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to generate acidity, it can generate anaerobic 
soil and lower soil redox potential. Research 
was conducted to help illustrate this point. 

When elemental sulfur was added to a 
water-logged turfgrass soil at a rate of 1.5 
pounds or 3 pounds per 1,000 square feet, 
it depressed both pH and redox potential 
significantly. Research was also conducted 
to illustrate how keeping redox potential 
elevated can prevent formation of sulfide. 
Data says applying elemental sulfur signifi-
cantly reduced redox potential and resulted 
in formation of high levels of sulfide. Apply-
ing nitrate with the sulfur kept redox poten-
tial poised at a point high enough to prevent 
the release of sulfide. This occurred because 
the presence of nitrate maintains an Eh of 
plus 0.43 V, higher than required for sulfate 
reduction to occur. But when the nitrate is 
depleted, redox potential falls. 

Organic matter can also lower redox 
potential as it stimulates microbial respira-
tion by acting as a food source for microbes 
in the soil. The respiratory activities of the 
microbes consume O2 faster than it can be 
replenished. As another example concerning 
organic matter, natural and organic sources of 
N (sewage sludge) must nitrify to release the 
nutrient N. This involves reacting with O2. 
This process, which scavenges O2, is known 
as nitrification.

Keeping high redox potential
There are several ways to keep soils from 
becoming anaerobic. This requires an inte-
grated approach involving frequent aerifica-
tion and other cultural practices. Make sure 
to vary the nature of the aerification tines and 
depths of penetration. Failure to do so can 
generate what is called a “plow pan,” which 
restricts diffusion of oxygen into the soil, gen-
erating low redox potential. The integrated 
approach also requires that topdressing events 
utilize appropriately sized materials, and that 
frequency is suitable to prevent development 
of layers within the soil profile. 

Small-diameter sands may work into put-
ting greens very well but can also create physi-
cal problems, such as perched water tables if 
the particle size does not match base materials. 

Perched water tables can be great generators of 
low redox. Do what is possible to encourage 
drainage, including mitigating both surface 
and subsurface drainage problems. 

Inadequate drainage is a main cause of 
low redox, as water impedes diffusion of O2 
into the soil by a factor of 10,000 times com-
pared to a relatively dry soil. Surface soils 
need a minimum of 1 to 2 percent slope 
to drain effectively, and all putting greens 
should drain in at least three directions. Sub-
surface drainage needs a minimum of 0.5 to 
1 percent to drain, and be sure to daylight 
drainage out of high traffic/play areas so as 
to avoid ponding. 

If low redox conditions do begin to develop 
as indicated by the appearance of black layer, 
fertilize with nitrate-based sources of N. The 
nitrate molecule is such that adding it to soil 
effectively adds oxygen, which poises redox 
at a point high enough to temporarily prevent 
most low-redox related problems. In addition, 
don’t apply natural organic sources of N or 
elemental sulfur. Both of these materials scav-
enge O2 creating a low redox potential, hence 
unfavorable growth conditions. Fertilizing 
with nitrate and withholding applications of 
elemental sulfur are best management prac-
tices for preventing low redox and associated 
black layer. 

Understanding the chemistry and math 
behind redox potential is not important for 
turf managers. But what is important is hav-
ing a thorough understanding of the implica-
tions of having a low redox potential and how 
to avoid it.

William L. Berndt, Ph.D., is an adjunct professor 
in the professional golf management program at 
Florida Gulf Coast University in Fort Myers, Fla.

REFERENCES
Berndt, W.L. 1990. Investigation into turfgrass black layer. Michigan State Univ., East 
Lansing. Ph.D. Diss. Abstr. 51-12B p. 5673.

Berndt, W.L. and J.M. Vargas, Jr. 1992. Elemental sulfur lowers redox potential and 
produces sulfide in putting green sand. HortScience. 27(11): 1188-1190.

Berndt, W.L., and J.M. Vargas, Jr. 1996. Preventing black layer with nitrate. J. 
Turfgrass Mgt. 1(4): 11-22.

Berndt, W.L., and J.M. Vargas, Jr. 2006. Dissimilatory reduction of sulfate in black 
layer. HortScience 41(3): 815-817.

Berndt, W.L. and J.M. Vargas. Jr. 2007. A Review of the nature and control of black 
layer. Dynamic Soil, Dynamic Plant: 1(1): 17-23.

Berndt, W.L., and J.M. Vargas, Jr. 2008. Elemental sulfur reduces to sulfide in black 
layer soil. HortScience: 43(5):1615-1618.

Continued from page 60

Advertiser Page No.
AgraQuest 2
Andersons CV4
B A S F 7, 17, 63
Becker Underwood 19
DuPont 13
Eagle One Golf Products 23
FMC 3, 9, 14-15, CV3
GridBee 12
Klingstone 51
Kochek 22
NuFarm 26, 27, 30-31
Phoenix Environmental 5
Rain Bird 11
SipcamAdvan 24
Sonic Solutions 55
Syngenta 25
Toro CV2
Underhill 32, Insert

TURFGRASS TRENDS
FMC 61
John Deere 56

Ad Index

This index is provided as an 
additional service. The publisher 
does not assume any liability for 
errors or omissions.

GOLFDOM (ISSN 1526-4270) is 
published monthly (12 issues per year) 
by Questex Media Group LLC, 306 W 
Michigan Street, Suite 200, Duluth, MN  
55802. Corporate office: 275 Grove 
St., Suite 2-130, Newton, MA 02466. 
Accounting, Advertising, Production and 
Circulation offices: 306 W. Michigan St., 
Suite 200 Duluth, MN 55802-1610. 
Subscription rates: One year $43 
(U.S. and possessions), $65 (Canada and 
Mexico) and $98 (all other countries). Air 
expedited service is available in countries 
outside the U.S. and Canada for an 
additional $75 per year. Current issue 
single copies (prepaid only) $5 (U.S. and 
possessions), $7 (Canada and Mexico) 
and $8 (all other countries). Back issues 
(if available, prepaid only) $10 (U.S. and 
possessions), $14 (Canada and Mexico) 
and $16 (all other countries); add $6.50 
per order shipping and handling for 
both current and back issue purchases. 
Periodicals postage paid at Duluth MN 
55806 and additional mailing offices.

POSTMASTER: Please send 
address changes to Golfdom, 
P.O. Box 1268, Skokie, IL 
60076-8268. Canadian 

G.S.T. Number: 840033278RT0001, 
Publications Mail Agreement num-
ber 40017597. Printed in the U.S.A. 
Copyright 2010 by Questex Media 
Group LLC. All rights reserved. No part 
of this publication may be reproduced 
or transmitted in any form or by any 
means, electronic or mechanical, includ-
ing photocopy, recording, or any informa-
tion storage and retrieval system, without 
permission in writing from the publisher. 
Authorization to photocopy items for 
internal or personal use, or the internal or 
personal use of specific clients, is granted 
by Questex Media for libraries and other 
users registered with the Copyright 
Clearance Center, 222 Rosewood Dr., 
Danvers, MA  01923, phone 978-750-
8400, fax 978-750-4470. Call for copy-
ing beyond that permitted by Sections 
107 or 108 of the U.S. Copyright Law. 
For those not registered with the CCC, 
send permission request to questexper-
missions@theygsgroup.com or 800-494-
9051, ext 100.





HE WAS A SPORTS FAN, A REGULAR GUY,

BUT MOSTLY A LUCID, SHREWD AND HUMBLE

INDIVIDUAL RIGHT TO THE VERY END
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Shack Attack
� THE FINAL WORD

Wooden’s Wisdom

W
hen John 
Wooden 
died in June, 
America lost 
arguably its 
greatest coach 

and undoubtedly one of its finest in-
dividuals. Because of my remote con-
nection to the man — my dad, Lynn, 
played on three NCAA title teams 
for Wooden at UCLA — I received 
condolences of all sorts. And while 
it’s nice that people were saddened by 
his passing, it’s far more productive 
to celebrate the values he represented 
— because Coach Wooden was a man 
of principle, modesty and, in later 
years, occasional self-deprecation. He 
was “so square,” the great Los Angeles 
Times columnist Jim Murray once 
wrote, “he was divisible by four.”

Though Wooden will be remem-
bered by most as a grandfatherly, 
silver-haired man, he was an extraor-
dinary athlete in his younger days. 
Wooden was the first to be inducted 
into the Basketball Hall of Fame as 
both a player and a coach. During his 
semipro basketball-playing days in the 
1930s, he made 134 consecutive free 
throws. But it was his golf accomplish-
ment that still astounds.

Playing Erskine Park Golf Course 
in South Bend, Ind., in the late 1930s, 
Wooden made a hole-in-one and a 
double eagle in the same round. Golf 
Digest researched and determined that 
Wooden was one of only four people to 
have pulled off the stunning feat, calcu-
lating the odds of repeating Wooden’s 
incredible combo at 67 million to 1.

“The par 3 was on the front nine, 
about 175 yards with a 5-iron,” 
Wooden recently told Golf Digest’s 

Cliff Schrock. “I didn’t see the ball 
go in, but the players standing by the 
green, I knew it was in from their reac-
tion. On the par 5 on the back nine, I 
had no idea I could reach the green, but 
that same group was in front of us.”

Naturally, he offered a humble
assessment of the accomplishment.

“I never came close to making ei-
ther one again. It’s pure luck.”

He went into the service and ended 
up playing golf only sparingly later
in life.

 “I found golf was too time con-
suming, but I did enjoy it,” he told 
Schrock. “I didn’t like playing with 
some people who thought they were 
pros and would get upset if they didn’t 
hit a good shot. I enjoyed most of the 
people I played with, some I didn’t.”

Few know that Wooden faced 
hard times, too. When he married his 
beloved Nell in August 1932 while 
America was in the throes of the Great 
Depression, Wooden learned that his 
life savings of $909.05 had been wiped 
out because of a bank closing. His 
highest salary at UCLA was a meager 
$32,500.

Later in life, Wooden would finally 
cash in on his success by writing books 
and giving speeches. Yet for every cor-
porate talk he gave, there was a free ap-

pearance for a group that could never 
afford him.

Which brings us to his writings and 
sayings, many of which were adapted 
from his extensive reading. Here’s a 
sample of his wisdom:

“Do not let what you can’t do 
interfere with what you can do.”

“Don’t measure yourself by what you 
have accomplished, but by what you 
should accomplish with your ability.”

“Respect a man, and he will do all 
the more.”

“You can’t live a perfect day with-
out doing something for someone who 
will never be able to repay you.”

“Be more concerned with your 
character than your reputation, be-
cause your character is what you really 
are, while your reputation is merely 
what others think you are.”

I was lucky enough to meet John 
Wooden, and he always asked about 
my golf game and one time quizzed 
me thoroughly about Tiger Woods. 
He was a sports fan, a regular guy, but 
mostly a lucid, shrewd and humble 
individual right to the very end.

That’s a life worth celebrating.

Follow Shack, Golfdom’s contributing 
editor, at www.geoffshackelford.com or 
via Twitter.com/GeoffShackelford.
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