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Photosynthesis Is the source of
carbohydrate for nitrogen assimi-
fation and plant growth.
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Late-season nitrogen fertilization
takes advantage of temperature
differences for optimum growth of
roots and shoots.
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“LAWN RENOVATION WITH ROUNDUP
HERBICIDE IS ABOUT 30 TO 40%
MORE PROFITABLE FOR US

THAN CONVENTIONAL METHODS.”

We put Roundup’ herbicide on
our customers lawn, came back 10
days later to power rake it and
then seed it. About 10 days after
that, the perennial ryegrass we
planted came up. We were just
amazed at how good it looked.

We used to have to plow or
disk the lawn we were renovating
or use a sod cutter to remove it.
With Roundup, it only took us 6
man-hours to do a job that used to
take 24. And the results were just
as good.

SN John Loyet, President
Greenscape Lawn & Tree
St. Louis, Mo.

Our customers like Roundup
almost as much as we do because
the lawn holds up really well under
light traffic all during the renova-
tion period.

For us, it extends the season
by about a month and turns a
normally slow fall into a profit
opportunity season.

We plan to use Roundup for
lawn renovation from here on in”

IF YOU WANT TO LEARN MORE
ABOUT LAWN RENOVATION WITH
ROUNDUP, CALL TOLL FREE
800-621-5800 FOR YOUR FREE LAWN

RENOVATION GUIDE.

ALWAYS READ AND FOLLOW LABEL DIRECTIONS

FOR ROUNDUP

Roundup* is a registered trademark of Monsanto Company.
© Monsanto Company 1982, RUP-SP2-103
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If you're looking for solutions to tough
weed problems, Diamond Shamrock
offers you three phenoxy formulations
from the Turf Care™ products line that
get the job done effectively and more
economically than the other leading
postemergence herbicide.

MCPP-K-4. Excellent early control of
those hard-to-kill weeds that 2,4-D
herbicides can miss...clover, chickweed
and plaintain.

MCPP-K-4 is absorbed by weeds
and translocated to the root system, so
weeds are killed where they live.

What's more, MCPP-K-4 is easy on
tender grass too. If necessary, you can
reseed within two weeks.

Amine 4D. This selective postemergence
herbicide controls a wide variety of
broadleaf weeds on established turf.
Amine 4D is especially effective against

We've got killing weeds
down

a formula.

dandelions. And it's gentle on most
grasses.

Amine 4D is low in volatility, so it
won't vaporize, even in hot weather.

MCPP+2,4-D Amine (1 Plus 1). A new
phenoxy formulation of MCPP and 2,4-D
that combines excellent killing action
with economy and convenience.

Designed in a packaged mix,
MCPP+2,4-D Amine (1 Plus 1) delivers
effective control of hard-to-kill and
common broadleaf weeds with better
economy than the other leading
postemergence herbicide

It's ideal for early season use on
established turf because it provides
first rate killing action with gentleness
to most grasses. And areas around trees
can be treated without risk of root injury.

Compare Diamond Shamrock
phenoxy formulations with other

herbicides. You'll find that application
for application, you can’t beat our
formula for beating weeds season
after season.

Always follow label directions carefully
when using turf chemicals

&

Diamond Shamrock
Agricultural Chemicals Division
Diamond Shamrock Corporation
1100 Superior Avenue
Cleveland, Ohio 44114

-
.
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The Red Imported Fire Ant
as a Lawn Insect Problem

by A.D. Oliver, Louisiana State University

A. D. Olijver is a Professor of Ento-
mology, at Louisiana State University,
Baton Rouge, Louisiana. He received
his B.S. Degree in Zoology and his M. S.
Degree in Entomology at Auburn Uni-
versity. He received his Ph.D. in
Entomology at Louisiana State Uni-
versity. Professor Oliver’s research
projects include biology and integrated
control of arthropod pests of turf grass,
shade trees, woody ornamentals and
house-greenhouse plants.

he red imported fire ant, So/en-
I opsis invicta Buren, (Fig. 1) as
the name implies, is of foreign
origin. Its native homeland is Mato
Grosso State Brazil. This insect was in-
advertently brought into the United
States about 1933 - 1940, probably at
Mobile, Alabama. About 1918, an im-
ported fire ant, Solenopsis richteri
Forel, was found near Mobile. H. P,
Loding (1919) was the first to report

an official determination of an imported
fire ant into the U. S. also near Mobile,
Alabama. This species now known as
the black imported fire ant probably
came from Argentina. Until Buren
(1972) properly identified and named
the red imported fire ant it was believed
that the two forms were one and the
same species. Today the black imported
fire ant is found only in a small area of
northeast Mississippi and northwest
Alabama and was never able to multiply
and disperse with the rapidity exhibited
by the red imported fire ant. It and the
two native species of fire ants, So/enop-
sis geminata F. and S. xyloni McCooR,
have been largely displaced by S. /nvicta.
Nowadays, when one discusses fire ants
they are usually referring to S. invicta
because it is the common species now
found from North Carolina to Texas
(Fig. 2), an area of approximately
200,000,000 acres. lts current distri-
bution (beginning about 1940) was ac-

complished in about 40 years. Attempts
to eradicate or contain the spread of the
red imported fire ant have generally
failed. The ultimate limit of its spread
is not known but it is likely that its lack
of tolerance for the cold temperatures
north of North Carolina, Tennessee and
Arkansas will restrict its northward dis-
persal. Its westward movement may be
restricted by desert areas. It is also
likely that people who live in the infested
area of today will have to adjust their
tolerance to live with this ant. Suf-
ficient technology to rid the country of
this ant is lacking. Even modern chem-
icals have fallen short of necessary effec-
tiveness and have caused considerable
concern among people as to their bad
side effects. At this time, people who
have the ant can suppress the problem
with currently recommended chemicals
for localized use. These recommenda-
tions may vary from state to state and
should be used accordingly.

Figure 1: A red imported fire ant worker.
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Figure 2: Map showing approximated distribution of the red imported fire ant in the United

States to 71980.

What is the problem caused by the
fire ant one may ask? Since the first
eradication attempts which began in the
late 1950’s, claims about the horrors
caused by the fire ant have been exag-
gerated. About $200,000,000 have
been spent primarily on eradication
attempts and control methods improve-
ment. Yet, more ants and infested areas
exist today than at any other time. The
claims that fire ants kill significant
numbers of livestock, wildlife and de-
stroy crops have been proven false.

Some examples of printed matter
which may scare many uninformed
people follows: “A formidable army of
South American fire ants has invaded
the United States . .. Already the de-
structive insects have captured much of
the South’s best farmland and are eating
their way northward and westward.
Their onslaught, if not checked, may
not stop short of California and Canada.
The fire ant is one of the most conspic-
uous nuisances ever to threaten the U.S.
farmers and citizens at large. |t damages
practically all edible plants by sucking
the juices from their roots, stems, seeds

and tender shoots. With the fiery sting
that gives it its name, its legions rout
field hands trying to gather crops like
potatoes, cotton . .."” (Rankin 1957).

Damage caused by fire
ants has been greatly
exaggerated

“When their mound is disturbed,
these ants attack by sinking their power-
ful jaws into the skin, then repeatedly
thrusting their poisonous stingers into
the flesh. Fire ants may attack and kill
newborn pigs, calves, sheep and other
animals; newly hatched chicks and
young ground nesting birds.” (USDA-
ARS, 1968).

Using such claims to justify expen-
diture almost became truth in the minds
of some people who advocated total
eradication. The free and almost free
treatment of lands to rid it of the ant

practically spoiled the owners to this
government effort. Voters pushed the
politicians for more money for fire ant
eradication and as a result, considerable
money was ‘‘expended” to a losing
cause plus very little money was spent
on conducting real research which may
solve the problem. At this time more
research is underway than at any other
time, seeking answers to the real fire
ant problem.

TYPICAL AREAS OF INFESTATION

Areas which ideally support ant
colonies are characterized generally as
being in relatively sunny places with
vegetation of various species and little
if any debris or ground litter on the soil
surface. As long as food is available the
ants usually sustain the colonies in an
area. By preference, food of the fire ant
consists of other arthropods such as ter-
mites, springtails, crickets, caterpillars,
and many other ground inhabiting
species. On permanentsods where ample
food is available, 50 mounds per acre
may be developed. Such areas as road
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Figure 3: A two year old red imported fire
ant mound. (Note close prox-
imity to crepe myrtle tree).

Figure 4: A small red imported fire ant
mound constructed during a warm
day of winter 1981-82.

sides, utility right-aways, and lawns
usually support the ants if remedial
action is not taken.

Populations of insects, such as the
ant, that are untreated generally reach
the carrying capacity of the infested
area. The numbers then fluctuate
around that carrying capacity as deter-
mined by food supply. The imported
fire ant typically behaves in this manner
as abandoned mounds are often found
where no disturbance occurred.

The fire ant if not controlled may
be found generally distributed along
road ways, permanent pastures, ceme-
teries, playgounds, golf courses and in
residential yards. It is in such areas
where the earthen mounds (Fig. 3)
are the largest because the soil is usually

not tilled. Young colonies of ants have
smaller mounds as shown in Fig 4. Cut-
ting grass is effected by the mounds as
they are usually high enough to en-
counter the blades as the grass cutter
passes over. Often operators also get
stung during grass cutting, especially
with push type mowers. People who
live in fire ant infested areas become
familiar with the ant and learn to avoid
getting stung. Tourists not familiar with
the ant may feel that an ant mound is
an excellent place to stand or sit. Such
is not the case as is usually learned a
few seconds after molesting the mound.
The red imported ant stings in a
manner similar to any other ant, bee or
wasp. The sting results in a burning like
sensation which lasts for several minutes.
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It is not of the severity of a honeybee
or yellow jacket sting. One will usually
find that several fire ants sting at about
the same time. This is because the
person is on or was standing on or near
the mound and has not noticed the ants
crawling onto his socks or up the trouser
leg until several have done so. Within
a day after being stung, a fester usually
appears at the sting site and will persist
for several days. This stinging effect
and fester is very annoying to some
people. A small percentage of people

New colonies are in-
fluenced by food, mois-
ture and temperature

are hypersensitive to fire ant stings. A
small percent experience anaphylactic
shock and should receive medical atten-
tion. My daughter, at age two, was such
a victim of red imported fire ant stings.
Such patients and their parents must
respect the fire ant for what it may
cause in case of being stung. General
allergic reactions which sensitive people
experience are: tightness in the chest,
larger than normal inflamed area about
the sting site, pale face and anaphylaxis
in extreme cases.

The wasp, hornet, bumblebee,
yellow jacket and yes, the honeybee
stings are much more painful than that
of the IFA. A number of people die
each year from insect stings. For
example bees were the cause of 124
deaths from 1950-59; wasps 69; yellow
jackets 22; and hornets 10 and ants 4
(unspecified species) (Parrish 1963).
Many people are also sensitive to poison
ivy and must take precautions to insure
safety from it. So one must simply not
stand upon IFA mounds other than to
deliberately get stung from an instect
defending its nest.
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Figure 5: Red imported fire ant mound showing inter-tunnels

where ants move freely among brood.

GENERAL BIOLOGY

Young mated queen ants begin a
new colony after taking her mating
flight from an established colony. Upon
alighting, the mated queen removes her
wings and burrows into the soil and
within a day has completed this activity.
The burrow is a simple more or less
vertical hole up to 10 centimeters deep.
Near the bottom end of the burrow, an
egg chamber is constructed. The brood
of the new colony is now begun as the
queen deposits several eggs. The queen
ant tends the eggs as they incubate and
feeds the larvae as they develop toward
adulthood. Time required for develop-
ment from egg to adult worker ants is
about three to four weeks under ideal
conditions. Factors which influence
the new ant colony are food, moisture
and temperature. As more eggs are laid,
incubated and larvae reared to adult
ants, the larger the mound becomes
below and above soil surface. The
inter-honeycombed earthen mound
(Fig. 5) allows for ant movement as
temperatures change as well as exit
routes for wingless foraging ants. The
social behavior of the red imported fire
ant is in many respects similar to other

social hymenopterous insects, e.g., bees
and wasps. On ideal sites, 20 to 60
colonies of ants (mounds) per acre
may be developed. As long as ample
food is available, the colonies are
sustained unless removed by some
control measure. Food apparently
heavily influences the number of
colonies which occupy any given area.
While conducting fire ant control
experiments, it became obvious that soil
type greater influences mound height.
In sandy soils, mound height is less than
in clay soils. Rain tends to spread out
sandy soil more than clay. Control
treatments using mound drench tech-
nique were influenced by soil type.
There is faster and better penetration of
liquid formulation of chemicals into
sandy soil than into clay. Ant mounds
constructed of clay soil are also more
troublesome when mowing. Those not
disturbed by machinery for 2-3 years
normally become 8 to 10 inches high
and 20-24 inches in diameter above
normal soil surface. Such mounds may
contain colonies of about 50,000 ants.
Undisturbed areas which have ample
vegetation to support prey arthropods,
(food), have the greatest number of
mounds. Over a period of one year

about 75% of the ants which develop
in a colony are workers. The remaining
25% consists of other castes such as
alate females and males. It is the
worker caste which defend the colony
by stinging.

The ultimate extent of the fire ant
spread is not known. Temperature and
soil moisture are two factors which may
drastically slow its spread. (See Fig. 2
for probable temperature limitations).

The most important problems

caused by fire ants are:

1. Their stinging of people make
this insect a major nuisance in
areas used for outdoor ac-
tivities.

2. Their building of earthen
mounds may disrupt grass
cutting equipment.

3. The dislike by some people of
having so many insects in an
area.

4. False impressions some people
have because of falsified and
incorrect information placed in
the news media.

No insect in the history of entomology
has created more controversy than the
red imported fire ant. Because many
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people are affected in one way or
another and because of lack of infor-
mation, false information and misin-
formation, the fire ant problem bal-
looned into an entomological night-
mare. That this was thrown into the
political arenas of local, state and
federal governments magnified the
people problem aspect to the point of
almost insanity.

The red imported fire ant is likely
here to stay, therefore people who live
in the infested areas should create within,
a tolerance for its presence. There is no
panacea for this or any other insect prob-
lem. Common sense and at least a de-
gree of sagacious observation simply
places this insect in the realm of a pest
species only under certain circumstances.
So are the honeybee, bumblebee, yellow
jacket and others, problems under cer-
tain circumstances. We have and will
live our normal lives in the presence of
these stingers— and may realize consid-
erable benefits under some circum-
stances.

In the case of the red imported fire
ant, considerable benefits have resulted
from its predatory behavior. Although
many people do not realize it and others
desclaim it for various reasons, the fact
remains that this ant does destroy con-
siderable numbers of arthropod pest
species. Prime examples in Louisiana
are lone star ticks, termites and several
species of ground inhabiting larvae.
These simply serve as food for colony
brood.

Public education is badly needed in
relation to helping people hypersensitive
to the fire ant sting. Doctors and other
medical professionals need to know the
symptoms resulting from stings and the
possibility of allergenic reactions so that
appropriate medication can be promptly
administered.
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EDITORIAL

by Maureen Mertz
Managing Editor

Imagine that you must notify all
homeowners within 200 feet and all
beekeepers within 2000 feet of your
customers prior to pesticide application.
You must do this not more than three
days or less than 24 hours before each
application, When the applicator arrives
at a customer’s home, he must now post
a sign adjacent to all public roadways
within 200 feet, but more than 100 feet
from the boundry of the property. This
done, he must personally notify all
homeowners within 100 feet of his cus-
tomer that he intends to spray. Inan
average neighborhood this would mean
approximately nine homes, two on each
side of his customer, and the five whose
property lays adjacent along the back.

Sound ridiculous? Well this is what
The New Jersey Coalition for Alterna-
tives to Pesticides (NJ AP) has proposed
to the New Jersey Department of
Environmental Control. Similar pro-
posals for the control of pesticides and
herbicides are being made throughout
the country. Trained and certified
professionals now handle the bulk of
chemical applications. This constitutes
effective protection from environmental
harm. Passage of proposals of this type
are cost prohibitive and could mean the
end of licensed lawn applicators. Our
thanks to Jim Kelly, Professional Turf
Specialties, Lansdale, PA, for bringing
this one to our attention. Jim is a
member of The Alliance for Environ-
mental Concern which is fighting this
proposal. Contact Rick Gilmore (201)
328-7780.

The National Coalition for a
Reasonable 2,4-D Policy which is sup-
ported by the PLCAA, also needs our
support, contact June Hedrich, Secretary
at 435 N. Michigan Avenue, Chicago, IL
60611, (312) 644-0828.

This is our industry and each of us
has a responsibility to take an active
part in its future.

Lakeshore Equipment & Supply Co.
LESC® probucts
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Complications in Nitrogen
Fertilization of Turigrass

by John R. Street, Ohio State University

John R. Street is an Assoc. Professor of
Agronomy [Turfgrass Science at the
Ohio State University. He received his
B.S. degree from Calif. State College in
plant physiology and his M.S. and PhD
degrees from the Ohio State Univer-
sity in Agronomy. Dr. Street’s chief re-
search interests are in turfgrass nutri-
tion, nitrogen fertilizers, and weed con-
trol.

urfgrass growth is dependent

upon an adequate supply of all

essential plant nutrients, as
well as a multiplicity of other cultural
and edaphic factors. Research in plant
nutrition has shown that at least 16
elements are essential for plant growth
and development (Table 1). Those es-
sential elements used in greatest quanti-
ties by the plant are referred to as
macronutrients. Micronutrients are re-
quired in relatively small quantities by
the plant. Nitrogen receives the most
attention in turfgrass fertilization pro-
grams for several reasons. First,
nitrogen is the essential element to
which turfgrass is most responsive.

Nitrogen can be described as the
“growth-control element”. Supplies of
other elements are kept at adequate
levels and the manager regulates growth
by adding or withholding nitrogen.
Second, the turfgrass plant contains
more nitrogen than any other essential
element (Table 7). Third, nitrogen is
a very dynamic element in the soil
system. Its concentration in the soil
is constantly changing. It may be de-
pleted or lost from soils by leaching,
volatilization, denitrification, immobili-
zation, clipping removal, or nitrogen
fixation in the lattice structure of cer-
tain clays. The other essential elements

are more stable in soils. Thus, nitrogen
must be added to turfgrass areas on a
routine basis to maintain a soil level
that is sufficient for turfgrass growth.
Generally, nitrogen additions to the
turfgrass system from clipping return,
decomposition of organic matter, top-
dressing, nitrogen fixation, and rainfall
are not sufficient to supply the needs of
high-quality turf. The main source of
added nitrogen is nitrogeneous fertilizers,
which are initially added to the turfgrass
system as ammonium (NHy4+), nitrate
(NO3-), or both or as some nitrogen
carrier that eventually breaks down into
ammonium. Although the turfgrass

TABLE 1: Essential Plant Nutrients Required for Turfgrass Growth and Developmenta]

Macronutrients

Typical Percentage in

Turfgrass Tissueb
Nitrogen 36
Phosphorus .2-5
Potassium 23
Calcium 4-.6
Magnesium 2-4
Sulfur .2-3

Micronutrients

Typical parts per million (ppm) in
Turfgrass Tissue

Iron

Zinc
Molybdenum
Manganese

Copper
Boron

40-200
40-120
o B
20-150
15-20
5-20

4Carbon, hydrogen and oxygen are also essential elements supplied predominantly

from air and water.

bElemental percentages will vary to some extent depending on turfgrass species and
cultivars, environmental conditions and other variables.
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plant absorbs nitrogen from the soil as
either ammonium or nitrate, the latter is
the predominant form absorbed by the
plant because ammonium is rapidly con-
verted to nitrate by soil bacteria. This
biological oxidation of ammonium to
nitrate is nitrification, a two-step pro-
cess in which the ammonium is con-
verted to nitrite (NO9-) by Nitrosomonas
bacteria and then to nitrate by Nitro-
bacter bacteria. The process is tempera-
ture dependent and increases with soil
temperatures from 32°F to an optimum
range of 859 to 95°F,

Once absorbed into the plant,
nitrate can be stored in the cell or
reduced back into the ammonium form.
The storage of free nitrate within the
plant cells results in a luxury consump-
tion of nitrate (absorption of more than
isused). Thisuse of nitrogen is probably
inefficient, especially if the clippings
are removed. Nitrate must be converted
to the ammonium form before it can be
further utilized by the plant. The re-
duction process (NO3- to NH4+) within
the plant requires at least two enzymes
(compounds that assist in the reaction).

Mhotosynthesis

11

Carbohydrate
(Carbon skeletons) amino Proteins Growth
acids
shoots
roots
rhizomes
plus tillers
NH + etc.
4 Reserve
Carbohydrates

Camplex organic -
al _ g
Chlorophyll
Enzymes
Vitamins
High Energy Compds.
Genetic material

Figure 1: A brief outline of carbohydrate utilization and nitrogen

assimilation.

Figure 1a: Turfgrass disease incidence
as affected by nitrogen fertility.

High Nitrogen

PYTHIUM

BROWN PATCH
FUSARIUM BLIGHT
STRIPE SMUT
SNOW MOLD
LEAFSPOT

lLow Nitrogen

DOLLAR SPOT
RED THREAD
RUST

Nitrate reductase is the enzyme involved
in the conversion of nitrate to nitrite.
Nitrite reductase is the enzyme involved
in the conversion of nitrite to
ammonium. In grasses, the reduction
process predominatly occurs in the
shoot or foliar portion of the plant,
although some reduction may occur in
the roots. The ammonium ion is then
readily combined into various complex
organic (carbon) compounds within the
plant.  Chlorophyll, amino acids,
proteins, enzymes, and vitamins are
among some of the organic compounds
containing nitrogen (Figure 1). Photo-
synthesis provides the source of carbo-
hydrates or organic skeltons for the
nitrogen assimilation processes.
Carbohydrates, produced by photo-
synthesis, are the necessary precursors
for the formation of nitrogen-containing
amino acids and proteins, which are
utilized in the growth processes (Figure
7). The more the turfgrass grows, the
greater its demand for carbohydrate.
Thus, growth is a carbohydrate-utilizing
process. Carbohydrate is also the key
source of energy for maintaining all the
various growth and physiological pro-
cesses within the plant. Carbohydrates
are broken down into carbon dioxide
and water through respiration, and
energy is released. Respiration, there-
fore, is a carbohydrate-utilizing process.

When the rate of photosynthesis (carbo-
hydrate production) exceeds the rate of
respiration and the requirement for
growth (carbohydrate utilization), carbo-
hydrates accumulate as reserves. These
reserves are usually stored in the crowns,
rhizomes, and stolons of cool-season
grasses. Carbohydrate reserves are
desirable because they serve as an im-
mediate source of energy and carbon
skeletons for regrowth and recovery
from defoliation or stresses that may
injure or thin the turf. Recovery and
regrowth from summer and winter
dormancy rely on carbohydrate re-
serves. A carbohydrate deficit may
develop when respiration rates are high,
growth is rapid, or both. Usually any
factor that stimulates rapid topgrowth
will deplete or drain carbohydrate
reserves. The turfgrass manager should
manipulate cultural practices so as to
maintain an adequate level of carbo-
hydrates within the plant for normal
as well as unusual energy and growth
demands. The carbohydrate reserve
status of the plant is important because
it reflects the plant’s energy, recovery,
and stress tolerance status.

Nitrogen fertilization has a definite
effect upon the carbohydrate status of
turfgrasses. Nitrogen applications favor
turfgrass growth. As nitrogen rates are
increased, usually more topgrowth is
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Nitrogen Fertilization

TABLE 2: Nitrogen Treatment Effects on a Merion Kentucky Bluegrass Sod?

Annual Nitrogen
clipping content
Nitrogen yield in Sod
rate (Ib./acre clippings strength Rhizomes
(Ib./acre/month) dry wt. (percent) (Ib. to tear) (grams)

0 463 3.0 146 99
15 1,807 33 188 89
30 2,555 3.6 130 120
60 5,676 4.5 97 43
120 8,447 5.4 67 14

aSource: Rieke, 1975.

produced. More topgrowth results in
the use of more carbohydrate. Like
shoots, roots and rhizomes require
carbohydrate (carbon skeletons) for
growth. Physiologically, under rapid
growth conditions shoots take priority
over roots and rhizomes for available
carbohydrate. Shoot growth will
usually continue to respond to higher
suppression of root growth and other
growth processes (e.g. rhizomes).

These effects are well illustrated
by a fertilization study evaluating the
response of a Merion Kentucky blue-
grass sod to incremental rates of nitrogen
(Table 2) (Rieke, 1975). Higher nitrogen
rates resulted in an increase in clipping
yield (topgrowth) and the nitrogen
content of the clippings. In contrast,
sod strength (a reflection of root and
rhizome growth) and rhizome weight
decreased at the higher nitrogen levels.
Thus, when most of the plant’s carbo-
hydrate was directed toward producing
shoot growth, root growth and other
plant growth processes suffered accord-
ingly. Agronomists recognize that a
grass plant is no better than the root
system that supports it.

Research has shown that a con-
siderable amount of root initiation and
root growth of cool-season grasses
occurs in the spring (Beard and Daniel,

1966). Liberal nitrogen fertilization in
the spring will tend to restrict root
growth. The turfgrass plant will go into
the summer with a shorter root system
than if moderate rates of nitrogen ferti-
lizer were used. Furthermore, high
amounts of nitrogen will increase
topgrowth and the need for more fre-
quent mowing in the spring. The rapid
topgrowth may result in the removal of
large amounts of clippings at each

Excessive removal of
foliage during mowing
retards tiller and root
development

mowing. The removal of excess foliage
(i.e., more than a third of the foliage
at any one mowing) is known to retard
both tiller and root development. Thus,
mismanagement of nitrogen during the
spring can have a dramatic effect on the
turfgrass root system as it goes into the
summer. Nitrogen is needed in the
spring, of course, for root and rhizome
growth as well as shoot growth, but high
nitrogen fertility rates in the spring will
eventually create problems.

Liberal nitrogen fertilization also
causes a lush, succulent plant growth
that is characterized by decreased cell
wall and cuticle thickness, increased
cell size, and an increased level of plant
tissue hydration. The thinner plant cell
walls are most likely the result of more
rapid plant growth and the production
of fewer structural carbohydrates
(Figure 7). This type of growth in-
creases the severity of plant disease and
lowers the hardiness of the plant to
heat, cold, and drought. Lush, succulent
tissue also contains high concentrations
of nitrogen-rich compounds, which ac-
cumulate in guttation fluid (leaf

Late-season nitrogen fertilization takes
advantage of temperature differences
for optimum growth of roots and shoots.
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TABLE 3: Effects of Various Spring Fertilization Rates and Mowing Heights on the Incidence

of Fusarium Blight on Several Kentucky Bluegrass Cultivars?

Fertilizer rateb Mowing
(Ib. N/1,000 ft2) height Kentucky bluegrass varieties®
May June (inches) Nugget Merion  Fylking  Pennstar  Kenblue

1 0 0.75 1.0 153 23 1.7 4.7
1 0 1:5 1.0 1.3 2.3 1.0 4.0
1 1 0.75 1.0 2.0 Tid 2.7 4.0
1 1 1:5 1.7 3.0 2.0 2.0 4.0
2 1 0.75 1.0 2.3 31 4.3 4.0
2 1 1.5 3.0 S 4.0 4.0 4.0
2 2 0.75 2.3 3.0 5.7 53 4.7
2 2 1.5 3. 5.3 6.0 3.7 43

aSource: Turgeon and Meyer, 1974.

bA water-soluble nitrogen fertilizer was used.

CVisual ratings of disease were made using a scale of 1 through 9, with 1 representing no apparent
disease and 9 representing complete blighting of the turf.

exudates). The guttation fluid serves as
an ideal medium for the enhancement
of many turfgrass diseases. Thus, mis-
management of nitrogen in the spring
can take the plant into the summer in

a soft growth condition in which it is
more vulnerable to disease, heat, and
drought.

Liberal nitrogen fertilization is
known to increase the severity of
Phythium, brown patch, Fusarium
blight, stripe smut, snow mold, and
Helminthosporium (leafspot) diseases
(Vargas, 1975). Leafspot, a serious
disease of both Kentucky bluegrass and
bentgrass in the Midwest, is much more
serious at high nitrogen levels, especially
in the spring. Kentucky bluegrass
varieties like Park, Kenblue, and Delta
are very susceptible to leafspot. Many
lawns and older turfgrass areas have
been established to these common-type
Kentucky bluegrass varieties. Research
(Turgeon and Meyer, 1974) has shown
that the incidence of Fusarium blight in
the summer is greater with increasing
nitrogen application rates in the spring
(Table 3). Nugget, Merion, Fylking, and
Pennstar were highly susceptible to the
disease when more than a total of 2
pounds of soluble nitrogen per 1,000
square feet was applied in the spring.
Kenblue was affected by the disease at
all the fertility levels. This information
lends support to the practice of using
moderate levels of nitrogen fertilizer
in the spring. It more specifically sug-
gests a critical limit of using no more

than 2 pounds of total soluble nitrogen
per 1,000 square feet in the spring.
High nitrogen fertility in the spring
can not only have detrimental effects
in the spring but detrimental carry-
over effects in the summer as well.
High nitrogen fertilization is also
critical during the summer (Beard,

Photosynthesis Is the source of carbo-
hydrate for nitrogen assimilation and
plant growth. Excess carbohydrate is
stored in the basal portions of the turf-
grass plant (i.e. crowns) for later use.

1973). As seasonal temperatures in-
crease, photosynthesis of cool-season
grasses decreases and respiration in-
creases. Carbohydrates are consumed
during respiration. Respiration is also
known to increase with increasing
nitrogen fertility levels. Thus, during
periods of high temperature, liberal
nitrogen fertilization may reduce carbo-
hydrate reserves because of rapid
growth and high respiration. Additional

Nitrogen should be ap-
plied at low rates for
cool-season turfgrasses

plant stress may result from lower
photosynthetic rates. Because photo-
synthesis is low and respiration is high
during the summer, nitrogen should be
applied at low rates for cool-season
turfgrasses.

Nitrogen fertilization has proven
beneficial during the late fall (late
season) on cool-season turfgrasses. De-
creased disease, improved stress toler-
ance, and increased rhizome and root
growth are among several of the claimed
advantages to the “late-season’’ nitrogen
fertilization program. This program is
based on optimum temperatures that
exist between (1) root-rhizome growth
versus shoot growth and (2) photo-




A large carbohydrate pool (left) results in adequate
translocation of carbohydrate downward for under-
ground plant growth like roots and rhizomes. A small
carbohydrate pool (right), especially under rapid
growth, results in insufficient translocation of carbo-
hydrate downward for underground plant growth.
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High nitrogen fertility results in a shorter, less pro-
lific root system.

synthesis versus respiration.

Shoot and root growth of cool-
season turfgrasses occur most readily
in the temperature range of 60-75°F
and 50-65°F, respectively. Root
growth of cool-season grasses will con-
tinue at soil temperatures close to
freezing. Under late-season fertiliza-
tion, nitrogen applications should be
made when vertical shoot growth has
stopped, but the turf leaves are still
green to produce carbohydrate via

photosynthesis. The carbohydrate pro-
duced will be more efficiently used for
root and rhizome growth during the
late fall and winter periods. It is
critical that the nitrogen be applied
prior to dormancy. ‘Late-season”
fertilization is not dormant fertili-
zation,

During late fall, photosynthesis
is normally higher than respiration for
cool-season turfgrasses. This leads to
maximum carbohydrate production and

carbohydrate storage for reserves. The
positive carbohydrate balance favors
root and rhizome growth over top-
growth since air temperatures are well
below that considered optimum for
shoot growth.

Nitrogen is a key component of
turfgrass fertilization programs. It has
an influence on both the morphology
and physiology of the turf plant. High-
quality turf exhibiting acceptable green
color and density requires periodic

Never remove more than 1/3 of the plant foliage at
any one mowing. High nitrogen fertility may create
a severe defoliation problem.

High nitrogen fertility produces a soft, succulent plant
condition (bottom) characterized by decreased cell size,
and an increased level of plant tissue hydration. This
condition contributes to increased plant disease and
lower plant tolerance.
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of Pump Applications
Serving You !

applications of nitrogen. Nitrogen,
however, is frequently referred to as the
“TNT” of turfgrass fertilization pro-
grams. It can be just as detrimental as
beneficial if it is mismanaged. Physio-
logically, the turf manager must main- Hannay Reels
tain a good carbohydrate reserve.
Proper timing and rate of application
are important in successful long-term Goodyear Hose
programs. Alwaysremember: greener
is not always better. A happy medium
must be reached between agronomics
and aesthetics.

Hypro Pumps

Tuflex Tanks
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Fusarium Blight

Its Development and Management
by Joseph M. Vargas, Jr., Michigan State University

Dr. Vargas received his Ph.D. degree
from Oklahoma State University of Min-
nesota in 1968. He was assistant profes-
sor, botany and plant pathology, Mich-
igan State University, 1968-74, assistant
professor, Institute of Agriculture Tech-
nology, 1972-74,; associate professor,
1974.

The disease Fusarium blight was
officially named in the mid
1960’s.2 A more proper name
would have been Fusarium patch or
Fusarium spot. Fusarium patch could
not be used, as it was the common name
given to a disease caused by Fusarium
nivale, also known as pink snow mold.
Blight was probably chosen over spot
because it sounds more dramatic or
devastating. Since that time, Fusarium
blight has been at the center of con-
troversy among turfgrass pathologists, as
to its cause and management.

Part of the controversy has resulted
from Koch’s postulates not originally
being completed. Koch’s postulates
are a set of rules followed by most
plant pathologists when they are deter-
mining the causal organism involved in
a disease problem. Step 3 & 4 of Koch’s
postulates were not completed in the
original work.2 A ‘“frog eye”

symptom, which is a characteristic of
the disease, was not demonstrated.
The Fusarium fungi was shown to be
pathogenic on the foilage, causing a
leaf spot symptom, which rarely, if ever
occurs under field conditions.2
Nematodes have been associated
with the disease.5 However, it would
appear that nematodes act as a predis-
positioning factor, rather than the
actual cause of the disease. Senescing,
or natural dying from “old age”, have
been implicated in the disease.# While
this may be a factor, it does not really
explain the circular patterns. Soil fungi
which makes the soils hydrophobic,
have been implicated as the actual
cause of the problem (instead of Fusar-
ium roseum & F. Tricinctum). The soil
fungi may act as predispositioning
factors that cause the plants to under-
go drought stress and to then be
attacked by the Fusarium fungi when

——=—»
DEVELOPMENT

NEMATODES
WARM WEATHER
& I 3| DROUGHT STRESS —2——->1 FU:SSS:M
HEAVY RAINS
1

SOIL FUNGI

Figure 1: Model of Fusarium blight development.

2 SYMPTOM
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they are in the drought stress condi-
tion.3

Taking all the aspects into account
and modeling them, one would come
up with a diagram like Figure 1.
Smiley’s work# indicates a heavy rain
is necessary to ‘‘trigger’”’ Fusarium
blight development, we have also made
similar observations. The key to Fusar-
ium blight symptom development is
drought stress. Most turfgrass patholo-
gists agree on that. This can occur
naturally through drought, be more
acute where high nematode popu-
lations exist, or be caused by soil
fungi growing as saprophytes causing
the soil in the area they are growing in
to be hydrophobic. This would explain
the circular pattern associated with the
disease as most fungi grow out from a
central point in a more or less circular
pattern. The turf in these spots would
wilt and die. The dead and dying
patches would then be colonized by the
Fusarium fungi. In this instance the
Fusarium would merely be acting as
sopropytes on the dead and dying tissue
and not as the primary cause of the
disease. The other explanation in-
volves pathway 2. The Fusarium fungi
attack grass plants undergoing drought
stress producing the disease symptoms.
This theory would also explain the cir-
cular pattern of the disease as stated
before, because fungi tend to grow in
circular patterns. Hopefully, someday
the true nature of the disease called
Fusarium blight, will be known.

FUSARIUM BLIGHT MANAGEMENT

While the exact cause is still open
to controversy, a set of management
tools have been developed for Fusarium
blight. The various management tools
available are listed in Table 1. They
should all be used for the most effective
Fusarium blight management. Satis-
factory management of Fusarium may
not be obtained if only 1 or 2 of these
tools are used.

CULTIVARS

Where resistant cultivars have been
used, the disease has been greatly re-

TABLE 1: Tools to manage Fusarium blight.

1. Resistant Cultivars

2. Cultural

a. Cultivation— coring

b. Thatch Reduction— coring

c. Eliminate layering— coring

d. Daily Irrigation— summer months
3. Biological

Daily irrigation to build up

antagonistic bacteria

4. Chemical
a. Preventative or Curative
1) Cleary’s 3336
2) Fungo 50
3) Tersan 1991
b. Preventative Only
1) Bayleton

duced. Unfortunately, some of the
newer cultivars have developed other
diseases which are just as devastating,
i.e. Nigrospora patch and Yellow patch
(cool temperature brown patch). In the
future, cultivars with good agronomic
qualities that suit the needs of the user
will have to be selected and managed
culturally and chemically, to reduce or
prevent the development of the diseases
that may occur on them.

CULTURAL

Cultivation: Coring should be done
to improve root development, reduce
thatch, and eliminate layering caused by
two different soil types. Home lawn
turf is often grown on poor soil. Many
times, these soils are compacted sub
soil, where the top soil was removed
before the housing development was
started. Providing holes for root

development through coring will pro-
vide a healthier turf. Thatch reduction
is best accomplished by coring, break-
ing up the cores by vertical mowing or
power raking, and incorporating the soil
back into the thatch layer. Power rak-
ing does little for thatch reduction. It
removes leaf tissue which is readily
broken down and does nothing to
remove the rhizomes and roots which
are primarly responsible for thatch
formation.  Layering occurs when
two different soil types are placed one
on top of the other. This often occurs
in the home lawn situation after sod-
ding. Under favorable environmental
conditions this is not a problem. Under
stress conditions the entire turfgrass
root system is only in the upper layer.
This layer may be no more than an inch
in depth. Obviously, drought stress
diseases like Fusarium blight and Nigro-
spora patch are going to be more severe.
Integrating the two soil layers through
a coring program should make for a
deeper rooted, healthier turf.

It is often said that such equipment
is not available to the homeowner, but
it is available to the lawn sprayer or
landscaper. Sell them a new service. It
is a good way to increase your profit
without obtaining new customers.

Fertility: Nitrogen fertility in the
summer months of June, July and
August, will reduce the severity of
Fusarium blight. Approximately % Ib.
of actural nitrogen/1,000 sq. ft./month
should be adequate.

Irrigation: Supplemental irrigation
can culturally reduce Fusarium blight if
applied on a daily basis. If applied at
mid-day, on a daily basis, it will cool the
plants as well as provide water for the
short and limited root system of the
Fusarium blight infected plants.

Biological: These two Fusarium
fungi cause a similar root and crown
disease in wheat. Scientists have shown
that where the mat is kept moist antag-
onistic bacteria are developed, which
will destroy the Fusarium fungi. A daily
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irrigation program on Fusarium blighted
turfs in the summer months may also
cause the build-up of antagonistic bac-
teria that may destroy the Fusarium
fungi. The daily irrigation method of
disease management is often critized be-
cause it will cause short root develop-
ment. In cool-season turfgrasses, such
as Kentucky bluegrass, root shortening
is a natural occurrence during the sum-
mer months due to warm soil temper-
atures. Deep infrequent irrigation won’t
cause the formation of deep roots any-
more than light frequent irrigation will
shorten them. Irrigate infrequently
and deeply in the spring and fall when
cool soil temperatures will allow for
deep root development. Light frequent
irrigation in the summer will keep your
customer’s lawn free of Fusarium blight.

CHEMICAL

Cleary’s 3336, Fungo 50 and
Tersan 1991, are good fungicides for the
management of Fusarium blight. They
all have the same basic chemistry and
the turf area to be treated should be ir-
rigated the night before and drenched in
before they dry on the foilage. They
can be used either curatively or preven-
tively on Fusarium blight. The fourth
fungicide Bayleton, does not have to be
drenched in to be effective. However, it
does have to be used as a preventative
fungicide. This means it has to be ap-
plied before the disease becomes active
during the current season. If two ap-
plications are made, the first should be
applied 1 month ahead of when the
disease normally appears (approxi-
mately June 15 in mid-Michigan) with a
second application being made around
July 15. If only one application of
Bayleton is made, it should be applied
2 weeks prior to the normal occurrence

of the disease (approximately July 1st
in mid-Michigan). Regardless of which
approach is taken, having your customer
follow good cultural and biological
management practices will make the
fungicides more effective.
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Hudson Porta-Pak Ultra-
Low-Volume Sprayer

-

The Hudson Porta-Pak Ultra-low-
volume sprayer is well adapted for use
with turf and pest management. The
sprayer applies concentrated pesticides
in minute droplets at ultra-low dosage
rates and discarges when in a high-
velocity, high-volume air stream. With
a horizontal range over 50 feet, and a
vertical range over 40 feet, droplets
cover all surfaces— including hard-to-
reach concealed areas. With its com-
fortable backpack portability, it goes
anywhere the operator can. For
more information on the Hudson
Porta-Pak, write: H.D. Hudson Mfg.
Company, 500 North Michigan Ave.,
Chicago, IL 60611, or use Reply Card.
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"Ground Hogger”

New from Bouldin & Lawson, Inc.,
the “Ground Hogger”’ , a multi-purpose
landscaping machine. After years of
development by a landscaper, this six
application machine is finalized to do a
landscaping job from start to finish.
1. Clamshell Type Pick-Up Device: to

pick-up railroad ties, poles, rocks.

2. Rippers: six rippers are used to
loosen up hard and compacted soil.

3. DirtMover: selfloadsup to 1/2 yd.
of soil to move from one area to
another.

4. Level Site Forward or Backward:
curved blades can be used to level
forward or to back fill.

5. Level and Break Up Clods: the two
rows of spike teeth (total 29) are
used to level and brake up clods.

6. Pulverizer with Roller: the pulver-
izer is spring loaded to keep roller
compressed against the ground.
The Ground Hogger is designed for

the cost conscious landscaper. For

more information contact, Richard

Shortridge, Bouldin & Lawson, Inc., Rt.

10, Box 208, McMinnville, TN 37110,

or use reply card.
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a true liquid suspension
slow release nitrogen
fertilizer.
FLUF is a very stable flowable urea
form suspension formulation that pro-
vides a continuously uniform and
moderately slow release of nitrogen -
which means predictable performance
and results. FLUF provides for an ex-
cellent summer time feeding program.
When used in accordance with the label
directions, it is non-burning and non-
leaching. The clean, odorless and free
flowing liquid FLUF provides for optimal
ease in handling and application; utiliz-
ing any conventional spray method.
FLUF is tank compatible with most
fungicides and other fertilizer products.

the systems
concept...
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~FT 7 CLEARY'S 10-1-4
TURF FERTILIZER

for r specific
turfyc%ure lll,:ceds.

10-1-4 utilizes FLUF to provide the slow
release nitrogen necessary for good turf
growth and, in addition, contains a
balanced ration of phosphorous and
nitrogen. Now the knowledgeable turf-
grass manager can create his own fer-
tilizer system by using 10-1-4 with other
fertilizer products.10-1-4 is tank mix
compatible with all of the Cleary fer-
tilizers as well as many other fertilizer
products providing an infinite number of
fertilizer mix combinations.

w-a-CLEARY CHEMICAL

CORPORATION

10438 SOMERSET ST. SOMERSET, N.J. 08873 (201 247-8000
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WATCH OUT FOR FUNGUS
INYOURTURF

' / Pythium-related dis-

/. / eases spread like wild-
New seedlings are i 1/7 ) . [fire during bot, bumid
especially susceptible "= 1N weather. Unless you act
to Pythium damage. quickly, you could be
Diseased seedlings [facing an expensive
emerge stunted, yellow replanting job.
and water soaked. In :
a short time, leaves
collapse and die.

Sometimes Pythium appears as a
cottony growth on the face of grass
blades. At other times, the disease
girdles grass shoots at the soil line.

If your grass looks dark
and slimy in patches, it
could have grease spot.
After a while the leaves
will go limp and be-
come matted.

WITHAN EAGI.E EYE. )

Rely on Terrazole for effective control of certain fungal turf diseases \Illn
(cottony blight, grease spot and damping off). Terrazole® soil fungicide.

Caution: Read and follow label direction carefully. Terrazole® is a Registered Trademark of Olin Corporation

Circle No. 10 on Reader Reply Card
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How Turfgrasses Absorb

Nutrients

by Richard ). Hull, University of Rhode Island

Richard J. Hull is a Professor of Plant
and Soil Science at the University of
Rhode Island. He received his B.S. and
M.S. degrees from the University of
Rhode Island in agriculture and agron-
omy respectively and the Ph.D. in bot-
any from the University of California at
Davis. For five years, Dr. Hull studied
the physiology of perennial weeds at
Purdue University in Indiana. At Rhode
Island, his research has concentrated on
the nutrition of turfgrasses, woody
ornamentals, and tidal salt marsh vege-
tation.

ne of the more costly aspects

of a lawn management pro-

gram is the purchase and ap-
plication of fertilizer. These materials
are applied each year, usually in the
autumn and spring, and are often re-
garded by lawn care professionals as the
single most important investment in
maintaining quality turf. However, if
you were to ask most turf specialists
exactly how grass acquires fertilizer
nutrients and takes them into root cells,
most would be hard-pressed to give a

specific answer. This should come as no
surprise, because it has only been within
the past few years, that a well defined
mechanism of nutrient absorption has
been developed. This break-through in
our undertanding of how plants absorb
nutrients has resulted from the applica-
tion of a theory developed by Peter
Mitchell in the early 1960’s to explain
the synthesis of high energy phosphate
bonds during respiration and photosyn-
thesis (Mitchell 1961). This theory, for
which Mitchell was awarded the Nobel
prize in 1978, has done much to explain
how chemical energy generated in respi-
ration can be used to do mechanical
work such as concentrate nutrient ions
within root cells.

The problem facing grass plants
growing in a normal soil is how to ac-
cumulate mineral nutrients from the
dilute soil solution in concentrations
sufficient to support plant functions.
The magnitude of this problem is illus-
strated by comparing the nutrient con-
centration of Kentucky bluegrass plants
with that of the soil solution in which
they are growing (Table 7). It is ap-
parent that the plant must accumulate
nutrients to concentrations several times

in excess of the soil solution. How does
a grass plant do this?

The problem of nutrient accumula-
tion by roots is partly solved by the
transfer of dissolved minerals to the
root surface in the flow of water moving
from the soil through the plant in the
process of transpiration. Stanley Barber
at Purdue University has described the
processes by which nutrients in the soil
solution move toward the root surface
(Barber 1974). He has demonstrated
that the delivery of calcium, mangesium,
and sulfate to the root surface is greater
than the plant can absorb. This results
in a concentration of these nutrients
around the roots at levels much greater
than that found in the bulk soil solution.
Consequently the process of accumula-
ting these nutrients in root cells is made
easier due to their mass flow transport
to and concentration at the root surface:

This phenomenon does not explain
the accumulation of potassium, phos-
phate, and nitrate which are absorbed
more rapidly than they are transported
to the roots. This results in a nutrient
depletion of the soil solution imme-
diately around the roots. As a result,
the root must absorb these nutrients

Table 1: Nutrient content of a soil solution and of Kentucky bluegrass leaf
tissue from sod growing in that soil.

N-P705-K70 Soil Solution*
lbsllsogsq. ft. N P

Grass Tissue
N P K

ppm
2.5-1-1 7.0

5-2-2 8.5 116
10-4-4 15.2

119 102
127 101

ppm fresh wt.

3907 572 1279
4189 536 1264
5000 503 - <1291

*Based on extractable nutrients, so actual solution content would be less than

these values.
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Figure 1. The cleavage of ATP to ADP and phosphate createsa pH gradient accross the plasma membrane.
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from a soil solution even more dilute
than that indicated in Table 1. Here the
plant must expend energy to transfer
nutrients from the soil solution of low
concentration surrounding the root to
the cell sap of much higher concentra-
tion within the roots. The application
of Peter Mitchell’s chemiosmotic theory
and some recent advances in cellular
electrochemistry have provided an ex-
planation of how the plant root accom-
plished this feat of nutrient accumu-
lation.

The energy source of nutrient ab-
sorption seems to be the organic mole-
cule adenosine triphosphate (ATP) which
is a product of respiration in root cells.
ATP contains chemical energy because
ithas a strong tendency to discharge one
of its three phosphates to form adenosine
diphosphate (ADP) and one molecule of
inorganic phosphate. For this reaction
to occur, one water molecule must enter
into the products formed:

ATP + Hy0 —ATP35E o ADP + HoPO; + ENERGY

This reaction proceeds readily to the
right because there is considerably less
energy in the products, ADP and phos-
phate, than there is in ATP. Exactly

where in the cell this reaction occurs is
determined by the presence of the
enzyme ATPase which catalyzes the
hydrolytic cleavage of phosphate from
ATP and the release of energy.

Several researchers including Tom
Hodges at Purdue University have de-
monstrated the presence of an ATPase

The plant must accumu-
late nutrients to con-
centrations several times
in excess of the soil
solution

in the plasma membrane which sur-
rounds each root cell (Hodges 1973).
In this membrane, the ATPase is posi-
tioned so that when ATP is cleaved to
ADP and phosphate the components of
water (HE and OH™) are drawn from
different sides of the membrane (Fig. 7).
The OH™ is taken from the outside,
cell wall or soil solution, and the HE is

taken from the cytoplasm inside. When
an OH™ is removed from the solution
outside the cell an H* is left behind.
Conversely when an H* is drawn from
the cytoplasm, a free OH™ remains. The
net effect of this reaction is a concen-
tration of HZ outside the cell and OH
inside. In other words, a pH gradient
is created across the plasma membrane
with the outside becoming acid and the
cytoplasm alkaline. An acidity differ-
ence of 1.5 pH units is not uncommon
between the cell wall or soil solution
immediately surrounding a healthy root
and the cytoplasm within root cells.
Peter Mitchell observed that a pH
gradient produced in photosynthesis or
respiration was the driving force respon-
sible for the synthesis of ATP. The re-
verse of this reaction utilizes the energy
in ATP to create a pH gradient across
the plasma membrane of root cells. Be-
fore we consider how this pH difference
is utilized to concentrate nutrients with-
incells, it is necessary to understand that
there are two components to a pH gra-
dient that have a bearing on nutrient
absorption and concentration. Because
HZE contains a positive charge and OH
a negative charge, the pH gradient re-
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sults in a charge separation across the
plasma membrane. The cell exterior is
positive with respect to the interior
which is negative. This charge separa-
tion forms an electrical potential across
the membrane which in healthy root
cells has been measured at 150 millivolts.
Thus there is a chemical gradient of H*
and OH™ and an electrical gradient
across the cell plasma membrane.

It is this electrochemical gradient
which drives nutrient transport from the
soil solution into root cells. Because
nutrient elements are present in the soil
solution in the form of charged ions, they
will come under the influence of the
electrical gradients established between
the inside and outside of root cells. The
positively charged cationic nutrients,
e.g. potassium (K*), magnesium (Mg**),
and calcium (Ca*™) will be attracted to
the cell interior because it is negative.
Thus, even though the concentration of

K* inside the cell may be greater than it
is outside, K* will continue to enter the
cell because the electrical gradient favors
the influx of positively charged ions.
Thisresults in a concentration of cations
within the cell (Fig. 2).

The plasma membrane, across
which nutrient ions must move, is
composed of a bilayer of phospholipids
which resists the passage of water sol-
uble ions. Entry into the cell is facil-
itated by integral proteins which extend
across the lipid layer and provide
aqueous micropores through which
ions can move in response to chemical
or electrical gradients (Fig. 2). These
proteins which serve as ion trans-
porters, porters for short, are so con-
structed that only certain ions can
move through them and enter the cell.
Presumably there is a specific porter
protein built into the plasma membrane
for each nutrient ion (Epstein 1976).
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Therefore, while the electrical gradient
across the membrane provides the
energy for cation absorption, the spe-
cific porter proteins determine which
cations will enter the cell and at what
rate entry will occur.

This is fine for cations which can
move down an energy gradient from a
positive exterior to a negative interior,
but how does this work for negatively
charged anionic nutrients, e.g. nitrate
(NO3™ ), phosphate (HoPO4~), or
sulfate (SO4™)? These ions will be
repelled by the negative interior of
root cells. Here the chemical potential
of OH™ being more concentrated inside
the cell with H* being greater outside
is utilized. Another specific ion porter
inserted across the lipid membrane
allows OH™ ions to leave the cell,
which they have a strong tendency to
do. However, their exit from the cell
is linked to the entry of an ion from

Figure 2. Through the action of transport proteins inserted across the plasma membrane, the pH gradient
is used to drive the uptake of nutrients into the cell.
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outside the cell. This antiporter
(Fig. 2) functions as an ion exchange
transporter in that for every OH™ that
leaves the cell a NO3~™ or some other
anion must enter. The only reason
this antiporter works is because the
force driving OH™ out of the cell is
greater than the resistance to nutrient
anions entering the cell. Thus the pH
gradient created across the plasma
membrane of root cells by the hydrol-
ysis of ATP is utilized through the
action of specific ion porters to con-
centrate both cationic and anionic
nutrients inside root cells.

This then can be related to lawn
care. If nutrient recovery by roots is
recognized as being directly dependent
on the function of leaves, the manage-
ment of lawns takes om a different per-
spective. Turf nutrition becomes
much more than the application of fer-
tilizer. Inan earlier ALA article, (Hull,

1981) | indicated the advantages of
autumn fertilizer application. The nu-
trient recovery from fall application
apparently occurs readily and adverse
effects on winter survival are rarely en-
countered. This response to fall fertil-
ization is explained by the energy an-

Nutrient recovery by
roots is directly depen-
dent on the function of

leaves

alysis of nutrient uptake presented
here. Fertilizer applied in the autumn
is made available to an established
plant with a well developed root
system. As cool weather commences,

shoot growth is less rapid and more
photosynthetic products are available
for transport to roots where they can
be used as the energy source for
nutrient absorption. If the fertilizer
application extends the season of
green grass, more photosynthesis will
occur and more energy will be available
for nutrient recovery. If photosyn-
thetic activity can be prolonged into
the winter and resume more quickly in
the spring, more soil nutrients obtained
from decomposing organic matter or
fertilizer will be absorbed by energy
sufficient roots and less will be leached
from the soil.

One obvious question you are
probably asking by now is, what does
all this have to do with maintaining a
quality lawn? The answer to this be-
comes obvious when you consider the
ultimate source of the ATP required
for ion absorption by roots (Fig. 3).
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Figure 3. Photosynthesis traps solar energy in the form of sugars which are transported from leaves to
roots where they provide energy for nutrient uptake.
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In the leaves, the first stable products
of the photosynthetic light reactions
are ATPand reducing equivalents called
NADPH. These products are used for
the reduction of COy to sugars.
The sugars are transported from the
leaves to whereever they are needed
including the roots. In the roots,
sugars are oxidized through respiration
to resynthesize ATP and reducing
equivalents, with the release of CO,.
The ATP is then available to generate a
pH gradient across the plasma mem-
brane and power the absorption of
nutrient ions from the soil solution.
Thus the energy required for ion
uptake by roots is directly dependent
on the photosynthetic activity in the
leaves.

Because photosynthetic activity and
nutrient uptake by roots are linked, any
practice or circumstance which injures
or decreases leaf area will impair nutrient
recovery. Scalping, herbicide burn,
insect feeding, or drought injury, all will
have a negative impact on nutrient up-
take by roots. Similarly during mid-
summer, when grass is heat and drought
stressed, efficient fertilizer use should
not be expected. Turf diseases that
cause leaf injury, e.g. leaf spot, powdery
mildew, etc. will discourage efficient
nutrient uptake because they deprive
the roots of energy. Fertilizer nutrients
will be utilized most effectively if
applied when the grass leaves are in
good condition and able to supply
energy to the roots. Because excessive
leaf growth is not the traditional goal of
proper lawn management, fertilizer
should be applied when shoot growth
will not be stimulated. The only time
when grass is in a favorable situation
to export most photosynthetic energy
to roots and will not respond with un-
wanted foliar growth is in the early

autumn. Thus an understanding of turf-

grass energy requirements for nutrient
use can lead to efficient fertilizer
strategy.

Obviously there are other aspects
of lawn management which may benefit
from an appreciation of this relationship
between leaf function and efficient nu-
trient recovery by roots. The knowl-
edgeable and imaginative lawn manager
can recognize these situations and make
them work to his advantage.
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Banol Registered
by EPA

Banol Turf Fungicide has now been
registered by the EPA. Marketed by
Tuco Ag. Chem., Div of the Upjohn Co.,
Banol has demonstrated high efficacy in
control of Pythium blight. Itisa water
soluble liquid concentrate with propam-
ocarb hydrochloride as active ingredient.

Laboratory and field research in-
dicate that Banol provides residual pro-
tection against this turfgrass disease,
which can damage turfgrass within 24
hours.

A brochure is available detailing use
of Banol in preventative, curative and
overseeding programs. To receive a
copy of this brochure, or for more infor-
mation, write Banol, Tuco Agricultural
Chemicals, Div. of The Upjohn Co.
9823-190-45, Kalamazoo, M1 49001, or
use reply card.

Circle No. 11 on Reader Reply Card

Soil Testing

Green Pro Cooperative Services
announces a Professional Soil Testing
Service especially designed for the turf
and ornamental industry. The service
provides a complete laboratory analysis
with recommendations which cover 14
essential points; type of soil, organic
matter content, pH, primary, secondary,
micro-nutrients, and soluble salts. The
items tested are measured in parts per
million and show what is present and
available to the plant, as well as the
plant’s nutrient requirements.

All the necessary materials and sales
aids for taking and marketing the tests
are furnished to you with a fifty dollar
deposit. The tests are billed as used, for
$10.50 each, suggested charges range
from $18.75 to $25.00 per test. The
results and recommendations are re-
turned within two weeks. For further
information, contact Green Pro Cooper-
ative Services, 380 S. Franklin Street,
Hempstead, New York 11550 (516)
483-0100.
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PLCAA's Regional One Day Seminars

Philadelphia, Pa. — May 22
Jim Kelly — Professional Turf
Specialties — (215) 362-5988
Cherry Hill Hyatt, Cherry Hill, N.J.
Subjects: Pesticide Application Re-
striction Laws/Estimate of Cost;
Service after the Sell; Applicator
Training

Washington, D. C. — June 2, Ramada
Inn (Rockville, Md.,) Frank Stevens
— Pro-Lawn Plus — (301 665-4771
Subject: Business Planning, John T.
Tekoian, speaker; Pesticide Legis-
lative Update, Jerry Faulring,
speaker; Chem Lawn speaker, Phil
Catron

Atlanta, Ga. — June 9
Fred Rowley — Rollins Lawncare —
(404) 493-6835. (date and subject
to be announced)

Cincinnati, Ohio — June 16, Ramada
Inn (I-71 & Pfeiffer). Richard
Steinau — Greenlon — (513) 761-
4100. Subject: Creation of the
Complete Sales Person

Worcester, Mass. — July
John Kenny — Turf Doctor -
(617) 8794510
(date and subjects to be announced)

Buffalo, NY — July 15

Detroit (Livonia), Mich. — July 21

Steve Brown — TruGreen, Inc. —
(517) 351-7227. Subjects:
Nigrospora ldentification?, Dr.
Malcolm Shurtleff, University of
lllinois; Computer Hardware, Com-
puter Software, Davidson and
Deyonker, Associated Computer;

Des Rice — The Weed Man LTD —
(416) 279-5448

Holiday Inn, Livonia (I-275 &
6 Mile Rd.) 9 a.m. to 4:30 p.m.
continued on next page

GIDESWIpy
New
Two sizes—Regular and Cadet

*Roundup® Herbicide by Monsanto or 2-4Ds
for unbelievable savings in Labor, Time,
& Money

WITH THIS WEED WIPER
NO MORE HOEING

SIDESWIPE REGULAR $29.95 + $2.00 Postage
SIDESWIPE CADET $19.95 + $1.90 Postage

P.0. Box 926 SIDESWIPES®, INC. (806) 247-2025
FRIONA, TEXAS 79035

*Roundup® 15 a registered trade mark by Monsanto

Circle No. 13 on Reader Reply Card

Series
BIG JOB SPRAYERS

Versatile, new 500 gallon fiberglass tank sprayers. Offered
with choice (25 GPM/800 PSI or 10 GPM/ 500 PSI) of Myers
heavy duty spray pumps. Power options include 23 HP or 7
HP gasoline engines or =

PTO drive. Trailer
type running gear,
hose reel, boom
piping, hose, high
pressure guns,
plus many other
accessories are
also available.
For complete
information,

see your Myers
Sprayer dealer or
write F. E. Myers Co.

F E Myers Co., Division of McNeil Corporation
Ashland, OH 44805 (419) 289-1144 Telex 98-7443

Circle No. 14 on Reader Reply Card
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continued from page 27

PLCAA Seminars con't

Growth Regulators, Dr. Perkins,
Elanco Prod.; Financing Small Busi-
ness, Darlene Mahler, Michigan
National Bank; Pesticide Safety,
Bob Robinson, Corporate Agron-
omist— Chem Lawn; Direct Mail,
Phil Miller; Communicating, Dr.
Hall Hepler, Chairman Dept. of
Communications, Michigan State
University. VENDOR TABLES
ARE AVAILABLE

Cleveland, Ohio — July 21, Brown
Derby Inn (Rt. 8 & Turnpike Exit
12) Larry Rininger — Kwik-Turf,
Inc., (614) 872-3859. Subjects:
Pesticide Handling, Cholinesterase
Monitoring; Marketing Techniques
in Lawn Care; Phone Power —
Ohio Bell.

Chicago, Ill., — July 21, EImhurst
Country Club, Wood Dale, I,

Charles McGinty — McGinty Bros.
Inc. (312) 438-5161. Subjects:
Financial Management; Physical
Stress; Core Aerification; Similar-
ities: Fusarium & Brown Patch
Disease; Insect Update—Midwest

XXX

GROWING!

Building and maintaining a business on a profitable basis depends upon
KNOWLEDGE and EXPERIENCE. PLCAA can give you
that knowledge and experience. Grow with us!

e Attend Regional Seminars and Conven-
tions—PLCAA announces its 1982 Regional
Seminars. Plant some new ideas and watch
your business grow!

Mark your calendars. ~

Location Date

Worcester, MA To be announced
Buffalo, NY July 15

Atlanta, GA June 9

Detroit, Ml late July /early August*
Cincinnati, OH June 16

Cleveland, OH July 21

Washington, D.C June 2

Philadelphia, PA To be announced
Chicago, IL July 21

*tentative

Members watch for mailing. Non-members call
(312) 644-0828 for further details.

® Control your Business Costs—Members
now have PLCAA’s Standard Chart of Ac-
counts for better accounting to control
costs. Accountants can adapt their records
to allow for comparison of members’
operating expenses with those of the in-
dustry average.

® Put lndustry Technical Resource Informa-
tion to Good Use—PLCAA is now com-

pleting a reference manual to assist in the
day-to-day operation of your business.

Professional Lawn Care Association of America -

Circle No. 15 on Reader Reply Card

® Participate in PLCAA’s Insurance
Plans —Our casualty and workmen’s
compensation plans alone can save you
many dollars.

® Add your Voice to Industry —when regu-
latory matters at federal, state and local
level impinge on members’ operations.
I'he more members, the stronger the voice!

Don’t stand alone. Participating in your trade
association’s growth can save you valuable
time and money. Invest now and be one of the
top profitable businesses in the lawn care
market. Grow with us!

ARE YOU?

- = 1
' Tell me more. a
| The Professional Lawn Care Association is growing! |
Together we can make things happen. Grow with us
PF
| Complete this application for further information and |
mail it todav
| |
| NAME TITLE |
| COMPANY - - |
| |
| STREET |
| < STATE —____ZIP____ |
| Mail to: PLCAA, Suite 1717 :
L 435 N. Michigan Ave., Chicago, IL 60611 J

Classified Ads

BURROUGHS L-9000 Computer, com-
plete with programs for lawn spray
operation. Like new. Seller will assist
with financing. Address inquiries to:
Atwood Lawnspray, Inc., 6489 Metro
Parkway, Sterling Heights, Ml 48077,
Phone (313) 939-3636.

7600 gallon upright STORAGE TANKS,
excellent condition. $1,500 each. Con-
tact: Atwood Lawnspray. Inc., 6489
Metro Parkway, Sterling Heights, MI
48077, Phone (313) 939-3636.

SPRAY TRUCK- 1979 Chevy one ton

truck— 750 gallon tank— mechanical
agitation— excellent spraying con-
dition— low mileage— must sell

$9200. Call (502) 456-6777, ask for
Pat McConnell.

1979 Louisville FORD TRUCK with
custom designed storage compartments.
1979 FINN LAWN FEEDER with
power take off. Both like new, will sell
seperately or together. (313) 468-5285

1968 DODGE SPRAY TRUCK, 6 cyl.,
5 tone, 1800 gl. 5 compartment tank.
PTO, 300’ hose and electric reel. $2500,
call after 3:30. (313) 278-0440

SPYDER FORKLIFT/TRAILOR, 200
hours, exc. cond., Zionsville, IN $12,400.
Call George (317) 873-5231 or 873-5937
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A.LA. Celebrates 2" Year

With a Salute to Our Advertisers

This issue of American Lawn Applicator marks our second anniversary. Over the past two years, the following companies
have supported us in an effort to bring technical turfgrass information to you. We ask that you support them when you are
purchasing chemicals and equipment. If you would like to receive product information from any of the following, you may do so

by using the assigned circle number.

EQUIPMENT

AGROTEC, INC No. 30
Spearin Road, P.O. Box 215

Salisbury, MD 21801-0215

(301) 749-8496

Spray equipment

THE BROYHILL CO. No. 31
North Market Square
Dakota City, NE 68731
(402) 987-3412
Sprayers

CARSO, INC No. 32
Box 113 A

Camargo, IL 61919

(217) 8329031

Spray equipment

CONTINENTAL SOFTWARE, INC
No. 33
215 North Main
Jamestown, NY 14701
(716) 483.5225
Computers

ENCAP PRODUCTS CO No. 34
P.O. Box 278

Mt. Prospect, IL 60056

(312) 5936464

Guns, hose

FIBERGLASS UNLIMITED, INC
No. 35
P.O. Box 1297
Watertown, SD 57201
(605) 886-5137
Tanks

FLEXITUBE INTERNATIONAL CORP
No. 36

P.O. Box 292

Willowgrove, PA 19090

(215) 674-8036

Hose

GRAHAM LAWN CARE EQUIPMENT,
INC No. 37
6460 Osceloa Way

Douglasville, GA 30135

(404) 9421617

Trucks & Accessories

GRASS ROOTS No. 38
380 S. Franklin St

Hempstead, NY 11550

(516) 538-6444

Chemicals, Services

IMLER INDUSTTIES. INC No. 39
1117 Broadview Ave

Columbus, OH 43212

(614) 486-9068

Measuring Wheels

M.LS. COMPUTER SERV No. 40
35634 Deguindre

Sterling Heights, M1 48077

(313) 268-1535

Computers

MOBILE AUTOMATION No. 41
1051 Radnor Rd

Wayne, PA 19087

(215) 687-6007

Computers

F.E.MYERS CO No. 42
400 Orange St.

Ashland, OH 44805

(419) 289-1144

Sprayers

OHIO OIL EQUIPMENT CO No. 43
P.O. Box 8396

30 East Fourth Ave.

Columbus, OH 43201

(614) 294-4618

Pumps & Accessories

PROFESSIONAL TURF SPECIALTILS
No. 44

400 Northtown Road

Normal, IL 61761

(309) 454-2469

Trucks & Accessories

PUMPING SYSTEMS, INC No. 45
8909 McGaw Court

Columbia, MD 21045

(301) 596-3700

Sprayers

SAT, INC No. 46
357 Cottage Street

Springfield, MA 01104

(413) 7886191

Microscopes

SIDESWIPE, INC No. 47
P.O. Box 926

Friona, TX 79035

(806) 247-2025

Weed wiper

SMITHCO, INC No. 48
11 West Avenuc

Wayne, PA 19087

(215) 688-4009

Sprayers

TERRACARE PRODUCTS CO. No. 49
P.O. Box 506

Pardeeville, Wi 53954

(608) 429-3402

Aerator

TORCO EQUIPMENT CO No. 50
207 Eiler Ave

Louisville, KY 40214

(502) 366-1415

Trucks

TUFLEX MFG. CO No. 51
P.O. Box 13143, Port Everglades
Fort Lauderdale, FL 33316

(305) 525-8815

Tanks

WATER SUPPLIES, INC No. 52
P.O. Box 557

Ashland, OH 44805

(419) 322-1565

Sprayers & Accessories

WESTHEFFER CO. INC No. 53
P.O. Box 363

Lawrence, KS 66044

(913) 843-1633

Spray Equipment

CHEMICALS

THE ANDERSONS No. 54
P.O.Box 119

Maumec, OH 43537

(419) 893-5050

Fertilizers

BASF WYANDOTTE CORP. No. 55
100 Cherry Hill Rod

Parsippany, NJ 07054

(201) 263-5088

Herbicides

BENHAM CHEMICALS No. 56
3190 Martin Rd

Walled Lake, MI 48088

(313) 624-3200

Chemicals

BULKKEM CORP No. 57
400 Northtown Rd

Normal, IL 61761

(309)454-5825

Chemicals

W. A. CLEARY CHEMICAL CORP
No. 58
P.O. Box 10
Somerset, N) 08873
(201) 247-8000
Chemicals

DIAMOND SHAMROCK CORP. No. 59
1100 Superior Ave

Cleveland, OH 44114

(216) 694-5000

Chemicals

GREAT PLAINS ASSOC. LTD. No. 60
123 Marmont St., P.O. Box 358

Niles, MI 49120

Fertilizers

GREAT SALT LAKE MINERALS &
CHEMICALS No. 61
P'O" Box 1190

OGDEN, UT 84402

Chemicals

HAWKEYE CHEMICAL CO No. 62
P.O. Box 899

Clinton, 1A 52732

(319) 243.5800

Fertilizers

LAKESHORE EQUIPMENT & SUPPLY
co No. 63
300 South Abbe Rd

Elyria, OH 44035

(216) 323.7544

Chemicals

MOBAY CHEMICAL CORP. No. 64
P.O.Box 4913

Kansas City, MO 64120

(816) 2422227

Chemucals

MONSANTO AGRICULTURAL
PRODUCTS CO No. 65
800 N. Lindbergh Bivd

St. Louis, MO 63166

(314) 694-1000

Chemicals

NATIONAL AG PRODUCTS
DEVELOPMENT, INC No. 66
P.O. Box 8611

Grand Rapids, Ml 49508

(616) 455-0450

Liquid Soil Looseners

OLIN CHEMICAL CORP. No. 67
P.O. Box 991

Little Rock, AR 72203

(501) 378-3600

Fungicides

PROFESSIONAL TURF SPECIALTIES
No. 68

400 Northtown Road

Normal, IL 61761

(309) 454-2469

Chemicals

RHONE-POULENC, INC. No. 69
P.O. Box 125

Monmouth Junction, N) 08852

(201) 297-0100

Chemicals

TUCO AGRICULTURAL CHEMICAL
DIV. of THE UPJOHN CO. No.70
7000 Portage Rd

Kalamazoo, M1 49001

(616) 385-6613

Insecticide, Fungicide

VELSICOL CHEMICAL CORP. No.71
341 East Ohio St

Chicago, IL 60611

(312) 670-4500

Chemicals



Power Sprayer Guide

Broyhill’s new Power Sprayer
Guide contains a broad spectrum of in-
formation to help assist the applicator
with the knowledge he needs to spray
effectively and efficiently. Information
on Pumps, Nozzles & Trips, Agitation,

Spray Booms, Operating Spraying Equip-

ment, Sprayer Calibration and much
more are included.

May/June 1982

The price on this guide is $2.00.
Act today, supply is limited. Contact
The Broyhill Company, North Market
Square, Dakota City, Nebraska 68731,
or call (402) 987-3412.

“OFTANOL in Florida

®Oftanol 5% Granular insecticide is
now registered in Florida for the con-
trol of mole cricket. The insecticide
from Mobay Chemical Corporation, can
be used on both commercial and resi-
dential turf, and must be applied by
certified pest control operators or com-
mercial applicators.

Through extensive testing in
Florida, Oftanol has proven to have ef-
fective residual control of mole cricket,
a widespread, economically significant
turf pest. These tests indicate that
Oftanol offers 90 to 100% control in
7 days with residual control for at least
90 days. In addition to mole cricket,
Oftanol the insecticide is also effective
in controlling white grub larvae, bill-
bugs, chinch bugs and sod webworm
larvae.

Oftanol 5% Granular Insecticide is
available in convenient 40 Ib. bags. For
further information, contact Mobay
Chemical Corporation, Box 4913,
Kansas City, MO 64120, or use Reply
Card.
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GREAT PLANS

LIQUID
ASSOCIATES LTD.
P.O. ao?m Niles, M1 49120 - O”EJQUI LAWN FERTILIZER
IS

Next time you feel
like handling bagged fertilizer,
lie down till the feeling

Then call us.

THINK OF ALL THE THINGS YOU CC(
OF VEARM OPEN BAGS. FI
READERS OR TANK TRUCK
UP(‘LN IWVEITISTOK
OOKING GREAT RELAX

LIQUIDS ARE EASY

LIQUISLAWN

LIQUI-LAWN FOOD 14-2.7-2S
(% N IS FORMOLENE - % POTASH SALT FREE)

USE THESE TOLL FREE NUMBERS
DETROIT INDIANAPOLIS ~ OAK BROOK LANSING
9618193 6357791 6552314  482-0694

OR NILES - 616-683-7463

“We Service the Independent Lawn Care Industry.”
We ace Distributors of FOLIAN, FORMOLENE and LIQUI-LAWN FOOD. We know you will enjoy our liquid programs,
Just give us a call!
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American Lawn Applicator

List of Advertisers

The Broyhill Corp. / 31

W. A. Cleary Corp. /19
Diamond Shamrock / 3
Fiberglass Unlimited, Inc. / 31
Great Plains / 30

Green Pro / 31

Great Salt Lake / OBC
Hawkeye Chemical / IBC
Lesco Products / 9

Monsanto / IFC, 1

FIBERGLASS TANKS

Durable, Long Life . . . Designed with YOUR Specific Needs in Mind!

LOW PROFILE AGLIPTICAL TANKS
1000, 1300 and 1600 gallon copocity

LOW PROFILE FLAT BOTTOM TANKS
Durable, Fully Baoffled, 140 1o 2500
goallon capacity

Please send information on: S
[J Low Profile Agliptical Tanks X j
[J Low Profile Flat Bottom Tanks — T,

O Bulk Storage Tanks [0 Ag Stock Tanks %
Name

F. E. Myers / 27
Ohio Oil & Equip. Co. /15

FIBERGLASS BULK -
STORAGE TANKS Address
Above Ground Vertical Instal Ci'y

FIBERGLASS AG STOCK
TANKS

For Every Livestock Need. Round

lation for Every Type of Liquid

Tanks from 420 10 1150 gallon.
Rectongulor Tanks from 120 to

Olin Chemical / 21 o, 2000 101,000 gofion

PLCAA /28

Sideswipe Inc. / 27
Terracare Prod. Co. /9
Tuco Agriculture Chem. / 32
Tuflex Mfg. Co. /15

Phone 420 gallon

FOR FREE LITERATURE:
Fiberglass Unlimited, Inc., P.O. Box 1297, Watertown, SD 57201

(605) 886-5137
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Start Your Qwn

SoiL TesTing SERVICE

% HIGH PROFITS— EASY TO GET STARTED
Takes the guesswork out of Professional
Turf Care Management

14 POINT PROFESSIONAL LABORATORY
ANALYSIS
Recommendations made by certified turf
and soil experts

% MAKES YOU THE PRO
Keeps your custormers loyal

A $23.00 ANALYSIS FOR JUST $10.50

A $50.00 deposit gets you set with all the
materials you need to market and service
your customers and future prospects.

e e

WE DO THE WORK — YOU COME OUT AHEAD!
T A L S R T T ey

GREEN PRO COOPERATIVE SERVICES
380 S. Franklin Street

Hempstead, NY 11550
(516) 483-0100
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12%2 GALLON
ELECTRIC

12 volt Lawn & Garden
sprayer uses tractor or
riding lawn mower bat-
tery as power source.
Provides up to 80" cov-
erage. Includes adjust-

able parking stand, front
mounted pressure valve,
pressure gauge and
spray gun.

3 WHEEL TOW
25 GALLON

Third wheel design al-
lows exceptional maneu-
verability. Includes spray
gun and interchangeable
tips, hose, hose storage
rack, 3 h.p. gas engine,
line strainer, pressure
gauge and relief valve.
Optional boom with 80”
coverage available.

Circle No. 20 on Reader Reply Card




PROXOL KILLS GRUBS
AND SURFACE FEEDERS.
FAST!

There's no need fo wait over a month for

a grub control to work. Economical Proxol
80SP insecficide readily penefrates thatch

to work fast for an effective broad spectrum
kill, including grubs and surface feeding
sod webworms, armyworms,and cutworms.
You apply Proxol with the liquid applica-
tion equipment you already have. So there’s
no need to haul spreaders and bulky pack-

ages on your rig, put up with package break-

age and waste, or carry them in inventory.
Proxol's convenient 2- and 5-Ib. packages
make measurement easy. Eliminates waste.
You can even mix Proxol with other non-
alkaline chemicals.

And you can rest easy with Proxol. Cusfom-
er’s children and pets are not exposed to

Sod Webworm

a granular residue left on the furf. Proxol is
l,qj'f W -, easyonthe environment,t0o. No unpleasant
T Wt ¥ odorto offend customers. No long-term re-

: sidual buildup in the soil.

Proxol kills grubs and surface feeders. Fast!
Over 150 U.S. disfributors and 8 regional
TUCO Distribution Centers assure convenient
product availability. These same sources al-
so have Acti-dione; a TUCO broad spectrum
fungicide, long used by golf course super-
infendents, to stop turf disease problems be-
fore they start.

For more information, call foll-free:
Outside Michigan —800-253-8600
Inside Michigan (collect) —
616-385-6613

Cutworm
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0. What’s green and
keeps customers happy
all summer long?
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A. A fORMOlENE." Lawn.

30-0-2 Low-Burn Liquid Fertilizer Proven Your Safest Source of Nitrogen and Potash.
Formolene is a concentrated N&K product with a high proportion of Methylol Ureas to avoid burning. Slow
8- to 12-week release through the growing season promotes a green lawn that will keep customers happy

with you as a lawn care professional. Tested at leading Turfgrass Research Institutions, it's proven the
safest concentrated source of liquid N&K for low gallonage hot weather application.

Want Water-Insoluble Nitrogen?
Ask for Technical Information Sheet V, which describes a simple tank mix method for converting 25% of
Formolene fertilizer’s N into W.I.N. (Patent applied for.)

Call or Visit These Authorized Dealers and Keep Those Lawns Happy:

AGRICHEMICALS INC LARRY FRICKER COMPANY INC MOYER AND SON INCORPORATED THE OLD MILL GRAIN & FEED CO
Bishop, GA Tustin, CA 96280 Souderton, PA 18964 Harrisonville, MO 64701

(404) 769-6475 (714) 544-2608 (215) 723-6001 (816) 331-1121

ALPINE PLANT FOODS LTD. GREAT PLAINS ASSOCIATES LTD NICE ‘N GREEN PLANT FOODS INC TURF SPECIALISTS CORP,
New Hamburg, Ontario NOB2GO Niles, MI 49120 Lisle, IL 60532 Holbrook, L.I. New York 11741
Canada (616) 683-7463 (312) 963-3328 (516) 981-1118

(519) 662-2352 GROWER'S AG SERVICE OLD FOX CHEMICAL COMPANY TURFTEK

DOUGLASS FERTILIZER AND Kearney, NE 68847 Enfield, CT 06082 Chesapeake, VA 23320
CHEMICAL COMPANY (308) 234-2124 (203) 749-8339 (804) 547-7111

Sanford, FL 32771 HOWE INC PRESTON AGRICULTURAL SERVICE VOGEL SEED AND FERTILIZER
(305) 629-0172 Shakopee, MN 55379 Sodus, NY 14551 Jackson, WI 53037

L;(;‘; ‘;g‘gmé 33852 (612) 445-6570 (315) 483-9748 (414) 677-2273

(305) MORRAL CHEMICAL COMPANY SAALE BROTHERS FARM & GRAINCO.  WESTERN FARM SERVICE INC
ELDON STUTSMAN, INC Morral, OH 43337 West Alton, MO 63386 Alpaugh, CA 93201

Hills, IA 52235 (614) 465-3251 (314) 899-0933 (209) 949-8476

(319) 679-2281

T ;
ELWOOD AVIATION INC. WOLFKILL FEED & FERTILIZER CO

Monroe, WA 98272

Eiwood, IL 60421 s
(815) 423-5808 (206) 794-7065
FLO-LIZER INC. &

Kingston, OH 45644

(614) 643-3001

HAWKEYE 3 CHEMICAL COMPANY

Clinton, lowa 52732 «+ (319) 243-5800
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One of the reasons to use GSL Sulfate of Potash

Sulfate of Potash contains 18% Sulfur in the sulfate The safest and most effective

form, which is the form preferred by lawns and eh man

gardens. Sulfate of Potash gives better disease pOtaSh money can buy!

resistance to Fusarium Patch, Ophiobolus Patch, Dollar Avoid lawn bumn.

Spot Fungus and Powdery Mildew. It is also effective in Sulfate of Potash is nearly chloride free and has a

Suppressing Poa Annua. salt index of 0.85 vs 1.94 for muriate of potash. Other
Use of Sulfate of Potash also results in better sources of sulfur, such as ammonium sulfate, have salt

rooting, drought resistance, heat and cold tolerance indexes higher than 3.25. There is far less chance of

and better wear resistance. And, its excellent burning lawns and gardens if it is mistakenly over

potassium/sulfur ratio increases grass response to applied, spread unevenly or unexpected weather

nitrogen, phosphate and other nutrients. conditions favor damage.

Build your business and add to your profits by keeping your customers satisfied.

Use GSL Sulfate of Potash in any of several grades products. Call or write for complete agronomic
for solutions, granulated, blended or suspension information.

Great Salt Lake Minerals & Chemicals Corp.

P.0. Box 1190 » Ogden, Utah 84402 * (800) 453-4515

Western Office: P.O. Box 14761, Spokane, WA © (509) 928-2747
Northeast Office: 880 Rosedale Ave., Marion, OH 43302 e (614) 382-5304
Southeast Office: P.O. Box 1102, Smyrna, GA 30081 e (404) 977-2322
Midwest Office: 308 Hemlock, Hutchinson, KA 67501 # (316) 663-6672

A subsidiary of Gulf Resources & Chemical Corporation ¢ Houston

Circle No. 23 on Reader Reply Card




