BRS Weed Risk Assessment
Data Entry Form 4.0
Use the Weed Risk Assessment (WRA) Work Instructions to fill out the fields below.
Be sure to read all of the text associated with each question every time you conduct a WRA.

Basic information (8 questions)
(1) WRA version number

(2) WRA number

4.0

2014273003

(3) GE or baseline

(4) Baseline WRA number

baseline

N/A
(6) Applicant

(5) CBI
no

(8) Reviewers
BRS
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(7) Preparers
BRS
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Taxonomy and sexually compatible relatives (6 questions)

(9) Common name

(10) Scientific name

Soybean

Glycine max (L.) Merr.

(11) Other common names
edamame, soya, soyabean, soja, soya bean, soyabean, soybean (ILDIS, 2014)

(12) Scientific name synonyms
Glycine hispida, Soja max (CABI, 2014).
Dolichos soja L., Glycine angustifolia Miq., Glycine gracilis Skvortsov, Glycine hispida (Moench)Maxim., Glycine
soja sensu auct., Phaseolus max L., Soja angustifolia Miq., Soja hispida Moench, Soja japonica Savi, Soja max
(L.)Piper, Soja soja H.Karst., Soja viridis Savi (ITIS, 2014a).
(13) Taxonomic scope
This weed risk assessment is limited to cultivated soybean, Glycine max (L.) Merr. It does not include wild
soybean (Glycine soja) or the hybrid species Glycine gracilis, which is considered a variant of G. soja (Wang and
Li, 2013; Qiu et al., 2014).

Glycine max belongs to the subg. Soja which also contains its wild counterpart, Glycine soja Siebold & Zucc.
complex (including G. gracilis Skvortsov and G. formosana Hosok.) (Hymowitz, 2004; Andersson and de Vicente,
2010). Glycine gracilis is considered a weedy intermediate between G. soja and G. max.
The place of wild soybean within this species is uncertain. Wang et al. (2012) and Hymowitz and Singh (1987)
consider wild soybean as a separate species (Glycine soja Sieb & Zucc.). GRIN considers wild soybean either as a
separate species (Glycine soja Siebold & Zucc.) or as a subspecies (Glycine max (L.) Merr. subsp soja (Siebold &
Zucc.) H. Ohashi) (USDAARS, 2014a, USDAARS, 2014b, USDAARS, 2014c; CABI, 2014). ITIS considers Glycine
soja (L.) Merr. as a nonaccepted synonym of Glycine max (L.) Merr. and as a synonym of the earlier name
Glycine soja Siebold & Zucc. (ITIS, 2014b).
14) Sexually compatible relatives
Wild species of soybean are endemic in China, Korea, Japan, Taiwan and the former USSR. These species are
not naturalized in North America. There are no reports on the escape of soybean from research plots, where
they may occasionally be grown, to unmanaged habitats (OECD, 2000). There are no wild relatives of G. max in
the U.S. except perhaps in botanical gardens or breeding collections.
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G. max can only hybridize with wild relatives with the same subgenus (subg. Soja). Closely related, interfertile
wild relatives capable of producing fertile hybrids without much difficulty are G. soja, G. gracilis Skvortsov, and
G. formosana Hosok. No fertile hybrids have been produced between subg. Soja and the distantly related
subg. Glycine. (Andersson and de Vicente, 2010; Lu, 2005).
The percent hybridization rates are typically less than 1% under natural conditions. Hybridization rates are
lower when G. max is used as the pollen donor (Andersson and de Vicente, 2010).

D

GE trait (4 questions)

(15) GE phenotype category


N/A

(17) GE phenotype description
N/A
(18) GE genotype description
N/A

(16) GE phenotype
N/A

Plant context (7 questions)
(19) Plant history
The primary soybean center of origin is China. Soybean was domesticated from the wild soybean
approximately 50006000 years ago in China (Wang et al., 2012). It was first introduced into the United States
in 1765 (Hymowitz and Harlan, 1983), but soybean acreage increased very slowly. It was initially grown
primarily for hay, pasture, and silage, with total soybean cultivation as much as 2.5 million acres in 1924, but
less than 500,000 acres in 1917 (USDA, 1927; Hoeft et al., 2000). Cultivation for seed increased rapidly after
World War 1, from 1600 acres in 1909 to 110,000 acres in 1919 to over 700,000 acres in 1929 (U.S. Department
of Commerce, 1935a; USDA NASS, 2014c). In 2014, over 83 million acres of soybeans have been harvested
(USDA NASS, 2014a).
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Soybean is primarily grown for the production of seed which are used to produce various food products,
industrial products and livestock feed use. Soybeans represent one of the major sources of edible vegetable
oil. They are also used in other food products including tofu, tempeh, soy milk, and soy flour. Soybeans are
also used industrially to produce yeasts and antibodies and to manufacture soaps and disinfectants (OECD,
2000). Soybeans are about 18% oil and 38% protein. The soybean meal (the protein component of the bean) is
separated from the soy oil components. The meal is used as feed and the oil is used for cooking oil, for
industrial purposes and for soy biodiesel production for fuel use (NCSOY, 2014a; NCSOY, 2014b).
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Most soybean cultivars fall into one of three categories of stem architecture commonly referred to as
determinate, indeterminate and semideterminate types (see Botanical description for more information).
Soybean cultivars are grouped into 13 maturity groups, depending on the climate and latitude for which they
are adapted. These maturity groups are given numbers, with numbers 000, 00, 0 and 1 being adapted to
Canada and the northern United States, and numbers VII, VIII and IX being grown in the southern U.S. (Group X
is tropical) (NSRL, 2014). Based on USDA survey data, genetically engineered (GE) herbicide tolerant soybeans
increased from 17 percent of U.S. soybean planted acreage in 1997 to 94 percent in 2014. Since 2007, over
90% of soybean acreage planted was GE herbicide tolerant (HT) soybeans (USDAERS, 2014a). In addition to
herbicide tolerant soybeans , other commercial GE traits that have been deregulated for soybeans include
insect resistant, altered growth and yield and modified product quality (ISAAA, 2016).
(20) Plant biology and ecology
Cultivated soybean is an erect, bushy, nitrogenfixing, herbaceous annual that can reach 1.5 meters in height.
The primary leaves are unifoliate, opposite and ovate, the secondary leaves are trifoliate and alternate, and
compound leaves with four or more leaflets are possible. The nodulated root system consists of a taproot (up
to 2 m. long) from which a lateral root system emerges that spreads up to 2.5 m. Nitrogen fixing root nodules
form in the presence of Bradyrhizobium japonicum bacteria (Hymowitz and Singh, 1987; OECD, 2000; Hoeft et
al., 2000; Wang et al., 2012; CABI, 2014). Determinate cultivars cease vegetative growth when the terminal
buds flower; they are grown primarily in the southern U.S.. Indeterminate cultivars continue vegetative
activity throughout the flowering period and are grown primarily in the central and northern regions of the
U.S.. Semideterminate types terminate vegetative growth abruptly after the flowering period (OECD, 2000;
Ping et al., 2014 ).
Soybean is a predominantly selfpollinating species; however, crosspollination does occur. Studies of cross
pollination rates in soybean show less than 1% to up to 6.5% depending on the study and presence of
pollinators (Lu, 2005). Seeds germinate at >10ºC and will emerge in 57 days under favorable conditions (OECD,
2000; CABI, 2014). Soybean is a quantitative short day plant, so will flower more quickly under short day
conditions but photoperiodism, along with temperature response, varies between cultivars (CABI,

2014). Flowering starts from 25 to more than 150 days after sowing, depending on day length, temperature
and cultivar. Flowering can take 115 days. Pod formation takes 715 days; seed filling 1120 days; ripening to
harvest 715 days. The cycle from sowing to maturity varies from 65 to more than 150 days. The pods produce
15 seeds each (average 3 seeds per pod); there are 220 pods per node; and the number of pods per plant
varies from a few to more than 1000 (CABI, 2014). Soybean does not reproduce vegetatively.
In new areas of soybean production, inoculation with B. japonicum is necessary for optimum nitrogen fixation
(OECD, 2000). Soybean does not grow well on acidic soils. Ideal soil for peak soybean production is a loose,
welldrained loam (Penn State Extension, 2014; Willis, 1989).
Biotic factors such as pathogens and pests can be detrimental to soybean production. More than 300 diseases
are listed in the latest edition of the Soybean Disease Compendium. Parasitic organisms including bacteria,
fungi, nematodes, oomycetes and viruses all contribute to soybean yield losses each year. Soybean pests such
as aphids, beetles, mites, and stinkbugs also cause considerable economic damage to the soybean
crop (Hartman, 2011). The parasitic organisms listed below are of most significance in the United States.
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Soybean rust, Phakopsora pachyrhizi, is a major disease limiting soybean production worldwide. Before
it naturally entered the U.S. after Hurricane Ivan hit Louisiana in 2004, it was listed as a Select Agent
(USDAARS, 2014d).
Soybean cyst caused by the plant parasitic nematode, Heterodera glycines, occurs in most soybean
producing regions and can become the greatest limiting factor to soybean yield (Pedersen, 2014).
The rootknot nematodes, Meloidogyne spp. cause major damage in soybean in the southern United
States and are also worth mention (Westphal and Xing, 2014).
The soybean aphid, Aphis glycines, introduced in 2000 spread throughout the Midwestern U.S. and is the
primary aphid species to colonize soybean in North America (Chawla et al., 2013). The soybean aphid has
quickly become the major insect pest of soybeans in North America with severe yield losses in untreated
fields (Butzen, 2014c). .
Bean leaf beetle is also a significant soybean pest. The bean leaf beetle causes significant yield losses in
soybean fields (Butzen, 2014c).
Phytophthora sojae, a fungallike pathogen, causes Phytophthora root rot. Affected plants turn yellow,
wilt, wither and die at all stages of development, leaving short to long gaps in rows (University of Illinois
Extension, 2001).
Sclerotinia stem rot, a damaging fungal disease, causes white mold. It is a chronic to epidemic disease of
soybean (Grau, 2006).
Sudden death syndrome (SDS) and white mold are spreading in major soybean states. SDS is caused by
the soilborne fungus Fusarium virguliforme. Once SDS symptoms are evident, yield losses can range
from slight to 100% depending on the soybean cultivar, the plant growth stage at the time of infection
and whether or not SCN is present in the field (Groves and Smith, 2013).
Soybeans face a number of other serious disease risks, including brown stem rot, and frogeye leaf spot
(Butzen, 2014c).
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(21) Agronomic practices
Cultivated soybean is grown annually from seeds. High quality seed is selected based on desirable plant
characteristics, (i.e. high yield, ability to withstand drought, color, or ability to withstand wind and weather).
Soybeans can be established with any tillageplanting (row crop or grain drill) system, but is typically grown
using reduced till or no till practices (NCSOY, 2014c; USDANASS, 2013). Sometimes tillage is necessary to
provide a seedbed for proper planter operation. Seed should be placed 1 to 1.25 inches deep. The use of no
tillage continues to increase as soybeans are very adaptable to notill systems.
The preferred row width for full season beans is 30 inches or less. However, narrow row soybeans (7 in and 15

in) demonstrate a 5% yield advantage due to quicker canopy development in northern states (Butzen, 2014a).
Soybeans do not yield well on acidic soils and the addition of limestone may be necessary. A soil pH between
6.0 and 7.0 is optimum for soybean production. In new areas of soybean production, inoculation with B.
japonicum is necessary for optimum nitrogen fixation (OECD, 2000).
Crop rotation is important in soybean production to break disease and insect cycles and increase yields.
Soybean crop is often rotated with corn, winter wheat, spring cereal and dry beans (Penn State Extension,
2014). Based on a NASS survey of grower practices in 2000, "The most common pest management practice for
soybeans was Rotating Crops to Control Pests, which was done on 80 percent of the soybean acres and 75
percent of the farms. Other practices used on 50 percent or more of the acres included Scouting for Pests,
Tillage/etc. to Manage Pests, using Biotechnologydeveloped Crop Varieties for Herbicide Resistance, and
Cleaning Implements after Fieldwork” (NASS 2001 see
http://usda.mannlib.cornell.edu/usda/current/PestMana/PestMana05302001.pdf). Scouting and insecticide
application to control economically damaging levels of soybean aphids is important to control losses in the U.S.
(Hartman 2011).
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Soybean seed requires more water for germination than most other grain crop seeds; therefore, planting in
soils with adequate moisture is ideal. The most important times for soybeans to have adequate water available
are during pod development and seed filling. Nationally, irrigation occurs on less than 10% of soybean acreage,
primarily in Nebraska and the Mississippi River valley, with more frequent irrigation needed in sandy, well
drained soils than in heavy clay soils (Schaible and Aillery, 2012; CABI, 2014; USDANASS, 2014b).
From 25% to 75% of nitrogen (N) in mature soybean plants is from symbiotic dinitrogen (N2) by Bradyrhizobium
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japonicum; the remaining is from soil nitrogen supply. Soybean is less responsive to phosphorous (P)
applications than corn, wheat, alfalfa and clover. Although soybean phosphorous requirements are
considerably less than those of nitrogen (N) or potassium (K), all three are equally important for plant growth
and productivity. A soybean crop removes 75% as much P and over 50% more K than a corn crop. Soil testing is
a prerequisite to the application of fertilizer and limestone (Boerma and Specht, 2004).
Organic soybean production comprises approximately 0.2% of total U.S. soybean production by acreage (USDA
ERS, 2014b).
(22) Management practices

Cultivated soybeans are not generally considered a serious volunteer weed problem. However, under certain
environmental conditions cultivated soybean seed grows as a volunteer following cultivation. Soybean
characteristics that could influence its ability to volunteer and farmer's ability to manage soybean volunteers
include hard seed coat, vegetative vigor, harvest seed loss and lodging (OECD, 2000). Soybean seed rarely
displays dormancy characteristics. Only under certain environmental conditions does soybean grow as a
volunteer in the year following cultivation. Soybean volunteers do not compete well with the succeeding crop,
and can be controlled mechanically or chemically (CFIA, 1996).
Volunteer soybean in corn, cotton and rice is a fairly recent phenomenon due to the widespread use of
glyphosateresistant technology. It has been shown that volunteer soybean can reduce cotton yield.
Glyphosateresistant (GR) soybean volunteers emerging simultaneously at a density of 1 plant per row
m reduced GR cotton by 7%. Yield was reduced by 38% when soybean was introduced 2 weeks prior to cotton
planting (Lee et al., 2009). Farmers in Nebraska and Minnesota have identified volunteer soybean problems in
their respective states and impacts on yield are expected (Jhala et al., 2013; Gunsolus, 2010).
Smaller volunteer soybeans at the V2V3 growth stage are easier to control. Soybeans are not as sensitive to

2,4D as they are to other plant growth regulator herbicides  dicamba or clopyralid. Atrazine is another low
cost alternative but is less effective as soybeans enter the V4 to V6 growth stage. Plant growth regulator
herbicides containing clopyralid provide effective control to smaller soybeans while herbicides containing
dicamba should provide effective control over a wider range of volunteer soybean crop sizes. Agronomists
recommend that farmers identify problem areas in fields as they combine corn or harvest other crops to
address any resurgence of volunteer soybeans in fields the following spring (Brooks, 2013; Jhala et al., 2013;
Gunsolus, 2010; Owen, 2005; York et al., 2005).
The predominant herbicides recommended for this purpose vary depending on the crops:
z In corn: Dicamba, clopyralid + flumetsulam or fluroxypyr, and atrazine with or without topramezone.
z In cotton: paraquat or paraquat containing mixtures, tifloxysulfuron, and fluometuron.
z In sorghum: atrazine or halosulfuron.
z In small grains: bromoxynil/MCPA and clopyralid + fluroxypyr (Zollinger and Reis, 2004; York et al., 2005;
Jhala et al., 2013; Monsanto, 2010).
z In rice: Volunteer soybean in rice is rarely a concern due to the combination of preplant tillage, flooding
practices, and herbicides used in producing rice. If volunteer plants should emerge in rice,
postemergence applications of Grandstand (triclopyr), Regiment (bispyribac), Grasp (penoxsulam), and
Permit (halosulfuron), typically used for weed control in rice will effectively alleviate competition from
volunteer soybean (Dillon et al., 2006; Bond and Walker, 2009).
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(23) Current U.S. geographic distribution
Soybean is grown in the eastern half of North America, from coastal areas of the Gulf of Mexico north to
southern Canada. In the U.S., soybean production extends west in to the Dakotas, Nebraska, Kansas, Oklahoma
and Texas. Leading soybean producing states are Iowa, Illinois, Minnesota and Indiana, respectively, all in the
NorthCentral U.S. (Boerma and Specht, 2004). Although commercially cultivated in 46 states, very little
soybean is grown west of the Dakotas, Nebraska, and eastern Colorado.
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“Soybeanplanted area for 2014 is estimated at a record high 84.8 million acres, up 11 percent from last year.
Area for harvest, at 84.1 million acres, is up 11 percent from 2013 and will be a record high by more than 7.4
million acres, if realized. Record high planted acreage is estimated in Michigan, Minnesota, Nebraska, New
York, North Dakota, Ohio, Pennsylvania, South Dakota, and Wisconsin”(USDANASS, 2014d).
Historically, soybean was cultivated more widely but in lower amounts in 1929 compared to today. For
instance, in 1929 soybean was cultivated at low levels in Oregon, New Mexico, and areas of Colorado, Florida,
Texas, and West Virginia where it is no longer cultivated today (U.S. Department of Commerce, 1935b; U.S.
Department of Commerce, 1935c). See attached map for the distribution in 1929 and 2012.
Acreage of soybean cultivation in Hawaii, Puerto Rico, or the U.S. Virgin Islands has not been reported in any
Agricultural Census. However, the first reported occurrence of soybeans in Hawaii is 1905, with a report of 20
acres in 1909 and 15 acres in 1919 (Shurtleff and Aoyagi, 2009). Today, Hawaii is a major location for soybean
research and breeding (Hagstrom, 2012), and BRS has regulated numerous field release of GE soybean in
Hawaii since 2006.
The first reported occurrence of soybeans in Puerto Rico is 1903, when soybeans were cultivated at an
experimental research station. Experimental crops were grown widely across the island by 1919, but were not
generally taken up by the local population. The first report of Puerto Rico as a site for winter seed production
for planting in the continental U.S. was in 1940 (Shurtleff and Aoyagi, 2009). BRS has regulated numerous field
releases of GE soybean in Puerto Rico since 2006. The first reported occurrence of soybeans in the Virgin
Islands is in 1921, when soybeans were cultivated at an experimental research station. The next report does
not occur until the 1960s and apparently cultivation has not been successful (Shurtleff and Aoyagi, 2009).

Soybean is largely restricted to cropland, but has been found on crop field margins, roadsides, railways,
industrial sites (e.g. grain elevators, processing plants), and waste sites.
There have been no reports of soybean as naturalized, weedy or invasive in the United States. Soybean cannot
exist outside of cultivation nor can it exist as a wild plant in its present form (OECD, 2000). Escapes are fully
documented in B01. There have been no reported escapes within ten years. Escapes do not expand the U.S.
Geographic Distribution.

Attach a map or maps in PDF format

SOYBEAN MAPS FINAL.pdf
Adobe Acrobat Document
767 KB

(24) Plant hardiness and precipitation zones
Plant hardiness zones (Temperature range)
1 (60 to 50 F)
Presence

no

Certainty High

2 (50 to 40 F)
Presence

no

No reports of naturalization.
3 (40 to 30 F)
Presence

no

4 (30 to 20 F)
Presence

Certainty High

Certainty High
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No reports of naturalization.
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No reports of naturalization.

no

Certainty High

No reports of naturalization.
5 (20 to 10 F)
Presence

no

Certainty High

No reports of naturalization.
6 (10 to 0 F)
Presence

no

Certainty High

No reports of naturalization.
7 (0 to 10 F)
Presence

no

No reports of naturalization.

Certainty High

8 (10 to 20 F)
Presence

yes

Certainty Negligible

Randall (2012) cites one reference of soybean as Naturalized in France (reference 1017 DAISIE
(2008a, 2008b)). France comprises plant hardiness zones 810 (Magarey et al 2008, Magarey et al 2012). France
also contains regions in zone 7, but it is highly unlikely that soybean could naturalize in zone 7 given its lack of
cold tolerance (see question B14 below).
9 (20 to 30 F)
Presence

yes

Certainty Negligible

Randall (2012) cites one reference of soybean as Naturalized in France (reference 1017 DAISIE
(2008a, 2008b)). France comprises plant hardiness zones 810 (Magarey et al 2008, Magarey et al 2012). France
also contains regions in zone 7, but it is highly unlikely that soybean could naturalize in zone 7 given its lack of
cold tolerance (see question B14 below).
10 (30 to 40 F)
Presence

yes

Certainty Negligible

11 (40 to 50 F)
Presence

yes
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Randall (2012) cites one reference of soybean as Naturalized in France (reference 1017 DAISIE
(2008a, 2008b)). France comprises plant hardiness zones 810 (Magarey et al 2008, Magarey et al 2012). France
also contains regions in zone 7, but it is highly unlikely that soybean could naturalize in zone 7 given its lack of
cold tolerance (see question B14 below).
Certainty Negligible

Randall (2012) cites one reference of soybean as Naturalized in the DR Congo (ref 760 Anonymous (2005)). The
region of DR Congo where the plant was reported is in zone 11 (Magarey et al 2008, Magarey et al 2012).
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Randall (2012) cites one reference of soybean as Naturalized in the Rwanda (ref 760 Anonymous (2005)). The
region of Rwanda where the plant was reported is in zone 11, and possibly in 12 (Magarey et al 2008, Magarey
et al 2012).
Randall (2012) also cites one reference of soybean as Naturalized in Madeira (reference 1030 DAISIE (2008a,
2008b). Madeira comprises zones 11 and 12 (Magarey et al 2008, Magarey et al 2012).
12 (50 to 60 F)
Presence

yes

Certainty Negligible

Randall (2012) cites one reference of soybean as Naturalized in the Rwanda (ref 760 Anonymous (2005)). The
region of Rwanda where the plant was reported is in zone 11 and possibly in 12 (Magarey et al 2008, Magarey
et al 2012).
Randall (2012) also cites one reference of soybean as Naturalized in Madeira (reference 1030 DAISIE (2008a,
2008b). Madeira comprises zones 11 and 12 (Magarey et al 2008, Magarey et al 2012).
13 (60 to 70 F)
Presence

yes

Certainty Low

Randall (2012) cites one reference of soybean as Naturalized in the Galapagos Islands, Santa Cruz
island (reference 257 Tye (2001)). Santa Cruz is in zone 13 (Magarey et al 2008, Magarey et al 2012).
Precipitation zones (Precipitation range)
1 (0 to 10 inches)

Presence

no

Certainty High

No reports of Naturalization.
2 (10 to 20 inches)
Presence

yes

Certainty Negligible

Reports of Naturalization in Santa Cruz, Galapagos Islands, which has a mean annual precipitation of 10  30
inches depending on elevation (Charles Darwin Foundation 2014, NAPPFAST 2008) and in Madeira, which has a
mean annual precipitation of 14  16 inches on the small island and 24  110 inches on the large island
depending on altitude, with the lower altitudes not exceeding 80 inches (Chazarra et al 2012). Note, however,
that NAPPFAST lists Madeira precipitation as 10  20 inches (NAPPFAST 2008).
Certainty is Negligible given the lack of information of the precise location that the plant was found and the
known water requirements of soybean (see question B12 below).
3 (20 to 30 inches)
Presence

yes

Certainty Low
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Reports of Naturalization in Santa Cruz, Galapagos Islands, which has a mean annual precipitation of 10  30
inches depending on elevation (Charles Darwin Foundation 2014, NAPPFAST 2008) and in Madeira, which has a
mean annual precipitation of 14  16 inches on the small island and 24  110 inches on the large island
depending on altitude, with the lower altitudes not exceeding 80 inches (Chazarra et al 2012); and in France,
which has a mean annual precipitation of 20  40 inches. Note, however, that NAPPFAST lists Galapagos and
Madeira precipitation as 10  20 inches, and France as 10  60 inches, primarily 20  50 inches (NAPPFAST 2008).
Certainty is Low given the lack of information of the precise location that the plant was found and the known
water requirements of soybean (see question B12 below).
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4 (30 to 40 inches)
Presence yes

Certainty Negligible

Reports of Naturalization in France, Rwanda, and DR Congo. France has a mean annual precipitation of 20 40
inches, though NAPPFAST reports 10  60 inches, primarily 20  50 inches (NAPPFAST 2008). The relevant regions
of Rwanda and DR Congo have a mean annual precipitation of 31  55 inches, with more precipitation in DR
Congo, and more precipitation from 1961  1990 than from 1997  2008
(Liebmann et al 2012, FAO 2014b). NAPPFAST reports 20  50 inches (Rwanda) and 40  60 inches (DR Congo)
(NAPPFAST 2008). See also discussion of Madeira above. Certainty is Negligible given the poor
documentation of these reports.
5 (40 to 50 inches)
Presence

yes

Certainty Negligible

Reports of Naturalization in France, Rwanda, and DR Congo. France has a mean annual precipitation of 20 40
inches, though NAPPFAST reports 10  60 inches, primarily 20  50 inches (NAPPFAST 2008). The relevant regions
of Rwanda and DR Congo have a mean annual precipitation of 31  55 inches, with more precipitation in DR
Congo, and more precipitation from 1961  1990 than from 1997  2008
(Liebmann et al 2012, FAO 2014b). NAPPFAST reports 20  50 inches (Rwanda) and 40  60 inches (DR Congo)
(NAPPFAST 2008). See also discussion of Madeira above. Certainty is Negligible given the poor
documentation of these reports.
6 (50 to 60 inches)
Presence

yes

Certainty Negligible

Reports of Naturalization in Rwanda, and DR Congo. The relevant regions of Rwanda and DR Congo have a mean
annual precipitation of 31  55 inches, with more precipitation in DR Congo, and more precipitation from 1961
1990 than from 1997 2008 (Liebmann et al 2012, FAO 2014b). NAPPFAST reports 20  50 inches (Rwanda) and
40  60 inches (DR Congo) (NAPPFAST 2008). See also discussion of Madeira above. Certainty is Negligible given
the poor documentation of these reports.
7 (60 to 70 inches)
Presence

yes

Certainty Negligible

See discussion of Madeira above.
8 (70 to 80 inches)
Presence

yes

Certainty Negligible

See discussion of Madeira above.
9 (80 to 90 inches)
Presence

no

Certainty Moderate

10 (90 to 100 inches)
Presence

no
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See discussion of Madeira above. Assigning rating of No with Moderate certainty given that high precipitation
occurs only at high altitudes.

Certainty Moderate

See discussion of Madeira above. Assigning rating of No with Moderate certainty given that high precipitation
occurs only at high altitudes.
11 (100+ inches)
Presence

no

Certainty Moderate
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See discussion of Madeira above. Assigning rating of No with Moderate certainty given that high precipitation
occurs only at high altitudes.
(25) Potential U.S. geographic distribution
Soybean is highly domesticated. There are no true native, naturalized, weedy or invasive soybean populations
outside the United States; thus there are no matching climates. Most, if not all, documented escapes are not
within the past 10 years. Glycine max exhibits no potential to establish selfperpetuating populations.
Cultivated soybean does not exist in a native state anywhere in the world. Randall (2012) cites reports as
providing evidence that Glycine max (L.) Merr. has naturalized. Review of the citations showed that most do not
support the listing as naturalized or can not be found. Four reports do support the listing as naturalized. These
reports are of single, generally unreliable, observations from France, Madeira, Rwanda, the Democratic
Republic of Congo, and the Galapagos Islands.

Attach a map or maps in PDF format
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Weed Risk Questions (25)
Weed risk  Biology (16 questions)

(B01) Current weed and invasive status
Baseline risk

Low

GE risk

Very high

Baseline certainty

High

GE certainty

Negligible

(B01) Current weed and invasive status - Risk documentation
The overall risk rating for B01 is Low.
In 1929, only 708,000 acres of soybean were harvested as compared to over 83 million acres from intentional
cultivation estimated in 2014 (USDANASS, 2014c). Despite the widespread cultivation of soybean in the U.S., a
s documented in Question 23, there have been no reports of soybean as naturalized, weedy or invasive in the
United States. Soybean cannot exist outside of cultivation nor can it exist as a wild plant in its present form
(OECD, 2000).
As documented in Question 25, there are no true native, naturalized, weedy or invasive soybean populations
outside the United States; thus there are no matching climates.
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Eighteen references from Randall's book, Global Compendium of Weeds (2012) were reviewed to determine
whether Gylcine max is actually a weed. The references called Glycine max a nonnative (casual, alien) species
but has not established outside of agriculture. The geography covered by these references include many
countries in Europe, Galapagos, New Zealand and Africa. None of the references referred to Glycine max asa
weed. There were references that mentioned that Glycine max can volunteer in other agricultural crops.
From the above it is clear that soybean is NOT in the Very High or High risk category. However evidence
described below shows that soybean is casual or escaped in the U.S., which would lower the rating to Moderate,
but since soybean is highly domesticated as documented in B02, the risk rating is lowered one level to Low.
Since some, but not all of the reports of casual or escaped plants are over 50 years old, the risk rating remains at
the Low level, with the acknowledgement that locations with accounts of escaped or casual populations over
50 years old may warrant a Negligible risk rating. Most of the accounts of escapes are over 10 years old.
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Although escapes do not appear to be particularly common (there is no mention of escapes as a common
occurrence in the general soybean literature despite its cultivation on millions of acres globally), it is clear that
escapes do occur.
Randall (2012) cites numerous reports that Glycine max (L.) Merr. has escaped in the U.S. USDANRCS (2014a)
shows occurrences that soybean may be escaped in Nebraska and all states to its east other than the New
England states, based on a quick review of the references for Kentucky and Pennsylvania therein. Confirmed
reports of casual or escaped soybeans populations that are over 50 years old are documented in the Excel
spread sheet.
Soybean does not possess any of the attributes commonly associated with weeds (Baker, 1965) such as
longtime persistence in the soil, the ability to disperse, invade and become a dominant species in new or diverse
landscapes or the ability to compete well with native vegetation. Furthermore, mature soybean seeds rarely
display any dormancy characteristics. Germinating seedlings and plants are sensitive to cold. They are not
expected to survive in freezing winter conditions and do not reproduce vegetatively (OECD, 2000).
(B01) Current weed and invasive status – Certainty documentation
The overall certainty rating for B01 is High.
Baker, 1965  High reliability, Moderate Applicability

OECD, 2000  High reliability, Moderate Applicability
USDANASS, 2014c  High reliability, Moderate Applicability
Randall, 2012  Moderate reliability, Moderate Applicability
USDANRCS, 2014a  High reliability, High Applicability
There are no convincing reports of native, naturalized, weedy or invasive populations outside the U.S. within the
last 10 years, and there is sufficient evidence of escapes in the U.S. and for the highly domesticated nature of
soybean as documented in B02.

(B02) Weedy and invasive relatives
Baseline risk

Negligible

GE risk

Very high

Baseline certainty

High

GE certainty

Negligible

(B02) Weedy and invasive relatives – Risk documentation
The overall risk rating for B02 is Negligible.
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Glycine max is highly domesticated. "The recently acquired archaeological record for soybean from Japan, China
and Korea is shedding light on the context in which this important economic plant became associated with
people and was domesticated. Despite the importance of the crop to the world economy, how soybean came to
be a crucial resource and ultimately a domesticated plant has not been enlightened by the archaeological
record. Instead, the history of soybean has been informed by phylogenetics and historical documents indicating
that soybean was domesticated in East Asia and that it became an important crop by the Zhou Dynasty (ca. 2500
BP) in China". Principal domestication related traits distinguishing wild from domesticated soybean include
more erect bushy growth and determinate growth pattern, rather than twining or procumbent vine with
indeterminate growth; later flowering; more large seeds and less hard seeds; larger pods and reduced pod
dehiscence (Lee et al., 2011).
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The cultivated soybean, Glycine max, can only hybridize with relatives within the same subgenus, subg.
Soja. The subgenus Soja consists of three annual species: G. soja Sieb. and Zucc., the wild form of soybean; G.
gracilis Skvortz., the weedyform of soybean; and G. max, the cultivated soybean (Andersson and de Vicente,
2010).
G. gracilis is considered to be a weedy or semiwild form of G. max, with some phenotypic characteristics
intermediate to those of G. max and G. soja (OECD, 2000; Hymowitz 2004). Recent genomic evidence suggests
that it is a variant or subclade of G. soja that results from hybridization between G. soja and G. max where the
two species have sympatric distribution (Wang and Li, 2013; Qiu et al., 2014). G. gracilis is only found in areas of
Northeast China where the cultivated soybean and its wild ancestor have a sympatric distribution. G. gracilis
has never been reported in other parts of the world such as the Americas and Europe where only the cultivated
soybean is grown. Both G. soja and G. gracilis grow naturally only in Asia, not in the U.S. (OECD, 2000; Lu,
2004).
It is well documented that soybean has been highly domesticated for a long period of time. There is a lack of
evidence of significant impacts of G. gracilis as a weed.
(B02) Weedy and invasive relatives – Certainty documentation
The overall certainty rating for B02 is High.
Andersson and de Vicente, 2010  High reliability; High applicability
Wang and Li, 2013  Very High reliability; Very High applicability
Lee et al., 2011  Very High reliability; Very High applicability

Qiu et al., 2014  Very High reliability; Very High applicability
Hymowitz 2004  Moderate reliability; Moderate applicability
OECD, 2000  High reliability; Moderate applicability
Lu, 2004  High reliability; High applicability
It is well documented that soybean is highly domesticated. There is a lack of evidence of significant impacts of
G. gracilis as a weed.

(B03) Ability to establish
Baseline risk

Moderate

GE risk

Very high

Baseline certainty

High

GE certainty

Negligible

(B03) Ability to establish – Risk documentation
The overall risk rating for B03 is Moderate.
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The evidence best supports a rating of Moderate risk since seedlings can establish under heavy stubble as long
as competing plants are eliminated, can establish in competition with coemerging plants in otherwise bare
ground and in some developing crops with open canopies, may occasionally be able to establish in moderately
disturbed habitats as indicated by the ability of soybean to escape (as documented in B01), and because USDA
PLANTS Database indicates seedlings have high vigor.
Soybean does not compete well with other cultivated plants (Andersson and de Vicente, 2010). However, there
is evidence in primary sources that soybean establishes as a volunteer both in developing crops with open
canopies and recently planted ground. As documented in Q22, soybean volunteers have been reported in corn,
cotton, and rice. The photos in Jhala et al (2013) clearly demonstrate that soybean volunteers are establishing in
planted corn; the corn is more mature, taller than the soybean, and still has an open canopy.
"If soybeans get off to a rapid start, young weeds can be shaded out (Willis, 1989)."
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“In North America, Glycine max is not found outside of cultivation. In managed ecosystems, soybean does not
effectively compete with cultivated plants or primary colonizers (OECD, 2000).”
There is no indication that soybeans have great potential for ferality (Owen, 2005).
CFIA (1996): "In managed ecosystems, soybean does not effectively compete with cultivated plants or primary
colonizers."
USDANRCS (2014b) states it is shade intolerant but has high seedling vigor.
“Weeds are vigorous competitors with soybeans. Weeds usually germinate and emerge with the soybeans.
Therefore, soybeans cannot get ahead of the weeds. Soybeans are relatively short and susceptible to shading
from taller weeds" (Gunsolus, n.d.). Common cocklebur, jimsonweed, and velvetleaf all compete with
soybeans for light since they grow taller than the soybeans and shade the crop late in the season, especially
when they emerge at the same time as the soybeans. In addition to competition for light, weeds also compete
with soybeans for nutrients and water. Enhancing soybean’s ability to compete with weeds can be
accomplished by providing the best possible environment for plant growth (i.e., narrow row spacing, increased
plant density, appropriate time of planting and fertility management) capable of shifting the competitive
balance to favor crops over weeds (Buhler and Gunsolus, 1996; Stoller and Woolley, 1985).
Rose et al. (1984) found that soybean could compete with various weed species when planted into cultivated

and harrowed land, as measured by emergence, vigor, canopy development, (unpublished data) and by ability
to inhibit the growth of velvetleaf and foxtail millet (published data). Competitive ability varied among cultivars.
Burnside (1972) disked and harrowed plots and applied herbicides preplant on the same day that soybean
seeds were planted. Burnside then handweeded plots for the first 3 weeks or all season, or allowed weeds to
grow undisturbed, and measured soybean population size at 1.5 months. He found a small reduction (approx.
7%) in population size in weedy plots vs plots that were hand weeded for the first three weeks, indicating that
soybean was able to compete with weeds that coemerged. The weed population was characterized as dense
and uniform throughout the experimental area. 10 cultivars were used in the study and major weeds present
were green foxtail and tall waterhemp.
Hoorman et al. (2009): In notill cropping, soybean is planted into stubble and even into cover crops that are
subsequently killed using herbicides.
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Mulugeta and Boerboom (2000): planted glyphosateresistant soybean in fields that were either tilled or not
tilled (but covered with corn residue) prior to planting, with either no herbicide treatment or weeding (weedy
check), or preemergence herbicide treatment, handweeding, and postemergence herbicide treatment (weed
free check), in addition to various experimental herbicide applications that are not important to this criterion.
Found a major reduction in soybean yield in the weedy tilled fields, and a lesser but still substantial reduction in
yield in the weedy nontilled fields, relative to the weed free checks. Nonetheless, since soybean plants still
produced soybeans, they were able to compete. The number of soybean plants and the number of weeds in the
field at the time of soybean emergence were not directly reported.
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Mulugeta and Boerboom (2000): However, regarding the number of soybean plants and weeds in the field at
the time of soybean emergence, the following could be said. At the V2 stage (40 +/ 4 days after planting), the
weed densities were 79x greater than the soybean seeding density, and most (5556%) of the weeds emerged
before the V2 application, indicating that they emerged at about the same time as the soybean, and the
majority of all weeds emerged before soybean V4 stage. At the V2 stage, the soybean was about the same
height or shorter than the most predominant competing weed species (giant foxtail and common
lambsquarters). It was also noted that soybean height in the nontreated (weedy) check was similar or slightly
greater than the weedfree check and that this was due to the allocation of more resources to the stem to
attain a height that enabled G. max to compete with weeds for light. Compared to the weedfree check, season
long weed competition reduced yield especially in the reduced till system which tended to have higher weed
densities at the V2 stage and about 4x greater weed biomass than the notill system at 18 weeks after
planting. However, since this WRA question is focused on establishment, not so much on yield, this could
support a moderate risk rating.
Knezevic et al. (2003): planted glyphosateresistant soybean in weed free fields and then maintained the fields
weed free or allowed weeds to emerge (most emerged within 2 days of soybean emergence) and grow all
season/ Found substantial soybean yield reductions in weedy versus weedfree field, yet still had substantial
yield from soybeans in presence of weeds, indicating the soybean plants were able to establish in competition
with weeds. The number of soybean plants that established in weedfree versus weedy fields was not reported.
The references cited for question B01 demonstrate that soybeans can occasionally escape and grow in
moderately to highly disturbed habitats.
(B03) Ability to establish – Certainty documentation
The overall certainty rating for B03 is High.
Studies of soybeanweed and soybeancrop competition are performed in an agronomic context, where the
objective is to identify conditions that maximize yield or competitive ability of soybean or another crop, rather

than to examine the ability of soybean plants to establish in substantial existing vegetation. Thus, soybeans are
generally planted into weed free or lowweed conditions and competition with weeds that coemerge or
emerge postplanting is assessed. This data is appropriate to the landuse (cropland) in which soybean typically
grows. The consistency of the evidence across multiple sources supports an overall rating of High Certainty for
this risk rating.
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Buhler and Gunsolus, 1996  High reliability, High applicability
Stoller and Wooley, 1985  High reliability, High applicability
Andersson and de Vicente, 2010  High reliability; High applicability
Owen, 2005  Low reliability; Moderate applicability
OECD, 2000  Moderate reliability; High applicability
Willis, 1989  High reliability, Moderate applicability
Jhala et al 2013  High reliability, High applicability
CFIA, 1996  Low reliability; Moderate applicability
USDANRCS, 2014b  Low reliability, Low applicability
Rose et al., 1984  Moderate reliability, Low applicability
Burnside, 1972  High reliability, Moderate applicability
Gunsolus (n.d.)  Low reliability, Low applicability
Hoorman et al., 2009  Low reliability, High applicability
Mulugeta and Boerboom, 2000  High reliability, High applicability
Knezevic et al., 2003  High reliability, High applicability

(B04) Dense thickets or monospecific stands

Baseline risk
Baseline certainty

Negligible

GE risk

Very high

Very high

GE certainty

Negligible

(B04) Dense thickets or monospecific stands – Risk documentation
The overall risk rating for B04 is Negligible.
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The cultivated soybean is an annual crop plant that has an erect, sparsely branched, bushy growth habit, and
can reach a height of 1.5 meters (OECD, 2000).
There is no evidence in the literature suggesting that volunteer soybean forms dense thickets or monospecific
stands. On the contrary, papers and news articles on volunteer soybeans do not mention an ability of volunteer
plants to form dense thickets, nor do they indicate that they completely outcompete crops and other weeds
when they occur as volunteers (York et al., 2005, Lee et al., 2009, Jhala et al., 2013), nor do papers on soybean
competitive effects on weeds (Rose et al., 1984).
Rose et al. (1984) provides and cites evidence for differences between soybean cultivars in their competitive
effects with specific weeds, but these are under intentionally cultivated conditions. Even when volunteer
soybeans are present, they typically do not exist in monospecific stands unless competing plants have been
treated with broad spectrum herbicides.
(B04) Dense thickets or monospecific stands – Certainty documentation
The overall certainty rating for B04 is Very High.

Very high certainty due to the reliability of the sources and common knowledge. Because the plant is very well
known, the lack of references specifically addressing this characteristic, and the lack of mention of this
characteristic in references discussing volunteer plants, can be taken to indicate the lack of the characteristic.
York et al.,2005  High reliability, High applicability

Lee et al., 2009  Very High reliability, Very High applicability
Jhala et al., 2013  Moderate reliability, High applicability
Rose et al., 1984  Moderate reliability, Moderate applicability
OECD, 2000  High reliability; High applicability

(B05) Shade tolerance
Baseline risk

Negligible

GE risk

Very high

Baseline certainty

Very high

GE certainty

Negligible

(B05) Shade tolerance – Risk documentation
The overall risk rating for B05 is Negligible.
To maximum yield, soybeans grow best in full sun and in loose, welldrained soil. Soybeans are intolerant to
shade (USDANRCS, 2014b). Two environmental variables, photoperiod and temperature, strongly affect
soybean development (Jones et al., 1991). Soybean is a quantitative, shortday plant (OECD, 2000). There is a
lack of literature citing shade tolerance in soybean. Most of the literature addresses photoperiod, temperature
requirements, and competition from weeds for light.
Soybeans compete with weeds and are susceptible to yield reductions resulting from shading caused by the
weeds (see B03).
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“Common cocklebur, jimsonweed, and velvetleaf are among the worst broadleaf weeds that infest soybean
fields.” These weeds compete with soybeans for light. They grow taller than soybeans especially when
emergence occurs simultaneously. The maximum shading by these weeds occurs during the final 810 weeks of
the growing season when weeds are taller than soybeans. Soybean yield reductions ranged from 1254%
depending on the weed and weed density (Stoller and Wooley, 1985).
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Shading field experiments using polyethylene strips or netting designed to mimic the amount of shading caused
by the weeds during pod fill, but without the competition of the weeds, showed a "linear relationship predicts a
1925% yield loss with 4456% shading, the amount of shade produced by the weeds. Most important is that
these losses were due exclusively to shading, without other possible contributing factors potentially present in
the total interference effect of weeds" (Stoller and Wooley, 1985).
Competition from certain weeds including common cocklebur and palmer amaranth measurably reduced
soybean biomass during the growing season and seed yield. Soybean plants growing near weeds compete for
light (Monks and Oliver, 1988).
(B05) Shade tolerance – Certainty documentation
The overall certainty rating for B05 is Very High.
USDANRCS, 2014b  High reliability, High applicability
OECD, 2000  High reliability, Low applicability
Jones et al., 1991  High reliability, Moderate applicability
Stoller and Wooley, 1985  Very High reliability, Very High applicability
Monks and Oliver, 1988  High reliability, High applicability
The literature supports a Very High certainty rating. Yield loss exclusively due to shading has been documented
in soybean.

(B06) Life form and growth habit
Baseline risk

Negligible

GE risk

Very high

Baseline certainty

Very high

GE certainty

Negligible

(B06) Life form and growth habit – Risk documentation
The overall risk rating for B06 is Negligible.
Soybean is nitrogen fixing. It is not considered to be woody. It is highly documented as herbaceous.
"Usually an erect, annual, bushy herb" (CABI, 2014).
"It is an erect, bushy, herbaceous annual that can reach a height of 1.5 metres" (CFIA, 1996).
"It is an erect, bushy, herbaceous annual that can reach a height of 1.5 metres" (OECD, 2000).
Soybean is an annual, forb/herb, erect and singlecrowned. A forb/herb is a vascular plant without significant
woody tissue above or at the ground (USDANRCS 2014a; ECL, 2016).
(B06) Life form and growth habit – Certainty documentation
The overall certainty rating for B06 is Very High.
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CABI, 2014  High reliability, High applicability
CFIA, 1996  High reliability, High applicability
OECD, 2000  High reliability, High applicability
USDANRCS 2014a  High reliability, High applicability
ECL, 2016  Low reliability, High applicability

Soybean is widely known and documented to be herbaceous annual. It is nitrogen fixing. It is not considered to
be woody.

(B07) Time to reproductive maturity

Baseline risk
Baseline certainty

High

GE risk

Very high

Very high

GE certainty

Negligible
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(B07) Time to reproductive maturity – Risk documentation
The overall risk rating for B07 is High.

Soybean reaches reproductive maturity within one year and has only one generation per year.
Soybean is an annual (OECD, 2000; CABI, 2014; CFIA, 1996; USDANRCS, 2014a; Hymowitz, 2004).

(B07) Time to reproductive maturity – Certainty documentation
The overall certainty rating for B07 is Very high.

The Very high overall certainty rating is based on common knowledge gained over centuries of cultivation. In
addition, all the references agree. As discussed in B01, soybean does not grow without intentional human
assistance.
OECD, 2000  High reliability; High applicability
CABI, 2014  High reliability; High applicability
CFIA, 1996  High reliability; High applicability
USDA NRCS, 2014a  High reliability; High applicability
Hymowitz, 2004  High reliability; High applicability

(B08) Propagule dispersal

Baseline risk

Moderate

GE risk

Very high

Baseline certainty

Moderate

GE certainty

Negligible

(B08) Reproductive potential – Risk documentation
The overall risk rating for B08 is Moderate. This is based on an analysis of soybean yield potential and actual
yield grown under cultivation and yield reduction in competition with weeds at different soybean densities, and
estimates of likely volunteer soybean densities in other crops or field edges.
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Soybean Facts:
z A bushel of soybeans weighs about 60 lbs.
z Each soybean plant produces 60 to 80 pods each holding three peasized beans (seeds) (SoyStats, 2014).
z The number of pods varies from 2 to more than 20 in a single inflorescence and up to 400 on a plant. A
pod may contain from one to five seeds, but in most common cultivars it usually has two or three seeds
per pod (Kumar et al., 2008).
z Maximum total number of seeds/plant = 2000 (400x5) seeds/plant (potential).
z To maximize yields in most environments, growers should have no less than 100,000 uniformly standing
plants per acre in 7.5 and 15inch rows (desired goal at harvest) and no less than 80,000 uniformly
standing plants per acre in 30inch rows (Robinson and Conley, 2007).
z Mulugeta and Boerboom (2000) recommend seeding rates for wider 76 cm vs narrow 18 cm rows that
equate to 40.7 to 55.5 seeds/sq. meter respectively (10,000 sq meters/hectare).
z Soybean does not reproduce vegetatively.
Tillage system affects yield components, with notillage systems having 15, 9, and 9% greater seed mass, seed
number per square meter, and pod number per square meter than the conventional tillage system, respectively
(Pedersen and Lauer, 2004).
1 acre = 4046 square meters
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Depending on the planting distance between rows and the tillage system, these numbers calculate to a
maximum seed production between 40,000  50,000 seeds/square meter.
At 100,000 plants/acre, divided by 4046 sq. meters per acre = 24.7 plants planted per sq. meter. Therefore, the
maximum seed production potential = 24.7 x 2000 seeds/plant =49,400 seeds produced per sq. meter.
In recent years, U.S. soybean yields have ranged from 40  45 bushels per acre, with regional variation in 2013 of
15 > 55 bu/acre (USDANASS, 2014d, USDANASS, 2014e). A bushel of soybeans weighs 60 lbs (Prairie Grains,
2003). The typical 100 seed weight is 10  20g (Hymowitz, 2004). Using the 100 seed weight of 10g, these
numbers correspond to seed production in managed agricultural fields of 1008 seeds/sq. meter assuming a yield
of 15 bu/ac and 3699 seed/sq. meter assuming a yield of 55 bu/ac, as demonstrated below.
z

27,215 g = 1 bu of soybeans. 27,215g x 100 seed/10g =272,150 seed/bu
272,150 seed/bu x 15 bu = 4,082,250 seed.
4,082,250 seed/4046 sq. meters = 1008 seed produced/sq meter.

z

4,082,250 seed produced /acre divided by 100,000 optimum plant density/acre = 40.8 seeds produced per
plant.
272,150 seed/bu x 55 bu = 14,968,250 seed
14,968,250 seed/4046 sq meters = 3699 seed/sq meter

14,968,250 seed produced/acre divided by 100,000 plant/acre = 150 seeds/plant, which is closer to 50
pods/plant with 3 seeds each.
To access the reproductive potential of soybean without intentional human assistance, studies of soybean yield
under weed competition were considered. Studies of cultivated soybean grown in the presence of weeds show
a wide range of yield loss (19% 90% weed free checks) depending on study location, year, cultivars and row
width. The Burnside 1972 study determined the soybean populations to be nearly the same for weedy and
weed free plots averaging 26 and 28 plants/sq meter, respectively. Based on the seeding rates used, these
soybean densities are lower than those in the Mulugeta and Boerboom 2000 and Knezevic et al 2003
papers. (Burnside 1972; Mulugeta and Boerboom, 2000, Knezevic et al., 2003).
Volunteer soybeans do not typically occur in high densities unless an unusual event occurs such as a hurricane
or drought resulting in high seed loss (see e.g. papers on soybean volunteers in cotton), and soybean volunteers
in rotation crops such as cotton and corn can be an issues as a result of poor herbicide control (Lee et al., 2009;
Jhala et al., 2013; Gunsolus, 2010; Alms et al.; 2016). Lower densities would be expected for soybeans growing
without human intervention to assist in their cultivation, and those that do emerge may not survive to
reproduction in an agricultural setting depending on tillage or other management practice. In the case of corn,
low volunteer soybean densities are described as about 34 plants/sq. meter (Alms et al., 2016).
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In the Burnside 1972 paper, weedy check plots had soybean yields reduced to 4152% in the plots that were
hand weeded allseason for 10 soybean varieties over 3 years in Nebraska, resulting in 970 to 1280 seeds/sq.
meter. In contrast, Mulugeta and Boerboom (2000) reported soybean seed yields in weedy notill plots with
planting densities of 40 to 55 seeds/sq. meter ranged from 729  3042 seeds/sq. meter and ranged from 19 to
90% of the weed free control plots, depending on reduced vs no till, row widths, year and location. Knezevic et
al 2003 showed soybean yields in weedy plots of 440 to 2330 seeds/sq meter, about 20  80% of those that
were maintain weedfree season long, depending on the row width, year and location. (For these comparisons,
seeds/sq meter were converted from kg/hectare based on an assumed 100 seed weight of 10 g.)
In summary, based on the assumption that volunteer soybean densities would rarely be expected to be as high
as those used in the soybean weed competition studies described above, the more likely risk rating is moderate
(plants produce 10 to 1000 viable seeds/sq meter). Soybean volunteers are rarely found two years following
soybean production suggesting that volunteers produced during the first year produce few seeds or that the
seeds or plants are killed by biotic or abiotic stressors. No data was found on seed production on soybean
volunteers in fallow fields.
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(B08) Reproductive potential – Certainty documentation
The overall certainty rating for B08 is Moderate.

SoyStats, 2014  High reliability, High applicability
Kumar et al.; 2008  High reliability, High applicability
Robinson and Conley, 2007  Moderate reliability, High applicability
Pederson and Lauer, 2004  High reliability, High applicability
USDANASS, 2014d  High reliability, High applicability
USDANASS, 2014e  High reliability, High applicability
Prairie Grains, 2013  Moderate reliability, Moderate applicability
Hymowitz, 2004  Moderate reliability, High applicability
Burnside, 1972  High reliability, Moderate applicability
Mulugeta and Boerboom, 2000  High reliability, Moderate applicability
Knezevic et al., 2003  High reliability, Moderate applicability
Lee et al., 2009  High reliability, High applicability
Jhala et al., 2013  High reliability, High applicability
Gunsolus, 2010  High reliability, High applicability
Alms et al.; 2016  High reliability, High applicability
The definitive references are highly reliable. The data is from agricultural fields with intentionally cultivated
plants under weed pressure, so it is indirect evidence and lowers certainty. Most of the sources have the same

basic information. They never refer to seed production in terms of viable seed, but rather in terms of total seed.
Also, the estimated levels of soybean yield potential vary with soybean volunteer density and competition from
other plants, which can be quite variable.

(B09) Propagule dispersal
Baseline risk

Low

GE risk

Very high

Baseline certainty

High

GE certainty

Negligible

(B09) Propagule dispersal – Risk documentation
The overall risk rating is B09 is Low.

Soybean seeds of different cultivars differ greatly in size, therefore seeding rates should be based on seed per
unit area rather than on weight per unit area. A 100seed sample of commercial cultivars weighs between 10 to
20 g; however, some soybean seeds can weigh up to 50 g/100 seeds (Hymowitz, 2004).
Both cultivated and wild soybeans disperse seed through pod shattering. The cultivated form shatters seed
under certain climatic conditions if harvest is delayed. The wild soybean shatters seed rapidly as pods mature
(OECD, 1993).
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The primary soybean seed dispersal mode is gravity when not harvested. “Neither the seedpod, nor the seed,
has morphological characteristics that would encourage animal transportation” (OECD, 2000).
Soybean seeds are dispersed mechanically, via explosive dehiscent pods. Seed dispersal studies with hybrid
derived lines between G. soja as the wild parent and G. max and G. gracilis resulted in dispersal distances
reaching up to 5 meters. Dispersal distances did not vary greatly among hybridderived lines and naturally
occurring lines (Oka, 1983).

D

Resistance to pod dehiscence (PD) prior to harvest is required to approach the yield potential of modern
soybean cultivars. Pod dehiscence is also known as shattering. "A level of PD that substantially reduces
harvestable yield is rarely encountered in the elite germplasm currently used for soybean cultivar development
in North America” (Bailey et al.; 1997).
Soybean seeds can be transported by water and occasionally, by birds. They can be dispersed during
mechanical planting, harvesting, handling, storage, and transportation operations (Andersson and de Vicente,
2010).
Undocumented dispersal by two classes of natural vectors (water and birds) in Andersson and de Vicente
(2010) justifies a Moderate risk rating; however the USDA PLANTS database rates soybean with NO seed spread
rate supporting a Low risk rating (USDANRCS, 2014b).
(B09) Propagule dispersal – Certainty documentation
The overall certainty rating for B09 is High.

Andersson and de Vicente, 2010  High reliability; Moderate applicability
Hymowitz, 2004  Moderate reliability, Low applicability
OECD, 1993  High reliability; High applicability
OECD, 2000  High reliability; High applicability
Oka, 1983  High reliability; Moderate applicability
Bailey, et al.; 1997  High reliability, High applicability
USDANRCS, 2014b  High reliability; High applicability

A High certainty level is given based on soybean's lack of potential to spread viable propagules without
intentional human intervention as documented in B01. T here is no evidence supporting viable propagule
dispersal by birds; however short distance dispersal by water can occur through heavy rains.

(B10) Dormancy
Baseline risk

Negligible

GE risk

Very high

Baseline certainty

Moderate

GE certainty

Negligible

(B10) Dormancy – Risk documentation
The overall risk rating for B10 is Negligible.
In order for soybeans to become weeds that are more virulent, soybean seed would need to acquire dormancy
and possibly shattering of the grain (Owen, 2005).
The seeds of domesticated soybeans usually do not display dormancy characteristics. Soybeans germinate
quickly if soil temperatures are above 10°C (Andersson and de Vicente, 2010).
Hard seediness in soybean (Glycine max) is a quantitative trait that has the ability to affect germination rate,
viability and quality of stored seeds. Imbibition is one of the first steps in breaking dormancy and initiating
germination of soybean seeds (Keim et al., 1990).
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"Typically, wild soybean accessions are hard seeded, whereas cultivated varieties are not. In the southern
United States and in the tropics, hard seededness would be beneficial by contributing to the quality of stored
soybeans and to their viability (CR: Potts et al. 1978). Some breeding programs have recognized the importance
of hard seededness and have introgressed this trait into adapted cultivars (CR: Kilen and Hartwig 1978)" (Keim
et al., 1990).
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Dormancy and viability can be maintained for long periods in hard seeded soybean accessions because their
seed coats can be impenetrable to water (Rolston, 1978). Some varieties produce a large proportion of hard
seeds, which can remain dormant, and even soft seeded varieties will produce some hard seeds (Shao et al
2007). In one study of 1270 plant introductions, from 0.2% to 89% of seeds were hard, depending on the plant
introduction, with increased hard seed production in hot and dry environments. In a second test of 34
genotypes, the percentage of hard seed ranges from 0% to 45% and differed over two years (Ragus 1986).
However, it was not possible to find any reports on the length of dormancy in soybean.
“Cultivated soybean seed rarely displays any dormancy characteristics and only under certain environmental
conditions grows as a volunteer in the year following cultivation” (OECD, 2000).
Cultivated soybean does not possess any of the attributes commonly associated with problematic weeds such as
seed shattering, dormancy and cold resistance. Soybean seeds rarely display dormancy, survive poorly in soil
and do not survive freezing winter conditions (OECD, 1993).
"Isolation distance and cropping history requirements for soybean seed multiplication (commonly a few meters
and one to two years, respectively) vary with class of seed and jurisdiction, but are usually less stringent than for
crops with higher outcrossing frequencies and/or greater seed dormancy." (OECD, 1993).
Certified Seed Regulations (7§CFR 201.76) only require one year between destruction of a soybean crop and
planting of a new crop of a different variety supporting that volunteers rarely occur after 1 year.
Most cultivars are likely Negligible risk, but some modern cultivars may meet the High risk standard so the risk is
negligible with a lower certainty.

(B10) Dormancy – Certainty documentation
The overall certainty rating for B10 is Moderate.
Owen, 2005  Low reliability; Moderate applicability
Andersson and de Vicente, 2010  Low reliability; Moderate applicability
Keim et al., 1990  Moderate reliability, Moderate applicability
Rolston, 1978  Moderate reliability; Moderate applicability
Shao et al., Moderate reliability, Low certainty
Ragus, 1986  Moderate reliability; Moderate applicability
OECD, 1993  Low reliability; Moderate applicability
OECD, 2000  Low reliability; Moderate applicability
Owen (2005) and OECD (1993 and 2000) are all secondary sources specifically on soybean that do not cite
specific data or other citations to support the no to low seed dormancy statements, so they have low reliability.
Andersson and deVicente (2010) at least cites another source (TeKrony et al 1987) who is an expert on soybean
seed germination and stress testing.
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Shao et al. (2007) is a secondary source and cites two other sources, one of which is also a secondary source and
the other is not available. Shao et al. (2007) does include data demonstrating the existence of hard seed, but
does not provide an indication of length of dormancy or proportion of hard seed. Low Certainty. Rolston (1978)
is a review of water impermeable seed dormancy that provides and cites data for percentage of impermeable
seed for soybean and links hard seededness/impermeability to dormancy in general. Ragus (1986) is a primary
source with data on percent hardseedness of soybean accessions. None of these citations actually provides a
citation or to direct data for the length of seed dormancy in cultivated soybean.
The available evidence supports Moderate Certainty given lack of data about the length of dormancy beyond
the next growing season or about the proportion of hard seed produced in modern cultivars in relation to the
length of dormancy, and the influence of environmental factors on development of hardseededness.
Baseline risk
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(B11) Regeneration

Baseline certainty

Very high

GE risk

Very high

Very high

GE certainty

Negligible

(B11) Regeneration – Risk documentation
The overall risk rating of B11 is Very High.

After soybean seedlings emerge from the soil, the young stems and first leaves begin to rapidly grow upward.
The seedlings are very tough and frost resistant. If the terminal buds (growing tips) of the stem are killed, side
buds will take over (Willis, 1989).
Soybeans have amazing regenerative capabilities. The typical regrowth pattern of damaged soybean plants is to
develop one or more axillary buds after the main stem is removed. Plants cut above the cotyledon will regrow if
there is sufficient cotyledon tissue to provide the plant with energy to regrow. Damaged unifoliolate leaves are
capable of generating regrowth from the remaining green tissue. Plants cutoff below the cotyledon will not
recover (Hicks and Naeve, 2013).
Soybeans have the ability to recover by branching out after a hail storm. Potential yield loss from stand
reduction during early growth stages is not of major concern. Removal of main stem nodes, stem breakage and
stand loss contribute to seed yield loss in vegetative stages. Yield loss can occur when 60 to 80 percent of node
removal occurs at V2 stage and when 40 percent of node removal occurs at V6 stage (Asgrow, 2014).

A damaged soybean crop has tremendous potential to recover from hailstorms. Soybean plants have many
growing points at the base of each leaf. New growth can occur from any of these growing points as long as they
are uninjured. There are no growing points below the cotyledons; therefore soybean plants are not able to
regrow if the cotyledons are removed. “Leaf tissue is important for regrowth, as leaves produce the food
needed for growth. Injured plants with the equivalent of one cotyledon or one leaf have a good chance of
recovery. If no leaves remain, regrowth will be very slow, even if growing points remain intact” (Pioneer, 2014).
Soybean crop damage from whitetailed deer browsing has been reported at all growth stages from seedling
emergence through vegetative and reproductive growth. Soybean recovery from deer damage depends on how
much of the plant shoot is removed. Soybean plants will die if the plant shoot is removed below the
cotyledons. If the cotyledons or upper leaves are not removed, the plant may be able to recover (Wallace et al,
1996).
Moscardi et al. (2012) provide experimental data supporting the conclusion that soybeans can recover from
extensive damage early in development, as long as some tissue capable of photosynthesis remains.
(B11) Regeneration – Certainty documentation
The overall certainty rating of B11 is Very high.
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Moscardi et. al., 2012  High reliability, High applicability
Willis, 1989  High reliability, Moderate applicability
Hicks and Naeve, 2013  High reliability, High applicability
Asgrow, 2014  High reliability, Moderate applicability
Pioneer, 2014  Moderate reliability, High applicability
Wallace et al, 1996  High reliability, High applicability

A certainty rating of Very High is based on a consensus of several primary sources providing data and photos.

(B12) Flood or drought tolerance

Baseline risk

GE risk

Very high

High

GE certainty

Negligible
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Baseline certainty

Moderate

(B12) Flood or drought tolerance– Risk documentation
The overall risk rating of B12 is Moderate.
"Drought is the most important abiotic stress limiting soybean yield" (Pathan, 2014). "Genetic diversity among
U.S. soybean cultivars for yield under drought has been reported (Mederski and Jeffers, 1973; Specht et al.,
1986). However, Carter et al. (2006) reported little variation for drought tolerance among U.S. soybean
cultivars" (Pathan, 2014).
USDANRCS (2014b) states soybean has moderate drought tolerance. However, CABI (2014) states it needs 500
mm rain/year to produce good yields and Hoeft et al (2000) state that the area of most soy cultivation in the
U.S. receives at least 20 inches of seasonal (not yearly) precipitation and is humid or semihumid, thereby
reducing evaporative demand. FAO (2014a) states that soybean can withstand short periods of drought, and
generally needs 450  700 mm of water per season depending on the climate and length of the growing period.
Soybeans are highly susceptible to drought particularly in the reproductive growth stage. Plants including some
soybean plant introductions and breeding lines use different physiological traits to cope with drought stress
including slow canopy wilting, sustained nitrogen fixation under drought, increased water use efficiency, deeper
taproots, fibrous lateral roots, osmotic adjustment and antioxidant capacity (Pathan, 2014). The fact that few if
any drought tolerant lines have been developed in maturity groups II, III, and IV which are predominant in mid
western states such as KS, KY, NE, MO, IA, IL, IN, and OH which account for about 60% of U.S. planted acres
(Pathan, 2014) and are likely subject to drought conditions, would argue for an overall negligible or moderate
rating related to drought.
Soybeans are susceptible to excessive drought and for extended flooding during the crop growing period (OECD,

1993).
Drought stress during flowering reduces pod set but it reduces yield more at podfilling stage than at flowering
stage (CABI, 2014).
The ability of the soybean crop to tolerate drought conditions depends on planting date and crop development
state, maturity group and how long drought conditions persist. Soybeans in the vegetative stage require less
water compared to later growth stages. Hot, dry conditions at R3 stage (end of flowering and beginning of rapid
pod formation) cause greater yield reductions than the same stress at vegetative and flowering stages (Sholar
and Keim, 1998).
Soybean is susceptible to yield loss from drought stress at two key developmental stages, germination and
reproductionseed development. Soybean need to imbibe 50 percent of its weight in water to germinate and
begin development of the radicle and hypocotyl, the primary root and shoot tissues. Shortterm, moderate
drought stress during vegetative growth stages generally does not impact soybean yield. Nitrogen fixation can
be severely limited or completely halted by even moderate drought stress. Long term severe drought stress can
cause irreversible plant cell death causing slow growth and yield. Drought stress causes increased floral
abortion, reduced pod number, fewer seeds per pod, and smaller seed. "Compensatory reproductive growth
rarely will occur in soybean under moderate drought stress at reproductive growth phases" (Lenssen, 2012).
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Water temperature, amount of water motion and duration of flood influence the extent of flood damage to
soybean plants. Soybean plants prefer soil oxygen for maximum production. Flooding reduces the oxygen
availability. Oxygen concentration can be close to zero after 24 hours in flooded soil preventing respiration.
Cooler temperatures increase the survival of a flooded soybean crop. Silt deposits and crop residue from
flooding can also reduce photosynthetic capacity. "Although soybean is generally sensitive to excess water,
soybeans can survive underwater for a week or more under ideal conditions. Generally, soybeans tolerate 48
hours under water quite well, but flooding for 4 to 6 days can reduce stands, vigor, and eventually yield.
Flooding for a week or more may result in significant (or entire) losses of stand" (Coulter et al., 2014).
Flooding is a major problem that reduces soybean growth and grain yield in many areas of the U.S. Plant and
soil characteristics associated with different flooding durations in six fields in central Ohio showed a significant
negative correlation of flooding duration with the population, height, number of pods, and yield of soybean (CR
from Coulter et al., 2014: Sullivan et al., 2001).
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“Researchers have found yield reductions to be much greater on flooded clay soils than on silt loam soils when
flooded for the same period of time (CR from Coulter et al., 2014: Scott et al., 1989). At the V4 stage, these
researchers reported yield losses of 1.8 bu/ac per day of flooding on a clay soil and 0.8 bu/ac per day on a silt
loam soil. The effects of flooding are even more detrimental during the reproductive phases of development.
For example, flooding at the R1 stage caused yield losses of 2.3 and 1.5 bu/ac per day on clay and silt loam soils,
respectively. Even larger yield losses would be expected in soybeans at the R3 to R5 stages” (Coulter et al.,
2014).
Soybean fields subjected to flooding are susceptible to nitrogen deficienc y and root rot diseases including
Phytophthora root rot (Pedersen, 2008).
(B12) Flood or drought tolerance – Certainty documentation
The overall certainty rating for B12 is High.

Pathan, 2014  High Reliability, High Applicability
OECD, 1993  Low Reliability, Low Applicability
CABI, 2014  Moderate Reliability, Moderate Applicability
USDA NRCS, 2014b  High reliability; High applicability
Hoeft et al., 2000  Moderate reliability, Moderate Applicability
FAO, 2014a  Moderate reliability, High applicability
Sholar and Keim, 1998  Moderate Reliability, Moderate Applicability
Lenssen, 2013  Moderate Reliability, Moderate Applicability
Coulter, 2014  Moderate Reliability, Moderate Applicability
Sullivan et al., 2001  High Reliability, High Applicability
Scott et al., 1989  High Reliability, High Applicability
Pedersen, 2008  Moderate Reliability, Moderate Applicability

It is well documented that soybean can survive some period of drought depending on certain factors including
developmental stage. However, soybean is also susceptible to yield loss due to drought or flood.

(B13) Tolerance to poor soils
Baseline risk

Very high

GE risk

Very high

Baseline certainty

High

GE certainty

Negligible

(B13) Tolerance to poor soils – Risk documentation
The overall risk rating for B13 is Very High.
There are many soil types and potential nutrient requirements that can interact. Most nutrient deficiencies
cause minor reductions in soybean yield (e.g. P, N and most micronutrients) and soybean is relatively tolerant to
most soils. Poor soils including clay soils do not greatly affect yield.
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Soybean is well adapted to a variety of soils and soil conditions. Ideal soil for optimum soybean production is a
loose welldrained loam; however soybean adapts to fine to coarse textured soils. Soybean exhibits low fertility
requirements and medium salt tolerance (NSRL, 2014), (USDANRCS, 2014b). Soil pH affects the nitrogen
production and health of Bradyrhizobium japonicum. Soil pH <5.6 or >8.0 creates a difficult environment for the
beneficial nitrogenfixing bacteria to function efficiently affecting soybean nodulation (Pioneer, 2011).
Clay soils have low available water holding capacity and hydraulic conductivity resulting in early maturing
soybean cultivars that are too short at maturity. Deep sandy silt loam soils have a high available water holding
capacity resulting in increased lodging due to rapid growth or a long juvenile period. Fine textured soils provide
a favorable environment for seedling diseases such as the Phytophthora spp. and Phythium spp. while coarse
textured soils provide an environment for soybean cyst nematode development (Heatherly and Elmore, 2004)
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Soil texture affects soybean growth and development by affecting availability of water to the plant thus
affecting the amount of water in the plant to promote cell expansion and subsequent growth. A study designed
to evaluate the effect of soil type on leaf area and vegetative development of soybean indicated that the
inherent qualities of a silt loam soil promoted a significantly higher level of growth than those of a clay soil.
However, the observed increase in vegetative growth on the silt loam did not increase yield significantly. This is
highly relevant with respect to no consistent yield reduction on the clay soil compared to the more optimum silt
loam soil (Heatherly and Russell, 1979).
The soybean crop is very nutrient intensive with total aboveground uptake of 5.0 lb. of N, 1 lb. of P2O5 and 3.8
lb. K2O required to produce a bushel of soybeans. Economic yield reductions due to soil acidity generally occur
on sandy and silt loam at pH below 5.5. Also, note that for pH < 5.5, the expected yield reduction is 2030% at
pH 5.15.4 and 3050% at pH 4.65.0, and expected yield reductions of 20% or less at similar pH ranges on clayey
or alluvial soils along streams and rivers. Field experiments show that soybean yield response to K fertilization
are larger and more frequent than yield responses to P fertilization. Data shows that Arkansas test sites with
low to very low soil test levels of potassium had yield reductions of 27  37%, respectively, without fertilization
compared to sites that were responsive to fertilizer applications. Sites with low to very low phosphorous soil
test levels did not uniformly respond to fertilization and yield losses were minor, less than 15%. Furthermore,
most of the secondary and micronutrient deficiencies were related to boron, molybdenum, iron, etc. , and are
not significant in terms of their prevalence or their impact on yield. (Slaton et al., 2013).
Fertilizers may be used to achieve maximum yields but are not generally necessary. In Iowa, a major

soybean producing state, fertilizing prior to soybean production is not a common practice. Management
options other than fertilization are recommended to address iron deficiencies (Pedersen, 2007).
Soybeans are adversely affected at pH < 5.8, are relatively insensitive to low phosphorous levels (compared to
corn, wheat, oats, alfalfa, and clover), and deficiencies of secondary and micronutrients are not common,
though iron deficiency can occur in high pH, wet, poorly aerated soils (Hoeft et al., 2000) (Pedersen 2007).
(B13) Tolerance to poor soils– Certainty documentation
The overall certainty rating for B13 is High.
NSRL, 2014  Moderate reliability, Moderate Applicability
USDANRCS, 2014b  Moderate reliability, Moderate Applicability
Pioneer, 2011  Moderate reliability, Moderate Applicability
Heatherly and Elmore, 2004  High reliability, High Applicability
Heatherly and Russell, 1979  High reliability, High Applicability
Slaton et al., 2013  High reliability, High Applicability
Pedersen, 2007  Moderate reliability, Moderate Applicability
Hoeft et al., 2000  Moderate reliability, Moderate Applicability
It is highly referenced that soybean is relatively tolerant to most soil types.
Baseline risk
Baseline certainty
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(B14) Cold tolerance

Negligible

GE risk

Very high

High

GE certainty

Negligible

(B14) Cold tolerance – Risk documentation
The overall risk rating for B14 is Negligible.

Soybean is relatively resistant to low temperatures but growth rates decrease below 18°C. Minimum
temperature for growth is about 10°C (50°F) and for crop production about 15°C (59°F) (FAO, 2014a).
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Low temperatures during flowering can cause complete loss of flowers and hence of seed (Gass et al., 1996).
Temperatures below 28°F at any stage of development are lethal if more than a few hours long (Nielsen and
Christmas, 2002).
Soybean plant tissue can tolerate freezing temperatures better than some other crops such as corn. However,
temperatures below 32○F can damage leaves and temperatures below 30oF for an extended period can damage
stems, pods and seeds. The growth stage, low temperature and the duration of freezing temperatures
determine the severity of damage. Frost or freezing at the R6 (full seed stage/~25 days prior to full
maturity) results in moderate to major yield loss between 2035% (Butzen, 2014b).
Temperatures below 30○F for any extended period of time can completely kill soybean plants. Soybeans
planted to narrow row spacing have slightly more tolerance to light frosts than soybeans planted to wide row
spacing due to protection from the thick canopy. Soybean yields are reduced when frost occurs at or before R6
stage (full seed) with the greatest yield losses when frost occurs at R5 stage (begin seed). Air temperatures of
29○F completely kill soybean plants. "If all leaves on a soybean plant are killed between full seed stage and
beginning maturity, 53 percent or less of yield can be lost. A freeze before maturity has less effect on yield the
closer the freeze date is to mature date. Air temperatures of 29 F are necessary to completely kill corn and
soybean plants." (Berglund, 2014).
“Soybean plants are damaged easily by frost in the 28 to 32 F range. Temperature of 28 F for any extended
period of time can kill soybean plants (stems and leaves) completely.” If seedlings have been hardened off,

temperatures as cool as 28 F can be tolerated. Once true leaves, soybean plants become more susceptible to
temperatures below 32 F for any extended period of time. Data from Wisconsin shows reduced yields in all
varieties tested when frost occurred at or before R6. The greatest yield losses occurred at stage R5. “The most
significant effect of an early frost on soybean may be in the reduction in their value as a future source of seed”
(Kandel, 2014).
Although plants can survive short periods of temperatures slightly below freezing, given the overall sensitivity of
soybeans to cool temperatures throughout development and the fact that temperatures will likely be below 28°
F for long periods if temperatures below freezing are occurring, the evidence best supports a rating of Negligible
risk.
(B14) Cold tolerance – Certainty documentation
The overall certainty rating for B14 is High.
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FAO, 2014a  Moderate reliability, High applicability
Gass et al., 1996  High reliability, High applicability
Nielsen and Christmas, 2002  Moderate reliability, High applicability
Butzen, 2014b  High reliability, High applicability
Berglund, 2014  High reliability, High applicability
Kandel, 2014  High reliability, High applicability
Sources provide data that in total supports no survival and potentially heavy yield losses when frost or freezing
temperatures occur at certain stages of soybean development (before R6). Sources also include short, nonpeer
reviewed publications by extension agents.

(B15) Biotic stress tolerance

Baseline risk
Baseline certainty

Negligible

GE risk

Very high

High

GE certainty

Negligible

D

(B15) Biotic stress tolerance – Risk documentation
The overall risk rating for B15 is Negligible.

Biotic factors such as pathogens and pests can be detrimental to soybean production. Parasitic organisms
including bacteria, fungi, nematodes, oomycetes and viruses all contribute to yield loss of soybeans each
year.More than 300 diseases are listed in the latest edition of the Soybean Disease Compendium. Losses due to
diseases are estimated at 11% (Hartman, 2011). Soybean diseases are one of the most significant obstacles to
achieving maximum soybean yields.
z

z

z

z

Soybean rust, Phakopsora pachyrhizi, is a major disease limiting soybean production worldwide. Before it
naturally entered the U.S. after Hurricane Ivan hit Louisiana 2004, it was listed as a Select Agent (USDA
ARS, 2014d).
Soybean cyst caused by the plant parasitic nematode Heterodera glycines occurs in most soybean
producing regions and can become the greatest limiting factor to soybean yield (Pedersen,
2014). Soybean cyst nematode (SCN) has long been a major downfall of soybean production in the U.S.
SCN may decrease yields substantially without inducing obvious symptoms.
The rootknot nematodes, Meloidogyne spp. cause major damage in soybean in the southern United
States and are also worth mention (Westphal and Xing, 2014).
The soybean aphid, Aphis glycines, introduced in 2000 spread throughout the Midwestern USA and is the
primary aphid species to colonize soybean in North America (Chawla et al., 2013). The soybean aphid has
quickly become the major insect pest of soybeans in North America with severe yield losses in untreated

z

z

z

z

z

fields (Butzen, 2014c). .
Bean leaf beetle is also a significant soybean pest. The bean leaf beetle causes significant yield losses in
soybean fields (Butzen, 2014c).
Phytophthora sojae, a fungallike pathogen, causes Phytophthora root rot. Affected plants turn yellow,
wilt, wither and die at all stages of development, leaving short to long gaps in rows (University of Illinois
Extension, 2001).
Sclerotinia stem rot, a damaging fungal disease, causes white mold. It is a chronic to epidemic disease of
soybean (Grau, 2006).
Sudden death syndrome (SDS) and white mold are spreading in major soybean states. SDS is caused by
the soilborne fungus Fusarium virguliforme. Once SDS symptoms are evident, yield losses can range from
slight to 100% depending on the soybean cultivar, the plant growth stage at the time of infection and
whether or not SCN is present in the field (Groves and Smith, 2013).
Soybeans face a number of other serious disease risks, including brown stem rot, and frogeye leaf spot
(Butzen, 2014c).

Although certain soybean cultivars have some resistance to pests and diseases, a Negligible risk rating was
chosen. Several soybean pests and diseases are widespread in major soybean growing regions in the U.S. They
are capable of causing significant or severe yield reductions.
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(B15) Biotic stress tolerance – Certainty documentation
The overall certainty for B15 is High.
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Hartmann, 2011  High reliability, High applicability
USDAARS, 2014d  High reliability, High applicability
Pedersen, 2014  Moderate reliability, High applicability
Westphal and Xing, 2014  Moderate reliability, High applicability
Chawla et al., 2013  High reliability, High applicability
University of Illinois Extension, 2001  High reliability, High applicability
Grau, 2006  High reliability, High applicability
Groves and Smith, 2013  High reliability, High applicability
Butzen, 2014c  Moderate reliability, High applicability

The prevalence and impact of major soybean pests and diseases on soybean yield is well documented; however
for certain pests and diseases, resistant soybean cultivars are available.

(B16) Other biology weediness traits
Baseline risk

Negligible

GE risk

Very high

Baseline certainty

High

GE certainty

Negligible

(B16) Other biology weediness traits – Risk documentation
No other characteristics
(B16) Other biology weediness traits – Certainty documentation

Biology risk summary
Soybean has an overall Low Biology risk rating. The greatest contributors to the Low risk rating include Ability to
Establish (B03)  Moderate, Time to Reproductive Maturity (B07)  High, Reproductive Potential (B08) 

Moderate, Regeneration (B11)  Very High, Flood or Drought Tolerance (B12)  Moderate, and Tolerance to Poor
Soils  Very High.

Biology certainty summary
Overall Very High Certainty.
Soybean is a welldocumented and highly cultivated crop.

Weed risk – Impact (9 questions)
(I01) Agriculture yield
Baseline risk

Negligible

GE risk

Very high

Baseline certainty

Very high

GE certainty

Negligible

(I01) Agriculture yield – Risk documentation
The risk rating for I01 is Negligible.
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Soybean volunteers are considered a management issue and not considered for purposes of this WRA.
No evidence was found that soybean impacts yields of other crops except as volunteers in the subsequent
growing season in limited cases. There are reports of volunteer glyphosateresistant (GR) soybean effectively
controlled in rice and corn production systems. One report of volunteer soybean in cotton indicates the
potential for yield reduction.
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The risk of soybean seed dispersal to other fields at the time of planting is low. Soybean seeds are large and
planted at 1  1.25 inches deep. They rarely disperse to other fields (see B09 on Propagule dispersal). They are
easily removed from planters due to their large size and round shape. Soybeans have negligible seed dormancy
and volunteers are rarely found for more than 1 growing season after harvest. Any impacts on yield of other
crops through competition would therefore be negligible.
(I01) Agriculture yield – Certainty documentation
The overall certainty rating for I01 is Very High.

Soybean is a widely cultivated and documented plant. The lack of mention of this characteristic in the soybean
literature indicates the lack of the characteristic with Very High Certainty.

(I02) Agriculture quality
Baseline risk

Negligible

GE risk

Very high

Baseline certainty

Very high

GE certainty

Negligible

(I02) Agriculture quality – Risk documentation
The overall risk rating for I02 is Negligible.
Soybeans are not expected to reduce quality of other crops. Volunteers are not considered in this WRA, and
there is no evidence for soybean otherwise harming crop quality.
Soybeans are not considered noxious weeds nor noxious weed seeds. They do not have characteristics that
would impact quality of other products. They have not been described as escaping to and establishing in lands
used for grazing. Soybean plants were originally grown primarily for hay, pasture and silage, before it was

grown for seed (see 19 Plant History).
The major U.S. oilseed crops are soybeans, cottonseed, sunflower seed, canola, rapeseed, and peanuts.
Soybeans are the dominant oilseed in the United States, accounting for about 90 percent of U.S. oilseed
production. Largescale production of soybeans did not begin until the 20th century in the United States, but
area planted to soybeans has expanded rapidly. Soybeans are the secondmostplanted field crop in the United
States after corn, with 78 million acres planted in 2011 (USDAERS, 2014b).
(I02) Agriculture quality – Certainty documentation
The overall certainty rating for I02 is Very High.
USDAERS, 2014b  High reliability, High applicability
Soybean is a widely cultivated and documented plant. The lack of mention of this characteristic in the soybean
literature indicates the lack of the characteristic with Very High Certainty.

(I03) Harm to agriculturally important organisms
Baseline risk

Moderate

GE risk

Very high

Baseline certainty

High

GE certainty

Negligible
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(I03) Harm to agriculturally important organisms – Risk documentation
The overall risk rating for I03 is Moderate.

Soybeans contain several antinutrients and other compounds that are relevant to animal health and nutrition.
For example, soybeans contain trypsin inhibitors, lectins, phytic acid, stachyose, raffinose, lectins, and
isoflavones. Soybean is one of the 8 foods that account for 90% of all IgE mediated food allergies. Liener
(1994) notes an allergenic response may sometimes occur in calves and piglets on dietary exposure to
soybeans. However, the study was based on soybean flour which calves and piglets are not typically
fed (OECD, 2012; Hymowitz et al., 1972; Liener, 1994; Messina, 2010).

z

z

z

z

z
z

There is general agreement that trypsin inhibitors are the primary soybean antinutrients that should be
minimized in animal diets due to their interference with digestion of proteins resulting in decreased
animal growth (OECD, 2012).
The amount of lectins also referred to as soybean hemagglutin in raw soybean and phytic acid levels
inhibit animal growth and interfere with nutrient availability. Toasting or heating reduces the content of
trypsin inhibitors and lectin, and decreases urease concentrations (OECD, 2012).
Most of the phosphorous in soybeans is bound as phytate. It chelates important mineral nutrients
rendering both phosphorous and these nutrients unavailable to nonruminant animals. This is mitigated
by adding phytase and/or mineral nutrients to feed of swine and poultry (OECD, 2012).
The oligosaccharides, raffinose and stachyose, present in soybean meal cause an adverse effect on energy
availability resulting in gas production and flatulence in swine and poultry. Processing of soybean meal
into concentrate or isolate reduces or removes these oligosaccharides (OECD, 2012).
Isoflavones are naturally occurring compounds possessing estrogenic, antiestrogenic, and
hypocholesterolemic effects in mammalian species, however isoflavones do not appear to be a concern
when soybean meal is used in formulating livestock diets (OECD, 2012).
Phospholipids have been investigated for their medical and product stability characteristics (OECD, 2012).
Sterols and saponins are not considered to be true antinutrients (OECD, 2012).

D

z

(I03) Harm to agriculturally important organisms – Certainty documentation
The overall certainty rating for I03 is High.
OECD, 2012  High reliability, High applicability

Hymowitz et al., 1972  High reliability, High applicability
Liener, 1994  High reliability, High applicability
Messina, 2010  High reliability, High applicability
The antinutrients and toxicants present in soybean are wellknown and widely referenced.

(I04) Competition with plants
Baseline risk

Negligible

GE risk

Very high

Baseline certainty

Moderate

GE certainty

Negligible

(I04) Competition with plants – Risk documentation
The overall risk rating for I04 is Negligible.
As documented in B01, soybean is rarely found outside of cultivation and appears to have low competitive
ability. Despite soybean allelopathy, they are highly unlikely to have a negative impact on local plant
populations.
Soybeans do not display weedy traits and are not found outside of cultivation. They do not compete well
with other cultivated or weedy plants (Andersson and Vicente, 2010).

z

Soybean volunteers do not compete well with the succeeding crop and are easily controlled mechanically
or chemically (CFIA, 1996).

z

In agricultural settings, soybeans can compete with weeds and reduce the amount of biomass per unit
area that they produce. The average reduction of 6 week old indigenous weed growth by 20 soybean
cultivars was 5  45%. The extent of competition varies depending on factors such as soybean cultivar,
weed type, planting time and planting density. Latematuring cultivars had better seed quality and this
led to better emergence and stands, thus providing better competitiveness of these cultivars with weeds.
Factors such as germination, seedling vigor, and canopy closure are a function of cultivar and
environment and were used in part to determine competitive ability in this screen. (Hager et al., 1998;
Rose et al., 1984).

z

Soybean Allelopathy:
z Soybean surface residues and residue leachates inhibited wheat growth and reduced yields up to
29% in the field. The potential yield losses from allelopathy may offset most of the nutritional yield
advantages for wheat following soybean. However, the reduction in certain diseases and specific
agronomic benefits justify soybeans as a preceding crop to wheat in the rotation. Greenhouse
studies confirmed the general field observations of reduced stand and slower seedling growth
(Huber and Abney, 1986).
z "Soybean cultivars also possess the ability to inhibit growth of other plants by chemical exudates"
(Rose et al, 1984).
z Ground soybean hay inhibited wheat root growth 30% and wheat shoot growth 45%. Other studies
provided evidence for allelopathy in several soybean lines (Rose et al., 1984; CRGuenzi and McCalla,
1962; CR Massantini et al., 1977).
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(I04) Competition with plants – Certainty documentation
The overall certainty rating for I04 is Moderate.
Andersson and Vicente, 2010  Moderate Reliability, Moderate Applicability
CFIA, 1996  Moderate Reliability, Moderate Applicability

Hager et al., 1998  High Reliability, High Applicability
Rose et al., 1984  High Reliability, High Applicability
Huber and Abney, 1986  High Reliability, High Applicability
Several references pointed out that soybean does have competitive advantages but they are not very effective.
Soybean allelopathy is highly referenced particularly in soybean/wheat rotations. Often times, the reduction of
Pseudocercosporella foot rot, Fusarium scab and specific agronomic benefits justify a soybean/wheat rotation.
The certainty level is placed at moderate because of the mentions of competition especially in wheat.

(I05) Hydrology
Baseline risk

Negligible

GE risk

Very high

Baseline certainty

Very high

GE certainty

Negligible

(I05) Hydrology – Risk documentation
The overall risk rating for I05 is Negligible.
Soybean’s ability to establish without intentional human assistance outside of agricultural ecosystem is Low as
documented in B01 and B03. Soybean has a ‘moisture use’ rating of medium (USDANRCS, 2014b). However,
there is no evidence that soybean establishes in low water areas or wetlands.
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The lack of evidence in the literature indicates that soybean is not an excessive water user. The critical times for
soybean plants to have adequate water are all stages between pod development (R3) and seed filling (6) growth
stages. During peak demand, this can range from 0.2 to 0.3 inch of water per acre per day.
(I05) Hydrology – Certainty documentation
The overall certainty rating for I05 is Very High.

USDANRCS, 2014b  Moderate reliability, High applicability

D

Soybean is a widely cultivated and documented plant. The lack of mention of this characteristic in the soybean
literature indicates the lack of the characteristic with Very High Certainty.

(I06) Soil quality

Baseline risk

Baseline certainty

Negligible

GE risk

Very high

High

GE certainty

Negligible

(I06) Soil quality – Risk documentation
The overall risk rating for I06 is Negligible.

Soybean’s ability to establish without intentional human assistance outside of agricultural ecosystem is Low as
documented in B01 and B03.
Soybean has a neutral effect on soil nitrogen. However, studies show corn may require less nitrogen following
soybean compared to continuous corn or corn following forage legumes, legume vegetables and green
manures. The soybean rotation effect possible causes included: 1) change in N mineralization rate, 2) reduction
in pest pressure through interruption of pest cycles, 3) enhanced corn root functioning in the year after soybean
and 4) changes in physical soil properties and moisture availability (Ruark, 2009).
No reports found of negative effects of soybean on soil quality, independent of negative effects of agronomic
practices associated with soybean cultivation.
"Soybeans produce much less residue than other crops such as corn. Growing soybeans continuously or even

including soybeans in rotation causes a decline in soil organic matter and overall soil quality. This decline can be
counteracted by using continuous notillage, cover crops, and soil amendments such as gypsum
(CaSO4•2H2O)." "With notill, crop residues accumulate on the surface, reducing air and water exchange
between the soil surface and the atmosphere. As a result, soil temperatures are lower, evaporation is reduced
(soil retains moisture longer), and less nitrogen and phosphorus are lost to waterways" (Reeder, 2014).
(I06) Soil quality – Certainty documentation
The overall certainty rating for I06 is High.
Ruark, 2009  High Reliability, High Applicability
Reeder, 2014  High Reliability, High Applicability
The lack of evidence that soybean cultivation negatively impacts soil quality indicates the lack of the
characteristic. In the unlikely event that soybean escapes beyond its field borders, any impacts that could occur
would be negligible. Soybean does not form dense or monospecific stands and it is not competitive. Soybean
does not produce extensive biomass that impacts decomposition and it has a neutral effect on soil nitrogen.

(I07) Fire regime
Negligible

Baseline certainty

GE risk

Very high
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Baseline risk

High

GE certainty

Negligible

(I07) Fire regime – Risk documentation
The overall risk rating for I07 is Negligible.

Soybean’s ability to establish without intentional human assistance outside of agricultural ecosystem is Low as
documented in B01 and B03.

D

Soybean crop residue is relatively low compared to other crops and the leaves themselves are not known for
particularly high oil/fat content (OECD, 2012 see Table 14).
"Crop residues, including residues from rice, wheat, corn, coarse cereals, cotton, legumes, peanut or rapeseed,
are widely burned in fields in China (Cao et al., 2008; Gao et al., 2002)." (Huang et al. 2012). "Crop typespecific
combustion efficiencies (Table 1) were compiled from Turn et al. (1997) and de Zarate et al. (2005)." (Huang et
al. 2012). The combustion efficiency of legumes (soybean being a legume) is 0.68 compared to 0.80  0.92 for a
variety of other crops which are also commonly grown in the U.S. (Huang et al. 2012). In the U.S., crop residues
are also burned to some extent, e.g. wheat, rice and soybean residue are burned in the southeast to clear crop
residue for subsequent planting rotations. These are controlled short fires intentionally ignited (McCarty et al.
2008). Due to soybean’s low potential for escape and establishment outside of cultivated fields, low crop
residue and low combustion efficiency, any soybean populations established outside of the field margins would
not contribute greatly to the intensity or frequency of fires.
No information on the effects of soybean on fire regime was found. Soybean would not be expected to affect
the fire regime.
(I07) Fire regime – Certainty documentation
The overall certainty rating for I07 is High.
OECD, 2012  High Reliability, High Applicability
Huang et al., 2012  High Reliability, High Applicability
McCarty, et al., 2008  High Reliability, High Applicability

Soybean is a widely cultivated and documented plant. The lack of mention of this characteristic in the soybean
literature indicates the lack of the characteristic with High Certainty.

(I08) Physical obstructions
Baseline risk

Negligible

GE risk

Very high

Baseline certainty

High

GE certainty

Negligible

(I08) Physical obstructions – Risk documentation
The overall risk rating of I08 is Negligible.
Soybean’s ability to establish without intentional human assistance outside of agricultural ecosystem is Low as
documented in B01 and B03.
Soybean has a relatively short bushy plant structure. It does not form dense or monospecific stands as
documented in the overall Negligible risk rating in B04 . It is not extremely competitive as documented in I04.
Soybeans are not expected to affect physical movement of humans, animals, water or vehicles.
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(I08) Physical obstructions – Certainty documentation
The overall certainty rating for I08 is High.
Soybean is a widely cultivated and documented plant. There is no mention in the literature that soybean causes
physical obstructions. The lack of mention of this characteristic in the soybean literature indicates the lack of
the characteristic with High Certainty.

(I09) Other impact weediness traits

Baseline risk
Baseline certainty

Negligible

GE risk

Very high

High

GE certainty

Negligible

D

(I09) Other impact weediness traits – Risk documentation
No other characteristics

(I09) Other impact weediness traits – Certainty documentation

Impact risk summary
Overall Impact risk is Negligible. The only source of risk is potential harm to agriculturally important organisms
from the presence of antinutrients and toxicants which could have negative impacts on livestock. This risk to
agriculturally important organisms is rated Moderate, but can be managed by limiting the contribution of
soybean to sensitive animals, and other methods such as heating and processing to inactivate the offending
substances.

Impact certainty summary
There is High to Very High certainty regarding the conclusions of the Impact risk assessment. There are no
important sources of uncertainty.

Overall summary

Risk summary
Cultivated soybean does not pose a substantial wee d risk in the U.S. It has a Low Biology Risk rating and a
Negligible Impact Risk rating based on the results of this WRA.

Certainty summary
The overall certainty of this assessment is Very High.
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