


was measured using the cadmium 
reduction method. Dissolved nitrous oxide 
concentration was determined using the 
headspace equilibrium technique (Weiss 
and Price, 1980).

Estimations of N2O flux

Nitrous oxide flux was estimated from 
dissolved nitrous oxide concentrations 
using the following equation:

Where N2O(water) is the measured 
concentration of N2O in the water, N2O(eq) is 
the concentration the water would have if 
it were in equilibrium with the atmosphere 
and k  is the gas transfer coefficient (m.s-1) 
(Clough et al., 2007; Cole & Caraco, 2001).

The gas transfer coefficient, ktotal, was 
calculated as the sum of the transfer 
velocities attribute to wind (kwind) and 
water (kwater) speed; and were calculated 
using the following equations (Clough et 
al., 2007; Wanninkhof, 1992).

where u10 = the windspeed at 10m above 
the height of the water body, Sc is the 
Schmidt number for N2O, D is the diffusion 
coefficient of N2O in water, U is the velocity 
of water (m.s-1) and h is the average depth 
of the water body (m). Where water speed 
was unavailable, kwind was used instead of 
ktotal.

The wind speed at 10m height was 
calculated using the logarithmic wind 
profile law:

where Z0 is the ‘effective roughness height’, 
here assumed to be 0.001m, and U1 and U2 
are the respective wind speeds at heights 
Z1 and Z2, respectively (Kubik et al., 2011). 
Sc and D were calculated in R, using the 
package ‘marelac’ (Soeraert et al., 2010; R 
Core Team, 2014).

NITROGEN LOSSES FROM SOIL 
AND IRRIGATION WATER

Measurements of deep 
drainage loss of nitrogen

Water samples were analysed for 
dissolved N from the drainage lysimeter 
at the ACRI and used to estimate nitrogen 
loss from the upper profile.

Results and Discussion

Nitrous oxide emissions 
from the land surface

Overall for the 0, 120 and 200 kg N /ha 
fertiliser applications, 40-50% of the N2O 
was emitted from the cotton phase, 5-10% 
from the faba bean phase and 30% from 
the fallow. For the over-fertilised 320 kg N/
ha treatment, 80% of the N2O was emitted 
from the cotton phase, 6% from the faba 
bean phase and 14% from the fallow. The 
N2O-N emission factor corrected for the 
background for the 320 kg N/ha treatment 
was 3.2% compared with <0.9 % for the 
other measured rates It is evident that 
during the measurement period that to 
minimise N2O production and maintain 
yield the fertiliser rate should not have 
exceeded 200 kg N/ha.

Dissolved nitrate, organic nitrogen and 
nitrous oxide in the irrigation network

The water chemistry of the irrigation 
waters shows that the DON+TAN fraction 
is as large as the NOx fraction (Table 1) 
and should be considered for nitrogen 
budgeting. Further, it was observed that 
there was significant variation in the water 

nitrogen concentration during irrigation 
and between irrigations. The soil physical 
and moisture characteristics also vary 
within each row and hill and as a result 
the irrigation water and dissolved nitrogen 
compounds will transit through the soil at 
different rates.

The NOx and DON+TAN concentration 
in the water increases during its transit 
down the field. The NOx and DON+TAN 
appear to be sourced from the adjacent 
hill and are collected as the irrigation 
water seeps through into the next furrow. 
It was observed during one irrigation 
that the irrigation furrow was less saline 
than the non-irrigated furrow. This 
indicates that irrigation water is removing 
salts from the furrow and adjacent hills 
and transporting them into the tail 
drain and return channel. As expected, 
concentrations of N2O within the irrigation 
network were small in comparison to 
other forms of N, with concentrations 
ranging from 162ng/L to 6530ng/L (e.g. 
Cole & Caraco, 2001; Harrison & Matson, 
2003). Throughout the sampling period, 
flux of N2O from the irrigation network 
ranged from 9.76 to 7795.90 g N2O-N ha-1 
d-1, averaging 222.54 g N2O-N ha-1.d-1.

Deep drainage loss of nitrogen

During the 2008-2009 cotton season we 
measured nitrogen leaching from the 
surface down to 2 meters depth. About 
10 kg of N/ha was lost by deep drainage 
during that cotton season which equated 
to 6% of the applied fertiliser (160 kg N/ha).

TABLE 1. The flux of nitrate and DON+TAN from each field and its potential 
contribution to N2O emissions (per irrigation per ha).

             Nitrate Pool            DON+TAN Pool

Irrigation Network 
Component

kg N g N2O-N# kg N g N2O-N!

Tail Drain D4 1.1 (0.9)* 102 (87)* 2.7 (5.8) 80 (23)

Return 0.4 (0.0)* 34 (0)* 2.8 (56.1) 85  (224)

Tail Drain F3 2.4* 215(NA)* 7.9 711 (NA)

Tail Drain F7 2.3* 206 (NA)* 1.8 157( NA)

Storage 108 (0.7)^ 5771 (4649)^ 73 1290 (NA)

#Conversion from NO3 to N2O based on Seitzinger and Kroeze 1998 method ;! 
Conversion from DON based on Kyoto Protocol estimates for waste water; 
*Assuming 1 ML/ha irrigation at 75% efficiency; ^Assuming 33 ML  irrigation water in storage






