Vi

Thesis Title Effect of Drought on Carbon Dioxide Exchange in
Peanut Field

Author Miss Natchaya Pingintha

Degree Doctor of Philosophy (Agronomy)

Thesis Advisory Committee Prof. Dr. Chuckree Senthong Chairperson

Prof. Dr. Marie Monique Yvonne Leclerc  Member

Assoc.Prof. Suthat Julsrigival Member

ABSTRACT

Agriculture claims about one third of the global land area and is a main
contributor to anthropogenic induced emission of greenhouse gases. The Kyoto
protocol of the United Nations Framework Convention on Climate Change
(UNFCCC) has risen the interest in the potential of agroecosystems to sequester
carbon and thus, to substantially mitigate global warming impacts. Since both
photosynthetic uptake of carbon and loss of carbon through respiration of plant and
soils are depend on temperature, moisture, and radiation, climate change affects
carbon storage in these ecosystems. Moreover, established trends of increased
temperature and lower precipitation resulting in drought stress were already evidenced

in many regions of the world, which generated an effort to understand how
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environmental changes, such as those seen in temperature and precipitation, influence
net carbon exchange between ecosystem and the atmosphere.

In experiment 1, two sub-experiments were conducted at a rainfed peanut
(Arachis hypogaea L.) field located in Unadilla, Georgia, USA. Measurements of net
ecosystem CO, exchange (NVEE), latent heat (1E), and sensible heat (H) flux were
made using the eddy-covariance method (EC). The objectives of sub-experiment 1
were i) to examine the influence of environmental stress on the diurnal exchange of
NEE, JE, H, evapotranspiration (E), and ecosystem water use efficiency (EWUE) and
i) to relate these exchanges to environmental and physiological variables. The results
show that the diurnal pattern of NEE, NEE, AE, H, E, and EWUE depended on growth
stage of peanut canopy and environmental condition. A combination of water stress, a
large vapor pressure deficit (PD) and high air temperature (7,), resulting in drought,
greatly influenced the partitioning net radiation between AE and H, the diurnal pattern
of NEE, E and EWUE.

Sub-experiment 2, further study on the key factors controlling daytime NEE
found that photosynthetically active radiation (PAR) was the primary climatic factor
controlling daytime NEE during optimum environmental conditions processes.
However, soil water content (SWC) was the dominant factor limiting the NEE-PAR
response during the peak of growth stage, as NEE was significantly depressed when
PAR exceeding 1300 pmol photons m? s* coincided with a very low soil water
content (SWC < 0.04 m®> m™). Moreover, hysteresis loop was observed between
daytime NEE and PAR during periods of water stress resulting from high VPD. This is
significant since it limits the ability of the Michaelis-Menten equation and the likes to

determine daytime NEE as a function of PAR.
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Soil CO;, efflux is an important component of the terrestrial ecosystem carbon
cycle. Small errors in the estimation of soil CO, efflux may therefore lead to
relatively large errors the estimates of net ecosystem carbon exchange. In experiment
2, two sub-experiments of the soil CO; gradient method was used to study soil CO,
efflux. Sub-experiment 1, a refined soil CO, gradient method to estimate soil CO;
efflux was conducted in a 3 m x 3 m sampling plot (bare soil) which established at a
rainfed peanut field at the Southwest Georgia Research and Education Center, Plains,
Georgia. Six different models are used to determine the relative gas diffusion
coefficient (¢). A weighted harmonic averaging is used to estimate the soil CO,
diffusion coefficient, yielding a better estimate of soil CO, efflux. The resulting soil
CO, efflux results are then compared to the soil CO, efflux measured with a soil
chamber. Depending on the choice of ¢ model used, the estimated soil CO, efflux
using the gradient method reasonably approximates the efflux obtained using the soil
chamber method. In addition, the estimated soil CO, efflux obtained by this improved
method is well described by an exponential function of soil temperature (7}) at a depth
of 0.05 m with the temperature sensitivity (Q;9) of 1.81 and a linear function of SWC
at a depth of 0.12 m, in general agreement with previous findings. These results
suggest that the gradient method is a practical cost-effective means to measure soil
CO;, emissions.

Sub-experiment 2, continuous measurements of soil CO, efflux using the soil
CO; gradient method were made during a rainfed peanut growing season in 2007 in
Unadilla, Georgia. The objectives of this study were i) to examine the responses of
soil CO; efflux to drying and rapid rewetting of soil and ii) to determine the effect of

drying and rapid rewetting of soil on the response sensitivity of soil CO, efflux to 7j



and soil SWC. This study observed evidence that soil water stress strongly limited soil
CO,, efflux. Soil CO, efflux and soil CO, concentration decreased as SWC decreased
and Ty increased. The rapid increase in SWC due to rain resulted in significant
increases in soil CO, concentration. However, immediately after rain stopped, the soil
CO, efflux dramatically decreased and reached its lowest value at an hour after
following the end of the rainfall event. This phenomenon attributed to a decrease in
soil diffusivity in the top soil layer. One and half hours after the rain stopped, soil CO,
efflux dramatically increased and peaked two days after the rain stopped and then
decreased gradually. The stimulation of soil CO, efflux after rain in this site was
likely triggered by an increase in microbial activity and by an enhancement of
mineralization of organic constituents after prolonged dry conditions and rapid
rewetting events.

Further studies examining the effect of drying and rapid rewetting of soil on
the sensitivity response of soil CO, efflux to 7 and SWC found that, during the drying
cycle when SWC was less than 0.042 m® m?, soil CO, efflux decreased dramatically
(up to 80%) and SWC took over control of soil CO, efflux. The Q,, values of soil CO;
efflux were also observed to be decreased as SWC decreased during this drying
period. After rapid rewetting of dry soil, the rain event stimulated soil CO; efflux and
restored temperature control over soil CO, efflux, even though SWC in the surface

layer was low.
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