
No mites. 
No damage. 

SANOOXCROP p r o t e c t i o n 

PENTAC 
AQUAFLOW 

Miticide 
For use on outdoor roses and 
nursery stock, greenhouse 

No doubts. 
For mite control, there's no substitute 

for Pentac Aquaflow? It kills a wide spectrum 
of mite species, and can be applied 
indoors or out. Yet Pentac won't harm 
plants, not even when it's sprayed right on 
the open blooms. And it is a non-restricted 
use material with no unpleasant odor. 

For 25 years, Pentac has been the 
product of choice for controlling dozens of 
kinds of mites, on hundreds of species 

of plants in thousands of greenhouses 
and nurseries. Now it is available for 
landscape maintenance use as well. 

If you're not already using Pentac, 
there's no doubt you should be. See your 
distributor today. 

A SANDOZ 
CROP PROTECTION 
CORPORATION 
DCS PLAINES. 1160018 

Use pesticides effectively. Read and follow 
label directions carefully. 
© 1988 Sandoz Crop Protection Corporation 
Pentac and Pentac Aquaflow are registered 
trademarks of Sandoz, Ltd. 



information regarding fertilization, 
cutting height, weed control, aera-
tion, liming and irrigation. The infor-
mat ion i nc l uded both past and 
present management practices. 

Average hardness data for position 
and field type for all recording periods 
are shown in Table 1. With a heavier 
object, there was a significant dif-
ference in hardness between areas in-
side and outside the hashmarks. 
Impact values were higher inside the 
hashmarks throughout the study. 
These higher values were associated 
with less turf cover, drier soil and/or 
more compact soil. The least amount 
of differences were in March mea-
surements. This was attributed to the 
greater amount of frost heaving on the 
inside areas, which were bare or less 
densely covered with turf than the 
outside areas. The soil was loosened, 
causing lower impact values. As the 
year progressed, the differences in-
creased. 

With the heavier object, impact 
values for game fields were lower 
than for practice fields. The greatest 
differences were in November, fol-

lowing football season. Greater dif-
ferences between field types as the 
year progressed were attributed to 
more intensive practice field use. 

Impact values for the lighter ham-
mer followed the same patterns. 

In general, the lowest values re-
flected a combination of dense turf, 
low soil bulk density and high soil 
moisture. 

And artificial turf? 
As observed in Table 2, values ob-
tained at various times on a new ar-
tificial turf field fell within the range 
of the natural high school fields. A 
practice field that had frozen was 
much harder than either artificial or 
natural unfrozen turf. Values for floor 
surfaces in a home were higher than 
values for the high school fields. It 
should be noted that variation would 
also be expected for different artificial 
turf surfaces or floor surfaces in 
homes. 

Values for shear resistance (trac-
tion) are shown in Table 3. On each 
measurement date, these values were 
lower—although not always signifi-

cantly lower—for practice fields and 
positions inside the hashmarks (ex-
cept for November, 1987). 

Turf or soil giving way under foot 
would be associated with lower shear 
values. Certain impacts between 
players might make it better for the 
soil or turf surface yield than a 
player's joints. From the standpoint of 
efficiency of play, the variation in 
footing, as indicated by a range of 
shear values for the same field, could 
affect performance as players move 
from one area of the field to another. 

Maintenance levels 
It is unfortunate that practice fields, 
used more than game fields, received 
less maintenance. Such findings indi-
cate that in turfgrass management de-
cisions, game field appearance may 
receive more attention than playing 
quality of both practice and game 
fields. Fortuately, much of the main-
tenance work aimed at appearance 
also improves the playing surface. 
However, a need to educate field man-
agers on the role of turfgrass manage-
ment in providing a good playing 

Field hardness was most significant between hashmarks, a result of less turf cover, drier soil and/or more compact 
soil. 



bobcat LOADERS 

TAKE fl IURI1 
FOR THE BEST 

Utility frame, three-point hitch, box scraper, vertical mast, pallet fork, angle blade, landscape 
rake attachments, front scarifier, trencher and tree transplanter attachments are also available. 

Regardless of size, all Bobcats offer the 
same outstanding features. Agility in tight 
areas. Attachment versatility. Rugged 
durability. Easy maintenance and operation. 
Comfort and safety. Top performance in 
any work situation. 

Bobcat also offers value. A Bobcat is well-
built, and backed by a dealer service and 
parts network second to none. No matter 
where you put your Bobcat to work, there's 
a Bobcat dealer nearby with genuine 
Bobcat parts and service by factory-trained 
mechanics. In fact, Bobcats are so well-built 
and maintained that they keep their value at 
trade-in time, which gives you a big return 
on your initial investment. 
Turn into your nearest Bobcat dealer 
today, and take a turn for the best in 
performance and value. 



TABLE 1. m ^ ^ ^ m m m m m m a m m m m ^ a m m a m m m m m 

Hardness va lues for f ie ld t ype and 
pos i t ion , November 1986-November 1987. 

• Significantly different at the 5% level. 
** Significantly different at the 1% level. 
kPa = kilopascals (1 kPa — 0.145 lb in2) Source: The authors 

surface still exists. 
Game fields were in better con-

dition than practice fields. They had 
lower bulk densities, fewer weeds 
and more turf cover. Differences indi-
cated that areas inside the hashmarks 
had more wear. 

None of the fields in the study had 
modified soil. Native soils were all 
medium- to fine-textured loam, silt 
loam, silty clay loam and clay loam. 

Variables 
Variables were calculated in five cate-
gories: overall, game, practice, inside 
hashmarks and outside hashmarks. In 
general, an overall correlation existed 
between maintenance practices and 
vegetative variables. Fields receiving 
the best maintenance had the lowest 
weed cover and highest total turf 
cover. The correlation of N fertiliza-
tion and aeration indicated that when 
one of these important maintenance 
inputs was intensified, so was the 
other. 

A positive correlation was found 
between soil moisture and aeration 
levels. (Increased moisture probably 
reflects greater infiltation and less 
runoff on aerified fields.) There was 
slight correlation between field hard-
ness and maintenance practices (As 
aeration and fertilization levels in-
creased, field hardness decreased.) 

Field hardness seemed to be af-
fected most by percentage of soil 
moisture. In general, soil moisture 
correlated better with hardness as 
measured by the lighter hammer. In 
addition, an increase in bulk density 
was asociated with an increase in a 
field's impact value. Correlations be-
tween hardness and bulk density 
were not as great as those between 
hadness and percentage of soil 
moisture. 

In general, then, when soil nutrient 
levels, N fertilization, core cultivation 
and weed and turf cover varied to in-
dicate better maintenance practices, 
that variation accompanied a de-
crease in hardness. 

For the most part, shear resistance 
values were not significantly corre-
lated with maintenance practices, but 
for positions inside the hashmarks 
there was some indication that shear 
values decreased as weed cover in-
creased. Weed populations were ob-
served to be higher on worn areas 
where the turfgrass root system 
would be insufficient to create a high 
shear resistance. Field hardness and 
shear resistance relationships were 
both variable and slight. 

Correlation between dates of the 
measured characteristics (hardness, 
traction, moisture, bulk density and 
weed cover) was variable. LM 



Searching for better ways to 
handle underground construction 



Here are several new 
ideas from Ditch Witch ! 

The one company that continues to offer new 
ways to dig in the ground is the same company 
that has led the industry with underground 
construction innovations for more than 40 
years: Ditch Witch. And that's just one reason 
more people choose Ditch Witch equipment for 
more underground construction jobs all around 
the world. Here are a few more. 

Model 3500. The most 
advanced 35-HP-class, all-
hydraulic trencher available. 

3 5 0 0 : It stays cool, de l ivers long-duty cycle per formance and reduced component w e a r . 

Ditch Witch has incorporated advanced 
hydraulic technology into the new Model 
3500 all-hydraulic trencher. 

A low speed, high torque radial piston 
hydraulic drive motor provides direct efficient 
power to the digging chain. 

And when the going gets hot the 3500 won't 
fade away. A high-capacity hydraulic oil cooler 
and unique oil shuttle valve keep the oil cool for 
high production in a broad range of ambient 
temperatures. 

New 1620. Reliable. Powerful. 
Simple to Operate. 

The best features of the popular 
Ditch Witch 1010-reliability simplicity and 
value-make the new 1620 tops among 
16-HP-class handlebar trenchers. 

A compact riding trencher 
small enough to pass through 
a yard gate. 

The p o w e r and convenience of larger t renchers are scaled d o w n to the product ive 2 0 2 0 . 

This 20-HP-class trencher goes through a 
36-inch yard gate, maneuvers around backyard 
obstacles, trenches and backfills along 
easements and in close quarters where other 
riding trenchers can't f i t 

The 2020 can dig to 48 inches deep. Its 
ground drive lets you match ground speed 
to the digging conditions. The hydraulic 
backfill blade cuts restoration time and 
labor. A hydraulic boring unit is available 
as an option. 

The totally-
enclosed ground 
drive and head-
shaft gearboxes 
have Ditch 
Witch designed 
reliability. 
Color-coded 
controls are 
grouped within 
convenient 

- j ^ q j: ^ ^ The 1 6 2 0 is the most easy-to-use and reliable in its class. 

operator. Steerable drive wheels allow the 
1620 to be steered during trenching. 



The only 5-HP-class disc 
trencher backed with the 
strength of Ditch Witch. 

A w h o l e n e w class of t renchless technology f r o m Ditch Wi tch offers e x t e n d e d range w i t h 
affordabi l i ty . 

New excavation alternatives 
with the Ditch Witch 
True Trac boring system. 

When restoration costs or restrictions make 
traditional excavation methods impractical, 
the True Trac extended range guided boring 
system can be an economical and equally 
productive alternative. 

The new True Trac boring system is an all new 
class of long-range steerable boring equipment. 
It can bore distances of 600 feet through 
compactible soils and solid rock. 

5 1 0 : L ightweight , compact , built and backed by Ditch Wi tch . 

When a low-cost, compact and lightweight 
disc trencher is needed, one 5-HP-class machine 
has the strength of Ditch Witch design and 
support behind it. The Model 510. 

The 510 disc trencher can dig 10 inches deep 
and 2 inches wide. Its narrow width makes it 
ideal for installing service cable, sprinkler 
pipe or for landscape edging. It's small and light 
enough to transport in a van or pickup. 

Ditch Witch offers you more 
ideas and ways to go 
underground. 

From the small, lightweight Model 510 disc 
trencher to the heavyweight power of the HT l 00 
trencher/vibratory plow Ditch Witch and your 
Ditch Witch dealer offer you more ways to make 
underground installations. 

High per formance v ibra tory p lowing is possible w i t h the H T 1 0 0 hydraulic t rack plow. 

Your Ditch Witch dealer specializes in 
underground construction. He knows your 
business. He knows the digging conditions in 
your area. He's ready to put his underground 
construction knowledge to work for you. 

Your Ditch Witch dealer is committed to 
keeping you working with a complete parts 
inventory and trained service specialists. 

- i f 
< 4 Ditch Witch 

Finding New Ways. 



The Ditch Witch dealers in your region sponsoring this message are: 

Ditch Witch of Central New York 
5947 East Molloy Road 
Syracuse, NY 13211 
(315)455-7379 

Ditch Witch of Charlotte, Inc. 
3908 N. Graham Street 
Charlotte. NC 28206 
(704) 596-5700 

Ditch Witch of Greensboro, Inc. 
P. O. Box 8528 
Greensboro, NC 27419 
(919) 294-5160 

Ditch Witch of Lake Erie 
5034 Buffalo Road 
Erie, PA 16510 
(814)899-0629 

Ditch Witch Mid-South 
3681 Old Getwell Road 
Memphis, TN 38118 
(901)365-7400 

Ditch Witch of New Jersey 
397 Highway 33 
Manalapan Township 
Englishtown, NJ 07726 
(201)446-9600 

Ditch Witch of North Carolina, Inc. 
P. O. Box 26957 
Raleigh, NC 27611 
(919)772-1214 

Ditch Witch of Pennsylvania 
Rt. 100 & Little Conestoga Road 
Eagle, PA 19480 
(215)458-8282 

Ditch Witch of Roanoke, Inc. 
251 Wildwood Road 
Salem, VA 24153 
(703)387-0429 

Ditch Witch of Virginia 
Rt. 4 Box 266 
Glen Allen, VA 23060 
(804) 798-2590 
Branch 
Chesapeake, VA 
(804)424-5960 

Keystone Ditch Witch 
Route 66 
Delmont, PA 1 5626 
(412)468-6709 

Pilgrim Ditch Witch 
109 Town Brook Road 
West Yarmouth, MA 02673 
(508) 771-4111 

For the name and location of your Ditch Witch dealer, call (800) 654-6481. 
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To receive more information about the products mentioned 
here, simply fill out and mail this reply coupon to: 

The Charles Machine Works, Inc. 
P.O. Box 66: Perry, OK 73077-0066 

With Model 3500 literature 
you'll also receive a coupon 
for a FREE video product 
demonstration tape of 
the new 3500 trencher. 



THE DEMAND 
FOR DIESEL 

by Dennis Bourgoin and Tom Kane 

The need for exceptional du-
rabi l i ty and long-term re-
liability without costly down-

time is not new for the landscape 
industry. However, the trend toward 
compact, lightweight, high-speed die-
sel engines to handle landscape 
equipment applications, is. 

Initially, there was reluctance to 
accept diesel power for smaller turf 
equipment. The primary engine used 
for landscape mowers was the air-
cooled gasoline engine because it was 
lightweight and compact and offered a 
high horsepower-to-weight ratio. 
Without a cooling system to maintain, 
it was the exclusive choice to power 
turf equipment until the emergence of 
the small, lightweight, liquid-cooled 
diesel engine. 

The major difference between gas-
oline and diesel engines is the method 
used to ignite the fuel/air mixture. 

• A diesel engine introduces air 
only into the cylinder for compres-
sion, then injects a precisely-con-
trolled amount of fuel into this red-
hot compressed air. The burning of 
this expanding mixture acts on the 
pistons, t u rn ing the crankshaft , 
thereby producing horsepower and 
torque. 

• In a gasoline engine, the air and 
fuel are mixed in the carburetor. At 
the proper time this mixture is ignited 

by the ignition system and spark 
plugs. From this point on, the power 
and torque are derived in the same 
way as a diesel. 

Although both engines appear to 
be similar in the way they produce 
power, there are some subtle but im-

Diesel fuel helps 
lubricate some of the 
engine parts further, 
adding to engine life. 

portant differences. Diesel engines 
compared to air-cooled gasoline en-
gines offer several advantages: 

Heavy-duty components. Diesel 
components are designed and built 
stronger to withstand the strenuous 
demands of the engine's higher com-
pression ratios and inherent higher 
cylinder pressures. Longer engine life 
and durability are the benefits. 

Lower fuel consumption. Engine 
heat is used more efficiently by die-
sels, resulting in less fuel consump-
tion and longer mowing time between 
fills. Typically, diesels are 30 to 35 
percent heat-efficient whereas air-

cooled gasoline engines are approxi-
mately 25 to 28 percent heat-efficient. 
This savings is realized not only in 
annual fuel costs but also saves labor 
dollars spent on frequent refueling 
and downtime. 

Less maintenance. With no igni-
tion system on a diesel to tune, this 
potential failure point is eliminated. 
The carburetor, another potential 
failure point, is totally eliminated on a 
diesel. No adjustments are normally 
needed on a diesel if due care is given 
to the fuel filter, oil changes and air 
cleaner system. A diesel will outlast 
gasoline units if good service mainte-
nance procedures are practiced. 

Torque characteristics. The torque 
curve on a diesel engine is generally 
flatter than a gasoline engine torque 
curve. This means that the torque 
does not drop off excessively at lower 
or higher rpms. The benefit to the 
landscaper is powerful cutting even 
in wet conditions. 

Fuel. Diesel fuel (#2D) does not 
readily ignite. It is safer to handle and 
can be stored over long periods of 
time, even over a season. Diesel fuel 
also helps lubricate some of the en-
gine parts further, adding to the life. 

Although the initial purchase cost is 
higher for diesel-powered equipment 
than air-colled gasoline units, the up-
front investment is often returned. The 

^—Circ le No. 109 on Reader Inquiry Card 

Diesel (left) or gasoline (right) engine for your landscap-
ing equipment? More contractors are finding the benefits 
of diesel engines outweighing those of gasoline engines. 
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What the industry is saying: To diesel or not to diesel? 
It is no longer myth but fact: diesel 
power is catching on in the lawn 
and landscape industry. 

"Kubota is the overall dominat-
ing diesel engine," says Mark Mar-
tin of DeBra Turf Equipment, Ft. 
Lauderdale, Fla. "Kawasaki is big 
in walk-behind rotaries, but Briggs 
& Stratton is just in the small stuff 
now." 

When buying equipment, vari-
ous factors must be considered by 
the prospective buyer, beginning 
with initial cost. Gasoline engines, 
of course, are less expensive out 
the door than diesel . O ther 
considerations: 

• horsepower; 
• torque; 
• physical size of the engine; 
• noise level; 
• serviceability; 
• dependability; 
• parts availability; 
• cost of replacement parts; and 
• use level (how many hours 

per week?). 
Here is what some industry peo-

ple are saying about diesel and gas-
oline engines: 

Bill Lee. director of marketing 
for commercial equipment, Deere 
& Co.: "We believe that small oper-
ators may want to look at liquid-
cooled gasoline engines. They are 
more durable now than when they 
first came out. In the mowing con-
tractor market where you're not 
doing that heavy drafting or heavy 
loading, the mower will wear out 
its moving parts before either die-
sels or liquid-cooled gasoline en-
gines. And you don't necessarily 
have to have 'gas hogs' just because 
you have gas engines. 

"What it comes down to is that, 
if a guy's fleet is all gas and the 
business is doing well, he probably 
won't make the change. If the orga-
nization has already begun to 
make the transition to diesel, it will 
continue to drive toward diesel." 

Michael Currin, Greenscape, 
Fayetteville, N.C.: "We are repre-

sentative of a lot of landscape con-
tractors. Many of our vehicles are 
bought second-hand and that af-
fects whether we buy gas or diesel. 
We very rarely buy new vehicles or 
tractors. We just can't justify it. So 
usually, we don't have a choice. 

"The big problem we found 
with diesels is their air filters. If 
people don't pay attention to that, 
they're in trouble." 

Ron Kujawa, KEI Enterprises, 
Cudahy, Wise.: "We're switching 

to diesel in all 
our v eh i c l e s 
one ton a nd 
above. On our 
large out-front 
mowers, we be-
1 i e v e t h e 
Kubota 340 en-
gine (28V2 hp) is 
outstanding. It 
p u t s o u t so 
m u c h to rque 
that it's com-
pa r ab l e to a 
larger engine. 

"Diesel en-
g i n e s h a v e 
mo re t o r q u e 
and less main-

tenance. There is a higher initial 
cost, but we feel it's worth it. If 
there's a drawback to diesel power, 
it's that you have fewer places to 
get the fuel. 

4Diesel is the way 
everybody would like 
to go, though not 
everybody has the 
money. They like their 
longevity and lower 
maintenance costs/ 

Mike Currin 
Greenscape 

Fayetteville, N.C. 

"But the first-time buyer of used 
equipment will be relegated to 
what's available, and that wil l 
most likely be gas power." 

"Diesel is the way everybody 
would like to go," adds Martin. Not 
everybody has the money, but it's 
at least in the back of their minds. 
People are leaning toward diesels 
because of their longevity, lower 
m a i n t e n a n c e costs and fue l 
economy. 

"We ' r e seeing landscapers 
going to diesel engines on riding 
rotaries in the 72-inch class. They 
feel that, in the long run, diesels 
can take the abuse. And if it lasts 
that much longer, it makes them 
more competitive." 

Don Oliver, Dally Landscaping, 
Lodi, Calif.: " I have one Toro 
mower that's diesel. The other 
three riders are gasoline-powered. 
We've had wrong fuel problems 
twice already. Guys pick up the 
wrong surplus gas can when they 
leave in the morning. I keep warn-
ing them to take the right fuel, but 
they still get it mixed up." 

Despite little problems like 
those at Dally, diesel engine sales 
are on the rise. It's no wonder. Mar-
tin reports mechanical problems 
with just three engines since DeBra 
has been selling diesel—and that's 
less than 1 percent of the total en-
gines sold. • 

Ron Kujawa 

diesel unit offers cost savings through a 
lower annual fuel cost, longer engine 
life between overhauls, fewer mainte-
nance dollars, excellent power charac-
teristics and—perhaps most impor-
tantly—potentially less downtime. 

For many light-duty applicators, 
air-cooled gasoline-powered equip-
ment will be the right choice. How-

ever, the many advantages of quiet, 
compact, high-speed diesels make 
diesel-powered equipment worthy of 
close consideration. 

Realizing that some turf equip-
ment users are more comfortable with 
gasoline-powered equipment, some 
manufacturers have developed a liq-
uid-cooled gasoline engine. Designed 

to offer the durability of the diesel 
with the familiarity of a gasoline en-
gine, this has become a popular choice 
for the turf industry. LM 

Dennis Bourgoin is national service mana-
ger for Kubota Engine Division and Tom 
Kane is national training manager for 
Kubota Tractor Corp. 



Keep your reputation 
spotless* 

©1989 Mobay Corp. 74521 

Golfers may not know leaf spot 
by name, but it can mark the dif-
ference between your course and 
someone else's. 

DYRENE® 4 Turf Fungicide has 
been effectively controlling leaf spot 
for years. And for every day of con-
trol you get, nothing costs less. 

DYRENE 4. Proven control. 
Because we have a reputation 
to consider, too. For more informa-
tion, contact Mobay Corporation, 
Specialty Products Group, Box 4913, 
Kansas City, MO 64120. 

DYRENE is a Reg. TM of Mobay Corporation. 
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Figure 1. Experimental golf green at the University of 
Minnesota Golf Course following topdressing. Sections 
of different soils are evident from color of topdressing 
material. 

Figure 2. Experimental golf green in August 1986, when 
bentgrass on all soil mixtures was in excellent condition. 

Figure 3. Damaged turf growing in soil mixture No. 5 
(right half of photo) compared to the relatively 
undamaged turf growing in soil mixture No.3 in April 
1987. 

ADVENTURES IN mm 
WATER STRESS I 
Drought conditions and failure of the irrigation system 

produce interesting findings on an experimental green in the Midwest. 

by Don Taylor, Ph.D., University of Wisconsin, River Falls 

The drought of 1988 will likely 
be remembered for a long time 
by turfgrass managers and golf 

course superintendents across the 
United States. Unirrigated turfgrass 
through the north central region suf-
fered damage as a result of the 
drought. Even irrigated turfgrass 
areas sometimes had difficulty keep-
ing up with the water demand. 

Hot, dry conditions during spring. 
1987 and summer, 1988 plus irrigation 
problems gave some interesting re-
sults on water stress damage at an ex-
perimental green on the University of 
Minnesota Golf Course. 

Here's what happened. 
In the early 1980s, golf course su-

perintendents in Minnesota were 
having difficulties establishing and 
m a i n t a i n i n g a dense c reep ing 
bentgrass stand on golf greens con-
structed with high sand-content soil. 
The Minnesota Golf Course Superin-
tendents Association investigated but 
failed to identify the underlying prob-
lem. So members decided to construct 
an experimental green to determine 
the long-term growth of creeping 
bengrass on five soil mixtures. 

The green was constructed accord-
ing to U.S.G.A. guidelines, save one. It 
was divided into five sections, and 
five different soil mixtures were used 
in the rootzone layer (Figure 1). The 
five soil mixtures used on the green 

are described in Table 1. 
The green was constructed in the 

summer, 1984 and seeded with Penn-
cross creeping bentgrass in September. 

Originally, it was thought that nu-
tritional differences or development 
of excessively compacted soil condi-
tions might lead to differences in es-
tablishment and growth of creeping 
bentgrass. But after four years of 
bentgrass growth, nutrit ional dif-
ferences have remained minimal on 
each of the soil mixtures. 

Soil compaction problems (as mea-
sured by root growth and water infil-
tration rates) appear to be non-
existent on any of the soil mixtures. 
However, the unusual weather condi-





TABLE 1. 
Soil mix tures used in the exper imenta l green. 

Soil Mix # Description 

1 3-1-1 by volume sand-soil-peat, 
sand - fine mortar sand. 
soil - silt loam (21% sand, 66% silt, and 13% clay), 
peat - Northern reed-sedge peat. 

The resulting mixture by weight was 80% sand, 17% silt and 3% clay. 

2 5-1-1 by volume sand-soil-peat. 
sand - uniform, medium silica sand, 
soil - sandy loam (58% sand, 26% silt, and 16% clay), 
peat - Northern reed-sedge peat. 

The resulting mixture by weight was 94% sand, 4% silt and 2% clay. 

3 85-15 by volume sand-peat, 
sand - fine mortar sand, 
peat - Northern reed-sedge peat. 

The resulting mixture by weight was 97% sand, 2% silt and 1% clay. 

4 85-15 by volume sand-peat. 
sand - uniform, medium silica sand, 
peat - Northern reed-sedge peat. 

The resulting mixture by weight was 98% sand, 2% silt and 0% clay. 

5 100% sand with peat tilled into the surface 4 inches, 
sand - fine mortar sand, 
peat - sphagnum peat. 

The resulting mixture in the surface 4 inches, by weight, was 99% sand, 1% silt 
and 0% clay. 

TABLE 2 
Water holding capac i ty of the soi l mix tures used on the 
golf green. 

Available water Inches of water 
holding capacity available in 12 

Soil Mixture (-30 mbar to-15 bar) inch root zone 

g water/g soil inches 

1 0.20 3.4 

2 0.13 2.2 

3 0.11 1.8 

4 0.10 1.7 

5 (surface 0.09 
4 inches) 

1.3 
4 inches) 

1.3 
5 (below 4 
inches) 0.07 

tions of the past two years have led to 
visible differences in response to 
water stress among the soil mixtures. 

Golf greens are often constructed— 
as this experimental green was—with 
12 inches of rootzone soil mixture un-
derlaid by two inches of coarse sand, 

which in turn is underlaid by four 
inches of gravel with drain tile in-
stalled. 

The coarse sand and gravel layers 
increase the amount of water retained 
in the rootzone soil mixture. This is 
usually desirable since most soil mix-

tures used are very high in sand con-
tent and have low water-holding 
capacities. 

Water available to the plants in a 
layered golf green is higher than what 
would be available in a deep soil pro-
file with no layers. To estimate the 
amount of water available to plants in 
this green, water held between ten-
sions of 30 millibars (equivalent to 
drainage at the surface of 12 inches of 
mix over a saturated layer) and 15 bars 
(the point usually considered so dry 
that plants can no longer extract the 
water) was measured. Assuming a 
bulk density of 1.4 g/cm.3 in all mix-
tures, the inches of water available to 
plants in the soil mixtures are shown 
in Table 2. 

Water infiltration rates were mea-
sured on the green in 1986 and 1988. 
Rates varied dramatically between 
soil mixtures with soil mixture No. 5 
having the highest infiltration rate 
(30.1 inches/hr. in 1986 and 25.3 
inches/hr. in 1988) and soil mixture 
No. 1 having the lowest infiltration 
rate (2.8 inches/hr. in 1986 and 1.3 
inches/hr. in 1988). 

During 1986, the first year turfgrass 
growth was carefully monitored, 
bentgrass growth on all five soil mix-
tures was superb with no differences 
between plots. Figure 2 shows the golf 
green as it appeared in August, 1986. 

In April, 1987, indications of possi-
ble problems occurred when the 
weather turned warm and dry very 
early. After a winter of almost no 
snow cover, March was very warm 
with an average temperature of 
38.7°F, 9.5° above normal. Bentgrass 
throughout the experimental golf 
green turned a beautiful dark green in 
March, providing a stark contrast to 
the dormant, or dead, annual blue-
grass on the fairways and approaches. 

March and April were not only 
warmer than usual but also drier. Rain-
fall measured in Minneapolis was 0.3 
inches in March and 0.2 inches in April, 
about 1 and 2 inches, respectively, be-
low normal for those months. 

In mid-April, before the irrigation 
system had been turned on for the 
season, bentgrass growing on soil 
mixture No. 5 started going into water 
stress. Despite running hoses from the 
clubhouse to water the green while 
the irrigation system was being 
checked, turf loss occurred on soil 
mixture No. 5. Figure 3, taken on Ap-
ril 22, shows the damaged turf on soil 
mixture No. 5 (right half of photo) 
along with the undamaged turf on soil 
mixture No. 3 (left half of photo). The 
lines dividing soil mixture No. 5 and 
the two bordering plots were distinct 
and obvious with the damaged plants 
restricted to soil mixture No. 5. Once 


