Potential for summer active grasses to minimise gaseous soil N losses
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Abstract

A replicated field experiment commenced in October 2013 at Meenaar. Western Australia, on a sandy
duplex soil to compare the effects of summer chemical fallow with millet crops on soil nitrous oxide (N,0)
emissions. A closed chamber technique was used where the soil within and outside the chamber was wet
uniformly with the equivalent of 40mm of rainfall over a (0.7m? area to initiate the anaerobic conditions
that result in N, O production. The net N,O flux over the period of one hour was 4.4g N,O-N ha"' b in the
chemical fallow treatment, which was 40-42% higher than the rate observed in the mﬂlct treatments. The
results indicate the potential for summer cover crops 1o reduce N.O emissions in the short term. Further
research is required to compare the total loss of N,O in cropping rotations that replace summer fallow with
Crops.
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Introduction

Summer active grasses like Panicum miliacenm (cv. white French millet) dry out the soil over summer and
may help to alleviate water logging. and deep drainage of soil water and nitrogen (Robertson et al.. 2005).
The growth of summer grasses might also minimize soil N losses that occur after summer rainfall as a
consequence of nitrous oxide emissions. It has been proposed that drought tolerant grass cover crops will
scavenge for available water and nitrogen in the soil over summer, thereby limiting the available energy
source for bacteria that produce nitrous oxide gas (Dalal et al., 2003). This paper presents results for nitrous
oxide emissions measured after treatments of 1) summer fallow with chemical weed control. 2) millet crops
grown for 16 weeks and 3) millet crops grown for 21 weeks. The experiment is part of a four-year study, near
Meckering in the central cropping region of south Western Australia, that is assessing the potential benefits of
summer crops included in continuous wheat rotations.

Materials and methods

Site, soil and treatments

A four-year cropping experiment commenced in 2013 at Meenaar (116°86°E. 31°62°S) in the central
cropping zone of south-cast Western Australia, The soil surface was sandy with 39g/kg clay. 12.7g/kg total
carbon, 92/kg organic carbon, 1g/kg total nitrogen, 13mg/kg phosphorus (Colwell) in the top 10cm of soil.
Most of the available mineral nitrogen (NH_", NO,’) for plants was located in that layer. The clay content of
the subsoil was generally higher than the sandy top, with between 59 g/kg clay and 159 g/kg clay from 10-
30em, The treatments commenced with the sowing of the summer crops on 25 October 2013, after a wheat
crop was cut for hay and the site was sprayed with glyphosate (21'ha Roundup Ultramax®) to kill weeds. The
treatments were.

1. chemical fallow (CF) with weeds controlled with herbicides as required:

2. millet cover crop (MCC) killed early with herbicides after 16 weeks growth (5 weeks prior to soil NO
sampling):

3. millet crop (MC) killed late by cutting and removing plants after 21 weeks growth (at the time when soil
N,O was sampled).

Each treatment was replicated four times in the experiment. Millet was sown with no-tillage knife-points
on (.22m row spacing with a seeding rate of 8kg/ha. Superphosphate fertiliser was also applied at a rate
of 100kg/ha at seeding. The soil surface was wet at sowing (7.31% v/v, 0-12cm) following above average
spring rainfall.
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Field and laboratory activities

A closed chamber technique was used to compare the net flux of nitrous oxide (N,0) in fallow and millet
crop treatments on 26 March 2014. Two replicate gas sampling chambers were installed onto the soil
surface, to a depth of Sem, in each treatment plot the day prior the commencement of sampling. The mean
height of each chamber above the soil surface was measured so that the volume of the chambers could be
caleulated. Any plants (i.e. millet or weeds) that were growing within the chamber area were removed by
cutting them at their base, near to the soil surface, prior to the sampling. Nitrous oxide gas was sampled from
the treatment plots in replicates 1 and 2 in the morning after 10a.m. and 3 and 4 were done before 3p.m.

in the afternoon. The soil within and around each chamber was wet with 20 L of water uniformly applied
over 0.7m* (equivalent to ~28mm rainfall). Sampling commenced immediately after the chamber lids were
fitted (time zero) and then at 20 minute intervals until the lids were removed after the final sample (time 60
minutes) i.e. the chamber deployment period was 1 hour. The temperature inside each chamber was recorded
over the sampling period using an iButton®logger suspended from the chamber lid, The extracted gases
(25ml) were immediately transferred from a syringe into gas-evacuated 10ml glass vials (Agilent, USA), that
had been sealed with aluminium crimp caps and butyl septa. Nitrous oxide concentration was estimated on a
gas chromatograph (GC) system (7890-0505, Agilent Technologies, USA) with an electron-capture detector
(HECD). Four soil cores (0-10cm) were collected with a hand auger from the wet area around each chamber
and bulked together. The soil was dried in an oven at 45°C for 48 hours and the amount of ammonium (NH,")
and nitrate nitrogen (NO,’) in each soil sample was tested at a commercial laboratory,

Estimation of net N,O flux

Nitrous oxide flux was estimated as the change in concentration inside the chamber headspace over the
chamber deployment time (i.e. 1 hour) using linear (LR) (Matthias et al., 1980) and quadratic (Q) models
(Wagner et al., 1997). The models chosen were those that best suited the nature of the data points of a
particular series (a “best-fit” approach) since linear models tend to underestimate the real fluxes. but
quadratic models are less sensitive. Underestimation of the real fluxes can also occur when there are
differences in soil properties in the treatments. Differences in soil air-filled porosity can effect gas exchange
at the soil-atmosphere interface after chamber deployment (Liebig et al.. 2012: Venterea, 2010: Venterea et
al., 2009). The theoretical flux underestimation (TFU) was calculated in each treatment using the methods
described by Venterea et al. (2010) to ensure that mean treatment fluxes were not artifacts of the imposed
treatments.

Statistics

Differences in net N O flux in the treatments were calculated with a generalised linear mixed model
(Genstatl 1" edition). The fixed parameter ‘replicate” was included in the model to account for random
effects. The log-normal distribution was used since the sample data was positively skewed (Venterea et al..
2009). Means were considered significantly different at p<0.05.

Results

Treatment fluxes

Millet crop biomass was low (<500kg/ha) as a result of there being no in-crop rainfall in one of the

driest summers for south-eastern WA on record. Nitrate nitrogen in the chemical fallow (NH,", 0-10cm)

was 13.2kg/ha which was higher than 9.4kg/ha and 6.6kgha after the millet cover crop and millet crop
respectively (Ls.d. = 3.2, p=0.008). There was no difference in ammonium nitrogen (NO,". 0-10cm) in the
treatments. The net flux of nitrous oxide (Figure 1) in the chemical fallow was 4.4¢ N O-N ha/h compared to
~2.6¢ N,O-N ha'h in both of the millet treatments (p=0.038). There was no effect of killing the millet after
16 or 21 weeks.
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Figure 1. Comparison of the net nitrous oxide flux observed in late March in a chemical fallow (CF) a millet
cover crop (MCC) killed early 5 weeks prior to sampling and a millet crop killed late on the day of sampling.

Discussion

The mechanisni(s) driving N2O entissions

In a very dry summer, the crops used soil water and acquired available nitrogen for growth. It follows that
there was less nitrogen in the soil surface compared to the chemical fallow where weeds were killed as early
as possible with herbicides to conserve water and nitrogen. There was 40-42% higher nitrous oxide flux
observed in the summer chemical fallow treatments than the millet plots. In this dry year, with low millet
biomass production, the duration of millet crop growth had no effect on nitrous oxide flux. Lower flux rates
with summer crops might be explained by less soil N assimilated by denitrifying bacteria in anaerobic soil
conditions. However, other drivers of soil N,O emissions like the availability of carbon in the soil also
need to be considered. Sowing summer crops does incorporate some crop residues into the soil, potentially
increasing residue decomposition rates compared to fallow. The presence of summer crop roots may also
influence the abundance and activity of soil micro and macro flora.

A fit for cropping svstems?

To confirm a net benefit from cropping systems that include summer crops, N losses (including other N loss
pathways) would need to be quantified over longer periods of time e.g. subsequent N losses through leaching
and into the atmosphere through the decomposition of the summer crop residues. Improvements in soil
fertility over the longer term. from the addition of summer crop residues each year. might result in higher
N,O emissions after summer rainfall. The justifications for farmers to undertake changes in management
should be aligned with their farm production e.g. N.O emissions in relation to crop productivity (Van
Groenigen et al., 2010). For example. summer crops could help to minimise emissions after rainfall and also
serve as beneficial break/cover crops that improve the vields of winter crops in continuous cereal rotations
(Krupinsky et al., 2002: Krupinsky et al., 2007).

A fit for the agrienltural landscape?

The total emissions of nitrous oxide that have been measured from cropped soil in WA are low comparative
to other cropping regions with higher rainfall in southern and eastern Australia (Barton et al.. 2008; Barton
et al., 2013). However. there are regions like the southern cropping zone, closer to the coast, of WA that are
more likely to experience frequent and high summer rainfall.

Conclusions

Replacing fallowed land over summer with cover crops shows promise as a method to minimise soil N losses
through nitrous oxide emissions. The extent of the benefits will depend on the frequency and amount of
summer rainfall. Further work is required to quantify N losses over a longer period to confirm a benefit for
cropping systems and climate change mitigation.
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