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BRIEF COMMUNICATION

Nitrogen and Azotobacter chroococcum enhance
oxidative stress tolerance in sugar beet
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Abstract

After treatment with increased quantities of nitrogen and Azotobacter strains,
activities of antioxidant enzymes superoxide dismutase, peroxidase and catalase,
content of chlorophylls and carotenoids, soluble proteins and dry matter in leaves of
sugar beet increased.

Additional key words: carotenoids, catalase, chlorophylls, dry matter, peroxidase, proteins,
superoxide dismutase.

Ozxidative metabolism of normal cells and different stress situations generate highly
reactive oxygen species. These active oxygen species include superoxide anion
radical, hydrogen peroxide, hydroxyl radical and singlet oxygen (Stajner et al.
1995a). Oxidative damage inflicited by these active free radicals is referred to as
oxidative stress (Sies 1991). Some major molecular targets of these agents are DNA,
proteins, saccharides and lipids (Navari-Izzo 1994). In plants active oxygen and
oxygen radicals inhibit chloroplast development (Halliwell 1987), decrease seed
viability and root growth, stimulate leaf abscission and desiccation, damage
membranes of leaves and roots by their peroxidation (Bowler ez al. 1992), etc.
Several enzyme systems exist within the cell for the neutralization and thus for
control of free radical formation. Superoxide dismutase (SOD) catalyzes the
transformation of superoxide radicals, though hydrogen and other peroxides are
neutralized by the action of catalase (C) and various peroxidases (P). Also non-
enzymatic antioxidants such as carotenoids could be involved in scavenging singlet
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Abbreviations: C - catalase, P - peroxidase, SOD - superoxide dismutase.
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oxygen and so diminish oxidative stress (Elstner et al. 1994). Increasing nitrogen
concentration and inoculation with different fungi and bactcria could produce a
benefit to inoculated plants (Caba ef al. 1994, Michail et al. 1994). Therefore the aim
of our study was to compare oxidative stress tolerance linked to SOD, C, P and
photosynthetic pigments in plants treated with nitrogen and Azotobacter with
oxidative stress tolerance in untreated sugar beet plants.

Three strains of Azotobacter chroococcum (A-1, A-2, and A-3) available from the
Department of Microbiology, Institute of Field Crops and Vegetables, University of
Novi Sad were used as inoculum. The culture suspension of the bacteria contained
10" -10"7 living cells per m’. The sand, experimental pots and plants seeds were
sterilized. Each pot contaim'ng sugar beet seeds was inoculated with 30 cm® of
Azotobacter culture suspension. Two groups of plants served as control: A-O, plants
without inoculation, and A-A, plants inoculated with 30 cm® autoclaved Azotobacter
culture suspension. Six replications were used for each variant. The inoculated plants
of sugar beet (Beta vulgaris var. saccharifera cv. KW Maja) were cultivated in sand
culture in a greenhouse at 28 °C under natural irradiance. The plants were supplied
with Reld-York nutrient solution containing 0 (N-0), 7.5 (N-1), or 15.0 (N-2)
pmol m™> NH,NO; for the first 4 weeks. They were then supplled with distilled
water. SOD, C and P activities were determined in 100 mol m™ phosphate buffer
(pH 7) extracts from leaves of 30-d-old sugar beat. The SOD activity was determined
according to inhibition of transformation of adrenaline to adrenochrome at pH 10.2.
The P activity was determined with the guaiacol method at 470 nm. The C activity
was determined at 240 nm via H,O, content decrease and soluble proteins with
Folin-Ciocaltey reagent (Misra and Fridovics 1972, Simon ef al. 1974, Kock er al.
1994).

Contents of chlorophylls (Chl) and carotenoids (Car) were determined in acetone
extracts spectrophotometrically using extinction coefficients according to Holm
(1954) and Wettstein (1957).

Enzyme activities depended both on nitrogen concentration in nutrient solution
and strain of the bacteria (Table 1). Plants supplied with nitrogen showed increased
SOD, C and P activities. The increase depended on nitrogen concentrations and at
N-2 the highest increase in enzyme activities was observed. Azofobacter strains used
caused also an increase in enzyme activities. Inoculation with A-3 increased the
enzyme activities the most at all N supplies. This observations is in agrement with
the findings of Hong ef al. (1990) that activities of nitrogen assimilation enzymes in
inoculated sugar beet depend on the bacteria strain and nitrogen supply. Our previous
investigation in the nitrogen fixing plant alfalfa showed a correlation between
nitrogen fixing ability and antioxidant cnzyme activities (Stajner et al. 1992) and
hence also sugar beet inoculated with Azotobacter might possess some nitrogen
fixing ability.

High activities of antioxidant enzymes (especially of SOD) are linked with
oxidative stress tolerance (Stajner et al. 1995a) and with synergic effect of C and P
(Seel et al. 1992, Navari-Izzo and Izzo 1994).

Also pigment contents were enhanced by nitrogen and Azotobacter supply
(Table 1). A similar effect was observed by Perez-Soba ef al. (1994) in Scots pine.
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The N-2 supply increased the pigment contents the most and the A-3 strain was most
effective. Increased pigment contents were in agreement with increased dry matter
accumulation (Table 1). Among all parameters examined the soluble proteins content
was less influenced by nitrogen supply and Azotobacter strains.

Thus the increased nitrogen concentrations and inoculation with Azotobacter
improved oxidative stress defence ability in sugar beet leaves.
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