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Crop root systems explain need to maintain K Index level
When considering the appropriate soil K
Index for a crop or rotation it is important to
take into account that different crops have
root systems with different total lengths,
depths and efficiencies. Generally speaking,
the longer an annual crop is growing, the
longer the root system, which means that
winter combinable crops and grass etc, should
have good long root systems, which they
do. Short season vegetable crops and spring
sown combinable crops generally have much
less total root length and do not explore the
same depth of soil. It is therefore reasonable
to expect that winter cereals will tolerate a
lower soil nutrient concentration (Index) than
vegetables. This explains why the general
recommendation for cereals is to maintain a
K Index in the lower half of Index 2, whereas

for vegetables it is in the upper half, and for
phosphorus at Indices 2 and 3 respectively.

Figure 1: Cumulative uptake of K by spring
barley in a ﬁeld experiment, kg/ha.
IFS Proc 613 (2007)

growing period alone. Some species have
shorter root systems than would be expected,
often because they have fewer root hairs or
are unable to create symbiotic relationships
with soil mycorrhizae; which both play an
important role in taking up nutrients from the
soil. Two crops which fall into the category of
having unexpectedly limited root systems are
potatoes and field beans. Thus, logic would
suggest that, like short-season vegetables, they
also need higher soil nutrient concentrations
to achieve maximum yield potential, as found
experimentally to be the case.

However, the size of a crop’s root system cannot
be estimated reliably from the length of the

Crops with a small root system need higher
concentrations of nutrient in the soil to satisfy
their peak uptake demand. The effect of limited
availability of K on crop uptake is illustrated in
Figure 1, which shows work from Rothamsted
Research plotting the cumulative uptake of
potassium by two spring barley crops, one with
an adequate K content growing in soil at K
Index 3 (300 mg/kg) and the other deficient in
K at Index 0 (50 mg/kg). The total requirement
for K is related to the uptake of nitrogen and is
necessary to maintain the turgor of the tissue
cells; it is not ‘luxury’ K uptake. The rate of K
uptake at the peak of the graph for this crop
was about 7.2 kg K2O / ha / day.

Table 1 shows the total length of root per
square metre in the top 20 cm of soil for a
number of crops, and it can be seen that winter
wheat has a root system which is more than 6
times longer than potatoes. It also shows the
unbelievable length of roots, including the root
hairs, which crops will produce in order to feed
themselves - these values are in kilometres! If
grown in unrestricted soil, winter wheat roots
lengths can reach 31km/m2 of soil.

It is clear that a low soil K Index will be
potentially much more serious for a potato
crop than a winter wheat crop, which has
to be considered when planning rotations
and soil fertility levels. Unexpected changes
in rotation planning, as may occur this
year, bring additional challenges however,
as P&K applications should be considered
across a rotation, rather than as responses to
individual crops in the year of application. In
this scenario there can be advantages from the
use of fertiliser placement for potatoes and
spring cereals, where zones of high nutrient
concentration are established for the limited
root system to find and to feed on. This is of
particular importance for phosphate uptake,
where high rates of uptake only occur when
root length densities exceed 5cm/cm3 of soil.
This season, with cropping plans being
continually torn up over winter and new ones
created, there is undoubtedly a much greater
focus on spring cropping as the wet conditions
were unavoidable for most. With the switch to
spring cropping and a much greater proportion
of spring cereals, there will be a dramatic
reduction in root length compared to winter
cereals. The same is true for a spring drilled
winter cereal, as the length of the growing
season is dramatically reduced compared with
autumn sowing. Not only is the total length of
root reduced, but so too is the depth to which
they grow. Winter wheat, if unrestricted,
reaches depths of over 2m, which is over twice
as deep as spring wheat (figure 2).

Table 1. Total length of root per m2 in top
20 cm of soil
Root length
km root per m2
topsoil

Crop
Winter Wheat

24.4

Winter OSR

19.4

Spring Barley

8.4

Potato

3.8

Broad Bean

1.6

Having access to adequate nutrition, especially
early on in the growing season is essential for
spring crops to minimise the risks of deficiencies
occurring that can be further exaggerated by
restrictions in soil moisture that can occur in
spring.
In order to be able to provide a daily K
requirement of 6 kg K2O /ha (which can be less
than the highest rate required) figure 3 shows
the soil nutrient concentration required by
two different crops on a medium soil. Clearly
it is easier for plants to obtain the nutrient
they need from wet soils, but for the spring
barley crop the nutrient level required remains
in the K Index 2 range, even as soils get drier.
However, for potatoes, not only does the
requirement start in the middle of Index 2,
as mentioned earlier, but as the soil dries out
the concentration required moves quickly into
Index 3 and even to Index 4.

Figure 2. Depth penetration over time by winter wheat, spring wheat and catch crop roots.
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Data from the 1st (solid lines), 2nd (dashed lines) and 3rd year (dotted lines) are shown. Abbreviations:
WW, winter wheat; WWe, early sown winter wheat; SW, spring wheat; FR, fodder radish; HV, hairy vetch;
T, turnip; CV, common vetch; O, oats; BS, bare soil. Thorup-Kristensen, K., Salmerón Cortasa, M. & Loges,
R. Winter wheat roots grow twice as deep as spring wheat roots, is this important for N uptake and
N leaching losses? Plant Soil 322, 101–114 (2009).
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These considerations are taken into account
for the fertiliser recommendations of the
different crops, but an understanding of
the reasons behind the recommendations is
essential for the sound management of risk.
Much agronomic decision-making is to do with
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assessment and response to risk. It is fortunate
that for phosphate and potash, the risk of
deficiency and its consequent financial loss
is relatively easily managed for most arable
crops by maintaining soil P and K Indices in the
middle of Index 2.

AHDB Nutrient Management Guide (RB209)
AHDB has launched the February 2020 update
to RB209 with amendments to Sections 1
(Principles of nutrient management and
fertiliser use), 4 (Arable crops) and 6 (Vegetables
and bulbs). One of the major revisions to
section 4 is the change to phosphate offtakes
for some arable crops, particularly winter
wheat. This is one of the first changes to
phosphate recommendations for
several decades.
In light of these changes,
revisions have been made to the
PDA P&K Nutrient Calculator
app and webpage to bring
them in line with the current
recommendations.
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An updated Nutrient Offtake leaﬂet has also
been produced and is available to download
as a pdf on the PDA website https://www.pda.
org.uk/pda_leaﬂets/nutrients-in-crop-material/

Leaﬂet Updates
Leaﬂets ‘Nutrients in crop materials’ and 20 Biosolids and
the need for potash have both recently been updated on
the PDA website at www.pda.org.uk.
The Nutrients in crop materials will be reprinted
and sent out shortly. Leaﬂet 20 will not been
reprinted. Both can be downloaded in pdf
format from the website.
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