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Mycoparasites, Coniothyrium minitans, and Trichoderma viride of plant pathogens, Sclerotinia minor and S. sclerotiorum offer 
a unique system for predicting potential geographic distribution based on physiological responses to climate using biome and 
climate modeling analysis approaches. It may now be possible to predict and compare the potential geographic distributions of
mycoparasites, genetically modified mycoparasites and plant pathogens when introduced into a new environment.

Interactions and biological control capabilities of mycoparasites for controlling Sclerotinia plant diseases are well known. 
Physiological data is available from laboratory, greenhouse and field plot studies to establish baseline model responses. In 
addition, native geographic distribution records from survey data, culture collections and herbariums were included in the 
modeling process or validation process. 

The goal of this research is to focus on: 1) Determining the preliminary geographic distribution by utilizing a biome analysis; 2) 
Predicting baseline geographic distribution based on physiological responses to environmental variables by CLIMEX analysis; and 
3) Validation of baseline models for mycoparasites and pathogens. 

Biome Analysis (Venette and Gould 2006)
The biome analysis begins with recording country level distribution records into a Microsoft EXCEL spreadsheet followed by 

recording the number and types of biomes (1-14) within each country as 1=organism present and 0 = organism absent as determined 
by GIS queries. An analysis of parsimony is conducted in which the biome type recorded with the highest frequency in the 
spreadsheet is highlighted and resorted for records that are absent for the biome but list the next frequent biome type. This process 
is continued until all absences are removed. The minimum area of distribution in the USA is then determined by selecting those 
biomes previously selected in the European/Asian/Oceania modeling analysis. During the iteration process, some biomes may have 
the same frequency in occurrence. In those cases, more precise locations may be added to resolve the problem and/or further 
investigation may be needed to validate the original reports. Biome types are defined as 1) Tropical and subtropical moist broadleaf 
forests, 2) Tropical and subtropical dry broadleaf forests, 3) Tropical and subtropical coniferous forests, 4) Temperate broadleaf and 
mixed forests, 5) Temperate conifer forests, 6) Boreal forests/taiga, 7) Tropical and subtropical grasslands, savananas and shrublands, 
8) Temperate grasslands, savannas and shrublands, 9) Flooded grasslands and savannas, 10) Montane grasslands and shrublands, 11) 
Tundra, 12) Mediterranean forests, woodlands, and scrub, 13) Deserts and xeric shrublands, and 14) Mangroves. Preliminary biome 
analysis was conducted with country level presence records from non-US countries. Biome types were identified in non-US countries 
and these types were used to select the predicted biome types in the US.

Biome analysis is based on importing a species presence/absence dataset and a World Wildlife Fund ecoregion dataset into a 
geographic information system such as ArcView 3.2a (ESRI, California). Species geographic distribution records are overlaid onto the 
ecoregion data layer and the number and type of biomes are recorded per continent. For example, distribution records in Europe 
would be used to identify appropriate suitable biomes. The same biomes would then be selected in the US to predict the geographic 
distribution on the US continent. This method may overestimate the extent of the geography distribution so that only the minimum
number of biomes is used to determine the distribution. This approach to species geographic distribution is considered a preliminary 
evaluation in preparation to a more detailed complex analysis with other climate modeling and mapping techniques.

Climate Modeling and Mapping Analysis (Sutherst 2003; Cohen 2005; Venette and Cohen 2006)
Predicting baseline geographic distribution of mycoparasites and plant pathogens based on physiological responses to 

environmental variables was modeled and analyzed with CLIMEX software. The software contains a meteorological database with 
average monthly variables for a number of locations A species parameter file with physiological responses to climate is developed 
and compared to the meteorological database to predict potential areas of geographic distribution. The species parameter file also 
assists in defining the stress limits to cold, heat, wet or drought conditions which would limit the potential geographic distribution of 
the species. The compare location function gives results in three areas, seasonal population growth, stresses that limit growth, and 
the third describes the limiting conditions that prevents species from colonizing some areas. The climate model in the software 
calculates the following growth indices: 1) annual growth index (GIA), 2) weekly growth index (GIW), 3) temperature index (TI), 4) 
moisture index (MI), 5) diapause index (DI), 6) light index (LI), 7) cold stress (CS), 8) heat stress (HS), 9) dry stress (DS), 10) wet stress 
(WS), and 11) stress interactions (cold-wet, cold-dry, hot-wet, hot-dry). ClIMEX software calculates an ecoclimatic index (EI) which 
combines the potential for growth during favorable periods and survival of the species under stressful conditions. The values of EI 
range from 0-100. Relative humidity was not included in this calculation. EI values are defined as 0 = unsuitable for growth and
survival, 1-10 marginal for growth and survival, 11-25 favorable and greater or equal to 26 is very favorable for growth and survival. 
The CLIMEX model also includes a biotic index which measures the competitive stresses under climate effects between a 
mycoparasite and plant pathogen that will impact growth and survival and predictions of geographic distribution. Validation of model 
results are based on laboratory and field data from US and non-US locations (Venette and Cohen 2006).

1) Cohen, S. D. 2005. Potential distribution of Melampsora larici-populina in the USA predicted based on physiological 
responses of spore types to climate variables. Inoculum 56: 14.
2) Sutherst, R. W. 2003. Prediction of species geographical ranges. Journal of Biogeography, 30:805-816.
3) Venette, R.C. and Cohen, S.D., 2006. Potential climatic suitability for establishment of Phytophthora ramorum
within the contiguous United States. Forest Ecology & Management, 231:18-26.
4) Venette, R.C. and Gould, J.R., 2006. A pest risk assessment for Copitarsia spp., insects associated with importation 
of commodities into the United States. Euphytica, 148:165-183.

Sclerotinia sclerotiorum on tomato in high tunnels
Images courtesy of Dr.  Angela Orshinsky, Department of Plant Pathology, University of Minnesota, St. Paul

Symptoms and damage of the disease Close-up of mycelia on tomato stem Sclerotium of Sclerotinia sclerotiorum in tomato debris

Biome Analysis
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The biome analysis method indicated Coniothyrium minitans resided in biomes 4,5,10 and 13. Trichoderma viride was 
recorded in biomes 1,4, and 10. Sclerotinia minor was found in biomes 1,4,12 and 13. Sclerotinia sclerotiorum was recorded 
in 1,4 and 12. Biome 4 (Temperate broadleaf and mixed forest) was the most frequent biome type reported in the geographic 
distribution sets for each fungal species (C. minitans=70%, S. minor =64%, S. sclerotiorum=71%, and T. viride = 56%). Only 3 of 
the biome types (4,5, and 13) were represented in the US predicted dataset for T. viride. The US predicted dataset for S. 
minor contained biomes 1,4,12,and 13 whereas only biomes 1,4, and 12 were recorded for S. sclerotiorum. Fungal species 
display regional distribution preferences based on presence/absence data.

Climate modeling results are based on carpogenic germination of Sclerotinia species and conidia germination of C. 
minitans and T. viride under seasonal climate conditions. Studies suggest that Sclerotinia species do differ in geographic 
distribution preferences in the USA. Climate modeling studies suggest mycoparasites, C. minitans and T. viride have different 
climate preferences. C. minitans is less restricted in geographic distribution patterns. Validation of the models are in process 
and are based on data published in the scientific literature.

1) Combining two approaches, the biome analysis and climate modeling allows the researcher the ability to include a 
variety of data such as survey data, culture collections, herbarium collections, laboratory and field data to predict the 
performance outcome of a biological control organism under various climate conditions in the greenhouse and the field.

2) Future research directions will include evaluating the life cycle stages of mycoparasites under various climatic scenarios 
and examining performance of genetically modified mycoparasitic strains.

Center for Regulatory Research, LLC
www.regresearch.com


