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Abstract In the lyrics of one of their most well-

known songs, the British rock band Dire Straits wrote

‘‘we have just one world, but we live in different ones’’.

This can also be said about the Nitrogen (N) world,

where deficit of reactive N is limiting food production

in many areas, still causing hunger today in the

developing world, while excess of reactive N causes

inefficient use and environmental problems in mainly

the industrialized world.

Nitrogen is a major nutrient, essential for all living

organisms. Although it is the main constituent of the

air, N availability is the main limiting factor for

productivity of terrestrial ecosystems, including

agroecosystems. That N is one of the most important

inputs in crop production is well documented by the

existence of a billion € fertilizer industry. The

economic importance of N has been identified already

more than 100 years ago (Löhnis 1913). Our modern

society would not exist without the invention of

technical creation of reactive N, used to fertilize

agricultural land in order to ensure food security for

the growing global population (Erisman et al. 2008).

On the one hand, the application of fertilizer in

excessive amounts leads to environmental problems,

such as eutrophication of waters, loss of biodiversity,

global warming and stratospheric ozone depletion,

often found in high-income areas. In fact, the costs of

environmental N pollution are exceeding the added

value due to N fertilization (Sutton et al. 2011b). On

the other hand, limited access to mineral fertilizers

leads to low yields and insufficient food supply, in

many low-income areas (Sutton et al. 2011a). World-

wide, researchers are tackling the problems of how to

improve soil fertility and N management for different

type of climates, soils and crop conditions around the

world. This includes increased yields, increased N use

efficiency (NUE) and reduced losses to the environ-

ment in the short- and long-term.

The major challenge in intensive agricultural

production systems is to combine intensive production

with high NUE, since efficient use of N sources is the

basis for combining future food security and mini-

mized negative environmental impact. This includes

strategies for N applications with organic and mineral

fertilizers and also strategies for soil and crop man-

agement in order to utilize N mineralization processes

in the soil or to avoid unwanted accumulation of

mineralized N in the soil when there is a risk of losses.

Nitrogen losses from agroecosystems occur via
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leaching of mainly nitrate (NO3
-) and via emission of

gaseous N forms, of which nitrous oxide (N2O) and

ammonia (NH3) are of main environmental concern

(Sutton et al. 2011a). Much research work has been

done on this topic, where key management practices

are e.g., manure and mineral fertilizer applications

techniques and precision agriculture (Sommer and

Hutchings 2001; Robert 2002), different soil tillage

strategies (Myrbeck et al. 2012), cover crops (Schipan-

ski et al. 2014) and managing the soil microbial

community (Richardson et al. 2009). Although much

has been investigated, novel research is being con-

ducted constantly in order to increase our knowledge

on how to increase productivity and sustainability of

agricultural soils. Results of such research need to be

presented to and discussed both within the scientific

community and with stakeholders and policy makers.

This special issue contains selected papers from the

19th Nitrogen Workshop which was held in Skara,

Sweden, in June 2016 with the main theme ‘‘Efficient

use of nitrogen from different sources—from theory to

practice’’. Since 1982, researches from different parts

of the world have regularly gathered for the Nitrogen

workshop in different locations in Europe. The 2016

workshop was attended by 211 participants coming

from 30 different countries worldwide and comprised

of 4 keynote lectures, 22 oral presentations and 190

poster presentations. In addition two sessions with 7–8

parallel workshops where certain themes were dis-

cussed in groups and five parallel excursions com-

pleted the workshop. In the 19th Nitrogen Workshop,

different system approaches, combining efficient use

of N and low losses, where presented and discussed in

four themes: (1) N dynamics in different farming

systems, (2) Precision N Management, (3) Knowledge

transfer and implementation, and (4) N processes at

different scales. The papers in this special issue

represent a wide range of topics as process studies, flux

measurements, field- and farm-scale N budgets and

international trade.

Nitrogen dynamics in different farming systems

Nitrogen dynamics is highly dependent on the farming

system, and so are the challenges to optimize N

efficiency within it. In animal production, feed and

manure management are important factors for the farm

N efficiency. Surveying more than nine hundred beef

operations across Canada, Sheppard et al. (2018)

showed that N budgets and NUE varied significantly

among different types of beef operations. Forage

based operations showed the largest N surplus and

lower NH3 emissions than confinement housing, while

finisher operations had the highest NUE, but also the

highest NH3 emissions. For dairy farms in Sweden,

Einarsson et al. (2018) compared three indicators for N

emissions. Importantly, all three indicators had con-

siderable uncertainty, due to biases in the estimation of

biological N fixation. Therefore more research is

needed to improve the N indicators, to avoid mislead-

ing information for decision-makers.

In cropping systems soil management is one factor

that may influence the N dynamics. In Finland, Laine

et al. (2018) investigated the in situ gross N miner-

alization rates in barley fields to evaluate the potential

benefit of no till on the soil N supply. Overall, no tilled

soil showed a higher gross N mineralization, indicat-

ing higher soil N supply, than mouldboard ploughed

soil. This was accompanied by an increased soil N

retention such as that ammonium immobilization was

more enhanced than mineralization in no till at the

expense of a decreased nitrification. Such a decreased

gross nitrification relative to ammonium immobiliza-

tion is an indicator for a decreased risk of N leaching

(Stockdale et al. 2002), which led Laine et al. to

conclude that no till of boreal arable soils decreases N

leaching. In some farming systems catch crops are

grown during the season without a main crop as a

management option to reduce N2O and NO3
- leaching

(Schipanski et al. 2014). In a two year field trial,

Komainda et al. (2018) investigated the effect of two

catch crops, rye and ryegrass, in a maize cropping

system on yield, NO3
- leaching and N2O emissions.

While the catch crops did neither affect the maize

yield nor the N2O emission, rye significantly reduced

NO3
- leaching, despite the fact that NO3

- leaching

was below the EU critical load even in the fields

without catch crop. Therefore, the use of a suit-

able catch crop might further reduce NO3
- leaching

even from crops which already optimized N fertilizer

management.

Precision nitrogen management

In order to optimize fertilizer nitrogen inputs for high

yields and minimized losses to the environment,
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accurate fertilizer requirements by the crop must be

predicted. The fertilizer requirement is dependent on

both crop requirement and N supply by the soil. The N

supply from the soil varies between years and site,

depending on soil and weather parameters. This was

described by Ratjen and Kage (2018) who studied the

impact of climatic and site-related factors on the

effective N mineralization during the growing season

in a large number of winter wheat experiments across

Germany. The study revealed that both, climate and

soil fertility were important factors for prediction of

the effective N mineralization and have a significant

effect on the soil N supply. Consequently, these

factors carry valuable information for planning N

fertilizer applications. The soil N supply does not only

vary between farms and field, but also within the field.

Córdova et al. (2018) studied the spatial correlation of

N mineralization within an individual field, in order to

guide future spatial sampling of N supply. Their data

for a cereal cropping system in Chile showed that

significant variation in net N mineralization existed,

even at small spatial scale (1.5 m). Importantly,

almost all of the variation was accounted for at a

40.5 m sampling distance. Furthermore, as no differ-

ence in variation was observed between autumn and

spring, it was concluded that sampling can be done at

any time during the crop growing season. Taking soil

samples at high spatial resolution can be very expen-

sive and time-consuming. As an alternative, crop

sensors can be used to assess crop available N. These

sensors, allowing quick and dense sampling and using

crop parameters as an indicator of N supply, can be a

good solution for assessing the site-specific N fertiliser

requirements and its variation within individual fields.

This was studied by Aranguren et al. (2018), who

tested two commercially available proxy tools (crop

sensors) for the N nutritional status of crops in winter

wheat which had received manure at an earlier stage.

The tools were shown to be as good indictors as soil

mineral N or the N nutrition index, demonstrating their

practical usefulness.

Precision N management with organic fertilizers

involves an additional challenge as the organic

fertilizer is usually not as well defined and pre-

dictable as the mineral fertilizers. Nitrogen Fertiliser

Replacement Value (NFRV) is a measure for N supply

from organic amendments to crops (Jensen 2013),

representing the amount of mineral N fertiliser

replaced by the organic amendment. Hijbeek et al.

(2018) used data from long term experiments in

Europe and showed that NFRV were higher at high

total N supply than at low total N supply. Therefore,

requirements of mineral N fertiliser in fields with

organic amendments might today be overestimated,

causing an overuse of N fertilizers and leading to N

losses to the environment.

Knowledge transfer and implementation

Many times there is a gap between scientific studies

and what is actually implemented at farms. To bridge

this gap the communication between scientists and

practitioner must improve. Ravier et al. (2018) devel-

oped an N fertilization management by involving

different users like farmers and authorities. New

decisions rules for N fertilization were proposed based

on the Azodyn model. This innovative fertilizer

management has the potential to better synchronize

the N fertilizer application with the crop N require-

ment to reduce N losses.

Nitrogen processes at different scales

The workshop theme about nitrogen processes at

different scales, cover a wide range of topics, from the

microbial processes in the field up to nitrogen budgets

for large regions accounting for trade of inputs and

products as well as microbial processes and losses

with air and water. For developing mitigation options

of N2O emissions from agricultural fields, not only

reliable field data on the emissions are needed, but also

a profound knowledge on the N2O production path-

ways. Usually, denitrification and nitrification are

thought to be responsible for N2O production, but

other microbial pathways of N2O production are

known (Butterbach-Bahl et al. 2013). In grasslands,

N2O production from codenitrification and the contri-

butions of bacteria and fungi was investigated by Rex

et al. (2018). Indeed, codenitrification contributed

with 33% to the N2O production in urine-amended

grassland soils, and was conducted by fungi. This

study, hence, confirmed that other N2O production

pathways need to be considered to fully understand the

N2O emission from soils (Müller et al. 2014).

Significant losses of N occur from farms involving

animal husbandry, manure management or
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fertilization with digestates from biogas plants. Three

papers in this special issue are dealing with NH3

emissions. Digested organic material, which has been

used for biogas production, is a valuable form of

organic fertilizer (Abubaker et al. 2012; Nkoa 2014).

However, the application of biogas residues as fertil-

izer might be associated with enhanced NH3 emissions

(Tiwary et al. 2015). Nicholson et al. (2018) tested

different digestates and application techniques in a

temperate grassland to identify fertilization

approaches that minimize NH3 emissions. The study

demonstrated that food-based digestates had higher

NH3 emission compared to digestates from cattle

slurry. Regardless of digestate form, precision appli-

cation and particularly shallow injection reduced the

NH3 emissions up to 50%, which hence is a suit-

able method for mitigation of NH3 emissions. Another

management option that has been suggested to reduce

NH3 emission from manure is to decrease the crude

protein in the animal diet (Chadwick et al. 2011). By

conducting a meta-analysis, Sajeev et al. (2018) could

show that reducing the crude protein in cattle and pig

diets indeed reduced NH3 emissions by on average

17% (cattle) and 11% (pigs). Emission factors are used

to compile large scale inventories of emissions if not

sufficient measurements are available. Pacholski et al.

(2018) used two modelling approaches to estimate

NH3 emission from three cropping systems in Ger-

many, where NH3 emissions deviating from standard

emission factors were used. Scenario modelling based

on weather and soil data, using a statistical model, was

able to predict NH3 emissions satisfactorily and hence

can be a suitable tool to derive robust NH3 emissions

factors for fertilized cropping systems.

Finally, Wang et al. (2018) analysed international

trade of agricultural products and the national nutrient

balances of the food systems, focussing on soybean

and maize for animal feed. Importing countries

showed a wide span of N surplus and the two cops

investigated accounted together for up-to 40% of the

national N balance.

Concluding remarks

To close, we would like to thank all the participants of

the 19th Nitrogen Workshop and the authors of the

papers in this special issue. It is the contributions of

those scientists who advance our knowledge on the N

cycling, management and losses in and from agroe-

cosystems. With those contributions, either as presen-

tation and discussion during workshops and meetings

or, ultimately, as authors in peer-reviewed articles, we

advance our knowledge that will lead to a more wise

and efficient use of N and a cleaner environment.

While the contributions collected in this special issue

certainly contributed new knowledge, still much is to

be explored. Therefore research goes on and the series

of Nitrogen Workshops will continue to contribute to

the much needed knowledge on N cycling in

agroecosystems.
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