APPENDICES

Table 1. Comparison of Cooperative Regional Projects 

W-147, NC-125 and S-302




W-147



NC-125


S-302

	Objective 1
	To identify and characterize new biological agents, naturally suppressive soils, cultural practices, and organic amendments which provide control of diseases caused by soil borne plant pathogens. 


	Compare efficacy of biocontrol systems on economic plants in the North Central Region. Compare methods of production delivery, and enhancement of applied and indigenous biocontrol agents. B. Determine the influences of host and environment on biocontrol efficacy.


	Selection, optimization, and regional evaluation of biological control agents to include application techniques and enhancement of biological control agents to control diseases caused by soilborne plant pathogens.



	Objective 2
	To understand how microbial populations and their gene expression are regulated by the biological (plants and microbes) and physical environment and how they influence disease.
	Determine the mechanisms of action of North Central region biocontrol systems. A.  Determine the nature of biocontrol agent-crop-pathogen associations.  B.  Elucidate biochemical and genetic basis for the interactions.
	Improve understanding of mechanisms and applicability of biological control agents across different cultivars, environments and cropping systems.

	Objective 3
	To develop and implement biological control in agriculture
	
	


	Table 2.  Comparative analyses of research on disease systems in the three Regional Projects

	DISEASE SYSTEM
	W-147
	NC-125
	S-302 (formerly S-269)

	Vegetables
	 
	 
	 

	    Seedling disease
	 
	 
	GA, KY, MS, TN, SC, FL

	    Sclerotium-onion
	OR
	 
	 

	    Sclerotinia-potato, lettuce
	AK, CA-D, CA-ARS
	 
	 

	    Fusarium wilt
	 
	WI
	 

	    Damping-off
	MT
	 
	NC, TN

	    Phytophthora
	AK, NM
	 
	 

	    Rhizoctonia-beans
	NY, AK, ID
	 
	TN

	    Pythium
	NY, MT, OR, CA-ARS, ID
	 
	 

	    Macrophomina
	NY
	 
	 

	    Botrytis
	AK
	 
	 

	    Verticillium
	OR
	 
	 

	Field crops
	 
	 
	 

	    Wheat
	 
	 
	 

	        Seedling disease
	 
	 
	AL, AR, FL, IN, MS, OK, TN

	        Take-all
	AZ, WA-ARS, OR
	KS
	 

	        Pythium-Rhizoctonia,
	 
	 
	 

	           Fusarium
	OR, WA-ARS
	NE, IL
	 

	    Soybean
	 
	 
	 

	        Sclerotinia
	 
	IA
	 

	        Pythium-Rhizoctonia
	 
	ND
	 

	        Fusarium
	 
	IL
	 

	    Snap beans
	 
	 
	 

	        Seedling disease
	 
	 
	AL, AR, FL, IN, MS, NC, SC, TN

	        Rhizoctonia
	 
	 
	TN, SC

	    Cotton
	 
	 
	 

	        Seedling disease
	 
	 
	AL, AR, FL, IN, LA, MS, NC, TN, TX

	    Sugarbeet
	 
	 
	 

	        Aphanomyces
	 
	MN
	 

	        Damping-off
	 
	NE, NJ
	 

	    Corn
	 
	 
	 

	        Fusarium
	 
	IL, IA
	 

	        Seed disease
	MT
	 
	 

	    Legumes
	 
	 
	 

	        Seedling disease
	 
	 
	KY, LA

	Ornamentals and turf
	 
	 
	 

	    Anthracnose
	 
	NE
	 

	    Fescue - leaf spot
	 
	NE
	 

	    Seedling disease
	 
	 
	FL, NC, TN

	    Phytophthora-Pythium
	AK
	 
	 

	    Snow mold
	AK
	 
	 

	Nematode disease
	CA-R, NY, NM, OR
	 
	 

	Citrus, avocado
	 
	 
	 

	        Phytophthora
	CA-R
	 
	 

	Melons - Monosporascus
	CA-R
	 
	 


	Table 3.  Comparative analysis of research efforts in the three Regional Projects
	 

	Crop                                                                                       Research Approach
	 

	 
	W-147
	NC-125
	S-302 (formerly S269)

	Vegetable diseases
	 
	 
	 

	    Potato
	1.  Suppression of late 
	1.  Crops loss models being 
	 

	 
	blight by Trichoderma (AK)
	refined for growers (WI)
	 

	
	2.  Effects of soil amendments
	
	

	
	on control of Verticillium (OR)
	
	

	    Lettuce
	1.  Isolate and test biological
	 
	 

	 
	agents and mechanisms for
	 
	 

	 
	Brassica amendments against
	 
	 

	 
	Sclerotinia (CA-D)
	 
	 

	    
	2.  Studying role of myxo-
	 
	 

	 
	bacteria as bicontrol of 
	 
	 

	 
	Sclerotinia on beans and
	 
	 

	 
	lettuce (CA-ARS)
	 
	 

	    Pepper
	1.  Effect of Brassica amend-
	 
	 

	 
	ments and continuous applica-
	 
	 

	 
	tion for biocontrol of Phytoph-
	 
	 

	 
	thora (NM)
	 
	 

	    Tomato
	 
	 
	1.  Biological seed treatments (TN)

	    Beans
	1.  Biological seed treatments
	 
	1.  Biological seed treatments

	 
	less effective than fungicide
	 
	(AL, AR, FL, IN, MS, NC, SC, TN)

	 
	treatments against root rot (NY)
	 
	 

	    Strawberries
	1.  Biological management
	 
	 

	 
	approach being developed
	 
	 

	 
	(CA-ARS)
	 
	 

	    Onions
	1. Soils suppressive to
	 
	 

	 
	nematode disease 
	 
	 

	 
	discovered (NY)
	 
	 

	
	2.  Studies of soil ecology of
	
	

	
	Sclerotium (OR)
	
	

	    Pythium
	1.  Selection for biocontrol (MT)
	 
	 

	 
	2.  Studies on variability of
	 
	 

	 
	biocontrol agents--human vs.
	 
	 

	 
	plants (beans) (OR)
	 
	 

	 
	3.  Biology and ecology, molec-
	 
	 

	 
	ular techniques for identification
	 
	 

	 
	and control via crop rotation
	 
	 

	 
	with beans and strawberries
	 
	 

	 
	(CA-ARS)
	 
	 

	 
	4.  Testing biocontrol agents,
	 
	 

	 
	researching natural fungicidal
	 
	 

	 
	compounds (ID)
	 
	 

	Field crops
	 
	 
	 

	    Wheat
	 
	 
	 

	         Take-all
	1.  Cross-talk between biocon-
	1.  Model developed for effect 
	 

	 
	trol bacteria and influence on
	of seeding patterns of yield loss
	 

	 
	antibiotic products (AZ)
	(KS)
	 

	 
	2.  Identifying strains of biocon-
	 
	 

	 
	trol agents and mechanisms of
	 
	 

	 
	activity; field testing (WA-ARS)
	 
	 

	Table 3.  Comparative analysis of research efforts in the three Regional Projects, continued

	
	W-147
	NC-125
	S-302

	 
	3.  Sequencing genome of bio-
	 
	 

	 
	control agents for mechanisms
	 
	 

	 
	of activity (OR-ARS)
	 
	 

	Field crops
	 
	 
	 

	    Wheat
	 
	 
	 

	         Head blight, stem rust
	 
	1.  Lysobacter sp. effective in 
	 

	 
	 
	control (NE)
	 

	 
	 
	2.  Field tests showed asco-
	 

	 
	 
	spores of Giberella zeae on
	 

	 
	 
	cornstalks affects head blight 
	 

	 
	 
	(IL)
	 

	         Seedling disease
	 
	 
	1.  Biological seed treatments

	 
	 
	 
	(AL, AR, FL, IN, MS, OK, TN)

	        Pythium, Rhizoctonia,
	1.  Severity and diversity of 
	 
	 

	           Fusarium
	pathogens, effect of soil
	 
	 

	 
	suppressiveness and cultural 
	 
	 

	 
	practices (WA-ARS, OR)
	 
	 

	    Cotton seedling
	 
	 
	1.  Biological seed treatments

	       disease
	 
	 
	(AL, AR, FL, IN, MS, OK, TN)

	    Corn
	 
	 
	 

	        Fusarium 
	 
	1. Field  tests of biocontrol of 
	 

	 
	 
	fumonisin non-producing strains 
	 

	 
	 
	against fumosins by Fusarium  
	 

	 
	 
	(IL, IA)
	 

	        Seed disease
	1.  Testing biological seed
	 
	 

	 
	treatments (MT)
	 
	 

	    Soybean
	 
	 
	 

	        Sclerotinia
	 
	1.  Control prolonged with soil 
	 

	 
	 
	incorporation of sclerotial 
	 

	 
	 
	parasite (IA)
	 

	        Rhizoctonia
	 
	1.  Resistance better with wild
	 

	 
	 
	type than transformed 
	 

	 
	 
	binucleate Rhizoctonia (ND)
	 

	        Fusarium solani
	 
	1.  Relationship of mycoviruses 
	 

	 
	 
	to virulence being tested (IL)
	 

	    Sugarbeet
	 
	 
	 

	        Damping-off
	 
	1.  Suppression of disease with 
	 

	 
	 
	Lysobacter sp. mutants (NE)
	 

	        Damping-off
	 
	2.  Taxonomy of Lysobacter sp. 
	 

	 
	 
	biocontrol strain clarified (NJ)
	 

	        Aphanomyces
	 
	1.  Field tests with solarization 
	 

	 
	 
	and cover crops to reduce 
	 

	 
	 
	oospores in soil (MN)
	 

	Ornamentals and turf
	 
	 
	 

	    Anthracnose
	 
	1.  Field tests with Lysobacter 
	 

	 
	 
	effective in control (NE)
	 

	    Leaf spot of fescue
	 
	1.  Suppression of leaf spot by
	 

	 
	 
	glucanase-deficient mutants of 
	 

	 
	 
	Lysobacter sp. (NE)
	 

	    Snow mold - turf
	1.  Disease decrease with ap-
	 
	 

	 
	plication of Trichoderma (AK)
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	W-147
	NC-125
	S-302

	    Damping-off 
	1.  Improved growth using
	 
	1.  Biocontrol of Rhizoctonia

	 
	Trichoderma against Pythium
	 
	in Impatiens by heat-tolerant 

	   

 
	on Ginseng (AK)

 

 
	 

 

 
	bacteria (FL)

2.  Biocontrol agents with cover

crops (AR, NC)

	 
	 
	 
	3. Pesta formulations of binucleate

	 

 
 Nematode diseases
	 

1.  Use of cover crops for
	 

 
	Rhizoctonia as biocontrol (NC,TN)
 

	 
	 nematode suppression (NY)
	 
	 

	 
	2.  Development of DNA probe
	 
	 

	 
	to identify bacteria involved in
	 
	 

	 
	suppression of Heterodera 
	 
	 

	 
	schactii (CA-R)
	 
	 

	 
	3. Use of Brassica amendment
	 
	 

	 
	for control of root knot (NM)
	 
	 

	 
	4.  Use of cultural practices for
	 
	 

	 
	reducing disease (OR)
	 
	 

	 
	5.  Biological suppression
	 
	 

	 
	transferred to fumigated soil
	 
	 

	 
	against nematodes (CA-R)
	 
	 

	Citrus, avocado
	1.  Survey of avocado soils
	 
	 

	    Phytophthora
	for suppressive
	 
	 

	 
	organisms (CA-R)
	 
	 

	 
	2.  Tests of bacteria 
	 
	 

	 
	isolated from root rot
	 
	 

	 
	epidemic soil for biocontrol
	 
	 

	 
	of  avocado (CA-R)
	 
	 

	 
	3.  International survey
	 
	 

	 
	for suppressive soil
	 
	 

	 
	organisms (CA-R)
	 
	 

	 
	4.  Continuous application
	 
	 

	 
	of biocontrol agent to reduce
	 
	 

	 
	avocado root in field (CA-R)
	 
	 

	Melons - 
	 
	 
	 

	    Monosporascus
	1.  Field studies on 
	 
	 

	 
	ascopore germination
	 
	 

	 
	and suppression (CA-R)
	 
	 


Table 4. Regional Project Leaders

	Resources

State
	Agency/

Institution
	Principal Leader
	Cooperators
	Area of Specialization
	SY
	PY
	TY

	Alaska
	University of Alaska
	J. H. McBeath
	P. Gay
	Plant Path.
	0.3
	0.1
	

	Arizona
	University of Arizona
	L. S. Pierson
	P. Figuli

E. Pierson
	Plant Path.
	0.1
	0.5
	0.1

	California
	University of California, Riverside
	J. A. Menge
	
	Plant Path.
	0.33
	
	

	California
	University of California, Riverside
	J. Borneman
	
	Plant Path.
	0.15
	
	

	California
	University of California, Riverside
	M. Stanghellini
	
	Plant Path.
	0.15
	
	

	California 
	University of California, Riverside
	J. O. Becker
	
	Nematology
	0.15
	
	

	California
	University of California, Davis
	Krishna V. Subbarao
	
	Plant Path.
	0.15
	
	

	California
	ARS/USDA
	Frank Martin
	
	Plant Path.
	0.15
	
	

	California
	ARS/USDA
	Carolee Bull
	
	Plant Path.
	0.15
	
	

	Idaho
	University of Idaho
	Wesley Chun
	
	Plant Path.
	
	
	

	Montana
	Montana State University
	N. W. Callan
	
	Horticulture/ Plant Path.
	0.75
	
	0.5

	New Mexico
	New Mexico State
	Natalie Goldberg
	
	Plant Path.
	0.1
	
	

	New York
	NY SAES Geneva
	G. S. Abawi


	H. C. Hoch
	Plant Path/ Nematol.
	0.3

0.15
	
	

	Oregon
	Oregon State University
	Fred Crowe
	
	Plant Path.
	0.15
	
	

	Oregon
	Oregon State University
	Jennifer Parke
	
	Plant Path.
	0.2
	
	

	Oregon
	ARS/USDA
	Joyce Loper
	
	Plant Path.
	0.15
	
	

	Washington
	ARS/USDA
	Timothy Paulitz
	
	Plant Path.
	0.15


	
	

	Washington
	ARS/USDA
	Niklaus Grünwald
	
	Plant Path.
	0.15


	
	

	Washington 
	ARS/USDA
	Dave Weller
	L. Thomashow

D. Mavrodi
	Molecular Biol.
	0.15

0.2
	0.2
	

	Washington
	ARS/USDA
	Patricia Okubara
	
	Molecular Biol.
	0.15
	
	

	Washington
	Washington State University
	Ekaterina Riga
	
	Nematology
	0.15
	
	


Table 5.  Pathogens Studied by State in W-147 Region

	Pathogen
	State
	Obj. 1 (Identification)
	Obj. 2 (Mechanisms)
	Obj. 3 (Development)

	Fusarium
	New York

Oregon

Washington
	X

X

X
	X
	X



	Heterodera
	California

Oregon
	X

X
	X
	X

	Meloidogyne
	California

New York

New Mexico

Washington
	X

X

X

X
	X

X

X

X
	X

	Pratylenchus
	New York

Oregon

Washington
	X

X

X
	X

X
	

	Gaeumannomyces
	Washington

Arizona
	X
	X

X
	X

	Pythium
	Alaska

Arizona

California

Idaho

Montana

New York

Oregon

Washington
	X

X

X

X

X
	X

X

X

X

X
	X

X

X

X

X

X

	Phytophthora
	Alaska

California

New Mexico
	X

X

X
	X

X

X
	X

X

	Rhizoctonia 
	Alaska

Arizona

California

Idaho

New York

Oregon

Washington
	X

X

X

X

X

X
	X

X

X

X

X
	X

X

X

X

X

X

	Thielaviopsis
	New York
	X
	X
	X

	Sclerotinia
	Alaska

California
	X

X
	X
	X

X

	Verticillium
	New Mexico

California

Oregon
	X

X
	X

X

X
	X

	Botrytis
	Alaska
	X
	X
	X

	Myriosclerotinia
	Alaska
	
	
	X

	Typhula
	Alaska
	
	
	X


Table 6.  Biological Control Category 1:  Biocontrol of pathogen inoculum.

	Contributing State
	Target pathogen
	Biocontrol agent



	AK and Idaho
	Phytophthora erythroseptica
	Trichoderma atroviride

	AK and CA
	Rhizoctonia solani, Botrytis cinerea, Pythium sp.
	Trichoderma atroviride

	AK and MN
	Typhula incarnata, T. ischikariensis, Microdochia nivale
	Trichoderma atroviride

	AK
	Myriosclerotinia borealis, Coprinus psychromobidus
	Trichoderma atroviride

	AK 
	Phytophthora infestans
	Trichoderma atroviride

	AK 
	Phytophthora cactorum
	Trichoderma atroviride

	AK
	Sclerotinia scleroriorum
	Trichoderma atroviride

	CA-Riverside
	Meloidogyne spp.
	Nematode female and egg parasites

	CA-Riverside
	Heterodera schachtii

	Suppressive soil, Fusarium spp., Dactylella spp.

	CA-Riverside
	Phytophthora cinnamomi
	Rozella sp. Bacillus sp., Hyphodontia sp., Trichoderma sp.

	CA-Riverside
	Monosporascus cannonballus
	Actinomycetes

	CA-Riverside
	Zoosporic Oomycetes
	Biosurfactant-producing bacteria

	CA-Davis
	Sclerotinia spp.
	Brassica amendments, green manure

	ARS-CA 
	Verticillium dahliae
	Myxobacteria

	New Mexico
	Verticillium dahliae

Phytophthora capsici
	Brassica amendments

	NY
	Meloidogyne hapla
	Arthrobotrys dactyloides

	OR 
	Phytophthora ramorum
	cultural practices



	ARS-WA 
	Aphanomyces euteiches;

Fusarium solani;

Fusarium oxysporum
	Suppressive soils

	WA
	Meloidogyne hapla Meloidogyne chitwoodi 

Pratylenchus penetrans

Paratrichodorus allius
	Cover crops

Green manures

Suppressive soils




Table 7.  Biological Control Category 2:  Biological protection of plant surfaces.

	Contributing State
	Target pathogen
	Biocontrol agent



	AK
	Rhizoctonia solani
	Trichoderma atroviride

	CA-Riverside
	Meloidogyne spp.
	Nematode female and egg parasites

	CA-Riverside
	Heterodera schachtii

	 Fusarium spp., Dactylella spp.

	CA-Riverside
	Phytophthora parasitica
	Pseudomonas putida

	CA-Riverside and ARS-WA
	Rhizoctonia solani, R. oryzae
	Suppressive soils

	Idaho
	Pythium and Rhizoctonia spp.
	Pseudomonas corrugata

	MT
	Pythium ultimum
	Pseudomonas aureofaciens

	NY
	Rhizoctonia solani, Pythium ultimum, Thielaviopsis basicola, Fusarium oxysporum f. sp. phaseoli
	Trichoderma harzianum. Bacillus subtilis, Gliocladium virens, Laetisaria arvalis

	Oregon
	root-infecting fungi
	Burkholderia cepacia

	ARS-OR and ARS-WA
	Rhizoctonia solani, Pythium spp.
	Pseudomonas fluorescens Pf5, 

	ARS-WA and ARS-CA
	Pythium spp.
	Suppressive soils

	ARS-WA 
	Gaeumannomyces graminis var. tritici
	Suppressive soils

	ARS-WA and AZ
	Gaeumannomyces graminis var. tritici, Rhizoctonia solani, R. oryzae, Pythium spp.
	Pseudomonas fluorescens,

P. aureofaciens, Bacillus sp.

	ARS-WA
	Gaeumannomyces graminis var. tritici, Rhizoctonia solani, R. oryzae, Pythium spp.
	Superior colonizing strains of Pseudomonas fluorescens

	ARS-WA 
	Aphanomyces euteiches;

Fusarium solani;

Fusarium oxysporum
	Suppressive soils

	WA
	Meloidogyne hapla Meloidogyne chitwoodi 

Pratylenchus penetrans

Paratrichodorus allius
	Bio-nematicides

Suppressive soils


 Table 8.  Interaction between W-147 members working on Objective 2.

	Project
	Cooperating States

	Study of regulation, biosynthesis, and genetic basis of antifungal production, Genomics of the biocontrol agent Pseudomonas fluorescens Pf-5
	AZ, ARS-WA, ARS-OR

	Communication among biocontrol organisms
	AZ, AK, CA-R, ARS-WA, ID, NY

	Loss of biocontrol ability
	AZ, CA-R, ARS-WA, ARS-OR

	Mechanisms of suppressive soils
	CA-R, ARS-WA, ARS-CA


Table 9.  Strategy 1: The treatment of plant material and soil with biocontrol agents to maintain soil quality and health.

	Contributing State
	Target pathogen
	Biocontrol agents



	AK
	Phytophthora cactorum, Rhizoctonia solani, Botrytis cinerea, Pythium sp. Typhula incarnata, T. ischikariensis, Microdochia nivale Myriosclerotinia borealis, Coprinus psychromobidus
	Trichoderma atroviride

	CA-Riverside 
	Heterodera schachtii, Phytophthora spp.

Meloidogyne spp.
	Fusarium spp., Dactylella sp., Rozella sp. Bacillus sp., Hyphodontia sp., Trichoderma sp.,Pseudomonas putida.

	Idaho
	Pythium and Rhizoctonia spp.
	Pseudomonas corrugata

	MT
	Take-all

Pythium seed rot
	Phialophora I-52, Pseudomonas aureofaciens AB254

	NY
	Rhizoctonia, Fusarium, Pythium,and Thielaviopsis spp.,  Meloidogyne hapla
	Bacillus subtilis, Gliocladium virens, strain T22 of Trichoderma harzianum (Bioworks, NY)

	ARS-OR
	Rhizoctonia solani, Pythium spp.
	Pseudomonas fluorescens Pf5

	ARS-WA 
	Gaeumannomyces graminis var. tritici, Rhizoctonia solani, R. oryzae, Pythium spp.
	Pseudomonas fluorescens Q8R1 and other isolates 

	WA
	Meloidogyne hapla Meloidogyne chitwoodi 

Pratylenchus penetrans

Paratrichodorus allius
	Bio-nematicides


Table 10.  Strategy 2: To encourage natural biological control with mulches, soil composts, and/or cropping practices to increase and support biocontrol agents.

	Contributing State
	Target pathogen
	Practices



	CA-Riverside
	Phytophthora spp.
	Mulches + amendments (e.g. gypsum) + biocontrol agents

	CA-Riverside 
	Heterodera schachtii, 

Meloidogyne spp.
	Crop rotations for maintain soil suppressiveness

	CA-Davis
	Sclerotinia spp.
	Brassica amendments, green manure

	ARS-CA 
	Verticillium dahliae
	Myxobacteria

	MT
	Pythium seed rot
	Green manures

	New Mexico
	Verticillium dahliae

Phytophthora capsici
	Brassica amendments

	NY
	Rhizoctonia, Fusarium, Pythium,and Thielaviopsis spp., Meloidogyne hapla,

Pratylenchus spp.
	Crop rotation, tillage systems, green manures, biocontrol agents

	OR
	Fusarium pseudograminearum
	Cultural practices, nitrogen management

	OR 
	Phytophthora ramorum
	Cultural practices

	ARS-WA
	Gaeumannomyces graminis var. tritici, Rhizoctonia solani, R. oryzae, Pythium spp.
	Effect of direct-seeding (no-till) on development of suppressiveness

	ARS-WA 
	Gaeumannomyces graminis var. tritici, Rhizoctonia solani, R. oryzae, Pythium spp.
	Effect of crop rotation on maintainence of suppressiveness, and influence of host plant on population structure of biocontrol agent and other microbes

	ARS-WA-
	Aphanomyces euteiches;

Fusarium solani;

Fusarium oxysporum;

Pythium spp.; Rhizoctonia spp.
	Changes in microbial communities and in pathogen populations in going from virgin sage-brush grassland to cultivated, irrigated production

	WA
	Meloidogyne hapla Meloidogyne chitwoodi 

Pratylenchus penetrans

Paratrichodorus allius
	Use of cover crops, green manures, and bio-nematicides to enhance soil health, increase beneficial free-living nematodes and natural predators of plant parasitic nematodes.


Table 11.  Strategy 3: The continuous application of biocontrol agents into irrigation water.

	Contributing State
	Target pathogen
	Method



	CA-Riverside
	Phytophthora spp.
	Field fermentation machines with capacity of growing and injecting biocontrol agents into irrigation water

	CA-Riverside 
	Phytophthora and Pythium spp.
	Introduction of bacteria into irrigation water with capability of producing rhamnolipids for controlling zoospores.
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