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     Development of resistance to fungicides has 
been a concern since the 1970’s.  Resistance in 
Botrytis and powdery mildew in many crops 
and downy mildew in vegetables has become 
quite widespread.  When I first started at the 
University of Florida development of both cop-
per and streptomycin resistant bacteria was 
demonstrated and thought to be common.  . 

     Fungicide resistance in Pythium populations 
has increased slowly over the past ten years or 
so.  Resistance to metalaxyl (now mefenoxam) 
has been documented in that time in crops like 
geranium, poinsettia, gerber daisy and lisian-
thus (Plant Disease 86:692).  In more recent 
years, we have even seen resistance in some 
populations of Phytophthora to mefenoxam.     

     Moorman (Penn State University) and Kim 
(Penn Dept. of Agriculture) have recently re-
ported on resistance studies with Pythium spp. 
isolated from geranium.    The Pythium species 
tested were P. aphanidermatum, P. irregulare 
and P. ultimum.  They found that as much as 
40% of the isolates were resistant to me-
fenoxam and that they were also resistant to 
propamocarb (Banol—not registered in CA).  
Many labs will test fungi for resistance to dif-
ferent  fungicides, including mefenoxam, with a 
high degree of success.  Unfortunately, 
Moorman and Kim report that in vitro testing of 
isolates for propamocarb does not reflect actual 
real-world resistance.   This makes a lab test for 
propamocarb resistance of limited value. 

     Moorman and Kim also found that resis-
tance to both active ingredients was common in 
some isolates.  This even occurred when the 
plants had never been treated with propamo-
carb.  Since the active ingredients of the two 
fungicides are not related chemically cross-
resistance it pretty unlikely.  The authors postu-
lated that the “resistance” to propamocarb was 
more likely natural variation in the populations 
and not the result of exposure to the product.   
For a complete copy of this paper see Plant 
Disease 88:630-632. 

     Mefenoxam resistance has been reported in 
Phytophthora cactorum from strawberry crown 
rot (Plant Disease 88:576) in South Carolina.  It       

has also been found in Phytophthora capsici, from 
cucurbits produced in North Carolina, Michigan 
and New York (Plant Disease 87:920-922).   In 
many of these crops, mefenoxam was relied on 
due to a high degree of efficacy and relatively low 
cost.  Resistance development is a disaster in the 
face of the impending loss of methyl bromide. 

    When I was in Australia a year ago, I heard 
quite a bit about their use of phosphonates (phos 
acid alternatives).  I also heard that they had re-
ports of resistance in some downy mildew popula-
tions in vegetables.  Until a month ago, I did not 
know it had occurred here as well.  Bremia lactuca 
is the cause of lettuce downy mildew and unfortu-
nately, resistance to fosetyl aluminum (Aliette) has 
now been found (Plant Disease 88:502-508). 

     The pattern of fungicide use and resistance 
development has even started with the strobilurins.  
Resistance in Podosphaera xanthii (cucurbit pow-
dery mildew) has been reported (Plant Disease 
87:1007).  Anthracnose of grains (Colletotrichum 
graminicola) has been studied and it is suggested 
that it is capable of rapid resistance development 
to the strobilurins (Plant Disease 87:1426-1432).    
Finally, Alternaria solani, the cause of early blight 
on potato has also been studied (Plant Disease 
88:181-187). Since 2000, this fungus has progres-
sively become more resistant to azoxystrobin    
(Heritage).  Cross-resistance to trifloxystrobin 
(Compass) is slight but very strong for pyraclos-
trobin (Insignia).  Insignia is not currently labeled 
for ornamentals in the US.   

      Overuse of key products has nearly always led 
to development of resistance.  We saw this with 
benomyl and the dicarboximides (like iprodione).  
The newer fungicides, like the strobilurins, have 
built-in “resistance” management strategies which 
limit number of  applications and/or total amount 
of product per season or crop.  If you choose to 
break the law it will most surely only cost you in 
the long run.  Remember that the label is the law 
and the pesticide manufacturers have worked long 
and hard to design a scheme to keep resistance at 
bay.   

      Only time will tell if we have correctly pre-
dicted the best way to minimize resistant fungi and 
bacteria.   

Fungicide Resistance-The Future is Now       



Preventing Coleosporium Rust on Bellis (English Daisy) 

     The sterol inhibitors also provided very 
good to excellent prevention with the ex-
ception of Terraguard.   Terraguard has 
performed well against Puccinia rusts and 
may not be as effective against this 
Coloesporium rust.  Finally, Protect gave 
as good a level of prevention as any other 
in the trial.    We also evaluated top grade 
and found that none of the fungicides af-
fected top grade significantly—thus no 

      In April, I reported on an eradication 
experiment we performed on Coleospo-
rium rust on Bellis perenne (English 
daisy).  This disease is slowly becoming 
more common on English daisy.  Con-
trolling weeds in production can be very 
important since common groundsel is 
also a host of this rust fungus. 

     The current trial was performed on 
English daisy without any rust.  We ap-
plied the products on 12 and 22 April 
and finally on 3 May.  Plants with rust 
pustules were placed among the trial 
plants the day after the first application.  
The products we included fell into two 
chemical classes.  Strobilurins (Compass 
O, Insignia, Heritage and Cygnus) and 
second-sterol inhibitors (Banner MAXX, 
Systhane, Terraguard and Strike) were 
compared to the non-systemic protec-
tant—Protect.   

     All of the strobilurins provided excel-
lent prevention of Coleosporium rust.  
These products have differential degrees 
of systemic character with Heritage the 
most mobile and Compass O the least.  

phytotoxicity. It is apparent that both 
chemical classes are effective in preventing 
Coleosporium rust.  Although fungicide 
resistance in rust fungi is not common, it is 
always a good idea to rotate between 
chemical classes.  In this case, rotating 
between a protectant (like Protect) and a 
systemic like strobilurin or sterol inihibitor 
fungicide is a good method to prevent rust 
disease on ornamentals. 
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     The general purpose of 
the work was to evaluate 
the ability of these five 
products to prevent disease 
well in advance (up to 15 
days) of the inoculation.  
They also tested the ability 
of the fungicides to eradi-
cate rust up to 7 days after 
inoculation (table to left). 

     Most of the products 
tested are upwardly sys-
temic (Heritage, Systhane, 
Banner MAXX and Strike).  
Daconil Ultrex was in-
cluded as a non-systemic 
comparison.   

     Heritage was best at 
eradication of all three dis-
eases (5 to 7 days).  Both 
Systhane and Banner 
MAXX were also very good 
at eradiating all three rust 
diseases (an average of 5 
days—kick-back).  Strike is 
a sterol inhibitor (like Ban-
ner MAXX and Systhane) 
but for some reason did not 

Effects of Timing on Preventing Rust Diseases 
(Daylily, Geranium and Sunflower) 

Fungi-
cide 

Rate/ 
100 gal 

Daylily Geranium Sunflower 

Heritage 
50WDG 

4 oz 10 days before  1 days before 15 days before 

Daconil 
Ultrex 

1.4 lb 5 days before 15 days before 1 day before 

Systhane 
40WSP 

4 oz 5 days before 5 days before 5 days before 

Banner 
MAXX 

5 oz 1 day before None before 1 day before 

Strike 
50WDG 

4 oz 5 days before 10 days before 1 hour before 

      In June, three researchers 
(Mueller, Jeffers and Buck) from 
the University of Georgia and 
Clemson University reported on 
some very interesting studies.  
These plant pathologists per-

perform as well on sun-
flower as it did on the other 
two plants.  The non-
sys temic  p ro tec tant , 
Daconil Ultrex, failed to 
provide kick-back on any 
crop. 

     The most consistent 
prevention was provided 
by Systhane (5 days on all 
three crops).  It was inter-
esting that all of the other 
products gave good pre-
vention (with the exception 
of Banner MAXX) on at 
least two of the three crops.            

     Unfortunately, few gen-
eral rules regarding sys-
temic vs. protectant fungi-
cide can be made.  It does 
appear that Banner Maxx is 
better as an eradicant than 
a protectant.  Eradication 
must be attempted with a 
systemic product.   For a 
complete report please 
check Plant Disease 
88:657-661). 

formed a series of tests to evaluate 
some of the best fungicides for 
rust control of rust diseases on 
daylily (Puccinia hemerocallidis), 
geranium (P. pelargonii-zonalis), 
and sunflower (P. helianthi).  
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     Over the past ten years, we have run 
many trials on a wide variety of biological 
control products. Despite limited success 
with Gliodcladium virens (SoilGard) the 
last year I worked at the University of 
Florida, I remained skeptical about their 
value.  In 1997, we started working on 
Trichoderma harzinianaum (RootShield) 
and had mixed results. Some very positive 
experiences on Poinsettias were notable 
but still failed to convince me of the value 
of biological controls.  We worked bacteria 
as well as fungi. 

     About two years ago we started some 
new trials on PlantShield HC and our re-
sults indicated that the formulation has 
been improved.  We have seen very good 
control of Pythium and Rhizoctonia at 
times but also found very good control of 
Fusarium wilt on cyclamen.  This was a 
real surprise since even the best chemical 
fungicides are not 100% effective against 
this serious disease. 

     Over the same timeframe we had mixed 
results with Bacillus subtilis (Companion) 
and overall good results with another B. 
subtilis (Rhapsody).  Last summer we 
started working with Streptomyces 
(Actinovate and Actino-Iron).  So I am 
almost  ready to admit that biological prod-
ucts can compete successfully with chemi-
cal control products for some plant dis-
eases. 

     The current trial was conducted on ge-
raniums with Pythium root rot.  We treated 
the plants before inoculating them with a 
strain of P. irregulare that has been found 
resistant to mefenoxam (Subdue Maxx).  

     Over the course of the trial, we applied 
many of the products on a monthly interval 
(March, April and May).  The soil incorpo-
rated products (RootShield granules and 
Actino-Iron) were applied at test initiation 
only.  Plants were rated at various times  
starting between April 5 and June 3.  The 
data for root growth are presented in the 
two graphs to the right.  The top graph 
shows results for April 30 and the bottom 
for June 3. 

     At the first root rating (percentage 
healthy appearing), Terrazole (etridiazole 
at 6 oz/100 gal)  had the best root growth 
(and tops).  None of the other treatments 
resulted in better roots compared to the 
inoculated control (statistically).   Subdue 
Maxx  (1 oz), Companion (16 oz) and Act-  

Do Biological Control Agents Control Pythium Root Rot on Geranium? 

inovate (6 oz) all had very good root 
growth at this rating.  By the final rating 
date, Terrazole plants had started to lose 
roots due to overgrowth in the 4 inch 
pots (data not shown).  The best roots at 
the final rating were Actino-Iron (5 
lb/cubic yard) alone or in any combina-
tion, RootShield G (1.25 lb/cubic yard), 
Companion and Subdue MAXX.   

     Nearly all of the biological control 
products resulted in good root growth 
(better than the inoculated control).  It 
seems obvious that the stage of the crop 
impacts root quality.  This makes the 
decision to use a product (biological or 
chemical) a difficult call.    

     Subdue Maxx treatment yielded some 
of the best roots in the trial even when 
using an isolate of Pythium irregulare 
know to be resistant to mefenoxam. Per-
haps the population of Pythium shifted 
during the trial.  A low level infection of 
the plugs may have eventually overcome 
our artificial inoculation.  The picture is 
obviously much more complicated than 
we would prefer. 

     OK—I give up!  Biological control 
products can be effective in  production 
of some ornamental crops.  We did apply 
the products many more times than rec-
ommended making them pretty costly.  
Follow the labels carefully and try a bio-
logical control product if you are curious. 
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CHASE RESEARCH GARDENS, INC. 

8031 MT. AUKUM RD., BOX 529 

MT. AUKUM, CA 95656-0529 

PHONE/FAX (530)620-1624  

MTAUKUM@DIRECTCON.NET 

     Controlling shot-hole on cherry laurel (Prunus laurocerasus) can be 
a real challenge.  The disease is caused by Xanthomonas campestris pv. 
pruni.  Disease can start in the early summer and spring only to be ap-
parent in the fall  when circular portions of infected leaves fall out giv-
ing the plants the appearance of being shot. 

     Tony Kahtz, an Illinois horticulturist reported on a trial he per-
formed last summer (NMPro, May 2004:43-45).  Mr. Kahtz applied 
products every ten days from June 26 through September 12.  He found 
that Bordeaux mixture (a combination of hydrated lime and copper 
sulfate) and Aliette were more effective than Junction (copper hydrox-
ide and mancozeb) and Mycostop (a biological control product).  He 
did report that all products were easy to use with the exception of the 
Bordeaux mixture which took quite an effort to get into solution. For 
more information you can reach the author at tonykahtz@hotmail.com. 

Bacterial Shot-hole Control on Schip Laurel Stature DM Revisited 

     In May, California growers finally received registration 
for the long awaited Stature DM from SePRO.   The active 
ingredient, dimethomorph, has been available throughout 
most of the US for the past few years in a pre-mix with man-
cozeb.  Now, this combination is being phased out and the 
new Stature DM will be available.    

     I helped with a couple of launch meetings in California 
last month and as a result have a newer summary of some of 
the work performed on Stature DM throughout the US.  As 
you can see Stature DM provides excellent control of both 
downy mildew and Phytophthora.  The table below lists the 
target, rates used and results for a number of these trials.  As 
with all products, be sure to follow the label carefully mak-
ing sure to use the product at the rates and intervals listed.     

Pathogen Plant Rate oz/100 gal Application Result Researcher 

Peronospora antirrhini Snapdragon 3.2, 6.4  spray Very good to excellent Chase 

Peronospora antirrhini Snapdragon 12.8  spray Good to excellent Wegulo                    

Peronospora parasitica Alyssum, stock 3.2, 6.4 spray Excellent Chase 

Peronospora violae Pansy 1.6 to 9.6  spray Very good to excellent Chase 

Phytophthora cinnamomi Azalea, conifer 6.4 oz drench Very good Benson                    
NC State University 

Phytophthora drechsleri Poinsettia 9.6 drench Very good to excellent Hausbeck           

Phytophthora drechsleri Poinsettia 3.2, 6.4 drench Excellent Daughtrey                    

Phytophthora nicotianae Calibrachoa 9.6 drench Excellent Hausbeck            

Phytophthora nicotianae  Snapdragon 9.6 drench Poor Hausbeck            

Phytophthora nicotianae Vinca 9.6 spray Good to excellent Hausbeck            

Phytophthora parasitica Vinca 3.2 to 12.8 spray Some Chase 

Phytophthora parasitica African violet 6.4, 9.6 drench Poor Chase 

Phytophthora parasitica Vinca 3.2 to 6.4 drench Very good to excellent Chase 

Phytophthora parasitica Spathiphyllum 9.6 drench Excellent Chase 

From the Tradeshow Floor—Visit us at: 
Southeast Greenhouse Conference—

Greenville, SC (June 23-26) Booth # 3046. 

Ohio Florist’s Assn. Tradeshow– Colum-
bus, OH (July 11-13) Booth # 2447. 

Farwest Show—Portland, OR (August 26-
28) Booth #  321. 

We have specials at each show!!! 


