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Abstract
Edible bean is an important human protein source, and Canada is the fifth largest exporter worldwide. Soybean cyst nema-

tode (SCN; Heterodera glycines Ichinohe) is a key soybean (Glycine max L.) pest, though it also infects dry beans (Phaseolus spp.).
Cysts were observed on black bean roots in a commercial field in Bruce County, Ontario, in August 2018. Based on morphologi-
cal characteristics, molecular evidence and pathogenicity experiments, SCN was confirmed. This is the first report of naturally
occurring SCN infection associated with visible plant damage in a commercial dry bean field in Canada, which is a potential
threat to this important niche industry.
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Résumé
Les graines de légumineuses comestibles constituent une importante source de protéines pour l’alimentation humaine et

le Canada figure au cinquième rang des plus grands exportateurs de la planète. Le nématode Heterodera glycines est un des
principaux ravageurs du soja (Glycine max L.), mais il s’attaque aussi à diverses sortes de haricot sec (Phaseolus spp.). En août
2018, les auteurs ont noté la présence de kystes sur des racines de haricot noir, dans un champ du comté de Bruce, en Ontario.
La morphologie du parasite, les données moléculaires ainsi que les résultats des expériences sur la pathogénicité ont confirmé
qu’il s’agissait du nématode du soja. Ce cas d’infection naturelle associé à des dommages apparents est le premier à avoir
été signalé dans un champ de haricot sec au Canada. Le nématode du soja pourrait devenir une menace pour cette culture
secondaire majeure. [Traduit par la Rédaction]

Mots-clés : Heterodera glycines, Phaseolus vulgaris, nématode du soja

1. Introduction
Soybean cyst nematode (SCN; Heterodera glycines Ichinohe)

is an economic threat to soybean (Glycine max L.), though it
also infects dry bean types including Phaseolus spp. as well
(Poromarto and Nelson 2009). The spread of SCN from the
USA to Ontario, Canada, was confirmed in Essex County in
1987 and to Quebec in 2014 (Tylka and Marett 2017). SCN was
found in 80% of tested soybean fields in southwestern Ontario
(OMAFRA 2021) in a recent survey and it is spreading north
and east into the primary dry bean production region, which
includes Bruce County. SCN spreads rapidly in soil attached to
farm equipment, plants, and seeds and remains viable after
passing through a bird’s digestive system (Riggs 1977).

Dry bean (Phaseolus vulgaris L.) is a major source of di-
etary protein for various cultures, particularly for subsistence
farmers (Hardman et al. 1990). Worldwide dry bean produc-
tion has increased to more than 20 MMT, worth over 20 bil-

lion USD, with 80% of production on farms in developing
countries (Goodwin 2003). Canada is the fifth largest dry bean
exporter in the world (FAO 2017), valued at more than 300
million CAD. In 2019, Ontario produced 52025 ha of dry
bean across white or navy (24606 ha), cranberry (5091 ha),
black (4226 ha), kidney (6704 ha), otebo (3618 ha), and adzuki
(7778 ha) market classes (OMAFRA 2019). Western Ontario
which includes Middlesex, Perth, Huron, Bruce, and Simcoe
counties, is the primary production region for dry bean in
Ontario.

Stunted and chlorotic black beans (cv. “Zorro”) were ob-
served on a sandy knoll in a 40 ha commercial field in Bruce
County, Ontario in August 2018 (Fig. 1a). Upon examination
of roots, cysts were observed. Therefore, several experimen-
tal methods were used to determine if SCN was present, as
this would be the first report of a natural infestation of SCN
on commercial dry beans in Canada.
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Fig. 1. (a) Stunted black bean plants; (b) second-stage juvenile; (c) female cyst SCNs with morphometric measurements found
on the plant roots and in the surrounding soil; and (d) agarose gel electrophoresis of species-specific sequence-characterized
amplified region (SCAR) primers SCNF1/SCNR1 from Heterodera schachtii Schmidt (negative control; lane 1), Heterodera glycines
(positive control; lane 2), DEPC-water (negative control; lane 4), and Heterodera glycines cysts MK817506.1–MK817515.1 (lanes
4–13) from a commercial dry bean field in Bruce County, Ontario, Canada in 2018.

2. Materials and methods
Plant samples were collected from the stunted area as well

as six other locations in the same field with no obvious above-
ground symptoms. White to light brown cysts similar to those
of SCN were observed on the roots of each plant sampled.
Methods for cyst and egg collection from soil and plant sam-
ples as well as pathogenicity experiments were described pre-
viously (Poromarto and Nelson 2009). In brief, three repli-
cates of soil from each sampled area was sieved to remove
the cysts and used to determine the number of cysts and eggs
100 g–1 of soil. A minimum of five plants were selected from
the stunted area as well as four of the six other locations
in the field and the number of cysts per plant were deter-
mined. Pathogenicity experiments used the red kidney bean
cultivars “Pink Panther”, “Red Hawk”, and “Dynasty”, each
in four replicates, which were inoculated with 4000 eggs per
plant, using eggs harvested from cysts at the site. These culti-
vars were chosen, as previous research found the kidney cul-

tivars “Red Hawk” and “Dynasty” had high cyst counts sim-
ilar to the SCN-susceptible soybean cultivar “Lee 74” (Zhang
2018; Katsande 2019), which agreed with published research
(Poromarto and Nelson 2009). Plants were placed in a growth
chamber for 30 days at 27 ± 0.5 ◦C under 700 μmol supple-
mental light with 16-h photoperiod (Poromarto and Nelson
2009).

To confirm the nematode species, a total of 10 cysts and
30 second-stage juveniles were selected randomly to study
morphological traits, using a compound ocular microscope
at 10× and 20× magnification, respectively. Furthermore,
ribosomal DNA from 10 cysts containing ITS1-5.8S-ITS2 re-
gions was amplified and sequenced using primers TW81 (5′-
GTTTCCGTAGGTGAACCTGC-3′) (Joyce et al. 1994) and rDNA2
(5′-TTTCACTCGCCGTTACTAAGG-3′) (Vrain et al. 1992) by Lab-
oratory Services, University of Guelph to obtain a 915–986
bp amplicon of each cyst. The 10 cysts’ sequences were iden-
tified as H. glycines by BLASTN search. These and another
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Fig. 2. Neighbour-joining tree constructed with sequences from 10 cysts from a commercial dry bean field in Bruce County,
Ontario, Canada, in 2018 and identified as H. glycines and four sequences of H. glycines from the NCBI database. The scale bar
shows 0.02 changes, and bootstrap support values from 1000 replicates are shown at the nodes.

four sequences identified as H. glycines selected from the
NCBI database (Table S1) were aligned by MUSCLE (https:
//www.ebi.ac.uk/Tools/msa/muscle/). The alignments were ex-
tracted and used to create a maximum-likelihood phylogram
using MEGA-X software (https://www.megasoftware.net/) with
1000 bootstrap replications displayed as percentages on the
branches.

To further confirm SCN, a species-specific PCR target-
ing the sequence-characterized amplified region (SCAR)
primers SCNF1/SCNR1 was also completed by Laboratory Ser-
vices, University of Guelph using the method of Ou et al.
(2008).

3. Results and discussion
The population density from samples collected in the

stunted field area was 72 cysts root–1, 929 cysts 100 g–1 of soil,
and 37991 eggs 100 g–1 of soil (Table S2). Population densities
from locations with no aboveground symptoms ranged from
7 to 30 cysts root–1, 182 to 269 cysts 100 g–1 of soil, and 3744
to 7017 eggs 100 g–1 of soil. A SCN density of 10 000 eggs 100
g–1 of soil is considered very high in soybean, with the poten-
tial to cause economic damage in any soil type on susceptible
as well as on resistant cultivars. Lower egg densities of more
than 1000 and 2000 eggs 100 g–1 of soil are considered high
risk on coarse sandy soil and fine-texture silt or clay soils, re-
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spectively (OMAFRA 2021). The high density of SCN eggs in
soil in the stunted area of the field suggests SCN may be asso-
ciated with economic damage in dry bean. Economic thresh-
olds for SCN egg density in soil for dry bean have not been
established.

In the pathogenicity study, the mean number of cysts per
experimental unit (one plant in approximately 100 cm3 of
soil) for “Pink Panther”, “Red Hawk”, and “Dynasty” were
383 ± 31.9, 334 ± 92.0, and 323 ± 45.9, respectively, demon-
strating the ability of H. glycines from the commercial field to
support cyst development. These cyst numbers are similar to
values for “Red Hawk” and “Dynasty” and the SCN suscepti-
ble soybean cultivar “Lee 74” in two growth cabinet studies
(Zhang 2018; Katsande 2019). In those studies, the cyst num-
bers for “Zorro” black bean were 50%–90% lower than the kid-
ney bean cultivars. Poromarto and Nelson (2009) found sim-
ilar results in a comparison of kidney and black bean culti-
vars to Lee 74 in North Dakota. The mean SCN reproduction
was 787 cysts plant–1 on a root system of four kidney bean
cultivars, which was statistically similar (P > 0.05) to the 715
cysts plant–1 on the roots of Lee 74. Four black bean cultivars
had significantly (P < 0.001) less females, averaging 84% lower
than Lee 74.

Morphological observations found that cysts were lemon-
shaped (length 511 ± 37.3 μm, width 347 ± 38.0 μm) with
a protruding neck and vulva cone (slit length 50 ± 2.3 μm),
ambifenestrate (length 52 ± 2.2 μm, width 39 ± 1.7 μm) and
underbridged with bullae. Second-stage juveniles were ver-
miform (length 464 ± 32.2 μm) with a distinct stylet (length
24 ± 1.2 μm) and hyaline region (length 25 ± 3.0 μm) at the
tail terminal with a tail length of 45 ± 4.0 μm (see Figs. 1b
and 1c). These physical traits are consistent with H. glycines
(Subbotin et al. 2010).

For ITS sequence results, there were a significant number
of successful matches in the sequence alignment (Fig. S1). The
relatedness of the 10 H. glycines sequences from the commer-
cial dry bean field and the four H. glycines selected from the
NCBI database were highly similar, clustered together in a
single clade showing simple differences between each other
because of point mutations (Fig. S1 and Fig. 2). These relative
relationships are in an agreement with the status of H. glycines
as conspecific varieties (Kang et al. 2016; Powers et al. 2019).
All the H. glycines members were highly relative to each other
in this study. The species-specific PCR-targeting SCAR primers
SCNF1/SCNR1 also confirmed the identity of all 10 cysts from
the commercial dry bean field as H. glycines (Fig. 1d).

Previous reports (Zhang 2018; Katsande 2019) found SCN
was able to infect dry bean at infested research sites in
Canada. However, this is the first report of naturally occur-
ring infection associated with damage at a commercial field.
Dry bean production in Canada has an export value of over
300 million CAD and the presence of SCN in commercial
fields is a potential threat to the industry. Further research is
required to determine the impact of SCN on dry bean growth
and yield.

Article information

History dates
Received: 14 June 2021
Accepted: 8 March 2022
Accepted manuscript online: 5 April 2022
Version of record online: 20 July 2022

Copyright
© 2022 The Author(s). Permission for reuse (free in most
cases) can be obtained from copyright.com.

Supplementary material
Supplementary data are available with the article at https:
//doi.org/10.1139/cjps-2021-0145.

References
Food and Agriculture Organization of the United Nations (FAO) 2017.

FAOSTAT database. Availabe from http://www.fao.org/faostat/en/#ran
kings/countries_by_commodity_exports

Goodwin, M. 2003. Crop profile for dry bean. Pulse Canada [online].
Availablefrom http://www.pulsecanada.com/uploads/a2/09/a209
7ea4c4b74e2f8ca52c406c144233/Bean-Profile.PDF[accessed 22
August 2017].

Hardman, L.L, Oplinger, E.S., Schulte, E.E., Doll, J.D., and Worf, G.L. 1990.
Field bean[online]. Availablefrom http://corn.agronomy.wisc.edu/Cro
ps/FieldBean.aspx[accessed 15 September 2017].

Joyce, S.A., Reid, A., Driver, F., and Curran, J. 1994. Application of
polymerase chain reaction (PCR) methods to the identification of
entomopathogenic nematodes. In Biotechnology: Genetics of Ento-
mopathogenic Nematode-Bacterium Complexes. In Proceedings of
Symposium & Workshop, 25 March 1994. Edited by A.M. Burnell, R.U.
Ehlers and J.P. Masson. European Commission, Luxembourg, DG XII,
pp. 178–187.

Kang, H., Eun, G., Ha, J., Kim, Y., Park, N., Kim, D., and Choi, I. 2016.
New cyst nematode, heterodera sojae n. sp. (Nematoda: heteroderi-
dae) from soybean in korea. J. Nematol. 48(4): 280. doi:10.21307/
jofnem-2017-036. PMID: 28154434

Katsande, T. 2019. Evaluating seed treatments for the management of
soybean cyst nematode (Heterodera glycines Ichinohe) in dry bean
(Phaseolus vulgaris L.). M.Sc. thesis, University of Guelph, Ontario,
Canada. p. 100.

Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA). 2019.
2019 Dry edible bean summary. Available from http://www.omafra
.gov.on.ca/english/crops/f ield/reports/2019summary-ediblebean.htm
[accessed 2021 May 25].

Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA). 2021.
Agronomy Guide for Field Crops Publication 811. Soybean cyst ne-
matode pp. 374–376. Queen’s Printer for Ontario, Toronto, Canada.
p. 433.

Ou, S., Peng, D., Liu, X., Li, Y., and Moens, M. 2008. Identification of
Heterodera glycines using PCR with sequence characterised ampli-
fied region (SCAR) primers. Nematology, 10: 397–403. doi:10.1163/
156854108783900212.

Poromarto, S.H., and Nelson, B.D. 2009. Reproduction of soybean cyst ne-
matode on dry bean cultivars adapted to north dakota and northern
minnesota. Plant Dis. 93: 507–511. doi:10.1094/PDIS-93-5-0507. PMID:
30764138

Powers, T., Skantar, A., Harris, T., Higgins, R., Mullin, P., Hafez, S., and
Powers, K. 2019. DNA barcoding evidence for the north american
presence of alfalfa cyst nematode, heterodera medicaginis. J. Nematol.
51, 1–17. doi:10.21307/jofnem-2019-016. PMID: 31088028

Downloaded From: https://complete.bioone.org/journals/Canadian-Journal-of-Plant-Science on 30 May 2025
Terms of Use: https://complete.bioone.org/terms-of-use

http://dx.doi.org/10.1139/CJPS-2021-0145
https://marketplace.copyright.com/rs-ui-web/mp
https://doi.org/10.1139/cjps-2021-0145
http://www.fao.org/faostat/en/#rankings/countries_by_commodity_exports
http://www.pulsecanada.com/uploads/a2/09/a2097ea4c4b74e2f8ca52c406c144233/Bean-Profile.PDF
http://corn.agronomy.wisc.edu/Crops/FieldBean.aspx
http://dx.doi.org/10.21307/jofnem-2017-036
https://pubmed.ncbi.nlm.nih.gov/28154434
http://www.omafra.gov.on.ca/english/crops/field/reports/2019summary-ediblebean.htm
http://dx.doi.org/10.1163/156854108783900212
http://dx.doi.org/10.1094/PDIS-93-5-0507
https://pubmed.ncbi.nlm.nih.gov/30764138
http://dx.doi.org/10.21307/jofnem-2019-016
https://pubmed.ncbi.nlm.nih.gov/31088028


Canadian Science Publishing

Can. J. Plant Sci. 102: 935–939 (2022) | dx.doi.org/10.1139/CJPS-2021-0145 939

Riggs, R.D. 1977. Worldwide distribution of soybean-cyst nematode and
its economic importance. J. Nematol. 9: 34–39.

Subbotin, S.A., Baldwin, J.G., and Mundo-Ocampo, M. 2010. Systematics
of cyst nematodes (Nematoda:Heteroderinae), Part B. Brill, Leiden,
the Netherlands.

Tilka, G.L., and Marett, C.C. 2017. Known distribution of the soy-
bean cyst nematode, Heterodera glycines, in the united states and
canada, 1954 to 2017. Plant Health Prog. 18(3): 167–168. doi:10.1094/
PHP-05-17-0031-BR.

Vrain, T.C., Wakarchuk, D.A., Levesque, A.C., and Hamilton, R.I. 1992.
Intraspecific rDNA restriction fragments length polymorphisms in
the xiphinema americanum group. Fundam. Appl. Nematol. 15: 563–
573.

Zhang, K. 2018. Assessment of dry bean (Phaseolus vulgaris L.) sus-
ceptibility to soybean cyst nematode (Heterodera glycines Ichinohe)
and the effects of biological and chemical nematicides in a con-
trolled environment. M.Sc. thesis, University of Guelph. ON, Canada.
p. 90.

Downloaded From: https://complete.bioone.org/journals/Canadian-Journal-of-Plant-Science on 30 May 2025
Terms of Use: https://complete.bioone.org/terms-of-use

http://dx.doi.org/10.1139/CJPS-2021-0145
http://dx.doi.org/10.1094/PHP-05-17-0031-BR


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 225
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 225
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


