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Introduction

The soybean checkoff is proud to partner with your cooperative extension and research special-
ists to bring you this updated version of Soybean Rust Management in the Mid-Atlantic Region.
This publication contains the most current, accurate, and concise information based on factual
observations by researchers who have studied rust behavior and movement over several grow-
ing seasons here in the southeast. Much of the research conducted in order to make the recom-
mendations found in this guide was funded, in part, by your soybean checkoff. We hope this
information will assist in your decisions as you strive to become more productive and profit-
able.

Three years after throwing Asian Soybean Rust into the soybean management mix, several
questions have been answered and theories have been developed. The sentinel plot monitoring
system has worked very well. As rust spreads, most of the first finds are in sentinel sites. Rust
has not been a problem prior to flowering — therefore, applying fungicides before the R3 growth
stage is not recommended unless pressure is severe. Timing applications of appropriate fungi-
cides is very important both in protecting a crop and saving money by eliminating unnecessary
sprays. Untreated test plots have shown yield reductions, but yield losses in properly treated
commercial fields have been minimal. While rust is known to have over ninety-five host spe-
cies, including kudzu and legume crops, it has not affected either vegetable production or wild-
life food plots. Finally, rust spores seem to be very susceptible to ultraviolet rays and extreme
heat — several years of drought and fairly inactive hurricane seasons have quite possibly slowed
the incidence and severity of rust.

The best decisions are made with the most information. This wisdom applies to protecting your
crop from soybean rust, so be proactive, prepare, and have a plan before hooking up to the
planter. Know your soil, plant varieties, soybean growth stages, short and long-term weather
forecasts, and the budget within which you are working. Prepare for other perennial pests and
nutrient requirements, as healthier plants are less susceptible to disease in general. Use this
book, the USDA Soybean Rust website, attend grower meetings, and stay informed.

Five years ago the soybean checkoff funded the first research in the U.S. to identify rust-resis-
tant soybean varieties. So far, two genes have been identified that could lead to rust resistance
in the near future. Additional work is being conducted to develop new fungicides and evaluate
alternative management techniques. Your checkoff is committed to building a strong future for
soybean farmers. You can always count on your cooperative extension service professionals and
your farmer-leaders to work together in making your checkoff payoff.
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A Brief History of Rust in the Western Hemisphere

Layla Sconyers, Post-Doctoral Research Associate, University of Georgia-CPES, Tifton
Steve Koenning, Extension Plant Pathologist, North Carolina State University

Rust in South America: Soybean rust was first observed in South America in 2001 in
Paraguay. Since 2001 it has been found in Brazil, Bolivia, Argentina, Colombia, and Uruguay.
By 2004, most of the soybean acreage in Brazil received multiple applications of fungicides.

In 2005 the number of fungicide applications for soybeans in South America ranged from less
than 1 in Argentina to as many as 5 in parts of Brazil and Bolivia. Rust was relatively light in
many areas of Brazil in 2005-2006 because of drought, whereas other areas with abundant rain-
fall saw severe pressure from rust.

In parts of Brazil and Argentina fungicide applications started two to three weeks before flower-
ing. Rust was widespread in Argentina in 2004-2005, but yield loss from rust was considered
minimal, and Argentina had record soybean yields.

Argentina was expecting severe rust in 2005-2006, because of a mild winter that resulted in
large amounts of volunteer soybean that were infected with rust. Soybean rust, however, did
not develop as anticipated in Argentina even in the northern states of Entre Rios and Missiones.
There were periods of drought in southern Argentina that may have impeded development of
rust there, but more than adequate rainfall occurred in northern areas. Some crop professionals
suggested that variation in day/night temperatures south of Brazil impeded rust development.
The crop consultants in Argentina take a more conservative view on management of soybean
rust. In general, their recommendation is to wait until rust is found before making fungicide
applications.

Detection of Rust in the United States: In November 2004, soybean rust was first detected
in the continental United States in a production soybean field at the LSU AgCenter in Baton
Rouge, Louisiana. In the following weeks, the disease was found in Alabama, Arkansas,
Georgia, Florida, Mississippi, Missouri, South Carolina and Tennessee. At that time many
researchers felt that soybean rust could become widespread in the Southeast and Midwestern
states in 2005.

Rust in the United States During 2005: Potential yield losses for the United States crop in
2005 were estimated to be between 10 and 50%, but as much 80% if no action was taken for
disease management. In order for disease to develop to this level, optimal environmental condi-
tions and over-wintering on a host in a no-frost region would have to occur. It was predicted
that the disease would survive on kudzu or other legumes in southern no-frost regions or be
blown into the United States from the Caribbean, Central America or South America. However,
by the end of 2005, soybean rust was only observed in the Southeast, and the disease did not
reach levels predicted for 2005 (Fig. 1).

Soybean rust was detected first in 2005 on kudzu in Pasco County, Florida. The disease was
later detected on volunteer soybeans in April in Seminole County, Georgia. Soybean rust was
not detected again on soybean or kudzu for nearly two months, although weather conditions
associated with multiple tropical storms seemed favorable for disease development, especially
in Georgia. The disease was found on roadside kudzu in Jefferson County, Florida on 14 June
2005. Further spread of soybean rust was slow from June to July 2005, despite seemingly opti-
mal conditions for disease. During this time, many soybean cultivars planted in the Southeast
were approaching the bloom stage (R1). June was typified by cooler than average temperatures,
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and widespread rainfall events in the Southeast. Soybean rust detections began to increase in
August when soybeans were reaching R3-R4 growth stages. Positive detections continued
through November. Overall, 35, 10, 47, and 22 counties in the United States reported soybean
rust in August, September, October and November, respectively (Fig. 1). This increase in the
number of detections occurred during a time in which temperatures rose by 5-10 degrees on
average and rainfall decreased. With a few exceptions, soybean rust was not detected in many
commercial fields until the R4 stage or later.

It was also noted in 2005 that soybean rust began in discrete focal points in the lower soy-
bean canopy within a field, and then the disease would move upward within the canopy and

to adjacent soybean plants within approximately 7-10 days, before spreading over the entire
field. Large scale defoliation of fields over a brief period of time, as has been reported in South
America, was not observed.

Soybean rust was widespread by the end of the 2005 growing season in the Southeast; how-
ever, northern spread in the region appeared to be slow. When most of the United States crop
had been harvested in mid-November, soybean rust was found as far north as Caldwell County,
Kentucky, as far east as Hyde County, North Carolina, and as far west as Liberty County, Texas.

Maps showing the distribution of rust through time on a state by state basis are available at
http://www.sbrusa.net/.

Figure 1. Final distribution of rust in
2005. Map available at http://www.
sbrusa.net/.




Asian Soybean Rust in Georgia

R. Kemerait, Assoc. Professor of Plant Pathology, University of Georgia, Tifton
H. Sanders, Public Service Assistant, Plant Pathology, University of Georgia, Tifton
D. Phillips, Emeritus Professor of Plant Pathology, University of Georgia, Tifton

Asian soybean rust, caused by the fungal pathogen Phakopsora pachyrhizi, has occurred in
Georgia annually since 2004. The disease has been detected on soybeans, kudzu, and Florida
beggarweed growing in the state. The threat of Asian soybean rust has forever changed produc-
tion practices for soybean producers who have not typically applied fungicides for the control
of disease. Today, nearly every soybean producer in Georgia is prepared to make one or more
fungicide applications to protect their crop from Asian soybean rust.

History: The first discovery of Asian soybean rust in Georgia was made by county agent Rome
Ethredge in Seminole County in mid-November 2004. Within the next week, Asian soybean
rust was detected at other locations across the Coastal Plain of the state. It is extremely unlikely
that soybean rust would have been in detected in Georgia in 2004 had it not been for the earlier
discovery by Dr. Ray Schneider at Louisiana State University. Apparently, Asian soybean rust
developed late enough in the season in 2004 that yields in commercial fields were not affected,
although it is impossible to confirm this.

The spread of Asian soybean rust into Georgia was similar in 2005 and 2006. In 2005, an initial
find was made on volunteer soybean plants in April in Seminole County; however little, if any,
spread from that source is believed to have occurred. Based upon the results from monitor-

ing sentinel plots across the state, lasting epidemics of Asian soybean rust were first detected in
both years in extreme southwestern Georgia in mid-July. The disease then spread to soybean and
kudzu growing throughout nearly the entire state. In 2005 it was estimated that soybean rust was
spreading north within the state at a rate of approximately 60 miles per week.

In 2005 and 2006 the spread of Asian soybean rust and yield losses to the disease were quite
variable. In some fields, especially those that received irrigation through center pivot systems,
Asian soybean rust spread relatively quickly and uniformly across the entire field. Yield losses
between untreated plots and plots treated with fungicides could be as high as 20+ bu/A. In fields
that were not irrigated it could take as long as six weeks to spread from one end of the field to the
other and yield losses were closer to five bu/A.

The spread of Asian soybean rust was very different in 2007 than it had been in 2005 (Fig. 1) and
2006 (see cover map). The disease was first detected on private research farms in Brooks and Tift
Counties and was not detected in sentinel plots until August. The extreme drought experienced in
Georgia in 2007 not only delayed the start of the rust epidemic, but it also limited the spread of the
disease. As of late December 2007, Asian soybean rust was confirmed in at least 51 counties within
the state, but was never found outside of the coastal plain or the lower piedmont region (Macon in
Bibb County) (see cover map). Despite the slow spread of the disease in 2007, results from fungi-
cide studies indicate that the disease did affect yields in southern Georgia.

Management: Soybean producers in Georgia have used fungicides to protect against Asian
soybean rust annually since 2005. Although producers did not typically use fungicides on soy-
beans prior to 2005, most were familiar with fungicides based upon experiences with diseases of
peanut and other crops. It is estimated that 65%, 45%, and 70% of the soybean acreage in Geor-
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gia was treated with at least one fungicide application in 2005, 2006, and 2007, respectively.
In 2007, approximately 90-100% of the acreage in southwestern and south-central Georgia
was treated; 40-60% of the acreage was treated in southeastern Georgia, and little acreage was
treated in northern Georgia due to extreme drought.

The fungicides that seem to be most popular with soybean producers in Georgia include Folicur
and other tebuconazole products, Headline (pyraclostrobin), Stratego (trifloxystrobin + propi-
conazole) and Quadris (azoxystrobin). The popularity of these fungicides is related to efficacy,
cost, and use of the same products for management of peanut diseases.

Most soybean producers in Georgia report that they look to Cooperative Extension for guidance
on when to spray their soybeans for control of rust. Others get their recommendations from the
popular press or from agrichemical distributors. Some growers will automatically tank-mix a
fungicide with their Dimilin and boron that is to be applied at the R3 (pod set) growth stage to
insure that the crop is protected.

Current recommendations from the University of Georgia Cooperative Extension are that grow-
ers should wait to apply a fungicide for control of Asian soybean rust until soybean rust is
detected in the local region, the crop has reached reproductive growth stages, and weather is fa-
vorable for disease spread. Growers who automatically spray a fungicide at the R3 growth stage
will likely protect their crop; however the application may not be needed if the disease is slow to
spread. A second fungicide application may be needed in some situations.

Over-Wintering of Asian Soybean Rust in Georgia: Prior to the arrival of Asian soy-
bean rust in the continental United States it was believed that the disease would not survive in
Georgia because freezing temperatures would kill all kudzu and volunteer soybeans. It is now
known that patches of kudzu infected with Asian soybean rust can survive the winter in southern
Georgia despite freezing temperatures. These patches of kudzu are typically found in protected
areas around buildings and other structures in the southern tier of counties. It is not clear how the
spores from these small patches of kudzu influence the development of Asian soybean rust in the
following growing season.

Growers with questions about control of Asian soybean rust are encouraged to contact their
county agent with the University of Georgia’s Cooperative Extension Service for more informa-
tion and the latest fungicide efficacy data.



Asian Soybean Rust in South Carolina
John Mueller, Professor of Plant Pathology, Clemson University, Blackville

Asian soybean rust has occurred annually in South Carolina since the late fall of 2004. Although
kudzu is a known host of Asian soybean rust the primary host in South Carolina appears to be
soybean. In Florida and along the Gulf coast rust overwinters on volunteer soybeans and kudzu.
However, each winter in South Carolina freezing temperatures kill off the volunteer soybeans
and kudzu. Therefore, rust must start over yearly in South Carolina with inoculum blowing in
from Georgia, Florida, and possibly other areas such as Texas or Mexico.

Rust in 2004: Asian soybean rust was first found in South Carolina in mid-November 2004.
Most soybeans had been harvested and finds were limited to volunteer beans along hedge rows
and turn rows or in weedy areas of fields. Rust was also found in small soybean patches under
street lights or where soybean plants were still green due to viral infections. Rust was found only
in Allendale, Barnwell, Calhoun, Hampton, Horry, Jasper, and Pickens Counties. Rust appeared
so late in 2004 that any yield losses would have been minimal. Killing frosts in mid November
eliminated any detectable rust in South Carolina in the late fall of 2004.

Rust in 2005: In 2005 rust progressed systematically across Georgia. South Carolina growers
could watch it come nearer each week as it was detected in monitoring plots in Georgia. Rust
was first detected in South Carolina on August 14 in 2005 and then spread rather quickly across
the state. Rust was eventually found in 19 South Carolina counties (Fig. 1). Documenting yield
losses due directly to rust was difficult in 2005. Many early planted fields were past the R5
growth stage when rust was detected and did not need to be sprayed. Most of the fields that were
in growth stages susceptible to yield losses due to rust were sprayed with fungicides in a timely
fashion. This eliminated any severe yield losses due to rust. Fungicide trials did detect yield
losses due to rust that exceeded 10%.

Rust in 2006: In 2006 the progression of rust across Georgia was much more erratic. Rust was
detected in South Carolina counties along the Georgia border before it was detected in cor-
responding counties on the Georgia side of the Savannah River. Unlike 2005 when it was first
detected along the Georgia border, in 2006 rust was first detected in Calhoun County on August
17th. After a brief lag it was found in Orangeburg County on August 28th and then rust spread
rather rapidly throughout the state. By the end of September it was found in 14 more counties
and by the end of the growing season rust had been detected in 23 South Carolina counties (see
cover map). Like 2005 many early-planted, early maturity group fields were past the R5 growth
stage when rust was present in adjoining areas. These fields did not need to be sprayed with
fungicides. Most later-planted fields that were in growth stages susceptible to damage from rust
were sprayed with fungicides. Therefore yield losses due to rust in commercial fields were mini-
mal.

Rust in 2007: Rust behaved very differently in 2007 in South Carolina than in the previous two
years. Severe droughts in Georgia and South Carolina limited the spread of rust. Rust was not
detected in South Carolina until September 10th when it was found in Hampton County. Unlike
most previous finds rust was well developed in this field with more than 50% of the leaves af-
fected. It is quite possible that rust had been in this field for 2 to 3 weeks prior to detection since
the site had not been sampled for almost 3 weeks. Unlike 2005 and 2006, when Asian soybean
rust eventually spread throughout the soybean producing counties of South Carolina, it was de-
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tected in only 8 counties. This is compared to 19 counties in 2005 and 23 counties in 2006. Four
of the eight counties (Charleston, Colleton, Dorchester, and Georgetown) were relatively close
to the coast where rainfall was heavier and more consistent during the late summer. The other
four counties (Barnwell, Calhoun, Hampton, and Orangeburg) were in the southern half of the
state and were sampled very intensively. Only traces of rust were found on kudzu in 2007 until
late October. The relatively late appearance of rust in South Carolina meant that even more than
in 2005 and 2006 fields were past the susceptible growth stages when rust appeared and did not
need to be sprayed with fungicides. The unfavorable weather conditions for rust development in
many parts of the state allowed growers to skip fungicide sprays. This was an economic plus for
these growers since yields in many of these fields were low due to the drought. However, there
were quite a few fields sprayed for rust in 2007. Many of these sprays were as much a response
to the high market price of soybean and early season expectations of good yields than to actual
pressure from rust. Despite the low levels of rust these fields were sprayed to control rust and

as protection against the other foliar and pod and stem diseases. More than 50% of the soy-
bean fields south of the Santee Cooper lakes were sprayed with a fungicide. North of the lakes
drought conditions were so severe that yields were severely limited as was the spread of rust.
Less than 33% of the fields north of the lakes were sprayed.

Management: Fungicide sprays over the last three years and the high market value of soy-
beans have caused growers to reevaluate how they grow soybeans in South Carolina. Producers
are more actively managing their soybean crops and as long as prices remain high are willing to
spray fungicides not just to manage rust, but to reduce the risks of late season fungal diseases.
Growers rely heavily on the system of sentinel plots established not only in South Carolina but
in Georgia and other parts of the Southern United States. Results from these plots are reported
in the South Carolina Rust Newsletter and on the USDA web site at http://www.sbrusa.net/.
South Carolina growers have learned to spray fungicides only after individual fields are past the
flowering stage and if rust is present in their area. This system has allowed growers to control
rust in a very efficient, low risk and cost effective manner.



Soybean Rust in North Carolina in 2007

Steve Koenning, Extension Plant Pathologist, North Carolina State University

Soybean rust has been detected in North Carolina every year since 2005. Rust was found in 17,
44, and 6 counties in 2005 (see Fig. 1, pg. 2), 2006 (see cover map), and 2007 (see cover map)
respectively. For the most part it has not required fungicide sprays and only in 2006 was it rec-
ommended that fungicides be sprayed in the southeastern counties on late-planted late-maturity
soybean. Yield increases in these areas were on the order of 4 to 5 bushels per acre.

Soybean rust generally moves from south to north from Florida to Georgia and finally to North
Carolina and Virginia. Much of this movement is by local spread which is relatively slow. Tropi-
cal systems that moved through the state from the south have generally resulted in either delivery
of spores or in providing a conducive environment for rust to develop. In 2005 this was Ophelia
and in 2006 tropical storm Ernesto coincided with development of rust in North Carolina. There
was some concern in 2007 when a tropical storm moved through in June which could have
brought spores from Florida. This did not happen because Florida and South Georgia were ex-
tremely dry and if there was any spore production in Florida prior to this time it was very minor.
You have to have spores for a transport event (movement from one location to another).

In general we will likely need a wet spring and summer with lots of “gray days” to have an
epidemic that requires fungicide sprays over large areas of the state. This can be expected about
one year in five to one year in ten in North Carolina. Dr. Jim Dunphy and | maintain a network of
communication with agricultural concerns to provide warnings about the need to spray for rust,
and this will be in place again in 2008.






Asian Soybean Rust in Virginia

Pat Phipps, Professor of Plant Pathology, Tidewater AREC, Suffolk
Erik Stromberg, Professor of Plant Pathology, Blacksburg
Steve Rideout, Assistant Professor of Plant Pathology, Eastern Shore AREC, Painter
David Holshouser, Associate Professor, Tidewater AREC, Suffolk

History of Early Detection: Several approaches are vital for early detection of soybean rust
because of the capability for long distance transport of spores in air currents. Compounding the
threat is the capability of the fungus to produce high numbers of spores after an infection and the
ability to repeat cycles of infection and spore production in periods as short as 10 days. Efforts
coordinated and funded at the state and national level in the U.S. have established an elaborate
network of sentinel plots and monitoring for early detection of soybean rust. The findings are
continuously updated whenever the disease is found in a new county or state and especially when
soybeans are in the most vulnerable stages from flowering (R1) to full seed (R6). These updates
are posted on the USDA Soybean Rust Information Site, http://www.usda.gov/soybeanrust/,

to provide continuous updates on disease progress and risk. The site also includes a battery of
information about the disease and recommended control measures. The ultimate goal is to alert
growers in areas of moderate to high disease risk in time for fungicide applications to provide
effective disease control.

Plant pathologists and the soybean agronomist in Virginia and all soybean producing states have
participated in this program since its inception. For example, intensive scouting supported by
laboratory work in 2004 detected the first occurrence of soybean rust in South Carolina in mid-
November. The disease was not detected in North Carolina, Virginia or states northward along
the Atlantic Coast. In 2005, soybean rust was detected on August 14 in South Carolina and for
the first time in North Carolina on October 25. The disease was subsequently confirmed on
soybean in 18 counties of North Carolina, but not detected in Virginia (see Fig. 1, pg. 2). The
epidemic of 2006 reached even further northward in that disease outbreaks occurred on soybeans
as far north as Illinois and Indiana and east to Virginia (see cover map). The first occurrence of
soybean rust in Virginia was on 9 October 2006 in Chesapeake. Thereafter, the disease was con-
firmed in 18 counties (Fig. 2). No significant losses of yield in 2006 occurred in Virginia due to
low incidence and its appearance after plants had reached the full seed stage (R6). In spite of se-
vere drought throughout the mid-Atlantic Region in 2007, soybean rust was detected on October
19 in Chesapeake, Virginia and field sampling up to November 10 confirmed the disease in eight
counties (Fig. 3). In both 2006 and 2007, the disease appeared to follow the same pathway from
South Carolina to eastern North Carolina and northward into the Tidewater Area and eastern Vir-
ginia. This pattern of occurrence of soybean rust suggests that disease is likely to pose a chronic
threat for reducing yield in years of normal or above normal rainfall and especially when tropical
storms move inoculum northward from the Gulf Coast into the mid-Atlantic Region when soy-
beans are flowering or as early as beginning pod (R3).

Disease Control: Based on the limited experience of only 3 years, it appears that higher levels
of inoculum and more favorable weather for disease will be necessary for the disease to threaten
soybean production in Virginia. Such conditions could greatly increase the risk for disease out-
breaks by the time that soybeans are at beginning pod (R3) and prior to the full seed stage (R6).
For effective disease control under these conditions, it will be imperative that sentinel plots and
commercial fields be monitored for early detection of disease incidence in Virginia and states to
the south and west of Virginia. Currently, Virginia growers are being warned of a high risk for
infection whenever the disease is detected within 100 miles of their location and the crop is more
than 2 weeks from reaching growth stage R6.



Field trials in Virginia have produced data showing that control of chronic diseases (Cercospora
blight, anthracnose, frogeye leaf spot, etc.) by fungicide sprays with a strobilurin fungicide
(Stratego, Headline, Quadris) can increase yield by amounts that pay for fungicide and applica-
tion costs. Like soybean rust, chronic diseases are more aggressive in years of normal or above
normal rainfall. In dry years as in 2007, these diseases and soybean rust are less aggressive

and fungicide sprays are less likely to increase yield and profitability. Should soybean rust and
chronic diseases pose significant risk for disease loss, the most profitable decision appears to

be application of a tank mix of a strobilurin and triazole fungicide. This combination has broad
spectrum activity against foliar diseases, and is expected to manage the risk for rust or other fo-
liar pathogens developing resistance. To be effective and profitable, growers in Virginia need to
monitor the spread of rust into the region and time the fungicide spray(s) according to the “100
mile rule” and prior to growth stage R6. This approach is expected to allow for a single applica-
tion of fungicide to be effective in control of soybean rust and chronic foliar diseases in most
years.
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Soybean Rust Identification and Life Cycle

Layla Sconyers, Post Doctoral Research Associate, University of Georgia-CPES, Tifton
Robert Kemerait, Assoc. Professor of Plant Pathology, University of Georgia-CPES, Tifton

Symptoms on Leaves: Soybean rust symptoms first appear as tiny brown or red spots on
the upper leaf surface (Fig. 4) after fungal spores, called urediniospores (Fig. 7), are blown into
fields and land on soybean leaves. If conditions are favorable (temperatures are 59-84 degrees F
with long dew periods or frequent rain events), tiny spots can appear at least 4 days after infec-
tion on the upper leaf surface and volcano-shaped pustules (Figs. 5 & 6) can be seen with a
high-powered hand lens or microscope after at least 10 days on the lower leaf surface.

Unfortunately, the spots and pustules are extremely TINY initially and can EASILY go unseen
or mistaken for other diseases such as brown spot, bacterial pustule and downy mildew. One
rust pustule can produce spores for at least 3 weeks (Fig. 8). After spore release, wind can carry
these spores and spread infection to other soybean plants or weed hosts. Increase in spread and
severity of rust has been related with canopy closure, crop flowering and bean production.

Overwintering: This infection cycle continues until the plant is defoliated or weather condi-
tions are no longer favorable. During the winter months, soybean rust can survive on kudzu in
southern no-frost regions such as Florida and southern Georgia. However, if there is a lack of
moisture during this time in these areas or cold t