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The Balancing Act of
Nitrogen Management

Nitrogen is at the core of several Sustainable Development
Goals related to food security and a clean environment.!
The earth system boundary for nitrogen has been exceeded
due to nitrogen pollution from multiple sources including
from overuse of inputs such as manure and mineral
fertilizers, emissions from traffic and industry, and
nitrogen discharge in wastewater.'?

Whilst some locations have severe perturbations from
overuse of nitrogen causing runoff, water pollution, and
greenhouse gas emissions, other regions, notably in Africa,
face soil depletion and significant yield gaps.'

Where there is overuse, the goal should be to optimize
nitrogen use to reduce the risk of losses while ensuring
adequate yields. Where there is underuse, more and
better-targeted crop nutrition can help to close yield gaps,
support soil health and to optimize the use of agricultural
land to spare nearby natural habitats and avoid land-use-
change and related carbon losses as CO,."*

Too little nitrogen leads to stunted crop growth and
reduced yields. Nitrogen deficiency in plants can result

in visible symptoms (reduced size, yellowing leaves)

and reduce the overall health and quality of crops (e.g.
protein content), making them susceptible to pests and
diseases and less resilient to weather shocks including
extreme temperatures and droughts. Lower crop yields
due to nitrogen deficiency have economic and societal
consequences for farmers and the wider food markets,
impacting food security via availability and affordability.
Continuing to grow crops on soil without replacing
nutrients also mines it over time, decreasing soil health and
fertility for future agricultural activity. Mining of nitrogen
sequestered in soils also results in the release of carbon as
both are sequestered in the same soil organic compounds.

Too much nitrogen and inappropriate nitrogen
management leads to unintentional losses of nitrogen into
natural land, rivers, lakes, coastal zones, and air. These
losses cause air pollution in the form of ammonia (NH,)
and nitrogen oxides (NOx), contaminate groundwater,
and harm natural ecosystems after deposition, altering soil
chemistry, disrupting nutrient cycling, and favoring some
plant species over others, potentially leading to shifts in
plant communities and biodiversity loss. Too much nitrogen
can also cause crop quality deficiencies and may have a
negative impact on farm economics as precious resources
are wasted. Excess application of nitrogen in the field also
leads to increased release of nitrous oxide (N,O) into the
atmosphere which acts as a potent greenhouse gas."

Deep Dive: The Nitrogen Cycle

Nitrogen gas (N,) makes up approximately 78% of the
Earth's atmosphere by volume and nitrogen (N) is the main
element in proteins and nucleic acids which are essential
for growth, development, and reproduction of all living
organisms. However, nitrogen in the air cannot be directly
used by most organisms, so to play its part in the food
system, it is transformed into reactive nitrogen, which
cascades through the environment and all living matter in
the “nitrogen cycle”.

Atmospheric nitrogen (N,) is fixated into reactive nitrogen
(Nr) naturally (e.g. by bacteria or lightning), through
combustion of fossil fuels (e.g. in traffic), or industrially
through the Haber-Bosch method into biologically
accessible forms such as urea (CO(NH,) ,), ammonia
(NH,) or nitrate (NO;). Plants take up nitrogen from soil
mainly in the form of nitrate (NO;), and in some cases
also ammonium (NH4*) and synthesize it into proteins and
other essential molecules. The plant-based nitrogen is then
removed with the harvest, consumed by animals and/or
humans, and returned to the soil through decomposition
of organic matter by microorganisms that break it down,
releasing ammonium ions (NH,*) in the process, mostly
into a different ecological system.®

These ammonium ions are converted by nitrifying bacteria
into nitrate ions (NO,7) which can be again taken up by roots.
The nitrogen cycle in soil is not a closed system and some
inherent losses such as nitrate leaching, runoff, ammonia
volatilization can happen and must be managed responsibly.

To complete the cycle, denitrifying bacteria convert nitrate
back into atmospheric nitrogen (N,), the harmless gas we
breathe, but under certain conditions,® the intermediary
product of the denitrification, nitrous oxide (N,0), a potent
greenhouse gas 265 times more impactful than carbon
dioxide (CO,),”° is also released into the atmosphere.

Figure 1. The Nitrogen Cycle.

Watch Yara’'s scientists explain the Nitrogen
cycle in the soil.



https://www.youtube.com/watch?v=Ekx84-T5GLk
https://www.youtube.com/watch?v=Ekx84-T5GLk
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Figure 2. Optimum nitrogen management strikes the balance between
yield and quality, and climate and nature.

What is Nitrogen Use Efficiency
and how do we work with it
as an indicator?

Whilst the nitrogen surplus metric shows difference
between the total quantity of nitrogen inputs entering
the soil and the quantity of nitrogen outputs leaving the
soil annually, nitrogen use efficiency is the ratio between
nitrogen inputs entering the soil and the quantity of
nitrogen leaving the soil (output).'®

By using this ratio to indicate efficiency, the important
dimension of productivity is included, which ensures that
farmers can maximize their yields within a “safe corridor”.
This corridor concept includes thresholds for the minimum
N required to achieve a reasonable crop yield and the
maximum N surplus which can be tolerated by the
ecosystem.

Optimizing NUE can help to achieve the desired outcomes
of high yield, land use efficiency, and minimal negative
climate and nature impacts - enabling farmers to safely
increase productivity on existing farmland to meet demands
for food production'” and spare natural habitats's.

The framework combines NUE with a maximum
nitrogen surplus and minimum productivity
(numbers illustrative only; will vary by context)

Figure 3. The NUE framework identifies a “safe operating corridor”
where crops express their full potential and pollution is limited.

At Yara, we recommend that wherever possible,
nitrogen use efficiency of the full crop cycle is measured,
considering the entire rotation. The boundaries of the
metric can be expanded from farm gate to the entire
value chain depending on data insights. Innovation

and clarification from academia and industry bodies"

is ongoing to ensure that nitrogen use efficiencies will
become a solid performance indicator for production
systems and their products.

Field trials and research indicates that having a good NUE
(i.e. a productive system) can also result in an improved
carbon footprint?® and better water footprint of crops?'.
As such, a high NUE can be particularly important for
water-stressed areas.

NUE Calculation Example

Nitrogen Output

Grain yield at 100% Dry Matter = 10 t/ha

Grain protein at 100% Dry Matter = 13.5%
Grain nitrogen = 2.37% N

Total nitrogen output = Grain Yield x Grain N %
=10,000 x 2.37% = 237 kg N / ha

Nitrogen Input

Nitrogen residues from pre-crop = 40 kg N/ha

Organic manure N application = 40 kg N/ha

Inorganic nitrogen applications = 220 kg N/ha

Total nitrogen supply = 40 + 40 + 220 = 300 kg N/ha

Nitrogen Use Efficiency
= Nitrogen Output / Nitrogen Input = 237 / 300 = 79 %
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How do we improve nitrogen
use efficiency?

Yara promotes sustainable nutrient management practices
on farms with the aim of optimizing nitrogen use efficiency,
reducing nitrogen pollution, and minimizing environmental
and societal impacts of nitrogen-related issues.

As each farm is unique, the “safe corridor” needs to

be adapted to the specific context, including the crop
yield potential, location and whether livestock system

is included. Yara is working with farmers to adopt

best practices, digital tools and services as part of our
regenerative agriculture framework, and to help farmers
pragmatically measure and improve their nitrogen use
efficiency and balanced nutrition management.

Our tailored, granular crop nutrition recommendations
always aim to include organic and circular nutrient
streams, supplemented by specific mineral fertilizer
product and application recommendations, depending on
the needs of the crop and soil. The focus is always to help
farmers stay within the “safe corridor”, which requires
continuous monitoring, testing and split application

of nutrients to ensure precision and efficiency where
practically feasible.

It takes more time and effort from farmers to measure the
actual demand and apply the nitrogen in several dressings,
but there may also be cost reductions in the inputs
required and farmers may be increasingly incentivized by
the food sector concerned and keen to avoid greenhouse
gas emissions, soil mining and nitrogen pollution.

Examples of solutions to improve nitrogen use efficiency
include:

10 —
9 |
- 8 —
5
s 7
= 6
3
> 5 —
£
T 4
[CRE
-
14
0 = T T T T T T
0 48 96 144 192 240 288

N fertilizer rate (kg N/ha)

Figure 4: Yield response of winter wheat to increasing N fertilizer rates
identifies an optimum rate after which yields decline.
Source: E. Brentrup et al, 2004.2

Improved nutrition management

Employing enhanced timing and application of plant
nutrients ensures that roots can access nutrition to

match demand more closely and minimize soil nitrate
concentrations by the end of the growing season.

Using fertilizers with a quick and predictable nitrogen
release, such as nitrates, alongside solutions such as split
application, fertigation and biostimulants may improve
NUE. Sufficient supply of other plant nutrients, such as
phosphorus, potassium and magnesium, is also critical for
optimum NUE. Long-term trials with cereals and potatoes
at Yara’s R&D Centre in Germany showed that only a
fully balanced nutrition with all essential nutrients allowed
NUE to reach the safe corridor space (75%) compared
with a lack of phosphorus, potassium or magnesium
reduced crop growth and NUE.

Precision agriculture

Using advanced technologies like GPS-guided equipment,
remote sensing, and soil and plant monitoring to optimize
nitrogen application based on the specific needs of each
field or crop. This reduces over- and underapplication
and minimizes nitrogen waste. Yara’s precision farming
solutions include dynamic nutrient management planning,
in-field variable application through Yara AtFarm & Yara
N-Sensor, digital tools such as Yara N-Tester to measure
average crop status and the Megalab analytical service for
soil and tissue analysis to support science-based decision-
making and efficient nutrient management.

Regenerative agriculture practices

Cover cropping, crop rotation and mulching reduce
nitrogen losses to the environment while boosting soil
health and productivity. In addition, combined water and
nutrient management contributes to more crop resilience,
which in turn drives more nitrogen use efficiency.

Agronomic advice

Implementing diverse cropping systems, including
rotations and cover crops, can enhance soil health and
reduce nitrogen losses. Implementing practices to minimize
nitrogen loss, such as using inhibitors, buffer strips, and
conservation tillage can improve NUE.

Click here and listen to Yara's agronomists

talk through Yara's digital tools, services
and products to improve NUE.



https://youtu.be/z5yIrY-CiW4?list=TLGG1J27QYT7h_swMTExMjAyMw
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Accelerating adoption of
nitrogen use efficiency

Nitrogen use efficiency and balanced nutrient management
can unleash the potential for scaling up regenerative
agriculture when it is mainstreamed into scientific
frameworks and regenerative agriculture metrics and tools,
such as the Cool Farm Tool.?

Nitrogen use efficiency is a no regrets move to drive
resource efficiencies in food systems, and we consider it is
the right thing to do regardless of reporting requirements.
Practices to optimise the use of nitrogen on the field result
in a reduction of greenhouse gas emissions embedded

in agricultural products, thus enabling scope 3 emission
reductions for food companies. For fertilizer companies,
however, such emission reductions are beyond their

scope 3 boundary, and do not currently contribute to the
progress towards SBTi targets.

Measuring nitrogen use efficiency in practice is also a low
hanging fruit for farmers: the indicator is closely correlated
with the data used for calculating the product carbon
footprint and as such is already a part of existing reporting
requirements. The calculation is well defined and can be
made a key driver for regenerative outcomes through close
collaboration with farmers to obtain concrete data on
N-input and N-output. We advocate working together to
incentivise farmers to collect and share data about their
nitrogen use efficiency securely and transparently.

Further work is needed to agree operational metrics in the
context of global agreements that work across the value
chain to support farmers with implementation metrics at
national, local, farm & crop levels. Yara advocates for
nitrogen use efficiency being included in the Science Based
Targets initiative, Science Based Targets network and
TNFD indicators and metrics.

Yara is a driver and key player in driving a future

with more nitrogen use efficiency and better nutrient
management. Today we have proven, effective solutions.
We are cognizant of the size of the issue of nitrogen and
willing to collaborate with farmers, governments, food
companies, academia and NGOs to ensure a balanced
approach for more sustainable outcomes.

Partnering to Make
Every Nutrient Count

Yara's AtFarm™ platform uses an optimized index to
enable farmers to monitor the nitrogen uptake and
biomass development of their crops and access field
specific variable rate application maps. This data is
seamlessly shared with John Deere's Operations Center™
which makes it much easier for farmers to reduce nutrient
losses and produce more yield with less input. Yara's
agronomic trials show that farmers can achieve up to 7%
yield increase while securing up to 14% nitrogen savings in
fertilizer use. Read more here.

Driving Nitrogen Use Efficiency
in California

Following excess nitrate in groundwater, California State
Water Boards are requiring farmers to submit their NUE
and tracking improvements annually from year to year. To
maximise profit, farmers need to maximise produce and
minimize input costs especially in the context of volatile
fertilizer prices, and therefore ensure that their plants get
exactly the nitrogen they need — nothing more, nothing less.

Listen to Yara's agronomist relate this complex topic to
his experiences in California, where many different factors
in the cropping system need to be looked at holistically to
implement the best crop management practices.

Listen to Yara's Crop Nutrition Podcase on NUE.

Did you know that...

= Nitrogen is needed to build soil organic matter
for a healthy soil

= Water management plays a critical role
in optimizing NUE

= Cover crops are 3 good way to absorb excess N in soil
= Too much N can also cause problems in crop quality
= The optimum NUE is specific to each crop

(e.g. almonds on a mature tree can recover

up to 90% of the N applied)

= Deficiencies in other nutrients such as zinc, manganese
and copper can negatively impact NUE



https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.yara.com%2Fnews-and-media%2Fnews%2Farchive%2F2023%2Fjohn-deere-and-yara-partner-to-increase-fertilization-efficiency%2F&data=05%7C02%7C%7C7f31c91f05ab43d283a808dc436f2d6f%7Cef8a53ea1a1c4189b792c832dcaea568%7C0%7C0%7C638459391975911986%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=4I4OLUbulmTUESQ9yxTOYiwHTg0oK3De0li1%2BAQztZ8%3D&reserved=0
https://www.yara.us/crop-nutrition/podcasts/nitrogen-use-efficiency-why-should-we-care/
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About Yara

Yara grows knowledge to responsibly feed the world and
protect the planet. Supporting our vision of a world without
hunger and a planet respected, we pursue a strategy of
sustainable value growth, promoting climate-friendly crop
nutrition and zero-emission energy solutions.

Yara's ambition is focused on growing a nature positive
food future that creates value for our customers,
shareholders and society at large and delivers a more
sustainable food value chain.

To achieve our ambition, we have taken the lead in
developing digital farming tools for precision farming,
and work closely with partners throughout the food value
chain to improve the efficiency and sustainability of

food production. Through our focus on clean ammonia
production, we aim to enable the hydrogen economy,
driving a green transition of shipping, fertilizer production
and other energy intensive industries.

Founded in 1905 to solve the emerging famine in Europe,
Yara has established a unique position as the industry's
only global crop nutrition company. We operate an
integrated business model with around 17,000 employees
and operations in over 60 countries.

For further information, please contact:

Yara International ASA
Drammensveien 131

P.0.Box 343, Skayen
N-0213 Oslo, Norway

Www.yara.com

Yara disclaims all responsibility and liability for any expenses, losses,
damages and costs incurred as a result of relying on or using the
information contained in the Paper. Yara reserves the right to adjust
and revise this Paper at any time.
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