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Commentary

Good research—whether original, incremental or
synthesizing—both satisfies with greater understanding
of the world’s complexity and suggests new questions.
This paper does both. It demonstrates that exchangeable
K, the standard for evaluating K in soils, does not
predict plant available K and that soil testing alone
should not guide farmers in nutrient augmentation—yet
another compelling reason to review the efficacy of soil
testing in an age when excess agricultural nutrients are a
major pollution source and cost producers and con-
sumers. But why, after so many excellent pieces of
work, is this still an issue? Without belaboring the
points made in this paper, I offer Ireland, a small island,
as a case study where long-term systematic research
identified this problem, formed a consensus and took
action.

After World War II, supplementing soil nutrients with
chemical fertilizers increased crop yield throughout the in-
dustrialized world. Although yield remains an important
goal, environmental concerns over excess soil nutrients as
well as the economic cost of fertilizer to farmers and con-
sumers have put diagnostic tools, such as soil testing,
under the spotlight.

With all the research that has come out over the past
30 years, we can question K fertilizer recommendations
based on what we admit is a flawed system. With the
research tools now available, we see soil as a dynamic
complex interaction of biological, chemical and physical
processes. Current soil testing methods look at the chem-
ical aspect while the plant and soil interact symbiotically
and are part of another dynamic system called the en-
vironment. It is as though a physician relied upon blood
tests alone to determine health. Other indicators reflecting
more of the soil/plant K relationship over the growing
season are needed.

Consider the plant, integrating all the systems, as the
final interpreter of what happens in the field. A 6-inch
soil sample is only a snapshot of a small part of the root
zone where K is taken up. The plant, during the growing
season, is a time-lapse motion picture. Sampling a larger
area, plants integrate more information about environ-
mental conditions over time.
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Schulte’s work confirms the important role of plant
analysis in nutrient management'. Weaver’s work on root
development in many plants, including corn, showed corn
roots one foot deep with a 2-ft radius 36 days after plant-
ing®. After 56 days, the roots of a single plant explored
about 115ft>. and at 115 days roots occupied 200 ft>.

Olson et al.® highlighted another weakness in the soil
test tool: how different ‘philosophies’ affect the soil test
data, interpretation and fertilizer recommendations. Field
experiments over several years on four major Nebraska
soils compared corn yields grown with fertilizer recom-
mendation by five soil testing laboratories operating in
that state. Economic and agronomic evaluations of the
varied approaches on 29 field comparisons revealed no
real yield differences despite wide variation in number,
rate and cost of the nutrients.

They conclude, ‘Since soil test levels are increasing or at
least holding steady with the “nutrient sufficiency” ap-
proach to soil testing, we find no economic or agronomic
basis for the “balance” or “maintenance” concepts on
these representative soils of the Western Corn Belt. Not to
be overlooked are environmental implications or the
waste of energy and resources from any approach
responsible for excessive fertilizer use. It is recognized
that reserves of available nutrients in the deep subsoils and
underlying soil-forming materials in this region have a
substantial bearing on soil test calibration and that
different calibrations may exist with less favorable subsoil
rooting conditions.’

Although Kahn dealt with K, excess N and P nutrients
are also environmental problems in the industrialized
world. But if we should improve soil testing and other
diagnostic tools, such as plant analysis to determine soil
nutrient needs more accurately, could we build consensus
between the research community, farm advisors and agri-
cultural producers to implement nutrient reduction while
maintaining yield? Ireland, relying upon agriculture and
its environment to attract tourists, offers a case study.

Irish soils lack available P, limiting plant and animal
production. With the memory of famine, agricultural
researchers and farm advisors began promoting chemical
fertilizers in the 1950s. Farmers, assisted by a government
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subsidy for P fertilizer, had encouraging yields* and in
the 1960s—70s chemical fertilizer use increased rapidly.
The average soil test P increased tenfold: from less than
Imgl~! using the Morgan Soil Test in 1950 to over
8mgl~! by the end of the 1980s due to P fertilizer’.
Phosphorus fertilizer use stabilized at just over
60,000tyr~! from the early 1980s to the mid-1990s.
Since then the trend has been downwards, mainly due to
scientific evidence that excess P inputs contributed to
pollution of surface waters™®. According to the Irish
Department of Agriculture, chemical fertilizer P use is
now under 25,000tyr~".

Irish agricultural research at Teagasc played a major
role in this transition. A 40-year study (The Cowlands
project at Johnstown) measured the effects of P on plant
and animal production. Animal live weight gain with zero
P treatment was about 66% of treatments receiving
P. A Morgan’s soil test of 4.1-6.4mgl™!' P gave 90—
100% of maximum live weight gain (kgha™'yr~') in beef
animals. Without P augmentation, the concentration of
P in grass was 0.2% and doubled when P was applied’.
Schulte and Herlihy® reported on 32 sites over 4 years
showing that fertilizer rates to achieve 95% of potential
yield were generally low—at Morgan P in excess of 3mg
17!, Farmers, encouraged by this increased productivity,
thought ‘if some is good; more must be better’ without
realizing ‘more’ could be harmful.

When the Lee River in Cork, a popular tourist de-
stination, turned green in the late 1980s, the public’s
eye focused. Irish Environmental Protection Agency
(EPA) estimated that about half the phosphorus loss to
water is from farming. As a result the National Program
for Sustainable Development included the goal of
reducing P fertilizer use by 10% per year over 5 years
from 1997°. In addition, a new phosphate regulation was
introduced in 1998 to reduce the P content of fresh water
t0 0.035mg P17! by 2006°, equivalent to an annual loss of
<0.35kg P ha— %11,

I was involved in analyzing Cowlands data while
on sabbatical leave in 1997 and 1998. By that time
this research showed excess P as a problem. The Morgan
soil test P in the top 0—5mm portion of soil without P was
5.3 and 51.8mgl™" for the 30kgha™' P treatment'?.
Therefore, the highest concentration of P resides near the
top and is most vulnerable to runoff. Tunney* demon-
strated that farmers were applying much more P than was
being removed in crops, animals, milk and water.
Furthermore, Ireland was advising more fertilizer P than
several other EU countries. Three separate pieces of
evidence—crop response, Tunney’s balance sheet ap-
proach and recommendations used by several other EU
countries—all indicated that Irish P recommendations
were too high.

Outside the research community there was fierce
opposition to these conclusions, particularly from the
farm press, fertilizer industry and intensive animal rearing
farms (pigs and poultry). Within the scientific community
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the emphasis shifted from an agronomic issue to an
environmental issue. An important step in the process
was the International P Workshop (IPW1) organized at
Johnstown in September 1995 bringing major world
authorities on P together'. Then Liam Downey, Teagasc
Director, organized a ‘Focus on Phosphorus’ Conference
in 1997 inviting political decision makers to meet with
scientists, leading to revisions in the Teagasc P recom-
mendations.

Teagasc and its leadership received abundant criticism
for these moves, some from researchers within the or-
ganization who had successfully guided earlier P fertilizer
work to increase yields. The Department of Environment
and EPA may have been influential behind the scenes
politically counteracting outside vested interests, while
mounting evidence stilled, if not convinced, those within
the research community. Political leadership, seeing the
threat to precious natural resources, took action. When
the EU Nitrates Directive was implemented in Ireland
2006 the Teagasc P recommendations were essentially
legally binding.

Teagasc campaigned to change behavior with press,
radio and public meetings that offered evidence of the
environmental effects of excess P and advised farmers
how to bring its use into line with the research. While the
farm press and farm organizations continued to criticize,
farmers, ever conscious of the bottom line, took this in-
formation and acted, almost immediately. P supplements
decreased rapidly. In fact, according to Tunney (personal
communication) these decreases probably began after
the IPW1 meeting. ‘No one wanted to be associated with
the P campaign up to that point but then everybody
wanted to claim that it was their idea and the critics
disappeared.” Reducing agricultural P pollution in water
is now part of European Union and Irish policy and
legislation.

In our own country, we can find examples of
efforts by agricultural and environmental science to
instruct the community and policy makers to bring
about effective change. Wines'* chronicles phosphorus
pollution in Lake Erie, most from agricultural sources and
‘the wettest spring on record’. The Maumee River running
through Ohio farm country supplies only about 5% of
Erie’s water but half its phosphorus. Writing in The
New York Times, he says, ‘that summer’s algae bloom,
mostly poisonous blue-green algae called Microcystis,
sprawled nearly 120 miles, from Toledo to past Cleveland.
It produced lake-water concentrations of microcystin,
a liver toxin, that were 1200 times World Health
Organization limits, tainting the drinking water for
2.8 million consumers.’

Like the Lee River, this experience raised public
awareness and prompted an urgent call for the 70,000
farmers along the Erie shore to change behavior. Environ-
mentalists raised the cry. Friedman'® details an Environ-
mental Defense Fund project bringing farmers, scientists
and concerned citizens together to address the issue.
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‘The key question is, how to get enough farmers to
practice sustainable agriculture, so that algal blooms and
dead zones—whether in Lake Erie or the Gulf of Mexico
—become a thing of the past?’ she asks. “The answer lies in
convincing farmers that sustainable agriculture is not at
odds with high yields and profitability.” In fact, practices
such as more efficient use of fertilizer and the creation or
maintenance of wetlands and buffer strips, which filter
runoff before it can reach streams and rivers, can save
farmers money and help improve the quality of their soil.
So let’s do this!
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