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Abstract

Nitrogen is an essential element required to sustain life on this planet. In many
ecosystems, nitrogen is a growth limiting nutrient; whereas in other
ecosystems, excess amount of nitrogen is causing severe environmental
problems. Therefore, in order to ascertain the movement and availability of
nitrogen at global scale, studies focussed on understanding nitrogen
transformation processes at ecosystem level are desirable. Use of stable
isotopes can provide detailed insight into mechanisms of processes involved in
nitrogen cycle along with quantification of their rates. To the best of our
knowledge, studies focussed on understanding nitrogen transformation
processes, particularly their gross rates, using stable isotope approach in soils
of the Indian subcontinent are non-existent. In view of this, the aim of present
thesis was to quantitatively understand biogeochemical cycling of nitrogen in
terrestrial ecosystems of India by measuring gross rates of nitrogen
transformation processes in soils of different climatic zones. The >N isotope
dilution technique was employed to estimate rates of nitrogen transformation
processes in soils to gain better insights into nitrogen and carbon dynamics.

The experiments conducted in the montane soils of the Himalayas
indicated significant increase in gross rates of nitrogen mineralization with
increase in temperature. Change in temperature did not show significant
change in gross nitrification rates, indicating low sensitivity of nitrifiers
towards temperature change.

Study of nitrogen cycling in soils from different land-types present in
semi-arid region (Kutch, Gujarat) indicated cumulative effect of vegetation,
moisture, and salinity on the soil microbial activity and nitrogen
transformations in this region. However, analyses of different factors revealed
salinity to be the principal regulator of nitrogen biogeochemistry in the region.

Rates of nitrogen transformation processes were measured in soils of
the Western Ghats to understand nitrogen dynamics in tropical humid forest

soils. Results indicated higher potential for nutrient consumption than their




production in these forest soils. The potential for consumption of ammonium
was higher compared to nitrate indicating active nutrient conservation
mechanism in these soils. Despite the higher consumption rates, accumulation
of nitrogen was observed in soils of the Western Ghats suggesting significant
contribution of external sources of nitrogen, such as atmospheric nitrogen
deposition and biological nitrogen fixation, to the soil nitrogen pool of the
Western Ghats.

Effect of mono-plantation (rubber plantation) by replacing natural
forested ecosystems on soil nitrogen dynamics was studied in soils of Kerala,
India. Gross nitrogen mineralization and ammonium consumption were
considerably lower in soils of the rubber plantation compared to the managed
and unmanaged forests. This was attributed to change in tree species
composition from mixed to mono-culture of rubber plants. Longer residence
time of ammonium under rubber canopy also supported slow-down in N
turnover due to conversion of mixed forest to mono-plantation.

Assessment of stable isotopic compositions of soils collected from
different climatic zones of India showed soils from semi-arid climate to be
enriched in the heavier isotopes of carbon and nitrogen compared to soils from
the humid climate, possibly due to low organic matter content and relatively
disproportionate mineralization. Results indicated that change in climatic
conditions experienced by soils under different climate has the potential to
significantly control the organic matter dynamics.

Overall, soils collected from different locations showed decrease in
nitrogen transformation rates with depth indicating lowering in microbial
activity in the deeper soils. Mineralization of organic matter was susceptible to
change in surrounding conditions, whereas nitrification was relatively
unaffected by climatic factors such as temperature and moisture. Ammonium
immobilization was the major pathway for ammonium consumption

compared to nitrification.

Keywords: Mineralization, Nitrification, Tropical soils, 15N isotope dilution,

Terrestrial nitrogen cycle.
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