
Asian Soybean Rust (ASBR), caused by the fungus Phakopsora pachyrhizi, may result in soybean yield 
losses of  up to 80%.  Accurate and timely diagnosis of  ASBR is the key to determining whether a 
response will be attempted, and if  so, the extent, direction and magnitude of  that response.  To date, a 
reliable way to diagnose ASBR in the field is the identification of  the small (2-5mm) tan to dark brown-
sporulating lesions that  occur days later after infection.  Attempts to identify the disease before 
sporulation takes place are difficult since symptoms could be confused with other common soybean 
diseases. 

A Lateral Flow Device (LFD) test was developed to assist in the diagnosis of  this disease in the field prior 
to the development of  mature pustules.  

The performance of  the test was assessed against diseased soybean leaves inoculated with spores of  
ASBR.  Leaves of  the V1-V2 stage were inoculated with two levels of  spores (high and low) for 11 
consecutive days. Inoculated leaves/plants on a given day were considered a set.  Each set, after 
inoculation, was transferred to a growth chamber to allow the infection process to continue under a 
controlled environment for the duration of  the experiment.  

On the 11th day, only non-symptomatic leaves and leaves showing cholorotic lesions were assessed with 
the LFD by two sampling procedures, Mesh Bag Extraction and Snap Cap Punch.  These leaves 
corresponded to those sets inoculated on days 5-11.  The levels of  visual infection observed on the tested 
sets were in the order 0.2-0.5% (low level of  spores) and 10-15 % (high level spores).  The LFD was able to 
detect the presence of  ASBR on chlorotic lesions and to some extent on non-symptomatic tissue. 

1.  Lateral flow device LFD (QuickStix™ Strip for Soybean Rust, manufactured by EnviroLogix Inc.). 

2. Dew chamber at 20°C @ 100% RH. 

3. Growth chamber at 22°C and 12-hour light photo period. 

4. 44 healthy soybean plants at V1-V2 stage (hereinafter the “Healthy Plants”) presenting at least one 
trifoliate expanded leaf  (~10-15 days old).  

5. Fresh inoculum supplied by 20 soybean plants at the V1-V2 stage (“Source Plants”).  Inoculum was 
collected on a daily basis.  

6. Vials to collect and quantify the spores from the infected leaves. 

7. Hand-held spray devices, used for: (a) spraying spores onto healthy soybean leaves; (b) removing 
excess spores from the  inoculated leaves. 

8. Microscope and hemacytomer to count spores. 

9. Level of  spores: High (HD) =  5x105 spores/ml. Low (LD) = 1x105 spores/ml. 

10. LFD device reader (QuickStix Reader), which measures relative light absorbance of  Test Line 
compared to Control Line and gives a reading of  “mean reflectance value”. 

Spore Collection and Quantification   

Spores were collected from heavily infected soybean leaves.  
Leaves were held over a funnel placed in a centrifuge vial.  
The leaves were sprayed with clean fresh water to wash loose 
ASBR spores into the vial. 

The vial with the water-spore suspension was centrifuged at 
2000-3000 G for 5 minutes. Spores were collected at the 
bottom.  The excess water was removed and 0.02 % 
inoculation buffer (water-Tween-20) was added to re-suspend 
the spores.  

The number of  spores was counted under the microscope 
with a hemacytometer.  Buffer was added to adjust the level 
of  spores to 5 x 105 spores/ml and 1 x 105spores/ml.  

 

Inoculation  

The undersides of  the leaves were sprayed with the spore 
suspension ensuring that the leaves were fully covered.  Plants 
were labeled according to the inoculation level and the 
inoculation day. 

Plants, after inoculation, were transferred to a dew chamber for 
18 hours, after which they were sprayed with RoH2O to 
remove any remaining un-germinated spores. The plants were 
transferred to a growth chamber where they remained until day 
11 when they were all assessed. 
 

 

LFD Testing  

All the LFD tests were performed on the 11th day.  Only those leaves/plants sets presenting non-visible 
symptoms and chlorotic lesions were assessed (sets inoculated on days 5-11).  

Leaves were separated and labeled according to inoculation level and day of  inoculation.  Leaves were 
tested using the following protocols: Mesh Bag Extraction and Snap Cap Punch.  Healthy tissue was 
included as a Negative Control in both protocols. 

 

Mesh Bag Extraction Protocol 

Sections of  leaf  tissue of  approximately 1½” x 1½” were selected and 
placed in a mesh bag. The leaf  sample was macerated by rubbing with a 
pestle or other hard object (coin) against a hard surface to force the mesh 
through the tissue. Ten ml of  Extraction Buffer was added directly into 
the mesh bag and massaged to mix buffer and leaf  tissue. Five hundred 
μL of  extract was transferred from the mesh bag to a reaction vial.  A 
QuickStix Strip for Soybean Rust was inserted in the vial, and after 10 
minutes was removed and evaluated.    

 
Snap Cap Punch Protocol 

Sections of  leaf  tissue were sandwiched between the cap and body of  the 
Disposable Extractor Tube (as pictured). Two sections of  tissue per tube were used 
for this type of  assay.  The tissue was ground for 20-30 seconds by inserting a pestle 
into the tube and grinding it by rotating the pestle against the insides of  the tube 
with twisting motions.  Five hundred μL of  Extraction Buffer was added to the 
tube. A QuickStix Strip for Soybean Rust was inserted in the vial, and after 10 
minutes was removed and evaluated.    

 

Interpreting the Results 

The LFDs were evaluated visually according to Figure 1.  If  the sample extract contained Soybean Rust 
spores, a line (Test Line) developed on the membrane strip between the Control Line and the protective 
arrow tape.  The results were interpreted as positive for Phakopsora spp.  If  no Test Line was observed after 
10 minutes, the results were interpreted as negative for the sample tested. 

Development of  the Control Line within 10 minutes indicates that the strip has 
functioned properly.   

The LFDs were also evaluated using a QuickStix Reader.  The strip reader uses an 
LED and photodiode to measure reflected light.  This reflected light will be 
proportional to the Test Line intensity.  

 

 

 

 

 

 

 

 

 

 

 

Sensitivity and Specificity of the Test 

The antibodies used for the development of  the LFD test were evaluated for sensitivity and specificity.  
Different spore concentrations of  ASBR pathogen were evaluated in both ELISA plates and LFD 
formats.  Both formats demonstrated the antibodies to have a good detection level, with the ELISA plate 
detecting ~200 spores and the LFD ~3000 spores (a new version of  the LFD detects ~1500 spores ml). 

Additionally, the cross reactivity of  the LFD was assessed against the six most common soybean diseases 
that could be confused at some point with symptoms encountered in the field (Table 1).  No cross 
reactivity was found to any of  them. 

Table 1.  Cross Reactivity 

 

Visual Assessment 

On day 11, all plant sets were visually rated for percentage of  leaf  infected area (LIA) using a common 
scale for ASBR.  Symptoms began to appear on plant sets inoculated on days 1-6, but not on those 
inoculated on days 7-11.  Lower level of  infection (lesions) were present on leaves from sets inoculated on 
days 5-6.  Those inoculated with low levels of  spore presented approximately 0.2%-0.5% LIA, and those 
sets inoculated with high levels presented about 10%-15% LIA. 

LFD Results 

Mesh Bag:  At low levels of  inoculation, leaves inoculated on days 7-11 were negative, but strong signals 
were obtained from leaves inoculated on days 5 and 6.  At high levels, leaves inoculated on day 11 were 
negative and leaves inoculated on days 5-10 were positive (Table 2). 

Snap Cap:  At low levels of  inoculation, leaves inoculated on days 8-11 were negative and those from 
days 5-7 were positive (Table 2). 

Organism Sample Type Reactivity 

Cercospora sojini (Frog Leaf  Spot) Culture None 

Cercospora kikuchii (Seed Stain and Leaf  Blight) Culture None 

Septoria glycines (Brown Spot) Culture/field samples None 

Peronospora manchurica (Downy Mildew) Field samples None 

Pseudomonas savastonoi pv. Glycinea (Bacterial Pustule) Field samples None 

Xanthomonas axonopodis pv. Glycines (Bacterial Pustule) Culture None 

Summary:  

Both methods detected the presence of  the ASBR pathogen on symptomatic tissue, and to some extent on 
non-symptomatic tissue.  

At a high concentration of  inoculum, the target protein may affect the results by reducing both the 
reading values and the strength of  signal at the test line. This is clearly reflected on the results obtained 
from leaves inoculated with high levels of  spores on days 5 and 6 (Table 3).   At higher levels, the mean 
reflectance values seem to be lower than those of  the low level of  inoculation.  This reduction is called the 
hook effect.  In order to obtain the maximum signal, samples were diluted 1:16 with additional buffer.   

Table 2. Summary of LFD Testing Results  

 
 
Table  3.   Comparison of Mean Reflectance Values (MRV) of  Mesh Bag Extraction 

 

*Light shadow on the stick due to over-inoculation or possibly poor washing. 
^ Hook Effect.  Maximum color at approximately 1:16 dilution. 

 

 

The LFD device is capable of  detecting ASBR before the 
formation of  pustules. The higher the level of  inoculation, the 
greater the chances of  detection: as early as 24 hours after 
infection/deposition. 

No cross reactivity was found with other common soybean 
diseases. 

Similar results following the same protocols were obtained in 
August 2006 by a leading South American agricultural 
research and development institute. 

High Level of Inoculation 

Inoculation  day Visual  Infection Mesh Bag—LFD Results Snap Cap—LFD Results    

1 Pustule Not tested Not tested 

2 Pustule Not tested Not tested 

3 Pustule Not tested Not tested 

4 Pustule Not tested Not tested 

5 Chlorotic Lesion positive positive 

6 Chlorotic Lesion positive positive 

7 Chlorotic Lesion positive positive 

8 No lesion positive positive 

9 No lesion positive positive 

10 No lesion positive positive 

11 No lesion negative negative 

                  

Inoculation  day Visual  Infection Mesh Bag—LFD Results Snap Cap—LFD Results    

1 Pustule Not tested Not tested 

2 Pustule Not tested Not tested 

3 Pustule Not tested Not tested 

4 Pustule Not tested Not tested 

5 Chlorotic Lesion positive positive 

6 Chlorotic Lesion positive positive 

7 Chlorotic Lesion negative positive 

8 No lesion negative negative 

9 No lesion negative negative 

10 No lesion  negative* negative 

11 No lesion negative negative 

Low Level of Inoculation 

Inoculation 
Day 5 6 7 8 9 10 11 Negative 

Low Level 
MRV  80 101.7 Negative Negative Negative Negative* Negative Negative 

Symptom Chlorotic 
0.2- 0.5% 

Chlorotic 
0.2- 0.5% 

No 
symptoms 

No 
symptoms 

No 
symptoms 

No 
symptoms 

No 
symptoms 

No 
Symptoms 

Inoculation 
Day 5 6 7 8 9 10 11 Negative 

High Level 
MRV  ^51.00 ^ 42.40 66.23 30.00 76.65 40.94 *Negative Negative 

Symptom Chlorotic 
10-15% 

Chlorotic 
5-10% 

No 
symptoms 

No 
symptoms 

No 
symptoms 

No 
symptoms 

No 
symptoms 

No 
symptoms 

Evaluation of a Lateral Flow Device  
for the Early and Reliable Field Detection of Phakopsora pachyrhizi 

 

Authors: German Hoyos (1), Brendan Gow (1), David Grothaus (1),  
                                                      Joan Lawton (1), Gilberto Olaya (2), Karen Larkin (1), Terry Goddard (1) 

 
                                          Affiliation: (1)  EnviroLogix Inc., Portland, ME, and (2) Syngenta Crop Protection, Vero Beach, FL 

QuickStix Reader 

 

Control Line 
 
Test Line 

Figure 1 

SUMMARY OF RESULTS 

RESULTS 

METHODS 

MATERIALS 

INTRODUCTION 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


