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Risk assessment of aerial transport 
of rust pathogens to the Western 
Hemisphere and within North 
America
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Abstract
The risk of aerial long-distance transport of rust 

pathogens from potential source locations in the 
Eastern Hemisphere to the Western Hemisphere and 
from subtropical to continental interior regions within 
North America is investigated. Simulations of long-
distance transport of rust spores using the Integrated 
Aerobiology Modeling System indicate that the 
frequency of transport and deposition in the Western 
Hemisphere of viable rust spores originating from 
potential sources in tropical Africa, at high latitudes in 
Europe, and throughout eastern Asia is low. However, 
the frequency of trans-oceanic transport and deposition 
of viable rust spores in the Western Hemisphere is 
high for potential African source locations poleward 
of the tropics. The relatively short distance between 
Western Africa and northeastern South America coupled 
with the presence of persistent Northeasterly Trade 
Winds create an active pathway for spore transport. 
Western Hemisphere regions that are influenced by 
the Intertropical Convergence Zone have the highest 
likelihood of receiving viable rust spores from the 
Eastern Hemisphere. The risk of aerial transport of 
viable rust spores to U.S. regions from potential Eastern 
Hemisphere source regions is low. Analysis of wind 
streamline maps for North America indicate that strong 
low-level advection of air northward from the subtropics 
is prevalent east of the Rocky Mountains from early April 
to mid-May providing opportunities for long-distance 
transport of rust pathogens into the continental interior. 
After mid-June, the number of days with strong low-
level advection of air from south to north across these 
regions and thus opportunities for long-distance spore 
transport decrease dramatically.  
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Introduction
Rusts are important diseases of many crops that 

comprise the world food supply. Where highly susceptible 
cultivars are grown over large areas, rust pathogens have 
frequently demonstrated a capability to cause regional 
epidemics and substantial crop losses. A single infected 
plant can produce enormous numbers of urediniospores 
and wind can disseminate these propagules onto the 
same or new hosts. Most liberated spores are deposited 
near their source (Roelfs 1972; Roelfs and Martell 1984; 
Aylor 1999); however, long-distance dispersal is well 
documented for many rust pathogens. There are two 
general patterns of aerial dispersal in time and space: (1) 
single aerial transport events that result in colonization 
of new regions far from a source, and (2) step-wise range 
expansion from a source into new regions (Stakeman and 
Harrar 1957). The latter is accomplished through a series 
of individual transport events over short to moderate 
distances. This study focuses on the former of these 
patterns of aerial dispersal - single long-distance aerial 
transport events. The Integrated Aerobiology Modeling 
System (IAMS) and wind streamline maps are used to 
provide a quantitative assessment of pathways for long-
distance transport of rust pathogens from potential 
source locations in the Eastern Hemisphere to the 
Western Hemisphere and from subtropical to continental 
interior regions within North America. The assessment 
is conducted by enumerating: (1) the number of days 
per month with opportunities for rust pathogens to be 
transported from potential Eastern Hemisphere source 
locations to destinations in the Western Hemisphere, and 
(2) the number of days per month with opportunities for 
rust pathogens to be transported from potential source 
locations in subtropical regions of North America to the 
interior of the continent.    

Indirect evidence of intercontinental aerial spread 
of passively transported organisms is abundant (Pedgely 
1982; Nagarajan and Singh 1990; Isard and Gage 2001). 
Noteworthy examples of rust pathogens that have 
dispersed through the atmosphere to the Western 
Hemisphere and have had important agricultural impacts 
include: (1) Hemileia vastatrix, the causal agent of coffee 
leaf rust first observed in Brazil during January 1970 
(Bowden et al. 1971); (2) Puccinia melanocephala, that 
causes brown sugarcane rust noted first in the Dominican 
Republic during July 1978 (Purdy et al. 1985); (3) 
Phakopsora pachyrhizi, the causal agent of soybean rust 
first reported in Paraguay during February 2001 (Morel 
and Yorinori 2002); and (4) Puccinia kuehnii, that causes 
orange rust of sugarcane first detected in Florida and 
Costa Rica during July 2007 (Comstock et al. 2008) and 
two months later in Nicaragua and Guatemala (Ovalle et 
al. 2008; Chavarria et al. 2009).  
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In North America, many rusts move long distances 
through the atmosphere between subtropical and 
middle latitudes. Seasonal changes in temperature and 
precipitation influence the availability of appropriate 
hosts at different latitudes and times of year. Puccinia 
graminis f. sp. tritici, P. triticina, and P. striiformis f. sp. tritici 
(wheat stem rust, leaf rust, and stripe rust pathogens), P. 
sorghi and P. polysora (common and southern corn rust 
pathogens) and Phakopsora pachyrhizi (soybean rust 
pathogen) are a few examples of rusts of agricultural 
importance that have spread rapidly through the air 
from southern regions into the interior of the North 
American continent during recent growing seasons 
(USDA 2011).

Rust pathogens have a number of characteristics 
that make them well-suited for long-distance aerial 
dispersal in addition to their capability to produce 
copious numbers of urediniospores. The physical 
characteristics (shape, size, density, and surface features) 
of rust urediniospores are such that the energy in a 
turbulent atmosphere is often able to lift large numbers 
of the spores from a plant canopy against the attraction 
of gravity and keep them airborne for long periods 
of time. The energy of the air is also used for spore 
liberation (mechanical vibration of plant parts) with the 
result that most urediniospores are released when the 
atmosphere is turbulent and thus conducive to spore 
transport. Rust urediniospores are able to remain viable 

for many days when exposed to the range of temperature 
and humidity conditions typically found in the lower 
atmosphere during the growing season. Their relatively 
dark pigmentation provides extended protection from 
the lethal effects of ultraviolet (UV) radiation. Finally, the 
primary mechanism that causes deposition of rust spores 
after long-distance aerial transport is rainfall. Precipitation 
can efficiently wash spores from a tall column of air onto 
a host and concomitantly provide the pathogen with 
the environmental conditions (leaf wetness and cool to 
moderate temperatures) required to rapidly infect a plant 
host.

Methods
Assessment of aerial pathways for long-distance rust 
pathogen transport to the Western Hemisphere  

The Integrated Aerobiology Modeling System (IAMS) 
was built following the aerobiology pathway model 
(Benninghoff and Edmonds 1972; Isard and Gage 2001). It 
includes modules for spore production, spore release and 
escape from the plant canopy, atmospheric dispersion, 
mortality due to exposure to UV radiation, wet and dry 
deposition of spores, host development at destinations, 
and disease progress on these hosts. Together the modules 
can predict the progression and intensity of an epidemic 
in an impacted region. Details of the parameterization for 
IAMS simulations of long-distance aerial spread of soybean 
rust are provided in Isard et al. (2007). 

Table 1..Eastern.Hemisphere.Source.Regions.and.Western.Hemisphere.Destination.Regions..

Source 
region

Destination region
Source 
Region

Destination Region

United 
Kingdom

Northeastern Canada, U.S. east coast, 
Florida, Greater Antilles, Lesser Antilles South Africa

Florida, Greater Antilles, Lesser Antilles, 
northeastern South America (10o S–12o 
N), southeastern South America (>10o S)

Spain/
Morocco

U.S. southeast coast, Florida, Greater 
Antilles, Lesser Antilles, northeastern 
South America (10o S–12o N)

Eastern 
Australia

Central America, northwestern South 
America, northern Chile (<30o S), central 
Chile (30-40o S), southern Chile (>40o S)

Sierra Leone
Florida, Greater Antilles, Lesser Antilles, 
northeastern South America (10o S–12o N), 
southeastern South America (>10o S)

Philippine 
Islands

Alaska, British Columbia, U.S. west coast, 
Hawaii, Mexico/Central America

Nigeria
Florida, Greater Antilles, Lesser Antilles, 
northeastern South America (10o S–12o N), 
southeastern South America (>10o S)

Southeastern    
China

Aleutian islands, Alaska, British Columbia, 
Washington/Oregon, California, Hawaii

Cameroon
Florida, Greater Antilles, Lesser Antilles, 
northeastern South America (10o S–12o N), 
southeastern South America (>10o S)

Northeastern 
China/Korea

Aleutian islands, Alaska, British Columbia, 
Washington/Oregon, California, Hawaii

Angola
Florida, Greater Antilles, Lesser Antilles, 
northeastern South America (10o S–12o N), 
southeastern South America (>10o S)
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In this analysis, spore production was held constant 
across time and source area (see below) and only the 
IAMS transport modules (spore release and escape, 
atmospheric dispersion, mortality due to UV exposure, 
and wet and dry deposition) were employed. The IAMS 
simulations used a grid spatial resolution of 0.083 
degrees (~ 14 km), a vertical resolution defined by the 
standard pressure levels (1000, 950, 900, 850, 800, 700, 
600, 500 hPa), and a 1 hr time step. The National Center 
for Environmental Prediction – Department of Energy 
Reanalysis 2 data set (Kalnay et al. 1996; Kanamitsu et 
al. 2002) for the 1998-2007 period containing historical 
surface and upper-air meteorological observations 
integrated with numerical model output was used as 
input for IAMS simulations. Each simulation was initiated 
for 1 January 1998 with the daily spore production held 
constant for the duration of the 10-yr run. Nine grid 
cells (equivalent to about 125,000 ha at the equator), 
distributed throughout a source area, were assumed to 
have a healthy crop and rust infection severity of 50%. 
Because the size of the IAMS grid cells decrease with 
increasing latitude, the infection severity was increased 
with increasing latitude to ensure that the same number 
of spores per day were released from each source region. 
Parameters for the spore release and escape, dispersion, 
mortality, and deposition modules were those used in a 
previous soybean rust study (Isard et al. 2007).

Aerial transport of rust spores from eleven potential 
Eastern Hemisphere source regions to destination 
regions in the Western Hemisphere was investigated. 
The Western Hemisphere destination regions varied 
with source region location (Table 1). For each source 
area simulation, the days for which the IAMS predicted 
deposition of viable rust spores at each destination 
were enumerated. The pathway analysis for each 
source-destination region pair involved production and 
inspection of 3,652 maps and the resulting tabulations 
were aggregated by month.

Assessment of opportunities for long-distance rust 
pathogen transport from subtropical to continental 
interior regions of North America  

Wind streamline maps for 18 UTC (noon CST) have 
been produced by ZedX Inc for the ipmPIPE (Isard et 
al. 2006) from Global Forecast System model output 
(Kanamitsu 1989; Kanamitsu et al. 1991) since mid-
2006. Three wind speed classes (<5, 5-10, and >10 
m/s) are displayed as color shadings on the maps. The 
wind speed and directions are averaged for the air 
layer between the ground and the height at which air 
pressure decreases 30 hPa (typically 200 m near mid-
day). The potential source and destination regions are 
overlain on an example map in Fig. 1. 

Fig. 1 Potential.source.and.destination.regions.used.in.the.analysis.of.opportunities.for.long-distance.rust.spore.
transport.within.North.America.overlain.on.an.example.wind.streamline.and.speed.map
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Days were enumerated as opportunities for long-
distance aerial transport of rust pathogens between 
source and destination region pairs when two conditions 
were met: (1) wind streamlines connected the two 
regions, and (2) wind speeds equaled or exceed 5 m/s 
along the entire route defined by the streamlines (or 
a subset of streamlines) connecting the two regions. 
Biological factors related to the pathogens and their hosts 
that also govern when rusts spread through the air were 
not considered. The opportunity analysis for each source-
destination region pair involved inspection of daily maps 
for the mid-2006 through 2010 period and the resulting 
tabulations were aggregated by two-week periods 
between 1 April and 30 September.

Results and discussion

Assessment of aerial pathways for long-distance rust 
pathogen transport to the Western Hemisphere  

The assessment of long-distance transport is 
presented as histograms showing the average number of 
days per month with deposition of viable rust spores in 
the Western Hemisphere. These daily averages per month 
of spore deposition were derived from 10-years (1998-
2007) of IAMS simulations for potential source regions on 
the west coasts of Europe and Africa (Fig. 2). 

Westerly air flows dominate at high latitudes and 
thus the number of days on which viable rust spores 
originating from the United Kingdom are deposited 
in the Western Hemisphere is small (Fig. 2a). When 
trans-oceanic transport did occur, the majority of the 
spores were deposited in Newfoundland and Labrador. 
Westward trans-Atlantic Ocean transport of spores 
from locations near the equator is also infrequent. In 
these potential source regions (e.g. Figs. 2d, 2e and 
2f ), frequent precipitation limits spore release, rainfall 
wet-deposits most airborne spores close to their source, 
and winds are generally weak. In contrast, the strong 
and persistent Northeasterly and Southeasterly Trade 
Winds that blow from subtropical latitudes into the 
Intertropical Convergence Zone (ITCZ) provide frequent 
opportunities for trans-Atlantic Ocean movement of 
spores from Morocco/Spain (Figs. 2b), Sierra Leone (Fig. 
2c) and South Africa (Fig. 2g) to the Western Hemisphere. 
The persistence of the Northeasterly Trade Winds, the 
frequent presence of cloud cover in the ITCZ (protects 
spores from exposure to lethal UV radiation), and the 
relatively short distance from western Africa (e.g. Sierra 
Leone) to northeastern South America (3,000 km), results 
in opportunities for trans-Atlantic Ocean spore movement 
on the vast majority of days when the location of the ITCZ 
is south of the Equator (Northern Hemisphere winter). 

The importance of these factors in combination 
can be clearly seen when the average number of trans-
Atlantic Ocean viable spore deposition days are plotted 
for destination regions (Fig. 3).  

The potential for direct transport of viable rust 
spores from the Eastern Hemisphere to the U.S. east 
coast (Fig. 3a), Florida (Fig. 3b), and Greater Antilles (Fig. 
3c) regions as simulated by IAMS is very low. Regions 
influenced more by the ITCZ (e.g. Lesser Antilles (Fig. 3d), 
Northeastern South America (Fig. 3e), and Southeastern 
South America (Fig. 3f )) have a greater likelihood of 
receiving viable wind-blown rust spores from the Eastern 
Hemisphere.

The average number of days with deposition 
of viable rust spores in the Western Hemisphere as 
simulated by the IAMS for 1998-2007 aggregated by 
month are plotted in Fig. 4 for potential source regions 
on the east coasts of Australia and Asia. The large 
size of the Pacific Ocean and the persistence of high 
pressure cells in subtropical latitudes over the Pacific 

Fig. 2.Average.number.of.days.per.month.with.
deposition.of.viable.rust.spores.in.the.Western.
Hemisphere.as.simulated.by.IAMS.for.1998-2007.for.
European.and.African.potential.source.regions.
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Ocean in both hemispheres limit the number of trans-
ocean, spore transport events (Fig. 4). Rust spores from 
potential Northern Hemisphere locations in eastern 
Asia are generally blown northeastward into the Gulf of 
Alaska. The vast majority of these spores are deposited 
in the Aleutian Islands and Alaska regions. Average 
number of days per month with deposition of viable rust 
spores originating from Asian and Australian potential 
source regions for the destination regions of British 
Columbia, Washington/Oregon, California, and Hawaii 
destination regions are few (Fig. 5).  

The large distance (11,000 km) and the presence 
of a persistent high pressure cell over the South Pacific 
Ocean reduces the number of days on which viable 
spores originating in eastern Australia have the potential 
to be deposited in the Western Hemisphere (Fig. 4d). 
When trans-oceanic transport did occur, the majority of 
the spores were deposited in southern Chile (>40o S).  

Assessment of opportunities for long-distance rust 
pathogen transport from subtropical to continental 
interior regions of North America  

Opportunities for aerial transport of rust pathogens 
due to strong low-level airflows from the South Texas 
and Delta (Mississippi River delta covering Louisiana, 
Mississippi, and southern Arkansas) regions to selected 
continental interior destination regions are shown in 
Figs. 6 and 7, respectively. Advection of air northward 
from the subtropics is prevalent for both regions during 
the spring. For example, strong low-level airflows from 
south Texas to the Kansas/Nebraska (KS/NB) region 
occurred on 32-47% of days during the mid-April to mid-
May period (Fig. 6).  

Fig. 3.Average.number.of.days.per.month.with.
deposition.of.viable.rust.spores.originating.from.
European.and.African.potential.source.regions.for.
destination.regions.in.the.Western.Hemisphere.as.
simulated.by.IAMS.for.1998-2007

Fig. 5.Average.number.of.days.per.month.with.
deposition.of.viable.rust.spores.originating.from.Asian.
and.Australian.potential.source.regions.for.destination.
regions.in.the.Western.Hemisphere.as.simulated.by.IAMS.
for.1998-2007

Fig. 4.Average.number.of.days.with.deposition.of.viable.
rust.spores.in.the.Western.Hemisphere.as.simulated.by.
IAMS.for.1998-2007.aggregated.by.month.for.Asian.and.
Australian.potential.source.regions
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The Dakota (South Dakota, North Dakota, 
southwestern Manitoba, and southeastern 
Saskatchewan), Missouri (MO), and Minnesota/Iowa/
Wisconsin /southwestern Ontario (MN/IA/WI/ON) 
destination regions experienced strong low-level 
advection of air from the South Texas region 10-28, 14-30, 
and 10-22% of the days, respectively, during the same 
period. Advection of air through the Mississippi River 
valley from the subtropics into the continental interior is 
almost as prevalent as on the High Plains during spring. 
For example, strong low-level airflows from the Delta 
region to the MO, MN/IA/WI/ON, Illinois/Indiana (IL/IN) 
and Ohio/Michigan (OH/MI) regions occurred on 28-40, 
17-23, 30-32, and 12-18% of the days in the mid-April to 
mid-May periods (Fig. 7). 

After mid-June, the number of days with strong low-
level advection of air from south to north across these 
regions decreases dramatically. On average, the Delta 
region experiences this flow pattern on only 2 days in the 
three month period from mid-June to mid-September. 
The corresponding decrease for the High Plains is not 
as dramatic as in the Mississippi River valley. For the 
mid-June to mid-September period, strong low-level 
northward advection of air from the South Texas region 
to the continental interior occurs on 1-2 days per month.

The pronounced seasonal pattern in strong low-level 
airflows and thus opportunities for aerial transport of 
rust pathogens from the subtropics into the continental 
interior coupled with an understanding of crop 
production practices can provide insight into differences 
in risk of spread of wheat, soybean, and orange 
sugercane rusts in North America. Maps showing the 
distribution of the winter wheat, soybean and sugercane 
production areas (USDA NASS 2011) are presented in 
Figs. 8-10. Note that the subtropical South Texas and 
Delta regions are at the southern extremes of the U.S. 
wheat and soybean production zones, respectively. 

Stripe rust, stem rust and especially leaf rust, can 
be common in the wheat production regions east of 
the Rocky Mountains. Over the past 50 years, the first 
line of defense for controlling these diseases has been 
resistance in wheat cultivars. Durable rust resistance has 
been difficult to achieve due to genetic changes in the 
pathogens. As new resistant genotypes are introduced 
over time there is a mosaic of cultivars with different 
responses throughout the High Plains production region 
(Roelfs and Long 1987).

Fig. 6.Frequency.of.strong.low-level.airflows.from.the.
South.Texas.region.to.designated.regions.in.the.North.
American.continental.interior.for.two-week.periods.
between.April.and.September

Fig. 7.Frequency.of.strong.low-level.airflows.from.the.
Delta.region.to.designated.regions.in.the.North.American.
continental.interior.for.two-week.periods.between.April.
and.September

Fig. 8.Acres.of.winter.wheat.harvested.by.county.for.2010..
Map.provided.by.the.U.S..Department.of.Agriculture,.
National.Agricultural.Statistic.Service.(2.4.acres.=.1.ha)
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In each growing season, wheat rust foci from 
overwintering uredinia are generally first identified 
in late February or early March in the South Texas 
region, and can become increasingly widespread as the 
season progresses especially when there is adequate 
precipitation (Roelfs 1989). By mid-April, winter wheat 
cultivars in the KS/NB region that are developed enough 
to serve as hosts, and have favorable environmental 
conditions, can become infected. Because large-scale 
southerly advections of air present opportunities for 
long-distance aerial transport are frequent at this time 
(Fig. 6), the risk of yield losses to wheat rust can be high. 
Opportunities for transport of wheat rusts directly from 

the South Texas region to the Dakota region occur less 
frequently than to the KS/NB region. However, since 
winter wheat in the Dakota region develops later than 
the KS/NB crop, susceptible winter wheat and spring-
planted wheat cultivars can be at risk from rust spores 
transported from the nearby KS/NB region later in the 
growing season (e.g. step-wise range expansion).

 Soybeans are planted in April and early May 
in the lower Mississippi River valley and during late 
April and May in the central U.S. Currently all soybean 
cultivars grown in the U.S. are susceptible to soybean 
rust (Dorrance et al. 2007). From 2005-2010, the first 
spring observations of rust on soybean in the Delta 
region occurred on June 28, 29, & 20, July 25, and June 5, 
& 30, respectively (USDA 2011). Opportunities for aerial 
transport of pathogens in strong low-level airflows from 
this area into the MO, MN/IA/WI/ON, IL/IN, and OH/MI 
soybean production regions are infrequent in late June, 
July, August, and early September (Fig. 7). Even with 
abundant precipitation and rapid inoculum build up in 
the Delta region’s commercial crop, the risk of soybean 
yield losses in the continental interior production 
region due to rust is relatively low because of the dearth 
of potential long-distance spore transport events. 
Consequently in the absence of changes in atmospheric 
circulation or in pathogen/production systems, the risk 
of crop losses in major production regions of the North 
American continental interior from soybean rust is much 
less than for wheat rusts, especially leaf rust.

The frequencies of strong low-level advection of air 
and thus opportunities for aerial transport to the MN/IA/
WI/ON and IL/IN regions from the Delta and Northeastern 
Texas source regions are shown in Figs. 11 and 12. 

Fig. 9.Acres.of.soybean.harvested.by.county.for.2010..
Map.provided.by.the.U.S..Department.of.Agriculture,.
National.Agricultural.Statistic.Service.(2.4.acres.=.1.ha)

Fig. 10.Acres.of.sugarcane.harvested.by.county.for.2010..
Map.provided.by.the.U.S..Department.of.Agriculture,.
National.Agricultural.Statistic.Service.(2.4.acres.=.1.ha)
 

Fig. 11.Frequency.of.strong.low-level.airflows.to.the.
Minnesota/Iowa/Wisconsin/Southwestern.Ontario.region.
from.the.Delta.and.Northeastern.Texas.regions.for.two-
week.periods.between.April.and.September
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Although soybean production is much less 
in Northeastern Texas than in the Delta region, 
opportunities for spore transport northward from mid-
June through mid-September are more frequent. This 
suggests that the risk of yield losses in the central U.S. 
soybean production region from soybean rust could be 
greater when the disease spreads into the Northeastern 
Texas region in the summer than when the pathogen is 
confined to the Delta region.

The frequencies of days with strong low-level 
airflows and thus opportunities for aerial transport of 
rust spores from the wheat production region in Sonora, 
Mexico, to the South Texas region and from the Florida 
Peninsula to the Delta region are shown in Fig. 13 for 
April-September.  

Clearly opportunities for aerial transport of rust 
spores from Sonora to South Texas are infrequent. 
However, the number of potential aerial transport 
days peaks in April at the time when irrigated wheat in 
the Sonora region, if infected, could be an abundant 
source of wheat rust spores. At this time, susceptible 
wheat cultivars in the South Texas region are typically 
advanced enough in their development to be hosts 
where environmental conditions are conducive for 
infection and subsequent disease spread.

Orange sugarcane rust has been present in the 
Florida Peninsula region since 2007 (Comstock et al. 
2008), but has yet to be identified in the Delta sugarcane 
production region. In 2010, an extensive survey of 
growers’ fields in south Florida indicated that orange 
sugarcane rust spore production primarily occurs 
between July and September (N. Glynn pers comm). The 
pronounced spike in the frequency of days with strong 
low-level airflows and thus opportunities for aerial 
transport of spores from the Florida Peninsula to the 
Delta regions in September suggests the spread of this 
exotic pathogen into the Louisiana sugarcane crop is 
most likely to be a late season phenomenon (Fig. 13).

Summary
This study focused on assessing the risk of aerial 

long-distance transport of rust pathogens from 
potential source locations in the Eastern Hemisphere 
to the Western Hemisphere, and from subtropical to 
continental interior regions within North America. It 
asked two basic questions: (1) how frequently are there 
opportunities for rust pathogens to be transported from 
potential source locations to the destinations in the 
Western Hemisphere; and (2) how frequently are there 
opportunities for rust pathogens to be transported from 
potential source locations in subtropical regions to the 
continental interior of North America. The major findings 
of the study can be summarized as follows:

1. The potential for transport and deposition in the 
Western Hemisphere of viable rust spores that 
originate from source regions in the tropics of 
Africa, high latitudes in Europe, and throughout 
eastern Asia, is low.  

Fig. 12.Frequency.of.strong.low-level.airflows.to.the.
Illinois/Indiana.region.from.the.Delta.and.Northeastern.
Texas.regions.for.two-week.periods.between.April.and.
September

Fig. 13.Frequency.of.strong.low-level.airflows.from.the.
Sonora,.Mexico,.to.South.Texas.region.and.from.the.
Florida.Peninsula.to.Delta.region.for.two-week.periods.
between.April.and.September
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2. The frequency of trans-oceanic transport and 
deposition of viable rust spores in the Western 
Hemisphere is relatively high for potential source 
locations poleward of the tropics in Africa. The 
relatively short distance from Western Africa 
(north of the Equator) to northeastern South 
America coupled with the presence of persistent 
Northeasterly Trade Winds create a pathway for 
frequent spore transport. Regions in the Western 
Hemisphere that are influenced by the ITCZ have 
the highest likelihood of receiving viable rust 
spores from the Eastern Hemisphere. The risk of 
aerial transport of viable rust spores to U.S. regions 
from source regions in the Eastern Hemisphere is 
low.

3. Strong low-level advection of air northward from 
the subtropics is prevalent in North America east of 
the Rocky Mountains from early April to mid May 
providing opportunities for long-distance transport 
of rust pathogens into the continental interior. After 
mid-June, the number of days with strong low-
level advection of air from south to north across 
these regions that present opportunities for spore 
transport decreases dramatically.  

Two methods are used in this study to provide 
a quantitative assessment of pathways for long-
distance transport of rust pathogens, analyses of 
IAMS simulations and wind streamline maps. Modules 
for spore release and escape from the plant canopy, 
atmospheric dispersion, mortality due to exposure to 
UV radiation, and wet and dry deposition of spores 
are included in the IAMS simulations. Although the 
production of spores was assumed constant in time 
and equal for all source locations evaluated, the effects 
of the aerobiological processes captured in the other 
modules enabled assessment of trans-oceanic pathways 
for rust spore transport. Biological factors related to 
the pathogens and their hosts that influence the aerial 
spread of rusts are not included in the wind streamline 
analysis. Notwithstanding, the wind streamline analysis 
provides a useful tool for assessing spatial and temporal 
variations in opportunities for aerial movements of rust 
pathogens within the North American continent. Both 
types of analyses offer insights for deploying monitoring 
networks for rust pathogens.
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