
Minutes of the Annual Meeting of the Technical Committee

S-1001 Multistate Research Project

Development of Plant Pathogens as Bioherbicides for Weed Control

The  SEQ CHAPTER \h \r 1meeting opened at 8:30 am, February 08, 2004 at the Westin Hotel, Kansas City, MO. 
Greg Weidemann, S-1001 Administrative Advisor informed the group that the annual report will be due 60 days after the meeting. He also reminded the group that the project will expire in 2006. A new proposal should be submitted about 9 months before expiration if the project is to be renewed. He mentioned that there is a 25% set aside of Hatch funds for regional projects (i.e., each state has to spend 25% of Hatch money on regional projects). The new regulations call for the write up for the research project to be more extensive and the write up for the information exchange group a bit easier. Each state decides how the money is spent between Multistate Projects versus Information Exchange Groups. 
Jim Parochetti, National Program Staff, USDA-CSREES for Weed Science, explained that Multistate is a new term for Regional projects. CSREES only manages the Hatch money in the broadest sense; the money goes to the Experiment stations and each administration accounts for funds allocated to approved regional projects. This may not mean additional money to the Multistate member, it may be used to pay something to cover work, research, pay, related to your position.

Parochetti also discussed the budget announced by the U.S. President. CSREES has about 400 people - 100 scientists - so it is thin at the national level.  They manage the NRI grants and operate on a billion-dollar budget.  Congress usually adds about 35-40 grants to what the President wants.  Dr. Parochetti passed handouts detailing the proposed CSREES budget, departmental information, and a Plant Sciences Update. Dr. Parochetti manages the Invasive Weeds proposal (110) last year (about the same this year).  

In answer to questions, he indicated that Dr. Tom Bewick handles the Organic Transitions budget. Biologically Based Pest Management has been removed from NRI and emphasis now is on Homeland Security. This shift in emphasis is affecting other funding areas.

Dr. Charudattan asked whether grant-like funding is possible for Multistate Projects. Dr. Greg Weidemann said that he doesn’t see this happening. Other Multistate projects have the same desire, but the only projects funded are primarily geared for germplasm research. There is, however, an interest in funding Multistate research projects. It is worth talking to program leaders if interested in applying for funding for multistate collaborative research.

Dr. Parochetti suggested Regional IPM Centers as a possible source of funding, depending on the RFA for that center.

Dr. Peter Lueth, from PROPHYTA, Biologischer Pflanzenschutz GmbH, Germany, gave a talk on commercial aspects of the development, production, and application of biocontrol agents. This was an excellent presentation, providing a useful insight into the industry aspects of the process of developing a biological control agent.
PROPHYTA has 19 employees, a production capacity of 160 tons of biological fungicide per year, and is currently producing two products - Contans WG, a Coniothyrium minitans-based product which attacks sclerotia of Sclerotinia spp. in the soil, and BioAct WG, a fungus that attacks nematodes.

The production method uses solid-state fermentation, which has the following advantages: conidia can be produced effectively, they have a good shelf life, are very suitable for solid state fermentation, and the technology is relatively cheap. Dry conidia are formulated with glucose crystals. Dr. Lueth described the fermentation system with slides. 

The PROPHYTA system can be used to culture following fungi and others:
Coniothyrium minitans
Talaromyces flavus
Fusarium graminearum
Fusarium culmorum
Paecilomyces lilacinus
Penicillium bilaii
Trichoderma spp.

Marasmius oreades
Tricholoma populinum
Agaricus bisporus
Gliocladium catenulatum
Beauveria brongniartii
Metarhizium anisopliae
Verticillium lecanii
Monascus purpureus
Ophiostoma piliferum
Phlebiopsis gigantea
Sclerotinia spp.

Typhula incarnata
The disadvantages of the technology are: 

Fungi that need light cannot be grown with the system.

Fungi that produce large conidia cannot be mass-produced.

Fungi that need more space for their conidia production might be difficult to produce.

Dr. Lueth also discussed the costs based on a 4-week fermentation run.
Production Economics: One 600-L fermentation run of 30 days costs about $4,000.  Estimates of profitability to be considered are the conidia yield, amount needed per hectare, yield of conidia for a given fermentation time, comparative cost for chemical pesticide, etc. The determining factor is the price of competing products - chemical fungicides or herbicides.  High-value markets are attractive but are small.  One has to consider if enough product can be sold to cover the costs.
Dr. David Sands indicated that USDA estimated a cost of about $100/ha for a Fusarium sp. It was found best to grow the fungus on seed. Very few seeds are needed to produce desired results (1010 conidia/seed was estimated to be produced).  
Dr. Ron Collins referred to the Brazilian work on Trichoderma sp. This fungus is grown under relatively lax aseptic conditions. He asked whether costs could be reduced by lowering the stringency for aseptic conditions. Dr. Lueth answered that they are trying to improve the quality of microbial products. This is seen as one of the problems in acceptance of microbial products.  Maintaining strict conditions reduces unknown contaminants.

Dr. Chandramohan asked whether the $4,000 figure is what PROPHYTA would charge a US customer for trial runs. Dr. Lueth responded that clean up, etc., may increase the cost to $6,000, depending on the fungus, and anticipated use.

Dr. Lueth indicated that their first attempt to produce Microsphaeropsis sp. failed. 

He then provided a table of estimated profit levels depending on conidia size (which effects yield), recommended application rates, etc.  
Dr. Charudattan provided a brief update on the progress of Smolder. It appears to work well and registration has been hindered by mishandling in the EPA’s review process. Smolder has been tested in MA, WI, and CA, and it appears to work well even under dry conditions.

Reports on the various objectives followed.  
1A - Development of Dactylaria higginsii as a bioherbicide for nutsedges (Cyperus spp.) - by R. Charudattan.  

Using spore preparations, purple nutsedge could be killed in the field and good results have been obtained with different types of humectants or Silwet.  Application of spores in water only reduced flower production.  Other surfactants can assist in getting complete kill.  However, the plant is able to re-grow from tubers. A 3-yr funding from IR-4 was received to test the efficacy of the fungus under field conditions. Due to problems in inoculum production, the slow growth of D. higginsii, a need for high inoculum level (1 million spores per ml at 100 gal per acre), and a requirement of an 8-h dew period are limitations that are awaiting resolution.  Seasonal variation is also a problem.  The fungus works best in spring and fall, but during dry weather the infectivity is greatly reduced. 

Applying the fungus at different test rates gave good results under strictly controlled conditions. However, under “real-life conditions” in the field, foliar application of the fungus results in poor coverage. So there is a need to direct all the spores to the purple nutsedge leaf surface.  Thus, there is a need to develop a protocol for directed application. Variation in batch production, affects the consistency of results.

Research was carried out at these multistate locations: Florida (Gainesville and Fort Pierce), Puerto Rico, Bozeman-MT, and South Africa.
1-B. Development of Microsphaeropsis amaranthi and Phomopsis amaranthicola as broad-spectrum bioherbicides to control pigweeds - presented by R. Charudattan
Phomopsis amaranthicola, a pathogen of several Amaranthus spp., has provided consistent results in field trials. It is more effective at the seedling stage of its hosts than at older growth stages, and it is more effective on some species and accessions than others.  Spiny amaranth (A. spinosus) is difficult to control with this fungus.  The fungus causes foliar lesions and leaf abscission.  In competition studies, pepper crop is able to out-compete pigweed even if the latter plants are not killed but only diseased from the fungus.  Older pigweed plants are less affected and as a result compete with the pepper crop. So, for best results, the fungus should be applied when the pigweed plants are small.
R. Charudattan believes this fungus has good potential to be developed as a bioherbicide.  In Florida, it has been successfully tested in muck farms used for the production of salad vegetables. This may be a good niche market for this agent.  

Steve Hallett reported on his results from the Midwest where A. tubuculatus (tall waterhemp) is a problem.  Tall waterhemp populations exploded about 15 years ago in Iowa, Missouri, and Illinois where it has become an important broadleaf weed.  David Smith (a graduate student) presented results of his studies on the epidemiology of the Microsphaeropsis amaranthi disease on tall waterhemp, and interactions of the disease with glyphosate.  The fungus requires a long dew period for field efficacy. Variability of activity in field at 1-5 million spores/ml has been noted.

The fungus is resistant to many herbicides and there is good interaction between glyphosate and disease. When the fungus is applied first the effects of glyphosate are prevented.  Taloamines (roundup surfactant) kills spores.  Technical grade glyphosate is not a problem.

There is considerable variation in tolerance of tall waterhemp populations to glyphosate and herbicide treatments often result in tall waterhemp being the only weed left uncontrolled. Late-emergence of this weed also creates a problem, i.e., late emerging plants escape herbicide treatments.

1-C. A multiple-pathogen approach to control several weedy grasses - presented by S. Chandramohan

Three fungi, Drechslera gigantea  (ATCC # PTA 219), isolated from large crabgrass (Digitaria sanguinalis) collected in Leesburg, Florida, Exserohilum longirostratum (ATCC # PTA 217), from crowfootgrass (Dactyloctenium aegypticum), Belle Glade, Florida, and 
Exserohilum rostratum (ATCC # PTA 218) from johnsongrass (Sorghum halepense), Gainesville, Florida, are effective on a wide range of grasses. These fungi do not pose significant non-target risks; greenhouse tests indicate that it is safe in vegetable production. 

These fungi can be produced on hay. The fungal mycelium is produced in liquid shake cultures using tomato juice and antibiotics. The culture is blended and applied to autoclaved hay.  Light is not needed for sporulation. The fungus sporulates on the hay and the spore preparations can be kept frozen. When stored in this manner, these fungi have good shelf life and there is not much problem with contamination in this low-tech production process. The fungi are sprayed using Sunspray 6E oil to suspend the spores. 
Field studies are in progress with torpedograss (Panicum repens) and cogongrass (Imperata cylindrica) as the targets. The bioherbicide reduces the total foliage and stresses the rhizomes.  Unlike the nonselective chemical herbicides used against these invasive grasses, native species are not affected. In addition, glyphosate, which is widely used against cogongrass, only suppresses this grass while having a negative effect on native grasses.  The bioherbicide, on the other hand, provides selective control.

Many questions and comments followed: 

Have you tried grass-selective herbicides?  Answer: “I have tried them.”
Is the regrowth coming from rhizome or seed?   Not sure, however, it is believed that regrowth is from the rhizomes.

Any seasonal effects?  It is necessary to apply when plant is actively growing for best effect.  Need to apply before the grass begins to set seed.

State agencies interested in merely suppressing these weeds, not wanting 100% control are interested.  The public doesn’t want chemicals used lakes such as Lake Okeechobee.  

S. Chandramohan summarized by saying that this is “a promising bioherbicide, but we need commercial support with scale-up and formulation.”  
Steve Fennimore asked whether the bioherbicide has any activity against giant reed (giant arundo) and pampas grass. Not tested.  

R. Charudattan asked Peter Lueth whether it might be profitable to produce this bioherbicide. Peter: “I think there may be a problem because of the large spores, which affects yield and production costs.” He indicated that the fungus must produce enough spores and Chandra noted that spore production may be greatly improved in a commercial production system such as Prophyta’s.

R. Charudattan: “Can you devise a system to produce smaller spores?” Chandra: “We need to investigate this.”

Peter Lueth asked Chandra if lower rates have been tested. Chandra: “Yes, but we need to do more of this work. Application rate of 3 x 105 is effective. Metabolite production is probably affected by the type of substrate. 

R. Charudattan asked whether mycelial preparations are active. Chandra: “Yes, but we need to evaluate this more.” 

Peter Lueth was asked if mycelial preparations could be produced in the Prophyta production system. He replied that mycelial preparations may have shelf-life problems.
David Sands mentioned that Nina Zidack had problems producing fungal spores, so she treated the mycelium with snail enzymes and produced protoplasts and formulated the protoplasts with glucose.
Ron Collins asked if there might be a problem to wetland grasses downstream. Chandra: “No secondary spread, seem to have good specificity.”
R. Charudattan welcomed views from industry on the commercial feasibility of this product.   

Steve Hallett suggested that the environmental aspect of this product may be highly important. Chandra:  “We need to emphasize the commercialization aspect because of its ability to replace glyphosate.”  Hallett: “The environmental market may still be the best hope.”  Mike Braverman noted that the registration costs will be the same.

Steve Fennimore: “Viticulture is trying goats to control grasses, which suggests that there is a commercial potential for this bioherbicide. Organic growers are also a possible market.  

R. Charudattan: “Maybe this bioherbicide can be commercialized for home gardens as a lawn edger.”  

Fen Beed: “The product has to be cost effective.  Specificity provides an advantage if it can be applied in threatened ecosystems.”

Jim Parochetti: “Innovative Control” is an initiative of NISC in the 2005 budget.  Maybe this initiative could be a source of funding.

1-D. Myrothecium verrucaria as a broad-spectrum bioherbicide for purslanes, spurges, kudzu, and other weeds - discussion lead by R. Charudattan.

It was suggested that this objective may be abandoned since the occurrence of mycotoxin production in this species may preclude registration of a M. verrucaria-based bioherbicide. However, EPA has granted registration for a killed preparation of M. verrucaria for nematode control.

Robert Hoagland noted that several mycotoxins are associated with this organism, particularly the trichothecenes.  Southern Weed Science Laboratory will attempt to produce strains that do not produce these undesirable metabolites. This work will start soon.  This species, however, has broad activity, including against kudzu, a good target, and redvine. Interactions of this fungus with herbicides will also be studied. Preliminary work indicates that glyphosate interacts with this fungus.  

Fen Beed asked whether isolation of metabolites and activity profiling have been done. Steve Hallett pointed out that when the fungal spores are freed from the metabolites, the biological activity is lost.  Because of mycotoxin production, the organism is dangerous to work with. 

Peter Lueth said that the fungus is interesting, but he will only work with washed conidia.  Application of washed conidia would not spread the toxins but the organism would produce them in planta.  

Hoagland suggested that there are niche markets where toxin residues will not be an obstacle.  

1-E. Development of Pseudomonas syringae pv. tagetis as a bioherbicide for weeds in the Asteraceae. -  report by John Lydon 

Research on this bacterium has focused on the genetic diversity of the pathovar and the genetics of tagetitoxin production.  

Genetic Diversity - Analysis of the 16S-23S rDNA ITS regions of 24 P. syringae pv. tagetis strains indicates that there is very little diversity within this pathovar. The 24 strains fall almost evenly into two main clusters, those with the nucleotide signatures at positions 374 and 377 of CG and those with TA.  None of the other pathovars (17) analyzed had CG or TA at these nucleotide positions. What little genetic difference that does exist among these P. syringae pv. tagetis strains is not correlated with differences in host plant, geographical origin, or toxin production. Host specificity and biological activity tests are planned for the 24 P. syringae pv. tagetis strains.

Lunch break
John Lydon (continued)

Genetics of tagetitoxin production - Several genes required for tagetitoxin production have been identified using Tn5 mutagenesis. A table of known genes with homology to the mutated genes was presented. Of particular interest are the nontoxigenic mutants with mutations in gene having homology to gacA and gacS. These genes are important regulatory genes in other gram negative bacteria.

2:  To develop and evaluate formulations to improve performance and standardization of selected bioherbicides. (Lead Scientist was Don Daigle, now retired. Ron Collins reported on his activities in this area.)

Ron Collins is working on biological control of diseases of Cacao.  He is working on developing surfactants and adjuvants compatible with biological control agents. He is interested in working with this technical group under this objective. While his research emphasis is on the biological control of plant diseases, much of the formulation work that he develops will be applicable to formulation development for biological control agents of weeds.


3: To evaluate bioherbicides in multistate field trials in different crops and as alternatives to methyl bromide.  -  Erin Rosskopf could not attend the meeting; she recently gave birth to a healthy baby girl, her first child.

4: To safely enhance the virulence of bioherbicides by selection of variants of the plant pathogen that overproduces a target amino acid - presented by David Sands.

Reported on the development of biological control agents based on the overproduction of primary amino acids. Presented data demonstrating the effects of lysine, valine, and threonine on plants. Turned P. syringae pv. tagetis into a high valine producer which demonstrated more biological activity than the wild type strain. Field bindweed and rush skeletonweed are sensitive to lysine, Poa annua is sensitive to methionine, houndstongue and spotted knapweed are sensitive to valine, and leafy spurge is sensitive to lysine and tryptophan.

Dave Sands discussed the concept of developing a biological control agent by starting with a broad-spectrum pathogen and reducing its spectrum of activity. He also discussed the concept of utilizing auxotrophs as a way of limiting the spread and persistence of biological control agents. He is working with Sclerotinia sclerotiorum.

Reports from other members and attendees
Fen Beed - Plant Pathologist, International Institute of Tropical Agriculture (IITA), Benin: IITA mission statement - To enhance the food security, income and well being of resource-poor people primarily in the humid and sub-humid zones of sub-Saharan Africa by conducting research and related activities to increase agricultural production, improve food systems and sustainably manage natural resources in partnership with national and international stakeholders.  
He is developing biologically based weed management options for: Imperata cylindrica in the moist savannah and humid forest is the most dominant and difficult weed to control. Maize yields are reduced by 70%, that of cassava and yam by 78% and soybean by 40%. Persistent losses also in cowpea, groundnut, cotton, sorghum, and plantation crops.

Striga hermonthica in the dry savannah causes annual losses of US$ 7 billion that directly affects the livelihoods of 100 million people. About 40 million ha of cereals are severely infested and 70 million ha moderately infested. For resource-poor farmers the only available strategy is physical removal, which is both labor and time intensive. 

Other weed-biocontrol systems studied by Fen Beed include: Chromolaena odorata by Pareuchaetes pseudoinsulata; Brazilian cactus control by Dactylopius ceylonicus; Cylindrobasidium laeve for Acacia mearnsi and A. pycnantha (Stumpout®); Eichhornia crassipes control by Neochetina eichhorniae.

Waterhyacinth control by the Neochetina beetles has been limited. Alternaria eichhorniae is thought to be the best agent. Infection rates were increased when applied in an oil emulsion with an abrasive agent and a surfactant. Waterhyacinth exhibits extreme phenotypic plasticity which must be understood to achieve control. Increased nutrients reduced severity of A. eichhorniae, particularly under the eutrophic and bright conditions of West Africa.

Kathryn Wilkinson, Purdue University, Indiana, is working with a bacterium, blue-green bacterium SG3, originating from Lynn Walker (Louisiana Tech. University, Ruston). She gave an overview of her research with this bacterium, which is a potential biocontrol agent for blue-green algae.
Hyesuk Kong is working with John Lydon on the genetic characterization of P. syringae pv. tagetis and on the isolation and identification of genes required for tagetitoxin production.

Bob Kremer, USDA-ARS, Columbia, Missouri, indicated that his efforts on biological control have been reduced, although he did work with visiting scientists from Australia and Korea (6 to 8 wk visits). He has found that Pseudomonas fluorescens G2-11 shows good activity on barnyardgrass. In host range tests, this deleterious rhizobacterium affected the non-allelopathic strains of rice but had no effect on allelopathic rice strains. 

Bill Bruckart, USDA-ARS, Ft. Detrick, Maryland, urged the group to consider options for commercial production in the United States through cottage industries and on-farm production and deployment that would get around the shelf-life problems. He cited “Green Muscle” is an example. He also mentioned that the EPA registration process on average takes 15-21 months.

Mike Braverman pointed out that there was no commercial interest in an Aspergillus flavus as a control for toxigenic fungi in cotton. Growers in California produce it and sell for cost. A hurdle is the need to satisfy product safety (lack of contaminants).  Mike offered to help with the registration process for such products.

Stuart Falk, The Scotts Company, Marysville, Ohio, informed that given the growing emphasis on reducing the use of agrochemicals, his company is interested in biological control agents of weeds.  

Tim Widmer, USDA-ARS, European Biological Control Laboratory, Montpellier, France, reported on the exploration and host specificity testing of biological control agents that is being conducted by at EBCL.

R. Charudattan presented an overview of his work on tropical soda apple by using tobacco mild green mosaic virus. The virus does not multiply to any significant extent this host and is not seed-borne. The infected tropical soda apple plant appears to succumb to its own hypersensitive response. The host-killing effect appears to be relatively specific. The results are very consistent in the field. Virus does not spread to uninoculated plants nearby. It can be recovered from dead roots of potted plants and from soil near roots in pots. It is not detected in soil in field systems. 

For field application, several simple, direct-application techniques work well. The inoculum is produced from infected tobacco plants. 
His plans include submission of a registration request to EPA.  A company, BioProdex, Inc. has been formed to develop and register this viral bioherbicide. 

Concluding remarks
R. Charudattan reminded the group that this Multistate Research Project will expire in 2006 and a new project plan needs to be submitted if this project is to continue. He recommended that a new Chair be appointed as he plans on retiring in the near future. 
Charudattan nominated Steve Hallett for Chair and Dave Sands seconded the nomination. There were no additional nominations from the floor.  By a unanimous vote, Steve Hallett was voted the Chair.

Mike Braverman suggested that if the 2005 S-1001 meeting is not held in conjunction with the WSSA meeting in Hawaii, we could meet in Washington, D.C.  It might be possible to have EPA and APHIS representatives participate. If so, we would want not to hold the meeting in September or October because those are busy months for EPA.

Steve Hallett asked for other venues. It was suggested that we could hold our meeting in conjunction with the meeting of the Nature Conservancy or the Audubon Society. He recommended that we meet tomorrow at 9:00 am in the lobby to discuss future plans.

The meeting was adjourned 5:35 pm.
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