
Chapter Two 

Characterization and Impact of Bean pod mottle virus (BPMV) Isolates from 

Soybean in Virginia 

 

ABSTRACT 

Field surveys to collect isolates of Bean pod mottle virus (BPMV), a member of 

the genus Comovirus, were done in 1997, 1998 and 2001 in research centers and growers’ 

commercial fields in Virginia.  The isolates were collected by taking leaves from 

symptomatic plants and confirming the presence of virus using leaf blot immunoassay, 

followed by propagation of selected positive samples in the greenhouse.  A total of five 

BPMV isolates were collected during this period.  All of the isolates came from Warsaw 

and Mount Holly area, in Richmond and Westmoreland counties of Virginia, 

respectively.  Double gel diffusion confirmed that all isolates of BPMV were 

serologically similar when tested against several antisera to BPMV.  To ascertain 

biological characteristics and effects on soybeans, isolates were inoculated onto different 

soybean cultivars in the field.  Two experiments were conducted in hill plots in 1999 and 

one in 2000 to determine effects of BPMV isolates on plant height, days to maturity, seed 

coat mottling and seed weight.  Three isolates of Soybean mosaic virus (SMV, Genus 

Potyvirus, Family Potyviridae) were included in one of the 1999 hill plot experiments, 

for comparison.  The isolates produced different foliar symptom severity when inoculated 

onto different soybean cultivars.  BPMV V-S98-1 and V-S98-15 caused more severe 

symptoms on cultivars than V-W1, V-W2 and V-S01-10.  For SMV isolates, G1 was 

more severe than S98-51 and S98-52, causing higher yield reductions in five out of nine 

cultivars, with V98-4076 (Rsv1-n) realizing only 0.8 g per 0.91 m row.  Both SMV 

isolates, S98-51 and G1 showed substantial seed yield reduction in at least five cultivars 

compared to three for S98-52, and were lower than the control.  There were different 

levels of isolate cultivar interactions that produced varying responses on plant height, 

days to maturity, seed coat mottling and seed weight.  BPMV V-S98-1 and V-W2 as well 

as SMV G1 caused the most significant variations compared to other isolates.  BPMV 

isolates V-S98-1 and V-S98-15, significantly reduced seed yield compared to the non-

inoculated control by 23.9 and 15.2%, respectively.  Neither V-W1 nor V-W2 caused 
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significant yield loss.  Seed transmission tests for BPMV and SMV showed lower levels 

of seed transmission for BPMV than SMV. 
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INTRODUCTION 

Bean pod mottle virus (BPMV), a member of the genus Comovirus in the family 

Comoviridae, is a bipartite, positive sense, single-stranded RNA virus whose genome 

consists of RNA1 and RNA2.  The RNAs are encapsidated in isometric capsids of 

approximately 28-30 nm in diameter (Goldbach and Wellink, 1996).  When BPMV is 

purified using density gradient centrifugation, three components are separated, known as 

top (T), middle (M) and bottom (B).  The top component consists of empty capsids while 

the middle is composed of RNA-2 containing capsids and the bottom has RNA-1 bearing 

capsids.  The bottom-component RNA (B-RNA) and middle-component RNA (M-RNA) 

are about 6000 and 4200 nucleotides, respectively (Goldbach and Wellink, 1996).  A 

genome-linked protein (VPg) and a polyadenylated tract are linked at the 5' and the 3' 

ends of each RNA, respectively (Goldbach and Wellink, 1996).  Both RNAs are 

translated into polyproteins which are then proteolytically cleaved to produce functional 

proteins.  The RNA2 encodes the coat proteins (CP) (42 and 22kDa) and cell-to-cell 

movement proteins (Franssen et al., 1982; Wellink and van Kammen, 1989), whereas the 

B-RNA encodes the VPg, replicase and protease proteins (Lomonossoff  and Shanks, 

1983).  Both RNA1 and RNA 2 are required for infectivity.  The complete nucleotide 

sequence of RNA1 (Di et al., 1999) and RNA2 (MacFarlane et al., 1991) have been 

reported for BPMV strains KY-G7.  Partial sequences for other strains have been 

deposited in GenBank. 

BPMV was first described from common bean (Phaseolus vulgaris cv. 

Tendergreen) from Charleston, South Carolina, in the U.S.A (Zaumeyer and Thomas, 

1948).  In soybean, (Glycine max (L.) Merr.) the virus was first reported by Skotland 

(1958) in North Carolina and Virginia, and by Walters (1958) in Arkansas, in a complex 

with other viruses.  Since then, the virus has spread to most areas where soybean is grown 

in the USA (Giesler et al., 2002).  Canada, Brazil and Peru have also reported BPMV in 
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soybean (Fribourg and Pérez, 1994; Anjos et al., 1999; Michelutti et al., 2002).  This 

rapid spread of BPMV is a great concern to growers, and is posing a challenge to soybean 

breeders, since no resistance to BPMV exists in any commercially available soybean 

cultivars.  Transgenic plants expressing resistance to BPMV have been produced (Di et 

al., 1996; Reddy et al., 2001). 

 In Virginia, BPMV was isolated from clover in 1969 (Tolin, personal 

communication, unpublished).  Reports to the Virginia Soybean Commission (VSC) 

covering the period between July 1 1973 and January 31, 1974 indicated that plants 

showing symptoms of virus occurred in 55 out of 151 fields sampled.  Out of the 103 

samples collected from 29 fields, 6 samples were positively identified as BPMV.  In the 

period between July 1, 1974 and June 30, 1975, 7 samples were identified as BPMV.  A 

similar number was also identified during July 1, 1975 and June 30, 1976.  Other viruses 

found included Peanut mottle virus (PMV, Genus Potyvirus, Family Potyviridae), 

Tobacco ringspot virus (TRSV, Genus Nepovirus, Family Comoviridae) and Soybean 

mosaic virus (SMV, Genus Potyvirus, Family Potyviridae) (Roane and Tolin, 1977).  But 

since this pioneering work, the incidence of BPMV has not been monitored.  In recent 

years, especially from 1998 to 2003, there has been an increase in the incidence of 

BPMV due to the increase in the population of vectors, especially Ceratoma trifurcata 

Foster, which transmits the virus most efficiently in soybean (Hartman et al., 1999).  This 

has also coincided with the increase in the spread of BPMV in most parts of the USA 

(Giesler et al., 2002).  Even though the incidence of BPMV in soybean in Virginia was 

low, as shown by Tolin and Roane (1975), this level may change as the national 

prevalence of BPMV increases. 

 From field surveys in other states such as Kentucky, North Carolina, Nebraska, 

Iowa and Illinois, which have done more intensive surveys, the incidence of BPMV is on 

the increase.  Reports from Kentucky show that BPMV is concentrated in the western 

side of the state, in counties where soybean is grown.  From 28 counties which were 

surveyed between 1985 and 1987, BPMV was detected in 254 of 382 (66.5%) fields.  

County variations were detected with some reporting higher incidence than others 

(Ghabrial and Hershman, 1990).  Surveys ten years later revealed the virus had moved to 

the eastern side of Kentucky (Gu et al., 2001).  In North Carolina, Ross and Butler (1985) 
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surveyed commercial soybean in 21 counties.  They found that the mideastern counties 

had higher incidence than the southeastern and the northeastern counties.  Of the 56 fields 

surveyed, 37% had greater that 50% BPMV incidence.  They did not test the 

pathogenicity variations among the 40 isolates collected.   

Although molecular characteristics of four Virginia isolates have been studied 

(Gu et al., 2001), other parameters like the effects of these isolates on soybean cultivars 

and the subsequent yield losses have not been examined.  The objectives of this study are 

(1) to examine the incidence and distribution of BPMV in Virginia, (2) to report on 

Virginia BPMV isolates and determine their biological characteristics, and (3) to 

investigate the effects of the isolates on common cultivars and their transmissibility 

through seed. 

 

MATERIALS AND METHODS 

Virus isolates and maintenance of BPMV isolates in the greenhouse:  In 1997 and 

1998, work was already underway to collect BPMV isolates in Virginia.  In 2001, field 

surveys were conducted in Uniform Variety Trials (UVT) planted in Agricultural 

Research and Extension Centers (ARECs) soybean trial fields at Blackstone, Norfolk, 

Orange, Painter and Warsaw, and Chesapeake (Chesapeake is not an AREC), as well as 

in soybean in growers’ fields.  The samples collected from ARECs and Chesapeake were 

taken from soybean plants growing in uniform variety trial plots, which were planted as 

blocks and repeated in all the centers.  While collecting BPMV isolates, incidence of the 

virus and SMV were also confirmed.  The list of isolates collected to date and used for 

other study is given in Table 2.1. 

From the results of the samples that were tested and confirmed to be positive for 

BPMV, cultures were established and maintained in the greenhouse through sequential 

propagation on soybean cv. Marshall, every 3-4 weeks.  Five seeds were planted in clay 

pots filled with Metro-Mix® 360 growing medium (Scotts-Sierra, OH) with 5 g 

Osmocote, a 9-6-6 (N-P-K) fertilizer designed to supply nutrients in a consistent manner 

throughout the growth cycle of a soybean plant.  After planting and germination, 

seedlings were manually watered at the first unifoliolate stage and inoculated.  After 

inoculation the plants were set on an automatic watering system.  At least two pots of 
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each isolate were maintained at any one time in the greenhouse, except during field 

inoculations when large amount of inoculum was required and plants were seeded at 10 

pots per 100 rows of soybean in the field. 

For initial and continuing inoculum, approximately 0.1-1 g of the tissue harvested 

from first or second trifoliolate at 14-20 (days post-inoculation) dpi, was ground using 

sterilized and chilled pestles and mortar in 10 ml of 0.01 M sodium phosphate buffer, at 

pH 7.0.  The leaves of seedlings of cv. Marshall, grown as described above, were dusted 

with 600 mesh carborundum (Buehler, Lake Bluff, IL), before rubbing the inoculum in 

order to enhance virus entry into the cells.  The inoculated plants were rinsed with tap 

water and returned to the greenhouse benches for observation and analysis. 

Field surveys for BPMV:  Leaf samples were taken by scrutinizing individual plants in 

each row for plants that exhibited symptoms of virus disease.  From such plants, a set of 

young trifololiate leaves were carefully removed to avoid injury or destruction of the 

plants.  Immediately after removal from the plant, a leaf from each symptomatic plant 

was blotted on 0.45 µ NitroPure nitrocellulose transfer membranes (Osmonics®, 

Westborough, MA) by carefully removing the leaf and methodically twisting it between 

the thumb and the index finger.  Finally, with a slight pull to break the leaf tissue, and 

being careful to avoid contamination from the fingers, the leaf was rubbed on the 

membrane at specific open spots on a plastic or paper template.  This procedure was 

repeated with different plant samples, at different spots on the template until the card was 

fully utilized.  At times, when symptomatic plants were not available then suspect (plants 

that seemed to have a virus disease) plants were blotted.  The cards were carefully 

wrapped in tissue paper and sealed in plastic bags for transport to the laboratory for 

analysis.  Any leaves from plants not field blotted were later blotted at least 1 hr after 

completing the field collection.  The leaves picked in the field were carefully wrapped in 

plastic bags and placed in an ice-box for transportation to the laboratory. 

In 2001, field surveys were conducted in Virginia to determine the incidence of 

BPMV in growers’ fields.  The field visitation part of this survey was by personnel from 

the Department of Entomology at Va Tech (ENT) under the guidance of Eric Day, in 

conjunction with surveys for the soybean aphid, Aphis glycines Matsamura.  A total of 79 

cards bearing the nitrocellulose transfer membranes with 10 spots each for BPMV and 
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the same number for SMV samples, were blotted as explained above.  Using random 

sampling procedures, the surveys were conducted in a similar way as those done in the 

ARECs, and Chesapeake, by taking samples from plants and making leaf blots as 

described above.  During the surveys, Global Positioning Systems (GPS) co-ordinates 

showing latitudes and longitudes of the locations sampled were also recorded. 

Serological characteristics of BPMV isolates:  Serological relationships among BPMV 

isolates V-W2, V-S98-1, V-S98-15 and V-S01-10 were analyzed using antibodies a-

BPMV K-Ha1, J-10, Scott, IEIC and 7402.  Ouchterlony or double gel diffusion was 

performed by dissolving 0.6 g of L-28 purified agar and 0.1 g of sodium azide in 100 ml 

of distilled water.  After cooling, 14 ml of dissolved agar was added to each 15 x 100 mm 

petri dish.  By using a template, six peripheral wells were cut around a central well, into 

the gel.  The antigen (crude plant sap) was prepared by grinding two sets of fresh 

trifoliolate leaves of each BPMV isolate in an individual clean mortar, containing 2 ml of 

distilled water.  To each of the peripheral wells was added 25 µl of the crude sap, and the 

(antiserum) antibody was added at 18 µl of a 1:10 dilution per well into the central wells.  

The dishes were then set inside a moisture chamber for at least three days to allow the 

antigen and the antibody to diffuse through the gel. 

 After three days, the plates were examined over an indirect light against a dark 

background for patterns of diffusion.  The patterns were examined for coalescence, 

crossing, or spur formation and the results recorded by digital imaging. 

Leaf blot immunoassay:  In both cases, once the blotted samples from ARECs, 

Chesapeake and growers’ plots were brought to the laboratory, nitrocellulose membranes 

were removed from the cards and then carefully marked.  They were finally processed 

according to the method described by Chen et al. (2004) for SMV, with the following 

modifications.  In our study, nitrocellulose membrane was used as opposed to hardened 

filter paper.  For BPMV analysis, J-10 (kindly provided by H. Scott of University of 

Arkansas) at 1:10,000 dilution was used as the primary antibody.  The goat anti-rabbit 

antibody (secondary antibody) (Sigma-Immuno Chemical, St Louis, MO) was used at 

1:15,000 dilution. 
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Biological characteristics of BPMV isolates:  Inoculating BPMV isolates to different 

host plants in the greenhouse and soybean cultivars both in the greenhouse as well as the 

field, assessed biological diversity.  Frequency of infection, as shown by symptom 

development at least 8-10 days post-inoculation (dpi), was used as a good measure of 

infectivity due to inoculation or natural spread in the field.  In the field, foliar scores were 

made on a scale of 1-4, with 1 meaning no symptom, 2 being slight mosaic, 3 intense 

mosaic and discoloration, and 4 severe mosaic as well as leaf distortion and stunting. 

Comparative effects of BPMV and SMV on soybean cultivars:  The seeds used for 

these experiments were kindly provided by G. R. Buss (Crop and Soil Environmental 

Sciences, Virginia Tech).  These experiments were done in 1999 and 2000 at the Glade 

Road Soybean Nursery, Virginia Polytechnic Institute and State University, Blacksburg, 

Virginia. 

In 1999, two hill plot experiments were conducted to establish the effect of the 

isolates on different soybean cultivars.  The experimental designs were similar to those 

reported in Kentucky (Ren et al., 1997a; 1997b).  In the first experiment, nine cultivars 

Accomac, Essex, Essex Rsv1, Manokin, DP3478, Chesapeake, L8-379 (Rsv1), FFR 563 

and Williams (rsv) were inoculated with BPMV isolates V-W1, V-W2, V-S98-1 and V-

S98-15, using a split-plot design with virus isolates as the main plot and cultivars as the 

subplots.  These cultivars were chosen from those that are commonly grown.  Both Essex 

Rsv1 and L8-379 have the Rsv1 gene that confers resistance to SMV and were included to 

prevent interference from natural spread of SMV during the experiment.  The seeds were 

planted at 20 seeds per row, in a set of nine rows of 0.91 m length per row, and one non-

inoculated control.  During the same season, four BPMV isolates V-W1, V-W2, V-S98-1 

and V-S98-15, as well as three SMV isolates G1 (Hunst and Tolin, 1986), S98-51 and S98-

52 (Fayad and Tolin, 2003) were used to inoculate nine soybean cultivars Essex (rsv), 

Essex Rsv1, V89-4076 (Essex Rsv1-n), V98-4114 (Essex Rsv3), V97-9010 (Essex Rsv4), 

Hutcheson (Rsv1y), Williams (rsv), L8-379 (Rsv1) and L29 (Rsv3), in a second, but 

separate experiment, using split-plot design and planting method, as described above.  

SMV G1, S98-51 and S98-52 were included to compare the effects of SMV isolates on 

these cultivars.  In both experiments three replicates per treatment were used.  All the 
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plants were inoculated on July 1, 1999 at the first trifoliolate stage, and one non-inoculated 

control per test was included. 

In 2000, a hill plot experiment was done in which the eight cultivars Accomac, 

Chesapeake, DP3478, FFR 563, Manokin, Hutcheson, Essex Rsv1 and Essex were 

inoculated with two BPMV isolates, V-S98-1 and V-W2.  This experiment was also done 

using a split-plot design, with virus isolates as the main plot and cultivars as the subplots.  

Each block was replicated four times with a non-inoculated control for each block.  The 

experiment was a repeat of the first 1999 hill plot above, but Williams (rsv) and the 

Williams isoline, L8-379 (Rsv1) were replaced by Hutcheson (Rsv1y).  The seeds were 

planted at 12 seeds per 0.61 m row, and 0.91 m between the rows.  Each eight entries had 

1.52 m center between them.  The seeds were planted on June 6, 2000, and inoculations 

were done on July 2 and 3 for V-W2 and V-S98-1, respectively.  During this experiment, 

plants were evaluated for foliar symptoms on a scale of 1-5 instead of 1-4, as described in 

the other hill plots above.  The scale represented 1 as being a plant with no symptoms, 2 

being slight mosaic, 3 being mild mosaic, 4 severe and 5 extremely severe mosaic, as 

well as leaf distortion or plant stunting.  Plant height (cm) was measured, and the number 

of days from planting to maturity was recorded. 

At the end of each season, the plants were hand harvested and the seeds machine 

threshed.  The seeds were then scored for seed coat mottling at 1-5, where 1 was 0% 

mottling, 2 = 1-10% mottling, 3 = 10-50% mottling, 4 = 50-75% mottling and 5 = 75-

100% mottling.  This was done by visually scrutinizing seeds placed in 12 x 10 x 3 cm 

plastic boxes (Rainin Instrument Co. Inc.).  A different scoring scale was used to avoid 

the confusion that arose when 1-5 was also used to score foliar severity symptoms.  Thus 

in 2000-2003, the scale of 1-5 was used for foliar scores while the 1-4 was used for seed 

coat mottling. 

The total weight of seeds harvested per (0.91 m) row was used to obtain the yield 

of the cultivars in grams per row.  To estimate yield loss, seed weight of the control and 

treatments were converted to percentage loss.  This was calculated by subtracting the 

seed weight of the treatments from the control and dividing the value by the weight of the 

control, which was then multiplied by 100. 
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Seed transmissibility of BPMV isolates:  In 2000, seed transmissibility of four BPMV 

isolates, V-W1, V-W2, V-S98-1 and V-S98-15 was studied in nine cultivars, Accomac, 

Chesapeake, DP3478, Essex, Essex Rsv1, FFR563, L8-379, Manokin and Williams.  

Soybean seedlings were grown in the greenhouse and field from seeds harvested in 1999 

from the nine cultivars inoculated with one of the four BPMV isolates and confirmed to 

have had the BPMV infection. 

In the greenhouse, the seeds were grown at 10 seeds per pot and 100 seeds per 

treatment and only two isolates of BPMV, V-S98-1 and V-S98-15 were tested.  Both 

trifoliolate and primary (unifoliolate) leaves were tested for BPMV.  Non-inoculated 

controls were not tested because our interest was only in seeds from treated plants.  Each 

symptomatic unifoliolate and trifoliolate was blotted on nitrocellulose membranes and 

developed as above in order to detect SMV and BPMV.  The results exhibited on each 

developed membrane by blotted leaf samples, healthy (negative) and positive controls 

were compared and the results recorded accordingly. 

The seed transmissibility of BPMV and SMV were tested in the field by planting 

seeds harvested in 1999 from plants inoculated, as described above.  The plants were 

grown at 20 seeds per row on 3 m rows at 15 cm spacing between the plants.  Soon after 

emergence, at 15 days after planting (dap), the seedlings in the field were scrutinized for 

any abnormalities related to any color changes on the leaves or stems.  These 

symptomatic plants were sampled by leaf blot immunoassay in the same way as above. 

Statistical analysis:  Split-plot design was used to compare the effects of virus isolates 

on cultivars with the virus being the main plot and the cultivars being the subplots.  The 

data obtained were analyzed using split-plot analysis of variance (ANOVA).  Finally, a 

test of normality on all class variables was done using the UNIVARIATE and GLM 

procedures (SAS Institute, 2003; release 8.2 software 2000-2003, Cary, NC 27513).  Any 

significant differences present at P<0.05 were located by Tukey’s Studentized (HSD) 

test. 
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RESULTS 

Virus isolates:  The list of BPMV isolates collected from ARECs in Virginia, in 1997, 

1998, and 2001, is shown in Table 2.1.  During the period of this study, only one new 

isolate, V-S01-10, was collected from UVT at Warsaw.  The molecular characteristics of 

four Virginia isolates have been determined by Gu et al. (2001).  The study used nucleic 

acid hybridization analysis of cDNA probes to RNA1 of BPMV strains K-G7 and K-Hal, 

and slot blot hybridization of cDNA probes to RNA2 of strains K-G7 and K-Hal to 

classify Virginia isolates along with those from Kentucky, Arkansas, and Iowa.  The 

isolates were classified into two distinct strain subgroups, with V-S98-1 belonging to 

subgroup I and the other three to subgroup II.  The Virginia isolates were designated as 

V-W1, V-W2, V-S98-1 and V-S98-15 by Gu et al. (2001).  The BPMV isolate V-S01-10 

has also been grouped in II (Ghabrial/Tolin, personal communication, unpublished).  All 

the isolates were used to inoculate different soybean cultivars in this study. 

Serological characteristics of BPMV isolates:  The results from Ouchterlony double gel 

diffusion tests are shown in Figure 2.1.  The results show that two BPMV isolates from 

different groups are closely related based on the fusion of the precipitin bands formed 

when the crude sap of the isolates came in contact with the antibodies.  BPMV V-S98-1 

and V-S98-15 fused with antibodies to BPMV designated K-Ha1, J-10 and Scott, but 

tests with V-W2 and V-S01-10 were not successful.  This indicates that even though the 

isolates belong to different genomic subgroups, they can be detected with the same 

antibodies. 

Incidence of BPMV in Virginia: 

a) From ARECs and Chesapeake:  The results from the 2001 surveys to assess the 

incidence of BPMV and SMV in ARECs and Chesapeake are summarized in Tables 2.2 

and 2.3.  In Table 2.2, the number of positive samples of BPMV and SMV detected by 

leaf blot immunoassay in the full season crop are listed.  A total of 64 samples, each from 

a single plant, were analyzed from the full season crops.  The soybean maturity groups 

from which the samples were taken and the total number of positive samples compared to 

the total for each maturity group are also given (Table 2.2).  At Blackstone, a total 13 

samples were collected and tested, with no positive sample for BPMV, however, there 

were six positive samples for SMV.  A total of seven samples were collected from 
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Chesapeake, where one and three samples tested positive for BPMV and SMV, 

respectively.  From Orange, six samples were tested, one was positive for BPMV and two 

for SMV.  The highest number of samples were collected and tested from Painter, a total 

of 19, with 12 testing positive for BPMV.  No SMV was detected alone, but it was the 

only site where six tested positive for mixed infection.  The overall incidence of virus 

was 56%, when both viruses are included.  At Suffolk, the only sample collected tested 

positive for SMV while from a total of 18 samples collected at Warsaw, only one tested 

positive for BPMV and three for SMV.  The incidence of BPMV and SMV with 21 

positive samples for each virus, was thus, 32.8% of all plants sampled. 

A total of 23 samples were tested from the double crop soybeans (Table 2.3).  No 

samples were collected from both Blackstone and Warsaw, because the plants were still 

too young.  The highest number of samples, nine, was collected and analyzed from 

Suffolk.  Three samples each were positive for SMV and mixed infection, respectively.  

Of eight samples collected from Painter, there were five BPMV positives and three mixed 

infections.  Of the two samples tested from Chesapeake, one was positive for both 

viruses. From Orange two tested positive for SMV and one for mixed infection.  In total, 

the double crop had 13 positive samples each for BPMV and SMV, respectively, showing 

an incidence of 56.5% for either virus.  The overall incidence of virus was 78%. 

In general, there were 26 BPMV positive samples overall out of a total of 27 that 

were tested from Painter and nine positive samples for SMV, giving total incidence of 

96.3% and 33.3% for BPMV and SMV, respectively, when all samples tested from the 

each center are taken into account.  This was the highest incidence of BPMV compared to 

Suffolk that had the next higher number of positive samples of BPMV (30%).  Suffolk 

had also the highest relative incidence of SMV, 70%.  Blackstone had no positive sample 

for BPMV but had 46.2% (6/13) incidence of SMV.  Orange and Blackstone had similar 

number of positive SMV samples, but based on the total number of samples tested, 

Blackstone has 46.2% incidence compared to 50% for Orange.  Chesapeake had higher 

incidence of both BPMV and SMV compared to Warsaw.  Chesapeake and Orange had 

similar number of BPMV positives, but Orange surpassed Chesapeake in the number of 

SMV positives.  Warsaw had the lowest incidence of SMV of all stations, and the second 

lowest relative incidence of BPMV.  In summary, based on the total number of samples 
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tested per center, calculated as a percentage, Painter had the highest incidence of BPMV 

followed by Suffolk, Chesapeake, Orange, Warsaw and Blackstone (96.3, 30, 22.2, 20, 5 

and 0%, respectively).  For SMV, the relative incidence was Suffolk > Orange > 

Blackstone > Chesapeake > Painter > Warsaw.  The presence of virus was evenly 

distributed across samples from plants in different maturity groups (MGs).  The incidence 

of BPMV and SMV based on MG was 56, 47, 75, 68, 64 and 50% for 3, 4E, 5, 5E, 5L 

and 6, respectively (Tables 2.2 and 2.3). 

Among the positive samples obtained, no cultivars were repeated at any other 

AREC or Chesapeake suggesting that most of the incidence were not related to each other 

or to seed transmission.  If there were any sources of seed transmission then the same 

cultivar(s) should have been symptomatic in more than one station. 

Although our main interest was to sample for BPMV and SMV isolates, one 

sample suspected of being virus infected at Blackstone, tested positive for Alfalfa mosaic 

virus (AMV, Genus Alfamovirus, Family Bromoviridae). 

b) From commercial soybean fields:  The results of leaf blot immunoassay of the 

samples analyzed from commercial soybean fields in Virginia in 2001 are shown in Table 

2.4.  A total of 29 counties were surveyed.  From 772 leaf samples that were blotted from 

110 fields statewide, 27 samples tested positive for BPMV and 24 were positive for 

SMV.  A total of 13 counties had positive samples for either BPMV or SMV or both 

BPMV and SMV (Table 2.4).  Greensville had six BPMV and six SMV positive samples.  

Accomac had six BPMV but no SMV, while Brunswick had four BPMV and two SMV 

positive samples.  New Kent had three and one, BPMV and SMV, respectively.  There 

were one and three positive samples for BPMV and SMV from Mecklenburg.  Sixteen 

counties had no sample positive for either virus (Table 2.4).  The GPS co-ordinates 

recorded during sampling were not used to generate a map, however the map of Virginia 

showing all the counties from which BPMV and SMV samples were taken is shown in 

Figure 2.2. 

Effects of BPMV and SMV isolates on different cultivars:  The results of the first 

1999 hill plot experiment are summarized in Table 2.5.  The BPMV isolates V-W1, V-

W2, V-S98-1 and V-S98-15 inoculated on Accomac, Essex, Essex Rsv1, Manokin, 

DP3478, Chesapeake, L8-379 (Rsv1), FFR 563 and Williams (rsv), when analyzed across 
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all cultivars caused isolate-dependent effects on seed weight, seed coat mottling, plant 

height and days to maturity.  BPMV V-S98-1 caused a highly significant (P< 0.0001) 

seed weight reduction (43.2%) compared to the control.  In addition, V-S98-15 and V-

W1 caused significant reduction, 23.2% and 10%, respectively.  BPMV V-S98-1 also 

caused more seed coat mottling than did other isolates, an increase of 46.7% above the 

control.  Only V-S98-1 caused significant reduction (8.7%) in plant height.  Both V-S98-

1 and V-W1 resulted in an increase in the number of days to maturity (13.5 and 8.6%, 

respectively). 

The effects of the isolates on seed coat mottling of individual cultivars are shown 

in Table 2.6.  Accomac exhibited the highest seed coat mottling, even in the non-

inoculated plants.  Among individual BPMV isolates, mottling on Accomac varied with 

each isolate, with V-S98-1 causing the highest level of seed coat mottling, followed by 

V-S98-15, V-W1, V-W2, and the non-inoculated.  Both Manokin and DP3478 were also 

affected more severely by V-S98-1.  BPMV V-S98-1 caused significantly higher mottling 

of five cultivars as opposed to three for V-S98-15, and two each for V-W1 and V-W2.  

Accomac and Manokin were observed to show mottling with local BPMV and SMV 

strains. 

The mean seed weight (g) per 0.91 m row harvested from inoculated cultivars, are 

compared in Table 2.7.  BPMV V-W1 caused a significant reduction in the seed weight 

of L8-379 and Williams, and a significant reduction in Chesapeake and Manokin, relative 

to the non-inoculated control.  Both L8-379 and Williams were not significantly different 

from each other.  Inoculation with BPMV V-W2 caused reduction in seed weight in 

Chesapeake, Essex and Williams, but increased DP3478.  BPMV V-S98-1 was most 

severe and caused significant seed weight reduction in nearly all cultivars except 

DP3478. Percentage yield losses ranged from 40.4% for Essex Rsv1 to 58.1% for 

Williams.  BPMV V-S98-15 also caused seed weight reduction in at least seven cultivars 

with FFR 563 having the lowest weight, a 53.5% yield loss. 

The results of the second 1999 hill plot experiment using both BPMV and SMV 

are summarized in Table 2.8.  In this experiment the effects of BPMV isolates V-W1, V-

W2, V-S98-1 and V-S98-15, were compared with those of SMV G1, S98-51 and S98-52.  

Yield, seed coat mottling, plant height and the number of days to maturity were evaluated 
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on nine cultivars Essex, Essex Rsv1, V98-4076(Rsv1-n), V98-4114(Rsv3), V97-

9010(Rsv4), Hutcheson, Williams, L8-379(Rsv1) and L29(Rsv3).  The results show that 

there were variations associated with the virus treatments.  BPMV isolates V-S98-1 and 

V-S98-15, and SMV strain G1 were significantly different (P<0.05), when the yields 

across all cultivars were compared.  Two BPMV isolates, V-S98-1 and V-S98-15, 

significantly reduced seed weights compared to the non-inoculated control by 23.9 and 

15.2%, respectively.  Neither V-W1 nor V-W2 caused significant yield loss.  The SMV 

isolates S98-51 and G1 were shown to cause significant seed weight reduction when both 

were compared to the control, at 23.7 and 7.6%, respectively. 

Across all cultivars, seed coat mottling was significantly increased only by SMV 

G1 compared with the control (P<0.05) (Table 2.9).  Plant height was significantly 

reduced by BPMV V-W1 and SMV G1 compared to the control.  Days to maturity were 

significantly decreased by all virus treatments except BPMV V-W1. 

On individual cultivars, shown in Tables 2.9, the effects of each BPMV virus 

treatment on seed coat mottling on Essex was not significantly different, except for V-

S98-1 which caused higher mottling on V98-4114 (Rsv3) compared to the control.  

Overall, V-S98-1 caused some mottling on all cultivars except those with Rsv1.  SMV 

isolates also caused different levels of mottling depending on individual cultivars and 

virus treatment (Table 2.9).  SMV G1 caused highly significant mottling of seeds of 

Williams and L29 (Rsv3), and also significant mottling of three other cultivars, Essex and 

the lines containing Rsv3 and Rsv4.  SMV S98-51 caused slight but insignificant 

mottling of seeds of seven cultivars, and SMV S98-52 mottled only Hutcheson seeds.  

 The effects of BPMV isolates on mean seed weight (g per row) harvested from 

nine cultivars were different across cultivars and virus treatments compared to the 

control, are shown in Table 2.10.  BPMV V-W1 and V-W2 caused no significant 

reduction in seed weight across six and seven cultivars, respectively, compared to the 

control.  Specifically, V-W1 significantly reduced yield in only Essex (38.8%), and V-

W2 reduced V98-4076 (Rsv1-n) (24.9%) and Hutcheson (26.5%).  BPMV V-S98-1 

reduced the yield of Essex Rsv1 significantly (30%) and caused highly significant 

(P<0.0001) weight reduction in Essex (58.5%).  This isolate also caused significant 

weight reduction in three other cultivars: Hutcheson, Williams, and L29 (Rsv3).  BPMV 

 40



V-S98-15 caused significant weight loss in Essex, Essex Rsv1, Hutcheson and L8-379.  

Both Hutcheson and V98-4076 (Rsv1-n) showed reduced seed weight across BPMV 

treatments except V-W1 (Table 2.10). 

The results obtained for SMV isolates are also shown in Table 2.10.  The SMV 

isolates also caused different levels of seed weight reduction.  The seed weight of Essex 

was very significantly reduced (68.8%) by SMV G1, and significantly by S98-51.  Essex 

Rsv1 deviated from the control with only two BPMV isolates V-S98-1 and V-S98-15, and 

with SMV S98-51 even though it was resistant to all the other isolates.  The effect of 

SMV was significant on V98-4076 (Rsv1-n), because it showed reduced seed weight with 

all SMV isolates.  SMV G1 is known to cause systemic necrosis on V98-4076 (Rsv1-n) 

(Chen et al., 2004), and thus reduced the yield tremendously, even though some cultivars 

were resistant.  In general, both G1 and S98-51 were more severe than S98-52 in 

reducing seed weights (Table 2.10). 

 In the 2000 hill plot, the effects of V-W1 and V-S98-1 on foliar scores and seed 

weight among eight soybean cultivars were determined.  These BPMV isolates 

represented the mildest and the most severe isolates in the 1999 hill plot experiments.  

Results are shown in Tables 2.11 and 2.12.  In Table 2.11, both BPMV isolates caused 

high foliar scores, but only V-W2 showed significantly severe symptoms and only on 

three cultivars, Chesapeake, FFR 563 and Essex Rsv1.  Cultivars inoculated with V-S98-

1 did not significantly differ from the control and, in all but Essex, symptoms were less 

severe than those induced by V-W2.  In Table 2.12, the mean seed weights are compared.  

Seeds harvested from V-W2 inoculated rows showed significant seed weight reduction in 

four cultivars, compared with only two for V-S98-1.  There was an apparent increase in 

seed weight in Accomac and Manokin, which was attributed to abnormally low weight in 

the control (Table 2.12). 

Seed transmissibility of BPMV isolates in the greenhouse and the field:  The results 

of greenhouse tests of seed transmissibility of BPMV isolates are shown in Table 2.13.  

The samples tested for BPMV transmission where the trifoliolate and unifoliolate leaves 

were blotted on the nitrocellulose showed high incidence of seed transmission in 

Accomac followed by DP 3478, FFR 356 and one each for Chesapeake and Manokin, 

when the trifoliolate samples were compared.  BPMV V-S98-1 samples were higher than 
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the samples from V-S98-15.  The V-S98-1 exhibited similar results as V-S98-15 on 

unifoliolate leaves, except that Chesapeake and Manokin showed no positive results for 

V-S98-1 but Manokin was not positive for the V-S98-15 isolate as well. 

In order to increase the number of seeds tested and provide conditions equal to 

field production, the 1999-harvested seeds were also planted in the field at Glade Road in 

2000.  Twenty four samples were tested to detect each isolate.  The results of the tests on 

seed transmissibility under field conditions are summarized in Table 2.14.  The results of 

non-inoculated controls were not included because of SMV infection in some cultivars.  

There was no detectable BPMV in the field in the seedlings of Essex, Essex Rsv1, 

Williams and L78-379, or in the seeds that were harvested from plants inoculated in 1999 

with BPMV isolates V-W1, V-W2, V-S98-1 and V-S98-15.  Both V-S98-1 and V-S98-15 

were not tested with Accomac.  FFR 536 and V97-9010 had different results with 

different isolates, while Hutcheson was positive with all isolates.  Since there had been 

natural spread of SMV in 1999, each of the same sampled leaf was tested for the presence 

of SMV.  Different rates of seed transmission were evident across cultivar and isolate 

combinations with FFR 536, Hutcheson, Essex, Accomac, Essex Rsv1 and V97-9010 

showing the highest transmission at 95.8% for Essex inoculated with V-S98-1, and tested 

positive for SMV.  The lowest seed transmission levels were at 4.2% for Accomac and 

FFR 536 both inoculated with V-W1, and Accomac with V-W2.  Both Essex Rsv1 and 

L8-379 showed no seed transmission of any isolates (Table 2.14). 

 

DISCUSSION 

This Chapter describes the characteristics of BPMV isolates collected in Virginia 

from 1997 to 2001.  To date, five BPMV isolates have been recovered and characterized 

in Virginia.  All of the isolates collected came from Warsaw area, four from Uniform 

Variety Trials (UVT) and one from the Foundation Seed Farm at Mount Holly.  Four of 

the isolates were included by Gu et al. (2001) in their demonstration of molecular 

diversity.  According to the study, Virginia isolates belong to two subgroups I and II, 

with V-S98-1 belonging to subgroup I, while three other isolates V-W1, V-W2 and V-

S98-15 were classified in subgroup II.  A fifth isolate V-S01-10 was later placed in 

subgroup II (Tolin; Ghabrial, personal communication, unpublished).  Although 
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additional samples were positive for BPMV, isolation and culture were not attempted 

from source tissue. 

Five Virginia isolates were compared using Ouchterlony double gel diffusion.  

The results of from this test show that there is close serological similarity between V-

S98-1 and V-S98-15.  BPMV V-W1 was not included in the analysis because no fresh 

tissues were available.  The results obtained exhibit that coat proteins are encoded by 

RNA2, and subgroup differentiation is based on RNA1.  It also shows that the same 

antibody can be used to detect serological relationships. 

From the field surveys in 2001, which were conducted in commercial plots, there 

were 27 BPMV and 24 SMV positive results with leaf blot immunoassay across 23 

counties in Virginia.  The relative incidence of the two viruses was about the same at 3.5 

and 3.1% for BPMV and SMV, respectively, when the total number of samples collected 

is taken into consideration, however, the distribution varied among the counties.  

Considering the total number of fields from which the positive samples were collected 

compared to the total number of fields in the survey shows that there was 53.6% 

incidence.  The relative incidence of either virus calculated from all the counties with 

positive samples compared to those without any positives, shows that there was 61.4% 

incidence. 

The results from ARECs and Chesapeake show that there was a high incidence of 

BPMV in Painter and Suffolk.  These surveys also show that both BPMV and SMV are 

present at low levels in Virginia soybean but the pattern may be changing, since a higher 

number of counties showed positive results.  In previous surveys, the incidence of BPMV 

had seen a gradual increase in the number of positive samples (Roane and Tolin, 1977).  

The summary of the final report to Virginia Soybean Commission by Roane and Tolin 

(1977) covering the period between July 1973 and 1977, showed that Accomac County 

had 2 BPMV and 5 SMV positive samples.  Chesapeake also sampled two BPMV 

positives, while Dinwiddie, Suffolk, Middlesex, Amelia, and Chesterfield Counties each 

tested one BPMV positive with no positive samples for SMV.  The present survey has 

shown that more counties have BPMV and SMV compared to earlier surveys.  Whether 

this due to the increase in incidence or the increase in the number of counties surveyed 

can only be assessed by continual surveys that will confirm the actual trend of BPMV 
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and SMV.  This study therefore suggests an increase in the incidence of both BPMV and 

SMV compared to surveys in the 1970’s, but still finds lower incidence compared to 

other places. 

There is no current report of BPMV incidence in North Carolina in the 2000s.  

North Carolina incidences may have a bearing on what takes place in Virginia.  Surveys 

in Nebraska by Ziems et al. (2001) found high incidence in the eastern third of the state.  

During a 2000 survey, 197 soybean leaf samples from 32 counties were 69.5% BPMV 

positive from 24 out of 32 counties sampled.  The picture from Iowa is no better.  Krell et 

al. (2003) found BPMV throughout the state.  The time between 1999 and 2002 saw the 

highest population of bean leaf beetle, C. trifucata, a population that was recorded as the 

highest in more than 14 years.  In Illinois, C. trifucata was present in all 58 counties 

sampled in 2000, and BPMV was detected in bean leaf beetles from 37 out of 41 counties 

assayed (90.2%).  In 2001, bean leaf beetles were present in 99 counties sampled and 

BPMV was detected in 86 of 99 counties sampled.  In both seasons, the percentage of 

individual beetles carrying BPMV ranged from 5 to 100% (Mabry et al., 2003).  Mabry et 

al. (2003) also confirmed that adults of western corn rootworm, Diabrotica virgifera 

virgifera LeConte transmit BPMV.  From these reports there is adequate evidence that 

BPMV is spreading in most soybean growing areas, throughout the midwest. 

The results from hill plots show that BPMV isolates found in Virginia cause 

losses both in quality and yield.  The effect of V-S98-1 on different soybean cultivars 

tested in field show that it causes substantial amount of quality and yield loss.  There is 

evidence from overall yield and seed coat mottling data that V-S98-1 is more severe than 

the other BPMV isolates (V-W1, V-W2, and V-S98-15), since it caused yield reduction 

in both 1999 and 2000 hill plots.  But it is also observable that mottling is a cultivar 

specific feature since some cultivars like Accomac mottled more severely than others.  It 

is most probably a genetic character or an activity that is triggered by viral activity 

(Senda et al., 2004; Tuteja et al., 2004).  There are also indications that the effect of V-

S98-1 on yield is cultivar dependent.  However, in the hill plot experiment of 2000, V-

W2 scored more severe foliar severity symptoms and caused more seed weight reduction 

than V-S98-1.  In both 1999 hill plot experiments, V-S98-1 showed higher mottling 

scores and even more reduction on seed weights than V-W2 and other isolates.  These 
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data suggest that seasonal variations may be a factor in the virus strain-host interaction.  

Differences from the 1999 results could have been due to too much spread of virus into 

the control. 

Our results agree with those of Gu et al. (2002) on the effect of K-G7, a subgroup 

I BPMV isolate, as is Virginia BPMV isolate V-S98-1.  It caused 27.8% loss in Essex 

and the SMV-resistant isolines.  The K-Ha1, a subgroup II isolate, caused less seed 

weight reduction, consistent with those seen in V-W1, V-W2, V-S01-10 and even V-S98-

15. 

Most of the cultivars and entries tested in 1999 exhibited high susceptibility to 

BPMV, including Hutcheson, a high yielding cultivar that is popular with breeders and 

growers.  Both Hutcheson and V98-4076 (Rsv1-n) showed reduced seed weight across all 

virus treatments, including SMV.  The cultivars Essex Rsv1, V98-4114 (Rsv3), V97-9010 

(Rsv4), L8-379 (Rsv1) and L29 (Rsv3) were all significantly reduced by V-S98-1 (Table 

10), but not by SMV.  This was a clear indication that the resistance genes for SMV had 

no effect on BPMV. 

This is the first time a study has been conducted to collect, characterize, and 

determine the effects of BPMV isolates on soybean cultivars in Virginia.  This study 

confirms what other studies have shown in other soybean growing areas.  There is an 

increase in the incidence of BPMV.  It also shows that different isolates exhibit different 

levels of severity in symptoms depending on the cultivars.  The results show that there is 

a problem of virus in Virginia soybean.  More work is required to determine the exact 

number of BPMV isolates in the state.  It is only by performing continual surveys that the 

exact number of isolates can be determined.  Collection and characterization of the 

isolates by providing sequence data may lead to a useful method to combat the problem 

of BPMV in soybean through breeding or genetic engineering of resistant cultivars. 
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Table 2.1.  List of Bean pod mottle virus (BPMV) isolates collected from Agricultural 

Research and Extension Centers (ARECs) in Virginia, during Field Surveys of 1997, 

1998 and 2001. 

Year Isolate Location Cultivar Subgroup 

1997 V-W1ª Uniform Variety Trials 

(UVT), Warsaw VA 

Chesapeake II 

1997 V-W2 UVT, Warsaw VA Mycogen 5430 II 

1998 V-S98-1 Virginia Foundation Seed 

Farm, Mount Holly, VA 

FFR line RR  I 

1998 V-S98-15 UVT, Warsaw VA AG 3601 RR II 

2001 V-S01-10 UVT, Warsaw VA Bolivar II 

ªThe isolates are designated with “V” for Virginia, “W” equals Warsaw and “S” for 

soybean, and an accession number.  The year of first collection, location, and soybean 

cultivar of first collection, and subgroup according to Gu et al. (2001), are shown. 
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Table 2.2.  Distribution of positive samples for Bean pod mottle virus (BPMV) or 

Soybean mosaic virus (SMV), or both BPMV+SMV (Mixed) from all the samples 

collected from full seasonª soybean in 2001, from Uniform Variety Trials (UVT) at 

Agricultural Research and Extension Centers (ARECs) and Chesapeake.  The samples are 

distributed among maturity groups (MG).   

Full Season Maturity group, number of samples and virus(es) detected using 
leaf blot immunoassay. 

UVT MG +ve/nb BPMV SMV Mixed 
Blackstone 4E 0/1 - - - 
 5E 1/4 - 1 - 
 5L 2/2 - 2 - 
 6 2/4 - 2 - 
 n/dc 1/2 - 1 - 
      
Chesapeake 4Ed 2/3 1 1 - 
 5L 2/4 - 2 - 
      
Orange 3 1/2 - 1 - 
 4E 1/3 - 1 - 
 4L 1/1 1 - - 
      
Painter 3 1/1 1 - - 
 4E 2/3 2 - - 
 4L 6/6 4 - 2 
 5E 6/6 4 - 2 
 5L 2/2 - - 2 
 n/d 1/1 1 - - 
      
Suffolk 5E 1/1 - 1 - 
      
Warsaw 3 0/4 - - - 
 5 1/1 1 - - 
 4E 0/3 - - - 
 4L 1/4 - 1 - 
 5E 2/4 - 2 - 
 5L 0/2 - - - 
Total  36/64       15       15 6 
ªFull season are soybean grown as the major crop during the growing season. 
bn = combined positive plants for BPMV or SMV or both/all plants tested. 
cn/d = MG of one plant in Painter and two in Blackstone were not determined.  
dThe letters E and L mean early and late maturing cultivars or lines, respectively. 
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Table 2.3.  Distribution of positive samples for Bean pod mottle virus (BPMV) or 

Soybean mosaic virus (SMV), or both BPMV+SMV (Mixed) from all the samples 

collected from double cropª soybean in 2001, from Uniform Variety Trials (UVT) at 

Agricultural Research and Extension Centers (ARECs) and Chesapeake.  The samples are 

distributed among maturity groups (MG).   

Double Crop Maturity group, number of samples and virus(es) detected using 
leaf blot immunoassay. 

UVT MG +ve/nb BPMV SMV Mixed 
Blackstone n/sc 0/0 - - - 
      
Chesapeake 5Ld 1/2 - - 1 
      
Orange 3 3/4 - 2 1 
      
Painter 3 1/1 1 - - 
 4E 1/1 1 - - 
 4L 2/2 2 - - 
 5E 2/2 1 - 1 
 5L 2/2 0 0 2 
      
Suffolk 3 3/4 - 1 2 
 4E 1/1 - - 1 
 4L 2/3 - 2 - 
 5E 0/1 - - - 
      
Warsaw n/s 0/0 - - - 
Total  18/23 5 5 8 
ªDouble crop are soybean grown after a main crop usually grains, in a growing season. 
bn = combined positive plants for BPMV or SMV or both/all samples tested. 
cn/s = not sampled, since the double crop was too young. 
dThe letters E and L mean early and late maturing cultivars or lines, respectively. 
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Table 2.4.  Detection and distribution of Bean pod mottle virus (BPMV) and Soybean 

mosaic virus (SMV) in randomly collected samples from commercial soybean fields in 

Virginia, during the 2001 surveysª.  The samples were analyzed using leaf blot 

immunoassay.  The total number of positives samples from each county and the overall 

total for all counties are given. 

County Fieldsb Samples Number Positive for: 
   BPMV SMV 
Accomac 4 50 6 0 
Appomatox 2   2 0 0 
Brunswick 5 30 4 2 
Charles City 5 30 1 2 
Charlotte 3   3 0 1 
Chesapeake 4 20 0 0 
Dinwiddle 4 20 0 0 
Essex 5 12 1 0 
Gloucester 1   1 0 0 
Goochland 4 20 0 0 
Greensville 6 50 6 6 
Halifax 2   2 0 0 
Hanover 4 30 2 1 
Henrico 6 30 2 0 
Isle of Wright 2 70 0 4 
King and Queen 6 19 0 3 
King William 1   6 0 0 
Mecklenburg 5 50 1 3 
Middlesex 1   5 0 0 
New Kent 4 20 3 1 
Northampton 5 50 0 0 
Patrick 2   2 0 0 
Prince George 4 20 0 0 
Southampton 5 50 0 0 
Suffolk 4 80 1 1 
Surrey 4 40 0 0 
Sussex 4 20 0 0 
Va Beach 4 20 0 0 
Westmoreland 4 20 0 0 
Total       110               772          27       24 
ªThe surveys were also to detect the presence of Aphis glycines (soybean aphid). 
bFrom each field, 1-10 plants were sampled as leaves. 
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Table 2.5.  The response in mean yield per rowª, seed coat mottlingb, mean plant height 

and days to maturity, of nine cultivars treatments with Bean pod mottle virus (BPMV) 

isolates (V-W1, V-W2, V-S98-1 and V-S98-15).  The seeds were planted in hill plots in 

1999. 

Virus 

Treatment 

Yield (g) Seed coat 

mottling 

(1-5)ª 

Plant height 

(cm) 

Days to 

maturity (d) 

Control 156.6a 1.5b 68.1b 32.7a 

V-W1 140.5b 1.4a 67.6b 35.8b 

V-W2 160.9a 1.7b 69.1a 32.0a 

V-S98-1   89.0d 2.2c 62.2c 37.1b 

V-S98-15 120.3c 1.6b 67.6b 33.8a 

HSD   12.9 0.4   0.9   6.3 

Numbers within a column followed by the same letter(s) are not significantly different 

(P<0.05; Tukey’s Studentized Range (HSD) test) 

ªA row consists of 20 seeds planted on 0.91 m with 0.91 m between the rows. 
bSeeds were scored for mottling at 1-5 (where 1 was 0% mottling, 2 = 1-10% mottling, 3 

= 10-50% mottling, 4 = 50-75% mottling and 5 = 75-100% mottling). 
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Table 2.6.  The response in mean seed coat mottlingª of nine cultivars inoculated with 

Bean pod mottle virus isolates V-W1, V-W2, V-S98-1 and V-S98-15.  The plants were 

inoculated in field plots during 1999. 

Cultivar  Virus Treatment  

 Control V-W1 V-W2 V-S98-1 V-S98-15 

Essex 1.0a 1.0a 1.0a 1.3a 1.0a 

Essex Rsv1 1.0a 1.0a 1.0a 1.0a 1.0a 

Williams 1.0a 1.0a 4.3b 1.7ab 1.0a 

L8-379 1.0a 1.0c 1.3a 2.0b 1.0a 

Accomac 2.0a 2.7a 2.3a 4.0b 3.3b 

Chesapeake 1.0a 1.0a 1.0a 1.0a 1.0a 

DP3478 2.5a 1.7ab 1.7ab 3.7b 2.7b 

FFR 563 1.0a 1.0a 1.7bc 1.3a 1.0a 

Manokin 1.0a 2.0b 1.3a 3.7c 2.7b 

Numbers in each row followed by the same letter(s) are not significantly different 

(P<0.05; Tukey’s Studentized Range (HSD) test) 

ªSeeds were scored for mottling at 1-5 (where 1 was 0% mottling, 2 = 1-10% mottling, 3 

= 10-50% mottling, 4 = 50-75% mottling and 5 = 75-100% mottling). 
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Table 2.7.  Comparison of mean seed weight of seeds (g per row)ª harvested from each 

of the nine cultivars inoculated with one of Bean pod mottle virus (BPMV) isolates (V-

W1, V-W2, V-S98-1 and V-S98-15).  The plants were inoculated in field plots during 

1999. 

Cultivar  Virus Treatment  

 Control V-W1 V-W2 V-S98-1 V-S98-15 

Essex 171.7a 134.7bc 142.1b   98.2c 142.8b 

Essex Rsv1 168.1a 175.6a 180.7a 100.1b 151.8a 

Williams 169.6a 107.3c 127.2b   71.0d 105.2c 

L8-379 147.1a   98.8d 134.4b   69.9e 106.3c 

Accomac 165.4a 159.6bc 162.4a   76.8c 135.3b 

Chesapeake 190.8a 145.4c 175.3b 103.3d 146.1c 

DP3478 164.3b 147.9b 198.0a 118.8c 119.1c 

FFR 563 147.8a 141.2b 128.0c   68.5d   68.7d 

Manokin 194.4a 154.3b 200.5a   94.3d 106.8c 

Numbers in each row followed by the same letter(s) are not significantly different 

(P<0.05; Tukey’s Studentized Range (HSD) test) 

ªA row consists of 20 seeds planted on 0.91 m with 0.91 m between the rows. 
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Table 2.8.  Comparison of mean seed weight per rowª, seeds coat mottlingb, mean plant 

height and days to maturity, due to the effects of treatment of nine cultivars with Bean 

pod mottle virus (BPMV) or Soybean mosaic virus (SMV) isolates listed.  The seeds were 

planted in field plots in 1999. 

Virus 

Treatment 

Yield (g) Seed coat 

mottling 

(1-5) 

Plant height 

(cm) 

Days to 

maturity (d) 

Control 105.5a 1.1a 62.0a 43.9a 

BPMV     

V-W1 110.1a 1.0a 59.9b 43.6a 

V-W2 111.0a 1.0a 60.7a 41.9b 

V-S98-1   80.3c 1.2a 61.0a 42.7a 

V-S98-15   89.5b 1.1a 59.9a 41.7b 

SMV     

G1   80.5c 1.6c 59.2b 40.7c 

S98-51   97.5ab 1.2a 61.2a 42.7a 

S98-52 116.5a 1.1a 60.7a 41.8b 

HSD   11.9 0.2   2.7   1.5 

Numbers within a column followed by the same letter(s) are not significantly different 

(P<0.05; Tukey’s Studentized Range (HSD) test) 

ªA row consists of 20 seeds planted on 0.91 m with 0.91 m between the rows. 
bSeeds were scored for mottling at 1-5 (where 1 was 0% mottling, 2 = 1-10% mottling, 3 

= 10-50% mottling, 4 = 50-75% mottling and 5 = 75-100% mottling). 
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Table 2.9.  The response in mean seed coat mottling scores on nine cultivars or lines inoculated with Bean pod mottle virus isolates V-

W1, V-W2, V-S98-1 and V-S98-15, or Soybean mosaic virus isolates G1, S98-51 and S98-52.  The plants were inoculated in hill plot 

during 1999. 

  BPMV Non-Inoculated SMV 

Cultivars    V-W1  V-W2 V-S98-1 V-S98-15 Control G1 S98-51 S98-52

Essex  1.0a  1.0a        1.2a 1.0a 1.0a 1.5a 1.3a 1.0a

Essex Rsv1          1.0a  1.0a 1.0a 1.0a 1.0a 1.0a 1.2a 1.0a

V98-4076 (Rsv1-n)          1.0a  1.0a 1.3a 1.0a 1.0a 1.0a 1.3a 1.0a

V98-4114 (Rsv3)         1.0a  1.0a 1.5a 1.3a 1.0a  1.8b 1.2a 1.0a

V97-9010 (Rsv4)         1.0a  1.0a 1.2a 1.0a 1.0a  1.7b 1.2a 1.0a

Hutcheson          1.0a  1.0a 1.2a 1.0a 1.2a 1.0a 1.2a 1.7b

Williams        1.0a  1.0a 1.7b 1.2a 1.2a  2.5b 1.3a 1.0a

L8-379 (Rsv1)          1.0a  1.0a 1.0a 1.0a 1.0a 1.0a 1.0a 1.0a

L29 (Rsv3)         1.0a  1.0a 1.2a 1.0a 1.0a  2.5b 1.0a 1.0a

     

Numbers in each row, for each virus, and the control followed by the same letter(s) are not significantly different, (P<0.05; Tukey’s 

Studentized Range (HSD) test) 

ªSeeds were scored for mottling at 1-5 (where 1 was 0% mottling, 2 = 1-10% mottling, 3 = 10-50% mottling, 4 = 50-75% mottling and 

5 = 75-100% mottling). 
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Table 2.10.  Comparison of mean seed weight (g per row)ª of seeds harvested from the nine cultivars inoculated with one of Bean pod 

mottle virus (BPMV) isolates (V-W1, V-W2, V-S98-1 and V-S98-15), or Soybean mosaic virus (SMV) isolates (G1, S98-51 and S98-

52).  The plants were inoculated in hill plot during 1999. 

          BPMV Non-Inoculated          SMV  

Cultivars     V-W1  V-W2 V-S98-1 V-S98-15 Control G1 S98-51 S98-52

Essex    67.7b  109.9a   45.9c   70.7b 110.6a   34.5c   80.9b 134.5a 

Essex Rsv1         132.9ab  140.9ab 107.5b 116.3b 153.5a 145.4a 119.3b 140.2a

V98-4076 (Rsv1-n)   78.3a    56.6c   60.3c   70.9ab   75.4a     0.8d   22.8c   45.5b 

V98-4114 (Rsv3)  118.1a  145.4ab   93.8c 117.6a 109.6a   36.9c 100.2a 132.4ab 

V97-9010 (Rsv4)  123.5c  127.7c   99.4ab 120.7c   82.7a 151.1b 147.6b 129.4c 

Hutcheson   97.9ab    73.2cd   66.0d   40.1de   99.7a 130.1b   97.9a 101.2a 

Williams  107.0a  122.0b   82.7cd   93.3c 104.5a   52.0d   74.5cd 117.7b 

L8-379 (Rsv1) 137.4b  112.2a   94.9ac   82.9c 106.4a 110.5a   95.4b 115.1a 

L29 (Rsv3)  127.9b  112.1ab   72.3c   93.3ac 107.0a   63.2d 139.2ab 132.6ab 

    

Numbers in each row, for each virus and the control followed by the same letter(s) are not significantly different, (P<0.05; Tukey’s 

Studentized Range (HSD) test) 

ªA row consists of 20 seeds planted on 0.91 m with 0.91 m between the rows. 
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Table 2.11.  The comparison of mean foliar symptom severity scoresª of eight soybean 

cultivars inoculated using BPMV isolates V-W2 and V-S98-1.  The seeds were harvested 

from cultivars inoculated with the isolates in hill plots in 2000. 

Cultivar             Virus Treatment 

 Control V-W2 V-S98-1 

Essex 1.8a 2.0b 2.5bc 

Essex Rsv1 1.0a 1.5b 1.0a 

Accomac 2.8a 3.3b 2.8a 

Chesapeake 1.3a 2.8b 1.3a 

DP3478 3.0a 3.0a 2.8b 

FFR 563 3.8a 4.8b 3.3a 

Manokin 2.5a 4.0bc 3.5b 

Hutcheson 3.3a 3.3a 3.3a 

Numbers in each row followed by the same letter are not significantly different (P<0.05; 

Tukey’s Studentized Range (HSD) test) 

ªFoliar symptom severity scores were, 1 = a plant with no symptoms, 2 = slight mosaic, 3 

= mild mosaic, 4 = severe mosaic and 5 = extremely severe mosaic as well as leaf 

distortion or plant stunting. 
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Table 2.12.  Comparison of mean seed weight (g per row)ª harvested from eight soybean 

cultivars inoculated with BPMV isolates V-W2 and V-S98-1.  The seeds were harvested 

from cultivars inoculated with the isolates in hill plots in 2000 growing season. 

Cultivar                 Virus Treatment 

 Control V-W2 V-S98-1 

Essex 210.9a 140.7b   87.3c 

Essex Rsv1 238.7a 188.3b 191.8b 

Accomac 130.0a 139.6a 192.7b 

Chesapeake 188.9a   87.8c 127.4b 

DP3478 228.7a 164.2b 141.3c 

FFR 563 134.1a   99.7c 115.4b 

Manokin   92.4a 111.5c 122.5b 

Hutcheson 167.4a 146.6b 145.8b 

Numbers in each row followed by the same letter are not significantly different (P<0.05; 

Tukey’s Studentized Range (HSD) test) 

ªA row consists of 12 seeds planted on 0.61 m, with 0.91 m between the rows. 
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Table 2.13.  Detection of Bean pod mottle virus (BPMV) in trifoliolate and unifoliolate 

leaves of symptomatic plants from 100 soybean seedlings grown in the greenhouse in 

2000 from seeds harvested in 1999 from plants inoculated with BPMV.  The samples 

were analyzed using leaf blot immunoassay.  

 BPMV  V-S98-1  BPMV  V-S98-15 

Cultivar Trifoliolate Unifoliolate Trifoliolate Unifoliolate 

Accomac 5/8ª 2/3 2/6 1/4 

Chesapeake 1/6 0/1 2/8 1/2 

DP 3478 4/10 1/2 1/7 1/2 

FFR 356 2/6 2/3 1/7 1/2 

Manokin 1/10 0/3 0/4 0/2 

ªNumber of positive samples/total number of symptomatic plants from 100 seedlings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 62



Table 2.14.  Detection of Bean pod mottle virus (BPMV) and Soybean mosaic virus 

(SMV) from 100 seedlings of each of the eight cultivars analyzed using leaf blot 

immunoassay.  The seedlings were grown in the field in 2000 from seeds harvested in 

1999 from plants inoculated with BPMV. 

Virus 

Tested 

Cultivar BPMV Isolates used for Inoculation in 1999 

  V-W1 V-W2 V-S98-1 V-S98-15

BPMV Essex 0/23ª 0/17 0/24 0/18

 EssexRsv1 0/14 0/14 0/19 0/14

 Williams 0/10 0/10 0/10 0/10

 L8-379 0/23 0/23 0/23 0/22

 Accomac 1/24 1/24 - -

 FFR 536 1/24 0/24 0/24 2/24

 Hutcheson 3/24 2/23 2/23 2/24

 V97-9010 0/8 3/11 1/8 2/6

   

SMV Essex 15/23 6/17 23/24 13/18

 EssexRsv1 0/14 0/14 5/19 2/14

 Williams 9/10 7/10 6/10 8/10

 L8-379 0/23 0/23 0/23 1/22

 Accomac 12/24 13/24 - -

 FFR 536 14/24 13/24 17/24 17/24

 Hutcheson 14/23 12/23 10/23 12/24

 V97-9010 1/8 4/11 1/8 0/6

ªNumber of positive samples/total number of symptomatic plants from 100 seedlings. 
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Figure 2.2.  The map of Virginia showing the counties from which positive samples for Bean pod mottle virus (BPMV) (horizontal-lined 
diamonds), Soybean mosaic virus (SMV) (vertical lined circles) and negative samples (triangles) were collected in 2001 fields surveys from 
data presented in Table 2.4.  Samples were tested using leaf blot immunoassay.  The surveys were conducted in soybean commercial farms 
in a total of 29 counties.  The surveys also were to detect the presence of Aphis glycines, the soybean aphid. 
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