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Reconsidered
Richard J. Hull, University of Rhode Island

and debate. This in spite of the fact that few practices are more widespread or better

grounded in agronomic science. One factor which has prompted concern over nitro-
gen use is the perception that nitrate leaching from turf'is a significant contributor to nitrate
pollution of ground water. This concern is fueled by reports such as one published recent-
ly in which a model was generated to evaluate nitrate loading into estuarine coastal waters
(Valiela et al. 1997). This model assumed that 61% of nitrogen applied to turf was ulti-
mately discharged into ground water. It treats nitrogen applied to turf exactly as that used
on agricultural lands except there the portion of nitrogen removed in a crop is subtracted.
The only other nitrogen losses from turf considered by the authors of this model were
gaseous losses which they pegged at 39% of nitrogen applied. The possibility that nitrogen
might be accumulating within a turf-soil ecosystem was apparently not considered.

The substantial amount of research on nitrate leaching from turf which was reviewed
by Marty Petrovic at Cornell University (1990) apparently was not seriously evaluated in
constructing this model. Also not considered was the analysis which we presented a few
years ago within these pages (Hull 1995) nor the comprehensive review of water quality
impacts by golf course management recently reviewed by Cohen et al. (1997). All of these
reports indicate that when reasonable management practices are employed, very little
nitrate leaches from a healthy turfgrass sod. For reasons that will be considered later, it is
probably safe to assume that no amount of research will convince some that nitrogen
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applied to turf does not ultimately repre-
sent a problem for ground water quality.
Therefore, it may be constructive to recon-
sider nitrogen fertilization of turf in the
light of these lingering concerns and some
recent research findings.

Why does turf require
fertilizer nitrogen?

When you think about it, this is a valid
question. Every turf manager and home
owner can attest to the fact that unfertilized
turf soon loses its green color, suffers a loss
of stand density and becomes invaded by
weeds. Yet, it is not at all obvious why this
happens.

N availability and demand. After
several years of measuring the nitrate
content of soil water that had leached
from the root zone of established turf
stands, it became apparent that one
reason turf requires fertilizer nitrogen is a
matter of timing. Throughout the fall and
winter soil nitrate levels gradually decline
until they reach a low during March and
April (Fig. 1). That is the time when grass
begins to grow and experiences a sharp
increase in its need for nitrogen. This
early in the spring, however, the soil
remains cold and mineralization of soil
organic nitrogen is slow. Thus, the soil
water nitrate content drops to its lowest
level and, if no fertilizer is applied, defi-
ciency symptoms will be observed. That
is why turf often appears hungriest during
mid- to late-spring. As the soil warms
during May and June, mineralization of
organic nitrogen and ammonium oxida-
tion to nitrate occurs more rapidly and
soil nitrogen becomes more available.

Grasses may respond to this nitrogen and
enter the summer in good condition if high
temperatures do not suppress turf growth
especially root growth. Cool-season turf-
grasses have a difficult time coping with the
high temperatures of summer. Because of
their high photorespiration which marked-
ly reduces net photosynthetic CO, fixation
during strong light and elevated tempera-
tures, these grasses are unable to transport
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much energy in the form of sugars to the
roots. This causes the roots to decline which
further stresses the grass because water and
nutrients are not absorbed efficiently. A
downward spiral occurs with respect to root
condition and in many years can result in
75% of a turf root system being lost. Add to
this predation of soil insects (grubs, nema-
todes) and your turf can lose almost all of its
functioning roots by the end of the summer.

During this root decline, soil microor-
ganisms are mineralizing organic nitrogen
which ultimately is released to the soil solu-
tion as nitrate. If turf roots are unable to
absorb much nitrate (remember nitrate
absorption is a metabolically active
process), it will accumulate in the soil and
leach out of the root zone whenever rain or
irrigation are sufficient to permit water to
percolate through the soil profile. This can
be seen in Fig. 1 during late spring and again
in late summer. During this year (1996)
there was a succession of several very hot
days during late May. The sudden high tem-
peratures shocked the turf probably causing
substantial root decline and soil water
nitrate levels increased to about 8 ppm. The
remainder of the summer was cooler than
normal which allowed the turfgrass root
system to recover and bring the nitrate lev-
els down. This was unusual because nor-
mally once the soil nitrate level increases
during the summer it remains high until late
fall or winter. September brought a return
to hotter than normal temperatures and
excess precipitation which allowed nitrate
to accumulate again to about 8.5 ppm.

In short, the ability of soils to make nitro-
gen available to cool-season turfgrasses is
often not well coordinated with the needs
of the grass for nitrogen. Nitrate is pro-
duced during the summer when grasses are
less able to use it and not generated from
soil organic nitrogen in early to mid-spring
when grass demands are greatest. Even
unfertilized turf (Fig. 1) experienced a grad-
ual increase in soil water nitrate during the
summer because uptake by the grass roots
could not match the rate of release within
the soil. During the spring and late fall, soil
nitrate declined to barely detectable levels
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FIGURE 2. VARIATION IN SOIL WATER NITRATE LEVELS
FROM FERTILIZED AND UNFERTILIZED TURF

because root uptake was occurring and soil
mineralization was less active in cold soils.
These results demonstrate that the avail-
ability of soil nitrate to turf and the ability
of grass roots to absorb it are influenced by
many distinct factors which only occasion-
ally coincide so as to bring about efficient
nitrogen use.

Nitrogen use efficiency

As will be explained later, no more than
20% of fertilizer nitrogen is probably lost
from a well managed turf so why must it be
applied every year to maintain turf quality?
The answer to this question is complex and
there is still much to be learned about the
dynamics of nitrogen in a turf-soil environ-
ment. However, we think there is enough
information to provide at least some partial
answers. Nitrogen availability comes down
to a matter of matching turfgrass needs with
the soil’s ability to meet those needs and the
inherent efficiency of turfgrasses to obtain

and utilize nitrogen from the soil.

We might start with the latter consider-
ation of nitrogen use efficiency by turf-
grasses. How efficient are turfgrasses in
obtaining nitrogen released by the soil? A
superficial analysis indicates that most com-
monly utilized turfgrass cultivars are not
very efficient. This is not surprising if we
consider the origins of most turfgrasses cur-
rently used on golf courses, athletic fields
and home lawns. These grasses were select-
ed by turfgrass breeders based on their
color, stand density, fineness of leaf, seedling
vigor, seed yields and disease resistance.
Nowhere in these selection criteria is there
a factor that could be linked with nutrient
use efficiency. In fact, most turfgrass selec-
tion trials are conducted on good well fer-
tilized and irrigated soils. Turfgrasses are
evaluated for their performance under near
ideal conditions, those that might be pro-
vided on a golf course or carefully managed
lawn during a good year.

There is nothing wrong with this basis for
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selection. It certainly has given us some
excellent turfgrasses which when properly
managed, can provide a near perfect grass
surface for whatever use it might be put.
Problems emerge when we try to subject
these grasses to conditions or management
programs for which they were not selected.
Attempts to reduce the use of fertilizers,
water and pesticides, often places these grass-
es under less than ideal conditions and this
usually results in unsatisfactory turf perfor-
mance. Some have argued that our expecta-
tions of turf have become too high driven by
the standards observed on televised golf
tournaments and baseball games. I do not
agree that our expectations are too high, only
that we cannot expect to achieve them
under reduced levels of management using
those grasses selected for ideal conditions.
This has been demonstrated by the
National Turfgrass Evaluation Program
(NTEP) which over the past decade has
been evaluating the performance of turf-
grasses under both high and low levels of
fertility, irrigation, etc. In general, those
grasses that perform well under reduced
management are not the same cultivars that
score highly under intensive management.
This is not surprising and it is encouraging
in that it shows turfgrasses can be selected
for superior performance under less than
perfect conditions. For some time, several
turfgrass improvement programs have been
seeking grass selections that perform well
under minimum management. Old ceme-
teries, municipal parks and roadsides are
popular places to search for grasses that
exhibit good turf qualities under conditions
of virtual neglect. I doubt if many of these
selections have been released as fine turf-
grass cultivars but that germplasm is out
there and it can provide the foundation for
high quality but low maintenance grasses.
We have compared cultivars from
diverse genetic backgrounds of several turf-
grass species for their efficiency in nitrate
uptake and highly significant differences
were often found (Liu et al. 1997; Hull and
Liu 1995). Both the capacity for uptake
and the root’s affinity for nitrate (ability to

absorb from low concentrations) differed
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among cultivars and this correlated with
differences in nitrogen recovery by these
grasses under field conditions. In other
words, there are genetic differences in the
efficiency by which turfgrasses absorb
nitrate from the soil and those characteris-
tics which contribute to greater efficiency
can be incorporated into high quality culti-
vars. To my knowledge, no turfgrass
improvement program is currently
attempting to do this.

A recent study in my lab has demon-
strated that Kentucky bluegrass cultivars
appear to differ significantly in their ability
to reduce nitrate and assimilate ammonium
into amino acids. The sequence for this
essential process is as follows:

NO,- + NADH + H* > NO,- + NAD* + H,0
NO,- + 6Fdred + 6H+ > NH,* + 6Fdox + 2H,0
Glutamate + NH,* + ATP > Glutamine + ADP + Pi

Here nitrate gains two electrons from
NADH and is reduced to nitrite. This reac-
tion occurs in the cytosol of root or leaf
cells. Next, nitrite enters plastids (chloro-
plasts in leaf cells) and is reduced to ammo-
nium by gaining six electrons from reduced
ferredoxin. In leaves, this is a photosyn-
thetic reaction. Finally, ammonium is
assimilated with glutamic acid to form the
amino acid glutamine. This last step also
occurs in plastids and requires an ATP to
activate the glutamate molecule. Gluta-
mine can be incorporated into the primary
structure of proteins and it can serve direct-
ly or indirectly as the nitrogen source for all
other amino acids.

Our preliminary results indicate that
most nitrate is reduced and assimilated in
leaves of Kentucky bluegrass with roots
playing a minor role. When nitrate is
reduced in leaves, it stimulates shoot
growth at the expense of root growth. This
is fine for field crops but is not so good for
a closely mowed turfgrass. If nitrate is
reduced and assimilated into glutamine in
the roots, it promotes the growth of roots
equally or maybe more than shoots. This



would be a good thing for turfgrasses
because a more extensive root system and a
slower shoot growth rate would generally
make grasses better adapted to close mow-
ing and heavy use.

Kentucky bluegrass genotypes appear to
differ with respect to the percentage of
absorbed nitrate that is reduced within their
root system but most tend to favor shoot
reduction and assimilation. This was con-
firmed in an imaginative study reported by
Bertauski et al. (1997). They studied the
efficiency of nitrogen use by six genetically
diverse cultivars of Kentucky bluegrass and
concluded that over all plant efficiency was
more related to differences in utilization
within the plant than to differences in
uptake characteristics by the roots. In short,
it is highly likely that turfgrass cultivars
exhibit significant differences in the meta-
bolic efficiency by which they utilize nitro-
gen once it is absorbed.

So it appears that most widely used cul-
tivars of grass species do not metabolize
their nitrogen in a very efficient manner.
This is not surprising because turfgrasses
have never been selected for such charac-
teristics. Choosing the greenest grass when
it is given high rates of nitrogen fertilizers
will not identify those grasses which are
most efficient in utilizing nitrogen when it
is scarce. A major reason why turf requires
annual applications of nitrogen is because it
is not very efficient in using available nitro-
gen especially when the supply is low.

Poor nitrogen use efficiency is not gener-
ally characteristic of grasslands, just the oppo-
site. Some of the world’s most productive
plant communities are dominated by grasses.
The short and tall grass prairies of the Amer-
ican great plains supported vast populations
of bison with very little annual nitrogen addi-
tion. Such grasslands obviously did not
become nitrogen deficient because no one
was fertilizing them. Those grasses were effi-
cient users of available nitrogen and their
needs were coordinated with the ability of
the soil to make nitrogen available to them.
Obviously turfgrasses are not so well coordi-
nated with their soil environment.

Nitrogen gains and losses

Besides fertilizer, turf receives nitrogen

from atmospheric deposition (both wet and
dry) and associative nitrogen fixation in the
soil. Data on these sources of nitrogen are
scarce and can only be estimated. They also
are likely to vary considerably from year to
year so a firm value is virtually impossible.
Based on total nitrogen content of rain
water samples, we estimate that precipita-
tion annually contributes
approximately ten pounds of
nitrogen per acre. For the
nitrogen model presented by
Valiela et al. (1997) dry depo-
sition is considered to equal
that of wet deposition. Lack-
ing any better estimates, it
may be safe to consider that
turf receives about 20 Ibs
N/acre per year (0.46 lbs N/1000 sqg-ft)
through atmospheric deposition.

Biological nitrogen fixation is even more
difficult to estimate for a turf-soil ecosys-
tem. I am familiar with no measurements
of nitrogen fixation in a turf soil. Such
probably occurs but it would be from free-
living associative bacteria rather than from
symbiotic root nodulating organisms. Only
if white clover or other legumes are a
prominent part of the turf sod, would sym-
biotic nitrogen fixation be significant. The
relatively high nitrate levels present in turf
soils during much to the time when soils are
warm (Fig. 1) would tend to depress nitro-
gen fixation because this process is inhibit-
ed by elevated soil concentrations of inor-
ganic nitrogen. For the above reasons, it is
difficult to believe that nitrogen fixation
could contribute more than 5 Ibs
N/acre/year (0.1 Ib N/1000 sq-ft).

Clipping retention on turf does not con-
stitute a nitrogen gain, only not a loss. Turf
definitely benefits from clipping retention.
Starr and DeRoo (1981) estimated that
about one-third of the nitrogen used by turf
each year is derived from clippings. Obvi-
ously if clippings are removed, annual fer-
tilizer nitrogen use should be increased by
one-third. To achieve a high nitrogen use
efficiency by turf, clippings should not be
removed.

For managed turf, annual fertilizer nitro-
gen application constitutes about 3.5 lbs
N/1000 sq-ft/year (150 Ibs/acre). This
value varies a good deal depending on the
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intensity of turf maintenance. However, it
has also declined considerably during the
past four decades. When I first started
working with turf in 1969, annual rates of
lawn fertilization in the Northeast often
exceeded 6 to 7 lbs N/1000 sq-ft. Of
course, fewer lawns were fertilized at all
during the 1960s. Since then, annual nitro-
gen applications have declined to about 3
1bs/1000 sq-ft or less. This is partly due to
a greater sensitivity to over fertilization to
avoid water pollution and to be more envi-
ronmentally responsible. Better manage-
ment practices have also contributed to less
nitrogen use. Greater reliance on fall fertil-
ization, increased use of controlled release
materials and the introduction of more
responsive turfgrasses have all contributed
to lower fertilizer rates.

Nitrogen losses from turf apparently are
not great based on the considerable
research cited earlier. The equivalent of
75% of nitrogen applied as fertilizer can be
removed in clippings. If clippings are not
removed or if they are composted and
returned as a top-dressing, this loss does not
occur. Gaseous losses are probably nothing
like the 39% employed in the Valiela
model. Under highly promotive conditions,
substantial fertilizer nitrogen can be lost
through ammonia volatilization and pro-
longed soil saturation can cause significant
denitrification losses as N, or N,O, but such
conditions normally are transitory on well
drained turf sites. Even on heavy soils, a
well established turf promotes water per-
colation and shortens the duration of water
logged conditions. Thus, a more realistic
estimate of gaseous nitrogen losses from
turf is no more than 10% of that applied as
fertilizer (~0.3 1bs/1000 sq-ft). Leaching
also accounts for more like 10% of nitrogen
applied, often probably less. Because turf-
grasses facilitate soil infiltration, runoff is
rarely encountered from an established sod
except in those situations where a heavy
soil combines with excessive rainfall to per-
mit surface flow. Even in such locations,
these events are not common and the
amount of nitrogen lost is small.

Based on the foregoing discussion, it is
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possible to construct a reasonable nitrogen
budget for lawn turf (Fig. 2). A putting
green would be somewhat different. This
budget indicates that a fertilized lawn
would receive a total of 175 Ibs N/acre/year
and, if clippings are retained, lose about 31
lbs N/acre/year. It is this vast disparity
between nitrogen input and measurable
output that makes many ecologists assume
nitrogen losses must be much greater than
those reported by turf agronomists. It also
appears that if nitrogen fertilizers were not
applied at all, natural nitrogen inputs from
atmospheric deposition and nitrogen fixa-
tion would just about match measured loss-
es due to gaseous emissions, leaching and
runoff. In short, it should be possible to
maintain a healthy turf without adding any
nitrogen as fertilizer.

How much nitrogen
is in turf?

Obviously turfgrasses need nitrogen so
there must be a supply of it in a turf/soil sys-
tem that can become available to the grass.
The question then centers on how much
nitrogen is actually present and how much
should be there to meet turf needs. We
conducted a comprehensive analysis of the
total nitrogen content of a long established
turf that had been managed at moderate
intensity for ten years (Hull and Liu 1995;
Hull 1994). The total nitrogen recovered
averaged 2,165 lbs/acre (~50 1bs/1000 sq-
ft). Of this nitrogen, 83% was present as
soil organic matter the remaining 17% as
thatch and living grass plants. The 1,800 Ib
N/acre of soil organic nitrogen had accu-
mulated over a period of many years and
constitutes nitrogen applied as fertilizer
that was essentially fixed within the
turf/soil system.

These values are in agreement with find-
ings of Porter et al. (1980) who sampled
100 turfgrass locations on Long Island, New
York ranging in age from 1 year to 125
years. Their analysis of turf age versus soil
nitrogen content indicated that ten year old
turf normally contained about 1,768 lbs
N/acre which is very close to our 1,800



Ibs/acre. Porter’s study contained very few
soil samples from turf older than 25 years
(17 of 100) so his conclusion that turf soils
plateau at about 2,210 Ibs N/acre is based
on a very limited data base. The fact that he
sampled some sites which contained about
4,000 Ibs N/acre indicates that the capacity
exists for soils under turf to accumulate
substantial amounts of nitrogen.

This gets to the heart of the assumptions
made in the Valiela model (Valiela et al.
1997). They apparently rejected the notion
that the turf/soil ecosystem possessed any
real capacity for long term nitrogen storage.
Therefore, any nitrogen applied that was
not lost to volatilization or denitrification
must be lost via the only remaining route
known to occur, leaching. I suppose this is
how they derived their estimate that 61% of
fertilizer nitrogen leached as nitrate into
ground water. It seems to me that the avail-
able data, of which there is not a lot, just as
easily justifies the conclusion that the
turf/soil ecosystem is a large sink for nitro-
gen and can accumulate relatively large
amounts before it becomes leaky and dis-
charges nitrate into ground water at rates
close to the rate of application. Admitted-
ly this says nothing about the stability of
nitrogen in this system. Should the turf be
killed or the soil used for some other pur-
pose, much of this accumulated nitrogen
probably would be mineralize and leach as
nitrate. However, as long as the turf'is main-
tained in a healthy vigorous condition, its
ability to store nitrogen could be preserved
for a long time.

Again a comparison with the native
grasslands of the great plains might be justi-
fied. These grass/soil ecosystems accumu-
lated vast amounts of soil organic nitrogen
producing soils many meters deep. Com-
mercial agriculture has been exploiting
these soils to this day. While we do not
know how much nitrogen leached from
such soils when the sod was removed and
crops were planted, it obviously was not so
much as to render the soils infertile. Now I
am not suggesting that a closely mowed turf
is analogous to the prairie grasslands but it
is not too much of a stretch to believe that
some of the same nitrogen recovery and
retention processes may be occurring. At
the very least, it is every bit as reasonable to

assume that turf can accumulate and hold
substantial amounts of nitrogen as it is to
believe that every pound of nitrogen
applied equals 0.6 pounds leached as nitrate
into ground water.

Minimizing turf nitrogen needs. If
the efficiency of nitrogen use by turf is lim-
ited by the timing between soil release and
turf needs and by some inherent defects in
the position and characteristics of nitrate
reduction, assimilation and metabolism,
there should be ways by which such prob-
lems can be solved. This is not trivial
because, given the amount of nitrogen
stored in a turf/soil ecosys-
tem, it should be possible to
manage high quality turf

ized nitrogen. For example,

Given the amount of N
with no application of fertil- stored in a tu)f/ soil

if only 5% of the 1800 lbs of ecosystem, i should be
soil organic nitrogen present possible to manage hlgh

in our turf soil was mineral-
ized in a year, about 90 Ibs of

made available to the turf. il
Add to that 25 Ibs of natural f ertiizer.
nitrogen deposition and fix-

ation and approximately 45 lbs recycled
through retained clippings and turf should
have about 160 lbs of nitrogen available
each year without any fertilizer additions.
That should be enough to maintain a good
turfgrass stand.

If sufficient nitrogen is present in a well
established turf, how can we get around the
inherent inefficiency problems cited above?
The absorption and metabolism problems
obviously will require a genetic solution
which will be considered later.

However, the timing of nitrogen supply
and turf need can be addressed partially
through management. Both approaches to
the problem must be taken but until nitro-
gen efficient grasses are made available, the
turf manager must rely on cultural modifi-
cations. What follows are a few suggestions
that result from the above discussion.

Some of these ideas will require addi-
tional research to confirm their value but I
present them here for your consideration.
Seasonal timing of N application.
Because there is normally abundant
nitrate in the soil solution during the fall
and early winter, it would follow that fall
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fertilization should have little value.

This does not agree with experience but
it may make some sense all the same.
Turfgrasses absorb nitrate throughout the
fall and winter so long as the soil is not
frozen. A late fall application of
nitrogen, especially as a controlled
release material, will be absorbed, stored
as protein or nitrate and used to push
early greening in the spring. The ques-
tion may be how much is enough to give
this spring response. I suspect that one-
half to two-thirds of an annual applica-
tion is too much and that about 0.5-1.0
lbs N/1000 sq-ft applied in late fall
would be enough.

Must turf managers have observed that
turf seems to respond to a light nitrogen
application during late summer when the
hot weather is over. This would make no
sense if soil water nitrate levels are 5 ppm
or higher. However, it may be a problem of
position. The soil water could have 100
ppm nitrogen but it would do the turf little
good if there were no live roots deep
enough to reach it. I suspect that may be
the problem for turf after a tough summer.
The roots may have been so decimated by
the rigors of summer that very few living
roots are available to tap the abundant
nitrate within the soil. Most of the turfroot
system must be regenerated from crown tis-
sues and the new roots will initially grow in
thatch and the upper most soil layer which
may be leached of free nitrate. Thus, a light
application of soluble nitrogen applied at
the time of root regeneration could be high-
ly beneficial. Once turf roots reach the
abundant nitrate in the soil solution, it will
be off and running and will require no addi-
tional nitrogen until late fall or spring.

Early fall nitrogen additions are a waste
of time and money. The turf has more nitro-
gen than it can handle and it should have
enough roots drawing that nitrogen to meet
its needs for some time. Additional nitrogen
applied at that time would do no good.

Early spring nitrogen applications would
appear to make good sense. Adding nitro-
gen just as the turf root system has become
well established and soil nitrate levels have
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declined to inadequate levels (~early April
in Fig. 1) would keep root development on
track without stimulating excess leaf
growth. Care must be taken not to dis-
courage deep rooting in the spring by allow-
ing nitrogen levels to become excessive.
Two or more light applications (~0.5
1b/1000 sq-ft) at this time might be better
than a single larger treatment. During late
spring, another light application might be
useful to help the grass face the hot weath-
er with adequate nitrogen supplies.

Which nitrogen sources
are best?

There are many diverse nitrogen sources
available to the turf manager. Dr. John
Roberts at the University of Hew Hamp-
shire recently published a summary of vari-
ous product lines available for turf and some
guidelines for their use (Roberts 1998).

For fall and late spring applications, a
controlled release material would be better
than a readily soluble source. You want the
nitrogen to be metered out over a period of
weeks not, at least in the spring, to promote
a flush of top growth. A material that does
not depend on microbial degredation (e.g.
IBDU) would be better at this time than
one which is virtually inert in a cold soil.

Composts and other soil conditioners
can be used with little regard for their nitro-
gen content. While such materials will con-
tain about 3% nitrogen, most of it is bound
into organic matter and will be released
very slowly, much like soil organic nitrogen.
The value of these materials is to promote
thatch degradation, remove irregularities in
the turf surface and promote vigorous shal-
low rooting (not at the expense of deep
rooting) which will stabilize the turf and
make it better able to derive nutrients from
decomposing thatch and clippings.

I would avoid nitrate sources. They are
simply too available and free to leach.
While no soluble nitrogen source should be
applied just before a heavy rain or deep irri-
gation, these events can not always be con-
trolled. It just makes sense to but a little
chemistry between the nitrogen source and



the nitrate it will eventually become. Even
ammonium salts must first be nitrified in
the soil before they can leach as nitrate.
Urea also must be hydrolyzed before it can
be oxidized to nitrate which buffers its vul-
nerability to leaching.

Foliar applications of liquid formulations
are popular with lawn care companies
because of ease and speed of application.
Some argue that such applications promote
foliar absorption and thus a more rapid
response. | have seen no research which
would support this contention and I am not
sure a rapid response is often needed or
desired. Foliar applications of urea are sub-
ject to ammonium volatilization which is
nitrogen wasted. If a liquid application is
made, follow it with a light irrigation to
wash the nitrogen off leaves and into the
soil, or at least the deeper thatch, where it is
more likely to be utilized and not lost.

How little nitrogen
is enough?

First, it must be remembered that a min-
imum nitrogen program is based on the
assumption that there is already substantial
nitrogen present as organic matter in the
soil. This will only be true for older well
established turf which has been managed
reasonably for some time. A newly estab-
lished turf will require a period of tradi-
tional management (about 10 years) before
it will be ready for minimum nitrogen
maintenance. A soil test for soil organic
matter or total soil nitrogen will give you an
indication of the soil’s nitrogen status.

The secret to minimum nitrogen man-
agement of turf is to capitalize on the nitro-
gen already present and use fertilizer to fill
in the gaps caused by uncoordinated supply
and demand. The ideal method would be
to monitor your soil water nitrate content
and apply fertilizer nitrogen only when
these values are low. The development of
small unobtrusive suction lysimeters and
portable nitrate assay kits may make this
level of surveillance practical for turf man-
agers within the near future. In general
early and late spring, late summer and late
fall are the times for greatest vigilance.
However, as was evident in Fig. 1, local
weather variations can influence the ability

of soil to release nitrogen and the turf’s abil-
ity to use it.

A companion strategy for minimum
nitrogen use is a reduction in nitrogen loss.
We have discussed this before (Hull 1994)
but being sensitive to the role that excess
irrigation and turf injury due to disease,
insects or traffic can have on
nitrate leaching or gaseous
losses will help maintain a
tight nitrogen budget for your
turf. Irrigating on an as need-
ed basis allowing for modest
drought stress to promote
deeper rooting will help to
conserve nitrogen at a time
when leaching potential is
great. Prolonged periods of a
water-logged root zone will
not only promote denitrifica-
tion losses of nitrogen but will
hasten the decline of the turf root system.
Controlled irrigation and good internal
drainage will contribute to greater nitrogen
economy.

As mentioned above, high temperature
within the grass canopy is a serious environ-
mental stress to cool-season grasses. Warm-
season grasses do not face this problem and
consequently do not suffer the summer root
decline observed in most cool-season
species. Keeping grass cool is an impossible
task during a heat wave. However, syringing
during mid-day, maintaining adequate soil
moisture levels, promoting deep rooting and
where possible establishing landscape fea-
tures (trees) to provide mid-afternoon shade
on sensitive turf areas all will help. Mid-
summer nitrogen applications will aggravate
root destruction and actually contribute to
greater losses. Insuring adequate phospho-
rous and potassium levels within the root
zone will offer some protection and help
slow root decline. Controlling root-feeding
insects is a must if a low nitrogen program is
being utilized. Hopefully a spectrum of
effective biological insect management tools
will soon be available since some are already
beginning to appear (Villani 1995).

What is a realistic target?
Eventually fertilizer nitrogen on mature
turf may be eliminated altogether. Today
that is not practical but one pound of
nitrogen per thousand (50 lbs/acre) as a
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Newly established turf
will require a period of
traditional manage-
ment (about 10 years)
before it will be ready
for minimum nitrogen
maintenance.
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Unfortunately, there
appears to be little
support for turfgrass
research to study
nutrient use efficiency

goal should be attainable. No two sites
are identical and the manager will have to
decide how little nitrogen is too little. I
am encouraged by the testimony of turf
managers who hear me talk
on this subject and latter tell
me that they have been
maintaining turf at a one
pound rate for years. They
obviously have evolved these
ideas from their own obser-
vations and experience and
developed a minimum
nitrogen program on their
own. Such a program will
not only provide a good quality turf but
will reduce the management budget and
virtually eliminate nitrate leaching.

Prospects for the Future

What I have tried to describe above
might be viewed as a systems approach to
turf fertilization. Essentially it involves tak-
ing all environmental and biological factors
that influence nutrient use by turf into
account while developing a nutrient man-
agement program. This [ have attempted to
do. Obviously refinements can be made
and even greater efficiencies may be possi-
ble. However, a total elimination of fertil-
izer requirements will depend on the devel-
opment of grass cultivars which are
inherently more efficient in their use of
nitrogen and other nutrients.

I wish I could say that good progress is
being made along this front but unfortu-
nately nutrient efficiency appears to remain
a secondary consideration in most turfgrass
breeding programs, both commercial and
university based. I am not a plant breeder
and I am not privy to inside information
regarding the objectives of breeding pro-
grams. Thus, there could be a good deal
more activity in this area than one can gath-
er from technical reports and scientific
meetings. However, I believe there are more
fundamental reasons for a lack of progress in
breeding nutrient efficient grasses than a
lack of desire to do so. The desire may very
well be there but the knowledge on how to
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proceed is likely deficient. Before a breed-
ing program can generate nitrogen efficient
grasses, the breeders must understand the
physiology behind nitrogen efficiency. [
have sketched out a few concepts here but
there is much more to learn. Unfortunately
there appears to be little support for turf-
grass research to study nutrient use efficien-
cy. This is not only true for the US but
throughout the world based on opinions I
heard expressed at the International Turf-
grass Research Conference last summer.
Nutrient use efficiency is a long-term effort
but most organizations that support turf
research are more interested in immediate
problems which are amenable to a quick fix.

I believe the prospects for nutrient effi-
cient turfgrasses are bright but only if an
appropriate investment is made. What can
the turf manager do? Urge your local grow-
er or management association to put some of
its research funding into more basic research
directed toward understanding nutrient use
efficiency. If the local turf organizations rec-
ognize the value of such research, perhaps
the national organizations will as well. Urge
the National Turfgrass Evaluation Program to
put some effort into evaluating turfgrasses
for their basic nutrient efficiency character-
istics. That program is very well situated to
do undertake such an effort. This would not
have to be repeated at different locations all
across the country, one good lab could do it.
Such research would identify how much
variation currently exists among grass geno-
types for various efficiency factors. It could
also indicate where grasses are already effi-
cient and where there is room for improve-
ment. We are fortunate in that the technol-
ogy exists for replacing an inefficient trait
with one of greater efficiency from virtually
any known organism. Thus, we know how
to make more efficient grasses we just need
to learn exactly what must be changed to
increase their efficiency. As the ultimate
consumers of turfgrasses, you have the great-
est stake in this effort.
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Current Status of U.S.

Turfgrass Pathology Research

By Dr. Eric B. Nelson

role in successful turfgrass manage-
ment over the years. Yet, many believe
turfgrass pathology to be a secondary disci-
pline, with breeding and agronomic aspect
of turfgrass science being the most applica-
ble and important to turfgrass management.
Certainly, without the many scientific
achievements of turfgrass pathologists, the
management of golf turf at the level it is
managed today would not be possible.
My intent with this article is to provide
a broad overview of turfgrass pathology
from its early beginnings to the present. My
hope is that it will provide readers with a
better appreciation of the accomplishments
and contributions of turfgrass pathologists
today as well as where research in this field
is heading.

Turfgrass pathology has played a critical

Historical Development of
Turfgrass Pathology

To understand the current stature of turf-
grass pathology research in the United States,
one has to look back at the evolution of the
discipline and the forces that have shaped the
science over the past 100 years. Develop-
ments in both Europe and the U.S. have had
major influences on the field. Although the
roots of turfgrass pathology can be traced to
Europe as far back as the 16th century, it is
the late 1800s that clearly mark the begin-
nings of turfgrass pathology as a distinct sci-
entific discipline in the United States.

A number of major developments in
both plant pathology and turfgrass culture
have had monumental effects on the sci-
ence of turfgrass pathology. Many of these
major developments occurred in the late
19th century and set the direction for much
of the research conducted over the past few
decades. A number of important events in
the history of turfgrass pathology are

described in Table 1 but only a few key
developments will be highlighted below.

One of the more important develop-
ments came in 1882 with the development
of the first effective chemical treatment for
plant diseases. This new material, called
Bordeaux mixture, was a concoction of cop-
per sulfate and lime and was effective in
controlling a number of major diseases of
agricultural crops. For the first time, the
ability to easily control plant diseases
became a reality. This development also was
the impetus for a national research empha-
sis on the study of chemical pesticides for
the control of plant diseases. This trend has
continued today and has dominated a vast
amount of research in turfgrass pathology
over the past 70 years.

Another important development was
the establishment of the Division of Botany
within the U.S. Department of Agriculture
in 1885. This organization was charged
with overseeing plant disease research pro-
grams across the U.S. Three years later, most
of the Agricultural Experiment Stations
were also established across the country.
These developments established a pattern
of funding and administrative direction for
research in turfgrass pathology as well as
other agricultural sciences.

Also in 1885, and continuing a trend that
began in 1754 with the establishment of the
Royal and Ancient Golf club of St. Andrews
in Scotland, the first golf course was built in
the United States. Over the years, it has
been the game of golf that has had the
greatest influence on turfgrass culture and
hence the need to address disease problems
in turfgrass management.

By 1894, the United States Golf Associ-
ation was established, in part, to support
research for the improvement of golf turf
management. This organization has tradi-
tionally been one of the major sponsors of
turfgrass research and information in the
United States and continues to be today.
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Throughout the late 1800s, the science of
plant pathology had been growing and
becoming recognized in the academic com-
munity as an important and unique disci-
pline. In 1905, the first Department of Plant
Pathology in the United States was estab-
lished at Cornell University by the fungal
biologist H. H. Whetzel. Since that time,
departments of Plant Pathology have flour-
ished in land grant universities in all 50 states.

During this time, the science of turfgrass
pathology was continuing to grow.
Although fairy rings and red thread had
been described in Europe prior to the
1900s, the first turfgrass disease in the Unit-
ed States was described from a privately
owned turf garden in Philadelphia in 1914.
In the next few years following that obser-
vation, studies were undertaken by Piper
and Coe to examine the etiology of the dis-
ease. For a number of years after that first
observation, a considerable amount of
research went into developing effective
chemical controls for brown patch. It was
this initial research effort by Piper and Coe
that officially marked the beginning of for-
mal turfgrass pathology research programs
in the United States.

Research Has Emphasized
Chemical Control

As can be seen from the historical pro-
gression of turfgrass pathology as a disci-
pline, there are several factors have been key
to the direction of turf pathology research
in the United States. Perhaps the most
important factor has been the popularity of
the game of golf. The intensity of manage-
ment and plant stress coupled with the
need to maintain blemish-free turf has been
the major impetus for developing control
strategies for turfgrass diseases.

Another major factor was the knowledge
that fungi were incitants of turfgrass dis-
eases. With this came a mycological
emphasis to research and an important link
to plant pathology. Because of this and
developments already underway in plant
pathological research, the major research
emphasis was directed toward a search for
effective fungicides to control diseases.
Given the proven efficacy of Bordeaux mix-
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ture as a treatment for plant diseases, the
greater part of the 20th century has been
devoted to the discovery of new and more
effective fungicides.

From its origins around the turn of the
century until the present, research has con-
tinued to emphasize the chemical manage-
ment of fungal diseases of golf course turf.
Because of the early success of broad-spec-
trum fungicides such as mercury and cadmi-
um, there was little need to know the precise
etiology of turfgrass diseases. This chemical
emphasis on disease control, coupled with
the ever-present demands of the golf indus-
try to maintain disease-free turf, has molded
turfgrass pathology into a discipline largely
focused on short-term chemical-based solu-
tions to immediate and pressing problems
associated with golf turf. This narrow focus
has been facilitated by the fact that extension
efforts in turfgrass pathology have been
emphasized more than basic research efforts,
resulting in relatively few long-term studies
of the biology, ecology, and epidemiology of
turfgrass pathogens and diseases.

1980s Marked a Change in
Research Directions

It was the research emphasis through the
1920s that set the stage for turfgrass pathol-
ogy research in the United States for the
next 60 years. However, beginning in the
1980s there was a dramatic shift away from
traditional chemical evaluation programs to
more of an emphasis on pathogen biology,
pathogen ecology, and disease epidemiolo-
gy. There was also renewed interest in
exploring the possibilities of utilizing dis-
ease resistance among turfgrass cultivars.
Although fungicide-screening programs
remained a major emphasis of many turf-
grass pathologists, particularly those with
extension responsibilities, there was
renewed interest and funding for research
in many of these more fundamental areas.

A major impetus for the change in
research direction was the banning of mer-
cury and cadmium fungicides, as well as
increasing problems with fungicide resis-
tance. This, coupled with the growing envi-
ronmental movement across the United
States, prompted many in the turfgrass



industry to ask new questions about the
management of diseases; questions not only
about what alternative strategies might be
employed, but also questions about the
impact of traditional chemical-based disease
control practices on environmental quality.
Research initiated in the 1980s to address
some of these questions continues today.

It is often surprising that despite the
years of research in turfgrass pathology,
there are still major informational gaps, par-
ticularly in such fundamental areas as
pathogen biology and ecology as well as dis-
ease epidemiology. Part of this can be

TABLE 1.

PATHOLOGY

explained by the few number of scientists
and educators devoted to turfgrass patholo-
gy as well as to the distribution and focus of
efforts in research, extension, and teaching.

Turfgrass pathology has traditionally
been a discipline that has been grossly
underrepresented in major U.S. universities
relative to other agricultural crops. For
example, in crops like corn, soybeans, cot-
ton, potatoes, or wheat, there may be sever-
al pathologists in any given university
devoted to each of those commodities.
However, in nearly all universities, there are

few, if any, faculty or staff with full-time

MAJOR HISTORICAL DEVELOPNMENTS IN TURFGRASS
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research, extension, and teaching responsi-
bilities in turfgrass pathology. Surprisingly,
over 15 states have no turfgrass pathologist
on the staff of any university in that state.
In contrast, other states may have two or
more turfgrass pathologists within a single
university.

Most turfgrass pathologists in the Unit-
ed States have responsibilities for a number
of agricultural or horticultural crops other
than turfgrasses. Their responsibilities are
usually split between research and exten-
sion. Because of the limited time for
research in turfgrass pathology and the
more traditionally applied nature of the
work, there has been little time for more
fundamental research.

Despite the fact that there are currently
less than about 11 or 12 equivalent full time
scientists in the United States conducting
research in turfgrass pathology, there have
been remarkable achievements in the past
decade; achievements that have conceptual-
ly changed how we approach turfgrass man-
agement. Many of the advances that have
occurred in the past 10 years have come
from major shifts in research emphases
away from a major fungicide emphasis to
more pathogen biology and ecology.

Recent Developments in
Turfgrass Pathology

Pathogen Biology - Our knowledge
of the basic biology of turfgrass pathogens

is rapidly expanding. Work initiated in the
1980s with summer patch and necrotic
ringspot diseases set the trend for the kind
of research needed to solve important man-
agement problems For example, knowl-
edge of when and how the summer patch
pathogen, Magnaporthe poae, infects
plants, how it survives, the biology of the
spores it produces, and, in general, how it
behaves in association with turfgrass plants
has proven useful in developing logical
control strategies for this important disease.
Studies on the biology of other turfgrass
pathogens are proving to be equally impor-
tant in disease management.

Biological Disease Control - One of

TurfGrass Trends MAY 1998

the newest areas of current research in
turfgrass pathology has been in the area
of biological control of turfgrass diseases.
Biological disease control has been well
documented in turfgrasses. Numerous
laboratory and field studies have demon-
strated control efficacy from a wide
variety of microbial inoculants and soil
microorganisms contained within or stim-
ulated by organic amendments .

In the past five years there has been an
explosion of new work in this area, ranging
from very basic studies on biological control
mechanisms to applied studies looking at
application technologies and pesticide
compatibility. Currently new microbial-
based products are coming onto the market
much faster than our understanding of bio-
logical control systems is advancing. This
increased demand for control alternative is
creating a tremendous information gap; one
that continues to grow because traditional
sponsors of turfgrass research have been
reluctant to support much needed longer-
term studies. As a result, more biological
control research is focused on agricultural
crops where more appropriate funding is
available. Unfortunately, however, there is
often little that can be extrapolated from
row crop agriculture to turfgrass systems.

In part because of this information gap
as well as the lack of scientists involved in
this research, pathologists are finding that
moving biological control successes from
the laboratory to the field is proving to be
difficult, requiring new methods of inocu-
lant formulation, handling, and delivery.
However, advances in injection technolo-
gies, application strategies, and formulation
chemistries are rapidly evolving and will
likely change the way biological control
strategies are implemented.

We are also learning about the ecology
of microbial inoculants and their compati-
bility with other management practices.
This will speed use of biological approach-
es into turf management programs.

Pathogen Detection - Diagnosing
root diseases continues to be a major
problem in turfgrasses. Identification of
pathogen species growing in and on root



tissues is nearly impossible just from micro-
scopic observations alone. Recent applica-
tions of molecular biological methods for
detection and identification of root
pathogens, particularly Magnaporthe,
Gaeumannomyces, and Pythium, is greatly
improving diagnostic abilities and improve
our understanding of the ecology of these
important pathogens These types of studies
are on the increase and are beginning to
shed new light on the ecology of the
pathogens as well as the epidemiology of
the diseases they cause.

Transgenic Plants and Host Plant
Resistance - Advances in plant biotech-
nology are finding their way into turfgrass
pathology with the development of trans-
genic turfgrass varieties resistant to diseases.
In the last few years, our ability to transfer
genes from one organism into turfgrasses
has greatly improved. Studies have now
shown that the introduction of genes that
encode chitinases (enzymes that can break
down fungal cell walls) into creeping bent-
grass plants can convert a normally suscep-
tible cultivar into one that is resistant to a
variety of fungal pathogens. In addition to
biotechnological approaches to disease
resistance, there is also renewed emphasis
on trying to more fully exploit disease resis-
tance among conventionally-bred cultivars.

Cultural Practices and
Turfgrass Diseases

In the past few years, there has been a
resurgence in the numbers of types of studies
related to cultural practices and their impact
on disease severity . Studies such as this have
important fundamental implications for the
ecology of the causal agents but are also pro-
viding useful ways of managing these impor-
tant diseases. These types of studies are
expanding and will likely lead us into an era
of more sustainable turfgrass management.

Despite the many advances, our know-
ledge of the pathology of turf systems
remains rudimentary. Relationships between
pathogen biomass, inoculum level, and dis-
ease severity are still unknown. Our ability to
culturally manipulate diseases remains prim-
itive at best. The reasons for these unan-
swered questions stem directly from the his-
torical evolution of turfgrass pathology. The
basic biology and ecology is lacking in turf-
grass pathology because of the historically-
focused efforts to find new and better chem-
icals for disease control.

Perhaps our greatest need in turfgrass
pathology is to understand how to sustain
turfgrass systems with a minimum of external
inputs. The challenge in coming years will be
to identify management strategies that pro-
mote long-term turf health with a minimal
human health and environmental impact.
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