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INTRODUCTION

RESULTS

• New Zealand’s greenhouse gas inventory is dominated by methane (CH4)
and nitrous oxide (N2O) that together account for ~53% of emissions,
mainly from pastoral agriculture.
• While most CH4 emissions are sourced directly from ruminant livestock,
N2O is emitted from soils following deposition of animal excreta-N during
year-round grazing of pasture.
• Our goal was to develop an eddy covariance (EC) system that could be used
to measure soil-derived N2O emissions and their environmental and
management drivers at paddock to farm scales.

• During the dry-hot summer, we consistently
measured large pulses of N2O emissions initiated
by the first rainfall after a grazing event. This
pattern was not observed during the wet-cold
winter (Fig. 5).
• Clear diurnal variation of N2O of pluses suggested
that temperature partially regulated N2O fluxes at
daily level (Fig. 6).
• The N2O fluxes were maximal at 70% water-filled
pore space (Fig. 7).

SITE AND EC SYSTEM DESIGN
• This EC system was established at a commercial dairy farm in the Waikato
Region, New Zealand grazed year-round by Jersey cows (3.2 cows ha–1).
• Sensors: Aerodyne quantum cascade laser (QCL) configured for 10 Hz N2O,
CH4 and H2O measurements; CSAT3B sonic anemometer (2 m height).

CONCEPTUAL INTEPRETATION

• Enclosure: 1 m2 physical footprint (Fig. 1) with internal temperature control
(set-point  0.2C; Fig. 2) utilising subsoil thermal gradient.
• Sample airstream: 6 m-long heated PFA sample tube (4 mm ID) via a heat
exchanger, using an Edwards XDS35i dry scroll pump (15 litres/min).

Summer

• Data collection: QCL logs interpolated true 10 Hz gas concentration data to
portable hard disk; CR6 datalogger stores CSAT3B data. Both clocks
synchronized to an NTP server every hour to minimise drift.
• Flux data processing: EddyPro (v6.2.0, LI-COR); covariance maximisation to
align 10 Hz datasets; in situ/analytic spectral correction.
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Figure 5 Panel (a) Rainfall (black bars), water-filled pore space (WFPS, blue dashed line) and soil temperature
(redline). Panel (b) methane fluxes primarily associated with cows grazing in footprint. Panel (c) N2O fluxes where
peaks correspond to first rainfall (vertical green lines) following a grazing event.
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Figure 1 EC systems in operation at dairy farm site

Figure 2 QCL enclosure temperature control

Cross Validation of Measured Fluxes
• Two co-located EC systems determined CO2, H2O (1.5 m height; 20 Hz;
CSAT3; LI-7200; CR3000) and CH4 (LI7700; 2.0 m height; 10 Hz; CSAT3B; CR6)
fluxes, processed via EddyPro.
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Figure 6 The relationship between N2O fluxes and soil
temperature with arrows showing the diurnal pattern
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Figure 7 The relationship between N2O fluxes
and water filled pore space (WFPS)

• Urine patches were the main N source for N2O
emissions from grazed dairy pastures.
• In summer, nitrate accumulated in soil as
nitrification was rapid under dry and aerobic
conditions while denitrification was low, resulting in
low N2O fluxes.
• However, small rain events during summer triggered
large pulses of N2O fluxes by creating anaerobic
pockets that favoured denitrification that led to
rapid removal of nitrate. The shape and size of these
pulses was dependent on time of day/temperature.
• In winter, the wet soil and lack of oxygen inhibited
nitrification resulting in low nitrate concentrations
and low N2O fluxes.
• We developed a reliable and low-maintenance EC
system suited to detecting the full range of N2O
fluxes from a dairy herd grazing system.
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Figure 3 H2O fluxes measured with the two EC systems, Figure 4 CH4 fluxes measured with the two EC systems,
for an example 5-day period.
for an example 2.5 months period.
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