
Table 1. Subdue resistant Pythium blight at the Knollwood Club, 1988 •

by Dr. Randy Kane, Turfgrass Advisor
Chicago District Golf Assn. •

•

Per cent of control arowth rate •EC50
--1Q --..5.Q 1.Q.Q l.5..Q. 5Jl.Q UUWl

100 100 92 76 28 >300

25 <5

resistant

concn (ua Iml)

Development of fungicide
resistance or tolerance on

Illinois Golf Courses

sensitive

Over the past few years, I have observed several instances
of disease control failures on golf courses in Illinois that can
be attributed to development of fungal resistance or tolerance
to certain systemic fungicides. In most cases, this has resulted
from long term, repeated use of these fungicides under condi-
tions of high disease pressure and highly susceptible grasses.
First, let'me define what I mean by resistance or tolerance. In
this report, "resistance" refers to situations where there is near
total to total loss of control under field conditions, accompanied
by little or no sensitivity of fungal insolates to the fungicide(s)
in vitro; "tolerance" is where there is some measurable loss
of control in the field (not total), accompanied by moderately
reduced sensitivity in vitro when compared to other strains of
the same fungal species.

In order to determine the relative sensitivity of suspected resis-
tant/tolerant fungi, I conducted standard in vitro toxicity tests
called radial growth assays. These assays are carried out by in-
corporating known concentrations of a fungicide in agar media,
then growing the fungi on the media and measuring their growth
responses over a range of concentrations. From this, one can
estimate an "EC50" value (effective concentration to reduce
the growth rate by 50%), which is very much like an LD50
value (lethal dose for 50% of the population). The higher the
EC50, the more resistant the fungus is to the fungicide in vitro,
and gives a strong indication of in vivo or field resistance.
Following are the results of the in vitro tests.

Pythium/Subdue. Possible metalaxyl (Subdue) resistant
Pythium blight was observed on a fairway at the Knollwood
Club in August of 1988 followed Subdue applications. Samples
of diseased grass were collected and yielded a fast growing
Pythium spp., later identified as P. aphanidermatum. EC50
values were calculated from radial growth assays as presented
in Table 1. Pythium isolates from the Knollwood site were
capable of growing at 500 ppm. The calculated EC50 value for
this isolate was approx. 350 ppm; a sensitive isolate would have
an EC50 value of around 1-2 ppm. These values are similar
to those reported by Pat Sanders and coworkers at Penn State
(Plant Disease 74:690-692). I have not documented any other
case of Subdue resistant Pythium blight in northern Illinois, and
this fungicide remains an effective control at most golf courses.
(I have heard several anecdotal accounts of Pythium blight con-
trol failures, but I believe that most of these were probably due
to misapplication of Subdue or misdiagnosis of the disease, and
not due to resistance).

This is our 25th year in the sad business &
we putall of our experience into producing the
best product possible. Our soil type is naturally
80-90%black sand. We currently have over 50
acres devoted to Penncross creeping bent sad
production(Also over 700 acres in "Executive
Blend" Bluegrass sad production). We deliver
all over the country and offer refrigerated
delivery whenever necessary. Our prices are
reasonable and, with literally hundreds of
satisfied customers, we're confident of our
quality.

So remember, the next time you think of
Penncross creeping bent sad, think of Huber
Ranch Sod Nursery, Inc.
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(Fungicide Resistance cont' d.)
Anthracnose/benzimidazoles. We have come to recognize

the basal stem, crown, and root rot phases of anthracnose to
be of major importance on Poa annna and creeping bentgrass
in Illinois. Only systemic fungicides such as the benzimidazole
derivatives (Tersan 1991, Fungo 50, Cleary 3336) and
ergosterol biosynthesis inhibitor (EBD products (Banner,
Bayleton, Rubigan) have provided control; contact products such
as chlorothalonil have not been as effective. However, in 1991
two cases of failed anthracnose control by benzimidazole pro-
ducts were observed. Both golf courses have long term histories
of benzimidazole use. Isolates of Collectotrichnm graminicola
from diseased areas were tested in vitro for resistance/tolerance
to benomyl (Table 2). EC50 values were 100 times higher for
the resistant isolates than for isolates from other area courses
with no history of benzimidazole resistance. On both courses
where benzimidazoles failed to control anthracnose, applica-
tions of Banner or Rubigan controlled the disease; also, in vitro
tests of these isolates illustrates their sentivity to these EBI
fungicides (Table 3).
Table 2. Resistance to benomyl among isolates of C. araminicola and

"Sclerotinia" (dollar spot).

Tersan 1991 (oom a i

Anthr ~ ~
MMGC >50 >100
PaH >50 >100
RFor <.5 >10
Thg <.5 1

~
Rrnr B1 9 >50
Rmr B3 5 25
Srd 01 <.5 <.5

Key: MMGC=Manteno Muni. GC, paH=palatine Hills GC, RFor=River
Forest GC, Thg=Thorngate CC, Rrnr=Ridgemoor CC Srd=Sunset
Ridge CC, MMGC, Rrnr, and Srd are from bentgrass, all others
from £.Q.i! annua.

Anthracnose/triadimefon. I have also observed quite a dif-
ference among the EBI fungicides and their ability to control
anthracnose. Bayleton (triadimefon) does not control the crown
or stem base infections as well as Banner or Rubigan. This has
also been observed in Wisconsin for anthracnose and "Poa
decline" by Prof. Gayle Worf (The Grass Roots Vol. XIX,
rio. 6, pp. 23-25). I examined several C. graminicola isolates
from courses where Bayleton had not provided adequate con-
trol and from courses where Bayleton had not been used. The
results (Table 3) indicate that, regardless of prior exposure,
Bayleton is less toxic in vitro to C. graminicola than other EBI
fungicides. (This includes the experimental EBI fungicide Lynx,
which is a Mobay product that is a close structural analog to
Bayleton.) This reduced toxicity probably accounts for the mixed
results we see in the field with Bayleton on anthracnose. There
is no evidence of a developing tolerance to other EBls among
anthracnose fungi.
Table 3. Toxicity of Bayleton and other EBI fungicides to

Colletotrichum araminicola.

Aooroximate EC50 (oom a i

~ Lvnx Banner ~
MMGC (2) * 5-8 .3-.5 .3-.5 .3-.5
PaH 4-5 .3-.5 .3-.5 .3-.5
RFor (2 ) 4-5 .3-.5 .3-.5 .3-.5
Thg 6-7 .3-.5 NT NT
Mdl, BBr 10-15 NT NT NT

*number in parenthesis indicates number of isolates tested per
site. NT = not tested

Key: MMGC (Manteno - 1991); PaH (Palatine Hills - 1991), RFor (River
Forest - 1991); Thg (Thorngate - 1987); Md1 (Midlane -1987),
BBr (Bonnie Brook - 1987); MMGC is from bentgrass, all others
are from £.Q.i! annua. (cont' d. page 9)
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(Fungicide Resistance cont' d.)

Dollar spot control failures at Ridgemoor C.C. Over the
past three seasons, dollar spot disease has become increasingly
difficult to control with EBI fungicides on the bentgrass fair-
ways at Ridgemoor CC. Fungicide efficacy plots were establish-
ed on a fairway in 1991 by researchers from Ciba-Geigy Corp.
(Dr. C. Pearson, Field Research Repr.) which demonstrated
reduced control of EBI fungicides - especially in terms of
length of residual control. EBI fungicides have been used to
control dollar spot at this site since the registration of Bayleton
in 1982, primarily in tank mixes with contact fungicides such
as chlorothalonil, thiram, and anilazine. By 1988, residual con-
trol was notably diminished; by 1991 control was unacceptable
for all registered EBI products. In order to test for resistance
or tolerance of the dollar spot fungi to EBI fungicides, several
isolates were collected from Ridgemoor and compared to isolates
from two other area golf courses (Shoreacres and Sunset Ridge
CC) where no control problems have been observed .

The results of in vitro toxicity tests appear in Table 4. Isolates
Rmr Bland Rmr B3 were taken from an affected fairway at
Ridgemoor. These isolates were, in general, five to ten times
less sensitive to EBI fungicides than "wild type" isolates, even
though EC50 values were less than 1 ppm for all isolates. (I
would call this "tolerance".) Note that isolate Rmr R3, which
was from an untreated Poa pratensis rough at Ridgemoor, was
more sensitive to EBI products than the fairway isolates. Also,
I found that greater than 25 ppm active ingredient of Bayleton
and Rubigan are required to totally inhibit growth of the tolerant
Rmr isolates, a concentration which the fungi are unlikely to
face in nature. In vivo studies of these dollar spot isolates may
demonstrate a greater difference between tolerant and sensitive
types, since the actual process of infection of the host would
be taken into account. These studies are being conducted by
Ciba-Geigy.
Table 4. Tolerance of dollar spot fungi to selected EBI fungicides

based on EC50 and EC95 values.

Aooroximate EC50 and EC95 (Dom a i

Banner Bavleton Lvnx Rubiaan

~ ~ ~ ~ ~ ~ ~ ~
Rmr Bl .25 3-5 .4-.6 >25 .25 <5 .6-1 >25
Rmr B3 .30 10 .6- 1 >25 .25 <5 .6-1 >25
SATD .20 3-5 .1-.2 <5 NT NT .2-.3 2.5
Rmr R3 .05 1-2 .1-.2 <5 .15 <1 .2-.3 2.5
Srd 01 .05 1-2 .1-.2 <5 .1 <1 <.1 10

Key to isolates: Rmr Bl,B3 (Ridgemoor CC, bent fairway)
Rmr R3 (Ridgemoor CC, bluegrass rough)
SATD (Shoreacres, bent fairway)
Srd 01 (Sunset Ridge CC, bent fairway)

It is also interesting to note that benzimidazoles failed to con-
trol dollar spot at Ridgemoor in the mid to late 1970's, which
was the primary motivation to switch to Bayleton and other EBI
products for dollar spot control in fairways. Even though little
if any benzimidazole products have been applied to Ridgemoor
fairways since 1978, the EBI tolerant fairway isolates from 1991
remain resistant to fairly high concentrations of benomyl (Table
2). Apparently, benzimidazole resistance in dollar spot fungi
is fairly stable and does not lead to reduced "fitness" of resis-
tant populations.

Avoiding resistance/tolerance problems. Systemic
fungicides are advantageous for us to use because of their
(generally) low application rates and long-term control. Unfor-

(cont'd. page 10)
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Better tractor loader backhoes are here-
the Ford C Series.
• More powerful hydraulics with 6,000 pounds of
lift capacity and 12,000 pounds of breakout force.
• Deeper-digging backhoes with XTRA-VATORTV

extendable dipperstick.
• Deluxe noise-absorbing cabs with dual entry/
exit, adjustable swing-around su,spension seat, all-
around visibility and right-hand instrument console.
• Ford quality and service/parts backup.
See the rigs that are born to dig-today!I.~] HUBER RANCH
~ POWER EOUIR;
DEIiI:I Rt. 41, Box 188, Schneider, IN
lImED 1-800-553-0552
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Banner turfPakTM
...The golf course industry's first electronic

micro-bulk system.
...Featuring a returnable/refillable 15 gallon

tank, designed exclusively for the green
industry.

...This innovative system increases safety
and eliminates package disposal concerns.

...turfPak meets FIFRA BB regulations as a
closed system .

...Provides EXTREMELY accurate product
measurements.

...Pumping mechanism and tank are efficient
and durable.

ORDER YOUR turlPakrM TODAY!
.JOHN MEYER or .JOE WOLLNER

BOO-747-7400 - Chicagoland
BOO-B92-4033 - Central Illinois

BOO-72B-1090 - Wisconsin



MARTIN IMPLEMENT SALES, INC.
16400 S. 104th Ave.

Orland Park, IL 60462
(708) 349-8430

•Underground storage tanks (USTs) are regulated under sub-
title C of the Hazardous and Solid Waste Amendments (HSW A)
to the Resource Conservation and Recovery Act (RCRA) of
1984. The act imposes standards on all owners and operators
of new and existing USTs containing petroleum and other
regulated substances. The standards address tank design, con-
struction, upgrading of existing tanks, operation and
maintenance, spill and leak cleanup and closure.

What You Have to Do
It is not difficult to comply with the UST regulations. USTs

of unknown age and those installed in 1979 and older, must
be tested by December, 1992. The 1988 and prior USTs must
be tested by December, 1993. These USTs must be tested an-
nually thereafter to assure that they are not leaking. This is all
you have to do with an outside contractor.

Tank levels should be measured with a stick and reconciled
every month against usage records for each tank; look for
discrepancies which may indicate a leak. In addition, you should
supervise fuel delivery so as to assure that the quantity will fit
in the UST space available.

What Kind of Contractor Do You Look For
. As with any vendor, you should consider such things as ex-

perience, promptness, professionalism, and reputation. Don't
hesitate to ask for and call references. You may also want to •
ask potential contractors about their operating philosophy and
determine whether they support your industry association.

With regard specifically to USTs, contractors are required
to register with the state, use certified equipment for tank testing,

(cont'd. page 12)

by Steve Berning

(Fungicide Resistance cont'd.)
tunately, some of the systemic fungicides we use are single-
site inhibitors, i.e. there is only one very specific site of action
that confers toxicity to fungi. Therefore, only a single gene
(point) mutation could alter the sensitivity to a single-site •
fungicide and allow a fungal population to develop resistance.

Repeated, exclusive use of a single-site fungicide places a
large selection pressure on fungal populations for development
of resistant or tolerant mutants. To avoid high selection pressure,
the best practice (in my opinion) would be to alternate single-
site fungicides with unrelated multi-site fungicides. Also, I
would not use the single-site product more than once or twice
per year. Examples of single-site fungicides are Subdue and the
benzimidazoles (Tersan 1991, Fungo 50, Cleary 3336).
Tolerance of fungi to ergosterol inhibitors, Dyrene, and Chip-
co 26019 has been reported for turf or other crops; these pro-
ducts may also be single-site inhibitors. Please note that not all
systemic fungicides are single-site inhibitors, and not all con-
tact fungicides are multi-site inhibitors.

Avoiding resistance is an often complex and controversial
topic, and would probably be better addressed in more detail
in another article.

Underground Storage
Tank Regulations

Ford New Hollano "Super Boom" skid-steer
loaders do mare for VQU:

* Reach - Loads cent-..erof six-wheel dump.
* Speed - Fa....c;tercycle boom e..s,soeeds up

loadinq/unloadinq operati.ons.
* Stahility - Lonqer wheelbase with low

center of qravity .

Reach,Speed&Stability

Bent Sod That Fits
YourCourse
ToaTee!
from tee to
green ...

• PENNCROSS BENT SOD
• PENN LINKS BENT SOD
• PENNEAGLE BENT SOD
• XL-l00 BLEND SOD
• A FULL LINE OF LANDSCAPE

SUPPLIES
III inois' largest sod growerIlL.
3900 West 167th Street,
Markham, IL 60426
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