Nutrient Use Efficiency

Nutrient, particularly nitrogen, use efficiency
(NUE), isa particulartalking-point currently within
the industry as government considers ways to help
reduce the impact of agriculture on greenhouse
gas emissions. The Campaign for the Farmed
Environment states the aim as more efficient
nutrient management to reduce greenhouse gas
emissions, through better fertiliser application
and management of manures; whilst the NFU
has set the ambitious goal of reaching net zero
greenhouse gas emissions across the whole of
agriculture in England and Wales by 2040. It
aims to achieve this in part through improving
farming’s productive efficiency.
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Nutrient use efficiency refers to the ability of
crops to take up and utilise nutrients for optimal
yields, therefore, the concept involves three
major processes in plants: uptake, assimilation,
and utilisation of nutrients.

Nitrogen is generally considered to have the
greatest influence on crop vyield; however,
it is also one of the biggest contributors to
greenhouse gas emissions from agricultural
cropping. It is therefore critical that while it is
given prime consideration, nitrogen cannot be
managed in isolation, as its efficiency of use is
linked to the availability of all essential nutrients,
both in terms of uptake and utilisation.

Table 1. Typical NUE levels for cereal crops when recommended management practices
are employed and where soil available P and K levels are within a recommended range

Measure Typical levels Interpretation
Agronomic efficiency 15-40 8-20 Lower levels suggledst. changes in
(kg grain/kg nutrient) 15-30 (7-15) (7-15) management cou _mcrease crop
response or reduce input costs
Lower levels suggest changes
Recovery efficiency in management could improve
(%) S [ e efficiency or that nutrients are
accumulating in the soil.
Lower levels suggest changes
. . in management could improve
Partial n_utrlent bala_nce 0.7-0.9 | 0.7-0.9 @ 0.7-0.9 efficiency or soil fertility could be
(kg nutrient/kg nutrient) . . .
increasing. Higher levels suggest
soil fertility may be declining.

Source: Nutrient/fertilizer use efficiency: measurement, current situation and trends

Potassium and sulphur in particular, are nutrients
that have a strong association with nitrogen
use efficiency through improving both its
uptake by plants and the nitrogen cycle within
them, ensuring the conversion to amino acids
and protein. This helps to improve crop yield,
improving nitrogen use efficiency and protecting

the environment through the reduction of
surplus nitrogen that potentially be leached
from the soil (Figure 1). More information on the
fundamental relationship between nitrogen and
potassium can be found in leaflet 22. NK Arable
topdressing.



Figure 1. Representation of the impact of potassium supply on the uptake and utilisation

of nitrogen in plants
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NUE shouldn’t only focus on nitrogen, as it is
important both financially and environmentally
to utilise all nutrients as efficiently as possible.
Although potassium may not have any
environmental concerns related to losses to
air or water, as already stated, an adequate
supply and soil reserve of potassium is an
essential requirement for maximising nitrogen
use efficiency as sulphur is for the efficient use
of nitrogen for protein synthesis. Efficiency of
uptake of potassium is largely driven by soil
supply, differences in rooting, available levels of
soil moisture and soil type.

Potassium is available for plant uptake when
held in soil solution, the concentration of which
is generally low, however the mobility is also
restricted. Plantroot systems have developed ways
to overcome this lack of soil mobility, through
root exploration and the release of exudates to
help mine additional fractions of the soil.
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Potassium in the soil is generally transported to
the root surface by diffusion, rather than mass
flow (which is more relevant for more mobile
nutrients such as nitrate and sulphate). Mass
flow refers to the uptake of dissolved nutrients
as the plant absorbs water. Diffusion however,
refers to the movement of nutrients towards the
soil root interface in response to a concentration
gradient. As plants take up potassium close to
the root surface it depletes the concentration in
this area, nutrients move to replenish this area
of low concentration from surrounding areas of
higher concentration to reach an equilibrium.

Table 2 below identifies the estimated split
between mass flow and diffusion as the means
of uptake for potassium, phosphorus and nitrate
in maize, showing the higher proportion from
diffusion uptake for P&K compared with greater
mass flow uptake for nitrate.

Table 2. Estimated contributions of diffusion and mass flow to the acquisition of major
nutrient ions in maize grown in field conditions.

Nutrient ion

Diffusion (kg/ha)

Potassium 156
Phosphorus 37
Nitrate 38

Mass flow (kg/ha)

Acquisition (kg/ha)

35 195
2 40
150 190

Source: Improving Potassium Recommendations for Agricultural Crops



In order to increase the efficiency of this process
it is important to increase root exploration and
mining in soils. Root exploration is related to soil
structure and includes root length and architecture,
root hairs and mycorrhizal relationships, whilst
root mining relates to plants ability to alter the
availability of nutrients in the soil through changes
in soil pH by acidic root exudates.

The concept of improved rooting to enhance
nutrient uptake is well-rehearsed for phosphate,
due to the highly immobile nature of the nutrient
in soils, but it also holds true for all poorly mobile
nutrients, including potassium.

Root hairs and root associations with mycorrhizal
hyphae have a significant capacity to increase the
effective root surface area and therefore their
exploration of the soil and ability to improve
nutrient uptake. Mycorrhizal hyphae can extend
several centimetres from the root surface, and
although their relationships with plant roots have
typically focussed on phosphate acquisition, the
same holds true for potassium.

Figure 2. Relationship between K acquisition
(K uptake rate) and the volume of root hair
cylinder in a range of crops
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Figure 2 shows the relationship between the size
of a plants root system (measured by the volume
of the root hair ‘cylinder’) and the uptake rate
of potassium, showing that plants with a higher
volume of root hairs typically have a greater K
uptake rate.

There is also limited evidence that in some species,
local acidification caused by root exudates can
have the effect of ‘weathering’ soil minerals
through localised acidification, helping to release
more strongly held (non-exchangeable) forms of
potassium. It would appear that field beans and
oilseed rape have a greater ability to modify the pH
around roots than maize or grassland. Although of
interest, how to make use of this trait is far from
obvious and it therefore must be stressed that
this is not something that can be relied upon for
nutrient calculations.

When considering potassium recommendations
in the UK there is a particularly mathematical
approach:

crop offtake + index adjustment
= recommendation.

The reality is not quite so straightforward as we are
dealing with biological processes. The foundation
for achieving optimum potassium uptake is to
maintain well-structured soils at a target index
of 2- (arable crops and grass) or 2+ (vegetables)
monitored through routine soil analysis.

It is important to account for actual yields and
residue management when calculating offtakes to
avoid over or underapplication. There may be some
situations where fine-tuning may be required to
account for soil structure, pH or non-exchangeable
K supply for example, but this will only become
apparent over time, on an individual field basis.

Efficient uptake of potassium is important for the
key functions of the nutrient in the plant, which
alongside efficient use of nitrogen also includes
turgor pressure and standing power; drought, cold
and disease resistance and transport of anions and
sugars around the plant.
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