plants in three short-term pot trials. 
Addition of increasing amounts of sucrose (23, 46, 
92 kg ha" 1) did not influence the N economy of the A. 
caulinodans-Tice association during the early vegetative 
growth stage. A. caulinodans inoculation alone and in 
combination with the highest amount of,sucrose had a 
significantly positive effect on the N balance, with small 
but significant N gains in tht> system. Application of 
60 kg urea-N ha"1 had a negative impact on the N eco­
nomy of the inoculated treatments. N losses increased 
and the amount of atmospheric N 2 fixed and incorpo­
rated decreased significantly as compared to the 
amounts under the 20 kg urea-N ha"' regime. However, 
N losses were low - a maximum of 8% - at the early 
vegetative growth stage under the conditions of the ex­
periments. C limitation does not seem to be a limiting 
factor for the incorporation of fixed N 2 in this bacteria-
plant association. Biological N 2 fixation caused by A. 
caulinodans inoculation was responsible for 14% of the 
plant N at the vegetative growth stage and under low N 
conditions. 
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I n t r o d u c t i o n v - v 

The presence of A caulinodans on rice roots following 
inoculation, as reported previously (Ladha et al. 1989; 
Reddy et al. 1997; Van Nieuwenhove et al. 2000), does 
not necessarily imply that these bacteria are efficiently 
fixing N 2 , nor that the plants obtain significant amounts 
of N from biological N 3 fixation (BNF) (Kirchhof et al. 
1997). Kapulnik et al. (1985) showed that the contribu­
tion of fixed N 2 through root-associated Azospirilluin 
in wheat is negligible unless carbohydrate is added to 
the rooting medium. The rate of N 2 fixation by free-liv­
ing and associative microorganisms in the soil is greatly 
limited by the amount of C available and the ability of 
the heterotrophic N 2-fixing bacteria to capture and use 
it efficiently (Rao et al. 1998). Kennedy and Tchan 
(1992) pointed out that free-living N 2-fixing bacteria 
are distant from the main sources of C substrates 
around rice roots and are in competition with other soil 
microorganisms for these substrates. 

None of the free-living N 2-fixing bacteria studied 
can use polysaccharides or other more complex C com­
pounds for growth (Brown 1982). Sucrose is the main 
carbohydrate source in yeast extract bacteriological 
medium [YEB; Geelen et al. (1995)], used for A. cauli­
nodans in enrichment and inoculation media. It was 
therefore applied directly to the rhizosphere of the 
growing rice plants to overcome possible C limitation 
and stimulate N 2 fixation. However, both the native 
strains and the inoculated strain will be affected by this 
sucrose addition. 

The total N difference (TND) and the 1 S N isotope 
dilution (ID) method were used to examine the amount 
of N 2 that is additionally fixed due to A. caulinodans 
inoculation. The T N D method is an indirect method 
used to make estimates of the atmospheric N 2 that is 
biologically fixed in a closed system. This method, how­
ever, cannot be used to prove incorporation of the 
fixed N 2 into the plant material. The ID method, on the 
other hand, provides a direct way of measuring the 
fixed Nf2 actually incorporated in the plant tissue. 
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