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oybeans require a lot of nitrogen (N),
in fact, most legumes require more
N than do other grain crops because
of higher seed protein content. For
example, the N requirement per
unit yield is about four times
higher for soybean than
for corn. As the figure
shows, soybean yield
is directly and linearly
related to N uptake by
the crop.
In a classic paper
by Salvagiotti et al.
(2008) an analysis of
637 datasets across
17 countries indicated
that a soybean crop will
take up an average of 4.7 lb N/
bu in the aboveground biomass, and
that soybean seed contains about
6.3% N. Using these figures, a 70 bu
crop will take up about 330 lb N, and
will remove about 265 lb N/A from
the field at harvest. The same work
determined that 50 to 60% of soybean
N demand was met by
biological fixation, with
remainder of the crop’s
N need supplied by
soil reserves. Soybean
may generally be
considered neutral
in relation to its
contribution of N to the
soil, but at high yields
negative N balances
can be expected.
It is usually assumed
that soybeans do not
require N fertilizer
input with average
production and good

nodulation. But what about high yield
systems? Is there a yield level above
which the contribution of N fixation
becomes insufficient and the
crop can benefit from N
input? The analysis by
Salvagiotti concluded
that well-nodulated
soybean crops
managed without
constraints and
at yields above
67 bu/A are more
likely to respond
to N fertilization.
Earlier work by
Lamond and Wesley
(2001)
on irrigated
soybeans in Kansas
suggested that when yield potential
was greater than 55 bu/A biological
N fixation may not be able to supply
enough N during peak demand. More
recent work by Cafaro La Menza
et al. (2017), based on irrigated
field experiments conducted in both
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Irrigated field experiments conducted in both Argentina and Nebraska,
“
found that yield response to N fertilizer can occur above 37 bu/A. …at least
half of the current yield gap for irrigated soybeans in the central U.S. Great
Plains may be a result of a seasonal N supply limitation.

”

Argentina and Nebraska, found
that yield response to N fertilizer
can occur above 37 bu/A. This
work inferred that at least half of
the current yield gap for irrigated
soybeans in the central U.S.
Great Plains may be a result of
a seasonal N supply limitation.
Another recent study in Kansas
by Tamagno and Ciampitti (2017)
estimated biological N fixation for
different cultivars with and without
N fertilizer and found that a high
rate of N fertilizer reduced uptake
from fixation.
The question of whether (and
Nodule formation on soybean roots.
when) to apply N fertilizer to
soybeans is likely more complex
than a simple yield threshold,
soybean is a ureide transporter
and involves other considerations
(i.e., they export fixed N from
such as weather and soil factors,
the nodule through the stem and
crop genetics, soil bacteria
petiole as ureides), this method
(different strains of rhizobium) and provides an indirect, point-in-time
interactions among these factors.
measure of N from biological
Thus, a better understanding of the fixation that is relatively simple
dynamics of biological N fixation
and inexpensive. This method
in soybean, and development of
is not new, but it has not been
tools to that end, has the potential
well developed for application in
to improve management decisions temperate regions. Research is
that foster improved soybean
currently underway at Kansas
yields.
State University (IPNI-USAKS43
) to further develop the
There are several ways to
ureide method for application
measure biological N fixation but
in the US. The development
most come with considerable
of a practical, field-level tool to
limitations involving cost,
estimate biological N fixation in
equipment, and complexity, and
soybean would help advance the
are therefore not readily adaptable
understanding of N balance in
for practical field-level application.
specific cropping systems, and its
However, one method described
consequences for crop yields, soil
by Unkovich et al. (2008) has the
organic matter, and potential N
potential to be practically applied
losses to the environment.
with further development and
calibration. Based on the fact that
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