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ABSTRACT

Information exists on the accumulated of precipitation regime changes on soil
carbon cycling but not on the effect of rainfall variation on soil CO, efflux and net
CO; exchange in an agricultural field. The influence of rainfall variability was studied
at a winter wheat field at the University of Georgia’s Southwest Georgia Research
and Education Center in Plains, GA, USA during November 2006 to May 2007 and at
the summer peanut field in Ellaville, GA, USA during May to September 2007.

In Experiment 1, two sub experiments were conducted in a winter wheat field.
Sub-experiment 1, soil CO, gradient method combined with the root exclusion
method was used 1) to examine the mechanisms of soil CO, efflux following rainfall
during the growing season, and ii) to determine the seasonal patterns of soil CO,
efflux and its controlling factors as influence by rainfall variability. The results

showed that during rainfall, the total soil CO; efflux and the heterotrophic respiration
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reduced to 37% and 13%, respectively, when compared with the efflux before the rain.
Immediately after rainfall, the heterotrophic respiration was about 2.1 times higher
than the efflux before the rain. However, increase in soil CO, efflux occurred within
2-3 days and the effluxes was declined within 5-6 days after the rainfall events. The
impact of rainfall events on soil CO, efflux was relatively short duration. Results also
showed that soil water content was a major factor controlling soil CO, efflux.
Additionally, the variation in total soil CO; efflux was limited by soil water content
while soil temperature was a minor influencing whereas heterotrophic respiration was
correlated with both soil temperature and soil water content. This result suggested that
the factors controlling the seasonal change of soil CO, efflux differ between
heterotrophic and total soil respiration.

Sub-experiment 2, eddy-covariance measurement of net ecosystem carbon
exchange (NEE) and environmental parameters were used 1) to quantify the seasonal
distribution of net CO, exchange during a growing season and, ii) to examine the
environmental controls influence those carbon exchanges over a winter wheat field.
Fluxes of CO, throughout the day were dependent on net radiation and the stage of
canopy development in both fields. The dial amplitude of NEE varied substantially
within the growing season, with the largest dial changes occurring in mid-March,
about the same time as the occurrence of seasonally maximum LAI The maximum
NEE occurred before noon (12:00 - 13:00), while ecosystem respiration (nighttime
NEE) occurred around 18:00 - 19:00 pm. The weekly average in NEE ranged from
-36.90 to 7.95 umol m™s™. Gross primary production (GPP) increased when soil
temperature was less than 23 °C and soil water content was less than 0.15 m’m™. On a

season basis, GPP increased with increasing in LAI and aboveground biomass.
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Additionally, ecosystem respiration (Re) showed a strong dependent on canopy air
temperature. Sharp increasing of Re was probably due to increasing in soil water
content after rainfall event. It was also indicated that increase in soil water content
after rainfall caused an increase in the respiratory release of CO,.

In Experiment 2, two sub-experiments were conducted in a summer peanut
field. Sub-experiment 1, soil surface CO, efflux was measured with soil automated
chamber, to characterize the dynamic pattern of soil CO; efflux in response to rainfall
and to assess the influence of soil water content on soil CO, efflux. The soil chamber
measurements showed that the rainfall events immediately reduced soil CO, efflux
from 33 to 66% when compared with the efflux before the rain. Negative relationship
between the reduction in soil CO, efflux and soil water content before rain suggested
that soil water content was the most important factor responsible for the soil CO,
efflux during the rainfall events. The daily soil CO; efflux showed a similar response
to the rainfall event as in the wheat field and this response showed a relatively short
duration. The patterns of soil CO; efflux in response to rainfall at different growth
stages of peanut were relatively uniform except soil CO; efflux at the flowering stage
was more sensitive response to the change in soil water content by rainfall. When soil
temperature was hold in constant, the variation in soil CO, efflux was limited by soil
water content. This result suggested that growth stage of plant was a major factor in
generating post-rain soil CO, efflux. The change in the temporal variability of rainfall,
resulting changes in soil water dynamics which was more important than the amount
of rainfall in affecting soil CO, efflux.

Sub-experiment 2, eddy-covariance measurement of net ecosystem carbon

exchange (NEE) and environmental parameters were used 1) to quantify the seasonal
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distribution of net CO, exchange and, ii) to examine the environmental controls
influence those carbon exchanges over a peanut field. Fluxes of CO, throughout the
day were dependent on net radiation and the stage of canopy development. The dial
amplitude of NEE varied substantially during the growing season, with the largest dial
changes occurred in mid-July, about the same time as the occurrence of seasonally
maximum LAI The weekly average of NEE ranged from -34.28 to 12.69 umol m™s™.
On a season basis, GPP and ecosystem respiration (Re) increased with increasing in
LAI Additionally, there are no relationship between GPP, Re and amount of rainfall.
However, soil water content was an important environmental factor to regulate the
variation of both GPP and Re under water-deficit condition.

The results obtained from this investigation could be concluded that the
growth stage of the plant was found to be more important than initial soil moisture
and the amount of rainfall in generating soil CO, efflux after rainfall. Based on eddy
covariance measurement, it was found that radiation, canopy temperature, soil
moisture, leaf area index (LAI) and aboveground biomass was the primary factors
regulating carbon dioxide fluxes. It was clear that water availability plays a dominant
role in regulating ecosystem carbon dioxide fluxes and its responses to climatic

change in a water-deficit condition.
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