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INTRODUCTION
In the past decade, the lawn care sector of the
turfgrass industry has been expanding at a tremendous
rate.

A healthy, green lawn not only provides aesthetic

pleasures for the homeowner, but can increase property
values as well.

Fertility programs used in the industry

include a number of nitrogen (N) sources that can be
applied in dry and/or liquid forms.

Because of its

versatility, liquid fertilization is rapidly becoming
the most popular method of applying fertilizers to turfgrass.
It has been estimated that at least 60 per cent of the
industry is applying liquid fertilizers (Early, 1981).
Fluid fertilizer consumption in general has been increasing
in the United States, and presently accounts for JO per
cent of all fertilizer tonnage applied annually.

The lawn

care industry has significantly contributed to this
increase (Early, 1981).
While liquid fertilizers have been used in agriculture
for many years, liquid fertilization techniques have not
been researched as extensively as dry fertilization methods.
Standard recommendations include applying dry fertilizer
materials to dry foliage and watering the materials in,
especially when using soluble N sources.

This is done to

insure that fertilizer does not remain on leaf surfaces
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where the material could burn.

With commercial liquid

applications, it is not always possible to water the materials
in, and foliar burn may occur as a result.

Foliar burn is

currently the biggest problem with liquid fertilizer
applications.
Wilkinson (1978) stated a number of challenges for
the lawn care industry, two of them dealing specifically
with problems associated with liquid fertilizer applications.
First, much research is conducted on dry fertilizers and
pesticides, so many established ideas must be reevaluated
since the findings may not be completely valid for fluids.
Secondly, the mechanisms involved in physiological burn, and
the materials that produce burn, will continue to be a
problem in liquid fertilizer research.

Both new materials

and old materials in new combinations must constantly be
evaluated for burn potential.
Very little is known about the mechanism that induces
burn, or about the comparative damage effects of different
fertilizers that are applied to lawns (Neumann et al., 1981).
A number of factors appear to be involved with fertilizer
burn, including temperature and time of day of application.
For example, foliar burn damage associated with applications
of liquid fertilizer tends to be worse when the application
is made between the hours of 8 A.M. and 5 P.M., and can
be decreased when these times are avoided (Poole et al.,

J
198Jb).

Lawn care service people may recognize the factors

that lead to burn, but it is difficult to adjust scheduling
and materials quickly enough to completely avoid fertilizer
burn.
Although foliar fertilizer burn is unsightly, there
has been little research conducted to determine the
physiological factors that contribute to fertilizer burn.
Rather, research has been directed towards isolation of
the environmental and physical factors that encourage burn.
The first objective of this research was to screen a number
of liquid N sources, both experimental and established, for
tendencies to burn turfgrass foliage.

The second objective

was to investigate the role of osmotically-induced water
stress in foliar burn.
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LITERATURE REVIEW
The element that receives the most attention in
turfgrass fertilization programs is nitrogen (N).

Grasses

respond quickly to N, and it is this element that has the
greatest direct effect on top growth.

Brown (1977) states

that because N is so important, "it is often overused,
underused, or generally misused in turfgrass management
programs .
II

With the exception of carbon, hydrogen, and oxygen,
turfgrasses use more N than any of the other essential
elements, and N is an integral component of chlorophyll,
amino acids, proteins, nucleic acids, vitamins, and enzymes
(Beard, 1973).

Plants will become stunted and chlorotic

if N is not available in sufficient quantities.

Nitrogen

is a mobile element, and chlorosis will first appear
on lower, older leaves as N is transported to the newer
leaves (Follett et al., 1981).

Although inadequate

water affects a plant more severely than a lack of N, it
should be noted that a water deficiency will cause an
unsuitable internal environment for plant processes,
whereas a N deficiency deprives a plant of those building
blocks necessary for growth and reproduction (Black, 1968).
Nitrogen can be supplied to turfgrass in either dry or
liquid form, and there are many N carriers that can be used.
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If the fertilizer materials are applied properly, there
is little difference between fertilizer response to materials
applied as dry granules or as liquids (Funk, 1977).

A

difference in response does occur when the liquid fertilizer
rate is high enough to cause phytotoxicity, however (Beard,

1973).
Liquid application of fertilizers and pesticides
offer many advantages to the lawn care industry.

Loading

and mixing time have been reduced by recent improvements
in equipment, and the labor requirements are less than they
have been in the past (Spangenberg et al., 1981).

Several

treatments can be made in a single application since many
pesticides are compatible with liquid fertilizers, weed
control may be more effective, and greenup is faster than
with dry materials of the same N source (Brown, 1977).
There also are several disadvantages to using liquids
(Brown, 1977).

The initial investment for sprayers is

much greater than for dry applicators, and spray applications
are more sensitive to environmental conditions than dry
spreaders because treatments cannot be applied if it is
windy or if temperatures are below freezing.

Other draw-

backs include uneven applications and the danger of fertilizer
burn from soluble sources of N.
Liquid fertilizers have been applied to foliage for
more than 100 years.

The most common use has been to

correct micronutrient deficiencies in tree fruit crops
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(Follett et al., 1981;

Beard, 1973) or when rapid

correction of a macro nutrient deficiency is required
(Beard, 1973).

Foliar applications of liquid fertilizers

as a means of supplying total nutrients required to a
crop is not widely practiced, nor is it recommended
(Garcia and Hanway, 1976).
Beard (1973) and Turgeon (1980) discuss two methods
of applying liquid fertilizers, and the theories behind
those methods.

Foliar feeding is the application of

nutrients in very small volumes of water. Technically,
this is less than 203.5 1 ha -1 (0.5 gal 1000 ft -2 ) . The
goal of foliar feeding is for the nutrients to be absorbed
directly through the above ground plant parts.

A soil

drench, often referred to as liquid fertilization, is
the application of nutrients in significantly larger
quantities of water. Volumes of 1220-2040 1 ha- 1 (3-5
gal 1000 ft- 2 ) are used to wash most of the nutrients off
of the foliage and into the soil.

Through this process

most of the nutrient uptake will be through the roots.
Foliar feeding should be considered only as supplementary to a fertility program because it does not readily
adapt itself to heavy applications of nutrients (Follett
et al., 1981).

Turgeon (1980)

recommended that no more
than 6.1 kg ha- 1 (0.125 lb 1000 ft- 2 ) of N be supplied per

application to minimize the potential for foliar burn.
Liquid N carriers include anhydrous ammonia, aqua
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ammonia, liquid mixed fertilizers, and N solutions.

The

latter two are the forms usually applied to turfgrass.
Nitrogen solutions, by definition, contain nutrients that
are completely dissolved in the water carrier.

Liquid

mixed fertilizers include suspensions and slurries.
Suspensions contain dissolved and undissolved particles,
and require agitation during application to keep them
from settling out.

Slurries are formed when a dry fertilizer

is added to water for better flowability and most of the
nutrients do not dissolve (Anonymous, 1979).
Much of the interest in foliar fertilization involves
the applications of N, phosphorous (P), potassium (K), and
sulfur (S) solutions to food crops.

It has been reported

that these foliar applications of nutrients can dramatically
increase yields (Neumann et al., 1981).

Garcia and Hanway

(1976) showed that soybean yields could be significantly
increased by applying N, P, K, and S solutions during the
pod - filling stage of growth.

Parker and Boswell (1980)

concluded that this was not a practical method of improving
soybean yields.

Apparently yields can be increased if

nutrients are applied at the correct developmental stage
and if environmental conditions are favorable.
Theoretically, foliar applications of fertilizer
delay natural leaf senescence by replacing those nutrients
normally depleted from leaves during the reproductive stages
(Harder et al., 1982), and a reduction in photosynthetic
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rate caused by poor nutrient transport into the leaves
may be avoided (Garcia and Hanway, 1976).
is increased seed yields.

The end result

However, results from these

studies have been inconsistent, and yields have actually
been reduced by foliar applications of nutrients (Poole et al.,
1983a).

The photosynthetic rate in leaves may be reduced

as much as 17 per cent one day after a foliar fertilizer
application (Harder et al., 1982).
Mass flow is the movement of nutrients dissolved in
the soil solution towards plant roots, and it is primarily
by mass flow that N reaches the plant root (Follett et al.,
1981).

Plant roots were thought to be responsible for

absorption of mineral salts and water, while gases like
oxygen and carbon dioxide were exchanged primarily through
stomata and intercellular spaces of leaves (Franke, 1963).
However, it is now known that leaf surfaces are able to
absorb both organic and inorganic forms of some materials.
Foliar absorption of urea has been observed in several
crops (Follett et al., 1981), and N may also be absorbed
in the nitrate form (NFSA, 1980).
The process by which nutrients penetrate leaves is
quite different from the absorption of nutrients by root
cells.

Leaves are structurally different from roots,

with each cell wall being covered by a cuticle (Franke,
1963).

The exact mechanism of nutrient absorption through

leaves has yet to be determined.

Absorption of urea is
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thought to occur through the stomata, although other
structures have been shown to facilitate uptake (Follett
et al., 1981).

Franke (1963) and Wesley (1981) suggested

that solute absorption occurs by penetrating the cuticle
and/or the protoplasm.

Apparently, under normal conditions,

stomata do not permit the passage of aqueous solutions, mainly
because of the surface tension of liquids and the hydrophobic nature of the cuticle (Franke, 1963).
Foliar fertilization may result in either a negative
effect or an absence of effect on yields, and this lack
of yield response often will occur simultaneously with
foliage damage, presumably caused by fertilizer salts (Neumann
et al., 1981).

Leaf burn by foliarly-applied fertilizers has

been observed by numerous investigators, and appears to be
responsible for negative yield responses (Poole et al., 198Ja).
Fertilizer burn can occur either from fertilizer salts
being placed directly on foliage, or from an excess of
salts in the soil solution (Funk, 1980;
NFSA, 1980;

Rathjens, 1983).

Knoop, 1976;

If the concentration of

fertilizer salts is greater than that of the cell sap,
water will be drawn out of plant roots or leaves, resulting
in fertilizer burn (Funk, 1977;

Funk, 1980;

Rathjens, 1983).

Symptoms of fertilizer burn on foliage are very similar
to those observed from drought injury, and in both cases
the plant is suffering from a water deficit (Funk, 1980).
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Fertilizer burn on turfgrass occurs in varying degrees
of severity.

A slight browning of the leaf blade (tip

burn) is evidence of minimal fertilizer burn, while a severe
case of fertilizer burn would cause a complete browning or
bleaching of the foliage (Beard, 197J;

Rathjens, 198J).

Fertilizer burn affects crop yields in many ways.
According to Neumann (1979), the photosynthetically active
leaf area is reduced, and this results in an irreversible
loss of photosynthetic tissue, along with a decrease in
overall photosynthetic capacity (Neumann et al., 1981).
Photosynthate and mineral movement may be affected directly
by damage to the phloem, or indirectly by hormonal changes
in leaves (Neumann, 1979;

Neumann et al., 1981).

Neumann

(1979) discovered that short exposures of leaf cells to
varying concentrations of several fertilizer salts can
induce membrane leakage, and he concluded that this
plasmolytically-induced membrane leakage may be the primary
mechanism of burn damage.

If the plasmolytic effect is

minor, damage done to living leaf and root tissue may be
insignificant, while severe plasmolysis will result in
destruction of the tissue (NFSA, 1980).
Factors influencing the degree of fertilizer burn
include the moisture status of the plant and soil,
environmental conditions, salt index of the fertilizer,
and time of day of application.
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Levitt (1980) categorized plant responses to a number
of environmental stresses.

He defined stress as an external

element acting on an organism that may cause a strain
by producing a physical or chemical change within that
organism.

These strains may be either plastic (irreversible)

or elastic (reversible).

An environmental stress may

produce injury in a plant by inducing a strain beyond the
elastic limit of the plant.
stress injury.

This is called a direct

When the applied stress does not directly

injure the plant, but causes another stress which does,
a secondary stress injury occurs.
Water stress is probably the most common factor
limiting the growth of plants.

"Water is the commonest

liquid on earth and as such exerts an overwhelming influence
on plant growth and survival" (Spomer, 1978).
many functions in plants.

Water has

It is a main component of the

protoplasm, is essential for photosynthesis, acts as a
catalyst or solvent, helps to moderate plant temperatures,
regulates the stomata, and maintains plant turgidity (Spomer,
1978).

Water functions in the soil to aid in the breakdown

and release of nutrients, and also has a direct influence
on the concentration of soluble salts in the soil solution
(Daniel and Freeborg, 1979).
The water status of a plant is affected directly by

the water status of the soil, the air temperature, and the
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humidity.

With an increase in air temperature and/or a

decrease in relative humidity, a plant tends to lose
more water (Knoop, 1976).

Addition of water to a soil can

aid in reducing the plant water requirement by raising
the humidity near the soil surface, and by cooling both
the soil and the plant itself (Funk, 1980;

Knoop, 1976).

Transpiration continues, due to a decrease in the
water potential of leaf cells and xylem sap, even as water
stress develops in the root zone (Black, 1968;
1980).

Morgan,

At some point, the plant starts to lose more water

than it can absorb, and this can result in reduced growth,
injury, or even death (Spomer, 1978).

Transpiration will

eventually be reduced in plants under stress conditions
and thereby prevent total plant desiccation (Shaw and Laing,
1966).

The severity, duration, and frequency of the water

stress ultimately determines the extent of injury a plant
will receive (Spomer, 1978).
Plants have a number of adaptations, both physiological
and morphological, which help them to survive periods of
water stress (Johnson, 1980).

One of these physiological

mechanisms is osmotic adjustment.

Osmotic adjustment

allows a plant to extend the range of water potentials
over which it can function by ad j usting its energy status
in response to soil moisture levels (Black, 1968;
1980).

Morgan,

Morgan (1980) noted that where osmotic adjustment

was observed in plants, the change in osmotic potential
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was great enough to match or surpass the change in soil
water potential.

Plants need time to osmotically adjust,

and this adjustment follows a diurnal pattern (Shaw and
Laing, 1966).
A solution of fertilizer and water has a much lower
osmotic potential than pure water due to the addition
of salts.

If the osmotic pressure of the solution is

lower than that of plant sap, exosmosis of water from plant
cells may occur, resulting in a physiological drought
(Anonymous, 1979;

1980).

Beard, 1973;

Knoop, 1976;

Levitt,

The relationship between salt stress and water

stress is purely osmotic, and therefore, inseparable
(Levitt, 1980).

Fertilizer burn, a physiological drought,

can be caused by the presence of soluble salts on the
above ground parts of plants (Beard, 1973), or by a high
concentration of salts in the soil solution (Knoop, 1976).
One way to measure the effect a fertilizer has on the
osmotic potential of a solution is to determine its salt
index.

Salt index is expressed as a ratio of the increase

in osmotic pressure caused by the material in question to
that increase produced by an equal weight of sodium nitrate
(Beard, 1973;

Anonymous, 1979).

Beard (1973) suggested

that the partial salt index, which compares equal weights
of nutrients, may give a more accurate estimate of burning
capabilities.
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Fertilizer materials vary greatly in their tendency
to cause foliar burn, and this may be attributed partially
to their salt index.

The highly soluble sources of N, as

a group, have the highest salt index and the highest burn
potential (Funk, 1977).

Sodium nitrate, ammonium sulfate,

ammonium nitrate, and urea all have relatively high salt
indexes (Rathjens, 198J;

Beard, 1973), and all

burn foliage (Beard, 197J).

~end

to

Materials with low tendencies

to burn turfgrass include synthetic controlled release
fertilizers (Allen and Mays, 1974), and natural organic
N carriers (Beard, 197J).
The time of day that a liquid fertilizer application
is made to plant foliage can greatly affect the potential
of that material to burn.

Parker and Boswell (1980) found

that liquid fertilizer applications made during midday and
early afternoon cause much more foliar burn damage than
do applications made in the early morning or late afternoon.

It is generally recommended that foliar applications

of fertilizer be made when the water requirements of the
plant are the least, i.e. during periods of cool temperatures
and high humidity (Follett et al., 1981;
Poole et al., 198Jb).

Funk, 1980;

Levitt (1980) noted that salt injury

was less in the shade than in full sunlight, although this
may be due to lower temperatures in the shade.
Fertilizer burn potential can also be minimized by
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washing salts off the foliage and into the soil solution
(Beard, 1973), and by carefully controlling spray droplet
size, using wetting agents, and avoiding excessive
concentrations of nutrients per application (Neumann, 1979).
Heat stress effects may be confused with those caused
by water stress.

Drought is usually accompanied by high

temperatures which speed up the rate at which desiccation
occurs, and since the maximum photosynthetic rate occurs
at temperatures lower than the maximum respiration rate,
the plant may suffer from a depletion of carbohydrates (Johnson,
1980).

Other metabolic processes are also affected by high

temperatures, making it difficult to separate which stress
has the most injurious effect on a plant.
Fertilizer burn damage has been observed to occur
even after precautions are taken to spray in early morning
and late afternoon (Parker and Boswell, 1980).

It has been

suggested that fertilizer burn may be a result of phytotoxic
effects caused by the rapid release of ammonia from urea
and ammonium-containing compounds applied to plant foliage
(Allen and Mays, 1974;

Vasilas et al., 1980).

Beard (1973) classifies N carriers into three primary
groups:

synthetic inorganic, natural organic, and synthetic

organic N carriers.

Synthetic inorganic N carriers used

in turf include ammonium nitrate and ammonium sulfate.
Sodium nitrate and calcium nitrate are seldom used on
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turfgrass.

Synthetic inorganics are characterized by

high water solubility, high salt index, quick plant response,
and little residual response.

These materials also are

lower in cost, but readily lose nitrate through leaching.
Animal by-products, digested sewage sludge, and seed
meals are classified as natural organic N carriers.

While

they have a low potential for foliar burn, the N content
is so low that they may not be practical for use on
turfgrass because of the bulk of material required (Beard,
1973).
Synthetic organic N carriers can be subdivided into
two solubility groups:

those that are water soluble, and

those that are water insoluble.

The water soluble synthetic

organics have many of the same characteristics as the
synthetic inorganics, and include urea and calcium cyanimide.
Urea formaldehyde is the primary N carrier of the water
insoluble synthetic organics.

In general, the highly

soluble N fertilizers are less expensive than the more
slowly available sources, but they have a greater potential
for foliar burn and are more easily lost through ammonia
volatilization and nitrate leaching than other carriers
(Funk, 1980).
Urea is the most widely used water soluble N source
in the turfgrass industry.

It has a high analysis, containing

45 per cent N, and is very economical to use (Brown, 1977).
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By definition, urea is "a commercial synthetic acid amide
of carbonic acid", and it must contain at least 42 per
cent N (Anonymous, 1979).

It is also very water soluble as

78 g of urea will dissolve in 100 ml of water at 5° C (41° F)
(Follett et al., 1981).

Urea reaches a maximum concentration

at about 20 per cent N, although a more concentrated
solution can be made by heating (Detrick and Doberneck,

1981).

Because of its high water solubility, urea also

exhibits a high foliar burn potential.
Urea can be applied to turfgrass in both liquid and
dry forms.

When applied as a liquid it can be mixed with

pesticides, micronutrients, and/or other macronutrients
(Anonymous, 1979).

A standard application of urea to
turfgrass is about 49 kg urea ha- 1 (Torello et al., 1983),
equivalent to 22 kg actual N ha- 1 .
Urea is very soluble when it is first applied to the
soil, but is rapidly converted to ammonium in 1 to J days
(Brown, 1977).

The ammonium form of N is held by clay

and humus particles that make up a soil, but if temperature
and moisture conditions are favorable, the ammonium is
converted to the readily leachable nitrate form of N
(Brown, 1977;

Funk, 1980).

Urease is the enzyme responsible for the hydrolysis of
urea (Follett et al., 1981;

1959).

Torello et al., 198J;

Volk,

Urease activity is very high on leaf surfaces
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of turfgrass plants, and apparently foliar absorption of
N is influenced by the hydrolysis of urea, either at the
leaf surface, or somewhere in the near vicinity (Follett
et al., 1981).

Unless applied urea is washed off the

foliage and into the soil, ammonia volatilization may
occur on a turfgrass area fertilized with urea solution
(Torello et al., 1983), and fertilizer burn may occur as
a result of ammonia toxicity.
Urease is influenced by temperature, and probably
is the most active during the warmest hours of the day
(Poole et al., 1983b).

If urea is hydrolyzed very rapidly,

it may cause the pH on the leaf surface to change, encouraging
volatilization of ammonia (Torello et al., 1983).

This

may promote fertilizer burn if the ammonia is absorbed
more quickly than the plant can consume it.

"If the

resulting increase in cellular ammonia exceeds the consumptive reactions, such as the glutamine synthetase/glutamate
synthetase pathway, an accumulation of toxic levels of
ammonia may occur in leaf cells" (Givan, 1979).
Biuret is a contaminant in fertilizer grade urea.
It is thought to be toxic to plants if it is present in
concentrations greater than 0.2 per cent, by weight, in
urea solutions (Follett et al., 1981;

Poole et al., 1983b).

However, the role of biuret in plant damage is currently
being disputed.

It has been reported that soybean yields
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are not affected by increasing biuret concentrations of
urea solutions, and that some other factor may be responsible
(Poole et al., 198Jb).
Folian 1 is a liquid fertilizer whose N source is urea,
and it is designed specifically for foliar application.
According to Allied Chemical product information (ca. 1980),
Folian is 100 per cent water soluble.
it contains P, K, iron (Fe), and S.

In addition to N,
Folian is 12 per cent

N, has a pH of 6.J, a viscosity of 4 centiposes per second
(cps), and weighs 1.2 kg 1- 1 (9.7 lb gal- 1 ). It is compatible
with most herbicides, insecticides, and fungicides used
in turfgrass management programs.
Many lawn care services are incorporating slow-release
N sources into their programs.

Although controlled-release

N fertilizers have a higher cost per unit of N, they have
many advantages over the less expensive water soluble N
sources.

Since there is less chance of fertilizer burn,

one application of a controlled-release N material may take
the place of 2 or more applications of a more soluble material,
and this results in reduced labor costs (Hall, 1981;
et al., 1970;

Powell, 1968).

Moberg

The potential for fertilizer

burn is decreased because not all applied N is readily
available (Powell, 1968).
leaching of N (Hall, 1981;
1

Other advantages include reduced
Allen and Mays, 1974), and a

A product of Allied Chemicals, Houston, Texas.
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more uniform turfgrass growth caused by a continuous
supply of released N (McVey, 1979;

Hall, 1981).

By definition, a controlled-release fertilizer has
nutrients with limited solubility that become available
over time (Anonymous, 1979).

The goal of slow-release is

to avoid luxury consumption by providing a continual supply
of nutrients to the plant, ideally at a rate equal to the
needs of the plant (Anonymous, 1979;

NFSA, 1980).

The major

difference between soluble and controlled-release fertilizers
is the rate at which salts are released (Funk, 1980).
Allen and Mays (1974) discussed 3 types of controlledrelease fertilizers:

those that become available by slow

dissolution and/or hydrolysis, coated soluble sources, and
biodegradable organic compounds.

Several controlled-

release fertilizers have low solubility in water but, once
dissolved, release ammonia quite rapidly through hydrolysis.
Included here are several reaction products of urea-aldehyde,
which are applied primarily in granular form.

Isobutlyidene

diurea (IBDU) is an example of this type of slowly soluble
fertilizer that is widely used in the turfgrass industry.
Sulfur coated urea (SCU) is an example of a coated soluble
N source.

Slow release is achieved by coating the material

with a relatively water impermeable membrane, allowing N
to become available for plant use as the coating dissolves.
An example of a biodegradable synthetic organic compound
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used in the turfgrass industry is methylene urea (MU), a
ureaformaldehyde reaction product.

Controlled release is

a result of the biodegradation of the material by soil
microorganisms.

Of these J materials mentioned, SCU is

the only one that cannot be applied in liquid form.
Ureaformaldehyde (UF) is a general term that is used
for several reaction products formed by chemically reacting
urea with formaldehyde (Anonymous, 1979;
McVey, 1979;

Rathjens, 198J).

Hall, 1981;

A mixture of unreacted urea,

methylene diurea, and a number of longer chained molecules
are formed during the reaction (Allen and Mays, 1974).
The chain lengths of the UF products formed during the
reaction can be adjusted by varying the mole ratio of urea
to formaldehyde, by changing the reaction time, pH, and
temperature, or by using different catalysts (Rathjens,
198J).

The chain length of the compound formed increases

as the ratio of urea to formaldehyde is decreased (Hall,
1981), and the shorter the chain length, the quicker the N
release rate from the UF (Hall, 1981;

Rathjens, 198J).

Many characteristics of UF compounds are similar to
those exhibited by the natural organic N carriers.

They

have a low potential for foliar burn, a low salt index,
reduced nitrate loss through leaching, and have residual
release properties (Beard, 1973;

McVey, 1979).

Some

additional advantages of UF include excellent consistency
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flexibility in adjusting the N release rate, and lack of
odor associated with natural organics (McVey, 1979).
Of all of the specialty fertilizers used on turfgrass,
UF is becoming one of the most popular.

It can be used as

a supplemental N source along with a soluble N, P, K
formulation (Powell, 1968), and does not exhibit the surge
of growth following an application that is normally associated with the more soluble N forms (McVey, 1979).

The

N release rate from UF is dependent on soil microorganisms,
and N release will be very slow when soil temperatures are
below 10° C (Beard, 1973).
Ureaformaldehyde can be divided into 3 solubility
classes based on the availability of N:

cold-water soluble

N (CWSN), cold-water insoluble N (CWIN), and hot-water
insoluble N (HWIN) (Beard, 1973).

The insoluble portions

are not available for immediate plant utilization, but
break down over time.

It is this fraction that differentiates

UF from soluble N carriers (Boots Hercules Agrochemicals,
ca. 1982).

The CWSN and CWIN fractions are assumed to

release their N in one growing season, while it may take
several years for the HWIN fraction to be completely
released.

The rate at which the CWIN fraction becomes

available for plant use is called the activity index (AI),
and is determined by subtracting the HWIN portion from the
total CWIN, and the dividing the CWIN into the remainder

2J
(Beard, 1973) ·
There are a number of methylene ureas available that
can be applied to turfgrass as liquid in suspension form.
Suspensions are made by mixing a finely ground fertilizer
material with a water carrier (Follett et al., 1981).
Suspensions are one of the most recent additions to the
fluid fertilizer industry, providing a way to make insoluble
N sources flowable. Fluf 2 , Fluf-Plus 2 , and Tuf 2 are specialty
fertilizers developed for the turfgrass industry that have
methylene urea as the primary N source.
for 'flowable liquid ureaform'.

Fluf is an acronym

Fluf is 18 per cent N,

Fluf-Plus is 17 per cent N and contains quantities of
P and K, and Tuf is 18 per cent N with a nitrification
inhibitor.
Nitrification inhibitors are used to delay the conversion
of ammonium to nitrate (Anonymous, 1979;
1981).

Follett et al.,

By slowing the conversion to nitrate, the recovery

of ammonium N may be improved under conditions where leaching
and denitrification occur (Follett et al., 1981).
Sartoretto (1982) described Fluf, Fluf-Plus, and Tuf as
liquids that have a milky white appearance.

They contain

42 per cent solids, have a pH of 6.8-7.2, and are very
viscous, ranging from J00-2000 cps.

The Fluf products

contain 40 per cent total ureaform, 20 per cent of the total
A product of W. A. Cleary Chemical Corp., Somerset, NJ.
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being water-insoluble.

Because less than 16 per cent of

the total N is free urea, these materials have a very low
potential for fertilizer burn (Rathjens, 1983).

Also, Fluf

materials have an activity index of 75-80, with all of the
N being released in 90-120 days (Sartoretto, 1982).
FormoleneJ is a clear solution that is composed of
50 per cent unreacted urea, and 50 per cent methylol urea
as the predominant UF compound (Rathjens, 1983).

Methylol

urea is shorter chained than methylene urea, and has a
slightly higher potential to burn.

Formolene contains no

water-insoluble N, and has an analysis of 30-0-2.

According

to the Hawkeye Chemical Company (ca. 1982), Formolene has
a pH of 9-10, has a viscosity of 40 cps, and has a N release
period of approximately 55-80 days.
The fertilizer materials Fan 2 and Fan NPK 2 are
newcomers to the turfgrass industry, and they are formed
by reacting urea with acid aldehyde to yield ethylidene
urea (Rathjens, 1983).

Fan is a 20-0-0 solution, while

Fan NPK has an analysis of 16-2-5.

The W. A. Cleary

Chemical Corp. (ca. 1983) describes Fan as a clear liquid
with a pH of 7.5-8 .0, and a viscosity of 4-60 cps.

It is

supposed to have a low burn potential and provide enough
N for quick turfgrass green-up.
JA product of the Hawkeye Chemical Company, Clinton, IA.
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Maxigro-Plus 4 contains a mixture of 75 per cent
Formolene and 25 per cent urea liquor.

It has an analysis

of 20-2-6, and also contains small amounts of S and Fe.
is mixed in this way to provide some of the nonburning
properties of Formolene with the more economical form of
urea.
A product of Eldon C. Stutsman, Inc., Hills, IA.

It
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MATERIALS AND METHODS
Experiment 1
The following experiment was conducted at the Iowa
State University Horticulture Station in 1982 and 198J to
evaluate a number of liquid fertilizers for their potential
to burn Kentucky blue grass (Poa pratensis L.).
The fertilizers screened included Fan, Fan NPK, Fluf,
Fluf-Plus, Tuf, Formolene, Maxigro-Plus, Folian, and urea
(Table 1).

Fertilizer treatments were applied to test plots

with the Spreader King liquid lawn applicator (Figure Al).
Fan, Fan NPK, Polian, Maxigro-Plus, and a 17 per cent N
solution of urea were applied to turfgrass in a nondiluted
form, while Fluf, Fluf-Plus, Tuf, and Formolene were mixed
wi t h equal parts of water because they were too viscous in
pure form to flow through the Spreader King adequately.
The experimental design was a randomized complete
block of 28 treatments replicated J times.

Treatments were

applied to a blend of 'Baron', 'Adelphi', 'Aquila', and
'Parade' Kentucky bluegrass.

The area was maintained as a

blue grass lawn, and it was mowed regularly at a height of 5
cm (2 inches) and irrigated as needed.
Rates of 12.2, 24.4, and 4 8 .8 k g N ha- 1 (0.25, 0.50,

and 1.00 lb N 1000 ft- 2 ) were applied on June 28 and July 26

Table 1.

Descriptions of 9 liquid fertilizers screened for foliar burn
potential on Kentucky bluegrass

Material

Nitrogen Source

g N 1 -1

Fluf

Methylene urea

203.9

( 1. 70)

18-0-0

Fluf-Plus

Methylene urea

199.1

( 1. 66)

17----

Tufa

Methylene urea

212.3

( 1. 77)

18-0-0

Fan

Ethylidene urea

227.9

( 1. 90)

20-0-0

Fan NPK

Ethylidene urea

194.3

(1.62)

16-2-5

Formolene

Methylol urea

389.8

(3.25)

J0-0-2

Maxigro-Plus

Formolene + urea

242.3

(2.02)

20-2-6

Folian

Urea

140.3

(1.17)

12-4-4

Urea

Urea

163 .1

( 1. J6)

17-0-0

aContains a nitrification inhibitor.

(lb N gal- 1 )

Analysis
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in 1982, and July 22, 1983.

One plot in each replication

received no foliar application as the control.

The materials

were applied by adding the required volume of material to
the Spreader King, and then spraying the test plot until all
of the liquid was distributed.
several passes be made.

This usually required that

Plot dimensions measured 1.22 m x

3.05 m (4 ft x 10 ft), with 0.30 m (1 ft) borders on each side
to absorb the overlap.
Fertilizer treatments were applied at times when
environmental conditions were most conducive to fertilizer
burn.

In all studies, treatment application began at

approximately 1:30 P.M.

On June 28, 1982, the temperature

was 27. 8 ° C and the relative humidity was 60 per cent.

On

July 26, 1982, and July 22, 1983, the temperature and relative
humidity were 31.1° C and 54 per cent, and 36.1° C and 39
per cent, respectively.

Wind was not a factor as treatments

were applied only when wind speeds were 5 MPH or less.

There

was no precipitation for at least 24 hours following the
applications.
A separate application was made on August 18, 1982,
in which N rates were doubled to further enhance the
differences in burn potentials of the materials.

The

rates used were 24.4, 48.8, and 97.6 kg N ha- 1 (0.50, 1.00,
and 2 .00 lb N 10 00 ft- 2 ). The temperature at the time of
application was 28.9° C, and the relative humidity was 59

29

per cent.
The degree of damage to turfgrass foliage was visually
estimated for several days following application of the
fertilizer materials, as recommended by Neumann (1979).
The data presented are for day

4 after application since it

was determined that the maximum burn had occured by that time.
The rating scale used ranged from 1.0 to 9.0;
no visual burn, and 1 was totally dead turf.

9 indicated
Ratings less

than 5 were considered unacceptable, and increments of

0.5

were used.

for

7 days following the application of materials so that

The bluegrass area treated was not mowed

the browned portion of the leaf blades was not removed.
In addition to visual burn ratings, chlorophyll content
of the tissue was measured for the July 26 and August 18,
1982 applications.

Clippings were collected

5

days after

treatments had been applied to ensure that the maximum
foliar burn had a chance to develop.

Samples of the upper

2 cm of the turfgrass foliage were collected by hand, and
chlorophyll was extracted using the method described by
Madison and Anderson (1963).

Fifty ml of methanol was

added to approximately 1.0 g fresh tissue, and the container
was closed and placed in a dark drawer at room temperature
for 24 hours, after which the solution was brought to an
equivalent of a one liter volume by adding 19.0 ml of methanol
to a 1.0 ml subsample of chlorophyll extract.

The absorbance

JO
(Abs) of each sample was read at

650 and 665 nm, with samples

supplied to a Bausch and Lomb Spectronic 21 by a PerkinElmer Super Sipper.

A second 1.0 g sample of fresh tissue

was placed in a drying oven for 48 hours and then reweighed
to determine the moisture content of the sample.

Total

chlorophyll, expressed as mg chlorophyll g- 1 dry tissue,
was determined using the equation derived from Madison and
Anderson (1963):
Total =
Chlorophyll

g dry weight

+ 0.004 Abs 66

g fresh weight

An analysis of variance was performed on the data, and
F-tests were done to determine if differences existed
between application dates (burn only), fertilizer materials,
and rates applied.

Further analysis was performed on each

material to determine if the effect of rate on fertilizer burn
was linear or quadratic, and single degree of freedom
contrasts were performed to separate regression lines where
applicable.

Chlorophyll data were analyzed to determine

whether or not there was a correlation between the degree
of burn observed visually and the amount of chlorophyll
present in turfgrass tissue.
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Experiment 2
A greenhouse study was conducted to investigate the
effects of osmotically-induced water stress on the degree
of fertilizer burn of Kentucky bluegrass (Poa pratensis L.).
Preliminary work was started in February of 1982, and the
study was terminated in June, 198J.
Kentucky bluegrass was established and grown in
hydryponic culture using a system described by Roberts
and Lage (1965).

'Glade' Kentucky bluegrass was seeded at

a rate of 73.2 kg ha- 1 (1.5 lb 1000 ft- 2 ) on the culture
lid.

The culture lids and crocks, containing distilled

water, were placed under an overhead intermittent mist
system until germination had occured, and one-half strength
nutrient solution was supplied to the seedlings when the
emerging roots were about 4 cm long.

After approximately

10 days, the culture pots were moved into the greenhouse
at which time the units were supplied with full-strength
nutrient solution (Table 2).
Aeration was supplied to the

JO culture units by 2

Whisper 800 aquarium pumps, with air delivered through

1.5 mm ( inside diameter) trickle tubes via 7.9 mm (4.8 mm
inside diameter) plastic tubing which was attached to the air
pumps.

Nutrient solutions were changed weekly to maintain

a reasonably neutral pH, and to aid in keeping the culture

J2
Table 2.

Standard nutrient solution for hydroponic
turfgrass culture. Adapted from Pellett and
Roberts ( 1963)

Compounds

ppm in nutrient solution

Ca(N0 ) 2 ·4H2 0
3
(NH 4 ) so 4
2
H Po 4
3
KOH

N 28

Ca 40

N 28

s J2

p

25

K 50

Mgso 4 · 7H 2 0

Mg 19

Feso 4

Fe

1. 2

HJBOJ

B

0.1

Znso 4 · 7H 2 0

Zn

0.1

Cuso 4 ·5H2 0

Cu

0.01

Mo OJ

Mo

0.01

Mnso 4 ·H2 0

Mn

0.25

Total ItQm
N 56a
p

K
Mg
s

25
5oa
19
58a

Fe

1. 2

Mn

0.25
0.1
0.1
0.01

B
Zn
Mo

s
s

25
1. 0

aDifferent from Pellett and Roberts ( 196 J) .

JJ
units clean.

Fresh nutrient solution had a pH of 6.5,

but it increased to 7.2 after one week in the culture
units.

Distilled water was added daily to maintain the

solution level at approximately 2.5 cm below the level of
the culture lid, and grasses were hand clipped as needed.
The 5 cm (2 inch) clipping height recommended by Roberts and
Lage (1965) was found to be unacceptable under conditions
of the experiment, and a 7.5 cm (J inch) height was
maintained instead.
The bluegrass cultures were treated with dinocap at
at a rate of 15 g 1-l as needed to control powdery mildew.
Aphids were controlled by either directly spraying the grass
or by dipping the culture lids in pirimicarb 50W at a rate
of 2.5 g 1- 1 . Spider mites were occasionally a problem, but
were easily controlled with dinocap.

No other diseases or

insects presented a problem.
On March 11, 1983, the culture units were placed under
high pressure sodium lamps to provide a source of supplemental
irradiation.

The lamps were on daily to provide a 14 hour

photoperiod.

A water bath was installed underneath the lamps

to absorb the heat given off.

It was constructed of plexiglass,

and the water level in the bath was maintained at a depth of
8 to 10 cm.

The water held in the bath was treated with

Physan 205 to control algal, fungal, and bacterial growth

5A product of Canson Pacific Inc., Whittier, CA.
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which could cloud the water.

Light measurements were taken

with a Li-Car Model LI-185A quantum meter using the LI-190S
quantum sensor, and ranged from 66 to 115 nE cm- 2 sec- 1 at
the level of the turfgrass canopy.

Greenhouse temperatures

ranged from 21° C at night to 37° C in the daytime.
Polyethylene glycol (PEG) 8000 was added to the nutrient
solution to osmotically induce water stress.

This material

was chosen because it is a nonpenetrating osmoticum (Levitt,
1980).

A standard curve was determined by increasing the

known concentration of PEG in nutrient solution and then
measuring the osmotic potential of the solution with a Wescor
HR-33T dew point microvoltmeter, using the dewpoint mode.
Samples were equilibrated for 5 minutes in calibrated C-52
chambers.

The standard nutrient solution was found to have

an osmotic potential of -0.20 MPa.

To produce solutions of

-0.85 and -1.50 MPa required 145 g and 245 g of PEG added to
one liter of nutrient solution respectively, and these PEG
solutions were added to the culture units on June 17, 1983,
with plants allowed to equilibrate for 4 days before
application of the foliar treatments.
Six treatments were replicated 3 times in a completely
randomized design.

At each of the 3 levels of water stress,

one g rass sample was sprayed with urea solution and one sample
was sprayed with distilled water.

Both the urea solution and

the distilled water were applied to turfgrass foliage with a
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DeVilbiss Model 163 atomizer, with urea applied at a 75.7 kg

2

N in 11.4 1 water ha- 1 (1.5 lb N in 3 gal water 1000 ft- )
rate, while an equivalent volume of distilled water was sprayed
on the other units.

Treatments were applied at 1:30 P.M. on

June 21, 1983, and the temperature in the greenhouse was 33°
C.

Grasses had been trimmed to 7,5 cm prior to application,

and 24 hours after appliying the foliar treatments, the PEG
solutions were flushed out of the culture units and replaced
with standard nutrient solution.
Data were collected for 4 days after application of the
foliar treatments to allow time for burn symptoms to develop.
Data collected included visual burn ratings, water content
of the tissue, and total clipping yield.

Visual burn was

a subjective rating on a scale of 1.0 to 9.0;
totally dead turf, and 9.0 showed no burn.

1.0 indicated

Increments of

0.5 were used in the rating, and any rating lower than 5.0
was considered unacceptable.

Water content was expressed as

a percent of the dry weight of the tissue, and was equal to the
weight of water in a fresh sample over the dry weight of the
sample (Barrs, 1968).
An analysis of variance was performed and differences
between the means were compared using Fisher's least significant
difference (Steel and Torrie, 1980).

J6
RESULTS
Experiment 1
Foliar fertilizer burn
Results of the analysis of variance showed that
there was no difference in the degree of fertilizer burn
observed between applications made in June of 1982, July
of 1982, and July of 1983 (Table A1).

This made it possible

to combine the data of the J experiments for analysis.
Because urea is the most commonly used N source in
the turfgrass industry, the performances of all materials
screened were compared to urea.
All materials, with the exception of Folian, exhibited
minimal burn at the 12.2 kg N ha- 1 application rate (Table

J).

Fluf-Plus and urea showed no burn, receiving a rating

of 9.0, while the remaining materials caused a slight
tip burn, which rated
and was rated at

8.5.

Folian caused obvious tip burn,

7.5.

All materials received acceptable
ratings at the 24.4 kg N ha- 1 level, but the spread in

burn ratings was greater, ranging from 9.0 for Fluf and
Fluf-Plus, to

5.5 for Folian.

The only materials that
were not rated unacceptable at the 48.8 kg N ha- 1 level
were Formolene, Fluf-Plus, Fluf, and Tuf.
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Table 3.

The effect of nitrogen rate on the degree of
foliar burn of Kentucky bluegrass sprayed with
8 liquid fertilizers. Treatments were applied
in June and July, 1982, and July, 1983
Fertilizer rate (kg N ha- 1 )

Fertilizer
Fluf-Plus
Fluf
Tuf
Fan NPK
Formolene
Maxigro-Plus
Urea
Folian

LSD(0.05)**

12.2

24.4

48.8

9.0
8.5
8.5
8.5
8.5
8.5
9.0

9.0
9.0
8.o

9.0
8.o
7.0

7.5

8.0

7.5
6.5
5.5

7.5

1.0

* , ** Denote the

1.0

5.0
5.5

4.5
4.o
4.o
2.5

LSD(0.05)*
NS

0.5

1.0
2.0
1.5
1.5
1.5
1.5

ISD for rows and columns respectively.

As a group the methylene ureas (Fluf, Fluf-Plus, and
Tuf) performed well, exhibiting little tendency for foliar
burn (Figure 1).

Of these 3 materials, Fluf-Plus had the

best overall rating, exhibiting little foliar burn even
at the highest rate of N.

The only significant difference

within these materials was between Fluf-Plus and Tuf, as
Tuf became phytotoxic with increasing levels of N.

The

methylene ureas burned less than urea at all but the 12.2
kg N ha- 1 application rate.
Although statistically there was no difference between

Folian and urea (Figure 2), Folian repeatedly exhibited

J8
a greater degree of fertilizer burn at the 12.2 kg N ha- 1
rate (Table J).

This was observed to happen for all J

application dates (data not shown).
Maxigro-Plus received fertilizer burn ratings that
placed it midway between Formolene and urea, but it did
not perform differently from either Formolene or urea
(Figure J).

Formolene-treated turfgrass did exhibit less

burn than urea, and this became especially apparent as the
N rate was increased.

For all J materials, the degree of

burn observed increased more when the N application rate
was increased from 24.4 to 48.8 kg N ha- 1 than when it
increased from 12.2 to 24.4 kg N ha -1 .
There were no differences found between Fan NPK and
urea (Figure 4).
Fertilizer rates were doubled to 24.4, 48.8, and 97.6
kg N ha- 1 for the August, 1982 application, and the results
obtained were nearly identical to those observed at the
lower rates (Tables A2 and AJ).
The methylene ureas outperformed all other N sources,
with Fluf-Plus again coming out on top (Figure 5).

Tuf

caused more burn than Fluf-Plus, but not more than Fluf,
and gave acceptable results even at the highest application
rate of 97.6 kg N ha -1 .

There was no difference between

Polian and urea at any N rate, and both caused unacceptable

amounts of fertilizer burn (less than 5.0) at the 97.6
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Figure 1.

Fertilizer burn of Kentucky bluegrass from
foliarly-applied nitrogen, June and July,
1982, and July, 1983. A comparison of Fluf,
Fluf-Plus, and Tuf to urea. Means of 3
replications are presented for each application
date. Ratings lower than 5.0 were considered
unacceptable
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Figure 2.

Fertilizer burn of Kentucky bluegrass from
foliarly-applied nitrogen, June and July,
1982, and July,198J. A comparison of Folian
to urea. Means of 3 replications are presented
for each application date.
Ratings lower than
5.0 were considered unacceptable

42

9

CJ
0

'1\

8

~

~--,,,,,.,,,,.

•

7
bn

c

...,
c

\

,,,,,
,,,

~

'

,,,,

,,,,,. ==,, '
,,,,
~~

,,,

~

D::

'

• '=\,
,,.,,, ,,
,,

6

"""
=
m
"""

~

N

...,

0

5

~~

"""
~

/\

LI.

1

4

''

,,, ,,
,,.,,.
,,.,,.
,,,.

1111111Y-=8.9 - 5.0x
r 2 = .56
/\

--Y=l0.1-6.4 x
r 2 = .66

3

..

~,

~.j
,~

"•
0

12.2

24.4

48.8

Ferti Ii zer Rate (kgNha- 1 )

Folian •
Urea o

43

Figure 3.

Fertilizer burn of Kentucky bluegrass from
foliarly-applied nitrogen, June and July,
1982, and July, 1983. A comparison of Formolene
and Maxigro-Plus to urea. Means of 3 replications
are presented for each application date.
Ratings
lower than 5.0 were considered unacceptable
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Figure 4.

Fertilizer burn of Kentucky bluegrass from
foliarly-applied nitrogen, June and July,
1982, July, 19BJ. A comparison of Fan NPK
to urea. Means of J replications are
presented for each application date. Ratings
lower than 5.0 were considered unacceptable
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Figure 5,

Fertilizer burn of Kentucky bluegrass from
foliarly-applied nitrogen, August, 1982.
A comparison of Fluf, Fluf-Plus, and Tuf to
urea. Data from 3 replications are presented.
Ratings lower than 5.0 were considered
unacceptable
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Figure 6.

Fertilizer burn of Kentucky bluegrass from
foliarly-applied nitrogen, August, 1982. A
comparison of Folian to urea. Data from J
replications are presented. Ratings lower than
5.0 were considered unacceptable
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Figure 7.

Fertilizer burn of Kentucky bluegrass from
foliarly-applied nitrogen, August, 1982. A
comparison of Formolene and Maxigro-Plus to
urea. Data from 3 replications are presented.
Ratings lower than 5.0 were considered unacceptable
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Figure 8.

Fertilizer burn of Kentucky bluegrass from
foliarly-applied nitrogen, August, 1982. A
comparison of Fan and Fan NPK to urea. Data
from 3 replications are presented. Ratings
lower than 5.0 were considered unacceptable
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kg N ha-l application rate (Figure 6 ).

One difference that

was found between this application and previous applications
with lower rates was that Maxigro-Plus did not cause as
much burn as urea, and this became more apparent at the
higher rates of N (Figure 7).

Formolene performed better

than both urea and Maxigro-Plus.

Neither Fan nor Fan NPK

burned less than urea, and these results were consistent
with those previously observed (Figure 8).
Chlorophyll content
An analysis of the chlorophyll content of turfgrass
tissue was conducted for the July, 1982 and August, 1982
applications in an attempt to obtain a quantitative
measure of fertilizer burn damage.

The July of 1982

data were discarded when it was discovered that the extracted chlorophyll samples used were not large enough
to clean the previous samples out of the sampling cuvette.
As a result, many readings were in error.
The problem was corrected for the samples collected
from the August, 1982 fertilizer application.

Results of

the analysis of variance indicated that there were differences
in chlorophyll content both between fertilizers, and
between rates of N applied (Table A4).

Further investigation

revealed that chlorophyll content varied between fertilizers
within each rate of N, but only a few materials had variation
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in chlorophyll content across rates (Table 4).

Turfgrass

treated with Folian and Fan showed linearity, with chlorophyll content decreasing as the N application rate increased.
It was difficult to find any trends in chlorophyll content,
and little useful information was gained.
Table 4.

The effect of nitrogen rate on the chlorophyll
content of Kentucky bluegrass sprayed with
9 liquid fertilizers.
Treatments were applied
in August, 1982. Chlorophyll content is expressed
as mg chlorophyll per g dry tissue

Fertilizer
Fluf-Plus
Fluf
Tuf
Maxigro-Plus
Formolene
Fan
Folian
Urea
Fan NPK
LSD(0.05)**

Fertilizer rate (kg N ha- 1 )
48.8
24.4
97.6
9
9
10

10
10
10

10

9
9
9
11
10
10

9
10

7
9
6

1

1

9
9
9
8

9
8

7
8
9
2

* , ** Denote the ISD for rows and columns

LSD(0.05)*
NS
NS
1
NS
NS
2
2
NS
NS

respect~vely.

In order to determine if there was any relation
between the degree of fertilizer burn observed visually
and the chlorophyll content of the turfgrass leaves, the
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correlation coefficient (r) was determined, and r was
found to be equal to .4J.

This value indicated little

direct relation between the two variables.
Experiment 2
All of the turfgrass units were trimmed prior to
the application of foliar treatments, and at this time the
effects of the osmotically-induced water stress were observed.
Plants growing in the standard nutrient solution (-0.20 MPa)
appeared normal, while those equilibrated at -0.85 MPa
were stunted in comparison.

Turfgrass units grown at

-1.50 MPa exhibited little leaf growth since the imposition
of the water stress, and the turfgrass blades were visibly
wilted.
Fertilizer burn
Glade Kentucky bluegrass treated with foliarly-app~ied ·
urea at a rate of 75.7 kg N ha- 1 (1.5 lb N 1000 ft- 2 )
exhibited fertilizer burn damage (Table A5), but the
extent of this damage was not affected by increasing osmotic
potentials of the nutrient solution (Figure 9).

The

degree of fertilizer burn was not severe as the maximum
burn rated 6.5, and this is expressed only as tip burn.

58

9.0

..

bl)

c

ftl

cc:

8.0

c

:i..

::s

CCI

:i..
~

..

7.0

N

:i..

....
~

6.0

LSD (0.05)

•Treated
Untreated

o

t

0

I

I
-.20

- .85
Osmotic

F i gu re 9 ,

I

-1.50

potential {MPa)

The effect of decreasing nutrient solution
osmotic potential on the degree of foliar
fertilizer burn of Kentucky bluegrass. A
comparison of plants sprayed with urea (treated)
and distilled water (untreated)

59
Water content
Foliarly-applied urea had no effect on the tissue
water content (8) of Kentucky bluegrass when compared to
the non-treated plants, and the increasing solution osmotic
potentials also failed to affect water content (Table A6).
However, there was a trend towards lower water content
with decreasing osmotic potentials of the solution (Figure
10).

The water content of untreated plants decreased from

2 .93 g water per g dry tissue to 2.68 g as the solution
osmotic potential was decreased from -0.20 MPa to -1.50
MPa, while plants treated with urea decreased from 2.89 g
to 2.48 g water per g oven-dry tissue.

The only real

difference in water content noted was between untreated
turfgrass grown at -0.20 MPa (2.93 g) and urea-treated
turfgrass grown at -1.50 MPa (2.48 g).
Clipping yield
The top growth of Kentucky bluegrass was not affected
by the foliar application of urea, and evidently the
stunt ing effects of the PEG solutions were removed when
plants were placed back in the standard nutrient solution,
because there were no differences in clipping yields
over the 3 stress levels (Figure 11).

Results of the

analysis of variance can be found in Table

A?.
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DIS CUSSION
Experiment 1
The data collected from this study showed that the
degree of fertilizer burn from foliarly-applied N was
affected both by the N source used, and by the amount of
actual N applied.

However, it was the source of N used that

governed the rate of N that could safely be applied to Kentucky
bluegrass with minimal resulting burn.

According to

Rathjens (19 83), the relative amounts of urea, methylol
urea, and methylene urea in a liquid fertilizer indicate
the potential for that material to burn.

Based on this

knowledge, he predicted that urea, at a given rate of N,
would burn more than Formolene, and both Formolene and urea
would cause more burn than Fluf.

This prediction was

supported both by this screening study and by field studies
conducted by Freeborg (19 80).
Three similar methylene urea materials were screened
in this study, and it was found that Tuf had more tendency
to cause foliar burn than Fluf-Plus and Fluf.

The only

major difference between these materials is that Tuf
contains a nitrification inhibitor, which leads to the
suspicion that addition of the nitrification inhibitor
increased the tendency of this product to burn.
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While the methylene ureas were the safest to use, they
did not flow well through the Spreader King applicator.
Beard (1973) stressed that there are a number of important
characteristics to consider when selecting a fertilizer,
including the potential for foliar burn, the cost of the
material, and its spreadability.

Uniform distribution

was difficult because these materials are suspensions, and
some of the particles in the material clogged the spinning
disc during application.

It should be noted that this would

not necessarily be a problem with conventional sprayers.

One

further observation was that the fertilizer material stuck
to the grass blades after application, giving the fertilized
area a snowy-white appearance until the material was watered
in.
It was no surprise to find that Folian and urea had
nearly identical results, because the N source of Folian is
urea. Folian did burn more than urea at the 12.2 kg N
ha- 1 rate however, and this may be attributed to the K
present in Folian.

Beard (1973) said that some K sources

have high salt indexes, and they should be avoided where
foliar burn is a concern.

According to Neumann (1979),

K does have some tendency to cause membrane damage that
may lead to foliar burn.

Both urea and Folian flowed readily

throug h the Spreader King so, while distribution was not a

problem, the tendencies for foliar burn are.
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Detrick and Doberneck (1981) reported that although it
is possible to burn turfgrass with methylol urea (Formolene),
burn is not a factor if it is used with normal water dilutions
(4 gal water 1000 ft- 2 ). Less than 0.5 gal water 1000 ft -2
was applied in this study, and this could account for the
burn that was caused by Formolene.

Formolene was found

to be less phytotoxic than urea, consistent with the findings
of Detrick and Doberneck (1981).

Formolene had to be

mixed with water to flow through the Spreader King, but
even when diluted it was still 15 per cent N, well within
the range of the materials used.
Maxigro-Plus, which is approximately 50 per cent
urea and 50 per cent methylol urea, rates in performance
between Formolene and urea.

There is no benefit from the

added methylol urea until the highest N rate (97.6 kg N
ha- 1 ) is applied, making it questionable if the added
cost of the methylol urea is justified.

Maxigro-Plus

flows well through the Spreader King, and it is less
viscous than Formlene alone.
Neither Fan nor Fan NPK, both experimental materials,
exhibit any less foliar burn potential than urea.

Both

materials flow well through the Spreader King, but are
more expensive than urea and cannot be kept in storage
as long.
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Chlorophyll content
Evidently, the procedure followed to determine tissue
chlorophyll content is not a good one to use in the field
to quantify foliar fertilizer burn.

The procedure was

accurate in measuring tissue chlorophyll content, as
evidenced by the high coefficient of determination (r 2 )
values for each fertilizer (Table A4).

However, the

difficulty in obtaining a representative tissue sample
from the field plots may limit its use in studies of this
type to quantify fertilizer burn damage.

The Spreader King
Based on the results presented, it should be recommended that no more than 24.4 kg N ha- 1 (0.5 lb N
1000 ft- 2 ) be supplied to Kentucky bluegrass, under the
conditions of this study, to minimize the potential for
foliar burn.

The materials Formolene, Maxigro-Plus, Folian,

and urea all flow well through the Spreader King, have
a minimal potential for burn at this rate of N, and have
acceptable shelf lives.

However, based on the cost of N,

urea is the most economical of these materials to apply.
The concept of the Spreader King is good, and encourages
light and frequent applications of N to turfgrass.

How-

ever, since the Spreader King currently is designed to

.
deliver
0.07 kg N ha -1 ( 0.15 lb N 1000 ft -2 ) per application,
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it would require 20 applications of N annually to equal
the standard recommendation of supplying 145 kg N ha- 1

(3 lb N 1000 ft- 2 ) to Kentucky bluegrass each year.

In

more practical terms, this means that the consumer will
have to apply fertilizer almost as frequently as he or she
must mow the lawn.

By increasing the flow of material

through the Spreader King from 5 ml sec- 1 to 20 ml sec- 1 ,
the rate of N per application would be increased to approximately

25

2
kg N ha- 1 (0.5 lb N 1000 ft- ), and the number

of applications would . be reduced to

6.

This could help

make the Spreader King a more practical liquid fertilizer
applicator.

Experiment 2

Fertilizer burn
The hypothesis that increasing plant water deficiencies
have a major influence on the degree of fertilizer burn of
Kentucky bluegrass, caused by foliarly-applied urea, was not
supported by the data collected.

Knoop

(1976) suggested that

conditions which subject plants to increasing levels of
water stress make them more susceptible to fertilizer
burn.

However, plants can adjust leaf osmotic potential as

the environment changes, and increasing moisture stress
can lead to an increase in the osmotic pressure of plant
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tissues (Cowan and Milthorpe, 1968;

Gates, 1968).

Environmental humidity is known to have an effect
on the burn potential of a fertilizer (Funk, 1980;

Neumann,

1979), and high relative humidity can actually counteract
the effects of low soil moisture (Crafts, 1968).

Also,

the amount of material remaining on the leaf and its rate
of drying can greatly influence the rate of arrival and
concentration of fertilizer at the cell membrane interface
(Neumann, 1979).

If fertilizer salts accumulate outside

the cell rapidly enough and in high enough concentrations,
plasmolysis and damage, expressed as fertilizer burn, may
result (Neumann et al., 1981).
The fact that the relative humidity in the greenhouse
was high provides a possible explanation for the observation
of no difference in the degree of fertilizer burn of
treated plants.

Because water flow is primarily along

total water potential gradients (Barrs, 1968), the lower
tissue osmotic potential, combined with high external
humidity, may have created a situation where the net flow
of water was into the tissue rather than out, as had been
expected.

The speed at which the solution dried was very

slow, with droplets remaining visible on the leaf blades
for 48 hours following application.

This may have

alleviated the shock generally caused by a rapidly alter-

ing osmotic environment and, as a result, decreased the
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potential for foliar burn.
Water content
Water content of turfgrass samples was not expected
to decrease with increasing levels of water stress because
Gates (1968) noted that although the water content of
tomato leaves decreased as water became less available
to the plant, recovery of water content was rapid after
rewatering, returning to normal after one day.

Since

the PEG solutions were replaced with standard nutrient
solution 24 hours after application of the foliar treatments,
any differences in water content would have been removed
before the tissue samples were taken.
A difference in water content was expected between
leaves sprayed with urea solution and those samples not
treated.

Fertilizer burn occurs when water is drawn out

of cells, and a lower tissue water content would be expected
in desiccated tissue.

Although the differences were not

significant, the trend was towards a lower water content
in the samples sprayed with urea.

The extent of the

fertilizer burn probably was not severe enough to express
this effect.

Clipping yield
The only differences in clipping yield that were
expected were between those plants sprayed with urea,
and those not sprayed.

No differences were found between

the experimental plants.

Although growth of turfgrass

plants is depressed with increasing water stress, assimilation
rates are quickly restored when plants are rewatered (Gates,

1968;

Petrie and Arthur,

1943),

This may explain why no

differences in growth were noted with increasing solution
osmotic potentials.

The foliar application of N should have

stimulated growth in urea treated plants, but the burn
damage may have been just great enough to offset this
stimulation .
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SUMMARY
The severity of fertilizer burn of Kentucky bluegrass
from foliarly-applied N was dependent both on the amount
of N applied and the source of N applied.

However, the

rate of N that could be safely sprayed was affected by
the N source that was used.
A comparison of several N sources indicated that, in
general, the methylene urea materials were the safest to
apply.

The materials Fluf and Fluf-Plus could be applied
at rates of 97.6 kg N ha- 1 with minimal burn. Formolene,
a methylol urea, could be applied up to 48.8 kg N ha- 1

with marginal safety, while the urea and ethylidene urea
products were acceptable only at rates of 24.4 kg N ha- 1
or lower.

Burn was not a problem with any of the products

when light applica t ions of N were made.
Osmotically-induced plant water stress, at the time
of fertilizer application, did not have an effect on the
de gree of fertilizer burn of hydroponically-cultured
Glade Kentucky blue grass treated with foliarly-applied
urea.

Urea did cause fertilizer burn to occur, but the

degree of visual burn observed did not vary with decreasing
water potentials of the nutrient solution.
c ontent and plant growth were not affected.

Tissue water
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The Spreader King

The Spreader King lawn care system was developed
by the Britt Tech. Corporation of Britt, Iowa.

It was

designed primarily for use in home lawn care to apply
liquid fertilizers and pesticides to turfgrasses.

The

materials currently bearing a Spreader King label include
Folian (a liquid fertilizer), Trimec (a postemergence
broadleaf herbicide), and Dursban (an insecticide).
The Spreader King (Figure Al) is a 2-wheeled carriage
on which a J.8 1 (one gallon) container is mounted.

It

is classified as a single centrifugal energy nozzle,
otherwise called a spinning disc applicator (Matthews,
1979).

Unlike most spinning discs, the disc on the Spreader

King has emitter ports which allow liquids to be released
at the outside bottom edge of the disc.

Liquid is gravity

fed to the battery powered disc, and is deposited near the
center.

Centrifugal force spreads the liquid to the edge

where spray droplets are formed and released.
Materials flow through the Spreader King at a rate of
JOO ml min- 1 , and the machine has an effective swath width
of 1.25 m

(4 ft).

It should be noted that both the flow

rate and the swath width vary with the viscosity of the
material used, and these figures apply only to Folian and
materials of similar viscosity.

The Spreader King is

Bo

Positive on - off switch

Mounted plastic jug

Spinning disc

Figure A1.

The Spreader King liquid lawn care applicator.
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calibrated so that one J.8 1 container of material will
2
cover 745 m (one gallon per 8000 ft 2 ). This can be
accomplished by taking one m step per second, and by not
overlapping the spray pattern.
applying 51 1 ha- 1

This is equivalent to

(5.5 gal acre- 1 ) of material.

The applicator disc spins at 3200 rpm when the battery
is fully charged, and the droplet size was estimated to
be near 156 pm using an equation derived by Matthews (1979).
Britt Tech. promotional material states that drift is not
a problem when using the Spreader King, at least if windy
conditions are avoided.

Smith and Burt (1979) found that

spinning disc nozzles can accurately deposit materials
to the target area if the droplets measure 140 pm or
greater.
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Table A1.

The analys is of variance and single degree of
freedom contrasts of linear regression lines
for treatments applied June and July, 1982,
and July, 1983

Sources of variation
Experiment
Fertilizer
Rate
Urea vs methylene ureas
Fluf vs Fluf-Plus
Fluf vs Tuf
Folian vs urea
Fan NPK vs urea
Formolene vs urea
Formolene vs Maxigro-Plus
Maxigro-Plus vs urea
Pooled error

df

2
7
2
1
1
1
1
1
1
1
1
188

* Significant at the 0.05 level.
** Significant at the 0.01 level.

Mean squares

2.88
28.24**
129.51**
84.J8**
2.45
2.80
1.67
2 .60
7.78*
2.67
1.J4
1.85
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Table A2.

The analysis of variance and single degree of
freedom contrasts of linear regression lines
for treatments applied in August, 1982

Sources of variation
Fertilizer
Rate
Urea vs methylene ureas
Fluf vs Fluf-Plus
Fluf vs Tuf
Fluf-Plus vs Tuf
Folian vs urea
Fan NPK vs urea
Fan vs urea
Formolene vs urea
Maxigro-Plus vs urea
Pooled error

df
8
2
1
1
1
1
1
1
1
1
1
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* Significant at -the 0.05 level.
** Significant at the 0.01 level.

Mean squares
8.82**
24.J6**
25.04**
1.J9
1.68
6.1J**
0.06
o.68
1.13
10.89**
10.89**
0.89
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Table AJ.

The effect of nitrogen rate on the degree of
foliar burn of Kentucky bluegrass sprayed with
9 liquid fertilizers. Treatments were applied
in August, 1982
Fertilizer rate (kg N ha- 1 )

Fertilizer
Fluf-Plus
Fluf
Tuf
Maxigro-Plus
Formolene
Fan
Polian
Urea
Fan NPK
LSD(0.05)b

24.4

48.8

97.6

9.0

9.0

8.5
7,5

8.5
8.5
8.5
8.5

8.o

7.5
7.5
7.0
1.0

8.5
8.5

8.0
8.0

7,5
7.0
6.5
5.0

1.5

6.o

7.0
7.5
5.0
5.0
5.0
5.5

NS
NS
NS

1.0
NS

1.0

1.0

1.5
1.0

2.0

a, b Denote the LSD for rows and columns respectively.
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Table A4.

The analysis of variance for tissue chlorophyll
content of Kentucky bluegrass treated with 9
liquid fertilizers at J rates of nitrogen.
Treatments were applied in August, 1982

Source of variation

df

Mean squares

Fertilizer
Rate
Fertilizer x rate
Formolene x rate
Maxigro-Plus x rate
Folian x rate
Fan x rate
Fan NPK x rate
Fluf x rate
Fluf-Plus x rate
Tuf x rate
Urea x rate
Pooled error

8

2.81*
13.94**
2.J4*
1.4J
1.62
8.57*

2

16
2
2

2
2

7.95*

2

4.42
0.80

2

0.52

2
2

4 .10
J.26

52

1.11

2

r

2

.66
.4J
.72

.85

.87
.62
.78
.J1
.88
.62

*Significant at the 0.05 level.
** Significant at the 0.01 level.
Table A5.

The analysis of variance showing the influence
of water stress and foliarly-applied urea on
the deg~ee of foliar fertilizer burn observed

Source of variation

df

Osmotic potential
Treatment
Osmotic pot. x treatment
Pooled error

2
1
2
12

* Significant at the 0.05 level.
** Significant at the 0.01 level.

Mean squares
0.10
19.01**
0.10
0.19
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Table A6 .

The analysis of variance showing the influence
of water stress and foliarly-applied urea on
the tissue water content of Kentucky bluegrass

Source of variation

df

Mean squares

Osmotic potential

2

9.72

Treatment

1

2.00

Osmotic pot. x treatment

2

0.50

12

J.44

Pooled error

*
**

Significant at the 0.05 level.
Significant at the 0.01 level.

Table A?.

The analysis of variance showing the influence
of water stress and foliarly-applied urea on
the clipping yield of Kentucky bluegrass

Sourc e of variation

df

Mean squares

Osmotic potential

2

0.2J

Treatment

1
2

0.01

12

0.13

Osmotic pot. x treatment
Pooled error

*
**

Significant at the 0.05 level.
Significant at the 0.01 level.

0.12

