
(ca. 4.4 in. hr.1) or low (ca. 1.9 in. hr.1) rainfall rate. Rainfall 
was applied for 3 hours to ensure a constant drainage rate. 
At the end of the rainfall period, the rain device was turned 
off. 

Drainage outflow was measured every 5 minutes for both 
the 3-hour rainfall period and for a 48-hour drainage peri-
od. Soil water contents were measured every 20 minutes 
for the first 24 hours of the drainage period. Soil moisture 
levels were measured hourly for the ramining 24 hours. 
This resulted in about 44,000 total drainage outflow meas-
urements and 113,000 total soil moisture measurements 
for the full 18 runs of the study. Data collection began on 
6 August 1997 and ended on 30 October 1997. 

Results 

Due to space limitations, only a portion of the data col-
lected in the study will be presented in this article. Specif-
ically, we will present only the high rainfall rate data since, 
after the first two hours of the drainage period, rainfall rate 
had little effect on the experimental results. 

During rainfall, drainage rates from the research greens 
exhibited a significant interaction between profile design 
(either with or without a gravel blanket) and root zone 
permeability. The USGA profile greens, containing the 
gravel blanket, had higher drainage rates than the Califor-
nia profile greens. Additionally, drainage rates from the 
USGA greens were essentially the same regardless of root 
zone permeability. This result differed from that of the 
California greens, where the drainage rate during rainfall 
was substantially reduced for the low-permeability root 
zone compared to the high-permeability root zone. Finally, 
drainage rates in the USGA greens consistently increased 
with increasing green slope, while this was not the case 
for the California greens. 

Although drainage rates were much lower after 27 hours 
without rainfall, outflow was still observed from all 
research greens. The California-style greens had higher 
overall drainage rates than the USGA greens, due prin-
cipally to differences between the high-permeability root 
zone treatments. Also reversed from that observed during 
rainfall was the effect of green slope, where drainage rates 
of the California greens exhibited a larger increase with 
increasing slope than the USGA greens. 

Just as drainage rates showed an interaction between pro-
file design and root zone permeability, the pattern of soil 
moistures through a cross-section of the root zone yielded 
a similar interaction. This pattern is illustrated by Figures 
1 and 2, where isobands of soil moisture are shown as a 
function of distance upslope and root zone depth for each 
of the profile design:root zone permeability combinations. 
Also, the individual figures correspond to green slopes of 
0%, 2% and 4%. 

After 48 hours drainage at 0% slope, both California pro-
files showed an effect due to drain spacing. Lower soil 
moistures were observed over the drain lines at 2 ft. and 

17 ft., and higher moistures were observed between the 
drains. This contrasts with the USGA profiles where soil 
water contents were more uniform laterally across the soil 
profile. As expected, root zone permeability yielded the low-
permeability root zone for both profiles. It was interesting, 
however, that the levels of near-surface soil moistures were 
similar in the California high-permeability and the USGA 
low-permeability greens. 

All research greens exhibited increased water contents 
with root zone depth. In both permeability rates in the 
California profiles, water contents increased by about 15% 
to 2% from the 2 in. to the 10 in. depths. The USGA low-
permeability greens yielded about a 10% increase and, 
while not readily apparent from the figures, the USGA 
high-permeability greens had a 4% increase in water con-
tent with depth. 

The patterns of soil moisture for greens sloped at 2% were 
somewhat similar to those observed at 0% slope. This small 
slope applied to the greens, however, generated some down-
slope accumulation of soil moisture for all systems. Conse-
quently, the soil moisture pattern due to drain spacing in 
the California profile greens was skewed in the downslope 
direction, and downslope water accumulation, particular-
ly at depth, was observed in the USGA greens. This downs-
lope soil water accumulation was accentuated in all greens 
after 48 hours at 4% slope. Drain spacing effects disap-
peared for the California greens and evidence of water 

(Continued on Page 12) 

Scholarship Scramble— 
(Continued from Front Cover) 
bringing the MGCSA participants to the course. Izaty's golf 
pro Rich Oberfeld did a great job on the scoreboard and the 
Izaty's staff treated us to a wonderful day and a successful 
scholarship scramble. 

Next month's meeting, the MGCSA Golf Championship, 
will be at Heritage Links Golf Club in Lakeville on Au-
gust 16. Host superintendent will be Paul Eckholm, CGCS. 
Defending champion Chris Manor, MTI Distributing Co., 
is expected to be on hand to defend his title. 

Top 20 Scramble Results 
Elm Creek Golf Links of Plymouth 59 
Albany Golf Club 60 
Benson Golf Club 60 
Purple Hawk Country Club 60 
Midland Hills Country Club 61 
Pine Meadows Golf Course 61 
New Richmond & MTI Distributing Co. 61 
E-Z-GO Golf Cars 61 
Country Club Turf 61 
Mesaba Country Club 62 
The Minikahda Club 62 
National Mower & Plaisted Companies 62 
Minnesota Golf Cars 62 
Valley View Golf Course 62 
Rich Spring Golf Course 62 
P & H Warehouse 62 
The Wilds 63 
Fox Hollow Golf Club 63 
Precision Turf & Chemical 64 
Twin City Hydro Seeding 64 
Paskvan & MTI Distributing Co. 64 
North Star Turf Supply & Par Aide Products & National Mower 64 



48 Hours Drainage, 0% Slope 

Distance Upslope (feet) 

Figure 1. These contour plots demonstrate the soil moisture (% by volume) after 48 hours of drainage for research greens sloped at 
0%. Individual plots show results for the California profile with a high permeability root zone, the California profile with a low perme-
ability root zone, the USGA profile with a high permeability root zone and the USGA profile with a low permeability root zone Each 
plot shows moistures in a cross-section of the root zone with the horizontal axis given as distance upslope (feet) and the vertical axis 
given as root zone depth (inch). The plots are shown with the vertical axis expanded 16.7 times true scale 

48 Hours Drainage, 4% Slope 

Distance Upslope (feet) 
Figure 2. Contour plots of soil moisture (% by volume) after 48 hours of drainage for research greens sloped at 4% demonstrate the 
differences in drainage characteristics between California and USGA profile greens. (Continued on Page 13) 

12 • HOLE NOTES AUGUST 1999 



perching in the USGA greens was ab-
sent near the upslope end. Finally, 
the 4% slope had the greatest in-
fluence on near-surface soil moistures 
in the California low-permeability 
greens, where water contents ranged 
from 37% to 25% within a distance of 
about 18 ft. 

It is important to point out that 
whereas results of Figures 1 and 2 are 
for 48 hours of drainage, similar soil 
moisture patterns were observed at 
earlier sampling times. The exception 
was that overall water contents were 
higher at earlier sampling times and 
slope effects did not become apparent 
until about 12 hours after rainfall 
stopped. 

Implications 

This research illustrates that when 
it comes to greens drainage, we need 
to go beyond considering just the root zone permeability 
or the profile design and consider the interaction of these 
two factors. Given equal root zone permeability, the USGA 
profile yielded more rapid drainage. Indeed, even rainfall 
rates of about 4.4 in. hr.1 failed to overwhelm drainage of 
the USGA profiles as evidenced by equivalent drainage 
rates for both the low- and high-permeability root zones. 
Consequently, it appears that California profiles need a root 
zone permeability about 20 in. hr.1 greater than USGA pro-
files to yield similar drainage rates. Of course, greens built 
to California specifications may be reasonably expected to 
have these higher permeabilities since the root zones fre-
quently contain pure sand. 

Drainage rate represents an intensity attribute. The ca-
pacity attribute of subsurface drainage, in the context of 
the present study, is the completeness of excess water 
removal from the respective root zones. Here, it is commonly 
thought that formation of a perched water table in a USGA 
green would result in a less completely drained root zone 
than a California green. Our results show that for equal 
root zone permeabilities the experimental USGA greens 
are drier after 48 hours (interpreted as having an increased 
drainage capacity) than the experimental USGA greens are 
drier after 48 hours (interpreted as having an increased 
drainage capacity) than the experimental California 
greens. Also, the California greens exhibited higher soil 
moistures midway between the drain lines. Both of these 
soil moisture features result from the need for water to 
move laterally through the root zone in a California green 
before reaching a drain line. This rather slow route for 
water to exit the root zone, as compared with flow into and 
through the gravel of a USGA green, resulted in wetter soil 
conditions even after 48 hours of drainage. Again, for more 

Table 1 
Mean drainage rates during rainfall application and after 

27-hour drainage for the experimental putting greens. 

Green Root Zone Green Drainage Rate 
Profile Permeability Slope During Rainfall 27 Hours 

% gal. hr.1 — 

California High 0 59 0.22 
2 67 0.51 
4 52 0.52 

Low 0 10 0.08 
2 6 0.22 
4 3 0.46 

USGA High 0 82 0.13 
2 130 0.21 
4 140 0.24 

Low 0 81 0.17 
2 98 0.29 
4 146 0.30 

LSD (0.05) 11 0.14 

complete drainage, a California green appears to need a 
higher root zone permeability than a USGA green. 

(Continued on Page 15) 

Golf Course 
Accessories 

Ball Washers • Detergent 
Mounting Pipes & Bases 

Tee Signs • Spike Brushes 
Hole Cutters • Flag Poles • Flags 

Cups • BunkerPro Rakes™ 
Benches • Trash Mates™ 

Tee Markers • Practice Greens 
Markers • Whipping Poles 

Course Signage • Divot Mates™ 
And More... 

Requested by players. 
Preferred by course professionals. 
Specified by designers and used 

with pride wherever golf is 
played. 

Call your Par Aide dealer today 
for a FREE CATALOG, or call us 

for the dealer nearest you: 

651-779-9851 
1999, Par Aide Products Co., St. Paul, MN. 



Plymouth, MN • Eagan, MN • Maplewood, MN • St. Cloud, MN 
• Sioux Falls, SD • Rapid City, SD • Des Moines, IA 

1-800-422-1487 



This research also illustrates that we need to consider 
how a putting green, either a California or USGA construc-
tion method, fits into the landscape; that is, the green slope 
and direction. Green slope clearly had an effect on water 
redistribution following rainfall, and did so for both put-
ting green construction methods. Within each profile de-
sign, however, the lower permeability root zone yielded 
enhanced downslope accumulation simply because there 
was more moisture retained and accessible for migration 
in this root zone. Interestingly, increasing slope in the 
California profiles resulted in higher drainage rates at 27 
hours and slightly drier root zones after 48 hours. Thus, 
green slope may be beneficial for continued drainage of a 
California green. 

On the other hand, the slope-induced, lateral differences 
in soil moisture observed for both the California and USGA 
greens appear to be analogous to spatially non-uniform soil 
moistures observed within greens on golf courses. This spa-
tial non-uniformity may result in the formation of local-
ized drying or "hot spots" at upslope locations and excessive 
soil wetness in downslope locations. Both green construc-
tion methods apparently face this dilemma. 

TOM JOHNSON, New Richmond GC, drills a 12-footer for bir-
die in this year's Scholarship Scramble at Izatys Golf & YC. 

(Editor's Note: This article was reprinted with permission from 
the USGA Green Section Record. Guy Prettyman is a graduate stu-
dent pursuing his master's degree in soil science Dr. Ed McCoy 
is an associate professor of soil science at Ohio State University. 
The authors with to acknowledge the USGA and the GCSAA for 
their support of this research project) 

Aercore 800 ADD VERSATILITY WITH: 
Window attachment 
Mini tine kit 

Polfus Golf & Turf 
12040 Point Douglas Drive S. 
Hastings, MN 55033 
Phone: (612) 437-7747 
Fax: (612) 437-3483 

FEATURES: 
Very good hole quality. 
Adjustable depth control down to 4 inches. 
Very productive 32-inch coring swath. 
Four-speed transmission covers a large 

variety of coring needs: 
1st gear: mini tines 2x1.4 inch pattern 
2nd gear: 2x2 inch pattern 
3rd gear: 2x2.6 inch pattern 
4th gear: 2x3 inch pattern 

A wide variety of tines available to meet 
the varied needs of turf professionals. 

Tubular tines are available in 3/8-inch, 1/2-inch, and 5/8-inch; 
open sided in 1/4-inch, and solid in 1/4-inch and 5/8-inch. 

Same Flexi-link mechanism as used on the larger-frame aerators. 
Simple design with fewer moving parts. 

Easy to service thanks to excellent access to moving parts. 
Two year warranty. 
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Rain Bird's Central Control Systems 
The bold, graphic screens of Rain Bird's multimanagement central control systems make it simple 
to track and manage your entire irrigation system. Weather-sensitive programming and water 
saving features allow you to control with more precision than ever before. If you're looking for 
an irrigation system that is simply intelligent, see us today! 

PLYMOUTH EAGAN 
9835 10th Ave. N. 1971 Seneca Road 

Plymouth, MN 55441 Eagan, MN 55122 
612-542-1188 612-687-0282 

FAX 612-546-751 5 FAX 687-0382 

ST. CLOUD SIOUX FALLS 
415 Sundial Drive 2303 W. 50th Street 

Waite Park, MN 56387 Sioux Falls, SD 57105 
320-259-6448 605-357-9577 

FAX 320-259-01 65 FAX 605-357-9960 

Simply Intelligent 



GCSAA ©MUSMÈ REPORT 
http://www.gcsaa.org 

New Password — Protection System Installed 
If you've visited the site in the last couple of weeks, you 

probably noticed that a new password-protection system 
was installed on July 1. Although the initial transition 
went extremely well, the cruch of registrations caused a 
glitch on the second day that prevented most users from 
posting on the discussion forums for several days. There 
were also a few other smaller glitches along the way, but 
for the most part, the entire system is functioning proper-
ly now. If you experience any difficulty registering or re-
entering the members-only area, please notify the web staff 
(mail to: infoserv@gcsaa.org) and send along your user 
name and password. 

Here's a look at our current registration numbers: Wi-
thin 24 hours (right before a busy holiday weekend), more 
than 600 of you reregistered for the members-only area. At 
this writing, more than 1,800 of you have already returned. 

If you haven't visited the members-only area since July 
1, we want you back! As you know, greater participation 
in the site makes the forums more spirited, interesting and 
diverse. If you haven't registered, here's a link to the new 
registration form — you'll only have to fill it out once, and 
it shouldn't take more than about two minutes to complete. 

Getting To The Big Easy Gets Easier 

If you're going to the next GCSAA conference and show 
in New Orleans, get your clickin' fingers ready. On August 
2, the third conference and show site will open its doors 
for registration and program information. If you've ever 
registered too late to get into the seminar of your choice, 
be sure to be one of the first visitors — for the first-time 
ever, GCSAA's registration service will be providing REAL-
TIME online conference and show registration. You'll have 
a confirmation of your plans before you log off your 
computer. 

Other features of the conference site include online hotel 
arrangements, full event information and a personal plan-
ner, while upcoming additions include an online exhibit 
hall, attendee directory and online silent auction. 

The registration form: 
http://www.gcsaa.org/security/memreg.html 

No More Scrolling: 
ERS Database Simplifies Job Postings 

Viewing the job listings on the web site is now more con-
venient than ever. If you're a web subscriber to GCSAA's 
Employment Referral Service, you can now browse through 
a searchable database to find the positions that most closely 
match your interests. You can search by region, job category 
or ad date. Then, once you get the results, you can click 
on the box next to the positions that interest you, and view 
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the entire descriptions of only those jobs. Or, if you're only 
interested in one, click on the title, and then print out all 
the details of that particular position. 

ERS web subscribers may search the database at: 
http://www. gcsaa.org/members!ers!search!erssearch. html 

To subscribe to ERS: 
https://www. ksinet.com/gcsaa/ersform. html 

Technology Update: 
Not Just a "Flash" In the Pan 

If you'd like to check out a technology that is changing 
the way some web sites are designed, check out Macrome-
dia's Flash web player. Flash allows web sites to display 
vector-based graphics (rather than the standard pixel im-
ages), and supports streaming MP3 audio and animation. 
If you have a 4.0 browser and want to view sites that fea-
ture this cutting-edge web design, download the Flash plug-
in and browse through Macromedia's online gallery. 

Download the Flash Web Player: 
http://www.mcLcromedi(LCom/software/flashJgallery/collection! 

Great Links 
Ask Jeeves — The Butler Always Knows 

If you need to find relatively simple information on the 
web quickly, try "Ask Jeeves" (http://www.askjeeves.com), 

(Continued on Page 20) 

Analytical Services By: 

Paskvan Consulting 
Route 1, Box 77A 
Akeley, MN 56433 
218-652-3542 Office 
218-652-2949 Fax 
paskvanconsulting@unitelc.com 

"Where Success is Never an Accident" 

Specialists in Soil & Plant Nutrition 
Tailored to Golf Courses and Sports Turf 

We provide the following services: 

• Complete inventory of the soils on the course or job site 
• Sampling, Analysis, Delivery and Interpretation of the 

results to save you money 
• Recommend corrective fertilizer materials to save you money 
• Physical analysis on sand-soil-peat to determine proper 

mixing for greens and topdressing 
• Irrigation quality analysis 
• First lab in the country A2LA accredited under the new 

USGA guidelines for new greens contruction 
• Fast turn around time, yet quality is never compromised 
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GROUNDSMASTER® 3000 
with Contour 82 Deck 

Out front deck with right hand 
trim offset 
Cutting width: 82", height-of-cut: 1-4" 
Rear discharge with partial recycling 
Mows up 4.6 acres per hour at 5.5 mph 
High efficiency blade drive 

REELMASTER® 3100-D 
with Sidewinder Cutting Units 

Varies tire tracking - reduces 
compaction and wear 
23" of overhang - trims closer 
Shift all 3 cutting units uphill 
for safer, better traction -
no scoffing 
Outfront operator visibility 

AVAILABLE ^ 
• Product Demonstrations • 

Equipment Finance Programs • 
Contact Your 

MTI Representative Today 

(VICE : 
•Troubleshooting 
• Cutting Unit Rebuilding/Sharpening 
• Electrical Diagnostics & Repair 
• Hydraulic Diagnostics & Repair 
• Engines - Motor Repair/Rebuilding^^"* 
• Field Service 
Call Randy Mackeben, Ext. 229 

IRRIGATION SERVICE 
• Pump Station 
• Trouble Shooting 
• Refurbishing/Updating 
• Solid State 
• Electro/Mechanical 
• Field Service 
Call John Artus, Ext. 205 

SPRING/SUMMER HOURS 
IRRIGATION AND COMMERCIAL PARTS 

7:00 am - 5:00 pm, Monday - Friday 
(Plymouth, Fridley, Burnsville, and Fargo Locations) 

8:00 am - 12 Noon, Saturday 
(Plymouth Location ONLY) 

With the exception of May 29, July 3, 
and September 4 when we will be closed for \ 

the long holiday weekends. 
These extended hours will continue 

through mid-September. 

A Tradition of 



Dependability EMERGENCY AFTER HOURS 
IRRIGATION SERVICE 
Call 612-475-2200, Ext. 302 or 

1-800-362-3665, Ext. 302 
(For service during regular business hours, 

8:00 am - 4:30 pm, Monday - Friday, 
call John Artus at the above numbers, 

but use ext. 205) 

The Complete Source for Irrigation Renovation 



GCSAA Online-
(Continued from Page 17) 

which uses natural language to process your request. The search engine 
features an entertaining interface and is powered by a proprietary 
knowledge base. However, just in case Jeeves doesn't know the answer to 
your question, it also searches for matches from several of the web's most 
popular search engines. Ask Jeeves is a great resource, particularly if your 
keyword could be interpreted in a variety of ways by simple text searches. 

About the GCSAA Online Report 
The GCSAA Online Report is designed to help you make the most of your 

Not every hole has to have a 
WATER HAZARD! 

Prinsco PE pipe will keep your 
greens and fairways dry... 
and always ready to play. 

PRINSCO 
Manufacturers of GOLDFLO Dual-Wall and 
GOLDLINE Corrugated Polyethylene Pipe 

800-992-1725 

time on the association's web site. In each 
issue, you'll find out what's happening on 
the site, what's coming next and how to 
make the most of your overall browsing 
experience. In addition, you'll get the an-
swers to your most frequently asked ques-
tions, as well as a brief rundown of 
GCSAA's upcoming activities. 

Questions? Suggestions? 
If you have any questions or comments 

about any part of the web site, or have a 
suggestion for a future issue of this news-
letter, feel free to contact the web staff or 
any member of the Information Services 
Committee. The web staff is also particu-
larly interested in hearing how the web 
may be used to help you fulfill your day-
to-day responsibilities. 

Web Contacts: 

Mike Wallace, CGCS 
Information Services Committee Chairman: 

mikewall@ ix.netcom.com 

David Bishop 
Director of Information Services: 

dbishop® gcsaa.org 
* * * * 

Sharmion Linseisen-Kerley 
slinseisen@gcsaa.org 

* * * * 

Lisa Wick 
lwick@gcsaa.org 

* * * * 

Brian Cavner 
bcavner @ gcsaa.org 

* * * * 

Diana Kern 
dkern@gcsaa.org 

The Information Services Committee 
Roster can be found at: http://www.gcsaa. 
org/members/committee/infoser.html 

All GCSAA staff members can also be 
contacted by calling headquarters at 
1-800-472-7878. 

* * * * 

(Editor's Note: The GCSAA Online 
Report is a membership service of the Golf 
Course Superintendents Association of 
America.) 
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