
Evaluation of soybean germplasm accessions for resistance to soybean rust in the 

southeastern United States and efforts to develop rust-resistant lines 
 

David R. Walker
1
, Randall L. Nelson

1
, Glen L. Hartman

1
, J. Blair Buckley

2
, Steven H. Moore

3
, Raymond W. 

Schneider
4
, David B. Weaver

5
, Emerson R. Shipe

6
, John D. Mueller

7
, and H. Roger Boerma

8
. 

 
1United States Department of Agriculture – Agricultural Research Service; Soybean/Maize Germplasm, Pathology and Genetics 

Research Unit, Urbana, IL, U.S.A.; 2Louisiana State University, Bossier City, LA, U.S.A.; 3Louisiana State University, Alexandria, LA, 

U.S.A.; 4Louisiana State University, Baton Rouge, LA, U.S.A.; 5Auburn University, Auburn, AL, U.S.A.; 6Clemson University, Clemson, 

SC, U.S.A.; 7Clemson University, Blackville, SC, U.S.A.;  8University of Georgia, Athens, GA, U.S.A.;  Email 

david.walker@ars.usda.gov 

 

Abstract 

 

Identification and evaluation of resistance to soybean rust (Phakopsora pachyrhizi) is complicated by 

interactions among host and pathogen genotypes, environmental factors, mechanisms of resistance, and the 

increased susceptibility of reproductive-stage plants. Resistance can involve lesion type, disease incidence and 

severity, level of sporulation from uredinia, and rate of lesion development. Since the appearance of soybean 

rust in North America in November, 2004, field and greenhouse tests have been conducted in the southeastern 

United States to screen accessions from the U.S. Department of Agriculture’s soybean germplasm collection. On 

the basis of data from five locations in 2007, about 85 accessions appear to have useful levels of resistance to 

rust. Many of these have been or are being crossed to high-yielding lines to develop populations for breeding 

resistant lines and for mapping resistance genes using DNA markers. Transfer of resistant genes into 

agronomically superior genetic backgrounds and tagging these genes with markers will provide soybean 

breeders with the tools needed to develop rust-resistant cultivars. 

 

Media summary 

 

Identification of germplasm accessions with resistance to North American isolates of soybean rust is the first 

step towards the development of cultivars with effective and durable resistance. 
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Introduction 
 

Soybean rust (SBR), caused by Phakopsora pachyrhizi has the potential to be a devastating disease when 

environmental conditions are favorable for growth and dispersal of the pathogen. SBR was first reported in the 

continental United States in November, 2004, and was confirmed as far north as Ontario, Canada, in late 2007. 

So far, the impact of the disease on North American soybean production has been limited, but as the pathogen 

expands into potential overwintering areas in Mexico and Florida, the risk of economically devastating levels of 

disease in some years is likely to increase. Furthermore, there is a concern in the southeastern U.S. about the 

abundance and vigorous growth of kudzu (Pueraria montana), an exotic legume weed which serves as an 

alternative host and as the principle overwintering host and inoculum reservoir in the region. 

 

Cultivation of rust-resistant cultivars with competitive yield potential could be a useful component of an 

integrated SBR management program. Although SBR epidemics can be successfully managed using several 

fungicide chemistries, effective control is highly dependent on timely applications and the availability of spray 

equipment that can deliver the fungicides deep into the canopy, where the disease tends to develop first. 

Fungicide applications increase production costs, especially if a producer needs to purchase spray equipment or 

pay for custom applications. Beyond this economic concern, heavy reliance on fungicides to control SBR both 



inside and outside of the U.S. could lead to the development of P. pachyrhizi biotypes that are tolerant to the 

fungicides. 

 

Four single dominant resistance genes, Rpp1 through Rpp4, were described in the 1980s (Bromfield and 

Hartwig 1980; Hartwig 1986; Hartwig and Bromfield 1983; McLean and Byth 1980). The resistance 

conditioned by these genes is race-specific, however, and has been overcome within a few years in tropical 

regions (Bromfield and Hartwig 1980; Hartman et al. 2005). Resistance reactions conditioned by these genes are 

characterized by either an absence of lesions (in the case of Rpp1-mediated resistance) or by the development of 

reddish-brown (RB) lesions with less sporulation than from the tan lesions that form on susceptible hosts 

(Bromfield, 1984; Bromfield and Hartwig 1980). Rpp1 and another rust resistance gene from ‘Hyuuga’ have 

been mapped, and the other Rpp genes are being mapped (Hyten et al. 2007; Monteros et al. 2007). This will 

make it possible to combine two or more Rpp genes in the same soybean line using marker-assisted selection. A 

rate-limiting type of resistance that slows disease development has also been described, and may be 

quantitatively inherited (Bonde et al. 2006). While this type of resistance is more difficult to evaluate, due 

largely to the effects of genotype × environment interactions and plant maturity on disease development, it is 

likely to prove more durable than resistance conditioned by single major genes. 

 

Miles et al. (2006) screened more than 16,500 accessions or Plant Introductions (PIs) from the U.S. Department 

of Agriculture (USDA)’s soybean germplasm collection in a containment greenhouse using a mixture of four 

international P. pachyrhizi isolates prior to the arrival of the pathogen in North America. After two rounds of 

screening they identified 805 accessions from soybean maturity groups (MGs) 000 to X which appeared to have 

resistance. Subsequent field evaluations have been conducted to identify and confirm resistant germplasm 

accessions by the University of Georgia and through collaborations between the USDA-ARS and several 

universities in the southeastern U.S.A. (unpublished), as well as by the USDA-ARS in Paraguay (Miles et al. 

2008). The objective of the present study was to evaluate the reactions of putatively resistant accessions to local 

P. pachyrhizi biotypes at multiple locations in the southeastern U.S.A. in 2007. 

 

Methods 
 

Soybean germplasm accessions and susceptible cultivar checks from MGs 000 to X were planted at seven 

locations in five states in 2007. Approximately 403 entries from all 13 MGs were planted in Alexandria and 

Baton Rouge (Louisiana), Attapulgus (Georgia), Quincy (Florida) and Blackville (South Carolina). 

Supplementary lighting was used at these sites to extend the natural photoperiod for one month to delay 

flowering in the earlier MGs. A subset composed of approximately 293 entries from MGs III or IV to X were 

planted in Bossier City (Louisiana) and Fairhope (Alabama), where they were grown under the natural 

photoperiod. The westernmost site (Bossier City) and the easternmost site (Blackville) are separated by 

approximately 1,171 km. Late planting dates (i.e., mid-July to early September), sometimes in combination with 

the artificially extended photoperiod, were intended to synchronize reproductive maturity of the plants with the 

fall rust epidemic expected in the southeastern United States. In addition, accessions and susceptible controls 

from the same or similar MGs were grouped into tests to ensure that entries with similar maturities were planted 

together and rated at the same time. Each entry was planted in two replications, and plots at some locations were 

inoculated with a spore suspension to improve uniformity of disease pressure. Rating methods were adapted to 

location-specific disease conditions and resources, but included estimations of disease incidence and severity, 

counts of lesions or uredinia within a 1.0 cm
2
 area, and semi-quantitative assessments of sporulation from 

uredinia. In all of the rating methods and scales used, a low value indicated less disease than a higher value. 

 

Rust resistance data were obtained from all locations except for Attapulgus and Baton Rouge, where frost 

damage and natural senescence interfered. A heavy infestation with whiteflies and disease injury to accessions 

that were susceptible to a suite of soil pathogens (Phytophthora, Fusarium, Pythium and Rhizoctonia) in Quincy 

made it necessary to examine leaflets with a microscope to obtain data on lesion density and sporulation from 

lesions. Disease incidence and severity were rated in Fairhope, and leaflet samples were examined with a 

microscope to determine lesion type(s) and the number of uredinia per cm
2
. Severity ratings at Fairhope, 



Alexandria and Bossier City were based on a rating scale of 1 to 9 that reflected the percentage of leaf surface 

with lesions. 

 

Results 

 

Approximately 85 accessions with low lesion densities, disease severities, and sporulation relative to check 

cultivars from the same maturity group were found in MGs III-X, and some examples are shown in Table 1. 

Most of the PIs that appeared to be resistant in Quincy also had low levels of disease in Fairhope, but some PIs 

that looked resistant in Fairhope developed more disease in Quincy (e.g., PI 506947). In general, however, 

disease reactions were similar at these two locations. Some accessions (e.g., PI 578457A) appeared to be less 

resistant in Bossier City (B.C.) and Alexandria (Alex.), Louisiana, than they were in Quincy and Fairhope 

(Table 1). The distance between Quincy and Fairhope is about 323 km, whereas Quincy is about 763 km from 

Alexandria and 900 km from Bossier City. 

 

PI 200492, the original source of the Rpp1 gene, was not included in the evaluations due to a shortage of seed, 

but a Williams 82 backcross isoline with Rpp1, LG85-2378, was tested (Table 1). This line was immune to the 

SBR isolates in Quincy, Alexandria, Bossier City and Blackville. PI 230970 (Rpp2) appeared to be moderately 

resistant in most locations, but had high disease severity in Bossier City. PI 462312 (Rpp3) had moderately high 

resistant in Quincy and Fairhope, but no data were available from Louisiana. Hyuuga (PI 506764), which may 

have a different resistance allele at the Rpp3 locus, also appeared to have at least moderate resistance at the four 

locations from which data were available (Table 1). No lines known to carry Rpp4 were evaluated due to the 

unavailability of seed. 

 

Table 1. Reaction of some soybean germplasm accessions and susceptible cultivars to soybean rust at 

locations in the southeastern United States in 2007.  

 

  Quincy, FL Fairhope, AL B.C., LA Alex., LA 

Accession or 

cultivar 

MG Lesion Density 

(no. per cm
2
) 

Sporulation

(1-5) 

Disease 

severity (1-9) 

Uredinia (no. 

per cm
2
) 

Severity* 

(1-9) 

Severity* 

(1-9) 

‘Williams 82’ III >45.9 5.0 - - 7.5 [9] 

L85-2378 III 0.1 1.0 - - 1.0 1.0 

‘5601T’ V >35.6 4.5 5.0 50.4 9.0 8.5 

PI 605773 V 0.8 1.0 1.0 0.0 4.0 7.0 

PI 605885B V 3.0 1.0 1.0 0.0 5.5 - 

PI 605891A V 0.5 1.0 2.0 3.5 7.5 - 

‘Benning’ VII >41.8 5.0 5.0 43.0 5.0 9.0 

PI 230970 VII >13.4 3.0 2.5 4.5 8.0 3.5 

PI 417132 VII 14.2 1.0 2.0 4.5 [3.0] [8] 

‘Hyuuga’ VII >26.0 2.0 2.0 4.5 [4.0] - 

‘Prichard’ VIII >50.0 5.0 8.0 85.5 9.0 8.5 

PI 200488 VIII 7.4 1.0 1.0 0.0 [6.0] - 

PI 203398 VIII 13.0 1.0 1.0 0.0 [6.0] - 

PI 416778 VIII >30.0 3.0 2.0 12.5 [3.0] 5.5 

PI 416826A VIII 1.0 1.0 1.0 0.0 5.0 [1] 

PI 462312 VIII 14.1 1.5 1.0 0.0 - - 

PI 506947 VIII 16.4 1.0 1.0 0.0 5.5 8.0 

PI 567031B VIII 4.6 1.0 1.0 0.0 [4.0] 6.5 

PI 578457A VIII 12.0 1.0 1.0 0.0 6.0 7.5 

 

*Means in brackets were calculated from incomplete data sets. 

 

 



Conclusion 
 

The 2007 field evaluations identified or confirmed about 85 soybean germplasm accessions with high to 

moderate resistance to P. pachyrhizi in two or more locations in the southeastern United States, ranging from 

Bossier City, Louisiana, in the west to Blackville, South Carolina, in the east. Most accessions that were highly 

resistant in Quincy, Florida, also appeared to have some level of resistance in the other locations, though some 

did not seem to be as resistant in Louisiana as they did in the more eastern locations. L85-2378, an isoline of 

Williams 82 which carries the Rpp1 resistance gene from PI 200492, was the only PI with an immune reaction 

in all locations, though PI 416826A appeared to be immune in most locations. Rpp2 (PI 230970), Rpp3 (PI 

462312) and Rpp?(Hyuuga) all appeared to provide some resistance in all or most locations. Other accessions 

with low lesion and uredinia densities, low disease severity, and/or low sporulation may carry resistance genes 

that could be used in developing SBR-resistant cultivars. Many of the germplasm accessions with apparent 

resistance to soybean rust have been crossed, or are being crossed to high-yielding lines and cultivars adapted to 

North America. Some of the populations derived from these crosses will be used for resistance gene mapping as 

well as for breeding improved rust-resistant lines. Recombinant inbred lines (RILs) will be developed from 

some populations to facilitate mapping genes involved in quantitative resistance. 
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