
Survey planning 
for soybean rust 

based on 
aerobiological and 

climatological
factors

Roger Magarey (APHIS) & Scott Isard (UI)
Joe Russo (ZedX) & Stuart Gage (MSU)

Glen Hartman & Monte Miles (ARS & NSRL)

World-Wide SBR DistributionFungicide treated field

José Tadashi Yorinori, Embrapa Soja  2003

Untreated field

• potential to be the most destructive foliar disease
of soybean in the U.S.

• has caused significant yield losses worldwide.   
2003 yield losses in Brazil exceeded 5% of the 
annual production (Miles et al. 2003)

• Soybean rust resistant / tolerant cultivars unavailable

• Only a few fungicides that control the rust are 
registered for U.S. foliar application on soybean

• Foliar fungicides require frequent applications and  
thus can add significantly to production costs.

In 2002:
• 355,000 U.S farms grew soybean
• 72.1 M acres of soybean were harvested
• 23% of harvested crops were soybean

USDA ERS

10% yield losses are possible in any U.S. soybean-growing 
region.  In southeastern states where climatic conditions 
favor the spread, development, and over-seasoning of the 
disease, 50% losses are conceivable (Yang 1996).



In this slide presentation we will provide maps that 
may be helpful in determining where and when to 

scout for soybean rust. 

The survey maps assume that rust will enter via 
aerial pathways, although other human-assisted 
pathways are possible. 

This analysis was conducted in March, 2004.  An 
updated analysis is anticipated in July, 2004 
based upon model improvements and new 
confirmations of disease reports in South America



First, we will show you maps of where and when 
soybeans are grown. 

This includes where kudzu (an alternative host) is 
grown.

There are many other alternative hosts for the 
disease that may be important for survey 
programs but these are not included in the 
analysis. 
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U.S. Kudzu Distribution

Source:  Reports by US extension agents compiled 
by Darryl Jewett.  About 2 million acres reported

Percentage of County Area 
Covered with Kudzu

No data
0
>0 - 2.5
>2.5 – 5.0
>5.0



In the next section, we will show how the risk of 
soybean rust changes over the growing season. 

The top map shows the potential for soybean rust 
epidemics based upon climate.  For most growing 
regions this is high all season. 

The bottom map is designed to indicate where air 
parcels originating in confirmed soybean rust 
regions south of the equator in South America are 
likely to arrive in the US.  The Appalachian (mid-
Atlantic) and south-eastern regions are most 
frequently crossed by these parcels, most other 
regions are not at high risk. 



The maps require careful interpretation. 

The climate map (top map) shows the frequency of 
seasons favorable for disease spread.  The maps 
show the potential for the development of an 
epidemic that is initiated in that month.  
Consequently the risk declines during the growing 
season.

The map is based upon ten years of daily climatic 
leaf wetness and air temperature data. 



The maps require careful interpretation. 

The atmospheric transport map (bottom map) 
shows the frequency of air parcel hits over the 
United States.  The maps are based upon ten 
years of data.  The maps do not consider the 
survival of spores.  Consequently, the maps only 
show the relative pathways spores might travel.  



Note carefully…

Other model simulations (not shown in this power 
point) indicate that spores will not survive 
transport from the current confirmed 
infestations south of the equator in South 
America to the US in a single jump. Spores are 
lost as a result of exposure to UV and wet 
deposition.  The pathogen will have to migrate via  
a series of jumps either through the Caribbean or 
Central America.  However, the air parcel maps 
show the pathways of spore movement and can be 
updated when new source regions appear. 
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Finally, we will show you a graph summarizing this 
information.  The graph shows the risk potential in 

six two-month periods and in the ten USDA 
agricultural regions. 



Here are the USDA regions. 

Note the Appalachian region includes soybean 
production areas in NC and VA . 



The graph shows the risk potential according to 
four factors.

First, we will show you a graph summarizing the 
overall risk and then four graphs demonstrating 
the contribution of each factor.  

1. Spore production in South America
2. Transport (atmosphere)
3. Host distribution in  the US
4. Epidemic development
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In conclusion, these maps show you where and when 
survey programs for soybean rust might be 
conducted. It is important to note that this 

information only provides general trends of where 
and when to sample and not specific locations or 
times. Other model simulations show that the 

pathogen will more likely spread gradually from 
equatorial Brazil to our country infesting soybean 

regions in route rather than make the aerial 
journey directly to our country.  The maps will be 
updated following new confirmations of soybean 

rust in South and Central America.


