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Roundup makes him 
a one man army to fight weeds. 

One man with Roundup in a backpack 
sprayer can handle many weed control jobs that 
once took several people. 

General weed control. Edging. Trimming. 
Small renovation jobs. Roundup® herbicide helps 
make all of these a one man job. 

Sprayed on the foliage of tough, actively 
growing weeds, Roundup goes right down to the 
roots, controlling the entire plant. Treated weeds 
won't grow back. So there is less need for repeat 
treatments, mowing and hand weeding. 

One man can do the work of several, and 
in less time. This can mean a savings for you in 
time, labor and maintenance costs. 

Reach for Roundup today, and put your 
own one man army to work. 

Monsanto 

Nothing works 
like Roundup. 
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1-800-621-5800 
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Nematodes 
by Dr. Don Blasingame, Mississippi State University 

Although nematology is a fairly 
new field, it has seen rapid devel-
opment in the past ten years. 

Nematodes, small eel worms, belong to 
a group of micro-organisms which scien-
tists call obligate plant parasites. This 
term simply means that the organism 
lives and obtains its food only from liv-
ing plants. This fact is both good and 
bad. On the good side it means that 
the nematodes very rarely kill the plants 
that they are feeding on. On the other 
hand, nematodes feed on the roots of 
the grass and take the nutrients that 
would normally be utilized by the grass. 
Also, this feeding activity destroys a 
portion of the root system and make 
them much more susceptible to other 

disease organisms. In many cases in-
creased fertilization and water will 
offset some of the symptoms of a light 
infestation of nematodes. However, 
this is usually a simple postponement 
of the problem and eventually a point 
is reached where no amount of water or 
fertilizer will substitute for the lack of 
a root system and therefore, other steps 
must be taken to remedy the problem. 
Normally the conditions that are favor-
able for turf development are also favor-
able for nematode development. This is 
particularly true in areas where highly 
maintained turf has a long growing 
season. 

We mentioned earlier that the 
nematodes do not kill the turf— well 
then, what are the symptoms of a heavy 

Don Blasingame is an Extension 
Plant Pathologist at Mississippi State 
University. He received his B.S. from 
Delta State University, M. S. from Mis-
sissippi State University and Ph.D. 
from Texas A & M University. He is 
presently working with fungicides on 
ornamentals and turf. This includes 
laboratory, greenhouse and field work 
on unregistered\ as well as registered, 
compounds, data on phytotoxicity, 
residue, rates, formulations, com-
patibility and effectiveness. è 

Figure J: Nematodes are so small they can not be seen without the 
aid of a microscope. 
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nematode infestation? The answer to 
this is that nematodes will cause almost 
any sort of symptom that can be caused 
by an inadequate root system. General-
ly a yellowing or off-color of the foliage 
is the first symptom. This is followed 
by a general stunting and thinning out 
of the grass. Also, the turf frequently 
will wilt during the hot periods of the 
day and will respond little to fertilizer 
or water. The only positive way to 

Usually several different 
Figure 2: Nematodes feed on plants by injecting a needle-like stylet - - , 

into the feeder roots. types of plant parasitic 
nematodes may be 
present 

diagnose a nematode problem is to 
assay the soil around the root system 
of a plant for the presence of nematodes. 
Laboratory techniques and assay pro-
cedures have been developed over the 
years to accurately detect not only the 
number of nematodes present but also 
the types of nematodes that are causing 
the problems. There are a large number 
of different nematodes that damage 
turfgrasses. Of course, some are more 
damaging than others and at different 
population levels. Usually in a random 
soil sample from a golf course or home 
lawn, several different types of plant 
parasitic nematodes may be present. 
For example, the single most damaging 
type of nematode found on bermuda 
grass is a nematode known as the sting 
nematode (Belonolaimus). This very 

Figure 3: Nematodes damage plants by reducing the amount of root 
system available for food and water uptake. 

2 0 0 0 RING 0 0 0 RING CONTROL 
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Nematodes 

large nematode causes a great deal of 
mechanical damage to the root system 
making it more susceptible to other 
types of problems. The lance nematode 
(Hoplolaimus) is also very potent in 
its damage of turfgrass. The root-knot 
nematode (Me/oidogyne) causes con-
siderable damage to turfgrass. This 
nematode is probably best known on 
field crops, vegetables and on orna-
mentals. It causes galls and swelling of 
the root system making it very easy to 
recognize. The lesion nematode and 
stubby root nematodes are also found 
frequently parasitizing grasses. Ring 

Mixed combinations of 
nematodes compound 
the problem 

nematodes have been found in well over 
50 percent of the turf samples from 
the southeast assayed by our labortory. 
Other nematodes that are found in as-
sociation with the unhealthy turf 
samples include stunt, dagger, and spiral 

nematodes. All of these are forms of 
parasitic nematodes that feed on turf-
grass and probably cause some type of 
damage to the turf. However, they are 
not as economically damaging as are 
the first five mentioned. Nematodes 
very seldom occur in an area as a 
single species but rather appear as mix-
ed population. Mixed populations 
normally compound the problem since 
each type contributes its share toward 
weakening the plant. Some guidelines 
can be set as to the amount of individual 
damage by nematode species, however, 
it is difficult to say how much damage 

Figure 4: In the lawn nematode damage appears as thin yellow areas. 
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occurs in these populations. This then 
becomes a matter of judgment 

What can be done to combat the 
high nematode population in turf? 
There are several things we can do, first 
of all, grass should not be planted in 
areas where high nematode populations 
are already present. In other words, 
if high nematode populations are pre-
sent in an area where you plan to plant 
grass, then they must be eradicated 
prior to seeding or sodding. This can 
be done by application of a soil fumi-
gant or a nematicide. Also, turfgrass 
management personnel should insist 
upon nematode free planting material. 

Nematode populations 
must be eradicated 
prior to seeding or 
sodding 

As with any other type disease, preven-
tion is much better than cure. However, 
there are measures that can be taken 
if nematodes are present in established 
turf. This involves the application of a 

nematicide. A number of nematicides 
once used in turf are no longer available. 
All remaining nematicides have been 
placed on the "restricted pesticide" list 
and must be applied by a licensed ap-
plicator. These materials may be ap-
plied in a liquid or granular form. These 
chemicals are normally applied either in 
late spring or early fall. Be sure to have 
soil analyzed for nematodes and get 
professional help before using a soil 
sterilant or nematicide. 

xxx 

4P 

Figure 5: Nematodes can be a severe problem for the golf course 
superintendent. 
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Nitrogen Fertilizers 
by Dr. 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 Caiif. 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. 

Turfgrass growth is dependent 
on maintaining an adequate 
supply of all essential plant nu-

trients as well as properly maintaining a 
multiplicity of other cultural and eda-
phic factors. There are at least sixteen 
elements considered essential for plant 
growth and development Elements used 
by plants in relatively large quantities 
(percentage levels in the plant on a dry 
weight basis) are commonly referred to 
as macronutrients. Nitrogen, phosphor-
us, and potassium fall into the macronu-
trient category. Those elements required 
by the plant in relatively small quanti-
ties (ppm levels on a dry weight basis) 

are referred to as micronutrients. Iron, 
manganese and zinc are included in this 
category. Nitrogen is the essential 
element that receives the most attention 
in turfgrass fertilization programs. There 
are several reasons for its key position in 
fertility programs. First, the nitrogen 
content of turfgrass tissue is usually 
higher than any other element supplied 
by the soil. Generally, the nitrogen 
concentration in turfgrass tissue ranges 
from three to six percent on a dry 
weight basis. Second, nitrogen is fre-
quently referred to as the "TNT" of 
turfgrass fertilization programs. Turf-
grass growth usually increases with 

increasing application rates of nitrogen 
fertilizer. Overappl¡cation or misman-
agement of nitrogen can result in many 
detrimental effects. Thus, proper fertil-
izer selection, seasonal timing, and 
application rate are all important in 
successful long-term programs. Third, 
nitrogen is a very dynamic element in 
the soil system. The concentration of 
soil nitrogen is in a constant state of 
change. Nitrogen depletion in soils may 
result from leaching, clipping removal, 
volatilization, denitrification, immobi-
lization, or nitrogen fixation in the 
lattice structure of certain clays. Thus, 
nitrogen must be added to turfgrass sites 
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Figure 1: The chemical structures of urea, menthylol urea, 
and methylene urea polymers. The longer the 
methylene urea polymer the slower is the nitrogen 
release rate. 
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Table 1. Several Characteristics of Quickly-Available Nitrogen Sources. 

ADVANTAGES 

Rapid initial plant response 
Ease of application in liquid delivery systems 
Minimum temperature dependence for nitrogen availa-
bility to the plant 
Low cost per unit of nitrogen 

DISADVANTAGES 

High foliar burn potential 
Potential for undesirable growth surges at anything 
above moderate rates 

* Short residual plant response 
Greater nitrogen loss potential due to leaching, 
volatility, and surface run-off 
Lower and more frequent applications relative to 
slowly-available sources 

* 

Table 2. Commonly Used Quickly-Available Nitrogen Sources* 

FERTIL IZER ANALYSIS 

Urea 46-0-0 
Ammonium Nitrate 33.5-0-0 
Ammonium Sulfate 21-0-0 
Potassium Nitrate 13-0-46 
Diammonium Phosphate 18-46-0 
Ammonium Polyphosphate 10-34-0 

(liquid form) 

*The quickly-available nitrogen sources are readily available 
under numerous turf and agricultural names. 

on a routine basis in order to maintain a 
sufficient soil level for turfgrass growth. 

Generally, nitrogen additions to the 
turfgrass system from clipping return, 
decomposition of organic matter, top-
dressing, nitrogen fixation, and rain-
fall are not sufficient to supply the 
needs of high quality turf. The main 
source of nitrogen is added by the ap-
plication of nitrogenous fertilizers. Turf-
grass managers have many alternatives 
when it comes to choosing a source of 
nitrogen for turfgrass fertilization. Ni-
trogen sources can be divided into two 
general groups: (1) quickly-available and 
(2) slowly-available. The choice of a 
nitrogen source is not simply limited 
to the above categories. Various com-
binations are available in many mixed 
fertilizers which may vary widely in the 

source and amount of quickly- and 
slowly-available nitrogen. 

QUICKLY-AVAILABLE NITROGEN 
SOURCES 

The major characteristics of quick-
ly-available nitrogen sources are sum-
marized in Table 1. Quickly-available 
nitrogen sources are also commonly re-
ferred to as quick-release, fast-acting, 
readily-available, water-soluble and 
other terminology that denotes rapid or 
quick availability of nitrogen to the 
turfgrass plant after fertilizer applica-
tion. Examples of several quickly-
available nitrogen sources are listed in 
Table 2. A major agronomic advantage 
to the quickly-available sources is a 
rapid initial plant response (i.e. color 

and growth) following fertilizer ap-
plication. Their rapid availability does, 
however, cause an undesirable flush or 
surge of topgrowth when applied at 
anything greater than moderate rates 
and a short residual response. In Ohio 
studies, Urea has provided a residual 
response of 7-8 weeks on fine-textured 
soil and during normal rainfall periods. 
This past Spring urea residual lasted 
only 5-6 weeks due to the large amount 
of rain (Table 5). Thus, these sources 
are applied more frequently and at low-
er rates than slowly-available sources to 

Rapid initial plant re-
sponse to quickly-
available sources 

minimize over stimulation of growth 
and in combination with slowly-availa-
ble sources to lengthen the residual 
response. 

Quickly-available nitrogen sources 
have a high potential for foliar burn. 
They have salt-like characteristics dis-
solving readily in water to form cations 
(positive ions) and anions (negative 
ions). For example, ammonium nitrate 
(NH4N03 ) dissolves or dissociates read-
ily into the cation ammonium (NH4+) 
and anion nitrate (NO^"). The more 
free cations and anions in soil solution 
or on the plant surface the greater is 
the potential for fertilizer burn. The 
salt index value is used to differentiate 
the relative burn potential among vari-
ous fertilizers. The higher the salt index 
value, the greater the tendency for ferti-
lizer burn (Table 3). The relative burn 
potential of various commercially a-
vailable nitrogen sources in Ohio studies 
is provided in Table 4. Many factors are 
considered to influence fertilizer burn. 
Lower soil moisture and higher tempera-
ture increase the potential for fertilizer 
burn. This necessitates a reduction in 
the nitrogen application rate for quick-
ly-available sources during the warmer 
periods of the growing season. 
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Table 3. Salt Indexes of Various Nitrogen Fertilizer Sources* Table 4. Foliar burn rating for various nitrogen fertilizers on 
Kentucky bluegrass 

FERTIL IZER SALT INDEX VALUE 
BURN RATING1 FERTIL IZER BURN RATING1 

Urea 75 
Ammonium Nitrate 105 Urea, liquid 5.5 
Sodium Nitrate 100 Folian 5.4 
Potassium Nitrate 74 UF & Urea 4.3 
Ammonium Sulfate 69 Formolene 1.5 
Nitroform 10 UF 1.0 
IBDU 5 Fluf 1.0 
Methylene Urea 4 Urea, granular 1.0 

•Concentration of ions in soil solution based on nitrate at 1. Burn ratings were made on a scale of 1 through 9 with one 
100°. representing no burn and nine representing severe burn. 

2. Fertilizer was applied at one pound of actual nitrogen per 
1,000 square feet in July. The midday temperature was 
approximately 88-90°F. 

SLOWLY-AVAILABLE NITROGEN 
SOURCES 

The major characteristics of slowly-
available nitrogen sources are summar-
ized in Table 6. These nitrogen sources 
are also commonly referred to as con-
trol led-release, slow-release, slow-acting, 
water-insoluble, and other terminology 
that denotes gradual release or avail-
ability of nitrogen to the turfgrass 
plant after fertilizer application. The 
gradual release characteristic provides 
for a more uniform turf growth response 
and a longer period of nitrogen release 
as compared to quickly-available sources. 
Safety is another major agronomic ad-
vantage due to their low foliar burn 
potential (Table 3). The potential for 
producing turf injury from overappli-
cation or overlapping is minimized due 
to the slow rate of nitrogen release. 
This is a very desirable characteristic 
especially during warm weather. These 
latter characteristics also enable these 
sources to be applied at higher nitrogen 
rates and less frequently than quickly-
available sources. Some sources do 
provide a slow initial plant response, 
especially at low rates, and some are 
dependent on warm soil temperatures 
for maximum nitrogen release. The 
cool-weather response is minimal from 

many of these sources. Many commer-
cial fertilizer formulations will include 
a certain percentage of quickly-available 
nitrogen to compensate for these dis-
advantages. 

Slowly-available nitrogen sources 
can be classified according to the mech-
anism controlling the release of nitrogen. 
The three major groups and fertilizer 
sources included in each are: 

Group I. Organic (carbon) compounds 
dependent on microbial decomposi-
tion for nitrogen release. 
1. Nitroform (UF) 
2. Methylene ureas 
3. Methylol ureas 
4. Natural organics 

Group II. Organic compounds of low 
water solubility that release nitro-
gen by slow dissolution of the 
fertilizer particle. 
1. IBDU 

Group III. Soluble sources that are 
coated forming physical barrier 
or shell that delays dissolution or 
release of nitrogen. 
1. Sulfer-coated urea 

UREAFORM (UF)-TYPE 
FERTIL IZERS 

UF-type fertilizers are formed by 
reacting urea with formaldehyde under 
specific reaction conditions. In the 
reaction process, urea initially reacts 
with formaldehyde to form an organic 
(carbon) compound called mono-
methylol urea (Figure 1). Mono-
methylol urea is the primary organic 
compound in Formolene (Flawkeye 
Chem. Co.). This compound further 
reacts with urea to produce methylene 
ureas (Figure 1) that vary in chain 
length from short chain water-soluble 
molecules to the long chain highly water-
insoluble molecules. The longer the 
methylene urea chain length, the less 
soluble the nitrogen product Some 
free or unreacted urea also remains 
as a part of the final product. Thus, the 
UF-type fertilizers do not consist of a 
single compound, but they are composed 
of a mixture of various chain length 
methylene ureas and free urea. The 
relative percentage of the latter com-
ponents in the final product will depend 
on reaction conditions such as tempera-
ture, phi, reaction time, and the ratio of 
reaction components (i.e. urea to form-
aldelhyde). Nitroform, Scott's ProTurf 
methylene urea, and Fluf are UF-types 
that fit into this catagory. The relative 
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Table 5. Kentucky bluegrass quality ratings as affected by nitrogen fertilizers during the 1981 Spring Season. 

Fertilizer ̂  Quality rating^ 

5/7 5/17 5/26 6/5 6/15 6/28 7/8 7/16 

Urea, liquid 7.0 7.0 7.0 7.0 7.0 6.0 5.7 5.1 

Urea, granular 7.0 7.0 7.0 7.2 7.0 6.7 5.8 5.3 

Nitroform (UF) 
Powder Blue 

4.7 5.0 5.3 6.0 6.0 6.5 6.0 5.5 

Formolene 6.0 6.3 7.0 7.0 7.0 6.0 6.0 5.5 

Fluf 6.0 6.0 6.2 7.2 7.0 6.3 6.2 5.7 

Folian 7.0 7.0 7.0 7.2 7.0 6.0 5.8 5.3 

SCU 
Canadian Indus., Ltd. 

5.0 7.0 7.0 7.5 7.5 7.5 7.0 6.5 

SCU 
Lakeshore 

5.0 7.0 7.0 7.5 7.5 7.5 7.0 6.5 

Scotts 
Methylene Urea 

6.3 7.0 7.0 7.0 7.0 7.0 6.8 6.3 

IBDU 4.0 6.0 6.7 7.5 7.8 7.3 7.0 6.5 

. Nitrogen sources were applied on April 30 at 1 pound of nitrogen per 1,000 ft^. 
!. Quality ratings are based on a scale of 1 through 9 with 9 representing best and 1 representing poorest. 

percentages of free urea and short and 
long chain methylene ureas give each 
product its own unique fertilizer char-
acteristics. (Table 7) 

The nitrogen release or availability 
characteristics of the UF-types are clas-
sified by the solubility of the products 
in water. Two water temperatures are 
used: (1) room temperature- cold 
water (22°C) and (2) boiling water-
hot water (100°C). Three water solu-
able fractions are designed from this 
test: 

Fraction I. Cold water soluble nitrogen 
(CWSN) 
* consists of free urea and short 

chain methylene urea polymers 
* methylene diurea and dimethy-

lene triurea 
* nitrogen release is rapid and 

similar to quickly-available 
sources 

Fraction II. Cold water insoluble nitro-
gen (CWIN) 
* consists of slowly-available 

nitrogen and intermediate 
length methylene urea poly-
mers 

* trimethylene tetraurea and 
tetramethylene pentaurea 

* nitrogen release is slow and 
over a period of several weeks 

Fraction III. Hot water insoluble nitro-
gen (HWIN) 
* consists of slowly-available 

nitrogen and long chain methy-
lene urea polymers 

* pentamethylene hexaurea and 
longer chain polymers 

* nitrogen release is very slow 
and over a period of several 
years 

The amount of water-insoluble 
nitrogen (WIN) that makes up a ferti-
lizer product is designated on the ferti-
lizer label. The WIN value indicates 
the percentage of Fraction II (CWIN) 
plus Fraction III (HWIN) in the ferti-
lizer. The WIN value however, does not 
define the relative percentage of these 
two fractions. Thus, two fertilizers with 
identical WIN values could produce 
significantly different agronomic 
responses. 

The activity index (Al) value pro-
vides a more specific indication of the 
relative amount of CWIN and HWIN. 
Al is represented by the equation: 

Al = % CWIN-% HWIN 
% CWIN 

The higher the Al value, the lower the 
amount of HWIN in the product Nitro-
gen release will be more rapid from pro-
ducts having a lower HWIN content. 
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Table 6. Several Characteristics of Slowly-Available Nitrogen 
Sources 

ADVANTAGES 

* Low burn potential due to low salt index values 
* More uniform growth response 
* Longer residual plant response 
* Higher application rates allowing for less frequent applications 

and reduced labor costs 
* Less potential for nitrogen loss compared to quickly-available 

nitrogen sources 

DISADVANTAGES 

* High cost per unit of nitrogen 
* Slow initial plant response with some sources 
* Nitrogen carryover into the following growing season 
* Some sources not adaptable to liquid application systems 

UF-type fertilizers should have an Al 
value of 40 or greater for satisfactory 
agronomic performance. In other words, 
40% of the WIN must be soluble in hot 
water. 

Nitroform has a 38-0-0 analysis 
and approximately 70% of the nitrogen 
is WIN. It consists of equal fractions of 
CWSN, CWIN, and HWIN. In soil incu-
bation studies, 4% of Fraction I, 25% 
of Fraction II, and 84% of Fraction III 
remained in the soil and after 26 weeks 
(4). The low efficiency or recovery of 
Nitroform nitrogen during the initial 
years of use is attributed to the slow 
mineralization or breakdown of Frac-
tion's II and III. It was predicted that 
mineralization proceeds at about 15% 
per week in the first two weeks and 
drops to about 1.5% per week in the 
fourth to sixth month for Fraction II 
and at a rate of about 10% per year for 
Fraction III. Low recovery from 
Fraction's II and III make it necessary to 

use higher nitrogen rates or supplement 
Nitroform with soluble sources during 
the initial years of use. Nitroform is 
available in granular (Blue Chip) and 
powder (Powder Blue) forms. The 
Powder Blue form is adaptable to 
liquid applications systems. 

Scott's ProTurf methylene urea has 
a 41-0-0 analysis and approximately 
36% of the nitrogen is WIN. Approxi-
mately 55% of the CWSN fraction con-
sists of short chain methylene ureas. 
Only about 40% of the WIN is HWIN. 
The high percentage of CWSN provides 
for a rapid initial plant response but 
still good safety characteristics and re-
sidual due to the varying degrees of sol-
ubility of the methylene urea polymers. 

Fluf has an 18-0-0 analysis and ap-
proximately 20% of the nitrogen is WIN. 
It is described as a UF-type liquid sus-
pension. Free urea and methylene ureas 
constitute the CWSN fraction. In Ohio 

tests, burn potential has been low and 
initial response has been slightly slower 
than quickly-available sources (Table 
5). 

Formolene has a 30-0-2 analysis 
and is described as a true solution 
(clear liquid) with zero WIN. Short 
chain methylol urea constitue the 
major organic portion of the product. 
It has ranked low in burn potential in 
Ohio tests and the initial plant response 
has been comparable to quickly-available 
sources. (Tables 4 & 5) A comparison 
of Kentucky bluegrass quality among 
several nitrogen sources from Ohio 
studies is provided in Table 5. 

SULFUR COATED UREA 

Sulfur-coated urea (SCU) is formed 
in a continuous-flow process by spray-
ing preheated urea pellets with molten 
sulfur. A sealant coat of polyethylene 
oil or microcrystalline wax is then ap-
plied. Finally, a conditioner, consisting 
of diatomaceous earth or vermiculite, 
is added to reduce the stickiness of the 
sealant. Pinholes and cracks do develop 
in the sulfur coating of certain particles 
as they cool. The purpose of the sealant 
is to plug these defects, strengthen the 
sulfur shell, and decrease the initial 
rate of urea release. Nitrogen content 
of commercially-available products is in 
the range of 32 to 37%. These products 
usually contain a nitrogen:sulfur ratio 
of approximately 2:1. In Ohio tests, 
initial turf response has been slower 
than quickly-available sources but re-
sidual response has been excellent 
(Table 5). 

Release of urea from SCU granules 
occurs through defects in the coating 
such as pinholes and cracks and through 
openings as the sealant and sulfur coat 
deteriorate. A certain percentage of 
granules contains major defects (i.e. 
pinholes and cracks) which are not 
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covered by sealant coating. The gran-
ules empty rapidly when placed in water. 
This nitrogen fraction acts as quickly-
available or water-soluble nitrogen. The 
7-day dissolution rate in water is com-
monly used to characterize the initial 
release rate (quickly-available fraction) 
of different SCU formulations. Under 
laboratory conditions, 50 grams of SCU 
is immersed in 250 ml of water at 38°C 
and the amount of urea which enters 
the solution after 7 days is measured. 
This amount, expressed as a percentage 
of the total urea content, characterizes 
each SCU product. For example, SCU-
30 is a product from which 30% of the 
urea is released under the 7-day dis-
solution test. A 7-day dissolution rate 
of 20-30% has proven to be acceptable 
for initial turf response when applied 
at rates of greater than 1 pound of 
nitrogen per 1,000 square feet. 

Three general solubility classes of 
SCU are described within a produce 
(2): 

CLASS I. Granules with holes or cracks 
through the coating. 

CLASS II. Granules with holes or 
cracks in the coating which are 
plugged with sealant. 

CLASS III. Granules which have no 
holes through the sulfur coating. 

Class I granules act like quickly-
available nitrogen and release urea as 
soon as they contact moisture. Class II 
granules begin to release nitrogen as 
soon as the sealant is broken down or 
removed. Class III granules begin to re-
lease nitrogen as soon as the sulfur 

I coating is penetrated. Temperature, 
soil moisture, and microbial activity 

f are all considered to play a role in the 
release of nitrogen from Class II and 
III granules. 

The release of nitrogen from in-
dividual granules of SCU is described 
as "catastrophic release". Release of 
urea from granules is rapid once water 
gains access into the sulfur shell. Thus, 
slow availability of nitrogen from SCU 
results from many granules that release 
nitrogen at different times. Nitrogen 
is not released from all granules uni-
formly. 

Temperature, soil mois-
ture, and microbal 
activity affects release 
of nitrogen 

The UF-type fertilizers are de-
pendent on microbial activity for release 
of nitrogen from the organic structure. 
The breakdown of the organic com-
pound and the subsequent release of 
nitrogen as ammonium (NH4+) is 
termed mineralization. The process is 
favored by adequate supplies of oxygen 
and water, soil pH near neutral, and 
warm soil temperatures. Microbial 
activity occurs slowly at soil tempera-
tures below 50-55°F and increases with 
soil temperature up to an optimum 
range at or near 100°F. Thus, the 
UF-type fertilizers, like Nitroform, that 
contain appreciable quantities of WIN 
will not perform well during the cooler 
periods of the season when soil 
temperatures are low. Quickly-available 
sources are usually applied alone or in 
combination with these UF-types during 
cool periods. 

NATURAL ORGANICS 

The nitrogen in natural organic 
sources is contained in complex organic 
(carbon) compounds that are not 
readily soluble in water. The materials 
are predominantly by-products of the 
plant and animal processing industry 
or waste products. Dried manures, seed 
meals, process tankage, bone meal, and 
cocoa shell meal are examples of natural 
organics, but these materials have only 
received very limited use for turf ferti-
lization. The natural organic source 
used most readily for turf fertilization 
today is activated sewage sludge. It is 
sold under the tradename of Milor-
ganite. It is made from sewage freed 
from grit and coarse solids by aerating 
in tanks with microorganisms. The 
resultant organic matter is then filtered, 
dried, ground and screened. The 
material is steam sterilized to kill weed 
seeds and harmful organisms. In addi-
tion to nitrogen, Milorganite also con-
tains significant amounts of phosphorus, 
potassium and many micronutrients. 
The commercially available product 
has an approximate 6-2-0 analysis and 
a WIN value of 5.5. Nitrogen release 
from natural organics is dependent on 
microbial activity for breakdown of the 
complex organic compounds. Initial 
plant response and residual response is 
considered intermediate between 
quickly-available nitrogen sources and 
Nitroform. 

IBDU 

IBDU (isobutyledene diurea) is 
formed by reacting isobutyraldehyde 
and urea in acid solution. The resulting 
product contains 31% nitrogen and 90% 
is water insoluble (WIN). The WIN por-
tion of IBDU has a uniform composi-
tion, whereas, UF-type fertilizers consist 
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Nitrogen Fertilizers 

Table 7. Approximate amounts of various nitrogen fractions for several nitrogen fertilizers. (2) 

PRODUCT 
Soluble 

TOTAL N UREA Methylene WIN 
Ureas 

HWIN Al 

• of the total N 

Urea 

Formolene 

Methylene 
Urea 

Fluf 

Nitroform 
(UF) 

46 

30 

41 

18 

38 

100 

45-50 

35 

28 

11 

50-60 

30 

52-54 

17 

36 

18-20 

72 

13 

6 

40 

60 

65-75 

40 

of various chain length methylene ureas 
and free urea. The finished reaction 
product is screened into two sizes, 0.5-
1.0 mm fine and 0.7-2.5 mm coarse. 

IBDU has a low solubility in water. 
The conversion of IBDU to plant-avail-
able nitrogen is dependent on dissolu-
tion of IBDU molecules from the 
granule. This is considered the rate-
limiting step in breakdown of IBDU. 
Following dissolution from the parti-
cle, the IBDU molecule is hydrolyzed 
(split) to urea and aldehyde. Urea is 
then converted to ammonium (NH4+) 
by enzymatic hydrolysis. 

The nitrogen-release rate is predom-
inantly affected by soil moisture and 
particle size. Higher soil moisture and 
smaller particle size result in a more 
rapid release rate. Nitrogen release from 
IBDU is somewhat depressed at alkaline 
pH values, especially those near pH 8. 
Nitrogen release is independent of 
microbial activity. Thus, IBDU will 
release nitrogen much more readily than 
Nitroform and natural organics during 
cool weather. Nitrogen release is in-
creased to some degree by higher soil 
temperatures. 

Fall-applied IBDU provides an 
excellent turf quality response during 
the late fall and early spring. It has 
proven to be an excellent nitrogen 

source for use in late-season fertilization 
programs. Initial turf response from 
IBDU applications is usually slow due 
to low solubility and too high WIN 
content. Once a threshold concentra-
tion of soil nitrogen is reached, turf 
response is usually excellent. Commer-
cial formulations are available (e.g. Par 
Ex 24-4-12) that provide a certain 

IBDU is an excellent 
nitrogen source for 
late-season fertilization 

percentage of free urea to enhance 
early turf green-up. With liquid appli-
cations, initial turf response and 
pumping. The addition of V2 pound 
of nitrogen per 1,000 square feet as 
IBDU was found to be a lower limit 
for extending the residual response of 
quickly-available sources in liquid pro-
grams (5). Two applications (spring 
and fall) of granular IBDU have given 
good results on both bentgrass and 
Kentucky bluegrass during the growing 
season at nitrogen rates of 2-3 pounds 
per 1,000 square feet (7). 

"Controlled-release soluble urea ni-
trogen" (CRSUN) is a term used on 
certain SCU fertilizer labels. The 
CRSUN value simply refers to the total 
percentage of nitrogen as SCU in the 
product. Another term "controlled-
release nitrogen" (CRN) refers to the 
amount or percentage of Class II and III 
nitrogen in the product. The CRN value 
excludes the Class I or water-soluble 
(7-day dissolution) nitrogen fraction. 

Nitrogen fertilizers available for 
turfgrass fertilization vary considerably 
in their chemical and physical pro-
perties. Fertilizer use should be based 
on the properties of the nitrogen source 
and on factors that affect release and 
availability of nitrogen from the source. 
Quickly-available nitrogen sources re-
lease nitrogen rapidly to the plant and 
best agronomic responses occur at low 
to moderate nitrogen application rates. 
Many of the slowly-available nitrogen 
sources that have a high WIN content, 
like Nitroform, can be applied at 
higher rates and less frequently than 
quickly-available sources. In fact, ni-
trogen sources that have a high WIN 
content usually provide best overall 
turf quality at higher rates per applica-
tion than are traditionally used for 
quickly-available sources. Generally, at 
lease two applications per year are con-
sidered necessary for maintaining an ac-
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ceptable level of turf quality. Many 
commercial formulations consist of 
both quickly-available and slowly-avail-
able sources. These fertilizer products 
attempt to include the advantages of 
both types. It is important to under-
stand the differences in nitrogen sources 
and fertilizer products before making 
decisions on product, application 
timing, and application rates. 
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Introducing Pel-Tecli: 
Little benefin pellets that 
solve big turf problems. 

The Andersons, the 
professional's partner, 
has done it again. 
After rigorous, on-the-job 
liquid spray testing, we 
proudly introduce Pel-Tech . . . 
the state-of-the art in pellet-
ized benefin, an industry 
acclaimed top choice for 
effective pre-emergence 
crabgrass control. 

We're gonna stir up 
some excitement. 
Major lawn service 
companies that assisted us 
in proving Pel-Tech's high 
efficiencies and outstanding 
economies are already 
applying it confidently. And 
they're coming back for 

more. Cost savings are 
ranging from 20 to as high 
as 40 percent against leading 
competitive products. 
Exciting? You bet! 

Here's some more 
good news: 
• Pel-Tech disperses quickly 

with minimum mechanical 
agitation. 

• It's compatible with most 
commonly used fertilizers 
and pesticides. 

• Won't stick to plant foliage. 
• It's EPA approved. 
• Pel-Tech is conveniently 

packaged. 
• Urea carrier delivers 35 

percent nitrogen. 

The Big Difference. 
The big difference that sets 
Pel-Tech way out in front of 
the competition is the result 
of our unique pellet forming 
process. Developed in The 
Andersons' research labora 
tory, the technique has 
enabled us to combine a 
nutritional urea carrier with 
a performance proven bene-
fin compound. 
What this means for you is 
that, with Pel-Tech, you're 
getting a stable herbicide 
product that's nearly 100 
percent composed of active 
ingredients . . . throughout 
each pellet! Not just an out 
side coating. 
Call us toll-free or write for 

the name of your nearest 
Pel-Tech distributor. He'll be 
able to tell you more good 
news about this exciting 
breakthrough for sprayable 
pre-emergence crabgrass 
control. You'll be glad you did. 
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partner 
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Andersons 
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800-472-3220 
Outside Ohio: 

800-537-3370 

Circle No. 4 on Reader Reply Card J 



NOW IS THE TIME FOR 
"GARDEN TIPS" 

MA Y WE HELP YOU.. . 

) / Increase Your Profits 

y Build Customer Confidence 

V Retain Better Customers 

k/Get New Customers 

^ P a y Attention To 
Your Customers 

Save Time 

Cost about 13« 
per customer 

"Garden Tips" users report 
95-98% customer reader-
ship . . . 

"The first issue I sent out 
brought back $8,000 worth 
of work" 

•Dogwood Landscaping 

100% 
of "Garden 

Tips" users in 
1980 . . . continue 

to use them in 1981. 
They know its value 

to their businesses. 

Marketing professionals 
CONSTANTLY STRESS the 

importance of continuous 
attention and contact with 

customers . . . it always pays 
off handsomely. 

MISC. 
POINTS 

* Protected Areas for Usage 
* Monthly Promotional Hints and Copy 
* Composing, Art Work, Folding 
* Handling, Packing, Shipping 

A L L INCLUDED IN YOUR LOW, LOW PR ICE ! 

C or CALL # ( 5 1 6 ) 4 8 3 - 0 1 0 0 for quick service 
and information 

IMMEDIATELY 
Send me complete information about 

'GARDEN TIPS" 

NAME. 
COMPANY. 
ADDRESS. 

PHONE. 

SEND TO: "Garden Tips," P.O. Box 117, 
Garden City, New York 11530 

Circle No. 5 on Reader Reply Card J 



16 American Lawn Applicator 

Aerifying: Its Role in 
Lawn Care 

by Richard G. Rathjens, The Davey Tree Expert Company 

Richard G. Rathjens received his 
Master of Science Degree in Turfgrass 
Management from Cook College, Rutgers 
University y New Jersey in 1978. He 
received his Bachelor of Science Degree 
in Agronomy in 1975, from Delaware 
Valley College of Science and Agri-
culture. He is currently employed in 
the Research & Development Center 
of The Davey Tree Expert Company, 
Kent, Ohio. 

Successful lawn care businessmen 
have provided homeowners 
standard lawn maintenance pro-

grams which have included fertilization 
and weed, insect and disease control. 
As a complement to these routine 
maintenance practices, many lawn care 
companies now offer or are considering 
offering additional services such as 
liming, thatch removal and aerifying to 
maximize turfgrass quality. 

Although the benefits of liming 
and thatch removal have long been 
recognized as a part of home lawn main-
tentance, the role of aerifying is not well 
established. Before making a decision 
to offer aerifying as part of a standard 
lawn maintenance program or recom-
mending to an individual client that his/ 
her lawn be aerified, a lawn care profes-
sional should be knowledgeable of the 
situations where aerifying could be 
utilized and what benefits can be anti-
cipated from an aerifying treatment. 

Aerification, which is frequently 
referred to as cultivation, is the selec-
tive tillage of a turfgrass area by me-
chanical means. Aerifying is practiced 
with the intent of improving the ex-
change of air and water between the soil 
below and the atmosphere above a turf 
cover. The two most commonly used 
methods of aerifying are spiking and 
coring (figure 1). 

Spiking involves the penetration of 
solid tines or metal spikes which make 
angular depressions into the turf and 
soil below. Coring, however, is perhaps 
the most popular method of aerifying. 
A core aerifier has hollow tines or metal 
tubes which punch a hole and remove a. 
core of soil which is deposited on the 
turfs surface. It is this second method 
of aerifying or removal of a core of soil 
which is the subject of the following 
discussion. 

Aerifying typically is used to al-
leviate the adverse effects of soil com-
paction, a situation where individual 

CORING SPIKING 

Figure 1: A cross-sectional view of the soil profile following 
coring and spiking. 
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soil particles are pressed together re-
sulting in elimination of the pore spaces 
which hold air and water between the 
soil particles. Compaction can be 
caused by both natural and artificial 
forces. Even the impact of falling water 
droplets from either rainfall or irrigation 
water (particularly on bare soil) can 
lead to the formation of a compacted 
layer near the surface of the soil. 

Turfgrass areas which normally suf-
fer from soil compaction are those sub-
ject to artificial forces of foot or vehic-
ular traffic. The soil compaction which 
results from these artificial forces is 
most often associated with turf areas of 
intense use and maintenance for sport-
ing events or areas such as golf course 
greens, grass tennis courts and football 
and soccer fields. Although not ex-
posed to this same intensity of use, 
home lawns can contain compacted 
soil layers caused by the artificial forces 
of construction and grading equipment 
utilized around a home prior to lawn 
establishment, excessive rolling of the 
soil (particularly when wet) or over-
working or excessive tillage of the soil 
in preparing a seedbed for lawn estab-
lishment. 

The direct effect of compacting 
forces is destruction of soil structure 
(figure 2). In a compacted soil, bulk 
density increases while pore space de-
creases (especially large pore spaces). 
In other words, while the amount of 
soil for a given volume increases, the 
amount of space occupied by air and 
water within the same volume de-
creases. 

The detrimental change in soil 
structure reduces the infiltration of 
water into the soil and, depending on 
slope, results in either an increase in 
the amount of water lost via runoff or 
puddling of water at the soil's surface. 
Formation of a compacted layer near 
the surface of the soil can form a bar-
rier which impedes soil aeration. Poor 
soil aeration (aeration refers to the ex-
change of air between the soil and 
atmosphere) can limit the supply of 
oxygen for root growth and trap 
carbon dioxide within the soil profile. 
A compacted layer of soil can also act 
as a physical obstruction to root 
growth. In terms of the turfgrass plant, 
soil compaction can result in an overall 
reduction in vigor and increased 
susceptibility to environmental stress 

Soil particles 

Compaction forces 

NONCOMPACTED SOIL COMPACTED SOIL 

and pest invasion. 
In addition to relieving the 

adverse effects of compaction, aerifi-
cation has been utilized as a method of 
1) correcting soil interfaces, 2) modi-
fying an excessive thatch layer, 3) 
seedbed preparation during lawn reno-

Direct effect of com-
pacting is destruction 
of soil structure 

vation procedures, and 4) introducing 
topdressing, lime and phosphorus into 
the turfgrass root zone. 

A soil interface or soil layering 
as it is sometimes called, occurs when 
one soil type overlays another distinctly 
different soil type. An example of an 
interface is when a sod grown on a 
muck soil (high organic matter con-
taining soil) is laid over a clay soil 
without providing a transition between 
the two soil types. As a result, applied 
water and fertilizers may not uniformly 
penetrate through the interface leading 
to poor root development and incon-
sistent shoot growth response. 

The concept of thatch modifi-
cation proposed by Hurto and Turgeon 
(3) is based on the premise that as an 
excessive thatch layer forms; it— rather 
than the soil below- serves as the 
medium for turfgrass growth. There-
searchers suggest that aerifying with 
the incorporation of native soil re-
moved with the core will improve the 
poor water and nutrient holding capa-
city of thatch. Aerification has been 

Figure 2: The influence of soil compaction on bulk density. 



1 8 American Lawn Applicator 

Aerifying 

used successfully alone or in conjunc-
tion with dethatching in the prepara-
tion of a suitable seedbed during turf-
grass renovation. In either case, 
multiple passes with the core aerifier 
over the area to be renovated and the 
breaking up of soil cores help to insure 
seed/soil contact. 

For years golf course superinten-
dents have topdressed golf course 
greens with soil following aerification. 
This allows a method of introducing 
amended soil or sand directly into the 
turfs root zone. In addition to soil, 
fertilizer elements such as phosphorus, 
which is relatively immobile in the soil 
profile, can be placed near feeder 
roots. Harper (2) found an increase of 
25.5% more phosphorus at 3-6" root 
zone depth following aerification. Re-
search has demonstrated that two or 
more aerifications per year using a 
mechanical core aerifier on soils which 
did not contain a detrimental com-
pacted layer gave no significant in-
crease in the infiltration rate of water 
into the soil profile (1,4,8), decrease in 
the incidence of dry spots (1), or 
improvement in soil aeration (1,6). 
Conflicting results are reported fol-
lowing multiple aerifications which 
showed both failures (1,6) and suc-
cesses (5,7) in improving turf quality. 

On the basis of the research con-
ducted on soils which did not truly 
contain a compacted layer, aerifying 
should be recommended for use on a 
home lawn with discretion rather than 
presuming an improvement in turfgrass 
quality. This principle is particularly 
important since the process of aerify-
ing may be a soil compactive force in 
itself. Petrovic (6) found that in-
creased soil bulk densities (used as a 

measure of compaction) of 9 and 17% 
at the side walls and bottom of the 
coring hole following a single aerifi-
cation. 

In summary, rather than offering 
aerification as part of a standard lawn 
care program, aerifying should only be 
recommended to correct a specific 
problem. Aerifying should be per-
formed on a home lawn if the soil has 
been compacted as a result of exces-
sive rolling, construction equipment or 
excessive tillage. Likewise, aerifying 
can be justified as a means of dis-
rupting soil interfaces,'improving 
thatch has a growth medium for large 
areas where mechanical dethatching is 
not feasible, or introducing a deficient 
element such as phosphorus into the 
root zone. 
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Announcing 
BULKKEM 

Now save time, labor, 
space and money 

with bulk delivery of 
Betamec-4' and Trimec 

It's decision time in the 
lawn-care industry. 1982 is 
a year of unparalleled 
opportunity for the efficient 
... and correspondingly it is 
a year of peril for the 
inefficient: 

Bulkkem can substantially 
increase the efficiency of lawn 
care compan ies who use 
enough chemicals to justify 
bulk delivery and storage (55's 
plus). 

The problems of careless 
spillage, materials left in the 
container, and all those drums 
to dispose of, no longer exist 
when you buy from Bulkkem. 
With bulk delivery you have 
more precise metering which 
results in more accuracy of ap-
plication thus eliminating cost-
ly re-treatments. Furthermore, 
with Bulkkem service you can 
place firm orders which will 
guarantee delivery and firm, 
season-long prices. 

So if you have a lawn-care 
company and desire to grow 
through increased efficiency, 

Bulkkem is here to serve you. 
We can save you time, labor, 
space and money. 

What is BULKKEM? 
Bulkkem is a joint venture 

of PBI/GORDON Corporation 
— the Trimec People — and 
Lat t ick Incorpora ted wi th 
headquarters in Normal, Illinois. 
The purpose of Bulkkem is to 
substantially reduce herbicide 
costs by delivery in bulk ... 
Betamec-4 (Betasan); Trimec; 
Amine 2,4-D; and MCPP. 

It is doubtfu l that any 
organization is more aware of 
the problems of the lawn-care 
industry, and more capable of 
constructive help in solving 
lawn problems, than John Lat-
ting and Steve Derrick of Lat-
tick Incorporated. They are 
totally immersed in the lawn-
service business ... it's their life! 
And they are both now 100% in-
volved in the day-to-day man-
agement of Bulkkem. 

PBI/GORDON Corpora-
tion, on the other hand, is cer-
tainly the leading supplier of 

herbicides — like Trimec and 
Betamec-4 — to the turf indus-
try. Gordon's experience in 
handling bulk is unmatched in 
the turf industry. Willis West, 
who has been in charge of lawn-
care sales for PBI/GORDON, 
will now devote full time to 
Bulkkem, seeing to it that all 
the technical know-how of PBI/ 
GORDON is made available to 
customers of Bulkkem. 

What volume is required 
to justify BULKKEM? 

Perhaps desire to grow 
and increase efficiency is more 
of a factor than present chem-
ical usage, because Bulkkem is 
able to tailor bulk facilities to 
your individual needs. Return-
able 55-gal lon drums, 250-
gallon mini-bulk tanks, and 
stationary systems of any ca-
pacity are available. There are 
accurate metering systems for 
all sizes, and installations are 
supervised by the engineering 
staff of PBI/GORDON to help 
assure compliance with all gov-
ernmental regulations. 



Will BULKKEM customers 
be assured of Betamec-4 
during 1982? 

Yes, Sir! Bulkkem cus-
tomers can place firm early 
orders which will guarantee 
delivery of Betamec-4 (Betasan) 
during the 1982 season. They 
will also be guaranteed a firm 
price all season long on Trimec. 
And these guarantees are 
backed up by PBI/GORDON. 

With Dacthal out of pro-
duction for 1982, guaranteed 
price can actually mean the 
di f ference between making 
1982 a banner year, or a disaster! 

What area does 
BULKKEM serve? 

Bulkkem now has ten men 
in the field and three established 
bulk-delivery centers: 

1. Central Illinois — serving 
Chicago and St. Louis and all of 
Illinois, Indiana, Iowa, Wiscon-
sin and Missouri. 

2. Central Ohio — serving 
Ohio, Pennsylvania, Michigan, 
Indiana and Kentucky. 

3. Northeast — serving the 
area f rom Virginia to New 
England. 

Shouldn't you at least 
check BULKKEM prices? 

We have made the flat 
statement that nobody in the 
industry is going to beat our 
prices on Betamec-4, Trimec, 
Amine 2,4-D or MCPP. 

But price per gallon is only 
one dimension — there are so 
many ways that Bulkkem serv-
ices can help the lawn-care 
operator reduce his costs and 
increase his efficiencies. Call 
us collect at 309-454-5825 and 
let us tell you the entire story. 

*Betamec-4 (Betasan — registered trademark of Stauffer 
Chemical Co.) 
Trimec® is a registered trademark of PBI/GORDON Cor-
poration. Product covered by U.S. Patent No. 3,284.186 

BULKKEM 
BULK SUPPLIERS OF m LAWN CHEMICALS 

The Bulkkem Corporation, 400 Northtown Road, Normal, Illinois 61761. Phone (309) 454-5825 

Why you should 
switch to BULKKEM. 

• Guaranteed delivery and firm prices. 

• Saves time, labor, space and money. 

• Reduces container handling and eliminates 
disposal problems. 

• Allows more precise metering. 

• Reduces waste from product left in 
containers. 

• Provides easier, more accurate inventory 
control. 

• Increases productivity. 

• Reduces theft. 

• Reduces spillage problems. 

• Provides increased accuracy of 
application rates. 

• Provides a unique inventory management 
system. 

"To reduce chemical costs... BULK 'EM." 

Circle No. 25 on Reader Reply Card J 
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Postemergence Control of 
Winter Weeds in Dormant 
Bermudagrass by B.J.Johnson, Univ. of Georgia 

Professor of agronomy, University 
of Georgia, Georgia Station, Experi-
ment, Georgia 30212. Supported by 
State, Hatch, and other funds allocated 
to the Georgia Agricultural Experiment 
Stations. This is a report on the cur-
rent status of research involving use of 
certain chemicals that requires regis-
tration under the Federal Insecticide, 
Fungicide, and Rodenticide Act. It does 
not contain recommendations for use of 
such chemicals, nor does it imply that 
the uses discussed have been registered. 
All uses of these chemicals must be 
registered by the appropriate State and 
Federal agencies before they can be 
recommended. 

Seeds are commonly found in 
bermudagrass turf during 
the winter and early spring 

throughout the southeastern United 
States whether the turf is used for 
lawns, parks, athletic fields, or golf 
courses. Mild winter temperatures favor 
rapid growth of these annuals. When 
bermudagrass goes dormant in the fall 
after the first killing frost, it offers lit-
tle competition to germinating winter 
weeds. A well managed, good quality 
dormant bermudagrass will offer some 
competition to the weeds; however, 
weeds will usually continue to be a 
major problem in most bermudagrass 
areas and will detract from the appear-
ance of the area (Fig. 1). 

ANNUAL BLUEGRASS (POA ANNUA 
L.) CONTROL: 

Several herbicides resulted in ex-
cellent postemergence control of annual 
bluegrass in dormant bermudagrass in 
Georgia (Table 2). All treatments were 
applied prior to formation of seed 
heads. Paraquat and cacodylic acid con-
trolled the weeds within a few days 
after treatment while pronamide, atra-
zine, simazine, and glyphosate re-
quired several weeks for maximum con-
trol. Paraquat and cacodylic acid are 
absorbed very rapidly by the foliage and 
resulted in rapid control; glyphosate is 
absorbed through the forage and trans-
located throughout the plant; atrazine 
is absorbed by foliage and roots; and 

Figure 1: Winter weeds not controlled detract from the surrounding beauty. 
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Table 1 : Nomenclature of herbicides 

Name 

Common Trade8 Company 

Atrazine AAtrex CIBA-Geigy 
Bromoxynil Nu-Lawn Weeder Union Carbide 
Cacodylic acid Contax Chevron 
Dicamba Banvel Velsicol 
Glyphosate Roundup Monsanto 
Mecoprop+chloroflurenol Weed-B-Gon for 

Southern Grasses Chevron 
Metribuzin Sencor Mobay 
Paraquat Paraquat Chevron 
Simazine Princep CIBA-Geigy 
2,4-D Dacamine Diamond-Shamrock 
2,4-D+dicambab — — 

2,4-D+mecoprop + dicamba Trimec Gordon 

aTrade and company names are included for the benefit of the reader and do 
not imply any endorsement or preferential treatments. A given herbicide 
may have more than one trade name and the one used is from the company 
furnishing the chemical. 

4-D and dicamba were applied as a tank mixture. 

simazine and pronamide are absorbed 
only by roots. When chemicals are 
translocated by the plants, this requires 
a longer period (4 to 6 weeks) for the 
chemical to control the weeds. 

Annual bluegrass can be effective-
ly controlled in dormant bermuda-
grass turf with single applications of 
several postemergence herbicides in-
cluded in this experiment For most ef-
fective control, treatments should be ap-
plied prior to seed head formation in 
early spring. 

BROADLEAF WEED CONTROL 

SINGLE VS REPEATED HERBICIDE 
TREATMENTS: 

When herbicides are applied for 
postemergence control of winter an-
nuals, it is uaually necessary to apply re-
peated treatments for effective and 
complete control. For example, the ef-
fectiveness of control from a second 
2,4-D treatment compared to a single 
treatment is clearly shown in Fig. 2. 

In most instances a higher per-
centage of winter broadleaf weeds was 
controlled when 2,4-D was applied in 
combination with dicamba or meco-
prop + dicamba than from 2,4-D alone 

(Table 3). Two applications of 2,4-D 
applied alone at 2-week intervals con-
trolled 98% common chickweed (Stel-
larla media (L.) Cyrillo) and 70% of 
corn speedwell (Veronica arvensis L.) 
but did not control parsley-piert ((Al-
chemilla microcorpa Boissier Reuter) or 
hen bit (Lamium amplexicaule L.). When 
dicamba or mecoprop + dicamba were 
applied with 2,4-D, the number of ad-
ditional weed species was increased to 
include parsley-piert and henbit With 
exception of common chickweed, it 
was necessary to apply a second ap-
plication of the combination treat-
ments to obtain at least 90% control 
of all of these weeds. The combination 
treatments also controlled spur weed 
(Soliva sp.) effectively. Dicamba at 1.0 
lb/A applied alone, generally resulted 
in similar weed control as when the 
chemical was applied in combination 
with 2,4-D or 2,4-D + mecoprop at low-
er rates. 

Bromoxynil applied at 0.5 lb/A 
controlled parsley-piert with a single 
application, but two treatments were 
needed for control of henbit and spur 
weed (Table 3). It was necessary to in-
crease bromoxynil rate to 1.0 lb/A in 

each of two applications to obtain ef-
fective corn speedwell control. Com-
mon chickweed was not controlled with 
the chemical regardless of rate and 
number of applications. 

Combinations of mecoprop + 
chloroflurenol applied in two applica-
tions at 0.75 + 0.25 lb/A controlled 
78% parsley-piert, 83% corn speedwell, 
and 100% of common chickweed and 
henbit (Table 3). The control of parsley-
piert and corn speedwell was improved 
slightly with two applications applied 
at a higher rate (1.5 + 0.5 lb/A. 

Postemergence treatments of either 
glyphosate or paraquat controlled all 
weeds in our studies (Table 3). How-
ever, it was necessary to repeat para-
quat and glyphosate (0.25 lb/A) treat-
ment for effective parsley-piert and 

Table 2. Postemergence herbicide treat-
ments for annual bluegrass control in 
dormant bermudagrass turf. 

Treatments' a Annual bluegrass 
control Herbicide Rate 

Annual bluegrass 
control 

lb/A %b 

Pronamide 0.75 98 
1.5 100 

Atrazine 1.0 82 
2.0 94 

Simazine 1.0 80 
2.0 % 

Paraquat 0.5 100 
Cacodylic acid 8.0 88 

11.0 92 
14.0 93 

Glyphosate 0.25 92 
0.5 100 

aTreatments were applied as single applica-
tions in January. A surfactant was applied 
with paraquat and cacodylic acid. 

^Control ratings were made 6 to 8 weeks after 
treatment and based on 0 = no control and 
100 = complete control. 
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I 

Figure 2: Comparison of corn speedwell and common chick weed 
control with 1 and 2 applications of 2,4-D at 1.0 lb/A. 
Upper: Plot on left treated once compared with untreated 
plot on right. Lower: Plot on left treated twice compared 
with untreated plot on right. Treatments were applied 
February 26 and March 72, 1973. Pictures were made 
March 26, 1973. 

henbit control. Either herbicide will 
control a broad spectrum of weeds in 
bermudagrass turf as shown by glypho-
sate treatment in Fig. 3. When these 
chemicals are used for postemergence 
weed control, the turfgrass must be 
completely dormant to prevent injury 
to the turf. 

These results show that in most 
instances it is necessary to follow the 
initial 2,4-D type herbicide treatment 
with a second treatment at 2-week in-
terval for optimum control of winter 
weeds. Atrazine, simazine, paraquat, 
and metribuzin generally controlled a 
higher percentage of more weed species 
than did the 2,4-D related chemicals. 

COMBINATION OF PARAQUAT 
WITH OTHER HERBICIDES: 

In most instances there is little ad-
vantage in applying combinations of 
paraquat with other chemicals as a 
single treatment for weed control 
(Table 4). An exception occurred for 
spur weed since paraquat applied with 
any herbicide controlled a higher per-
centage of the weeds than did single 
treatments of either chemical applied 
alone. However, a second application of 
paraquat applied alone at 2-week in-
tervals controlled spur weed complete-
ly (Table 3). Therefore a choice could 
be made between the use of a combina-
tion of chemicals applied in a single ap-
plication, and the use of paraquat ap-
plied alone in two applications. 
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Table 3 . Postemergence herbicide treatments for winter weed control in dormant 
bermudagrass turf. 

Treatments* Weed species 

Appli- Parsley- Common Corn Spur 
Herbicide Rate cation piert chickweed speedwell Henbit weed 

1b/A No. % control^ 

2-4-D 1.0 1 34 43 30 43 
2 56 98 70 40 

2.0 1 45 98 83 65 
2 81 100 97 82 

Dicamba 1.0 1 58 93 55 97 81 
2 79 100 78 100 

2.0 1 62 98 71 97 
2 91 100 90 100 

2,4-D + 
dicamba 1.0+0.5 1 81 100 30 75 89 

2 76 100 70 98 98 
2,4-D + mecoprop 

+ dicamba 1.0+0.5+0.1 1 46 95 49 63 88 
2 76 100 74 93 100 

Paraquat 0.5 1 61 100 90 57 91 
2 98 100 99 99 100 

Bromoxynil 0.5 1 88 10 14 28 23 
2 100 31 47 81 85 

1.0 1 84 8 58 50 46 
2 100 66 99 100 99 

Mecoprop + 
chloroflurenol 0.75+0.25 1 39 95 66 83 -

2 78 100 83 100 -

1.5+0.5 1 52 99 80 91 
2 82 100 90 100 -

Metribuzin 0.5 1 99 100 99 100 91 
2 100 100 100 100 100 

Giyphosate 0.25 1 71 100 96 77 90 
2 95 100 99 94 99 

0.5 1 81 100 99 89 91 
2 96 100 99 99 99 

Atrazine 1.0 1 - 100 - 55 
2 100 100 100 100 98 

Simazine 1.0 1 100 100 - 65 
2 - 100 100 100 86 

aFirst treatments were applied from January 31 to February 26 and second treatments 
were made at 2-week intervals. 

bWeed control ratings approximately 6 weeks after treatment and based on 0 = no control 
and 100 * complete control. A surfactant was applied with all herbicides except metri-
buxin, giyphosate, atraxine, and simaxine. 

These results show that paraquat 
alone controlled annual bluegrass and 
corn speedwell as well as did combina-
tion treatments of paraquat with other 
herbicides. Even though paraqua ap-
plied alone controlled 82% of spur 
weed, the control was improved from 
combinations of paraquat and broad-
leaf type herbicides. Therefore, the 
determining factor in using combination 
treatments would depend on weed spe-
cies and amount of weed control de-
sired in a given lawn. 

FREQUENCY AND RATES OF 
HERBICIDE TREATMENTS: 

Since repeated applications of 
2,4-D + mecoprop + dicamba are usual-
ly necessary for acceptable control of 
many broadleaf winter weeds in turf-
grasses, additional information was 
needed on rates and frequency of 
treatment needed to obtain the high-
est consistent control. The control of 
parsley-piert was not acceptable with 
2,4-D + mecoprop + dicamba at rates 
of 3/4X or less in single or repeated 
treatments (Table 5). The amount of 
2,4-D + mecoprop + dicamba for 1X 
rate equals 1.0 + 0.1 lb/A and other 
rates are in proportion. The 1X rate ap-
plied as single treatment controlled 
only 73% of the weeds while two ap-
plications at 1/2X controlled 89% of 
the weeds. The control was further 
improved (97%) with three applications 
at 1/2X rates. For the chemical to be 
effective for corn speedwell control, the 
rates of application must be 1 1/2X in 
partial repeated treatments or higher. 
When two applications were used, it 
was necessary to apply at least 1X 
rate at the first application in order to 
obtain satisfactory control. When three 
applications were used, the first treat-
ment could be as low as 1/2X rate and 
still obtain acceptable corn speedwell 
control. 

Figure 3: Giyphosate controlled all winter annuals in dormant 
bermudagrass turf in the right plot when compared with 
untreated plot on the left. 
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Postemergence Control 

Single application of 2,4-D + meco-
prop + dicamba at 2/3X was the only 
treatment evaluated in this study that 
did not satisfactorily control spur weed 
(Table 5). However, the control was 
good (88%) when the same amount of 
chemical was applied in a split applica-
tion of 1/3X rate in each of two treat-
ments. Single full rates higher than 2/3X 
and all partial repeated treatments re-
sulted in good to excellent spur weed 
control. 

These results show that the rate of 
3,4-D + mecoprop + dicamba applica-
tions should be determined by the weed 
species present When spur weed and 
parsley-piert are present, two applica-
tions of 1/2X rate per treatment can be 

Figure 4: Turf in the right plot treated with herbicides for winter weed con-
trol resulted in excellent turf in early spring when compared with 
poor turf in left untreated plot. Picture was made May 16, 1972. 

Table 4. Combination of paraquat with other herbicides for winter weed control 
in dormant bermudagrass turf. 

Weed control0 

Treatments3 Annual Spur Corn Parsley 
Herbicide Rate Paraquat*5 bluegrass weed speedwell piert 

OL 

Paraquat 0.5 100 82 98 88 
2,4-D + mecoprop 

+ dicamba 1.0+0.5+0.1 No 7 78 52 76 
Yes 100 94 99 89 

2,4-D+dicamba 0.75+0.25 No 5 79 29 84 
Yes 100 91 99 86 

Dicamba 1.0 No 5 80 41 81 
Yes 100 95 100 % 

Bromoxynil 0.5 No 0 36 59 78 
Yes 100 97 99 97 

aTreatments were applied as single application in February. A surfactant was 
applied with all herbicides. 

^Paraquat was applied at 0.5 lb/A with combination treatments. 

cRatings were made 4 to 6 weeks after treatment and based on 0 = no control 
and 100 = complete control. 

effective. However, when corn speed-
well is present the rates must be in-
creased and included two applications 
of 1 + 1 /2X rates or three applications 
of 1/2X for each treatment are neces-
sary for acceptable control. 

ADVANTAGE OF HERBICIDE 
USAGE: 

Herbicides applied as postemerg-
ence treatments for control of winter 
annual weeds generally did not delay 
turf green-up or affect growth in the 
spring when the chemicals were ap-
plied to dormant bermudagrass. The 
primary usage of herbicides is for weed 
control. If the weeds are not controlled, 
they will compete with bermudagrass 
the following spring and contribute to 
a low quality turf having poor spring 
growth. Bermudagrass cannot initiate 
good spring growth until hot weather 
kills the existing winter weeds. When 
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Table 5. Rates and frequency of 2,4-D 3 mecoprop + dicamba treatments on 
winter weeds in dormant bermudagrass turf. 

Treatment3 Weed control^ 
Total Frequency Spur weed Corn speedwell Parsley-piert 

% 

2/3 2/3 79 14 60 
1/3 + 1/3 88 23 62 

3/4 3/4 85 8 61 
1/2 + 1/4 86 27 63 

1 1 92 38 73 
1/2 + 1/2 93 48 89 
1/3 + 1/3 + 1/3 90 39 89 
2/3 + 1/3 98 58 89 
3/4 + 1/4 % 54 88 
1/2 + 1/4 + 1/4 99 45 86 

1 1/4 1 1/4 97 49 84 
3/4 + 1/2 98 77 90 

1 1/2 1 1/2 96 65 85 
1 +1/2 99 81 93 
3/4 + 3/4 99 70 91 
1/2+1/2 + 1/2 99 87 97 
3/4 + 1/2 + 1/4 100 95 97 

1 3/4 1 +3/4 99 90 89 
3/4 + 1/2+1/2 99 95 98 

2 1 +1 99 89 96 

aTreatments were applied in February or March and repeated applications were 
made at 7 to 9-day intervals. The amount of 2,4-D + mecoprop + dicamba for 
IX rate equals 1.0 + 0.5 + 0.1 lb/A and other rates are in proportion 
A surfactant was applied with all treatments.; 

b Control ratings were made 6 weeks after the first treatment and based on 0 = no 
control and 100 = complete control. 

the weeds die, the turf requires time 
before it can produce enough growth 
to fill in vacancies left by the dead 
weeds. Herbicides will eliminate com-
petition from winter weeds and will pro-
mote a good quality turf immediately 
after green-up in early spring. The dif-
ference in quality of bermudagrass 
turf between treated and untreated 
turf is shown in Fig. 4. 

When herbicides are used in turf-
grasses for weed control, care should 
be taken to determine that the spray 
equipment is correctly calibrated. Ad-
ditional care should be taken during 
chemical applications to prevent noz-
zle stoppage or failure to lap the chem-
icals during application. When either 
occurs, strips of untreated turf will 
remain weedy and results in an over-
all poor quality turf. 

Table 6. Summary of postemergence herbicide treatments on control of winter annuals. 

Winter weeds 

Common Corn Annual 
Herbicides Henbit chickweed Spur weed Parsley-piert speedwell bluegrass 

weed control^ 

Atrazine E E E E E* G* 
Glyphosate3 E E* E* E E* E* 
Metribuzin E* E* E* E* E* E* 
Paraquat3 E E* E* E E* E* 
2,4-D P E — P F P 
2,4-D+dicamba E E* E E F P 
2,4-D+mecoprop 

+ dicamba E E* E F F P 
Simazine E E G E* E* G* 
Bromoxynil G P G E P P 
Mecoprop + 

chloroflurenol E E* — F G P 
Dicamba E* E* G* F F P 

a Turf grass must be completely dormant when glyphosate and paraquat are used. 

bWeed control ratings were based on E = 90 to 100, G = 80 to 89, F = 70 to 79, and 
P = below 70. Asterisk indicates the control was obtained with a single application and no 
asterisk indicates the control was obtained with two applications. 
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Letter to the Editor 

Postemergence Control 

SUMMARY 

In conclusion, these results show 
that several herbicides applied as post-
emergence treatments for winter weed 
control in dormant bermudagrass turf 
will effectively control the weeds with-
out injuring the turf during the follow-
ing spring. In general, a higher percent-
age of more weed species was controlled 
from combination of 2,4-D with di-
camba or mecoprop and dicamba than 
with 2,4-D alone (Table 6). The 2,4-D 
treatments resulted in excellent com-
mon chickweed control and fair corn 
speedwell control, while combination 
treatments controlled at least 70% of 
all broadleaf weeds. Excellent control 
was obtained for all weeds when treated 
with glyphosate, metribuzin, or para-
quat. Atrazine resulted in excellent 
control of all broadleaf weeds and good 
control of annual bluegrass. Simazine 
gave good control of spur weed and 
annual bluegrass and excellent control 
of all other weeds. With the proper 
selection of herbicides and frequency 
of treatments, winter weeds can be ef-
fectively controlled in dormant ber-
mudagrass turf. 

xxx 

Dear Mr. Brown, 

I am writing to you in response to 
your September/October (1981) "little 
bugger" article. I feel Hydro Lawn uses 
as good a system as any lawn care com-
pany to determine turfgrass problems, 
especially diseases. 

When a technician or customer 
service manager finds an intriguing or 
puzzling lawn problem, a sample is 
taken, placed in a plastic bag and sent 
to our small laboratory. Our lab is 
equipped with such instruments as a bi-
nocular microscope, a compound micro-
scope, pH meters and all the necessary 
hardware to diagnose turfgrass problems. 
By making a small annual donation to 
the University of Maryland Plant Diag-
nostic Clinic, we obtain plates of potato 
dextrose agar (PDA) on a regular basis. 
This enables us to plate out and deter-
mine most common turf diseases within 
a couple of days. 

You do not need to have a PhD in 
turf pathology to observe mycelium and 
spores under a microscope and check 
available reference material to deter-
mine what disease, if any, is causing a 
decline in turf quality. By organizing 
a quick delivery system, we are able to 
determine if a pathogenic fungus is 
present, call the branch and treat the 
lawn with a fungicide within a few days. 
By correctly diagnosing Nigrospora vs. 
Fusarium, for example, the proper 
fungicide and rates can be applied, de-
creasing the chance of losing a customer. 

The establishment of a small labor-
atory is relatively inexpensive, especially 
when considering customer satisfaction 
and retention. 

Gregory Richards 
Research Agronomist, Hydro Lawn 

IBDlT Fertilzer Used to 
Revegetate Mt. St. Helens 

In an effort to control rampant 
erosion in the area around Mount Saint 
Helens, the Washington State Soil Con-
servation Service has applied a unique 
kind of fertilizer in an attempt to re-
vegetate the region. 

Recently, 70 tons of IBDU was ap-
plied to 1,000 acres which is being seed-
ed with grass. IBDU is a special slow-
release nitrogen fertilizer that does not 
depend on soil bacteria to work. Efforts 
to revegetate the area with conventional 
fertilizers have been unsuccessful. Ac-
cording to SCS sources, there apparent-
ly is not sufficient bacteria in the 
volcanic debris to activate conventional 
fertilizers. 

For the past 16 months, the SCS 
has been involved with revegetation 
attempts to control erosion on the 
200,000 acres in the erosion zone 
caused by the blast The SCS estimates 
380 tons of soil per acre per year will 

be lost to erosion on the land compared 
to the national average of 4.2 tons of 
soil erosion on disturbed forest land. 

IBDU depends almost entirely upon 
water (hydrolysis) for its release into 
the soil. It is not affected by variations 
in temperature or soil bacterial activity. 
The product is marketed by PAR EX 
Professional Products Division of Estech, 
Inc. IBDU is widely used for turfgrass 
and horticultural operations. 

The SCS expects IBDU to remain 
in the soil for six months after the 
initial application, which should allow 
the vegetation to develop sufficient 
root systems to control erosion. Soil 
tests will be taken periodically to de-
termine the effectiveness of the appli-
cation. For further information contact 
Erv Stacy, Estech, Inc., P.O. Box 1996, 
Winter Haven, FL 33880, or use reply 
card. 

Circle No. 21 on Reader Reply Card 



P. What's green and 
keeps customers happy 
all summer long? 

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 
Methylene and Methylol Ureas to 
avoid burning. Slow release over the 
entire growing season promotes a 
green lawn that will keep customers 
happy with lawn care professionals 
all through the summer. Tested at 
leading Turfgrass Research 
Institutions, it's proven the safest 
source of liquid N&K for hot weather 
application. 
Simple To Use 
Formolene blends easily with other 
nutrients, herbicides, insecticides and 
fungicides. And it is applicable on 
any kind of turf — just add one part 
Formolene to 3 to 10 parts water and 
put it on! 

Interested in a Formolene dealership? 
Contact: 

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

ALPINE PLANT FOODS LTD. 
New Hamburg, Ontario NOB2GO 
Canada 
(519) 662-2352 
DOUGLASS FERTILIZER AND 
CHEMICAL COMPANY 
Sanford, FL 32771 
(305) 629-0172 
Lake Placid, FL 33852 
(305) 322-0443 
ELDON STUTSMAN, INC. 
Hills, IA 52235 
(319) 679-2281 
LARRY FRICKER COMPANY INC. 
Tustin, CA 96280 
(714) 544-2608 
GREAT PLAINS ASSOCIATES LTD. 
Niles. Ml 49120 
(616) 683-7463 
GROWER S AG SERVICE 
Kearney, NE 68847 
(308) 234-2124 
HOWE INC. 
Shakopee, MN 55379 
(612) 445-6570 
MORRAL CHEMICAL COMPANY 
Morral, OH 43337 
(614) 465-3251 

MOYER AND SON INCORPORATED 
Souderton, PA 18964 
(215) 723-6001 
NICE N GREEN PLANT FOODS INC. 
Lisle, IL 60532 
(312) 963-3328 
OLD FOX CHEMICAL COMPANY 
Enfield, CT 06082 
(203) 749-8339 
SAALE BROTHERS FARM & GRAIN CO. 
West Alton, MO 63386 
(314) 899-0933 
TURF SPECIALISTS CORP. 
444 Saint James St. 
Holbrook. L.I. New York 11741 
(516) 981-1118 
TURFTEK 
Chesapeake, VA 23320 
(804) 547-7111 
VOGEL SEED AND FERTILIZER 
Jackson, Wl 53037 
(414) 677-2273 
WESTERN FARM SERVICE INC. 
Alpaugh, CA 93201 
(209) 949-8476 

HA WKEYE CHEMICAL COMPANY 

Clinton, Iowa 52732 • (319) 243-5800 
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Tolerate How Turfgrasses 
Freezing 
by Richard J. 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 
agronomy respectively and his PhD. in botany from the Uni-
versity of California at Davis. For five years, Dr. Hull studied 
the physiology of perennial weeds at Purdue University in 
Indiana. A t Rhode Island\ his research has concentrated on 
the nutrition of turfgrass, woody ornamentals, and tidal salt 
marsh vegetation. 

Throughout most of the United 
States, lawn grasses must toler-
ate subfreezing temperatures 

during the winter season. This environ-
mental stress cannot be prevented 
through the lawn management prac-
tices. Only the grass can adjust its cell-
ular properties to withstand freezing 
and not suffer inseparable injury. By 
understanding the causes of frost dam-
age and the mechanisms by which 
plants cope with it, the turf manager 
may be able to adjust cultural practices 
and maximize grass resistance to freez-
ing injury. This article is an attempt to 
provide that understanding bases on re-
cent studies of frost tolerance physi-
ology. 

It is necessary to understand the 
freezing process in order to appreci-
ate how plants resist injury under sub-
freezing conditions. As the temperature 
falls to the freezing point of pure water 
and then below, the cell sap remains 
unfrozen due to its relatively high solute 
concentration. As -2 or -3°C, ice 
crystals form within the cell walls 
separating the individual cells. These 
crystals grow rapidly and in so doing 
reduce the free water content outside 
the cells. If the plasma membrane sur-
rounding the cell protoplasts is suffici-
ently permeable to water, an efflux of 
water from the cell will occur and ice 
crystals will continue to grow outside 
the cells. If the temperature drops too 

rapidly or the plant is not adequately 
hardened, ice may form within the cell 
and invariably cause cellular death. As 
the temperature declines further, extra-
cellular ice continues to form as water 
leaves the cells. This water loss from 
the cells cause the protoplast to shrink 
or become plasmolyzed. When this 
happens, the plasma membrane pulls 

Intracelluler ice forma-
tion which is almost 
always lethal... 

away from the ridged cell walls leaving 
a space which is rapidly filled by grow-
ing ice crystals. Thus as the tempera-
ture falls, the plant cells become dehy-
drated as water leaves the protoplasts 
and freezes in the spaces between cells. 

This frost dehydration causes mate-
rials dissolved in the cell sap to become 
more concentrated as the solvent water 
leaves the cell. Some of these materials 
may precipitate out of solution or inter-
act with intracellular membrane struc-
tures and thereby cause injury which 
might result in cell death. There is little 
agreement as to which if any of these 
dehydration effects contributes to frost 
injury. Many researchers believe that, 
beside intracellular ice formation which 
is almost always lethal, freezing injury 
involves irreversible damage to the con-
tracting plasma membrane (Rajashekar, 
Gusta, and Burke, 1979). 

One explanation for freezing damage 
is provided by the work of Cornell 
University's Peter Steponkus (1979) 
who made direct microscopic observa-
tions of the freeze-thaw cycle in isolated 
rye and spinach protoplasts. He observed 
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that after freezing and contraction of 
the plasma membrane around the 
plasmoyzed protoplasts, the plasma 
membrane would rupture during thaw-
ing before the cells had regained their 
prefreezing size (Fig. 1). This loss of 
membrane resiliency during freezing 
could result from an infolding of the 
plasma membrane during plasmoysis fol-
lowed by a pinching off and reabsorp-
tion of the membrane folds as the 
membrane adjusted to the smaller proto-
plast size. During thawing, water re-
entered the protoplast and expansion of 
the membrane occurred but because 
there was less plasma membrane than 
there was before freezing, the cell burst 
before it reached its original size. Cells 
of frozen leaves or roots could rupture 
when thawed before they had refilled 
the volume enclosed by the cell walls. 

This idea of irreversible plasma 
membrane damage during freezing 
which causes cells to burst when thawed 
would partially explain the release of 
hydrogen cyanide from deep frozen 
Ame/anchier twigs as reported by Darryl 
Stout and his coworkers at Kamloops, 
British Columbia (1981). If the kind of 
irreversible contraction that Steponkus 
described for the plasma membrane 
also occurs during freezing to other 
cellular membranes such as that sur-
rounding the vacuole, there could occur 
an uncontrolled mixing of contents 
from several cell compartments as these 
membranes pinch off within the proto-
plasm or rupture during thawing. At 
Michigan, Olien and Marchetti (1976) 
observed that toxic substances released 
from freeze injured barley roots pre-

Turf Species Fertilizer Rate 

lbs. N/1000 sq.ft. 

0 ° C 

vented the reestablishment of crown 
tissues and ultimately caused plant 
death. Thus a major cause of frost 
injury to plants appears to involve 
damage to the plasma membrane or 
even to membranes inside the cell. 

Despite the evidence cited above, 
plants do become frost hardy and can 
tolerate extreme cold. Most perennial 
herbaceous plants, adapted to the tem-
perature zones, can resist freezing if they 
have first been exposed to hardening 
conditions. Flardening occurs under 
cold but not freezing temperatures, 

Date Samples 

Plant Part 15 Oct. - 15 Jan. - 15 May 

% carbohydrate 

30 9 
39 13 

29 7 
33 10 

o°c 

short days, and light. The short days 
often induce hormonal changes which 
cause growth to slow or dormancy to 
occur. Light allows photosynthesis to 
continue which provides an energy 
supply and low temperatures reduce 
respiration and permit the accumulation 
of carbohydrates within plant cells. A 
supply of photosynthetic products, 
usually short chain carbohydrates, ap-
pears to be critical for hardening. There 
is much evidence that when herbaceous 
plants become acclimated to freezing 
temperatures, the soluble carbohydrate 
content increases. This was apparent 
from studies in Virginia (Powell et al. 
1967) where Cohansey creeping bent-
grass and Kentucky 31 tall fescue turf 
exhibited greater carbohydrate levels in 
leaf and stem tissues during January 
when the grass was cold hardy than 
during May when the grass was grow-
ing rapidly (Table 1). The generally 
lower carbohydrate content in Oct-
ober compared to January suggests that 
as grass becomes frost tolerant the 
soluble carbohydrates increase. While 
the correlation between cold acclima-
tion and carbohydrate content does 
not prove a cause and effect relationship, 
there are good theoretical reasons to 
believe that two factors are related. 

The exact mechanism of cold 
hardiness is not understood but from 
the discussion presented earlier it fol-
lows that any condition which would 

Creeping bentgrass 
'Cohansey' 

Tall fescue 
'Kentucky 31' 

10 

10 

leaves 
stems 

leaves 
stems 

leaves 
stems 

leaves 
stems 

15 
44 

15 
44 

27 
39 

20 
27 

18 
22 

15 
18 

•Adapted from Powell et al. 1967. Agron. J. 59:303-307. 

3°C 

- I 5 ° G - 5 ° C 

Fig. J: Cellular changes occurring during a freeze-thaw cycle of a partially 
hardened plant. CW = cell wall, V = vacuole, PM = plasma membrane, 
/ = Ice, Ml = membrane inclusions derived from contracted plasma 
membrane and vacuole membrane. 

TABLE 1. Nonstructural carbohydrate content of turfgrass plants during fall, 
winter, and spring.* 
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Fig. 2: Seasonal changes in Kentrucky biuegrass cold hardiness based on elec-
trolyte loss from tissue frozen at -7°C for 4 hours. 1 Oct. and 15 Dec. 
CK = no N applied during fall-winter season. From Wilkinson and Duff. 
1972. Agron. J. 64:345-348. 

reduce cellular dehydration while pre-
venting ice formation within the cells 
should make the plant more cold tol-
erant High levels of soluble carbo-
hydrates in the vacuoles and cytoplasm 
of plant cells will depress the freezing 
point and allow time for water to leave 
the cells and form ice in extracellular 
spaces. Because sugars have many OH 
groups, they readily form weak hydro-
gen bonds with membranes and soluble 
proteins as well as cellular water. In this 
way they 'stabilize' the cytoplasm and 
resist excessive water loss while protect-
ing membranes from deformation and 
damaging contraction. Obviously other 
photosynthetic products can function in 
much the same way. In some plants 
amino acids, organic acids, or sugar 
alcohols can accumulate during cold 
hardening. All of these materials will 
have a protective effect on plant cells 
during periods of extreme cold and 
tissue freezing. 

Does this understanding of cold 
tolerance mechanisms help the lawn 
care professional serve his clients 
better? The answer to this question 
depends on how much the home owner 
is willing to be educated concerning 
lawn care. Any management practice, 
which will promote photosynthesis 
during the hardening and winter period 
and allow carbohydrates to accumulate 
within the plant, should increase cold 
tolerance. Such practices as retaining 

at least one inch grass blades during 
the last autumn mowing will insure an 
adequate photosynthetic surface during 
the cold season. Removing tree leaves 
or dead grass will also insure light pene-
tration to the green leaves. Fall appli-
cations of nitrogen fertilizer might be 
expected to reduce carbohydrate levels 
because of growth stimulation. How-
ever, during mid-October when harden-
ing should be commencing, Larry Smith 
and I noted that both simple sugars 

TABLE 2. Soluble carbohydrate content of 'Merion' Kentucky biuegrass turf 
during spring, summer, and fall.* 

Fertilizer Plant Simple Sugars Fructosans 
Rate** part 25 May - 26 I uly - 17 Oct 25 May - 26 I uly - 17 Oct. 

mg/g dry wt. 

2.5-1-1 leaves 100 82 120 43 85 112 
crowns 68 66 60 120 214 157 

10-4-4 leaves 78 100 143 6 14 34 
crowns 47 90 69 26 92 129 

* From Smith and Hull unpublished. 
** Fertilizer rates: lbs. N-P2050 per 1000 sq. ft. 
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Fig. 3. Merion Kentucky bluegrass plots ferti-
lized (left to right with 2.5, 5 and 10 lbs N/ 
1000 sq. ft. Photographed 3 March 1981. 

and the larger molecular weight fruc-
tosans were present in heavily fertilized 
Merion Kentucky bluegrass crowns in 
concentrations only slightly less than 
that in lower fertility grass (Table 2). 
This was confirmed by studies of 
Wilkinson and Duff (1972) at Rhode 
Island who found that Kentucky blue-
grass turf receiving 2 or 6 lbs. of N per 
1,000 sq. f t in the fall became almost 
equally cold resistant by January when 
the grass was most frost tolerant (Fig. 2). 
The 6 pound nitrogen rate applied in 
increments between October 1 and 
December 15 decreased cold hardiness 
somewhat but only leaf injury was 
noted under field conditions. It appears 
that the improved grass nutrition ob-
tained by fall fertilization prolongs the 
functional life of leaves and the result-
ing increased photosynthesis maintains 
adequate carbohydrate levels to insure 
cold tolerance. 

This can be observed in the field. 
Turf fertilized with 5 or 10 pounds of 
N per 1000 sq. ft. (Fig. 3 plots center 
and right) was much greener during the 
winter than turf which had received 
only 2.5 pounds of N (Fig. 3 plot left). 
A detailed view of the 10 pound N 
turf (Fig. 4) showed much green leaf 
tissue which was capable of photosyn-
thesis during nonfreezing conditions 

and could maintain high carbohydrate 
levels in leaves and stems. As a result 
the grass was tolerant of subfreezing 
temperatures even though it remained 
green. The 2.5 pound N turf (Fig. 5) 
contained little exposed green tissue 
indicating less frost hardy leaves. Even 
this grass had substantial green tissue 
deeper in the leaf canopy and was 
photosynthetically active which 
probably contributed to its winter sur-
vival. The retention of green color 
throughout the winter is a desirable 
feature of fall fertilized turf. 

Some previsions to reduce freezing 
injury can be taken when a lawn is 
established. Selecting a grass possessing 
superibr cold tolerance characteristics 

Fig. 4. Merion Kentucky bluegrass in mid-
February after receiving 10 lbs. N/IOOO sq. 
ft. during the previous season. 

will off-set future problems in cold 
regions. James Beard (1966) evaluated 
nineteen turfgrasses for low temperature 
injury in central Michigan. He found 
that creeping bentgrasses and roughstalk 
bluegrass were most cold tolerant. Colo-
nial bentgrass cv. Astoria, Kentucky 
bluegrasses, and redtop possessed inter-
mediate cold resistance, while red fescue 
cv. Pennlawn, tall fescues, and annual 
bluegrass were only somewhat cold 
tolerant Least cold hardy were peren-
nial and annual ryegrasses. While indivi-
dual cultivars of turfgrass species pro-

babily will differ in cold tolerance, it 
appears that grass mixtures composed 
of red fescues or perennial ryegrasses 
should be avoided if freezing injury is 
likely to be a problem. 

Grading a lawn to provide good 
water drainage will also help avoid cold 
injury problems. Beard (1964) observed 
that freezing grass in ice was more 
damaging than when frozen in the 
absence of free water. During a freeze-
thaw cycle, soaked grass experiences 
more ice crystal formation in the tissues 
and greater injury. Again creeping 
bentgrass was most tolerant of freezing 
in water but annual bluegrass and 
Kentucky bluegrass were killed during 
15 and 45 days of freezing respectively. 

Managing turf to avoid thatch ac-
cumulation will also improve grass re-
sistance to cold. Grass plants with 
much of their root system growing in 
thatch are more vulnerable to winter 
desiccation when the thatch becomes 
dry or freezes. Under wet conditions, 
a thatch layer will become water soaked 
and subject the grass plants to excessive 
hydration which will aggravate freezing 
injury when frost returns. 

Thus, while little can be done to 
avoid freezing conditions, the lawn care 
professional, with the cooperation of his 
clients, can improve the chances of 
grass survival through appropriate turf 

Fig. 5. Merion Kentucky bluegrass in mid-
February after receiving 2.5 lbs. N/IOOO 
sq. ft. during the previous season. 
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management strategies. Understanding 
the basic mechanisms of freezing injury 
and how plants resist it, can help the 
turf manager design a lawn care program 
which will favor the grasses' survival. 
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SPECIALIZING 
IN PUMP 
[APPLICATIONS 
FOR 49 YEARS. 

COMPLETE EQUIPMENT SALES, 
PARTS AND SERVICE 

PUMPS: 
Hypro 
Roper 
Gorma n-Rupp 
Red Jacket 
Simer 
Sherwood 
Balcrank 
Tuthlll 

ACCESSORIES: 
Filters 
Meters 
Strainers 
Hose 
Valves 
Couplings 
Nozzles 
Swivels 
Tanks 
Gauges 
Reels 

MODEL 100-STC 
SPRAY TANK ASSEMBLY 
Includes: engine driven roller pump, ^ ^ 2 0 0 ' * W spray hose assembly, crank 
rewind reel and a 100 gallon fiberglass tank with internal jet agitation, mounted on steel 
skid with stainless steel strapping and mounting hardware. Tank sets on Buna-N cush-
ions with neoprene bumpers front and rear, and a five inch fillwell with leakproof venting 
system. Dimensions are 48" length, 35" width, 39" height. Tuflex fiberglass tanks avail-
able in 100. 200 and 300 gallon capacities that can be custom designed to meet your 
individual needs. 

OHIO OIL EQUIPMENT Co. 
P.O. 8396 — 30 EAST FOURTH AVENUE 
COLUMBUS, OHIO 43201 614/294-4618 
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Chemicals Now Available 
in Bulk 

Why didn't someone do it before? 
That's what they asked about the paper 
clip and the rubber band, never-the-less, 
bulk chemicals are now available to the 
lawn care industry. 

Bulkkem Corporation was recently 
formed with the sole purpose of distri-
buting chemicals in bulk form to lawn 
care companies. Products such as 
Trimec, Betasan, 2,4-D and MCPP will 
be available in containers ranging in size 
from returnable 55 gallon drums to 250 
gallon shippers. Companies needing 
larger quantities, can have a tank truck 
delivery system which will fill tanks at 
their locations. 

Storage of chemicals and disposal 
of the containers are two of the largest 
problems facing the lawn care profes-
sional. The bulk system eliminates both 
of these problems efficiently and eco-

nomically. Bulkkem's Will West puts it 
this way; "All a company has to do is 
let us know how much they need and 
when they want it Our truck will fill 
their tanks at their locations and they 
won't have to dispose of a single con-
tainer." 

Accuracy in pumping is another 
problem Bulkkem has solved econom-
ically. Each container size can be 
equipped with a pesticide pump and 
meter, accurate to .006 of a gallon. The 
pumps are available in AC or DC units 
and have been used for this type of op-
eration for five years. To insure this 
accuracy, adjustments for temperature 
changes can be made at the meter. 

Terminals for Bulkkem will be 
located in Cleveland, Ohio; Normal, 
Illinois; and Philadelphia, Pennsylvania. 
John Latting, company president, put it 

this way, "We've spent two years 
working out the logistics for bulk 
delivery. During this season we test 
marketed our on site delivery system in 
the Illinois market and shipped our 250 
gallon shippers as far away as Omaha. 
We are now ready to ship any place in 
the U.S." 

With increasing EPA regulations 
concerning container disposal and the 
cost efficiency of bulk delivery, the 
"bulk concept" could very well be the 
way of the future. For more infor-
mation concerning bulk chemical 
delivery in your area, contact John 
Latting, Bulkkem Corporation, 400 
Northtown, Normal IL 61761, or use 
reader reply card. 

Circle No. 12 on Reader Reply Card 

Professional Turf Specialties 
Spraying Systems 

The System that answers every need . . . 
THE PROFESSIONAL TURF SYSTEM includes: 

1. Tank (Single or compartmented) 
2. Bed 
3. PTO and drive train 
4. Pump 
5. Tachometer 
6. Pressure gauge 
7. 300 ft., Vi inch high pressure hose 
8. Electric hose reel 
9. Sight gauge 
10. Spray gun 
11. High volume agitation 
12. Chemical inductor 
13. Carbon Steel or Stainless Tanks 

600, 1,000 and 1,250 gallon tanks available 

Toll Free: (800) 447-4388 or Call Collect: (309) 454-2469 

Professional Turf 
Specialties 
400 Northtown Road 
Normal, Illinois 61761 
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PLC A A Offers Casualty Insurance Program 
to Membership 

At their September 17, 1981 meet-
ing, the Board of Directors gave final 
approval for the implementation of a 
Casualty Insurance Program for mem-
bers of the PLCAA. 

It is expected that the average 
member will be able to save between 
10% to 30% compared to his present 
coverage, with the possibility of a di-
vidend of up to 25% if the Program's 
loss experience is favorable. 

In addition, the new Program will 
enable the Lawn Care Industry to de-
velop a credible data base of premium 
and loss information, which will be of 
vital assistance in helping the industry 
to gain more favorable treatment from 
Underwriters. With no such informa-
tion currently available on an industry-
wide basis it is difficult to prove the 
widely held belief that the Lawn Care 
Industry is being overcharged for its 
Casualty Insurance Coverage. 

The Program will be administered 
for the PLCAA by Marsh & McLennan, 
Inc. Members may apply either directly 
or through their present insurance 
broker. 

Applications and brochures are 
currently being printed. However, 
inquiries about the Program can be 
directed to Steven W. Wilcox, Vice 
President at Marsh & McLennan, Inc., 
222 S. Riverside Plaza, Chicago, IL 
60606. 

Heavy Duty 
Measuring Wheel 

Welded 
Construction 

Wide Wheel-13/4 

Cushioned 
Handle Grip 
Metal 
Housed 

Used by 
one of 
the Largest 

Lawn Care 
Companies 
in the U.S.A.-

Great for 
Measuring Roads. 
Parking Lots, and 

Driveways . . . 

Counter 

Easy 
Reset 

Counter 
Guard 

Custom Colors 
Available on 
Request (Lots of 25 

or more Only) 

Shipping F O B 
Columbus 

Quanity Discounts 

For More Information Call 
or Write: 

Imler Industries, Inc. 
1117 Broadview Ave. 
Columbus, Ohio 43212 
614/ 486-9068 
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WESTHEFFER 
TURF DIVISION 

Equipment Headquarters 
for the 

Lawn Care Industry 
• APPLICATORS 
• TANKS 
• PUMPS 
• SPRAY ACCESSORIES 
• SPRAYER HOSE 

WRITE FOR COMPLETE CATALOG 

Weslheffer Company, Inc. 
Box 363 Lawrence, KS 66044 

Telephone (913) 843-1633 
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Attention ! 

January- "Training Effective Management" 
January 25 & 26, Oakland County 
Government Complex. Pontiac, Michigan. 

February- "Soil & Fertilizing Workshop" 
Dr. Paul Rieke, MSU. 
February 8-9 & 15-16, Oakland County 
Government Complex. Pontiac, Michigan. 

March- "Ornamental Disease Seminar" 
Dr. Powell, Ohio State. Oakland County 
Government Complex. Pontiac, Michigan. 

For more information on any of the above, contact Greg 
Patchen. (313) 858-0884. 

"It's a new weed control technique— I smother them." 

The Professional Lawn Care Association of America is growing, and we want you to 

Grow with us! 
Participate in our Regional Seminars and Conventions. Small Groups get together 
to exchange ideas and share experiences. PLCAA members who attend these 
meetings f ind out "wha t works and what doesn't w o r k " . 

* Control Your Cost of Doing Business. Enjoy the benefits of using PLCAA's Standard Chart of Accounts. 
Accountants can now adapt your records to an industry system that wi l l permit studies on operating expenses. 

* Make use of the T E C H N I C A L RESOURCE I N F O R M A T I O N PLCAA is making available. The Association is 
preparing a reference manual which wi l l include valuable material. 

—Glossary of terms. —Regulatory contacts. —Turf contacts. 
—Waste contro l . —Pesticide safety. - H a n d l i n g and storage of pesticides. 

* The Association is work ing on insurance 
plans. Casualty, workmen's compensation, 
and major medical/hospital plans are being 
developed. 

* Let your voice be part of industry's voice, 
when we address regulatory groups at 
federal, state and local level, on behalf 
of the industry. The more members, the 
stronger the voice! 

Invest in your Association now for better 
management and profitability! 

Mail to: PLCAA, Suite 1717, 435 N. Michigan Ave., Chicago, IL 60611 

Tell me more! 
The Professional Lawn Care Association is growing! Together we can 
make things happen. Grow with us. Complete this application for 
further information and mail it today. 

NAME TITLE 

COMPANY 

STREET 

CITY STATE ZIP 
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WHEN YOU PLAN FOR 1982 
PLAN ON US! 

WE CAN HELP YOU DELIVER A CUSTOM LAWN CARE PROQRAM 
Custom Mixed Fertilizers 

(Including blends with sulphur coeted ures) 
Fertilizers with Pesticides 

Complete Supply of Herbicides, Fungicides end Insecticides 

ALSO 
Tee end Fairway Specialty Products 
Hahn Spray-Pro and Qrounds Maintenance Equipment 
Tip 'N Measure Bottles 
Qulckdraw Liquid Applicator 

Visit our booths at the PLCAA Convention In Louisville, 
and Ohio Turf grass Convention In Columbus 

LAWN AIDS CALL MB 

Tipp Cfty,'ohlo 49971 ROH QROVE 
Tel. 013/667-6314 
Also 313/336-3363 

TURF SEED 

Lakeshore sells quality turfgrass 
seed, and has for many years. Now, in 
conjunction with Turf Seed, Inc. of 
Hubbard, Oregon and their 27 years of 
seed research and knowledge, we are 
able to provide you with what we con-
sider to be the highest quality seed mix-
tures on the market, many of which are 
Certified. Certification is done by the 
Oregon State University and assures you 
of the varietal quality and content of 
the straight varieties or blends by the 
Blue Tag on the bag. Call Barb at Lake-
shore Equipment & Supply Company, 
Elyria, OH, toll free (800) 321-5325 or 
from Ohio (800) 362-7413 to place 
your order, or use reply card. 
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MEETING YOUR CUSTOM NEEDS" 
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Model PC 500 545 gallon portable use tank. 81" long. 47.5" wide and 48" high. Standard equipment: 18 
vented cover with posi lock hatch hardware, baffling system, integral molded mounting base for ease in 
mounting steel tie down lugs to secure tank to frame. 2" po/y-coated dram and calibrated sight tubes. 

The TUFLEX manu 
facturing process al-
lows a five year war 
ranty on all tanks. 

For economy prices and 
more information on our 
complete line of tanks, 
write or call now: 

the only manufacturer to special-
ize in seamless fiberglass spray tanks specifi-
cally engineered for the pest control and lawn 
care industry, is building a new, smaller ver-
sion of its popular PC 800 and PC 1200 gallon 
fiberglass tanks. The model PC 500 fiberglass 
tank answers the industry's call for smaller 
high quality spray tanks. Tanks that meet and 
exceed the demands of every lawn and pest 
specialist A giant step backwards . . . from 
Tuflexfor you! 

Tuflex Manufacturing Company 
PO Box 13143. Port Everglades Station 

Fort Lauderdale. Florida 33316 
Phone 305/525-8815 
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AMERICAN LAWN APPLICATOR 

BINDERS 
NOH/ AVA ILABLE ! 

. 

A GIANT STEP... 
BACKWARDS? 

Consolidate your 
back issues of A.L.A. 
magazine into one 
convenient, hard 
cover binder. The 
3-ring binder comes 
in green with gold 
letteringon the cover, 
and makes an attrac-
tive addition to any 
office. Order yours 
today! 

Number of binders: at $5.00 each 
Amount enclosed:. . 

NAME 
ADDRESS — 
CITY STATE ZIP 
COMPANY NAME 

Mall your remittance to: American Lawn Applicator, 
31505 Grand River Avenue, Farmlngton Ml 48024. 
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Classified Ads 
LAWN SPRAY BUSINESS FOR SALE 

Approximately 300 accounts. Owner 
deceased. Contact: Joseph Cohen, 
1505 Travelers Bldg., Southfield, Ml 
(313) 353-4650. 

EQUIPMENT 

Lawn Spray Rig, 1,000 gal. tank, pump 
& motor, Chuck Breslin Tree Service, 
(313) 643-0125, $1200.00, Briggs & 
Stratton engine, Flo-Max pump. 

Two Fiberglass 300 Gallon Tanks with 
mounts. $375.00 each, never been used 
Briggs & Stratton 3 HP motor and Day-
ton Electric Pump $225.00, 200 feet 
800 PSI spray hose and electric hose 
reel $195.00. Will sell all or part. 
Offers considered. Jim Stevens (313) 
474-1286. 

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. 

A SMALL COMPUTER CAM 
MAKE A BIG OIFFEREMCE 

with 

CSIs LAWN CARE 
BUSINESS SYSTEM 

TM 

Designed by LAWN CARE PROFESSIONALS 

iqcludes 
Invoicing, Route Management, Sales, Production, 
and Activity Reporting. Mailing Lists/Labels, 
Accounts Receivable, General Ledger, Accounts 
Payable, Word Processing, and much more! 

For free sample reports and a brochure call toll 
free: 

(800) 835-2246 ext. 37 

or write: 
Continental Software, Inc. 

215 N.Main Street 
Jamestown, NY 14701 

•Prices start at $3,200 
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water supplies inc. 
1260 Middle Rowsburg Road • PO Box 557 • Ashland. Ohio • 44805 • PH (419) 322-1565 

"Specializing in Lawn Care, Turf 

• MYERS SPRAYERS 
• SWANS0N STAINLESS 

STEEL SPRAYERS 
• CUSTOM 1200 GALLON 

SPRAYER 
• SUPER CUSTOM 600 

GALLON SPRAYER 

& Agricultural Sprayer Equipment' 

• CUSTOM SPRAYER FOR 
VAN OR PICK-UP 

• HANNAY HOSE REEL 
• HIGH PSI & SYNFLEX HOSE 
• PARTS, GUNS, FITTINGS 
• HYPR0 PUMPS 

& ACCESSORIES 
Pumps, Water Systems, Well Supplies, Water Conditioners, 

Agricultural Sprayers, Turt Sprayers 
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List of Advertisers 

Agro tec / 13 
Andersons /14 
Bulkkem Inc. / center spread 
Continental Software / 39 
Encap Products /13 
Garden Tips / 15 
Great Plains Assoc. / 19 
Hawkey e Chemical / 29 
Imler Industries / 36 
Lawn Aids / 38 
Lesco / back cover 
M.L.S. Computer / 40 
Monsanto / inside front cover 
Ohio Oil Equipment Co. /34 
Professional Turf / 35 
Pumping Systems Inc. / 40 
Tuflex / 38 
Water Supplies/39 
Windjammer Cruises / inside back cover 
Westheffer / 36 

M.L.5. 
COMPUTER SERVICES 

COMPUTER and PROGRAMMING 

for LAWN APPLICATOR requirements 

UNDER $8,000 

M.L.S. COMPUTER SERVICES 

35634 Dequindre Sterling Hts., MI 48077 

Phone (313) 268-1535 

Call today! do it now! 
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SPRAY RIGS FOR LAWNS 
T R E E S & ORNAMENTALS 

STANDARD UNITS 

TANKS FIBERGLASS- 55to 1500GALS. 

PUMPS PISTON; CENTRIFUGAL; ROLLER 

Vol. 1 GPM to 100 GPM 

Pres. 10 PSI to 1000 PSI 
ENGINES 0IESEL; GASOLINE 

REELS ELECTRIC; MANUAL 

HOSE HIGH PRESSURE- PVC; RUBBER 

DUAL COMPARTMENT TANKS 

CUSTOM - DESIGNED 
UNITS AVAILABLE 

Ask about our 
REDUCED RATE FINANCING!! 

Dealers wanted 
PUMPING SYSTEMS, INC. 8909 McGAWCT. COLUMBIA, MD. 21045 

Can 800-638-1769 
For more information 

(301) 596-3700 
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We dare you. 
We dare you to ship out on our tall ships to the Caribbean. 

^ We dare you to take the helm oi our 258' Polynesia or our 198' Yankee Clipper 
Sleek sailing ships out of another age once owned by Onassis, 

Vanderbilt, and the Duke oi Westminster 
We dare you to set toot on small, iar away islands like Saba. Carriacou. 

Anegada. And we dare you to walk the footsteps of Captain Bligh, 
Columbus and Nelson on uninhabited tropic beaches. 

We dare you to get down to your bikini and shorts and have 
a love affair with the sun. To take each day as it comes, 

sip Bloody Marys in the morning and take your ration o'grog 
when the sun slips down the mast. 

We dare you to step out with the moon. Feel the throbbing of 
the steel drums. We dare you to limbo, calypso and goomba^ 

And we dare you to fall asleep under a star-filled sky. 
We dare you to snorkel amidst a rainbow 

of tropical fish, and to swim in waters so clear 
you can see 20 feet down. 

We dare you to ship out with an 
adventurous group of guys and gals 

for 6 or 14 days. 
Your share from $425. 

We dare you to set sail 
to another time, another land. 

To do all the things 
you have always wanted to do 

Then we dare you to tell us 
that Windjammin' was 

something besides the 
greatest vacation 

in your life. 

«Windjammci'EtarcfoofCuiw 
t ^ y PC Bex i2<? . Miami Beach F.ciKla 5jl39 3C5 al±-2213 

Cap'n Mike 
Windjammer'Bareloot' Cruises 
P . O . Box 120, Dept. 2185 , Miami Beach F L 3 3 1 3 9 

Might take your dare 
Send my tree fuU color Great Adventure Booklet on the 6 and 14 day cruises to the Caribbean and West Indies 

City/Stale/Zip 



LESCO Pioneers 
Lakeshore Equipment & Supply Co. is a pioneer in sulfur-
coated fertilizer. 
LESCO Sulfur-Coated Fertilizers are manufactured in the first 
commercial sulfur-coated fertilizer plant in the United States. 
We know the product from the ground up. 
With LESCO Sulfur-Coated Fertilizer, you get the only 100% 
sulfur-coated fertilizer available today. All the nutrients are 
encased in a sulfur coating to provide uniform, long-lasting 
feeding. LESCO Sulfur-Coated Fertilizers are complete - not just 
nitrogen, but coated phosphorous and potash, too-cont ro l led-
release products. 
Go with a leader; go with Lakeshore. Buy high-quality 
controlled-release fertilizer products, replacement parts, 
chemicals or accessories from Lakeshore Equipment & Supply Co. 

Division of Lakeshore Equipment & Supply Co. 
300 South Abbe Road, Elyria, Ohio 44035 

(216)323-7544 

CALL BARB TO PLACE YOUR ORDER OR TO HAVE A LESCO SALESMAN 
CALL ON YOU WITH OUR COMPLETE LINE OF LESCO PRODUCTS 

(800) 321-5325 
Nationwide 

(800) 362-7413 
In Ohio The 

patented 
C h e m L a w n G u n 
The best gun 
in the b u s i n e s s 

PRODUCTS 

A Family of Fine Products 
Lescosan 12.5G - Lescorene - Lesco 4 - Lescobor - Lescopar - Lescopex - Lesco Non-Selective 

Herbicide - Lesco MSMA - Lesco Thiram 75W - Lescozyme - Lakeshore Chinch Bug & Sod Webworm Control. 
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