Phosphorus Use in High Yield Cropping Systems
By Bryan G. Hopkins

Yield and Phosphorus Relationship

I

ncreasing crop production is essential as the global population grows. For example, U.S. crop yields were relatively flat until ~1940, but have steadily increased since
the dawn of this “Green Revolution” (Figure 1). The P
corn
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concentration in harvested produce is somewhat consistent
regardless of yield. Thus, higher yields result in greater crop
P uptake and removal. In many cases, increased yields have
depleted soil P in regions where it has not been replenished
(IPNI, 2015).
Nutrient depletion is not compatible with maintaining
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You don’t run a marathon on a diet. Just as highperformance athletes require carefully managed
nutrition, producing high-yielding crops necessitates
knowledge and care when it comes to nutrient
management. This is especially true for P, which is
often inadequately supplied to sustain high crop
yields.
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Figure 1. Historic USA corn, wheat, and cotton yields (USDA-NASS, 2018).
https://doi.org/10.24047/BC103146

the trajectory of increasingly high
yields, as continued responsible replenishment of nutrients is needed.
For example, the University of Idaho
cooperated with growers and industry partners in the discovery that the
soil concentration at which potato
responds to P fertilizer and the application rates required to achieve
maximum economic yield needed to
be increased dramatically. Although
higher fertilizer rates may be needed
in some scenarios, there are a variety
of P fertilizer management practices
that should be utilized to efficiently
produce high yields, adjusted for specific crop and soil conditions.

Exceptional Yields Require
Exceptional Management
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In general, best management
practices for all facets of nutrient,
soil, water, and pest management
need to be followed to achieve superior yields. Those specific to P include:
Fertile Soil – Fertilizer is not
a stand-alone nutrient supplier, but Applying lime across a field with variability can have implications for P availability. It is best to measure pH in
unique management zones in the field.
rather a partner with soil minerals
and organic matter in providing for plant requirements. For
soil properties that result in spatially variable yield potential.
P-depleted soils, there is proven benefit in adding P in modPhosphorus availability is one of these variable properties.
est excess of crop removal to maximize production and to
Areas with low P concentration may need to have relatively
improve soil health. Once a moderately high soil reserve is
more fertilizer applied (assuming other yield-limiting propbuilt, P fertilizer application rates can be reduced to main100
tain this level. Of course, excessive P concentrations can
100
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be an environmental risk and should be avoided (Hopkins,
Tassel, Cob, Husk Leaves
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Stalk and Leaf Sheaths
2015). Tracking soil P concentrations over time will assist in
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making nutrient use decisions, while using consistent sam60
pling methods, depths, and analytical processes.
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Species Management – Each species differs in its P
40
requirement. For example, potato tends to have shallow, in25
effective roots with few root hairs. As such, it typically re20
quires at least twice as much P in the soil to achieve high
yields than does corn and most other crops.
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There are also intra-species differences in P requirement.
GDDF
For example, the most commonly grown potato variety is
‘Russet Burbank’. This variety requires much more P than
VE V2 V4 V6
V10 V14 VT/R1 R2
R4 R5
R6
Growth Stage
some newer developed cultivars, such as ‘Alturas’. In general, older corn hybrids had P uptake rates that plateaued
Figure 2. Total corn P uptake and partitioning across four plant stover
with the onset of reproduction, but newer hybrids continue
fractions (leaf, stalk, reproductive, and grain tissues) at Urbana, and
to take up P throughout the reproductive stage (Figure 2).
DeKalb, Illinois, USA (2010). GGDF = growing degree days in Fahrenheit
(Bender et al., 2013).
Variable Fertilization – Farm fields have a range of
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1% soil lime, up to 80 lb. Other crops
also likely benefit from additional P
in calcareous soils, but this is not as
well documented with research.
Placement – Phosphorus is used
most efficiently when it is placed in
close proximity to the root system.
Subsurface application of P fertilizer
is generally most effective, but may
not be compatible with cropping systems using reduced tillage techniques.
Starter Fertilizer – Although
there is benefit from the bulk soil having an ample P concentration, the
most efficient use comes from fertilizer placed in a concentrated band
in the path of growing roots. A relatively small amount of low-salt index,
starter P fertilizer helps satisfy the nutritional demands for vigorous seedling growth. In general, the smaller
the seed size, the greater the need for
early-season P, but also the greater
the susceptibility to potentially harmful effects of soluble fertilizer salts.
Concentrated Bands – Relatively high P application rates are
Its important to understand how a crop’s root system grows in order to best place concentrated bands of P.
possible when the fertilizer band is
placed a few inches from the seed, often 2 in. (5 cm) to the
erties can also be addressed). Areas of the field with high P
side and down for crops with typical diagonal root patterns.
concentrations may have higher crop yields that result in a
But, understanding root morphology, architecture, and
net removal of soil P if the field is not fertilized to account
growth patterns are important.
for its soil P fertility. Each distinct field area should be idenFor example, sugarbeet has a largely downward-growtified, sampled, and fertilized uniquely. Soil color and slope/
ing taproot with little lateral growth during the first 8 to 10
aspect are often the best factors to identify low P soils in
weeks after planting. Its roots explore the subsoil, which typeroded upslope areas, but yield history, canopy health, and
ically has little P, during the critical time when it is setting
intensive sampling with chemical/physical/microbial analthe final yield potential. A band of P fertilizer directly below
ysis are also valuable.
the seed is often a key to obtaining high yields, even in soils
Manage pH – Phosphorus solubility and plant availwith a relatively high P concentration.
ability is optimum at a soil pH between 6 and 7. It is best
An alternative example is potato where the root growth
to measure pH in unique management zones in the field.
pattern is much more fibrous and diagonal. Potatoes are
If the soil is acidic (<6), add lime to raise pH. If alkaline
planted with a large seed piece that contains a relatively
(>7), lowering the pH is possible, but generally not practical
large reserve of P. The fertilizer band in this case is often
or economical. Rather, add relatively more P according to
applied prior to planting when the soil beds are formed.
calibrated soil tests.
Planting depth is relatively deep and risks disturbing the
Alkaline soils typically occur in arid regions. These soils
band. Thus, the band needs to be placed diagonally from
have carbonate minerals (lime) present. In addition, they
the seed piece, but relatively deeper. The greater distance is
are often irrigated with “hard water” high in dissolved lime.
not a problem during early season growth because of the P
Carbonates further reduce P solubility and buffer the soil
reserve in the seed piece.
pH against change. When present, carbonates require the
Enhanced Efficiency – There are various P fertilizer
addition of more P fertilizer compared to where carbonate
sources and/or additives that may provide enhanced effiminerals are not present. For example, an additional 10 lb
ciency. For example, certain organic acids blended or chemP2O5/A is recommended to be added to potatoes for each
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maximum nutrient efficiency and
plant growth. Vascular health can
be evaluated by visually inspecting
both the exterior and interior of
root and shoot tissues, and where
appropriate, tested for pathogens.
Albeit not desirable or efficient, foliar applications can sometimes be a
rescue treatment to deliver nutrients
to the foliage when root growth is
impaired.
Microbial Health – Although
some soil microbes are damaging
to plant growth, most are beneficial. The prospect of obtaining high
yields is enhanced with a large and
diverse microbial population that
has sufficient soil organic matter as
an energy source. This biodiversity
increases competition against many
important crop pathogens. Additionally, some rhizosphere microbes
are specifically beneficial for P recovery (although beware that there
Microscopic view of symbiotic, mycorrhizal infection of a plant root that can offer benefits for plant P
recovery.
are many claims in this area that do not
prove to be effective). For example, mycorrhizal fungi have
ically bonded with P can sometimes improve nutrient upa symbiotic relationship with roots as they take energy from
take and yields, especially in calcareous, low organic matter
the plant in exchange for water and nutrients they bring in
soils. Other additives and controlled-release P sources have
from their extended hyphal network. This relationship is
also been shown to be effective in some circumstances. In
well known in low fertility/water systems, but its importance
these cases, it is noteworthy that use of these products on
in high-yield environments is beginning to be understood
soils with high P concentrations, or at high rates of applicaand managed. As with all practices, it is vital to follow scition often results in no yield benefit, or perhaps a negative
entifically proven practices specific to each cropping system.
yield response.
Tissue Analysis – Chemical analysis of the plant tisClosing Thoughts
sue is used to inform in-season P fertilization decisions. In
The essential role of P in sustaining crop yields is well
some circumstances, crops have shown a response to in-seaknown. Using the specific management practices outlined
son P fertilization via fertigation or foliar application, even
herein helps maximize the use of P fertilizer to achieve these
though it is relatively less effective than preseason soil apyields. Although P fertilizer has contributed to world food
plication (or not effective at all) in some cropping systems.
security and improving the lives of billions of people, there
Phosphorus is not very mobile in soil and thus it is important
are many aspects related to improved P management that
that there are abundant fine roots in moist soil near the surwill need to be better understood and implemented in the
face for in-season P applications to be effective. Adjustments
field. BC
need to be made in future years to deliver all of the crops P
Dr. Hopkins is a Professor, Plant and Wildlife Sciences Department, College of Life
needs into the soil prior to planting—using tissue analysis to
Sciences, Brigham Young University, Provo, UT, USA. e-mail: hopkins@byu.edu.
verify if this objective is met.
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