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Dear Workshop Participant,

On behalf of the organising committee, it is my pleasure to welcome you to the 17% International Nitrogen
Workshop “iNNovations for sustainable use of nitrogen resources”, held in the unique Wexford Opera House,
Ireland from 26 to 29 June 2012. The workshop is jointly organised between Teagasc (the Irish Agriculture

Food and Development Authority) and AFBI (Agri-Food and Biosciences Institute, Northern Ireland).

The first Nitrogen Workshop was in 1982 at Rothamsted, U.K. as a forum for researchers to exchange ideas
and views on methodologies to investigate N transformations in agricultural systems. Over the past 30 years
the workshop has become an international event focusing on a wide range of nitrogen topics including
improving nitrogen use efficiency and responding to policies such as the Nitrates and Water Framework

Directives.

The 17" International Nitrogen Workshop will focus on iNNovations for sustainable use of nitrogen resources
and will cover new breakthroughs in science, knowledge transfer and management of nitrogen resources.
The workshop provides a platform to discuss the nitrogen challenges and solutions for sustainable food
production and is divided into four sessions:

« Advances in Understanding N-flows and Transformations

« A Holistic Approach to Understanding Impacts of Nitrogen on the Environment

« Global Perspectives on Nitrogen and Food Security

« Knowledge Transfer

Each of the N workshop sessions will address a central pertinent question:

« Where is the missing nitrogen?

» Which mitigation measures are synergistic/environmentally optimal?

« Will the cost of nitrogen threaten food security in the post-oil era?

« How can we bridge the gap between ever-more-detailed and narrow research and the knowledge

requirements of our stakeholders?

A total of 31 oral papers and 196 poster papers are being presented at the workshop from 804 authors in 31
countries across 4 continents. The organising committee thank all authors for their written contributions to
the proceedings and we look forward to your intellectual contribution through out the workshop. The financial
support from all our sponsor organisations is gratefully acknowledged. We hope that you really enjoy both
the Workshop and Wexford.

Kax Lo s

(Chairman of the Organising Committee)
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Advances in understanding nitrogen flows and transformations where is the missing
nitrogen?

Miiller, C.2° and Clough, T.J.°

®Department of Plant Ecology, Justus-Liebig-University Giessen, Germany

®School of Biology and Environmental Science, University College Dublin, Ireland
°Faculty of Agriculture and Life Sciences, Lincoln University, New Zealand

Nitrogen transfor mations and balances: gaps and resear ch pathways

1. Introduction

Anthropogenically generated reactive nitrogen (N) cascades throughout the global environment
(Galoway and Cowling, 2002). This reactive N may be lost from ecosystems via leaching, as
nitrate (NOg), or in gaseous forms such as ammonia and nitrous oxide (N2O). These N losses are of
significant importance both economically and environmentally. Despite more than 150 years of N
cycling research by well known scientists such as Liebig (van der Ploeg et al., 1999), Bausingault
(Aulie, 1970), Winogradsky (Ackert, 2006) and others there are still significant questions to be
addressed with respect to N transformations and losses from terrestrial ecosystems.

Plant effects

Plant-soil interactions are an area of research attracting increasing interest with respect to N cycling.
They are predominantly governed by interactions between the carbon (C) and N cycles. The
microbial loop in soil is driven by recent plant C inputs (e.g. rhizodeposition) which influences the
microbial activity in soils and ecosystem N availability is controlled by the initial chemical
composition and litter N concentrations (Manzoni et a., 2008; Parton et al., 2007). In the
rhizosphere, potential N transformations such as denitrification decrease rapidly in the first few
millimetres of roots (Beauchamp et a., 1989). Thus soil aggregate-microsite reactions and the
influence of roots are likely to cause small-scale variations of substrate availability and
environmental regulators and prompt for a diverse reaction of the microbial community (Barnard et
al., 2005).

Nitrogen cycling is closely associated with plant productivity and factors affecting it. For example,
conditions that favour plant C assimilation may aso enhance rhizodeposition and subsequently alter
microbial community composition and function with subsequent effects on N cycling. Conversely, a
higher demand for N by plants, that may occur as a result of environmental change, e.g. favourable
growth temperatures, increases competition for N between plants and microbes, potentialy
affecting microbial community structures and subsequent N transformations in the soil (Zak et a.,
2003). However, only few studies have examined the links between the N cycle, plant activity and
associated changes in microbial form and function that affect N transformations and fluxes. In N-
limited systems, the gross N transformation rates and not the sizes of the soil N pools govern the
availability of N for plants and microbes (Rastetter et al., 1997).

Plants utilise mineral N (e.g. NH;" or NO3) and low molecular organic N compounds. The latter
enter the soil via rhizodeposition (amino acids etc.) or are made available following microbial
mineralization of organic material. Organic N (dissolved organic nitrogen, DON) uptake is reported
to be more significant under conditions of N limitation and low pH (Jones et al., 2004). Despite the
significance of DON as a loss pathway in agricultural ecosystems (Van Kessel et al., 2009) current
knowledge of the organic N forms utilized by plants, with respect to DON dynamics over time and
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gpace in the soil, and their rates of production and utilization is still limited. Similarly, the role
DON plays in gaseous N loss pathways is aso under researched. A recent review indicates that
nitrosation reactions may be an important loss pathway for gaseous N (Spott et a., 2011).

Rhizodeposition stimulates microbia biomass growth and N turnover (Knops et al., 2002), which
further stimulates the growth of predating organisms such as protozoa and nematodes (Osler and
Sommerkorn, 2007; Sanderman and Amundson, 2003). Thus soil organic matter (SOM) is
mineralized and decomposition of SOM may even be accelerated (priming). So far a quantitative
evauation of the various and simultaneously occurring N transformations, that lead to
mineralization and immobilization of N in the rhizosphere is lacking. Can plants actively control
exudation to create conditions in the rhizosphere to maximize the availability of N? Do plants
actively produce compounds that deter non-beneficial organisms/pathogens directly or indirectly via
relationships along trophic levels that in turn affect N cycling? Rhizodeposition of C compounds
can directly influence N cycling , for instance enhancing N>O emissions in the presence of an N
substrate (Uchidaet al., 2011). But relatively little is known about the forms and rates of C released.

N loss from ecosystems — the importance of denitrification

A major loss pathway for N to be released into the environment is via leaching as NO3. To be
rendered environmentally benign this NOs” must be reduced to a non-reactive form, dinitrogen (N>).
Three major biologica pathways of NOs™ reduction are known: i) assimilatory NOs reduction into
biomass, ii) dissimilatory NOs reduction to NH," (DNRA) and iii) dissimilatory NOs™ reduction to
N, (denitrification) (Burger and Jackson, 2004; Robertson and Kuenen, 1990). DNRA may
outcompete denitrification under conditions when electron acceptors are limited and provides an
energetically favourable alternative to denitrification (Ritting et a., 2011; Tiedje, 1988). However,
further research is till required to understand the importance of DNRA in terrestrial systems and to
perfect methods for studying the process (Rutting et al., 2011).

Denitrification is a key transformation process in soils with adverse and beneficia roles, since it
impairs N use efficiency of agricultura crops, is both a source and sink for N,O, and lowers the
potential for NO3™ leaching to aquatic systems (Davidson and Seitzinger, 2006). Denitrification is a
heterotrophic process performed by facultative anaerobic organisms that utilize various C substrates
as electron donors (Beauchamp et al., 1989). In aguatic systems, autotrophic denitrification may
also occur in the presence of inorganic electron donors like sulphides or ferrousiron (Clément et a.,
2005; Knowles, 1982).

The reductases involved in denitrification are well recognized. The membrane bound nitrate
reductase (Nar) is the first in the denitrification sequence and occurs in very diverse microbial
communities including a, b, g, and e proteobacteria, gram positive bacteria and archaea (Philippot,
2005) while the periplasmic NO3 reductase (Nap) occurs only in gram-negative bacteria (Philippot,
2005). The key enzyme and key precursor for gaseous N emissions in the denitrification sequenceis
nitrite reductase which is encoded by either nirS, a cytochrome cdl containing gene, or nirK, a
copper containing gene. The two nitrite reductases provide a functional marker for the diversity of
denitrifying bacteria (Braker et al., 2000). The genes norB and nosZ encode the NO and N,O
reductase respectively (Groffman et al., 2006) and it is the dynamics of these two reductases in
relationship to substrate and environmental regulators and in particular the balance between nar/nir
and nos which controls the net production and release of N,O. Philippot et a. (Philippot et al.,
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2011) showed that denitrifiers with and without nosZ encoding can co-exist and that higher NoO/N,
ratios can be related to the proportions of bacteria with and without nosZ encoding. Differential
encoding may also be related to soil pH which may differ in distinct niches (Philippot et al., 2009).
This highlights the fact that the observed overall denitrification dynamic is governed by the sum of
the individual dynamics of co-existing microbes, possibly living in different niches (Philippot et al.,
2011) and/or soil aggregates (Miller et al., 2009). Soil aggregate size aso influences the rate of
denitrification despite denitrification activity and denitrifier abundance not being associated at the
aggregate level (Miller et al., 2009). Moreover, aggregation affects diffusive exchange of N,O and
O, between denitrifying microsite and inter-aggregate pores, which affects both, total denitrification
(Sexstone et al., 1985) and the product ratio of denitrificication (Arah and Smith, 1989).

While available organic C and oxygen have a maor impact on total denitrification, soil pH
influences mainly the ratio of N,O/N, (Simek and Cooper, 2002). Maximum denitrification occurs
usually at highest pH values and a linear relationship is often observed between dentrification and
pH (Focht, 1974). There is a tendency that the N,O/N ratio increases with decreasing pH (Burford
and Bremner, 1975; Liu et al., 2010; Simek and Cooper, 2002) and a more complete reduction
towards N, is found at higher pH values (Nommik, 1956). The effect of pH may be due to an
impact on substrate availability which influences membrane permeability or speciation of chemical
species (Dassonville and Renault, 2002). N,O reductase is more sensitive to pH than other
reductases in the denitrification sequence and therefore low pH may increase the lag phase of de
novo synthesis of this enzyme (Liu et al., 2010; Simek and Cooper, 2002). Apparently the
detrimental effect of low pH on N»O reductase occurs at the post-transcriptional level by interfering
with trandation, protein assembly or an effect on the activity of functional enzymes (Liu et al.,
2010). Microsite variations in soil pH may support a diverse microbial community which exhibits a
different sensitivity to pH (Cavigelli and Robertson, 2000; Simek and Cooper, 2002). Also
chemodenitrification may play a role for N,O and N, production in acidic microsites (Chalk and
Smith, 1983; Stevens et al., 1998). At pH below 3 chemica decomposition of NO,™ is most likely
the dominant process for N, production and may account for up 50% of N losses in tropical soils
(Laudelout et al., 1977). Denitrifiers adapt to low pH over long periods of time, thus experimental
setups including ad hoc pH manipulations are not conducive to evaluate natural soil conditions
(Simek and Cooper, 2002).

Microbial community dynamics

Microbial community dynamics are influenced by the interacting effect of environmental conditions
together with the substrate relationships (carbon substrates) and the availability of electron
acceptors (N-oxides). The most important environmental regulators for denitrification are: oxygen >
pH > temperature (1974). Mineraisation activity provides substrates and is closely related to
moisture/oxygen-temperature conditions (Focht and Verstraete, 1977; Morley and Baggs, 2010;
Myrold and Tiedje, 1985b). For instance a high rate of soil organic C content mineralisation favours
O, consumption. In fertilized soils, C rather than NO3™ availability limits total denitrification, but
NOs3 has a pronounced effect on the ratio of N,O/N, (Beauchamp et al., 1989; Dendooven and
Anderson, 1994; McCarty and Bremner, 1993; Myrold and Tiedje, 1985a, b; NOmmik, 1956). Many
studies have focused on either proximal or distal factors, as described by Groffman (Groffman et
al., 1988), but only a few studies so far have tried to link these factors. The C substrate determines
the efficiency with which N oxides (NOs, NOy") are reduced (Beauchamp et al., 1989). Denitrifiers
are able to compete successfully for C with other heterotorophs (Myrold and Tiedje, 1985b). Thus
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specific microbe-substrate relationships exist that may explain the link between decomposition
products and microbial populations (1989). However, these relationships are still not well
understood. The availability and identity of the C substrates and in particular the ratio between C
substrate to e-acceptor aso governs whether denitrification or DNRA occurs in soils. While the
need for C is universally acknowledged there is still a need to identify assays that can predict forms
of C substrate utilised by various microbial groups (RUtting et al., 2011).

Successive steps in the reductive denitrification sequence exhibit differing sensitivities to oxygen
(Betlach and Tiedje, 1981). Higher N,O emissions and increasing N>O/N ratios are observed with
increasing aerobicity (Focht, 1974; Payne, 1973). Aerobic and anaerobic microsites, as indicated by
different redox potentials, co-exist in soil may support different microbial communities. To advance
the mechanistic understanding of microbial N cycling in terrestria ecosystems there is a need to
link microsite and not simply bulk soil conditions to microbial activities.

In natural environments diverse microbial populations are observed (Tiedje, 1988). The greatest
gpatial aggregation is generally observed in the top soil (Nunan et al., 2002). Spatia distributions
may develop to the patchy distribution of organic material (Parkin, 1987) and in response to
environmental conditions (Tiedje, 1988) such as aerobic-anaerobic microsites. There is still a need
to better understand the microenvironment in where N transformations occur (McLaren, 1970).
Microbial processes are affected by substrate availability, thermodynamic regulation and inhibition,
pH, and redox potential (Brock, 1967; Dassonville and Renault, 2002; Firestone and Davidson,
1989). Interactions between these factors are only poorly understood. Cavigelli and Robertson
(Cavigelli and Robertson, 2000) investigated for instance the effect of pH and oxygen on the
N>O/N; ratio in both an arable and a non-disturbed successional field and found that the observed
differences were most likely governed by the prevailing microbial community.

New conceptual framework for N dynamicsin soil

There is a need for new theoretical and conceptua frameworks to understand how microorganisms
influence ecosystem processes (2011). Two aspects need to be taken into account to understand the
relationships between environmental regulators and microbia activity. First, there needs to be an
acknowledgement that different microsites exist in the soil, which to date have been considered as
homogenous spaces with respect to environmental regulators. Secondly, there is a requirement to
identify the units that represent physiologically similar microbia entities that live in mutualistic or
antagonistic relationships within these microsite.

For instance while anaerobic conditions are required for denitrification to procede, aerobic
denitrification (NOs reduction under microaerophyillic conditions) has been observed (Bréadl,
1892). The co-respiration probably occurs under conditions when respiratory pathways are rate
limited by oxygen and additional NOs reduction would allow faster growth rates (Robertson and
Kuenen, 1984, 1990). Furthermore, aerobic denitrification appears to be linked to heterotrophic
nitrification, and is possibly a detoxifying mechanism to reduce high NO, concentrations
(Robertson and Kuenen, 1990) converted to gaseous N forms such as nitrous oxide (N2O).

Nitrous oxide is predominantly produced in soils and emitted to our atmosphere. Thus, to
understand N,O production from terrestrial ecosystems it is essentia to understand the potential
production processes. Apart from nitrifiers und denitrifiers, N>O is also produced by nitrifiers
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which are paradoxically denitrifying via a process called nitrifier-denitrification (Wrage et al.,
2001). Nitrifier denitrification appeared to be much less important than classical nitrate-driven
denitrification. But Wrage et a. (Kool et al., 2011) showed that this pathway can be a major source
for N2O if conditions for denitrification are not optimal. Thus this pathway should not be ignored as
asource of N,O from soil (Kool et al., 2011; Wrage et al., 2001).

Furthermore chemical transformations may also affect the N cycle transformations and losses.
Chemodenitrification may occur in soils, including the van Slyke reaction where organic N together
with NO; reacts to N, (Tiedje, 1988). However, our understanding of the potentia contribution of
chemodenitrification to gaseous N losses as nitric oxide (NO) and N»O is far from complete as
demonstrated by recent studies and further studies on chemodenitrification are warranted, especially
under high N input agricultural systems (Spott et al., 2011). Besides bacteria, fungi are capable N
transformations such as NO3™ assimilation and denitrification when NH," is depleted (Laughlin and
Stevens, 2002; Zumft, 1997). However, there is a dearth of information on fungal denitrification
(Morozkina and Kurakov, 2007).

2. Modelling concepts

Various kinetics expressions have been used to model the dynamics of the various N oxides in the
denitrification sequence (Kohl et al., 1976) including zero-order (Focht, 1974) first-order (Bowman
and Focht, 1974) or Michaglis-Menten kinetics (1981). Betlach and Tiedje (Betlach and Tiedje,
1981) concluded that kinetic models can be a useful guide to evaluate the physiology of
denitrification. Most denitrification models now consider a Michaglis-Menten type formulation for
each enzymatic step and typically may consider dual substrate reactions (Betlach and Tiedje, 1981,
Bowman and Focht, 1974; Focht, 1974). Simple kinetic expressions are restricted to situations
where no competition between individual N oxides takes place. Therefore, models based on
competitive kinetics have been proposed that allow a branching of the electron flow from a electron
donor towards various N oxides (Almeida et a., 1997; Cho and Mills, 1979; Thomsen et a., 1994).
In these models each reduction step is governed by the overall availability of electron donors or
denitrification intensity and the availability of N oxides for each reduction step (Dendooven et .,
1994). Furthermore, competition between organisms for NOsz (e.g. denitrifier, dissimilatory
reduction of NOs™ to NH,4" ) is predominantly governed by the carbon availability. Thus key for the
successful evaluation/prediction of heterotrophic activity in aggregated soil, is a detailed knowledge
of the kinetic parameter profiles of the individual microbial groups (Tiedje et a., 1982).

Diffusion and conditions in aggregated soil

Kinetic parameters in denitrification models that are applied to field situations are most likely not
representative of the true kinetic reaction at the reaction sites because heterogenic distribution and
diffusion of N oxides and electron donors has to be taken into account (Betlach and Tiedje, 1981,
Focht, 1974). In aggregated soils it is important to consider diffusion to the centre of aggregates
where denitrification predominantly occurs (a kind of “hot spot” for denitrification) (Arah, 1990b).
Therefore mechanistic models for denitrification need to include microsite specific conditions and
microbial interactions (Arah, 1990b; Myrold and Tiedje, 19854d). In particular the distribution of
denitrifiers and their activity should be included across the range of soil aggregates (Miller et al.,
2009). In diffusion-reaction models which take into account the aeration status, the diffusion of
oxygen (Greenwood and Goodman, 1964; McElwain, 1978) and of the various N species are
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required to predict denitrification in aggregated structures (Arah, 1990a; Burford and Stefanson,
1973). These models usualy include diffusion-reaction notations with microbial N uptake based on
Michaelis-Menten kinetics (Greenwood and Goodman, 1964).

General model devel opment

Models for microbia N dynamics should be embedded in larger models that predict microbial
process and their link to nutrient cycling and take into account the high spatial and temporal nature
of the processes (Groffman, 1991). Not only a single relationship but the complexity of microbial
reactions that reflect the high spatial and temporal variability needs to be considered to adequately
connect ecological theory with molecular-microbial composition and function (Groffman, 1991).
Thus spatial and temporal explicit relationships between the e.g. denitrifier community and
environmental regulators should be taken into account. Furthermore, a bottom-up approach should
be considered where spatial and temporal variability of microbial dynamics at the microsite level
will be used for instance to predict denitrification at the field and regional scale. Furthermore, as
mentioned above, e.g. denitrification models should be embedded in models that simulate the C-N
interactionsin soil (e.g. DNDC,Li et al., 1992; NCSOIL, Molinaet a., 1983; CENTURY, Parton et
al., 1987). Currently no model exists that takes into account all these aspects, in particular the high
gpatial and temporal nature of microbial processes.
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Can molecular microbial ecology provide new under standing of soil nitrogen dynamics?
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1. Introduction

The past several decades has seen rapid and profound advances in methodology capable of
identifying and characterizing at a molecular level the complex communities that mediate
nitrogen transformations in soil as well as their genetic capacities to carry out N processes.
Molecular approaches to identifying and quantifying the genes that code for enzymes mediating
the N cycle have given us a capacity to assess the relationships among genes, environmental
controllers, and rates of processes (e.g. Petersen et a., 2012)

Molecular Tools for the Nitrogen Cycle
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Figure 1. Nitrogen cycle diagram including gene notations for somerelevant N transformations

It seems that every two to three years there is renewed promise that “soon” there will be a
revolution in our understanding of the microbia bases of nitrogen cycling that will transform the
substantial knowledge that has accrued over the past century. Can current and emerging
molecular methods further expand our understanding of microbial mediation of soil nitrogen
cycling? If so, what information can be provided that is relevant to understanding and predicting
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the rates of N-transformations in the field? What molecular information, at what detail and
comprehensiveness is necessary or even useful ?

2. Linking soil N transfor mations and microbial ecology

This presentation explores a broad but important question: How changing environmental
conditions will alter the characteristics and rates of soil nitrogen transformations. Can molecular
characterization of soil microbial communities provide information and understanding useful to
this exploration?

Environmental Changes > Rates of N-processes

N e

Microbia Communities

Figure 2. Changes in environmental conditions control process rates directly and through
affecting microbial mediation.

Two sets of examples are used to explore if and how information about genes that code for
critical N-cycle processes provide information of use. Are there molecular microbial indices that
are integrators of past conditions, indices that reflect present potentials, or possibly anticipate
future response to changing environments?

The first example will assess the relative values of environmental characteristics and gene
abundances for predicting the potential rates of denitrification and nitrification under relatively
constant conditions in high latitude ecosystems. Using path analysis to assess the relative
predictive value of soil characteristics such as water content, pH, substrate concentration and the
values of four potentially relevant genes (coding for nitrite reduction, nitrous oxide reduction,
and ammonium oxidation), we find that quantification of gene copies provides the strongest
prediction of potentia process rates (nitrification and denitrification).

In the second example, molecular anayses provide information about the origin of and
mechanisms controlling bursts of N,O produced during wet up of dry soil. Wet up of dry soils
(annual grassland soils) resulting from a California dry Mediterranean-type summer, causes rapid
resuscitation of indigenous soil bacteria (Placella et a., 2012). The progression of the genetic
control of the enzymes of nitrification and denitrification (at the level of m-RNA) can explain the
basis of nitrous oxide production during these episodic events.

Environmenta control of each microbial N-process occurs at a number of steps comprising the
molecular foundation for the process. In a ssimplified model (Figure 3), occurrence of a process
can be controlled by the environment at the levels of: 1) transcription of genes; 2) trandation of
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messenger RNA; 3) activity of enzymes. The net effect of the sum of these controlsis the actual
rate of the process in the field. Considering the points of control, what are the relationships
among genes coding for a functional enzyme, transcripts carrying the information necessary for
construction of the enzyme (protein), the suite of proteins comprising the functional enzymes,
and finally the rate of the processin the field?

From genes to process rates

Environmental conditions Environmental conditions

/ MRNA \ \l

protein

DNA

s
c
—
c
-
I- 2
c
&
s
<

transciption translation current environment

i v s i '
i
\ 4

gene copy # transcripts potential rate process rate

Figure 3. Simplified model of environmental control of processes: from genesto field assays.

The two examples discussed suggest that molecular characterization of the mRNA transcripts
coding for nitrification and denitrification genes can provide information predictive of and
explaining the origin of pulsed events such as the production of atmosphericaly reactive trace
gases (nitrous oxide and carbon dioxide) during wet up of dry soil. Different molecular indices
(gene copy numbers) can provide predictive information about potential rates under relatively
consistent conditions and when differences are relatively large. While gene copy numbers may
predict potential rates, they will not provide information on actual process rates. Clearly the
best way to determine process rates is to measure them.

Gene copy numbers may however reflect history, possibly providing an index of past process
occurrence and hence integrating relevant characteristics of the past environment. Gene copy
numbers (DNA) should integrate history of activity and environmental control because this
characteristic: 1) results from recent usage; 2) reflects historical adaptation of populations within
complex microbial assemblages that include more than 10° taxa spread across broad
phylogenetic lineages; 3) incorporates sequestration of inactive cells and immobilized enzymes
by soil matrices. If so, how long a time period may be reflected by gene copy numbers? The
historical window of time likely reflects the turnover time of the cells or cell-free enzymes and

13



Nitrogen Workshop 2012

14

the rate of environmental change. While the number of gene copies for N-processing may
provide information about past conditions, there has been little work exploring the value of this
molecular index for this purpose.

Regulatory networks in bacteria control the response of the organisms to environmental change.
Such regulation is achieved by a network of interactions among diverse array of molecules
including DNA, RNA, and proteins. Bacterial regulatory networks result from extended
evolution and adaptation of bacterial populations comprising complex soil assemblages. The
environmental response characteristics coded in these regulatory networks can show anticipation
of future environmental changes that have been repeatedly experienced in the past. Thus
characteristics of regulatory networks may reflect historical conditions and also anticipate future
environmental change. In photosynthetic bacteria, regulatory networks have been used to
understand diurnal temporal patterns of photosynthesis. We present data suggesting that
aggregate regulatory networks in soil microbial communities anticipate annual patters of
precipitation in Mediterranean-type annual grasslands. Nitrifiers present in extremely dry soil
carry transcriptional capacity to activate rapidly — arguably in anticipation of rainfall events
(Placellaand Firestone, in review).

3. Conclusions
Molecular characterization of functional genes and the expression and translation of these genes
may provide useful understanding of:

1. How changing environment regulates rates of nitrogen transformations in soil

2. Thebasisfor potentia rates of processes under relatively constant environment.

Environmental Change Denitrification and
Nitrification

Microbial Community
Control and Expression of Functional Genes
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Tracing of N Transformationsin Soil and Gas Phases Using | sotopes and FTIR Spectr oscopy

Kira, O, D. Haroush, R. Tzulker, Y. Dubowski, R. Linker, and Avi Shaviv
Division of Environmental, Water and Agricultural Engineering, CEE, Technion-1IT, Haifa

1. Background & Objective

Knowledge regarding the pathways involved in N>O production is still limited despite efforts to
guantify mechanisms and sources of its formation (dentrification, nitrification, nitrifier-
denitrifictaion). Even calculations of gross rates of N-mineralization or nitrification are still limited
and depend on complex, time consuming and destructive methods. These are essential for
developing better management tools and mitigation measures. Techniques for quantitative
investigation of N transformations and N,O source partitioning in soils are based on isotopic
enrichment; can be improved by dual-isotope labelling (Baggs, 2008) or alternatively by tracing
changes of N,O isotopomers or isotopologues (e.g. Baggs, 2008; Sutka et a., 2006) in the gas
phase. These require the use of IRMS to get quantitative results. Yet, IRMS can not be used on line
and demands laborious pre-treatment of soil samples. FTIR spectroscopy with the ability to monitor
changes in N-gases (using LP, Long-Path gas cdlls; e.q. Eder et a, 2000) and in soil N-mineral
species (using ATR, Attenuated Total Reflectance, e.g. Linker et al., 2006) offers powerful tools
for in-situ investigations; particularly when combining smart labelling of *N/**N and/or **0/*°0
allowing direct measurements in the soil phase (Du et al., 2009) or changes in N,O isotopomer
concentrations in gas phase (Esler et al., 2000). A new approach used for tracing changes in
heterogeneous systems of air pollutants allows in situ investigation of changes in gas-liquid-soil
phases (Segal-Rosenheimer and Dubowski, 2007). First efforts for developing a novel method
based on FTIR spectroscopy for continuous monitoring of isotopic N-species directly in moist soil
and gas phase are presented emphasizing their potentia to serve as efficient tools to quantify N-
dynamics and N,O source partitioning in complex systems.

2. Materialsand Methods

Direct determination of N-isotopic species during soil incubation using FTIR-ATR:

Incubation experiments were performed by adding solutions of ®NH,Cl or *NH4Cl to vessels
containing Terra Rossa covered with a perforated lid, and incubated at 25°C for 8 days. Soil were
sampled as follows. 10g were mixed at a ratio of 1:1with KCI 1N solutions forming a paste that
was placed on a Zinc/Se ATR crystal to obtain MIR spectra to determine *NH., “*NH,, *NO; &
Y“NO; concentrations using a BRUKER Vector 22 FTIR spectrometer; Afterwards, the pastes were
centrifuged, filtered and the clear solutions were placed again on the ATR crystal and MIR spectra
taken again. Accordingly, 2 specia calibration solutions containing mixtures of all the tested N-
species were prepared with (i). soil pastes (1:1 KCI) as background or with (ii) the 1:1 KCL
solution after filtration. A PLS agorithm was successfully used for the data processing and
caibration of the™NH,Cl set. For the ®NH,Cl set a Neura Networks based algorithm was
required. Additional samples of ~2 g were extracted at 1:10 ratio of soil:KCI 1N solutions, and
used for determining total nitrate + nitrite and ammonium concentrations using an auto analyzer.
Tracing N,O emission from soilsusing LP-FTIR gas cdlls:

Saturated soil samples of a Grumosol were placed at the bottom of an LP-FTIR cell. The LP cell
was connected to a FTIR spectrometer, alowing continuous collection of MIR spectra during 22
hrs of soil incubations at different condition (aerobic and non-aerobic conditions, with and without
acetylene) and 2 soil thicknesses (~ 2 and ~10 mm). Concentrations were determined using the N,O
peaks at the range of 2200-2250 cm™.
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3. Resultsand Discussion

Figure 1 shows results obtained for the Terra Rosa soil enriched with *>NH, (left) or with **NH,
(right) indicating the contributions of NH, and **NHj,, to the formation of ®NO; and N0,
respectively, and the possibility of simple and non destructive use of FTIR to trace N-dynamics.
Gross mineralization rate estimated on the *°NH, dilution basis was ~ 1.24 mg N/g soil/d, while the
net rate estimates based on common measurements were negative.

—A— Nitrate 15 —A— Nitrate 14 —A— ammonium-auto analyzer —A— ammonium-FTIR
—&— ammonium 14 —E&— ammonium 15 —=— Nitrate-auto analyzer —&— Nitrate-FTIR
F8—88 300
250
200 4
150
100 =
50

N conc. (mgN/kgsoil)
N conc. (mgN/kgsoil)

time (day)

time (day)

Figure 1. Left: Changes with time of *N and **N mineral N-species concentrations obtained for incubation of Terra
Rossa amended with °NH, using FTIR spectroscopy; Right: Changes with time of N mineral N-species
concentrations obtained for Terra Rossaincubated with **NH, — FTIR results compared to auto-analyzer measurements.

N,O emissions, measured with the LP-FTIR system, with a Grumosol were significantly affected by aeration
and soil thickness. Under aerobic conditions no N,O was formed, in the 2 mm saturated layer despite the
saturation, presumably due to non restriced oxygen supply; yet under non-aerobic conditions ~ 60% of the
initial nitrate was transformed to N,O, assumingly via denitrification. In the 10 mm saturated layer, exposed
to aeration, ~ 30% of initial mineral-N was lost as N,O, possibly via nitrification and denitrification. In
experiments performed with added acetylene, the losses of N,O from non-aerobic saturated 2mm soil layers
were about ~40 to 50% larger than without acetylene addition. The results indicate the possibility of
effective and fast/on line tracing of concentration changes of isotopic species of mineral-N in soils with no
specific sample treatment/preparation. N,O emissions can be directly measured in incubated soils allowing
measurement of continuous changes in the gas phase. The encouraging results observed with the separate
set-ups indicate the potential for the next phase where a combined system consisting of FTIR-ATR and LP-
FTIR units will be used for on line measurements of changes in isotopic species both in soil and gas phases.
Y et, special emphasis should be put on efforts of increasing accuracy.
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Effects of a nitrification inhibitor on soil nitrogen transformations and N»/N,O emissions after
application of slurry to Irish grassland soils -- a microcosm study
Ernfors, M.*", Brennan, F.*¢, McGeough, K.%, Miiller, C.°, Laughlin, R.J.%, Watson, C.J.%, Griffiths,

B.F.?2 Philippot L., Richards, K.G.?

*Teagasc, Johnstown Castle, Environmental Research Centre, Co Wexford, Rep. of Ireland

bSwedish University of Agricultural sciences, Department of Agrosystems, Box 104, SE-230 53 Alnarp, Sweden
‘INRA, UMR 1347, Agroecology, 17 rue Sully BP 86510, 21065 Dijon, Cedex, France

9Agri-Food and Biosciences Institute, Newforge Lane, Belfast, BT9 5PX, Northern Ireland

*Department of Plant Ecology, Justus-Liebig University Giessen, Heinrich-Buff-Ring 26, 35392 Giessen, Germany

1. Background & Objectives

The nitrification inhibitor dicyandiamide (DCD) is used for the purpose of increasing nitrogen
efficiency in agriculture. It slows down the conversion of ammonium (NH4") to nitrate (NO3),
which can reduce NOj leaching and nitrous oxide (N.O) emissions. However, a detailed
understanding of how DCD affects the complex nitrogen (N) transformations taking place in the
soil after addition of slurry is lacking. The impact on the N-cycling microbial communities remains
unclear and the extent to which N,O and N, emissions are affected by DCD is not well known. The
main objectives of this study were to determine the effects of DCD, after cattle slurry application,
on (1) net and gross N transformations, (2) emissions of N,O and N,, and (3) the abundance of
functional genes involved in nitrification and denitrification.

2. Materials & Methods

A microcosm study was carried out in the laboratory, using three contrasting Irish grassland soils.
Cattle slurry (6.7 tonnes ha), with or without amendment with DCD (4.4 kg ha™) was applied on
top of sieved soil samples that were repacked to a bulk density of 0.88 g cm™. Either the NH," or the
NO; pool was isotopically labelled, in parallel >N treatments, for the quantification of gross N
transformation rates. The amounts of water in the treatments were adjusted to achieve a soil water-
filled pore space of 65 % after application and the samples were incubated at 15 °C. Gas sampling
and/or soil extraction was done at 0 h, 2 h, 3.5 h,55h,75h,2d, 6 d, 10 d, 15 d and 20 d after
amendment. Gross N transformations were obtained using a *>N-tracing model (Miiller et al., 2007).
PLFA analysis was used to provide a fingerprint of the viable microbial community structure, and
abundance of ammonia oxidizers and denitrifiers were monitored by targeting functional genes,
using qPCR.

3. Results & Discussion

Net nitrification, over 20 days, decreased by 89 % (P < 0.05) when cattle slurry was amended with
DCD before application to soil (Figure 1). The inhibition of nitrification by DCD also significantly
(P < 0.05) reduced cumulative emissions of N,O and N, by 27 and 52 %, respectively (Figure 2).
The NO/(N,O+N,) ratio was not affected. Further results on gross N transformation rates and
effects of DCD on the N-cycling microbial communities will be presented.
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Figure 1. Mean NH," and NO5™ concentrations in grassland soil, over 20 days after application of cattle slurry, with and
without a DCD amendment. The graph shows averages from three sites in Ireland.
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Figure 2. Cumulative N,O and N, emissions, over 20 days after application of cattle slurry, with and without a DCD
amendment. The graph shows averages from three grassland sites in Ireland.

4. Conclusion

In this laboratory study, DCD was shown to be an efficient inhibitor of nitrification when used as an
amendment to cattle slurry applied to grassland soil. The decrease in nitrification also led to
significant decreases in N2O and N, emissions. Further results on gross N transformation rates and
effects of DCD on the N-cycling microbial communities will be presented.
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The fate of urine nitrogen with use of a nitrification inhibitor
Selbie, D.2?, Cameron, K.C.>, Di, H.J.°, Moir, J.L.°, Lanigan, G.?, Laughlin R.J., Richards,
K.G.?

*Teagasc, Johnstown Castle, Environmental Research Centre, Co. Wexford, Ireland
bSoil & Physical Sciences Dept., Lincoln University, Canterbury, New Zealand

°Agri-Food and Biosciences Institute, Newforge Lane, Belfast, BT9 5PX, Northern Ireland

1. Background & Objectives

Pasture-grazed ruminants in Ireland contribute a significant proportion of nitrogen (N) loss to
the environment through excreta deposition. Feed N utilisation by the ruminant animal is low
with 60-90% of ingested N returned to the soil/pasture system in the excreta, particularly in
the urine (Haynes and Williams, 1993). The urine N loading rate in a single cattle urine
patch is approximately 1000 kg N ha (Haynes and Williams, 1993). N balance studies have
estimated the fate of urine N on a range of soils (Clough et al., 1998). Application of
dicyandiamide (DCD) nitrification inhibitor has consistently reduced N leaching and N,O
emissions from urine patches (Di and Cameron, 2007; de Klein et al., 2011), but produced
variable pasture N responses (Di and Cameron, 2007; Zaman and Blennerhassett, 2010). A
>N balance study was conducted on grassland lysimeters in Ireland to investigate the fate of
urine N with and without the application of DCD nitrification inhibitor.

2. Materials & Methods

Urine labelled with the N isotope was applied to soil monolith lysimeters at a rate of 1000
kg N ha™ with and without DCD in late autumn. DCD was applied in solution form at 30 kg
DCD ha™ in two split applications, the first following urine application in late autumn and the
second in late winter. Drainage water was analysed using standard methods for nitrate (NOs’),
ammonium (NH,") and total N. Nitrous oxide (N»O) and di-nitrogen (N,) were sampled from
static chambers (Hutchinson and Mosier, 1981) and quantified by gas chromatography for
N0 and by isotope ratio mass spectrometry (IRMS) for N,. Dissolved N,O in drainage water
was extracted using helium gas and analysed for N,O above. Pasture was harvested monthly
and analysed for total N content using standard methods. Soil cores were extracted from
lysimeters at the end of the experiment from varying depths and analysed for NOs and NH,"
and total N. N enrichment of water and soil extracts was estimated using a diffusion method
(Chen and Dittert, 2008) and together with pasture and gas, analysed using IRMS.

3. Results & Discussion

Mass N recoveries from water, gas and pasture fractions are shown in Table 1. In terms of
mass recovery, pasture N uptake was the largest sink (44.5%) under a 1000 kg N ha™ urine
patch without DCD, followed by N leaching (24.3%) and then by gaseous emissions (1.9%).
The incomplete mass balance in the U1000 treatment shows that 29.3% of urine N was
unaccounted for, and may have been immobilized in the soil. Application of DCD appeared
to reduce total N in water, gas and pasture fractions, giving rise to an unaccounted for N
fraction of 35.2% of N applied, which was larger than 29.3% where no DCD was applied.
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Table 1. Mass balance of urine applied at 1000 kg N ha™ with and without DCD nitrification inhibitor

MASS BALANCE

Fraction N form N loading (kg N ha™)
U1000 U1000+DCD
WATER Nitrate 178.23 108.74
Ammonium 18.16 31.54
Nitrite 3.37 2.96
Dissolved organic N 43.53 54.19
Sub total 243.29 197.43
GAS Surface-emitted nitrous oxide 7.13 5.53
Dissolved nitrous oxide 0.065 0.083
Surface-emitted di-nitrogen 11.35 6.84
Sub total 18.55 12.45
PASTURE
Sub total 445,03 438.30
TOTAL N RECOVERED? 706.87 648.19
N UNACCOUNTED FOR” 293.13 351.81

#Control (0 N) subtracted from treatments within fractions
®Urine N applied (1000 kg N ha™) — Total N recovered = N unaccounted for

4. Conclusions

The urine N mass balance showed that pasture N uptake accounted for the largest proportion
of the urine N applied, followed by N leaching and then gaseous emissions. Application of
DCD reduced N found in water, gas and pasture, leading to a greater fraction of N
unaccounted for. A complete °N balance will be presented at the conference which includes
the soil fraction as well as water, gas and pasture fractions.
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Search for the missing N: Excess N3 in groundwater and streams
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1. Background & Objectives

The majority of known nitrogen inputs to
watersheds cannot be accounted for by stream
discharge. Howarth et al. (1996), Jordan and
Weller (1996), Boyer et al. (2002), and Schaefer
and Alber (2007) have shown that export of N
from North American rivers draining into the
Atlantic accounts for only 9-25% of the net
anthropogenic N inputs (NANI) to their
watersheds; the missing N (75-91% of NANI)
must be either (1) stored in soils or biomass or
(2) lost to the atmosphere via denitrification or
other biological N, and N,O production (Van
Breeman et al., 2002). We hypothesize that the
majority of the missing N is converted to
biological N, within the watershed. Here we
present evidence for the biological production of
N2 and N2O in soils of a Mid-Atlantic coastal
plain watershed in North America.

2. Materials & Methods

We measured excess N, and N;O in
groundwater, streams, and vadose zone gas.
Excess N, is defined as measured concentrations
exceeding those expected from air equilibrium
based on temperature (streams) or Ar
concentrations (vadose gas, groundwater). Gas
concentrations in water were measured by
membrane inlet mass spectrometry (MIMS; O,
N, Ar; Kana et al. 1994) or by gas
chromatography (N.O). In vadose zone gas, we
measured N,O as in water, and we used a new
method for Ny/Ar using a capillary inlet mass
spectrometer (CIMS, Fox, 2011) with a precision
similar to MIMS (0.05%).

3. Results & Discussion

Excess N, and N,O were common in all three
environments. Groundwater under well-drained
agricultural fields has high O, (50-80%
saturation), high NO3z  (500-1000 uM), little
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Figure 1. Spatial variations in median NO3’, excess
Ny, and O, in groundwater in the Choptank Basin.
The Y axes are individual piezometers, the upper ¥4
are in agricultural fields while the lower ¥ are in
wetlands adjacent or within agricultural fields.
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excess N»-N (20-50 uM, e.g, CFF3, CFC2, CFC1
in Fig. 1), and low to moderate N,O-N (0.02-4.8
puM). In contrast, under wetlands with hydric soils
near agricultural fields, there are low concentrations
of O, (0-50% saturation), low NOsz (0-100 puM),
high excess N,-N (50-500 uM, e.g, EFWETI1A,
JLAG4, JLAG3 & 3A, Fig. 1), and variable N,O-N
(0.02 to 75 uM). In flowing stream waters excess
N2-N had moderate concentrations (0-100 uM)
which were inversely related to O, (Figure 2). In the
vadose zone direct estimates of excess N, were
made but were variable due to the assumption of
constant atmospheric Ar for calculations (Figure 3).
Higher partial pressures of N, were always present
in groundwater, and decreased towards the soil
surface (Figure 3). The CIMS method requires
further development in order to make more accurate
estimates of excess N, concentrations within vadose
zone gas, but currently we are able to measure small
significant increases and decreases in Na/Ar.

10/09 water table |
08/09 water table |
07/09 water table |
06/10 water table

— 12/08 water table -

depth below ground, m

P S S S SN
excess N,, mnmHg

Figure 3. Excess N, profiles measured in a
riparian area next to an agricultural field using the
CIMS (vadose zone) and MIMS (groundwater)
methods. Concentrations are expressed in partial
pressure units to compare the dissolved and gas
phase concentrations. The lower three points are
within groundwater, and the upper points are
within the vadose zone. The depth to the water
table varies significantly and the water table depth
for each sampling time is denoted as a labelled

dotted line.

4. Conclusion

The measured concentrations of N in groundwater, stream water, and the vadose zone show strong
evidence that denitrification or N, production through other processes is the source for the majority
of the missing N within this watershed. In future research we hope to improve our estimates of N,
and N,O to the atmosphere in order to test the hypothesis that the missing N is converted
biologically into N, and N,O, which then evades into the atmosphere through stream and soil
surfaces. We also hope to integrate these measurements spatially to estimate fluxes of biological N,
and N0 to the atmosphere.

References

Boyer, E.W., C.L. Goodale, N.A. Jaworki, R.W. Howarth. 2002. Anthropogenic nitrogen sources and relationships to
riverine nitrogen export in the northeastern U.S.A. Biogeochemistry. 57/58, 137-169.

Fox, R. J. 2011. Dynamics of metabolic gases in groundwater and the vadose zone of soils on Delmarva. PhD thesis,
University of Maryland, 318 pages.

Howarth, R.W., G. Billen, D. Swaney, A. Townsend, N. Jaworski, K. Lajtha, J.A. Downing, R. EImgren, N. Caraco, T.
Jordan, F. Berendse, J. Freney, V. Kudeyardov, P. Murdoch, and Z. Zhao-Liang. 1996. Regional nitrogen budgets and
riverine N & P fluxes for the drainages to the North Atlantic Ocean: Natural and human influences. Biogeochemistry.
35(1), 75-139.

Jordan, T.E., and D. W. Weller. 1996. Human contributions to terrestrial nitrogen flux. BioScience. 46(9):655-664.
Kana, T.M., C. Darkangelo, M.D. Hunt, J.B. Oldham, G.E. Bennett, and J.C. Cornwell. 1994. Membrane inlet mass
spectrometer for rapid high-precision determination of N,, O, and Ar in environmental water samples. Analytical
Chemistry. 66(23), 4166-4170.

Schaefer, S. C. and M. Alber. 2007. Temperature controls a latitudinal gradient in the proportion of watershed nitrogen
exported to coastal ecosystems. Biogeochemistry. 85, 333-346.

Van Breemen, N., E. W. Boyer, C. L. Goodale, N. A. Jaworski, K. Paustian, S. P. Seitzinger, K. Lajtha, B. Mayer, D.
Van Dam, R. W. Howarth, K. J. Nadelhoffer, M. Eve, and G. Billen. 2002. Where did all the nitrogen go? Fate of
nitrogen inputs to large watersheds in the northeastern U.S.A. Biogeochemistry. 57/58, 267-293.

22



Nitrogen Workshop 2012

Characterising dissolved organic matter flux in UK freshwaters. Sources, Transport
and Delivery

Y ates, C.A. Johnes, P. J. Spencer, R. G. M.
Department of Geography and Environmental Science, University of Reading, Reading, UK

1. Background and Objectives

The flux of nutrients to water bodies is increasing world wide as a function of climatic
warming, the intensification of agriculture, car use and fossil fuel combustion in both
developing and developed countries. Such nutrient enrichment (particularly carbon and
nitrogen) is leading to substantial environmental degradation including: changes in species
composition within freshwater and marine plant and animal communities, excessive growth
of filamentous/ blue-green alga and the formation of carcinogenic N-nitrosodimethylamine
and trihadlomethane as disinfection byproducts during drinking water treatment. Current
research and policy development surrounding catchment scale macronutrient balances has
focussed mainly on inorganic nutrient concentration data. Much of our current understanding
of biogeochemical cycling has been gained through research conducted within developed
countries whose river systems have suffered high anthropogenic alteration such as land use
change and river channel engineering (Caraco and Cole, 1999; Vegaet al., 1998). As aresult
it has long since been assumed that organic nutrient fractions are relatively recalcitrant when
compared to a dominance of labile inorganic fractions. Recent research has shown that
organic nutrient fractions are important secondary and sometimes even dominant constituents
of the total nutrient load transported to and within river systems with concentrations of
dissolved organic nitrogen in many freshwater systems being recorded as much higher than
their dissolved inorganic counterparts (Perakis and Hedin, 2002; Durand, Breur, Johnes et al.,
2011). If these changes are to be brought under control a detailed understanding of the nature
of nutrient delivery to waters from their catchmentsis required. The main aim of this study is
to determine if clear diurnal patterns in nitrogen, phosphorus and carbon fraction
concentrations and dissolved organic matter occur instream while using advances in optical
characterisation methods determine the specific spatial origins and potential reactivity of both
allochthonous and autochthonous organic material.

2. Materialsand Methods

Two sub catchments within the Hampshire Avon basin (southern England) were selected for
study due to their wide variety of both diffuse and point source nutrient inputs (River Wylye
and Millersford Brook). Daily samples were collected from six stations located across both
study catchments and were analysed for: Inorganic and N and P fraction determination using
segmented flow colourimetry along with total, particulate and dissolved fraction
determination using persul phate oxidation and non purgeable organic carbon concentration.
Weekly samples were aso collected from these sites plus 12 spatially important locations to
allow analysis of samples for determinands which are unstable over periods of more than 24
hours from collection. This included the determination of soluble reactive phosphorus
Analysis was also conducted using novel optical characterisation techniques such as
excitation emission fluorescence spectroscopy, which allow identification of the dominant
groups which constitute the dissolved organic component, and distinction between the more
labile low molecular weight material (amino acids, proteins) which are directly available for
plant and algal uptake, and the higher molecular weight components (for example, human
and fulvic acids) which are less labile, though an important substrate for microbial
decomposition, and lend much to the generation of colour in natural and potable waters.
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3. Resultsand discussion

Current results demonstrate further the relative importance of organic nutrient fractions
finding that in areas not under anthropogenic influence organic nitrogen dominates the
nutrient pool. In anthropogenically altered systems nitrate was found to be the dominant form
of nitrogen present (Figure 1). Organic macronutrient fractions were found to be elevated
with concentrations varying both over time and as a function of their source areas. Results
demonstrate source to be a key factor in determining organic matter composition and
potential reactivity with features such as; sewage treatment works, poor agricultural practises
and an abundance of septic tanks found to be locally important macronutrient source areas.
Within the chalk dominated Wylye catchment organic nitrogen concentrations were found to
be elevated in relation to non purgeable organic carbon concentrations, generating a very low
C:N ratio, suggesting compounds such as Urea to be important in optically clear low organic
carbon systems dominated by anthropogenic inputs. This contrasts markedly with the
findings for the Millersford Brook, which drains a peatland catchment in the New Forest,
where higher molecular weight compounds dominated the dissolved organic fraction,
contributing to high water colour in the stream, and the carbon to nitrogen ratio approximates
to rates reported for other peatland systemsin the UK and internationally.
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Figure 1. Nitrogen species concentration in the River Wylye

4. Conclusions

The dissolved organic fraction of macronutrient flux varies widely in character, depending on the
distribution of contributing source areas in the catchment. In low intensity agricultural catchments
dominated by peaty soils, high C:N ratios and a high proportion of high molecular weight components
dominate the DOM signal, and DON and DOP are the dominant fractions of the TN and TP load,
respectively. In more intensive agricultural systems, with septic tanks serving the rural population,
and with predominantly mineral soils in the catchment, DOM contributes a smaller proportion of the
TN and TP load, and is dominated by labile, low molecular weight compounds which contribute little
to water colour, and generate arelatively low C:N ratio. These findings have implications, both for the
ecosystem functional role of DOM in contrasting system types, and for the potential for carcinogenic
carbonaceous and nitrogenous disinfection byproduct formation in potable waters abstracted from
different water supply intake waters.
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Investigating the efficacy of soil nitrogen tests to predict soil nitrogen supply across a range of
Irish soil types under controlled environmental conditions.

McDonald, N.T.*°, Watson, C.J.%%, Laughlin, R.J.%, Lalor, S.T.J.2, Hoekstra, N.J%, Wall, D.P.?
®Teagasc, Crops Environment and Land Use Programme, Johnstown Castle ,Wexford, Rep. of Ireland.

®School of Biological Sciences, Queen’s University Belfast, Belfast, N. Ireland
“Agri-Food and Biosciences Institute, Newforge Lane, Belfast, N. Ireland

1. Background & Objectives

Nitrogen (N) fertiliser usage on Irish farms is constrained under the European Union (EU) Nitrates
Directive (S.1.610, 2010) which is part of the larger EU Water Framework Directive aimed at
improving water quality. These constraints and increasing fertiliser prices at farm level coupled
with concerns over food security and climate change at international level have placed N use
efficiency high up the agri-environmental agenda. In order to maximise the recovery and yield
potential derived from N fertiliser, these inputs must be balanced with mineralised N (N,) from soil
reserves. The potential N, may vary considerably between different soil types, and in Ireland N,
recovery over a range of grassland soils was shown to range from 74 to 212 kg N ha™ yr*
(Humphreys, 2007). However, the variability in soil N supply between soils is not reflected in
current N recommendations in Ireland and in many fields N fertilisers are either under- or over-
supplied compared to requirements for crop growth. The objective of this study was to evaluate soil
N tests for predicting soil N supply, grass DM vyield and grass N uptake for a range of Irish soil
types. This research aims to develop a soil N testing system for Ireland, as a basis for new soil
specific N fertiliser advice to help farmers achieve grass production targets while conserving N
fertiliser resources, and minimising N losses to the environment.

2. Materials & Methods

A soil microcosm experiment was established to compare grass growth across 28 different soil
types. Soils were collected throughout Ireland to a depth of 10cm, potted in 11.3 L pots, optimised
with key macronutrients (i.e. P, K & S) and seeded with ryegrass (Lolium perenne L.). No N
fertiliser was added to these soils over the duration of the experiment. Four replications of each soil
type were placed into a controlled environment facility in randomised blocks (where shelf position
was the blocking factor). The temperature was fixed at 15°C, relative humidity at 80%, soil water
maintained at 65% field capacity, and day-length at 16 hours light per day. Four grass harvests from
each pot were taken at five week growth intervals and the grass DM yield, N content and N uptake
were determined. The soils were also sampled to a depth of 10cm at each harvest time and analysed
within 24 hours for mineral N (Total Oxidized N (TON= NO3z-N + NO,-N) & NH;"-N) using 2M
KCI extraction. The remainder of the soil (approx 40g) was dried at 40°C and sieved to 2mm. The
N, potential was analysed using a standard seven-day anaerobic incubation method (Al-7) (Waring
and Bremner, 1964) and the Illinois soil N test (ISNT) (Khan et al., 2001). Soils were analysed for a
range of physical, chemical and biological properties, e.g. Total C and N, texture, pH and soil
organic matter levels. Regression and stepwise regression analysis was performed on these data in
SAS. JMP. version 9, to model the relationships between Al-7 and ISNT, and between mineral N,
ISNT and grass DM yield and grass N uptake across the 28 soil types.

3. Results & Discussion

There was a large range in N, potential (73 to 396 mg NH,"*-N kg™) over the 28 different soil types
in this study as measured by Al-7. This shows that some soil types have the capacity to supply more
of the grass N requirement than others. Therefore less N fertiliser may be required to reach

25



Nitrogen Workshop 2012

optimum grass growth on these soils. Illinois soil N test (ISNT) values were correlated with Al-7
values across all soils (r* = 0.68). This result supports previous laboratory studies where six rapid
chemical N tests were compared to the time consuming Al-7 method across 35 similar soil types.
Here the ISNT was found to be the best rapid soil test for predicting of N, (McDonald et al., 2011).
However, ISNT does not measure TON and by itself was a poor predictor of grass yield across all
28 soil types (Figure 1). Thirteen out of 28 soils had high residual TON levels (>6 mg kg™) after
harvest (Figure 2). These soils produced higher grass DM yields and grass N uptake compared to
the soils with low residual N levels. Total Oxidised N was a poor predictor of grass yield for sites
with low residual N reserves, as these sites relied on the supply of N through N,. However, when
both ISNT and TON were combined to predict grass DM yield and grass N uptake across these soil
types, the r? for these prediction models were 0.78 and 0.87 respectively.
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Figure 1. llinois soil N test (ISNT) versus grass DM yield Figure 2. Residual Total Oxidised N (TON) versus grass
for 28 soil types. DM vyield for 28 soil types.

4. Conclusion

Irish soil types have the capacity to supply high levels of N through N,. This shows that there is
scope to reduce N fertiliser application rates on some soils without compromising grass DM yields.
The ISNT was correlated with Al-7 and is suitable for routine soil analysis to predict No,. Where
high levels of residual TON was present in some soils, this contributed to higher grass DM yield
and grass N uptake above what would have been achieved from N, alone. When combined in a
model, ISNT and TON were able to predict both grass DM vyield and grass N uptake with a high
degree of accuracy. This work shows the potential to better manage N fertiliser inputs based on soil
N supply potential in order to increase N use efficiency.
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A new approach for measuring ammonia volatilization in thefield: First results of the French
research project “VOLAT'NH3”
Cohan J.P2, Charpiot A.”, Morvan T.5, Eveillard P.%, Trochard R.2 Champolivier L., De Chezelles
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1. Background & Objectives

Atmospheric ammonia is becoming a great challenge for French agriculture, due to its economic
and environmenta impacts. On the one hand, the increasing prices of mineral fertilizers enhance the
need for improving the efficiency of minera and organic fertilization while on the other hand, air
quality regulations are becoming more stringent. Although scientific studies were carried out in the
past two decades in France (Génermont and Cellier, 1997; Morvan, 1999; Le Cadre, 2004), there is
still alack of field experiments designed to assess the best strategy for reducing ammonia emissions
in different production systems. This situation is merely caused by the lack of a simple method than
those classically available to measure ammonia emissions in the field. Funded by the French State
CASDAR program, the “VOLAT NH3” research project has been launched in 2009 with two main
purposes. 1) to develop a smple method to measure ammonia emissions based on the inverse
modelling approach (Loubet et a., 2010) using batch diffusion NH3 concentration sensors (apha
badges, Sutton et a. 2001), 2) to use this method to test the sensitivity to ammonia emissions from
various mineral and organic fertilizer and the effectiveness of some agricultural practices to reduce
emissions following fertilization. This paper presents the first results of the project.

2. Materials & Methods

Eight field experiments were carried out in spring 2011 (Table 1 for two examples). Plots were
statistically randomized with 2 replicates per treatment (field of at least 400 m?). Alpha badges were
placed at two heights (30 and 100 cm from crop or soil) in each field and exposed sequentially at 6
times post application (6 h, 1 day, 2 days, 3 days, 6 days, 20 days). Some alpha badges were placed
on background measurements masts located away from the field and at a height of 3 m.

Table 1. Main characteristics of two experiments

Experiment/ Soil characteristics (0-25 cm) Total N N-NH," N-NO;
F():rop@ Clay Silt Tot.C oH Treatment rate* ) rate** . rate***l
(gkg?) | (gkg?) | (9kg?) (kgN.ha) | (kgN.ha) | (kgN.ha’)
Bernienville ON 0 0 0
2011 / ww 132 770 7.6 6.9 AN 100 50 50
gsZ30 UAN 100 25 25
ON 0 0 0
Derval 2011 184 507 199 | 64 Cattle dlurry on surface 135 60 0
/ bs Cattle durry
. 135 60 0
incorporated

ON = without N application; AN=Ammonium nitrate; UAN=Urea Ammonium Nitrate; ®ww gs Z30 = winter wheat at
growth stage zadoks 30, bs = bare soil; *Organic and mineral nitrogen; **NH," form nitrogen; ***NO3 form nitrogen
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3. Results & Discussion

The variability of the NH3z concentrations between replicates is small, indicating a rather good
accuracy of the method. The climatic context of spring 2011 in France favoured large ammonia
emissions (amost no rainfall and warm temperatures during experiments). Concerning mineral
fertilizers, we measured larger NH3 concentrations for UAN compared to AN in non-cal careous soil
(Figure 1lafor example). The same experiment carried out in calcareous soil (soil pH = 8.3, data not
shown) suggests the same emission rate for both fertilizers. The ammonia concentrations were
larger than the background during almost one week following application. For the slurry application
(Figure 1b for example), we can see the strong effect of dlurry incorporation. Moreover, the
emission kinetic is quite different from mineral fertilizer. Almost all ammoniais volatilized during
the first two days after applications. These results are consistent with those already published in
France and elsewhere. There is still work to be done to get from ammonia concentrations to
nitrogen fluxes, using the method devel oped and presented in Loubet et al. (2010 and 2011).
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Figure 1. Ammonia concentrations at 30 cm height following mineral fertilizer applications in Bernienville 2011
experiment (-a-) and cattle slurry application in Derval 2011 experiment (-b-). Vertical bars are standard deviations.

4. Conclusion

These preliminary results, obtained by using a new easy to use method of measuring ammonia
volatilisation in the field, are promising. The method should help develop strategies of ammonia
emission reduction in various French agricultural contexts.
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Ammonia volatilization after field application of biogas residues: model based scenario
analysis of crop specific emissions

Pacholski, A., Gericke, D, Ni, K., Kage H.
Institute of Crop Science and Plant Breeding, Christian-Albrechts-University, Kiel, Germany

1. Background & Objectives

There is a strong trend of increasing biogas production on agricultural farms throughout Europe. In
Germany actual numbers have reached ca. 7000 biogas plants (FNR, 2012). Most of those plants are
operated by co-fermentation of animal slurries and energy crops. Due to their comparatively high
biomass yields, silage maize is the dominant biogas crop in Germany, but whole crop cereals and
grasses as well as sugar beet are also used as substrates. The main co-products of biogas production
are biogas residues (BR) which are recycled as N-fertilizers. However, due to high pH values and
NH,*-N concentrations field applied BR are characterized by higher specific NHs losses than those
from application of animal slurries (Ni et al., 2011). Ammonia (NH3) emissions contribute to
eutrophication and soil acidification and are a major component of eco-balances for agricultural
production systems. The production of different energy crops require varying application dates and
doses of N, resulting in crop specific NH3 losses. However, ammonia emissions mainly depend on
weather and canopy conditions, so that it is difficult to derive mean/median NHj3 losses from field
measurements of 1-2 years duration compared to losses over a larger time span with highly dynamic
weather conditions (e.g. decade). Therefore, a model based scenario analysis of NH; losses after
field application of BR was carried out for different energy crops based on 12 years of weather data
in the North of Germany.

2. Materials & Methods

Ammonia emissions were simulated for the years 1997-2008 with a validated dynamic NH3 loss
model described in detail in Gericke et al. (2012). The model includes the effects of slurry pH,
precipitation, wind speed, and temperature on NH; losses. The model also allows the simulation of
the effects of canopy characteristics (e.g. Leaf Area Index) and application method (incorporation,
trail hoses) on the emissions. Calculations were done with a time step of 10 minutes for a time span
of 5 days after application. Typical energy crops and weather data from three agro regions in the
Federal State of Schleswig-Holstein, Northern Germany, were used: 1) eastern moraines (fertile
loamy soil) close to the Baltic Sea; 2) central sandy outwash plain (sandy soil); 3) coastal marsh
(clayey soil) neighbouring the North Sea. Crop rotations as well as N levels and application dates
are summarized in Table 1. Due to slower crop development in the marsh area biogas residues were
applied 2 weeks later than at the other sites. Simulations were done for a typical BR with a pH of
7.8, a dry matter content of 5.9% and 56% of NH4"-N of total N. BR were applied according to total
N content by trail hoses. BR applied before seeding of maize and sugar beet are incorporated by a
cultivator (Tablel). Weather data were obtained from 3 separate weather stations.

Table 1. Crops, N doses and application dates for BR applied by trail hoses covered in the scenario analysis

Crop 1 Application
rotation Crop kg Nigt ha Date
A Maize 160 (incorp. after 4 h) Mid April
B Rye grass (4 cuts) 120, 80, 60, 60 Mid March, Mid May, Begin July, Begin August
C W'gt;(: ‘éﬁ;ﬁ?t * 80, 80, 80 (rye grass) Mid March, Mid April, Begin August
D Sugar beet 70 (incorp. after 4 h), 70 Mid April, Mid May
E Rape seed 120, 80 Mid March, Mid April
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3. Results & Discussion

Simulated NH; losses varied strongly between years (Figure 1). Mean losses ranged between 2%
and 40% of NH;"-N applied. Incorporated BR showed the lowest emissions, and emissions after
application by trail hoses increased with higher temperatures at summer applications. There was a
negative relationship between N application rates and relative NH3 losses. Silage maize and sugar
beet with incorporated BR showed the lowest relative NH3; losses compared to crops with BR
application by trail hoses with the highest emissions for rye grass. The trends were similar for all
agro-regions of which the marsh was characterized by about 5% higher emissions. As application
dates were not adapted to crop growth and not changed between years the highest losses indicate
maximum losses under unfavourable, probably non-practical conditions. However, varying the
application date in a time frame of a week showed only minor effects on the results in a simulation
test. Effects of annual weather dynamics seem to superimpose effects of choice of application date.

winter wheat April 80 :
March 80 [ N oy M N —
May 70 f | i

April 140 (incorporated 4h) HH

sugar beet . .
April 70 (incorporated 4h) I
August 60 e I I |
July 60 P 11 —
e gress May 80 —
March 120 T I ! i
. I S N [ R
oil seed rape April 80
P€ " March 120 [ I ey s s S ]
incorporation 8h O
silage maize 160 incorporation 4h HH
9 incorporation 1h mH
without incorporation T r—+—
7 T T T T T T
0 10 20 30 40 50 60 70

NH, loss [%NH,"-N applied]

Figure 1. Simulated cumulative NH; losses 5 days after application of biogas residues, 1997 — 2008 (n = 12), Hohen-
schulen, Germany; values = kg Ny ha™ applied, error bars = 5% - 95% quintile, thin line= median, thick line = mean.

4. Conclusion

Simulation of NH3 losses after application of BR using weather data from 1997-2008 showed a high
variability of NH3 losses which questions static emission factors for NH3 losses. Due to the high
pH-value field applied BR showed very high emissions which may strongly decrease the
environmental benefit of energy production by biogas. With respect to NH3 emissions silage maize
and sugar beet are favourable as compared to winter cereals or grass. High BR application rates
with incorporation resulted in the lowest simulated relative NH3 emissions.
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Ammonia volatilization from banded urea: Impact of incorporation depth and rate of
application

Rochette, P.2 Angers, D.A .2, Chantigny, M.H.2, Peslter, D.2 Bertrand, N.?, Gasser, M.-O.°
@Agriculture et Agroalimentaire Canada, Québec city, QC, Canada

PInstitut de recherche et de développement en agro-environnement, Québec city, QC, Canada

1. Background & Objectives

Surface application of urea can result in ammonia volatilization losses up to 50% of applied N. It
was recently showed than when urea is banded, the high ammonium N concentration as well as the
large rise in soil pH can result in high soil NH3 concentrations and losses up to 30% of the applied
urea-N (Rochette et al., 20093, b). In this study, we conducted two field experiments to determine
the impact of depth of incorporation and rate of application on the ammonia volatilization losses
from banded urea.

2. Materials & Methods

The study was conducted at the IRDA research farm located near Québec City, Canada on a silty
clay loam soil. In 2009, NH3 volatilization was measured using wind tunnels on experimental plots
where urea was banded at rates of 0, 80, 120, 160 and 200 kg N ha’ at the bottom of a narrow
trench (depth: 5 cm; width: 8 cm) made with hand tools. The effects of incorporation depth were
investigated in 2010 on plots receiving urea at a rate of 230 kg N ha’ banded at depths of 0, 2.5,
5.0, 7.5 and 10 cm in trenches (width: 8 cm). Soil samples from these bands were collected
throughout the experiments for determination of pH and extraction and measurement of NH;" and
NOsz + NO, concentrations.
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Figure 1. Cumulative NH; losses following banding ureain response to a) incorporation depth and b application rate.

3. Results & Discussion

Banding urea on the soil surface resulted in cumulative NHz emissions of approximately 50% of
applied N (Figure 1a). Losses were aso very high when urea was placed at 2.5 cm (37%) but were
< 5% at depths of 5 cm or more. Cumulative emissions increased exponentially with urea
application rate with values of 5 % of applied N at rates of 80 and 120 kg N ha™ to near 20% at 200
kg N ha' (Figure 1b).

The magnitude of cumulative volatilization losses were related to increases in NH4-N and in soil pH
sampled over the band. Again, the relationship was non-linear with greater slopes at higher values
of NH,4 content and pH (Figure 2). Such non-linear relationships suggest that soil free NH4 and pH
was kept at relatively low levels that prevented high volatilization until adsorption sites on soil
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particles were saturated and soil pH buffer capacity was exceeded. Past that threshold, high soil
NH4-N concentration and pH contributed to high NH3 concentrations and increased volatilization.
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Figure 2. Relationships between cumulative NH; losses and maximum increase in a) soil NH,4 content and b) pH.

4. Conclusion

This work confirms that substantial NH3 volatilization can occur when urea is applied in bands.
Under the conditions of the experiments, incorporation of banded urea at > 5 cm depth and
application rates < 120 kg N ha™ kept cumulative losses < 5% of applied N. However, the non-
linear relationships between cumulative losses and soil NH, content and pH suggest that soil
parameters such as CEC, pH and pH buffer capacity are important factors controlling emissions
following banding urea. Future work should aim at assessing the importance of these soil properties
on the volatilization losses from sub-surface banded urea.
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Ammonia volatilization from crop residues - contribution to total ammonia volatilization at
national scale

De Ruijter, F.J., Huijsmans, J.F.M.
Plant Research International, Wageningen University and Research Centre, P.O. Box 616, 6700 AP Wageningen, The
Netherlands

1. Background & Objectives

To protect the environment, the European Union (EU) has adopted the National Emission Ceilings
(NEC) directive (EC, 2001). This directive sets national goals for nitrogen oxides and ammonia
emissions. Nitrogen (N) may be lost as ammonia from crop residues left on the soil surface. When
residues are incorporated into the soil, ammonia volatilization is eliminated (de Ruijter et al., 2010;
Janzen and McGinn, 1991; Mohr et al., 1998). The objective of this paper is to assess the ammonia
volatilization from a range of crop residues at a national level based on the N content of the
residues, cultivated area and management.

2. Materials & Methods

Literature was used to derive a relation for the ammonia volatilization depending on the N-content
of crop residue. National statistics on cultivated areas, literature and expert knowledge were used to
assess the area cultivated by different crops, the N content of crop residues and the management of
crop residue. Ammonia volatilization from crop residues in the Netherlands was calculated per crop
by multiplication of: cropped area (ha), N in residues (kg ha™), volatilization (% of total N in kg
ha™) calculated from N content (g kg™ dry matter) by the regression equation derived from
literature, and amount and fraction of the residues that contributes to ammonia volatilization (based
on degree of mixing with soil at harvest and duration between harvest and incorporation).

3. Results & Discussion

Relatively high ammonia volatilization was found in studies using volatilization chambers without
soil and in studies where a thick mulch layer of residues was applied. Therefore, these studies were
excluded from regression analysis. From the remaining studies (Table 1), total ammonia
volatilization at the end of the experiment was taken or when the rate of volatilization had declined
to low values. The following regression equation was derived (R?=0.50):

NHa-N volatilization (% of applied N) = 0.40 * N content (g kg™ dry matter) —5.08

(p=0.03) (p<0.001)

Table 1. Overview of literature on ammonia volatilization from crop residues.

Source Crops Setup Soil °C Days

1 Bremer and Van Kessel, 1992 green manure, lentil, wheat Laboratory, jars no 20-25 28

2 De Ruijter et al., 2010 broccoli, fodder radish, grass, Volatilization chambers yes -4-14 37

leek, sugar beet, yellow mustard under rain shelter

4 Janzen and McGinn, 1991 lentil green manure Volatilization chambers yes avg.25 14-
56

6 Mannheim et al., 1997 beans, potato, sugar beet Wind tunnels yes ~10 32

7 Mohretal., 1998 alfalfa Chambers in greenhouse  yes  nr 50

8 Ribasetal., 2010 velvet bean Chambers placed over field yes avg.21 30

9 Whitehead and Lockyer, 1989 grass Field, wind tunnels yes avg.15.6 28

nr=not reported
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The largest contribution to ammonia volatilization at the national scale is from grassland residues
that arise during mowing and grazing (Figure 1). Of the arable crops, potato haulms show the
largest ammonia volatilization (Figure 1, right). In our calculations, this is mainly derived from seed
potatoes where the haulms are Killed by herbicides.
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Figure 1. Total ammonia volatilization in the Netherlands from various crops
Ammonia volatilization was estimated by the relationship between NHs-N volatilization (as % of N
in residues) and the N content (in g kg™ dry matter). Variation in N content of the residues affects
the % of total N that volatilizes as NH3 and the total N in the residues. Therefore, a reduction in N
content of the residues has a more than proportionate effect on ammonia volatilization. For
example, reducing the N content from 40 to 36 g kg™ (10%) reduces ammonia volatilization (in kg
NHs-N ha) by 23%. At a lower N content this effect is even larger.

4. Conclusion

Crop residues may substantially contribute to the national ammonia losses. Ammonia volatilization
from crop residues is related to their N content. Incorporation into the soil or decreasing fertilizer
inputs may therefore have a large impact on ammonia volatilization from crop residues.
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Antecedent effect of lime on denitrification in grassland soils
Higgins, S., Laughlin, R.J., Watson, C.J.
Agri-Food and Biosciences Institute, 18a Newforge Lane, Malone Upper, Belfast BT9 5PX, Northern Ireland, UK

1. Background & Objectives

Sales of agricultural lime in Northern Ireland and the Republic of Ireland have fallen considerably
during the past 30 years (DARDNI, 2011; Culleton et al., 1999) resulting in increasingly acidic
soils in many areas. Soil pH has been shown to significantly affect the ratio of the end products
(N2/N,0) of denitrification (Cuhel et al., 2010; Simek and Cooper, 2002). The implications of lime
use on this ratio were examined in a laboratory incubation study using a '*N-gas-flux method,
followed by isotope-ratio mass spectrometry for the analysis of '°’N in the gases.

2. Materials & Methods

Two grassland soils (of contrasting texture and management but similar starting pH) were selected
from the basalt area of County Antrim, Northern Ireland in 2006. Soil 1 was a clay loam soil under
silage management with a starting pH of 5.4. Soil 2 was a sandy loam soil under grazing
management, with a starting pH of 5.3. The soils were partially air-dried and sieved to 2 mm and 15
kg sub-samples of each soil were treated with 0, 2.3, 5.7 or 18.9 g CaCOs kg (neutralising value
56%), mixing thoroughly using a cement mixer, to obtain four pH values for each soil. The soils
were placed in large polythene bags and sealed to prevent moisture loss, but maintain aerobic
conditions, and incubated at 4°C for a three year period (2006 to 2009). Periodic checks on soil pH
(soil and water ratio of 1:2.5 (v/v)) and volumetric moisture content were carried out. Samples of
soil (100 g oven-dry (OD) weight) were placed in acid-washed 500 ml Kilner jars and received one
of three °N treatments; ammonium (15NH4NO3), nitrate (NH415N03), or both moieties
(’NH4"°NOs) labelled with 60 atom % excess "°N, along with 5 ml acetate (C source) and 5 ml
deionised water. Each treatment was replicated three times. The '°N was applied at a rate of 7.14
umol NH4NO; g OD soil, pipetted uniformly over the soil surface. Additional water was added to
each soil one week in advance of the incubation to ensure that all soils were adjusted to a water-
filled pore space of 65%. The jars were covered with Parafilm to prevent moisture loss but allow
gaseous exchange, and were incubated in a controlled temperature environment at 20°C. Headspace
samplings were carried out on five consecutive days following the addition of treatments using
polyacetyl lids containing a gas-sampling port and a viton O-ring to form a gas-tight seal. These
were fitted onto each jar for a period of two hours per day. Two 15 ml headspace samples were
extracted daily using a gas-tight syringe and transferred to evacuated (<100 Pa) septum capped
12ml vials, to be analysed by isotope-ratio mass spectrometry for the N contents of the N,O and
N, in each vial, as described by Stevens et al. (1998). Residual Maximum Likelihood (REML)
variance components analysis (Genstat Release 12) was used to examine the significance of fixed
(pH, "N treatment) and random (day, soil type) affects on N,-N and N,O-N fluxes.

3. Results & Discussion

During the three-year pre-incubation period, the two soils equilibrated at four different pH values:
Soil 1 pH 4.7, 5.8, 7.3 and 7.7, and Soil 2 pH 4.7, 5.2, 6.6 and 7.6. The number of days following
treatment addition had a significant effect (P< 0.05) on the flux of both N, and N,O in the
headspace of the jars, with the largest fluxes of being recorded two days after '°N application (N,O:
Soil 1 0.0014 pumol g OD soil (Figure 1) and Soil 2 0.0018 pumol g OD soil), and N»: Soil 1 0.126
umol g OD soil and Soil 2 0.179 pmol g OD soil.
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Figure 1. N,O flux over five days following the addition of treatments, in Soil 1 at four pH values

The N; and N,O fluxes increased as the pH of the soil increased (P< 0.01) reaching a maximum at
pH 7.3 (Soil 1) and pH 7.6 (Soil 2). The amount of N applied that was emitted as N, (up to 23% in
Soil 1 and 45% in Soil 2) greatly exceeded the amount of N emitted as N,O (less than 1% of the N
applied) (Figure 2). Greater N,O emissions as pH increased (Figure 1), would suggest increased
NyO-reductase activity and therefore enhanced reduction of N,O to N, at higher pH values.
However, overall N,O emissions were a very small % of the N applied in comparison to N, (Figure
2).
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Figure 2: Cumulative loss of N, and N,O from soil as a % of N applied in Soil 2 at each pH.
4. Conclusions
Lime enhances the loss of N from soil by denitrification, as both N, and N,O. This can represent a
significant loss of N from soil, and although emissions are dominated by N, as soil pH increases, it
would indicate that lime is not a potential mitigation strategy for reducing N,O emissions.
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Assessing N availability from municipal solid waste compost during two consecutive lettuce
cycles in Italy

Fiorentino, N., Fagnano, M.
Department of Agricultural Engineering and Agronomy, University of Naples Federico II, Italy

1. Background & Objectives

Soils of the Mediterranean area are prone to severe fertility losses, if agronomic tools are not
managed to counterbalance the high soil organic matter (SOM) mineralization rate of this region.
Compost fertilization could be an interesting tool to increase soil fertility since its positive effects
on humification, nutrient availability, porosity, structural stability and biological activity have been
proven in different agricultural systems (Diacono and Montemurro, 2010). Moreover composting of
the solid waste organic fraction could be a possible solution to the long-standing rubbish problem,
limiting the amount of waste going to final disposal (Fagnano et al., 2011). This work focuses on
the potential use of Municipal Solid Waste (MSW) compost in open field horticulture, assessing its
effect on lettuce yield and soil-plant N dynamics on two consecutive cropping cycles.

2. Materials & Methods

An open-field experiment was carried out in Caivano municipality (40°56’N, 14°19°E), 12 km from
Naples City (Italy), with the aim to compare the agronomic performance of 3 MSW compost doses,
10 (CF10), 30 (CF30) and 60 (CF60) Mg ha™', corresponding respectively to 56, 160 and 319 kg N
ha™' (the complete experimental set up is described in Fagnano et al., 2011). The compost was stable
and fully mature with a C:N ratio of 20. Treatments, including ammonium nitrate fertilization with
84 kg ha™' of N (MF) and a not fertilized control plot (NF), were laid on in a randomized complete
block design with 3 replicates. The soil was sandy loam (sand, 565 g kg '; silt, 285 g kg '; clay, 150
g kg ") with high C and N content (1.89% and 0.16% respectively). Lettuce was cropped in summer
(cv. Audrian) and winter (cv. Sagess), spreading mineral fertilizers at both transplant times while
compost was buried only at the beginning of the experiment. Soil mineral N (SMN) and N content
of plant tissues were measured by HACH® and by Kjeldahl method respectively. A simplified N
balance for the 0-20 cm layer was calculated as N uptake + SMN harvest — SMN seeding to
estimate available N from SOM mineralization (AvN) on NF and from fertilizers (FAVN) on the
other plots. The difference between FAVN-AvVN was considered as Net available N from fertilizers
(NAVN). N apparent recovery (NAR) was calculated as the difference between N uptake in
fertilized and not fertilized plots divided by N input (Montemurro et al., 2006). All the data were
subjected to ANOVA, using the MSTAT-C software (Version 2.0), and mean separation was made
by using LSD test.

3. Results & Discussion

In both cycles, marketable yield (Table 1) in C30 and C60 plots was not different from MF (average
value of 47.6 and 37.9 Mg FW ha' for the 1% and the o cycle respectively) while values recorded
with C10 were significantly lower than the other treatments excepting NF. At DAT 10 of the 1%
cycle N uptake with the two highest compost doses was 55% lower than NF, while the value
decreased of 19% with C10 (Table 1). In the 2™ cycle N uptake were highest with MF, C60 and
C30 (50.6 mg N pt' on average), while values were not different between C10 and NF and
significantly lower (-38%) then the other treatments. At the end of both cropping cycles, N uptake
was found at the same level among the fertilized plots (625 and 596 mg N pt™, in the two cycles
respectively). N from fertilizers (NAVN) in the summer cycle is shown in Figure 1.
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Table 1. Marketable yield at harvest sampling and N uptake Net Available N from fertilizers
at the beginning of the two cycles .

Yield (Mg ha) N uptake (mg N pt?) yo| DDATIO mDATaI a
Treatment 1%cycle 2" cycle Tteycle 2" cycle

DAT 10 DAT 25 - 1907 ab

NF 356 ¢ 21.0 d 159 a 35.2 be Z 1201 - be
C10 413 b 325 ¢ 128 b 27.7 ¢ = 80 J
C30 46.4 a 350 bc 69 ¢ 51.8 ab 0 } o o
C60 489 a 408 a 7.5 ¢ 45.6 abc o | N | ‘ ‘
MF 47.6 a 38.0 ab 16.5 a 544 a MF c10 c30 c60
Different letters indicate different means with p<0.05 Figure 1. NAVN at DAT 10 AND 30 of the summer

cycle (“treatment by date” interaction).

At DAT 10 of the summer lettuce cycle C60 showed the highest NAvVN together with MF (109 kg
N ha™' on average), while values were 63% lower with C10 and C30. NAVN significantly increased
with the intermediate compost dose (+115%), while values did not change in C10. It was found a
tendency to the decrease with MF (-79%) and a slight increase with C60 (+47%). NAR was not
different with C30 and C60 (12% over the two cycles) while values with C10 and MF were higher
(33%). Our results demonstrated that compost fertilization made at the beginning of the summer
season at the 160 and 319 kg N ha™ rate was able to sustain N lettuce nutrition in two consecutive
cropping cycles, giving yields not different from mineral fertilization. Those results are consistent
with Erhart et al. (2007) showing that compost acts as a slow release fertilizer, whose low
mineralization rate makes N available to plants also several months after the application to the soil.
Low N uptake at the beginning of the summer cycle was probably due to the lack of N caused by
the activation of soil microbiota after the fertilization. This happened only with the highest compost
doses but no problems in plant nutrition occurred since N availability increased in the successive
days of the summer cycle. NAvN did not increase in C10 plots probably because labile N input was
too low to balance the slow N mineralization. NAR values were the same with C30 and C60
demonstrating that the 30 Mg ha™ dose can maximize N recovery and lettuce yields.

4. Conclusion

In our high fertile soil MSW compost could be a useful tool to manage N fertility in horticulture,
reducing N inputs with mineral fertilizers. Nevertheless fertilization with fully stabilized compost
could seriously limit crop growth in fine textured or low SOM soils where mineral N
immobilization prevails on nitrification. Furthermore, compost doses need to be carefully managed
in order to guaranty an adequate feeding of crops and limit hazardous N surplus. A more efficient N
use could also be achieved delaying transplant date of summer season, as in well watered soils N
availability from compost tends to a significant increase with the increase of soil temperature.
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Assessment of the potential N mineralization/immobilization of pig slurry fractions obtained
using different techniques

Fangueiro, D., Lopes, C., Olsen, L., Vasconcelos E.

UIQA, Instituto Superior de Agronomia— Technical University of Lisbon, 1349-017 Lisbon, Portugal

1. Background & Objectives

The intensification of swine production induced a strong increase of pig slurry production on
isolated farms and consequent transfer of dlurry to far-away fields for soil application. Slurry
separation into aliquid (LF) and a solid (SF) fraction is now commonly used at farm scale as slurry
management tool. The LF can then be used in fields for fertigation whereas the SF can be applied to
soil directly or be composted to obtain a more vauable product. Solid-liquid separation can be
performed by chemicaly enhanced settling and/or using mechanical processes. Jorgensen and
Jensen (2009) showed that the characteristics of the solid fractions, namely the carbon (C) content
and speciation depends on the technology used for slurry separation. But there is little knowledge
on the effect of such technologies on the liquid fractions characteristics. Since the nitrogen (N)
mineralization/immobilization rely on the C:N ratio of organic materias, it can be hypothesized that
the dlurry separation techniques used have influence on the characteristics of the resulting slurry
fractions and especially on their potential of nitrogen mineralization /immobilization. In the present
work, the liquid and solid fractions of pig slurry obtained using 6 separation techniques were
characterized and their potential of N mineralization/immobilization was determined.

2. Materials& Methods

Six liquid fractions (-L) and six solid fractions (-S) were obtained by separation of pig slurry by:
centrifugation (Cent-), sieving (Siev-), enhanced settling by addition of Polyacrilamide (PAM-),
sediment settling (Sed-), sediment settling followed by addition of Polyacrilamide to the resulting
liquid fraction (Sed+PAM-), sediment settling followed by filtration of the resulting liquid fraction
(Sed+Filt-). These 12 dlurry fractions as well as the whole slurry (WS) were characterized in terms
of dry matter, organic carbon total nitrogen and ammonium nitrogen.

Table 1. Main characteristics of the Liquid and Solid fractions obtained by separation of pig slurry using different
techniques (N=3)

Dry matter (gkg") | OrganicC(gkg”) | Tota N (gkg?) NH,*-N (mgkg?’) | C:Nratio
WS 82.52 21.45 4.21 1338.04 5.10
Cent-L 4.93 1.09 144 1217.88 0.75
cent-S 251.75 68.50 10.40 1626.74 6.59
Siev-L 12.80 4.42 4.08 1304.77 1.08
Siev-S 160.12 52.86 6.03 1364.49 8.76
Sed-L 5.68 1.33 1.38 1266.88 0.96
Sed-S 83.51 23.76 4.27 1305.87 5.56
PAM-L 4.84 112 1.38 1063.36 0.82
PAM-S 79.98 36.75 5.05 1176.65 7.28
Sed+PAM-L 4.93 1.13 1.39 1088.62 0.81
Sed+PAM-S 88.14 22.59 4.57 1258.26 4.94
Sed+Filt-L 3.63 0.63 1.30 472.36 0.48
Sed+Filt-S 196.78 55.34 8.79 621.91 6.30

An anaerobic incubation method (Fangueiro et al., 2008) was used to assess the potential N
mineralization/immobilization. An amount of a specific durry fraction corresponding to 0.03 g of N
was added to 10 g of field moist soil in a 60 ml syringe and the amount of water was adjusted to
have a total amount of 25 ml. 8 replicates of each dlurry fraction and non-separated whole slurry
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were performed to allow one half to be incubated for 7 days at 40° C, whilst the other half were
extracted immediately with 1 M KCI. Potentia mineraization/immobilization (PNM) was
calculated as the difference between post- and pre-incubation NH;-N contents.

3. Results & Discussion

The main characteristics of the liquid and solid fractions obtained here vary notably according to
the separation techniques used, namely in terms of total N and organic C (Table 1). All separation
techniques except Sed and Sed+PAM generated solid fractions with higher organic C and total N
concentrations than the WS or respective LF.

Potential nitrogen mineralization was observed with the WS and all the SFs with values of PNM
close to 5% of the organic N applied (7.5% in Cent-S) (Figure 1). The LF obtained showed higher
variability in terms of PNM with 2 leading to N mineralization, 2 to N immobilization and 2 did not
exhibit any variation. No correlation was found between the PNM value of the different fractions
studied and their C:N ratio abet this parameter is usually used to predict the
mineralization/immobilization of the organic residues. Hence, it is to believe that other parameters
influenced by the separation techniques may interfere in the nitrogen mineralization/immobilization

process.
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Figure 1. Potential of nitrogen mineralization/immobilization of SF and LF obtained by separation of pig slurry using
different techniques (N=4)

4. Conclusions

Our results show that most separation techniques alow an efficient remova of solids but the
composition of the resulting fractions depends on the separation technique. The choice of the
separation technique has to consider the final use of the resulting fraction. Nevertheless,
technologies to perform centrifugation and sieving are expensive and energy consuming whereas
the separation by sediment settling imply limited investments. According to previous results from
Fangueiro et al. (2008), the assessment of the particle size distribution of the fraction obtained with
different separation technique might help to understand why the separation techniques affect the
PNM of the resulting fractions.
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Biochar reduces nitrate leaching in an apple orchard
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1. Background & Objectives

Biochar is a by-product of pyrolysis that is the thermal decomposition of different organic sources
under limited oxygen concentration at relatively low temperatures aimed at producing energy by
syngas combustion. The incorporation of biochar into the soil has been proposed as a valid strategy
to increase soil C storage. Furthermore, biochar has shown to promote plant growth increasing soil
nutrient retention (Lehmann and Joseph, 2009). In particular, biochar has shown to reduce
ammonium leaching in acidic tropical soils (Lehmann et al., 2003) and in laboratory conditions
(Ding et al., 2010; Laird et al., 2010), however, information about alkaline soils and in field
conditions is still totally lacking. The aim of the present study is to understand the potential of
biochar for increasing soil N retention in calcareous, sub-alkaline soil.

2. Materials & Methods

In spring 2009, 10 Mg of biochar per hectare was applied in a mature apple (Malus domestica
Borkh.) orchard, growing on a calcareous, sub-alkaline soil (pH 7.3) and located in the Po Valley
(Italy). Biochar was incorporated into the first 20-cm soil layer by surface soil ploughing. A similar
soil perturbation was applied to control plots. Cumulative nitrate (NOs") and ammonium (NH;")
leaching was measured 4 months after biochar addition and in the following year, by using ion-
exchange resin lysimeters (Susfalk and Johnson, 2002) installed below the ploughed soil layer. Leaf
analysis was conducted to assess plants nutritional status. Soil pH and microbial biomass were also
determined in treated and control plots.

3. Results & Discussion

After 4 months, biochar treatment did not produce significant differences in the total amount of
leached nitrogen, both as nitrate and ammonium (Figure 1a). On the contrary, in the following year
NOj3 leaching was significantly reduced in biochar treated soil in comparison to untreated soil
(Figure 1b).
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Figure 1. Cumulative ammonium nitrogen (N-NH,4) and nitrate nitrogen (N-NQO3) leaching after 4 months from biochar
addition (a) and after the following year (b). The symbol * denotes a statistically significant difference for p < 0.05.
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Soil applied biochar did not affect leaf chlorophyll (Chl) content, leaf dry weight and macronutrient
content, while only leaf Zn concentration slightly decreased in amended soil (Table 1). Biochar
treatment did not significantly affect microbial biomass nitrogen and soil pH values (data not
shown). The observed NOjs leaching reduction may be due to different mechanisms, such as
adsorption of NH," by charcoal, or the inhibition of nitrification with the consequent ammonium
adsorption by clay particles (Berglund et al., 2004; Taghizadeh-Toosi et al., 2011). However, direct
adsorption of nitrate by biochar particles cannot be totally excluded. The higher efficacy of biochar
observed in the second year of the experiment might be due to a change in biochar properties with
time.

Tablel Effect of biochar treatment on leaf mineral concentration

Leaf Chl Leaf weight N P K Ca Mg Fe Mn Cu Zn
Unit Spad Units g leaf™ (dw) g kg™ (dw) mg kg™ (dw)
Control 42.7 0.26 21,1 2.6 100 166 4.2 773 1886 59 46.0
Biochar 43.8 0.26 212 23 103 170 42 665 1795 6.3 34.8
ns ns ns ns ns ns ns ns ns ns *

* = significant for p < 0.05; ns = not significant

4. Conclusion

Even if the underlying physico-chemical mechanism is still unclear, the present study shows, for the
first time, that soil biochar addition can significantly decrease nitrate leaching also in a sub-alkaline
soil of temperate climates.
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Can an urease inhibitor mitigate NoO and NO emissions from urea fertilized
Mediterranean agrosystems?
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1. Background & Objectives

Urea is the cheapest and most commonly used form of inorganic N fertilizer worldwide,
accounting for c. 50% of inorganic N use (Harrison and Webb, 2001). Nevertheless, the
low efficiency of N-urea use by crops represents a threat to environmental quality and
public health. It has been estimated that up to 60% of N-urea applied could be lost to the
atmosphere via ammonia (NHj3), nitric oxide (NO) and nitrous oxide (N;O), and to
water streams through nitrate (NOj;) leaching. Among the proposed mitigation
strategies to prevent N losses from urea fertilisation, urease inhibitors have been shown
to effectively reduce NH; volatilization (Sanz-Cobena et al., 2008). Additionally, few
studies examine the effectiveness of NBPT to decrease the NO and N,O production rate
in urea fertilized croplands (Ding et al., 2011). Results from two field experiments were
used to evaluate the effectiveness of the urease inhibitor N-(n-butyl) thiophosphoric
triamide (NBPT, trade name Agrotain™) on abating N oxides emissions from urea
fertilized agricultural soils in Central Spain.

2. Materials & Methods

All experiments were carried out in the same location (i.e. “El Encin” field station,
latitude 40732’N, longitude 3°17°W). The mean annual temperature and rainfall in this
area are 13.2°C and 430 mm, respectively. The soil type is a Calcic Haploxerepts (Soil
Survey Staff, 1992) with a sandy clay loam texture (clay, 28%; silt, 17%; sand, 55%) in
the upper (0-28 cm) horizon. The cropping systems that were studied were barley and
maize crops. Losses of NO and N,O were determined by static chambers (Sanchez-
Martin et al., 2008). Measurements were carried out 3, 6, 9, 12 days after application in
the 2 weeks after urea fertilization, and then once a week until the end of the sampling
period. Urea (U) and NBPT coated urea (U+NBPT) (0.20% w/w) were applied in
granular form. The N application rate was 100 and 250 kg N ha™ for barley and maize,
respectively. Following local agricultural practices, maize was irrigated by 404 mm and
barley was set as a rainfed crop. A soil without N fertilizer applied was settled as a
Control soil (C).

3. Results & Discussion

NBPT decreased N,O-N emissions from urea by approximately 74% and 55% in the
barley and the maize crop, respectively. An abatement of 67% and 88% was measured
for the emissions of NO (Figure 1). This effect was mostly observed when nitrification
was expected to be the main pathway in the production of these reactive N compounds
(WFPS<55%; NO/N,O>1). In the case of maize, this occurred within the first month
after fertilization and it was associated to a slightly controlled irrigation (1 irrigation
event and total amount of 9 mm in the 2 weeks following fertilization). In this study, the
abating effect of NBPT over N,O fluxes was greater than that previously reported
elsewhere (e.g. Zaman et al., 2009). NBPT delayed urea hydrolysis and this may have
explained the lower concentration of ammonium (NH; -N) measured in this soil. This
reduction in the size of the NH,;'-N pool may have reduced the nitrification rate in such
a way that the production of N,O and NO was also affected.
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Figure 1. Cumulative losses of NO-N and N,O-N at the end of the barley and the two maize crops.

4. Conclusion

The mitigating effect of NBPT was seen when nitrification was the dominant process in
the production of N>O. Since NO is mostly produced through nitrification under these
conditions, using NBPT was also effective in the abatement of this reactive N gas.
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Can arbuscular mycorrhizal fungi enhance plant nitrogen capture from organic matter added
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1. Background & Objectives

Several studies have shown that arbuscular mycorrhizal (AM) fungi are involved in plant nitrogen
(N) uptake from inorganic sources. In addition, the AM fungi may be important in plant N capture
from decomposing organic matter (OM), but their role is still unclear (Hodge et al., 2010). The
present work tested the hypothesis that AM symbiosis can affect durum wheat (Triticum durum) N
acquisition from OM added to soil, either by directly or indirectly influencing OM decomposition.

2. Materials & Methods

A pot experiment was conducted in a climate-controlled glasshouse (25/19°C day/night
temperature; 16 h photoperiod). A complete randomized factorial design with four replicates was
adopted. Treatments were: i) AM symbiosis, inoculation of soil with Glomus mosseae (+Myc) and
uninoculated control (-Myc); ii) organic matter (OM), soil amended with 4.6 g *N-enriched maize
leaves (C:N ratio 22.6:1) per kg of soil (+OM) and unamended soil (-OM). Each pot was filled with
600 g of a quartz sand:soil mixture (2:1). Soil properties were: clay 20% and sand 37%; pH 8.1
(soil:water 1:2); 1.04% organic C; 1.05%o total N. The soil mixture was steam-sterilised. Before
starting the experiment, a soil filtrate was inoculated to normalise the microbial community. Three
wheat plants (cv Simeto) per pot were grown. During the experiment, each pot received 5 ml of a
modified Hoagland’s solution (with no phosphorus and 10% N) once every 5 days. The dry weights
of wheat shoots and roots were recorded 9 weeks after the emergence of the crop and both fractions
were analyzed for total N and "N enrichment using an elemental analyzer—isotope ratio mass
spectrometer. The activity of two soil proteolytic enzymes was measured: caseinase (a measure of
the protein hydrolysis to monopeptides) and BAA-protease (a measure of amino acid deamination).
Wheat roots were stained with 0.05% trypan blue in lactic acid and AM infection was measured
using the grid intersect method (Giovannetti and Mosse, 1980). The recovery of the applied "N in
wheat was calculated according to Allen et al. (2004). An analysis of variance was performed
according to the experimental design.

3. Results & Discussion

No AM root infection was found in the —Myc treatment. The addition of OM to soil markedly
decreased both plant growth and total N uptake and, at the same time, increased the caseinase and
BAA-protease activities (Table 1), which suggests an increase in soil microbial activity. Because
soil microorganisms outcompete plants for nutrients over short timescales, the depressive effect of
OM on plant growth and N uptake may have been caused by the higher sequestration of available
inorganic N and other nutrients by microorganisms in +OM. On average, mycorrhizal wheat yielded
20% more biomass and 15% more N than non-mycorrhizal control. Several studies have shown that
AM symbiosis improves plant growth and nutrient uptake especially when plants are grown under
nutrient-limiting conditions (Azcén et al., 2001). Through AM fungi, plants can better scavenge the
soil volume, which enhance their ability to absorb the available N. In addition, as suggested by
Hodge et al. (2000), AM fungi could enhance N uptake by host plant being more effective than non-
mycorrhizal roots in competing with soil microorganisms for inorganic N. The microbial activity
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(both caseinase and BAA-protease) was significantly higher in +Myc than —Myc in either +OM and
—OM treatments. This should have involved an increase in soil N availability from OM. However,
the "°N recovery fraction from the added OM was markedly lower in +Myc than —Myc treatment.
Two mechanisms can be invoked to explain such result: firstly, AM fungi could have acquired N
from decomposing OM in the form of amino acids and retained this element primarily for their own
growth and metabolism (Hodge and Fitter, 2010). Secondly, mycorrhizal plants are more effective
than non-mycorrhizal plants to take up inorganic N; this probably limited N availability in soil, thus
forcing soil bacteria to rely on organic compounds for satisfying their N demand, which limited the
release of N from OM (Schimel and Bennett, 2004).

Tablel. Effects of AM symbiosis (AMS) on total plant biomass, total plant N uptake, °N recovery fraction from added
organic matter (OM), AM root infection, and caseinase activity and BAA-protease activity in wheat grown in soil
amended with OM (+OM) or without OM (-OM).

15
Organic AM Total plant ~ Total plant frzli\i trif)(r;logr?)rri AM root Caseinase BAA-protease
matter  symbiosis biomass N uptake added OM infection ¥ activity activity
(OM)  (AMS) [gperpot]  [mg per pot] (4] [%] [ngTyrg 'h'] [ugNHy g 'h']
_OM —Myc 1.00 9.78 - - 1.026 1.887
+Myc 1.13 10.96 - 32.8 1.235 2.510
+OM —Myc 0.79 7.68 6.36 - 1.328 2.114
+Myc 1.01 9.03 3.93 35.1 1.609 3.323
OM sk ek _ sesksk * skskek
F test? AMS *k ok * *k ok _ * sk
OM x AMS ns ns - - ns *

9 not applicable to —~Myc treatments;
® ng = not significant; *, ** and *** significant for P < 0.05, 0.01 and 0.001, respectively.

4. Conclusion

Although AM fungi increased soil N mineralization rates and total plant N uptake, they strongly
reduced wheat N recovery from OM. This suggests that AM fungi have marked effects on
competition between plants and bacteria for the different sources of N in soil.
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Canola response to N fertilization as affected by preceding crop and location
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1. Background & Obijectives

Excess N application is a major cause of poor N use efficiency (NUE), contributing to negative
environmental impacts and reduced economic benefit. Soil nitrate is used in western Canada to
predict soil N supply and N fertilizer recommendations, but its effectiveness may have decreased
due to changing crop production practices. Higher yielding cultivars, reduced tillage, cropping
intensification, and higher fertilizer input over time may have increased the return of high N crop
residues to the soil and increased the contribution of in-season N mineralization to the crop N
supply (Grant et al., 2002). A more accurate estimate of the total supply of both inorganic and
mineralizable N is needed to predict N requirements and avoid over- or under-fertilization.

2. Materials & Methods

Field studies were conducted at 6 sites across western Canada to assess effects of preceding crop,
soil characteristics and environment on yield response of canola to N fertilization and to evaluate
the effectiveness of various soil tests and modelling approaches in predicting optimum N
fertilization rate. The study consisted of a two year crop sequence with preceding crops (fababean
grown for seed, fababean used as green manure, and pea, lentil, wheat and canola grown for seed)
grown in the first year and canola grown in the second year. Nitrogen fertilizer was applied to the
canola as urea, banded at the time of seeding at 0, 30, 60, 90 and 120 kg N ha™. Soil samples were
taken after the growth of the preceding crop but before seeding of the canola and analysed for
nitrate, ammonium and for mineralizable N using several techniques. A split-plot design with four
replicates was used with preceding crop as the main plot and N rates as sub-plots. Crops were
harvested at maturity and analyzed for seed and tissue N. The ability of the various soil tests to
predict plant-available N and the yield response to N application is currently being assessed.

3. Results & Discussion
Total soil nitrate-N in the upper 60 cm was highest after fababean green manure in half of the sites,
but soil nitrate-N was not consistently higher after pulse crops than after canola or wheat (Table 1).

Table 1. Total nitrate-N (kg ha™ to 60 cm) as affected by preceding crops at six locations across western Canada.
Beaverlodge  Brandon Indian Head  Lacombe  Scott Swift Current Mean

Fababean

(green manure) 45.3 73.4 27.8 55.3 75.8 57.4 55.8
Field peas 20.6 65.4 27.2 40.1 26.4 59.3 39.8
Fababeans 16.9 63.9 8.3 31.9 26.0 49.3 36.3
Lentils 16.5 73.7 26.9 34.8 21.2 58.5 35.7
Canola 19.0 54.8 10.4 24.5 23.0 38.3 335
Wheat 24.9 72.8 14.2 23.0 275 46.8 31.6
LSD (0.05) 6.2 13.9 6.3 8.8 38.4 15.8

Total canola seed yield and the yield increase with N application varied substantially with location
and preceding crop (Figure 1). Seed yield was consistently higher after fababean green manure than
wheat or canola, regardless of N fertilizer input or effect on soil nitrate, indicating both a nitrate-
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based and a non-nitrate-based benefit. Seed yield of canola and the yield response to N application
was related to soil nitrate-N concentration to some extent, but there were discrepancies. For
example, soil nitrate-N at Beaverlodge and Lacombe was low compared to that at Brandon, yet the
canola seed yield was as high or higher in the unfertilized check and response to fertilizer
application lower at these two sites than at Brandon. This may indicate high levels of mineralizable
N at the Beaverlodge and Lacombe sites. Several mineralization tests are currently being evaluated
for their ability to more accurately predict plant-available N and potential response to N fertilization
at these field locations.
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Figure 1. Yield response as a function of nitrogen fertilization and preceding crop at six locations in western Canada.

4. Conclusion
Fababean green manure provided both nitrogen and non-nitrogen benefits to the following canola
crop. Soil nitrate-N provided an approximate indication of plant-available N and yield response to

N application, but better prediction is needed to more accurately determine fertilizer N
requirements.
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Carbon and nitrogen residual effects after repeated manure applications
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1. Background & Objectives

Repeated applications of animal manure to agricultural soils contribute to the short term fertility
(Bechini and Marino, 2009), but determine also the residual effect, i.e. higher crop N availability in
manured compared to unmanured soils, through the mineralisation of recalcitrant manure
components and the re-mineralisation of microbially-immobilised N (Sgrensen, 2004). Manure
residual effect has been studied in several field experiments (e.g. Schroder et al., 2007). Compared
to field experiments, a laboratory incubation permits the measurement of the net N mineralisation of
manures, without the confounding effect of other N inputs or outputs. It also enables the fate of
added N in different compartments to be traced (e.g. Sgrensen, 1998; Van Kessel and Reeves,
2002). The aim of this laboratory experiment was to estimate under constant soil temperature and
water content the residual effect of C and N after repeated applications of dairy cow manure to a
clay-loam soil.

2. Materials & Methods

A liquid dairy cow manure (dry matter 8.2%; organic C 34.9 g C kg™ ; total N 3.9 g N kg™*; NH,~N
1.9 g N kg™; pH 8.0) was applied to a clay-loam soil (sand 45%; silt 25%; clay 30%; organic C
1.16%; total N 0.14%; pH 6.8). Manure-amended soil (MAN) and unamended soil (CON) were
incubated. We adopted a fully randomised experimental design with three replicates and we
followed the “nursery” method by Thuries et al. (2000). In order to provide enough experimental
units (mix of soil + manure or water) for a total of 35 destructive measurements over time, we set
up 210 experimental units (2 treatments x 4 manure applications x 3 replicates x 35 sampling
dates). Each experimental unit contained an amount of preincubated soil corresponding to 100 g dry
soil. Preincubation was carried out for 1-week to allow mineralisation of labile pools present in the
soil after air desiccation, sieving (at 2 mm) and remoistening. Experimental units were divided in
four groups; the first group received manure once, the second group twice, the third three times, and
the last group four times. Repeated applications were made every 85 days at a rate of 100 mg N kg™
soil (corresponding to 360 kg N ha™, considering a plough depth of 0.3 m and a soil bulk density of
1.2 g cm™) for each addition. After the last manure application, 3 replicates of MAN and CON were
analyzed for respired C and soil mineral N concentration on Day 0, 1, 7, 15, 29, 41 and 85; in
addition, experimental units receiving 1 and 4 manure applications, were analyzed on Day 21 and,
only experimental units receiving manure once, were analyzed on Day 10.

The incubation was carried out at a soil water potential of -50 kPa, and a temperature of 25°C.
Experimental units were periodically watered to compensate for water loss by evaporation.
Measurements of respired C were carried out by the alkali trap method (Stotzky, 1965) while
concentrations of 1M KCI extractable ammonium and nitrate were determined by flow injection
analysis and spectrometric detection. For each incubation interval, the net respiration of manure C
was determined by subtracting the CO,-C of CON from that of MAN (assuming no priming effect
from the manure). These values were summed for all the intervals to obtain the accumulated
respiration. For each incubation interval net soil mineral nitrogen concentration (SMN = NH,—N +
NO3—-N) was calculated as the SMN in MAN minus the SMN in CON. Manure C residual effect
(CRE) due to one, two or three manure applications was calculated as the difference between the
net accumulated CO,~C at day 85 measured during application 4 and the net accumulated CO,—C
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measured at day 85 during applications 3, 2 or 1. We hypothesised that increments in the respiration
of manure C after repeated applications could be ascribed to the mineralisation of the recalcitrant
components of the manure applied to the soil. Manure N residual effect (NRE) due to one, two or
three manure applications was calculated as the difference between the net SMN at day 85
measured during application 4 and the net SMN measured at day 85 during applications 3, 2 or 1.

3. Results & Discussion
The percentage of respired manure C increased after repeated manure applications. The
accumulated CO,—C respired corresponded to 47, 51, 52 and 55% of manure C 85 days after 1, 2, 3
and 4 applications, respectively. Estimated carbon residual effects of one, two or three manure
applications were 3, 4 and 7% of manure C respectively (Figure 1a).
Similarly, SMN concentration increased after two, three and four manure applications (+1, +9,
+9%) compared to a single manure application (Figure 1b).
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Figure 1. Carbon (a) and nitrogen (b) residual effects of a liquid dairy cow manure applied to a clay-loam soil.

4. Conclusions

These preliminary results show that after repeated manure applications of liquid dairy manure to a
clay-loam soil, part of the added organic matter is slowly mineralised, contributing to a progressive
release of ammonium into the soil. The results of these incubation studies are useful to better
understand the residual effect of carbon and nitrogen in the field and to improve simulation models.
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1. Background & Objectives

Green manuring is probably the only option for extending on a great scale the acreage of organic
farming in the perennia crops of the Mediterranean basin such as olive groves. Olive growers, in
general, do not have animals so the availability of organic manures is not sufficient to maintain soil
fertility. In addition, the organic composts approved for organic farming on the market have high
prices and are sometimes speculative, in relation to their fertiliser value (Rodrigues et al., 2006). In
NE Portugal thereis along tradition in the cultivation of white lupin (Lupinus albus) as a means of
improving soil fertility. However, little is known about the dry matter yield and N fixation potential
of lupin in these agrosystems, and aso of the transfer of fixed N to the trees. In this work the results
of dry matter yield and N recovery by lupin, vetch (Vicia villosa) and a mixture of self-reseeding
annua legumes are presented. The trial aso included plots of oats (Avena sativa) and natural
vegetation.

2. Materials& Methods

Two field trials were carried out on Carrascal farm (Vila Flor) and Sucédes (Mirandela) in NE
Portugal. On Carrascal farm the treatments of the experimental design were: white lupin, vetch, a
mixture of self-reseeding annual legumes, oats and natura vegetation as control. The
species/varieties of the mixture were: Ornithopus compressus cv. Charano, Ornithopus sativus cvs.
Erica and Margurita, Trifolium subterraneum cvs. Dalkeith, Seaton Park, Denmark and Nungarin,
Trifolium resupinatum cv. Prolific, Trifolium incarnatum cv. Contea, Trifolium michelianum cv.
Frontier and Biserrula pelecinus cv. Mauro. On Sugées, the treatments were: white lupin, the same
mixture of self-reseeding annual legumes, oats and natural vegetation fertilised with N (60 kg N ha
1) and not fertilised. Dry matter yield and N recovery were determined from field samples of the
above-ground biomass. Nitrogen concentration in plant tissues was determined by a Kjeldahl
procedure.

3. Results & Discussion

White lupin produced 6.9 and 8.2 Mg DM ha’ and accumulated 138 and 195 kg N ha' in the
above-ground biomass at Carrascal and Sucéaes, respectively (Figures 1 and 2). The values may be
considered high if compared with others reported in the literature (Carranca et a., 2009). In
Carrascal, vetch showed slightly lower DM yield than white lupin, but its tissues presented higher N
concentration. As a result, N recovered was slightly higher in vetch (156 kg N ha*) in comparison
to lupin. Annual legumes produced 5.6 and 6.4 Mg DM ha™ and recovered 105 and 110 kg N ha™.
Oats showed fair DM yields (4.7 and 3.0 Mg ha), but N concentrations in tissues were very low
(5.4 and 5.2 g kg™, recovering only 25.6 and 15.7 kg N ha™. The dry matter yields recorded from
the natural vegetation not fertilized were low (1.1 and 0.7 Mg ha) and N recoveries very low (11
and 7 kg N ha'), revealing that these soils presented very low levels of N availability. Applying N,
only a small increase in DM vyield was found (1.1 Mg N ha®), but N concentration in tissues
increased markedly (20.8 g kg?). The reduced stimulus in DM vyield of natural vegetation by N
application in spring is explained by reduced nitrophily, a short growing season, and the small size
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of several dominant species in the infertile soils where the orchards are established, such as Mibora
minima, Crassula tillaea and Spergula arvensis (Rodrigues et al., 2009).

Nat veg
Qats
Annual legs
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Lupin

50 100 150 200
DM y|eld(Mg ha'l) N conc. (g kg'l) N recovery (kg hal)

Figure 1. Dry matter yield, N concentration and N recovery in above-ground biomassin Carrascal farm, VilaFlor.
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Figure 2. Dry matter yield, N concentration and N recovery in above-ground biomass in Sucées, Mirandela.

4. Conclusion

The legume species included in these experiments were particularly well adapted to the
agroecological conditions of the region. They showed high potential for DM yield and N fixation in
soils with very low natural fertility. White lupin and vetch might accumulate more than 150 kg N
ha yr, values that seem high enough to ensure the N nutrition of the trees without additional
fertilisers. However, further studies are necessary to evaluate the efficiency of N transfer to the
trees.
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Comparing strategies for implementing soil organic matter and nitrogen use in two
contrasting soils
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Grignani C.

*Department of Agricultural Engineering and Agronomy, University of Naples Federico II, Italy

®Department of Agronomy, Forest, and Land Management, University of Turin, Italy

1. Background & Objectives

In the last decades, wide scientific debate has highlighted the need to preserve and restore soil
organic matter and to improve soil ecosystemic functions. A field experiment was designed to
assess the applicability of alternative C sequestration strategies: either adoption of minimum tillage
or addition of stabilized organic matter in the form of compost. Strategy success was evaluated by
the ability of each tool to effectively enhance soil organic carbon (SOC) and support maize yield.

2. Materials & Methods

Tested treatment were compost distribution (COM) or minimum tillage (MT) compared to
conventional management (CONV), under contrasting soil conditions (high fertility-coarse texture
at Turin site — NW Italy- and low fertility-fine texture at Naples site- southern Italy). Field trials
lasted from 2006 to 2008. N input was 130 kg N ha™ for all the treatments except a non-N-fertilized
ploughed control (ON). N sources were urban waste compost (COM) and urea (MT, CONV).
Treatment effect was evaluated through yield and medium-term variation of soil fertility, as
indicated by SOC and total N. Variables were analysed through ANOVA considering the treatment
as the main factor; for yield, year effect was analysed as a repeated measure. Site was not included
as factor in order to preserve homogeneity of variance (sites were analysed separately).

3. Results & Discussion

Soil properties influenced the different maize responses to treatments between the two study sites.
Naples was characterized by a lower fertility than Turin, which resulted in a marked reduction of
COM agronomic performance with respect to CONV in all years. Different results occurred at
Turin, where its higher fertility buffered any treatment effect (Table 1). It is likely that compost
released a fraction of its organic N after soil incorporation where it acted as a slow-release fertilizer
(Erhart et al., 2007), with labile N representing a small portion of total N. Thus, complete
substitution of mineral fertilizers with compost is usually possible in coarse but fertile soils, while
higher amounts of total N with respect to mineral fertilizers are needed in fine-textured low-fertile
soils (Fagnano et al.,, 2011). Lower initial soil fertility at Naples resulted in higher soil C
sequestration (Figure 1); even though maize yield was lower. Reduction of tillage intensity was
effective in sequestering C in the Naples clayey soil, likely because maize root mineralization was
mitigated by anoxic conditions, while coarse textured soil at Turin always favoured crop residue
oxidation. Still it is possible that C sequestration at Turin could occur in the medium- to long-term.
Results suggested that SOC preservation could be agronomically sustainable in the fine-textured
soils near Naples only with MT. In fact SOC increased with either using compost or MT, but
compost strongly reduced maize yield since anoxic soil conditions hindered organic matter
mineralization and favoured plant-available N immobilization. SOC preservation in the fertile and
coarse-textured soils near Turin was achieved only with compost addition (55.1 % of added C),
probably because soil aeration fostered root oxidation in MT.
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Table 1. Total biomass and N uptake of the different treatments at Naples and Turin during the three years of treatment
application (2006 to 2008).

Naples Turin
2006 2007 2008 2006 2007 2008
Total biomass
[Mg d.m. ha] CONV 21.9 18.7 15.5 25.4 23.9 19.4
MT 22.0 20.2 16.9 21.9 24.4 19.7
COM 7.0 6.7 6.8 23.6 23.8 16.4
ON 21.5 9.3 11.4 28.4 21.1 13.1
P(F) LSD(Sidak) P(F) LSD(Sidak)
Effects Treatment 0.000 - n.s. -
Year 0.000 - 0.000 -
Interaction 0.000 53 0.000 39
N uptake
[kg N ha'] CONV 253.3 186.0 115.6 287.1 222.4 197.9
MT 243.0 183.9 127.2 257.1 250.1 186.0
COM 42.7 40.6 46.7 246.9 220.0 140.6
ON 178.0 57.5 81.8 292.0 177.2 113.9
P(F) LSD(Sidak) P(F) LSD(Sidak)
Effects Treatment 0.000 - n.s. -
Year 0.000 - 0.000 -
Interaction 0.000 53.3 0.000 57.0
16 - 0,2 1
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Figure 1. Soil organic C and total N concentration variations of the different treatments at Naples and Turin at the end
of treatment application (harvest in 2008) relative to pre-treatment conditions (pre-fertilization in 2006).

4. Conclusion

The minimum tillage can substitute conventional management. Application of a stable organic
matter such as compost is valuable in fertile, aerated soils, but should be avoided in low fertility,
anoxic soils as crop yields can be depleted. Preservation of organic matter oxidation through
minimum tillage maintained crop production both in fertile and non-fertile soils, but its fit is better
in anoxic soils where SOC sequestration is higher. Our findings confirm that there is no unique
solution to environmental issues, but a series of options that need to be evaluated in the specific
pedo-climatic and farming system conditions.
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1. Background & Objectives

Nitrogen transformation rates and nitrous oxide (N.O) emissions from urine patches
are notoriously variable, both in space and time, due to the variability of controlling
environmental factors. Thus annual N,O losses are often made up by a few emission
peaks. Effective mitigation of N,O emissions from pastoral systems requires better
understanding of the factors that control the interconnected N cycling processes,
including nitrification, denitrification and gaseous emissions.

Computer simulation models provide a cost effective method of estimating N,O
emissions from soils and for evaluating how heterogeneity in climate and soil affect
these emissions. Various simulation approaches are in use or being developed to
predict N,O emissions. The models vary in the level of detail or number of nitrogen
pools and transformation processes considered, as well as on how the processes are
described. Other processes within the models, such as water and heat transport within
the soil also affect the modelled N transformations and losses. And while most models
have been tested and validated for certain aspects, there is a lack of information on
how models compare in other aspects. The objective of this paper is to compare the
APSIM (Agricultural Production Systems Simulator; (Keating et al., 2003),) and
DNDC (DeNitrification DeComposition; (Li et al., 1992)) model for ssimulating N
transformation processes and N,O emissions from urine patches.

2. Materials& Methods

N transformations and N,O emissions from urine patches from the two different
simulation approaches, APSIM and DNDC, were compared by setting up simulations
comprising two different regions of NZ, two different soils, 4 different N deposition
times, (Spring, summer, autumn and winter), and four different N deposition loads
(250, 500, 750, and 100 kg N/ha). The simulations were run for 3 months and
simulation output included cumulative and daly vaues of nitrification,
denitrification, volatilisation, and N,O emissions. Simulation results were also
compared to different datasets comprising N,O emissions from urine patches.

3. Results & Discussion

Simulated N transformation rates as dependent on environmental conditions were
quite different for the two models, APSIM and DNDC. APSIM simulated
denitrification in a silt loam in the Waikato region of NZ increases nearly linear with
increasing N load (Figure 1), whereas denitrification simulated by DNDC reaches a
plateau at an N load of 250 kg ha' and thereafter remains aimost constant. DNDC
also shows little seasonal affect to denitrification, whereas APSIM predicts much
higher denitrification in autumn compared to summer and spring. This model
difference is partly due to the higher sensitivity of denitrification in APSIM to soil
water content, and of DNDC on soil temperature. Simulated N,O emissions by
APSIM show a similar trend to denitrification, whereas those simulated by DNDC
show alinear increase over the entire range of N load simulated. This suggests that in
DNDC at high N loads nitrification becomes amajor source for N,O emissions.
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Figure 2. APSIM and DNDC simulated N,O emission as dependent on N load and time of deposition
inasilt loamin the Waikato region of NZ.

4. Conclusion

Simulated denitrification and N,O emissions over 3 months for different N loads and
seasons were quite different, indicating higher sensitivity of APSIM to soil water
content, while DNDC shows a stronger influence of temperature, with denitrification
triggered by rainfall. APSIM also shows a much higher seasona variation in both
denitrification and N,O emissions, suggesting higher sensitivity of APSIM to
environmental conditions compared with DNDC.
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1. Background & Objectives

Pollution of surface water bodies with nitrates is a major problem in Flanders, Belgium. The nitrate
(NO3") concentration in many surface water bodies exceeds the maximum concentration of 50 mg
NOs; L™ set in the EU Nitrates Directive (91/676/EEC). Although water quality is steadily
improving, in 2010 still 28% of the surface water sampling points of the Manure Action Plan water
quality network (MAP) exceeded the Nitrates Directive limit at least once ayear (VMM, 2010). An
important cause of this pollution is leaching from agricultural parcels due to intensive manure
application and high nitrogen leftover in soils after harvest of the crops. Over the winter period
nitrate largely leaches out of the root zone and may ultimately reach surface water bodies via tile
drains or the aquifer. However, during transport through soil and groundwater, denitrification
processes may occur, resulting in lower nitrate loading in surface water bodies. Knowledge about
the fraction of nitrate that is thus denitrified in Flanders is scarce. Such knowledge is important for
policy makers, since it could contribute to delineate zones that are more vulnerable to surface water
pollution with nitrate. This way, efforts to improve water quality can be focussed on these regions.
In this study the environmental variables controlling the denitrification capacity of small headwater
catchments in Flanders are investigated and a regional differentiation of this denitrification capacity
is defined.

2. Materials & Methods

For al 794 surface water sampling points of the MAP-network, each individual catchment area was
delineated using the ArcSwat GIS-software (Neitsch et a., 2009). A subset of 50 sampling points
and their corresponding catchments was selected for further analysis. Selection was based on
homogeneity of each catchment regarding soil granulometrical class and hydrogeological
properties. The selected catchments were not affected by pollution from residential sewage. For al
parcels (agricultural and other land use types) within each catchment, the nitrate leached from the
root zone was modelled for 4 subsequent years, by means of an analytical solution of the convection
dispersion equation, and the mean nitrate concentration of the leachate below the 90 cm depth plane
(rootable depth) for each catchment was calculated. The mean nitrate concentration in the surface
water sampling points was calculated as the sum of the monthly measured concentrations, weighed
by the ratio of monthly discharge over the total annual discharge. The ratio of area-averaged nitrate
concentration of the leachate in each catchment over the weighted mean nitrate concentration in the
corresponding surface water sampling point, is interpreted as the denitrification capacity per
catchment. This ratio is defined as the process factor (PF) for nitrate (Herelixka et a., 2002). For
low values of the process factor (between 1 and 1.5) ailmost no denitrification occurs. The larger the
process factor, the more nitrate denitrification occurs.

3. Results & Discussion

Process factor values ranged from 0.9 to 104.4. The soil granulometrical class of the catchment and
the redox potentia of the underlying aquifer proved to be the main significantly explanatory
variables of the process factor. A predictive regression model for the process factor was constructed
with these two variables by means of a stepwise regression analysis. The origina process factors
(PF) were transformed with a Box-Cox transformation to get a set of normally distributed
transformed process factors (PF) :

PF, = A +0.001943 x redox potential (mV) (n = 47, R = 0.39)

sand: A= -1.270 sandy loam: A= -1.241 silt: A=-1.650 clay: A= -1.433
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PF: is the Box-Cox transformed process factor (A = -0.5):

o L

Full-coverage predictions for the region of Flanders were made with this model, based on the digital
soil map and a geodataset of the redox potentia of the phreatic aquifer (DOV, 2011). In Figure 1,
the predicted Process factor is visualized after retransformation of the PF; to PF.

A clear regional variation of the process factor can be distinguished with values of 1.3 in the East
(deep sandy soils with high redox potential) to 12 in the West (shallow estuarine clayey soils with
low redox potential).
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Figure 1. Predicted process factor for surface water in Flanders, Belgium. White zones correspond with residential areas
or zones with no soil data.

4. Conclusion

This study investigated factors determining the denitrification capacity of small headwater
catchments in Flanders. Results suggest that soil texture and redox potential of the agquifer are the
main explanatory variables. A predictive model alowed for a regiona differentiation of the
denitrification capacity in Flanders. The resulting predictive map of the process factor could be used
as atool to evaluate the vulnerability of surface waters to nitrate pollution.
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1. Background & Objectives

N,O emissions of agricultural soils result predominantly from microorganisms, particularly
produced during nitrification and denitrification. However, which part microbial groups contribute
to N>O formation is not sufficiently investigated yet. Understanding of N,O sources and sinks is an
important requirement for evaluating mitigation strategies of N,O emissions. Pure culture studies
showed that most fungi in soil lack N,O reductase (Shoun et al., 1992) and that N,O from bacterial
and fungal denitrification exhibit different isotopomer ratios (e.g. Sutka et al., 2006, Sutka et al.,
2008, Frame and Casciotti, 2010). Studies which combine BN site preferences of N,O (SP =
difference between 8'°N of the central and terminal N-position of the asymmetric N,O molecule
(Well et al., 2006)) and the analysis of N,O production by different microbial communities in soil to
distinguish between bacterial and fungal N,O are lacking so far. The objectives of this study are a)
to determine the importance of fungal N>O formation in a sandy arable soil, b) to verify, if the
contribution of bacteria and fungi to N,O emission can be assessed by analyzing SP, and c) to
determine the effect of N,O reduction on SP. To this end, we used the same approach as in
substrate-induced respiration with selective inhibition (SIRIN) (Anderson and Domsch, 1975).

2. Materials & Methods

We used a sandy soil (Braunschweig, Germany) with 80% water filled pore space and flushed the
headspace with N, to achieve denitrifying conditions. N,O produced by fungi or bacteria was
quantified in incubation experiments using the same selective inhibitors for bacteria and fungi as
used in SIRIN. The following four treatments were tested: a) control without growth inhibition, b)
inhibition of bacterial growth, c) inhibition of fungal growth and d) inhibition of bacterial and
fungal growth. In a full factorial design, this was combined in two variants with N supplied as '°N-
labelled or non-labelled NOs™ fertilizer. In addition all treatments were analyzed with and without
blocking the N,O reduction by acetylene. Production of N,O was determined in all treatments. The
non-labelled treatments with selective inhibition were used to determine SP of fungal and bacterial
N,O, respectively. Isotopic signatures of N,O in the non-labelled treatments were used to estimate
isotope effects of N,O production by fungal and bacterial denitrifiers. In the treatments with
acetylene addition N,O reduction was blocked to determine the isotope effect of the NOs™ to -N,O
step and thus avoiding isotope effects by N,O reduction to N,. For the treatments without acetylene
addition, 15N2 analysis in the >N-labelled variant was conducted to estimate the impact of N,O
reduction on isotopic signatures of N,O in the non-labelled treatments.

3. Results & Discussion

The respiratory fungal/bacterial ratio indicated domination of fungi. Net N,O production was
highest in the treatment without any inhibitor (control) followed by the treatment with bacterial
growth inhibition showing that fungal N,O fluxes were relevant. Treatments with both inhibitors
(N2O production of uninhibited organisms) yielded lowest N,O production. Using acetylene in the
non-labelled treatments yielded higher N,O production than without acetylene with highest effect in
bacterial dominated treatments (70% increase in N,O production), whereas the other treatments
exhibited lower and relatively similar effects (42 to 47% increase in N>O production).
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Currently, isotope analysis of gas samples is conducted. Based on this, we will calculate
isotopologue signatures of fungal and bacterial N,O. These results will be presented and discussed.
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Do cover crops affect leaching and soil accumulation of salt and mineral N?
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1. Background & Objective

Nitrate leaching beyond the root zone increases water contamination hazards and decreases crop
available N. Using cover crops instead of leaving the land fallow is an alternative to reduce nitrate
contamination in the vadose zone, as cover crops reduce soil mineral N acummulation and drainage.
Cover crops may also enhance soil aggregate stability, and water retention capacity, two important
characteristics in irrigated land. However, reducing drainage below the root system, by increasing
evapotranspiration, could lead to soil salt accumulation. Salinity has already affected more than 80
million ha of arable land in many areas of the world (FAOSTAT,
http://www.fao.org/nr/water/aquastat/main/index.stm), and in the Mediterranean region is one of the
principal causes for yield reduction and land degradation. Few studies address both related
problems simultaneously; therefore, a long-term evaluation of the potential effect on soil salinity
and nitrate leaching is necessary to ensure that advantages of cover cropping are not compensated
by potential disadvantages that could originate from soil salt accumulation.

2. Materials & Methods

The soil salinity and nitrate leaching evaluation is based on studies conducted over 4 years in a
semiarid irrigated agricultural area of Central Spain. Three treatments were studied: barley
(Hordeum vulgare L.); vetch (Vicia villosa L.), and; fallow during the intercropping period of maize
(Zea mays L.). Cover crops were Killed in late winter allowing seeding of maize of the entire trial in
early spring, and all treatments were irrigated and fertilised following the same procedure. Soil salt
and nitrate accumulation was determined along the soil profile before maize sowing. Soil analysis
was conducted in samples from four 1.2 m deep holes per plot and at 6 depth intervals (every 0.20
m). The electrical conductivity of the saturated paste extract was measured in each soil sample with
a conductimeter (Rhoades, 1996). Soil mineral nitrogen (Nmin) was determined from the sum of
nitrate and ammonium concentrations in 1M KCI soil sample extracts, obtained by
spectrophotometry (Gabriel and Quemada, 2011). During the whole experiment, daily soil water
content measurements from calibrated capacitance probes (Gabriel et al., 2010) were used to
calculate drainage at 1.2 m depth, and applying a numerical model based on the Richards water
balance equation (Vanclooster et al., 1996).

3. Results & Discussion

Our results showed that when irrigation water was adjusted to crop needs, drainage during the
irrigated period was minimized (Figure 1) which led to an accumulation of soil salt and nitrate on
the upper layers after maize harvest. Salt and nitrate leaching occurred mainly during the intercrop
period. In cover crop treatments, the drainage period was shorter, and the amount of drainage water
and nitrate and salt leached were lower than in the fallow. This effect led to a larger nitrate
accumulation in the upper layers of the soil after cover crop treatments than after fallow. However,
soil salt accumulation did not increase in treatments with cover crops, and even decreased in years
with a large cover crop biomass production (Figure 2, April 2008 and 2010).
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Figure 1. Drainage (NO3 + NH,") and salt leaching for the various treatments from October 2006 to April 2010.
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Figure 2. Distribution of soil Nmin (kg N ha™®) and saturated paste extract soil electrical conductivity (S m™) by depth at
the end of the cover crop growing season (maize sowing), as influenced by the cover crop treatment.

4. Conclusion

Adoption of cover crops in this irrigated cropping system reduced water percolation beyond the root
zone; as a consequence salt and nitrate leaching diminished but did not lead to salt accumulation in
the upper soil layers.
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1. Background & Objectives

Agriculture generates approximately 10-12% of the total greenhouse gases (GHGs) with major
contributions in terms of N,O emissions (Snyder et al, 2009). Fluxes of GHGs are affected by water
content in soil. Rainfall, irrigation and groundwater level affect denitrification and the subsequent
production of N2, NO, N,O. The lysimeter study here presented aims to evaluate the influence of
groundwater level on GHG emissions (CO,, CH4 and N,O) from soil receiving organic and mineral
fertilization.

2. Materials & Methods

The experiment (26/6/2011- 2/11/2011) was conducted in the Veneto Region (NE lItaly) in 12
loamy-soil drainage lysimeters (1 x 1 m? width x 1.5 m depth) cropped with maize (Zea mays L.).
Overall precipitation and irrigation during the monitored period were 1100 mm y™.The factorial
combination of three shallow water table levels (free drainage, 60 cm and 120 cm depth) with two
levels of N input (250 and 368 kg ha™ y™) was compared. The experimental layout was completely
randomised with two replicates. Fertilisation consisted in a mix of beef manure and poultry litter
(for M treatments) at two doses (170 and 250 kg N ha* y™) incorporated before crop sowing,
integrated with top-dressed urea (U) at 80 kg N haand 118 kg N ha™, respectively. GHG flux rates
from soil were measured using an automatic close dynamic chamber system (12 chambers) (Delle
Vedove et al., 2007). Chambers closed for measuring CO, concentration six times per day. During
the sampling air was forced to circulate between the chamber and an infrared gas analyser (IRGA,
SBA-4, P-Systems): 150 measures of CO, concentration (one every second) were performed during
every closure. A non-linear regression between CO, and time was used to establish the increase of
CO,, concentration in every chamber.

N,O and CH,4 concentration were obtained, on a daily basis, the first five days after fertilization and
every two weeks for the remaining test-time. Chambers, in this case, were connected with an auto-
sampler and air from chamber was stored in vials for N,O and CH,4 analysis by gas chromatography.
Three measures were taken for every closure (at the closure, 20 min and 50 min from the closure) :
a linear model was preferred in this case for calculating N,O and CH, fluxes. GHG daily emissions
were tested with Kruskal-Wallis ANOVA.

3. Results and Discussion

Measured CO, fluxes represented the sum of autotrophic and heterotrophic respiration. An increase
in CO, fluxes occurred a few days after fertilization and lasted 15 days. Values ranged from 2 to 10
umol CO, m? s for low N input and from 2 to 14 pmol CO, m? s for high N input. Total
emissions of CO; during the monitored period are shown in Table 1. Nitrous oxide fluxes started to
be detectable three days after fertilization, in occurrence of the first irrigation (Figure 1). The largest
fluxes were observed after the second urea application when very high soil temperature (up to 36°C
in those days) occurred. Methane fluxes were not detectable. CO, fluxes were significantly affected
by the presence of groundwater level while N,O emissions (kg ha™ d*) appear to be constant
between treatments.
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Figure 1.
Average fluxes of N,O-N.
(26/6 - 2/11/2010).

Lower (graph above) and
highest N fertilization
(graph  below)  were
compared in free drainage
or with shallows water
tables.

Nineteen sampling were
performed in four month:
two before N input e
sowing , one sampling
finished the operation of
fertilization and sowing,
one the first day, three the
second day, one per day
until the end of the first
week. The rest of
sampling every two
week.

Irrigation (indicated by
dotted arrow) manure and
Urea (in particular second
dose) affected N,O fluxes
in both graphs.

Table 1. Median daily emissions of CO, and N,O. kg CO,-e = kg of carbon dioxide equivaien ur inpu erussiors.

Fertilization WT kg CO,ha*d™ | kgN,O-N ha'd" kg CO,eha'd®!
Manure Urea i
170 80 kgNha'y' noWT 2.80c 0.0030 1.469
WT at 120cm 4.34a 0.0029 1.400
WT at 60 cm 4.08ab 0.0022 1.056
250 118 kg N ha*y* noWT 3.19bc 0.0025 1.240
WT at 120cm 4.29a 0.0020 1.020
WT at 60 cm 3.67b 0.0014 0.703

4. Conclusion

Contrasting interactions of agronomic practices, soil and meteorological conditions affected results.
A longer monitoring period will be necessary to highlight the potential effects of groundwater

regimes on GHG emissions.
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Dynamic of ammonia emission from urea spreading in Po Valley (Italy): relationship with
nitrogen compounds in the soil
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1. Background & Objectives

The majority of ammonia (NH3) emissions in the atmosphere are due to agricultural activities, with
the major source being field-applied manure, followed by the use of inorganic fertilizer (Erisman et
al., 2003). This loss of nitrogen (N) due to NH; emission may significantly reduce N-fertilizer
efficiency and cause environmental problems (Asman et al., 1998). NHj volatilization from urea
fertilizers has a slower dynamic than manure since urea does not contain ammoniacal N (NH,"). In
this case, it is necessary that hydrolysis process takes place under favourable conditions of soil
water content and temperature. Appreciable NHj3 loss could occur within few days after the
fertilizer application. Afterward the loss rate decreases due to the reduction of the total ammoniacal
nitrogen (TAN = NH3+NH;") which could be dissolved in increasing volumes of soil water
(Sommer et al., 2004). The TAN depletion is shared by the NH3 emission to the atmosphere and by
the processes of immobilization and nitrification, through microbial activity. In this work, to define
the end of the volatilization phenomenon, the NH3 release has been discussed in relation to the pH
and NH, " and nitrate (NOj3") concentrations measured into the soil.

2. Materials & Methods

The trial was carried out in a corn field of approximately 10 ha located in Landriano (Po Valley,
Northern Italy, Lat. 45°19" N, Long. 9°16" E, Alt. 88 m a.s.l.). From 14 June 2010, NHj
concentration was measured daily for 24 days using the passive samplers ALPHA developed by
Tang et al. (2001). Samplers were exposed in triplicate both in the center of the field and distant
from the fertilized area, away from known NHj3 sources (about 1500 m). The ALPHAs in the field
were maintained 1 m above the canopy, for up to 12 hours. Urea in granular form was surface
spread the 18 June 2010 at a rate of 106 kg N ha™', and during the period of the experimentation the
crop (maize, at stage V8) was not irrigated. A sonic anemometer (USA-1, METEK GmbH,
Elmshorn, Germany) was placed in the centre of the field in order to collect data relative to the
turbulent state of atmosphere (i.e. friction velocity, roughness and Monin-Obukhov lengths) and
used as input for the WindTrax model (Flesch et al., 1995). A standard meteorological station was
employed for measuring temperature and humidity of the air, global solar radiation, rain and wind
speed. Random soil samples were collected (three replicates at 0-10 cm depth) in order to evaluate
pH and the concentration of NH, and NOs’, the latter by using a spectrophotometer (FOSS, FIAstar
5000 system, Denmark); the timing of the soil sampling is reported in Table 1.

3. Results & Discussion

The hydrolysis of urea took place 1 day post application with a rain event occurred in the morning,
which dissolved the fertilizer into the soil. The NHj volatilization reached a main peak of emission
(about 5 pg m?s™) around midday (no rain), followed by a decreasing due to an increasing in
rainfall (about 20 and 13 mm during the day 19" and 20™, respectively). During the following four
days, the NH; fluxes showed peaks around 1 ug m™?s™ during the morning, while starting from the
25™ of June, the NH; fluxes decreased to rise slightly up on the 6™ of July in occasion of a
particular windy day. In order to evaluate if the volatilization of NH; was exhausted when the trial
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was stopped in terms of NHj concentration measurements, the cumulated NH; volatilization
between two successive soil sampling was computed and its relationship with pH and with NH,"
and NOj’ into the soil was investigated (see Table 1).

Table 1. Averaged soil NH," and NOs concentrations (0-10 cm), pH and NH; losses cumulated during the period
between two successive soil samplings. Negative values are referred to ammonia deposition.

Date [NH, '] [NOsT] NH; cumulated in the period  pH
(dd/mm/yyyy) (mgkg")  (mgkg) (g N ha) -

14/06/2010 7.5 15.3 0 6.2
15/06/2010 5.1 18.1 0 6.2
18/06/2010 7.9 12.6 992 6.3
21/06/2010 52.0 12.2 2065 6.5
22/06/2010 72.1 22.6 478 6.3
25/06/2010 11.7 22.6 581 6.1
29/06/2010 7.1 26.3 208 6.0
01/07/2010 5.7 24.6 181 6.1
02/07/2010 2.3 15.1 -181 6.1
04/07/2010 35 37.8 66 6.0
05/07/2010 2.2 24.6 53 6.0
06/07/2010 3.6 24.2 458 6.0
07/07/2010 3.9 28.6 103 5.9

The availability of NH4" increased immediately after the start of urea hydrolysis, promoting NH;
volatilization. However, at the same time of NH; fluxes decreasing (25th June), the NH,4"
concentration decreased, while the NO;™ concentration started to increase since the process of
nitrification of the TAN mixed with soil had taken place. This later process is largely affected by
soil pH, being negligible at values lower than ca. 4 and increasing linearly with pH increasing.
During the trial, the pH increased when the hydrolysis took place (OH™ formation) and decreased
with the course of the volatilization (H" release). Nitrification, therefore, reduces NH; emission due
to reduction in both concentration of TAN in soil solution and a reduction in the NH; component of
TAN.

4. Conclusion

Considering the dynamic of concentration of the two N compounds analysed into the soil, it seems
reasonable suppose that the NHj3 volatilization was exhausted at the end of the experimental
campaign, in combination with reduced pH values. The total NH; loss was around 5 kg N ha™, i.e.
about 4.7% of the N supplied.
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Dynamics of in situ nitrogen mineralization from five organic fertilizers
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1. Background & Objectives

The use of organic residues as fertilizers has become a common practice both in organic as well as
in traditional farming. The total available nitrogen (N) contained in organic fertilizers, and its rate
of release, are important factors determining crop yield as well as potential losses into the
environment through the processes of nitrification, leaching, and denitrification or other gaseous
losses. Decomposition of organic materials and the subsequent release of inorganic N from the
organic N pool occur through the activity of soil microorganisms, mainly bacteria and fungi
(Hanselman et al., 2004; Flavel et al., 2006; Cordovil et al., 2011). Environmental and soil
mineralogy factors affect the microbial players and their actions, which in turn determine the rate of
N mineralization in the soil and thus the amount mineralized over time. Soil temperature and
moisture content have a strong effect on N mineralization rates. A field experiment was set up to
determine the rates of mineralization of five different organic fertilizers, in order to evaluate the
potential for the release of available forms of N to the soil.

2. Materials & Methods

Different organic fertilizers (pelletized vermicompost (V); pelletized vermicompost + phosphate
Arad (VP); compost (C); biodynamic compost (BC); poultry litter (PL)), were buried inside
incubation capsules made of a porous ceramic material that allows water and nutrient exchange with
the external environment. Each capsule had a diameter of 5.1 cm and a length of 9.8 cm and was
filled with 20 g of residue. The experimental design was in randomized blocks, and capsules were
buried at a depth of 7 cm and covered with soil. Destructive samples were collected at 7, 14, 35, 65
and 100 days after the beginning of the incubation. The material inside the capsules was removed,
oven-dried at 65°C and weighed to determine decomposition by difference of mass. The samples
were analyzed to determine the total nitrogen content (Kjeldhal digestion).

3. Results & Discussion

As expected, the residue which mineralized more intensely was the poultry litter (PL) losing about
33% of its original mass by the end of the incubation period. Three residues lost about 10% of their
original weight by the end of 100 days of incubation (V, VP and CB), while the most recalcitrant
was the compost (C) which lost only 5% of its biomass within the same period (Figure 1). The N
concentration in the residues was greatest in PL and smallest in vermicompost (V and VP) at the
beginning of the incubation (Table 1). During the incubation period, the concentration of N in the
residue remaining in the capsule tended to be constant in compost (CB and C) while it decreased in
the other residues, suggesting that the more labile compounds had a greater N concentration than
the more recalcitrant. The addition of phosphorus to the vermicompost had no effect of the
concentration of N in the residues over all the incubation period. The biodynamic compost had a
greater concentration of N at the beginning of the incubation, but the differences were not
significantly different later on, suggesting that the additional N present was very labile.
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Figure 1. Decrease in the biomass of residues during the incubation period (%).

Table 1. Nitrogen concentration in the residues during the incubation period (mg N kg™ residue).

TREATMENTS 0 7 14 35 65 100 Ccv

Days %
\ 105aD 9.1bB 88bB 89bB 87hC 87bC 54
VP 10.1aD 9.6abB 9.0bB 86bB 88hbC 88bC 75
C 19.9aC 19.7aA 186aA 19.1aA 19.1aAB 194aA 7.9
CB 209aB 20.1aA 20.7aA 186aA 19.7aA 195aA 90
CA 225aA 186bA 184bA 173bA 183bB 18.1bB 5.9
%CV 2.7 6.6 12.4 13.1 4.1 3.6

Means in a column followed by the same capital letter or in a row followed by the same small letter are not significantly different as
evaluated by the Tuckey test at p<0.05.

4. Conclusion

This in situ incubation experiment showed the mineralization potential of five different residues,
with poultry manure being the only residue capable of supplying a large amount of N within a 100-
days period. The other residues are more appropriate to built up the organic matter in soils as they
decompose very slowly.
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Effect of fertiliser type, rate and method of application on nitrogen leaching in organic olive
oil farming
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1. Background & Objectives

Nitrogen (N) fertilisers are the most common amendments used in agroecosystems. However, N use
efficiency is usually lower than 50 %, although this is highly dependent on crop type,
environmental conditions and agroecosystem management practices, such as rates of fertiliser
application, tillage and irrigation (Maeda et al., 2003). An optimum N fertilisation protocol should,
as far as possible, synchronize fertiliser-N supply with plant demand, thereby minimizing the risk of
N loss by leaching. Considering the wide diversity in the many types, of organic fertilisers used in
organic agriculture (including N content), the potential risk for N leaching during decomposition of
a variety of organic fertilisers needs to be evaluated under natural conditions. The objectives of this
study were to assess the effect of fertiliser type, rate and method of application and tillage method
on inorganic N leaching.

2. Materials & Methods

To evaluate N losses by leaching, a pot experiment was set up. Each pot contained 4 kg of sieved (<
4 mm) soil from an organic olive grove and received one of the following organic fertilisers
commonly used in organic olive oil farming: i) Composted olive mill pomace (COMP), ii) Sheep
manure (Sheep M) and iii) a commercial organic fertiliser with a total N content of 14 % (CPR).
For comparison, a fourth treatment received NaNOs (Inor). N fertilisation rates were: 1) 250 ug N g’
! (“single’, hereafter) and 2) 500 ug N g™ (“double’, hereafter). All fertilisers were added using 2
different application methods 1) at the soil surface (S), or 2) were mixed (M) within the soil. Two
sets of control soils were also prepared; one set was undisturbed (simulating treatment S), whereas
soil from the second set was mixed with the soil (simulating treatment M). Treatments were
replicated four times, and the pots were randomly distributed in the open air at the garden facilities
of the University of Jaén, Spain from November 2007 to May 2009. All pots were maintained with
no vegetation. Each pot was fitted with a funnel connected to a 1 L plastic bottle to collect leachate
after each rainfall event. Inorganic N (ammonium and nitrate) was analysed in the leachate after
filtration. Differences in the treatments were tested using one-way analysis of variance (ANOVA)
and Fisher’s post hoc test.

3. Results & Discussion

Overall, ammonium leaching was negligible, accounting for a maximum of 6 % of the combined
inorganic N forms (nitrate+ammonium). As expected, the overall temporal pattern of leached nitrate
followed that of precipitation and the largest losses of nitrate coincided with the most intense
rainfall periods in autumn and spring (Figure 1a). The highest losses occurred between late winter
to early spring. The magnitude of nitrate losses differed between fertilisers. Up until the following
spring, nitrate losses from the inorganic N fertilised pots were always the highest, especially after
the first rainfall event following fertiliser addition, in which up to 15 % of the added N was lost.
Figure 1b shows the fertiliser—derived IN lost after one year of incubation under a natural
temperature and precipitation regime. There were significant effects of fertiliser type and
application method on IN leaching, whereas the effects of application rate depended on the
treatments (P<0.05) (Figure 1b). The lowest losses were for COMP amended soils (up to 7 % of

70



Nitrogen Workshop 2012

that applied) and the method of application had significant effects on IN leaching. Those soils
which received COMP on the soil surface averaged negative IN losses (i.e. lower or similar losses
to the control soil). N application rates had no effect on COMP IN leaching, regardless of the way
COMP was applied. Overall, IN leaching for those pots which received either Sheep M or CPR did
not differ significantly, although leaching after surface application of CPR was higher than Sheep
M. Up to 37 % of the fertiliser—derived N was leached for the ‘double’ application surface
application of CPR. No effects of rate and methods of application on IN leaching were found for
CPR. However, for Sheep M, leaching was higher in double rate and lower in the surface compared
with the mixed in application. The highest IN leaching reached 58 % of the added N for Inorganic
fertiliser application.
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Figure 1(a) Temporal pattern of Nitrate-N loss by leaching for soil which did not receive N (control) or received
composted olive mill pomace (COMP), sheep manure (Sheep M), commercial organic fertilisers (CPR) and NaNO;
(Inor) at (1) 1 g N pot™ or 1000 mg N pot™, or (2) 2 g N pot™ or 2000 mg N pot™. M and S, stand for soil in which the
fertilisers were mixed (M) with the soil or applied to the soil surface (S) and (b) cumulative fertiliser—derived IN
leaching in year 1 under natural rainfall and temperature in outdoor conditions. Values are means of 4 replicates and
bars denote standard deviations. Different letters denote significant differences (P<0.05).

4. Conclusion

This work highlights the importance of management practices to increase the N use efficiency in
agroecosystems. The lowest amount of nitrate lost by leaching was obtained after compost
application (viz. less than the control), intermediate losses were found for manure, followed by
commercial fertiliser applications and the highest N leaching was after inorganic fertiliser
application. Overall, fertiliser—N application rate had no effect on the amount of IN leached.

There were no significant differences in the fertiliser-N availability measured through IN leaching
between the two methods of fertiliser applications (viz. to the soil surface or mixed in with the soil)
for inorganic and commercial fertilisers, probably because fertiliser-N was already available for
both. This was not true for compost or manure, where N leaching was higher when fertilisers were
mixed with the soil. Overall, organic fertilisers might be applied mixed with the soil in autumn
whereas chemical and organic with high N content should be applied on early spring independently
of the application method (surface or mixed).
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Effect of long-term conservation and conventional tillage system on N,O emissions under
rainfed Mediterranean agr o-ecosystem.
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1. Background & Objectives

Agricultural soils are considered a source of N,O emissions. This is due to the influence of many
cropping and land management practices on the soil microclimate and cycling of C and N. Tillage
practices affect chemical, physical and biological soil properties, and these interactions together
with climatic conditions influence the magnitude of N,O emissions (Passianoto et al., 2003; Oorts
et a., 2007). Currently, there is no consensus in the literature on the differences in field N,O
emissions or mitigation between conservation tillage and conventional tillage (Snyder et al., 2009).
Moreover, there is alack of data on long-term tillage system studies, particularly in Mediterranean
agro-ecosystems. The aim of this study was to evaluate the effects of long-term (>17 yr) tillage
systems (conservation tillage and conventional tillage) and crop rotation on N,O emissions.

2. Materials & Methods

The experiment was located in “Canalga’ field station (Madrid, Spain) on a sandy clay loam soil,
where a long-term tillage trial began in 1994. The site has a semiarid Mediterranean climate with
dry summer and wet winter. The 10 year mean annual average temperature and rainfall for this area
were 13.6°C and 370.7mm. The current study was conducted between November 2010 and July
2011. The experimental design was a complete randomized block and each treatment was replicated
three times. Tillage system was the main treatment. Three tillage systems were imposed in each
main plot: no tillage (NT), minimum tillage (MT), both considered as conservation tillage system,
and conventiona tillage (CT). A fallow-wheat-vetch-barley annual rotation was established for each
tillage system, but we only took samples in wheat-vetch plots. The experimenta field consisted of
eighteen subplots of approximately 250 m? (10 m wide and 25 m long) corresponding with each
phase of rotation.Tillage management was carried out in autumn 2010. No tillage (NT) involved
directly drilling and spraying with herbicides for weed control. Minimum tillage (MT) consisted of
chisel ploughing (15 cm) and a cultivator pass. Conventional tillage (CT) consisted of a mouldboard
plough pass (30 cm depth), followed by a cultivator pass for preparing the seedbed. In NT, crop
residues were left on the soil surface. For M T, approximately 30% of the soil was covered with the
previous crop residues. For CT, amost 100% of the crop residue was incorporated into the soil.
After tillage, wheat and vetch were sown at the beginning of November 2010. Fertilizer was applied
only to the soil where there was wheat seeding. These plots were fertilized with 16 kgN ha-1 and 22
kg N ha-1, applied at seeding and before tillering, respectively. N,O fluxes were measured from
November 2010 to July 2011, using the close chamber technique (Roelle et a., 1999). One
chamber per plot was used for gas sampling. During the crop season, gas samples were taken from
the chambers three times in the first and second weeks after fertilizer application and then twice per
week during the first month. Subsequently, every two weeks sampling was carried out until the end
of the crop period. Also, samples were taken two times per week during rainfall periods.
Cumulative N,O emissions during the sampling period were calculated by averaging the rate of loss
between two successive determinations, multiplying that average rate by the length of the period
between the measurements, and adding that amount to the previous cumulative total. Samples were
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analyzed by gas chromatography (HP-6890). Also, soil dissolved organic C (DOC) and mineral N
(NOs™ and NH,") concentrations were measured every time gas samples were taken.

3. Results & Discussion

During the experimental period, N,O fluxes in wheat plots ranged from -0.081 to 0.224 mg N- N,O
m?d* for CT and NT, respectively, and in vetch plots ranged from -0.133 to 0.331 mg N- N,O m™
d* for NT and MT, respectively. Cumulative N,O emissions were higher in conservation tillage
system (0.050 kg N- N,O ha* and 0.074 kg N- N,O ha* for NT and MT) than in CT (0.025 kg N-
N,O ha*, under wheat-vetch rotation (Figure 1). On the other hand, vetch, as a legume, has the
capacity for fixing N, and this crop showed greater N,O emissions than wheat. Plots under vetch
showed a larger pool of mineral N (NH4;" and NOs) available in the soil. Also, higher N,O
cumulative emissions from vetch were observed in MT than in NT and CT. However, higher N,O
cumulative emissions from wheat were observed in NT than in MT and CT. Moreover, in NT and
MT there is a higher dissolved organic C content available for microorganism activity than CT and
this may favor the creation of anaerobic microsites in the soil during microbial respiration; these
conditions could lead to N,O emissions coming from denitrification in the soil. Therefore, CT could
help to mitigate N,O emissions in wheat-vetch rotations under Mediterranean climates.
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Figure 1. N,O cumulative emissionsin each tillage system: NT (no tillage), MT (minimum tillage) and CT
(conventiona tillage).
4. Conclusion
After soil has been 18 years under three tillage systems, conventiona tillage induced lower
cumulative N,O cumulative emissions than conservation tillage (NT and MT) in wheat-vetch
rotations under Mediterranean agro-ecosystems.
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Effect of N-fertilizer amount and nitrification inhibitor on N,O emissions from a sandy
and a loamy soil under vegetable production
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1. Background & Objectives

High soil N surpluses, and resultant losses of reactive N to the environment, during the
production of vegetable crops, such as cauliflower, are currently a matter of intense debate in
Germany. Measures such as the lowering of N-fertilizer inputs or the use of nitrification
inhibitors (NIs) have been shown to reduce nitrate leaching (Wiesler et al., 2007). The effect
of such measures on the release of the greenhouse gas, nitrous oxide (N,O), however, has
rarely been quantified. Pfab et al. (2011) reported lower N>O emissions from a vegetable
cropping system when fertilizer N inputs were reduced. However, this reduction in N inputs
also reduced crop yield. The aim of this study was to quantify annual N>O emissions from
different sites within two big vegetable production regions of Germany, and to assess the
effectiveness of mitigation measures in reducing N-surpluses, and hence N,O emissions,
without restricting crop yield.

2. Materials & Methods

Field trials were conducted on two different study sites representative of two big vegetable
production regions of Southern Germany. The first site is within the so called ‘Filderebene’
region (13 km south of Stuttgart 410 m a. s. 1.). The soil type is a haplic luvisol (loamy soil),
mean annual precipitation is 686 mm, and the long-term (LT) mean annual air temperature is
8.8°C. The second site is within the ‘Vorderpfalz’ vegetable production region (20 km south
of Mannheim near Speyer, 99 m a. s. 1.). The soil type is a sandy cambisol, mean annual
precipitation is 593 mm, and the LT mean annual air temperature is 10.0°C. At both sites,
fully randomized block experiments with four replicates, were established. In this study the
results of the following treatments are presented: (i) control (0 N), (ii) High N (325 kg N ha™!
to cauliflower), (iii) Optimized N (250 kg N ha™), (iv) Low N (190 kg N ha with the option
of additional N doses if the chlorophyll content decreased as compared to treatment 250 kg
N), and (v) Optimized N with 3,4-dimethylpyrazole phosphate (DMPP) as NI. Fertilizer
application was split as shown in Figure 2. Ammonium sulfate nitrate (ASN) was used as the
N-fertilizer at all sites and in all treatments. N,O flux measurements, made using the closed
chamber method (Flessa et al., 1995), were conducted weekly and additional event-oriented
measurements were carried out following N-fertilization and heavy rain fall. In this paper, we
present the first results of our investigations which are still on-going.

3. Results & Discussion

Cumulative N,O emissions ranged from 0.71 kg N,O-N ha! on the unfertilized control
treatment at ‘Vorderpfalz’ to 1.95 kg N>O-N ha on the treatment ‘optimized N with NI’ at
‘Filderebene’(Figure 1). Since N-fertilization provides the substrates for N,O production in
soils, the emissions from the fertilized treatments exceeded those from the unfertilized
control. Among the fertilized treatments, the emissions from the sandy soil were lower than
those from the loamy soil. These differences were significant for the treatment ‘N optimized
with NI’. The higher N>,O emission from the loamy soil compared to that from the sandy soil,
might have been owed to the higher water holding capacity and hence lower aeration of the
loamy soil, since this would have favored denitrification (Granli and Beckman, 1994). The
highest N>O fluxes during the experimental period occurred after the first application of N
fertilizer, directly after planting the cauliflower (Figure 2). The lowest fluxes were measured
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in treatment ‘Low N’. Subsequent measurements will show whether different N-fertilizer
amounts also help to reduce the N,O emission on an annual base.
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Figure 1. Mean cumulative N,O emissions (+ standard deviation) for the period 3™ Aug.-24"™ Oct 2011 as
affected by study site, N fertilization, and NI application. * indicate significant difference at p=0.006 (t-Test).
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Figure 2. Mean N,O flux rates (n=4) of differently fertilized treatments at the study site ‘Filderebene’. Arrows
indicate the date of N applications.*Nitrification Inhibitor

4. Conclusions

N,O emissions from the fertilized sandy soil were considerably lower than those from the
loamy soil. One reason for the higher fluxes from the loamy soil may have been its higher soil
moisture content relative to the sandy soil. Subsequent measurements and parameterization of
the N,O fluxes will show whether a soil moisture controlling irrigation system would help to
reduce N,O emissions. The reduction of N-fertilization with the provision that additional N
may be applied if needed, (‘Low N’) appears to be a suitable approach for mitigating N,O
emissions. In contrast to earlier investigations, the use of a NI did not reduce N,O emissions
at either study site. However, these conclusions are based on results collected over a very
short time period and need to be further verified using annual data.
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Effect of nitrogen fertilizer amount and a nitrification inhibitor on the N,O emissions from a
loamy soil cropped with winter wheat
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1. Background & Objectives

Nitrous oxide (N2O) is a climate relevant trace gas which contributes 8% to the anthropogenic
greenhouse effect (IPCC, 2007). Furthermore it is also involved in stratospheric ozone depletion. In
agricultural used soils nitrogen (N) fertilization supplies the substrate for the processes of
nitrification and denitrification causing potential N>O losses.A promising N>O reducing strategy in
agricultural used soils is the use of nitrification inhibitors (NI). Compared with a conventional N-
fertilizer application, Akiyama et al. (2010) calculated a reduction potential of >30% when NIs
were added to the fertilizer.The objective of this study is to quantify the effect of a NI application
and the N-fertilizer amount on the annual N,O emissions from a loamy soil cropped with winter
wheat.

2. Materials & Methods

N,O emissions were measured in a fully randomized block experiment on the experimental station
“Heidfeldhof” of the University of Hohenheim, 13 km south of Stuttgart, Germany, between mid-
March and mid-December 2011. A nitrogen fertilization rate of 0 (unfertilized control), 120 (N1),
175 (N2) or 230 (N3) kg N ha™' was applied as ammonium sulfate nitrate (ASN) or ENTEC26"
(ASN-+NI) to winter wheat sown in 2010. N2 fertilization amount was calculated according to the
German Fertilizer Ordinance (“good practice”), N1 and N3 as a reduction or an increase of a 30%
of N2, respectively.

3. Results & Discussion

The spring season was extremely dry. Over the period between mid-March and mid-December 2011
the average precipitation amount was 30% lower than the average precipitation 2007- 2010. The
largest difference we observed in mid-June (-50%). As a result of low soil water content the overall
level of the N,O fluxes were very low in comparison with previous field measurements.
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Figure 1. Mean N,O flux rates as affected by N-fertilization and by the addition of a NI. Unfertilized control, N2 -NI or
+NI. Solid arrow indicates N fertilization, long dashed arrow harvest and soil tillage, and dashed arrow stubble tillage.
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High N,O fluxes immediately after N fertilization were not observed (Figure 1). Nevertheless,
cumulative emissions during the vegetation period (15.03.-27.07.2011) varied between 764 and
2237 g N,O-N ha™ (Figure 2), mainly as a result of high emissions after rewetting events. The
highest N,O fluxes were observed the 26™ of May (158 pug N,O-N m™h™, not shown). In the period
after the harvest a high variability between all treatments could be observed. The addition of an NI
to the N2 and N3 treatments tended to reduce the N,O emission over a period of approximately 8
weeks (mid-May until mid-July). This effect was also observed for approximately three weeks after
harvest. The N1 treatment did not show the same trend. The prolonged N,O reducing effect of
ENTEC26" was already observed by Pfab et al. (2012). Despite the application of N fertilizer dated
back 10 to 15 weeks before, they found a significant decrease of N,O winter fluxes by ENTEC26".

In comparison with the N2 treatments +NI and —NI, the reduction and the increase by a 30% of the
N amount had neither a significant effect on grain yield, nor a significant reduction of the mean

cumulative N,O emissions.
4 =

/] after harvest

[ vegetation period T

3 _

E . 2/ A‘? T _ T
- L, ZR”
2 . /

c ab ab a bc bc ab
0 | | | | | | |

Control NI1-NI N2-NI N3-NI NI+NI N2+NI N3+NI

Figure 2. Mean cumulative N,O emissions during vegetation period (155 d) and after harvest (119 d). Means after
harvest show no significant differences. Means during vegetation period with the same letter are not significantly
different (Student-Newman-Keuls 0=0.05).

4. Conclusion

Our investigations were carried out under unusually dry conditions. As compared to other studies in
our experimental region, the N,O emissions were very low. However, a trend of reduced fluxes was
observed when NI was added to the N fertilizer. Interestingly, N,O fluxes after stubble management
were again lower in the N2 and N3 +NI than in the respective —NI treatments. On-going
investigations will focus on that long-term effect of a NI on N,O fluxes and the microbial
community structure.
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Effect of soil compaction and nitrogen fertilization on nitrous oxide emission from highly
productive grassland

Loges R., Schmeer M., Taube F.
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Science/Organic Agriculture, Germany

1. Background & Objectives

Nitrous oxide (N»O) emissions induced by agricultural systems represent 50% of the world’s N,O
emissions. This can significantly be attributed to an intensification of modern agriculture which
includes increased nitrogen fertilization and also the employment of larger and heavier machines.
Heavier machines can cause an increase in soil compaction and a reduction in soil porosity which
can result in more anaerobic conditions in the upper soil layers. In combination with intensive
nitrogen fertilization these can contribute to an undesirable increase in N,O emissions (Yamulki and
Jarvis, 2002; Velthof et al., 1997). Since most studies dealing with soil compaction focus on tilled
arable land, our main aim was to study the interaction between soil compaction and nitrogen
fertilization and its impact on N,O emissions in highly productive grassland.

2. Materials & Methods

The field experiment was set-up on the experimental station Hohenschulen in Northern Germany
(54:18:49N; 9:57:56E; mean annual temperature 8.3°C, and mean annual precipitation 777 mm,
soil: sandy loam) on a uniform grassland (seed mixture of Lolium perenne, Dactylis glomerata,
Medicago sativa and Trifolium repens) in a split-plot factorial design with three replicates. The
experiment comprised the following factors:

. Controlled soil compaction (control versus contact area pressure of 228 kPa) in early April
. N fertilization with calcium ammonium nitrate (0 and 360 kg N ha™)
. Year of first controlled soil compaction on separate plots (2006, 2007 and 2008)

Soil compaction was carried out each year on originally non compacted plots. It was achieved by a
single passage of a tractor with a slurry tanker (total weight 22 t). Each plot was harvested three
times per year. N,O emissions were determined according to the “closed-chamber”-method during a
time period from early April to mid-November in each experimental year (Hutchinson and Mosier,
1981). PROC MIXED of SAS 9.1 was used for statistical analysis. Means were compared by t-test
and Bonferroni-Holm adjustment. Significance was declared at P<0.05.

3. Results & Discussion
N,O emission rates were strongly affected by the tested treatments as indicated by a significant
threefold interaction (experimental year x compaction x fertilization) (Table 1).

Table 1. P-value of the analysis of variance of the parameter N,O-emission (cumulative N,O-N kg*ha™) (y = year,
comp = compaction, N = N-fertilization).

Y comp N y*comp y*N comp*N y*comp*N

N,O 0.0953 0.0587 <0.0001 0.3861 0.2618 0.0270 0.0084

No compaction-induced effects are perceptible on the unfertilized treatments (Figure 1). In 2006
and 2008, the compaction led to a sharp increase of N,O emissions on fertilized plots. In both years
soil compaction was carried out on moist soil. In 2007, however, no effects of compaction could be
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detected due to dry weather conditions in spring. The high N,O emissions of 2007 in both, the
compacted and the non-compacted fertilized treatments originate in rewetting of soil after heavy
rains in summer (detailed data not shown). In the legume-dominated unfertilized treatment, soil
compaction had no influence on N,O emissions in spring. Due to a high proportion of alfalfa (67%
of DM) the DM-yields of the unfertilised plots (16.2 t ha™ year™) did not differ significantly from
the fertilised treatments (data not shown).
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Figure 1. Cumulative nitrous oxide emissions [kg N,O-N ha™] for soil compaction and N-fertilization treatments in
2006-2008; Capital letters indicate significant differences due to fertilization, lower case indicate significant differences
due to soil compaction.

4. Conclusion

To minimise N,O emissions from grassland, soil compaction should be avoided, especially under
wet soil conditions and simultaneous high N-application. Forage legumes can compensate for the
absence of nitrogen fertilisation, in terms of DM vyield, and showed potential to reduce N,O
emissions by approx. 75%.
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Effects of anaerobic digestion of organic manures on N turnover and N utilization

Sgrensen, P.2, Khan, A.R.?, Mgller, H.B.”, Thomsen.l.K.?
& Aarhus University, Department of Agroecology, 8830 Tjele, Denmark
b Aarhus University, Department of Biosystems Engineering, 8830 Tjele, Denmark

1. Background & Objectives

Animal manures and plant-based manures are used for biogas production by anaerobic digestion
(AD). After AD the concentration of ammonium-N in manure is increased and the concentration of
decomposable C is decreased. Thus, the potential first year fertilizer value of the manure can be
increased by the treatment. However, pH is also increased by AD thereby increasing the risk of
ammonia losses. The objective of this paper was to compare N turnover in soil after application of
digested and corresponding undigested manures, and to compare N fertilizer values of digested
manures after direct injection or surface-banding in cereals.

2. Materials & Methods

Cattle and pig slurries, a dairy cattle feed mixture (mainly maize silage), cattle faeces (cow fed on
the same diet) and plant-based green manures were digested in continuously fed pilot digesters at
thermophilic conditions (47-53°C) as described by Magller et al. (2007). The average hydraulic
retention time was about 20 days. Two experiments were carried out each involving selected
digested and non-digested products. In the first experiment the net release of mineral N from
digested and non-digested manures applied to soil was measured in a laboratory incubation study
with a sandy loam soil incubated at 20°C. Soil mineral N was extracted with 1M KCI 4, 7, 14, 28,
84 and 119 days after manure application. In the second experiment, the mineral fertilizer
replacement values of total N (MFRV) were measured in framed field plots on a loamy sandy soil
where grain yields and N uptake were compared to plots receiving increasing amounts of mineral N
fertilizer (Serensen and Eriksen, 2009). The manures were surface-banded in spring in winter wheat
simulating a trailing hose application (150 kg total N ha™) or applied in a band at 10 cm depth
simulating a direct injection before sowing spring barley (80 kg total N ha™).

3. Results & Discussion

In the incubation experiment the proportion of total N on ammonium form increased after AD and
more mineral N was released during decomposition in soil (Figurel). For slurry the increase in
mineral N release was equivalent to about 10-25% of total slurry N. After AD of the cattle feed
mixture the mineral N release in soil increased from about 20% of total N to about 80%, and AD of
cattle faeces (from cattle fed the same diet) increased the mineral N release in soil from about 20%
of total N to about 60% (Figure 1). In the field experiment the MFRV of the two injected cattle
slurries applied to barley increased from 58% and 75% of total N to 69% and 82% with AD (Table
1). The MFRV of cattle slurry after surface-banding in winter wheat was significantly lower. The
low availability after surface-banding was ascribed to high ammonia volatilization losses. The
MFRYV of injected pig slurry was high (89-91%) and similar with and without AD. After surface
banding of pig slurry MFRV was 75% for untreated and 87% for digested pig slurry. Thus, the
reduced fertilizer value after surface banding was most significant for the manures with the highest
dry matter content as was expected due to lower infiltration in soil. The MFRV of digested plant-
based manures was in the same range as digested cattle slurries, 73-77% after injection and only 43-
57% after surface-banding of the manure.
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Table 1. Field experiment: Chemical composition of digestates and corresponding untreated manures. Mineral fertilizer
replacement values (MFRV) were measured after injection in spring barley and surface-banding in winter wheat (n=4).
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Manure Total N NH;-N/total N DM pH MFRV MFRV
Spring barley Winter wheat
kg N/t % % % of total N % of total N
Cattle slurry 1 3.00 54 6.43 6.72 75 37
Cattle slurry 1 digestate 3.05 67 4.82 7.52 82 38
Cattle slurry 2 (organic farm) 2.92 49 6.95 8.17 58 30
Cattle slurry 2 digestate 2.94 61 4.65 8.09 69 49
Pig slurry 2.81 78 3.45 7.71 91 75
Pig slurry digestate 2.57 95 1.46 8.4 89 87
Clover-grass digestate 4.53 61 5.18 7.81 73 57
Lupine digestate 2.78 68 35 7.71 73 48
Triticale-vetch digestate 2.69 59 5.25 7.48 77 43
LSD (P<0.05) - - - - 14 19

4. Conclusion

After AD of pig and cattle slurry the increase in potential plant availability was equivalent to 10-
25% of total manure N. AD of cattle faeces and a mixed cattle diet increased the net mineral N
release in soil even more to about 60 and 80% of total N, respectively. The present results indicate
that the plant availability of N of digested plant materials is similar to that of digested cattle slurry.
After surface-banding of digested manures rich in fibers, such as cattle and plant-based manures,
significant ammonia loss can be expected resulting in relatively poor utilization of manure N.
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Effects of arbuscular mycorrhizal symbiosis on the nitrogen uptake of three durum wheat
genotypes from two different organic sources
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1. Background & Objectives

Arbuscular mycorrhizal (AM) fungi are obligate symbionts of the majority of terrestrial plants. By
enhancing nutrient and water uptake, AM symbiosis improves the host plant’s growth, nutrient
status, and response to biotic and abiotic stress. The role of AM fungi in nitrogen (N) acquisition
remains unclear. Although several studies have shown that AM symbiosis enhances N uptake from
inorganic sources (Cliquet et al., 1997), its effects on N uptake from organic sources remains
unclear, particularly when both AM hyphae and plant roots can utilize the same source (Hodge,
2003; Hodge et al., 2000). These disparate results may result from the different plant species and
genotypes used in the experiments, as well as the type and complexity of the added organic material
(e.g., the carbon:nitrogen ratio), the different AM fungus species and strains, and the amount and
quality of the bacterial populations. The present study tested the hypothesis that AM symbiosis
enhances the N uptake of durum wheat (Triticum durum) from organic sources and examined
whether N uptake varies with the type of organic material and the wheat genotype.

2. Materials & Methods

A pot experiment was conducted in a climate-controlled glasshouse (25/19°C day/night
temperature; 16 h photoperiod). A complete randomized factorial design with four replicates was
adopted. Treatments were: i) AM symbiosis, inoculation with Glomus mosseae (+Myc) and
uninoculated control (-Myc); ii) organic matter (OM), the addition of 4.6 g N-enriched maize
biomass per kg of soil in the form of maize leaves (+ML: 1.90% N content, 4.78 >N atom%) or
maize roots (+MR: 1.56% N content, 3.94 °N atom%): and iii) wheat genotype, Cappelli (an old
Italian cultivar), Scorsonera (a Sicilian landrace), and Simeto (the most widely grown cultivar in
Italy). Each pot was filled with 600 g of a quartz sand:soil mixture (2:1). Soil properties were: clay
20% and sand 37%; pH 8.1 (soil:water 1:2); 1.04% organic C; 1.05%o total N. The soil mixture was
steam-sterilised. Before starting the experiment, a soil filtrate was inoculated to normalise the
microbial community. Three wheat plants per pot were grown. During the experiment, each pot
received 5 ml of a modified Hoagland’s solution (with no phosphorus and 10% N) once every 5
days. The dry weights of wheat shoots and roots were recorded 9 weeks after the emergence of the
crop and both fractions were analyzed for total N and *°N enrichment using an elemental analyzer—
isotope ratio mass spectrometer. Wheat roots were stained with 0.05% trypan blue in lactic acid and
AM infection was measured using the grid intersect method (Giovannetti and Mosse, 1980). The
recovery of the applied °N in wheat was calculated according to Allen et al. (2004). An analysis of
variance was performed according to the experimental design.

3. Results & Discussion

No AM root infection was observed in the —Myc treatment. In the +Myc treatment, AM root
infection varied weakly but significantly with the genotype (Simeto > Scorsonera = Cappelli) and
with the type of organic matter (+ML > +MR) added (Table 1). Inoculation with AM fungi (+Myc
treatment) significantly increased both plant growth and total N uptake compared to —Myc
treatments (+15% and +22%, respectively). However, AM inoculation significantly decreased the
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fraction of N recovered from the added OM (-34% on average compared to —Myc) with
differences among the genotypes but not between +ML and +MR. This decrease was lower in
Cappelli and Scorsonera than in Simeto. Moreover, the latter genotype showed the highest N
recovery fraction when grown without AM symbiosis and the lowest benefit of AM symbiosis in
terms of total N uptake. The lower fraction of >N recovered from the added OM (independently
from the type of OM) observed in +Myc treatments is difficult to explain but may depend on the
capacity of the fungus to take up N from decomposing OM in the form of amino acids and other
products. Thus, fungal uptake of dissolved organic N is greater than host plant uptake (Rains and
Bledsoe, 2007); the fungus could utilize this element primarily for its own growth and metabolism.

Table 1. Effects of AM symbiosis (AMS) on total biomass, total N uptake, **N recovery fraction from added OM, and
AM root infection according to wheat genotype and the type of organic matter added.

Organic matter Genotype Total biomass Total N uptake >N recovery AM root
(OM) (G) [g per pot] [mg per pot] fraction [%] infection ® [%]
—Myc +Myc —Myc +Myc —Myc +Myc +Myc
Cappelli 0.90 1.06 6.86 9.44 5.45 3.88 28.40
+Maize leaves Scorsonera 0.87 1.04 7.67 10.24 5.45 4.32 31.00
Simeto 0.79 1.01 7.68 9.03 6.36 3.93 35.10
Cappelli 0.81 0.77 5.88 6.75 5.22 3.68 27.80
+Maize roots  Scorsonera 0.72 0.98 5.04 6.74 4.42 2.88 28.10
Simeto 0.76 0.71 7.05 6.91 6.37 3.26 34.50
AMS *k*k *k%k * k% _
OM *k*k *kk *k*k *k*k
G *k*k nS * *k*k
F test” AMS x OM okk Hokok ns -
AMS x G Hkk * * _
OM x G ns Fx ns *
AMS x OM x G il ns ns -

? not applicable to —Myc treatments; ® s = not significant; * and *** significant for P < 0.05 and 0.001, respectively.

4. Conclusion

Our results show that AM symbiosis benefits the host plant in terms of both growth and total N
uptake. Further analyses of the N content and the relative >N concentration of the AM extra-radical
mycelium are needed to elucidate the complex symbiotic relationships between plants and fungi and
their influence on the acquisition of N from different sources.
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Effects of integrated weed management in cropping systems on soils, microbial activity and
N,O fluxes
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1. Background & Objectives

Cultivated soils have been widely highlighted as a major source of nitrous oxide (N,O) emissions.
This suggests that greenhouse gas emissions should be taken in account when evaluating the impact
of new cropping systems. The development of integrated weed management in cropping systems
introduces new agricultural practices (combinations of crop rotation, soil management, fertilization,
and mechanical and chemical weed control, etc.), which may affect the microbial processes
responsible for N,O production in soils. However, the effect of those practices remains to be
assessed. Thus, the main objectives of our study is to provide (i) an accurate estimation of the
intensity of N,O emissions from an integrated weed management system and (ii) a monitoring of
soil chemical, physical, and biological parameters likely to affect N,O emissions over one year.

2. Materials & Methods

This study focuses on two 10 year old cropping systems at the experimental site of Dijon-Epoisses
(Eastern France). The first is a conventional system (CS) with local practices used for herbicide
treatment frequency index and the second is an integrated weed management system (IWM) with
halved herbicide treatment frequency index. The soils of both studied plots were described as
calcareous clayey soils. Due to the unpredictable nature of N,O emissions from soils, the study of
continuous data series is recommended. Nitrous oxide fluxes were measured using 12 automatic
chambers coupled with an IR analyzer (Megatec 46i). The chambers were all setup in both plots in a
25 m radius from the analyzer. Soils water content and temperature were continuously measured
using probes (respectively Campbell Scientific TDR CS616 and CS107, respectively). A monthly
monitoring of the microbial communities was provided from the analyses of composite samples of 3
sub-samples taken around each chamber at two depths: 0-10 cm and 10-30 cm. The sizes of
denitrifier, ammonia-oxidizing and total communities were assessed by quantitative PCR of
selected genes (respectively nirK, nirS, nosZ; bacterial and crenarchaeal amoA, and 16S
rRNA).These composite samples were also used for the determination of inorganic N soil contents
by KCI extraction and colorimetric analyses. Data were statistically analysed using two-way
ANOVA.

3. Results & Discussion

N,O fluxes ranged between a flux of -6 to 26 g N-N,O ha™ day™ (Figure 1). Emissions were low
during the measuring period with respective medians of 0 and 0.45 g N-N,O ha™* day™ for the IWM
and CS systems. This may be explained by relatively low soil water content which ranged over the
study period from 9 to 24 % (mean 15% dry soil) for the top 30 cm soil layer. Without rainfall, soils
consumed rather than produced N,O. However, after major rainfall events, significant N,O
emissions were observed. Finally over the measurement period, a net production of N,O was
recorded on both plots, with average emissions of 2.8 and 1.6 g N-N,O ha™ day™ for the CS and
IWM systems, N,O emissions from the CS system were significantly higher (P < 0.001).
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Figure 1. Mean N,O fluxes per system and 6 hours from integrated weed management and conventional systems.
Rainfall histogram corresponds to the sum of precipitation on the last 6 hours and arrows indicate crop harvest dates.

In contrast to the N,O emissions, the temporal variability of the abundances of both the denitrifying
and ammonia-oxidizing communities was very low between May and July. The nirK and nirS gene
copy numbers, which were used as proxies for the abundance of the denitrifiers, ranged between 3.9
x 10" to 2.5 x 10°® copies per gram of dry soil. The abundance of crenarchaeal ammonia-oxidizers
was in the same range while bacterial ammonia-oxidizers were less numerous with about 2.5 x 10°
to 2.8 x 10° gene copies per gram of dry soil. The abundance of bacterial ammonia-oxidizers was
also more affected by the management system than the other microbial guilds, especially in July
when the highest N,O emissions were observed.

4. Conclusion

This work highlights the potential impacts of new agricultural practices on greenhouses gas
emissions with an original approach, which consists in continuous N,O fluxes measurements on site
coupled with a long-term monitoring of microbial communities and soils parameters.
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Effects of new catch crop and tillage systems on nitrogen management in sugar beet
production

Stavridou, E.2, Nielsen, O.°, Kristensen, H.L.2
®Department of Food Science, Aarhus University, Denmark
YNBR Nordic Beet Research, Denmark

1. Background & Objectives

Tillage and autumn catch crops are two management practices that can influence the nitrogen
(N) dynamics and yields of row crop production systems. Catch crops take up N during the
autumn and may decrease N losses from agro-ecosystems with benefits for the environment
(Kristensen and Thorup-Kristensen, 2004). Tillage treatments may influence N
transformations and flows in the soil. Moreover, tillage is important for sugar beet growth,
yield and quality (Jabro et al., 2010). The objective of this study was to investigate the effects
of new combined catch crop and tillage systems on i) soil N content and ii) the growth and N
uptake of a subsequent sugar beet crop.

2. Materials & Methods

A two year field experiment comprising six catch crop-tillage treatments were arranged
randomly in a split plot design with four replicate blocks with tillage as the main factor
giving a total of 24 plots. White mustard (Sinapis alba L. “Accent”) was used as the catch
crop. The experiment was located at Halsted (54°50’N, 11°13’E), West Lolland, Denmark on
a sandy loam soil.

The tillage methods in combination with white mustard tested were: (i) strip tillage in
September, where the catch crops were incorporated in the rows where sugar beets were
going to grow in spring; (ii) reduced tillage, where sugar beet was sown directly in spring
where catch crops grew during the winter season; (iii) early ploughing and incorporation of
catch crops in September, which is the standard time of ploughing; (iv) late ploughing and
incorporation of catch crops in November; (v) autumn ridges, where catch crops grew
between them during the winter season. The strip tillage and autumn ridge treatments had
only half the stand of white mustard compared to the reduced, early and late ploughing
treatments. In addition, (vi) a control treatment without catch crop and with late ploughing
was included.

Soil was sampled three times (September, December, March) in 0.25 and 0.50 m depth
intervals to 2 m depth, extracted by 1 M KCI, and analysed for content of NH;" and NO3™ by
continuous flow analysis. Root growth of catch crops was registered by use of minirhizotrons
of 1.5 m length every two weeks starting four weeks after sowing. (Kristensen and Thorup-
Kristensen, 2004). Biomass and N content of catch crops and sugar beets as well as sugar
content of sugar beets were evaluated by the GLM procedure of the SAS statistical package.

3. Results & Discussion

Tillage treatments did not affect the root growth of mustard during autumn and early spring.
The root growth of white mustard continued in all treatments in deep soil layers during
winter. White mustard reduced soil N content in both experimental years in September (data
not shown). In December and March, the early ploughing and control treatments resulted in
higher soil N content compared to the other catch crop and tillage treatments in the 0.5-1 m
soil layer (Figure 1). The strip tillage and autumn ridge treatments were as effective as the
late ploughing treatment for reduction of soil N content despite only half the stand of white
mustard in the strip and autumn ridge treatments. The root yield of the sugar beet, N uptake
and sugar yield were unaffected by the treatments despite the differences in N availability.
However, the N content of the sugar beet shoot was higher after the early ploughing and
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control treatments, which indicated a higher N availability in the deep soil layers for the sugar

beets in these treatments.
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Figure 1. The inorganic N content (NH," and NO3) in the 2 m soil profile in (a) December and (b) March
2008/09. Bars show standard errors (n=4). C: control; ST: strip tillage; RT: reduced tillage; EP: early ploughing;
LP: late ploughing; AR: autumn ridges.

4. Conclusion
New combined catch crop and tillage systems, such as strip tillage and autumn ridges, can
efficiently reduce the potential N leaching without influencing the yield and quality of the
sugar beet root. Early ploughing may increase N leaching and spring N availability as catch
crops can take up N only for a short period and then start mineralising after the early
incorporation.
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Effects of overwinter vegetation cover on soil nitrogen supply to spring barley in Ireland

Hackett, R.
Teagasc, Oak Park Crops Research, Carlow, Rep. of Ireland

1. Background & Obijectives

Vegetative cover established after harvest of a cash crop, either by natural regeneration or by
sowing a cover crop, and allowed grow over the fallow period, can significantly reduce nitrate
leaching by accumulating nitrogen in their biomass (Hooker at al., 2008). When incorporated into
the soil before sowing of the next cash crop the accumulated nitrogen can potentially become
available to the succeeding crop, thereby reducing the need for fertiliser N applications. Repeated
use of cover crops may lead to an increase in soil organic nitrogen which in turn can lead to an
increase in soil supply of nitrogen to succeeding cash crops over time (Constantin et al., 2011). A
long-term experiment was established to examine the effect of repeated use of different overwinter
covers under two cultivation regimes on the amount of nitrate leaching and on productivity of the
cash crop. The objective of the current work was to determine effects of different over winter
covers, established repeatedly, after 5 to 9 years on the supply of soil nitrogen to a spring barley
crop under Irish conditions.

2. Materials & Methods

The experiment was initiated in autumn 2002 and the results presented here are from measurements
made in 2007 to 2010. The experiment has previously been described by (Hooker et al., 2008).
Briefly a factorial design with two factors and four replicates was used. The factors were overwinter
cover (no vegetation cover, natural regeneration, white mustard cover crop) and cultivation type
(plough based tillage, reduced tillage). For the plough based system the soil was not disturbed
following harvest except for minimal disturbance of the soil surface during sowing of the mustard
seed. For the reduced tillage treatments cultivation occurred soon after harvest of the spring barley
crop. The bare treatment was maintained free of vegetation using non-selective herbicide. The
natural regeneration treatment comprised any plants germinating following harvest of the previous
spring barley crop. The mustard cover crop was established by planting white mustard seed
(Sinapsis alba) at 10-12 kg seed/ha. In each season any vegetation present on the plots was
incorporated into the soil by ploughing on the plough treatments. In the reduced tillage treatment
the barley was drilled without prior cultivation such that the majority of the vegetation remained on
the surface of the soil. The experiment was carried out on a light free draining soil. Overall plot size
was 12 m x 30 m but within each plot a different 2 m x 2 m area was maintained free of fertiliser N
in each season but received all other inputs as per standard practice. At crop maturity the barley
from an area of 0.5 m? at the centre of this area was sampled to ground level. Total crop N
accumulation (grain + straw) and grain N accumulation were determined. Results were analysed
using ANOVA.

3. Results & Discussion

Total crop N uptake was taken as a measure of soil nitrogen supply to the crop. A significant effect
of cultivation method was detected in 2008 when reduced cultivation had significantly greater crop
N accumulation and grain N accumulation than the plough based system. There was no significant
interaction between cultivation method and overwinter cover in any season for either of the
variables. Therefore means of overwinter cover across cultivation method are presented (Table 1).
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Overwinter cover had a significant effect on crop N accumulation in 2007, 2008 and 2010 but not in
2009. In the three seasons where a significant effect of overwinter cover was detected the mustard
gave a significantly higher crop N accumulation and grain N accumulation compared to both the
bare and natural regeneration treatment. There was no significant difference in crop N
accumulation between the natural vegetation treatment and the bare treatment in 2007 and 2010, the
natural regeneration treatment had higher crop N accumulation than bare in 2008. The mustard
treatment increased crop N accumulation by 36.6%, 59.5%, 18.5% and 44.0% compared to the bare
treatment for 2007, 2008, 2009 and 2010 respectively. Mustard increased crop N accumulation by
36.2%, 36.4%, 2.8%, and 22.4% in the respective seasons compared to the natural regeneration
treatment. In each season where a significant effect was detected over 70% of treatment differences
in crop N accumulation were accounted for by differences in grain N accumulation.

These results indicate that the presence of overwinter vegetation can increase soil N supply to
spring barley. However, compared to the normal fertiliser N requirement of spring barley of 13.5 g
N m™ (Coulter et al., 2008) the benefits of overwinter vegetation on nitrogen supply to the crop
appear small. In addition these amounts are low compared to the reductions in N leaching of 26-60
kg N ha™ where mustard was grown compared to bare fallow recorded previously at this site
(Hooker at al., 2008). The inconsistency of the effect makes adjustment of fertiliser N additions to
take account of the increased soil N supply difficult.

Table 1. Effects of over winter cover type on crop N accumulation and grain N accumulation over four seasons at Oak
Park, Carlow, Ireland.

Crop N (g N m?) Grain N (g N m?)
2007 2008 2009 2010 2007 2008 2009 2010
Mustard 4.18 5.47 3.33 3.99 2.80 3.88 2.20 3.01
NR 3.07 4.01 3.24 3.26 2.00 2.77 2.19 2.40
Bare 3.06 3.43 2.81 2.77 1.99 2.42 1.77 2.10
SED 0.314 0.278 0.345 0.330 0.291 0.207 0.262 0.245
P value 0.004 <0.001 ns 0.007 0.021 <0.001 ns 0.007

4. Conclusion

This work highlights that the presence of overwinter vegetation on land destined for spring barley
cultivation can increase the supply of nitrogen to succeeding crops of spring barley but the effect is
relatively small and inconsistent. This makes reductions in fertiliser inputs as a result of cover crop
use difficult to justify. Furthermore it is not clear if the effects of overwinter cover would be evident
where fertiliser N was applied.
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Effects of soil inoculation with arbuscular mycorrhizal fungi on plant growth and nutrient
uptake of some Mediterranean species grown under rainfed field conditions

Saia, S., Ruisi, P., Amato, G., Di Miceli, G., Frenda, A.S., Giambalvo, D.

Dipartimento dei Sistemi Agro-Ambientali, Universita degli Studi di Palermo, Italy

1. Background & Objectives

Low-input farming systems often suffer nutrient deficits that limit plant performance. The
symbiosis between plants and arbuscular mycorrhizal (AM) fungi efficiently promotes plant growth
and nutrient uptake, especially in growth-limiting environments (Smith and Read, 2008). AM
symbiosis seems to be particularly efficient for the acquisition of low-mobility nutrients such as
phosphorus (P), magnesium, and zinc, although it traditionally has been considered irrelevant for
plant nitrogen (N) nutrition. However, there is increasing evidence that AM symbiosis plays a
significant role in plant N capture, especially under conditions of stress (such as water and nutrient
stress). These benefits mainly have been observed in pot studies; field studies have often produced
contradictory results (Kaschuk et al., 2010). The present work evaluated the effect of a multi-
species AM fungi soil inoculum on the biomass uptake of P and N in two cereals, oat (Avena sativa)
and barley (Hordeum vulgare), and two legumes, lentil (Lens culinaris) and fenugreek (Trigonella
foenum graecum), all grown in the field.

2. Materials & Methods

A field trial was conducted under rainfed conditions at Pietranera farm, Sicily, Italy (37°33'N -
13°30’E, 170 m a.s.l.), on a Vertic Haploxerept. The topsoil (0-40 cm) characteristics were: clay
50%, silt 23%, sand 27%; pH 8.0 (1:2 H,0); 1.27% organic matter; 83 ppm available P; and 0.76%o
total N. The climate of the experimental site is semiarid Mediterranean. The experimental design
was a split plot with four replicates. The main treatment was plant species: oat, barley, lentil, and
fenugreek. The sub-plot treatment was soil inoculation: the application of a commercial inoculum
containing nine species of AM fungi and non-inoculated soil. The previous crop was durum wheat
(Triticum durum). In the first week of December 2010 all crops were sown using the seed rate for
each plant species that is usually adopted by farmers in the growing environment. No fertilizer was
applied and all plots were hand-weeded during the entire crop cycle. In the first week of May 2011,
all crops were cut to 2-cm stubble height. Total fresh and dry weights were determined and a sub-
sample was taken and analyzed for total N and P. Root samples were also collected and stained with
0.05% trypan blue in lactic acid. The percentage of root AM infection was measured according to
Giovannetti and Mosse (1980). An analysis of variance was performed according to the
experimental design.

3. Results & Discussion

On average, the addition of AM fungi inoculum to soil significantly increased biomass production
(+14.1%) without affecting P and N concentration, thus producing a significant increase in plant P
and N uptake (+8.3% and +12.7% on average, respectively; Table 1). Several studies have shown
that AM symbiosis can increase plant P uptake in P-limited environments; although our experiment
was performed in P-rich soil, we observed a significant increase in P acquisition by plants. Given
the low N availability (a result of both low soil N content and N uptake by the field’s prior cereal
crop), the observed growth increase in AM-inoculated oat and barley is probably related to
increased plant uptake of N as a result of the symbiotic relationship. The effect of AM fungi
inoculation on plant N uptake was evident in lentil (+30% compared to the non-inoculated crop),
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but not in fenugreek. AM symbiosis may have allowed lentil—a slow-growing and low-yield
species that usually suffers abiotic stresses such as nutrient and water deficiency (Materne and
Siddique, 2009)—to increase its tolerance to biotic and abiotic stresses. This enhanced plant growth
resulted in a higher demand for N, which was satisfied through increased N, fixation. Other studies
(Saia et al., 2010) have shown that AM fungi positively affect the N, fixation of field-grown forage
legumes, particularly when grown under drought conditions. We used a genotype of fenugreek that
has good tolerance to biotic and abiotic stresses and that gives reasonable yields under low-input
cultivation conditions, which may explain why it benefitted less from the AM symbiosis.

Table 1. Effect of arbuscular mycorrhizal (AM) fungi soil inoculation on above-ground biomass, phosphorus (P) and
nitrogen (N) concentrations in tissue, and P and N uptake in two cereal and two legume species (S) grown in the field.

Plant Soil inoculation with Biomass P . P N . N
species (S)  AM fungi (AM) concentration uptake concentration uptake
P g [Mg DM ha’] [%o] [kg ha ] [%] [kg ha ]
Barley Inocu_lated 9.45 1.33 12.6 0.91 86.0
Non-inoculated 8.45 1.44 12.2 0.85 715
Oat Inoculated 7.93 1.49 11.7 1.10 86.3
Non-inoculated 6.76 1.59 10.7 1.05 70.6
Lentil Inocu]ated 6.06 1.96 11.8 247 150.3
Non-inoculated 4.80 211 10.1 243 115.6
Fenugreek Inocu_lated 7.24 2.11 15.3 2.36 169.4
Non-inoculated 6.88 2.09 145 2.45 168.8
S *Hx(0,85)%)  *** (0.15) *** (1.8) ***(0.12) *** (16.7)
F test @ AM ek ns * ns *
SxAM ns ns ns ns *(12.4)

Y ns = not significant; * and *** significant for P < 0.05 and 0.001, respectively;
% Fisher’s Protected LSD for P=0.05 are shown in parentheses.

4. Conclusion

Our results show that soil inoculation with AM fungi increases both growth and nutrient uptake in
cereal and legume species typical of the Mediterranean environment to varying degrees among
species. From a practical point of view, inoculation with AM fungi can be a valuable option for
farmers to improve the sustainability of the agro-ecosystem as it is an environmentally friendly
approach for the increase of crop nutrient uptake.

References

Giovannetti M. and Mosse B. 1980. An evaluation of techniques for measuring vesicular-arbuscular mycorrhizal
infection roots. New Phytologist 84, 489-500.

Kaschuk G., Leffelaar P.A., Giller K.E., Alberton O., Hungria M. and Kuyper T.W. 2010. Responses of legumes to
rhizobia and arbuscular mycorrhizal fungi: A meta-analysis of potential photosynthate limitation of symbioses. Soil
Biology and Biochemistry 42, 125-127.

Materne M. and Siddique K.H.M. 2009. Agroecology and Crop Adaptation. In: Erskine W., Muehlbauer F., Sarker A.
and Sharma B. (Eds.). The Lentil. Botany Production and Uses. CABI, Wallingford, UK pp. 47-63.

Saia S., Ruisi P., Amato G. and Giambalvo D. 2010. Effects of arbuscular mycorrhizal symbiosis on growth and N,
fixation of Trifolium alexandrinum under late drought-stress conditions. Grassland in a changing world, vol. 15,
Grassland Science in Europe, pp. 842-844.

Smith S.E. and Read D.J. 2008. Mycorrhizal symbiosis. Academic Press, San Diego, CA, USA.

91



Nitrogen Workshop 2012

Effects of storage method on N disappearance and herbage N recovery from solid cattle
manure

Shah, G.M.*, Lantinga, E.A.*
*Organic Farming Systems Group, Wageningen University, P.O. Box 563, 6700 AN, Wageningen, The Netherlands

1. Background & Objective

Solid cattle manure is either applied directly from the barn to the field or stored for a certain period
of time prior to land spreading. However, it is well-known that up to 50% of total nitrogen (N) can
be lost during storage of solid manure (Eghball et al., 1997). This study aimed to examine the
effects of two contrasting manure storage methods on N losses during storage and decomposition, N
disappearance and herbage N recovery after land-spreading as compared with fresh manure.

2. Materials & Methods

Fresh solid cattle manure (12.5 tonnes fresh wt.) was stored for 130 days in two ways: (i) as a
composted heap with infrequent turning and (ii) as a sheeted heap under impermeable plastic cover
(anaerobic storage). Total N losses were estimated by comparing their N contents relative to the raw
ash fractions before and after storage. Thereafter, ~100 g (fresh wt.) of fresh (FR), composted (CO)
and anaerobically stored (AN) manures were filled in litterbags (size 10 cm by 10 cm) of 4 mm
mesh size, placed in three replicate blocks on the soil surface of a sandy grassland and removed
after 15, 33, 63, 123 and 168 days. At each sampling, the leftover manure in the litterbags was
oven-dried at 105°C for 24 hours, weighed, ground to pass a 1 mm sieve and analyzed for total N
content. Possible soil contamination of manure in litterbags was estimated as described by Cusick et
al. (2006). Manure dry matter (DM) and N disappearance patterns were fitted using the mono-
component model developed by Yang and Janssen (2000). In addition, herbage growing up to 15
cm around the litterbags and the controls, which consisted of non-decomposable pieces of wood
(size 10 cm * 10 cm), was cut three consecutive times to a stubble height of 1 cm with a spinach
knife after 47, 96 and 168 days. This enabled the calculation of the total apparent N recovery
(ANR) from each manure type.

3. Results & Discussion

During storage, total N losses were remarkably low from the anaerobic (10% of the initial)
compared to that from the composted (46%) heap. Covering of the manure blocks air circulation,
inhibits organic matter degradation and lowers internal heat production as well as pH, which
ultimately leads to decreased N losses (Kirchmann, 1985). Fractions of manure DM and N that were
remaining in the litterbags at each sampling event are presented in Figure 1a and 1b, respectively.
For all manures, DM and N disappearance rates were highest over the first 15 days. At the end of
the growing season, the degree of manure DM and N disappearance was in the order (P <0.01): AN
> FR > CO (Table 1). The increased values for the AN manure can be related to the presence of
more readily degradable C and N compounds compared to the other two manures (Kirchmann,
1985). Of the total N disappeared from the litterbags, about 80% was apparently recovered in the
aboveground herbage from both the FR and CO manures, whereas this fraction was 90% in the case
of AN manure. This could be explained by its relatively higher mineral N content. Note that in this
experiment the herbage harvesting height was close to ground level and therefore ANR values were
higher than will be obtained by using ordinary cutting machines.
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Table 1. Total DM and N disappearances, and ANR from manures at the end of the growing season (day 168). Values
in the parenthesis represent standard error of the mean (DM and N disappearance) and proportional figures (ANR).

Manure DM disappearance N disappearance = ANR  ANR

(% of applied N) (% of produced N)
Fresh 40 (1.64) 51 (2.44) 41 41 (72)
Composted 30(0.87) 44 (2.29) 35 19 (33)
Anaerobically stored 48 (2.19) 69 (1.09) 63 57 (100)

Overall, a three-fold higher fraction of the produced N in the barn ended up in the harvested
herbage from the anaerobically stored manure as compared with the compost treatment (Table 1).
This indicates that there is a great scope for the anaerobic storage method regarding N utilization.
During the composting process a great deal of the initial manure-N is lost and a relatively large
fraction of the remaining N is bound into stable organic N compounds (Kirchmann, 1985).
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Figure 1. Fractions of total DM (a) and N (b) from solid cattle manures that remained in the litterbags. Discrete points
represent the mean values. Error bars depicts standard error () of the mean. Continuous lines indicate the fitted mono-
component model.

4. Conclusions

This study clearly demonstrated that N losses can be markedly reduced (>70%) by anaerobic
storage of solid cattle manure. After application, this manure decomposes faster and more N is
available for plant uptake compared to fresh and composted manures. This all resulted in a three
times higher herbage uptake of the produced manure N relative to the compost treatment.
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Effects of urea fertilization with urease and nitrification inhibitors on ammonia
volatilization and winter wheat yield

Ni, K., Pacholski, A., Kage, H.

Institute of Crop Science and Plant Breeding, Christian-Albrechts-University, Kiel, Germany

1. Background & Objectives

The worldwide use of urea as nitrogen fertilizer has increased more than four fold since the
1960s, currently accounting for more than 50% of global agricultural nitrogen input (Gilbert
et al., 2006). After application, urea nitrogen can be lost through ammonia volatilization. Due
to the rising concerns about the economic and environmental impacts of ammonia
volatilization, new urea fertilizers, combined with urease or nitrification inhibitors have been
developed to reduce ammonia emission or nitrate leaching. Further in situ testing is still
required to quantify the actual reduction of losses under different soil and weather conditions.
Therefore, a field study was carried out under the climatic conditions of Northern Germany to
quantify the effects of different urea fertilizers on ammonia emissions as well as N-uptake and
yield of winter wheat.

2. Materials & Methods

The field experiment was conducted during the winter wheat season on Hohenschulen
experimental farm of Christian-Albrechts-University in Kiel, North Germany in 2011. The
treatments consisted of five commercial nitrogen fertilizer products, Calcium ammonium
nitrate (CAN), Common granular urea (Piagran 46®), urea combined with urease inhibitor
(Piazur®), urea combined with nitrification inhibitor (Alzon 46®), urea combined with urease/

nitrification inhibitor with the same nitrogen application rate, 200 kg N ha. The application
of urea combined with nitrification inhibitors were split in two doses (EC 23, EC 37), and the
other fertilizers were applied three times (EC 23, EC 31, EC 49). All treatments were
replicated (n = 4). Ammonia emissions were measured in all replications by a calibrated
passive sampling method (CPS), a combination of Drager tube method (Pacholski et al.,
2006) and standard comparison method (Vandre and Kaupenjohann, 1998). The detailed
description and validation of the method is presented in Gericke et al. (2011). Winter wheat
biomass and yields were determined by hand harvest (5 rows x 50 cm) before combine
harvest in August.

Table 1. Cumulative NH3 losses during the winter wheat season 2011.

Treatment! Cumulative NH3 loss during each application (kg N ha) Whole season
eatme March 21 April 20 May 18 June 1 Total Ratio (%)
CAN 1.15(0.28)d 1.13(0.16)b 4.23(1.19)b 6.51 (1.22)c 3.26

U 6.69(0.57)b 1.95(0.16)a 10.96(0.65)a 19.6(1.06)b 9.80
U+Uul 2.55(0.5)cd 0.83(0.23)b 3.58(0.83)b 6.96(0.44)c 3.48
U+NI 10.14(0.68)a 18.09(1.67)a 28.23(1.52)a 14.12

U+UI+NI 3.37(0.28)c 4.01(0.7)b 7.38(0.82)c 3.69

T CAN, U, U+Ul, U+NI, U+UI+NI represented Calcium ammonium nitrate, Common granular urea, urea
combined with urease inhibitor, urea combined with nitrification inhibitor, urea combined with urease/
nitrification inhibitor

“Values in the brackets denoted standard error.

“* Different letters represented significant difference at P<0.05, and multiple comparison was carried out by HSD
test.

3. Results & Discussion

Ammonia emission accounted for 3.26~14.12% of applied nitrogen. Urease inhibitor
significantly reduced, whereas application of urea with nitrification inhibitor significantly
increased ammonia emission as compared to conventional urea (Table 1). Urea with urease
inhibitor had the same NH; emission level as CAN. The ANOVA analysis of the data set
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showed a significant interaction effect between urease and nitrification inhibitors on ammonia
volatilization. However, due to very dry weather in April and May, NH3 losses after the 2"
application of urea and urea with urease inhibitor where very low as compared to moister
conditions which possibly biased the differences between total NH3 losses after application of

the tested fertilizers. Wheat grain yield varied between 7.85 and 9.01 t ha™. There was no
effect on grain yield between N fertilized treatments under the presented application rate with
a tendency of lower yields under higher NH3; emissions (Figure 1a). However, a significant
effect of fertilizer types on N uptake was observed (CAN, U+Ul, U+NI+UIl > U, U+NI > CK).
The higher N-uptake in the CAN treatment compared to the urea treatments, even with low
NHj3 losses, can probably be accounted for by the higher NO3-N availability under dry soil
conditions as compared to NH,"-N, the product of urea hydrolysis. The relationship between
NH; loss and total nitrogen uptake could be described as a linear equation, which indicates a
negative relationship between NH3 emission and crop nitrogen uptake (Figure 1b).
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Figure 1. Grain yield (a), and relationship between cumulative NH; loss and total nitrogen N uptake (b).
Different letters represent significant difference at P<0.05, and multiple comparison was carried out by HSD test

4. Conclusion
Our study showed that the application of urea combined with urease inhibitor significantly
reduced NH; emissions as compared to conventional urea, whereas nitrification inhibitors

alone stimulated ammonia volatilization without significantly decreasing wheat grain yield.
These higher emissions as compared to urea without inhibitors can probably be accounted for
by different soil and weather conditions at the different application dates. The combined use
of urease/nitrification inhibitor applied in only 2 doses showed the lowest NH5 loss and high
grain yield. This was the best economic and environmental result amongst the urea fertilizers
treatments, similar or even superior to that of the CAN application (3 doses).

We appreciate the support of this study by SKW Stickstoffwerke Piesteritz GmbH.
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Efficacy of >N nitrogen in fertilization of mixtures of cerealsand pea
Rutkowska, A.

Institute of Soil Science and Plant Cultivation — National Research Institute in Pulawy

1. Background & Objectives

Natural farming conditions in Poland are poor, due to prevalence of light, acid soils with low
content of available P, K, Mg and unfavorable climate. Thus legume growing in mixtures with
cereals is characteristic of Polish agriculture. The purpose of mixing legumes and cerealsisto
optimize the use of spatial, temporal and physical resources both above- and below ground.
However, fertilization of mixtures in order to provide the cereal with nitrogen is questionable
since high levels of availlable N depress atmospheric N fixation by legumes, and can lead to
ground water pollution or losses in surface runoff as well as greenhouse gas emissions. The
objective of this pot experiment was to determine the efficacy of minera fertilizers on yield
and quality of wheat, barley and oatsin mixtures with field peas and estimation of °N derived
from mineral fertilizers by the mixtures under four percentages of peas in mixture: 33, 57, 75
and 88% of ceredls.

2. Materials & Methods

Nitrogen fertilizer (*NH4°NO3) was applied at the rates: 0,3, 0,6, 0,9 and 1,2 g N/pot,
accordingly to cerea (winter, barley and oats) percentage in the mixtures. 33% (2 cerea
plants + 4 pea plants), 57% (4 cereal plants + 3 pea plants), 75% (6 cereal plants + 2 pea
plants) and 88% (8 cereal plants + 1 pea plant). Total amount of fertilizers was subdivided
into 0.3 g N/pot doses of which the first was applied before sowing and subsequent rates at10
day intervals. The experiment was conducted in three replicates. After harvest dry mass of
above ground biomass was eval uated.

3. Results & Discussion

The highest seed yields of the mixtures were obtained in treatments with a wheat component.
However, barley was the least competitive crop for peas (average 52% of the mixture seed
yield) in comparison with wheat (60%) and oats (64%). Generaly, nitrogen fertilization
ensured yield stability, but the highest protein yield was associated with the highest
proportion of cereals (Figure 1 — 4).

The quantity of >N derived from fertilizers by cereals — peas mixtures increased together with
N rate (or cereal contribution in the mixture) and amounted to 16% to 58% of total N taken up
by the mixtures. The oats — pea mixture took up the lowest amount of total nitrogen but
recovered the highest quantity of >N from fertilizers. In treatment 0,3g N/pot, N biologically
fixed by pea plants and N from soil, taken up by wheat-peas mixture reached 1,28 g, by
barley-peas mixture -1,60 g and by oats — peas one — 1,19 g. Respectively, intreatment 1,2 g
N/pot, the extra N consisted 0,7 g on the average (Figure 5 — 8).

4. Conclusions

Nitrogen fertilization at the rates fitted to cereal proportion in the mixture ensured yield
stability, however, in respect of protein yield (with except of wheat) the most beneficial
mixture composition was 33% cereal plants and 67 % peas. The coefficient of *°N utilization
by the mixtures (including root mass) was very high, decreasing through the N rates and
ranging from 92 (0,3 g N/pot) to 76% (1,2 g N/pot).
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Emissions of ammonia and nitrous oxide from liquid and solid fractions of treated pig slurry

Vethof, G.L.% Hummelink, E°. Oenema, O.%
®Alterra, Part of Wageningen UR, P.O. Box 47, 6700 AA Wageningen, The Netherlands

1. Background & Objectives

Processing of animal dlurry is an opportunity to improve nitrogen (N) use efficiency of manure
applied to crops. Separation of dlurry into liquid and solid fractions, and further treatment of the
liquid fraction using reverse osmosis results in a mineral concentrate which may have similar
properties as a minera N fertilizer (Velthof, 2011). A mineral concentrate is a liquid ammonium
fertilizer (ammonium content is on average 90% of total N) with ahigh pH (>7.5). The combination
of a high ammonium content and high pH increases the risk of ammonia (NH3) emissions. The risk
of NH3; emissions can be decreased by application with a low NH3; emission technique. However,
these application techniques may increase nitrous oxide (N.O) emission (Velthof and Mosguera,
2011). In a series of incubation studies, the NH; and N,O emissions from untreated pig surry,
minera concentrate, and the solid fraction from separated slurry were quantified. The products were
both surface applied and injected.

2. Materials & Methods

Two experiments were conducted using incubation bottles with sandy soils without crop, and one
experiment was carried using cores from grassland on sand, clay, and peat soils (PVC cylinders of
10 cm diameter and 10 cm depth). The first two experiments included different types of fertilizer
(calcium ammonium nitrate (CAN), urea, urean (not shown in this abstract), four pig slurries, four
mineral concentrates, and four solid fractions, and two application techniques (surface application
and incorporation through the soil and were carried out in three replicates (in total 93 incubation
bottles in each experiment). The grassland experiment included the same fertilizer types as the
experiment with uncropped soil, except solid fractions. All fertilizers were incorporated in the
grassland soil to 5 cm depth experiment (in total 108 cores; 36 per soil type). Fluxes of NH3 and
N,O were assessed from the increase in NH3; and N,O concentrations in the headspace of the
incubation bottles or flux chambers following closure. Concentrations of NHz and N,O were
measured 8 - 12 times during incubation, using a Innova photo-acoustic gas analyzer.

3. Results & Discussion

The emissions of NH3 increased immediately after application of slurry, mineral concentrate, solid
fraction and urea, and decreased thereafter. The NHz emissions were much higher after surface
application than after incorporation (Figure 1). Total NH3 emissions from mineral concentrate were
on average similar to that from pig durry, at the same total N application rate. The N,O emissions
from mineral concentrate increased just after application (up to a factor 3000), and decreased
thereafter. Incorporation of all surries, treated slurries and mineral N fertilizers increased N,O
emission in comparison to surface application. On average, the N,O emissions were about a factor
1.5 higher from mineral concentrate than from untreated slurry (Figure 2) and from CAN. Minerd
concentrates contain degradable organic carbon compounds which may have increased
denitrification (Paul and Beauchamp, 1989). High NH3; concentrations in the soil after application
of mineral concentrates may inhibit nitrification and, thereby increase N,O emissions. These effects
are likely to be similar as those found in urine patches (Oenema et a., 1997). Acidification and/or
removal of organic carbon from mineral concentrates may be measures to decrease N,O emissions
from mineral concentrates.
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Figure 1. Total NH; emission (average £ s.e.) in experiment | (arable soil). The roman numerals indicate the four
different slurries, concentrates and solid fractions).

1500 1 N,O-emission concentrate, mg N m-2
1300 A
1100
900 H
700 A
500
300

100 -

-10Qy0 100 300 500 700 900 1100 1300 1500
N,O-emission pig slurry, mg N m-2
Figure 2. N,O emission from pig slurry against N,O emission from mineral concentrate. Results of all experiments.

4. Conclusion

A minera concentrate from treated slurry is afertilizer with arelatively high risk of NH3 emissions.
However, incorporation of mineral concentrates in the soil strongly decreases NH3; emissions. The
N>O emissions from mineral concentrate applied to soil were higher than those from untreated pig
dlurry and calcium ammonium nitrate fertilizer.
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Estimating nitrate emissions to surface water: comparison of methods using detailed regional
data and national data
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1. Background & Objectives

The European Union (EU) Water Framework Directive (WFD) requires River Basin District
managers to carry out an analysis of nutrient pressures and impacts, in order to evaluate the risk of
water bodies failing to reach “good ecological status’ and to identify those catchments where
prioritized nonpoint-source control measures should be implemented. A methodology is devel oped
to estimate nitrate nonpoint-source emissions to surface water, using readily available data at
national scale. In addition to this application at national scale, the model was tested in the Brittany
region (western France), where detailed regiona databases are available. Brittany is a case worthy
of study, as it alows comparing prediction of the models taking into account the national-wide
databases and more detailed regional data.

2. Materials & Methods

The model is inspired from US model SPARROW (Smith al., 1997) and European model GREEN
(Grizzetti et a., 2008), i.e. a statistical approach consisting of linking nitrogen sources and
catchment land and river characteristics. The nitrate load (L) at the outlet of each river basin is
expressed as.

L =R*(B*DS+ PS) [1]

where DSis diffuse sources (i.e. N surplus in kgN.ha*.yr%), PSis point sources from domestic and
industrial origin (kgN.hat.yr?), and R and B are the river system and basin reduction factors,
respectively. Both factors were calibrated as.

B = exp (X, ai = Xi) [2]
R = exp (aj* Xj) [3]

here Xi and Xj are independent variables for the basin and river reduction factors, respectively, ai
and aj are parameters to be calibrated. The model was calibrated to fit mean annual nitrate load in
54 independent catchments ranging from 20km? to 2000km? in Brittany, for the 2004-2007 period.
Variable selection was first performed on a simplified version of the model neglecting PS in order
to allow the linearization of equation [1]. Variables were selected according to Bayesian
Information Criterion (BIC) in order to optimize the predictive performance of the model. Table 1
summarizes the variables which were tested and entered into the model, considering the national
data and the detailed regional data. Note that variables which are expected to have a positive effect
on transfer are entered in a reciprocal form. Hence, all ai and o) are expected to be negative and B
and R should be lower than 1.
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Table 1. Independent variables included in the model, considering both national data and regional data.

Variables Regional Database National Database
Xi | Uspecific runoff (mm’ Banque hydro (MEDDTL)  Effectiverainfall (Météto
Lyr) France)
Average distanceto BD Carthage ® (IGN) BD Carthage ® (IGN)
stream (m)
% hydromor phic soil Lemercier et a. (2011) Not entered into the model
1/Average slope (%) 50m DEM (IGN) Not entered into the model
Xj | Average Hydraulic load Lamouroux et al. (2010) Lamouroux et al. (2010)
(smtha?)

Secondly, the non-linear |east-squares estimates of the parameters in equation [1] were determined
using a Gauss-Newton a gorithm.

3. Results & Discussion

Figure 1 shows that better fitting is achieved when using the detailed regional data rather than the
national data. Residual Standard Error was 6.87 kg N.ha*.yr™ in the first case and 9.55 kg N.hat.yr
! in the second case.
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Figure 1. Predicted vs observed nitrate loads, considering the national database (l€eft), and the regional database (right)

4. Conclusion

This study highlights that regiona studies should be carried out in regions where detailed data is
available, as acomplement to the national scale evaluation.
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Evaluation of a closed tunnel for field-scale measurements of N,O fluxes at the soil-
atmosphere interface
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1. Background & Objectives

Emissions of the powerful greenhouse gas nitrous oxide (N,O) from soils are commonly
characterized by huge spatial variability. An upscaling of classical small-scale chamber
measurements is thus questionable and may add uncertainty to emission inventories or emission
factors. Therefore, field-scale approaches will become increasingly important. Since
micrometeorological techniques are limited by stable atmospheric conditions (Pihlatie et al., 2005)
and their low spatial resolution (Smith et al., 1994), we used a closed tunnel equipped with an open-
path Fourier Transform Infrared (FTIR) spectrometer to (i) evaluate its feasibility for measuring
field-scale N,O fluxes from an unfertilized grassland soil and (ii) compare those results with small-
scale fluxes obtained from closed chambers.

2. Materials & Methods

The measuring tunnel, consisting of a 99x5x0.6 m aluminium liner structure was closed with a
commercial plastic cover prior to each measurement. The cover was sealed at the frame and the soil
using sand-filled hoses. The FTIR technique enabled precise concentration measurements
longitudinal through the whole tunnel atmosphere at five minute intervals. Based on those
measurements, we used a non-steady-state approach to calculate the predeployment N,O flux (go).
This was achieved by taking into account diffusive gas transport between soil and tunnel
atmosphere to simulate the N,O concentration at the height of the FTIR measuring beam. We
estimated ¢, inversely using measured concentration courses at the FTIR beam height, assuming
that the boundary condition at the soil/tunnel interface can be described by:

—04)=_4o
q,(z=0,1) = ((+1) [1]

with qi(z = 0, t): time course of N,O flux at the soil/tunnel interface, ¢: fit parameter (0 < ¢ < 0.5).
Predefined representative emission scenarios showed that this approach yields robust results within
an uncertainty range of up to = 30 % for the inversely estimated ¢,. Concurrent manual chamber
measurements were performed in close vicinity to the tunnel, where each of four chambers covered
an area of 0.045 m” N,O fluxes were calculated using the non-steady-state diffusive flux estimator
(NDFE) (Livingston et al., 2006).

3. Results & Discussion

During twenty-four measuring campaigns we found that the tunnel system is generally feasible for
calm and dry weather conditions. Rain and high wind speeds were disadvantageous and add
uncertainty to this otherwise precise method. Therefore, we restricted the measurements to the
evening hours and to the first hour of tunnel closure. Field-scale N,O fluxes determined by the
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tunnel method were generally small and in a range between 0 and 28 pg N,O-N m? h* (Figure 1),
which is typical for ‘background’ emissions from an unfertilized grassland site. In contrast, small-
scale chamber based fluxes were spatially and temporarily variable (Figure 1). The mean daily N,O
fluxes for the chamber measurements ranged between -4 and 228 pg N,O-N m? h™. The cumulative
flux for the 11 comparable measuring dates was 513 pg N,O-N m™ h™* for the chamber method, but
only 61 pg N,O-N m™? h for the tunnel approach. This difference was mainly caused by peak
emissions occurring at three measuring dates which were only exhibited by the chambers.

750

600 X  chambers
X ® tunnel
200 tunnel uncertainty range

150

100 %

50 o X

0 1 X

-50

N,O emission (ug N,O-N m h'l)
XX
X
XX
X

-100 T T T T T T T
1.1.06 1506 19.06 1.1.07 15.07 19.07 1.1.08 1.5.08

date

Figure 1. N,O emissions (predeployment flux ¢,) inversely estimated from tunnel measurements and concurrent
chamber-based emissions (four replicates) calculated with NDFE during the whole measurement period.

Since chamber and tunnel measurements represent different scales it seems not appropriate to
validate one method with the other one. However, we argue that the chambers were occasionally
susceptible to detect hotspots and hot moments of N,O emission, which results in an overestimation
of the actual field-scale emission. This confirms the uncertainty associated with an up-scaling of
N,O fluxes obtained from the small-scale and underlines the need for field-scale measurements.

4. Conclusion

This study introduced a tunnel coupled to an open-path FTIR spectrometer which enables reliable
measurements of N,O fluxes particularly during stable atmospheric conditions. We conclude that
this flexible field-scale approach has potential to fill an experimental gap between small-scale
chamber and ecosystem-level micrometeorological methods.
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Evaluation of nitrogen fertilisation and irrigation strategies to optimize yield, quality and
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1. Background & Objectives

Peach is an important irrigated fruit crop on the Ebro Valley, Spain. An adequate fertilisation is
necessary to optimize production and quality in mature trees. Nitrogen management in peach
production is also affected by irrigation management. Optimizing both the use of nitrogen and the
environmental features is important to maintain productivity and fruit quality (Faust, 1989). The
objective of this paper was to evaluate the effects of fertilisation on N uptake, yield and quality of
peaches for the processing industry with different irrigation treatments on a shallow calcareous soil.

2. Materials & Methods

A five-year field experiment (2006-2010) on clingstone peach cv. Andross (GF305 rootstock) was
conducted in a commercial orchard under mechanical harvesting for the processing industry (Rufat
et al.,, 2011). A 3x3 factorial design with randomized complete blocks and four repetitions was
established. Three nitrogen fertiliser treatments were 0, 60 and 120 kg N/ha, combined with three
irrigation treatments: full irrigation throughout the growing season (Fl); restricted irrigation during
stage-11 (70% restriction) (IR2) and restricted irrigation during stage-111 (30% restriction)(IR3). The
soil type was a shallow, well-drained, loam which had a petrocalcic horizon within 0.45 m of the
soil surface (Petrocalcid Calcixerepts). The soil had a pH of 8.4, and 2.5-3% organic matter. Trees
were fertigated (N32 solution) on a daily basis. The marginal product is the difference between fruit
yield from treated plot and fruit yield from unfertilized plot. The marginal return is the product of
marginal product and dry matter fruit price. Agronomic efficiency is the additional fruit yield per
unit of added nutrient. Statistical analysis of data was carried out using the SAS-STAT package
(SAS®, Version 9.2.).

3. Results & Discussion

Moderate N application (60 kg N ha™) produced, some seasons, the optimum yield and quality to
meet industry requirements (preparing processed purées). However, it doesn’t occur when all five
years are analyzed together (Table 1). Nitrogen fertilisers supposed an increase of 7.9% fruit yield
dry matter although no significant differences were found (p=0.15). There was a significant effect
of N fertiliser rate on leaf N concentration (Table 2) but all treatments had concentrations above
2.6%, the minimum recommended for mid-shoot leaves (Johnson, 2008). Irrigation treatments
significantly affected soluble solids concentration. Restricted irrigation during stage-Il reduced the
nitrogen use efficiency (Table 3). Soil organic matter mineralization, that was the only source of N
in NO treatments, can supply enough N to meet crop demand, even though an increasing tendency is
observed with N applied (significant fresh fruit yield at «.<0.10).

4. Conclusions

From the results based on a five years study on irrigation and nitrogen interaction in a shallow soil,
we conclude that to sustain peach fruit production, soil N mineralization was sufficient to meet crop
demand over the five years period. Nevertheless, all N treatments exhibited higher N use efficiency
than the economical threshold. The highest marginal benefit was for N60 treatment with full
irrigation.
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Table 1. Effect of N and irrigation treatments on total fresh and dry matter fruit yield, soluble solids concentration of the
juice and average leaf N concentration during the 5-year period

Treatment Cumulative ~ Total fresh fruit ~ Total dry matter ~ Average soluble  Average leaf N
N applied yield fruit yield solids concentration
(kg N ha) (t ha™) (t ha™) concentration of (%)
the juice (°Brix)
NO FI 0 202.6 26.7 10.92 2.90
NO IR2 0 207.9 26.6 10.73 2.97
NO IR3 0 198.6 26.8 11.21 2.96
N60 FI 300 240.9 30.1 10.18 3.26
N60 IR2 300 210.2 27.2 10.76 3.15
N60 IR3 300 212.2 29.2 11.51 3.13
N120 FI 600 225.2 29.0 10.53 3.36
N120 IR2 600 212.3 28.3 10.83 3.25
N120 IR3 600 206.0 28.6 11.53 3.35
Model 0.153 0.379 <0.0001 <0.0001
R 0.43 0.34 0.76 0.74
Block 0.324 0.138 0.0025 0.671
N treatment 0.087 0.150 0.487 <0.0001
Irrigation 0.095 0.559 <0.0001 0.596
Nitrogen*Irrigation 0.468 0.887 0.056 0.369

Table 2. Leaf N concentration and soluble solids for N and irrigation treatments respectively (a=0.05)

Treatment Average leaf N Treatment Average soluble solids
concentration (%) concentration of the
juice (°Brix)

NO 294c Fl 105b

N60 3.18hb IR2 10.8 b

N120 3.32a IR3 114a

Table 3. Profitability of different treatments
Total dry
matter ~ Marginal Marginal Marginal Nitrogen Use
Treatment fruit yield product return Benefit efficiency
(kgha®) (kgha™) (€ ha™) (€ ha™) (kg kg™)
NO FI 26700
NO IR2 26600
NO IR3 26800
N60 FI 30100 3400 3400 3040 11.3
N60 IR2 27200 600 600 240 2.0
N60 IR3 29200 2400 2400 2040 8.0
N120 FI 29000 2300 2300 1580 3.8
N120 IR2 28300 1700 1700 980 2.8
N120 IR3 28600 1800 1800 1080 3.0
The price of the dry matter peach and N being €1kg™ (economic threshold)
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Evidence of nitrate leaching hotspots over a vulnerable aquifer due to dry
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1. Background & Objectives

Despite changes in farming practices there continues to be high levels of nitrate in the
unconfined Abbotsford aquifer in southern British Columbia (BC) (Mitchell et al., 2003).
Most of the aquifer sits under agricultural land dominated by production of raspberries
and poultry. While the high nitrate level is often attributed to excessive fertilization of
raspberry crops, the possible contribution of dry deposition of ammonia emitted from the
many poultry houses has not be considered. Previous studies have reported high rates of
dry deposition in close proximity to livestock houses (Fowler et al., 1998). This study
evaluates dry deposition ammonia and potential leaching of nitrate and ammonium near
broiler houses.

2. Materials & Methods

The study was conducted near Abbotsford, BC (coordinates 49.03, -122.52) with annual
precipitation (mostly winter rain) of 1600mm. Emission and deposition measurements
were made near a typical one-story broiler house; fans are fitted with hoods to direct
exhaust air towards the ground to minimize dust dispersion. Ammonia concentration in
exhausted air was measured during several bird production cycles (~37days) with
phosphoric acid traps and ventilation rates with the FAN system (Gates et al. 2004). Dry
deposition of ammonia was measured as sorption on dry soil samples over 24 hr periods
(Hao et al., 2006). Nitrate leaching was monitored weekly, 28 Sept-27 Oct 2011, near
another typical broiler barn using suction lysimeters installed in a grid pattern below root
depth (45 cm); only an unreplicated series near a primary fan is reported here. Samples
were taken just as rains were starting after ~8 weeks of dry weather; 171 mm rain fell
during the measurement period. Soil samples were extracted with 2M KCI. Solutions
from soil, lysimeter and acid trap samples were analyzed for ammonium (NH4-N) and
nitrate (NO3-N) with a flow injection autoanalyzer.

3. Results & Discussion

Ammonia emission from the barn increased steeply over 37-day bird growth cycles, with
some deviation due to weather and ventilation rates (not shown). Dry deposition of
ammonia varied with emission rates and with distance from exhaust fans (not shown).
Deposition rates often exceeded 50 kg NHs-N ha™ day™ although these high rates
occurred only within a few meters of active fans during the latter half of bird growth
cycles. Initial estimates are that about 5-10% of the emitted ammonia is dry-deposited
near the barn which is less than deposition downwind of beef feedlots in Alberta (Hao et
al., 2006). Unlike open feedlots, poultry barns actively exhaust ammonia-laden air onto
the ground surface potentially creating concentrated hotspots near the fans; such hotspots
would vastly overload the capacity of the soil or grass crops to absorb deposited N,
resulting in potential leaching. The lysimeter data collected in Sept-Oct 2011 supports
this hypothesis as nitrate-N concentrations for that period exceeded 250 mg kg™ at 2.1 m
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and 125 mg kg™ at 3.6 m from fans (Figure 1). As with deposition, concentrations
declined sharply with distance (Figure 2). There was evidence also of downward
movement of ammonium probably due to the coarse texture of the soil and the large
amount of deposition with insufficient time for nitrification (Figure 1).
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Figure 1. Concentrations of N as nitrate and ammonium in lysimeter samples collected Sept 28-Oct 27.
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Figure 2. Concentrations of nitrate N (27 Sept- 28 Oct) in lysimeter samples at various distance from fans.
Point nearest fans is not included in the regression.

4. Conclusion

This work provides direct evidence for hot spots of nitrate deposition and leaching near
exhaust fans of poultry barns. The data needs to be up-scaled temporally and spatially to
determine if this is an important source of nitrate in the Abbotsford aquifer
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1. Background & Objectives

The olive tree (Olea europaea L.) is a Mediterranean species adapted to water scarcity, low quality
soils and low fertilizer requirements. However, recent trends to high and very high density orchards
could lead to an increase on irrigation water and nutrient plant requirements. Nitrogen and
potassium are the most important nutrients related to yield and mainly to oil quality. The objective
of this paper is to evauate the effects of N and K nutrition interaction on olive and oil yield and
vegetative growth in high density olive orchards under different irrigation strategies in the Ebro
Valley.

2. Materials& Methods

A three-year field experiment (2009—-2011) on mature olive trees cv. Arbequina was conducted in a
commercia orchard under mechanica harvesting for olive oil production. Two nitrogen doses (0
and 50 kg N ha) and two potassium doses (0 and 100 kg K,O ha®) were evaluated, combined with
three drip irrigation treatments. surface full irrigation throughout the growing season (Fl); surface
restricted irrigation during pit-hardening (50% restriction) (RDC) and subsurface restricted
irrigation (10% restriction throughout the growing season and an additional 50% restriction during
pit-hardening) (SRDC). The soil was well-drained, moderately deep, and calcareous with silty-loam
texture. The soil has apH of 8.2 and 1% organic matter. Trees were fertigated with N32 and 0-0-15
solutions on adaily basis. Statistical analysis of data was carried out using the SAS-STAT package
(SAS®, Version 9.2. SAS Ingtitute Inc., Cary, NC, 1989-2009).

3. Results & Discussion

Irrigation water responses of yield (Table 1) and vegetative growth (Table 2) were greater where
more water was supplied through irrigation with higher values for FI trees compared to SRDC ones.
These differences may be related to inadequate ETc and because water reserves were almost
negligible (Fereres et al., 2011). Therefore the RDC strategies in very high density orchards should
be revised. After three years of experimentation, leaf N concentration (Table 1) was always above
the deficiency threshold of 1.4% (Fernandez-Escobar, 2009) and even above the reference value for
excess N of 1.7% (Molina-Soria and Ferndndez-Escobar, 2010). Although a tendency for higher
yield values was observed when N was applied, differences were only obtained for leaf N and soil
N-NOj3 concentration at harvest (Table 1). Soil K concentration was low (data not shown) but any
difference was observed due to K application.

4. Conclusions

Behaviour of very high density olive orchards was quite different from low density ones. Both
water management strategies and N-nutrient responses should be reconsidered because high yield
increases (is this what is intended?) and higher tree growth were obtained when N was applied
although leaf N concentrations for N-0 and N-50 treatments were above the excess threshold.
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Table 1. Effect of irrigation, N and K treatments on total fruit and oil yield, leaf N concentration and final soil N-NOj'in

2011.
Total fruit yield Total oil yield Average leaf N Average soil N-NOg’
(kg tree™) (t ha) concentration  concentration at harvest
(%) (ppm)
Model 0.01 0.03 0.01 0.03
Block 0.19 0.16 0.55 0.74
Irrigation treat 0.01 0.03 0.02 0.02
N treatment 0.12 0.50 0.01 0.01
K treatment 0.17 0.23 0.28 0.47
N*K 0.98 0.56 0.01 0.92
Irrigation* N*K 0.09 0.12 0.12 0.22
Treatment
[rrigation Fl 116a 2819a 20ab 9.2 a
RDC 104 ab 2640 ab 20a 6.7 b
SRDC 91 b 2351 b 19 b 225 a
N 0 10.0 2558 18 b 53 b
50 10.8 2675 20a 192 a
K 0 10.1 2541 19 13.8
100 10.7 2686 2.0 11.1
Table 2. Effect of irrigation, N and K treatments on vegetative growthin 2011.
Canopy volume  Canopy volume
in April in December
(m® tree’?) (m?® tree’™)
Model 0.01 0.01
Block 0.26 0.05
Irrigation treat 0.01 0.01
N treatment 0.02 0.01
K treatment 0.82 0.56
N*K 0.61 0.15
Irrigation* N*K 0.79 0.43
Treatment
Irrigation Fl 59a 9.0a
RDC 52 b 71 b
SRDC 50 b 63 ¢
N 0 52 b 71 b
50 55a 78a
K 0 5.3 7.4
100 5.4 7.6
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First-year’s and residual herbage N recovery from fresh and composted solid cattle manures

Shah, G.M.% Lantinga, E.A.®
®0rganic Farming Systems Group, Wageningen University, P.O. Box 563, 6700 AN, Wageningen, The Netherlands

1. Background & Objective

Only a fraction of the total nitrogen (N) from applied solid cattle manure (SCM) becomes plant
available during the year of application, whereas its residual effects can last for many years
(Schroder et al., 2007). Some farmers prefer to compost the SCM before application, but this may
lead to tremendous N losses (Shah et al., 2010). Besides, only fragmentary information is available
on the consequences of this pre-treatment for its N fertilizer value. Therefore, the aim of this study
was to examine and compare first-year’s and residual herbage N recovery after a single application
of fresh and composted solid cattle manure to grassland at a range of input rates.

2. Materials & Methods

A three-year field experiment (2008-2010) was conducted in a perennial ryegrass (Lolium perenne
L.) sward on a sandy soil (38 g kg™ organic matter, 1 g kg™ Niota, 0.3 mg kg™ Niinerar, carbon (C)/N
ratio 22, and pH-KCI 5.3) just north of the city of Wageningen. Both fresh (FR) and composted
(CO) SCM were surface-spread on grassland at once. This was done manually using pitchforks and
three rates in the range from about 200 to 650 kg N ha™ were used. Each experimental unit
measured 5 m by 3 m. All treatments, including a non-fertilized control, were arranged in a
randomized complete block design with three replicates. FR manure was taken directly from a
litter-barn, whereas CO manure was obtained after storing and extensively mixing FR manure
during a period of 8 months as described by Shah et al. (2010). During each growing season, the
herbage was harvested three times (second half of June, first week of September and the last week
of October). The herbage was cut to a stubble height of 4 cm using a motor mower. Fresh herbage
yield was measured in the field and representative samples were oven-dried at 70°C for 48 hours,
ground to pass a 1 mm sieve and analysed for total N content. Subsequently, apparent N recovery
(ANR) in each year was calculated by means of the N difference method.

3. Results & Discussion

The herbage N uptake in the non-fertilized control was on average 30 kg N ha™ year™. At the lowest
N application rate, the herbage response in case of CO manure was not different (P > 0.05) from the
control. In all probability, this was caused by immobilization of the applied and released mineral N
since the soil C/N ratio of the used field was above 20 and thus relatively high. The initial mineral
N content of the CO manure compared to the FR manure was almost three-times lower (7 vs. 20 g
1009 Nym) as a result of N losses during the composting process. Consequently, in the year of
application herbage ANR was lower (P < 0.01) from the CO manure (Table 1; Figure 1). In the two
succeeding years this pattern did not change and herbage ANR was almost zero in the last year for
the CO manure (Table 1; Figure 1). This can be ascribed to the presence of more stable organic N
compounds since most of the readily degradable organic N compounds are lost during composting
(Kirchmann, 1985). This is another drawback of composting next to the high losses (up to 50%) of
the initial total N content (Shah et al., 2010; Shah and Lantinga, 2012).
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Figure 1. Net herbage N uptake from fresh (FR) and composted (CO) solid cattle manure. Error bars represent standard
error (x) of the mean.

Table 1. Apparent herbage N recovery from the manures. Values in parentheses represent standard error of the mean.

Manure N application Apparent N recovery (% of total N applied)

(kg ha™ Year 1 Year 2 Year 3 Total of 3 years
Fresh 215 12.2 (2.4) 3.1(0.3) 1.6 (0.8) 16.9

430 16.2 (3.6) 2.7 (1.1) 1.3(1.4) 20.2

645 15.1(1.4) 2.8(0.2) 1.2 (0.6) 19.1

mean 145 2.8 1.3 18.7
Composted 192 3.1(2.0) 0.3(1.3) 0.7 (0.8) 4.1

384 9.3(1.9) 1.0 (0.9) 0.7 (0.6) 11.0

575 10.1(1.7) 1.4(1.0) -0.1 (0.3) 114

mean 7.5 0.9 0.4 8.8

4. Conclusions

During all three years, herbage N recovery from the fresh solid cattle manure was about twice as
high compared to that from the composted treatment. The residual N fertilizing effect on this soil
with a high C/N ratio was even almost zero in year 3 in the latter case. For use on grassland it is
recommended not to compost solid cattle manure.
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Forageyield and nitrogen utilization of forage maize hybridsin Organic Far ming

Monteagudo, A.B.
Centro de Investigaciones Agrarias de Mabegondo (CIAM-INGACAL), A Corufia, Spain

1. Background & Objectives

Chemical nitrogen (N) fertilizers are the most widely used to increase the maize yield but their use
is forbidden in Organic Farming (OF). Only a controlled amount of organic N fertilizer is allowed
in OF and the availability of N for plant uptake is limited. Moreover, the lower N availability
reduces the risk of N loss by leaching so N utilization efficiency (NUtE) is interesting to consider
for forage production at low N levels. In this context, the improvement of N uptake and utilization
efficiency in forage production is required to prevent biomass yield reduction and nitrogen loss to
the environment. The objective of this study was to evauate forage maize yield and N utilization
under OF conditions.

2. Materials& Methods

Thirteen maize hybrids obtained at CIAM-INGACAL and 3 commercial hybrids (C) were evaluated
under OF conditions in two field trials in Lugo (NW Spain): 1. Xia, without organic fertilizer (ON);
2. Arroxo, where organic cattle manure was applied at a rate of 170 kg N ha’ (following the
European Commission regulation No. 889/2008) in one application before planting (170N). Both
soils came from a pasture rotation. Average rainfall and temperature during the growth cycle are
presented in Figure 1. The experimental design was a randomized block with one plot of 8 m? per
hybrid and three replications with 90.000 plant ha* as the final plant density.
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Figure 1. Mean rainfall and temperatures at field trialsin 2009.

At the silage stage, samples of 300g of entire plant, stalk and ears per plot were grinded and dry
weights were measured after drying them at 80°C for 16 hours. Forage yield was expressed as dry
matter (DM) (Mg ha) based on the number of plants at harvest. Dried samples were ground in a
Christy Norris mill to pass a 1mm sieve. Near Infrared Reflectance Spectroscopy (NIRS) was used
to estimate crude protein content (CP) according to Campo et a. (2010) equations. Nitrogen uptake
was estimated from CP and DM vyield in each sample (kg N ha). NUtE was calculated as the ratio
of DM vyield to whole plant N uptake (kg kg*) while the nitrogen harvest index was the ratio
between ear N uptake and whole plant N uptake (kg kg™). Harvest index was calculated as the ratio
of grain yield to biomass yield (Mg Mg™). The Duncan test to assess the differences between means
and Pearson correlations between traits were calculated using the SAS statistical package v 9.2
(SAS Ingtitute, 2008).
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3. Results & Discussion

The strong relationship found between N stress and maize yield has been reported by different
authors (Cox et a., 1993; Bertin and Gallais, 2000; Améndola et a., 2010). This association could
be observed in our study as one of the factor on the reduction in forage yield of 17% for the C
treatment under the same trial conditions (Table 1), but this reduction was less than that found by
other authors in forage maize (Cox et a., 1993). Nitrogen uptake was lower at ON than 170N trial
due to a positive correlation existed between this trait and rate of N applied to soil (r* > 0.7,
P<0.001). Thisresult isin disagreement with other studies (Dobermann, 2005).

Table 1. Forage yield, total nitrogen uptake (Ny), nitrogen uptake in stover (Ngover), Nitrogen uptake in ear (Ney), harvest
index (HI), nitrogen utilization efficiency (NUE) and nitrogen harvest index (NHI) of forage maize hybrids.

Forage yield N; Nagover Near HI NUtE NHI
Trial Mg ha'* kg ha'
ON 15.48b 121b 50b 70b 0.68b 128.89a  0.59a
170N 18.69a 195a 104a 90a 0.79a 96.09% 0.47b
Hybrids
CIAM 17.33a 160a 80a 8la 0.72b 112.25a  0.53a
C 16.01b 140b 70a 79 0.79a 113.52a 0.54a

Meansin a column with different letter are statistically different (P<0.05) within trial and hybrid.

In agreement with other studies negative correlations were found between N;, Ngover and NULE (r2>
-0.88) and HI and NHI were positively correlated (r?=0.85). NUtE could have been affected by
rainfall being low in August and high in October in the ON triad. Its value was higher at low N
supply so utilization efficiency was better at these trial conditions. Hybrids showed genetic
variability with means statistically different for all traits studied within the CIAM group which had
better performance than the commercial ones.

4. Conclusion

Nitrogen uptake and utilization were variable amongst hybrids and so an improvement of N use
efficiency could be possible by plant breeding programs. Evaluated hybrids were able to adapt to
low N input with little reduction in forage yield and an increase in the nitrogen utilization
efficiency.
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Gap filling of missing data for calculating the cumulated ammonia emission in a fertilized
bare soil: a case study in Lombardia region (Italy)

R.M. Ferrara®®, M. Carozzi®, M. Acutis’, N. Martinelli*, G. Rana®

*CRA - Research Unit for Agriculture in Dry Environments, Bari, Italy
b University of Milan, Di.Pro.Ve, Milan, Italy
“ CRA - Research Centre for Agrobiology and Pedology, Florence, Italy

1. Background & Objectives

The ammonia (NHj3) concentration data necessary for estimating NHj fluxes are often unavailable.
Reasons for this can be: (i) the detection range of detectors is outside the actual concentration
values; (ii) the measuring equipment are upwind with respect to the fertilization spreading point;
and (iii) occasional gaps occur owing to instrumental failure. In such situations, to obtain a
complete time series from which to calculate cumulative NH; emissions, empirical estimates of
missing fluxes are needed. The objective of the present study was to assess the reliability of the
method developed by Spirig et al. (2010) for determining missing NHj flux values using data from
slurry application experiments in the Lombardia region of northern Italy.

2. Materials & Methods
Applying the single layer model developed by Sutton et al. (1998), applied to bare soil, the NH3 flux
is calculated as

F _Z(Z£)>_Z(Z) [1]

* R,(2)+R,
where y(zy’) is the NH3 concentration estimated at the surface, y(z) is the concentration measured at
height z, and R, and R, are the aerodynamic and the boundary layer resistances, respectively,
calculated according to Flechard et al. (2010).
Firstly, for the NHj3 fluxes measured in non problematic phases, values for y(z,’) were derived using
Equation 1. Secondly, an operational relationship was found between /n(T’y) and the time after slurry
application (in hours), where I is the [NH4'] to [H'] ratio (Dasgupta and Dong, 1986):

}((ZO) x10~

e == [2]
where T is air temperature in K, and y is given in ppb. This operational relationship was found to be
linear and was used to derive y (zy’) as a function of time after slurry spreading when the values of
NH; fluxes were not available. The value of y(z) should always be available. The estimation of
missing NHj; fluxes after slurry application is determined in a range, between a minimum and a
maximum. The lower limit is obtained by log-linearly interpolation of /5, while the upper limit is
obtained using the initial surface concentrations calculated by repeating the 7 of slurry until the
first experimental surface concentration was available.
The method described above was applied in an experimental trial in Landriano (Lombardia, Italy),
where slurry was applied to bare soil (87 m® ha™' with 188 kg N ha™', 95 kg N-NH," ha™', 4.4% of
dry matter and pH 8) on 27 March 2009, starting at 9:00 a.m. The NH; fluxes were measured by the
eddy covariance technique (Kaimal and Finnigan, 1994), using a Gill R2 (Gill Instruments Ltd, UK)
sonic anemometer together with the QC-TILDAS developed by Aerodyne (USA) (Zahniser et al.,
2005). The fluxes in the first 4 hours were not measured because the equipment was upwind with
respect to the direction of the slurry spreading. NH; concentrations in air were also measured by
passive diffusion samplers (ALPHA samplers; Sutton et al., 2001) both upwind and downwind.
In order to evaluate the performances of the model, it was tested in another experimental campaign
(Cornaredo, Lombardia region, Italy) where slurry was applied on 17 March 2010 starting at 9:00
a.m. and where all the values of NH; fluxes were available. In this case, the fluxes were determined
using the inverse dispersion model WindTrax (Flesch et al., 1995) with the NH3 concentrations
measured by ALPHA samplers (every 2 hours during the spreading day) and the model input
variables measured using a sonic anemometer.
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3. Results & Discussion

Figure 1 shows the good agreement obtained between estimated and measured NHj fluxes in the
first day of the trial in Cornaredo (MAE=2.63; RRMSE=37.22; EF=0.86; slope=0.99; r2=O.9): in
this case only the lower limit was used (Eq. 1 & 2) because the slurry was homogeneously applied
and we suppose that the emission started uniformly at t=0.
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Figure 1. Comparison between estimated and measured NHj fluxes in Cornaredo during and after slurry spreading.

The model was than applied to the Landriano trial (Figure 2), where the measurements of NHj
concentration were missed for the first 6 hours. In this case upper and lower limits of the estimated
fluxes are shown with the measured fluxes in the last part of the period. Moreover, the relationship
between In(l'y) and the hours after slurry application is plotted, together with the linear relationship
used to determine the estimated values of y(z,’).

—6—measured & estimated (min) —2— estimated (max) * Inir)
__150 7 t 20
N
%100 s /ﬁ//é\\ . _ . . — f 15 -
E /A\A\&/ \ y = -0.34x + 16.78 g
E 50 1 e S - e - \ - R*=0.96 |10
& ,. L %\e\e\e_w—o
® g = . T T ‘ 3 ' ' ‘ 0
T
z (] 1 2 3 4 5 6 7 8 9 10

hours after slurry application
Figure 2. Values of NHj fluxes estimated and measured in Landriano during and after slurry spreading; the values in the
first 6 and half hours are estimated by the presented model as lower and upper limits. Moreover, the operational
relationship between In(T') and hours after slurry application is shown.

4. Conclusion

Considering that the model worked well in one site (Cornaredo), we applied it in another site
(Landriano) where the first flux data were not available, showing that it is an useful tool for
estimating the missing NH; fluxes during the first hours after slurry spreading, which is the
dominant period for NHj volatilization.
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Generation of N-balancesto describe N-flows and N-transformations -The example of
composting
Korner, I.

Hamburg University of Technology, Institute of Waste Water Management and Water Protection, Bioconversion and
Emission Control Group, Hamburg, Germany

1. Background & Objectives

The global N-household involves of a multitude of reactions and N containing compounds
transform permanently from one form into another. In composting many of the globally important
reactions are taking place as well — ammonification, nitrification, denitrification and N-
immobilisation — and connections to other spheres exist via N-releases by leaching and off-gas
evolution (Korner, 2008). In the literature few articles present N-balances and those that do mostly
only consider in- and output and without a time dependent series. The objective of this paper isto
show, that it is possible to generate N-balance-series accurate enough to describe processes of N-
dynamics. Guidelines to generate such balances shall be given and the limitations shown.

2. Materials & Methods

53 composting experiments were carried out using 100 litres reactors and a broad range of
substrates as well as process control variants. N-compounds were determined at different phases of
composting - organic N, NH4*/ NHs3, NOs, NO;  in the substrate and in the leachate as well as N»,
NH3, N>O and partly NO in the off-gas. The milieu and process conditions (temperature, pH, water
content, aeration rate, turning rhythm) were registered as well. In total 708 N-balances were
calculated using the various N-concentrations and the respective masses of substrates, |eachates and
off-gases. Additionaly, the N-losses due to sampling were considered (Figure 1). A statistical
evaluation of all N-balances was carried out to conclude about the N-flows and N-transformations.
To judge accuracy of the balances, all measurements were quantitatively evaluated regarding
systemic uncertainties and mathematically summarized to an overall uncertainty. An extended
uncertainty analyses was carried out to judge different substrates. All methods are documented in
Korner (2008).

3. Results & Discussion

Figure 1 shows, that sampling losses are not negligible and that comparing in- and output balances
only easily could misead regarding
conclusions. Figure 2 shows two N-balance-
series corrected regarding the sampling error.
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Figure 1 N-balance-series with portions in the reactor, ~N-compounds showed insignificant (N0,
released via sampling and via leachate and off-gas NO, NOy).
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Knowing the accuracy of the balances is essential for correct conclusions. Systemic uncertainties
were determined with +£10%. Additionally the sample had an impact. In early phases of composting
the total uncertainties summarized to £15-25%, for very inhomogeneous substrates even up to
+85%. In later phases the homogeneity increased and uncertainty was between £15-25% (Figure 2).
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Figure 2. N-balance-series of composting processes: Left) Balance with high accuracy; Right) Balance with lower
accuracy and alack due to compounds not measured quantitatively (dm -0: initial dry-matter content)

By the balances, the various processes of N-dynamics could be judged (Table 1). The results reflect
composting in general, since a large spectrum of substrates and milieu conditions was considered.
Nitrification and denitrification were quantifiable, for ammonification a range and for
immobilisation a maximum could be given.

Table 1. N-turnover processes during 53 composting experiments (min — minimum turnover; max — maximum possible
turnover; direct — determined via metabolism products; indirect - via calculations using the balances).

Process Method Transformation in % of initial N

25%-Quantile Median 75%-Quantile

Ammonification  min, direct 12 42 58

min, indirect 19 35 48

max, indirect 91 95 929

Nitrification direct 0 3 12

indirect 0 2 19

Denitrification indirect 0 2 10

Immobilisation  Max, indirect 41 62 75

4. Conclusion

For balancing, organic N, NH;"/NHz, NOs ™ (substrate), NH3 (off-gas), total N (leachate) have to be
measured. To evaluate N-flows and -transformations a series of at least 5 N-balances is necessary.
Especidly the initial N-balance has to be prepared with measurements based at least on 5 samples
for inhomogeneous substrates. N-balance lacks or overbalances due to uncertainties are not
avoidable, but can be quantitatively described. In follow up experiments, quantification of N,
generation, ammonification and immobilisation could be eventually possible using *°N-tracers.
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Impact of point injection of ammonium fertilizer on nitrous oxide fluxes and nitrogen
dynamics in soil

Deppe, M?, Well, R.%, Kiicke, M., Flessa, H.*
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1. Background & Objectives

Nitrogen fertilization can have an important impact on the amount of N,O produced and emitted.
Injection of nitrogen fertilizer has been widely used, but measured effects on N,O emission are
contradictory (Millar et al., 2010). High concentrations of ammonium are known to inhibit
nitrification (Wetselaar et al., 1972); however, it has not yet been clarified how N,O production is
affected. Injection of nitrate-free ammonium-N fertilizer, in Germany also known as CULTAN
(controlled uptake long-term ammonia nutrition), is supposed to inhibit nitrification of NHy-
fertilizer, leading to lower rates of nitrate leaching and lower rates of N,O emission. To test this
assumption, emission rates of N,O are measured in two arable soils in Northern Germany with
different textures (loamy sand and clay loam) cropped with winter wheat to compare two
application methods (point injection and surface application) of nitrogen fertilizer.

2. Materials & Methods

Ammonium sulphate (130 kg N ha™") was applied either by point injection (24 x 17 cm grid) or by
broadcast/surface application. Unfertilized plots serve as control. N,O emissions are measured
weekly using static chambers (closure time was approx. 1h). Nitrate and ammonium concentrations
at injection spots and in bulk soil are measured at least biweekly in soil extracts (1M KCI,
segmented flow analyser) to monitor nitrogen dynamics. Measurements started in February 2011
and will end in winter 2012/2013. At the loamy sand site, 5% '*N-ammonium sulphate is used as a
tracer to distinguish between fertilizer-N and soil-N derived N,O.

3. Results & Discussion

NH," -N from point injection was largely depleted within 6 (loamy sand) and 10 (clay loam) weeks
after fertilization in 2011. Surface application led to longer periods with high ammonium content in
soil, and nitrate concentrations at both sites were always higher compared to plots with point
injection. Emission rates of N,O were low at both sites in 2011. During spring, when the soil was
relatively dry, N,O emissions only occurred at single times, leading to high standard deviations of
calculated fluxes. These emission events mostly occurred after fertilization, precipitation and/or
tillage (Figure 1) and accounted for most of the total N,O lost. Apart from these single events, flux
measurements were generally near the limits of detection during the measuring period. There was
no significant effect of point injection on total N,O emissions. Higher emissions from the clay loam
site were the result of one plot (n=3) with extremely high rates at single dates; at the sandy loam
site, emissions from injection plots were slightly lower than from plots with surface application
(Figure 2). Fertilizer derived N,O fluxes were calculated from 3'°N in gas samples taken between
fertilization and harvest in 2011. Integrated over this period, fertilizer derived N,O contributed
about one third to total N,O emissions. However, whereas N,O fluxes derived from chamber
concentrations were often close to the detection limit, fluxes estimated from 5N of N>O from the
tracer experiment could always be calculated and therefore provided improved precision at low
emission rates.
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Figure 1. Emission rates of nitrous oxide from the loamy sand site in 2011. Vertical bars indicate dates of fertilization
(dotted = broadcast surface application, dashed = point injection) or harvest/tillage (solid gray).
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Figure 2. Total emission of nitrous oxide from both sites between 15/03/04 and 18/11/2011

4. Conclusion

Point injection of ammonium sulphate led to lower nitrate content in soils compared to surface
application. Due to the low N,O fluxes of all treatments, no significant impact of the fertilizer
application technique on total N>O emission could be detected.
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Impact of quality of residue mulches and their decomposition on N dynamics in soil in
conservation agriculture
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1. Background & Objectives

Improving crop rotations, reducing or suppressing soil tillage, and maintaining a mulch of crop
residues at the soil surface are gaining popularity throughout the world. But the impacts of these
practices and of their combination on soil processes are not well understood. The general objective
of the work was to study, for different crop associations and pedo-climatic conditions in temperate
(France) and tropical (Madagascar and Brazil) agrosystems under conservation agriculture, the
effects of residue mulch characteristics on their decomposition, N mineralization-immobilization, N
transport in soil and N,O emissions. And to assess, by modeling, how these factors affect
agroecosystem services in a range of agricultural conditions met in conservation agriculture of
France, Brazil and Madagascar. The hypotheses were that the chemical quality of mulches at the
soil surface significantly affects the water exchange between soil, mulch and the atmosphere, the
dynamics of mulch decomposition and the N fluxes in soil and to the atmosphere (Figure 1).

This work is part of a larger project on conservation agriculture (PEPITES, ANR SYSTERRA)
which brings together researchers and stakeholders, working on social processes, technical
innovation and ecological processes, particularly those linking organic matter and soil biological
functioning.

Figure 2. Experimental design for the soil columns
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2. Materials & Methods

A series of experiments were performed under controlled conditions with repacked soil columns,
15.4 cm wide x 30 cm deep (Figure 2). The treatments were two mulch types, a mixture of Zea mais
& Doliquos lablab and Triticum aestivum & Medicago sativa, two soil types (sandy or loamy soils)
and two water regimes (manipulated through the intensity and frequency of rain applied with a rain
simulator to the columns). Amended columns were incubated for 84 days at 20°C. CO, and N,O
were continuously measured by infrared photoacoustic spectroscopy. Mulch C and N (by total
combustion), Soil microbial biomass C (fumigation-extraction) and mineral N (KCL extraction)
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were measured through destructive sampling at 0, 14, 41 and 84 days. The Pastis_Mulch model
(Findeling et al., 2007) was tested and used to calculate fluxes that are not measureable (gross
mineralization and immobilization, nitrate and soluble C leaching) and to extrapolate the longer
term fate of C and N.

3. Results & Discussion

The results show significant differences between the two mulches in term of C mineralization
(Figure 3a), net N mineralization (data not shown) and N,O emissions, due to the difference in the
chemical composition of the plant residues (data not shown). The CO; evolved with M+D muich
was much higher for the loamy soil compared to the sandy soil (Figure 3b), due to the difference in
C mineralization of the two soils. Conversely, the decomposition of the mulch was not influenced
by the type of soil, under the controlled conditions of the experiment (data not shown). The
emission of N,O was nil during the decomposition of the M+D mulch on the sandy soil, while N,O
emission was observed during the first two days of mulch incubation with the loamy soil. The
maximal rate was 110 mg N,O m™? day™ at 20°C. The simulation with Pastis model confirmed the
importance of water dynamics in controlling the decomposition rates and the fate of C into the soils,
while the chemical quality of mulches is less crucial when the system is controlled by moisture.

5000 - 5oop mgCm? sandy
4000 - 4000 -
3000 3000 -
5000 | 2000 |
1000 - 1000 -
O 0 T T T T T 1
' ' ' ' ' ' 0 14 28 42 56 70 84
0 14 28 42 56 70 84 Days

Days

Figure 3a,b: C-CO, emission during decomposition of wheat+alfafa mulch (W+A) and maize+dolichos mulch (M+D)
on loamy soil (left) and comparison of sandy and loamy soil with decomposing M+D mulch (right). Peaks correspond
to application of rain on columns.
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I mpact of two different types of grassland-to-arable-conver sion on nitrous oxide emission and
nitrate leaching

Roth, G.2 Helfrich, M.% Well, R? Flessa, H.?

4 nstitute of Agricultural Climate Research, Johann Heinrich von Thiinen-Institute, Federal Research Institute for Rural
Aresas, Forestry and Fisheries, Braunschweig, Germany

1. Background & Objectives

Conversion of grassland to arable land often causes enhanced nitrous oxide (N.O) emissions to the
atmosphere (Conen, Dobbie et a., 2000; Grandy and Robertson, 2006) as well as augmented nitrate
leaching to the groundwater (Strebel, Béttcher et al., 1988). This is due to the tillage of the sward
and subsequent decomposition of organic matter. However, prediction of such effects is uncertain
so far because emissions may differ depending on site and soil conditions. We aim to evaluate the
impact of grassland-to-field-conversion on N,O fluxes, mineral nitrogen (Nmin) content and the
eluviation of nitrate. Moreover, we compare two different types of conversion (mechanical and
chemical).

2. Materials & Methods

At two sites, in Kleve (North Rhine-Westphalia, Germany, conventional farming, silt loam over
clay loam) and Trenthorst (Schleswig-Holstein, Germany, organic farming, sandy silt loam), a four
times replicated plot experiment with (i) mechanical conversion (ploughing, maize), (ii) chemical
conversion (broadband herbicide, maize per direct seed) and (iii) continuous grassland as reference
was started in April 2010. In Trenthorst we established additionally (iv) a continuous field with
maize as reference. Over two years, Ny, content, water content as well as gas emissions were
measured weekly. For gas emissions, we used a closed chamber system (Flessa, Dérsch et al.,
1995). Soil samples for Npin analysis were taken in 0-10cm and 10-30cm depths. In the second
year, leachate was sampled in suction cups installed in 35cm depth and analysed for Nmin and
dissolved organic N (DON).

3. Results & Discussion
The time series of N,O emissions (Figure 1) and N, content (Figure 2) are shown for the Kleve
site.

2000 -

N,O emissions
[N,O-N ug m?2 hl]
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Figure 1. N,O emissions from Klevein N,O-N pg m? h™* over 1.5 years after conversion (C = chemical conversion, M
= mechanical conversion and D = continuous grassland)

The peak emissions of N,O correlated with the dates of harvest, soil tillage or fertilization in
autumn 2010. Increased emissions in the grassland could be due to the wet autumn which was
reflected by high water contents. Cumulative N»O fluxes of the converted grassland were high (6.2
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to 25.5 kg N ha™* a*, Table 1). We will also show estimates of nitrate leaching based on the suction
cup data (not yet analysed).

0 T T T T T T T
21410 21.6.10 21810 21.10.10 21.12.10 21.2.11 21411 21611 21.811

Date

Figure 2. Nyin content in 10 - 30 cm depth over two years after conversion (C = chemical conversion, M = mechanical
conversion, D = continuous grassland)

We found significant differences between conversion, both, chemica and mechanical, and the
reference plots within the first year. While in Kleve were significant differences between the two
types of conversion in Trenthorst there was none (Table 1).

Table 1. Interim annual total amount of N,O emissionsin N,O-N ha™ a* and Ny, average of the first year from
Trenthorst and Klevein kg ha* (means of 4 replicates + standard error; different uppercase letters indicate significant
differences between treatments (p < 0.05))

Trenthorst Kleve Trenthorst Kleve
Treatment [NJO- N kgha'a']  [N,O- N kg ha®a?] [Npin kg ha'] [Npin kg ha']
mech. conversion 71+£072 153+182%2 73+51%2 1356+ 6592
chem. conversion 6.7+0.9°2 266+21° 140+ 14.72 127.0+53.9°
grassland 1.2+0.2" 88+0.72 27+22" 469+ 239"
field 2.63+04° 35+26°

4. Conclusions

Following grassland-to-arable-conversion, there was a clear increase in N,O fluxes within the first
two years. The time series of N,O emissions and Nmin was strongly affected by soil tillage and
water content. The type of grassland-to-arable-conversion had was significant on one site, but not
on the other. The differences between the two sites were mainly due to the different fertilization.
We aso collected gas samples to analyse isotopic signatures of N,O to eucidate the processes
responsible for elevated N,O fluxes from the converted grassland.
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Improving N efficiency in barley through green manure management and biogas slurry
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“Department of Agriculture and Ecology, Faculty of Life Sciences, University of Copenhagen, 2630 Taastrup, Denmark

1. Background & Objectives

In cereal production on stockless organic farms green manure (GM) is commonly used to improve soil
fertility. The clover-grass swards are mown frequently as a means to control perennial weeds in GM-
cereal rotations and to keep the ley in avegetative state, thus avoiding decrease in biomass production and
in No-fixating activity. The mown GM herbage is commonly mulched (Dahlin et a., 2011). The purpose
of this study was to increase knowledge of the N-dynamics in such rotations, in order to suggest methods
for improving N efficiency and thus organic cerea yields. The hypothesis was that spring application of
biogas residue from anaerobic digestion of GM herbage increases the N uptake and yield of a subsequent
barley crop, compared to repeatedly in situ mulching of the same GM herbage in the preceding season.

2. Material & Methods

The effect of various GM treatments on spring barley yields and nitrogen dynamics was investigated, at
four sites differing in soil and climatic conditions. The locations were Central Norway (Site 1: silty clay
loam and Site 2: sandy loam), Eastern Norway (Site 3. loam) and South-Eastern Norway (Site 4: clay
loam). In 2008 a grass clover mixture was undersown in barley. In 2009 the clover-grass herbage was
either harvested or mulched. In spring 2010 the GM sward was ploughed down, and barley was sown. Six
treatments were compared (Table 1), with four replications. Biogas residue from anaerobically digested
GM herbage was applied in spring 2010. It contained 11 g total N and 6 g NH4-N m™ (56 % of the total N
in the GM herbage). Two control treatments were included, in which cereals were grown in al three years
(without any fertilizer in 2008 and 2009, and with biogas residue or mineral fertilizer in 2010).

Table 1. Overview of treatments.

Treatment 2008 2009 2010

GM+ GMU? GM all harvests mulched Barley

GM- GMU? GM all harvests removed Barley

GM-(B) GMU? GM all harvests used for biogas Barley + biogas residue (6 g NH,-N m)
GM2/3 GMU? GM first 2 removed, last mulched Barley

C(B) Barley Oats Barley + biogas residue (6 g NH,-N m?)
C(M) Barley Oats Barley + mineral fertilizer (8 gN m™)

4GMU = Spring barley undersown with green manure.

Soil mineral-N was analysed at 0-0.8 m depth on severa occasions from 2008 until spring 2011.

3. Results & Discussion

On average, the mulched or harvested GM herbage contained 19 g N m™. In spring 2010, before
ploughing down the GM, there was a higher level (P > 0.001) of mineral N in soil with GM mulched
(GM+) compared with the other treatments at all sites. But two weeks after germination of the barley crop
there were no difference in the levels of mineral-N in soil between GM mulched (GM+) and removed
(GM-).
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Barley dry matter yieldsin 2010 were approximately 300 g m?, except in trial 1, where it was only half as
high. The use of biogas residue (GM-(B)), raised the nitrogen yield of the barley crop to the same level as
of the mulched treatment (GM+). When biogas residue was applied on control plots that had been
exhausted by two consecutive cereal crops without any form of fertilization (C (B)) the nitrogen yield of the
barley crop reached the same level as the treatment of GM with two of three harvests removed (GM2/3).
At sites 1, 2 and 3 barley N yieldsin 2010 (Figure 1) were 29-38 % lower (P > 0.001) when GM herbage
was removed (GM- and GM2/3) than when it was mulched (GM+). In these trials, N deficiency symptoms
in barley were seen already at the 3rd leaf stage on plots where the GM herbage had been removed. At site
4, there was a similar trend, but the effect was not statistically significant.

Nitrogen in barley grain (g m?)

Figure 1. Nitrogen yields of barley grain in 2010 (g m + standard deviation) following contrasting green manure treatmentsin
2009 in four trials. Abbreviations for green manure treatments are explained in Table 1.

In spring 2011 there was a higher level (P > 0.001) of NOs-N in soil with GM in 2009 than without, but
no effect of the different GM treatments was seen in NH,4 -N content.

4. Conclusions

The results suggest that, under the Norwegian climate, mulching of GM herbage can increase cereal yields
compared to its removal, depending on soil type and rotation history. However, the use of GM herbage for
biogas production appears to be much more N-efficient on farm level. We applied about half of the N
available in GM herbage, and the surplus residue makes it possible to manure other fields.

References

Dahlin A.S., Stenberg M. and Marstorp H. 2011. Mulch recycling in green manure leys under Scandinavian conditions,
Nutrient Cycling in Agroecosystems 91:119-129.

125



Nitrogen Workshop 2012

Influence of fertilisation practice on gas and grain yield production
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1. Background & Objectives

CO,, N,O, CH4 and NO emissions are studied extensively (Akimoto et al., 2005; Meorkved et al.,
2006; Ruser et al., 2006) because their presence in air causes environmental problems e.g. global
warming and stratospheric ozone depletion. To explore the role of fertilisation practices to this
phenomenon, experimental examinations of soil gas emission with different scales have particular
importance. Hence, the objective of our research was to investigate this complex relationship by
comparing the effects of organic and mineral fertilisers on GHG emission and grain yield
production. The research project started in 2007 was realized at four levels: in long term field,
mesocosm, microcosm and column experiments. The GHG emissions from the different
experimental setup were compared and analyzed. In this paper only part of the soil column
experiment (2010) is presented.

2. Materials & Methods

Six undisturbed soil columns were taken from the set-aside (Eutric Cambisol soil) at Keszthely,
Hungary (46°40° N; 17°15” E). The columns were 90 cm high and 40 cm in diameter. Soil texture
was a sandy loam with low organic matter and P content and medium K content, pHkc= 7.1. The
soil columns had different fertilization treatments: 1. control without maize seeding and fertilisation
(0), 2. 105 Mg hectare ™! equivalent NPK fertilisation without maize seeding (NPK), 3. control with
maize seeding (M), 4. maize seeding and 105 Mg hectare ' equivalent NPK (M+NPK), 5. maize
seeding and farmyard manure, 105 Mg hectare ' equivalent (M+FYM), 6. maize seeding and 105
Mg hectare' NPK fertilisation plus 105 Mg hectare ' NPK equivalent farmyard manure
(M+NPK+FYM). Soil surface CO: fluxes were measured by gas sampling from a closed-chamber
inserted into the top of each column at zero and at 30 minute after closure. Gas samples were taken
each time at about 8 a.m. by a gas-tight syringe and injected into evacuated Exetainer tubes (Labco
Limited, UK). The gas concentrations were measured by gas chromatograph (HP 5890, equipped
with Porapak Q column to measure carbon dioxide, which was detected by thermal conductivity).
Soil samples were also taken to measure active microbial biomass by substrate-induced respiration
(SIR) and microbial activity based on fluorescein-diacetate hydrolysing activity (FDA).

3. Results & Discussion

Treatments had significant effect on SIR and FDA (Figure 1) although the effects of individual
treatments could not be distinguished. Manure treatments caused significantly higher microbial
biomass and activity during summer. On the other hand the presence of maize did not clearly
appeared in the SIR and FDA values. We established significant correlation between SIR and FDA
(r=0.596; p= 0.0001). Three peaks of CO, fluxes (Figure 2) were observed during the 141 day long
period, the first between 9™ and 11™ days after seeding of maize, the second on 86" day (21" July)
in all treatments while on 37" (2™ June) only at manure treatments. The mean values of CO, fluxes
varied between 21 and 2052 mg CO, m™ hour!. The correlation between surface CO;, flux and SIR
was marginally significant (r= 0.302; p= 0.073) while between CO,; flux and FDA was significant
(r=0.47; p=0.004).
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Figure 1. Fluorescein-diacetate hydrolysing (FDA) activity in surface soil samples during the vegetation season (0 =
control; NPK = NPK treatment; M = presence of maize plant; FYM= farmyard manure) and linear regression between
SIR and FDA in all soil samples in soil column experiment.
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Figure 2. Sampling of gas and surface CO, flux from soil columns during the vegetation season from 13" April till 1*
September (0 = control; NPK = NPK treatment; M = presence of maize plant; FYM= farmyard manure).

4. Conclusions

Treatments had significant effects on surface CO; flux, SIR and FDA, and they were in correlation
with each other. The highest CO, flux, SIR and FDA were found in the combined NPK+FYM
treatment.
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Influence of soil amendment history on decomposition of recently applied organic
amendments
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1. Background & Objectives

Long-term organic amendment, compared to the absent or solely mineral fertilization, can increase
the microbial biomass content in soil (Gunapala and Scow, 1998), change the microbial community
structure (Dambreville et al., 2006), and enhance the activities of certain enzymes (Carpenter-Boggs
et a., 2000). However, it is not clear whether long-term amendment results in the modified
decomposition rates of newly added organic matter. The literature does not give a consistent answer
to this question (Fauci and Dick, 1994; Hadas et al., 1996; Mallory and Griffin, 2007). Hence, the
objective of this study was to examine whether potential amendment history effects on
decomposition of recently applied material depend on the amendment chemical characteristics.

2. Materials & Methods

The soil was taken from a field experiment (Ruehlmann, 2006) where different amendment
treatments had been applied to one origina soil (loamy sand) since 1973: unfertilized control
(HCO), solid farmyard manure (HFM), pine bark (HPB), and crop residues of the previous crop
(HCR), referred to as amendment history treatments (prefix “H”). One composite samples of 24
subsamples was optained per treatment. These four soil materials were mixed in bulk with either:
nothing (RCO), farmyard manure (RFM), pine bark (RPB), or crop residues (RCR) at a rate
equivalent to 2 mg C g ' dry soil, hereafter referred to as recent amendment treatments (prefix “R”).
In a 147-day laboratory incubation experiment, net CO,-C release (ACO2-C; 5 replications) and net
changes in soil mineral N (ASMN; 3 replications) and microbial biomass carbon (AMBC; 3
replications) contents were determined.

3. Results & Discussion

In the case of amendment history effects on the decomposition of recently added amendment,
significant interactions between the factors amendment history and recent amendment were
expected to be revealed in the two-way ANOVA. Such interactions were only detected in ASMN at
day 3 and 78 (Table 1). In these cases, however, no consistent effect of amendment history on the
decomposition of recently applied amendments was revealed by linear contrasts. Moreover, at day
147, the same trend (HCO < HPB = HCR < HFM; Tukey’s HSD) was exhibited in ASMN
irrespective of recent amendment treatment (Table 1). This pattern was in concurrence with soil
total N and C contents, initial microbial biomass C and initial soil mineral N (Fig. 1). These results
were consistent with those of Hadas et al. (1996) and Langmeier et a. (2002), who found that
differences in net N mineralization were mostly due to differences in N mineralization from
previously existing soil organic matter. In AMBC and ACO,-C, there were no interactions between
the two main factors at any of the measurement dates (Table 1). This was in accordance with results
of Fauci and Dick (1994), who showed that the microbial biomass of the different soils did not
respond differently to different recent amendment treatments. In conclusion, the results indicate that
amendment history effects on the decomposition of recently applied amendments, if present, are too
small to be relevant to fertilization practice. One explanation could be the capability of soil
microorganisms to quickly respond to changes in substrate availability by adjusting both metabolic
activity and microbial community structure.
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Table 1. Two-way ANOV A results (p-values) for the effects of amendment history (H), recent amendment (R), and
their interaction (H x R) on AMBC, ASMN, and ACO,-C. T Data transformed using a Box-Cox transformation.
Prerequisites for ANOVA were not achieved at a = 0.01. p-values < 0.05 are shown in bold. n.a. Not applicable.
Measure Effect Days after start of incubation
0 3 9 78 147
AMBC H 06515 ¥ 05985 t 09270 t 0.5253 0.0365

R <0.0001 t <0.0001 t <0.0001 T 0.0065 0.0006
HxR 07732 ¥+ 0.1140 ¥ 0.9918 ¥ 0.6748 0.9855
ASMN H 0.1081 t 0.0044 T <0.0001 1 <0.0001
R <0.0001 t <0.0001 T <0.0001 1 <0.0001
HxR 0.2269 1t <0.0001 T <0.0001 t 0.3410
ACO,-C H n.a 0.1706 T 0.3699 T 0.0001 T 0.0043
R n.a <0.0001 1 <0.0001 T <0.0001 1 <0.0001
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Figure 1. Initial values of microbial biomass C (MBC) and soil mineral N (SMN) contents in ug g~ dry soil. Different
letters above the columns indicate significant (p < 0.05) differences between amendment history treatmentsin MBC
(upper case) and in SMN (lower case), respectively.
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Influence of N deposition and atmospheric O3 concentration on N,O and NO emissions from
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1. Background & Objectives

Pastures are among the most important ecosystems in Europe considering their high biodiversity
and their coverage in the European territory (8 %). Previous studies have shown that in the last
decades, tropospheric ozone (O3) produced primarily by atmospheric pollution, and nitrogen (N)
deposition, significantly affect these ecosystems altering their structure and composition (Sanz et
al., 2007). The greenhouse gas nitrous oxide (N,O) and the photochemical oxidant nitric oxide
(NO) have increased during recent years, mostly as a result of management of natural and
agricultural soils. The magnitude of these emissions, promoted by nitrification and denitrification
processes, depends on substrate availability (mineral N), climate and soil properties. However, the
effect that the combination of both tropospheric ozone and nitrogen deposition has on nitrogen
emissions in a Mediterranean pasture ecosystem is largely unknown. Our objective was to quantify
the N,O and NO emissions from a Mediterranean pasture for three different levels of N deposition
under different ozone concentrations.

2. Materials & Methods

The experiment was carried out from April to June 2011 in “La Higueruela/CSIC” field station
located in Toledo (Spain). An Open Top Chamber (OTC) technique was used to establish the
different O3 concentrations: [unfiltered air (ANF), unfiltered air + 40 ppb of ozone (AFU),
unfiltered air + 60 ppb of ozone (AFU+) and control plots without OTC (AC)]. Six plant species,
representative of a typical annual pasture, were sown inside the chambers and given four
applications of N fertilizer (NH;NO3), with one application every 15 days. Different rates of
fertilizer were applied to simulate different levels of atmospheric N deposition (0, 20 and 40 kg N
ha™ corresponding to the treatments N-0, N-20 and N-40, respectively). Emissions of N,O were
measured by the static chamber technique and analysed by gas chromatography (Sanchez-Martin et
al., 2010) and a flow through system was used to measure NO emissions by chemiluminescence
(Roelle et al., 1999). Soil parameters such as WFPS, mineral N and temperature were also measured
(Sanchez-Martin et al., 2010).

3. Results & Discussion

Total N,O emissions were not affected by different rates of N deposition (Figure 1a). According to
Skiba et al. (1998) it is necessary to exceed the threshold of 40 kg N ha™ y™ if the soil was not
previously exposed to high rates of N inputs. Some negative N,O fluxes were observed, especially
for the treatments which were exposed to ambient concentrations of ozone (ANF and AC), which
also shows that there was no effect of the OTC.

Contrary to some studies (Kanerva et al., 2006; Bhatia et al., 2011), increasing tropospheric ozone
(AFU+) increased N,O emissions. On the other hand, NO emissions were mainly affected by the
different levels of N deposition but not the O3 concentrations (Figure 1b). According to Kanerva et
al. (2007), the impact of elevated Oz on the production and consumption of trace gases is not well
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understood and has not been assessed in natural or semi-natural grasslands. To date, very few
studies have looked at the combined affects of N and Oz on below-ground processes that may be
important for the global atmospheric budgets of these gases, especially in climates with extreme
seasonal weather variations such as the Mediterranean climate.
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Figure 1. Total N,O (a) and NO (b) emissions from different Oz and N treatments at the end of the experimental period.

4. Conclusion

Deposition of atmospheric N significantly increased NO emissions, although there were no
significant differences between the values for different deposition rates.

By contrast, N,O emissions were not affected by N deposition but emissions increased when
atmospheric O3 concentration reached 60-80 ppb.

Moderately enhanced Os; concentrations and N deposition rates appear to alter N,O and NO
emissions but longer measurement periods are required to verify these interactions in Mediterranean
pasture ecosystems.
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1. Background & Objectives

Animal excreta deposition is New Zealand’s largest source of nitrous oxide (N,O) emissions,
representing 50% of direct N,O emissions (de Klein et al., 2003). Denitrification is considered the
main process of N,O production from these pasture soils. Soil water status is a key determinant of
these emissions as it influences air-filled porosity and oxygen diffusion into and through the soil.
Soil compaction is an important factor affecting these processes. The aim of this research was to
develop a better understanding of the role that soil physical characteristics and changing soil water
status during drainage play in regulating both N, and N,O emissions from urine patches, using *°N-
labelled synthetic urine. This knowledge will be used to develop practical tools for predicting when
there is greatest risk of N,O emissions from urine patches.

2. Materials & Methods

Repacked soil cores (Typic Orthic Allophanic Soil) were compacted at pressures of 0, 220 kPa &
400 kPa and treated with or without *°N-labeled synthetic urine applied at 600 kg N ha™
(enrichment of 50 atom%). Soil cores were then subjected to three successive, 12-day
saturation/drainage cycles (from 0 to -10 kPa tension). Daily gas fluxes of N,O, N, and CO, were
quantified using mini-headspace chambers placed over the cores. Soils sampled prior to
commencing the 2™ and 3™ cycles and on completion of the experiment were analysed for
inorganic-N, dissolved organic-C (DOC) and pH.

3. Results & Discussion

The ratio of N,O to N, emitted during denitrification depends on factors such as soil pH, soil water
status, NO3-N concentration and C supply (Clough et al., 2004). During the 1st drainage cycle,
nitrification was limited by a lack of O, due to low gas diffusion through the core at high water
contents (mean WFPS over cycle 1 of 82, 84 & 86% for 0, 220 & 400 kPa compaction respectively)
and the high microbial O, consumption stimulated by high DOC levels (485, 530 and 695 mg kg™
for 0, 220 and 400 kPa compaction respectively). Hence, the supply of NOs™ for denitrification was
low (< 25 pg NOs-N g%); at low NO3™ concentrations, N,O was rapidly reduced to N, (Figure 1,
cycle 1). In the 2nd cycle, soil NOs-N concentration began to increase (Figure 2, day 12). N, was
still the predominant product (Figure 1, cycle 2) probably due to complete denitrification when
NOj3 supply is limited, high soil pH (pH >6.5) and high water filled pore space (WFPS) (ranging
from 92 to 74%) that restricted diffusion of N,O from the site of denitrification allowing further
reduction to N,. By the 3rd cycle NO3-N concentrations had further increased (Figure 2, day 24)
and N,O was the predominant emission product from the 0 and 220 kPa compaction treatments,
while N,O and N, were emitted at similar rates from the 400 kPa treatment (Figure 1, cycle 3).
Higher WFPS at any given tension, higher pH and lower NOs concentration in the 400 kPa
treatment would have favoured N, emissions compared to the 0 and 220 kPa treatments.
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4. Conclusions

Compaction of urine amended soils changed the soil water and porosity characteristics that affected
gas diffusion into and out of the soil. This affected nitrification rates, the timing of emissions and
ratio of gas products over a series of drainage cycles.
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Figure 1. Daily flux rates of N,- and N,O-N from the three compaction treatments over the course of the three
saturation-drainage cycles.

—@— NHg -N, 0 compaction
800 - 47 ocompaciion L ggg
—w— NHy -N, 220 kPa compaction
700 A —— NHy -N, 400 kPa compaction | 709
—-O— NOg3-N, 0 compaction
600 - —sy— NO3-N, 220 kPa compaction - 600
< NOg3 -N, 400 kPa compaction A
g 500 - - 500 ©
2 2
Z 400 - - 400 Z
q. ™
T o
Z 300 - L300 2
200 - - 200
100 - 83:====:_ L 100
O T T T O

Sampling time
Figure 2. Changes in NH,- and NO3-N concentrations over the course of the experiment for the three compaction
treatments.
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1. Background and Objectives

Montado, Portuguese Cork Oak Savanna, is composed of a sparse tree canopy (30-70 trees/ha) and
a grassland. The sustainability of such system depends on soil nitrogen (N) availability, particularly
on N mineralization. This process is affected by several soil characteristics such as water or carbon
content but also by the vegetation. Two distinct types of plant litter, herbaceous litter and more
recalcitrant woody plant litter can be found in Montado. The main objective of the present work
was to assess the differences in N turnover and N availability in soils under tree canopies compared
to open grassland soils. To achieve this goal, the spatial and temporal variability of nitrogen
dynamics (mineralization) and soil microbial biomass due to the tree-grassland component of
Montado were evaluated.

2. Materials & Methods

The study site is a Montado located in Southern
Portugal close to Lisbon. At this site 8 plots were
randomly established under mature Cork oak trees
and paired with 8 open grassland plots. During
one year (from May 2009 to May 2010) soil cores
(0-10 cm) were collected monthly at each site for
soil mineral N and microbial biomass N
determinations, along with  potential N
mineralization. Methodologies used here were as
described in McCulley et al. (2004).

3. Results & Discussion

Soil moisture availability in Montado is highly
seasonal with a dry season from May to
September and a short period of high rainfall and
cool temperatures in winter, with some
precipitation also occurring in spring and autumn.
Soil ammonium concentrations were greater under
the canopy than in open grassland soils from
September to March but no differences were
observed in other months where values remained
constant and lower than 0.6 mg N kg™ dry soil
(Figure 1). Soil nitrate concentrations were higher May Jun July AugSept Nov Dec Jan Feb Mar Apr May
in open grassland (0.80-6.36 mg N kg™ soip than Date 2009-2010

under canopy soils (0.22-2.15 mg N kg™ soil) Figure 1. Nitrate and ammonium concentration in
from June to September. In both areas, total open grassland and under canopy soils (means + SE)
inorganic N concentration in the soil varied

significantly (P<0.05) over time.
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By the end of the summer, nitrate had
accumulated while NH4" had decreased and the
opposite situation occurred by the end of January.
Nitrogen uptake by plants during the summer
season led to low N concentrations in soil whereas
in winter, N accumulation occurred, due to low N
uptake by plants. Nitrogen mineralization was low
from May until August with no differences
between the two areas, but it increased with the
first rain events in September (Figure 2). Previous
work (Shekhar Singh et al., 2007) has also
reported an increase in N mineralization after
rewetting of dry soil. The potential N
mineralization was higher in areas under the tree
canopy than in open grassland between September
and March. The observed seasonal and spatial
variations in potential N mineralization were
attributed to variations in soil organic matter,
temperature and soil water availability.

The microbial biomass N (MBN) was higher in tree
canopy areas than in open grassland except in
December (Figure 3). Values of MBN peaked in
November in tree canopy soils and only in
December in open grassland soils. MBN values
remained constant in both areas from May to
September. Previous studies (Diaz-Ravina et al.,
1995; Devi and Yadava, 2006) have also reported a
maximum

value of MBN in wet period and a minimum in dry
period.

4. Conclusions

The tree density in Montado can be increased since
higher N availability and mineralization was
observed in area under the tree canopy.
Nevertheless, equilibrium between tree and
grassland area has to be maintained to allow
efficient N and C fluxes between areas.
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1. Background & Objectives

Free-living nematodes have been estimated to contribute 8-19% to total N mineralization in soil
(Neher and Power, 2005). These results are based on theoretical food web calculations (Hunt et al.,
1987) or very simplified experiments including only a few selected species, often on sterilized
media (Ferris et al., 1998). However, N mineralization is controlled by biological interactions
between microbes, fauna and plants. To address this issue we conducted an incubation experiment
with and without plants, by re-inoculating entire nematode populations into soil cores that had been
defaunated using low-dose gamma irradiation which selectively kills fauna while minimally
disturbing the microbial population. The objective of this experiment was to investigate the effect of
interactions among different feeding groups of free-living soil nematodes, microbes and plants on
nitrogen mineralization.

2. Materials & Methods

Part of the fresh soil samples collected were gamma irradiated at a 5 kGy dose in order to kill
nematodes and other soil fauna. Entire populations of free-living nematodes were extracted from
bulk soil using an automated zonal centrifugal machine (Hendrickx, G. 1995) and re-inoculated into
cores that had been filled with defaunated soil. Three treatments, each with four replicates, were
compared on soil either left bare or planted with Lolium perenne: (i) not irradiated and not
inoculated (control) which mainly used for comparing nematode population and dynamics, (ii)
defaunated and reinoculated (+Nem), and (iii) defaunated but not re-inoculated (-Nem). The
moisture content was adjusted to 50% of the water filled pore space and kept constant by adding
distilled water every day. Dynamics of mineral N in soil, plant N uptake, microbial biomass carbon
(MBC), and nematode population were determined destructively after 7, 30, 45, 65, and 86 days of
incubation in a growth chamber (17°C and 16/8 light/dark hours). Due to the influence of plant
uptake on N dynamics in planted microcosms, total mineral N was considered as the sum of mineral
N that was found in the soil and taken up by the grass shoots and roots. Two way ANOVA, with
two fixed factors: time versus treatment; and palnting versus treatment were separately run to
analyze all the parameters and palnt-nematode interactions respectively. Whenever there was
significant mean differences (P<0.05), Games-Howel post hoc analysis was used in SPSS version
19.

3. Results & Discussion

The nematodes population after reinoculation was compared to the control in order to check the
efficiency of re-inoculation. At the beginning of incubation the efficiency was found to be 67.4%
and 49.5% in bare and planted microcosms respectively. But after 65 days of incubation, the
population was found to be higher (P<0.05) in +Nem samples than the control in planted
microcosms. Total mineral N in bare microcosms was found to be significantly (P<0.05) higher in
+Nem samples as compared to —Nem samples (Figure 1). Similarly NOs-N concentration was found
to be significantly (P<0.05) higher in +Nem samples towards the end of the incubation period. Xiao
et al. (2010) reported that bacterial feeding nematodes increased ammonia-oxidizing bacterial
community which could explain the increased nitrate concentrations. In contrast to bare
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microcosms, no significant difference (p>0.05) in total mineral N was found between +Nem
samples and —Nem samples in planted microcosms (Figure 1). Plant versus treatment interactions
were found statistically significant (p<0.05) for -Nem samples.
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Figure 1. Dynamics of total mineral N over the incubation period. The error bars are standard error of the mean (n=4).

Previous investigations reporting increased plant N uptake used only few species of nematodes
under sterilized conditions (Ingham et al., 1985). Here, inoculating the entire nematode population
instead of few species, which normally consist of plant parasitic nematodes, might have affected N
uptake in plants. Data on the composition of the microbial and nematode populations and enzymatic
activities is currently being processed.

4. Conclusion

Free-living soil nematodes communities can increase nitrification and N mineralization in bare
microcosms. The results show that the presence of the entire free living nematodes did not
significantly affect total mineral N in the planted microcosms. Data on the functional feeding
groups of these nematodes is required to possibly explain the mechanism responsible for the effects
of nematodes on N mineralization and plant uptake.
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1. Background & Objectives

Biological fixation of atmospheric nitrogen (N) of various species of clover is an important N
input into different types of cropping systems, e.g. through fodder production and green
manure leys. In order to assess how efficient and environmentally friendly such systems are, it
is important not only to determine the amount of fixed N, but also to understand how N flows
and distribution of fixed N; in the soil/plant system are affected by management practices.
The aim of this study was to: 1) quantify the effect of cutting strategies on N, fixation and
distribution of fixed N in the soil-plant system of pure clover leys and mixed clover grass
leys, and 2) quantify N supply to a cereal crop.

2. Materials & Methods

We tested the effect of cutting regime (harvested, mulched, intact) on the symbiotic N,
fixation and the distribution of the fixed N, in the soil/plant system in a field experiment with
pure red clover and mixed red clover-perennial ryegrass green manure leys. Stands of pure
perennial ryegrass were also included for reference. The experiment was carried out in south-
western Sweden and repeated during three consecutive years. Symbiotic N, fixation in clover
was determined with ™N isotope dilution technique (Dahlin and Stenberg, 2010a), below-
ground N and shoot litter N was determined through labeling of clover leaves with **N-urea
(Dahlin and Stenberg, 2010a), and transfer of N from clover to grass estimated by °N isotope
dilution technique and through labeling of clover leaves with *°N-urea (Dahlin and Stenberg,
2010b). Total amount of fixed N, in the soil-plant system was calculated on the basis of
determinations of N in the different plant and soil fractions. Uptake of N from mulch was
determined using °N labeled mulch material (Dahlin et al., 2011). Nitrogen supply to a
following oat crop was determined during the year immediately following incorporation of
the leys by determination of soil mineral N and N in crop grain and straw.

3.Results & Discussion

The total amount of fixed N, was higher in the harvested and mulched treatments (average
45.3 g N m™) than in the intact treatment (mean 31.8 g N m™). Recycling of N to the ley in
the mulched treatment was 21% of the N in the mulch and contributed 13.7% (pure clover)
and 2.2% (mixed clover-grass) of clover plant N uptake during re-growth. Uptake of N from
mulch did not significantly decrease the amount of fixed N, in the mulched treatment
compared to the harvested treatment but instead contributed to greater total biomass. This is
contradictory to the findings of Heuwinkel et al. (2005) who found a reduction of N, fixation
by mulching. However, the quantity of mulch used in their study was approx. 3 times larger
than in our study where the mulch corresponded to the standing biomass before cutting. Large
amounts of fixed N, was found in the below ground fractions corresponding to 53%, 46%, and
60% of total fixed N, in intact, harvested and mulched treatments, respectively. In the
harvested treatments most of the remaining fixed N, had been exported from the field with the
harvested shoot. In the mulched treatment 7% of the fixed N, was lost, presumably via
gaseous losses. Although the total N, fixation did not differ between the harvested and mulch
treatments, it was thus a noticeable difference in where the N was located.

The estimated N transfer from the red clover to the companion ryegrass ranged 0.9to 2.5g N
m2, which was within the range reported for first year leys (e.g. Hogh-Jensen and Schjgrring,
2000), and corresponded to 13-26% of fixed N,. The estimated N transfer in the mulched and
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the intact treatments was larger compared to the cut treatment when the transfer via wilting
leaves in intact stands and shoots left lying on the ground in the mulched stands was included
in the estimates. This suggests that N transfer is not affected by cutting strategies as long as
shoot biomass is not left in the field and the cutting frequency is high enough to minimize
falling leaf litter. The N transfer contributed strongly to the N budget of the companion
ryegrass, especially in the stands where leaf fall contributed to the transfer. The uptake of
clover-derived N by a companion crop may have implications for the composition and feeding
value of fodder leys as well as for the efficiency catch crops.

In late autumn, after turning under the ley, amounts of soil mineral N to 90 cm depth was
significantly highest after pure clover (mean 5.6 g N m), followed by the mixed ley (27 g N
m™) and least after pure grass ley (14 g N m™), and higher after intact leys (38 g N m®) than
after mulched leys (27 g N m™). However, soil mineral N in spring was similar after pure
clover and mixed leys and after intact and mulched stands. Nitrogen supply from the ley to the
following oat crop resulted in similar and approx. 20% higher yields (corresponding to an
additional 1000 kg grain ha™) in the pure clover and mixed ley treatments compared with the
pure grass treatment. Nitrogen use efficiency expressed as N in oat grain and straw at harvest
in relation to total fixed N, was on average 58% for the intact mixed ley and about 30% for
the mulched leys and the intact pure clover ley. However, the differences were not
significantly different. Overall, the high soil mineral N concentration in autumn after pure
clover compared with mixed ley, and the subsequent risk for substantial N losses, did not
convey any harvest benefit. Also, the larger amount of fixed N, obtained in the mulched than
in the intact leys had no significant effect on the cereal yield during the first year after ley
incorporation.

4. Conclusion

The results indicate that N flows are larger in mulched and harvested green manure leys than
in intact leys. The amount of fixed N, below-ground was not affected by the cutting regime,
but the below-ground N made up a larger proportion of the fixed N, in the intact treatments
than in the cut treatments. Thisshows that the cutting strategy should be taken into
consideration when estimating total nitrogen fixation in green manure leys. To minimize the
potential negative environmental effects, we recommend that green manure leys should
be harvested rather than mulched, and mixed  stands including grasses should be  used
rather than pure legume stands.
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1. Background & Objectives

Nitrification inhibitors (NIs) originally were introduced in agriculture to reduce nitrate leaching
after fertilizer application. All commercial available Nls inhibit the enzymatic transformation of
ammonium to hydroxylamine and thus delay nitrate production from NH4 -N. Kaiser and Ruser
(2000) reported that about 50% of the annual N,O emission from German study sites occurred in
winter during freezing/thawing cycles. Therefore, annual data sets are a prerequisite for a reliable
evaluation of the atmospheric impact of management measures. Akiyama et al. (2010) summarized
available data on N,O fluxes after NI application. Among the 85 data sets evaluated, there were
only 12 annual data sets from which 11 sets were measured under conditions without distinctive
freeze/thaw changes. To our knowledge, there are currently no annual N,O data sets for 3,4-
dimethylepyrazole phosphate (DMPP) which is the most common NI in German agricultural
practice. The aim of the study was to test the effect DMPP on the annual N,O mitigation potential.

2. Materials & Methods

The study was conducted over two experimental years at a research farm of the University of
Hohenheim, south of Stuttgart. The long-term rainfall at the study site is 686 mm a™ and the mean
air temperature 8.8°C. A complete randomised block experiment with four replicates was
established on a loamy Haplic Luvisol derived from loess. In each of the two years, lettuce was
planted followed by cauliflower. Before the beginning of the experiment green rye was grown as a
catch crop. All treatments received the same amount of N-fertiliser (150 and 286 kg mineral N ha™
for lettuce and cauliflower, respectively) as ammonium nitrate sulphate (ASN). As NI we tested
3,4-dimethylepyrazole phosphate (DMPP). The NI is granulated with ASN commercially available
as “ENTEC 26" The fertiliser in the conventional ‘control’ treatment (-NI) and in the treatment
with NI (+NI) was applied broadcast. Trace gas flux rates were measured, at least once a week,
using the closed chamber method. Chamber design and calculation of the N,O and CO, flux rates
with a linear regression approach are described in detail by Flessa et al. (1995). Simultaneously to
the trace gas sampling soil samples were taken from the A,-horizon and analysed for soil moisture
and mineral N.

3. Results & Discussion

The cumulative N,O emissions varied between 2.8 kg NoO-N (+NI, second year) and 8.8 kg N,O-N
ha™ a™® (-NI, first year) (Table 1). The emissions in the first year were nearly twice as high as in the
second year. The reason for the higher emissions in the first year might be the incorporation of
green rye immediately before planting and fertilisation. The turn-over of this material led to an
additional O, consumption favouring denitrification. As a result, the highest N,O flux rates of the
whole experiment occurred in this period (not shown). No catch crop was sown in autumn of the
first year. In accordance with the literature summarised by Akiyama et al. (2010) the addition of the
NI strongly reduced N,O emissions during the cropping season. Despite big differences between the
two experimental years the NI reduced the annual N,O emissions as compared to the —NI treatment
by at least 40%. As mentioned by Akiyama et al. (2010) the lower N,O emissions after NI
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application were a result of lower nitrification rates (and thus lower N,O production from
nitrification) and of the lower substrate availability (NO3") for denitrification.

Table 1. Mean cumulative N,O emission (n=4) from the treatment without NI (-NI) and with NI (+NI) in the two years.

-NI +NI
-------- kg N,O-N ha™ --------

1*year  Cropping season 4.7° 2.7°
Winter season 4.1° 2.0°

Annual 8.8 4.7

2" year Cropping season 2.5% 1.7%
Winter season 2.2% 1.14

Annual 4.7° 2.8"

Statistically significant differences within every experimental year are indicated by different letters (Student-Newman-
Keuls test, p<0.05).

Surprisingly, the N,O emissions in the +NI treatment were also lower in the winter season. The
period of distinctive lower N,O fluxes during the winter season was more than 15 weeks after the
addition of the NI. At this time the active component of DMPP must have been degraded. As
reported by Zerulla et al. (2001) DMPP is decomposed within approximately six weeks (at 20°C).
In the period of lower N,O fluxes form the +NI treatment in winter there were no significant
differences between the mineral N contents of the soil, neither in the NH;'- nor in the NOs™-
fraction. Therefore, the reason for this phenomenon remains speculative. However, as compared to
the —NI treatment, a lower microbial CO, release in the +NI treatment indicates a reduced
heterotrophic activity or probably a reduction of the heterotrophic microbial biomass. Incubation
studies also showed, at least on the short-term, a decreased CO, release after the addition of DMPP
(Kapoor, unpublished data). Weiske et al. (2001) also reported a reduction of the CO, flux rates
after the addition of DMPP. Without reference to the reason for the lower CO; fluxes, it seems that
the reduction of the N,O emission in the winter period was a result of a decreased N,O production
during denitrification since nitrification is CO, autotrophic.

4. Conclusion

This study highlights that the addition of Nis to an NH," rich fertiliser has a high potential to reduce
N,O emission from agricultural soils. We proofed this potential for DMPP on an annual basis.
However, further investigations on the observed effect of the NI in the winter period are necessary.
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1. Background & Objectives

Agricultural soils in semiarid Mediterranean areas are characterized by low organic matter contents,
featuring small fertility levels (Garcia-Gil et al., 2000). Application of crop residues and/or manures
as amendments is a cost-effective and sustainable alternative to overcome this problem. However,
these management practices may induce important changes in the N,O emissions from these
agroecosystems (Huang et al., 2004; Vallejo et al., 2006). The objective of this study was to
evaluate the effect of applying maize residues and fertilizer inputs (organic and/or mineral),
combined or alone, on the N,O emissions under field conditions.

2. Materials & Methods

A set of plots was established in a field site which had been sown with barley. The experimental
design was a randomized complete block design with three blocks and two factors: crop residue
management practices (remove (-R) or retain (+R)), and fertilizer type (control without N-fertilizer
application (C), pig slurry + urea (PS+U), and urea (U)). Before sowing (November) 50 kg N ha™
were applied as urea or pig slurry depending on the treatment. The remaining 100 kg N ha™ were
applied as urea for all fertilized treatments, as a top-dressing (March). Gaseous emissions were
measured using the chamber technique (Roelle et al., 1999). Denitrification capacity was measured
according to the technique described by Yeomans et al. (1992) but without added C in order to
evaluate if the C of crop residues and/or the organic fertilizer had a significant effect over the N,O
emissions. Dissolved Organic Carbon (DOC) was determined as described by Mulvaney et al.
(1997). Soil NOs™ and NH4" were colorimetrically analyzed. Differences between treatments in the
cumulative emissions were analysed using analysis of variance (ANOVA, P < 0.05).

3. Results & Discussion

The incorporation of maize straw significantly increased the N,O emissions during the experimental
period by c. 105%. This effect was more pronounced after the top-dressing fertilization. Then, the
emissions from the U and PS+U plots amended with crop residues were 138 and 90% higher,
respectively, than that for the same fertilizer treatments without residue incorporation. These higher
emissions were most likely due to a higher denitrification capacity stimulated by the C substrate
added with the maize straw (Figure 1). The partial substitution of urea by pig slurry was a
mitigation strategy to reduce N,O emissions, under the specific soil conditions in which the
experiments were carried out. The most likely mechanism by which pig slurry reduced N,O
emissions was by significantly reducing the N,O/N; ratio (Dittert et al. 2005).
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Figure 1. Cumulative emissions of N,O-N during the crop period.

4. Conclusion

This study underlines the key role of C added with maize stover residues in the emissions of N,O
from soils with a low organic C content under rainfed conditions. The incorporation of crop
residues increased the N,O emissions. Based in our results, its addition can’t be regarded as an

improved management practice. In this type of soils pig slurry should be recommended instead of
urea.
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Malting industry effluents as a sour ce of nitrogen to soils
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1. Background & Objectives

The amount of mineral nitrogen (N) applied to soil should be reduced whenever organic sources of
the nutrient are available. A large number of studies have addressed the value of several sludges as
sources of N, in particular sewage and pig sludges (Chantigny et al., 2004; Moraet a., 2005; Y ague
and Quilez, 2010; Antil et al., 2011). The malt industry generates effluents which could be applied
to soil as organic amendment, but the amount of N that can be supplied from these sludges has not
been investigated before. The objective of this paper isto provide preliminary information on the N
fertiliser value of two types of sludges from amalt industry.

2. Materials & Methods

In this experiment, two types of sludges were applied to a Mollisol from Cabildo, in the Province of
Buenos Aires, Argentina. Both sludges came from the same barley malting plant, the first was an
aerobic sludge from wastewater treatment that used an activated sludge process (A), and the second
was the same sludge treated by a subsequent anaerobic digestion (AN). Soil without any
amendment (C) and soil receiving the same amount of N as urea (U) were used as controls.
Nitrogen added was equivalent to 120 kg N ha™* (0.32 g N for each pot amended or fertilized). The
amount of soil used was approximately 2600 g per pot. The soils were incubated at room
temperature and water added regularly to keep a constant moisture content. The effects on soil pH,
electric conductivity (EC), and nitrate-N and ammonium-N were measured one week, and one and
three months after amendment application.

3. Results & Discussion

The application of urea led to the lowest pH both after one and three months of incubation, while
the AN treatment had the greater initial pH (Figure 1). The decrease in pH derived from a rapid
nitrification of N in urea, as discussed later. Three months after the beginning of the incubation no
differences between unamended soil and that receiving both types of sludges were apparent.The EC
increased due to the application of both organic amendments at the beginning of the experiment and
after one month, but became similar in all treatments after three months of incubation, except for
control unamended soil (Figure 1). Mineral N (both nitrate and ammonium) was greatest when urea
was applied by comparison with the organic amendments. The amount of mineral N following urea
application became the same as in al other three treatments after three months of incubation,
suggesting that this was lost or converted into organic forms by soil microorganisms. The organic
amendments did not lead to greater levels of mineral N suggesting that they act as slow release N
fertilisers and may contribute to the pool of organic N in soils.
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Figure 1.Values of pH, electric conductivity (EC), ammonium-N and nitrate-N during the incubation of a Mollisol with
urea (U), aerobically digested sudge (A), aerobically digested sludge followed by an anaerobic digestion (AN) and
control soil with any amendment (C).

4. Conclusion
Both sludges from the malting industry can be used as slow release sources of N when applied to
soils. Further studies are required to investigate their effects on plant growth.
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Managing nitrogen losses in shallow glacial aquifers: denitrifying bioreactors as a potential
mitigation measure
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1. Background & Objectives

Denitrifying bioreactors enhance the microbiologically-mediated reduction of nitrate (NOs3’) in
water using an organic carbon (orgC) rich media, to treat diffuse and point-sources of nitrogen (N).
They achieve high NO3;™ removal, have a long life-time, and are easier to manage and less-costly
than larger bioremediation designs (Schipper at al., 2010). Healy et al. (2012) showed that such
bioreactors also produce substantial amounts of greenhouse gases (GHG) and dissolved
contaminants (“pollution swapping”, Figure 1c), with such losses mainly originating from the
media in the initial operation period. The widespread installation of bioreactors at large scale in
Irish farms will require the development of design criteria that allows for 1) high denitrification
rates and 2) reduced ancillary pollution. The objectives of the study are to integrate gaseous and
solute flux patterns in a field-scale bioreactor filled with woodchip and sand to reproduce transit
times occurring in shallow drift aquifers. This paper focuses on the design of the experiment and
describes the initial monitoring results.
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Figure 1. a. Map of the area. b. Top view schematic of the bioreactor. c. Pollution swapping components

2. Materials & Methods

A reinforced plastic tank with water storage compartments and a base layer of gley soil was
installed at the Teagasc Environment Research Centre, Co. Wexford, Ireland (Figure 1). The open
section was divided in seven cells using plastic sheets pushed into the gley and leaving a 1 m width
aperture on alternate sides of the tank. The woodchip was spread on a concrete surface and washed
to reduce initial contaminant levels. Over two periods of nine days (Figure 2), it was regularly
sprayed with pumped groundwater for circa one hour (“washing period”). Sprayed and leaching
water were analysed for dissolved organic carbon (DOC), ammonium (NH4-N), dissolved reactive
phosphorus (DRP) and chloride (CI'). Next, the tank cells were alternatively filled with sand and
washed woodchip (1 m thick). A set of injection/pumping wells and peristaltic pumps allowed for
groundwater to circulate within the media (Figure 1). Within each cell, nests of wells (one well and
one multi-level sampler with 3 depths of sampling) allowed for assessing changes in water table
depth and groundwater hydrochemistry. Physiochemical parameters quantified included CI, NO3/,
NH4-N, and Dinitrogen/Argon (N2/Ar) ratios. Gaseous emission fluxes to the atmosphere were
monitored using static chambers installed on top of the media.
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Figure 2. Changes in solute concentrations in leaching water out of the woodchip for the two washing periods

3. Results & Discussion

Ammonium and DRP concentrations in leaching water strongly decreased during initial washes
(7.19t0 0.06 mg L™ and 6.77 to 0.84 mg L™, respectively, Figure 2). Although DOC concentrations
decreased during a washing event, they increased again between washes. After woodchip was
installed in the bioreactor, high NO3™ removal was achieved in the second cell of the tank (2.66 mg
L™ down to detection limits, Figure 3a). This removal was related to an increase in No/Ar ratios at
shallow and medium depth (10 and 40 cm, Figure 3b) indicating that complete denitrification
occurred. Later variations in No/Ar ratios could relate to degassing linked to the production of other
gases in strongly reducing conditions (e.g. methane, data not shown). Ammonium concentrations
strongly increased between the inlet and outlet of the tank (0.01 to 1.73 mg L™, respectively, Figure
3c). Processes such as dissimilatory NOs™ reduction to NH;® (DNRA) may in part explain this
pattern. Nevertheless, the strong increase in NH4-N in the deeper layers (70 cm in Figure 3c, up to
29.49 mg L™ at nest 7) may indicate leaching from the gley soil or mineralisation of organic N.
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Figure 3. Longitudinal and depth profiles (10, 40 and 70 cm below media top surface) of NOs-N, No/Ar and NH4-N
ratios in the bioreactor. See Figure 1 for nest numbers

4. Conclusion

Pre-washing of woodchip proves to be efficient to reduce initial contaminant losses, except for
DOC. Assessing the coupling between gas and solute patterns at high spatial resolution within a
bioreactor will allow for improved design criteria based on 1) identifying optimal transit times for
high denitrification and low pollution swapping and 2) developing additional mitigation sequences
to further limit losses of dissolved contaminants and GHGs from such bioreactors.
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Methodology for the selection of the geographic location of new experimental sites and
treatments to generate new N,O emission factors and data for model validation in the
UK: the prioritisation phase of the InveN20ry project.
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1. Background & Objectives

The UK Government has challenging national commitments for the mitigation of greenhouse
gas emissions. In order to improve the emissions estimates and increase the ability of the
Agricultural GHG inventory to better reflect the country’s soils, climate, nitrogen (N)
management of the range of farming systems, livestock breeds and diets, and take account of
explicit mitigation strategies, the UK has funded a 5-year programme of research which in
essence, will support the transition from a Tier 1 IPCC methodology for reporting, to a Tier 2
approach. The nitrous oxide (N,O) component of this programme is being co-ordinated via
the InveN,Ory project, through a number of linked activities. The first of these being a
prioritisation phase in which standard joint experimental protocols have been generated (to
ensure new N,O fluxes are measured using the same approaches by the multiple research
groups across the nine new experimental platforms), and the location of the new experimental
sites has been confirmed. In this paper we describe the approach taken to determine where the
geographical locations for these sites should be, and which experimental treatments should be
included.

The project team made an initial ‘gap analysis’ prior to the proposal submission, of what
additional N,O emission factors (EFs) from soils would be required to compliment the
number of existing and already planned experiments under other government funded projects
that will deliver IPCC compliant N,O EFs under UK conditions. In this paper we summarise
the more complete ‘gap analysis’ that was carried out to confirm the selection of
experimental platforms and treatments to compliment project modelling and the database of
existing and planned EF data from current projects, in order to improve the N,O inventory
from Tier 1 to Tier 2.

2. Materials & Methods

A geographical assessment was made of the land area (ha) under the range of key soil
texture-rainfall zone combinations for grassland and arable land in the UK. The sensitivity of
the N,O EF to these combinations of soil texture and rainfall was assessed following typical
N management on arable and grassland soils using the DNDC94 model (see Figure 1), and
scaled indicative N,O EFs from soils were generated for these soil-rainfall-N management
combinations. This generated information to establish the relative importance of the
individual soil texture-rainfall zones to the total UK indicative N,O emission.

Additional information used in this assessment was provided by a collation of UK N,O EF
from existing and planned experiments in current projects. Not all of these EF measurements
could be used, as some were not IPCC compliant, i.e. were not of 12-month duration or did
not include a non-amended control. These were our primary filters for removing experimental
measurements and deriving a list of IPCC compliant EFs for the key N sources applied to
agricultural soils (for grass and arable land). These current and planned N,O EFs were then
‘mapped’ onto the spatially explicit scaled indicative N,O emissions to generate an index of
the number of EF measurements per unit of emission.
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3. Results & Discussion

The results of the sensitivity modelling (with DNDC) of N inputs on grassland to soil texture
and rainfall are shown in figure 1.
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Figure 1. Sensitivity of N,O emissions to soil texture (a), and rainfall (b), on grassland (modelled using
DNDC94).

The modelling demonstrates a clear effect of soil texture and rainfall on relative N,O
emissions. Hence, due consideration is required of the soil texture—rainfall zone combination
when assessing the currently available emission factors from different N sources, and the
‘gap filling’ required by additional experimental measurements.

4. Conclusions

As a result of this process, i.e. having taken account of a) the land area under different soil
texture—rainfall zones, b) the sensitivity of N,O soil EFs to soil texture and rainfall (via the
DNDC modelling), and c) an improved stock-take of existing and planned experiments which
will deliver IPCC compliant EFs, we were able to confirm the geographical locations of the
proposed sites across England, Northern Ireland, Scotland and Wales.

The choice of N source (urine, dung, livestock manure and fertiliser) to apply at these nine
experimental sites needed to reflect the major sources of N,O identified by the current UK
N0 inventory, and be representative of the geo-climatic zones. The experimental treatments
at each experimental site were chosen to:

e generate new (gap filling) EFs for the typical range of N sources (fertiliser N type,
manure type, urine and dung)

e provide additional 12-month N,O flux data sets for a range of soil/climate/N
management combinations for model validation and assist future model interpolation

e provide an understanding of the relationship between N application rates and N,O EFs

e determine the effect of N application timings on the N,O EF

e explore mitigation methods which could be included in the new inventory structure
(e.g. split doses of mineral N fertiliser and use of nitrification inhibitors)

e generate EFs that future proof the improved inventory for potential ammonia emission
mitigation, e.g. use of low trajectory slurry application techniques.
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Model estimation of nitrogen leaching under derogation measures on organic nitrogen
fertilization in Lombardia (northern Italy)

Perego, A.*, Bernardoni, E.°, Carozzi, M.?, Giussani, A.%, Brenna, S.°, Acutis, M.*
"Department of Plant Production, University of Milan, Italy
°Lombardia Regional Agency for Agriculture and Forestry, Italy

1. Background & Objectives

The derogation approved by the European Commission for the Italian Nitrate Vulnerable Zones
(NVZ) located in the Po plain contains, among others, two main measures related to N
management: (i) the autumn distribution of manure should be reduced, in order to minimize
nitrogen losses, (ii) derogation farms will be required to improve manure management adopting
long growing season and high nitrogen uptake cropping systems, including in particular winter and
summer herbage, after maize and winter cereal harvest, respectively. The objective of this paper
was to evaluate nitrate leaching under 3 alternative scenarios of cropping systems by applying
ARMOSA simulation model (Acutis et al., 2007) in the entire plain area of Lombardia region. One
of the studied scenarios was defined according to the outline of the derogation decision.

2. Materials & Methods

The ARMOSA model ran over 20 years (1988-2007) in 35 simulation units, obtained by dividing
Lombardia plain in homogenous districts in terms of pedological, climatic and cropping systems
features located in both Nitrate Vulnerable Zones (NVZs, 22 districts) and non-Nitrate Vulnerable
Zones (nNVZs, 13 districts). Each district was characterized by (i) two representative soil types, (ii)
a 20 years meteorological data set, (iii) crop rotations according to the regional land use analysis,
(iv) organic N load, calculated on the basis of livestock density. Three scenarios have been then
defined for districts laying in NVZs: (i) an hypothetical scenario with no limitation in organic N
application (1), (ii) a scenario compliant with the mandatory threshold of 170 kg organic N ha™y™
(2) provided by the Nitrate Directive (676/91/CE), (iii) a scenario in which N organic threshold was
enhanced to 250 kg N ha''y! (3) according to the Italian derogation outline. Under 1 scenario
organic-N supply was defined on the basis of district load and mineral-N was 100 to180 kg N ha™'y’
"according to the crops need. In 2 organic-N was 170 and mineral-N up to 180 kg N ha™'y™. Under
1 and 2 scenarios, both autumn and spring application of organic-N were simulated. In 3 organic-N
was limited to a maximum of 250 kg N ha'y™, which was applied only in spring, and mineral N
input was up to 100 kg N ha'y™". The 5-years rotations were: A (monoculture of FAO 600 maize),
B (permanent grass), C (alfalfa -grain maize-winter wheat), D (grain maize-winter wheat), E (grain
maize-grass), F (alfalfa-winter wheat), G (alfalfa-winter wheat), H (FAO 500 maize-Italian ryegrass
as autumn sown crop), L (grain maize-winter wheat-foxtail millet as summer herbage). The two
latter rotations were simulated only under 3 scenario, being defined according to the derogation
outline. The model was calibrated for both maize silage and grain crops, Italian ryegrass and winter
wheat in monitoring sites (Lombardia plain), whose description is given by Perego et al. (2011).

3. Results & Discussion

Mean N leaching amount were 37, 22 and 14 kg N ha'y” under 1, 2 and 3, respectively. ANOVA
test confirmed the statistically significance of scenario factor in determining N leaching (p<0.0001).
Games-Howell post-hoc test has confirmed that each scenario differed statistically to others (1 vs 2
p<0.0001, 1 vs 3 p<0.0001, 2 vs 3 p=0.035). On average, N leaching decreased by 27% from 1 to 2,
and by 59% from 1 to 3. B (permanent grass) and F (alfalfa-maize-wheat) rotations resulted to be
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the best rotations in every scenario, while A rotation (monoculture of maize) the one associated to
the highest leaching losses. D, E, G, H and L rotations had the second best score in every scenario
(Table 1). The replacement of mineral N fertilizer with manure-N led to similar total N surface
balance in maize-based forage systems, when manure N input was limited to 250 kg N ha'y™
threshold (Table 2). Moreover, management proposed in 3 scenario, could help in enhancing the
soil organic matter and the efficiency of farmyard manure use. ARMOSA results show that winter
wheat followed by summer herbage allowed for high N uptakes. Temporary grassland and alfalfa
were able to assure reduced N losses via leaching.

Table 1. Mean annual N leaching (kg N ha™'y™) for each simulated combination of rotation vs scenario. Values followed
by different letter within a row are significantly different (P<0.05) according to Games-Howell’s test.

Mean of annual N leaching

Scenarios rotations A B D E F G H L
1 74c 11la 20a 40b 11a 37b
2 43¢ 4a 29b 20b 6a 14ab
3 32¢ Sa 16b 24bc 4a 19bc 16b 23be
1 (nNVZ) 74c 2a 32b 22ab

Table 2. Nitrogen balance in each scenario.

% of N input

Mean N input

(kgNha'y"') N-uptake N-leaching N-volatilization = N-denitrification =~ N-immobilization
1 354 60 12 3 1 24

2 289 70 9 4 2 15

3 298 70 6 3 2 18

4. Conclusions

The ARMOSA simulation results indicated that the 3 scenario appeared a good solution to face the
current concern of N leaching in Lombardia plain, in fully agreement with derogation outline. Grain
maize crops, as well as silage maize in a double-cropping systems with Italian ryegrass showed in
particular an high N uptake; similarly, summer herbage after winter wheat harvest lowered nitrogen
losses even in the case of organic fertilizers application at planting in summer. The increasing
organic N supply and proportionally reduced mineral fertilization allowed for similar or even higher
nitrogen uptake and lower leaching.
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Modelling the effects of temporal overlap of urine patches on nitrogen leaching
Cichota, R.%, Snow, V.O.°

®AgResearch, Grasslands Research Centre, Palmerston North, New Zealand

®AgResearch, Lincoln Research Centre, Christchurch, New Zealand

1. Background & Objectives

In pastoral systems the uneven return of nitrogen (N) via urine is the major source for N leaching
losses because the amount of N in urine patches is typically in excess of the plant’s ability to take it
up. The amount and timing of deposition are important factors defining the N fate in urine patches
(Ledgard, 2001) and must be considered when modelling pastoral systems (Hutchings et al., 2007;
Snow et al., 2009). The overlap of urine depositions is considered a potentially important issue as it
can significantly alter the N load in the soil. N losses from spatial overlaps, those occurring in the
same grazing day, can be quite large, but the contribution to losses over the whole paddock seems
to be small, unless the stocking rate is very high (Pleasants et al., 2007). The likelihood of overlaps
increases for patches deposited in subsequent grazings. We call these temporal overlaps. This is
when model complexity increases rapidly and simplification is needed. The objective of this work
was to investigate the extent to which temporal overlaps affect N leaching from urine patches and to
test possible ways to simplify their description in modelling simulations.

2. Materials & Methods

Simulations of a ryegrass/white clover sward were constructed using the APSIM model (Keating et
al., 2003) and were successfully tested against leaching experiments (e.g. Cichota et al., 2010). The
simulations used here describe the overlap of two consecutive urine depositions separated by time
lags varying between 1 and 240 days. These used depositions of many years and months and N
amounts. Here we present data from simulations with 500 kg N ha™* depositions, the first occurring
either in March (Autumn) or September (Spring). Weather and soils from two locations in New
Zealand were used: Ruakura (1164 mm rain/yr) was paired with the Horotiu Silt Loam (well
drained allophanic, with 95 mm of plant-available water; PAW) and the Atiamuri Sandy Loam
(well drained pumice, PAW=115 mm); and Lincoln (634 mm rain/yr) paired with the Templeton
Silt Loam (well drained alluvial, PAW=90 mm) and the Lismore Silt Loam (well drained stony,
PAW=65 mm). The simulations were under centre-pivot irrigation and a fertiliser regime of 250 kg
N ha™ yr’. Two parallel simulations were run, one with the overlap explicitly simulated and the
second aggregating the two urine depositions into the time of the second deposition. N leaching was
summed for three years after the first urine deposition. The difference between the two simulation
runs were used to investigate the effect of aggregating urine deposition over time rather than
running the two depositions explicitly.

3. Results & Discussion

The temporal overlap of urine depositions clearly increased N leaching as compared to single
deposition, but the effect decreased as the time lag between depositions increased (Figure 1).
Location and time of deposition were the most important factors for this variation. The deviation
between simulations with explicit and aggregated urine depositions showed wide variation, and
generally increased as the lag between depositions increased (Figure 2). It also showed substantially
higher deviations when total leaching was low (e.g. Spring). For very short time periods (one to ten
days) the error produced by aggregating the depositions was small (<10%). The deviations were
still relatively small (<20%) for lags up to 90 days and therefore might be considered sufficient for
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granting the simplification. Exceptions like Ruakura-Spring happened when N leaching was low.
For systems with high propensity for leaching (e.g. shallow soils) the aggregation error was small
because the deposited N was leached regardless how the overlap was described. For systems where
the pasture had high potential to take up the deposited N, the description of urine overlaps should be
explicit as the deviation increased sharply with increasing the lag between depositions. The time of
urine deposition is therefore the most important factor defining whether aggregation of depositions
is possible. The presence or absence of irrigation can also be important as it alters N use efficiency.
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Figure 1. N leaching under overlapping urine depositions Figure 2. Deviation in N leaching simulated using
simulated in two locations and months. Data is average  explicit or aggregated urine depositions. Data is averaged
for all years of simulations with 500 kg N ha™ for simulations at two locations and months with
depositions, with irrigation, and high fertiliser. Solid irrigation, high fertility, and urine depositions of 500 kg
lines represent a single 500 kg N ha™ urine patch. N ha™

4. Conclusion

This work highlights the importance of accounting for urine patches in grazing simulations. Overlap
of urine depositions in the short-term can be aggregated into a single deposition. Aggregation can
result in considerable errors for depositions in different grazings, but might be an alternative when
simplification is really needed. Based on the simulations, the time of urine deposition is the most
important factor defining whether aggregation can sensibly be used.
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N availability from pre-treated chicken and goat manure in an organic cropping system
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‘Ghent University, Faculty of Bioscience Engineering, Department of Soil Management, Ghent, Belgium

1. Background & Objectives

Organic farmers are used to applying animal manure from different origin, and the recycling of this
manure is needed to close nutrient cycle as much as possible. Improving manure product quality is
another possibility to facilitate organic manure to find its way from one organic farm to another.
Chicken manure is a nutrient-rich fertilizer that ought to be applied in moderate doses, which is
difficult in practice. Composted chicken manure may be particularly suited for organic vegetable
production. Chicken manure is less attractive for application on soils rich in available phosphorus
(P) due to its low nitrogen (N)/P ratio. Combining chicken manure and a carbon-rich feedstock for
co-composting or temporary storage may overcome these disadvantages and may reduce nutrient
and particularly N losses during storage and after application. Goat manure from a deep litter
housing system has a high carbon (C)/N ratio and its decomposition can be enhanced by mixing the
stockpiled material several times. The microbial decomposition process will probably favour
nutrient availability after field application. The heating in the stockpile may also counteract the
survival of parasites and pathogenic bacteria. Our objective was to evaluate the fertilization value of
compost and manure of different quality using a dosage as limited by the future P input standard of
55 kg ha™* year™, for vegetables.

2. Materials & Methods

A field trial with a leek crop (Allium ampeloprasum L. var. porrum) was set up in 2011 to assess the
N availability from ten different fertilization treatments. The manure products tested were from
manure pretreatments. Two chicken manure compost products (ChC1 & ChC2) were selected from
two different and intensively monitored compost trials. The first trial focused on several feedstock
materials, the second on the amount of chicken manure. Composting was done using a Sandberger
Compost Turner® in a windrow composting system. In two other trials chicken manure was stored
in a mixture with municipal waste compost (MWC). One mixture was obtained by the use of MWC
in the deep litter yard of a chicken stable (ChM-MW(C1), another just by artificially mixing manure
and compost and storing the mixture (ChM-MWC2). Straw-rich goat manure from a deep litter
housing system was mixed twice with the compost turner (TGM). The non-treated goat manure
(GM) served as well as fertilization treatment. Four additional treatments were fresh chicken
manure (ChM), chicken manure pellets (ChMP), grass clover mowed to use as a fertilizer (MF) and
a non-fertilized control (Control). Fertilization was intended to be equal for a P input of 110 kg
P,Os ha™ (carrots that follow the leek in the rotation in 2012 will not be fertilized). All treatments
were replicated 4 times in a completely randomized block design. N availability from the different
fertilization products was assessed by determination of (1) the mineral N content in the soil profile
(0-60 cm) at several sampling times, (2) the potential N mineralization on summer sampled topsoil
(0-25 cm; 3 weeks’ aerobic incubation under standardized circumstances) and (3) the N uptake by
the crop (NO3™ content in the plant juice, total N leaf content and N yield).
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3. Results & Discussion

With regard to the mineral N content of the soil profile (0-60 cm), significant differences between
mean values for the different fertilization treatments were found at the first intermediate sampling
time, 6 weeks after planting (Table 1). For 4 out of the 10 fertilization types, marketable yield was
lower than that of the control treatment, which we attribute to N-immobilization. Zanen et al. (2008)
reported that compost and goat manure seemed to withdraw mineral N from soil for the digestion of
the organic matter. In this field trial, a considerable amount of N was taken up from the soil. Soil N
availability was quantified and this can enhance N management during the subsequent organic crop
production phase (Liu et al., 2011). Marketable crop yield was significantly correlated with soil
mineral N in the 0-60 cm layer (R = 0.38, p < 0.05), as well as with the total N leaf content (R =
0.59, p < 0.001) (Figure 1), both determined 6 weeks after sampling.

Table 1. Mineral N content in the 0-60 cm soil profile
(Nmin 0-60cm; 2011-7-27) and marketable yield (2011-
10-26), mean values for the different fertilization
treatments  (ANOVA, Bonferroni  method, 5%
significance level)

417 °

S 367
Fertilization ~ Nmin 0-60cm  Marketable Yield 3
Treatment kg ha* t ha™ =%
ChC2 121 P 319 b 8=
MF 106 ° 33.0 ab g o
ChM-MwC2 130 P 33.2 ab 267 o
GM 130 b 337 ab
Control 119 b 34.2 ab s A— . . . . :
ChCl 115 b 343 ab 4.6 4.8 5.0 5.2 5.4 5.6
ChM 231 a 34.8 ab tot N leaf.6weeks

% on dry matter

TGM 141 b 35.1 ab
ChMP 227 @ 36.4 a Figure 1. Linear regression between marketable yield
ChM-MWC1 192 a 36.6 a (2011-10-26) and total N leaf content 6 weeks after

planting (tot N leaf.6weeks; 2011-7-27)

4. Conclusion

Differences in N availability clearly corresponded to differences in crop performance. Absolute
yield differences were relatively small for most of the fertilization treatments. The non-fertilized
treatment did not show a real N shortage. Measuring the crop N status may be useful for adjustment
of N availability by top mineral N dressing.
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N dynamics and priming effect in horticultural fields as influenced by application of mineral
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1. Background & Objectives

The eutrophication of surface and ground water from agricultural activities is a major concern for
EU policy. In this context, Flanders has to meet the objectives of the European Nitrates Directive.
Overall soil condition, for example C sources, microbiology and soil structure affect N availability.
C and N turnover processes may be affected by the fertilization practice. Having explored data from
long-term cropping experiments, Mulvaney et al. (2009) stated that synthetic N depletes soil N. Our
objective was to study the effect of applied mineral N on the N mineralization process in cultivated
land with a short-term perspective. The research question was if a priming effect would take place,
i.e. an enhancement of the net N release from soil organic matter after a mineral N input.

2. Materials & Methods

To study the effect of fertilizer N on the N mineralization process, a soil and crop survey was
executed in 2009 on 28 fields planted with leek. The sampling was organized both in springtime
(April-May), before the fertilization, and in the summer period (mid-July to mid-August),
approximately 6 weeks after planting the leek crop. Each time three soil layers were sampled, i.e. 0-
30cm, 30-60cm and 60-90cm and the mineral N content was extracted (1:5 w/v) ina 1 M KCI
solution according to 1SO 14256-2 and measured with a Foss Fiastar 5000 continuous flow
analyser. The plant available N balance was calculated on the basis of a standard N uptake by the
young crop of 40 kg ha™, the mineral N fertilizer input (kg ha™*) and the mineral N content in the
profile (kg ha™, 0-90 cm) at both sampling times. The mineral N fertilizer input comprised N from
synthetic or organic fertilization, or both. This N balance result reflects the apparent net N
mineralization between both sampling times (Engels and Kuhlmann, 1993). The N balance result
was used, together with the mineral N fertilizer input and the total N content of the topsoil layer (%,
0-30 cm), as a variable in a linear regression model for the mineral N profile in summer. This model
was set up for 2 distinct field groups, one with a high and the other with a lower level of mineral N
fertilizer input. 160 kg N ha™ was the boundary level for this classification. Summer sampled
topsoil (0-30cm) was aerobically incubated during 3 weeks at 15°C and 70% R.H in PVC-tubes (@
4.63 cm, filling height 12 cm, bulk density 1.4 g cm™ and 50% WFPS), by which NH4NO; (p.a.
35%N) was applied (35.8 mg kg™ dry soil) and N availability from this synthetic N input was
determined.

3. Results & Discussion

In the incubation test 18 of the 28 fields showed an enhanced net mineralization rate due to the
mineral NH4NOj3 input, the so-called priming effect (Figure 1). The availability of applied mineral
N was negatively correlated (R = -0.53, p < 0.01, n = 28) with the mineral N content in the topsoil
layer. The mineral N fertilizer input on the land was positively correlated with the apparent net N
mineralization balance result (R = 0.48, p < 0.01, n = 28), which may indicate that field application
of mineral N resulted in a higher net N mineralization too. Differences in magnitude and
significance level of the regression coefficient of the total N content variable in the multilinear
regression models for both field groups (Table 1) did confirm the presumed enhancing effect of a
mineral N input on the net N mineralization. For the group with the high level of mineral N
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fertilizer input, the regression coefficient of total N content is 2.7 times higher than for the other
group, although both field groups had a similar total N content. A priming effect in the incubation
test was mainly found on fields with a low balance result and vice versa.

HavHN mgkg! dey soil
] o
45 o
o]
o
i o
40 — 299 o
5]
o
e o0 4 =
357 B
@ —
o N T °
o B
- 0 O
30
o
o
a5 T T T T T T T T T T T T T T T T

a 50 100 150 200 250 300 350 400

Hinin kghal
Figure 1. Linear fit regression between N availability from NH;NO3z; (NavNN) and mineral N content in the topsoil layer
(Nmin) (the red horizontal line represents the NH4;NO; fertilizer dose)

Table 1. Regression coefficients and mean values of the variables included in a multilinear regression model for the
mineral N profile in summer, for 2 distinct field groups (high and low level of mineral N fertilizer input), **p < 0.01,
***p < 0.001

) ) LOW mineral N fertilizer input HIGH mineral N fertilizer input

variable unit - - - -
mean value regression intercept mean value regression intercept
coefficient coefficient

mineral N fertilizer input kg ha™ 104.9 1.48™ 197.0 0.94
total N soil content % 0.12 372 0.12 1006~
N balance result kg ha 139.5 0.99™ -57.4 244.1 0.87" -28.8
mineral N profile kg ha 280.9 487.8

4. Conclusion
A short term survey of horticultural fields revealed that mineral N input possibly enhances net N
mineralization, which is a risk for N losses and soil N depletion.
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N fertiliser replacement value of reversed osmosis liquid fractions on arable land
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1. Background & Objectives

In the Netherlands due to restrictions on nitrogen (N) and phosphorus (P) use the animal manure
surplus on a national level will increase the next years. One of the options to control the manure
surplus level is manure processing resulting in liquid and solid fractions. Especially liquid fractions
resulting from reversed osmosis (RO) separation may be assigned as a fluid mineral fertiliser if N
effectiveness and environmental impact are comparable with common mineral fertilisers. Therefore,
in 2009 a project was started to assess the N fertilizer replacement value (NFRV) of RO-liquid
fractions on arable land as well as grassland. This paper focuses on the results on arable land.
Although assessing NFRV of RO liquid fractions was the main purpose, also the application of the
solid fraction was taken into account. The NFRV is defined as the percentage of total N in the
product having the same effectiveness as carefully applied mineral N fertilizer.

2. Materials & Methods

In 2009 and 2010 two trials were conducted (2+2), one with ware potatoes on a marine clay soil and
one with starch potatoes on a sandy soil. In all trials three RO-liquid fractions from different plants
and one solid fraction were compared with the commonly used solid N fertilizer calcareous
ammonium nitrate (CAN). For all products (liquid and solid fractions, CAN) there were four N
application rates (0, 50, 100 and 150 kg N per ha) applied before planting. The liquid fractions were
injected in the soil at a depth of 7-10 cm, the solid fraction was surface spread and incorporated
within 2-4 hours after spreading. In the trials also the application of liquid fractions after planting
(start tuber set) was investigated. This was done at a N rate of 50 kg N per ha for the liquid fractions
as well as the reference CAN. All treatments received a base fertilisation of 100 kg N per ha with
CAN before planting resulting in a total N rate of 150 kg per ha™ (60% of recommended level). The
RO liquid fraction was injected between the ridges at a depth of 5-6 cm. The total N content and the
mineral N fraction (% of total N) of the RO-liquid fractions varied from 4.2-8.7 kg N per ton and
89-95% respectively (Table 1). For the solid fraction values were 13-14 kg N per ton and 42-53%
respectively. The supply with other nutrients than N (phosphorus, potassium, sulphur, magnesium)
was set equal for all objects by supplementary dressings with mineral fertilisers. NFRV values were
derived from differences in N response of the tuber N yield of the liquid and solid fraction
compared to CAN by using regression analysis.

Table 1. Variation in nutrient content of the liquid and solid fractions.

Product Total N NH4-N P,O5 K,O
(kg per ton) (% of total N) (kg per ton) (kg per ton)
RO liquid fraction 42-87 89 -95 <0.1-0.7 6.5-10.2
Solid fraction 13.0-14.0 47 - 58 15.3-15.9 43-5.2

3. Results & Discussion

For the pre plant application on both locations at all N rates marketable yield and tuber N yield on
the RO liquid fractions plots were lower than on the CAN plots (data not shown). For the
marketable yield this was only significant for the clay soil location in 2009, for the N yield effects
were significant for both clay soil trials. For the sandy soil locations effects were not significant.
The differences in effects of the three RO liquid fractions were small and not significant. The zero-
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control for the liquid fractions did not differ significantly from the zero-control for CAN indicating
that negative machine effects did not occur. For the post plant applications in 2009, marketable
yield and tuber N yield were lower for the liquid fractions plots than for the CAN plots (significant
for the marketable yield on the clay soil and significant for the N yield at both locations). In 2010
no significant differences were observed.

Based on the response of the tuber N yield it could be derived that for the pre plant application the
NFRV of the liquid fractions was 78-81% for the clay soil location and 78-86% for the sandy soil
location (Table 2). In order to assess whether ammonia volatilisation may have played caused the
lower NFRV compared to CAN, in 2010 we also applied an acidified liquid fraction. For the clay
soil no differences with the not acidified liquid fraction were found but on the sandy soil NFRV was
significantly increased indicating that ammonia losses may have affected NFRV. As fertilisation
with other nutrients than nitrogen was kept at the same level for all treatments this could not explain
the observed differences. When applied at the start of tuber set, large differences in NFRV were
observed between years. In 2009 NFRV was 0.40-0.44 while in 2010 values were 1.04-1.12. It must
be emphasized that for the post plant application the calculated NFRV was based on one N rate
while for the pre plant application the NFRV was based on 3 N rates. This makes it more difficult to
assess the NFRV for the post plant application. The NFRV of the solid fraction was 32-34% on the
clay soil and 34-55% on the sandy soil. Based on the composition of the solid fraction a value of
about 60% was expected. As a substantial part of the total N is present in the form of ammonium
(45-60%), ammonia volatilisation may have played a role. Although the solid fraction was
incorporated in the soil this done quite superficially, so, part of the N may have been lost due to
ammonia losses.

Table 2. Mean NFRV values (% of total N) of RO liquid fractions and solid fraction based on the N uptake in tubers.

Product Clay soil Sandy soil
2009"  2010° 2009"  2010'
RO liquid fraction, applied before planting? 78* 81* 86 ns 78**
RO liquid fraction, applied at tuber set? 44* 104 ns 40** 112 ns
Solid fraction, applied before planting 34** 32** 55* 34**

1 average of the three liquid fractions
2 *, ** *** denotes significance for difference with CAN (NFRV=100%) at P < 0.05, P < 0.01, P
< 0.001; ns = not significant

4. Conclusion
The results show that the NFRV of pre plant application of RO liquid fractions are lower than 100%
ranging from 78-86%. No significant differences between soil types were observed.
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N,O and N; production, and quantification of denitrifying populations, in various aquifer
systems

Barrett, M.%, Jahangir, M.M.R.> ¢, Richards, K.G.", O’Flaherty, V.
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1. Background & Objectives

The rate of transport of nitrates to underlying groundwater systems is determined by soil type,
porosity and water content (Stark and Richards, 2008). The study of microbial populations in
groundwater is further complicated by the inadvertent transport to groundwater of soil microbes
from the overlying soils and the continuous natural flow through aquifers. This study examined the
relationship between the abundance and activity of bacterial denitrifiers in groundwater at four sites,
differing with respect to overlaying land management. Groundwater was sourced from 36 multi-
level piezometers, which were installed to target different groundwater zones: sub-soil, sub-soil to
bedrock interface and bedrock (Jahangir et al., 2011). The gene copy concentrations (GCC) of
bacterial 16S rRNA and the denitrifying functional genes, nirK, nirS, and nosZ, were determined
using quantitative polymerase chain reaction assays.

2. Materials & Methods

Piezometers were installed in 3 seperate zones: 1. subsoil (c. 5 m below ground level [bgl]) 2.
subsoil-bedrock interface (c.10 m bgl) and bedrock (c.20 m bgl) in three grazed grasslands
(Solohead [SH], Johnstown Castle [JC] and Dairygold [DG]) and under spring barley (Oakpark
[OP]). In Dairygold [DG] only bedrock was investigated at c. 40 m bgl. Dissolved N, and Ar was
measured using MIMS, and data was used to estimate excess N, (Jahangir et al., 2011). Three
seperate replicate 5 L samples were taken from each pizometer. Samples for DNA extraction were
filtered through 0.2 ym nitrocellulose membrane filters (Whatman International Ltd., England)
using a vacuum pump (WELCH®™ vacuum pumps, Gardner Denver). The DNA extraction protocol
used was as described previously (Barrett,2011). Standard curves for absolute quantifications of
bacterial 16S rRNA gene (bac) and three denitrification genes (nirS, nirK and nosZ) were calculated
using the corresponding standard strains and primer/probe sets (Barrett, 2011). Real-time PCR
quantification was performed using a Light Cycler 480 (Roche, Mannheim, Germany) in duplicate.
Bacterial and archaeal 16S rRNA genes were analyzed using the LightCycler 480 Tagman
hydrolysis probe Master kit (Roche), and the corresponding primer/probe sets and LightCycler 480
Probe Master kit (Roche), as described previously (Barrett, 2011).

3. Results & Discussion

The nirK, nirS, nir' (nirk + nirS = nirT) and nosZ GCCs varied significantly? between sites, for
example OP and DG experimental sites, while some variations were also observed between
piezometers within sites (Figure 1). Importantly, however, and at each of the sites, nosZ GCCs
correlated significantly with the presence and quantity of N, (P < 0.0001). No significant
correlation was recorded between the nirK or nirS GCCs and N,O measurements (p=0.2646).
Groundwater bacterial 16S rRNA (Bac) concentrations across the four sites ranged 10°-10" for all
piezometers.
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Figure 1. Mean groundwater nirK , nirS, nosZ and bacterial 16S rRNA GCC L™ filtered at (OP I:a) spring barley, (Depth — A & B=5
m) (Depth — C & D=10 m); (Depth — E=20 m) (II:a) DG grazed clover ryegrass grassland.

A significant depth by GCC interaction (p=0.0012) was observed with GCCs for the various
denitrifier genes being similar across comparable piezometer depths (c. 10> - 10” - 10*). Piezometer
depth was significantly correlated (p=0.0256) with nirS GCC but no significant correlations were
observed with nirK, nir’ or nosZ (p=>0.05). A significant temporal correlation was noted between
nirS and piezometer depth (p=0.0256), but not between nirK and piezometer depth (p=0.9797).
Mean N,O:(N,O + N,) ratios decreased with aquifer depth (0.05 in subsoil to 0.01 in bedrock)
indicating that N,O reduction to N, occurred as groundwater moved vertically. Excess N, was
positively correlated with DOC (r=0.73) and water table depth (r=0.330), and negatively correlated
with DO (r=0.70) and Ky (r=0.47). Groundwater Nir abundance was positively correlated to N,O
production (P< 0.0001).

4. Conclusion

The positive correlation between groundwater nosZ abundance and excess N, concentrations
indicated that determination of NnosZ abundance could be used as a potential indicator of complete
groundwater denitrification. Variations in the abundance of nirK and nirS- carrying microbes could
be linked with land management practices thus determining a direct impact of land use on
groundwater denitrifer abundance.
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N2O emission from a maize cropping system influenced by replacing fallow with cover crops
and its subsequent incorporation into the soil.

Garcia-Marco, S.*, Sanz-Cobeifia, A.?, Gabriel, J.L.>, Almendros, P.?, Quemada, M. and Vallejo, A.*
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1. Background & Objectives

Application of nitrogen (N) fertilizers in agricultural soils increases the risk of N loss to the
atmosphere in the form of ammonia (NHj3), nitrous oxide (N,O) and nitric oxide (NO) and the water
bodies as nitrate (NO3'). The implementation of agricultural management practices can affect these
losses. In Mediterranean irrigation systems, the greatest losses of NOs™ through leaching occur
within the irrigation and the intercrop period. One way to abate these losses during the intercrop
period is the use of cover crops that absorb part of the residual N from the root zone (Gabriel and
Quemada, 2011). Moreover, during the following crop, these species could be applied as
amendments to the soil, providing both C and N to the soil. This effect of cover and catch crops on
decreasing the pool of N potentially lost has focused primarily on NOs™ leaching. The aim of this
work was to evaluate the effect of cover crops on N,O emission during the intercrop period in a
maize system and its subsequent incorporation into the soil in the following maize crop.

2. Materials & Methods

Fifteen plots were set in the field and five cover cropping treatments, barley (Hordeum vulgare L.),
vetch (Vicia villosa L.), rape (Brassica napus L.), bare fallow and bare fallow without previously N
fertilization as a control soil, were arranged in a fully randomized design with three replicates.
Cover crops were broadcast in October 2009 and treated with glyphosate in March 2010. The cover
crop residue was incorporated by ploughing to the soil in half of each plot and removed in the other
half. Maize was sowed in April 2011 and harvested in September 2010. Irrigation during the maize
crop was applied according to crop evapotranspiration. Each plot received 120 kg ha™! of P and K
(before sowing maize) and 150 kg N ha™ as NH4NOs split in two applications (2/3 at the end of May
and 1/3 at the end of June) except in the bare fallow soil without N application. N,O emissions were
sampled using the chamber technique (Roelle et al., 1999) and analyzed by gas chromatography

10 using a HP-6890 gas
-%- Bare Fallow +N —~Barley —~Vetch -0-Rape -%-Bare Fallow -N .
chromatograph equipped

8 N with a Plot-Q capillary
kﬁ‘*\-‘l_\_ﬂ column and a ®Ni micro
6 S electron-capture detector

(LECD).

3. Results & Discussion

In the intercrop period, N,O
emissions from soil were
influenced by the presence of

% R o - "ﬂ% %, cover crops (Figure 1). The
217 7 ¢ A presence of barley and rape
Date decreased N,O emission but

“ not significantly (P>0.05).

Figure 1. Cumulative N,O fluxes from soils in the intercropping period.
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In contrast, emissions from the vetch increased (P=0.001) in the same period. That different cover

crop behaviour could be due to the fact that vetch is a legume that fixes atmospheric N, resulting in
a lower uptake of residual N and soil mineral N accumulation (Gabriel and Quemada, 2011).

During the maize crop, N>O emission was influenced by the application of N fertilizer and the

incorporation of cover crop residues (Figure 2). N,O emissions were higher (P>0.05) in the N

fertilized soils and also increased once that the barley and rape straws were incorporated into the

soil in comparison with the no-

- cover crop residue M +cover crop residue residue il’lCOI’pOI'aﬁOl’l. However, the

35 1 opposite effect occurred when vetch
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Figure 2. Cumulative N,O fluxes from soils in the maize crop
without and with cover crop residue incorporation.

4. Conclusion

This study underlines the role of the use of barley and rape cover crops in intercropping periods as a
N,O abatement strategy. In contrast, the incorporation of barley and rape residues increased these
emissions. Based on these results, its addition cannot be regarded as a good mitigation strategy
under the conditions of the experiment.
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Nitrate leaching after cattle slurry application to ley in autumn
Delin, S.%, Stenberg, M. ?, Engstrom, L.%
®Department of Soil and Environment, Swedish University of Agricultural Sciences, Skara, Sweden

1. Background & Objectives

The nitrate directive (EEC, 1991) has led to new restrictions for manure application within nitrate
vulnerable zones. In Sweden this means that slurry application to growing leys in autumn is not
allowed after 31% October, based on the assumption that with an earlier application, nitrogen is
more utilisable by the grass. There is however little scientific evidence that the risk for nitrate
leaching is higher when slurry is applied in November than earlier in autumn. The objective with
this study was to compare leaching effects between slurry application to ley in early autumn, late
autumn and spring.

2. Materials & Methods

Nitrate leaching was measured after application of 30-45 tonnes ha™* (50-60 kg NH, N ha™) of cattle
slurry in early autumn (September), late autumn (November) or spring (April) to first- and second
year forage grass and clover ley on a sandy loam soil in Sweden. One ley was established in 2009
and the other in 2010 with one two-year experiment in each ley during 2009-2011 and 2010-2012
respectively. Each experiment had four treatments (three manure treatments and one unmanured
control) randomized into seven blocks. Yield was measured in three harvests each year after manure
application. Soil water was sampled with ceramic suction cups (Djurhuus, 1990) installed in
triplicate at 80 cm depth in each plot. Sampling was carried out bi-weekly during periods with water
runoff, from the time of the earliest fertilisation until December the second year of harvesting. The
sampled water was analyzed for nitrate (NO3-N), and nitrate leaching is determined from NOs-N
concentrations in soil water and discharge measured at a nearby measuring station during the
sampling period, accounting for both direct and residual effects. Soil samples (0-60 cm depth) were
taken at the end of autumn (December) for determination of NH4-N and NO3s-N. Subsamples of 30
g were extracted with 100 ml 2 M KCI extract. Just before late manure application and in early
spring in the winter 2009/2010 the plants were sampled by cutting plants at the soil surface in four
0.25 m? areas within each plot. The plant samples were dried at 60°C, weighed and analysed for
total nitrogen content. Treatment effects were tested statistically by variance analysis.

3. Results & Discussion

Soil mineral nitrogen (NOs-N + NH,-N) levels in December 2009 were elevated around 6 kg N ha™
in autumn-manured treatments compared to the other treatments. Aboveground plant nitrogen was
at this time about 40 kg N ha™ after early application compared to around 25 kg N ha™ in the other
treatments. In April, aboveground plant nitrogen was about 10 and 5 kg N ha™ higher in the early
and late autumn-manured treatments, respectively, than in unmanured treatments. Nitrate leaching
during September-August this year tended to be higher in the treatment with late autumn
application, but differences were not statistically significant (Figure 1).

Soil mineral nitrogen levels in December 2010 were elevated by around 15 kg N ha™ in early
autumn-manured treatment and 30-40 kg N ha™ in late autumn-manured treatment. Nitrate leaching
during October-August this year was significantly higher from autumn manured treatment than
from the other two treatments in both the first and second year ley, but there were no significant
difference between early and late autumn application (Figure 1).
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Figure 1. Nitrate leaching from ley (error bars with standard error) September—August.

Total dry matter yields did not differ significantly between treatments in 2010, but in the spring
manured treatment yield was a bit lower from the first cut, which was compensated by higher yield
than in other treatments in the second cut. This indicates that some of the nitrogen from spring-
applied slurry came too late for the first harvest, but could be utilized in the next. In 2011, spring
manured treatments yielded a bit more (4500 kg ha™ compared to 4000 kg ha™) than the other
treatments, probably due to a higher NH4-N content (90 compared to 60 kg NH,-N ha™) in manure
at this application date. The intention was to apply 50 kg NH4-N ha™ at all dates, but this was
exceeded due to underestimation of ammonium concentration in slurry at the time of application in
autumn 2010, and especially in spring 2011.

The higher and significant effects from autumn application on nitrate leaching during the second
year may be due to the higher rate of slurry applied or to larger drainage runoff during winter.

4. Conclusion

The leaching increased by 0-15 kg N ha™ after application of slurry in autumn compared to no
slurry application or application in spring with no significant difference in leaching depending on
how late in autumn slurry was applied. Since the effect on leaching was significant only when
application rates were higher than intended (>60 kg ha™), autumn application may be appropriate as
long as rates are limited. However, more results are needed before such limits can be defined.

References

Djurhuus, J. 1990. Sammenligning af nitrat i jordvand udtaget med sugkopper og ekstrahert fra jordpraver.
Landbrugsministeriet, Statens Planteavisforsgg, Sertryk af Tidsskrift for Planteavl 94, 487-495.

EEC, 1991. Council Directive 91/676/EEC of 12 December 1991 concerning the protection of waters against pollution
caused by nitrates from agricultural sources

165



Nitrogen Workshop 2012

Nitrogen dynamics in agricultural Mediterranean catchments vs. temperate ones: Ebro,
Oglio, Seine and Scheldt comparisons
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1. Background & Objectives

Ecological processes in regions with Mediterranean climates are affected in different ways than
those subject to other climatic conditions. N inputs in Mediterranean catchments have been
estimated to be lower than those in temperate European catchments (Grizzetti et al., 2011) but this
does not fully justify the very low N loads finally exported to the Mediterranean Sea. Romero et al.
(submitted) have recently shown how N fluxes from Mediterranean catchments to the sea are on
average over two times lower than those observed in European temperate catchments. A recent
study conducted in the Ebro, a characteristic Mediterranean catchment, has shown that a high
proportion of all N inputs never reach the sea, and this is due to the particular management that
tipyfies agricultural areas in this type of climate (Lassaletta et al., 2012). On the other hand, in the
Oglio, an affluent of the Po river, Bartoli et al. (2012) have estimated one of the highest fluvial N
exports observed in a river outlet. The main objective of the present work is to synthesize and
compare the information on N dynamics and retention from two Mediterranean and two temperate
catchments, and to identify the main discrepancies and similarities.

2. Materials & Methods

Four highly monitored catchments have been chosen: two under Mediterranean climate (the Ebro
and the Oglio River Basins, in Spain and Italy respectively) and two in temperate areas (the Seine
and the Scheldt River Basins, in France and Belgium) (Table 1). These catchments are relatively
homogeneous in terms of agricultural surface but rather heterogeneous in terms of runoff,
population density and livestock uses. We performed a soil system balance (Lassaletta et al., 2012)
in the agricultural areas to estimate diffuse sources. Point sources and N retention in the catchment
where also estimated based on national statistics. The term “retention” is used to designate all the
processes preventing nitrogen load from being transferred to the outlet of the drainage network.

Table 1. Characteristics of the catchments considered in this study.

Catchment Seine Scheldt Ebro Oglio (Po)
Climate Temperate Temperate Mediterranean ~ Mediterranean
Surface (km?) 71700 19860 85566 3840
Agriculture (%) 59 61 48 60
Runoff (mm) 310 327 116 500
Autot./Heterot. Autotrophic  Hererotrophic  Hererotrophic Hererotrophic
Inhab/km? 213 493 34 333
Livestock Units/km? 15 70 44 106
Mineral Fertilizer (kgN/agricHa) 153 91 53 151
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3. Results & Discussion

According to the soil system balance, the Oglio catchment is the most intensively managed in terms
of agricultural surpluses followed by the Scheldt catchment. This is related to the application of
high amounts of N in the form of manure generated by the high livestock densities. Both
catchments have also the highest population densities and the highest point sources contribution. On
the other hand we have the Ebro basin, with lower agricultural surpluses, roughly on the order of
those found in the Seine basin. These values are however in the medium-high range of the European
catchments (Billen et al., 2011). The retention in the Ebro catchment is clearly the highest, which
means that many of the N inputs to the catchment never reach the coast through river export.

Table 2. Results of the soil system balance, point sources, N river export and N retention in the studied catchments.

kg N km?y? Seine Scheldt Ebro Oglio
Agricultural surplus 4845 8480 4339 10088
Point sources 550 1050 174 1462
River export 1950 2310 394 3278
N retention (%) 64 76 91 72

This unusual high retention has been related to the intense water regulation (by means of numerous
dams and channels) that characterizes Mediterranean semi-arid agricultural catchments (Lassaletta
et al.,, 2012). The Oglio catchment represents an opposite case. Despite being located in a
Mediterranean area, the runoff is the highest of the four catchments studied and this, together with
the very high agricultural inputs, results in a high amount of N being exported outside the
catchment. Bartoli et al. (2012) have shown, however, how the dense channel network typical of
Mediterranean catchments can induce high N retentions and also high N,O emissions.

4. Conclusion

Mediterranean catchments can have very high N retention percentages when the catchment is
semiarid, highly regulated and has low runoff levels. Despite being located in Mediterranean areas,
highly impacted catchments with high runoff values can present a behavior that is similar to that of
catchments placed on temperate ecosystems. Nitrogen dynamics and some pollution-associated
problems can be very different according to catchment characteristics such as climate and water
regulation. Further research should address the fate of the nitrogen which is retained, in particular
verify whether it is permanently lost via denitrification or temporarily accumulated in soils or in the
groundwater.
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Nitrogen dynamics in maize based cropping systems for biogas production
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1. Background & Objectives

Biogas production has gained importance as a contribution to climate change mitigation, notably in
Germany. Biogas residues (BR), which are produced in large amounts, thus should be used in a
sustainable way. Anaerobic digestion was shown increase the short-term N availability (Gutser et
al., 2005), but also to promote ammonia emission (Gericke, 2009). Data on the fertiliser value of
BR from co-fermentation is still limited. This paper aims to investigate the N supplying potential of
co-digestion residues to maize monoculture and a maize rotation in terms of N balance, methane
yield, and apparent N recovery (ANR), based on a 2-year field trial conducted in northern Germany.

2. Materials & Methods

A 2-year field trial (2007-2009) was established as 4-factorial randomized block design with 4
replicates at Hohenschulen experimental station (750 mm, 8.3°C; luvisol) of Kiel University.
Treatments comprised crop rotation (R1: maize monoculture, R2: maize-whole crop winter wheat-
Italian ryegrass as catch crop), N fertilizer type (calcium ammonium nitrate (CAN), biogas residue
(Mix), pig slurry (Pig)), and N amount (maize, wheat: 0, 120, 240, 360 kg N ha; Ital. ryegrass: 0,
80 kg N ha™ for each of two cuts). Each crop of R2 was grown in each year. The N balance was
calculated as difference between N fertilization and crop N offtake. Specific methane yield (SMY;
In CHs kg™ OM) of the CAN and Mix treatments was obtained by the Hohenheim Biogas Yield
Test (Helffrich and Oechsner, 2006). The relation between N amount and methane yield, N balance
and ANR was quantified by SAS 9.2 Proc NLIN assuming a ‘Linear-Plateau’ model. Function
parameters were compared by a modified t-test based on Zar (2009). Total N of organic fertilizers
had been corrected for NH3-N losses during application as estimated by Gericke (2009).

3. Results & Discussion

Methane yield production, N offtake and N balance were not affected by N fertilizer type, while
rotation showed a significant impact on N dynamics and on maize yield performance. Maize
monoculture achieved a maximum methane hectare yield of 6,774 m3y CH, ha™ at the N rate of 122
kg N ha™ as Mix (Figure 1a). Rotation R2 had a significantly lower yield of 5,302 m3y CH4 ha™,
which, however, required an N input of 257 kg N ha™. The superiority in yield of R1 was due to
higher dry matter yield of maize, while differences in SMY among crops were small. Higher N
contents of wheat and Italian ryegrass resulted in higher N offtake of R2 compared to R1 (Figure
1b). However, R2 required a significantly higher N input to achieve its N offtake maximum,
whereas for the unfertilized control, N offtake of R2 was considerably lower than for R1.
Consequently, the N balance at N input required for maximum methane yield (Nopt) was
significantly lower for R1 (Figure 1c). The apparent N recovery (ANR) of R2 remained constant at
values of 72% (CAN), 63% (Mix), and 70% (Pig) for N input below 250 kg N ha™ (CAN, Pig) or
280 kg N ha™ (Mix) (Fig. 1d), whereas it decreased nonlinearly above, resulting in similar curves
for all fertilizer types. Mix applied to R2 revealed a short-term N fertilizer value below that of pig
slurry, which is in accordance to the lower NH4-N content of Mix (53.0%) compared to pig slurry
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(72.0%) and a higher NH3 volatilization (Gericke, 2009). For R1, however, Mix showed a higher
fertilizer value than Pig. This might be due to different temporal characteristics of N leaching,
although the total leaching loss observed over the 2-year period was similar for Mix and Pig
(Svoboda, 2011). Higher mineralization of organically bound N in Mix, due to a lower C/N ratio,
and non-N effects seem unlikely. Because of their high plant N availability, BR, as liquid animal
manure, present a considerable risk of nitrate leaching when the amount and timing of N
fertilization is not adjusted to meet crop N demand. Mitigation of nitrate leaching by growing maize
in a crop rotation proved effective in case of N oversupply (Svoboda, 2011).
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Figure 1. Average annual methane yield (m3y CH, ha™) (a), N offtake (b), N balance (c) and apparent N recovery
(ANR) (d) of crop rotations R1 (thin lines, open symbols) and R2 (bold lines, closed symbols) fertilized with varying
amounts of mineral N (solid lines, circles), biogas residue (broken lines, triangles) and pig slurry (dotted lines, squares).

4. Conclusion

BR provide a valuable nutrient source which can reduce GHG emissions when replacing fossil fuel
based fertilizer. If properly managed, they do not increase the risk of environmental impact com-
pared to liquid animal manure. Long-term effects need to be evaluated by model simulations.
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Nitrogen losses from buffer zones: interactions with soil structure and hydrological pathways
Carswell, A.M.2° Blackwell, M.S.A? Bol, R.2, Chadwick, D.? Hawkins, J.M.B.2, Johnes, P.”,

Whalley, R.

®Rothamsted Research, North Wyke, Okehampton, Devon, U.K.

® University of Reading, Whiteknights, Reading, Berkshire, U.K.
“Rothamsted Research, West Common, Harpenden, Hertfordshire, U.K.

1. Background & Objectives

Pollution of surface waters by agriculturally derived nutrients, especially nitrogen (N) and
phosphorus (P), is well known to cause eutrophication and has implications for drinking water
quality. Implementation of buffer zones, at the downslope edge of agricultural fields, to mitigate
diffuse nutrient pollution of surface waters is endorsed by Defra (Department for Environment,
Food and Rural Affairs), as an option to gain Entry Level Stewardship status (Defra, 2010),
whereby grants are awarded for environmentally beneficial land management techniques. However,
hydrological bypassing, via artificial drainage, is known to reduce the efficacy of buffer zones
(Leed-Harrison et al., 1999). Installation of a permeable reactive barrier (PRB) to intercept artificial
drainage flow has the potential to increase flow residence time and provide optimal conditions for
nutrient capture or transformation (Schipper et al., 2010; Grimsey, 2011) within the buffer zone.
The objectives of this study are to examine two key questions (1) whether the drained buffer zone
works to capture and transform different N forms; and (2) whether installation of PRBs within
buffer zones can be used to intercept drainage flow and encourage full denitrification of potential
surface water pollutants. The application and examination of the efficiency of PRBs in conjunction
with a buffer zone in a drained intensive grassland makes this work innovative, especially with
regard to the replication and large scale at which investigations are being carried out (see below).

2. Materials & Methods
The study site is the North Block 1 Block 3
Wyke Buffer Zone
Experiment, Rothamsted
Research, Devon, England.
The  experimental  setup
comprises three replicated
buffer zone treatments, shown
in Figure 1. Plots are
hydrologically isolated on a
uniform slope of
approximately 50 and
comprise a 40 m x 10 m Y

6 m buffer

- - } strip " v o Y o)
dralned graSSIand pIOt Wlth (1) _L‘ "‘J pet.meahle_ ® 5 ;:IF;"IDHI'Q mﬁt&:gsgﬁ:subwﬁ:;;;m
no buffer (control); (2) a 6 m W reactive barrier [ interceptordring

Wlde_buffer zone; and (3) a6 Figure 1. Plan of the Buffer Zone Experiment at Rothamsted Research, North
m wide buffer zone with @ \yyke Devon, England.

PRB installed upslope. The

PRB material consists of a wheat straw carbon (C) source, for denitrification processes, and gypsum
(derived from crushed plasterboard) for P removal (Grimsey, 2011). The plots were amended with
slurry in October 2011, in line with intensive grassland management. Surface and sub-surface flow
samples were collected using flow proportional sampling during the storm of 12"-13™ December
2011, which had a precipitation total of 23.2 mm. Samples were analysed for dissolved (<0.45 pm)
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total oxidised N (TOxN) and ammonium-N (NH,") using a Thermo Fischer Aqua Kem 250, discrete
photometric analyser.

3. Results & Discussion 0.8 TOxN - Surface Flow NH,* - Surface Flow

Results from the analyses of | £ 038

the 12-13" December 2011 | ' ° % =06

storm samples are shown for | £ 04 + £04

each treatment in Figure 2. | -5 02 T % 202 ? 3 -
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were 49 +0.6,30+07,48 | & m m+PRB = m m+PRB

+23m° respectively and for  Figure 2. Mean concentrations of TO,N and NH," from 12"-13" December
the sub-surface flow of the storm for each treatment and standard error bars where n =3 for all except sub-
control, buffer and buffer surface flow Control and Buffer 6 m + PRB where n =2.

with PRB were 15.7 + 0.2, 19.5 + 4.9 and 17.0 + 2.2 m™ respectively. Highest mean values of
TO,N were found in the buffer treatment at 0.87 mg L™ for both surface and sub-surface flow,
whereas minimum mean values were 0.05 mg L™ in the surface flow of the buffer with PRB.
Highest mean NH,4" concentrations occurred in the surface flow and lowest mean concentrations in
the sub-surface flow of the buffer with PRB of 0.32 mg L™ and 0.03 mg L™ respectively. A general
trend of higher mean NH," values in the buffer and buffer with PRB treatments relative to the
control in the surface flow is observed. However, variation amongst the concentrations of TOxN and
NH," is not significant (p < 0.05 ANOVA Genstat 14) for any of the treatments. This is not
surprising due to the PRB being newly installed and it may require time to commence full
functionality. Also the processes (e.g. denitrification) that are primarily responsible for nutrient
transformation and removal are microbiologically driven, and typically operate at low levels during
colder, winter months. These results imply that where buffer zones and buffer zones with PRBs are
artificially drained they have little impact on the capturing and transformation of TO,N and NH,".

4. Conclusions

Results suggest that the presence of buffer zones or buffer zones with PRBs in drained intensive
grasslands do not result in significant changes in water quality and/or that N loading of the
treatments was low due to flushing from a previous storm or due to plant uptake. Efficacy of buffer
strips and PRBs requires assessment over a range of storm intensities and seasonally different
antecedent conditions, particularly following amendment of a N source
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1. Background & Objectives

The Po di Volano Basin (687.5 km?) is a recently reclaimed alluvial territory, located south of the
Po River Delta (northeaster Italy) and characterized by flat topography, intense agriculture and low
population density. Under European Water Framework Directive (2000/60/EC) the whole basin has
been designated as nitrate-vulnerable zone (NVZ). The objective of this work is to calculate a
comprehensive nitrogen budget, both for superficial soils and the hydrological network, and
compare individual terms to assess their reliability, particularly with respect to soil nitrogen losses
and removal processes via denitrification.

2. Materials & Methods

Nitrogen soil budget was carried out on annual basis from 2006 to 2008, according to Oenema et al.
(2003). The main inputs and outputs for N cycle in terrestrial agroecosystems were considered with
associated errors and included in the equation modified from Isidoro et al. (2006). Balance
calculations were performed at a spatial resolution of 26 municipalities, expressed as t N yr'l, and
aggregated on the watershed scale, using ArcView GIS 3.2 software (ESRI, California) (Soana et
al., 2011). Input from urban and point sources were not taken into account in the final balance,
because their magnitude resulted negligible. The nitrogen loads of the hydrological network were
calculated according to Kronvang and Bruhn (1996), and Letcher et al. (2002), using discharge data,
registered monthly and weekly by Hydraulic Authorities and nitrogen concentrations, measured
monthly by the Emilia-Romagna Environmental Protection Agency.

3. Results
Average annual budget of nitrogen in soil, calculated at the basin scale from 2006 to 2008, is
reported in Table 1.

Table 1. Mean annual values and standard error of inputs and outputs in the soil mass balance.

INPUT tNy' se
Fertilization 28.502 1.850
Biological fixation 8.450 2.952
Atmospheric deposition 634 7
Y input 37.585 4.809
OUTPUT
Residual in soil 3.012 593
Crop uptake 21.574 5.897
NH; volatilazation 4.451 1.553
Denitrification in soils 2.678 710
Y output 31.716 8.752
Yinput - Zoutput 5.869 13.561

Yearly hydraulic and nitrogen loads, coming in and exiting the basin, are presented in Table 2.
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Table 2. Inputs and outputs of water, nitrate (N-NOj), dissolved inorganic nitrogen (DIN) and total nitrogen (TN)
through the hydrological network.

Input Output N removal
mean Se mean NS mean NS
WATER 10°m’ 906 98 654 54
N-NO; tons N 1.475 487 1.020 251 -454 299
DIN tons N 2.119 343 1.670 304 -449 79
TN tons N 3.819 368 2.707 256 -1.112 285

The hydrological network exported 2.707 + 256 tN y™' of nitrogen to the coastal area, of which 36%
in form of nitrate. The mean annual removal of nitrogen was 1.112 + 285 tons, with the highest
values in summer months.

4. Discussion & Conclusion

The nitrogen balance in soils (Zinput — Zoutput= 5.869 t N y™') was not closed and the excess was
not explained by the mere removal in the canal network, much lower. This was likely due to an
underestimate of denitrification in soils, calculated by using coefficients taken from literature. This
observation is also supported by the results of field and laboratory experiments, performed in the
same soils, which indicate higher rates of denitrification (Mastrocicco et al., 2011; 2012).
Regardless of, the secondary canals’ network has evidenced a potential to effectively mitigate the
excess of nutrients from diffuse sources of pollution, particularly in summer when the
eutrophication risk is at highest. Simulations performed in this study highlight the importance of
conservative management of emergent vegetation, in order to improve nitrogen removal in
vulnerable watersheds.
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Nitrogen mineralization potential of soil amended with biochar from pig-slurry solids
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1. Background & Objectives

Interest in biochar (BC) has dramatically grown in recent years, due mainly to the fact that its
incorporation into soil reportedly enhances carbon sequestration and fertility (Lehmann and Joseph,
2009). As large amounts of livestock manure solids are expected to become available in the near
future, due to the development of technologies for the separation of the solid fraction of animal
effluents (Burton, 2007), the processing of manure solids for BC production seems an interesting
possibility for the recycling of OM of high nutrient value. The aim of this study was to estimate the
nitrogen (N) mineralization potential (NMP) of soil amended with BC from pig-slurry solids. Wood
chip, which is currently used as a raw source for BC production, was also included in the
comparison as reference material. To test the hypothesis that BC can retain N when incorporated
into soil we also applied fresh digestate (D) derived from a biogas plant to soil as a N source, and
the BCxD interaction effect on soil NMP was evaluated.

2. Materials & Methods

Treatments compared were soil amended with pig-slurry solids (LC), charred pig-slurry solids (LT),
wood chip (CC), charred wood chip (CT), and no amendment (control, C), each one with and
without () incorporation of digestate (D); 10 treatments in total (Tab. 1). Biochar was obtained by
treating dried wood chip or pig-slurry solids, with residual moisture content of 9% and 10%,
respectively, at 420°C in anoxic conditions. Charred or non-charred OM was incorporated into a
silty clay soil and the NMP was determined according to Drinkwater et al. (1996) during 3 months
(at 0, 7, 14, 28, 60, and 90 d of incubation) at 30°C. For each measurement date the difference
(ANMP) of inorganic N content (N-NH;+N-NO3) between the treated and the control soil is
reported. The standard error of the differences of least-square means was used for the treatment
effect comparisons. Factor effects were considered significant at P < 0.05.

Table 1. Organic C and Kjeldahl N contents in the amendments and in the digestate used for the experiment, and
amounts supplied to soil. FW= weight of the OM used as it is (charred, non charred or D)

Type of amendment Content C/IN Amount supplied to soil
(g kg FW) (g FW kg™ dry soil)
C N Amendment C N

Pig-slurry solids (LC) 482 18.2 27 5.61 2.70 0.102
BC from pig-slurry solids (LT) 511 211 24 4.82 2.46 0.102
Wood chip (CC) 432 6.2 70 6.26 2.70 0.039
BC from wood chip (CT) 720 10.8 67 3.42 2.46 0.037
Digestate (D) 16.8 3.1 5.4 32.8 0.56 0.102

3. Results & Discussion

Time courses of ANMP in soil after OM incorporation are reported in Figure 1. Without digestate
addition (Figure 1a) in soil amended with non-charred OM (CC and LC treatments) ANMP
decreased during the first two weeks of incubation. The ANMP values increased again to the control
levels in the following two months, in LC, whereas in CC values remained significantly lower than
in the control (after 90 d, 32.84 mg kg, >S.E.= 4.64 mg kg™). In soil amended with charred OM
(CT and LT treatments) only slight fluctuations of ANMP around O were detected (i.e. no changes
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in comparison with the control). When digestate was added to soil (Figure 1b), in the first two
weeks of incubation a greater decrease in ANMP in the DCC treatment than in the others was
observed. Reasons could be attributed to N immobilization. Nitrogen immobilization is favored by
high C to N ratios (Paul and Clark, 1996), and wood chip did have high C/N values (Table. 1).
However, ANMP did not decrease in soil amended with charred wood-chip, although it had the
same C to N ratio as the non-charred treatment. At the end of the second month of incubation
ANMP was higher in soil amended with pig-slurry solids (either charred or non-charred). These
higher values of LC and LT being associated uniquely with +D treatments, mineralization of the
organic N supplied with digestate could have brought about the release of mineral N in the +D
treatments. Although 3 months after the start of the incubation significant differences between
treatments were no longer detectable (apart from CC+D), in the short run the supply of charred OM
seems to have mitigated the mineralization-immobilization turnover (MIT) in soil during the
incubation period, whereas the supply of digestate, together with charred or non-charred OM, seems
to have increased it.
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Figure 1. N mineralization potential in soil amended with charred or non-charred OM a) without supply of digestate; b)
with supply of digestate. ANMP=inorganic N content in treated soil minus inorganic N content in the control soil.
Vertical bars are the standard error of the mean.

4. Conclusion

The charring of OM affected the pattern of release of mineral N in soil in the short term, apparently
reducing the MIT intensity, compared with that associated with non-charred OM. Nitrogen
availability, clearly modified after soil amendment with non-charred OM, did not seem to be
affected by incorporation of BC, either of plant or animal origin. Biochar incorporation did not
reduce N availability in soil supplied with digestate, the pattern of interaction between soil
amendments and digestate being instead influenced by the type of amendment.
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1. Background & Objectives

The rice (Oryza sativa L.)-wheat (Triticum aestivum L.) double-cropping system in southeastern
China is characterized by anaerobic conditions during the irrigated lowland summer rice crop and
aerobic conditions during the upland winter wheat crop. However, the aternating water regime
leads to high gaseous and leaching losses of nitrogen (N) mainly after the winter wheat crop due to
flooding, puddling and ponding of the field for the summer rice crop (Roelcke et al., 2002). In order
to minimize these losses, little residual mineral N (Nmin) should be present in the soil profile at
wheat harvest. Minera N fertilizer application needs to be optimized and adapted to the demand of
the winter wheat crop. Therefore, a better understanding of the N transformation processes,
including mineralization dynamics of organic N during the winter wheat cropping season is
essential. Long-term aerobic incubation laboratory experiments were carried out with soils from
two rice-wheat growing regions in southeastern China.

2. Materials & Methods

Aerobic long-term laboratory incubation experiments (182 days) were carried out with soils from
rice-wheat double-crop rotations from two different locations in Jiangsu Province (Yixing (31°17
N 119°53'E) and Huai’an (33°30'N 119°03'E), based on the method by Stanford and Smith (1972),
modified by Nordmeyer and Richter (1985). At each site, field-moist soil samples from three depth
increments (0-20 cm, 20-60 cm, 60-90 cm) were taken after field preparation for the winter wheat
crop. Samples were mixed with quartz sand, filled in 60 ml plastic syringes, incubated by 35 °C and
regularly leached with a 0.01 M CaCl, solution on days 0, 3, 7, 14, 21, 35, 49, 70, 91, 119, 147 and
182 after the onset of the experiment. Mineral N (NO3-N and NH;™-N) in the leachates was
determined by continuous-flow analysis and the cumulative amounts were used for estimation of
mineralization parameters using a double exponential model with two first-order kinetics reactions
(Richter et al., 1982):

N(t) =N_x {1—e"FP} + N x {1 —el¥) [1]

The estimated parameters will subsequently be included in the HERMES model (Kersebaum, 1995;
Kersebaum and Beblik, 2001) for simulation of the N dynamics in the soil, water and plant system
during the winter wheat growing period. Calibration and validation of simulation results will be
performed with field Nmin, gravimetric water contents, as well as plant N uptake data, taken from
field experiments conducted in Yixing and Huai’an during three winter wheat cropping seasons
(2008-2011).

3. Results & Discussion

Table 1. Properties of the soils used for the long-term incubation experiment.

. Depth pH CaCO; Cor Niot Sand’ Silt Clay
Location ‘em [1,0) i (%)
0-20 6.2 n.d. 1.7 0.20 0.7 82.9 16.4
Yixing 20-60 75 n.d. 0.4 0.05 1.6 84.5 13.9
_________________ 600 . v5 . .nd 02 005 20 80 120
0-20 8.3 8.3 1.8 0.26 1.8 53.5 448
Huai’an 20-60 8.4 9.0 1.0 0.08 115 57.7 30.8
60-90 8.4 7.4 0.8 0.07 0.8 65.7 334
" Sand: 2-0.063 mm; Silt: 0.063-0.002 mm; Clay: < 0.002 mm
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Sail propertiesin Yixing and Huai’ an are presented in Table 1. The soil in Yixing was developed in
alluvial deposits and has a silty clay loam texture. The soils on the experimental sitesin Huai’ an are
relatively young and developed in limnic sediments with high clay contents.

Figure 1 shows the cumulative N mineralization in three depth increments of the soils from Yixing
and Huai’ an. As expected, highest amounts of N were mineralized in 0-20 cm depth of the soilsin
both locations with a distinctly higher N mineralization in the topsoil of Huai’an. The 20-60 cm
depth showed a drastically lower N mineralization for both soils, with slightly higher amounts in
the soil from Hua’an. Almost no N mineralization occurred in the 60-90 cm soils depth of both
locations.

Yixing Hua‘an

-
(o)}
o

=y
N
o

N
o

N mineralized [mg kg soil]
(0]
o

0 28 56 84 112 140 168 196 0 28 56 84 112 140 168 196
Incubation time [days] Incubation time [days]

Figure 1. Cumulative N mineralization during 182 days in three depth increments (0-20 cm, 20-60 cm, 60-90 cm) of
experimental soil from Yixing (left) and Huai’an (right), China; error bars represent s.d., n=4.

4. Conclusion

The experimental results showed a clearly higher N mineraization in the soils from Huai’ an, which
can be explained by higher soil organic matter and clay contents (Table 1). These differences have
to be considered for N fertilization recommendations. The results will be used for parameter
adaptation in the HERMES model and for simulation of the N dynamics during the winter wheat
growing season in rice-wheat systems.
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Nitrogen removal by fruits, leaves and pruning wood in a peach orchard

Villar, J.M.2, Pascual, M.?, Fonseca, F.?, Lordan, J.2°, Villar, L.2, Arbones, A.’, Rufat, J."
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1. Background & Objectives

Peach nitrogen fertilization could be optimized considering the diversity of agronomic practices.
Application rates range between 100-170 kg N ha™. Nitrogen uptake and distribution has been
studied in young nectarine trees (Tagliavini et al., 1999) and, for a mature peach orchard with 500-
700 tree/ha, Tagliavini et al (1996) calculated an annual removal of nitrogen of 109-157 kg N ha™
(leaves contribution was estimated). The objective of this paper was to evaluate the effects of
fertilisation on annual N removal of nitrogen in fruit, leaves and pruning wood, from a mature
peach orchard, on a shallow calcareous soil with high soil organic matter content.

2. Materials & Methods

A five-year field experiment (2006-2010) on clingstone peach (Prunus persica (L.) Batsch cv.
Andross), grafted on GF305 rootstock (5x2.8 m; 715 trees ha™) was conducted in a commercial
orchard under mechanical harvesting for the processing industry. A 3x3 factorial design with
randomized complete blocks and four repetitions was established Three nitrogen doses were
evaluated: 0, 60 and 120 kg N ha™, combined with three drip irrigation treatments: full irrigation
throughout the growing season; restricted irrigation during stage-11 (70% restriction) and restricted
irrigation during stage-I11 (30% restriction). N content in the irrigation water was negligible. The
soil type was a shallow, well-drained, loam which had a petrocalcic horizon within 45 cm of the soil
surface (Petrocalcid Calcixerepts). The soil had a pH of 8.4, and 2.5-3% organic matter (OM). Trees
were fertigated (N32 solution) on a daily basis. Soil was sampled to determine nitrate content (2
cores inside the wet volume). Fruit (endocarp and mesocarp), leaf and pruning wood dry matter were
measured and analysed for N to estimate total N removal. Apparent nitrogen recovery (ANR) was the
additional N uptake per unit of added nutrient (kg kg™) and was calculated as described by
Greenwood and Draycott (1989). The effect of N treatment on N removal by fruit, leaves and
pruning wood corresponds to 2009 (fourth experimental year). Statistical analysis of data was
carried out using the SAS-STAT package (SAS®, Version 9.2.)

3. Results & Discussion

Tree N removal has been higher than the applied N (Table 1). Full irrigation treatment (4270 m*ha™
until harvest) combined with N60 achieved the highest yield (data not shown). N fertilisation
increased the annual removal of N as it was demonstrated by Rufat and DeJong (2001). This
irrigated mature orchard removed a high amount of nitrogen (total N removal ranged between 136
and 189 kg N ha™). The roots and the permanent framework (trunk and branches) were not
included. Average N removal by endocarp was 15% of the total fruit (ranged from 12 to 18%).
Leaves and pruning wood showed a similar amount of N removal. In this farm, the pruning wood is
chopped and left on the soil surface. Average N recovery was 76.4 % for N60 treatment and 47.8%
for N120 treatment (Table 2). These ANR were very high due to fertigation practice. N taken up by
the NO treatment trees comes from OM mineralization and from the initial soil NOs-N content (4.3
mg kg™). Initial soil nitrate content was not different between treatments. Table 3 shows how the
soil NOs-N content (0-35 cm) inside the wet bulb at the end of stage-11 increased with N
application.
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Table 1. Effect of N treatments on annual removal of N by a mature peach tree (year 2009)

Concept Units NO N 60 N120
Total fresh fruit yield kg ha™ 39,829 45,154 43,614
Total dry matter fruit yield kg ha 4,028 3,960 4,310
Endocarp yield kg ha 3,145 2,915 3,450
Mesocarp yield kg ha 883 1,044 860
Endocarp N concentration % 0.460 0.518 0.523
Mesocarp N concentration % 0.675 0.842 0.928
Endocarp removal kg N ha 4.1 54 45
Mesocarp removal kg N ha 21.2 24.6 32
Total N removal by yield (fruits) kg N ha 25.3 30.0 36.5
Pruning wood yield kg ha 5,300 7,275 6,675
Pruning wood N concentration % 1.398 1.665 1.673
Total N removal by pruning wood kg N ha' 52.9 86.5 79.7
Leaves dry matter kg ha™ 2,014 1,980 2,155
Leaf N concentration % 2.85 3.14 3.40
Total N removal by leaves kg N ha' 57.4 62.2 73.3
Total N uptake* kg N ha' 135.6 178.7 189.5

* Permanent framework (trunk and branches, and roots) are not included

Table 2. N recovery related to N doses (%)

Treatment N uptake* N uptake* N applied ANR (%)
(NO) (kg N ha™) (kg N ha™)

N60 135.6 178.7 56.4 76.4

N120 135.6 189.5 112.7 47.8

* Permanent framework (trunk and branches, and roots) are not included

Table 3. Soil NOs-N content at the end of stage-1l (LS Means differences, Tukey HSD, a=0.05)

Treatment Soil NOs-N content
(mg kg™

NO 6.87Db

N60 21.17 a

N120 23.50 a

4. Conclusions

The application of N fertiliser throughout fertigation to peach orchards increased on average
between 32-40% the total annual removal of N. NO treatment showed an important amount of N
uptake, being the soil organic matter mineralization and the leaves and pruning wood
decomposition the main N sources. Highest fertilizer recovery was achieved for N60 treatment and
this amount would be advisable to farmers. Any N application is not advisable when irrigation and
nitrogen are properly applied.
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Nitrogen sources and sinks in a heavily impacted watershed (Oglio River, Northern Italy)
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1. Background & Objectives

Increased reactive nitrogen (N) input to the biosphere by human activities has resulted in the
gradual saturation of the N buffering capacity of terrestrial areas and increased N loads to aquatic
ecosystems. Farming activity is one of the primary causes for the current high N loads, due to
unbalanced livestock manure production and agricultural lands availability for spreading. The
control of N inputs to aquatic systems is of general public interest due to ecosystemic consequences
as eutrophication and the potential nitrite toxicity. Rivers are particularly critical because they link
terrestrial and coastal ecosystems, and aggregate stressors occurring at the landscape scale.
Worldwide N budgets suggest that up to 75% of the N load generated within catchments is retained
and not exported via river discharge. N retention is the result of several processes, among which
some are well studied (i.e., crop uptake) while others are scarcely investigated (i.e. denitrification in
lotic ecosystems, N storage in soils, percolation and N transformations in groundwater) and
represent large, unknown terms in N budgets. The aim of this study is to provide a detailed analysis
of N budget and pathways in a river basin with a large N surplus, and in particular to explore the
fate of the N pool retained within the watershed.

2. Materials & Methods

The study was conducted on the Oglio River and watershed, (156 km river stretch and 3,800 km?
watershed area), located within the Po basin, northern Italy. Agricultural nitrogen balances were
performed for the year 2008 using the “soil system budget” approach (Oenema et al. 2003).
Farming census data were used to compare N input (livestock manure, synthetic fertilizers,
atmospheric deposition, biological fixation and wastewater sludge) and output (crop uptake,
ammonia volatilization and denitrification in soils) within the catchment’s agricultural land.
Industrial and domestic inputs were also calculated using census data from National Statistics
Institution. The watershed N export was estimated from monthly measurements (years 2000 to
2008) at the Oglio River closing section; here water flow and dissolved and particulate N forms are
regularly monitored by the Oglio Consortium and by the Regional Agency for the Environment.
Denitrification was measured in riverine wetlands by means of the isotope pairing technique
(Nielsen, 1992) and in the river course using a dual isotopic approach (Silva et al., 2000).
Theoretical denitrification rates in the secondary drainage system were estimated according to
Soana et al. (2011). Lowland springs (n=30) were sampled bimonthly from December 2010 to
October 2011; water samples were collected and analysed in the laboratory for nitrate NO3, nitrite
NO;" and nitrous oxide N,O concentrations via spectrophotometry and gas chromatography.

3. Results and Discussion

The N mass balance suggests a large N surplus in this area, with livestock manure and synthetic
fertilizers contributing 85% of total N inputs from agriculture (about 100 kt N yr) and largely
exceeding crop uptake, soil denitrification and volatilization (about 60 kt N yr™). Nitrogen from
domestic and industrial origin is relatively small, contributing 5.8 and 7.2 kt N yr, respectively.
Annual export of N from the watershed is about 13 kt N yr?, resulting in a large excess
unaccounted (~40 kt N yr*) for in unknown temporary or permanent N sinks.
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The watershed out flow had enriched nitrate stable isotope composition but calculations suggest a N
removal corresponding to at most ~3 kt N yr. Although denitrification rates in wetlands are high
they result in low N removal (<1% of the missing N amount) due to their small surface area and

limited lateral connectivity.
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Figure 1. Nitrate and nitrous oxide concentrations in lowland springs.

The secondary drainage channel network, with a linear development of over 12,500 km, has a much
higher potential for nitrogen removal via denitrification, estimated in up to 8.5 kt N yr (Soana et
al., 2011). Overall, denitrification in surface aquatic habitats within this basin can be responsible for
the permanent removal of about 12 kt N yr™; but the fate of the remaining 28 kt is unknown. We
suggest that in this basin groundwater N accumulation and transformation could be an important N
sink. In fact, nitrate and nitrous oxide concentrations in springs were high in all sampling
campaigns (Figure 1). Nitrate was often above the national value for drinking water (~ 11.2 mg
N/L) while nitrous oxide was constantly supersaturated. Significant correlation between nitrous
oxide and nitrate were not found, stressing the complexity of the interaction between water
pathways and nitrogen cycle in the subsurface.

4. Conclusions

A soil system nitrogen budget realized in the Oglio River watershed suggests that net export of this
nutrient at the basin closing section represents a minor fraction of the large unbalance between
sources and sinks. We provide evidences that groundwater represents a large, temporary site of N
accumulation in this basin, that recycles N to the surface via springs and via river-groundwater
interactions. Further research should address groundwater N transformations, transfer between
surface and deep groundwater and estimate of the time required by groundwater to recover from
nitrate pollution if N loads are significantly reduced in the future.

References

Nielsen L.P. 1992. Denitrification in sediment determined from nitrogen isotope pairing, FEMS (Federation of
European Microbiological Societies) Microbiology Ecology 86, 357-362.

Oenema 0., Kros H. and De Vries W. 2003. Approaches and Uncertainties in Nutrient Budgets: Implications for
Nutrient Management and Environmental Policies, European Journal of Agronomy, 20 (1-2), 3-16.

Silva S.R., Kendall C., Wilkison D.H., Ziegler A.C., Chang C.C.Y. and Avanzino R.J. 2000. A new method for
collection of nitrate from fresh water and the analysis of nitrogen and oxygen isotope ratios, Journal of Hydrology 228,
22-36.

Soana E., Racchetti E., Laini A., Bartoli M. and Viaroli P. 2011. Soil budget, net export and potential sinks of nitrogen
in the lower Oglio River watershed (northern Italy), CLEAN- Soil, Air, Water 39(11), 956-965.

181



Nitrogen Workshop 2012

Nitrous oxide emission from biogas production systems on a coastal marsh soil
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1. Background & Objectives

The marsh regions in northern Germany are characterised by specific soil and climatic conditions
(relatively high precipitation and wind speed, moderate temperature, high ground water level, clay-
rich soils with high water saturation, and low oxygen supply), which bear the risk of high
denitrification under intensive N fertilisation. However, the nitrous oxide (N,O) emissions potential
of marsh sites has been poorly studied (Jungkunst et al., 2006). As in many other regions
throughout Germany, biogas production has expanded substantially in recent years, resulting in high
amounts of biogas residues which have to be recycled. The objective of the current study therefore
was to (i) quantify the N,O emissions from grassland, and from two cropping sequences of maize-
winter wheat and wheat-Italian ryegrass for a typical marsh site, and (ii) to analyse the impact of
fertiliser type (biogas residue vs. mineral fertiliser) and N rate (control, optimal, oversupply; N
amount dependent on crop) on N,O emissions.

2. Materials & Methods

Nitrous oxide emission was monitored from April to December 2009 and from March 2010 to
March 2011 on a heavy clay soil (25-30% clay, Fluvimollic Gleysol, pH 7.5) close to the west coast
of Schleswig-Holstein, Germany. The measurements were embedded in an ongoing field
experiment that was established in 2007 as a randomised complete block design with 4 replicates,
where the impact of feedstock production systems for biogas (grassland, maize monoculture, maize-
winter wheat-Italian ryegrass), type of N fertiliser (calcium ammonium nitrate (CAN), biogas
residue), and N rate (control, optimal, oversupply; N amount dependent on crop) on yield
performance and environmental effects (N,O and NH3; emissions) was tested. Measurement of N,O
emissions was restricted to the control and oversupply treatments in grassland, and the sequences of
maize-winter wheat and wheat-Italian ryegrass. Corresponding N rates were 480 kg N ha™ for
grassland, 240 kg N ha™ for winter wheat, 200 kg N ha™ for maize, and 80 kg N ha™ in Italian
ryegrass, split in one to four dressings. Biogas residue was applied by trail hoses. Nitrous oxide
emissions were monitored daily after fertiliser applications with successive expansion of the
sampling intervals up to one week, using the closed chamber method. The N,O concentrations were
determined with a gas chromatograph (Varian). Data on N,O emission were analysed statistically
by SAS Proc Mixed and multiple comparisons were conducted by the Tukey-Kramer-Test.

3. Results & Discussion

In the first experimental year N,O flux pattern mostly followed the fertilisation events in all crops.
Consistently, elevated N,O flux rates were detectable for one to two weeks after fertilisation.
Freeze/thaw events apparently had no effect.

Cumulative N,O emissions in 2009 (Table 1) were characterised by a rather low level compared to
other studies (Van Groenigen et al., 2004; Dittert et al., 2009), while the measurements in 2010
resulted in higher N,O emissions. It seems likely that this finding is attributable to low soil moisture
conditions during spring and early summer of 2009, which are known to have a great influence on
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N,O emissions. Senbayram et al. (2009), for instance, found 5-fold higher fluxes at 85% than 65%
water holding capacity, and effects of fertiliser type (CAN vs. biogas residue) were significant only
at high soil moisture. In accordance, soil moisture content and N,O emissions were higher in 2010.

Table 1. Cumulative N,O emission (kg N,O-N ha™) monitored from April to December 2009 and from March 2010 to
March 2011 for different crops and fertiliser treatments. Maize denotes the maize-winter wheat cropping sequence,
while wheat represents the wheat(*)-Italian ryegrass sequence; (*summer wheat in 2009, since unfavourable conditions
in autumn 2008 prevented sowing of winter wheat).

Crop/Fertiliser treatment Grassland Maize Wheat Mean
> Control 0.22 0.93 0.21 0.45a
S  Mineral N (CAN) 2.00 1.15 2.43 1.86b
~ Biogas residue 1.74 1.18 1.49 1.47b

~ Control 1.42 4.42 3.39 3.08a
g S Mineral N (CAN) 531 5.63 4.60 5.18b
N o Biogas residue 6.24 5.37 3.43 5.01ab

Statistical analysis of the cumulative N,O emission of 2009 revealed a significant effect of the
fertiliser treatment (p = 0.002). While no difference was detected between CAN and biogas residue
application, both treatments gave higher emission than the control. In 2010, only the mineral N
treatment showed significantly higher emissions than the control, although the difference to the
biogas residue treatment was marginal. Contrary to our expectations, the crop species caused no
significant differences in N,O emissions, whereas Dittert et al. (2009) reported 20 to 30 % higher
N,O fluxes for maize compared to a whole crop wheat-grass sequence, which was attributed to the
later onset of soil water consumption by transpiration and of later mineral N uptake in maize. Own
measurements, however, showed similar soil moisture content in the 0-10 cm layer among the
tested crops, whereas ground water level showed considerable spatial and temporal fluctuation.
Overall, the cumulative N,O emissions were well below expectations, probably also due to a low
N2/N,O ratio, which is currently being investigated by means of an incubation study.

4. Conclusion

Our hypotheses stating that biogas substrate production on a coastal marsh soil will cause high N,O
emissions was not confirmed which most likely was due to soil and climatic conditions. A more
comprehensive analysis, taking all N flows into account and supplemented by simulation models, is
planned for the future and will provide more detailed insights into the underlying processes.
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Nitrous oxide emissions during the decomposition of summer cover crop residue under no-till
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1. Background & Obijectives

Some species of legumes, known as summer cover crops (SCC), have satisfactory biomass and N
accumulation in a short period of time e.g., between the harvest of summer crops and sowing of
winter crops (Creamer and Baldwin, 2000). In Southern Brazil, SCC legumes grown in no-till can
be an important source of N for the following winter crops, reducing the cost associated with N
fertilizers. However, the addition of N and C with the SCC residues in the soil can increase the
emission of N,O to the atmosphere (Baggs et al., 2000). Thus, it is necessary to evaluate the SCC in
order to select those species that combine high dry matter (DM) and N addition with low potential
to promote N,O emissions. Therefore, the objective of this study was to investigate the temporal
patterns and total N,O emissions during decomposition of the SCC residues in no-till with oats.

2. Materials & Methods

The experiment was conducted from January to September 2010 on a Typic Hapludalf (60% sand,
30% silt, 10% clay, total C 7.5 g kg™) at the Department of Soil, Federal University of Santa Maria
(29°41°S, 53°48°W), Brazil. The treatments were six SCC: velvet-bean (Mucuna aterrima), pearl
millet (Pennisetum americanum), pigeon pea (Cajanus cajan), sunn hemp (Crotalaria juncea),
crotalaria spectabilis (Crotalaria spectabilis), jack bean (Canavalia ensiformis) and two fallow
plots kept for comparative purposes. Randomized complete block design having four replications
and a plot size of 50m?was used. The SCC were sown in late January and killed with knife rollers at
flowering stage in mid-April (80 days of cultivation). After the SCC were killed we carried out
direct seeding of oat winter crop in all plots of the experiment. All the plots were fertilized with
phosphorus and potassium. However, urea-N (60 kg ha™*) was applied only in one of the two fallow
plots. Soil N,O fluxes were measured from April to September after the SCC were killed until the
oats reached physiological maturity using static chambers method. The N,O concentrations in the
samples were analyzed by gas chromatography (Shimadzu GC-2014 Greenhouse). Daily N,O
fluxes (ug N m™ h™) were calculated by linear interpolation and the cumulative fluxes (g N ha™)
were calculated by the integration of the daily N,O emissions.

1. Results & Discussion

SCC with only 80 days of cultivation showed DM and N accumulation that ranged from 5.1 to 14.0
Mg ha™ and 100 to 211 kg ha™, respectively (Table 1). These results demonstrated the ability of
SCC to accumulate high amounts of DM and N in a short period of time in Southern Brazil.

Table 1. DM and N added by SCC, total N,O emissions and emission factors by N applied and SCC DM addition.

Treatments DM . N addeld NZO1 N2O qu
(Mgha™) (kgha) (g ha™) (% N applied) (g N Mg~ DM)

Velvet-bean 5.1 104 886 ab 0.70a 173.0a
Pearl millet 14.0 133 685 bcd 0.40b 48.5d
Pigeon pea 4.1 100 511cd 0.35b 124.0 bc
Sunn hemp 8.4 136 757 abc 0.44 ab 89.9¢
Crotalaria 8.4 186 987 a 0.44 ab 117.0 bc
Jack bean 5.8 211 824 ab 0.31b 141.1 ab
Fallow* - - 160 e - -
Fallow +Urea-N - - 453 de 0.49 ab

*The fallow plots were kept without plants growing. Values with the same letters do not significantly differ (P < 0.05).
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The N,O flux after the SCC residues addition to soil ranged from -1.5 to 1,017 ug N m? h* (Figure
1). The largest flows of N,O were observed in the first 40 days after the SCC were managed.
During this period, the increase in N,O fluxes coincided with the occurrence of rainfall events
which resulted in the elevation of water-filled pore space (WFPS), which favored the anaerobic
reduction of NOs3". The largest emissions of N,O were observed 9 days after SCC were managed in
velvet bean plots. After 40 days of SCC management, even with the rainfall that caused an increase
in WFPS, we observed no increase in the flow of N,O (Figure 1). These results indicated that
during this period the lack of NOs; and C limited the activity of facultative anaerobic
microorganisms. The cumulative N,O emissions in the SCC treatments exceeded that observed in
fallow and ranged from 511 to 987 g N ha™, corresponding to 0.31-0.70% of the N applied with
SCC (Table 1). The percentage of synthetic N fertilizer applied in the oat crop that was emitted as
N,O was similar to that observed for the treatments with SCC. The range of emission factors is
slightly lower than the emissions predicted by the IPCC (2006) default emission factor of 1% of N
applied. The N,O flows and cumulative emissions were not related to the amount of N added with
SCC. It is possible that other characteristics of SCC residues, such as polyphenol, also interfere in
the N,O emission. The difference in the addition of DM and C among species may also explain this
result. The lowest emission factor, considering the amount of N,O emitted per Mg of biomass
added by the SCC was observed in the poaceae pearl millet (Table 1). Among the legumes, the
highest and lowest emission factor were observed in velvet-bean and sunn hemp plots, respectively.
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Figure 1. Rainfall, temperature and N,O emissions after SCC were managed.

4. Conclusion
This study indicated that among the legumes grown as SCC, sunn hemp fulfilled the requirements
of satisfactory N and DM addition to soil with lower N,O emission potential under no-till.
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Nitrous oxide emissions from a clay soil after mouldboard ploughing or tine cultivation
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Rutting, T.¢, Klemedtsson, L.
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1. Background & Objectives

When calculating nitrogen (N) balances for clay soils, substantial amounts of N are found missing;
found neither in crops nor leaching losses. In these cases, losses by gaseous emissions can be
suspected. Therefore, knowledge of a magnitude of nitrous oxide (N,O) emissions from Swedish
clay soils is needed and also possible ways of mitigating these emissions by altering farming
practice. Tillage is a management practice that may significantly influence emission rates both in
the long and the short term. Depending on conditions ploughing may enhance mineralisation or
deteriorate soil structure, influencing emissions. Reduced tillage may result in accumulation of N in
the soil surface, which is also an emission source. Soil tillage under wet conditions can have
negative effects on the soil structure, especially on clay soils (Myrbeck et al., 2012). While
Wetterlind et al. (2005) found different degrees of mineral N accumulation in the soil profile
between 0-90 depth; dry autumns had higher accumulation than wet. These could explain gaseous N
losses from the soil in wet years as well as leaching losses. In this study we compare effects of early
autumn ploughing with late ploughing as well as tine cultivation on emissions of N,O at the site
described by Myrbeck et al. (2012).

2. Materials & Methods

Lanna experimental farm is situated in south-west Sweden (lat. 58 21°N, long. 13 08’E) on a large
agricultural plain. The soil was classified as an Uderic Haploboroll (USDA) (Bergstrom et al.,
1994). The clay content increases with depth, 45% in 0-30 cm, 57% in 60-90 cm and 58% in the 60-
90 cm layer. Top soil pH (H20) is 6.8. Organic carbon content is 3.4% in the top-soil and 0.6% and
0.0% in the sub-soil layers. The 1961-1990 average annual precipitation was 560 mm and annual
temperature 6.1°C (Alexandersson and Eggertsson Karlstrom, 2001). Normally the soil is frozen
during parts of the winter. The drains usually flow from November to April and for longer in some
years (Larsson and Jarvis, 1999). The soil is normally unsaturated to a depth of 2.2 m and this zone
is characterized by numerous cracks and biotic macro-pores.

Emissions of N,O from 3 tillage treatments; mouldboard ploughing to 20 cm depth early in
September, mouldboard ploughing in November and tine cultivation to 10 cm depth twice in
September, replicated in 3 blocks (9 plots in total) were determined in 3 chambers per plot by the
static chamber method at the long-term soil tillage field experiment in autumn 2009 and spring
2010. A cereal crop rotation of spring sown wheat-barley-oat was grown during the experimental
period and crop residues were left in the field and incorporated by tillage in all treatments. Grain
yields from the crop were recorded from the start of the field experiment in 1997, described by
Myrbeck et al. (2012). Soil physical characteristics in the treatments were reported by Myrbeck as
well. The project continued until 2011 with measurements in chambers, in addition to a
micrometeorological technique (Klemedtsson et al., 1997). Measurements in chambers were carried
out at and between tillage operations during autumn, by measurements during 1 hour in 3
consecutive days at each occasion. The micrometeorological measurements were carried out
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continuously. The project was financed by The Swedish Farmers' Foundation for Agricultural
Research.

3. Results & Discussion

The N,O emissions were low overall and not significantly different between the tillage practices,
however tine cultivation tended to give the highest emissions (Figure 1). Cumulative and average
emissions were calculated for September to October, the period between early and late ploughing.
Cumulative emissions were 0.05 kg N,0-N ha™ for early ploughing, 0.03 for late and 0.48 for tine
cultivation, but were not significantly different due to large variation (SD 0.05, 0.04 and 0.66 resp.).
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Figure 1. N,O emissions at measurements during autumn 2009 to spring 2010. Tillage operations represented by
arrows were carried out on 23rd September, 7th and 27th October.

4. Conclusion

The N,O emissions measured during the first year of the study were small and not influenced by
timing of ploughing. Reduced tillage tended to give higher emissions during the first year, but not
significantly different. The missing N losses were not due to N,O emissions.
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Nitrous oxide emissions from grassland treated with different types of manure: comparison
between slurry plus fertilizer plots and farmyard manure plus fertilizer plots

Mori, A.?, Hojito, M.

*NARO Institute of Livestock and Grassland Science, Nasushiobara, Tochigi 329-2793, Japan

® Field Science Center, School of Veterinary Medicine, Kitasato University, Towada, Aomori 034-8628, Japan.

1. Background & Objectives

In Japan, approximately 660 Gg of nitrogen (N) is excreted from livestock annually, of which
approximately 430 Gg is composted before application to agricultural soil. On the main island of
Japan, bark or sawdust is often applied to dairy cattle excreta during the composting process to
promote aerobic fermentation. As a result, the rate of N mineralization from compost after
application to grassland is slower than that from fresh manure because of the persistence of organic
materials in the manure. The objective of the present study is to compare the annual nitrous oxide
emissions from slurry plus fertilizer plots and those from composted farmyard manure (FYM) plus
fertilizer plots.

2. Materials & Methods

A field study was performed on a grassland plot located at the NARO Institute of Livestock and
Grassland Science in Nasu, Japan (latitude 36 55N, longitude 139 55E, 320 m a.s.l.). The soil was
previously classified as an Entic Haplumbrepts, loamy, mixed, mesic. The dominant plant species
was orchardgrass (Dactylis glomerata L.). In March 2008, 9 plots (4 x 4 m) with no N fertilizer (—N
plots), slurry plus N fertilizer (slurry plots) and composted FYM plus N fertilizer (FYM plots) were
installed in blocks of three for each treatment in a randomized block design experiment.

Dairy slurries and sawdust-containing dairy FYMs were obtained just before each application from
two commercial farms and used for this field experiment. The application rates of slurry and FYM
to plots were determined based on their potassium (K) contents with the aim that the annual K
supply from these organic amendments covered the annual K requirements of plots. Phosphorous
(P) fertilizer was supplemented so that annual P supply from these organic amendments and
fertilizer covered the annual P requirements of plots. The application rates of ammonium sulphate
were determined so that the annual N supplies from slurry plus fertilizer or FYM plus fertilizer
covered the annual N requirements of plots (Table 1). From March 2008 to March 2010, N>O fluxes
were determined using cylindrical stainless steel chambers (40 cm in diameter, 30 cm in height).
Flux measurements were basically conducted 1, 3, 7, 10 and 14 days after fertilization and 1-4
weeks intervals after the initial 14 days. Air samples were collected from each chamber at 0 and 30
minutes after the chambers were set up. Concentrations of N,O were determined by using a gas
chromatograph equipped with a gas chromatograph equipped with an electron capture detector. The
N,O fluxes were calculated from the linear increase in N,O concentration. The cumulative N,O

emissions were calculated by means of trapezoidal integration of the areas under the N,O flux curve.
Table 1 Mineral N supply from mineral fertilizer, slurry and FYM (kg ha™’ year’1)

First year (From 22 March 2008 to 21 March 2009) Second year (From 22 March 2009 to 21 March 2010)
Plot N type Mineral N supply Mineral N supply
25March 28 May 10July 1 September fom sIurry* or EYM? Total 26 March 28 May 13 July 1 September fom slurry* or EYM* Total
-N Fertilizer - - - 0 - - R R 0
S| § § B B § § B B
Slury UWY (150) (150) 120 210 (150) (150) 120 210
Fertilizer - 60 30 - - - 60 30 -
FM $ - - - 33 $ - - - 51
EYM o (252) 210 (252) 210
Fertilizer 40 47 60 30 - 29 40 60 30

Mineral N supplyfrom slurrywas estimated to be 40% in the applied year (Hokkaido Prefectural Experiment Stations and Hokkaido Animal Research Center, 2004).
*Mineral N supplies from FYM were estimated to be 13.4% in the applied year and 7.0% in the following year (Shiga et al., 1985).
$Actural amounts of N in the applied slurryor FYM were shown in parentheses.
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3. Results & Discussion
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Fluxes of N>,O from —N, slurry and FYM plots ranged from 4 to 17, from 5 to 228, and from 2 to
268 g N ha ' day ', respectively. The heights and widths of N,O flux peaks were greater in the first

year than in the second year (Figure 1).
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Figure 1. Seasonal change of nitrous oxide flux

The annual N,O emissions from —N, slurry and FYM plots

Table 2 Annual N,O emissions from grassland plots

Plot Firstyearm  Second yeart
ranged from 0.35 to 0.81, from 1.8 to 7.6, and from 2.2 to 7.6 N 081 £33 035 011
-1 -1 . N,O emission . T T
kg N ha year , respectively (Table 2). The annual NoO ™ "™ suy” 76 +%0 " 18 =04
o  oni : (kgNhayear™) ey ” 76 +%55 " 22 £702
emission from slurry plots was not significantly different from 0 * 0 2 *0
h f FYM 1 E . f f N O 0 36‘7 *From 22 March 2008 to 21 March 2009.
that from plots. Emission factors of N>O were 0.36% t0 o 99 march 2009 to 21 March 2010,
1.7% for slurry plots and 0.46% to 1.6% for FYM plots. Values are means & standard errors (n =3).
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Figure 2. Factors controlling the ratio of [cumulative N,O emission induced by N application]/[N application] in each
grass-growing period; (a) cumulative precipitation in 10 days after N application, (b) air temperature and (c) soil
moisture content at a times of N application

The ratio of [cumulative N,O emission induced by N application]/[N application] in each grass-
growing period was greater with greater precipitation just after N application (Figure 2a), higher air
temperature (Figure 2b) and greater soil moisture (Figure 2c¢) at the time of N application.

4. Conclusion

The annual N,O emissions from slurry plus fertilizer plots were of similar magnitude to those from
FYM plus fertilizer plots. The seasonal and interannual differences in the ratio of [N,O emission
induced by N application]/[N application] in each grass-growing period were due to differences in
precipitation after N application, air temperature and soil moisture status at times of N application.
However, no significant difference was observed between slurry plus fertilizer plots and FYM plus
fertilizer plots.
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Nitrous oxide emissions from two maize crop seasons in northwestern Spain

Louro, A., Baez, D., Garcia, M.1., Castro, J.
INGACAL-Centro de Investigaciones Agrarias de Mabegondo (CIAM). Apartado 10, 15080. A Corufia, Spain.

1. Background & Objectives

Nitrogen (N) additions to cropland soils are the largest source of anthropogenic nitrous oxide (N,O)
emissions and are an important contributor to global greenhouse gas radiative forcing. Regional
estimates of fertilizer contributions to N,O emissions often utilice the IPCC methodology, which
assumes that 1% of all N imputs are lost as N,O. However, due to the limited data avaliable to
provide an emission factor, it does not account for differences between crop type, soil, climate.
Futher research is needed to determine the impact of best management practices on N,O emissions.
The aim of this study was to determine the effect of type of fertilizer applied to obtain N,O
emissions from forage maize under the influence of humid-temperate climate typical of
northwestern Spain and provide the resulting emission factors for the duration of the crop season.

2. Materials & Methods

The experiment was carried out on two different sites located within at the experimental farm of
CIAM (43°N latitude, 8°W longitude, 94 m altitude), during two growing seasons of Zea mays L.
(site 1: May-October 2008 and site 2: May-September 2009) on a silt loam soil. The mean annual
temperature in the study area is 16.8 °C and the mean annual rainfall 1088 mm (10 years average).
Experimental plots using a randomized block design with three replicates and four treatments were
established in both years. The treatments were as follow: (1) no N application or control (C), (2)
mineral fertilizer (M), (3) cattle slurry (CS) and (4) pig slurry (PS). A rate of 200 kg N ha™ was
applied in each fertilizer treatment: entirely distributed just before sowing in (CS) and (PS), and 125
kg N ha? in sowing and 75 kg N ha™ for the top dressing in (M). Within each plot two closed
chambers were placed (diameter: 25 cm; height: 36 cm; depth into the soil: 3 cm) to monitor N,O
fluxes. Samples were collected in vacutainers 45-90 minutes after chamber enclosure and analyzed
by a gas chromatography with an electron capture detector. In addition, soil samples, for the
measurements of moisture as Water Filled Pore Space (WFPS) and mineral N, and meteorological
station data were taken to see the influence of weather and soil properties on N,O fluxes.

3. Results & Discussion

Both sites show (Figure 1) the first emissions peaks 20-30 days after fertilization events and
rainfall. Emissions were higher under N fertilizer application than without N fertilizer but no
significant effect of type of N fertilizer was observed from seeding to top dressing in M and from
top dressing to harvesting in both sites (Table 1). Cumulative N,O fluxes in the first site were 40-
50% higher than the second one. This difference could be due to soil moisture content. In site 2 we
found low correlations between N,O emissions and WFPS (p<0.01), soil N-NH," (p<0.01) and N-
N-NO;" concentrations (p<0.01). Soil N-NO3" was correlated with” N-NH," (P<0.01) and soil
temperature at 10 cm depth (p<0.01) This means that even though nitrate levels and soil
temperature were adequate to observe higher N,O emissions, the high soil moisture content
(average 97% WFPS) caused by rainfall would possibly have decrease the aerobic status of the soil,
resulting in lower N,O:N, ratios as products of the denitrification process (de Klein and van
Logtestijn, 1996). The site 1 was the beginning of this study so that limited soil sampling carried
out in N fertilized plots do not allow for correlations between moisture and mineral N. However it
seems that values of WFPS between 60-90% (average 61%) and mineral N in soil were favorable
for the N,O emission by denitrification. The resulting emission factors in both cropping seasons and
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in all treatment studied were equal to 1.80, 2.15, 1.82% of the amount of N applied in site 1, and
1.81, 1.39, 1.44% in site 2 for M, CS and PS, respectively. Our values were in relationship with the
EF reported in Rochette et al. (2004) in soils planted to maize and fertilized at a rate of 200 kg N ha’
! Mineral fertilizer plots had the same EF in both sites while slurry treatments showed higher EFs
in site 1 under favourable conditions for denitrification, increasing the risk of N,O emissions due to
the easily available C for the denitrifying bacteria (Barton and Shipper, 2001).

Table 1. Average cumulative N,O-N emission * standard deviation of the treatments studied in both experimental sites.
Period 1: From seading to the day before of the top dressing in M. Period 2: From the top dressing to the harvesting. C:
Control; M: Mineral fertilizer; CS: Cattle slurry; PS: Pig slurry.

Period 1 Period 2 Total
Site 1 Site 2 Site 1 Site 2 Site 1 Site 2
C 8.1+0.48° 4.22+1.19° 8.08+1.76° 3.85+t0.44° 16.15+1.43° 8.07+1.16"
M 9.9+1.11° 6.46+1.06° 9.86+2.02° 5.24+0.73" 19.75+1.47% 11.70+1.77°
CS 105+1.08° 5.76+0.60° 10.04+2.13° 5.16+1.05° 20.52+1.30*° 10.91+0.90°%
PS 0.8+0.77° 5.48+0.37%° 10.04+1.38% 5.27+0.35° 19.80+0.62% 10.75+0.44%

Treatments followed by the same letter do not differ at p<0.05
a™ b
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Figure 1. Nitrous oxide emission rates during the growing season of maize forage in sites 1 (a) and 2 (b). C: Control, M:
Mineral fertilizer, CS: Cattle slurry, PS: Pig slurry. Data represent means and standard deviation for emission rates (n:
3).

4. Conclusion

Our results suggest that in our climate conditions the use of pig and cattle slurries had the same
impact on N,O emissions in comparison with a mineral fertilization. Soil moisture content was the
main factor in the difference of the N,O emissions between sites. Emissions factors of the N
fertilized treatments studied in both crop seasons were significantly higher than the reference IPCC
value of 1%, especially when climatic and soil conditions were appropriate for the denitrification.
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Optimising the spring N fertilisation rate to winter oilseed rape

Engstrom, L.

Precision Agriculture and Pedometrics, Department of Soil and Environment, Swedish University of Agricultural
Sciences, PO Box 234, SE-532 23 Skara, Sweden

1. Background & Objectives

Field experiments in Sweden show that with higher nitrogen (N) fertilisation rates at sowing of
winter oilseed rape (Brassica napus L.) the spring N rate can be reduced without any yield loss.
This suggests a negative relationship between N uptake in late autumn and the spring optimum N
rate, which German field experiments have confirmed (Henke et al., 2009). Optimising the spring
N-rate to winter oilseed rape will reduce the costs and also the risk for N leaching in the following
crop, often winter wheat (Engstrom et al., 2011). In this ongoing study we investigate the influence
of four different factors on economic optimum N rate in spring: N uptake in autumn, N uptake in
spring, plant available soil N from spring to after flowering and yield level. The aim is to improve
current N fertilisation recommendations to winter oilseed rape, which are mainly based on vyield
level at present.

2. Materials & Methods

Six field experiments, at six sites with contrasting cropping and N-input history (slurry or turkey
manure application), were performed during 2010/2011 and another six are being performed during
2011/2012 in the south of Sweden. Six treatment plots (3 m x 15 m each) with increasing spring N
rates (0-220 kg N ha™) were fully randomized, with four replicates (in total 24 plots) and placed in
the farmers fields of winter oilseed rape. The mineral N fertiliser (50 % of each ammonium and
nitrate) was applied at the beginning of growth in March-April. Yield was determined by combine-
harvesting a 20-25 m? area of each plot. Plant N uptake was determined in late autumn, early spring
and just after flowering (in unfertilised plots) by analyzing crop samples cut in 1 m? of each plot.
Plant available soil N from early spring to after flowering (June) was calculated by subtracting N
uptake in early spring from N uptake after flowering. Economical optimum N fertilisation was
determined as the N rate at the highest net income, assuming a seed price of 3.3 Swedish kronor kg
' N cost of 9 Swedish kronor kg™ and cost for transport and drying 0.2 Swedish kronor kg™. Single
and multiple regressions were conducted to ascertain how the four factors could explain the
variation of the optimum N rate. In this paper data from the first six field experiments are presented.

3. Results & Discussion

N uptake at all six sites varied between 5 and 104 kg N ha™ in late autumn, and between 3 and 77
kg N ha™ in spring. Plant available soil N from spring to after flowering was 20-40 kg N ha™* with
cereal and grass leys as preceding crops, and 60-80 kg N ha™ with peas and at sites with manure
applied before sowing. Yields ranged from 980 to 4200 in unfertilised plots and from 3140 to 4700
at optimum N rate. The yield response to N fertilisation in spring was the highest at sites with low
yields in unfertilised plots and the lowest at sites with high yields (Figure 1). Yield level in
unfertilised plots correlated negatively (significantly, p<0.05) to optimum N rate in spring (R=0.93)
probably reflecting soil N availability at the site. There was a significant negative correlation
between optimum N rate in spring and N uptake in late autumn (R=0.74) and also with yield at
optimum (R=0.74). The correlation was not significant between optimum N rate in spring and N
uptake in spring or plant available soil N from spring to after flowering. According to the multiple
regression analysis, optimum N rate in spring was best explained by N uptake in late autumn and

192



Nitrogen Workshop 2012

plant available soil N from spring to flowering R? (adj) = 0.98 or N uptake in spring and plant
available soil N from spring to flowering R? (adj) = 0.84.
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Figure 1. Yield response (9% water content) to spring N fertilisation and optimum N rate (by arrows) in six field
experiments (Garsnas 1-2, Ovraby 1-2, Long and Skara) with different preceding crops (grass ley, barley, peas, set aside
land) and manure application (slurry and turkey manure) before sowing of winter oilseed rape (n=4).

4. Conclusion

Highest net income was achieved with winter oilseed rape after peas or when fertilised with farm
yard manure before sowing. At these sites yields were the highest and optimum N rate the lowest.
The results suggest that N uptake in autumn or spring and plant available soil N from spring to
flowering could be used to estimate optimum N rate in spring.
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Physicochemical changes and nitrogen losses during composting of Acacia longifolia and
Acacia melanoxylon

Brito, L.M., Mouréo, I.
Mountain Research Center (CIMO), Ingtituto Politécnico de Viana do Castelo, Escola Superior Agraria, Refdios, 4990-
706 Ponte de Lima, Portugal .

1. Background & Objectives

Acacias are invasive Fabaceae species and a serious threat to local biodiversity and natural habitats.
Taking into account their high availability and low cost, a valorisation approach for acacia shrubs
may be composting to produce horticultural organic amendments and substrate components.
Acacias have large recalcitrant lignin, polyphenol and cellulose contents (Baggie et a., 2004) that
do not contribute to raise composting temperatures. However, they are also rich in N whereas other
conditions, including particle size, pile dimension and turning frequency (Brito et al., 2008) affect
heat 1oss and pile temperature. The objectives of this work were to investigate the physicochemical
characteristics and to model the breakdown of OM and N losses during composting of ground and
screened acacia shrubs with different pile turning frequency, and to find out if composting acacia
may reach high enough temperatures for compost sanitation and weed seed destruction.

2. Materials & Methods

Acacia longifolia and Acacia melanoxylon shrubs (particles <40 mm) collected in Portugal (at
40°25' N 8°44' W) were composted in big piles (100 m®) with higher (A) and lower (B) turning
frequency. Temperatures were monitored automatically with thermistors positioned at 0.5, 1.5 and
2.5 m high and recorded by a data logger. Physicochemical characteristics were periodicaly
determined by European standard procedures. OM and N losses were calculated from the initial and
final ash and N contents according to the formulas of Paredes et al. (2000). Mineralization of OM
during composting, determined by the OM lost, was described by the following two component
kinetic model (adapted from the N mineralization model of Molina et al. (1980)):

OM_ =OM,(1-e™)+OM,(1-e"*) [1]

Were OM; and OM; are pools of mineraisable OM (OMy,), k; and k, the respective rates of
mineralization (day™), and t the time (days). Data referring to OM losses during composting was
fitted to the kinetic equation by the non-linear least-square curve-fitting technique (Marquardt—
Levenberg algorithm). The same procedure followed for OM was carried out to describe N losses.

3. Results & Discussion

Time-temperature conditions in acacia piles exceeded the more stringent criteria for complete
pathogen inactivation proposed by Wu and Smith (1999) equivalent to 55°C for >15 days, as
temperatures were kept between 65°C and 75°C for >6 months, indicating high total amount of
biodegradable OM in the composting material. As a consequence of the degradation of organic
acids and ammonia production, the pH increased early during the process and thereafter was in the
range 7.0-7.6. Organic matter mineralization (640-690 g kg™ of the initial OM, after 231 days of
composting), showed two different phases of OM degradation (Figure 1). The first was indicative of
the rapid decomposition of the readily biodegradable substrates and a high rate of microbial
activity. The second phase showed a slower rate of OM degradation when only the more resistant
compounds remained. The rates of mineralization were increased with increased turning frequency.
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Figure 1. Organic matter (OM) and nitrogen (N) losses (g kg™) of composting acacia material with higher (A) and lower
(B) turning frequency. *** (P <0.001)

Total N content increased from initial values of 9.5 g kg DM to final values of 11.5-12.3 g kg™
DM. An increase in total N content during composting has been widely reported (de Bertoldi and
Civilini, 2006; Brito et al., 2008), and is due to a lower rate of N loss than OM loss. As expected,
NOs-N content in composting piles (data not shown) was negligible because the bacteria
responsible for nitrification are strongly inhibited by temperatures greater than 40 °C. Thisimplies
that the risk of N leaching was insignificant during this composting period. However, high
temperature and high pH conditions during the thermophilic stage probably promoted intense
ammonia emission, which would explain high N losses (460 g kg™ of the initial N) found during
acacia composting (Figure 1), mostly at the initial phase of the process when OM degradation and
ammonia production was at its most rapid. Differences in N losses between piles were not
significant. The C/N ratio declined from 50 at the beginning of composting to fina values of 29-32
showing a higher OM mineralization compared to N volatilization (de Bertoldi and Civilini, 2006).
The low electrical conductivity (<1.3 dS m™) together with high OM and N contents in acacia
composts suggests that they are suitable as organic soil amendments for agricultural land.

4. Conclusion
This work highlights that ground and screened acacia shrubs have sufficient biodegradability and
structure to allow effective composting with increased OM losses compared to N losses.
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Polyphenol and cellulose act as a nitrification inhibitor by different mechanisms

Sabahi, H., Rezayan, A.H.
Department of Life Science Engineering, Faculty of New Science and Technology, University of Tehran, Iran

1. Background & Objectives

Contamination of ground and surface water resources by nitrate (NO3’) is a major environmental
concern around the world. Most of the NO3™ in ground and surface water are derived from leaching
or runoff from agricultural land, especially in winter. One of the measures that has been explored in
arable cropping to increase the efficiency of N fertilizers, is to coat the fertilizer with nitrification
inhibitors to slow down the conversion of protein (protein of microbial biomass) to NH;" or NH," to
NOgs". As part of our research program to develop suitable bio-nitrification inhibitors, here we wish
to report new analysis of N mineralization of three N-fast release organic fertilizers.

2. Materials & Methods

Coarse and fine meals of three different legume seeds: yellow lupin (Lupinus luteus L.), blue lupin
(Lupinus angustifolius L.) and faba bean (Vicia faba L.), were investigated. The fertilizers were
mixed with 5009 of wet soil (24% wi/w) in each jar, in equivalent amounts, corresponding to 200
mg N kg™ dry soil, (which is equal to about 130 kg N ha™ incorporated into the uppermost 5 cm).
The experiments were carried out in a randomized block design at 5°C in incubation chambers
containing three layers for the placement of the jars corresponding to three blocks with regular
changes in the positions within the blocks. On five occasions (5, 10, 17, 31 and 61 days after the
start of the incubation), soil samples (40 g) were taken from each jar to determine mineral N, C and
N in microbial biomass and total K,SO4-extractable organic N (TONey; ).

3. Results & Discussion

To clarify the role of biochemical quality indicators in immobilization of nitrogen, the changes in N
turnover during 61 days of incubation were investigated. The results showed that within days 10-17,
the sum of increase in NH;" plus NO3  and TONey was not equal to the decrease in microbial N,
which indicated the net immobilization of nitrogen (Table 1). The results were similar for days 31-
61. Net immobilization was greater in the fine size fractions than in the coarse size fractions. Fine
size fractions of legume seed meals had lower content of lignin, cellulose, hemicellulose and C:N
ratio but N amount and polyphenols were higher than in the coarse size fractions. As can be seen
from Table 1, in the fine size fraction of yellow lupine, N microbial biomass has decreased by -36.8
mg.kg™® while the sum of NH;*, NOs and TONey increased by 18.7 mg.kg™. Therefore, the
difference (18.1 mg.kg™) may be because of binding of proteins to polyphenol intermediates. The

Table 1. Change in the soil nitrogen components during incubation (NO5", NH,", microbial nitrogen and total K,SO,-
extractable organic N (TONgy )) from days 10 -17.

Treatments
YL-fine* YL-coarse BL-fine BL-coarse FB-fine FB-coarse soil
N components mg.kg™
NH," 115 43.1 8.5 24.9 3 34.7 11
NO; - 4.1 4.1 2.9 4.2 -9 -2.3 -1.1
Microbial N -36.8** -38.8 -50.7 -40.6 -69.2 -40.5 -11.7
TONey 3.1 -9.2 0.9 -3.8 24.5 -0.8 6
Sum of N changes*** -18.1 -0.9 -38.3 -15.3 -50.7 -8.9 -5.7

*YL= yellow lupin, BL= blue lupin, FB= faba bean.
** Negative values show a decrease in nitrogen amount during days 10-17.
*** Sum of N changes is equal to sum of NH,;, NOs, Microbial N and TONey:.
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correlation between polyphenol concentration and the sum of nitrogen changes was significant and
positive (r =0.82) which confirm this hypothesis. It is interesting to note that other researchers also
reported that plant tissues contain considerable amounts of phenolic compounds which can bind to
enzymes and other proteins by non-covalent forces, including hydrophobic, ionic and hydrogen
bonds, causing protein precipitation (Palm and Sanchez, 1991; Quideau et al., 2011). Following our
experiment, the changes in soil N components during incubation from days 17-31 were compared
with the changes from days 10-17. The decrease in NH;" and of the sum of N changes in the coarse
sizes of the three seed meals were greater than with the fine sizes (Table 2). Between days 17-31,
the increase in soil NOs™ content was lower than the NH4" decrease. This may be because of
immobilization of NO3™ during nitrification of NH4". Mineral N immobilization during this period
was significantly correlated with the content of cellulose (r= 0.83*), cellulose + lignin (r=0.84%),
cellulose + hemicelluloses (r=0.91*) and lignin + cellulose + hemicelluloses (r=0.92**). While the
pathways by which lignin and hemicelluloses help to immobilize NO3™ on cellulose is not clear,
nevertheless, the cell wall cellulose is covalently cross-linked to hemicellulose and lignin. Li et al.
(2009) reported that N mineralization of lupin seed meals were negatively correlated with cellulose
content (r = 0.73, p = 0.05) at 5°C, but that lignin and polyphenols had no effect on N
mineralization due to their low content. Sabahi et al. (2009) have shown that accumulated N
mineralization of legume seed meals at the end of an incubation experiment (61 days) significantly
correlated with polyphenol and polyphenol:N ratio but not with cellulose. The effect of cellulose in
N immobilization maybe short lived and unstable.

Table 2. Change in the soil nitrogen components during incubation (NO5", NH,", microbial nitrogen and total K,SO,-
extractable organic N (TON,y )) from days 17-31.

Treatments

YL-fine* YL-coarse BL-fine BL-coarse FB-fine FB-coarse soil
N components mg.kg™
NH," -9.8** -30.3 -16.7 -26.5 -10.2 -33.8 -1
NOs -0.3 7.5 4.7 5.2 6.2 45 -1
Microbial N -5.1 -10.4 11 45 26.7 17.7 17.4
TONext 11.7 18.9 5.2 6.1 -9.3 9.9 -3.7
Sum of N changes*** -3.5 -14.3 4.2 -10.7 13.4 -1.7 11.7

*YL= yellow lupin, BL= blue lupin, FB= faba bean.
** Negative values show a decrease in nitrogen content during days 17 to 31.
*** Sum of N changes is equal to sum of NH,;, NO3;, Microbial N and TONey:.

4. Conclusion

From the results of this experiment, it appears that in cold condition such as winter, polyphenols can
act as a stronger nitrification inhibitor than cellulose, hemicellulose and lignin, especially if its
concentration is sufficiently high.
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Potential for N,O emissions from volcanic grassland soils
Cardenas, L.M.2, Scholefield, D.2, Hatch, D.J.2, Jhurreea, D.?, Clark, 1.M.?, Hirsch, P.R.” Salazar,
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“Instituto de Investigaciones Agropecuarias (INIA Remehue), Casilla 24-0, Osorno, Chile

1. Background & Objectives

Grasslands are important ecosystems as they occupy large areas of the earth surface (about 40%,
World Resources Institute, 2000). Their management involves a variety of practices affecting the
soil physical structure, nutrient balance and the capacity of the soil to store C. Intensively managed
grasslands have a major impact on water, soil and air quality. Nitrogen addition in the form of
organic or inorganic fertiliser can cause losses to the environment, through leaching and to the
atmosphere as nitrous oxide (N.O) and carbon dioxide (CO,), both greenhouse gases. Volcanic
grassland soils in Chile, are not prone to leaching (Alfaro et al. 2008) and one of the possible
pathways for N loss is N,O emission. The objective of this study was to investigate the potential for
the formation of N,O of three Chilean soils and their relation to the presence of soil microbial
communities.

2. Materials & Methods

Soils were two andisols and an ultisol (Osorno, Chiloé and Cudico respectively) collected in April
2007 and July 2008 from three grassland locations in the South of Chile. The soils pH was 5.8, 5.6
and 5.2 organic matter was 170, 270 and 140 g kg™; organic C was 9.9, 15.7 and 8.1 %.for Osorno,
Chiloé and Cudico respectively. The soils were air dried, sieved (2 mm) and mixed to be incubated
for 15 days in aerobic conditions for the measurement of N,O emissions (Carneiro et al., 2010). The
soils (400 g dry soil) were compacted to a bulk density (BD) of about 1.2 (Cudico) and 0.64 g cm™
(andisols) in Kilner jars with modified lids that incorporated a rubber septum for extracting gas
samples. The following four treatments were superimposed: water only; water + N; water + C and
water + N + C. N was applied as KNO; at a rate of 200 kg N ha™ (equivalent to 167 mg N kg soil™
for Cudico and 313 mg N kg soil* for the andisols), based on the equivalent amount of soil
occupying the 0-10 cm depth under field conditions. Three replicates were prepared for each soil
and each treatment to give a total of 36 jars. C was applied as glucose at a rate of 600 kg C ha™
(equivalent to 500 mg C kg soil™ for Cudico and 938 mg C kg soil™ for the andisols). The final soil
moisture content, after amendments were applied, was equivalent to 90% of the water holding
capacity (WHC) or about 80% water filled pore space (WFPS) which created conditions conducive
for denitrification. N,O emissions were measured by gas chromatography daily for 8 days after the
application of the amendment and then on days 11 and 15. Abundance of bacterial denitrification
(nirK, nirS, nosZ) and 16S rRNA genes in the soils was determined by extracting DNA from each
of three replicate samples of each soil before incubation and analysing in duplicate using gPCR.

3. Results & Discussion

Emissions of N,O appeared in all soils in the N and N+C treatments about three days after the
amendment application with cumulative fluxes for the whole incubation period of up to 20.9 mg N
kg™ dry soil (see Table 1).

For each soil, there was no difference in the N,O emissions between the two treatments (N and
N+C) (P=0.08; 0.48 and 0.31 for Chiloé, Cudico and Osorno, respectively). The interaction of soil
with treatments was not significant (P> 0.05). The denitrifier communities in all soils appeared to
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be dominated by nirK which was 50 to 100-fold more abundant than nirS. Osorno and Cudico soils
contained similar numbers of nirK and noszZ, more than Chiloé, whereas Cudico had most and
Chiloé fewest copies of nirS g™ dry soil (Figure 1). Bacterial 16S rRNA copy numbers were the
same in all soils.

Table 1. Total N,O fluxes from all soils and treatments in 15 days (mg N kg™ dry soil). Values in brackets are standard
deviations of the mean of three replicates. All treatments had the same amount of water added
N,O, mg N kg dry soil

Treatment Osorno Chiloé Cudico
Water <1 <1 <1
C <1 <1 <1
N 18.7 (1.75) 15.6 (0.39) 20.7 (1.37)
N+C 20.9 (2.84) 14.0 (1.05) 19.6 (1.91)

B Osorno Chiloe ™ Cudico

1.E+10

1.E+09

1.E+08 -

1.E+07 -

gene copies g dry soil

1.E+06 - x

1.E+05 -

16SrRNA Bact nirK Bact nirS Bact nosZ Bact

Figure 1. Quantitative real-time PCR estimates of gene abundance.

4. Conclusions

This study showed that under optimum conditions there is a large potential for N losses via
emissions of N,O after addition of N fertiliser in these volcanic soils likely due to their high carbon
content. The microbial analyses showed that there is larger potential for denitrification in the two
soils that showed significantly larger N,O emissions, Osorno and Cudico.
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Prediction of mineral nitrogen content in deeper layers of soil in Lithuania based on its
concentration in surface layers

Staugaitis ,G., Arbaciauskas, J., Mazvila, J., Vaisvila Z., Adomaitis, T.,

Sasnauskaite, L., Staugaitiene, R., Mazeika, R.

Agrochemical Research Laboratory of the Lithuanian Research Centre for Agriculture and Forestry, Kaunas, Lithuania

1. Background & Objectives

Since 1985, aiming to increase nitrogen fertilizer utilization efficiency and to reduce environmental
pollution with nitrogen compounds, the mineral nitrogen (Nmin.) method was employed for making
recommendations on crop nitrogen fertilization in Lithuania (Pliupelyte et al., 1986). Research
evidence suggests that Nmin. present in 0-60 cm soil layer at winter wheat vegetation resumption
stage correlated with the yield of winter wheat best with winter wheat yield, for spring barley — in
spring before fertilization (Staugaitis et al., 2007). Since 2006, in order to assess nitrogen fertilizer
use efficiency, soil samples for determination of N, concentration have been taken down to the 90
cm depth not only in spring, but also in autumn, at the end of October — beginning of November
(Staugaitis et al., 2008). The objective of this study was to find out if it is possible to predict N
availability in the deeper soil layers based on N concentration determined in surface layers.

2. Materials & Methods

The studies were conducted in 2006-2009 in different regions of Lithuanian major soil typological
units of various textures. Soil samples were collected from 20x20 m plots: in spring — within the
first or second ten days of April (before nitrogen fertilization) and in autumn — within the last ten
days of October or first ten days of November from 0-30, 30-60 and 60-90 cm layers of soil.
Colometry method was employed for measuring of Ny, content in soil samples (N-NO3z — using
hydrazine sulphate and sulphanilamide; N-NH; - using sodium phenolate and sodium
hypochlorite). Statistical analysis was performed using the computer program STATISTICA
(Clewer, Scarisbric, 2001).

3. Results & Discussion

Evidence presented in Table 1 suggests that the ratio between N, concentration in deeper layers
of soil and that in surface layer tended to be smaller when conditional Npin. concentration in 0-30
cm layer of soil increased.

Table 1. Ratios between Ny, concentrations determined in different soil layers

Conditional Ny, concentration Soil layers compared, cm
in 0-30 cm soil layer Cases 0-60:0-30 0-90:0-30 0-90:0-60
mg kg™ Ratios between N, concentrations
<6.6 685 0.83 0.74 0.90
6.6-13.3 511 0.80 0.69 0.86
>13.3 84 0.74 0.59 0.81
Average for all cases 1280 0.80 0.69 0.87

Correlation between Npin. concentrations in deeper and surface soil layers was best expressed by
linear equation (Table 2). Correlative relations were strong and significant, thus the concentration of
Nmin. in deeper soil layers can be calculated using the available data on Npi,, concentration in
surface layer of soil.
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Table 2. Dependence of mineral nitrogen concentration, in deeper soil layers, on its concentration in the surface layer of
Lithuania’s soils

Conditional Npn, Soil layer cm
concentration in0-30cm  Cases Equation type R? P
soil layer mg kg™ y X
0-60 0-30 y =0.078 + 0.811x 0.722 <0.01
<6.6 685 0-90 0-30 y =0.150 + 0.709x 0.560 <0.01
0-90 0-60 y =-0.173 + 0.941x 0.897 <0.01
0-60 0-30 y =-0.378 + 0.840x 0.645 <0.01
6.6-13.3 511 0-90 0-30 y =-0.015 + 0.690x 0.455 <0.01
0-90 0-60 y =-0.426 + 0.923x 0.892 <0.01
0-60 0-30 y =1.919 + 0.637x 0.785 <0.01
>13.3 84 0-90 0-30 y =2.124 + 0.484x 0.632 <0.01
0-90 0-60 y =-0.167 + 0.818x 0.932 <0.01
0-60 0-30 y =0.574 + 0.717x 0.904 <0.01
Average for all cases 1280 0-90 0-30 y = 0.905 + 0.566x 0.804. <0.01
0-90 0-60 y =0.283 + 0. 818x 0.956 <0.01

Differences between the parameters of correlation equations calculated for different soil nitrogen
status groups are small, therefore Npin. concentration in deeper soil layers can be calculated based
on its concentration in the surface layer using average parameters of the linear equation for all soils
of mineral origin.

4. Conclusion

Soils were grouped according to the nitrogen content in 0-30 cm soil layer, then simple linear
equations were developed for the calculation of N, concentrations in deeper layers of soil. It is
possible to calculate the Npin. concentrations in deeper layers of soil with sufficient accuracy for all
soils of mineral origin without grouping them. In most cases, the correlations determined were very
strong and significant.
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Regulatory effect of soil properties on N,O emission from wheat-growing season in five
soils: field and pot experiment

Lebender, U., Senbayram M.
Research Center Hanninghof, Yara International , Dilmen, Germany

1. Background & Objectives

Soils are a major source of N,O emission and the two biological processes (nitrification and
denitrification) are responsible for its production. Chemical and physical properties of soils
such as texture and total carbon (C) are important variables which control the formation of
N,O from these processes. However, the impact of these variables on regulatory mechanisms
of N,O formation is still poorly understood. The first objective of this study is to compare
five German soil types for their N,O emission during the wheat-growing season under field
conditions. In addition to the field experiment, the potential denitrification and respiration
rate of the soils have been tested in incubation experiments under standardized anoxic
conditions.

2. Materials & Methods

In experiment one, five field trials were conducted to test the effect of soil properties on N,O
emissions during the wheat growing season. The soils at each site differ in texture, carbon
content (1.31-1.9% total organic C) and pH (5.3-7.4). On each field site, N-fertilizer was
applied as calcium-ammonium-nitrate (CAN) at a rate of 220 kg N ha™ in 3 split applications
(80-70-70 kg N ha™). In experiment two, we set up an incubation experiment under complete
anoxic conditions with the soils that have been collected from each field site. The
denitrification potential and respiration rate of soils were measured. Briefly, 1 kg moist soil
was placed in PVC vessels with porous ceramic plates at the bottom, flooded with 15 mM
KNO; and drained to 20% gravimetric water content. The incubation atmosphere was
replaced by helium (He) to remove atmospheric nitrogen. During the incubation period, fresh
He was directed through an inlet in the lid with a flow rate of 15 ml vessel™ min™. Gas
samples from the incubation vessels were automatically analyzed twice per day by ECD
(N20) and TCD (N,) detectors (gas chromatography, GC-450 Varian Inc., USA).

3. Results & Discussion

In the field experiments, N,O emissions from soils with N-fertilizer application were
significantly higher during the growing season than control (non fertilized) soils at all field
sites (Fig 1). Cumulative N,O emissions ranged between 747 to 1078 g N,O-N*ha™ (Figure
1). In this experiment, cumulative emissions at the Minster (loamy soil) sand Osnabriick
(loamy sand soil) sites were significantly higher than at the other field sites. Soil at the
Minster site had the highest total C content and that may have provided favourable
conditions for both nitrification and denitrification. However, high N,O emission at the
Osnabriick site was surprising, as the soil at this site had moderate carbon content when
compared to the other soil types. In the incubation experiment, the denitrification rate of soils
ranged between 0.15 to 0.3 mg N kg soil™ hour™. There was a weak correlation between the
denitrification potential and the total organic carbon content (Figure 2A). Labile soil organic
carbon compounds trigger denitrification by providing energy for the denitrifiers (Weier et
al.,1993). However, soil organic matter is a heterogeneous mixture of various organic matter
pools which may have different decomposition rate. Therefore total soil organic matter
content is not a direct measure of labile carbon content of soil; thus we also measured
respiration rate of each soil under standardized aerobic conditions. The denitrification
potential of soils correlated significantly with the soil respiration rate (Figure 2B).
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Figure 1. Cumulative N,O emissions in g N,O-N*ha™ at different field sites in North Western Germany during
the vegetation period of winter wheat. Error bars show the standard error of the mean of each treatment (n=3).

There was a weak correlation between cumulative field N,O emissions and denitrification
potential (Figure 2C). The weakness of the correlation may be due to other factors such as
soil physical properties or differences in crop N uptake in different fields. Surprisingly, there
was a significant positive relationship between denitrification potential and maximum mean
daily field N,O fluxes (Figure 2D).
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Figure 2. The relationship between total organic carbon content of soil (A) respiration rate (B), cumulative N,O
emissions from field (C) and highest daily N,O emissions from field (D) with potential denitrification rate in
five soils (ST=Steinfurt, Bil=Billerbeck, Lav=Lavesum, Os=Osnabriick, MS=Munster). Error bars show the
standard error of the mean of each treatment (n=3).

4. Conclusion

Present field and incubation experiments showed that, a higher level of available carbon
content of soils (rather than total soil organic matter content) induced higher N,O emission
and denitrification rate. There was a weak correlation between potential denitrification rate
and cumulative N,O emitted under field conditions over a whole season. However, maximum
daily N,O fluxes correlate significantly with the denitrification potential of soils which may
indicate that N,O emissions during high peak events were derived mainly from
denitrification.
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Response of corn (Zea mays L.) to precision injected dairy slurry with focus on nitrogen
Bittman, S., Hunt, D.E., Kowalenko, C.G.
% pacific Agri-food Research Centre, Agriculture and Agri-Food Canada, Agassiz BC, Canada

1. Background & Objectives

Despite a surplus of manure on many dairy operations, farmers supplement their corn (Zea mays L.)
crops with mineral N and P fertilizer, usually applied as a starter with the planter. On-farm and
research experiments in British Columbia (BC), Canada have shown that starter fertilizer is
beneficial to the crop even when large amounts of manure is broadcast (Bittman et al., 2006;
Bittman et al., 2004). We have shown that injected dairy sludge placed near corn rows provides
starter P to corn crops with no injury to the crop under cool moist spring conditions in coastal BC
(Bittman et al., 2012). The objective of his study is to assess the response of silage corn to different
rates of dairy slurry injected at 5-10 cm from the corn seed furrow relative to broadcast manure and
chemical fertilizer.

2. Materials & Methods

The study was conducted in 2010 and 2011 on silty loam soil at the Pacific Agri-Food Research
Centre in south coastal BC, Canada. The dairy slurry, obtained from a commercial dairy farm with
high-producing Holstein cows fed grass and corn silages and bedded with saw dust, was stored in a
3 m deep tank over winter. The slurry was injected at 75 cm spacing and 15 cm depth using offset
disk tools at rates to give 80, 160 and 240 kg total N ha™ (28.8, 57.6, 86.4 m® ha™); the furrows
were manually covered soon after application to reduce ammonia loss. Broadcast manure was
applied and immediately incorporated by hand. Corn (Pioneer 38B11RR) was planted
approximately 7-10 days after manure injection to allow time for the slurry to soak into the soil.
Corn was planted at 75000 seeds ha™ planted at 5-10 cm distance from the centre of the manure
furrow with a conventional corn planter with or without starter N and P fertilizer at seeding. The
starter was applied at 24 and 29 kg ha™ of N and P, respectively, as a blend of urea and mono-
ammonium phosphate. The experiment was arranged in 4 randomized compete blocks and we
measured yield and uptake of nutrients. We sampled the middle 2 rows of 8-m long plots with 4-
rows.

3. Results & Discussion

There was a curvilinear response of corn yield to applied mineral N at 29 kg P ha™ with a peak of
18.5 t dry matter ha™ at 160 N kg ha™® of N (Figure 1). The crop responded to broadcast and
incorporated slurry in a linear fashion with the low and high rates corresponding closely to the
mineral N fertilizer without P treatment. Corn yield responded more to the injected manure
treatment probably due to a greater concentration of nutrients near the seed (Bittman et al., 2012)
and to less ammonia volatilization losses. The broadcast manure with starter (typical farm practice)
yielded the same as the injected manure without starter. Yield with injected manure, having very
low potential for volatilization losses, was lower than with mineral fertilizer except at the high rates.
At the high rates, more P was applied with manure but the convergence of yield was more likely
due to the higher rate of available N as a high P fertilizer treatment (not shown) was similar to the
29 kg P ha rate. Adding starter fertilizer to the injected manure minimized any difference in whole
crop yield between injected manure and mineral fertilizer at equivalent rates of N. Likewise there
was lower grain yield at harvest with injected manure than with mineral fertilizer and starter
fertilizer application diminished any difference between the treatments (not shown). Grain
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percentage and dry matter content in the whole crop was similar for injected manure and fertilizer
treatments suggesting no delay in final maturity with injected manure.
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Figure 1. Whole plant yield of corn (mean of 2010 and 2011) in response to applications of fertilizer (Fert) and dairy
slurry by broadcasting (brdcst) and precision placement (inject) near seed. Starter fertilizer (Str) provided 24 kg N ha™
and 29 kg P ha*.

4. Conclusion

This study shows corn responds better to slurry injected near corn seed than to broadcast and
incorporated slurry. Starter fertilizer can be used to augment yield of manure-treated corn or,
alternatively, higher rates of manure can be applied. The higher manure rates would lead to
accumulation of P in the soil but would obviate the need for chemical fertilizer for intensive corn.
Where maximum corn yields are not needed, slurry may be injected at sustainable rates with no
additional chemical fertilizer. Work is continuing on the effects of injected manure on nitrate
leaching, emission of nitrous oxide and long term release of N.
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Role of soil organic matter content on nitrogen dynamics in volcanic ash soils
Alfaro, M.?, Cérdenas, L.°, Salazar, F.%, Rosas, A.%, Vistoso, E.%, Hube, S.2, Ramirez L.2

8INIA Remehue, Ruta 5 Sur, km 8, Osorno, Chile
PRothamsted Research, North Wyke, Okehampton, Devon EX20 2SB, UK

1. Background & Objectives

Previous studies have shown that nitrogen (N) leaching losses are low in Chilean volcanic soils
(Salazar et al., 2011), despite a high potential for available N production in the soil (Dixon et al,
2011). This could be related to the high soil organic matter content (SOM) of these soils, which
could act as a buffer for N losses. The objective of this paper was to evaluate the fate of >N added
to soils with different SOM.

2. Materials & Methods

A monolith lysimeter experiment was carried out between May 2010 and March 2011 to determine
the fate of N applied as inorganic fertilizer to three volcanic ash soils of southern Chile. Lysimeters
(0.60 m depth, 0.11 m?) were collected in April 2010 from permanent grassland sites with no
grazing from the Osorno (Typic Hapludands, 17% SOM), Cudico (Typic Hapludults, 14% SOM)
and Chonchi series (Acrudoxic Durudands, 24% SOM) (CIREN, 2003). All soils were transported
to INIA Remehue (40° 35’ S 73° 12’ O) so that they were managed under similar temperature and
rainfall conditions. All lysimeters received a basal application of P, K, S and Mg (66, 100, 40 and
17 kg ha™, respectively). The fate of the added N was evaluated with the overcast application of
smashed fertilizer, equivalent to 200 kg N ha™, as 10 atom % >N ammonium sulphate, with four
replicates. During the experimental period, yield and *°N plant uptake, available N and *°N leaching
losses and N,O emissions were measured. The pasture was harvested each time it reached 20 cm
height leaving a 5 cm residue (n=7). Cut grass was oven-dried (60°C) for 24-48 h and analyzed for
total N and *°N concentration. Total and *°N plant uptake was calculated as the result of yield and N
concentration in the respective grass sample (g N m?). Leachate samples were collected from the
bottom of the lysimeters three times per week during the drainage period (May-October 2010) and
the samples were analysed for total N, NH,*, NOs and *N. Total and ©°N leaching losses were
calculated from the cumulative of the individual losses at all sampling occasions estimated from the
recorded volume of drainage and N concentration in the respective samples (kg N hal). Gas
samples were taken periodically for up to 50 days (n=14) following N application at time 0 and time
45 mins with the use of hermetic lids that were used to cover the top of the lysimeters without
disturbing the soil surface. Samples were analysed for N,O by gas chromatography. Total emissions
were estimated as the sum of emissions per sampling period (g N ha™ day™). Rainfall was recorded
with the use of an automatic weather station placed within 1 km distance of the experimental site.
Soil temperature (0-10 cm depth) was recorded manually at each sampling time with the use of a
soil thermometer. ANOVA was used to analyze statistical differences between treatments, using
Genstat 12.0.

3. Results & Discussion

Soil organic matter contents varied between 14% (ultisoil) up to 24% (andisoils). During the
experimental period rainfall reached up to 1008.4 mm, being 21% lower than the 33 year average
value in the area. There was little difference in dry matter yield between the soils and fertilizer
increased yield significantly (P<0.05; Figure 1a). During the first experimental year, an average of
45% of N taken up by plants came from the fertilizer, while the difference was supplied by the soil
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(Figure 1b). During this period, N leaching losses were low from all three soils (< 4 kg N ha™), and
no °N was found in the leachate samples, indicating that N leached was soil derived.
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Figure 1. Nitrogen fate in volcanic ash soils with different soil organic matter content (a) yield (§ DM m™), (b) plant
uptake (g N/**N m), (c) leaching losses (kg N-NO3 ha™), (d) flux of N,O-N (g ha™ d%).

Fluxes of N,O-N after N addition were low (less than 10 g N-N,O ha™ day), with a significant
effect of fertilizer addition (P<0.05, Figure 1d). A lag period of 11-15 days was required for the
formation of adequate conditions for N,O production. Greater relative losses were found in the
Cudico soil (1500 time greater) than in the andisoils (Osorno and Chonchi). Results suggest that N
dynamics in highly organic volcanic ash soils of southern Chile differ from that found in non
volcanic soils and that there are factors other than SOM controlling N fate in these soils. We
suggest that N adsorption in the soil profile and different microbial responses could be responsible
for the low losses in these soils.

4. Conclusion

Direct addition of N fertilizer to highly organic volcanic soils of southern Chile do not result in
direct N losses to the environment during the first year of analysis. Chemical soil characteristics
may strongly influence N adsorption in the soil profile, but this requires further investigation.
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Seasonal variation of nitrous oxide emissions from grazed and fertilized grasslands in Galicia
(Spain)

Louro, A., Baez, D. M., Garcia, M.1., Castro, J.
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1. Background & Objectives

Humid and temperate climatic conditions in Galicia (North-western Spain) are favourable for the
growing of grasslands, which account 37% of the agricultural area. With respect to nitrous oxide
emissions these conditions could also be favourable, particularly if grasslands are grazed. There are
many studies where N,O is measured in grassland but most of them have been conducted in
northern latitudes of Europe. The aim of this study was to quantify annual N,O emissions and its
seasonal pattern in our local conditions of humid North-western Spain.

2. Materials & Methods

Measurements of N,O emissions were made at the experimental farm of CIAM (43°N latitude, 8°W
longitude, 94 m altitude) during three years: 2007-2009 on a silt loam soil with a pasture consisting
of perennial ryegrass (Lolium perenne L) and white clover (Trifolium repens). Within the dairy
farm, six plots were selected in the grazing area and two control plots (no grazing and no N
fertilizer application) were established for the measurement of background N,O emissions.
Inorganic N fertilizers were applied in spring and autumn to provide adequate amounts of mineral N
and to maintain grass production levels for livestock. A rotational grazing pattern was practiced and
the number of cow grazing days was calculated taking into account grazing events (Bossue and
Chambaut, 2006). Total N deposited by the livestock was calculated in base to the amount of N
intake by livestock with pasture and concentrates minus the amount of N extracted with milk and
meat (Roca et al., 2011). Within each plot, four closed chambers were placed to monitor N,O
fluxes. Gas samples were analysed by gas chromatography with electron capture detection.
Cumulative annual N,O-N loss was calculated by interpolation between sampling days and the
amount of N emitted as N,O per year was expressed as a percentage of the total N applied with
mineral fertilizers and N deposited by the livestock during the grazing seasons. In addition, soil
samples (10 cm depth) for the measurements of soil moisture as water filled pore space (WFPS) and
meteorological station data were taken to investigate the influence of weather and soil properties on
N0 fluxes.

3. Results & Discussion

Time course of N,O fluxes during the experiment are shown in Figure 1. Higher emission peaks
were associated with grazing periods, N fertilizer application and rainfall events. Accumulative
annual N,O emissions (Table 1) were in agreement of those reported by Velthof et al., (1997) and
McTaggart et al. (1994) conducted in grazed and fertilized grasslands. In the first years, 2007 and
2008, autumn season contributed 45% to the total N-N,O emitted whereas spring contributed a
lower percentage of 35%. A lower N,O emission was observed in 2007 than in 2008, despite that, in
the first year the N applied as fertilizer was higher than in 2008. The reason for this could be the
lower rainfall, 63% of 2008 rainfall, and consequently lower WFPS in soil (from a mean value of
55 % in 2007 to 72% WFPS in 2008). There was no difference between 2008 and 2009 in rainfall,
nevertheless in the last year the highest cumulative N,O flux was found, with spring being the
season that contributed most to the total amount of N lost as N,O; 48% in total. The effects of
grazing animals (277 cow grazing days ha™) due to the N input via urine and dung and compaction
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of the soil by treading (Hynst et al., 2007), in addition to wet soil conditions (with a mean WFPS of
73%) optimum for N,O production, could be the reasons for the larger N,O emissions.

Table 1. Nitrogen inputs from fertilizers and livestock excretions, cumulative N,O losses + standard deviations in
grazed (G) and control (C) plots.

N deposited

Year Plot Number of cow N fertilizer by livestock N-N,0O loss
grazing daysha® (kg N ha?) (3{(9 N ha') (kg N ha)
2007 C 0 0 0 43+0.1
G 541493 143+20 34+6 8.8+1.1
2008 C 0 0 0 9.240.1
G 418+144 91+19 2629 14.5+1.0
2000 C 0 0 0 10.120.2
G 644170 374 4011 22.0+2.3
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Figure 1. a) Nitrous oxide emission fluxes from grazed grasslands during 2007, 2008 and 2009. C: Control (n:2 plots),
G: Grazed (n:6 plots). b) Rainfall and Water-Filled Pore Space (WFPS). Data represent means + standard deviation for
emission rates and WFPS.

4. Conclusion

Highest N,O peaks were found in spring directly in relationship with grazing and/or fertilization
events. Sampled plots showed considerable changes in N,O annual cumulative values due to
differences between climatic conditions in the tree years studied, fertilization events and grazing
pressure. Soil compaction due to large grazing events in conjunction with wet conditions stimulated
N0 production in 2009, being the year with the highest annual fluxes.
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Self-reseeding annual legume species as cover crops for rainfed olive orchards

Rodrigues, M. A., Ferreira, 1.Q., Claro, M., Pires, J.M., Arrobas, M.
CIMO - Mountain Research Centre, Politecnic Institute of Braganga, Portugal

1. Background & Objectives

The ground of perennial crops must be permanently covered by herbaceous vegetation for soil
protection (Lipecki and Berbe¢, 1997). However, in rainfed orchards the growth of the vegetation
should be kept controlled due to low water availability (Rodrigues et al., 2011). The cultivation of
self-reseeding annual legumes may have advantages over natural vegetation. These species can fix
atmospheric N and might be less competitive for water. In this work, results of ground-cover %, dry
matter yield and N recovery are presented for several legume species sown in a rainfed olive
orchard. The suitability of these plants to be grown as cover crops is tested, taking into account that
these agrosystems are not grazed by animals. The self-seeding of the legumes over the years must
be achieved by cutting the vegetation as a simulation of grazing.

2. Materials & Methods

Eleven species/varieties were sown in separated plots in a rainfed olive orchard in the region of
Mirandela, NE Portugal, according to the following list: Ornithopus compressus L. c¢v. Charano,
Ornithopus sativus Brot. cvs. Erica and Margurita, Trifolium subterraneum L. ssp subterraneum
Katzn. and Morley cvs. Dalkeith, Seaton Park, Denmark and Nungarin, Trifolium resupinatum L.
ssp resupinatum Gib and Belli cv. Prolific, Trifolium incarnatum L. cv. Contea, Trifolium
michelianum Savi cv. Frontier and Biserrula pelecinus L. cv. Mauro. The ground-cover percentage
was monitored for two consecutive years after sowing using the point sampling method to evaluate
the proportion of legumes species in relation to natural vegetation. Dry mater (DM) yield and N
recovery was determined from field samples of the above-ground biomass. Nitrogen concentration
in plant tissues was determined by a Kjeldahl procedure. Data analysis consisted of the estimation
of means and confidence limits (a<0.05) for comparison among species/varietis.

3. Results & Discussion

Late in spring, the vegetation was generally dominated by the sown legumes from the first year of
installation (Figure 1). The tallest and late-maturing cultivars (Contea, Prolific, Denmark) benefited
from the wet spring of 2010, with ground-cover close to 100% and substantially higher than that of
the early-maturing cultivars (Nungarin, Dalkeith and Charano). In the spring of 2011 the ground-
cover percentages were similar to that of the previous year, except for Prolific, which was severely
damaged by winter frost. In 2010, DM yield and N recovery were higher for the late-maturing
cultivars, benefiting from the long and wet spring of that year. Contea reached the highest DM yield
and N recovery. Mauro produced the opposite result due to the problems of emergence (Figure 2).
In 2011, during a dry spring, the late-maturing cultivars did not show great differences in DM yield
and N recovery to the early-maturing cultivars (Figure 3). In the Prolific plot, only 35 kg N ha™
were recovered due to the negative impact of the winter frost on this particular species.

4. Conclusion

In spite of the higher dry matter yields and N recoveries of the late-maturing cultivars, the early
maturing ones seem very promising as cover crops for the olive groves of the Mediterranean region.
They can protect the soil and fix satisfactory amounts of N using less water than the late-maturing
ones, since the biomass yielded is lower and their growth cycles finish earlier in spring.
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Figure 1. Ground-cover percentage by legumes and other species at May 13™ 2010 (left) and May 3™ 2011 (right).
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Figure 2. Dry matter yield, N concentration and N recovery in the different plots in the growing season of 2010.
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Figure 3. Dry matter yield, N concentration and N recovery in the different plots in the growing season of 2011.
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Sensitivity of crop reflectanceto crop N status of a melon crop
Pefia, M.T.?, Thompson, R.B.2, Gallardo, M2, Gimenez, C.”
aUniversity of Almeria, Department of Crop Production, Almeria, Spain
PUniversity of Cordoba, Department of Agronomy, Cordoba, Spain

1. Background & Objectives

The use of optical sensors to monitor crop N status is a promising approach to assess crop N status
(Cartelat et al., 2005; Samborski et al., 2009). Their use in situ and in rea time provides the
potential for N fertiliser application to be rapidly adjusted to crop N status (Samborski et a., 2009).
Such a corrective management system would take advantage of the high technical capacity for
precise N application provided by the combined use of high frequency drip irrigation and fertigation
in some horticultural systems, such as in the greenhouse based vegetable production system of the
south-eastern (SE) Mediterranean coast of Spain (Thompson et al., 2007). Canopy reflectance has
been evaluated with various cereal crops (Samborski et a., 2009), but little work has been reported
with horticultural crops. This work examined the use of canopy reflectance to assess crop N status
of amelon crop.

2. Materials& Methods

A cantaloupe type melon crop was grown in aloam soil in a greenhouse with polyethylene cladding
in Almeria, SE Spain. The crop was transplanted as five week old seedlings on 19 April 2010 and
grown for 78 days. The crop was drip irrigated and fertigated receiving complete nutrient solutions
in all irrigations. The crop was vertically supported with nylon cord. Four different N treatments
were applied, commencing 23 days after transplanting (DAT), being NO3™ concentrations of 1, 7, 14
and 21 mM; 0.5 to 1.0 mM NH," was applied, in all treatments. The 14 mM NOs was regarded as
conventional management, the 21 mM as clearly excessive, and the 1 and 7 mM as N deficient. Plot
sizewas 6 m x 6 m with six rows of plants per plot; the plots were organised in a randomised block
design with four replicate plots per treatment. Canopy reflectance was measured with a hand-held
Crop Circle ACS-470 sensor (Holland Scientific, Nebraska, USA). Reflectance was measured at
670 and 760 nm. Weekly measurements commenced on 36 DAT when plants were approximately
50 cm high, and approx. 20% of biomass production had occurred. Measurements were made on
the inner 4 m of the four inside rows of each plot. Measurements were made with the sensor held
vertically 60 cm from the upper part of the crop canopy; the vertical height measured was estimated
to be 34 cm. The reflectance index used was NDVI (Normalized Difference Vegetation Index) =
(760-670)/(760+670). Five crop biomass samplings were made throughout the crop and the N
content was determined. All data are means from four replicate plots. Reflectance and biomass
samplings coincided on 43, 56 and 71 DAT.

3. Results & Discussion

The accumulation of biomass throughout the growing season was similar for the four treatments.
There were appreciable differences in crop N uptake throughout the crop, the fina total values
being 119, 177, 225 and 259 kg N ha* for the 2, 7, 14 and 21 mM NOs treatments, respectively,
and in shoot N content (Figure 1a) which were positively related to the applied N concentration.
There were generally clear and consistent differences between NDVI vaues from the different
treatments, with the NDVI values being positively influenced by the concentration of applied N
(Figure 1b). On 43, 56 and 71 DAT, there were similar linear relationships between NDVI and the
shoot N content (Table 1). The linear regression equation for the combined data (n = 12) of the

212



Nitrogen Workshop 2012

three dates was NDVI = 0.0424 * shoot N + 0.6484, with a coefficient of determination (r?) of
0.864. These data suggest that the relationship between NDVI values and shoot N content was
relatively constant during the last month of the crop when most biomass production occurred. This
suggests that during, at least, the latter phase of a melon crop that fixed NDV1 values can be used to
assess crop N status. An important practical consideration is the minimum height of the crop at
which canopy reflectance measurements can commence.
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Figure 1. (a) Shoot N content of melon crops receiving nutrient solutions with 1, 7, 14 and 21 mM NOs', (b) NDVI

values of canopy reflectance measured in treatments receiving nutrient solutions with 1, 7, 14 and 21 mM NOs. All
values are means of four replicates

Table 1. Results of linear regression analyses between NDV I and the shoot N content at days 43, 56 and 71after
transplanting for the four N treatments.

Index No. days after n Slope Intercept Coefficient of
transplanting (DAT) determination (r?)
NDVI 43, 56, 71 12 0.042 0.648 0.864
43 4 0.043 0.646 0.890
56 4 0051 0.616 0.885
71 4 0.035 0.671 0.845

4. Conclusion

Crop reflectance as NDV1 was sensitive to shoot N content. In the last month of the melon crop

when most biomass production occurred, there was arelatively constant relationship between NDV I
and shoot N content.
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1. Background & Objectives

Optical sensors are a promising approach to assess crop N status (Cartelat et al., 2005; Samborski et
al., 2009). Their use in situ and in real time provides the potential for N fertiliser application to be
rapidly adjusted to crop N status (Samborski et al., 2009). Such corrective management would be
well-suited where the combined use of high frequency, drip irrigation and fertigation enables
precise N application, such as in greenhouse-based vegetable production on the south-eastern (SE)
Mediterranean coast of Spain. The SPAD meter estimates leaf chlorophyll content (Samborski et
al., 2009). The content of leaf flavonols was reported to be an indicator of crop N status (Cartelat et
al., 2005) who suggested that the ratio of leaf chlorophyll to leaf flavonols was particularly sensitive
to crop N status. The current study examined the use of the ratio of leaf chlorophyll to leaf
flavonols, both estimated with hand-held optical sensors, to assess crop N status of a melon crop.

2. Materials & Methods

A cantaloupe type melon crop was grown in a loam soil in a greenhouse with polyethylene cladding
in Almeria, SE Spain. The crop was transplanted as 5 week old seedlings on 19 April 2010 and
grown for 78 days. The crop was drip irrigated and fertigated receiving complete nutrient solutions
in all irrigations. The crop was vertically supported with nylon cord. Four different N treatments
were applied, commencing 23 days after transplanting (DAT), being NO3 concentrations of 2, 8, 15
and 23 mM; 0.4 mM NH,;" was applied in all treatments. The 15 mM NOs was regarded as
conventional management, the 23 mM as clearly excessive, and the 2 and 8 mM as N deficient.
Total irrigation was 146 mm:; and 34, 129, 241 and 373 kg N ha™ were applied to the 4 treatments.
Plot size was 6 m x 6 m with six rows of plants per plot and 12 plants per row; the plots were
organised in a randomised block design with four replicate plots per treatment. The SPAD-502
chlorophyll meter (Konica Minolta Sensing, Inc., Japan) was used to estimate leaf chlorophyll
content. The DUALEX 4 FLAV sensor (Force A, Paris, France) was used to estimate the content of
leaf flavonols. Measurements were made at weekly intervals commencing 22 days after
transplanting (DAT). All measurements were made on the most recently expanded leaf on 16 plants
per plot, using the same plants within each plot. Five crop biomass samplings were made
throughout the crop and the N content was determined. All data are means from four replicate plots.
Sensor and biomass samplings coincided on 28, 43, 56 and 71 DAT.

3. Results & Discussion

The accumulation of biomass throughout the growing season was similar for the four treatments.
There were appreciable differences in crop N uptake throughout the crop, the final total values
being 119, 175, 220 and 254 kg N ha™ for the 2, 8, 15 and 23 mM NOs treatments, respectively,
and in shoot N content (Figure 1) which were positively related to the applied N concentration. The
ratio of leaf chlorophyll to leaf flavonols was strongly related to the applied N concentrations
throughout the crop (Figure 2). There was a consistent general relationship between ratio of leaf
chlorophyll to leaf flavonols and shoot N content (Figures 1 and 2). Linear regression analysis
showed strong and significant (P<0.01) linear relationships between the ratio of leaf chlorophyll to
leaf flavonols and shoot N content on 43, 56 and 71 DAT with coefficient of determination (r%)
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values of 0.78 to 0.85; however, the slope and intercept values varied appreciably between each of
these dates indicating that the relationship was not constant over time. The average coefficient of
variation for all values of the ratio of chlorophyll to flavonols was 29%.
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Figure 1. Shoot N content of melon crops receiving nutrient solutions with 2, 8, 15 and 23 mM NO; throughout the
crop after 23 DAT. All values are means of four replicates. DAT: days after transplanting.
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Figure 2. Ratio of leaf chlorophyll to leaf flavonoles of a melon crop receiving nutrient solutions with 2, 8, 15 and 23
mM NO;" throughout the crop after 23 DAT. All values are means of four replicates. DAT: days after transplanting.

4. Conclusion

The ratio of leaf chlorophyll to leaf flavonols, was sensitive to shoot N content. There was no
consistent relationship between this ratio and shoot N content suggesting that threshold values for N
management would need to be determined at particular growth stages for melon.
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Site, preceding crop and N management effects on yield of organic winter oil seed rape
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1. Background & Objectives

Plant nutrient supply is a key issue in production of organic winter oil seed rape (WOR). The
variation in nitrogen (N) application and yield level varies greatly. The production of organic oil
seed rape is often hazardous and the grower has to expect great variations in yield levels
(Wallenhammar, 2005). WOR demands high amounts of available soil N to achieve an adequate
yield. The N demand is large during the vegetative stages (Schultz, 1972), and variation in yield of
WOR is due to availability of N during growth and development (Rathke et al., 2006). Excess N
rates in spring can, however, increase leaching in the subsequent crop (Engstrom et al. 2011). There
is a need to improve tools used by advisors and farmers to predict the N demand. The objective of
this study was to increase the knowledge of the possibilities to adjust the N application by organic
fertilizers to the previous crop and site with the aim to develop N management strategies for N
application in organic WOR.

2. Materials & Methods

This study was carried out in 8 field experiments in south Sweden during 2009-2010. The effects of
different N levels, under varying cropping history and soil type, were determined by quantifying the
yield and N demand in relation to different soil parameters. The experiments were carried out in 40
plots at each site with a fully randomized two factorial design with four replicates and two levels of
N application in autumn (F1) (0 or 50 kg N ha™) and five levels in spring (F2) (0, 50, 100, 150 or
200 kg N ha*). N was supplied in autumn as Biofer 10-3-1 (10% N, 3% P and 1% K) and in spring
as Vinasse, a by-product from yeast production with on average 4% N and 4% K. Plants were
sampled for analysis of dry matter yield. Soil mineral N content in 0-90 cm was quantified at
sowing (August year 1), early spring and at harvest (August year 2). Seed yield and quality
including seed N content was determined in each plot. Each experimental site was characterized
regarding crop rotation history and several soil characteristics as soil texture, organic matter content
and soil electrical conductivity. Statistical analysis of variance of treatment effects and interactions
were carried out with the Mixed model procedure in SAS 9.2 (SAS Institute Inc., Cary, NC, USA).

3. Results & Discussion

Seed yields differed between sites and years and ranged from very low yields, about 500 kg ha™, to
4080 kg ha™ in plots without N fertilization. Yield increases from the autumn application was on
average 135 kg (p=0.0012) and in spring 700 kg at the highest N level compared with no N
(p<0.0001). Yield increases were up to 1400 kg ha™ at the highest spring N application rate
recorded at a site with a long lasting set-aside as the preceding crop. There was no response from
spring N application in three of the experiments when white clover and pasture constituted the
preceding crops. These crops most likely contributed to high soil N availability during growth of
WOR, thus explaining the high yield level in unfertilised WOR. A small N response was obtained
at two sites with white clover and green manure as preceding crop. The weak N response at one site
may be due to a dry period in spring reducing mineral N availability in the soil. The highest
responses from spring N fertilisation were recorded in experiments with ley (mixed grass and
clover) or a set-aside as preceding crops. Economical optimum N fertilisation was determined as N
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rate at the highest net income assuming a seed price of 6 SEK kg™, N cost 22 SEK kg™ and cost for
transport and drying 0.2 SEK kg™. Optimum N rate ranged from 68 to 190 kg N ha™ and the yield
increase ranged from 824 to 1393 kg ha™*. The highest N response was recorded after a 14 year old
grass set-aside. Here the soil profile was likely depleted from mineral N and N immobilisation,
which was considerable due to incorporation of crop residues with low N content. The high N
response after the grass/clover leys may be caused by N leaching losses from sites with sandy soil
and high rainfall.

Seed yield (kg ha't) S ield (kg ha'l)
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Figure 1. Late autumn soil mineral N and above Figure 2. Spring soil mineral N and above ground

ground plant N vs. seed yield in the ON treatment of 7 plant N vs. seed yield in the ON treatment of 7 sites.
sites.

Soil mineral N showed large variation between sites with on average almost 80 kg N in the control
treatment at establishment of the crops. Despite a large N uptake during autumn there were
considerable amounts of N in the soil profile in late autumn. Total N as soil mineral N at 0-90 cm
depth along with above ground plant N, in late autumn (Figure 1) as well as in spring (Figure 2)
showed significant (p<0.05) correlation with seed yields in the 0 N treatment. Sites with high N
delivery, depending on preceding crop and management history, during autumn were also the
highest yielding as shown by the seed yields at the different N application rates. The variation in
optimum N rate in spring could be explained best by N-uptake in autumn (x1), soil mineral N in
autumn (x2) and yield level (x3) at optimum (y = 49-1.8x;—1.9x,+0.07x3; P= 0.93; p<0.001).

4. Conclusion

The N response of spring N fertilisation varies depending on both preceding crop and on soil type
as well as weather conditions. The results indicated that N uptake and soil mineral N in autumn as
well as yield level x; should be considered when calculating optimum N-rate in spring. Autumn N
fertilisation cannot be recommended to organic WOR with a good preceding crop (white clover,
pasture or red clover) or with a late sowing date.
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1. Background & Objectives

Nitrous oxide (N,O) is a greenhouse gas contributing 6% to global warming. It is emitted from soils
by microbial processes of nitrification and denitrification which are controlled by different soil-
related factors such as moisture, temperature and nitrogen content (Han Jian-gang et al., 2007).
Recently, fertilizers have been produced which contain microbial inhibitors and are being widely
used in intensive agricultural systems, where it is estimated that can reduce total N,O efflux by up
to 90% (Weiske et al., 2006; Pfab et al., 2009). In this study we analyze the effect of 3,5-
Dimethilphirazolphosphate (DMPP), a nitrification inhibitor, on soil N,O emission from two
cropping systems (potato on a sandy soil and maize on a sandy loam soil).#

2. Materials & Methods

The experiments were carried out in two farms located in Naples and Acerra (southern Italy), on a
sandy and a sandy-loam soil which were cropped with potato and maize crops, respectively. Two
treatments were applied at both sites: nitrogenous fertilizer (ammonium nitrate, 26%) (Control
plots) and nitrogenous fertilizer (ammonium nitrate, 26%) added with nitrification inhibitor (DMPP,
Entec®) (DMPP plots). Plots (3 m x 3 m) were randomly set up in the fields. The fertilizer was
applied at sowing and at 30 days after sowing. Soil N,O fluxes were weekly measured using static
chambers during spring and summer 2011. Air samples were collected every 10 minutes and N,O
concentrations in the samples were determined using gas chromatography. N,O fluxes were
calculated as: V AC/A AT where V is chamber volume, A is the area covered by the chamber, and
AC/AT is the rate of gas concentration increase with sampling time interval. Differences between
treatments were tested by the Student t-test.

3. Results & Discussion

Application of the nitrification inhibitor at sowing significantly reduced soil N,O emission at both
sites, although a lot of variability in emissions at control plots was observed (Figure 1). After the
second application of fertilizer, N,O fluxes from DMPP plots were similar to those from the control
plots in Naples, whereas a peak and higher values of N,O emission compared to control plots were
observed at the Acerra site. The strong and significant reductions in N,O emission at both sites was
distinctly due to the nitrification inhibitor use. However, the different behaviour observed at two
sites might be ascribed both to time of the year, since potato growing cycle was anticipated with
respect to maize and soil-related factors such as texture, moisture and temperature. In fact, N,O
fluxes at Acerra site could be predicted by a multi-linear regression with soil moisture and soil
temperature, whereas no relationship at Naples site could be found. In the first case, measurements
were conducted during late winter and spring when substantial rainfall occurred; in the other case,
the higher air evaporative demand and coarse texture lead to drier soil conditions. The higher N,O
emission peaks at the Naples site may also be related to the higher soil gas diffusion permittivity of
the sandy soil.
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Figure 1. Soil N,O emission from Acerra (upper panel) and Naples (lower panel) sites. Red circles: control plots;
green circles: plots with DMPP. The arrows indicate the fertilizer application times.

4. Conclusion

Soil N,O emissions of potato and maize crops grown in coarse textured soils of Southern Italy was
reduced by the addition of a nitrification inhibitor to inorganic N fertilizers. The degree of reduction
was dependent on soil moisture and temperature. Soil N,O emission rates were different between
the two sites, a likely effect of soil texture and time of the year, since potato growing cycle was
anticipated with respect to maize.
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1. Background & Objective

In Ireland, N management is based on a ‘one soil fits all’ philosophy for grassland which may not
be the optimal approach. Ireland has a diverse range of soil types which in turn have a wide range of
net N mineralisation values (56-220 Kg N ha™ yr, O’Connell and Humphreys, 2005). The main
aim of this study was to determine the underlying processes that control N-mineralisation by
investigating and quantifying the limiting factors controlling N-mineralisation in different soil
types. The objectives were (1) to assess if the addition of labile C to the soil results in an increase in
mineralised N (C limitation) (2) to quantify the rate of mineralisation (**CO, efflux) and use this to
predict the amount of N mineralized during an incubation period, and (3) to investigate if the
relationship between C inputs (priming effect) and N mineralisation is similar for different soil
types. This study will provide new information to better understand the N mineralisation process.
This information may form the basis for the development of new soil-specific N-advice for
grassland soils in Ireland which is critical for environmentally sustainable farming in the future.

2. Materials & Methods

Techniques developed by Paterson et al. 2009 and Davidson et al. 1991 were adapted to investigate
and quantify the interaction of C and N. Soils of different chemical and physical characteristics
were incubated in microcosms over a 14 day period. On day 0, *C labelled glucose (3 atm%) and
NH,“N0; (30 atm%) was added to the microcosm On days 1, 3, 8, and 14 samples were
destructively harvested for N isotopic analysis (isotopic dilution) and mineral N analysis to
quantify gross N mineralization from soil organic matter (SOM). On days 1, 3, 5, 8, 11, and 14 gas
samples were taken for total CO, efflux and 3C isotope partitioning of soil CO; efflux into glucose
and SOM-derived components.
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3. Results

SOM turnover over 14 day incubation
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Figure 1 Shows an increase in SOM is observed when labile C is added to the soil.

Addition of labile carbon to soil resulted in an increase in N-mineralisation from soil organic
matter. SOM-derived CO, efflux was concurrent with release of N from SOM (measured by *°N
pool dilution). Consequently, labile plant-derived inputs to soil may be an important driver of soil
N-cycling processes.

4. Conclusion
The results of these experiments provide valuable information about the factors controlling the N
mineralisation processes that are not captured by °‘standard’ methods to assess potential N-
mineralisation in contrasting soil types. This study provides a platform to conduct further research
on the factors controlling the rate of N-mineralisation e.g. C-to-N ratio of SOM and the quality of
plant C inputs.
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1. Background & Objectives

The effect of soil pH on denitrification and its product stoichiometry is difficult to study because of
limitations in measuring all products of denitrification such as NO and N,. Nevertheless, numerous
studies concluded that if the pH of a soil is low, denitrification rates decrease, but denitrification
would emit more N,O as a result of a higher N,O/(N,O+N) product ratio (Cuhel and Simek, 2011;
Liu et al., 2010). It is assumed that, under acidic pH, the activity of N,O reductase is lowered and
the synthesis of new N,O reductases is inhibited (Cuhel and Simek, 2011; Simek and Cooper 2002).
In previous study, we showed that higher concentration of NOj;™ in soil may retard the reduction of
N,O to N, regardless of soil type (Senbayram et al., 2011). In this context, the positive effect of
higher soil pH on the N,O/(N,O+N3) product ratio of denitrification in soils with high NO;™ content
is still poorly understood and more research is needed to unravel quantitative relationships under
well-defined conditions. In this study, we set up two incubation experiments, in order to test the
short-term (24 h, in Exp.1) and the long-term (450 h, in Exp.2) effect of soil pH and NOs
concentration on denitrification rate and its product stoichiometry by measuring N,O, NO as well as
elemental N, in a soils with two pH levels (pH 4.1, and pH 6.9) collected from a long-term liming
experiment.

2. Materials & Methods

The soils were collected in spring 2011 from a long-term liming experiment in Hungary. The
experiment was established in 1962. Initial soil pH was 4.3 and soil pH values measured in 2011
were 4.1 and 6.9 in non-limed and limed soils respectively. The first incubation experiment was
done to determine the short-term effects of NO3; concentration on potential denitrification and its
N>O/(N2O+N3) product ratios in high and low pH soils under complete anoxic conditions. Pre-
wetted soils (low pH soil (LpH), and high pH soil (HpH)) were flooded and drained with 0.2, 2, 10,
and 20 mM KNOs solution prior to the experiment. Then, the soil was immediately transferred to
120-ml serum flasks which were sealed and made anoxic by repeated evacuation and filling with
He. Production of N,O, NO and N, during batch incubation of soils was monitored for 24 h.
Kinetics of NO, N,O and N; accumulation during the incubation period were used to calculate the
N,O product share of denitrification and total denitrification rate. In Exp. 2, we used a continuous
flow incubation system (under He) with larger vessels. Briefly, 1 kg moist soil was placed in PVC
vessels then flooded and drained with 15 mM KNOs solution prior to the experiment to 20%
gravimetric water content. All vessels were evacuated and filled with He, and then fresh He was
directed through an inlet in the lid at a flow rate of 15 ml min'. Gas samples were analyzed twice a
day for N,O by ECD and for N, by TCD detectors (gas chromatography, GC-450 Varian Inc.,
USA) during 450 h of incubation.

3. Results & Discussion

In Exp. 1, denitrification rate in HpH increased in some proportion to the nitrate concentration
within the entire concentration range (0.2-10 mM KNOs) as seen in Figure 1A. In LpH, the rate of
denitrification was essentially unaffected by nitrate concentration within the range 2-10 mM, but
24% lower with 0.2 mM NO;5". With 10 mM KNOs, the denitrification potential in HpH was 2 fold
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higher than in LpH. We attributed lower denitrification rates below 10 mM KNO; in HpH and
below 2 mM KNOj in LpH to the shortage of NOx (lack of electron acceptor). The N,O/(N,O+N>)
product ratios of denitrification were consistently lower in HpH than LpH below N level of 10 mM
KNOs; (Figurel B). In situations where the organisms experience a shortage of NOx, the relative
rate of N,O reduction (in relation to N,O production) increases, thus low N,O/(N,O+N,) product
ratios of denitrification dominate (Senbayram et al., 2011). Therefore, higher N,O/(N,O+N,)
product ratios in LpH than HpH only with low level KNOs; treatments, may be explained by the
reduced demand of electron acceptors (low denitrification potential).
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Figure 1. Effect of different KNO; concentrations on A) soil N turnover and emission rates (mg N kg™ dry soil h™), and
B) the N,O/(N,O+N,) product ratio of denitrification in long-term limed (pH 7) and non-limed control (pH 4) soils in
Exp.1. The course of C) N,O/(N,O+N,) product ratios of denitrification at N level of 15 mM KNOj in long-term limed
(pH 7) and non-limed control (pH 4) soils in Exp. 2

In Exp. 2, denitrification rates were about two fold higher in HpH than in LpH. However,
denitrification rates decreased gradually in HpH, whereas in LpH, they remained almost constant
during the 450 hours of the experiment. The N,O/(N,O+N;) product ratio of denitrification
increased sharply with the start of anoxic period (Fig. 1B). In HpH the N,O/(N,O+N) product ratio
decreased rapidly while in LpH it remained almost constant for around 100 hours and then
decreased gradually towards zero. The results illustrate that the length of an anoxic spell is a third
factor affecting the N>O/(N2O+N,) product ratio of denitrification. This means that short anoxic
spells will result in high N>O/(N,O+Ny) product ratio even in high pH soil. In low-pH soil however,
the product ratio will be high for longer periods of anoxia.

4, Conclusion

The higher N,O/(N,O+N3) product ratio of denitrification in acid soil compared to limed soil with
low NOs3™ content, may be explained by lacking demand for electron acceptor. In addition, the
effect of pH on N,O/(N,O+N,) product ratio of denitrification is weakened by increasing nitrate
concentration and long anoxic spells.
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1. Background & Objectives

In order to mitigate anthropogenic nutrient transfers to surface waters in agricultural catchments
there is a need to identify and quantify the transfer pathways and their influence on nutrient delivery
to streams. It is further useful to understand how those pathways may vary in time and space and in
their connection to nutrient sources, and the effect of temporal changes in water recharge and land
management. The Agricultural Catchments Programme (ACP) aims to provide scientific evidence
needed to support Irish agriculture in meeting the requirements of the Water Framework Directive
(WFD). A ‘nutrient transfer continuum’ from source, through pathways, to delivery and impact in a
water body receptor is used as a framework for evaluation of the European Union Nitrates Directive
regulations and the Surface and Groundwater regulations. In agricultural river catchments with
permeable soils nitrogen (N) loads tend to reflect that of near stream groundwater N concentrations
of different strata, during both event and baseflow conditions, and sub-surface pathways are
considered to be the major N transfer pathways throughout the year. In this paper we investigate
possible links between N sources, groundwater and surface water as well as the implication of
spatiotemporal variation for mitigation measures.

2. Materials & Methods

We present two years of N concentration data in streamwater and groundwater of different strata in
two c. 10 km? agricultural catchments with permeable soils; one with arable land overlying slate
bedrock (Co. Wexford, Ireland) and the other with intensively managed grassland on sandstone (Co.
Cork, Ireland). Both catchments have two focused study sites (hill slope transects) chosen to
represent the land use, soil type, geology and topography following conceptual modelling of
existing data layers and geophysical surveying (including ground conductivity [EM 31 and EM 38],
ground penetrating radar, 2D-resistivity and seismic refraction). Each site is equipped with three
multilevel monitoring wells from which piezometric water levels are monitored and monthly water
quality samples taken. In-stream N concentrations at the catchment outlet are measured in-situ on a
sub-hourly basis using bankside analysers and discharge is monitored at rated non-standard flat-v
weirs. Rainfall and weather parameters for estimating potential evapotranspiration are also being
measured and nutrient and farm management practices are recorded at the field level.

3. Results & Discussion

Belowground hydrological pathways dominated in both catchments. In the grassland/sandstone
catchment, hydrological pathways were mostly within the shallow bedrock, whereas the arable/slate
had a relatively quick flow within the transition zone and shallow bedrock consisting of highly
permeable weathered rock overlying competent rock and, therefore, showed a quicker response to
rainfall in terms of water recharge and streamflow generation. Relatively high concentrations of N
were found in groundwater, attributed to leaching of surplus soil nitrate-N (Figure 1). During a
large flow event (summer, 2010) 95% of the total oxidised nitrogen was delivered to the stream by
belowground pathways in both catchments. The grassland/sandstone catchment had higher nitrate-N
concentrations and showed more seasonal and spatial variability. The highest nitrate-N
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concentrations were found in the shallow strata of the near-stream zone. That zone was also more
stratified in the grassland/sandstone than in the arable/slate and also more stratified compared to the
uplands. In one hillslope of the grassland/sandstone catchment N was buffered in the near-stream
zone, but this zone was bypassed with high nitrate-N content water from the uplands via subsurface
drains. Effects of pasture reseeding (including mineralization of soil N) and slurry spreading in
August 2010 were observed in the groundwater N concentration of the grassland/sandstone
catchment but with a delay of c. five months (Figure 1). Effects of spatial and temporal differences
in recharge were also observed in the groundwater N concentration due to localised more permeable
subsoils (lenses of gravel) and due to seasonal difference in rainfall and evapotranspiration.
Transport time will have an important role in determining the exposure time to biogeochemical
processes that can attenuate N and the pathway will determine both the time-lag and
biogeochemical processes that N is exposed to.

25 - 25
——s——  Bedrock 7 - 10m] Upslope ——e——  Transibon zone [7 - 11m] | Upslope
20 4 | === ——  Bedrock [145- 17 5m] 20 A | ———a——  Shallow bedrock [16 - 18m]
———— Bedrock [22 - 25m] — e Badrock [37 - 40m]
15 15
CE ._F_‘,d\._-._i—:;!‘-*:l/ i ‘1‘\-’?“*1. sy RSSO O
h$ PR g ¥ nn?,,:r"_.,_./ \b_//\
5 5 - - ~ - - ‘] -— -
by | N - gy
o 25 L — L = — 25 T T T T T T T
; ——e——  Transition zone [4 - Tm] ”.': Midslope ; ~———e—— Transitionzone [6-0m] | Midslope
E 20 4| ———*—— Bodrock[12-15m]| i E 29 ———+—— Shalow bedrock [14 - 17m]
: — Bedrock [27 - 30m] e‘/ = —p Badrock [37 - 40m)
K] ———— T {2 s
£ 154 ? " 15
% ! ‘4\? E
g 10 4 1 / E R T e i N S
; L e B PR /.—'i ; ot ‘tw = —
s 5 : _é 5 P . e EE= -+~ - =
H | £
2 s
H =z
25 - T T T T T T T 25 T T T T T T T
—e— 5
_____ s::;:asrgl EeRE 7.\ MNoar-straam ——a——  Stream Near-stream
09| — == Intertace [5.5-8.5m] g B 20 4 | ———  Transition zone [3.5 - 6.5m]
% B ‘ ———4-——  Shalow badrock [14 - 17m]
——=——  Bodrock [5- 12m] to % R
15 | | ====== Bedrock [16.5- 19.5m] P *0-...} | i Bedrock [30.5 - 33.5m}
——+-—  Bearock[22-25m] | )," 1

" - — ™ {d; . —i
o T T \ o B e A S
Jan-10 Ape-10 Jul-10 Oct-10 Jan-11 Apr-11 Jul-11 Oct-11 Jan-12 Jan-10 Apr-10 Jul-10 Oct-10 Jan-11 Apr-11 Jul-11 Oct-11 Jan-12

Figure 1. Nitrate-N concentration in groundwater of different strata in the upslope, midslope and near-stream of the
grassland/sandstone catchment (left) and the arable/slate catchment (right). Irish drinking water standards (NOs-N = 8.5
mg L™) and MAC (NOs-N = 11.3 mg L™) are marked with horizontal red and blue dashed lines. Vertical red line marks

a reseeding and slurry spreading event in August 2010.

4. Conclusion

Nutrient sources were connected to surface water via groundwater in both catchments. Land
management, geology and weather were seen to influence the observed concentrations of N in
groundwater, both spatially and temporarily. In selecting mitigation options it is important to
understand the integrated effects on groundwater quality of spatiotemporal variability in recharge
and land management. For effective characterization of nutrient transfer pathways in catchments
with permeable soils we suggest including a chemical groundwater signature that represents the
catchment for each geological strata.

225



Nitrogen Workshop 2012

Strategies to reduce nitrous oxide emissions after spread of pig slurry in no-till corn and
wheat

Aita, C.%, Schurman, J.%, Giacomini, S.J.? Gonzatto, R.?, Olivo, J.%, Giacomini, D.A.?

® Department of Soil Science, Federal University of Santa Maria, Santa Maria, RS, Brazil.

1. Background & Obijectives

It is relatively well documented in the literature that pig slurry may increase N,O emissions because
it contains inorganic N, microbial available sources of carbon, and water (Rochette et al., 2004;
Chadwick et al., 2011). Additionally, the presence of straw in no-till conditions enhances
availability of soluble carbon to heterotrophic decomposers that may create anoxic conditions,
contributing to microbial production of N,O after slurry spreading. In the South of Brazil, almost all
of pig slurry is applied under no-till conditions. Therefore, it is necessary to quantify N,O emissions
in this situation and to develop strategies for its mitigation. The objective of this study is to evaluate
the effect of split application of pig slurry and use of nitrification inhibitor as strategies to reduce
N0 emissions in no-till corn and wheat.

2. Materials & Methods

The study was conducted at the Research Farm of Soil Department, Federal University of Santa
Maria, Brazil (29°43’S; 53°43’W; altitude: 105 m). The soil texture was loam consisting of 223 g
clay, 379 g silt and 398 g sand kg™ in 0-20 cm layer, respectively. The experiment was carried out
under no-till conditions for one year. The treatments used for both crops i.e. corn (Zea mays L.)
(planting date: 12/11/2010) and wheat (Triticum aestivium L.) (planting date: 01/06/2011) were:
without slurry (control), pig slurry fully applied before planting with and without Agrotain Plus
(AP, containing 81% of the nitrification inhibitor dicyandiamide-DCD), pig slurry split (1/3 before
planting and 2/3 in post emergence) with and without AP, and N-urea (1/3 before planting and 2/3
in post emergence). In pre-planting (no-split slurry application) the amounts of total N added was
168 kg ha™ (120 kg ha™* as N-NH,") in corn and 152 kg ha™ (102 kg ha™* as N-NH4") in wheat. In
post-emergence (split application) the amounts of total N added was 109 kg ha™ (99 kg ha™ as N-
NH,") in corn and 104 kg ha™ (71 kg ha™* as N-NH,") in wheat. Randomized complete block design
with four replications was used. In situ N,O fluxes were measured periodically by the static closed
chamber technique. Gas samples were analyzed for N,O concentration using a gas chromatograph
(Shimadzu GC-2014 Greenhouse model).

3. Results & Discussion

Episodes of higher N,O emission were transient and coincided with periods of no-split (pre-
planting) and split (post-emergence) corn and wheat slurry application (Figure 1). Higher N,O
fluxes were observed in split slurry in corn and in no-split slurry in wheat, both without nitrification
inhibitor. Accumulated N,O emission was not affected by the split application of pig slurry in corn,
but this strategy of slurry use significantly reduced N,O emission in wheat (Table 1). The use of
dicyandiamide (DCD) with pig slurry reduced N,O emission in 14.2 % in corn and 125 % in wheat.
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Figure 1. Temporal variation of rainfall and temperature and soil-surface N,O flux from a soil cropped to no-till corn
and wheat amended with N-urea, non-split and split pig slurry, with and without nitrification inhibitor. Ap=Agrotain
plus, containing 81% of dicyandiamide (DCD); A=Application of pig slurry; R=Reapplication of pig slurry.

Table 1. Annually cumulated N-N,O emission with the use of N-urea, non-split and split pig slurry in no-till corn and
wheat.

Corn Wheat
Treatments N-N,O N-N,O N-N,O N-N,O
(kg ha™) (% of added N) (kg ha™) (% of added N)

Control 2.33 - 0.34a -
No-split slurry 3.93 0.95 291c 1.69b
No-split slurry + Ap 3.45 0.66 0.90 ab 0.37a
Split slurry 4.24 1.15 1440 0.76 a
Split slurry + Ap 3.70 0.83 1.13ab 0.55a
N-urea 3.90 1.17 1.39b 0.94a

! AP= Agrotain Plus that contain 81% of the nitrification inhibitor dicyandiamide (DCD)

4. Conclusion
This work showed that split application of pig slurry and the use of the nitrification inhibitor
diciandyamide (DCD) are potential strategies to reduce N,O emissions in no-till corn and wheat.
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Study of the key factors which influence N,O and CO, emissions in a fertigation cropping
system under Mediterranean climate
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#ETSI Agrénomos, Technical University of Madrid, Ciudad Universitaria, 28040 Madrid, Spain

1. Background & Objectives

For a summer crop in the Mediterranean climate, irrigation management and type of fertilizer are
two of the most important factors influencing emissions of greenhouse gases (GHG) from irrigated
agricultural soils. Localized irrigation techniques such as drip irrigation (DI) influence soil
moisture, producing wet and dry areas and, therefore, influence the processes responsible for the
production and consumption of GHG (Sanchez-Martin et al., 2008). Irrigation frequency, together
with high evapotranspiration during summer season, influence soil microbial activity and, therefore,
emissions of GHG. A targeted combination of N fertilizer and irrigation frequency could help
decrease GHG emissions, leading to a more sustainable cropping system. A field experiment was
carried out in summer 2011 under a melon crop in order to evaluate the emissions of two of the
most important GHG, nitrous oxide (N,O) and carbon dioxide (CO,), in relation to irrigation
frequency and type of fertilizer.

2. Materials & Methods

A field experiment was carried out at “‘El Encin’ field station in Madrid (40° 32°N; 3° 17 W) on a
melon crop. Eighteen plots (20 m?) were selected and arranged in a randomized complete block
design with 3 N treatments x 2 irrigation frequencies x 3 repetitions. Nine of them were irrigated 1
day per week (low frequency; LF) and the other nine were irrigated 7 days per week (high
frequency; HF). N treatments were applied under both irrigation frequencies: calcium nitrate (NLF;
NHF), urea (ULF; UHF) and control plots without any N application (CLF; CHF). N fertilisers
were applied weekly from 19™ July to 19" September by fertigation, at a total rate of 125 kg N ha™.
All melons were harvested in September. N,O and CO, samples were taken twice a week during the
whole experimental period (c. 2 months), using static chambers (3.1 I). Gas samples were analyzed
by gas chromatography using an electron capture detector for N,O and a flame ionization detector
with methanizer for CO,. Soil moisture and mineral N (NH," and NOz") were measured using the
methodology described in Sanchez-Martin et al. (2008). Soil samples were taken coinciding with
gas sampling days. Differences between treatments in the cumulative emissions were analysed
using analysis of variance (ANOVA, P < 0.05).

3. Results & Discussion

Application of nitrate fertilizer reduced net N,O emissions by c. 74% compared to the urea
fertilized plots. Taking into account that urea fertilization significantly increased the soil NH,"
content, our results suggest that nitrification was a major source of these higher emissions.
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Figure 1. Cumulative N,O and CO, emissions during the experimental period.

Irrigation management had no significant effect on N,O emissions, however, the low frequency
treatment reduced net CO, emissions by c. 35%. This effect may be partially attributed to decreased

ecosystem respiration due to the lower temporal water availability of this treatment (Meijide et al.,
2010).

4. Conclusion

Based in our results, replacing NH," fertilizer (urea) with NO3™ fertilizer could be an option to
mitigate N,O emissions in the Mediterranean climate. Additionally, lowering the irrigation
frequency may decrease CO, emissions.
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Syner getic leaching model based on pathway and pressure factors
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1. Background & Objectives

The implementation of the Nitrates Action Programme in 2006 has led to a reduction of agricultural
nutrient pressures on surface waters and groundwater in Ireland. This has coincided with an
apparent halt — or even tentative reversal — of the historic deterioration of water quality over time.
However, the current implementation of the Water Framework Directive poses more stringent
challenges to minimising nutrient loss from agriculture, particularly in areas where “high status’
water quality must be preserved. Maintenance of “high status’ water quality requires customised
mitigation strategies that account for local geo-climatic conditions and farming systems. Such
strategies require an in-depth quantitative insight into the interactions between nutrient pressures
and transport mechanisms. In this study we use data mining methodology to find the synergetic
patterns of the interactions between pressure (soil mineralization, drought and grass growing
season) and pathway (soil drainage, net rainfall and rainfall intensity) attributes which impact
leaching of nitrogen and phosphorus to water.

2. Materials & Methods

Analysis were done on a dataset that contains data for the following pressure factors: phosphorus
and nitrogen field's input, duration of grass growing season, soil moisture deficit (which represents
the soil water dynamics) and pathway factors: soil drainage, net rainfall and the number of intense
drainage events (Schulte et al., 2006). The dataset contains 352 records, each representing one grid
cell of 10 x 10 km (out of 798 grid cells into which Ireland has been divided). To find interactions
among attributes that might have synergetic effects on nutrients transfer to water, we used decision
trees as a flexible and robust data mining method, ideally suited for the analysis of complex
ecological data. They can deal with nonlinear relationships, high-order interactions and missing
data, and in the same time are simple to understand and give easily interpretable results (D€ ath and
Fabricius, 2000). Decision trees predict the value of one or several dependent variables (targets)
from a set of independent variables (attributes). We modelled the concentration of nitrogen and
phosphorus in water individually, as well as ssmultaneously, where we predicted the concentrations
of both nutrients at once. Models for predicting the concentration of individual nutrients were
learned with model trees in the Weka data mining suite (Witten & Frank 2005) while the
simultaneously predictions of both nutrients were made with predictive clustering trees (Blockeel et
al., 1998) implemented in the Clus data mining system (Blockeel and Struyf, 2002).

3. Results & Discussion

Soil moisture deficit (SMDmax) has been selected as the most important attribute because it appears
at the top most position of al induced decision tree models. The model with the best validation
performance was the model for predicting nitrogen concentration (Fig. 1, Table 1) (correlation
coefficient of 10-fold cross validation is 0.799), while the worst performance was observed for the

phosphorous model (correlation coefficient of 10-fold cross validation is 0.475).
Table 1. Nitrogen concentration for different sections of the nitrogen model (Figure 1)
LM1 LM2 LM3 LM4 LM5 LM6 LM7 LM8
0.7733 1.0522 1.5704 2.7285 6.0889 8.6308 11.4505 14.3184

The model for predicting both, nitrogen and phosphorus at the same time, showed good prediction
performance with the correlation coefficient of 10-fold cross validation of 0.874 for nitrogen and
0.669 for phosphorus.
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The structure of the nitrogen model (Figure 1) shows that strongly correlated attributes for
estimating nitrogen concentration in water are soil moisture deficit (“SMDMax”), field's input of
nitrogen (“sum_N_ha farmed”), drainage factor (“drainage factor”) and grass growing season
(“growth_season”). Hence, when the soil moisture deficit is less than 45.259 mm (wet soil), low
field's input of nitrogen (less than 174.489 kg ha) and low drainage factor (poorly drained field)
lead to minimal concentration of nitrogen (LM1: 0.7733 mg L™) which is smaller than in case of
moderate or well-drained soil (LM2: 1.0522 mg L™). The theory says that smaller soil moisture
deficit “allow” field' s input of nitrogen to control the concentration in water (Schulte et al., 2006),
on the other hand, when soil is well-drained then water has open paths to go deeper, collecting the
accumulated nitrogen in the soil, otherwise the water will stay in the soil and it will stop nitrogen
leaching under the root zone. The Table 1 shows the predicted concentrations of nitrogen in water
for different combinations of the attributes included in the model. Note that each path in the
decision tree can be interpreted as a rule that explains the phenomena leading to the correct
conclusion. It should be noted that the performance measures of the phosphorus model shows that
the used attributes cannot predict its concentration in water and some additional attributes should be
included into database.

4. Conclusion

Our approach has identified synergetic interactions among the attributes describing the pressure of
nutrients loss and transport pathways. Discovered patterns can be used for formulating further
mitigation strategies which can make significant contributions to the reduction of water pollution
from agriculture. The proposed methodology could be applied also to less aggregated data which
would enable identification of areas with different risks of nutrients losses (Debeljak et a., 2010).
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Terrestrial carbon and nitrogen losses and indirect greenhouse dgas emissions via groundwater
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1. Background & objectives

Reactive nitrogen (N) emissions to waters greatly contribute to groundwater pollution, freshwater
and coastal eutrophication, algal bloom and hypoxia. While most research has focused on direct
emissions, indirect N,O emissions via groundwater is a significant, but very poorly understood
component of the global N,O budget (Clough et al., 2007). Groundwater is also an important vector
of indirect emissions of CO, and CH, (Minamikawa et al., 2010) with significant discharges to
surface waters and effects on aquatic biogeochemistry. The dynamics of dissolved C and N in
groundwater is a key ‘‘missing piece’” in our understanding of global C and N balances. This
research aimed to (i) measure the amount of dissolved C and N losses from terrestrial ecosystems to
the aquatic ecosystems via groundwater, and (ii) estimate the contribution of indirect emissions of
GHG to the atmosphere.

2. Materials & Methods

The investigation were carried out at two low permeability (L: L1, Johnstown Castle; L2, Solohead)
and two high permeability (H: H1, Oak Park; H2, Dairygold) sites in Ireland. Among the sites, L1,
L2 and H2 were grassland and H1 was arable. Groundwater sampling was carried out monthly
between Feb, 2009 and Jan, 2011 for hydrochemistry and dissolved gases. For dissolved N,O, CO,
and CH,4, samples were degassed using He headspace extraction technique and analysed by gas
chromatography. The samples for N, were analysed in a high precision membrane inlet mass
spectrometer (MIMS). Prior to groundwater sampling watertable (WT) depth was measured using
an electronic dip meter. A water balance was used to calculate the effective rainfall (ER).

3. Results & Discussion

Total N input was 300, 213, 150 and 297 kg N ha™, respectively at L1, L2, H1 and H2 sites. Among
the grassland sites, the number of livestock units (LU) was lower at L2 (2.0 LU) than L1 (2.2 LU)
and H2 (2.2 LU). Rainfall was well above average (130-140%) in 2009 and below average (87-
90%) in 2010 across sites. The period of ER at the L sites was longer than the H sites (Table 1). The
annual WT fluctuation ranges were 1.9, 0.7, 3.5 and 5.3 m below ground level.

Table 1. Annual rainfall, potential evapotranspiration (PET), actual evapotranspiration (AET) and effective rainfall
(ER) data at four experimental sites between 2009 and 2010

Hydrologic events L1 L2 H1 H2
2009 2010 2009 2010 2009 2010 2009 2010

1P (mm) 1452 947 1403 879 1167 759 1293 869
tPET (mm) 632 633 681 686 713 718 694 700
TAET (mm) 615 562 643 553 630 518 620 543
tER (mm) 836 385 759 326 537 241 673 326
No. of days ER occurred 211 168 200 45 83 43 105 50
Portion of P as ER (%) 57 41 54 41 46 32 52 38

1P: precipitation, PET: potential evapotranspiration, AET: actual evapotranspiration and ER: effective rainfall
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Mean N,O-N conc. over the two years differed significantly between sites (p<0.001) (Figure 1).
Dissolved CO, conc. was significantly higher at grassland than arable sites. Mean CH,4 conc. was
higher at the L sites than the H sites. Mean dissolved N (DN=NO3;-N+NO;-N+N,-N+N,O-
N+NH, +dissolved organic N) loads in groundwater over the two years accounted for 12, 8, 38, and
27% of the surface N input. The major fraction of DN was NO3;'N (81-92%) at H sites and N, (46-
77%) at L sites. Loads of dissolved C (dissolved organic C (DOC)+CO,+CHj,) discharged ranged
from 78-344 kg ha* at L and 30-217 kg C ha™ at H sites.
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Figure 1 (a) N,O, (b) CO,and (c) CH,4conc. in groundwater at four experimental sites (mean + SE, n=24)

4. Conclusions

Estimation of losses of dissolved carbon and nitrogen via groundwater is important to reduce the
uncertainties in the terrestrial C and N balances. Quantifying dissolved N,O, CO; and CH, in
groundwater beneath an agricultural system is of huge importance for global GHG budgets.
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1. Background & Obijectives

Shallow groundwater that develops on hillslopes is the main compartment in headwater
catchments for flow and solute transport to rivers. Although spatial and temporal variations in
its chemical composition are reported in the literature, there is no coherent description of the
way these variations are organized, nor is there an accepted conceptual model for the recharge
mechanisms and flows in the groundwater involved. This study is a part of ACASSYA project
ANR-08-STRA-01 (http://www.inra.fr/acassya) described by Durand et al (2012, this meeting).

2. Materials & Methods

We instrumented two intensive farming and subsurface dominant catchments located in
Oceanic Western Europe (Kervidy-Naizin and Kerbernez, Brittany, France), two headwater
catchments included in the Observatory for Research on Environment AgrHyS (Agro-Hydro-
System) and a part of the French Network of catchments for environmental research (SOERE
RBYV focused on the Critical Zone). These systems are strongly constrained by anthropogenic
pressures (agriculture) and are characterized by a clear non-equilibrium status.

- On Kervidy- Naizin, a daily monitoring of the nitrate concentrations in the stream and
a three monthly monitoring of the nitrate concentrations of the shallow ground water,
over 10 years, is now available. This first set of data is dedicated to the analysis of the
intra and inter-annual variations of the nitrate concentrations and its relationship with
those in the shallow groundwater.

- On Kerbernez, a network of 42 nested piezometers was installed along a 200 m
hillslope allowing water sampling along two transects in the permanent water table as
well as in what we call the “fluctuating zone”, characterized by seasonal alternance of
saturated and unsaturated conditions (Legout et al., 2007). Water composition was
monitored at high frequency (weekly) over a 3-year period for major anion
composition and over a one year period for detailed ®N, CFC, SF6 and other
dissolved gases. This second set of data is dedicated to the analysis of the recharge
process.

3. Results & Discussion

The results on Kervidy-Naizin shows that the concentrations in the stream increases abruptly
at the beginning of the recharge period, correlatively with a hydraulic gradient, then level off
during the wet and spring, despite the decrease of the hydraulic gradient. This hysteresis
pattern along the water cycle can be explained by spatial variations of the nitrate
concentration in the groundwater along the hillslope, which decreases from upslope to
downslope, and the spatio-temporal variations of the hydraulic gradients. The results on
Kerbernez which focus on the recharge processes show that local processes can also be
involved to explain the spatiotemporal variations of the stream concentrations (Rouxel et al.,
2011). They shows that (i) the anionic composition in water table fluctuation zone varied
significantly compared to deeper portions of the aquifer on the hillslope, confirming that this
layer constitutes a main compartment for the mixing of new recharge water and old
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groundwater, (ii) seasonally, the variations of ®N and CFC are much higher during the
recharge period than during the recession period, confirming the preferential flow during early
recharge events, iii) variations of nitrate >N and O18 composition was suggesting any
significant denitrification process in the fluctuating zone, confirming the dominance of the
mixing processes in the fluctuating zone, iv) deeper parts of the aquifer exhibited seasonal
variations with structured hysteretic patterns, suggesting that mixing process also occurred at
greater depths and v) these hysteretic patterns were dampered from upslope to downslope,
indicating an increased influence of lateral flow downslope. These results indicate that we
have to change the way we model subsurface dominant catchment, taken into account the
degree of saturation of the catchment, the mixing processes varying from the surface to depth,
and upslope to downslope. First modeling approaches considering a mixing process, in
addition to the convection/dispersion model, are able to better fit the chemical variations of
the anions in the shallow groundwater.

4. Conclusion

As of now, we can deduce these results that the residence times deduced from end member
approaches considering the groundwater as homogeneous lumped reservoir are likely to be
highly underestimated. Instrumented observatories including spatial and temporal monitoring
of the hillslope groundwater are required to understand the anthropogenic and environmental
processes and their interactions, to model and predict the effect and the response time of such
systems under different constraints.
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1. Background & Objectives

Groundwater contamination by nitrate (NOs’) is a cause of concern for the environment. Aquifer
discharge of NOgs into streams, lakes, rivers and coastal transitional waters can increase the risk of
eutrophication in surface waters. Leached NO3™ may also contribute to global warming via indirect
nitrous oxide (NO) emissions. Agriculture accounts for most of Ireland’s N,O emissions and
mitigation techniques are required to reduce emissions. The research objective was to investigate
the impact of a cover crop (mustard) on the in situ denitrification rates and the N,O mole fractions
(N2O/N,0O+N;) measured in shallow groundwater under spring barley cropping.

2. Materials & Methods

In situ denitrification rates were measured in March 2011 using a push-pull method (Addy et al.,
2002) in a shallow sand/gravel aquifer (water table < 4 m below ground level) underneath an arable
field of well drained soil (sandy loam) at Oak Park Research Centre. Two treatments within a spring
barley system have been cultivated since 2006: (1) mustard and (2) no cover crop, as part of a larger
experiment on the effect of over-winter green cover on nitrate leaching losses (Premrov et al.,
2011). Three wells (PVC pipe; 0.03 m i. d. and 1.0 m screen section) were installed in each plot.
The push-pull method consisted of collecting groundwater from each well, amending it with *°N-
enriched NO3™ and a conservative tracer (bromide), injecting the solution in the aquifer (“push”),
incubating in situ for several hours (4 hours) and pumping out (“pull”). “Pushed” and “pulled”
groundwater solutions were analysed for dissolved N gases (N.O and N;) and ions (NOj),
dissolved organic carbon (DOC), other physico-chemical parameters (SO4>, Eh, pH, electrical
conductivity-EC) and stable isotope ratios (*°N/**N in N,O and N,). Denitrification rates were
calculated according to equations from Mosier and Klemedtsson (1994). Non-parametric Mann—
Whitney U tests were performed to determine significant differences (p<0.05) between both
cropping systems.

3. Results & Discussion

At the time of the experiment, groundwater NOs3-N concentration was lower and DOC
concentration higher (Table 1) in the cover compared to no cover treatments (p<0.05). Other
hydrochemistry (DO, Eh, pH, EC and SO,*) were statistically similar under both treatments.

Table 1 Hydrochemical properties in two differently managed arable plots (mean + SE; n=3)

Treatment NO;5;-N DOC DO 8042' Eh pH EC
mg L™ (mV) uS cm?
Spring Barley - cover crop 13.6+2.6a 1.3x0.1a 10.2+0.2a 23.9t2.1a 185+5.0a 7.8+0.la 441+17a

Spring Barley - no cover crop  20.2+45b  0.9+0.1b  10.7+0.4a 20.5+1.7a 190+5.8a 8.0+0.la 411+16a

Means with the same letters within each column do not differ significantly

Mean N,O production rates (Figure 1a) were similar (p>0.05) in both treatments (2.27 and 1.97 ng
N kg soil™* d™). In contrast, N, production rates in the cover crop treatment were 7.61 pg N kg soil™
d™* whereas there was no N, detected in the absence of a cover crop (Figure 1b). As a result, the
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mean total denitrified N rates (N2O+N,) in the spring barley plots with and without cover crop were
7.61 and 0.002 pg kg soil™® d™* respectively (equivalent to 0.033 and 0.0001 mg N L™* d*). The
N2O/N,O+N;, molar ratio was approximately 0.001 with cover crop, whereas it was about 1 without
cover crop.
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Figure 1 Groundwater N,O (a) and N, (b) production rates in shallow groundwater under spring barley cropping with a
mustard cover crop or no cover crop (no vegetation).

Previous results from this site showed reduced groundwater NO3-N (Premrov et al., 2011) and
indicated higher groundwater DOC under the mustard cover crop (Premrov et al., 2009). Results
from the present study suggest that the introduction of a mustard cover crop in spring barley tillage
areas could also substantially enhance NOj3 reduction via denitrification without significantly
increasing N,O emissions. The observed enhanced denitrification under the cover crop may result
from the higher groundwater DOC but the mechanism under highly aerobic conditions is unclear
and may relate to aquifer anaerobic micro sites. Although the total groundwater denitrification rates
are low, when combined with aquifer residence times (up to 5.6 years estimated by Fenton et al.
(2009)), denitrification could considerably reduce groundwater nitrate concentrations.

4. Conclusions

The use of an over winter cover crop (mustard) in a spring barley cropping system can enhance
groundwater denitrification thereby reducing groundwater nitrate concentrations and indirect N,O
emissions. The resulting denitrification produced predominantly No.
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The effect of crop establishment system on the nitrogen use efficiency of cereal grain
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Brennan, J.*°, McCabe, T.°, Hackett, R.2, Forristal, P.D.2
*Teagasc, CELUP, Crops Research Oakpark, Co Carlow, Rep. of Ireland
> School of Agriculture, Food Science and Veterinary Medicine, NUI Dublin, Ireland

1. Background & Objectives

The dominant establishment system for cereal grain crops in Ireland is based on ploughing
(P) followed by a secondary cultivation combined with sowing. While there has been an
increased adoption of shallow, non-inversion, minimum tillage (MT) establishment systems
in the past 12 years it accounts for less than 4% of the total cereal area (CAIR, 2007). Most
MT established crops are winter sown on a small number of large farms. However, as the
cereal grain industry becomes more specialised and the cost of production continues to rise,
growers are looking for a reliable, cost-effective and sustainable method of crop
establishment.

The beneficial effects of minimum tillage on a number of soil properties have been well
documented (Morris et al., 2010; Rasmussen, 1999; Simon et al., 2009). However, the effect
of establishment system on the Nitrogen status of a crop is not as conclusive, and appears to
vary considerably with climate. A number of studies have been conducted on the nitrogen
uptake of crops established with different systems (Malhi et al., 2006; Meyer-Aurich et al.,
2009) with variable results but few, if any of these studies are applicable in Ireland. The
objective of these trials described here was to determine if establishment system affects the N
uptake patterns of winter wheat and spring barley.

2. Materials & Methods

Field experiments were carried out on winter wheat (WW) and spring barley (SB) in 2009
and 2010 on a medium textured clay loam in the south east of Ireland. A 4 x 5 factorial
experimental design was used for the winter wheat trials with four establishment systems
(MT; MT+S; P; P+S) where +S indicates straw incorporation and 5 N rates (0, 140, 180, 220,
260 kg/ha) with 4 replications. For the Spring Barley trials a 4 x 5 factorial design using four
establishment systems (MT-Autumn; MT-Autumn+Spring; MT-Spring; Plough-Spring) and
5 N rates (0, 75, 105, 135, 165 kg ha™) with 5 replications was used. For both wheat and
barley, crop N uptake (CNU) were recorded during the growing season. Grain and straw N
uptake, grain yield and grain protein were recorded at harvest. Statistical analysis was carried
out by analysis of variance using Genstat.

3. Results & Discussion

The performance of the winter wheat varied considerably between the two seasons. In 2009
the MT treatment had an increasing CNU as the season progressed with a significantly higher
uptake than the P treatment at GS 65 and 75. However, cultivation system had no significant
effect on grain yield or total N uptake at harvest. Due to poor crop establishment with MT in
2010, the P treatments had a higher CNU at GS 24, 28, 32 and 47. Although there was no
difference in CNU at GS 65 or 70 the P treatments had a significantly higher grain yield and
total N uptake than the MT at harvest. Straw incorporation had little effect in both seasons.
The Spring Barley also varied with season but not as extremely as the winter wheat. In 2009,
the MT-Spring establishment method performed poorly compared to the other establishment
methods with a significantly lower CNU at GS 55 and 85, and reduced total N uptake and
grain yield at harvest. The plough-based system achieved the highest total N uptake and grain
yield. All four establishment systems performed similar in 2010 with no significant
difference in total N uptake or grain yield. In both years grain yields were moderate to low
considering the normal yield potential at this location.
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Table 1. Results from fertiliser nitrogen programmes on winter wheat with different establishment systems

2009 2010

+ Straw - Straw + Straw — Straw

P MT P MT P MT P MT
Grain N,y (kg/ha) 106.2*° 110.1° 110.4° 114.6° 926° 753° 958"  66.4°
Straw Ny (kg/ha) 31.30* 36.33* 37.32° 36.09° 26.47° 2554* 2596° 22.82°
N.U.E. % 39.79% 4250° 40.93° 4574° 47.87° 39.86° 50.86° 28.98°
Grain Yield (t/ha) 6.988% 6.991° 7.172% 7.311° 5.888" 4.525° 6.174° 3.985°

“Means with a common superscript are not significantly (P<0.05) different.

Table 2. Results from fertiliser nitrogen programmes on spring barley with different establishment systems

2009 2010
P MT MT  MT P MT MT  MT
Spring Autumn A +S Spring Spring Autumn A +S Spring
Grain Ny (kg/ha) 82.40° 83.03° 75.59° 69.45° 79.01° 79.87*° 81.69° 82.29°
Straw Ny (kg/ha) 22.43" 2357° 22.38"° 18.82° 19.35% 22.18° 21.60° 19.94®
N.U.E. % 66.0% 61.1° 523% 543° 58.7 588" 559°  60.6°
Grain Yield (t/ha) 5.139¢ 5.040™ 4.682° 4.311° 4.988" 4581°  4.814* 5022°

"Means with a common superscript are not significantly (P<0.05) different.

4. Conclusion

The N uptake pattern of both crops was influenced by establishment system. The effects
however, were not consistent between years. These field experiments indicate that the
performance of MT systems for winter wheat and spring barley establishment is season dependent and
the plough-based system proved the most reliable establishment method.
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The effect of dicyandiamide addition to cattle slurry on rates of nitrification at a grassland
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1. Background & Objectives

In order to comply with current European Union environmental legislation (Water Framework and
Nitrates Directives) there is increased pressure to improve manure nitrogen efficiency. A potential
strategy to reduce nitrogen losses through nitrate leaching and N,O emissions is the use of
nitrification inhibitors. Dicyandiamide (DCD) is a nitrification inhibitor which slows down the
conversion of NH;" to NO3 and hence reduces NOj3™ leaching and the production of N,O. The
objective of this study was to determine the effect of DCD on gross nitrogen transformations in a
grassland field study following slurry application.

2. Materials & Methods

A field study was conducted at the Agri-Food and Biosciences Institute, Hillsborough, Northern
Ireland, to determine the effect of the nitrification inhibitor dicyandiamide (DCD) on gross N
transformations after cattle slurry (CS) applications on three separate occasions (summer and
autumn 2010 and spring 2011) using a *°N tracing model. Cattle slurry (33 tonnes ha™) amended
with KNO; (65 kg N ha™), with or without DCD (at 15% NH,"-N content of the CS) was surface
applied to grassland with either the NH,* or the NOs pool labelled with **N (**CS™NO; or
1>CS¥NO;). The four treatments were arranged in a randomised block design with 4 replicates of
each treatment. Soil (0-7.5cm cores) from the treatments was extracted with 2M KCI (2:1 viw
proportion of KCI to soil) on 12 occasions over a period of 4 weeks post application. On each
occasion the concentration and >N enrichment of the NH;* and NO5™ pools was determined. The
>N enrichment of the NO3-N and NH,"-N were determined by methods based on the generation of
N,O for analysis by Isotope-Ratio Mass Spectrometry (Stevens and Laughlin, 1994; Laughlin et al.,
1997). Gross soil N transformations were quantified with a *>N tracing model described by Miiller
et al. (2007) which considers six nitrogen pools and 12 nitrogen transformations (Figure 1).
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Figure 1. e\ tracing model (Miller et al., 2007) (N4, = labile soil organic N, N, = recalcitrant soil organic N, NH," s
= adsorbed NH,", NO3 ¢ = stored NO3", My = mineralisation of Nz, Murec = mineralisation of Niye, Ings =
immobilisation of NH,", Iyos = immobilisation of NO3", Onyrec = OXxidation of Nyec t0 NO3”, Onna = 0Oxidation of NH,* to
NO;’, Dnos = dissimilatory reduction of NO; to NH,", Rynaa = release of adsorbed NH,", and Ryoss = release of stored
NO3).
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3. Results & Discussion

Gross nitrification rates are shown in Figure 2. In the presence of DCD, the rate of Onpg
(autotrophic and heterotrophic oxidation of NH," to NOs") showed a significant decrease (P<0.001)
of 99.9%, 81.9% and 90.1% in June 2010, October 2010 and March 2011 respectively. In
comparison to rates of Onpa, the rates of Onrec (heterotrophic oxidation of organic-N to NOs3') were
low. Onrec increased significantly (P<0.001) from 0.064 pg N g d* to 0.275 pg N g* d* when
DCD was added in June 2010, and a significant increase (P<0.05) from 0.066 pug N g™ d™ to 0.163
ng N g* d* was measured in October 2010. However, there was no significant change in Opyrec
when DCD was added in March 2011.
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Figure 2. Gross NH," nitrification rates (Oyns) and organic-N nitrification rates (Onye) for CSNO; with and without
DCD applied to grassland soil in June 2010, October 2010 and March 2011. LSD, least significant difference when
comparing any two means for P=0.05.

4. Conclusion

This study has demonstrated that NH," oxidation in cattle slurry was strongly inhibited by DCD on
all three application dates. In contrast rates of heterotrophic nitrification of organic-N were low and
DCD did not have an inhibiting effect. Overall, the percentage decrease in total nitrate production
(Onna + Onrec) Was calculated as 78%, 70% and 81% for June 2010, October 2010 and March 2011,
respectively demonstrating that DCD was highly effective in slowing the rate of nitrate production
under field conditions when CS was applied to a grassland soil.
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The effect of mineral N fertiliser dose on nitrogen efficiency of silage maize
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1. Background & Objectives

Silage maize (Zea mays L.) is a crop, which is very responsive to N fertilisation and large amounts
of N are generally applied to maize cultivations. The positive effects of nitrogen supply from
mineral fertilizer or organic fertilizers on the yield of dry matter (DM) from maize are well
documented (Schroder et al., 1998). Although maize has a high N use efficiency field balances still
show considerable N surpluses due to excessive input of organic and mineral fertilisers, which are
applied alone or in combination. Most of agricultural companies in the Czech Republic limit
fertilization to usage of mineral nitrogen fertilizers and the amount of nutrients uptake by main and
secondary products are often higher than the input of nutrients to soil in fertilizers. Adjusting N
application rates to crop needs can improve N use efficiency and reduce N loses. The objective of
this study is to evaluate effects of different application rates of mineral nitrogen fertilizers (MNF)
on yield of silage maize and N uptake efficiency in long-term field experiment.

2. Materials & Methods

The experiment, established in 1992, was carried out on the experimental field of the Czech
University of Life Sciences Prague in Czech Republic (50°7'40"N, 14°22'33"E). The climate is dry
temperate, drought periods may occur, mainly in late spring and summer. The soil is Chernozem
with loamy texture (Cerny et al., 2010). Silage maize has been continuously cultivated since the
beginning of the experiment. The treatments were compared in a split-plot design. The size of
experimental plots was 46 m”. The trial comprised 5 treatments: no fertilization (control), four
mineral N rates (calcium ammonium nitrate) (60, 120, 180, 240 kg N ha™") prior to crop sowing. No
other nutrients and liming were used since the beginning of the experiment. The N content of the
aboveground biomass was estimated using a Kjeldahl procedure. Efficiency of N fertilizer N was
calculated according to the difference method (Dobermann, 2007; Nannen et al., 2011) considering
the DM yield and N uptake by the maize: i) nitrogen utilization efficiency (NUE, kg kg') as the
ratio between yield and total N uptake; ii) agronomic efficiency of applied N (AEy, kg kg™) as the
ratio of (yield at Ny — yield at Ny) and applied N at Ny, iii) recovery efficiency of applied N (REx,
%) as the ratio of (uptake at Ny — uptake at Ny) and applied N at Ny, iv) physiological efficiency of
applied N (PEy, kg kg™') as the ratio of (yield at N, — yield at N o) and (uptake at N, — uptake at
No).

3. Results & Discussion

All results for this research are presented as average from 1997 to 2008 experimental years. The
average dry mater (DM) yields were 11.2-14.8 t ha”'. The lowest yield was determined in the
control variant, the highest yield in the variant 240 kg N ha™'. In some years, however, 240 kg N ha’
! did not increase the yield compared to the amount of 180 kg N ha™'. Average nitrogen uptakes
were 88—185 kg N ha™', when the average N contents in DM were 0.8—1.25 %. From this result it is
evident that the amount of 240 kg of N per hectare did not increase the content of nitrogen in the
dry matter of the silage maize more distinctly when compared with the variant 180 kg N ha™,
Similar to Nannen et al. (2011), in variants 180 kg N ha™' and 240 kg N ha™ the uptake of nitrogen
was estimated lower compared with the amount of N, which was at the beginning of the growing
season applied in fertilizer (Figure 1).
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Figure 1. The relative effect of the N amount on the DM yield, nitrogen content and nitrogen uptake by the silage maize
related to the control (100 %)

NUE was relatively stable value during the evaluated period and range between 80.53
and 124.86 kg N ha™'. The highest value of AEy was calculated for the amount of 60 kg N ha™ and
120 kg N ha™'. The lowest AEy was calculated for the application of 240 kg of N ha™'. The highest
values of REy were calculated in the variant 120 kg N ha™ and they were decreasing with higher
amount of N applied, which corresponds with the lower use of the applied N. The average values of
REy in all variants were calculated from 40.51 to 57.49 %. The highest value of PEy (55.27 kg kg™)
was found out for the amount of 60 kg N ha! and the PEy value decreased with an increasing
amount of N (Table 1).

Table 1. The effect of the N amount and on the silage maize N efficiency indices

Treatment NUE AEy REN PEx
kg N ha™ kg kg kg kg % kg kg
0 124.86 - - -
60 107.77 27.54 48.95 55.27
120 90.76 26.74 57.49 44.56
180 82.91 20.59 49.86 38.87
240 80.53 16.44 40.51 38.29

4. Conclusion
Higher DM yield, N content and N uptake by silage maize were with the increasing N dose, but the
best use of nitrogen from MNF had been reached by a nitrogen rate of 60 and 120 kg ha™.
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Theimpact of crop rotation and N fertilization on the growth and yield of winter wheat
Vari E., Pepb P.

Ingtitute of Crop Science, Faculty of Agricultural and Food Sciences and Environmental Management, Centre for
Agricultural and Applied Economic Sciences, University of Debrecen, Hungary

1. Background & Objectives

According to Loénhardné and Kismanyoky (1992) and Lonhard and Németh (1988), N fertilization
significantly increased leaf areaindex (LAI) and leaf area duration (LAD) in winter wheat and the
leaf areaindex determined the yield. Petr et a. (1985) found that the yield of cereals was increased
leaf area index up to a certain limit. According to Pepd (2002), fertilization is one of the major
technological elements of wheat production, because it has a direct or indirect impact on al other
technological elements. Pepd (2009) found that the optimum fertilizer doses vary between Niso
200+PK in biculture and Nsp.150+PK in triculture depending upon the year and the water supply.
Montemurro et al. (2007) did not detect differences in yields of winter wheat between the fertilizer
treatments N1o0+PK and N1go+PK.

2. Materials & Methods

The experiments were carried out at the Latokép experimental station of the University of Debrecen
on chernozem soil in along term winter wheat experiment in the season of 2010/2011 in triculture
(peawheat-maize) and biculture (wheat-maize) at three fertilization levels (control, Nso+PssKao,
N1s0tP10sK120). The wheat variety used in the long-term trial was GK Csillag. The leaf area index
was determined using the instrument SunScan Canopy Analysis Systems (SS1). Leaf area duration
(LAD_a)) was aso caculated, which is the area under the LAl curve over time. LADa
guantitatively expresses the length of time over which the stand maintains the photosynthetically
active |leaf area (Berzsenyi, 2000).

3. Results & Discussion

The leaf areaper 1 m? ground surface was calculated and its dynamics was plotted (Figure 1). After
maize forecrop, N fertilization had a significant effect on leaf area index dynamics and its
maximum up to the treatment Njsp+PK. In triculture, a similar trend was observed, significant
differences were found between the three fertilization treatments. In both crop rotations, the
maximum leaf area index was measured at flowering-grain filling in winter wheat stands.
Considerably higher leaf areaindex was measured in triculture than in biculture (2.2 in the control;
4.1 m* m? in the treatment N1so+PK).
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Figure 1. Dynamics of LAIl-values of winter wheat in a bi- and triculture crop-rotation system (Debrecen, 2011.)
In triculture, yields were 2088-4615 kg-ha* higher than in biculture at the same fertilization levels.
After maize, the differences between the control and the fertilization level of Nigso+PK were
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considerably higher than after pea as a forecrop. When studying the effect of fertilization, it can be
stated that the yields significantly increased with increasing fertilization levels (Figure 2) and the
maximum yield of winter wheat was obtained in the treatment N;50+PK in both crop rotations (7442
and 9830 kg-ha™).
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Figure 2. Effect of fertilisation on the yield of winter wheat in the a bi- and triculture crop rotation (Debrecen, 2011.)

According to the leaf area duration values (Table 1) the increasing N fertilization significantly
increased the lifespan of leaves. When comparing the two crop rotations, the beneficial effect of the
peaforecrop can be observed aso in leaf area duration values.

Table 1. Effect of fertilisation on LAD of winter wheat in a bi- and triculture (Debrecen, 2011.)

Fertiliser doses B'fﬂ;%‘fl‘&%’“ T”(Crﬁlthrjr:ze*LdAa;/:;LAl
contol 79 135
Ngo+PK 128 183
N150tPK 207 278
L SDxy, 17 27

4. Conclusion

N fertilization has an outstanding role in the changes in leaf area index (LAI), leaf area duration
(LAD) and yield of winter wheat. According to our results, the interaction effect of leaf area index,
leaf area duration and fertilization resulted in the maximum yield in biculture and triculture.
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The interactions among the nitrogen supply and the physiological parameters and yield of
winter wheat genotypes

Szah0 E., Pepd P.

Institute of Crop Sciences, Faculty of Agricultural and Food Sciences and Environmental Management, Centre for
Agricultural and Applied Economic Sciences, University of Debrecen, Hungary

1. Background & Obijectives

According to Houles et al. (2007), more precise results can be obtained about the nitrogen uptake of
winter wheat if SPAD and leaf area index (LAI) values are examined together. Vidal et al. (1999)
found a close correlation between SPAD values, nitrogen uptake and yield. Sugar and Berzsenyi
(2010) found that in dry years, LAl was mainly influenced by nitrogen supply. Fois et al. (2009)
claimed that nitrogen supply has a determining effect on yield in the case of winter wheat. As a
result of higher nitrogen doses, larger leaf area is formed and the nitrogen content of foliage is also
higher. Ziadi et al. (2010) found a tight positive correlation between nitrogen doses and SPAD
values. Cartelat et al. (2005) found strong correlation between the SPAD values of winter wheat
leaves and their chlorophyll content was r=0.91.

2. Materials & Methods

We have tested two winter wheat genotypes, GK Othalom, which has been grown for a long time
and a new, modern variety, Pannonikus. Four repetitions were set up in a small plot long-term
experiment in a split plot design in the season of 2010/2011. The experimental soil was calcareous
chernozem. In the treatments, three fertilization levels were studied, the control, N=60 kg ha™, with
P,0s=45 kg ha™ and K,0=53 kg ha™and its twofold dosage were applied. The chlorophyll content
of the wheat leaves and the leaf area index (LAI) were measured with a portable Konica-Minolta
SPAD 502Plus instrument and a portable SunScan Canopy Analysis Systems (SS1) instrument,
respectively. Measurements were performed on five occasions during the season.

3. Results & Discussion
Table 1. represents the yields of the two wheat varieties at the different fertilization levels. Yields
increased significantly with increasing fertilizer doses. The yields of Pannonikus were considerably
higher than those of GK Othalom both in the control (4719kg ha™) and in the Ni0+PK treatment
(8224kg ha™).
Table 1. Effect of fertilization on the yield of winter wheat varieties. (Debrecen, 2011)
Treatment GK Othalom kg ha® Pannonikus kg ha™

Control 3019 4719
Ngo+PK 5745 7072
N10+PK 6500 8224
LSDsy, 425 743

The differences in yields were due to the different fertilizer response of the varieties, the more
modern Pannonikus was able to use the applied fertilizer dosage more efficiently. For both varieties,
the lowest SPAD values were obtained in the control (Figure 1) and the values increased
significantly with increasing fertilizer doses. The SPAD values of the variety Pannonikus were
higher than those of GK Othalom and the reduction in its SPAD values by the end of the season was
less strong due to the increased fertilizer dosages.
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The effect of fertilizer doses was even more obvious in the case of the leaf area index (LAI) (Figure
2). The increasing nitrogen doses significantly increased the leaf area index in both varieties, the
LAI was higher and the decreasement was also more moderate for both fertilizer treatments for the
variety Pannonikus due to its better fertilizer response.

6,0

5,0

4,0 —
o, .
£ 301 o= - S
W ¥ - ~ i e
- ‘N -
2,0 = = = X MRS
- - TTe----d - 7 -’ -

1,0

0,0

LSDsw

2011.04.18|2011.05.03|2011.05.23|2011.06.14|2011.06.20|
GK Othalom

07 04 09 07 07

2011.04.18|2011.05. 03‘2011.05 23‘2011.06.14‘2011.06.20
Pannoni kus
14

06 08 11 13

- - - Control

—= = N60+PK

—&— N120+PK

Figure 2. Interactions among the fertilization, the genotype and the leaf area index of winter wheat varieties.
(Debrecen, 2011)

4. Conclusion

According to our results, it can be stated that the fertilizer treatments significantly increased the
SPAD values and the leaf area index (LAI) of winter wheat genotypes with increasing nitrogen
doses. The higher chlorophyll content and the larger assimilating surface contributed to the
achievement of higher yields. The more modern variety, Pannonikus had better results both in its
physiological parameters and yields due to its better fertilizer response.
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Using bromide as tracer to study the horizontal and vertical movement of nitrate under field
conditions

Almadni, M., Stockdale, E.A., Cooper, J.M.
School of Agriculture, Food and Rural Development, Newcastle University, Newcastle upon Tyne, NE1 7RU, UK.

1. Background & Objectives

Porous ceramic cups are widely used for the extraction of soil solution for monitoring of nitrate
leaching from arable land despite their acknowledged weaknesses. Bromide and chloride have both
been widely used as a conservative tracer of nitrate movement, but this has dominantly focussed on
following the vertical movement of nitrate through the soil profile (Lord and Shepherd, 1993;
Webster et al., 1993). Under field conditions in some soils, lateral (horizontal) movement may also
be an important component of the total nitrate movement (Waddell and Weil, 2006). Hence for any
site it is important to understand the hydrological pathways leading to nitrate leaching and to assess
the relative importance of both vertical and horizontal components of nitrate transport, especially
where plot scale N balances are to be estimated. The aim of these field studies was to better
understand the hydrological pathways of nitrate leaching in a large agronomic field experiment thus
allowing better parameterisation of models used to estimate nitrate leaching.

2. Materials & Methods

Two experiments have been carried out using bromide as tracer during spring 2011 and overwinter
2011-2012. Porous ceramic (suction) cups were used to obtain soil solution samples during
drainage and soil coring approaches were used to determine overall recovery. The field experiments
were situated at Newcastle University’s Nafferton Experimental Farm, Northumberland, UK under
natural soil conditions. The soil is a surface water gley with a sandy loam topsoil. The 30 suction
cups were installed at 30 and 60 cm (15 suction cups for each depth) in three replicate plots/areas
under grass ley. Each group of suction cups (at either 30 or 60 cm) was arranged in a circle (Im
radius) with one suction cup installed in the centre (source) and the 4 remaining cups equally spaced
on the perimeter of the circle. For each circle the first cup on the perimeter was placed directly
downslope of the centre (downslope). There was 3m between the two groups of suction cups.
Initial soil samples were collected to determine soil water content and the background concentration
of bromide. Bromide was extracted from soil (1:5 ratio) using de-ionised water. 300kg ha™ of
bromide (as NaBr) was applied to the soil surface within a circular plot (0.5 m diameter) centred on
the central porous cup. Soil solutions were collected from the porous cups weekly (80kPa suction
for 2 hours) until the soil had dried so that solution samples could not be obtained. At the end of this
period soil cores (0-90 cm) were collected close to the locations of the porous cups and also at an
intermediate positions downslope of the application (3 samples 0.75 m from source) and one sample
outside the perimeter (1.25 m beyond the downslope). These cores were divided (0-30, 30-60 and
60-90 cm); water content was determined and bromide extracted with de-ionised water. All bromide
concentration in soil extracts and soil solution samples were determined by ion chromatography.

3. Results & Discussion

Soil solution data collected in the spring 2011 experiment showed that bromide moved downwards
through the soil profile after application in March. At the end of this short experiment 36% of the
applied bromide was recovered immediately below the source with 23% in 0-30 cm, 6.5% in 30-60
cm and 6.4% in 60-90 cm. At the source, soil solution samplers showed vertical movement of
bromide during the experiment with the highest bromide concentration measured in the second

248



Nitrogen Workshop 2012

week after application at 30 cm depth (Figure 1). The peak bromide concentrations at 60 cm were
lower and were not measured until the final sampling, there may have been some bromide
concentration at this depth as the soil dried out. Downslope (0.5 m beyond any direct surface
application of bromide), bromide was detected in the soil solution after 2 weeks at both 30 and 60
cm depths. While bromide concentrations at 30 cm were very significantly lower than those at the
source; there was much less difference between bromide concentrations at 60 cm, suggesting that
there may have been significant lateral movement of bromide within the soil profile. The primary
result from this scoping study indicated that surface applied bromide could move both horizontally
and vertically to 60 cm from March to May even in the presence of grass. Hence the second
experiment overwinter 2011-12 was designed to investigate bromide movement during the main
drainage period and consider the implications for the estimation of nitrate leaching in these soils.
Data are still being processed and full bromide recovery together with residence times will be
calculated.
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Figure 1. Mean concentration of bromide in soil solutions (mg I™; with SD in brackets) obtained with porous ceramic
cups installed at 30 and 60 cm depth on 5 occasions following application of bromide in March 2011

a) immediately beneath a bromide application (source) and

b) 0.5 m from the plot edge in a downslope direction (downslope).

4. Conclusion

For any site the relative importance of both vertical and horizontal components of nitrate movement
should be determined. Most simple models of nitrate leaching do not take account of horizontal
flow pathways; the preliminary data given here indicate that this is likely to be a major weakness
where such models are used to estimate residence times and the environmental impacts of land
management.
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Winter wheat nitrogen demand under different soil conditions
Anna-Karin Krijger
Rural Economy and Agricultural Society of Skaraborg, PO Box 124, 532 22 Skara, Sweden

1. Background & Objectives

The aim with this study was to explore the effects of soil nitrogen (N) supplying capacity under
different growing conditions on optimum N fertilization level to improve the efficiency in use of
added N to crops. Nitrogen fertilization experiments in barley and wheat over severa years have
shown large variations in optimum N fertilization between sites with similar yields (Gruvaeus,
2008). A maor cause of variation was differences in N supply from the soil. Wetterlind (2010)
showed that the optimal N dose varied greatly between years and location and even within the farm
or the fields. Both the yield and soil N supply needs to be taken into account to estimate the
optimum N fertilization level. Using zero-N subplots to estimate N supply on the site, and
estimating biomass and N-content with an N-sensor in the BBCH 37 growth stage may improve
optimization of N fertilization level.

2. Materials& Methods

The experimental layout was a fully randomized block design consisting of N fertilization levels
from 0 to 280 kg N ha in 40 kg intervals to winter wheat. The first 40 kg N was added at the start
of crop growth in early spring and the balance was applied at early stem elongation. All N was
added as NS 27-4. Measurements of near infrared reflectance from the crop, using ahand held Yara
N-Sensor, were carried out at BBCH 37-43 and in several cases two more times in addition to
follow the crop N uptake and assess the crop N demand. Winter wheat varieties in the field
experiments were Olivin, Opus, Ellvis, Hereford and Skalmeje. Preceding crop was spring cereals.
The experimental plots were located on fields with different soil types and on farms with or without
livestock. During 2007-2011 44 experiments with four replicates and with 36 m? plot-size were
carried out. Optimum N rate was determined as an economical optimum based on a quotient of N
prices 10 times grain price.

3. Results & Discussion
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Figure 1. Regression between optimal nitrogen rate and harvest at optimal fertilization for 44 trials in 2007-2011. All
varieties except Harnesk and Hereford.

Results from al 44 experiments showed a weak correlation between harvest grain yield and
optimum N fertilization rate, (Figure 1). When optimum N fertilization rate and soil N supply was
combined, determined from plots receiving no N, the regression between harvest grain yield and
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optimum N fertilization rate were stronger. N demand was 15.6 kg N per tone of grain plus 111 kg
N (Figure 2). Farms both with and without livestock were included but only sites with preceding
crops of cereal were included. Figure 3 shows the correlation between the N-sensor value at the flag
leaf stage (DC 37) in the unfertilized treatment and the grain N yield during 2009-2011, indicating
that N-sensor measurements at the flag leaf stage shows the soil N contribution.
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Figure 2. Winter wheat N demand (kg N ha) at optimum N rate in relation to grain yield at the optimum N rate from
44 trialsin central Sweden from year 2007 to 2011 All varieties except Harnesk and Hereford.
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Figure 3. Correlation between N-sensor, N uptake at BBCH 37 and grain N at harvest. 34 trials in central Sweden
during 2009 to 2011.

4. Conclusion

Optimum N fertilization varied greatly both between years and between sites. Measurements with
the Yara N-sensor at the flag leaf stage indicated the soil N delivery to the crop. Zero-N plots are an
important tool to find the optimum N fertilization level, because the grain yield between farms
varies alot. Having information on the actual soil N supply on the site for an individual year, using
an N-sensor at flag leaf stage and taking the actual weather of the year into account, may help
improve optimization of N fertilization for winter wheat.
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An integrated approach to reactive nitrogen in the environment

Sutton, M. A.

Centre for Ecology and Hydrology, Edinburgh Research Station, Bush Estate, Penicuik, Midlothian, EH26 0QB,
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1. Background

Human alteration of the nitrogen cycle represents a mgor driver of globa environmental
change. Since the invention, a century ago, of industrial methods to fix atmospheric di-
nitrogen (N), the production of reactive nitrogen (Nr) has roughly doubled at the global scale
and tripled in Europe (Erisman et a., 2008; Galloway et al., 2008; Sutton et a., 2011a). The
main use of this deliberate anthropogenic N, production has been to produce fertilizers to
increase crop production, alowing the world’s human population to increase, as well as for
people to eat richer diets, with alarger fraction of animal products. In parallel, increased rates
of fuel combustion have caused an additional inadvertent rise in anthropogenic N, production
and release to the atmosphere. This has especially been the result of greater use of high
temperature combustion processes in vehicles, electricity generation and other industries,
which oxidize atmospheric N, to nitrogen oxides (NOy). In addition, low temperature
combustion processes, from domestic burning of coal, wood, dung and burning of forests and
other land, have led to an increase in both NOy and ammonia (NH3) emissions. Together
with the emissions of N, from agricultural systems in the form of NH3, NOy, nitrous oxide
(N20), nitrates (NO3) and many organic nitrogen forms, this human alteration of the nitrogen
cycleis causing multiple effects on globa change. The consequences include pollution of air,
soil and water, alteration of the climate balance and threats to biodiversity. While some
policies have aready been enacted in Europe and elsewhere, N, pollution represents a still
largely unsolved problem. Many details of the science remain uncertain, while levels of N,
pollution are causing major threats across Europe and other industrialized and agricultural
areas of the world. The complexity is illustrated by the way in which N, emissions alter
climate balance.

2. Results & Discussion

The recent European Nitrogen Assessment (ENA) estimates that N, emissions may be having
anet cooling effect on climate, as aerosol N, effects and forest fertilization from atmospheric
N, deposition tend to outweigh the warming effects of N,O emissions and the N, contribution
to O3 formation (Butterbach-Bahl et al., 2011). However, the cooling components of N, have
even bigger estimated societal costs than their climate benefits, as aerosols affect human
health and N, deposition threatens biodiversity. Overall, the ENA estimates a societal damage
cost of between €70 billion to €320 billion per year across the European Union (Brink et al.,
2011; Sutton et al., 2011c). Even from this limited set of interactions, it is clear that human
ateration of the nitrogen cycle is a highly complex issue, with maor economic
consequences. Advances in the underlying science are needed using new measurement
methods and models, as a basis to inform policies that maximize the intended benefits of Ny,
while minimizing its environmental threats. The extent of these interactions can be seen
clearly from the European Nitrogen Budget, with Figure 1 highlighting 7 areas for key
actions to improve nitrogen management at a European scale. The figure clearly illustrates
the dominant influence of livestock agriculture on the European nitrogen cycle, where 85% of
harvested crop nitrogen feeds livestock with only 15% feeding humans directly
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Figure 1. Summary of the European Nitrogen Budget, around the year 2000 (valuesin Tg N
per year). White arrows are natura nitrogen fluxes, Dark grey arrows are intended
agricultural nitrogen flows; Light grey arrows are unintended anthropogenic nitrogen flows.
The numbered white circles show 7 areas for taking key actions to improve overal nitrogen
management. The figure clearly illustrates the dominant influence of livestock agriculture on
the European nitrogen cycle, where 85% of harvested crop nitrogen feeds livestock with only
15% feeding humans directly.

These issues have been addressed by concerted efforts in Europe over the last 5 years, as a
number of projects have contributed to the global ambitions of the International Nitrogen
Initiative (INI), a joint project under the International Geosphere Biosphere Programme
(IGBP) and the Scientific Committee on Problems of the Environment (SCOPE). The
European collaboration has linked closealy to the efforts of the NitroEurope Integrated Project,
a consortium of 62 institutes funded by the European Union 6™ Framework Programme to
examine the effect of nitrogen on the European greenhouse gas balance (Sutton et al., 2007,
2011b).

In order to increase the scientific scope, NitroEurope has worked closely with the Nitrogen in
Europe (NinE) framework networking programme of the European Science Foundation
(Bleeker et al., 2008), allowing an increased focus on interactions with biodiversity, water
quality, policy and economic issues. In parallel, the COST Action 729, “Assessing nitrogen
fluxes in the atmosphere biosphere system”, has added to the critical mass through workshops
to stimulate collaborative activities, including a maor focus on the interaction between
nitrogen deposition and the Natura 2000 network, protected under the EU Habitats Directive
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(Hicks et al., 2011; Bleeker and Erisman, 2011). Finally, efforts have been made to develop a
number of tools that raise the question of the nitrogen challenge across scientific
communities and with wider society (NinE, 2011 (Barsac Declaration); NinE 2009 (ENA
Video); NGCC, 2011 (Edinburgh Declaration); Leach et al. 2012 (N-print)).

This paper will draw together a synthesis of these recent activities, highlighting how
developments focusing on overall reduction of national-scale N, surpluses and improvement
in full-chain nitrogen use efficiency (NUE) provide the basis for a more streamlined
management of the nitrogen cycle. If the current level of adverse effects are to be reduced,
and future threats on the global scale avoided, this will require a mgjor change in societa
consciousness. Key elements will be to put a much higher priority on nitrogen mitigation
actions in arable and livestock agriculture, while redressing the current increase in human
consumption of animal products above thresholds for the protection of both the environment
and human health.
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I ntegration of measuresin pastoral dairy systemsto mitigate reactive nitrogen lossto the
environment

deKlein, C.A.M., Monaghan, R.M., van der Weerden, T.J., Chrystal J.
AgResearch Ltd, Invermay Agricultural Centre, Private Bag 50034, Mosgiel 9053, New Zealand

1. Background and objectives

There are ongoing concerns about the impact of dairying on reactive nitrogen (N) losses to the
environment. Although dairy systems have become more N efficient, the rate of productivity gains
has typically been faster than the rate of efficiency gains (reduced N losses per unit of product), and
thus total N losses to the environment have increased. The need for integrated N efficiency
solutions for dairy systems to meet the challenge of increasing global production of animal-based
protein while reducing N losses to the environment has never been greater. The objectives of this
paper are to provide an overview of current N efficiency and mitigation measures for pastora dairy
farm systems and to assess the impact of integrating a range of these measures on reactive N loss to
the environment and on farm profitability. We aso provide an assessment of the impact of tactical
decision making to exploit spatial and temporal variability on nitrous oxide (N2O) losses.

2. Current N efficiency & Mitigation measures

The best way of achieving the dual and generally conflicting goals of increased productivity and
reducing N losses to the environment is to ensure we achieve ‘more for less, i.e. more milk per
animal or per unit of dry matter (DM) intake; or more DM per unit of N input. In addition, reactive
N losses to the environment can be further reduced through the adoption of measures that minimise
the N lossrisk. Table 1 provides an overview of some key options.

Table 1. Summary of the key ‘efficiency’ or ‘reduced N loss risk’ measures for pastoral dairy systems (e.g. Beukes et
al., 2011; Clark et al, 2011; de Klein and Monaghan, 2011; Velthof et al., 2009).

Aim Potential options

 Higher genetic merit animals

Lower replacement rate

Better feeding to improve body condition score at the start of calving
Better quality pasture/crops/supplements

Low N feed

Restricted grazing to protect pastures from treading damage
Mop-up crop during fallow period

Improved fertiliser and manure management

Exploit spatial and temporal variability in pasture N response
Gibberellins while reducing N fertiliser

Nitrification inhibitors

Nitrification and urease inhibitors

Restricted grazing to avoid urine deposition at high risk times
Exploit spatial and temporal variability in N losses (especially N,O)
Tannin rich diet

Riparian buffers

Wetland attenuation

More milk per cow or
per unit DM intake

More DM per unit of N
input

Reduce N loss risk

3. Integrating N efficiency and mitigation measures
We assessed the impact of integrating key strategic N efficiency measures for a New Zealand dairy
farm system (Table 2). This assessment used the farm systems model Farmax Dairy (Bryant et al.,
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2010) to predict milk production and farm profitability and the nutrient budgeting model
OVERSEER (Shepherd et a., 2012) to predict N leaching and N,O emissions.

Table 2. Summary of the characteristics of a Base dairy farm system (predominantly pasture diet) and two alternative
systems designed to increase production and reduce environmental N losses. The impacts of the alternative systems on
production, farm profit and N losses are given as relative changes from the Base farm

System
Farm characteristic Better feeding Restricted grazing
Cows/total ha 1.9 2 2
Replacement rate % 23 18 18
Winter feed (June-Aug) ngﬁﬁ di}'/(g Brgsls: 73)\%3;;9 Pasture silage @ 12 kg DM/cow/day
A(_jdi_tional feed - Summer turnips . Whole crop cered Annual ryegrass
milking platform silage + annual ryegrass
Housing i i 12 hours/day from Mart;h—M ay and
in Aug; 24 hours/day in Jun-Jul
N fertiliser, kg N/halyr 140 50 80
e Yes applied twice Yes applied twice
Nitrification inhibitor No (early azzplate Autumn) (early aﬂgﬁate Autumn)
Wetland below winter No Yes No
crop
kg Milk Solids/cow +10% +10%
Profit, $/ha +14% +12%
N leaching loss,
kag/halyr -6% -50%
kg N/kg milk solids -17% -57%
N,O emissions,
kg N/halyr -5% +11%
kg N/kg milk solids -18% -4%

The “Better feeding” option was designed to get animals in better condition before spring calving
by feeding them an extra 2 kg DM/day, calving 2 week later to provide reliable spring pasture
growth and introducing annual ryegrass swards to boost production later in the season. These
measures collectively hel ped to decrease N fertiliser requirements by more than half. The “restricted
grazing” option uses a housing system to remove animals from pasture for 6 hours per day during
autumn and wet spring periods. It is aso used for over-wintering animals using pasture silage as the
main feed source, thus avoiding the need for a winter brassica crop. Modelling indicates that milk
production increased by 10% in both systems, and profit by an average 13%. The reduction in N
leaching losses per ha was largest in the ‘restricted grazing’ option, but N,O emissions per hectare
increased under this option. This was largely a result of increased DM intake resulting in higher
urine N excretion rates, in combination with increased losses from the housing and effluent
management. However, N losses per unit of milk were all reduced compared to the Base farm.

Beukes et al. (2011) also assessed the impact of integrating N efficiency and mitigation measures on
greenhouse gas emissions from New Zealand dairy systems. Although this study did not document
N>O emission or N leaching results, it did show differences in N excretion rates, which are a good
indicator of differences in N,O emissions and N leaching. Their analysis showed that reducing N
fertiliser inputs from 180 to 50 kg N ha* yr'* while using a nitrification inhibitor to increase pasture
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growth by 2%, reduced urinary N excretion by about 20%. Improving cow reproductive
performance or genetic merit, or taking the cows off-pasture for 12 hours/day for 2 months in
autumn, reduced urinary N deposition to pasture by about 5%. When all these measures were
integrated within one farm system, N excretion rates reduced by c. 30% while milk production per
haincreased by 15-20% (Beukes et a., 2011).

4. Exploiting spatial and temporal variability

Nitrogen use efficiency (NUE) and N losses can be highly variable, both in space and time, due to
variability in soil and climatic drivers of NUE and N loss risk. This variability could be exploited
by tactical management options to further increase NUE (*more for less') or the effectiveness of
mitigation options such as nitrification inhibitors (‘reduced N loss risk’). For example, Shepherd et
al. (2011) showed that 40-50% of urine deposited in late summer/early autumn (i.e. well before the
start of the drainage season) could be lost through leaching. Therefore, targeting N mitigations early
could substantially reduce the risk of N leaching, particularly in summer dry areas where pasture
growth rates, and thus N uptake, are limited.

We also conducted a preliminary assessment of the impact of a tactical management option to
reduce N,O emissions. This was based on the premise that N,O emissions are low or negligible
when soils are at or below field capacity (FC; van der Weerden et al., 2012) and the hypothesis that
if urine N deposition can be delayed or diverted to dry areas, N,O emissions can be significantly
reduced (Figure 1).

80

g EF3 wet=4%
- y=0.7236x- 0.1798
5 5 60 ~
< g EF3 wet=2%
= y=0.491x + 0.0494
8 %) /
£@ EF3 wet=1.5%
S E y = 0.3854x + 0.3303
— @
53 /
T =2
L
)

0 ‘ ‘

0 20 40 60 80 100

% reduction in urine N deposition onto wet soils

Figure 1. The effect of avoiding urine N deposition on ‘wet’ soil (> field capacity) on direct and indirect N,O emissions,
for three different urine N emission factors (EF3) for ‘wet’ conditions. 1.5, 2 and 4% of urine N applied (e.g. Ball et al.,
2012; de Klein et al., 2003; van der Weerden et a., 2011), with 1.5% being a conservative value, 2% a medium value
and 4% assuming that grazing on wet conditions also causes soil compaction and damage through trampling. The
assumed EF3 value for deposition on ‘dry’ soil (<field capacity) was 0.5%.

We used a monthly soil water balance model (van der Weerden et a., 2011) to estimate the average
number of days that New Zedand's dairy pastoral soils were above field capacity. We then
combined this with monthly dairy urine N excretion rates as used in the New Zedand GHG
inventory calculation to provide N excretion rates on either ‘wet’ (> FC) or ‘dry’ soil (< FC). Using
the three different urine N emission factors (EF3) for ‘wet’ conditions, we estimated that N,O
emissions could be reduced by c. 4 to 7 % for every 10% reduction in urine N deposition on wet
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soils (Figure 1). This very preliminary assessment suggested that there is sufficient potential for
exploiting spatial and temporal variability to reduce N,O emissions to warrant further refinement of
the methodol ogy and soil moisture-dependent EF3 values.

5. Discussion

Modelling assessments suggest that integrating a range of strategic and tactical management and
mitigation measures can reduce N losses to the environment, while maintaining or increasing milk
productivity. However, experimental evidence is required to confirm the results as well as the
practical feasibility of integrating these measures on farm. In addition, potential un-intended
consequences need to be considered. For example, taking animals off pasture at high risk times to
reduce reactive N losses requires a housing or feedpad system to enable the farmer to adopt this
practice in New Zealand. The unintended consequence of this could be that farmers might use the
opportunity to increase stock numbers by bringing in more supplements to maximise the return on
investment. As a result, reactive N cycling in the system could be intensified and total N losses
increased, athough losses per unit of product are likely to be lower. Similarly, an unintended
consequence of changing to animals with higher genetic merit could be that farmers retain the
existing stocking rate, and thus might need to bring in more feed to maintain milk production.
Again, this could potentially increase the intensity of the N cycling and total losses, but is likely to
reduce losses per unit of product. A maor farmlet systems research programme is currently
underway in four regions in New Zealand to assess the impact of region-specific dairy systems
redesign (based on options listed in Table 1) on productivity, profit, environmental losses, practical
feasibility and un-intended consequences.
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1. Background & Objectives

Nitrogen (N) management is commonly defined as ‘a coherent set of activities related to the
allocation and handling of N in agriculture to achieve agronomic and environmental/ecol ogical
objectives (e.g. Oenema and Pietrzak, 2002). Common agronomic objectives relate to crop
yield, crop quaity and anima performance, while environmental/ecological objectives
commonly relate to minimizing N losses and to increasing N use efficiency (NUE). The
objectives of N management are often region-, watershed-, site-, farm-, and/or field- specific.
Nitrogen management is evaluated successful when objectives are achieved. Economic costs and
associated risks of N management measures are often seen as an obstacle and/or delay for
implementing such measures in practice (Sheriff, 2005; Oenema et a., 2011a). Indeed,
management measures require additional activities and possible changes in practices, which cost
money. Thereby the competitiveness of the farms may decrease. In an open, globalized market, it
IS necessary to establish alevel playing field; otherwise producers will remain reluctant to fully
implement measures that put them at a comparative disadvantage. However, there is surprisingly
little empirical information about the cost and benefits of improved N management. The
objective of this paper isto review available literature, which relates to developed countries.

2. Economic cost of establishing N input-output balances at farm level

Nitrogen input-output balances are key tools for monitoring the success of N management. There
are various procedures for making N input-output balances, which may dlightly differ in
outcome, accuracy and in efforts needed to establish the input-output balance. Hence, it is
important to use standardized formats for making N input-output balances, to alow comparisons
between farms. Information from countries that have implemented farm N balances in practice
(e.g. Denmark, The Netherlands) indicates that farmers learn easily to interpret such N balances.
They may also easily learn to compile these N balances. However, in many cases N balances are
compiled by accountancy offices, which charge farmers on average 250-500 euro per farm per
year for farm N & P balances (e.g. Jacobsen et al., 2005). In the Czech Republic, the estimated
costs of farm N & P gate balances are in the higher end of this range, because of poor data
availability.

3. Assessing economic cost of decreasing N surpluses and increasing NUE

Estimating the economic costs of N management activities can be done at various scales.
Estimates at farm level provide an integral account and tend to be lower than the summed costs
at field and/or farm compartment levels, due to compensation effects. Estimates at sector level
include the indirect economic effects for suppliers and processing industries, which can be
significant when N management activities at the farm significantly change farm inputs and/or
outputs. Finally, cost-benefit analyses at nationa or society level basically integrate all effects,
the cost of the N management activities as well as the benefits to society of lower N surpluses
and higher NUE (e.g. Brink et al., 2011). Estimating costs of N management activities at farm
level can be done through longitudinal comparisons of one or few similar farms over time or
through comparisons of different farms with and without improved N management. Effects of N
management activities are monitored over time in the first case, while differences between farms
in N management activities are anayzed statistically in the second case. The cost of improving N
management highly depends on the reference situation; on farms with poor nutrient management
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it is often highly beneficial to lower N surpluses (Ondersteijn et a., 2003). On the other hand,
efficiently managed farms generally have good economic and environmenta performances, and
may not easily decrease N surplus and increase NUE further. Evidently, the law of diminishing
returns applies to N management in agriculture.

4. Economic costs of N management activities on arable and vegetable farms

Nitrogen management activities on arable farms relate to maximizing the N output (i.e., yield)
and maximizing the utilization of available N sources, using the right method, time and amount
of application. Maximizing yield involves using the proper genetic crops and optimal crop
husbandry. The economic cost of selecting the appropriate timing, method and rate are relatively
small, but the implementation of these best management practices is still modest. Sheriff (2005)
examined why farmer perceptions of agronomic advice, input substitutability, hidden
opportunity costs, uncertainty, and risk aversion can make it economically rational to “waste”
fertilizer by applying it above agronomically recommended rates. The costs of N fertilizer in
proportion to the total production costs may range from 20-30% on large cereals farms to 1-5%
on farms specialized in growing seed potatoes, vegetables and flowers (Pederson et al., 2005;
Van Dijk et a., 2007; Jensen et a., 2011). The relatively low cost of N use for high-value crops
is one of the reasons for its liberal use in these crops, and for the relatively high N surpluses and
low NUE (Jensen et a., 2011). Costs and benefits of improved N management relate to (i)
decreasing over-fertilization, (ii) increasing the effectiveness of N applied via fertilizers,
manures, composts, i.e., use the right method and time of application, and (iii) increasing crop
yield through selection of high-yielding crop varieties and optimal crop husbandry. The net costs
are highly depending on crop type, but are usually in the range of -0.5 to +2 euro per kg N
saved, which trandates to -5 to 25 euro per ha(Van Dijk et a., 2007; Mikkelsen et a., 2010).

5. Economic costs of N management activities on dairy farms

Empirica information on the relationship between farm management, N surplus and financia
consequences on dairy farms has been collected by Rougaar et a. (1997), Ondersteijn et al.
(2003), Doornewaard et al. (2007) and Daatselaar et a. (2010). A mgor conclusion of these
studies is that improved management leads to improved efficiency and to improved financial
results, though within certain boundaries. Similar conclusions have been reached by Powell et
al., (2009; 2010) and Rotz (2003) for dairy farms in the USA. Improving the utilization of
nutrients from manure while decreasing the use of synthetic fertilizers is cost-effective measure
to decrease N surplus and increase NUE.

6. Economic costs of N management activities on specialized pig and poultry farms
Landless pig and poultry farms basically import all animal feed and export animal products and
manure. Activities related to improving N management on these farms include (i) low protein,
phase-feeding, (ii) herd management (genetic selection, reproduction and disease management),
(iii) low-emission housing system and (iv) low-emission manure storage, treatment and export.
Economic cost of these activities can be very high, up to 10% of total running costs and more.
To cover, these costs, farms have to excel in productive performances and in scale.

7. Conclusions

Empirical information on economic cost of improving N management is scarce. Benefits seem
largest for mixed farms, while costs are highest for landless pig and poultry farms. There is need
for further studies, collecting and analyzing empirica information on economic cost of
improving N management, both through longitudinal comparisons and through comparisons of
farms with and without improved N management.

Refer ences Available on request to authors (oene.oenema@wur.nl).
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Beer, bread and other opportunitiesfor innovation in nitrogen use

Sylvester-Bradley, R.#
®ADAS UK Ltd., Battlegate Road, Boxworth, Cambridge, CB23 4NN, UK

1. Proposition

The paradox is frequently cited between improving crop productivity and reducing inputs of
nitrogen (N), thereby reducing N emissions (Berry et a., 2011). However, despite the evident
urgency, commercialy viable resolutions are hard to envisage.

N requirements of high yielding crops (e.g. cereals yielding >9 t ha') are primarily due to the N in
their harvested products, but also to the N fertility of soils and the inefficiencies of fertilisers or
manures used in their production. The pace of innovation in crop N management, crop N
requirements or in N fertiliser efficiency has been poor thus far. Key factors governing fertiliser N
requirements were recognised at least 75 years ago; yet little of the known wide variation in
requirements is predicted by current decision-support systems, commercial cultivars have yet to be
bred for reduced N requirements, and most N is still sprinkled onto soils as simple salts with no
conditioning and poor targeting. In consequence, crop recovery of fertiliser N is always partial,
whilst most of the N sold to end users is subsequently wasted or excreted. By considering the path
of N through to end use (Figure 1), and the recycling of N, points with potential for innovation
become apparent, the most telling and crucial being in end-use.
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Figure 1. Anthropogenic cycling of nitrogen with ‘thought bubbles’ indicating opportunities for innovations to reduce
inputs, hence waste and environmental pollution.
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2. Evidence

Requirements for protein (or N) in foods, feeds, fibres and biofuels are poorly defined and sparsely
monitored. Indeed, prices offered for crop products seldom depend on their N contents. Two
contrasting exceptions are in grain for the production of bread and beer where, to attract premium
prices, grain must contain more than 2.25% N (HGCA, 2011) or less than 1.65% N (magb, 2011)
respectively. This contrast has had significant effects on use of fertiliser N for wheat and barley, and
on the effects of breeding on N their contents, such that wheat’s N requirements have increased in
line with yields whereas barley’s N requirements have not increased (Figure 2; Sylvester-Bradley
and Kindred, 2009). This supports the notion that, in a commercia context, there is no essential
association between crop yields and N requirements, hence that end users may reduce the economic
and environmental costs of their feedstocks by specifying reduced N contents. For example biofuel
producers could benefit from specifying low protein feedstocks (Smith eta., 2006) and it is
eminently feasible for bread to be made from wheat with less N than 2.25%.
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Figure 2. Grain yields (circles) and grain N contents (%DM; triangles) of wheat and barley in the UK since the 1970s
(Survey data from Defra and HGCA websites). Axes for wheat and barley are scaled identically. Significant trends
(linear or quadratic) are shown; thereis no significant trend for wheat grain N.

3. Summary

Reducing end-use requirements for N could have significant repercussions for the way that crops
are bred, grown and fertilised. Whilst protein (or N) content is not included within specifications for
most crop products, opportunities exist for their introduction. Strategies to enhance sustainable
crop productivity should seek to introduce and improve specifications for N in foods and feeds, as
well as addressing the use of fertiliser N more directly through crop and fertiliser improvement.
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Using NDVI to define optimal N rate: an application on durum wheat
Loddo, S Morari, F.2 Sartori, L.?, Berti, A.?and Mosca, G.2

®Dept of Agronomy Food Natural resources Animal and Environment, University of Padua;
® Dept of Land Environment Agriculture and Forestry, University of Padua, Italy.

1. Background & Objectives

In the past decade, identification of optimal N rate has become a crucial issue in wheat cultivation,
since the breeders goal to increase protein content has contrasted with the effort to limit N input
(Sylvester-Bradley and Kindred, 2009). Use of uniform N rates at field scae generaly leads to
exceed actua crop requirements (Lobell et a., 2004) thus soil spatial variability should be
accounted to enhance nitrogen use efficiency. Spectral indexes are useful tools to assess N status of
crops and optimize fertilization, in particular for small grain cereals (Raun et al, 2001; Zilmann et
a., 2006). In this experiment a normalized difference vegetation index (NDV 1) was used to set up a
reference scale for nitrogen application in durum wheat. An algorithm for N input correction was
implemented and its results were compared to the actual fertilisation applied in field.

2. Materials & Methods

In 2010-2011, a 13.6 ha field was cropped with durum wheat in Northern Italy (Mira, 45°22'N,
12°08'E). Soil properties were strongly variable (e.g.higher sand content and poor organic matter
in South-Eastern corner (Figure 1-a)). In the field, 3 management zones were identified and
subjected to 6 site-specific nitrogen treatments: 130, 160 and 200 kg N ha’ (at tillering and stem
elongation) or the same N rates with additional 15 kg N ha' by late foliar trestment. To set a
reference scale, NDV1 (Greenseeker, Ntech Industries, CA-USA), biomass production and N uptake
were measured from tillering to flowering in 1 m? plots (in total 18 areas across the field). In 4 dates
during spring season, Greenseeker associated to a DGPS was aso used to measured NDVI aong
15-m wide transects (in total ~6000 points). Grain yield and protein content sensors were installed
on a combine harvester to acquire data across the field (>3000 points in 13.6 ha). Spatial
information was extended to the field with Kriging technique. A recommendation map for N
application was produced from NDVI map and compared to N rates actually applied in the
management zones.

3. Results & Discussion

NDV | sampled in 1 m? plots was highly correlated with N uptake (R* = 0.8821; n = 75; P<0.001). A
single exponential equation [1] described this relationship from tillering to flowering. Senescent
plots were excluded from model to avoid to underestimate N content. RM SE was low enough (22.1
kg ha') to encourage the use of spectral index to forecast N uptake. Optimal NDVI curve was
estimated by calculating the 90" percentile for each sampling date. Values were plotted against
thermal-based time scale (base temperature 0°C) and an inverse exponential model [2] identified
optima NDV1 across all durum wheat growth cycle. Highest value was found at the booting stage.

N uptake = 2.404 « g (533%62 -NBVL) [1]

Optima NDVI=———  * —[2]
1.77 =10 - GEDD*—5.61«107° . 0D +5.68
A recommendation N fertilisation map was calculated from NDVI map of 7" April (onset of stem
elongation, Figure. 1-b) as follow: @) the difference between the optima NDVI and the real NDVI
was converted in N uptake deficit using equation [1]; b) the N uptake deficit was added to the base
fertilisation (105 kg ha™) which was estimated to be needed to maximise N uptake at the end of
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growth cycle in normal conditions. NDVI-based recommendation (NDVI-rec) was compared to
actual fertilisation (Figure 1-c). Highest grain yield (7.9 t ha') and N uptake (Figure 1-d) were
observed in plot 160+15, where accordance between NDVI-rec and real N rate was high. In plot
130+0 actua N rate was lower than NDVI-rec, highlighting N deficiency conditions. These were
also confirmed by the poorer crop performances obtained in a management zone characterised by
higher soil quality (e.g. lower sand content, higher SOM). Very low yield (4.8 t ha®) and thus N
offtake (Figure 1-d) were observed in 200+15 management zone: water stress, worsened by the
lower water retention capacity (i.e. sandy soil), limited crop yield. Apparent N balance was
therefore in dramatic excess (Figure 1-€). In the sandy area, NDVI measurements were ineffective
to optimise N applications since they were carried out before the unforeseeable water stress events.
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fertilisation
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Figure 1. Maps of soil sand content (a), NDV 1 at the beginning of stem elongation (b), difference between NDV I-based
and actual N rate (c), N offtake of grains (d) and apparent N balance ().

4. Conclusion

As observed in aprevious study (Zillman et al., 2006), if no other stresses than N availability occur,
NDVI-based N recommendation matches crop requirements. These results evidence the possibility
to apply on durum wheat sensor-based input correction, extending it to a wide area in Southern
Europe. Difficulties are till encountered to outline optimum N rate in sandy soils which are more
sensitive to meteorological variability.
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Processes of nitrate-N lossto streamflow from intensive cereal crop catchmentsin Ireland
Melland, A.R.2, Mellander, P-E.* Murphy, P.N.C.2, Wall, D.P.2, Mechan, S.2, Shine, O.%, Shortle,

G.2, Jordan, P.”
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PSchool of Environmental Sciences, University of Ulster, Coleraine, N. Ireland

1. Background & Objectives

Whilst cereal crops constitute only 7% of land use in Ireland, yields are amongst the highest in the
world (Spink and Kennedy, 2012) and food production targets require yields to be sustained or
increased into the future (Anon., 2010). At the same time, EU Water Framework Directive water
quality targets must be met. Losses of total oxidised nitrogen (TON) to stream water in two
intensive arable catchments with contrasting hydrological characteristics were monitored within an
Agricultural Catchments Programme (Wall et a., 2011) to help identify opportunities for
environmentally sustainable yield increases.

2. Materials& Methods

Monitoring was conducted from October 2009 to September 2011 in a 9.5 km? catchment with
predominantly well-drained soils and 45% of land use under spring barley (Arable A), andina11.2
km? catchment on moderate to poorly-drained soils (Arable B) farmed for winter wheat and barley
(24%) and dairy and beef (47%). Monthly spatial surveys of stream and surface ditch nitrate-N
concentrations were conducted. Groundwater was sampled monthly at multiple depths from 1 to 52
m below ground along two representative hillslope transects within each catchment. Stream
discharge and TON concentrations were measured on a sub-hourly basis at the catchment outlet
using aflow-rated water level recorder for discharge and an in situ calibrated UV sensor for TON.

3. Results & Discussion

In Arable A, stream outlet TON concentrations were diluted in elevated flows and baseflow
concentrations remained relatively stable and below drinking water standards (Figurela). There was
little spatial variation in stream water nitrate-N concentrations and the concentrations reflected
those in connected near-stream and midslope groundwater (Figure 2a). In Arable B, TON
concentrations were also diluted during elevated flow. Surprisingly, given the moderate-poorly
drained nature of much of the catchment, and therefore a lower potential for N leaching, baseflow
TON concentrations were similar to those in Arable A during winter (Figure 1b). During spring
and summer, however, TON concentrations decreased markedly. There was a trend for decreasing
stream nitrate-N concentrations towards the catchment outlet and neither groundwater nor tributary
nitrate-N concentrations were reflected in the stream water concentrations (Figure 2b). Instead, it
was hypothesised that a ‘critical source’ sub-catchment area, where springs and ephemeral surface
ditchesrich in nitrate-N emerged, contributed nitrate to the stream. It was hypothesized that nitrate-
poor groundwater from upper landscape areas emerged in low-lying areas over poorly-drained gley
soils and interacted with rootzone N before discharging to ditches and the stream. The seasonally
low concentrations in Arable B were attributed to seasonal disconnection of these localised N
sources. It is less likely that lower stream TON concentrations were due to depleted rootzone N
during the growth season because the ephemeral nature of the monitored ditch, and the low
temporal variance in high concentrations from the perennial spring, would not support this
hypothesis. Annual stream loads of TON varied from 15.5 to 34.7 kg ha* across the catchments.
The potential downstream ecological impact of the observed TON loads requires investigation.

268



Nitrogen Workshop 2012

a 12 1 T 40

[

N
I
1
I

r 40

— Hourly mean concentration L 35 -
[| — Drinking water MAC
— Cumulative flux T 30

— Hourly mean concentration T 35
— Drinking water MAC
— Cumulative flux

[y
o
I
=
o

T 30

o]
I

"]
I

L o5 T 25

r 15 ;

TON concentration [ngL "] &

r 10

(o2}
,
N
o
Cumulative TON flux [kg ha ]

TON concentration [mg L 1]
» o
, \
, , , % ,
N
o
Cumulative TON flux [kg ha ™]

X <
{ RO S RN
SO AR AR A AN

Figure 1. Hourly mean TON concentrations (mg L™) and cumulative load (kg ha) for a) Arable A and b) Arable B.
Drinking water maximum acceptable concentration (MAC) is shown.
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Figure 2. Monthly mean and standard error nitrate-N concentrations (mg L™) of stream water in the main streams
(main), tributaries (Trib), ephemeral ditches (Eph), lake outfalls (Lake) and near-stream and midslope groundwater
(Gw), at representative sites upstream of the catchment outletsin a) Arable A and b) Arable B. Drinking water (solid
line) and groundwater (dashed line) maximum acceptable concentrations are shown

4. Conclusion

Whilst the ecological impact of observed TON loads on downstream estuarine waters is not known,
the processes of TON loss indicated that in both catchments further reductions in TON transfer to
streams would require depletion of diffuse N stores that are connected to the stream. It was
hypothesized that these N stores were localised in near-surface depths of a critical N source areain
the mixed soil type catchment of Arable B, and that N stores were catchment-wide in the subsoil of
ArableA.
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GHG balance of bioenergy cropping systems under the environmental conditions of northern
Germany
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1. Background & Objectives

Due to a considerable expansion of biogas plants (500 mid of 2011) and the resulting expansion of
mai ze production, criticism on biogas production and its GHG mitigation potential has been voiced
recently. Although various studies on Life Cycle Assessment (LCA) of biogas production are
available, the majority are estimates only based on literature data, especialy with regard to
greenhouse gas (GHG) balance. Furthermore, data for northern Germany are generally limited. To
overcome these limitations a 2-year field trial was conducted to evaluate the GHG mitigation
potential and to generate a GHG balance for a LCA to come.

2. Materials & Methods

A 2-year field trial (2007-2009) was conducted at two experimental sites of Kiel University:
Hohenschulen (HS) and Karkendamm (KD). The annual precipitation at HS averages 750 mm with
a daily temperature of about 8.3°C. The soil is classified as a pseudogleyic Luvisol of sandy loam
structure. The annual precipitation at KD averages 844 mm with adaily temperature of about 8.3°C.
The soil is classified as a gleyic Podzol of sandy sand structure. Altogether three cropping systems
have been investigated: maize monoculture and a maize-whole crop wheat—Ital. ryegrass rotation at
HS, while maize monoculture and a four-cut permanent grassland were tested at KD. The plots
were laid out in arandomised block design. N-fertiliser was applied at four levels (maize, wheat: 0,
120, 240, 360 kg N ha’; grassland: 0, 160, 320, 480 kg N ha') and different N types: calcium
ammonium nitrate (CAN) and biogas residue from co-fermentation. GHG balances were cal culated
according to the life cycle inventory analysis provided by the 1SO guidelines 14044 (2006). The
calculations are based on the energy balance by Claus et al. (2010), direct N,O emissions presented
by Senbayram et a. (2009) and estimates of indirect NoO emissions based on measurements of NH3
emissions by Gericke (2009). All measurements were taken on the above named field sites.
Changes in soil carbon stocks have been considered according to German cross compliance
commitments. For conversion a biogas plant (500 kW), with an electric efficiency of 40%, a
thermal efficiency of 41.5% and a heat utilization of 45% was assumed. Energy demand for plant
operation was assumed to be 20% of the generated electricity for heat and 7.5% for electricity. The
relation of N input to total emission of CO,eq. from electricity and heat generation was quantified
by an exponential function. The GHG emissions of energy production from biogas were compared
to a reference system based on fossil sources (electricity: 0.72 kg CO.eq./kWh, heat: 0.31 kg
CO.eq./KWh).

3. Results & Discussion
The comparison of cropping systems a Hohenschulen revedled noticeably higher GHG
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emissions for the production of energy and heat from maize monoculture than from the maize—
whole crop wheat—Ital. ryegrass rotation (Figure 1a). In agreement, higher total GHG emissions
were found for maize monoculture than for permanent grassland at Karkendamm (Figure 1b). The
higher emissions were caused by much higher N,O fluxes during maize cultivation (Senbayram et
a., 2009). Due to higher dry matter yield, however, maize monoculture resulted in highest GHG
saving potential at both experimental sites, as also reported by Gerin et al. (2008).
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Figure 1. Lines of best fit for relationships between total N-input of CAN (kg N ha"), CO.eq. emission for the
production of energy by biogas and CO,eg. emission saving potential as influenced by cropping system at (@)
Hohenschulen and (b) Karkendamm.

The comparison of fertiliser types showed less pronounced differences for the emission of
greenhouse gases (not shown). In contrast to N type, the experimental site had a considerable
impact. GHG emissions of maize monoculture grown at HS exceeded those at KD by 2000 kg CO,
eq. ha’. This could be traced back to asoil texture effect, where at the loamy soil site Hohenschulen
N>O emissions were at least 3 times higher than at the sandy soil site Karkendamm (Senbayram et
al., 2009).

4. Conclusion

Considering the whole production chain, maize monoculture revealed a higher GHG mitigation
potential than the other systems investigated. The type of N-fertilizer had no impact on the GHG
emission and mitigation potential, whereas a pronounced influence of local soil conditions was
observed.
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Animal delivery of the nitrification inhibitor DCD as a new effective method for
reducing nitrogen losses from grazed pastures

Ledgard, S.F., Welten, B.G., Luo, J.
AgResearch Ruakura Research Centre, Private Bag 3123, Hamilton 3240, New Zealand

1. Background & Objectives

Nitrification inhibitors can be used to reduce the conversion of ammonium to nitrate
in soil, thereby reducing the potential for nitrogen (N) losses by nitrate leaching and
nitrous oxide (N.O) emissions (e.g. Amberger, 1989). In New Zedand the
nitrification inhibitor DCD is now being used commercialy on dairy farms by
broadcasting it onto grazed pasture within about one week of grazing over the winter
period when the risk of N losses is high. The am of thisisthat it can act on urine-N
excreted by animals, which is the magor source of both nitrate leaching and N,O
emissions. Ledgard et a. (2008) developed the concept of administering the DCD
directly to animals so that it is excreted in the urine patches by animals and so can act
directly on reducing losses from the urine-N. This makes it a more targeted method
that requires less DCD in total and is potentially much more cost-effective. Previous
research indicated that most of the DCD administered to sheep or cattle was excreted
in urine in an unaltered form (Ledgard et al., 2008). The objective of this paper isto
present research on evaluation of this approach by application of DCD in water
troughs for consumption by dairy cows to reduce N losses from urine excreted on
grazed pastures in autumn/winter.

2. Materials & Methods

A grazing system trial on ryegrass/white clover pasture in the Waikato region of New
Zedland was set up with two treatments. One was the standard practice on the dairy
farm and the other was the same except that dairy cows were given access to a water
trough in which DCD was added. The rate of DCD addition was based on areview of
typical water intake and the rate of DCD required in relation to the typical urination
volume, frequency and affected area. Two groups of dairy cows (20/treatment)
separately grazed 12 pairs of randomly-allocated plots (c. 630 m?) corresponding to
the two treatments as part of their standard rotation on the farm. The cows went
through two grazing rotations in late-autumn and late-winter. M easurements included:
i. assessment of the rate of DCD returned in urine patches. This was based on
identification of urine patches after deposition and soil sampling to determine the rate
of DCD returned in the urine patches. ii. nitrate leaching using ten ceramic cup
samplers per plot (i.e. 120 per treatment) and collection of leachate at intervals
corresponding with approximately 50 mm drainage for analysis of inorganic N.
Drainage volume was estimated using water budget modelling. iii. NoO emissions
measured at regular intervals using randomly allocated cover plots within each
treatment over time after grazing events.

3. Results & Discussion

Regular daily observation of cow urination and soil sampling of urine patches showed
that the DCD was returned in the urine patches across a range of rates that represented
a skewed (upper tail) distribution. The median rate of DCD in the urine patches varied
with weather conditions and was generally in the range of 15-45 kg DCD ha*.

Nitrate concentrations in leachate collected from the ceramic cups were significantly
lower in the DCD-treatment plots than in the control over the winter drainage period
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(Figure 1). This resulted in annual values of nitrate-N leaching of 19.2 vs. 32.0 kg ha*
(P<0.05) for the DCD-treatment and control farmlet systems, respectively.
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Figure 1. Nitrate-N concentration (mg L™) in soil solution at 60 cm depth for nil-DCD control and
DCD treatments. Significant treatment differences are indicated by * and represent P<0.05.

Nitrous oxide emissions showed significant treatment differences over approximately
six weeks and during the main winter period (June-August). They were 44% (P<0.05)
lower for the DCD treatment.

4. Conclusion

This grazing system study showed that DCD can be administered to water troughs,
consumed by grazing cattle and delivered in an unaltered form predominantly in
urine. This resulted in a significant reduction in nitrate leaching (by 40%) and nitrous
oxide emissions (44%) from the DCD treatment relative to the control.
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